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THERAPEUTIC COMPOSITIONS FOR TREATMENT OF HUMAN
IMMUNODEFICIENCY VIRUS

CROSS-REFERENCE TO THE RELATED APPLICATIONS
[0001} This patent application claims the benefit of priority of U.S. Application Serial No.
62/253.042, filed November 9. 2015 and of U.S. application scrial No. 62/399.999, filed September
26.2016. The content of cach of these provisional applications is hereby incorporated herein in its
cntirety.

TECHNICAL FIELD

10002] Pharmaccutical formulations suitable for treating viral infcctions such as HIV are provided.
in particular solid oral dosage forms including the compound of Formula 1. emtricitabine and
tenofovir alafcnamide. '

BACKGROUND
{0003} Human immunodeficiency virus, type I (HIV-1) infection is a life-threatening and serious
discase of major public health significance, with approximately 35 million people infecied
worldwide (Joint United Nations Programme on HIV/AIDS (UNAIDS). Global report: UNAIDS
report on the global AIDS cpidemic. 2013). Standard of care for the treatiment of HIV-1 infection
uscs combination antiretroviral therapy (ART) to suppress viral replication to below detectable
limits. incrcase CD4 ccll counts. and halt discasc progression.

{0004] There is also a necd for medications to serve populations with limited treatment options (¢.g.,
children. women. and the clderly). In ceriain situations, these populations may have difficulty
maintaining treatment becausc of pill burden (number of pills to take cach day. as well as differcnt
combinations of pills) or the size of the pills themselves, once they are colormulated into a multidrug
composition. For cxample, there is currently no fixed dosc combination registered for once a day

dosing (i.c.. QD) for very young children (c.g.. vounger than age 12 vears).

[0005] A goal of antirctroviral therapy is to achieve viral suppression in the HIV infected patient.
Treatment guidclines published by the United Statcs Department of Health and Human Scrvices
provide that achicvement of viral suppression requires the use of combination therapics. i.c.. several
drugs from at lcast two or more drug classes. In addition. decisions regarding the treatment of HIV
infected patients arc complicated when the patient requires treatment for other medical conditions
(e.g., metformin, rifampin, HCV antivirals, hormonal contraceptives, ctc.). Because the standard of
carc requires the usc of multiple different drugs to suppress HIV. as well as to treat other conditions
I
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1147.P2C

the patient may be experiencing, the potential for drug-drug interaction is a criterion for sclection of
a drug regimen. As such, therc is a need for antirctroviral therapics having a decrcased potential for
drug-drug interactions (e.g., those that affect transporters {¢.g.. OCT-2) or activate receplors (c.g..

PXR).

SUMMARY
[0006] All the compositions and oral dosage forrs herein include a compound of Formula L.
(2R.58.13aR)-8-hydroxy-7,9-dioxo-N-(2,4,6-trifluorobenzy1)-2.3,4.5.7,9,13.13a-octahvdro-2,5-
methanopyrido[1.2":4.5}pyrazinof2.1-bl] 1,3]oxazepine-10-carboxamide. having the following

structure:

O OH
or a pharmaceutically acceptable salt thercof.

{0007} In certain cmbodiments, the pharmaceutically acceptable salt of the compound of Formula |
is a compound of  Formula 11, sodium (2R,35.13aR)-7.9-dioxo-10-((2.4.6-
trifluorobenzyl)carbamoy1)-2,3,4.5,7.9, 13,1 3a-octahydro-2.5-methanopyrido[ 1',2":4,5] pyrazino| 2, I -

b]| 1.3)oxazepin-8-olate, having the following structure:

O O Na"

[0008] The inventors have successfully formulated an oral dosage form containing the compound of
Formula 1. tenofovir alafenamide and cmiricilabine. This oral dosage form is suitable for use in

medicing, and in particular in treating viral infections such as HIV.

10009] In onc aspect, a solid oral dosage form comprising the compound of Formula 1 or a

pharmaceutically acceptable salt thereol, tenofovir alafenamide or a pharmaceutically acceptable salt

thercof. and emtricitabinc or a pharmaccutically acceptable salt thercof is provided. In certain

embodiments, the dosage form comprises 30 mg of the compound of Formula [ or a pharmaceutically

acceptable salt thereof, 25 mg tenofovir alafenamide or a pharmaceutically acceplable salt thereof.
2
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and 200 mg emiricitabine. For instance. in certain embodiments, the dosage form comprises 30 mg of
the compound of Formula | as a pharmaccutically acceplable sall thercof, 25 mg tenofovir
alafenamide as a pharmaceutically acceptable salt thereof. and 200 mg emtricitabine. In certain
cmbodiments, the dosage form compriscs 32 mg of the compound of Formula 1i, 28 mg tenofovir

alalenamide hemifumarate, and 200 mg emtricitabine.

[0010] In another aspecL. a solid oral dosage form comprising 75 mg of the compound of Formula 1
as a pharmaceutically acceptable salt thercof. 25 mg tenofovir alafenamide as a phamiaceutically
acceptable salt thereol, and 200 mg emtricitabme is provided. In certain embodiments, a solid oral
dosage form comprising 75 mg of the compound of Formula | or a pharmaceutically acceptable sal(
thereof, 25 mg tenofovir alafenamide or a pharmaceutically acceptable salt thereof, and 200 me
emtricitabine 1s provided. In certain embodiments, a solid oral dosage form comprising 78 mg of the
compound of Formula 11. 28 mg tenofovir alafenamide hemifumarate. and 200 mg emtricitabine is
provided.

[0011] The inventors have found that it is possible to formulate solid oral dosage forms that are
pharmaceutically acceptable (7.e. pharmacologically efficacious and physically acceptable) while
reducing the total amount of excipients necessary to achicve an aceeptable pharmacokinetic profile.
Accordingly, in one aspect a solid oral dosage form is provided, comprising 50 mg of the compound
of Formula I or a pharmaceutically acceptable salt thereof, 25 mg lenofovir alafenamide or a
pharmaccutically acceptable salt thercof. and 200 mg emiricitabine or a pharmaceutically acceptable
salt thereof, wherein the dosage form has a total weight of Iess than 850 mg (e.g. less than 800 mg or
less than 730 mg or less than 700 mg).

10012} In another onc aspeet a solid oral dosage form is provided, comprising 75 mg of the
compound of Formula | or a pharmaceutically aceeptable salt thercof, 25 mg tenofovir alafenamide
or a pharmaceutically acceptable salt thercof, and 200 mg cmtricitabine or a pharmaceutically
acceplable sall thereof, whercin the dosage form has a total weight of less than 830 mg (e.g less than
800 mg or less than 700 mg).

{0013} In another aspect, a coated tablet comprising 50 mg of the compound of Formula | or a
pharmaccutically acceptable salt thereof. 23 mg tenofovir alafenamide or a pharmaccutically
acceptable sali thereof. and 200 mg emtricitabine or a phanmaceutically acceptable salt thereof is
provided.

[0014] In another aspcct. a coated tablet comprising 75 mg of the compound of Formula | or a
pharmaceutically acceptable salt thereol. 25 mg (enofovir alalenamide or a pharmaceutically
acceplable salt thereof, and 200 mg emtricitabine or a pharmaceutically acceptable salt thereof is
provided.

[¥3]
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{0015] In another aspect. a tablet comprising 52 mg of the compound of Formula i1, 28 mg tenofovir

alafenamide hemifumarate, and 200 mg emtricitabine is provided.

10016] 1n another aspect, a tablet comprising 78 mg of the compound of Formula 1i, 28 mg tenofovir

alafenamide hemifumarate, and 200 mg emtricitabine is provided.

[0017] In another aspect, a tablet comprising (a) 50 mg of the compound of Formula T or a
pharmaceutically acceptable salt thercof, (b) 25 mg tenofovir alafenamide or a pharmacentically
acceptable salt thereof. and (c) 200 mg emtricitabinc or a pharmaccutically acceptable salt thercof is
provided, wherein (a) and (b) are segregated, and wherein the tablet has a total weight of less than
about 1.3 g (e.g.. less than about 1 g). Typically, (a) and (b) are present within separate layers in a

multilayer tablet.

J0018] In another aspect. a tablet comprising (a) 75 mg of the compound of Formula I or a
pharmaceutically acceptable salt thercof, (b) 25 mg tenofovir alafenamide or a pharmaccutically
acceptable salt thereof, and (c) 200 mg emtricitabine or a pharmaceutically acceptable salt thereof is
provided, wherein (a) and (b) arc segregated, and whercin the tablet has a total weight of less than
about 1.3 g (e.g.. less than about 1 g). Typically. (a) and (b) arc present within scparatc layers in a

multilayer tablet.

10019] In another aspcct, a tablct comprising from 6.5-11.0 % whw of the compound of Formula I or
a pharmaccutically acccptable salt thercof, 3.0-45% w/w tenofovir alafenamide or a
pharmaceutically acceptable salt thereof, and 23-30 % wAv emtricitabine or a pharmaccutically
acceptable salt thereof is provided. where the weight percentages denote a proportion of the whole
tablet. In somc cmbodiments, (a) the compound of Formula 1 is present as of the compound of

Formula 11 and/or (b) the tenofovir alafenamide is present as tenofovir alafenamide hemifumarate.

10020] In anolhcr aspect. a tablet comprising from 9.3-11.5 % w/w of the compound of Formula I or
a pharmaceutically acceptable salt thereof. 2.3-435 % w/w fenofovir alafcnamide or a
pharmaccutically acceptable salt thereof, and 26-33 % whv cmtricilabine or a pharmaceutically
acceptable sall thereof is provided, where the weight percentages denote a proportion of the whole
tablet. In some embodiments, (a) the compound of Formula [ is present as of the compound of

Formula If and/or (b) the tenofovir alafenamide is present as tenofovir alafenamide hemifumarate.

[0021] The inventors have found that the usc of a fixed dosc combination may assist in achieving
appropriate pharmacokinetic parameters and/or adequate tablet stability. In addition, the use of a
multifaver tablet as a particular type of fixed dose combination may also provide pharmacokinetic
and/or stability benefits. Accordingly, in another aspect a fixed dosc combination tablet comprising
{a) the compound of Formula 1 or a pharmaccutically acceptable salt thereof. (b) tenofovir

atafenamidc or a pharmaceuticaily acceptable salt thercof, and (c) emtricitabine or a
4
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pharmaccutically acceptable salt thercof is provided. Additionally, multilayver tablet comprising (a)
the compound of Formula f or a pharmaceutically acceptable salt thercof, (b) tenofovir alafenamide
or a pharmaceutically acceptable salt thereof, and (c) emtricitabine or a pharmaceutically acceptable
salt thercof 1s provided.

[0022] In another aspect, a kit comprising (a) a tablet comprising the compound of Formula T or a
pharmaccutically acceptable salt thereof. tenofovir alafenamide or a pharmaceutically acceplable salt
thereof, and cmtricitabine or a pharmaceutically acceptable salt thereof, and (b) a desiccant (e.g.
silica gel) is provided.

[0023] Methods of producing solid oral dosage forms such as tablets are also provided, as discussed
in more detail below.

|0024] In addition, methods for treatimg paticnts arc provided, which arc also discussed in more
detail below.

BRIEF DESCRIPTION OF DRAWINGS
[0025] Figure 1 shows the results of studics carried out on Formulations F1, F2. and F3 to assess the
dissolution of 78 mg of the Compound of Formula II as a single agent compared to a bi-laver using
fasted simulated intestinal fluid as a dissolution medium

[0026] TFigure 2 shows the results of studics carried out on Formulations F1 and F2 to asscss the
dissolntion of 78 mg of thc Compound of Formula It as a singlc agent compared 10 a bi-laver using

fed simulated intestinal Muid as a dissolution medium.

{0027) Figure 3 shows the results of studies carried out on Formulations F1, F2, F4, F3, and F6 1o
assess the dissolution of 78 mg of the Compound of Formula II in tablets containing various
cxcipients.

10028} Figure 4 shows the results of studies carried out on Formulations F7 and F8 to assess the
dissolution of 52 mg of the Compound of Formula II as a single agent comparcd to a bi-laver using
fasted simulated ntestinal fluid as a dissolution medium.

[0029] Figurc 5 1s a flow diagram illustrating the preparation of a tablet formulation containing the
compound of Formula 1.

{0030} Figure 6 is a flow diagram illustrating the preparation of a tablei formulation containing the

compound of Formula 11, emtricitabine. and tenofovir alafenamide hemifumarate.
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DETAILED DESCRIPTION
[0031} Tvpically. the oral dosage forms disclosed herein comprisc threc active pharmaccutical
ingredients: the compound of Formula | (or a pharmaceutically acceptable salt thereof), tenofovir
alafenamide (or a pharmaceutically acceptable salt thereof), and emtricitabine (or a pharmaccutically

acceplable sall thereof).

(2R,5S,13aR)-8-Hydroxy-7,9-dioxo-N~(2,4,6-trifluorobenzyl)-2,3,4,3,7,9,13,13a-octahydro-2,5-
methanopyridof1',2':4,5}pyrazinof 2, 1-bj{ 1,3foxazepine-10-carboxamide

10032} (2R.38.13aR)-8-Hyvdroxy-7,9-dioxo-N-(2.4,6-trifluorobenzy1)-2.3.4,5.7.9,13. 1 3a-octahydro-
2.5-methanopyridof |'.24,5]pyrazino[2.1-b][ 1.3 Joxazepine-10-carboxamide (Formula D, is a potent
HIV integrase ishibitor with in vitro activity against wild type HIV-1. 1t has the following formula

(scc WO2014/100323):
0]
(6] F
OH
N7~ N
IS S 4P
o F F
O OH

0033} Its IUPAC name is (2R,3S,13aR)-8-hydroxy-7.9-dioxo-N-(2.4,6-trifluorobenzyl)-
2.3.4.5,7.9.13,13a-octahydro-2,5-methanopyrido| 1',2":4,5 |pyrazino} 2, 1-b|| 1.3 Joxazepine-10-

carboxamide. Its CAS name is 2.5-Methanopyridof1'.2":4.3]pyrazino[2.1-b][1,3]oxazepine-10-
carboxamide, 2.3.4.5,7.9,13.13a-octahydro-8-hvdroxy-7,9-dioxo-N-[(2.4.6-trifluorophenyl)methy]]-.
(2R.3S.13aR). The compound of Formula 1 is a weak acid with pKa of 8.6. The aqueous solubility of
the compound of Formula ] free acid is pH-dependent, with solubility increasing with increasing pH,
with a maximum at pH 10.5.The chemical stability of the compound of Formula [ is also pH
dependent, with maximum stability at pH 4. The compound of Formula 1 is considered a BCS Class

2 compound, with fow solubility and high permeability.

[0034] Solid oral dosage forms disclosed hercin include the compound of Formula 1, usually in the
form of a pharmaceutically acceptable salt. The compound of Formula T can be present within an oral
dosage form in solvated or unsolvated form, and references o “Formula I”” include both of these
forms. Typically, the compound of Formula ! is in the form of the compound of Formula 11, having

the formula below:
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(n
| o F
O X
TR N
NSNSk F
O O Na*

{0035] In certain specific embodiments. solid oral dosage forms containing 30 mg of the compound

of Formula 1. e.g. as about 52 mg of the compound of Formula 11. are provided.

10036] 1n certain specific embodiments, solid oral dosage forms containing 75 mg of the compound
of Formula . e.g. as about 78 mg of the compound of Formula 11, arc provided.

[0037] As uscd herein, and in the absence of a specific reference 10 a particular pharmaccutically
acceptable salt and/or solvale of the compound of Formula T (¢.g. Formula I1). any dosages, whether
expressed in e g milligrams or as a % by weight, should be taken as referring to the amount of the
compound of Formula I {rce acid. i.¢. the amount of:

0
0 F
o H
R
ISeQ
o F F
O OH
{0038] For example, therefore, a reference to “30 mg of the compound of Formula | or a
pharmaccutically acceptable salt and/or solvatc thercof” means an amount of the compound of

Formula | or a pharmaceutically acceptable sall and/or solvale thereof which provides the same
amount of the compound of Formula 1 as 50 mg of the compound of Formula I free acid.

[6039] For example, therefore, a refercnce to “75 mg of the compound of Formula T or a
pharmaccutically acceptable sall and/or solvate thercof” means an amount of the compound of
Formula | or a pharmaceutically acceptable salt and/or solvaie thereofl which provides the same
amount of the compound of Formula | as 75 mg of the compound of Formula 1 frec acid.

Tenofovir alafenamide

{0040] Tenofovir alalenamide (TAF) is a nucleotide reverse transcriptase inhibilor having the
formula below (sce WO02/08241 A2):
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NH,
& N
Iy
X
N7 TN o
k/o pOPh
2 ~r
CHs i =
H3C\\ K[r \r
(6]
[0041] Its JUPAC name is  (S-isopropyl-2-((($)-((((R)-1-(6-amino-9H-purin-9-yl)propan-2-
yDoxv)methy1)(phenoxy)phosphoryl)amino)propanoate. It is also refemred to as {9-[(R)-2-{[(S)-[[(S)-
|-(isopropoxycarbonylethy]]  amino|phenoxyphosphinyl]-methoxylpropyljadenine}.  Tenofovir
alalenamide is a weak base, with a pKa of 3.9. lts solubility increases with decreasing pH, with a

maximum solubility at about pH 3. Tenofovir alafenamide is considered 2 BCS Class 3 compound,

with high equilibrium solubility and lower apparent permeability.

[0042] Solid oral dosage forms discloscd hercin include tenofovir alafenamide, usually in the form
ol a pharmaceutically acceptable salt. Tenofovir alafenamide can be present within an oral dosage
form in solvated or unsolvated form, and references Lo “tenofovir alafcnamide™ include both of these
forms. In particular. tenofovir alalenamide may be associated with fumarate, such as monofumarate
or hemifumarate. Typically, tenofovir alafenamide is in the form of tenofovir alafenamide
hemifumarate having the formula below (sce WO 2013/025788 Al):

NN N HO
LY °
" Nk/o B0 . >
Y ~ \NH O
CHa OH |2

[0043] As used hercin, and in the absence of a specific reference 1o a particular pharmaccutically
acceplable salt and/or solvate of tenofovir alafenamide. any dosages, whether expressed m e.g.
milligrams or as a % by weight, should be taken as referring (o the amount of tenofovir alafenamide,

i.e. the amount of;
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NH,

N/

LD

N TN o)
k/o BAOPh
= VT\IH
CH;

{0044} For cxample. therefore. a reference to “25 mg tenofovir alafenamide or a pharmaccuticallv
acceplable salt and/or solvate thercof” means an amount of tenofovir alafenamide or a
pharmaceutically acceptable salt and/or solvate thereof which provides the same amount of tenofovir

alafenamide as 25 mg of tenofovir alafenamide [ree base.

{0045] The amount of tenofovir alafenamide in a solid oral dosage form provided herein is generally
between 10 mg and 30 mg, for instance within the range of 20 mg to 30 mg. and morc typically
between 24 mg and 28 mg. In certain specific embodiments, solid oral dosage forms containing 25
mg of tenofovir alafcnamide e.g. as about 28 mg of tenofovir alafenamide hemifumarate, arc
provided.

Emtricitabine

{0046] Emiricitabinc (FTC) is a nuclcoside reverse transcriptasc inhibitor having the formula below:

N \/(O

RS "

F‘

10047} Its 1UPAC name is 4-amino-5-fluoro-1-[(2R.5S)-2-(hydroxymethy1)- 1.3-oxathiolan-3-vl]-
1,2-dihvdropyrimidin-2-onc. It is also rcferred to as 3-fluoro-1-| (2R.3S)-2-(hydroxymcthyl)-1,3-
oxathiolan-3-yljevtosine. It is currently authorised as part of EMTRIVA® (cmtricitabine 200 mg),
TRUVADA® (emuricitabine 200 mg, tenofovir disoproxil [(umarate 300 mg). ATRIPLA®
{cmtricitabine 200 mg, efavirenz 600 mg. tenofovir disoproxil fumarate 300 mg) and STRIBILD®:
(cmtricitabine 200 mg, cobicistat 130 mg, tenofovir disoproxil fumarate 300 mg, clvitegravir 130
mg) and COMPLERAR/EVIPLERAR (rilpivirine 25 mg. emtricilabine 200 mg, tenofovir disoproxil
fumarate 300 mg).

{0048] Emlricitabinc is a free basc. cxhibiting a pKa of 2.63. Solubility is enhanced under acidic
conditions. It is considered a BCS Class 1 compound. with high solubility and high permeability.
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[0049] Solid oral dosage forms disclosed herein include cmtricitabine. optionally as a
pharmaccutically acceptable salt. Emtricitabine can be present within an oral dosage form in solvated
or unsolvated form, and references lo “emtricitabine™ include both of these forms. Typically,

cmtricitabing is present as a [rec base.

[0050) As used herein. and in the absence of a specific reference lo a particular pharmaccutically
acceptable salt and/or solvate of emtricitabine. any dosages, whether expressed in e.g. milligrams or

as a % by weight, should be taken as referring to the amount of emtricitabinc, Z.e. the amount of
O

HoN \\/N ~

v ‘;V 0
s ~<~. ;7/\0H

[0051] For example, therefore, a reference to “200 mg cmitricitabinc or a pharmaccutically
acceptable salt and/or solvate thereof” means an amount of emtricitabine or a pharmaceutically
acceplable salt and/or solvate thereof which provides the same amount of emtricitabine as 200 mg of

cmtricitabine [ree basc.

[0052] The amount of cmiricitabine in a solid oral dosage form provided herein is generally between
180 mg and 220 mg, for instance between 190 mg and 210 mg, and more typically benween 195 mg
and 205 mg. In certain specific embodiments. solid oral dosage forms containing 200 mg of

cmiricitabine are provided.

Solid oral dosage forms

[0053] The inventors have successfully formulated the compound of Formula I, emtricitabine and
tenofovir alafcnamide in a single, stable dosage form that is pharmacologically cfficacious and
physically acceptable. The solid oral dosage forms disclosed herein are intended for pharmaceutical
usc in human subjccts. Accordingly, they mnst be of an appropriatc size and weight for oral human
administration (e.g. they should have a total weight of less than about 1.5 g, e.g.. less than about

1.0 g). in addition Lo being therapeutically efficacious.

[0054] In certain embodiments, fornlations of the (hree active ingredients into a solid oral dosage
form which has a total weight of less than about 1.0 g are provided, for instance less than about 800
mg, or cven less than about 750 mg, or cven less than 700 mg. This is advantageous given that
TRIUMEQ®: (abacavir sulfatc equivalent 1o 600 mg of abacavir. dolutcgravir sodium equivalent to
50 mg of dolutegravir, and 300 mg of lamivudine) has a tolal weight of more than about 1000 mg.
based on the weight of the aclive ingredients in cach tablet (due (o the amount of excipients that are
required to produce a pharmaceutically acceptable tablet). The provision of a relatively small dosage
10
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form (in particular a tablet) represents a clinical advantage because it may be expected 1o increasc
paticnt convenience and thus compliance as compared to larger dosage forms which arc more
burdensome [or patients to swallow. In specific embodiments. the solid oral dosage form disclosed
herein has a total weight of between 700 and 750 mg. In certain embodiments. the solid oral dosage
form disclosed herein has a total weight of between 700 and 725 mg, o1 about 700 mg. In specific
cmbodiments, the solid oral dosage form disclosed herein has a total weight of between about 50 and
about 750 mg, belween about 100 and about 750 mg. between aboul 200 and about 730 mg, or
between aboul 250 and aboul 750 mg. The presently disclosed dosage forms may comprisc less than
600 mg of excipicnts, such as less than 500 mg of excipients, or less than 450 mg of excipients. For
example, solid oral dosage forms disclosed herein may comprise between 300 and 600 mg of
excipients. or between 350 mg and 500 mg of cxcipicnts. or between 400 mg and 300 mg of
excipients. Most typically, solid oral dosage forms disclosed hercin comprise between 425 mg and
450 mg of excipients. In such embodiments. the dosage forms comprise as active ingredients (a) 30
mg of the compound of Formula I or a pharmaceutically acceptable salt thereof, {b) 23 mg tenofovir
alafenamide or a pharmaceutically acceptable salt thercof. and (¢) 200 mg emtricitabine or a
pharmaceutically acceptable salt thereof. In certain embodiments, the dosage forms comprisc as
aclive ingredients (a) 52 mg of the compound of Formula 11, (b) 28 mg tenofovir alafenamide
hemifumarate, and (¢) 200 mg cmitricitabine. In some embodiments, the dosage forms comprisc as
active ingredients (a) 75 mg of the compound of Formula | or a pharmaceutically acceptable saft
thereof, (b) 25 mg tenofovir alafenamide or a pharmaceutically acceptable salt thercof, and (¢) 200
mg emtricitabine or a pharmaceutically acceptable salt thereol. In certain embodiments, the dosage
forms comprisc as active ingredients (a) 78 mg of the compound of Formula 11, (b) 28 mg tenofovir
alafenamide hemifumarate, and (c) 200 mg emtricilabine.

[00S5] The solid oral dosage forms disclosed herein will typically be in the form of a fixed dose
combination tablet. This is because the inventors have found that the usc of fixed dosc combination
tablets may assist in optimizing the pharmacokinetic properties of the active ingredients. particularly
the total exposurc of the compound of Formula I or a pharmaccutically acceptable salt thereof, as
measured by arca under the curve (AUC) and Cpy,y. In particular cmbodiments, the solid oral dosage
[orms disclosed hercin are in the form of a multilayer tablet. In certain embodiments, the use of a
fixed dose combinations, e.g., multilayer tablets, mav affect the dissolution profile of one or more of
the active ingredients within the dosage form, and is therefore likely to have an mmpact on the in vivo
pharmacokinetics of the dosage form. In particular. it has been observed that the dissolution of the
compound of Formula I {¢.g., as Formula 11y varics depending on whether the tablet is in a fixed dose
combination formulation with tenofovir alafenamide and emtricitabine and/or whether the tablet is a
monolayer or multlayer tablet. It has also been obscrved that the presence of certain excipicnts in the
multilayer tabiet formulation (or absence of others) affects (he dissolution profile of one or more of

Il
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the active ingredicnts within the dosage form. The provision of a rablet with particular
pharmacokinctic paramelers. e.g. pharmacokinetic parameters 1s a pasticular advantage afforded by

the present disclosure.

j0036] 1n onc embodiment. a multilayer tablet comprising (a) the compound of Formula | or a
pharmiaccutically acceptable salt thereof, (b) tenofovir alafenamide or a pharmaceutically acceptable
salt thereof. and (c) emtricilabine or a pharmaceutically acceptable salt thereof is provided.
Typically. cach layer contains at lcast onc of (a), (b), and (c). For instance, in certain cmbodiments,
the tablet comprises a first laver comprising (a) the compound of Formula I or a pharmaccutically
acceptable salt thereof, and a second layer comprising (b) tenofovir alafenamide or a
pharmaceuticaily acceptable salt thereof. and further comprises (c) emiricitabine or a
pharmaccutically acceptable salt thercol.  In such cmbodiments. typically the first laver 1s
substantially free of tenofovir alafenamide or a pharmaceutically acceptable salt thereof, and/or the
sceond layer is substantially frec of the compound of Formula I or a pharmaccutically acecptable salt
thercof. In onc embodiment the first laver is substantially free of tenofovir alafenamide or a
pharmaccutically acceptable salt thercof (e.g. the first layer contains less than 1% by weight
{enofovir alafenamide or a pharmaceutically acceptable sall thercof), and the second layer is
substantially frce of the compound of Formula 1 or a pharmaccutically acecptable salt thercof (e.g.
the second laver contains less than 1% by weight of the compound of Formula T or a

pharmaceutically acceptable salt thercof).

{0057} A particular embodiment provides a tablet, wherein the first Javer comprises the compound
of Formula | or a pharmaceutically acceptable salt thereof (¢.g.. Formula 11) and is substantially free
of tenofovir alafenamide or a pharmaceutically acceptable salt thereof (e.g., the [irst layer contains
less (han 1% by weight tenofovir alafenamidc or a pharmaccutically acceptable salt thercof). and the
sccond laver compriscs tenofovir alafenamide or a pharmaccutically acceptable salt thereof and
emtricitabine or a pharmaccutically acceptable salt thereof and is substantially {ree of the compound
of Formula 1 or a pharmaccutically acceptable salt thercol (e.g. the second layer coutains less than

% by weight of the compound of Formula I or a pharmaceutically acceplable salt thercof). In a
particular embodiment, a tablet is provided. wherein the first laver comprises 52 mg of the
compound of Formula I1 and is substantially frec of tenofovir alafenamide or a pharmaceutically
acceplable salt thereof (e.g., the first layer contains lcss than 1% by weight tenofovir alafenamide or
a pharmaceutically acceptable sait thereof). and the second layer comprises 28 mg tenofovir
alafenamide hemifunarate and 200 mg emiricilabine and is substantially free of the compound of
Formula I or a pharmaceutically accepiable salt thereol (e.g., the sccond layer contains less than 1%
by weight of the compound of Formula 1 or a pharmaceutically acceptable salt thereof), whercin the
first layer has a total weight of less than about 400 mg, such as about 325 mg. and the second layer

has a total weight of less than about 450 mg. such as about 380 mg. In one embodiment, the layer
12
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containing tenofovir alafenamide or a pharmaccutically acceptable salt thercof does not contain
lactose and/or starch. In one embodiment. the laver containing the compound of Formula | or a
pharmaceutically acceptable salt thereol does not contain lactose, crospovidone and/or sodium

stearyl fumarale.

[0058] A particular embodiment provides a tablet, wherein the first laver comprises the compound
of Formula I or a pharmaceutically acceptable salt thereol (e.g.. Formula 11) and is substantially free
of emtricitabinc or a pharmaceutically aceeptable salt thereof (e g.. the first laver contains less than

% by weight emiricitabine or a pharmaceutically acceptable salt thercof), and (b) the sccond layer
comprises tenofovir alafenamide or a pharmaceutically acceptable salt thereof and emtricitabine or a
pharmaccutically acceptable salt thercof and is substantially free of the compound of Formula I or a
pharmaceutically acceptable salt thercof (e.g. the seeond laver contains less than 1% by weight of the
compound of Formula T or a pharmaceutically acceptable salt thereol). In a particular embodiment. a
tablet is provided, wherein (a) the first layer comprises 52 mg of the compound of Formula Tt and is
substantially free of cmtricitabine or a pharmaceutically acceptable salt thereofl (¢.2., the first layer
contains less than 1% by weight emtricitabine or a pharmaceutically acceptable salt tercof), and (b)
the sceond layer compriscs 28 mg tenofovir alafenamide hemifumarate and 200 mg emiricitabine and
1s substantially free of the compound of Formula I or a pharmaceutically acceptable salt thercof (e.g..
the second laver contains less than 1% by weight of the compound of Formula T or a
pharmaccutically acceptable salt thercof), wherein the first laver has a total weight of Jess than about
400 mg. such as aboul 325 mg, and the sccond layer has a total weight of less than about 450 mg,
such as about 380 mg. In onc cmbodiment, the layer containing emtricitabine or a pharmaceutically
acceplable salt thercof docs not contain lactose and/or starch. In one cmbodiment, the layer
conlaining the compound of Formula [ or a pharmaccutically acceptable sait thereol does not contain
lactose. crospovidone and/or sodium sicary] fumarate.

{0059] A particular embodiment provides a tablet. wherein the first Jayer comprises the compound
of Formula | or a pharmaceutically acceptable salt thereof (e.g.. Formula 11) and is substantially frec
of tenofovir alafenamide and cmtricitabine or a pharmaccutically acceptable salt thercof (e.g.. the
first laver contains less than 1% by weight each of tenofovir alafenamide and emtricitabine or a
pharmaceutically acceptable salt thereof), and (b) the second layer comprises lenofovir alafenamide
or a pharmaceutically acceptable salt thercof and emtricitabine or a pharmaceutically acceplable salt
thercof and 1s substantially free of the compound of Formula T or a pharmaceutically acceplable sall
thereof (c.g. the sccond laver contains less than 1% by weight of the compound of Farmula | or a
pharmaceutically acceplable salt thereof). In a particular embodiment, a tablet is provided, whercin
(a) the first layer comprises 52 mg of the compound of Formula 1l and is substantially free of
tenofovir alafenamide and emtricitabine or a pharmaceutically acceptable salt thercof (e. g.. the first
layver contains less than 1% by weight tenofovir alafenamide and emtricitabine or a pharmaceutically

13
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acceptable salt thercof). and (b) the sccond layer comprises 28 mg tenofovir alafenamide
hemifumarate and 200 mg emtricitabine and is substantially free of the compound of Formula 1 or a
pharmaceutically acceptable salt thereof (e.g.. the second layer contains less than 1% by weight of
the compound of Formula I or a pharmaceutically acceptable salt thereof), wherem the first layer has
a total weight of less than about 400 mg, such as about 325 mg, and (he second laver has a total
weight of less than about 450 mg. such as about 380 mg. In one embodiment, the layer containing
tenofovir alafenamide and cmiricitabine or a pharmaccutically aceeptable salt thereol does not
contain lactose and/or starch. In one embodiment, the layer containing the compound of Formula I or
a pharmaceutically acceptable salt thereof docs not contain lactose, erospovidonc and/or sodium

stearyl fumarate.

{6060} In a particular cmbodimen, a tablet is provided. whercin (a) the first laver compriscs 78 mg
of the compound of Formula 11 and is substantially free of tenofovir alafenamide or a
pharmaceutically acceptable salt thereof (e.g. the first laver contains less than 1% by weight
tenofovir alafenamide or a pharmaccutically acceptable salt thereof), and (b) the sccond layer
comprises 28 mg tenofovir alafenamide hemifumarate and 200 mg emtricitabine and is substantially
free of the compound of Formula | or a pharmaceutically acceplable salt thereof (e.g. the second
layer contains less than 1% by weight of the compound of Formuia | or a pharmaccutically
acceptable salt thereof), wherein the first layer has a total weight of less than about 400 mg. such as
about 353 mg, and the sccond laver has a total weight of less than about 450 mg. such as about 380
mg. In one cmbodiment, the layer containing tenofovir alafenamide or a pharmaccutically acceptable

salt thercof docs not contain lactose and/or starch.

{0061} Unless otherwise specified, (he terms “first layer”. “second layer”, “third laver” and so forth
do not specify a particular order or oricntation of the multilaver tablet formulations disclosed herein.
Rather, these terms arc uscd to distinguish the scetions of the composition from cach other and to
specify (he characteristics or components of cach section ov compartment. By way of cxample, in an
embodiment, a tablet is provided whercin a first layer comprises 52 mg of (he compound of Formula
11 and is substantially frce of tenofovir alafenamide or a pharmaccutically acceptable salt thereof
(e.g.. the first laver contains less than 1% by weight tenofovir alafenamide or a pharmaceutically
acceplable salt thereof), and (b) the sccond laver compriscs 28 mg tenofovir alafenamide
hemifumarate and 200 mg cmtricitabinc and is substantially frec of the compound of Formula | or a
pharmaccutically acccptable salt thereofl (e.g.. the second laver contains less than 1% by weight of
the compound of Formula I or a pharmaceutically acceptable salt thereof). wherein the (irst layer has
a total weight of less than about 400 mg. such as about 325 mg, and the sccond laver has a total
weight of less than about 430 mg, such as about 380 mg. The first laycr may be synthesized first or
may be synthesized second. The first laver may be on the bottom or may be on the top or may be on
a side. The term ““first layer™ is not limiting as to order and orientation.

14
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[0062] The tablets disclosed herein are typically immediate release tablets. In one embodiment. a
tablet is provided which releases at least 50% of the compound of Fonnula | or a pharmaccutically
acceplable salt thereof in about 20 minutes, measured using USP apparatus 11, in 333 mL of fasted
state simulated miestinal (uid, pH 6.5, al 37 °C and paddle speed of 100rpm. In ceriain
embodiments, the tablets disclosed hercin release at least 60% of the corupound of Tormula T or a
pharmaceutically acceptable salt thereof in 20 minutes, measured using USP apparatus 11 in 333 mL
of 50 mM fasted state simulated intestinal fluid. at 37 °C and paddle speed of 100 rpm. Tn some
embodiments, a tablet that releases at least 70% of the compound ol Formula T in 60 minuics is
provided, measured using USP Apparatus 11. in 333 mL of fasted state simulated intestinal fluid at 37
°C and paddle speed of 100 mpm.

[0063] Tablets disclosed herein will generally have a hardness within the range 14-20 kP. and. in
certain specific embodiments. have a hardness of 17 kP. Hardness can conveniently be assessed by
driving an anvil to compress a tablet at a constant loading rate until it fracturcs. operating in
accordance with USP <1217> (using e.g. a TBH 220, ERWEKA GmbH. Heuscnstamm Germany
hardness tester).

[0064] Tablets disclosed herein will generally have a friability of <1% by weight. Friability can be
asscssed according to USP <{216>.

{0065] The corc of a tablet provided herein may have a hardness of between 14-20 kP, and a
{riability of <1% by weight.

[0066] Tablets will typically include one or more excipients. Excipients should be compatible with
the other ingredients of the formulation and physiologically innocuous to the recipient thereof,
Examples of suitable excipients arc well known (o the person skilled in the art of tablet formulation
and may be lound e.g. in Handbook of Pharmaceutical Lxcipients (eds. Rowe, Sheskey & Quinn),
6th edition 2009. As used herein the term “excipients™ is intended to refer to inter alia basifving
agents, solubiliscrs, glidants, fillers. binders, lubricant, diluents, prescrvatives, surface active agents,
dispersing agents and the like. The term also includes agents such as sweelening ageuts, flavoring
agents, coloring agents, preserving agents, and coating agents. Such components will gencerally be

prescnt n admixture within the tablet.

[0067] Examples of solubilisers include. but are not limited to. ionic surfactants (including both
ionic and non-ionic surfaclants) such as sodium laury! sulphate. cetyltrimethylammonium bromide.
polysorbates (such as polysorbate 20 or 80), poloxamers (such as poloxamer 188 or 207), and
macrogols. In a particular embodiment, a tablet thal comprises the compound of Formula 1 or a
pharmaceutically acceptable sall thereof, includes a polvsorbate. in particutar polysorbate 20. In
certain specific cmbodiments, the amount of polysorbate 20 in a tablet disclosed herein is Ioss than
about 5 mg, such as lcss than about 1 mg, or about 0.5 mg,
13
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j0068] Examples of lubricants. glidants and flow aids include, but arc not limited to, magnesium
stcarale, calcium slcarate, stearic acid, hydrogenated vegetable oil. glyeeryl palmitostearate. glveeryl
behenale. sodium stearyl fumarate, colloidal silicon dioxide. and tale. The amount of lubricant in a
tablet is gencrally between about 0.3-3% by weight. In certain embodiments, the amount of lubricant
i1 a tablet is about 1.5% by weight. In certain specific embodiments, tablets disclosed herein include
magnesium stearate. In certain other embodiments. the tablets disclosed herein do not include sodium
stearvl fumarate. In certain embodiments, the tablet includes less than about 10 mg magnesium
stearate, or less than about 7.5 mg magnesium stearatc. In certain embodiments. the tablet includes
Icss than about 9 mg magnesium stcarate. or less than about 8.75 mg magnesiwm stearate. In certain
embodiments, the tablet includes aboul 5 mg to about 10 mg magnesium sicarate. or about 6 mg o
about 9 mg magnesium stearate, or about 7 mg to aboul 9 mg magnesium stearate, or about 8 mg 1o
about 9 mg magnesium slcarate, or about 8.1 mg, about 8.2 mg, aboul 8.3 mg, about 8.4 mg. about
8.5 mg, about 8.6 mg, about 8.7 mg. about 8.8 mg or about 8.9 mg magnesium stearate.

[0069] Examples of disintcgrants mclude. but are not limited to. starches, celluloses, cross-linked
PVP (crospovidone). sodium starch glycolate, croscarmellose sodium, ezc. In certain embodiments,
the tablets disclosed herein include croscarmellose sodium. In certain other embodiments, the tablets
disclosed herein do not include crospovidone. In certain embodiments, the tablet includes less than
abowt 50 mg croscarmellose sodium. or less than about 25 mg croscammellose sodium. In certain
embodiments, the tablet includes about 30 mg to about 60 mg croscarmellose sodium, or about
40mg to about 60 mg croscarmellose sodium, or about 45 mg (o about 55 mg croscanmeliose
sodium, or about 45 mg,. about 46 mg, about 47 mg, about 48 mg, aboul 49 mg, about 30 mg, about
51 mg. aboul 52 mg or about 53 mg, or about 54 mg, or about 55 mg croscarmcilosc sodium.

[0070] Examples of fillers (also known as bulking agents or diluents) include, but are not limited to.
starches, maltodextrins, polvols (such as lactose), and celluloses. In certain cmbodiments, tablets
provided herein may microcrystalline cellulosc. In certain other embodiments, tablets provided
herein do not contain lactose. In cerlain embodiments, tablets provided herein include less than about
300 mg microervstalline cellulose, in particular less than about 250 mg microcrystalline cellulose,
and/or less than about 225 mg microcrystalline cellulose. In certain embodiments. tablets provided
herein include less than about 300 mg microcrystalline cellulose. or less than about 450 mg
microcrystalline cellulose. or less than about 400 mg microcrystalline cellulose, or less than about
375 mg microcrystalline cellulose. In certain embodiments, tablets provided herein include about
250mg to about 300 mg microcrystalline cellulose, or about 300mg to about 450 mg
microcrystalline cellulose, or about 300 mg to about 400 mg microcrystalline cellulose, or about
325mg to about 375 mg microcrvstalline cellulose, or about 330mg to about 370 mg
microcrystalline cellulose. In certain embodiments. tablets provided herein inctude about 300 mg. or

about 310 mg, or about 320 mg, or about 330 mg, or about 340 mg, or about 330 mg, or about
16
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360 mg, or about 370 mg, or about 380 mg. or about 390 mg. or aboul 400 mg microcrystalline
cellufose.

{0071} Examples of binders include. but are not limited to. cross-linked PVP, HPMC, sucrose,
slarches, erc.

[0072] In certain embodiments. tablets provided herein arc uncoated. In cortain other embodiments,
tablets provided herein are coated (in which casc they include a coating). Although uncoated tablets
may be used, it is more usual in the clinical setting to provide a coated tablet, in which case a
conventional non-enteric coating may be used. Film coatings are known in the art and can be
composed of hydrophilic polymer materials, bul are not limited to. polvsaccharide materials, such as
hydroxypropvimethyl ccllulosc  (HPMC).  methvicellulosc. hydroxyethyl  cellulose  (HECQ).
hydroxypropy! cellulose (HPC), poly(vinylalcohol-co-cthylene glveol) and other water soluble
polymers. Though in certain cmbodiments the water soluble material included in the film coating of
the embodiments disclosed herein includes a single polvmer material, in certain other embodiments it
is formed using a mixture of more than one polvmer. In certain embodiments, the coating is vellow
or brown. Suilable coalings include. but arc not limited to. polymeric film coatings such as those
comprising polvvinyl aleohol ¢.g. “Opadry® 1I° (which includes part-hydrolysed PVA. titanium
dioxide. macrogol 3350 (PEG) and talc. with optional colouring such as iron oxide (c.g.. iron oxide
red or iron oxide black) or indigo carmine or iron oxide vellow or FD&.C vellow #6). The amount of
coating is gencrally between about 2-4% of the corce’s weight, and in certain specific embodiments,
about 3%. Unless specifically stated otherwise. where the dosage form is coated, it is to be
understood (hat a reference to % weight of the tablet means that of the total tablet, i.e. including the
coating,

Pharmacokinetics

[0073] In certain embodiments, the pharmaceutical compositions disclosed herein resull in increased
systemic exposure (AUCqy, Cyay) for the compound of Formula I or a pharmaccutically acceptable
salt thereof. In particular embodiments, the multilayer tablet formulations disclosed herein result in
increased systemic exposure for the compound of Formula | or a pharmaccutically acceptable salt
thercol compared to a single agent lablet formulation of the compound of Formula I or a
pharmaccutically acceptable salt thercof. In certain embodiments, the multilaver tablet formulation
results in an increase of at least about 20% in (he systemic exposure of the compound of Formula | or
a pharmaceutically acceptable salt thereol compared 1o a single agent tablet formulation of the
compound of Formula 1 or a pharmaccutically acceptable salt thercof. In some embodiments. the
increase in systemic exposurc is at least about 253% or at least about 30%. In some cmbodiments, the

increasc in sysiemic exposurc is about 30%.
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{0074] C,u, is the maximum observed plasma/scrum conceniration of drug,

10075] In particular cmbodiments. a pharmaccutical composition comprising a tablet containing
75mg of thc compound of Formmla I or a pharmaceutically acceptable salt thereof, 200 mg
cemtricitabine or a pharmaceutically acceplable salt thercof, and 25 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thercof provide a plasma Cpa, of the compound of Formula I m
fasted patients of from about 3300 to about 8900 ng/mL. ¢.g. about 7100 ng/mL.

[0076] in certain specific cmbodiments, a pharmaccutical composition comprising a tablet
containing 75 mg of the compound of Formula 1 or a pharmaceutically acceptable salt thereof, 200
mg emtricitabine or a pharmaceutically acceplable salt thereof, and 23 mg tenofovir alafenamide or a
pharmaccutically acceptable salt thereof provide a plasma Cu, of cmiricitabine in fasted patients of
from about 1700 to about 2800 ng/mL, e.g. about 2300 ng/mL.

[0077] In cerlain specific embodiments. a pharmaceutical composition comprising a lablet
containing 75 mg of the compound of Formula | or a pharmaceutically acceptable salt thereof, 260
mg emiricitabine or a pharmaceutically acceptable salt thereof. and 25 mg tenofovir alafenamide or a
pharmaccutically acceptable salt thereof provide a plasma Cpux of tenofovir alafenamide in fasted
patients of from about 190 to about 320 ng/mL, e.g. about 250 ng/mL.

10078} In certain specific cmbodiments, a pharmaccutical composition comprising a lablet
containing 30 mg of the compound of Formula 1 or a pharmaccutically acceptable salt thereof, 200
mg cmtricitabine or a pharmaceutically acceptable salt thereof. and 25 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thereof provide a plasma Cx of the Compound of Formula | of
from about from about 4200 ng/mL to about 8000 ng/mL, regardicss of whether the subject was fed

or fasted.

[0079] In particular embodiments, a pharmaceutical composition comprising a {ablet containing
50mg of the compound of Formula 1 or a pharmaceutically acceptable salt thercof. 200 mg
emtricitabine or a pharmaceutically acceptable salt thercof. and 23 mg Lenofovir alafenamide or a
pharmaceutically acceptable salt thereof provide a plasma Cuuy of the compound of Formula | in
fasted patients of rom about 4200 ng/mL to about 6500 ng/mL, or from about 4700 ng/mL to about
5300 ng/mL. or from about 4700 ng/mL to about 5800 ng/mL, or from about 3000 ng/mL o about
3500 ng/mL.

[0080] In particular embodiments, a pharmaceutical composition comprising a tablet containing
50mg of the compound of Formula 1 or a pharmaccutically acceptable salt thercof. 200 mg
emtricitabine or a pharmaceutically acceptable salt thereof, and 23 mg tenofovir alafenamide or a

pharmaceutically acceptable salt theseof provide a plasma Cauy of the compound of Formula 1 in fed

18
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paticnts of from about 4300 ng/mL to about 8000 ng/mL. or from about 4800 ng/mL to about
7900 ng/mL, or from about 5300 ng/mL 1o about 6900 ng/mL. or from about 5600 ng/mL to about
6600 ng/mL.

[0081] In certain specific embodiments. a pharmaceutical composition comprising a tablet
containing 50 mg of the compound of Formula [ or a pharmaccutically acceptable salt thereof, 200
mg emtricitabine or a pharmaceutically acceptable salt thereof. and 25 mg tenofovir alafenamide or a
pharmaccutically acceptable salt thercof provide a plasma Coy, of cmtricitabine of from about from
about 1770 ng/mL to about 2800 ng/mL., regardiess of whether the subject was fed or fasted.

[0082] In certain specific embodiments. a pharmaceutical composition comprising a tablet
containing 50 mg of the compound of Formula | or a pharmaceutically acceptable salt thereof. 200
mg emtricitabine or a pharmaccutically acceptable salt thereof, and 23 mg tenofovir alafenamide or a
pharmaccutically acceptable salt thercof providc a plasma C,,, of cmiricitabine in fasted paticnts of
from about 1770 ng/mL to about 2800 ng/mL. or from about 2000 ng/mL (o about 2600 ng/mL. or
{from about 2000 ng/mL to about 2300 ng/mL. or from about 2 100 ng/mL to about 2400 ng/mL.

[0083] In particular cmbodiments, a pharmaccutical composition comprising a tablet containing
50 mg of the compound of Formula I or a pharmaccutically acceplable salt thercof, 200 mg
emtricitabine or a pharmaccutically acceptable salt thereof. and 23 mg tenofovir alafenamide or a
pharmaccutically accoptable salt thercofl provide a plasma Cyy of emtricitabine in fed paticnts of
from about 1000 ng/mL to about 3000 ng/mL, or from about 1500 ng/mL to about 2000 ng/m from
about 1700 ng/mL to about 2200 ng/inL L. or from about 1800 ng/mL. to about 2100 ng/mL.

[0084] In certain specific embodiments, a pharmaccutical composition comprising a tablet
containing 30 mg of the compound of Formula 1 or a pharmaceutically acceptable salt thereof, 200
mg emiricilabine or a pharmaceutically acceptable salt thereol. and 23 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thercof provide a plasma Cpa of tenofovir alafenamide of from
about from about 185 ng/mL to about 315 ng/mL, rcgardless of whether the subject was fed or
fasted.

J0085} In certain specific embodiments, a pharmaceutical composition comprising a tablet
containing 50 mg of the compound of Formula 1 or a pharmaceutically acceptable salt thereof, 200
mg emtricitabine or a pharmaccutically acceptable salt thereof. and 23 mg tenofovir alafenamidc or a
pharmaccutically acceptable salt thereof provide a plasma Cpy. of tenofovir alafenamide in fasted
patients of from about 185 ng/mL (o about 315 ng/mL, or from about 200 ng/mL to about
300 ng/mL, or from about 210 ng/mL to about 290 ng/mL, or from about 220 ng/mL (o about
275 ng/mL, or from about 230 ng/mL to about 265 ng/mL, or from aboutl 240 ng/mL to about

260 ng/mL.
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10086 In particular cmbodiments, a pharmaccutical composition comprising a tablet containing
50 mg of the compound of Formula [ or a pharmaccutically acceptable salt thereof. 200 mg
emtricitabine or a pharmaceutically acceptable salt thereof, and 23 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thereof provide a plasma Cyy of tenofovir alalenamide in fed
paticnts of from about 150 ng/mL to about 350 ng/mL. or from about 185 ng/mL to about 300 ng/m
from about 210 ng/mL to about 280 ng/mL L., or from about 230 ng/mL to about 265 ng/mL.

AUC;y

10087] AUC,y is the area under the plasma/scrum concenlration versus time curve extrapolated to

infinite time, calculated as AUC s+ (Cras/?).

[0088] In cerlain specific embodiments. a pharmaceutical composition comprising a tablet
containing 75 mg of the compound of Formula 1 or a pharmaccutically acceptable salt thercof,
200 mg emtricitabine or a pharmaceutically acceptable salt thereof, and 25 mg tenofovir alafcnamide
or a pharmaceutically acceptable salt thereof provide a plasma AUC;,s of the compound of Formula I
in fed patients of from about 117000 to about 196000 heng/mL. e.g. about 157000 heng/mL.

10089} In certain specific embodiments. a phanmaceutical composition comprising a tablet
containing 75 mg of the compound of Formula I or a pharmaceutically acceptable salt thercof,
200 mg emtricitabive or a pharmaceutically acceptable salt thercof. and 25 mg tenofovir alafenanide
or a pharmaceutically acecptable salt thereof provide a plasma AUC,,y of emiricitabine i fed patients
of from about 8700 to about 14300heng/mL, ¢.g. about 2300heng/mL.

J0090] In certain specific cmbodiments. a pharmaceutical composition comprising a tablet
containing 75 mg of the compound of Formula I or a pharmaceutically acceptable sali thereof.
200 mg emtricitabine or a pharmaceutically acceptable salt thereof. and 25 mg (enofovir alafenamide
or a pharmaccutically acceptable salt thercof provide a plasma AUCiy of tenofovir alafenamide in

fed patients of from about 150 and 260 heng/mL, ¢.g. about 210 heng/mL.

]0091] In certain specific cmbodiments, a pharmaceutical composition comprising a tablet
containing 50 mg of the compound of Formula | or a pharmaccutically acceptable salt thereof, 200
mg emtricitabine or a pharmaceutically acceptable salt thereof, and 25 mg tenofovir alafenamide or a
pharmaccutically acceptable salt thereof provide a plasma AUCiy of the Compound of Formula I of
from about from about 844350 heng/mL to about 141000 heng/mL, regardless of whether the subject

was fed or fasted.

[0092] In cortain specific embodiments, a pharmaceutical composition comprising a tablet

containing 50 mg of the compound of Formula | or a pharmaceutically acceptable salt thercof,

200 mg emlricitabine or a pharmaceutically acceptable salt thereof, and 25 mg tenofovir alafenamide

or a pharmaceutically acceptable salt thereof provide a plasma AUCiy of the compound of Formula ]
20
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in fasted patients of from about 84430 heng/mL to about 141000 heng/mL. or from about
90000 heng/mL to about 135000 heng/mL. or {rom about 93000 heng/mL to about 130000 heng/mL,
or from about 100000 heng/mL to aboul 123000 heng/mL, or from about 110000 heng/mL to about
120000 heng/mL.

[0093] In particular embodiments. a pharmaceutical composition comprising a tablet contaming
50mg of the compound of Formula 1 or a pharmacenticallv acceptable salt thereol. 200 mg
cmitricitabinc or a pharmaccutically acceptable salt thereof, and 25 mg tenofovir alafcnamide or a
pharmaccubically acceptable salt thercof provide a plasma AUC, of the compound of Formula 1 in
fed patients of from aboul 100000 heng/mL to aboul 200000 ng/mL. or from about 112000 heng/mL
to about 175000 ng/ml.. or from about 126000 heng/mL to about 153000 ng/mL. or from about
133000 heng/mL to about 147000 ng/mL.

[0094] In certain specific embodiments, a phanmaceutical composition comprismg  a tablet
containing 50 mg of the compound of Formula 1 or a pharmaccutically acceptable salt thereof, 200
mg emiricilabine or a pharmaceutically acceptable salt thereof, and 25 mg lenofovir alafenamide or a
pharmaccutically acceptable salt thereof provide a plasma AUC,, of emtricitabine of from about
from about 8100 heng/mL. to about 13600 heng/ml.. regardless of whether the subject was fed or
fasted.

[0095] In certain specific cmbodiments, a pharmaccutical composition comprising a tablet
containing 50 mg of the compound of Formula I or a pharmaceutically acceptable salt thercof,
200 mg emtricilabine or a pharmaceutically acceptable salt thereof. and 23 mg tenofovir alafenamide
or a pharmaceutically acceptable salt thereof provide a plasma AUC,, of emtricitabine in fasted
paticnts of from about 8100 heng/mL to about 13600 heng/mL. or from about 8700 heng/mL to about
13000 heng/mL, or from about 92000 heng/mL to about 12300 heng/mL. or from about
9700 heng/mL. to about 12000 heng/mL. or from about 10000 heng/mL to about ! 1400 heng/mL.

10096] In particular cmbodiments, a pharmaceutical composition comprising a tablct containing
30mg of the compound of Formula T or a pharmaceutically acceptable salt thereofl, 200 mg
cemtricitabine or a pharmaccutically acceptable salt thercof, and 25 mg tenofovir alafenamide or a
pharmaccutically acceptable salt thercof provide a plasma AUCyy of emtricitabine in fed paticnis of
from about 7500 heng/mL 1o about 13000 ng/nl. or from about 8300 heng/mL to about 14000
ng/mL, or from about 9300 heng/mL to about 12000 ng/mL, or from about 9900 heng/mL to about
11600 ng/mL.

[0097] In cerlain specific embodiments. a pharmaceulical composition comprising a tablet

containing 50 mg of the compound of Formula | or a pharmaceutically acceptable salt thereof. 200

mg emiricitabinc or a pharmaccutically acceplable salt thereof, and 25 mg tenofovir alafcnamide or a

pharmaccutically acceptable salt thereof provide a plasma AUC,,; of tenofovir alafenamide of from
21
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about from about 200 heng/mL to about 500 heng/mL. regardless of whether the subject was fed or
fasted.

{0098] In certain specific embodiments, a pharmaceutical composilion comprising a tablet
containing 50 mg of the compound of Formula | or a pharmaceutically acceptable salt thercof.
200 ing emtricitabine or a pharmaccutically acceptable salt thercol. and 25 mg tenofovir alalenamide
or a pharmaceutically acceptable salt thereof provide a plasma AUCiy of tenofovir alafenamide in
fasted paticnts of from about 200 heng/mL to about 265 heng/ml., or from about 200 heng/mL to
about 300 heng/mL. or from about 210 heng/mL to about 290 heng/mL. or from about 220 heng/mL
1o aboul 270 heng/mL, or from about 230 heng/mL to about 263 heng/mL.

10099] In particular cmbodiments, a pharmaccutical composition comprising a tablet containing
50mg of the compound of Formula T or a pharmaccutically acceptable salt thereol, 200 mg
emtricitabinc or a pharmaceutically acceplable salt thercof, and 25 mg tenolovir alafenamide or a
pharmaceutically acceptable salt thercol” provide a plasma AUCu of tonofovir alalcnamide in fed
patients of from about 200 heng/mL. to about 300 ng/mL. or from about 230 heng/mL to about 400
ng/mL, or from about 260 heng/mL to about 350 ng/mL, or from about 275 heng/mL to about
370 ng/mL.

AUCuy

[0100] AUC, is the arca under the plasma/scrum concentration versus time curve from time z¢ro to

the last quantifiable concentration.

10101] In certain specific embodiments, a pharmaceutical composition comprising a tablet
containing 75 mg of the compound of Formula 1 or a pharmaceutically acceptable salt thereof.
200 mg cmiricitabine or a pharmaccutically aceeptable salt thercof. and 25 mg tenofovir alafenamide
or a pharmaccutically acceptable salt thereof provide a plasma AUC g of the compound of Formula |
in fed patients of from about 114000 to about 190000 heng/mL, ¢.g. about 152000 heng/mL.

[0102] In cortain specific cmbodiments, a pharmaccutical composition comprising a tablet
containing 75 mg of the compound of Formula | or a pharmaceutically acceptable salt thercof,
200 mg emtricitabine or a pharmaceutically acceptable salt thereof. and 25 mg tenofovir alafenamide
or a pharmaceutically acceptable salt thereof provide a plasma AUCus of emiricitabine in fed
paticnts of from about 8600 to about 14000 heng/mL, e.g. about 11000 heng/mL.

{0103] Tn certain specific embodiments, a pharmaceutical composition comprising a tablet
containing 75 mg of the compound of Formula 1 or a pharmaceutically acceplable sall thercof,
200 mg emtricitabine or a pharmaccutically acceptable salt thereof, and 25 mg (enofovir alafenamide
or a pharmaceutically acceptable salt thercol provide a plasma AUCy of tenofovir alafenamide in
fed patients of from about 150 and 260 heng/mL. e.g. about 210 heng/mL.

22
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{0104} In certain specific embodiments, a pharmaceutical composition comprising a tablet
containing 50 mg of the compound of Formula ! or a pharmaccutically acceptable salt thereof. 200
mg emlricitabine or a pharmaceutically acceptable salt thereof, and 25 mg tenofovir alafenamide or a
pharmaccutically aceeptable salt thereol provide a plasma AUC of the compound ol Formula | of
from about from about 81700 heng/mL to about 140000 heng/mL. regardless of whether the subject
was {cd or fasted.

{0105] In certain specific embodiments, a pharmacetical composition comprising a tablet
conlaining 30 mg of the compound of Formula | or a pharmaceutically acceptable sall thereof,
200 mg emiricitabine or a pharmaceutically acceptable salt thereof, and 25 mg (enofovir alafenamide
or a pharmaceutically acceptable salt thereof provide a plasma AUCq of the compound of Formula 1
in fasted paticnts of from about 81700 heng/mL to about 140000 heng/mL. from about
87000 heng/mL 1o about 131000 heng/mL, from about 92000 heng/mL to about 130000 heng/mL,
fromt about 98100 heng/mL 1o about 120000 heng/mL, from about 104000 heng/mi. to about
115000 heng/mL.

[0106] In particular embodiments. a pharmaccutical composition comprising a tablet containing
50mg of the compound of Formula | or a pharmaccutically acceptable salt thercof, 200 mg
cmiricitabine or a pharmaceutically acceptable salt thereof. and 25 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thereof provide a plasma AUC , of the compound of Formula T in
fed paticnts of from about 100000 heng/mL to about 200000 ng/mL. or from about 108000 heng/mL
to about 170000 ng/mL, or from about 122000 heng/mL 10 about 130000 ng/mL, or from about

128000 heng/mL to about 142000 ng/mL.

10107] In certain specific embediments. a  pharmaceutical composition comprising a tablct
contaming 50 mg of the compound of Formula 1 or a pharmaceutically acceptable salt thereof, 200
mg emtricitabine or a pharmaceutically acceptable salt thereof, and 25 mg tenofovir alafenamide or a
pharmaceutically acceptable sall thereof provide a plasma AUChy of emtricitabine of from about
from about 7500 heng/mL to about 15000 heng/mL.. regardicss of whether the subjcct was fed or
fasted.

[0108] In certain specific embediments. a  pharmaccutical composition comprising a tablel
containing 30 mg of the compound of Formula | or a pharmaceutically acceptable salt thereof,
200 mg emtricitabine or a pharmaceutically acceptable salt thereof. and 25 mg tenofovir alafenamide
or a pharmaceutically acceplable salt thereof provide a plasma AUC), of the emtricitabine in fasted
paticnts of from about 8000 heng/mL to about 13400 heng/mL. from about $300 heng/mL to about
12800 heng/mL, from about 9000 heng/mL (o about 12300 heng/mL, from about 9500 heng/mL 1o
about 11000 heng/mL, from about 10000 heng/mL to about 11200 heng/mL..
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[0109] In particular embodiments, a pharmaccutical composition comprising a tablet containing
50mg of the compound of Formula [ or a pharmaceutically acceptable salt thercof. 200 mg
emtricitabine or a pharmaceutically acceptable salt thereof, and 23 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thereof provide a plasma AUC of emtricitabine in fed patients of
from about 7500 heng/mL to about 15000 ng/mL. or from about 8000 heng/mL to about 14000
ng/mL, or from about 9000 heng/mL to about 12000 ng/mL. or from about 9700 heng/mL (o about
11300 ng/mL.

[0110] In certain specific embodiments, a pharmaceutical composition comprising a lablet
containing 50 mg of the compound of Formula | or a pharmaceutically acceptable salt thereol, 200
mg emiricitabine or a pharmaccutically acceptable salt thereof, and 25 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thercof provide a plasma AUCyg of tenofovir alalcnamide of from
about from about 1635 heng/mL to about 400 heng/mL. regardless of whether the subject was fed or
fasted.

10111] In certain specific embodiments, a pharmaceutical composition comprising a lablet
containing 50 mg of the compound of Formula I or a pharmaceutically acceptable salt thereol.
200 mg emtricitabine or a pharmaccutically acceptable salt thercof, and 25 mg tenofovir alafenamide
or a pharmaceutically acceptable salt thereof provide a plasma AUCy of the tenofovir alalenamide
in fasted patients of from about 165 heng/mL to about 390 heng/mL. from about 186 heng/mL to
aboul 227 heng/mL. from about 196 heng/mL to about 217 heng/mL.

[0112] In particular embodiments. a pharmaceutical composition comprising a tablet containing
30mg of the compound of Formula 1 or a pharmaceutically acceptable salt thereol, 200 mg
cmtricitabine or a pharmaccutically acceptable salt thercof. and 23 mg tenofovir alafenamide or a
pharmaccutically acceptable salt thereol provide a plasma AUC,y of tenofovir alafenamide in fed
patients of from about 200 heng/mL to about 400 ng/mL, or from about 230 heng/mL (o about
390 ng/mL, or from about 260 heng/mL to about 343 ng/mL. or from about 275 heng/mL to about
330 ng/mL.

Cust
[0113] Cyqis the last observed quantifiable plasma/serum concentration of the drug.

{0114]) Cp. Cig. AUCiy and AUCys arc standard pharmacokinetic parameters that can be
estimated manually or by using modelling softwarc well known in the art, such as the Pharsight
WinNonlin package using a non-compartmental model. The gencral basis for calculatton of these
quantities is well-known (e.g. see Rowland & Tozer (2010) Clinical Pharmaucokinetics and
Pharmacodvnamics: Concepts and Applications 1SBN 978-0781750097, or Jambhekar & Breen
(2012) Basic Pharmacokinetics ISBN 978-0853699804). Typicaily the parameters will be asscssed

24
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as the average (e.g. geometric or arithmetic mean) from within a group of at least 12 (and normally
between 24 and 36) healthy human adulls. Parameters should be measurcd in accordance with
standards and practices which would be acceptable to a pharmaceutical regulatory agency such as
FDA, EMA, MHLW, or WHO. The values may be based on measurements taken at appropriate
intervals following Lhe time of tablet ingestion, such as every hour, or at increasingly sparse saimpling
intervals, such as 1. 3.5, 7.9, 11, 13. 15, 20, and 24 hours after ingestion, They can be assessed
cither following a single-dose of drug or at steady state. but will tvpically be asscssed following a
single-dose.

{0115} 1t is well known in the bioavailability and bioequivalence arts how to determine whether any
particular tablel meets regulatory requirements for equivalent bioavailability and pharmacokinetic
biocquivalence ¢.g. sce: Niazi (2014) Handbook of Bioequivalence Testing. 2nd Edition, ISBN 978-
1482226379 Guidance for Industry Bioavailability and Bioequivalence Smidies for Orally
Adminisiered Drug Products -— General Considerations FDA March 2003: and Guideline On The
Investigation Of Bioequivalence. EMEA 2010 CPMP/EWP/QWP/1401/98 Rev. 1/ Corr **. To
ensure statistical power a study to measure the Cyuy. AUChs and AUC,; values will be performed in
multiple subjects ¢.g. in a group of at Icast 12 (and normally between 24 and 36) healthy human
adults.

[0116] Because determining the Cpa, AUChLq and AUC;, values is necessarily destructive thesc
parameters will not be determined dircetly for the dosage form (in particular the tablet) in question,
but rather for a dosage form madc by the same manufacturing process with the same components.
Thus a batch of a dosage form (e g. tablets) can be made by a particular process, and the 90%
confidence interval of Cypy, AUC e and AUCy will be assessed on a sample of those tablets. 1f these
values meet the 80-1235% requirement noted above then tablets made by the manufacturing process in
question arc tablets of the present invention.

{0117} A fixed dose combination tablet is provided comprising (a) the compound of Formula 1 or a
pharmaccutically acceptable salt thereof (e.g. Formula 11). (b) tenofovir alafenamide or a
pharmaceutically acceptable salt thercof, and (c) emiricitabine or a pharmaceutically acceptable salt
thercof.

{0118} In an embodiment, a multilayer tablet is provided. comprising (a) the compound of Formula |
or a pharmaceutically acceptable salt thercof {e.g. Formula II), (b) tenofovir alafenamide or a
pharmaceutically acceptable sall thereol, and (c) emtricitabine or a pharmaceutically acccplable salt
thercol.

10119f In an embodiment, the multilayer tablet disclosed herein compriscs (a) a first layer
comprising the compound of Formula | or a pharmaccutically acceptable salt thereof. (b) a sccond

[Se]
wn
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laver containing tenofovir alafenamide or a pharmaceutically acceptable salt thereof. and (c) further

comprises cmtricitabine or a pharmaceutically acceptable salt thereof.

[0120] In an embodiment of the multilaver tablet disclosed herein, (a) the first layer is substantially
frec of tenofovir alafenamide or a pharmaceutically acceptable salt thereof, and/or (b) the second
laver is substantially free of the compound of Formula | or a pharmaceutically acceptable salt

thereof.

[0121] In an embodiment of thc multilaver tablet disclosed herein, (a) the first layer is substantially
frec of emtricitabine or a pharmaceutically acceptable salt thereol, and/or (b) the second layer is

substantially free of the compound of Formula T or a pharmaceutically acceptable salt thereof.

[0122] In an embodiment of the multilayer tablet disclosed herein, (a) the first layer is substantially
free of cmiricitabine or a pharmaccutically acceptable salt thereof and tenofovir alafenamide or a
pharmaceutically acceptable salt thercof, and/or (b) the second laver is substantially free of the

compound of Formula T or a pharmaceutically acceptable salt thereof.

[0123] In an cmbodiment, the multilayer tablet disclosed herein comprises (a) a first laver
comprising the compound of Formula I or a pharmaceutically acceptable salt thereof. (b) a second
laver conlaining emiricitabine or a pharmaceutically acceptable salt thereof. and (c) [further

comprises tenofovir alafenamide or a pharmaceutically acceptable salt thereof.

{0124} In an cmbodiment of thc multilaycr tablet disclosed hercin, (a) the first layer is substantially
free of cmtricitabine or a pharmaccutically acceptable salt thercof, and/or (b) the second layer is

substantially free of the compound of Formula } or a pharmaccutically acceptable salt thercof.

[0125] In an embodiment of the multilayer tablet disclosed herein, (a) the first laver comprises the
compound of Formula I or a pharmaccutically acceptable salt thercof and is substantially frec of
tenofovir alafenamide or a pharmaccutically acceplable salt thercol, and (b) the sccond layer
comprises tenofovir alafenamide or a pharmaceutically acceptable salt thereof and emiricitabine or a
pharmaccuticallv acceptable salt thercof and is substantially free of the compound of Formula | or a
pharmaceutically acceptable salt thereof.

10126] 1n an cmbodiment of the multilayer tablet disclosed herein, the first layer is substantially frec

of emtricitabine.

{0127] Tn onc cmbodiment, the multilayer tablet disclosed hercin compriscs 50+ 6 mg of the
compound of Formula I Tn onc embodiment. the multilaycr tabiet disclosed herein compriscs
200 + 20 mg of cmtricitabine. In onc embodiment, the multilaver tablet disclosed herein comprises

25 + 3 mg of tenofovir alafenamide.
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[0128] In one cmbodiment, the multilaver tablet disclosed herein compriscs 75 + 6 mg of (he
compound of Formula I. In onc cmbodiment. the multilaver tablet disclosed hercin comprises
200+ 20 ing of emiricitabine. In one embodiment, the multilayer tablet disclosed herein comprises

25 £ 3 mg of tenofovir alalcnamide.

[0129] In one embodiment. the multilaver fablet disclosed herein comprises 32 + 6 mg of the
compound of Formula Il In one embodiment. the multilaver tablet disclosed herein comprises
200+ 20 mg of emtricitabine. In onc embodiment, the multilaver tablet disclosed herein compriscs

28 = 3 mg of tenofovir alafecnamide hemifumarate.

[0130] Tu one cmbodiment. the multilaver tablet disclosed hercin comprises 78 + 6 mg of the
compound of Formula Il In one embodiment. the multilayer tablet disclosed herein comprises
200 £ 20 mg of emtricitabine. In onc embodiment. the multilaver tablet disclosed herein COMpriscs

2% + 3 mg of tenofovir alalenamide hemifumarate.

[0131] In one embodiment. a first laver of the multilaver tablet disclosed herein comprises one or

more excipicnts, for example onc or morc diluents, disintegrants, binders. or lubricants.

[0132] In one embodiment, a first layer of the multilayer tablet comprises croscarmeliose sodium. In
onc embodiment. a first layer of the multilayer tablet comprises croscarmellose sodium,
microcrystalline cellulose, and magnesium stearate.

[0133] 1n onc cmbodiment a tablet is provided wherein css than about 235 weight pereent of a first
laver is the compound of Formula [ or a pharmaceutically acceptable salt thereofl, In one embodiment
a lablet is provided wherein less than about 20 weight percent of a first layer is the compound of
Formula T or a pharmaceutically acceptable salt thereof. In one embodiment a tablet is provided
wherein less than about 16 weight percent of a first laver is the compound of Formula 1 or a
pharmaccutically acceptable salt thereof. In one embodiment a tablet is provided whercin about 3 to
about 20 weight percent, or about 10 to aboul 18 weight percent, or abouf 14 io about 18 weight
pereent of a first layer is the compound of Formula 1 or a pharmaceutically acceptable salt thercof In
one embodiment a tablet is provided wherein about 16 weight percent of a first layer is the
compound of Formula | or a pharmaceutically acceptable salt thereof.

[0134] In onc cmbodiment a tablet is provided whercin the first layer comprises 32 + 2.8 mg of the
compound of Formula 11 and wherein the total weight of the first layer is at lcast about 290 mg.

[0135] In one embodiment a tablet is provided wherein the first laver comprises 52 + 2.8 mg of the
compound of Formula I} and whercin the total weight of the first layer is at Icast about 300 mg,

[0136] In onc embodiment a tablet is provided wherein the first layer comprises 32 + 2.8 mg of the
compound of Formuta II and whercin the total weight of the first layer is at least about 310 mg,
27
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10137] In onc embodiment a tabict is provided wherein the first layer compriscs 52+ 2.8 mg of the

compound of Formula 11 and wherein the total weight of the first laver is at least about 320 mg.

j0138] In onc embodiment a tablet is provided wherein the first layer comprises 52+ 2.8 mg of the

compound of Formula {1 and wherein the total weight of the first layer is at least about 330 mg.

[0139] n one embodiment a tablet is provided wherein the first layer comprises 32428 mg of the
compound of Formula [I and wherein the total weight of the first laver s at least about 340 mg.

[0140] In one embodiment a tablet is provided whercin the first layer comprises 52+ 2.8 mg of the

compound of Formula 1l and wherein the total weight of the first layer is at least about 350 mg,

[0141] In one embodiment a tablet is provided wherein the first fayer comprises 52+ 2.8 mgof the

compound of Formula Il and wherein the total weight of the {irst laver is al least about 360 mg.

[0142] In onc cmbodiment a tablet is provided wherein the first layer comprises 52+ 2.8 mg of the
compound of Formula 11 and whercin the total weight of the first layer is at least about 290 mg and is

less than about 360 mg.

[0143] In onc cmbodiment a tablet is provided wherein the first faver comprises 32+ 2.8 mg of the
compound of Formula 11 and whercin the total weight of the first layer is at least about 300 mg and is

less than about 330 mg.

10144] In onc embodiment a tablet is provided wherein the first layer compriscs 32 2.8 mg of the
compound of Formula 11 and wherein the total weight of the first layer is at least about 310 mg and is

less than about 330 mg.

10145] In onc cmbodiment, the first layer of the multilayer tablet has a total weight of 323 + 75 mg,

or 323 +£25mg. or 323 + 10 mg, or 323 mg.

10146} In one embodiment, the first laver of the multilayer tablet compriscs:

Ingredient Mass (mg)
The compound of Formuta 1 or a salt | 40-60
thercof

Microcrystalline cetlulose 200-400
Croscarmellose sodium 1-40
Magnesium stearate 1-10

28
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{0147} In onc embodiment. the first laver of the multilayer tablet COMprises:

Ingredient Mass (mg)
the compound of Formula 11 30-60
Microcrystalline cellulose 200-400
Croscarmellose sodium 1-40
Magnesium stearale 2-8

{0148] In one embodiment, the first laver of the multilaver tablet COMprises:

Ingredient Mass (mg)
the compound of Formula 11 30+6
Microcrystalline ccllulose 250+ 20
Croscarmetlose sodium 2035
Magnesium stearate S+ 15

{0149] In one embodiment, the first layer of the muliilaver tablet consists of:

Ingredient Mass (mg)

the compound of Formula Il | 52+5.6

Microcrystalline cellulose 2464 10
Croscarmcllose sodium MOk 28
Magnesium slearate 3075

[0150] In one embodiment, the first laver of the multilayer tablet consists of:

Ingredient Mass (mg)

the compound of Formula 11 52428

Microcrvstalline cellulosc 246+ 35
Croscarmellose sodium 19+£1.75
Magnesiunn stcarate 5+05
29
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[0151] In onc cmbodiment. the first layer of the multilayer tablet consists of:

Ingredient Mass (mg)
the compound of Formula Tl 3235
Microcrystalline ccllulose 246.3
Croscarmellose sodium 194
Magnestum stearate 49

[0152] In one embodiment, the first layer of the multilayer tablet includes:

Ingredient Mass (mg)
Intergranular

the compound of Formula 1 or a|35235 16
pharmaccutically acceptable sall thercofl
Microcrystalline cellulose 21473
Croscarmellose sodium 19 & 016
Magnesium stcarate 24 £0.5
Extragranular

Microerystalline ccllulosc 8211l
Magnesium stlearale 24 £05
Total laver weight 325

[0153] In one embodiment. the first laver of the multilayer tablet includes:

614172.1
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Ingredient Mass (mg)
Intergranular

the compound of Formula 1] 325 &6
Microcrystalline ccllulose 214+73
Croscarmellose sodium 19 £0.6
Magnesium stearate 24 £0.5
Exiragranular

Microcrystalline ccliulose 32 £ 1
Magnesium stearate 24 +£05
Total layer weight 323
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10154} In onc embodiment, the first layer of the multilaver tablet consists of:

[0155] In onc embodiment. the first layer of the multilayer tablet includes:

614172.1
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Ingredient Mass (mg)
Intergranular

the compound of Formulall | 525 16
Microcrystalline cellulose 21464
Croscarmellose sodium 194 £0.6
Magnesium stearate 245 205
Lxtragranular

Microcrystalline cellulose 323 |
Magnestum stearate 245 £05
Toial layer weighi 323

Ingredient Mass (mg)
Intergramidar

the compound of Formula L. 325 %16
or a pharmaccutically

acceptable salt therof

Microcrystalline cellulose 214+ 6.4
Croscarmellosc sodium 194 £0.6
Magnestum stcarate 243 =015
Extragranular

Microcrystalline cellulose 323 =1
Magnesium stearate 243 £05
Toial layer weight 323
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[0156] In one cmbodiment. the first layer of the multilayer tablet includes:

Ingredient Mass (mg)
Intergranular

the compound of Formutla I1 2516
Microcrystalline cellulose 21464
Croscarmecllose sodium 194 0.6
Magnesium stcaratc 243 £03
Extragranular

Microcrystalline ccllulose 323 %1
Magnesium stcarate 243 205
Total layer weight 323

{0157] In one embodiment a tablet is provided wherein less than about 30 weight percent of the first
laver is the compound of Formula I or a pharmaceutically acceptable salt thereol. In one embodiment
a tablet is provided wherein less than about 25 weight percent of the first layer is the compound of
Formula 1 or a pharmaccutically acceptable salt thercof. In onc cmbodiment a tablet is provided
wherein less than about 22 weight percent of the first layer is the compound of Formula 1 or a
pharmaceutically acceptable sait thercof. In one cmbodiment a tablet is provided whercin about 15 to
about 27 weight percent, or about 17 to about 23 weight percent, or about 19 lo about 23 weight
percent of the first layer is the compound of Formula | or a pharmaceutically acceptable salt thercof.
In one embodiment a tablet is provided wherein about 21 weight percent of the first layer is the

compound of Formula I or a pharmaceutically acceplable salt thereof.

{0158 In onc cmbodiment a tablet is provided whercin the first layer comprises 78 =28 mg of the
compound of Formula IT and wherein the total weight of the first layer is at least about 320 mg.

10159] In one embodiment a tablet is provided wherein the first layer comprises 78 & 2.8 mg of the
compound of Formula [l and wherein the total weight of the first laver is at least about 330 g,

[0160] In one embodiment a tablel is provided wherein the first layer comprises 78 + 2.8 mg of the
compound of Formula 11 and wherein the total weight of the first laver is at least about 340 mg.

{0161} In one embodiment a lablet is provided wherein the first laver comprises 78 + 2.8 mg of the
compound of Formula II and wherein the total weight of the first layer is at least about 350 mg.

{0162] In onc embodiment a tablet is provided whercin the first layer compriscs 78 = 2.8 mg of the
compound of Formula 1T and wherein the total weight of the first layer is at least about 360 mg.

L)
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J0163] In one cmbodiment a tablet is provided whercin the first layer compriscs 78 + 2.8 mg of the
compound of Formula I and wherein the total weight of the first laver is at least about 370 mg.

[0164} In one embodiment a fablet is provided wherein the first layer comprises 78 + 2.8 mg of the
compound of Formula 11 and wherein the total weight of the first layer is at least about 380 mg.

[0165] In onc cmbodiment a tablet is provided wherein the first laver comprises 78 + 2.8 mg of the
compound of Formula It and wherein the total weight of the first laver is at least about 390 me.

[0166] In onc cmbodiment a tablet is provided wherein the first laver compriscs 78 + 2.8 mg of the
compound of Formula Il and whercin the total weight of the first laver is at Icast about 320 mg and is
less than about 390 mg,

[0167} In one cmbodiment a tablet is provided wherein the first laver comprises 78 + 2.8 mg of the
compound of Formula Il and wherein the total weight of the first layer is at least about 330 mg and is
less (han about 380 mg.

[0168] In one embodiment a tablet is provided wherein the first layer comprises 78 + 2.8 mg of the
compound of Formula IT and wherein the total weight of the first laver is at least about 350 mg and is
less than about 360 mg.

[0169] In one embodiment. the first layer of the multilayver tablet has a total weight of 333 + 73 mg.

or 353 =25 mg, or 353 + 10 mg, or 353 mg.

[0170] Tnn one embodiment. the first laver of the multilaycr tablet comprises:

Ingredient Mass (mg)
The compound of Formula 1 or a salt | 40-83
thercof

Microcrystalline cellulose 200-400
Croscarmellose sodium 1-40
Magnesium stearate 1-10

[0171] In onc embodiment. the first layer of the multilaver tablet compriscs:

Ingredient Mass (1ng)
The compound of Formula {1 30-90
Microerystalline cellulose 200-400
Croscarmellose sodium 1-40
Magnesium stearate 2-8

33
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[0172] In onc embodiment. the first layer of the multilayer tablet comprises:

Ingredient Mass (mg)
The compound of Formula I 806
Microcrystalline ccllulose 250+ 20
Croscarmellose sodium 20+5
Magnesium stearate 5+ 1.5

{0173] In one embodiment, the first layer of the multilayver tablet consists of:

Ingredient Mass (mg)
The compound of Formulall | 78 3.6
Microcrystalline cellulose 230+ 10
Croscarmellose sodium 20425
Magnesium slearate 5073

[0174] In one embodiment, the first laver of the multilayer tablet consists of:

Ingredient Mass (mg)
the compound of Formula il | 78 +2.8
Microcrystalline celiulose 24745
Croscarmellose sodium 21 £ 1.73
Magnesium sicaratc L= 0]

[0175] In onc cmbodiment, the first layer of the multilayer tablet consists of:

Ingredient Mass (mg)
the compound of Formula it | 78.7
Microcrystalline ccllulose 2478
Croscarmeliosc sodium 21.2
Magnesium siearate 33
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{0176] In onc embodiment. the first laver of the multilaver tablet consists of:

Ingredient Mass (mg)
Intergranular

the compound of Formula J1 | 78.7
Microcrystalline cellulose 21285
Croscarmellosc sodium 2
Magncsium stearate 2.65
FExtragranular

Microerystalline cellulose 353
Magnesium stearate 2,65

Total layer weight 333

{0177} Tu onc ecmbodiment. the sccond layer of the multilayer tablet does not comprisc lactose. In
one cmbodiment. the sccond layer of the multilaver tablet does not comprise starch. In one

embodiment, the second tayer of the multilayer tablet comprises neither lactose nor starch.

{0178] In onc embodiment. the sccond laver of the multilayer tablet compriscs one or more

excipients, for example. one or more dilucnts. disintegrants. binders. or lubricants.

{0179} In onc cmbodiment. the sccond layer of the multilayer tablet comprises microcrystalline
cellulose and croscarmellose sodium.

{0180] In onc embodiment, the sccond layer of the multilayer tablet compriscs microcrystatline

cellulose, croscarmellose sodium and magnesium sicaraie.

[0181] In onc embodiment, the sccond laver of the multlayer tablet comprises 20-40 mg of
croscarmellose sodium. Tn one embodiment, the second layer of e multilaver tablet comprises 105-
125 mg of microcrystalline cellulose. In one embodiment, the second laver of the multilaver tablet

comprises 1-8 mg ol magnesium siearate.

[0182] In onc embodiment, the sccond layer of the multilaver tablet does nol comprise lactosc. ln
one embodiment. the sccond layer of the multilayer tablet does not comprise starch. Tn one

embodiment, the second laver of the multilayer tablet comprises neither lactose nor starch.

10183} In one embodiment, the second laver of the multilayer tablet has a total weight of less than
600 mg, or less than 300 mg, or less than 400 mg, or less than 380 nig. In one enbodiment. the
sccond layer of the multilayer tablet has a total weight of 377 mg + 50 mg or 377 mg £ 235 mg. or 377

mg = 5 mg, or 377 mg,

)
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[0184] In onc cmbodiment, over 50 % by weight of the sccond layer of the multilaver tablet is
emtricitabine or a sall thereof and tenofovir alafcnamide or a salt thereol. In one embodiment, over
35 % by weight of the second layer of the multilaver tablet is emtricitabine or a salt thereof and
tenofovir alafenamide or a salt thereol. in one embodiment, over 60 %6 by weight of the second layer
of the multilayer tablet is emiricitabine or a salt thercol and tenofovir alalenamide or a salt thereof. In
onc cmbodiment, about 55 % to about 65% by weight of the second layer of the multilaver tablet 1S
emtricitabine or a salt thereof and tenofovir alafenamide or a sall thereol. In one embodiment. over
60 % by weight of the sccond layer of the multilaver tablet is emtricitabine and tenofovir
alafenamide hemifumarate. In onc cmbodiment, about 33 % to about 63% by weight of the second

laver of the multilayer tablel is emtricitabine and tenoflovir alafenamide hemifumarate.

{0185] In onc embodiment, the sccond layer of the multilayer tablet contains Icss than 250 mg of

excipients, for example less than 200 mg, or less than 130 mg.

[0186] In onc embodiment, at least 50% by weight of the sccond layer of the multilayer tablet is
emtricitabine. In one embodiment. at least 33% by weight of the sccond layer of the multilayer tablet
is emtricitabine. In one embodiment. about 45% to about 63% by weight of the second laver of the
multilayer tablet is emtricitabine. In onc embodiment, about 50% to about 60% by weight of the
second laver of the multilayer tablet is emtricitabine. In one embodiment, about 51% to about 53%

by weight of the second laver of the multilayer tablet is emtricitabine.

{0187} In onc embodiment, at least 4% by weight of the second layer of the multilayer tablet is
tenofovir alafenamide hemifumarate. In one embodiment, at least 6% by weight of the second layer
of the multilaver tablet is tenofovir alafenamide hemifumarate. In one embodiment, at least 7% by
weight of the second laver of the multilayer tablet is tenofovir alafenamide hemifumarate. in onc
embodiment. about 5% lo about 10% by weight of the second layer of the multitaver tablet is
tenofovir alafenamide hemifumarate. In one embodiment, about 6% to about 9% by weight of the
second layer of the multilayer tablet is lenofovir alafenamide hemifumarate. In one embodiment,
about 7% (o about 8% by weight of the sccond layer of the multilayer tablet is tenofovir alafenamide
hemifumarate. In one embodiment, about 7% by weight of the second layer of the multilaver tablet is

tenofovir alafenamide hemifumarate.

{0188] In one embodiment, less than 20% by weight of the second layer of the multilayer tablet 1s
croscarmellose sodium. In one embodiment, less than 10% by weight of the second laver of the
multilayer tablet is croscarmellose sodium. In one embodiment. about 3% to about 10% by weight of
the sccond Jayer of the multilaver tablet is croscarmellose sodium. In certain cmbodiments, the use of
aboul 5 1o 7% (e.g. aboul 6%) croscarmellosc sodium by weight of the sccond layer may provide
cnhanced dissolution of the compound of Formula 1 or a pharmaccutically acceptable salt thereof.
relative to other disintegrants e.g. polyvinylpyrrolidone (crospovidone). In certain embodiments, the

6
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usc of about 3 to 10% croscarmellose sodium by weight of the second layer may provide enhanced
dissolution of the compound of Formula I or a pharmaccutically acceptable salt thereof. relative Lo
other disinlegrants e.g. polyvinyvlpvirolidone (crospovidone).

[0189] In one embodiment. Iess than 30% by weight of the sccond laver of the multilaver tablet is
microcrystalling cellulose. In one embodiment. less than 40% by weight of the sccond layer of the
multitayer tablet is microcrvstalline cellulose. In one embodiment. less than 31% by weight of the

sccond layer of the multilayer tablet is microcrvstalling cellulose.

10190] In onc embodiment. less than 5% by weight of the second layer of the multilaver tablet is
magnesium stearate. In one embodiment. less than 3% by weight of the sccond layer of the
multilaycr tablet is magnesium stearate. in one embodiment, less than 2% by weight of the sccond
layer of the multilayer tablet is magnesium stearate. Tn onc embodiment, about 0.5% to about 1.5%
by weight of the sccond layer of the multilayer tablet is magnesium stearate. In cerlain embodiments.
the usc of about 1% (o about 2% (e.g. about 1.5%) magnesium stcaratc by weight of the sccond layer
may provide enhanced dissolution of the compound of Formula 1 or a pharmaceutically acceptable
salt thercol. relative to other lubricants e.g. sodium stearvl fumarate.

10191} In one ecmbodiment, the total weight of the second layer is less than [50% of the total weight
of the first laver. In onc embodiment, the total weight of the sccond laver is less than 123% of the
total weight of the first laver. In onc embodiment, the total weight of the sccond laver is less than
116% of the total weight of the first layer. In onc embodiment. the total weight of the second laver is
less than 106% of the total weight of the first laver.

[0192] In onc embodiment, the second layer of the multilaver tablet compriscs:

Ingredient Mass (mg)

Emtricitabine or a sall thereof 150-250

Tenofovir alafenamide or a salt thereof | 20-35

Microcrvstalline cellulose 90-130
Croscarmellose sodium 20-35
Magnesium stearate i-7

Si.
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{0193} 1n onc embodiment, the sccond layer of the multilaver tablet compriscs:

Ingredient Mass (mg)
Emtricitabine 170-230
Tenofovir alafcnamide hemifumarate | 22-32
Microcrystalline ccllulose 100-120
Croscarmcllosc sodium 20-35
Magnesium stcarate 1-7

|0194] In onc embodi

ment, the second laver of the multilayer tablet consists of:

Ingredient Mass (mg)
Emtricitabine 200 £20
Tenofovir alafenamide hemifumarate | 28 =3
Microcrvstalline cellulose 113 +9
Croscarmcllosc sodinm 30 £3
Magnesium stcarate Sier=)al

10193} In onc embodiment, the sccond layer of the multilaver tablet consists of:

Ingredient Mass (mg)
Emtricitabine 200 +10
Tenofovir alafenamide hemifumarate | 28 =14
Microcrystalline cellulose 113 £4
Croscarmellosc sodium 30 £1.4
Magnesium stearate 5.6 £03

[0196] In onc embodiment, the sccond layer of the multilayer tablet consists of:

Ingredient Mass (mg)
Emtricitabine 200
Tenofovir alafenamide hemifumarate | 28.1
Microerystalline ccllulose 1132
Croscarmellose sodium 30.2
Magnesium stearate 57

614172.1

Cipla v. Gilead

IPR2025-00033

Petitioner Exhibit 1040
49 of 1915

1147.P2C



1147.P2C

[0197] I onc embodiment. the second layer of the multilaver tablet consists of:

Ingredient Mass (mg)
Intergranular

Emtricitabine 200.00
Tenofovir alafenamide hemilumarate 28.1
Microcryslalline cellulose 113.2
Croscarmellose sodium 30.2
Magnesiimm stearate 2.85
Jextragramular

Magnesium slearate 2.85

Total layer weight 377

[0198] In one embodiment. the second layer of the multilaver tablet includes:

Ingredient Mass (mg)
Emtricitabine 200 =20
Tenofovir alafenamide 25 £3
Microcrystalline cellulose 115 =9
Croscarmellose sodium 30 %3
Magnesium stcarate S8 Fiip]l

10199] 1In onc embodiment, the sccond layer of the multilayer tablet includes:

Ingredient Mass (mg)

Emiricilabine 200 =20

Tenolovir alafcnamide hemifumarate | 28 +3

Microcrystalline ccllulose 115 £9

Croscarmellosc sodium 30 =3

Magnesium slearate 38 1.1
39
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[0200] 1n onc cmbodiment. the sccond layer of the multilaver tablet includes:

Ingredient Mass (mg)
Emtricitabine 200 =10
Tenofovir alafenamide hemifumarate | 28 =14
Microcrvstalline cellulose 115 £4
Croscarmcllosc sodium 30 =14
Magnesium stearaic 38 +03

[0201] In onc cmbodiment, the second layer of the multilayer tablet includes:

Ingredient Mass (mg)
Emtricitabine 200
Tenofovir alafenamide hemifumarate | 28.1
Microcrystalline cellulose 1135
Croscarmellosc sodium 30.2
Magnesium slearate 3.8

[0202] In onc cmbodiment, the sccond layer of the multilayer tablet includes:

Ingredient Mass (mg)
Intergramilear

Emtricitabine 200
Tenofovir alafenamide hemifumarate 28
Microcrystalline cellulose 113
Croscarmellosce sodium 30.2
Magnesium stearale 1.9
foxtragranular

Magnesium stearale 19

Total layer weight 377

40
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{0203} In onc cmbodiment. the sccond layer of the multilaver tablet includes:

Ingredient Mass (mg)
Emtncilabine 200

Tenolovir alafenamide hemifumarate 28

Microcrystalline cellulose 113.2
Croscarmellosc sodium 30.2
Magnesium sicarate 57

[0204] In onc embodiment. the second layer of the multilaver tablet includes:

Ingredient Mass (mg)
Emuricitabine 200

Tenofovir alalenamide hemifumarate | 28

Microcrystalline cellulose 115
Croscarmellose sodium 30.2
Magnesium slearate 38

10205} In one embodiment, the second layer of the multilayer tablel includes:

Ingredient Mass (mg)
Intergranular

Emlricitabine 200
Tenofovir alalenamide hemilumarate 28
Microcrystalline cellulose 113.2
Croscarmellosc sodium 30.2
Magnesium stearale 2.85
lxtragranular

Magnesium stearate 2.85

Tolal layer weight 377

{0206} In one cmbodiment of the multilayer tablet formulations disclosed herein, the first laver is in
contact with the sccond laver.
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[0207} In onc cmbodiment, the first fayer is produced first, followed be the sccond laver. That 1s, in
one embodiment, the first layer is preparcd and pressed into a first layer. followed by the sccond
laver being prepared and being pressed with ihe first laver into a muliilayer tablet. In one
embodiment, the second laver is produced first, followed be the first laver. That s, in one
cmbodiment, the second laver is prepared and pressed into a sccond layer. followed by the first layer
being prepared and being pressed with the second fayer into a multilayer tablet.

10208} As uscd herein, when describing the multilayer tablets disclosed herein, the terms “first
laver™ and “second layer” are not intended to indicate the method by which the tablets arc produced,

in particular the order in which the lavers are obtained.

[0209) In certain cmbodiments, the multilayer tablet further comprises additional lavers. In certain
embodiments, the additional laver or lavers arc located between the first and second layers. In certain
embodiments, the additional layer or layers are located on cither side of the first and/or second layer.
such that they are an outside tayer ol the table and/or are disposcd between the first and/or sccond
laver and a coating layer. In some embodiments, the additional layer or layers encapsulate the first

and sccond layers.

{0210] In onc embodiment, the multilayer tablet further comprises a third layer that 1s between and
that scparates the first laver and the sccond layer. In one embodiment. the third layer ol the

multilaycr tablet compriscs lactose monohydrate. or microcrystalline ccllulose, or a mixture thereof.

{0211] In onc embodiment, the multilayer tablet further comprises a film coating. In one
embodiment. the multilayer tablet further comprises about 14 mg to about 28 mg of a film coating. In
one cmbodiment, the multitaver tablet further comprises about 19 mg to about 23 mg of a film
coating. In onc embodiment, the multilayer tablet further comprises about 21 mg of a film coating.In
one embodiment the film coating comprises polyvinyl alcohol, polyethyvlene glveol, tale, titanium
dioxide. and black iron oxide. In one embodiment the film coating consists of 21 = 7 mg of Opadry 11
Brown 85F165072. In onc cmbodiment the film coating consists of 21 = 7 mg of Opadry {1 Ycliow
85F92259.

10212] In onc embodiment, the multilayer tablet further includes a film coating. In one embodiment,
the multilaver tablet further comprises about 1.9% to about 3.9% w/v of a film coating. In one
embodiment, the multilaver tablet further comprises about 2.5% to about 3.5% w/w of a film coating.
In one embodiment, the multilayer tablet further comprises about 3% of a film coating. In one
embodiment the film coating includes polyvinyl alcohol, polyethylene glycol, tale, titanium dioxide,
iron oxide red, and black iron oxide. In one embodiment the film coating includes 36%-40%
polyvinyl alcohol, 18%-22% polyethylene glycol, 13%-16% tale, 20%-24% titanium dioxide, 2%-

3% iron oxide red. and 0.3%-0.7% black iron oxide.
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[0213] In one cmbodiment a tablet is provided comprising about 6.4-8.5% whv of the compound of
Formula 11, about 23-32% w/w mg cmitricitabine, about 3.5-4.5% whw mg tenofovir alafenamide
hemifumarate. about 46-37% w/w mg microcrystalline cellulose, about 3.9-8.3% whv mg

croscarmellose sodium. and about 1.0-2.0% w/Av mg magnesium stearatc.

[0214] In onc embodiment a tablet is provided comprising 32 £ 6 mg of the compound of Formula
I 200 £20 mg emtricitabine. 28 +3 mg tenofovir alalenamide hemifumarate, 360 = 30 mg
Micracrystalline cellulose. 50 + 8 mg Croscarmellose sodium, and 10,5 = 3 mg magnesium stcaraic
and wherein the total weight of the tablet is at least about 685 mg.

{0215] In one embodiment a tablet is provided comprising 32 + 6 mg of the compound of Formula
1. 200 £10 mg emtricitabine. 28 +{.5 mg (enofovir alafenamide hemifumarate, 360 =135 mg
Microcrystalline cellulose. 30 4 mg Croscarmellose sodium. and 10.5 + 1.5 mg magnesium stcaratc
and wherem the total weight of the tablet is at lcast about 683 mg and is less than about 713 mg.

{0216] In one embodiment a tablet is provided comprising 32 + 6 mg of the compound of Formula
I, 200 +20 mg cmtricitabinc. 28 +3 mg Tenofovir alafenamide hemifumarate, 360 +30 mg
Microcrvstalline cellulose, 30 =8 mg Croscarmellose sodium. and 8.6 + 3 nmg magnesium stearate

and wherein the total weight of the tablet is at least about 685 mg.

{0217] In one embodiment a tablet is provided comprising 52 %6 mg of the compound of Formula
1. 200 +10 mg cmtricitabine, 28 + 1.3 mg Tenofovir alafenamide hemifumarate. 360 = 15 mg
Microerystaliine cellulose, 30 + 4 mg Croscarmellosc sodium, and 8.6 + 1.5 mg magnesium stearate
and wherein the total weight of the tablet is at least about 685 mg and is less than about 715 mg.

[0218] In one embodiment. the tablet has a total weight of 700 £ 75 mg. or 700+ 25 mg, or 700 £ 10
mg, or 700 mg. In one cmbodiment. the tablet is uncoated and has a total weight of about 700 + 75
mg, or about 700 £ 25 mg, or about 700 = 10 mg, or about 700 mg. In one embodiment. the tablct
has a total weight of about 720+ 73 mg, or about 720 + 23 mg, or about 720 £ 10 mg, or about 720
mg. or about 721 mg, or about 722 mg, or about 723 mg, or about 724 mg_ or about 723 mg, or about
726 mg, or about 727 mg, or about 728 mg, or about 729 mg. or about 730 me.

[0219] In one embodiment a tablet is provided comprising 80 + 6 mg of the compound of Formula
1L, 200 +20 mg emtricitabine, 28 +3 mg Tenofovir alafenamide hemifumarate, 360 =+ 30 mg
Microerystalline cellulose. 50 + 8 mg Croscarmellose sodium, and 11 + 3 mg magnesium sicarate
and wherein the total weight of the tablet is at least about 715 mg,

{0220] In onc cmbodiment a tablet is provided comprising 78 + 2.3 mg of the compound of Formula
1. 200 10 mg cmtricitabine. 28 + 1.5 mg Tenofovir alafenamide hemilumarate, 361 = 15 mg
Microcrystalline cellulose. 51 + 4 mg Croscarmellose sodium, and 11 £ 1.3 mg magnesium stearate
and whercin (he total weight ol the tablet is at lcast about 713 mg and is less than about 745 mg.
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[0221] In onc embodiment. the tablct has a total weight of 730 + 75 mg. or 730+ 25 mg, or 730 + 10

mg, or 730 mg. In onc cmbodiment, the tablet has a total weight of about 750 =735 mg, or about

750 £ 25 mg, or about 730 + 10 mg, or about 750 mg, or about 751 mg, or aboul 752 1ng. or about

753 mg. or about 754 mg, or about 753 mg.

[0222] Tn onc cmbodiment, a lablet is provided comprising’

Ingredient

Mass (mg)

The compound of Formula i1

Emtricitabine

200 =20

Tenolovir alafenamide hemifumarale

Microcrystalline cellulose

Croscarmetlose sodium

Magncsium stearate

{0223] Tn one embodiment. a tablet 1s provided comprising:

Ingredient

Mass (mg)

The compound of Formula 1

Emtricitabinc

200 £10

Tenofovir alafenamide hemifumarate

281 £15

Microcrystalline ccllulose

360+ 15

Croscarmellosc sodium

Magnesium stearate

105+1.3

[0224] 1n one embodiment, a tablet is provided including:

Ingredient

Mass (mg)

The compound of Formula . or a
pharmaceutically acceptable salt thereof

303

Emutricitabine

200 £20

Tenofovir alafcnamide. or a phanmaccutically
acceptable salt thercof

25|EE

(]

Microcrystalline ccllulose

360+ 30

Croscarmellosc sodium

50+8

Magncsium stcarate

863

44
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10225] In onc cmbodiment, a tablet is provided including:

Ingredient Mass (ing)

The compound of ‘ormula §, or a|50+25
pharmaccutically acceptable salt thereol

Emtricitabine 200 =10

Tenofovir alafenamide. or a phammacenticallv | 25 =15
acceplable salt thercof

Microcrvstalline cellulose 360 £ 13
Croscarmellose sodium 50+4
Magnesium sicarate 86+153

10226] In one embodiment. a tablet is provided including:

Ingredient Mass (mg)

The compound of Formula L or a[32%6
pharmaccutically acceptable salt thercof

Emtricitabinc 200 =20
Tenofovir alafenamide hemifumarate 28 +3
Microcrystalline cellulose 360+ 30
Croscarmellose sodium 30%8
Magnesium siearate 863

10227} In onc embodiment, a tablet is provided including;

Ingredient Mass (mg)
The compound of Formula 11 326
Emtricitabine 200 =20

Tenofovir alafenamide hemifumarate 28 £3

Microcrvstaliine cellulosc 360+ 30
Croscarmellose sodium 30+8
Magnesium stearale 863
43
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10228] 1n onc cmbodiment. a tablet is provided including:

Ingredient Mass (mg)
The compound of Formula 1T 52543
Emtricitabine 200 =10

Tenofovir alafenamide hemifumarate | 28.1 £1.5

Microcrvstalline cellutose 360+ 15
Croscarmcllose sodium 50+4
Magnesium stearatc 86+15

10229] 1n one embodiment, a tablet is provided comprising a first layer consisting of:

Ingredient Mass (mg)
The compound of Formuta 11 506
Microcrystalline cellulose 230+ 20
Croscarmellose sodium 2045
Magunesium stearate e

and a second laver consisting of:

Ingredient Mass (mg)
Emtricitabine 200 =20

Tenoflovir alafenamide hemifumarate 28 =3

Microerystalline cellulose 113 =9
Croscarmellose sodium 30 £3
Magnesium stearate 56 =x11
46
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[0230] 1n onc embodiment. a tablet is provided comprising a first laver including:

Ingredient Mass (mg)
The compound of Formula 1. or a 50+6
pharmaceutically acceptable salt thereof

Microcrystalling ccllulose 25020
Croscarmellose sodium 20£53
Magnestum slearate SIESS

and a sccond layer including:

Ingredient Mass (mg)
Emtricitabinc 200 =20
Tenofovir alafcnamide, or a 25 £3
pharmaccutically acceptable salt thercof

Microcrystalline cellulose 13 £9
Croscarmcllose sodium 30 %3
Magnesium stearatc 41

[0231] In onc cmbodiment, a tablet is provided comprising a first layer mcluding:

Ingredient Mass (mg)
The compound of Formula 1. or a 306
pharmaccutically acceptable salt thereof
Microcrystalline cellulose 250+20
Croscarmellose sodium 20+5
Magnesium stearate SRR LS
and a sccond laver including:
Ingredient Mass (mg)
Emiricitabine 200 £20

Tenofovir alafenamide hemifumarate | 28 +3

Microcrystalline cellulose 113 £9
Croscarmellose sodium 80! =5
Magncsium stearate 4 11
47
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10232] In onc ecmbodiment. a tablet is provided comprising a first laver including:

Ingredient Mass (mg)
The compound of Formula I 30£6
Nicrocrvslalline cellulose 250+ 20
Croscarmellose sodium 205
Magnesium stcarate 315

and a sccond layer including:

Ingredient Mass (mg)

Emiricitabine 200 =20

Tenoflovir alafenamide hemifumarate | 28 =3

Microcrvstalline cellulosc 113 £9
Croscarmetlose sodium 3018
Magncsium stcarate 4 k11

10233] In one embodiment, a tablet is provided comprising a first laver consisting of:

Ingredient Mass (mg)

The compound of FormulaH | 5228

Microcrystalline cellulose 246 £35
Croscarmcllose sodium 19+£1.75
Magnesium stearate 5£0.5

and a sccond layer consisting of:

Ingredient Mass (mg)

Emiricutabine 200 £ 10

Tenofovir alafenamide hemifumarate | 28 1.4

Microcryslalhine cettulose 113 =4

Croscarmellose sodium 3014

Magnesium stearate 56 =03
48
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J0234] In onc cmbodiment, a tablet is provided comprising a first laver including:

Ingredient Mass (mg)
The compound of Formula 1. or a 50+£3
pharmaceutically acceptable salt therof
Microcrystalline celiulose 24645
Croscarmellose sodium I[9dafl 75
Magnesium stearate SE RS

and a sccond laver including:

Ingredient Mass (mg)
Emitricitabine 200 £10
Tenofovir alafcnamide. or a 25 £3
pharmacctuically acceptable salt thercof
Microcrystalline cellulose 113 =4
Croscarmellose sodium 30£14
Magnesium stearale 4 %05

{0235] In onc cmbodiment, a tablet is provided comprising a first laver including;

Ingredient Mass (mg)

The compound of Formula Il | 32+238

Microcrvstalline cellulose 246£3
Croscarmellose sodium 19+ 175
Magnesium stcarate 54035

and a sccond laver including:

Ingredient Mass (ng)

Emtricitabine 200 =10

Tenofovir alafcnamidec hemifumarate | 28 =1 4

Microcerystatline cellulose 113 =4
Croscarmcllose sodium 3014
Magnesium stearate 4 £05
49
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[0236] In onc cmbodiment. a tablet is provided comprising:

Ingredient Mass (mg)
The compound of Formula IT 806
Emtricitabine 200 £20

Tenolovir alalenamide hemifumarate | 28 £3

Microcrvstalline cellulose 360+ 30
Croscanmellosc sodimn 50+8
Magnesium stcaratc 113

[0237] In one embodiment, a tablet is provided comprising:

Ingredient Mass (ing)
The compound of Formula 1] 78.6+23
Emtricitabine 200 =10

Tenofovir alalcnamide hemifumaraie | 28.1 1.5

Microcrystalline cellulose 361+ 15
Croscarmellose sodium 51+4
Magnesium stearate IRER I
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10238} In onc cmbodiment. a tablet is provided comprising a first laver consisting of:

Ingredient

Mass (mg)

The compound of Formula 11 80<£6

Microcryslalline ccllulose 250420

Croscarmellose sodium 203

Magnesium stcarate 3% 1.5

and a sccond laver consisting of*

Ingredient

Mass (mg)

Emiricitabine

200 %20

Tenofovir alafenamide hemifumarate | 28 +3

Microcrystalline cellulose 113 +9

Croscarmellose sodium

(95

a
_—J

Magnesium stearate

e

GES I

10239} In one embodiment, a tablet is provided comprising a first laver consisting of:

Ingredient

Mass (mg)

The compound of Formula It

Microcrystalline cellulose

Croscarmcllose sodium

Magnesium stearate

and a sccond laver consisting of:

Ingredient

Mass (mg)

Emuricitabine

200 =10

Tenofovir alafenamide hemifumarate | 28 +1 4

Microerystalhine ccllulose 13 +4

Croscarmellose sodium 30 %14

Magnesium sicarate 5.6 =05
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[0240] 1n onc cmbodiment. a tablct is provided comprising a first laver including:

% w/w (in tablet)

The compound of Formula I, 5-10
or a pharmaccutically
acceptable salt thereof

Microcrystalline cellulosc 26-44
Croscarmellose sodium 2-4
Magnesium stearate 0.5-0.9

and a sccond layer including:

% w/w (in tablet)

Emiricitabine 21-36
Tenofovir alafenamide, or a pharmaceutically 3-5
acceptable salt thereof

Microcrystalline cetlulose 12-20
Croscarmellose sodium 3-6
Magnesium sicaratc 0.3-0.7

and optionally a film coating.

10241] In onc cmbodiment, a tablet is provided comprising a first laycr including:

% wiw (in tablet)
The compound of Formula 11 5-10
Microcrystalline cellulose 26-44
Croscarmellose sodium 2-4
Magncesium slcarate 0.3-0.9

and a second laver mcluding:

% wiw (in tablet)
Emtricitabine 21-36
Tenofovir alafenannde hemmifumarate 3-3
Microcrvstalline cellulose 12-20
Croscarmellose sodium 3-6
Magncsium stcarate 0.3-0.7

and optionally a film coating.

"
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[0242] In onc embodiment. a tablet is provided comprising a first laver including:

% wiw (in tablet)

The compound of Formula [,
ar a pharmaceutically
acceplable sall thereof

6-9

Microcrystalline cellulose

30-40

Croscarimeliosc sodium

2432

Magnesium slearale

0.6-0.8

and a second laver including:

% w/w (in tablet)
Emtricitabine 24-33
Tenofovir alafenamide. or a pharmaceutically 344406
acceptable sall thereof
Microcrystalfine cellulose 14-19
Croscarmellosce sodium 3.6-4.9
Magnesium stearate 0.6-0.8

and optionally a film coating.

[6243] In onc embodiment. a tablel is provided comprising a first laver including;

% w/w (in tablet)

The compound of Formula 11

6-9

Microcrvstalline cellulose

30-40

Croscarmellose sodium

2.4-32

Magnesium stearate

0.6-0.8

and a sccond layer including:

% wiw (in tablet)
Emltricitabine 24.33
Tenofovir alafenamide hemifumarate 3.4-46
Microcrystalline cellulose 14-19
Croscarmeliosc sodium 3.6-49
Magncsium stearale 0.6-0.8

and optionally a {ilm coating

th
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10244] In onc cmbodiment. a tablet is provided comprising a first laver including:

% wiw (in tablet)

The compound of Formula I

Microcrystalline ccllulosc

Croscarmellose sodium

Magnesium stearatc

and a sccond layer including:

% w/w {in tablet)

Emtricitabine

26-30

Tenofovir alafenamide hemifumarate

3.7-4.6

Microcrystalline ccllulose

15-17

Croscarmellose sodium

4.0-4.5

Magnesium stearate

0.5-0.6

and optionally a film coaling.

]0245] In onc embodiment, a tablet is provided comprising a first laver including:

% wiw (in tablet)

The compound of Formula IT

7-8

Microcrystalhne cellulose

33-36

Croscarmellose sodium

2728

Magnesium stcarate

0.7-0.8

and a sccond layer including:

% wiw (in tablet)

Emtricitabinc

27-29

Tenofovir alafenamide hemifiunarate

3.8-42

Microcrystalline cellulose

16-17

Croscarmellose sodium

4144

Magnesium stearate

0.3-0.8

and optionally a film coating.

th
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[0246] 1n onc cmbodiment. a tablet is provided comprising a first laver including:

% wiw (in tablet)

The compound of Formula II

e

"

Microcrystalline celtulose

S)

)
o

Croscarmellose sodium

Magnesium stearatc

and a sccond layer including:

% w/w {(in tablet)
Emtricitabine 28.6
Tenofovir alafcnamide hemifumarate 4.0
Microcrystalline cellulose 16.4
Croscarmeilose sodium 43
Magnesium stearate 0.5

and optionally a {ilm coating.

{0247] In onc embodiment, a tablet is provided comprising a first laver including:

t=]

% w/w (in tablet)

The compound of Formula 11

7e)

Microerystalline cellulose

J

3.

L.
(8%

Croscarmellose sodium

2

Magnesiim stcaratc

8
-

<

and a sccond layver including:

%o wiw (in tablet)
Emtricitabine 28.6
Tenofovir alafenamide hemifumarate 4.0
Microcrystalline cellulose 1[G:2)
Croscarmellose sodium 43
Magnesium stearate 0.8

and optionally a film coating,

h
i
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[0248] In onc cmbodiment, a tablet is provided comprising a first laver including:

% w/w (in layer)

Intergranular

The compound of Formula I, 11-19
or a pharmaccutically
accpetable sall thercol

Microcrystalline cellulose 51-86
Croscarmellose sodium 4-7
Magnesium stcarale 0.5-0.9
Extragranular

Microcrvstalline cellulose 7-12
Magnesium stearate 0.5-0.9

and a second layer including:

% wiw (in layer)

Intergranular

Emtricitabine 39-67
Tenofovir alafenamide. or a pharmaccutically 3-10
acceptable salt thercof

Microcrystalline cellulose 22-38
Croscarmellosc sodinm 6-10
Magnesium stearate 0.3-0.7
Intergranular

Magnesium stearate i 0.3-0.7

and optionally a (ilm coating.

M
(=2}

614172.1

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
67 of 1915



1147.P2C

10249] In onc embodiment. a tablet is provided comprising a first faver including:

% wiw (in layer)

Intergranular

The compound of Formula 11 11-19
Microcrystalline cellulose 51-86
Croscarmcellosc sodium 4-7
Magnesium stearate 0.5-09
Extragranular

Microcrystalline cellulose 7-12
Magnesiun stearate 0.5-0.9

and a second layer including:

% wiw (in layer)

Intergranular

Emtricitabine 39-67
Tenofovir alafenamide hemifumarate 3-10
Microervstalline cellulose 22-38
Croscarmellose sodium 6-10
Magnesium stcarate 0.3-0.7
Intergranular

Magnesium slcarate 0.3-0.7

and optionally a film coating.
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[0250] In onc cmbodiment. a tablet is provided comprising a first layer including:

% w/w (in layer)

latergranular

The compound of Formula 1, or a 13-17
pharmaccutically aceeptable salt thercof
Microcrystalline ccllulose 58-79
Croscarmellose sodium 4.6-6.3
Magnesium siearale 0.6-0.8
Extragranular

Microcrvstalline cellulose 5-11
Magnesium stearate 0.6-0.8

and a sccond layer including:

% wiw (in layer)

Intergranular

Emtricitabinc 45-61
Tenofovir alalenamide. or a pharmaccutically 6-9
acceptable salt thereof

Microcrystalline cellulose 25-35
Croscarmellose sodium 6.5-9.2
Magnesium sicarate 0.4-0.5
Intergranular

Magnesium stearate 0.4-0.5

and optionally a ilm coating.
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{0251] In onc cmbodiment. a tablet is provided comprising a first laver including:

% wiw (in layer)

Intergranular

The compound of Formula 11 13-17
Microcrystalline cellulose 38-79
Croscarmcllose sodium 4.6-6.3
Magucsium stearate 0.6-0.8
Extragranular

Microcrystalline cellutosc 3-11
Magnesihun stcarate 0.6-0.8

and a second layer including:

% wiw (in layer)

Intergranular

Emtricitabine 45-61
Tenofovir alafenamide hemifumarate 6-9
Microcrystalline cellulose 23-353
Croscarmellose sodium 6.5-9.2
Magnesium stcarate 0.4-0.5
Intergranular

Magnesium stearate 0.4-0.5

and optionally a {ilm coaling.
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[0252] In onc embodiment. a tablet is provided comprising a first layer including:

% w/w (in layer)

Intergranular

The compound of Formula 1, 14-16
or a pharmaccutically
acceplable salt thercof

Microcrvstalline cellulose 66-73
Croscarmellose sodium 5258
Maguocsium slcarale 0.65-0.75
Extragranular

Microcrystalline cellulose 8-10
Magnesium sicarale 0.63-0.75

and a second layer including:

% w/w (in layer)

Intergranular

Emtricilabine 50-36
Tenofovir alafenamide. or a pharmaceutically 7-8
acceptable salt thercof

Microcrystalline cellulose 28-32
Croscarmcllosc sodium 7.5-8.3
Magnesium stearate 0.45-0.53
Intergranular

Magnesium stearale 0.45-0.55

and optionally a film coating.
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[0253] In onc embodiment, a tablet is provided comprising a first laver including:

% wlw (in layer)
Intergranular
The compound of Fornula 11 14-16
Microcryvstalline cellulose 66-73
Croscarmellose sodium 52-58
Magnesium stearate 0.65-0.75
Extragranular
Microcrystalline cellulose 8-10
Magnesium stcarale 0.63-0.75

and a second laver including:

% wlw (in layer)

Intergranular
Emtricitabine 30-56
Tenofovir alalcnamide hemifumarate 7-8
Microcrvstalline cellulosc 28-32
Croscarmetlose sodium 75-85
Magnesium stcarale 0.45-0.55
Intergranular
Magnesium stcarate 0.43-0.55

and optionally a {ilm coaling,
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[0254] In one cmbodiment. a tablet is provided comprising a first laver including:

% w/w (in layer)

Intergranular

The compound of Formula 11 15
Microcrystalline cellulose 69
Croscarmellose sodium S
Magncsium stearate 0.7
Extragranular

Microcrystaliine cellulose 9
Magnesium stcarale 0.7

and a second layer including:

% wiw (in layer)

Intergranulur
Emtricitabine 33
Tenofovir alafenamide hemifumarate 7.5
Microcrystalline cellulose 30
Croscarmellose sodium 8
Magnesium stcarate 0.5
Intergranular
Magnesium stearate 0.5

and optionally a film coating.
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[0255] In onc embodiment. a tablet is provided comprising a first laver including;

% wiw (in layer)

Intergranular

‘The compound of Formula 11 15
Microcrystalline cellulose 69
Croscarmcllosc sodium 35
Magncsium stearate 0.7
Extragranular

Microerystalline ecllulose 9
Magnesium stcarate 0.7

and a second layer including:

% wiw (in layer)

Intergranular

Emtricitabine 53
Tenofovir alafenamide hemifumarate 75
Microcrystalline ccllulose 30
Croscarmellose sodium 8
Magnesium stearate 0.7
Intergranular

Magnesiunm stcarate 0.7

and optionally a {ilm coating.
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0236} In onc cmbodiment. a tablet is provided comprising a first laver including:

i Mass (mg) % w/w (in layer)
Intragranular
The compound of Formula [ 325 16.24
Microcrystalline ccllulose 149.9-246.3 46.41-76.26
Croscarmecllosc sodium 19.4 8.00
Magnesium stcaratc 1.98-2.45 0.6-1.0
Extragranular
Microcrystalline ccllulosc 0-97.0 0-30
Magnesium stcarate 1.98-2.45 0.6-1.0

and a second layer including:

!Mz\ss (mg) % w/w (in layer)
Tntergranular
Emtricitabine 200.00 53.05
Tenofovir alafecnamide hemifumarate 28.1 7.45
Microcrvstalline cellulose 113.2 30
Croscarmellose sodium 30.2 8.00
Magnesium stearate 1.93-2.85 0.50-0.75
Extragranular
Magnesium sicaratc 1.93-2 85 0.50-0.75

and optionally a film coating.

64

614172.1

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
75 of 1915



10257} In onc embodiment. a tablet is provided comprising a first laver consisting of’

Mass (mg) % wiw (in layer)
Intergranular
The compound of Formula |} S 16.24
Microcrvstalline ccllulose 149.9-246.3 46.41-76.26
Croscarmellose sodium 19.4 8.00
Magnesium stcarate 1.98-2.45 0.6-1.0
Extragranular
Microcrystalline ccllulose 0-97.0 0-30
Magnesium stcarale 1.98-2.45 0.6-1.0

and a second layer consisting of:

1147.P2C

iMﬂss (mg) % w/w (in layer)

ntergranular

Emtricitabine 200.00 33.05
Tenofovir alafenamide hemifumarate 28.1 7.45
Microcrystalline cellulose 1132 30
Croscarmellose sodium 30.2 8.00
Magnesium stearate 1.93-2.83 0.50-0.75
Extragranular

Magnesiun sicarale | 193285 0.50-0.75

and optionally a {ilm coaling.
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10258} In onc embodiment. a tablet is provided comprising a first laver consisting of:

Mass (mg) % wiw (in layer)

Intergranular

The compound of Formula 78.7 922.3
Microcrystalline cellulose 2125 60.2
Croscarmecllose sodium 21.2 6.00
Magnesium stcarate 2.65 (.75
Extragranular

Microcrystalline cellulose 3330 10.0
Magncsium stcarale 2.63 0.75

and a second layer consisting of:

!M:\ss (mg) % w/w (in layer)

Intergranular
Emtricitabine 200.00 33.05
Tenofovir alafcnamide hemifumarale 28.0 74
Microcrystalline cellulose 1132 30
Croscarmellose sodium 30.2 8.00
Magnesium slearate 2.83 0.735
Extragranular
Magncsium stcarale i 2.83 } 0.75

and optionally a film coating.
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[0259] In onc embodiment, a tablet is provided comprising a first laver consisting of:

i Mass (mg) % wiw (in layer)
Intergranular
The compound of Formula 1 525 16.25
Microcrystalline cellulose 0-246.3 0-76.25
Croscarmcllosc sodum 19.4 8.00
Magnesium stcarate 1.98-2.45 0.6-1.0
Extragranular
Microcrystatline celiulose 0-97.0 0-30
Magnesium stearate 245 0.6-1.0

and a sccond layer consisting of*

1147.P2C

E.Mass (mg) % wiw (in layer)

Intergranular

Emtricitabine 200.00 53.05
Tenolovir alafenamide hemifumarate 28.1 7.45
Microcrystalline cellulose 1132 30
Croscarmellosc sodium 30.2 8.00
Magnesiumn stearale 2.8% 0.75
Extragranular

Magnesium stearatc 2.85 0.73

and a {ilm coating consisting ol 2] mg of Opadry 1l Brown 85F165072 (a combination of polyvinyl
alcohol, polyethylenc glveol (PEG). tale, titanium dioxide, iron oxide red. and iron oxide black).
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[0260] n onc cmbodiment. a tablet is provided comprising a first laver including:

Mass (mg) % wiw (in layer)

Intergranular

The compound of Formula i1 2.3 13-21
Microcrystalline celiulose 0-246 0-39
Croscarmellosc sodium 19 5-25
Magncsium sicaratc 2.0-25 (.5-3.2
Exmagranular

Microcrvstalline ccliulose 0-97 0-30
Magnesium stcarate 2.0-25 0.5-3.2

and a second laver including:

Mass (mg) % w/w (in layer)

Intergranular

Emitricitabine 200 35
Tenofovir alafenamide hemifumarate 28 49
Microcrvstalline ccltulose 113 20
Croscarmellose sodium 30 L)
Magnesium stcarate 29 0.3
Extragranular

Magnestum stcaratc 29 0.3

and a film coating consisting of 21 mg of Opadry 1l Brown 83F163072 (a combination of polyvinyl
alcohol, polvethvlene glveol (PEG). tale, titanium dioxide. iron oxide red, and iron oxide black).
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{0261] In onc cmbodiment. a tablet is provided comprising a first laver including:

Mass (mg) % wiw (in tablet)
The compound of Formula I1 47-58 6.75-8.25
Microcrystalline cetlulose 222-27} 32-39
Croscarmellose sodium 1721 2.5-3.1
Magnesium stcarate 44-54 0.6-0.8

and a sccond tayer including:

Mass (mg) % w/w (in tablet)
Emtricitabinc 180-220 26-31
Tenofovir alafenamide hemifumarate 25-31 3.6-44
Microcrystalline cellulosc 104-127 15-18
Croscarmellose sodium 27-33 2647
Magnesium stearate 3.4-06.0 0.4-1.0

and optionally a film coating (e.g.. Opadry Il Brown 83F 163072 (a combination of polyvinyl alcohol,
polyethylene glycol (PEG). talc, titanium dioxide. ivon oxide red. and iron oxide black).

10262] In onc cmbodiment, a tablet is provided comprising a first layer including:

Mass (mg) Y wiw (in tablet)
The compound of Formula 11 SRES) nS
Microcrystalline cellulose 246 35
Croscarmellose sodium 19 28
Magnesium stearatc 5 0.7

and a second layer including:

Mass (mg) % w/w (in tablet)
Emtricitabine 200 29
Tenofovir alafenamide hemifumarate 28 4
Microcrystalline cellulose 115 16
Croscarmellose sodium 30 43
Magnesium stearate 4 0.5

and optionally a film coating (c.g., Opadry 11 Brown 83F1635072 (a combination of polyvinyl alcohol,
polyethylene glycol (PEG). tale. titanium dioxide. iron oxide red, and iron oxide black).
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[0263] In onc ecmbodiment. a tablet is provided comprising a first laver consisting of:

Mass (mg) % wiw (in layer)

Intergranular

The compound of Formula 11 78.6 903
Microcrystalline cellulose 2125 60.2
Croscarmcllose sodium 22 6.00
Magnesium stcarate 2.63 0.75
Extragranular

Microcrystalline cetlulose 353 10.0
Magnesium stcarate 2.63 0.75

and a second layer consisting of:

!M ass(mg) % w/w (in layer)
Intergranular
Emtricitabine 200.00 53.05
Tenofovir alafenamide hemifumarate 28.1 7.45
Microcrvstalline cellulose 113.1 30
Croscarmellose sodium 30.2 8.00
Magnesium stearate 285 0.75 (0.5-0.75)
Extragranular
Magnesium stcarate 2.83 0.75(0.5-7.3)

and a [ilm coating consisting of 21.9 mg of Opadry 11 Yellow 85F92259 (a combination of polyvinyl
alcohol, polvethylenc glveol (PEG). tale, titanium dioxide and iron yellow).

[0264] In onc cmbodiment, a composition is provided including about 75 mg of a compound of
Formula I, or a pharmaccutically acceptable sali thereof (c.g.. a compound of Formula 11), about
25 mg tenofovir alalenamide, or a pharmaceutically acceptable salt thereof, and about 200 mg
cmiricitabine, or a pharmaccutically acccptable salt thereof, wherein the mean AUCy of each
component following a single dose administered Lo a human is from about 81700 h-ng/mL to about
140000 h-ng/mL of the compound of Formula 1. from about 7500 h-ng/mL to about 15000 h-ng/mL
of emiricitabine, and from about 163 h-ng/mL to about 400 h-ng/mL of tenofovir alalenamide. In
certain embodiments, the composition is administered to the human in a fasted state. In cerlain

embodiments, the composition is a tablet. In certain embodiments, the tablet is a bilayer tablet. In
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certain embodiments, the tablet is a bilayer tablet. with the Compound of Formula | in onc laver and

cmiricitabine and tenofovir alafenamide in the other layer.

[0265] In one embodiment, a composition is provided including a compound of 50 mg Formula . or
a pharmaccutically acccptable salt thercof (c.g.. a compound of Formula 1), 25 mg tenofovir
alafcnamide. or a pharmaceutically acceptable salt thercof, and 200mg emtricitabinc, or a
pharmaceutically acceptable salt thereof. wherein the mean AUC,q of cach component following a
single dosc is from about 87,000 h-ng/mL to about 131,000 h-ng/mL. of the compound of Formula 1,
{rom about 8300 h-ng/mL to about 12,800 h-ng/mL of cmiricitabine, and from about 186 h-ng/mL to
about 227 h-ng/mL of tenofovir alafcnamide. In certain cmbodiments. the composition is
administered to the human in a fasicd state. In certain embodiments. the composition is a tablet. In
certain embodiments, the tablct is a bilaver tablet. In certain embodiments. the tablct is a bilayer
tablet. with the Compound of Formula 1 in one layer and emtricitabine and tenofovir alalenamide in
the other layer. In certain embodiments. the subject is fasted. In other cmbodiments, the subject is
fed.

[0266] In onc cmbodiment, a composition is provided including a compound of Formula [. or a
pharmaceutically acceptable salt thereof (c.g.. a compound of Formula 1), tenofovir alafenamide. or
a pharmaceutically acceptable salt thereof. and emtricitabine. or a pharmaceutically acceptable salt
thereof, wherein the mean AUCyys of each component following a single dose administered (o a
human is from about 84450 h-ng/mL to about 141000 h-ng/mL of the compound of Formula 1. from
about 8100 h-ng/mL to about 136000 h-ng/mL of cmtricitabine, and from about 200 h-ng/mL to
about 500 h-ng/mL of tenofovir alafcnamide. In certain embodiments. the composition is
administered to the human in a fasted state. In certain embodiments. the composition is a tablet. In
certain embodiments, the tablet is a bilayer tablct. In certain cmbodiments, the tablet is a bilaver
tablet. with the Compound of Formula I in one layer and emiricitabine and tenofovir alafenamide in
the other layer. In certain embodiments, the subject is fasted. In other embodiments, the subject is
fed.

[0267] In one embodiment. a composition is provided including a compound of Formula 1 (eg.a
compound ol Formula II). tenofovir alafenamide, and cmtricitabine, wherein the mean Cx of cach
component following a single dosc is from about 90,000 h-ng/mL to about 133,000 h-ng/mL of the
compound of Formula 1, from about 8,700 h-ng/mL to about 13,000 h-ng/mL of cmtricitabine, and
from about 200 h-ng/mL to about 300 h-ng/mL of tenofovir alafenamide. In certain cmbodiments,
the composition is administered to the human in a fasted state. In ccrtain embodiments, the
composition 1s a lablet. In cerlain cmbodiments, the tablet s a bilayvcr tablet. In certain cmbodiments.
the tablet is a bilayer tablet, with the Compound of Formula 1 in onc layer and cmtricitabine and
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tenofovir alafenamide in the other laver. In certain cmbodiments. the subject is fasted. In other

embodiments. the subject is fed.

10268] In one embodimeni. a composition is provided including a compound of Formula 1. or a
pharmaceutically acceptable salt thercof (¢.g., a compound of Formula 11), tenofovir alafenamide. or
a pharmaceuticallv acceptable salt thercof. and emtricitabine, or a pharmaceutically acceptable salt
thereof. wherein the mean C,u« of each component following a single dose administered to a human
is from about 4200 ng/mL to about 8000 mg/mL of the compound of Formula I. from about
1770 ng/mL to about 2800 ng/mL of emtricitabine, and from about 185 ng/mL to about 313 ng/mL
of tenofovir alafenamide. In certain embodiments. the composition is administered to the human in a
fasted state. In certain cmbodiments, the composition is a tablet. In certain embodiments. the tablet s
a bilayer tablet. In certain embodiments, the tablet is a bilayer tablet, with the Compound of Formula
I in one layer and emtricilabine and tenofovir alafenamide in the other laver. In certain embodiments.

the subject is fasted. In other embodiments, the subject is fed.

{0269] In onc embodiment. a composition is provided including a compound of Formula I, or a
pharmaceutically acceptable salt thereof (e.g.. a compound of Formula II). tenofovir alafenamide, or
a pharmaccutically acceptable salt thercof, and cmtricitabine. or a pharmaccutically acceptable salt
thereof, whercin the mean C,,x of cach component following a single dose is from about 4700 ng/mL
to about 5300 ng/mL of the compound of Formula 1, from about 2000 ng/mL (o about 2600 ng/mL of
emtricitabine, and from about 200 ng/mL to about 300 ng/mL of tenofovir alafenamide. In certam
embodiments, the composition is administered to thc human in a fasted state. In certain
embodiments, the composition is a tablet. In certain cmbodiments, the tablet is a bilayer tablet. In
certain embodiments, the tablet is a bilayer Lablet, with the Compound of Formula 1 in one layer and
cmiricitabine and tenofovir alafenamide in the other layer. In certain cmbodiments. the subject is

fasted. In other cmbodiments. the subject is fed.

[0270] In one embodiment, a composition is provided including a compound of Formula 1, or a
pharmaccutically acceptable salt thereof (c.g.. a compound of Fonnula I1), tenofovir alafenamide, or
a pharmaceutically acceptable salt thereof, and emtricitabine, or a pharmaceutically acceptable salt
thercof, whercin the mean AUC g, AUCiy. and/or Cuay 0f cach component following a single dose
administered to a human in the fed state is 80-125%, 80-120%, 85-115%, 90-110%. or 95-103% of
the mean AUCq. AUChy, and/or Cyy of cach component following a single dose administered to a
human in the fasted state. In certain embodiments, the composition is a tablet. In certain
embodiments. the tablet is a bilayer tablet. 1n certain embodiments, the tablet is a bilayer tablet, with
the Compound of Formula [ in onc layer and cmitricitabine and tenofovir alafenamide in the other

laver. In certain embodiments, the subject is fasted. In other embodiments, the subject is fed.
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{0271] In certain embodiments. the pharmacokinctic profile of the compositions deseribed herein is
within aceeptable ranges. regardless of whether the subject has caten prior to taking he medication.
Accordingly, in certain embodiments, the compositions described herein can be taken without regard
to food intake by the subject. In certain embodiments, {ood inlake is a fow fat, moderate fal, or hi gh
[at mcal.

10272] In one embodiment. a composition comprising 50 mg Compound of Formula 1. 23 mg
tenofovir alafenamide, and 200 mg cmiricitabine is provided, wherein the mean AUC,q of a single
dose following administration (o fed palients is within about 100% (o about 160% of the mean
AUC of a single dose following administration to fasled patients. In another embodiment, a
composition comprising 30 mg Compound of Formula I, 23 mg tenofovir alatenamide, and 200 mg
emtricitabine is provided. whercin the mean AUC),q of a single dosc following administration to fed
patients is within about 100% (o about 143% of the mean AUCq of a single dose followimg
administration (o fasted paticnts. In a further cmbodiment, a composition comprising 50 mg
Compound of Formula I, 25 mg (cnofovir alafenamide, and 200 mg cmtricitabine is provided,
whercin the mean AUC,,, of a single dose following administration to fed patients is within about
100% to about 135% of the mean AUC,q of a single dose foliowing administration to fasted patients.
In another embodiment, a composition comprising 30 mg Compound of Formula [, 23 mg tcnofovir
alafenamide, and 200 mg emtricitabine is provided. wherein the mean AUCy of a single dose
following administration to fed paticnts is within about 100% to about 125% of the mean AUCyq of
a single dosc following administration lo fasted paticnts.

[0273] In cerlain ecmbodiments. a composition comprising 50 mg C ompound of Formula 1. 25 mg
tenofovir alafenamide, and 200 mg emtricitabine is provided. wherein the mean AUC,q of a single
dosc following administration to fed patients is within 60% of the mean AUC g of a single dose
following administration to fasted patients. In another embodiment, a composition comprising 30 mg
Compound of Formula I, 25 my tenofovir alafenamide, and 200 mg emiricitabine is provided,
wherein the mean AUChy of a single dose following administration (o fed patients is within 43% of
the mean AUCpy of a singlc dosc following administration to fasted patients. In a further
embodiment, a composition comprising 50 mg Compound of Formula 1, 25 mg tenofovir
alafenamide, and 200 mg emtricitabine is provided, wherein the mean AUCu of a single dose
following administration to fed patients is within 35% of the mean AUCyq of a single dosc following
administration to fasted patients. In another embodiments a composition comprising 50 mg
Compound of Formula 1, 25 mg tenofovis alafcnamide, and 200 mg cmtricitabine is provided,
wherein the mean AUCyq of a single dose following administration to fed patients is within 25% of
the mean AUCy, of a single dose following administration to fasted patients.
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]0274] In onc cmbodiment, a composition comprising 50 mg Compound of Formula [ 25 mg
tenofovir alafenamide, and 200 mg emtricitabine is provided. wherein the mean AUC,y of a single
dose following administration to fed patients is within about 100% to about 160% of the mean
AUC;y of a single dosc following admimstration to fasted palicnts, In another embodiment, a
composition comprising 30 mg Compound of Formula L, 25 g tenofovir alafenamide. and 200 mg
cmtricitabing is provided. wherein the mean AUCiy of a single dose following administration to fed
paticnts is within about 100% to about 150% of the mean AUCiy of a single dosc following
administration to fasted patients. Tn a further cmbodiment, a composilion comprising 50 mg
Compound of Formula [, 25 mg tenofovir alafonamide. and 200 mg cmtricitabine is provided,
wherein the mean AUCy of a single dose following administration to fed patients is within about
100% to about 135% of the mean AUC;,r of a single dosc following administration to fasted patients.
In another embodiment, a composition comprising 30 mg Compound of Formula 1, 25 mg tenofovir
alafcnamide, and 200 mg cmiricitabine is provided, wherein the mean AUC.y of a single dose
following administration to fed patients is within about 100% to about 123% of the mean AUCqof a

single dose following administration to fasted patients.

[0275] In certain embodiments, a composition comprising 50 mg Compound of Formula 1, 25 g
tenofovir alafenamide. and 200 mg emtricitabine is provided, wherein the mean AUCiy of a single
dose following administration to fed patients is within 60% of the mean AUCiy ol a single dose
following administration to fasted patients. In another embodiment. a composition comprising 50 mg
Compound of Formula I, 25 mg tenolovir alafenamide, and 200 mg emtricitabine is provided,
wherein the mean AUCr of a single dosc following administration to fed patients is within 50% of
the mean AUC;y of a single dosc [ollowing administration to fasted patients. In a further
embodiment, a composition comprising 50 mg Compound of Formula I, 25mg tenofovir
alafenamide, and 200 mg emtricitabine is provided, wherein the mean AUCiy of a single dose
following administration to fed patients is within 33% of the mean AUC;y of a single dose following
administration to fasted patients. In another embodiments a composition comprising 30 mg
Compound of Formula I, 23 mg tenofovir alafenannde, and 200 mg emtricitabine is provided.
wherein the mean AUC ¢ of a single dosc following administration to fed patients is within 25% of

the mean AUCiy of a single dosc following administration to [asted patients.

]0276] In onc embodiment. a composition comprising 50 mg Compound of Formula [, 25mg
tenofovir alafenamide. and 200 mg emtricitabine is provided, wherein the mean Ciux of a single dose
following adminisiration to fed patients is within about 100% to about 160% of the mean Cuux ol a
single dose following administration to fasted patients. In another embodiment. a composition
comprising 50 mg Compound of Formula 1, 25 mg tenofovir alafenamide, and 200 mg cmtricitabine
is provided. wherein the mean Ci,, of a single dose foliowing administration to fed patients is within
about 100% to about 130% of the mean C,yy of a single dose foliowing administration to fasted
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paticnts. In a further cmbodiment, a composition comprising 50 mg Compound of Formula 1. 25 mg
tenofovir alafenamide, and 200 mg cmtricitabine is provided. whercin the mean Cyy, of a single dosc
following administration 1o fed patients is within about 100% to about 120% of the mean Gmoolla
single dose following administration to fasted patients. In another cinbodiment. a composition
comprising 50 mg Compound of Formula 1, 23 mg tenofovir alafenamide, and 200 mg cmiricitabine
is provided, whercin the mean Cpy, of a single dosc following administration to fed paticnts 1s within
about J00% 1o about 115% of the mean C,x of a single dose following administration to fasted
patients.

10277] In certain embodiments, a composition comprising 50 mg Compound of Formula 1, 25 mg
tenofovir alafenamide, and 200 mg emtricitabine is provided. whercin the mean Cpy, of a single dosc
following administration to fed patients is within 60% of the mean oy, of a single dosc following
administration to fasted patients. In another embodiment. a composilion comprising 50 mg
Compound of Formula 1. 25 mg tenofovir alafenamide, and 200 mg cmiricitabine is provided,
wherein the mean Cyy, of a single dosc following administration to fed patients is within 30% of the
mean Cyy, of a singte dose following administration to fasted paticnts. In a further cmbodiment. a
composition comprising 30 mg Compound of Formula I, 23 mg tenofovir alafenamide. and 200 mg
emtricitabine is provided. wherein the mean Cypy of a single dose following administration to fed
patients is within 20% of the mean C,, of a single dose following administration Lo fasted patients.
In another embodiments a composition comprising 30 mg Compound of Formula 1, 25 mg tcnofovir
alafenamide, and 200 mg emtricitabine is provided. wherein the mean Cye of a single dose [oliowing
administration 1o fed paticnts is within 15% of the mean Cuan of a single dosc follow ng
administration to fasicd paticnts.

Manufacturing methods

{0278] Methods for producing the compositions and dosage forms (in particular tablets) disclosed
herein are also provided. In some embodiments, the method compriscs (a) compressing the
compound of Formula I or a pharmaceutically acceptable salt thercof as a first layer, and (b)
compressing  the tenofovir alafenamide or a  pharmaceutically acceplable salt thercof and
cmitricitabinc or a pharmaccutically acceptable salt thereof as a sccond layer. For example, in some
embodiments, the method comprises (a) compressing the compound of Formula | or a
pharmaceutically acceptable salt thereof as a first layer. followed by (b) compressing the tenofovir
alafenamide or a pharmaceutically acceptable salt thereof and emtricitabine or a pharmaccutically
acceptable salt thereof as a sccond layer. In other cmbodiments, the mcthod compriscs (a)
compressing the lenofovir alafenamide or a phamiaccutically acceplable  salt  thereof and

emiricitabinc or a pharmacculically acceplable salt thercof followed by (b) compressing the
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compound of Formula 1 or a pharmaccutically acceptable salt thercof as another layer. In other
cmbodiments. the method compriscs (a) compressing the compound of Formula I or a
pharmaceutically acceptable salt thereof as one layer followed by (b) compressing the tenoflovir
alafenamide or a pharmaccutically acceptable salt thercof and emtricitabine or a pharmaceutically
acceplable salt thereol as another layer. The first layer and second layer may be compressed
separately and subsequenily combined. However. more typically, a first layer is formed by
compression and subsequently a second laver is compressed onto the (irst layer. In certain
embodiments, the choice of laver order in the tableting of multilaver tablets may have an impact on

the propertics of the tablets (e.g. the adhesion of the layers within the tablet).

[0279] In some embodiments, a tablet is provided wherein the first layer is obtainable by a method
of (a) compressing the compound of Formula | or a pharmaccutically acceptable salt thercof as a first
laver. and (b) compressing the tenofovir alafenamide or a pharmaceutically acceptable salt thereof
and cmtricitabine or a pharmaccutically acceptable salt thercof as a sccond layer. ln other
cmbodiments, a tablet is provided whercin the sccond layer is obtainable by a mcthod of (a)
compressing the compound of Formula 1 or a pharmaceutically acceptable salt thercol as a first layer,
and (b) compressing the tenofovir alafenamide or a pharmaccutically acceptable salt thercol and

emiricitabine or a pharmaceutically acceptable salt thercot as a first layer.

[0280] In certain embodiments, the methods will include a step of coating the tablet cores after

compression, e.g. with a film coating as described above.

[0281] 1n general. tableting methods are well known in the art of pharmacy. Techniques and
formulations generally are found in Remington's Pharmaceutical Sciences (Mack Publishing Co..

Easton, PA). which is hercby incorporated by reference hercin in its entirety.

[0282] A tablet can be made by compression or molding, optionally swith one or more excipicnts.
Compressed tablets may be prepared by conpressing in a suitable machiue the active ingredicnt in a
free-flowing form such as a powder or granules, optionally mixed with cxcipients.

Therapeutic methods

[0283] The solid oral dosage forms (in particular lablets) disclosed herein are used for treatment of
HIV infection {e.g. HIV-1 infcction). In certain cmbodiments. the solid oral dosage forms (in
particular tablets) disclosed hercin arc used for pre-cxposure prophylaxis (PrEP) to reduce the risk of
sexually acquired HIV-1.

[0284] Accordingly, methods for treating a subject infected with HIV are provided, comprising
administering a solid oral dosage form disclosed hercin (in particular a tablet) to the subject.
Similarly. a solid oral dosage form (in particular a tablet) is provided for use in such treatment
methods. Also provided is the usc of the compound of Formula 1 or a pharmaceutically acceptable
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salt thercof. tenofovir alafenamide or a pharmaccuticallv aceeptable salt thercof. and emtricitabine or
a pharmaceutically acceptable sall thercof, in the manufacture of an oral dosage form disclosed
herein (in particular a tablet) for treatment of HIV infection. In some embodiments, the invention
provides the usc of tenolovir alafenamide or a pharmaccutically acceptable salt thereof. and
emtricitabine or a pharmaccutically acceptable sall thereof, in the inanulacture ol an oral dosage

form disclosed herein (in particular a tablet) for treatment of HIV infection.

J0285] In certain cmbodiments. the solid oral dosage forms (in particular tablets) disclosed hercin
are used for pre-exposure prophylaxis (PrEP) to reduce the risk of sexually acquired HIV-1,
Accordingly. mcthods [or preventing infection in a subject at risk of infection with HIV arc provided.
comprising administering a solid oral dosage form disclosed hercin (in particular a tablet) to the
subject. Similarly. a solid oral dosage form disclosed herein (in particular a tablet) is provided for use
in such treatment methods. The invention also provides the use of the compound of Formula 1 or a
pharmaccutically acceptable salt thercof. tenofovir alafenamide or a pharnaceutically acceptable salt
thereof, and emiricitabine or a pharmaceutically acceptable salt thercof. in the manufacture of an oral
dosage form disclosed hercin (in particular a tablet) for prevention of HIV infection in a subject at
risk [or infection. In some embodiments. the invention provides the use of tenolovir alafenamide or
a pharmaceutically acceptable salt thercof, and emtricitabine or a pharmaccutically acceptable salt
thereof, in the manufacture of an oral dosage form disclosed herein (in particular a tablet) for
prevention of HIV infection

[0286] In certain cmbodiments, a method of treating a subject with HIV with the compositions
disclosed herein 1s provided, wherein the method docs not increase the risk of a drug-drug nteraction
in the patient. In certain embodiments. a method of treating a subject with HIV with the compositions
disclosed herein is provided, wherein the method decreases the risk of a drug-drug intcraction in the
paticnt. Exemplary drug-drug interactions include interactions between the compound of Formula I,
tenofovir alafenamide, or emtricitabine with rifampin. metformin, one or more hormonal
contraceptives or an HCV antiviral agent (e.g.. one or more of sofosbuvir, ledipasvir, velpatasvir,
voxilaprevir, grazoprevir, boceprevir, clbasvir, dasabuvir, ombitasvir, paritaprevir, ABT-330, and
ABT-493). In certain embodiments, a method of treating a subject with HIV is provided. wherein the
subject is administered one or the compositions disclosed herein, wherein the subject is also bemng
trealed with rifampin, metformin, or an HCV antiviral agent (c.g., onc or more of sofosbuvir,
ledipasvir, velpatasvir, voxilaprevir. grazoprevir. boceprevir. clbasvir, dasabuvir. ombitasvir,
paritaprevir, ABT-330, and ABT-493).

j0287] The methods involve adminisicring an oral dosage form disclosed hercin (in particular a
tablet) to the subject. tvpically a human, and will gencrally involve repcated administrations,
typically once daily. The treatiment may be prophylactic or therapeutic treatment.
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General

{0288] The term “fed” in relation to administration of a solid oral dosage form to a human subject
means administration of the dosage form orally under fed conditions (moderate fat meal) ¢.g.
administration within about 30 minules of the human consuming a standardizcd meal of aboul 300 to
600 calorics and about 10 to about 15 grams of fat. In somec embodiments. “fed™ rcfers to

administration within about 30 minutes of the human consuming a high fat meat.

{0289] The term “substantially free™ in relation to the presence of a given component within e.g. a
composition means that less than 3% by weight of the composition (e.g. less than 1% by weight of
the composition) is that given component. The word “substantially™ does not exclude “completely”
e.g. a composition which is “substantially free” from Y may be completely free from Y. Where

necessary, the word “substantially” may be omitied from the definition of the invention.

10290] The term “scgregaled™ as used in relation to certain components (e.g. A and B) within a tablet
means that thosc componcnts are physically discrete such that the presence of one component (e.g.
A) does not substantially affect the stability in storage of the other component(s) (e.g. B) from which
it is segregated. Tvpically. when components are segregated in a tablet then they will be present in
scparatc layers in a multilaver tablet. By way of example, components A and B may be present n
separale layers in a multilaver tablet, wherein (a) the fayer containing component A is substantially
free of component B and (b) the layer containing component B is substantially free of component A.
The scparatc lavers may be in contact with each other or may be separated e.g. by onc or more

additional lavers.

{0291] The term “comprisc™ and variations thercof. such as “compriscs™ and “comprising”, arc to be

construcd in an open, inclusive sense, that is as “including, but not limited to”.

{0292] The term “between™ with reference to two valucs includes those two values e.g. the range

“between” 10 mg and 20 mg encompasses e.g. 10, 11, 1213, 14, 13,16, 17,18, 19 and 20 mg.

{0293] The term “about” used in conneclion with a quantity is inclusive of the stated value and has
the meaning dictated by the context (e.g.. includes the degree of error associated with measurement
of the particular quantily). For example, in certain nonlimiting example the term “about” in relation

{0 a numerical valuc x refers to x+10%, x+5%, or x+1%.

[0294] % w/w” means the weight of a component as a percentage of the total weight of e.g. a layer
or dosage form in which the component is present. For example, a composition comprising “3% w/w
X refers to a composition in which the weight of component X is 5% of the total weight of the
composition.

[0295] Reference throughout this specification to “one embodiment” or “an embodiment™ means

that a particular feature, structure or characteristic described in connection with the embodiment is
78
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included in at least onc embodiment provided herein. Thus. the appearances of the phrascs “in one
cmbodiment” or “in an embodiment™ in various places throughout this specification are not
necessarily all relerring to the same embodiment. Furthermore, the particular features, structures, or

characteristics may be combined in any suitablc manner in one or more embodiments.

{0296] The term "pharmaccutically acceptable” with respect o a substance refers to that substance
which is gencrally regarded as sale and suitable for use without undue toxicity, irritation. allergic
response, and the like. commensurate with a rcasonable benefit/risk ratio. “Pharmaceutically
acceptable™ with regard to excipients includes without limitation any adjuvant, carricr, excipient,
glidant, sweetening agent, diluent, preservative, dve/colorant. flavor enhancer, surfactant, wetting
agent, dispersing agent. suspending agent. stabilizer, isolonic agent, solvent. or emulsifier which has
been approved by the United States Food and Drug Administration as being acceptable for usc in
humans or domestic animals.

{0297} ~Pharmaccutically acceptable salt” refers to a salt of @ compound that is pharmaccutically
acceptable and that possesses (or can be converled to a form that possesses) the desired
pharmacological activity of the parent compound. Such salts include acid addition salts formed with
inorganic acids soch as hydrochloric acid, hydrobromic acid. sulfuric acid. nitric acid. phosphoric
acid, and the like: or formed with organic acids such as acetic acid. benzencsulfonic acid, benzoic
acid, camphorsulfonic acid. cilric acid. cthanesulfonic acid. fumaric acid, glucoheptonic acid.
sluconic acid, lactic acid. maleic acid. malonic acid, mandclic acid, methanesulfonic acid, 2-
napththalencsulfonic acid, oleic acid. palmitic acid, propionic acid, stearic acid, succinic acid, tartaric
acid, p-toluenesulfonic acid, trimethylacetic acid. and the like, and salts formed when an acidic
proton present in the parent compound is replaced by either a metal ion. e.g.. an alkali metal ion. an
alkaline carth ion, or an aluminum ion; or coordinates with an organic basc such as diethanolaminc,
tricthanolaminc, N-methylglucamine and the like. Also included in this definition arc ammonium
and substituted or quatcrniccd ammonium salts. Representative non-limiting lisis of
pharmaceutically acceptable salts can be found in S.M. Berge et al.. J. Pharma Sei.. 66(1). 1-19
(1977). and Remington: The Science and Practice of Pharmacy, R. Hendrickson, cd.. 21st cdition,
Lippincott. Williams & Wilkins, Philadelphia. PA, (2005). at p. 732, Table 38-3, both of which are
hercby incorporated by reference herein,

{0298] As used hercin. the tenm “salts™ includes co-crystals. The term "co-crvstal” refers to a
crystalline compound comprising two or more molecular components. e.g. wherein proton transfer

between the molecular components is partial or incomplete.

[0299] The term “solvate”™ means a molecular complex comprising a compound and one or more
pharmaccutically acceptable solvent molecules. Examples of solvent molceules include water and C,.
s alcohols. e.g. ethanol. When the solvate is waler, the term “hydrate™ may be used.
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[0300] “Treating” and “trcatment” of a discasc include the following:

(H preventing or reducing the risk of developing the discase. /.e. causing the clinical symptoms
of the disease not to develop in a subject that may be exposed 1o or predisposed to the disease but

docs not yet expericnce or display symptoms of the discase.

(2) inhibiting the diseasc, i.c. arresting or reducing the development of the disease or its clinical

symptoms, and
(3) relicving the disease, i.e. causing regression of the discase or its clinical symptoms.

The term “effective amount” refers to an amount that mav be cffective to clicit the desired biological
or medical response, including the amount of a compound that, when administered 10 a subject for
treating a disease, is sufficient to effect such treatment for the discase. The effective amount will
vary depending on the compound. the disease and its severity and the age. weight, erc. of the subject
1o be treated.  The effeclive amount can include a range of amounts.
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EXAMPLES
{0301} The following examples arc provided for purposcs of illustration. not limitation.

Example I — Compound of Formulu Il single agent tublets

[0302] A formulation (tablet F1) of the compound of Formula 11 was prepared by dry granulation.
Figure 3 is a flow diagram illustrating the preparation of this formulation. The composition of the

singlc agent formulation is shown in the table below:

Tablet Formulation F1
Component Mass (mg/tablet) | % w/w/ tablet
Compound of Formula 1l 78.7* 26.2
Microcrystalling cellulose 120 40
Lactose monohydrate 75.8 253
Crospovidonc 21 7
Sodtium Stearyl Fumaratc®* 4.5 15
Total Weight 300

Cipla v. Gilead

*Equivalent to 73 mg of the Compound of Forunula |

#* lntergranntar:2.25 mg (0.75%; Extragramular: 2 25 mg (0.75%)
[0303] In the pharmacokiiictic studies of Example 3, the tablets of Formulation F1 were film coated
with 12 mg Opadry 11 Yellow 83F92259. The total weight of the film coated tablets was 312 mg.

[0304] The Compound of Formula 11 was blended with intergranular excipients (lactose,
microcrystalline ccllulose. and crospovidone), further blended with the mtergranular portion of the
sodium stearyl fumarate). roller compacicd, milled. and final blended with the sodium stcaryl
fumarale to yield a final powder blend for compression. The final powder blend had a mean particle
size of 347 um with a compressibility index of 21%. The final powder blend was compressed mto

tablet cores, which were film-coated as described above 1o a target weight goin of 4%,
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Example 2 — Compound of Formula I1/ emtricitubine / tenofovir alafenamide bilayer tablets

{0305] A bilaver formulation (tablet F2) of the compound ol Formula 11, emtricitabine, and tenofovir
alafenamide hemifumaraie was prepared using the method described in Example 8. Figure 6 is a {low
diagram illustrating the preparation of bilaver lablets. The composition of Lhe formulalion is

swnmarized in the table below:

Bilayer tablet F2
(mg/tablet)

Ingredient Emtricitabine/
Compound of 3 .
) tenofovir alafenamide
Formula IT Layer : .
7 hemifumarate Layver

Compound of Formula TT 78.7"

Emtricitabine 200

Tenofovir alafenamide hemifumarate 28.17
Microcrystalline cellulose 247.8" 1131
Croscarmcllose sodium 21.2 30.2

Magnesium Stearate 531 571

Laver Wcight 858 377

Tablet Core Weight 730

"Equivatent 1o 75 mg of the Compound of Formula [
“"Equivalenl to 25 mg tenofovir alafenamide
“Lotergranular: 212.5 mg (29.1%; Extragranular: 2.65 mg (0.4%)

':Almergmnular 2.63 mg (0.4%); Extragranular: 2.635 mg (0.4%)

Hlmergmnulur: 2.83 mg (0.4%%); Extragranular; 2.83 mg (0.4%)

[0306] In the pharmacokinetic studies of Example 3, the tablcts of Formulation F2 were film coated
with 21.9 mg Opadry TT Yelow 85F92259 (represented 3% weight gain). The total weight of the film

coated tablets was 732 mg.

10307] The tablets were manufactured using a dry granulation by roller compaction process. An
emitricitabine / tenofovir alafcnamide final powder blend was manufactured by dry granulation of
emitricitabine and tenofovir alafenamide with excipients (microcrystalline cellulose, croscarmellose
sodium, intcrgranular magnesium stearate), followed by blending with extragranular lubricant
(extragranular magnesium stearatc). The final powder blend of the Compound of Formula 1 was
manufactured by dry granulation of the active component with excipients (microcrystalline cellulose,
croscarmellose  sodium. intergranular magnesium stearate) followed by blending with the
82
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extragranular filler and lubricant (microcrystallinc cctlulose and extragranular magnesivm stearate).
In this study. the emiricitabinc/tenofovir alafenamide final powder blend was compressed as layer |
and the final powder blend of the Compound of Formula 1 was compressed as layer 2 1o give a final
bilaver tablet core. The corc was film coated as described above.

Example 24 Emtricitabine / tenofovir alafenamide tablets

[0308] The composition of the cmtricitabine / tenofovir alafenamide (F/TAF) fixed dose
combination tablets used in subsequent studics is shown in the following tablc:

Tablet Formulation F3
Compoierts Emtricitabine/tenofovir alafenamide
200/25 mg
(mg/tablet)
Intergranular
Emtricitabine 200
Tenofovir Alafenamide Hemifumarate 28.0
Microcrystalline Cellulose 88.7
Croscarmellose Sodium 28.0
Magnesium Stcarate 26
Extragranular
Magnesium Stcarate 2.6
Total Tablet Core Weight 350
Film-Coating
Opadry 11 Blue 83F105057 10.5

[0309] Emtricitabinc  and  tenofovir  alalcnamide  hemifumarate  were  co-blended  with
microcrystalline cellulose and croscarmellose sodium. followed by lubrication with magnesium
stearate. The roller compaction pre-blend was then roller compacted and milled using an oscillating
mill. The resultant granules were lubricated with magnesium stearate and compressed into 350 mg
tablet cores which that were subscquendly film coated.

Example 3 — Pharmucokinetic Studies

[0310] Studics were carricd out to asscss the pharmacokinetic profiles of the formulations FI, F2.
and F3 of Examples 1, 2. and 2A. A randomized, open-label, multiple-period. fixed-sequence.
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crossover study was performed to cvaluate the relative bioavailability of bilaver tablet formulation
F2 compared with that of singlc agent tablet formulation F1 co-administered simultancously with a
fixed-dose combination tablet containing emtricitabine and tenofovir alafenamide (tablet formulation

F3). The bioavailability was evaluated in healthy subjects.

Study Design and Duration of Treatment

10311] Three single doses of the following tablct formulations were administered orally dwring up to
21 days total study duration:

(a) a fixcd doscd combination tablet containing cmtricitabine and tenofovir alafenamide
(200/25 mg — Tablet F3) and a single agent tablet containing the compound of Formula 1 (75
mg - Tablet F1) administered simultancously. under fastcd conditions (dosed on day 1: days
2-8 washout);

(b) a fixcd dose combination tablet containing the compound of Formula I. cmtricitabine. and
tenofovir alafenamide (75/200/25 mg — Tablet F2) administered under fasted conditions
(doscd on dav 9; days 10-16 washout); and

(¢) a tixed dosc combination tablet containing the compound of Formula I, emtricitabine. and
tcnolovir alafenamide (75/200/25 mg — Tablet F2) adnministered under fed conditions with a
high-fal meal (dosed on day 17: day 21 discharge).

Criteria for Evaluation

[0312] The following plasma pharmacokinetic parameters were calculated: Chu. AUCyy, and
AUCim',

Statistical Methods

{0313] Pharmacokinetics: Plasma concentrations and PK parameters were listed and summarized by
analyte and treatment group using descriptive statistics. In addition, a parametric analysis of vaniance
using a mixed-cffects model appropriate (or a crossover design was fitled to the natural logarithmic
transformation of the PK parameters (AUCir AUChg, and Cua). Two-sided 90% confidence
intervals (Cls) were constructed for the ratio of geometric least-squares means (GLSMs) of each PK

parametcr for the compound of Formula I, emiricitabine, and tenolovir alafenamide.
Results

[0314] Subject Disposition and Demographics

j0315] A total of 28 subjects were randomized and received at least 1 dose of study drug.

]0316] The results for the first cohort of the clinical study arc summarized in the table below. This
table presents the mean (%CV) values, Geometric Least Squares Mean (GLSM) ratios, and 90% CI
84
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valucs of the plasma PK paramcters AUCyq, AUCiy. and Con, for cach active ingredient. folowing
administration of bilayer tablet formulation F2 or the singlc agent tablet formulation F1. co-
administered wilh a fixed dose combination of emtricitabine and tenofovir alafenamide under fasted

conditions.
Mean (%CV)
Compound of Formula 1 | Componnd of Formula |
IRITAF (75 mg) +
(75/200/25 mg) F/TAF (200/25 mg)

{Test) (Reference) % GLSM Ratio
PK Parameter (N=28%) (N=128) V6% CI)
Compound of Formula I
AUC, (heng/mL) 151,844.0 (26.9) 119.619.4 (26.6) 126.76 (117.82,136.37)
AUC, (heng/mL) 156.637.5 (27.5) 123,174.0 (26.6) 126.82 (117,87, 136.45)
Cun (Ng/mL) 7123.9(21.6) 5593.9 (31.0) 130.72 (119.95, 142.45)
FTC
AUC, (heng/inL) 11,412.3 (13.5) 11,1993 (13.7) 101.89 (99.50, 104.33)
AUC,s (heng/mL) 11,642.8 (13.2) 11.436.4 (13.2) 101.78 (99.45. 104.16)
Cun (ng/mL) 2264.3(22.7) 2153.6 (21.5) 104.86 (97.73, 112.50)
TAF
AUC,, (heng/mL) 2055 (45.5) 223.6(45.2) 91.62 (82.13.102.21)
AUC,s (heng/mL) 206.8 (45.2) 225.1 (45.0) 91.56 (82.27. 101.91)
Chuax (D/ML) 253.3 (44.2) 276.7 (51.7) 9547 (79.88. 114.10)

[0317] The total exposure of the compound of Formula 1, under fasted conditions, was
approximalely 30% higher when dosed in the bilaver tablet formulation F2, contaming two additional
therapeutic agents (TAF and FTC), compared to singlc agent tablet formulation 1. co-dosed with a
fixed dose combination tablet containing TAF and FTC (F3). Under fasted conditions, the AUC;y
and Cpy of the compound of Formula 1 were 27% and 31% higher, respectively. following
administration of bilayer tablet formulation F2 than following administration of smglc-agent tablet
formulation F1 with the F/TAF fixcd dosc combination (F3, 200/25 mg). Emtricitabinc and tenofovir
alafenamide exposure was similar following administration of bilayver tablet formulation F2 or single-
agent tablet formufation F1 with the F/TAF FDC (F3. 200/25 mg).

{0318] Bascd on the data from (his study. a new fixcd dose formulation of the compound of Formula
T. emiricitabine, and tenofovir alafenamide was developed.
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{0319] The cffcet of food on the pharmacokinctics of the compound of Formula 1 was also cxamined
in a non-randomizcd, open label, crossover, 2 period, fixed scquence. and single dose cohort
consisting of 8 unique subjects. In this study, a single dose of the compound of Formula | was
administcred in two periods with fixed scquence under fasted and fed conditions respectively. A

washoul of at Icast five half-lives was required between fasted and fed sequences.

[0320] The compound of Formula I was prepared according to percent weight of the tablet
formulation of Examplc 1, a dose equivalent to 100 mg of the compound of Formula | and excipient
amounts adjusted accordingly lo arrive al the designated weight percentages (100 mg/tablet). A
single tablel containing the compound of Formula I (100 mg/tablet) was admmislered with
approximately 240 mL water after an overnight fast (no food or drink. except water, for at least 10
hours) on Day . Subjccts continucd to fast until 4 hours post dosc or until collection of the 4-hour
postdose blood sample. On Day 9, A single tablel containing the compound of Formula 1
(100 mg/tablet) was administered with approximately 240 mL water after an overnight fast (no [ood
or drink, cxcept water. for at lcast 10 hours) and within 3 minutes of the subjeets finishing a standard

high-fat break fast (approximately 800 calories with 50% of calorics from fat).

{0321] The cvaluation of the cffect of food on compound of Formula [ was obtained by comparing
AUC,u, AUCyq. and Cpye on Days 1 and 9 under fed and fasted conditions. The natural log-
transformed PK parameters (i.e., AUCiy, AUCq.iuq, and Cy) Were evaluated using a mixed-effects
model with food as a fixed cffect and subject as a random cffeet. The 90% C1 for the geomelric Ieast
square mean (GLSM) ratios for fast versus led was constructed. The statistical comparison of the
pharmacokinetic parameters of the compound of Formula | following single dose administration of

this tablet formulation in fed and fasled slates is presented in the table below.

Mcan (%CV)
Test Reference
Compound of Formuta I | Compound of Formula I

Compound of Formula I 100 mg Fed 100 mg Fasted % GLSM Ratio
PK Paranicter (n=8) (n=8) (90% CI)
AUC, ¢ (hr*ng/mlL) 214,146.3 (15.9) 117.777.1 (23.3) 183.97 (152.05.222.59)
AUC g (hr¥ng/mL) 209,259.9 (15.1) 115,681.7 (24.0) 183.58 (151.91, 221.86)
Ciux (/ML) 11,268.8 (15.1) 5885.0 (34.9) 200.69 (165.93. 242.74)

[0322] The Table above presents the GLSM ratios and associated 90% confidence intervals (Cls) for

the test (fed) versus reference (fasled) treatments for the primary plasma PK parameters of the

compound of Formula |. Administration of a single dosc of the compound of Formula 1 100 mg with

food (high-calorie/high-fat breakfast) increased the GLSM vatues of Ciux and AUC;,¢ 101% (90% CI
86
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of GLSM ratio 165.93% to 242.74%) and 84% (90% Cl of GLSM ratio 152.05% to 222.59%).
respectively. There were no apparent changes in clearance and L, following administration with
food. indicating that food enhanced the bioavailability of the compound of Formula | by mproving
its solubility and/or absorption.

[0323] The cffect of food on the PK of the compound of formula 1. emtricitabine. and tenofovir
alafenamide when administered as the tablet formulation F2 tablet was evaluated in the clinical study
described above (The randomized. open-label, multiple-period, fixed-sequence, crossover study
mvolving 28 subjects comparing bilaver tablet lormulation F2 with that of single agent tablet
fonnulation FI co-administered simultancously with a fixed-dose combination tablet containing
emtricitabine and tenofovir alafenamide (tablet formulation F3).

[0324] The mean {%CV) values, GLSM ratios, and 90% CT values of the plasma for PK parameters
AUCy. AUCqy, and Cyy, for the compound of Formula 1., emiricitabine, and (cnofovir alafenamide
[ollowing administration of tablet formulation FF1 under fasted conditions or with a high-[at mcal arc
presented in the following able.

Mean (%CYV)
Compound of Formnla I | Cempound of Formula I
/F/TAF /FITAF
(75/200/25 myg) (73/200/25 mg)
(High-Fat Meal; Test) (Fasted; Referenee) % GLSM Ratio
PK Paramcter (N=28) (N=28) (90% CI)
Componnd of Formmia I
AUC (heng/mL) 216,733.1 (23 4) 151.844.0 (26.9) 445 (13426, 155 40)
AUG;¢ (heng/mL) 226,142.1 (249 156.637.5 (27.3) 145.88 (133.58, 156.95)
Cray (Ng/mL) 8941.1 ¢(16.9) 71239 21.6) 126.74 (116.30, 138.12)
FTC
AUC g (heng/mL) 11.483.0 (15.7) 114123 (13.5) 100.34 (97.99, 102.75)
AUG¢ (heng/mL) 11,706.4 (15.6) L1.641.6 (13.2) 100.25 (97.96, 102.59)
Coae (ng/mL) 1872.5 (20.1) 22643 (22.7) 83.18 (77.53. 89.25)
TAF
AUCq (hengmil) 3153 (44.0) 203.5 (45.5) 156.81 (140.57, 174.94)
AUC,¢ (heng/mL) 319.7 (43.1) 206.8 (45.2) 158.20 (142,14, 176.08)
Cy (ng/mL) 212.2 49.4) 2533 (44.2) 83.22 (69.63, 99.46)

[0325] Compared with adminisiration under fasted conditions, adminisiration of the {ablet
formulation F2 with a high-fat meal resulted in a 46% higher AUC;yr and a 27% higher Cyay for the
87
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compound of Formula 1. The impact of food on emtricitabine and tcnofovir alafenamide exposure

was similar to that previously obscrved.

[0326] The data presented in the two tables above also demonstrate that the effect of food on the
total cxposure of the compound of Formula 1 is reduced in bilayer tablet formulation F2, relative to
the single agent tablet formulation F1. The geometric mean ratio of AUC;,y for the compound of
Formula I in single agent tablet formulation F1 was 1.84, while the geometric mean ratio of AUC¢
for the compound of Formula | in bilayer tablet formulation F2 was 1.46. In comparison the
gcomelric mean ratio of AUC,y for emtricitabine in to 0.91 and 1.00 for eminicitabine and 1.75 and
1.58 for tenofovir alafenamide in cach formulation respectively (comparing the emtricitabine and
tenolovir alafenamide exposurcs of the tablet formulation F2 with that of tablet formulation F1
codosed with the tablet formulation F3). The geomctric mean ratio of Cyay for single agent tablet
formulation F1 was 2.01, while the geometric mean ratio of Cyy, for bilaver tablet formutation F2
was 1.27. In comparison, thc gcomctric mean ratios of Cug for cmtricitabine and {cnofovir
alafenamide in tablct formulations FI and F2 were .83 and 0.83, respectively. These data indicate
that a lixed dosed combination tablet formulation of the compound of Formula 1, emtricitabine, and

tenofovir alafenamide may be taken without regard to food.

Example 4 — Dissolution Studies

[0327] Studies werc carricd out to assess the dissolution profiles of tablets F1. F2. and F3-A.
Dissolution ol the compound of Formula 11 was measured using USP Apparatus I1. in 250 mL of pH
6.5 fasted state simulated intestinal fluid (FaSSIF). at 37 °C and paddle speed of 100 rpm. FaSSIF
was preparcd by adding simulated intestinal fluid (SIF) powder (Biorclevant.com) to pH 6.5
phosphate bulfer at approximately 4.48 g/L. Once the powder was dissolved, the volume of the
resulting solution was doubled. In the case of the single agent tablet formulation F1. dissolution of
the compound of Formula 11 was measurcd in the presence of the fixed dose combination tablet
formulation F3 of Example 2A containing emtricitabinc and tenofovir alafenamide hemifumarate.
The results are shown in Figure 1. These data show that the bilayer formulation (lablet F2) exhibited
cnhanced dissolution of the compound of Formula Il. compared to the single agent formulation
(tablet FI codosed with F3). Tablet formulation F3-A was prepared as a single agent formulation
according (o the process described in Example 1 according to the table below.

88

614172.1

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
99 of 1915



1147.P2C

Tablet F3-A
Ingredient {mg/tablet)
Compound of
Formula Il Layer
Compound of Formula 11 787

Emtricitabinc

Tenofovir alafecnamide hemifumarate

Microciystalline cellulose 247.87
Croscarmellosc sodium 21.2
Magnesium Stearate Slge
Tablet Core Weight 353

“Equivalent 10 73 g of the Compound of Formula |
""Intergranular: 212.5 mg (29.1%); Extragranular. 2.65 mg (0.4%)

Tlmcrgrmmlar: 2.65 mg (0 4%0); Extragranular; 2.65 myg (0.4%)

[0328] As shown above, Tablet F3-A used the composition (cxcipient sclection and quantitics) of
the Compound of Formula 11 Layer of Examplc 2 (F2). Figure 1 further demonstrates that Tablet
formulation F2 exhibited enhanced dissolution of the compound of Formula 11 compared to Tablet
formulations F1 and F3-A. The total percentage of the compound of Formula 1l dissolved from
formulation FI and F3-A was comparable at approximately 60%. The total amount of the compound
of Formula 11 dissolved from formulation F2 was approximately 10% higher.

[0329] In a sccond study. dissolution of thc compound of Formula 11 was measurcd using fed statc
simulated intestinal fluid (FeSSIF) as dissolution medium. FeSSIF was prepared by adding simulated
intestinal fluid (SIF) powder (Biorelevant.com) to pH 3.0 phosphate buffer at approximately
22.405 g/L. Once the power was dissolved. the volume of the resulting solution was doubled. In this
study. dissolution of the compound of Formula 1l was measured using USP Apparatus 11, in 250 mL
of pH 5.5 fed simulated intestinal fluid, at 37 °C and paddle speed of 100 rpm. As in the previous
study using fasted simulated intestinal fluid, the single agent tablet formulation F1 was tested in the
presence of a second tablet formulation containing emtricitabine and tenofovir alafenamide
hemifumarate (tablet F3). The results are shown in Figure 2. These data also show that the bilayer
formulation (tablet F2) cxhibited enhanced dissolution of the compound of Formula II, compared to
the single agent formulation (tablet F1),

89
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Example 3 — Excipient Studics

10330] To further assess the effect of specific excipients on dissolution of the compound of Formula
1. three additional bilayer tablet formulations were prepared, F4. F3. and F6. Tablel formulation F4 is
similar to tablet formulation F2, with croscarmellose sodium being replaced with crospovidone.
Likewise. tablet formulation F5 is similar to tablet formulation F2, with magnesium stcarate being
replaced with sodium steary] fumarate. Finally. tablet formulation F6 is similar to tablet formulation
F2, with both croscarmellose sodium and magnesium stearatc being replaced with crospovidone and
sodium stearvl fumarate. respectively. Tablets F4, F5, and F6 were prepared using the mcthod

described in Example 8.

Bilayer tablet | Bilayer tablet | Bilayer tablet
F4 F35 F6
Emtricitabine/
Ingredient tenofovir alafenamide Compound of Formula I Layer
hemifumarate Layer (mg/tablet)
(mg/tablet)
Emiricitabine 200
Tenofovir alafenamide
hemifumarate 28.1
Compound of Formula Il 78.7 78.7 78.7
Microcrystalline cellulose 113 244 248 244
Croscarmellose sodium 30.2 2.2
Crospovidone 24.7 247
Magnesium Stearate S 33
Sodium Stearyl Fumarate 5.8 523
Layer Weight 87 353 355 353
Tablet Core Weight 730 730 730

{0331} Figure 3 shows the results of dissolution studies performed on tablet formulations F4, F5. and
F6, as well as tablet formulation F1 and F2. These dala demonstrate that the substitution of each

excipient enhances the dissolution of the compound of Formula L.
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614172.1

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
101 of 1915



1147 P2C

Example 6 — Compound of Formula I/ emtricitubine / tenofovir alafenamide bilayer tablets — 50
mg dose

10332} As aresult of the higher in vivo exposure of the compound of Formula I that was observed in
the pharmacokmetic studies, a bilaver formulation (tablet F7) of the compound of Formula 1I,
cmtricitabine, and tenofovir alafenamide hemifumarate was prepared incorporating a lower dose of
the compound of Formula 1. Tablet formulation F7 was prepared as described previously. ie.. using
the method described in Example 8. The composition of the formulation is summarized in the table

below:
Bilayer tablet F7
(mg/tablet)
Ingredient Emtricitabine/ tenofovir
Compo;llnﬁ a?fc Eomm]a alafenamide
i hemifumarate Laver
Compound of Formula 1 SWSH
Emtricitabine 200
Tenofovir alafenamide hemifumarate 28"
Microcrystalline cellulose 246.3 1382
Croscarmellose sodium 194 30.2
Magnesnnn Stcarate 49 ol
Laver Weight 323 377
Tablet Core Weight 700
Opadry 11 Brown 83F 163072 21
Film Coated Tablet 721

“Equivalent 10 50 mg of ihe Compound of Formuta 1
“Equivatent (o 23 mg tenofovir alafenamide

91

614172.1

IPR2025-00033 Petitioner Exhibit 1040

102 of 1915

Cipla v. Gilead



1147.P2C

Example 7 — Compound of Formula I single agent tablets (50 mg)

10333} Dissolution studies were performed comparing the 30 mg dose bilayer tablet F7 with a 30 mg
single agent lablet.

[0334] A 50 mg formulation (tablet F8) of the compound of Formula H was prepared in a similar
manner as tablet formulation F1 of Example I. The composition of the single agent formulation is

shown in the lablc below:

Tablet Fermulation F8
Component Mass (mg/tablet) | % w/w/ tablet
Compound of Formula Il 525 26.2
Microcrystaltine cellulose 80 40
Lactosc 50.3 283
Crospovidone 14 7
Sodium Stearv] Fumarate 3 1.5
Total Weight 200

[0335} Figurc 4 shows the dissolution of 50 mg bilayer tablet formulation (fixed dose combination)
F7 and 50 mg single agent tablet formulation F8. Dissolution of the compound of Formula [t was
measured using USP Apparatus 11, in 333 mL of pH 6.5 FaSSIF, at 37 °C and paddlc specd of 100
rpm. Two tablets of cach tablet formulation, F7 and F8 were tested. As in Example 3, in the case of
the single agent tablet formulation F8. dissolution of the compound of Formula 11 was measurcd in
the presence of the fixed dose combination tablet formulation of Example 2A containing
emtricitabine and tenofovir alafenamide hemifumarate. These data show that the 50 mg bilayer
formulation (tablet F7) exhibited enhanced dissolution of the compound of Formula II. compared to

the single agent formulation (tablet F8).

Example 8 — munufacturing process
10336] The  manufacturing/packaging  procedurc  for  the  compound of  Formula

I1/emtricitabine/tenofovir alafenamide hemifumarate tablets is divided into five unit processes:

I. mixing of the compound of Formula 11 drug substance with intergranular excipients, roller
compaction or slugging, milling, and blending with extragranular excipients to yicld the final
powder blend for the compound of Formula 1.
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2. mixing of emtricitabine and tenofovir alafecnamidc hemifumarate drug substances with
miergranular excipients. dry granulation. milling, and blending with extragranular excipients
to yield emtricitabine/tenofovir alafenamide hemifumarate final powder blend;

3. tablct compression lo vield bilaver tablet cores:

4. tablet film-coating to vield film-coaled tablets: and

5. packaging.
[0337] The manufacturing process sieps Lo producc the final drug product are detailed below

Final Powder Blend for the Compound of Formula II (Dispensing. Blendine. Drnv Granulation.
Milling, Final Blending)

L. Weigh the compound of Formula H and the excipicnts {microcrvstalline cellulose and
croscarmellose sodium). Correct the weight of the compound of Formula 11 bascd on the drug
content factor (DCF), with a concomitant reduction in the weight of microcrystalline
cellulose.

3

Blend in intcrgranular portion of magnesium stearate to the tumble blender and blend.
3. Dry granulate the resulting blend using a roller compactor or slug the resulting blend and
mill.

4. Add extragranular microcrystalline cellulose and magnesium stearate and blend.

Emtricitabine/tenofovir alafcnamide hemifumarate Final Powder Blend (Dispensing. Blending. Dry

Granulation. Milling. Final Blending)

3. Weigh emtricitabine and tenofovir alafenamide hemifumarate drug substances and excipients
(microcrystalline cellulose and croscarmellose sodium). Adjust the weight of emtricitabine
and tenofovir alafenamide hemifumarate drug substances based on their corresponding DCF,
with a concomitant adjustment to the weight of microerystalline cellulose.

6. Blend in cmtricitabine and tenofovir alafenamide hemifumarate drug substance,
microcrystalline cellulose, and croscarmellose sodium (o a tumble blender and blend.

7. Blend in infergranular portion of magnesium stearate to the tumble blender and blend.

8. Dry granulate the resulting blend using a roller compactor or slug the resulting blend and

mll.

9. Blend in the extragranular portion of magnesium stearate.
Tableting

10. Compress the final powder blend of the compound of Formula 11 as the first laver and the
cmtricitabine/tenofovir alafenamide hemifumarate final powder blend as the second laver,
with an appropriate main compression force to achicve a target hardness of 17 kP (range: 14
1o 20 kP). For tablet formulations containing S0 mg of the compound of Formula 11, the final
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powder blend is compressed to a target layer weight of 323 mg using a target lotal tablct
weight of 700 mg. For tablet formulations containing 75 mg of the compound of Formula 11.
the final powder blend is compressed 1o a target layer weight of 333 mg using a larget total
tablet weight of 730 mg.

Film-coating

11. Preparc a suspension of Opadrvik 11 Brown 85F165072 (for tablets containmg 50 mg
compound of Formula 1) or Opadrv® 11 Yollow 85F92239 (for tablets conlaining 75 mg
compound of Formula 1). Film-coat the tablet cores to achieve the target tablet weight gain of

3% (range 2-4%). Dry film-coated tablets prior to cooling and discharge.

Example 9 — Pharmacokinetic Studies — Cohort 2

10338] The pharmacokinetic study of Example 3 was continucd with a second treatment group
(cohort) Lo asscss the pharmacokinetic prolile of formulation F7 of Example 7 comparcd with that of

formulation F2.

Study Design and Duration of Treatument

10339] Four single doscs of the following tablet formulations were administered once per day orally
during 36 days tolal study duration:

(@) a fixed dosed combination tablet containing emtricitabine and tenofovir alafenamide
(200/25 mg — Tablet F3) and a singlc agent tablet containing the compound of Formula 1 (75
mg - Tablet F1) administered simultancously, under fasted conditions {Trcatment A) (doscd

on day |, davs 2-8 washout);

(b) a fixed dose combination tablet containing the compound of Formula I, emtricitabine,
and tenofovir alafenamide (30/200/25 mg — Tablet F2) administered under fasted conditions
(Treatment D) (doscd on day 9: days 10-16 washout); and

(b) a fixed dose combinalion tablet containing the compound of Formula I, emtricitabine, and
tenofovir alafenamide (30/200/25 mg — Tablet F2) administercd under fed conditions with a
high-fat meal (Trcatment E) (doscd on dav 17; days 18-24 washout):

(¢) a fixed dosc combination tablet containing the compound of Formula |, cmiricitabine. and
tenofovir alafenamide (50/200/25 mg — Tablet F2) administered under fed conditions with a
moderate-fat meal (Treatment F) (dosed on day 23; day 29 discharge).

94
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Criteria for Evalualion

[0340] The following plasina pharmacokinctic paramcicrs were caleutated: AUChq, AUC),.
‘)/"‘)AUCC,\‘p, Cnmx, ClnSI, Tnmx.- Tl:lsx: CL/F \/JF, and .

Statistical Methods

[0341] Pharmacokinetics: Tndividual subject concentration data and individual subject PK
paramelers for cach analytc (compound of Formula |, FTC, and TAF) werc listed and summarized
using descriptive statistics by trealment group (cohort) and Lrcatment. Suminary statistics were
determined for both individual subject concentration data by time point. cohort, and treatment and
individual subject PK parameters by cohort and (treatment. Also, the geomelric mean. 93%
confidence interval (Ch). and the mean, and standard deviation (SD) of the natural log-transformed
values were presented for individual subject PK parameter data. The sample size for cach time point
was based on the number of subjects willi nonmissing concentration data at tha( time point. The
number of subjects with concentration below the leve) of quantitation (BLQ) was presented for cach
lime point.

[0342] Statistical comparisons of the natural log-transformed PK paramcters for cach analytc and
treatment comparison of interest were performed. The statistical modelling was based on the PK
Analysis sct for the analyte under evaluation. For cach analvic, alt subjects with available data for the
PK parameter under cvatuation were included in the modelling. The statistical comparisons using
Treament A as a reference only used data from this cohort, not from the earlier cohort of Example 3
(1., Treatment A was not pooled).

For cach analyte and cach PK paramcter. a parametric (normal theory) mixed-cffects ANOVA model
was fitled Lo the natural log-transformed values of the PK paramecter under evaluation. The statistical
niodel included treatment as a fixed effect and subject as a random effect.

[0343] A total of 27 subjects completed the second treatement group of the study.

Results

{0344] Plasma pharmacokinetic parameters for cach analvtc are presented below. This table presents
the mean (%CV) valucs. Geometric Least Squares Mcan (GL.SM) ratios, and 90% CI valucs of the
plasma PK paramcters AUC . AUC,,y. and C e for cach active ingredient. following administration
of bilayer tablet formulation F7 and monolayer tablet formulation F1 coadministered with F/TAF
formulation F3, under fasted conditions.
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Mean (%CV)
Formulation ¥7 Formulation FL + ¥3
Compound of Formula Compound of Formala (75
1/F/TAF (50/200/25 mg), mg) + F/TAF (200/25 mg)),
Fasted Tasted %GLSM Ratio (0% CI)
(Test) (N =27) (Reference) (N = 28) (Test/Reference)
Compound of Formula I PK Paramcter
AUCyq (reng/mL) 109.061.4 (21.0% 142.396.6 (30.5) 78.46 (73.38, 83.89)
AUC,r (hreng/mL) 112.619.6 121.9) 146.931.6 GLD 78.50 {73.44. 84.04)
Crax (ng/rul) 5228.1 (16.9) 6791.1 (26.4) 78.07 (73.41.83.01)
FTC PK Parameter
AUC,, (hreng/mL) 10.632.9 (13.6) 11.035.5 (14.4) 96.52 (93.95.99.15)
AUC,¢ (hreng/mL) 10.873.9 (13.6) 11,234.6 (14.2) 96.76 (94.22.99.37)
Crax (ng/mL) 22204 (30.1) 2166.4 (27.0) 102.36 (93.85, 111.64)
TAF PK Paramcter”
AUC,,q (breng/mL} 207.1 (46.5) 236.7 (45.3) 85,37 (75.24, 96.83)
AUC ¢ (hreng/mal) 208.8 (46.3) 238.3 (45.0) 85.48 (75.33.97.00)
Cn (ng/1L) 249.2 (31.6) 291.9(55.4) 84.17 (67.59, 104.81)

[0345] In particular, thesc data confirmed that the cxposure of the compound of Formula I in
Formulation F7 was proportionally lower than that obscrved in Formulation F2 and werc consistent
with predicted exposures for the revised dose. Thesc data were consistent with the modelling of
carlier clinical data confirming that these exposures provided anti-HIV antiviral cfficacy. FTC and
TAF cxposurc were similar between Formulation F7 and Formulation F2 coadministered with F3;
TAF Cmax was slightly lower (by approximately 16%) for Formulation F7 than for the
coadministration of F2 and F3.

10346] The effect of food on the pharmacokinetics of the compound of Formula I, emtricitabine and
tenofovir alalenamide when administered in formulation F7 was also examined in a further treatiment

group of the above described clinical study.

[0347] The mean (%CV) values, GLSM ratios, and 90% CI values of the plasma for PK parameters
AUCg. AUCiy. and Cyu for the compound of Forinula I, cmtricitabine, and tenofovir alafcnamide
following administration of tablet formulation F7 under fasted conditions or with a high-fal meal and

with a modcrate-fat meal arc presented in the following table.
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Mcan (%CV)

Compound of Formula Componnd of Formula
VF/TAF (50/200/25 mg) I/FITAF (50/200/25 mg)
high fat meal (Test) fasted (Reference) %GLSM Ratio (90% CD
(N=27) (N=127) (Fest/Referenee)
Compound of Formuola ! PK Parameter
AUC, (hreng/mL) 135,117.3(21.1) 109.061.4 (21.0) 123.96 (115.91, 132.57)
AUC, ¢ (hreng/mL) H0.032.4(21.8) 1126196 (21.9) 124,41 (116.27, 133.11)
Chax (N/L) 3936.3(18.3) 3228.1 (16.9) 11323 (10643, 12043)
FTC PK Parameter
AUCyy, (hreng/mL) 10.213.0 (12.0) 10.652.9 (13.6) 96.02 (9347, 98.65)
AUC ¢ (hreng/mL) 10467.0 (11.9) 10,8739 (13.0) 96.41 (93.88, 99.02)
Couy (ng/mL) 18%1.1(24.2) 22204 (30.1) 85.52 (78.37, 93.31)
TAF PK Parameter®
AUC,, (hreng/mL) 3103 (349) 207.1(46.5) 162.62 (J43.10. 184 80)
AUC, ¢ (hreng/mL) 3184 (328) 208.8 (40.3) 16655 (146 54,189 29
Chy (ng/mL) 236.6 (65.1) 249.2 (51.6) 91.71 (73.40.114.49)
Mean (%CV) %GLSM Ratio (90% CY)
Compound of Formula Compound ef Formula (Test/Reference)
VE[TAF (50/200/25 mg) I/F/TAF (50/200/25 mg)
moderate fat meal (Test) fasted (Refevence)
N=27) (N=127)
Compound of Formula ¥ PK Pavameter
AUC,,, (hreng/mL) 1352173 (229 109.06).4 (21.0) 12356 (115,53, 132.14)
AUC;; (hreng/mL) 140,197.7 (23 .6) 1126196 (21.9) 12406 (1159513274
Cinge (ng/mL) 6279.6 (18.3) 52281 (16.9) 119.90 (112.72. 127.53)
FTC PK Pavameter
AUC,, (breng/AnL) 107383 (9.8) 10.652.9 (13 .6y 101.17 (98.48. 103 .94)
AUC, ¢ (hreng/miL) 10.973.3 (9.5) 10,8739 (13.0) 101.33 (98.66. 104.00)
Coaas (DMLY 19989 (18.4) 2220.4 (30.1) 91.84 (84.17.100.21)
TAF PK Parameter”
AUCy (hreng/mL) 2906 (41.3) 207.1(46.5) 148.20 (130,41, 168.41)
AUCyy (hreng/mL) 293.1(40.9) 208 8 (46.3) 148.23 (130,42, 168.47)
Cngs (ng/mL) 251.1(66.7) 249.2 (51.6) 99.04 (79.33. 123.65)

a  N=28{or the Reference group

|0348] Comparcd with administration under fasted conditions. administration of the tablet
formulation F7 with a high-fat meal resulied in a 24% higher AUCyy and a 13% higher Cyy lor the
compound of Formula 1. Administration of a moderate fat meal, resulted in a 24% higher AUC,, and
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a 20% higher Cy,, for the compound of Formula 1. The impact of food on emtricitabine and tenofovir
alafenamide exposure was similar to that previously observed.

[0349] These data confirm that a fixed dosed combination tablet formulation of the compound of

Formula I, emtricitabine, and tenofovir alafenamide may be taken without regard to food.

Example 10 — Compression Studies

[0350] To further investigate the properties of the compositions, the following studies investigated

blend compressibility and layer adhesion,

[0351] First, various [inal blend compositions including the Compound of Formula I (as a sodiwm
salt, i.c., the Compound of Formula 1) were prepared with varving levels of intergranular or

extragranular lactose is shown in the table below.

Compound of Formula 11: Final Powder Blends Containing Lactose

Tablet Formalation

Components FY \ F10 I F11 Fi2 F13 l Fl4

Tntergramdur % why

Compound of Formula {1 16.24 16.24 16.24 16.24 14.86 14.86
Microcrysiafline Cellulose 40.25 5625 56.25 56.25 69.12 60.63
Lactose 20.00 NA NA NA 0.00 8.50
Croscarmellose Sodinm 6.00 6.00 6.00 6.00 549 549
Magncsinm Stearatc 075 0.75 0.75 0.75 0.69 0.69

Extragranular % whv

Microcrystaliine Cellulose 10.00 10.00 300 15.00 915 913
Lactosc NA 10.00 15.00 5.00 NA NA
Magncsium Stearale 075 .75 073 0.75 0.69 0.69
Layerweight (mg) 323 323 323 323 353 353
98
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10352] Next. final blend compositions of the Compound of Formula 11 with varving amounts of

magnesium stearate ranging from 0.75% to 0.5% werc prepared as shown on the following table:

Compound of Formula 1: Final Powder Blends with Varying Levels of Magnesium Stearate

Tablet Formulation

Components Fis ] F16 | F17 I Fi8 l F19 1 F20

Intergranular Ywshiv

Componnd of Formuta IF 16.24 16.24 16.24 16.24 16.24 16.24
Microcrystatline Cellutose 66253 66.30 66.40 66.40 66.50 6673
Croscarmellose Sodinm 6.00 6.00 6.00 6.00 6.00 6.00
Magnesinm Stearate 0.75 0.70 0,60 0.60 0.50 .50

Extragranular %whv

Microcrysialtine Cellulose 10.00 10,00 10.00 10.00 10.00 10.00
Magnesinn Stearate 0.75 0.75 0.7% 078 0.7s 0.5
Layer weiglt (nig) 323 323 5213 323 323 323

{0353} Finally, final blend compositions containing cmtricitabine and tenofovir alafenamide were
prepared wilh varying amounts of magnesium stearale ranging from 0.75% (o 0.3% as shown in the
table below:

Quantitative Compoesitions of F/TAF Final Powder Blends

Tablet Formulation

Components

F21 | F22 ] F23 F24
Tntergronulur Yinsr
Tenofovir Alafenamide Hemifumarate 7.5 75 7.5 7.5
Emtricitabine 531 53.1 33.1 53.1
Microcrystafline Cellulose 29.9 304 30 302
Croscarmeliose Sodium 8.0 80 8.0 8.0
Magnesium Stearalc 0.75 0.50 0.70 0.60
Extragranular % whs
Magnesinm Stearate 0.75 0.50 0.70 0.60
Laver Weight (mng) ki 377 377 =Fi
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{0354] Altering magnesium stearatc content was studicd (o evaluate the impact on the compound of

Formula 1 and emtricitabine / tenofovir alafenamide blend compressibility and laver adhesion.

Formulations were also monitored for punch {ilming and sticking.

[0355] Fourtcen combinations of the final powder blends described in the above tables were

prepared as summarized in the table below. Critical tamp force was determined for all fourtcen

combinations.

Compression Study Critical Layer | Tamp Force Results

Formulation Tablcl' Tahlct~ Critical Ohservation
Combination Formulation Formulation Tamp Force
Layar 1 Liayver 2 (kN)
A* F21 Fl1s Lo Layers adhered
B* F21 FY <1.5 Delamination
(& F21 F10 <l.5 Dclamination
D* F21 Fil <15 Delamination
» F21 F12 <5 Delamination
53 F21 F13 <l.5 Dclamination
G~ F21 Fi4 <].3 Dclumination
H Fi3 F21 1.3 Delantination
1 ETS F22 2.0 Layers adhered
J Fl6 F23 2.0 Lavers adhered
K E17 F24 1.3 Layers adhered
L Fi18 F22 2.0 Layers adbered
M F19 F22 25 Layers adhered. sticking
N F20 F22 {254 Layers adhercd. slicking

* Notc F/TAF as laver 1 and Compoimd of Formula 1 as layer 2

IG: Intergranular

EG: Exlragranular

MgSt Magnesium Stearate

[0356] Combination A represents layer order and composition used as bascline for comparison of

other compositions. The tablet formulation of each layer corresponds to the corresponding layer of

tablet formulation F7.0One objective was lo investigate whether it was possible to improve on the

critical tamp force of 1.0 kN observed for Combination A.
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10357} Combinations B — G represent studics in which lactose was included in the laver including
the Compound of Formula | (o investigate evaluate laver adhesion. Combination G included 20%
laclose in the intergranular portion, with nonc in the extragranular portion. The ratio of lactose to
microcrystalling ccllulose ranged from 1:1. 3:1. 1:3 in Combinations C, D, and E, respectively,
Combination G included 20 mg lactosc in the intergranular portion. Delamination was observed at
1.5kN for Combinations B — G. As a result. lower tamp forces were not further investigated. When
faver order was reversed (Combination H). delamination did not occur at 1.0 kN but was observed at
1.5 kN using the taver compositions of Combination A.

[0358] In Combinalions 1 — N, varving the amount of magnesium sicaralc in cach laver was
mvesligated to determine the effect on compressibility and laver adhesion. Intergranular magnesium
stearate was 0.73%. 0.70% and 0.60% in the Compound of Formula I laver of Combinations 1. J. and
K. respectively. Total magnesium stearale content in the F/TAF laver of cach of Combinations 1, J.
and K was 1.0 %, 1.4% and 1.2%%, respcetively. Intergranular magnesium stcarate was 0.6% and
0.5% in the Compound of Formuta | laver of Combinations L and M, respectively (with 0.75%
extragranular magnesiwm sicaralc in cach). Combination N has the lowest overall level of

magnesium sicaralc in both layers (1.0% in cach laver).

10359} 1t was found that reducing magnesium sicarate from 0.73% to 0.5% in cach of the
mtergranular and cxtragranular portions the emiricitabine / tenofovir alafenamide laver increcased
critical tamp force Lo 2.0 kN (combination 1). Critical tamp foree could be further improved to 2.5 kN
when magnesium slearate was reduced to 0.3% extragranular and/or intergranular in the layer
containing the Compound of Formula T (combinations M and N). However, despile gaining an
erease in critical lamp force. decreasing magnesium stearate o 0.5% in each component of the
powder blend containing the Compound of Formula 1 had a negative cffect on sticking. Intermediate
changes in magnesium stcarate (Combinations J ~ L) had no further improvement over combination
L. As a resull, magnesium stearale level was decrcased in the cmitricitabine/tenofovir alafenamide
layer only (formulation combination 1). A critical taver 1 tamp forcc of 1377 N was ultimately

determined. The table below summarizes the composition of Formulation |,

{0360] Thus. the addition of intergranular or extragranular laclose lo the laver containing the
Compound of Formula T had litlle (o ono effect on tayer adhesion. Decreasing magnesium slearate
from cach of {inal powder blends improved compressibility.

101
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Quantitative Composition of Combination Formulation I

Components Quantity per Tablet (ing) w/w (%)
Compound of Formula 1 Layer

Compound of Formula I1* 52.5%° 7.3
Microcrystalline Ccllulosc 2463 35,2
Croscarmellosc Sodium 19.4 2.8
Magncsium Stcarale 4.9 0.7
Subtotal 373 46.1
F/TAF Layer

Emtricitabine® 200.0° 28.6
Tenofovir Alalenamide Fumarate® 2801 4.0
Microcry stalling Cellulose 115.0 16.4
Croscarmellose Sodium 30.2 4.3
Magncsium Stcarale 38 0.3
Subtotal 377 389
Total Bilaver Tablet Core Weight 700 100
Film Coat

Opadry 1l Brown 85F165072° 21 3
Purificd Water® o ---F

a  The quantity used is adjusted on the basis of the purity of cach batch of Compound of Formula ITwitha
concomitant adjustment of the quantity of microcrystatline cellulose.

b Equivalent o 50 mg of Compound of Formula 1 frec acid.

The quantity used is adjusted on the basis of the purity of cach baich of emitricitabine and tenofovir

alafenamide hemifumarate with a concomitant adjustment of the quantity of microcsystalline cellulose.

d  Equivalent to 25 mg of tenofovir alafenamide free base.

¢ Opadry Il Brown §35F 165072 contains polyvinyl alcohol, USP (40.0% w/w): titanium dioxide, USP (22.0%
whv): polyethvlene glveol, NF (20.2% w/w): talc, USP (14.8% w/w); iron oxide red. NF (2.4% wiw). iron
oxide black. NF (0.6% w/w).

[ Represents a theoretical weight gain of 3% w/w (range 2% 10 4% w/w) onto the tablet core weight.

g Sufficient purificd water is used for film coating and is removed during the process

(2]

[0361] All publications, patcnts and patent applications arc incorporated by reference in their
entirety. as though individually incorporated by reference. The invention has been described with
reference Lo various specific and preferred embodiments and techniques. However, it should be
understood thal many variations and modifications may be made while remaining within the spirit

and scope of the invention.
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CLAIMS

I A solid oral dosage form comprising the compound of Formula I;

U]
0 E
H
O\¥/\N\ ”/j@\
@N ™o F F
o OH

or a pharmaceutically acceptable salt thercofl. tenofovir alafcnamide or a pharmaccutically
acceptable salt thercof. and cmiricitabine or a pharmaccutically acceptable salt thercof,

2. The solid oral dosage form of claim 1. wherein the dosage form comprises 50 mg of the
compound of Formula I as a pharmaccuticallv aceeptable salt thercof, 25 mg tenofovir
alafenamide as a pharmaceutically acceptable salt thereof. and 200 mg emtricitabine.

3. The solid oral dosage form of claim | or 2, wherein the dosage form compriscs 52 mg of the
sodium salt of the compound of Formula | and 28 mg tenofovir alafenamide hemifumarate.

4. The solid oral dosage form of any preceding claim. wherein the dosagc form has a total weight
of less than about 800 mg.

5. The solid oral dosage {orm of any preceding claim. wherein the dosage form has a total weight
of less than about 730 mg.

6. The solid oral dosage form of any preceding claim, wherein the dosage form is a tablet.

7. A coated tablet comprising 30 mg of a compound of Formula 1:
0

i 0O F
sSoLpo!
@N ™0 F F
O OH
or a pharmaceutically acceptable salt thereof, 25 mg tenofovir alafenamide or a

pharmaceutically acceptable salt thereof, and 200 mg cmiricitabine or a pharmaccutically
acceptable salt thereof and a coating.

103
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8. A tablcl comprising 32 mg of the compound of Formula 11

(n
O F
o H
NI
OO
o F F
O O™ Na'
28 mg tenofovir alafenamide hemifumarate, and 200 mg emtricitabine or a pharmaccutically

acceplable salt thereof.

9. A tablet comprising (a) 50 mg of the compound of Formula 1:

0]
o F
o
fodnd
NSNS0 F F

O OH
or a pharmaccutically acceptable salt thercof, (b) 25 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thereof. and (c) 200 mg cmtricitabine or a pharmaccutically
acceplable salt thereol. wherein (a) and (b) are segregated, and whercin the tablet has a total

weight of less than about 1 g.
10.  The tablet of claim 9. wherein (a) and (b) are within separate lavers i a multilayer tablet.

1. A Lablet comprising from 6.5-11.0 % w/w of the compound of Formula 1:

®
o F
o
eeasel
N o F F

o OH
or a pharmaceutically acceptable sall thereofl, 3.0-4.5 % w/w tenofovir alafenamide or a
pharmaceutically acceptable salt thereof. and 23-30 % w/w emtricilabine or a pharmaccutically

acceplable salt thereof, where the weight percentages denote a proportion of the whole tablet.

12. A tablet comprising from 7.0-11.0 % w/w of the compound of Formula II:

an
: o F
oo,
NeSNg F
O O Na*
104
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3.5-4.1 % whw tenofovir alafenamide hemifumarate, and 23-30 % w/w emtricitabine. where

the weight percentages denote a proportion of the whole tablet.

13. The tablet of any preceding claim, wherein the tablet does not contain lactose, crospovidone.
and/or sodium steary! fumaraie.

14, The tablet of any preceding claim, wherein the tablet further comprises croscarmellose sodium
and/or magnesiumn sicaralc.

15, The tablet of anv preceding claim, wherein the tablet further compriscs croscarmellose sodium,

magnesium stearate. and/or microcrystalline cellulose.

16, A multilayer tablet compnsing (a) a compound of Formula I:
0]
e} 8
o H
X
ISeQ
o F F

O OH
or a pharmaceutically acceptable salt thereof, (b) tenofovir alafenamide or a pharmaceutically
acceptable salt thereol, and (¢) emitricitabine or a pharmaccutically aceeplable salt thereof,

17. The multilaver tablet of claim 16, whercin cach laver contains at least onc of (a), (b) and (c).

18. The tablet of claim 16 or 17, wherein the tablet comprises (a) a first laver comprising a
compound of Formula | or a pharmaceutically acceplable salt thercof, (b) a second layer
comprising tenofovir alafenamide or a pharmaceutically acceptable salt thereof. and (¢) further

comprises emtricitabine or a pharmaceutically acceptable sall thereol’

19. The tablet of claim 18, whercin (a) the first layer is substantially free of tenofovir alafenamide
or a pharmaceutically acceptable salt thereof, and/or (b) the sccond layer is substantially frec of
a compound of Formula T or a pharmaccutically aceeptable salt thercof,

20.  The tablet of claim 18 or |9, wherein (a) the first laver comprises a compound of Formula 1 or
a pharmaceutically acceptable salt thereof and is substantially free of tenofovir alafenamide or
a pharmaccutically acceptable salt thercof, and (b) the sccond layer compriscs tenofovir
alafenamide or a pharmaceutically acceptable salt thercof and emtricitabine or a
pharmaccutically acceplable salt thereof and is substantially free of a compound of Formula 1
or a pharmaccutically acceptable satt thereof,

21, The tablet ol any onc of claims 16-20, whercin the laver containing a compound of Formula T
or a pharmaccutically acceptable salt thercof does not contain lactose, crospovidone. and/or

sodinm stcarvl (umarate.
105
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22, The tablet of any onc of claims 16-20. wherein the layer containing a compound of Formula 1
or a pharmaceutically acceptable salt thereof comprises croscarmellose sodium and/or

magnesium slearate.

23.  The tablet of any one of claims 16-20. wherein the layer containing a compound of Formula |
or a pharmaceutically acceptable salt thereof comprises croscarmiellose sodium and/or

magnesium stearate and/or microcrystalline cellulose.

24, The tablet of any one of claims 16-20, wherein the tablet comprises from 6.3-11.0 % wiv off
the compound of Formula I or a pharmaceutically acceptable salt thereof. 3.0-4.5 %4 WAV
tenofovir alafenamide or a pharmaceutically acceptable salt thereof. and 25-30 % why
emtricitabine or a pharmaccutically acceptable salt thereof. where the weight percentages

denote a proportion of the whole tablet.

25.  The tablet of any one of claims 16-20. wherein the tablet comprises from 7.0-11.0 % w/w of a
sodium salt of the compound of Formula I, 3.5-4.1 % w/v tenofovir alafenamide
hemifumarate, and 23-30 % w/hv cmtricitabine. where the weight percentages denotc a

proportion of the whole tablet.

26.  The solid oral dosage form or tablet of anv preceding claim. wherein the tablet contains less

than about 13% of the compound of Fornwia | or a pharmaccutically acceplable salt thercof.

27.  The solid oral dosage form or tablct of any preceding claim, wherein the tablet contains Icss
than about 11% of the compound of Formula 1 or a pharmaceutically acceptable salt thereof.

28 The solid oral dosage form or tablet of any preceding claim. wherein the tablet releases at least
about 30% of a compound of Formula | or a pharmaccutically acceptable salt thercof in about
20 minutes. measured using USP apparatus 11, in 333 mL of fasted simulated intestinal fluid,
pH 6.3, at 37 °C and paddie speed of 100 rpm.

29, The solid oral dosage form or tablet of claim 28, wherein the tablet releascs at least about 60%
of a compound of Formula I or a pharmaceutically acceptable salt thereof in about 20 minutes.

30. The solid oral dosage form or tablct of any preceding claim, whercin the tablet relcascs at least
about 70% of a compound of Formula | or a pharmaceutically acceptable sait thereof in about
60 minules.

31. A method of producing a tablet of any one of the preceding claims, wherein the method
comprises (a) compressing the a compound of Formula | or a pharmaceutically acceptable salt
thereof as a first laver, and (b) compressing the tenofovir alafenamide or a pharmaceutically
acceptable salt thercof and emtricitabine or a pharmaceutically acceptable salt thereof as a

second layer.
106
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32, The method of claim 31. wherein the first laver and sccond layer are compresscd separatcly
and subsequently combined.

33, The method of claim 31, wherein the first layer is formed by compression and subsequently the
sccond layer is compressed onto the first layer.

34, The first layer obtainable by the method of claim 31.
35, The second laver obtainable by the method of claim 31.

36. A kit comprising (a) a tablet comprising a compound of Formula 1 or a pharmaccutically
acceplable salt thercof, tenofovir alafenamide or a pharmaccutically acceptable salt thereof,
and emtricitabine or a pharmaceutically acceptable salt thereof, and (b) a desiccant.

37. The kit of claim 36. whercin the desiccant is silica gel.

2
oc

A solid oral dosage form or tablet according to any onc of the preceding claims for use in the
therapeutic treatment of an HIV infection.

39 A mcthod of therapeutic treatment of an H1V infection comprising administering to a subjcct a
solid oral dosage form or tablet according to any one of the preceding claims.

40. A composition comprising about 40 mg to about 60 mg of the compound of Formula I or a
pharmaceutically acceptable salt thercof. about 200 mg to about 400 mg microcrystatline
cellulose, about ! mg (o about 40 mg croscarmellosc sodium.

41, The composition of claim 40, wherein the composition is a first layer of a multilaver tablel.

42, The composition of claim 41, wherein the composition further comprises a sccond laver,
wherem the second layer comprises about 130 mg to about 230 mg emricitabine or a
pharmaccutically salt thercof. about 20 mg to about 33 mg tenofovir alatenamide or a
pharmaceutically salt thereof, about 90 mg to about 130 mg microcrystalline cellulose. about
20 mg to about 35 mg croscarmellose sodium, and about 1 mg to about 7 mg magnesium
stcarate.

i
(Y]

A tablet comprising a first layer and a sccond layer, whercin
the first layer comprises about 3% to about 10% w/w of the compound of Formula 1 or a
pharmaceutically acceptable salt thereof. about 26% to about 44% wiw microcrystalline
cellulose, about 2% to about 4% whv croscarmellose sodium, and about 0.5% to about 0.9%
wAv magnesium stcarate; and
the sceond layer compriscs about w/iwv 21% to about 36% cmtricitabine, about 3% to aboul 5%
w/w (enofovir alafenamide. about 12% to about 20% w/w microcrystalline cellulose, about
w/wv 3% 10 about 6% croscarmellose sodium, and about w/v 0.3% to about 0.7% magnesium
slearate.
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44, A tablet composition comprising from about 6.4 w/w to about 8 5% w/w of the compound of
Formula 11, about 25% w/w to about 32% w/v emtricitabine. about 3.5% whv (o about 4.5%
wiw tenofovir alafenamide hemilumarate, about 46% w/w to about 37% w/w microcrystalline
celtulose, aboul 5.9% w/w to about 8.3% wAv croscarmellose sodium, and about 1.0-2.0% whv

magnesium stearatc.

4=
o

The composition of any one of claims 40 to 44. futher comprising a film coating.

46. A composition comprising 30 mg Compound of Formula | (c.g.. a compound of Formula 1),
25 mg tenofovir alafenamide, and 200 mg emiricitabine, wherein the mean AUC),« following
administration of a single dose is from about 81700 h-ng/mL to about 140000 h-ng/mL of the
compound of Formula |, from about 8100 h-ng/mL to about 13600 h-ng/mL of emtricitabine,
and from about 163 h-ng/mL to about 400 h-ng/mL of tenofovir alafenamide.

47, The composition of claim 46, whercin the mean AUC,y is from about 84,450 h-ng/mL to about
141,000 h-ng/mL of the compound of Formula I. from about 8.100 h-ng/mL to about 13,600 h-
ng/mL of emtricitabine, and from about 200 h-ng/mL to about 500 h-ng/mL of tenofovir

alafenamide.

48.  The composition of claim 46 or 47, wherein the mean C o 18 from about 4200 ng/mL to about
8000 ng/mL of the compound of Formula 1. from about 1770 ng/mL to about 2800 ng/mL of

emtricitabine, and from about 185 ng/mL to about 313 ng/mL of tenofovir alafenamide.

49, A composition comprising 30 mg Compound of Formula 1, 25 mg tenofovir alafcnamide. and
200 mg emtricitabine, wherein the mean AUC,q of a single dosc following administration to
fed patients is within about 60% of the mean AUC),5 of a single dose following administration

1o fasted patients.

50. A composition comprising 50 mg Compound of Formula 1. 25 mg tenofovir alafenamide, and
200 mg emtricitabine, wherein the mean AUCy of a single dose foltowing administration {0
fod patients is within about 60% of the mean AUCix of a single dosc following administration
to fasted patients.

51. A composition comprising 30 mg Compound of Formula 1, 25 mg tenofovir alafcnamide, and
200 mg emtricilabine, wherein the mean Cau 0f a single dose {ollowing administration to fed
patients is within about 60% of the mean Ciy, of a single dose following administration to

fasted patients.
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ABSTRACT
A solid oral dosage form is provided, comprising a compound of Formula T or a pharmaceutically
acceptable salt thercof. tenofovir alafenamide or a pharmaceutically acceptable salt thercof, and
emiricitabine or a pharmaccutically acceptable salt thercof.
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the applicationas a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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W Unrrep Siares Parent AND TrapeMarK OFFICE

UNYTED STATES DEPARTMEN'T OF COVMMERCE
United St Porent and Trademark Office
Adiliess COMM FCR PATENTS
PO fnx
Alexambou, Viggun 22313-1450
WA EIVIO0 GOV

APPLICATION FILING or GRP ART
NHMBER I 371y DATE 1NT1 l LI L RECD ATTY.DOCKELNO TOT CLAIMSPIND CLAIMS
15/346.335 11/08/2016 1629 0.00 147.P2C St 15

CONFIRMATION NO. 1307
25000 FILING RECEIPT

GILEAD SCIENCES, INC P — T EET
333 LAKESIDE DR O A BT

FOSTER CITY, CA 94404

Date Mailed: 11/18/2016

Receipt is acknowledged of this non-provisional patent application. The appilication will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER. FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts” for this application, please submit
any corrections o this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Benjamin Micah Collman, Foster City, CA;
Lei Hong, Cupertino, CA;
Joanna M. Koziara, Foster City, CA;
Applicant(s)
Gilead Sciences, Inc., Foster City, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This appln claims benefit of 62/399,999 09/26/2016
and claims benefit of 62/253,042 11/09/2015

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http:/www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTQ/SB/69 as
appropriate.

If Required, Foreign Filing License Granted: 11/15/2016
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/346,335

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
Title

Therapeutic Compositions for Treatment of Human iImmunodeficiency Virus
Preliminary Class

514
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular faws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitied “Treaties and Foreign Patents”) for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http:/www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property {patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits” giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardiess of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 GFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR5.13 0r5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof uniess
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/iwww. SelectUSA.gov or call
+1-202-482-6800.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 15/346,335
APPLICATION AS FILED - PART | OTHER THAN
(Columit 1t (Column 2) SMALL ENTITY OR SMALL ENTITY

FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE ,
BlorEl ll:s4a). b0 ) N/A N/A N/A N/A 280
SEARCH FEE
7 CFR 1 16, 3. o1 (i) N/A NIA N/A N/A 600
EXAMINATION FEE
(37 CFR 1 16(01 10" o1 (a1} N/A N/A N/A N/A 720
TOTAL CLAIMS . .
(37 CFR 1 160) 58 minus 20= 39 OR |« 80 - 3120
INDEPENDENT CLAIMS B -
(37 CER 1 16¢h) 15 minus 3 = 12 x 420 5040

1t the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper. the application size tee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)} 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).

MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j}} 780
“ I the difference in cclumn 1 1s fess than zero, enter 0" in column 2 TOTAL TOTAL 10540

APPLICATION AS AMENDED - PART Ii

OTHER THAN
(Column 1) (Goluinn 21 (Cotumn 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST

REMAINING NUMBER PRESENT . ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(S) FEE!S) RATE(E) FEE$)
’E AMENDMENT PAID FOR
i) Mavs | 77 B
b (37 CFR |.1641) : & i OR |x =
= Independent N Minus =
E (57 CFR 1)5(hp = x| = OR x =
?( Applicaton Size Fee (37 CFR 1.16is))

FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM {37 CFR 1.16())) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
{Coluinn 1} (Column 23 {Golumn 3}
CLAIMS HIGHEST

REMAINING NUMBER PRESENT 2 ADDHTIONAL = & ADDITIONAL
o AFTER PREVIOUSLY | EXTRA RATEES) FEE(S) RATES) FEE(S)
’E AMENDMENT PAID FOR
L otal g Mz |+ - X m =
= (37 CFR [.160) OR |« =
% Independent B tangz | e = X = OR [x =
Wi | (37CFR 160
<§( Applicalion Size Fee {37 CFR | 16{s})

OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 GFR 1 16{))
TOYAL OR TOTAL
ADD'L FEE ADC'L FEE

* if the entry in column 1 is less than the entry in column 2, write "0 in colurmn 3.
** if the “Highest Numnber Previously Paid For" iN THIS SPACE is less than 20. enter "20".
*=* i the "Highest Number Previously Paid For* IN THIS SPACE is less than 3. enter "3"
The "Highes! Number Previously Paid For” (Tolal or Independent} is the highes! lound in the applopnate box In ¢colunn 1
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Unirep Stares Parent anp Travemark OFFIGE

VINTPED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Adderss ; LR FOCR PATENTS

Alexamdna, Vingasn 2231341430
WA, TG

[ TAPPLICATIONNUMBER | FILING OR 371(C) DATE ]  FIRSTNAMED APPLICANT | ATTY. DOCKETNO/IE |
15/346,335 11/08/2016 Benjamin Mical Collman 1147.P2C
CONFIRMATION NO. 1307
25000 FORMALITIES LETTER

GILEAD SCIENCES, INC

33 LAKESIDE D1 I A

FOSTER CITY, CA 94404
Date Mailed: 11/18/2016

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(b)
Filing Date Granted
items Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file alf
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

» The statutory basic filing fee is missing.

» The application search fee must be submitted.

» The application examination fee must be submitted.

+ Additional claim fees of § 8940 as an undiscounted entity, including any required multiple dependent claim

fee, are required. Applicant must submit the additional claim fees or cancel the additional claims for which fees
are due.

» Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
* late submission of the basic filing fee, search fee, or examination fee,
* late submission of inventor's oath or declaration,
« filing an application that does not contain at least one ctaim on filing, or
* submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. No entity status discount is in effect. If applicant is qualified for small entity status, a written assertion of
small entity status must be submitted to establish small entity status. {See 37 CFR 1.27). if applicant is qualified
for micro entity status, an acceptable Certification of Micro Entity Status must be submitted to establish micro
entity status. (See 37 CFR 1.29 and forms PTO/SB/15A and 15B.)

+ $ 280 basic filing fee.

+$ 140 surcharge.

+ $ 600 search fee.

+ $ 720 examination fee.

- $ 5040 for 12 independent claims over 3.

+ $ 3120 for 39 total claims over 20.
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+ $ 780 for multiple dependent claim surcharge.

+» $( 0) previous unapplied payment amount.
+$ 10680 TOTAL FEE BALANCE DUE.

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:
Mail Stop Missing Parts
Commissioner for Patents

P.O. Box 1450
Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice™.
https:/sportal.uspto.gov/authenticate/AuthenticateUsert ocal EPF.html

For more information about EFS-Web piease cali the USPTO Electronic Business Center at 1-866-217-8197 or
visit our website at http://www.uspto.gov/ebe.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

Questions about the contents of this notice and the
requirements i sets forth should be direeted to the Office
of Data Management, Application Assistance Unit, at
(571) 272-4600 or (571) 272-4200 or 1-888-786-0101.

/becao/
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MULTIPLE DEPENDENT CLAIM Application Number Fiking Date
FEE CALCULATION SHEL} 15346335
o T fOo Aplicais) Benjamin Micah Coliman
= May be used for additional claiins or ainendments
CLAIMS AS FILED AFTER FIRST AFTER SECOND - N
AMENDMENTY AMENDMENT
tndep J Depend | Indep | Depend | Indep | Depend Indep | Depenc | indep [ Depend § indep | Depend
) 1 51 [
2 ] 52
3 2 53
4 (1) 54
5 (1) 55
6 (1) 56
7 1 57
8 1 58
9 i 55
10 1 50
t1 t 61
12 1 52
12 (1) 52
14 i1} 64
15 G €5
16 1 66
17 1 67
'8 2 68
19 2 59
20 (1) 70
21 (1) 71
22 (1) 72
23 (1) 73
24 (1) 74
26 (1) 75
26 (1) 76
27 (1) 77
28 (1) 78
29 (1) 79
20 (1) 80
at (1) 8
22 (1) 82
33 (1) 83
34 1) 84
35 (1) 85
36 1 36
a7 1 87
28 (1) 88
39 (1} a9
40 1 90
41 1 91
42 1 92
45 1 93
4 1 94
45 5 95
46 1 %6
47 i 97
8 2 98
49 [ 99
50 [ 100
Tetal Indep 16 0 0
Totad 44 4_1 0 ‘_I 3] J
Depend
e « ] RN - Y
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To: |PDocketing@gilead.com,IPUS2@gilead.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 25000

Nov 18, 2016 05:10:56 AM
Dear PAIR Customer:

GILEAD SCIENCES, INC
333 LAKESIDE DR
FOSTER CITY, CA 94404
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 25000 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15346335 APP.FILE.REC  11/18/2016 1147.P2C
NTC MISS.PRT  11/18/2016 1147.P2C

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Etectronic Business Center (EBC) at EBC@uspto.gov
with *e-Office Action’ on the subject line or call 1-866-217-3197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: 15346335 Document Date: 11/08/2016

The presence of this form in the IFW record indicates that the following document type was received in
electronic format on the date identified above. This content is stored in the SCORE database.

¢ Drawings — Other than Black and White Linc Drawings

Since this was an electronic submission. there is no phvsical artifact folder. no artifact folder is recorded in

from the original documents that are stored in SCORE.
To access the documents in the SCORFE database. refer to instructions below.

At the time of document entry (noted above):
¢ Examiners may access SCORE content via the eDAN interlace.
»  Other USPTO employees can bookmark the current SCORE URL
(http://Score.uspto.gov/ScoreAccessWeb/).
¢ External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: September 30. 2013
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I hereby certify that this paper (along with any paper referred to as being atfached
or enclosed) is being transnilted via the Office electronic filing system in
accordance with 37 CFR § 1,6(a)(4).

Dated: 81/17/2017 Signature: __{Abigail Edesan’,
{Abigail Edesan)

Docket No.: 1147 PC

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Benjamin Micah Collman et al.
Application No.: 15/346,335 Confirmation No.: 1307
Filed: November 8, 2016 Art Unit: 1629
For: Therapeutic Compositions for Treatment of Examiner: Not Yet Assigned

Human Immunodeficiency Virus

PRELIMINARY AMENDMENT UNDER 37 C.F.R. § 1.115

MS Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450
INTRODUCTORY COMMENTS

Prior to examination on the merits, please amend the above-identified U.S. patent

application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2

of this paper.

Remarks/Arguments begin on page 9 of this paper.

693945.1
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Application No. 15/346,335 Docket No.: 1147.PC

AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and listings of the claims in the application:

1. (Original) A solid oral dosage form comprising the compound of Formula I:

U]

o OH
or a pharmaceutically acceptable salt thereof, tenofovir alafenamide or a pharmaceutically

acceptable sait thereof, and emtricitabine or a pharmaceutically acceptable salt thereof

W

(Original) The solid oral dosage form of claim 1, wherein the dosage form comprises 50 mg
of the compound of Formula I as a pharmaceutically acceptable salt thereof, 25 mg tenofovir

alafenamide as a pharmaceutically acceptable salt thereof, and 200 mg emtricitabine.

I

(Currently Amended) The solid oral dosage form of claim +-ef 2, wherein the dosage form
comprises 52 mg of the sodium salt of the compound of Formula I and 28 mg tenofovir

alafenamide hemifumarate.

4. (Currently Amended) The solid oral dosage form of any-precedine-claim 2, wherein the
dosage form has a total weight of less than about 800 mg.

5. (Currently Amended) The solid oral dosage form of any-precedins claim 2, wherein the
dosage form has a total weight of less than about 730 mg,

6. (Currently Amended) The solid oral dosage form of any-preceding claim 2, wherein the
dosage form is a tablet.

7. (Canceled)
8. (Canceled)

887

693945.1
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Application No. 15/346,335 Docket No.: 1147.PC

9. (Original) A tablet comprising (a) 50 mg of the compound of Formula I:

)
0 F
oH
odnd
NS0 F F

O OH
or a pharmaceutically acceptable salt thereof, (b) 25 mg tenofovir alafenamide or a
pharmaceutically acceptable salt thereof, and (c) 200 mg emtricitabine or a pharmaceutically
acceptable salt thereof, wherein (a) and (b) are segregated, and wherein the tablet has a total

weight of less than about 1 g.

10. (Original) The tablet of claim 9, wherein (a) and (b) are within separate layers in a

multilayer tablet.

11.  (Original) A tablet comprising from 6.5-11.0 % w/w of the compound of Formula L:

{1
0 F
oM
i
Ny S0 f F

o OH
or a pharmaceutically acceptable salt thereof, 3.0-4.5 % w/w tenofovir alafenamide or a
pharmaceutically acceptable salt thereof, and 25-30 % w/w emtricitabine or a
pharmaceutically acceptable salt thereof, where the weight percentages denote a proportion of

the whole tablet.

12.  (Original) A tablet comprising from 7.0-11.0 % w/w of the compound of Formula I1:

]
: 0 F
O =
So4po!l
NSNS0 F F
O O Na*

’

3.5-4.1 % w/w tenofovir alafenamide hemifumarate, and 25-30 % w/w emtricitabine, where

the weight percentages denote a proportion of the whole tablet.

W

693945.1
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Application No. 15/346,335 Docket No.: 1147.PC

I3, (Currently Amended) The tablet of any-preceding claim 2, wherein the tablet does not
contain lactose, crospovidone, and/or sodium stearyl fumarate.

14, (Cwrrently Amended) The tablet of shy—preceding claim 2, whercin the tablet further
comprises croscarniellose sodium and/or magnesium stearate.

15 (Currently Amended) The tablet of any—preeeding claim 2, wherein the tablet further
comprises croscarmellose sodium, magnesium stearate, and/or microcrystaliine cellulose.

16.  (Original) A multilayer tablet comprising (a) a compound of Formula I:

M
| 0 F
0
bodod,
NN F
O OH

or a pharmaceutically acceptable salt thereof, (b) tenofovir alafenamide or a pharmaceutically

acceptable salt thereof, and (c) emtricitabine or a pharmaceutically acceptable salt thereof

17. (Original) The multilayer tablet of claim 16, wherein each layer contains at least one of (a),
(b) and (c).

18. (Currently Amended) The tablet of claim 16-e++%, wherein the tablet comprises (a) a first
layer comprising a compound of Formula I or a pharmaceutically acceptable salt thereof, (b) a
second layer comprising tenofovir alafenamide or a pharmaceutically acceptable salt thereof,

and (c) further comprises emtricitabine or a pharmaceutically acceptable salt thereof.

19. (Original) The tablet of claim 18, wherein (a) the first layer is substantially free of tenofovir
alafenamide or a pharmaceutically acceptable salt thereof, and/or (b) the second layer is

substantially free of a compound of Formula 1 or a pharmaceutically acceptable salt thereof.

20.  (Currently Amended) The tablet of claim +8-e¢ 19, wherein (a) the first layer comprises a
compound of Formula I or a pharmaceutically acceptable salt thereof and is substantially free
of tenofovir alafenamide or a pharmaceutically acceptable salt thereof, and (b) the second
layer comprises tenofovir alafenamide or a pharmaceutically acceptable salt thereof and
emtricitabine or a pharmaceutically acceptable salt thereof and is substantially free of a

compound of Formula 1 or a pharmaceutically acceptable salt thereof.
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21. (Currently Amended) The tablet of any-ene-efelaims+6- claim 20, wherein the layer
containing a compound of Formula 1 or a pharmaceutically acceptable salt thereof does not

contain lactose, crospovidone, and/or sodium stearyl fumarate.

22, (Currently Amended) The tablet of any-ene-of-clatmst6- claim 20, wherein the layer
containing a compound of Formula I or a pharmaceutically acceptable salt thereof comprises

croscarmellose sodium and/or magnesium stearate.

23. (Currently Amended) The tablet of any-ene-ef-elaims—té- claim 20, wherein the layer
containing a compound of Formula I or a pharmaceutically acceptable salt thereof comprises

croscarmellose sodium and/or magnesium stearate and/or microcrystalline cellulose.

24, (Currently Amended) The tablet of any-ene-ef-elaims+6- claim 20, wherein the tablet
comprises from 6.5-11.0 % w/w of the compound of Formula I or a pharmaceutically
acceptable salt thereof, 3.0-4.5 % w/w tenofovir alafenamide or a pharmaceutically acceptable
salt thereof, and 25-30 % w/w emtricitabine or a pharmaceutically acceptable salt thereof,

where the weight percentages denote a proportion of the whole tablet.

(Currently Amended) The tablet of any-ene-ef-etaims+6- claim 20, wherein the tablet
comprises from 7.0-11.0 % w/w of a sodium salt of the compound of Formula I, 3.5-4.1 %

(8]
W

w/w tenofovir alafenamide hemifumarate, and 25-30 % w/w emtricitabine, where the weight

percentages denote a proportion of the whole tablet.

26. (Currently Amended) The selid-oral-dosagzeform-or tablet of any-preceding claim 20,
wherein the tablet contains less than about 15% of the compound of Formula I or a

pharmaceutically acceptable salt thereof.

27. (Currently Amended) The solid-eral-dosageform-or tablet of any-preseding claim 20,
wherein the tablet contains less than about 11% of the compound of Formula I or a

pharmaceutically acceptable salt thereof.

28. (Currently Amended) The solid oral dosage form er-tablet of any-precediag claim 2, wherein
the tablet releases at least about 50% of a compound of Formula I or a pharmaceutically
acceptable salt thereof in about 20 minutes, measured using USP apparatus 11, in 333 mL of
fasted simulated intestinal fluid, pH 6.5, at 37 °C and paddle speed of 100 rpm.
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29 (Original) The solid oral dosage form or tablet of claim 28, wherein the tablet releases at
least about 60% of a compound of Formula I or a pharmaceutically acceptable salt thereof in

about 20 minutes.

30.  (Currently Amended) The solid oral dosage form e+tablet of any-preceding claim 2, wherein
the tablet releases at least about 70% of a compound of Formula I or a pharmaceutically

acceptable salt thereof in about 60 minutes.

31. (Original) A method of producing a tablet of any one of the preceding claims, wherein the
method comprises (a) compressing the a compound of Formula I or a pharmaceutically
acceptable salt thereof as a first layer, and (b) compressing the tenofovir alafenamide or a
pharmaceutically acceptable salt thereof and emtricitabine or a pharmaceutically acceptable

salt thereof as a second layer.

32. (Original) The method of claim 31, wherein the first layer and second layer are compressed

separately and subsequently combined.

33. (Original) The method of claim 31, wherein the first layer is formed by compression and

subsequently the second layer is compressed onto the first layer.
34. (Original) The first layer obtainable by the method of claim 31.
35, (Original) The second layer obtainable by the method of claim 31.
36. (Canceled)
37. (Canceled)
38 (Canceled)

39. (Currently Amended) A method of therapeutic treatment of an HIV infection comprising
administering to a subject a solid oral dosage form or tablet according to any-ene-ofthe
precedia-elaims claim 2.

40. (Original) A composition comprising about 40 mg to about 60 mg of the compound of

Formula I or a pharmaceutically acceptable salt thereof, about 200 mg to about 400 mg

microcrystalline cellulose, about 1 mg to about 40 mg croscarmellose sodium.

4. (Original) The composition of claim 40, wherein the composition is a first layer of a

multilayer tablet.
6
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42 (Original) The composition of claim 41, wherein the composition further comprises a
second layer, wherein the second layer comprises about 150 mg to about 250 mg emtricitabine
or a pharmaceutically salt thereof, about 20 mg to about 35 mg tenofovir alafenamide or a
pharmaceutically salt thereof, about 90 mg to about 130 mg microcrystalline cellulose, about
20 mg to about 35 mg croscarmellose sodium, and about 1 mg to about 7 mg magnesium

stearate.

43. (Original) A tablet comprising a first layer and a second layer, wherein
the first Jayer comprises about 5% to about 10% w/w of the compound of Formuia 1 or a
pharmaceutically acceptable salt thereof, about 26% to about 44% w/w microcrystalline
cellulose, about 2% to about 4% w/w croscarmellose sodium, and about 0.5% to about 0.9%
w/w magnesium stearate; and
the second layer comprises about w/w 21% to about 36% emiricitabine, about 3% to about 5%
wiw tenofovir alafenamide, about 12% to about 20% w/w microcrystalline cellulose, about
wiw 3% to about 6% croscarmellose sodium, and about w/w 0.3% to about 0.7% magnesium

stearate.

44, (Original) A tablet composition comprising from about 6.4 w/w to about 8.5% w/w of the
compound of Formula 11, about 25% w/w to about 32% w/w emtricitabine, about 3.5% w/w to
about 4.5% w/w tenofovir alafenamide hemifumarate, about 46% w/w to about 57% w/w
microcrystalline cellulose, about 5.9% w/w to about 8.5% w/w croscarmellose sodium, and

about 1.0-2.0% w/w magnesium stearate.
45. (Currently Amended) The composition of any-ene-of-elaims40-+te claim 44, futher further
comprising a film coating.

46. (Currently Amended) A composition comprising 50 mg Compound of Formula I (e-g~#
compound-of Formulath) or a pharmaceutically acceptable salt thereof, 25 mg tenofovir

alafenamide or a pharmaceutically acceptable salt thereof, and 200 mg emtricitabine, wherein the

mean AUC . following administration of a single dose is from about 81700 h-ng/mL to about
140000 h-ng/mL of the compound of Formula I or a pharmaceutically acceptable salt thereof,
from about 8100 h-ng/mL to about 13600 h-ng/mL of emtricitabine, and from about 165 h-ng/mL
to about 400 h-ng/mL of tenofovir alafenamide or a pharmaceutically acceptable salt thereof

47, (Currently Amended) The composition of claim 46, wherein the mean AUC;,s is from about
84.450 h-ng/mL to about 141,000 h-ng/mL of the compound of FormulaT or a pharmaceuticallv

7
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acceptable salt thereof, from about 8,100 h-ng/mL to about 13,600 h-ng/mL of emtricitabine, and

from about 200 h-ng/mL to about 500 h-ng/mL of tenofovir alafenamide or a pharmaceutically

acceptable salt thereof.

48.  (Currently Amended) The composition of claim 46, wherein the mean C,,, is from about

4200 ng/mL to about 8000 ng/mL of the compound of Formula I or a pharmaceuticallv

acceptable salt thereof. from about 1770 ng/mL to about 2800 ng/mL of emtricitabine, and from

about 185 ng/mL to about 315 ng/mL of tenofovir alafenamide or a pharmaceuticallv acceptable
salt thereof.

49 (Currently Amended) A composition comprising 50 mg Compound of Formula I or a

pharmaceutically acceptable salt thereof, 25 mg tenofovir alafenamide or a pharmaceutically

acceptable salt thereof, and 200 mg emtricitabine, wherein the mean AUC g of a single dose

following administration to fed patients is within about 60% of the mean AUC,y, of a single

dose following administration to fasted patients.

50.  (Currently Amended) A composition comprising 50 mg Compound of Formula I or a

pharmaceutically acceptable salt thereof, 25 mg tenofovir alafenamide or a pharmaceutically

acceptable salt thereof, and 200 mg emtricitabine, wherein the mean AUC,c of a single dose

following administration to fed patients is within about 60% of the mean AUC s of 2 single
g p g

dose following administration to fasted patients.

31. (Currently Amended) A composition comprising 50 mg Compound of Formulalora

pharmaceutically acceptable salt thereof, 25 mg tenofovir alafenamide or a pharmaceutically

acceptable salt thereof, and 200 mg emtricitabine, wherein the mean C, of a single dose

following administration to fed patients is within about 60% of the mean Cyy, of a single dose

following administration to fasted patients.
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REMARKS

With this amendment, claims 7, 8, and 36-38 have been canceled. Claims 3-6, 13-15, 18,
20-28, 30, 39, and 45-51 have been amended to remove dependency on multiple claims and to more
specifically recite the claimed subject matter. As such, no new matter is introduced in any of the

above amendments. Therefore, claims 1-6, 9-35, and 39-51 are cuirently pending examination.
Consideration of the application in view of the pending claims is respectfully requested.

In view of the above amendment, applicant believes the pending application is in condition
for allowance. If the Examiner finds that a telephone conference would expedite the prosecution of

this application, please telephone the undersigned at the number provided.

Applicant believes no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. 07-1250, under Order No. 1147.PC from which the undersigned 1s

authorized to draw.

Dated: January 18,2017 Respectfully submitted,

By /Mary J. Edwards/

Mary J. Edwards

Registration No.: 55,140

GILEAD SCIENCES, INC.
Correspondence Customer Number: 25000
(650) 522-1816

Attorney For Applicant
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CONFIRMATION NO. 1307
25000 UPDATED FILING RECEIPT
GILEAD SCIENCES, INC T 3 :
333 LAKESIDE DR IR e g

FOSTER CITY, CA 94404
Date Mailed: 03/27/2017

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to coliection.
Please verily the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a “"Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)
Benjamin Micah Collman, Foster City, CA;
L.ei Hong, Cupertino, CA;
Joanna M. Koziara, Foster City, CA,
Applicant(s)
Gilead Sciences, Inc., Foster City, CA;

Power of Attorney: None

Domestic Priority data as claimed by applicant
This applin claims benefit of 62/399,999 09/26/2016
and claims benefit of 62/253,042 11/09/2015

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gaov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access Application via Priority Document Exchange: Yes

Permission to Access Search Results: Yes

Applicant may provide or rescind an authorization for access using Form PTO/SB/39 or Form PTO/SB/69 as
appropriate.

It Required, Foreign Filing License Granted: 11/15/2016
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 15/346,335

Projected Publication Date: 07/06/2017
Non-Publication Request: No

Early Publication Request: No
Title

Therapeutic Compositions for Treatment of Human Immunodeficiency Virus
Preliminary Class

514
Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not resuit in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign fiting.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property {patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www stopfakes.gov. Part of a Department of Commerce initiative,
this website includes seli-help “toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase “IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in al applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
itis revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does notin any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.8.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors: advocates on behalf of U.S. cities, states,
and regions competing for giobal investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http://www.SelectUSA.gov or call
+1-202-482-6800.
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To: IPDocketing@giiead.com,|PUS2@gilead.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 25000

Mar 27, 2017 04:08:25 AM
Dear PAIR Customer:

GILEAD SCIENCES, INC
333 LAKESIDE DR
FOSTER CITY, CA 94404
UNITED STATES

The fallowing USPTO patent application(s) associated with your Customer Number, 25000 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Dacument Mailroom Date Attorney Docket No.
15346335 APP.FILE.REC  03/27/2017 1147.P2C

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action' on the subject iine or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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Unriep Siares Parent anp Trabemarik OFFIGE

UNTUED STATES DEPARTVMENT OF COVIMERTE
United States Patent and Trademark Offiee
Addess 'L:;J.\ ISI!:;‘IRONEK FOR PATENTS

]

Alexambne, Vingaun 22313-1950
W EIIG pov

[ APPLICATIONNUMBER | FILING OR 371(C; DATE ] FIRSTNAMED APPLICANT | AFIY.DOCKEINO/ITLE |
15/346,335 11/08/2016 Benjamin Micah Collman 1147.P2C
CONFIRMATION NO. 1307
25000 PUBLICATION NOTICE

GILEAD SCIENCES, INC

353 LAKESIDE DR B

FOSTER CITY, CA 94404

Title:Therapeutic Compositions for Treatment of Human Immunodeficiency Virus

Publication No.US-2017-0189337-A1
Publication Date:07/06/2017

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set
forth in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's
Public Records Division. The Public Records Division can be reached by telephone at (571} 272-3150 or (800)
972-6382, by facsimile at (571) 273-3250, by mail addressed to the United States Patent and Trademark Office,
Public Records Division, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and

the dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through

the Patent Electronic Business Center at www.uspto.gov using the public side of the Patent Application
Information and Retrieval (PAIR) system. The direct link to access this status information is currently
https://portal.uspto.gov/pair/PublicPair. Prior to publication, such status information is confidential and may only
be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment. Application Assistance Uit (571) 272-3000, or (571) 2724200, or 1-888-786-0101

page 1 of 1
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To: |PDocketing@gilead.com,IPUS2@gilead.com,

From: PAIR_eOfficeAction@uspto.gov
Cc: PAIR_eOfficeAction@uspto.gov
Subject: Private PAIR Correspondence Notification for Customer Number 25000

Jul 07, 2017 04:13:33 AM
Dear PAIR Customer:

GILEAD SCIENCES, INC
333 LAKESIDE DR
FOSTER CITY, CA 94404
UNITED STATES

The following USPTO patent application(s) associated with your Customer Number, 25000 , have
new outgoing correspondence. This correspondence is now available for viewing in Private PAIR.

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-90
accompanying the correspondence.

Disclaimer:
The list of documents shown below is provided as a courtesy and is not part of the official file
wrapper. The content of the images shown in PAIR is the official record.

Application Document Mailroom Date Attorney Docket No.
15346335 NTC.PUB 07/06/2017 1147.P2C

To view your correspondence online or update your email addresses, please visit us anytime at
https://sportal.uspto.gov/secure/myportal/privatepair.

If you have any questions. please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

Monday - Friday 6:00 a.m. to 12:00 a.m.
Thank you for prompt attention to this notice,

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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U.S. Palent and Trademark Office. U.S. DEPARTMENT OF COMMERCE
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Substitute for form 1449/PTO Complete if Known
Application Number 15/346,335
INFORMATION DISCLOSURE  |riling Date November 8, 2016
STATEMENT BY APPLICANT  [FistNamedinventor  |Benjamin Micah Collman
Art Untt 1615
(Use as many sheets as necessary} EeTINGT Jessica N. Worsham
Sheet ‘ 1 l of 4 Attorney Dockel Number {1147 PC
U. S. PATENT DOCUMENTS
Examiner Cite Document Number Publication Dale Name of Patenlee or Pages, Columns. Lines, Where
Initials* No.! MM-DD-YYYY Applicant of Cited Documnent Relevant Passages or Relevant
NumberKind Goge? <1047 Figures Appear
AA US-8,592,397 11-26-2013 Dahl et al.
AB US-8,716,264 05-06-2014 Dahl et al.
AC US-8.216,996 12-22-2015 Jin et al.
AD US-9,457,036 10-04-2016 Dahl et al.
AE US-8,663,528 05-30-2017 Desai et al.
AF US-9,682,084 06-20-2017 Carra et al.
AG US-8.708,342 07-18-2017 Carra et al.
AH US-9,732,082 08-15-2017 Jin et al.
Al US-2007/0219243-A1 09-20-2007 Kearney et al.
AJ US-2010/0285122-A1 11-11-2010 Oliyai et al.
AK US-2013/0243857-A1  |09-19-2013 Oliyai et al.
AL US-2014/0213556-A1 07-31-2014 DAHL et al.
AM US-2014/0221355-A1 08-07-2014 LAZERWITH et al
AN US-2015/0111856-A1 04-23-2015 Dahl et al.
AO US-2015/0150810-A1  [06-04-2015 OLIYAl et al.
AP US-2016/0194335-A1  [07-07-2016 Jin et al.
AQ US-2017/0027967-A1 02-02-2017 Koziara et al.
AR US-2017/0114074-A1 04-27-2017 Jin et al.
AS US-2017/0197985-A1  |07-13-2017 Carra et al.
FOREIGN PATENT DOCUMENTS
Examiner [ Cite  {Foreign Patent Document Publication Name of Patentee or Pages. Columns. Lines,
[nitials” No.' Date Applicant of Cited Document Where Relevapt Passages *
Country Code® Number' Kind Code (i known) MM-DD-YYYY Or Relevant Figures Appear
BA WO-2004/024078-A2 03-25-2004 |Merck & Co., Inc.
BB WO-2006/030807-A1 03-23-2006 |Shionogi & Co., Lid
BC WO-2006/116764-A1 11-02-2006 |Shionogi & Co.. Lid
BD WO-2015/039348-A1 03-26-2015 |Merck Sharp & Dohme
BE WO-2014/100323-A1 06-26-2014 |Gilead Sciences, Inc
BF WO-2015/196137-A1 12-23-2015 |Gilead Sciences, Inc
Examiner Date
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"EXAMINER: Initial if reference considered, whether or not citation 1s in conformance with MPEP 608. Draw line through citation «f notl in conformance and not
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Japanese patent documents, T {he year of Ibe reign of the Emperor musl precede the serial number of Ihe patent document. >Kind of document by
the appropiate syinbols as indicated on the document under WIPO Standard ST.16 if possible. © Applicant is to place a check mark here if English language
Translation is aliached

1 hereby certify that this paper {along with any paper referred 10 as being attached or enclosed) is being transmitted via the Office electronic filing
system in accordance with 37 CFR § 1.8(a)(4).
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AT US-2017/0000807-A1 01-05-2017 Koziara et al.
AU US-8.841,310 09-23-2014 Janssen R & D Ireland
AV US-2014/0349971-A1 11-27-2014 Janssen R & D Ireland
AW US-2008/0200435-A1 08-21-2008 Janssen R & D Ireland
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AY US-2014/0142070-A1 05-22-2014 Delaet et al.
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AA1 US-8.018,192 04-28-2015 Dahl et al.
AB1 US-98,545,414 01-17-2017 Dabhi et al.
AC1 {US-2017-0079999-A1 03-23-2017 DAHL et al.
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Country Code® Number Kind Code® it known) MM-DD-YYYY Or Relevant Figures Appear
BG WO-2015/196116-A1 12-23-2015 [Gilead Sciences, Inc.
BH WO-2013/116720-A1 08-08-2013 [Gilead Sciences, Inc
BI WO-2015/022351-A1 02-19-2015 {Ratiopharm Gmbh
Examiner Date
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Transfer Inhibitor (INSTI) with Optimized In Vitro Resistance Profite”
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{Use as many sheets as necessary) Examiner Name Jessica N. Worsham
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cM Tsiang, M. et al. "GS-9883, a Novel HIV-1 Integrase Strand Transfer Inhibitor (INSTI) with
Optimized In Vitro Resistance Profile” (ASMMicrobe20162)
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Novel INSTI GS-9883 10 Day Monotherapy in HIV-1 Infected Subjects ) )
J. Gallant’ M. Thompson’, T. Mills' E. Delesus', G. Voskuhl* L. Wei', ] Zack’, K. White", H. Martin’, } Szwarcberg’

*Southwest CARE Center, Santa Fe, NM, *AIDS Research Consortium of Atlanta, Atlanta, GA, "Southem California Men’s Medical
Group, Los Angeles. CA “Orlando Immunology Center, Orlando, FL, "AIDS Amms, Inc., Dallas, TX, “Gilead Sciences, Foster City,
CA, USA.

Backeround:

Integrase strand transer inhibitor (INSTI)-based regimens comprise $ of the 6 DHHS recommended regimens for treatment of HIV-1.
(:8-98833 is 2 novel, unboosted INST1 with potent in-vitro activity against HIV-1.

Methods:

HIV-1-positive INSTl-naive subjects were randomized to receive GS-9883 5, 25, 50, or 100 mg, or placebo once daily for 10 days.
Primary endpoint was time-weighted average HIV-1 RNA change from baseline on day 11(DAVG;). Mean change in HIV-] RNA,
PK. and safety and laboratory data were analyzed

Results:

20 subjects received study treatment and completed the study. Most were male; median age was 20 vears; median HIV-1 RNA was
4.32logyg copies/mL.. GS-9883 demonsirated a dose-dependent reduction in HIV-1 RNA, with increased exposures correlating with
greater reductions in plasma HIV-1 RNA, up to 2.43 log copies/L at Day 11 (Table). Response was durable through day 17 in the
higher dose groups. PK/PD analysis suggested that near masimal efficacy was associated with S-9883 exposures achieved at doses
befween 30 and 100 mg. No primary resistance mutations emerged. No serious adverse events (AEs) or dlinically significant lab
abnormalities were reported; there were no discontinuations due to AEs.

Conclusions:

Daiy dosing of GS-9883 for 10 days at 5, 25, 50 and 100 mg was well tolerated and resulted in rapid, dose-dependent decreases in
HIV-1 RNA of > 2 log at the higher doses. Based on PK/PD) analyses, exposures associated with 75 mg dose of single agent GS-9883
would provide near-maximal virologic response, with a predicted ,IQss" for wild type HIV of ~20.

Character count: 1699 + 500 (Table) = 1999
Allowed: 2200
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(5-9883 S mg (5-9883 25 mg (S-9883 S0 mg (58-9883 100 mg
(1r=3) (n=4) (n=4) (=4
AHIV-1 RNA Day 11 from -145(0.097) -2.08{0.209) 2.06(0.345) -243{0.386)
baseline (log10 copies/mL)
Mean (SD)
DAVGy (log10 copies/mL) -0.92(0.104) -133(0.174) -137(0.310) -1.61{0.256)
Mean (SD)
AUCq, (ng*himL) 9983.0(26.7) 489303 (40.0) 87,3374 (327) 178,901.7(17.8)
Mean (%CY)
o {ng/mL) 253 (375) 10523 (54.1) 20530 (47.6) 4520021.9)
Mean (%CV)
tha(h) 2079(1715,2380)  1586(14.07,1937) | 17.84(15.50,2051) 2088(1791,2447)
(median, Q1, Q3)
MOEN 13(09-21) 49(44-117) 134(53-186) 259(23.0-369)
Median (range)

“The protein-adjusted 1Q93 value is estimated based on steady Stae Cy, vaues and the in vitro 1093 value for wild type HIV-1 (162 ng/sul.)
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Discovery of GS-9883, an HIV-1 Integrase Strand Transfer Inhibitor (INSTT) with
Improved Pharmacokinetics and In Vitro Resistance Profile

S. E. Lazerwith, R. Cai, X. Chen, G. Chin, M. Desai, S. Eng, R. Jacques, M. Ji, G. Jones, H.
Martin, C. McMahon, M. Mish, P. Morganelli, J. Mwangi, H.-J. Pyun, G. Stepan, J. Szwarcberg,
J. Tang, M. Tsiang, J. Wang, K. Wang, K. White, L. Wiser, J. Zack, H. Jin.

Background: Currently approved INSTI based treatments comprise 5 of 6 DHHS recommended
regimens for HIV-1 infection. Limitations of early INSTIs include twice-daily dosing (RAL)
and the need for a booster (EVG). DTG exhibits an improved resistance profile compared to
RAL and EVG. However, due to dose-limiting exposure above 50 mg, il requires twice-daily
dosing in some patients. GS-9883 is a potent, new INSTI with a longer half-life and an improved
resistance profile.

Methods: New INSTIs were synthesized and tested for a wide variety of properties including
HIV potency (MT-4 and MT-2 cells), metabolic stability (microsomes), and protein binding
(equilibrium dialysis).

Results: Tetracyclic pyridones containing rigid, sterically-demanding ring systems were
synthesized. These tetracycles are potent INSTIs and unexpectedly showed reduced PXR
activation. Further work led to the optimization of potency, protein binding, metabolic stability,
solubility and an improved resistance profile. This resulted in GS-9883, a potent INSTI (MT-4
ECso =2.4 nM) with a low potential for drug-drug interactions. GS-9883 shows a remarkable
combination of both improved preclinical pharmacokinetics (rat MRT = 45.7 h) and an enhanced
resistance profile compared to approved agents (2-fold less susceptible to G140S/Q148R vs.
WT). An unusually strong relationship between plasma protein binding and in vivo clearance in
preclinical species will be detailed, and the structure of GS-9883 will be disclosed.

Conclusion: Due to its excellent preclinical PK and its in-vitro potency against many integrase-
resistant strains, GS-9883 was selected for development, and is being tested in Phase I11 studies
combined with F/TAF.
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Randomized Trial of Biciegravir or Dolutegravir with FTC/TAF for Initial HIV Therapy

Authors:

Paul E. Sax’, Edwin Delesus”, Gordon C rofoot’ Douglas Ward' Paul Benson’, Xuelian Wei” Kirsten White" Hal Martin®, Andrew
Cheng,* Frin Quirk’

'Division of Infectious Discases, Brigham and Women sHospltal and Harvard Medical School, Boston, MA: “Orfando Immunology
Center, Orlando FL: *Crofoot Research Center, Houston, TX; Dupont Circle Physicians, Washington, D.C.. *Be Well M fedical,
Berkley, M, *Gilead Sciences, Foster City, CA

Background

Because of their potency and safety, integrase strand transfer inhibitors (INSTIs) are widely recommended inital HIV- treatments in
most major treatment guidelines. Bictegravir (BIC, GS-9883) is a novel, unboosted, once-daily INSTI that demonstrated potent
activity in a 10-day monotherapy study and has in vitro activity against most INST-resistan! viruses.

Methods

Treatment naive, HIV-infected adults were randomized 2:1 to receive blinded treatment once daily with BIC 75 mg or dolutegravir
(DTG) 50 mg: both were given with open label emiricitabine 200 mg/tenofovir alafenamide 25 mg (FIC/TAF). Treatments were
administered without regard for food for 48 weeks. The primary endpoint was the proportion with HIV RNA <50 copiesimL (c/mL) at
Week (W) 24 using snapshot analysis. Noninferiority was assessed through 95°% confidence intervals (C1) at W24 and W48, Safety
(adverse events [AEs] and laboratory results through Week 48) was a secondary endpoint.

Results

0F 98 patients enrolled, 65 were randomized to BICYFTC/TAF and 33 to DTGFTC/TAF. Most subjects were male, had
asymptomatic HIV infection, with median HIV-1 RNA 4.4-45 log; baseline characteristics were balanced between arms. Virologic
success (HIV-1 RNA <30 ¢/mL) at W24 was 97% for the BIC arm and 94% for the DTG amn, and at W48 was 97% and 91%,
respectively (Table). One subject in the DTG arm had HIV-1 RNA »30 c/iL at W48. No viral resistance was detected in the
BIC+ETC/TAF am. Mean €D4 count increases at W8 were 258 cells/uL in the BIC ann and 192 cells/yL in the DTG arm. There
were no treatment-related serious adverse events and no deaths. The most commonly reported adverse events were diarrhea (12% in
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each arm) and nausea (8% BIC, 12% DTG). One subject in the BIC arm discontinued due to an adverse event of urticaria following
the W24 visit. Median changes in estimated glomerular iltration by Cockerofl-Gault (GFReg) at W48 were -7.0 mL/min for BIC and
-11.3 mL/min for DTG, with no discontinuations due to renal adverse events,

Conclusions

BictegravirtFTC/TAF and DTG-FTC/TAF both demonstrated high virologic response rates at W24 that were maintained at W48, No
treatiuent-emergent resistance was detected in the BIC+FTC/TAF am through W48 Both treatments were well tolerated, and no
significant safety signal was detected in either arm. Estimated GFReg changes were consistent with known inhibition of tubular
creatinine transport by BIC and DTG. Further evaluation of BIC for the treatment of HIV infection is warranted.

Title character count: $4/83
Character count: 2486/2500

Table
Week 24 Week 48°
BIC+FTCTTAF | DTG+ FTC/TAF | BIC +FTC/TAF | DTG+ FICTAF

N (%) {n=63) (1F33) =63 (=)

HIV-1 RNA < 30 copiesiml. 63196.9) 31939) 03099 . 30{%09)

HIV-1 RNA > 30 copics/ml, 230 26.0) W 2(6))
HIV-1 RNA > 30 copiesimL e 1(30) 0 N
Discontinued due (o lack of efficacy 0 0 0 0
Discontinued due (o other reason and fast . " " : "

HIV-L RNA > S copesinl. (3 bl Nis) 139)

No virologic daa in window 0 0 Wy 14
Discontinued duc to AE/death 0 0 1y 0
Discontimicd duc o other reason and last .

HIV-1 RNA < 50 capisfl, ! ; M .
Missing data in window bul on drg 0 0 0 0
a Difference in percentages (BIC:FTC/TAF vs DTGHFTC/TAF) at Week 24: 2.9% (-8.5% fo 14.2%); =050
b Difference in perceniages (BICFTC/TAF vs DTGFTCITAF) al Week 48: 6.4% (4.0% o 18.8%) p=0.1°
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Antiviral Activity of GS-9883, a Potent Next Generation H1V-1 Integrase Strand Transfer
Inhibitor

M. Tsiangl, EKan', L. Tsai', G. Jones', R. Phadke', G. Stepan', N. Novikov', S. Eng', G. Lee',
R. Gong', E. Aguayo', S. Ahmadyar', Y. Xu', A Niedziela-Majka', S. Yant', H. Yu', C.
Voitenleitner', G. Birkus', M. Perron', J. Feng', S. Lazerwith', H. Jin' and T. Cihlar'. 'Gilead
Sciences Inc.. Foster Ciry, CA, US

Background: GS-9883 is a potent once-daily unboosted integrase strand transfer inhibitor
currently in clinical development in combination with tenofovir alafenamide (TAF) and
emtricitabine (FTC) for the treatment of HIV-1 infection.

Methods: The inhibitory activity of GS-9883 was tested against wild-type HIV-1 integrase
enzyme. Antiviral potency and cytotoxicity were assessed in MT-2 and MT-4 T-cell lines and
primary human CD4+ T-cells and macrophages. Inhibition of integration was assessed by qPCR
of 2-LTR circles and integration junctions. A panel of 14 HIV-1 and one HIV-2 clinical isolates
was used for antiviral profiling. Antiviral activity of GS-9883 was also tested against several
non-HIV viruses. Cytotoxicity of GS-9883 was also tested in four non-target cell lines (Huh-7,
HepG2, PC-3, MRC-5) and human primary hepatocytes. Antiviral activity of GS-9883 in
pairwise combination with antiretrovirals was also assessed.

Results: GS-9883 inhibited HIV-! integrase enzyme strand transfer activity (ICsg = 7.5 & 0.3
nM). Treatment with GS-9883 increased abortive 2-LTR circles and decreased viral-host DNA
integration junctions in infected cells. GS-9883 exhibited high potency and selectivity in HIV-1
assays using lymphoblastoid T-cell lines, primary human CD4+T cells, and macrophages with
ECsp range of 1.5 to 6.6 nM and selectivity indices of 1500 to 8700. GS-9883 was highly potent
against all tested HIV-1 subtypes and HIV-2 in human PBMCs (mean ECso = 0.81 nM range of
<0.05 to 1.71 nM), and showed no activity against HBV, HCV, Influenza, HRV or RSV. GS-
9883 had low cytotoxicity in multiple human cell lines (CCso range from 35 to >44 uM) and in
primary human hepatocytes (CCsp >100 uM). Highly synergistic i vitro antiviral effect was
observed for combinations of GS-9883 with TAF, FTC or darunavir.

Conclusions: GS-9883 is a novel, potent and selective HIV integrase strand transfer inhibitor.
GS-9883 was highly synergistic in combinations with TAF, FTC or darunavir. These data
support the clinical investigation of GS-9883 for the treatment of HIV-1 infection.
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GS-9883, a Novel HIV-1 Integrase Strand Transfer Inhibitor (INSTI) with Optimized In
Vitro Resistance Profile

G. Jones', J. Goldsmith', A. Mulato', K. White', D. Hansen', K. Stray‘, S. Yant', S. Lazerwith',
H.Jin', T. Cihlar' and M. Tsiang'. 'Gilead Sciences Inc., Foster City, C4, US

Background: (S-9883 is a potent once-daily unboosted INSTI in clinical development
combined with tenofovir alafenamide (TAT) and emtricitabinc (FTC) for the treatment of HIV-
infection.

Methods: HIV-1 site-directed mutants with either NRTI, NNRTL, PI. or INSTI resistance
mutations as well as a panel of 18 clonal and 47 patient-derived HIV-1 isolates with high-level
INSTI resistance were profiled for susceptibility to GS-9883. /i vitro resistant variants were
selected with escalating doses of GS-9883, dolutegravir (DTG). and elvitegravir (EVG), and
emergent HIV-1 variants were genotyped and phenotyped. /i vifro resistance breakthrough
studies using clinically relevant fixed doses of GS-9883, EVG and DTG were conducted in MT-
2 cells and primary human CD4™ T-cells.

Results: GS-9883 showed potent antiviral activity (ECso = 1.7 to 3.2 nM) against wild-type virus
and mutants resistant to NRTIs, NNRTIs, and Pls. A panel of HIV-1 site-directed mutants with
up to 1520-fold change (FC) in susceptibilities to raltegravir (RAL) and EVG remained largely
susceptible to GS-9883 (FC =110 9). In addition, GS-9883 had an improved resistance profile
(FC=0.5 to 19; mean and median FC = 2.8 and 2.0, resp.) compared to DTG (FC =0.64 t0 63;
mean and median FC = 5.8 and 3.4, resp.) against INSTI-resistant patient-derived isolates,
particutarly those with high-level INSTI-resistance. Both GS-9883 and DTG displayed a higher
barrier to iz vifro resistance emergence relative to EVG. HIV-1 variants selected in vifro by GS-
9883 contained the known R263K and M50I integrase mutations and exhibited low level cross-
resistance to RAL and DTG (FC = 3 to 8), and intermediate cross-resistance to EVG (FC=1510
26) but remained susceptible to other antiretroviral classes. In the viral breakthrough selection
studies at clinically relevant concentrations, GS-9883 and DTG, but not EVG or RAL
completely suppressed resistance breakthrough in both MT-2 and primary CD4+ T cells.
Conclusions: GS-9883 is a novel potent INSTT with an in vitro resistance profile that is
improved compared to RAL and EVG. In addition, GS-9883 was more potent than DTG against
a number of patient-derived isolates with high-level INSTI resistance. Overall, these data
support further development of GS-9883 as a novel antiretroviral agent.
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Bictegravir Dissociation Half-life from HIV-1 G140S+Q148H Integrase/DNA Complexes

Kirsten White*, Anita Nicdzicla-Majka, Nikolai Novikov, Michacl Miller. Haolun Jin, Scott Lazerwith, and Manuel
Tsiang
Gilcad Sciences. Inc. Foster Cily. CA, 94404 USA

Buckground: Loug dissociation half-life (1,,) of HIV integrasc strand transfer inhibitors (INSTT) corrclates with
high antiretroviral activity and barrier 1o resistance. The dissociation t,; of biclegravir (BIC) [rom wild-tvpe (WT)
intograse (INYDNA complexcs is longer than that of clvitegravir (EVG), raltegravir (RAL). and dolutegravir (DTG).
BIC has improved activity against HIV isolates with INSTI resistance mutations, particularly the 1407148
combination. Here, we evaluate phenotypic resislance and dissociation kinetics using G1418+Q148H mutant IN.

Methods: INSTIs were phenotyped with 17 G140S+Q148H clinically-derived isolates with or without other IN
mulations. The apparent association and dissociation t,;; of *H-labelled RAL, EVG. DTG. and BIC were measured
using WT and G140S/Q148H mutant HIV IN/'DNA complexes with a scintillation proximity assay. The association
and dissociation kinetics were analyzed using both a single exponential decay function and an equilibrium binding
model that generates half-lives that may be more representative of the 1 in cells.

Results: HIV isolates with G140S+Q148H in IN had mean phenotvpic fold-change values of 3.6:1.9 for BIC.
§.1+4.7 for DTG (p<0.01 for DTG vs BIC). and >100 for RAL and EVG. The apparent association 1y of BIC and
DTG to G140S+Q148H mutant HIV IN/DNA complexes were 3744 min and 34£5 min. respectively. and similar to
that for WT. For BIC and DTG. the dissociation w2 from G140S+Q148H IN/DNA complexes were both shorier
compared to WT (p<0.01). The BIC apparent t,,» from the mutant IN/DNA complexes using single exponential [it
was longer than DTG (3.520.1 h vs 2.0£0.01 L, respectively. p<0.01). Similarly. dissociation ¢, determined from
cquilibrium binding models were longer for BIC than DTG (2.520.07 h vs 0.65£0.2 ., respectively. p<(.01). In
contrast, EVG and RAL had no measurable association or dissociation with the mutant IN'DNA, consistent with
high-level resistance.

Conclusions: BIC has improved activity comparcd to DTG, EVG. and RAL against HIV isolates with the 140+148
INSTI resistance mutations. BIC dissociates more slowly than DTG from the G140S+QI148H mutant IN/DNA
complex and may explain the improved in vitro activity of BIC compared to other INSTIs against this mutant.
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The Integrase Strand Transfer Inhibitor Bictegravir has a Long Integrase/DNA Dissociation Half-life
Kirsten White*. Anita Majka. Nikolai Novikov, Michacl Miller, and Manucl Tsiang
Gilead Sciences. Inc. Foster Citv. CA, 94404 USA

Background: The HIV intcgrase strand transfer inhibitor (INSTI) bictegravir (formerly GS-9883) has a high barricr
to resistance sclection in vitro'™. Bictegravir has an improved in vitro resistance profile for most HTV isolaies with
resistance to the other INSTIs raltegravir. elvitegravir. and dolutegravir™*'. The apparent dissociation rate constant
of dolutegravir from integrase/DNA complexcs was previously shown lo be longer than raltegravir and elvitegravir
and was predicted to correlate with potent antiretroviral activity and a higher genetic barrier to resistance™. Here,
the dissociation kinetics of bictegravir were evaluated.

Mecthods: The apparent association and dissociation kinetics of H-labelled INSTIs raltegravir. elvitegravir,
dolutegravir. and bictegravir were measured using wild-type HIV integrase/DNA complexes and a scintillation
proximity assay as prcviously described™,  Single exponential decay functions were used to analyze both the
binding and competition binding phases yiclding apparent association doubling times (ta) and dissociation half-lives
(tin). However. the competilion binding phases deviated significantly from the single cxponential decay function
duc to the gradual sedimentation of the SPA beads. necessitating modeling of the equilibrium binding with on- and
off-rate constants as decreasing functions of time with ko, and kogas initial values of each function, respectively.

Results: The INSTIs bictegravir, dolutcgravir, clvitegravir, and rahicgravir showed rapid association with
integrase/DNA complexes with apparent association doubling times (t¢) ranging from 14 to 34 min: clvitegravir
(144 min). raltegravir (22£11 min), bictegravir (314 min), and dolutegravir (341 min). The apparent dissociation
half-lives (12) of INSTIs from integrase/DNA complexes ranged from 3.6 10 122 h: elvitegravir (3.6+0.9 ),
raltegravir (1542 h), dotutegravir {7113 h). and bictegravir (122+14 h); p=0.0018 for bictegravir vs. dolutegravir.
The initial values of the dissociation rate constants (ko) were determined using the model and converied 10 a by
which may be more representative of the actal 1,5: clvilegravir (1.6£0.2 h). raltegravir (5.4£0.4 h), dolutegravir
(11£2). and bictegravir (35+19 h): p=0.046 for bictegravir vs. dolutegravir.

Conclusions: The dissociation hal{-life of bictegravir is the longest reported for any INSTI that is approved or in
development. Long residence times of INSTIs on the inlegrase/DNA complex have been correlated with potent
antiretroviral activity against wild-tvpe HIV-1 integrase and a high barrier to resistance in vitro™. The barrier to
clinical resistance for bictegravir is being asscssed in ongoing Phase 3 studies with the once-daily, unboosted
bictegravir/enitricitabine/tenofovir alafenamide single tablet regnmen.

1. Jones, et al., ASM Microbe, Boston, MA. USA (2016), Poster #413
2. White. et al., 14th European Workshop on HIV & Hepatilis, Ronze. Haly. (2016), Poster O-01
3. Hightower. ct al.. Antimicrobial Agents and Chemotherapy (2011), 55 (10) 4552-4559.
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The Integrase Strand Transfer Inhibitor Bictegravir has
a Long Integrase/DNA Dissociation Half-life

K White, A Ntedziela-Majka, N Novikov, M Mitier, and M Tstang
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Clinical Pharmacology of the HIV Integrase Strand Transfer Inhibitor Bictegravir

Heather Zhang, Joseph M. Custodio, Xuelian Wei, Hui Wang, Amanda Vu, John Ling, Hal
Martin, Erin Quirk, and Brian P. Kearney; Gilead Sci. Inc., Foster City, CA

Background

Bictegravir (BIC) is an investigational, once-daily, unboosted HIV integrase strand transfer
inhibitor (INSTI) with potent in vitro activity against most INSTI-resistant variants. BIC is
currently in development as a single tablet regimen (STR) coformulated with FTC/TAF for
treatment of HIV-1 infection in adults and adolescents. Clinical pharmacology assessments of
the PK, ADME and DDI potential were performed.

Methods

A single- (SD) and multiple-dose (MD) randomized, double-blind, placebo-controlled (6 active;
2 placebo/cohort) of staggered dose-escalation evaluated SD BIC 5, 25, 50, 100, 300 or 600 mg;
or once-daily MD 3, 25, 50, 100 or 300 mg for 14 days (fasted) in healthy volunteers. An
ADME/ mass balance study included 8 healthy male subjects dosed with a SD 100 mg plus 100
uCi ['*C)-labeled BIC. Blood, urine and feces samples were analyzed for total radioactivity and
pooled plasma and excreta samples were radio-profiled An open-label, six-cohort (n=15/cohort),
fixed sequence and cross-over study assessed the DDI liability of BIC as a victim through
utilization of CYP3A4, UGT1AL1, and/or P-gp inhibitors and inducers. Safety was assessed
throughout each study.

Results

BIC exposure was dose proportional following SD of 25-100mg. Accumulation at steady-state
was approximately 1.6x, consistent with the observed half-life of approximately 18 hours.
Following a SD of [*C]-labeled BIC, the total recovery of radioactivity was 95% + 1.5%, with
60% = 5.5% from feces and 35% = 5.0% from urine. Balanced glucuronidation and oxidation
contributed to the major clearance pathways of BIC. The DDI study (Table 1) showed increased
BIC AUC (61-74%) by CYP3A4 inhibitors voriconazole and DRV/COBI, but showed a greater
increase (~4x) by potent dual inhibitors of UGT1A1 and CYP3A4, ATV and ATV+COBL
Coadministration of BIC with a potent CYP3A4/UGT1A1/P-gp inducer, rifampin resulted in a
75% decrease of BIC AUC, in contrast, a lesser reduction (38%) was associated with the
moderate CYP3A4/P-gp inducer, rifabutin. Overall, BIC was well tolerated at all doses studied.
No deaths, SAEs, or Grade 3 or 4 AEs were reported. The safety profile for BIC did not differ
with increasing doses of SD or MD.

Conclusions

The favorable BIC PK profile supports once daily dosing. The DDI results of BIC are consistent
with its ADME profile, in which both CYP3A4 and UGT1Alcontributed to BIC elimination.
BIC was safe and well tolerated in healthy volunteers.
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Table 1. Effects of Concomitant Medications on BIC PK in Healthy Volunteers

BIC Coadministered
Drug(s) and Dosc(s)

Dose (s) of BIC

Geometric Mean Ratio % (90% CI) of BIC PK

with/without Coadministered Drugs

n=13 for each cohort

Gz AUC Gz
ATV (400 mg) QD BIC(75mg) SD fed | 128 (123, 134) 415 (381, 451) NA
QS\B’I(?](’;’O'ESQD ?c‘dc (HImg) S 131 (123, 140) 406 (376. 438) NA
r‘l’;‘g’;"‘g’[‘gm]e G }3;5(;‘0;75“‘3) D1 109 (961,123 161 (141,184 NA
?Z)‘g%ocm SR ?cldc BmHMD 5 (150, 164) 174 (162, 187) 211 (195, 229)
gg“? utin (300 mg) fBalsfch MOMD - g0 4 66.9.96.5) 62.0 (53.1. 72.5) 44.0(37.1,52.1)
gg’““pi“ (Gt s Elgcfézj’“g) 722 (67.1,77.8) 245(20,27.3) | NA

ATV = atazanavir: COBI = cobicistat: DRV = darunavir: $D = single-dose. MD = multiple-dose: NA = not applicable © Test arm

n=13

Character limits for CROIs:

Title: Up to 83 characters, including spaces.

Body: Up to 2500 characters, cumulative, including spaces.
Tables: Suggested maximum size is 8 columns x 12 rows; table characters are not included in the cumulative

character count.
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TITLE OF THE INVENTION
DIHYDROXYPYRIDOPYRAZINE-1,6-DIONE COMPOUNDS USEFUL AS HIV
- INTEGRASE INHIBITORS

5] This application claims the benelit of U.S. Provisional Application No.
60/409,741, filed September 11, 2002, the disclosure of which is hereby incorporated
by reference in its entirety.

FIELD OF THE INVENTION

10 The present invention is directed to dihydroxypyridopyrazine-1,6-
diones and pharmaceutically acceptable salts thereof, their synthesis, and their use as
inhibitors of the HIV integrase enzyme. The compounds of the present invention and
their pharmaceutically acceptable salts are useful for preventing or treating infection
by HIV and for treating, delaying the onset of, or preventing AIDS.

15
BACKGROUND OF THE INVENTION

A retrovirus designated human immunodeficiency virus (HIV) is
the etiological agent of the complex disease that includes progressive destruction
of the immune system (acquired immune deficiency syndrome; AIDS) and

20 degeneration of the central and peripheral nervous system. This virus was
previously known as LAV, HTLV-1lI, or ARV. A common feature of retrovirus
replication is the insertion by virally-encoded integrase of proviral DNA into the
host cell genome, a required step in HIV replication in human T-lymphoid and
monocytoid cells. Integration is believed to be mediated by integrase in three

25  steps: assembly of a stable nucleoprotein complex with viral DNA sequences;
cleavage of two nucleotides from the 3' termini of the linear proviral DNA;
covalent joining of the recessed 3' OH termini of the proviral DNA at a staggered
cut made at the host target site. The fourth stcp in the process, repair synthesis of
the resultant gap, may be accomplished by cellular enzymes.

30 Nucleotide sequencing of HIV shows the presence of a pol gene in
one open reading frame [Ratner et al., Nature 1985, 313: 277). Amino acid
sequence homology provides evidence that the pol sequence encodes reverse
transcriptase, integrase and an HIV protease [Toh et al., EMBO J. 1985, 4: 1267;
Power et al., Science 1986, 231: 1567; Pearl et al., Namure 1987, 329: 351]. All

35  three enzymes have been shown to be essential for the replication of HIV.

It is known that some antiviral compounds which act as inhibitors
of HIV replication are effective agents in the treatment of AIDS and similar
Shll=
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diseases, including reverse transcriptase inhibitors such as azidothymidine (AZT)
and efavirenz and protease inhbitors such as indinavir and nelfinavir. The
compounds of this invention are inhibitors of HIV integrase and inhibitors of HIV
replication. The inhibition of integrase in vitro and of HIV replication in cells is a
5  direct result of inhibiting the strand transfer reaction catalyzed by the recombinant

integrase in vitro in HIV infected cells. A particular advantage of the present
invention is highly specific inhibition of HIV integrase and HIV replication.

The following references are of interest as background:

Chemical Abstracts No. 33-2525 discloses the preparation of 5-chloro-

10 8-hydroxy-1,6-naphthyridine-7-carboxylic acid amide from the corresponding methyl
ester.

US 5,294,620 discloses certain 1,6-naphthyridin-2-one derivatives
having angiotensin II antagonist activity.
US 2003/0055071 (Publication of U.S. Application Serial No.

15  09/973,853, filed October 10, 2001) and WO 02/30930 (Publication of Intemational
Application No. PCT/US 01/31456, filed October 9, 2001) each disclose certain
8-hydroxy-1,6-naphthyridine-7-carboxamides as HIV integrase inhibitors, wherein the
carboxamido nitrogen is directly or indirectly attached to phenyl or phenyl fused to a
carbocycle. The carboxamides are disclosed to be useful, inter alia, for treating HIV

20  infection and AIDS. WO 02/30426 discloses another group of 8-hydroxy-1,6-
naphthyridine-7-carboxamides as HIV integrase inhibitors, wherein the carboxamido
nitrogen is directly or indirectly attached to a heterocycle. WO 02/055079 discloses
still another group of 8-hydroxy-1,6-naphthysidine-7-carboxamides as HIV integrase
inhibitors, wherein the carboxamido nitrogen is part of a heterocyclic ring system.

25 WO 02/036734 discloses certain aza- and polyaza-naphthalenyl
ketones to be HIV integrase inhbitors. The ketones include certain 1-aryl-1-
(poly)azanaphthylenyl methanones and 1-heterocyclyl-1-(poly)azanaphthylenyl
methanones. Quinolinyl, naphthyridinyl, and quinoxalinyl are disclosed as suitable
(poly)azanaphthalenyl groups in the ketones.

30 ‘WO 03/35076 discloses certain 5,6-dihydroxypyrimidine-4-
carboxamides as HIV integrase inhibitors, and WO 03/35077 discloses certain N-
substituted S-hydroxy-6-oxo-1,6-dihydropyrimidine-4-carboxamides as HIV integrase
inhibitors.

35
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SUMMARY OF THE INVENTION

The present invention is directed to novel dihydroxypyridopyrazine-
1,6-diones. These compounds and their pharmaceutically acceptable salts are useful
in the inhibition of IV integrase, the prevention of infection by HIV, the treatment of
infection by IIIV and in the prevention, treatment, and delay in the onset of AIDS,
either as compounds or their pharmaceutically acceptable salts, or as pharmacentical
composition ingredients, whether or not in combination with other HIV/AIDS
antivirals, anti-infectives, immunomodulators, antibiotics or vaccines. More
particularly, the present invention includes a compound of Formula (1), or a

10 pharmaceutically acceptable salt thereof:
R R'o
R2
e
wherein
R1is Cy.6 alkyl which js substituted with 1 or 2 substituents each of which is
15  independently:
) C3.g cycloalkyl,
@ aryl,
3 a 5- or 6-membered saturated or mono-unsaturated heterocyclic ring
containing from 1 to 4 heteroatoms independently selected from N, O
20 and S,
“) a 5- or 6-membered heteroaromatic ring containing from 1 to 4
heteroatoms independently selected from N, O and S, or
5 a9- or 10-membered fused bicyclic heterocycle containing from 1 to 4
heteroatoms independently selected from N, O and S, wherein at least
25 one of the rings is aromatic;
wherein
A) each cycloalkyl is optionally substituted with from 1 to 3 substituents,
each of which is independently halo, -C g alkyl, or -O-Cj_g alkyl;
B) each aryl is optionally substituted with from 1 to 5 substituents each of
30 which is independently
=Biz
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L -C1-6 alkyl, optionally substituted with from | to 3
substituents each of which is independently -OH,
-0-C1.g alkyl, -O-C]-6 haloalkyl, -CN, -NO2,
-N(RaRrb), -C(=0)N(RaRD), -C(=O)R2, -COzRC,

5 -S(O)pRE, -SO2N(R2RD), -N(RA)C(=O)RD,

-N(R2)CO2RE, -N(R)SO2RE, -N(ROSO2N(RaRD),
-OC(=0)N(R4RD), or -NRHC(=0)N(R2RY),

2) -0-C1.6 alkyl, optionally substituted with from 1 to 3
substituents each of which is independently -OH,

10 -0-C1-6 alkyl, -O-C1.6 haloalkyl, -S(O)nR¢,

-C(=0)N(R2RD), -SO2N(RaRY), -N(R2)C(=O)RD,
N(RDCO2RE, -NRDSO2RE, -N(RASO2N(RaRD),
-OC(=0)N(R2Rb), or -N(R2)C(=0)N{RaRb),

3) -C1-6 haloalkyl,

15 @ -0-Cj-¢ haloalkyl,
5) -OH,
6) halo,
) -CN,
(8) -NOz,
20 ©)  -N(R2Rb),

(10) -C(=0)N(R2Rb),
(11) -C(=0)Ra,
(12) -COgRec,
(13) -SRe,

25 (14) -S(=O0)RC,
(15) -SO2RC,
(16) -NR%)SO2RE,
(17) -SO2N(RaRD),
(18) -NRJC(=O)RD,

30 (19) -NR3CO2REC, or
(20) phenyl;

(C)  each saturated or mono-unsaturated heterocyclic ring is

@) optionally substituted with from 1 to 5 substituents each
of which is independently halogen, -C1-6 alkyl, -C1-6
35 haloalkyl, -O-C1-6 alkyl, -O-C1-6 haloalkyl, or oxo;
and
_4-
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(ii) optionally substituted with 1 or 2 substituents each of
which is independently aryl or a 5- or 6-membered
heteroaromatic ring containing from 1 to 4 heteroatoms
independently selected from N, O and S; and

5 (D) cach heteroaromatic ring or each fused bicyclic heterocycle is

@) optionally substituted with from 1 to 7 substituents each
of which is independently halogen, -C1-6 alkyl, -C1-g
haloalkyl, -O-C1_g alkyl, -O-C1-g haloalkyl, or oxo;
and

10 (i) optionally substituted with I or 2 substituents each of
which is independently aryl or -C1_g alkyl-aryl;

R2 s -H or -Cj-¢ alkyl;

15 R3is-H,-Cji6alkyl, -Ci.6 haloalkyl, or -C1_¢ alkyl substituted with one of -OH,
-O-C1-6 alkyl, -O-C1-6 haloalkyl, -CN, -NO2, -N(R2Rb), -C(=0)N(RaRDb),
-C(=O)R3, -CO2RC, -S(O)nRE, -SO2N(RARD), -N(R2)C(=0)Rb, -N(Ra)CO2RC,
-N(R2)SO2R¢e, -N(Ra)SO2N(R2RD), -OC(=0)N(RARD), or -N(RA)C(=0)N(RaRb);

20 R4is:
BT - §
@) -C1-6 alkyl optionally substituted with one of -OH, -O-C1_g alkyl,
-0-C1-6 haloalkyl, -CN, -NO2, -N(R2RD), -C(=0)N(RaRDb),
-C(=0O)Ra, -CO2RE, -8(O)nRC, -SON(RaRY), -N(R2)-C(RP)=0,
25 -N(RH)SO2RC, -N(RA)SO2N(R2RD), -OC(=0)N(RaRb),
-N(R2)C(=O)N(R2aRb), -O-C].¢ alkyl-C(=O)N(R2RbD), -S-C}_g
alkyl-C(=O)N(RaRb), -N(R2)-C1_¢ alkyl-C(=O)N(R4RD), or
-N(SO2RC)-C1.¢ alkyl-C(=0)N(RaRD),
(3)  -Ci-6 haloalkyl,
30 4  -C(=0)Ra,
(5) -CO2Re,
(6)  -C(=0)N(RaRb),
(7)  -SO2N(RaRbD),
(8) -C2-6 alkenyl,
35 (9)  -C2.6 alkenyl-C(=0)-N(Ra)y,
(10)  -C2-5 alkynyl,
(11)  -Co.5 alkynyl-CFN(Ra),,
=I5
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-Ca_5 alkynyl-CH20R2,

-C2.5 alkynyl-CH2S(O)pRC, or

Rk,

-C1-6 alkyl substituted with RK,

-C1.6 haloalkyl substituted with RX,

-C1-6 alkyl-O-Rk,

-C1-6 alkyl-O-C1.6 alkyl-RK,

-C1-6 alkyl-S(O)p-RK,

-C1-6 alkyl-S(O)n-C1-6 atkyl-RK,

-C1-6 alkyl-N(R2)-RK,

-C1-6 alkyl-N(R2)-C1_6 alkyl-Rk,

-C1-6 alkyl-N(R®)-C1.¢ alkyl-ORX, with the proviso that the -N(Ra)-

moiety and the -ORK moiety are not both attached to the same carbon

of the -C]-g alkyl- moiety,

-C1-6 alkyl-C(=0)-Rk,

-C1-6 alkyl-C(=0O)N(R2)-RK,

-C1.6 alkyl-N(R&)C(=0)-RK,

-C1-6 alkyl-C(=0)N(R2)-C1 .6 alkyl-RK, or

-C1.6 alkyl-N(R®&)-Cp_g alkyl-S(O)RE;

wherein RK is

@ aryl, which is optionally substituted with from 1 to 5
substituents each of which is independently -Cj_¢ alkyl, -C1-6
alkyl-OH, -C1-¢ alkyl-O-Cj.¢ alkyl, -C1-6 alkyl-O-C1-6
haloalkyl, -C1-g alkyl-N(RaRD), -Cj.¢ alkyl-C(=O)N(R2Rb),
-C1-6 alkyl-C(=O)R4, -Cj .6 alkyl-CO2RE, -C1 .6
alkyl-S(O)nRC, -O-Cj1.6 alkyl, -C1.6 haloalkyl, -O-C1.6
haloalkyl, -OH, halo, -N(RaRb), -C(=0)N(RaRb), -C(=O)R2,
-CO2RE, -S(O)nRE, or -SOaN(RaRDb);

(ii) a 4- to 7-membered saturated or mono-unsaturated heterocyclic
ring containing at least one carbon atom and from 1 to 4
heteroatorns independently selected from N, O and S, wherein
the heterocyclic ring is:

(a) optionally substituted with from 1 to 5 substituents each
of which is independently halogen, -Cj.-6 alkyl, -C1.6
haloalkyl, ~O-C1.-6 alkyl, -O-Cj-¢ haloalkyl, or oxo;

and
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(b) optionally mono-substituted with aryl or HetA;
wherein HetA is a 5- or 6-membered
heteroaromatic ring containing from 1 to 4 heteroatoms
independently selected from N, O and S, wherein the
5 heteroaromatic ring is optionally fused with a benzene
ring, and HetA is optionally substituted with from 1 to 4
substituents each of which is independently -C) ¢ alkyl,
-C1-6 haloalkyl, ~-O-Cj_6 alkyl, -O-C1-g haloalkyl, or
0XO0; Or
10 (iii)  a 5- or 6-membered heteroaromatic ring containing from 1 to 4
heteroatoms independently selected from N, O and S, wherein
the heteroaromatic ring is optionally substituted with from
optionally substituted with from 1 to 4 substituents each of
which is independently -Cj.g alkyl, -C1-¢ haloalkyl, -O-C1-6
15 alkyl, -O-C1_6 haloalkyl, or 0xo0;

or alternatively R3 and R4 are joined together to form C5.§ cycloalkyl or a 5- to
7-membered saturated heterocyclic ring containing from 1 to 4 heteroatoms
independently selected from N, O and S; wherein
20 the cycloalkyl is optionally substituted with from 1 to 3 substituents
each of which is independently halo, -Cj_g alkyl, or -O-C|.g alkyl; and
the heterocyclic ring is optionally substituted with from 1 to 4
substituents each of which is independently -Cj_¢ alkyl, -C} g haloalkyl,
-0-C1.6 alkyl, -O-C1 .6 haloalkyl, or oxo;
25
or alternatively:
@ R2 and R3 together form a direct bond to give a ring double
bond, and R4 is an independent group as defined above;
(i) R2 and R3 together with the ring carbon atoms to which they
30 are attached form a fused cyclopropyl ring which is optionally substituted at
the non-fused cyclopropyl ring carbon with -ORd, and R4 is -H; or
(i)  RZ2 and R3 together with the ring carbon atoms to which they
are attached form a fused phenyl ring or a fused pyridyl ring, and R4 is absent;

35 RS5is:
COR 8
(2)  -Cypgalkyl,
.
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HetB is a 5- or 6-membered saturated or mono-unsaturated ring

containing from 1 to 4 heteroatoms independently selected from N, O

and S, wherein the ring is optionally substituted with from 1 to 5
substituents each of which is independently halogen, -C1-6 alkyl,
-C1_6 haloalkyl, -O-C]-g alkyl, -O-Cj-g haloalkyl, oxo, -C(=0)-C1-6
alkyl, -C(=0)-C1 -6 haloalkyl, or -C1-¢ alkyl-C3-g cycloalkyl; and

11etC is a 5- or 6-membered heteroaromatic ring containing

from 1 to 4 heteroatoms independently selected from N, O and S,

_8-

(3)  -Ci-6 alkyl-N(RaRb),
(@)  -C1.6 alkyl-C(=O)N(RaRb),
(5)  -Cl-6 alkyl-C(=O)Ra,
6) -Ci-6 alkyl-CO2RC,
5 ) -Cj-6 alkyl-SRC,

(8) -C1-6 alkyl-S{(=O)RC,
9 -C1-6 alkyl-SO2R¢C,
10) -Ci-¢ alkyl—SOgN(RaRb)
(11) -Cj]-¢ haloalkyl,

10 (12) -0-Ci1-6 alkyl,
(13) -O-Cj-6 haloalkyl,
(14)  halo,
(15) -CN,
(16) -C(=0)Ra,

i5 (17) -CO2RC,
(18) -SRc,
(19) -S(=0)Rc,
(20) -SO2Re,
(21) -N(RaRrb),

20 (22) -C(=0)N(R&RD), or
(23)  -SOpN(RaRrb);
(24) aryl
25) -Ci-6 alkyl-aryl
(26) HetB,

25 (27) -C1.6 alkyl-HetB,
(28) HetC, or
29) -Ci.6 alkyl-HetC,
wherein

30

35
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wherein the heteroaromatic ring is optionally substituted with from 1 to
4 substituents cach of which is independently -C1.¢ alkyl, -Cj_g

haloalkyl, -O-Cj.6 alkyl, -O-C]_g haloalkyl, or oxo:
cach R2 and RP is independently -H or -C} ¢ alkyl;
each RC is independently a -C1.¢g alkyl;
Rd s a-Cy_g alky}, allyl, or benzyl; and
each n is independently an integer equal t0 0, 1 or 2.

An aspect of the present invention is a compound of Formula (I) as
defined above, except that: in the definition of R1, the optional substitution on each
aryl is restricted to 1 to 5 substituents each of which is independently one of groups
(1) to (19) (i.e., the choice of optional substituents on aryl does not include phenyl); in
the alternative definitions of R2 and R3, R2 and R3 are restricted to definition (i) (i.e.,
the formation of a ring double bond; the joining of R2 and R3 to form a fused
cyclopropyl ring, a fused phenyl ring, or a fused pyridyl ring is excluded); and in the
definition of HetB in R3, the optional substitution on the saturated or mono-
unsaturated ring is restricted to 1 to 5 substituents each of which is independently
halogen, -C1-6 alkyl, -C1-6 haloalkyl, -O-Cj_6 alkyl, -O-C1-¢ haloalkyl, or oxo.

The present invention also includes pharmaceutical compositions
containing a compound of the present invention and methods of preparin g such
pharmaceutical compositions. The present invention further includes methods of
treating AIDS, methods of delaying the onset of AIDS, methods of preventing AIDS,
methods of preventing infection by HIV, and methods of treating infection by HIV.

Other embodiments, aspects and features of the present invention are
either further described in or will be apparent from the ensuing description, examples
and appended claims.
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DETAILED DESCRIPTION OF THE INVENTION
The present invention includes the dihydroxypyridopyrazine-1,6-diones
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of Formula (I) above. These compounds and pharmaceutically acceptable salts thereof

are HIV integrase inhibitors.

A first embodiment of the present invention is a compound of Formula
(I), or a pharmaceutically acceptable salt thereof, wherein R1 is -C1-4 alkyl mono-

substituted with aryl; wherein the aryl is optionally substituted with from 1 to 4

1)

1))

3
)
&)
)
@)
®
)]
(10)
an
12)
(13)
4
as)
(16)
@amn

and all other variables are as originally defined above.

Cipla v. Gilead

- substituents each of which is independently

-C1-4 alkyl, optionally mono-substituted with -OH, -O-Cj-4 alkyl,
-0-C1-4 haloalkyl, -CN, -N(RaRD), -C(=O)N(R2aRb), -C(=O)Ra,
-CO2RE, -S(O)nRE, -SON(RaRb), -N(R2)C(=0)RD, -N(R2)COzRC,
-N(R2)SO2R¢, -N(R2)SOoN(RaRb), -OC(=0)N(R2RD), or

N(Ra)C(=O)N(RaRD),

-0-C1-4 alkyl, optionally mono-substituted with -OH, -O-C| 4 alkyl,
-0-C1-4 haloalkyl, -S(O)pRE, -N(R2)-CO2RE, -C(=0)N(RaRD),
-SO2N(RaRD), -NRHC(=0)Rb, NRACO2RE, -NRH)SO2RC,
N(R2)SOpN(R2RD), -OC(=0)N(RaRb), or -N(RAC(=O)N(RaRD),

-C1-4 haloalkyl,
-0-C1-4 haloalkyl,
-OH,

halo,

-CN,

-NO2,

-N(RaRDb),

-SRC,

-S(=0)R€,
-SO2REC,
-NRa)SO2RE€,
-SO2N(RaRD),
-NR®)C(=O)RD,
-NRa)CO2RE, or
phenyl;

-10 -
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In an aspect of the first embodiment, each of the optional substituents
on the aryl is independently one of the groups (1) to (16) set forth above (i.e., phenyl
is cxcluded as a possible optional substituent).

5 A second embodiment of the present invention is a compound of
Formula (I), or a pharmaceutically acceptable salt thereof, wherein R1 is
-(CH2)1-4-phenyl, wherein the phenyl is optionally substituted with from 1 to 3
substituents each of which is independently

(1) -C1-4 alkyl, optionally mono-substituted with -OH, -O-Cj_4 alkyl,
10 -0O-C1-4 haloalkyl, -CN, -N(RaRb), -C(=O0)N(R2RbD), -C(=0)R2,
-CO2R¢, -S(O)pRE, or -SOIN(RaRb),
2 -O-C1-4 alkyl,
3) -C1-4 haloalkyl,
4) -0-C1-4 haloalkyl,

15 (5) -OH,

(6)  halo,

(7) -CN,

(8) -NO2,

9  -N(RaRrb),
20 (10) -SRe,

(1)  -8(=0)Re,

(12) -SO3Re,

(13)  -N(Ra)SO2RC,

(14)  -SO2N(RaRb),
25 (15) -NR)C(=O)RD,

(16) -N(R2)CO2RC, or

17y  phenyl;

and all other variables are as originally defined above.

30
In an aspect of the second embodiment, each of the optional
substituents on the phenyl is independently one of the groups (1) to (16) set forth
above (i.e., phenyl is excluded as a possible optional substituent).
55} A third embodiment of the present invention is a compound of Formula
(D, or a pharmaceutically acceptable salt thereof, wherein R1 is
-11-
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wherein X1 and X2 are each independently

L -H
5 ) methyl,
3 cthyl,
“@ methoxy,
(5) ethoxy,
© -CF3,
10 N fluoro,

8 bromo, or
) chloro,

(10) -CN,
(11) -S-CH3,or
15 (12) phenyl;

and all other variables are as originally defined above.

In an aspect of the third embodiment, X1 and X2 are each

20  independently selected from one of groups (1) to (9) set forth above (i.e., -CN,
-S-CH3, and phenyl are each excluded as possible substituents).

In another aspect of the third embodiment, R1!is 4-fluorobenzyl.

25 A fourth embodiment of the present invention is a compound of
Formula (I), or a pharmaceutically acceptable salt thereof, wherein R2isis-Hor
-C1-4 alkyl; and all other variables are as originally defined or as defined in any of the

preceding embodiments or aspects. In an aspect of this embodiment, RZ2is-H.

30 A fifth embodiment of the present invention is a compound of Formula
(@), or a pharmaceutically acceptable salt thereof, wherein R3 is -H or -Cj-4 alkyl; and

all other variables are as originally defined or as defined in any of the preceding
embodiments or aspects thereof. In an aspect of this embodiment, R3is -H.
-12-
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A sixth embodiment of the present invention is a compound of
Formula (I), or a pharmaceutically acceptable salt thereof, wherein R4 is:
@ -H,
2) -C1-4 alkyl optionally substituted with one of -OH, -0-C1-4 alkyl,
-0-C1-4 haloaikyl, -CN, -N(RaRb), -C(=O)N(RaRb), -C(=O)Ra,
-CO2R¢, -8(0)nRE, -SO2N(R2Rb), -N(R@)-C(RD)=0, -N(R2)SO2RDb,
or -N(R2)SO2N(RaRb),
3)  -C(=0)N(R2Rb),
10 @) Rk,
(5)  -Cj-4 alkyl substituted with RK,
) -C1-4 alkyl-O-RX, or
) -C1-4 alkyl-O-C1.4 alkyl-RK;

La

15 and all other variables are as originally defined or as defined in any of the preceding
embodiments or aspects thereof.

A seventh embodiment of the present invention is a compound of
Formula (I), or a pharmaceutically acceptable salt thereof, wherein R4 is:
20 (L -H,
(2)  -Cj-4 alkyl optionally substituted with one of -OH, -N(RaRb), or
-C(=O)N(RaRb),
(3) -C(=O)N(RaRb),
@)  -(CH2)1-3-RK,
25 (5)  -(CH2)1-3-O-RK, or
(6)  -(CH2)1-3-0-(CH2)1-3-RK;

and all other variables are as originally defined or as defined in any of the first five
embodiments or aspects thereof.
30
An eighth embodiment of the present invention is a compound of
Formula (I), or a pharmaceutically acceptable salt thereof, wherein RK is:
1)) phenyl, which is optionally substituted with from 1 to 3
substituents each of which is independently -C1.4 alkyl, -C1 .4
35 alkyl-OH, -C1-4 alkyl-O-C1_4 alkyl, -C1_4 alkyl-O-Cj.4
haloalkyl, -C1-4 alkyl-N(RaRb), -C]_4 alkyl-C(=O)N(R2Rb),
-C1-4 alkyl-C(=O)R2, -C1.4 alkyl-CO2RC, -C1_4
13-
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alkyl-S(O)nR¢, -O-C1-4 alkyl, -C1-4 haloalkyl, -O-C1-4

haloalkyl, -OH, halo, -N(R2RD), -C(=0)N(RaRDb), -C(=O)Ra3,

-CO2RE, -S(O)nRE, or -SO2N(RaRb);

a 4- to 7-membered saturated heterocyclic ring containing at

least one carbon atom and a total of from 1 to 4 heteroatoms

independently selected from 1 to 4 N atoms, from 0t0 2 O

atoms, and from 0 to 2 S atomns, wherein the heterocyclic ring

is:

@) optionally substituted with from 1 to 4 substituents each
of which is independently halogen, -C1-4 alkyl, -C1-4
haloalkyl, -O-Cj_4 alkyl, -O-C1.4 halocalkyl, or 0x0;
and

(b) optionally mono-substituted with phenyl or HetA;

wherein HetA is a 5- or 6-membered
heteroaromatic ring containing a total of from 1 to 4
heteroatoms independently selected from 1to 4 N
atoms, from O to 2 O atoms, and from 0 to 2 S atoms,
wherein HetA is optionally substituted with from 1to 3
substitucnts each of which is independently -C1-4 alkyl,
-C1-4 haloalkyl, -O-C1-4 alkyl, -O-C1-4 haloalkyl, or
0X0; Or

a 5- or 6-membered heteroaromatic ring containing a total of

from 1 to 4 heteroatoms independently selected from 1 to 4 N

atoms, from O to 2 O atoms, and from O to 2 S atoms, wherein

the heteroaromatic ring is optionally substituted with from
optionally substituted with from 1 to 3 substituents each of
which is independently -C] 6 alkyl, -C| .6 haloalkyl, -O-C1-6
alkyl, -O-Cj.-6 haloalkyl, or oxo;

and all other variables are as originally defined or as defined in any of the preceding

embodiments or aspects thereof.

In an aspect of the eighth embodiment, HetA is a 5- or 6-membered

heteroaromatic ring containing 1 or 2 N atoms, wherein HetA is optionally substituted
with from 1 to 3 substituents each of which is independently -C1-4 alkyl, -C1-4
haloalkyl, -O-C1-4 alkyl, -O-C1.4 haloalkyl, or oxo. In another aspect of the eighth

Cipla v. Gilead
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embodiment, HetA is pyrrolyl, pyrazolyl, imidazolyl, pyridyl, or pyrazinyl; which is
optionally substituted with from 1 to 3 substituents each of which is independently
-C1-4 alkyl (e.g., methyl), -C] 4 haloalkyl (e.g., trifluoromethyl) , -O-C1-4 alkyl {e.g.,
methoxy), -O-Cj.4 haloalkyl (e.g., -OCF3), or oxo.

A ninth embodiment of the present invention is a compound of
Formula (I}, or a pharmaceutically acceptable salt thereof, wherein RK is:

(i) phenyl, which is optionally substituted with from 1 to 3
substituents each of which is independently -C1-4 alkyl, -C1.4
alkyl-OH, -C3-4 alkyl-O-Cj-4 alkyl, -C1.4 alkyl-O-C14
haloalkyl, -C1-4 alkyl-N(RaRDb), -C1_4 alkyl-C(=O)N(RaRb),
-C}.4 alkyl-C(=O)R4, -C]_4 alkyl-CO2REC, -C1 4
alkyl-S(O)pR€, -O-C1.4 alkyl, -Cj_4 haloalkyl, -O-C1-4
haloalkyl, -OH, halo, -N(Ra@RD), -C(=0)N(R2RD), -C(=0)R4,
-CO2R¢, -S(O)nRE, or -SON(RaRD); or

(1) a saturated heterocyclic ring selected from the group consisting
of piperidinyl, morpholinyl, thiomorpholinyl, thiazolidinyl,
isothiazolidinyl, oxazolidinyl, isooxazolidinyl, pyrrolidinyl,
imidazolidinyl, piperazinyl, tetrahydrofuranyl,
tetrahydrothienyl, pyrazolidinyl, hexahydropyrimidinyl,
thiazinanyl, thiazepanyl, thiadiazepanyl, dithiazepanyl,
azepanyl, diazepanyl, thiadiazinanyl, and dioxanyl; wherein the
saturated heterocyclic ring is:

(a) optionally substituted with from 1 to 4 substituents each
of which is independently halogen, -C1-4 alkyl, -C1-4
haloalkyl, -O-Cj_4 alkyl, -O-C]-4 haloalkyl, or oxo;
and

() optionally mono-substituted with phenyl or HetA;
wherein HetA is a heteroaromatic ring selected from the
group consisting of pyridyl, pyrrolyl, pyrazinyl,
pyrimidinyl, pyridazinyl, triazinyl, thienyl, furanyl,
imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl,
isooxazolyl, oxadiazolyl, oxatriazolyl, thiazolyl,
isothiazolyl, and thiadiazolyl; wherein the
heteroaromatic ring is optionally substituted with from 1
to 3 substituents each of which is independently -C1_4

-15-
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alkyl, -C] -4 haloalkyl, -O-C-4 alkyl, -O-C14

haloalkyl, or oxo;

and all other variables are as originally defined or as defined in any of the first seven

5  embodiments or aspects thereof.

A tenth embodiment of the present invention is 2 compound of
Formula (I), or a pharmaceutically acceptable salt thereof, wherein RS is:
a "
10 2) -C1-4 alkyl,
3) -C1-4 alkyl-N(RaRb),
“) -Cj-4 alkyl-C(=0)N(RaRb),
(5)  -C1-4 alkyl-SO2N(R2RD)
(6) -C1-4 haloalkyl,

15 ¢)) halo,
8) -CN,
©® ayl
(10) -Cj-4 alkyl-aryl
(11) HetB,
20 (12) -Cj-4 alkyl-HetB,

(13) HetC,or
(14) -Cj-4 alkyl-HetC,
wherein
HetB is a 5- or 6-membered saturated ring containing a total of
25 from 1 to 4 heteroatoms independently selected from 1 to 4 N atoms,
from O to 2 O atoms, and from O to 2 S atoms, whercin the saturated
ring is optionally substituted with from 1 to 4 subslituents each of
which is independently halogen, -C] -4 alkyl, -C].4 haloalkyl, -O-C1-4
alkyl, -O-C1-4 haloalkyl, oxo, -C(=0)-C1-4 alkyl, -C(=0)-C1-4
30 haloalkyl, or -C7-4 alkyl-C3_g cycloalkyl; and
IetC is a S- or 6-membered hetercaromatic ring containing a
total of from 1 to 4 heteroatoms independently selected from 1 to 4 N
atoms, from O to 2 O atoms, and from O to 2 S atoms, wherein the
heteroaromatic ring is optionally substituted with from 1 to 3
35 substituents each of which is independently -C1-4 alkyl, -C1-4
halealkyl, -O-C1-4 alkyl, -O-Cj_4 haloalkyl, or oxo;

=16 =
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and all other variables are as originally defined or as defined in any of the preceding
embodiments or aspects thereof.

5 I an aspect of the tenth cmbodiment, in the definition of HetR, the
optional substitution on the saturated ring is restricted to 1 to 4 substituents cach of
which is independently halogen, -Ci_4 alkyl, -C1-4 haloalkyl, -O-C1-4 alkyl, -O-Ci_4
haloalkyl, or oxo.

10 An eleventh embodiment of the present invention is a compound of
Formula (I), or a pharmaceutically acceptable salt thereof, wherein RS is:
@€ -H

(2)  -Ci1-4 alkyl,
(3)  -Ci-4 alkyl-N(RaRb),

15 @ halo,
&) -CN, or
® -C1-4 alkyl-HetB;
wherein

HetB is a 5- or 6-membered saturated ring containing 1 or 2 N
20 aloms and carbon atoms, wherein the satorated ring is optionally
substituted with from 1 to 4 substituents each of which is
independently halogen, -Cj.4 alkyl, -C1.4 haloalkyl, -O-Ct_4 alkyl,
-0-C1-4 haloalkyl, oxo, -C(=0)-C1-4 alkyl, -C(=0)-C1-4 haloalkyl, or
-C1-4 alkyl-C3.g cycloalkyl;

and all other variables are as originally defined or as defined in any of the first nine
embodiments or aspects thereof.

In an aspect of the eleventh, in the definition of HetB, the optional
30  substitution on the saturated ring is restricted to 1 to 4 substituents each of which is
independently halogen, -C1_4 alkyl, -Cj-4 haloalkyl, -O-C1.4 alkyl, -O-C1-4
haloalkyl, or oxo.

In another aspect of the eleventh embodiment, HetB is pyrrolidinyl,
35  pyrazolidinyl, imidazolidinyl, piperidinyl, or piperazinyl, which is optionally
substituted with from 1 to 4 substituents each of which is independently halogen (e.g.,
fluoro, chloro, or bromo), -C1_4 alkyl (e.g., methyl), -Cj.4 haloalkyl (e.g.,

-17 -
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trifluoromethyl) , -O-C]_4 alkyl (e.g., methoxy), -0-Cy1-4 haloalkyl (e.g., -OCF3), or

0Xo.

Other embodiments of the present invention include compounds of
5  Formula (), wherein each R2 and RD is independently -H or -C1-4 alkyl; each R¢ is
independently a -Cj -4 alkyl; and all other variables are as originally defined or as

defined in any of the foregoing embodiments or aspects thereof.

Still other embodiments of the present invention include compounds of
10  Formula (I), wherein each Ra and Rb is independently -H, methyl, or ethyl; each R€ is
independently methyl or ethyl; and all other variables are as originally defined or as
defined in any of the foregoing embodiments or aspects thereof.

Still other embodiments of the present invention include compounds of
15  Formula (I), wherein Rd is a -C1-4 alkyl (e.g., methyl, ethyl or n-propyl), allyl, or
benzyl; and all other variables are as originally defined or as defined in any of the
foregoing embodiments or aspects thereof.

A class of the present invention includes compounds of Formula (II), or
20  a pharmaceutically acceptable sait thereof:

x2' " RSI qu O
\/ R2 I RS‘
LN
1./\ OH
K R® O OH am.
wherein:
X1 and X2' are each independently:
25 1) -H,
(2) Ci-4alkyl,
2) -0-Cj-4 alkyl,
3) -C1-4 haloalkyl,
) -O-Cj-4 haloalkyl,
30 5) halo,
(6) 'CN’
- 18-
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(€3] -S-Cj-4 alkyl, or
(8  phenyl

R2'is -H or -C1.4 alkyl;

5
R3'is -H or -C1-4 alkyl:
R% is:
@O -
10 (2)  -C1-4 alkyl optionally substituted with one of -OH, -N(RaRb"), or

-C(=0)N(RaRD"),
()  -C(=O)N(RaRD),
@  -(CH2)1-3-RK,
5) -(CH2)1-3-O-RK', or
15 6)  -(CH2)1-3-O-(CHp)1-3-RK}
wherein RX' is:
@ phenyl, which is optionally substituted with from 1 to 3
substituents each of which is independently -C1_4 alkyl,
-0-C1-4 alkyl, -C1.4 haloalkyl, -O-C]-4 haloalkyl, or halo; or
20 @i1) HetD, wherein HetD is a 5- or 6-membered saturated ring
containing 1 or 2 N atoms, 0 or 1 S atoms, and a balance of
carbon atoms, wherein the saturated ring is optionally
substituted with from 1 to 4 substituents each of which is
independently halo, -C1_4 alkyl, -C1-4 haloalkyl, -O-C1.4
25 alkyl, -O-C1-4 haloalkyl, or oxo;

or alternatively:

(i) R2' and R3' together form a direct bond to give a ring double
bond, and R4 is an independent group as defined above;
30 (i)  R2 and R3' together with the ring carbon atoms to which they

are attached form a fused cyclopropyl ring which is optionally subslituted at
the non-fuscd cyclopropyl ring carbon with -ORd', and R4 is -H; or
(i)  R2'and R3' together with the ring carbon atoms to which they
arc attached form a fused phenyl ring or a fused pyridyl ring, and R4’ is absent;
35
RS'is:

-19-
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(1) 'H7
(2) Ci4alkyl,
(3)  -C1.4 alkyl-N(RaRD",

(C)) halo,

5 5) -CN, or
(6) -(CH2)1-3-HetB;
wherein

HetB is a 5- or 6-membered saturated ring containing 1 or 2 N
atoms, zero or 1 O atom, zero or 1 S atom, and a balance of carbon

10 atoms, wherein the saturated ring is optionally substituted with from 1
to 4 substituents each of which is independently halogen, -C1-4 alkyl,

-C1.4 haloalkyl, -O-Cj-4 alkyl, -O-C1.4 haloalkyl, oxo, -C(=0)-C1-4
alkyl, -C(=0)-C1-4 haloalkyl, or -C1-4 alkyl-C3-6 cycloalkyl;
15 R6'is -H or methyl;

each Ra' and Rb' is independently -H or -C]-4 alkyl; and

Rd' is -C1.4 alkyl, allyl, or benzyl.

20
A sub-class of the present invention includes compounds of Formula
(1), or a pharmaceutically acceptable salt thereof, wherein:
wherein X1' and X2' are each independently:
25 1) -H,
) methyl,
2 -OCHs,
3 Cr3,
4y -O-CFr3,
30 5) chloro,
©) fluoro,
@) bromo;
© CN,
) -S-CH3, or
35 ) phenyl;
R2'is -H or methyl;
-20-
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R3'is -H or methyl;

R#is:
5 ) -H,
@) methyl,
3) -CH20H,

(3)  -C(=O)N(CH3)2,
4)  -CH2-RK, or
10 (®) -CHp-O-CHp-RK',
wherein RK'is:
@ phenyl, which is optionally substituted with from 1 to 3
substituents each of which is independently -CH3, -OCH3,
-CF3, -OCF3, chloro, bromo or fluoro; or
15 (i) HetD, wherein HetD is a 5- or 6-membered saturated ring
containing 1 or 2 N atoms, O or 1 S atoms, and a balance of
carbon atoms, wherein the saturated ring is optionally
substituted with from 1 to 4 substituents each of which is
independently chloro, bromo, fluoro, -CH3, -CF3, -OCHzs,
20 -OCF3, or ox0;

or alternatively:
6 R2'and R3' together form a direct bond to give a ring double
bond, and R4 is an independent group as defined above;

25 (i)  RZ and R3' together with the ring carbon atoms (o which they
are attached form a fused cyclopropyl ring which is optionally substituted at
the non-fused cyclopropyl ring carbon with ~-OMe, -OEt, -O-allyl, or
-O-benzyl, and R4 is -H; or

(i)  RZ'and R3' together with the ring carbon atoms to which they

30 are attached form a fused phenyl ring or a fused pyridyl ring, and R4' is absent;
R5'is:

O oA,
) methyl,

35 (G)  ~(CH2)1-2-N(CH3),
@) fluoro,
) bromo,

-21-
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{6) iodo,
@) -CN, or
(8) -CH2-HetB;
wherein
S HetB is a 5- or 6-membered saturated ring containing 1 or 2N

atoms, zero or 1 O atom, zero or 1 S atom, and a balance of carbon
atoms, wherein the saturated ring is optionally substituted with from 1
to 4 substituents each of which is independently chloro, bromo, fluoro,
-CH3, -CF3, -OCH3, -OCF3, oxo, -C(=0)-CH3, -C(=0)-CF3, or

10 -CH2-cyclopropyl; and

R6'is -H or methyl.

In an aspect of the preceding sub-class, R2' and R3' are each -H or
15  methyl, with the proviso that R2' and R3' are not both methyl; or alternatively R2' and
R3' together form a direct bond to give a ring double bond, with the proviso that when
R2' and R3' together form a direct bond, R4 is -H.

In another aspect of the preceding sub-class, HetB is pyrrolidinyl,

20  pyrazolidinyl, imidazolidinyl, piperidinyl, piperazinyl, morpholinyl, or
thiomorpholinyl, which is optionally substituted with from 1 to 4 substituents each of
which is independently chloro, bromo, fluoro, -CH3, -CF3, -OCH3, -OCF3, oxo,
-C(=0)-CH3, -C(=0)-CF3, or -CH2-cyclopropyl.

25 Another sub-class of the present invention includes compounds of
Formula (Ifa), or a pharmaceutically acceptable salt thereof, wherein:

rR® R*

%2 : o]
\/ R? RS
o Y
‘ /WN \ OH
X O OH (Ta),
wherein:
30 X1'and X2'are each independently:
(1) -H,
_23.
Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040

207 of 1915



WO 2004/024078 PCT/US2003/028366

(2)  Ci-4alkyl,

) -0-Cj-4 alkyl,

3) -C1-4 haloalkyl,

4 -O-C1-4 haloalkyl, or

5 (&) halo;
R2'is -H or -C1-4 alkyl;
R3'is -Hor -C1-4 alkyl;
10
or alteratively R2' and R3' together form a direct bond to give a ring double bond;
R%'is:
I8
15 (@)  -C1-4 alkyl optionally substituted with one of -OH, -N(R2'Rb"), or
-C(=0)N(RaRb",
(@)  -C(=O)N(RaRb),
@)  -(CH2)1-3-RK,
&) -(CH2)1-3-O-RK', or
20 6)  -(CH2)1-3-0-(CH2)1-3-RK;
wherein RK' is:
() phenyl, which is optionally substituted with from 1 to 3
substituents each of which is independently -C7.4 alkyl,
-O-Cj-4 alkyl, -C1-4 hatoalkyl, -O-C]_4 haloalkyl, or halo: or
25 (i) HetD, wherein HetD is a 5- or 6-membered saturated ring
containing 1 or 2 N atoms, O or 1 S atoms, and a balance of
carbon atoms, wherein the saturated ring is optionally
substituted with from 1 to 4 substituents each of which is
independently halo, -C1.4 alkyl, -C1-4 haloalkyl, -0-C1-4
30 alkyl, -O-Cj_4 haloalkyl, or oxo;
RY is:
1 -4
@ -C)-4alkyl,
35 (3)  -Ci1-4 alkyl-N(Ra'Rb",
4 halo,
— DB
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()] -CN, or
(©) -(CH2)1-3-HetB;
wherein

HetB is a 5- or 6-membered saturated ring containing 1 or 2 N
S) atoms and carbon atoms, wherein the saturated ring is optionally
substituted with from 1 to 4 substituents each of which is
independently halogen, ~C1-4 alkyl, -C.4 haloalkyl, -O-C1-4 alkyl,
-O-C1-4 haloalkyl, or oxo; and

10 each R2'and RD' is independently -H or -C1-4 alkyl.

Tn an aspect of the preceding sub-class, R2' and R3' are each -H or
methyl, with the proviso that R2' and R3' are not both methy; or alternatively R2' and
R3' together form a direct bond to give a ring double bond, with the proviso that when
15 R2 and R3' together form a direct bond, R4 is -H.

In another aspect of the preceding sub-class, HetB is pyrrolidinyl,
pyrazolidinyl, imidazolidinyl, piperidinyl, or piperazinyl, which is optionally
substituted with from 1 to 4 substituents each of which is independently halogen (e.g.,

20 fluoro, chloro, or bromo), -C1-4 alkyl (e.g., methyl), -C1-4 haloalkyl (e.g.,
trifluoromethyl) , -O-Ci-4 alkyl (e.g., methoxy), -0-C1-4 haloalkyl (e.g., -OCF3), or

0X0.

Still another sub-class of the present invention includes compounds of
25  Formula (Ifa), or a pharmaceutically acceptable salt thereof, wherein:

X1' and X2' are each independently:

1) -H,

(2) methyl,
30 ) -OCH3s,

(3  -CF3,

@  -O-CF3,

(5) chloro,
(6) fluoro, or
5 ) bromo;

R2'is -H or methyl;
_24 -
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R3'is -H or methyl;

or alternatively R2' and R3' together form a direct bond to give a ring double bond:;

3
R4 js:
a1 -H
()] methyl,
3) -CH20H,
10 (3) -C(=O)N(CH3),
4y  -CHa-RK', or
(5)  -CH2-O-CH2-RK
wherein RK' is:
1) phenyl, which is optionally substituted with from 1 to 3
15 substituents each of which is independenttly -CHs, ~OCH3,
-CF3, -OCF3, chloro, bromo or fluoro; or
(1) HetD, wherein HetD is a 5- or 6-membered saturated ring
containing 1 or 2 N atorns, 0 or 1 S atoms, and a balance of
carbon atoms, wherein the saturated ring is optionally
20 substituted with from 1 to 4 substituents each of which is
independently chloro, bromo, fluoro, -CH3, -CF3, -OCH3,
-OCF3, or oxo; and
RS'is:
25 1) -H,
) methyl,
(3} -(CH2)1-2-N(CH3)2,
“@) fluoro,
3 bromo,
30 6) iodo,
(@) -CN, or
(8) -CH3-HetB;
wherein
HetB is a 5- or 6-membered saturated ring containing 1 or 2 N
35 atoms and carbon atoms, wherein the saturated ring is optionally

Cipla v. Gilead
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independently chloro, bromo, fluoro, -CH3, -CF3, -OCH3, -OCF3, or

0XO.

In an aspect of the preceding sub-class, R2' and R3' are each -H or
5 methyl, with the proviso that R2' and R3' are not both methyl; or alternatively R2' and
R3' together form a direct bond to give a ring double bond, with the proviso that when
R2'and R3' together form a direct bond, R4’ is -H.

In another aspect of the preceding sub-class, HetB is pyrrolidinyl,
10  pyrazolidinyl, imidazolidinyl, piperidinyl, or piperazinyl, which is optionally
substituted with from 1 to 4 substituents each of which is independently chloro,
bromo, fluoro, -CH3, ~-CF3, -OCH3, ~-OCF3, or 0xo.

Another class of the present invention includes compounds of Formula
15 (1), or a pharmaceutically acceptable salt thereof:

r® R*

wherein:
X1" and X2' are each independently -H or halo;

and all other variables are as set forth in Formula (II) for the preceding class. A sub-
class of this class includes compounds of Formula (II), or a pharmaceutically
acceptable salt thereof, wherein X1' and X2' are each independently -H or halo; and all
other variables are as defined above in any one of the sub-classes of the preceding

25  class defined by Formula (II) (including sub-classes defined by Formula (Ila)).
Aspects of this sub-class are analogous to the aspects set forth above for the preceding
Formula (I) sub-class (including aspects defined by Formula (a)).

Another sub-class of this class includes compounds of Formula (III), or
30  apharmaceutically acceptable salt thereof, wherein X1' and X2' are each
independently -H, fluoro, chloro, or bromo; and all other variables are as defined for

Y T
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the class or as defined in a sub-class thereof. In still another sub-class, X1' is fluoro
and X2' is -H; and all other variables are as defined for the class or as defined in a sub-
class thereof.

3 Other cmbodiments of the present invention include compounds of
Formula (TIT), (Ila), or (IIN) respectively, wherein each R4 and Rb' is independently -H
or -C1-4 alkyl; and all other variables are as originally defined or as defined in any of

the foregoing embodiments or aspects thereof.

10 Still other embodiments of the present invention include compounds of
Formula (1), (Ila), or (I0I) respectively, wherein each R2' and Rb' is independently -H,
methyl, or ethyl; and all other variables are as originally defined or as defined in any
of the foregoing embodiments or aspects thereof.

15 Still other embodiments of the present invention include compounds of
Formula (I1), wherein Rd' is a -C1_4 alkyl (e.g., methyl, ethyl or n-propyl), allyl, or
benzyl; and all other variables are as originally defined or as defined in any of the

foregoing embodiments or aspects thereof.

20 Another embodiment of the present invention is a compound selected
from the group consisting of

2-benzyl-8,9-dihydroxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione;
25 2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-methyl-3,4-dihydro-2H-pyrido[1,2-a] pyrazine-
1,6-dione;

30 2-(4-fluorobenzyl)-8,9-dihydroxy-7-bromo-3,4-dihydro-2H-pyrido[1,2-alpyrazine-
1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-iodo-3,4-dihydro-2H-pyrido[ 1 ,2-a]pyrazine-1,6-

dione;
35
2-(3-chlorobenzyl)-8 ,9-dihydroxy-3,4-dihydro-2H-pyrido[1,2-alpyrazine-1,6-dione;
-7 -
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2-(4-chlorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-dione

2-(3,4-dichlorobenzy1)—8,9-dihydroxy—3,4-dihydro-2H-pyrido[1,2—a]pyrazine—1,6-

5 dione;
2—(3,4—difluorobenzy1)-8,9-dihydroxy—3,4—dihydro-21—1—pyrido[1,2—a]pyrazinc-l,6-
dione

10 2-(3-chloro-4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-
dione
2-(4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-3,4-dihydro-2H-
pyrido[1,2-ajpyrazine-1,6-dione;

15
2-(3-chloro-4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione;
2-(4-fluorobenzyl)-8,9-dihydrox y-7-[(dimethylamino)methyl]-3,4-dihydro-2H-

20  pyrido[1,2-a]pyrazine-1,6-dione;
2-(4-fluorobenzyl)-8,9-dihydroxy-2H-pyrido[1,2-aJpyrazine-1,6-dione
2-benzyl-8,9-dihydroxy-2H-pyrido[1,2-apyrazine-1,6-dione;

25
2-(4-fluorobenzyl)-8 9-dihydroxy-4-methyl-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-
1,6-dione
2-(4-fluorobenzyl)-8,9-dihydroxy-4,4-dimethyl-3,4-dihydro-2H-pyrido[ 1,2-

30  ajpyrazine-1,6-dione;
2-(4-fluorobenzyl)-8,9-dihydroxy-3-methyl-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-
1,6-dione;

35  2-(4-fluorobenzyl)-8,9-dihydroxy-1,6-dioxo-1,3.4,6-tetrahydro-2H-pyrido[ 1,2-a]-
pyrazine-7-carbonitrile;

28
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2-{4-fluorobenzyl)-8,9-dihydroxy-7-{{(4-methyl-3 -oxopiperazin-1-yl)methyl}-3.4-
dihydro-2H-pyrido{1,2-a]pyrazine- 1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7- [(3-oxopiperazin-1-yl)methyl]-3,4-dihydro-2H-
5  pyrido[1,2-alpyrazine-1,6-dione;

4-[(benzyloxy)methyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3 ,4-dihydro-2H-pyrido[1,2-
alpyrazine-1,6-dione;

10 4—(hydroxymethyl)—2—(4~ﬂuorobenzy1)—8,9-dihydroxy—3,4-dihydro-2H~pyﬂdo[l,2—
alpyrazine-1,6-dione;

4-[(1,1-dioxido-1 ,2-thiazinan-2-ylymethyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-
dihydro-2H-pyridof1,2-a]pyrazine-1,6-dione;

15
2-(4-fluorobenzy!)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-2H-pyrido{1 ,2-alpyrazine-
1,6-dione;

2-(4-fluorobenzyl)-8.9-dihydroxy-7-[(3-oxopiperazin-1 -yDmethyl}-2H-pyrido{1,2-
20  a]pyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-[(4-methyl-3-oxopiperazin-1 -yl)methyl}-2H-
pyrido[1,2-alpyrazine-1,6-dione;

P55 2—(4—ﬂuorobenzyl)—8,9-dihydroxy-7-[(morpholin—4-y])methyl]—2H—pyrido[1,2—
alpyrazine-1,6-dione;

2- (4—ﬂuorobenzyl)—8,9—dihydroxy—7—[(thiomorpholin—4-yl)methyl]—2H-pyn'do[1 2~
alpyrazine-1,6-dione;

30
2-[4-fluoro-2-(methylthio)benzyl)-8,9-dihydrox y-2H-pyrido[ 1 ,2-a]pyrazine-1,6-dione;
7-{(1-acctylpiperidin-4-ylymethyl]-2-(4-fluorobenzyl)-8 ,9-dihydroxy-3,4-dihydro-2I1-
pyrido[1,2-a]pyrazine-1,6-dione;

35
2-(4-fluorobenzyl)-8,9-dihydroxy-7-{ [1-(wifluoroacetyl)piperidin-4-yllmethyl }-3,4-
dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione;

o
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7-{[1-(cyclopropylmethyl)piperidin-3-ylJmethyl }-2-(4-fluorobenzyl)-8,9-dihydroxy-
3,4-dihydro-2H-pyrido[ 1,2-alpyrazine-1,6-dione;

5 7-[(1-acetylpiperidin-3-yl)methyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione;

7-[(1-acetylpiperidin-2-yl)methyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione;

10
7-{ [1-(cyclopropylmethyl)piperidin-2-yllmethyl}-2-(4-fluorobenzyl)-8 ,9-dihydroxy-
3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione;
2-(3-cyanobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-dione
15

2-(biphenyl-3-ylmethyl)-8,9-dihydroxy-3 ,4-dihydro-2H-pyrido} 1,2-a]pyrazine-1,6-
dione

(2)-1-[(benzyloxy)methyl]-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1a,2,8a-
20 tetrahydrocyclo-propalelpyrido[1,2-alpyrazine-3,7-dione;

(£)-1-(methoxymethyl)-2-(4-fluorobenzyl)-4,5-dihydroxy-1 ,1a,2,8a-tetrahydrocyclo-
propalelpyrido{1,2-alpyrazine-3,7-dione;

25  {2)-1-[(allyloxy)methyl]-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1a,2,8a-tetrahydrocyclo-
propa[elpyrido[1,2-alpyrazine-3,7-dione;

(£)-1-(ethoxymethyl)-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1a,2 8a-tetrahydrocyclo-
propafejpyrido[1,2-a]lpyrazine-3,7-dione;

30
(z)-1-(n-propoxymethyl)-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1 a,2,8a-tetrahydrocyclo-
propalelpyrido{1,2-alpyrazine-3,7-dione;
2-[1-(4-fluorophenyl)cthyl]-8,9-dihydroxy-3,4-dihydro-2H-pyrido| 1,2-a]pyrazine-1,6-

35 dione;
5-(4-fluorobenzyl)-7,8-dihydroxy-5H-pyrido[1,2-alquinoxaline-6,10-dione;

- 130 -
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5-(4-ﬂu0r0benzyl)-7,8—dihydroxy~5H—pyrido[1 2-a:3’,2’-elpyrazine-6,10-dione;
5-(4-fluorobenzyl)-7,8-dihydroxy-SH-pyrido[1,2-a:2’ .3 -elpyrazine-6,10-dione;
and pharmaceutically acceptable salts thereof.

Other embodiments of the present invention include the following:

(a) A pharmaceutical composition comprising a therapeutically
effective amount of a compound of the invention (e.g., 2 compound of Formula @) or
Formula (IT) or Formula (II) or any of the specific compounds set forth above) and a
pharmaceutically acceptable carier.

) A pharmaceutical composition which comprises the product
prepared by combining (¢.g., mixing) a therapeutically effective amount of a
compound of the invention and a pharmaceutically acceptable carrier.

© The pharmaceutical composition of (a) or (b), further
comprising a therapeutically effective amount of an HIV infection/AIDS treatment
agent sclccted from the group consisting of HIV/AIDS antiviral agents,
immunomodulators, and anti-infective agents.

@ The pharmaceutical composition of (c), wherein the HIV
infection/AIDS treatment agent is an antiviral selected from the group consisting of
HIV protease inhibitors, non-nucleoside HIV reverse transcriptase inhibitors, and
nucleoside HIV reverse transcriptase inhibitors.

(e) A combination useful for inhibiting HIV integrase, for treating
or preventing infection by IIV, or for preventing, treating or delaying the onset of
AIDS, which is a therapeutically effective amount of a compound of the invention and
a therapeutically cffective amount of an HIV infection/A1DS treatment agent selected
from the group consisting of HIV/AIDS antiviral agents, immunomodulators, and
anti-infective agents.

) The combination of (e), wherein the HIV infection/AIDS
treatment agent is an antiviral selected from the group consisting of HIV protease
inhibitors, non-nucleoside HIV reverse transcriptase inhibitors and nucleoside FITV
reverse transcriptase inhibitors.

3] A method of inhibiting HIV integrase in a subject in need
thereof which comprises administering to the subject a therapeutically effective
amount of a compound of the invention.

=3l
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(h) A method of preventing or treating infection by HIV in a
subject in need thereof which comprises administering to the subject a therapeutically
effective amount of a compound of the invention.

@) The method of (h), wherein the compound of the invention is
administered in combination with a therapeutically effective amount of at Jeast one
antiviral selected from the group consisting of HIV protease inhibitors, non-
nucleoside HIV reverse transcriptase inhibitors, and nucleoside HIV reverse
transcriptase inhibitors.

@) A method of preventing, treating or delaying the onset of AIDS
in a subject in need thereof which comprises administering to the subject a
therapeutically effective amount of a compound of the invention.

(¢} The method of (j), wherein the compound is administered in
combination with a therapeutically effective amount of at least one antiviral selected
from the group consisting of HIV protease inhibitors, non-nucleoside HIV reverse
transcriptase inhibitors, and nucleoside HIV reverse transcriptase inhibitors

o A method of inhibiting HIV integrase in a subject in need
thereof which comprises administering to the subject the pharmaceutical composition
of (a), (b), (c) or (d) or the combination of (e} or (f).

(m) A method of preventing or treating infection by HIV in a
subject in need thereof which comprises administering to the subject the
pharmaceutical composition of (a), (b), (c) or (d) or the combination of (e) or (f).

(n) A method of preventing, treating or delaying the onset of AIDS
in a subject in need thereof which comprises administering to the subject the
pharmaceutical composition of (a), (b), (c) or (d) or the combination of (e) or (f).

The present invention also includes a compound of the present
invention (i) for use in, (i) for use as a medicament for, or (iii) for use in the
preparation of a medicament for: (a) inhibiting HIV protease, (b) preventing or
treating infection by HIV, or (c) preventing, treating or delaying the onset of AIDS.
In these uses, the compounds of the present invention can optionally be employed in
combination with one or more HTV/ATDS treatment agents selected from HIV/AIDS
antiviral agents, anti-infective agents, and immunomodulators.

Additional embodiments of the invention include the pharmaceutical
compositions, combinations and methods set forth in (a)-(n) above and the uses set
forth in the preceding paragraph, wherein the compound of the present invention
employed therein is a compound of one of the embodiments, or an aspect or feature or
sub-feature thereof, described above.

=Bp -
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In all of the foregoing embodiments describing compositions,
combinations and methods, the compound may optionally be used in the form of a
pharmaceuntically acceptable sali.

As used herein, the term “C].¢g alkyl” (or “C1-Cg alkyl”) means a
lincar or branched chain alkyl group having from 1 ta 6 carbon atoms and includes all
of the hexyl alkyl and pentyl alkyl isomers as well as n-, iso-, sec- and t-butyl, n- and
isopropyl, ethyl and methyl. “Cj.4 alkyl” means n-, iso-, sec- and t-butyl, n- and
isopropyl, cthyl and methyl.

The texm “CQ” as employed in expressions such as “-Cq.g alkyl-”
means a direct covalent bond. For example, in the group -C1.6 alkyl-N(R2)-Cp-¢
alkyl-S(O)nRX, when the second alkylene group is "Cq", then the group is -Cj_g
alkyl-N(R2)-S(O)pRk.

The term "-C1.6 élkyl-" refers to a Cy to Cg linear or branched alkyl
group as just defined which is bivalent. It can alternatively be referred to as "C1-6
alkylene" or "Cj-¢ alkanediyl". A class of alkylenes of particular interest with respect
to the invention is -(CH?2)1-6-, and sub-classes of particular interest include
-(CH2)1-4-, (CH2)1-3-, -(CH2)1-2-, and -CH2-.

The term “C2-6 alkenyl” (or “C2-Cg alkenyl””) means a linear or
branched chain alkenyl group having from 2 to 6 carbon atoms and includes all of the
hexenyl and pentenyl isomers as well as 1-butenyl, 2-butenyl, 3-butenyl, isobutenyl, 1-
propenyl, 2-propenyl, and ethenyl (or vinyl). Similar terms such as “Co_4 alkenyl”
have an analogous meaning. A class of alkenyls of particular interest with respect to
the invention is -CH2=CH-(CH2)0-4H, and sub-classes of particular interest include
-CH=CH-(CH2)1-2H, -CH=CH-CH3, and-CH=CH?. Another class of alkenyls of
particular interest with respect to the invention is alkenyls selected from
-(CH2)2-CH=CH~(CH2)0-2H and -CH2-CH=CH-(CH2)¢_3H.

The term “C2_5 alkynyl” (or “C2-C5 alkynyl””) means a linear or
branched chain alkynyl group having from 2 to 5 carbon atoms and includes all of the
pentynyl isomers as well as 1-butynyl, 2-butynyl, 3-butynyl, l-propynyl, 2-propynyl,
and ethynyl (or acetylenyl). Similar terms such as “C5_4 alkynyl” have an analogous
meaning. A class of alkynyls of particular interest with respect to the invention is
—C=C—(CHp)y4H (e.g., _CEC_CHS). Another class of alkynyls of particular
interest with respect to the invention is alkynyls selected from
—CH,—==—(CHy)13H ;g —(CHa)a—==—(CHyp)yoH

The term *“C3.-g cycloalkyl” (or “C3-Cg cycloalkyl”) means a cyclic

ring of an alkane having three to eight total carbon atoms (i.e., cyclopropyl,

=2331=
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cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl, or cyclooctyl). Similar terms such as
“C13.6 cycloalkyl” have an analogous meaning.
The term "halogen" (or “halo”) refers to fluorine, chlorine, bromine

and jodine (alternatively referred to as fluoro, chioro, bromo, and iodo).
5 The term “C1-g haloalkyl” (which may alternatively be referred to as

“C1-Cg haloalkyl” or “halogenated C1-Cg alky!”) means a C] to Cg linear or
branched alkyl group as defined above with one or more halogen substituents. The
term “C1-4 haloalkyl” has an analogous meaning. The term “Cj.¢ fluoroalkyl” has an
analogous meaning except that the halogen substituents are restricted to fluoro. A

10 class of fluoroalkyls of particular interest with respect to the invention is the series
(CH2)0-4CF3 (i.e., trifluoromethyl, 2,2,2-trifluoroethyl, 3,3,3-trifluoro-n-propyl, etc.).

The term "oxo" means a divalent oxygen substituent; i.e., =0. An oxo

substituent on a carbon atom in a heteroaromatic ring refers to the keto form of the
keto-enol tautomer, as exemplified here for an oxopyridinyl substituent:

N

15 * H %

Compounds of the present invention having an oxo substituent on a carbon atom of a

heteroaromatic ring are understood to include compounds in which only the keto form

is present, compounds in which only the enol form is present, and compounds in
which the keto and enol forms are both present.

20 The term “aryl” as used herein refers to an aromatic carbocyclic ring or
an aromatic carbocyclic fused ring system. The fused ring system contains two or
more carbocyclic rings in which each 1ing shares two adjacent carbon atoms with at
least one other ring. The aryl group may be attached to the rest of the molecule at any
carbon atom which results in a stable compound. A subset of aryl groups particularly

25  suitable for use in the present invention (e.g., in the definition of RE) includes those
selected from phenyl, naphthyl, anthryl, and phenanthryl. Another particularly
suitable subset of aryl groups is phenyl and naphthyl. Still another particularly
suitable subset of aryl groups is phenyl per se.

The term “heterocyclic ring” refers to a 4- to 8-membered, saturated or

30  unsaturated monocyclic ring that contains one or more heteroatoms (e.g., from 1 to 6
heteroatoms, from 1 to 5 heteroatoms, from 1 to 4 heteroatoms, from 1 to 3
heteroatoms, 1 or 2 heteroatoms, or 1 heteroatom) independently selected from N, O

2 Bay=
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and S and a balance of carbon atoms (the ring typically contains at least one carbon
atom); and wherein any one or more of the nitrogen and sulfur heteroatoms is
optionally oxidized, and any one or more of the nitrogen heteroatoms is optionally
quaternized. ‘The heterocyclic ring may be attached to the rest of the molecule via any
lLieteroatom or carbon atom in the ring, provided that attachment results in the creation
of a stable structure. When the heterocyclic ring has substituents, it is understood that
the substituents may be attached to any atom in the ring, whether a heteroatom or a
carbon atom, provided that a stable chemical structure results.

A subset of the heterocyclic rings useful in the present invention (e.g.,
in the definition of RK) includes any 4- to 7-membered saturated or mono-unsaturated
heterocyclic ring, wherein the ring contains at least one carbon atom and from 1 to 4
heteroatoms independently selected from N, O and S. A subgroup of this subset
includes any 4- to 7-membered saturated or mono-unsaturated heterocyclic ring in
which the ring contains at least one carbon atom and a total of from 1 to 4 heteroatoms
independently selected from 1 to 4 N atoms, from 0 to 2 O atoms, and from 0 to 2 S
atoms. Representative examples of saturated heterocyclic rings include piperidinyl,
morpholinyl, thiomorpholinyl, thiazolidinyl, isothiazolidinyl, oxazolidinyl,
isooxazolidinyl, pyrrolidinyl, imidazolidinyl, piperazinyl, tetrahydrofuranyt,

tetrahydrothienyl, pyrazolidinyl, hexahydropyrimidinyl, thiazinanyl (e.g., 1,2-
®
thiazinanyl Sow ), thiazepanyl, thiadiazepanyl, dithiazepanyl, azepanyl (i.e.,\N‘ )
l;\l
diazepanyl, thiadiazinanyl (e.g., 1,2 ,6-thiadiazinany} Sy ), and dioxanyl.
Representative examples of mono-unsaturated rings are the same as the saturated rings
listed in the preceding sentence except that each ring contains a double bond.
Another subset of the heterocyclic rings useful in the present invention
(e.g., in the definition of HetB) includes any 5- or 6-membered saturated or mono-
unsaturated ring containing from 1 to 4 heteroatoms independently selected from N, O
and S. A useful subgroup of this subset includes any 5- or 6-membered saturated or
mono-unsaturated heterocyclic ring in which the ring contains at least one carbon
atom and a total of from 1 to 4 heteroatoms independently selected from 1 to 4 N
atoms, from 0 to 2 O atoms, and from 0 to 2 S atoms. Another useful subgroup is
identical to the preceding subgroup, except that it is limited to saturated heterocyclic
rings. Still another subgroup of this subset of heterocyclic rings suitable for use in the
present invention includes any 5- or 6-membered saturated ring containing 1 or 2 N

atoms and carbon atoms. Representative examples of this subgroup include

-35.-
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piperidinyl, pyrazolidinyl, imidazolidinyl, piperazinyl, piperidinyl, and
hexahydropyrimidinyl.

Another subset of the heterocyclic rings useful in the present invention
(e.g., in the definition of HetD) includes any 5- or 6-membered saturated ring

5 containing 1 or 2 N atoms, 0 or 1 S atoms, and a balance of carbon atoms.

Still another subset of the heterocyclic rings useful in the present
invention are the heteroaromatic rings. The term "heteroaromatic ring" (alternatively
“heteroaryl ring”) generally refers to a heterocyclic ring as defined above in which the
ring is an aromatic ring. A useful subgroup of this subset (e.g., in the definition of Rk,

10  HetA, or HetC) includes any 5- or 6-membered monocyclic aromatic ring which
consist of carbon atoms and from 1 to 4 heteroatoms independently selected from N,
O and S. Representative examples of this subgroup include pyridyl, pyrrolyl,
pyrazinyl, pyrimidinyl, pyridazinyl, triazinyl, thienyl (or thiophenyl), thiazolyl,
furanyl, imidazolyl, pyrazolyl, triazolyl, tetrazolyl, oxazolyl, isvoxazolyl, oxadiazolyl,

15  oxatriazolyl, thiazolyl, isothiazolyl, and thiadiazolyl. Another useful subgroup of this
subset includes any 5- or 6-membered heteroaromatic ring in which the ring contains a
total of from 1 to 4 heteroatoms independently selected from 1 to 4 N atoms, from O to
2 O atoms, and from O to 2 S atoms. Another useful subgroup includes any 5- or 6-
membered heteroaromatic ring containing 1 or 2 N atoms and carbon atoms.

20 The term "fused bicyclic heterocycle" refers to ahy $- to 12-membered
bicyclic ring system containing one or more heteroatoms (e.g., from 1 to 6
heteroatoms, from 1 to 5 heteroatoms, from 1 to 4 heteroatoms, from 1 to 3
heteroatoms, 1 or 2 heteroatoms, or 1 heteroatom) independently selected from N, O
and S, in which one ring contains all of the heteroatoms or each ring contains at least

25 one of the heteroatoms, and wherein each ring is saturated or unsaturated, and two
adjacent ring atoms are shared by each of the rings in the ring system and each of the
two shared atoms is independently a carbon atom or a heteroatom. Any one or more
of the nitrogen and sulfur heteroatoms in the ring system is optionally oxidized, and
any one or more of the nitrogen heteroatoms is optionally quaternized. The fused

30  bicyclic heterocycle may be attached to the rest of the molecule via any heteroatom or
carbon atom in the ring, provided that attachment results in the creation of a stable
structure. When the bicyclic heterocycle has substituents, it is understood that the
substituents may be attached to any atom in the ring, whether a heteroatom or a carbon
atom, provided that a stable chemical structure results.

35 A subset of the fused bicyclic heterocycles useful in the present
invention (e.g., in the definition of R1) includes any 9- or 10-membered fused bicyclic
heterocycle containing from 1 to 4 heteroatoms independently selected from N, O and

-36-
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S, wherein at least one of the rings is aromatic. Representative examples of bicyclic
heterocycles in this subset include benzotriazolyl, indolyl, isoindolyl, indazolyl,
indolinyl, isoindolinyl, quinoxalinyl, quinazolinyl, cinnolinyl, chromanyl,
isochromanyl, tetrahydroquinolinyl, quinolinyl, tetrahydroisoquinolinyl, isoquinolinyl,

: :o
5  2,3-dihydrobenzofuranyl, 2,3-dihydrobenzo-1,4-dioxinyl (i.e., 0] ) and benzo-

o}
>
1,3-dioxolyl (i.e., ©:0 )

Unless expressly stated to the contrary, an “unsaturated” ring is a
partially or fully unsaturated ring.

Unless expressly stated to the contrary, all ranges cited herein are

10 inclusive. For example, a heterocyclic ring described as containing from "1 to 4
heteroatoms" means the ring can contain 1, 2, 3 or 4 heteroatoms.

When any variable (e.g., R4, Rb, or R¢) occurs more than onc time in
any constjtuent or in Formula I or in any other formula depicting and describing
compounds of the invention, its definition on each occurrence is independent of its

15  definition at every other occurrence. Also, combinations of substituents and/or
variables are permissible only if such combinations result in stable compounds.

The term "substituted" (e.g., as in “each aryl is optionally substituted
with from 1 to 5 substituents ...”) includes mono- and poly-substitution by a named
substituent to the extent such single and multiple substitution (including multiple

20  substitution at the same site) is chemically allowed.

The symbol “ ~  in front of an open bond in the structural formula
of a group marks the point of attachment of the group to the rest of the molecule.

The compounds of the present invention may have asymmetric centers
and may occur, except when specifically noted, as mixtures of stereoisomers or as

25  individual diastereomers, or enantiomers, with all isomeric forms being included in
the present invention.

As would be recognized by one of ordinary skill in the art, all of the
compounds of the present invention can exist as tautomers such as the following:

G .
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RS R*O rd R* O Rrd R* OH
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O OH O OH O OH 1A
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R3 R4 o) R3 R4 e ) R3 R4 OH .
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OH O OH O Ol &
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It is to be understood for the purposes of the present invention that a reference herein
to a compound of Formula I is a reference to compound I per se, or to any one of its
tautomers per se (e.g., 1A, IB, IC, ID or IE), or to mixtures of two or more tautomers
(e.g., two or more of [, IA, IB, IC, ID and IE).

The compounds of the present invention are useful in the inhibition of
HIV integrase, the prevention or treatment of infection by human immunodeticiency
virus (HTV) and the prevention, treatment or the delay in the onset of consequent
pathological conditions such as AIDS. Preventing AIDS, treating AIDS, delaying the
onset of AIDS, or preventing or treating infection by HIV is defined as including, but
not limited to, treatment of a wide range of states of HIV infection: AIDS, ARC
(AIDS related complex), both symptomatic and asymptomatic, and actual or potential
exposure to HIV. For example, the compounds of this invention are useful in treating
infection by HIV after suspected past exposure to HIV by such means as blood
transfusion, exchange of body fluids, bites, accidental needle stick, or exposure to
patient blood during surgery.

The compounds of this invention are useful in the preparation and
execution of screening assays for antiviral compounds. For example, the compounds
of this invention are useful for isolating enzyme mutants, which are excellent
screening tools for more powerful antiviral compounds. Furthermore, the compounds
of this invention are uscful in establishing or determining the binding site of other

38 -

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
223 of 1915



10

15

25

30

35

WO 2004/0240678 PCT/US2003/028366

antivirals to HIV integrase, e.g., by competitive inhibition. Thus the compounds of
this invention are commercial products to be sold for these purposes.

The compounds of the present invention can be administered in the
form of pharmaceutically acceptable salts. The term "pharmaceutically acceptable
salt” refers to a salt which possesses the effectiveness of the parent compound and
which is not biologically or otherwise undesirable (e.g., is neither toxic nor otherwise
deleterious to the recipient thereof). Suitable salts include acid addition salts which
may, for example, be formed by mixing a solution of the compound of the present
invention with a solution of a pharmaceutically acceptable acid such as hydrochloric
acid, sulfuric acid, acetic acid, trifluoroacetic acid, or benzoic acid. When the
compounds of the invention carry an acidic moiety, suitable pharmaceutically
acceptable salts thereof can include alkali metal salts (e.g., sodium or potassium salts),
alkaline earth metal salts (e.g., calcium or magnesium salts), and salts formed with
suitable organic ligands such as quaternary ammonium salts. Also, in the case of an
acid (-COOH) or alcohol group being present, pharmaceutically acceptable esters can
be employed to modify the solubility or hydrolysis characteristics of the compound.

For the purpose of preventing or treating HIV infection or preventing,
treating or delaying the onset of AIDS, the compounds of the present invention can be
administered orally, parenterally (including subcutaneous injections, intravenous,
inlramuscular, intrasternal injection or infusion techniques), by inhalation spray, or
rectally, in the form of a unit dosage of a pharmacentical composition containing a
therapeutically effective amount of the compound and conventional non-toxic
pharmaceutically-acceptable carriers, adjuvants and vchicles.

The term "administration” and variants thereof (e.g., "administering" a
compound) in reference to a compound of the invention mean providing the
compound to the individual in need of treatment. When a compound of the invention
is provided in combination with one or more other active agents (c.g., antiviral agents
useful for treating HIV infection or AIDS), "administration” and its variants are each
understood to include concurrent and sequential provision of the compound and other
agents.

As used herein, the term "composition" is intended to encompass a
product comprising the specified ingredients in the specified amounts, as well as any
product which resuits, directly or indirectly, from combining the specified ingredients
in the specified amounts.

By “pharmaceutically acceptable” is meant that the ingredients of the
pharmaceutical composition must be compatible with each other and not deleterions
to the recipient thercof.

-39

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040

224 of 1915



10

15

25

30

35

WO 2004/024078 PCT/US2003/028366

The term "subject" (which may be altematively referred to herein as
"patient") as used herein refers to an animal, preferably a mammal, most preferably a
human, who has been the object of treatment, observation or experiment.

The term "therapeutically effective amount” as used herein means that
amount of active compound or pharmaceutical agent that elicits the biological or
medicinal response in a tissue, system, animal or human that is being sought by a
researcher, veterinarian, medical doctor or other clinician, which includes alleviation
of the symptoms of the disease being treated. When the active compound (i.e., active
ingredicnt) is administered as the salt, references to the amount of active ingredient
are to the free acid or free base form of the compound.

The pharmaceutical compositions can be in the form of orally-
administrable suspensions or tablets or capsules, nasal sprays, sterile injectible
preparations, for example, as sterile injectible agueous or oleagenous suspensions or
suppositories. These compositions can be prepared by methods and contain excipients
which are well known in the art. Suitable methods and ingredients are described in
Remington's Pharmaceutical Sciences, 18" cdition, edited by A. R. Gennaro, Mack

Publishing Co., 1990, which is herein incorporated by reference in its entirety.

The compounds of this invention can be administered orally in a
dosage range of 0.001 to 1000 mg/kg of mammal (e.g., human) body weight per day in
a single dose or in divided doses. One preferred dosage range is 0.01 to 500 mg/kg
body weight per day orally in a single dose or in divided doses. Another preferred
dosage range is 0.1 to 100 mg/kg body weight per day orally in single or divided
doses. For oral administration, the compositions can be provided in the form of
tablets or capsules containing 1.0 to 500 milligrams of the active ingredient,
particularly 1, 5, 10, 15, 20, 25, 50, 75, 100, 150, 200, 250, 300, 400, and 500
milligrams of the active ingredient for the symptomatic adjustment of the dosage to
the patient to be treated. The specific dose level and frequency of dosage for any
particular patient may be varied and will depend upon a variety of factors including
the activity of the specific compound employed, the metabolic stability and length of
action of that compound, the age, body weight, general health, sex, diet, mode and
time of administration, rate of excretion, drug combination, the severity of the
particular condition, and the host undergoing therapy.

As noted above, the present invention is also directed to use of the HIV
intcgrase inhibitor compounds of the present invention with one or more agents useful
in the treatment of HIV infection or AIDS. For example, the compounds of this
invention may be effectively administered, whether at periods of pre-exposure and/or
post-exposure, in combination with effective amounts of one or more of the
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HIV/AIDS antivirals, imunomodulators, antiinfectives, or vaccines useful for treating
HIV infection or AIDS. Suitable antiviral agents include those listed in the following

Table:
Drug Name Manufacturer Indication (Activity)
(Tradename and/or
Location)
abacavir Glaxo Welcome HIV infection, AIDS, ARC
GW 1592 (ZIAGEN®) (nRTD)
1592089
abacavir + lamivudine + GlaxoSmithKline HIV infection, AIDS, ARC
zidovudine (TRIZIVIR®) (nRTIs)

acemannan
ACH 126443
acyclovir

AD-439
AD-519

adefovir dipivoxil
GS 840

AL-721
alpha interferon

AMD3100

amprenavir

141 W94

GW 141
VX478 (Vertex)

ansamycin
1M 427

antibody which neutralizes
PH labile alpha aberrant
interferon

Cipla v. Gilead

Carrington Labs
(Irving, TX)

Achillion Pharm.
Burroughs Wellcome

Tanox Biosystems
Tanox Biosystems
Gilead

Ethigen
(Los Angeles, CA)

GlaxoSmithKline

AnorMed

GlaxoSmithKline
(AGENERASE®)

Adria Laboratories
(Dublin, OH)
Erbamont
(Stamford, CT)

Advanced Biotherapy
Concepts (Rockville,
MD)

-4] -
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ARC

HIV infections, AIDS, ARC
(nRTI)

HIV infection, AIDS, ARC,
in combination with AZT

HIV infection, AIDS, ARC
HIV infcction, AIDS, ARC

HIV infection, AIDS, ARC
(reverse transcriptase
inhibitor)

ARC, PGL, HIV positive,
AIDS

Kaposi's sarcoma, HIV, in
combination w/Retrovir

HIV infection, AIDS,
ARC
(CXCR4 antagonist)

HIV infection, AIDS,
ARC (PD)

ARC

AIDS, ARC

Petitioner Exhibit 1040
226 of 1915



WO 2004/024078

AR177
atazanavir (BMS 232632)

beta-fluoro-ddA

BMS-232623
(CGP-73547)

BMS-234475
(CGP-61755)

capravirine
(AG-1549, S-1153)

CI-1012

cidofovir

curdlan sulfate

cytomegalovirus immune
globin

cytovene
ganciclovir

delavirdine
dextran Sulfate

ddC
(zalcitabine,
dideoxycytidine)

ddI
(didanosine,
dideoxyinosine)

DPC 681 & DPC 684
DPC 961 & DPC 083
EL10

efavirenz
(DMP 266)

Cipla v. Gilead

Aronex Pharm

Bristol-Myers Squibb
(REYATAZ™)

Nat'l Cancer Inslilute

Bristol-Myers Squibb/
Novartis

Bristol-Myers Squibb/
Novartis

Pfizer

Warner-Lambert

Gilead Science

AlJl Pharma USA
Medlmnmune

Syntex

Pharmacia-Upjohn
(RESCRIPTOR®)

Ueno Fine Chem. Ind.
Ltd. (Osaka, Japan)

Hoffman-La Roche
(HIVID®)

Bristol-Myers Squibb
(VIDEX®)

DuPonl

Bristol-Myers Squibb
(from DuPont Pharma)
Elan Corp, PLC
(Gainesville, GA)
Bristol-Myers Squibb
(SUSTIVA®)

Merck (STOCRIN®}

IPR2025-00033
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HIV infection, AIDS, ARC
HIV infection, AIDS, ARC
D

ATDS-assaciated diseases
HIV infection, AIDS,

ARC (PI)

HIV infection, AIDS,

ARC (PI)

HIV infection, AIDS,

ARC (mnRTI)

HIV-1 infection

CMYV retinitis, herpes,
papillomavirus

HIV infection

CMV retinitis

sight threatening CMV
peripheral CMV

retinitis

HIV infection, AIDS,

ARC (mnRIT)

AIDS, ARC, HIV

positive asymptomatic

HIV infection, AIDS, ARC
(nuclesodie reverse
transcriptase inhibitor)

HIV infection, AIDS, ARC;
combination with AZT/d4T
(nRTD

HIV infection, AIDS, ARC
(PIs)

HIV infection AIDS, ARC
(MnRTIs)

HIV infection

HIV infection, AIDS,
ARC (non-nucleoside RT
inhibitor)
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famciclovir Novartis herpes zoster, herpes
(FAMVIR®) simplex
emtricitabine Gilead (from Triangle HIV infection, AIDS, ARC
FTC Pharmaceuticals) (mRTD
(COVIRACIL®)
Emory University
emvirine Gilead (from Triangle HIV infection, AIDS, ARC
Pharmaceuticals) (nnRTT)
(COACTINON®)
enfuvirtide Trimeris & Roche HIV infection, AIDS, ARC
T-20 (FUZEON®) (fusion inhibitor)
HBY097 Hoechst Marion Roussel HIV infection, AIDS, ARC
(nnRTI)
fosamprenavir Glaxo Smith Kline HIV infection, AIDS, ARC
{prodrug of amprenavir)
hypericin VIMRX Pharm. HIV infection, AIDS, ARC
recombinant human Triton Biosciences AIDS, Kaposi's sarcoma,
interferon beta (Almeda, CA) ARC
interferon aifa-n3 Interferon Sciences ARC, AIDS
indinavir Merck (CRIXIVAN®)  HIV infection, AIDS, ARC,
asymptomatic HIV positive,
(FD
ISIS 2922 ISIS Pharmaceuticals CMYV retinitis
JE2147/AG1776 Agouron HIV infection, AIDS, ARC
PD
KNI-272 Nat'l Cancer Institute HIV-assoc. diseases
lamivudine, 3TC GlaxoSmithKline HIV infection, AIDS,
(EPIVIR®) ARC (nR'TD)
lamivudine + zidovudine  GlaxoSmithKline HIV infection, AIDS,
(COMBIVIR®) ARC (nRTI)
lobucavir Bristol-Myers Squibb CMV infection
lopinavir (ABT-378) Abbott HIV infection, AIDS, ARC
®D
lopinavir + ritonavir Abbott (KALETRA®) HIV infection, AIDS, ARC
(ABT-378/r) @®Dn
mozenavir AVID (Camden, NJ) HIV infection, AIDS, ARC
(DMP-450) ®n
nelfinavir Agouron HIV infection, AIDS,
(VIRACEPT®) ARC (PD)
=48,
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nevirapine

novapren

peptide T
octapeptide
sequence

PRO 140
PRO 542

trisodium
phosphonoformate

PNU-140690

probucol
RBC-CD4

ritonavir
(ABT-538)

saquinavir

stavudine; d4T
didehydrodeoxy-
thymidine

T-1249

TAK-779

tenofovir

tipranavir (PNU-140690)

TMC-120 & TMC-125

TMC-126

Cipla v. Gilead

Boeheringer
Ingleheim
(VIRAMUNE®)

Novaferon Labs, Inc.
(Akron, OIT)

Peninsula Labs
(Belmont, CA)
Progenics

Progenics

Astra Pharm. Products,
Inc

Pharmacia Upjohn
Vyrex

Sheffield Med. Tech
(Houston TX)
Abbott (NORVIR®)

Hoffmann-LaRoche
(FORTOVASE®)

Bristol-Myers Squibb
(ZERIT®)

Trimeris

Takeda
Gilead (VIREAD®)

Boehringer Ingelheim
Tibotec
Tibotec

_44 -
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HIV infection, AIDS,
ARC (nmnRTD)

HIV inhibitor

AIDS

HIV infection, AIDS, ARC
(CCRS5 co-receptor inhibitor)
HIV infection, AIDS, ARC
(attachment inhibitor)

CMV retinitis, HIV infection,
other CMV infections

HIV infection, AIDS, ARC
PD

HIV infection, AIDS

HIV infection, AIDS,

ARC

HIV infection, AIDS,

ARC (PD

HIV infection, AIDS,
ARC (PD)

HIV infection, AIDS, ARC
(@RTD

HIV infection, AIDS, ARC
(fusion inhibitor)

HIV infection, AIDS, ARC
(injectable CCRS3 receptor
antagonist)

HIV infection, AIDS, ARC
(nucleotide reverse
transcriptase inhibitor)

HIV infection, AIDS, ARC
(PD

HIV infections, AIDS, ARC
(mnRTIs)

HIV infection, AIDS, ARC
®D
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valaciclovir GlaxoSmithKline genital HSV & CMV
infections
virazole Viratek/ICN (Costa asymptomatic HIV positive,
ribavirin Mesa, CA) LAS, ARC
zidovudine; AZT GlaxoSmithKline HIV infection, AIDS, ARC,
(RETROVIR®) Kaposi's sarcoma in

combination with other
therapies (nRTI)

PI = protease inhibitor
nnRTI = non-nucleoside reverse transcriptase inhibitor
nRTI = nucleoside reverse transcriptase inhibitor

5 A compound of the present invention can also be administered in

combination with an HIV integrase inhibitor such as a compound described in
WO 99/62513,W0 99/62520, or WO 99/62897. A compound of the present invention
can also be administered in combination with a CCRS receptor antagonist, such as a
compound described in WO 99/04794, WO 99/09984, WO 99/38514, WO 00/59497,

10 WO 00/59498, WO 00/59502, WO 00/59503, WO 00/76511, WO 00/76512,
WO 00/76513, WO 00/76514 , WO 00/76792, or WO 00/76793. The compounds of
this invention may be effectively administered, whether at periods of pre-exposure
and/or post-exposure, in combination with effective amounts of one or more
HIV/AIDS antivirals, immunomodulators, antiinfectives, or vaccines useful for

15 treating HIV infection or AIDS disclosed in the Table in WO 02/30930, which is
herein incorporated by reference in its entirety.

It will be understood that the scope of combinations of the compounds
of this invention with HIV/AIDS antivirals, immunomodulators, anti-infectives or
vaccines is not limited to those described or referenced above, but includes in

20  principle any combination with any pharmaceutical composition useful for the
treatment of AIDS. The HIV/ATDS antivirals and other agents will typically be
employed in these combinations in their conventional dosage ranges and regimens as
repotrted in the art, including the dosages described in the Physicians' Desk Reference,

54™ edition, Medical Economics Company, 2000. The dosage ranges for a compound
25  of the invention in these combinations are the same as those set forth above.
Abbreviations used in the instant specification, particularly the
Schemes and Examples, include the following:
AIDS = acquired immunodeficiency syndrome
ARC = AIDS related complex

-45.
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Bn = benzyl
BOP = benzotriazol- 1-yloxytris-(dimethylamino)phosphonium
hexafluorophosphate
CBZ = carbobenzoxy (alternatively, benzyloxycarbonyl)
5 DMAP = dimethylaminopyridine
DMF = dimethylformamide
DMSO = dimethyl sulfoxide
EDC or EDAC = 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide
ES-MS = eletron spray mass spectroscopy
10 Et = ethyl
T'T ICR = fourier transform ion cyclotron resonance
Hal = halide
HIV = human immunodeficiency virus
HOBt = 1-hydroxy benzotriazole hydrate
15 HPLC = high performance liquid chromatography
LC = liquid chromatography
Me = methyl
MS = mass spectroscopy
NBS = N-bromosuccinimide
20 NMR = nuclear magnetic resonance
TFA = trifluoroacetic acid
THF = tetrahydrofuran

The compounds of the present invention can be readily prepared
25  according to the following reaction schemes and examples, or modifications thereof,
using readily available starting materials, reagents and conventional synthesis
procedures. In these reactions, it is also possible to make use of variants which are
themselves known to those of ordinary skill in this art, but are not mentioned in
greater detail. Furthermore, other methods for preparing compounds of the invention
30  will be readily apparent to the person of ordinary skill in the art in light of the
following reaction schemes and examples. Unless otherwise indicated, all variables
are as defined above.
The compounds of the present invention, 8,9-
dihydroxydihydropyridopyrazine-1,6-diones and 8,9-dihydroxypyridopyrazine-1,6-
35  diones, can be prepared by subjecting 1-alkyl-4-acyl piperazin-2-ones and 1-alkyl-4-
acyl-3,4-dihydropyrazine-2(1H)-ones, respectively, to an oxalation-cyclization
sequence. Scheme 1 depicts the general approach to the preparation of compounds of
- 46 -
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Formula (I). In Scheme 1, piperazin-2-one 1-1 is treated with oxalate 1-2 in the
presence of base (e.g., lithium or sodium bis(trimethylsilyl)amide, or lithium
diisopropylamide) at low temperature (e.g., from about O to about 25°C)in an
anhydrous non-protic solvent (e.g., DMF) to give a dihydroxypyridopyrazinedione of
Formula (T). Scheme 2 exemplifies the same approach for the preparation of
compounds of Formula (I). An analogous procedure can be used to prepare
compounds of Formula (II) as earlier defined and described.

(%))

SCHEME 1

3 R
(o) o) R R'o
Rz N)l\/ Rs RPOJJ\H/ORCI R2 RS

[;\J o 12 N |
1.~
R W\) base F{1/N s OH
o ) , O OH
1-1 RP, R%=Cygalkyl |
10 Compound I
SCHEME 2
O
rR® R EtO OFt
X RZ\X Ao °
- R
\[xj\/N N base
x! / \ﬂ)
S .
2-1
rR® RY
xZ R? i RS
\[xj\/ L I
7NN o
O OH
Compound II
e
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1-Alkyl-4-acyl piperazin-2-ones of formula 1-1 can be prepared by
alkylating a piperazin-2-one having a protective group on the 4-piperazinyl nitrogen,
deprotecting the alkylated product, and then acylating with a suitable acylating agent
to introduce RS5. The protection and deprotection of the amine in the piperazin-2-one
5  can be accomplished using conventional amine protecting groups, such as those
described in Protective Groups in Organic Chemistry, ed. JF.W. McOmie, Plenum
Press, 1973 and in T.W. Greene & P.G.M. Wuts, Protective Groups in Organic
Synthesis, John Wiley & Sons, 1991. Further description of the preparation of

piperazin-2-ones 1-1 via this chemistry is provided in Bernotas et al., Tetrahedron

10 Lert. 1996, 7339; Saari et al., J. Med. Chem. 1990, 2590; Sugihara et al., J. Med.
Chem. 1998, 489. This method is exemplified in Scheine 3 for the preparation of
compound 2-1, wherein CBZ-protected piperazin-2-one 3-1 is alkylated with benzyl
halide (e.g., benyl bromide) 3-2 in the presence of a base (e.g., in the presence of Li or
Na bis(trimethylsilyl)amide or Li diisopropylamide at 0-25°C in an anhydrous non-

15  protic solvent such as DMF), and the alkylated product 3-3 is then treated with a
reducing agent (e.g., H2 over Pd/C) to remove the CBZ protective group. The
deprotected product is then acylated with anhydride 3-4 to afford 2-1. Further
description of this chemistry can be found in Wei et al., Bioorg. Med. Chem. 2000,
1737. Compound 3-1 can be prepared using methods described in Choi et al., J. Med.

20  Chem. 1999, 3647; Najman-Bronzewska et al., Pharmazie 1997, 198; Fryer et al., J.
Org. Chem. 1991, 3715, or routine variations thereof.

-48 -
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SCHEME 3

RY R R* R"o

X
. / O S l & o
RZ\,>\|I\I/U\O,Bn Xr[/lHa' vo E/\jﬂ\/ N/Lko/Bn
HN\ﬂ/ base X1'.\ 2 N\”)

O 31 O 33
1. H,, Pd/C
2. (R¥CH,C0),0 3-4

Other methods for preparing piperazin-2-ones 1-1 are exemplified in
5 Schemes 4 and 5 showing the preparation of piperazin-2-ones 2-1 and 5-4
respectively. (Note: Piperazin-2-one 5-4 is equivalent to 2-1 having R2' = R3' = R4’
=H.) In Scheme 4, 4-acylpiperazin-2-one 4-1 is alkylated with benzyl halide (c.g.,
benzyl bromide) 3-2 in the presence of a base such as Li or Na
bis(trimethylsilylamide or Li diisopropylamide at low temperature {(e.g., 0 to 25°C) in
10 an anhydrous non-protic solvent such as DMF. Further description of this chemistry
can be found in Hori et al., Chem. Pharm. Bull. 1931, 1594. In Scheme 5, N-(2,2-
dimethoxyethyl)-N-benzylamine is obtained by reductive alkylation of the
corresponding benzaldehyde and dimethoxyethylamine. The alkylation product is
acylated with N-acyl-glycine with standard coupling reagents (eg. EDC, BOP, etc).
15 Treatment of the acylation product with acid (e.g., MeSOsH in CH,Cl», Kim et al.,
Heterocycles 1998, 2279; aqueous TFA, Horwell et al., Tetrahedron 1998, 4591;
p-TsOH in toluene, Uchida et al., Chem. Pharm. Bull. 1997, 1228; HCl-acetonitrile,
Kurihara et al., Heterocycles 1982, 191) provided the cyclization product, which was
catalytically hydrogenated to produce 4-acyl-1-(benzyl)piperazin-2-one 5-4.
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SCHEME 4

' ' 2' '
RS R4 O X \ RS. R4 O
RZI\X /U\/Hs' [/j»Hal xZ R2 /“\/ o
- N X" 3-2 \/\jv N Z
HN\H/

base "
o o)
4-1 2-1
SCHEME 5
O
HN/K/FP
” OMe HO :
X
‘:/'\ | OMe 2 5-2
N NH EDC
i~
5-1
O MeQ Qlile 0]

)(2' 5' 2' !
PN N)I\/R 1. MeSOgH . > )J\/RS
[/\l (\ SO (ij HN

Scheme 6 illustrates a method for introducing functional groups at the
7-position of pyridopyrazine ring subsequent to the preparation of the
dihydroxypyridopyrazinedione. As shown in Part A of Scheme 6, halogen can be

10 introduced by treating the dihydroxypyridopyrazinedione 6-1 with a suitable
halogenating agent {e.g., Br2, NBS, IC], etc). Further description of this chemistry
can be found in March, Advanced Organic Chemistry, 531-534, 4th edition. Part B of
Scheme 6 shows the introduction of an alkylamino group via the Mannich reaction,
which is described in March, Advanced Organic Chemistry, 900-902, 4th edition. In

15  Part B, dihydroxypyridopyrazinedione 6-1 is treated with a mixture of an aldehyde and
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a nucleophilic secondary amine in an alcoholic solution to provide the
7-aminoalkylated dihydroxypyridopyrazinedione 6-3.

SCHEME 6
4 4
R® R 0 A R® R C])
R2ﬁ><N | halogenating agent RzﬁXN ~Hal
N |
R b N OH ri-N \l OH
@] OH O OH
6-1 6-2

Scheme 7 depicts a method for preparing dihydroxypyridopyrazine-1,6-

diones embraced by Formula (I) of the present invention. In Scheme 7, N-(2,2-
dimethoxyethyl)-N-alkylamine is acylated with N-acyl-glycine with standard coupling

10 reagents (eg. EDC, BOP, etc). Treatment of the acylation product 7-1 with acid
(suitable acids include those disclosed abave in the discussion of Scheme 5) will
afford 4-acylpyrazin-2-one 7-2, which can be cyclized to provide
dihydroxypyridopyrazinedione 7-3 via the oxalation-cyclization procedure depicted in
Schemes 1 and 2.

15

51 .
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SCHEME 7

O
7-1 HO 7-2
O
MeSOgH
X i
OEt
EtO =%
75 © (\ N /U\/
R1 -~ N
base o
7-3

Scheme 8 shows a method for preparing dihydroxydihydropyrido-

5  pyrazine-1,6-diones having an alkyl or substituted alkyl at the 4-position of the ring.
In Scheme 8, treatment of alkyl (2-susbstituted aziridin-1-yl)acetate 8-1 with
benzylamine 8-2 in the presence of borontrifluoride etherate provided the 5-
substituted 1-benzylpiperazin-2-one 8-3. Acylation of the piperazinone, followed by
the oxalation-cyclization procedure depicted in Scheme 1 provided the 4-substituted

10 dihydroxydihydropyrido-pyrazine-1,6-diones 8-5. Note that in the case where R4 =
benzyloxymethyl, compound 8-3 can be hydrogenated (e.g., H over Pd) to afford R#
= hydroxymethyl.
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SCHEME 8
=
R4' X N R4*
\ 7 XZ
. NH, \
N X1 : - ()\NH
R*O 1]
\IH BFy +E,0 ) N\”/
© 8 X 83 O
R* = alkyl (e.g., Me, Et)
R* = R* as defined above, except that
R* is not -C(=0)N(R®R®) (RACO),0
R~ = alkyl
(e.g., Me, Et)

*

gl 4 2 . R O
Y, l N N\r(’ "
NS base

N oH o
O OH O 84

Scheme 9 shows a method for preparing dihydroxydihydropyrido-

5  pyrazine-1,6-diones having an aminocarbonyl substituent at the 4-position of the Ting.
In Scheme 9, the hydroxymethylpiperazinone 9-1 was oxidized with an oxidizing
reagent such as Jones reagent. The resulting acid 9-2 was converted to the
corresponding amide 9-3 with coupling reagent such as EDC in the presence of an
amine. Treatment of 9-3 with the oxalation-cyclization procedure depicted in Scheme

10 1 can provide the amide substituted dihydroxydihydropyrido-pyrazine-1,6-diones 9-4.

-
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SCHEME 9
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EDC
R2RENH

-

Rb
|
Ra/N\/O

=

9-3

Scheme 10 depicts a method for preparing dihydroxydihydropyrido-
5  pyrazine-1,6-diones having a heterocyclylmethyl substituent at the 4-position of the
ring. According to Scheme 10, the hydroxymethylpiperazinone 10-1 can be treated
with heterocyclic sulfonamides or amide in the presence of coupling reagent such as
cyanomethylene tri-n-butylphosphorane or diethylazodicarboxylate-

triphenylphosphine to provide the 4-heterocyclic-methyl susbtituted piperazin-2-one

10  10-2. Treatment of 10-2 with the oxalation-cyclization procedure depicted in Scheme

1 can provide the heterocyclic-methy! susbtituted dihydroxydihydropyrido-pyrazine-

1,6-diones 10-3.
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SCHEME 10
HO | R
S SRR |

\ R™-cont'g reagent \

@\/ N BA 4 coupling agent N /l\?

S/ N N

N T N ¥
O 10-1 O 10-2
[RA = alkyl ] o
(e.g., Me, Et) Eto)k[(oa

O base

x" 10-3 O OH

Scheme 11 depicts a method for preparing 4,5-dihydroxy-
tetrahydrocyclopropapyrido-pyrazine-3,7-diones, wherein 3,4-dihydropyrazine
5 11-1is cyclopropanated with a cyclopropanation reagent such as ethyl diazoacetate

and copper bronze. The resulting ester 11-2 can be treated with a reducing agent (e.g.,
sodium borohydride) to proivee the corresponding alcohol 11-3, which can be treated
with an alkylating reagent (e.g., benzyl bromide or an alkyl halide such as methyl
iodide) and a base (e.g., NaH) to afford alkylation product 11-4. Subjecting 11-4 to

10 the oxalation-cyclization procedure depicted in Scheme 1 can then proivde the desired
4,5-dihydroxy-tetrahydrocyclopropapyrido-pyrazine-3,7-dione 11-5.

_55.
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O
X2\
=X /
Q\/ \ﬂ) cyclopropanatlon @\/ N
; N
x 7 w)
o 11-1 0 C
X o 11-2
[R/\ = alkyl ]
(e.g., Me, EY)

reducing agent

X"/

O
alkylating X2
N __reagent \/< j>\ N /U\ RA
N j]) base | ’
= /
o 11-4

o)
Eto)l\[(oa
0

base
OR
Xz o
t\’ I N N\ l
/ = OH
K (@] OH

11-5

In the processes for preparing compounds of the present invention set
forth in the foregoing schemes, functional groups in various moieties and substituents
5  may be sensitive or reactive under the reaction conditions cmployed and/or in the
presence of the reagents employed. Such sensitivity/reactivity can interfere with the
progress of the desired reaction to reduce the yield of the desired product, or possibly
even preclude its formation. Accordingly, it may be necessary or desirable to protect
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sensitive or reactive groups on any of the molecules concerned. Protection can be
achieved by means of conventional protecting groups, such as those described in
Protective Groups in Organic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1973 and
in T.W. Greene & P.G.M. Wuts, Protective Groups in Organic Synthesis, John Wiley

S & Sons, 1991. The protective groups may be removed at a convenient subsequent
stage using methods known in the art.

The following examples serve only to illustrate the invention and its
practice. The examples are not to be construed as limitations on the scope or spirit of
10  the invention.

EXAMPLE i
2-Benzyl-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-alpyrazine-1,6-dione

O

9USe
l\rOH

e Q)

H
15 Step 1: Benzyl 4-benzyl-3-oxopiperazine-1-carboxylate
O
sUsage
g
O

To a cold (0 °C) solution of benzyl 3-oxopiperazine-1-carboxylate (4.7

g, 20 mmol) in DMEF (75 mL) under an atmosphere of nitrogen, a solution of lithium
bis(trimethylsilyl)amide in THF (24 mk., 24 mmol) was added and stirred at the

20 temperature for 30 min. The resultant solution was treated with benzyl bromide (2.9
mL, 24 mmol), and stirred at room temperature overnight. The product mixture was
concentrated under vacuum, and the residue partitioned between aqueous HCl and
ethyl acetate. The organic extracted was washed with brine, dred over anhydrous
magnesium sulfate, filtered, and concentrated under vacuum. The residue was

25  subjected to column chromatography on silica gel eluting with a 50-50 mixture of

=S =
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ethyl acetate and hexane. Collection and concentration of appropriate fractions
provided the benzylated product.
"H NMR (400 MHz, CDCls) § 7.4-7.2 (m, 10H), 5.15 (s, 2H), 4.63 (s, 2H), 4.25 (s,
2H), 3.66 (br t, J = 5.3 Hz, 2H), 3.27 (br s, 2H).

5 ES MS M+1 =325

Step 2: 4-Acetyl-1-benzylpiperazin-2-one
O
sUSH
e
O

A mixture of benzyl 4-benzyl-3-oxopiperazine-1-carboxylate (4.7 g,

10 14.5 mmol) and 10% Pd/C (0.47 g) in ethanol (150 mL) was stirred under an
atmosphere of hydrogen (1 atm) at room temperature overnight. The product mixture
was filtered through a pad of Celite, and concentrated under vacuum to provide 1-
benzylpiperazin-2-one. A portion of the resultant oil (1.06 g, 5.5 mmol) was treated
with a mixture of N,N-diisopropylethylamine (1.46 mL, 8.3 munol), DMAP (68 mg,

15 0.55 mmol), and acetic anhydride (0.73 mL, 7.8 munol) in methylene chloride (30 ml.)
at 0 °C. After stirring at room temperature overnight, the resultant mixture was
concentrated and the residue was subjected to column chromatography on silica gel
eluting with a 10-90 mixture of methanol and ethyl acetate. Collection and
concentration of appropriate fractions provided the titlc piperazinone.

20 M NMR (400 MHz, CDCls) ~2:1 mixture of rotomers § 7.4-7.2 (m, 5H), 4.64 (s,
2/3H), 4.63 (s, 1 1/3H), 4.32 (s, 2/3H), 4.21 (s, 1 1/3H), 3.76 (brt, J=53Hz, 1
1/3H), 3.63 (br t, J = 5.3 Hz, 2/3H), 3.30 (br t, J = 5.3 Hz, 2/3H), 3.27 (brt, J=5.3
Hz, 1 1/3H), 2.11 (s, 2H), 2.10 (s, 1H).

ES MS M+1 =233

25

Step 3: 2-Benzyl-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-

dione
To a cold (0 °C) solution of 4-acetyl-1-benzylpiperazin-2-one (0.49 g,
30 2.1 mmol) in DMF (10 mL) under an atmosphere of nitrogen, a solution of lithium

bis(trimethylsilylyamide in THF (2.5 mL, 2.5 mmol) was added and sti rred at the
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temperature for 30 min. The resultant solution was treated with diethyl oxalate (0.43
mL, 3.1 mmol), and stirred at room temperature overnight. The resultant mixture was
then treated with additional lithium bis(trimethylsilyl)amide in THF (10 mL, 10
mmol) and stirred at room temperature for 6 h. The product mixture was concentrated
5 under vacuum, and the residue partitioned between aqueous HCI and ethyl acetate.

The organic extract was dried over anhydrous magnesium sulfate, filtered, and
concentrated under vacnum. The residue was subjected to FIPLC purification on C-18
stationary phase eluted with water/acetonitrile/TFA mobile phase. Collection and
lyophilization of appropriate fractions provided the title compound as white solid.

10 'HNMR (400 MHz, DMSO-dg) § 12.33 (s, 1H), 11.07 (br s, 1H), 7.39-7.25 (m, 5H),
5.93 (s, 1H), 4.70 (s, 2H), 3.97 (t, J = 5.5 Hz, 2H), 3.56 (t, J = 5.5 Hz, 2H).
ES MS M+1 =287

EXAMPLE 2
5 2-(4-Fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione

O
F
\I OH
O OH

Step 1: N-(2,2-Dimethoxyethyl)-N-(4-fluorobenzyl yamine
OMe

F
KKOMe
NH

A mixture of 4-flucrobenzaldehyde (227.6 g, 1.83 mol) and dimethoxy-

20  ethylamine (192.6 g, 1.83 mol) in methanol (2.5 L) was heated at 65 °C for 1.5 h. The
solution was allowed to cool to room temperature overnight and treated with sodium
borohydride (47.6 g 1.26 mol) in portions over a period of 2 h. The resultant mixture
was stirred at room temperature for 3 h and quenched with water (1 L). The product
mixture was concenirated to about 1 L and extracted with diethyl ether (3X). The

25  cthercal extracts were combined, washed with brine, dried over anhydrous sodinm
sullate, filtered, and concentrated under vacuum to provide the title compound as
yellow oil.

-59 -
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"H NMR (400 MHz, CDClz) & 7.28 (dd, J = 5.5, 8.6 Hz, 2H), 7.00 (t, J = 6.8 Hz, 2H),
4.48 (t, J = 5.5 Hz, 1H), 3.77 (s, 2H), 3.37 (s, 6H), 2.73 (d, /= 5.5 Hz, 2H).
ESMS M+1 =214

5 Step2: Nz—acetyI—Nl—(2,2—dimethoxyethy1)—Nl—(4—ﬂuorobenzyl)glycinamide

M
MeOO eO

@u“‘“

To a solution of N-(2,2-dimethoxyethyl)-N-(4-fluorobenzyl)amine
(366.5 g, 1.72 mol), N-acetylglycine (213.7 g, 1.83 mol), EDC (350.0 g, 1.83 mol),
and HOBt (29.1 g, 0.19 mol) in anhydrous DMF (2.5 L), N,N-diisopropylethylamine
10 (~250 mL) was added until the solution is about pH 8. The reaction mixture was
stirred at room temperature overnight and concentrated under vacuum. The residue
was partitioned between dichloromethane (4 L) and water (1 L). The organic extract
was washed with brine, dried over anhydrous sodium sulfate, filtered, and
concentrated under vacuum to provide the title compound.
15 'HNMR (400 MHz, CDCls) ~1:1 mixture of rotomers § 7.27-6.99 (m, 4H), 6.57 (brs,
1H), 4.67 (s, 1H), 4.58 (s, 1H), 4.52 (1, J = 5.3 Hz, 0.5H), 4.32 (¢, / = 5.3 Hz, 0.5H).
420 (d, J=4.0 Hz, 1H), 4.11 (d, J = 4.0 Hz, 1H), 3,46 (d, J = 5.3 Hz, 1H), 3.39 (s,
3H), 3.35 (s, 3H), 3.31 (4, J = 5.3 Hz, 1H), 2.06 (s, 1.5H), 2.04 (s, 1.5H).
ES MS M-OCH; = 281

20
Step 3: 4-Acetyl-1-(4-fluorobenzyl)-3,4-dihydropyrazin-2(1 H)-one
O
peVen
g
O

To a solution of methanesulfonic acid (314 g) in dichloromethane (10
L) at room temperaturc, a solution of N2-acetyl-N l—(2,2—dimethoxyethyl)‘Nl—(4~f1uoro—
25  benzyl)glycinamide (438 g, 1.07 mol) in dichloromethane (2 L) was added slowly
over a period of 2 h. The reaction mixture was stirred at room temperature overnight
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and treated with saturated aqueous sodium carbonate (3 L). The organic extract was
washed with brine, dried over anhydrous sodium sulfate, filtered, and concentrated
under vacuum. To the residual oil, ethyl acetate (1 L) was added and stirred at room
temperature. The solid precipitated was filtered to provide the title compound.

5 "I NMR (400 MHz, CDCl3) ~5:1 mixture of rotomers & 7.3-7.2 (m, 2H), 7.1-7.0 (m,
2ZH), 6.70(d, J = 6.4 Hz, 1/5H), 6.11(d, J = 6.4 Hz, 4/5H), 5.61( d, J = 6.4 Hz, 1/5H),
5.53(d, J = 6.4 Hz, 4/5H)}, 4.68 (s, 1 3/5H), 4.66 (s, 2/5H), 4.42 (s, 1 3/5H), 4.36 (s,
2/5H), 2.16 (s, 3H).

ES MS M+1 =249

10
Step 4: 4-Acetyl-1-(4-fluorobenzyl)piperazin-2-one
O
peVsh
'
O

A mixture of 4-acetyl-1-(4-fluorobenzyl)-3,4-dihydropyrazin-2(17)-
one (141 g, 0.57 mol) and 5% Pd/C (10.4 g) in ethanol (500 mL) was stirred under an

15 atmosphere of hydrogen (1 atin) at room temperature overni ght. The product mixture
was filtered through a pad of Celite, and concentrated under vacuum to provide the
title compound. Residual ethanol was removed by co-evaporation with toluene (3X)
under vacuum. The resultant oil solidify on standing and was used in the next step
without further purification.

20 'HNMR (400 MHz, CDCl5) ~2:1 mixture of rotomers § 7.3 (m, 2H), 7.0 (mn, 2H),
4.58 (s, 2H), 4.32 (s, 2/3H), 4.20 (s, 1 1/3H), 3.77 (brt, J = 5.4 Hz, 1 1/3 H), 3.63 (br
t,J=5.4Hz,2/3H),3.30 (brt, J=54Hz, 2/3 H),3.26 (brt, J = 5.4 Hz, 1 1/3 H),
2.12 (s, 2H), 2.11 (s, 1H).

ES MS M+1 =251

25
Step 5: 2-(4-Fluorobenzyl)-8,9-dihydroxy-3.4-dihydro-2H-pyrido[1,2-

alpyrazine-1,6-dione

To a cold (0 °C) solution of 4-acetyl-1-(4-fluorobenzyl)piperazin-2-one
30 (30.6 g, 122 mmol) in DMF (700 mL) under an atmosphere of nitrogen, a solution of
sodium bis(irimethylsilyl)amide in THE (2 M, 73 mL, 146 mmol) was added and
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stirred at the temperature for 30 min. The resultant solution was treated with diethyl
oxalate (16.7 mL, 123 mmol), and stirred at room temperature overnight. The
resultant mixture was then treated with additional sodium bis(trimethylsilyl)amide in
THF (2 M, 73 mL, 146 mmol) and stirred at room temperature for 4 h. The product
mixture was concentrated under vacuum, and the residue treated with a mixture of
aqueous HCI and ethyl acetate. The resultant precipitate was obtained by filtration to
provide the title compound.

'H NMR (400 MHz, DMSO-dg) § 12.31 (s, 1H), 11.07 (brs, 1H), 7.40 (dd, J = 8.3,
5.8 Hz, 2H), 7.20 (t, J = 8.3 Hz, 2H), 5.98 (s, 1H), 4.68 (s, 2H), 3.97 (¢, J= 5.3 Hz,
2H), 3.56 (t, J = 5.3 Hz, 2H).

ES MS M+1 =305

EXAMPLE 3

2-(4-Fluorobenzyl)-8,9-dihydroxy-7-methyl-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-

1,6-dione
(o]
CH34

The title compound was prepared using a procedure similar to that
described in Example 1, except that benzyl bromide (Step 1) was substituted with 4-
fluorobenzyl bromide, and acetic anhydride (Step 2) was substituted with propionic
anhydride.
"H NMR (400 MHz, CDCl3) 8 12.50 (s, 1H), 7.4-7.0 (m, 4H), 6.40 (br s, 1H), 4.74 (s,
2H), 4.22 (t, J = 5.5 Hz, 2H), 3.55 (t, J = 5.5 Hz, 2H), 2.17 (s, 3H).
ES MS M+1 =319

EXAMPLE 4

2-(4-Fluorobenzyl)-8,9-dihydroxy-7-bromo-3,4-dihydro-2H-pyrido[1,2-ajpyrazine-
1,6-dione
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O
LI
O OH

To a suspension of 2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-
pyrido[1.2-alpyrazine-1,6-dione (0.1 g, 0.33 mmol) in chloroform (5 mL), N-bromo-
succinimide (64 mg, 0.36 mmol) was added and stirred at room temperature

5 overnight. The product mixture was concentrated and the residue was subjected to
HPLC puiification on C-18 stationary phase eluted with water/acetonitrile/TFA
mobile phase. Collection and lyophilization of appropriate fractions provided the title
compound as white solid.

'"H NMR (400 MHz, DMSO-ds) § 12.69 (s, 1H), 11.62 (br s, 1H), 7.41 (dd, J = 5.8,

10 8.4 Hz, 2H), 7.20 (t, J = 8.8 Hz, 2H), 4.69 (s, 2H), 4.07 (t, J = 5.3 Hz, 2H), 3.59 B =
5.3 Hz, 2H).
ES MS M+1 =383/385

EXAMPLE 5
15 2-(4-Fluorobenzyl)-8,9-dihydroxy-7-iodo-3 4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-
dione

O

F !
T

N oH
0] OH

To a suspension of 2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-

pyrido{1,2-a]pyrazine-1,6-dione (5 g, 16.4 mmol) in methylene chloride (300 mL) al

20 roomtemperature, a solution of iodine monochloride (2.8 g, 17.2 mmol) in methylene
chloride (50 mL) was added. The suspension was stirred at room temperature
overnight and concentrated under vacuum. The residue was dissolved in ethyl acetate
and washed subsequently with an aqueous solution of sodium metabisulfite and brine.
The organic extract was dried over anhydrous magnesium sulfate, filtered,

25  concentraled. The residual solid was stirred in diethyl ether overnight, and collected
by filtration.
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'"H NMR (400 MHz, DMSO-ds) 8 12.65 (s, 1H), 11.82 (s, 1H), 7.41 (dd, /= 6.0, 8.4
Hz, 2H), 7.20 (, J = 8.8 Hz, 2H), 4.69 (s, 2H), 4.07 (t, J = 5.3 Hz, 2H), 3.59 (t, J = 5.3
Hz, 2H).

ES MS M+1 =431

5
EXAMPLE 6
2-(3-Chlorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a}pyrazine-1,6-dione
Cl
Step 1: 4-Acetylpiperazin-2-one
O
S J
HN \”)
10 O

To a cold (0 °C) solution of piperazin-2-one (2.50 g, 24.9 mmol) and
N,N-diisopropylethylamine (4.78 mL, 27.5 mmol) in methylene chloride (50 ml.)
under an atmosphere of nitrogen, acetic anhydride (2.47 mL, 26.2 mmol) was added
and stirred at the temperature for overnight. The resultant solution was concentrated

15 under vacuum. The residue was subjected to column chromatography on silica gel
eluting with a 90:10:1 mixture of chloroform, methanol, and ammonium hydroxide.
Collection and concentration of appropriate fractions provided the title product.

'"H NMR (400 MHz, CDCls) ~2:3 mixture of rotomers § 6.81 (br s, 2/5H), 6.59 (br s,

3/5 ¥D), 4.25 (s, 4/5H),4.13 (5, 1 1/51),3.82 (t,J=54Hz, 1 1/5H),3.67 (t, J=5.4
20  Hz, 4/5 H), 3.46 (m, 4/5 ), 3.40 (m, 1 1/5 H), 2.15 (s, 1H), 2.12 (s, 2H).

ES MS M+1 =143

Step 2: 2-(3-chlorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[1,2-
alpyrazine-1,6-dione
25
- 64 -
Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040

249 of 1915



WO 2004/024078 PCT/US2003/028366

To a cold (0 °C) solution of 4-acetylpiperazin-2-one (1.0 g, 7.0 mmol)
in DMF (75 mL.) under an atmosphere of nitrogen, a solution of lithium
bis(trimethylsilyl)-amide in THF (7.7 mL, 7.7 mumol) was added and stirred at the
temperature for 30 min. The resultant solution was treated with 3-chlorobenzyl

5 bromide (0.92 mL, 7.0 mmol), and stirred at room temperature overnight. The
resultant mixture was cooled to 0 °C, treated with a solution of lithium
bis(trimethylsilyl)amide in THF (8.4 mL, 8.4 mmol) and stirred for 30 min, and then
treated with diethyl oxalate (0.96 mL, 7.0 mumol). The resultant mixture was stirred at
room tempertature overnight. Additional solution of lithium bis(trimethylsilyl)amide

10 in THF (16.8 mL, 16.8 mmol) was added and stirred for 4 hirs. The product mixture
was concentrated under vacuum, and the residue was treated with a mixture of
aqueous HCI and ethyl acetate. The white solid precipitated was collected by
filtration and was subjected to HPLC purification on C-18 stationary phase eluted with
water/acetonitrile/TFA mobile phase. Collection and lyophilization of appropriate

15 fractions provided the title compound.
"H NMR (400 MHz, DMSO-dg) 8 12.25 (s, 1H), 11.07 (br s, 1H), 7.44-7.31 (m, 4H),
5.93 (s, 1H), 4.69 (s, 2H), 3.98 (t, J = 5.5 Hz, 2H), 3.59 (t, J = 5.5 Hz, 2H).
ESMS M+1 =322

20 EXAMPLE 7

2-(4-Chlorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-dionc

i
cl
YeUes
X~"oH
O OH

The title compound was prepared using a procedure similar to that
described in Example 6, except that 3-chlorobenzyl bromide (Step 2) was substituted
25  with 4-chlorobenzyl bromide.
'"H NMR (400 MHz, DMSO-dg) 8 12.28 (s, 1H), 11.10 (br s, 1H), 7.42 (t, J = 8.6 Hz,
2H), 7.37 (t, J = 8.6 Hz, 2H), 5.94 (s, 1H), 4.68 (s, 2H), 3.97 (t, J = 6.1 Hz, 2H), 3.57
(t, J=6.1 Hz, 2H).
ES MS M+1 =322
30
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EXAMPLE 8
2-(3,4-Dichlorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-
dione

Gl
Gl

51 The title compound was prepared using a procedure similar to that
described in Example 6, except that 3-chlorobenzyl bromide (Step 2) was substituted
with 3,4-dichlorobenzyl bromide.

'H NMR (400 MHz, DMSO-dg) 8 12.22 (s, 1H), 11.09 (br s, 1H), 7.65 (d, J = 2.0 Hz,
1H), 7.62 (d, J = 8.3 Hz, 1H), 7.35 (dd, J = 1.8, 8.8 Hz, 1H), 5.94 (s, 1H), 4.69 (s,

10  2H), 3.96 (t, J = 5.3 Hz, 2H), 3.59 (t, J = 5.3 Hz, 2H).
ES MS M+1 =356

EXAMPLE 9

2-(3,4-Difluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-
15  dione

F 0
F
= N
SUSe
OH
O OH

The title compound was prepared using a procedure similar to that
described in Example 6, except that 3-chlorobenzyl bromide (Step 2) was substituted
with 3,4-difluorobenzyl! bromide.

20 'HNMR (400 MHz, DMSO-dg) 8 12.24 (s, 1H), 11.19 (br s, 1H), 7.48-7.39 (m, 2H),
7.23-7.20 (1n, 1H), 6.00 (s, 1H), 4.68 (s, 2H), 3.99 (t, /=59 Hz, 2H), 3.59 (1, 7= 5.9
Hz, 2H).
ES MS M+1 =323

GG~
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EXAMPLE 10
2-(3-Chloro-4-flucrobenzyl)-8,9-dihydroxy-3,4~dihydro-2H-pyrido[ 1,2-alpyrazine-
1,6-dione

Ci
F
5 The title compound was prepared using a procedure similar to that

described in Example 6, except that 3-chlorobenzyl bromide (Step 2) was substituted

with 3-chloro-4-fluorobenzyl bromide.

"H NMR (400 MHz, DMSO-dg) § 12.23 (s, 1H), 11.05 (br s, 1H), 7.60 (d, J = 7.0 Hz,

2H), 7.43-7.36 (m, 2H), 5.93 (s, 1H), 4.67 (s, 2H), 3.98 (t, J = 5.6 Hz, 2H), 3.59 (1, J =
10 5.6 Hz, 2H).

ES MS M+1 =339

EXAMPLE 11

2-(4-Fluorobenzyl)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-3,4-dihydro-2H-
15 pyrido[1,2-a]pyrazine-1,6-dione

o OH

A mixture of 2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione (0.2 g, 0.66 mmol), piperidine (0.13 mL, 1.3 mmol),
and formaldehyde (0.08 mL, 37% solution in water) in absolute ethanol (5 mL) was

20  stirred at room temperaturce for 6 h. The product mixture was concentrated under
vacuum, and the residue was subjected to HPLC purification on C-18 stationary phase
eluted with water/acetonitrile/TFA mobile phase. Collection and lyophilization of
appropriale fractions provided the title compound.

’
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H NMR (400 MHz, DMSO-ds) § 12.62 (s, 1H), 11.91 (s, 1H), 7.41 (dd, /= 5.8, 8.4
Hz, 2H), 7.22 (1, J = 8.8 Hz, 2H), 4.72 (s, 2H), 4.08 (br s, 4H), 3.62 (t, J = 5.5 Hz,
2H), 3.3 (br s, 2H), 2.9 (br s, 2H), 1.7 (br m, 6H).

ES MS M+1 =402

5
EXAMPLE 12
2-(3-Chloro-4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione
Cl O (Nj
F
\@/ NK\N ‘
S TH\ OH
O OH
10 The title compound was prepared using a procedure similar to that

described in Example 11, except that 2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-

2H-pyrido[1,2-a]pyrazine-1,6-dione was substituted with 2-(3-chloro-4-fluorobenzyl)-

8,9-dihydroxy-3,4-dihydro-2H-pyrido{ 1,2-a]pyrazine-1,6-dione.

'H NMR (400 MHz, DMSO-dg) § 12.54 (s, 1H), 11.95 (brs, 1H), 7.62 (brd, /= 6.9
15 Hz, 1H), 7.45-7.40 (0, 2H), 4.71 (s, 2H), 4.08 (br signal, 4H), 3.65 (t, J = 5.5 Hz,

2H), 2.96 (br signal, 2H), 2.68 (br s, 2H), 2.33 (br s, 2H), 1.7 (br m, 6H).

ES MS M+1 =436
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EXAMPLE 13

2~(4-Pluorobenzyl)—8,9—dihydroxy—7—[(dimethylamjno)methyl]—3,4—djhydro—2H—
pyrido[ 1,2-a]pyrazine-1,6-dione

H3C,
0 N-CHs
F
SVS 8¢
"N o
6] CH
£ The title compound was prepared using a procedure similar to that
described in Example 11, except that piperidine was substituted with dimethylamine.
'H NMR (400 MHz, DMSO-dg) § 12.63 (s, 1H), 11.90 (br.s, 1H), 7.41 (dd, J = 6.0,
8.4 Hz, 2H), 7.21 (t, J = 8.8 Hz, 2H), 4.72 (s, 2H), 4.22 (s, 2H), 4.08 (t, J = 5.5 Haz,
2H), 3.63 (t, J = 5.5 Hz, 2H), 2.74 (s, 6H).
10 ES MS M+1 =362

EXAMPLE 14

2-(4—Fluorobenzyl)—8,9—dihydroxy~2H—pyﬂdo[1,2—a]pyrazine—1,6-di one

O
AOVSS
N
Y o
O OH

15 A mixture of anhydrous DMSO and sodium hydride (0.24 g, 60% oil
dispersion, washed 3x with hexane) under an atmosphere of nitrogen was heated with
stirring at 50 °C for 3 h. After cooling to room tempcrature, a solution of 4-acetyl-1-
(4-fluorobenzyl)-3,4-dihydropyrazin-2(1H)-one (0.5 g, 2.0 mmol; Example 2, Step 3)
in anhydrous DMSO (5 mL) was added over a period of 10 min and the resultant

20 mixture stirred at room temperature for 30 min. The mixture was then treated with
diethyl oxalate (0.29 mL, 2.1 mmol) and stirred at room temperature overnight. The
product mixture was subjected to HPLC purification on C-18 stationary phase eluted
with water/acetonitrile/TFA mobile phase. Collection and lyophilization of
appropriate fractions provided the title compound.

- 60 .
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'H NMR (400 MHz, DMSO-de) 6 11.77 (s, 1H), 11.40 (s, 1H), 7.44 (dd, /= 5.6, 8.1
Hz, 2H), 7.39 (4, J = 6.4 Hz, 1H), 7.21 (t, J = 8.1 Hz, 2H), 6.76 (d, J = 6.4 Hz, 1H),
6.09 (s, 1H), 4.92 (s, 2HD.

ES MS M+1 = 303

The title compound was also prepared as follows:
To a cold (0 C) solution of 4-acetyl-1-(4-fluorobenzyl)-3,4-dihydro-
pyrazin-2(1H)-one (0.41 g, 1.65 mmol; Example 2, Step 3) in anhydrous DMF (16
mL.) under an atmosphere of nitrogen, a solution of lithium bis(trimethylsilyl)amide in
10  THF (3.3 mL, 3.3 mmol) was added and stirred at that temperature for 15 min. The
resultant solution was treated with N,N’-dimethyloxy-N,N’-dimethyloxalamide (0.29
g, 1.65 mmol; J. Org. Chem. 1995, p. 5016) in one portion, allowed to warm to, and
stirred at room temperature overnight. After 16 hrs. the resultant mixture was treated
with additional lithium bis(trimethylsilyl)amide in THF (1.6 mL, 1.6 mmol) and
15  stirred at room temperature for 1 h. The product mixture was concentrated under
vacuum, and the dark brown residue was stirred in a mixture of 1M aqueous
hydrochloric acid ( 75 mL) in ice for 15 min. The dark brown solid formed was
isolated by filtration and air dried. The dried solid was washed with diethyl ether 2
times, air dried, then dried under vacuum to afford the crude product which was used
20  without further purification in the preparation of the compound of Example 25.

EXAMPLE 15

2-Benzyl-8,9-dihydroxy-2H-pyrido[1,2-a]pyrazine-1,6-dione

i
= Z\
E;:jl\v/irﬁ\ N |
OH
O OH

25 The title compound was prepared using procedures similar to that
described in Examples 2 and 14, except that N-(2,2-dimethoxyethyl)-N-(4-fluoro-
benzyl)amine (Example 2, Siep 2) was substituted with N-benzylaminoacetaldehyde
diethyl acetal.

'H NMR (400 MHz, CDCl3) 6 11.95 (s, 1H), 10.56 (br s, 1), 7.52 (d, J = 6.6 Hz,

30 1H),7.4-7.3 (m, 5H), 6.33 (s, 1H), 6.22 (d, J = 6.6 Hz, 1H), 4.92 (s, 2H).

ES MS M+1 =285
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EXAMPLE 16
2-(4-Fluorobenzyl)-8,9-dihydroxy-4-methyl-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-
1,6-dione

CH; O
F
T
N
Y o
5 (@] OH
Step 1: Ethyl (2-methylaziridin-1-yl)acetate
N
\/O\”)
@)

To a cold (-78 °C) solution of 2-methylaziridine (5.6 g, 99 mmol) and

10 N,N-diisopropylethylamine (18.8 mL, 108 mmol) in dichloromethane (250 mL) under
an atmosphere of nitrogen, cthyl bromoacetate (10 mL, 90 mmol) was added over a
period of 1 h. The resultant mixture was allowed to slowly warm up and stirred at
room tempcerature overnight. The resultant mixture was concentrated under vacuum,
and the residue was suspended in chloroform. A stream of anhydrous ammonia gas

15 was bubbled into the mixture with stirring for a period of 15 min. The resultant
suspension was filtered, and the filtrate concentrated under vacuum. The residue was
further treated with anhydrous diethyl ether and the milky solution filtered through a
pad of Celite. The filtrate was concentrated under vacuum, and the residue subjected
to distillation under reduced pressure (bp ~60 °C, 18 torr) to provide the title

20  compound as colorless oil.
'"H NMR (400 MHz, CDCls) § 4.21 (g, J=7.1Hz, 2H), 3.13 (d, /= 16.1 Hz, 1H),
3.00 (d, /=16.1 Hz, 1H), 1.64 (d, J =3.7 Hz, 1H), 1.47 (m, 1H), 1.33 (d, /= 6.2 Hz,
1H), 1.29 (t,J=7.1 Hz, 3H), 1.23 (d, J = 5.5 Hz, 3 H).

-71 ~
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Step 2: 4-Acetyl-1-(4-fluorobenzyl)-5-methylpiperazin-2-one

" X

A mixture of ethyl (2-methylaziridin-1-yl)acetate (4.0 g, 28 mmol), 4-
fluorobenzylamine (5.3 g, 42 mmol), and boron trifluoride etherate (0.5 mL) was
heated in a sealed stainless steel vessel inside a Teflon liner at 95 °C for 60 h (Bull.
Chem. Soc. Jpn. 1986, 59: 321). The resulting mixture was dissolved in
dichloromethane (50 mL), cooled to 0 °C , and treated with a mixture of triethylamine
(13 mL, 95 mmol) and acetic anhydride (6.7 mL, 71 mmol). The reaction mixture was
stirred al room (emperature overnight, and extracted successively with saturated
aqueous solution of sodium bicarbonate, dilute aqueous HCI, and brine. The organic
extract was dried over anhydrous magnesium sulfate, filtered, and concentrated under
vacuum. The residue was subjected to column chromatography on silica gel eluting
with a mixture of 7 - 10 % methano] in ethyl acetate. Collection and concentration of
appropriate fractions provided the title piperazinone.

ES MS M+1 =265

Step 3: 2-(4-Fluorobenzyl)-8,9-dihydroxy-4-methyl-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione

The title compound was prepared using a procedure similar o that
described in Example 1 (Step 3), except that 4-acetyl-1-benzylpiperazin-2-one was
substituted with 4-acetyl-1-(4-fluorobenzyl)-5-methylpiperazin-2-one. After the
product solution was concentrated, the residue was treated with a mixture of
dichloromethane and agueous HCI. The chalky organic extract was isolated and
concentrated under vacuum. The residue was subjected to HPLC purification on C-18
stationary phase eluted with water/acetonitrile/TFA mobile phase. Collection and
Iyophilization of appropriate {ractions provided the title compound.

1 NMR (400 MHz, DMSO-dg) § 12.41 (s, 1H), 11.04 (br s, 1H), 7.43 (dd, J = 8.6,
5.7 Hz, 2H), 7.21 (t, J = 8.6 Hz, 2H), 5.92 (s, 1H), 4.83 (d, J = 14.5 Hz, 2H), 4.50 (d, J
=14.5 Hz, 1H), 3.74 (dd, J = 13.2, 4.0 Hz, 1H), 3.35 (d, /= 14.5 Hz, 1H), 093 (d, / =
6.0 Hz, 3H).

-T2 -
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ES MS M+1 =319

EXAMPLE 17

2—(4—F1uorobenzyl)-8,9—dihydroxy-4,4-dimethyl-3,4-dihydro-2H—pyrjdo[1,2-
5 alpyrazine-1,6-dione

H3C CHB (@)
F‘
@ %L“JW
N i
N o
O OH
Step 1: Nl-(4-Fluorobenzyl)—Z-mcthylpropanc-1,2—diamine

A mixture of 4-fluorobenzaldehyde (3.1 g, 25 mmol), 1,2-diamino-2-

: PLNHZ
NH

10 methylpropane (2.2 g, 25 munol), and a few drop of acetic acid in absolute ethanol
(150 mL) was stirred at room temperature overni ght. The resultant mixture was
cooled to 0 °C, and treated with sodium borohydride to provide predominately a major
mono alkylation product. The reaction mixture was quenched with trifluoroacetic
acid, and concentrated under vacuum. The residue was dissolved in methanol and

15 subjected to HPLC purification on C-18 stationary phase eluted with
water/acetonitrile/TFA mobile phase. Collection and Iyophilization of appropriate
fractions provided the TFA salt of the title compound. This was converted to the
corresponding HCI salt by addition of HC!I in diethyl ether and concentration under
vacuum. The reaction is regioselective and the regiochemistry of the product was

20  confirmed with NOE experiments on the bis HCI salt.

'H NMR (400 MHz, DMSO-ds) 8 9.89 (br s, 2H), 8.67 (brs, 3H), 7.72 (dd, J = 8.4,
5.9 Hz, 2H), 7.29 (t, J = 8.8 Hz, 2H), 4.20 (s, 2H), 3.17 (s, 2H), 1.39(s, 6H).

~ B
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Step 2: 1-(4-Fluorobenzyl)-5,5-dimethylpiperazin-2-one

A mixture of N'-(4-fluorobenzyl)-2-methylpropane-1,2-diamine bis
hydrochloride salt (0.6 g, 2.23 mmol), N,N-diisopropylethylamine (2 mL, 11.5 mmol},
and methyl bromoacetate (0.5 mL, 5.3 mmol)} in dichloromethane (20 ml.) was stirred
at room temperature overnight to provide selectively a major alkylation/cyclization
product (LC-MS). The resultant mixturc was concentrated under vacuum, treated
with a saturated solution of ammonia in chloroform, and filtered through a pad of
Celite. The filtrate was concentrated and the residue was dissolved in methanol and
subjected to HPLC purification on C-18 stationary phase eluted with
water/acetonitrile/TFA mobile phase. Collection and lyophilization of appropriate
fractions provided the TFA salt of the title compound. This was converted to the
corresponding HCI salt by addition of HCI in diethyl ether and concentration under
vacuum. The reaction is regioselective and the regiochemistry assigned is
substantiated with subsequent successful acetylation.

'H NMR (400 MHz, DMSO-dg) 8 9.80 (br s, 2H), 7.34 (dd, J = 8.4, 5.9 Hz, 2H), 7.19
(t, J = 8.8 Hz, 2H), 4.55 (s, 2H), 3.85 (s, 2H), 3.34 (s, 2H), 1.31(s, 6H).
ES MS M+1 =237

Step 3: 2-(4-Fluorobenzyl)-8,9-dihydroxy-4-methyl-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,6-dione

The title compound was prcpared using a procedure similar to that
described in Example 1 (Step 2-3), except that 1-benzylpiperazin-2-one (Step 2) was
substituted with 1-(4-flucrobenzyl)-5,5-dimethylpiperazin-2-one dihydrochloride salt.
After the product solution was concentrated, the residue was treated with a mixture of
dichloromethane and aqueous HCI. The chalky organic extract was isolated and
concentrated under vacuum. The residue was subjected to HPLC purification on C-18
stationary phase eluted with water/acetonitrile/TFA mobile phase. Collection and
Iyophilization of appropriate fractions provided the title compound.

7=
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'H NMR (400 MHz, DMSO-de) 8 12.91 (s, 1H), 10.95 (br s, 1H), 7.43 (dd, J = 8.6,
5.7 Hz, 2H), 7.20 (t, J = 8.6 Hz, 2H), 5.82 (s, 1H), 4.64 (s, 2H), 3.23 (s, 2H), 1.45 (s,
2H).

ES MS M-+1 =333

EXAMPLE 18
2-(4-Fluorobenzyl)-8,9-dihydroxy-3-methyl-3,4-dihydro-2H-pyrido[1,2-a] pyrazine-
1,6-dione

HsyC 7

F 3
T
N
N NoH
i) OH
10 Step1: N-{(tert-Butoxy)carbonyl]-N-(2-oxopropyl)glycine

O
\”/\N/U\O/|<
° )
HOLC
To a cold (0 °C) solution of N-[(tert-butoxy)carbonyl]-N-[(methoxy)-
(methyl)carbamoylmethyl]glycine (1.0 g, 3.6 mmol; Helvetica Chimica Acta 2000, 83:
1825), in anhydrous THF (30 mL) under an atmosphere of nitrogen, a solution of
15  methyl magnesium bromide in ether (2.6 mL, 3M, 7.8 mmol) was added. The
reaction mixture was stirred at room temperature for 1 h, cooled back to 0 G,
quenched with aqueous HCI, and diluted with ether. The organic extract was washed
with brine (pH adjusted to ~4-5 with addition of aqueous sodium hydroxide), dried
over anhydrous magnesium sulfate, filtered, and concentrated under vacaum to
20  provide the title compound.
'H NMR (400 MHz, DMSO-dg) ~1:1 mixture of rotomers 8 4.06 (s, 1H), 4.03 (s, 1H),
3.88 (s, 1H), 3.84 (s, 1H), 2.05 (s, 3H), 1.36 (s, 9/2H), 1.33 (s, 9/2H).
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Step 2: 4-[(tert-Butoxy)carbonyl]-1-(4-fluorobenzyl)-6-methylpiperazin-2-one

) \(\Nj\o/k
\©\/N\g)

A mixture of N-[(tert-butoxy)carbonyl}-N-(2-oxopropyl)glycine (0.66
g, 2.87 mmol), 4-fluorobenzylamine (0.23 g, 1.87 mmol) in dichloroethane (14 mL)
5  was stirred at room temperaturc for one hour. Sodium triacetoxyborohydride (0.79 g,
3,73 mmol) was added and the reaction mixture stirred at room temperature overnight.
The resultant mixture was concentrated under vacuum. The residue was dissolved in
DMF (12 mL), treated with EDC (0.55 g), and stirred at room temperature overnight.
The resultant mixture was concentrated under vacuum. The residue was partitioned
10 between ethyl acetate and dilute aqueous HCl. The organic extract was washed with
brine (to pH 7), dried over anhydrous magnesium sulfate, filtered, and concentrated to
provide the title compound.
ES MS M+1 =323
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Step 3: 4-Acetyl-1-(4-fluorobenzyl)-6-methylpiperazin-2-one

U §

A steady stream of anhydrous HCI gas was bubbled through a cold (0
°C) solution of 4-[(tert-butoxy)carbonylj-1-(4-fluorobenzyl)-6-methylpiperazin-2-one
(0.62 g, 1.9 mmol) in ethyl acetate (20 mL) for 5 minutes. The resultant mixture was
capped and stirred at the same temperature for 1 h. The product mixture was
concentrated under vacuum. The residue was treated with a mixture of N,N-
diisopropylethylamine (1.00 mL, 5.8 mmol), DMAP (5 mg), and acetic anhydride
(0.22 mL, 2.3 mmol) in methylene chloride (10 mL). The resultant mixture was
concentrated and the residue was subjected to column chromatography on silica gel
eluting with a mixture of 10% methanol in ethyl acetate. Collection and concentration
of appropriate fractions provided the title piperazinone.

'H NMR (400 MHz, CDC1;3) ~2:1 mixture of rotomers 8 7.72 (dd, J = 8.4, 5.9 Hz,
2H), 7.29 (t, J = 8.8 Hz, 2H), .... 2.14 (s, 2H), 2.11 (s, 1H), .1.24 (d, J = 6.8 Hz, 1H),
1.19 (d, J = 6.8 Hz, 2H).

ES MS M+1 =265

Step 3: 2-(4-Fluorobenzyl)-8,9-dihydroxy-4-methyl-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,6-dione

The title compound was prepared using a procedure similar to that
described in Example 2 (Step 5), except that 4-acctyl-1-(4-fluorobenzyl)piperazin-2-
one was substituted with 4-acetyl-1-(4-fluorobenzyl)-6-methylpiperazin-2-one. After
the product solution was concentrated, the residue was treated with a mixture of
dichloromethane and aqueous HCI. The chalky organic extract was isolated and
concentrated under vacaum. The residue was subjected to HPLC purification on C-18
stationary phase eluted with water/acetonitrile/TFA mobile phase. Collection and
lyophilization of appropriate fractions provided the title compound.

"H NMR (400 MHz, DMSO-de) § 12.23 (s, 111), 10.10 (br s, 1H), 7.43 (dd, J = 8.6,
5.7 Hz, 2H), 7.20 (t, J = 8.6 Hz, 2H), 5.94 (5, 1H), 4.98 (d, J = 15.0 Hz, 1H), 4.40 (d, J
=15.0 Hz, 2H), 3.85 (m, 1H), 3.49 (dd, J = 14, 3.§ Hz, 1H), 1.08 (d, J = 6.6 Hz, 3H).
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ES MS M+1 =319

EXAMPLE 19

2-(4-Fluorobenzyl)-8,9-dihydroxy-1,6-dioxo-1,3 ,4,6-tetrahydro-2H-pyrido[1,2-a]-
5  pyrazine-7-carbonitrile

o
F. CN
[ OUSS
N on
O OH
Step 1: 3-[4-(4-Fluorobenzyl)-3-oxopiperazin-1-yl]-3-oxopropanenitrile
o
F. ‘/\ N /[K/CN
\©\/ N \n)

O

To a solution of 1-(4-fluorobenzyl)piperazin-2-one (1.99 g, 9.6 mmol),

10 cyanoacetic acid (0.82 g, 9.6 mmol), EDC (2.02 g, 10.5 mmol), and HOBt 0.15 g,
0.96 mmol) in anhydrous DMF (40 mL), N,N-diisopropylethylamine was added until
the solution is about pH 6. The reaction mixture was stirred at room temperature
overnight and concentrated under vacuum. The residue was partitioned between
chloroform and water. The organic extract was washed with brine, dried over

15  anhydrous magnesium sulfate, filtered, and concentrated under vacuum to provide the
title compound. The residue was subjected to column chromatography on silica gel
eluting with a mixture of 9:1:0.1 mixture of chloroform. methanol, and ag ammonium
hydroxide. Collection and concentration of appropriate fractions provided the title
product. Residual protic solvent was removed by co-evaporation with benzene 3X).

20 ESMS M-OCHz =276

Step 2: 2-(4-Fluorobenzyl)-8,9-dihydroxy-1,6-dioxo-1,3,4,6-tetrahydro-2H-
pyrido[1,2-a}-pyrazine-7-carbonitrile

25 The title compound was prepared using a procedure similar to that
described in Example 2 (Step 5), except that 4-acetyl-1-(4-fluorobenzyl)piperazin-2-
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one was substituted with 3-[4-(4-fluorobenzyl)-3-oxopiperazin-1-yl]-3-
oxopropanenitrile. After the product solution was concentrated, the residue was
treated with a mixture of dichloromethane and aqueous HCI. The chalky organic
extract was isolated and concentrated under vacuum. The residue was subjected to

A

HPLC purification on C-18 stationary phasc cluted with water/acetonitrile/TFA
mobile phase. Collection and lyophilization of appropriate fractions provided the title
compound.

"H NMR (400 MHz, DMSO-ds) 6 12.23 (s, 1H), 10.10 (br s, 1H), 7.43 (dd, J = 8.6,
5.7 Hz, 28), 7.20 (t, J = 8.6 Hz, 2H), 4.68 (s, 2H),. 3.97 (t, J = 5.3 Hz, 2H), 3.56 (t, J
10 =5.3Hz, 2H).

ES MS M+1 =330

EXAMPLE 20

2-(4-Fluorobenzyl)-8,9-dihydroxy-7 -{(4-methyl-3-oxopiperazin-1-yl)methyl]-3,4-
15 dihydro-2H-pyrido[1,2-alpyrazine-1,6-dione

CHs
Cr
o N
F
\©\/N(\N |
N NoH
O o

H

The title compound was prepared using a procedure similar to that
described in Example 11, except that piperidine was substituted with 4-methyl-3-
oxopiperazine.

20  'H NMR (400 MHz, DMSO-ds) 6 12.63 (s, 1H), 11.90 (br s, 1H), 7.41 (dd, J = 6.0,
8.4 Hz, 2H), 7.21 (t, J = 8.8 Hz, 2H), 4.72 (s, 2H), 4.19 (br s, 2H), 4.07 (t, J = 5.1 Hz,
2H), 3.78 (br s, 2H), 3.63 (t, J = 5.1 Hz, 2H), 2.84 (s, 3H).

ES MS M+1 =545

25 EXAMPLE 21
2-(4-Fluorobenzy])—8,9—d1'hydroxy-7-[(3—oxopiperazin-1-yl)methyl]-3,4—dihydro-2H-
pyrido[1,2-
79 -
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alpyrazine-1,6-dione

O N
F
\©\/'\1I/\N\ |
OH
O OH

The title compound was prepared using a procedure similar to that
described in Example 11, except that piperidine was substituted with 2-oxopiperazine.
5  'HNMR (400 MHz, DMSO-ds) 8 12.60 (s, 1H), 11.92 (br s, 1H), 8.32 (s, 1H), 7.41
(dd, J = 6.0, 8.4 Hz, 2H), 7.21 (t, J = 8.8 Hz, 2H), 4.71 (s, 2H), 4.21 (br s, 2H), 4.07 (t,
J=5.1Hz, 2H), 3.74(br s, 2H), 3.62 (t, J = 5.1 Hz, 2H), 3.37 (br s, 2H).
ES MS M+1 = 530

10 EXAMPLE 22

4-[(Benzyloxy)methyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3.4-dihydro-2H-pyrido[1,2-
alpyrazine-1,6-dione

-80 -
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Step 1: 2-[(Benzyloxy)methyl]-1-tritylaziridine

To a cold (0 °C) solution of lithium aluminum hydride in diethyl ether
(1 M, 15 mL, 15 mmol) under an atmosphere of nitrogen, a solution of methyl I-trityl-
5  2-aziridinecarboxylate (5.04 g, 14.7.mmol) in anhydrous ether (60 mL) was added

over a period of 0.5 h. The resultant mixture was allowed to slowly warm up and
stirred at room temperature for 1 hour. The resultant mixture was cooled back to 0 °C
and treated successively with water (0.57 mL) over a period of 10 minutes, followed
by addition of 15% aq NaOH (0.57 mL), and water (1.7 mL). The resultant

10 suspension was filtered through a pad of Celite. The filtrate was washed with brine,
dried over anhydrous sodium sulfate, filtered, and concentrated under vacuum. The
residue was treated with a mixture of ether (40 mL) and hexane (200 mL) with
cooling. The precipitate was collected by filtration to provide (1-tritylaziridin-2-
yDmethanol as white solid. Without further purification, the alcohol (1.0 g, 3.17

15 mmol) was added portionwise to a suspension of sodium hydride (60% dispersion in
mineral oil, 0.24 g, 6.0 mmol). To the resultant mixture, terta-n-butylammonium
iodide (50 mg, 0.14 mmol) and benzyl bromide (0.65 g, 3.8 munol) were added. The
rcaction mixture was stirred at room temperature overnight and treated with water (20
mL). The organic extract was diluted with ether, washed with brine, dried over

20  anhydrous sodium sulfate, filtered, and concentrated under vacuum. The residue was
subjected to column chromatography on silica gel eluting with a mixture of 5 % ethyl
acetate in hexane. Collection and concentration of appropriate fractions provided the
title compound.
"H NMR (400 MHz, CDCls) § 7.52 - 7.18 (m, 20 H), 4.52 (s, 2H), 3.86 (dd, 7= 10.1,

25 5.1 Hz, 1H),3.52(dd, J=10.1, 5.9 Hz, 1H), 1.72 (d, J = 3 Hz, 1H), 1.54 (m, overlap
with H,O signal), 1.18 (d, J = 5.9 Hz, 1H).
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ES MS M+1 =406

Step 2: Methyl {2-[(benzyloxy)methyl]aziridin-1-yl}acetate
O
o
N
e
O
5 To a cold (0 °C) solution of 2-[(benzyloxy)methyl]-1-tritylaziridine

(1.28 g, 3.16 mmol) in dichloromethane (13 mL), trifluoroacetic acid (1 mL) and
triethylsilane (2.0 ml.) was added and stirred at the temperature for 1 h. The resultant
mixture was concentrated under vacuum, and the residue was partitioned between
ether and brine. The organic extract was dried with anhydrous magnesium sulfate,

10 filtered, and concentrated under vacuumn. The residue was subjected to column
chromatography on silica gel eluting with a mixture of 50-100 % THEF in hexane.
Collection and concentration of appropriate fractions provided 2-
[(benzyloxy)methyljaziridine.

To a cold (<78 °C) solution of 2-[(benzyloxy)methyl]aziridine (0.42 g,

15  2.57 mmol) and N,N-diisopropylethylamine (0.5 mL, 2.90 mmol) in dichloromethane
(15 mL) under an atmosphere of nitrogen, ethyl bromoacetate (0.39, 2.5 mmol) was
added over a period of 1 h. The resultant mixture was allowed to slowly warm up to
room temperature and stirred overnight. The resultant mixture was washed with
brine, dried over anhydrous magnesium sulfate, filtered, and concentrated under

20  vacuum. The residue was subjected to column chromatography on silica gel eluting
with a mixture of 70 % ethyl acetate in hexane. Collection and concentration of
appropriate fractions provided the title compound.
1 NMR (400 MHz, CDCl3) & 7.35 - 7.26 (m, 5 H), 4.59 (d, 7= 11.9 Hz, 1H), 4.53 (d,
J=11.9 Hz, 1H), 3.74 (s, 3H), 3.52 (m, 2H), 3.25 (d, J = 16.1 Hz, 1H), 298 (d, /=

25 16.1 Hz, 1H), 1.83(d, J = 3.6 Hz, 1H), 1.79 (m, 1I), 1.43 (d, / = 6.4 Hz, 1H).
ES MS M+1 =236
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Step 3: 4-Acetyl-5-[(benzyloxy)methyl]-1-(4-fluorobenzyl)piperazin-2-one
O
O
F
N J\
NV
O

A mixture of methyl {2-[(benzyloxy)methyl]aziridin-1-yl}acetate (0.4
g, 1.7 mmol), 4-fluorobenzylamine (0.38 g, 3.3 mmol), and boron trifluoride etherate
(50 uL) was heated in a sealed glass tube at 95 °C for 68 h (Bull. Chem. Soc. Ipn.,
1986, 59, 321). The resulting mixture was dissolved in dichloromethane (50 mL),
cooled to 0 °C, and treated with a mixture of triethylamine (0.95 mL, 6.8 mmol),
DMAP (21 mg, 0.17 mmol), and acetic anhydride (0.48 mL, 5.1 mmol). The mixture
was stirred at room temperature overnight, and extracted successively with saturated
aqueous solution of sodium bicarbonate, dilute aqueous HC1, and brine. The organic
extract was dried over anhydrous magnesium sulfate, filtered, and concentrated under
vacuum. The residue was subjected to colurnn chromatography on silica gel eluting
with a mixture of 2% methanol in ethyl acetate. Collection and concentration of
appropriate fractions provided the title piperazinone.
ES MS M+1 =371

Step 4: 4-[(Benzyloxy)methyl}-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-
Step 4 y. Y
2H-pyrido[1,2-alpyrazine-1,6-dione

The title compound was prepared using a procedure similar to that
described in Example 1 (Step 3), except that 4-acetyl-1-benzylpiperazin-2-one was
substituted with 4-acetyl-5-[(benzyloxy)methyl]-1-(4-fluorobenzyl)piperazin-2-one.
'H NMR (400 MHz, CDCl;) & 12.50 (s, 1F0), 8.20 (brs, 1H), 7.33-6.99 (m, 9H), 6.14
(s, 1H), 5.09 (m, 1H), 4.75 (d, 7 = 14.6 Hz, 2H), 4.47 (4, J = 14.6 Hz, 1H),4.37 d, J =
117, ¥z, [H), 4.25 (d, /= 11.7 Hz, 1H), 3.73 (d, J = 13.2 Hz, 1H), 3.66 (m, 1H), 3.49
(i, 2H), 3.35 (d, /= 9.3 Hz, 1H).

ES MS M+1 =425

- 83._
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EXAMPLE 23
4-(Hydroxymethy)-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido{ 1,2~

alpyrazine-1,6-dione
HO
O
F

\O\/ I I

N
o OH
O OH

5 A mixture of 4-[(benzyloxy)methyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-
3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione (151 mg) and 5% Pd/C (57 mg) in
ethano) (20 mlL.) was stirred under an atmosphere of hydrogen (1 atm) at room
temperature overnight. The product mixture was filtered through a pad of Celite, and
concentrated under vacuum. The residue was subjected to HPLC purification on C-18

10  stationary phase eluted with water/acetonitrile/TFA mobile phase. Collection and
lyophilization of appropriate fractions provided the title compound.
"H NMR (400 MHz, DMSO-ds) § 12.39 (s, LH), 11.10 (s, 1H), 7.41 (dd, 7= 5.6, 8.6
Hz, 2H), 7.21 (t, J = 9.0 Hz, 2H), 5.93 (s, 1H), 5.11 (t, J= 5.7 Hz, 1H), 4.72-4.60 (m,
2H), 3.69 (br s, 2F

15 ES MSM+1 =335

EXAMPLE 24

4-[(1,1-Dioxido-1,2-thiazinan-2-yhmethyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-
dihydro-ZH—pyrido[1,2-a]pyrazine—l ,6-dione

20 O OH
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Step 1: 4-Acetyl-5-[(1,1-Dioxido-1,2-thiazinan-2-yl)methyl}-1-(4-
fluorobenzyl)-piperazin-2-one

A mixture of 4-acetyl-5-[(benzyloxy)methyl]-1-(4-

5  fluorobenzylpiperazin-2-one (6.5 g) and 20% Pd/C (1.4 g) in ethanol (175 mL) was
shaken under an atmosphere of hydrogen (60 psi) at room temperature overnight. The
product mixture was filtered through a pad of Celite, and concentrated under vacuum.
Residual ethanol was removed By co-evaporation with toluene under vacuum (3X).
The resultant alcohol was used without further purification. A mixture of the alcohol

10 (1.0 g, 3.57 mmol), 1,2-thiazinane 1,1-dioxide (0.73, 5.4 mmol), and
cyanomethylenetri-n-butylphosphorane (1.3 g, 5.4 mmol; [157141-27-0]) in benzene
(20 mL) was purged with nitrogen and heated in a sealed tube at 100 °C overnight.
The reaction mixture was concentrated under vacuum, and the residue was subjected
to column chromatography on silica gel eluting with a mixture of 5% mecthanol in

15  ethyl acetate. Collection and concentration of appropriate fractions provided the title
compound.
High Resolution FT-ICR M+H = 398.1556; C15H24FN304S + H calculated 398.1545.

Step 2: 4-[(1.1-dioxido-1,2-thiazinan-2-yl)methyl]-2-(4-fluorobenzyl)-8,9-
20 dihydroxy-3,4-dihydro-2H-pyridof 1,2-alpyrazine-1,6-dione

To a cold (0 °C) solution of 4-acetyl-5-[(1,1-dioxido-1,2-thiazinan-2-
yDmethyl]-1-(4-fluorobenzyl)-piperazin-2-one (75 mg, 0.19 mmol) and diethyl
oxalate (29 L., 0.21 mmol) in DMF (3 mL) under an atmosphere of nitrogen, a

25  solution of sodium bis(trimethylsilyl)amide in THF (1M, 0.21 mL, 0.21 mmol) was
added over a period of 0.5 h and stirred at the temperature for 30 min. Then
additional sodium bis(trimethylsilyhamide in THF (1M, 0.21 mL, 0.21 mmo}) was
added over a period of 0.5 h and stirred at the temperature for 1 h. The product
mixture was concentrated under vacuum, and the residue partitioned between aqueous
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HCI and cthyl acetate. The organic extract was dried over anhydrous magnesium
sulfate, filtered, and concentrated under vacoum, The residue was subjected to TIPLC
purification on C-18 stationary phase eluted with water/acetonitrile/TFA mobile
phase. Collection and lyophilization of appropriate fractions provided the title
5  compound.

11 NMR (400 MHz, CDCl3) § 12.39 (s, 1H), 11.16 (s, 1H), 7.40 (dd, 7 = 8.3, 5.8 Hz,
2H), 7.20 (¢, J = 8.3 Hz, 2H), 5.93 (s, 1H), 5.07 (d, J = 14.6 Hz, 1H), 4.82 (m, 1H),
4.25 (d, J = 14.6 Hz, 1H), 3.68 (dd, J = 13.4, 4.4 Hz, IH), 3.56 (d, /= 13.5, Hz, 1H),
3.4-2.9 (m), 1.98 (m, 2H), 1.49 (m, 2H).

10  High Resolution FT-ICR M+H = 452.1284; C30H23FN306S + H calculated 452. 1286.

EXAMPLE 25

2-(4-Fluorobenzyl)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-2H-pyrido[ 1 ,2-alpyrazine-

1,6-dione
()
F. /\N |
N Y NoH
(@] OH

The title compound was prepared using a procedure similar to that
described in Example 11, except that 2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-
2H-pyrido[1,2-alpyrazine-1,6-dione was substituted with 2-(4-fluorobenzyl)-8,9-
dihydroxy-2H-pyrido[1,2-a]pyrazine-1,6-dione (Example 14).

20 T NMR (500 MHz, DMSO-ds) 8 12.00 (br s, 1H), 9.08 (brs, 1H), 7.50 (d. /= 6.3
Hz, 1H), 7.45 (ad, J = 8.4, 5.7 Hz, 2H), 7.22 (t, J = 8.7 Hz, 2H), 6.89 (d, /= 6.3 Hz,
1H), 4.97 (s, 2H), 4.15 (s, 2H), 3.6 — 2.9 (br m), 1.8 ~ 1.4 (br m).
HRMS FT-ICR my/z obsd 400.1655, C1H2,FN304 + H required 400.1667

15

25 EXAMPLE 26

2-(4-Fluorobenzyl)-8,9-dihydroxy-7-[ (3-oxopiperazin-1-yl)methyl] -2H-pyrido[1,2-
a]pyrazine-
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H
T
o &
F@\/ (\N I
N SN"on
O OH

The title compound was prepared using a procedure similar to that

1,6-dione

described in Example 25, except that piperidine was substituted with 3-oxopiperazine.
5 'HNMR (500 MHz, DMSO-dg) & 12.00 (br s, 1H), 8.28 (s, 1H), 7.49 (d, J = 6.6 Hz,

1H), 7.45 (dd, J = 8.8, 5.4 Hz, 2H), 7.22 (t, J = 8.9 Hz, 2H), 6.89 (d, J = 6.6 Hz, 1HD),

4.97 (s, 2H), 4.24 (s, 2H), 3.72 (s, 2H), 3.35 (br s, 4H).

HRMS FI-ICR m/z obsd 415.1406, CaoH;0FN4Os + H required 415.1412.

10 EXAMPLE 27

2-(4-Fluorobcnzyl)—8,9—dihydroxy—7-[(4—methyl-3-oxopiperazin-l-yl)methyl] -2H-

pyrido{1,2-ajpyrazine-1,6-dione
CHg
7
O?/N
O N /7

O OH

The title compound was prepared using a procedure similar to that
15 described in Example 25, except that piperidine was substituted with 4-methyl-3-
oxopiperazine.
TH NMR (400 Mz, DMSO-de) 8 12.00 (br s, 1H), 7.49 (d, J = 6.5 Hz, 1H), 7.45 (dd,
J=8.7,5.6 Hz, 2H), 7.20 (t, J = 8.9 Hz, 2H), 6.88 (d, J = 6.6 Hz, 1H), 4.97 (s, 2H),
4.22 (s, 2H), 3.76 (s, 2H), 3.43(m, 4H), 2.83 (s, 3H).
20 HRMS IFT-ICR m/z obsd 429.1562, CyHyFN,Os + H required 429.1569.
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EXAMPLE 28

2-(4-Fluorobenzyl)-8,9-dihydroxy-7-[(morpholin-4-yl)methyl]-2H-pyrido[ 1,2~
alpyrazine-1,6-dione
)
N
(@]

(0]
F’
=
R H
O OH

5 The title compound was prepared using a procedure similar to that
described in Example 25, except that piperidine was substituted with morpholine.
"H NMR (400 MHz, DMSO-dg) § 12.00 (br s, 1H), 7.47 (d, J = 6.5 Hz, 1H), 7.45 (dd,
J=8.4,5.6 Hz, 2H), 7.22 (t, J = 8.8 Hz, 2H), 6.83 (d, J = 6.5 Hz, 1H), 4.96 (s, 2H),
4.19 (s, 2H), 3.79 (br s, 4H), 3.18(br s, 4H).
10 HRMS FT-ICR m/z obsd 402.1452, C2oH0FN30s5 + H required 402.1460.

EXAMPLE 29

2-(4-Fluorobenzyl)-8,9-dihydroxy-7-[(thiomorpholin-4-yl)methyl]-2H-pyrido[ 1,2-
a]pyrazine-1,6-dione
»,
N
(@]

O
F
=
N H
15 (@] OCH

The title compound was prepared using a procedure similar to that
described in Example 25, except that piperidine was substituted with thiomorpholine.
"H NMR (400 MHz, DMSO-d¢) § 7.44 (m, 3H), 7.22 (1, J = 8.8 Hz, 2H), 6.79 (d, J =
6.4 Hz, 1H), 4.94 (s, 2H), 4.16 (s, 2H), 3.35 (br s, 4H), 2.90(br s, 4H).
20 HRMS FT-ICR m/z obsd 418.1215, CoH20FN304S + H required 418.1232.
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EXAMPLE 30

2—[4—Fluoro—2-(methylthio)benzyl)-8,9~dihydroxy—2H—pyrido[1,2-a]pyrazine-l ,6-dione

F ///\l [’//\NJJ\I
\%)\/NYS/LOH
HSC/S O OH

The title compound was prepared using procedures similar to that
5  described in Examples 2 and 14, except that 4-fluorobenzaldehyde was substituted
with 4-fluoro-2-(methylthio)benzaldehyde in Step 1, Example 2.
"H NMR (400 MHz, DMSO-dg) 6 12.7 -12.3 (br signal, 2H), 7.39 (d, J = 6.5 Hz, 1H),
7.25(dd, J = 8.4, 6.4 Hz, 1H), 7.18 (dd, J= 10.4, 2.4 Hz, 1H), 6.98 (br t, 1H), 6.53 (d,
J=6.5 Hz, 1H), 6.10 (s, 1H), 4.89 (s, 2H), 2.54 (s, 3H).
10 HRMS FT-ICR m/z obsd 349.0656, C;sHi3FN,Q,S + H required 349.0653

EXAMPLE 31

7-[(1-Acetylpiperidin-4-yl)methyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3 4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione

15
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Step 1: tert-Butyl 4-{3-[4-(4-fluorobenzyl)-3-oxopiperazin-1-yl}-3-
oxopropyl }piperidine-1-carboxylate

@@M@TK

To a solution of 1-boc-piperidin-4-ylpropionic acid (1.20 g, 4.7 mmol,
5  Astatech)in DMF (10 mL), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide

hydrochloride (1.16 g, 6.1 mumol) and 1-hydroxy-7-azabenzotriazole (0.83 g, 6.1
mnmol) were added and the solution was stirred at room temperature for 30 min. To
the resultant solution, a solution of 1-(4-fluorobenzyl)piperazin-2-one (1.07 g, 5.1
mmol, see Example 31, Steps 5 -8) in DMF (2 mL) was added and the mixture was

10  stirred for two hours. The product mixture was concentrated under vacuum, and the
residue partitioned between water and ethyl acetate. ‘The combined organic extracts
were washed with brine, dried over anhydrous sodium sulfate, filtered, and
concentrated under reduced pressure. The residue was purified by flash column
chromatography (ISCO column, 120 g silica gel) eluting with a 0-6% MeOB/CHCIl3

15  gradient over 40 min. Collection and concentration of appropriate fractions provided
the coupled product as a white solid.
' NMR (400 MHz, dg DMSO) 8 7.31 (m, 2H), 7.18 (m, 2H), 4.53 (s, 2H), 4.19 (s,
1H), 4.07 (s, 1H), 3.91 (m, 2H), 3.67 (m, 2H), 3.31 (m, 2H), 3.21 (m, 1H), 2.64 (m,
2H), 2.34 (i, 2H), 1.62 (m, 2H), 1.41 (m, 2H), 1.39 (s, 9H), and 0.95 (m, 2H).

20 ESMS M+1 =448

Step 2: tert-Butyl 4-{[2-(4-fluorobenzyl)-8,9-dihydroxy-1,6-dioxo- 1,3,4,6-
tetrahydro-2H-pyrido[ 1,2-ajpyrazin-7-yl}methyl } piperidine-1-
carboxylate
25
F
oy
N A
- 90 -
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The title compound was prepared using a procedure similar to
that described in Example 2 (Step 5) using terz-butyl 4-{3-{4-(4-fluorobenzyl)-3-oxo-
piperazin-1-yl]-3-oxopropyl }piperidine-1-carboxylate (1.0 g, 2.23 mmol). The crude
product was taken on as is to the next step.

ES MS M+1 =402

Step 3: 2-(4-Fluorobenzyl)-8,9-dihydrox y-7-(piperidin-4-ylmethyl)-3 4-
dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione mono TFA salt

O
VS S Qe
T o
O OH

To a cold (0 °C) solution of tert-butyl 4-{[2-(4-fluorobenzyl)-8,9-
dihydroxy-1,6-dioxo-1,3,4,6-tetrahydro-2H-pyrido{1 ,2-alpyrazin-7-
ylJmethyl}piperidine-1-carboxylate (1.12 g, 2.23 mmol) in methylene chloride (10
mL), trifluoroacetic acid (3.4 mL, 45 mmol) was added and the mixture was stirred for
2 hours. The mixture was concentrated in vacuo and the residue was purified by prep
HPLC (Waters prep LC 4000 System using a Waters Nova Pak column [3*10x40 mm
I.D. cartridges, C18, 6 uM pore size) eluting with 95-5% water (0.10% TFA) /
acetonitrile (0.10% TFA) gradient at 60 mL/min]. Combined and concentrated the
product fractions to give a yellow solid. The solids were triturated with acetonitrile
and collected by vacuum filtration.

'H NMR (400 MHz, dg DMSO0) 8 12.61 (s, 1H), 10.42 (s, 1H), 8.41 (m, 1H), 8.10 (m,
1H), 7.40 (m, 2H), 7.20 (m, 2H), 4.68 (s, 2H), 4.02 (i, 2H), 3.57 (m, 2H), 3.22 (m,
2H), 2.80 (m, 2H), 2.43 (m, 2H), 1.84 (m, 1H), 1.67 (m, 2H), and 1.37 (m, 2H).

High Resolution FT-ICR Ca1H24FN304+H = 402.1833; calculated 402.1824.

Step 4: 7-[(1 ~Accty1piperidin—4—yl)mcthy1]—2~(4-f1uorobenzy1)—8,9—dihydroxy-
3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione

To a suspension of 2-(4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-4-
ylmethyl)-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-dione mono TFA salt (50 mg,
0.125 mmol) in anhydrous methylene chloride (2 mL), pyridine (12 pL, 0.149 mmol)
and acetic anhydride (14 uL., 0.149 mmol) were added. The reaction mixture was

-91-
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stirred at room temperature overnight. The reaction mixture was concentrated under

vacuum, and the residue was purified by prep HPLC (Gilson semi preparative HPLC

system using 2 Waters Nova Pak column [10x40 mm LD. cartridge, C18, 6 M pore

size) eluting with 95-5% water (0.10% TFA)/ acetonitrile (0.10% TFA) gradient at 35

5 ml/min]. Collection and lyophilization of appropriate fractions provided he title

compound as white solid.

1 NMR (400 MHz, dg DMSO) 8 12.60 (s, 1H), 10.25 (br s, 1H), 7.40 (m, 2H), 7.20

(m, 2H), 4.68 (s, 2H), 4.28 (d, 1H, J = 12.9 Hz), 4.03 (m, 2H), 3.74 (d, 1H, /= 13.2

Hz), 3.58 (m, 2H), 2.91 (m, 1H), 2.42 (m, 3H), 1.96 (s, 3H), 1.79 (m, 1H), 1.53 (m,
10 2H), and 0.96-1.17 (m, 2H).

High Resolution FT-ICR CasHagFN30s+H = 444.1929; calculated 444.1929.

Step 5: N-(2,2-Dimethoxyethyl)-N-(4-fluorobenzyl)amine
OMe
F
(I\OMe
NH
15 A mixture of 4-fluorobenzaldehyde (227.6 g, 1.83 mol) and dimethoxy-

ethylamine (192.6 g, 1.83 mol) in methanol (2.5 L) was heated at 65 °C for 1.5 h. The

solution was allowed to cool to room temiperature overnight and treated with sodium

borohydride (47.6 g 1.26 mol) in portions over a period of 2 h. The resultant mixture

was stirred at room teraperature for 3 h and quenched with water (1 L). The product
20  mixture was concentrated to about 1 L and exiracted with diethyl ether (3X). The

ethereal extracts were combined, washed with brine, dried over anhydrous sodium

sulfate, filtered, and concentrated under vacuum to provide the title compound as

yellow oil.

1 NMR (400 MHz, CDCls) § 7.28 (dd, J = 5.5, 8.6 Hz, 2H), 7.00 (t, J = 6.8 Hz, 2H),
25 448 (1, J=5.5 Hz, 1H), 3.77 (s, 2H), 3.37 (s, 6H), 2.73 (d, J = 5.5 Hz, 2H).

ES MS M+1 =214

_92 .
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Step 6: NQ—Benzyloxycarbonyl N -(2,2-dimethoxyethyl)-N' -(4-fluorobenzyl)-
glycinamide
OMe O
Fe, Moo I
Ao
N\”)
O

To a solution of N-(2,2-dimethoxyethyl)-N-(4-fluorobenzyl)amine
5  (50.6 g, 237.3 mmol), N-CBZ-glycine (54.6 £, 260.8 mmol), EDC (50.0 g, 260.8
mmol), and HOBt (4.2 g, 27 mmol) in anhydrous DMF (500 mL), N,N-
diisopropylethylamine (~10 ml.) was added until the solution is about pH 7. The
reaction mixture was stirred at room temperature overnight and concentrated under
vacuum. The residue was partitioned between dichloromethane (1 L) and water (250
10 mlL). The organic extract was washed with brine, dried over anhydrous sodium
sulfate, filtered, and concentrated under vacuum to provide the title compound.
ES MS M-OCHj; =374

Step 7: 4-Benzyloxycarbonyl-1-(4-fluorobenzyl)-3 ,/4-dihydropyrazin-2(1 H)-
15 one
X
F
@ N o
N\”)
@)

To a solution of N*-benzyloxycarbonyl-N'-(2,2-dimethoxyethyl)-N*-
(4-fluorobenzyl)glycinamide (61.5 g, 152 mmol) and p-toluenesulfonic acid .
monohydrate (3 g) in toluene (450 mL) was stirred at 75 °C for 5 days. Each day an

20 additional 3 g of toluenesulfonic acids was added. The resultant reaction mixture was
cooled to room temperature and filtered through a pad of Celite. The filtrate was
concentrated under vacuum, and the residue dissolved in dichloromethane. The
organic solution was washed successively with saturated aqueous sodium bicarbonate,
brine, dred over anhydrous sodium sulfate, filtered, and concentrated under vacuum.

25  To the residual solid was subjected to column chromatography on silica gel eluting
with dichloromethane and then 5% ethyl acetate in dichloromethane. Appropriate
fractions were collected and concentrated under vacuum. Residual ethyl acetate and
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dichloromethane was removed by co-evaporation with toluene for 3 time for

subsequent hydrogenation. The residue was triturated with hexane, and filtered to

provide the cyclization product as an off-white solid.

"H NMR (400 MHz, CDCls) § 7.37 (br 5, 5H), 7.23 (m, 2H), 7.02 (t, J = 8.6 Hz, 2H),
5 6.44(d, J=6.0 Hz, iH), 6.32 (d, J = 6.0 Hz, ¥4H), 5.53 (d, 7= 6.0 Hz, ¥2H), 5.42 (d,

J = 6.0 Hz, ¥H), 5.21 (s, 2H), 4.65 (s, 2H), 4.38 (s, 2ZH).

ES MS M+1 =341

Step 8: 1-(4-Fluorobenzyl)piperazin-2-one
E .
r~NH
N\n)
10 o

A mixture of 4-benzyloxycarbonyl-1-(4-fluorobenzyl)-3 4-dihydro-
pyrazin-2(1H)-one (0.5 g, 14.5 mumol) and Pearlman’s catalyst (26 mg; 20% palladium
hydroxide on carbon) in methanol (25 mL) was stirred under an atmosphere of

~ hydrogen (1 atm) at room temperature overnight. The product mixture was filtered .

15  through a pad of Celite, and concentrated under vacuum to provide 1-(4-
fluorobenzyl)piperazin-2-one.
'H NMR (400 MHz, ds DMSQ) § 7.29 (dd, J = 8.4, 5.7 Hz, 2H), 7.16 (1, J = 9.0 Hz,
2H), 4.48 (s, 2H), 3.28 (s, 2H), 3.14 (t, J = 5.3 Hz, 2H) 2.84 (t, / = 5.3 Hz, 2H).
ES MS M+1 = 209

20

EXAMPLE 32

2-(4-Fluorobenzyl)-8,9-dihydroxy-7-{ [ 1-(trifluoroacetyl)piperidin-4-yljmethyl }-3,4-
dihydro-21I-pyrido{1,2-alpyrazine-1,6-dione

o OH O

25 To a solution of 2-(4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-4-
ylmethyl)-3 4-dihydro-2H-pyrido{1,2-a]pyrazine-1,6-dione mono TFA salt {50 mg,
0.125 mmol; Example 31 (Step 3)] in methylene chloride (2 mL), pyridine (12 gL,
0.149 mmol), triflucroacetic anhydride (26 mg, 0.149 mmol) and a couple drops of

-94 -

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
279 of 1915



WO 2004/024078 PCT/US2003/028366

DMF were added. After one hour, the reaction mixture was concentrated under
vacuum, and the residue was purified by prep HPLC [Gilson semi preparative HPLC
system using a Waters Nova Pak column (10x40 mm LD. cartridge, C18, 6 pM pore
size) eluting with 95-5% water (0.10% TFA) / acctonitrile (0.10% TFA) gradient at 35
wl/min]. The product fractions were collected and lyophilized to provide the title
compound as a white solid.

"H NMR (400 MHz, dg DMSO0) & 12.59 (s, 1H), 10.33 (s, 1H), 7.42 (m, 2H), 7.20 (m,
2H), 4.69 (s, 2H), 4.23 (m, 1H), 4.03 (m, 2H), 3.82 (m, 1H), 3.57 (m, 2F), 3.17 (n,
1H), 2.83 (t, 1H, J =12.3 Hz), 2.44 (m, 2H), 1.91 (m, 1H), 1.67 (m, 2H), and 1.17 (i,
10 2H). High Resolution FT-ICR Cp3H3FN305+H = 498.1655; calculated 498.1647.

[}

EXAMPLE 33

7-{[1-(Cyclopropylmethy!)piperidin-3-yljmethyl } -2-(4-fluorobenzyl)-8,9~dihydroxy-
3,4-dihydro-2H-pyride[1,2-alpyrazine-1,6-dione mono TFA salt

15 O OH

Step 1: 2-(4-Fluorobenzyl)-8,9-dihydroxy-7-(piperidin-3-ylmethyl)-3,4-
dihydro-2H-pyrido[1,2-aJpyrazine-1,6-dione mono TFA salt

o
N SN Non
O OH

In a manner similar to that described in Example 31 (Step 1 to 3), the

20 title compound was prepared as a white solid using 1-boc-piperidin-3-ylpropionic acid

from Astarech in Step 1.

"HNMR (400 MHz, ds DMSO) § 12.61 (s, 1H), 10.54 (s, 1¥), 8.49 (m, 1H), 8.18 (m,

1H), 7.40 (m, 2H), 7.20 (m, 2H), 4.69 (s, 2H), 4.02 (m, 2H), 3.57 (n, 2H), 3.17 (d,

1H, J=12.0 Hz), 3.06 (d, 14, J = 12.0 Hz2), 2.79 (m, 1H), 2.61 (m, 1H), 2.43 (m, 2H),
25 1.98 (m, 1H), 1.67-1.78 (m, 2H), 1.52 (m, 1H), and 1.24 (m, 1H).

High Resolution FT-ICR CaiHFIN3O4+H = 402.1834; calculated 402.1824.

-95.
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Step 2: 7-{[1-(Cyclopropylmethyl)piperidin-3-yljmethyl }-2-(4-fluorobenzyl)-
8,9-dihydroxy-3,4-dihydro-2H-pyrido{1,2-a]pyrazine-1,6-dione mono
TFA salt

To a solution of 2-(4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-3-
ylmethyl)-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-dione mono TFA salt (50 mg,
0.097 mmol) in anhydrous methanol (2 mL) under nitrogen,
cyclopropanecarboxaldehyde (9 pL, 0.116mmol) was added and the solution was
stirred at room temperature for one hour. Sodium cyanoborohydride (8 mg, 0.129
mmol) was added and the solution was stirred for another hour. The reaction mixture
was concentrated under vacuum and the residuc was purificd by prep HPLC [Gilson
semi preparative HPLC system using a Waters Nova Pak column (10x40 mm 1D.
cartridge, C18, 6 uM pore size) eluting with 95-5% water (0.10% TFA)/ acetonitrile
(0.10% TFA) gradient at 35 mL/min]. The product fractions were collected and
lyophilized to provide the title compound as white solid.

'H NMR (400 MHz, ds DMSO) & 12.61 (s, 1H), 10.57 (s, 1H), 9.01 (br s, 1H), 7.41
(m, 2H), 7.20 (m, 2H), 4.69 (s, 2H), 4.02 (m, 2H), 3.58 (m, 2H), 3.49 (m, 1H), 3.32
(m, 1H), 2.80-2.99 (m, 3H), 2.68 (m, 1H), 2.38-2.47 (m, 2H), 2.09 (m, 1H), 1.83 (m,
1H), 1.57-1.70 (m, 2H), 1.17 (m,1H), 1.01 (m, 1H), 0.61 (m, 2H), and 0.33 (m, 2H).
High Resotution FT-ICR CasH3FN304+H = 456.2296; calculated 456.2293.

EXAMPLE 34

7-[(1-Acetylpiperidin-3-yl)methyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,6-dione

In a manner similar to that described in Example 31 (Step 4), the title
compound was prepared as a white solid from 2-(4-fluorobenzyl)-8,9-dihydroxy-7-
(piperidin-3-ylmethyl)-3,4-dihydro-2H-pyrido{1,2-alpyrazine-1,6-dione mono TFA
salt from Example 33 (Step 1).

'H NMR (400 MHz, dg DMSO) & 12.61 (s, 1H), 10.33 (br s, 1H), 7.40 (m, 2H), 7.19
(m, 2H), 4.68 (s, 2H), 4.28 (m, 1H), 4.02 (m, 2H), 3.69 (n, 1H), 3.59 (m, 2H), 2.92
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(m, 1H), 2.32-2.43 (m, 2H), 2.26 (m, 1H), 1.94 (s, 3H), 1.62-1.76 (m, 3H), and 1.13-

1.32 (m, 2H). High Resolution FT-ICR Cy3Ha6FN3O0s+H = 444.1911; calculated
444.1929.

EXAMPLE 35

7-[(1-Acetylpiperidin-2-yl)methyl} -2-(4-fluorobenzyl)-8,9-dihydrox y-3,4-dihydro-2H-
pyrido[1,2-ajpyrazine-1,6-dione

o OYCH3

10

In a manner similar to that described in Example 31 (Step 1 to 4), the
title compound was prepared as white solid using 1-boc-piperidin-2-ylpropionic acid
from Astarech instead of 1-boc-piperidin-3-ylpropionic acid in Step 1.

"H NMR (400 MHz, dg DMSO) § 12.59 (s, LH), 10.59 (s, 1H), 7.41 (m, 2H), 7.19 (m,
2H), 4.68 (s, 2H), 4.23-4.31 (i, 2H), 4.02 (0, 2H), 3.56 (in, 2H), 2.91 (m, 1H), 2.67-
2.78 (m, 2H), 1.95 (s, 3H), and 1.12-1.87 (m, 6H).

High Resolution FT-ICR CasHycFN3Os+H = 444.1912; calculated 444.1929,

15

EXAMPLE 36
20 7-{[1-(Cyclopropylmethyl)piperidin-2-yllmethyl } -2-(4-fluorobenzyl)-8,9-dihydroxy-

3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione mono TFA salt

25 In a manner similar to that described in Example 33, the title

compound was prepared as white solid using 1-boc-piperidin-2-ylpropionic acid from
Astatech in Step 1.

97 -
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1 NMR (400 MHz, ds DMSO) 8 12.62 (s, LH), 10.95 (d, 1H, J = 7.7 Hz), 9.22 (br s,
1H), 7.41 (m, 2H), 7.20 (m, 2H), 4.69 (s, 2H), 4.03 (m, 2H), 3.57 (m, 2H), 3.03-3.42
(m, SH), 3.00 (m, 1H), 2.78 (m, 1H), 1.20-1.79 (m, 7H), 0.65 (m, 2H), and 0.42 (m,
2H).
5 High Resolution FT-ICR C,sHsoFN;O4+H = 456.2291; calculated 456.2293.
EXAMPLE 37

2-(3-Cyanobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine-1.6-dione
CN
©\/ N
10  Step1: tert-Butyl 4-(3-cyanobenzyl)-3-oxopiperazine-1-carboxylate

&@M

To a stirred solution of 4-Boc-2-piperazinone (2.0 g, 10 mmol), 3-
cyanobenzyl bromide (1.8 g, 10 mmol) in DMF (35 mL) at 0 °C was added sodium
hydride (480 mg of a 60% suspension in mineral oil, 12 mmol) in several portions

15  over a period of 15 min. The mixture was stirred a 0 °C forl h and then at ambient
temperature for 1 h. Acetic acid (1 mlL) was added and the solvent was removed in
vacuo. The residue was partitioned between EtOAc and saturated aqucous sodium
bicarbonate solution. The EtOAc layer was separated, dried (MgSQy), filtered, and
the solvent was removed in vacuo. The residue was triturated in ether and the white

20  solid was collected by filtration to give 1-(3-cyanobenzyl)-4-Boc-2-piperazinone (2.6
g)-

LC-MS m/z =316
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Step 2: 3-[(4-Acetyl-2-oxopiperazin-1-yl)methylJbenzonitrile
CN ©)
=~ ‘/\NJ\
2 l AN J

NN \n/
O

To a stirred solution of 1-(3-cyanobenzyl)-4-Boc-2-piperazinone (2.5 g,
7.9 mmol) in CH,Cl; (20 mL) at 0 °C was added TFA (10 mL). The mixture was
5 stirred at O °C for 2 h, then the solvents were removed in vacuo. The crude 1-(3-

cyanobenzyl)-2-piperazinone TFA salt was partitioned between EtOAc (30 mL) and
saturated aqueous sodium bicarbonate solution (30 mL). To the stirred two-phase
mixture was added acetic anhydride (1.5 mL, 15 mmol) dropwise over a period of 5
min. The mixture was stirred at ambient temperature for 16 h. The EtOAc layer was

10 separated, dried (MgSO,), filtered, and the solvent was removed in vacuo. The
residue was purified on a silica gel column using a gradient mobile phase of 2%, 3%,
4% MeOH in CH,Cl,. 1-(3-cyanobenzyl)-4-acetyl-2-piperazinone was obtained as a
solid.
"H NMR (CDCls), 7.4-7.6 ppm (m, 3H), 4.65 (minor) and 4.63 (major) ppm (s, 2H),

15 4.34 (minor) and 4.23 (major) ppm (s, 2H), 3.81 (major) and 3.68 (minor) ppm (t,J =
7 Hz, 2H), 3.34 (minor) and 3.30 (major) ppm (t, J = 7 Hz, 2H), 2.13 ppm (s, 3H).
LC-MS m/z = 258.

Step 3: 2—(3-Cyanobenzyl)—8,9-dihydroxy-3,4—dihydro—2H~pyn'do[1 ,2-
20 a]pyrazinc-1,6-dione

In a manner similar to that described in Example 1, Step 3, and
4-acetyl-1-benzylpiperazin-2-one was substituted with 3-[(4-acetyl-2-oxopiperazin-1-
yDmethyllbenzonitrile, the title compound was prepared.

25 M NMR (400 Mz, CDsOD) 87.77 (s, 1H), 7.72-7.66 (mn, 2H), 7.6-7.54 (1, 1H),
6.08 (s, 1H), 4.8 (s, 2H), 4.16-4.10 (m, 2H), 3.68-3.62 (m, 2H

-99 .
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EXAMPLE 38
2-(Biphenyl-3-ylmethyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1 6-
dione

5 Step 1: 8,9-Dihydroxy-2-(3-iodobenzyl)-3,4-dihydro-2H-pyrido[1,2-

a]pyrazine-1,6-dione

<Vs

O OH

To a cold (0 °C) solution of 4-acetyl-1-(3-iodobenzyl)piperazin-2-one
(0.22 g, 0.614 mmol) in DMF (5 mL) under an atmosphere of nitrogen, a solution of
10 sodium bis(trimethylsilyl)amide in THF (1 M, 0.74mL, 0.74 mmol) was added and
stirred at the temperature for 30 min. The resultant solution was treated with diethyl
oxalate (16.7 mL, 123 mmol), and stirred at room temperature for 30 min. The
resultant mixture was then treated with additional sodium bis(trimethylsilyl)amide in
THF (1 M, 2.2 mL, 2.2 mmol) and stirred at room temperature overnight. The product
15  mixture was concentrated under vacuum, and the residue treated with a mixture of
aqueous HCI and ethy] acetate. The resultant precipitate was obtained by filtration to
provide the title compound as a brown solid.
'H NMR (400 MHz, DMSO-dg) 8§ 7.63 (m, 2H), 7.30 (d, J = 7.3 Hz, 1H). 7.15 (m,
1H), 4.99 (s, 1H), 4.59 (s, 2H), 3.83 (s, 2H), 3.34 (br s, 4H).
20 ES MSM+1=413

. Step 2: 2-(1,1'-Biphenyl-3-ylmethyl)-8,9-dihydroxy-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione

-100 -
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A solution of 8,9-dihydroxy-2-(3-iodobenzy!)-3,4-dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione (0.05 g, 0.121 mmol) in DMF (5 mL) was degassed
for 5 minutes with nitrogen and placed under an atmosphere of nitrogen. To this was
added phenyl boronic acid (0.015 g, 0.123 mmol), tricthylamine (0.051mL,

5 0.364mmol), and bis(tri-z-butylphosphine)palladium(®) (0.003 g, 0,006 mmol) and
heated with stirring at 110 °C overnight. The product mixture was concentrated under
vacuum, and the residue was triturated with methylene chloride. The resultant
precipitate was filtered off and the filtrate concentrated under vacuum. The filtrate
residue was subjected to HPLC purification on C-18 stationary phase eluted with

10 water/acetonitrile/TFA mobile phase. Desired fractions were concentrated under
vacuum to afford the title compound as off white solid.
"HNMR (400 MHz, CD;0D) § 7.6 {(m, 4H), 7.42 (m, 3H), 7.32 (m, 2H), 6.07 (s, 1H),
4.84 (s, 2H), 4.09 (¢, J = 5.8 Hz, 2H), 3.63 (t,J = 5.8 Hz, 2H).
ESMS M+1 =363

15
EXAMPLE 39
(t)-l-[(Benzyloxy)methy]]-2-(4—ﬂu0robenzyl)-4,5-dihydroxy-1,1a,2,8a-
tetrahydrocyclo-propale]pyridof1,2-a]pyrazine-3,7-dione
20 Error! Objects cannot be created from editing field codes.

Step 1: (=)-Ethyl S-acetyl-2-(4-fluorobenzyl)-3-0x0-2,5-diazabicyclo[4.1.0]-
heptane-7-carboxylate

OEt
@ 0
F
N)J\
N\H/'
O
To a suspension of 4-acetyl-1-(4-fluorobenzyl)-3,4-dihydropyrazin-
25 2(1H)-one (5.0 g, 20.0 mmol; Example 2, Step 3) and copper bronze (320 mg, 5.0
mmol) in anhydrous toluene (50 mL.) under nitrogen at 120 °C (oil bath) was added
ethyl diazoacetatc (6.4 mL, 60.0 mmol) via a syringe pump at a speed of 2.5 mi/h.

After 3 h, TLC (eluted with ethy! acetate) showed no starting material left. The
reaction mixture was cooled to room temperature, filtered and concentrated. The
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residue was purified by column chromatography on silica gel using ethyl acetate and
methanol as eluents to give both exo and endo diastereomers.

Exo diastereomer (Rf higher isomer):

5 ' NMR (400 MHz, CDCls) ~6:1 mixture of rotomers & 7.26-7.32 (m, 2H), 7.02-7.08
(m, 2H), 4.60-4.83 (m, 3H), 4.10-4.20 (m, 2H), 3.50-3.59 (m, 2, 3.22-3.32 (m, 1H),
2.16 (s, .2.6HD), 2.13 (s, 0.41D), 1.63-1.72 (m, 1H), 1.27 (g, J = 7.2 Hz, 3H).

ES MS M+1 =335.3

10  Endo diastereomer (Rf lower isomer):
'H NMR (400 MHz, CDCls) ~1:1 mixture of rotomers & 7.30~7.35 (m, 2H), 7.04 (t, J
= 8.6 Hz, 2H), 4.80-4.98 (m, 1.5H), 4.18-4.36 (m, 1.5H), 3.80-4.10 (m, 2.5H), 3.56-
3.64 (m, 1.5H), 3.28-3.38 (m, 1H), 2.16 (s, .0.5H), 2.13 (s, 0.5H), 2.02-2.06 (m, 1H),
1.14-1.20 (m, 3H).

15 ESMSM+1=3353

Step 2: (:)-5—Acetyl—2—(4-ﬂuorobenzyl)-7-(hydroxymethyl)—Z,S-diazabicyclo-
[4.1.0]heptanc-3-one

OH
H 0
o~ H
F. Hj><N)I\
N\ﬂ)
O

20 To a solution of the exo isomer of ethyl 5-acetyl-2-(4-fluorobenzyl)-3-
0x0-2,5-diazabicyclo[4.1.0]heptane-7-carboxylate (3.3 g, 9.87 mmol) in 32 m] EtOH
at room temperaturc was added sodium borohydride (398 mg, 10.5 mmol). After
stirring overnight, the reaction mixture was treated with 200 mL MeOH, stirred for 1h
and then concentrated. The residue was dissolved in dichloromethane (100 mL),

25  treated with 1N HCI (10 mL) and water (20 mL). The aqueous phase was back
extracted with chloroform (2 x 50 mL). The combined organic phases were dried over
sodium sulfate, filtered and concentrated. The residue was purified by column
chromatography on silica gel using ethyl acetate and methanol as eluents to give title
product.

30
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'H NMR (400 MHz, CDCls) ~3:2 mixture of rotomers & 7.26-7.35 (m, 2H), 7.05 (t, J
= 8.6 Hz, 2H), 4.42-4.88 (m, 3H), 4.00-4.18 (m, 1H), 3.46-3.76 (1, 2.6H), 3.19 (dd, J
=10.0, 9.2 Hz, 0.4H), 3.07 (dd, = 7.9, 3.7 Hz, 0.6H), 2.92 (dd, J = 7.9, 4.0 Hz,
0.4H), 2.72-2.80 (m, 1H), 2.21 (s, 1.8H), 2.12 (s, 1.2¥), 1.16-1.22 (m, 1H).

ES MS M+1 =293.3

Step 3: (:t)-S-Acetyl—2-(4—fluorobenzy])-7-[(benzyloxy)methyl]-2,5-
diazabicyclo[4.1.0]heptanc-3-one

OBn
H 0
NN
- Hj><NJJ\
N\H)
O

To a solution of 5-acetyl-2-(4-tluorobenzyl)-7-(hydroxymethyl)-2,5-
diazabicyclo[4.1.0]heptane-3-one (1.3 g, 4.45 mmol) in 40 mL anhydrous THF under
nitrogen, sodium hydride (60% in mineral oil, 231 mg, 5.78 nunol) was added. After
stirring for 1 h, benzyl bromide (0.58 ml, 4.89 mmol) in THF (1 mL) was added. The
reaction mixture was stirred at room temperature overnight. The reaction was
quenched with saturated aqueous ammonium chloride solution. The aqueous layer
was extracted with chloroform three times. The combined organic phases were dried
over sodium sulfate, filtered and concentrated. The residue was purified by column
chromatography on silica gel using hexanes and ethyl acetate as eluents to give the
title product.

'"H NMR (400 Mz, CDCls) ~9:1 mixture of rotomers & 7.22-7.40 (m, 7H), 6.99 (t, J
=8.6 Hz, 2H), ), 4.94 (d, J = 14.1 Hz, 0.1H), 4.83 (d, J = 17.1 Hz, 0.9H),4.74 (d, J =
14.3 Hz, 0.9H), 4.44-4.50 (m, 2.9H), 4.26 (d, J = 14.1 Hz, 0.1H), 4.08 (d, J = 16.5 Hz,
0.1H), 3.95 (d, 7 = 16.3 Hz, 0.1H), 3.78 (dd, J = 10.2, 4.7 Hz, 0.1H), 3.46 d,J=171
Hz, 0.9H), 3.37 (dd, J = 10.0, 5.8 Hz, 0.9H), 3.26 (dd, J = 10.0, 6.7 Hz, 0.9H), 3.13
(dd, J=10.2,7.8 Hz, 0.1H), 3.03 (dd, J = 7.9, 3.5 Hz, 1), 2.71 (dd, J = 7.9,3.6 Hz,
1H), 2.20 (s, .2.7H), 2.10 (s, 0.3H), 1.16-1.24 (m, 1H).

ES MS M+1=383.3

Step 4: (i)—l-[(Benzyloxy)methyl]-2-(4—ﬂuorobenzyl)—4,5—dihydroxy-
1.1a,2,8a-tetrahydrocyclopropalelpyrido[ 1,2-aJpyrazine-3,7-dione
-103 -
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To a cold (0 °C) solution of S-acetyl-2-(4-fluorobenzyl)-7-
[(benzyloxy)-methyl]-2,5-diazabicyclo[4.1.0]heptane-3-one (700 mg, 1.83 mmol) in
DMF (10 mL) under nitrogen, a solution of lithium bis(trimethylsilyl)amide in THF
(1.0 M, 2.0 mL, 2.0 mmol) was added. After 30 min, diethyl oxalate (401 mg, 2.74
mmol) in DMF (2 mL) was added. After stirring for 1 h at room temperature, the
resultant mixture was treated with additional lithium bis(trimethylsilyl)amide (1.0 M,
7.1 mL, 7.1 mmol), and stirred at room temperature overnight. The reaction mixture
was treated with 1 N HCI, concentrated under vacuum. The residue was partitioned
between brine and chloroform. The aqueous layer was extracted with chloroform
twice. The combined organic phases were dried over sodium sulfate, filtered and
concenirated. The residue was subjected to HPLC purification on C-18 stationary
phase eluted with water/acetonitrile/TFA mobile phasc. Collection and lyophilization
of appropriate fractions provided the title compound.

'H NMR (400 MHz, CD;0D) §7.42 (dd, J = 8.6, 5.5 Hz, 2H), ), 7.26-7.36 (m, 5H),
7.02 (t, J = 8.7 Hz, 2H), 6.09 (s, 1H), 4.96 (d.J = 14.4 Hz, 1H), 4.69 (d, J = 14.5 Hz,
1H), 4.48 (s, 2H), 3.81 (dd, J = 8.8, 4.6 Hz, 1H), 3.57 (dd, 7= 10.6, 5.3 Hz, 1H), 3.31-
3.34 (m, 1H), 3.14 (dd, J = 8.8, 4.2 Hz, 1H), 1.20-1.25 (m, 1H).

ES MS M+1=437.2

EXAMPLE 40

(2)-1-(Methoxymethyl)-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1a,2, 8a-tetrahydrocyclo-
propalelpyrido{1,2-a]pyrazine-3.7-dione

O OH

The title compound was prepared using a procedure similar to that
described in Example 39, except that benzyl bromide was substituted with methyl
iodide in Step 3.
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"H NMR (400 Milz, CDCl3) &7.40(dd, J =8.6,5.3 Hz, 2H), ), 7.07 (t, J = 8.4 Tz,
2H), 6.25 (s, 1H), 4.81 (d, J = 14.3 Hz, 1H), 4.75 (d, J = 14.5 Hz, 1H), 3.87 (dd, J =
8.8,4.4 Hz, 1H), 3.59 (dd, J = 10.6, 5.0 Hz, 1H), 3.31 (s, 3H), 3.18 (dd, T = 10.6, 7.1
Hz, 1H), 2.98 (dd, J = 8.7, 4.2 Hz, 1H), 1.12-1.18 (m, 1H).

5 ESMSM+l=3612

EXAMPLE 41
(*)-1- [(Allyloxy)methyl}-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1 a,2,8a-tetrahydrocyclo-

propafe]pyridof1,2-a]pyrazine-3,7-dione

10
OAliyl

H
Mo

F\©\H/ N7

N

: -"“0oH
O OH

The title compound was prepared using a procedure similar to that
described in Example 39, except that benzyl bromide was substituted with allyl
15  bromide in Step 3.

"H NMR (400 MHz, CDCl;) 67.40 (dd, J = 8.6, 5.1 Hz, 2H), ), 7.06 (t, J = 8.6 Hz,

2H), 6.28 (s, 1H), 5.82-5.90 (m, 1H), 5.19-5.28 (m, 2H), 4.81 (d, J = 14.1 Hz, 1H),

4.75 (d, J = 14.1 Hz, 1H), 3.92-3.98 (m, 2H), 3.87 (dd, J = 8.6, 4.4 Hz, 1H), 3.70 (dd,
20 J=10.6,4.7 Hz, 1H), 3.19 (dd, J = 10.6, 7.1 Hz, 1H), 2.99 (dd, J = 8.6, 4.0 Hz, 1H),

1.12-1.18 (m, 1H).

ES MS M+1 =387.2

EXAMPLE 42
25 (¥)-1-(Bthoxymethyl)-2-(4-fluorobenzyl)-4,5-dihydrox y-1,1a,2,8a-tetrahydrocyclo-
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propalelpyrido[1,2-alpyrazine-3,7-dione

OEt
H

N

Hyo

F H N)K'
NNOH

O OH

5 The title compound was prepared using a procedure similar to that
described in Example 39, except that benzyl bromide was substituted with iodoethane

in Step 3.

"H NMR (400 MHz, CDCls) §13.0 (s, 1H), 7.41 (dd, J = 8.0, 5.6 Hz, 2H), ), 7.07 (t,
10 J=8.4Hz, 2H), 6.26 (s, 1H), 4.81 (d, 7 =14.3 Hz, 1H), 4.77 (d, J = 14.5 Hz, 1H),

3.86 (dd, J = 8.6, 4.4 Hz, 1H), 3.65 (dd, 7 = 10.6, 4.8 Hz, 1H), 3.40-3.50 (m, 2H), 3.19

(dd, J = 10.6, 7.3 Hz, 1H), 2.99 (dd, J = 8.7, 4.1 Hz, 1H), 1.12-1.20 (m, 4H).

ES MS M+1 =375.3

15 EXAMPLE 43

(#)-1-(n-Propoxymethyl)-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1a,2,8a-tetrahydrocyclo-
propalelpyrido[1,2-alpyrazine-3,7-dione

20
The title compound was prepared using a procedure similar to that
described in Example 39, except that benzyl bromide was substituted with 1-

iodopropane in Step 3.

25 'HNMR (400 MHz, CDCls) §13.0 (s, 1H), 7.41 (dd, J = 8.5, 5.3 Hz, 2H), ), 7.07 (,
J = 8.4 Hz, 2H), 6.24 (s, 1H), 4.81 (d, J = 14.3 Hz, 11),4.75 (d, J = 14.3 Hz, 1H),
3.85 (dd, J = 8.4, 4.2 Hz, 1H), 3.68 (dd, J = 10.6, 4.5 Hz, 1H), 3.30-3.40 (m, 2H), 3.18

- 106 -

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
291 of 1915



WO 2004/024078 PCT/US2003/028366

(dd, J=10.6, 7.3 Hz, 1H), 2.99 (dd, J = 8.6, 4.0 Hz, 1H), 1.52-1.60 (m, 2H), 1.15-
1.20 (m, 1H), 0.92 (t, J = 7.3 Hz, 3H).
ES MS M+1 =389.3

3 EXAMPLE 44
2-[1-(4-Fluorophenylethy1]-8,9-dihydroxy-3,4-dihydro-2H-pyrido{1,2-a] pyrazine-
1,6-dione

CH; O OH
10 The title compound was prepared using a procedure similar to that

described in Example 1, Steps 1 to 3, except that benzy! bromide (Step 1) was

substituted with 1-[4-fluorophenyl)-1-bromoethane.

"H NMR (400 MHz, DMSO-dg) § 12.36 (s, 1H), 11.05 (brs, 1H), 7.43 (dd, J = 8.5,

5.6 Hz, 2H), 7.21 (t, J = 8.5 Hz, 2H), 5.92 (s, 1H), 5.80 (g, /= 7.1 Hz, 1H), 4.05 (m,
15 1H),3.74 (m, 1H), 3.54 (m, 1H), 3.15 (m, 1H), 1.55 (d, J = 7.0 Hz, 3H).

ES MS M+1 =319

EXAMPLE 45
5-(4-Fluorobenzyl)-7,8-dihydroxy-SH-pyrido[ 1,2-e]quinoxalinc-6,10-dione

0}
F
\©\/ I I
NS o
20 O OH
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Step 1: 4-Acetyl-3 ,4-dihydroquinoxalin-2(1£)-one

O

NN

HN\n/}

o

To a cold (0 °C) solution of 3,4-dihydroquinoxalin-2(1H)-one (1.0 g,
6.7 mmol; J. Med. Chem. 758, 1994) and N,N-diisopropyl-N-ethylamine (1.7 mL,
5) 10.1 mmol) in dichloromethane (30 mL) under an atmosphete of nitrogen, acetic

anhydride (0.76 mL, 8.1 mmol) was added and stirred at room temperature overnight.
The resultant solution was concentrated under vacuum. The residue was subjected to
column chromatography on silica gel eluting with a 1% methanol in chloroform.
Collection and concentration of appropriate fractions provided the acetylation product.

10 'H NMR (400 MHz, CDCls) § 10.1 (br s, 1H), 7.23-7.04 (m, 4H), 4.53 (br s, 2H),
2.28 (br s, 3H).
ES MS M+1 =191

Step 2: 4-Acetyl-1-(4-fluorobenzyl)-3,4-dihydroquinoxalin-2(1 H)-one

O

To a cold (0 °C) solution of 4-acetyl-3,4-dihydroquinoxalin-2(1H)-one
(0.13 g, 0.68 mmol) in DMF (3.5 mL) under an atmosphere of nitrogen, a solution of
lithium bis(trimethylsilyDamide in THF (0.75 mL, 0.75 mmol) was added and stirred
at the temperature for 30 min. The resultant solution was treated with 4-fluorobenzyl

20  bromide (0.089 mL, 0.72 mmol), and stirred at room temperature for 3 hours. The

product mixture was concentrated under vacuum, and the residue partitioned between
aqueous HCI and ethy! acetate. The organic extract was washed with brine, dried over
anhydrous magnesium sulfate, filtered, and concentrated under vacuum. The residue

15

was subjected to column chromatography on silica gel eluting with 30% ethyl acetate
25  in hexane. Collection and concentration of appropriate fractions provided the title

compound.
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ES MS M+1 =299

Step 3: 5-(4-Fluorobenzyl)-7,8-dihydroxy-5H-pyrido[1,2-alquinoxaline-6,10-
dione
5 To a cold (0 °C) solution of 4-acetyl-1-(4-fluorahenzyl)-3,4-dihydro-

quinoxalin-2(1H)-one (0.15 g, 0.52 mmol) in DMF (5 mL) under an atmosphere of
nitrogen, a solution of lithivm bis(trimethylsilyl)amide in THF (0.57 mL, 0.57 mmol)
was added and stirred at the temperature for 30 min. The resultant solution was
treated with diethyl oxalate (0.078 mL, 0.57 mmol), and stirred at room temperature

10 ovemnight. The resultant mixture was then treated with additional lithium
bis(trimethylsilyhamide in THF (1.6 mL, 1.6 mmol) and stirrcd at room temperature
for 6 h. The product mixture was concentrated under vacuum, and the residue
partitioned between aqueous HCI and dichloromethane. The organic extract was dried
over anhydrous magnesium sulfate, filtered, and concentrated under vacuum. The

15  residue was subjected to HPLC purification on C-18 stationary phase eluted with
water/acetonitrile/TFA mobile phase. Collection and lyophilization of appropriate
fractions provided the title compound as white solid.
"H NMR (400 MHz, DMSO-dg) § 12.86 (s, 1H), 11.53 (brs, 1H), 9.24 (d, / = 8.1 Iz,
1H),7.42 (dd, 7= 8.2, 5.7 Hz, 2H), 7.20-7.13 (m, 5H), 6.18 (s, 1H), 5.36 (s, 2H).

20 ES MS M+1 =353

EXAMPLE 46
5-(4-Fluorobenzyl)-7,8-dihydroxy-SH-pyrido[ 1,2-a:3’,2’ -e]lpyrazine-6,10-dionc

SN O

O OH
25 Step l: N3—(4~F1uorobenzyl)pyridine—Z,3—diamine

[ )
F
Z SNH,
NH
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To a suspension of 2,3-diaminopyridine (3.0 g, 27.5 mmol) and dried
molecular sieves (4 A) in THF (230 mL), 4-fluorobenzaldchyde (4.56 mL, 42.3 mmol)
was added. The resultant mixture was stirred at room temperature overnight, filtered
through a pad of Celite, and the filtrate concentrated under vacuum. The residue was

5  subjected to column chromatography on silica gel eluting with a 25 — 100% ethyl
acetate in hexane gradient. Collection and concentration of appropriate fractions
provided the imine intermediate. To a cold (0 °C) solution of resultant imine (3.0 g,
13.9 mmol) in anhydrous ethanol (50 mL), sodivm borohydride (1.04 g, 28 mimol) was
added portionwise. The resultant solution was stirred at room temperature overnight,

10  and quenched with methanol. The product mixture was concentrated under vacuum,
and the residue partitioned between ethyl acetate and water. The organic extract was
dried over anhydrous sodium sulfate, filtered and concentrated under vacuum to
provide the title compound.
TH NMR (400 MIHz, CDCl3) § 7.61 (4, J = 4.7 Hz, 1H), 7.33 (dd, J = 8.2, 5.8 Hz, 2H),
15 7.04 (brt,J =8.2Hz, 2H), 6.78 (d, J =7.7 Hz, 1H), 6.67 (dd, J = 7.7, 4.7 Hz, 1H),
426 (d,J = 4.2 Hz, 2H), 3.56 (br s, 2H).
ES MS M+1 =218

Step 2: 4-Acetyl-1-(4-fluorobenzyl)-3.4-dihydropyrido[2,3-b]pyrazin-2(1H)-

20 one
‘ ~N (]
F. Z = N)K
S | N\”)
O

To a cold (0 °C) solution of N3-(4-ﬂuorobenzyl)pyxidine—2,3-diamine

(4.4 g, 20.28 mmol) and pyridine (2.5 mL, 31 mmol) in dichloromethane (100 mL.)
under an atmosphere of nitrogen, chloroacetyl chloride (1.8 ml., 22 mol) was added.

25  The resultant solution was stirred at room temperature overnight. The product
mixture was concentrated under vacuum, and the residue was partitioned between
aqueous HCI and cthyl acetate. The organic extract was washed with brine, dried over
anhydrous magnesium sulfate, filtered, and concentrated under vacuum. The residue
was subjected to column chromatography on silica gel eluting with 50 - 100% ethyl

30  acetate in hexane gradient. Collection and concentration of appropriate fractions
provided the bis chloroacetylated intermediate. ES MS M+1 =370.
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To a cold (0 °C) solution of the bis chloroacetylation product (120 mg,
0.32 mmol) in anhydrous THF (3 mL), a solution of lithium bis(trimethylsilyl)amide
in THF (0.32 mL, 0.32 mmol) was added. The reaction mixture was stirred at room
temperature for a half hour and concentrated under vacuum. The residue was
partitioned between aqueous ammonium chloride and ethyl acetate. The organic
extract was washed with brine, dried over anhydrous magnesium sulfate, filtered, and
concentrated under vacuum. The residue was subjected to column chromatography on
silica gel eluting with an ethyl acetate in hexane gradient. Collection and
concentration of appropriate fractions provided the cyclization intermediate 4-chloro-
acetyl-1-(4-fluorobenzyl)-3,4-dihydropyrido{2,3-blpyrazin-2(1LH)-one as white solid.

A mixture of 4-chloro-acetyl-1-(4-fluorobenzyl)-3,4-
dihydropyrido([2,3-b]pyrazin-2(1H)-one (2.2 g, 5.96 mmol) and 10% Pd/C (0.5g)in
methanol (50 mL) was stirred under an atmosphere of hydrogen (1 atm) at room
temperature for 5 hours. The product mixture was filtered through a pad of Celite,
and concentrated under vacuumn. The residue was subjected to column
chromatography on silica gel eluting with ethy) acetate and hexane. Collection and
concentration of appropriate fractions provided the title compound.
"H NMR (400 MHz, CDCls) § 8.09 (d, J = 4.8 Hz, 1H), 7.24-7.01 (m, 6H), 5.11 (s,
2H), 4.72 (s, 2H), 2.48 (s, 3H).
ES MS M+1 = 300

Step 3: 5-(4-Fluorobenzyl)-7,8-dihydroxy-SH-pyrido[1,2-a:3’ ,2’-elpyrazine-

6,10-dione

To a cold (0 °C) solution of 4-acetyl-1-(4-fluorobenzyl)-3 A-dihydro-
pyrido[2,3-b]pyrazin-2(1H)-one (0.275 g, 0.903 mmol) in DMF (10 mL) under an
atmosphere of nitrogen, a solution of lithium bis(trimethylsilyl)amide in THF (1.44
ml,, 1.44 mmol) was added and stirred at the temperature for 30 min. The resultant
solution was treated with dimethyl oxalate (0.21 g, 1.8 mmol), and stirred at room
temperature overnight. The resultant mixture was then treated with additional lithium
bis(trimethylsilyl)amide in THF (3.6 mL, 3.6 mmol) and stirred at room temperature
for 6 h. The product mixture was concentrated under vacuum, and the residue
partitioned between aqueous HCI and dichloromethane. The organic extract was dried
over anhydrous magnesium sulfate, filtered, and concentrated under vacuum. The
residue was subjected to HPLC purification on C-18 stationary phase eluted with
water/acetonitrile/TFA mobile phase. Collection and lyophilization of appropriate
fractions provided the title compound as white solid.
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'H NMR (400 MHz, DMSO-dg) § 8.18 (d, J = 3.7 Hz, 1H), 7.64 (d. J = 7.5 Hz, 1H),
7.45 (dd, J = 8.2, 5.7 Hz, 2H), 7.33 (dd, 7= 8.2, 4.7 Hz, 1H), 7.18 (t, J = 8.8 Hz, 2H),
6.10 (s, 1H), 5.32 (s, 2H).

ES MS M+1 =354

EXAMPLE 47

5-(4-Fluorobenzyl)-7,8-dihydroxy-5H-pyrido[1,2-a:2’,3’-¢]pyrazine-6,10-dione

] 5
psss
NS on
O OH
Step 1: NZ(4-Fluorobenzyl)pyridine-2,3-diamine
x

|
F N._= NH,
10 NH
A mixture of 2-fluoro-3-nitropyridine (2.5 g, 17.6 mmol), 4-
fluorobenzyl-amine (4.40 g, 35.2 mmol), and N,N-diisopropyl-N-ethylamine (4.55 g,
35.2 mmol) in anhydrous acetonitrile (30 mL) was stirred at room temperature for 1
hour. The reaction mixture was concentrated under vacuum, and the residue

15  partitioned between water and ethyl acetate. The organic extract was dried over
anhydrous magnesium sulfate, filtered, and concentrated under vacuum. The residue
was subjected to column chromatography on silica gel eluting with 15% cthyl acetate
in hexane. Collection and concentration of appropriate fractions provided the 2-(4-
fluorobenzylamino)-3-nitropyridine intermediate as yellow solid.

20 A mixture of 2-(4-fluorobenzylamino)-3-nitropyridine (1.0 g, 4.05
mmol) and 10% Pd/C (0.3 g) in methanol (50 mL) was stirred under an atmosphere of
hydrogen (1 atin) at room temperature for 5 hours. The product mixture was filtered
through a pad of Celite, and concentrated under vacuum. The residual methanol was

removed by co-evaporation with benzene. The resultant N 2.(4-Fluorobenzyl)pyridine-
25  2,3-diamine was used in the following step without further purification.
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'H NMR (400 MHz, CDCl3) & 7.79 (d,J=4.7Hz, 1H), 7.38 (dd, J = 8.2, 5.8 Hz, 2H)
7.05 (brt, J = 8.2 Hz, 2H), 6.88 (d, J= 7.7 Hz, 1H), 6.58 (dd, J = 7.7, 4.7 Hz, 1H),
4.60 (d, 7 =4.2 Hz, 2H), 3.49 (br s, 2H).

ES MS M+1 =218

>

Step 2: 1-Acetyl-4-(4-fluorobenzyl)-1,4-dihydropyrido{2,3-b]pyrazin-3(2H)-

o AT

The title compound was prepared using a procedure similar (o that
described in Example 46, Step 2, except that N3—(4-luorobenzyl)pyridine-2,3—diamine
was substituted with N2~(4—ﬂuor0benzy])pyridjne—2,3-diaminc.

Step 3: 5-(4-Fluorobenzyl)-7,8-dihydroxy-SH-pyrido[1,2-a:2’ 3’-¢] pyrazine-
6,10-dione
The title compound was prepared using a procedure similar to that
described in Example 46, Step 3, except that 4-acetyl-1-(4-fluorobenzyl)-3,4-dihydro-
pyrido{2,3-b]pyrazin-2(1H)-one was substituted with 1-acetyl-4-(4-fluorobenzyl)-1 4-
dihydropyrido[2.3-b]pyrazin-3(2H)-one.
"H NMR (400 MHz, DMSO-ds} § 12.76 (s, 1H), 11.65 (br s, 1H), 9.72 (d, J= 8.6 Hz,
1H), 8.22 (d, /= 4.0 Hz, 1H), 7.44 (dd, J = 8.2, 5.7 Hz, 2H), 7.25 (m, 1H), 7.11 (t, J =
8.8 Hz, 2H), 6.17 (s, 1H), 5.44 (s, 2H).
ES MS M+1 =354

EXAMPLE 48
Oral Compositions

As a specific embodiment of an oral composition of a compound of
this invention, 50 mg of compound of Example 1 is formulated with sufficient finely
divided lactose to provide a total amount of 580 to 590 mg to fill a size O hard gelatin
capsule. Encapsulated oral compositions containing any one of the compounds of
Examples 2-47 can be similarly prepared.

-113 -

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040

298 of 1915



WO 2004/024078 PCT/US2003/028366

EXAMPLE 49
HIV Integrase Assay: Strand Transfer Catalyzed by Recombinant Integrase
Assays for the strand transfer activity of integrase were conducted in
5  accordance with WO 02/30930 for recombinant integrase. Representative compounds
of the present invention exhibit inhibition of strand transfer activity in this assay. For
cxample, the compounds prepared in Examples 1-47 were tested in the integrase assay
and all were found to have IC50’s less than 5 micromolar, and all but the compounds
prepared in Examples 37, 38 and 44 were found to have ICIC50’s less than 0.5
10  micromolar.
Further description on conducting the assay using preasscmbled
complexes is found in Wolfe, A.L. et al., J. Virol. 1996, 70: 1424-1432, Hazuda et al.,
J. Virol. 1997, 71: 7005-7011; Hazuda et al., Drug Design and Discovery 1997, 15:
17-24; and Hazuda et al., Science 2000, 287: 646-650.
15
EXAMPLE 50
Assay for inhibition of HIV replication
Assays for the inhibition of acute HIV infection of T-lymphoid cells
were conducted in accordance with Vacca, J.P. et al., Proc. Natl. Acad. Sci. USA
20 1994, 91: 4096. Representative compounds of the present invention exhibit inhibition
of HIV replication in this assay. For example, the compounds prepared in Examples
1-47 were tested in the present assay and all were found to have IC95's less than 10
micromolar. In particular, the compounds of Examples 1-18 were found to have
IC95's less than 5 micromolar, and the compounds of Examples 2, 6, 8-12, 14, 15, 25,
25  27-30, 34, 35, 42 and 43 were found to have IC95's less than 1 micromolar.

While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of illustration, the practice of the
invention encompasses all of the usual variations, adaptations and/or modifications

30  that come within the scope of the following claims.
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WHAT IS CLAIMED IS:

i A compound of Formula (I), or a pharmaceutically acceptable
salt thereof:

3 b
R R o

R2
Y4

5
wherein
Rl is C1.6 alkyl which is substituted with 1 or 2 substituents each of which is
independently:
10 €))] C3.8 cycloalkyl,
@) ary,
3) a 5- or 6-membered saturated or mono-unsaturated heterocyclic ring
containing from 1 to 4 heteroatoms independently selected from N, O
and S,
15 @) a 5- or 6-membered heteroaromatic ring containing from 1 to 4
heteroatoms independently selected from N, O and S, or
) a 9- or 10-membered fused bicyclic heterocycle containing from 1 to 4
heteroatoms independently selected from N, O and S, wherein at least
one of the rings is aromatic;
20 wherein
(A)  each cycloalkyl is optionally substituted with from 1 to 3 substituents,
each of which is independently halo, -C1_g alkyl, or -O-Cj.¢ alkyl,
(B)  each aryl is optionally substituted with from 1 to 5 substituents each of
which is independently
25 ¢); -C1-6 alkyl, optionally substituted with from 1 to 3

substituents each of which is independently -OH,
-0-C1-6 alkyl, -O-Cj_6 haloalkyl, -CN, -NO2,
-N(RaRb), -C(=0)N(R2RDb), -C(=0)R2, -CO2REC,
-S(O)pRe, -SO2N(RARD), -N(R2)C(=0)Rb,

30 -N(RHCO2RC, -N(RA)SORE, -NRASON(RARD),
-OC(=0)N(RaRb), or -N(R2)C(=O)N(RaRb},
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2) -O-C1-6 alkyl, optionally substituted with from 1 to 3
substituents each of which is independently -OH,
-0-C1-6 alkyl, -O-Cj.6 haloalkyl, -S(O)nRE,
-C(=0)N(RaRD), -SO2N(R2RD), -N(R&)C(=O)RD,

5 N(R2)CO2RC, -N(R2)SO2RC, -N(R2)SO2N(R2RD),

-OC(=0)N(RaRDb), or “N(RA)C(=O)N(RaRD),

3 -C1-6 haloalkyl,

@ -O-C1-6 haloalkyl,

(5) -OH,
10 (6) halo,

7y -CN,

(8) -NOz,

)  -N(RaRD),
(10) -C(=O)N(R2Rb),

15 (11) -C(=O)Ra,
(12) -COaRe,
(13) -SRe,
(14) -S(=O)RS,
(15) -SO2Re,

20 (16) -N(R®)SO2RC,

(17) -SO2N(RZRD),
(18) -N®Ra)C(=O)Rb,
(19) -N({Ra)CO2Re¢, or
(20)  phenyl;
25 (8] cach saturated or mono-unsaturated heterocyclic ring is
(i) optionally substituted with from 1 to 5 substituents each
of which is independently halogen, -C1-6 alkyl, -C1-6
haloalkyl, -O-C1 -6 alkyl, -O-C1-6 haloalkyl, or oxo;
and
30 (i) optionally substituted with 1 or 2 substituents cach of
which is independently aryl or a 5- or 6-membered
heteroaromatic ring containing from 1 to 4 heteroatoms
independently selected from N, O and S; and
) each heteroaromatic ring or each fused bicyclic heterocycle is
35 @) optionally substituted with from 1 to 7 substituents each
of which is independently halogen, -C1-6 alkyl, -C1.6
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haloalkyl, -O-C1_¢ alkyl, -O-C1.g haloalkyl, or oxo;

and

(ii) optionally substituted with 1 or 2 substituents each of
which is independently aryl or -C1_¢ alkyl-aryl;

-C1-6 alkyl optionally substituted with one of -OH, -0-C1.6 alkyl,

-C(=O)Ra, -CO2RC, -S(O)rR¢, -SO2N(RaRD), -N(R2)-C(Rb)=0,

-NR)C(=0)NRIRD), -0-C1.¢ alkyl-C(=O)N(RaRb), -S-Ci.¢

S
R2is -H or -C1.6 alkyl;
R3 is-H, -C1-6 alkyl, -C1-6 haloalkyl, or -C1_¢ alkyl substituied with one of -OH,
-0-C1.6 alkyl, -O-C1-6 haloalkyl, -CN, -NO3, -N(RaRb), -C(=O)N(RaRb),
10 -C(=O)R3, -CO2RC, -5(0)nRe, -SO2N(RERD), -N(R2)C(=0)Rb, -N(Ra)CO2R¢,
-N(R2)SO2RC, -NRA)SON(RaRD), -OC(=0)N(RaRb), or -N(R2)C(=0)N(RaRb);
R4 is:
1 -H,
15 2)
-0-Cj.¢ haloalkyl, -CN, -NO2, -N(RaRb), -C(=0O)N(RaRb),
-NR@SO2RE, -N(R2)SO2N(RaRD), -O0C(=0)N(RaRD),
20 atkyl-C(=0)N(RaRb), -N(R2)-Cj_g alkyl-C(=O)N(RaRDb), or
-N(SO2R€)-C1-¢ alkyl-C(=O)N(RaRDb),
3) -C1-6 haloalkyl,
(4)  -C(=0)Ra,
5y  -CO2Re,
25 (&)  -C(=O)N(RaRrb),
(7)  -SO2N(RZRD),
) -C2-6 alkenyl,
(9  -C2-6 alkenyl-C(=0)-N(Ra)y,
(10) -Cz.5 alkynyl,
30 (11)  -C2-5 alkynyl-CH2N(R3)2,
(12) -Cp.5 alkynyl-CH20Ra2,
(13) -Cy_s5 alkynyl-CH2S(O)nRC, or
(14) Rk,
(15)  -Ci-6 alkyl substituted with RK,
35 (16)  -Ci.6 haloalkyl substituted with RX,
(17y  -Ci.g alkyl-O-RK,
-117 -
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19)

(20)

(21)

5 (22)

(23}

24

10 25)

(26)

@7

28)
15
20
25
30
35
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-C1.6 alkyl-O-C1-6 alkyl-RK,

-C1-6 alkyl-S(O)n-RK,

-C1.6 alkyl-S(0)p-C1-6 alkyl-Rk,

-C1-6 alkyl-N(Ra)-Rk,

-C1.6 alkyl-N(R2)-C]-¢ alkyl-RK,

-C1-6 alkyl-N(R2)-C1-6 alkyl-ORK, with the proviso that the -N(R2)-

moiety and the -ORK moiety are not both attached to the same carbon

of the -C1.¢ alkyl- moiety,

-C1-6 alkyl-C(=0)-RK,

-C1-6 alkyl-C(=0)N(R2)-RK,

-C1-6 alkyl-N(R3)C(=0)-RK,

-C1.6 alkyl-C(=O)N(R2)-C1 ¢ alkyl-RX, or

-C1-6 alkyl-N(R2)-Cg_6 alkyl-S(O)nRK;

wherein RK is

@) aryl, which is optionally substituted with from 1 to 5
substituents each of which is independently -C1.¢ alkyl, -C1-6
alkyl-OH, -Cj.¢ alkyl-O-C1.6 alkyl, -Cj-¢ alkyl-O-C]-6
haloalkyl, -C1-6 alkyl-N(RaRD), -C1.¢ alkyl-C(=O)N(RaRDb),
-C1-6 alkyl-C(=O)Ra, -C1_¢ alkyl-CO2RE, -C1-6
alkyl-S(O)nRE, -O-C1-6 alkyl, -C1.6 haloalkyl, -O-C1-6
haloalkyl, -OH, halo, -N(RaRD), -C(=0)N(RaRb), -C(=O)Ra,
-CO2RE, -S(O)nRE, or -SO2N(RaARD);

(i) a 4- to 7-membered saturated or mono-unsaturated heterocyclic
ring containing at least onc carbon atom and from 1 to 4
heteroatoms independently selected from N, O and S, wherein
the heterocyclic ring is:

(a) optionally substituted with from 1 to 5 substituents each
of which is independently halogen, -C1.¢ alkyl, -C1-6
haloalkyl, -O-C1-6 alkyl, -O-C1_6 haloalkyl, or oxo;
and

(b) optionally mono-substituted with aryl or HetA;

wherein HetA is a 5- or 6-membered
heteroaromatic ring containing from I to 4 heteroatoms
independently selecied from N, O and S, wherein the
heteroaromatic ring is optionally fused with a benzene
ring, and HetA is optionally substituted with from 1 to 4
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substituents each of which is independently -C1_¢ alkyl,
-C1-6 haloalkyl, -O-C1_g alkyl, -O-C1-¢ haloalkyl, or

OXo0; Oor

(iii)  a 5- or 6-membered heteroaromatic ring containing from 1 to 4

heteroatoms independently selected from N, O and S, wherein

the heteroaromatic ring is optionally substituted with from

optionally substituted with from 1 to 4 substituents each of
which is independently -C1-¢ alkyl, -C1.6 haloalkyl, -O-C1_g

the cycloalkyl is optionally substituted with from 1 to 3 substituents

) R2 and R3 together form a direct bond to give a ring double

(i)  RZand R3 together with the ring carbon atoms to which they
are attached form a fused cyclopropyl ring which is optionally substituted at

(i)  R2 and R3 together with the ring carbon atoms to which they
are attached form a fused phenyl ring or a fused pyridyl ring, and R4 is absent;

5
alkyl, ~-O-Cj .6 haloalkyl, or oxo;
10
or alternatively R3 and R# are joined together to form C5.g cycloalkyl or a 5- to
7-membered saturated heterocyclic ring containing from 1 to 4 heteroatoms
independently selected from N, O and S; wherein
15 each of which is independently halo, -C1.¢ alkyl, or -O-C1-6 alkyl; and
the heterocyclic ring is optionally substituted with from 1 to 4
substituents each of which is independently -C1-6 alkyl, -C1-6 haloalkyl,
-0-C1-6 alkyl, -O-Cj1_6 haloalkyl, or oxo;
20 or alternatively:
bond, and R4 is an independent group as defined above;
25 the non-fuscd cyclopropyl ring carbon with -ORd, and R4 is -H; or
RSis:
30 1) -H,
2y -Cigalkyl,
(3  -C1-6 alkyl-N(RaRb),
4)  -Ci-6 alkyl-C(=O)N(R2Rb),
(5)  -Ci-6 alkyl-C(=O)Ra3,
35 (6) -C1-6 alkyl-CO2RC,
(7 -C1-6 alkyl-SRC,
- 119 -
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8)  -C1-6 alkyl-S(=O)RE,

) -C1-6 alkyl-SO2REC,

(10) -C1-6 alkyl-SO2N(RaRD)
(11) -C1-6 haloalkyl,

5 (12) -0-Cji.¢ alkyl,

(13) -0-Cj-6 haloalkyl,
(14)  halo,
(15) -CN,
(16) -C(=O)R3,

10 (17) -CO2Re,
(18) -SRe,
(19) -S(=O)R€,
(20)  -SO2Re,
(21) -N(RaRb),

15 (22) -C(=O)N(RaRb), or
(23) -SO2N(RaRDb);
(24) aryl
(25) -Ci1.¢ alkyl-aryl
(26) HetB,

20 27) -Cji-6 alkyl-HetB,

(28) HetC, or
(29) -Ci-6 alkyl-HetC,
wherein
HetB is a 5- or 6-membered saturated or mono-unsaturated ring
25 containing from 1 to 4 heteroatoms independently selected from N, O
and S, wherein the ring is optionally substituted with from 1 to 5
substituents each of which is independently halogen, -C1-6 alkyl,
-C1-6 haloalkyl, -0-C1.¢ alkyl, -O-C1-¢ haloalkyl, oxo, -C(=0)-C1-6
alkyl, -C(=0)-C1-6 haloalkyl, or -C1-6 alkyl-C3.g cycloalkyl; and
30 HetC is a 5- or 6-membered heteroaromatic ring conlaining
from 1 to 4 heteroatoms indcpendently selected from N, O and S,
wherein the heteroaromatic ring is optionally substituted with from 1 to
4 substituents each of which is independently -Cj-6 alkyl, -C1-6
haloalkyl, -O-C1.6 alkyl, -O-Cj-6 haloalkyl, or oxo;

35
each R2 and RD is independently -H or -C1-¢ alkyl;
-120-
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cach R¢ is independently a -C|_g alkyl;
Rd is a -Cj-g alkyl, allyl, or benzyl; and
5
each n is independently an integer equal to 0, 1 or 2.
2. The compound according to claim 1, or a pharmaceutically

acceptable salt thereof, wherein R1 is -C1.4 alkyl mono-substituted with aryl; wherein
10 the aryl is optionally substituted with from 1 to 4 substituents each of which is
independently
(¢3] -C1-4 alkyl, optionally mono-substituted with -OH, -O-C1.4 alkyl,
-0-C1-4 haloalkyl, -CN, -N(RaRD), -C(=0)N(RaRb), -C(=O)Ra,
-CO2R¢, -S(O)pRE, -SO2N(RARb), -N(R2)C(=0)RD, -N(R2)CO2R¢,
15 -N(R2)SO2RC, -N(R2)SO2N(RaRD), -OC(=0)N(RaRb), or
-N(R3)C(=O)N(RaRb),
) -0-Cj.4 alkyl, optionally mono-substituted with -OH, -O-Cj_4 alkyl,
-0-C1.4 haloalkyl, -S(O)pRe, -N(R2)-CO2RC, -C(=0)N(RaRb),
-SO2N(RaRb), -N(Ra)C(=0)Rb, -N(RA)CO2RE, -N(R&)SO2Re,
20 -N(R2)SO2N(R2Rb), -OC(=0)N(RaRb), or -N(R2)C(=0)N(RaRb),
3) -C1-4 haloalkyl,
@) -0-Cj_4 haloalky],

(5) -OH,

(6)  halo,
25 () -CN,

8)  -NOg,

9  -N(RaRrb),

(10) -SRC,

(11) -S(=0)RC,
30 (12) -SOgRE,

(13)  -NR&a)SO2RC,

(14)  -SO2N(RZRb),

(15) -NRa)C(=O)Rb,

(16) -N(RaYCO2RC, or
35 (17)  phenyl.

-121 -

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
306 of 1915



WO 2004/024078 PCT/US2003/028366

8. The compound according to claim 2, or a pharmaceutically
acceptable salt thereof, wherein R1 is -(CH2)1.4-phenyl, wherein the phenyl is

optionally substituted with from 1 to 3 substituents each of which is independently
H -C1-4 alkyl, optionally mono-substituted with -OH, -O-C1-4 alkyl,
5 -0-C1.4 haloalkyl, -CN, -N(RaRDb), -C(=O)N(RaRb), -C(=0)Ra,
-CO2ReE, -S(O)pRE, or -SO2N(RaRDb),
(2) -0-C1-4 alkyl,
3) -C}-4 haloalkyl,
) -0O-C1-4 haloalkyl,

10 (&) -OH,
©) halo,
7 CN,
(8 -NO2,
©  -N(RaRb),
15 (10)  -SRe,
(11) -S(=O)RC,
(12) -SO2Re,

(13) -N(Ra)SO2RC,
(14) -SON(R2RD),
20 (15) -N(R2)C(=O)Rb,
(16) -N(R2)CO2RE, or

(17) phenyl.

4. The compound according to claim 3, or a pharmaceutically
25  acceptable salt thereof, wherein R1is:

X2
N,
DI
X1

wherein X1 and X2 are each independently

€8] -H,
30 ) methyl,
3 ethyl,

4 methoxy,
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(5) ethoxy,
6) -CFs,
N fluoro,
(8) bromo,
5 9 chloro,
(10) -CN,

(11y  -S-CHg, or
(12)  phenyl.

10 Ss The compound according to claim 4, or a pharmaceutically
acceptable salt thereof, wherein R1 is 4-fluorobenzyl.

0. The compound according to claim 1, or a pharmaceutically
acceptable salt thereof, wherein
15
R2 is -H or -C1-4 alkyl;
R3is -H or -C1_4 alkyl; and
20 R4is
1) -H,
@ -C1-4 alkyl optionally substituted with one of -OH, -O-C] 4 alkyl,
-0-C|.4 haloalkyl, -CN, -N(RaRDb), -C(=O)N(RaRb), -C(=0)Ra,
-CO2R¢, -S(0)nR¢C, -SO7N(R2Rb), -N(R2)-C(Rb)=0, -N(R2)SO7Rb,
25 or -N(R2)SO2N(RaRb),
(3)  -C(=O)N(R2RD),
@  RK
(5)  -Ci-4 alkyl substituted with RK,
(6)  -Ci-4 alkyl-O-RK, or
30 ()  -Ci-4 alkyl-O-Cj1_4 alkyl-Rk.
7. The compound according to claim 1, or a pharmaceutically
acceptable salt thereof, wherein RS is:
1) -H,
35 @ Cirgakyl,
() -Ci4alkyl-N(RaRD),
(C3) -C1-4 alkyl-C(=O)N(RaRb),
-123-
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(5)  -Ci-4 alkyl-SO2N(RaRD)
6) -C1-4 haloalkyl,

N halo,
8 -CN,
5 ) aryl
(10) -Cjp-4 alkyl-aryl
(11) HetB,

(12) -Cj1-4 alkyl-HetB,
(13) HelC,or
10 (14) -Cjp.4 alkyl-HetC,
wherein
HetB is a 5- or 6-membered saturated ring containing a total of
from 1 to 4 heteroatoms independently selected from 1 to 4 N atoms,
from 0 to 2 O atoms, and from O to 2 S atoms, wherein the saturated
15 ring is optionally substituted with from 1 to 4 substituents each of
which is independently halogen, -Cj -4 alkyl, -C1-4 haloalkyl, -O-C1-4
alkyl, -0-C1] -4 haloalkyl, oxo, -C(=0)-C1-4 alkyl, -C(=0)-C1-4
haloalkyl, or -C1_4 alkyl-C3_¢ cycloalkyl; and
HetC is a 5- or 6-membered heteroaromatic ring containing a
20 total of from 1 to 4 heteroatoms independently selected from 1 to 4 N
atoms, from O to 2 O atoms, and from 0 to 2 S atoms, wherein the

heteroaromatic ring is optionally substituted with from 1 to 3
substituents each of which is independently -C14 alkyl, -C1-4
haloalkyl, -O-C]-4 alkyl, -O-C1-4 haloalkyl, or oxo.

25
8. The compound according to claim 7, or a pharmaceutically
acceptable salt thereof, wherein RS is:
1 -H
2 Cigalkyl,
30 (€)) -C] 4 alkyl-N(RaRb),
(4) halo,
(®)] -CN, or
6) -Cj-4 alkyl-HetB;
wherein
35 HetB is a 5- or 6-membered saturated ring containing 1 or 2 N
atoms and carbon atoms, wherein the saturated ring is optionally
-124 -
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substituted with from 1 1o 4 substituents each of which is
independently halogen, -C1_4 alkyl, -C1-4 haloalkyl, -O-Cj -4 alkyl,
-0-C1-4 haloalkyl, oxo, -C(=0)-C1.4 alkyl, -C(=0)-C] -4 haloalkyl, or
-C1-4 alkyl-C3_¢ cycloalkyl.

w

93 A compound of Formula (II), or a pharmaceutically acceptable
salt thereof:

R® RYQ

Xz'}/ F{z'\>< N RE
| |
> ~ N \\
- ,/lrg OH
R O OH m,

wherein:
10
X1"and X2' are each independently:
M H
(& C1-4alkyl,
@)} -0-C1-4 alkyl,
15 3) -C1-4 haloalkyl,
4 -0-C1-4 haloalkyl.
&) halo,
6 -CN,
N -S-C]-4 alkyl, or
20 ®) phenyl;
R2'js -H or -C1_4 alkyl;
R3¥'is -H or -C1-4 alkyl;
25
R¥ is:
(G -

2) -C1-4 alkyl optionally substituted with one of -OH, -N(R2'Rb"), or
-C(=0)N(R2RD",
30 (@)  -C(=O)N(RaRD),
@  -(CH2)13-RK,
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(5) ~(CH2)1-3-O-RK or
(6)  ~(CH2)1-3-O-(CH2)1-3-RK;
wherein RK'is:
@ phenyl, which is optionally substituted with from 1 to 3
5 substituents cach of which is independently -C1-4 alkyl,
-0-C1-4 alkyl, -C1 -4 haloalkyl, -O-C].4 haloalkyl, or halo; or
(ii) HetD, wherein HetD is a 5- or 6-membered saturated ring
containing 1 or 2 N atoms, 0 or 1 S atoms, and a balance of
carbon atoms, wherein the saturated ring is optionally
10 substituted with from 1 to 4 substituents each of which is
independently halo, -Cj -4 alkyl, -C1-4 haloalkyl, -O-C14
alkyl, -O-Cj-4 haloalkyl, or oxo;

or alternatively:
15 @) R2' and R3' together form a direct bond to give a ring double
bond, and R4'is an independent group as defined above;

(i)  R2'and R3'together with the ring carbon atoms to which they
are attached form a fused cyclopropyl ring which is optionally substituted at
the non-fused cyclopropyl ring carbon with -ORd’, and R4 is -H; or

20 (ii) RZ2'and R3' together with the ring carbon atoms to which they
are attached form a fused phenyl ring or a fused pyridyl ring, and R4 is absent;

RS is:

¢y -H,

25 2) -C1-4 alkyl,
(3)  -Ci-4alkyl-N(RaRD),
@) halo,
5 -CN, or
(6) ~(CH2)1-3-HetB;

30 wherein

HetB is a 5- or 6-membered saturated ring containing 1 or 2 N
atoms, zero or 1 O atom, zero or 1 S atom, and a balance of carbon
atoms, wherein the saturated ring is optionally substituted with from 1
to 4 substituents each of which is independently halogen, -C1-4 alkyl,
35 -C1-4 haloalkyl, -O-C1_4 alkyl, .—O—C1_4 haloalkyl, oxo, -C(=0)-C1-4
alkyl, -C(=0)-C1-4 haloalkyl, or -C1-4 alkyl-C3_6 cycloalkyl;
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5
Rd'js -Cj-4 alkyl, allyl, or benzyl.
10. A compound according to claim 9, or a pharmaceutically
acceptable salt thereof, wherein:
10
wherein X1' and X2' are each independently:
G -H
2) methyl,
@) -OCHs,
15 3) -CF3,
4  -O-CF3,
3) chloro,
6) fluoro,
€)) bromo;
20 (6) -CN,
7 -S$-CHs3, or
(8)  phenyl;
R2'is -H or methyl;
25
R3'is -H or methyl;
R%4 is:
I -
30 (2) methyl,
3) -CH20H,
3)  -C(=O)N(CH3)2,
(4)  -CHp-RK, or
(5)  -CH2-O-CH2-RK,
35 wherein RK' is:
-127-
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(1) phenyl, which is optionally substituted with from 1 t0 3
substituents each of which is independently -CH3, -OCH3,
-Cr’3, -OCF3, chloro, bromo or fluoro; or

(1) HetD, wherein HetD is a 5- or 6-membered saturated ring

5 containing 1 or 2 N atoms, O or 1 S atoms, and a balance of

carbon atoms, wherein the saturated ring is optionally
substituted with from 1 to 4 substituents each of which is
independently chloro, bromo, fluoro, -CH3, -CF3, -OCH3,

-OCF3, or 0x0;
10
or altemnatively:
@ R2' and R3' together form a direct bond to give a ring double
bond, and R4 is an independent group as defined above;
(i)  R2 and R3' together with the ring carbon atoms to which they
15 are attached form a fused cyclopropyl ring which is optionally substituted at
the non-fused cyclopropyl ring carbon with -OMe, -OEt, -O-allyl, or
-O-benzyl, and R4 is -H; or
(i) R2 and R3' together with the ring carbon atoms to which they
are attached form a fused phenyl ring or a fused pyridyl ring, and R4 is absent;
20
R5'is:
®»  H
2) methyl,
(3  -(CH2)1-2-N(CH3)2,
25 @) fluoro,
(&) bromo,
6) iodo,
(@))] -CN, or
® -CH2-HetB;
30 wherein

HetB is a 5- or 6-membered saturated ring containing 1 or 2 N
atoms, zero or 1 O atom, zero or 1 S atom, and a balance of carbon
atoms, wherein the saturated ring is optionally substituted with from 1

to 4 substituents each of which is independently chloro, bromo, fluoro,
35 -CH3, -CF3, -OCH3, -OCF3, oxo, -C(=0)-CH3, -C(=0)-CF3, or
-CH2-cyclopropyl; and
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R6'is -H or methyl.

11. The compound according to claim 9, which is a compound of
Formula (IIa), or a pharmaceutically acceptable salt thereof:

5
wherein:
X1'and X2' are each independently:
@O -n,
10 2) C1-4 alkyl,
@ -0-C1-4 alkyl,
3 -C1.4 haloalkyl,
@ -0-C1-4 haloalkyl, or
&) halo;
15

R2'is -H or -C1.4 alkyl;
R3'is -H or -C1.4 alkyl;

20  oraltematively R2" and R3' together form a direct bond to give a ring double bond;

R%'is:

1 =,
(2)  -Ci-4 alkyl optionally substituted with one of -OH, -N(Ra'Rb"), or

25 -C(=0)N(R2'Rb"),
(3)  -C(=O)N(R2aRD",
4  ~«(CH2)1-3-RK,
(5)  +(CH2)1-3-O-RK', or
©®  -(CH2)1-3-O-(CHp)]1-3-RK}

30 wherein RK'is:
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) phenyl, which is optionally substituted with from 1 to 3
substituents each of which is independently -C1_4 alkyl,
-0-C1-4 alkyl, -C1-4 haloalkyl, -O-C1.4 haloalkyl, or halo; or

(i) HetD, wherein HetD is a 5- or 6-membered saturated ring

5 containing 1 or 2 N atoms, 0 or 1 S atoms, and a balance of

carbon atoms, wherein the saturated ring is optionally
substituted with from 1 to 4 substituents each of which is
independently halo, -Cj1.4 atkyl, -C1-4 haloalkyt, -O-C1-4
alkyl, -O-Cj-4 haloalkyl, or oxo;

10
RS is:
®
()  -Ci-galkyl,
(3)  -Ci-4 alkyl-N(RaRD),
15 @) halo,
(6)) -CN, or
(6)  -(CH2)1-3-HetB;
wherein
HetB is a 5- or 6-membered saturated ring containing 1 or 2 N
20 atoms and carbon atoms, wherein the saturated ring is optionally

substituted with from 1 to 4 substituents each of which is
independently halogen, -Cj.4 alkyl, -Cj_4 haloalkyl, -O-C1.4 alkyl,
-0-C1-4 haloalkyl, or oxo; and

25 each R2 and Rb'is independently -H or -C14 alkyl.

12. The compound according to claim 9, which is a compound of
Formula (ITT), or a pharmaceutically acceptable salt thereof:

R R4'0
' R2 :
X'~ | " ! R®
NI N I ~"0oH
OH (),
30  wherein:
- 130 -
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X1' and X2' are each independently -H or halo.

L3: The compound according to claim 12, or a pharmaceutically
acceptable salt thereof,

wherein X1' and X2' are each independently -H, fluoro, chloro, or bromo;
R2'is -H or methyl;

10 R3'is -H or methyl;

R% is:
1)y -H,
2) methyl,
15 3 -CHpOH,

(3)  -C(=0)N(CH3)2,
(4  -CH2-RK, or
(5)  -CHz-O-CHp-RK;
wherein RK is:
20 @® phenyl, which is optionally substituted with from 1 to 3
substituents each of which is independently -CHz, -OCH3,
-CF3, -OCF3, chloro, bromo or fluoro; or
(ii) HetD, wherein HetD is a 5- or 6-membered saturated ring
containing 1 or 2 N atoms, O or 1 S atoms, and a balance of
25 carbon atoms, wherein the saturated ring is optionally

substituted with from 1 to 4 substituents each of which is
independently chloro, bromo, fluoro, -CH3, -CF3, -OCH3,
-OCF3, or oxo0; and

30  or alternatively:
@ R2' and R3' together form a direct bond to give a ring double
bond, and R4’ is an independent group as defined above;
(i)  R2 and R3' together with the ring carbon atoms to which they
are attached form a fused cyclopropyl ring which is optionally substituted at

35 the non-fused cyclopropyl ring carbon with -ORd’, and R4' is -H; or
-131-
Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040

316 of 1915



WO 2004/024078 PCT/US2003/028366

(iii)  R2'and R3' together with the ring carbon atoms to which they
are attached form a fused phenyl ring or a fused pyridyl ring, and R4’ is absent;

R5'is:
5 ) -H,

(23] methyl,
(3)  -(CH2)1-2-N(CH3)2,
(€)) fluoro.
3) bromo,

10 6) iodo,
(7) -CN, or
£33 -CH2-HetB;
wherein

HetB is a 5- or 6-membered saturated ring containing 1 or 2N
15 atoms, zero or 1 O atom, zero or 1 S atom, and a balance of carbon

atoms, wherein the saturated ring is optionally substituted with from 1
(o 4 substituents each of which is independently chloro, bromo, fluoro,
-CH3, -CF3, -OCH3, -OCF3, oxo, -C(=0)-CH3, -C(=0)-CF3, or
~-CH2-cyclopropyl.

20
14. The compound according to claim 13, or a pharmaceutically
acceptable salt thereof, wherein X1'is fluoro and X2'is -H.
15 A compound selected from the group consisting of:
25

2-benzyl-8,9-dihydroxy-3.4-dihydro-2H-pyrido[ 1,2-alpyrazine-1,6-dione;
2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]lpyrazine- 1,6-dione;

30  2-(4-fluorobenzyl)-8,9-dihydroxy-7-methyl-3.4-dihydro-2H-pyrido[1,2-a]pyrazine-
1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-bromo-3,4-dihydro-2H-pyrido[1,2-alpyrazine-

1,6-dione;
35
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2-(4-fluorobenzyl)-8,9-dihydroxy-7-iodo-3 4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-
dione;

2-(3-chlorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-alpyrazine-1,6-dione;
2-(4-chlorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-alpyrazine-1,6-dione

2-(3,4-dichlorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-«] pyrazine-1,6-
dione;

2-(3 4-difluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-
dione

2-(3-chloro-4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido{ 1,2-a]pyrazine-1,6-
dione

2-(4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-3 4-diliydro-2H-
pyrido[1,2-alpyrazine-1,6-dione;

2~(3-chloro-4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-[(dimethylamino)methyl]-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-2H-pyrido[ 1,2-a]pyrazine-1,6-dione
2-benzyl-8,9-dihydroxy-2H-pyrido[1,2-a]pyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-4-methyl-3,4-dihydro-2H-pyrido[1,2-alpyrazine-
1,6-dione

2-(4-fluorobenzyl)-8,9-dihydroxy-4.4-dimethyl-3,4-dihydro-2H-pyrido[ 1,2-
alpyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-3-methyl-3.4-dihydro-2H-pyrido[1,2-a]pyrazine-
1,6-dione;
-133 -
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2-(4-tluorobenzyl)-8,9-dihydroxy-1.6-dioxo-1,3,4,6-tetrahydro-2H-pyrido[1,2-a]-
pyrazine-7-carbonitrile;

5  2-(4-fluorobenzyl)-8,9-dihydroxy-7-[(4-methyl-3-oxopiperazin-1-yl)methyi]-3,4-
dihydro-2H-pyrido{1,2-a]pyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-{(3-oxopiperazin-1-ylymethyl}-3,4-dihydro-2H-
pyrido[1,2-alpyrazine-1,6-dione;

10
4-[(benzyloxy)methyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido(1,2-
alpyrazine-1,6-dione;

4-(hydrox ymethyl)-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyridof 1,2-
15  alpyrazine-1,6-dione;

4-[(1,1-dioxido-1,2-thiazinan-2-ylymethyl]-2-(4-fluorobenzyl)-8,9-dihydroxy-3,4-
dihydro-2H-pyrido[1,2-a]pyrazine-1,6-dione;

20  2-(4-fluorobenzyl)-8,9-dihydroxy-7-(piperidin-1-ylmethyl)-2H-pyrido[1,2-a]pyrazine-
1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-[(3-oxopiperazin-1-y)methyl]-2H-pyrido[1,2-
ajpyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-{(4-methyl-3-oxopiperazin-1-yl)methyl}-2H-
pyrido{1,2-a]pyrazine-1,6-dione;

2-(4-fluorobenzyl)-8&,9-dihydroxy-7-[(morpholin-4-yl)methyl]-2H-pyrido[1,2-
30  alpyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-[(thi omorpholin-4-ylymethyl}-2H-pyrido[1,2-
a]pyrazine-1,6-dione;

35  2-[4-fluoro-2-(methylthio)benzyl)-8,9-dihydroxy-2H-pyrido[1,2-alpyrazine-1,6-dione;
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7-[(1 -acetylpiperidin-4-yl)methy]]-2—(4-ﬂuorobenzyl)-8,9-dihyd1'oxy-3,4—dihydro-2H-
pyrido[1,2-a]pyrazine-1,6-dione;

2-(4-fluorobenzyl)-8,9-dihydroxy-7-{[1 ~(trifluoroacetyl)piperidin-4-yljmethyl }-3 4-
dihydro-21I-pyrido[1,2-a]pyrazine-1,6-dione;

(%)

7-{[1-(cyclopropylmethyl)piperidin-3-yl]methyl }-2-(4-tluorobenzyl)-8,9-dihydroxy-
3,4-dihydro-2H-pyrido[ 1,2-a]pyrazine-1,6-dione;

10 7—[(1-acetylpiperidin—3-yl)rnethyl]-2-(4-ﬂuorobenzyl)-S,9-dihydmxy-3,4-dihydro-2H—
pyrido[1,2-a]pyrazine-1,6-dione;

7-[(1-acetylpipcridin~2-yl)methyl]—2—(4—fluorobenzyl)—8,9—dihydroxy-3 J4-dihydro-2H-~
pyrido[1,2-a]pyrazine-1,6-dione;

15 .
7-{[1-(cyclopropylmethyl)piperidin-2-yl }methyl }-2~(4-fluorobenzyl)-8,9-dihydroxy-
3,4-dihydro-2H-pyrido[1,2-alpyrazine-1,6-dione;
2-(3-cyanobenzyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[ 1 ,2-a]pyrazine-1,6-dione
20

2-(bipheny}-3-ylmethyl)-8,9-dihydroxy-3,4-dihydro-2H-pyrido[1 ,2-a]pyrazine-1,6-
dione

(x)-1 -[(benzyloxy)methyl]-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1a,2,8a-
25  tetrahydrocyclo-propale]pyrido[1,2-a]pyrazine-3,7-dione;

(2)-1-(methoxymethyl)-2-(4-fluorobenzyl)-4,5-dihydroxy-1,1a,2, 8a-tetrahydrocyclo-
propalelpyridof1,2-alpyrazine-3,7-dione;

30 (2)-1-[(allyloxy)methyl]-2-(4-fluorobenzyl)-4 ,3-dihydroxy-1,1a,2,8a-tetrahydrocyclo-
propale]pyrido[1,2-alpyrazine-3,7-dione;

(#)-1-(cthoxymethyl)-2-(4-fluorobenzyl)-4,5-dihydroxy-1 »1a,2,8a-tetrahydrocyclo-
propa[e]pyrido[1,2-alpyrazine-3,7-dione;

35
(i)-1~(n—propoxymethy])—2—(4-ﬂuorobenzy])-4,5-dihydroxy—1,1a,2,8a-tetrahydrocyclo-
propafe]pyrido[1,2-alpyrazine-3,7-dione;
-135 -
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2-[1-(4-fluorophenyl)ethyl]-8,9-dihydroxy-3,4-dihydro-2H-pyrido[1,2-a]pyrazine- 1 ,6-
dione;

5-(4-fluorobenzyl)-7,8-dihydroxy-5H-pyrido[ 1,2-alquinoxaline-6,10-dione;
5-(4-fluorobenzyl)-7 ,8-dihydroxy-5H-pyrido[1,2-a:3",2’-¢]pyrazine-6,10-dione;
5-(4-fluorobenzyl)-7,8-dihydroxy-5H-pyrido[1,2-a:2’ 3’ -¢]pyrazine-6,10-dione;
and pharmaceutically acceptable salts thereof.

16. A pharmaceutical composition comprising a therapeutically
effective amount of a compound according to claim 1, or a pharmaceutically
acceptable salt thereof, and a pharmaceutically acceptable carrier.

17. A method of inhibiting HIV integrase in a subject in need
thereof which comprises administering to the subject a therapeutically effective
amount of the compound according to claim 1, or a pharmaceutically acceptable salt
thereof.

18. A method for preventing or treating infection by HIV or for
preventing, treating or delaying the onset of AIDS in a subject in need thereof which
comprises administering to the subject a therapeutically effective amount of the
compound according to claim 1, or a pharmaceutically acceptable salt thereof.

19. A pharmaceutical composition which comprises the product
prepared by combining an effective amount of a compound according to claim 1, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable carrier.

20. A combination useful for inhibiting HIV integrase, for treating
or preventing infection by HIV, or for preventing, treating or delaying the onset of
AIDS, which is a therapeutically effective amount of a compound according to claim
1, or a pharmaceutically acceptable salt thereof, and a therapeutically effective amount
of an HIV infection/AIDS antiviral agent selected from the group consisting of HIV
proteasc inhjbitors, non-nucleoside HIV reverse transcriptase inhibitors and
nucleoside HIV reverse transcriptase inhibitors.
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VIZIEAL, B3 (39ml. 0.750mol) % 155 2T THIZ 7=, M A60°C THRF [E)HT#e
L7c B BIE T EL, 25— 200m)EMAEE &AL 7. B aRE
THEEL, BEICEAY ) — NV EMNZFELEFRIRL . &8 T142.2g (98%) D5
—7 04RO -6 AT L ma TR E M AR LT
NMR(DMSO—dO) 8 : 2.53(3H, s), 8.56(1H, s), 13.45(1H, br s), 14.80(1H, br s).
2) bR bR2(138g, 0.596mol) | 1-F /1-3-(3-PAF AT I )T REA)H IR
AN AREZETAF (1488, 0.775mol) , L RI-LF % 2~/ hITF Y — (100
g+ 0.656mol) & AF AR LT IR (97T0mI ML | 4-7 LA m RS 7 (79
ml, 0.715mol) ZMA 7. SUL A SR TR L%, A& (2) AR EIE
BL., ==T NV THRELEZ. 5-70T-N-4-7 N 4 a0 PN )-4-ER % —6- AF
Ne=aF 7RI (156g, T7%) FHEEFEMNLEL TH-.
NMR(DMSO-d) & : 2.47(3H, ), 4.50(2H, d, ]=5.9Hz), 7.12~7.20(m, 2H), 7.32-7.39
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(m, 2H), 8.38(1H, s), 10.50(1H, t, J=5.9Hz), 12.72(1H, br s).

3) i ea W3 (75.2g, 222mmol) BEUE /LA (21.1g. 111mmol) & AF /LR
AT IRAS0mIZESEL . 28% T hU7 AANR I F-AF 7 — AEHE(216ml, 888m
moDZ A%, 105°CTI005 M Lic. ®#1#% . JKKE@00mDEMA, REHEM L
U7z, IS OMBRIR(443mDE A #EG IR L 72, N-(4-T A A u~ P b)-4-
K33 —5- AhF 26— AF =2 F T IR (56.08. 87%) & ML & LTI/,
NMR(DMSO-d) 8 : 2.26(3H, 5), 3.74(3H, s), 4.49(2H, d, J=6.0Hz), 7.10-7.19(2H,
m), 7.30-7.38(2H, m), 8.24(1H, s), 10.68(1H, t, J=6.0Hz), 12.21(1H, br s).

4) FEALA4(100g. 344mmol), ~ PN TF L3 —A(46ml, 447mmol), FLTHY
T FAERAT 42 (128ml, 516mmol) DF hFERETZL (1.0D) EHIZ, kAT F. 40%
T CHNBEL DAY T AL PE(280m! , 516mmol)Z 3043 AT T
2Tz, KA T30 B U BIC SR FIRLSSIR IR L . BIE Tt
BEL, BECM T 00m)BLEUTA~FCDEMZ., FL LIRS EEELE
CBEEARME FTEEL BB 2T A —F A Q200D B EUAFH-@DE M A
KTHL= SRR IR = L. BF A8 EL . BRI UL SN BT b0a<h
FT4 (Y [ BT AT THRILIZ. 4-_uvuF i -N-(4-7 3 a~sy
AN-5=ARF T —6-AF )L =3 F L T ING (68.5g. 52%) L MECHREL TR
NMR(CDCIB) §: 2.58(3H, s), 3.86(3H, s), 4.40(2H, d, J=5.7Hz), 5.21(2H, s), 6.91-7
.00(2H, m), 7.08-7.14(2H, m), 7.19-7.27(2H, m), 7.32-7.40(3H, m), 7.87(1H, br s),
8.97(1H, s).

5) FE kA5 (67.5g. 177Tmmol) (D7 EEiR/bAGS0mMDEIK T, R T, AF a0
SR BFRTR(65%)(49.5g, 186mmol)D 7/ L(350mDEEHE A 30453 T TR T
KA TFAS R L=, SEIRICAIRL7S MR L. BUSIRIC T EE K%
Mz, ook LA THI L. FigEfafnEE KTRFL., AR T D AT
BLIRLTE. BIA T FREEL, BRI T Lo —7/(200m)EMZ, Hrililic
FEL (47 8g) TR L7 . A ME TR AL, BBV IA TN DI LIa<hT 7
T4 (M [ THERAICTHEIL. 2.65g0EiEET. A T50.52(72%)D4
—~PEF-N-(4-I VA e PN 5 AR U6 AF - -AF = aF TR
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ez itk L THk.

NMR(CDCL) § : 2.55(3H, s), 3.90(3H, s), 4.40(2H, d, J=5.7Hz), 5.16(2H, s), 6.93-6
.T0(2H, s), 6.90~7.19(5H, m), 7.30-7.38(2H, m), 7.94(1H, br s), 8.81(1H, s).

6) LR A6 (49.4g. 125mmol) & MK Bk (350mI) IZIEfHL . 80°C TI05 L
7o WELEBIE TR ELHE, AF ./ —/ (500ml) ML KA T28% F M AR
R AR 2% 7 — L EEHK (7.5ml, 31.3mmol) ZMZ, SR CIR MBI U, BUSK
(T R=T A (CBRERPIER) IR-120B%, PSS TP LIS 2 B THNX 7244 . 4%
WELL. BEABETEEL, BEEZVIITNIS L0 T 5T 4 (~FH /
ERR=F NI TR, 4028k N-(4-T )V F a0 P0)-6- ERag 34
T 5= AbF=aF T INT(25.4g, 51%) HMtaiE i L LT 7.

NMR(CDCL) & : 3.42(1H, br s), 3.89(3H, s), 4.41(2H, d, J=5.7Hz), 4.83(2H, s), 5.2
3(2H, s), 6.92-6.99(2H, m), 7.09-7.14(2H, m), 7.19-7.23(2H, m), 7.28~7.37(3H, m)
, 7.85(1H, br s), 9.03(1H, s).

7) LG (25.08, 63.1uunol) | AT L ZLARE Y1 (44.8wl, 63Laumol) . 3
FOMN=F LTI (44.3ml, 378mmol) DZamss/-A (250ml) WHEIZ . KB T, =
ER{LARIEE YV 84 (60.2g, 315mmol) X, IR T205 IR L7, FMIT
REMZ BT oaf bk B R, BEAEER-F /L CRIL L. Sk K
Bl KGR YD A TR 7o MR E THEL, B aF e —F
NEIZ, FEd (17.7) B L 7. IEEWUE THEL, BEE LI BTy
B hZ T AT THERLL , 3.16gD RS M E B . H8720.9g(84%) D, 4—~-P1

FLVN-(4-T WA TR D N)-6-R A I -5-ARF L= aF L 7 INR AR LS L
Tz,

NMR(CDCI) 8 : 1.02(3H, ), 1.41(2H, d, J=5.7Hz), 5.30(2H, s), 6.93-6.70(2H, m),
7.09-7.16(2H, m), 7.20-7.27(2H, m), 7.31-7.40(3H, m), 7.83(1H, br s), 9.20(1H, s)
. 10.26(1H, ).

8) k7 kA48 (300mg. 0.761mmol) DA% /= (1ml) IHEIT, JK¥ T AKER LAY
2 (111mg. 1.99mmol) O A5 /7 —\-(Iml) Tk % I Z =14 . B2 I# (251 me. 1.
00mmol) DA% /—/\ (4ml) Y& A M Z . FRRAEC LR IIBEHE L. KSHIC5% T

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
362 of 1915



WO 2006/030807 40 PCT/IP2005/016904

BRI T MY ARSI LUK E N X, ATIL LR ML, 4Pk
54T A TR DB B A N)-3- ARF LY DL -2 IV IRATRATF 19 (2
75 mg, 85%) &M tarhabe L TAT.

NMR(CDCL) 8 : 3.99(3H, 5), 4.02(3H, s), 7.40(2H, d, J=5.7Hz), 5.26(2H, 5), 6.92-6
.99(2H, m), 7.10-7.15(2H, m), 7.19-7.23(2H, m), 7.25-7.39(3H, m), 7.81(1H, br s),
9.09(1H, s).

9) LR (5.51g, 36.8mmol) D7 &=L (50m1) SREBUT, Zri b AF
A5 (4.66ml, 36.8mmol) Z A I TIOR3 FMHIEL .. ZOWMWIT, KT,
D LA M9 (2.60g. 6.13mmol) ZANZ 7=, IA1REET205 RHIE LIz, SOSHE
1Z5% MAREE /KK F P LAEE AL . BT L ChH U7z, Rz, fefu
K IBL ORI TEeR L MoK M D A CTHIR L 7. BUE TIAE &
EL., BENEERHEYE HAERL (T -y ue a—7 /1) | 5-(1-7 /v
R DA T NIREAN)-3-ARF T —4-FF Y -1,4-VERa Y P -2- VR BRAT
A-10(1.73g. 84%) Z ARG E L TIHT:.

NMR(CDC]) 8 : 4.04(6H, ), 4.60(2H, d, J=6.0H7), 6.96-7.03(2H, m), 7.29-7.35(2
H, m), 8.63(1H, s), 9.68(1H, br s), 10.34(1H, br s).

10) k3 b-A410(1.73g. 5.17Tmmol) D7 ar A% (150ml) Bk AL T V=
& 2 (6.97g, 51.7mmol) EHNZ IR T2RFMIBLEL . BUGHMEIKE AT eMiETR
U IEE | FEf =T L TR L7 L i e MEE IR B8 L UVK TR L | Mok At -
R ATHR L. BUE TR LA B EL., o= MG a i (T hoekaer
A5 =)L, LA A-1a(919mg, 56%) & Mt REL TR,

Ml 242-244°C

FEHREHT:C H FN O LLT

FEIE %): C, 56.25; H, 4.09; F, 5.93; N, 8.75.

SYHTAE (%): C, 56.00; H, 4.03; F, 5.58; N, 8.69.

NMR(DMSO-d) §  3.91(3H, s), 4.52(2H, d, J=5.8H2), 7.12-7.19(2H, m), 7.34-7.40
(2H, m), 8.19-8.22(1H, m), 10,12(1H, br s), 10.20(1H, d, J=5.8Hz), 12.43(1H, br s)

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
363 of 1915



WO 2006/030807 41 PCT/IP2005/016904

[0015]

FEHEFA-2
(fE13]

OMe O OH O
oL e
iMoo N.W)\/NH
o

12 A-2a

1)9(900mg, 2.12 mmol) & AF /) —/L (8ml) IZ¥AD L. 2NATE{LT- hU™ 2ok ik (4
mb) ZBMNA T, w8 TR AL - % . 2MIEGmDE I 2 & B Rz
LA RUNAFHL 54 Tdm RUDAHAINTEANL)-G ARFL YS9
ANV B2 (474mg, 54%) 2 1WA i dh & LT,

NMR(CDC1) 8 : 4.05(H, s), 4.40(2H, d, J=5.6Hz), 5.36(2H, s), 6.94-7.0L(2H, m),
7.08-7.12(2H, m), 7.21-7.24(2H, m), 7.29-7.41(3H, m), 7.87(1H, brs), 9.03(1H, s).
2) LR b-A11(155mg, 0.378mmol) | 1-=F -3-(3~-JAF /LTI Fat ) H /L
RTAIR AR EIZ2T AR (87Tme, 0.453mmol) . BLT-ERaF L =V 7y —
/v (61mg, 0.453mmol) &V AFNLF/L LT IR (2ml) ITHFEL . FIH T3040 B L7
T D% HBILT S E=7 A (40mg. 0.756mmol) . BLUW A Y 7B L mF 73 (1
98ul, 1.13mmol) & MA 7. [k % 5590 C LRI Uiz 8 . 7K M2 s S 2 D L
L. =T THRIELI. 40 P03 0-3- AR -V D02 5- U LR Ui 2
“T IR 5-(4-T A eIV TIR) 12 (127mg, 82%) B AR LI L TR,

3) LR b A #12(127mg, 0.310mmol) IZHEALEY L= A (1.27) M Z . 180°CT5
ORI, HEE, KEMZAELEMTL, =—F L ChREPLE. 3-bRaxs-
4-FF /-1, 4-PERE-EY -2, 5- PV B 2-T IR 5-(4-T A a-~ U
7IN) A-2a(88mg. 93%) B AR EL TR,

Al 300°C R B

J‘rjé"r’%‘ﬁ?ﬂ?:C]4ngFN304&L’C
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HBAE %): C, 55.08; H, 3.96; F, 6.22; N, 13.77.

SSHTE (%): C, 54.82; H, 3.96; F, 5.75; N, 13.53; Cl, 0.79.

NMR(DMSO-d) § : 4.53(2H, d, J=5.6Hz), 7.14-7.20(2H, m), 7.35-7.40(2H, m), 7.7
9(1H, ), 8.24(1H, d, J=7.0Hz), 8.33(1H, s), 10.33(1H, t, J=5.6Hz), 12.23(1H, d, J=
7.0Hz).

EHRD ST, LT OILE#E GRS

A=2b 3-bRTIF L —4-AF V-1, 4-VER-EY O -2 5-UH R 5-(4-T A
DT IR) 2-AF L TIR

fil A 300°C LA L

FeHRSHT:C H FN.O &LT

M (%): C, 56.43; H, 4.42; F, 5.95; N, 13.16.

SSHTAE (%): C, 56.18; H, 4.36; F, 5.63; N, 12.96.

NMR(DMSO-d) & : 2.91(3H, d, J=4.7Hz), 4.53(2H, d, J=6.8Hz), 7.14-7.20(2H, m),
7.35-7.40(2H, ), 8.23-8.25(1H, w), 8.36(1H, d, J=5.0Hz), 10.35(1H, L, J=5.8Hz),
12.23(1H, d, J=6.312).

A-2¢ 3-ERBEF I -4-FF V-1 ,4- TR u-YI -2, 5-U AR B 2-UAF LT R
R 5-(4-7 A a-~ PNV T RR)

i : 269-270°C

FEHLHT:C H FN.O LLT

EHEME (%): C, 57.65; H, 4.84; F, 5.70; N, 12.61.

SYHTE (B): C, 57.44; H, 4.79; IF, 6.40; N, 12.41; CI, 0.59.

NMR(DMSO-d) § : 2.92(3H, 5), 3.00(3H, 5), 4.53(2H, d, J=5.8Hz), 7.13-7.19(21,
m), 7.31-7.39(2H, m), 8.19-8.21(1H, m), 9.63(1H, brs), 10.44(1H, t, J=5.8Hz), 12.6
O(1H, brs).

EhaA-2d

[fk37]

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
365 of 1915



WO 2006/030807 43 PCT/JP2005/016904

5 T
F. 0. S
T — "
_N X NH xn N > -NH
o (o]
A-ta A-2d

1) A-1a(100mg. 0.3 mmol) &A% ) — - (Im) {ZIEN L, 7 A2 a7 — 7 [T R

ICTHOCTIS MG LTz, BIRETMEIT ., 2N Sml) 201 2 TR UAT I

L7 fRdb 8L 72, 3-ER ¥ —4—4% /-1 4- P Re-EY P02 5- Uh AR fil
5-(4-TNA TRV TIR) 2-A Y 7 uE L T IRA-2d (93mg. 86%) Z B IE LY

LT

F3LT  295-299°C

NMR(DMSO-d) § : 1.21(6H, d, J=6.6Hz), 4.06-4.15(1H, m), 4.53(2H, d, J=5.8Hz),

7.13-7.21(2H, m), 7.36~7.40(2H, m), 8.16(1H, d, J=7.6Hz), 8.24(1H, d, J=7.0Hz), 1
0.33(1H, t, J=5.7Hz), 12.24(1H, d, J=5.5Hz).

RIERD 1T, LA FALE MDA EEIT- T

A-2e 3-ERBF L —4-AF V-1 4-LF Y P02 5- O LR LR 5-(4-T AT

=R UNT IR 2-[Q-ARF - F L) -T 3R]

il 2 295-299°C

NMR(DMSO-d ) 6 : 3.28(3H, s), 3.39-3.62(4H, m), 4.52(2H, d, J=5.9Hz), 7.14-7.20
(2H, m), 7.35-7.39(2H, m), 8.24(1H, d, J=7.2Hz), 8.46(1H, (, J=5.2Hz), 10.32(1H, 1
, J=5.8Hz), 12.23(1H, d, J=5.8Hz).

A= 3-ERaF 3 -4-FF V-1 4-VeFa-Y -2 5-U ARV EE 54-T A A a-
ARUUNTIR) 2-[2-FaF i -aF )-7IN]

5 : 285 287C

NMR(DMSO-d) § : 3.44-3.61(4H, m), 4.53(2H, d, J=6.0Hz), 4.91(1H, s), 7.13-7.21
(2H, m), 7.35-7.40(2H, m), 8.24(1H, s), 8.53(1H, s), 10.34(1H, {, J=5.7Hz), 12.23(1
H, brs).

A-2g 3-eFaX T ~4-FF V-1 4-PeRua-Y 00 -2 5-CH AR 5-(4-7 3
= DNVTIR) 2-((F AT 22— A N AF L) -T IK]
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f3h - 297-300°C

NMR(DMSO-d)) 6 : 4.53(2H, d, J=5.6Hz), 4.75(211, d, J=5.8Hz), 6.96-6.99(1H, m),
7.06-7.07(1H, m), 7.14-7.21(2H, m), 7.35-7.44(3H, m), 8.24(1H, d, )=7.0Hz), 8.88
(1M, t, J=6.0Hz), 10.33(1H, t, J=5.7Hz), 12.32(1H, d, J=6.3H?z).

A-2h 3-EREF L —4-FAF V-1 4-VeRu-tYIr-2, 5- U VR VR B AT vt
-~ LT IR)

Fil A2 1 279-280°C

NMR(DMSO-d) & : 4.53(2H, d, J=5.6Hz), 4.57(2H, d, J=6.0Hz), 7.14-7.20(4H, m),
7.36-7.42(4H, m), 8.24(1H, d, J=7.1Hz), 8.85(1H, t, J=6.4Hz), 10.34(1H, t, J=5.91
z), 12.28(1H, ¢, J=7.0Hz).

A-2i 3-EREX T —4-AF V-] 4-PeRu-' Y0 -2 5-UH R R 5-(A-T A F -
RUPNTIR) 2{GAIF Y — - 1-A - )T IR]

NMR(DMSO-d)) § : 2.07-2.16(2H, m), 3.40(2H, q, J=6.6Hz), 4.26(2H, 1, J=1.1Hz),
4.53(2H, d, J=5.6Hy), 7.14-7.22(2H, ), 7.34-7.40(2H, ), 7.70-7.71(1H, w), 7.83
~7.84(1H, m), 9.18(1H, s), 10.34(1H, t, J=5.8Hz), 12.29(1H, brs), 14.74(1H, brs).
A-2j 3-EREF L —4-FF V-1, 4-CeRa-EV 0 -2,5-U R 2-3 raasFk
NT IR 5-(4-T A -~V TIR)

k1 290-293°C

NM R(DMSO-d ) § : 1.24-1.89(10H, m), 3.85-3.87(1H, m), 4.53(2H, d, J=5.6Hz), 7
.13-7.20(2H, m), 7.34-7.40(2H, m), 8.23-8.26(2H, m), 10.33(1H, t, J=5.6Hz), 12.2
4(1H, d, J=7.3H2).

A-2k 3-BEREFL 4%V 1,4 Pebn vYPL-2,5- LR ER 54T aAd e
U NTIR) 2-{3-(2-FF V- -1 —A )T ue V-7 IR

Fik A 248-252°C

NMR(DMSO-d) § : 1.72(2H, (, J=6.9Hz), 1.93(2H, g, J=7.5Hz), 2.22(2H, t, J=8.0H
z), 3.22(2H, t, J=6.9Hz), 3.30-3.37(4H, m), 4.53(2H, d, J=5.6Hz), 7.14-7.20(2H, m
), 7.35-7.40(2H, m), 8.23-8.25(1H, m), 8.49(1H, {, J=6.0Hz), 10.35(1H, t, J=5.8Hz)
, 12.23(1H, d, J=7.3Hz).

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
367 of 1915



WO 2006/030807 45 PCT/SJP2005/016904

A=21 3-ERTS L —4-A % V-1 4-VER YYD -2 5-U VIR R 54— VA
AR UNTRR) 2-(2-7 % - L)-T 3R]

il 1 279-282°C

NMR(DMSO-d ) & : 3.74-3.802H, m), 4.12-4.16(2H, d, J=5.5Hz), 4.50~4.53(2H, m
), 6.92-7.00(3H, m), 7.13-7.20(3H, m), 7.27-7.40(4H, m), 8.24(1H, s), 8.70(1H, s),
10.34(1H, t, J=5.6Hz), 12.24(1H, brs).

A=2m 3-ERTFS—4-4%V-1,4- PR I-EY -2 5- U FL R 2-{[2-(4-r 1
07 x =V T =T IR 5-{4-F A R D FTIR)

il 1 241-245C

NMR(DMSO-d) & : 2.86(2H, 1, J=7.1Hz), 3.61(2H, q, J=6.4Hz), 4.53(2H, d, J=5.6H

z), 7.14-7.20(2H, m), 7.27-7.40(6H, m), 8.23(1H, d, J=7.2Hz), 8.45(1H, t, ]=5.9Hz

), 10.34(1H, t, J=5.8Hz), 12.23(1H, d, J=7.0Hz).

A—2n 3-bRaF L —4-FF -1 4-TERu-v YL -2 5-C AR LB 2-[((S)-1-22
TAF LT )T IR] 5-(d-T A A E-r P T IR)

B A 262-264°C

NMR(DMSO-d) & : 0.92-1.77(10H, m), 3.90-3.97(1H, m), 4.53(2H, d, J=5.6Hz), 7.
13-7.21(2H, m), 7.35-7.40(2H, m), 8.17-8.25(2H, m), 10.33(1H, t, J=6.1Hz), 12.23

(1H, d, J=5.8Hz).

A=20 3-vRoX L—4-FF/-1,4-DeRo-v’ V002 5-CH VR LR 5-(4-7 Ao

=RV NTIR) 22AV =1 AN T IR

il s - 237-240°C

NMR(DMSO-»dG) 9 : 1.89-1.96(1H, m), 2.55-2.60(1H, m), 2.86-3.00(211, m), 4.53(2
H, d, J=5.6Hz), 5.55-5.58(1H, m), 7.14-7.40(8H, m), 8.27(1H, d, J=6.6Hz), 8.55(1

H, d, J=8.1Hz), 10.32(1H, t, J=5.8Hz), 12.35(1H, d, J=5.8Hz).

A-2p 3-EREF T —4-AFH V-1 - T Ra-EU -2 5- U A RUEE 2-[(2-2 s~
F-1-Zo - F)V)-TIR] 5-(4-T VA a—~_0 LT IR)

B 251-253°C

NMR(DMSO~-d) § : 1.48-1.59(4H, m), 1.94-1.95(4H, m), 2.14-2.19(2H, m), 3.42-3

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
368 of 1915



WO 2006/630807 46 PCT/3P2005/016904

49(2H, m), 2.91(3H, d, J=4.7THz), 4.53(2H, d, J=5.6Hz), 5.46(1H, s), 7.14-7.20(2H,
m), 7.35-7.40(2H, m), 8.24(1H, d, J=7.0Hz), 8.36(1H, d, J=5.6Hz), 10.35(1H, t, J=
5.6Hz), 12.23(1H, d, J=7.3Hz).

[o016] EhEFIA-3
HE14]

OMe OMe OH
3 Oy A\ COaMe F Oy o Fuz N
\©\,“ . NH — \O\,N o NH =2 O\,N o NH
o} e] o)
10 13 A-3

1) 16484510 (4.8g, 14mmol) 0AF /— L (60mD) MHBUT, IR F2HLEARBILY T
LIKTAHE (30mD) ZMZ . IR T 1.5RF IR 7ok, 2 EEMERRIEIZ 2D ET
o< VIR T, A7 LR A KGR, SERL TILAM13 (3.75g) &5 7-.

2) LA 4713 (200mg. 0.624mmol) D 7T AF 2 (4ml) IEHEIZ. 1.0M = BAKIEH
DR AZ L (3.1ml, 3. 10mmol) Z N X SR TIRFE 30 2R L i BUSHE |
SRR TICYEE | SMEEERR INZ 728 42, BRER /L CHRILL 7o, Shiiid AL, i
KFRERT NI A CHGLIE TR EE EL ., BEEAFHR =T V-5 /=1 D
BUHCTHEF L, LA BA-3% (ks (35me) L LTRETZ.

NMR(DMSO-d) § : 4.51(2H, d, J=5.7Hz), 7.12-7.19(2H, m), 7.33-7.39(2H, w), 8.1

7(1H, s).
[0017] AZEBILLFOE%rb a5,
[fk15]
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OH
R? NR? Y (0
A nir
o] R3
R': KBS EAFN
R?-X:
F- F\@
T o
R nzi®s
Y :>NH, >NMe, >NPh, >NBn, >0
R%
3 i 2 YT e ey
. _RSB _RGB i 7
yOURe "‘:.)LO % gsb *x.,/L\N’LRW ‘a‘\ N SN ' A7
RA-1 RA-2 A*3 R4 RS RA-6
7o 7l H7u R‘Ia
R AR H 3
O)§N S/gN N\N.N xR’ S/S/R?n
S=N ) N =N =N
RA7 RA-8 AAg AA-10 RA-11

R™, R™ :(1)7k 8 (QAF NV TF N (DT BEL ()Y T TE N (B)2-LRadks =
F o (D2 ARF =T L )7 ==/b (9L 10)FAFYY QD1 1-PAF e
FZ20 (12)0-AFAERER LA TIY (13) 4-7AFu~0P (14) 4-7 031
PEY % e N GV S g o = BN o i S
R™, R™:(1)7k# Q2F A B)TF A (@n-Fatn (G)1yFar s (B2-eka%xs T
FA(D2-ARH T =F )b (8)7 =)L (9)~2-PL (10)EAFYY (11)],1-CAF Lt
RZ22 (12)0-AF N eRuF I LTI (1384 2AF, Cl, Br, D (1)eRa%x (15)
TE'F N UOARF T ANB= ADANIRTEAN (18) 4-TNAF 2P0 (19) 4
“INVAAT 2N A XY QOA-TN A TR DR

[0018] XV EMAEIZIZLA FOILAHE LS T3,
(T, BT TIIATRRORMBIEE N, FI2E, "R, RP= (1, 27 13, R™3 (1) 7k
THY. R 5 (QAF N THBIEETRT D, )
[{k16]
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OH
| |
™ j\ N. S 4 (RS}
o
) Y=XNH
No rt | R®, R
RY~1 Re= .
1-1 o (13, (2), (3%, (4), (5, (B), (7). (8), (9. (10, (11), (12), (1), [CEVE 38
1.2 EPAE (15
2 |Rjr-2 & (15)
R, R™=
(1, 1), (1, 2), (1, 3), (1. 4). (1, 5), (1, 6), (1, ), (1. 8). (1, 9), (1, 10),
(1. 11), (1, 12) . (1, 13}, (1. 14). {1, 15}
(2.2), (2, 3). (2, 4). (2, 5), (2,8). (2.7, (2,8), (2, 9, (2,10), (2.17).
(2, 12), (2, 13), (2, 14), (2, 1)
1-3 |R*-3 @, A, (3, 1), (3, B), (3, 6), (3, 7), (3. 8), (1, 9), (3, 10). (3, 11), (3
12) , (3. 13). (3, 14). (3, 15)
(4, 4), (4, 3), (4, 6), (4, T), (4 8), (4, 9), (4. 10), (4, 11), (4, 12), (4,
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SO, SOZ and NH, or lower alkylene or lower alkenylene in which the hetero atom group may intervene; R is optionally substituted
aryl; R” is hydrogen, a halogen. hydroxy, optionally substituted lower alkyl eic; and R and Z part taken together forms a ring, to
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SPECIFICATION
Polyeyclic Carbamoylpyridone Derivative Having HIV Integrase Inhibitory Activity

{Technical Field]
[ooo01]

The present invention relates to novel compounds possessing an antiviral activity,
in detail polycyclic carbamoylpyridone derivatives possessing an inhibitory activity
against HIV integrase and a pharmaccutical composition containing the same,
especially an anti-HIV apent.

[Background Axt]
[oo02]

Among viruses, human immunodeficiency virus (HIV), a kind of retrovirus, is
known to cause acquired immunodeficiency syndrome (AIDS). The therapeutic agent
for AIDS is mainly selected from a group of reverse transcriptase inhibitors (e.g., AZT,
3TC) and protease inhibitors (e.g., Indinavir), but they are proved to be accompanied
by side effects such as nephropathy and the emergence of resistant viruses. Thus,
the development of anti-HIV agents having the other mechanism of action has been
desix'eq:?:

On the other hand,; a combination therapy is reported to be efficient in treatment
for AIDS because of the frequent emergence of the resistant mutant. Reverse
transeriptase inhibitors and protease inhibitors are clinically used as an anti-HIV
agent, however agents having the same mechanism of action often exhibit
cross-resistance or only an additional activity. Therefore, anti-HIV agents having the
other mechanism of action are desired.

Under the circumstances above, an HIV integrase inhibitor has been focused on as
an anti-HIV agent having a novel mechanism of action (Ref: Patent Documents 1 and
2) . As an anti-HIV agent having such a mechanism of action, known are
carbamoyl -substituted hydroxypyrimidinone derivative (Ref: Patent Documents 3 and
4) and carbamoyl-substituted hydroxypyrrolidione derivative (Ref: Patent Document
5). Further, a patent application concerning carbamoyl-substituted hydroxypyridone
derivative has been filed (Ref: Patent Document 6, BExample 8) .

Other known carbamoylpyridone derivatives include
5-alkoxypyridine-3-carboxamide derivatives and 7 'pyrone-3-carboxamide dervivatives,
which are a plant growtl inhibitor or herbicide (Ref! Patent Documents 7.

Other HIV integrase inhibitors include N-containing condensed cyclic compounds
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(Ref: Patent Document 10).
[Patent Document 1]W008/0166275
[Patent Document 2JW02004/024693
[Patent Document 3]W003/035076
[Patent Document 4JW003/036076
[Patent Document 51WQ2004/004667
[Patent Document 81JP Patent Application 2003-32772
[Patent Document 7JJP Patent Publication 1990-108668
[Patent Document 8]JP Patent Publication 1990-108683
[Patent Document 91JP Patent Publication 1990-96506
[Patent Document 10IW0Q2005/016927

[Disclosure of Invention]
[Problem to be Solved by the Invention]
0003}

The development of a novel integrase inhibitor has been desired.
{Means to Solve the Problem]
[0004]

The present inventors have intensively studied to find that a novel polyeyelic
carbamoylpyridone derivative possesses a potent. HIV integrase inhibitory activity.

Moreover, the present inventors have discovered that a compound of the present

invention and a pharmaceutical composition containing the same are useful as an
antiviral agent, an antiretroviral agent, an anti-HIV agent, an anti-HTLV-1 (Human
T cell loukemia virus type 1) agent, an anti-FIV (Feline immunodeficiency virus)
agent or an anti-SIV (Simian immunodeficiency virus) agent, especially an anti-HIV

agent or anti-AIDS agent, to accomplish the present invention shown below.

(DA compound of the formula:

OH (®)
S \ \Z‘i
R2 NR! IS N / "
\X/ e hes
| %
@] R
(wherein,
Z' is NR*;
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R4 is hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted cycloallkyl lower alkyl, optionally substituted lower
alkenyl, optionally substituted lower alkoxy, optionally substituted aryl, optionally
substituted aryl lower allyl, optionally substituted aryloxy, optionally substituted
heterocyclic group, optionally substituted heterocycle lower alkyl, optionally
substituted heterocycleoxy, hydroxy, optionally substituted amino, optionally
substituted phosphoric acid residue, aryl substituted with optionally substituted
phosphoric acid residue, aralkyl substituted with optionally substituted phosphoric
acid residue, hydroxy substituted with optionally substituted phosphoric acid residue,
amino substituted with optionally substituted phosphoric acid residue or lowex alkyl
substituted with optionally substituted phosphoric acid residue (the lower alkyl may
be intervened by a heteroatom group selected from CO, O, S, SO, SOz NR» (R# is
hydrogen or lower alkyl), -N= and =N-)), O or CHz;

Z2is optionally substituted lower alkylene or optionally substituted lower
alkenylene, each may be intervened by a heteroatom group selected from O, S, SO,
50z, NR”A(RG is hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted eycloalkyl lower alkyl, optionally substituted lowey
alkenyl, optionally substituted lower alkoxy, optionally substituted aryl, optionally
substituted aryl lower alkyl, optionally substituted aryloxy, optional]y.substituted
heterocyclic group, optionally substituted heterocycle lower alkyl, optionally
substituted heterocycleoxy, hydroxy or optionally substituted amino, optionally
substituted phosphoric acid residue, aryl substituted with optionally substituted
phosphoric acid residue, aralkyl substituted with optionally substituted phosphovric
acid residue, hydroxy substituted with optionally substituted phosphoric acid residue,
amino substituted with optionally substituted phosphoric acid residue or lower alkyl
substituted with optionally substituted phosphoric acid residue (the lower alkyl may
be intervened by a heterocatom group selected from CO, O, §, SO, SOz NRs (RS is
selected independently from the same substituent group as R1), -N= and =N-)), -N= or
=N-

R! is hydrogen or lower alkyl

X is a single band, a heteroatom group selected from O, 8, SO, SOz and NH, or
lower alkylene ox lower alkenylene each may be intervened by the heteroatomy

R? is optionally substituted aryl;

R3 is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally

substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
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lowex allkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyelic group, optionally

substituted heterocycleoxy or optionally substituted amino;

R4 and Z2 part taken together forms a ring, where the compound () is represented

by the following formula (I-1), or (I-11):

(wherein,

A ring is optionally substituted heterocycle;

R!¢ and RX are independently hydrogen, optionally substituted lower alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkyl lower alkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy, optionally
substituted lower alkenyloxy, optionally substituted aryl, optionally substituted aryl
lower alkyl, optionally substituted aryloxy, optionally substituted hetexocyelic group,
optionally substituted heterocycle lower allkyl, optionally substituted hetexocycleoxy,
optionally substituted phosphoric acid residue, aryl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted with optionally substituted phosphoric
acid residue, amino substituted with optionally substituted phosphoric acid residue ox
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, 8, SO, SO» NRf (RS is
selected independently from the same substituent group as R4, -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted lowexr alkyl carbonyl, optionally
substituted cycloallsylearbonyl, optionally substituted cycloalkyl lower alkyl carbonyl,
optionally substituted lower alkoxy carbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lower alkyl carbonyl, optionally substituted
aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy ecarbonyl ox

optionally substituted aminocarbonyl;
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a broken line represents the presence or absence of a bond, provided that when the
broken line represonts the presence of a bond, RX is not present;

R! is hydrogen or lower allkyl

X is a single bond, a heteroatom group selected from O, 8, 80, SOzand NI, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R? is optionally substituted aryl;

R3is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, opticnally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally

substituted heterocycleoxy or optionally substituted amino)

OH O
HZ\X/NH’ S ,N———@ (1-11)
7o R3

(whevein,

D ring is optionally substituted heterocycle;

R1!is hydrogen or lower alkyli

X is a single bond, a heteroatom group selected from O, S, SO, SOz and NI, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

2 is optionally substituted aryl;

R3 is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally subgtituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted avyloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy or optionally substituted amino)), its pharmaceutically

acceptable salt, or solvate thereof,

(2) A compound according to the above (1), pharmaceutically acceptable salt, or

solvate thereof, wherein R! is hydrogen.

(3) A compound according to the above (1), pharmaceutically acceptable salt, or

[
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solvate thereof, wherein X is lower allkylene; R is phenyl or pheny] substituted with

at least halogen.

(4) A compound according to the above (1), pharmaceutically acceptable salt, ox
solvate thereof, wherein R3is hydrogen, halogen, hydroxy, lower alkyl, lower alkenyl,

lower alkoxy, lower alkkenyloxy or optionally substituted amino.

(6) A compound aceording o the above (1), pharmaceutically aceceptable salt, ox

solvate thereof, wherein R9 is hydrogen.

(6) A compound according to the above (1), pharmaceutically acceptable salt, ox
solvate thercof, wherein R! is hydrogen or lower alkyl; X is lower alkylene; R2is
phenyl or phenyl substituted with at least halogen; R%is hydrogen, halogen, hydroxy,
lower alkyl, lower alkenyl, lower alkoxy, lower allkenyloxy or optionally substituted

amino.

(7) A compound of the formula:

o) R R4 Rx

(wherein,

A ring is optionally substituted heterocyclo;

Rit and RX are independently hydrogen, optionally substituted lower alkyl,
optionally substituted cycloallyl, optionally substituted cycloalkyl lower alkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy, optionally
substituted lower alkenyloxy, optionally substituted aryl, optionally substituted aryl
lowey alkyl, optionally substitt.\ted aryloxy, optionally substituted heterocyclic group,
optionaily substituted heterocycle lower alkyl, optionally substituted heterocycleoxy,
optionally substituted phosphoric acid residue, aryl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted with optionally substituted phosphoric

acid residue, amino substituted with optionally substituted phosphoric acid residue ox
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lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
allkyl may be intervened by a heteroatom group selected from O, 8, SO, SOz, NR5 (RS is
selected independently from the same substituent group as R4), -N= and =N-), hydroxy,
optionally subgtituted amino, optionally substituted lower alkyl carbonyl, optionally
substituted cycloalkylearbonyl, optionally substituted eycloalky! lower alkyl carbonyl,
optionally substituted lower alkoxy carbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lowexr alkyl carbonyl, optionally substituted
aryloxycarbonyl, optionaily substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl or
optionally substituted an;inocarbonyl:
a broken line represents the presence ox absence of a bond, provided that when the

broken line represents the presence of a bond, RXis not present:

Rt is hydrogen ox lower alkyl;

X is a single bond, a heteroatom group selected from O, 8, SO, SOzand N, or
lower alkylene or lower alkenylene each may be intervened by the heterocatom group;

R? is optionally substituted aryl

R? is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted -
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted avyl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy or optionally substituted amino), itls pharmacveutically

acceptable salt, o1 solvate thereof

(8) A compound according to the above (7), pharmaceutically acceptable salt, or
solvate thereof, wherein R! is hydrogen or lower alkyl; X is lower alkylene; R2is
phenyl or phenyl substituted with at leas;: halogen; R3is hydrogen, halogen, hydroxy,
lower alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy ox optionally substituted

amino,

(8) A compound according to the above (7), pharmaceutically acceptable salt, or

solvate thereof, wherein & broken line represents the absence of a bond.

(10) A compound according to the above (7), pharmaceutically acceptable salt, or

solvate thereof, wherein RX is hydrogen; Ri4is hydrogen or oplionally substituted

loweyx alkyl,
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(1) A compound according to the above (7), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is an optionally substituted and optionally condensed

5 to 7- membered heteroeyecle containing 1 to 2 hetero atom(s).

(12) A compound of the formula:

OH e}
Q
/\ \ m
- A
(R)m \/H\/NR' = N A (1-1-1)
c]> }LS R4 R¥

(wherein,

Aring is an optionally substituted and optionally condensed 5- to 7- membered
heterocycle containing 1 to 2 hetero atom(s);

the stereochemistry of an asymmetric carbon represented by * shows R- or S-
configuration, or a mixture thereof

R and R¥ are independently hydrogen, optionally substituted lowey alkyl,
optionally substituted cycloalkyl, optionally substituted cycloalkyl lower alkyl,
optionally substituted lower alkenyl, optionally substituted lower alkoxy, optionally
substituted lowexr alkenyloxy, optionally substituted aryl, optionally substituted aryl
lower alkyl, optionally substituted aryloxy, optionally substituted heterocyclic group,
optionally substituted heterocycle lower alkyl, optionally substituted heterocycleoxy,
opticnally substituted phosphoric acid residue, aryl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted
phosphoric acid residue, hydroxy substituted wlith optionally substituted phosphoxic
acid residue, amino substituted with optionally substituted phosphoric acid residue ox
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, S, 8O, SOz, NR5 (R5 is
selected independently from the same substituent group as R1), -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted lower alkyl carbonyl, optionally
substituted cycloalkylcarbonyl, optionally substituted cycloalkyl lower alkyl carbonyl,
optionally substituted lower alkoxy carbonyl, optionally substituted arylcarbonyl,

optionally substituted ary!l lower alkyl carbonyl, optionaily substituted
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aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl or
optionally substituted aminocarbonyl;

R3 is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy ox optionally substituted amino), its pharmaceutically
acceptable salt, or

Rtis hydrogen or lower alkyl:

R is independently selected from halogen and Substituent group S1;

Substituent group S1( optionally substituted phosphoric acid residue, aryl
substituted with optionally substituted phosphoric acid residue, aralkyl substituted
with optionally substituted phosphoric acid residue, hydroxy substituted with
optionally substituted phosphoric acid residue, amino substituted with optionally
substituted phosphoric acid residue, or lower alkyl substituted with optlionally
substituted phosphoric acid residue (wherein the lower alkyl may be intervened with
a heteroatom group(s) selected from CO, O, O, 8§, SO, SOz, NR» (R# is hydrogen or
lower alkyl), -N= and =N-), lower alkoxy lower alkyl, amino lower alkyl optionally
substituted with mono- or di- lower alkyl, halogenatcd lower alkyl, lower alkoxy,
carbamoyl optionally substituted with mono- or di- lower alkyl, optionally substituted

lower alkyl sulfonyl amino, halogenated lower alkoxy, hydrosy lower allkyl)
m is an integer of O to 3, its pharmaceutically acceptable salt, or solvate thereof.

(13) A compound according to the above (12), pharmaceutically acceptable salt, or
solvate thereof, wherein R¥ and R!" are independently hydrogen or optionally

" substituted lower.

(14) A compound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof, wherein R¥and R4 are hydrogens.

(15) A compound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof, wherein R3is hydrogen.

D
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(18) A compound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof, wherein m is 0, ox 1 to 8 and at least one of R is halogen.

(17) A compound according to the above (7) ox (12), pharmaceutically acceptable salt,

or solvate thereof, wherein A ring is any one of the following:

1 ZDRm R27 e R R34
22 Q28
;\NK _F‘(qgg f‘\N R ;\‘N R3S
/’ /k il SR

NSl BN o T~z R0 /«k 37

L¢al. e R25 Ree 571 ii Z R

Rde R

Z=0or NR* Z = O or NR? Z =0 or NRT?
A-1) (A-2) (A-3)

(wherein, R20 to R0 are each independently a group selected from Substituent group
S2, or any two groups of R?? to R4, which bonds to the same carbon atomn, taken
together with the carbon atom, may form an optionally substituted carbocyle ox
optionally substituted heterocycle, or each combination of (R20 and R22), (R2% and R24),
(R25 and R26), (R27and R29), (R¥ and R, (R92 and R31), (R35 and R36), (R37 and R38),
and (R3¥andR"9), taken together with the neighboring atom, may form an optionally

substituted carboeyle or optionally substituted heterocycle.

Substituent group S2: hydrogen, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted cycloalkyl lower allkyl, optionally
substituted lowexr alkenyl, optionally substituted lower allkkoxy, optionally substituted
lower allsenyloxy, optionally substituted aryl, optionally substituted aryl lower alkyl,
optionally substituted aryloxy, optionally substituted heteroeycle, optionally
substituted heterocycle lower alkyl, optionally substituted heterocycleoxy, hydroxy,
optionally substituted amino, optionally substituted lower alkylcarbonyl, optionally
substituted cycloalkylearbonyl, optionally substituted cycloalkyl lower alkylearbonyl,
optionally substituted lower alkoxycarbonyl, optionally substituted arylearbonyl,
optionally substituted aryl lower alkylcarbonyl, optionally substituted aryl
oxycarbonyl, optionally substiiuted heterocyclecarbonyl, optionally substituted

heterocyele lower alkylearbonyl, optionally substituted heteroeycleoxycarbonyl,

10
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optionally substituted aminocarbonyl, optionally substituted phosphoric acid residue,
aryl substituted with optionally substituted phosphoric acid residue, aralkyl
substituted with optionally substituted phosphoric acid residue, hydroxy substituted
with optionally substituted phosphoric acid residue, amino substituted with
optionully substituted phosphoric acid residue, or lower alkyl substituted with
optionally substituted phosphoric acid residue (the lower alkyl may be intervened
with a heteroatom group(s) selected from CO, O, S, SO, SOz, NR& (R is independently

selected from the same Substituent group as R4, -N= and =N-)

the stereochemistry of an asymmetric carbon represented by * shows R+ ox S+

configuration, or a mixture theveof)

(18) A compound according to the above (17), pharmaceutically nceeptable salt, or
solvate thereof, wherein R20 to R4¢ axe each independently hydrogen or substituted
lower alkyl, or any two groups of R20 to R40, which bonds to the same carbon atom,
taken together with the carbon atom, may form an optionally substituted 8- to 7-
membered carbocyle or optionally substituted 3- to 7- membered heterocycle, or each
combination of (R20 and R2%, (R and R2Y, (R26 and R26), (R*7 and R*9), (R and R31),
(R32 and R34, (R95 and R36), (R37 and R, and (R3%andR10), taken together with the
neighboring atom, may form an optionally substituted 5- to 7- membered carbocyle or

optionally substituted 5- to 7- membered heterocycle.

(19) A compound according to the above (17), pharmaceutically acceptable salt, or
o

solvate thereof, wherein A ring is a ring represented by (A-1); one of R¥ to R is

optionally substituted lower alkyl and the others are hydrogens.

(20) A compound according to the above (17), pharmaceutically acceptable salt, or
solvdte thercof, wherein A ring is a ring represented by (A-1); one of (JR?0 and R?2), (R23
and R29), and (R and R29), taken together with the neighboring atom, may form an
optionally substituted 5- to 7- membered carbocyle or optionally substituted 5- to 7-

membered heterocycle.
(21) A compound according to the above (17), phaymaceutically acceptable salt, or

solvate thercof, wherein A ring is a ring represented by (A-1); Z=NR26, and R25 and R26

taken together with the neighboring atom may form an optionally substituted - to 7-

Lok
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membered heterocycle.

(22) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-2); onc of R%7 to R30ig
optionally substituted lower alkyl and the others are hydrogens.

(23) A compound according to the above (17), pharmaceutically acceptable salt, o
solvate thereof, wherein A ring is a ring represented by (A-2); one of (R%7and R2%) and
(R30 and R¥Y), taken together with the neighboring atom, may form an optionally
substituted 5- to 7- membered carbocyle or optionally substituted 5- to 7- membered

heterocycle.

(24) A compound according to the above (17), pharmaceutically acceptable salt, ox
solvate thereof, wherein A ring is a ring represented by (A-2); Z=NRS!, and R80 and R3!
taken together with the neighboring atom may form an optionally substituted 5- to 7-

membered heterocycle.

(25) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-3); one of R¥2 to R is

optionally substituted lower alkyl and the othexrs are hydrogens.

(26) A compound according to the above (17), pharmaceutically acceptable salt, ov
solvate thereof, wherein A ring is a ring represented by (A-3); one of
(R32andR?),(R#5andR#9),(R37andR3%8),and (R3%andR?), taken together with the
neighboring atom, may form an optionally substituted 5- to 7- membered carbocyle or

optionally substituted 5- to 7- membered heterocycle.

(27) A compound according to the above (17), pharmaceutically accoptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-3); Z=NR10, and R8° and R0
taken together with the neighboring atom may form an optionally substituted 5- to 7-

membered heterocyele.
(28) A compound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof. wherein R¥is hydrogen; R!4is hydrogen or optionally substituted

loweri R¥is hydrogen; m is 1 to 3 and at least one of Rs is halogen; A ving is a ring

2
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described in Claim 17.

(29) A compound according to the above (12), pharmaceutically acceptable salt, ox
solvate thereof, wherein RX is hydrogen; R is hydrogen; R® is hydrogen; m is 0, or 1
to 3 and at least one of Rs is halogeni A ring is a ring described in Claim 17; R?0 to R
are =ach independently hydrogen or substituted lower alkyl, or any two groups of R20
to R19, which bonds to the same carbon atom, talken together with the carbon atom,
may form an optionally substituted 3- to 7- membered carboceyle or optionally
substituted 3- to 7- membered heterocycle, or each combination of (R20 and R22), (R23
and R24), (R¥ and R29), (R27 and R29), (R% and R3Y), (R¥2 and R34), (R36 and R38), (R37
and R#8), and (R"andR19), taken together with the neighboring carbon atom, may
form an optionally substituted 5- to 7- membered carbocyle or optionally substituted

5- Lo 7- membered heterocycle.

(30) A compound of the formulas

H?-\X/NH\I-(YN

g (1-11)
o) R

OH o]
3
(wherein,

D ring is optionally substituted heterocycle;

Rtis hydrogen ox lower alkyl;

X is a single bond, a heteroatom group selected from O, S, 50, 8§02 and NH, ox
lower alkylene ox lower alkenylene each may be intervened by the heteroatom group:

R2 is optionally substituted aryl;

R31is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally
substituted heterocycleoxy or optionally substituted amino), pharmaceutically

acceptable salt, or solvate thereof

13
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(31) A compound selected from the group consisting of:
(8E,11a8)-NI1(2,4-Difluorophenymethyl]-6-hydroxy-3-methyl-5,7-dioxo-2,3,5,7,11,11a

‘hexahydroll,8]Joxazolo(3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(4al2,18a5)- M [(2,4-Difluorophenylmethyll- 10-hydroxy-9,11-diox0-2,8,42,5,9,11,13,13a

-octahydyo 1A pyridel1,2-alpyrrolol1,2"13,4)imidazol1,2- dlpyrazine-8-carboxamide;

(3a& 1328 NV [(2,4-DifluorophenyDmethyl]-8-hydroxy-7,9-dioxe-1,2,8,8a,4,5,7,9,13,18a

-decahydropyrido{1',214,5]pyrazinoll,2-alpyrrololl,2-cpyrimidine- 10-carboxamide;

(4a5,18a/)-M[(2,4-Difluoropheny)methyl]l-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a

-octahydro-1 & pyridoll,2-alpyrrolof1’,248,4limidazo(1,2- dipyrazine-8-carboxamide;

(42.513a.8)- NV [(4-Fluoropheny)methyl)- 10-hydroxy-9,11-dioxo-2,3,42,5,9,11,13, 13a-cct

ahydro-1/pyridoll,2-alpyrrolo[1,2"8,4limidazol(1,2-dlpyrazine 8-carboxamide;

(38, 11a B)- M[(2,4-DiflnorophenyDmethyl]l-6-hydroxy-5,7-dioxo-3-(phenylmethyl)-2,8,5,

7,11,11a-hexahydroll,3Joxazolo(3,2-alpyvrido(1,2- dlpyrazine-8-carboxamide;

(32.5,132.9) - M- [(4-FluorophenyYmethyll-8-hydroxy-7,9-dioxo-1,2,8,3a,4,5,7,9,13,13a-de

cahydropyridoll’,2":4,5]pyrazinoll,2-alpyrrololl,2-dpyrimidine-10-carboxamide;
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(35,1122 M(2,4-DifluorophenyDmethyl]-6-hydroxy-3-{(1.5)-l-methylpropyl]-5,7-dioxo

-2,8,5,7,11,11a-hexahydrol1,3loxazolo[8,2-alpyrido(1,2- dlpyrazine-8-carboxamide;

(35,1128 /M [(2,4-Difluorophenylmethyl}-6-hydroxy-3-methyl-5,7-diox0-2,3,56,7,11,11a

‘hexahydro[1,8loxazolol8,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(35 11272 - N-{{4-FluorophenyDmethyli-6-hydroxy-8-methyl-5,7-dioxo-2,3,5,7,11,11a - he

xahydro(1,3]oxazolo[8,2 alpyridoll,2-dlpyruzine-8-carboxamide;

(35, 11a9)-N-[{2,4-DifluorophenylDmethyll-3-(1, 1-dimethylethyD-6-hydroxy-5,7-dioxo-2

,3,5,7,11,11a-hexahydrol1,3loxazolo[8,2- alpyrido{1,2-dlpyrazine-8-carboxamide;

(3.5,11a/)-3-(1,1-DimethylethyD)- M-[(4-fluorophenylmethyl]-6-hydroxy-5,7-dioxo-2,3,5,

7,11,11a-hexahydroll,3Joxazolo[8,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(85,110 N1(2,4-DifluorophenyDmethyll-6-hydroxy-5,7-dioxo-3-phenyl-2,3,5,7,11,11a

-hexahydro[l,3loxazolo{3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(35 11aR)-N-[(2,4-Difluorepheny)methyll-6-hydroxy-3-(thydroxymethyD-5,7-dioxo-2,8,

5,7,11,11a-hexahydroll,8Joxazolo[8,2-alpyrido[1,2-dlpyrazine-§-carboxamide;

(28,37 N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-methyl-5,7-dioxo-2-phenyl-2,3,5,7

,11,13a-hexahydro{1,3Joxazolol3,2-alpyridoll,2-dlpyrazine-8-carboxamide;
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(38,1128 MV[(2,4-Difluorophenylmethyll-6-hydroxy-5,7-dioxo-3-(phenylmethyl)-2,3,5,

7,11,13n-hexahydro(l,8loxazolo[8,2 alpyridol1,2-dpyrazine-8-carboxamide;

(812,112.9-N-[(2,4-Difluorophenylmethyl] -6-hydroxy-3-(2-methylpropyl)-5,7-dioxo-2, 3,

5,7,11,11a-hexahydro{1,8)oxazolo[8,2-alpyrido[1,2- dlpyrazine-8-carboxamide;

(6a.l, 1421t M[(2,4-DifluorophenyDmethyl}-11-hydroxy-10,12-dioxo-1,2,3,4,5a,6,10,12,

14,14a-decahydropyridoll,2-alpyrido(1’,2':3,4)imidazol1,2 - dlpyrazine-9-carboxamide;

(2.5,3.5- N-{(2,4-Difluorop henyl) methyll-6- hydroxy-3- [(methyloxy)methyll-5,7-dioxo-2-p

henyl-2,3,5,7,11,11a-hexahydro{1,8loxazolof8,2- alpyridol1,2- dlpyrazine-8-carboxamicte

(3.5, 11a72)-3-(Cyclohexylmethyl)- M[(2,4-diflnorophenyl)methyl]l-6-hydroxy-5,7-dioxo- 2,

3,5,7,11,11a-hexahydroll,3]loxazolol3,2-2lpyridol1,2- dlpyrazine-8-carboxamide;

(85, 11am)- NV [(2,4-Difluorophenyl)methyll-6-hydroxy-3-(1-methylethyl)-5,7-dioxo-2,3, 5,

7,11,11a-hexahydro{l,8]loxazolo(8,2-alpyridol1,2- dlpyrazine-8-carboxamide;
(bak, 1425)- M[(2,4-Difluorophenylmethyll-12-hydroxy- 11,13 dioxo-54,6a,7,11,13,14a-
hexahydro-5H'indenol1',2"4,51[1,3]loxazolo{3,2- alpyridoll,2-dlpyrazine-10-carboxamid

e

16
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(2.5,3.7,1128)-N-[(2,4-Difluorophenylmethyll-6-hydroxy-6,7-dioxo-2,3-diphenyl-2,8,5,7,

11,11a-hexahydro(l,3)oxazolo[3,2- alpyrido[l,2-dlpyrazine-8-carboxamide;

(25,38 1i0) - N [(2,4-difluorophenyDmethyl]-6-hydroxy-6,7-dioxo-2,3-diphenyl-2,3,5,7,

11,11la-hexahydroll,3loxazolol[3,2-alpyride(1,2-dlpyrazine-8-carboxamide;

(87,1125 -N-[(2,4-DiflucrophenyDmethyl]-6-hydroxy-3-(1-methylethyl)-5,7-dioxo-2,3,5,

7,11,11a-hexahydroll,3loxazolel3,2  alpyrido(1,2-dlpyrazine-8-carboxamide:

(3.5, 11a)- M [(2,4-Difluorophenyl)methyl]-6-hydroxy-8-[2-(methylthiolethylil-5,7-dioxo-

2,3,5,7,11,11a-hexahydrol1,3loxazolo[8,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(85,1120 M{(2,4-Diftnorophenymethyll-6-hydroxy-3-[2-(methylsulfonyDethyl]l-5,7-di

ox0-2,53,5,7,11,11a-hexahydro[l,3]oxazolo(3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(3.5,11a - MN1(2,4-Difluorvop heny)mothyll-6-hydroxy-3-(1 & indol-3-ylmethy)-5,7-dioxo

-2,3,5,7,11,11a-hexahydroll,8loxazclo(8,2- alpyridell,2-dlpyrazine-8-carboxamide;
(4.R,12a 10 N- [(4-ﬂuorophényl) methyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diox

0-1,2,8,4,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazinol1,2- alpyrimidine-9-carbozamid

e;

157
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(4R 12a F)- V- [(4-FluorophenyDmethyl]-7-hydroxy-4: methyl-1-(i-methylethyl) -6,8-ciox
0-1,2,3,4,6,8,12,12a-octahydropyridoll',2:4, 8] pyrazinell,2- alpyrimidine-9-carboxamid

e}

(1.8,122.8)- M[(2,4-DifluorophenyDmethyll-7-hydroxy-4-methyl-1-(2-methylp ropyl)-6,8-
diox0-1,2,3,4,6,8,12,12a-octahydropyride(1',2'14,5]pyrazinoll,2-alpyrimidine-9-carboxa

mide;

(4.5 122.8)-1-(Cycloprepylmethy)-V-{(2,4-difluorophenyl) methyl]-7-hydroxy-d-me thyl-G
,8-diox0-1,2,3,4,6,8,12,12a-octahydropyridol[1',2":14,5]pyrazino(1,2- alpyrimidine-9-carbo

xamide;

(4.5,12a.9- MV [(2,4-Difluorophenyldmethyll-1-(2-furanylmethyl)-7-hydroxy-4-methyl-6,8
-diox0-1,2,3,4,6,8,12,12a-cctahydropyrido[1',2":4, 5lpyrazinocll,2-«lpyrimidine-9-carbox

amide;

(4.5,122.9- M [(2,4-Diflucrophenylmethyll-7-hydroxy-4-methyl-8,8-dioxo-1-(1,8- thiazol-
2-ylmethyD)-1,2,3,4,6,8,12,12a-0ctahydropyrido[1',2':4,5]pyrazinol1,2-alpyrimidine-9-c

arboxamide;
(482,622, 142,59 N [(2,4-DifluorophenyDmethyll-12-hydroxy-11,13-dioxo-1,3,4,4a,5,6a,
7,11,18,14a-decahydro-2H-pyridoll',2":4, 5] pyrazinoll,2- al[3, 1]benzoxazine- 10-caxrboxa

mide;

18
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(40.f2,60 8,148 N-[(4-FluorophenyDmethyll-12-hydroxy-11,18-dioxo" 1,8,4,4a,5,6a,7,11

,18,14a-decahydro-2 A pyrido[1',2"4,56]pyrazino(1,2-2][3,1]benzoxazine- 10-carboxamide

(35 4a R 6aR,14a0.5) - N-[(2,4-Difluorophenyl)methyll-12-hydroxy-11,13 dioxo-3-phenyl-1
,8,4,4a,5,6a,7,11,13,14a-decahydro-2 & pyrido[1',2'14,5lpyrazinoll,2-2)13, 1}benzoxazine

-10-carboxamide;

(4a8,6a8,14a8)-N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-6-(2-methylpropyl)-11,13-d
ioxe-1,2,3,4,4a,5,6,6a,7, 11,13,14a'clodecahydropyrido[l',2'i4,B]pyrazino[1.2’:1]quinazoli

ne-10-carboxamide;

(6aRR,7a8,11a8)-N-[(2,4-Difluorophenyl)methyli-1-hydroxy-2,13-dioxo-2,6a,7,72,8,9,10,

11,11a,13-decahydro-6H-pyrido{1',2"14,6]pyrazinoll,2-albenzimidazole-3-carboxamide;

(6a8,7a5,11a8)-N-[(2,4-DifluorophenyDmethyll-1-hydroxy-2,13-diox0-2,64,7,74,8,9,10,

11,11a,13-decahydro-8H-pyrido[1',2':4,8]pyrazino[1,2-albenzimidazole-3-carboxamide;

(5a8,14a8)-N-{(2,4-Difluorophenyl)methyll-11-hydroxy-10,12-dioxo-1,2,3,4,52,6,10,12,

14,14a-decahydropyridol1,2-alpyridol1',2:3,4)imidazo[1,2-d)pyrazine-9-carboxamide;
(4aR,14aR)-N-[(2,4-Difluorophenyllmethyll-9-hydroxy-8,10-dioxo-2,3,4,4a,5,6,8,10,14,

19
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lda-decahydro-1H-pyrido[1,2-clpyrido[1',2"14,5}pyrazino{1,2-a)pyrimidine- 11-carboxam

ide;

(4./2,122.52)- V[(2,4-Difluorophenyl)methyl]l-7-hydroxy-4-methyl-1-(8-methylbutyl)-6,8-d
iox0-1,2,8,4,6,8,12,12a-octahydropyrido{1',2"4,6]pyrazino(1,2- alpyrimidine-9-carboxa

mide;

(45,1229 -N[(2,4-DifluorophenyDmethyl]-7-hydroxy-4-methyl-1-(1-methylethy)-6,8-di
0x0-1,2,3,4,6,8,12,12a-octahydropyrido(1',2"14,6]pyrazinol[l,2- alpyrimidine-9-carboxam

ide;

(45,1225 M[(2,4-Difluorophenyl)methyll-7-hydroxy-4-methyl-1-(3-methylbutyl)-6,8-q
i0x0-1,2,3,4,6,8,12,12a-octahydropyridol1',2"1,5lpyrazino(1,2-alpyrimidine-9-carboxa
mide;

(4.5,122.9- N-{(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-6,8-dioxo-1-{(8-pyridinyl
methyD-1,2,3,4,8,8,12,12a-octahydropyridol1’,24,5]lpyrazino[1,2- alpyrimidine-9-carbo

xamide;

(4.5,12a8)-1-Cyclopropyl-N-[(2,4-diflvorophenyDmethyil-7-hydroxy-4-methyl-6,8-dioxo-

1,2,3,4,6,8,12,12a-octahydropyrido[1’,2":4, 8] pyrazinol1,2- alpyrimidine- 9-carboxamide;

(4,5,122.9)- N-[(2,4-Difluoropheny)methyl}-7-hydroxy-4-methyl-1-[2-(methyloxy)ethyll-

20
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6,8-diox0-1,2,8,4,6,8,12,12a-octahydropyrido{1',2"4,5]pyrazino(1,2- alpyrimidine-9-carb

oxamide;

(3a8,5a8,138a8)-N-{(2,4-Difluorophenylmethyll-11-hydroxy-5-(2-methylpropyl)-10,12-d
ioxo-2,3,32,4,6,6a,6,10,12,18a-decahydro- 1 cyclopentalelpyridoll',2'4,5]pyrazino(1,2

-alpyrimidine-9-carboxamide;

(812, 112.9)- N [(2,4-Difluorophenyl)methyl]-8-ethyl-6-hydroxy-5,7-dioxo-2,8,6,7,11,11a*h

exahydroll,3Joxazolo(3,2-a)pyrido(1,2-dlpyrazine-8-carboxamide;

(428,648, 14aS)-N-[(2,4-Difluoropheny)methyll-12-hydroxy-6-(2-(4-moxpholinyDethyll-
11,13-dioxo0-1,2,3,4,42,5,6,6a,7,11,13, 14a-cdodecahydropyride[1',2:4,6]pyrazinol[l,2-alq

uinazoline-10-carboxamide;

(3aR,5aR, 18a8)-N-[(2,4-Diftuorophenyl)methyl]- 11-hydroxy-10,12-dioxo-1,2,3,3a,4,5a,
6,10,12,18a-decahydrocyciopentald]pyrido[1',2:4,6]pyrazino[2,1-b1[1,8}oxazine 9-carbo

xamide;

(428,608, 14a8)-N-[(2,4-Difluorophenyl) methyll-12-hydroxy-6-methyl-11,18-diox0"1,2,3
,4,4a,5,8,6a,7,11,13,14a-dodecahydropyridol1',2':4, 5)pyrazinoll,2-alquinazoline:10-car

boxamide;

(4a8,6a8,14a8)-N-[(2,4-Difluorophenymethyll-12-hydroxy-6-[2-(methyloxy)ethyl}- 11,

21
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13-dioxo-1,2,3,4,42,5,6,6a,7,11,13,14a-dodecahydropyridol1’,2"14, 5] pyrazinol1,2-alquin

azoline-10-carboxamide;

(408,648,14a8)-6-{2- (Acetylamino)ethyl]-N-[(2,4-dilluvrophenyl) methyl]-12-hydroxy-1
1,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13, l4a-dodecahydropyride(1',2":4,5]pyrazinol1,2-alqui

nazoline-10-carboxamide;

(88,1121 - MV{(2,4-Difluoropheny) methyll-3 ‘ethyl'6-hydroxy-5,7-diox0-2,3,5,7,11,11a-h

exahydroll,8loxazolo(3,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(35,11a%)-3-Butyl- V(2,4 -difluorophenyl)methyl]-6 ‘hydroxy-5,7-diox0-2,3,5,7,11,l1la-h

exahydro(1,3]Joxazolo[3,2-2)pyrido[1,2-dlpyrazine-8-carboxamide;

(85,1125 M [(2,4-Difluorophenyymethyl]-6- hydroxy-3-[(4-hydroxyphenyD)methyl)-5,7-

diox0-2,3,5,7,11,11a-hexahydroll,3loxazolo[3,2- alpyridol1,2-dlpyrazine-8-carboxamide

(48,12a8)-1-Cyclobutyl-N-{(2,4-difluorophenyDmethyli-7-hydroxy-4-methyl-6,8-dioxo-" 1

12,3,4,6,8,12,12a-octahydropyrido{1’,2:4, 6] pyrazino{1,2-a)pyrimidine-9-carboxamide;

(4.5,12a.5)" M-[(2,4-DifluorophenyDmethyll- 7-hydroxy-d-methyl-6,8-dioxo- 1+ (tetrahydro-
2H thiopyran-4-y1)-1,2,3,4,6,8,12, 12a-octahydropyridof1’,2"4,5]pyrazinoll,2- alpyrimid

ine-9-carboxamide;
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(4:8,12a.8) N [(2,4-Difluorophenyl)methyll-7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo

-1,2,3,4,6,8,12,12a-octahydropyridof{1',2:4,5]pyrazino(1,2- alpyrimidine-9-carboxamide;

(428,648, 14a8)-N-[(2,4-Difluoropheny)methyll-12-hydroxy-6-(2-hydroxyethyl}-11,13-d
ioxo-1,2,8,4,4a,5,6,6a,7,11,13, 14a-dodecahydropyrido[1',24,6]pyrazinoll,2-alguinazoli

ne-10-carboxamidei

(428,648, 14a8)-6-Cyclopropyl-N-[(2,4-difluorophenylymethyl}-12-hydroxy-11,13-dioxo-
1,2,3,4,4a,5,6,6a,7,11,13, 14a-dodecahydropyrido(1',2:4,5]pyrazinol[1,2-alquinazoline- 1

O-carboxamide;

(408,6a5,1428)-N-{(2,4-Difluorophenyl)methyll- 12-hydroxy- 11,13 dioxo-6-[2-(1-pyrroli
dinyDethyll-1,2,3,4,4a,5,6,6a,7,11,13, 14a-dodecahydropyrido[1',2::4,5]pyrazinae[1,2-alq

uinazoline-10-carboxamide;

(428,14a8)-N-{(2,4-Difluorophenyl) methyl]l-9-hydroxy-8,1.0-dioxe-2,8,4,44,5,6,8,10,14,1
4a-decahydro-1H-pyridol1,2-clpyridol1',2':4,56]pyrazinoll,2-alpyrimidine-11-carboxami

de:

(48,12a98)-N-[(4-Fluorophenyl)methyl)-7-hydroxy-4-methyl-1-[2-(methyloxy)ethyl]-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazino[l,2-alpyrimidine-9-carboxa

mide;
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(48,12a8)-1-Cyclobutyl:N-[(4-fluorop henyDmethyll-7-hydroxy-4-methyl-6,8-dioxo-1,2,8

,4,6,8,12,12a-octahydropyridoe[1',2"4,6]pyrazinoll, 2-a]pyrimidine-9-carboxamidej

{48,1228)-N-[(4-Fluorophenyl) methyl}-7-hydroxy-4-methyl-1-(2-me thylpropyl)-6,8-diox
0-1,2,3,4,6,8,12,12a octahydropyridol1',2"4,5]pyrazinol1,2-alpyrimidine-9-carboxamid

e;

(48,1228)-N-[(4-FluorophenyDmethyll-7-hydroxy-1,4-dimethyl-6,8-dioxo-1,2,3,4,6,8,12

, 1Za‘octahydropyrido[1',2'14,5]p}’1‘azi110[1,2‘a]pyrimidine'.‘}ca.rboxamid e;

(48,1.2a.8)- V- [(4-Fluorop henyDmethyl}-7-hydroxy -4 -methyl-G,8 - dioxo-1- (tetrahydro-2.H
‘thiopyran-4-y1)-1,2,8,4,6,8,12, 12a-cctahydropyridol1',2:4,58]pyrazinoll,2- 2l py rimidine

-9-carboxamide;

(45,12a.8)- M [(2,4-DifluorophenylDmethyl)-7-hydroxy-1,4-dimethyl 6,8-diox0-1,2,3,4,6,8

,12,12a-octahydropyrido[1',2:4,8]pyrazinol1,2-2lpyrimidine-9-carboxamide;

(45,1229 N [(4-Fluorophenyl) methyl]-7-hydroxy-4-methyl-1-(1-methylethyl)-6,8-dioxo

-1,2,8,4,6,8,12,12a-octahydvopyrido{1',2’4,8]pyrazino[1,2- alpyrimidine-9-carboxamide;

(45,1228 M [(4-Fluorophenymethyl)-7-hydroxy- 1,4-bis(2-methylpropyl)-6,8-dioxo-1,2

.8,4,6,8,12,12a-octahydropyrido[1',2"4,5lpyrazino(1,2-alpyrimidine-9-carboxamide;
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enantiomers thereofi diastereomers thereofi mixtures of enantiomers thexeof;
mixtures of diastereomers thereof mixtures of enantiomers and diastereomers

thereof; and pharmaceutically acceptable salts thereof.
(32) A compound selected from the group consisting of!
(44,8 18a/0)- V-[(2,4-Diflucrophenyl)methyll-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13=a

-octahydro: 1A pyridol1,2-alpyirolo[1,2:8,4)imidazo[1,2- dlpyrazine-8-carboxamide;

(4a.8,13a ) N[{4-FluorophenyDmethyll-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-oct

ahydro-1 A pyridol1,2-alpyrrolo(1',2":3,4limidazol1,2- dlpyrazine-8-carboxamide;

(35,11aR)-M[(2,4-Difluorophenyl) methyl]-6-hydroxy-3-[(1.8)- 1-methylpropyl}-5,7-dioxo

-2,3,5,7,11,11a-hexahydroll,8Joxazolo[3,2- alpyxido[1,2-dipyrazine-8-carboxamide;

(3.5, 112 8)-NV-[(2,4-Difluorophenymethyl]-6-hydroxy-3-methyl-5,7-diox0-2,8,5,7,11,11a

-hexahydroll,3loxazolol3,2-alpyridell,2- dlpyrazine-8-carboxamide;

(3.8 11aR): M-[(4-Tluorophenyl) methyll-8-hydroxy-3-methyl-5,7-diox0-2,3,6,7,11,11a-he

xahydro[1,3Joxazolol3,2-alpyridoll,2-dlpyrazine-8-carboxamide;

(4.512a.8) M[(2,4-Diflucrophenyl) methyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-

dioxo-1,2,3,4,6,8,12,12a-0ctahydropyrido[1',2':4,5]pyrazino[1,2-alpyrimidine-9-carboxa
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mide;

(4.5,12a8)-1-(Cyclopropylmethyl)- M [(2,4-difluorophenyl)methyl] -7- hydroxy-4-methyl-6
,8-diox0°1,2,3,4,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazinol1,2- alpyrimidine-9-carbo

xamide;
(1aR,6al2, 1429 N[(2,4-Difluorophenyl) methyl]-12-hydroxy-11,13-dioxo-1,3,4,4a,5,6a,

7,11,18,14a-decahydro-2 A pyrido[1',2"14,6]pyrazino(1,2- 2] (3, 1]benzoxazine-10-carboxa

mide;

(4a2,62.R,14a5)- N[(4-Fluorophenyl)methyl]-12-hydroxy-11,13-dioxo-1,3,4,4a,5,6a,7,11
,18,14a-decahydro-2 Hpyrido(1’,2"4,5)pyrazinol1,2-al[3,1]benzoxazine- 10-carboxamide
4S,9aR)-5-Hydroxy-4-methyl-6,10-diox0-3,4,6,9,9a,10-hexahydro-2H- l-oxa-4da,

8a-diaza-anthracene-7-carboxylic acid 2,4,-difluoro-benylamide;

4R,9a8):5-Hydroxy-4-methyl-6,10-dioxo-8,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 2,4, -diflnoro-benylamide;

2R,9a8)-5-Hydroxy-2-methyl-6,10-diox0-8,4,6,9,9a, 10-hexahydro-2H-1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 4-fluoro-benylamide;
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enantiomers theveofi diasteveomers thercofi mixtures of enantiomers thereofi
mixtures of diastercomers thereofi mixtures of enantiomers and diasterevmers

thereof; and pharmaceutically acceptable salts thereof.

(33) A compound accoxding to the above (31) or (32) wherein the pharmaceutically

acceptable salt is a sodium salt.

(34) A pharmaceutical composition comprising a compound according to any one

of the above (1) to (83), or a pharmaceutically acceptable salt, or solvate thereof.

(85) A pharmaceutical composition according to the above (34), which is an

anti-HIV agent.

(88) A process for the preparation of a compound of formula (I-20a)

(I-20a)

wherein Re is one or two halogen; R+ is Ciaalkyl, CeusarylCrsalkyl, Ceuaryl, or

alkoxy: and P! is Co-1arylCrsalkyll

comprising condensing a compound of the formula

P~ o
(8]
N x-N
R® M
O CHO

wherein Re is one or two halogen: R8® is Cisalleyl; and P! is Ce-raarylCiraalkyls

27
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with a compound of the formula

wherein R#is Cisalkyl, CosarylCrsalkyl, Ceraaryl, ox alkoxy:

to form a compound of formula (I-20a).

{387 A precess for the preparation of a compound of formula (I-20b)

(1-20b)

whorein Re¢ is one or two halogeni R* is Cisalkyl, CeuiarylCisalkyl, Ceo-taaryl, ox

alltoxys and P is Cg-raarylCrsalkyl;

comprising condensing a compound of the formula

1
P\O
N 2 -N
R® 7 b
[¢] CHO

wherein Re is one or two halogen; R90 is Ci.galkyl; and Pt is CsqarylCisalkyl;

with a compound of the formula

wherein R is Cisalkyl, Co warylCraalkyl, Cersaryl, or alkoxy;

to form a compound of formula (I-20b).

28
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(38) A process for the preparation of a compound of formula (I-21a)
1
P\O o
N o\)\/‘LN H
a° NWJ\/N\/;\J?:’
H
o (1-21a)

wherein R¢ is one or two halogen; and P!is CeyarylCrsalkyl;

comprising condensing a campound of the formula

e} CHO

wherein Re is one or two halogen; R50 is Casalkyli and P! is CoiuarylCrsalkyls

with a compound of the formula

'

NH,

to form a compound of formula (I-21a).

(39) A process for the preparation of a compound of formula (I-21b)
1
F‘\O o

N g

H :
@\/N AN N\/l\b
R o .
S (1-21b)

wherein Re is one or two halogen; and P! is Co-1uarylCrsalkyls
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comprising condensing a compound of the formula

wherein Re is one ox two halogen; R is Cisalkyli and P! is CemarylCisalkyl;

with a compound of the formula

to form a compound of formula (I-21b).

(40) A process for the preparation of a compound of formula (I-22a)

1
P\o o
” Oxpx N7
RS N . ,N\//{\N/% H
H
O a

wherein Re is one or two halogen; and P! is CyrqarylCrsalkyli

-22a)
comprising condensing a compound of the formula
1
P\o o
DS
=4 N N
R { h
o] CHO

wherein RR¢ is one or two halogeni R50 is Craalkyl; and P! is Co-ruarylGrsallkyls

with a compound of the formula
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ol

NH,

to form a compound of formula (I-22a).

(41) A process for the preparation of a compound of formula (I-22b)

P'\Q &
= Oxpxy I\N
o@\/n A N\/E\/BH
R 1 H N

wherein Re is one or two halogen; and Pt is Cy-raarylCrsalkyls

(1-22b)

comprising condensing a compound of the formula

1
P\O o
N S
A® i h

CHO

wherein Re is one or two halogen; R50 is Ciaalkyli and Pt is CyaaarylCrsalkyls

with a compound of the formula

NH,

to form a compound of formula (I-22b).

(42) A process for the preparation of a compound of formula (I-23a)
P\ 5
A OVJ\\’)LN H
e “jg%/Nvé\Nb
H
© (1-23a)

wherein Re is one or two halogen; and Pt is Co-uaarylCrsalkyl;
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comprising condensing a compound of the formula

P'\O o
RSN L S50

o] CHO

wherein R is one or two halogen; R is Crsalkyl; and P! is Co taarylCi-sallkyls

with a compound of the formula

O,

H

.

NH,

2

to form a compound of formula (I-23a).

(43) A process for the preparation of a compound of formula (I-23b)

Pl

(CLI. (o}

. .
S
H@vﬁwor’\v“\/b”@

(T-238b)

wherein R is one or two halogen; and P! is CousarylCrsalkyl;

comprising condensing a compound of the formula

wherein Re is one or two halogen; R%0 is Cirsalkyl;

with a compound of the formula
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e

NH,
to form a compound of formula (1-28b).

(44)

A process for the preparation of a compound of formula (I-24a)

q
P\O o

BZ

) H i N-ﬁ
:.-\< \/Nj “\/N\);\N

3 o H I'q:‘i

(I-24.8)

wherein Re is one or two halogen; R« is Cisalkyl; R#! is hydrogen, Cagcycloallyl, ,
heterocycle, or Crealkyl optionally substituted with hydroxy, Ca-scyeloalkyl, alkoxy,
hetefocycle, heteroaryl, Co waryl, or amino, wherein said amino may be optionally

substituted with ~C(O)Crsalkyl or Cisalkyl; and P! is CpraarylCirsalkyl;

comprising condensing a compound of the formula

o] o]
LK Sy
S A~ NS = -N
P i )

o CHO

wherein Re is one or two halogen; and R8¢ is Crgalkyli and Plis CeaarylCraalkyl;

with a compound of the formula
RZ

wherein R* is Crsalkyli R# is hydyogem, Cawscycloalkyl, , heterocycle, ox Crsalkyl

optionally substituted with hydroxy, Cuascycloalkyl, alkoxy, heterocycle, heteroavyl,

Ceadaryl, or amino, wherein said amino may be optionally substituted with
—C(O)Ci-sallkyl or Cisalkyl;
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to form a compound of the formula (I-21a).

(45) A process for the preparation of a compound of formula (I-24Db)
1
P\? o g
@\/H ) \I)LN/k/]
e N x N\/}\
R ' H N:v
© Y -24b)

wherein Re is one or two halogeni R* is Cisalkyl; R#! is hydrogen, Ciscyeloalkyl, ,
heterocycle, or Crsalkyl optionally substituted with hydroxy, Ca-soycloalkyl, alkoxy,
heterceycle, heteroaryl, Csasaryl, or amino, wherein said amino may be optionally

substituted with —C{O)Cy-salkyl ox Craalkyl; and P! is Cs-14arylCrealkyl;

comprising condensing a compound of the formula

wherein Re is one or two halogen; R0 is Craalkyli and P! is Ce-uarylCrealkyl;

with a compound of the formula

wherein R« is Crsalkyli and R is hydrogen, Ciscycloalkyl, , heterocycle, or Ci-salkyl
optionally substituted with hydroxy, Cuscscycloalkyl, alkoxy, heterocycle, heteroaryl,
Csasaryl, or amino, wherein said amino may be optionally substituied with )

~C(O)Cr-salkyl or Cr-salkyl;

to form a compound of tho formula (I-24b).
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(46) A process for the preparation of a racemic compound of formula (I-26)
1
P\o o
3 N N\/}i\’}l,
i
s T o)

wherein R® is one or two halogen; R#! is hydrogen, Cascycloalleyl, , heterocycle, or
Cigalkyl optionally substituted with hydroxy, Cusseycloalkyl, alkoxy, heterocycle,
heteroaryl, Ceitaryl, or amino, wherein said amino may be optionally substituted

with —C(Q)Ci-salkyl ox Cir-salkyli and P! is is CoraarylCrsalkyls

comprising condensing a compound of the formula

:
P~o o
N NN
TN
o} CHO

wherein Re is one or two halogen: and R50 is Cy-salkyl; and P! is Co-1aarylCisalkyl;

with a racemic compound of the formula

wherein R#! is hydrogen, Csseycloallyl, , heterocycle, or Cisalky! optionally
substituted with hydroxy, Ca-ceycloalkyl, alkoxy, heterocycle, heteroaryl, Ce marvyl, or
amino, wherein said amino may be optionally substituted with —C(O)C-sallkyl or

Crsallkyl;
to form a racemic compound of the formula (I-26).

47 A process for the preparation of a racemic compound of formula (1-26)
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o 0
DI
R® Nj N~ l}l
o HHz\
(1-26)

wherein Re is one or two halogen; R#l is hydrogen, Csgcycloalkyl, , heterocyele, or
Ci-salkyl optionally substituted with hydroxy, Ca-seycloalkyl, alkoxy, heterocycle,
hetercaryl, Ce-rtaaryl, or amino, wherein said amino may be optionally substituted
with —C(O)Cr-salky! or Crsalleyl; and P! is Co-14arylCisalkyl;

comprising condensing a compound of the formula

1

(o}

F’\O
= @ S 0
Hg\zm\/n\lolj\)/\ﬁo’q

CHO

wherein Re is one or two halogeni R50 is Ciaalkyli and Pt is Co-arylCrsalkyl;

with a racemic compound of the formula

wherein R#! is hydrogen, Cyscycloalkyl, , heterocycle, or Cisalkyl optionally
substituted with hydioxy, Csseycloalkyl, alkoxy, heteroeycle, heteroaryl, Ce-tearyl, or
amino, wherein said amino may be optionally substituted with —C{O)Csalkyl or

Cusalleyls
to form a racemic compound of formula (I-26).

(48) A process for the prepavation of a racemic compound of formula I-27)
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1

2N \Nvﬁ

a-27)

wherein Re is halogeni and P! is Co-aarylCisalkyls

comprising condensing a compound of the formula

Pngoﬁm
CHO

wherein Re is one or two halogen; R60 is Cisalkyli and P! is Cg-ruarylCrsalkyls

with a racemic compound of the formula

to form a racemic compound of formula (I-27).

(49). A compound of formula (I-20a) described in

described
described
described
described
described

described

in above (37),

in above (39), formula (I-22a) described

in above (41), formula (I-28a) described

in above (43), formula (I-24a) described

in above (45),

in

above

“n,

or

pharmaceutically acceptable salt thereof.

formula (I-21a) described in

in
in

in

above
above
above
above

above

PCT/US2006/016604

(86). forinula (I-20D)
(38), formuta (I-21h)
(40), formula {(1-22L)
(42), formula (I-23h)
(44), formula (I-24hb)

formula (I-25) described in above (46), formula (I-26)

formula (I-27) described in above (48), or a

(50) A compound of formula (I-20a) described in above (36). formula (I-20b)

described in above (87), formula (I-21a) described in above (38), formula (J-21b)
described in above (39), formula (I-22a) described in above (40), formula (I-22b)
described in above (41), formula (I-23a) described in above (42), formula (I-23b)
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described in above (43), formula (I-24da) described in above (d44), formula (1-24b)
described in above (46), formula (I-25) described in above (46), formula (I-26)
described in above (47), or formula (I-27) described in above (48), or a

pharmaceutically acceptable salt thereof, wherein each P! is hydrogen.

The present invention further provides a pharmaceutical composition containing
any of the compounds shown above, a pharmaceutically acceptable salt oy a solvate
thereof, especially an anti-HIV agent.

(Bffect of the Invention]
{0005]

The present invention compounds possess an integrase inhibitory activity and/or
a cell'growth inhibitory activity against virus, especially HIV. Accordingly, they are
useful for the prevention or treatment of various diseases mediated by integrase or
virus infection diseases (e.g., AIDS). The present invention further provides a
process for preparing a diastereomer, a mixture thereof, or racemate.
[Preferred Embodiment of the Invention]
{00061

The terms used hevein are explained below. Bach tevm, alone or in combination
with another tem, means as follows. '

“Lower alkylene” means a straight or branched C1 to C8 alkylene such as
methylene, ethylene, trimethylene, n-propylene, tetramethylone, ethylethylene,
pentamethylene, or hexamethylene, preferably Cl to C4 straight alkylene such as.
methylene, ethylene, trimmethylene, and tetramethylene, more preferably methylene or
ethylene.

“Lower alkenylene” means a straight or branched C2 to C6 alkenylene, which
consists of the above “Lowexr alkylene” having one or more double bonds, such as
vinylene, propylene, ox butenylene, preferably a straight C2 to C3 alkenylene such as
vinylene or propylenc.

“Liower alkyl” means a straight ox branched C1 to C10 alkyl such as methyl, ethyl,
n-propyl, 1'propyl, t-butyl, isobutyl, see-butyl, n-pentyl, and n-hexyl, and preferred is
C1 to C3 alkyl, more preferred is methyl, ethyl or n-propyl, n-pentyl, isopentyl,
nzopentyl, tert-pentyl, n-hexyl, isohexyl, n-heptyl, n-octyl, n-nonyl, and n-desyl,
preferably C1 to C8 lower alkyl, more preferably C1 to C4 lower alkyl such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, isopentyl,

neopentyl, tert-pentyl, n-hexyl, and ischexyl.
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When lower alkyl is intervened with "-N=" or “=N-", the lower alkyl may have a
double bond to form “CIHs-N=CHz, -CH=N-CHSy etc.

“Alkenyl” means a straight or branched C2 to C8 alkenyl, which consists of the
above “alkyl” having one or more double bonds, such as vinyl, 1-propenyl, 2-propenyl,
1-butenyl, 2-butenyl, 3-butenyl, 1,3-butadienyl, and 3-methyl-2-butenyl, preferably
C2 to C6 alkenyl, and more preferably C2 to C4 alkenyl.

“Lower alkenyloxy” means oxy attached to the above lower alkenyl, such as
vinyloxy, l-propenyloxy, 2-propenyloxy, 1-butenyloxy, 2-butenyloxy, B3-butenyloxy,
1,3-butadienyloxy, and 3-methyl-2-butenyloxy.

“Qyecloalkyl” means C3 to C8 cyclic saturated hydrocarbon, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclopentyl, and cyclooctyl, preferably C3 to C6
cycloalkyl.

"Cycloalkyl lower alkyl” means lower alkyl substituted with the above cycloalkyl,
such as cyclopropylmethyl, cyclopropylethyl, cyclobutylmethyl, cyclopentylmethyl,
cyclohexylmethyl, and cyclohexylethyl, and preferably C3 to C8 cycloalkyl lower alkyl.

“Aryl” means monocyclic aromatic hydrocarben (e.g., phenyl) and polyeyclic
hydrocarbon {e.g., 1l-naphthyl,2- naphthyl, l-anthryl, 2-anthryl, 9-anthryl,
1-phenanthryl, 2-phenanthryl, 3-phenanthryl, 4-phenanthxryl, 9-phenanthryl),
preferably phenyl or naphthyl (e.g., 1I-napthyl, 2-naphthyl).

“Aralkyl” or “aryl lower alkyl” moeans the above lower alkyl substituted with 1 to 3
of the above aryl, such as benazyl, diphenylmethyl, triphenylmethyl, phenethyl, 1-
napthylmethyl, 2 napthylmethyl, preferably benzyl.

“Aryloxy” means oxy attached to the above aryl, such as I1-naphthyloxy,
2-naphthyloxy, I-anthryloxy, 2-anthryloxy, 9-anthyryloxy, 1-phenanthryloxy,
2-phenanthryloxy, 3-phenanthryloxy, 4-phenanthryloxy, and 9-phenanthryloxy,
preferably phenyloxy or naphthyloxy (e.g., 1- napthyloxy, 2-naphthyloxy).

“Heterocyclic group” means “heteroring” or “hetevoaryl”.

“Heteroring” means a non-aromatic ring which has at least one of N, O and/or S in
the ring and may be bonded at any substitutable position, preferably 5- to
7-membered ring, such as l-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 1-pyrrolidinyl,
2-pyrrolidinyl, 3-pyrrolidinyl, 1-imidazolyl, 2-imidazolyl, 4-imidazolyl,

1-imidazolidinyl, 2-imidazolidinyl, 4-imidazolidinyl, 1-pyrazolinyl, 3-pyrazolinyl,
4-pyrazolinyl, 1-pyrazolidinyl, 3-pyrazolidinyl, 4-pyrazolidinyl, piperidino,
2-piperidyl, 3-piperidyl, 4-piperidyl, 1-pipevadinyl, 2-piperadinyl, 2-morpholinyl,

3-morpholinyl, morpholino, and tetrahydropyranyl. The non-aromatic ring is a
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saturated or unsaturated ring.

“Heteroaryl” means monoeyelic aromatic hetero-type ring or condensed aromatic
hetero-type ring.

“Monocyclic aromatic hetero-type ring” means a 5- to 8- membered aromatic ring,
which contains 1 to 4 of O, S, P and/ or N and may be bonded at any substitutable
position.

“Condensed aromatic hetero-type ring” means a group wherein an aromatic ring
containing 1 to 4 of O, S, P and/ or N is condensed with 1 to 4 of 5- to 8- membered
avomatic ring{s) or the other 5- to 8-membered aromatic heteroring(s).

Examples of “heteroaryl” include furyl (e.g., 2-furyl, 3-furyl), thienyl (e.g.,
2-thienyl, 3-thienyl), pyrrolyl {e.g., l-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl), imidazolyl (c.g.,
I'imidazolyl, 2-imidazolyl, 4-imidazolyl), pyrazolyl (e.g., l-pyrazolyl, 3-pyrazolyl,
4 pyrazolyl), triazolyl {e.g., 1,2,4-triazole-1-yl, 1,2,4-triazole-3-yl, 1,2,4-triazole-4-y1),
tetrazolyl (e.g., Il-tetrazolyl, 2-tetrazolyl, 6-tetrazolyl), oxazolyl (e.g., 2-oxazolyl,
4-oxazolyl, b-oxazolyl), isoxazolyl (e.g., 3-isoxazolyl, 4-isoxazolyl, S5-isoxazoly)),
thiazolyl {e.g., 2-thiazolyl, d-thiazolyl, 5-thiazolyl), thiadiazolyl, isothiazolyl (e.g.,
3-isothiazolyl, 4-isothiazolyl, 5-isothiazolyl), pyridille.g., 2-pyridil, 8-pyridil, 4-pyridil),
pyridazinyl (e.g., 3-pyridazinyl, 4-pyridazinyl), pyrimidinyl (e.g., 2-pyrimidinyl,
cL'pyrimid-inyl, 5-pyrimidinyl), furazanyl (e.g., 8-furazanyl), pyrazinyl f(e.g.,
2-pyrazinyl), oxadiazolyl (e.g., 1,3,4-oxadiazole-2-yD), benzofuryl {e.g., 2-benzolblfuryl,
3-benzolblfuryl, 4-benzolblfuryl, 5-benzolblfuryl, 6-beunzolblfuryl, 7-benzolblturyl),
benzothienylle.g., 2-benzolbithienyl, 3-benzolblthienyl, 4-benzolblthieny],
5-benzo[blthienyl, 6-benzolblthienyl, 7-benzolblthienyl), benzoimidazolyl (e.g.,
l-benzoimidazolyl, 2-benzoimidazolyl,  4-benzoimidazolyl, 5-benzoimidazolyl),
dibenzofuryl, benzooxazolyl, quinoxalinyl (e.g.,, 2-quinoxalinyl, B5-quinoxalinyl,
8:quinoxalinyl), cinnolinyl (e.g., 3-cinnolinyl, 4-cinnolinyl, 5-cinnolinyl, 6-cinnolinyl,
7-cinnolinyl, 8-cinnolinyl), quinazolinyl (e.g., 2-quinazolinyl, 4-quinazolinyl,
S-quinazolinyl, 6-quinazolinyl, 7-quinazolinyl, 8-quinazolinyl), quinolylle.g.,
2-quinolyl, 3-quinolyl, 4-quinolyl, G6-quinolyl, &-quinolyl, 7-quinolyl, 8-quinolyl),
phthalazinyl (e.g., 1-phthalazinyl, 5-phthalazinyl, 6-phthalazinyl), isoquinalyl (e.g.,
1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, 5-isoquinolyl, 6-isoquinolyl, 7-isoquinolyl,
8-isoquinelyl), purinyl, pteridinyl f{e.g., 2-pteridinyl, 4-pteridinyl, 6-pteridinyl,
7-pteridinyl), carbazolyl, phenanthridinyl], acridinyl (e.g., 1-acridinyl, 2-acridinyl,
3-acridinyl, 4-acridinyl, 9- acridinyD, indolyl (e.g., 1-indolyl, 2-indolyl, S-indoly;l,
4-indolyl, 5-indolyl, 6-indolyl, 7-indolyl), isoindolyl, phenandinyl (e.g., 1- phenandinyl,
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2+ phenandinyl) or phenothiadinyl (e.g., 1- phenothiadinyl, 2-phenothiadinyl,
3-phenothiadinyl, 4-phenothiadinyl).

“Heterocycle” means a cycle which can be lead to the above heterocyclic group.

“Yeterocyelic group lower alkyl” or "Heteroeycle lower alkyl” means lower alkyl
substituted with the above heterocyclic group.

“Heterocyclic group oxy” or "Heterocycle oxy” means an oxy attached to the above
heterocyclic group.

“Heterocyclic group carbonyl” or “Heterocyelecarbonyl” means a carbonyl attached
to the above heterocyclic group

“Lower alkoxy” or “alkoxy” means an oxy attached to the above lower alkyl, such
as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isocbutoxy, tert-butoxy.

"Lower alkylcarbonyl’, “cycloalkylecarbonyl”, "cycloalkyl lower alkylcarbonyl”,
“lower alkoxycarbonyl”, “arylecarbonyl”, “aryl lower alkylcarbonyl”, “aryloxycarbonyl”,
“heterocyclecarbonyl”, "heterocycle lower alkylecarbonyl”, and “hoterocycle
oxycarbonyl”, each means a carbonyl attached to the above "lower
alkyl”, “cycloalkyl”, “cycloalkyl lower alkyl”, "lower alkoxy”, "aryl”, "aryl lower
alkyl”, “aryloxy”, "helerocycle”, "heterocycle lower alkyl”, and “heterocycleoxy”,
respectively.

[oo07]

When a substituent(s) is/are present on “optionally substituted lower
alkyl”, "optionally substituted cycloallkyl”, "optionally substituted cycloalkyl lower
alkyl”, “optionally substituted lower alkenyl”, “optionally substituted lower
alkoxy”, “optionally substituted aryl”’, “optionally substituted aryl lower
alkyl”, “optionally substituted aryloxy”, ’optionally substituted arvyloxy Jlower
alkyl”, “optiomally substituted heterocyle, “optionally substituted heterocyclic
group”, ’optionally substituted heterocyele lower alkyl”, "optionally substituted
heterocycleoxy”, "optionally substituted lower alkenyloxy”, “optionally substituted
lower alkylcarbonyl”, optionally substituted cycloalkylcarbonyl”, “optionally
substituted cycloalleyl lower  alkylearbonyl”, “optionally substituted lower
alkoxycarbonyl”, "optionally substituted arylcarbonyl”, "optionally substituted aryl
lower alkylcarbonyl”, "optionally substituted aryloxycarbonyl”, optionally substituted
heterocyclecarbonyl”, "optionally substituted heterocycle lower
alkylcarbonyl”, “optionally substituted heterocycleoxycarbonyl”, "optionally
substituted lowexr alkylene”, “optionally substituted lower alkenylene”, “optionally

substituted phosphoric acid residue”, “optionally substituted carbocycle” or "optionally
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substituted heterocycle”, each may be substituted with the same or (Iif["erent; 1to 4
group(s) selected from Substituent group B &t any position.

Examples of Substituent group B include hydroxy, earboxy, halogen (F,ClBxD),
halo lower alkyl (e.g., CFs,CH2CF;, CH2CCl), halo lower alkoxy {e.g., OCFy, OCH:2CFz,
OCH:2CCly), lower alkyl {e.g., methyl, chtyl, isopropyl, tert-butyl), lower alkenyl (e.g.,
vinyl), lower alkynyl (e.g., ethynyD), cycloalkyl (e.g., cyclopropyl), cycloaikenyl (e.g.,
cyclopropenyl), lower alkoxy (ec.g., methoxy, ethoxy; propoxy, butoxy), lower alkenyloxy
(e.g., vinyloxy, allyloxy), lower alkoxycarbonyl (e.g., methoxycarbonyl, ethoxyvcarbonyl,
tert-butoxycarbonyl), nitro, nitroso, optionally substituted amino (e.g., alkylamino
(e.g., methylamino, ethylamino, dimethylamino), acylamino (e.g., acetylamino,
benzoylamino), aralkylamino (e.g., benzylamino, trithylainine), hydroxyamino), azido,
aryl (e.g., phenyl), aralkyl (e.g., benzyl), cyana, isocyano, isocyanate, thiocyanate,
isothiocyanate, mevcapt, alkylthio <{e.g., methylthio), alkylsulfonyl (e.g.,
methansulfonyl, ethansulfonyl), optionally substituted alkylsulfonylamino {e.g.,
methanesulfonylamino, ethansulfonylamino, N-methylsulfonyl-N'-methylamino),
optionally substituted carbamoyl (e.g., alkylcarbamoyl (e.g., methylcarbamoyl,
ethylcarbamoyl, dimethylcarbamoyl)), sulfamoyl, acyl (e.g., formyl, aceiyl), formyloxy,
haloformyl, oxal, thioformyl, thiocarboxy, dithiocarboxy, thiocarbamoyl, sulfino, sulfo,
sulfoamino, hydrazino, azido, wureido, amizino, quanidino, phthalimide, oxo,
phosphoric acid residue, lower alkyl which is substituted with a phosphoric acid
residue and may be intervened with a heteroatom group(s), aryl substituted with a
phosphoric acid residue, avalkyl substituted with a phosphoric acid residue,
hydroxyl lower alkyl, preferably hydroxy, carboxy, halogen(F,CLBx,1), halo lower alkyl
(e.g., CFs,CH:CTy, CH2CCls), halo lower alkoxy (e:g., OCF3, OCH:2CFa, OCH=CCly),
lower alkyl (e.g., methyl, ethyl, isopropyl, tert-buiyl), lower alkoxy (e.g., methoxy,
ethoxy, propoxy, butoxy), optionally substituted amino (e.g., alkylamino (e.g.,
methylamino, ethylamino, dimethylamino), oxo, or phosphoric acid residue.

Lxamples of a substituent of “optionally substituted amino” or "optionally
substituted carbamoyl” include mono- or di- lower alkyl, lower alkylcarbonyl, lower
alkylsulfonyl, optionally substituted lower alkyl (e.g., methyl, cthyl, isopropyl, benzyl,
carbamoylalkyl (e.g., carbamoylmethyl), monc- ov di- lower alkylcarbawmoyl lower
alkyl (e.g.. dimethylecarbamoylethyl), hydroxyl lower alkyl, heterocycle lowexr alkyl
(e.g.. merpholinoethyl, tetrahydropyranylethyl), alkoxycarbonyl lower alkyl (e.g.,
ethoxycarbonylmethyl, ethoxycarbonylethyl), mono- or di- lower alkylamino lower

alkyl (e.g., dimethylaminoethyl)), lower alkoxy lower alkyl (e.g., methoxyethyl,
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ethoxymethyl, ethoxyethyl, isopropoxyethyl), acyl (e.g., formyl, optionally substituted
fower alkylcarbonyl (e.g., acetyl, propionyl, butylyl, isobutylyl, valeryl, isovaleryl,
pivaroyl, hexanoyl, octanoyl, methoxyethylcarbonyl, 2,2,2-trifluoroethylcarbonyl,
ethoxycarbonylmethylcarbonyl), lowex alkoxy lower alkylcarbonyl (e.g.,
methoxyethylcarbonyl), lowoer alkylcarbamoyl lower alkylcarbonyl (e.g.,
methylcarbamoylehtylcarbonyl), alkoxycarbonylacetyl), optionally substituted
arylecarbonyl (e.g., benzoyl, toloyl), optionally substituted arallkyl (e.g., benzyl,
4-fluorobenzyl), hydroxy, optionally substituted lower allylsulfonyl (e.g.,
methanesulfonyl, ethanesulfonyl, isopropylsulfonyl, 2,2,2-trifluoroethanesulfonyl,
benzylsulfonyl, methoxyethylsulfonyl), Ilowex alllcyl, or arylsulfonyl optionally
substituted with halogen (e.g., benzenesulfonyl, toluenesulfonyl,
4-fluorobenzenesulfonyl, flucrobenzencsulfonyl), cycloalkyl (e.g., cyclopropyl), axyl
optionally substituted with lower alkyl (e.g., phenyl, trithyl), lower
alkylaminosulfonyl (e.g., methylaminosulfonyl, dimethylaminosulfonyl), lower
alkylaminocarbonyl (e.g., dimethylaminocarbonyl), lower alkoxycarbonyl (e.g.,
ethoxycarbonyl), cycloalkylcarbonyl (e.g., cyclopropylcarbonyl, cyclohexylearbonyl),
optionally substituted sulfamoyl (e.g., sulfamoyl, methylsulfamoyl,
dimethylsulfamoyl), lower alkylearbonylamino (e.g., methylcarbonylamino),
heteroeycle (e.g., morpholino, tetrahydropyranyl), optionally substituted amino (e.g.,
mono- or di-alkylamino (e.g., dimethylamino), formylamino).

As to amino of “optionally substituted amino”, "optionally substituted carbamoyl”,
or "optionally substituted carbamoylcarbonyl”, two substituents on the amino
together with the neighboring N atom may form an N-containing hetervaycle which
optionally contains S and/or O in the ving (preferably 5- to 7- membered ring or
saturated ring) and is optionally substituted with oxo or hydroxy. The optional S
atom in the ring may be substituted with oxo. The N-containing heterocycle is
preferably a 5- or 6-membered ring such as piperadinyl, piperidino, morpholine,

pyrrolidine, Z-oxopiperidino, 2-oxopyrrolidino, 4-hydroxymorpholino.

“Phosphoric acid residue” means a group shown of the formula: -PO(OH)..
“Optionally substituted phosphoric acid residue” means a phosphoric acid residue
wherein the OH part and/or a hydrogen of the O is optionally substituted with a

phosphoric acid residue, preferably shown by the formula®
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3 RA

\P/
"\RB (P—:l)
(@]

{wherein, R4 and R® each is independently ORC or NRERE (wherein RE, R and RPare
each independently hydrogen, optionally substituted lower alkyl, opticnally
substituted cycloalkyl, optionally substituted aryl, optionally substituted
heterocyclic group, or I? and RP taken together with the neighboring N atom may
form an optionally substituted heterocycle (preferably 5- to 6- membered ring)) or RA
and R¥ taken together with the neighboxing P atom may form an optionally

2

substituted heterocycle (preferably - to 8 membered ring)).

" Preferably, R and R are bothORS, or one of them is ORC and the other is NRDRY.

RC, RP and R¥% each is preferably, independently, lower alkyl (e.g., methyl,
ethyl).

The optionally substituted heterccycle formed by R4 and RP taken together

with the neighboring P atom may be the following structure:

O%,

i

\ L~
F)
| SN
O

(wherein, the broken line means a part of the ring)

Hydroxy substituted with optionally substituted phosphoric acid residue is
preferably hydroxy substituted with a phosphioric acid residue substituted with di

lower alkyls, and more preferably a group of the formula:

0

. i
-"\O’P\O\o/\

_/

Amino substituted with optionally substituted phosphoric acid residue is

preferably amino substituted with a phosphoric acid residue substituted with di lower
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alkyls, and moxe preferably a group of the formula:

0
; \N/P\O\O/\
"

[o008]
(More preferable embodiments)

R} is hydrogen or lower alkyl, preferably hydrogen.

X is a single bond, a heteroatom group selected from O, 8, 8O, SO2 and NH
(herecafter also referred to as “M”), or lower alkylene or lower alkenylene each may be
intervened by the heteroatom. The term of “intervened by” means the following
cases!:

1) The heteroatom group is present between carbon atoms which constitutes the
alkylene or alkenylene.

2) The heteroatom group is attached to the N atom of the carbamoy! group
neighboring to X.

3) The heteroatom group is attached to R?neighboring to X.

The heteroatom group (M) may be the same or different, and one or more atoms.
Examples of that lower alkylene is intervened by a beteroatom greup include
-M-CHgz-, -CHyM-CHz-, -CH2"M-, and -CHz M-M-CHa-,

X is preferably a spacer consisting 1 to 3 joined atoms. X is more preferably lowen

alkylene or lower alkenylene each may be intervened by a heteroatom group, or O. X
is most preferably C1 to €3 alkylene, C2 to C3 alkenylene, or O. Especially preferred

is methylene or O.

R2is optionally substituted aryl, preferably phenyl. A substituent on the arﬁ is
the same or different, 1 to 3, preferably 1to 2 substituent(s), including preferably
halogen, hydroxy, amino, lower alkylamino, cyano, carboxy, formyl, oxo, lower alkyl,
lower alkoxy, lower alkylthio, carbamoyl, and lower alkylcarbamoyl, and Substituent
group S1( optionally substituted phosphoric acid residue, aryl substituted with
optionally substituted phosphoric acid residue, aralkyl substituted with optionally
substitutedphosphoric acid residue, hydroxyl substituted with optionally

substitutedphosphoric acid residue, amino substituted with optionally

46

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
455 of 1915



WO 2006/116764 PCI/US2006/016604

substitutedphosphoric acid residue, lower alkyl substituted with optionally
substitutedphosphoric acid residue (said lower alkyl may be intervened with a hetero
atom group(s) selected from O, S, SO, SOz, NRS (R is independently selected from
the same substituent group for R4, -N= and =N), lower alkoxy lower alkyl, amina
lower alkyl optionally substituted with mono- or di-lower alkyl, halogenated lower
alleyl, lower alkoxy, carbamoyl optionally substituted with mono- or di-lower alkyl,
optionally substituted lower alkylsulfonylamino, halogenated lower alkoxy, hydroxyl
lower alkyl), moxe preferably halogen,hydroxy,amino,cyano,lower alkyl, lower alkoxy
ox Substituent group S1, and most preferred is halogen (e.g., ) and/or a group
selected from Substituent group S1. A substituent on the aryl is preferably at the
4-position. R?is moxre preferably phenyl or phenyl substituted with at least halogen,
and most preferably 4-halogenophenyl {e.g., 4-T-phenyl). In another embodiment,

R? is preferably phenyl optionally substituted with 1 to 3 R(s) mentioned below.

In all compounds of the present invention, the structure of “~X-R%" is preferably

shown by the formula below:

A
P %

R cach is independenily a group selected {rom halogen and Substituent group S1.

Substituent group S1:! optionally substituted phosphoric acid residue, aryl
substituted with optionally substituted phosphoric acid residue, aralkyl substituted
with optionally substituted phosphoric acid residue, hydroxy! substituted with
optionally substituted phosphoric acid residue, amino substituted with optionally
substituted phosphoric acid residue, lower alky) substituted with optionally
substituted phosphoric acid residue (said lower alkyl may be intexvened by a
heteroatom group(s) selected from CO, O, 8, SO, S0z, NR» (R" is hydrogen or lower
alkyl), -N= and =N-), lower alkoxy lower alkyl, optionally substituted amino lower
alkyl (the substituent: mono- or di- lower alkyl, lower aikylcarbonyl, or lower
alkylsulfonyl), halogenated lower alkyl, lower alkoxy, optionally substituted
carbamoyl (the substituent: mone: or di- lower alkyl, lower alkylcarbonyl, or lowexr
alkylsulfonyl), optionally substituted lower alkylsulfonylamino, halogenated lowexr

alkoxy, and hydroxyl lower alkyl.
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m is an integer of 0 to 3, preferably 0 or 1 to 2. when m is 1, R is preferably
halogen. When m is 2, R is more preferably the same or different group selected
from halogen, lower alkyl, lower alkoxy, lower alkoxylower alkyl, halogenated lower
alkyl, halogenated lowey alkoxy, lower alkylsulfonylamine, carbamoyl, and lower
alkylcarbamoyl. More preferably, R is two halogens, or halogen and another group.

R preferably locates at the 4-position and optional another position of the benzene

ring.

R3 can be a various substituent which does not bring a negative effect to the
pharmacological activity, including hydrogen, halogen, hydroxy, optionally substituted
lower alkyl, optionally substituted ecycloalkyl, optionally substituted lower allkenyl,
optionally substituted lower alkoxy, optionally substituted lowexr allkenyloxy,
optionally substituted aryl, optionally substituted aryloxy, optionally substituted
heterocyelic group, optionally substituted heterocycleoxy, and optionally substituted
amino. Bxamples of substituent of "optionzally substituted” include halogen, hydroxy,
amino, lower alkylamino, cyano, carboxy, formyl, oxo, lower alkyl, lower alkoxy, lower
alkylthio, carbamoyl, lower alkylearbamoyl, aryl, heterocyclic group, lower
alkyvlcarbonyl, lower allkylcarbonyloxy, lgwer alkoxycarbonyl, halogenated lower alkyl,
halogenated lower alkoxy, and preferably halogen, hydroxy, amino, lower alkylamino,
lower alkyl, and lower alkoxy. R3is more preferably hydrogen, halogen, hydroxy,
lower alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionally substituted

amino, and most preferably hydregen or lower alkyl (e.g., methyl), esp. hydrogen.

Z2 shows C, CH, optionally substituted lower alkylene, lower alkenylene etec., and
72 and R4 of Z1 taken together form a ring, whereby compound (I) shows a tricyelic

compound (I-1) or (I-11) shown below, or its derivative, tetracyclic compound.

A ring is optionally substituted heterocycle containing at least an N atom. The
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heterocycle is a 5- to 7-membered ring which contains preferably 1 to 3, more

preferably 2 to 3 atomns of O, S and/ox N. The heterocycle is preferably selected from

the above heterocycle. The arc optionally contains 1 to 2 heteroatom(s) at any

possible position. One of preferable embodiments of A ring is an optionally

substituted ring shown below,

£ 5. S "
N SN ~ N/\ ~n
g)@ "y /Lz> - I B

s o
s N/\ ~. N ~ /\7_
P /\\Z

o
s

(& (h) @

(Z is CHq, O, S, SO, SOz or NR1)
Avring is preferably a ring of (a), (b), or ().
Z is preferably O or NRJ9,

When Z is NR?9, examples of R'%include Dhydrogen, 2)optionally substituted

lower alkyl (the substituent is e.g., amino optionally substituted with mono- or di-

lower alkyl; cycloalkyl: hydroxy; optionally substituted heterocyclic group (preferably

5 to 7-membered ring, e.g., furyl, thienyl, thiazolyl, pyridil, morpholino, imidazole;

examples of the substituent include lower alkyl, halogen); optionally substituted

heterocyclacarhonyl (the heterocycle is preferably 5- to 7-membered ring, e.g.,

morpholinocarbonyl); optionally substituted phenyl (the substituent is e.g., lower

alkyl, amine, lower alkylamino, hydroxy, halogen, halogenated lower alkyl, lower

alkoxy, halogenated lower alkoxy, lower alkylthio, lower alkylsulfonyl), acetylamino,

carbamoyl, carbamoyl substituted with mono- or di- lower alkyl, lower
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allcylsulfonylamino, lower alkoxy, carbonyl, halogen, thiol, lower allcylthio), 8) lower
alkenyl, 4) acyl (e.g., lower alkylearbonyD), 8) lower alkylsulfonyl. RI? may be

selected from Substituent group S2 shown below,

The other substituent: on A ring may be selected from R!5 to R18 or Substituent
group S2, preferably lower alkyl. Substituents on A ring mey form a condensed ring

or a spiro ring as mentioned below, whereby compound (D) includes a tetracyclic

compound.

A ring is more preferably any of the following rings:

R32 a3

R R34
.

R20
Py =
22 R
;\N e E\N’ ;\N R
J\ R29 F36
i‘%/ A=z R E/ukz" A R37
38 R3®

‘?,z‘/l\ 77 g2t
RZ

5

2 =0 or NR?® % = O or NRM Z =0 or NRHO0

(A1) (A-2) N3

(wherein, R20 to R0 arc each indepéndently a group selected from Substituent group
82, or any two groups of R20 to R0, which bonds to the same carbon atom, taken
together with the carbon atom, may form a spiro ring, i.e., an optionally substituted
carbocyle or optionally substituted heterocycle, or each combination of (R20 and R22),
(R23 and R2Y, (R2F and R26), (R27Tand R29), (R3¢ and R3), (R32and R, (R and R36),
(R37 and R#8), and (R#andR"9), taken together with the neighboring atom, may form

an optionally substituted carbocyle or optionally substituted heterocycle.

Substitution group 82: hydrogen, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted cycloalkyl lower alkyi, optionally
substituted lower alkenyl, optionally substituted lower allcoxy, optionally substituted
lower alkenyloxy, optionally substituted aryl, optionally substituted aryl lower alkyl,
optionally substituted aryloxy, optionally substituted heterocycle, optionally
substituted heterocycle lower alkyl, optionally substituted heterocycleoxy, hydroxy,
optionally substituted amino, optionally substituted lower alkylcarbonyl, optionally

substituted cycloalkylearbonyl, optionally substituted eycloalkyl lower alkylcarbonyl,
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optionally substituted lower alkoxycarbonyl, optionally substituted arylearbonyl,
optionally substituted aryl lower alkylcarbonyl, optionally substituted aryl
oxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heteracycle lower alkylearbonyl, optionally substituted heterocycleoxycarbonyl,
optionally substituted aminocarbonyl, optionally substituted phosphoric acid rgsidue,
aryl su—bstit,uted with optionally substituted phosphoric acid residue, aralkyl
substiluted with oplionally substituted phosphoric acid residue, hydroxy substituted
with optionally substituted phosphoric acid residue, amino substituted with
optionally substituted phosphoric acid residue, or lower alkyl substituted with
optionally substituted phosphoric acid residue (the lower alkyl may be intervened
with a heteroatom group(s) selected from CO, O, 8, 80, S0z, NR5 (Rd is independently

selected from the same substitution group as R, -N= and =N-)

The stereochemistry of an asymmetric carbon represented by * shows the R- or §-

configuration, or a mixture thereof)

In one embodiment, R to R40 each is preferably hydrogen, optionally substituted
lower alkyl (examples of the substituent: OH, lower alkoxy, cycloalkyl, lower alkylthio,
lower alkylsulfonyl, heteroeyelic group, aryi, optionally substituited amino (examples
of the substituent: lower alkyl, acyl)), cycloalkyl, optionally substituited aryl
(exarnples of the substituent: OH, lower alkyD), and optionally substituited

heterocyclic group.

In one embodiment, R20 to R25, R27 to 320, and RI2 to R39, cach is preferably

hydrogen, C1-C8 alkyl, C6-C14 aryl C1-C8 alkyl, C6-Cid aryl, or aikoxy.

In one embodiment, R26, R3), and R, each is preferably hydrogen, C3-6 cycloalkyl,
heterocycle, or C1-8 alkyl optionally substituted with hydroxy, C3-6 cycloalkyl, alkexy,
heterocycle, heteroaryl, C6-14 aryl, or amino, wherein said amino may be optionally

substituted with ~C(0)C1-8 alkyl or C1-8 alkyl.
More Preferved embodiments are shown below for example

D) When A ring is A-1, preferred is that 1) Z is NR26 and 326 and R?! taken together

form heterocycle, and the others ave hydrogens: 2) 7 is O or NR26, (R20 and R2%) or
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(R2 and R2%) taken togethexr form cycloalkyl which is substituted with phenyl, the

othiers are hydrogens ox optionally substituted lower alkyl.

11) When A ring is A-2, preferred is that 1) Z is O, R#7 or R?# is lower alkyl, and the
others are hydrogens; 2) Z is NR3! and R3% and R3) taken together form heterccycle
and the others are hydrogens, or R?7 and R2 taken together form eycloalkyl and the
others ave hydrogens i 8) Z is O, R27 and R#9 taken togethex form cycloalkyl which may

be condensed with phenyl, and the othexs are hydrogens

R4 and R¥ are each independently hydrogen, optionally substitutedlower alkyl,
optionally subsiituted cycloallkyl, optionally substituted cycloalkyl lower allkyl,
optionally substituted lower alkenyl, optionally substituted loweyr alkoxy, optionally
substituted lower alkenyloxy, optionally substituted aryl, optionally substituted aryl
lower alkyl, optionally substituted aryloxy, optionally substituted heterocyclic group,
optionally substituted heteroceyele lower alkyl, optionally substituted heterocycleoxy,
hydroxy, optionally substituted amino,optionally substituted lower alkylearbonyl,
optionally substituted cycloalkylcarbonyl, optionally substituted cycloalkyl Jower
alkylearbonyl, optionally substituted lower alkoxycarbonyl, optionally substituted
arylcarbonyl, optionally substituted aryl lower alkylcarbonyl, optionally substituted
aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkylcarbonyl, optionally substituted heterocycleoxycarbonyl,
optionally substituted aminocarbonyl, optionally substituted phosphoric acid residue,
aryl substituted with optionally substituted phosphovic acid residue, aralkyl
substituted with optionally substituted phosphoric acid residue, hydroxy optionally
substituted with optionally substituted phosphoric acid residue, amino substituted
witl optionally substituted phosphoric acid residue, or lower alkyl substituted with
optionally substituted phosphoric acid yesidue (the lower alkyl may be intervened
with a heterotom group(s) selected from O, §, SO, 802, NRa (R» is hydrogen or lower
alkyl), -N= and =N-),

R'1 and Rx are each independently, preferably, hydrogen, hydroxyl, optionally.
substituted lower alkyl (the substituent is preferably, e.g., amino, lower alkyl amino,

hydroxy, lower alkoxy). R and R*xare preferably hydrogens.

A broken line in the compound (I1) vepresents the presence or absence of a bond,
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provided that when the broken line represents the presence of a bond, R¥ is not
present.

[0009)

The compound (I) includes the following compounds,

OH O
O
~. N
A
HQ\X/NR‘ ~. N . (1-1)
o) R2 R14 RX
OH O
o]
AL _-NR (1-1-1)
[e]

(wherein each symbol is as defincd above)

e
o ~ -
R? NR N\(I}\@ (-8)
Ny ~~
e} R OH

¥ ring means the same heterocycle as A ring, preferably 5* to 7'membered ring,
and the substituents on I ring are the samec as those for A ring. The other symbols

are as defined above.
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OH R16
/ o s H17
e
Q R2

(1-3)

(wherein each symbhol is as defined above: % is O or NR'9; R!5 to R19 ave each
independently hydrogen or a group selected from the above Substituent group S2, or
each combination of (R and R19), (R17and R!9), (R1¢and R19), and (BB and R taken
together with the neighboring atom(s), may form an optionally substituted carbocycle
(preferably 5- to 6-membered ring) or an optionally substituted heterocyle (preferably
5+ to 6-membered ring ); or each combination of (R and R/Y and (R!7 and R18) taken

togethor may fom oxo)

Compound (I-3) is preferably as follows.
(1) R} is hydrogen; R3 is hydyogen; m is 1 or 2; R’ is hydrogen.
(2) m is 1 or 2, R is each independently halogen, halogenated lower alkyl, lower alkoxy,
halogenated lower alkoxy, lower allkoxy lower alkyl, hydroxy lower alkyl, optionally
substituted amino lower alkyl (the substituent is mono- or di- lower alkyl, lowexr
alkylearbonyl, or lower alkylsulfonyl), optionally substituted carbamoy! (the
substituent is mono- or di- lower alkyl, Jower alikylcarbonyl, or lower alkylsulfonyl),
phosphoric acid residue, aryl substituted with optionally substituted phosphoric acid
residue, aralkyl substituted with optionally substituted phosphoric acid residue ox
sulfonylamine optionally substituted with lower alkyl; Rt is hydrogen; R? is hydrogen; -
Ru is hydrogen, hydroxyl or lower alkyl optionally substituted with mono- or di- lower
alkylamino; 2 is O or NR1? (Ri9 is hydrogen ox loweyr alkyl, lower alkoxy lower alkyl,
optionally substituted phosphoric acid vesidue, aryl substituted with optionally
substituted phosphoric acid residue, aralkyl substituted with optionally substituted’
phosphoric acid residue, hydroxy substituted with optionally substituted phosphoyic
acid residue, amino substituted with optionally substituted phosphoric acid residue,
or lowex alkyl substituted with optionally substituted phosphoric acid residue).
(3)R is each independently, -F, -CFs, -OMe, -OCTF: -CH:0Me, -CH:0H,
-CH:N(Me):, -CONHMe, -CON(Me)2, -CH:PO(OEt)s, -PO(OLt):, 'NHSOzMe,
or -NMeSO:Me iR! is hydrogeni R# is hydrogen; m 1s 1 or 2; R11 is hydrogen,
hydroxyl or -CH2N(Me)x: Z is O or NRI9 (Ri? is hydrogen or -CH(Me)s, -(CH):OMe,
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(CH22PO(OI5t)2).
(4)R'6 and RS are hydrogens: R17and Ri8are hydrogens or taken together with the
neighboring atom form a 3- to 7-membered carbocylei and/or Z is O or NIH. This case

preferably also satisfys the above (2) or (8).

D ring means the same heterocycle as A ring, preferably 5- to 7-membered ring,
and the substituents on D ring are the same as those for A ring. The other symbols

are as defined above,

The structure of compound (I) has at least the [ollowing characterictics.
(1) The main structure, condensed heterocyele, is substituted with oxo (=0), hydroxyl
(OH) and oxo.
(2) A substituted carbamoyl group (-CONRIXR2) is attached to the position

neighboring to the oxo group on the condensed herescycle.

The above structure contributes to a remarkably potent integrase inhibitory
activity and/or cell-growth inhibitory activity against virus including H1V. 1In
contrast, the structures of the other parts such as 2!, Z2, and 8 each may be of
variety, being optionally substituted or optionally condensed, and its condeﬁsed ring

is also optionally substituted.

The present invention provides a pharmaceutically acceptable salt or o solvate of
compound (I). All theoretically possible tautomer, geometrical isomer, optically
active compound, and racemate thercof are within the scope of the invention,

Pharmaceutically acceptable salis of a compound of the present invention include,
as basic salts, for example, alkali metal salts such as sodium or potassium salts;
alkaline-earth metal salts such as calcium or magnesium salts; ammonium salts;
aliphatic amine salts such as trimethylamine, triethylamine, dicyclohexylamine,

ethanolamine, diethanolamine, triethanolamine or procaine salts; aralkyl amine salts
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such as N, N-dibenzylethylenediamine salts; heterocyclic aromatic amine salts such
as pyridin salts, picoline salts, guinoline salts or isoquinoline saltsi guaternary
ammonium salts such as tetramethylammonium salts, tctraethylammonium' salts,
benzyltrimethylammonium salts, benzyltriethylammonium salts,
benzyltributylammonium salts, methyltrioctylammonium salts or
tetrabutylammonium salts; and basic amino acid salts such as arginine salts or lysine
salts, Acid salts include, for example, mineral acid salts such as hydrochloride,
sulfates salts, nitrate salts, phosphates salts, carbonates salts, hydrogencarbonates or
perchlorate; organic acid salls such as acetates, propionates, lactates, maleates,
fumarates, tararic acid salts, malates, citrates salts, ascorbates, formic acid;
sulfonates such as methanesulfonates, isethionates, benzenesulfonates, or
p-toluenesulfonates: and acidic amino acid salts such as aspartates or glutamates.

Solvates of a compound of the present invention include alcholates and hydrates.

foo12]

A general process for producing the present comp'mmd will be exemplified

below.

(Method of preparing raw material)

{Chemical formula 41]

jo74
[
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1
R2 e _-NHR L]' op!
HOJ/KK (m) H’jo l/\ R&jo\l/\(
R N =N - B2 N =N
HOLC \X/ \I \r R = A~
Step 1 o & Step 2 >3 mD ks
o) (V) (V)
op! op?
PZO N PZO A
P 1T
R >(/N\ = R HQ\X/N\H =N,
Step 3 o R StERI) o ™
(v (viry
opt op!
2 2
T
Ri_ N =N Steps RN =N
Step 5 \X/ m \’/a P \X/ m 3
o] R o A
(Vi) (1X)
op!
P?o )\'/coop3 COOP3
=
RAL AN J Ste R& e
r>8 ~u
Step 7 X O R3 (X) ﬁ Step 13
Stepg Step 10 (o] 2
op? O\/\ COOH
3 2 R?
COOP H;? o\I \\_-COOH e R J\\/NH
RR_ N - NH RNy ZN X ?;, | S
e L g oxv)
(Xi) '
HNRaRy Step 14
st OH
Step 11 COOH
b
. CONR®R 5 I(\(
AR N \FN = oH ~x W
b
Step 12 - Ox N CONRR (1-C)
(X 52 _N S
~x 07T
o R g

(wherein L is a leaving group {e.g.; halogen); P! and P2 are a hydroxy protecting
group; P8 is a carboxy protecting group (e.g.: lower alkyl); R4 and R are hydrogen or a

substituent on an amino gronp)

ILxamples of a hydroxy protecting group (PJ, P2) include acyl (e.g.: acetyl,
pivaloyl, benzoyl), aralkyl (e.g.: benzyD), lower alkyl (e.g.: methyl), alkoxyallyl (e.g.:
methoxymethyl, methoxyethyl), lower alkylsulfonyl (e.g.! methanesulfonyl),

arylsulfonyl (e.g.: benzenesulfonyl, toluenesulfonyl), alkoxycarbonyl (e.g.:
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methoxycarbonyl) and the like.

As a carboxy protecting group (P9, lower alkyl (e.g.i methyl, ethyD), and
aralkyl {e.g.: benzyl) are exemplified.
[0013]

(Pirst step)

The present step is a reaction for condensing a compound (11) and a
compound (1II) te synthesize a compound (IV). The reaction may be pexrformed
according to the condition for a yeaction of amidating carboxylic acid which is
genexally performed. A compound (1D may be reacted as it is, or may be reacted
after converted into corresponding acid chloride or active ester. Preferably, the
reaction is performed in a suitable solvent in the presence of a condensing agent.

As a condencing agent, dicyclohexylcarbodiimide,
1-ethyl-3-(3-dimethylaminopropylcarbodiimide hydrochloride and the like may be
used. If necessary, a reagent such as 1-hydroxybenzotriazole and
N-hydroxysuccinimide, or a base such as triethylamine, N-methylmoxpholine, and
pyridine may be added.

A reaction temperature is 0 to 150°C, preferably room temperature to 70°C.

As a reaction solvent, a non-protonic solvent can be broadly used, and
tetrahydrofuran (THT), 1,4-dioxane, dimethylformamide (DMF), methylene chloride,
chloroform and the like are preferable,

A reaction time is a few minutes to a few tens hours, preferably 9 to 17 hours.

(Second step)

The present step is a reaction for introducing a protected hydroxy group
(OP?) into a compound (IV) to produce a compound (V), The reaction may be
performed according to the condition for an alkoxylating reaction which is generally
performed.

I"or example, a compound (V) in which P1is methyl can be synthesized by
reacting a compound (IV) with metal alkoxide (e.g.! sodium methoxide).

A reaction temperature is 0 to 200°C, pref’exably. 80 to 120°C.

As a reaction solvent, aleohol, dimethylformamide (DMT), and dimethyl
sulfoxide (DMSO) are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 5 to 10 houxs.
(Third step)

The present step is a reaction for protecting a hydroxy group of a compound
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(V) to produce a compound (V). The roaction may be performed according to the
condition for a reaction of protecting a hydroxy group which is generally performed.
For example, by using diisopropyl azodicarboxylate or diethyl azodicarboxylate
together with an alcohol and variocus phosphines, a compound (VL) in which I'? ia alleyl
can be synthesized.

A reaction temperature is 0 to 100°C, preferably 0°C to room temperature.

Ag a yeaction solvent, THFE, toluene, dichloromethane and the like are
exemplified.

Aveaction time is a few minutes to a few tens hours, preferably 1 to 3 hours.

(Fourth step)

The present step is a reaction of oxidizing a nitrogen atom of a compoung (V1)
to produce a compound (VII). The reaction may be performed according to the
condition for an oxidation reaction using an oxidizing agent which is generally
performed.

A reaction temperature is 0 to 100°C, preferably under icc'éooling to room
temperabure.

As a reaction solvent, chloroform, methylene chloride, acetic acid and the like
are exemplified.

Examples of an oxidizing agent include metachloroperbenzoic acid, hydrogen
peroxide and the like.

A reaction time is a few minutes to a few tens hours, preferably 1 to 5 hours.

(Fifth step)

The present step is a reaction for hydroxylating a methyl group of a
compound (VII). Preferably, after acetoxylation by a reaction with acetic anhydride
(reaction temperaturc: 0 to 150°C, preferably 120 to 140°C), this may be hydrolyzed
(e.g.i treatment with a base (e.g.: alkali metal hydroxide)).

A veaction time is a few minutes to a few tens hours, preferably 0.5 to 2 hours

for aceloxylation, and 0.5 to 1 hour for hyvdrolysis.

(8ixth step)
The present step is a reaction for oxidizing a hydroxy group of a compound
(VIII) to synthesize a compound (IX).

A reaction temperature is 0 to 150°C, preferably roomn temperature to 70°C.
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As a reaction solvent, chloroforin and the like are exemplified.
As an oxidizing agent, dimethyl sulfoxide and the like are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 0.1 to 1 hour.

(Seventh step)

The present step is a veaction for oxidizing a formyl group of a compound ax)
to synthesize a compound (X),

A reaction temperature is 0 to 150°C, preferably under ice-cooling to room
temperature.

As a reaction solvent, an alcohol and the like are exemplified.

As an oxidizing agent, potassiwm hydroxide and iodine are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 0.5 to 3

hours.

(Bighth step)

The present step is a reaction for deprotecting an OP2 part of a compound (X}
to synthesize a compound (XI). The reaction may be performed according to the
condition for a reaction of deprotecting a hydroxy protecting group which is generally
performed.

A reaction temperature is 0 to 150°C, preferably under ice-cooling to room
{emperature.

As a reaction solvent, acetonitrile, methylenc chloride, THIF and the like are
exemplified.

A rcaction time is a few minutes to a few tens hours, preferably 1 to 3 hours.

(Ninth step)

The present step is a reaction for deprotecting an OP? p-arl; of a compound
(XI) to synthesize a compound (I-A), The reaction may be treated preferably with a
Tewis acid (e.g.: aluminum chloride),

A reaction temperature is 0 to 150°C, preferably 10 to 50°C.

As a reaction solvent, methylene chloride, THI? and the like are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 1 to 3 hours.

(Tenth step)
The present step is a reaction for deprotecting an ester part (COOP3) of a
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compound (X) to synthesize carboxylic acid (X1I). Preferably, hydrolysis with an
alkali (e.g.! NaOH) may be performed.

A reaction temperature is 0 to 150°C, preferably 10 to 50°C.

As a reaction solvent, methanol, water and the like are oxamplified,

A reaction time is a few minutes to a few tens hours, preferably a few
minutes to 2 hours.

Carbexylic acid (XII) can be converted into various derivatives (e.g.; amide).

(Bleventh step)

The present step is a reaction for reacting a compound (XII) with various
amines to synthesize a compound (X11I). The reaction may be performed accogding to
the condition for a reaction of amidating carboxylic acid which is generally performed
and, for example, the reaction may be performed as in the first step.

A reaction temperature is 0 io 150°C, preferably room temperature to 70°C.

As a reaction solvent, a non-protonic solvent can be broadly used, and
letrahydrofuran (THF), 1,4-dioxane, dimethylformamide (ODMTF), methylene chloride,
chloroform and the like are preferable.

A reaction time is a few minutes to a few tens hours, preferably a few
minutes to 3 hours.

An amide part of the resulting compound (XI1I) may be further chemically

modified (e.g.: N-alkylation).

(Twelfth step)

The present step is a reaction for deprotecting OP? and QP parts of a
compound (XIII) to synthesize a compound (I-B). The reaction may be performed
according to the condition for a reaction of deprotecting a hydroxy protecting grou’p
which is generally performed.

TFor example, when pyridine hydrochloride is used, a reaction temperature is
0 to 200°C, preferably 150 to 180 degree.

A reaction time is a few minutes to a few tens hours, preferably 1 to 5

minutes.
(Thirteenth step)

The present step is a reaction for deprotecting an ester part (COOP3) of a

compound (XI) to synthesize carboxylic acid (XIV). Preferably, hydrolysis with an

80
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alkali (e.g.! lithium hydroxide) may be performed.
A reaction temperature is 0 to 150°C, preferably 10 to 50°C,
As a reaction solvent, methanol, water and the like are exemplified.
A reaction time is a few minutes to a few tens hours, preferably a few

minutes to 3 hours.

(Fourteenth step)

The present step is a reaction for deprotecting an OP! partofa compound’
(XIV) to synthesize a compound (I-C). The reaction may be treated preferably with a
Lewis acid (e.g.: boron tribromide).

A reaction temperature is O to 150°C, preferably under ice-cooling to room
temperature.

As a reaction solvent, dichloromethane and the like are exemplified.

A veaction time is a few minutes to a few tens hours, preferably a few
minutes to 5 hours.
[oo14]

The monocyclic carbamoylpyridone derivative obtained above is derived info a

Dicyclic compound by the following method.

(Process 1)

[Chemical formula 42)

61
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OPp? opt
Q. = COQPG HO “ COZPG N .
A2 1 2 a1 i
\X/NR == NH R\X/NR =N
L3 or I ——
N o m Step 15
xn x1)
op? op!
3
Oy, ~C02P? Oﬁ/‘\l/oozp
2 1
R NRTAS N A - B ANRLA N_CHO
° R (XV) (
orP! O
HaN-R* (xvi1) o i i N OH ﬁ\ -
=7 N7 Step 18 Oy N
———  R%i___NR' N "2 ;
Step 17 Sx Ny N Ny NRLAS N A
4 o R® (XiX)

Step 19
(VI \

(XX)
(wherein R!, X, R2, P, % and R4 are as define above, and 1.2 is a leaving group such

as halogen etc.)

(Fifteenth stop)

The present step is a reaction for reacting the compound (X1) or a compound
(XTI) which is a tantomer thereof with an allyl compound to synthesize a compound
XV). A compound (XI) can be synthesized, for example, according to the method of
Example A-1.

The reaction is pexformed preferably in the presence of a base (e.g.: cesium
carbonate).

A reaction temperature is 0 to 100°C, preferably 10 to 40°C.

As a reaction solvent, dimethylformamide and the like are exemplified.

Areaction time is a few minutes to a few tens hours, preferably 1 to 10 hours.
(Sixteenth step)

The present step is a reaction for oxidizing a compound (XV) to synthesize a
compound (XVI). As an oxidizing agent, osmium tetraoxide and alkali metal osmium

tetraoxide (e.g. K20s04) are exemplified.

62
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A reaction temperaturwe is 0 to 100°C, preferably 10 to 40°C,
As a reaction solvent, 1,4-dioxane, tetyvahydrofuran and the like are

exemplified.

A reaction time is a few minutes to a few tens hours, preferably 1 to 5 hours.

(Seventeenth step)

The present step is a reaction for reacting a compound (XVD with amine
(XV1D) to perform dehydration condensation to syntlhesize a compound (XVIID.

A reaction temperature is 0 to 200°C, preferably 140 to 180°C,

As a reaction solvent, methylene chloride, acetonitrile and the like are
exemplified.

A reaction time is a few minutes to a few tens hours, preferably 0.5 to 1.5

houxrs.

(Wighteenth step)

The present. step is a reaction for deprotecting a compound (XVIID preferably
with an acid to synthesize a compound (XIX), and may be performed according to the
condition for a conventional reaction of deprotecting a protected hydroxy group.

A reaction temperature is O to 200°C.

As an acid, pyridine hydrochloride, trifluoroacetic acid and the like are
exemplified.

As a reaction solvent, the acid and trimethylsilyl jodide are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 15 minutes to

1 hour.

(Nineteenth step)

The present ‘step is a reaction for reducing a compound (XVI11I) to synthesize
a compound (XX).

Asg a reducing agent, Ho/Pd * C and the like are exemplified.

A reaction temperatuer is 0 to 100°C, preferably 10 to 30°C.

As a reaction sovelnt, dimethylformamide, methanol, tetrahydrofuran and
the like are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 5 to 20 hours.
{0015}
(Process 2)
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The intermediate (XVIII) may be also synthesized by a method shown below.

{Chemical formula 48]

R4
i OR
op’ HN\‘/‘\OR or? 0
o K oomt 000 o ey
R"'\X,NR‘ 2 NH Slep 20 HQ\X/NW]ﬁ_,NH k\<on
OR . (XXIh
0 R® v o R
oP' O OP‘! ?
4 4
o ! = ‘N’H Q. &(‘\N’R
RA___NRTASN R NR s N
£R O R® OH O R3
XXy XV

(Twentieth step)

The present step is a reaction for reacting a compound (XIV) with a
compound (XXI) to synthesize a compound (XXII). The present reaction may be
performed according to the condition for a conventional amidation reaction.

A'reaction tempexrature is 0 to 100°C, preferably 0 to 50°C.

As a reaction solvent, dimethylformamide, methylene chloride,
tetrahydrofuran and the like are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 1 to 10 hours.

(Twenty-first step)

The present step is a reaction for reacting a compound (XXI1) with an acid to
perform deprotection and intramolecular ring closure, to synthesize a compound
(XXIID. The present reaction may be performed according to the condition for a
conventional reaction of deprotecting acetal,

A reaction temperature is 0 to 100°C, preferably room temperature to 80°C.

As a reaction solvent, dioxane, tetrahydrofuran and the like are exemplified.

Areaction time is a few minutes to a few tens hours, preferably 0.5 to 1 hour.

As an acid, hydrochloric acid, and paratoluenesulfonic acid are exemplified,

(Twenty-second step)

The present step is a reaction for dehydrating a compound (XXIII) to

64
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synthesize a compound (XXIV). The present reaction may be peformed according to
the condition for a conventional dehydration reaction.
A reaction temperature is 0 to 100°C, preferably room temperature to 80°C.
As a reaction solvent, acetonitrile, methylene chloride and the like are
exemplified.
A reaction time is a few minutes to a few tens hours, preferably 1.to 5 hours.
loo1sl
(Process 3)

[Chemical formula 44}

16
R‘iT\RW Rpig
OH

OF' (XXIV)
O ~CO2P8
| _
R"’\X/NR;(\(N\__CHO Step 23
R3
(XVI)

OP' O gis R16_ ; F{‘GRW
8, J\HLN o O\\,/L\ﬁ)kr\l)% &
R, ,Nﬂ%lrw\l\/l\o f—ae RZ\X/NR;]/\(N\/LO n

L : Step 24 O Re

o R3
(XXV)

(Twenty-third step)

The present step is a reaction for reacting a compound (XVI) with amine
(XXIV) to perform dehydration condensation to synthesize a compound XXV
according to the seventeenth step or a method of synthesizing a compound 17-1.
Preferably, as a reaction catalyst, an acid (e.g.’ acetic zcid) is added, and a microwave
reaction apparatus is used.

A reaction temperature is 0 to 200°C, preferably 140 to 180°C.

As a reaction solvent, methylene chloride, acetonitrile and the like ave
exemplified.

A reaction time is a few minutes to a few tens hours, preferably 0.5 to 1.5

houys.

(Twenty-fourth step)
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The present step is a reaction fox" deprotecting a compound (XXV) preferably
with an acid to synthesize a compound (XXVI) according to the ecighteenth step, and
may be performed according fo the condition for a conventional reaction of
deprotecting a protected hydroxy group.

A reaclion temprature is 0 to 200°C.

As an acid, pyridine hydrochloride, trifluoroacetic acid and the like are
exemplified.

As a reaction solvent, the aforementioned acid and trimethylsily! iodide are
exemplified.

A yeaction time is a few minutes to a few tens hours, preferably 15 minutes to
1 hour.

o017}
(Process 4)

[{Chemical formula 45)

G6
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(ITwenty-fifth step)

The present step is a reaction for reacting a compound (XIV) with a
cempound (XXIV) to synthesize a compound (XXVII) according to the twentieth step.
The present reaction may be performed according to the condition for a conventional
amidation reaction.

A reaction temperature is 0 to 100°C, preferably 0 to 50°C.

As s reaction solvent, dimethylformamide, methylenc chloride,
tetrahydrofuran and the like are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 1 to 10 hours.

(Twenty-sixth step)

The present step is a reaction for reacting a compound (XXVID or a tautomer
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thereof with an allyl compound to synthesize a compound (XXVIII) according to the
fiftecenth step.

A reaction is performed preferably in the presence of a base {e.g.! cesiwun
carbonate).

A reaction temperature is O to 100°C, preferably 10 to 20°C.

As a reaction solvent, dimethylformamide and the like are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 1 to 10 hours.

(Twenty-seventh step)

The present step is a reaction for oxidizing a compound (XXVIID to
synthesize a compound (XXIX) according to the sixteenth step.

As an oxidizing agent, osmiwm tetraoxide and alkali metal osmiwn tetraoxide
(c.g.: K20s804) are exemplified.

A reaction temperature is 0 to 100°C, preferably 10 to 40°C.

As a reaction solvent 1,4-dioxane, tetrahydrofuran and the like are
exemplified.

A reaction time is a few minutes to a few tens hours, preferablky 1 to 5 hours.

(Iwenty-eighth step)

The present step is a reaction for dehydration-condensing a compound (XXIX)
to synthesize a compound (XXX) according to the seventeenth step or a method ef
synthesizing a compound 17-1. Preferably, as a reaction catalyst, an acid {c.g.’ acetic
acid) is added, and a microwave reaction apparatuy is used.

A reaction temperature is 0 to 200°C, preferably 140 to 180°C.

As a reaction solvent, methylene chloride, acetonitrile and the like are
exemplified.

Ayeaction time is a few minutes to a few tens hours, preferably 0.5 to 1.5

hours,

(Twenly-ninth step)

The present step is a reaction for deprotecting a compound (XXX) preferably
with an acid to synthesize a compound (XXXI) according to the eighteenth step, and
may be peformed according to the condition fox a conventional reaction of deprotecting
a protected hydroxy group.

A reaction temperature is 0 to 200°C.,
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As an acid, pyridine hydrochloride, trifluoroacetic acid and the like ave
exernplified,
As a reaction solvent, the aforementioned acid and trimethylsilyl iodide ave

exemplified.

A reaction time is a few minutes to a foew tens hours, preferably 15 minutes to

1 hour.

[o018]
(Process 5)

A compound (1-3) in which Z is NR?P can be synthesized according to the
following reaction scheme, according to Process 4.

{Chemical formula 46]

G9
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RISR'® /17 R18 pe
HoN M)/N.
oP! {XXXI1) OP‘ &Rw A1s_ P
Og A GOzl S Q12
2 $ 2
R\X/NR' - NH Step 30 R\X/Nﬂfi\]/NH
i
O R xiv) o R XXX
16 4
orl O RH17 18 P
Z/’N “R1®
— NR1 i} .
Step 31 X~ Step 32
(XXXIV)
1 RS 4 1 RIS
oP' O RRW Rie : P oP C() /16 -
O\ iﬁ/‘N\Rzg O A NB%);——R"’
RZ___NR! NR! N A &7n
RV R \,Nw Step 93 Ny = ~" N‘ o
© R cho o e A
(XXXIV) (XXXV)
OoH © R
——— o R1?
Step 34 TN ~R™®
P RAL A NREAS N A 17
6 e R1o
(XXXVI)
{0019}

(Process 10)

[Chemical formula 511
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X'=C, 0, 8,80, SOy N

op! Hsz(w OMe OPT O R /A OMe
n Q. J\
- Os /&l,/COOH R e H)%X’)J\OMe-
N . _NH — B2 N ., NH n
x il

Ra\ ~ ~ o
WO R3 Step 49 jo A%
( XiV) ( XIV-18)
OP‘X o} OH Q
Oz s, o\/‘\)k A
o o 3 \\KU\N\ RR' . - N i
Ra_ N X N\% { Rz\x/N \/N\Qw
Step 50 X \g I X))~ Stepst I s .
( XIV-17) ( XIv-18)

{(wherein respective symbols ave as defined above)

(Forty-ninth step)
A compound (XIV-16) is obtained by reacting a compound {XIV) with an

amine reagent, according to the thirty-fifth step.

([Fiftieth step)
A compound (X¥IV-17) is obtained by subjecting a compound (XIV-18) to a

general acetal deprotecting reaction according to the forty-fourth step.

(Fifty-first step)
A compound (XIV-18) is obtained (D ring formation) by deprotecting a P! part

of a compound (XIV-14) according to the thirty-eighth step.

[0020]

The present invention further provides various intermediates (I'F) shown
below and a process for prepaving the same, as well as a process for preparing the

above mentioned compound (I) comprising the deprotection of the intermediate.

(Intermediates)

@
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ort O
o Py
\ 21
22 1 (1-P)
R\X/NR\”/ e N.\ 2/
z
0 R?

(P! is a hydroxyl-protecting group; the other symbols are as defined above)

Preferred compounds are shown below. ach P! is a hydroxyl-protecting group, such

as CeaqarylCrsalkyl (e.g., benzyl (=Bn)).

Pl
~o R

(o}
L

(1-20a)

Preferably, wherein Re is one or two halogeni Rt is Craalkyl, CeaaarylCrasalkyl,

Coraaryl, or alkoxy; and P! is Ce-14arylCr-salkyl

DI

H
e (1-20b)

Preferably, wherein Re is one or two halogen: R+ is Ci-galkyl, Ca-14arylCi-salkyl,

Ce-iaaryl, or alkoxy; and P! is CeisarylCrsalkyl;

p.

o o

© (1-21a)

Preferably, wherein Re is one or two halogen; and P is Co-saarylCrsalkyl;
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@vtﬁ%

(1-21b)

Preferably, wherein R is one or two halegen: and P! is Ce-marylCirsalkyl;

(I-22a)

Preferably, whercin Re is one or two halogen; and P! is CeasarylCraallyl;

P\? O}\
= © RS N
O I &
R jo' M NL

(1-22b)

Preferably, wherein Re is one or two halogen; and P! is CssarylCi-salkyls

P‘\o

Preferably, wherein Re is one or two halogen; and Plis Ce 1sarylCisalkyl;

(1-23a)

LJV 3"\

(1-23b)

Preferably, wherein Reis one or two halogen: and P! is Cg-12arylCi-galkyl;
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PRS O ((3 Rt

S —'LN/\
\/’y‘j x N\/i\

H Hz‘

(I-24a)

Preferably, whevein R¢ is one or two halogen; R* is Cisalkyl; Re! is hydrogen,

Cs-scycloalkyl, , heterocycle, or Cursalkyl optionally substituted with hydroxy,

Cs-seycloallkyl, alkoxy, heterocycle, heteroaryl, Cei4aryl, or amino, wherein said amino

may be optionally substituted with —C{0)C-salkyl or Crsalkyl;

1
P o =
D)
Hn( N\“ \N\/l\l’}]
21
) R™ 0 (-24p)

Preferably, wherein Re is one or two halogen; Rz is Cj.salkyl; R4l is hydrogen,

Cs-geycloalkyl, |, heterocycle, or Crsalkyl optionally substituted with hydroxy,
Cs-seycloalkyl, alkoxy, heterocycle, heteroaryl, Ce-imaryl, or amino, wherein said amino
may be optionally substituted with —C(0)Cisalkyl or Cisalkyl; and P! is
Cs-1qarylCi-salliyls

LA NV LP

zl
R {1-25)

Preferably, wherein Re is one or two halogen; R#! is hydrogen, Ca-secycloalkyl, |,
heterocycie, or Cigalkyl optionally substituted with hydroxy, Csseyeloalky), alkoxy,
heterocycle, heteroaryl, Csisaryl, or amino, wherein said amino may be optionally

substituted with —C(O)Ci.salkyl ox Crsalliyland P! is Co-1aarylCisalkyl;

T4
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2N

DL
i s
O R

(1-26)

Preferably, wherein R¢ is one or two halogen; R»! is hydrogen, Csccycloalkyl, ,
heteracycle, or Cresalkyl optionally substituted with hydroxy, Cascycloalkyl, alkoxy,
heterocyele, heteroaryl, Ceisaryl, or amine, wherein said amino may be optionally

substituted with —C{Q)Ci.salkyl oxr Cirsalkyl; and P! is Ce-11arylCr-aalkyls

P
DL
N \N\/’i\o
H
© 1-27

Preferably, wherein Re is halogen; and P’ is Cg-1qarylCs-salkyli

Tho above intermediates, compound (I-20a), (1-20b), {I-21a), (1-21b), (-22a), (1-22b),
(1-28a), (1-28Db), (I-24a), (1-24b), (I-25), (I-26), or (I-27), can be prepared by condensing

a compound of the formula:

1
~

5 o] O
DT
=N
R° b N
o] CHO

wherein Re is one or two halogen; and R69 ig Cy.galkyl
with each amine shown below, respectively:

E:jz
HN /EH

wherein R# is Craalkyl, CeraarylCi-galkyl, Csiaaryl, or alkoxy;
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RZ
HZN’)\
©]

wherein R* is Ci-salkyl, Co-1aarylCrsalkyl, Ceagaryl, or alkoxy;

H

A
. ¢ L C &l
‘‘‘‘‘ ~ v /'
N Wl WL, N i
NH, NH, NH, NH, NH, NH, R™

wherein R» s Cisalkyl; R« is hydrogen, Cascycloalkyl, , heterocycle, or Cirsalkyl
optionally substituted with hydroxy, Cascycloalleyl, alkoxy, heterocycle, heteroaryl,
Ceaaaryl, oy amino, wherein said amino may be optionally substituted with

~C(0)Ci-salkyl ov Crsalkyl;

z

Wy

R
HiIN
Fliz‘

wherein R# is Cisalkyli R#! is hydrogen, Cyscycloalkyl, , heteroeycle, or Ci-salkyl
optionally substituted with hydroxy, Caccycloallyl, alkoxy, heterocyele, heteroaryl,
Ceraryl, or amino, wherein said amino may be optionally substituted with
~C({0)Ci-salkyl or Cisalkyl;

wherein R#' is hydrogen, Csseycloalkyl, , heteracycle, or Ci-galkyl optionally
substituted with hydroxy, Csacycloalkyl, alkoxy, heterocycle, heteroaryl, Cg-1aaryl, or
amino, wlierein said amino may be optionally substituted with ~C(O)Cr-salkyl or

Cisalkyls
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wherein R# js hydrogen, Csscycloalkyl, , heterocycle, or Cisalkyl optionally
subskituted with hydroxy, Cseeycloalkyl, alkoxy, heterocycle, heteroaryl, Ceasaryl, or
amino, wherein said amino may be optionally substituted with —C(O)Cisalkyl or

Cisalkyls

The condition for the above condensation is illustrated below for example.

Examples of the solvent include halocarbons such as dichloromethane,
dichloroethane, and acetic acid.

The reaction temperature is preferably, O to 200 °C, more preferably, 50 to 170°C.

The reaction time is usually several minutes to several hours.

The above intermediates, compound (I-20a), (I-20b), (I-21a), (I-21b), (-22a),
(1-22b), (1-28a), (I-23b), (1-24a), (1-24b), ([-26), (I-26), or ([-27), can be deprotected to
give each corresponding deprotected compound wherein P1 is hydrogen, or its
pharmaceutically acceptable salt, which are encompassed within the scope of

compound (I) of the present invention.

In addition, the present compound obtained above may be further chemically
modified to synthesize another compound, In addition, when there is a reactive
functional group (e.g.’ OH, COOH, NHa2) on a side chain part ete. in the above reaction,
the group may be protected before the reaction and may be deprotected after the

reaction, if desired.
The present compound is useful, for example, as a drug such as an anti-virus

drug. The present compound has the remarkable inhibitory action on integrase of a

virus, Therefore, the present compound can be expected to have the preventive or
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therapeutic effect for various diseases derived from a virus which produces at least
integrase, and is grown at infection in an animal cell, and is useful as an integrase
inhibiting agent for retrovirus (e.g. HIV-1, HIV-2, HTIV-1, 81V, FIV otc.), and is
useful as an anti-HIV dirug ete.

In addition, the present compound may be used in joint use therapy by
combining an anti-HIV drug having the different action methanism such as a reverse
trascriptase inhibiter and/ox a protease inhibiting agent. Particularly, curren tly, an
integrase inhﬂ)it@r is not marketed, and it is useful to use in joint use therapy by
combining the present compound with a reverse transcriptase inhibiter and/or a
protease inhibiter.

Further, the above use includes not only use as a medical mixture for
anti-HIV, but also use as a joint use agent for increasing the anti-HIV activity of
other anti-HIV drug such as cocktail therapy.

In addition, the present compound can be used in order to prevent infection
with a retrovirus vector from spreading into a tissue other than an objective tissue,
upon use of a retrovirus veetor based on HIV or MLV in the ficld of gene therapy.
Particularly, when a cel] is infedted with a vector in vitro, and the cell is returned into
a body, if the present compound is administered in advance, extra infection can be
prevented in a body.

The present compound can be adminitetered orally or parenteraily. In the
case of oral administration, the present compound can be also used as a conventional
preparation, for example, as any dosage form of a solid agent. such as tablets, powdears,
granules, capsules and the like; an aqueous agent; an oily suspension; or a liquid
agent such as syrup and elixir. In the case of parenteral achninistration, the present
compound can be used as an aqueous or oily suspension injectable, or a nasal drop.
Upon preparation of it, conventional excipients, binders, lubricants, agueous solvents,
oily sclvents, emulsifiers, suspending agents, preservatives, stabilizers and the like
may be arbitrarily used. As an anti-HIV-drug, particularly, an oral agent is
preferable. A preparation of the present invention is prepared by combining (e.g.
mixing) a therapeutically effective amount of the present compound with a
pharmaceutically acceptable carrier or diluent.

A dose of the preseut invention is different depeniding on an administration
method, an age, a weight and conditionn of a patient, and a kind of a disease and,
usually, in the case of oral administraton, about 0.06mg to 3000mg, preferably about

0.lmg to 1000mg may be administered per adult a day, if necessary, by dividing the
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doge. In addition, in the case of parenteral administration, about 0.01mg to 1000meg,
preferably about 0.06mg to 500mg is administered per adult a day.

IBxamples are shown below.

[o025]
Example A-1)
9-Hydroxy-2-(2-methoxy-ethyl)-1,8-dioxo-1,8-dihydro-2H pyrid[1,2-alpyrazine
-7-carboxylic acid 4-fluoro-banzylamide
Lxample B-1) ’
Q-Hydro.\:y-Z‘(Z‘mcthoxy-ct}}yl)-l,8-dioxo-1,.'-3,4,8-t;etrthydro-2H~pyrid[1,2-a]py

razine-7-carboxylic acid 4-fluoro-benzylamide

{Chemical formula 52]

BnBr [o}:]
o+ O8n n
KaC 03 NHaag NBS N’eOH
o\f/\\( 2603 )\( 5 Of\/ HOL jl\:
S el SR o NH MeO5C N
1 2 3 °
OBn fEn Bn OBn
AczO ACO . mCPBA AcQ /I\/ A::ZO NaOH HO
e o L0 1, one 22 10y g
i . = ‘
N
MeO,C =N MeQO,C 7 MeOyC \/ 05C =
) 8
F OBn OBn N=N,

WSCD \O\ (\CN( F\O\/ OIN\C\;\> il
N j = —_—
\ Aeom P /

B8n 0B8n McOH oBn
F. HHO i -~ CHO NaClo, A = | HO ] N COH WwSCD F\E,j\/ HHO } 2~ COzMe
~N =N x> H\[ =N = Ng' =N
12 © 13 O 13 O
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Br OBn oBn
CspC04 F\/\l o L\\/Cone 1520505 N l w o ~ CO.Me
T MR - ~ N A N._CHO
=
18 ] 16 o
oH O
NH OBn O -
L i DA F, o OMe
microwave F\@\/ O~ NT~-OMe @\/k} [ )N/\/
1 = ‘)\/N\/
NS N~ 1 3
171 © A1 O
Ha

Pd-C

\ OH C|>
Faur O S - OMe
ILWQCC
B-1 O .

1) Mantol 7 (189g, 1.5mol) was dissolved in dimethylformamide (1890m}), and benzyl
bromide (184ml, 1.5mo]) was added, After the solution was stirred at 80°C for 15
minutes, potassium carbonate (228g, 1.66mol) was added, and the mixture was
stirred for 1 hour, After the reaction solution was cooled to room temperature, an
inorganic salt was filtered, and the filtrate was distilled off under reduced pressure.
To the again precipitated inorganic salt was added tetrahydvofuran (1000m1l), this was
filtered, and the filtrate was distilled off under reduced pressure to obtain the crude
product (329g, >100%) of 3-benzyloxy-2-methyl-pyran-d-one 2 as a brown oil.

NMR (CDCIE: 2.09(3H, &), 5.15(2H, s), 6.36(1H, d, J=5.6Hz), 7.29-7.41(6H, m),
7.60(1H, 4, J=5.6Hz).

2) The compound 2 (162.2g, 750mmol) was dissolved in ethanol (487mb), and aqueous
ammonia (28%, 974ml) and a 6N agueous sodinm hydroxide solutiou (150ml,
900mmol) were added. After the reaction solution was stirred at 90 °C for 1 hour,
this was cooled to under ice-cooling, and ammoniwm chlorvide (58g, 1080mmol) was
added. To the reaction solution was added chloroform, this was extracted, and the
organic layer was washed with an aqueous saturated sodium bicarbonate solution,
and dried with anhydrous sodium sulfate. The solvent was distilled off under
reduced pressure, isopropyl alcohol and diethyl ether were added to the residue, and
precipitated crystals were filtered to obtain 3-benzyloxy-2-methyl-1H -pyridine-d-one 3
(69.1g, 43%) as = pale yellow crystal. '

NMR (DMSO-de)8: 2.06(8H, s), 5.04(2H, ¢), 6.14(1H, 4, J=7.0H2), 7.31-7.42(5H, m),
7.46(1H, d, J=7.2Hz), 11.29(1H, brs).
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3) The above compound 3 (129g, 599mmol) was suspended in acetonitrile (1300mD),
and N-bromosuccinic acid imide {117g, 659mmol) was added, followed by stirring at
room btemperature for 90 minuies. Precipitated crystals were filtered, and washed
with acetonitrile and diethyl ether to obtain
3-benzyloxy-5-bromo-2-methyl-pyridine-4-ol 4(154g, 88%) as a colorless crystal.
NMR (DMSO-dg)8: 2.06(3H, s), 5.04(2H, &), 7.82-7.42(5H, m), 8.08(1H, 4, J=5.5H2),
11.82(1H, bxs).

4) To a solution of the compound 4 (88g, 300mmol), paliadium acetate (13.4g, 50mimol)
and 1,3-bis(diphenylphosphino)propana (30.8g, 516mmol} in dimethylformamide
(660m)) were added methanol (264ml) and triethylamine (210ml, 1.5mol) at room
temperature. The interior of a reaction vessel was replaced with carbon monoxide,
and the material was stirred at room temperature for 30 minutes, and stirred at 80
degree for 18 hours. A vessel to which ethyl acetate (1500ml), an aqueous saturated
ammoniwm chloride solution (1500ml) and water (1500ml) had been added was stirved
undeyr ice-cooling, and the reaction solution was added thereto. Precipitates were
filtered, and washed with water (300ml), ethyl acetate (300ml) and diethyl ether
(300ml) to obtain 5-benzyloxy-4-hydroxy-6-methyl-nicotinic acid methyl ester 5 (44.9¢g,
535%) as a colorless erystal.

NMR (DMSO-de)6: 2.06(3H, s), 3.72(8H, s}, 5.02(2H, ), 7.38-7.42(5H, m), 8.07(1H, s).

5) After a solution of the compound 5 (19.1g, 70mmol) in acetic anhydride (134ml) was
stirred at 130 °C for 40 minutes, the solvent was distilled off under reduced pressure
to obtain 4-acetoxy-6-benzyloxy-6-methyl-nicotinic acid methyl ester 6 (19.9¢g, 90%) as
a flesh colored erystal.

NMR (CDCI)E: 2.20(3H, s), 2.52(3H, &), 3.89(3M, &), 4.98(2H, s), 7.36-7.41(5H, m),
8.85(1H, s).

6) To a solution of the compound 6 (46.2g, 147mmol) in chloroform (370ml) was added
metachloroperbenzoic acid (65%) (42.8g, 161mmol) in porlions under ice-cooling, and
this was stirred at room temperature for 90 minutes. To the reaction solution was
added a 10% aqueous potassium carbonate solution, and this was stirred for 10
minutes, followed by extraction with chloroform. The organic layer was washed with
successively with a 10% aqueous potassium carbonate solution, an agueous saturated

ammonium chloride solution, and an aqueous saturated sodivm chloride solution, and
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dried with anhydrous sodium sulfate. The solvent was distilled off'under reduced
pressure, and the residue was washed with diisopropyl ether to obtain
d-acetoxy-5-benzyloxy-6-methyl-l-oxy-nicotinic acid methyl ester 7 (412.6g, 87%) as a
colorless crystal.

NMR (CDCla)6: 2.80(3H, s}, 2.41(3H, s), 3.90(3H, &), 5.02(2H, s), 7.87-7.39(5H, m),
8.70(1H, s).

7) To acetic anhydride (500ml) which had been heated to stir at 130 °C was added the
compound 7 (42.6g, 129mmol) over 2 mintues, and this was stirred for 20 minutes.
The sovent was distilled off under reduced pressure to obtain
4-acetoxy-6-acetoxymethyl-5-benzyloxy nicotinic acid methyl ester 8 (49.6g, >100%) as
a black oil.

NMR (CDCla)8: 2.10(3H, s), 2.28(3H, ), 3.91(3H, &), 5.07(2H, &), 5.20(2H, ),
7.35-7.41(6H, m), 8.94(1H, s).

8) To a solution of the compound 8 (468.8g, 125mmeol) in methanol (140ml) was added a
2N aqueous sodium hydroxide solution (376ml) under ice-cooling, and this was stirred
at 50 °C for 40 minutes. To the reaction solution were added diethyl ether and 2N
hydrochloric acid under ice-cooling, and precipitated crystals were filtered.

Resulting crystals were washed with water and diethyl ether to obtain
B-benzyloxy-4-hydroxy-6-hydroxymethyl-nicotinic acid 9 (23.3g, 68%) as a colorless
crystal.

NMR (DMSO-d)6: 4.49(2H, &), 5.19(2H, s), 5.85(1H, bys), 7.14-7.20(2H, m),
7.38-7.43(7H, m), 8.30(1H, s), 10.73(1H, t, J=5.8Hz), 11.96(1H, brs).

9) To a solution of the compound 9 (131g, 475mmol),
1-(8-dimethylaminopropyl)-3-ethylearbodiimide hydrochloride (219¢g, 1140mmol) and
1-hydroxybenzotriazole (128g, 950mmol) in dimethylformamide (1200ml) was added
4-fluorobenzylamine (109ml, 950mmol), and this was stirred at 80°C for 1.5 hours,
After the reaction solution was cooled to room temperature, hydrochloric aciri was
added, followed by extraction with ethyl acetate. The extract was washed with a 5%
aqueous potassium carbonate solution, an aqueous saturated ammonium chloride
solution, and an aqueous saturated sodium chloride solution, and dried with
anhydrous sodium sulfate. The solvent was distilled off under reduced pressure to

obtain a mixture (175g) of 10 and 11. the resulting mixture was dissolved in acetic
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acid (1050ml) and water (1060ml), and zinc (81.1g, 476mmol) was added, followed by
heating to reflux for 1 hour. After the reaction solution was cooled to room
tempreture, a 10% aqueous potassium carbonate solution was added, followed by
extraction with ethyl acetate. The extract was washed with an aqueous saturated
ammonium chloride solution, and an agueous saturated sodium chloride solution, and
dried with anhydrous sodium sulfate. After the solvent was distilled off under
reduced pressure, this was washed with diethyl ether to obtain
5-benzyloxy-N-{4-fluorvo-benzyl)-4-hydroxy-6-hydroxymethyl-nicotinic acid amide 10
(107g, 59%) as a colorless crystal.

NMR (DMSO-de)6: 4.45(2H, d, J=4.8Hz), 4.52(2H, d, J=5.8H2), 6.09(2H, s), 6.01(1H,
brs), 7.36-7.43(5H, m), 8.81(1H, s, 12.63(1H, brs).

10) After manganese dioxide (49g) was added to a suspension of the compound 10
(9.8g, 25.6mmol) in chlovoform (490mb), the mixture was stirred at room temperature
for 1 hour. After the reaction solution was stirred at 60 °C for 20 minutes, Celite
filtration was performed, and this was washed with__phloroform heated at 50 °C. The
filtrate was distilled off under reduced pressure to obtain
5-benzyloxy-N-(4-fluoro-benzyl)-6-formyl-4-hydroxy-nicotinic acid amide 12 (8.2¢g,
84%) as a pale yellow crystal.

NMR (DMSO0-de)8: 4.53(2H, d, J=6.8Hz2), 5.88 (2H, s), 7.15-7.21(2H, m), 7.35-7.46(7H,
m), 8.33(1H, &), 9.90(1H, s), 10.35(1H, t, J=6.8Hz), 12.49(1H, brs).

11) To an aqueous solution (105ml) of sodinm chlorite (7.13g, 78.8mmol), and sulfamic
acid (7.65g, 78.8mmol) was added a solution of the compound 12 (15.0g, 39.4mmol)} in
tetrahydrofuran (620ml) undeyr ice-coling, and the mixture was stirred at room
temperature for 1 hour. After water (2500ml) was added to the reaction solution,
precipitated crystals were filtered. Washing with diethyl ether afforded
3-benzyloxy-5-(4-fluoro-benzylcarbamoyl)-4-hydroxy-pyridine-2-carboxylic acid 13
(14.0g, 90%) as a colorless crystal.

NMR (DMSO0-de)8: 4.52(2H, 4, J=5.8¥2), 5.18 (2H, ), 7.14-7.19(2H, m), 7.31-7.40(5H,
m), 7.47-7.49(2H, m), 8.81(1H, 4, J=4.5Hz), 10.44(1H, t, J=5,9Hz), 12.47(1H, brs).

12) A solution of the campound 13 {(198mg, 0.500mmol),

1-(3-dimethylaminopropyl)-8-ethylcarbodiimide hydrochloride (115mg, 0.600mmol)

and 1-hydroxybenzotriazole (81mg, 0.800mmol) in dimethylformamide (3ml) was
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stirred at room temperature for 1.5 hours. Then, methanol (3ml) and triethylamine
(153ul, 1.10mmeD) were added, and the mixiure was heated to reflux for 1.5 hours.
The reaction solution was diluted with ethyl acetate, washed with an aqueous
saturated sodium bicarbonate solution, a 10% aqueous citric acid solution, and an
aqueous saturated sodivmn chloride solution, and dried with anhydrous sodium sulfate.
The solvent was distilled off under reduced pressure, and the residue was washed
with diethyl ether to obtain
8-benzyloxy'5'(4'ﬂuoro-benzylcarhamoyl)-cl-hydroxy'pyridine-2-carboxylic acid methyl
ester 14 (141mg, 89%) as a colorless crystal.

NMR (DMSO-de)6: 3.85(3H, s), 4.52(2H, d, J=6.0Hz), 5.15(2H, s), 7.18-7.21(2H, m),
7.81-7.47(TH, m), 8.833(1H, s), 10.41(0H, ¢, J=6.0H2), 12.59(111, brs).

18) Alter 3-bromopropene (2.15ml, 24.8mmol) was added to a solution of the
compound 14 (6.79g, 16.5mmol), and cesium carbonate (8.09g, 24.8mmol) in
dimethylformamide (54ml), the mixture was stivred at room tempevature for 4.5 hours.
To the reaction solution was added an aqueous ammonium chloride solution, and this
was extracted with ethyl acetate, washed with water and an aqueous saturated
sodium chloride solution, and dried with anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, and the residue was washed with diethyl ether to
obtain
1'ally!'3'ben2y10xy*5-(/1'ﬂuoro*benzylcarbamoyl)'<L'(>xo-1,4-dihych'0'pyridine~2'cm‘boxy
lic acid methyl ester 15 (6,15¢, 83%) as a colorless orystal.

NMR (CDCla) 6: 3.76(3H, o), 4.54(2H, d, J=6.0Hz), 4.60(2H, d, J=6.0H2), 5.20-5.37(2H,
m), 5.26(2H, ), 5.80-5.93(1H, m), 6.98-7.04(2H, m), 7.81-7.35(7H, m), 8.45(1H, &),
10.41(1H, m).

14) To a solution of the compound 15 {7.6g, 16.9mmol in 1,4-dioxane (228m]) was
added an agueous solution (38ml) of potassium osmate dihydrate (372mg, 1.01mmol),
and sodium metaperiodate (14.5g, 67.6mmol) was further added, followed by stirring
at room temperature for 2 hours. The reaction solution was added to a vessel to
which ethyl acetate (300ml) and water (300ml) had been added, while stirving. The
organic layer was washed with water, a 5% aqueous sodium hydrogen sulfite solution
and an aqueous saturated sodium chloride solution, and dried with anhydrous sodium
sulfate. The solvent was distilled off under reduced pressure, and the residue was

washed with diethyl ether to obtain
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3-henzyloxy-5-(4-fluoro-benzylecarbamoyl)-4-oxo- 1-(2-oxo-ethyD)-1,4-dihydro-pyridine-2
~carboxylic acid methyl estexr 16 (5.39g, 71 %) as a colorless crystal.

NMR (CDCla)&: 8.74(3H, 8), 4.60(2H, d, J=5.9Hz), 4.87C2H, s), 5.27QH, ),
6.98-7.04(2H, m), 7.30-7.40{7H, m), 8.39(1H, ), 9.58(1H, s), 10,38(1H, s).

18) To a solution of the compound 16 (400mg, 0.884mmol) in methylene chloride
(12ml) were added 2-methoxyethylamine {77ul, 0.884mmol) and acetic acid (18ul), and
the mixture was stirred at room temperature for 5 minutes. Thereafter, the reaction.
was performed at 140 °C for 30 minutes in a microwave reaction apparatus. The
solvent was distilled off under reduced pressure, the residue was subjected to silica
gel column chromatography, and fractions eluting with toluene-acetone were
concentrated under reduced pressure to obtain

9-benzyloxy 2-(2-methy-ethyl)-1,8-dioxo-1,8-dihydro-2H-pyrid[1,2-alpyrazine-7-carbox
ylic acid 4-fluoro-benzylamide 17-1 (226mg, 54%) as a yellow solid.

NMR (CDCla)6: 3.35(3H, s), 8.65(2H, t, J=6.1H2), 3.97(2H, t, J=4.6Hz), 4.63(2H, d,
J=5.7Hz), 5.28(2H, &), 6.56(2H, m), 7.01(2H, t, J=8.7H2), 7.38-7.30(5¥1, m), 7.65(2H, d,
J=6.6Hz), 10.63(1H, s).

18) To the compound 17-1 (140mg, 0.293mimol) was added trifluoroacetic acid (1.4mD
under ice-cooling, and the mixture was stivred at 0 °C for 5 minutes and, then, at
room temperature for 1.5 hours. The solvent was distilled off under reduced
pressure, and this was diluted with chloreform, and added to ice water. This was
washed with an aqueous saturated sodium bicarbonate solution, a 10% aqueous citrie
acid solution and water and dried with anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, and the residue was recyystallized with
methylene chloride-ethanol to obtain Bxample A-1 (89mg, 79%) as a yellow crystal.
melting point: 223-224 °C =

NMR (DMSO-de)s: 3.26(3H, ), 3.58(2H, t, J=5.4H2), 3.92(2H, t, J=6.12), 4.53(2H, 4,
J=5.7Hz), 6.87(1H, d, 6.3Hz), 7.14(2H, t, J=9.0Hz), 7.88-7.38(2H, m), 7.47(3H, 4,
J=6.0Hv), 8.77(1H, s), 10.56(1H, t, J=6.0Hz), 12.00(1H, bxs).

17) The compound 17-1 (157mg, 0.829mmol) was dissolved in dimethylformamide
(18m1) and methanol (1ml), 10% palladium-carbon powder (31mg) was added, and the
mixture was stirred at room temperature for 20 hours under the hydrogen

atmosphere. The reaction solution was filtered with Celite, and the filtrate was
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concentrated under reduced pressure. The residue was dissolved in chloroform, this
was filtered with Celite again, and the filtrate was concentrated under reduced
pressure. The vesidue was recrystallized with methylene chloride-methanol to
obtain Example B-1 (66mg, 52%) &is a browm crystal,

elting point: 197-189 °C

NMR (DMS0-d6)8:3.27(8H, ), 3.55(2H, ¢, J=5.1Hz), 3.68(21, t, J=5.112), 8.792H, s,
4.36(2H, o), 4.51(2H, d, J=5.7H2), 7.15(2H, t, J=8.7Hz), 7.32-7.37(2H, ), 8.88(1H, s),
10.46(1H, t, J=5.4H2), 12.41(1H, s).

Example C-1

[Chemical formnula 55)

OBn QNHo 0OBn O
E O A COMe  HO I3 o §
\©\/H i\l/ . microwave H o N 2o
NWT/\ N._.CHO ———— N\[ << N\)\o »
16 o O 33
OH ©
C-

F Ox
TFA 1 H TN
[ N \,N\\/\o
o

1) A compound 33 was synthesized using 1l-aminomethylcyclopentanol
hydroxyethylamine according to the method of synthesizing a compound 17-1.
UH-NMR (CDCle)8: 1.30-1,80(101, m), 8.47(1H, d, J=11.4Hz), 3.61(1H, d, J=11.4Hz),
3.80-3.95(1H, m), 4.3000H, 44, J=14.7, 3.0Hz), 4.60(2H, 4, J=5.7Hz), 5.17-6.23(2H, m),
5.89(1H, d, J=9.9H%), 6.95-7.10(2H, m), 7.20-7.40(5H, m), 7.58(2H, 4, J=7.2Hz),
8.41(1H, s), 10.40(1H, o).

2) A compound 33-2 was synthesized using hydroxyethylamine according to the

similar method.

Compound 33-2)
S'Benzyloxy'fl,6~dioxo'2,3,4,6,9,9%'hexahydro-1'oxa'Sa,8a-diaza*cyclopenta[b]naphtha
lene-7-carboxylic acid 4'f11101'obe11zy]amid-e

1H-NMR (DMSO-do)§: 3.48-3.68(1H, m), 3.78-3.86(1H, m), 3.97-4.10(2H, m),
4.20-4.30(1H, m), 4.46-4.60(2H, m), 4,85(1H, dd, J=12.3, 3.6H2), 5.40(1H, @, J=10.2Hz),
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5,18(1H, d, J=10.214), 5.28(1H, dd, J=10.2, 3.2H2), 7.10-7.20(2H, m), 7.28-7.40(5H, m),
7.50-7.73(2H, m), 8.60(1H, s), 10.28(1H, m),

3) BExample C-1 was synthesized using a compound 33, according to the method of
synthesizing Example A-1.

Melting point: >300°C

1H-NMR (DMS0-de)6: 1.10-1.60(10H, m), 3.25(1H, d, J=11.4Hz), 3.37(1H, d,
J=11.4F2), 3.76{(1H, t, J=10,5Hz2), 4.30(2H, d, J=6.8H=), 4.66(1H, dd, J=12.2, 3.8Hz),
5.22(1H, dd, J=3.8, 10.411w), 6,90-6.96(2H, m), 7.10-7.15(2H, m), 8.25(1H, s), 10.10(1IL,
brs), 11.82(1H, brs).

The following compounds were synthesized using the similar method.
Example C-2)
5'Hydroxy-¢1,6'diox0'2,3,4-,G,S),S)a'hexahydro*1"0}:21‘8&1,851'diaza*cyclopenta[b]naphthale
ne-7-carboxylic acid 4-fluorobenzylamide
Melting point: 272-274 °C '
1H-NMR (DMSO0-de)8: 3.59-3.67(1H, m), 3.72-3.81(1H, m), 3.98-4.10(2H, m),
4.27'4—.85(].}1.. m), 4.62(2H, d, J=7.2Hz), 4.92(1H, dd, J=12.3, 12.3Hz), 5.27(1H, d4,
J=%.6, 9.9Hz), 7.11-7.20(2H, m), 7-30-7.40(2H, m), 8.49(1H, &), 10.82(1H, t, J=5.6Hz),
11.53(1H, ).

Example C-3)
5-Hydroxy-6,10-diox0-3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,8a-diazaanthracene-7-carb
oxylic acid 4-fluorobenzylamide

melting point: 259 °C

1H-NMR (DMSO-de)8: 1.60-1.67(1H, m), 1.72-1.85(1H, m), 3.25(1H, td, J=12.8, 3.5Hz),
3.86-8.93(1H, m), 4.06(1H, dd, J=11.4, 4.2H%), 4.44-4.57(5H, m), 5.28(1H, t, J=8.8Hz),
7.13-7,18(2H, m), 7.33-7.37(2H, m), 8.51(1H, ), 10.36(1H, t, J=6.0Hz), 1247(1H, s).

Txample C-4)
5-Hydroxy-1-isopropyl-4,6-diox0-2,3,4,6,9,9a-hexahydro-1H-1,3a,8a-triaza-cyclopental
blnaphthalene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 232-234°C

NMR (DMSO0-de)8: 1.03(3H, d, 6.6Hz), 1.14(3H, d, 6.6Hz), 2.79-3.66(6H, m), 3.82(1H, t,
10.8Hw), 4.51(3H, m), 4.90(1H, m), 7.15(2H, ¢, 9.0Hz), 7.34(2H, m), 8.45(1H, s),
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10.39(1H, t, 5.4Hz), 11.60(LH, s).

Example C-5)

- 5-Hydroxy-4,6-diox02,3,4,6,9,92-hexahydzo-1H-1,8a,8a triaza-cyclopontalblnaphthale
ne-7-carboxylic acid 4-fluoro-benzylamide
melting point: 256-258 °C '
NMR (DMSO-de)$: 8.00-3.55(6H, m), 8.96(1H, t, 11.4H2), 4.62(2H, d, 11.7Hz), 4.76(2H,
m), 7.16(2H, ¢, 8.7Hz), 7.86(2H, m), 8.48(1H, o), 10.42(1H, t, 5.4Hz), 11.91(1H, s).

Example C-6)

5-Hydroxy-6,10-diox01,2,5,4,6,9,94,1C 0ctahydro-1,4a,8a-triaza-anthracene-7-carboxy
lic acid 4-fluoro-benzylamide

melting point: 255°C

NMR (DMSO-de)§: 1.60(1H, s), 2.75:3.16(4H, m), 4.52(2H, d, 6.0Hz), 4.18-4.68(¢H, m),
7.16(2H, 9.0Hz, t), 7.34(2H, m), 10.42(1H, s), 10.44(1H, 6.0H2, 1), 12.81(1H, s).

Example C-7)
1-(2-Diethylamino-ethyD-5-hydroxy-4,6-diox0-2,3,4,6,9,9a-hexahydro-111-1,8a,8a-triaz
a-cyclopentalbluaphthalene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 186-187 °C

NMR (DMSO-de)é: 0.97(6H, t, 7.2H2), 2.42-2.91(10H, m), 3.44-3.87(5H, m), 4.23(1H,
m), 4.61(2H, 4, 5.7Hz), 5.00(1H, m), 7.16(2H, t, 9.0Hz), 7.33-7.37(2H, m), 8.43(1H, ),
10.39(1H, t, 5.7Hz), 11.81(1H, ).

ISxample C-8)
]rHydroxy-Z.ll-diox0'2,5,5a,’7,8,9,10,ll'oc‘l;ahydro-fi-oxa'cia,].Oa-diaza-cyclohepta[b]na
phthalene-3-carboxylic acid 4-fluoro-benzylamide

melting point: 242-244 °C )

NMR (DMSO-de)§: 1.40-2.00(4H, m), 3.20-3.30(1H, m), 3.66-3.77(2H, m), 4.14-4.23(1H,
m), 4.88-4.41(1H, m), 4.62(2H, d, 6.3H2), 4.58-4.63(1H, m), 5.34(1H, brs), 7.15(21, t,
9.0Hz), 7.33-7.37(2H, m), 8.50(1H, s), 10.39(1H, brs), 12.14(1H, s).

Example C-9)

5-Hydroxy-1-(2-hydroxy-ethyl)-6,10-diox0-1,2,3,4,8,9,9a, 10-octahydro-1,4a,8a-triaza-a

nthracene-7-carboxylic acid 4-fluoro-benzylamide
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NMR (DMSO-de)s: 1.68-1.80(1H, m), 2.70-3.60(7TH, m), 4.40-4.64(6H, m), 4.77-4.82(1H,
n), 7.15(2H, t, 9.0Hz), 7,83-7.38(2H, m), 8.52(1H, &), 10.43(1H, brs), 12.57(1H, s).

Bxample C-10)
],'Hydroxy'2,11'dioxo-2,5a,G,7,8,9,10,11-octahydro'GH-da,G,IOa'triaza-cyclohepta[b]na
phthalene-3-carboxylic acid 4-fluoro-benzylamide

melting point: 266°C

NMR (DMSO-d)8 1.47-1.77(4H, m), 2,.69-2.81(2H, m), 3.34-3,41(1H, m), 4.08-4.12(1,
m), 4.26-4.40(211, m), 4.52(2H, d, J=6.0Hz), 7.15(2H, t, 8.8Hz), 7.33-7.36(2H, m),
8.43(1H, &), 10.46(1H, t, J=6.011z), 12.68(1I1, s).

lixample C-11)
5-Hyd1'oxy-1-(2'1nethoxy-cthyl)'6,10-dioxo-1.2,3,4,6.9,9a,lO-octahydrO'1,4a,8a‘triaza~a
nthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 147°C

NMR (DMSO-de)8: 1.56-1.74(2H, m), 2.68-2.68(1H, m), 2.66-3.10(4H, m), 3.18(3H, s),
3.41-3.39(2H, 1), 4.37-4.52(5HE, m), 4.73-4.80(1H, m), 7.15(2H, t, 8.8H2), 7.33-7.37(2H,
m), 8.56(1H, s), 10.40(1H, t, J=6.0Hz), 12.62(1H, &).

Example c-12)
5'Hydroxy-1'(Z-isopropoxy'ethyl)'G,10'dioxo-l,2,8,4,6,9,9a,10'octahydr0'l,llia,Sa'triaza
-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 151 °C

NMR (DMSO-de)s' 1.02(6H, dd, J=4.0, 6,0Hz), 1.56-1.67(2H, m), 2.53'2.68(1H, m),
2.74-3.04(4H, m), 3.18(3H, ¢), 3.41-8.52(3H, m), 4.41-4.59(5H, m), 4.79-4.83(1H, m),
7.15(2H, t, 8.8H2z), 7.34-7.36(2H, m), 8.58(1H, ), 10.40(1H, t, J=6.0Hz2), 12.56(1H, ),

Example C-13)
5-Flydroxy-3,3-dimethyl-6,10-dioxo-3,4,6,9,9a,10-hexahydro-2H-1-0xa-4a,8a-diaza-ant
hracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 275-277 °C

NMR (DMSO-de)8: 2.97(3H, s), 3.01(3H, &), 3.00-3.18(3H, m), 4.45-4.56(5I, m),
6.16(1H, s), 7.15(2H, t, J=9Hz), 7.35(2H, dd, J=5.4Hz, 8.7I{2), 8.561(1H, s), 10.86(1H, ¢,
J=5.7Hz), 12.4(1H, s).
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Example C-14)
1'Cyclohexyl'5~hydzroxy-6,(10-dioxe'1,2,3,4,6,9,93,10~octahydro-1,4a,8a't).'iaza-anthracc
ne-7-carboxylic acid-4-fluoreo-benzylamide

melting point: 275-277 °C

NMR (DMSO-de)8: 1,22-1.70(2H, m), 2.50-3.02(3H, m), 4.45(4H, m), 4.52(2H, s),
4.78(1H, @, J=13.2H2), 7.16(2H, t, J=8.7Hz), 7.35(2H, dd, J=5.7Hz, 8.4Hx), 8.62(1H, s),
10.52(1H, ), 12.65(1H, ).

Example C-15)
5-Hydroxy-1-isopropyl-6,10-dioxo-1,2,3,4,6,9,9a,10-oxtahydro-1,4a,8a-triaza-anthrace
ne-7-carboxylic acid-4-fluoro-benzylamide

melting point: 220 °C

NMR (DMSO0-de)$: 0.94(6H, d, =9.6Hz), 1.53-1.67(2H, m), 2.92-3.80(3H, m),
4.32°4.40(1H, m), 4.62(2H, d, J=5.7Hz), 4.89(1H, d, J=14.1H2), 7.16(2H, t, J=9.0Hz),
7.85(2H, dd, J=6.8Hz, 9.0Hz), 8.6.1(1H, s), 10.46(1H, &), 12.55{1H, s).

Bxample C-16)

5-Hydroxy-3,3-dimethyl-6,10-dioxo- 1,2,3,4,6,9,93,10-octahydro-1,4a,8a-triaza-anthrac
ene~7-carboxylic acid 4-fluore-benzylamide

melting point: 280 °C

NMR (DMSO-de)8: 0.87(3H, s), 0,.93(3H, ), 2.59-3.15(6H, m), 4.09-4.57(6H, ),
7.14(2H, d, J=9.0Hz), 7.34(211, dd, J=5.4Hz, 8.4z, 8.42(1H, ), 10.46(1H, s),
12.77(1H, &).

Example G-17)
S'Hyclroxy'l—(2-morpholin-4-y1-2'0x0'ethyl)-G,10-dioxo-1,Z,3,-’l,6,9,9a,10'octahydro~l,4
a,8a-triaza‘anthracene-7-carboxylic acid 4-fluore-benzylamide

melting point’ 140 °C

NMR (DMSQ-de)s: 1.60(2H, m), 2.91-3.62(13H, n), 4.41(2H, m), 4.61(2H, &, J=4.8Hz),
4.80(2H, m), 7.15(2H, t, J=8.7Hz), 7.34(2H, m), 8.44(1H. s), 10.43Q1H, &), 12.54(1H, s).

Example C-18
1'(8~Acetylamin0'propyl)~5-hydroxy~6,10-dioxo-1,2,3,4,6,9,9a,10'octahydr0'].,4a,8a'tri
aza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point’ 177-178 °C
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NMR (DMSO-de)6: 1.74(8H, s), 1.49-2.98(9H, m), 3.60(1H, 8), 4.25-4.66(7H, m),
7.34(2H, ¢, J=8.41x), 7.34(2H, m), 7.71(1H, s), 8.26(1H, ), 10.60(1H, o).

Example C-19)
1-Dimethycarbamoylmethyl'5-hydroxy'6,10-diox0'1,2,3,tL,G,S),S)a,lO-octahydro-l,/la,Sa-
triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

Mmelting point: 190 °C

NMR (OMSC-de)6: 1.60(2H, m), 2.76(3H, s), 2.83(3H, s), 2.90-3.59(5H, s), 4.40(2H, m),
4.51(2H, d, 5.7Hz), 4.80(1H, d, d=14.4H2), 4.98(111, &), 7.16(2H, t, J=8.4H=), 7.34(2H,
m), 8.54(1H, s), 10.42(1H, ).

Example C-20)
5-Hydroxy-1-(3-methanesulfonylamino-propyl)-6,10-dioxo-1,2,3,4,6,9,9a,10-cctahydro-
1,4a,8a-triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 176 °C

NMR (DMSO-de)8: 1.54-1.75(4H, m), 2.80(3H, s), 2.30-3.04(811, m), 4.45(2H, m),
4.52(2H, d, I=5.6H2), 4.75(1H, 4, J=13.2Hz), 6.91(1H, t, J=5.6H%), 7.16(2H, ¢,
J=8.8Hz), 7.36(2H, m), 8.61(1H, 8), 10.41(1H, t, J=5.6Hz), 12.58(1H, s).

Bxample C-21)
5-Hydroxy-2-methyl-6,10-dioxo-8,4,6,9,9a,10 - hexahydro-2H-1-oxa-4a,8a-dizazaanthra
cene-7-carboxylic acid 4-fluorobenzylamide

NMR (CDCI8)8: 1.27(3H, 4, J=6.0Hz), 1.55-1.78(2H, m), 8.11(1H, td, J=12.9, 3.7Hz),
3.89-4.00(1H, m), 4.16(1H, dd, J=13.8, 3.9Hx), 41.34(1H, dd, J=13.8, 3.9Hz), 4.60(2H, d,
J=6.0Hz), 4.71(1H, ddd, J=13.6, 4.8, 1.8H2), 5.08(1H, t, J=3.9Hz), 6.96-7.04(2H, m),
7.26-7.35(2H, m), 8.32(1H, s), 10.41(1H, br s), 12.41(1H, br s).

Example F-1)
5-Hydroxy-1l-isobutyl-4,6-dioxo0-2,3,4,6,9,9a-hexahydro- 1H-1,3a,8a-triazacyeclopentalbl

naphthalene-7-carboxylic acid-4-fluorobenzylamide

{Chemical formula 59]
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1) According to the method of synthesizing a compound 17-1, the crude purified
product (503mg) of a compound 48 was obtained at a yield of 82% from a compound 16
(600mg).

2) To a solution of a compound 48 {100mg, 0.22mmol), isobutylaldehyde (39ul,
0.432minol) and acetic acid (25ul, 0.432mmol) in dichloromethane (4ml) was added
sodium triacetoxyborohydride {(92mg, 0.432mmol) under ice-cooling, and the mixture
was stirred at room temperatuve for 2 hours. TFurther, isobutylaldehyde (20p]) and
sodium triacetoxyborohydride (48mg) were added, and the mixture was stirved for 30
minutes. To the reaction solutiog was added water, this was extracted with
chloroform, and the organic layer was washed with an aqueous saturated sodium
bicarbonate solution. After dring, the solvent was distilled off under reduced
pressure, and this was purified by silica gel column chromatography. A compound 49
(87mg) was obtained as a colorless crystal at a yield of 78%.

1H-NMR (CDC1)8: 0.96(38H, d, J=6.6I1z), 0.97(8H, d, J=6.58Hz), 1.72-1.86(1H, m),
2.25°2.41(2H, m), 2.47-2.568(1H, m), 8.39-3.46(1H, m), 3.69-3.76(2H, m), 3.85-3.93(1H,
m), 4.06(1H, dd, J=9.9, 2.7Hz), 4.16-4.22(1H, m), 4.57(1H, dd, J=15.8, 5.1Hx), 4.64(1H,
dd, J=14.7, 5.1H=}, 5.20(1H, 4, J=9.9Hz), 5.38(1H, d, J=9.9Hz), 6.96-7,05(2H, m),
7.28-7.36(5H, m), 7.58-7.62(2H, m), 8.40(1H, s), 10.44(1H, br s).

3) According to the method of a step 17) of Bxample B-1, a compound F-1 (43mg) was
obtained at a yield of 64% from a compound 49 (81mg).

1H-NMR (DMSO-de)8: 0.90(8H, d, J=6.4Hz), 0.91(3H, d, J=6.0Fz), 1.75-1.84(1H, m),
2.24-2.39(1H, m), 2.39-2.54(2H, m), 8.36-3.43(1H, m), 8.52-8.60(1H, m), 8.67-3.73(1H,
m), 3.81-3.88(111, m), 4.19~4.23(1i~1, m), 4.52(2H, 4, J=6.0Hz), 4.94-4.99(1H, m),
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7.12-7.20(21, ), 7.82-7.38(2H, m), 8.46(1H, ), 10.37(1H, t, J=2.0Hz), 11.74(1H, s).

According to the same manner as that of Example ™1, the following Example
compounds IF-2 to IF-63 were synthesized.

Example 7-2)
B-Hydroxy-1-isobuty1~6,10-dioxo'1,2,3,4,6,9,9a,10~octahych'o-1,4-a,8a~triazaanthracene~
7-carboxylic acid 4-fluoreobenzylamide

melting point: 146-148 °C

1H-NMR (DMSO-de)8: 0.63(3H, d, J=6.6Hz), 0.79(3H, d, J=6.61z), 1.56-1.66(2H, m),
1.67-1.75(1H, m), 1.94-1.99(1H, m), 2.41-2.54(2H, m), 2.96-3.06(2H, m), 4.41-4,59(54,
m), 4.76-4.81(1H, m), 7.14-7.21(2H, m), 7.33-7.38(2H, m), 8.61(1H, &), 10.40(1H, d,
J=5.811z), 12.56(1H, s).

Example I-3)
1-Cyclopropylmethyl-5-hydroxy-6,10-dioxc-1,2,8,4,6,9,9a,10-octahydro-1,4a,8a friaza-
anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 182-184 °C

NMR (DMSO-de)6: 0,06(2H, m), 0.43(2H, d, 8.4Hz), 0,80(1H, m), 1.66(2H, m),
2.28-3.30(4H, m), 4.410-4.50(dH, m), 41.52(2H, d, 6.0z}, 4.78(2H, m), 7.15(2H, t, 8.7Hz),
7.34(2H, m), 8.656(1H, s), 10.47(1H, s), 12.55(1H, s).

Example FF-4)
1-Cyclopentylmethyl-5-hydroxy-8,1-dioxe-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a triaza-a
nthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 184-185 °C°C

NMR (DMSO-de)§: 0.88-2.10(1H, m), 2.60(2H, m), 2.95-3.28(2H, m), 4.38-4.53(6H, m),
4.82(1H, m), 7.15(2H, ¢, 9.0H2), 7,34(2H, m), 8.57(1LH, s), 10.42(1H, s?, 12.45(1H, s).

Example F-5)
5-Hydroxy-1-(4-methylsulfanylbenzyl)-6,10-dioxo"1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-t
riazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO-de)8: 1.51-1.56(1H, m), 1.69-1.74(1H, m), 2.42(3H, &), 2.55-2.62(1H, m),
2,80-2.84(1H, m), 8.00-3,08(1H, m), 8.32-3.36(1H, m), 3.93(113, 4, J=18.6Hz),
4.45-4.53(4H, m), 4.58(1H, ), 4.88(1H, q, J=15.2Hz), 7.11-7.19(6H, m), 7.33-7.40(2H,
m), 8.34(1H, s), 10.38(1H, t, J=6.0Hz), 12.58(1H, s).
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Example F-6)
]‘~(5-Ohloro~l,S-dimethyl'1I-'i'pyrazol'cl»y]methy])-S-hydroxy-G,.'LO'dioxo-l,Z,B,d-,G,S),E)a,l
0-octahydro-1,4a,8a-tiiazaanthracene: 7-carboxylic acid 4-fluorobenzylamide
(DMS0-a6)8: 1.56-1.692H, m), 1.88(31, s), 2.87-2.45(1H, i), 2.76-2.80(1H, m),
3.00-3.06(2H, m), 3.64(3H, s), 3.87(1H, d, J=13.2Hz), 4.40-4.55(6H, m), 4.97(11, 4,
J=14.4H), 7.13-7.19(2H, m), 7.33-7.38(2R, m), 8.66(1H, &), 10.39(1H, t, J=6.0Hz),
12.46(1H, s).

Example F-7)
S*Hydroxy'1'(3-methoxybenzy])’6,10-dioxo-1,2,8,11-,(5,.‘),93,10-octahydro-IL,d»a,Sa-triazaa
nthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO-d8: 1.52-1.57(1H, m), 1.70-1.80(1H, m), 2.60-2,68(1H, m), 2.84-2.90(1H, m),
3.01-3.09(1H, m), 3.36(1H, d, J=14.0H%), 3.61(8H, s), 3.91(1H, d, J=14.0Hz),
4.45-4.52(aH, m), 4.68(1H, &), 4.76(1H, d, J=14.8Hx), 6.68-6.73(2H, m), 8.77(1H, d,
J=7.6M2), 7.18-7.19(3H, m), 7.83-7.38(2H, m), 8.17(1H, &), 10.38(1H, t, J=6.0Hz),
12.57(1H, ).

Example -8)
5-Hydroxy-1-(4-methanesulfonylbenzyl)-6,10-dioxo-1,2,8,4,6,9,9a,10-cctahydro-1,4a,8a
“triazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO0-da)8: 1.54-1.58(1H, m), 1.74-1.80(1H, m), 2.67-1.74(1H, m), 2.83-2.87(1H, m),
3.05-3.12(LH, m), 8.18(8H, s), 3.52(1H, d, J=14.8Hz), 4.09(1H, 4, J=14.8H27),
4.46-4.52(4H, m), 4.67(1H, 8), 4.73(1H, d, J=14.8H2), 7.12-7.18(2H, m), 7.32-7.36(2H,
m), 7.46(2H, m), 7.80(2H, d, J=8.0Hz), 8.17(1H, s), 10.37(1H, t, J=5.8Hz), 12.59(1H, ).

Example F-9)
5'I-lydroxy-J.'(G~met}loxypyridin-B'ylmethyl)'6,10-dio,\:o~].,2,3,4,6,9,9&,10-octahydro-1,4
a,8a-triazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO-da)8: 1.51-1.56(1H, m), 1.72-1.77(1H, m), 2.68-2.66(1H, m), 2.80-2.86(1H, m),
3.01-8.09(1H, m), 3.38(1H, d, J=13.6H2), 5.78(3H, s), 3.87(1H, 4, J=13.6Hz),
4.45°4.52(4H, m), 4.60(1H, s), 4.82(1H, d, J=15.6Hz), 6.71(1H, d, J=8.6Hz),
7.12-7.19(2H, m), 7.33-7.38(2H, m), 7.49(1H, d, J=8.6Hz), 7.98(1H, &), 8.30(1H, s),
10.87(1H, t, J=6.0Hz), 12.58(1H, s).
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Example F-10)
5~Hydroxy-1-isobutyl'3.3-dimcthyl-6,IO-clioxv1,2,3,4,6,9,9;1,1O'oc(;ahydro-l,4a,8a-tria
saanthracene-7-carboxylic acid 4-fluorobenzylamide

(DOMSO-de)6: 0.64(3H, d, J=6.4Hz) 0.82(3H, 4, J=6,8Hz), 0.90(3H, ), 0.81(3H, s),
1.59-1.67C1H, m), 1.92-1.97(1H, m), 2.11-2,15(1H, m), 2.51-2.57(1H, m), 2.67(1H, d,
J=12.0Hz), 2.77(1H, d, J=12,87z), 4.13(1H, &), 4.21(1H, d, J=12.8Ha2), 4,47-4.59(3H, ),
4.80(1H, dd, J=14.4, 2.8H%), 7.14-7.19(2H, m), 7.34-7.38(2H, m), 8.66(1H, s), 10.41(1H,
t, J=6.0Hz), 12.44(1H, ).

Bxample IF-11)
5-I~Iydroxy'1,3,3-trimethy]-6,1O-clioxo-].,2,8,4,6,9,9&1,10-octahydro-1,4a,8a-t1~iazaanthra
cene-7-carboxylic acid 4-fluorobenzylamide

(DMSO-de)6: 0.89(6H, s), 2.14-2.18(1H, m), 2.24(3H, s), 2.54-2.58(1H, m), 2.74-2.78(1H,
), 3.88(1H, 8, 4.21(1H, d, J=13.2Hz2), 4.45-¢.53(8H, m), 4.72-4.76(1H, m),
7.18-7.19(2H, m), 7.33-7.38(2H, m), 8.64(1H, s), 10,40(1H, t, J=6.0Hz), 12.46(1H, s).

Bxample I7-12)
4-17-(4-Fluorobenzylcarbamoyl)-5-hydroxy-6,10-dioxy-8,4,6,9,9a,10-hexahydro-2H-1,4a
8a-triazaanthracene-l-yllbutanoic acid ethyl ester

(CDCI6: 1.23(3H, ¢, J=7.1Hz), 1.70-1.79(1H, m), 1.86-2.00(1H, m), 2.17-2.34(2H, m),
2.46-2.57(1H, m), 2.61-2.77(2H, m), 2.85-2.92(1H, m), 8.13-3.18(1H, m), 4.13CH, q,
J=7.1Hz), 4.27-4.84(2H, m), 4,57-4.63(3I1, m), 4.66-4.73(1H, m), 6.95-7.03(2H, m),
7.29-7.36(2H, m), 8.36(11, s), 10.48(1H, t, J=4.8Hz), 12.50(1H, s).

Example F-13)

1-(3-Dimethylearbamoylpropyl)-6-hydroxy-6,10-dioxo-1,2,8,4,6,9,9a, 10-octahydro-1,4a,
8a-triazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(CDC16:1.62-1.82(83H, m), 1.83-2.00(1H, m), 2.10-2.35(2H, m), 2.57-2.65(2H, m),
2.75-2.95(2H, m), 2.92(8H, 9), 2.96(3H, ), 3.07-3.14(1H, m), 4.23-4.30(2H, m), 4.60(2H,
d, J=6.0H7), 4.68(1H, dd, J=13.2, 4.5Hz), 5.12(1H, d, J=12.6H2), 6.956-7.02(2H, m),
7.28-7.35(2H, m), 8.42(1H, ), 1054(1H, t, J=5.4Hz), 12.51(1H, s).

Example F-14)
5-Hydroxy-1-(4-morpholin-4-yl-4-oxobutyl)-6,10-dioxo-1,2,3,4,6,9,9a,10 octahydro-1,4a

,8a-triazaanthracene-7-carboxylic acid 4-fluorobenzylamide
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(CDCIa)6: 1.61-1.83(3H, m), 1.84-2.00(1H, m), 2.12-2.23(1H, m), 2.25-2.86(1H, m),
2.56-2.64(2H, m), 2.75-2.95(2H, m), 8.09-8.16(1H, m), 3.87(2H, t, J=4.8Hz),
3.81-3.66(6H, m), 4.26-4.32(2H, m), 4.59(2H, d, J=5,7Hz), 4.68(1H, dd, J=13.2, 4.5112),
4.95-5.01(1H, m), 6.95-7.08(2H, m), 7.28-7.35(2F, m), 8.40(1H, &), 10.52(1H, t,
J=5.7Hz), 12.51(1H, s).

BExample IF-15)
5-Hydroxy-1-methyl-6,10-diox0-1,2,8,4,6,9,9a,10-octahydro-1,4a,8a- triazaanthracene-
T-carboxylic acid 4-fluorobenzylamide

melting point: 252-253°C

(DMSO-de)8: 1.66-1.75(2H, m), 2.22(3H, s}, 2.50-2.55(1H, m), 2.90-3.10(2H, m),
4.17(1H, brs), 4.39-4.42(2H, m), 4.52(2H, d, J=6.0Hz), 4.74-4.78(1H, m), 7.13-7.17(2H,
m), 7.38-7.87(2H, m), 8.61(1H, ), 10.40(1H, ¢, J=6.0Hz), 12.54(1H, s).

Bxample F-16)
G'Hydroxy'(a‘,lo-dioxo-1-Lhiophun-S-ylme('.hyl'],2,3,4,6,9,98,IO-octahydrO‘.l,/vlvzx,Sa-triaz
aanthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 242-243°C

(DMSO-d)8: 1.52-1.73(2H, m), 2.59-2.62(1H, m), 2.87-3.03(2H, m), 3.52(1H, d,
J=13.6H2), 3.90(1H, 4, J=14.4Hz), 4.40-4.56(5H, m), 4.83-4.90(1H, m), 6.92(1H, q,
J=5.2H2), 7.18:7.17(2H, m), 7.28-7.37(3H, m), 7.12-7.44(1H, m). 8.46(1H, s), 10.39(1I1,
t, J=6.0Hz), 12.68(1, s).

Example 1717

5-Hydroxy-6,10-dioxo- l-thiazoI'Z'ylmetzhyl'1,2,3,4,6,9,90.,10'octahydro*l,fla,8a'triazaa
nthracene-7-carboxylic acid 4-fluorobenzylamide

melting point 214-215°C

(DMSO-d)8: 1.54-1.72(2H, m), 2.75-2.81(1H, m), 2.95-3.07(2H, m), 3.80(1H, d,
J=16.0Hz2), 4.837(1H, d, J=16.4Hz), 4.44°4.51(4H, m), 4.69(1H, brs), 4.89-4.93(1I, m),
7.13-7.07(2H, m), 7.32-7.35(2H, ), 7.55(1H, d, J=3.2H7), 7.69(1H, d, J=3.2H%),
8.37(1H, &), 10.86(1H, 1, J=6.0Hx), 12.60(1H, s).

Example I-18)
5-Hydroxy-(3-methylsulfanyl-propyl)-6,10-dioxo- 1,2,3,4,6,9,9a,10-0ctahydyo-1,4a,8a-tr

iazaanthracene-7-carboxylic acid 4-fluorobenzylamide
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melting point! 162-164°C
(DMSO-de)6: 1.50-1.82¢4H, m), 2.27(3H, s), 2.32-2.44(3H, m), 2.60-2.82(2H, m),
3.00-3.14(2H, m), 4.57-4.59(511, m), 4.75-4.79(1H, m), 7.13-7.17(2H, m), 7.33-7.35(2H,

m), 8.60(1H, 8), 10.40(1H, t, J=6.0Hz), 12.57(1H, ).

Fxample '-19)

5-Hydvroxy-6,10-dioxo-1-pyridin-4-ylmethyl-1,2,3,4,6,9,9a,10 -octahydro-1,4a,8a-triazaa
nthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 180-183°C

(DMSO0-de)§: 1.52-1.76(2H, m), 2.62-2,80(2H, m), 3.01-3.07(1H, m), 3.42(1H, d,
J=15.2Hx), 4.05(1H, d, J=15.2), 4.19°4.50(4H, m), 1.64(1H, brs), 4.78-4.81(1H, m),
7.12-7.21(dH, m), 7.32-7.836(2H, m), 8.33(1H, s), 8.42(2H, d, J=4.4Hz), 10.3901 1, ¢,
J=6.0Hz), 12.55(1H, s).

Bxample F-20)
].-Cyclohexyimel;hy}--S'hydroxy-G,lO-dioxo'1,2,3,4,6,9.9a,]ACJ'octahydrO"l,d-a,8a'triazaan
thyacene-7-carboxylic acid 4-flucrobenzylamide

melting point: 201-202°C

(DMSO-de)8: 0.56-0.569(1H, m), 0.87-0.84(1F, m), 1.02-1.13(3H, m), 1.23-1.29(1H, m),
1.49-1.70(6H, m), 1.92-1.97(1H, m), 2.52-2.55(1H, m), 2.96-3.03(2H, m), 4.40-4.43(3H;
m), 4.52(2H, d, J=6.0Hz), 4.78-4.77(1H, m), 7.12-7.16(2H, m), 7.82-7.36(2I, m),
8.59(1H, &), 10.40(1H, t, J=5.2Hz), 12.58(1H, s).

Ixample F-21)

5-Hydroxy 8,10-dioxo-1-pyridin-2-ylmethyl-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-triazaa
nthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 216-219°C

(DMSO-de)§: 1.52-1.76(2H, m), 2.66-2.80(1H, m), 2.90-3.07(2H, m), 3.67(1H, 4,
J=15.2Hz), 1.01(1H, d, J=13.2iJ%), 4.37-4.97(4H, m), 4.62(LH, brs), 4.85-4.88(1H, m),
7.07-7.25(d¥H, m), 7.33-7.36(2H, m), 7.64-7.68(1H, m), 8.26(1H, s), 8.45(1H, s),
10.36(1H, t, J=6.0Hz), 12.57(1H, s). '

Example IF-22)
1-(2-Bthyl-butyD-5-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-triazaanthr

acexne-7-carboxylic acid 4-fluorobenzylamide

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
507 of 1915



WO 2006/116764 PCT/US20066/016604

melting point: 137-140°C

(DMSO-dn)S: 0.62(8H, t, I=7.2Hz), 0.77(3H, ¢, J=7.2Fz), 0.99-1.30(5H, m),
1.57-1.71¢2H, m), 1.97-2.02(1H, m), 2.44-2.58(2H, m), 3.02-3.32(2H, m), 4.34-4.57(5H,
m), 4.78-4.82(1H, m), 7.13-7.17(2H, m), 7.32-7.36(2H, m), 8.60(1H, s), 10.39(1H, ¢t,
J=5.2Hz), 12.54(1H, s).

Example #-23)
5-Hydroxy-1-(2-morpholin-4-ylethyl}-6,10-dioxo0-1,2,3,4,6,9,9a,10-0octahydro-1,4a,8a-txi
azaanthracene-7-carboxylic acid 4-'-ﬂ\.\orobenzylumide

melting point: 254-256°C

(DMSO-de)8: 1.65-1.68(2H, m), 2.28-2.39(8H, m), 2.59-2.65(1H, m), 2.82-3.09(3H, m),
8.33-8.68(51, m), 4.34-4.50(3H, m), 4.62(2H, d, J=5.2H2), 4.79-4.84(1H, m),
7.12-7.17(2H, m), 7.32-7.36(2H, m), 8.52(1H, s), 10.45(1H, t, J=5.2Hy), 12.66(1H, ).

Example -24)
I-Hydroxy-6-methyl-2,11-diox0-2,62,6,7,8,9,10,11-octahydro-5H 40,6, 10a-triaza-cycloh
eptalblnaphthalene-3-carboxylic acid 4-fluorobenzylamide

melting point: 265°C

(DMSO-de)8: 1.48-1.65(1H, m), 1.67-1.80(8H, m), 2.29(8H, ), 2.75-2.80(2H, m),
3.28-3.31(1H, m), 4.07-4.09(1H, m), 4.86-4.40(1H, m), 1.45-4.59(2H, m), 4.68-4.69(11,
m), 7.13-7.17(2H, m), 7.30-7.37(2H, ), 8.50(1H, ), 10.42(1H, t, J=6.0Hz), 12.42(1H,
s).

Bxamploe F-25)
1'Hydroxy'ﬁ'isohu(zyl-2,1]'(1i0x0'2,6a,6,7,8,9,].O,].l'octahydr0'5'[‘(~4a,6,].O'r:x'triaz,a'cyclo
heptafblnaphthalene-3-carboxylic acid 4-fluorobenzylamide

melting point: 221-223°C

DMS0-de)8: 0.81(3H, d, J=6.8H2), 0.84(3}, d, J=6.4H2), 1,45-1.78(5H, m),
2.36-2.54(2H, m), 2.27-2.93(2H, m)}, 3.17-3.23(11, m), 4.03'4.06(11{,. m), 4.32-4.56(4H,
m), 4.82-4.85(1H, m), 7.13-7.17(2H, m), 7.30-7.37(2H, m), 8.48(1H, &), 10.42(1H, ¢,
J=6.0Hz), 12.53(11, s).

Example [P-26)

8-Cyclopropylmethyl-1-hydroxy-2,11-dioxo-2,5a,6,7,8,9,10, 11-octahydro-5H-41,6,10a ¢

iaza-cycloheptalblnaphthalene-3-carboxylic acid 4-fluorobenzylamide
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melting point: 213°C

DMSO-de)8: 0.15-0.26(2H, m), 0.46-0.48(2H, m), 0.86-1.06(1H, m), 1.45-1.75(4H, m),
2.45-2.66(11, m), 2.68-2.83(1H, m), 2.91-2,98(2H, m), 3.17-3.26(1H, m), 4.08-4.14(1H,
m), 4.43-4.45(2H, m), 4.64(2H, d, J=5.611z), 4.89-4.91(0H, m), 7.15-7.19(2H, m),
7.35-7.39(2H, m), 8.50(1H, &), 10.47(1H, ¢, J=6.0Hz), 12.52(1H, s).

Example F-27)
1-Turan-2-ylmethyl-6-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-triaza-a
nthracene-7-carboxylic acid 4-fluorobenzylamide

meltillé point: 193-197°C

DMSO-dwé: 1.67(2H, m), 2.61(1H, s), 2.93(2H, m), 8.75(1H, d, J=14.8Hz), 3.84(1H, 4,
J=14.8Hz), 4.34-4.47(3H, m), 4.52(2H, d, J=6.0Hz), 1.96(1H, 4, J=14.8Hz), 6.86(211, s),
7.16(2H, t, J=8.8Hx), 7.35(2H, m), 7.59(11L, s), 8.97(1H, s), 10.43(1H, s), 12.51(1H, s).

Lxample [F-28)
1‘(fl»"Dimethylaminoﬂ)enzyl)'S‘hyal-oxy-G,10'dioxo-1,2,3,¢Jv,G,9.9a,].O'octahydrO'1,-44'4,86.'
trinza-anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 221-223°C

DMSO-de)8: 1.55-1.99(21, m), 2.87(6H, &), 2.87-3.06(4H, m), 3.80(1H, d, J=14.0Hz),
4.50(5H, n), 4.83(1H, 4, J=14.0Hz), 6.58(2H, d, J=9.6Hz), 6.98(2H, d, J=8.8Hz),
7.16(21, t, J=8.8Hz), 7.35(2H, m), 8.31(1H, s), 10.839(1H, &), 12.58(1H, s).

Sxample IF-29)
B-Hydroxy'(j,l()“dioxo-1~(4~“triﬂuoromethyl'benzy1)~].,2;3,4—,6,9,95\,lO'octahydm'J.Aa,Sa'
triaza-anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point! 273-277°C

DMSO-de)$: 1.52-1.70(2H, m), 2.68-3.04(3H, m), 3.50(1H, d, J=14.8Hz), 4.10Q0H, d,
J=14.8H2), 4.54(6H, m), 4.79(1H, d, J=14.8Hz), 7.14(2H, t, J=8.8Hx), 7.83(2H, m),
7.65(2H, d, J=6.8Hz), 7.61(2H, d, J=8.0Hz), 8.22(1H, s), 10.40(1H, s), 12.56(1H, s).

Example F-30)
5-Hydroxy-6,10-dioxo-1-pyridin-3-ylmethyl-1,2,3,4,6,9,9a,10-octabydro-1,4a,8a-triaza-
anthracene-7-carboxylic acid 4-fluorobenzylamide ‘

melting point: 210-212°C

DMSO-de)8: 1.51-1.76(2H, m), 2.63(1H, ¢, J=12.8H2), 2.80(1H, d, J=12.0Hz2), 3.07(1H, ¢,
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J=12.8H2z), 3.44(1H, d, J=13.2Hz), 4.00(1H, d, 14.0Hz), 4.47(4H, m), 4.62(1H, s),
1.84(1H, d, J=14.0Hw), 7.16(2H, %, J=8.8Hx), 7.33(2H, m), 7.88(1H, d, J=7.6H2),
8.30(1H, s), 8.456(2H, s), 10.41(1H, s), 12.57(1H, s).

Lxample F-31)
1-(2-Chloro-6-fluoro-benzyl)-6-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a, 10-octahydro-1,4a,8a"
triaza-anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 213-215°C

DMSO-de)6:1.68(2H, 2H), 2.55-3.09(3H, m), 3.45(1H, d, J=12.4H2), 4.16(1H, 4,
J=12.4H7), 4.40-4.58(dl4, m), 6.12(1H, d, J=14.4Fz), 7.156-7.88(7H, m), 8.66(1H, s),
10.41(1H, t, J=86.4H2), 12.46(1H, s).

Fixample ¥-32)
5-Hydroxy-1-({L-methoxy‘benzyl)-B,].0-<l-ioxo-1,2,3,4,G,S,Qa,lo-octahydm'].,4-a,8a-triaza'
anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 191-193°C

NMR (DMSO-de)8:1.60-1.77(2H, m), 2.58-3.06(3H, m), 3.68(3H, s), 8.88(1H, q,
J=13.6Hz), 4.41-4.85(4H, m), 1.80(2H, d, J=14.4Hz), 6.80(2H, d, J=8.8Hx), 7.09(ZH, d,
J=8.4Hz), 7.16(2H, t, J=8.8Hz=), 7.35(2H, m), 8.28(1H, ), 10.48(1H, s}, 12.58(1H, s).

Example ¥-33)
1+(8,5-Bis-trifluoromethyl-benzyl)-5-hydroxy-6,10-dioxo-1,2,3,4,6,9,92,10-0ctahydro-1,
4a,8a'octahydr0'1,tla,83*t;‘iaza'aﬁthracene'7'carb0xy]ic acid 4-flvorobenzylamide
melting point: 275-277°C

NMR (DMS0-de)6:1.58-1.88(2H, m), 2.51-3.14(3H, m), 3.33-4.10(3H, m), 4.51(2H, m),
4.73(1H, m), 7.16(2H, m), 7.34(2H, m), 7.82-7.93(4H, ), 10.31(1H, &), 12.67(1H, s).

Iixample 1¥-34)
1-(4-Diethylamino-benzyl)-5-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a,10-octahydyo-1,4a,8a-tr
iaza-anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 182°C

NMR (DMSO-de)§: 1.04(6H, t, J=6 8Hz), 1.50-1.69(2H, m), 2.65-3.05(3H, m), 5.26(4H,
q, J=7.2Hz), 3.80(1H, d, J=18,6H2), 4,44-4.67(4H, m), 4.91(1H, d, J=12.4H27), 6,62(2H,
d, J=8.8Hx), 6.94(2H, d, J=8.4Hz), 7.15(2H, t, J=8.4Hz), 7.35(2H, m), 8.46(1H, ¢),
10.41(1H. s), 12.60(1H, s).
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Bxample 1-35)
5-Hydroxy-1-((8)-2-methyl-but-2-enyl)-8,10-dioxo"1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-t
riaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 175-177°C

NMR (DMSO-do)8: 1.35(3H, &), 1.51(3H, d, J=6.0Hz), 1.52-1.69(3H, m), 2.60-3.15(3H,
m), 4.831-4.52(6H, m), 4.67-4.76(1H, m), 5.80-5.4000H, m), 7.16(2H, t, J=8.4Hz),
7.28-43(2H, m), 8,46(1H, s), 10,39(1H, brs), 12.60(1H, s).

Example F-36)
1-(3*Dimethylamino-2-methyl-propyl)-5-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a,10-octahydr
o-1,4a,8a-triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

NMR (DMSO-de)6: 0.63-0.68(2H, m), 1.57-1.82(3H, m), 2.11-2,49(10H, m),
2.98-3.11(2H, m), 4.41-4.54(8H, m), 4.73-4.80(1H, m), 7.14-7.18(2H, m), 7.31-7.88(2H,
m), 8.58(1H, s), 10.40(1H, s), 12.87(1H, e).

Example F-37)
1-(3,3-Dimethyl-butyl)-5-hydroxy-6,10-dioxo-1,2,8,4,6,9,9a,10-octahydro-1,4a,8a triaza
-anthracene-7-carboxylic acid 4-fluoro-bengylamide

melting point: 175-177°C

NMR (DMS0-de)6: 1.19-1.36(2H, m), 1.57-1.70{2H, m), 2.23-2.30(1.H, m), 2.51-2.69(2H,
m), 2.97-83.04(2H, m), 4.42-4.54(6H, m), 4.78(1H, d, J=14.0Hz), 7.13-7.17(2H, m),
7.833-7.36(2H, m), 8.63(1H, s), 10.39(1H, t, J=6.0Hz), 12.56(1H, s).

Example I"-38)

1-Ethyl-5-hydroxy-6,10-diox0-1,2,8,4,8,9,9a,10 octahydro-1,4a,8a-triaza-anthracene-7-
carboxylic acid 4-fluoro-benzylamide

melting point: 221°C

NMR (DMSO-d)8: 0.94(3H, t, J=6.8Hz), 1.66-1.71(2H, m), 2.45-2.50(1H, m),
2.59-2.76(2H, m), 2.96-3.03(2H, ui), 4.40-4.44(3H, m), 4.82(2H, d, J=6.0Hz),
4.77-4.82(3H. m), 7.14-7.18(2H, m), 7.34-7.38(2H, m), 8.62(1H, s), 10.41(1H, t,
J=6.0Hz), 12.59(1H, s).

Example F-39)
5-Hydroxy-6,10-dioxo-1-(2-oxo propy})-1,2,3,4,6,9,9a,10-0ctahydro-1,4a,8a-triaza-anth
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racene-7-carboxylic acid 4-fluoro-benzylamide

melbing point: 244-246°C

NMR (DMSO-de)§* 1.54-1.61(1H, m), 1.67-1.76(1H, m), 2.22(3H, ), 2.50-2.56(1H, m),
2.91-3.02(2H, m), 4.18(1H, &), 4.38-4.45(2H, w), 4.52(2H, 4, J=6.0H2), 4.76(1H, d,
Jd=14.1Hv), 7.18-7.18C2H, m), 7.34-7.37(2H, m), 8.61(1H, s), 10.40(1H, t, J=6.0Hz),
12.64(1H, s).

Example F-40)

5-Ilydroxy-6,10-dioxo- 1-(4,4,4-trifluoro-butyl)-1,2,3,4,6,9,92,10-octahydro- I,4a,8a tria
za-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 220°C

NMR (DMSO-de)8: 1.53-1.62(2H, m), 1.67-1.75(1H, m), 2.07-2.18(2H, m), 2.40-2.47(1H,
m), 2.64-2.78(2H, m), 2.96-3.04(2H, m), 4.42-4.49(2H, m), 4.53(2H, d, J=5.212),
4.74(14, 4, J=12.8¥2), 7.18:7.17(2H, m), 7.833-7.87(2H, m), 8.61(1H, =), 10.40(1¥, ¢,
J=6.0Hz), 12.67(1H, s).

Example F-41)
5-Hydroxy-1-(3-methyl-butyl)-6,10-dioxo"1,2,3,4,6,9,9a,10-cctahydro- 1,4a,8a-triaza-an
thracene-7-carboxylic acid 4-fluoro-bensylamide

melting point: 151°C

NMR (DMS0-da}8: 0.78(6H, dd, J=7.6, 16.2Hz), 1.21-1.28(2H, m), 1.41-1.48(1H, m),
1..56']_.71(2H, m), 2.22-2.31(1H, m), 2.51-2.69(1H, m), 2.66-2.73(1H, m), 2.96-3.05(2H,
m), 4.41-4.56(5H, m), 4.80(1H, d, I=13.2Hz), 7.13-7.18(2H, m), 7.83-7.37(2H, m),
8.64(1H, s), 10.40(1H, t, J=6.0Hz), 12.57(1H, s).

Kxample [-42)
5-Hydroxy-il.-isobutyl-(%,ZLO-diox0'1,2,3,4,6,9,921.IO-octahydro-l,4a,8a~t1~iaza-anthracene
“7-carboxylic acid 3-chloro-2-fluoro-benszylamide

melting point! 180-182°C

NMR (DMSO-de)6: 0.62(3H, d, J=6.0H2), 0.78(3H, d, J=6.4H2), 1.56'1.69(3H, m),
1.98-1.99(1H, m), 2.97-3.08(2H, m), 4.39-4.46(3H, m), 4.59-4.64(2H, m), 4.75-4.81(iH,
m), 7.16-7.23(1H, m), 7.27-7.84(1H, m), 7.47-7.53(1H, m), 8.59(1I, s), 10.44(1H, s),
12.87(1H, ).

IExample FF-438)
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1‘Cyclopropylmethyl-5'hydroxy'GL10-dioxo-1,2,3,4,6,9,9:1,10'octahyd):0‘1,4a,8a‘triaz:«1-
anthracene-7-carboxylic acid 3“chloro-2~f1uoro-benzylamide

melting point: 189-192°C

NMR (DMSO-da)8: 0.00-0.10(2H, m), 0.35-0.41(2H, m), 0.70-0.77(1H, m), 1.67-1.69(2H,
m), 2.52-2.65(1H, m), 2.67-2.85(1H, m), 2.91-2.99(1H, m), 4.30-4.41(2H, m),
4,48-4.52(2H, m), 4.71-4.80(1H, m), 7.06-7.10(1¥, m), 7.18-7.22(1H, m), 7.36-7.40(1H,
m), 8.52(1H, &), 10.30(1H, ), 12.26(1H, s).

Example F-44)

1-Furan-2-ylmethyl-6-hydroxy-8,10-dioxe- 1,2,8,4,6,9,9a,10-octahydro-1,4a,8a triaza-a
nthracene-7-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting point: 190-192°C

NMR (DMSO-de)8: 1.56-1.68(2H, m), 2.54-2.63(1H, m), 2.89-2.99(2H, m), 3.80(2H, dd,
J=18.4, 33.2Hz), 4.37-4.61(3H, m), 4.62(2H, d, J=6.0Hz), 4.97(1H, 4, J=16.2Hz2),
6.39(2H, 8), 7.18-7.22(1H, m), 7.31-7.34(1H, m), 7.48-7.51(1H, m), 7.68(1H, s), 8.64(1H,
s), 10.45(1H, t, J=6.0Hz), 12.65(1H, s).

Example F-45)

5-Hydroxy-6,10-dioxo- 1-thinzol-2-ylmethyl-1,2,5,4,6,9,9a,10-octahydro-1,4a,8a-triaza-
anthracene-7-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting point: 217-219°C

NMR (DMSO-dg)8: 1.59-1.74(2H, m), 2.76-2.83(1H, m), 2.97-3.08(2H, m), 3.90(1H, 4,
J=16.011z), 4.36(1H, d, J=16.0Hz), 4.46-4.69(5H, m), 4.89(1H, d, J=14.8Hz2),
7.18-7.22(1H, m), 7.28-7.31(1H, m), 7.47-7.53(1H, m), 7.54(1H, d, J=3.2Hz), 7.68(1H, d,
J=3.2Hz2}, 8.34(1H, ), 10.40(1H, d, J=6.0H»), 12.52(1H, ¢).

LExample F-46)
5-Hydroxy-6,10-dioxo-L-pyridin-2-ylmethyl-1,2,3,4,6,9,9a,10-octahydro-1,42,8a triaza-
anthracene-7-carboxylic acid 3-chloxo-2-fluoro-benzylamide

melting point! 190-193°C

NMR (DMSO0-ds)8: 1.54-1.61(2H, m), 1.69-1.75(1F, m), 2.66-2.74(1H, m), 2.91-3.08(2H,
m), 3.68(1H, d, J=14.4H2z), 4.02(1H, 4, J=14.8H2z), 4.40-4.67(6H, ), 4.85(1H, 4,
J=12.4Hz), 7.16-7.35(8H, m), 7.46-7.52(1H, m), 7.61-7.69(11, m), 8.20(1H, s,
8.43-8.47(1H, m), 10.41(1H, 4, J=6.0Hz), 12.58(1H, s).
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Example I-47)
5-Hydroxy-l-isobutyl-6,10-diox0-1,2,8,4,6,9,9a,10-0octuhydro- 1,42,8a- triaza-anthracene
‘7'ca1‘b0x-y]ic acid 2,4-difluoro-benzylamide

melting point: 194°C

NMR (DMS0-da)8: 0.62(3H, d, J=6.4H7), 0.78(3H, d, J=6.4Tx), 1.55-1.69(3H, m),
1.93-1.99(1H, m), 2.97-3.08(2H, m), 4.39-4.46(31{, m), 4.50-4.59(2H, m), 4.77(1H, a,
J=14.4Hz), 7.08-7.09(1H, m), 7.20-7.28(1LH, m), 7.36-7.43(1H, m), 8.59(1H, 9,
10.39(1H, &), 12.66(14, s).

Example F-48)
1-Cyclopropy]methy]'5-hydroxy'6,10'dioxo-1,2,8,4,6,9,9a,lO-octahydro-1,4—a,8a'triaza-
anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

melting point: 169-171°C

NMR (DMSO-da)8: 0.00-0,10(2H, m), 0.42-0.44(2H, m), 0.77-0.81(JH, m), 1.59-1.74(2H,
m), 2.27-2.32(1H, m), 2.62-2.72(1H, m), 3.05-3.12(1K, m), 4.80-4.58(5H, m), 4.69(1H, d,
J=14.8Hz), 7.03-7.11(1H, m), 7.22-7.26(0H, m), 7.37-7.40(1H, m), 8.62(1H, s),
10.40(1H, t, J=6.0Hz), 12.57(1H, s).

Example F-49)
]-Fm-an*2-y1me‘l’.hy]-5-hyd1'oxy'6,10'diox0'1,2,3,4,6,9,9a,10*0(:1‘.51}‘1ydr0'1,4-8,8a't1'ia7,a'a
nthracene-7-carboxylic acid 2,4-difluoro-benzylamide

melting point' 186-188°C

NMR (DMSO-de)8: 1.55-1.68(2H, m), 2.56-2.64(1H, m), 2.88-2.99(2H, m), 3.80(2H, 44,
J=15.6, 34.8M7), 4.36-4.56(5H, m), 4.97(1H, d, J=16.0Hz), 6.39(2H, s), 7.05-7.08(1H,
m), 7.21-7.26(1H, m), 7.87-7.44(1H, m), 7.58(1H, s), 8.64(1H, &), 10.38(1H, t, J=5.6Hz),
12.53(1H, s).

Example F-50)
B-Hydroxy'G,10'diox0'l~thiazol'2-ylmethyl'1,2,3,4,6,9,9'&,10~octahyd1‘0'1,4»&,8a'triaza'
anthracene-7-carboxylic acid 2.4-difluoro-benzylamide

melting point: 168-170°C

NMR (DMSO-de)8: 1.59-1.74(2H, m), 2.76-2.83(1H, m), 2.97-8.08(2H, m), 3.89(1H, 4,
J=16.4Hz), 4.36(1H, d, J=16.0H2), 4.44-4.65(4H, m), 4.69(11, s), 4.80(1H, d,
J=14.8Hz), 7.03-7.09(1H, m), 7.20-7.27(1H, m), 7,34-7.41(1H, m), 7.54(1H, d, J=3.2F»),
7.68(1H, d, J=3.2Hz), 8.34(1H, s}, 10.35(1H, d, J=6.0H%), 12.50(1H, s),
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Bxample F-51)
S'Hydroxy'(i,lO-dioxo-l'pyridin-Z-y]methyl'l,2,3,4,6,9,9a,10'octahydro~1',4a,8a-triaza'
anthracene-7-carboxylic acid 2,4-difivoro-benzylamide

melting point: 200-203°C

NMR. (DMS0-de)6: 1.54-1.61(1H, m), 1.69-1,78(1H, m), 2.71-2.79(1H, i), 2.91-3.09
(2H, m), 3.72(1H, d, J=14.4Hx), 4.07(1H, d, J=14.4H2), 4.44-4.54(411, m}, 4.70(1H, s),
4.82(1H, d, J=14.4H2), 7.04-7.10(1H, m), 7.21-7.42(4H, m), 7.74-7.80(1 H, ), 8.17(1H,
s), 8.47-8.49(1H, m), 10.35(1H, d, J=6.0Hz), 12.67(1H, 5).

Example I7-62)
1-Hydroxy-6-methyl-2,11-djoxo-2,54,6,7,8,9,10,11-octahydro-5H-42,8,10a triaza-cycloh
optalblnaphthalene-3-carboxylic acid 3-chloro-2-fluoro-henzylamide

melting point: 230-231°C

NMR (DMSO-do)§: 1.47-1.58(1H, m), 1.62-1.78(3H, m), 2.29(3H, s), 2.77°2.81 (2H, m),
4.05-4,10(1H, m), 4.85-4.40(1H, n{), 4.54-4.64(3H, m), 4.70(1H, s), 7.18-7.22(1H, m),
7.30-7.34(18, 1), 7.47-7.52(1H, m), 8.49(1H, ), 10.47(1H, d, J=6.0Hs), 12.44(11, s).

Ixample I-53)
1-Hydroxy-6-isobutyl-2,11-dioxo-2,54,6,7,8,9,10,11-octahydro-5k-42,6,10a -triaza-cyclo
heptalblnaphthalene-3-carboxylic acid 3-chloro-2-fluorc-benzylamide

melting point: 216-216°C

NMR (DMSO-de)8: 0.82(6H, dd, J=6.8, 13.6Hz), 1.45-1.80(5H, m), 2.36-2.41(1H, m),
2.77-2.98(2H, m), 3.17-3.24(1H, m), 4.02-4.08(1H, m), 4.32-4.40(2H, m), 1.61(2H, d,
J=5.612), 4.82-4.84(1H, m), 7,18-7.22(1H, m), 7.30-7.33(1H, m), 7.48-7.51(1H, m),
8.47(1H, ¢}, 10.48(1H, t, J=6.0Hz2), 12.56(1H, s).

TExample F-54)
6-Cyclopropylmethyl-1-hydroxy-2,11-diox0-2,52a,6,7,8,9,10,11-octahydro-5H 4a,8,10a tr
iaza~cyclohepta[la]naphthalenc-BTCarboxylio acid 3-chloro-2-fluoro-benzylamide
melting point' 212°C

NMR (DMSO-de)8: 0.00-0.10(2H, m), 0.40-45(2H, m), 0.80-0.87(1H, m), 1.45-1.77(3H,
m), 2.64-2.69(1H, m), 2.85-2.95(2H, m), 3.13-3.20(1H, m), 4.03-4.09(1H, n»),
4.36-4.40(2H, m), 4.59(2H, d, J=5.6Hz), 4.84-4.86(1H, m), 7.16-7.20(1H, m),
7.28-7.82(1H, m), 7.46-7.50(1H, m), 8.45(1H, s), 10.46(1H, &, J=6.0Hz2), 12.60(1H, s).
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Example I7-55)
6-Furan-2-ylmethyl-1-hydroxy-2,11-dioxo-2,62,6,7,8,9,10,(1-octahydro-5H-42,6,1 0a-tri
aza-cycloheptalblnaphthalene-8-caxboxylic acid 3-chloro-2-tfluoro-benzylamide
Melting point: 189-190°C

NMR (DMSO-ds)6: 1.48-1.63(8H, m), 1,70-1.77(1H, m), 2.79-2.83(2H, m), 8.90(2H, dd,
J=14.8, 89.6Hz), 4.05-4.11(111, m), 4.40-4.51(2H, m), 4.61(2H, 4, J=5.6Hz),
4.89-4.91(1H, m), 6.30-6.33(1H, m‘), 6.38-6.40(1H, m), 7.18-7.22(1H, m), 7.30-7.34(1H,
m), 7.48-7.53(1H, m), 7.67(1H, ), 8.45(1H, &), 10.45(1H, t, J=6.0Hz), 12.44(1H, s).

Example F-56) )
I'Hydll'oxy"G-mef.hy]'2,].1'diox0'2,5a,6,7,8,9,10,11'octalnydx'O'GI{'4-n,6,10a't1'iaza~cycloh
eptalblnaphthalene-3-carboxylic acid 2,4-diflvoro-benzylamide

melting point: 241°C

NMR (DMSO-de)8: 1.47-1.53(1H, m), 1,62-1.78(3H, m), 2.29(3H, &), 2.77-2.81 (2H, m),
4.056-4.10(1H, m), 4.35-4.40(1H, m), 4.53-4.6 L(8H, m), 4.69(1H, &), 7.03-7.08(1H, m),
7.20-7.27(AH, m), 7.37-7.43(1H, m), 8.49(1H, ), 10.42(1H, d, J=6.0Hz), 12.43(1H, s.

Example I¥-537)
]'Hydl'oxy-(v"isobutyl-z,11-dioxo-2,5a,6,7,8,9,10,ll-octahydro-GH'da,G,IOa'triaZé\'cyclo
heptalblnaphthalene-3-carboxylic acid 2,4'dil"ln‘xoz'o'beuzylamide

melting point: 203°C

NMR (DMSO-de)8: 0.82(6H, dd, J=6.4, 18.2H7), 1.45-1.80(6H, m), 2.36-2.42(11, m),
2.77-2.93(2H, m), 3.15-3.23(1H, m), 4.02-4.08(1H, m), 4.32-4.41(2H, m), 4.54(2, 4,
J=6.6Hz), 4.82-4.84(1H, m), 7.02-7.00(1H, ), 7.20-7.27(1H, m), 7.36:7.43(1H, m),
8.47(11H, s), 10.41(1H, t, J=6.0Hz), 12.54(1H, s).

Example F-58)
G'Cyclopropy]methyl'1~hydroxy'2,11'dioxo-2,6a,6,7,8,9,10,11'octahydro-5H'4a,6,1()a-l:r
iaza-cycloheptalblnaphthalene-3-carboxylic acid 2,4-difluoro-benzylamide

melting point: 182-183°C

NMR (DMS0O-de)8: 0.00-0.10(2H, m), 0.40-45(2H, m), 0.80-0.87(111, m), 1.43-1.77(3H,
m), 2.60-2.69(1H, m), 2.85-2.95(2H, m), 3.11-8.19(1H, m), 4.00-4.06(1H, m),
4.36-4.40(2H, m), 4.61(2H, d, J=5.6H4), 4.83-4.87(1H, wv), 7.00-7.07(1H, m),
7.16:7.23(1H, m), 7.34-7.38(1H, m), 8.44(1H, ), 10.39(1H, t, J=6.0Hz), 12.47(1H, s).
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Example F-59)
6-Furan-2-ylmethyl-1-hydroxy-2,1{-diox0-2,52,8,7,8,9,10,11-octahydro-5H-4a,6, 10a-tri
aza-cycloheptalblnaphthalene 3-carboxylic acid 2,4-diflucro-benzylamide

melting point: 171-173°C

NMR (DMSO-ds)8: 1.47-1.64(3H, m), 1.70-1.77(1H, m), 2,79-2.83(2H, m), 3.00(2H, dd,
J=15.6, 89.6Hz), 4.05-4.11(1H, m), 4.41-4,57(dH, m), 4,90-4.92(1H, m), 6.30-6.33(1H,
m), 6.38:6,40(1H, m), 7.03-7.09(1H, m), 7.20-7.27(1H, m), 7.837-7.45(1H, m), 7.67(1H,
s), 8.44(1H, s), 10.41(1H, t, J=6.0H2), 12,43(1H, ).

Example 17-60)

5-Hydroxy-6,10-dioxc-3,4,6,9,9a,10-hexahydro-2H- l-oxa-4a,8a-diasa-anthracene-7-car
boxylic acid 3-chlore-2-fluore-benzylamide

melting point: 276°C

NMR (DMS0-d¢)§: 1.60-1.68(1H, m), 1.77-1.84(1H, m), 3.85-3.93 (1H, m),
4.03-4.07(1H, m), 4.43-4.62(6H, m), 5.28(1¥L, &), 7.17-7.22(1H, m), 7.29-7.34(1H, m),
7.47-7.52(1H, m), 8.49(1H, s), 10.41.(1H, d, J=6.0Hz), 12.48(1H, s).

Example IF-61)
5-Hydroxy-6,10-dioxo"3,4,6,9,9a,10-hexahydro-2F-1-oxa-4a,8a-diaza-anthracene:

7

S
boxylic acid 2,4-diflvoro-benzylamide

melting point: 268°C

NMR (DMSO-de)8: 1.60-1.69(1H, m), 1.77-1.85(1H, m), 3.86-3.92 (1H, m),
4.04-4.08(1H, m), 4.43-4.55(5H, m), 5.28(1H, &), 7.03-7.09(1H, m), 7.21-7.27(1H, m),
7.36-7.43(1H, m), 8.50C1H, s), 10.35(1H, d, J=6.0Hz), 12.47(1H, s).

Example -62)
5-Hydroxy-1-(2-methoxy-ethyl)-6,10-dioxo"1,2,8,4,6,9,9a,10-octahydro-1,4a,8a-triaza-a
nthracene-7-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting peint: 193°C

NMR (DMSO-de)8: 1.58-1.73(2H, m), 2.51-2.58(1H, m), 2.71-2.78(01H, m), 2.81°2.87
(1H, m), 2.95-3.08(2H, m), 3.17(3H, &), 4.40-4.52(3H, m), 4.62(1H, d, J=5.6Hz),
4.78(1H, d, J=14.4192), 7.18-7.22(1H, m), 7.30-7.34(LH, m), 7.47-7.62(1H, m), 8.65(1H,
s), 10.45(1H, d, J=6.0H2), 12.59(1H, s).
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Bxample I7-638)
5-Hydroxy-1-(2-methoxy-ethyD)-6,10-diox0-1,2,5,4,6,9,9a,10-0ctahydro-1,4a,8a-triaza n
nthracene-7-carboxylic acid 2,4-difluoro-benzylamide

melting point! 168-168°C

NMR (DMSO-d@6: 1.65-1.72(2H, m), 2.51-2.58(1H, m), 2.70-2.77(1H, m), 2.80-2.87
(1H, m), 2.97-3.07(2H, m), 3.18(8H, s), 4.39-4,52(3H, m), 4.64(1H, d, J=5.212),
4.78(1H, 4, J=13.6H2), 7.03-7.09(1H, m), 7.20-7.27(1H, m), 7.37-7.43(1H, m), 8.66(1H,
), 10.40(1¥H, 4, J=6.0K2), 12.58(1H, s).

Example F-G4)
B'Hydrnxy-l'(lH-imidazol'/l'ylmethyl)'G,lO'dio.\'O'l,2,3,f.l-,6,9,9a,lO'octallydI'O'1,43,8"1'8
riazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO-dmé! 1.55-1.59(1H, m), 1.64-1.70(1H, m), 2.68-2.66(1H, m), 2.87-2.95(2H, m),
3.67(1H, d, J=15.2Hz), 3.73(1H, d, J=15.2H2), 4.34(1H, s), 4.38-4.43(11, m),
4.47-4.54(3H, m), 5.05(1H, d, J=14.0Hz), 7.00{(1H, ¢), 7.13-7.19(2H, m), 7.33-7.38(1H,
m), 7.59C1H, 8, 8.556(1H, o), 10.41(1H, ¢, J=5.611x), 11.95(1H, br s), 12.59(1H, ).

Example I1-1)
ZI.-Acety]-5-hydroxy<4-,G-dioxo-z,3,/:1',G,f),.‘)a‘hexahydro-IH-.'l,.'Ba,Ba-tria'/,a'cyclopenta[b]n
aphthalene-7-carboxylic acid 4-fluoro-benzylamide
[Chemical formula 61}

OBrn O oBn ©C

NG o A Acz0 F Oy
Ty —=— "oy
! i
o
a8

53 o
OH O
Ha F 7\,‘ S = N
== - H
Pd-C \r\/l‘\/ N\] N \,/l:’\>
! P
H-1

1) To a solution of a compound 48 (120mg, 0.26 mmol) in methylene chlovide (1.2 ml)
were added triethylamine (43 nl, 0.31 mmol), acetic anhydride (20 ul, 0.31 mmol), and
4-dimethylaminopyridine (cat.) at room temperature, and the mixture was stirred for
30 minutes. TFurther, triethylamine (18 pl, 0.13 mmol) and acetic anhydride (312 nl,

0.13 mmol) were added, and the mixture was stirred for 4 hours, 2N hydrochloric
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acid was added, this was extracted with chloroform, and the organic layer was washed
with watexr, dyied with sodium sulfate, and concentrated under reduced pressunre.
Diisopropyl ether was added to erystallize the material, which was filtered to obtain

53 (112 mg) as a pale orange crystal at a yield of 86 %.

2) An Example compound H-1 (71 mg) was obtained at a yield of 82 % from a

compound 53 (106 mg), according to the method of Bxample B-1 Lk

melting point 290°C

NMR (DMSO-da)6: 2.08(3H, s), 3.44-4.21(5H, m), 4.5 1(2H, d, 5.7Hz), 4.93(1H, m),
5.46-5.62(1E, m), 7.16(2I, t, 9.0H%), 7.34(2H, m), 8.49(1H, s), 10.40(1H, t, 5.7Hz),

11.48(1H, s).

An Bxamplec compound H-2 was synthesized according to the same manner as that of

Bxample H-7.

Example H-2)
].‘Acet.y]*S'hydroxy'G,J.O'dioxo~1,2.3,4,6,9,9a,10'octahydr0'1,«1—a,Sa-triaza-anthracene-7
-carhoxylic acid 4-fluoro-benzylamide

melting point! 290°C

NMR (DMS0-de)6: 1.95(2H, m), 2.314(3H, s), 2.85(2H, m), 4.45(4H, m), 4.561(2H, 4,
5.7Hz), 5.99(1H, s), 7.15(2H, t, 9.0H=), 7.34(2H, m), 8,37(1H, &), 10.46(1H, ),

12.28(1H, ).

Example 1-1)
S'Hydroxy'1-methanesulfonyl-4,G-diox0‘2,3,4.6,9,9a-hexahydro-lH'l,Sa,Sa~triaza~cycl
opentalblnaphthalene-7-carboxylic acid 4-fiuoro-benzylamide

[Chemical formula 62]

OBnO oBn QO
F. (@] SN — MsCl F. O
TSIy~ Ty
] i o) O=8-Me
48 54 1s)
OH ©
B e N SO R
Pa-G ~ Ny
o) 0=5-me
-1 o
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12 To a solution of a compound 48.(140 mg, 0.30 vumol) in pyridine (1.4 ml) were added
methanesulfonyl chloride (28 nl, 0.36 mmol), and 4-dimethylaminopyridine (cat) at
room temperature, and the mixture was stivred for 8 hours. After 9N hydrochloric
acid was added, this was extracted with ethy! acetate, and the organic layer was
vashed with water, dried with sodium sulfate, and concentrated under reduced
pressure.  Diisopropylether was ad&ed to crystallize the material, which was filtered

to obtain 54 (127 mg) as a pale orange crystal at a yield of 78 %.

2) According to the method of Example B-1 17), an Bxample compound I-1 (2.1 mg)

was obtained at a yield of 21 % from a compound 54 (123 mg).

melting point: 260°C

NMR (DMSO-de)§: 8.16(3H, ), 8.30-4.15(5H, m), 4.45(2H, d, 5.7Hz), 4.27(2H, m),
5.86(1H, m), 7.14(2H, t, 8.7Hz), 7.83(2H, m), 8.22(1H, &), 10.55(1H, s).

According to the same manner as that of Example I-1, an Example compound I-2 was

synthesized.

Example 1-2)
S-Hydroxy']-metlmnesulfbnyl-e‘,10~dioxo-1,2,3,4,6,.‘),9;1,10-octuhydro~1,4a,83-triaza'an
thracene-7-carboxylic acid 4-fluore-benzylamide

melting point: 257-259°C

NMR (DMSO-da)8: 1.80-1.96(2H, m), 3.02-3.58(211, m), 5. 16(3H, s), 4.76(2H, m),
5.56(1H, s), 7.16(2H, t, 9.0H2), 7.35(2H, m), 8.36(1H, s), 10.39(1H, s).

Ixample L-1)
S,S-Dihydroxy-G,10~dioxo-3,4,6,9,9a,lO'hexahydm'IH'Z-oxa'tLa,Ba-diaza'anthracene-7-
carboxylic acid 4-fluoro-benzylamide

{Chemical formula 65)

OBn oBn O /C:A rOH
Pz [oR LCOZH £ D
\O\ H j\)%F (coch2 , DM \O\N r/\\) R e '.‘RFF NS
x \,N\rr oy NH g NH O NG \/0
13 O
63
= o odn OL OBn O
e -~ TFA I
DMSQ, SO3-Py. EI3N @\/H & \j) w1 A_" 2 O%Hk N
N\I \/N\r ~-0 s A H /I\,l\ /'\ .0
s} oH \"
64 L1
10
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1) According to the mothod of synthesizing a compound 66, a compound 62 (278 mg,

57%) was obtained from a compound 13 (357 mg).

2) According to the method of synthesizing a compound 57, a compound 63 (202 mg,

79 %) was obtained from a compound 62 (278 mg).

3) To a solution of a compound 83 (200 mg, 0.403 mmol) in chloroform (2 ml) were
added dimethy] sulfoxide (286 ul, 4.03 mmol), and triethylamine (337 pl, 2.42 mmol),
the mixture was stivred for 10 minutes under ice-cooling, a sulfur tx:ioxide'pyridi.ne
complex (321 mg, 2.02 mmol) was added, and the mixture was stirred at room
temperature for 2 hours. ‘To the reaction solution was added water (3 mb, and
chlovoform was distilled off under reduced pressure, followed by extraction with ethyl
acetate. The ovganic layer was washed with water, dried with anhydrous sodiwin
sulfate, and the solvent was distilled off under reduced pressure. The crystalline
residue was washed with ethyl acetate to obtain a compound 64 (80 mg) at a yield of

30 %.

4) Using a compound 64, aud according to the method of synthesizing Example A-1,

an xample compound L-1 was synthesized.

NMR (DMSO0-de)8: 2.98-3.10(1H, m), 8.38-3.60(2H, m), 3.80-4.20(8H, m), 4.40-4.55(2H,
m), 5.48(1H, bre), 5.85(1H, s), 7.15(2H, t, J=8.4H=), 7.33-7.37(2H, m), 8.45(1H, s),
8.60(1H, s), 10.27-10.42(1H, m), 12.61(1H, brs).

Example M-1)
1-Hydroxy-2,10-dioxo-2,4b,5,6,7,8,9,1 0-octahydro-4a,9a-diaza-benzelalazulene-3-carbo
xylic acid 4-fluoro-benzylamide

[Chemical formula 66]

OBn HzN/\/\/\/OH OBnO
H
s NH =~ N._Ax NH
r
(S - O 5
OH o
S05-Py oBrQ &
DMSO F . O N/\/WO TFA \©\/H Oap .
- & N NH B S No_Axy NO
2 e o
M-
111
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1) According to the method of synthesizing a compound 21, a compound 65 (207 mg)

was obtained at a yield of 24 % from a compound 13 (250 mg).

2) According to the method of synthesizing a compound 64, a compound 66 (313 meg,

67 %) was obtained from a compound 65 (470 mg).

8) After trifluoroacetic acid {10 ml) was added to a compound 66 (100 mg, 0.020 mimol),
the migtnre was stirred at 75°C for 4 heurs. The solvent was distilled off under
reduced pressure, and this was diluted with chloroform, and added to ice water. This
was washed with an aqueous saturated sodium bicarbonate solution, a 10 % agueous
citric acid solution, and water, and dried with anhydrous sodium sulfate, and the
solvent was distilled off under reduced pressure. The residue was subjected to silica
gel column chromatography, and fractions eluted with chloroform-methanol were
concentrated under reduced pressure, and recrystallized with ethyl.
acetate-diisopropyl ether to obtain an Example compound M-1 (23 mg, 16 %).

nmelting point 281-283°C

NMR (DMSO-de)8: 1.43-1.52(2H, m), 1.62-1.83(3H, m), 2.04-2.18(1H, m), 2.28-2.36(1H,
m), 4.08-4.16(1H, m), 4.48-4.63(2H, wm), 5.58-6.61{LH, m), 7.11-7.20(2H, m),
7.30-7.38(2H, m), 8.29(1H, s), 10.80-10.36(1H, m), 12.78(1H, brs).

BExample X-1)
(R)‘G~Hydroxy-5,7~di0x0'2,8,5,7,1l,lla~he>_<ahydro-].II-py1~jd()[1,2‘a]pyrrolo[1,2‘d]pyraz
ine-8-carboxylic acid 4-{luoro-benzylamide

[Chemical formula 67]
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HOBt Of/\/LN/> 1) 4N HCI - AcOE

N 2) Na,CO4 ag
102 NHBoc

Sy TNHe ProNE
OBn Q oBn O = coO
D e D T
T/ ~v AcOH B Nt DMSO

103 = 104
oH O
H2
F = Pd-C F. O /1\\\(U\N
I . BORS
R ~ THF N - N
o X1

1) Selenium dioxide (866mg, 6.0mmol) was added to the solution of compound 2
(216mg, 1.00mnol) in bromohenzene (2ml). Then the mixture was hez\tlcd up to 180°C,
and stirred for 16h, After celite filtration the solvent was evaporate. The precipitate
was purified by silicagel column chromatography, and fractions eluting with
n'hexan./EtOAc were concentrated under raduced pressure to obtain compound 100
(164meg, 71%) as a yellow oil.

1H-NMR (CDCla)8: 5.52(1H, s, 6.50(1H, d, J=6.0Hz), 7.36(5H, m), 7.74(1H, d,
J=6.3Hz), 9.88(1H, s).

2) Sulfamic acid {1.50g, 15.4mmol) and NaClO: {1.05g, 11.6mmol) was added to the
solution of compound 100 (2.64g, 11.0mmol) in acetone (20m]) and water (30m1). Then
the mixture was stirred for 8h. The solvent was evaporated under reduced pressure to
obtain compound 101 (2.18myg, 80%) as a white so0lid.

1H-NMR (DMSO0-de)8: 5.11(2H, ), 6.55(1H, d, J=5.4Hz), 7.32-7.46(5H, m), 8.21(11, d,
J=5.7Hz).

3) (R)-2-N-BOC-aminomethyl pyrrolidine (391mg, 1.95mmol) was added to the
solution of compound 101 (100mg, 1.62mmol),
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1-(3-dimethylaminopropyD-3-ethylcarbodiimide hydrochloxide (878mg, 1.95mmol),
and 1-hydroxybenszotriazole (219mg, 1.62mmol) in THIF (6ml). After sttirving for 16h
NaHCOsg aqueous solution was added to the mixture. The mixture was extracted with
15tOAc, which was washed with NH.Cl agueous solution and brine. ‘The oxrganic phase
was drijed over MgSO.. After a filtration the solvent was removed under reduced
pressure to obtain compound 102 (694mg, 100%) as a white solid.

1H-NMR (CDCl)8! 1.46(9H, s), 1.56°2.14(4H, m), 3.29(4H, m), 4.18(1H, m), 5.24(1H,
s), 6.27(1H, s), 6.46(1H, d, J=5.7Hz), 7.35(5H, n), 7.69(1H, d, J=5.7Hz).

4) The solution of compound 102 (694mg, 1.95mmol) in HCI/BtOAc (4mol/l, 8ml) was
stirred for 30 min. The soluvant was removed under reduced pressur, diluted with
EtOH (16m) then. A saturated NaHCOy aqueous solution was added to the sclution to
control pH at 9. The mixture was stired at 50 °C for 21, then diluted with water. The
mixbure was extracted with CHCls, washed with brine, and dried over MpgSO4. The
solvent was removed under reduced pressure to obtain compound 103 (418mg, 68%) as
a yellow solid,

1H-NMR (CDCla)8! 1.54-2.22(4H, m), 3.60(2H, m), 8.80(1H, t, J=12 0Hz), 4.18(11, d,
J=12.0Hz), 6.15(1H, &, J=9.9Hx), 5.356(1H, d, J=9.9Hz), 6.71(1H, d, J=5.4H2), 7.33(3H,
m), 7.60(1H, &, J=5.1Hz), 7.63(2H, d, J=7.2112).

5) NaOAe (118mg, 1.44mmol) and bromsne (0.234ml, 2.62mmol) were added to the
solution of compound 103 (408:ng, 1.31mmol) in acetic acid (8m), stirred for 30 min
then. An aqueous solution of NaQH (2M) was added to the mixture, and extracted
with CH»Clg, washed with brine, and dried over NaeSO.. The solvent was removad
under reduced pressure to give compound 104 (390mg, 77%) as a white solid.
1H-NMR (CDCl)8! 1.66-2.19(4H, m), 8.55-4.02(5H, m), 5.12(1H, d, J=9.6Hz), 5.36(1H,
d, J=9.9Hz), 7.29-7.88(8H, m), 7.61(1H, s), 7.67(2H, d, J=6.6Hz2).

6) Tetrakis triphenylphosphine paradium (0) (77mg, 0.067mmol) and
N.N-diisopropylethylamine (0.29ml, 1.67mmol) were added to the solution of
compound 104 (130mg, 0,334mmol) in DMSO (2.6m)). the mixture was stivred under
CO atmosphere for 2h at 80°C . The reaction mixture was diluted with a saturated
NH4Cl aqueous solution, extracted with EtOAc then, And the organic phase was
washed with brine, and dried over NazSO4. The precipitate was purified by silicagel

coluinn chromatography, and fractions eluting with MeOH/BEtOAc were concentrated
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under reduced pressure to obtain compound 105 (115mg, 75%) as a white oil,
1H-NMR (CDCls)6: 1.56-2,33(4H, m), 3.66(2H, m), 3.90(2H, m), 4.19(1H, s), 4.66(2H,
m), 5.20(1H, d, J=9.9Hz), 5.37(1H, 4, J=9.9Hz), 7.00(2H, t, J=8.7Hz), 7.33(5H, m),
7.61(2H, m), 8.39(1H, m), 10.50(1H, s).

7) A mixture of compound 105 (111mg, 0.241mmol) and paradium-carbon (10%, 22mg)
in THF (8m1) and MeOH (2ml) was stirred under hydrogen atmosphere for 3h. After
celite filteration the solvent was removed under reduced pressure to give the example
X-1 (B7mg, 64%) as a white solid.

Melting point: 274°C

1H-NMR (DMSO-de)8:1.56-2.26(4 1, m), 8.48-3.65(2H, m), 4.01(2H, m), 4.61(2H, 4,
J=6.7Hz), 41.71(1H, 4, J=9.9H2), 7.14(2H, t, J=9.0Hz), 7.38(2H, dd, J=5.7, 8.7Hz),
8.41(1H, &), 10.44(1H, t, J=6.0Hx), 12.18(1H, o).

The following compounds were synthesized using the similar method.

Example X-2)

(R)-6-Hydroxy-5,7-dioxo-2,8,5,7,11,11a-hexahydro- 1H-pyridol1,2-alpyrrole(1,2-dlpyraz
ine-8-carboxylic acid 2,4-difluora-benzylamide

Melting point: 300°C

1H-NMR (DMSQ-de)é: 1.08-2.20(4H, m), 3.39-3.66(2H, m), 4.02(2H, m), 4.54(2H, d,
J=6.0H2), 4.71(0H, 4, J=9.0H»), 7.06(1H, m), 7.23(1H, m), 7.38(1H, m), 8.4111H, ),
10.43(1H, t, J=6.0H=), 12.19(1H, s).

Ixample X-3)

(R)-6-Hydroxy-5,7-d10x%0-2,3,5,7,11,11a-hexahydro- 1H-pyridol1,2-alpyrralell,2-dlpyraz
ine-8-carboxylic acid 3'chloro-Z'ﬂ"uoro-benzyla'mide

Melting point: 304°C

1H-NMR (DMSO-de)6: 3.44-3.66(2H, m), 4.01(2H, m), 4.61(2H, d, J=5.4H=), 4.70(1H, d,
J=9.0H2z), 7.20(1H, m), 7.81(1H, m), 7.49(1H, m), 8.41(1H, ), 10.49(1H, t, J=5.712),
12.20(1H, 8.

Bxample X-4)

1-Hydroxy-2,9-diox0-2,5,6,7,8,9,10,10a  octahydro-4a,8a-diaza-anthracene-3-carboxylic

acid 4-fluoro-benzylamide
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Melting point: 269°C

1H-NMR (DMSO-da)§:1.83-1.79(6H, m), 2.61(1H, m), 8.88(1H, m), 4.12(0H, dd, J=9.3,
14.1H2), 4.38(1H, d, J=12.9H2), 4.58(3H, m), 7.16(2H, t, J=9.0Hz), 7.34(2H, dd, J=5.7,
8.7Hz), 8.39(1H, &), 10.44(1H, t, J=6.8H»), 12.84(1H, s).

According to the same manner as that of Bxample C-21, the following Example

compounds Y-1 to Y- 18 were synthesized.

Example Y-1)
(35,9a8)-5-Hydroxy-3-methyl-6,10-dioxo-3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,8a-diaz
a~anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

Example ¥-0)
(3R,9alR)-5-Hydroxy-3-methyl-6,10-dioxo-3,4,6,9,9a,10-hexahydro-2H-1-oxa-41a,8a-diaz
a-anthracene-7-carboxylic acid 2,4'diﬂum‘ol'benzylamide

IH-NMR (CDC14)8: 0.90(3H, d, J=6.9Hz), 2.00-2,10(1H, m), 2.70(1H, 44, J=11.8,
18.4Hz), 3.41(1H, dd, J=11.2, 12.9H2), 4.06-4.45(2H, m), 4.30-4.33(1H, dd, J=4.0,
14.1H2), 4.63(2H, d, I=5.9Hz), 4.65-4.76(1H, m), 4.98(1H, t, J=3.7Hz), 6.80-6.84(2H,
m), 7.82-7.40(1H, m), 8.31(1H, s), 10.38(1H, brs), 12.37(1H, ).

Example Y-2)
(4S,9aR)~S-Hydroxy'd'methyl-G,10'dioxo-3,4,6,9,9a,IO'hexahydrO'ZH-1~oxa-4a,8a'diaz
a~anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

Ixample Y-3)
(4R,9a8)-6-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9,9a,10- hexahydro-21- 1-oxa-4a,8a-diax
a-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

1H-NMR (CDCla)§: 1.42(3H, d, J=7.0H2), 1.56(1H, dd, J=2.0, 14.0Hz), 2.19-2.30(1H,
m). 4.02(1H, d, J=2.2Ha2), 4.05(1H, ¢, J=2.8Hz), 4.12(1}, dd, J=6.0, 13.6H2), 4.27(1H,
dad, J=4.2, 13.4H2), 4.64(2H, d, J=5.9H2), 4.95-5.06(1H, m), 5.26(2H, d, J=4.1, 5.8Hz),
6.75'6.85(2H, m), 7.80-7.40(1H, m), 8.30(1H, s), 10.38(1H, brs), 12.45(1H, s).

Example Y-4)
(ZR,QaR)'5-I-Iydroxy~Z-methoxymethy]'e,lO-dioxo-S,IL,G,D,Oa,],O'hexahydro-ZH-].'oxa-/l
a,8a-diaza-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

Example Y°8)

(28,9a8)-5-Iydroxy-2-methoxymethyl-6, 10-diox0-3,4,8,9,92,10 - hexahydro-2H-1-oxa-da
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,8a-diaza-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

1H-NMR (CDClg)6! 1.60-1.80(2H, m), 8.09-3.21(1H, m), 3.37(3H, »), 8.356-3.50(2H, m),
4.00-4.11C1H, m), 4.24(1H, 4, J=13.1Hz), 4.86(1H, d, J=10.1H2), 4.64(1H, d, J=6.9Hz),
4.70-4.80(1H, m), 5.12(1H, &), 6.75-6.85(2H, m), 7.30-7.40(1F, m), 8.30(1H, s},
10.38(1H, brs), 12.33(11, brs).

BExample ¥-53)
(5aR,628,10aR)-1-Hydroxy-2,12-dioxo-2,5,5a,7,8,9,10,10a,11,12 - decahydro-6all-6-oxa-
4a,lla-diaza-naphthacene-3-carboxylic acid 2,4-difluoro-benzylamide [racemate]
1H-NMR (DMS0-d6)8: 1.00-1.85(9H, m), 2.90(1H, t, J=4.2Hz), 4.26(1H, dd, J=4.2,
12.9H42), 4.44-4.57(4H, m), 5.32(1H, t, J=8.9H2), 7.03-7.09(1H, m), 7.20-7.27(111, m),
7.35-7.43(1H, m), 8.49(1H, s), 10.34(1H, brs).

Esxample Y-6)
(28,9aR)-2-Ethyl-5-hydroxy 6,10 dioxo-3,4,6,9,9a,10-hexahydro-2I1-1-oxa-4a,8a-diaza-
anthracene-7-carboxylic acid 2,4-difluoxo-benzylamide

Ixamplie ¥-7)
(2R,9aS)-2-Bthyl-5-hydroxy-6,10-dioxo'3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,8a-diaza-
anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

1H-NMR (DMSO-d6)8: 0.87(3H, d, J=5.4Hz), 1.40-1.51(3H, m), 1.75(1H, d, J=10.8H2),
8.22(1H, t, J=10.212), 3.78:3.78(1H, m), 4.41-4.67(¢H, m), 5.29(111, &), 7.03-7.07(1H,
m), 7.21-7.26(1H, m), 7.37-7.42(1H, m), 8.50(1H, s), 10.34(1H, brs), 12.48(1H, s),

Example Y-10)

(2S,9a8)-5-Hydroxy-6, 10-dioxo-2-phenyl-3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,8a-diaz
a-anthracene-7-carboxylic acid 2,4-diflnoro-benzylamide !
1H-NMR (CDCla)8: 1.70-1.82(1H, m), 1.98(1H, d, J=9.6Hz), 3.49(1H, t, J=9.6Hz),
4.64-4.88(6H, m), 4.98(1H, d, J=8.7Hz), 5.51(1H, s), 7.04-7.08(1H, m), 7.21-7.42(7H,
m), 8.50(1H, s), 10.38(1H, ), 12.45(1H, s).

Example ¥-11)
(28,9a8)-5-Hydroxy-2-isopropyl-6,10-diox0-3,4,6,9,92,10-hexahydro-2H-1-oxa-4a,8a-di
aza-anthracene-7-carboxylic acid 2,4-diflworo-benzylamide

Example Y-12)
(2R,9aR)-5-Hydroxy-2-isopropyl-6,10-dioxo-3,4,6,9,92a,10-hexahydro-2H-1-oxa-4a,8a-di
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aza-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide .
1H-NMR (DMSO0-d6)8: 0.86(6¥, dd, J=4.8, 13.5H2), 1.41-1.49(1H, m), 1.57-1.69(11,
m), 1.72-1.78(1H, m), 3.20(1H, t, J=8.4s), 3.52-3.59(1H, m), 4.41-4.46(5H, m),
6.29(1H, s), 7.01-7.08(1H, m), 7.21-7.26(1H, m), 7.37-7.43(1H, m), 8.50(1H, &),
10.35(1H, bxs), 12,48(1H, ).

Bxample Y-13)
(35,9a8)-5-Hydroxy-3-methyl-6,10-diox0-3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,8a-diaz
a‘anthracene-7-carboxylic acid 4-flnore-benzylamide

Example Y-14)
(31{,92.1{)-5'Hyc1roxy-S'methyl'(')‘,10'diox0'3,4,6,9,9a,10"nexahydro-ZH'l'oxa'd-a,Sa'diaz
a~anthracene-7-carboxylic acid 4-fluoro-benzylamide

1TH-NMR (DMSO0-d6)8: 0.81(3H,d, J=6.6Hz2), 1.84-1.93(1H, m), 2.86(1H, t, J=12.5H2),
3.48(1H, t, J=11.1H2), 3.97-4.08(1H, m), 4.41-4.60(3H, m), 4.52(2H, d, J=5.9Hz),
5.20(1H, i, J=3.8Hz), 7.12-7.20(2¥, m), 7.32-7.38(2H, m), 8.52(0H, s). 10.36(11, t,
J=5.9Hz), 12.45(1H, ).

IExample Y-15)
(ZR,SaS)'G'Hydroxy~2'methyl'6,10-dioxo~3,4-,6,9,9a,10'hexahydro-ZH‘],'oxa"lka,Sa'diaz
a-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

Txample Y- 16)
(28,9aR)-5-Hydroxy-2-methyl-6,10-dioxo-3,4,6,9,94,10-hexahydro-2H- 1-oxa-4a,8a-diaz
a~anihracene-7-carboxylic acid 2,4-difluoro-benzylamide

1HNMR (DMSO0-d6)8: 1.14(8H, d, J=6.0Hz2), 1.38(1H, m), 1.75(1H, d, J=13.811z),
3.18-3.29(1H, w), 3.95-4.06(1H, m), 4.42-1.58(3H, m), 4.54(2H, d, J=5.7H2), 5.30(1H, ¢,
J=38.9Hz), 7.08-7.10(1H, m), 7.20-7.28(1H, m), 7.35-7.44(1H, n1), 8.50(1H, s), 10.35(1H,
t, J=5.7Hz), 12.48(1H, s).

Example Y-17)
(ZS,QaR)-F)-Hydroxy'Z'me(‘.hyl'G,10-diox0’3,4,6,9,.")a,1()-hcxa11ydm“2]’1'],'oxa-tl»n,8;1'diaz
aanthracene-7-carboxylic acid 4-fluoro-benzylamide

Example ¥-18)
(ZR,DaS)-5-Hydroxy-2-methyl-6,10~dioxo-8,4,6,9,9a.10-hcxahydro-2H'l-oxa'4a,8a-diaz
a-anthracene-7-carboxylic acid 4-fluoro-benzylamide

1H-NMR (DMS0-d€)8: 1.15(3H, d, J=6.0Hw), 1.35-1.50(1H, m), 1,75(1H, d, J=12.9H2),
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3.28(1H, td, J=13.0, 2.8H2), 8.96-4.08(1H, m),4,41-4,69(31, m), 4.62(21, d, J=6.0F2),
5.30(1H, t, J=3.9Hz), 7.12-7,19(2H, m), 7.32-7.38(2T, m), 8.562(1H, ), 10.836(1H, t,
J=6.0Hz), 12.48(1H, s).

Corresponding amino-alcohol derivatives used in syntheses of ¥-1 to Y-18 were

.prepared as aptically pure version using methods similar to those described in the

following reports.

3-Awmino-2-methyl-propan-1-ol, and 4-Amino-butan-2-ol were prepared according to

the method of Russell A. Barrow (J. Am. Chem. Soc. 1995, 117, 2479-2490).
3-Amino-butan-1-ol were prepared according to the method of P. Besse (Tetrahedron
Asymmetry 10{1999) 221.3-2224).

1-Amino-pentan-3-ol, I-Amino-4-methyl-pentan-3-ol, 4-Amino-1-methoxy butan-2-0l,
and 3-Aminec-1-phenyl-propan-1-cl were prepared according to the method described

in the following literatures, U.S. Pat. Appl. Publ,, 2004133029, 08 Jul 2004, PCT Int,
Appl., 2002012173, 14 Feb 2002.

All examples below consist of >956% ee and >6'1 diastereomeric purity unless
indicated otherwise. The compounds shown in table Z% consist of mixtures of
diastereomers at the depicted stereocenter in ratios of 1:1 to >10'1. Stereocenters
that were formed during the process’ below have been assigned using NMR techniques
well Iknow in the art (1D and 2D method) and/or using vibrational circular dichroism
techniques. Stereochemical assignment determinatons were performed on
representative examples and closely related compounds were assigned by analogy in
some cases. The schemes below are meant to be general guidance to how examples
were synthesized. It will be possible that one skilled in the art may rearrange the
order of steps or change substituents to apply the method described below and in the
examples to construct compounds of the general formula. Additional methods known

to those skilled in the art or commonly present in the literature may also be applied
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to perform similar transformations and arviving at the same compounds of the

general formula or amino alecohol and diamine precursors.

{Chemical formula 68]

. o OoH ©O HzN/\] (IDBn o .
aad N VJ\OMe 106 OH  F O,
AR T — oY

j Conditions A or B Nm/ = -N 0O
F o] CHO & o H
16a 107
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DCM, AcOH ~ 1,2-DCE, AcOH
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OH O -
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. J ﬁ N
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{Chemical formula 69]
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[Chemical formula 70]
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F
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O d
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129
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2) MP-CO,, NH
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!
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133 MeOH
.

[Chemical formula 74]
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0" N ~z
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134 135
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= HN S e
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136 i 137
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OBn O

/k/NH 1) 16a
HN 2 Condns Aor B OV\AN
sl =4 H S
Y 138 2) Pd/C, H, Njg\/N\/é‘\N
MeOH Fu A o) H K(
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[Chemical formula 76]
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o
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E
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{Chemical formula 83]

H : 1) HCI,
N ; THF H,N

o\n/N\/?j CozCH BN, o\n/ R
o z.

170 2 171 H 172
1) Beductive
amination ~ OH O
L : 1) 162 o \HJ\ Nﬂ

Condns AorB H =
cHo J/\\/j Ne AN
-~ T2 Parc, H, r BN
2) Pd/C, H, ~ MeOH Fm~ © S/
MeOH 173 S I TIEAS
F

Example -1 _

(8R.112.8-N[(2,4-Difluorophenyl)methvl]:6-hvdroxy-3-methyl-56,.7-dioxo-2.5.6.7.11.11a

-hexahydro{l,3loxazolol8,2:-alpyridell 2-dlpyravine-8-carboxamide sodjum salt.

jeNESes

(8 A,11a8)- M[(2,4-Diftuorophenylmethyl]-3-methyl-5,7-dioxo-6- [{phenylmethyloxy]-2,

a)

3,5,7,11,11a hexahydrol1,3loxazolo[3,2-2lpyridol1,2- dlpyrazine-8-carboxamide. To a

solution of 16a (409 mg, 0.87 mmol) in dichloroethane (20 ml) was added
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(2.)-2-amino-1l-propanoclt (0.14 mL, 1.74 mmol) and 10 drops of glacial acetic acid.
The resultant solution was heated at reflux for 2 b, Upon cooling, Celite was added
to the mixture and the solvents removed 722 vacue and the material was purified via
silica gel chromatography (2‘% CHzOH/CH:Cl: gradient elution) to give
(37,1129 NV [(2,4-difluorophenyDmethyl]l-8-methyl-5,7-dioxo-6-[(phenylmethyDoxyl-2,
3,5,7,11,11a-hexahydroll,3Joxazolol3,2- alpyrido[l,2- dlpyrazine-8-carboxamide - (396
mg, 92%) as a glass, 'H NMR (CDCla) § 10.38 (m, 1 H), 8.42 (s, 1 ), 7.54-7.53 {(m, 2
H), 7.87-7.24 (m, 4 H), 6.83-6.76 (n, 2 H), 5.40 (d, J= 10.0 Hz, 1 H), 5.22 (d, /= 10.0
“ Mz, 1 H), 5.18 (dd, J= 9.6, 6.0 Hz, 1 H), 4.62 (n, 2 H), 4.41 (m, 1 H), 4.33-4.30 (m, 2

), 8.84 (dd, J = 12.0, 10.0 Hz, 1 H), 3.68 (dd, J= 8.4, 7.2 Hz, 1 H), 1.37 (&, J= 6.0 Haz,

3 HD; [3S+ MS: 496 (M-+1).

L)

(372 11a.5)-M1(2,4-Difluorophenylmethyll-6-hydroxy-3-methyl-5,7-diox0~2,8,5,7,11,11a
-hexahydrol1,3loxazolol3,2- alpyridol1,2-dipyrazine-8-carboxamide sodium salt. To a
solution of
(82,1129 MV [(2,4-difluorophenyDmethyii-3-methyl-5,7-dioxo 6+ [(phenylmethyloxyl-2,
3.5,7,11,11a-hexahydroll,3]Joxazolo[3,2-alpyridoll,2-dlpyrazine-8-carboxamide (396
mg, 0.80 mmol) in methanol (30 mL) was added 10% Pd/C (25 mg). Hydrogen was
bubbled through the reacti'on mixture via a balloon for 2 h. The resultant mixture
was filtered through Celite with methanol and dichloromethane. The filtrate was
concentrated n vacuo to give

(81,1128 - N1(2,4-difluorophenylDmethyl}-8-hydroxy-3-methyl-5,7-dioxo-2,8,5,7,11,11a-

129
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hexahydroll,8Joxazolo(3,2-alpyridol1,2- dlpyrazine-8-carboxamide as a pink tinted
white solid (278 mg, 86%). 'H NMR (CDCls) § 11.47 (m, 1 H), 10.29 (m, 1 1), 8.82 (s,
1ID, 7.36 (m, 1 H), 6.82 (m, 2 ), 5.31 (@d, J = 9.6, 3.6 Hz, 1 H), 4.65 (m, 2 H),
4.47-4.38 (m, 8 H), 3.93 (dd, = 12.0, 10.0 Hz, 1 H), 38.75 Gm, 1 H), 1.49 (d, J= 5.6 Hz,
3 HD)i IBS* MS: 406 (M+1).  The above material (278 mg, 0.66 mmol) was taken up
in ethanol (10 mL) angd treated with 1 M sodium hydroxide (aq) (0.66 mL, 0.66 mmol).
The resulting suspension was stirred at room temperature for 30 min. Jither was
added and the liquids were collected te provide the sodium salt of the title compound

as a white powder (291 mg, 29%).” 1H NMR (DMSO-dd & 10.68 Gm, L H), 7.90 (s, 1 F),
7.85 (m, 1 H), 7.20 Gm, 1 H), 7.01 (m, 1 H), 5.20 (m, 1 H), 4.58 (m, 1 H), 4.49 (m, 2 H),

4.22 (m, 2 H), 8.74 (dd, J= 11.2, 10.4 Hz, 1 H), 8.58 (m, 1 H), 1.25 (d, J= 4.4 Hz, 3 H),

(402.132.9)-N-1(2.4-DifluorophenyDmethyl]-10-hydyoxy-9,11-dioxo-2.3.40,5.9.11.13.183a

coctahvdro-1 A pyridol],2-alpvrrolol1' 245 dlimidazo[1,2-dlpyrazine-8-carboxamide.

OH OL
& @]
N on YOS NS
s B N
F @]

a)

(41:112,13;18)'/\’-[(2,4-Diﬂuoropheny])methy}]'9,]A1~dio,\'o‘10-[(pheny]mei;hyl)oxy]'2,3,4-3,5
»9,11,13,13a 0ctahydro- L H-pyrido(1,2-alpyrrolo[1’,2:3,4]imidazol1,2- dlpyrazine-§-carb
oxamide, A solution of 16a (24 mg, 0.05 mmol), [(2.9-2 pyrrolidinylmethyllamine (0.1

ml) and 2 drops of glacial acetic acid were heated under microwave conditions at 140

130
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°C for 10 min. Upon cooling, Celite was added to the mixture and the solvents
removed I vacuo and the matexial was purified via silica gel chromatography (2%
CH:OI1/CH2Cle gradient elution) to give
(4a R, 1329 NV-[(2,4-difluorophenyl)methyli-9,11-dioxo- 10-[(phenylmethyDoxyl-2,3,4a,5,
9,11,18,13a-cctahydro- LA pyridoll,2-alpyrrolol1’,24:3,4]imidazol1,2  dlpyrazine-8-carbo
xamide (19 mg, 71%) as a white solid. H NMR (CDCls) & 10,41 (m, 1 FH), 8.38 '(s, 1
1), 7.56 (m, 2 H), 7.38-7.24 (m, 4 H), 6.80 (m, 2 H), 5.38 (d, J=9.6 Hz, 1 H), 5.10 (d, J

10.0 Hz, 1 H), 4.62 (m, 2 1), 4.40 (m, 1 H), 4.25 (dd, /= 12.0, 6,8 Hz, 1 H), 4.10(d, J

]

12.8 Hz, 1 FD, 3.83 (m, 1 H), 8.71 (m, 1 M), 3.14-3.04 (m, 2 H), 2.78 (m, 1 ),

2,11-1.68 (m, 4 H); BS+* MS: 621 (M+1).

b)

(4aR,13a8) N-[(2,4-DifluorophenylDmethyll-10-hydroxy-9,11-dioxo-2,3,44,5,9,11,13,13a
-octahydro- 1.4 pyrido{1,2-alpyrrolo[1’,2":3,4]imidazo(1,2-dlpyrazine-8-carboxamide.

To a solution of
(dalz,13a.8)-V-[(2,4-difluorophenyl)methy]-9,11-dioxo-10-[(phenylmethyDoxy]-2,3,4a,5,
9,11,13,18a-octahydro-1.& pyridol1,2-alpyrrolo(1',28,4limidazo[1,2-dlpyrazine-8 carbo
xamide (19 mg, 0.04 mmol) in methano! (8 ml) was added 10% Pd/C (10 mg).
Hydrogen was bubbled through the reaction mixture via a balloon for 2 h. The
resultant mixture was filtered through Celite with methanol and dichloromethanc.
The filtrate was concentrated i vacuo to give the title compound (6 mg, 38%) as a
white solid. 'H NMR (CDClg) 6 11.73 (m, 1 H), 10.36 (m, 1 H), 8.31 (s, 1 H), 7.33 (m,

1H), 6.78 (m, 2 ), 4.62 (m, 2 H), 4.50 (m, 1 H), 4.27-4.19 (m, 2 H), 3.87-3.77 (im, 2 D,

131
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3.16-3.08 {m, 2 H), 2.83 (m, 1 H), 2.11-1.66 (m, 4 F); 188+ MS: 481 (M+1).

Lxample 72-3:

(8a,518a.9)-M[(2,4-DifluorophenyDmethyvll-8-hydroxy-7.9-dioxo-1.2.3.34,4.5.7.9.13.132

:decahvdropyrido(1'.2':4.6]pyrazinol1,2- alpvrrolol1.2-duyrimidine-10-carboxamide.

a) NBOC-28)-2-(Hydroxymethyl)-1-pyrrolidine. To a solution of N-BOC-L-proline
(4.17 g, 19.4 mmol) in THY (40 mL) at 0 »C was added BHa-THT (21.4 mL, 1 M in THF,
21.4 mmol) dropwise. The bath was removed and the resultant solution stirred at
room temperature for 2 h. Methanol was added to quench the mixture and the
solvents were vemoved /o vacwo. The residue was taken up in ethyl acetate and
washed with sodivun bicarbonate and brine. The agqueous layers were extracted twice
with ethyl acetate. The combined organics were dried over Na»SOu, filtered and
concentrated to give NBOC-(28)-2-(hydroxymethyD-1-pyrrolidine (3.82 g, 98%) as a
clear oil. This material was used without further purification. H NMR (CDCL) &
3.94 (m, 1 ID, 8.62 @d, J= 11.2, 3.2 Ha, 1 H), 3.66 (dd, J= 10.8, 7.2 Hz, 1 H), 3.44 (m,

1 H), 3.29 (m, 1 H), 2.62 (bx, 1 M)+1.98 (m, 1 H), 1.86-1.72 (m, 2 H), 1.58 (m, 1 H).
b) NBOC-(2.9-2-({l(4-MethylphenyDsulfonylloxytmethyD-I-pyrrolidine. To a cold

(0 °C) solution of NBOC-(29)-2-(hydroxymethyD)- 1-pyrrolidine (350 mg, 1.74 mmol) in

dichloxomethane (20 ml) was added triethylamine (0.29 mL, 2.08 mmol), and

132
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toluenesulfonyl chloride (398 mg, 2.08 mmol). N, Ndemethylaminopyridine (70 meg)
was added and the resultant solution was allowed to warm to rt as the bzlxl'.h warmad
and stirved for 4 h. Water was added and the layers separated. The aqueous layer
was washed with sodiwm bicerbonate and then with brine. The combined organics
were dried over NaeSO4, filtered and concentrated followed by flash chromatography
purification to give -
NBOC(2,9)-2-({[(4-methylphenyDsulfonyljoxytmethyl)- 1-pyrrolidine (460 mg, 75%) as
a clear oil. 1H NMR exists as rotomers (CDCla) 8 7.77 (d, 2 1), 7.38 (m, 2 H), 4.08 (m,

1H), 3.97-3.88 (m, 1 W), 3.35-3.25 (m, 2 H), 2.43 (s, 3 1), 1.95-1.79 (m, 4 H), 1.40 and

1.85 (s, 9 H rotomeric BOC #butyl).

c) N-BOC-(28)-2-Cyano-1-pyrrolidine. A mixture of -
NBOC-(29-2-{[(d-methylphenyDsulfonylloxyhmethyl}-1-pyrrolidine (460 mg, 1.29
mmol} and KCN (256 mg, 3.88 mmol) were heated at 90 °C in DMSO (10 mL) for 6.5 h;
The mixt-urc wag cooled to room temperature and EtOAc and waler were added. The
organics were washed with water twice and then with brine. The aqueous layers
were extracted with BtOAc and the combined organics dried over Na:SO4, filtered and
concentrated followed by flash chromatography purification to give /NBOC-
(28)-2-cyano-1-pyrrolidine (179 mg, 66%) as an oil. H NMR exists as rotomers
(CDCly) 8 3.99 (m, 1 H), 8.43-8.37 (m, 2 ), 2.83-2.51 (m, 2 H), 2.17-1.83 (m, 4 H), 1.46

and 1.44 (s, 9 H rotomeric BOC £butyl).

d)  MNBOC-(29-2-(2-Aminoethyl)-1-pyrrolidine. A solution of MNBOC-

133
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(2.9-2-cyano-1-pyrrolidine (179 mg, 0.85 mmol) in ethanol saturated with anhydrous
ammonia was treated with Raney-Ni (1 mlL of 50% aq. Suspension) and 50 psi of Hs
overnight. The mixture was filtered through Cel%t:c and the filtrate was concentrated
I vacuo. The residue was purified by flash chromatography (10% CHaOH/CH:Cls
with 1% NH.OH gradient elution) through a short plug of silica gel to give -
NBOC-(29-2-(2-aminoethyl)- I-pyrrolidine (90 me, 50%) as a clear oil. 'H NMR
exists as rotomers (CDCl) § 3.88-3.77 Gn, 1 H), 3.33-3.24 (m, 2 F), 2.66 (m, 2 H),

1.89-1.54 (m, 6 H), 1.40 (s, 9 H).

e) (2'[(25)‘2-]?3'1‘1‘olidi1‘1y1]ethyl}amine. A solution of -
NBOC-(25)-2-(2-aminoethyl)-1-pyrrolidine (90 mg, 0.42 mmol) in THI (8 mL) was
treated with 4 N HCI (ag) (2 mL) and stirred at room temperature for 3 h. The
mixture was concentrated Jo vacuo to give the title compound as its HCl salt. A
portion of this material (40 mg) was dissolved in methanoi and treated with solid
supported carbonate resin (MP-Carbonate, Argonaut Technologies) to frecbase the
amines. After 30 minutes, the solution was filtered through a fritted tube and the
solvents removed carefully i wacuo to give {2-[(28)-2-pyrrolidinyllethyllamine (30 mg)
as its fxee base. 'H NMR (CDCl) & 38.06 (m, ) H), 2.94 (m, 1 I, 2.83 (m, 1 H),

2.79-2.69 (m, 2 H), 1.90-1.56 (m, 6 HD.
£
(3a8,13a.9- M [(2,4-DifluorophenyDmethyll-7,9-dioxo- 8- [(phenylmethyDoxyl-1,2,3,3a,4,

5,7,9,18,13a-decabydropyrido[1',2°:4,5]pyrazinol1,2- alpyrrololl,2- dJpyrimidine- 10-carb

134
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oxamide, A solution of 16a (30 mg, 0.06 mmob), {2-[(29-2-pyrrolidinyllethyDamine
(30 mpg, 0.26mmol) and 2 drops of glacial acetic acid were heated under imicrowave
conditions at 140 sC for 10 min. Upon cooling, Celite was added to the mixture and
the solvents removed Jn wacue and the material was puvified via silica gel
chromatography @% CH3;OH/CH:Cl2 gradient elution) to give
) (80.5,13a.9) M[(2,4-DifluorophenyDmethyl)-7,9-dioxo-8- [(phenylmethyDoxyl-1,2,3,3a,4,
5,7,9,13,13a-decahydropyridol1,2":4,6)pyrazinol1,2- 2lpyrrolo(1,2- dpyrimidine-10-carb
oxamide. (25 mg, 74%) as a film. !H NMR (CDCl) & 10.44 (m, 1 H), 8.32 (;9, il B
7,59 (m, 2 H), 7.88-7.24 Gm, 4 H), 6.80 (m, 2 D), 5.28-5.22 (m, 2 H), 4.67 (da, J= 138.6,
2.8 Hz, 1 H), 4.62 (n, 2 H), 4.26 (m, 1 H), 4.11-4.08 (m, 2 ), 2.91 (m, 1 H), 2.81 (m,
1H), 2.37 (m, 1 H), 2.24 (m, 1 H), 1.92 (m, 1 H), 1.82-1.76 (m, 3 H), 1.52-1.88 (m, 2 H)

B+ MS: 535 (M+13.

)

(32.5,13a.8)- M{(2,4-Difluorophenyl) methyll-8-hydroxy-7,9-dioxo-1,2,3,82a,4,5,7,9,13,13a
-decahydropyridol1’,2':4,5]pyrazinol1,2- alpyrrole[1,2- dpyrimidine- 10-carboxamide.

To a solution of
(32.58,18a.8)- M [(2 4-difluorophenyl) methyl]-7,9-dioxo-8-[(phenylmethyDoxyl-1,2,8,3a,4,
5,7,9,13,13a-decahjdropyrido[1‘,2':4.,S]pyrazino[1,2-a]pyrrolo[1,2-c]pyrimidine-].O-carb
oxamide (25 mg, 0.05 mmol) in methanol (8 mL) was added 10% Pd/C (10 mg).
‘Hydrogen was bubbled through the reaction mixture via a balloon for 18 h. The
resultant mixture was filtered through Celite with methanol and dichloromethane.

The filtrate was concentrated /2 vacuo to give the title compound (14 mg, B87%) as a
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white solid. 'H NMR (CDCls) 8  12.58 (b, 2 H), 10.44 (s, 1 H), 8.29 (s, 1 H), 7.534 {m,
11D, 6.78 (m, 2 H), 4.71-4.58 (m, 3 H), 4.29-4.14 (m, 3 1), 2.99 (m, 1 H), 2.88 (n, 1 H),

2.44 (m, 1 H), 2.80 Gm, 1 H), 1.97-1.38 (m, 6 H); BS* MS: 445 (M+1).

Bxample 7-4:

(4a5 13aR)- V(2 4-Diftworophenylmethyl]-10-hydroxy 9.11-dioxo-2.3,4a,5,9.11.13.13a

—octahydyo-1 A pyridall,2-alpyrrolol1',2"3 4limidazo[1,2-dlpyrazine 8-carboxamide

sodivm salt.

Ne* 0" o
S N N
f \/J{\N\/J
F o
a) [(2.7)-2-Pyrrolidinylmethyllamine. To a solution of

N-BOC-(2R)-2-(aminomethyD-1-pyrrolidine (1.87 g, 6.85 mmol) in THF (20 mL) was
added 4 NYCI (aq) (8 mL). The resultant solution was stirred at room temperature
overnight. The solvents were removed 117 vacuo and the residue was treated with
MP-carbonate resin in m_ethunol and dichloromethane. After 1 h, the resin was
removed via filtration through a fritted tube and the volatiles were removed carefully
Zn vacno to produce the free hased amine (760 mg crude >100%) as a oil. This
material was used without further purification. 'H NMR (CDCly) 6 3.13 (n, i ),

2.92 (m, 1 H), 2.82-2.62 (m, 5 H), 1.88-1.30 (m, 4 H).

b)

(428, 13a ) NV 1(2,4-Difluoropheny)methyll-9,11-dioxo-10- [(ohenylmethyDoxy]-2,3,4a,5
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,9,11,13,13a-octahydro- 1 /4 pyridotl,2- alpyrrolo(1’,2:8,4}imidazol1,2- dlpyrazine-8-carb
oxamide. In a similar manner as described in example Z-2 from 16a (435 mg, 0.93
mmol) and [(2.B-2-pyrrolidinylmethyllamine (200 mg, 2.0 mmol) in
1,2-dichloroethane (20 mL) and 15 drops of glacial acetic acid was obtained
(125 18a)-N-[(2,4-difluorophenyDmethyl}-9,11-dioxo- 10+ [(phenylmethyDoxyl-2,3,4a,5,
9,11,]3;]Ba-octahydro-].b’-pyrido[l,2-a]pyrrolo[l‘,Z’23,‘1]ilixid;azof1,2l dlpyrazine-8-carbo
xamide (321 mg, 67%) as a white solid. 'H NMR (CDCls) 6 10.41 (m, 1 H), 8.35 (s, 1
M), 7.56 (n, 2 H), 7.55-7.24 Gm, 4 H), 6.80 (m, 2 H), 5.35 (d, /= 10.0 Hz, 3 H), 6.13 (d,
J=10.0 Hz, 1 H), 4.60 (m, 2 H), 4.38 (dd, J= 10.4, 3.2 Hz, 1 H), 4.21 (dd, J= 12.0, 6.8
Hz, 1 H), 4.04 (dd, J=12.4, 2.8 Hz, 1 1), 8.77 (apparent t, /= 11.6 Hz, 1 H), 3.68 (m,
1H), 38.11-3.00 (m, 2 H), 2.75 (m, 1 H), 2.08-1.84 (m, 3 H), 1.65 (m, 1 E); ESr MS! 621

(M+1).

C)

(4aS 13a.R)- N-[(2,4-DifluorophenyDmethyl}-10-hydroxy-9,11-dioxo-2,3,42,5,9,11,13,13a
-octahydro-1 A pyrido{1,2-alpyrrolo(1',2':8,4)imidazol1,2-dlpyrazine-8-carboxamide.

In a similar manner as described in example Z-2 from
(4a8 13akD)-M(2,4-difluorophenyDmethyl]-9,11-dioxo-10-[(phenylmethyloxyl-2,3,4a,5,
9,11,13,18a-octahydro- 1.5 pyrido(1,2- alpyrrolol1’,2':3,4)imidazo(1,2- dlpyrazine-8-carbo
xamide (518 mg, 0.99 mmol) and~10% Pd/C (35 mg) in methanol (40 mL) was obtained
(4a.5,13a)- V- [(2,4-Difluorophenylmethyll-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a
-octahydro- 1 pyrido[1,2- alpyrrolo(1',27:3,4)imidazol1,2- dlpyrazine-8-carboxamide

(430 mg, 99%) as a white solid. I NMR (CDCls) & 11.73 (m, 1 H), 10.36 (m, 1 I,
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8.32 (s, L H), 7.856 (m, 1 H), 6.79 (m, 2 1), 4.64 (m, 2 H), 4.54 (dd, = 10.8, 4.0 Hz, 1
H), 4.28-4,19 (m, 2 H), 8.90-8.79 (m, 2 H), 3.18-3.20 (m, 2 H), 2.84 (m, 1 H), 2.14-1.92

Gm, 3 H), 1.72 (m, 1 H).

&)
(4a.8,13a.9)-M{(2,4-Difluorophenyl)methyl}-10-hydroxy-9,1i-dioxo-2,3,4a,5,9,11,18,13a
-octahydro-1 A pyridoll,2-alpyrrololl’,2"3,4}imidazol1,2- dlpyrazine 8- carboxamide
sodium salt. In a similarx manner as described in example 2Z-1 from
(4'«15‘213'«1]3)‘1\7-[(2,4—-Diﬂuorophenyl’)mcthyl]'IO-hydroxy-Q,ll-dioxo-2,8,4a,5,9,11,13,2[,3;1
-octahydro- L& pyrido[1,2- alpyrrolo[1,2":3,4)imidazol1,2- dlpyrazine-8-carboxamide
(430 mg, 1.0 mmol) and sodium hydroxide (1.0 mnL, 1.0 M aq, 1.0 mmol) in 20 mL of
ethanol was formed the corresponding sodium salt (425 mg, 94%) as a white solid.
YH NMR (D:0) § 7.86 (s, L 1, 7.23 (m, 1 1), 6.82 (m, 2 M), 4.51-4.46 (n, 3 I, 4.28 (m,
1 HD,8.95 (m, 1 H), 3.84 (m, 1 H), 3.62 (m, 1 H), 3.16 (m, 1 H), 2.89 (m, 1 M), 2.84 (n,

1HD, 1.90 (m, 2 H), 1.78 (m, 1 H), 1.60 (m, 1 H). ES* MS: 431 (M+1),

Ixample Z-5:

(4a.8 132 N [(4-Fluorophenymethyl)-10-hydroxy-9.11-diox0-2.3.4a.5.9.11.18.13a-0ct

ahvdro-1 Mpvyrido{l.2-alpvrrolef1’.2':8.4limidazoll.2 - dlpvrazine-8-carboxamide.

oH O

\g/\ Ne AN

H

The title compound was made in two steps using a similar process to that described
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