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(57) Abstract: The present invention is to provide a novel compound (I), having the anti-virus activity, particularly the HIV in-
& tegrase inhibitory activity, and a drug containing the same, particularly an anti-HIV drug, as well as a process and an intermediate
O thereof. Compound (I) wherein 7'is NR4; R'is hydrogen or lower alkyl; X is a single bond, a hetero atom group selected from O, S,
SO, SO32 and NH, or lower alkylene or lower alkenylene in which the hetero atom group may irzltervene; R is optionally substituted
aryl; R™ is hydrogen, a halogen, hydroxy, optionally substituted lower alkyl etc; and R and Z part taken together forms a ring, to
form a polycyclic compound, including e.g., a tricyclic or tetracyclic compound.
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SPECIFICATION
Polycyclic Carbamoylpyridone Derivative Having HIV Integrase Inhibitory Activity

[Technical Field]
[0001]

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 pharmaceutical composition containing the same,
especially an anti-HIV agent.

[Background Axt]
f0002]

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
desired.x

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
transcriptase 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
9) . 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). TFurther, a patent application concerning carbamoyl-substituted hydroxypyridone
derivative has been filed (Refi Patent Document 6, Example 8) .

Other known carbamoylpyridone derivatives include
5-alkoxypyridine-3-carboxamide derivatives and 7 -pyrone-3-carboxamide derivatives,
which are a plant growth inhibitor or herbicide (Ref: Patent Documents 7-9).

Other HIV integrase inhibitors include N-containing condensed cyclic compounds
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(Ref: Patent Document 10).
[Patent Document 1JW008/0166275
[Patent Document 21W02004/024693
[Patent Document 3]W003/035076
[Patent Document 4 WO03/035076
[Patent Document 5]W02004/004657
[Patent Document 6]JP Patent Application 2003-32772
[Patent Document 7]JP Patent Publication 1990-108668
[Patent Document 8]JP Patent Publication 1990-108683
[Patent Document 9]JP Patent Publication 1990-96506
[Patent Document 10]WQ2005/016927

[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 polycyclic
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 leukemia 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 O

(wherein,

Z1is NR%
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R+ is hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, 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
heterocyclic group, optionally substituted heterocyele 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 lower 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 CHy;

Z?is optionally substituted lower alkylene or optionally substituted lower
alkenylene, each may be intervened by a heteroatom group selected from O, S, SO,
SOq, NR“F(R5 is hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, optionally substituted cycloalkyl lower alkyl, optionally substituted lowey
alkenyl, optionally substituted lower alkoxy, optionally substituted aryl, op tionally
substituted aryl lower alkyl, optionally substituted aryloxy, optionally‘ 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 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 by a heteroatom group selected from CO, O, 8, SO, SOz NR5 (R5 is
selected independently from the same substituent group as R4, -N= and =N-)), -N= or
=N-

R1is hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from O, S, SO, SO2and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom;

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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lower alloxy, optionally substituted lower alkenyloxy, optionally substituted aryl,
optionally substituted aryloxy, optionally substituted heterocyclic group, optionally

substituted heterocycleoxy or optionally substituted amino;

R% and Z2 part taken together forms a ring, where the compound (I) is represented

by the following formula (I-1), or (I-11):

(I-1)

(wherein,

A ring is optionally substituted heterocycle;

R!4 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 heterocyclic group,
optionally 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 phosphoxic
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 heteroatom group selected from 0, S, SO, SOz, NRS5 (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 cycloalkylearbonyl, optionally substituted cycloalkyl lower alkyl carbonyl,
optionally substituted lower alkoxy carbonyl, optionally substituted arylecarbonyl,
optionally substituted aryl lower alkyl carbonyl, optionally substituted
aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl or

optionally substituted aminocarbonyl;
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a broken line represents the presence or absence of a bond, provided that when the
broken line represents the presence of a bond, RXis not present;

R!is hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from O, S, SO, SO2and N I, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R? is optionally substituted aryl;

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 or optionally substituted amino)

OH 0
@)
D
R"’\X/NF(’ o N (1-11)
O R?
(wherein,

D ring is optionally substituted heterocycle;

RYis hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from O, S, SO, SOz and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R? is optionally substituted aryl;

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 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.

(8) A compound according to the above (1), pharmaceutically acceptable salt, or

(97
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solvate thereof, wherein X is lower alkylene; R2 is phenyl or phenyl substituted with

at least halogen.

(4) A compound according to the above (1), pharmaceutically acceptable salt, ox
solvate thereof, wherein R31is hydrogen, halogen, hydroxy, lower alkyl, lower alkenyl,

lower alkoxy, lower alkenyloxy or optionally substituted amino.

(6) A compound according to the above (1), pharmaceutically acceptable salt, or

solvate thereof, wherein R# is hydrogen.

(6) A compound according to the above (1), pharmaceutically acceptable salt, ox
solvate thereof, wherein R! is hydrogen or lower alkyl; X is lower alkylene; R2is
phenyl or phenyl substituted with at least halogen; R3is hydrogen, halogen, hydroxy,
lower alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionally substituted

amino.

(7) A compound of the formula:

(1-1)

(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 substitﬁted aryloxy, optionally substituted hetexrocyclic group,

‘ optionally 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
alkyl may be intervened by a heteroatom group selected from O, S, SO, SOz, NR5 (RS is
selected independently from the same substituent group as RY), -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted lower alkyl carbonyl, optionally
substituted cycloalkylearbonyl, 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 carbonyl or
optionally substituted arr;inocarbonyli

a broken line represents the presence or absence of a bond, provided that when the
broken line represents the presence of a bond, RXis not present;

R'is hydrogen ox lower alkyl;

X is a single bond, a heteroatom group selected from O, S, SO, SO2and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R? is optionally substituted aryl;

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 or optionally substituted amino), it’s phaz‘macveutically

acceptable salt, or solvate thereof

8) A compouhd according to the above (7), pharmaceutically acceptable salt, or
solvate thereof, wherein R! is hydrogen or l\ower alkyl; X is lower alkylene; R2is
phenyl or phenyl substituted with at least halogen; R3is hydrogen, halogen, hydroxy,
lowgr alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionally substituted

amino.

(9) A compound according to the above (7), pharmaceutically acceptable salt, or

solvafe thereof, wherein a broken line represents the absence of a bond.
(10) A compound according to the above (7), pharmaceutically acceptable salt, ox

solvate thereof, wherein RXis hydrogen: R!4is hydrogen or optionally substituted

lower alkyl.
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(11) A compound according to the above (7), pharmaceutically acceptable salt, ox
solvate thereof, wherein A ring is an optionally substituted and optionally condensed

5 to 7- membered heterocyele containing 1 to 2 hetero atom(s).

(12) A compound of the formula:

OH 0
0
RIMTI( A NRT AN . (11-1)
o) R3 R14 RX
(wherein,

A ring 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;

R4 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 heterocyclic group,
optionally 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 or
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, 8, SO, SOz, NR6 (RS 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 lowexr alkoxy carbonyl, optionally substituted arylcarbonyl,

optionally substituted aryl lower alkyl carbonyl, optionally substituted
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aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl or
optionally substituted aminocarbonyl;

R% is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted eycloalkyl, 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), its pharmaceutically
acceptable salt, or

Rlis 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 optionally
substituted phosphoric acid residue (wherein the lower alkyl may be intervened with
a heteroatom group(s) selected from CO, O, O, S, SO, SOz, NRa (Ra is hydrogen or
lower alkyl), -N= and =N-), lower alkoxy lower alkyl, amino lower alkyl optionally
substituted with mono- or di- lower alkyl, halogenated lower alkyl, lower alkoxy,
carbamoyl optionally substituted with mono- or di- lower alkyl, optionally substituted

lower alkyl sulfonyl amino, halogenated lower alkoxy, hydroxy lower alkyl)
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 RXand R!1 are independently hydrogen or optionally

substituted lower.

(14) A compound according to the above (12), pharmaceutically acceptable salt, ox

solvate thereof, wherein R¥ and R4 are hydrogens.

(15) A compound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof, wherein R31is hydrogen.
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(16) A compound according to the above (12), pharmaceutically acceptable salt, or

solvate thereof, wherein m is 0, or 1 to 3 and at least one of R is halogen.

(17) A compound according to the above (7) or (12), pharmaceutically acceptable salt,

or solvate thereof, wherein A ring is any one of the following:

32
l:XZOFMN R27 AR R34
o2 28
:fj\N FquS rfr‘\N R f‘i\N Has
Ll Jow e
. 24 o~z R A R37
LL)R z R25R ‘Zi ,‘S‘L' pA 38
RGS R
Z =0 or NR* 7 =0 or NR3 Z =0 or NR¥
(A-1) (A-2) (A-3)

(wherein, R20 to R40 are each independently a group selected from Substituent group
S2, or any two groups of R20 to R, which bonds to the same carbon atom, taken
together with the carbon atom, may form an optionally substituted carbocyle or
optionally substituted heterocycle, or each combination of (R20 and R22), (R23 and R24),
(R25 and R26), (R27and R29), (R%0 and R31), (R%2 and R34), (R35 and R36), (R37 and R38),
and (R3%andR40), taken together with the neighboring atom, may form an optionally

substituted carbocyle or optionally substituted heterocycle.

Substituent group S2: 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 heterocycle, optionally
substituted heterocycle lower alkyl, optionally substituted heterocycleoxy, hydroxy,
oplionally substituted amino, optionally substituted lower alkylcarbonyl, optionally
substituted cycloalkylearbonyl, optionally substituted cycloalkyl lowex alkylecarbonyl,
optionally substituted lower alkoxycarbonyl, optionally substituted arylecarbonyl,
optionally substituted aryl lower alkylearbonyl, optionally substituted aryl
oxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted

heterocycle lower alkylcarbonyl, optionally substituted heterocycleoxycarbonyl,

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
optionally substituted phosphoric acid residue, ox 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, NRs (R6is independently

selected from the same Substituent group as R4), -N= and =N-)

the stereochemistry of an asymmetyic carbon represented by * shows R- or S-

configuration, or a mixture thereof)

(18) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein R20 to R4¢ are 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 3- to 7-
membered carboeyle or optionally substituted 3- to 7- membered heterocycle, or each
combination of (R20 and R22), (R23 and R24), (R25 and R26), (R27 and R29), (R3 and R3Y),
(R32 and R34), (R35 and R36), (R37 and R9), and (R3%andR0), taken together with the
neighboring atom, may form an optionally substituted 5- to 7- membered carbocyle or

optionally substituted 5- to 7- membered heterocycle.

(190 A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-1); one of R20to R25 is

optionally substituted lower alkyl and the others are hydrogens.

(20) A compound according to the above (17), pharmaceutically acceptable salt, or
solvidte thereof, wherein A ring is a ring represented by (A-1); one of (R20 and R22), (R28
and R24), and (R25 and R%6), 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), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-1); Z=NR26, and R25 and R26

talken together with the neighboring atom may form an optionally substituted 5- to 7-

11
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membered heterocicle.

(22) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-2); one of R27 to R30is
optionally substituted lower alkyl and the others are hydrogens.

(23) A compound according to the above (17), pharmaceutically acceptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-2); one of (R27and R29) and
(R80 and R3Y), 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, or
solvate thereof, wherein A ring is a ring represented by (A-2); Z=NR31, and R8° 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-8); one of R32 to R#9is

optionally substituted lower alkyl and the others 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-8); one of
(R32andR34),(R35andR36),(R37andR88),and (R#9andR40), 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 acceptable salt, or
solvate thereof, wherein A ring is a ring represented by (A-3); Z=NR4°, and R¥ and R40
taken together with the neighboring atomn may form an optionally substituted 5- to 7-

membered heterocycle.

(28) A compound according to the above (12), pharmaceutically acceptable salt, or
solvate thereof, wherein R¥is hydrogen; R!4is hydrogen or optionally substituted

lower; R8is hydrogen; m is 1 to 3 and at least one of Rs is halogen; A ring is a ring

12
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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; R4 is hydrogen; R? is hydrogen; m is 0, or 1
to 3 and at least one of Rs is halogen; A ring is a ring described in Claim 17; R20 to R0
are 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 3- to 7- membered carbocyle or optionally
substituted 8- to 7- membered heterocycle, or each combination of (R20 and R22), (R23
and R24), (R26 and R26), (R27 and R29), (R3¢ and R3Y), (R32and R®), (R36 and R36), (R87
and R38), and (R%%andR40), taken together with the neighboring carbon atom, may
form an optionally substituted 5- to 7- membered carbocyle or optionally substituted

5- to 7- membered heterocycle.

(30) A compound of the formula:

OH 0
O
\ N
D
Ri’\X/NH‘ GPL (1-11)
o) R?
(wherein,

D ring is optionally substituted heterocycle;

R!is hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from O, 5, S0, SOz and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R2 is optionally substituted aryl;

R3 is hydrogen, halogen, hydroxy, optionally substituted lowexr alkyl, optionally
substituted cycloalkyl, optionally substituted lower alkenyl, optionally substituted
lower alkoxy, optionally substituted lower alkenyloxy, optionally substituted axryl,
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:
(8R,11a8)N-[(2,4-Difluorophenyl) methyll-6-hydroxy-8-methyl-5,7-dioxo-2,3,5,7,11,11a

-hexahydro[1,8]loxazolo[3,2-alpyrido[l,2-dlpyrazine-8-carboxamide;

(4a 2,188 NV [(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,8,4a,5,9,11,13,13a

-octahydro- LA pyrido[1,2-alpyrrolo[1’,2':8,4]imidazo[1,2- dlpyrazine-8-carboxamide;

(3a.5,130.9) - M[(2,4-Difluorophenyl) methyll-8-hydroxy-7,9-dioxo-1,2,3,32,4,5,7,9,13,13a

-decahydropyrido(1',2"4,5]pyrazino[1,2-alpyrrolo[1,2-clpyrimidine- 10-carboxamide;

(4a.8,18a ) -N-[(2,4-Difluorophenyl) methyll-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a

-octahydro-1A-pyrido[1,2-alpyrrolo[1',2'18,4]imidazol1,2- dlpyrazine-8-carboxamide;

(4a.8,13a.R)- N-[(4-Fluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-oct

ahydro-1Hpyrido[1,2-alpyrrolol1',2'8,4limidazol1,2- dlpyrazine-8-carboxamide;

(3,5, 11a.R)- N-{(2,4-Difluorophenyl) methyll-6-hydroxy-5,7-dioxo-3-(phenylmethyl)-2,3,5,

7,11,11a-hexahydrol1,3loxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(8a.5,132.9)- N-[(4-Fluorophenyl)methyll-8-hydroxy-7,9-dioxo-1,2,3,3a,4,5,7,9,13,13a-de

cahydropyrido[1',2":4,5]pyrazino[1,2- alpyrrolo[1,2-clpyrimidine-10-carboxamide;

14
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(85,1128 N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-8-[(1.5)- 1-methylpropyl]-5,7-dioxo

-2,8,5,7,11,11a-hexahydrol1,3)oxazolo[8,2-alpyrido[1,2- dlpyrazine-8-carboxamide;

(85,11a8)- M [(2,4-Difluorophenyl) methyll-6-hydroxy-3-methyl-5,7-dioxo-2,3,5,7,11,11a

-hexahydro[1,8loxazolo[8,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

(35, 11a B)- N-[(4-Fluorophenyl)methyll-6-hydroxy-8-methyl-5,7-dioxo-2,3,5,7,11,11a he

xahydro[l,8]oxazolo[8,2-alpyrido[l,2- dlpyrazine-8-carboxamide;

(8.5, 11a./)-N-[(2,4-DifluorophenyDmethyl]l-3-(1,1-dimethylethy)-6-hydroxy-5,7-dioxo-2

,3,5,7,11,11a-hexahydroll,3loxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(85,11aR)-3-(1,1-Dimethylethyl)- M- [(4-fluorophenyDmethyl]-6-hydroxy-5,7-dioxo-2,3,5,

7,11,11a-hexahydro[l,8]oxazolo[8,2-alpyridol[1,2-dlpyrazine-8-carboxamide;

(38, 11al)-N-[(2,4-Difluorophenyl)methyll-8-hydroxy-5,7-dioxo-3-phenyl-2,3,5,7,11,11a

-hexahydro(l,3]loxazolo[3,2-alpyrido[1,2- dlpyrazine-8-carboxamide;

(8.5, 11aR)- N-[(2,4-Difluoropbenyl) methyll-6-hydroxy-3-(hydroxymethyD-5,7-dioxo- 2,3,

5,7,11,11a-hexahydroll,8]oxazolo[8,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

(25,87 N-[(2,4-DifluorophenylDmethyl]l-6-hydroxy-3-methyl-5,7-dioxo-2-phenyl-2,3,5,7

,11,11a-hexahydroll,3loxazolo[3,2-alpyrido[1,2- dlpyrazine-8-carboxamide;
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(82,112.9-N-[(2,4-Difluorophenyl)methyll-6-hydroxy-5,7-dioxo*3-(phenylmethyl)-2,8,5,

7,11,11a-hexahydro[l,3Joxazolo[8,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

(82,1129 N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(2-methylpropyl)-5,7-dioxo-2, 3,

5,7,11,11a-hexahydroll,3]Joxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(6alR,14aR)- N[(2,4-Difluorophenyl) methyll-11-hydroxy+10,12-dioxo-1,2,3,4,5a,6,10,12,

14,14a-decahydropyrido[1,2-alpyrido[1’,2':3,4)imidazol1,2-dlpyrazine-9-carboxamide;

(25,89 N-[(2,4-Difluoropheny)methyll-6-hydroxy-3-[((methyloxy)methyll-5,7-dioxo-2p

henyl-2,8,5,7,11,11a-hexahydrol1,8loxazolo[3,2- alpyridoll,2-dlpyrazine-8-carboxamide

(85,11aR)-8-(Cyclohexylmethyl)- M- [(2,4-difluorophenylmethyll-6-hydroxy-5,7-dioxo-2,

3,5,7,11,11a-hexahydroll,8loxazolo[8,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(88 11a /)~ N-[(2,4-Difluorophenyl)methyll-6-hydroxy-3-(1-methylethyl)-5,7-dioxo-2,8,5,

7,11,11a-hexahydro(1,8loxazolo[8,2-alpyridol1,2- dlpyrazine-8-carboxamide;
(5a.k, 1429 M[(2,4-Difluorophenyl)methyl]l-12-hydroxy-11,13-dioxo-5a,6a,7,11,13, 14a-
hexahydro-5 A indeno[1',2"4,5]1[1,8]loxazolo[8,2-alpyridol1,2-dlpyrazine-10-carboxamid

e,
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(2.5,37,112.9 - N-[(2,4-Difluorophenyl) methyl]l-6-hydroxy-5,7-dioxo-2,3-diphenyl-2,3,5,7,

11,11a-hexahydro(l,8]oxazolo[8,2- alpyrido[1,2- dlpyrazine-8-carboxamide;

(25,32, 1 1) MV [(2,4-difluorophenyl)methyl]-6-hydroxy-5,7-dioxo-2,3-diphenyl-2,3,5,7,

11,11a-hexahydrol1,8loxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(82,1125 N-[(2,4-DifluorophenylDmethyl]-6-hydroxy-3-(1-methylethyl)-5,7-dioxo-2,8,5,

7,11,11a-hexahydroll,8loxazolol3,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

(8.5, 11a/)- N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[2-(methylthio)ethyl]-5,7-dioxo-

2,3,5,7,11,11a-hexahydro(1,3loxazolo(3,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

(8.5, 11aR)-N-[(2,4-Difluorophenyl) methyll-6-hydroxy-3-[2-(methylsulfonyDethyll-5,7-di

0%0°2,3,5,7,11, 11a-hexahydro[1,3]oxazolo[3,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

{
(35, 11a.R)-N-[(2,4-Difluorophenyl)methyll-6-hydroxy-3-(1.Aindol-3-ylmethyl)-5,7-dioxo

-2,8,5,7,11,11a-hexahydroll,3]oxazolo[8,2-alpyridol1,2- dlpyrazine-8-carboxamide;
(4R 12aR)-N- [(4-ﬂuorophény])methyl] “7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diox

0-1,2,8,4,6,8,12,12a-octahydropyrido[1',2"14,5]pyrazinol1,2-alpyrimidine-9-carboxamid

e,

17
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(4.R,12a.8) - N-[(4-TluorophenyDmethyll-7-hydroxy-4-methyl-1-(1-methylethyD-6,8-diox
0-1,2,3,4,6,8,12,12a-octahydropyridol1',2"14,6]pyrazinoll,2-alpyrimidine-9-carboxamid

e

(45,1229 - N[(2,4-Difluorophenyl) methyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2"14,5]pyrazino[1,2-alpyrimidine-9-carboxa

mide;

(4.5,122.9-1-(Cyclopropylmethyl)-V-{(2,4-difluorophenyDmethyll-7-hydroxy-4-methyl-6
,8-dioxo-1,2,8,4,6,8,12,12a octahydropyrido[1',2"4,6]pyrazino(1,2-alpyrimidine-9-carbo

xamide;

(4.5,12a.9) - NV-[(2,4-Difluorophenyl)methyl]-1-(2-furanylmethyl)-7-hydroxy-4-methyl-6,8
-dioxo0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazino[1,2-alpyrimidine-9-carbox

amide;

(4.5,12a.9- N [(2,4-Difluorophenyl)methyll-7-hydroxy-4-methyl-6,8-dioxo-1-(1,3-thiazol-
2-ylmethyl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2-alpyrimidine-9-c

arboxamide;
(4a6arR 1428 N-[(2,4-Difluorophenylmethyll-12-hydroxy-11,13-dioxo-1,3,4,44a,5,6a,
7,11,13,14a-decahydro-2 Hpyrido[1',2":4,5]pyrazino(1,2- 2] [3,1]benzoxazine-10-carboxa

mide;

18
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(4a.R,6aR,142.8  N-[(4-TFluorophenyl) methyll-12-hydroxy-11,18-dioxo-1,3,4,4a,5,6a,7,11

, 18,'14a-decahydro~2]‘[-pyrido[1',2'14,5]pyrazino[1,2' al[3,1]benzoxazine- 10-carboxamide

(35,42 R,62R,14a5)- V- [(2,4-Difluorophenyl)methyll- 12-hydroxy-11,18-dioxo-3-phenyl-1
,8,4,4a,5,6a,7,11,13,14a-decahydro-2 Hpyrido[1',2"4,5]pyrazino(1,2-a][3,1}benzoxazine

=10-carboxamide;
(4a83,6aS,14a8)-N-[(2,4-Difluorophenyl) methyl]-12-hydroxy-6-(2-methylpropyl)-11,13-d
iox0-1,2,8,4,42,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2':4,5]pyrazinol1,2-alquinazoli

ne-10-carboxamide;

(6aR,7a8,11a8)-N-[(2,4-Difluorophenyl)methyl]-1-hydroxy-2,13-dioxo-2,6a,7,72,8,9,10,

11,11a,13-decahydro-6H-pyrido[1',2"14,56]pyrazino[1,2-albenzimidazole-3-carboxamide;

(628,7a8,11a8)-N-[(2,4-Difluorophenyl)methyll-1-hydroxy-2,13-diox0-2,6a,7,7a,8,9, 10,

11,11a,13-decahydro-6H-pyrido[1',2":4,6]pyrazino[1,2-albenzimidazole-3-carboxamide;

(5a8,14a8)-N-[(2,4-Difluorophenyl)methyl]-11-hydroxy-10,12-dioxo-1,2,3,4,5a,6,10,12,

14,14a-decahydropyrido[1,2-alpyrido[1',2":3,dlimidazo[1,2-d]pyrazine-9-carboxamide;
(4aR,14aR)-N-[(2,4-Difluorophenyl) methyll-9-hydroxy-8,10-dioxo-2,8,4,42,5,6,8,10,14,

19
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l4a-decahydro- 1H-pyrido[1,2-clpyrido[1',2"14,5]pyrazino[1,2-alpyrimidine-11-carboxam

ide;

(4R 122 8)-N-[(2,4-Difluorophenylmethyll-7-hydroxy-4-methyl-1-(8-methylbutyl)-6,8-d
iox0-1,2,8,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazino[1,2-alpyrimidine-9-carboxa

mide;

(45,1225 -N[(2,4-Difluorophenyl)methyl]l-7-hydroxy-4-methyl-1-(1-methylethyl)-6,8-di
0x0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,6]pyrazino[1,2- alpyrimidine-9-carboxam

ide;

(45 12a8)- V-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-1-(8-methylbutyl)-6,8-d
ioxo0-1,2,8,4,6,8,12,12a-octahydropyride[1’,2":4,56lpyrazinoll,2-alpyrimidine-9-carboxa

mide;
(45,1229 N-[(2,4-Difluoropheny)methyl]-7-hydroxy-4-methyl-6,8-dioxo-1-(3-pyridinyl
methyD-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5lpyrazino[1,2-alpyrimidine-9-carbo

xamide;

(45,12a8)-1-Cyclopropyl- N-[(2,4-difluorophenylmethyll-7-hydroxy-4-methyl-6,8-dioxo-

1,2,8,4,6,8,12,12a-octahydropyrido[1’,2':4,5]pyrazino[1,2-alpyrimidine-9-carboxamide;

(4.5,122.9)- N-[(2,4-Difluorophenyl)methyll-7-hydroxy-4-methyl-1-[2-(methyloxy)ethyl]-

20
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6,8-diox0"1,2,8,4,6,8,12,12a-octahydvopyrido[1',2"4,5)pyrazino(1,2-alpyrimidine-9-carb

oxamide;

(8a8,5a5,18a8)-N-[(2,4-Difluorophenyl)methyl]-11-hydroxy-5-(2-methylpropyl)-10,12-d
iox0-2,3,8a,4,5,6a,6,10,12,18a-decahydro- 1 H-cyclopentalelpyrido(1',2"14,6]pyrazinol1,2

-alpyrimidine-9-carboxamide;

(81,1129 N[(2,4-Difluorophenyl)methyll-3-ethyl-6-hydroxy-5,7-dioxo-2,8,5,7,11,11a*h

exahydrol1,3loxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(4a8,6a8,14a8)-N-[(2,4-Difluoropheny)methyl]-12-hydroxy-6-[2-(4-morpholinyDethyl]-
11,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13, 14a-dodecahydropyridol1',2"4,5]pyrazinol1,2-alq

uinazoline-10-carboxamide;

(3aR,5aR,13a8)-N-[(2,4-Difluorophenyl)methyl] 11-hydroxy-10,12-dioxo-1,2,3,3a,4,5a,
6,10,12,13a~decahydrocyclopentaldipyrido[1',2":4,5]pyrazino[2,1-b}[1,8loxazine-9-carbo

xamide;

(4a8,6a8,14a8)-N-[(2,4-Difluorophenyl) methyll-12-hydroxy-6-methyl-11,13-dioxo-1,2,3
4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2"4,5]pyrazinoll,2-alquinazoline-10-car
boxamide;

(4aS,6a8,14a8)-N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-6-[2-(methyloxy)ethyl]-11,

21

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604
13-dioxo-1,2,3,4,4a,5,6,6a,7,11,18,14a-dodecahydropyridol1',2"4,5]pyrazino[1,2-alquin

azoline-10-carboxamide;

(4a8,6a8,142a8)-6-[2-(Acetylamino)ethyl]l-N-[(2,4-difluorophenyl) methyl]- 12-hydroxy-1
1,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13, 14a-dodecahydropyrido[1',2":4,5]pyrazinoll,2-alqui

nazoline-10-carboxamide;

(3.5, 11aR)-N-[(2,4-Difluorophenyl) methyll-3-ethyl-6-hydroxy-5,7-diox0-2,3,6,7,11,11a-h

exahydroll,8loxazolo[8,2-alpyridoll,2-dlpyrazine-8-carboxamide;

(3.5, 11a)-3-Butyl- MV [(2,4-difluorophenyl) methyll-6-hydroxy-5,7-dioxo-2,3,5,7,11,11a-h

exahydroll,3loxazolo[3,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(85, 11aR) N[(2,4-Difluorophenyl) methyl]-6-hydroxy-3-[(4-hydroxyphenyl)methyl]-5,7-

dioxo0-2,3,5,7,11,11a-hexahydrol1,8loxazolo[3,2-alpyridol],2-dlpyrazine-8-carboxamide

(48,12a8)-1-Cyclobutyl-N-{(2,4-difluorophenyDmethyl]-7-hydroxy-4-methyl-6,8-dioxo-1

,2,3,4,6,8,12,12a-octahydropyrido(1',2"4,5]pyrazino(l,2-alpyrimidine-9-carboxamide;

(45.122.8)- M [(2,4-Difluorophenyl methyl]-7-hydroxy-4-methyl-6,8-dioxo-1-(tetrahydro-

9 H-thiopyran-4-y)-1,2,3,4,6,8,12, 12a-octahydropyrido[l’,2"4,5)pyrazinoll,2-alpyrimid

ine-9-carboxamide;
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(4:5,12a.8)- MV ((2,4-Difluorophenyl) methyl]-7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo

-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazino[1,2 alpyrimidine-9-carboxamide;

(428,628, 14a8)-N-[(2,4-Difluorophenyl) methyll- 12-hydroxy-6-(2-hydroxyethyl)-11,13-d
loxo-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2"4,5]pyrazinol1,2-alquinazoli

ne-10-carboxamide;

(4a8,6a8,14a8)-6-Cyclopropyl-N-[(2,4-difluorophenyl) methyl]-12-hydroxy-11,18-dioxo-
1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2":4,5]pyrazino[1,2-alquinazoline-1

O-carboxamide;

(4a8,6a8,14a8)-N-[(2,4-Difluorophenyl) methyll-12-hydroxy-11,13-dioxo-6-[2-(1-pyrroli
dinyDethyll-1,2,3,4,4,5,6,6a,7,11,18,14a-dodecahydropyrido[1',2":4,5]pyrazinacll,2-alq

uinazoline-10-carboxamide;
(4aS,14a8)-N-[(2,4-Difluorophenyl)methyl]-9-hydroxy-8,10-dicxo-2,3,4,44,5,6,8,10,14, 1
4a-decahydro-1H-pyridol1,2-clpyrido[1',2:4,5]pyrazinoll,2-alpyrimidine-11-carboxami
de;
(483,12a8)-N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-[2-(methyloxy)ethyll-6, 8-

dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5}pyrazino[1,2-alpyrimidine-9-carboxa

mide;
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(48,12a8)-1-Cyclobutyl-N-[(4-fluorophenyl)methyll-7-hydroxy-4-methyl-6,8-dioxo-1,2,8

,4,6,8,12, lZa‘octahydropyrido[1',2'!4,5]pyrazino[l,2-a]pyrimidine-9-carboxamide|;

(48,12a8)-N-[(4-Fluorophenyl)methyll-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diox
0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5)pyrazino[1,2-alpyrimidine-9-carboxamid

e;

(45,12a8)-N-[(4-Fluorophenyl methyll-7-hydroxy-1,4-dimethyl-6,8-dioxo-1,2,8,4,6,8,12

,12a-octahydropyrido(1',2"4,5]pyrazinoll,2-alpyrimidine-9-carboxamide;
(4.5,12a.9)- M- [(4-Fluorophenyl) methyll-7-hydroxy-4-methyl-6,8-dioxo- 1-(tetrahydro- 2.5
‘thiopyran-4-y1)-1,2,8,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinoll,2-alpyrimidine

-9-carboxamide;

(45,12a.8) M [(2,4-Difluorophenyl)methyll-7-hydroxy-1,4-dimethyl-6,8-dioxo-1,2,3,4,6,8

,12,12a-octahydropyrido{1',2":4,5]pyrazinol1,2-alpyrimidine-9-carboxamide;

(4.5,1228)-N-[(4-Fluorophenyl) methyll-7-hydroxy-4-methyl-1-(1-methylethyl)-6,8-dioxo

-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazino[1,2-alpyrimidine-9-carboxamide;

(45,1229 N-[(4-Fluorophenyl)methyl]-7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo- 1,2

,8,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazino[1,2- alpyrimidine-9-carboxamide;

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604
enantiomers thereof, diastereomers thereof] mixtures of enantiomers thereof;
mixtures of diastereomers thereofi mixtures of enantiomers and diastereomers
thereof; and pharmaceutically acceptable salts thereof,

(32) A compound selected from the group consisting of:

(4a8,18a /) V-[(2,4-Difluorophenylmethyll- 10-hydroxy-9,11-dioxo-2,8,4a,5,9,11,18,13a

-octahydro- 1A pyridoll,2-alpyrrolo[1',2'8,4)imidazo(1,2- dlpyrazine-8-carboxamide;

(425,132 N [(4-Fluorophenyl)methyll-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11, 13,13a-oct

ahydro-1H-pyridol1,2-alpyrrolo[1',2":8,4limidazol1,2- dlpyrazine-8-carboxamide;

(35, 11a /) N [(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[(1.8)-1-methylpropyll-5,7-dioxo

-2,8,5,7,11,11a-hexahydrol1,8loxazolo[8,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(885112 8)-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-methyl-5,7-dioxo-2,8,5,7,11,11a

-hexahydro[1,3}oxazolo[8,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(86, 11aR)- M [(4-Fluorophenyl) methyll-6-hydroxy-3-methyl-5,7-diox0-2,8,5,7, 11, 11a-he

xahydro[1,8loxazolol3,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(45,1229 NV-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-

dioxo-1,2,8,4,6,8,12,12a-octahydropyrido[1',2"4,5lpyrazino[l,2-alpyrimidine-9-carboxa
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mide;

(4.5 12a.9-1-(Cyclopropylmethyl)- M[(2,4-difluorophenyl) methyll-7-hydroxy-4-methyl-6
,8-diox0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2"4,6]pyrazino[1,2-alpyrimidine-9-carbo

xamide;

(da R 6a.R14a8) N-[(2,4-Difluorophenyl)methyl]l-12-hydroxy-11,18-dioxo" 1,3,4,44,5,64a,
7,11,18,14a-decahydro-2 H-pyrido[1',2'14,5]pyrazinoll,2- 4l [3, 1]benzoxazine- 10-carboxa

mide;

(4a R 6aR,14a8)- N-[(4-Fluorophenyl)methyl]-12-hydroxy-11,13-dioxo-1,3,4,4a,5,6a,7,11
,13,14a-decahydro-2 H-pyrido[1',2":4,5]pyrazinol1,2- al[3,1]benzoxazine-10-carboxamide
48,9aR)-5-Hydroxy-4-methyl-6,10-dioxo-3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 2,4,-difluoro-benylamide;

4R,9a8)-5-Hydroxy-4-methyl-6,10-diox0-3,4,6,9,92,10-hexahydro-2H-1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 2,4,-difluoro-benylamide;

2R,9a8)-5-Hydroxy-2-methyl-6,10-diox0-8,4,8,9,9a,10-hexahydro-2H-1-oxa 4a,

8a-diaza-anthracene-7-carboxylic acid 4-fluoro-benylamide;

26

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

enantiomers thereof; diastereomers thereof, mixtures of enantiomers thereof:
mixtures of diastereomers thereof; mixtures of enantiomers and diastereomers

thereof; and pharmaceutically acceptable salts thereof.

(83) 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 (33), ox a pharmaceutically acceptable salt, or solvate thereof.

(85) A pharmaceutical composition according to the above (34), which is an

anti-HIV agent.

(886) A process for the preparation of a compound of formula (I-20a)

1
P\O o R
O -:
= S N
H
R I 5

wherein R¢ is one or two halogen; R* is Cisalkyl, CgiaarylCrsalkyl, Ces-1aaryl, or

(I-202)

alkoxy: and P! is Cs-1aarylCr-salkyl;

comprising condensing a compound of the formula

(0] CHO

wherein Re is one or two halogen; R59 is Ci-galkyl; and P! is Ce-1iarylCrsalkyl;
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with a compound of the formula

HNT Y
OH

wherein Rz is Cisalkyl, Cs1aarylCr-salkyl, Ce-1aaryl, or alkoxy)

to form a compound of formula (I-20a).

37 A process for the preparation of a compound of formula (I-20b)

wherein Rt is one or two halogen; R is Cysalkyl, Ce1aarylCrgalkyl, Cg-14avyl, ox

alkoxy; and Pl is Co-1aarylCr-salkyl;

comprising condensing a compound of the formula

P 0
N O NoR®
Re N\[ e NW
(0] CHO

wherein Re is one or two halogen; R%0 is Cisalkyl; and P!is Cs-1aarylCi-salkyl;

with a compound of the formula

RZ

HaNJ\‘

OH

wherein R# is Ci-salkyl, Co-1aarylCi-salkyl, Cs-1aaryl, or alkoxy;

to form a compound of formula (I-20b).
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(38) A process for the preparation of a compound of formula (1-21a)

1
P\O o
YN N
e N NS N\/,l-.\/f\é
R I g

wherein Re¢ is one or two halogen; and P! is Co-rgarylCrsalkyl;

(I-21a)

comprising condensing a compound of the formula

Pl o
H O oR®
b N x -N
R 3
0] CHO

wherein Re is one or two halogen; R80 is Ci-salkyl; and P! is Ce arylCr-salkyl;

with a compound of the formula

to form a compound of formula (-21a).

(39) A process for the preparation of a compound of formula (I-21b)

1
P\O o
@) X N H
P - )
Re \/H N
@]

wherein Re is one or two halogen; and P! is Ce-14arylCi-salkyl;

(I-21b)
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comprising condensing a compound of the formula

O CHO

wherein Re is one or two halogen; R% is Ci-salkyli and P! is Ce-arylCrsalkyl;

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 1-22a)

i
P\O o
H O\ = N "
‘a N A N\/l\N

wherein Re is one or two halogen; and P! is Cp-1iarylCr-salkyls

(I1-22a)
comprising condensing a compound of the formula

1
P>o o
@\/H ) ) ORSO
N N
R A
O CHO

wherein Re is one or two halogen; R0 is Ci-salkyl; and P! is Cg-14arylCi-salkyl;

with a compound of the formula
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?\L

NH,

to form a compound of formula (I-22a),

(41) A process for the preparation of a compound of formula (I-22b)

PNe o
o} x N
DI
R £ N
o H

wherein Re is one or two halogen; and P! is Cg-1aarylCr-galkyl;

(1-22b)

comprising condensing a compound of the formula

1
P\o 0
.y 0 X OR®®
. N N
R D
(@] CHO

wherein Re is one or two halogen; R80 is Crgalkyl; and P!is CgaaarylCisalkyl;

with a compound of the formula

03,
L

to form a compound of formula (I-22b).

NH,

(42) A process for the preparation of a compound of formula (I-23a)
1
PN o
O N H
H
h N N N
R .
O (8]
(1-23a)

wherein Re is one or two halogen; and P! is Ce-uarylCi-salkyl;
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comprising condensing a compound of the formula

1
PXo o
N N
Sathdl e
o) CHO

wherein Re is one or two halogen; R0 is Crsalkyl; and P! is Ce-warylCrsalkyl;

with a compound of the formula

A tIJH

to form a compound of formula (I-23a).

2

(48) A process for the preparation of a compound of formula (I-28b)

P’\O o
O N N H
(@]

wherein Re is one or two halogen; and P! is Cg- arylCr-salkyl;

(I-28b)

comprising condensing a compound of the formula

0 CHO

wherein Re is one or two halogen; R50 is Ci-salkyl;

with a compound of the formula
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W

NH,

to form a compound of formula (I-28b),

(44) A process for the preparation of a compound of formula (1-24a)
1
P\O 0 Bz
’ 0 X N/j
e N NN N\)-E-\N
R \[O H }'qz‘l
(I-244)

wherein Re¢ is one or two halogen; R¢ is Crasalkyli R#! is hydrogen, Cagcycloalkyl, |
heterocycle, or Ci-salkyl optionally substituted with hydroxy, Csscycloalkyl, allcoxy,
hetefocycle, heteroaryl, Ce-1aaryl, or amino, wherein said amino may be optionally

substituted with —~C(0)C.salkyl or Cisalkyl; and P! is Cg-1aarylCr-salkyl;

comprising condensing a compound of the formula

wherein Re is one or two halogen; and R%0is Cysalkyl; and P! is CguarylCysalkyl;

with a compound of the formula

RZ

HzN/j

HN
21

RZ

wherein R* is Crsalkyl; R#! is hydrogen, Cs-scycloalkyl, , heterocycle, or Crsalkyl
optionally substituted with hydroxy, Cs.scycloalkyl, alkoxy, heterocycle, heteroavyl,
Ceadaryl, or amino, wherein said amino may be optionally substituted with

~C(0)Cy-salkyl or Cr-salkyl;
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to form a compound of the formula (I-24a).

(45) A process for the preparation of a compound of formula (I-24b)
1
P\O 0 Hz
D)
R¢ N X N\/}\N
0 H ézj
(I-24b)

wherein Re is one or two halogeni R is Cisalkyli R#! is hydrogen, Cy-seyeloalkyl,
heterocycle, or Ci-salkyl optionally substituted with hydroxy, Cy-seycloalkyl, alkoxy,
heterocycle, heteroaryl, Csisaryl, or amino, wherein said amino may be optionally

substituted with ~C(0O)Cj-salkyl ox Cisalkyl; and P! is Co4arylCr-sallkyl;

comprising condensing a compound of the formula

F‘\O o
i IO
NP
R° h
(0] CHO

wherein Re is one or two halogen; R0 is Crsalkyl; and P! is Ce1aarylCrealkyl;

with a compound of the formula

z

R

HzNﬁ

HN

|

HZI
wherein Rz is Cr-salkyl; and R#! is hydrogen, Caseycloalkyl, , heterocycle, or Ci-salkyl
optionally substituted with hydroxy, Csscycloalkyl, alkoxy, heterocycle, heteroaryl,
Cs-1aryl, or amino, wherein said amino may be optionally substituted with _

—~C(0)C1-salkyl or Ci-salkyl;

to form a compound of the formula (I-24b).
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(46) A process for the preparation of a racemic compound of formula (I-26)

@ \M

MR (ras)

wherein Re¢ is one or two halogen; R#! is hydrogen, Csscycloalkyl, , heterocycle, ox
Cr-salkyl optionélly substituted with hydroxy, Cs.scycloalkyl, alkoxy, heterocycle,
heteroaryl, Ce-1taryl, or amino, wherein said amino may be optionally substituted

with —=C(0)C1.salkyl ox Cisalkyl; and P! is is Ce-aarylCi-salkyl;

comprising condensing a compound of the formula

4
P\O 0
.y O OR™
o N N
R B
0 CHO

wherein Re is one or two halogen; and R50 is Cy.salkyl; and P! is Cs-14arylCi-salkyl;

with a racemic compound of the formula

wherein R#! is hydrogen, Cs-seycloalkyl, ,'heterocycle, or Crsalkyl optionally
substituted with hydroxy, Cs-seycloalkyl, alkoxy, heterocyele, heteroaryl, Ce-1aaryl, or
amino, wherein said amino may be optionally substituted with —C(0O)Cy-salkyl ox
Cy-salkyl;

to form a racemic compound of the formula (I-25).

(47) A process for the preparation of a racemic compound of formula (I-26)
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P o
O Nl' >
o N N N\/l\
R H N
O Rz1
(1-26)

wherein Re is one or two halogen; R#! is hydrogen, Cs-seycloalkyl, , heteroeyele, ox
Crsalkyl optionally substituted with hydroxy, Ca-scycloalkyl, alkoxy, heterocycle,
heteroaryl, Ce1aryl, or amino, wherein said amino may be optionally substituted
with —C(O)Crsalky!l or Crsalkyl; and P! is Ce 1aarylCisalkyl;

comprising condensing a compound of the formula

wherein Re is one or two halogen; R0 is Crsalkyli and P! is Cg raarylCir-salkyl;

with a racemic compound of the formula

,RZ‘
H,HN

Q "

wherein  R#! is hydrogen, Cusscycloalkyl, , heterocycle, or Ci-salkyl optionally

o1z

substituted with hydroxy, Cs-scycloalkyl, alkoxy, heterocycle, heteroaryl, Ce-14aryl, or
amino, wherein said amino may be optionally substituted with —C(O)Cisalkyl or

Crsalkyl;

to form a racemic compound of formula (I-26).

(48) A process for the preparation of a racemic compound of formula (I-27)
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1
P~ o 0o 9
0
SN
H
R@va mo
J H

whevrein Re is halogen; and P! is Co-1aarylCrsalkyl;

a-2m

comprising condensing a compound of the formula

P\O o
@\/H O J\/U\ORSO
N > N
R° D
0 CHO

wherein Re is one or two halogen; R50 is Crsalkyl; and P! is Cg-14arylCrsalkyl;

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 above (36). formula (I-20b)
described in above (37), formula (I-21a) described in above (38), formula (I-21b)
described in above (89), formula ([-22a) described in above (40), formula (I-22b)
described in above (41), formula (I-23a) described in above (42), formula (I-28h)
described in above (483), formula (I-24a) described in above (44), formula (I-24b)
described in above (45), 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.

(50) A compound of formula (I-20a) described in above (86). formula (I-20b)

described in above (87), formula (I-21a) described in above (38), formula (I-21b)
described in above (89), formula (I-22a) described in above (40), formula J-22b)
described in above (41), formula (I-23a) described in above (42), formula J-23b)
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described in above (43), formula (I-24a) described in above (44), formula (I-24b)
described in above (45), 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 ox a solvate
thereof, especially an anti-HIV agent.

[(Effect 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 herein are explained below. Each term, alone or in combination
with another tem, means as follows. .

“Lower alkylene” means a straight or branched Cl to C6 alkylene such as
methylene, ethylene, trimethylene, n-propylene, tetramethylene, ethylethylene,
pentamethylene, or hexamethylene, preferably Cl to C4 straight alkylene such as.
methylene, ethylene, trimethylene, and tetramethylene, more preferably methylene ox
ethylene.

“Lower alkenylene” means a straight or branched C2 to C8 alkenylene, which
consists of the above “Lower alkylene” having one or more double bonds, such as
vinylene, propylene, or butenylene, preferably a straight C2 to C3 alkenylene such as
vinylene or propylene.

“Lower alkyl” means a straight or branched C1 to C10 alkyl such as methyl, ethyl,
n-propyl, i-propyl, t-butyl, isobutyl, sec-butyl, n-pentyl, and n-hexyl, and preferred is
C1l to C3 alkyl, more preferred is methyl, ethyl or n-propyl, n-pentyl, isopentyl,
neopentyl, tert-pentyl, n-hexyl, isohexyl, n-heptyl, n-octyl, n-nonyl, and n-desyl,
preferably C1 to C6 lower alkyl, more preferably Cl to C4 lower alkyl such as methyl,
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-hutyl, n-pentyl, isopentyl,

neopentyl, text-pentyl, n-hexyl, and isohexyl.
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When lower alkyl is intexrvened with “-N=" or “=N-*, the lower alkyl may have a
double bond to form ‘CHa-N=CHy, -CH=N-CHj etc.

“Alkenyl” means a straight or branched C2 to €8 alkenyl, which consists of the
above “alkyl” having one or more double bonds, such as vinyl, l-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 lowey alkenyl, such as
vinyloxy, l-propenyloxy, 2-propenyloxy, 1-butenyloxy, 2-butenyloxy, 8-butenyloxy,
1,3-butadienyloxy, and 3-methyl-2-butenyloxy.

“Cycloalkyl” means C3 to C8 cyclic saturated hydrocarbon, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, eyclopentyl, and eyclooctyl, preferably C3 to C6
cycloalkyl,

“Cycloalkyl lower alkyl” means lower alkyl substituted with the above cycloalkyl,
such as cyclopropylmethyl, cyclopropylethyl, eyclobutylmethyl, cyclopentylmethyl,
cyclohexylmethyl, and eyclohexylethyl, and preferably C3 to Cé cycloalkyl lower alkyl.

“Aryl” means monocyclic aromatic hydrocarbon (e.g., phenyl) and polyeyclic
hydrocarbon (e.g., 1-naphthyl,2- naphthyl, 1-anthryl, 2-anthryl, 9-anthryl,
l-phenanthryl, 2-phenanthryl, B8-phenanthryl, 4-phenanthryl, 9-phenanthryl),
preferably phenyl or naphthyl (e.g., 1-napthyl, 2-naphthyl).

“Aralkyl” or “aryl lower alkyl” means the above lower alkyl substituted with 1 to 3
of the above aryl, such as benzyl, diphenylmethyl, triphenylmethyl, phenethyl, 1-
napthylmethyl, 2- napthylmethyl, preferably benzyl.

“Aryloxy” means oxy attached to the above aryl, such as I-naphthyloxy,
2-naphthyloxy, l-anthryloxy, Z2-anthryloxy, 9-anthryloxy, 1-phenanthryloxy,
Z-phenanthryloxy, 3-phenanthryloxy, 4-phenanthryloxy, and 9-phenanthryloxy,
preferably phenyloxy or naphthyloxy (e.g., 1- napthyloxy, 2-naphthyloxy).

“Heterocyclic group” means “heteroring” or “heteroaryl”.

“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, Asuch 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, l-piperadinyl, 2-piperadinyl, 2-morpholinyl,

3-moxpholinyl, morpholino, and tetrahydropyranyl. The non-aromatic ring is a
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saturated or unsaturated ring.

“Heteroaryl” means monocyclic 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
aromatic ring(s) or the other 5- to 8-membered aromatic heteroring(s).

Examples of “heteroaryl” include furyl (e.g., 2-furyl, 3-furyl), thieny! (e.g.,
2-thienyl, 3-thienyl), pyrrolyl (e.g., 1-pyrrolyl, 2-pyrrolyl, 8-pyrrolyl), imidazolyl (e.g.,
I-imidazolyl, 2-imidazolyl, 4-imidazolyl), pyrvazolyl (e.g., l-pyrazolyl, 3-pyrazolyl,
4-pyrazolyl), triazolyl (e.g., 1,2,4-triazole-1-yl, 1,9,4-triazole-8-yl, 1,2,4-triazole-4-yl),
tetrazolyl (e.g.,, 1-tetrazolyl, 2-tetrazolyl, B-tetrazolyl), oxazolyl (e.g., 2-oxazolyl,
4-oxazolyl, B-oxazolyl), isoxazolyl (e.g., B8-isoxazolyl, 4-isoxazolyl, B-isoxazolyl),
thiazolyl (e.g., 2-thiazolyl, 4-thiazolyl, 5-thiazolyl), thiadiazolyl, isothiazolyl (e.g.,
3-isothiazolyl, 4-isothiazolyl, 5-isothiazolyl), pyridil(e.g., 2-pyridil, 3-pyridil, 4-pyridil),
pyridazinyl (e.g., 3-pyridazinyl, 4-pyridazinyl), pyrimidinyl (e.g., 2-pyrimidinyl,
Al--pyrimid.inyl, 5-pyrimidinyl), furazanyl (e.g.,, B8-furazanyl), pyrazinyl (e.g.,
2-pyrazinyl), oxadiazolyl (e.g., 1,3,4-oxadiazole-2-yl), benzofuryl (e.g., 2-benzolblfuryl,
3-benzol[blfuryl, 4-benzolblfuryl, 5-benzolblfuryl, 6-benzolblfuryl, 7-benzolblfuryl),
benzothienyl(e.g., 2-benzolblthienyl, 3-benzolblthienyl, 4-benzo[blthienyl,
5-benzol[blthienyl, 6-benzolblthienyl, 7-benzolblthienyl), benzoimidazolyl (e.g.,
l-benzoimidazolyl, 2-benzoimidazolyl,  4-benzoimidazolyl, 5-benzoimidazolyl),
dibenzofuryl, benzooxazolyl, quinoxalinyl (e.g.,, 2-quinoxalinyl, B-quinoxalinyl,
8-quinoxalinyl), cinnolinyl (e.g., 8-cinnolinyl, 4-cinnolinyl, 5-cinnolinyl, 6-cinnolinyl,
7-cinnolinyl, 8-cinnolinyl), quinazolinyl (e.g., 2-quinazolinyl, 4-'quinazolinyl,
B-quinazolinyl, 6-quinazolinyl, 7-quinazolinyl, 8-quinazolinyl), quinolyl(e.g.,
2-quinolyl, 8-quinolyl, 4-quinolyl, 5-quinolyl, 6-quinolyl, 7-quinolyl, 8-quinolyl),
phthalazinyl (e.g., 1-phthalazinyl, 5-phthalazinyl, 6-phthalazinyl), isoquinolyl (e.g.,
1-isoquinolyl, 3-isoquinolyl, 4-isoquinolyl, 5-isoquinolyl, 6-isoquinolyl, 7-isogquinoly],
8-isoquinolyl), purinyl, pteridinyl (e.g., 2-pteridinyl, 4-pteridinyl, 6-pteridinyl,
7-pteridinyl), carbazolyl, phenanthridinyl, acridinyl (e.g., l-acridinyl, 2-acridinyl,
3-acridinyl, 4-acridinyl, 9- acridinyl), indolyl (e.g., 1-indolyl, 2-indolyl], S'indols;l,
4-indolyl, 5-indolyl, 6-indolyl, 7-indolyl), isoindolyl], phenandinyl (e.g., 1- phenandinyl,

40

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

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.

“Heterocyclic group lower alkyl” or “Heterocycle lower alkyl” means lower alkyl
substituted with the above heterocyelic group.

“Heterocyclic group oxy” or “Heterocycle oxy” means an oxy attached to the above
heterocyelic group.

“Heterocyclic group carbonyl” or “Heterocyclecarbonyl” means a carbonyl attached
to the above heterocyclic group

“Lower alkoxy” ox “alkoxy” means an oxy attached to the above lower alkyl, such
as methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, tert-butoxy.

“Lower alkylcarbonyl”, “cycloalkylearbonyl”, “cycloalkyl lower alkylecarbonyl”,
“lower alkoxycarbonyl”, “arylcarbonyl”, “aryl lower alkylcarbonyl”, “aryloxycarbonyl”,
“heterocyclecarbonyl”,  “heterocycle lower alkylearbonyl”, and “heterocycle
oxycarbonyl”, each means a carbonyl attached to the above "lower
alkyl”, “cycloalkyl”, “cycloalkyl lower alkyl”, "lower alkoxy”, “aryl”, "aryl lower
alkyl”, “aryloxy”, "heterocycle”, “heterocycle lower alkyl”, and “heterocycleoxy”,
respectively.
looo7]

When a substituent(s) is/are present on “optionally substituted lower
alkyl”, "optionally substituted cycloalkyl”, “optionally substituted cycloalkyl lower
alkyl”, "optionally substituted lower alkenyl”, “optionally substituted lower
alkoxy”, “optionally substitutea aryl”, “optionally substituted aryl lower
alkyl”, “optionally substituted aryloxy”, “optionally substituted aryloxy lower
alkyl”, “optionally substituted heterocyle, “optionally substituted heterocyclic
group”, "optionally substituted heterocycle lower alkyl”, “optionally substituted
heterocycleoxy”, "optionally substituted lower alkenyloxy”, “optionally substituted
lower alkylcarbonyl”, “optionally substituted cycloalkylcarbonyl”, “optionally
substituted cycloalkyl lower alkylearbonyl”, “optionally substituted lower
alkoxycarbonyl”, "optionally substituted arylcarbonyl”, “optionally substituted aryl
lower alkylearbonyl”, "optionally substituted aryloxycarbonyl”, "optionally substituted
heterocyclecarbonyl”, "optionally substituted heterocycle lower
alkylcarbonyl”,  “optionally  substituted heterocycleoxycarbonyl”, “optionally
substituted lower alkylene”, "optionally substituted lower alkenylene”, “optionally

substituted phosphoric acid residue”, "optionally substituted carbocycle” or "optionally
p
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substituted heterocycle”, each may be substituted with the same or different; 1to 4
group(s) selected from Substituent group BB at any position.

Examples of Substituent group B include hydroxy, carboxy, halogen (F,C1,Br,D),
halo lower alkyl (e.g., CFy, CH2CFs, CH:CCla), halo lower alkoxy (e.g., OCIy, OCH2CFs,
OCH:CCla), lower alkyl (e.g., methyl, ehtyl, isopropyl, tert-butyl), lower alkenyl (e.g.,
vinyl), lower alkynyl (e.g., ethynyl), cycloalkyl (e.g., cyclopropyl), cycloalkenyl (e.g.,
cyclopropenyl), lower alkoxy (e.g., methoxy, ethoxy,‘ propoxy, butoxy), lower alkenyloxy
(e.g., vinyloxy, allyloxy), lower alkoxycarbonyl (e.g., methoxycarbonyl, ethoxycarbonyl,
tert-butoxycarbonyl), nitro, nitroso, optionally substituted amino (e.g., alkylamino
(e.g., methylamino, ethylamino, dimethylamino), acylamino f(e.g., acetylamino,
benzoylamino), aralkylamino (e.g., benzylamino, trithylamino), hydroxyamino), azido,
aryl (e.g., phenyl), aralkyl (e.g., benzyl), cyano, isocyano, isocyanate, thiocyanate,
isothiocyanate, mercapt, alkylthio (e.g.,, methylthio), alkylsulfonyl (e.g.,
methansulfonyl, ethansulfonyl), optionally substituted alkylsulfonylamino (e.g.,
methanesulfonylamino,  ethansulfonylamino, N-methylsulfouyl-N'-methylamino),
optionally substituted carbamoyl (e.g., alkylcarbamoyl (e.g., methylcarbamoyl,
ethylcarbamoyl, dimethylearbamoyl)), sulfamoyl, acyl (e.g., formyl, acetyl), formyloxy,
haloformyl, oxal, thioformyl, thiocarboxy, dithiocarboxy, thiocarbamoyl, suifino, sulfo,
sulfoamino, hydrazino, azido, ureido, 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, aralkyl substituted with a phosphoric acid residue,
hydroxyl lower alkyl, preferably hydroxy, carboxy, halogen(F,C1,Br,1), halo lower alkyl
(e.g., CTs,CH:CF3s, CH:CCls), halo lower alkoxy (e:g., OCF3, OCH»CF3, OCH=CCla),
lower alkyl (e.g., methyl, ethyl, isopropyl, tert-butyl), lower alkoxy (e.g., methoxy,
ethoxy, propoxy, butoxy), optionally substituted amino (e.g., alkylamino (e.g.,
methylamino, ethylamino, dimethylamino), oxo, or phosphoric acid residue.

Ixamples 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, ethyl, isopropyl, benzyl,
carbamoylalkyl (e.g., carbamoylmethyl), mono- or di- lower alkylcarbamoyl lower
alkyl (e.g., dimethylecarbamoylethyl), hydroxyl lower alkyl, heterocycle lower alkyl
(e.g., morpholinoethyl, 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
lower alkylcarbonyl (e.g., acetyl, propionyl, butylyl, isobutylyl, valeryl, isovaleryl,
pivaroyl, hexanoyl, octanoyl, methoxyethylcarbonyl], 2,2,2-trifluoroethylcarbonyl,
ethoxycarbonylmethylcarbonyl), lower alkoxy lower alkylcarbonyl (e.g.,
methoxyethylcarbonyl), lower alkylcarbamoyl  lower alkylearbonyl (e.g.,
methylcarbamoylehtylcarbonyl), alkoxycarbonylacetyl), optionally  substituted
arylecarbonyl (e.g., benzoyl, toloyD), optionally substituted aralkyl (e.g., benzyl,
4-fluorobenzyl), hydroxy, optionally substituted lower alkylsulfonyl (e.g.,
methanesulfonyl, ethanesulfonyl, isopropylsulfonyl, 2,2,2-trifluoroethanesulfonyl,
benzylsulfonyl, methoxyethylsulfonyl), lower al‘kyl, or arylsulfonyl optionally
substituted with halogen (e.g., benzenesulfonyl, toluenesulfonyl,
4-fluorobenzenesulfonyl, fluorobenzenesulfonyl), cycloalkyl (e.g., cyclopropyl), aryl
optionally  substituted with lower alkyl (e.g., phenyl, trithyl), lowex
alkylaminosulfonyl (e.g., methylaminosulfonyl, dimethylaminosulfonyl), lower
alkylaminocarbonyl (e.g., dimethylaminocarbonyl), lower alkoxycarbonyl (e.g.,
ethoxycarbonyl), cycloalkylcarbonyl (e.g., cyclopropylcarbonyl, eyclohexyleavbonyl),
optionally substituted sulfamoyl (e.g., sulfamoyl, methylsulfamoyl,
dimethylsulfamoyl), lower alkylcarbonylamino (e.g., methylcarbonylamino),
heterocycle (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 heterocycle which
optionally contains S and/or O in the ring (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, morpholino,

pyrrolidino, 2-oxopiperidino, 2-oxopyrrolidino, 4-hydroxymorpholino.

“Phosphoric acid residue” means a group shown of the formula: "PO(OH)e..
“Optionally substituted phosphoric acid residue” means a phosphoric acid residue
wherein the OH part and/or a hydrogen of the OH is optionally substituted with a

phosphoric acid residue, preferably shown by the formula:
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~ /RA
IHD\RB (P"l)
O

(wherein, R4 and R¥ each is independently ORC or NRPRE (wherein RC, RD and R¥ are
each independently hydrogen, optionally substituted lower alkyl, optionally
substituted cycloalkyl, optionally substituted aryl, optionally substituted
heterocyclic group, or R? and R¥ taken together with the neighboring N atom may
form an optionally substituted heterocycle (preferably 5- to 6- membered ring)) or RA
and RP taken together with the neighboring P atom may form an optionally

substituted heterocycle (preferably 5- to 6- membered ring)).

" Preferably, RA and R® are bothORC, ox one of them is ORC and the other is NRDPRE.

RC, RP and R¥ each is preferably, independently, lower alkyl (e.g., methyl,
ethyl),

The optionally substituted heterocycle formed by R4 and R taken together

with the neighboring P atom may be the following structure:

0,
\P< )
Il N--

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 phosphoric acid residue substituted with di

lower alkyls, and more preferably a group of the formula:

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 more preferably a group of the formula:

0
1

TENTN

(0008]
(More preferable embodiments)

RYis hydrogen or lower alkyl, preferably hydrogen.

X is a single bond, a heteroatom group selected from O, S, SO, SOz and NH
(hereafter 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 carbamoyl group
neighboring to X.

3) The heteroatom group is attached to R2 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 heteroatom group include
-M-CHz-, -CHy-M-CHz-, *CHs-M-, and -CHe-M-M-CHa-,

X is preferably a spacer consisting 1 to 3 joined atoms. X is more preferably lower

alkylene or lower alkenylene each may be intervened by a heteroatom group, or O, X
is most preferably C1 to C3 alkylene, C2 to C3 alkenylene, or O. Kspecially preferred

is methylene or O.

R2is optionally substituted aryl, preferably phenyl. A substituent on the ar&l is
the same or different, 1 to 3, preferably 1 to 2 Sflbstituent(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 1052



WO 2006/116764 PCT/US2006/016604

substitutedphosphoric acid residue, lower alkyl substituted with optionally
substitutedphosphoric acid residue (said lowey alkyl may be intervened with a hetero
atom group(s) selected from O, S, SO, 50z, NR6 (R8is independently selected from
the same substituent group for R4), -N= and =N-), lower alkoxy lower alkyl, amino
lower alkyl optionally substituted with mono- or di-lower alkyl, halogenated lower
alkyl, lower alkoxy, carbamoyl optionally substituted with mono- or di-lower alkyl,
optionally substituted lower alkylsulfonylamino, halogenated lower alkoxy, hydroxyl
lower alkyl), more preferably halogen, hydroxy,amino,cyano,lower alkyl, lower alkoxy
or Substituent group S1, and most preferred is halogen (e.g., I) and/or a group
selected from Substituent group S1. A substituent on the aryl is preferably at the
4-position. R2 is moxe preferably phenyl or phenyl substituted with at least halogen,
and most preferably 4-halogenophenyl (e.g., 4-F-phenyl). In another embodiment,
R? is preferably phenyl optionally substituted.with 1 to 8 R(s) mentioned below.

In all compounds of the present invention, the structure of “~X-R2” is preferably

shown by the formula below:

(R)m/'\ ' i&’

R each is independently a group 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, hydroxyl substituted with
optionally substituted phosphoric acid residue, amino substituted with optionally
substituted phosphoric acid residue, lower alkyl substituted with optionally
substituted phosphoric acid residue (said lower alkyl may be intervened by a
heteroatom group(s) selected from CO, 0, S, SO, SOz, NR# (R~ is hydrogen or lower
alkyD), -N= and =N-), lower alkoxy lower alkyl, optionally substituted amino lower
alkyl (the substituent: mono- or di- lower alkyl, lower alkylcarbonyl, or lower
alkylsulfonyl), halogenated lower alkyl, lower alkoxy, optionally substituted
carbamoyl (the substituent: mono- or di- lower alkyl, lower alkylcarbonyl, or lower
alkylsulfonyl), optionally substituted lower alkylsulfonylamino, halogenated lower

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 lower alkoxy, lower alkylsulfonylamino, 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.

R3can be a various substituent which does not bring a negative effect to the
pharmacological activity, including hydrogen, halogen, hydroxy, optionally substituted
lowex 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, and optionally substituted
amino. Examples of substituent of “optionally substituted” include halogen, hydroxy,
amino, lower alkylamino, cyano, carboxy, formyl, oxo, lowex alkyl, lower alkoxy, lower
alkylthio, carbamoyl, lower alkylecarbamoyl, aryl, heterocyclic group, lower
alkylcarbonyl, lower alkylcarbonyloxy, lQWGl‘ 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 hydrogen or lower alkyl (e.g., methyl), esp. hydrogen.
Z? shows C, CH, optionally substituted lower alkylene, lower alkenylene ete., and

Z%and R4 of Z1 taken together form a ring, whereby compound (I) shows a tricyclic

compound (I-1) or (I-11) shown below, or its derivative, tetracyclic compound,

(I-1)

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 preforably 1 to 3, move
preferably 2 to 3 atoms of O, S and/or 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.

(Z is CHz, O, S, SO, SOz or NR19)

A ring is preferably a ring of (a), (b), or (¢).

Z is preferably O or NR!9,

When Z is NR?9, examples of R!9include 1)hydrogen, 2)optionally substituted
lower alkyl (the substituent is e.g., amino optionally substituted with mono- or di-
lower alkyli 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
heterocyclecarbonyl (the heterocycle is preferably 5- to 7-membered ring, e.g.,
morpholinocarbonyl); optionally substituted phenyl (the substituent is e.g., lower
alkyl, amino, 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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alkylsulfonylamino, lower alkoxy, carbonyl, halogen, thiol, lower alkylthio), 3) lower
allenyl, 4) acyl (e.g., lower alkylearbonyl), 5) lower alkylsulfonyl. R19 may be

selected from Substituent group S2 shown below,

The other substituent on A ring may be selected from RI5 to R18 or Substituent
group S2, preferably lower alkyl. Substituents on A ring may form a condensed ring
or a spiro ring as mentioned below, whereby compound (I) includes a tetracyclic

compound.

Aring is more preferably any of the following rings:

32
R20H21 R27 RUR Ras
22 RZB
/K /‘\ Rzg Hae
A 24 v 7 R0 )\ R37
‘25“ g HZSR LLLQ L%L 2 [Npoe
H39 R
2 =0or NR2 Z =0 or NRM 7= 0 or NR¥0
(A-1) (A-2) (A-3)

(wherein, R20 to R0 are each indepéndently a group selected from Substituent group
S2, or any two groups of R20 to R4, 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),
(R28 and R21), (R0 and R26), (R27 and R29), (R30 and R81), (R32and R31), (R85 and R36),
(R#7 and R#8), and (R#9andR40), 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 alkyl, optionally
substituted lower alkenyl, optionally substituted Jower alkoxy, 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 cycloalkylcarbonyl, optionally substituted cycloalkyl lower alkylcarbonyl,
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optionally substituted lower alkoxycarbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lower alkylearbonyl, optionally substituted aryl
oxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkylearbonyl, optionally substituted heterocycleoxycarbonyl,
optionally substituted aminocarbonyl, optionally substituted phosphoric acid re;idue,
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
optionally substituted phosphoric acid residue (the lower alkyl may be intervened
with a heteroatom group(s) selected from CO, O, S, SO, SOz, NR5 (R5 is independently

selected from the same substitution group as R4), -N= and =N-)

The stereochemistry of an asymmetric carbon represented by * shows the R- or 8-

configuration, or a mixture thereof)

In one embodiment, R20 to R0 each is preferably hydrogen, optionally substituted
lower alkyl (examples of the substituent: OH, lower alkoxy, cycloalkyl, lower alkylthio,
lower alkylsulfonyl, heterocyclic group, aryl, optionally substituited amino (examples
of the substituent: lower alkyl, acyl)), cycloalkyl, optionally substituited aryl
(examples of the substituent: OH, lower alkyl), and optionally substituited

heterocyclic group,

In one embodiment, R20 to R26, R27 to R0, and R32 to R%Y, each is preferably

hydrogen, C1-C8 alkyl, C6-C14 aryl C1-C8 alkyl, C6-C14 aryl, or alkoxy.

In one embodiment, R26, B3, and R, each is preferably hydrogen, C3-6 cycloalkyl,
heterocycle, or C1-8 alkyl optionally substituted with hydroxy, C8-6 cycloalkyl, alkoxy,
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 Preferred embodiments are shown below for example

I) When A ring is A-1, preferred is that 1) Z is NR26 and R26 and R24 taken together

form heterocycle, and the others are hydrogens; 2) % is O or NR26, (R20 and R22) or
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(R23 and R24) taken together form cycloalkyl which is substituted with phenyl, the

others are hydrogens ox optionally substituted lower alkyl.

1I) When A ring is A-2, preferred is that 1) Z is O, R?7 or R*8 is lower alkyl, and the
others are hydrogens; 2) Z is NR#! and R3¢ and R3) taken together form heterocycle
and the others are hydrogens, or R27 and R29 taken together form cycloalkyl and the
others are hydrogens ; 3) Z is O, R?7 and R29 taken together form cycloalkyl which may

be condensed with phenyl, and the others are hydrogens

R and R» are each independently hydrogen, optionally substitutedlower 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 heterocyclic group,
optionally substituted heterocycle lower alkyl, optionally substituted heterocycleoxy,
hydroxy, optionally substituted amino,optionally substituted lower alkylcarbonyl,
optionally substituted cycloalkylcarbonyl, optionally substituted cycloalkyl lower
alkylcarbonyl, 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 phosphoric acid residue, aralkyl
substituted with optionally substituted phosphoric acid residue, hydroxy optionally
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 heterotom group(s) selected from O, S, SO, SOz, NRa (R is hydrogen or lower
alkyl), -N= and =N-).

R 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). Rl4and R*are preferably hydrogens.

Abroken line in the compound (I-1) represents 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.

(1-1)

(1-1-1)

(wherein each symbol is as defined above)

OH O
0 N
F 1-8
Rz\X/NFﬂ e N (-8
R®  OH

F ring means the same heterocycle as A ring, preferably 5-

to 7-membered ring,

and the substituents on F ring are the same as those for A ring. The other symbols

are as defined above.
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R15 H16
= O R17
(R)m’/f\\ NH1 H18
© (1-3)

(wherein each symbol is as defined above: 7 is O or NR19; R15 to R!9 are each
independently hydrogen or a group selected from the above Substituent group S2, or
cach combination of (R and R16), (R}7and R18), (R1¢and R18), and (R18and R!9) taken
together with the neighboring atom(s), may form an optionally substituted carboeycle
(preferably 5- to G-membered ring) or an optionally substituted heterocyle (preferably
5- to 6-membered ring ); or each combination of (R1% and R!6) and (R17and R1® taken

together may fom 0xo0)

Compound (I-8) is preferably as follows.
(1) R} is hydrogen; R3 is hydrogen; m is 1 or 2; R1 is hydrogen.
(2) m is 1 or 2, R is each independently halogen, halogenated lower alkyl, lower alkoxy,
halogenated lower alkoxy, lower alkoxy lower alkyl, hydroxy lower alkyl, optionally
substituted amino lower alkyl (the substituent is mono- or di- lower alkyl, lower
alkylcarbonyl, or lower alkylsulfonyl), optionally substituted carbamoyl (the
substituent is mono- or di- Jower alkyl, lower alkylcarbonyl, or lower alkylsulfonyl),
phosphoric acid residue, aryl substituted with optionally substituted phosphoric acid
residue, aralkyl substituted with optionally substituted phosphoric acid residue ox
sulfonylamino optionally substituted with lower alkyl; R!is hydrogen; R is hydrogen;
R is hydrogen, hydroxyl or lower alkyl optionally substituted with mono- or di- lower
alkylamino; Z is O or NR!? (R19 is hydrogen or lower alkyl, lower alkoxy lower alkyl,
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 phosphorie
acid residue, amino substituted with optionally substituted phosphoric acid residue,
or lower alkyl substituted with optionally substituted phosphoric acid residue).
(3)R is each independently, -F, -CFi, -OMe, -OCFs, -CH:0Me, -CH:20H,
OHuN(Me)s, -CONHMe, -CON(Me)s, -CH;PO(OE):, -PO(OLt:, -NHSOsMe,
or -NMeSO:Me ;R! is hydrogen; RS is hydrogen; m is 1 or 2; R4 is hydrogen,
hydroxyl or -CHeN(Me)sz; Z is O or NRI% (R19 is hydrogen or -CH(Me)s, -(CHy)2O0Me,
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“(CH2)2PO(OLEL)s),
(4)R15 and R16 are hydrogens; R17and R!8 are hydrogens or taken together with the
neighhoring atom form g 3- to 7-membered carbocyle; and/or Z is O or NH. This case

preferably also satisfys the above (2) ox (8),

OH O
O
AN N
R2 NR! N b 1-11
Ny x (1-11)
@] R3

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 following characteristics.
(1) The main structure, condensed heterocycle, is substituted with oxo (=0), hydroxyl
(OH) and oxo.
(2) A substituted carbamoyl group (-CONRIXR?) is attached to the position

neighboring to the oxo group on the condensed hereocycle.

The above structure contributes to a remarkably potent integrase inhibitory
activity and/or cell-growth inhibitory activity against virus including HIV. 1In
contrast, the structures of the other parts such as 71, 72, and R3each 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 a solvate of
compound (I). All theoretically possible tautomer, geometrical isomer, optically
active compound, and racemate thereof are within the scope of the invention,

Pharmaceutically acceptable salts 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

54

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

such as N, N-dibenzylethylenediamine salts; heterocyclic aromatic amine salts such
as pyridin salts, picoline salts, quinoline salts or isoquinoline salts; quaternary
ammonium salts such as tetramethylammonium salts, tetraethylammonium. 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 salts 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.

[0012]
A general process for producing the present compbund will be exemplified

below.

(Method of preparing raw material)

[Chemical formula 41]

1
(¥
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Step 9
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H1 \NH H2\ P le - NH
RZ\ /N X H Ie) R3
X @ (O-A) (XIV)

(xu)
HNV

Step 11

P1
o CONR2RP R
N

—

pE
\ N o R
CONR®@R?
ep12 (1-C)
)
(Xi Hz\ P m

0 R (g

(wherein L is a leaving group (e.g.; halogen); P! and P2 are a hydroxy protecting
group; P? is a carboxy protecting group (e.g.: lower alkyl); Raand R» are hydrogen or a

substituent on an amino group)

Examples of a hydroxy protecting group (P1, P2) include acyl (e.g.: acetyl,
pivaloyl, benzoyl), aralkyl (e.g.: benzyl), lower alkyl (e.g.: methyl), alkoxyalkyl (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.; methyl, ethyl), and
aralkyl (e.g.: benzyl) are exemplified.
[0018]

(First step)

The present step is a reaction for condensing a compound (II) and a
compound (III) to synthesize a compound (IV). The reaction may be performed
according to the condition for a reaction of amidating carboxylic acid which is
generally performed. A compound (11) 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 condensing agent, dicyclohexylcarbodiimide,
J.'ethyl'B-(B-dimethylaminopropyl)carbodiimide hydrochloride and the like may be
used. Ifnecessary, a reagent such as 1-hydroxybenzotriazole and
N-hydroxysuccinimide, or a base such as triethylamine, N-methylmorpholine, 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 (THE), 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
(OP1) into a compound (IV) to produce a compound (V), The reaction may he
performed according to the condition for an alkoxylating reaction which is generally
performed.

For example, a compound (V) in which P! is 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’erably'SO to 120°C.

As a reaction solvent, alcohol, dimethylformamide (DMF), and dimethyl
sulfoxide (DMSO) are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 5 to 10 hours.
(Third step)

‘The present step is a reaction for protecting a hydroxy group of a compouind
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(V) to produce a compound (VI). The reaction 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 various phosphines, a compound (VI) in which P2 is alkyl
can be synthesized.

A reaction temperature is 0 to 100°C, preferably 0°C to room temperature.

As a reaction solvent, THF, toluene, dichloromethane and the like are
exemplified.

A reaction 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 (VI)
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 ice-éooling to room
temperature.

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 temperature: 0 to 150°C, preferably 120 to 140°C), this may be hydrolyzed
(e.g.! treatment with a base (e.g.: alkali metal hydroxide)).

A reaction time is a few minutes to a few tens hours, preferably 0.5 to 2 hours

for acetoxylation, and 0.5 to 1 hour for hydrolysis.

(Sixth step)
The present step is a reaction for oxidizing a hydroxy group of a compound
(VIID to synthesize a compound (IX).

A reaction temperature is 0 to 150°C, preferably room temperature to 70°C.
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As a reaction solvent, chloroform 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 reaction for oxidizing a formyl group of a compound (IX)
to synthesize a compound (X).

A reaction temperature is 0 to 160°C, preferably under ice-cooling to room
temperature,

As a reaction solvent, an aleohol and the like are exemplified.

As an oxidizing agent, potassium 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
temperature.

As a reaction solvent, acetonitrile, methylene chloride, THF and the like are
exemplified.

A reaction time is a few minutes to a few tens hours, preferably 1 to 8 hours,

(Ninth step)

The present step is a reaction for deprotecting an OP!? p-art of a compound
(XD) to synthesize a compound (I-A), The reaction may be treated preferably with a
Lewis acid (e.g.' aluminum chloride).

A reaction temperature is 0 to 150°C, preferably 10 to 50°C.

As a reaction solvent, methylene chloride, THF 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 (XII). Preferably, hydrolysis with an
alkali (e.g.' NaOH) may be performed.

A reaction temperatuxre 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 2 hours.

Carboxylic 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 (XIII). 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 to 150°C, preferably room temperature to 70°C.

As a reaction solvent, a non-protonic solvent can be broadly used, and
tetrahydrofuran (THF), 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 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 OP2 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 groﬁ_p
which is generally performed.

For 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 1to 5
minutes, I
(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
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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! part of a 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 0 to 150°C, preferably under ice-cooling to room
temperature.

As a reaction solvent, dichloromethane and the like are exemplified.

A reaction time is a few minutes to a few tens hours, preferably a few
minutes to 5 hours,
[0014]

The monocyclic carbamoylpyridone derivative obtained above is derived into a

bicyclic compound by the following method.

(Process 1)

[Chemical formula 42]

61

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764

PCT/US2006/016604

oP? oP!
3
O~ C02P HO A\ CO2P® o
RZ__ _NR! NH RZ NR! | N L
X/ AN \X/ 7
3 or >
© R o R Step 15
X1 (Xr)
op! OP!
3
Ox A\ -COzP? Oy~ CO2P
2 1
RZ\X/NW SN - R\X,NH - N._-CHO
3 Step 16 0 R3
O R oo (XVI)
1
HaN-RY (xvI1) o T e OH 2 4
A N~ Step18 O N~
—————  BR&__.NR! N — R2 1 '
Step 17 X \3 \/l Sy NRA N\%
© R Step 19 o R (XIX)
XVI) \
OH O .
R
0. x N/
R NRUIS N
o R (XX)

(wherein R, X, R?, P!, P% and R4 are as define above, and 1.2 is a leaving group such

as halogen etc.)

(Fifteenth step)

‘The present step is a reaction for reacting the compound (XI) or a compound
(XI') which is a tautomer thereof with an allyl compound to synthesize a compound
(XV)., Acompound (XI') can be synthesized, for example, according to the method of
Example A-1,

The reaction is performed 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,

A reaction 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.
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A reaction temperaturwe 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, preferably 1 to 5 hours.

(Seventeenth step)

The present step is a reaction for reacting a compound (XVI) with amine
(XVID to perform dehydration condensation to synthesize a compound (XVIII),

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 houvrs, preferably 0.5 to 1.5

hours,

(Bighteenth step)

The present step is a reaction for deprotecting a compound (XVIII) 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 0 to 200°C.

As an acid, pyridine hydrochloride, trifluoroacetic acid and the like are
exemplified.

As a reaction solvent, the acid and trimethylsily! 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 (XVIII) to synthesize
a compound (XX).

As 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 (XVIIT) may be also synthesized by a method shown below.

[Chemical formula 43)

] OR
OP? HN\/'\OR oP! O
4
Oxy A\ ~COzH (XX1) NN
RZ__NR! s NH Step 20 RE (NRTAS, NH k<0R
5 OR . (XX
O R (xiv O R
OP' O ‘ op! o

4 4
0 S N’H &) s N'R

— R MR N\() ———  R&___NRU L _N_J
I Step 22 X
Step 21 o) R3 OH

XX XVII

(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,

Aﬁreaction temperature 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 (XXII) with an acid to
perform deprotection and intramolecular ring closure, to synthesize a compound
(XXI1ID. 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.

A reaction 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
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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,
loo16]
(Process 3)

[Chemical formula 44]

16
RIEF a7 gte
OH

1
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X N F{18 RZ ; - R1B
F‘Z\X/NR1 n N\/LO n \X/NR N O} A
o R Step 24 O RS

(XXV) {(XXV1)

(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 acid) 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

hours.

(Twenty-fourth step)
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The present step is a reaction for deprotecting a compound (XXV) preferably
with an acid to synthesize a compound (XXVI) according to the eighteenth step, and
may be performed according to the condition for a conventional reaction of
deprotecting a protected hydroxy group.

A reaction 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 trimethylsilyl iodide are
exemplified.

A reaction time is a few minutes to a few tens hours, preferably 15 minutes to
1 hour.

[0017]
(Process 4)

[Chemical formula 45]
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(Twenty-fifth step)

The present step is a reaction for reacting a compound (XIV) with a
compound (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 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-sixth step)

The present step is a reaction for reacting a compound (XXVII) or a tautomer
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thereof with an allyl compound to synthesize a compound (XXVIII) according to the
fifteenth step.

A reaction is performed 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 golvent, dimethylformamide and the like are exemplified.

A reaction time is a few minutes to a few tens hours, preferably 1 to 10 houxrs.

(Twenty-seventh step)

The present step is a reaction for oxidizing a compound (XXVIII) to
synthesize a compound (XXIX) according to the sixteenth step.

As an oxidizing agent, osmium tetraoxide and alkali metal osmium tetraoxide
(e.g.: K20s04) 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.

(Twenty-eighth step)

The present step is a reaction for dehydration-cond ensing a compound (XXIX)
to synthesize a compound (XXX) according to the seventeenth step or a method of
synthesizing a compound 17-1. Preferably, as a reaction catalyst, an acid (e.g.: acetic
acid) 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 are
exemplified.

A reaction time is a few minutes to a few tens hours, preferably 0.5 to 1.5

hours,

(Twenty- 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 for 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 are
exemplified,

As a reaction solvent, the aforementioned acid and trimethylsilyl iodide are
exemplified.

A reaction time is a few minutes to a fow tens hours, preferably 16 minutes to

1 houn,

[0018]
(Process 5)

A compound (1-8) in which Z is NR? can be synthesized according to the
following reaction scheme, according to Process 4,

[Chemical formula 46]
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[0019]
(Process 10)
[Chemical formula 51]
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(wherein respective symbols are 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 (XIV-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 (XTV-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-P) shown
below and a process for preparing 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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(P! is a hydroxyl protecting group; the other symbols are as defined above)
Preferred compounds are shown below. Each P! is a hydroxyl-protecting group, such
as Ce14arylCr-salkyl (e.g., benzyl (=Bn))

C;u

SN N\/‘\/>
(I-20a)

Preferably, wherein Re is one or two halogen; R* is Cj.salky
Ce-1aryl, or alkoxy; and P! is Cs14arylCi-salkyl;

Ce-14arylCi-salkyl

'
P\O o R
(@)
D IO
H
N N
Rc m\o
(0]

(I-20b)

Ce-1aaryl, or alkoxy; and P! is Ce-1sarylCrsalkyls

oLty

Preferably, wherein Re is one or two halogen; and P! is Cs-1aarylCrsalkyl;

Preferably, wherein Re is one or two halogen; R* is Crisalkyl, Cgi14arylC salkyl

(I-21a)
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1
P\o 0
3OS N
o N N N\/&\b
R I H

Preferably, wherein Re is one or two halogen; and P! is Cs-11arylCi-salkyl;

1
P\O o
@]
X N
H H
@\/Nm/l\jg
R
o H

Preferably, wherein Re is one or two halogen; and P! is Cs-1aarylCi-salkyl;

1
P\O o
o
A N
H
@\/ng}-’
R° 5N
3 H

Preferably, wherein Re is one or two halogen; and P! is Cg-14arylCi-salkyl;

(I-21b)
(I-22a)

(I-22b)

@ g Nvﬁ>

(I-232)

Preferably, wherein Re is one or two halogen; and P! is Ce-1aarylCr-salkyl;

N
0] O
I IO
@]

Preferably, wherein Re is one or two halogen; and P! is Ce-10arylCh-galkyl;

(I-23b)
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PL

o ? R*
=z l y 0 x J\N/j
R o H ézj

Preferably, wherein Re¢ is one or two halogen; R# is Cysalkyli Re! is hydrogen,

(I-24a)

Ca-seycloalkyl, , heterocycle, or Ci-salkyl optionally substituted with hydroxy,

Cs.seycloalkyl, alkoxy, heterocycle, heteroaryl, Cs-14aryl, or amino, wherein said amino

may be optionally substituted with —C(0)C)-salkyl or Ci-salkyl;

Pl
~o R*

¥eess

R (1-24p)

Preferably, wherein Re is one or two halogen; R* is Ci-salkyl; Re! is hydrogen,
Cascycloalkyl, , heterocycle, or Ci-salkyl optionally substituted with hydroxy,
Cs-scycloalkyl, alkoxy, heterocycle, heteroaryl, Cs-1saryl, or amino, wherein said amino
may be optionally substituted with —C(0)Cisalkyl or Ci.galkyl;

Ceo-1aarylCirsalkyl;

and P! is

Preferably, wherein Re is one or two halogen; R#! is hydrogen, Cs-seycloalkyl,
heterocycle, or Cirsalkyl optionally substituted with hydroxy, Csecycloalkyl, alkoxy,
heterocycle, heteroaryl, Ce-1aaryl, or amino, wherein said amino may be optionally

substituted with —~C(0)Ci.salkyl or Crsalkyliand P! is Ce-10arylCr-salkyl;
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1
P\O 0
@\/ ) ) lI\NQ
Re H A N\/l\N
o) H '_1{21

Preferably, wherein Re¢ is one or two halogen; R#!' is hydrogen, Cascycloalkyl, ,

(I-26)

heterocycle, or Cisalkyl optionally substituted with hydroxy, Csscycloalkyl, alkoxy,
heterocycle, heteroaryl, Cs-raryl, or amino, wherein said amino may be optionally

substituted with —C(0)Cr-salkyl or Cisalkyl; and P!is Cs-14arylCi-salkyls

© (1-27)

Preferably, wherein Re is halogen; and P! is Ce-14ary1Cy-salkyl;

The above intermediates, compound (I-20a), (I-20b), (I-21a), (I-21h), (-22a), (-22b),

(I-23a), (I-28b), (I-24a), (I-24b), (1-25), (I-26), or (I-27), can be prepared by condensing

a compound of the formula:

P\O o
’ O SN J\OHso
RS N N
(0] CHO

wherein Re is one or two halogen; and R0 is Ci.salkyl;

with each amine shown below, respectively:

RZ

H,N
OH

wherein R#is Cisalkyl, Ce-14arylCi-salkyl, Ceraaryl, or alkoxy;
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z

,,,,, O, Qe

H N™ N HN
L Hoo\m, H NH, N

e
{3

wherein R* is Ci-salkyl; R#! is hydrogen, Cascycloalkyl, , heterocycle, or Cisalkyl
“optionally substituted with hydroxy, Cascycloalkyl, alkoxy, heterocycle, heteroaryl,
Ceu4aryl, or amino, wherein said amino may be optionally substituted with

~C(0)Cisalkyl or Cr-salkyl;

z

R
HEN/(j

HN
ém

wherein R# is Ci-salkyli R#! is hydrogen, Csa-scycloalkyl, , heterocycle, or Ci-salkyl
optionally substituted with hydroxy, Ca.scycloalkyl, alkoxy, heterocycle, heteroaryl,
Ce1saryl, or amino, wherein said amino may be optionally substituted with

—C(0)C1-salkyl or Ci.galkyls

wherein R*' is hydrogen, Csscycloalkyl, , heterocycle, or Ci-salkyl optionally
substituted with hydroxy, Cs-scycloalkyl, alkoxy, heterocycle, heteroaryl, Ce11aryl, or
amino, wherein said amino may be optionally substituted with --C(O)Ci-salkyl or

Cyrsalkyl;
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wherein R*! is hydrogen, Cusecycloalkyl, , heterocycle, or Cisalkyl optionally
substituted with hydroxy, Cs.ecycloalkyl, alkoxy, heterocycle, heteroaryl, Cs-14aryl, or
amino, wherein said amino may be optionally substituted with —C(0O)Ci-salkyl or

Cisalkyl;

The condition for the above condensation is illustrated below for example.

Examples of the solvent include halocarbons such as dichloromethane,
dichloroethane, and acetic acid. 4

The reaction temperature is preferably, 0 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), (1-20b), (I-21a), (I-21b), (I-22a),
(I-22b), (I-23a), (I-28Db), (I-24a), (I-24b), (I-25), (1-26), or (I-27), can be deprotected to
give each corresponding deprotected compound wherein P! 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., TIn addition, when there is a reactive
functional group (e.g.: OH, COOH, NHs2) 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
inteprase, 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, HTLV-1, SIV, FIV etc.), and is
useful as an anti-HIV drug ete.

In addition, the present compound may be used in joint use therapy by
cqmbining an anti-HIV drug having the different action methanism such as a reverse
trascriptase inhibiter and/or a protease inhibiting agent, Particularly, currently, an
integrase inhi.biter 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 inereasing 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 vector based on HIV or MLV in the field of gene therapy.
Particularly, when a cell is infected 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 bady.

The present compound can be adminitetered orally or parenterally. 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, powders,
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 administration, 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, aqueous solvents,
oily solvents, 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 present 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 0.05mg to 3000mg, preferably about

0.1lmg to 1000mg may be administered per adult a day, if necessary, by dividing the
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dose, In addition, in the case of parenteral administration, about 0.01mg to 1000mg,
preferably about 0.06mg to 500mg is administered per adult a day.

Ixamples are shown below.

[0025]

Example A-1)
9-Hydroxy-2~(2'methoxy'ethyl)'1,8'diox0'1,8-dihydro-ZI-I'pyrid[1,2'a]pyrazine

-7-carboxylic acid 4-fluoro-banzylamide

Example B-1) ‘
S)-Hydroxy~2-(Z'methoxy'et}\lyl)'1,8-dioxo-1,3,4-,8'tetrahydro-2H'pyrid[1,2-a]py

razine-7-carboxylic acid 4-fluoro-benzylamide

[Chemical formula 52]

|B<nBr Bn NH Bn N OBn EAOOH OBn
(ofa) a BS e p
/‘\( 2v-s ¢ q ’ HO |J\’/ - HO ! B
Lo 0 \/NH ”N Meo,c” N
1 4 ’ 5

OBn AcO QBN

Ac,0 Acoﬁ( mCPBA i X ACzo AcO oA NaOH  po
| 2N
MeO,C =N MBOZC 7 MeO,C /N =N
6

Fm OBn r,u=N
F. HO N/
~oH HoJ Y © \Q MnO,
WSCD - _N * N 2N
j 7
11 O
ACOH /

T e et

OBn 08n MeOH OBn
F HHO SN CHO NaC|02 F HHO N COzH WSCD F HHO I S COgMe
N l g7 N N I 2N - N\[ =N
12 O 13 O 14 O
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Br Bn

C52C03 Cone KZOSO4 \@\/ COgMB
\©\/ N
NH
Mao/\/ 2 OBn O TFA F. o) N /\/OMG
microwave N/\/OMe . H N
B y I — 1 I
17-1 j A1 O

Ha
OH O
F, 0 x N/\/OMe
B-1 O .

Pd-C
1) Mantol 1 (189g, 1.5mol) was dissolved in dimethylformamide (1890ml), and benzy!
bromide (184ml, 1.5mol) 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 tetrahydrofuran (1000m)), 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-4-one 2 as a brown oil.
NMR (CDClw)§: 2.09(8H, s), 5.15(2H, s), 6.86(1H, d, J=5.6Hz), 7.29-7.41(5H, m),
7,60(1H, d, J=5.6Hz).

2) The compound 2 (162,2g, 750mmol) was dissolved in ethanol (487ml), and aqueous
ammonia (28%, 974ml) and a 6N aqueous sodium hydroxide solution (150ml, |
900mmol) were added. After the reaction solution was stirred at 90 °C for 1 houy,
this was cooled to under ice-cooling, and ammonium chloride (58g, 1080mmol) was
added. To the reaction solution was added chloroform, this was extracted, and the
organic layer was washed with an aqueous saturated sodiwm 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-4-one 3
(69.1g, 43%) as a pale yellow crystal. .

NMR (DMSO-de)8: 2.05(3H, ), 5.04(2H, s), 6.14(1H, d, J=7.0Hz), 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 (1300ml),
and N-bromosuccinic acid imide (117g, 659mmol) was added, followed by stirring at
room temperature for 90 minutes., 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-de)8: 2.06(3H, s), 5.04(2H, s), 7.82-7.42(5H, m), 8.03(1H, d, J=5.5H2),
11.82(1H, brs).

4) To a solution of the compound 4 (88g, 300mmol), palladium acetate (13.4g, 60mmol)
and 1,3-bis(diphenylphosphino)propane (30.8g, 516mmol) in dimethylformamide
(660ml 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
ammonium chloride solution (1500ml) and water (1500ml) had been added was stirred
under ice-cooling, and the reaction solution was added thereto. Precipitates were
filtered, and washed with water (300ml), ethyl acetate (300ml) and diethyl ether
(800ml) to obtain H-benzyloxy-4-hydroxy-6-methyl-nicotinic acid methyl ester 5 (44.9g,
565%) as a colorless crystal.

NMR (DMSO-da)8: 2.06(3H, s), 3.72(3H, s), 5.02(2H, s), 7.33-7.42(5H, m), 8.07(1H, s).

5) After a solution of the compound 5 (19.1g, 70mmol) in acetic anhydride (1834ml) was
stirred at 130 °C for 40 minutes, the solvent was distilled off under reduced pressure
to obtain 4-acetoxy-5-benzyloxy-6-methyl-nicotinic acid methyl ester 6 (19.9g, 90%) as
a flesh colored crystal.

NMR (CDCl1s)8: 2.29(8H, s), 2.52(3H, s), 3.89(3H, s), 4.98(2H, s)‘, 7.36-7.41(6H, 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, 16 1lmmol) in portions 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 golution, an aqueous saturated

ammonium chloride solution, and an aqueous saturated sodium chloride solution, and
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dried with anhydrous sodium sulfate, The solvent was distilled offiunder reduced
pressure, and the residue was washed with diisopropyl ether to obtain
4-acetoxy-5-benzyloxy-6-methyl-1-oxy-nicotinic acid methyl ester 7 (42.6g, 87%) as a
colorless crystal,

NMR (CDCla)8: 2.30(3H, s), 2.41(8H, s), 3.90(3H, s), 6.02(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(8H, s), 2.28(3H, s), 8.91(8H, s), 5.07(2H, s), 5.20(2H, s),
7.85-7.41(5H, m), 8.94(1H, s).

8) To a solution of the compound 8 (46.8g, 125mmol) 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. 7To 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
5-benzyloxy-4-hydroxy-6-hydroxymethyl-nicotinic acid 9 (23.3g, 68%) as a colorless
crystal.

NMR (DMSO-dw8: 4.49(2H, ), 5.19(2H, s), 5.85(1H, brs), 7.14-7.20(2H, m),
7.33-7.43(7TH, m), 8.30(1H, s), 10.73(1H, t, J=5.8Hz), 11.96(1H, brs).

9) To a solution of the compound 9 (181g, 475mmol),
1-(8-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (219g, 1140mmol) and
1-hydroxybenzotriazole (128g, 950mmol) in dimethylformamide (1300ml) 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 aci& 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 (1050ml), 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 aqueous 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-ﬂuoro-benzyl)%*hydroxy*6-hydroxymethyl-nicotinic acid amide 10
(107g, 59%) as a colorless crystal.

NMR (DMSO-de)8: 4.45(2H, d, J=4,8Hz), 4.52(2H, d, J=5.8Hz), 5.09(2H, s), 6.01(1H,
brs), 7.36-7.43(5H, m), 8.831(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 chloroform (490ml), 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 chloroform heated at 50 °C. The
filtrate was distilled off under reduced pressure to obtain
B-benzyloxy'N-(4-'ﬂum*0'benzy])'6'f’01'myl-4-hydroxy'nicotinic acid amide 12 (8.2g,
84%) as a pale yellow crystal.

NMR (DMSO-de)§: 4.53(2H, d, J=5.8Hz), 5.88 (2H, s), 7.15-7.21(2H, m), 7.85-7.46(7H,
m), 8.33(1H, s), 9.90(1H, ), 10,35(1H, t, J=5.8Hz), 12.49(1H, brs).

11) To an aqueous solution (105ml) of sodium 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 (630ml) under icercoling, 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
B-benzyloxy'5'(/-kﬂuoro-benzylcarbamoyl)'4-hydroxy-pyridine-z-carboxylic acid 13
(14.0g, 90%) as a colorless crystal,

NMR (DMSO-de)8: 4.52(2H, d, J=5.8Ex), 5.13 (2H, s), 7.14-7.19 (2H, m), 7.81-7.40(5H,
m), 7.47-7.49(2H, m), 8.81(1H, d, J=4.5Hz), 10.44(1H, t, J=5.9H2), 12.47(1H, brs).

12) A solution of the compound 183 (198mg, 0.500mmol),
1-(8-dimethylaminopropyl)-8-ethylecarbodiimide hydrochloride (115mg, 0.600mmol)

and 1-hydroxybenzotriazole (81mg, 0.600mmol) in dimethylformamide (3ml) was
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stirred at room temperature for 1.5 hours. Then, methanol (3ml) and triethylamine
(158ul, 1.10mmol) were added, and the mixture was heated to reflux for 1.5 hours.
The reaction solution was diluted with ethyl acetate, washed with an agqueous
saturated sodium bicarbonate solution, a 10% aqueous citric acid 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
3-benzy10xy-5-(4-ﬂuoro-benzylcarbamoyl)'4'hydroxy-pyridine-2'carboxylic acid methyl
ester 14 (141mg, 69%) as a colorless crystal.

NMR (DMSO-de)8: 3.85(3H, s), 4.52(2H, d, J=6.0Hz), 5.15(2H, s), 7.13-7.21(2H, m),
7.81-7.47(7TH, m), 8.83(1H, s), 10.41(1H, t, J=6.0Hz), 12.59(1H, brs).

18) After 3-bromopropene (2.16ml, 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 stirred at room temperature 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'allyl'B'benzyloxy'S'(/vl-'ﬂuom'benzylcarbamoyl)'4'0}:0-.1,4-dihydro-pyridine'2'carb0xy
lic acid methyl ester 15 (6,15g, 83%) as a colorless crystal.

NMR (CDCls) 8: 8.76(3H, s), 4.54(2H, d, J=6.0Hz), 4.60(2H, d, J=6.0H2), 5.20-5.37(21,
m), 5.26(2H, s), 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 aqueous solution (38ml) of potassium osmate dihydrate (872mg, 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 (800ml) had been added, while stirring. 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-benzyloxy-5-(4-fluoro-benzylcarbamoyl)-4-oxo-1-(2-oxo-ethyl)- 1,4-dihydro-pyridine-2
-carboxylic acid methyl ester 16 (5.89¢, 71%) as a colorless crystal.

NMR (CDCla)8: 3.74(3H, s), 4.60(2H, d, J=5.9Hz), 4.87(2H, ), 5.27(2H, s),
6.98-7.04(2H, m), 7.30-7.40(7H, m), 8.39(1H, s), 9.58(1H, s), 10.38(1H, s).

15) To a solution of the compound 16 (400mg, 0.884mmol) in methylene chloride
(12m]) were added 2-methoxyethylamine (77ul, 0.884mmol) and acetic acid (18ul), and
the mixture was stirred at room temperature for 5 minutes. Thereafter, the reactionh
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 undexr 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 (CDCl3)8: 8.35(3H, s), 8.65(2H, t, J=5.1Hz), 3.97(2H, t, J=4.5Hz), 4.63(2H, d,
J=5.7Hz), 5.28(2H, ), 6.56(2H, m), 7.01(2H, t, J=8.7Hz), 7.38-7.30(5I1, m), 7.65(2H, d,
J=6.6Hz), 10.63(1H, s).

16) To the compound 17-1 (140mg, 0.298mmol) was added trifluoroacetic acid (1.4m1)
under ice-cooling, and the mixture was stirred 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 chloroform, and added to ice water. This was
washed with an aqueous saturated sodium bicarbonate solution, a 10% aqueous citric
acid solution and water, and dried with anhydrous sodium sulfate. The solvent was
distilled off under reduced pressure, and the residue was recrystallized with
methylene chloride-ethanol to obtain Example A-1 (89mg, 79%) as a yellow crystal.
melting point: 223-224 °C -

NMR (DMSO-de)8: 3.26(3H, s), 8.58(2H, t, J=5.4Hz), 3.92(2H, t, J=5.1Hz), 4.53(2H, 4,
J=5.7Hz), 6.87(1H, d, 6.8Hz), 7.14(2H, t, J=9.0Hz), 7.33-7.38(2H, m), 7.47(1H, d,
J=6.0Hz), 8,77(1H, s), 10.56(1H, t, J=6,0Hz), 12.00(1H, brs).

17) The compound 17-1 (157mg, 0.329mmol) was dissolved in dimethylformamide
(18ml) and methanol (1ml), 10% palladinm-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 residue was recrystallized with methylene chloride-methanol to
obtain Example B-1 (66mg, 52%) &s a browm crystal.

melting point: 197-199 °C

NMR (DMSO0-de)6:3.27(8H, s), 3.55(2H, t, J=5.1Hz), 8.68(2H, t, J=5.1Hz), 8.79(2H, s),
4.36(2H, s), 4.51(2H, d, J=5.7Hz), 7.15(2H, t, J=8.7Hz), 7.82-7.37(2H, m), 8.38(1H, s),
10.46(1H, t, J=5.4Hz), 12.41(1H, s),

Example C-1

[Chemical formula 55)

OBn HQNHE OBn O
F 0 - C02Me F e}
\©\/H microwave H == N
NW]/\ N_CHO —rre N\[ X N\)\O
(@] O 33

16
OH O
F 0]
TFA = H = N
O\/Nmo
O 1

1) A compound 83 was synthesized using l-aminomethylcyclopentanol
hydroxyethylamine according to the method of synthesizing a compound 17-1.
1H-NMR (CDCla)8: 1,80-1,80(10H, m), 3.47(1H, d, J=11.4Hz), 3.61(1H, d, J=11.4Hz),
8.80-8.95(1H, m), 4.80(1H, dd, J=14.7, 8.0Hz), 4.60(2H, d, J=5.7Hz), 5.17-5.23(2H, m),
5.89(1H, d, J=9.9Hz), 6.95-7.10(2H, m), 7.20-7.40(5H, m), 7.58(2H, d, J=7.2H2),
8.41(1H, ), 10.40(1H, ).

2) A compound 33-2 was synthesized using hydroxyethylamine according to the
similar method,

Compound 33-2)
5~Benzyloxy-4,6~dioxo'2,3,4,6,9,9g-hexahydr0'1-oxa'3a,8a-diaza'cyclopenta[b]naphtha
lene-7-carboxylic acid 4-ﬂuorobenzylami<ﬁ

1H-NMR (DMSO-de)§: 3.48-3.58(1H, m), 3.73-3.86(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=12.8, 8.5Hz2), 5.40(1H, d, J=10.2Hz),
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5.18(1H, d, J=10.2Hz), 5.28(1H, dd, J=10.2, 3.2Hz), 7.10-7.20(2H, m), 7.28-7.40(5H, m),
7.50-7.73(2H, m), 8.60(1H, s), 10,.22(1H, m).

3) Example C-1 was synthesized using a compound 38, according to the method of
synthesizing Example A-1.

Melting point: >300°C

1H-NMR (DMSO-d¢)8: 1.10-1.60(10H, m), 8.25(1H, d, J=11.4Hz), 3.37(1H, d,
J=11.4Hz), 8.76(1H, t, J=10,5Hz), 4.30(2H, d, J=5.8Hz), 4.66(1H, dd, J=12.2, 3.8Hz),
5.22(1H, dd, J=3.8, 10.4Hz), 6.90-6.96(2H, m), 7.10-7.15(2H, m), 8.25(1H, s), 10,10(1H,
brs), 11.32(1H, brs),

The following compounds were synthesized using the similar method.
Example C-2)
5-Hydroxy-4,6'diox0'2,3,4-,6,9,9a-hexahydro-1-oxa-8a,8a-diaza'cyclopenta[b]naphthale
ne-7-carboxylic acid 4-fluorcbenzylamide
Melting point: 272-274 °C ‘
1H-NMR (DMSO-de)8: 3.59-8.67(1H, m), 3.72-3.81(1H, m), 3.98-4.10(2H, m),
4.27-4.35(1H, m), 4.52(2H, d, J=7.2Hz), 4.92(1H, dd, J=12.8, 12.3H2), 5.27(1H, dd,
J=8.6, 9.9Hz), 7.11-7.20(2H, m), 7.80-7.40(2H, m), 8.49(1H, s), 10.32(1H, t, J=5.6Hz),
11.68(1H, ).

Example C-38)
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)6: 1.60-1.67(1H, m), 1.72-1.85(1H, m), 3.25(1H, td, J=12.8, 3.5H2),
3.86-3.93(1H, m), 4.06(1H, dd, J=11.4, 4.2Hz), 4.44-4.57(5H, m), 5.28(1H, t, J=3.8Hz),
7.18-7.18(2H, m), 7.33-7.837(2H, m), 8.51(1H, s), 10.36(1H, t, J=6.0Hz), 12.47(1H, s).

Example C-4)
5-I-Iydroxy-1-isopropyl-4-,6-diox0'2,3,4,6,9,9a-hexahydro'lH-1,3a,8a'triaza~cyclopenta[
blnaphthalene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 232-234°C

NMR (DMSO0-d¢)8: 1.03(3H, d, 6.6Hz), 1.14(3H, d, 6.6Hz), 2.79-3.66(5H, m), 3.82(1H, t,
10.8Hz), 4.561(3H, m), 4.90(1H, m), 7.15(2H, t, 9.0Hz), 7.34(2H, m), 8.45(1H, s),
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10.839(1H, t, 5.4Hz), 11.60(1H, s).

Bxample C-5)

- 5-Hydroxy-4,6-diox0-2,3,4,6,9,9a-hexahydro-1H-1,3a,8a-triaza-cyclopentalblnaphthale
ne-7-carboxylic acid 4-fluoro-benzylamide |
melting point: 256-258 °C '

NMR (DMSO-de)8: 8.00-3.55(5H, m), 3.96(1H, t, 11.4Hz), 4.62(2H, d, 11.7Hz), 4.76(2H,
m), 7.16(2H, t, 8.7Hz), 7.85(2H, m), 8.48(1H, s), 10.42(1H, t, 5.4Hz), 11.91(1H, s).

TExample C-6)
S'Hydroxy'b’,]AO'diox0'1,2,8,4,6,9,9a,IO-octahydro~l,4a,8a-triaza'anthracene'7'carboxy
lic acid 4-fluoro-benzylamide

melting point: 255°C

NMR (DMSO-de)8: 1.60(1H, s), 2.75-3.16(4H, m), 4.52(2H, d, 6.0Hz), 4.18-4.68(4H, m),
7.16(2H, 9.0Hz, t), 7.84(2H, m), 10.42(1H, s), 10.44(1H, 6.0Hz, t), 12.81(1H, s).

Bxample C-7)
1-(2-Diethylamino-ethyl)-5-hydroxy-4,6-diox0-2,83,4,6,9,9a-hexahydro-1H-1,8a,8a-triaz
a-cyclopentalblnaphthalene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 186-187 °C

NMR (DMSO-de)8: 0.97(6H, t, 7.2Hz), 2.42-2.91(10H, m), 3.44-3.87(5H, m), 4.23(1H,
m), 4.61(2H, d, 5.7Hz), 5.00(1H, m), 7.16(2H, t, 9.0Hz), 7.33-7.87(2H, m), 8.43(1H, s),
10.39(1H, t, 5.7Hz), 11.81(1H, s).

Bxample C-8)
1-Hydroxy-2,11-dioxo-2,5,5a,7,8,9,10,11-octahydro-6-oxa-4a,10a-diaza-cycloheptal[blna
phthalene-3-carboxylic acid 4-fluoro-benzylamide

melting point! 241-2'244 °C '

NMR (DMSO-de)8: 1.40-2.00(4H, m), 8.20-3.30(1H, m), 8.66-3.77(2H, m), 4.14-4.23(1H,
m), 4.88-4.41(1H, m), 4.52(2H, d, 6.8Hz2), 4.58-4.63(1H, m), 5.34(1H, brs), 7.15(2H, t,
9.0Hz), 7.83-7.37(2H, m), 8.50(1H, s), 10.39(1H, brs), 12.14(1H, s).

Bxample C-9)
5-Hydroxy-1-(2-hydroxy-ethyl)-6,10-dioxo- 1,2,8,4,6,9,9a,10-octahydro-1,4a,8a-triaza-a

nthracene-7-carboxylic acid 4-fluoro-benzylamide
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NMR (DMSO-de)8: 1.58-1.80(1H, m), 2.70-8.60(7H, m), 4.40-4.54(6H, m), 4.77-4.82(1H,
m), 7.15(2H, t, 9.0Hz), 7.83-7.38(2H, m), 8.52(1H, s), 10.43(1H, brs), 12.57(1H, s).

Example C-10)
].'Hyd]:oxy'Z,11*dioxo-2,5a,6,7,8,9,10,ll-octahydro-SH'da,G,10a~triaza'cyclohepta [blna
phthalene-3-carboxylic acid 4-fluoro-benzylamide

melting point: 256°C

NMR (DMSO-de)8! 1.47-1.77(4H, m), 2.69-2.81(2H, m), 8.834-8.41(1H, m), 4.08-4.12(1F,
m), 4.26-4,40(2H, m), 4.52(2H, d, J=6.0Hz), 7.15(2H, t, 8.8Hz), 7.83-7.36(2H, m),
8.43(1H, s), 10.46(1H, t, J=6.0Hz), 12.68(1H, s).

Example C-11)
S'Hydroxy‘l'(2'methoxy'ethyl)'6,10'diox0'1,2,3,4,-,6,9,9a,10'octahydr0'1,4&,8a~t1'iaza~a
nthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 147°C

NMR (DMSO-de)8: 1.56-1.74(2H, m), 2.53-2.568(1H, m), 2.66-3.10(4H, m), 3.18(3H, s),
3.41-3.39(2H, m), 4.87-4.52(5H, m), 4.73-4.80(1H, m), 7.15(2H, t, 8.8Hz), 7.33-7.37(2H,
m), 8.56(1H, s), 10.40(1H, t, J=6.0Hz), 12.62(1H, ).

Bxample C-12)
5~I-Iydroxy'1'(Z'isopropoxy'ethyl)'S,10'diox0'l,2,3,4,6,9,9a,10-octahydro-1,4.a,8a'triaza
-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 151 °C

NMR (DMSO0-de)8! 1.02(6H, dd, J=4.0, 6.0Hz), 1.56-1,67(2H, m), 2.63-2.58(1H, m),
2.74-3.04(4H, m), 3.18(3H, s), 3.41-3.52(3H, m), 4.41-4.69(5H, m), 4.79-4.83(1H, m),
7.15(2H, ¢, 8.8Hz), 7.34-7.36(2H, m), 8.58(1H, s), 10.40(1H, t, J=6.0Hz), 12.56(1H, s),

Example C-13)
S-Hydroxy-B,3-dimethyl-6,10'diox0'8,4~,6,9,9a,10-hexahydro-2H-l-oxa-4a,8a~diaza-ant
hracene-7-carboxylic acid 4-fluoro-benzylamide

melting point’ 275-277 °C

NMR (DMSO-de)8: 2.97(3H, s), 8.01(3H, s), 8,00-3.18(3H, m), 4.45-4.56(5H, m),
5.16(1H, s), 7.15(2H, t, J=9Hz), 7.35(2H, dd, J=5.4Hz, 8.7Hz), 8.51(1H, s), 10.86(1H, t,
J=5.7Hz), 12.4(1H, s).
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Example C-14)
1'Cyclohexyl's-hydroxy-e,iO-dioxo'1,2,3,4,6,9,9a,1O-octahydro-1,4a,8a-t1:iaza'anthrace
ne-7-carboxylic acid-4-fluoro-benzylamide

melting point: 276-277 °C

NMR (DMSO-de8: 1.22-1,70(2H, m), 2.50-3,02(3H, m), 4.45(41, m), 4.52(2H, ),
4.78(1H, d, J=138.2Hz), 7.16(2H, t, J=8.7Hz), 7.85(2H, dd, J=5.7Hz, 8.4Hz), 8.62(1H, s),
10.52(1H, s), 12.55(1H, s).

Example C-15)
5'Hydroxy-1~isopropy1-6,10"dioxo-J.,2,3,4~,6,9,9a,10'oxtahydro-1.,4&,Ba-triaza-anthrace
ne-7-carboxylic acid-4-fluoro-benzylamide

melting point: 220 °C

NMR (DMS0-de)§: 0.94(6H, d, J=9.6Hz), 1.53-1.67(2H, m), 2,92-3.30(3H, m),
4.32-4.40(4H, m), 4.52(2H, d, J=5.7Hz), 4.89(1H, d, J=14.1Hz2), 7.16(2H, t, J=9.0Hz),
7.85(2H, dd, J=6.8Hz, 9.0Hz), 8.61(1H, s), 10.46(1H, s), 12.55(1H, s),

Example C-16)
5~Hydroxy~3,S-dimethyl's,].O-dioxo-1,2,3,4,6,9,9?1,].O'oct'.ahydro~].,4&1,Ba'triaza-anthrac
ene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 280 °C

NMR (DMSO-dq)8: 0.87(3H, s), 0.93(3H, s), 2.59-3.15(6H, m), 4.09-4.57(8H, m),
7.14(2H, d, J=0.0Hz), 7.34(2H, dd, J=5.4Hz, 8.4Hz), 8.42(1H, s), 10.46(1H, s),
12.77(1H, o).

Iixample C-17)
5-Hydroxy'1-(2-morpholin-4-y1—2-ox0'ethy1)'6,10-dioxo*1,2,3,4,6,9,9a,10-octahydr0'1,4
a,8a-triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 140 °C

NMR (DMSO-de)8: 1.60(2H, m), 2.91-8.62(18H, m), 4.41(2H, m), 4.51(2H, d, J=4.8Hz),
4.80(2H, m), 7.15(2H, t, J=8.7Hz), 7.34(2H, m), 8.44(1H, s), 10.43(1H, &), 12.54(1H, s).

Example C-18
1"(B-AcetylaminO'propyl)'5'hydroxy~6,lO-dioxo-1,2,3,4,6,9,95\,10'octahydr0'].,4-a,8a-tri
aza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 177-178 °C
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NMR (DMSO-de)8: 1.74(3H, s), 1.49-2.98(9H, m), 3.60(1H, s), 4.25-4.65(7H, m),
7.14(2H, t, J=8.4Hz), 7.84(2H, m), 7.71(1H, s), 8.26(1H, &), 10.60(1H, s).

Example C-19)
1'Dimethycarbamoy]methyl-5-hydroxy-6,10'diox0'1,2,8,4,6,9,9a,].O-octahydro-l,ila,Sa'
triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 190 °C

NMR (DMSO-de)8: 1.60(2H, m), 2.76(3H, ), 2.83(8H, s), 2.90-3.59(5H, s), 4.40(2H, m),
4.51(2H, d, 6.7Hz), 4.80(1H, d, d=14.4Hz), 4.98(1H, s), 7.16(2H, t, J=8.4Hz), 7.34(2H,
m), 8.54(1H, s), 10,42(1H, s).

Bxample C-20)
5-Hydroxy'1'(3-methanesulfonylamino*propyl)~6,10'dioxo-].,2,3,4,6,9,9a,10'octahydro~
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), 2.80-3.04(8H, m), 4.45(2H, m),
4.562(2H, d, J=56.6Hz), 4.75(1H, d, J=138.2Hz), 6.91(1H, t, J=5.6H2), 7.16(2H, ¢,
J=8.8Hz), 7.36(2H, m), 8.61(1H, s), 10.41(1H, t, J=5.6Hz), 12.58(1H, s).

Example C-21)
5-Hydroxy-2-methyl-6,10-dioxo0-3,4,6,9,9a,10-hexahydro-2H-1-0xa-4a,8a-dizazaanthra
cene-7-carboxylic acid 4-fluorobenzylamide

NMR (CDCI13)8: 1.27(3H, d, J=6.0Hz), 1.56-1.78(2H, m), 8.11(1H, td, J=12.9, 8.7Hz),
3.89-4.00(1H, m), 4.16(1H, dd, J=18.8, 3.9H4), 4.34(1H, dd, J=13.8, 8.9Hz), 4.60(2H, d,
J=6.0Hz), 4.71(1H, ddd, J=13.5, 4.8, 1.8Hz), 5.08(1H, t, J=38.9Hz), 6,96-7.04(2H, m),
7.26-7.35(2H, m), 8.832(1LH, s), 10.41(1H, br s), 12.41(1H, br ),

Example F-1)
5-Hydroxy- 1-isobutyl-4,6-diox0-2,3,4,6,9,9a-hexahydro-1H- 1,8a,8a-triazacyclopentalb]

naphthalene-7-carboxylic acid-4-fluorobenzylamide

[Chemical formula 59]
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/\/NHg OBn O
COgMe HzN F o L
\©\/ microwave H = N/>
NS N~y
H
O 48

oBn O

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 (39pul,
0.432mmol) and acetic acid (25ul, 0.432mmol) in dichloromethane (4ml) was added
sodinm triacetoxyborohydride (92mg, 0.432mmol) under icercooling, and the mixture
was stirred at room temperature for 2 hours. Further, isobutylaldehyde (20pD and
sodium triacetoxyborohydride (46mg) were added, and the mixture was stirred for 80
minutes. To the reaction solutioxml 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 (CDCI3)8: 0.96(8H, d, J=6.6Hz), 0.97(3H, d, J=6.3Hz), 1.72-1.86(1H, m),
2.25-2.41(2H, m), 2.47-2,68(1H, m), 3.89-3.46(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, 5.1Hz), 4.64(1H,
dd, J=14.7, 5.1Hz), 5.20(1H, d, J=9.9Hz), 5.38(1H, d, J=9.9Hz), 6.96-7.05(2H, m),
7.28-7.836(6H, m), 7.58-7.62(2H, m), 8.40(1H, &), 10.44(1H, br s).

3) According to the method of a step 17) of Bxample B-1, a compound F-1 (48mg) was
obtained at a yield of 64% from a compound 49 (81mg).

IH-NMR (DMSO-de)8: 0.90(3H, d, J=6.4Hz), 0.91(3H, d, J=6.0Hz), 1.75-1.84(1H, m),
2.24-2.39(1H, m), 2.39-2.54(2H, m), 8.36-3,43(1H, m), 3.52-3,60(1H, m), 8.67-3.73(1H,
m), 3.81-3.88(1H, m), 4.19-4.23(1H, m), 4.52(2H, d, J=6.0Hz), 4.94-4.99(1H, m),

92

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

7.12-7.20(2H, m), 7.82-7.88(2H, m), 8.45(1H, s), 10.37(1H, t, J=2.0Hz), 11.74(1H, s).

According to the same manner as that of Example I?-1, the following Example
compounds -2 to -63 were synthesized.

Example F-2)
5-Hydroxy-1-isobutyl-6,10-dioxo-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-triazaanthracene-
T-carboxylic acid 4-fluorobenzylamide

melting point: 146-148 °C

1H-NMR (DMSO0-de)8: 0.63(8H, d, J=6.6Hz), 0.79(8H, d, J=6.6Hz), 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(5H,
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=5.8Hz), 12.56(1H, s).

Example F-3)
1-Cyclopropylmethyl-5-hydroxy-6,10-dioxo-1,2,3,4,6,9,9a, 10-octahydro-1,4a,8a - triaza-
anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 182-184 °C

NMR (DMSO-de)8: 0.06(2H, m), 0.43(2H, d, 8.4Hz), 0.80(1H, m), 1.66(2H, m),
2.28-3.30(4H, m), 4.40-4.50(4H, m), 4.52(2H, d, 6.0Hz), 4.78(2H, m), 7.15(2H, t, 8.7Hz),
7.34(2H, m), 8.565(1H, s), 10.47(1H, s), 12.55(1H, s).

Example F-4)
1-Cyclopentylmethyl-5-hydroxy-6,1-dioxo-1,2,3,4,6,9,9a,10-0octahydro-1,4a,8a-triaza-a
nthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 184-185 °C°C

NMR (DMSO-de)8: 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, t, 9.0Hz), 7.34(2H, m), 8.57(1H, s), 10.42(1H, s), 12.45(1H, s).

Example F-5)
5~Hydroxy'1-(4-methylsulfany]benzyl)'6,],O‘dioxo-1,2,3,4,6,9,9&1,],O-ocf.ahydro-1,4&,8;1'17
riazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO0-d8: 1.51-1.56(1H, m), 1.69-1.74(1H, m), 2.42(3H, s), 2.55-2.62(1H, m),
2,80-2.84(1H, m), 3.00-3,08(1H, m), 8.32-3.836(1H, m), 3.93(1H, d, J=13.6Hz),
4.45°4.63(4H, m), 4.58(1H, s), 4.83(1H, d, J=15.2Hz), 7.11-7.19(6H, m), 7.33-7.40(2H,
m), 8.34(1H, s), 10.38(1H, t, J=6.011z), 12.58(1H, s).
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Example FF-6)
].'(S'ChlorO'1,3'dimethyl'11'-1-pyrazol-4-y]methyl)-5-hydroxy'6,1O'dioxo-1,2,3,4,6,9,951,1
0-octahydro-1,4a,8a-triazaanthracene-7-carboxylic acid 4-fluorobenzylamide
(DMSO-d@8: 1.56-1.69(2H, m), 1.88(3H, ), 2.37-2.45(1H, m), 2.76-2.80(1H, m),
3.00-3.06(2H, m), 8.64(3H, s), 8.87(1H, d, J=18.2Hz), 4.40-4.55(5H, m), 4.97(1H, d,
J=14.4Hz), 7.13-7.19(2H, m), 7.83-7.38(2H, m), 8.56(1H, s), 10.39(1H, t, J=6.0Hz),
12.46(1H, s).

Example F-7)
E‘Hydroxy-1'(B-methoxybenzyl)-G,10'dioxo-1,2,8,4,6,9,9&,].O-octahydrw1,4-a,8a"triazaa
nthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO0-de)8: 1.52-1.57(1H, m), 1.70-1.80(1H, m), 2.60-2,68(1H, m), 2.84-2.90(1H, m),
8.01-3.09(1H, m), 3.36(1H, d, J=14.0H7), 8.61(3H, s), 3.91(1H, d, J=14.0Hz),
4.45-4.52(4H, m), 4.58(1H, s), 4.76(1H, d, J=14,8Hz), 6.68-6.73(2H, m), 6.77(1H, d,
J=7.6Hz), 7.18-7,19(3H, m), 7.33-7.88(2H, m), 8.17(1H, s), 10.38(1H, t, J=6.0Hz),
12.57(1H, s).

TIixample F-8)
B'Hydroxy'1-(4*methanesulfonylbenzy])'6,10-dioxo-].,2,3,4-,6,9,93,10<oci;ahydro~].,4a,8a
“triazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO-de)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(1H, m), 8.18(3H, s), 3.62(1H, d, J=14.8Hz), 4.09(1H, d, J=14.8Hz),
4.46-4.62(4H, m), 4.67(1H, s), 4.78(1H, d, J=14.8Hz), 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, s).

Txample IF-9)
5-I-Iydroxy'].'(6*methoxypyridin'3~y1methyl)“6,10'dioxo-].,2,3,4-,6,9,9a,IO'octahydro-l,ll
a,8a-triazaanthracene-7-carboxylic acid 4-fluorcbenzylamide

(DMSO0-de)8: 1.51-1.56(1H, m), 1.71-1.77(1H, m), 2.58-2.66(1H, m), 2.80-2.86(1H, m),
8.01-8.09(1H, m), 3.38(1H, d, J=13,6Hz), 3.78(3H, s), 3.87(1H, d, J=13.6Hz),
4.45-4,52(4H, m), 4.60(1H, s), 4.82(1H, d, J=13.6H2), 6.71(1H, d, J=8.6Hz),
7.12-7.19(2H, m), 7.383-7.38(2H, m), 7.49(1H, d, J=8.6Hz), 7.98(1H, s), 8.30(1H, s),
10.37(1H, t, J=6.0Hz), 12.58(1H, s).
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Example IF-10) ‘
5-Hydroxy-1-isobutyl-3,3-dimethyl-6,10-dioxo-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-tria
zaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO-de)8: 0.64(3H, d, J=6.4Hz); 0.82(3H, d, J=6.8Hz), 0.90(3H, s), 0.91(8H, s),
1.59-1.67(1H, m), 1.92-1,97(1H, m), 2.11-2.16(1H, m), 2.51-2.57(1H, m), 2.67(1H, d,
J=12.0Hz), 2,77(1H, d, J=12,8H2), 4.13(1H, o), 4.21(1H, d, J=12.8H2), 4.47-4.59(3H, ),
4.80(1H, dd, J=14.4, 2.8Hz), 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, s).

Example F-11)
5-Hydroxy-1,3,3-trimethyl-6,10-diox0-1,2,8,4,6,9,9a,10-octahydro-1,4a,8a-triazaanthra
cene-7-carboxylic acid 4-fluorobenzylamide

(DMSO0-de)8; 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,
s), 3.88(1H, ), 4.21(1H, d, J=13.2Hz), 4.45-4,63(3H, m), 4.72-4.76(1H, m),
7.18-7.19(2H, m), 7.33-7.88(2H, m), 8.64(1H, s), 10,40(1H, t, J=6.0Hz), 12.46(1H, ).

Example F-12)
4'[’7*(/-I'Fluorobenzylcarbamoyl)'5;hydroxy'6,10'dioxy'8,4,6,9,9a,J.O'hexal1ydr0'2H'1,4a
,8a-triazaanthracene-1-yllbutanoic acid ethyl ester

(CDCl3)8: 1.23(8H, t, J=7.1Hz), 1.70-1.79(1H, m), 1.86-2.00(1H, m), 2,17-2.84(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), 4.13(2H, q,
J=7.1Hz), 4.27-4.84(2H, m), 4.57-4.63(3H, m), 4.664.73(1H, m), 6.95-7.03(2H, m),
7.29-7.36(2H, m), 8.36(1H, s), 10.48(1H, t, J=4.8Hz), 12.50(1H, s).

Bxample I"-13)
1-(3-Dimethylcarbamoylpropyl)-6-hydroxy-6,10-dioxo-1,2,8,4,6,9,9a,10-octahydro-1,4a,
8a-triazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(CDCl5)6:1.62-1.82(3H, 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(3H, s), 2.96(3H, s), 3.07-3.14(1H, m), 4.23-4.30(2H, m), 4.60(2H,
d, J=6.0Hz), 4.68(1H, dd, J=13.2, 4.5Hz), 5.12(1H, d, J=12.6H2), 6.95-7.02(2H, m),
7.28-7.85(2H, m), 8.42(1H, s), 1054(1H, t, J=5.4Hz), 12.51(1H, s).

Bxample F-14)
5-Hydroxy-1-(4-morpholin-4-yl-4-oxobutyl)-6,10-dioxo-1,2,8,4,6,9,9a,10-0ctahydro-1,4a

,8a-triazaanthracene-7-carboxylic acid 4-fluorobenzylamide
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(CDCla)8: 1.61-1.83(3H, m), 1.84-2.00(1H, m), 2,12-2.23(1H, m), 2.26-2.36(1H, m),
2.56-2.64(2H, m), 2.76-2.95(2H, m), 3.09-3.15(1H, m), 3.37(2H, t, J=4.8Hz),
3.61-8.66(6H, m), 4.26-4.32(2H, m), ¢.59(2H, 4, J=5.7Hz), 4,68(1H, dd, J=18.2, 4.5Hz),
4.95-5.01(1H, m), 6.95-7.03(2H, m), 7.28-7.35(2H, m), 8.40(1H, s), 10.52(1H, t,
J=5.7Hz), 12.51(1H, s).

Example F-15)
S-Hydroxy'l'methy1'6,].O'dioxcr1,2,3,4,6,9,9a,].O'octahydrO'1,4a,8a'triazaanthracene'
7-carboxylic acid 4-fluorobenzylamide

melting point: 252-253°C

(DMSO0-de)8: 1.56-1.75(2H, m), 2.22(3H, s), 2.50-2.55(1H, m), 2.90-3.10(2H, m),
4.17(1H, brs), 4.89.-4.42(21%1, m), 4.62(2H, d, J=6.0Hz), 4,74-4,78(1H, m), 7.13-7.17(2H,
m), 7.38-7.37(2H, m), 8,61(1H, ), 10.40(1H, t, J=6.0Hz), 12.54(1H, s).

Example I-16)
S'Hydroxy'(j,lO'dioxo-1-thiophcn-3-y1methyl'1,2,8,4,6,9,9;1,10'octahyd1,‘0'].,4&,8a't1"iaz
aanthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 242-243°C

(DMSO-de)8: 1,62-1.73(2H, m), 2.59-2.62(1H, m), 2.87-3.03(2H, m), 3.52(1H, d,
J=18.6Hz), 3.90(1H, d, J=14.4Hz), 4.40-4.66(5H, m), 4.83-4.90(1 H, m), 6.92(1H, d,
J=5.2Hz), 7.13-7.17(2H, m), 7.28-7.837(8H, m), 7.42-7.44(1H, m), 8.46(14, &), 10.39(1H,
t, J=6.0Hz), 12.68(1H, s),

Example 17-17)
S'Hydroxy'6,lO'dioxo-I-thiazol'z-ylmethyl'1,2,8,4,6,9,9&,lO'octahydrO'1,4a,8a'triazaa
nthracene-7-carboxylic acid 4-fluorobenzylamide

melting point 214-215°C

(DMSO-de)8: 1.54-1.72(2H, m), 2.75-2.8 1L(1H, m), 2.95-3.07(2H, m), 3.80(1H, d,
J=16.0Hz), 4.37(1H, d, J=16.4Hz), 4.44-4.51(4H, m), 4.69(1H, brs), 4.89-4.93(1H, m),
7.18-7.17(2H, m), 7.82-7.835(2H, m), 7.55(1H, d, J=3.2Hz), 7.69(1H, d, J=3.2Hz),
8.37(1H, s), 10.86(1H, t, J=6.0Hz), 12.50(1H, ).

Example I'-18)
5-Hydroxy-(3-methylsulfanyl-propyl)-6,10-dioxo- 1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-tr

iazaanthracene-7-carboxylic acid 4-fluorobenzylamide
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melting point: 162-164°C 7

(DMSO-de)6: 1.50-1.82(4H, m), 2.27(3H, s), 2.32-2.44(311, m), 2.60-2.82(2H, m),
3.00-3.14(2H, m), 4.87-4.59(5H, m), 4.75-4.79(1H, m), 7.13-7.17(2H, m), 7.38-7.35(2H,
m), 8.60(1H, s), 10.40(1H, t, J=6.0Hz), 12.57(1H, ).

Iixample [F-19)
S-Hydroxy'G,10-dioxo~l-pyridin-zi'ylmethyl-1,2,8,4,6,9,9a,I[O'oct;ahydm'1,43,8a-t1'iazaa
nthracene-7-carboxylic acid 4-fluorcbenzylamide

melling point: 180-183°C

(DMSO-de)8: 1.52-1.76(2H, m), 2.62-2.80(2H, m), 3.01-3.07(1H, m), 3.42(1H, d,
J=15.2Hz), 4.05(1H, d, J=15.2H%), 4.49-4.50(4H, m), 4.64(1H, brs), 4.78-4.81(1H, m),
7.12:7.21(4H, m), 7.32-7.36(2H, m), 8.33(1H, s), 8.42(211, d, J=4.4Hz), 10.39(1H, t,
J=6.0Hz), 12.65(1H, s).

Example IF-20)

1-Cyclohexylmethyl-5 5-hydroxy-6,10-dioxo-1,2,3,4,8,9, 9a,10-octahydro-1,4a,8a-triazaan
thracene-7-carboxylic acid 4- fluorobenzylamide

melting point: 201-202°C

(DMSO-de)8: 0.56-0.59(1H, m), 0.87-0.84(1H, 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), 4.562(2H, d, J=6.0Hz), 4.73-4.77(1H, m), 7.12-7.16(2H, m), 7.32-7.36(2H, m),
8.59(1H, s), 10.40(1H, t, J=5.2Hz), 12.58(1H, ).

Example F-21)
5‘Hyd1‘oxy'6,10'di0x0'1'pyridin'Z'ylmethy]'1,2,3,4-,6,9,9a,IO'octahydrO'1,4-a,8a~triazaa
nthracene-7-carboxylic acid 4-ﬂuorobénzy1amide

melting point: 216-219°C

(DMSO-de)6: 1.52-1.76(2H, m), 2.66-2.80(1H, m), 2.90-3.07(2H, m), 3.67(1H, d,
J=15.2Hz), 4.01(1H, d, J=13.2H2), 4.37-4.97(4H, m), 4. 62(1H, brs), 4.85-4.88(1H, m),
7.07-7.26(4H, m), 7.33-7.36(2H, ), 7.64-7. 68(1H, m), 8.26(1H, s), 8. 4o(lH s),
10.36(1H, t, J=6.0Hz), 12.57(1H, ).

Example F-22)

1-(2-Ethyl-butyl)-5 hydloxy 6,10-dioxo0-1,2,3,4,6,9,9a,10- octahydro-1,4a,8a-triazaanthy

acene-7-carboxylic acid 4- fluorobenzylamide
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melting point: 137-140°C

(DMSO-de)8: 0.62(8H, t, J=7.2Hz), 0.77(3H, t, J=7.2Hz), 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), 4.84-4.57(6H,
m), 4.78-4,82(1H, wm), 7.13-7.17(2H, m), 7.82-7.36(2H, m), 8.60(1H, ), 10.39(1H, t,
J=5.2Hz), 12.54(1H, s).

Example F-23)
5-Hydroxy-1-(2-morpholin-4-ylethyl)-6,10-dioxo-1,2,3,4,6,9,9a,10-0ctahydro-1,4a,8a-txi
azaanthracene-7-carboxylic acid 4';ﬂ110robenzy1a1nicle

melting point: 254-256°C

(DMSO0-de)8: 1.55-1.68(2H, m), 2.28-2.39(8H, m), 2.59-2.65(1H, m), 2.82-3.09(3H, m),
3,33-3.58(5H, m), 4.34-4.50(8H, m), 4.52(2H, d, J=5.2H2z), 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=5.2Hz), 12.65(1H, ).

Example F-24)
1-Hydroxy-6-methyl-2,11-dioxeo-2,5a,6,7,8,9,10,11-octahydro-5H-4a,6,10a-triaza-cycloh
eptalblnaphthalene-3-carboxylic acid 4-fluorobenzylamide

melting point: 255°C

(DMSO-de)8: 1.48-1.556(1H, m), 1.67-1.80(3H, m), 2.29(8H, s), 2.75-2.80(2H, m),
3.23-3.31(1H, m), 4.07-4.09(1H, m), 4.36-4.40(1H, m), 4.45-4.59(8H, m), 4.68-4.69(1H,
m), 7.13-7.17(2H, m), 7.30-7.37(2H, m), 8.50(1H, s), 10.42(1H, t, J=6.0Hz), 12.42(1H,
s).

IExample F-25)
I-Hydroxy-6-isobutyl-2,11-dioxo-2,54,6,7,8,9,10,11-octahydro-5H-44a,6,10a-triaza-cyclo
hepta[blnaphthalene-3-carboxylic acid 4-fluorobenzylamide

melting point: 221-223°C

DMSQ-de)§: 0.81(3H, d, J=6.817), 0.84(3H, d, J=6.4Hz), 1.45-1.78(6H, m),
2.36°2.54(2H, m), 2.27-2.93(2H, m), 3.17-3.23(1H, m), 4.03-4.06(1H, m), 4.32-4.56(4H,
m), 4.82-¢.85(1H, m), 7.13-7.17(2H, m), 7.30-7.837(2H, m), 8.48(1H, s), 10.42(1H, ¢,
J=6.0Hz), 12.53(1H, s).

Example F-26)
6-Cyclopropylmethyl-1-hydroxy-2,11-dioxo-2,54,6,7,8,9,10,11-octahydro-5H-4a,6,10a tr

iaza-cycloheptalblnaphthalene-8-carboxylic acid 4-fluorobenzylamide
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melting point: 213°C

DMSO-de)8: 0.16-0.26(2H, m), 0.46-0.48(2H, m), 0.86-1.06(1H, m), 1.45-1.75(4H, m),
2.45-2.66(1H, m), 2.68-2.83(1H, m), 2.91-2.98(2H, m), 8,17-3.26(1H, m), 4.08-4.14(1H,
m), 4,43-4.45(2H, m), 4.54(2H, d, J=5.6Hz), 4.89-4.91(1H, m), 7.15-7.19(2H, m),
7.35-7.39(2H, m), 8.50(1H, s), 10.47(1H, t, J=6.0Hz), 12.52(1H, s).

Example F-27)
l-l?uran'Z*ylmethyl'B-hydroxy'G,].O'dioxc)'1,2,8,4,6,9,9&1,lO'octahydrO'1,4-a,8a-triaza'a
nthracene-7-carboxylic acid 4-fluorobenzylamide

melting point! 193-197°C

DMSO-de)6: 1.67(2H, m), 2.61(1H, s), 2.93(2H, m), 3.75(1H, d, J=14.8Hz), 8.84(1H, d,
J=14.8H2), 4.34-4.47(3H, m), 4.62(2H, d, J=6.0Hz), 4.96(1H, d, J=14.8Hz), 6.36(2H, s),
7.16(2H, t, J=8.8Hz), 7.85(2H, m), 7.59(1H, s), 8.97(1H, &), 10.43(1H, ), 12.51(1H, s).

Example F-28)
1'(d-"Dirnethylamino-benzyl)-5-hydroxy*6,10'diox0'1,2,3,4,6,9,92\,].O-octahydro-1,4&1,81—1-
triaza-anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point' 221-223°C

DMSO0-de)6: 1.55-1.99(2H, m), 2.87(6H, s), 2.87-3.06(4H, m), 3.80(1H, d, J=14.0H2),
4.50(5H, m), 4.83(1H, d, J=14.0Hz), 6.58(2H, d, J=9.6Hz), 6.98(2H, d, J=8.8Hz),
7.15(2H, t, J=8.8Hz), 7.35(2H, m), 8.31(1H, s), 10.39(1H, s), 12.58(1H, s).

Example IF-29)

5-Hydroxy-6,10-dioxo- 1-(4-trifluoromethyl‘benzyl)- ].,2;3,4-,6,9,9a, 10-octahydro-1,4a,8a-
triaza-anthracene-7-carboxylic acid 4-fluorobenzylamide

melting pointi 273-277°C

DMS0-de)6: 1.52-1.70(2H, m), 2.63-3.04(3H, m), 3.50(1H, d, J=14.8Hz), 4,10(1H, d,
J=14.8Hz), 4.564(5H, m), 4.79(1H, d, J=14.8Hz), 7.14(2H, t, J=8.8H2), 7.83(2H, m),
7.66(2H, d, J=6.8Hz), 7.61(2H, d, J=8.0Hz), 8.22(1H, s), 10.40(1H, s), 12.56(1H, ).

Example IF-30)
5-Hydroxy-6,10-dioxo- 1-pyridin-8- ylmethyl-1,2,3,4,6,9,9a,10- octahydro-1,4a,8a-triaza-
anthracene-7-carboxylic acid 4- fluorobenzylamide
melting point: 210-212°C
DMSO0-de)8: 1.61-1.76(2H, m), 2.63(1H, t, J=12.8Hz), 2.80(1H, d, J=12.0Hz), 3.07(1H, ¢,
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J=12.8Hz), 3,44(1H, d, J=13.2Hz), 4.00(1H, d, 14.0H2z), 4.47(4H, m), 4.62(1H, s),
4.84(1H, d, J=14.0Hz), 7.16(2H, t, J=8.8Hx), 7.33(2H, m), 7.58(1H, d, J=7.6H2),
8.30(1H, s), 8.45(2H, s), 10.41(1H, s), 12,57(1H, s).

Example F-31)
1'(2'ChlorO'G'ﬂuoro-benzyl)'5~hydroxy-6,].'O~dioxo~1,2,8,4,6,9,9a,lO~octahydro-1,4a,8a'
triaza-anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point' 213-215°C

DMSO0-de)8:1.58(2H, 2H), 2.55-3.09(3H, m), 3.45(1H, d, J=12 4Hz), 4,16(1H, 4,
J=12.4Hz), 4.40-4.68(4H, m), 5.12(1H, d, J=14.4¥z), 7.15-7.38(7H, m), 8.66(1LL, s),
10.41(1H, t, J=6.4H2), 12.46(1H, s).

Example F-32)
S'Hydroxy'].'({L'methoxy'benzyl)'G,10'diox0'1,2,3,4,6,9,9&,10'octahyd1‘o-],,4a,8a'triaza-
anthracene-7-carboxylic acid 4-fluorobenzylamide

melting point: 191-193°C

NMR (DMSO-de)5:1.50-1.77(2H, m), 2.58-3.06(3H, m), 8.68(3H, s), 3.88(1H, d,
J=13.6Hz), 4.41-4.55(4H, m), 4.80(2H, d, J=14.4Hz), 6.80(2H, d, J=8.8Hz), 7.09(2H, d,
J=8.4Hz), 7.16(2H, t, J=8.8Hz), 7.85(2H, m), 8,28(1H, s), 10.48(1H, &), 12.58(1H, s),

Example T-33)
1'(8,5'BiS'triﬂuoromethyl-benzyI)'5'hydroxy'6,lO'diOXO'l,2,8,4,6,9,9a,10'octahydro~1,
4&,8a-octahydro-1,4a,8a'tfiazwan’thracene'7'carboxylic acid 4-fluorobenzylamide
melting point: 275-277°C

NMR (DMSO0-d)8:1.58-1.88(2H, m), 2.51-3,14(3H, m), 3.33-4.10(3H, m), 4,51(2H, m),
4.78(1H, m), 7.16(2H, m), 7.34(2H, m), 7.82-7.93(4H, m), 10.31(1H, ), 12.57(1H, ).

© IExample IF-34)
1-(4'Diethylamino'benzyl)'5-hydroxy'6,10'diox0"1,2,8,4,6,9,9a,lO-octahydro-1,4a,8a-tr
laza-anthracene-7-carboxylic acid 4-fluorobenzylamide
melting point: 182°C
NMR (DMSO-d)8: 1.04(6H, t, J=6.8Hz), 1.50-1.69(2H, m), 2.55-3.05(3H, m), 3.26(4H,
q, J=7.2Hz), 3.80(1H, d, J=13.6Hz), 4.44-4,67(4H, m), 4.91(1H, d, J=12.4Hz), 6.52(2H,
d, J=8.8Hz), 6.94(2H, d, J=8.4Hz), 7.15(2H, t, J=8.4Hz), 7.35(2H, m), 8.46(1H, s,
10.41(1H, &), 12.60(1H, s).
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Example }-35)
E'Hydroxy“1'((E)'Z'methyl-but'Z'enyl)'6,10'diox0'1,2,3,4,6,9,9&,lO'octahyclro-l,4a,8a't
riaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 175-177°C

NMR (DMSO-de)6: 1.85(3H, s), 1.51(3H, d, J=6.0Hz), 1.52-1.69(3H, m), 2.60-3.15(3H,
m), 4.314.62(5H, m), 4.67-4.76(1H, m), 5.30-5.40(1H, m), 7.16(2H, t, J=8.4Hz),
7.28-43(2H, m), 8.46(1H, ), 10.89(1H, brs), 12.60(1H, s).

Bxample F-36)
1-(8~Dimethylamino-Z-methyl*propyl)'S-hydroxy'G,10-diox0'1,2,3,4,6,9,9a,lO-octahydr
o-1,4a,8a-triaza-anthracene-7-carboxylic acid 4-fluoro-benzylamide

NMR (DMSO0-de)8: 0.68-0.68(2H, m), 1.57-1.82(8H, m), 2.11-2.49(10H, m),
2.98-3.11(2H, m), 4.41-4.54(5H, m), 4.73'4.80(1H, m), 7.14-7.18(2H, m), 7.31-7.38(2H,
m), 8.58(1H, s), 10.40(1H, s), 12.57(1H, s).

Bxample F-37)
1'(3,3'Dimethyl*butyl)'5'hydroxy‘6,lO'diOXO'1,2,3,4,6,9,9a,].O'octahydrw1,4&,8a*triaza
-anthracene-7-carboxylic acid 4-fluoro-benzylamide

melting point! 175-177°C

NMR (DMSO-de)§: 1.19-1.36(2H, m), 1.57-1.70(2H, m), 2.23-2.30(1H, m), 2.51-2.69(2H,
m), 2.97-8,04(2H, m), 4.42-4.54(6H, m), 4.78(1H, d, J=14.0H2), 7.13-7.17(2H, m),
7.33-7.36(2H, m), 8.63(1H, s), 10.839(1H, t, J=6.0Hz), 12.56(1H, s).

Exambple I-38)
1.'Ethy1'5'hydroxy*6,J.O'diOXO'1,2,8,4,6,9,921,10‘0cta11ydro*].,4-a,8a'triaza'anthracene'7'
carboxylic acid 4-fluoro-benzylamide

melting point: 221°C

NMR (DMSO-de)8: 0.94(3H, t, J=6.8Hz), 1.56-1.71(2H, m), 2.45-2.50(1H, m),
2.59-2.76(2H, m), 2.96-3.03(2H, ), 4.40-4.44(3H, m), 4.52(2H, d, J=6.0Hz),
4.77-4.82(1H, m), 7.14-7.18(2H, m), 7.84-7.38(2H, m), 8.62(1H, s), 10.41(1H, t,
J=6.0Hz), 12.59(1H, s).

Example F-39)
5-Hydroxy-6, 10'diox0'1'(2'oxo-propy1)-1,2,3,4,6,9,9a,10-octahydr0'1,4a,8a~triaza'anth
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racene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 244-246°C

NMR (DMSO-de)8: 1.54-1.61(1H, m), 1.67-1.76(1H, m), 2.22(3H, s), 2.50-2.56(1H, m),
2.91-3.02(2H, m), 4.18(1H, s), 4.38-4.45(2H, m), 4.52(2H, d, J=6.0Hz), 4.76(1H, d,
J=14.4Hz), 7.18-7.18(2H, 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'I-'Iydroxy'6,],O'dioxo-1'(4,4.,4't1'if.'1uoro'butyl)-],2,3,4,6,9,9a,10-octahydro~],',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), 1.67-1.76(1H, m), 2.07-2.18(2H, m), 2.40-2.47(1H,
m), 2.64-2.78(2H, m), 2.96-8.04(2H, m), 4.42-4.49(2H, m), 4.53(2H, d, J=5.2Hz),
4.74(1H, d, J=12.8Hz), 7.18-7.17(2H, m), 7.38-7.87(2H, m), 8.61(1H, s, 10.40(1}H, t,
J=6,0Hz), 12.57(1H, s).

FExample F-41)
5'Hyd1‘oxy'l'(B'methyl'butyl)'B,10'dioxo~1,2,3,4,6,9,9&,lO'octahydro'1,1La,8a'triaza-an
thracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 151°C

NMR (DMSO-d)6: 0.78(6H, dd, J=7.6, 16.2Hz), 1.21-1.28(2H, m), 1.41-1.48(1H, m),
1'.56-1.71(2H, m), 2.22-2.31(1H, m), 2.61-2.59(1H, m), 2.66-2.73(1H, m), 2.96-3.05(2H,
m), 4.41-4.55(5H, m), 4.80(1H, d, I=18.2Hz), 7.18-7.18(2H, m), 7.33-7.37(21H, m),
8,64(1H, s), 10.40(1H, t, J=6,0Hz), 12.57(1H, ).

Bxample F-42)
5'Hydroxy-].-isobutyl-(%,10~dioxo-1,2,3,4,6,9,9a,lO*octahydro-1,4-a,8a-triaza-anthracene
“7-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting point: 180-182°C

NMR (DMSO-de)8: 0.62(3H, d, J=6.0Hz), 0.78(3H, d, J=6.4Hz), 1.55-1.69(3H, m),
1.93-1.99(1H, m), 2.97-3.08(2H, m), 4.39-4.46(3H, m), 4.59-4.64(2H, m), 4.75-4.81(1H,
m), 7.16-7.23(1H, m), 7.27-7.84(1H, m), 7.47-7.53(1H, m), 8.59(1H, &), 10.44(1H, s),
12.57(1H, s).

Example F-43)
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1'Cyclopropylmethyl'5-hydroxy'6L10-di0x0'1,2,3,4,6,9,9a,].O-octahydro-1,4~a,8a-triaza-
anthracene-7-carboxylic acid 8-‘chloro-2~ﬂuoro-benzylamide

melting point’ 189-192°C

NMR (DMSO0-de)8: 0.00-0.10(2H, m), 0.35-0.41(2H, m), 0.70-0.77(1H, m), 1.57+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),
4.48-4.62(2H, m), 4.71-4.80(1H, m), 7.06-7.10(1H, m), 7.18-7.22(1H, m), 7.86-7.40(1H,
m), 8.52(1H, s), 10.80(1H, s), 12.26(1H, s).

Example FF-44)
l'Furan'Z'ylmethyl~5'hyc1roxy'6,10'diox0'1,2,3,4,6,9,9&,10-octahych‘0'1,4~a,8a't1‘ia'/,a’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, ad,
J=18.4, 83.2Hz), 4.87-4.51(3H, m), 4.62(2H, d, J=6.0Hz), 4.97(1H, d, J=15.2Hz),
6.39(2H, ), 7.18-7.22(1H, m), 7.31-7,84(1H, m), 7.48-7.51(1H, m), 7.58(1H, s), 8.64(1H,
s), 10.45(1H, t, J=6.0H2), 12.55(1H, s).

Example F-45)
5-Hydroxy-6,].O'dioxo~1-thiazol-2-ylmethyl~1,2,3,4,6,9,9&,10'octahydro~1,4a,Sa-triaza-
anthracene-7-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting point: 217-219°C

NMR (DM80-de)8: 1.59-1.74(2H, m), 2.76-2.83(1H, m), 2.97-3.08(2H, m), 3.90(1H, d,
J=16.0Hz), 4.36(1H, 4, J=16,0Hz), 4.45-4.69(5H, m), 4,89(1H, d, J=14.8Hz),
7.18:7.22(1H, m), 7.28-7.31(1H, m), 7.47-7.68(1H, m), 7.54(1H, d, J=3.2Hz), 7.68(1H, d,
J=8.2Hz), 8.34(1H, s), 10.40(1H, d, J=6.0Hz), 12.52(1H, s).

Example F-46)
5'Hydroxy-6,]O'dioxo-1-pyridin-2-y1methyl-1,2,3,4,6,9,9a,].O-octahydro-1,4-a,8a-triaza-
anthracene-7-carboxylic acid 3-chloro-2-fluoro-benzylamide

‘melting point: 190-193°C

NMR (DMSO-da)8: 1.54-1.61(1H, m), 1.69-1.75(1H, m), 2.66-2.74(1H, m), 2.91-3.08(2H,
m), 8.68(1H, d, J=14.4Hz), 4.02(1H, d, J=14.8Hz), 4.40-4.67(5H, 1), 4.85(1H, q,
J=12.4Hz), 7.16-7.35(3H, m), 7.46-7.52(1H, m), 7.61-7.69(1H, m), 8.20(1H, s),
8.43-8.47(1H, m), 10.41(1H, d, J=6.0Hz), 12.58(1H, s).
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Bxample FF-47)

5-Hydroxy-l-isobutyl-6,10-diox0-1,2,3,4,6,9,94a, 10-octahydro-1,4a,8a-triaza-anthracene
“7-carboxylic acid 2,4-diflucro-benzylamide

melting point: 194°C

NMR (DMSO-de)8: 0.62(8H, d, J=6.4Hz), 0.78(3H, d, J=6,4Hz), 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, 4,
J=14.4Hz), 7.08-7.09(1H, m), 7.20-7.28(1H, m), 7.36-7.43(1H, m), 8,59(1H, s),
10.39(1H, s), 12.56(1H, s).

Example F-48)
1‘Cyclopropylmethyl*5-hydroxy'6,IO'diOXO'1,2,8,4,6,9,9&,1O-octahydr0'1,/1-a,8a-triaza'
anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

melting point: 169-171°C

NMR (DMSO-de)8: 0.00-0,10(2H, m), 0.42-0.44(2H, m), 0.77-0.81(1H, m), 1.59-1.74(2H,
m), 2.27-2.82(1H, m), 2.62-2.72(1H, m), 3.05-3.12(1H, m), 4.30-4.58(5H, m), 4.69(1H, d,
J=14.8Hz), 7.08-7.11(1H, m), 7.22-7.26(1H, m), 7.37-7.40(1H, m), 8.62(1H, ),

10.40(1H, t, J=6.0Hz), 12.57(1H, ).

Example F-49)
1-Fm‘an-Z-ylmethyl-5'hydroxy“6,10-dioxo-1,2,3,4,6,9,9a,10'octahydro-1,4~a,8a-triaza'a
nthracene-7-carboxylic acid 2,4-difluoro-benzylamide

melting point: 186-188°C

NMR (DMSO-de)8: 1.55-1.68(2H, m), 2.65-2.64(1H, m), 2.88-2.99(2H, m), 3.80(2H, dd,
J=15.6, 34.8Hz), 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), 7.37-7.44(1H, m), 7.58(1H, s), 8.64(1H, s), 10.38(1H, t, J=5.6Hz),
12.53(1H, s,

Example F-50)
5-Hydroxy-6,1O'diox0'].'thiazol'Z'ylmethyl'1,2,3,4,6,9,9a,1O-octahydr0'1,4~a,8a'tr1’aza'
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), 2.97-3,08(2H, m), 3.89(1H, 4,
J=16.4Hz), 4.36(1H, d, J=16.0Hz), 4.44-4.55(4H, m), 4.69(1H, s), 4.89(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=8.2Hz),
7.68(1H, d, J=3.2Hz), 8.34(1H, ), 10.35(1H, d, J=6.0Hz), 12.50(1H, s).
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Example [*-51)
5-Hydroxy-6,10-dioxo-1-pyridin-2-ylmethyl-1,2,3,4,6,9,9a,10-octahydro-1,4a,8a-triaza-
anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

melting point: 200-203°C

NMR (DMSO-ds)8: 1.54-1.61(1H, m), 1.69-1.78(1H, m), 2.71-2,79(1H, m), 2.91-8.09 4
(2H, m), 8.72(1H, d, J=14.4H2), 4.07(1H, d, J=14.4H2), 4.44-4,54(4H, m), 4.70(1H, s),
4.82(1H, d, J=14.4Hz), 7.04-7.10(1H, m), 7.21-7.42(4H, m), 7.74-7.80(1¥, m), 8.17(1H,
s), 8.47-8,49(1H, m), 10.85(1H, d, J=6.0Hz), 12.57(1H, s).

Example I'-52)

1-Hydroxy-6-methyl-2,11-dioxo-2,52a,6,7,8,9,10, 11-octahydro-5H-4a,6,10a-triaza-cycloh
eptalblnaphthalene-3-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting point: 230-281°C

NMR (DMSO-de)8: 1.47-1.53(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, m), 4.54-4.64(3H, m), 4.70(1H, s), 7.18-7.22(1H, m),
7.30°7.34(1H, m), 7.47-7.52(1H, m), 8.49(1H, s), 10.47(1H, d, J=6.0H2), 12.44(1H, s).

Txample [F-53)

1-Hydroxy*6'isobutyl-z,11-dioxo-2,5a,6,7,8,9,lO,1l'octahydro-5H-4a,6,IOa-triaza-cyclo

heptalbJnaphthalene-3-carboxylic acid 3-chloro-2-fluoro-benzylamide

melting point: 215-216°C

NMR (DMSO0-de)8: 0.83(6H, dd, J=6.8, 18.6Hz), 1.45-1.80(5H, m), 2.86-2.41(1H, m),

2.77-2.98(2H, m), 8.17-3.24(1H, m), 4.02-4.09(1H, m), 4.82-4.40(2H, m), 4.61(2H, d,
=5.6Hz), 4.82-4.84(1H, m), 7.18-7,22(1H, m), 7.80-7.33(1H, m), 7.48-7.51(1H, m),

8.47(1H, s), 10.48(1H, t, J=6.0Hz2), 12.56(1H, s).

Txample ['-54)
G-Cyclopropylmethyl-l-hydroxy'Z,11'diox0'2,5a,6,’7,8,9,10,ll-octahydrO'SH-ll-a,G,lOa'tr
iaza'cyclohepta[b]naphthalenc'B:‘carboxylic acid 3-chloro-2-fluoro-benzylamide
melting point: 212°C

NMR (DMS0-de)§: 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, m),
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, t, J=6.0Hz), 12.50(1H, s).
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Example F-55)
G'Furan-Z'y]methy1~1-hydroxy-2,11'di0x0'2,5a,6,7,8,9,10,ll'octa}1ydr0'5H>4a,6,]Oa-tri
aza-cycloheptalblnaphthalene-3-carboxylic acid 3-chloro-2-fluoro-benzylamide
Melting point: 189-190°C

NMR (DMSO-de)6: 1.48-1.63(3H, m), 1.70-1.77(1H, m), 2.79-2.83(2H, m), 8.90(2H, dd,
J=14.8, 39.6Hz), 4.05-4.11(1H, m), 4.40-4.51(2H, m), 4.61(2H, d, J=5.6H2),
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), 7.48-7.58(1H, m), 7.57(1H, &), 8.45(1H, &), 10.45(1H, t, J=6.0Hz), 12.44(1H, s).

Example F'-56) )
I'PIydfoxy'G'inetluyl'Q,],1'di0x0'2,5a,6,7,8,9,10,ll'octahydrO'BH'zl-a,G,lOa‘triaza*cycloh
epta[b]naphthalene'3'carboxylic acid 2,4-difluoro-benzylamide

melting point: 241°C

NMR (DMSO-de)8: 1.47-1.63(1H, m), 1.62-1.78(3H, m), 2.29(3H, s), 2.77-2.81 (2H, m),
4.05-4.10(1H, m), 4.356-4.40(1H, m), 4.53-4.61(8H, m), 4.69(1H, s),'7.03-7.08(1H, m),
7.20-7.27(1H, m), 7.87-7.43(1H, m), 8.49(1H, s), 10.42(1H, d, J=6.0Hz), 12.43(1H, s).

Bxample F-57)
].-Hydroxy-6-isobuty1-2,1l-dioxo-2,53,6,7,8,9,10,11-octahydro-5I'I'4a,6,lOa'triaza'cyclo
hepta[b]naphthalene'3'carboxy1ic acid 2,4'diﬂgoro-benzylamide

melting point: 203°C

NMR (DMSO-de)8: 0.82(6H, dd, J=6.4, 13.2Hz), 1.45-1.80(5H, m), 2.86-2.42(1H, m),
2.77-2.983(2H, m), 3.156-3.23(1H, m), 4.02-4.08(1H, m), 4.82-4.41(2H, m), 4.54(2H, 4,
J=6.6Hz), 4.82-4.84(1H, m), 7.02-7.09(1H, m), 7.20-7.27(1H, m), 7.36-7.43(1H, m),
8.47(1H, s), 10.41(1H, t, J=6.0Hz), 12.54(1H, &).

Example F-58)
G'Cyclopropylmethyl'lfhydroxy'z,l].'dioxo-2,6a,6,7,8,9,].O,11'octahydr0'5H'4a,6,IOa'tr
iaza'cyclohepta[b]naphthalene'8-ca1'boxylic acid 2,4-difluoro-benzylamide

melting point: 182-183°C

NMR (DMSO-de)8; 0.00-0.10(2H, m), 0.40-45(2H, m), 0.80-0.87(1H, m), 1.43-1.77(3H,
m), 2.60-2.69(1H, m), 2.85-2.95(2H, m), 3.11-3.19(1H, m), 4.00-4.06(1H, m),
4.36-4.40(2H, m), 4.51(2H, d, J=5.6Hz), 4.83-4.87(1H, m), 7.00-7.07(1H, m),
7.16-7.28(1H, m), 7.34-7.38(1H, m), 8,44(1H, s), 10.89(1H, t, J=6.0Hz), 12.47(1H, s).
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Example IF-59)
S'Furan-Z'ylnmthyl~1*hydroxy-2,11-dioxo-2,5a,6,7,8,9,10,11-0atahydro-5l~l-4a,6,10a'tri
aza-cyclohepta[blnaphthalene-8-carboxylic acid 2,4-difluoro-benzylamide

melting point: 171-173°C

NMR (DMSO-de)8: 1.47-1.64(3H, m), 1.70-1.77(1H, m), 2,79-2.83(2H, m), 3.90(2H, dd,
J=15.6, 89.6Hz), 4.05-4.11(1H, m), 4.41-4,57(4H, m), 4,90-4.92(1H, m), 6.30-6.33(1H,
m), 6.38-6.40(1H, m), 7,08-7.09(1H, m), 7.20-7.27(1H, m), 7.37-7.45(1H, m), 7.657(1H,
s), 8,44(1H, s), 10.41(1H, t, J=6.0Hz), 12.48(1H, s).

Example -60)
5'Hyd1‘oxy'6,lO'diOXO'B,d-,G,S),S)a,lO'hexahydro-ZH'].-oxa'da,Ba-diaza'anthracene-"/’-car
boxylic acid 3-chloro-2-fluoro-benzylamide

melting point: 276°C

NMR (DMSO-de)8: 1.60-1.68(1H, m), 1.77-1.84(1H, m), 8.85-3.93 (LH, m),
4.08-4.07(1H, m), 4.48-4.62(5H, m), 5.28(1H, ), 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 F-61)
S'Hydroxy'G,10'd10x0~3,4,6,9,9a,1O'hexahyd1'0'2H'l-oxa-4-a,8a'diaza-anthracenef7'car
boxylic acid 2,4-difluoro-benzylamide

melting point: 258°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, s), 7.03-7.09(1H, m), 7.21-7.27(1H, m),
7.36-7,43(1H, m), 8.50(1H, s), 10.36(1H, d, J=6.0H2), 12.47(1H, ),

Example F-62)
B'Hydroxy'1‘(Z'methoxy-ethyl)'G,10'di0x0'1,2,3,4,6,9,9;1,lO'octahydro-1,,421,8a-triaza'a
nthracene-7-carboxylic acid 8-chloro-2-fluoro-benzylamide

melting point: 193°C

NMR (DM8O-de)8: 1.58-1.73(2H, m), 2,51-2.58(1H, m), 2.71-2.78(1H, m), 2.81-2.87
(1H, m), 2.95-3.08(2H, m), 8.17(3H, s), 4.40-4.52(3H, m), 4.62(1H, d, J=5.6Hz),
4.78(1H, d, J=14.4Hz2), 7.18-7.22(1H, m), 7.80-7.34(1H, m), 7.47-7.52(1H, m), 8.55(1H,
s), 10.46(1H, d, J=6.0Hz), 12.59(1H, s).

107

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

Example I-63)
5'1-1ydroxy'1'(2'methoxy-ethyl)-6,],0'c1iox0'1,2,3,4,6,9,95\,10-octahydro-l,tl-a,Sa-triaza'a
nthracene-7-carboxylic acid 2,4-difluoro-benzylamide

melting point! 166-168°C

NMR (DMSO0-d)8: 1.55-1.72(2H, m), 2.51-2.68(1H, m), 2.70-2.77(1H, m), 2.80-2.87
(1H, m), 2.97-3.07(2H, m), 8.18(3H, s), 4.39-4,52(3H, m), 4.54(1H, d, J=5.2Hz),
4.78(1H, d, J=18.6Hz), 7.03-7.09(1H, m), 7.20-7.27(1H, m), 7.37-7.43(1H, m), 8.55(1H,
s), 10.40(1H, 4, J=6.0Hz), 12.58(1H, s).

Iixample F-64)
S'Hydroxy'1'(1I—I-imidazol*4-y]methyl)'6,10‘diox0'1,2,3,4,6,9,9a,lO'octallydx'O'l,dla,Sa"t
riazaanthracene-7-carboxylic acid 4-fluorobenzylamide

(DMSO0-de)8: 1.55-1.59(1H, m), 1.64-1.70(1H, m), 2.58-2.66(1H, m), 2.87-2.95(2H, m),
3.67(1H, d, J=15.2H7), 3.73(1H, d, J=15.2H2), 4.34(1H, s), 4.38-4.43(1H, 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), 7.59(1H, s), 8.55(1H, s), 10.41(1H, t, J=5.6Hz), 11,95(1H, br s), 12.59(1H, s).

Bxample H-1)
1-Acetyl-5-hydroxy-4,6-dioxo-2, 3,5,6,9,9a'hexahydr0'1H' 1,3a,8a-triaza-cyclopentalbln
aphthalene-7-carboxylic acid 4-fluoro-benzylamide
[Chemical formula 61)
OoBn O 0OBn O
F. ®) Ac,0 F O
RN N 2 X N
H H
@géio T
H P
e} O
48 o

53

0

Pd-C O\/ > N\/l:>

J

o}

H-1

1) To a solution of a compound 48 (120me, 0.26 mmol) in methylene chloride (1.2 m])
were added triethylamine (43 pl, 0.81 mmol), acetic anhydride (29 1], 0.31 mmol), and
4-dimethylaminopyridine (cat.) at'room temperature, and the mixture was stirred for
30 minutes. Turther, triethylamine (18 1l, 0.13 mmol) and acetic anhydride (12 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 water, dried with sodium sulfate, and concentrated under reduced pressure.
Diisopropyl ether was added to crystallize 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 vield of 82 % from a
compound 53 (106 mg), according to the method of Example B-1 17),

melting point 290°C

NMR (DMSO-d¢)8: 2.08(3H, s), 3.44-4.21(5H, m), 4.51(2H, d, 5.7Hz), 4.93(1H, m),
5.46-5.62(1H, m), 7.15(2H, t, 9.0Hz), 7.34(2H, m), 8.49(1H, s), 10.40(1H, t, 5.752),
11.48(1H, s).

An Example compound H-2 was synthesized according to the same manner as that of

Bxample H-1.

Example H-2)
].'Acetyl'{i'hydroxy'ﬁ,J.O'diox()'1,2,3,4,6,9,9a,10'octahydr0'1,4a,8a'triaza-anthracene"7
carboxylic acid 4-fluoro-benzylamide

melting point! 290°C

NMR (DM$0-de)8: 1.95(2H, m), 2.14(3H, s), 2.85(2H, m), 4.45(4H, m), 4.51(2H, d,
5.7Hz), 5.99(1H, s), 7.15(2H, t, 9.0Hz2), 7.34(2H, m), 8.37(1H, &), 10.46(1H, s),
12.28(1H, s).

Bxample I-1)
5*Hydroxy-l'methazaestllfonyl'tl,G'dioxo-2,8,4~,6,9,9a-hexahydro~lH'l,Ba,Sa'triaza'cycl
opentalblnaphthalene-7-carboxylic acid 4-fluoro-benzylamide

[Chemical formula 62]

OBnO 0Bn O
F o MsCl F ©
XN XN
H H
O H 0 O=8-Me
48 54 0
OH O
F o)
M H SO
Pd-C NN N
0 0=8-Me
-1 o
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1) To a solution of a compound 48.(140 mg, 0.30 mmol) in pyridine (1.4 ml) were added
methanesulfonyl chloride (28 pl, 0.836 mmol), and 4-dimethylaminopyridine (cat.) at
room temperature, and the mixture was stirred for 8 hours. After 2N hydrochloric
acid was added, this was extracted with ethyl acetate, and the organic layer was
washed with water, dried with sodium sulfate, and concentrated under reduced
pressure, Diisopropylether was adcied 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 Example 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: 3.16(3H, s), 8.80-4.15(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, s), 10.53(1H, s).

According to the same manner as that of Example I-1, an Ixample compound I-2 was

synthesized.

Bxample I-2)
S‘Hydroxy-1'metlmnesulfony1-6,lO'dioxo-1,2,3,4,6,9,931,IO'oc{:ahydro-1,4a,8a-triaza-an
thracene-7-carboxylic acid 4-fluoro-benzylamide

melting point: 257-259°C

NMR (DMS0-de)8: 1.80-1.96(2H, m), 3.02-3.58(2H, m), 3.16(8H, s), 4.76(2H, m),
5.56(1, ), 7.16(2H, t, 9.0Hz), 7.35(2H, m), 8.36(1H, s), 10.39(1H, s).

Bxample L-1)
5,9'Dihydroxy'6,10'diox0'3,4~,6,9,9a,lO'hexahydrO'1H'2'oxa'tl-a,8a-diaza'anthracene-'7'
carboxylic acid 4-fluoro-benzylamide

{Chemical formula 65]

0Bn OBn c,>\ /QOAc ogno oM
F o COgH F o o ji
DL o "0 O 2N L
x N - NH — o NH 0 N AN K/O
18 0 62 ©

0
63
QBn 9 oBn 0
DMSO, $03-Py, EBN  © @ 5 oS LN/\1 TFA R O A LN/\
T SIS “(l/ﬁjmo
° OH I o
64 L1
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1) According to the method 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).

8) To a solution of a compound 63 (200 mg, 0.403 mmol) in chlovoform (2 ml) were
added dimethyl sulfoxide (286 ul, 4.03 mmol), and triethylamine (337 ul, 2.42 mmol),
the mixture was stirred for 10 minutes under ice-cooling, a sulfur trioxide-pyridine
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 ml), and
chloroform was distilled off under reduced pressure, followed by extraction with ethyl
acetate, The organic layer was washed with water, dried with anhydrous sodium
sulfate, and the solvent was distilled off under reduced pressure. The crystalline
residue was washed with ethyl acetate to obtain a compound 64 (60 mg) at a yield of

30 %.

4) Using a compound 64, and according to the method of synthesizing Ixample A-1,

an Example compound L-1 was synthesized.

NMR (DMSO-de)8: 2.98-3.10(1H, m), 8.38-3.60(2H, m), 8.80-4.20(5H, m), 4.40-4.55(21,
m), 5.48(1H, brs), 5.85(1H, s), 7.156(2H, t, J=8.4Hz), 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)
].'Hydroxy-z,].O'diox0'2,4~b,5,6,7,8,9,].O'octahydrO'/-Ia,9a‘diaza-benzo[a]azulene'S'carbo
xylic acid 4-fluoro-benzylamide

[Chemical formula 66]

HaN""-OH 0BnO

0Bn
F 1, O 00aH WsoD F o OSAN A y e ~o
N_AS  NH N A NH H
O 4 . O 65

SO4-PY OBnO OH o

DMSO F. " O, x N/\/\NO TFA F. H (o] o .
— N A NH H — NS N\O
Q 66 O
M-1
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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 meg).

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 mmol),
the mi{xture was stirred at 75°C for 4 hours. 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 % aqueous
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 %).

melting point 281-283°C

NMR (DMSO-de)8: 1.48-1.62(2H, m), 1.62-1.83(3H, m), 2.04-2.18(1H, m), 2.28-2.35(1 1,
m), 4.08-4.16(1H, m), 4.48-4.63(2H, m), 5,58'5.61(1H, m), 7.11-7.20(2H, m),
7.30-7.38(2H, m), 8.29(1H, s), 10.30-10.86(1H, m), 12.78 (1 H, brs).

Bxample X-1)
(R)'G'I-Iydroxy~5,7-dioxo—2,3,5,7,11,11a~hexahydro-],I—I’pyrido[l,Z-a]pyrrolo[l,2'd]pyraz
ine-8-carboxylic acid 4-fluoro-benzylamide

[Chemical formula 67]
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OBn OBn 0Bn
NaClO,
O Se0, Os A -CHO  NH,SOsH O ~CO:H
S BrPh 0 acetone =~ 0
H,0
2 100 101
/NHBoc
Q““ — OBn Ok
H HOBt Of\') N/> 1) 4N HCI - AcOEt.
THF ~-0 2) Na,CO; aq
102 NHBoc
NH, 'Pr,NEt
OBnO OoBn O . co
N AcOH  gp SN DMSO
. 104

0OBn O OH ©
A N\\ N N\\\“‘\/>
X-1

1) Selenium dioxide (666mg, 6.0mmol) was added to the solution of compound 2
(216mg, 1.0immol) in bromobenzene (2m)). Then the mixture was heated up to 160°C,
and stirred for 16h. After celite filtration the solvent was evaporate, The precipitate
was purified by silicagel column chromatography, and fractions eluting with
11~hexan,/EtOAc were concentrated under reduced pressure to obtain compound 100
(164mg, 71%) as a yellow oil.

1H-NMR (CDCl)8: 5.52(1H, s), 6.50(1H, d, J=6.0Hz), 7.86(5H, m), 7.74(1H, d,
J=6.3Hz), 9.88(1H, s).

2) Sulfamic acid (1.50g, 15.4mmol) and NaClOz (1.05g, 11.6mmol) was added to the

solution of compound 100 (2.54g, 11.0mmol) in acetone (20ml) and water (30mD. Then

the mixture was stirred for 8h. The solvent was evaporated under reduced pressure to

obtain compound 101 (2.18mg, 80%) as a white solid.

1H-NMR (DMSO-de)8: 5.11(2H, s), 6.55(1H, d, J=5.4Hz), 7.82-7.46(5H, m), 8.21(1H, d,
=5.7Hz).

3) (R)-2-N-BOC-aminomethyl pyrrolidine (391mg, 1.95mmol) was added to the
solution of compound 101 (400mg, 1.62mmol),
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1'(3-dimethylaminopropyl)-S'ethylcarbodiimide hydrochloride (873mg, 1.95mmol),
and 1-hydroxybenzotriazole (219mg, 1.62mmol) in THE (6ml). After sttiring for 16h
NaHCOs aqueous solution was added to the mixture, The mixture was extracted with
IEtOAc, which was washed with NH,ClL aqueous solution and brine. The organic phase
was dried over MgSO4, After a filtration the solvent was removed under reduced
pressure to obtain compound 102 (694mg, 100%) as a white solid.

1H-NMR (CDCa)8: 1.46(9H, s), 1.66-2.14(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), 7.85(5H, m), 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 80 min. The soluvant was removed under reduced pressur, diluted with
EtOH (16ml) then. A saturated NaHCO3 aqueous solution was added to the solution to
control pH at 9. The mixture was strred at 50 °C for 2h, then diluted with water. The
mixture was extracted with CHCls, washed with brine, and dried over MgSOQ,. The
solvent was removed under reduced pressure to obtain compound 103 (413mg, 68%) as
a yellow solid,

IH-NMR (CDCl)8: 1.54-2.22(4H, m), 8.60(2H, m), 3.80(1H, t, J=12.0Hz), 4. 18(1H, 4,
J=12.0Hz), 5.15(1H, d, J=9.9Hz), 5.85(1H, d, J=9.9Hz), 6.71(1H, d, J=5. 4Hz), 7.33(3H,
m), 7.60(1H, 4, J=5.1Hz), 7.63(2H, d, J=7.2Hz).

5) NaOAc (118mg, 1.44mmol) and bromine (0.234ml, 2.62mmol) were added to the
solution of compound 103 (408mg, 1.31mmol) in acetic acid (8m1l), stirred for 30 min
then. An aqueous solution of NaOH (2M) was added to the mixture, and extracted
with CH:2Cls, washed with brine, and dried over NasS0u4, The solvent was removad
under reduced pressure to give compound 104 (390mg, 77%) as a white solid.
1H-NMR (CDClo)8: 1.56-2.19(4H, m), 8.55-4.02(5H, m), 5.12(1H, d, J=0.6Hz), 5.35(1H,
d, J=9.9Hz), 7.29-7.38(3H, m), 7.61(1H, ), 7.67(2H, d, J=6.6Hz).

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 stirred under
CO atmosphere for 2h at 80°C . The reaction mixture was diluted with a saturated
NH.Cl aqueous solution, extracted with EtOAc then, And the organic phase was
washed with brine, and dried over NasSO4. The precipitate was purified by silicagel

column chromatography, and fractions eluting with' MeOH/EtOAc were concentrated
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under reduced pressure to obtain compound 105 (115mg, 75%) as a white oil.
1H-NMR (CDCla)§: 1.56-2.33(4H, m), 8.66(2H, m), 3.90(2H, m), 4.19(1H, s), 4.66(2H,
m), 5.20(1H, d, J=9.9Hz), 5.37(1H, d, 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 (8ml) and MeOH (2ml) was stirred under hydrogen atmosphere for 8h. After
celite filteration the solvent was removed under reduced pressure to give the example
X-1 (87mg, 64%) as a white solid,

Melting pointi 274°C

IH-NMR (DMSO-de)6:1.56-2.25(4H, m), 3.48-3.65(21, m), 4,01(2H, m), 4.61(2H, d,
J=5.7THz), 4.71(1H, d, J=9.9Hz), 7.14(2H, t, J=9.0Hz), 7.33(2H, dd, J=5.7, 8.7Hz),
8.41(1H, ), 10.44(1H, t, J=6.0Hz), 12.18(1H, o).

"The following compounds were synthesized using the similar method.

Bxample X-2)
(R)'G'Hydroxy'ii,7'dioxo-2,3,5,7,1],1la'hexahydro~IH'pyrido[l,Z'a]pyrrolo[1,2-d]pyraz
ine-8-carboxylic acid 2,4-difluoro-benzylamide

Melting point: 300°C

1H-NMR (DMSO-do)§: 1.08-2.20(4H, m), 3.39-3.66(2H, m), 4.02(2H, m), 4.54(2H, d,
J=6.0Hz), 4.71(1H, d, J=9.9Hz), 7.06(1H, m), 7.28(1H, m), 7.38(1H, m), 8.41(1H, s),
10.43(1H, t, J=6.0Hz), 12.19(1H, s).

Example X-3)
(R)'G'Hydroxy'5,7'dioxo-2,3,5,7,11,1la'hexahydrO'lH'pyrido[1,2"a]pyr1'olo[l,Z'd]pyraz
ine-8-carboxylic acid 3'chlorc)'z'ﬂvuoro-benzyla\mide

Melting point: 304°C

1H-NMR (DMSO-de)8: 8.44-3.66(2H, m), 4.01(2H, m), 4.61(2H, d, J=5.4Hz), 4.70(1H, d,
J=9.0Hz), 7.20(1H, m), 7.31(1H, m), 7.49(1H, m), 8.41(1H, ), 10.49(1H, t, J=5,7Hz),
12.20(1H, s).

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

116

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

Melting point: 269°C

1H-NMR (DMS0-de)8:1.88-1.79(6H, m), 2.51(1H, m), 3.88(1H, m), 4.12(1H, dd, J=9.3,
14.1Hz2), 4.38(1H, d, J=12.9H2), 4.53(3H, m), 7.16(2H, t, J=9.0Hz), 7.34(2H, dd, J=5.7,
8.7Hz), 8,39(1H, e), 10.44(1H, t, J=6.3H2), 12.84(1H, ).

According to the same manner as that of Example C-21, the following Example

compounds Y-1 to Y-18 were synthesized.

Example Y-1)
(BS,E)aS)'5-Hydroxy-8*methy1'6,10-dioxo-3,4,6,9,9a,lO-hexahydro-ZI‘I-].'oxa-4a,8a'diaz
a~anthracene-7-carboxylic acid 2,4-difluore-benzylamide

Bxample Y-9)
(BR,9aR)'5-Hydroxy-3-methy1'6,IO'diox0'3,d-,6,9,9a,10~hexahydro-2PI-l-oxa'4a,8a-diaz
aranthracene-7-carboxylic acid 2,4'diﬂL101'o;benzyla111ide

1H-NMR (CDC1a)8: 0.90(3H, d, J=6.9Hz), 2.00-2,10(1H, m), 2.70(1H, dd, J=11.6,
18.4Hz), 8.41(1H, dd, J=11.2, 12.9Hx2), 4.05-4.45(2H, m), 4.30-4.38(1H, dd, J=4.0,
14.1Hz), 4.63(2H, d, J=5.9Hz), 4.65-4.76(1H, m), 4.98(1H, t, J=8.7Hz), 6.80-6.84(2H,
m), 7.32-7.40(1H, m), 8.31(1H, s), 10.38(1H, brs), 12.837(1H, s).

Example Y-2)
(4S,9aR)~5~Hydroxy'4'1nethyl'6,1O'diox0'3,4,6,9,9a,lO'hexahydrO‘ZH-l-oxa~4a,8a-diaz
a~anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

Ixample Y-3)
(4R,9aS)'5'Hydroxy-d.-methyl-éi,J.O-diox0'3,4,6,9,9a,lO-hcxahydro-2H~].-oxa-4a,8a'diaz
aranthracene-7-carboxylic acid 2,4-difluoro-benzylamide

1H-NMR (CDCIs)§: 1.42(3H, d, J=7.0Hz), 1.56(1H, dd, J=2,0, 14.0Hz), 2,19-2.30(1H,
m), 4.02(1H, d, J=2,2Hz), 4.05(1H, ¢, J=2.3Hz), 4.12(1H, dd, J=6.0, 13.6H27), 4.27(1H,
dd, J=4.2, 18.4Hz), 4.64(2H, d, J=6.9Hz), 4.95-5.05(1H, m), 5.26(2H, d, J=4.1, 5.8Hz),
6.75-6.85(2H, m), 7.30-7.40(1H, m), 8.30(1H, s), 10.38(1H, brs), 12.45(1H, s).

IExample Y-4)

(ZR,OaR)-5-I-Iydroxy-2-methoxymethyl'6, 10-diox0-3,4,6,9,9a,10-hexahydro-2H-1-0oxa-4
a,8a-diaza-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

Example Y-8)

(ZS,QaS)-5~Hydroxy-2'1nethoxymethy1'6, 10-diox0-8,4,6,9,9a,10-hexahydro-2H-1-oxa-4a

i 116

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

,8a-diaza-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

1H-NMR (CDCI»)8: 1.60-1.80(2H, m), 3.09-3.21(1H, m), 3.37(3H, ), 3.35-3.50(2H, m),
4.00-4.11(1H, m), 4.24(1H, d, J=18.1Hz), 4.36(1H, d, J=10.1Hz), 4.64(1H, d, J=6,9Hz),
4.70-4.80(1H, m), 5.12(1H, s), 6.75-6.85(2H, m), 7.30-7.40(1H, m), 8.30(1H, s),
10.88(1H, brs), 12.33(1H, brs).

Example Y-5)
(GaI{,GaS,lOaR)'l'Hydroxy'Z,12'dioxo-2,5,5a,’7,8,9,10,10a,11,12'decahydrO'GaH'G'oxa'
4a,lla-diaza-naphthacene-8-carboxylic acid 2,4-difluoro-benzylamide [racemate]
1H-NMR (DMSO0-d6)8: 1.00-1.85(9H, m), 2.90(1H, t, J=4.2Hz), 4.36(1H, dd, J=4.2,
12.9Hz), 4.44-4.57(4H, m), 5.32(1H, t, J=8.9Hz), 7.03-7.09(1H, m), 7.20-7.27(1H, m),
7.85-7.43(1H, m), 8.49(1H, s), 10.34(1H, brs).

Tixample Y-6)

(ZS,SaR)'Z-Ethyl'E'hydroxy'G,10~diox0'3,4,6,9,9a, 10-hexahydro-2H-1-oxa-4a,8a-diaza-
anthracene-7-carboxylic acid 2,4"diﬂ11oro'benzylamide'

Example Y-7)
(2R,9aS)-2-Ethyl~5-hydroxy'B,10-dioxo-3,¢1,6,9,9a,10*hexahydro-2H'l-oxa~4a,8a-diaza'
anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

1H-NMR (DMS80-d6)8: 0.87(38H, d, J=5.4Hz), 1.40-1.51(3H, m), 1.76(1H, d, J=10.8Hz),
8.22(1H, ¢, J=10.2H2), 3.78-8,78(1H, m), 4.41-4.57(4H, m), 5.29(1H, s), 7.08-7.07(1H,
m), 7.21-7.26(1H, m), 7.87-7.42(1H, m), 8.50(1H, s), 10.34(1H, brs), 12.48(1H, s).

Example Y-10)
(ZS,QaS)'B-Hydroxy'GS,10'dioxo-2'phenyl'8,4,6,Q,Oa,IO-hexahydrO'ZH'1'oxa'4~a,8a'diaz
a-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide .
1H-NMR (CDCI3)6: 1.70-1.82(1H, m), 1.98(1H, d, J=9.6H2), 3.49(1H, t, J=9.6Hz),
4.54:4.68(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(11H, s), 10.38(1H, s), 12.45(1H, s).

Txample Y-11)
(2S,9aS)'5~I-Iydroxy'2-isopropy1'6,10'diox0'3,4,6,9,9a,10-hexahydro*2H*1'oxa-4a,8a-di
aza~anthracene-7-carboxylic acid 2,4-difluoro-benzylamide

Example Y-12)
(ZR,QaR)'S-Hydroxy‘2'isop1'opy1'6,10~diox0’8,4,6,9,9a,10-hexahydro-2H-l'oxa-4a,8a'di
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aza-anthracene-7-carboxylic acid 2,4-difluoro-benzylamide A
1H-NMR (DMSO-d6)8: 0.86(6H, dd, J=4.8, 13.5Hz), 1.41-1.49(1H, m), 1.57-1.69(11,
m), 1.72-1.78(1H, m), 8.20(1H, t, J=8.4Hx), 3.52-3.59(1H, m), 4.41-4.46(5H, m),
5.29(1H, s), 7.01-7,08(1H, m), 7.21-7.26(1H, m), 7.87-7.43(1H, m), 8.50(1H, s),
10.35(1H, brs), 12,48(1H, ),

Bxample Y-13)
(3S,9aS)‘5'Hydroxy-3-1nethy1-6,10-dioxo-3,4~,6,9,9a,10-hexahydro-2I—I~1~oxa'4a,8a-diaz
a-anthracene-7-carboxylic acid 4-fluoro-benzylamide ’

Tixample Y~14)
(BR,QaR)'G'I-Iydroxy'B'methyl'G,10-dioxo-3,4,6,9,9a,].O-hexahydro-ZH-l'oxa'fl-a,Ba'diaz
aranthracene-7-carboxylic acid 4-fluoro-benzylamide

1H-NMR (DMSO-d6)8: 0.81(8H,d, J=6.6Hz), 1.84-1.93(1H, m), 2.86(1H, t, J=12.5Hz),
8.48(1H, t, J=11.1Hz), 8.97-4.08(1H, m), 4.41-4,60(3H, m), 4.52(2H, d, J=5.9Hyz),
5.20(1H, t, J=3.8Hz), 7.12-7.20(2H, m), 7.82-7.38(2H, m), 8.52(1H, s), 10.36(1H, t,
J=5.9Hz), 12.45(1H, s),

Example Y-15)
(ZR,S)aS)'5-Hydroxy-2-methy]-6,1O'di0x0'3,4,6,9,9a,10~hexahydro-2H-],'oxa-da,Sa'diaz
aranthracene-7-carboxylic acid 2,4-difluoro-benzylamide

FExample Y-186)
(28,BaR)'5'Hydroxy'2'methy1'6,].O'dioxo~3,4,6,9,9a,IO'IlexahydrO'QH-].'oxa-éla,Ba*diaz
aranthracene-7-carboxylic acid 2,4-difluoro-benzylamide

1H-NMR (DMSO-d6)8: 1,14(3H, d, J=6.0Hz), 1.38(1H, m), 1.75(1H, d, J=13.8Hz),
3.18-3.29(1H, m), 3.95-4.06(1H, m), 4.42-1.58(3H, m), 4.54(2H, d, J=5.7Hz), 5.30(1H, t,
J=8.9Hz), 7.08-7.10(1H, m), 7.20-7.29(1H, m), 7.36-7.44(1H, m), 8.50(1H, ), 10.85(1H,
t, J=6.7Hz), 12.48(1H, s).

Example Y-17)
(2S,9aR)‘6"Hydroxy‘2'methy1'6,lO'dioxo-3,4,G,9,9a,lO-hexahydrO'ZH'l'oxa'cla,Sa'diaz
a-anthracene-7-carboxylic acid 4-fluoro-benzylamide

Bxample Y-18)
(2R,9aS)'S'Hydroxy-z'methyl‘6,10'diox0'3,4-,6,9,9a,lO'hexahydrc)'ZH'l'oxa'4a,8a'diaz
a~anthracene-7-carboxylic acid 4-fluoro-benzylamide

1H-NMR (DMSO0-d6)8: 1.15(8H, 4, J=6,0Hz), 1.35-1.50(1H, m), 1.75(1H, d, J=12.9Hz),
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8.23(1H, td, J=13.0, 2.8Hz), 8.96-4.08(1H, m),4,41-4,69(3H, m), 4.52(2H, d, J=6.0Fz),
5.830(1H, t, J=3.9Hz), 7.12-7.19(2H, m), 7.32-7.38(2H, m), 8.52(1H, s), 10.86(1H, t,
J=6.0Hz), 12.48(1H, s).

Corresponding amino-alcohol derivatives used in syntheses of Y-1 to Y-18 were
-prepared as optically pure version using methods similar to those described in the

following reports.

8-Amino-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) 2213-2224).

1-Amino-pentan-3-ol, 1-Amino-4-methyl-pentan-3-ol, 4-Amino-1-methoxy-butan-2-ol,
and 3-Amino-1-phenyl-propan-1-0l 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 2009,

All examples below consist of >95% ee and >6'1 diastereomeric purity unless
indicated otherwise. The compounds shown in table Z7Z 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 heen assigned using NMR techniques
well know 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 arriving at the same compounds of the

general formula or amino alcohol and diamine precursors.

[Chemical formula 68]

H N/\ oBn Q .
O ;
\Q/ \nj\:f')‘\ e '_L " H ° \ N/>
Conditions AorB N x-N H O
F (0]

16a 107
Conditions A Conditions B
DCM, AcOH ~1,2-DCE, AcOH
140 °C microwave 85°C
[Chemical formula 69]
‘THZ OBn O
0
108 H ~ N H
N X N\/sl\N
Conditions AorB F 0 10 H
- 9
16a
F
OH O
Pd/C, H; ’ 0 N N H
MeOH AN N\%{\N
F 0
Z-2
F
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[Chemical formula 70]

PCT/US2006/016604

\’/ 1) BH;THF, }/ KCN
0__0 ' 0.0 N
\N( ‘ THF \f DMSO \rf ?N Ra-Ni
wwCOH  2) TsCI, DCM, 90 °C o NH
Q : DMAP, Et,N \ / \ / EOH
110 111 112
\l/ ) 4NHCl, 1) 16a
THF N Condns A or B
O O T
Y o= N
N " 2) MP'CO:;: N 2) Pd/C H
C \ CH,Cl, 114 MeOH F
N
113
F
[Chemical formula 71)
>(O\(O 1) CICO,Me, Et,N OY/O o\(o "
Ha-Ni 2
N._.CO,H THF then NH,,OH> U o 7( !
U 2) TFAA, Et,N, THF U lEﬂf(,)r:iHs
115 116 OH ©O 117
1) 1
naNHo,THE g e D) 168 oA A H
- N ondns A or H R
2) MP-CO ) N X N\/A\N
@ 2) Pd/C, H, :
CHLCly 118 MeOH F 0
z-18
F

[Chemical formula 72]
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@] =
0] z @] z :
i Mesog J_ 4 MNaonpmso o J
0Ny —— = 0 NTY = N
H H -or- H o on
/’\ OH  Et,N, CH,Cl, /{\ OMs KCN, 18-¢-6 121
19 120 DMSO '
Ra-Nji 0 5 reductive 0 ? 1) HCI, THE :
N OJLN ' T 07N ———= HEN/j
H,, NH, H/j armination H 2) MP-CO HN
EtOH /’\ HZN /L /’\ HN CH2C|2 @
122 cHO 23Y 124
1) 16
Condns A or B oH O :
2) Pd/C, H " O N/j
» g
MeOH N SN

[Chemical formula 78]

5
o)
1 on
125

1) HCI, THF

————— H,N
2) MP-CO,,

CH,0l, HN

128 A MeQOH H N
F 0] A
2-47

[Chemical formula 74]

Cipla v. Gilead

DIBALH
—_— 0

o)
reductive /U\

N —m 0O N
H CHO aminatlon/!\ HHN
126 A\

NH, 127
1) 16a

Condns A or B QH O
—— -~ 0] N N
2) Pd/C, H, N
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o
0 NaN,, DMSO >J\ I
S — AN

OJJ\”/\/O\SOZMB O N 3

130
129

Pd/C, H,, O g reductive /[CJ)\ :
— Jj\ /'\/NH2 — A~-NH

07N natl N
MeOH H amination H

131 Pu 132
CHO

OH O -

1) HCI, THF 1) 16 o {
—— = Kl\ Condns Aor B H o N/>

2) MP-CO,, . _A_ _NH N
chol, HNT 2) Pd/C, H, I H
133 MeOH ZZ-16
F
[Chemical formula 74]
0 CbzCl - :>L\ /ﬁ\ H
oA A, 22 S AR,
H Et,N, THF H
134 135
TFA, CH,Cl, H reductive fl:j Pd/C, Hz
—— - HZN N“Z e HN ~Z ’

amination
136 /J\ \W/J 137 MeOH
CHO
/l\v/NH 1) 16a ©Bn O
HN 2 Condns A or B O~ N
—————— H /B”””
Y 138 2) Pd/C, H, N X N\/i\N
MeOH F 0 H \\(

[Chemical formula 75]
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>j\ /[\A Cbzol oiN’k/\ S
H

H, Et N, THF ﬁ
139 140
HEL, THF reductive .
—— L e N -
HoN H amination H H

141 (CH,0),

142
1) 16a
Pd/C, H, N Condns A or B /j
MeOH i 2 Pao, 1, X N\/}\ "

2N MeOH ;:

[Chemical formula 76]

) TsClor MsCI
Z‘N/H(OH BH, THF k "

I o 2) KCN, 18-c- e
DMSO or NaCN

145 146
J\/ Ra-Ni, . /I\/\ Pd/C, H,
Z\N CN - \Ifl [\“--nl2 e~
a7 NHg, H, 148 MeOH
EtOH
OH ©
L Gonene )
~ Condns A or B
N NH, =ondns Aor N A N\%_i\N
143 2) Pd/C, H, F 0 I
MeOH
zz-5
F

[Chemical formula 77]
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S Ao

149

1) Pd/C, H,

2) LIAIH,

PCT/US2006/016604

) [O]

.
_—

2) PhyP=CHCO,Et

JLLN

151
1) Pd/C, H, MeOH

jo—
_—

X

o N/Q\I(OEt

£
150

) MsCl, EtzN
EEee— ]

2) NaN,, DMSO

/!\ | 2) HCI, THF ! |
3) MP-CQO,, CH,CI
152 ) 3 202 153
OH O
1) 16 o)
Condns AorB H o N
Gonche Aor R I AL
N,
2) PA/C, H, i HNT
MeOH
ZZ-4
F
[Chemical formula 78]
WH, OH >L >L j/
s ‘\l BOC,0 /[LN OH 1) [O] JJ\N
= —p— R — e .
Et,N, MeOH 2) Reductive
amination
154 155 156
NH,
1) 16a
1) HCI, THF NH,HN Condns A or B 0
—_— - H ‘_‘“\\l —_——— H
2) MP-CO,, GH,Cl, O 2) PA/C, H, N
MeOH F
187
F
[Chemical formula 79]
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1) GIC(O)Me, Et;N 1) Ra-Ni, NH,, H,

CO,H THF, NH, OH EtOH
é N4 -
(5” 7]/0 2)TFA, EtaN THF 77/ 2) Reductive amination
o) K /L
158 159 CHO

)?N 1) Hl, THF /H 1) 16a

ZT

’ — HN Condns Aor B
2) MP-CO,, CH,CI >
N?Z/O ) @ 2 N, 2) Pd/CiH,
2 MeOH
160 © K
OH © 161
O
F o} H
Z-49
F
[Chemical formula 80]
1) CIC(O)Me, Et;N OH 1) 16a
GO,H THF, NaBH,, MeOH Condns A or B
H - NH, —
7]/0 2) HCI, THF 2) Pd/C, H,
K 7< 3) MP-CO3, CH,Cl, MeOH .
158 162
o]

H

N

F 0

[Chemical formula 81]

126

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

1) TsCl, Et;N, CH,Cl, \‘/ hoo: 1) LIAH,, THF
HO._A_0O = O NUAL O =
~TN 2) NaN,, DMSO Y 2) TsCl, Et,N, CH,Cl,
0 3) Pd/C, H,, EtOAc O o
163 BOC,0 164
_ 1) Pd/C, H,
\(')/ H NaN,, \’/ b ElOAG \}/ L Y
O N_A > O.__N._A_NH
Wé/ \/\OTS DMSO Y 2) Reductive [~ >
O 46 Ng amination 0 167
165 acetone
. 1) 16a
1) HCI, THF Condns A or B L
— S O AN e
2) MP-CQ,, HN A _NH 2) Pd/C, H, H /j
CH,CI, MeOH N X N\/el\N
168 F 0 R
Z2-9
F

[Chemical formula 82]

\'/“ NaCN, \!/ Hoi Ra-NI, H, \l/ H

> ' — e O N = O._N :
T DMSO T NH,, EtOH T \ﬁ
CN s O Ly

O OTs O 4g9
165 170 ''2
1) Reductive
amination _ OH O .
) : 1) 16a 0 3
CHO HN Condns A or B H ~ N
e e A d A on Ak
HN 2) Pd/C, H g N
2) HCI, THF 2 3
3) MP-CO,, MeOH S/
CH,Cl, 171 2Z-12
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[Chemical formula 83]

\‘/ ) \’/ w = 1HCl
O\ﬂ/ﬁ Cbz0l, El,N, \n/N\ﬁ THF HZN\/’j
0 \/j THF O N~ 2 MPCO,  Z.
170H2N 171 H DCE 172 H

1) Reductive
amination OH O
)\ c d16aA B H YNy
onans or
cHO. /Q\/j N _Ax N
Pd/C H, BN
2) Pd/C,H - MeOH F ©
MeOH 173 Z7.15
F

Iixample %-1:

(BR11aS-N f(2,4-'Diﬂuorouhenvl)methvl]'6'hvdroxv'B-methvl-ﬁ.’7-dioxo-2.8,5,7. 11.1la

-hexahvdrofl.3]oxazolofB,Z'a]pvridofl,z-d]nvrazine-S~ca1'boxamide sodium salt.

a)
(B8R, 11a9)- N [(2,4-Difluorophenyl)methyl] "3-methyl-5,7-dioxo-6-[(phenylmethyloxy]-2,
5,7,11,11a-hexahydro(1, 3]oxazolo[B,Z'a]pyrido[l,Z' 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-I-propanol (0.14 ml, 1.74 mmol) and 10 drops of glacial acetic acid.
The resultant solution was heated at rﬁlux for 2 h. Upon cooling, Celite was added
to the mixture and the solvents removed in vacuo and the material was purified via
silica gel chromatography (2.% CHsOH/CH:2Clz gradient elution) to give
(88,11a.9)- M[(2,4-difluorophenyD)methyll-8-methyl-5,7-dioxo-6- [(phenylmethyoxyl-2,
3,5,7,11,11a-hexahydro[1,3]Joxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide (396
mg, 92%) as a glass, 'H NMR (CDCls) § 10.38 (m, 1 H), 8.42 (s, 1 H), 7.54-7.53 (m, 2
H), 7.87-7.24 (m, 4 H), 6.836.76 (m, 2 H), 5.40 (d, J= 10.0 Hz, 1 H), 5.22 (d, J= 10.0
" Hz, 1), 5.16 (dd, J'= 9.6, 6.0 Hz, 1 H), 4.62 (m, 2 H), 4.41 (m, 1 H), 4.83-4.30 (m, 2

H), 8.84 (dd, /= 12.0, 10.0 Hz, 1 H), 3.63 (dd, /= 8.4, 7.2 Hz, 1 H), 1.7 (d, J= 6.0 Hz,

3 H); I8S+ MS: 496 (M+1).

b)

(8]\?,llaS)'N'[(2,4‘“Difluorophenyl)methyl]'G-hydroxy'3-methy1-5,7-dioxo*2,3,5,7,1].,].1::1
~hexahydro[1,8Joxazolo[3,2-alpyrido[1,2- dlpyrazine-8-carboxamide sodium salt. To a
solution of
(8.1?.,lla;S')~N[(2,4*diﬂuoropheny])methyl]-3-methyl-5,’7-dioxo'6'[(phenylmethy])oxy]'2,
3,5,7,11,11a-hexahydrol[1,3]Joxazolo[8,2-alpyridol1,2-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

-

(8R, 1laS)'N‘[(2,4~-diﬂuoropheny1)methyl]'6'l1ydroxy-3~methyl-5,7-dioxo-2,3,5,’7, 11,11a-
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hexahydro[1,3loxazolol3,2-alpyridol1,2- dlpyrazine-8-carboxamide as a pink tinted
white solid (278 mg, 86%). 1H NMR (CDCls) § 11.47 (m, 1 H), 10.29 (m, 1 H), 8.32 (s,
1), 7.86 (m, 1 H), 6.82 (m, 2 H), 5,81 (dd, J = 9.6, 3.6 Hz, 1 H), 4.65 (m, 2 H),
4,47-4.38 (m, 8 H), 3.98 (dd, /= 12.0, 10.0 Hz, 1 H), 3,75 (m, 1 H), 1.49 (d, J = 5.6 Hz,
3 H); ES* MS: 406 (M+1). The above material (278 mg, 0.66 mmol) was taken up
in ethanol (10 mL) and treated with 1 & sodium hydroxide (aq) (0.66 mL, 0.66 mmol).
The resulting suspension was stirred at room temperature for 30 min, Ether was
added and the liquids were collected to provide the sodium salt of the title compound

BN

as a white powder (291 mg, 99%).” 'H NMR (DMSO-ds) § 10,68 (m, 1 H), 7.90 (s, 1 H),
7.85 (m, 1 H), 7.20 (m, 1 H), 7.01 (m, 1 H), 5.20 Gn, 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), 1.26 (4, J= 4.4 Hz, 3 H).

Lxample Z-2:

(4a.182.9)-N-1(2,4-Difluorophenyl)methyl]-10-hydroxy-9.1 1-diox0-2.8.42,5.9,11,13,134a

~octahydro-1 /A pyrido[1.2-alpyrrolo[1'.2"3,4limidazo[1,2-dlpyrazine-8-carboxamide.

OH O

a)

(4a.2,13a.9)- V- [(2,4-Difluoropheny)methyl]-9, 11-dioxo- 10-[(phenylmethyl)oxyl-2,3,4a,5
,9,11,]3,13a-octahydro-1.H‘pyrido[1,2-n]pyrrolo[l',f&'18,4]imidazo[1,2'd]pyrazinc~8'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
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°C for 10 min. Upon cooling, Celite was added to the mixture and the solvents
removed in vacuo and the matexial was purified via silica gel chromatography (2%
CIH3OH/CHCle gradient elution) to give
(/-LaJi’,13aS)'N[(2,/1-diﬂuorophenyl)methyl]'9,11‘dioxo~10'[(phenylmethyl)oxy]-2,3,4&,5,
9,11,18,18a-octahydro-1 A pyrido[1,2-alpyrrolo[1',2"8,4]imidazol1,2: dlpyrazine-8-carbo
xamide (19 mg, 71%) as a white solid. 1H NMR (CDCls) & 10.41 (m, 1 ), 8.38 ts, 1
H), 7.56 (m, 2 H), 7.88-7.24 (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 H), 4.40 (m, 1 H), 4.25 (dd, /= 12.0, 6.8 Hz, 1 ), 4.10 (d, J

il

12.8 Hz, 1 H), 8.83 (m, 1 H), 8.71 (m, 1 H), 3.14-3.04 (m, 2 I, 2.78 (m, 1 ),

2,11-1.58 (m, 4 H); BES* MS: 521 (M+1).

b)
(4-aJ€,13;115)-./\/-[(2,4-'Diﬂuorophenyl)methyl]'].O'hydroxy~9,ll'c1i0x0'2,3,4a,5,9,11,18,13a
-octahydro-1/-pyridoll,2-alpyrrolo[1',2"3,4]imidazol1,2-dlpyrazine-8-carboxamide.

To a solution of
(4-2115,13aS)'N[(2,d~-diﬂuorophenyl)methyl]'9,].l-dioxo-10"[(phenylmethyl)oxy]“2,3,421,5,
9,11,13,13a-octahydro-14 pyrido[1,2-alpyrrolo(1',2":8,4limidazo[1,2- dlpyrazine-8-carbo
xamide (19 mg, 0.04 mmol) in methanol (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 in.vacuo to give the title compound (6 mg, 38%) as a
white solid. 1H NMR (CDCls) § 11.73 (m, 1 H), 10.36 (m, 1 H), 8.31 (s, 1 H), 7,33 (m,

1H), 6.78 (m, 2 H), 4,62 (m, 2 H), 4.50 (m, 1 H), 4.27-4.19 (m, 2 H), 8.87-3.77 (m, 2 H),
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8.16-3.08 (m, 2 H), 2.83 (im, 1 H), 2.11-1.65 (m, 4 H): 18S+ MS: 431 (M-+1).

Txample Z-3!

(8a.5.18a,9)-V-[(2,4-Difluorophenyl)methyl]-8-hydroxy-7.9-dioxo  1.2.8.84.4.5.7.9.13.13a

~decahydropyrido(1'.2":4,6]pyrazinol1.2-alpyrrolo[1.2-dpyrimidine: 10-carboxamide.

OH O
F ’ O SN N .y
F 0]

a) NBOC-(29-2-(HydroxymethyD)-1-pyrrolidine. To a solution of N-BOC-L-proline

(4,17 g, 19.4 mmol) in THF (40 mL) at 0 °C was added BHy-THE (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 removed iz vacuo. The residue was taken up in ethyl acetate and
washed with sodium bicarbonate and brine. The aqueous layers were extracted twice
with ethyl acetate. The combined organics were dried over Na:2504, filtered and
concentrated to give MNBOC-(2.9-2-(hydroxymethyl)-1-pyrrolidine (3.82 g, 98%) as a
clear oil, This material was used without further purification. 'H NMR (CDCL) §
8.94 (m, 1 H), 3.62 (dd, /= 11.2, 3.2 Hz, 1 H), 8.56 (dd, /= 10.8, 7.2 Hz, 1 ), 3.44 (m,

1 H), 38.29 (m, 1 H), 2.62 (by, 1 H)»1.98 (m, 1 H), 1.86-1.72 (m, 2 H), 1.568 (m, 1 H).

b) N-BOC-(28)-2-({l(4-Methylphenylsulfonylloxy}methyD-1-pyrrolidine. To a cold
(0 °C) solution of NBOC-(2.8)-2-(hydroxymethyl)-1-pyrrolidine (350 mg, 1.74 mmol) in

dichloromethane (20 mL) was added triethylamine (0.29 mL, 2.08 mmol), and
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toluenesulfonyl chloride (398 mg, 2.08 mmol), N, N-demethylaminopyridine (70 mg)
was added and the resultant solution was allowed to warm to rt as the bath warmed
and stirred for 4 h. Water was added and the layers separated. The aqueous layer
was washed with sodium bicarbonate and then with brine, The combined organics
were dried over NazSO0,, filtered and concentrated followed by flash chromatography
purification to give -
N-BOC-(2:5)-2-({[(4-methylphenyDsulfonylloxytmethyl)- 1-pyrrolidine (460 mg, 75%) as
a clear oil, 'H NMR exists as rotomers (CDCls) § 7.77 (d, 2 H), 7.83 (m, 2 H), 4.08 (m,
1), 8.97-8.88 (m, 1 H), 8.85-3.25 (m, 2 H), 2.43 (s, 8 H), 1.95-1.79 (m, 4 H), 1.40 and

1.85 (s, 9 H rotomeric BOC #butyl).

c) N-BOC-(2.9)-2-Cyano-1-pyrrolidine. A mixture of -
N-BOC-(2.9)-2-({[(4-methylphenyl)sulfonylloxylmethyl)- 1-pyrrolidine (460 mg, 1.29
mmol) and KCN (256 mg, 3.88 mmol) were heated at 90 oC in DMSO (10 mL) for 6.5 h.
The mixﬁwe was cooled to room temperature and EtOAc and water were added. The
organics were washed with water twice and then with brine. The aqueous layers
were extracted with EtOAc and the combined organics dried over NazSQy, filtered and
concentrated followed by flash chromatography purification to give NBOC-
(25’)"2'cyan0'l'pyrrolidine (179 mg, 66%) as an oil. 1T NMR exists as rotomers
(CDCl3) 6 3.99 (m, 1 H), 8.48-8.37 (m, 2 H), 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)  NBOC-(29-2-(2-Aminoethyl)-1-pyrrolidine. A solution of MNBOC-
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(29)-2-eyano-1-pyrrolidine (179 mg, 0.85 mmol) in ethanol saturated with anhydrous
ammonia was treated with Raney-Ni (1 mL of 50% aq. Suspension) and 50 psi of Hs
overnight. The mixture was filtered through Cel'itc and the filtrate was concentrated
I vacuo. The residue was purified by flash chromatography (10% CH3;OH/CH:Cl:
with 1% NH.OH gradient elution) through a short plug of silica gel to give -
NBOC-(29-2(2-aminoethyl)-1-pyrrolidine (90 mg, 50%) as a clear oil. ' NMR
exists as rotomers (CDCly) & 8.88-3.77 (m, 1 H), 8.38-3.24 (m, 2 H), 2.66 (m, 2 H),

1.89-1.54 (m, 6 H), 1.40 (s, 9 H),

e) {2'[(26‘)'2']?yrrolidi;yl]ethyl}amine. A solution of -
N-BOC-(28)-2-(2-aminoethyl)-1-pyrrolidine (90 mg, 0.42 mmol) in THF (8 mL) was
treated with 4 N HCI (aq) (2 mL) and stirred at room temperature for 3 h. The
mixture was concentrated iz vacuo to give the title compound as its HCI salt. A
portion of this material (40 mg) was dissolved in methanol and treated with solid
supported carbonate resin (MP-Carbonate, Argonaut Technologies) to freebase the
amines. After 30 minutes, the solution was filtered through a fritted tube and the
solvents removed carefully in vacuo to give {2-[(28)-2 pyrrolidinyllethyllamine (30 mg)
as its free base. JH NMR (CDCly) & 8.06 (m, 1 H), 2.94 (m, 1 I, 2.88 (m, 1 H),

2.79-2.69 (m, 2 H), 1.90-1.56 (m, 6 H).

)
(8a.5,132.9)- V- ((2,4-Difluorophenyl)methyl)-7,9-dioxo-8- [(phenylmethyDoxyl-1,2,3,3a,4,

5,7,9,13,13a-decahydropyrido[1',2:4,5]pyrazinol1,2- alpyrrolol1,2- cpyrimidine-10-carb
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oxamide. A solution of 16a (30 mg, 0.06 mmol), {2-[(29-2-pyrrolidinyllethyl}amine
(30 mg, 0.26mmol) and 2 drops of glacial acetic acid were heated under microwave
conditions at 140 °C for 10 min. Upon cooling, Celite was added to the mixture and
the solvents removed iz vacuo and the material was purified via silica gel
chromatography (2% CH30H/CH:Cl: gradient elution) to give
(3251329 MV-[(2,4-Difluorophenylmethyl]-7,9-dioxo-8-[(phenylmethylloxyl-1,2,3,3a,4,
5,7,9,13,18a-decahydropyrido[1',2":4,5]pyrazinol1,2-alpyrrolal1,2-clpyrimidine-10-carb
oxamide. (25 mg, 74%) as a film. 1H NMR (CDCla) & 10.44 (m, 1 H), 8.32 (;, 1 1),
7.59 (m, 2 H), 7.88-7.24 (m, 4 H), 6.80 (m, 2 ), 5.28-5.22 (m, 2 H), 4.67 (dd, J= 13.6,
2.8 Hz, 1 H), 4.62 (m, 2 H), 4.26 (m, 1 H), 4.11-4.03 (m, 2 H), 2.91 (m, 1 H), 2.81 (m,
1 H), 2.37 (m, 1 H), 2.24 (m, 1 H), 1.92 (m, 1 H), 1.82-1,76 (m, 3 H), 1.52-1.38 (m, 2 H);

B8t MS: 535 (M+1).

g)

(3a.5,182.9)- N-[(2,4-Difluorophenyl)methyl]-8-hydroxy-7,9-dioxo-1,2,3,3a,4,5,7,9,13,13a
-decahydropyrido[1',2":4,5]pyrazinoll,2-alpyrrolo[1,2- clpyrimidine- 10-carboxamide.

To a solution of
(3a.5,132.9)- M[(2,4-difluorophenylmethyl]-7,9-dioxo-8-[(phenylmethyDoxyl-1,2,3,3a,4,
5,7,9,13,1Ba-decahfdropyrido[1',2':4-,5]pyrazino[1,Z'a]pyrrolo[l,il-c]pyrimidine'].O-carb
oxamide (26 mg, 0.05 mmol) in methanol (8 ml) was added 10% Pd/C (10 mg).
‘Hydrog’en was bubbled through the reaction mixture via a balloon for 18 L. The
resultant mixture was filtered through Celite with methanol and dichloromethane.

The filtrate was concentrated iz vacuo to give the title compound (14 mg, 67%) as a
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white solid. 1TH NMR (CDCI3) & 12.58 (br, 1 H), 10.44 (s, 1 H), 8.29 (s, 1 H), 7.34 (m,
1H), 6,78 (m, 2 H), 4.71-4.58 (m, 3 H), 4.29-4.14 (m, 3 H), 2.99 (m, 1 H), 2.88 (m, 1 H),

2.44 (m, 1 H), 2,80 (m, 1 H), 1,.97-1.38 (m, 6 H); ES* MS: 445 (V+1).

Bxample Z-4:

(4a.813aR)- NV[(2.4-Diflvorophenyl)methyl]-10-hydroxy-9.11-dioxo-2.3.42.5.9.11.18.13a

-octahydro-1 /A pyrido[1,2-alpyrrole(1.2:8 4limidazo[1.2-dlpyrazine-8-carboxamide

sodium salt,

Na* 0" o
F O Ay H
H
F O H
a) [(2.7)-2-Pyrrolidinylmethyllamine. To a solution of

N-BOC-(2/)-2-(aminomethyl)-1-pyrrolidine (1.837 g, 6.85 mmol) in THF (20 mlL) was
added 4 NHCI (ag) (8 mI). The resultant solution was stirred at room temperature
overnight. The solvents were removed in vacuo and the residue was treated with
MP-carbonate resin in n}ethanol and dichloromethane. After 1 h, the resin was
removed via filtration through a fritted tube and the volatiles were removed carefully
I vacuo to produce the free based amine (760 mg crude >100%) as a oil. This
material was used without further purification, 'H NMR (CDCls) & 38.13 (m, 1 H),

2.92 (m, 1 1), 2.82-2.62 (m, 5 H), 1.88-1.80 (m, 4 H).

b)

(4a5,13a.8)- N[(2,4°D ifluorophenyDmethyl]-9,11-dioxo-10- [(phenylmethyl)oxyl-2,3,4a,5
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,9,11,13,13a-octahydro- 1 H 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, 0.98
mmol) and [(2./2)-2-pyrrolidinylmethyllamine (200 mg, 2.0 mmol) in
1,2-dichloroethane (20 mlL) and 15 drops of glacial acetic acid was obtained
(4a.5,13a.:)-V-[(2,4-difluorophenylmethyl]-9,11-dioxo- 10-[(phenylmethyDoxy)-2,3,4a,5,
9,11,]3,].Ba-octahydro-].,H-pyrido[l,2'a]pyrrolo[1',2‘28,4]imidazofl,2'- dipyrazine-8-carbo
xamide (321 mg, 67%) as a white solid. 'H NMR (CDCls) § 10.41 (m, 1 H), 8.85 (s, 1
H), 7.56 (m, 2 H), 7.55-7.24 (m, 4 H), 6.80 (m, 2 H), 5.35 (d, /= 10.0 Hz, 1 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 H), 8.77 (apparent t, J= 11.6 Hz, 1 H), 3.68 (m,
1 H), 3.11-3.00 (m, 2 H), 2.75 (m, 1 H), 2.08-1.84 (m, 3 H), 1.65 (m, 1 F); BS+* MS: 521

(M+1).

c)

(485,138 R)- N-[(2,4-Difluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,18,18a
octahydro- 1 H-pyridol1,2-alpyrrolol1',2':3,4)imidazol1,2-dlpyrazine-8-carboxamide,

In a similaxr mannex as described in example Z-2 from
(4aS,13aR)- N-[(2,4-difluorophenyl)methyll-9,11-dioxo-10-[(phenylmethyDoxyl-2,8,4a,5,
9,11,18,18a-octahydro- 1A pyrido[1,2-alpyrrolo(1',2":8,4]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.5,18aR)- N-[(2,4-Difluorophenyl)methyl]- 10-hydroxy-9, 11-dioxo-2,3,42,5,9,11,13,13a
-octahydro- 14 pyrido[1,2-alpyrrolof1',2":3,4)imidazo[1,2- dlpyrazine-8-carboxamide

(430 mg, 99%) as a white solid. H NMR (CDCls) & 11.73 (m, 1 H), 10.36 (m, 1 H),
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8.32 (s, 1 1D, 7.35 (m, 1 H), 6.79 (m, 2 H), 4.64 (m, 2 H), 4.54 (dd, J = 10.8, 4.0 Hz, 1
H), 4.284,19 (m, 2 H), 8.90-8.79 (m, 2 H), 8.18-3.10 (m, 2 H), 2.84 (m, 1 H), 2.14-1.92

(m, 3 H), 1.72 (m, 1 H).

)
(4&1)5',13?1.1?)-]\/‘[(2,4-Diﬂuorophenyl)methyl]'10'11yd1’0xy'9,11-dioxo-2,3,4a,5,9,11,13,13a
-octahydro-1 A-pyridol1,2-alpyrrolol1',2":3,4]limidazo[1,2- dlpyrazine-8-carboxamide
godium salt, In a similar manner as described in example %1 from
(/-.laS,].BaJB)']\f'[(2,4«'Diﬂuorophenyl‘)methyl]'lO'hydroxy'Q,11*di0x0'2,3,4a,5,9,11,1'8,].3a
-octahydro-1Hpyridol1,2-alpyrrolo[1',2":3,4]imidazo[1,2-dlpyrazine-8-carboxamide
(430 mg, 1.0 mmol) and sodium hydroxide (1.0 mL, 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.
'H NMR (D20) 5 7.85 (s, 1 H), 7.28 (m, 1 H), 6.82 (m, 2 H), 4.51-4.46 (m, 3 H), 4.28 (m,
1 H),8.956 (m, 1 H), 3.84 (m, 1 H), 3.62 (m, 1 H), 3.16 (m, 1 H), 2.89 (m, 1 H), 2.84 (m,

1H), 1.90 (m, 2 HD, 1.78 (m, 1 H), 1.60 (m, 1 H). ES* MS: 431 (M+1),

Example Z-5:

(425 18aR)- N-[(4-FluorophenyDmethyl]- 10-hydroxy-9. 11-dioxo-2,3.4a,5.9.11,13.18a-oct

ahydro-1 A pyrido[1,2-alpyrrolo[1'.2":8.4limidazo[1,2- dlpyrazine-8-carboxamide.

OH O

H -
\©\/N X N\/I\N
O

H

The title compound was made in two steps using a similar process to that described
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in example Z-2. 16 (60 mg, 0.13 mmol) and [(2/)-2-pyrrolidinylmethyllamine (100
mg, 1.0 mmol) were reacted in dichloromethane (2 ml) with acetic acid to give
(4a$’,ISaJﬂ)'N[(4'ﬂuorophenyl)methy]]-9,1].-diox0-10-[(ph.enylmcthyl)oxy]-2,3,4&1,5,9,l

1,18,lBa*octahydro-lff'pyridofl,Zja]pyrrolo[l',Z'l:%,4]imidazo[1,2'a’]pyrazine'&carboxa

mide (60 mg, 91%). This material was hydrogenated in a second step as described in
example 72 to give
(425 13a.8)- M- [(4-fluorophenyl) methyll-10-hydroxy-9,11-dioxo-2,3,44,5,9,11,13,13a-oct

ahydro-1Hpyridol1,2-alpyrrolo[1',2"8,4]limidazo[1,2- dlpyrazine-8-carboxamide (21 mg,
42%) as a white solid.  'H NMR (CDCly) 6 11,72 (m, 1 H), 1.37 (m, 1 H), 8.33 (s, 1
), 7.29 (m, 2 H), 6,97 (m, 2 H), 4.57 (m, 2 H), 4.52 (m, 1 H), 4.24-4.19 (m, 2 H),
8.87-8.76 (m, 2 H), 8.14-3.07 (m, 2 H), 2.82 (m, 1 H), 2.11-1.89 (m, 3 H), 1.68 (1;1, 1 H);

B8+ MS: 413 (M+1).

Example Z-6!

(88, 11a/9)-N-[(2.4-Difluorophenylmethyll-6-hydroxy-5.7-dioxo-3-(phenylmethyl)-2. 3,5,

7.11.11a-hexahydro[1,3]oxazolo[3.2-alpyrido[1,2- dlpyrazine-8-carboxamide.

OH ©
F Lo NANy
N A NA~g
F O H

The title compound was made in two steps using a similar process to that described
in example Z-2. 16a (37 mg, 0.08 mmol) and (2.9)-2-amino-8-phenyl-1-propanol (35
mg, 0.24 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give

(88 11aR)-N-[(2,4-diflnorophenyl)methyl)-5,7-dioxo- 3-(phenylmethyD-6-[(phenylmethy
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Doxyl-2,8,6,7,11,11a-hexahydrol1,8]oxazolo[3,2- alpyrido[1,2- dlpyrazine-8-carboxamide
(41 meg, 91%). This material was hydrogenated in a second step as described in
example 72 to give
(85, 11aR)- N-[(2,4-Difluorophenyl)methyll-6-hydroxy-5,7-dioxo- 8- (phenylmethyl)-2,3,5,
7,11,11a-hexahydrol1,8loxazolo[8,2-alpyridol1,2-dlpyrazine-8-carboxamide. (25 mg,
75%) as a white solid.  'H NMR (CDCls) & 11.47 (br, 1 H), 10,28 (m, 1 E), 8.35 (m, 1
H), 7.37-7.26 (m, 4 H), 7.18 (m, 2 H), 6.79 (m, 2 H), 5.08 (mm, 1 H), 4.64-4.61 (m, 8 H),
4.40 (m, 1 H), 4.23 (apparent t, J= 7.2 Hz, 1 H), 3,96 (dd, J = 8.8, 6.4 Hz, 1 H), 3.88
(appavent t, /= 11.2 Hz, 1 H), 3.37 (dd, /= 13,6, 8,2 Hz, 1 H), 2.99 (dd, /= 138.2 8.8

Hz, 1 H); ES* MS: 482 (M+1).

Example 7Z-7:

(8a,5,18a,9) - V-[(4-FluorophenyDmethvl]-8-hvdroxy-7.9-dioxo- 1,2.8.82.4.5.7.9.13. 18a-de

cahydropyrido[1',2"4,5]pyrazino[1,2-alpyrrolo[1.2-clpyrimidine: 10-carboxamide.

The title compound was made in two steps using a similar process to that described
in example Z-2. 16 (84 mg, 0.13 mmol) and {2-[(29)-2-Pyrrolidinyllethyllamine (150
mg, 1.3 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(BaS,13a$§*N[(4'fl,uo.1,~opheny1)meth371]'7,9-d1'oxo~8*[(phenylmethyl)oxy]'1,2,8,3a,4,5,7,
9,13,13a-decahydropyrido(1',2"4,5]pyrazinol1,2- alpyrrolol1,2- dpyrimidine- 10-carboxa

mide (86 mg, 90%). This material was hydrogenated in a second step as described in

140

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

example Z-2 to give
(36\15',13&59'1\7'[(fi-Fluorophenyl)methyl]'8'hydroxy"7,9'c1ioxo~1,2,3,3a,4,5,7,9,13,13a'de

cahydropyrido[1',2":4,5]pyrazino[1,2-alpyrrolo[1,2-clpyrimidine-10-carboxamide. (63
mg, 88%) as a white solid.  'H NMR (CDCl/CDsOD) & 10.45 (m, 1 H), 8.23 (s, 1 H),
7.85 (m, 2 H), 6.94 (t, J = 8.8 Hz, 2 H), 4.63 (m, 1 H), 4.58-4.48 (m, 2 H), 4.33 (dd, J =
13.6, 8.6 Hz, 1 H), 4.21 (m, 1 H), 4.11 (m, 1 H), 2.98 (m, 1 H), 2.85 (td, /= 13.2, 3.2 Hz,
1H), 2.41 (m, 1 ), 2.29 (m, 1 H), 1.92 (n, 1 H), 1.83-1.75 (m, 3 H), 1.54-1.35 (m, 2 H);

TS+ MS: 427 (M+1).

Example 7-8:

(88.11a72)-N-[(2.4-DifluorophenyDmethvl]-6-hydroxy-3-[(1.9- 1 -methylpropyll-5.7-dioxo

-2,8,5.7,11,11a-hexahvdro[l.8]oxazolo(3.2-alpyrido[1.2- dlpyrazine-8-carboxamide

The title compound was made imﬁtwo steps using a similar process to that described
in example Z-1. 16a (417 mg, 0.89 mmol) and L-isoleucinol (259 mg, 2,21 mmol) were
reacted in  I,2-dichloroethane (40 mL) with acetic acid to give
(3,5',ll.an)'N[(2,4'diﬂuorophenyl)methyl]'8'[(1;5?'l'mcthylpropyl]'5,’7'dioxo-6'[(phenyl
methyloxyl-2,3,5,7,11, 11a-hexahydrol1,8loxazolo[3,2- alpyridol1,2-dlpyrazine-8-carbox
amide (426 mg, 90%). This matevial was hydrogenated in a second step as described

in example Z-1 to give
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8S, 11a/)-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[(1.9)- l-methylpropyl]-5,7-dioxo
"2,8,6,7,11,11a-hexahydro[1,8loxazolo[3,2-alpyrido[1,2- dlpyrazine-8-carboxamide

(876 mg, 99%) as a coarse white solid. 'H NMR (CDCls) 6 11.48 (br, 1 H), 10.27 (bx,
1H), 8,82 (s, 1 H), 7.83 (m, 1 H), 6.79 (m, 2 H), 5.26 (dd, J= 9.6, 4.0 Hz, 1 H), 4.62 (m,
2 H), 4.42-4.35 (m, 2 H), 4.19 (dd, J=8.8, 7.2 Hz, 1 H), 4.01 (dd, /= 8.8, 5.6 Hz, 1 H),
3.86 (dd, J= 12,0, 10.0 Hz, 1 H),2.27 (m, 1 H), 1.40 (m, 1 H), 1.156 (m, 1 H), 0.97 (4, J
= 7.2 hz, 3 H), 0.91 (d, /= 6.8 Hz, 3 H); £S* MS: 448 (M+1), This material (360 mg,
0.81 mmol) was treated with sodium hydroxide (0.81 mL, 1.0 M, 0.8]1 mmol) in
ethanol (15 mL) as described in example Z-1 to provide its corresponding sodium salt
(384 mg, 99%) as a white solid. 'H NMR (DMSO-ds) § 10.82 (m, 1 H), 7.80 (m, 1 H),
7.38 (m, 1 H), 7.18 (m, 1 H), 7.00 (n, 1 H), 5.14 (m, 1 H), 4.47 (d, J= 5.6 Hz, 2 H), 4.81
(m, 1 1), 4,18 (m, 1 H), 8.96 (m, 1 H), 8.84 (m, 1 H), 8.71 (m, 1 H), 3,40 (m, 1 F), 1.88
(m, 1 H), 1.86 (m, 1 H), 1.04 (m, 1 H), 0.85 (t, J= 7.2 Hz, 3 1), 0.80 (d, J= 6.8 Hy, 3

H); ES+ MS: 448 (M+1).

Example Z-9:

(88 11a.8)- N f(2,4-Diﬂuoronhenvl)methvl]'6-}1VdrOXV'8'methvl'f).7'dioxo-2,8,5,7‘ 11.11a

“hexahydro[l.8]oxazolo[3,2-alpyrido[1.2-dlpyrazine-8-carboxamide sodium salt.

Na*tg 0o
F y O X A N,é
\Q\/N x N\/*‘O
F O H

The title compound was made in two steps using a similar process to that described

in example Z-1. 16a (510 mg, 1.08 mmol) and (289)-2-amino-1-propanol (0.17 mL,
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2,17 mmol) were reacted in 1,2-dichloroethane (20 mL) with acetic acid to give
(85,11aR)-M[(2,4-difluorophenyl)methyl]l-3-methyl-5,7-dioxo-6- [(phenylmethyloxyl-2,

3,5,7,11,11a-hexahydrol1,3]loxazolo[3,2-alpyrido[1,2- dlpyrazine-8-carboxamide (500
mg, 983%). This material was hydrogenated in a second step as described in example
Z-1 to give
35’,lla.R)'N'[(2,4'Diﬂuoropheny])methyl]-6'hydroxy'3'methyl-5,7-dioxo-2,3,5,7,11,1].a-
hexahydro(1,3]oxazolol[8,2-alpyridol1,2- dlpyrazine-8-carboxamide (386 mg, 94%) as a
tinted white solid. H NMR (CDCly) & 11.46 (m, 1 H), 10.28 (m, 1 H), 8.32 (s, 1 H),
7.85 (m, 1 H), 6.80 (m, 2 H), 5.30 (dd, J = 10.0, 4.0 Hz, 1 H), 4.63 (m, 2 H), 4.48-4.37
(m, 8 H), 8.91 (dd, /= 12.0, 10.0 Hz, 1 H), 8.78 (m, 1 H), 1.48 (d, J = 6.0 Hz, 8 H);
ES* MS: 406 (M+1). This mate;ial (385 mg, 0.95 mmol) was treated with sodium
hydroxide (0,95 ml, 1.0 M, 0.956 mmol) in ethanol (15 mL) as described in example Z-1
to provide its corresponding sodium salt (381 mg, 94%) as a white solid. 'H NMR
(DMSO-d) § 10.66 (m, 1 H), 7.93 (s, 1 H), 7.88 (m, 1 H), 7.20 (m, 1 H), 7.01 (m, 1 H),
5.19 (m, 1 H), 4.59 (m, 1 H), 4.48 (m, 2 H), 4.22 (m, 2 H), 3,75 (m, 1 H), 3.57 (m, 1 H),

1.24 (d, J=5.6 Hz, 3 H).

Iixample %-10:

(88.11a /) N-[(4-FluorophenyDmethyl]-6-hydroxy-3- methyl-5.7-diox0-2,3.5.7,11.11a-he

xahvdro[1,8loxazolo]3.2-alpyrido[1,2- dipyrazine-8-carboxamide.

QN \wﬁ
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The title compound was made in two steps using a similar process to that described
in example Z-2. 16 (100 mg, 0.22 mmol) and (2:9)-2-amino-1-propanol (0,10 mL, 1.28
mmol) were reacted in dichloromethane (2 ml) with acetic acid to give
(BS,lla.[{)-N-[(4~ﬂuorophenyl)methyl]-3~methy1'5,’7-di0x0'6'[(phenylmethyl)oxy]‘2,8,5,
7,11,11a-hexahydrol1,3]Joxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide (100 mg,
95%). This material was hydrogenated in a second step as described in example Z-2
to give
(85,11a/)- N[(4-Fluorophenyl)methyll-6-hydroxy-3-methyl-5,7-diox0-2,3,5,7,11,11a-he
xahydro[l,8loxazolo[8,2-alpyrido[1,2-dlpyrazine-8-carboxamide (80 mg, 99%) as a
white solid. 'H NMR (CDCls) § 11.43 (br, 1 H), 10.28 (br, 1 H), 8.35 (s, 1 H), 7.28 (mn,
2 H), 8.97 (m, 2 H), 5.29 (m, 1 H), 4.55-4.38 (m, 5 H), 3.89 (apparent t, J= 10.8 Hz, 1

H), 8.70 (m, 1 H), 1.45 (d, J= 5.6 Hz, 3 H); BS MS: 386 (M-1).

Example Z-11:

(3511a.R)-N-[(2,4-DifluorophenyDmethyl]-8-(1,1-dimethvlethyl)-6-hydroxy-5.7-dioxo-2

.»3.5,7.11,11a-hexahydro[1,3]oxazolo(8.2-alpyrido[1.2 - dlpyrazine-8-carboxamide

OH O
F y 0 S N
F 0 H
The title compound was made in two steps using a similar process to that described
in example Z-2. 16a (41 mg, 0.09 mmol) and freebased L-tertleucinol (59 mg, 0.50

mmol) were reacted in dichloromethane (2 ml) with acetic acid to give

(88 11a)-N((2,4-diflvorophenyl)methyl]-3-(1, 1-dimethylethyl)-5,7-dioxo-6-[(phenylm
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ethyl)oxy]'2,3,5,’7,11,11a-hexahyd3'o[II,,B]oxazolo[B,Z-a]pyrido[l,z-d]pyrazine-&cérboxa
mide (40 mg, 86%). This material was hydrogenated in a second step as described in
example 72 to give
(8.5, 11a£)-N-[(2,4-Difluorophenyl)methyl}-8-(1,1-dimethylethyl)-6-hydroxy-5,7-dioxo-2
,3,5,7,11,11a-hexahydrol1,3]oxazolo[8,2-alpyrido(1,2-dlpyrazine-8-carboxamide (83
mg, 99%) as a tinted white solid. IH NMR (CDCla) § 10.29 (s, 1 H), 8.37 (s, 1 H),
7.34 (m, 1 H), 6.79 (m, 2 H), 5.43 (m, 1 H), 4.62 (m, 2 H), 4.36 (m, 2 H), 4.21 (m, 1 H),

3.99 ( 1 1), 8.81 (m, 1 H), 1,03 (s, 9 H); ES* MS: 448 (M+1).

Example Z-12:

(85.11aR)-3-(1,1-DimethylethyD)- N [(4-fluorophenyDmethyl]l-6-hydroxy-5.7-dioxo-2.3.5.

7.11,11a-hexahydro[1,8loxazolo(3,2-alpyrido[1.2-dlpyrazine-8-carboxamide.

\Qv X N\/i\

The title compound was made in two steps using a similar process to that described
in example Z-2. 16 (41 mg, 0.09 mmol) and freebased L-fert-leucinol (59 mg, 0.50
mmol) were reacted in dichloromethane (2 ml) with acetic acid to give
(3.5, 11a.72)-8-(1,1-dimethylethyD - A [(4-fluorophenyDmethyll-5,7-dioxo-6-[(phenylmethy
l)oxy]-2,8,5,7,11,lla'hexahydro[l,3]oxazolo[3,Z-ez]pyrido[l,2'a’]pyrazine'8-carb<>xamide
(40 mg, 85%). This material was 11yd1pgenated in a second step as described in
example Z-2 to give

(3.5,11a.1)-3-(1,1-DimethylethyD)- M [(4-fluorophenyl)methyll-6-hydroxy-5,7-dioxo-2,3,5,
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7,11,11a-hexahydrol1,8loxazolo(3,2-alpyridol[1,2-dlpyrazine-8-carboxamide (32 mug,
97%) as a tinted white solid. JH NMR (CDCla) 8 11.15 (br, 1 H), 10.32 (s, 1 H), 8.38
(s, 1 H), 7.29 (m, 2 H), 6.98 (m, 2 }), 5.43 (m, 1 H), 4.58 (m, 2 H), 4.36 (m, 2 H), 4.21

(m, 1 H), 8.99 (, 1 H), 3.79 (m, 1 H), 1.02 (s, 9 H); BS* MS: 430 (M+1).

Example Z-13:

(88, 11a/)-N[(2,4-Difluorophenyl) methvl]l-6-hydroxy-5,7-dioxo-3-phenyl-2.8.5.7.11.11a

-hexahydrol1,3loxazolo[3.2-alpyrido[1.2-dlpyrazine-8-carboxamide.

/i N

OH O
Foz I oSN
F 0 H

The title compound was made in two steps using a similar process to that described

—

in example Z-2. 16a (33 mg, 0.07 mmol) and Lr-phenylglycinol (19 mg, 0.14 mmol)
were reacted in dichloromethane (2 ml) with acetic acid to give
(8:5’,11&].3)-1\%[(4-1‘31101:01:11@ny1)met}lyl]-5,7'dioxo-8-phenyl-6'[(phenylmethyl)oxy]~2,8,5,

7,11,11a-hexahydro[1,3]oxazolol8,2-alpyrido[1,2- dlpyrazine-8-carboxamide (37 meg,
95%). This material was hydrogenated in a second step as described in example Z-2
to - give
(35’,ILlaR)']\f-[(2,4"Diﬂuoropheny])methyl]'6'hydroxy’5,'7'di0x0'3'phenyl'2,3,5,7,ll,lla

-hexahydro[1,3Joxazolol3,2- alpyrido[1,2- dlpyrazine-8-carboxamide (33 mg, 99%) as a
tinted white solid.  'H NMR (CDCly) 5 11.23 (br, 1 H), 10.27 (s, 1 H), 8.39 (5,1 H),
7.43-7.32 (m, 6 ID), 6.80 (m, 2 H), 5,58 (d, /= 6.8 Hz, 1 H), 5.37 (apparent t, J= 6.8 Hz,

1 H), 4.67°4.62 (m, 8 H), 4.64 (d, J= 10.4 Hz, 1 H), 4.11 (m, 1 H), 4.01 (m, 1 H); B8+

146
Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

MS: 468 (M+1),

Txample 7Z-14:

(88 11a ) N-[(2.4-Difluorophenyl)methyl]l-6-hydroxy-3-(hydroxymethyl)-5.7-dioxo" 2.3,

5,7.11.11a hexahvdrol1,3]oxazolo[8,2-alpyridoll.2- dlpyrazine-8-carboxamide.

OH O OH
F o) ‘
S Wy
H
\Q\/Nmo
F O H

The title compound was made in two steps using a similar process to that described

in example 7-2, 16a (50 me, 0.10 mmol) and
(2]»’)-2-amino-8'[(pheny]methyl)o>§y]'l-propanol (0.1 ml) were reacted in
dichloromethane (2 mL) with acetice acid to give
(3,5‘,II,lan)'N[(2,4'difluorophenyl)methy]]-5,7'dioxo-6-[(phenylmethyl)oxyl]‘3'{[(pheny1
methylDoxylmethyl}-2,3,5,7,11,11a-hexahydroll,3loxazolo[3,2-alpyrido[1,2-dlpyrazine-
8-carboxamide (61 mg, 99%). This material was hydrogenated in a second step as
described in example 7-2 to give
(85, 11a.R)-N[(2,4-Difluoropheny)methyll-6-hydroxy-3- (hydroxymethyl)-5,7-dioxo-2, 3,
5,7,11,11a-hexahydro[1,3]oxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide (37 mg,

87%) as a tinted white solid. 1H NMR (CDCl1s/CDsOD) 8 8.23 (s, 1 H), 7.32 (m, 1 H),

2 H), 3.85 (m, 1 H), 3.62 (d, /= 11.2 Hz, 1 H).

Example 7-15:
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(283K M f(2,ﬂl-'IDiﬂuoronhenvl)methvﬂ'6'thl‘()XV'3‘1netllvl'5,7'dioxo~2-phenyl~2,3,5,7

J11.11a-hexahydro(1,3}oxazolo[3.2-alpyrido[1.2-dlpvrazine-8-carboxamide.

. OH O s
F O Sy
TS0
F 0

The title compound was made in two steps using a  similar process to that described

in example Z-2. 16a (256 mg, 0.05 mmol) and (1.5,2/)-(+)-norephedrine (0.1 mL) were
reacted  in  dichlovomethane (2 mL) with acetic acid to give
(2&8]2)'N[(2,4*diﬂu01‘ophenyl)methy1]'B*methyl-5,7-dioxo-2-pheny1-6-[(phenylmet;hyl)
oxyl-2,3,6,7,11,11a-hexahydro[1,8Joxazolo[3,2- alpyridol1,2-dlpyrazine-8-carboxamide

(80 mg, 99%). This material was hydrogenated in a second step as described in
example Z-2 to give
(2;5’,3]\’.)']\"[(2,4A'diﬂuorophenyl)methyl]'6~hydroxy'B-me(;hyl-(i,7-dioxo-2~phenyl'2,8,5,7,
11,11a-hexahydro(1,8loxazolo[3,2-alpyridol1,2-dlpyrazine-8-carboxamide (25 meg, 91%)
as a white solid. This material is a single diastereomer (>6:1 diastereomeric ratio
but unconfirmed relative steregchemistry at the aminal center). I NMR
(CDC1s/CDsOD) & 10.28 (m, 1 H), 8,38 (s, 1 H), 7.10-7.30 (m, 6 H), 6.78 (m, 2 H), 5.70
(d, J= 7.6 Hz, 1 H), 5.86 (d, /= 5.2 Hz, 1 H), 4,82 (m, 1 H), 4.61 (m, 2 H), 4.47 d, J=
10.4 Hz, 1 H), 4.00 (apparent t, J'= 10.4 Hz, 1 H), 0.94 (d, /= 6.4 Hz, 3 H); BS* MS:

482 (M+1).

Example 72-16:

(3R 1129 N-[(2,4-DifluorophenyDmethyll-6-hydroxy-5.7-dioxo 8- (p henylmethyD-2.3.5,
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7.11,11a-hexahydroll,8loxazolo|3.2-alpyrido[1.2-dlpyrazine-8-carboxamide

The title compound was made in two steps using a similar process to that described

n

I

in example Z-2, 16a (34 mg, 0.07 mmol) and (22)-2-amino-3-phenyl-1-propanol
(D-phenylalaninol) (50 mg, 0.33 mmol) were reacted in dichloromethane (2 mL) with
acetic acid to give
(3]1?,1laSD’N[(2,4'diﬂuorophenyl)methyl}'5,’7'd.ioxo-3-(pheny1methy1)'6'[(phenylmethy
Doxyl-2,8,5,7,11,11a-hexahydro[1,3]oxazolo[8,2-alpyridol1,2- dlpyrazine-8-carboxamide
(29 mg, 70%). This material was hydrogenated in a second step as described in
example 7-2 to give
(8.12,11a.9)- M [(2,4-Difluorophenyl)methyl)-6-hydroxy-5,7-dioxo-3-(phenylmethyl)-2,3,5,
’7,11,l].a'hexahydro[].,3}oxazolo[3,2'a]pyrido[].,2'a’]pyrazine'S'carboxamide. (24 mg,
98%) as a white solid.  'H NMR (CDCls) § 11.46 (bx, 1 H), 10.27 (m, 1 H), 8.83 (m, 1
H), 7.32-7.16 (m, 6 H), 6.78 (m, 2 M), 5.02 (m, 1 H), 4.61 (m, 3 H), 4.39 (m, 1 H), 4.22
(m, 1 H), 3.95 (m, 1 H), 3.87 (m, 1 H), 3.36 (m, 1 H), 2.97 (dd, /= 13.2 8.8 Hz, 1 H);

B8+ MS: 482 (M+1).

Example Z-17:

(B8R 11a.9) IV ((2.4-IDiﬂuoroDhenvl)methvﬂ-6'hvdroxv~3'(2~methv1propvl)-5.’7-dioxo—2,3.

5.7.11,11a-hexahydroll,3]oxazolo[3.2-alpyrido(1.2-dlpyrazine-8-carboxamide.
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The title compound was made in two steps using a similar process to that described
in example Z-2. 16a (32 mg, 0.07 mmol) and (2./)-2-amino-4-methyl-1-pentanol (0.1
ml) were reacted in dichloromethane (2 mL) with acetic acid to give
(82,1129 N [(2,4-difluoropheny)methyl)-3-(2-methylpropyl)-5,7-dioxo-6-[(phenylmeth
yDoxyl-2,8,5,7,11,11a-hexahydro[1,3]oxazolo[3,2- alpyridol1,2- dlpyrazine-8-carboxamid
e (43 mg, 99%). This material was hydrogenated in a second step as described in
example 7-2 to : give
(B2, 11a8)-N[(2,4-DifluorophenyDmethyll-6-hydroxy-3-(2-methylpropyl)-5,7-dioxo-2,3,

5,7,11,11a-hexahydroll,8]oxazolo(3,2- alpyrido[1,2-dlpyrazine-8-carboxamide (32 mg,
90%) as a white solid. ~ 'H NMR (CDCls) 6 11.47 (br, 1 H), 10.29 (m, 1 H), 8.85 (s,
1), 7.39 (m, 1 H), 6.80 (m, 2 H), 5.31 (m, 1 H), 4.62 (m, 2 H), 4.44 (m, 2 H), 4.37 (m,
1 H), 8.88 (m, 1 H), 3.84 (dd, /= 8.0, 5,6 He, 1} H), 2.04 (m, 1 H), 1.62 (m, 1 H), 1.41 (m,

1H), 1.00 (d, /= 5.6 Hz, 3 H), 0.99 (d, /= 6.0 Hz, 3 F); B+ MS: 448 (M+1).

Example Z-18:

(Bate,14aD)-N-[(2,4-Difluorophenyl)methyll-11-hydroxy-10.12-dioxo-1,2,3.4,52.6,10.12.

14,14a-decahydropyrido(1,2-alpyrido[1'.2"3.4)imidazo[1.2-dlpyrazine-9-carboxamide.

OH O

F O N N H
H N
\QVN AN N\/i\b
H

F 0
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)

a) 1,1-Dimethylethyl (2/9)-2-(aminocarbonyl)-1-piperidinecarboxylate. To a cold (0
°C) solution of (24)-1-{[(1,1-dimethylethyl)oxylcarbonyl}-2-piperidinecarboxylic acid
(1.0 g, 4.36 mmol) in THF (20 ml) was added triethylamine (0.60 mL, 4,36 ‘mmol)
followed by slow addition of methyl chloroformate (0.834 mL, 4,36 mmol). After a few
minutes a suspension had formed, To this mixturc was added concentrated NH,OH
(1.6 mL) and the solution was allowed to warm to rt as the bath warmed and stirred
for a total of 4 h. The mixture was concentrated i vacuo and the residue was taken
up in JtOAc, The organic layer was washed with citric acid, bicard and then brine,
dried over Naz30u. Filtration and concentration gave 1,1-dimethylethyl
(2.7)-2-(aminocarbonyl)- 1-piperidinecarboxylate (1.0 g, 99%). ' NMR (CDCly) & 6.08
(br, 1 H), 5.45 (bx, 1 H), 4.77 (by, 1 H), 4.06 (bx, 1 H), 2.82 (m, 1 H), 2.29 (m, 1 H),

1.87-1.43 (m, 18 H).

b) 1,1-Dimethylethyl (22)-2-cyano-1-piperidinecarboxylate. To a cold (0 °C) solution
of 1,1-dimethylethyl (2./2)-2-(aminocarbonyl)-1-piperidinecarboxylate (265 mg, 1.17
mmol) in THF (10 ml) was added triethylamine (0.33 ml,, 2.34 mmol) and then
trifluoroacetic anhydride (0.17 mL, 1.17 mmol). The mixture was stirred at 0 °C for
1 h and concentrated in vacuo. The residue was taken up in EtOAc and washed
successively with sodium bicarbonate, 0.5 N HCI and brine. The organics were dried
over NazS0y, filtered and concentrated to give 1,1-dimethylethyl
(2]3)'2-cyano-1-I;iperidinecarboxyi‘ate (255 mg, 99%) as a crystalline solid upon
standing, 'II NMR (CDCls) 8 5.23 (bz, 1 H), 4.05 (by, 1 H), 2.93 (br, 1 H), 1.93-1.89 (m,

6 M), 1.46 (s, 9 H),
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¢) 1,1-Dimethylethyl (2/)-2-(aminomethyl)-1-piperidinecarboxylate. An ammonia
saturated ethanol solution of 1,1-dimethylethyl (2/2)-2-cyano-1-piperidinecarboxylate
(255 mg, 1,19 mmol) was reduced with Raney-Ni in a similar manner to that
described in example %-3 to giye after filtration through a short plug of silica,
1,1-dimethylethyl (2]%)'2'(aminomethyl)'1~piperidinecarboxylate (236 mg, 91%), as an
oil. TH NMR (CDCls/CDs0D) § 4.15 (br, 1 H), 3.97 (m, 1 h), 2.96 (m, 1 H), 2.75-2.69

(m, 2 H, 2.23-2.08 (m, 8 H), 1.59-1.55 (m, 3 H), 1.43 (s, 9 H).

d)  [(27)-2-Piperidinylmethyllamine bis HCI salt. A solution of 1,1+dimethylethyl
(2.R)-2-(aminomethyl)-1-piperidinecarboxylate (286 mg, 1.08 mmol) in THF (10 ml)
was treated with 4 VHCI (3 mI.) as described in example Z'3 to give the bis HCI salt
of[(2/)-2-Piperidinylmethyllamine. 'H NMR (DMSO-ds & 9.67 (br, 1 H), 9.48 (br, 1
H), 8.48 (bx, 2 H), 3.70 (bx, 2 H), 3.20 (m, 1 H), 3.04 (m, 1 H), 2.86 (m, 1 H), 1.89-1.41

(m, 6 H),

e)
(Sa.[ﬂ,14aR)-N[(2,4-Diﬂuorophenyl)methy]]-].].-hydroxy'lo,12'diox0'1,2,8,4,531;6,10,12,
14,.14-a-decahydropyrido[1,2'a]1)yrido[1',2’33,44]im.idazo[1,2'a’]pyra':/,ine'9'ca.rboxamide.
The title compound was made in two steps using a similar process to that described
in example Z-2. 16a (50 mg, 0.11 mmol) and [(2]\’.)'2'Piperidiny].mc—zthyl]aminé (150
mg, 1.31 mmol) (free based using carbonate resin as described in example Z-8) were

reacted in  dichloromethane (2 mL) with acetic acid to give
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(Bafi,14ak)- N-{(2,4-diffworophenyl)methyl]l-10,12-dioxo- 11-[(phenylmethyDoxyl-1,2,3,4
,62,6,10,12,14,14a-decahydropyrido(1,2-alpyrido[1',2":8,4limidazol1,2-dlpyrazine-9-cax
boxamide (50 mg, 88%). This material was hydrogenated in a second step as
described in example Z2 to " give
(5aR,14a./)- N-[(2,4-difluorophenyl)methyl]l-11-hydroxy-10,12-dioxo-1,2,3,4,5a,8,10,12,
14,14a-decahydropyrido(l,2-alpyridol1',2':8,4)imidazol1,2-dlpyrazine-9-carboxamide
(11 mg, 44%) as a white solid, JH NMR (CDsOD/CDCls) 6 10.46 (m, 1 H), 8.32 (s, 1
H), 7.31 (m, 1 H), 6.80 (m, 2 H), 4,64-4.52 (m, 3 H), 4.14 (dd, J = 10.4, 2.8 Hz, 1 H),
3.91-3.82 (m, 2 H), 8.19 (apparentt, J= 10.8 Hz, 1 H), 3.08 (d, /= 10.4 Hz, 1 H), 2.50

(m, 1 H), 2.27 (m, 1 H), 1.99-1.30 m, 6 H); KS* MS: 445 (M+1),

Example Z-19:

(25,39 M[(2.4-DifluorophenyDmethyll-6-hydroxy-3:[(methyloxy)methyll-5,7-dioxo-2-p

henyl-2,3,5,7,11,11ahexahydro[l,8]oxazolo[3.2- alpyrido(1.2-dlpyrazine-8-carboxamide

OH O OMe
peVbesete
F O
The title compound was made in two steps using a similar process to that described
in example Z-2, 16a (36 mg, 0.07 mmol) and (2.K)-2-amino-4-methyl-1-pentanol (0.1
ml) were reacted in dichloromethane (2 ml) with acetic acid to give

(24 ,3.5)- N-[(2,4-difluorophenyDmethyll-3-[(methyloxy)methyll-5,7-dioxo-2-phenyl-6-[(p

henylmethyDoxyl-2,3,5,7,11,11a-hexahydrol1,3loxazolo[3,2 alpyridoll,2- dlpyrazine-8-c

163

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

arboxamide. This material was hydrogenated in a second step as deseribed in
example 7 to give
(2.5,8.8)- N-[(2,4-Difluorophenyl) methyll-6-hydroxy-38- [(methyloxy)methyl]-5,7-dioxo-2-p
henyl-2,8,5,7,11,11a-hexahydro(1,3loxazolo[8,2- alpyridol1,2- dipyrazine-8-carboxamide
(25 mg, 64% for 2 st'eps) as a white solid.  This material is a single diastereomer
(>6'1 diastereomeric ratio but unconfirmed relative stereochemistry at the aminal
center). 'H NMR (CDCls) § 11.48 (bx, 1 H), 10.80 (m, 1 H), 8.39 (s, 1 H), 7.39-7.24 (m,
6 H), 6.78 (m, 2 H), 5.46 (dd, J= 10.0, 3.6 Hz, 1 H), 5.83 (d, J= 7.2 Hz, 1 H), 4.63 (m,
2 H), 4.54 (Ad, J = 12.4, 4.0 Hz, 1 H), 4.19 (m, 1 H), 4.12 (dd, J= 10.4, 8.2 Hz, 1 H),

4.06 (m, 1 H), 3.55 (dd, /= 10.4, 1.6 Hz, 1 H), 3.40 (s, 3 H); ES* MS: 512 (M-1).

Rxample Z-20:

(8.5 11a.R)-3-(Cyclohexyimethyl)- V[(2.4-difluorophenyl) methyl]l:6-hydroxy-5.7-dioxo- 2.

3,5,7,11,11a-hexahydro[1,.3]Joxazolo[8.2-alpyrido[1.2-dlpyrazine-8-carboxamide.

OH O

F O

= I " ~ N
N N AN A~0

H
The title compound was made in two steps using a similar process to that described
in example Z-2. 16a (86 mg, 0.08 mmol) and (2:5)-2-amino-3-cyclohexyl-1-propanol
(80 mg, 0.19 mmol) were reacted in dichloromethane (2 mlL) with acetic acid to give
(36’,11a]i?)-3-(cyclohexylmethy1)'N-[(2,4-diﬂuorophenyl)methyl]~5,7’diox0'6-[(phenylme
thyDoxyl-2,8,5,7,11,11a hexahydro[1,3]oxazolol3,2- alpyridol1,2- dlpyrazine-8-carboxa

mide (27 mg, 61%), This material was hydrogenated in a second step as described in
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example 72 to give
(85, 11a.7)-3-(cyclohexylmethyD) - N-[(2,4-difluorophenylD)methyl}-6-hydroxy-5,7-dioxo-2,

3,5,7,11,11a hexahydroll,8]Joxazolo[3,2-alpyrido(1,2-dlpyrazine-8-carboxamide (25 mg,
99%) as a white solid.  'H NMR (CDCls) 8 11.48 (bx, 1 H), 10.28 (s, 1 H), 8.33 (s, 1 H),
7.88 (m, 1 H), 6.78 (m, 2 H), 5,29 (m, 1 H), 4.61 (m, 2 H), 4.47-4.33 (m, 3 H), 3.87-3.81
(m, 2 H), 2.05 (m, 1 H), 1,75-1.64 (m, 6 H), 1.89 (m, 1 H), 1.25-1.14 (m, 3 H), 1.02-0.97

(m, 2 H); BES* MS: 4188 (M~+1).

Example Z-21:

(8S5.11aR)-N-[(2.4-DifluorophenyDmethyl]l-6-hydroxy-8-(1-methylethy])-5.7-dioxo-2.3,5,

7.11.11a-hexahydroll,3]oxazolo]3.2-alpyridol1,2-dipyrazine-8-carboxamide.

O

@k \w

The title compound was made in_‘two steps using a similar process to that described
in example Z-1. 16a (42 mg, 0.09 mmol) and (25)-2-amino-8-methyl-1-butanol (0.1
mL) were veacted in 1,2-dichloroethane (8 ml) with acetic aci.d to give
(38, 11a.5)- N-[(2,4-difluorophenyl)methyl]-3-(1-methylethyl)-5,7-dioxo-6- [(phenylmethy
Doxyl-2,8,5,7,11,11a-hexahydro[1,8loxazolo[8,2- alpyridol1,2- dlpyrazine-8-carboxamide
(40 mg, 86%). This material was hydrogenated in a second step as described in
example Z-1 to give
(85, 11a R)- N[(2,4-difluorophenyl)methyl]-6-hydroxy-8-(1-methylethyl)-5,7-dioxo-2,3,5,

7,11,11a-hexahydrol1,8]Joxazolo[8,2-alpyridol1,2-dlpyrazine-8-carboxamide (34 mg,
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99%) as a white solid. JH NMR (CDCls) § 10.29 (br, 1 H), 8.36 (s, 1 H), 7.38 (m, 1 H),
6.79 (m, 2 H), 5.29 (d, J'= 6.4 Hz, 1 H), 4.61 (m, 2 H), 4.44 (d, J= 9.6 Hz, 1 H), 4.34 (m,
1H), 4.17 (m, 1 H), 4.02 (dd, J= 8.4, 5.2 Hz, 1 H), 3,86 (m, 1 H), 2.37 (m, 1 H), 0.97 (m,

6 H); 18S* MS: 434 (M+1).

Example 7Z-22:

(5aR.14a,:9)-N-[(2.4-Difluorophenyl)methyll-12-hydroxy-11,13-dioxo-5a.62.7.11.13. 1da-

hexahydro-5A-indeno[1'.2"4,5][1,3)oxazolo[8,2- alpyrido[1.2-dlpyrazine- 10-carboxamid

[

The title compound was made in two steps using a similar process to that described
in example Z-1. 16a (42 mg, 0.09 mimol) and
(1.5,2.8)-1-amino-2,3-dihydro-14inden-2-0] (100 mg, 0.67 mmol) were reacted in
1,2-dichloroethane (5 ml) with acetic acid to give
(5312,14?115’)-1\/‘[(2,4-'diﬂuorophenyl)methyl]-11,13‘diox0'].2'[(phenylmethyl)oxy]-5a,6a,7
,11,13,14a'hexahyd.r0‘5]f{'indeno[1',2‘34,5][1,3]oxazolo[8,2'a]pyrido[],,2~d]pyn;'azine~10'0
arboxamide (55 mg, 99%). This material was hydrogenated in a second step as
described in example Z1 to give
(5a]€,l4a155'1\f°[(2,4'diﬂuorophenypmcthyl]-lZ-hydroxy-ll,13-dioxo-5a,6a,7,ll,13,1421-
hexahydro-5/ indenol1',2"4,5](1,8loxazolo[3,2- alpyrido[1,2- dlpyrazine-10-carboxamid

e (45 mg, 97%) as a white solid. 'H NMR (CDCls) § 10.28 (m, 1 H), 8.33 (s, 1 H),
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7.69 (d, J= 7.2 Hz, 1 H), 7.34-7.19 (m, 4 H), 6.78 (m, 2 H), 5.96 (d, /= 6.0 Hz, 1 H),
6.82 (m, 1 H), 5.22 (m, 1 H), 4.60 (m, 2 H), 4.45 (d, /= 9,2 Hz, 1 H), 3.96 (apparent t,
= 10.8 Hz, 1 H), 3.40 (dd, /= 18.0, 6.8 Hz, 1 H), 8.24 (d, /= 17.6 Hz, 1 F); ); RS

MS: 480 (M+1).

Example 7-23 & %-24:

(28821129 V-[(2,4-Difluorophenyl)methvl]-6-hydroxy-5,7-dioxo-2.83-diphenyl-2.3.5.7.

11.11a-hexahydro[1,3]oxazolo[3,2-alpyridol1.2-dlpyrazine-8-carboxamide &

(2582, 11a8)- N-[(2.4-difluorophenyDmethyl]-6-hydroxy-5.7-dioxo-2.3-diphenyl-2.5.5.7.

11,11a-hexahydro[1,8]Joxazolo[8,2-alpvrido[1.2-d]pyrazine-8-carboxamide.

oo (O
F O N N
IO
F s} HooT
oo
F o} \HLN $
V-0
F O H

The title compounds were made in two steps using a similar process to that

described “in example AR 16a (40 meg, 0.09 mmol) and
(182.0)-2-amino-1,2-diphenylethanol (50 mg, 0.23 mmol) were reacted in
1,2-dichloroethane 5 ml) with acetic acid to give

(28,3R,11a9) N [(2,4-difluorophefiyDmethyl]-5,7-dioxo-2,3-diphenyl-6- [(phenylmethyl)
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oxy]'2,3,5,7,11,lla-hexahydro[l.,B]oxazolo[B,Z'éJ]pYrido[1,2-a’]pyrazine‘&caLhoxamide

(34 mg, 63%) and
(2;5’,3]1?,1laJi?)'N'[(2,4'diﬂuorophenyl)methyl]'5,7'diox0'2,B'diphenyl'G'[(phenylmethyl)
oxy]-2,3,5,7,].l,lla-hexahydro[1,8Toxazo]o[8,2-a]pyrido[1,2'a’]pyrazine-S'carboxamide

(13 mg, 24%). These materials were hydrogenated in a second step as described in
example Z-1 to give
(2:5’,3.2?,llaS)'N[(2,4'Diﬂuoropheny])methy]]-G'hydroxy'S,7-dioxo-2,8-dipheny1'2,3,5,7,
11,11a-hexahydro[1,3loxazolo[8,2- alpyrido[1,2-dlpyrazine-8-carboxamide (example
7-23, 29 mg, 99%) as a white solid and
(ZS,BR,lla]f)']\f-[(2,4'diﬂuorophenyl)methyl]-6'hydroxy'5,7'dioxo-2,3'diphenyl'2,8,5,'7,
11,11a-hexahydro[1,8]Joxazolo[8,2-alpyridol1,2-dlpyrazine-8-carboxamide (example
Z-24, 10 mg, 89%) as a white solid respectively. For example Z-28: IH NMR
(DMSO-da) & 10.29 (t, J= 5.6 Hz, 1 H), 8.66 (s, 1 H), 7.38 (m, 1 H), 7.22 (m, 1 H),
7.11-6.95 (m, 11 H), 6.16 (dd, J = 10.4, 3.6 Hz, 1 H), 5.71 (m, 2 F), 4.90 (m, 1 H), 4.54
(m, 2 H), 4.38 (t, J= 11.2 Hz, 1 H); ES* MS: 544 (M+1). TFor example Z-24: 1H NMR
(CDCla) 8 11,64 (by, 1 H), 10.30 (s, 1 H), 8,46 (s, 1 H), 7.34 (m, 1 H), 7.01-6.90 (m, 10
H), 6.80 (m, 2 H), 5.66 (m, 2 1), 5.42 (d, J= 6.4 Hz, 1 H), 4.73 (m, 1 H), 4.63 (m, 2 ),

4.49 (m, 1 H); BS* MS: 544 (M+1).

Bxample %-25:

(811129 M f(2,4-Diﬂuoronhenvl)metth]'G~hvdroxv*3'(l'methvlethvl)*5,7-dioxo-2,3, 5,

7.11,11la-hexahydro(l,3Joxazolo[3.2- alpyridol[1,2-dlpyrazine-8-carboxamide.
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OH O N\—
F O A
Q@Jm}
L I H

The title compound was made in two steps using a similar process to that described
in example Z-1. 16a (40 mg, 0.09 mmol) and (22)-2-amino-3-methyl-1-butanol 0.1
mL) were reacted in 1,2-dichlorocthane (8 ml) with acetic acid to give
(81?,llaSD'N[(2,4-difluorophenyl)methyl]'3'(1'methylethyl)'5,’7-diox0'6‘[(phenyime’chy
Doxyl-2,3,5,7,11,11a-hexahydro[1,8]oxazolo[3,2- alpyridoll,2- dlpyrazine-8-carboxamide
(41 mg, 92%). This material was hydrogenated in a second step as described in
example Z-1 to give
(8]\’,,l1axS)-,N'[(2,4'Diﬂuorophcnyl)methyl]'6*hydroxy~3'(1'methylethyl)'5,’7'(11'0){0'2,3,5,
7,11,11a-hexahydro[1,3]oxazolo[8,2- alpyrido[1,2- dlpyrazine-8-carboxamide

(32 mg, 94%) as a white solid. '11'{[ NMR (CDCls) 8 11.42 (by, 1 H), 10.27 (bx, 1 H),
8.834 (s, 1 H), 7.31 (m, 1 H), 6.78 (m, 2 ), 5.28 (d, J= 6.0 Hz, 1 H), 4.60 (m, 2 H), 4.42
(m, 1 H), 4.83 (m, 1 H), 4,16 (m, 1 H), 4.01 (dd, J = 8.8, 5.2 Hz, 1 H), 3.85 (m, 1 H),
2.37 (m, 1 H), 0.97 (d, J= 6.8 Hz, 3 H), 0.95 (d, J = 6.4 Hz, 3 H); B1S* MS: 434

(M+1).

Txample 7-26

(38 11aR)-N-[(2.4-Diflucrophenyl)methyl]-6-hydroxy-3-12- (methylthio)ethyl]-5.7-dioxo-

2,3,5,7.11,11a-hexahvydro(1,8loxazo0lo[8,2-alpyrido[1,2- dlpyrazine-8-carboxamide.
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OH O
F ! 0 X N
\Q\/N st

F 0 H
The title compound was made in two steps using a  similar process to that described
in example %-1. 16a (43 mg, 0.09 mmol) and (2:5)-2-amino-4-(methylthio)-1-butanol
(0.1 mL) were reacted in 1,2-dichloroethane (5 ml) with acetic acid to give
(SS,].1a]£)~N'[(2,4;~diﬂuorophenyl)methyl]'3*[2"(methylthio)ethyl]‘5,7'di0x0'6'[(phenyl
methyl)oxy]'Z,B,Gﬂ,11,lla‘hexahydro[l,3]oxaz0]0[B,Z'a]pyrido[1,2'd]pyrazine'&carbox
amide (41 mg, 81%). This material (20 mg, 0.04 mmol) was treated with
trifluoroacetic acid (1 ml) in dichloromethane (8 mL) at 0 °C to rt over 6 h. The
mixture was concentrated 7 vacuo and subjected to reverse phase preparative HPLC
purification to provide
(85, 11aR)- N [(2,Alt-Diﬂuoropheny])methyl]~6'hyd1‘oxy'3'[2'(methylthio)ebhyl]'5,7~diox0'
2,8,6,7,11,11a hexahydro(1,8Joxazolo[8,2-alpyrido(1,2-dlpyrazine-8-carboxamide
(12 mg, 72%) as a white solid. . 'H NMR (CDCly) & 11.35 (br, 1 H), 10.25 (s, 1 ED,
8.34 (s, 1 H), 7.33 (m, 1 H), 6.79 (m, 2 H), 5.32 (m, 1 H), 4.62-4.53 (m, 8 H), 4.43-4.39
(m, 2 H), 3.91-3.87 (m, 2 H), 2,63-2.53 <1§1, 2 H), 2,39 (m, 1 H), 2,12 (s, 3 H), 1.89 (m, 1

H); 1S+ MS: 466 (M+1).

Example 7-27

(3881 1a.50)-N-[(2,4-Difluoropheny)methyl]-6-hydroxy-3-[2-(me thylsulfonyDethyl]-5,7-di

0x0°2.3,5,7,11,11a-hexahydrol1,3}oxazolo[8,2 alpyridol1,2 - dlpyrazine-8-carboxamide.
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To a solution of
(3;5’,1la]f)'.N'[(2,4'diﬂuorophenyl)methyl]'3'[2-(1nethylthio)ethyl]'5,7'diox0'6'[(phenyl
methy})oxy]'Z,B,S,’?,11,lla'hexahy‘dro[l,3]oxazolo[3,2-a]pyrido[].,‘Z'd]pyrazine-S"carbox
amide (20 mg, 0.04 mmol) in dichloromethane (5 mlL) at 0 oC was added m-CPBA (20
mg, 70%, 0.082 mmol). The resultant solution was allowed to warm as the bath
warmed and stirred a total of 3 h, The reaction was quenched by the addition of
Na2S203 (aq) and sodium bicarbonate, The layers were separated and the organic
layer washed with brine. The aqueous layer was extracted with dichloromethane
and the combined organics dried over NaxSQ4, Filtration and concentration provided
(88 11a D)  N-{(2,4-difluorophenyl)methyl]-3-[2-(m ethylsulfonylethyl]-5,7-dioxo-6-[{phe
nylmethyloxy]-2,8,5,7,11,11a-hexahydro(1,3loxazolo[3,2- alpyridol1,2- dlpyrazine-8-car
boxamide (26 mg, 99%) as a white-solid. This material was hydrogenated in a second
step as described in example 71 to give
(33 1la]€)'f\/'[(2,4'Diﬂuorophenyl)methy]]'G'hydroxy'B'[2'(methylsulfonyl)ethyl]-5,’7-di
0x0°2,8,5,7,11,11a-hexahydro(l,3]loxazolol8,2- alpyrido[1,2-dlpyrazine-8-carboxamide
(22 mg, 99%) as a white solid. 'H NMR (CDCls) § 11.00 (br, 1 H), 10.16 (s, 1 ED), 8,38
(s, 11D, 7.36 (m, 1 H), 6.81 (m, 2 H), 5.42 (m, 1 H), 4.62 (m, 3 H), 4.41 (m,2 H), 8.93

(m, 2 H), 8.31 (m, 2 H), 2.98 (s, 3 H), 2.40 (m, 1 H), 2.28 (m, 1 H); BES* MS: 498 (M+1).

Example %-28:
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(B8 11al)-N](2,4-DifluorophenyDmethyl]-68-hydroxy-8-(1 Findol:3-vlmethyl)-5.7-dioxo

-2,8,5,7,.11,11a-hexahydroll.8loxazolo[8,2-alpyridol[1,.2- d]pvfazine-B-carboxvamide.

H
N

o /

OH
F ’ o e N
@N 98
F (@] H

The title compound was made in two steps using a similar process to that described
in example %1, 16a (43 mg, 0.09 mmol) and
(25)'2'amino-3'(1H"ind01'3'y1)']A'propanol (100 mg, 0.52 mmol) were reacted in
1,2-dichloroethane (5 mlL) with acetic acid to give
(85,112 B)- N-[(2,4-difluorophenyl)methyl]-3-(1.4 indol-8-ylmethyl)-5,7-dioxo-6- [(phenyl
1nethyl)oxy]'2,i'3,5,7,11,1].a*hexahydro[].,3]oxazolo[3,2‘alpyrido[1,2‘d]pyrazine-S-carbox
amide (36 mg, 64%). This material was hydrogenated in a second step as described
in example Z-1 . to give
(3;5',].12\]13)']\7'[(2,4'Diﬂuorophenyl)methyﬂ'6’hydroxy'8“(1]:17'indol'B'ylmethyl)'5,7'dioxo
"2,3,5,7,11,11a-hexahydrol1,8Joxazolo[8,2-alpyridol1,2- dlpyrazine-8-carboxamide (29
mg, 96%) as a white solid. 'H NMR (CDCls/CD30D) & 10.34 (m, 1 H), 8.98 (br, 1 H),
8.24 (s, 1ID), 7.58 (4, J= 8.0 Hz, 1 H), 7.82 (m, 2 H), 7.15-7.01 (m, 3 H), 6.78 (m, 2 H),
494 (d, J=6.8 Hz, 1 H), 4.71 (d, J=5.6 Hz, 1 H), 4.59 (m, 2 H), 4.35 (d, J= 10.4 Hz, 1
H), 4.22 (m, 1 H), 3.99 (m, 1 H), 8.81 (m, 1 H), 3,40 (dd, /= 13.6, 11.6 Hz, 1 H), 3.18

(dd, J= 14.0, 8.4 Hz, 1 H); BS* MS: 521 (M+1).

Example Z-29:

(42122 ) N-[(4-fluorophenyDmethyl]-7-hydroxy-4-methyl- 1-(2-methylp ropyl)-6,8-diox
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0-1.2,3.4,6,8,12,12a-octahydropyrido[1'.2"4,5]pyrazinol1,2-alpyrimidine-9-carboxamid

e.

OH O g
F . O\ N/'j
0] H H/

a) (2R)-2-({[(1,1-DimethylethyDoxylcarbonyllamino)propyl methanesulfonate, To a
stirred solution of 1,1-dimethylethyl [(1R)-2-hydroxy-].'methylethyl]carbamate (5.00 g,
28.5 mmol) and triéthylainine (5.92 mlL, 42,9 mmol) in CH2Clz (30 mL) cooled to 0 °C
and under a nitrogen atmosphere was added dropwise a solution of methanesulfonyl
chloride (2.43 ml, 31.5 mmol) in CH2Clz (25 mL), Stirring was continued for 20
minutes at 0 °C, after which tini(: the reaction was judged complete by TI.C analysis
(I'1 hexanes/EtOAc). The solution was poured into water and the layers were
separated. The organic phase was washed with 0.1 N HCl and then with 5%
NaHCOs3, dried . over Naz2SO0u, filtered and concentrated to give
(2#)-2-({{(1,1-dimethylethyloxylcarbonyl}amino)propyl methanesulfonate (7.08 g,
98%) as a white solid, H NMR (400 MHz, CDCI3) § 1.28 (d, J= 6.8 Hz, 8H), 1.44 (s,

9H), 8.08 (s, 8H), 3.97 (m, 1H), 4.15 (dd, J= 4.2, 9.8 Hz, 1H), 4.21 (m, 1H), 4.61 (br s,

1H).

b) 1,1-Dimethylethyl [(1R)-2-cyano-1-methylethyllearbamate, To a stirred solution
of (2/)-2-({[(1,1-dimethylethyDoxylcarbonyllamino)propyl methanesulfonate (7.08 g,
27.9 mmol) in DMSO (50 mL) was added NaCN (3.78 g, 84.0 mmol). The solution

was stirred at 70 °C for 2 hours, over which time the formation of a precipitate was
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observed, After cooling at room temperature, water was added and the mixture was
extracted with Iit20. The ethereal layers were washed with a brine solution, dried
over Na2S0y, filtered and concentrated to give 1,1-dimethylethyl
[(1)-2-cyano-1-methylethyllcarbamate (3.81 g, 73%) as a pale yellow solid. 'H NMR
(400 MHz, CDCla) 8 1.30 (d, J = 6.8 Hz, 3H), 1.42 (s, 9H), 2.51 (dd, J = 3.8, 16.6 Hy,

1M, 2.73 (m, 1H), 3.93 (m, 1H), 4,63 (br s, 1H),

c) 1,1-Dimethylethyl [(1.R)-3-amino-1-methylpropyllcarbamate, A solution of
L 1-dimethylethyl [(1/)-2-cyano:l-methylethyllcarbamate (1.30 g, 7.1 mmol) in
ethanoel saturated with anhydrous ammonia was treated with Raney-Ni (1.6 mL of
50% aq. Suspension) and 55 psi of Hs overnight. The mixture was filtered through
Celite and the filtrate was concentrated jz vacuo. The residue was purified by flash
chromatography (80:19:1 CH2Cl/MeOH/NH OH (37%) gradient elution) through a
short plug of silica gel to give 1,1-dimethylethyl
[(17)-3-amino-1-methylpropyllcarbamate (1.837 g, 100%) as a clear oil that solidified.
'H NMR (400 MHz, CDCly) § 1.14 (d, J= 6.8 Hz, 3H), 1.43-1.62 (m, 18H), 2.76 (m, 2K,

3.77 (m, 1H), 4.57 (m, 1H).

) 1,1-Dimethylethyl {(].Jf)'l'methyl‘S'[(vaethylpropyl)amino]p1'opyl}ca1'bamate.
1,1-dimethylethyl [(Zl.]i?)'B-amino-1-methylpropy]]carbamate (0.320 g, 1.70 mmol),
isobutyraldehyde (150 pl, 1.62 mmol), and sodium triacetoxyborohydride (0.512 g,
2.42 mmol) were stirred in anhydrous dichloroethane (10 ml) at ambient temperature

overnight. The reaction was quenched by the addition of saturated NaHCO;s and
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then extracted with dichloromethane., The combined extracts were washed with
water, dried over Na2SO4, filtered and concentrated. The residue was purified by
flash chromatography (80:19:1 CHxCly/MeOH/NH4OH (37%) gradient elution) through
a short plug of silica gel to afford 1,1-dimethylethyl
{(1.7)-1-methyl-3-[(2-methylpropylaminolpropylicarbamate (0.158 g, 40%) as a clear
oil. *H NMR (400 MHz, CDCl3) 6§ 0.90 (d, J = 6.4 Hz, 6H), 1.13 (d, J = 6.4 Hz, 3H),
1.42-1.51 Gm, 11H), 1.67-1.75 (m, 2H), 2,88'2.42 (m, 2H), 2.58-2.72 (m, 2H), 3.72 (m,

1H), 5,20 (m, 1H),

e) [(8R)-3-Aminobutyl]l(2-methylpropyDamine. An ice cold solution of
1,1-dimethylethyl {(1£)-1-methyl-3-[(2-methylpropyl)aminolpropylicarbamate (0.158 g,
0.65 mmol) in THF (8 mL) was treated with 4 NHCI (aq) (2 mL) and then stirred at
room temperature for 2 h. The mixture was concentrated in vacuo to give
[(87)-3-aminobutyl](2-methylpropyl)amine dihydrochloride. The HCI salt was then
dissolved in dichloromethane and a minimal amount of methanol and treated with
solid supported carbonate resin (MP-Carbonate, Argonaut Technologies). After 30
minutes, the solution was filtered through a fritted tube and the solvents removed
carefully in wvacwo to give [(37)-8-aminobutyll(2-methylpropyDamine (65 mg). 'H
NMR (400 MHz, CDCl3) 8 0.88 (d, J= 6.0 Hz, 6H), 1.06 (d, /= 5.6 Hz, 3H), 1.23-1.53

(m, 5H), 1.71-1.74 (m, 1H), 2.39 ém, 2H), 2.65 (m, 2H), 2.97 (m, 1H).

1)

(4R,12a R)- N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-dio
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x0-1,2,8,4,6,8,12,12a-octahydropyridol1',: "4,5]pyrazinol1,2-alpyrimidine-9-carboxami
de. The title compound was made in two steps using a similar process to that
described in example 7-2. 16 (40 mg, 0.09 mmol) and
[(BR)'B'aminobutyl](2'methylpropyl)amine (65 mg, 0.45 mmol) were reacted in
dichloromethane 2 mL) with acetic acid to give
(4.2,12a ) N [(4-fluorophenyl methyl)-4-methyl-1-(2-methylpropyl)-6,8-dioxo-7-[(phen
ylmethyloxyl-1,2,8,4,6,8,12,12a-octahydropyrido[1’,2':4,5}pyrazino(1,2-alpyrimidine-9
-carboxamide (29 mg, 60%). This material was hydrogenated in a second step as
described in example 42 to give
(4.2 12aR)- N-[(4-fluorophenyDmethyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diox
0-1,2,8,4,6,8,12,12a-octahydropyridol1',2"4,5]pyrazino[1,2- alpyrimidine-9-carboxamid
¢ (18 mg, 75%) as a tan solid. 'H NMR (400 MHz, CDCIs) § 0.77 (d, J= 6.4 Hz, 3H),
0.84 (d, /= 6.4 Hz, 3H), 1.32 (d, J = 7.2 Ha), 1.45:1.49 (m, 1H), 1.57-1.67 (m, 1H),
2.08-2.12 (m, 2H), 2.21-2.27 (m, 1H), 2.73-2.79 (m, 1H), 2.87-2.92 (m, 1H), 4.16-4.24
(m, 2H), 4.45 (s, 1H), 4.54-4.64 (m, 2H), 4.96-4.99 (m, 1H), 6.96-7.00 (m, 2H),

7.29-7.32 (m, 2HD), 8.27 (s, 1H), 10.46 (s, 1H), 12.55 (s, 1H); IS+ MS: 456 (M+1).

Lxample Z-30:

(4.R.12aR)- N-[(4-Fluorophenyl)methyl]-7-hydroxy-d-methyl-1-(1-methyvlethyl)-6.8-diox

0-1,2,3.4,6,8,12,12a-octahydropyrido[1'.2"4,5]pyrazinol1.2- alpyrimidine-9-carboxamid

e
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O ¢

a) [(8/)-3-Aminobutyl](1-methylethyDamine. The free diamine was prepared in a
similar manner as described in example 2-29. I NMR (400 MHz, CDCl3) § 1.04 (d,
J = 6.4 Hz, 6H), 1.06 (d, /= 6.4 Hz, 3H), 1.41-1.58 (m, 5H), 2.62-2.66 (m, 2ED),

2.74-2.80 (m, 1H), 2.92-3.00 (m, 1H).

b)

(4 R,12a R)- N*[(4-Fluorophenyl) methyll-7-hydroxy-4-methyl- 1-(Imethylethyl)-6,8-diox
0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazino[1,2-alpyrimidine-9-carboxamid
e. The title compound was m;lde in two steps using a similar process to that
described n example Z-2. 16 (40 mg, 0.088 mmol) and
[(81)-3-aminobutyll(1-methylethyDamine (78 mg, 0.60 mmol) were reacted in
dichloromethane (2 ml.) with acetic acid to give
(4-]5,12&]3)'1\’-[(4'ﬂuoropheny])methyl]'4-'1nethyl'l'(l'methylethyl)'6,8-dioxo~7'[(phenyl
methyl)oxy]'1,2,8,4,6,8,12,]Za-octahydropyrido[1',2'!4~,5]pyrazino[1,2-a]pyrimidine-f)-c
arboxamide (26 mg, 56%). This material was hydrogenated in a second step as
described in example 72 to give
(4R,12aR)-N[(4'-ﬂuorophenyl)methyl]-7~hydroxy“4-methyl'1-(1'methylethyl)*6,8~dioxo
-1,2,3,4,6,8,12,12a~oc’cahydropyrido[1',2'14‘,5]pyrazino[].,2'a]pyrimidine~9'carboxamide
(21 mg, 90%) as an off-white solid. H NMR (400 MHz, CDCls) § 1.01 (d, /= 5.6 Hz,

3H), 1.06 (d, J = 6.0 Hz, 8H), 1.31 (d, J = 6.8 Hz, 3H), 1.57 (m, 1H), 1.98 (m, 1H),
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2.70-2.82 (m, 2H), 8.15 (m, 1H), 4.165-4,19 (m, 1H), 4,30 (m, 1H), 4.48 (s, 1H), 4.54-4.59
(m, 2H), 4.97 (m, 1H), 6.98 (m, 2H), 7.29-7.32 (m, 2H), 8.27 (s, 1H), 10.49 (s, 1H),

12.52 (s, 1H).

Bxample Z-31:

(45,1229 N-[(2,4-Difluorophenylmethyl]l-7-hydroxy-4-methyl: 1-(2-methylpropyl)-G.8-
]

diox0-1,2,3,4,6,8,12,12a-octahydropyrido[1'.2"4 5lpyrazinol1.2- alpyrimidine-9-carboxa

mide.
OH O
- oK J\NJj
N NS N\/il\N
F 0] H/

a) i,.‘l.-Dimethylethyl [((1.9-2-cyano-1-methylethyllcarbamate. The nitrile was
prepared in two steps using a modified procedure as described in example Z-29. To a
stirred solution of (2.9-2-({l(1,1-dimethylethyloxylcarbonyl}amino)propyl
methanesulfonate (8.40 g, 83.2 mmol) in DMSO (50 ml) and KGN (6.51 g, 100.0
mmol) cooled to 0 °C was added 18-crown-6 (9.05 g, 34.3 mmol). The solution was
allowed to warm to room temperature and then heated to 70 °C for 1 hour. After
cooling at room temperature, water was added and the mixture was extracted with
I2t20, The ethereal layers were washed with a brine solution, dried over NazS04,
filtered and concentrated to give 1, 1-dimethylethyl
[(1.9)-2-cyano-1-methylethyllcarbamate (5.37 g, 88%) as a pale yellow solid. 'H NMR
(400 MHz, CDCls) 8 1.82 (d, J = 6.8 Hz, 3H), 1.44 (s, 9H), 2.52 (dd, J = 4.0, 16.4 Hz,

1H), 2.74 (m, 1), 3.95 (m, 1H), 4.65 (bx s, 1H).
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b)  [(88)-3-Aminobutyll(2-methylpropylamine dihydrochloride was prepared in a
similar manner as described in example Z-29. 'H NMR (400 MHz, CDCl3/CDs0D) §
0,99 (m, 6H), 1.34 (m, 8H), 2.13-2.27 (m, 3H), 2.76 (m, 2H), 8.07 (m, 2H), 3.47 (m, 1H),

8.22 (m, 1 H), 8.83 (m, <1 H).

c)

(45,1229 N[(2,4-Difluorophenyl)methyll-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2- alpyrimidine-9-carboxa
mide. The title compound was made in two steps using a similar process to that
described in  example 7%-2. 16a (80 mg, 0.17 mmol) and free .based
((88)-3-aminobutyll(2-methylpropyamine (107 mg, 0.74 mmol) were reacted in
dichloromethane (2 ml.) with acetic acid to give
(4:5,12a.8)- N*[(2,4-difluorophenyl)methyll-4-methyl- 1-(2-methylpropyl)-6,8-dioxo-7-[(p

henyhnethyl)oxy]'1,2,8,/-1,6,8,12,1;a~octallydxropy1‘ido[1',2'14,5]pyrazino[1,2*éz]pyrimidi

ne-9-carboxamide (76 mg, 76%) as a film. This material was hydrogenated in a
second step as described in example 72 to give
(4-15’,12a$9‘]\7'[(2,4'diﬂuorophenyl)methyl]"7'hydroxy-4-methyl'].-(2-methylpropy1)'6,8-

dioxo-1,2,3,4,6,8,12,12a-octahydropyridol1',2"4,5]pyrazino[1,2-alpyrimidine-9-carboxa
mide (39 mg, 80%) as an off-white solid. 'H NMR (400 MHz, CDCls) 6 0.76 (d, /= 6.4
Hz, 8H), 0.84 (d, /= 6.4 Hz, 3H), 1.82 (d, /= 7.2 Hz, 3H), 1.45°1.50 (m, 1H), 1.60-1.69
(m, 1H), 2.08-2.12 (m, 2H), 2.21-2.27 (m, 1H), 2.73-2.79 (m, 1H), 2.87-2.93 (m, 1H),

4.16-4.25 (m, 2H), 4.45 (s, 1H), 4.57-4.68 (m, 2H), 4.96-5.01 (m, 1H), 6.75-6.82 (in, 2H),
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7.32-7.38 (m, 1H), 8.26 (s, 1H), 10.45 (s, 1H), 12.56 (s, 1H); BS* MS: 4756 (M+1).

Example Z-32:

(4,.8.122.9)-1-(CyclopropylmethyD- M-[(2.4-difluorophenyDmethyl]-7-hydroxy-4-methyl-6

B-dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2 4. 51pyrazino[1.2- alpyrimidine-9-carbo

xamide.
OH O
: o K NJj
N NS N\/li_l\N -
F 0 %

a) 1,1-Dimethylethyl {(1.8)-3-[(cyclopropylmethyl)aminol-1-methylpropyljcarbamate.
The protected diamine was prepared using a modified procedure as described in
example Z-29. 1,1-dimethylethyl [(1.9-8-amino-1-methylpropyllcarbamate (0.293 g,
1.56 mmol), cyclopropane carboxaldehyde (96 nl, 1,30 11111101), and sodium
triacetoxyborohydride (0.439 g, 2.07 mmol) were stirred in a 1:1 mixture of anhydrous
dichloroethane and Eetrahydrofuran (10 ml) at ambient temperature overnight.
The reaction was quenched by the addition of saturated NaHCOQ3s and then extracted
with 5tOAc, The combined extracts were washed with saturated NaFCOs, then a
solution of brine, dried over NazSOs, filtered and concentrated. The residue was
purified by flash chromatography (80:19:1 CH2Cl2/MeOH/NH.OH (37%) gradient
elution) through a short plug of silica gel to afford 1,1-dimethylethyl
{(1.9)-3-{(cyclopropylmethyDaminol-1-methylpropylicarbamate (76 mg, 26%) as a clear
oil. 'H NMR (400 MHz, CDCls) § 0.09-0.13 (m, 2H), 0.44-0.49 (m, 2H), 0.92-0.95 (m,

1H), 1.14 (d, J= 6.4 Hz, 8H), 1.43-1,70 (m, 12H), 2.38-2.50 (m, 2H), 2.62-2.73 (m, 2H),
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3.74 (m, 1H), 4.88 (m, 1H).

b) [(8.8)-3-Aminobutyll(cyclopropylmethylamine dihydrochloride was prepared in a
similar manner as described in example 2-29. 'H NMR (400 MHz, CDCl3/CD30D) 8§
0.40 (m, 2H), 0,64 (m, 2H), 1.15 (mn, 1H), 1.84 (m, 8H), 2.12-2.25 (m, 2H), 2.82 (m, 2H),

3.08 (m, 2H), 8.47 (m, 1H), 8.25 (by, < 1H), 9.04 (br, < 1H),

c)
(45’,12&1:5’)'1'(Cyclopropy1methy1)'N'[(2,4-diﬂuorophenyl)methyl]'7-hydroxy“4'methy1'6
,8-dioxo-1,2,3,4,6,8,12,12a-octahydropyridol1', "4,5lpyrazino(1,2-alpyrimidine-9-carbo
xamide. The title compound was made in two steps using a similar process to that
described in example Z-2. 16a (50 mg, 0.106 mmol) and free based
[(85)-3-aminobutyll{eyclopropylmethyl)amine (44 mg, 0.31 mmol) were reacted in
dichloromethane (2 mL) with acetic acid to give
(4.5, 12aS)'1‘(cyclopropylmethyl)zN-[(2,4-diﬂuoropheny1)methyl]'4'methyl'6,8'diox0'7'[
(phenylme(;hy])oxy]'1,2,3,4,6,8,12,12a-octahydropyrido[].',2'14,S]pyrazino[1,2'a]pyrimi
dine-9-carboxamide (50 mg, 83%) as a film. This material was hydrogenated in a
second step as described in example 72 to give
(45,1229 1-(cyclopropylmethyl)- M [(2,4-difluorophenyl) methyl) -7-hydroxy-4-methyl-6,
8-dioxo- 1,2,8,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2- alpyrimidine-9-carbo
xamide (23 mg, 56%) as an off-white solid. 1H NMR (400 MHz, CDCls) § 0.11 (m, 2H),
0.56-0.59 (m, 2H), 0.77 (m, 1H), 1.84 (d, J= 7.2 Hz, 3H), 1.46-1.50 (m, 1H), 2.04-2.13

(m, 1H), 2.30-2.34 (m, 1H), 2.46-2.51 (m, 1H), 2.90-2.96 (m, 1H), 3.16-3.19 (m, 1H),
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4.21-4.80 (m, 2H), 4.51 (s, 1H), 4.58-4.67 (m, 2H), 5,00-5.05 (m, 1F), 6.75-6.82 (m, 2H),

7.81-7.37 (m, 1H), 8.28 (s, 1H), 10.46 (s, 1H), 12.55 (b, 1H); ES* MS: 478 (M-+1).

Example 7Z-38:

(4.8,1268,9)- NV-[(2,.4-Difluorophenyl) methyl]- 1-(2-furanylmethyl)-7-hydroxy-4-methyl-6.8

"diox0-1,2,8,4,6,8,12,12a-octahvdropyridol1'.2":4.5]pyrazine[1.2- alpyrimidine-9-carbox

‘amide,
OH O
F 0
3
AN ! N
F 0] o)

a) l:(853"3'A171i110bx1ty1](2'furamy_lmethyl)amine dihydrochloride was prepared in a
similar manner as described in example Z-32, 'H NMR (400 MHz, CDCl3/CD3s0D) §
127 (d, J= 6.4 Hz, 8H), 1.96-2.05 (m, 1H), 2.14-2.19 (m, 1H), 3.00-3.04 (m, 2H),
3.38-3.89 (m, 1H), 4.11-4.18 (m, 2H), 6.34 (m, 1H), 6.59 (m, 1H), 7.40 (n, 1H), 8.18 (bx,

<1H), 9.41 (br, < 1 H),

b)

(4;5',12a$)']\/'-[(2,4-Diﬂuorophenyl)methyl]'1'(2~furany1methy])-’7-hycll'oxy'4-1net}1yI'6,8
"dioxo-1,2,8,4,6,8,12,12a-octahydropyrido(1',2':4,5]pyrazinoll, 2-alpyrimidine-9-carbox
amide. The title compound was made in two steps using a similar process to that
described in  example %-2. ) 16a (836 mg, 0.076 mmol) and free based

1(39)-3-aminobutyl)(2-furanylmethyDamine (70 mg, 0.42 mmol) were reacted in

dichloromethane 2 mL) with acetic acid to give
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(4.5,12a.9)- V-[(2,4-difluorophenyl) methyl]-1-(2-furanylmethyl)-4-methyl*6,8-dioxo-7-[(p
henylmethyloxyl-1,2,3,4,6,8,12,12a-octahydropyridol1',2":4,5]pyrazino[1,2- alpyrimidi
ne-9-carboxamide (32 mg, 70%) as a film. This material was hydrogenated in a
second step as described in example 42 to give
(4.512a.8)- N [(2,4-difluoropheny)methyl)-1-(2-furanylmethyl)-7-hyd roxy-4-methyl-6,8-
diOXO'].,2,3,4,6,8,12,12a-octahydropyrido[1',2'14,5]pyl.ltazino[1,2-a]pyrimidine-&)-carboxa
mide (20 mg, 76%), as an off-white solid., 'H NMR (400 MHz, CDCls) § 1.24 (d, J=
6.8 Hz, 8H), 1.45-1.49 (m, 1H), 2.04-2.18 (m, 1H), 2.77-2.82 (m, 1H), 2.94-3.01 (m, 1H),
8.66 (d, /= 15.6 Hz, 1H), 8.89 (d, J = 16.0 Hz, 1H), 4.27-4.31 (m, 1H), 4.39-4.41 (m,
1H), 4.49-4.58 (m, 1H), 4.68:4.66 (m, 1H), 4.98-5.08 (m, 1H), 6.24 (m, 1H), 6.36 (m,
1K), 6.75-6.82 (m, 2H), 7.81-7.39 (m, 1H), 7.40 (m, 1H), 8.26 (s, 1H), 10,47 (m, 1H),

12.50 (br, 1H); ES+* MS: 499 (M+1).

Example 7-34:

(481229 N-[(2,4-DiflworophenyDmethyll-7-hydroxy-4-methyl-6,8-dioxo- 1-(1.3-thiazol-

2-vlmethyl)-1,2,8.4,6,8,12,12a-octahvdropyrido[1'.2"4.5)pyrazino[1.2-alpyrimidine-9-c

arboxamide,

\va

N
a)  [(89)-3-Aminobutyl](1,3-thiazol-2-ylmethyl)amine dihydrochloride was prepared
in a similar manner as described in example Z-32. H NMR (400 MHz, CDCls/CD3-

OD) 8 1.28 (d, /= 6.4 Hz, 3H), 2.05 (m, 1), 2.17 (m, 1H), 8.20 (m, 2H), 8.39 (m, 1),

173

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

4.51-4.58 (m, 2H), 7.52 (4, 1H), 7.82 (d, 1H).

b)

(4-6’,1221:59'N'f(2,4'Diﬂuorophenyl)methy]]-7-hydroxy'4-methy1-6,8-dioxo-1-(1,8-thiazol'
2-y1methyl)*1,2,3,4,6,8,12,12a-octahydropyrido[1',2'14,5]pyrazi110[].,2-a]pyl*imiclixle'Q'c
arboxamide. The title compound was made in {wo steps using a similar process to
that described in example Z-2. 16a (35 mg, 0,074 mmol) and free based
[(38)-8-aminobutyll(1,3-thiazol-2-JlmethyDamine were reacted in dichloromethane (2
mL) with acetic acid to give
48, lZaS)'JV'[(2,/L‘diﬂuorophenyl)methyl]-4-methy1-6,8~dioxo-7'[(phenylmethyl)oxy_'l'1'
(1,3-thiazol'Z-ylmethyl)'1,2,8,4-,6,8,1,2,].2':\'oc(;ahydropyrido[1’,2’¢¢;-,5]pyrazino[1,2-z—z]pyr
imidine-9-carboxamide (36 mg, 80%) as a film. This material was debenzylated in a
second step to in a manner similar to Z-26 to give
(4-5’,12aS)~N'[(2,4'difluorophenyl$methyl]‘7'hyd1'oxy'4'methyl'6,8'di0x0'1'(1,8'thiazol'
2-y1methy1)'].,2,3,4,6,8,12,lZa-octahydropyrido[1',2’14,5]py1‘azino[1,2'a]pyrimidine-9'c
arboxamide (18 mg, 60%) as an off-white solid. "H NMR (400 MHz, CDCl3) § 1.80 (4,
J=17.2 Hz. 3H), 1.49-1.68 (m, 1H), 2.12-2,18 (m, 1H), 2.93:2.96 (m, 1H), 3,07-3.13 (m,
1H), 8.99-4.08 (m, 1H), 4.13-4.17 (m, 1H), 4.24-4.27 (m, 1H), 4.574.61 (m, 3H),
5.03-5.06 (m, 1H), 6.75-6.82 (m, 2H), 7.26 (m, 1H), 7.31-7.87 (m, 2H), 7.76 (m, 15D,

7.94 (m, 1H), 10,40 (m, 1H), 12.48 (m, 1H); RS MS: 516 (M-+1),

Example Z-35:

racemic(dal,6akz14a8)- N-[(2.4-DifluorophenyDmethyl]- 12-hydroxy-11.18-dioxo-1.8.4,

174

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

42.5,62,7,11,13,14a-decahydro-2 pyridol1'.2"4 8lpyrazine[1,2-a][8. 1lbenzoxazine- 10-

carboxamide

racemic<{4al,6ak,14a.9)  N-[(2,4-Difluoropheny)methyl]l- 11,18 dioxo-12-[(phe
nylmethyloxyl-1,3,4,4a,5,6a,7,11,13,14a-decahydro-2 H-pyrido[1,2":4, 5]pyrazinol1,2-al
[3,l]benzoxazine'lO'cal*boxalﬁide. racemic-cis2-Hydroxymethyl-1-cyclohexylamine
hydrochloride (24 mg, 0.186 mmol) was dissolved in a dichloromethane solution
containing a small amount of methanol (to dissolve) and excess MP-Carbonate
(Argonaut Technologies) was addued, the mixture was stirred for 30 minutes, and the
MP-Carbonate was removed by filtration. The fnrée amine solution was transfe;red to
a microwave vessel containing 16a (29 mg, 0.0617 mmol). One drop of glacial acetic
acid was added and the solution was heated for 10 minutes at 140 °C, The resultant
solution was absorhed on celite and the material was purified by silica gel
chromatography (0-12% methanol/dichloromethane gradient elution) to yield the
desired product as a white solid (18 mg, 583%), I NMR (CDCly) & 10.40 (m, 1 H),
8.85 (s, 1 H), 7.60 (m, 2 H), 7.34-7.26 (m, 4 H), 6.80 (m, 2 H), 5.35-5.28 (m, 2 H), 5.13
(m, 1 D), 4.77 (m, 1 H), 4.70 (m, 2 H), 4.22 @4, 7= 13.2, 3.2 Hz, 1 H), 4.07 @d, J=

18.2, 6.4, 1 HD, 3.96 (m, 1 H), 3.76 (dd, /= 11.2, 4.4, 1 H), 2.22 (m, 1 H), 1.84 (m, 1 H),

1.74-1.40 (m, 6 H), 1.17 (m, 1 H); ES* MS: 550 (M +1).
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b)

racemic4dali,6alk, 1429 N-[(2,4-Difluoropheny)methyll-12-hydroxy-11,138-dioxo-1,3,4,
4a,5,6a,7,11,13,14a decahydro-2 4 pyrido[1',2":4,5]pyrazinol1,2- 2][3, 1lbenzoxazine- 10-
carboxamide.

racemic-(4ali,6a ki, 14a.5)- N-[(2,4-DifluorophenyDmethyll-11,13-dioxo- 12-[(phenylmethy
l)oxyj'].,3,4,4&,5,6&,7,11,18,lfla'decahydrO'2H‘pyrido[1’,2'14,5]pyrazino[1,2-&] [3,11benz
oxazine-10-carboxamide (18 mg, 0.0236 mmol) was dissolved in tetrahydrofuran and
10 w.t.% Pd/C (13 mg) was added; Hydrogen was passed through the solution several
times and the mixture was stirred at 1 atm hydrogen for 18 hours until the reaction
was determined complete by TL.C (5% methanol/dichloromethane). The mixture was
filtered through Celtite, eluting with methanol/chloroform and the filtrate was
concentrated under reduced pressure and purified by HPLC to yield the title
compound (7.3 mg, 73%) 'H NMR (CDCls) § 12.45 (m, 1 H), 10.38 (s, 1 H), 8.830 (s, 1
H), 7.32 (m, 1 H), 6.88-6.76 (m, 2 H), 5.28 (m, 1 H), 4.75 (m, 1 H), 4.63 (m, 2 ), 4.26
(m, 1 H), 4.12-4.01 (m, 2 H), 8.83 (m, 1 H), 2.30 (m, 1 H), 1.91 (m, 1 H), 1.80 (m, 1 H),

1.67-1.40 (m, 5 H), 1.20 (m, 1 H); BS+* MS: 460 (M +1).

Example Z-36:

racemic(4a R 6al, 1409 N-[(4-Fluorophenyl)methyl]l-12-hydroxy-11,13-dioxo- 1.3, 4.4a,

5,6a,7,11,13,14a-decahydro-2 A pyrido(1'.2"4.5]pyrazino[1,2-2a1[8.1]benzoxazine-10-car

boxamide.

176
Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

OH O
H..,
F 0 XN N -
H H
N X N\/l‘uo
H

0

a)
z'éicem.fc-(dlaR,6;’11{,14-aS)'N-.[(IL-1"“luoropheny1)methy]]-11,18-dioxo-12~[(phenyl

methyDoxyl-1,8,4,4a,5,6a,7,11,18, 14a-decahydro-2H-pyridol1',2":4,5] pyrazinoll,2-al (3,
1lbenzoxazine-10-carboxamide, In a manner similar to that described in e>h(amp1e
7%-35, from 1':10@1)21'(:‘013'2'Hydroxymethyi:].'cyclohexylamine hydrochloride (50 mg,
0.303 mmiol) and 16 (45 mg, 0.0995 mmol) was  prepared
racemic{4aR,6aR,14aS8)-N-[(4-fluoropheny)methyl]-11,18-dioxo-12-[(phenylmethylox
y)-1,3,4,4a,5,6a,7,11,18,14a-decahydro-2H-pyrido[1',2':4,5)pyrazinol1,2-al[3, 1]benzoxa
zine-10-carboxamide (48 mg, 91%) as a white solid. "H NMR (CDCls) 8 10.42 (m, 1
H), 8.37 (s, 1 H), 7.59 (m, 2 H), 7.88-7.24 (m, 5 ), 6.98 (m, 2 H), 5.26:5.18 (m, 2 H),
5.07 (m, 1 H), 4.74 (m, 1 H), 4.62-4.51(m, 2 H), 4.20 (dd, J = 13.6, 4 Hz, 1 H), 4.04 (m,
1 H), 3.91 (m, 1 ¥), 8.71 (dd, J = 11.3, 4.8 Hz, 1 H), 2.18 (m, 1 H), 1.82 (m, 1 H),
1.78-1.68 (m, 2 H), 1.62-1,56 (m, 2 H), 1.48 (, 1 H), 1.38 (m, 1 H), 1.14 (m, 1 H); BES*

MS: 532 (M +1).

b)

1'(3091121'0'(421]{,621]1’,,14-aS)'N'[(/-1»'1?].'3oroph@nyl)methyl]-].Z'hydroxy'll,].3'di0x0'1,8,4,4a,
5,6a,7,11,18,14a-decahydro-2H-pyrido[1',2"4,5]pyrazinoll,2-a)[3, 1]benzoxazine- 10-car
boxamide. In a manner similar to that described in example Z-37, from

racemic<(4aR,6aR,14aS8)-N-[(4-fluorophenyl)methyl]-11,13-dioxo- 12-[(phenylmethylox
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vl-1,8,4,4a,5,6a,7,11,18,14a-decahydro-2H-pyrido[1',2":14, 5]pyrazinol1,2-a)[3, Llbenzoxa
zine-10-carboxamide (37 mg, 0.0696 mmol) and 10 w.t. % Pd/C (3 mg) was prepared
the title compound (18 mg, 58%) as a white solid after purification by HPLC. 1H
NMR (CDCla) 8 12.47 (s, 1 H), 10.39 (m, 1 H), 8.32 (s, 1 H), 7.30 (m, 2 H), 6.98 (m, 2
I, 5.22 (m, 1 H), 4.74 (m, 1 H), 4.58 (m, 2 H), 4.28 (dd, J= 13.2, 4 Hz, 1 H), 4.12-3.98
(m, 2 H), 8.81 (dd, /= 11.6, 4.8 Hz, 1 H), 2.29 (m, 1 H), 1.91-1.19 (m, 8 H); ES* MS:

442 (M +1).

Example 7-37:

racemic-(38.4aRR,6ak14a8) N-[(2.4-DifluorophenyDmethyl]- 12-hydroxy-11.13-dioxo-3-

phenyl-1,8.4.4a,5.6a,7,11,18,14a-decahydro-2 & pyridol1'.2"4.5]pyrazinol[1.2-413.1]ben

zoxazine-10-carboxamide.

racemic-(3S,4ak,6a k1425 N[(2,4-Difluorophenyl)methyll- 11, 13-dioxo-3-phe
nyl-12-[(phenylmethy])oxy]'1,3,4-,4&,5,6a,7,11,18,].4a'decahydro-Zprrido[l',2‘l4,5]py
razino[1,2-al[3,1]benzoxazine-10-carboxamide. In a manner similar to that described
in example %-35, from racemic-(12,2,5,55)-2-amino-6-phenyleyclohexyllmethanol
hydrochloride (32 mg, 0.160 m;nol) and 16a (30 mg, 0.064 mmol) was prepared

racemic-(85,4aR,6a R, 1429 N-[(2,4-diflnorophenyl)methyl]-11,18-dioxo- 3-phenyl-12-[(

phenylmethylDoxyl-1,8,4,4a,5,6a,7,11,18, l4a-decahydro-2 A pyrido[1',2"4,5lpyrazinol1,
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2-al[3,1]benzoxazine- 10-carboxamide (85 mg, 88%) as a white solid, IH NMR (CDCls)
§ 10.41 (m, 1 H), 8.38 (5, 1 H), 7.66 (m, 2 H), 7.40-7.26 (m, 6 ), 6.81 (m. 8 H),
6.82-6.25 (m, 2 H), 5.17 (m, 1 H), 4.89 (m, 1 H), 4.66°4.62 (m, 2 H), 4.26 (dd, /= 13.6,
4 Hz, 1 H), 4.13-4.04 (m, 2 H), 8.86 (dd, J/=11.2, 4.4 Hz, 1 H), 2.56 (m, 1 H), 2.37 (m, 1

H), 2.03-1.64 (m, 6 H); 1S+ MS: 626 (M +1),

b)

racemic(3S 4ak,6ak,14a.5)- N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-11,13-dioxo-3-
phenyl-1,3,4,4a,5,6a,7,11,13,14a-decahydro-2 H-pyridol1',2"4,5] pyrazino[1,2- 4] [3, 1]ben
zoxazine-10-carboxamide.
1'&031111'0-(8;5”,4aﬂ,6a]€,14-a6’)'N~[(2,4-Difluorophenyl)methyl]*ll,13-dioxo.'8-phenyl-12‘[(
phe‘nylmethy])oxy]-1,3,4,421,5,6&,7,]1,18,14a-decahydro-2f.-f'pyrido[.1',2'14-,5]pyra7,ino[1,
2-al[8,1]benzoxazine-10-carboxamide (27 mg, 0.0432 mmol) was suspended in
methanol, 10 w.t. % Pd/C ( 3 mg) was added and hydrogen was bubbled through the
system several times until the reaction was determined complete by TLC (5%
methanol/dichloromethane), » The suspension was filtered through Celite eluting with
methanol/chloroform and the filtrate was concentrated under reduced pressure and
purified by HPLC to give the title compound (18 mg, 57%) as a white solid. 'H NMR
(CDCL) 8 12.40 (brs, 1 H), 10,87 (m, 1 H), 8.32 (s, 1 H), 7.87-7.28 (m, 3 H), 7.24-7.15
(m, 4 H), 6.79 (m, 2 H), 5.78 (br s, 1 H), 4.85 (m, 1 H), 4.62 (m, 2 H), 4.29 (m, 1 H),
4.16-4.09 (m, 2 H), 3.92 (dd, J = 11.6, 4.8 Hz, 1 H), 2.58 (m, 1 H), 2.46 (m, 1 H),

2.07-1.64 (m, 7 H); BS+* MS: 536 (M +1).
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Bxample 7-38:

Sodium

racemic<(4aS 6aS.14a3)-10- ({[(2.4-difluorophenyl)methyllamino}carbonyl)-6-(2-methyl

propyl)-11,13-diox0-1,2.8,4,4a,5,6,6a,7.11,13.14a-dodecahydropyrido[1'.9"14. 5] pyrazino|

1.2-a]quinazolin-12-olate,

O 0

Na'
N \N\/J-.,N
o H

a) racemic-l,1-Dimethylethyl [(18,2R)-2-(hydroxymethyl)cyclohexyllcarbamate,
racemic-{(1R,25,558)-2-Amino-5-phenyleyclohexyllmethanol hydrochloride (800 meg,
4.82 mmol) was dissolved in MeOH (40 mL) and bis(1,1-dimethylethyl) dicarbonate
(1.16 g, 5.30 mmol) and triethylamine (4 mL, 28.92 mmol) were added and the
mixture was stirred 18 howrs at ambient temperature. The solvents were removed
under reduced pressure, ethyl acetate and aqueous saturated sodium bicarbonate
were added and the product was extracted with ethyl acetate. The combined
organics were dried over sodium sulfate and the solvents were removed under reduced
pressure. Purification by silica gel chromatography (9:1 hexanes: ethyl acetate to
ethyl " acetate gradient elution) gave 1,1-dimethylethyl
racemic-(18,2R)-2-(hydroxymethyl)cyclohexyllcarbamate (934 mg, 85%) as a white
solid. 'H NMR (CDCls) § 4.87 (m, 1H), 4.03-3.95 (m, 2 H), 3.26 (m, 1 H), 3,15 (m, 1

H), 1.73-1,48 (m, 5 H), 1.38 (s, 9 H). 1.27-1.15 (m, 3 H), 0.887 (m, 1 H).

b) racemic-l,1-Dimethylethyl [(1S,2R)-2-Formylcyclohexyllecarbamate. To a
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solution of dimethy.lsulfoxide (0.2 ml, 2.88 mmol) in dichloromethane (3 mI.) at -78 °C
was added oxalyl chloride (0.72 mL, 1.44 mmol) idropwise. The mixture was stirred
10 minutes and racemie-l,1-dimethylethyl
[(18,2R)-2-(hydroxymethyl)cyclohexyllcarbamate (220 mg, 0.961 mmol) in
dichlormethane was added dropwise and stirred 10 minutes. Triethylamine (0.53 mL,
3.84 mmol) was added slowly and the reaction was stirred at -78 °C for one hour and
allowed to warm to ambient temperature. Water was added and product was
extracted with dichloromethane. The combined organics were washed with brine and
dried over sodium sulfate. Removal of solvents under reduced pressure afforded
racemic-1,1-dimethylethyl [(18,2R)-2-formyleyclohexyl]lcarbamate (223 mg,
quantitative) as a yellow oil. 1H NMR (CDCl3) § 9.61 (s, 1 H), 5.19 (m, 1 H), 3.88 (m,

1H), 2.61 (m, 1H), 1.85 (m, 1 H), 1.63-1.49 (m, 4 H), 1.37-1.16 (m, 12 H),

c) racemic-1,1-dimethylethyl ((18,28)-2-{[(2-MethylpropyDaminolmethyl}
cyclohexylcarbamate, racemue-1l,1-Dimethylethyl

[(18,2R)-2-formyleyclohexyllcarbamate (223 mg, 0.982 mmol) was dissolved in
dichloroethane and 2-methylpropylamine (0.15 ml, 1.47 mmol) and sodium
triacetoxyborohydride (290 mg, 1.837 mmol) were added and the reaction was stirred
at ambient temperature for 18 hours. Aqueous sodium bicarbonate was added and
the product was extracted with dichloromethane. The combined extracts were dried
over sodium sulfate and the solvents were removed under reduced pressure.
Purification by silica gel chromatography (dichloromethane to 1% ammonium

hydroxide 19% methanol 80% dichloromethane gradient elution) afforded
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racemic-],l-dimethylethyl

((18,28)-2-{[(2-methylpropyDaminolmethyl}icyclohexyDcarbamate (112 mg, 40%) as a
clear colorless oil. TH NMR (CDCly) 86 6.06 (brs, 1 H), 3.76 (br s, 1 H), 2.63 (m, 1 H),
2.43-2.37 (m, 2 H), 2.2‘5 (m, 1 H), 1.81 (m, 1 F), 1.71-1.59 (m, 8 H), 1.44-1.32 (m, 14 H),

1.27-1.19 (m, 2 H), 0.866 (m, 6 H).

) racemic<(18,28)-2-{[(2-MethylpropyDaminolmethyl}eyclohexanamine
hydrochloride.

In a manner similar to that describe in example %3, step e, from
racemic-1,1-dimethylethyl ((18,29)-2-{[(2-methylp ropyDaminolmethyl}
cyclohexylcarbamate (112 mg, 0.394 mmol) was prepared
(18,28)-2-{[(2-methylpropylaminolmethyl}cyclohexanamine hydrochloride (130 mg, >
100%) as a white solid. 1 NMR (mecthanol-dy/CDCly) & 8.68-8.28 (m, 1 H), 3.62 (br
s, 1 H), 3.26 (m, 1 H), 2.83-2.78 (m, 8 H), 2.54 (brs, 1 H), 2.12 (m, 1 H), 1.821.66 (m,

3 H), 1.53-1,39 (m, 5 H), 0.96 (m, 6 H). 0.766 (m, 1 H).

e)
1'&0@1711'0'(4aS,GaS,1/1-aS)'N-[(2,4-'Diﬂuorophenyl)methyl]-6'(2-111e'thylpropyl)-11
,13'diox0'12"[(phenyhnethyl)oxy]'1,2,3,4,42\,5,6,6&1,7,11,18,14a-dodecahydropyrido[1’,2’
'4,6] pyrazino[l,2-alquinazoline-10-carboxamide. In a manner similar to that
described i 735, from
z'acemz'C'(lS,28)-2'{[(2~methy1propyl)amino]methyl}cycl,ohexanamine hydrochloride

(130 mg, 0.508 mmol) and 16a (55 mg, 0.117 mmol) was prepared
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1'11&91)11‘0'(4&8,6518,14aS)-N'[(2,4-diﬂuoropheny])met;hyl]'6'(2-1nethylpropy1)'11,13'diox
0-12-[(phenylmethyloxy]-1,2,8,4,4a,5,6,6a,7,11,18,14a-dodecahydropyridol1’,2':4,5]
pyrazino[l,2-a]Jquinazoline-10-carboxamide (44 mg, 62%) with a 12/ 1 d.r. 'H NMR
(CDCls) 8 10.46 (m, 1H), 8.33 (s, 1 HD, 7.59 (m, 2 H), 7.37-7.24 (m, 4 H), 6.79 (m, 2 H),
5.30-5.28 (m, 2 H), 4.75-4.56 (m, 3 H), 4.23-4.09 (m, 3 H), 2.69-2.66 (m, 2 H), 2.21-1.98
(m, 3 H), 1.80 (m, 1 H), 1.71-1.83 (m, 6 H), 1.26-1.19 (m, 2 H), 0.810 (m, 3 1), 0.720 (m,

3H); IS+ MS: 605 (M +1).

f)

racemic-(4a8,6a8,14a8)-N-[(2,4-Difluorophenyl)methyl]l-12-hydroxy-6-(2-meth
ylpropyl)*ll,lB'diOXO'1,2,8,4,4a,5,6,6a,7,1].,13,l4'a'dodecahydropyrido[l’,2‘34,5]pYrazin
ol1,2-alquinazoline-10-carboxamide. In a manner similar to that described in
example Z-81, from
racemic-(4aS,6a8,14a8)-N-[(2,4-difluorophenyl)methyl]-6-(2-methylpropyl)-11, 13-diox
o-12-[(phenylmethyloxyl-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2":4, 5]
pyrazino[l,2-alquinazoline: 10-carboxamide (39 mg, 0.064 mmol) and 10 w.t. % Pd/C (7
mg) was prepared
racemic-(4aS,6aS,14aS)-N- [(2,4-difluorophenyl)methyl]-12-hydroxy-6- (2-methylpropyl)
"11,13-diox0-1,2,3,4,4a,5,6,64,7,11,13,14a-dodecahydropyrido[1',2" 14, 5]pyrazinol1,2-alq
uinazoline-10-carboxamide (36 mg, > 100%) as a tan solid. 'H NMR (CDCI3) § 12.60
(brs, 1 H), 10.43 (brs, 1 H), 8.25 (s, 1 H), 7.35 (m,'l H), 6.78 (m, 2 H), 4.77 (m, 1 H),
4.63 (m, 2 H), 4.49 (br s, 1 H), 4.30-4.18 (m, 2 H), 3.63-3.40 (m, 2 H), 2.88-2.71 (m, 2

H), 2.32-2.21 (m, 2 H), 2.06 (m, 1 H), 1.88-1.11 (m, 7 F), 0.830 (m, 3 H), 0.760 (m, 3
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H); AP*MS: 516 (M +1).

g) Sodium
racemic<4aS,6a8,14a8)-10-({[(2,4-Difluorophenyl)methyllamino}carbonyD-6-(2-methyl
propyD-11,13-dioxo-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',: 4, 5lpyrazino]
1,2-alquinazolin-12-olate. In a manner similar to that described in example Z-1,
from

racemic-(4a8,6aS,14aS)-N-[(2,4-difluorophenyl)methyll- 12'l)&droxy'G'(2'111ethylp ropyl)
-11,18-dioxo-1,2,3,4,4a,5,6,64,7,11,18,14a-dodecahydropyrido[1',2%4, 5] pyrazinol1,2-alq
uinazoline-10-carboxamide (37 mg, 0.071 mmol) and 1 N sodium hydroxide (0,07 mL)
the title compound was prepared as a yellow solid (26 mg, 68 %).  'H NMR
(DMSO-ds) 8 10.73 (m, 1 H), 7.94 (s, 1 H), 7.82 (m, 1 H), 7,19 Gn, 1 H), 7.00 (m, 1 H),
4.59-4.41 (m, 3 H), 4.28 (m, 2 H), 4.14 (br s, 1 H), 2.63-2.60 (m, 2 H), 1.98-1.61 (m, 5
H), 1.48-1,836 (m, 4 H), 0.997 (m, 3 H), 0.760 (m, 3 H), 0.660 (m, 2 H); AP* MS: 515

(M +1 of free acid).

Bxample Z-89:

(6aR,7aS,11a8)-N-[(2,4-DifluorophenyDmethyl]-1-hydroxy-2,13-dioxo-2.64.7,72.8.9. 10,

11.11a,13-decahydro-6H-pyridol[1'.2":4 5]pyrazino[l.2-albenzimidazole-3-carboxamide

& Fxample Z-40:

(6aS.7a8,11a8)-N-[(2,4-DiflucrophenyDmethyl]l-1-hydroxy-2,13-dioxo-2.62.7.72.8.9.10.

11.11a,13-decahydro-6H-pyridof1',2"4,5]pyrazino[1.2-a]lbenzimidazole-8-carboxamide.
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0 0

H, H
TS R

a)
(6aR,7a8,11a8) N-[(2,4-Difluorophenymethyl]-2, 13-dioxo- 1‘[(phéanylmethyl)o
-xy)2,6,7,7a,8,9,10,11,11a,18-decahydro-6H-pyrido [1',2:4,5] pyrazino[l,2-a)
benzimidazole-3-carboxamide and

(GaS,'?aS,11aS)'N'[(2,4-'diﬂuorophenyl)methy”'2.13‘di0><0'.1"[(phenylmethyl)oxy]'2,6a,
7,7a,8,9,10,11,11a,1B'decahydro-GH'pyrido[l’,2'i4,5]pyrazino[l,2'a]benzimidazole’B'ca
rboxamide. In a manner similar to that described in example %Z-2, from
[(18,28)-2-aminocyclohexyllamine (122 mg, 1.07 mmol) and 16a (200 mg, 0.426 mmol)
was prepared
(6aR,7aS,].]AaS)'N'[(2,4'diﬂuorophonyl)met]uy]]'&lB'dioxcr1‘[(phenylmethyl)oxy]"2,6a,
7,7a,8,9,10,11,11a,13-decahydro-6H-pyrido (1,2"4,5] pyrazinol1,2-a]
benzimidazole-3-carboxamide (58 mg) and
(6aS,7aS,l1aS)'N-[(2,él--diﬂuorophenyl)met;hyl]'2,].'-}'dioxc)'1'f(phenylmethyl)oxy]-2,Ga.
7,7a,8,9,10,11,11a,13-decahydro-6H-pyridol 1", ‘?4-,5pr1'azillo[],,Z-a]beuzimida’zo]e'3'ca
rboxamide (10.6 mg) after separation of the diastercomers using silica gel
chromatography (0-12% methanol/dichloromethane).
(6aR,7aS,1laS)-N'[(2,4~'diﬂuorophenyl)methyl]-Z,].3'diox0'1~[(phenylmethy])oxy]‘Z,Ga,
7,7a,8,9,10,11,11a,13-decahydro-6H-pyrido {1',2":4,5] pyrazino[1,2-a]
benzimidazole-3-carboxamide (major): 'H NMR (CDCla) § 10.40 (m, 1 H), 8.33 (s, 1

H), 7.57 (m, 2 H), 7.40-7.25 (m, 4 H), 6.81 (m, 2 H), 582 (d, J= 10 Hz, 1 H), 5.13 4, J
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=10 Hz, 1 H), 4.64-4.58 (m, 8 H), 4.21 (dd, J= 12,4, 3.2 Iz, 1 ), 3,79 (m, 1 H), 3.04
(m, 1 H), 2,783 (m, 1 H), 2.53 (m, 1 H), 2.01-1.79 (m, 4 H), 1.36-1.24 (m, 4 H); BS* MS:
535 o 1),
(a8,7a8,11a98)-N-[(2,4-difluorophenymethyl]-2,18-dioxo- 1-[(phenylmethyloxyl-2,6a,
7,7a,8,9,10,11,11a,1B-decahydro-BH-pyrido[1‘,2':4,6]})&razino[1,2*a]benzimidazole'8'ca
rboxamide (minor diastereomer): 'H NMR (CDCls) 8 10.33 (m, 1 H), 8.28 (s, 1 H),
7.61 (m, 2 H), 7.39-7.28 (m, 83 H), 6.79 (m, 2 H), 5.29 (d, /= 9.6 Hz, 1 H), 5.06 (d, /=
9.6 Hz, 1 H), 4.84 (m, 1 H), 4,60 (m, 2 H), 3.90-3.84 (m, 2 H), 8.07 (m, 1 H), 2.76 (m, 1
M), 2.49 (m, 1 H), 2.07 (m, 1 H), 1.90-1.51 (m, 4 H), 1.33-1,19 (n, 4 H); MS data

matches that of its diastereomer.

b) (Fox example Z-39),
(BaR,7a8,11a8)-N-[(2,4-Difluorophenyl)methyl]l- 1-hydroxy-2,13-dioxo-2,6a,7,72,8,9,10,
11,11a,13-decahydro-6H-pyride[1',2":4,5]pyrazinol1,2-albenzimidazole-3-carboxamide.

In a manner similar to that described in example %-37, from the minor diastereomer
prepared in step a
(6a8,7a8,11a8)-N-[(2,4-difluorophenyl)methyl]-2,18-dioxo- 1-[{(phenylmethyoxyl-2,6a,
7,72,8,9,10,11,11a,13-decahydro-6H-pyrido[1',2"4,8]pyrazino{l,2-albenzimidazole-3-ca
rboxamide (7 mg, 0.0131 mmol) and 10 w.t. % Pd/C (catalytic amount) was prepared
(6aR,7a8,11a8)-N-{(2,4-diflnorophenyl)methyl]-1-hydroxy-2,13-diox0-2,6a,7,74,8,9,10,

11,11a,13-decahydro-6H-pyridol1',2":4,5]pyrazino{1,2-albenzimidazole-3-carboxamide

(2.8 mg, 48%) after purification by HPLC. !'H NMR (CDCls) & 12.15 (br s, 1 H),

10,42 (brs, 1 H), 8,31 (s, 1 H), 7.86 (m, 1 H), 6.80 (m, 2 H), 5.01 (m, 1 H), 4.63 (m, 2
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H), 4.16 (m, 1 H), 3.96 (m, 1H), 3.06-2.93 (m, 2 H), 2.61 (m, 1 H), 2.18 (m, 1 ), 1.93

(m, 1 H), 1.60-1.18 (m, 4 H), 0.893-0.840 (m, 2 H); ES* MS: 445 (M +1).

c) (For example 7-40),
(6a8,7a8,11a8)-N-[(2,4-Difluorophenyl)methyl]: 1-hydroxy-2,13-dioxo-2,6a,7,74,8,9, 10,
11,11a,18-decahydro-6H-pyrido[1',2"4,5]pyrazino[l,2-albenzimidazole-3-carboxamide.

In & manner similar to that described in example Z-37, from the major diastereomer
(80 mg, 0.0561 mmol) prepared in step a and 10 w.t. % Pd/C (catalytic amount),
(6a8,7a8, llaS) "N-[(2,4-Difluorophenyl)methyll-1-hydroxy-2,13-dioxo-2,6a,7,74,8,9,10,

11,11a,13-decahydro-6H pyrido[1',2"4,5]pyrazinoll,2-albenzimidazole-3-carbhoxamide

was prepared as a white solid (15 mg, 60%) after purification by HPLC. 'H NMR
(methanol d4/CDCl3) & 10.41 (m, 1 H), 8.25 (s, 1 H), 7.30 (m, 1 H), 6.77 (m, 2 H), 4.77
(m, 1 H), 4,67 (m, 2 H), 4.45 (m, 1 H), 3.91 (m, 1 H), 8.12 (m, 1 H), 2.67 (m, 1 H), 2,12

(m, 1 H), 1.87-1.84 (m, 2 H), 1.47-1.33 (m, 4 F); BS* MS: 445 (M +1).

Example Z-41:

(5aS.14a8)-N-{(2,4-Difluoropheny)methyl]-11-hydroxy-10,12-dioxo-1,2.8.4,5a,6. 10,12,

14,14a-decahydropyridof1.2-alpyrido[1'.2"3.4limidazo[1,2-d]pyrazine-9-carboxamide,

R
\©/\/ X \/lN\\)

a)

(5a8,142a8)-N-[(2,4-Difluorophenyl)methyl]-10,12-dioxo- 11-[(phenylmethyDoxyl-1,2,3,4
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,068,6,10,12,14,14a-decahydropyrido[1,2-alpyrido[1',2":3,4]limidazo[1,2-dlpyrazine-9-car
boxamide, In a manner similar to that described in example Z-18, from 16a (50 mg,
0.108 mmol) and [(28)-2-piperidinylmethyllamine hydrochloride (50 mg, 0.269 mmol,
made in a similar manner as described in example Z-18) was prepared
(5a8,14a8)-N-[(2,4-difluorophenyl)methyl]-10, 12-dioxo- 11-[(phenylmethyDoxyl-1,2,8,4,
62,6,10,12,14,14a-decahydropyrido(1,2-alpyridol1',2":8,4)imidazol1,2 d}pyrazine-9-car
boxamide (40 mg, 78 %). 1H NMR (CDCla) & 10.43 (m, 1 H), 8.38 (s, 1 H), 7.59 (m, 2
H), 7.59-7.26 (m, 4 H), 6.81 (m, 2 H), 5.38 (d, /= 10 Hz, 1 H), 5,19 (d, /= 10 Hz, 1 H),
4.66°4,62 (m, 2 H), 4.20 (dd, /= 12, 2.8 Hz, 1 H), 4.00 (dd, /= 12.4, 2.8 Hz, 1 H), 3,85
(m, 1 H), 3.74 (m, 1 H), 3.27 (m, 1 H), 2.99 (m, 1 H), 2.43 (m, 1 H), 2.24 (m, 1 1),

1.94-1.87 (m, 2 H), 1,77-1.68 (m, 2 H), 1.89-1.24 (m, 2 H); ES*MS: 535 (M +1).

b)
(6a9,14a8)-N-{(2,4-Difluorophenylmethyl]-11-hydroxy-10,12-dioxo-1,2,3,4,5a,6,10,12,
14,14a-decahydropyridoll,2-alpyridoll’,2":3,4]limidazol1,2-dlpyrazine-9-carhoxamide.
ITna manner similar o that described in example 7%-37, from
(5a8S,14a8)-N-[(2,4-difluorophenyDmethyl] 10,12-dioxo-11-[(phenylmethyloxyl-1,2,3,4,
5a,6,10,12,14,14a-decahydropyrido(1,2-alpyrido(1',243,4}imidazo[1,2-dJpyrazine-9-car
boxamide (18 mg, 0.0837 mmol) and 10 w.t.% Pd/C (catalytic amount) was prepared
the title compound as a white solid (13 mg, 87%) after purification by HPLC, 'H
NMR (CDCl3) 8 11,71 (brs, 1 H), 10.86 (br s, 1 H), 8.81 (s, 1 H), 7.84 (m, 1 H), 6.78
(m, 2 H), 4.64-4.57 (m, 2 H), 4.28 (m, 1 H), 4.12 (m, 1 H), 3,92-3,89 (m, 2 H), 3.22 (m, 1

H), 8.04 (m, 1 H), 2.49 (m, 1 H), 2.28 (m, 1 H), 1,97-1.89 (m, 2 H), 1.78 (m, 1 H),
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1.66-1.60 (m, 2 H), 1.43-1.86 (m, 2 H); TS* MS: 445 (M +1).

EBxample 7Z-42:

(4aR.14aR)-N-[(2,4-DifluorophenyDmethyl]l-9-hydroxy-8.10-diox0-2.8,4.44,6.6.8.10,14,

1da-decahydro-1H-pyridol1,.2-clpyridol1'.2"4 5lpyrazinol1.2-alpyrimidine-11-carboxam

ide.
OH O
F F | Oac X N '
NS Ny R
o H
a) Phenylmethyl (2R)-2-(hydroxymethyl)-1-piperidinecarboxylate. In a manner
similar < to that described in example 7-3a, from

(2R)-1-{l(phenylmethyDoxylcarbonyl}-2-piperidinecarboxylic acid (4.93 g, 18.75 mmol)
was prepared phenylmethyl (2R)-2-(hydroxymethyl)-1-piperidinecarboxylate (2.24 g,
48%) as an oil that solidified upon standing to a white solid. 'H NMR (CDCls) §
7.36-7.26 (m, & H) 5.18:5.10 (m, 2 H), 4.37 (m, 1 H), 4.08 (m, 1 H), 3.84 ( m, 1 H),

8.63 (m, 1 H), 2,96 (brs, 1 H), 1,71-1.42 (m, 6 H).

b) Phenylmethyl (2R)-2-(cyanomethyl)-1-piperidinecarboxylate. In a manner
similay  to  that described in example Z-3h, from phenylmethyl
(2R)-2-(hydroxymethyl)-1-piperidinecarboxylate (1.09g, 4.38 mmol) was pl“epared
phenylmethyl (2R)-2-({{(4-methylphenyDsulfonylloxy}methyl)- 1-piperidinecarboxylate
(1,06g, 69% impure with uncharacterized byproduct) as a clear colorless oil after

purification using silica gel chromatography (10-100% ethyl acetate-hexanes). It is
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necessary to use this material in the next step as soon as possible or yields
deteriorate dramatically. In a manner similar to that described in example Z-3c,
from phenylmethyl
(2R)-2-({[(4-methylphenyDsulfonylloxy}methyD)-1-piperidinecarhoxylate (1.05 g, 2.61
mmol) and sodium cyue/miAde (;8)88 mg, 7.82 mmol) was prepared phenylmethyl
(2R)-2-(cyanomethyl)- 1-piperidinecarboxylate (171 mg, 25 %) as a yellow oil. IH
NMR (CDCI») 8 7.85-7.29 (m, 5 H), 5.13 (s, 2 H), 4.65 (m, 1 H), 4,10 (m, 1 H), 2.96 (m,

1 H), 2.60 (m, 2 ), 1.82-1.67 (m, 4 H), 1.54-1.39 (m, 2 H),

d) Phenylmethyl (2R)-2-(2-aminoethyl)-1-piperidinecarboxylate. In a manner
similar to that described in example 2-3d, from phenylmethyl
(2R)-2-(cyanomethyl)-I-piperidinecarboxylate (171 mg, 0.663 mmol) was prepared
phenylmethyl (2R)-2-(2-aminoethyl)-1-piperidinecarboxylate (119 mg, 68%) as a clear
colorless residue, 'H NMR (CDCls) 8 7,82:7.25 (m, 5 H), 5.08 (m, 2 H), 4,839 (br s, 1
H), 4.01 (br s, 1 H), 2,78 (m, 1 H), 2.60-2.66 (m, 2 H), 1.96-1.86 (m, 3 H), 1.68-1.35 (m,

6 H).

e) {2-[(2R)-2-Piperidinyllethyllamine. Phenylmethyl
(2R)-2-(2-aminoethyl)-1'piperidinecarboxylate (119 mg, 0.454 mmol) was dissolved in
methanol and 10 w.t.% Pd/C (120 mg) was added. Hydrogen was bubbled through
the solution for 15 minutes and the reaction was stirved under 1 atm hydrogen for 18
hours until determined complete by TLC (1% ammonium hydroxide 19% methanol

80% dichloromethane). The suspension was filtered through Celite eluting with
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methanol and the filtrate was carefully concentrated under reduce pressure to yield a
clear colorless liquid (58 mg, quantitative). 'H NMR (CDCls) & 2.99 (m, 1 H),
2,71-2,66 (m, 2 H), 2.57-2.48 (m, 2 M), 1.72 (m, 1 H), 1.61-1.52 (m, 2 H), 1.48-1.42 (m,

2 H), 1.85-1.26 (m, 2 H), 1.06 (m, 1 H).

f)

(4aR,14aR)-N-[(2,4-DifluorophenylDmethyl]l 8,10 dioxo-9-[(phenylmethyDoxy]-
2,3,4,44,5,6,8,10,14, l4a-decahydro- 1H-pyrido[1,2-clpyridol1',2":4,5]pyrazinell,2-alpyri
midine-1ll-carboxamide. In a manner similar to that described in example Z-35, from
16a (50 mg, 0.106 mmol) and {2-[(2R)-2-piperidinyllethyllamine (58 mg, 0.454 mmol)
was prepaved
(4aR,14aR)-N-[(2,4-difluorophenylmethyl] 8,10 -dioxo-9-[(phenylmethyloxyl 2,3,4,44,
5,6,8,10,14,14a-decahydro-1H-pyridol1,2-clpyridol1',2%4,5]pyrazino[1,2-alpyrimidine-1
1-carboxamide (47 mg, 81%). 'H NMR (CDCls) § 10.60 (br s, 1 H), 8.33 (s, 1 H),
7.60 (s, 2 H), 7.38-7.24 (m, 4 H), 6.80 (m, 2 H), 5.29-5.22 (m, 2 H), 4.66-4.56 (m, 3 H),
4.80 (m, 1 HD, 4.19 (m, 1 H), 3,78 (br s, 1 H), 2.86-2.80 (m, 2 I), 2.18 (br s, 1 H), 1,94

(m, 1 H), 1.68-1.86 (m, 6 H), 1.23 (brs, 2 H); &S+ MS: 549 (M +1),

g

(4aR,14aR)-N-[(2,4-Difluorophenyl)methyl]-9-hydroxy-8,10-dioxo-2,8,4,4a,5,6,
8,10,14,14a-decahydro- 1H-pyrido[1,2-clpyrido[1',2"4,6]pyrazino(1,2-alpyrimidine-11-c
arboxamide. In a manner similar to that described in example 7Z-37, from

(4aR,14aR) N-[(2,4-difluoropheny)methyl]-8,10-dioxo-9-[(phenylmethyloxy)-2,8,4,4a,
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5,6,8,10,14, 14a-decahydro- 1H-pyridol1,2-clpyridol1',2"4,5]pyrazino(1,2-alpyrimidine- 1
1-carboxamide (47 mg, 0.0857 mmol) and a catalytic amount of 10 w.t.% Pd/C was
prepared the title compound as a white solid (19 mg, 54%) after purification by HPLC,
IH NMR (CDCls) & 10.49 (m, 1 H), 8.29 (s, 1 H), 7,34 (m, 1 H), 6,79 (m, 2 H),
4.67-4.56 (m, 3 H), 4.41 (m, 1 H), 4.20 (m, 1 H), 3.93 (s, 1 H), 2,94:2,87 (m, 2 H), 2.28
(br s, 1 H), 2.01 (m, 1 H), 1.68-1.54 (m, 4 H), 1.44 (m, 1 H), 1.29-1.28 (m, 3 H), 0.850

(m, 1 H); ES*MS: 459 (M +1).

Example 7-43!

(4R 12a 1) N-[(2.4-Difluorophenylmethyl]-7-hydroxy-4-methyl-1-(3-methylbuty)-6,8-d

10x0°1,2.8,4.6,8,12,12a-0octahydropyrido[1'.2" 4 5lpyrazinol{l.2-alpyrimidine-9-carhoxa

mide.
OH O 4
F H::ﬁ/JLN}j
\@N SN
F o H i

a)  [(8R)-3-Ainobutyll(3-methylbutylDamine dihydrochloride was prepared in a
similar manner as described in example %-32. H NMR (400 MHz, CDCla/CDs0OD) &
0.87 (d, /= 5.2 Hz, 6H), 1.32 (m, 3H), 1.61 (m, 3H), 2.10-2.20 (m, 2I), 2.90-3.04 (m,

4F), 3,45 (m, 1H), 8.23 (bx, < 1 F), 8.96 (by, < 1 H).__

b)
(4R,12aR) - N-[(2,4-Dflworophenyl) methyll-7-hydroxy 4 methyl-1-(3-methylbutyl)-6,8-di

0x0°1,2,3,4,6,8,12,12a-octahydropyrido[1',2"4,5)pyrazinoll,2- alpyrimidine-9-carboxam
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ide. The title compound was made in two steps using a similar process to that
described in example Z-2. 16a (40 mg, 0.085 mmol) and free
[(8A)-3-aminobutyl]l(8-methylbutylamine (46 mg, 0.35 mmol) were reacted in
dichloromethane (2 mL) with acetic acid to give
(1R 12aR)-N-1(2,4-difluorophenyl)methyll-4-methyl-1-(8-methylbutyl)-6,8-dioxo-7-[(ph
enylmethyloxyl-1,2,8,4,6,8,12,12a octahydropyrido[1',244,5]pyrazinol1,2- alpyrimidine
-9-carboxamide (44 mg, 90%) as a film, This material was hydrogenated in a second
step as described in example Z-2 to give
(4R,12a ) N[(2,4-difluorophenyl)methyl]l-7-hydroxy-4-methyl-1-(3-methylbuty!)-6,8-d
i0x0-1,2,3,4,6,8,12,12a-0ctahydropyrido[1',2"4,5]pyrazino[1,2- alpyrimidine-9-carboxa

mide (11 mg, 30%) as an off-white solid. 'H NMR (400 MHz, CDCls) § 0.84 (d, /= 6.8
Hz, 8H), 0.86 (d, & = 6.8 Hz, 3H), 1.24-1.86 (m, 5H), 1,47-1.53 (m, 2H), 2.02-2.11 (m,
1H), 2.36-2.43 (m, 1H), 2.54-2,61 (m, 1H), 2.77-2.92 (m, 2H), 4.16:4.26 (m, 2H), 4.44
(m, 1H), 4.62°4.64 (m, 2H), 4.95-5.02 (m, 1H), 6.75-6,81 (m, 2H), 7.31-7.37 (m, 1H),

8.27 (s, 1H), 10,43 (m, 1H), 12,54 (s, 1H); ES* MS: 489 (M+1).

Example Z-44:

4.5.12a.9-N-[(2,4-DifluorophenyDmethyl]-7-hydroxy-4-methyl-1-(1-methylethyl)-6.8-di

0%0-1,2.84.6.8.12 12a-octahvdropyrido[1'.2":4,5]pyrazinol[l,.2-alpyrimidine-9-carboxam

de,

bt

OH O

Py

N
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a)  [(89)-3-Aminobutyl]l(1-methylethyl)amine dihydrochloride was prepared in a
similar manner as described in example Z-29, 'H NMR (400 MHz, CDCl3/CDaOD) §
1,20-1.26 (m, 9H), 1,98-2.02 (m, 2H), 2,92 (m, 2H), 8.20-3.29 (m, 2H), 8.04 (by, < 1 H),

8.64 (by, < 1 H).

b)

(451229 N-[(2,4-Difluorophenyl)methyl]-7-hydroxy-4-methyl-1-(1-methylethyl)-6,8-di
ox0-1,2,3,4,6,8,12,12a-octahydropyridol1',2"4,5]pyrazinol1,2-alpyrimidine-9-carboxam
ide. The title compound was made in two steps using a similar process to that
described in example 2-2. 16a (60 mg, 0.13 mmol) and free based
[(88)-3-aminobutyll(I'methylethylamine (556 mg, 0.42 mmol) were reacted in
dichloromethane @ ml) with acetic acid to give
(4.5,12a.9)- M [(2,4-difluorophenyl)methyl]-4-methyl-1-(1-methylethyl)-6,8-dioxo-7-[(phe
nylmethyDoxyl-1,2,3,4,6,8,12,12a-octahydropyrido[1,2":4,5]pyrazino(l,2-alpyrimidine-
9-carboxamide (40 mg, 57%) as a film. This material was hydrogenated in a second
step as described in example VAV t§ give
(4.5,12a8) N [(2,4-difluorophenylDmethyl]-7-hydroxy-4-methyl- 1-(1-methylethyl)-6,8-di
0x0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2"14,5]pyrazinol1,2- alpyrimidine-9-carboxam
ide (17 mg, 50%) as an off-white solid. 'H NMR (400 MHz, CDCls) § 1.02 (4, /= 6.4
Hz, 8H), 1.07 (d, /= 6.4 Hz, 3H), 1.833 (d, /= 7.2 Hz, 8H), 1.56-1,58 (m, 1H), 1.94-2.03
(m, 1H), 2.70-2.77 (m, 1H), 2.81-2,86 (m, 1H), 3.11-3.18 (m, 1H), 4.17 (dd, /= 3.0, 13.8
Hz, 1H), 4.32 (dd, J= 8.2, 14.0 Hz, 1H), 4.48 (m, 1H), 4.59-4,69 (m, 2H), 4.97-5.00 (m,

1H), 6.77-6.83 (m, 2H), 7.38:7.39 (m, 1H), 8.28 (s, 1H), 10.50 (m, 1H), 12.55 (s, 1H);
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BS+ MS: 461 (M+1),

Example 7Z-45:

(4,8.12a9) N-[(2.4-DifluorophenyDmethyll 7-hydroxy-d-methyl-1-(3-methylbuty)-6,8-d

10%0°1,2,3,4,6.8,12.12a-0ctahydropyrido[1'.244 Blpyrazino[1.2-alpyrimidine-9-carboxa

mide.
OH O
F O A ij
F 0 H j\

a)  [(8.9)-3-Aminobutyl](3-methylbutyl)amine dihydrochloride was prepared in a
similar manner as described in example Z-82. 'H NMR (400 MHz, CDCla/CD3OD) §
0.86 (d, J = 5.6 Hz, 6H), 1.27 d, J = 6.0 Hz, 3H), 1.58 (m, 3H), 2.03-2.14 (m, 2H),

2,87-2.99 (m, 4H), 8.88 (m, 1H), 8.15 (by, < 1 H), 8.87 (br, < 1 H).

b)

(45,1228 N-[(2,4-Difluovophenyl)methyl]-7-hydroxy-4-methyl- 1-(8-methylbutyl)-6,8-d
iox0-1,2,8,4,6,8,12,12a-octahydropyrido[1',2":4,5lpyrazino[1,2- alpyrimidine-9-carboxa
mide, The title compound was made in two steps using a similar process to that
descri.bed in example Z-2. 16a (0.100 g, 0.21 mmol) and free based
[(38)-3-aminobutyl]l(3-methylbutyDamine (0.104 g, 0.66 mmol) were reacted in
dichloromethane (2 mi.) with acetic acid to - give
(4.5,12a.9)- N-[(2,4-difluorophenyl)methyll-4-methyl-1-(8-methylbuty))-6,8-dioxo-7-[{ph

enylmethyloxyl-1,2,8,4,6,8,12,12a octahydropyrido(1',2':4,5]pyrazino[1,2-alpyrimidine
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-9-carboxamide (88 mg, 72%) as a film. This material was hydrogenated in a second
step as described in example %2 to give
(4.5,122.9) N [(2,4-difluorophenyl)methyl]l-7-hydroxy-4-methyl-1-(3-methylbutyl)-6,8-di

ox0'1,2,3,4,6,8,12,12a-octahydropyrido[1',2'4,5lpyrazinoll,2-alpyrimidine-9-carboxam

ide (65 mg, 74%). 'H NMR (400 MHz, CDCls) 6 0.84 (d, J = 6.4 Hz, 3H), 0.85.(d, J =
6.4 Hz, 3H), 1.24-1,87 (m, 5H), 1.45-1,68 (m, 2H), 2,02-2,11 (m, 1H), 2,37-2,44 (m, 11D,
2.66-2.63 (m, 1H), 2.80-2.92 (m, 2H), 4.22-4.29 (m, 2H), 4.45 (s, 1H), 4.62-4.63 (m, 2H),
4.97-5,00 (m, 1H), 6.75°6.82 (m, 2H), 7.81-7.37 (m, 1H), 8.37 (s, 1H), 10.48 (m, 1H),
12,53 (br, 1H); ES* MS: 489 (M+1),

\

Kxample 7-46:

(4.5.12a.9-N-[(2.4-DifluorophenyDmethyl]l-7-hydroxy-4-methyl-6.8-dioxo- 1-(3-pyridinyl

azino(l,2-alpyrimidine-9-carbo

a) 1,1-Dimethylethyl {(1.9-1-methyl-8-[(3-pyridinylmethyDamino]propylicarbamate.
The protected diamine was prepared using a modified procedure as described in
example Z-32. A solution of 1,1-dimethylethyl
[(1.9)-8-amino-1-methylpropyllcarbamate (0.296 g, 1.6 mmol) and
3-pyridinecarboxaldehyde (120 ul, 1.3 mmol) in a 11 mixture of anhydrous

\,

dichloroethane and tetrahydrofuran (10 mL) was treated with acetic acid (374 nl., 6.6
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mmol) and stirred for 80 minutes. Sodium triacetoxyborohydride (0.444 g, 2.1 mmol)
was added and the solution was stirved for 2 hours, The resultant was subjected to a
workup and purification procedure as described in example Z:82 to give
1,1-dimethylethyl {(19)- 1-methyl 3-[(3-pyridinylmethyl)aminolpropyl}carbamate
(0.245 g, 66%) as a clear oil, 'H NMR (400 MHz, CDCls) 8 1.12 (d, J = 6.4 Hz, 8H),
1.42 (s, 9H), 1.46:1.64 (m, 1H), 1.68 (m, 1H), 2.61-2.76 (m, 2H), 3.78- 3,80 (m, 3H),

4,86 (m, 1H), 7.22-7.24 (m, 1H), 7.68 (d, J= 8.0 Hz, 1H), 8,48 (m, 1H), 853 (m, 1H).

b) [(8.9)-3-Aminobutyl](8-pyridinylmethyl)amine dihydrochloride was prepared in a

similar manner as described in example Z-29,

)

(451229 -M[(2,4-Difluorophenyl) methyll-7-hydroxy-4-methyl-6,8-dioxo-1-(3-pyridiny]
methyl)-1,2,3,4,6,8,12,12a-octahydropyrido(1',2"4,5]pyrazino[1,2-alpyrimidine-9-carbo
xamide. The title compound was made in two steps using a similar process to that
described in example Z-2. 16a (60 mg, 0.18 mmol) and free based
((38.9)-3-aminobutyll(3-pyridinylmethylDamine (83 mg, 0.47 mmol) were reacted in
dichloromethane @ ml.) with acetic acid to give
(45,1229 N-[(2,4-difluorophenyl)methyll-4-methyl-6,8-dioxo-7-[(phenylmethyloxy]-1-
(8-pyridinylmethyl)-1,2,8,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2-alpyrimi
dine-9-carboxamide (72 mg, 95%) as a film. This material was hydrogenated in a
second step as described in example AP to . give

(45,1229 N[(2,4-difluorophenyDmethyl]-7-hydroxy-4-methyl-6,8-dioxo 1-(3-pyridinyl
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methyl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazino(1,2-alpyrimidine-9-carbo
xamide (3¢ mg, 56%) as an off-white solid. H NMR (400 MHz, CDCls) § 1.87 (d, J =
6.8 Hy, 8H), 1.48-1.47 (m, 1H), 2.12 (m, 1H), 2.60-2.92 (m, 2H), 3.53 (d, J = 14.0 Hz,
1H). 3.82 (d, J= 14.4 Hz, 1H), 4.23-4.31 (m, 2H), 4.55-4.64 (m, 8H), 5.08-6.11 (m, 1H),
6.75-6.82 (m, 2H), 7.20-7.28 (m, 1H), 7.31-7.36 (m, 1H), 7.50 (m, 1H), 7.92 (s, 111), 8.48

(s, 1H), 10.89 (m, 1H), 12.5 (by, 1H); ES*MS: 510 (M+1).

Example 7-47;:

(4.5.12a8)1-Cyclopropyl-N-[(2.4-difluorophenvDmethyll-7-hydroxy-4-methyl-6,8-dioxo-

1,.2.8.4.6,8,12,12a-octahydropyrido[1'.2"4 . 51pyrazinol[1.2-alpyrimidine-9-carboxamide,

po¥esen

a) 1,1-Dimethylethyl [(1.9)-1-methyl-8-oxopropyllcarbamate. To a stivred solution of

1,1-dimethylethyl [(1.8)-2-cyano-l-methylethyllcarbamate (0.656 g, 8.56 mmol) in
anhydrous ether cooled to -40 °C was added dropwise a 1.0 M solution of
diisobutylaluminum hydride in hexanes (14.2 ml, 14.2 m.mol) over 20 minules,
Stirring was continued at this temperature for an additional 20 minutes. | The yellow
solution was quenched with Rochelle’s salt and the resultant stirred at room
temperature for 1 hour. The solids were filtered off through celite and rinsed with
EtOAc. The organics were washed with Dbrine, concentrated, and flash
chromatographed (10-100%  BtOAc/hexanes) to give 1, 1-dimethylethyl

[(1.9)-1-methyl-3-oxopropyllcarbamate (0.198 g, 30 %) as a clear oil. 'H NMR (400
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MHz, CDCls) § 1.22 (d, J = 6.8 Hz, 31, 1.41 (s, 9I), 2,58-2,65 (m, 2F), 4.08-4.13 (m,

1H), 4.63 (m, 1H), 9.74-9.75 (m, 1H).

b)  1,1-Dimethylethyl [(1.9-3-(cyclopropylamino)-1-methylpropyllearbamate,  The
protected diamine was prepared using a modified procedure as described in example
7-32. A solution of 1,1-dimethylethyl [(18)-1-methyl-3-oxopropyllcarbamate (0.178 g,
0.95 mmol) and cyclopropylamine (197 nl, 2.85 mmol) in anhydrous dichloroethane
(10 mlL) was treated with acetic acid (272 nL, 4.8 mmol) and stirred for 30 minutes,
Sodium triacetoxyborohydride (0.444 g, 2.1 mmol) was added and the solution was
stirred for 20 hours., The rvesultant was subjected to a workup and purification
procedure as described in  example 4-32 to give 1,1-dimethylethyl
[(1.9-3-(cyclopropylamino)-1-methylpropyllcarbamate (0.136 g, 63%) as a clear oil,
1H NMR (400 MHz, CDCl3) 6 0.82:0.42 (m, 4H), 1.12 (d, J= 6.8 Hz, 3H), 1.89-1.51 (m,
10H), 1.58-1.92 (m, 2H), 2.05-2.10 (m, 1H), 2,67-2.80 (m, 2H), 3.71 (m, 1H), 4.78 (m,

1H).

¢)  [(8.9:3-Aminobutyllcyclopropylamine dihydrochloride was prepared in a similar
manner as described in example %-29. H NMR (400 MHz, CDCL/CD;OD) &
0.70-0.75 (m, 2H), 0,90-0.94 (m, 2H), 1.18 (d, / = 6.8 Hz, 3H), 1.84'1.94 (m, 1H),

1.97-2,05 (m, 1H), 2.49-2.564 (m, 1H), 2.99-3.04 (m, 211), 8.23-3,28 (m, 1H).

d)

(45,12a9)-1-Cyclopropyl- N [(2,4-diflworophenyl)methyll-7-hydroxy-4-methyl-6,8-dioxo-
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1,2,3,4,6,8,12,12a-0ctahydropyridol1,2'4,6]pyrazino(l,2-alpyrimidine-9-carboxamide.
The title compound was made in two steps using a similar process to that described in
example 22, 16a (80 meg, 0,17 mmol) and free based
[(89)-3-aminobutylleyclopropylamine (75 mg, 0.59 mmol) were reacted in
dichloromethane 2 ml) with acetic acid to give
(48 12a9)-1-cyclopropyl-N-[(2,4-diflnorophenyl)methyll-4-methyl-6,8-dioxo-7-[(phenyl
methyl)oxy]'1,2,8,4,6,8,12,].2a~octahydropyrido[1’,2'14,Shayrazino[].,Q-a]pyrimidine'f)'c
arboxamide (74 mg, 80%) as a film. This material was hydrogenated in a second step
as described in example 72 to give
(45 12a.9 1 eyclopropyl- N-[(2,4-diflvorophenyl)methyl]l-7-hydroxy-4-methyl-6,8-dioxo-
1,2,3,4,6,8,12,12aoctahydropyrido[1',214,6]pyrazino[1,2- alpyrimidine-9-carboxamide
(32 mg, 52%) as an off-white solid, 'H NMR (400 MHz, CDCly) 8 0.37-0.64 (m, 3H),
0.64-0.70 (m, 1H), 1.35 (4, J = 7.2 Hz, 8H), 1.45-1.49 (m, 1H), 1.76-1.80 (m, 1H),
2.08-2.12 (m, 1H), 2.86-2.93 (m, 1H), 2.99-3,04 (m, 1H), 4.30 (dd, /= 4.0, 13.6 Hz, 1H),
4.49-4.67 (m, 4H), 5.00-5.07 (m, 1H), 6.75-6.82 (m, 2H), 7.32-7.36 (m, 1H), 8.28 (s, 1H),

10.49 (m, 1H), 12.63 (s, 1H); ES* MS: 459 (M+1),

Example 72-48:;

(45.12a.8)-N-1(2.4-DifluorophenyDmethyl]l-7-hydroxy-4-methyl-1-[2-(methyvloxy)ethyl]l-

6,8-diox0-1.2.3.4,6,8.12.12a-octahydropyride[1'.2"4.6]pvrazinel1.2-alpyrimidine-9-carb

oxamide.
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o]
|

a) [(389)-3-Aminobutyl][2-(methyloxy)ethyllamine dihydrochloride., The protected
diamine, 1,1-dimethylethyl
((18)-1-methyl-8-{[2-(methyloxy)ethyllaminolpropylcarbamate was prepared in a
similay manner as described in example 747, Subsequently,
[(BS)'B'aminobutyI][2-(methyloxy:)ethyllamine dihydrochloride was prepared in a
similar manner as described in example Z-29, H NMR (400 MHz, CDCla/CDsOD) &
1.21 (d, J= 5.6 Hz, 3H), 1.93 (m, 1H), 2.04 (m, 1H), 2.98-3.05 (m, 4H), 3.22 (m, 2H),

3.26-3.31 (m, 4H), 8,06 (br, <1 H), 8.81 (br, < 1 H).

b)

(45,1229 N-[(2,4-Difluorophenyl)methyl}-7-hydroxy 4 -methyl-1-[2-(methyloxy)ethyll-
6,8-dioxo"1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5)pyrazinoll,2-alpyrimidine-9-carb
oxamide, The title compound was made in two steps using a similar process to that
described in example 7-2. 16a (60 mg, 0.13 wmmol) and free based
[(39)-83-aminobutyl}[2-(methyloxy)ethyllamine (63 mg, 0.837 mmol) were veacted in
dichloromethane (2 ml) with acetic acid to give
(4.5,12a.9) M[(2,4-difluorophenyl)methyll-4-methyl-1-[2-(methyloxy)ethyl]-6,8-dioxo"7-
[(phenylmethyDoxyl-1,2,8,4,6,8,12,12a-octahydropyrido[1',2"4,5lpyrazino[1,2- alpyrimi

dine-9-carboxamide (47 mg, 63%) as a film. This material was hydrogenated in a
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second step as described in example 42 to give
(45,1289 N-[(2,4-difluorophenylmethyll-7-hydroxy-4-methyl-1-[2-(methyloxy)ethyl]l-6
,8-diox0-1,2,3,4,6,8,12,12a octahydropyrido[1',2"14,5]pyrazinoll,2-alpyrimidine9-carbo
' xamide (88 mg, 97%) as an off-white solid. 'H NMR (4100 MHz, CDCla) 8 1.34 (d, J =
7.2 Hz, 3H), 1.49 (m, 1H), 2.08-2.12 (m, 1H), 2.67-2.70 (m, 1H), 2.81-2,92 (m, 2H),
3.06-3.16 (m, 1H), 3.30-3.37 (m, 4H), 3.58'3.63 (m, 1H), 4.20 (dd, J= 3.4, 14,2 Hz, 1H),
4.60-4.59 (m, 1H), 4.62-4.65 (m, 3H), 5.00-5.08 (m, 1H), 6.75-6,81 (m, 2H), 7.81-7,87

(m, 1H), 8.27 (s, 1H), 10.46 (s, 1H), 12,564 (s, 1H); BS* MS: 477 (M+1),

Example 7-49;

racemic<3a8.6a8,13a8)-N-[(2.4-Difluorophenyl)methyll:11-hydroxy-5-(2-methylpropyl

)-10,12-diox0-2,3.82.4,5,52.6,10,12,13a-decahydro-1H-cyclopenta elpyrido[1',2"4,5]lpyr

azinol[1,2-alpyrimidine 9-carboxamide,

OH 0
F O Ay
\Q\/ﬁ SNy
BRan

a) racemic<18,28)-2-{[(2-MethylpropyDaminolmethyl}eyclopentanamine
hydrochloride,
In a manner similar to example Z-18a-c, from

racemic(1R,28)-2-({[(1,1-dimethylethyloxylecarbonyllamino)eyclopentanecarboxylic
acid (255 mg, 1.11 mmol) was prepared racemic-1,1-dimethylethy!
[(1S,28)-2-(aminomethyleyclopentyllcarbamate (163 mg, 64 % over 3 steps) as a white

green residue, Reductive amination with isobutyraldehyde followed by deprotection
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as described in %-38 steps c and d respeclively, gave
racemic(18,28)-2-{[(2-methylpropylaminolmethyllcyclopentanamine  hydrochloride
(105 mg, 39% over 5 steps from amino acid). 'H NMR (methanol-di/CDCl3) 8.90
(br s, <1 H), 8.64 (br s, <1 H), 8.28 (m, 1 H), 3.97 (br s, 1 H), 8,37 (m, 1 H), 2.83-2.69

(m, 83 H), 2.18-1.69 (m, 7 H), 0.996 (m, 6 H),

b)

racemic(3a8,5a8S,18a8)-N-[(2,4-Difluorophenylmethyl]-11-hydroxy-5-(2-meth
ylpropyl)-10,12-dioxo-2,3,3a,4,5,5a,6,10,12,18a-decahydro-1H-cyclopentalelpyrido[1',2'
'4,5]pyrazino[l,2-a]pyrimidine-9-carboxamide. In a manner similar to that described
in example 736, from
racemic<18,28)-2-{[{(2-methylpropyDaminolmethyllcyclopentanamine  hydrochloride
105 mg, 0.434 mmol) and 16a ( 56 mg, 0.119 mmol) was prepared
racemic<(3a8,5a8,13a8)-N-[(2,4-difluorophenyDmethyl]-5-(2-methylpropyl)-10,12-diox
0-11-[(phenylmethyl)oxyl-2,3,3a,4,5,5a,6,10,12,18a-decahydro- 1H-cyclopentalelpyridol
14,2%4,5)pyrazinoll1,2-alpyrimidine-9-carboxamide (52 mg, 74%). This material was
deprotected in a second step similar to the procedure described in example 2-37.
Thus, from
racemic-(3aS,5a8,13a8) N-[(2,4-difluorophenyDmethyl]l-5-(2-methylpropyl)-10,12-diox
o*11-[(phenylmethyloxyl-2,3,3a,4,5,54,6,10,12,13a-decahydro-1H-cyclopentalelpyridol
1',2%4,5]pyrazino[1,2-alpyrimidine-9-carboxamide (48 mg, 0,081 mmol) and 10% Pd/C
(catalytic amount), the title compound was prepared as a white solid after purification

by HPLC (30 mg, 75%). 'H NMR (CDCla) 12,69 (s, 1 H), 10.42 (s, 1 H), 828 (s, 1 H),
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7.34 (m, 1 H), 6.79 (m, 2 ), 4.83 (s, 1 H), 4.63-4.68 (m, 3 H), 4.29 (m, 1 H), 4.14 (m, 1
H), 2.91 (m, 1 H), 2.46-2.32 (m, 8 H), 2,15-2.09 (m, 2 H), 1.85-1,61 (m, 5 H), 1.89 (n, 1

H), 0.88 (m, 6 H); I5S* MS: 6501 (M +1),

Example 7-50:

(822.112.5-N-[(2.4-DifluorophenyDmethyl]-3-ethyl-6-hyvdroxy-5.7-diox0°2.3.5,7,.11,11a-h

exahydroll.8Joxazolo]8,2-alpyridol1,2- dlpyrazine-8-carboxamide.

OH O —
F NN
1e¥bses
F O H

The title compound was made in two steps using a similar process to that described in

example %-2. 16a (40 mg, 0,09 mmol) and (2/)-2-amino-l-butanol (0.02 ml, 0.21
mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(31,1129 N-[(2,4-difluorophenyl)methyl]-3-ethyl-5,7-dioxo-6-[(phenylmethyDoxyl-2,3,
5,7,11,11a-hexahydroll,8]loxazolo(8,2-alpyridoll,2-dlpyrazine-8-carboxamide (40 mg,
93%). This material was hydrogenated in a second step as described in example %-2
to ' give
(B8R, 1129 -M[(2,4-Difluorophenyl)methyl]-3-ethyl-6-hydroxy-5,7-diox02,3,5,7,11,11a-h
exahydroll,3loxazolo[8,2-alpyrido[1,2-dlpyrazine-8-carboxamide (30 mg, 91%) as a
white solid,  'H NMR (CDCly) & 11.49 (by, 1 H), 10.28 (m, 1 ), 8,35 (s, 1 H), 7.34
(m, 1 F), 6,79 (m, 2), 6.30 (m, 1 H), 4.62 (m, 2 H), 4.46-4.32 (m, 8 H), 3.93'3.86 (i, 2

H), 2.11 (m, 1 H), 1.65 (m, 1 H), 0.98 (t, J= 7.6 Hz, 3 H); [S* MS: 420 (M +1).
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Example 72-51:

racemic{4a8.6a8.14a8)-N-[(2.4*Difluoropheny)methyl]-12-hydroxy:6-[2-(4-morpholin

yDethyll-11.13-dioxo-1,2.3.4.4a,.6.6.6a,7,11,13,14a dodecahydropyrido[1,2'4,5]pyrazin

ol[1,2-alquinazoline-10-carboxamide.

E:]

a) racemie-1,1-Dimethylethyl [(18,2R)-2-formyleyclohexyllcarbamate. An

alternative procedure from the one given in example Z-38b follows: To a solution of
Dess-Martin Periodane (564 mg, 1.38 mmol) in dichloromethane was added
racemic-l,1-dimethylethyl [(18,2R)-2-(hydroxymethyleyclohexyllcarbamate (305 mg,
1.33 mmol, see example Z-38a) dropwise as a solution in dichloromethane. The
reaction was stirred 1 hour at ambient temperature until judged complete by TLC (111
hexanes' ethyl acetate KMnO, stain)., The reaction was quenched with aqueous
sodium bicarbonate and sodium thiosulfate solutions, extracted with dichloromethane,
and the combined organics were dried over sodium sulfate, Silica gel
chromatography (0-50% ethyl acetate/ hexanes gradient elution) gave
racemic-l,l-dimethylethyl [(18,2R)-2-farmyleyclohexyllearbamate (280, 93%). See

example Z-38b for NMR data,

b) racemici[(18,28)-2-Aminocyclohexyllmethy1} [2-(4-morpholinylethyllamine
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hydrochloride. In a manner similar to that described in example Z-38c-d from
racemic-l,1-dimethylethyl [(18,2R)-2-formylcyclohexyllcarbamate (78 mg, 0.344 mmol,
prepared using the procedure from example %-38b) and (2-(4-morpholinylethyllamine
(67 mg, 0.516 mmol) was prepared
J'ézcenu'c.'{l'(lS,ZS)-Z'aminocyclohexyHmethyl}[2'(4‘morpholinyl)ethyl]amine

hydrochloride (95 mg, 78% over 2 steps) as a white solid. 'H NMR
(methanol-d@/CDCls) 8.18 (br s, 1 H), 8,84:3,493 (m, 11 H), 3,193,119 (m, 5 H), 2.42

(m, 1 H), 2.11 (brs, 2 H), 1.87-1.17 (m, 10 H).

c)

racemic-4aS,6a8,14aS)-N-[(2,4-Difluorophenyl)methyll-12-hydroxy-6-[2-(4-mo
ypholinylethyll-11,18-dioxo"1,2,8,4,4a,5,6,6a,7,11,13,14a-dodecahyd ropyrido(1',2":4,5]
pyrazinoll,2-alquinazoline-10-carboxamide, In a manner similar to that described in
example 235, from
racemic-{[(18,28)-2-aminocyclohexyllmethyl}{2-(4-morpholinylethyllamine
hydrochloride (95 mg, 0.272 mmol) and 16a (45 mg, 0.0967 mmol) was prepared
racemic-(4aS,6aS,14a8)-N-[(2,4-difluorophenylDmethyl]-6-[2- (4 morpholinyDethyl]-11,
13-dioxo-12-[(phenylmethyloxy]-1,2,8,4,44,5,6,62,7,11,18,14a-dodecahydropyrido[1',2"
4,5lpyrazino{1,2-alquinazoline-10-carboxamide (27 mg, 43%). This material was
deprotected in a second step similar to the procedure described in e#ample 4-37.
TFrom
racemic{4aS,6a8,14a8)N-[(2,4-difluorophenyDmethyl]-6-[2-(4-morpholinyDethyl]-11,

13-dioxo-12-[(phenylmethyloxyl-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2"
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4,6lpyrazinol1,2-alquinazoline-10-carboxamide (27 mg, 0.0408 mmol) and 10% Pd/C (1
mgj the title compound was prepared as a white solid after purification by HPLC, 'H
NMR (CDCla) 12,80 (br s, <1 H), 10.41 (br's, 1 H), 8,20 (s, 1 H), 7.34 (m, 2 H), 6.78 (m,
2 H), 4.76 (m, 1 H), 4.62-4,54 (m, 3 H), 4.29 (m, 2 ), 3.65 (m, 4 H), 8,01 (m, 1 H), 2.76

(m, 2 H), 2.68:2,42 (m, 7 H), 2.21 (m, 1 H), 1.89-1.28 (m, 8 H); ES* MS: 572 (M +1),

Lxample Z-52!

5aR.13a8)-N-[(2.4-DiflugrophenyDmethyl]-11-hydroxy-10,12-dioxo:1.2.8,

32,4,52,6,10,12,13a-decahydrocyclopentaldlpyrido[1'.2"4,5]pyrazinof2,1-bl[1,3loxazine

"9-carboxamide.

a) racemic-1,1-Dimethylethyl [(18,2R)-2-(hydroxymethyDcyclopentyllcarbamate,

racemic<1R,28)-2-({[(1,1-Dimethylethyloxylcarbonyl}amino)cyclopentanecarboxylic

acid (22 mg, 0.096 mmol) was dissolved in tetrahydrofuran and placed in an ice-water
bath. ’I‘ri'ethylamine was added, followed by the slow addition of methyl
chloroformate. The reaction was stirred ten minutes in the ice'bath and sodium
borohydride was added. Methanol was then added slowly and stirring was continued
for two hours while the ice'bath expired, 1 M Potassium hydrogen sulfate was added,
the reaction was partially concentrated, and 4product was extracted with
dichloromethane., The combined organics were washed with sodium bicarbonate,

brine, and dried over sodium sulfate. Removal of solvents under reduced pressure
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afforded racemic:l,1-dimethylethyl [(18,2R)-2-(hydroxymethyl)cyclopentyl]lcarbamate
(25 mg, >100%), 'H NMR (CDCls) 4.50 (brs, 1 H), 4.06 (m, 1 H), 8.54 (m, 1 H), 3.37

(m, 1 H), 2,09 (m, 1 H), 1.96 (m, 1 H), 1.64 (m, 3 1), 1.52 (m, 1 H), 1.43 (s, 9 H), 1.11

(m, 2 H).
b) racemic[(1R,28)-2-Aminocyclopentyllmethanol hydrochloride. In a manner
similar to that described in example, from racemic-l,1-dimethylethyl

[(18,2R)-2-(hydroxymethyleyclopentyllecarbamate and 4 N HCl was prepared
racemic{(1R,28)-2-aminocyclopentyllmethanol hydrochloride (20 mg, quantitative).
'H NMR (methanol-d4-CDCla) 7.76 (br s, <1 H), 3.73 Gm, 1 H), 3.61- 3.28 (m, 8 H),
2.27 (or s, 1 H), 2.01 (m, 2.01 (m, 1 H), 1.74-1.70 (m, 2 H), 1.56-1.42 (m, 2 ), 1.16 (br

s, 1L H), 1.05 (br s, 1 H).

¢)

racemic(3aR,13a8)-N-[(2,4-Difluorophenyl)methyll-11-hydroxy-10,12-dioxo-1,
2,3,3a,4,5a,6,10,12,18a-decahydrocyclopentald)pyrido[1',2"4,5]pyrazino(2,1-b1{1,3)oxa
zine-9-carboxamide. In a manner similar to that described in example %35, from
racemic[(1R,28)-2-aminocyclopentyllmethanol hydrochloride (20 mg, 0.132 mmol)
and 16a (24 me, 0.051 minol) was prepared
racemic(8aR,13a8)-N-[(2,4-difluorophenylmethyl]l-10,12-dioxo-11-[(phenylmethyloxy
11,2,8,8,4,5a,6,10,12,13a-decahydrocyclopentaldlpyrido[1',2':4,5)pyrazino[2,1-5](1,8]

oxazine-9-carboxamide (7 mg, 26 %) as a white solid. This material was deprotected

in a second step similar to the procedure described in example Z-87. Thus, from
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racemic(3aR,13a8)'N-[(2,4-difluorophenyl)methyl]-10,12-dioxo- 11-[(phenylmethyDoxy
1-1,2,8,8a,4,5a,6,10,12,13a-decahydrocyclopentaldlpyrido{1',2"4,5lpyrazino(2,1-b]{1,3]
oxazine'9-carboxamide (7 mg, 0,012 mmol) and 10% Pd/C (1 mg),
racemic(3aR,18a8)-N-{(2,4-difluorophenylmethyl]-11-hydroxy-10,12-dioxo-1,2,3,3a,4,
5&,6,10,12,1Ba'decahydrocyclopenta[d]pyridol].'.2'!4.-’5]pyrazino[2,l'b][l,8]&xa7.ine~9~ca
rboxamide (4 mg, 72%) white solid. 'H NMR (CDCls) 12.20 (br s, 1 H), 10.37 (br s,
1 H), 831 (s, 1 H), 7.85 (m, 1 H), 6.80 (m, 2 H), 5.16 (m, 1 H), 4.77 (m, 1 H), 4.64 (n, 2
H), 4.28 (m, 1 H), 4.09 (m, 1 H), 3,97 (m, 1 H), 8.46 (m, 1 H), 2.49-2.20 (m, 2 H),

1.89-1.58 (m, 4 H), 0.936-0.840 (m, 1 H); ES* MS: 446 (M +1),

Example Z-53!

racemic4a8.6a8,14a8)-N-[(2.4-DifluorophenyDmethvl]-12-hvdroxy-6-methyl-11,18-di

0%x0°1.2.8.4.42.6,6.6a,7,11,18 14a-dodecahydropyrido[1'.2"4,5lpyrazinol1,2-alquinazoli

ne-10-carboxamide,

@L

a) racemic<[(18,28)-2-Aminocyclohexyllmethyl}methylamine hydrochloride, In

a manney similax to that described in example Z-38c-d from
racemic-1,1-dimethylethyl [(18,2R)-2-formylcyclohexyllcarbamate (0.410 mmol) and
methyl amine (0.6 ml. of a 2 M tetrahydrofuran solution) was prepared
racemic-{{(18,28)-2-aminocyclohexyllmethylhmethylamine hydrochloride in two steps

as a white solid (46 mg, 63% 2 steps). I NMR (methanol-di/CDCls) 9.05 (br s,<1
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H), 8.72 (brs, < 1 H), 8.24 (brs, 1 H), 3.84 (m, 1 1), 8,29 (m, 1 H), 2.85 (br s, 1H), 2,66

(br's, 4 H), 2,38 (brs, 1 H), 2.07-1.83 (m, 2 H), 1.67-1.14 (m, 6 H),

b)
racemic4a8,6a8S,14a8)-N-[(2,4-Difluorophenylmethyl]l-12-hydroxy-6-methyl- .-

11,13+dioxo"1,2,8,4,44a,5,6,6a,7,11,13,14a-dodecahydropyridol1',2"4,5)pyrazino(1,2-alq
uinazoline-10'carboxamide, In a manner similar to that described in example %-35,
from racemic<[(18,28)-2-aminocyclohexyllmethylimethylamine hydrochloride (46 mg,
0.215 mmol) and 16a (35 mg, 0.0744 mmaol) was prepared
racemic<(4a8,6a8,14a8) N-[(2,4-difluorophenyl)methyl]-6-methyl-11,13-dioxo-12-[(phe
nylmethyl)oxy]'1,2,3,4,4a,5,6,6a,7,11,].8,].4a'dodecahydropyrido[l‘,Z'lél.5]py1'azi.uo[l,2'
alquinazoline-10-carboxamide(l7 mg, 41%) as a white solid, This material was
deprotected in s second step similar to the procedure described in example 7%-37,
Thus, from
racemic(4aS,6a8,14a8)-N-[(2,4-difluorophenyl)methyll-6-methyl-11,18-dioxo-12+[(phe
nylmethylDoxyl-1,2,8,4,4a,5,6,6a,7,11,183, 14a-dodecahydropyrido[1',2':4,5]pyrazinol1,2-
alquinazoline'10-carboxamide (17 mg, 0.0802 mmol) and 10% Pd/C (1 mg) was
prepared the title compound as a white solid (9 mg, 64%), 'H NMR (CDCls) 10.44
(m, 1 H), 8,29 (s, 1 H), 7.34 (m, 1 H), 6.79 (m, 2 H), 4,78 (m, 1 H), 4,62 (br s, 2 H), 4.29
(br s, 2 H), 3.41 (s, 1 H), 2.92 (m, 1 H), 2.66 (m, 1 H), 2.35-2,25 (m, 4 1), 1.90-1.74 (m,

2 H), 1.67-1.24 (m, 6 H); 1S+ MS: 473(M +1).

Example 7Z-64:
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racemic(4aS,6a8 14a8)-N-[(2 4-DifluorophenyDmethyl]-12-hydroxy-6-[2-(methyloxy)e

thyl]-11.18-diox0°1,2.8.4.4a.5,6,64,7,11,13,14a-dodecahydropyrido(1'.2":4.51pyrazinel 1,

2+algquinazoline-10-carboxamide,
OH O H,,
H “H
N \ N\/&l’lN
0

a) racemic-{[(18,28)-2-Aminocyclohexyllmethyl}[2-(methyloxy)ethyllamine

hydrochloride.
In a manner similar to that described in example 2-38c'd from
racemiec-l,l-dimethylethyl [(1S,2R)-2-formylcyclohexyllcarbamate (93 mg, 0.410
mmol) and [2-(methyloxy)ethyllamine (0.05 ml, 0.616 mmol) was prepared in two
steps racemie{[(18,28) 2-aminocyclohexyllmethyl}H2-(methyloxy)ethyllamine
hydrochloride (63 mg, 60% 2 steps) as a white solid. 'H NMR (methanol di//CDCls)
9.02 (br s, <1 H), 8.78 (br s, <1, H), 8.29 (br &, 1 H), 3.69 (br s, 2 H), 8.46 )s, 3 I,
3.86-3.18 (m, 4 H), 2.97 (br's, 1 H), 2,46 (brs, 1 H), 1.86-1.40 (m, 8 H).
b)

racemic-4aS,6a8,14a8) N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-6-[2-(meth
yloxy)ethyll-11,18-dioxo-1,2,8,4,44a,5,6,6a,7,11,18,14a-dodecahydropyrido[1',2"4,58)pyra
zino[1,2-aJquinazoline-10-carboxamide. In a manner similar to that described in
example 435, from
racemic-{((18,29)-2-aminocyclohexyllmethyl}[2-(methyloxy)ethyllamine hydrochloride

(63mg. 0.244 mmol) and 16a (40 mg, 0.0851 mmol) was prepared
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z’acenu'cv(daS,ﬁaS,111-aS)'N'l(2,4'diﬂqorophenyl)methyl]'6'[2'(1ﬁetlxyloxy)et;hy1]'ll,lB'd
ioxo-12-[(phenylmethyloxyl-1,2,3,4,4a,5,6,6a,7,11,18,14a-dodecahydropyrido(1',2"14,5]
pyrazinoll,2-alquinazoline-10-carboxamide (44 mg, 81%) as a white solid. This
material was deprotected in a second step similar to the procedure described in
example %37, Thus, from racemic:
(428,6a8,14a8)'N-[(2,4-difluorophenyl)methyl]-6-12-(methyloxy)ethyll- 11, 18-dioxo-12-(
(phenylmethyloxyl-1,2,3,4,4a,5,6,6a,7,11,18,14a-dodecahydropyrido[1',2"4,5]pyrazino
[1,2-alquinazoline- 10-carboxamide (44 mg, 0.0726mmol) and 10% Pd/C (1 mg) the title
compound was prepared as a white solid (837 mg, quantitative). 'H NMR (CDCls)
12.60 (br s, 1 H), 10,47 (m, 1 ), 8,28 (s, 1 H), 7.34 (m, 1 H), 6.79 (m, 2 H), 4.81 (m, 1
H), 4.64 (m 3 H), 4.51 (m, 1 H), 4.26 (m, 1 H), 3.63 (m, 1 H), 3.81 (s, 3 H), 8.19 (m, 1
H), 2.86 (m, 1 H), 2.67 (2m, 2 H), 2.21 (m, 1 H), 1.91-1.78 (m, 2 H), 1.671.52 (m, 4 H),

1.46-1.24 (m, 3 H); ES*MS: 517 (M +1),

Example 72-55;

racemic{4a8 6a8.14a8)-6-[2-(Acetylamino)ethyl]-N-[(2.4-difluorophenyDmethyl]-12-h

ydroxy-11,18-diox0-1.2.8.4,44.5,6,6a,7.11.18 1da-dodecahyvdropyrido[1',2':4.5]pyrazino|

1.2-alguinazoline-10-carboxamide.

a) racemie-N-[2-({l(18,28)-2-Aminocyclohexyllmethyl}amino)ethyllacetamide
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hydrochloride. In a manner similar to that deseribed in example %-88c'd from
racemic-l,1-dimethylethyl [(1S,2R)-2-formylcyclohexyllcarbamate (93 mg, 0,41 mmol)
and N-(2-aminoethylacetamide (63 meg, 0.615 mmol),
racemic'N-[2-({[(18,28)-2-aminocyclohexyllmethyllaminolethyllacetamide

hydrochloride was prepared in two steps as a white solid (82 mg), 71% 2 steps). H
NMR (methanol-di/CDCls) 8.86 (br s, 1 H), 8.29 (br s, 1 H), 3.62:8.51 (m, 38 H),
3.40-8.28 (m, 4 H), 3.22°2.93 (m, 3 H), 2.47 (m, 1 H), 2.08-2.06 (m, 4 H), 1.83-1.75 (m,

2 H), 1.56-1.44 (m, 8 H), 1.28 (m, 1 H).

b)

racemic-4a8,6a8,14a%)-6-[2-(Acetylamino)ethyl)-N-[(2,4-difluorophenyl)methy
1I-12-hydroxy-11,13-dioxo-1,2,3,4,44,5,6,6a,7,11,13,1da-dodecahydropyridol1,2':4,5]pyr
azino(l,2-alquinazoline-10-carboxamide. In a mannecr similar to that described in
example Z-35, from
racemicN-[2-({[(18,28)-2-aminocyclohexyllmethyllamino)ethyllacetamide
hydrochloride (82 mg, 0.349 mmol) and 16a (50 mg, 0,106 mmol) was prepared the
title compound (24 mg, 36%). This material was deprotected in a second step
similar to the procedure described in example 2-37. Thus, from racemic-
(428,6aS,14a8)-6-[2-(acetylamino)ethyl]-N-[(2,4-difluorophenyl)methyl]-11,13-dioxo-1
2-[(phenylmethyDoxyl-1,2,8,4,42,5,6,6a,7,11,18,14a-dodecahydropyrido[1',2":4,5]pyrazi
nol(l,2-alquinazoline-10-carboxamide (24 mg, 0.0379 mmol) and 10% Pd/C (1 mg) was
prepared the title compound as a white solid after purification by HPLC., 'H NMR

(CDCls) 12.59 (s, 1 H), 10.44 (s, 1 H), 8.35 (s, 1 H), 7.832 (m, 1 H), 6.79 (m, 2 H), 5.86
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(s, 1 H), 4,78 (m, 1 H), 4.61-4.50 (i, 3 F), 4.30 (m, 1 H), 3.35 (m, 1 H), 3.18 (m, 1 H),
2.96 (m, 1 H), 2.76 (in, 2 H), 2.48 (m, 1 H), 2.19 (m, 1 H), 1.89-1.28 (m, 12 H); KBS+

MS: 544 (M +1).

Example 7-56:

(8811aR) -NI(2.4-DifluorophenyDmethyl]l-8-ethyl-6-hydroxy-5,7-dioxo-2,3.5.7.11.11a-h

exahydrol[1.8loxazolo[3.2-alpyrido[1.2 dlpvrazine-8-carboxamide.

T '
F o
Q\/H \\N\/T\O

F 0 '

H

The title compound was made in two steps using a similar process to that descr.ibed in
example Z-2. 16a (40 mg, 0.09 mmol) and (25)-2-amino-1l-butanol (0.1 mlL) wera
reacted in  dichloromethane (2 ml)  with acetic acid to  give
(8.5, 11a.8)- N-[(2,4-difluorophenylDmethyl]-8-ethyl-5,7-dioxo 6+ [(phenylmethyloxyl-2,3,
5,7,11,11a-hexahydroll,3loxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide (39 meg,
90%). This material was hydrogenated in a second step as described in example Z-2
to give
(3.5, 11aR) N [(2,4-diflnorophenyl) methyl)-8-ethyl-6-hydroxy-5,7-dioxo 2,3,5,7,11,11ah
exahydroll,8}oxazolo(3,2-alpyridol1,2-dlpyrazine-8-carboxamide (37 meg, 99%) as a
tinted white solid. ~ 'H NMR (CDCls) § 11.47 (br, 1 H), 10.26 (m, 1 H), 8.35 (s, 1 H),
7.32 (m, 1 H), 6,77 (m, 2), 5.29 (m, 1 H), 4.60 (m, 2 H), 4.47-4.32 (m, 3 H), 3.93-3.85

(m, 2 H), 2.08 (m, 1 H), 1.68 (m, 1 H), 0.95 (t, J=7.6 Hz, 3 H); BS* MS: 420 (M +1).
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Example 72-57:

(381123 -Butyl N [(2.4-difluorophenyDmethvl]-6-hydroxy-5.7-dioxo-2.8.5.7.11,11a"h

exahydroll.8loxazolo[8,2- alpyridoll.2 - dlpyrazine-8-carboxamide.

OH O _,_//
: o X
H
Qvf\l X N\/*\O
F o} H

The title compound was made in bwo steps using a similar process to that described in

example 7°2. 16a (40 mg, 0.09 mmol) and (29-2-amino-1-hexanol (100 mg) were
reacted in dichloromethane (2 ml.) with acetic acid to give
(3.5 11aR)-8-butyl- M[(2,4-diflnorophenyl)methyll-5,7-dioxo-6-[(phenylmethyloxyl-2,3,

5,7,11,11a-hexahydro(1,8loxazolo(3,2-alpyridol1,2-dlpyrazine-8-carboxamide (48 mg,
94%). This material was hydrogenated in a second step as described in example 2-2
to giva
(38 11ak)-3-butyl- N [(2,4-difluorophenyl)methyl]-6-hydroxy-5,7-dioxo"2,5,6,7,11,11ah

exahydroll,8Joxazolo[3,2-alpyrido(1,2-dlpyrazine-8-carboxamide (83 mg, 92%) as a
tinted white solid.  'H NMR (CDCls) 8 11.48 (b, 1 ED, 10.27 (br, 1 H), 8,86 (br, 1 H),
7.31 (m, 1 M), 6.77 (m, 2), 5,28 (m, 1 H), 4.59-4.36 (m, 5 H), 3.83 (m, 2 H), 2.08 (m, 1

I, 1.58 (m, 1 H), 1.39°1.23 (m, 4 H), 0.90 (t, /= 6.8 Hz, 3 H); [S* MS: 448 (M+1).

Example 7Z-68:

(85 11a/0)-N-1(2.4-Difluorophenylmethyl]-6-hydroxy:3-[(4-hydroxyphenyDmethyl]-5,7

diox0-2,8,5.7,11,11a hexahydyo[1.8]oxazolo[3,2 2
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OH
oH O
F % {O
QL
F 0 H

The title compound was made in two steps using a similar process to that deseribed in
example Z-2, 16a (40 mg, 0.09 mmol) and 4-((28)-2-amino-3-hydroxypropyllphenol
(43 mg, 0.21 mmol) were reacted in dichloromethane (2 mL) with acetic acid to give
(85, 11a.)- N-[(2,4-difluorophenyl)methyl]l-3-[(4-hydroxyphenyDmethyl]-5,7-dioxo-6-[(p

henylmethyloxy]-2,3,5,7,11,11a-hexahydrol1,8]loxazolo[3,2- alpyrido[1,2-dlpyrazine-8-¢
arboxamide (10 mg, 20%). This material was hydrogenated in a second step as
described in  example 72 and purified via preparative HPLC t{to give
(BS,]la]z?)'N[(2,4'difluoropheny])methy]]'G'hydroxy‘B'[(4'hydroxyphenyl)meth).fl)'5,'7'

diox0-2,3,5,7,11,11a-hexahydrofl,8]Joxazolo[8,2-alpyrido(1,2-dlpyrazine-8-carboxamide

(7 mg, 63%) as a white solid.  'H NMR (CDs0OD) & 10.43 (m, 1 H), 8.34 (s, 1 H),
7.33 (m, 1 H), 7.00 (d, J= 8.4 Hz, 2 ), 6.82 (m, 2 H), 6.71 (d, J= 8.4 Hz, 2 H), 5.05 (m,
1 H), 4.67-4.57 (m, 4 H), 4.21 (dd, /= 8.8, 7.2 Hz, 1 H), 3.94 (dd, J= 8.8, 6.4 Hz, 1 H),

3.21(dd, /= 13.2, 3.2 Hz, 1 H), 2.90 (dd, /= 13.6, 8.8 Hz, 1 H); S* MS: 498 (M+1).

Lxample 7-59:

(48,12a8)-1-Cyclobutyl-N-[(2,4-difluorophenyDmethyl]-7-hydroxy-4:-methyl 6,8 dioxo- 1

2.3,4.6,8,12,12a-0ctahydropyride[1.2":4,5lpyrazino[1,2 alpyrimidine-9-carboxamide.
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a)  [(38-3-Aminobutylleyclobutylamine dihydrochloride was prepared in a similar
manner as described in example Z2-47. 'H NMR (400 MHz, CDCly/CDsOD) 8 1.23 (d,
J= 6.4 Hz, 3H), 1.69-2,26 (m, 8H), 2.83 (m, 2H), 8.81-8.83 (m, 1H), 8.55 (m, 11, 8.08

(br, <1H), 9.07 (br, <1H).

b)
(4-5’,12&5)'1'Cyclobutyl-N'[(2,4'c]if'luorophenyl)methyl]"’7'hydl'oxy'4'met11yi'6,8-dioxo-1
,2,8,4,6,8,12,12a-octahydropyrido(1',2"4,5]pyrazino{l,2- alpyrimidine-9-carboxamide.
The title compound was made in two steps using a similar process to that described in
example 72, 16a (80 meg, 0.17 mmol) and free based
[(38)-8-aminobutylleyclobutylamine (96 mg, 0.68 mmol) were reacted in
dichloromethane (2 ml.) with acetic acid to give
(451229 1-cyclobutyl- M[(2,4-difluorophenyl)methyl])-4-methyl-6,8-dioxo-7-[(phenylm
ethyloxyl-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5)pyrazino[1,2-alpyrimidine-9-car
boxamide (88 mg, 70%) as a film, This material was hydrogenated in a second step
as . described in example 42 to give
(451248 1-cyclobutyl-N-[(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-6,8-dioxo- 1
,2,3,4,6,8,12,12a-octahydropyrido[1',24,5]pyrazino[1,2-alpyrimidine 9-carboxamide
(57 mg, 100%) as an off-white solid, !H NMR (400 MHz, CDCI13) § 1,31 (d, /= 6.8 Hz,

3H), 1.46-1.70 (m, 4H), 1.91-2.12 (m, 4I1), 2.52 (m, 1H), 2.90-2.93 (m, 1H), 3.08 (m,
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1H), 4.16-4,29 G(m, 8H), 4.57-4.66 (m, 2H), 4.99-5.05 (m, 1H), 6.76-6.82 (m, 2H),

7.32-7.38 (m, 1H), 8.20 (s, 1H), 10.44 (s, 1H), 12,51 (s, 1H); BS* MS: 473 (M+1).

Txample Z-60:

(4.5 12a.9- N [(2. 4 DifluorophenyDmethyl]-7-hydroxy-4-methyl-6,8-dioxo- 1-(tetrahydro-

2 H-thiopyran-d-yl)-1,2.8,4,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazine| 1.2  alpyrimid

iner9-carboxamide.

OH O
\ N\[ x N\/!{\N
F 0 fj
S
a) [(8.9)-3-Aminobutylltetrahydro-2 A thiopyran-4-ylamine dihydrochloride was
prepared in a similar manner as described in example Z-47. 'H NMR (400 Mz,
CDCly/CD3OD) § 1.21 (d, /= 6.4 Hz , 3H), 1.65-1,756 (m, 2H), 1.90°2.10 (m, 2H), 2.35

(m, 2H), 2.56-2.61 (m, 4H), 2.92-2.98 (m, 3H), 3.27-3.81 (m, 1H), 8.05 (b, <1H), 8.90

(by, <1H).

. b)
(4,5,122.8) N-[(2,4-difluorophenyl)methyl]- 7-hydroxy-4-methyl-6,8-dioxo-1-(tetrahydro-
2 H-thiopyran-4-y1)-1,2,3,4,6,8,12,12a-0ctahydropyrido[1',2"14,5]pyrazine(1,2- alpyrimid
ine-9-carboxamide, The title compound was made in two steps using a similar
process to that deé;c&ibed in example Z-2. 16a (80 mg, 0.17 mmol) and free based
[(38)-3-aminobutyl]tetrahydro-2H-thiopyran-4-ylamine (108 mg, 0.58 mmol) were

reacted in dichloromethane ¢ ml.) with acetic acid - to give
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(4,8,12a8)- N-[(2,4-difluorophenyl) methyl] 4 methyl 6,8 dioxo-7-[(phenylmethyDoxyl- 1-
(tetrahydro 2 H-thiopyran-d-yl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazinoll,
2-alpyrimidine'9-carboxamide (566 mg, 54%) as a film. This material was
debenzylated in a second step to in a manner similar to 7-26 to give
(4.5,128.9)- NV[(2,4-difluorophenyl)methyll-7-hydroxy-4-methyl-6,8-dioxo- 1-(tetrahydro-
2 Hthiopyran-d-yD-1,2,3,4,6,8,12,12a-octahydropyridol1',2"4,5]pyrazino(l,2- alpyrimid
ine-9-carboxamide (56 mg, >100%) as an off-white solid, H NMR (400 MHz, CDC13)
§ 1.80 (d, J = 6.8 Hz , 3H), 1,64-1.68 (m, 1H), 1.72-1.82 (m, 8F), 1.97-2.11 (m, 2H),
2.60-2.76 (5H), 2.86 (m, 2H), 4.17-4.30 (m, 2H), 4.62°4,66 (m, 3H), 4.92-4.96 (m, 1H),
6.75-6.82 (m, 2H), 7.82-7.38 (m, 1H), 8.31 (s, 1H), 10.46 (s, 1), 12.48 (s, 1H); ES*

MS: 519 (M+1),

Example Z2-61!

(451209 N[(2.4-DifluorophenyDmethyl]*7-hvdroxy-1.4-bis(2-methylpropyl)-6.8-dioxo

-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5lpyrazinol1.2-alpyrimidine-9-carboxamide.

oH O
F y O X N
N N N\/'_{i\N
F 0 lY

a) [(39)-8-Amino-5-methylhexyll(2-methylpropyl)amine  dihydrochloride was

prepared in a similar manner as described in example Z-32. 'H NMR (400 MHz,
CDCls/CD30D) 6 0.87 (d, J = 6.4 Hz ,6H), 0.97 (d, J= 6.8 Hz , 6H), 1.34-1.41 (m, 1H),

1.45-1,52 (m, 1H), 1.58-1.66 (m, 1H), 2.01-2,13 (m, 2H), 2.72-2.73 (m, 2H), 3.08-3.00

219

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

(m, 2H), 8.29 (m, 2H), 8.07 (br, <1H), 8,71 (byr, <1H).

b)

(4.8,12a.9)- M[(2,4-Difluorophenyl)methyl]l-7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo
-1,2,3,4,6,8,12,12a-octahydropyridol1',2"4,6]pyrazino(1,2- alpyrimidine-9-carboxamide,
The title compound was made in two steps using a similar process to that described in
example 7-2. 16a (80 me, 0,17 mmol) and free based
((88)-8-amino-5-methylhexyll(2-methylpropylamine (117 mg, 0,683 mmol) were
reacted in  dichloromethane (2 ml)  with  acetic acid to  give
(4812a8)- N-[(2,4-difluorophenyl)methyl]-1,4-bis(2-methylpropyl)-6,8-dioxo*7-[(phenyl
methyDoxyl-1,2,8,4,6,8,12,12a-octahydropyridol1',2'14,5]pyrazinol1,2-alpyrimidine-9-c
arboxamide (68 mg, 66%) as a film, This material was hydrogenated in a second step
as described ‘ in example -2 to . give
(45,1229 N[(2,4-difluorophenyl)methyl]*7-hydroxy-1,4-bis(2-methylpropyl)-6,8-dioxo-
1,2,8,4,6,8,12,12a-0octahydropyrido[1',2"4,6]pyrazino[l,2- alpyrimidine-9-carboxamide
(56 mg, 97%) as an off-white solid, H NMR (400 MHz, CDCI138) § 0.74 (d, J = 6.4 Hz,
3H), 0.84 (d, J = 6.4 Hz, 3H), 0.97-1.00 (m, 6H), 1.837-1.83 (m, 5H), 2.03-2,12 (m, 2H),
2.21-2.28 (m, 1H), 2.77 (m, 1H), 2.90-2,93 (m, 1H), 4.19-4.40 (m, 8H), 4.59-4.70 (m,
2H), 4.96:4.97 (m, 1H), 6.77-6.83 (m, 2H), 7.33-7.839 (m, 1H), 8.28 (s, 1H), 10.47 (s, 1H),

12,59 (br, 1H); BS* MS: 517 (M+1).

Ixample Z-62!

racemic{4aS.6a8 14a8)-N+[(2 4-DifluorophenyDmethyl]l-12-hydroxy-6-(2-hydroxvethyl
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) 11.18+dioxo-1.2.8.4.4a.5,6.62,7,11,18,14a-dodecahydropyrido(1',2"4,6]pyrazino[1.2-a)

quinazoline-10-carboxamide,

o}

H
N "”H
@/ AN N\/}
OH
a) racemic2-({[(18,25)-2-Aminoacyclohexyllmethyl}amino)ethanol hydrochloride,

In a manner similar to that described in example 2-58a, from
racemicl,1-dimethylethyl [(18,2R)-2-formyleyclohexyllcarbamate (112 wmg, 0.497
mmol) and 2-aminoethanol (0.04 mlan 0,746 mmol) was prepaved
racemic2-({[(18,28)-2-aminocyclohexyllmethyllamino)ethanol  bis-hydrochloride in
two steps (102 mg, 84% over 2 steps). 'H NMR (methanoldi/CDClz)  8.81-8.40 (m,
<2 H), 8,16 (brs, 1 H), 4.02-3.93 (m, 2 H), 3.80 (br s, 2 H), 8,53 (m, 1 H), 3.36:2.93 (m,

6 H), 2.41 (brs, 1 H), 2.05 (m, 1 H), 1,75-1.41 (m, 4 H).

b)

racemic{4a8,6a8,14a8)-N-1(2,4-Difluorophenyl)methyl]l-12-hydroxy-6-(2-hydr
oxyethyl)-11,13-dioxo-1,2,8,4,42,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2':4,5)pyrazi
nol1,2-alquinazoline-10-carboxamide. In a manner similar to that described in
example 7-35, from 16a (45 me, 0.0967 mmol) and
racemic2-{[(18,28)-2-aminocyclohexyllmethyl)amino)ethanol hydrochloride (102 mg,
0.418 mmol) was prepared
racemic(4a8,6a83,14a8)-N-((2,4-difluorophenyl)methyl]l-6-(2-hydroxyethyD-11,13-dioxo

-12-[(phenylmethyloxyl-1,2,8,4,4a,5,6,6a,7,11,18,14a-dodecahydropyrido[1',2":4,5]pyra
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zinol1,2-alquinazoline-10-carboxamide (7 mg, 12 %) as a white solid after silica gel
chromatography (1-12% methanol/dichloromethane gradient elution). This material
was deprotected in a second step similar to the procedure described in example %4-37.
Thus, from
1'acezz11'0'(4as,6a8,14aS)'N-{(2,4'diﬂuorophenyl)methyl]'6'(2'hydroxyethy])‘].].,13'dioxo
-12-[(phenylmethylDoxyl- 1,2,3,4,4-e1,6,6.6a,7,11,13,14a-dodecahydropyrido[l',‘ "4,Blpyra
zinol1,2-alquinazoline-10-carboxamide (7 mg, 0.0118 mmol) the title compound was
prepared after purification by HPLC (3 mg, 50 %), ‘H NMR (CDCls) 12.57 (br s, 1
H), 10.45 Gu, 1 H), 8.29 (s, 1 H), 7.34 (m, 1 H), 6.78 (m, 2 H), 4.80 (m, 1 H), 4.71 (s, 1
H), 4.62 (m, 2 H), 4.44 (m, 1 H), 4.33 (m, 1 H), 3,76 (m, 1 H), 8.62:8.20 (m, 8 H), 3.13
(m, 1 H), 2.74-2.71 (m, 2 H), 2.24 (m, 1 H), 1.90-187 (m, 12 H), 1.27-1,23 (m, 3 H)1.12

(m, 1 H); BS*MS: 503 (M +1),

Example Z-63"

racemic{4aS,6a8, 14aS)~6'Cvclopronvl'N'[(2,4'cliﬂuoronhenvl)methvl]‘ 12-hydroxy-11.1

3-diox0-1.2,3,4,4a,5,6.6a,7,11,18, 14a'dodecahvdronvrido[1',2':4\5]nv1‘azino[1.2'a]quina

zoline-10-carboxamide.

OH O H
F F Ox AN N ‘ ™
R AN "
HIIN
O
a) racemic<(18,28)-2-[(Cyclopropylamino)methyllcyclohexanamine hydrochloride.

In a manner similar to that described in example Z-55a, from

racemic-1,1-dimethylethyl [(18,2R)-2-formyleyclohexyllcarbamate (112 mg, 0.497
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mmol) and cyclopropylamine (0.06 mL, 0.746 mmol) was prepared
racemic(18,28)-2+[(cyclopropylamino)methylleyclohexanamine bis hydrochloride salt
in two steps (102 mg, 86% over 2 steps). This material was used without further
purification. H NMR (methanol-ds/CDCly) 8,31 (br s, 1 H), 3,75 (br s, 1 H), 8.54
(m, 1 H), 2.96 (m, 1 H), 2.71 (m, 1 H), 2,27 (m, 1 H), 1.94 (m, 1 H), 1.76-1.15 (m, 8 D),

0.88-0.78 (m, 3 H).

b)
racemic{4aS,6a8,14a8)-6-Cycloprapyl-N-[(2,4-difluorophenylmethyll-12-hyd

roxy'll,13'diox0'1,2,3,4,4&,5,6,6&,7,].],,13,14-a'dodecahydropyrido[1',2'14,ﬁzh)yrazino[l,

2-alquinazoline-10-carboxamide. In a manner similar to that described in example
7-35, from 16a (45 mg, 0.0957 mmol) and racemic-
(18,28)-2-[(eyclopropylamino)methyllcyclohexanamine hydrochlovide (102 mg, 0.425
mmol) was prepared
racemic{4a8,6a8,14aS)-6-cyclopropyl-N+[(2,4-difluorophenyDmethyl)-11,18-dioxo-12-[(
phenylmethyl)oxy]'1,2,8,4,42{,5,6,6&,’7,11,13,14a'dodecahydropyrido[1‘,2‘34~,5]pyrazino[
1,2-alquinazoline-10-carboxamide as a white solid after silica gel chromatography
(1-12% methanol/dichloromethane gradient elution). This material was deprotected
in a second step similar to the procedure described in example Z-37. Thus, from
1'&0@1111'0'(4aS,GaS,14&8)'6'cyclopropyl‘N‘[(2,/~1-'diﬂuoroplwnyl)methyl]'11,],B'diox<)'l2'[(
phenylmethyloxy)-1,2,3,4,4a,5,6,6a,7,11,13,14a dodecahydropyrido[1',2"4,6]pyrazinol
1,2-alquinazoline-10-carboxamide (56 mg, 0.0949 mmol) the title compound was

prepared as a white solid (41 mg, 81%). 'H NMR (CDCls) 12.10 (brs, < 1 H), 10.46
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(m, 1 H), 8,27 (s, 1 H), 7.33 (m, 1 H), 6.88 (m, 2 H), 4.77 (m, 1 H), 4.61-4,49 (m, 4 H),
4.33 (m, 1 H), 2.94 (m, 1 H), 2.79 (m, 1 H), 2,17 (m, 1 ED, 1.86-0.86 (m, 10 H), 0.668 (m,

1 H), 0.499:0.832 (m, 2 H); ES* MS: 499 (M +1),

Dxample 7-64!

racemic{4a8.6aS.14a8) N-[(2,4-DifluorophenyDmethyll:12-hydroxy-11,18-dioxo-6-[2:(

I-pyrrolidinyDethyl]-1.2.8.4.42,5.6,62.7, 11,13, 14a-dodecahydropyrido[1',2"4,6]pyrazin

ol[1.2-alquinazoline-10-carboxamide formic acid salt

a) racemic<18,28)-2-({{2-(1-PyrrolidinyDethyl]aminotmethyleyclohexanamine

hydrochloride. In a manner similar to that described in example Z-66a, from
racemic-1,1-dimethylethyl [(18,2R)-2-formylcyclohexyllcarbamate (112 mg, 0.497
mmol) and 2-(1-pyrrolidinylethanamine (0.09 ml, 0.746 mmol) was prepared
racemio<(18,28)-2-({[2-(1-pyrrolidinyDethyllamino}methyl)cyclohexanamine (88 myg,
60% 2 steps) as the bis hydrochloride salt in two steps as a white solid. 'H NMR
(methanol- d/CDCls)  9.68 (brs, < 1 H), 9.24 (brs, < 1 H), 8.25 (br's, 1 H), 8.75- 3.04 .

(m, 11 H), 2.37 (br s, 1 H), 2.06-1.20 (m, 12 .

b)

racemic(4a8,6a8,14aS)-N-[(2,4 Difluorophenyl)methyl}-12-hydroxy-11,13-dio
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%0-6-[2-(1-pyrrolidinylethyl)-1,2,8,4,44,6,6,6a,7,11,18, 14a-dodecahydropyridol1',244,5)
pyrazinol1,2-alquinazoline-10-carboxamide formic acid salt,

In a manner similar to that described in example Z-35, from 16a (80 mg, 0.0638
mmol) and
racemic<18,28) 2-({[2-(1-pyrrolidinyDethyllamino}methylcyclohexanamine
hydrochloride (88 mg, - 0,296 mmol) was prepared
racemic-(4a8,6a83,14a8)-N-[(2,4-difluorophenyDmethyl]-11,13-dioxo-12-[(phenylmethyl
Joxyl-6-[2-(1-pyrrolidinylethyl]-1,2,8,4,44,5,6,61,7,11,13,14a-dodecahydropyrido[1',2":
4,5]pyrazinoll,2-alquinazoline-10-carboxamide as a white solid (81 mg, 76%) after
silica gel chromatography (1-12% methanol/dichloromethane gradient elution), This
material was deprotected in a second step similar to the procedure described in
example VARYS Thus, from
z"éw@mfa'(ﬂl‘aS,BaS,14a8)'N'[(2,.4'diﬂuoropheny})mothyl]'ll,lB'diDXO']2'[(pheny]met‘,hyl
Joxyl-6-[2-(1-pyrrolidinylethyll-1,2,8,4,4a,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2"
4,5]pyrazinoll,2-alquinazoline-10-carboxamide (31 mg, 0.048 wmmol) the title
compound was prepared as a yellow solid after purification by HPLC (18 mg, 66%),
'H NMR (CDCls) 10,39 (br's, 1 H), 8.66 (br s, 1 H), 8.839 (br's, 1 H), 7.34 (m, 1 H),
6.78 (m, 2 H), 4.76'4,40 (m, 6 H), 3.26-2.89 (m, 7 H), 2.73 (m, 1 H), 2,15 (m, 1 1),
2.02-1.18 (m, 14 H); ES* MS: 556 (M +1),

-~

Example 7-65:

(4a28,14a8) N-[(2.4-DifluorophenyDmethyl]-9-hydroxy-8,.10-diox0-2,3,4,4a,5.6,8,10,14,1

4a-decahydro-1H pyridol1.2-clpvrido{1',2"4,5lpyrazino[1.2-alpyrimidiner 11 carboxami
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a) {2-1(28)-2-Piperidinyllethyllamine.  This compound was prepared in a

similar manner as its enantiomer described in example Z-42a,

b)

(488,14a8) - N-[(2,4-Difluorophenyl)methyl]-9-hydroxy-8,10-dioxo-2,3,4,44,5,6,
8,10,14,14a-decahydro  1H-pyrido[1,2-clpyridol1',2:4,6]pyrazinoll,2-alpyrimidine-11-¢
arboxamide. In a manner similar to that described in example Z-35, from
{2-[(28)-2-piperidinyllethyl}amine (28 mg, 0.218 mmol) and 16a (30 mg, 0.0638 mmol)
was prepared
(4a8,14a8)-N-[(2,4-diflnorophenylDmethyl]-8,10-dioxo-9-[(phenylmethyDoxy]-2,8,4,44a,5
,6,8,10,14,14a-decahydro-1H-pyrido[1,2 clpyridol[1',2"4,6]pyrazinoll,2-alpyrimidine- 11
-carboxamide (29 mg, 82%) . This material was deprotected in a second step similar
to that described in example Z-37 to give the title compound as a white solid (26 mg,
quantitative). 1F NMR (CDCls) § 12.44 (br s, 1 H), 10.48 (s, 1 H), 8.26 (s, 1 H), 7.35
(m, 1 H), 6.80 (m, 2 H), 4.68°4.67 (m, 2 H), 4.38 (m, 1 H), 4.20 (m, 1 H), 8.93 (s, 1H),
8,63'3.39 (m, 2 H), 2.91 (m, 2 ), 2.29 (br s, 1 H), 2.02 (m, 1 H), 1.69-1.46 (m, 4 H),

1.30-1.24 (m, 2 H), 1.12 (brs, 1 H); BS* MS! 459 (M+1).
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Example 7-66:

(48,12a8)'N-[(4-Fluorophenvmethyl]-7 hydroxy-4-methyl-1-[2-(methyloxy)ethyll 6.8

4,5]pyrazinoll,.2-alpyrimidine-9-carboxa

dro

diox0-1,2,3,4,6,8,12,12a-octahy

mide,

a) [(89)-3-Aminobutyl}[2-(methyloxy)ethyllamine bis hydrochloride, In a
manner similar to that described in example Z-47, from 1,1-dimethylethyl
[(18)-1-methyl-3-oxopropyllcarbamate (76 mg, 0.406 mmol) and
2-(methyloxy)ethyllamine (0.05 ml., 0.609 mmol) was prepared
[(38)-3-aminobutyll[2-(methyloxy)ethyllamine as the bis hydrochloride salt in two
steps (19 mg, quantitative), 'H NMR (lﬂ@tl;&ll()l'(l’/l/CDC]B) § 9.02(<1H),82 (<1
H), 3.68 (brs, 2 H), 8.49 (brs, 1 H), 8.34 (br s, 4 H), 3,15 (br s, 4 H), 2.26-2.11 (m, 2 H),

1,35 (br s, 3 H).

b)
(48,12a8)-N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-[2-(methyloxy)et
hyll-6,8-diox0-1,2,3,4,6,8,12,12a-0ctahydropyridol1',2"4,5]pyrazinol1,2-alpyrimidine-9

-carboxamide. In a manner similar to that described in example Z-35, from 16 (15
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mg, 0.034 mmol) and [(88)-3-Aminobutyl}[2-(methyloxy)ethyllamine bis hydrochloride
(19 mg, 0.087 mmol),
(48,12a8)*N-[(4-fluorophenyl)methyll-4-methyl- 1-[2: (methyloxy)ethyl]-6,8-dioxo 7  [(ph
enylmethyl)oxyl]-1,2,8,4,6,8,12,12a-octahydropyrido[1',2'4,5]pyrazinoll,2-alpyrimidine
‘9-carboxamide was prepared as a white solid after silica gel chromatography (1-12%
methanol/dichloromethane), This material was deprotected in a second step similar
to that described in example Z-37 to give the title compound as a yellow solid (9 mg,
60 %, 2 steps). 'H NMR (CDCls) 8 12,56 (s, 1 H), 10.51 (m, 1 H), 8.29 (s, 1 H), 7.32
(m, 2 H), 6,98 (m, 2 F), 5.08 (m, 1 H), 41.65:4.59 (m, 2 H), 4.53 (m, 1 1), 4.21 (m, 1 H),
8.61-3.40 (m, 2 H), 8.34-3.13 (m, 3 H), 3,08 (m, 1 H), 2.94-2.84 (m, 2 H), 2.68 (m, 1 H),
2.07 (m, 1 H), 1.60 (m, 1 H), 1.835 (d, /= 7.2 Hz, 3 H), 1.14 (m, 1 H); ES* MS: 459

(M+1).

Example 7Z-67:

(48,12a8)-1-CyeclobutylN-[(4-fluorophenyl)methyl]-7-hydroxy-4-methyl 6,8 dioxo* 1.2.8

.4.6,8,12,12a-octahydropyride[1',2":4,6]pyrazino[1,2-alpyrimidine-9-carboxamide,

OH ©
o NJj
O AN

AN

a) ((39)-3-Aminobutylleyclobutylamine bis-hydrochloride. In a manner

similar ~ to  that described in example Z-47, from 1,1-dimethylethyl
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((18)-1-methyl-3-oxopropyllecarbamate (76 mg, 0.406 mmol) and cyclobutylamine (0,05
mT, 0.609 mmol) was prepared [(38)-3-Aminobutyllcyclobutylamine bis-hydrochloride
in two steps (23 mg, 27%). 'H NMR (methanol-di/CDCls) 8 8.86 (s, < 1 H), 7.97 (s, <
1 H), 8.46 (m, 1 H), 8.21 (m, 1 H), 2.74 (m, 2 H), 2,14-2.08 (m, 4 H), 1.94-1.62 (m, 5 H),

1.13(d, J=6 Hz, 1 H),

b)

(45,12a8)-1-Cyclobutyl*N-[(4-fluorophenyDmethyl)- 7-hydroxy-4-methyl-6,8-di
oxo-1,2,8,4,6,8,12,12a-octahydropyridol1',2"4,5]pyrazinoll,2-alpyrimidine-9-carboxam
ide. In a similar manner to that described in example Z-35a, from 16 (18 mg, 0.39
mmol) and [(83)-3-Aminobutylleyclobutylamine bis-hydrochloride (23' mg, 0,107
mmol),
(48,12a8)-1-cyclobutyl-N-[(4-fluorophenyl)methyl]-4-methyl-6,8-dioxo 7-[(phenylmeth
yDoxyl-1,2,3,4,6,8,12,12a octahydropyrido[1',2"4,5]pyrazino(1,2-alpyrimidine-9-carbox
amide was prepared as a white solid. This material was deprotected in a second step
similar to that described in example Z-37 to give the title compound as a white solid
after purification by HPLC (4.5 mg, 25 % 2 steps). I NMR (CDCls) § 12.54 (s, 1 H),
10.48 (s, 1 H), 8,20 (s, 1 H). 7.31 (m, 2 H), 6,98 (m, 2 H), 5,02 (m, 1 H), 4¢.61-4.57 (m, 2
H), 4.26-4.14 (m, 3 H), 3.05 (m, 1 I), 2.90 (m, 1 H), 249 (m, 1 H), 2.12 (m, 1 H),
2.05°1.87 (m, 8 H), 1,84-1.61 (m, 8 H), 1.46 (m, 1 H), 1.82 (m, 8 H); IS* MS: 455

(M+1).

Example 7Z-68:
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(48,12a8)-N-[(4-FluorophenyDmethyl]-7-hydroxy-d-methyl-1-(2-methylpropyl)-6.8-diox

0:1.2,3.4.6.8,12,12a-0ctahydropyrido(1',2"4,5]pyrazino[l.2-alpyrimidine-9-carboxamid

<3

N
I/NH \Hr‘
N
“ |
F
a) [(38)-3-Aminobutyll(2-methylpropylDamine bis-hydrochloride. In a manner

similar to that described in example 7Z-47, this compound was prepared from
1,1-dimethylethyl [(18)-1-methyl-8-oxopropyllcarbamate (76 meg, 0.406 mmol ) and
(2-methylpropyDamine (0.06 mL, 0.609 mmol) in two steps as the bis-hydrochloride
salt (22 mg, 25 %). 'H NMR (methanol"di/CDCl) & 3.25 (by s, 1 M), 2.91 (br s, 2

H), 2.64 (m, 2 H), 2.02-1.98 (m, 3 H), 1.17 (m, 8 H), 0.88 (in, 6 H).

b)

(45,12a5)-N-[(4-Fluorophenyl) methyl]-7-hydroxy-4-methyl- 1-(2-methylpropyl)
"6,8-diox0-1,2,3,4,6,8,12,12a 0ctahydropyrido[1',2"4,5]pyrazino[l,2-alpyrimidine-9-car
boxamide. In a similar manner to that described in example Z-35, from 16 (16 mg,
0.086 mmol) and [(85)-8:Aminobutyl](2-methylpropyl)amine bis-hydrochloride (20 meg,
0.0925 mmol),
(4-S,12aS)'N'[(4-'fluorophenyl)methyl]"ll-'lnethyb1'(2'methylpropy1)'6;8'dioxo~7'[(pheny

Imethyl)oxyl-1,2,8,4,6,8,12, 12a-octahydropyrido[1',2"4,5]pyrazinol1,2-alpyrimidine-9-
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carboxamide was prepared as a white solid, This material was deprotected in a
second step similar to that described in example Z-37 to give the title compound as a
tan solid (18 mg, 68% 2 steps). 1H NMR (CDCla) & 12,57 (s, 1 H), 10.46 (s, 1 F),
8.27 (s, 1 H), 7.82 (m, 2 H), 6.99 (m, 2 H), 4.98 (m, 1 H), 4.63-4.54 (m, 2 H), 4.45 (m, 1
H),4.26-4.16 (m, 2 H), 2.91 (m, 1 H),-2:77-m, 1 H), 2.24 (m, 1 H), 2.14-2.08 (m, 2 M),
1.68 (m, 1 H), 1.48 (m, 1 F), 1.83 (m, 3 H), 1.09 (m, 1 H), 0.850 (m, 3 H), 0.789 (m, 8

H) ES"MS: 457 (M+1),

Example 7-69!

(48,12a8)-N-[(4-FluorophenyDmethyll-7-hvdroxy: 1.4-dimethyl-6,8-diox0-1,2,3.4,6,8,12

J12a-octahvdropyridol1'.2':4,5]pyrazinol1.2-alpyrimidine-9-carboxamide.

OH O
o NJj
N N\/i\‘N

NH H |

a) [(88)’8'Aminobutyl]methy]amine bis-hydrochloride. In a manner similar to
that described in example Z-47, this compound was prepared from 1,1-dimethylethyl
[(18)-1-methyl-3-oxopropyllcarbamate (76 mg, 0.409 mmol) and excess methylamine
(2 M in tetrhydrofuran) in two steps as the bis hydrochloride salt (17% 2 steps). 'H
NMR (methanol-ds/CDCls) § 8.16 (m, 1 H), 3.08 (s, 2 H), 2.83 (m, 2 H), 2.45 (s, 3

H), 1.88 (m, 1 H), 1.75 (m, 1 H), 1.09 (m, 8 H).
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b) |
(4-S,lQaS)'N-[(4-Fluoropheny])methyl,’l-7-hydroxy-l,4'dimethyl-G,S'dioxcr1,2,8-,
4,6,8,12,12a-octahydropyrido{1',s '14-,5]pyrazino[1,2'a]pyrimidine-S)-carboxamide. Ina
similar manner to that described in example Z-35, from 16 (18 mg, 0.0398 mmol) and
((38)-8-aminobutyllmethylamine  bis-hydrochloride (19 mg, 0,109 mmol,
(4S,12aS)-N'[(4-ﬂuoropheny1)methyl]’1,4«-dimethyl-6,8-diox0'7~[(phenylmethyl)oxy}'.1,
2,3,4,6,8,12,12a octahydropyrido(1',2":4,5]pyrazinall,2-alpyrimidine-9-carboxamide
was prepared as a white solid, This material was deprotected in a second step
similar to that described in example 7%-37 to give the title compouncf as a tan solid (7
mg, 44% 2 steps), 1H NMR (CDCls) 6 12.53 (s, 1 H), 10.47 (s, 1 H), 8.29 (s, 1 H),
7.82 (m, 2 H), 6,99 (m, 2 H), 5.04 (1 H), 4.60 (m, 2 H), 4.28 (s, 3 H), 2.83-2.80 (m, 2 H),

2.32 (s, 3H), 2.18 (m, 1 H), 1.48 (m, 1 H), 1,34 (m, 8 H); ES*MS: 415 (M+1),

Example 2-70: __

(4.5.120.9) N-[(4-Fluorophenyl) methyll-7-hydroxy-4-methyl-6.8-dioxo- 1-(tetrahydyo-2 A

‘thiopyran-4-y1)-1.2,3.4.6,8.12. 12a-octahydropyrido[1'.2%4,58]pvrazinoll.2-alpyrimidine

*O-carboxamide.
OH O
F\@\/H 0 MN%
NS N\/}\N

]

The title compound was made in two steps using a similar process to that
described in example %-2. 16 (25 mg, 0,055 mmol) and free based

[(SS)-B'aminobiltyl]tetrahydro-ZH-thiopyran'ﬂl-'ylamine (48 mg, 0.26 mmol) were
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reacted  in dichloromethane (2 ml.) with acetic  acid to- give
('18,lZaS)'N'[(4'f1uorophenyl)methyl]'4'methy1-6,8'diox0"7-[(pheny1methyl)oxy]'].'(tet
rahydro-2/ thiopyran-4-yl)-1,2,3,4,6,8,12,12a-octahydropyrido[1',: "4,5lpyrazinoll,2-a
lpyrimidine-9-carboxamide (16 mg, 49%) as a film. This material was debenzylated
in a  second step in a .manner  similar to  Z-26 to give
(4-5,12aS)'N'[(4-~f'luorophenyl)methyl]"7'11ydroxy'4'methy1'6,8'dioxo'1'(tetrahydr0'ZH'
thiopyran~4-'yl)-].,2,8,4,6,8,12,12a'octahydropyrido[1',2”4,S]pyraziuo[1,2-a]pyrimidine-
9-carboxamide (8 mg, 59%) as an off'white solid. 'H NMR (400 MHz, CDCI8) 8 1.80
@, /= 7.2 Hz, 83H), 1.68-1.68 (m, 1H), 1,72-2,10 (m, 5H), 2.56-2.76 (m, 5H), 2.84-2,87
(m, 2H), 4.18 (Ad, /= 2.8, 14,0 Hz, 1H), 4.26 (dd, /= 8.4, 14.2 Hz, 1H), 4.92-4,97 (m,
1H), 6.96:7,00 (m, 2H), 7.29-7.36 (m, 2H), 8.31 (s, 1H), 10.48 (m, 1H), 12.48 (br, 11);

LS MS: 501 (M+1),

Example 7Z-71:

(4.5.122.9) NV'[(2.4-DifluorophenyDmethyl]-7-hydroxy-1.4-dimethyl-6.8-dioxo" 1,.2,3.4.6.8

J12.12a-0ctahydropyridol1',2"4,5)pyrazino[1.2- alpyrimidine-9-carboxamide.

OH ©
F © ‘\/“\N%
N\LN\/‘,L\N

F 0 !

a) [(BS)'B-Aminobutyl]methylamine dihydrochloride was prepared in a similar

manner as described in example 2-47. 'H NMR (400 MHz, CDCI3) § 1.18 @, J=16.8
Hz, 8H), 1.82-1.91 (m, 1H), 1.94-2.03 (m, 1H), 2.53 (s, 3H), 2.89-2.93 (m, 2H),

3.22-3.30 (m, 1H), 8.02 (bx, <1H), 8.81 (by, <1H),
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b)

(4-:5',12a59'N-[(2,4'Diﬂuorophenyl)methy]]'7']1ydroxy'].,4v'dirnethy1-6,8'dioxo~1,2,3,4,6,8
112,128 -octahydropyrido[1',2'14,6]pyrazinol1,2- alpyrimidine-9-carboxamide. The title
compound was made in two steps using a similar process to that described in example
2-2, 16a (40 mg, 0.086 mmol) and free based [(3.9-3-aminobutyllmethylamine (24
mg, 0.23 mmol) were reacted in dichloromethane (2 ml) with acetic acid to give
48 12aS)‘N'[(2,4-difluoropheny])methyl]'1,4-dimethy1-6,8-diox0'7'[(phenylmet;hyl)oxy
]*1,2,3,4,6,8,.12,12a-octahydropyrido[1‘,2':4,5]pyrazino[1,2'a]pyrimidine'9'carboxamide
(39 mg, 89%) as a film. This material was hydrogenated in a second step as
described n example 72 to give
(4:5‘,12a$5'N"[(2,4-diﬂuorophenyl)methyl]'7'hydroxy'l,4-'dimethy1-6,8'dioxo~1,2,{-3,4-,6,8
,12,.1Za'octahydropyrido[l',2'34,5]pyrazino[1,2'a]pyrimidine'i)-carboxamide (82 me,
97%) as an off-white solid. 'H NMR (400 MHz, CDCI3) § 1.33 (d, J = 6,4 Hz, 3H),
1.46-1.50 (m, 11-'1); 2.12-2.14 (m, 1H), 2,32 (s, 3H), 2.83 (m, 2H), 4.24 (m, 8H), 4.62 (m.
2H), 6.02 (m, 1H), 6.77-6.79 (m, 2H), 7.33 (m, 1H), 8.30 (s, 1H), 10,48 (s, 1H), 12.50 (br,

1HD; RS+ MS: 433 (M+1).

Ixample Z-72:

(4.9.12a.9)- - f(4-Fluoronhenvl)methvl]~7-hvdroxv-4-methvl~ 1-(1-methylethyl):6,8-dioxo

-1,2.3.46,812, 12a-octahydropyrido[1'.2":4.5]pyrazino[1.2- alpyrimidine-9-carboxamide.
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OH O /L
F O AN AN
H X N /{\ j
Ny
H ]
o AN

The title compound was made in two steps using a similar process to that
described in example %-2, 16 (27 mg, 0,060 mmol) and free Dbased
[(39)-3-aminobutyl](1-methylethyDamine (87 mg, 0.61 mmol) were reacted in
dichloromethane (2 mL) with acetic acid to give
45, 1221:59'N'[(4'ﬂuorophenyl)methyl]-4"methyl'l'(1'methylethy])'6,8'di0x0"7'[(]Jhenyl
methyloxy]-1,2,8,4,6,8,12, ].2ex'octahydropyrido[]',2'14,6]pyrazino[1,2-a')pyrimidine-s)'c
arboxamide (18 mg, 56%) as a film. This material was hydrogenated in a second step
as described in example Z-2 to give
(4.8, lZaS)-N'[(4-fluoropheny])methyl]"7'hyd1~oxy-4-methy1’1'(1-methylethyl)-ﬁ,&diox0'
l,2,3,4~,6,8,12,Il.2a'octahydropyrido{fl',2'14.5]pyrazinofl,2'a]pyrimidine'f)'carboxamide
(15 mg, >100%) as an off-white solid, 'H NMR (400 MHz, CDCI8) 6 1.02 (d, /= 6.4
Hz, 8H), 1.07 (d, /= 6.4 Hz, 83H), 1.82 (4, /= 6.8 Hz, 3K), 1.54-1.58 (m, 1H), 1.94:2.03
(m, 1H), 2.71-2.76 (m, 1H), 2.82-2.88 (m, 1F), 8.13-3.16 (m, 1H), 4.16-4.19 (m, 1H),
4.30-4.833 (m, 1H), 4.48 (m, 1H), 4.56-4.65 (m, 2H), 4.97-5.00 (m, 1H), 6.97-7.01 (m,

2H), 7.30-7.34 (m, 2H), 8,28 (s, 1H), 10.5] (m, 1H), 12.55 (s, 1H); TS* MS: 443 (M-+1).

Example 7-73:

(4.5.12a.9)- N ['(4~F],uo1"ophenv1)methvl'l'7-hvdro>cV' 1,4-bis(2-methylpropyl)-6.8-dioxo- 1.2

23.4.6.8 12 12a-octahvdropvridofl',2'34.5'J13vrazino[‘l\z-a]nvrimidine-9-carboxamide.
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OH O

pebes
NWLNVFI{LN
T
The title compound was made in two steps using a similar process to that described in
example 22, 16 (26 me, 0.0686 mmol) and free based
[(SS)~3~amino-5'methy1hexy1](2-methy1pr0py1)amine (21 mg, 0.11 mmol) were reacted
in dichloromethane (2 mlL) with acetic acid to give
(4:5’,12a@-N~[(4'ﬂuorophenyl)methyl]'J.,4'bis(2'methylpropyl)'6,8'diox0'7'[(phenylmet
hyl)oxy]'1,2,3,4,6.&12,12a-octahydropyrido[1',2’I4,5]pyrazino[1,2'a]pyrimidine-&)-carbo
xamide (8 mg, 26%) as a film. This material was hydrogenated in a second step as
described in example 42 to give
(48’,12aSD'N'[(4'ﬂuorobImnyl)methyl]'7-hydroxy'.1,4<'bis(2'methylpropy])'6,8'dioxo~1,2,
8,4,6,8,12,12a~octahydropyrido[1',2‘34»,5]pyrazino[1,2-a]pyrimidine~9-carboxamide (5
mg, 78%) as an off-white solid. 1H NMR (400 MHz, CDCI8) 8 0.74 (d, /= 6.4 Hz, 3H),
0.84 (d, J = 6.4 Hz, 8H), 0.97-1.00 (m, 6H), 1.37-1.66 (m, 5H), 1.76-1.82 (m, LH),
2.06-2,09 (m, 2H), 2.21-2.26 (m, 1H), 2.72:2.79 (m, 1H), 2.87-2.93 (m, 1H), 4.16-4,26
(m, 2H), 4.88 (m, 1H), 4.55-4.66 (m, 2H), 4.93-4.99 (m, 1H), 6.97-7.02 (m, 2H),

7.81-7.84 (m, 2H), 8.27 (s, 1H), 10.49 (m, 1H), 12.61 (s, 1H); BS* MS: 499 (M+1),

Bxample Z7-1 to 7724

lixamples in table below were jsolated as a mixture of diasterecomers ranging from

1'1 to »10i1 ratios of sterecisomers at the center indicated as undefined.
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Characterization data reported herein consists of observed mass spectral signals for
molecular ions (M+1) of the compounds using electrospray ionization methoeds in the
positive mode using LC/MS techniques well known in the field. Reported re;t‘ent-iun
times refer to observed UV peaks confirmec'l by NMR methods for the examples below
using the following gradient on a phenomenex C18 reverse phase HPLC column (150
mmX4.6 mm b5 micron). Solvent A = water w/ 0,1% formic acid, solvent B =
acetonitrile w/ 0.1% formic acid. Gradient = 10%B for 1 min, gradient from 10% to
90% B from 1 to 9 min, ramping to 100% B at 9.01 min and holding at 100% B fox 2

min. In several cases the diastereomers were not separable by the standard HPLC

conditions reported above and thus reported as a single retention time.

[Table Al
Example Structure Observed LC/MS or HPLC
No. data
7271 OH O ES+ MS: 419 (M +1)
F F ’ O N
(I N S N\/é\N
o HH
%72 - OH O 55+ MS: 406 (M +1)
F O X
\@/H N N}"
0]
223 OH O ES* MS: 509 (M +1)
/N\HO N oy
774 OH O S* MS: 429 (M +1)
ok
N x N\X\ .
0 HN
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7%-5 OoH O BSY MS: 416 (M +1)
N X N\%N ’
H
0 |
_.{
776 OH O S MS: 491 (M +1)
N N N
H o
0
77,7 OH O S MS: 509 (M +1)
F PN /U\N/j
N N N\%\ "’/,
H
0
778 ES* MS: 443 (M +1)
F
H
\©\/N ,]/
779 . OH O ES*MS: 461 (M +1)
F F O S J\N/j"“\\
H
N . N N
H
O /‘\
7710 OH © ES* MS: 501 (M +1)
F F ’ (0] x> N/j““\\
o b
77-11 OH O B8+ MS: 475 (M +1)
F F ’ O x N/\/'\
N N N\%\N
H
0] H/
7712 OH © . ES* MS: 489 (M +1)
F F y O N S
N N N\é\
H N
0 S/
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7713 OH O " BS* MS! 460 (M +1)
F F ., 0 S N
5 H ~ H
%714 OH © H BS+ MS: 442 (M +1)
F
H Y
NS N g
5 H ~ H
7715 OH O S MS: 489 (M +1)
F F O N
H N
0 %
7.7-16 OH OL - 8.174 & 8.295 min.
F :
O N/>
e} H \\(
7717 OH O TS MS: 461 (M +1)
F FoOg N
H it
T I
o H k{
7718 OH o 1S+ MS: 447 (M +1)
F NG N/>
H NI
\@/N x N\%‘N
o H )\
77-19 LS MS: 446 (M +1)
F F 0 P—>
(e Ubeuss
N N
0
72720 S MS: 432 (M +1)
F FOs
H
o}
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7721 OH O s 7.368 min
o N —
2722 OH O - 7.150 min
F O\ X N
T géio
o H o~
77-23 H, ES+*MS: 447 (M +1)
O\ \
2724 BES+ MS: 447 (M +1)
\@ AN N\/J\/3

The present invention further includes the following compounds.

OH O
—Z 0 2N Nﬁ
oL i L L) e
O
O Ra
[Table B]
No (R) m Ra
1 4 =T — CHa
2 4—-TF — CH(CHz)z
3 4 — 7 — CH:CH:0CIH;
4 2, 4—F —CH;
5 2, 4—F — CH(CHz3)2
6 2, 4—F — CH:CH:0CI;
7 2—F, 3—C1 — CHj3
8 2—-F, 3—=C1 — CH(CHz3)g
9 2—F, 3—C1. — CH2CH20OCHs
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Experimental Bxample 1

The HIV integrase inhibitory activity was investigated based on the following
assay method.

(1) Preparation of DNA solution

By the same method as that described in Experimental Bxample 1 of WO
2004/024698, a substrate DNA solution (2 pmol/nl) and a target DNA solution (5
pmol/ul) were prepared, After each target DNA solution was once boiled, a
temperature was slowly lowered to anneal complementary chains, which was used.
Fach sequence of a substrate DNA and a target DNA is as described in the same
Experimental Bxample,

(2) Measurement of inhibition rate ({Cso value)

Streptavidin (manufactured by Vector Laboratories) was dissolved in a 0.1M
carbonate buffer solution (composition: 90 mM Na2C0s, 10 mM NaHCO3) to a
concentration of 40 ng/ml, IKach 50 pul of this solution was added to a well of an
immunoplate (manufactured by NUNC), this is allowed to stand at 4°C overnight to
adsorb. Then, each well was washed with a phosphate buffer (composition: 13.7 mM
NaCl, 0.27 mM KCJ], 0.43 mM Na':i-IPO'J, 0.14 mM KHaoPO4) two times, and 300 nlofa
phosphate buffer containing 1 % skim milk to block it for 30 minutes. TPurther, each
well was washed with a phosphate buffer two times, 50 pl of a substrate DNA solution
(2 pmol/nl) was added to adsorb at room temperature for 30 minutes while shaking,
and this was washed with a phosphate buffer two times and, then, distilled water
once.

Then, to each well prepared as described above were added 12 ul of a buffer
(composition: 160 mM MOPS (pH7.2), 75 mM MnCls, 50 mM 2-mercaptoethanol, 25%
glycerol, 500 pg/ml bovine serum albumin-fraction V), and 51 nl of a reaction solution
prepared from 39 nl of distilled water. Then, 9 pvl of an integrase solution (80 pmol)
was added, and the mixture was mixed well. To a well as a negative control (NC)
was added 9 ul of a diluting solution (composition: 20 mM MOPS (pH7.2), 400 mM
potassium glutamete, 1 mM EDTA, 0.1% NP-40, 20% glycerol, 1 mM DTT, 4 M urea),
and this was mixed well using a plate mixer.

After the plate was incubated at 830°C for 60 minutes, the reaction solution
was discarded, followed by washing with 250 pl of a washing buffer (composition: 150
mM MOPS (pH7.2), 50 mM 2-mercaptoethanol, 25% glycerol, 500 pg/ml bovine serum
albumin-fraction V) three times.

Then, to each well were added 12 pl of a buffer (composition: 150 mM MOPS
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(p¥7.2), 75 mM MgCls, 50 mM 2-mercaptoethanol, 25% glycerol, 500 pg/ml bovine
serum albumin-fraction V), and 53 pl of a reaction solution prepared from 41 pl of
distilled water, Further, 6 nl of a solution of a test compound in DMSO was added to
each well, and 6 ul of DMSO was added to a well as a positive control (PC), followed
by mixing well using a plate mixer. After the plate was incubated at 30°C for 30
minutes, 1 pl of a target DNA (5 pmol/ul) was added, and this wz;s mixed well using a
plate mixer.

After each plate was incubated at 30°C for 10 minutes, the reaction solution
was discarded, followed by washing with a phosphate buffer two times. Then, an
anti-digoxigenin antibody labeled with alkaline phosphatase (sheep Fab fragment:
manufactured by Boehringer) was diluted 2000-fold with an antibody diluting
solution, 100 ul of the diluent was added to bind -at 30°C for 1 hour, and this was
washed successively with a phosphate buffer containing 0.05 % Tween20 two tiKmes,
and a phosphate buffer once. Then, 150 pl of an alkaline phosphatase coloring buffer
(composition: 10 mM paranitrophenyl phosphate (manufactured by Vector
Laboratories), 5 mM MgClz, 100 mM NaCl, 100 mM Tris-HC1 (pH 9.5)) was added to
react alt 30°C for 2 hours, 50 nl of a 1N NaOH solution was added to stop the reaction,
an absorbance (OD406 nm) of each well was measured, and an inhibition rate (ICs0)
was obtained according to the following calculation equation,

Inhibition rate (%) = 100[1-{(C abs.- NC abs.) / (PC abs.- NC abs.)}]
- C abs.; absorbance of well of compound

NC abs.: absorbance of NC

PC abs.i absorbance of PC

Results are shown below.

[Table 1]

Example No. Integrase inhibitory activity
(IC50, ng/ml)
C-2 3.3
-2 r 3.8
H-2 3.2

The present compound showed the strong integrase inhibitory activity

against HIV.

Experimental Example 2
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A derivative of 293T cells expressing an attachment factor to improve
adherence to plastic were used for the assay. A VSV-g pseudotyped HIV vector that
expresses luciferase (herein referred to as PHIV) was produced by transfection of cells
with the pGJ3-Luci vector plasmid (Jarmy, G. et al., J. Medical Virology, 64:223-231,
2001) and pVSV-g (Clontech). Cells were mixed with the PHIV vector an&. then
mixed with serially diluted compounds, Aftgr incubation at 37°C and 5% CO2 for two
days, the plates were read by using Steady (;‘:lo luciferase assay reagent (Promega) as
recommended by the manufacturer. To assess non-HIV specific inhibition, a similar
assay was performed, except that cell/PHIV vector mixture was replaced by cells

which had been previously transduced and constitutively expressed luciferase.

[Table 2]
PHIV ICs0
Example *=<10 nM,
number **=10-100 nM,
**> 100 nM
Z-1 *
Z-2 *
Z-3 *
Z-4 *
Z-5 *
Z-6 *
Z-7 *
Z-8 k&
Z-9 *
Z-10 *
Z-11
Z-12
Z-13 *
Z-14 R
Z-15 *
Z-16 *
Z-17 X
Z-18 *
Z-19 *
Z~20 ok
Z-21 . ®
2-22 *
Z-23
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Z-24
Z2-25
Z-26
Z-27
Z-28
Z-29
Z-30
Z-31
Z-32
Z-33
Z-34
Z-35
2-36
Z-37
Z-38
Z-39
Z-40
Z-41
2-42
Z-43
Z-44
Z-45
Z-46
Z-47
Z-48
Z-49
Z-50
Z-51
Z-52
Z-53
Z-54
Z-55
Z-59
Z-60

RIS

*
*
*

] k| | | #| #] % ] %] =

%
*

oL o[ o o) o e wl ] #] w| #l #] %] %] %

*
*

*

*

Formulation Iixample

A term “active ingredient” means the present compound, a tautomer thereof,
a pharmaceutically acceptable thereof, or a solvate thereof.
(Formulation Example 1)

A hard gelatin capsule is prepared using the following ingredients:

dose
(mg/capsule)
Active ingredient 250
Starch (dried) 200
Magnesium stearate 10
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Total 460mg
(Formulation Example 2)

A tablet is prepared using the following ingredients:

dose
(mg/tablet)
Active ingredient 250
Cellulose (microcrystalline) 400
Silicon dioxide (fumed) 10
Stearic acid ' 5
Total 665mg

Ingredients are mixed, and compressed to obtain tablets, each weighing 665 mg.
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[Name of Document) Scope of Claims

1, A compound of the formula:

OH 0

(wherein,

Z1 is NR4;

R4 is hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, 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
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 lower alkyl
substituted with optionally substituted phosphoric acid residue (the lower alkyl may
be intervened by a heteroatom group selected from CO, Q, S, SO, SOz NRa (Rnis
hydrogen or lower alkyl), -N= and =N-)), O or CHby;

Z%is optionally substituted lower alkylene or optionally substituted lowexr
alkenylene, each may be intervened by a heteroatom group selected from O, S, SO,
SOz NR% (Rf is hydrogen, optionally substituted lower alkyl, optionally substituted
cycloalkyl, 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
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 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 by a heteroatom group selected from CO, 0, S, SO, SOz NR5 (R is

selected independently from the same substituent group as R4), ‘N= and =N-)), -N= or
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=IN-

R! is hydrogen or lower alkyls

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 heteroatoms;

R? is optionally substituted aryl;

R3 is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted eycloalkyl, 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;

R4 and Z2 part taken together forms a ring, where the compound (I) is represéntcd

by the following formula (I-1), or (I-11):

(1-1)

(wherein,

A ring is optionally substituted heterocycle;

R and R¥ 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 heterocyclic group,
optionally 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 or
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from 0, S, SO, SOz, NR5 (RS is
sclected independently from the same substituent group as RY), -N= and =N-), hydroxy,
optionally substituted amino, optionally substituted lowexr alkyl carbonyl, optionally
substituted cycloalkylcarbonyl, 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
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heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbony! or
optionally substituted aminocarbonyl;

a broken line represents the presence or absence of a bond, provided that when the
broken line represents the presence of a bond, R* is not present;

R!is hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from O, S, SO, SOz and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R2 is optionally substituted aryl;

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 or optionally substituted amino)

OH @)
©)
\ N
D
PQ\X/NH1 . N (1-11)
O RS
(wherein,

D ring is optionally substituted heterocycle;

R is hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from 0, S, SO, SOz and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R2is optior;ally substituted aryl;

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 or optionally substituted amino));

or a pharmaceutically acceptable salt, or solvate thereof.

2. Acompound according to Claim 1, pharmaceutically acceptable salt, or solvate

thereof, wherein R! is hydrogen.

3. A compound according to Claim 1, pharmaceutically acceptable salt, or solvate
thereof, wherein X is lower alkylene; R2 is phenyl or phenyl substituted with at least

halogen.
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4. A compound according to Claim 1, pharmaceutically acceptable salt, or solvate
thereof, wherein R?is hydrogen, halogen, hydroxy, lower alkyl, lower alkenyl, lower

alkoxy, lower alkenyloxy or optionally substituted amino.

-

5. A compound according to Claim 1, pharmaceutically acceptable salt, or solvate

thereof, wherein B3 is hydrogen,

6. A compound according to Claim 1, pharmaceutically acceptable salt, or solvate
thereof, wherein R’ is hydrogen or lower alkyl; X is lower alkylene; R?is phenyl or
phenyl substituted with at least halogén; R8is hydrogen, halogen, hydroxy, lower

allkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionally substituted amino.

7. A compound of the formula:

(1-1)

(wherein,

A ring is optionally substituted heterocycle;

R and R¥ are independently hydrogen, optionally substltuted 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 heterocyclic group,
optionally 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 or
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, S, SO, SOz NR5 (R is
selected independently from the éame substituent group as R¥), -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 aryl lower alkyl carbonyl, optionally substituted

aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
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heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl or
optionally substituted aminocarbonyl;

a broken line represents the presence or absence of a bond, provided that when the
broken line represents the presence of a bond, RXis not present;

R'is hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from Q, S, SO, SOz and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom group;

R2 is optionally substituted aryl;

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, op?,ionally substituted heterocyclic group, optionally
substituted heterocycleoxy or optionally substituted amino);

or a pharmaceutically acceptable salt, or solvate thereof

8. Acompound according to Claim 7, pharmaceutically acceptable salt, or solvate
thercof, wherein R! is hydrogen or lower alkyl; X is lower alkylene; R2is phenyl or
phenyl substituted with at least halogen; R3is hydrogen, halogen, hydroxy, lower

alkyl, lower alkenyl, lower alkoxy, lower alkenyloxy or optionally substituted amino.

9.  Acompound according to Claim 7, pharmaceutically acceptable salt, or solvate

thereof, wherein a broken line represents the absence of a bond.

10. A compound according to Claim 7, pharmaceutically acceptable salt, or solvate

thereof, wherein RXis hydrogen; R} is hydrogen or optionally substituted lower alkyl.
11. A compound according to Claim 7, pharmaéeutically acceptable salt, or solvate
thereof, wherein A ring is an optionally substituted and optionally condensed 5- to 7-

membered heterocycle containing 1 to 2 hetero atom(s).

12, Acompound of the formula:

OH O
o)
= X
(R)m/\ !\/NR‘ N (1-1-1)
o] RS

(wherein,

A ring is an optionally substituted and optionally condensed 5 to 7- membered
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heterocycle containing 1 to 2 heterd atom(s);

the stereochemistry of an asymmetric carbon represented by * shows R- or S-
configuration, or a mixture thereof;

R11 and R¥ 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 heterocyclic group,
optionally 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 or
lower alkyl substituted with optionally substituted phosphoric acid residue (the lower
alkyl may be intervened by a heteroatom group selected from O, S, SO, SOz, NRS& (RS 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 aryl lower ;lkyl carbonyl, optionally substituted
aryloxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkyl carbonyl, optionally substituted heterocycleoxy carbonyl or
optionally substituted aminocarbonyl;

R3is hydrogen, halogen, hydroxy, optionally substituted lower alkyl, optionally
substituted cycloalkyl, dptionally 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), its pharmaceutically
acceptable salt, or

R'is 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 optionally
substituted phosphoric acid residue (wherein the lower alkyl may be intervened with
a heteroatom group(s) selected from CO, O, O, S, SO, SOz, NRa (R# is hydrogen or

lower alkyl), “N= and =N-), lower alkoxy lower alkyl, amino lower alkyl optionally
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substituted with mono- or di- lower alkyl, halogenated lower alkyl, lower alkoxy,
carbamoyl optionally substituted with mono- or di- lower alkyl, optionally substituted

lower alkyl sulfonyl amino, halogenated lower alkoxy, hydroxy lower alkyl)

m is an integer of 0 to 3);

or a pharmaceutically acceptable salt, ox solvate thereof.
13, Acompound according to Claim 12, pharmaceutically acceptable salt, or solvate
thereof, wherein RX¥ and R1Y arve independently hydrogen or optionally substituted

lower alkyl.

14. A compound according to Claim 12, pharmaceutically acceptable salt, or solvate

thereof, wherein RX and R are hydrogens.

15, Acompound according to Claim 12, pharmaceutically acceptable salt, or solvate

thereof, wherein R3is hydrogen,’

16. A compound according to Claim 12, pharmaceutically acceptable salt, or solvate

thereof, wherein m is 0, or 1 to 8 and at least one of R is halogen,

17. Acompound according to Claim 7 or 12, pharmaceutically acceptable salt, or

solvate thereof, wherein A ring is any one of the followings:

R32 33

20
R R21 R27 R34
R22 R28 35
& N R s N o s N :
/k /I\ A /k Rss
s 24 ~~Z R s a7
e e s
R3s R%®
Z =0 or NR2 7 =0 or NRM Z =0 or NR*
(A1) (A-2) (A-3)

(wherein, R20 to R0 are each independently a group selected from Substituent group
S2, or any two groups of R20 to R4, which bonds to the same carbon atom, taken
together with the carbon atom, may form an optionally substituted carbocyle ox
optionally substituted heterocycle, or each combination of (R20 and R22), (R28 and R24),
(R% and R26), (R and R29), (R30 and R31), (R#2 and R31), (R3 and R36), (R and RI8),
and (R3%andR), taken together with the neighboring atom, may form an optionally

substituted carbocyle or optionally substituted heterocycle.

Substituent group S2: hydrogen, optionally substituted lower alkyl, optionally
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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 heterocycle, optionally
substituted heterocycle lower alkyl, optionally substituted heterocycleoxy, hydroxy,
optionally substituted amino, optionally substituted lower alkylcarbonyl, optionally
substituted cycloalkylcarbonyl, optionally substituted cycloalkyl lower alkylcarbonyl,
optionally substituted lower alkoxycarbonyl, optionally substituted arylcarbonyl,
optionally substituted aryl lower alkylcarbonyl, optionally substituted aryl
oxycarbonyl, optionally substituted heterocyclecarbonyl, optionally substituted
heterocycle lower alkylearbonyl, optionally substituted heterocycleoxycarbonyl,
optionally substituted aminocarbonyl, optionally substituted phosphoric acid residue,
aryl substituted with optionally substituted phosphoric acid residue, aralky!l
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
optionally substituted phosphoric acid residue (the lower alkyl may be intervened
with a heteroatom group(s) selected from CO, O, 8, SO, SOz, NR5 (RS is independently
selected from the same Substituent group as R4, -N= and =N-)

the stereochemistry of an asymmetric carbon represented by * shows R- or S-
A P

configuration, or a mixture thexeof)

18. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein R20 to R10 are each independently hydrogen or substituted lower
alkyl, or any two groups of R20 to R49, which bonds to the same carbon atom, taken
togethexr with the carbon atom, may form an optionally substituted 3- to 7- membered
carbocyle or optionally substituted 3- to 7- membered heterocycle, or each
combination of (R20 and R22), (R23 and R24), (R#5 and R26), (R27 and R29), (R%0 and R3Y),
(R32 and R31), (R85 and R36), (R and R%8), and (R¥andR79), 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 Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-1); one of R20 to R25 is optionally

substituted lower alkyl and the others are hydrogens.

20. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-1); one of (R20 and R22), (R23 and

R21), and (R2 and R26), taken together with the neighboring atom, may form an
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optionally substituted 5- to 7- membered carbocyle or optionally substituted 5- to 7-

membered heterocycle.

21.  Acompound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-1); Z=NR20, and R% and R26 taken
together with the neighboring atom may form an optionally substituted 5- to 7-

membered heterocycle.

22. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-2); one of R27to R30 is optionally

substituted lower alkyl and the others are hydrogens.

23, A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-2); one of (R27and R29) and (R3¢ and
R31), 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 Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-2); Z=NR3!, and R3 and R3! taken
together with the neighboring atom may form an optionally substituted 5- to 7-

membered heterocycle,

25, A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-3); one of R32 to R39is optionally

substituted lower alkyl and the others are hydrogens.

26. A compound according to Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-3); one of
(R“EandR‘*‘)),(R‘*’ﬁandl'{‘“"),(R37andR~33),and(R39andR’“’), 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 Claim 17, pharmaceutically acceptable salt, or solvate
thereof, wherein A ring is a ring represented by (A-3); Z=NR40, and R3? and R40 taken
together with the neighboring atom may form an optionally substituted 5- to 7-

membered heterocycle.

28, . A compound according to Claim 12, pharmaceutically acceptable salt, or solvate

thereof, wherein RX is hydrogen; R! is hydrogen or optionally substituted lower; R3 is

hydrogen; m is 1 to 3 and at least one of Rs is halogen; A ring is a ring described in
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Claim 17,

29. A compound according to Claim 12, pharmaceutically acceptable salt, or solvate
thereof, wherein R* is hydrogen; R4 is hydrogen; R® is hydrogen; m is 0, or 1 to 8
and at least one of R is halogen; A ring is a ring described in Claim 17; R2° to R10 are
each independently hydrogen or substituted lower alkyl, or any two groups of R20 to
R79, which bonds to the same carbon atom, taken together with the carbon atom, may
form an optionally substituted 3- to 7- membered carbocyle or optionally substituted
8- to 7- membered heterocycle, or each combination of (R20 and R22), (R22 and R21), (R25
and R26), (R27 and R29), (R3¢ and R31), (R32 and R34), (R85 and R36), (R37 and R%), and
(R"andR49), taken together with the neighboring carbon atom, may form an
optionally substituted 5- to 7- membered carboceyle or optionally substituted 5- to 7

membered heterocycle.

30. A compound of the formula:

OH O
0)
\ N
D .
R AR N (1-11)
(@] Re
(wherein,

D ring is optionally substituted heterocycle;

R!is hydrogen or lower alkyl;

X is a single bond, a heteroatom group selected from O, S, SO, SOz and NH, or
lower alkylene or lower alkenylene each may be intervened by the heteroatom groups

R2 is optionally substituted aryl;

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 heterocyelic group, optionally
substituted heterocycleoxy or optionally substituted amino);

or a pharmaceutically acceptable salt, or solvate thereof

31. A compound selected from the group consisting of:
(BJL’,llaﬁﬁ'N-[(2,4-Diﬂuorophenyl)methyl]-(i-hydroxy'8-methy1-5,7~diox0'2,3,5,7,l].,].la

-hexahydro[l,8loxazolo[8,2-alpyrido[1,2-dlpyrazine-8-carboxamide;
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(4a2,13a.8)- N-[(2,4-Difluorophenyl)methyl]- 10-hydroxy-9,11-diox0-2,3,4a,5,9,11,13,18a

-octahydro-1 /A pyrido[1,2- alpyrrolol1',2"8,4limidazol1,2- d)lpyrazine-8-carboxamide;

(3a.5,18a.8)- I\ [(2,4-Difluorophenylmethyl]-8-hydroxy-7,9-dioxo- 1,2,3,8a,4,5,7,9,13,13a

"decahydropyrido[1',2"4,5]pyrazinol1,2-alpyrrolo[1,2-dpyrimidine- 10-carboxamide:

(48 13ak)- NV ((2,4-Difluorophenyl)methyl]- 10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,18,18a

~octahydro- liinyrido[l,Z'a]pyrrolo[1',2'28,4]imidazo[1,2' dlpyrazine-8-carboxamide;

(4a.8,18aR)- N-[(4-Fluorophenyl)methyl]- 10-hydroxy-9,11-dioxo-2,3,44,5,9,11,13,18a-oct

ahydro-1 A pyridoll,2-alpyrrolol1',2"8,4]imidazo[1,2" dlpyrazine-8-carboxamide;

(35, 11a.0)-M[(2,4-Difluorophenyl)methyll-6-hydroxy-5, 7-dioxo-3-(phenylmethyl)-2,3,5,

7,11,11a-hexahydro(1,3loxazolo[3,2- alpyridol1,2- dlpyrazine-8-carboxamide;

(Ba.S 13a.8)- V- ((4-Fluorophenyl)methyl]-8-hydroxy-7,9-dioxo- 1,2,3,8a,4,5,7,9,13,18a-de

cahydropyridoh',2'14,5]pyrazino[1,2'a]pyrrolo[1,2'c]pyrimidine- 10 carboxamide;

(85, 11a R)-V-[(2,4-Difluorophenylmethyl] -6-hydroxy-3-[(1,.9)- L-methylpropyl]-5,7-dioxo

"2,3,6,7,11,11a-hexahydrol1,3Joxazolo[3,2- alpyrido[1,2- dlpyrazine-8-carboxamide;

BS ll.aR)'N[(2,/Iv'Difluorophenyl)methyl]-B'hydroxy-&methyln‘i,’7-dioxo-2,3,5,7, 11,11a

-hexahydro[1,3]oxazolo[3,2- a)pyrido[1,2- dlpyrazine-8-carboxamide;
(85 11aR)- N [(4-Fluoropheny)methyl] “6-hydroxy-3-methyl-5,7-dioxo-2,3,5,7,11,11a-he
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xahydro[l,3loxazolol8,2 alpyrido(1,2- dlpyrazine-8-carboxamide;

(35.11aR)-N-[(2,4-Difluorophenyl)methyl]-8-(1,1-dimethylethyl)-6-hydroxy-5,7-dioxo-2

,8,5,7,11,11a-hexahydroll,3]oxazolol3,2- alpyridol1,2-dlpyrazine-8-carboxamide;

(8.5, 11a.7)-3-(1,1-DimethylethyD)- N-[(4-fluorophenyDmethyl]-6-hydroxy-5,7-dioxo-2,3,5,

7,11,11a-hexahydroll,3]oxazolo[3,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(85 11a/)-N[(2,4-Difluorophenyl)methyll-6-hydroxy-5,7-dioxo-3-phenyl-2,3,5,7,11,11a

-hexahydrol1,3]Joxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(35, llaR)'N'[(2,4'Diﬂ110ropheny1)rﬁothy]] -6-hydroxy-3-(hydroxymethyl)-5,7-dioxo"2,3,

5,7,11,11a-hexahydroll,8)oxazolo[3,2- alpyrido[1,2- dipyrazine-8-carboxamide;

(28,35 N[(2,4-Difluoropheny)methyll-6-hydroxy-3-methyl-5,7-dioxo-2-phenyl-2,3,5,7

,11,11a-hexahydro(l,8]loxazolol3,2-alpyrido(1,2-dlpyrazine-8-carboxamide;

(3R, 1128 M[(2,4-Difluorophenyl)methyl]l-6-hydroxy-5,7-dioxo-8-(phenylmethyl)-2,3,5,

7,11,11a-hexahydroll,3]oxazolol8,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

(81,1129 N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(2-methylpropyl)-5,7-dioxo-2,3,

5,7,11, lla'hexahydro[l,S]oxazolo[B,Z‘a]pyrido[].,z' dlpyrazine-8-carboxamide;

(5a R, 14al)- N-[(2,4-Difluorophenylmethyl]-11-hydroxy-10,12-dioxo-1,2,3,4,5a,6,10,12,

14,14a-decahydropyrido[1,2-alpyrido[1',2:3,4}imidazo[1,2-dlpyrazine-9-carboxamide;
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(25,89 N-[(2,4-Diflnorophenylmethyll-6-hydroxy-3-[(methyloxy)methyl]-5,7-dioxo-2-p

henyl-2,8,6,7,11,11a-hexahydroll,8loxazolo[8,2-alpyridol1,2-dlpyrazine-8-carboxamide

(385 11a.R)-3-(Cyclohexylmethyl)- N-[(2,4-difluorophenylmethyl]-6-hydroxy-5,7-dioxo-2,

3,5,7,11,11a-hexahydroll,3]oxazolo[3,2- alpyrido[1,2-dlpyrazine-8-carboxamide;

(3.5, 11a R N-[(2,4-DifluorophenyDmethyll-6-hydroxy-8-(1-methylethyl)-5,7-dioxo-2,3,5,

7,11,11a"hexahydroll,8loxazolo(3,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(5a R, 1429 N-[(2,4-Difluorophenyl)methyl]l-12-hydroxy-11,13-dioxo-5a,6a,7,11,13,14a"
hexahydro-5A-indenol1',2:4,5}{1,3]oxazolo[3,2- alpyridol1,2-dlpyrazine-10-carboxamid

e;

(2.5,3R,11a8)- N-[(2,4-Difluorophenyl)methyl]-8-hydroxy-5,7-dioxo-2,3-diphenyl-2,3,5,7,

11,11a-hexahydroll,8loxazolo[3,2-alpyrido(1,2-dlpyrazine-8-carboxamide;

(28 3R,11a k) -N-[(2,4-difluorophenyl) methyl]-8-hydroxy-5,7-dioxo-2,3-diphenyl-2,8,5,7,

11,1la-hexahydrol[1,3loxazolo[8,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(8R,11a.9 -V [(2,ﬂl»'Diﬂuorophenyl)hlethyl]'6-hydroxy'3'(1'methylethyl)~5,7~dioxo-2,3, 5,

7,11,11a-hexahydrol(1,3loxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;
(85 11aR)-N-[(2,4-Difluorophenyl)methyll-6-hydroxy-3-[2-(methylthio)ethyll-5,7-dioxo-

2,3,5,7,11,11a-hexahydrol1,3)oxazolol3,2-alpyridol1,2-dlpyrazine-8-carboxamide;
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(8.5 11aR)-N-[(2,4-Difluorophenyl)methyll-6-hydroxy-3-[2-(methylsulfonylethyll-5,7-di

0x%0°2,8,5,7,11,11a-hexahydro[1,3]loxazolol3,2- alpyrido(1,2-dlpyrazine-8-carboxamide;

(38 11aR)-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-(14-indol-3-ylmethyl)-5,7-dioxo

-2,8,5,7,11,11a-hexahydro[1,3loxazolol3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(4.R,12a )~ N-[(4-fluorophenyDmethyl)-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diox
0-1,2,3,4,6,8,12,12a octahydropyrido[1',2'i4,5]pyrazino(1,2-alpyrimidine-9-carboxamid

(ch

(4R,12a R)- N [(4-FluorophenylDmethyl]-7-hydroxy-4-methyl-1-(1-methylethyl)-6,8-diox
0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2-alpyrimidine-9-carboxamid

e

(45,1229 N-1(2,4-Difluorophenylmethyll-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-
dioxo- 1,2,8,4-,6,8, 12,12a-octahydropyrido(1',244,5]pyrazino[1,2-alpyrimidine-9-carboxa

mide;

(4.5,12a.9-1-(Cyclopropylmethyl)- M-[(2,4-difluorophenylD)methyl}-7-hydroxy-4-methyl-6
,8-dioxo0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2-alpyrimidine-9-carbo

xamide;

(4.5,12a.9)- MV [(2,4-Difluorophenyl)methyll- 1-(2-furanylmethyD)-7-hydroxy-4-methyl-6,8
-dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5])pyrazino[1,2-alpyrimidine-9-carbox

amide;
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(4:5,12a.8)- N-[(2,4-Difluorophenylmethyl]-7-hydroxy-4-methyl-6,8-dioxo-1-(1,3-thiazol-
2-ylmethyl)-1,2,8,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2-alpyrimidine-9-c

arboxamide;

(da B,6a 7, 14a.8) - N-[(2,4-Difluoroplienyl)methyl]-12-hydroxy-11,18-dioxo-1,3,4,44a,5,6a,
7,11,18,14a-decahydro-2.Hpyrido[1',2"14,5]pyrazinoll,2-a][3, 1]benzoxazine- 10-carboxa

mide;

(daRR,6aldas) MV [(4-Fluorophenyl)methyl]-12-hydroxy-11,13-dioxo-1, 3,4,4a,5,6a,7,11

,18,14a-decahydro-2 A pyridol1',2':4,5]pyrazinol1,2-a][3, 1/benzoxazine- 10-carboxamide

(85,4aR,6ak,14a8)- N-[(2,4-Difluorophenylmethyll- 12-hydroxy-11,13-dioxo-3*phenyl-1
,3,4,4a,5,6a,7,11,13,14a-decahydro-2 4 pyridof1',2"4, 5] pyrazinoll,2-a][3,1]benzoxazine

-10-carboxamide;

(4a5,6a85,14a8)-N-[(2,4-DifluorophenyDmethyl]-12-hydroxy-6-(2-methylpropyD-11,138-d
ioxo-1,2,3,4,4a,5,6,6a,7,11,13,14a-dodecahydropyridol1',2':4,5]pyrazinol1,2-alquinazoli

ne-10-carboxamide;

(6aR,7aS,11aS8)-N-[(2,4-Difluorophenyl)methyl)-1-hydroxy-2,13-dioxo-2,6a,7,7a,8,9, 10,

11,11a,18-decahydro-6H-pyridol1',2"4,5]pyrazinol1,2-albenzimidazole-3-carboxamide;

(6a8,7a85,11a8)-N-[(2,4-Difluorophenymethyl]- 1-hydroxy-2,13-dioxo-2,6a,7,7a,8,9, 10,

11,11a,13-decahydro-6H-pyrido[1',2"4,5]pyrazinol1,2-albenzimidazole-3-carboxamide;
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(5a8,1428)N-[(2,4-DifluorophenyDmethyll-11-hydroxy-10,12-dioxo-1,2,8,4,5a,6,10,12,

14,14a-decahydropyridol1,2-alpyrido[1',2"8,4)imidazol1,2-dlpyrazine-9-carboxamide;

(4aR,14aR)-N-[(2,4-Difluorophenyl)methyl]-9-hydroxy-8,10-dioxo-2,3,4,44a,5,6,8,10, 14,
14a-decahydro- 1H-pyridol1,2-clpyrido[1',2":4,5]pyrazino[1,2-alpyrimidine- 11-carboxam

ide;

(4R,12aR)-N[(2,4-Difluorophenymethyl]-7-hydroxy-4-methyl-1-(3-methylbutyl)-6,8-d
* ioxo0-1,2,8,4,6,8,12,12a octahydropyridol1',24,5)pyrazino{1,2- alpyrimidine-9-carboxa

mide;

(4.5,12a,8)- M [(2,4-DifluorophenyDmethyl]-7-hydroxy-4-methyl-1-(1-methylethyl)-6,8-di
0x0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazino [1,2-alpyrimidine-9-carboxam

ide;

(4.5,12a.9)- N-[(2,4-DifluorophenyDmethyl]-7-hydroxy-4-methyl-1-(3-methylbutyl)-6,8-d
ioxo-1,2,3,4,6,8,12,12a-octahydropyrido{1',2":4,5]pyrazino[1,2- alpyrimidine-9-carboxa

mide;

(4.5,122.8)- N-[(2,4-DifluorophenyDmethyll-7-hydroxy-4-methyl-6,8-dioxo- 1-(3*pyridinyl
methyD-1,2,3,4,6,8,12,12a-octahydropyrido[1’,2":4,5]pyrazinol1,2-alpyrimidine-9-carbo

xamide;
(4:5,12a.9-1-Cyclopropyl- N-[(2,4- difluorophenyl)methyl]-7-hydroxy- 4-methyl-6,8-dioxo-
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1,2,8,4,6,8,12,12a-octahydropyridoll’,2"4,5ipyrazinoll,2-alpyrimidine-9-carboxamide;

(4.5 122.9)- N-[(2,4-Difluorophenyl)methyll-7-hydroxy-4-methyl-1-[2-(methyloxy)ethyll-
6,8-diox0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5lpyrazinol1,2-alpyrimidine-9-carb

oxamide;

(8a8,5a8,13a8)-N-[(2,4-DifluorophenyDmethyl]-11-hydroxy-5-(2-methylpropy)-10,12-d
iox0-2,8,3a,4,5,6a,6,10,12,183a-decahydro- 1H-cyclopentalelpyridol1',2":4,5]pyrazino[1,2

-alpyrimidine-9-carboxamide;

(81,1129~ N-[(2,4-Difluorophenyl)methyl]-3-ethyl-6-hydroxy-5,7-dioxo"2,3,5,7,11,11a-h

exahydroll,3]oxazolo[3,2-alpyridoll,2-dlpyrazine-8-carboxamide;

(4aS,6a8,14a8)-N-[(2,4-Difluorophenyl)methyll-12-hydroxy-6-[(2-(4-morpholinylethyl]-
11,18-dioxo-1,2,3,4,4a,5,6,6a,7,11,18,14a-dodecahydropyrido[1',2":4,5]pyrazino[1,2-alq

uinazoline-10-carboxamide;

(3aR,5aR,13a8)-N-[(2,4-Difluorophenyl)methyl]-11-hydroxy-10,12-dioxo-1,2,3,3a,4,5a,
6,10,12, ]_Ba-decahydrocyclopenta[ud]pyrido[l‘,2'54, 5lpyrazino[2,1-bl[1,8]loxazine-9-carbo

xamide;

(4a8,6a8,14a8)-N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-6-methyl-11,13-dioxo-1,2,3
,4,4a,5,6,6a,7,11,13,14a-dodecahydropyridol1’,2"4,5]pyrazinol1,2-alquinazoline-10-car

boxamide;
(4a8,6a8,14a8)-N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-6-[2-(methyloxy)ethyll- 11,

262

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

13-dioxo-1,2,3,4,44,5,6,6a,7,11,13, 14a-dodecahydropyridoll’,2":4,5)pyrazinoll,2-alquin

azoline-10-carboxamide;

(4a8,6a8,14a8)-6-[2-(Acetylamino)ethyl]-N-[(2,4-difluorophenyl)methyll- 12-hydroxy- 1
1,18-diox0-1,2,8,4,4a,5,6,6a,7,11,18,14a-dodecahydropyrido[1',2":4,5]pyrazino[1,2-alqui

nazoline-10-carboxamide;

(38, 11aR)-N[(2,4-DifluorophenyDmethyl]-3-ethyl-6-hydroxy-5,7-dioxo-2,3,5,7,11,11a-h

exahydro[l,8]oxazolo[8,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(35,112 72)-3-Butyl-MN{(2,4-difluoropheny)methyll-6-hydroxy-5,7-diox0-2,3,5,7,11,11a-h

exahydroll,8]Joxazolo[8,2-alpyridol1,2-dlpyrazine-8-carboxamide;

(35, 11a)- V- [(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[(4-hydroxyphenyDmethyll-5,7-
dioxo-2,8,5,7,11,11a-hexahydroll,3Jloxazolo[8,2- alpyridol1,2- dlpyrazine-8-carboxamide
(48,12a8)-1-Cyclobutyl-N-[(2,4-difluorophenyl)methyl]- 7-hydroxy-4-methyl-6,8-dioxo-1

,2,8,4,6,8,12,12a-octahydropyrido[1',2"14,5]pyrazino(1,2-alpyrimidine-9-carboxamide;

(4.5,12a.9)- N-[(2,4-Difluorophenyl) methyl]-7-hydroxy-4-methyl-6,8-dioxo- 1- (tetrahydro-
2.H-thiopyran-4-y1)-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2- alpyrimid

ine-9-carboxamide;

(45,1228 N[(2,4-Difluorophenyl)methyll-7-hydroxy- 1,4-bis(2-methylpropyl)-6,8-dioxo

-1,2,3,4,6,8,12,12a-octahydropyrido[1',2":4,5]pyrazinol1,2- alpyrimidine-9-carboxamide;
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(4a8,6a8,14a8)-N-[(2,4-Difluorophenyl)methyl]- 12-hydroxy-6-(2-hydroxyethyl)-11,13-d
foxo-1,2,3,4,44,5,6,6a,7,11,13,14a-dodecahydropyrido[1',2":4,5]pyrazinol1,2-alquinazoli

ne-10-carboxamide;

(4a8,6a8,14a8)-6-Cyclopropyl-N- [(2,4-difluorophenyl)methyl]- 12-hydroxy-11,18-dioxo-
1,2,3,4,4a,5,6,6a,7,11,18,14a-dodecahydropyrido[1',2":4,5]pyrazino[1,2-alquinazoline- 1

O-carboxamide;

(4a8,6a8,14a8)-N-[(2,4-Difluorophenyl)methyll- 12-hydroxy-11, 18-dioxo-6-[2-(1-pyrroli
dinylethyl]-1,2,8,4,4a,5,6,62a,7,11,13, 14a-dodecahydropyridol1’,: “4,5]pyrazinol1,2-alq
uinazoline-10-carboxamide;

(4a8,14a8)-N-[(2,4-Difluorophenyl)methyll-9-hydroxy-8,10-dioxo-2,3,4,4a,5,6,8,10,14, 1
4a-decahydro-1H-pyrido[1,2-clpyridol1',2"14,5]pyrazino(1,2-alpyrimidine-11-carboxami

de;

(48,12a8) N-[(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-[2- (methyloxy)ethyll-6,8-
dioxo-1,2,3,4,6,8,12,12a-octahydropyrido[1',2':4,5]pyrazinoll,2-alpyrimidine-9-carboxa

mide;

(48,12a9)- 1-Cyclobutyl-N-[(4-fluorophenyl) methyl]-7-hydroxy-4-methyl-6,8-dioxo- 1,2,3

»4,6,8,12,12a octahydropyrido[1',2":4,5]pyrazinol1,2-alpyrimidine-9-carboxamide;
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(4S,12a8)-N-|(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-diox
0-1,2,3,4,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazino[1,2-alpyrimidine-9-carboxamid

e;

(45,12a8)-N-[(4-Fluorophenyl)methyll-7-hydroxy-1,4-dimethyl-6,8-dioxo"1,2,3,4,6,8,12

,12a-octahydropyrido[1',2":4,5]pyrazinol1,2-alpyrimidine-9-carboxamide;

(4.8,12a.9)- N[(4-Fluorophenyl)methyl] -7T-hydroxy-4-methyl-6,8-dioxo-1-(tetrahydro-2./7
-thiopyran-4-y1)-1,2,3,4,6,8,12,12a-octahydropyridol1',2":4,5lpyrazinoll,2- alpyrimidine

*9-carboxamide;

(45,1229 N[(2,4-DifluorophenyDmethyl]-7-hydroxy-1,4-dimethyl-6,8-dioxo-1,2,8,4,6,8

,12,12a-octahydropyrido[1',2':4,5]pyrazinol1,2-alpyrimidine-9-carboxamide;

(4.5,12a.8) M [(4-Fluorophenyl)methyl]-7-hydroxy-4-methyl-1-(1-methylethyl)-6,8-dioxo

-1,2,3,4,6,8,12,12a-octahydropyrido(1',2':4,5]pyrazinol1,2- alpyrimidine-9-carboxamide;

(4:5,122.9 M [(4-Fluorophenyl)methyll-7-hydroxy-1,4-bis (2-methylpropyl)-6,8-dioxo-1,2

»3,1,6,8,12,12a-octahydropyrido[1',2"4,5]pyrazino[1,2- alpyrimidine-9-carboxamide;

enantiomers thereof; diastereomers thereofi mixtures of enantiomers therecof
mixtures of diastereomers thereofi mixbtures of enantiomers and diastereomers

thereof; and pharmaceutically acceptable salts thereof.
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32, A compound selected from the group consisting of:
(428, 13a.R)-N-[(2,4-Difluorophenyl)methyll-10-hydroxy-9,11-dioxo-2,8,4a,5,9,11,13,13a

-octahydro-1 A pyrido[1,2-alpyrrolo[1',2':3,4}imidazo[1,2-dlpyrazine-8-carboxamide;

(4a,8,13aR)- NV-[(4-Fluorophenyl)methyl]-10-hydroxy-9,11-dioxo-2,3,4a,5,9,11,13,13a-oct

ahydro-1H pyrido[1,2-alpyrrolo[1',2":8,4]limidazo[1,2- dlpyrazine-8-carboxamide;

(85 11aR)-N-[(2,4-Difluorophenyl)methyl]-6-hydroxy-3-[(1.8)-1-methylpropyll-5,7-dioxo

-2,8,5,7,11,11a-hexahydrol1,3]loxazclo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(85, 11aR)-N-[(2,4-Difluorophenylmethyl]-6-hydroxy-3-methyl-5,7-dioxo0-2,3,5,7,11,11a

-hexahydrol1,3loxazolo[8,2-alpyridoll,2-dlpyrazine-8-carboxamide;

(35, 11a ) N-[(4-Fluorophenyl)methyll-6-hydroxy-3-methyl-5,7-diox0-2,3,5,7,11,11a-he

xahydro[1,3]oxazolo[3,2-alpyrido[1,2-dlpyrazine-8-carboxamide;

(451228 N-[(2,4-DifluorophenyDmethyl]-7-hydroxy-4-methyl-1-(2-methylpropyl)-6,8-
dioxo-1,2,8,4,6,8,12,12a-octahydropyrido[1',2":4,5lpyrazinoll,2-alpyrimidine-9-carboxa

mide;

(4.5,122,9)-1-(Cyclopropylmethyl)- V-[(2,4-difluorophenyl)methyl]-7-hydroxy-4-methyl-6
,8-dioxo0-1,2,8,4,6,8,12,12a-octahydropyrido{1',2"4,5]pyrazino[1,2- alpyrimidine-9-carbo

xamide;

(4a2,6aR, 1428 N-[(2,4-Difluorophenyl)methyl]-12-hydroxy-11,13-dioxo-1,8,4,4a,5,84,

7,11,13,14a-decahydro-2 Hpyrido[1',2":4,5lpyrazino(1,2-a][3,1]benzoxazine- 10-carboxa
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mide;

(4aR,6ar,14a5) N [(4-Fluorophenymethyll-12-hydroxy-11,18-dioxo-1,8,4,42,5,6a,7,11

,13,14a-decahydro-2H pyrido{1',2"4,5]pyrazino(1,2-al[8,1]benzoxazine-10-carboxamide

48,9aR)-5-Hydroxy-4-methyl-6,10-diox0-38,4,6,9,9a, 10-hexahydro-2H-1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 2,4,-difluoro-benylamide;

4R,9a8)-5-Hydroxy-4-methyl-6, 1Q-diox0-3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 2,4,-diflvoro-benylamide;

2R,9a8)-5-Hydroxy-2-methyl-6, 10-diox0-3,4,6,9,9a,10-hexahydro-2H-1-oxa-4a,

8a-diaza-anthracene-7-carboxylic acid 4-fluoro-benylamide;

enantiomers thereofi diastereomers thereofi mixtures of enantiomers thereof;
mixtures of diastereomers thereofi mixtures of enantiomers and diastercomers

thereof; and pharmaceutically acceptable salts thereof.

33. A compound according to claims 31 or 32 wherein the pharmaceutically

acceptable salt is a sodium salt.

34. A pharmaceutical composition comprising a compound according to any one of

Claims 1 to 33, or a pharmaceutically acceptable salt, or solvate thereof.

35, A pharmaceutical composition according to Claim 34, which is an anti-HIV
agent.
36. A process for the preparation of a compound of formula (I-20a)
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0 (1-20a)

wherein Re is one or two halogen; R is Cisalkyl, CeaarylCi-salkyl, Cgraaryl, or

alkoxy; and P! is Cg14arylCi-salkyl;

comprising condensing a compound of the formula

o) CHO

wherein Re is one or two halogen; R50 is Ci.salkyl; and P! is Cs-1aarylCi-salkyls

with a compound of the formula

Z

B
HNTY
OH

wherein R# is Ci-salkyl, Cs-14arylCisalkyl, Ce-14aryl, or alkoxy;

to form a compound of formula (I-20a).

317. A process for the preparation of a compound of formula (I-20b)

1
P\O o R
D I
N o -N
RC \/}L\O
0

wherein R¢ is omne or two halogen; R* is Cisalkyl, Ce1sarylCrsalkyl, Cs-1saryl, or

(1-20b)

alkoxy, and P! is Cs14arylCr-salkyl;

comprising condensing a compound of the formula
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o O

y (@) x LORso
Q j\ A\ N
) h

@) CHO

wherein Re is one or two halogen; R80 is Ci1-salkyl; and P! is Ce-14arylCr-salkyl

with a compound of the formula
RZ
HZN/'\

OH -

wherein Rz is Cruyalkyl, Ce14arylCrsalkyl, Coiaaryl, oxr alkoxy;

to form a compound of formula (I-20b).

38. A process for the preparation of a compound of formula (I-21a)

1
‘P\O 0
oo K
[ N \N\/g\/f\zlj
R A
O

wherein Re is one or two halogen; and P! is Ce-1sarylCrsalkyls

(I-21a)

comprising condensing a compound of the formula

N \/NW

o) CHO

wherein Re is one or two halogen; R0 is Ci-salkyl; and P! is CgyaarylCi-salkyl;

with a compound of the formula

0,

NH,

to form a compound of formula (I-21a).
269

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

39. A process for the preparation of a compound of formula (I-21b)

(I-21b)

wherein Re is one or two halogen; and P! is CG~1/1§11'yIC)-sa11<y1;

comprising condensing a compound of the formula

0 CHO

wherein Re is one or two halogen; R50 is Ci-salkyl; and P! is Ce-1aarylCrsalkyls

with a compound of the formula

(D
u) .

NH

2
to form a compound of formula (I-21Db).

40, A process for the preparation of a compound of formula (1-22a)

P’\O o
N N
R® ~ 7( \/i;\%
0 (I-22a)

wherein Re is one or two halogen; and P! is Cg1aarylCrsalkyl;

comprising condensing a compound of the formula:
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0 CHO

wherein Re is one or two halogen; R0 is Cr-salkyli and P! is Ce14arylCisalkyls

with a compound of the formula

[LL

N

H

NH,

to form a compound of formula (1-22a).

41. A process for the preparation of a compound of formula (1-22b)

Q

(I-22b)

wherein Re is one or two halogen; and P! is Cg1sarylCr-salkyl;

comprising condensing a compound of the formula

@ﬁ5°

CHO

wherein R¢ is one or two halogeni R5 is Cisalkyl; and P is Ce1qarylCrsalkyls

with a compound of the formula

O,
© L

2

to form a compound of formula (I-22b).

42, A process for the preparation of a compound of formula (I-23a)
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[ RSN

0

N N
AN e e
0 (I1-23a)

wherein Re is one or two halogen; and P! is Cs-14arylCi-salkyl;

comprising condensing a compound of the formula

1
P\O 0
@\/H ) ) OR50
N X N
R° b
0 CHO

wherein Re is one or two halogen; R is Cigalkyl; and P! is CeraarylCi-salkyl;

with a compound of the formula

to form a compound of formula (I-23a).

43. A process for the preparation of a compound of formula (I-23b)

o \M\??

(I-23b)

wherein Re is one or two halogen; and P! is Cs-1arylCi-salkyl;

comprising condensing a compound of the formula

1
P\O o
@VH ) ) ORSO
N x N
R® h
@] CHO

wherein Re is one or two halogen; R80 is Ci-galkyl; and P! is Cg1sarylCi-salkyl;

with a compound of the formula -
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L

N

Ho NH,

2

to form a compound of formula (I-28b),

44, A process for the preparation of a compound of formula (I-24a)
1
. P\O o Bz
] Oy N/j
o} H g
(I-24a)

wherein Re is one or two halogen; R#! is hydrogen, Csseycloalkyl, heterocycle, or
Ci-salkyl optionally substituted with hydroxy, Csscycloalkyl, alkoxy, heterocycle,
heteroaryl, Ces1saryl, or amino, wherein said amino may be optionally substituted
with —C(0)Ci-salkyl or Cisalkyli

and I’! is Cs-14arylCi-salkyl;

comprising condensing a compound of the formula

0]
N N
e Y
(e} CHO

wherein Re is one or two halogen; R is Ci-salkyl; and P is Ce1aarylCi-salkyl;
with a compound of the formula

g

HZN/j

HN
Hzi

z

wherein R# is Cisalkyli R#1 is hydrogen, Csscycloalkyl, , heterocycle, or Cj-salkyl
optionally substituted with hydroxy, Ca-scycloalkyl, alkoxy, heterocycle, heteroaryl,
Ce-1saryl, or amino, wherein said amino may be optionally substituted with

~C(0)Ci-salkyl or Crsalkyl;

to form a compound of the formula (I-24a).
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“G4:0, Foy pl'UUUb'u'ﬁ A0 Lie prupuruuun WL UU.U.llJULlULl VUL QLMW \ L™ &)
PI
~o0 o R’
o
N
5 ”)7
\ N Ao N
H H l}Jz1
o R (-24p)

wherein Re¢ is one or two halogen; R#! is hydrogen, Csscycloalkyl, heterocycle, ov
Ci-salkyl optionally substituted_ with hydroxy, Cs.seycloalkyl, alkoxy, heterocycle,
heteroaryl, Ces-1iaryl, or amino, wherein said amino may be optionally substituted
with —C(0)C1-salkyl or Ci-salkyl;

and P! is CgagarylCisalkyl;

comprising condensing a compound of the formula

wherein Re is one or two halogen; R%0 is Ci-galkyl; and P! is CsraavylCisalkyl;

with a compound of the formula

RZ
HZN)j

HN
}'qu

wherein R# is Ci-salkyli R#! is hydrogen, Ca-seycloalkyl, heterocycle, or Ci.salkyl
optionally substituted with hydroxy, Cs-scycloalkyl, alkoxy, heterocycle, heteroaryl,
Cgaaaryl, or amino, wherein said amino may be optionally substituted with
~C(0)C)-salkyl or Ci-salkyl;

to form a compound of the formula (I-24b).

46, A process for the preparation of a racemic compound of formula (I-25)

@ \M

274

(1-25)

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1052



WO 2006/116764 PCT/US2006/016604

wherein Re¢ is one or two halogen; R#! is hydrogen, Cascycloalkyl, heterocycle, or
Crsalkyl optionally substituted with hydroxy, Ca-geycloalkyl, alkoxy, heterocycle,
heteroaryl, Cpiaaryl, or amino, wherein said amino may be optionally substituted

with —C(0)Ci-salkyl or Ci-salkyli and P! is Ce1aarylCi-salkyli

comprising condensing a compound of the formula

1
F’\o o
o N N
R 7 D
o] CHO

wherein Re¢ is one or two halogen; R5 is Ci-salkyl; and P? is Ce-1aarylCi-salkyls

with a racemic compound of the férmula

wherein R# is hydrogen, Cascycloalkyl, heterocycle, or Cisalkyl optionally
substituted with hydroxy, Csecycloalkyl, alkoxy, heterocycle, heteroaryl, Cs-yaaryl, or
amino, wherein said amino may be optionally substituted with —C(0)Ci-salkyl or

Ci-salkyl;
to form a racemic compound of the formula (I-25).

47, A process for the preparation of a racemic compound of formula (I-26)

©v \NJP

TR (o)

wherein R is one or two halogen; R*! is hydrogen, Cs-scycloalkyl, heterocycle, or
Cisalkyl optionally substituted with hydroxy, Cascycloalkyl, alkoxy, heterocycle,
heteroaryl, Cgisaryl, or amino, wherein said amino may be optionally substituted
with —C(Q)C1-salkyl or Cr-salkyl; and P1is CejaarylCi-salkyls
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comprising condensing a compound of the formula

0] CHO

wherein Re¢ is one or two halogen; R% is Ci.salkyl; and P is Ce-1arylCi-salkyl;

with a racemic compound of the formula

wherein R#! is hydrogen, vs.¢eycloalkyl, heterocycle, or Cisalkyl optionally
substituted with hydroxy, Cas-scycloalkyl, alkoxy, heterocycle, heteroaryl, Ceasaryl, or
amino, wherein said amino may be optionally substituted with —C(0)C1-salkyl or
Cirsalkyl;

to form a racemic compound of formula (I-26).

-

48. A process for the preparation of a racemic compound of formula (1-27)

P1\O o
LAY
Re N\g/\ N\/}L\O

wherein Re is halogen;i and P! is Cg14arylCi-salkyls

(1-27)

comprising condensing a compound of the formula

P1
S0 o
@\/H ) ) OHSO
N N
R® 3
o}

. CHO

wherein Re is one or two halogen; R50 is Ci-salkyl; and P! is Ce-1sarylCrsalkyls

with a racemic compound of the formula
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H, OH

Q)
G““\

to form a racemic compound of formula (I-27),

Q]

49. A method of treatment of an HIV infection in a human comprising administering
to said human an antiviral effective amount of a compound according to any of claims

I to 33.
50. A compound as claimed in any of claims 1 to 33 for use in medical therapy.

51. Use of a compound as claimed in any of claims 1 to 33 in the manufacture of a

medicament for the treatment or prophylaxis of an HIV infection.

52. A compound of formula (I-20a) described in Claim 36. formula (I-20Db) described
in Claim 87, formula (I-21a) described in Claim 38, formula (I-21b) described in Claim
39, formula (1-22a) described in Claim 40, formula (I-22b) described in Claim 41,
formula (I-23a) deseribed in Claim 42, formula (I-28b) described in Claim 43, formula
(I-244a) described in Claim 44, formula (I-24b) described in Claim 45, formula (1-25)
described in Claim 46, formula (I-26) described in Claim 47, or formula (I-27)

described in Claim 48, or a pharmaceutically acceptable salt thereof.

53. A compound of formula (I-20a) described in Claim 36. formula (I-20b) described
in Claim 37, formula (I-21a) described in Claim 38, formula (I-21b) described in Claim
39, formula (I-22a) described in Claim 40, formula (I-22b) described in Claim 41,
formula (I-23a) described in Claim 42, formula (I-23b) described in Claim 43, formula
(1-24a) described in Claim 44, formula (I-24b) described in Claim 45, formula (1-25)
described in Claim 46, formula (I-26) described in Claim 47, or formula I1-27)
described in Claim 48, or a pharmaceutically acceptable salt thereof, wherein each P!

is hydrogen.

54. A pharmaceutical composition according to claim 84 wherein said composition
comprises at least one additional therapeutic agent selected from reverse

transcriptase inhibitors and protease inhibitors.

55. A method of treatment of an HIV infection in a human comprising administering

to said human a composition comprising a compound according to any of claims 1 to
2717
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33 and another therapeutic agent.

56, The method according to claim 55 wherein said therapeutic agent is selected

from reverse transcriptase inhibitors and protease inhibitors.
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