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respect 1o & particular polymaorphic form of a compound meas that the composition
cosprising the pelymorphic form contains luas than 35%, less than 309, less than 8096, less
tha 0%, loss than 65%, less than 60%, Jous than §59%, less than 30%, less than 40%%, leas
than 30%, less than 2074, less than 15%, less than 1034, tess thaa 5%, or less than (9% by
weight of other substancss, including other polvmorphis forms andfor imp\m't‘ms in certain
exnbodiments, “substantislly pure” or “substantially foe of ' refers to a substance frer of other
substances, inchuding other poalymorphic forms and/or epurities. Tmpurities may, for
example, nclude by-products or left aver reageats from chemical reactions, sontaminants,

° Py

degradation products, other polvmorphic forms, wasr, #nd sotvents.
Forauda I
{01841 Provided are also compositions comprising at least one, or ali of polymosphs {e.g.,

any one oy more of Formasla 11 polysnorphic Formg § 1§, and [} as desoribed herein, Ina

particslar embodiment, & composition comprising ene of Formuaia 3 polymorphic Fornms 1,

e

{1, and 1J7T described berein is provided. In a particelar embodiment, & composition
comp:ising v of Formuda I potymorphic Formos 1, 1L, and 1T deseribed heretn is provided.
2 other embodimens, the compositions described nerein may comgrrise substantially pure

‘poi}'worphic fors, or may bo substantially free of other polymorphs and/or impurities.

{0181} In some embodiments, the composition comyprises & polynwwphic form of
potassium (2R, 55, [3aR)-7,9-dioxo-10-((2. 4, 6~-triflvorobenzyicarbamoyi2,.3,4,5,7,9.13.1 3a-

octahydee-2,5-methanopyridof 1,24, 3]pyrazinei2, 1 b L, azepie-Beniste. In coriain
embodiments are provided corppositions comprising a polymaorphic form as deseribed herein,
wherein the potassium {2R, 58, 13aR 7, 3-dioxo-10-((2,4, f-trifluorobenzyl jearbaroyl)-
2,3,4,5,7.9,13, 3a-oetahydro-2, 5msthanopyridol 1,204, Sipyrazino[2, 1531, 3 loxerepin- 8-
olate within the gomaposition s substantially pure (Le., substactially pure Form §, 1L, andior
1IN, In particular erobodiments of composilions comprising a polymorphic form of

potassiom (2R, 58, 13aR 17, 9-dioxe-10-({2.4,6-rifluorobenzy Dearbamoyl}-2,3,4,5.7.2,13, 1 Ja-

octahtydrow2, S-msthanopyrido{ 1.7 4, S Ipyrazine{2, 1-b}{ 1 . 3]oxazepin-§-olate, at teast about

5184, at least about 64%%, at lcast about 79%, at least about $0%, vt least about 85%, gt least
about 90%, at least about 93%, at least about 96%, at least about 97%, st least about 38%, or
at Isast about 99% of potassiom (2R 38,13aR3-7,9-dloxo-10-((2,4,6-

eriftuorobenryDicarbamoyt}-2,3,4,5,7,9.13, 1 3s-octabydro-2.5-

A2
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methanapyrido] 1,24 Slpyrazine{2,1-bi{ 1.3 joxazepin-8-olate present in the composition is
ane of the polymaerphic forms disclosed herein, Tw cortain embodiments, the composition
inciudes at least about 0%, =t least show 60%, at least about 0%, at least about 80%, at
teast about B5%, an least about 909, at least aboul 5%, at loast about 96%, at least about
V0%, st least about 98%, ot at least about 99% of one of the polymorphic fHrms potassium
{(2R.58,13aR)-7.9-dlogo-18-((R.4,6-riftucrobenzyDearbamoy)-1,3.4,5,7,%, 13, | 3a-ocmhyidra-

i
2,3-methanopyride] 1,24, 5 pyrazino{d, 1-b3f ..”\vv;aazepisyguaéaw.

{0182} In other erabodiments of compositions comprising 8 polymorphic form discloacd
herein, loss than about 530%, ioss than abous 40%, loss than about 30%%, less than shous 20%,
iene than about 109, less than sbout 5%, less thas sbout 4%, lese than about 3%, less than
ahout 2% o less than about 1% of potassinm (2R 38,13aR)-7 9-dioko-10+(2.4,6~

srifheorobenzyicerbamayi}2,3,4,3,7,9, 13, 13s-ootahydro-2, 5+
B

methanopyrido{ 1,294, 51pyrazinol 2, 1-b ] 1, S]onarepin-S-olate present in the composition are
other polymorphs of potassiom {2R,38,13aR)-7,9-dicxe-10-({2.4.6-
riftucrobamuycarbamovi}-2.3.4,5,7.2,13. 1 Ja-octahedeo-2 5

methanopyrido{ 124, 5 lpyrazine]d, 1-hi{ 1, 3Jonazepin-R-olate and/or impurities,

{0IR3] 1 yet other embodiments of compositions comprising the polymorphic forms
disclosed hereln, imporities make up less thas about 3%, less than about 4%, less than about
3%, iess than sbout 2% or less than about 1% of the total mass relative tor the mass of the
olymarphie forme present. Impurities may, for exmnple, include by-products fo
syntiesizing potassium (28,58, 1 3aR)-7,S-dioxo- 1 :{2,«zh6n‘lx.i€m<>rcbez}zyi)carbamoyi}
2.3.4,3,7,9,13,1 3a-cciahydro-2, S-unethanopyridof 1,2°:4, Sjpyrazina {2, 1-b{ 1, 3 Joxazepin- 8-
olate, eouwtaminants, degradation products, other polymorphic forms, water, and solvents, In
eerain crabodiments, impuritios include by products from the process of syuthesizing
potasstom (2R, 55,138R)-7.9-dioxo- 12, 4. 8 wiflvorsbenzy Yoarhamoy)-2,3,4,5,7,9,1 3,1 32

octahydre-2,5 -mothanopyridoi1',2:4,

yrazizof2,1-bY 1 Jioxazepin-B-olate. In coriain
eruboadirments, impurities inchule contarninants from the process of syathesizing votassium
{2R.58,13aR)-7,9-dloxo-10-{(2.4,6-1r

tuorobenzylcarbamoyi}-2,3,4,5,7,9,13, 1 Ja-octahydro-
2,5-mothanopyride{ 1,254, S pyrasine{Z, 1-bi[ 1, Y joxazepin-3-olate. In cortrin oxmbodiments,

wmpurities include degradstion products of potasshun (AR58,13aR)-7.9-dioss- 10-((2,4,6-

wrifluorobenzyDoarbamoyh-2,3,4,5,7,9.13,1 3a~octahydro-~2, 5~

methanopyrido! 1,254, Spyrazino 2, 1-61{1, 3oxazepin-8-olate. 1 cortaln erubodiments,

=Y
W
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impurities include ntber polvmorphic forms of potassium 2RSS, 13aR}-7,9-dioxo-10-{{2,4,6-

~

trifluorobenzyDoarbamoyi-2,3,4,5.7,9,13, 1 3g-ocehydra-2,8

methanopyridel 1,214, S lpyrazine{2, 1-b}{1, Y jorarepin-R-olate. in cariain enbodiments,
inunritios include water or solvest. In cortain smbodiments of compositions comprising a
potymorpbic form disclosed hereln, impurities ave sslected fom the groop consisting of by-

P g
products from synthesizing potassiom {28,581 3aR)-7.7-dloxo-10-{{2,4.4~
giftuerobeneyearbamoyi-2,3,4,3,7.9,13, L3a-octlvydre-2,3-
methenopyridol 1,254, Slpyrazino!2, 1-bi{ 1,3 josazepin-8-olate, contaminants, degradation

3 3 }3,, < !9. > &

produsts, cther polymorphic forms, water, stlvenis and combinations tharcoll

[O184} In yet other embodiments, the composition comprising 4 polymorpbic fonn
disciosed herein has less than about 3%, Joss than sbout 4%, less than abouw 394, less than
about 2%, or ess than about 1% by weight of aisorphous or sor-orystatline potassium

(2R, 58, 134R)-7, 9-dioxe~10-{(2,4, 8-trifluorcheney oarbamoy}2,3.4.5,7,9,13,  2a~-octehy dro-

2,5-methanopyricof 14,24, pyrazine|{2, 1-b} {,3joxszepin-B-olate,

{0185} Provided are alao compositions comprising at loast ove, #t least two, at Jeast three,
at jeast four, at least five, at least six, at least soven, at least cight, at least pine, at least ten, or
a1 of polymorpbs {2.g., any one or more of Formula 1 polymorphic Forms L, HE IV ¥, VL

YH, and VU, Formula T polymorphic Fomn 1, and/or Formala T polysaorphic Formg 4 1,

and 1) a8 described herein. In a pacicuiar smbodiment, a composition comprising

Formala § polymorpbic Forms LI WL IV, VI VL VI and V

Formula 1Y pelyoorphic
Form 1, and/or Fornwula T polysnarpbic Forms [, §1, and [ described hersin is provided. Tna
particutar embodiment, a composition comprising two of Fornmla | polymorphic Forms &, 1L
L V.V, VL VI and VI, Forouda I pelyroorphic Form §, and/or Formula I polymorphic
Forms §, §1, and T described herein is provided. In a partioular embodiment, a compositio
comprising fwee of Formmia I polymorphic Porms 1, IE I, IV, V, W1, VIL, aud VIIL Formula
1 polymaorphic Form I, and/or Foesmada [H polymorphic Forms 1, 11, and I described herein
is provided. In a particular embodiment, a coaposition somprising four of Farmal Formula ]
polvmerphic Forres L 1T, B, IV W, VI VIT, and VL Formala I polymorphic Form L and’or
Formula I polywmorphic Forms 1, 1, and 1 deseribed herein is provided. In a particula
ambodiment, & composition comprising five of Formula I polymorphic Forme L 1L HL IV Y,
Y1, VI, and VIIL Formula T polvmorphie Form ¥, andfor Fernmila 1 polymorphic Forms 1,

11, and 11 described berein is provided. In s particular smbodiment, s composition

44

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1055 of 1915



WO 2015/196137 PCT/US2015/036784

comgprising six of Formula T polymorphic Forms §, 11, {1, IV, V, V1, VII, and VI, Rormpula I

polvmeorphie Form 1, anddor Forrmula 1 polymorphic Forms §, 11, and 11T deseribsd hereln ia
» &

provided. In a particular conbodiment, & compnsition comprising seven of Formula §

polymarphic Forss 1, 11, B, IV, V, V1, VI, and VI, Forontia H polyimorphic Form &, andior

Forouds 111 polvmorphic Forms 1 11, and 117 doseribed herein is provided. Tn & particular

smbodiment, a compasition comprising eight of Formula § golymorphie Forms [, 1, 1, 1V, ¥,
Vi, V1§, and Vil Formuia 1 polymorphic Form §, andior Formuls I polyraorphic Forms 1,
i, and I desoribed herein is provided. In a partesiar cmbodiment, a composition
comprising nine of Formuia 1 polymorphic Forma 1, 1 15, 19, V. V1, VI, and VI, Poomula

i1 polymorpbic Fomm §, and/or Formula B polymorphic Forms 1, 1L and U desoribed herein

is provided, I a pasicclar embodiroent, a composition comprising ten of Formuda §

AR

polymorphic Forms § IL 1 IV, ¥, Vi Vil and VI, Formula ¥ polymorphic Form 1, and/or
Formula {8 polymorphic Forms 1, 11 and 1 desaribed herein is provided. In 2 particalar
ersbodimant, a composition comprising eleven of Formula | polymorphie Ferms &, If 115, TV,
Y, Vi, VI, and VI, Formula t polymombic Form I, andlor Formula I polymorphic Ponas
I, 1, and Ui described heredn is provided. in other embodiments, the compositions desceibed
hersin may comprise substantially pure polymorphic forms, or may be substantially Feo of

other polymorphs andfor Impurities.

HONG! In some embodiments, the ferm “substantially pure” or “substantially froe” with

sespect to a particular polymorphic form of a compound msans that the compositon

comprising the polymorphic form contains lesa than 95%, less than 9(%

ss than 803, leay

than 7(%, less than 63%, kess than 80%, less than 55%, luss than $0%, less than 40%, less
han 30%, less than 20%%, loss than 15%, less than 10%, loss than $%, or lesy than 1% by

weight of other subsiances, including other polymorphic forms andfor Impurities. In seriatn

embodiments, “sabstantiaily pure” or “Yaubstantially free of” vefers to a substsnee free of other
subsiances, including other polymorphic forms and/or knpurities. Tropurities may, for

QXY

<, include by-products or Jefl over reagents from chemical reactions, contaminants,

degradation produets, other polymorphic {orms, water, and solvens.
27 3 l ? p H

{61874 Administration of the vompounds of the invention in pure form or I an
appropriate pharmacentical composition, can be carriead out via any of the acvepted wodes of
administration of agents for ssrving similar utilities. The pharmaventical compositizms of the

tnvention can be prepared by combining 2 componnd of the inventios with an eporpriate

45
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pharmaceutivally sccepteble carrier, diluent or excipient, and may be formulated into
preparations in solid, semi-solid, lguid or gaseous forms, such gy tablels, capsules, powders,
granolzs, ointments, solutions, suppositories, infections, inhaizuis, gels, microgpheres, and
aerasols, The pharnaceutical compositions of the investion can be prepared by combining a
compound of the invention with an appropriate pharmaceutically aveeplable carrier, dibent or
excipient, and may be formulated into preparations in solid, semi-solid, liguid or gaseous
forms, such as solid dispersions and solid solutions. Typical routas of administering such
charmaceutisal compositions include, withot Beftation, oral, topical, ransdermal,
inhalation, parenderal, sublingual, bucesl, rectal, vaginal, and inranasal. in ope embodiment,
the pharmaceutical compositions is prepared for oral administration. In a specific
ernbodiment, the pharmaceutical composition is s tablet, Pharmacautical compositions of the
fnvention are formniated so as to allow the active ingredients conlained therein o be
bioavailabie upon admunistration of the compesition 1o a patient. Compositions that will be
adnsinisterad 1o 2 subjest or patlent take the form of one or wore dosage unity, where for
exmmple, & whlet may be a single dosage unit, and 3 coutainer of s compound of the inveation
i acrosol form smay hold 2 plunality of dosage units, Actual methods of preparing such
dosage forms are known, or will be apparent, {¢ thoss skilied i this art; for example, see
Remington: The Sciesce and Praciics of Pharmacy, 20th Bdition {Philadelphia College of
Pharmacy and Science, 2000}, The compositios 1o be sdministered will, i any event, contain
# therapeutizally effective amouny of 2 compownad of the invention fur treatment of a disease

er condition of interest in aceordance with the teachings of this invention.

{01881 The pharmaceutical soropositions of the nvention may be preparsd by
methodology well known in the pharmaceutical art. For example, s sharvaceaiioal

composition intended 1o be administered by Injection can be prepared by combining a

compound of the rvention with sterite, distilled water se asto form 2 sohition. A surfaciant
may be added 1o faciliate the Tormation of a homogsencous sohution o sispension.
Surfactants are compounds that son-covalently intoract with the compound of the investion
so 18 to facilitate desolution or homogensous suspension of the compound in the agueous

delivery system.

[0185] Far example, a sobid pharmaceotioal composition intended for oral administration
can be prepared by mixing a compound of the Invention with at teast one sujtable

pharmacsotical excipient to form a solid praformulation composition, which then may be
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readily subdivided into equally effective unit dosage forms such a3 tablets, pills and ca apsules.
Ag Lmdmsziy @ ons embodiment, & pharmaceuiivel composition is provided, which includes a

corapound of Formula {I), (1), or (11} and a pharmaceutical exeipient.

{0150} The compounds of the Invention are administered o 4 thermpeutically effective
amount, which wilk vary depending upon a variety of factors inciuding the activity of the
specific compaund ernployed; the metabolic stability and length of action of the cepound;
the age, body weight, geveral healh, sex, snd dlet of the patieny; the mode and time of
adiministration; the rate of excretion; the drug sombination; the sevority of the particular
Gisorder or condition; and the subject yndergoing therapy. In some embodiments, the
compounds of the invention can be adrainistered alowe or In combination with other antiviral
agents ance of twice daily for as long as the patient is infevred, latently afected, or to provent

infection {e.z. for multiple vewrs, months, weeks, or davs).

Combination Therapy

o161} In one embadiment, 2 method for reating or preventing an HIV infection in o
fuuman baving or at risk of having the infestion is provided, comprising admim’s?;::ring o the
hasnan o therapeuticslly sffective amount of a compound disclosed herein in combination

with a therspeutically effective amount of one or more (8.2, ope, two, three, ane or twa, or

one to three) wdditional therspeutic sgents. In one embodiment, a method for freating an BV
infection lu 2 bumun havisg or st risk of having the infection is provided, comprising
administering to the human a therapeutically effective amount of & compound disslosed
herein in combination with a therapeutically effective amount of one or more (2., one, two,

throe, one or two, or one (o three) additional therapsutic agents,

01927 in ome sebodiment, 3 method for treating an THV nfection in a luenan having or
at risk of having the infoction is provided, comprising administering to the human a
therapeutically efective armount of a soropound or conpasition disclosed berein in
combination with a therapeutivally effestive amount of oae or move (e.g., one, two, three, one

Or twe. or one 1o theee) additional therapoutic agents,

101931 In ceriain embodiments, the prosent. invention provides s method for wreating an
HIV infection, comprising administering to & patient in need thereof a therapeutically

effsciive anwount of 2 compound oy compasition disclosed hereln in combination with 2
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t?'sexfspcmicaﬁy cffective armount of onc or mors sdditional therapeautic sgents which are

uitable for treating an BIV infoetion,

]

{8154} e smbodiment provides a sompound disclosed herein in combination with one

or mors (2.2, one, twa, three, oue or twa, or one to three) additional therapeutic agents foor

use in » micthod for freating or preventing an HIV infeotion in 2 human having or strisk of

s

having ihs infection, One embodimest provides a componnd disclosed heveln in combination

with one or more {€.5.. one, two, three, one or two, Or one to thres} additional therapeutic
agents for nse in 2 method for freating an HIV infection in a hurean having or at risk of
having the infection. One smbodiveent provides a compound disclosed betein for use in 2
method for wonting ot preventing an HUV infsetion i a hursan having or ut risk of heving the
intsction, wherein the compound is administered in combination with one or more {¢.g., one,
two, Theee, one ot Two, or ope o three) additional therapentic agents. Ove emboditment
provides & compound disclossd herein for use in 2 method for treating an BIV infection s
fnuman havinp of at risk of having the infection, wherein the compound is administered in
comhination with one or more (8.8, ong, 7o, thrse, one or two, or oue to three) additional
therapeutic sgents. In certain embodiments, the present Invention provides s compound
disclosed herein in combination with one or more sdditiorel therapeutic agents which are
suitable for treating an HIV infection, for use in a method for treating ap IV infotion. In
cerain embodiments, the present invention provides a compound disciosed herein for use ina

methad for freating an HIY infection, wherein the compound ¢ is administered in combination

with one or more additional theraprutic agonts which are sultable for reating an BV

infection.

{6195} One embudiment provides the use of a compound disclosed herein thereot, ia
combination with one or mars {e.g., one, two, tres, 0RE of two, o one to three) additional
therapeutic agents in the manufacture of 2 medicament for treating or preventing an HIV
infection i 4 hwnas having or at rigk of having the infection. One embodiment provisies the
use of a compound disclosed bergin in sorobination with one or more (8.8, oue, VY, three,
one or two, of one ¢ three} additional therapeutic agents in the manutscture of 2 medicament
. Omes

sbhodiment provides the use of 3 compeund disclosed herein in the manufacture of a

far ireating an BIV infection in 8 uman having o at risk of having the fnfac

medicarnent for wresting or preventing an HIV nfestion In a human having or &t risk of

having the infection, wherein the compound i3 administered in combination with one of more
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{€.2., one, twi, three, Gne o two, ot ane 10 three} additional therapeutic agents. One
embodiment provides the ase of 2 compound disclosed herein thereof, In the manufacture of =

nedicatnent for weating as HIV infection in a buman having or at risk of‘having the

infection, whergin the compound (s administered in combination with one or more {e.g., one,
two, three, one ov two, or ue to three) additional therapeutic agents. In sortain embodi imends,

the present invention provides the vse of a compound disciosed herein thereaf] in
comblnation with one or mwowe additional therapautic agenis which are suitable for treating o

LY infection. In treating an HIV infection. In cartain smbodiments, the prasent mvenrtion

provides the use of o compound disclosed hereln thereof for trenting an HIV infection,

wherein the compound is administered in combinstion with one or more saditional

therapeutic agents which are sultable for treating sn HIV infeotion.

{198} Acompound as discloaed bereln (2.9, any compound of Formulas (), (1), andior

() rmay be comblned with one or more additivual therapewtic

pents ir any dosage amount
ot the componnd of Formudas (I, (1, andior (111) (g2, from 50 g 1o 1008 mg of

compound).

{01971 1o one embediment, phanmaceutical compositions comprising a compound
disclosed herein in combination with one or more {e.g., one, two, three, one or two, or o9 1o
three) additiona! therapeutic agents, and & phapmaceutically acceptable carvier, diluent or

exciptent ave provided.

{01987 In ous embodiment, combination pharmaseatical agents comprising 2 compound
disclosed herein in combination with one or more {e.g., ane, two, thres, one of two, or oue o

hreg) additional therapeutic sgents are provided.

{6195] In oue embodiznent; kits coraprising & compeund diselosed horeln in combination
with one or more (2.2, one, two, three, one of two, or one to three) additional therapentic

agenis are provided,

9260 In the above ambodiments, the additiona! therapsutic agent may be an anti-FIV
agent. For exsmypde, In some embodiments, the additional therapeatic agent is selected from
the grovp consisting of HIV protease inhibitors, HIV non-nucleoside juhibitors of reverse
transcriptass, HIV nucieoside or nuelestids inhibitors of reverse transeriptase, IV integrase
whibiiors, HIV non-catelytic site {or sllosteric} intugrase inhibitors, entrv inhibitors {o.g.,

CORS inhibitors, gpdl nhibitors (L., fusion inhibltors) and T4 atuchment inhibitors),
> X 7
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CXORY inhibitors. gpi20 inhibitors, GOFD and NaDH-oxidase inhibitors, compounds that
P ]

target the HIV capsid (“rapsid inhibitors™; e.g., cups Ad polvmerieation inhi
dlarupting compounds such as thoss dsclosed in WO 20137006728 (Giliead Sclences), U
20130165489 (University of Ponnsylvasis), and WO 2013/006792 (Phanna Resouross),

pharmecokinetic enhancers, and other drugs for treating HIV, and combinations thergaf.

{0201} Tn other embodiments, the sdditional tharapeutic agent may b an antl-HIV ageat.
For example, in same embodiments, the addit ional therspeutic agent ia sslected from e

group consisting of HIV protesse inhibiors, HIV non-mucieoside or ron-sucleotide inhibitors
of reverse transeriptass, HIV nocleoside or nucleotide inhibiiors of reverse fwansariptase, HIV

{ntegrase inhibitors, HIV non-cetalyviic sie (or allosteric) integrase Inhibitors, HIV entry

inhibttors (e.g., CCRS inhibitors, gpdl Inhibitors {Le., fusion inhibitors) and CD4 attachment

inhibiors;, CXCRS infibitors, gpll0 inhibitors, GEPTY and WADH-oxidasze inhibiiors, HIV

wrs, latonoy roversing agents (.., histone deacetylase

yvaccies, HIV maturation inhibi
inhibitors, profeascne inhibitors, protein kinase C (PRC) activators, and BRDS inhibitors),
compounds that target the HIV capsid (“capsid inhibitors”; e.g., capsid polymerization
inhibitors or capsid derupting conmpounds, HIV nucleecs psyi p? NLp7) inhibitors, HIV p2d
capsid protein Inkibitors), phasoacokinetic enfancers, inunune-hased thesapies (2.8, Pd-1
modalators, Bé-L1 modidators, 1ol like recepiors modulators,, [L-15 agonists, 3, HIV
antibodies, ;wpc:u“"w antibodies snd “anibody-lika™ therapeutte proteins (o.g., DARLED,
Duobodies®, Biles®, Xouabs®, TandAbs ®, Fab derivatives} including those targeting IV
Sp126 or gpdi, combination drugs for HIV, FOV pt7 mawix protein inhibiiors, HES )
antagonists, Peptidyi-proly! ¢is-trans isomerase A modulators, Protein disuifide isomerase
inhibitoss, Complement C3a receptor antagonists, DNA methyltmnstorase inbibiter, HIV vif
gens modulaiors, Vi dimerization antagonists, HIV-1 viral infectivity factor inhibitors, TAT
protein dthibitors, HIV-1 Nef modulators, Hek tyrosine kinase modulators, mixed Hneage

kinase-3 {MLK-3) ivhibitors, HIV-1 spliciug inkibitors, Rev protein inhibitors, Integrin

antagonisis, Nucleoprotein inhibitors, Spliving fector modulators, COMM domain contain
srotein 1 modulaters, HIV Ribonsuclease I inhibltors, Ret rocyelin modulators, CDKS
inhibitors, Dendritic ICAM-3 grabbing nouintegrin 1 inhibitors, HIV GAG protein inhibitors,

HIV POL profein inhibitors, C Qmpigmbm Factor H modulators, Ublguitin ligase inhibitors,

-

Decxyeytidine kinase Intibitors, Cyelin dependent Kinase inhibitors Proprotein convertase

POS stimulators, ATF dependent RNA helicase DIVX2X inhibitors, reverse anscriptase

priming cormplex iuhibitors, BIV gene therapy, FI3K inhibitors, compounds such as those

42
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disciosed i WG 2013/G06738 (Gilead Scionces), US 2013/01 65489 (University of
Peansyivanial, WO 2013/091096A1 (Boshringsr Ingslhsing, WO 2009/062285 (Boshringsr
Ingelhelmn), LE20140221380 {Japan Tobaces), US20148221378 (Japan Tobacco), WO
20307130034 {(Boshringer Ingelheim), WO 20137139064 (Gilead Sciences), WO
28127145728 (Gilcad Sciences), WOR012/003497 (Gilead Sciences), WOZ614/1003273
{Gilead Scignces), WORG12/148728 (Gilead Sciences}, WOZ013/159064 (Gilead Sciencas)
and Wi 2012/003498 (Gilesd Sciences) srul WO 2813/006792 (Pharma Rasvurces), and

othey drugs for treating HIV, and combinations thereaf

FO262) in certais embodiments, the additional therapeutic is selsated from the group
¢ inhibitors of

reverse transcriplase, H1V nucleoside or aucleotide inbilitors of reverse transcriptass, HIV

consisting of HIV proteass inhibitors, FIY non-nucleoside or non-mactes

integrase inhibitors, HIV non-camalviic site {or allosteric) integrase nhibitors
2 - P £ 4

nharmacokinetic suhaneers, and combinations thersof

{02037 In eevtain embodiments a compound of Formulas (), (1), andior (1N is
formulated as a @biet, which may optionally contain one or more other compounds usefu! for
treating HIV. In ceriain smbodirnents, e tablet can contain ancther active ingredient for
freating FIV, such as HIV protease inhibitors, HIV nonenucleoside or non-nucisotide
inhibiiors of reverse transeriptase, FIV vwcleoside or mulestide inhibliors of reverse
transeriptase, HIV infegrase inhibitors, HYV non~calalytic site {or allesteric) ntegrase
inhibitors, pharmacokinetic eniancers, and combinations thereof. In certain erabodiments, the
tablet can contain one or more active ingredients for treating HIV, suck as HIV nucieoside or
noclteotide fuhibitors of reverse wanseriptuse. In certain embodiments, such tablats are

suttable for onee daily dosing,

32041 In further embodiments, the additional therapeuiic agent is selocied from one or

mMore o

{1} HIV protease inhibitors selected from the group consisting of amprenavir,
staxanaviy, fosamprenavir, indinaviz, lopinavir, ritonavie, nelfinavir, saqui!savir, tiprangviz,
L 14, mozennvir (OMP-450}, IB-2147 (AGI7T 6),. L
TR6R23, ROG33464%, KME-272, DPC-681, DRC-084, GWE403IB3X, DIGIT, PPL-100, GRS,

bhrecanavir, danumaviy, TMOA26, TMO-

R
-
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{2} HIY nareruclenside or non-nucleotide inhibitors of reverse transoriptase salgcted
from the group consisting of capravirine. espivivine, defaviridine, efavirenz, nevisapineg, ()
celanolide A, stravitine, GW3634, DPC-083, DIPC-061, DPC-983, MIYV-1 30, TMCA120,
riipiviring, BILR 335 BS, VRX 840773, lersivirine {UK-453061), RDEARRS, KMO2S sad
MK-1439;

{3) HIV nucleosisde or nucleotide inhibitors of reverss transcriptase selected from the
group sonsisting of zZidovudine, emuicHabine, didanosing, stavidine, zalclisbine, lamivadine,
shacavir, abacaviy suifate, amdoxovir, slvaciisbine, alovudine, MIV-210, =-FTC, D-84FC
ihine (AVXT7543, KP-1461, G8-9131

{(zilead Scinnces), fosalvadine tidoxi (‘i"urmcré}-' HDP 85.0003), enofoviy, tenoipvie

iy

emericitabine, phospharide, fozividine tidoxil, apric

disoproxil fumarate, enofovir alafenmmide, tenofovir slatenamide hemifomarate, enofovir
alafonamide fomarate (Gilead Sciences), G8-7340 (Gitead Bciences), G8-9148 (Gilead

Sciences), adefoviy, adefovir dipivosd], CMX-001 (Chimerixy and CMX-157 {Chimerixy;

{43 HIV imtegrase inhibitors selceted from the group consisting of curcumin,

derivaiives of *-urcumis'a, chicaric acid. derivatives nf chiserie seld, 3,5-dicaffesylquinie acid,
derivatives of 3,5-dissffeoyiguinic anid, surinirdearboxylic axid, derivatives of

gurintricarboxylic acid, caffeic acid phensthyl ester, dertvatives of caffeln acid phensthyl
ester, tyrphostin, derivatives of tyrphosiin, quercetin, derivatives of quercetin, S-1380, AR~
177, L-870812, and L-870810, raltegraviv, DMS-338158, GSK384735C, BMS-707035, MK-

2048, BA 011, elvitegravie, doltegravir, dohifagraviy sodium, and GRE-744;

{61 W non-cataivtic site, or allosterie, futegrase inhibitors (NCINT} including, but
not Bmited to, BI-224436, CXO516, CHO3045, CX14442, compounds disclosed in WO
2009/062285 (Boshringer Ingetheim), WO 201{/130034 (Boehsinger Ingaibebm), WO
2013/159064 (Gilead Sciences), WG 2012/143728 {Gilead Sciences). WO 2012/003497
{Gifead Sciences), WO 20127003488 {Gilead Sciences) each of whish is tncorporated by

veferences in ity entirety horelng

(7} gp41 inbibitors selecied from the group cousisting of enfuvirtide, sifievittide,

albuvirtide, FROOEM, and TRI-1144;
{8y the CXCRY inhibitor AMD-G70;

{5} the entry inlubitor SPR1A;
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(105 the gpl29 mhibitor BMS-4£8043;
{11} the G6PD and NADN-oxidass inhibitor imnusniin;

{12} CORY inbibitors selected from the group consisting of aplavirae, viceivirae,
o

waraviros, cenleriviros, PRO-140, INCB 15036, PR.232788 (Pizes), and CORSmALGO,

(13} CD4 attachnent inbibitors selected from the group consisting of thalizumst
{TRE-355} and BMS-068 (BMS-653068%

{14} phanmacokinetic enhancers selocied fom the group consisting of cobicisiat and

SPI-432; and

{15) other drags for treating HIV selested from the group conslating o BAS-160, SPL-
452, REP 3, $P-01A, TNX-353, DESE, ODN-93, ODN-112, VGV-1, PA-457 (hevirimai),
HRGZ14, VGX-AT0, K247, AMZ 0028, CY'T 98007A-221 HIY, DERIO-025, BAY 30-
S798, MIDX01E (pilimumab), PBS 115, ALG 889, and PA-1056040 {PA-048),

and combinations thereof,

102053 in certain embodiments, the additional therapeutic agent is selected from one or

maore of:

(1) Combinaton drgs selected from the group consisting 6T ATRIPLAR
{efavirenz-Henofovir disoproxil fumsarate -remtricitabing), COMPLERA®R oy EVIPLERA®
{rilptvirine-Henofovir disoproxi] fumarate +emiricitabine), STRIBILD®
{etvitegravis-cobivistarrionaiovir disoproil fumarate tentricitabing), dolutegeavir +
ebacavir sulfite Hamivudine, TRIUMIQE (dolutegyavir + abacavir + famivadine) ,
{emivadine + nevirspine + zidovadine, dolutegravirtrilpivivine, dolutegravistriipivirine
hydrochioride, atazanavir suifate + cobicistat, atazanaviy + cobicistat, daranavir + cobicistat,
efavireny -+ lamivadine + tenofoviy disoproril furnarate, tenofovir alafenamide hemifumarate
+ gratriciiabine -+ cobloistal + elvitegravir, tenofovir alafenamide hemifumaraie +
emiricitabine, tenofovir alafenamide + emiricitabine, tenofovir alafenamide hemifumarate +
emtricitabine + rifpiviring, wnotovie alafenamide + emiricitabine + silpivitine , Vaco-dx +

roraidepsis, darunaviy + tenofoviz alafznxmide homifumaratet om

it;

sbine + cobicistay,
APH-OBIZ, saltegraviy + Jamivadine. KALETRA® (ALUVIA®, loplsaviriritonavir),

stazanavir sultate + ritonaviy, COMBIVIR® (zidovudinetamivudine, AZTH37L),

55
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QOME (Kivexa®, abacaviy sulfite +lamivedive, ABCHITC), TRIZIVIR® (abacsvlr
sulfatetzidovedine+amivadine, ABCHAZTHITC), TRUVADA® {tencfovir disoproxil

fumarate +emiric

tabine, TRF+FTC), doravivine + lamivadine + tepofoviy disoproxil
furnasate, doravirine + lamivudine + tenofovie disoproxil, tenafovit + famivadine and

jamivuding + tenofovir disoproxi fuverate;

{ 2} HIV protease nhibitors selected from the group consisting of aroprenavix,

atazanavi, v

wpronaviy, fosamprenavir caleium, indinavir, bulicavir suifate, iopinavir,
ritonavie, nelfingviy, nolfizavir mesyiate, sagquisavit. saqulnaviy mesylate, tipranavis,
; f 5 , AP s

breganavir, darunavis, BG-17, TAMB-8S7 {(PPL-100) and TMO-310%1 K

£3) HIV non-nucieoside or non-nuclentids inhibitors of veverse iranseriptase selecied
For the group consisting of defaviedine, delavirdine mesylate, nevirapine, etrgviring,

“ne, dotavirine, rilpivirine, efavirenz, KM« 023, YM-1300, lentinan and AI1C282;

4 IV nucleoside or nucleotide inhibiiors of raverse transeriptase seleck o from the
groug consisting of VIDEN® and VIDEX® BC {didanosine, dd, zidovading, erniricitabine,
didanosine, siavudine, zalciabine, lamivadine, censavedine, sbacavir, abacavir sulfate,
amdosoviy, clvaciisbine, alovedine, phosphazid, fozivadine tdoxdl, apricitsbine, amdoxovir ,
KP-1461, fosalvadine tidoxil, tenofoviy, tenofovir disopraxil, tenofovi disoproxi! fimarate,
tenofovir disoproxil hemifumarate, wnofovir alafenamide, tenofovir alatenamide

hemifomarsts, lenofovir alafenamids furnarate, adefovir, adefovie diplvoxil, and festinavin

(33 FIV integrase mihibitors selected from the group consisting of curcumin,

R

derivatives of curcumin, chicoric acid, derivatives of chicoric acid, 3,S-dicaffeoylquinic acid,

derivatives of 3,5-dicaffeoyiquinic acld, aurintricarboxrylic acid, derivatives of
aurintricarboxylie acid, caffeic acid phenethy] cster, derivatives of caffeic avid phenethyl
ester, tyrphostin, derivatives of tyrphostin, quereetis, derivatives of quercetin, ralicgravie,

sivitegravir, dolutegravir and cabotegravin

(6) HIV von-catalviic site, or allosteric, integrase inbibltors (NCIND selected from ihe
grup comsisting of UX-03168, UX-05045 nad OX-14442;

(ETV gpdl inhibitors selected from the group consisting of enfuvirtide, sifuvirtide

and albuvirtide;
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{8} HIV entry inhibitors sslectod fom the group consisting of cenioriviros:

{9} HIV gpiZ0 inhibitors seleoted fromi the gyoup consisting of Radka-108 {Receptol;
and BMS-6630368;

{103 CORS inbibitors selected from the group consisting of aplavirse, vicriviros,
maraviros, cenicriviroe, PRO-140, Adaptavic (RAP-1061), nifeviroe (YD 32333, TH-08KG,

and vMIP (Haimipu);

L

{113 €4 sttachment inhibitors selected from the group consisting of thalizumab;

TP and Halmipw

{13} Pharmacokinetic enhancers sclocted from the group consisting of cobicistat and

ritonavir;

{14} bumune-based thesapies selected from the group consisting of dermaVir,
interleukine7, plagueni! (hydroxychloroquine), prolevkin (aidesleukin, 1.-2}, interferon alfa,
interferon alfa-2h, interferon alfa-n3, pegylated interferon alfa, interferon gamma,
hydroxyures, mycophenolate sofetd) (MPA) and i ester derivative m yeophenohie owfeti
(MMFE}, WE-10, ribavivin, 1L-2, 1L-12, polymer pelvethylencimine (PED, Gepon, VGEV-1,
MOR-22, BMB-938559, toll-like recaptors modulators (Ur, th2, 13, tied, tleS, U6, 17, Gek,

thed, HrdQ, 1T, eI 2 and t13), vinutolimod and IR-193;

{15} HYV vaccines solected from the group consisting of peptide vaceines, recombinant
subunit protein vaccings, live vestor vaceines, DNA vascines, virus-like particls vaccines
{pseudovirion vaceine), CD4-derived peptide vaccines, vaccine contbinations, rgpl28
(AIDSVAX, ALVAC HIV (VIP{SZIVAIDSVAX B/E (gp120) (RV144), monomeric o120
HIV-1 subtype  vaccine (Novartls), Remune, ITV-1, Contre Vir, AdS-ENVA-4S, DCVax-
Q01 (CDX-2401), PEP-S409, Vace -4k, Vace-C8, VAC-1S, multiciade DINA reconthinant
adenovirue-5 (rAdS), Pesmvax-G, VRC-HIV MABCS0-00-AB, AV X-101, Tat Oyi vaccine,
AVE20L, BIV-LAMP-vax, Ad3S5, Ad33-GRIN, NAcGM3/VESP ISA-51, poly-ICLC
adizvanted vaccines, Tatlnumune, GTU-multHIV (FIT-06), AGS-004, prid0fdelmiVa TV
MEF-59, (VEVIN HIV-1 gag vaccine, SeV-QGag vaccine, AT-20, DNK-4, Ad3S-GRIN/ENY,
TBC-M4, HIVAK, HIVAX2, NYVACHIV-PTL NY VAC-HIV-PT4, DNAHIV-PTIZY,

7.1
DY
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AAVI-PGSDP, GOVX-BTL GOVRK-B2L, ThV-01, TUTI-16, VX330, TYLHIV-, Ad4
{Ads-env Clade T+ Add-raQag), EN4T-UGRTO, ENGL-FPAZ, PreVaxTay, TL-GY, SAV-
601, AB-H, MYM-V10L, CombiRiWvac, ADVAX, MYRVI0L, MY A-CMDR, ETV01,
CI3¥X-1401, reAd26.MOS L HIV-Eny and DNA-ALS gag/polmefiney HVINIGS);

{16) HIY antibudies, bispesitic antibodies and “antibody-like” therapeutic proteins
{such as DARTSE, Duobodies®, Bites®, Xrmnabe®, TandAbs @, Fab dertvatives) invluding
HRAS.93555%, THB-360 and those trreeting HIV gpiid or gpd) selectad from the group
consisting of bavituximab, UR-424, C2FF, €2G12, C4ELD, C2F34+C2GTHHCARG, 3-BNC-
117, PGTI4S, BGT121, MDXOLO (pilimumaly, VRCGL, A32, 782, 10ER, VRU-07-323 and
VROT;

{17} batency reversing agents selested from the group consisting of Histone deacetylase
inhibitors such as Rennidepsin, vorinostat, panobivostat; Proteasome inhibitors suck ay
Yeloade; protein kinase C (PKC} setivators such as Indulactam, Prosiratis, Ingenol B and
DAG-lactones, loromyein, GRK-343, PMA, SATIA, BRD4 inhibitors, 1.-18, JQI, disulfram,

and amphotericin B;

{18) HIV auclsocapsid p? (NCp7) inhibitors sclected from the group consisting of

aroicarbonamide;

{18} HIV maturaiion jubibitors selected from the group consisting of BMSB-G55176 and

GER-2838232;

{20) PI3K inhibitors selecied from the group consisting of idelalisib, AZD-8186,
buparlisib, CLRAS7, pictilisib, neratingl, rigoseriib, rigosertih sodivm, EN-3342, TGR-1202,
aipelisib, duvelisib, LCB-3857, tsselisib, X1-765, gedatnlistb, VS-5584, copantisib, CAT
orotate, perifosing, RG-7666, GSK-2636771, D5-7423, panuHall, G8K-2260557, GEK-
2126458, CUDC-$07, POR-109, INCB-040083, pilaralisib, BAY- 1082439, puguitinib
mesylate, SAR-245409, AMG-319, RP-6530, Z8TK 474, MEN-1117, 8F-1126, RV-1729,
sonolisib, 1.Y-3023414, SARZ60301 and CLR-1401;

(21} the compounds disclosed in WO 2004/096286 (Gilead Sclences), WO
2066/1 10157 (Gilead Sciences), WG 2006/015261 (Gilead Scienves), WO 2013/006738
{(rifead Sciences), US 2013/0165489 (University of Pesnsylvania), US20140221380 (Japas

Tobacco), US20140221378 {fapan Tobacco), WO 2013/4336792 (Pharma Resoarces), WO

56
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2000/362285 {Sochringer Ingethelin}, WO 2010/130034 (Boehringer Ingeiheim}, WO
2013/001086A1 (Bochringsr Ingeihelm), WO 20137159084 (Gifead Sciences), WO

2012/145728 {Gilead Sciencey), WO2012/003497 (Gilead Scicnces), WO2014/100323
{Gilead Scignces), WOZG12145728 (Glsad Bciences), WO0137158064 (Gliead Scisneea)
and W 2012/003498 (Gilcad Scisvors); and

{22} othrer drugs for treating HIV selected from the group consisting of Banlec, MX-
8507, AG-1105, TR-452, MK-8391, REF 3, CYT-147, alisporivis, NOV-205, INT3-02,

wmetonkelalin, PON-T, Acomanpan, Gamimune, Prolastin, 1,3-dicaffeoyviquinic acid, BET-

225, BPLMN, VESP, Hiviral, IMO-3 100, SB-728-T, RPL-MN, VIR-578, HGE 3, MK
1376, iV 7-shi-TARSCORSRE, MueK gene thevapy, BlockAide, ABX-464, SCY-535,
salivesane, AAV-eCD4-Ig gene therapy aud PA-1050040 (PA-040);

and combinations thereof.

{0208} In cortain ervbodiments, a compound disclosed herein is combined with two,
three, four ar more additions! therapeotic agents. In certain embodiments, 2 compound
disciosed bereln is combined with two a<id}§3o°‘s.zi therageatic agents. In other embodiments, a
corepound disclosed herein Is combined with three additional therapsutic agents. In further
smbodipents, s compound disclosed horefn is combined with four additional therapeutic
agents. The two, three four or more additional therpewtic agents can b different therapeutic
agents selected from the same class of therapeutic ageuts, or they can be seiected from
different clawsses of therspeuin agertts. In a spesific embodiment, 1 compound discloszd
herein is combined with an HYV noclecside or pucleotide inhibitor of reverse transeriptase
and an HIV non-nucleoside infibitor of reverss transeriptase. [n another spocific
embodiment, a compound disclosed herein i3 combined with an HiV nucleoside or nucieotide

indibitor of reverse transeriplase, sod sn ¥

IV protease inkibiting compound, In a further
smbodiment, 2 componnd disclosed hereln is combinad with sn HIV nucleoside or nucleatide
inhibitor of reverse transosiptase, an HIV non-nusleoside inhibitor of reverse wranseriptase,
and an HIV protease inhibiting compound. Tn an additions! embodiment, a compound
disclosed hereln is combined with an HEY nuclecside or nucleotide inhibiter of reverse

transcriptase, an HIV son-sucleoside nhibitor of reverse transeriptase, and a

pharmacokisaetic enbancer. In avother embodiment, a compound discloged herein is combined

with two HIV rucleaside or nuclentide inhibliors of reverse transcripiase.
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{0207} in certain embodimsets, 8 compound disslosed hereln, is combined with one, two,
three, four or more additional therapentic agentz. In certaia crobediments, a compound
disciosesd herein is combined with one additiona] therapentic agent. In corain embodiments, 4
compeund disclosed herein is combined with two additional therapoutic agents. In oter
cmbodiments, & compond disclosed herein is combined with three additional therapeutic

SHEGE

ot embodiments, a compound disclosed herein is combiued with four

agent b

additional therapeutic agents, The one, two, three, four or move addittons! therapoutio agents
can be different therapsulic ége;zis sciectad from the same ciass of thevapeoutic agents, andfor
they can be selested from different classes of thetspeutic agents, In 2 specifle embodiment, &
eompound disclosed hersin &s combined with an HIV nucleoside or sucleotide inhilktar of
reverse anscriptase and an HIV non-nucleoside inhibitor of reverse sranseriptase. I anoter
speciiic embodiment. a compound disclosed herein is comblaed with an HIV sucleoside of

pucleotide inhibitor of reverss transeriptase, and an HIV protease inhibiting compound. Ina

further embodiment, 2 compound disclosed herchy is combined with an HIV nucleoside or
mucieotide inhibitor of roverss transcriptase, an HIV aon-nucleosids inkibitor of reverse
sranseripiase, and an HIV protsase inhibidog compound. In an additional embodiment, a
cormpound diselosed herein is combined with an HIV nucieoside or nueleotide inhibitor of
veverss transeriptase, an HIV non-nucleoside inhibitor of severse transcriptase, and &
pharmacolinetic enhancer. In certain embodiments, 2 compound disslosed heveln is
combined with at feast one HIV nucicoside inhibitor of reverse transcripiase, un integrase

inhibitor, and & pharmacokinetic enkancer. In another ernbodiment, a compound disslosed

herein is combinesd with two HIV sucleoside or nucleotide inhibiiors of reverse transcriptase.

&

{0208} in certaln embodiments, a compound disclosed hevein is combined with at least
one HIV nucleoside inhibitor of reverse transoriptase, an tsgrase inkibitor, and a

pharmacekinetic enhancer

{02065] in a particuler ervhodiment, & compound disclosed hereln s combined with
abacavic, abacavir sulfite, tenolovir, encfoviy disoproxtl fumarate, iencfoviv alafenamside, or
tenofoviy alafenamide hemifumarate.

f0250% In a particular embodimen, a compound disclosed hereln s combiund with
tenofovir, tenofovie disoproxi! fumarate, wnofovir siazfenantide, ov fenofovir alafevemide

hemifumarate,
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fG2i1] In a particular embodiment, a compound disclosed herein is combined with & first
additionsl therapeutic agent selected from the growp consisting of: abacavir, abacavit suifae,
tenofoviy, tenofovir disoproxd! famarsie, tenofovir alafenamide, and tenofovir alafonmmide
reotifumarate and a second additional therapeutic agent selected from the group consisting of

emiricitibine and lamivudine.

02121 In & particular embodiment, a sompound disclosed hareln is combined with s first
edditional therapeotic agent selected from the group consisting of tenofovin senofovir
disoproxii fumarate, tenofovir alafonamide, and tenofovir alafenamids hemifumarate and 2
seeond additiona! therapeutic agent, wherein the ssoond adiditional therapeutic agent is

enuriciiibine.

{82151 In s pwticular embodiment, & compound disclosed herein is combined with one,
two, three, four or more 2dditfonal therapeutic agents selectad from Triumea®
{dolutegravirrabacavir +lambviding), dololegravir + sbacavir sulfais + lamivudine.
rajtegravir, raliegravir + lamivudine, Truvada® (tenofovir disoproxil furnarate
+emiricitabing, TOF+FTL), maravivoe, enfuvirtide , Bpzicom® (Livera®, shacuvir sulfaie
+amivudine, ABCHITC) Trizivie® (abacavir suifactzidovadineHamivuding,
ABCHAZT3TCY, sdefoviy, adefoviv dipteosil, Suibild ® (elvitegravircobicistat - tenofovir
disoproxil fumarate vemtricitabine), riipivirine, rilpivivine hydroohioride, Complera®
(Eviplera®, rilpivirisettenofovir disoproxil fumarate +emiviciabing, Cobileistat, ataranavir
suifale + cobicisial, atazanaviz + cobicistat, daranaviy + cobicistas, A?ri;;ézs@
{efavirenztiencfovir disoproxil fumarate tomiriciiabine), atazanaviy, atazanavie suifate,
dolutegraviy, elviiegravin, Aluvia® {Kalkira®, lopivavirtritonavis), rtonavic , soiricitabine ,

atazanavir sulfate +

somaviy, dacunaviy, lamivudine, Projastin, fosamprenavis, fosamprenavir

caloium, cfavirenz, Combivir® (idovudineHamivadine, AZT+3TC), etravivine, nelfinavi,

nelfinavie mesviate, interferon, didancsine, stavudiae, indinavir, indinavir suifate, tenofovir +

temivudine, zidovudineg, nevivapine, saguisaviy, saquinavic mesyiate, aklesteakin,
zajcitabine, tipranaviy, ammprenaviy, delavirdine, delavirdine mesylats, Radha-168 {Receptol),
Hiviral, lamivading + tenofoviy disoproxil fmarate, efaviranz -+ lumivudine + tenofovir

disoproxii fumarate , ghospbazid, lamivuding + nevirspine + aidovadine, sbhacavir, abacavir
suliate, tenofovix, tenofovir disoproxil, tenofovir disoproxil fumarate, dammavie + cobioister,

atgzanavir sulfaie + cobicistat, alazanavir + cobicisiat, wnofovir alafenarnide and tenofovis

alafenamide hemifumarale.
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{0214} In & pariicular embodiment, a congound disclosed herein is combined with

abacavir, abacavir sulfate, ienofoviy, tesofovir disoproxil, tenofovir disoproxi! farnarate,

tenofovir disoproxil hemifinmarate, tenofovir alefenamide or tenafpvir alafenamide

hemifumsraie,

In g particular embodiment, & compound disolosed herein is combined with

s

L tencfovir disopranil, tenofovir disoprosil fumarats, tenofoviy alafenamide, or

tenofivi

tenofoviy alafenamide hemifinmarate.

{6216} In g partionlar smbodimernt, a compound disclosed herein is cormbined with a frat

addditional therapeutic agent selected from the group consfsting oft abaeavir sulfate, woofovir,

tenofovis disoproxil, tenofovir disoproxil fumarate, tencfovir alafenamide, and tenofovir
alaferuamide bemifumarate and a second additoval therpeude agent selected from the group

consisting of emiricitabine and lamivudine.

{02173 a1 pavticular embodiment, s compound disclosed herein is combined with 2 first

addditinnal therapeutic sgent selected from the group consisting of! senofoviy, tenofovir
isoproxil, tenofovir dispproxii fumarste, tenniovir alafenamide, and tenofovir alafonamide

hemifumarate and 8 second additional therapentic ageot, whereln ihe second sdditional

therapeutic agent is emtriciiabine,

(G218} {u certain embodiments, a compound disclosed hersin 18 combined with 5-30 mg
tenofovir alafenamide fumarate, tenofovir alafenamide hemifumarate, or ienofovir
alzfonamide sod 200 myg emiricitabine, In centain ersbodiments, & compound disclosed
herein is combined with 5-19; 5-1§; §-20; 5-25; 25.30, 20-30; 15-3(; or 10-30 my tenofoviy
slafenamide fumarate, tenofovir slafenamide bemifumarate, or tenofovis alathnamide and
200 mg emiricitabine. In certain embodiments, 2 compound disclosed herein i combined
with 19 mg tenafovir alafosaraide funarate, tenofovir slafenumide hemifumarate, or
tenofovir slafenamide and 200 mg engricitabine. Iz cerigin embodiments, a compound
Gisclosed hereln is comidned with 25 mg tenofovir alufenamide fumarate, tenofovy
alafonamide homifumarate, or tenofovir alaferamide and 200 wg smitricitabine. A compound
as disclosed herein {o.g., & compound of Pomulas {3), (1), andlor (1E8)) ruay be combised
with the agents provided berein in any dosage amount of the compound (g.g., from S0 mg o
506 mg of compound) the same as if esch combination of dosages were specifically and

individually listed.
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4219 In certain embodiments, a gompound disclosed harein is combined with 200-460

mg tenofiviy disproddl, tenofivvir d

soproxil fomavate, or tenntovir disoproxil hemifumarate
andd 200 mg emtricitabine. In certain soibadimonts, @ compound disclosed hereln is
combined with 200-250; 200-360; 2003507 250-350; 250-100; 350-400; 300400, ar 250-
400 myg tenofovir disaproxil, tenofevir disoproxil fursarate, or tencfovir disoproxil

hemifomarate and 200 mg emtriciiabine. I certain srabodiments

. & compound diselosed
hereln is combined with 300 my tenofovir diseproni! funarate, tenofovir d isoproxil

o~

hemitenarate, o tenofovir disoproxil and 200 g emtricitabine. A compound as disclosed

ot
e
&
o
14
ot
b

P

e.g., & compourt of Formudas (1), (1), andior (1Y) may be combined with the agents
provided berein s any dosage mnount of the compound (2.2, from 50 mg io 500 mgaf
compound} thy same as If cach combination of dosages were specifically and individually
Hsted,

v

fOZ220} fn cortain embodiments, when a compound disclessd herein is combined with one
oF more additional therapeutic agents as described above, the componernts of the compoaltion
arc administered 35 4 simuftaneous or ssquentisl regimzn. When adiministored sequentially,

the combinaiion may be adininistered {n two or mure sdmibistrasions.

f22143 In sertain embodiments, s compound disclosed hersin is combined with ong or
mare additional therapeatic agents in o unitary dosage form for shoultanecus administration

to a patieot, for example o5 a sclid dossge form for oral sdministration.

{02223 In certain embudiments, a compound disciosed herein is administered with one or
more adaitional therapeutic agents. Co-adiainistration of 2 compound disclosed hersin with
one or smore additional therapeutio agems gaerally refecs to stimsflancous or ssquential
administeatios of a compound disclosed hersin and one or more additional thesapeutic agenis,
such that therapeutically effective amounts of the compound disclosed herein and one or

mere sdditional therapeutic agents are both prasent in the body of the patient.

{02231 Co-adroinisteation ncludes administration of ok dosages of the compounds
disclosed heroin before or sfter adminiatration of onit dosages of one or more additional
therapeutic agents, for example, administration of the compound disclosed herein within
seconds, minutes, or hours of the administration of oae ot more additional therapeutic agents,
For exanmple, in some embodiments, 3 unit dose of a compound disciosed hersin is

adwministered fusy, followed within seconds or minutes by administration of a unit dose of one
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or maore additional thctaixscutic apents, Alternadvely, in other embodiments, # unit dose of one
or more additional therspeutic agents s administered firsl, (ollowed by administration of'a
unit dose of a composnd disclosed hareln within seconds or minuics. Tn some cwbodinents,
2 unil dose of a compound disclosed horein is administered first, fellosved, afier a period of
hours {£.2., 1-12 hours), by adminjatration of 2 unit dose of ane or more additional
therspeutic agents, In other embodiments, 8 undt dogs of one or more additional therapeutic
agents is sdministered s, followed, afior & period of hunars (8.g, 112 hours), by

adsninisirasion of g unit duse of 2 compound disclosed hereln.

KRPD Data

{2241 To certain embodiments, the orystalline foras are characterized by the interlattice

plane intervals determined by an Keray powder difftaction pattern (IRPD). The

~.{’

diffractogram of XRPD is typically reprosented by s diagrams plotling the intensity of (he

peaks versus the location of the peaks, .., difffaction angle 26 {two-theta) in degrees. The

intensities are often given in parenthasis with the Pliowing ablrevistions: very strong = vst;
strong = g1y medium = my wesk = w; and very weak = vw. The churacteristic peaks of a given
XERPD can be selested zecording to the peak locations aud their relative intensity to

convenieatly distinguish this crystellive structure from others,

257 Those skilled in the art recognize that the measiremants of the XRPD peak
Iscations and/or intensity for @ given crystalline form of the same compound will vagy within
a margin of ervor, The valuss of degree 26 sltow appropriate evror marging. Typically, the
error margins are represented by <47, For example, the degree 28 of about “8.750.3” denotes
a range from about 8.740.3, Le., about 9.4, to sbout £.7-0.3, i.e., about 8.4, Depending on the
sample preparation techniques, the calibration technigues applied @ the instruments, human
operationsi varistion, and ete, those skilled tn the art recognize thal the appropriate ervor of
margins for a XRPD can be #0.5; £0.4; +0.3; :0.2; 20.1; =0.05; or less. o cartain

embodiments of the invention, the XRPD margin of ervor is 20,2,

{02261 Additional detaiis of the methods snd equipment used for the XRPD analysis are

described in the Examgles section.

02271 The XRPD peaks for the orystalline forms of (2R, 58, 13aRy-8-hrydroxy -7, 9-dioxo-

N-(2,4,6-wifluorobonzyl}-2,3.4,5,7,9, 13,1 3a-octahydro-2,3-
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methanopyridof 1,24, S ipyrazine{ 2, 1-b1  3joxazepine- 1 G-carboxamide (Foraula ¥} Fonm §

is below i Table 1A,

Table 1A: XRPD peaks for crvstaliine forms of Formusla | Form 1

Formuia |
Form |
Poak Relative
Position | Infensity
{2 {94}

53 6.4
185 43.7
1.4 2.6

180 84.7
135 33.¢
16.2 8.4

7. 450
20.6 931
23 2.0
250 1 %14

274 108.0

fORI8} The XRPI peaks for the crystatline form of (3R, 58,1 3aR)-8-hydroxy-7,8-diowo-

N

P2, 4,8 rilfluorobeneyl-2,.3.4,5, 7.9, 13, 1 3e-octahydra-2 S~
wmethanopyridof 1,294, Sipyrazinol2, 1-bi{ 1,3 ]orazepine- 1 J<carbossmide Formula §J Form 11
is befow in Table 18,

Table 1B XRPD peaks for crystalline forms of Formuls I Form
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Formula |
Foarm 1
Peak i Relative
Position | Indensity
{716} {9}
&.6 1000
10.6 39,2
H2e3 30.6
405 149
162 ]
284 651
23.8 1.6
23.8 LI

{02293 The XRPD pesks for the erystaliine form of (2R,38.13aR}-8-hydroxy-7,9-dioxo-
N-(2,.4,6-trifloorebenzyiy-2,3,4,5,7.9,13, 1 3z-cctabydre-2,5-
methanopyridol 1,24, SIpyrazinoi 2, 1-bli 1,3 foxazepine- 1 S-carboxamide Fovmala I} Form 1l

is below in Table 1C.

Talde 10 XRPD peaks for crvstalling forme of Formula T Form I

! Formula |
Form [iL
Peak Kelative
Position | Intensity
(o251 %]
8.6 56.7
2L 191
4.0 262
162 175
18.8 74.6
200 1600
P 334
250 12,2
27.0 15.0
280 4.9

[0236]  The XRPD peaks for the crystalline form of (2R,58,135R)-8-hydrory-7,9-dioxo-

N-{2,4 6-rifluorobenzyt}-4,3,4,5,7,9,13,1 3a-octabydro-2,5-

&4
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methanopyridof 1124, 3lpyrazino{2, 1-b}{ 1, 3loxarepine-1 S-carboxamide (Formula I} Form IV

is balow in

§0231}

{34, 6riflurobenzylloarbamoy)-2,3,4,3,7,8, 13,13 a~octahydro-2, 5~

Table 1.

Table 1B XRPD peaks for crvetalline forme of Formula 1 Form 1V

Formula 1
Form [V

Peak
: Position

128,

Relative
Intensity
%]

6.2

96.1

8.6

404

7 LAl
16.3 100.6
i8.7 327
20.0 Sl

23 725

76.2

44.1

30.3

The XRPD peaks for the orysialline form of sodium (7R,58,1 2aR)7,9-dione-10-

meihanopyridol 11,24, 5 pyrazine(2, L8113 jorazepin-8-olate (Formula 113 is below in Table
¥ P i }

i
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Table 18: XRPD peaks for erystalline forms of Formula 1 Form 1

Formufa 11
Fomm |
Pesk Relative

Pasition Infensity
fal
1G.0
87.3
22.4
33.0

[0232] The XRET peaks for the orystalline form of (2R,58,13aR}-8-hydraxy-7,5-diaxa-
N-(2,4,6-irifluorobenzyi-2,3,4,5,7,9,1 3,1 Sa-ootahydio-2,3-
methanopyridof 1,224, Sipyrazino{ 2, 1-61{ 1, 3joxaxepine- 1 0-carboxamids oxatic acid co-

crystal Fomn [ is below o Table 1F

66
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Table 1F: XRPD pesks for erystaliine forms of Formeia [ Oxatic Acid Co~crystal

Form ¥

Formula |
Cixale Acid
Co-crvstal
Form |
Peak Relative
| Posttion | intensity

{22673 IRCH
yio 18.5
8.3 394
116 3.6
14.5 94.8
1Rl 513
81 1600

L8 40.7
26.8 54.3
207 384
364 71

Preparation of the Polvmorphs

Fosmula i

§0233] One method of synthesizing (2R, 53, 13aR)-8-hydroxy-7,9-dioxo- N2 4,6~
&

wifluorobenuyi}-2,3,4,5,7,9,13,13a-octahydro-2, Semethanopyride{ 1,2 4, Spvrazinol2, i~
bi{L,3loxazepine-1§-carboxarmide {e.g a compound of Formula (13 bas been previoushy
deseribed tn PCT Publication No, WO2014/160323, This reference is heroby Incorporated
herein by referance In is entivety, and specifically with respect o the synthesis of
{2R58,13aR)-8-hydroxy-7, 9~-diogo-N-(2,4,6-iri fuorsbenzyi)-2,3,4,5,7,4.13,1 3z-actahydro-

25-methanopyrido{1,254, S pyrazine2, 1-0{1, 3 joxazepine~ 1 G~catboxamide.

02343 For example, In one aspect, provided iz @ method of producing & composition

comprising one or rpors polymorphs of (2R,58,13aR)-8-Hydroxy-7,8-dioxo-N-{2.4,6~

uitteorobenzyl}-2,3.4,5,7,9,13,1 3a-0ctshydro-2, 5-methanopyeidof 1’ 204 Seyraziaoi?, 1+
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i 1,3 joxazepine- 1 G-carboxamide, whercin the method cormprises combining a cormpound of

Formula () with 2 suitalle solvent o 8 mixture of suitable solvents to pr:)duaa 2 somposition

comprising one or more polymorphs of the comprated of Formula (8. Yo snother aspect

provided {5 another method of producing a composition con Lprising one or more polyinerphs
Y

of {2R,38, 1 3R )-R-Hydrony-7 9-dioxo-N-(2.4,6-tri fluorobenzy}-2.3,4,5.7,9,13.132-

ctahydro-2,5-methanopyride] 1,274, ipyrazinc{? i3 josavepine-§ G-carboxamide,
wherein the method comprisss conmbining (3R, 58, 13aR}-8-Hydroxy-7.9-doxo-N-(1,4 6
riflucrobenayi}2,3.4,5,7.9, 13,1 3a-octakydro-2, Somuthaney \vndn{ 204 Sipyrazinol 2,1~

b1i1,3Toxazepine-10-carboxamide with a suitable solvent or 2 mixiure of suitable solvents,

{32351 The cholse of # particular seivent or eombination of sotvents affeets the formation
favoring one polymorphic foum of (IR,58,13aR)-8-Hydroxy-7.8-dlexo-N-{2.4, 6

wifaorobeney)-2,3,4.5,7,%,13, 1 Ya-ootahydre-2, S-methawopyridof 1274, Sipyra mol2. -
bl[1, 3 loxazepiie-1 0-carboxamide over another. Solvents suitable for pokymorph formation
nay include, for example, methanol, ethanol, swater, isopropyl acstate, acetanitrile

3 thexeof,

tetrahydrofuran, sethy? isobutyl ketone, and any mixtu:

{2361 in znother aspect, provided is also one or more polymorphs of (2R, 58,1 2aR}-8-

-

Hydroxy-7,9-dioxo-N-{2,4.8

luorabenzy»2,3.4,5,7.5,13, L3z-cctahydro-2,5-
methanopyridol 1,24, 5 pevazt 102, 1-b1i 1,3 joxazepine- | O-carboxamide produced acoording

to any of the metheds deseribed beretn,

02371 1t should be understood that the methods for preparing the pelymorphs desceribed
sorein (including any one or more of polymorphic Forms Eo VI may vield guantity and
guality differences compared 1o the metbods for prepasing (2R,I8, 13al3-8-Hydroxy-7,%-
dioxo-N-{2,4,6-triflunrobenzy)-2,3,4,5,.7,8,13, i%3-ootahydre-2,5~

T

methanopyridof1°,2:4,5pyraz zmi‘f 1-b¥ 1,3]exazepine- 18-carboxaruide produced on

u,

iaboratory seaie,
Fornuda I, Forms {and I
192381 i one embodiment, wovided is a method of producing a compositon comprising
polymorphic Forn I, Form I, or & mixture thereof, of {2R,58. 13aR-8-Hydrony-7,9-dioxo-N-

2,4, S-wiftuorobenzyl}-2,3,4,5,7.8.1 3,13a-0ctabydro-2,5-

smethavopyride] 1,24, Sipyrazino[2,1-bi{ 1,3 loxazepine~ 1¥-catboxs amide, wherein the method

&8
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COMPrises com‘:‘zmu; (2R, 38, L3aR}-8-Hydroxy- 7,9 dloxe-N-{2,4,6-tri fuorobenzyl -
2,3,4,5,7.5,13, Ba-octehydro-2, 5-methanopyride[ 17,25 4.3 Jpyrazinof2,1-b]{ 1,3 joxazepine- 10

carbaxsmide with a solvent to produce a compasition comp

ing polymorphic Form I, Form
8, or a piixtare thereof] of the (2R,58,13aR)-8-H ydroxy-7 . 8-diemo-N{2, 4, 6-triflaorobenzy -
2,3,4.3,7,9,13, 3g-octabydro-2, »m‘*"mncp}ﬁdoi‘a',2’:4,5]@@2&2&&{:{2,2~b}{'§,3}0xazc;:iim-~}{;‘o

car‘.a:.mamide, wherein the sofvent is isopropy! acetate,

{0239 Provided is 5 polymorphic Form I, Fortg 11, or a mixture thereof, of (2R, 58 13aR}-

B-Hydroxy-7,5-dioxo-N-{2,4, f-trifluorobenay)-2.3.4,5,7.9,13 Pla~ociaghvdro-2 S~
'~ o+ NG iy 3 "

methanopyridof U244, Fpyrazino2, 1-b]{ 1. 3loxazepine- 1-carboxamide prodised by
combining {ZR.38,13aR)-8-T¥ydroxy-7, 9»&;0\&,»\—4\3,4 G-triflaorobenzyl}-2,3.4,5,7.9,15,1 34
octahydro-2,5-methanopyridof 1,254, 5 lpyvrazinol2, i—&» i iﬂ}o&azﬁpmcw 15-carboxamide with a

sclveni, whereln the solvent is isopropy! acetate.

Formula I, Form I

[82491 In one embodiment, provided is a method of producing & composition comprising
polymorphic Form I of (2R,58, 13ai{}%—i—iyézoxyﬁ,&dioxou?%-(?.,4,6-is‘iﬂucm&cﬂ'zﬂ}
234573, 13 1 3a-aotahydro-2, Semethanopyrido{ 1,274, Stpyrazinol2, LB {3 joxazepine-~ 18-
carboxammide, wherein the miethod comprisss combining {ZR.A8.13aR)-8 - Hydroxy-7,9-dioxe-
MH-{2,4,6-niflaorobenzyl)-2.3,4,5,7,8,13.1 Sa»oci'ahyds'<>~2,5~

methanepyridof 1,274, S pyraninol 2, 1-bi{ 1,3 Joxazepine- $-carhoxamide with a solvent 1o
produce 2 composition conyuising pulymorphic Form I ofthe (2R 58,1 aR) &-Hydroxy-
7.8-dinxo-N-(2,4 6-trifluorcbenzy-2,3,4.5,7.9,13,1 3s-cctahydro-2,5-

methasopyridal 1,204, 5 pyrazino]2, 1-b3{ 1,3 loxazepine- | Q-carboxamide, wherein the solvent

is methy! iscbutvl ketone.

S

{02411 Provided is a polymorphic Form 11 of (2R,38,130R)-3-Hydroxy-7.9-dioro-N-

{24, 6-urittuorobenzyl}-2,3.4,5,7.9, 13, 1 Ja-octahydro-2,5-

methanopyrido{ 1,24, Spyvrazine] 2, 1-b1{ 1,3 loxarepine- 1 O-carboxamide produced by
conthuing (2R,55,12aR)-8-Hydraxy-7,9-dioxe-N-{2,4,6-1rif} soroberry1y-2,3,4,5.7,9,15,1 3a~
octalyydro-2, S-methanopyridof 1,214, S Ipyrazine(2, 1-b}{ 1,3 loxszepine- 1 O~carboxamide with a

solvent, wherein the solvent is methyl iscbutyl ketone.

&9
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Forpunia I, Forms IV, ViE and VI
f02421 In one embodiment, provided is 2 method of producing 2 composition comprising

re thersof, of (3R, 38,13aR}-5-
Hydroxy-7,9-dioxe-N-{2,4,5-trifluorobenzyli-2,3,4,5,7,9,13, 1 3a-cotahy dro-2, 5~

polvonorphic Form TV, Form VI, and Form VI, or o mbay

methanopyridol 1524, Ipyraging 2, 1-bY{ 1, Sloxazepine- 10-carboxamide, wherein the methbod
comprises combinipg (ER,'E-S,‘,SaR}mgviil.ydmx;-'~'7,9néioxo~}\?~(2," 6-wifluorohenzy
2,3,4,3.7.9,13 1 3z-ootahydro-3, fmathanopyridef 1,204, STpyrazieol 2.1 b1, 3};»{&;{: siste-1 8-
carboxaryide with a solvent o produce a composition comprising polymorphic Form 1V,
orm VI, and Fory V1L or & mixnire thersof, of the (3R, 38, 13aR)-8-Hydroxy-7,9-dioxo-N-
3.4, 6-trifhiorebenzyl)-3,3,4.5,7,9.13, 1 3a-octahydro~2.5-
weihanopyridol 19274, 5 joyrazine{2, L-b} 1, loxareping-10-carboxamide, wherein the solvent

s methanol.

10243 Provided is a polvmorphie Form 1Y, Foox Vi, and Form VIIL or 2 mixture
ihereof, of (2R, 38, 13aR3-8-Hydroxy-7, %-dioxo-N-{2 4, 6 rifluorcbenay3-2,3,4,5,7.8,i3,1 3a-

{"thvdfﬂu-‘u”{71@&1(&10}‘/’1 ide{{, 24, SIpyrazing{2, 1-bi{ 1, 3}oxazepine- 10-carboxamide

produced by combining (3R,58,13aR)-3-Hydroxy-7,8-dioxo-N-{2.4,6-wrifluorobenzyl)-

-~

1,3,4.5,7.8,13, 1 3a-octhydro-2, S-methanopyrido] 1,274, S ipyrazine{2, 1-bH 1.3 loszeplne-1 0~

carboxamide with a snivent, whereln the solvent is methanol.

Formda i, Form V

{02441 in one embodiment, provided is a roethod of producing a composition comprising

solymarphic Form ¥ of {2R,58,13aR}-8-Hydroxy-7 S-dioxe-N-{2,4,6-rifuorobenzyl-

ay

3,3,4,5,7,9.13, 1 3a-octahydro-2, $-methanopyridof 114, Sipyrarine]2, L-0}{1,3 joxarepine- 18-
carhokamide, wherein the method comprises combining (28,553, 128R)-B-Hydroxy-7,9-dioxo-
Ne(2,4,6-trifluorobenzyi}-2,3,4,5,7,9,13,13s-ocishydro-2,5-
methanopyrido{ 1,2 :4,5};&}'562&}0{2,3 -5111 3longzepine - i f-carboxamide with 2 solvent to
produce & composition comprising polymorplie Form ¥V of the (3R, 38.13a8)-8-Hydroxy-7,9-
dioxa-N-{2,4,6-trifluorobenzy)-2,3,4,5,7.9,13, 1 3a~octahydro-2, 5+
methanopyridol 1,24, 5 pyrazinc[2, 1-b}{1 3joxazepine-1 (-carboxamide, wherein the soivent

s water,

{6245} Provided is a polymontde Form ¥ of (3R, 58,13aR)-8-Hydroxy~7,9-dioxo--
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{24, 6-tsifluorobenayi}2,3,4,5.7,5,13, 1 3a-0ctahydro-2,5-

methanopyridel 1,254, 3};‘ yeavinof2, -5 1, 3 joxazepine- 10-carboxamids prodused by
sombining (2R,55.13aR}-8-Hydrexy-7,9-dicxo-N-{2,4,6-wiftuorohe areyi-i,3,4,5,7.9,13,1 3
ectabydro-2,S-methanopyridof 1,24, 3 lpyrazinoi 2, 1-b1 1,3 joxazepine- 1 S-carboxamide with a

solvent, wherain the solvent is water,

Formula §, Farm Vi

{G2461 in one embodiment, provided is o method of producing 2 composition compsising

polymorphie Foror VI of (2R.58, 13aR -8~ Hydroxy-7,5-dioxs-M-{2,4,6-tri ifluorobenzyly-
2,3,4,5,7.2,13,1 3a-potahydro-2, S-methanopyrido{ 1,24, 8 Ipyrazinol2, 1 -b}{ 1.3 Joxazening- 10+
carboxarnide, whersin the method comprises combining (2R, 58,1 JaR)-8-Hydeoxy-7,9-dioxo-
MN-{24,6-uiflaorobeneyi-2,3,4,5,7,.8,13, 1 3a-octahydre-2,5-
ms:ihaampyrid{s{'i’,2’:‘%,S}p§’ra:aim}{2,I—%ziﬁ_i,;;ioxampine—‘i ~carboxamide with & sulvent to
produce & composition comprising polymorphic Form Vi of the (IR, 58,1 3aR)-8-Hydroxy-
7,9-¢dioxo-N-{2,4,86-trifluorobe yi)- .3,4.3,7,8.13, 1 3a~octahydro-2, 5~

methanopyrido] 1,274, SIpyrazinei2, 1-63{1,3]mxazepine- 1 G-carboxamide, wherein the solvent
is selected froam the group consisting of methanol, waler, and any mixtres thereof, In an

amiwliment, the solvent 1s 8 mixture of water and methanol,

f02471 Frovided is a polymorphic Form VI of {2R,58,13aR)-8-Hydroxy-?,9~dioxo-N-
(2,4, 6-trittuorobenzyi)-2,3,4,5.7,9,1 3,13z-antahydre-2.5-
methanopyridef 1,254, Stpyrazinof2, 151, 3lexarepine- 16-carbosamide produced by
combining (2R, 58, 13aR}-8-Hydroxy-7,9-dioxe-N~2.4.6-nriffuorobenzyi)-2,3,4,5,7,9.13, 1 3a-
ocishydro-2,S-methanopyrido] 1,274, Spyrazinof2, 1-bi{ 1,3 Joxazepine- | f-carboxamide with 3
sotvent, whereln the solvent is selected from the group consisting of methanol, water, and any

saixtures thereof. In an embodiment, the solvent Is a mixture of waler and mothanol,

Sormuia #

{02483 One method of synthesizing (2R, 58,13aR3-8-hydroxy-7,9-diexo-N-(2,4,5-
friftuorebenzyl}-2,3,4,5,7,8,13, 1 2a-octehydro-2, S-methanopyrida] 1,214, 5 lpyrazinol 2 1~
R lonazepine-1(-earboxamide {e.g. 2 compound of Formuila (1)) has been previcusly
described in PCT Publication No. WOR2{(4/1 00323, This referesce is hereby incorporatad

erein by reference in is entirety, and specifically with respect 1o the systhesis of

i
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{2R,58, 12aR)-8-hydrony-7,9-dioxo-N-(2,4 S-trifluorobeney»2.3,4,5,7,8, 13, 1 3a-actabiydro-
2.5+ 1etzmnewr=doii 4,3 pyrazinol 3, 1-b {1 3joxasepine-1¥-carboxamidae, One raethod of

syathesizing sodbam (2R 38, 13aR3-7,3-dioxo- 12,4, 6-vifluorobsnzyjcarbarooyi}-

of

\\l

3,4,5.7,8,13.1 3a-octahvdre-2,5-methasopyrido 1,254, Sipyrazina{ 2, 1-bl L3 oxazepin- 8-

olate {e.2. 3 compound of Formula (1) s deseribed bhesein,

{0249} For example, in one aspeot, provided is a method of producing a corspositien
comprising one or more polymorphs of sodivg (2R,58,13aR)-7,8-dloxo-10-({2,4.6-
trifluorobangy Dosmbamoy-2,3,4.5,7,8,13, 1 3a-votahysdra-2,8-

methasopyride{ 11,214, 5pyrazine]?, 10 1, 3loxazepin-B-olate, whersin the method comprises
combiniag a compound of Formuia (1) with & sultable solvent or a muixture of suitable
selvents o produce & compnsition comprising ose or more polymorphs of the compound of
Formutla (I3 In another aspect, provided is another method of producing a composition
comprising one or more polymorphs of sodivm (3R, 58.13aR}-7,8-dloga-18-{(3 4,6~
wiflusrobenzyDicarbamoy!)-2,3,4,5,7.3,13, 1 3a-ootahydro-2,5-
methanopyridol 1,224, S ipyrazine{2,1-b1[ 1, 3 loxazepin-8-tdate, whereln the moethed comprises
combining sodium {2R,58,12aR)-7, 9~dioxo-10-{(2 4, S-irifluorchenzyoarbamoy -
2,3.4,5,7,%,13,  3a-ovishydro-2, S-nwthanopyridol 1 L2704, Spyrazinoi2, 1-bi 1, 3joxazepin-§-

olste with a suttable sofvent or a minture of suitable solvents,

(62503 The choica of 2 particular scivent or combination of solvents alfects the formation
favoring ane polyvmorphic form of sodium (2R.58,13aR).7.9-dioxe-10-((2,4.6~

irifiuorobengyDeoarbamoyid-2,3.4,3,7.8,13, 13 a~oclab ydro-2,5-

sethanopyridol 1,274, S Ipyrazino{Z, 1-b}] 1,3 joxazepin-&-olate over another. Bolvents suitable

for polymorph formation may neluds, for example, methanol, sthanol, water, sopropyt

scetate, acctonitrile, wirahydrofuran, methyl isobatyt kotone, and any mixtures thereof,

§251] in anather aspect, provided is alse one or more polymorphs of sodium

spanmy

£2R,58,13aR -7, O-dinxa- 13-{{2,4, 6-wifhuorchengyJearbarnoy3-2,3,4.5,7.9 ,13,13z-octahydeor
2,5-methanopyridof 1,274, 5 jpyrazinof2, 1-b}{ 1,3 loxazepin-8-olate produced according to any

of the methods deseribed herein.

{02321 it should be understood that the methods for preparing the polymorphs described
nersin {including sny polymompiic Form 1) may yisld quantity and guality differances

compared to the methods for preparing sodium (2R, 58,13aR3-7.9-divxe-10-{(24,6-

72
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tiftuorcbenzycarbamoyis-2,.3,4,3,7,8,14, 1 3a-netahydro-2,5+

pEYe

methanopyridol 1,274,

ipyrazinol 2, 1-bY] 1.3 loxazepin-B-olate prodused on laboratory scale.

Formuda 2, Form §

{6233} In one ebodiment, provided is 2 method of prodacing 2 composition comprising

24,6

polyrsorpbic Form I of sedium (2R,58.13aR)-7,%-Clogo-1{{
uifluorobenzyljearbarooyi’-2,3,4,.5,7,.2,13, 1 3a-octuhvdre-2,5-
methanopyrido{ 1,274 Sipyrazinel 2, 1-bI[ 1, 3joxazepin-g-olute, wherein the method comprises

combining (2R, 58,13aR)-8-Hydrox
i -

57, 9-dioxe-N-(2 4 S-triflucrobenzy)-2,3.4,5.7,9.13.1 3a-
octaliydro-2, S-methsnopyridof 1,244, Slpyrazina[2, -6} 1,3 joxasepine-10-aarboxamide with a
sodiom base {e.g. sodiom hydroxide) in a solvent to produce 2 composition comprising
polymorphic Form [ of soditm (2R,55,13aR)-7,9-dioxe- 1 0-((2,4,6-
tiffuorahenzyllearbamoyi}2,3,4,5.7.9,13.1 3a-octahydro-2,5-

wmethanopyrido] 124, Slpyrazine{ 2, 1-611 1,3 loxszepin-R-olats, wherein the solvent is selected
fom the group consisting of etbanol, dincthyiformamide, and any mixtura thereaf i an

embodiment, the solvent is & mixtuee of ethanol and dimethyiformandde.

{02343 Provided {5 alse polymorpbic Foun 1 of sodinm (2R, 58,13aR1-7,§-dioro- 1 i~
{(2,4 H-rifluovobenzyijearbamoyt}-2,3.4,5,7.9, 13, 3a-octahydro-2, 5~

methanopyrido{ 1,204, Sipyraziool 2, 16} 1, 3loxarepin-8-olate prepared by combining
2R,58,1 2aR}-8-Hydroxy-7,%-dloxo-N-{3,4,6-wrifluorobenzy(+-2,3,4,5,7.9,13, 13a-octahydio-

2, 3-methanopyridel1,274, 5 lpyrerine]?, 1 -b}{ 1, 3joxazepine- 1 0-carboxamide with a sodium

base {e.g. sodium hydroxide) in & solvent, wherein the solvent is selected from the group
consisting of ethanol, dimethyiformumide, and any mistere Giereof, In an smnbodimend, the

solvent is 3 mixure of ethano! and dimethyiformamide.

Formule $1

{92331 One method of synthesizing (2R.38,13aR)-8-hydrory~7, S-dlono-2i-{2,4,6-
rifivorcbenzyl)e2,3,4,5,%,8,13, 1 3a-ootshydro-2, S~methasopyridof 1,24, S Ipyrazinof 2, 1
bi{E3joxavepine- J-carboxamide (e.g & compound of Formule (13} has been previoasiv
deseribed tn PCT Pabliestion No. WO2014/100323. This reference s hereby incorporated
herein by reference in s entively, and specitically with respect 10 the synthesis of

2R, 38, 13aR - Betpydrony -7, 8-dioxo-NA{Z.4,6-tifluorobanzyi}-2,3,4,5,7.8,13, L Ja-cotahydroe
£ o

~3

3
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2, 5-methanopyridel 15,274, 5 pyvrazino] 2, 1-bH 1,3 Joxaze; vina-1G-carboxamide. One method of
ks 5

synthesizing potassium (2K, 53,13aR)-7,8-dioxo- HH{2.4,6-vifluor obenzyljcarbamoyii

2,3,4,4,7.9,13,  3a-cotahy droek, S-methavopyrido] 1,204, Sipyrazino] 2, 1-bj 1.3 Joxazepin-B-

slate {e.¢ 5 compound of Formula (U1} is described horeln.

(3256} For example, in one aspect, provided is 2 method of producing a composition
comprising out of more polymaorphs of potassium (ZR38 5, 11aR)-7.9-dioxo-10-({(2,4,6~
triffuorobenzyticarbamoyie:-2,3,4,5.7,8,13,1 aa--aci&hydm~2,5~

methanopyridof 1,2'4. Sipyrazine(2, 1-bH 1 Sloxazepin-§-olate, wherein the method comprises
combining a compound of Formula (111} with a sulfable soivent or & wixiure of sullable
solvents to producs a compasition comprising ane or more polymorphs of the compound of
Formula (H). In another aspeot, provided s another method of producing a composition
comprising one of more polymorphs of polassiem & R,56,13aR3-7,9-dioxo~ 10-{{2.4,6~
triﬂumobcaz;:yE}car‘camm’ 12.3,4,5,7.8,13, 1 Ja-octaliydro-2,5-

methanopyridol 1,214, S jpyrazinoi 2,1-bi{ 1, 3joxazepin-S-olate, whersin the method comprises
zombining potassiam {25&,55‘ 138R)-7, Secioxo- 10002, 4, 6-tri fuorobenzy Doarbamoy
2,3,4,5.7,9.13,1 3a-cotehydra-2, S-methanopyrido[ 1,204, 5 py yrazinolZ, 1-b]{ 1,3 joxaeepin-8-

olate with 2 suitable aclvent or & mixture of suttable solvents,

{6287} The chiotcs of a particutar solvent or combination of solvents affests the formation
favoring pne polymorphic form of potassium (2R,58,132R) -7, 8-diono~10-{(2,4,6-
trifluorobenzvicarbamoyi)-,3,4,5,7,9,13.1 Ja-octabydro-2, 5~

methanopyride] 1,214, 8 lpyrazinal 2, 1-b}{1,3joxazepin-§-olate over snother. Soivents suitalle
far pelymerph formation may include, for example, methanai, ethanol, water, isopropyl

acetate, acstonitriie, totvabydrofuran, methy] isobutyl ketone, and any mixtures thoreofl

{02587 1n spothey aspest, provided is alao one or more polymorphs of £ potassivm
{ZR,53,13aR}-7,9-dioxo-10-{{2,4, S-trifluornbenzylicarbamoyi)-2,3,4,5.7,8.13,12a~octahydro~

2, 5-smethanopyeido{ 1,24, 5Ipyrazine[2,1-b 1 1. 3 loxazepi-8- olste produced according to any

of the methods described herein.

{6259} 1t shoutd be sndastood that the methods for preparing the polymorphs described
ferein (including any one or more of polymorphisc Forms i) may yie?d guantity and quality
differences compared i the reethods for proparing potassium (28,58, R 7. 8-dioxo~10-

{{2,4,6-trifluorobenzyearbaraoyl}-2,3,4,5,7,9,13,1 3&&@%&‘.&3@;‘0‘2,5 ~

s
4
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methsnopyride] 1,2'4, Slpyrazinef2, 1-0{{ 1, 3joxazepin-R-olate produced on laboratory seale,

Fornudo HE Form §

{0260}  Inoneow

sdiment, provided is & method of producing & composition comprising

polyimorphic Forn § of potasshun (Q8,38,13aR}-7,5-diox0-10-((2,4,6~

trifluovobenzyNearbamoyi}-2,3,4,5,7,9, 13, 3a-nctaliydro-2,5-

methanopyrido] 1,274, Spyrazino] 2,1-bH 1,3 joxazepin-8-nlate, wherein the method comprises

combining (2R,58, 1 3aR)}-8-Hydroxy-7,9-dioxo-N-(2,4,6-rifluorchenzy)-2,4.4.5,7.9, 1 3.1 3a-
YT

ootatiydeo-2,S-methasopyride] 1,204, 5 pyrazine2, 1-bH 1,3 kexazepine- 1 6carboxamide with a
) in

potassium base (e.g, potasshum acetate) in a solvent 1o produce a composition, COmMPrIsing
poiymorphic Form | of potassiam (2R 38,13aR)-7,0-dioxo-10-((2,4,6-
ifteoroberayicarbamoy2,3.4,4,7.9,13,1 Ja-cctabydro-2, 5+

methanopyridol 1,24, Sjpyrazinei2, -6} 1.3 Joxsrepin-B-olate, wherein the solvent i selecied
from the group consisiing of ethanol, water, and any mixiures theseof. Yo aw erbodiment, the

sofvent is a misiure of cthano! and water

f02611 Provided is alse polymorphic Form 1 of potassium (2R,38,12aR )7, 9-dioxo~10-
{{2.4,6-willuorobenzyDearbamoyi-2,4,4,5,7,9,13, 1 3s-octehydro-2,5-

methapopyride[ 1,274, Slpyrazinof2,1-#{ L3 }Joxazepin-8-olate prepared by combining
(2R.58,133R}-§-Hydroxy-7,9-dioxo-N-(2,4,6-triffuercbenzyi}-2,3.4,5,7.8,13, 1 3a-ectabyiro-
2 3-methanopyridel1,2'4,5 Jpyrazinof2, 1 -bil 1,3 Joxazepine-18-carboxamide with a potassium
hase {e.g. potassiom scetale) in a sobvent, wherein the solvent is selacted from the group

consisting of ethanol, water, and any mixtures theroof,

Foransda 75 Form 3E

{42621 n one embodiment, provided is 3 method of producing & composition comprising
polymorphic Form 11 of potassium (2R, 58, 134R)7,9-domo-10-({2,4,6~
trifhuorobenzyijearbarmoyi-2,3,4,5,7.9,13, 1 3a-octahydro-2,3-

methasopyridol 1,24, Sipyrazine{2,1-b}i 1, 3jonazepin-8-clute, wherein the method comprises
combining QR.5S,13aR}-8-Hydroxy -7, 9-dioxa-N-{2,4,§-riflnorobenayy-2,3,4,5,7.9,13, [ 3a-
oetahydro-2, S-methanopyridol 11,2143 pyrazine[2, 1 -bi{1 ,3}oxszepim~iﬁ»carbt}xamirﬁc with a

potassiom base {e.g. potassiwm acetaie) in a solvent o produce 2 composition comp

ising
polyinorphic Forny U of potassium (2R,58,13aR)-7,9-dioxo-10-(42,4,6-

i)
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triffucroberzyDoarbamovi}-2,3.4,5,7,8,13, 1 Ja-octahydyo-2,3-
wethanapyridol 17,274, Slpyrazinsf 2,5 D?E!,:‘s’ox szepin-R-olate, wherein the enfvent is selected
fron: the group consisting of acetonitriie, water, and any mbaures thereof. In an embodiment,

the solvent is 8 mixture of acetoniirtie and waloy.

{02831 Provided is also poiymorphic Form I of potassham (2R, 58, 13887 8-dioxo-10-
{2.4,6rifluorobenzyDearbamoyiy-2,3,4.5,7,9.13, { 3a~octahydro-2, 5+

methanapyrido] 17,204, Sjpyrazinn] 2, 1-b}[ | Rloxazepin-8-olate prepared by combining
(R3S, a3 -B-FHydrony-7, 9-dioxo-N-{2 4.6

2,5-methanopyride] 1,274, 5 pyrazinoe] 2. 1-b} 1, 3lonazepine- i S-osrboxamide with 2 potassium

S-trifhsorcheneyty2,3,4,5,7.9,13, 1 3a-ocishydro-

hase (2.g, potassium acetaie) in g solvent, wherein the solvent is slected Fom the group

consisting of acetonitrile, water, snd any mixtures therent.

Foveda X Forag 1

(02641 In one embodiment, provided i a methed of producing a composition comprising
polymorphic Forn B of potassiuea (ZR,58,13aK5-7,9-dioxo- 10-((2 4,6~
trifhuorobenzylcarbamoyi}-2.3,4,5,7,8. 13, 13a-cotahydro-2, 5+

methanepyrido] 1,204, 5 pyrazinol 2, 1-bjl L Hloxaxepin-B-olate, whersin the metbod comprises
corabining (21,58, 13aR}8-Hydroxy-7,9-dioxoe-IN-(2,4.6-trifluorobenzy}-2,3.4,5,7.9,13, 1 3a-
sotabydro-2,5 -methanopyridol 1,214, pyrazinof2, 1-b1 1, 3 loxazepine- 10-carboxamide with &
potzssiom base {e.g potassium phosphate} in 2 sobvent to produse a composition comprising
polymorphic Form TH of powmssium 2R, 58,1387, 9-dloxe-10-{{3,4,56-
riflucrobenzyearbarneyi}2,3,4,5,7.9,13, 1 3a-0ctabydro-2,5

methanopyrido 1,244, 3 pyrazinn {2, 1-b}{ 1,3 loxazepin-&-olate, wherein the sulvent is

methanol,

(02625} Provided s also polymorphic Form U of potassiom (8R,58,13aR)-7, 9-dioxe-10-
({2 4,6-uiflunrobenzy Dearbamoyiy-2,3,4,4,7,9,13, 1 Ja~octabydre-2,5-
methanopyridoll’,27:4, 5 pyrazinoe]2,1-b1{ 1.3 joxazepin-8-clate prepared by combining
{2R,58,13aR)-8-Fydroxy-7.9-dloxo-N-(2,4,6-rifucrobenzyi)-2,3,4,5,7,9, 13,1 3a-octahydro-
2.5-methanopyride] 1214 5ipyrazinol 2, 1-b1{ 1, 3loxazepine- i O-carboxamide with a potsssiv

hass {c.g. potassium phosphate] in 2 solvent, wherele the solvent is methanol.

76
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Formda I Co-Cryseerls

{63681 In one ambodiment, provided is 2 msthod of produsing & composition comprising
polymorphic oitrie acld co-erystal, fumaric acld co-orystal, oxalic acid co-crystal, e a
mixture thersof, of ZR,58,13aR)-8-Hydroxy-7,3-dloxo-N-(2,4,8-rriflucrcheney

2,3.4,5.7.9.13, Ba-conehydro-2, S-methanopyride] 1,24, Stpyracino{2, 1-b1{ 1, 3 loxazeping- 1

carboxainide, whorsin the method comprises combining (2R, 55,13sR3-8-Hydroxy-7,9-dioxo-

Ne{2,4, 6-rillvorobennA32,3,4,5,7,9,13 1 3a~0ctshydro-2,5-

methanopyrido1,2":4, Slpyvazinol2, I-b1[ 1, 3 loxaze pine- 10-carboxamide with an asid {e.g.

chvie zvid, fumarie acid, or oxalic acid} fn o solvent to produce & composition comprising
polymorphic citrie acid co-crysial, Arnarie acid co-erysial, oxalic acid so-crystal, or a
mixture therenf, of the (2R, 38,1 3aR)-8-Fydroxy-7.8-dio-N-{2,4.6-trifluorobenzy i)
2.3.4,53,7.9.15, la-ocizhydro-2 Sumetbenopyridof 17,244, S pyrazine 2, 1-51[ 1, 3joxaxepine-10-

carboxarnide, whorein the solvent Is tesrahydrofiran.

32671 Provided f2 & polymorphic cigie acld co~ovystal, fumaric schd co-orystal, oxalic
H POy 7

geid co-erysial, or o mixture thereof, of (2R, 58,13aR -8 -Hydroxy-7, 3-diaxo-N~{7,4,8-

wifluoroberzyi}-2,3,4,5,7,8,13, 1 3a-cotnbydro-2, S-methanopyridol 1,24, Siayrezine] 2,1 -
bl 3loxazepine -1 ¢-carboxamide prodused by combining (‘.R\S*‘ 12aR}-8-Hydeoxy-7.9-
diexo-N-{2,4 S-trifluorebenzy}-2,3,4.5,7,9,13, 1 3a-oaishysdro-2,5 -

smethanopyride{ 1,294, Sfpyrazinei?, (-6} 1, Sjoxazepine-10-carboxamide with an acid {z.g.

citrie ackd, fumaric acid, or oxalic asid} in a solvent, wheretn the solvent js tetsahydrefinan,

Uses in Manefacheaing of Tirug Produst

Formiula §

{02681 Provided are sls0 @ uss of the polymorphs deseribed berein in the manufacture of
a deug product. The one or more of the polymorghic forms desorthed herein {eg, one or
more of polymerphic Forvas 1, I, 31, 1V, ¥ VI, W1, and V) may be used as av joisrmodiase

in the mandaciuring process to produce the dvug product.

{269 in eeriain embodiments, Fornis 1 to VIX of (2R,58,13aR3-8-Hydroxy-7,8-dioxo-
N-{2,4,6-tifucrobenzyi}-2,3,4,5,7,9,13,1 3z-cctabydro-2,5+

methanopyrido{ 1,14, Slpyrazine[2. 1.8} 3loxarepine~-1 §-carboxam

< ars used in the
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manufactire of av active pharmacoutival ingredient. In coriain embodiments, Form I of
{2R,55,13aR)-B-Hydroxy-7,9-dioxo-2-(2, 4, G~riftuorobenryl}-2,3,4.5.7,9, 13,1 3z-vetabydro-

2,5-methanopyeidof 1,274, 3Ipyrazine{ 2, 1-bjl L3 Joxazepine- 10 carbexarnide is used in the

monufacture of an zetive phanmac

doal ngrediont. Tn cortain embodiments, Form [ of

{ER,S 8, 13aR 8Ty droxy- 7, 9-diore-N-{2

L S-triftuorobonzy 12,3 4,58,7,9,13, 1 Ra-octahvdeo-
2, 5anethancpyridol 1,254, Spyrazsing{2, 1-b}{ L3 loxasepine-10-carboxamide is used in the
manufacture of an active pharmaceutical ingredient. In ceraln embodimsza}r:s, Foso Ui of

(2R,58,13aR-8-Hydroxy-7,9~dioxo-N-(2 4 G-rithiorobangy -2 7.8,13, dz-ontshydro-

2 S-wethasopyrido{1:,29:4,5 Ipyrazinel 2,101 1,3 joxazepine- 1~ u,.rf'ﬂ%&;‘i)ﬁa.c is used i the
spanelaciure of an active pharmaocutical ingredient. in conlabn erbodiments, Form IV of
{2R,538,13aRB-Hydroxy-7,9-dioxo N-(2,4,6-1rithiorobenuyl}-2,3,4,5,7.9,1 31 3a-octabydro-
2. 3-methanopyridof 14,274, 8lpyrazinol 2, 1-0]{ 1,3 Joxazepine- | O-carvoxamide is used in the
manufacture of an active pharmaceutical ingrediont. In corlsin embodiments, Form V of
(IR,58,13aR)-8-Hydroxy -7, 9-diexo-N-{2,4 s-irifhiorobenzyi}-2,.3,4,5,7,9,13, 1 3a~ootahydro-
2,5-methanopyride[1.2':4, Slpyrarinof2, 1-bl] 1. 3 foxazepine- 1 G-carboxamide is used in the
manvfacture of an active pharmaceutical ingradient, In certain embodimeants, Form Vi of
{¥R.55,13aR-8-Hydrony-7,8-dioxo-N-{2,4 6-trifluorobenzyly-2,3,4,3.7,9,13, 1 3a~octahydro-
2, 5-methunopyridol 11214, pyrazine{2, b 13 Joxareplne~ 1 O-cauboxamide is used in the
manufacture of an active phermaceutics! ingredient. in certain smbodiments, Form Vi of
(2R,58, 1 3aR)-8-Fydroxny-7,9-dioxo-N-~{2 4.6 -trifluorobenzyl}-2,.3,4,5,7,9,13.1 3a-0ctahvdro-
2, 5-methanopyrido| 14274, S Ipyrazinei2, 1-b} 1, 3oxazepine- 1 §-carboramide is used in the
mamafachirs of aun active pharmacentioal ingredient. In certgin embodiments, Form VilT of
{2R,$8,13aR}-8-Hydroxy-7,9-dioxo-N-(2.4,6-wrifluorcbenzyl}-2,3,4,5,7,8,13 1 3a-oataiydro-
2.S5-methanopyrida{ 1,244, S Tovrazino (2, 1-bl{ 1, 3loxazepine- 1 G-carboxamideis used in the

manufacnre of an active pharmaceutical ingredient.
Formulo I

{2741 Provided are also g use of the polymorphs deseribed hergin in the manufacture of
a drug prodoct, The one or more of the polymorphic forms deseribed hereln {e.g.,
polymorphic Form 1) may be used as an intormediate in the manufacturing process 10 proguce

the drug product.

{0271} In certain embodiments, Form I of sodium {(2R,58,13aR}3-7, 8-dioxe-10-((2,4.6-

wrifluorctenzylcarbamoy)-2,3,4 5. 7.8, 13, PRa-nctabyvdre-2,5-

78
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methanopyrido{1,2 4, S lpyrazino{2, 1-b}{ 1,3 joxazepin-§-olate sre used in the manufacture of

an active pharmaceutead ingrediont,
Formula I

iGar2 Provided are also a use of the polymorphs deseribed herein in the manufacture of
£ r4 &

a drag produet. The

one ar more of the peiymaorphic forms deseribed berein {e.g., one or
maore of polymorphic Forms LI and 1Y) may be used gs an intermediage in the

manufacturing process 1o producs the drug product,

£

{82733 L certain cmbodiments, Forms I of potassian (2,38, 13aR -7 S-dioxo-1 0~

{24, 8-trifluorobsnny Dearbamny!2,3,4,.5,7,9,13, L a-ootshydro-2,5-

methanopyridol 1,274, 8 jpyrazino] 2, $-bif 1.3 joxezepin-8-olate are used in the manufscurs of
an active pharmaceutical ingredient. In certain embodinments, Form § of potassium

{2R, 55, 13287, S-diono- 1 0-((2, 4. 6~ rifluoroheney Nearbamoy)-2,3,4,5,7.9, 13, 1 3z-octahy dro-
2, S-methanopyride] 17,274, STpyracine]2, 1 -bH 1, 3Joxazepio-R-olate ix used in the manufactiurs
of un sctive phiarmacentival ingredient. In ceriain embodiments, Foro 1 of potassium
{ZR,55,13aR}-7.9-dioxo~ 10-{{2,4, 8-kiflucrobenzyljcarbamoyiy-2.3,4,9,7,9.13, 1 3z-octabydro-
2. S-methasopyrido! 1,204, Sipyrazine{2, 1-bl 1, Floxazepin-8-olate is used in the manufacture
of an active pharmaceutical figredient. In certain embodirnents, Form T of porassium
{2R,58,13aR -7, B-dioxo- 10-({2.4,6-ivifluorobeneyTicarbarmceyl)-2,3,4,5,7,9,13, 1 3a-ocishydro-
2, 5-methanopyrido] 1,24, Slpyrazino{2, 1-b} 1, Hoxavepin-8-olate is nsed in the manufacture

uf an active pharmsceutical ingredient.

Articlee of Manufacture and Kits

{02748 Compasitions comprising one or more of the poelymorphic forms described herein
{e.g., one or more of polymorphic Forms I to VIHI of (2R,58,12aR)-8-Hydroxy-7,2-dinso-N-
(2.4, 6-riflcoroberuyt’-2,3.4,5,7,9,13, 1 3s-oeishvdre-2,5-

methanopyridol U274, 5 pyrazine] 2, 1 -0} 1.3 loxazspine- 1 G-carboxamide; polyinorphic Form |
of sodhum (2R, 58, 12aR}-7.9-dioxo~] 8-({2,4,6 -trifluorobenzyljesrbanoy1-2,1,4,5,7,9,13, 1 35

octalydra-2,S-methanopyride{ 1,24, 5 Ipyrazino{2, 1-b]f  3joxazepin-§-olnte; and

polyraorpbic Forms L 11, and 11 of potassium (2R 58,13aR5-7 9linxo-10-{{2,4,6-
srifluorchenzyDoarbamoyi)=2,3,4,5,7,9, 12, 1 3a-octshydroe-2,5-

smethasopyridol 1,24, Sipyragine]2, 1-B1{ 1, 3loxazepin-E-olate) and fornuslated in one or more

L
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phanmaceutically acosptable carriers, excipionis or other ingredients can be prepared, placed

in an eppropriate containes, sud jabe ied for treatment of an indicated condition. Accordingly.
there also is contemplated an article of manufaciure, such 85 a containey comprising a dosage
form of Gas or more of the polvmorphic forms deseribed herein {e.g., one or more of
polymarphic Forms [ to VI of (2R,58,1 30R)-8-Fydroxy-7, 8-dioxo-N-(2,4,6-
wifiworobenzyi)-2,3,4,5,7.9,12,1 3a-octahydra-2, S-methanopyridef 1,204, Sipyrazino{ 2.1+

b1, oxazepine- 1 G-carboxanide; polymorphie Form [ of sodiom (2R, 55,

1 3aRy-7.9-dioxo-
18-((2,4, 6otriflunrobenzy Jearbamayi}-2,3,4,5,7,9,13,1 3e-ostahydro-2,5-
methanopyrido] 1,24, lpyrazinof 2. 1-bil L.3}oxarepin-8-clate; and polymoyphic Forms L I
and U of potassium (ZR.S8,13aR)- 7.8 diono1 -{{2.4,6-trifluorobenzy lcasbarmoyi}
2.3,4,5,7,9,13,1 3a-octshydro-2, S-methanopyrido{ 1,274, 3 jpyrazinol 1, 1-b} 1,3 Joxazepin-2-

olate), aud a label containing nstructions for use of the compound(s),

0781

dasage forro of one or more of the polymorphic forms described hereln {e.g., ose or more of

In some embodiments, the ariicle of manufactwe {3 a container conyrising a
£ £

polymorghic Forms { 1o YU of (28,35, 13aR)-8-Hydroxy-7.9-dioxo-N- (’2 4,6~
triffucrobenzyl}-2,3,4,5,7,9,13,  3a-octahydro-2, S-methanopyrida{ 1214, S pyrarinof2,1-
bif 1,3 onazepine- O~carhozamide; polymorphic Form | of sodium R, 58, 13aR}-7.9-dioxe-

10-{2,4,6-rifluorobenry [jearbamoyvi3-2.3,4,5.7,.5,13,1 3a-octabydre-2,5-

methanopyrido[1.2"4,8jpyrazino{l,1- b}{i Qlonazepin-§-olate; 2ad polymorphic Foms L I,
and I of potasshurn (2R.3G, 132837 8-dioxo- L 02,4, 6-urifluorobeneyr e As‘i}am-:sy{}w

2,3,43,78,13.1 3a«m%tahy(irfs“z,S»ma{?zanapyrid{;{i 1204, 8 pyraninoil, b1, 3loxazepin- 8-
olate), and one or more pharmaceutioally aceeptable carriers, excipients or other ingredients.

in one embodiment of the articles of manvfaciure described horgin, the dosage form isa

tablet.
{0276} Kisg also are contemplated, For example, a kit can comypise s dosage form of

pharmacentical composition and a package insert containing Instrustions for use of the
composition in treatment of a medical condition. The instructions for ase in the kit roay be for
tseating PV, In cortain ombodhnents, the instrucsions for use in the kit may be for teerting
HIV.

03771 tn certain mbodiments, the polymorphic, salt, co-crystal and solvate forms
described herein may potentially exhibit roproved properties. For example. in certain,

smbodiments, the polymorphic, salt, oo-crystal and solvate forms described hereln may

30
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potontially exhibis Improved stability. Sush improved stability could have 2 polentially
beneficial rapact on the mamifasture of'the Compound of Formutas § 11, and/or U1, sach as
for example offering the ability to store process intermediate for extonded periods of ime,
Improved siability could alse potentislly benetit 2 composition or sharmaceutical
compusition of the Compound of Fermulas 1, 11, andfor T In cenain embodiments, the
potymorphic, salt and solvate forms described herein way also potentially result in improved
;«ie?é of the Compound of Formulss §, 1, and/or (), or ptentially result in an im proverent
of the guality of the Cowpouad of Formulas 1, 11, andfor 1 In cerlain embodiments, the
polymorphi, sall and solvate forms describod berein may also exbilit improved

wacokinetic propertics and/or poicntially improved bioavailability.

Formnuda § Form: §

{0278} (28,58, 1 3aR }-B-hvdroxy-7,9-dioko-N-{2,4,5-triflnoro benryi)-2,2,4,3,7,.8,1 3,1 3a
ootalydro-2, S-methanopyridol 1,274, Sipyrazinof2,1-51{ 1, 3]oxazepine- 1 8-carboxamide (73
mg} was added o @ glass vial Isopropanot (1 L) was added, the vial was capped, and the
suspension was stirred at about 21 °C for not lesa than § days. Formula § Form T was isolated

as 4 solid from the suspension by centrifuge/Bifation and charecterized as discussed below.

Formyta f Form i

{6278 {2R,538,13aR-8-hydroxy- 7,5-dloxo-N-{2,4,6-trifvorabenzyi}2,3,4.5,7,9.13,1 32

octabydro-2, S-methanopyridof 1,274, Spyrazino]2, b 1,3 Joxumzepine- 1 f-varboxamide (8§80
mg) was added o0 -« glass vial. Methyl tert-butyt sther {1 mb) was added, the vial was capped,
srd the suspension was stirred of about 21 °C for not tess than 5 days. Formuia I Form I was
isolated a5 a sold fFom the suspension by centrifuge/filtvation and characterized as discussed

balow.

o3

{02841 2R, 58, 13aR - 8-hydroxy-7,9-dirso-N-(3,4,6-wrifluarobenzy)-2,3,4,5,7.9,13. 1 3a-
cctabydro-2, 3-moethasopyridol 1,24, 5 pvrezine{2, 141 3 oxaxepine- | (~carboxamide {98

mg} was susponded in ethanolfwater (1 mi, aw 0.7-6.8) for 3 days with agitation. Formula {
Form 1} was isolated g5 a solid from the suspension by centrifuge/fiitration and characterizad

as discussad below,

o
s
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Formuda § Fovm 58 frozs Compownd Gola

i F

. ’/'\\

{ NSy 8Ty it
N I el m———

}/‘« \{/ o C- P \_,/'*\?. Ty

& o

Campoung Gi-n

D281} A solution of zbout 1546 {wiw) Componnd G-1a (2.5 g Compound 1661} in
swetiylene chioride was concentrated 10 a residue uadey vacsum, LACT (2.6 2. 7 equiv)
followed by M-methyi-Z-pyrrolidone {12.5 mL) was added 1o the resulting residue, The
method of preparing corapound (91-a can be determined by oune skilled on the a, for
sxample, as deseribed in co-psading PCT Serial No. US2013/076367, filed December 19,
2615 eptitled, “POLYCYCLIC-CARBAMOYLPYRIDONE COMPOUNDS AND THEIR
PHARMACEUTICAL LT

approximately 75 °C. after 2.5 hours, the reaction was oonled to appm}d\zmw{y 20 °C,

1. The mixture was heated (0 an interpal temperativs of

Dichloromethane (12.9 mb) and 6.5M hydrochloric acid (12.5 mi) was added, and the
resulting mixtore stirred for 5 minutes, The phases were separated, and the osganic layer was

washed with 10% agqueous sodhun chloride sotution {twice) followsd by water, This solution
was concenirated while gradually sdding 3 vohames of isopropyl alcohol portionwise (30 °C
hath temperature, 200-230 1orr vacuum ). The resulting shurry was sh iowly sooded o 2-4 °C,
The product was filiered and deliguored and dried. Formula T Porm 1T was isciated and

characterized as discussed below,

Formulo ¥ Form I from Formuda ¥

{0282} {3R, 58, 13aR)-8-hydroxy-7.8-dioxe-N-(2,4,6 -tiflsorobenzy)-1,2,4,5,7.9,13, 1 3a-
octabydso-2, S-methanopyridof 1,254, SipyrazinelZ, 1 -4 L, 3loxazepine- 1 -carboxamide
{190mg) and ethanol (0.5 sul.) were added 1o a reaction vessel and seeded with Formula §
Form 1. The shury was allowed to age at room tempcramre for about 18 hours, Formula |
Form HI was isolated as a solist from the suspension by contrifuge/filteation and characterized

as discussed below.
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Forvpda | Form JV

{62831 (2R, 53,13aR)-B-hydrony-7 $~dioxo-N-(2,4,4-trifluorobenry-2,3,4,5,7.9.13, 1 2a-
actahiydro-2,S-methanopyride{ 14,274, S pyrszina] 2, 1-b} 1, 3joxazepineg- 1 0-carboxamide (465
mig) and potasshum acetme {200 my) wers added 10 a glass vial. Methanoi (5 mL) was added,
the vial was capped, and the suspension was stired at about 21 °CL After 11 days the solids

were tsolated from the suspension by ceatrifuge/ffiltration and the flirate remined. Afer slow

evaporation over 16 days, lasge orystals of Pormula | Form IV were found in the Shirate

vessed.

Fermuda I Form V

25.2 g (IR.58, 13aR}-8-hydrory-7,9-dioxe-N-{2,4,6-triflucrobenzyl)-

7.2.13, P 3a-octahydro-2 Semetbanopyridol 1,274, Sipyraxinei2, -5 1,3 Joxazepine- 10
carboxamide (25.2 wog) was mixed with 1.21 grams of water st room tempersiurs, forming &
solution. After several days, crysials suitable for singie erystal Xoray crystallogeaohy were

S

found and analyzed.

Formuli § Form V7

{283} 173 mg of (ZR,38,13aR)-8-hydroxy-7,9-dioxo-N-(2 4, 6-trifluorobenzyly
2.3,4,5,7,9,13,13a-octahydro-2, S-methanopyrido{ V,2'4, S jpyraeino[2, 1-0Y 1 3 jonsrepive-10-
cathoxamide (25.2 mg} was suspended in 2 mi. of methanoVwater solution {2, 6.5). The
suspension waa tiltesed the next day asd several days afier that, ervsiads sultabde for single

erysial X-ray crystallography were found in the {ilivate and snalyzed.

Formula [ ¥orm VI

{O286) 2.3 mg (2R,38,13aR)-8-hydroxy- 7, %-dioke-N-(2, 4 6-trifhwrobenzy}-
2.3,4.5,7,8.13,13s-ootshydro-2, S-methanopyrido] 1,2"4, 5 jpyrazine]2, 1-b]{ 1,3 lokazepine- 10
carboxamide (25.2 mg) suspended in 0.95 grams of methanol of room temperature. A sample
of the suspension was filiered & testing afier severs davs, and several days post-Hleation,

soiids suitable for single crystal X-ray orystalography were found in the filtrate and

analveed.
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Formsda ¥ Foem VI
{02871 5.3 1 (21,58, 1328 )-8-hydroxy-7.9-dioxo-N-(2,4 4-rifiuorcbenzyl)-

2.3,4.5,7.8,13, 1 3a~octah ydro-2 S-methanopyridol 1,244, 8 pyrarinol 2, 1-bi 1,3 loxazepineg- 1O~

carboxamide (25.2 mg) suspended in 80 mil. of methavol st room wmperatire. To the
2 3

a

wixture was slowly added 0,76 grams of KOH dissolved in 26 ok, methanol. Full addition of
KOH solution resolied in a solution. A suspension formed over the course of two days and s
samipie was filtered for testing afler ten days. After sgverai days, soilds suitable for single

crystal Xoray orystaliography were found in the filtrate and analvzed.

Formuia IF Farm ¥

(IR, 38,1 3aR)-8-hydroxy~7 8-dioxo-N-(2, 4.6 -trifluorcbanry)-2,5.4.5.7.9,1 3,1 3a-
oetghydro-2, S-methanopyridef 17,274, S jpyrazino{ 2, 161 1 3loxazepine- 1 S-carbosamide (20 g}
and sthanol (88 ml) were added to a reaction vessel and warmed 6 about 73 °C. Agueous
sodium hydroxide {22 mi 2 M solution) was added over approximately 3¢ minutes, afler
which the shurry was cooled to approximately 20 °C over approximately one hour. Sodium
{2R,58,13aR)-7 9~dioxo-18-{{2,4 $-iriflucrsbenzyoarbamwoy}-2.3,4,5,7,%,13,  3e-~octaliydre
2, 3~methanopyrido] 14,244, 5 pyrazino]2, 1-b][ 1.3 loxazepin-&-olate Form 1 was collecied by

filiration, washed with L0 (8¢ mL) and dried under vacaum.

(02897 tH NMR (400 Mz, DMSO-d6) 3 10.63 (4, F= 5.8 Ha, 1H), 7.88 &5, 11, 7.20 ~
707 (x, 25, 530 (86, T=8.6,3.6 H, 1), 5.00(, I = miu,m;,«;.:x (m, 3
=12.8, 3.6 Hy, 11}, 3.87 (dd, } = 127, £.7 Hz, 15), 2.0% — 1.80 {m, 35D, 1.76-1
1,50 ~ 1.40 {m, VF).

m%

Farmula ¥ Citric deid Co-crysted Form 1

{02963 {2R,5%,13aR)-B-bydroaty -7, 9-dioxo-N-{2.4, 6-uiffaorebenzyi}-2,3,4,5,7,9,13,13a
outahvdro-2, S-methanopyrido] 1,774 Sipyrazino]2, 1-bl ] 3 joxazepine- 1 C-carboxamide (3131
mg) and citre acid (148 mg) were added to a glass vial, Tetrehydrofuran {1 mb) was added,
the vial was capped, and the mixture was stirred at about 21 °C for two days. The vial was
vented and the solvent was silowed to gvaporate at about 21 °C unassisted. After zight weeks
at reom teraperature, crysisls were found In the vessel and werg identified as & 122 Formula |

eitric aeid co-orystal,
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Formwla § Fumearic Acid Co-ervsial Form §

{4391} (IR, 38,1 3aR)-E-hydroxy-7 8-dioxe-N-(2, 4,6 -riflucrobenzyi)-2,3.4,5,7.9, 1 3, 1 3o~
octahydro-2,5-methanopyrido] 1,24, Sjoyrazino{2, 1 -5} 1.3 Josaeepine- 1 -catboxamide {131

mg) and fumaric achd {103 mg) were added 0 & glass vial. Tetrahydrofivan (1 mi) was

added, the visl capped, and the suspension stireed at about 21 °C for two days. An additional

i mib of tetrshydrofuran was added, and the mixiure was heated 1o 43 90, Afer ahout 12

hours 81 48 °C the mixture was {oand 1o be fully dissolved and was removed from the heat
bal

1. The vial was vented, and the solvent fefl {6 evaporate at roont termpersture, After one
day solids were nbserved in the vial and B wos ro-capped. Afler eight weeks lgrge erystsls

He Ll

were found in the capped vial and idemified ag 5 1:1 Formula § fumaric acid co-oryssal,

Forswuia ¥ Oxafic deid Co-crystal Foem F

{02971 {7R,58,13aR)-8-hydrongy-7 S-dioxo~N-{2,4.6-triffuorobeniyly-2,3 4,5.7.9.13, 1 2a~
octalydro-2,5-methanopyride] U204, Stpyrazina{2, 1 -0 1, Moxarepine-16-carboxamide {147
mg) and oxaiic acid (134 mg) were added 1o 2 glass vial, Tewahydroforan {1 mL) was added,
the vial capped, and the sesulting solution was stitred at about 21 °C for about two days. The
essel was vented, and the solvent was allowed o evaporate ai rooin femperature unassisted,
After one day solids were observed in the vial and it was re-cepped. Twe days later large

crysiais were found in the vial and were identified as 5 111 Formula T oxslic acid co~crystal.

Formula X¥ Fovin ¥

f’i’f% 406 mg of (2R,58, 1 3ak)-8-hydroxy-7,9-diexe-NA2 4.6 trifluorobeneyi)-

A4,5.7.9,13,1 3a-o0tabydro-2, S-methanopyridof .21 4,5 Ipyrazino(2, 1-b ¥ 1 3 joxazepine~ 1 6~
carboxamide {232 mg) was combined with 200 mg potassium roetate and 3 mi of tacthan!
at room iemperature, resulting in a suspension. & smnple of the suspsnsion was filtered the

next day for testing. Afier several days, solids sultable for single crystal Xeray

crystaliogrephy were found in the filtrate and analyesd.

§02943 CERIEE 13aR»-R-hydroxy-7.8-dinga-N-(2,4,8-wrifluorcbenzyi2,.3,4,5.7,9,13, 135~
ciahydro-2, 5-methanopyridol 1,24, S pyrazinef2,1-b111, 3jonavepine- H-carboxamdde (1.96
£} was charged 1o a reaction flask and stirred, Sllowed by ctharof (20 m31.). The mixtire was

stirred at room femperature resulting in a suspension. In a separate vesse! potassiom
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hydroxide (253 me) was disselved in delondzed water (5 i), The polassiam hyvdronide
selution was transferred by syringe pump to the sibring suspension over about 2.5 houry
followed by # rinse into the reactor with water {2 mb.) after the base soluticn sransfer was

eompleted.

{02951 A swnpke of aboui .5 mL of the resulting suspension was vengifuge/fiitered. The
fitente was retained and stored al room iemperatire. After several weeks it had evaporated
and the vesssl contained large crystals, which were identified by single x-ray crystallography

I¢;
as Framaolas 31 Form 31

Formule 3 Form I {Oimer}

{02961 94.% mg of (21,38,13aR)-8-hydrowy-7,%-dioxo-N-{2,4,6-&fivorobenzyi}-

%.3,4.5,7,9.13, 1 3z-octmhydro-2, S-ethanopyrido] 1,249, 8 jpyrazinel 2, 1-b ] 1, 31osazeping- 10-

carboxamide (25,7 mg) was suspended in 1 il of acetonitrife/water {1115, After one week 2

sasaple was fltered for testing. Afier several days, s suitgbie for single crvstsl Xray

arvstatlography svere found in the filtrate and apalyzed.

Fornuda I Form !

{02973 A4 il glass vial was charged with 140 mg of (2R38,138R)-&-hydroxy~7,5-
dioxe-N-(2,4,6-trifluorobenzy)-2,3,4,5,7.9,13, 1 3a-octahydro-2,5-
methanopyridol 19,2704, 5 Ipyrazine{2,1-b1] 1 Jloxazepine- 1 f-cagboxamide, and 73 1og of
potassivm phosphiate and 2 ol of methanol. The vial was capped and placed in a miating
mixer to provide gentle and constant miking. The experiment was carvied out at room
temperaturs. More than a week later and more than & mouth later solids were isoiated by
centrifage/filiration and examined by XRPE. Large crysiaks saliable for Single Crystal Horsy

Crostailography were found and anatyzed.

[e2983 The crystalline forms of the present inverntion were characterized by variaus
analytical {echnigues, including X-ray powder diffraction (XRPD), differential scanning
calorimetry (D8C), thermogravimetric analysis (TGA, and dynamde vapor sorpion (DVS)

using the procedures described below.,

{02991 X-Ray Powder Diffracton: XRPD analysis was conducted on a d tor

&6
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{PANanalyticsl XPERT-PRQ, PANanalviizal BV, simelo, Netherlands) vsing copper
radiation (Cu K, & = 1.3418 L), Saroples were prepared for analysis by depositing the
piswdered sample in the conter of an aluminum b‘okk’;r cquipped with 3 zorn background

plate. The generator wae operated at 5 voitage of 45 ¥V and amperage of 40 ma. SHs vsed

were Sclier 8.02 rad,, antiscatter 1.0%, and divergencs. The sample rotation speed was 2 sse,
Seans were performed Fors T to 40° 20 during 15 min with a step size of 8.0167° 28, D
analysis wes performed by X Pert Highscore version 2.2¢ (PANalvtical BV, Almelo,

Netherlands) and X'Pert daty viewer version 1.2d (PANalytical B.Y., Almelo, Ngtheriands).

{03003 The XRPD patters for (2R,58,13aR)-8-hydroxy-7,9-dioxe-N-(2,4,6-

triffvorobenzyi)-2,3.4,5,7,8,13, 1 Ja-octahyvdro-2, S-methanopyride] 1,244, S Ipyrazinof 2, 1-

b33 ovazepine- 1 0-carboxanmide Form s represented in Rigure 1,

[6301} The XRPI) paticrs for {2R,58,13aR)-8-hydrexy-7. 9-dioxo-N{2,4,6-

triftuorobenzyl-2.3.4,3,7.9,13, 1 3a-cctabvdr =~2,5—mctharw;s:,'rk§o{i‘,'.Z 4,

Slpyrazino{2,i-

blf 1, 3joxazepine-10-carhoxamide Form 1 is represented in Figore 2.

{0302 The XRPD patiern {or (2R, 58,13aR -84 _‘;dmxv-?,§«c§ioxo~2\~’»( 2,46~
frifluorobenzyi)-2.3,4.5,7,9,13, | Sa~octahydro-2, S-methanopyride] 1,254,51 ivyrazinoil. i~

LI, Yoxazepine~-10-carboxamide Form 11 is represented in Figure 3.

{6303} The XRPD pattc*’n far (IR, 58,1 3aR-B-hyrdrony -7, S-dicxo-N(2,4,6~
sriftuorabenzyl}-2,3,4,5,7,9,13, 1 3a-cowbydro-2, S-methanopyridai 1,24 & Spyraxinel2,1-

b}{},3}0;2&20;31;)@ii}~-c-arb0.xam ide Form TV is represenied n Pigure 4.

{63641 The XARPD pastemn for sodinmm (2R, 58,13aR)-7,9-dioxo-10-((2, 4.6~

trifuorchenzyDoarhamoy(}-2,3,4.5,7.9,13, 1 3a-octahy dro.2, 5«

methanopyridof 1,214, S ipyrazino{2, 1-v¥{1, 3 Joxazepin-§-vlate Form 1 is represented in Figure
5. The cafeulated XRPD pattern for sodium (2R, 55,1 3aR)-7, 3-diono-10-((2.4,6-
aiftuorobenzyearbamoyi}-2,3,4.5,7,4,13, I3 a~octahydro2, 5-

methanopyrido] 1,274, Slpyrazinoi2,1-b]{ .3 joxazepin-8-olate Form I reprosented in Figure 3
was calcultated by wsing Mercury 3.1 Development (Build RCS). Single crysial data for
,3,7.5,15,13a-

octahydro-2, S-methanopyridof 1,24, Sipyrazine2, 1-b} 1,3 joxaeepin-8-alate Form [ was

sodinnt (28,53, 13887 S-dloxo- 1 0-{{2,4, 6-rifiuorobengycarbamoyi-2, 3.4

input nde Merowry 3.1 Developutent (Build RUS) i caleulate the XRPT pattern for sodium
{2R,58,13aR)-7,8-dlexo-1 0-{(2, 4, 6-riflucrobenzyllcarbamoy-2,3,4,5, 7.8, 13, Dla-octahvdre-

87
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L5

S-methanopyridoe{1,274,5 jpyrazine(2, 1-b1 1,3 Jonazepin-&-olate Form L Bulk materidi,
swch as stolchiometry arity berween the emperature was obizined on a Rigaky Miniflex I
NERD using powsr settings of 40KV, 134, svan spead of 2.000C degrees por minute, &
Riniflex 30/600 goniometer and an ASC-6 attachment, a scan range of 3.600 w© 40.600

dogroes, an ncident st of 1,230 degress, a length Hmdting stit of 10.0 mam, and 5C-76

i alit #1 of 1.230 degress, continuous scan meds, and a receiving slit#2 of
£.3mm, The s&mpie was prepamd by smoeothing about 20 mg of solids on g silivon disk

rnounied fn g metal holder. Acquisition torsperature was ~21 °CL

13aR}-7,9-dioae-10-{{2,4.6-

{03053 The XRPD patarn for sodium (3R, 3

srifluovobenay i._‘;carbamoyii}-z,ﬂ 4,53.7.9,13, 1 3a-ontahydro-d
methanopyridol 1,24, Sipyrazinof2, I-b1f 1, 3joxazcpin-S8-olate Form 1 is further reprosented in
Figure 16, The caleniated XRPD patters for sodium (2R,55,13aR -7, 9-dlogo-1{(2,4,6-
trifiuorobonzy oarbamoyi}-2,3,4,5,7,8,13,1 3a-ootabydro-2,5-

mcthanopyridof 1,244,3 pyrazino{2,1-B] 1,3 joxazepin-8-clate Fanmn | ropresented tn Figure

16 wan cnlouisied by using Mercury 3.1 Development (Build RUS). ‘sz:‘.gk cryatal data for

sodium (2R.$8, 1 3aR)-7,9-dioko- 1 02,4, 8 riflucrobenzyYearbawoyis2,2,4.5,7.8, 13, 1 3a-
octahydes-2,S-methanapyeidof 15,24, Shpyrasine{2, 1-b1 ] ,3}02(&2’.(3;?511*3* ate Fomm { was
juput into Mercury 3.3 Development {Build RCS) 1o caloulate the XRPD pattorn for sodium

{2R, 55,13 a’i{}*‘?,,‘}ﬁiiom}« 10-¢(2,4, 8-4rifluorobenzy Doarhamoy}-2,3,4,5.7,9,13, 1 3a-octahydro

2. 5-methanopyrido £,2":4,Sipyrazine{2, {-bli 1, 3joxezepin-R-olate Form L Buik materiad,
such as stoichiometry arity between the emperature was obtained on a Rigaku Miniflex 11
HRE using power settings of 40KV, 15mA, scan speed of 2.0000 degrees per mimute, a
Minifiex 300/800 goniometer and an ASC-6 attachment, 3 sean range of 30604 to 40,008
degress, an ncident siis of 1250 degress, a longth lionting slit of 10,8 mam, and SC-70
detector, & receiving slit #1 of 1.250 degress, conthmtious sean mnde, and a rereiving slit #2 of
0.3mm, The sarople was prepared by smoothing about 20 g of solids on a siticon disk

mcunted in 2 metal kolder. Acgaisition temperature was ~321 °C,

(03061 Figure 16 compares the calesiated XBPD patiern of sodium (2R.58,13:R)-7.9-
digxo-10-({2,4,5-tiflucrobenzy osrbamoy}-2,3,4,8,7,8,13, 1 3a-octahydro-2,5-

methanopyrido{ 1,274, 5 pyrazino{2 i~b}'{1.3'_§nw:pin—8»oiaie Form I io the experimental
KRPTI pattern of sodivm (2R, 58,13aR -7, 8-dioxe- ({2 4, G-rifluercbenzy Doarbamoyl)-

2,3,4,5,7,9,13,1 2a-cctehydro-2, S-methanopyride{ 1,27 4,5 pyrazinel2, b L oxazepin- 8-

&%
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olate Form 1. The comparison shows the degres to which the calevlated XRED and
experinental XRPD agree. Btrong sgreemens indicates the solved crysial structure is also the

orystal structure of the materis! analyeed directly by XRPD. This detenmination sar support

orthogoral data sbout the sompaosition of the bulk material, such as stoichiometry,
& ! e

{0307} The actual and caleulated XRPD pastern for R 58,13aR) -E-topdroxy7, S-dioxo-
N-{2,4,6-triflsorobenzy}-2,3,4,5,7,9,13, Jla~octanydre-2,5-
methanepyrice] 1,204, Sipyrazino{?, 1-b][1, 3joxazepine- 1 -carboxarride oxalis acid oo-

crysial Form §is represented in Figwre 6.

{0368} Qifferensiad scanrung colorimetry: Thermal properties were evaluated using a

Differential Scanning Calorimerry (D8C) instnureent (T4 Q1000, TA Instruments, New

Casie, DR, USA). Approvimately 110 18 mg of solid sample was placed in 2 standard
shuninum pan vented with a plnbole for cach experiment and hoated at 2 vate of 5 10 10
°C/min vnder 3 30 ml/min nitrogen purge. Dasa anslysis was conducted using Universal
Analysis 2000 Version 4.7A (TA Instruments, New Castle, BE, LISA). Heat of fusion ang} vais

was conductad by stgmoidal integration of the endothermic ma ting pesk.

{0349} The DS for (2R, 55,1 3aR}8-hydroxy-7,9-dose-N-(2,4,6-wiflusrobenzyi}-
2,3,4.5,7.9,13,  Ba-oetahydro-2, 5-moth hasopyridol 1,274, 5 Jpyrazine 2.1 -0} 1, A oxazepine- 10

carboxarside Form 1 s represented in Figure 7.

114 The DT for (2R,58, 1 3aR)-8-bydrony -7, 9-doxo-N-{2,4,6-iri fluorobe Tyl

2.3,4,5,7,9,13, 1 3a-octahydro-2, S-methunepyrido 1,244, 5 Jpyrazino[2, b Slonazepine- 10~

3.

caghoxamide Form {31 is represented in Figure §

f0311} The DSC for sodivm (2R,58,13aR)-7,9-dioxo-10-(2,4,5-
uiflumobenzyearbameyi)-2,3.4,5,7.9,13,1 3a-ociabydro-2, S«

methanopyridof{l’, 24, SToyrazino]{2,1-b) 1, ¥ joxazepin-B-nlate Form I is reprosonted in Figure
{03323 Thermogravimerric onalysis: Thermogravimetric analysis {TGA) was performed
on 8 TGA fostrument {TA Q383, TA Insiruments, New Castle, DE, USA). Approximately 1 to
16 mg of solid sampie was placed in an open aluminsm pan for sach experiment and heated
at a rale of 5 1o 18 *Clymis under 3 60 mi/min nilrogen purae using. Date analysis was

conducted using Universal Analysis 2000 Version 4.7A (TA Instruments, New Castle, DE,

89
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he TOA for {2R,38, 13aR)-8-hydroxy-7,9-dioxc-N-(2,4,6-triflucrcbenzy )~
2.3,4,5,7.%,13,13s-cotahydro-2, S-methanopyridol 1 274, 5pyrazinol 2, 1-b1{ 1,3 joxazepive-10-

carboxarside Form | {5 ropresented in Figure 18,

f03 141 The TGA for 2R, 58,13aR)-B-hy( smy—?‘, Qeioxe-N-{2 4, 6-trifisorobenzy -
2,3,4,5,7.%.13, 1 Ja-cotahiydro-2 S-methanopyride 1,254, 8 Ipyrazino{2, 1-6}{ 1,3 joxazepine- 18-

carboxamide Form 1Y is represented in Figure 11

103153 The TGA for sodium (2R,58,13aR}-7,9-dioxo-16-{{(2.4,6~
triffuorobeneyloarbamoyi}-2,3,4,5.7.9, 1 3. 3a-ocishydro-2.5-

~t

muthanoyridol 14,244, Slpyrazino{ 2, 1-b}{ 1,3 Joxrsepin-8-clate Form 1 is represented in Figure

P

k7]
1L,

F3516] Dymemic vapor sorpticn: The hygroscopiclty was evatuaied al room tewperature
using g dynamic vapor sarption (DY) nstrement (TGA Q5000 TA Instruments, New Castle,
DB}, Water adsomption and desorption were studied as a function of relative humidity (RE)
over the range of § 1o 90% at 25 °C. The relative humidity in the chamber was increascd by
10% K3 and held until the so Hid and aimospbere reached squilibration. The equilibrium test

s continned until passed or oxpired affer 5 or 16 hours. At this point, RH was ralsed 10%
higher and the prosess was repeated urall 80%% RH was reached and equilibrated. Duaring this
pesiod, the water sorption was monitored. For desorptivn, the relative humidity was
deereasad in # stmilar manner 1o messure a full sorption/dssorption cyele, The cycle was
optionally repeated. Al experiments were operated in dor/dt mode (mass variation over time)}
to determine the equilibration endpoint. Approximately 5-10 mg of solid was used. Data
analysis wis conducted using Universal Analysis 2000 Version .74 (TA Instruments, Maw
Castle, D, USA3.

10317} The DVS for R S8, 1 3aR)-8-hydroxy-7,9-doxo-N-(2,4,6-triffucrobenzyl}-

2,3,4,5,7.9,13, 1 3a-octabydro-2, S-methasopyridol 1,24, 5 fpyrazinel2, 1-bi{ 1,3 joxarepine-10-

varboxamide Form 1 is represented in Figure 13

i0318] The DVA for (2R,38,13aRk0~-8-hydroxy-7,9-dioxo-N-(2,4,6-triluorobenzyl)-
2,3,4.5,7,9,13,1 3a-octabydro-2,S-methasopyrida] 1,244, S pvrazinol2, 1-bi{ 1.3 Joxazepine- 10

sarboxamide Form HH s represented in Figure 14,

20
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{0318]  The DVS for sodhum 258, 130R)-7.5-dioxe-10-{(2,4,6-
wrifluorchenzylicarbamoy}2,3,4.5,7.9, 13,  3a-ocsahydro-2, S

methanopyridal 1,204, Spyrarinof2, 1-6}{1,3Joxazepin-8-clate Form ¥ is represented in Flgur
is.

F0324) The single crystal ¥oray diffraction studies were carried out on 2 Bruker APEX 11
Ultra diffrectonsetar squippesd with Mo K radiation {e.g. Wavelengih). Crystals of the

subject compound wers cut into a 6.22 x 0,18 ¥ 0.4 mun section and mounted on 2 O ryoloop

with Pavatone-N oil. Data wers enflected in a nitrogen gas strenm at a particuier temparature
as shown in the Tables below {e.g 100{2) K or 208(2) K3 A totel number of reflections were
63, Corials

reflections were foond to be symmetry independent, with a R, value. indexing and unit-cell

nollected covering the indives, {e.g. -G<=h<m1Q, -1 3wmban 1§, 370l

refinement indicated g orystal svstem {2,z monodhinic, trickinic, or orthorhombic tattice). The
spaee group, which was uniquely defiuad by the systematic absences iy the dats, was found
{e.g. P1, P203), C2, and P21212), The data were integrated nsing the Broker SAINT software
d s

program and scalod using the SADAERS softwars program. Suiution by dircct methads

{SHELXT} produced a comyplete phasing model compatible with the proposed stuoture,

(G321} All nonhydrogen stoms were refined anisaivopicaily by feil-matrix least-squares

(SHELNL-2014). Al hydrogen atoms were placed using 3 riding model. Their positions ware

2

constrained relative to their pareni atom using the approvriate HFIX command in SHELXL-
2034, Crystallographic data are summarized i tables below. The absolute stereochemisivy

was 501 te onform to previously studied samples of e same compound.

103221 The single crysial Xeray crystallography data for Fonouds T Porms 1.1V are
summarzed in Table 24 below. The single crvstal Xeray crvstaliography data for Formuls
Forms V-¥1il are summarized in Table 241 below. The indexing dats for Formula I Form |
is sumarized In Teble 2C below. The siogle crystal Xoray cxysiallography data for the co-
arysials of the present inventios summarized in Table 2C below. The single crystal X-ray
crystatiography data for Formula T Forms 1117 is summarized in Table 2D-1 below. Data
from further characterization of the grywtals are summarized in Tahles 3A and 38 below, Data
from farther sharscierization of the orystals are glso summarized in Tables 34-] and 30

below.
Table 2A: Single Crystal Data for Forpmula I Forms | — 1V and Formata U Sorm §

91
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Table 24-1: Single Crystal Data for Formada ¥ Formus V- VI

] Unnig C&ll Dimencicny A
Fouvn and b Solvent | Dendity
3 ; e (A e (7
Ideauficanon SOlESTt misttice | (giomh r‘?’w’“ A e
[ b [ o 8 v
Formula } f’i 54953 | 2,726 12853 95{.2}’ 108 477 100,48
Vorm V waer rgie 1.5873 (s p %) ' S k4 @ 4
water S {13) ey Kk (4)
8.5
wsie
Formula i Sl e weler i2518 et 16.606
Fom i | wlaRolwae 3 T 1545 g [ A s 90 4o
! moie 5y g &)
methana
1
Tomesial 1.08
15685 | 25098
Foivn VIE methanol wole 1.468 o “’,'6,8 "7"":(' St} 20
R [§35) {8) {10y
Formula ¥ §0.324 .78 e -
Foua VTG eathasal Nose | 1560 2 s FRAE Y g | TS I yp
Ji s 1) (8}
{18 {37} 4 7

Tabde 2B: Indexing Data for Foroula 1 Forme 1

Uil Celf Dimensions

Form and
b Solvant Pasisnce (4 nole (0
jdsntificabon | 0 siance (A) Angie (%)

8 = %

o
[~

L]

=

Formuia 11 T
Form ] wethans

) 3.165 13.986 11,384 93 ¢ 4G
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{63231 The single crystal Koray crystaliography dada for Formuia I Form 1 fs summarized
in Table ZB-1 below.

Tuble 28-: Singie Crvstal Da for Formude I, Form §

reEiiER. | v zZ Unit Celi Dimensions
47 H34 F6 06 Temp. Group |
Wal2 (i ey i o N
1 K 2212121 4 Distanue (A} Angle
LA g
Form and Solvest in | Density
ok Solvent " gy a b 3 o i By
{dentification lattice { My
Formuyia {1 . 89351 § E3.8202 | 3111 .
Bshl Bihanol/DIMF | none 1614 | o0 8202 | SLIS Togio0 |50
form b {35 {i4) (€]
TFablie 3C: Single Crvstal Data for Formula § Co-Crystals
Vit Cell Dinenstons
Form end FI:::'!SI Soivent PR © Distance {A) Axgle (%
YHestificatio B Solvent | m lattee L X
3 L (8u0) (ieim)
cotosmer ‘ a b g U 3 v
Formuda i 8
[ . 76,83
Cierie Acid - - . o 74315 | R5.S75 1 18685 | 88 | TrEW :
e 37 THE Waese £.608 ) S 6% & 0% £ 02) o /;
S 26767 | 82513 | 24080 39 283
5 THF 0.378 1503 o Ao RS o U 20
Py (3} (143 ) )]
Pormule }
Tnulie Acid . fa - 38563 | o1asny | jesTs | 10126 2
ity ist LI THY Name £.6584 e 7053 PRI 40 D 55
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Teble 2D3-1. Single Crysial Data for Formule 13, Forms 1-111

m Lingt Ol Dimgnsions
Distance {A) Angle (%)
Yoim and - Dymasty ;
Yisfication Sehvent Mg j, a h € o B Y
Fopple (1 13 0400
Form ] Ettmnliwator 1458 e ‘)" 10.2935(4) | 154891 (73 | so 80 | s
Formuin IIf —. N T
Formiy | Acdtesitlefvae L g $20085 1 a9 1*(';‘_5?’ 9 | so | vp
Farmusia 38 2021 1268 B 82L
Form 111 Methagol 1.422 ER412(3) 30.8837 ¢4 13.0107 (%) | 626 43 942
a0 | @ o

Yable 3A: Crystal Data and Swucture Refinement for Formula | Forms I~V

Formala | Foamala 1 ! Formula | Formuta 1
Froperty Yorem 1 Form li ! Form 1D Form IV
Empirica R )
Gy HgFaM:0 CaitigasF3NaOs gz CondligFaNaly Callisalatals e
formula
Farmula weight 149,18 451.64 449.38 461.46
Temperature 100023 5. XK PG K 10002 X
Waveicngh P.5417R A 071073 A 154178 A L¥I7TE A
Crysta) system Monoclinie Moosclinic Monoolinie Monociivic
Space group PAL P2(1) P2(1) <2 §
Yolumne 1855.44(12) A% 19513 A° 3284.9(8) A® 6177.3(7) AS
4 4 4 & 12
Density . 5 5 2 .
1609 gfom’ 1.537 Mg 1.837g/em” 148473
{calcnlated)
a3
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Tabie 34-11 Crystal Data and Strusture Refin

Gnemment for Fornula }

I Forms ¥V — ¥IH
] Formula T Formula Farmala 1 Formula T
Property Form ¥ Form Vi Form MU Form Vil e
Empirical o L .
CaiHogF Nz 055 Cap stiagFalNsQg Ty el 150N3304 00 CoitlsbaN, 05
formuls
Formula weight 459.40 473,40 466.72 446.38
Temperatoure W00 K OB K 1O K O K
Wavelemnh 671073 A 1.54178 A 0.71073 A 0.71072 A
LCryatal system Triclinic Monoelinic Monociinic Monoctinic
Space group P2 PA1) P2ty G2
Volure 370.18{14) A? 2035.03(10) A? 12666083 At i914.5(6) A3
7 2 & 24 4
Bensity 3 A . 3
) 3 1573 Mg/ 1345 Ma/m {.468 Mg/im” 1.560 Mg/m
{catculated)

Table 38: Crystal Datz and Structure Refinement for Form

wla § Co-Crysials
Formula [ Forraala
Propery | Ciic Al spicryo | TomeoAddor | Onali Acdoo
Empirnicy} formula a3tz PN Oy CoasetlasfaNsOoae CanHaaF Oy
Farmnta weight 833,63 592,49 539.42
Temperature WHEH K 100(2 K 1S6{Y K
Wavelength 071073 A Q71073 A 73073 A
Crystal system Triclinic Monoclinic Monoclinic
Space group Pi C2 B2(1}
Volume 17219 A7 5237.9(16) A1 2231 95014 A
Z 3 8 4
Density ; 3 .
i 1.608% Mgim® 1.503 Mg/’ 1.604 glond’
{calcuinted)
96
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Table 3C-1: Crystal Data aud Struvtume Refinement for Formula I Forn §, Fosmula 1[I

Formg I {Dimer), and Formula i, Form 1

Formwle 11 Formae 141 Formule 11
Progety Iomal Form 11 Form {1
piricel formula CriFyeF KNG s Caatlad sWaoNtD s o CagHn KN, 04
Formula seight S$7547 133883 848,94
Tenperaturs HIX K A K 102y X
Wavelength U.71073 A 871072 A 2.71073 A
CTryutal system Orthorhonsbic Lrizoriombic

Bemez group PZiziz PELAL S P
Volure 5181.9(4) A? $126.8(6) A 1230.86 (§) &7
4 8§ 4 L
R 1.498 Mgy 1.336 Mg {A8S M
(calculstedy 2 1483 Mgie

[3324% In certain emabodiments of the inveation, Formagiz 31 is bydrated. In certain

embodiments, Formula 11 s bydrated with five Lo six water molecules.

43253 Hach of the references including s} patents, patens applications and publications
cited in the present application is incorporated herein by reference in its entirety, 25 if each of
them is individuaily incorporatad. Farther, 3t wouid be appreciated that, in the above teaching
of Invention, the skilled in the art could make certain shanges or modifications to the
tnvention, avd these equivalents would siitl be within the scope of the invention defined by
the appended claims of the application. Each of the references including s patents, patent
apphications and publications cited in the present application is incorporated herein by
reference in its entivety, #s if each of them is individually incorporated. Furthes, 18 would he
appreciated that, in the sbove t2acking of invention, the skilled in the art could make certain
changes or modifications to the nvention, asd these equivalents would sull be within the

scope of the invention defined by the appended claims of the application.
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What is Claimed:
it A compound sslected from the group vonsisting off

(2R,5%,12aR -8 Hydroxy-7,3-dioxoN-{1, 4 4-teifluorobenzy}-2,3,4.5,7,8,13,1 38
octahydro-2, S-methanopyrido{ 1,274, S lpyrazine{2, 1-hi{1, Yoxarepine-1 0-

carboxamide Form I,

{2R,58,13aR)-8-Flydraxy-7,5-dioxe-N-{Z,4,6-irifluorcbenzyl}-2,3,4,5,7,9.13,13a-

actabydeo-2. 3-methanopyrido] 1,214, 5 pyrazino{2,1-b1{ 1,3 Joxazepine-106-

carhoxamide Form i

{2R,$8,12aR}-8-FHydroxy-7,9-dioxo-N-{24,8-triflucrobenzyi-2,3,4.5,7,9.1 3, Le-

ociahyidro-2,5-methanopyride] 1,244, Sjpyrazinol 2, L-51{ 1,3 Joxazepine- 10~

carboxamide Form I

(2R 58,13aR}-8-Hydroxy-7,$-dloxo-N-2, 4. 6-wriflnorabenzyl}-2.3,4,5,7.8,1 3,1 3a-

yrazinei2.1-6i

3

1. Yoxazepine-10-

octahydroeZ, S-methanopyridoil

carhoxarside Form 1Y

{ZR.38, 1 3ak)-¢-Hydroxy-7,8-dioxo-N ~(2,4 Striflucrobenzy)-2,3,4,5,7.9,13, 132~
setahydro-2,S-methanopyrido] 15,24, 5 Jpyrazinol2, 1-b 1 3loxazepine-10-
carboxamide Form Y3

2R, 55,13aR }-8-Hydroxy-7,9-dioxe-N-(2.4, 6-trifluorobensy(}-2,3,4,5,7.9,13, 132
octahydro-2,5-methanopyridol 1,24 5 pyrazinol{2,1-5]{ 1, 3 foxarepine- 106~

carboxamide Forrm Vi
(21,58, 1 38R B-Fydrory-7,8-dioxo-N-{2,4, 6-triftoorobenzyl}-2,3.4,5,7.9,13,1 32

octahydra-2, S-methanopyride] 1,244, 8jpyrazinol2, L-]{ 1,3 jorazepive-1 G~

carboxarzide Forme VI

98
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(IR,38, 13aRy-8-Hydroxy- 7. 9-dioko-No(2,4, 6-1rithuorobenzyl}-2,3,4,5,7,9.13, 1 3a-
csabiydro-2,8-methanopyridof 1,244, Sipyrezingi 2, 1-b 1,3 joxazepine- 10~

carboxamide Form VI

QR 58,1 2aR}-8-Hydroxy-7,9-diono-N-{2,4 8-triffnorobenyyly-2,3,4,5.7,8,13,13
octahydro-2,S-methanopyridof .24, 5 jpyrazino[2, L-bH 1,3 Joxazepine- 10

carboxamide famaric acid co-crvstal;

{2R, 58,1 3aR}-8-H ’di’OXV-";.f;‘-di(?;\‘{)—N~-{2.‘§\t’;-ﬁ‘iﬁi?otk_‘:bﬁ‘ﬂzvi\ﬂz 3,4.5,7.9,13,13s-
& 2 sy, sfrFs

ootahydro-2,Samethanopyride] 1,214, 8 ipyrazino{2,1-b][ 1,3 foxazeple-10-

sarboxanide sitric acid so<crystal;

(2R,55,13aR-8-Hydroxy-7,8-doxe-N-{Z,4 6-trifluorobenzyly-2,1,4,5,7.9,13. 1 35~
ovciahydro-2,3-methanopyridof 1,244, S pyrazinol 2, 1-b1 1 3loxazepine- 10-

carhoxamide oxalic actd co-crysal;

mri;assium {2R,58, 13aR}3-7 B-dtoxo-10-({2,4 6-triflacrobenryi)earbamoyij-
2.3,4.5,7.9.13, 3a~cctahydro-2, S-methanopyndoe[ 1,24, S Ipyrazine[2,1-
bH L3 losazepin-R-olate Porm 1

potassium (2R, 58, 13aR}-7,.9-dioxo- 10-((2, 4 S-trifluorobenzyhoarbamay) -
2.3,4,5,7,8,13,13a-o0ctshydro-2, S-methunopyrido{ 1,204, Yipyrazine{2, 1 -

Bl L 3loxazepin-B-olate Form 3; and

pntassi wn (2R,58, 13aR -7, S-dioxo-10-{(2,4,8-Irifluorobenzylicarbanovi)-
2,3,4,5,7,9,13.13a-cctahydro-2, 5-methanopyrido] 1,24, Spyrazinel2, 1~

i 1,3 exazepin-8-otate Form HIL

R
A

5

% orystalline foon of (2RSS, ‘1%aR)vSth'dmxv—’f,?-ziioxo»’s‘i‘-{l@,ﬁ-tf‘%ﬁu&r{)beﬁl\;@}»
2.3.4,5,7 9,133 Sc-mmbvdm»? Seomethanopyridol U274, Sipyraeino]2, 1 -b} L3 Joxavepine- 10-

carboxsmide, whorein the crystalline foro is Form 1

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
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3. The crystalting form of claim 2, characlerized by an x-ray powder difftaction (IR

patters having peaks at abost §3.1°, 16.2°, and 20.6° 2.6 £ 6.2 29

4. The orvstaliine form of clelm 3, wherein the w-ray powder diffraction {XRPD) pattera

has further peaks o 2bout 23.8° and 27.4° 2-8 5: $.2° 2-6.
¢

(¥

The crvatalline form of slaim 3 cr 4, whersin the x-ray powder diffisction (XRFD)

patiern has further poaks af about 8.3 and 10,99 2.8 §.2° 2-6.

&. The erystaliine form of any one of claims 3 to 4, wherein the x-ray powder diffraction

1.49, 13.9°, 17.4°% and 223° 2-8 £ (2% 2-G,

{XRED) pattern has Huther peaks at about

7 The crystalline form of any one of claims 3 to 8, characierized by an x-1ay powder

diffraction (XEFD) pattern substaniiaily as set forflin Figure

g, ‘the crvstaliine form of any one of vlaims 3 to 7, characterized by differential

seanning calorimetry (OSC) patiern subsiantially as set fosth in Figure 7.

3. The crystalline fors of any one of clabvs 3 to 8, charasterized by a dynamic vapor
sorption (IYVS) patters substantiafly as sct forth in figure 13
{0 A erystaliine form of (2R,58.13ak)-8-hydrogy-7 5-dioge-N-(2,4.6-trifleorobenzyly-

,4,5.7.8,13, 1 3a~0ctohydro-2, S-methanopyride{1,2:4,5 Ipyrazino]2, 1 -] 1, 3 lovazepine- 10~

carboxamide, wherein the orystaliine form Is Form IL

it The crystalline form of clsim 10, charscterized by an x-ray powder &

{XRPL) pattern having peaks at about 6.6°, 14.6°%, and 12.57 2-8 £ 0.37 2-8

12. The crystalline form of claim 13, whergin the x-rey powder diffraction ({RPID}
pattern has further peaks at sbout 16.2° aed 214° 2-6£0.2°2-0.

13, The orystaliine form of any one of claims 11 or 12, whereln the x-ray powder

diffeaction (CRPD) pattern has forther poaks at abont 14.3%, 23.5°, and 23.6° 2-04 Q.27 2-0.

108
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14, ‘The srystatiine form of any one of cleims 10 te 13, characterized by ay xray powder

diffraction (XRED) pattern substantialiy as set fordh in Flauwre 2.
SRY 2

NS . A orystalline forrn of (2R,$8,13aR)-8-hydroxy-7,9-dlaxo-N-{2,4,6-rifloorobenzy -
2,3.4,5.7.5,15,1 Ra~ootahydro-2, S-methanopyeidol 1,214, 5 loyrazino{ 2. 1-6H 1,3 joxaze epine-~10-

carboxamide, wherein the erysialline form is Fom 11

3 The orystailine form of elalm S, characterized by a8 xeray nowder diffraction
{(XRFD) pativrn having peaks ut about 9.6°, 14.9° and 18.5° 2.8 2 ¢.2°
17. The crystalline form of clebm 16, wherein the w-rav powder diffraction (XRPD)

patiern has further peaks ot about 20.0° and 22.5° 2.8 £ 0.2° 2.9,

18, The vrystaliine form of claim 16 or 17, wherein the xwray powder diffraction (XRPD)

paftern has firther peaks at about 12.1% and 16.2° 2.0 £ 2% 2.6,

39, Yhe crystaliine form of any ons of claims {6 to 18, wherein the x-ray powdar

diffraction {XRPD)} patiern hes further peaks st sbout 23.0% 27.0%, and 29.0% 3.0 4 (.2° 3-8,

4. The crystatiine form of any one of clafms 15 t 19, cheracterized by an %-ray powder

diffraction ({RPEY) patiewn substarsially as set forth in Figure 3

21, The crystaliine form of any onc of elaims 15 to 20, characterized by differential

scauning valorimetzy (DS8C) pattern substantally as set forth in Figure &,

22, The crysialtine form of any one of claims 15 to 21, characterized by 2 dynamic vapor

sorpiion (DY) partern substantiaily as set forth in Figure 14,

23, A erystaitine form of (2R, 38,1 3aR)-&-hydroxy-7,9-dioxo-N-{2.4,6-trifluorobenzyl)-
2,3.4,5,7.8,13,1 3s-octmhydro-2, 5 -methanopyridof 1,274, 5 Tpyrazino}2, 1-b 1 1, Sloxazepine-10-

carboxmnide, wherein the erysutline fonm i Form V.
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~

24, The orystatline form of clalm 23, characierized by an x-ray powder dilfraction

{XRPD) pattorn having pesks at about §2°, 16.3%, and 22.3° 2-84: 0.27 2.8,

The orvstaliing form of claim 24, whorein the x-rgy powder diffraction (XRPDY

b

s further peaks af sbout 22.7° and 23.8° 2-6 £ 0.2° 2-0.

25,

pattem ha

26, The erystailine form of clabm 24 or 28, wherein the wwray powder diffizction {XRPDY)

patiern has furthor peaks at about 8.6% and 132°2-8 2 3.2° 2.8,

27 Yhe crystaliine form of any one of claims 24 {o 26, wherein the X-ray powder
diffraction (XRPD) pattern bas further peaks st sbouwt 18.7°, 20.0°, and 27.7° 2.0 4 0.2° 2.8,
28. The erysialilne form of asy one ot clairs 23 to 27, charzcterized by an x-ray powder

diffraction (XRPD) pattera substantislly as set forth in Figue 4

e, A orystailine form of (2R, S5,13aR)-8-hydroxy-7.9-dioxo-N-{2,4, 6-wiflucrobenzyl}-
2.3.4,5.7,9,13,  Ja~octabydro-2, S~methanopyridol U274, Sipyrazine 2, L-el{ L3 loxazepine- 16+

sarboxamide, wherein the crystalline form is Forn V.

36. A crysialline fom of (IR,58,13aR)-8-hydroxy-7 9-dioxo-N-{7,4,6-ui{}

worubeneyip
2,3,4,5,7.9,13,1 3a~potahydro-3, 3-methanopyride] V.24, S lpyrazine{2, 1 -b i 1, 3 josazepine-10-

carboramide, whorein the orystalling form is Form Vi

iy A erystaliine form of (2R, 35,13aR)-&-hydroxy-7,9-dioxo-N-{2.4, 6-trifluorobenegy )«
2.3,4.5,7.9.13,1 3a-0atahvdro-2, S-nethanopyrido] 1,274, Sloyrazino[2,1 -5l 1. 3loxuzepine-1 G-
carboxamide, whereis the orvstalline form is Forn VI

R D3 A crysialiine form of (3R,58,13aR3-R-hydeoxy-7,9-dioxo-N-{2,4,6-wifucrobenzyl}-
2.2,4.5,7,9.13,1 2a-octahydro-2, S-methanopyrida] 1,244, 3 tpyrazinoi2, 1-bjf 1, 3joxazepine- 18~
carboxamide, wherein the crvstaliine form is Form VIIL33, A crystalline form of
£2R,58,13aR-B-fivdrony-7,9-dioko-M-(2.4,6-wrifloorabenayi}-2,3.4,5,7 9,13, Daoctehydio-

2. 5-methacopyridel 1,24, 5 lpyrazino{2, 1-blf 1, 3 joxasepine- O~carboxamide oxalic actd oo-

crystal,

[
e
(]
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Uhe erystalime form of

aim 32, characterized by an x-ray powder diffra:
{XRPD) patiern having pesks af about 14.5°% 17.1°, and 19.1° 2.8 5 §.27 2.4,
34. ke

ciion
crvstaltine §

&4 .

The ory
pattern has

n of claim 34, wherein the x-ray powder diffrasti:
pattern has Sorther peaks 02 about 21.8% and 26.5°2-8% 0

o {XRB
2% 2-9.
rijier peakys ab about 7.6° and ©.1

dine form of claim 33 or 34, whereln the gray pow
v 28k

36.

wder ditfraction (XRPIY)
$.2° 249,

the crysialline forn of any one of clabms | 35

diffraction (XRPD) pattern bas further peaks at

33038

~

5, whevetn the X-ray powder
abouy 11.69 28.7

¢, arsd 35.4° 2-84: 0.2 2.8
The erystatiine forvo of any one of claims 32 to 36, characterized by an x-rav powdes
"7

action (XRPDY) pattern sebstantially as ser {orth in Figore 6

sniprising a theraper

A pharmaceutical compesition ¢
forms of any one o clalms 1 0 37 and o pharmaceutically acceptable carrier or excipt
3% 3

b

utically effective amount of the

fhe pharmacestics! compasition of claim 38, further cornprising one w thres
additional therapeniic agents

48, The pharmaceutical composition of claim 39, whereln the additional therapeatic
agents are cach anti-FRV dngys

41, The phamoaceutical composition

claim 39 or claim 40, wherein the additions!
therapeusic agats are vach independently selected from the grou consisting of HIV protease
P

inkibitors, HIV nog-nucteoside inhibitors of reverse transcriptase, HIV aucleoside mhibitors
of reverse transoviptase, HIV nucleotide inhibitors of reverse transeriplase, am
for treating HIV.

42,

ther drugs
The pharmaceutizal compe

on of any one of claims 3% to 41, wherein a e WO
of the additicnal therapeutic agents are sach HIV nucieotide or nucieoside inhibitors o
serse fransiripiase,
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3

X ‘he pharmaceutical composition of claito 38, futher comprising tenofovir disoproxil

»

Tuwmarate and emiriciiabipe.

he pharmacautical composition of claim 38, further comprising tenafovir

S 8

i

atufenamide and emivisitabine,

45 The pharmaceutioal sompasition of elaim 38, furtber comprising tenofovi

alafenamide hemitimarate and emiricabine.

44, The pharmaceutical composition of any one of slaims 38 to 45, wherein the

pharmaceutical compnsition 1§ s a unit dosage form.

&7, The pharmacentical composition of claim 46, wherein the usit dosage form is 2 tablet.
48, A pharmacoutical compusition prepared by combiaing » therapsutically effective
amount of a form of any one of claims | 0 37 with a pharmacontically acceptable camier or

exeipicnt.

49, ties of & form of any one of clafms 1 to 37 for wroating or prophylactically preventing

an HIV infection.

6. Use of a form of any ane of clalms 1 to 37 for the manufaciuee of a medicament for

troating or prophylactically preventing si HIV infection.

$1, A form of any ong of claims 1 1o 37 for use in z method for weating or

srophyviactically preventing an HIV infection,

32, 4 reethod for treating or prophylactically preventing ap HIV infection in 2 human in

o
R

need thereof, compris administering o the human a thorapeutically effective amount of a

form of any one of claims 110 37,
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Abstract: The present Invention relates 1o sodium  (2R,58,134R)-7,9-dioxo- 10
p

[l

-((2,4,6-trilluorobenzyl)carbamoyt)-

2,3,4,5.7.9.13, B3a-octabydro-2,5-methanopyridof 1%,2:4,5] pyrazino{2,1-b][1,3Joxzepiu-8-olute Form 1.
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SQDRUM {"’R 58, 13AR7.S-DIONO- 1 -((2,4,6-TRIFLUOROBENZ YL YCARBAMOVL)-
34572, 05, 3A-OCTARYDRO-2,5-METHANCSP Y RIDOH T4 STPYRATINGIZ 1
S IOXKAZERIN-B-OLATE

CROSS REFERENCE T RELATED APPLICATIONS

{00013 This application claims priority to and the benefit onder 35 1.8.C. o
U8, Provisional Pateat Application Serial Na. 62/015,245, filed June 20, 2614, the disclosurs

:

of which s hereby Ireorporated by reference in its entirety

Hilss: The precent Invention rejates to sodium (2R,$8,13aR)-7,9-dioxo- i0-{(2.4,6-
+ T A 3

wiffuorobenryloarbarnoyis-2,3,4,5,7,5.13.1 3a-0 clahydro-d, 5.

methanopyeidol 1,274, Spyrazino|2, 1-bH 1 3 loxarepin-S-oiate, the crvstaliine forms, the

pharmacentios) formulations, and the therapewtic uses thereof
BACKGROUND

10003} Human immusodeficisnoy vins infection and related disesses are o major

public beaits problen: worldwide, Human mmusodoticiensy virus type (EV-1} encodes

three enzymes which are required for viral replication: reverse fransoripiase, protesss, ansd
integrase. Although drugs targeting reverse usariplase and protease are in wide usy and

have shown effectivenesy, particularly when emploved in combisation, toxichy and

it v::ioprrscm of resistant strains bave lmited their useiuiness (Paleliy, ¢t al. N Engl. 7 Med

199%) 338:853--860: Richman, . D. Natwre (2001) 410:005-1001},

{06043 A goal of stivetroviral therapy is to ackieve virs! suppression in the HIV

infected paticnt. Treatmoent guidelines published by the Usied States Depsrtment of Health

sd Muman Services provide shat achievemernst of viral suppression requives she use of

corabination therapies, Le., several drugs from al least two or more drog classes. In addition,

denisions regasding the treatment of HIV infected patienss are complicated whes the pationt
requires treatinent for other medica! conditions. Because the standard of care requires i use

of srwttiple different drags 1o suppress YV, as weli 85 to frest other conditions the pazient

may he cxpsz'icncmg, the potential for drug interaction is a eriterion for selection of a drug

regimen. As such, there is a need for antivetrovival therapies having 1 decreased potential for
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drug interaciions.

{0GO5} As discussed in co-pending spplication Linited States Serial Mo, 14/133,855,
filed Dacorober 19, 2013 emtitled “POLYCYCLIC- CARBAMOYLPYRIDONE
COMPGUNDS ANDY THEIR PHARMACEUTICAL USE™, (3R.58,13aR-8-hydroxy-7,9-

dioxe-N~{2,4,6-rifoorobenzy1)-2,3,4,5,7,8.13. 1 3a-octahydre-2,5-

methanopyridef 1,274, S lpyrazino{2, 1-b}{ 1.3 Joxazepine- [U-carboxamide demonsirates anti-
viral activity. As discussed in co-pending application POT Serial Mo, USI0I3/078367, filed
Diecember 14, 2013 entitled “POLYCYCLIC-CARBAMOYLPYRIDONE COMPOUNDS

AND THEIR FHARMACEUTICAL USE™, (2R.58,13aR}-8-hydroxy-7,9~dioxo-N-(2,4,6-
griflucrobenzyiy2,3,4,3,7.9,13, 1 3a-cctahydro-2, S-methanopyrido{ 1,214, Smyrazino{2, -

B 1 3joxarepine-1(-carthoxamide demonstrates anti-vival activily,

100061 (2R,5R, 13a)-8-hydroxny -7, 9-dioxo-N-(2,4,6-triflucrobenzyl-

2,3,4,3,7,9,13, 1 3a-octahydeo-2, S-emethanvpyridof 11,24, Slpyrazine{2, b 1, Sjoxarepine-16-

carbexamide, (Formala 1), bas the following struchurs:

¢
Q F

f»/ \3/\*' \\/A\ 1 \\]
;\\/"\\ _/"K_ ,/ \,\ \

o OH

{00067 it is desived to have physically siable forms of the compound that are suitable

for the therapentic use and the manufacturing process.
BRIEF SUMMARY

{0008} In certain embodiments, the present invergion is diveciad to sedivm
(2R, 98, 13aR)-7,9~doxo-10-{(2. 4. 8-trifluorobenzyl yearbamoyi)-2.3,4,%.7.9,13,  Ja-outahydro-
2,3~msthanopyaido] 1,204, S ipyraeinoe{2,1-5111, 3 joxazepin-B-olats, having the following

structirs {Formula 1Th

[ o8]
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gy
{ F
,\:}\§/ ~ /\\(/"\ (o \\//1\
h
<t AA
\Wk \f/ ( ¥ F
o7 Nc&
HUCH In & sl further embodiment, the prosort kivention is divested to ervstailine

sodium (2R, 55,1 3aR}-7.9-dioxo-30-((2,4, 6-wifluorobenzyiicarbamoyy-1,3,4,5,7,9, 13,1 3a-

ctabydro-2, Soethanopyridoil, 21

Sipyraninel2, 1-bY 1, 3{oxarepin~-8-olate.

F00163 In z siill further embodiment, the present invention is directed to sodium

(IR, 58,1387, 9-diowo-10-{(2,4, 5-trillucrobeney Noarbamoyi)-2,3,4,5,7. 9,13,  3a-acizhydro-

2, %-methanopyride{ 1,24, 3 pyrazinol2, 1-bi 1, Roxazepin-8-late Form I
Py i) i

je1id In 8 veriain erabodiment, the present invention is directed to pharmacsutical
formulations comprising sodiom 3R,5%,13aR)- ’,’,9~d£s5xvid~x\(3. 4,6-

wiftuorohenzyljoarbamoyi}-2,3,4,5,7,9, 13,  Bacocsabydro-2,5-

methanopyrido{ 1,24, Sipyrazinol2,1 -5 1, Ijoxszepin-R-clate,

{0612} in another embodiment, the prc:senz invention is divected to msthods of

weatl

g or prophylactically preventing an HIV {afection by adminisiering sodhum

{(ZR.58,13aR -7 S -dioxe- HE{Z, 4 6-trifluorobenmyDearbamay!
L

&

.3,7.8.13,1 dp-cciahyvdro-

2 5-methasopyride] 17,294, Slpvrazino (2, 1-bi{ 1,3 ,oxa;aepin«é?wime,

(0012} I another enobodiment, the present invention is directed to sodium
{20,585, {268~ 7.9-dloxo- 18-(2.4,6-tri TuotebenzyDoarhamoyty2,5,4,5,7.9,13 3, 13a~-cciahydro-
2, 3-methanopyridof 1,274, 5 joyradine]2, I-b] 1, 3 jorazepin-8-olate for uae in methods of

freating or prophviactivally preventing an BIV infection.

{6014} Is ancther embodiment, the present invention is directed o the use of sodium
{2K,53.13aR )7, S-dlaxo-1 02,4, 6-triftuorobenzyJoarbamovi}-2,2,4,9,7,9,13 13a-octabyidro-
2,5~-methanopyridel 1,294, 3 jpyrazinof2, 1-5H{ 1, 3}oxazepin-8-ulate in the manufaciore of a

medicament for treating or prophylectically preventing an BIV infection.

DESCRIPTION OF THE FIGURES

[0015] Figure 1+ XRPD patters for sodium (2R88,13aR-7,5-dioxs- 10-((2,4,6-
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wifluorchenzyioarbarnoyiy2,3.4,5,7,.9,13, 1 3e-octahydro-2,5-

miathanopyridel 1,254, Sjpyrmzino2, 1 -bY 1, 3loxazepin-§-nlate Form |

16016} Figurs 20 USO for sadiem (3R, 58,33a8)-7.9-dioxo-16-{(2,4,6-
trifhuorobenzyilesrbamoyi}-2,.3,4,5,7,%,13, 1 3a-octahydro-2, 5~

methanopyrida 1,214, 5 wyrazinof2, 1 -0} i3 joxazepin-E-clate Form L

{30171 Rigure 3: TOA for sodiva (28,58, 13aR)-7,9-diono-1 0-{(2,4,6-

trifinorobenzyDearbamoyvi)-2,3,4,5,7.9.13, 1 3s-ontahydro-2,5-

methanopyridol 1,224, 8 pyrazinol?, L1 1 3joxarepin-8-olate Form L

{001&} Pigure 4: DVS for sodivm OR,58,13aR -7, 9-dioxo-} §-{{2,4.5-
rifhuorobenzy Dearbamoyi)-2,3,4,5.7,9, 13, 1 3a-octahydro-2, 5~

methanopyrido] 1,204, Sipyrazins{2, 1-bi{ 1,3 joxazepin-§-olate Fomm

{80193 Figare §: Dissolution profiles of Famaula I Form I, Poerrowia | Form i}, and

Formulza {§ Form L

180201 Figure 61 Solubility profiles of Formaia 1 Form (I and Forrmula # Form Lin

Fasted-State Stmulated Gastric Fluid (FaS8GF)

[REUAAS] Fipore 7 Solubility profiles of Fornyula ! Form XY and Formala ¥ Form L in

Ped-State Simulated fntestinal Fluid (FoSSIF) and Fasted-State Simulated Intestinal Fluid

kS

2T

169221 Figure 82 Calculated and Experimental XRPD pattern for sodiurm

2R,58,13aR3-7,9-dioxo- 1 8-{(2,4, 6-trifiuorobenzyombamoy §-2.3.4,5,7,2,13, Ig-ocishydro-

o~

3, 5-methanopyridol 1,294, 5 pyrazine{?, 1-bii 1,3 ]oxazepin-§-olawe Form L
DETAILED DESCRIPTION

LAY In the following deseription, certain speeific details are set forth in order to
provide & thorough understanding of varfous embodiments of the mvension. However, one
skilled in the avt will understand that the invention may be practiced withont these details.
The deseription below of several embodiments is made with the understanding that the
present disclosure is 1o be considered as an exemplification of the claimed subject matier, and

is not infended to Bmit the appended claims to the spesific smbodiments diustrated. The
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headings used throughout this disclosure are provided for convenisnce only and are not 1o be

construed to Hmit the ¢l

18 i any way. Embodiments Hustrated under any heading may be

combined with embodimants Hlusirated under sny other heading,

00241 Unless the context regaires otherwise, throughout the present specification and
claims, the word “comprise” and variations thereof, such as, “comprises™ and ‘comprising

are o be vonstrued in an open, fnchusive sense, that is as “inciuding, hut not limited 07,

f092s Reference throughout this specification w “ove embodiment” or “an
embodimnent™ means that a particuiar feature, strictiure or characteristic described in
commalion with tho embodiment is inctuded in at loast one embodiment of the prasent
bevention. Thus, S appearnuces of the pheases “in one smbodlment” or “in an embodiment”
in various places t%zmughou: thia specification are not necessariiy all referring to the same
embodiment. Furthermore, the particutar features, stroctures, or characteristics may be

sontbined in any suttable mannee in one of more embodiments,

The favention disclossd herein §s also meant to svcompass ali

pharmaceutically acoeptable compounds of Fommalas () and ({) being isctopically-iabeled
by baving one or more atoms replaced by an atom having a different atomic mass or mass
sumber, Examples of isotopes that cen be nesrporated brio the disclnsed compounds iniuds
isotopes of hydrogen, carbon, nltvoges, oxygen, phog phorous, Huorine, chlorine, and indine,
such as “H, *H, V¢, B U, PN BN, T, o, 190, M 4R 38, B, 390, By, ang L
respastively. These radiclabaled compounds could be useful to help derermine or measure the
effectivenass of the compoends, by cixaracwrizing, for example, the site or mode of s;si‘i{m, or
binding atlinity to pharmavologically mportant site of action. Certain isotopically-fabe
sompounds of Formulas (1) and (11), for oxaraple, thost incorporating a radisactive isotops
are usclul in drog and/or substrate tissue distribution studies. The radicactive isotopes tritham,
ie 2, and carbon-14, Le. ¢, are particutarly usefid for shis parpose in view of ther ease of

incorporation and ready yeans of detection.

res

QN7 Subsitetion with heavier otopes such as dewteriam, fe, 8, may afford
certain ihcrap::atic advantages resulting Hom greater metzbolic stadility. For example, i vive
half-life may increase or dosage requirements may be reduced, Thug, heavier isolopes may be

preferred in some ciscumstances.
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;f_'(}f}?,iéfg Subatitution with positron craliting isotopes, such as 7O, PR B0 and
seful in Positron Emission lup\fs,mp?iy {FET) studies for examining substrate recepior
seoppansy. Isctopicaliv-labeled compounds of Foromias (£} and (13) can genewally b
prepared by conventionat ae:;‘.h;xis;;_ues known 1o those skilled in the art or by processes
salogous to those described in the Examples as set out below uslng an appropriate

jsmtopieatty-labeled reagent in place of the non-labeled reagent previously employed.

[06291 “Srable compound™ and “steble stractwe” are meant 1o indivate ¢ coropound
that is sufficiently robust o survive isolation o @ useful dogres of purity from & reaction

roixture, and fonmulation into an cificacious therapeutic agent.

{0039} “Cptisnal” or “optionally™ mwans that the subsequently described event or
circumstances may or may not occur, aud that the description tncindes instances where said
event or circarstance ocours and fnstances in which it does sol. For example, “optionally
substined arvi™ means that the aryl radical may or reay 530t be substituted snd that the

deseription includes both substinuted aryl radicals and aryl radicsls having so substitution.

00311 “Phasmaceutically acoepiable carries, diluent or excipient” incindes withowt

ibmiation any adivuvant, carrier, excipient, glidant, swestening agent, diluent, preservative,

dveicolorant, flavor enhancer, surfactant, wetting sgent, dispersing agent, suspending agent,

stabitizer, sotonic agent, solvent, or ermulsifier which has been approved by the United Siates

=

Yood snd Drug Administration as being acceptable for use in humans or domestic animals,

{66323 A “pharmaceutical compesition” refers to 2 formulation of a compound of the
invention and a madium generaliy accepted la the art for the delivery of the biologically
active compound to mammals, €., humans. Sock 2 medium includes all pharmaceulicaily

acceptable carriars, diluenis or sxeipients therefon

-
o

3333 “BfFetive amount™ or “therapeutically effective amount” refers 1o an amaunt
of & compound according fo the invention, which when administersd to a patiest in peed
thereot, is sufficieni to effest treatmaent for discase~statos, conditions, or disorders for which
the compounds have utility, Such an smount would be sufficient (o elicit the piclegical or

medical response o a tissus systers, or patient that Js sought by a researcher or clinician. The

amount of a compound according to the Invention which constitutes s therapeutically
effective amount will vary depensding on such fectors as the compound and its bivlogical

activity, the composition used for administration, the time of admanistration, the rouie of

&
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administratizn, the rate of excretion of the compeund, the duration of the treatment, the type
of dissase-state ov disorder being weatad and jts severity, drugs ased in combination with or
coineidutally with the compounds of the invention, and the age, body weight, general healih,
sex and diot of the patient. Such a herapsutically offective smount can be determined
roudinely by one of erdinary skill {s the art having regard to their ows know edge, the state of

the ard, and this disclosure.

{04341 The term "weatment”™ e used herein is fntended 1o mean the adirdnistration of

a enrapound or composition accarding 1o the present nvention to alleviste or sliminate
sympioms of HIV infection and/or to reduce vival load in a patient. The term “treatinent” aiso
encopasses the admindstration of @ compound or compssition according to the present
invention post-sxposare of the individual ¢ the virus but before the appesrance of sympioms

£the disease, and/or prior 1o the detestion of the virus fv the blood, rent the

sppearance of symptoms of the discase andior to provent the vires froms resching detectible
tevels in the blood, and the adiministration of 3 compound or compesition aceording to the

vesent Invention 1o prevent perinatal transmission of HIV from mother to baby, by
P A

administration o the mother before giving binh and o the ohild within the first days of tife.
In cortain embodimients, the seom "reatmars” as used hereln is intended to mean the
administration of a compound or composition according o the present invention to alleviste
ot climinate syroptoms of HIV infection and/or 1o reduse vira foad In 5 pationt. T sertain
embodimenis, the terme “restroen?” as used berein i further or alteroatively ntended 10 mwsan
the administation of 2 compound Or composiiion according to the present invention w©
naipiain a reduced viral load in a patent. The term “lreatment” also encompssses the
administration of s compound or composition according o the present investion BOsi-
cxposure of the individeal to the vicus but before the appearance of synipioms of the diseass;
and/or prior to the deteetion of the vires in the blood, (o prevent the appearance of symptoms
of the diszase and/or to prevent the vires from reaching detectibis lavels in the biood, and the
administration of 2 compound or compesition sccording to the present invention to provent
perinatal wansmission of HIV from mother to baby, By administration to the mother before

hivthy and to the ohild within the et days of life. I certaln embodiments, the serm

=

2iv

“eatment” a8 used hereln is Rurther or altematively hnended to mean the administration of 2
compomd O composition according to the presant mvention posi-exposure of the individual
fo the vires as a sebssguent or additional therapy to a frsi-line therapy {e.g., for mainterance

of low viral kosd).

=1
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[Q635] “Brovention” or “prevesting” means any weatment of & dissase or conditio
ihat canses the clinieal sympinme of the diseass or condition nat to develop, The teom
tmrsvention” also encompasses the adminjstration of a compound of composition avcording

to the present invention pre-exposure of the individual m te virus (e g, pre-exposurs

proph s}, 10 preven: the appearace of symptoms of the diseass and/or 1o prevent the

virus from reeching detectible fevels in the blaod.

13036 The terms “Sublect” or “patient” refer 1o an animal, such a5 a mamroal
(metoding 2 human), that bas been or will be the object of treatment, ohservation or

sriment. The methods deseribed herein may he usefi! in buman therapy awd/or velerinary

&

applications. In some embodiments, the subjest is & maromal {or the patient). In some
embodiments the subject {or the patient) s Inxnan, domestie anjmals {e.g, dogs and cas).
S animals (e.g., caitle, horses, sheep, goats and pigs), snddor labdratory animals {e.g.,
ruics, zats, hamsters, guines plgs, plys, rabblis, dogs, and monlceys). in one embodiment, the
subject {or the patient} is & boman, “Human {ov patient) in seed thereof” refors to a human
who may have or §s suspect to have diseases or conditions that would denefit from certain
treatment; for exaraply, being treated with the somypounds disclesed herein sccording to the

present appiication.

{00371 The term “antiviral agent” as osed herein is intended 10 wean an agest
{oompound or binlogical} that is effective o inhibit the fornwativn and/or replication of a virus
in 2 buman being, including but not Hnited 1o agents that interfere with cither host or viral

mechanisms necessary for the formation and/or replication of a vires in a haman belng,

{60381 The term “inhibitor of FIV replication” as used hercin is intended 10 mean an
t i B
agent capsbie of reducing ov sliminating the ability of HIV to replicate in a bost coil, whether

in vithe, ex yive OF i vive.

[08397 A “tautemer’” tafers to a proton shift from one atorn of a molscule to avothar

atoin of the seme molecule. The present invertion includes sunomers of any said compounds.

100403 Reforence to “aboui™ & value or parametor hereln includes (and describes)
emhadinents that are dirsetad to that valse or parasiater per se. For example, deseription
referring to “abous X includes description of “X7. Also, the singular forms "2" and Mehe
mcinds pheral references saless the context clearly dictates atherwise. Thus, o.g., reference

to "the compound” ncludes 2 plurality of such compounds and reference to “the assey™

&
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includes reference {0 one or mere assays and egoivalents thereof known o those skilled in the

“Pharmaceutivally acceptable” of “physiclogieally accepiable refer to

compounds, fas, compositions, dosage forms and other materials wh

ch are usefud in

preparing 2 pharmaceutioal composition that Is auitable for veterinary or human

pharmaceutical uss.

{03042} “Unit dosage formys” are physically discrete units sudiable as unitary dosages

for subjects (e.g., buman subjects and other manuaals), cach unit containing 3 predetermined

guantity of active material calouiated to produce the desired therapeutic offect, in association

with a suitable pharmaceutical carrier.

Crystaliine Forn

Formuda §

{0043} it s desivable %o develop & orystalline form of sodium (2R, 58,1351)-7,9-

dioxo-13-({2,4.6-tifuorobenzylcarbamoy}-2.3,4,5.7.9,13, 1 3a-octahydro-2, 5~

meth :ﬁnmpyridaij i'2h4

pyrazino[2,1-b} { Floxazepin-S-olate that may be usefil in the
sytsthesis of sodium (2R,38,13aR)-7, 9~doxo- 104(2,4, S-trifiserobenzylcasbarnoyvi-
2,3,4,5,7.5,13, 1 3a-octahydro —2,S*:r.\ethanagyriéo[?12‘:4,5}@5/;‘&&!;0{23»b}{},320;(&1& pin-B
olate. A form of sodivm (2R, 58,13aR}-7,9-dloro-18-{{ (2.4, 6-uiflucrobenzylicarbamoyi)-
2,3,4,5.7,92,13,1 Ja-octabydro-2, S~methavopyrido] 1274, Spyrazino[ 2, . i-bBl{ 1. 3joxazepin-8-
olate may be an infermediate to the synthesis of sodlum (2R,38, 13aR)-7,9-cioxo~10 {2,4,6-

wtluorobenzyBearbamoyt}-2,3,4,5,7,9,13, 1 3z-octabydroe 2,5+

methanopyridol 1214, Sipyrazino]2, 1-bi 1, 3loxazepin-8-olate. A form of sadium

i

O

(2R.58,13aR)-7 9-dioxo-10-({2,4,8-rrifluorobenaviicarbamoy-1,3,4,3,7,5,13, 1 3a-vetahydro-

4 Fmethanopyridol 1,24, Sipyrazine] 2, -5 1, 3 loxatepin-8-olste may be the final product in
ihe synthesis of sodiom (2R,58, 3K }-7,9-dicxo-10-{(2 4,6-trifluorobenzyiicarbamoyi}-
2,345, 7.8,13, 1 Ja-cctahydre-2, S~methanopyiido] 11274, Sipyrazine]2, 1-b] 1,3 Joxszepin-8-
ofate, A polymorphic form oy polymorph or soorysial may have properties such as

bioavailability and stabiity st cortain sonditions that nay be auiiable for mediva] or

phamaceutical uses,

{00441 A erystallive form of sedian (IR, 55,132R)-7,8-dioxo~1 0-{(3.4,6~
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triflucrobenzylicachamoyi)-2.3,4,5,7,9.13, i 3a~octahydra-2, 5~

Ty

meshanopyridol 14,214 SToyrazinol2, 1-b]f 1.3 Joxazepin-8-olate may provide he advantage of
bicavaiiabiity and stability, suitable for use as ap active Ingradiest in a pharmacestios!

%

composition. I certain embodiments, a erystathine foom sodium (28,55, 1381, 37 G-dioxo-10-

Y
((2,4,645'3&1&?01)6{",& Aearbamey}-2,3,4.5,7.9,13, 13a-octahydro-2,5-
metharopyride{ 1,24, Spyrarine{2, bl ]rsx._jfpm -B-nlate provides an advantage of

{Table 43, Varlations in the arvsiaf struchure

L

fmproved bicavailability {Table 3} and/or stability

of a pharmaceutical drag substance or active ingredient may affect the dissolution rate e {which
may affeot bloavailubility, erc.), manutacturability {e.g., ease of bandling, shiiliy to
consistently prepare doses of known sirength) and stability {e.g., thermal siability, shelf lify,
i) of 2 phanmacesticnl drug product or active ingrediont. Such variations may affodt the
preparation or formulation of pharmaceutical compositions in different dosage or delivery
forms, such as solid oral dusage form inciuding tablets and capaules. Compared o other
forms such as non-orvstallive ot amorphous forms, orysialling forms may provide desired or
suitable hygroscopicity, particle size controls, dissolution rate, solubllity, purity, physical and
chemical stability, manufacturability, yield, sndéor process conirol. Thus, erystailine forms of
sodium (2R, 58,1 3aR}-7.8-dioxo-10-{{2.4,6- mhuc’obmzyi corbamoyi)-2.3,4,5,7.9.13,13a-
ociahydro-2, S-methanopyride{ 1,244, 5 jpveazinol2, 1-b1{ 1,3 joxazepin-8-olate may pravide
advanisges such as; improving the manufacturing process of an active agerd or the sta ability ©
sorabiiity of & drug product form of the corapound or su sctive ingredient, and/or having

suitable bioavailability and/or stabiiity as an active agent.

{11457 The use of cortain solvents has been found 10 produce diffsrent polymorphic
forms of sadium (21,58,13aR}-7,8-diore- 10-{(2.4,6-nifluorobenzycarbamoyl}-

2,3,4.5,7.9,13, 3a-cotehydro-2, S-methanopyrido] 11,214, Slpyrazine{2, 1 -b}{1, 3joxazepin-8-
olate, ncluding potymorpiie Form I, which may exbibit one or more favorsble characteristies

describad above. In certain smbodiments, Forme | of soditm (2R, 58,13aR)-7,9-dioxno- 10~

(02,4 6-wrifluorobenzylicarbamoyy-2,3,4.5,7.9. 13, 1 3a-octehydro-2, 5~

methanopyridof 1,244, Sipyrazino{2, 1-bi 1. 3]oxezepin-8-vlate provides an advamtage of
fmproved bioavaliability (Table 3) andfor stability (Jable 4}, The procesases for e
preparation of the polymorphs deseribed herein and charactedization of these polymorphs ane

described in greater detail below,

{0046} The compound name provided sbove is named using ChemBioDraw Ultea and

i
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ane skilied jo the art understands that the eompound struchus may be named or identitie
using other commonly recngnized nomenclatiure aystems and symbols. By way of example,
the cempound may be named or entified with conmon names, systematic or non-
systemgtic ranes, The nomenclature systems and symbols that ave commonly resognized in
the art of chemistry inclading but not fimited to Chemioa] Abstract Service {0A8) and
Interaational Usian of Pure and Applied Chemistry (JUPAQ). co:*rdmgiy, the compouand

strircture provided above may be named oy identifed as sodium (2R,35.13¢ - 8-dioxe-10-

{24, 6-rriflucrobenzylicarbamoy)-2,3,4.5,7.9,1 3, 1 3a-octahy deo-2,5-
roethanopyridol 14,214, Slpyrazinol2, 1-b}{ 1,3 loxazepin-S-olate under JUPAC,
8347} in particular embodiments, orystalline forms of sodiwm (28,58, 13aR3-7,9-

doxo-10-{(2 4 S-triffuorcbenzylvarbamovi=2,3,4,5,7,9. 12, 1 3500t aydes-2,5-

methanopyridol 1,214, Slpyrazine[2, 1411 1, 3Toxazepine--olate are disclosed.

Forepsda I, Form §

{0048} In a versain embodiment, novel forms of sodiuen (2R,S8, 132R)-7,9-dioxe-10-
{2.4,6-rifluoreobenzyiarbamoy!y-2,3.4,%,7.9, 13,1 3a-ootabydro-2,5-
methanopyride] 1,274, 5pyrazinc{2, 1011, Sfoxazepin-8-olate, having the following strecture
{Formula {1} are disclosed:
(i}
[} F
e i

{00401 i a further embodiment, orystatiine

Tarsas of sodion: (2R,55,13aR 7.9 dhuxe

L-{{2,4, 6-miflucrobenzyllcarbamoyiy-2,3.4,5,7,9,13, 1 3a-cotahydro-2, 5~

methanopyrido] 1,204, Slpyrazino{ 2, 1-bi] 1 3loxazenin-§~olate are disclosad,

fO0s] in 3 certain cmbodiment, sodium (2R,58,13aR3-7.9-dioxs- 10~{2,4,6-

triffucrobengyDoarbamoyl}-2,31.4,5,7.9,13,13z-cctabydro-2, 3+

methanopyride] 1,214 Stpyrazino{?, -} 1,3 joxazepin-8-olate Form | is disclosed.

(OG5 In one embodiment, provided is polymorphic Fosm I of sodinm (2R,58,134R)

7, 8-dioxo- {24, 6-tifluorobonzyoarbamoy 1-2,3,4,.5.7.9, 1 2, 1 3a-cctahydro-2,5-

rorr
P

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1146 of 1915



WO 2015/196116 PCT/US2015/036757

mrethanonyridol 1,274, Jpyrazino 2,18} 1, 3 loxazepin-S-olate, wherein the polymorph
exhibits an Xerzy powder diffraction (XRPD) patters substantially as shown in FIG 1 and/or
FIG 8. Polymorphic sodium Fopm § may exhiblt a differential scaming calorimeny (I8C)
thermogram substantially os shown jv FIG 2. Polymorphic sodiwn Form § may exidbii s

shepmoegraphic anslysis {TGA) graph substantially as shown in FIQ 3. Polymorphic sodium

Form I may exhibit dynamic vapour sorption {I3VS) graphs substantiaily as shown in FiG 4.

joasyy The terns “substantially as shown 7 when referring, for example, 0 an
XRFD pattern, 2 DSC thermograrm, or 3 TOA graph includes a patiem, thermogram or graph

that is not necessarily identical o those depiocted herein, bus that falls within the Hiotis of

exposimenta! ervor or devinticns when considersd by one of ordinary skill fn the art,

F0053) Polyrorphic sodium Form L may have a undt cell as determined by crystal X-
ray crystallography of the following dimensiona: a = 8.9561 (30 Ab=139202 (1§} A=
LA N A a=809B=90 % andy =80

10034} In some srebodiments of polymorphie sodiwn Form [ st loast one, at least

two, at least three, at least four, at lsast five, at least 5ix, at least seven, &t least eigh, af ieast

¢ Form § has an XRPD patters

nine, or all of the following (a)-(3) apply: {a} polymor
substaniially as shewn in FIG 1 andior FIG §; (b) polymorphic sodium Form Thas 2 DEC
shermogrem sebstantiatly as shown i FIG Z; (2) polymorphic sodium Form [ has 8 TGA
graph substsnvaily as shown in FIG %; (d) polymorphic sodium Form I has DVE graphs
sebstantially as shown in FIG. 4; (o) polymorphic sodium Form 1 has 2 unlt coll, as
dotermined by crystal X-ray crystallograpity, of the following dimensions: a = 8.9561 {16y
b=13.9307 (14} A;o=31118 3 A e=907 8 =90 °% and y = 50 °; {§ polymorphic
sodium Form | has an orthorhombic crysial system; (g} polymorghic sodium Form 1 has a
P212121 apace group; (1) polymorphic sodivre Forn 1 has 2 volame of 3879.2(7 A%

polymorphie Form | has 2 2 value of 4; and (§) polymorphie Form Thas a dewasity of 1.614

Mpfo©.

QG853 n somne embodirsents, polymorphic sodiuen Form I has at least one, at feast
f i ¥

two, at feast three, at least four, or all of the fol Howing properties:

g an XRPD patern substantially as shows in FIG § andfor FiG
8;

iz
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b, & DEC thermagram: substantially as shown in FUQ 2
e, 'TGA graphs substantially as shown In FIG
4. DVE graphs sebstantinlly as shown in FIG 4; and

e, aunit ool a8 determrined by crystal X-ray srystatlography, of

he following dimensions a = R.9$81 (10} A b=13.9202 {14y

Are=3LUT(3) Aru=00% =067 vand y =9 ]

HEOLY in soroe embodimenis, polymerphic sodinm Form 1 has an XRPD patiern
displaying at least twa, at jeast three, st least four, ot least five, or at Isast six of the degrae
28-seflections with the groatest intensity as the XRPD pattern substantiall y as shown In FIG
{and/os FIGL &

{06873 in certsin embediments, polymorphic sodium Fomn T has an NEPD paticri
coroprising degree 28-reflections {+/- 0.2 degrees 28) 21 5.5, 16.1, and 233, In one

embodiment, polywmorphic sodium Form Thas an XRPD paticrn compts

g degroe 36
reflections {44 0.2 degrees 28 &t 5.5, 16.1, and 23.3 and one or move of the degroe 20-
refleations {+/- 0.2 degrees 28) a1 22.4, 28.5, and 22.5. In one ombodiment, polymorghi

sodium Form 1 has an XRPD patiern comprising degree 28-reflections (/02 ﬁsgrcts 288 at

3.5, 16,1, and 22.3 and one of the degres 28-soflections {+/- 8.2 degrees 28) a1 22.4, 28.5, and
22.5. kv one embodiment, polymorphic sodiun Fore ¥ has an XRPD patiern conynising
degres 28-refioctions (+4- 0.2 degrees 203 a1 4.5, 16,1, and 23.3 and two of the degree 8-
reflections {+/~ 1.2 degrees 28 at 22,1, 28.5, aned 22.5. In one embodime at, polyvmorphic

sodiwm Form T has an XRPE pattern comprising degree 28ereflcctions (+4- 6.2 degrens 283 at
3.5, 181, and 23.3 and three of the degree 26-veflactions {+/- 0.2 degress 201 at 22,1, 28.5
p- s\ A v b

snd 22.5. In one ervbodiment, pofymeorphic sodium Form ¥ has an XRPD pattemn cotn

degree I8-reflections (/- 0.2 degrees 283 21 5.5, 16,1, 23.3, 22.1, 28 S, and 22.5. Inone
embodbmneny, polymorphic sodiam Forn 1 has an XRPD pattern comprising degree 20«
refiections (+/- 0.2 degrees 26) at 5.5, 16.1, 23.3, 22,1, 28.5, 22.5, £9.5, and 26.6. in one
embodiment, polymorphic sodiur Form § has an XRPD pattern comprising any thres degroe

~

20-refiections {+/- .2 degrees 26) selected from the group sonsisting of § S5, 8601, 23.3, 22,3,

285,225, 19.5, 26.6, and 17.

T
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Pharmscentical Compaositions

{3058} For the purposes of adminisiration, in ceriain embodiments, the comipounds
deseribed herein ars sdministered as a raw cheivdoal or are fwvmulated as pharmaceatical
compasitions. Pharmaceutical compusitions of the present invention comprise & compound of
Formuta 41, including forms and sco-crystals thersof], and a pharmaceistically scceplable
carvier, dituent or excipient, The compound of Formaula (I} is present in the composition in
an amourt whick is offective to trest a partioular disease or condition of interest. The geiivity
of compounds of Formula (31} can be determined by ono skilisd in the art, for exampie, as
describied in co~pending appiication Serial No. 14/133,855, filed December 19, 2012 estitied
CPOLYCYCLUIC-CARBAMOYLPYRIDORE COMPOUNDS ARND THEIR
FHARMACEUTICAL VREY. The su
determined by one skiiled on the atg, for example, as described in co-pending POT Seriad No
1820134076367, filed December 19, 2013 entitled, “POLYCYCLIC-
CARBAMOYLPYRIDONE COMPOUNDR ANT THEIR PHARMACEUTICAL USE”

tivity of compounds of Formuls (1) can also be

Appropriate concenirations and dossges can be readily determined by one skitled in the an,

in cort ments, 2 compound of Formala (f1) is present in the pharmacsutical
composition in 2n amoudt Fom about 23 mg to aboet 300 mg. In ceriain embodiments, &
compound of Formula (77} is present in the pharmacentical composition in an amount of
about 100w o abour 300 myg. In certaln embodimenis, & compound of Formula {If) is

smount of about § mg to about 100 mg. In

present in the phamnaceutical compaosition in e
certain embodiments, & compound of Formsda (11} is present in the pharmaceutical
comgosition in an amount of about 25 mg 1o shout 190 mg. s certain embodiments, 2
compound of Formula (11} is present in the pharmacentical composition in an amount of
about 50 mg to about 11 my. I cermin embadiments, a compound of Forvmla (15} is present
in the pharmaceutical composition in an amount of zbout 5 mg o abous 100 mg, In certain
smbodimeuts, & compound of Foarvala (11} is prasent in the phermacewtical composition in an
amount of ahout § mg, 25 me, 58 rog, 75, mg. 100 me, 200 wy, 300 myg, 400 mg or about

500 mg.
Formuda I

{3059 Provided are also compositions somprising at least one polymaorph le.g., any
ane or more of Formula 1 polvmorphic Forms 1) as described herein. Inoa particudar

embodiment, a composition comprising Formula I¥ polymorphic Form 1, described berein is
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provided. I other eisbodiments, the compositions desoribed herein © way comprise
substantiaily pure polymorpbic forms, or may be substansislly fes of other peivmorphs

snd/or smpurities.

(0060 In some swbodiments, the composition comprises a polymorphic formm of
odinm (2R, 58, 13aR)- 7, 8-dioxo-160<( (2.4, 6-wifluorobaneyDearbamoyi)-2,3,4,5,.7.9, 1 3.1 3a-
ociahydro-2, S~roethanopyridol 1,24, 5 myrazino2, 1-61{1,3 Joxaze pin-8-olate, In certain
embodiments are provided compositions comprisiag a polymorphic form as described herein,

wherain the sedinm {2R,58,13aR)-7,9-dioxo- 1§ {{2.4,6-trifluorobenay Dearbamoyty

2,3,4.5,7.9,13, 1 3a~octahydro-2, S-methanc pyridol

.24, Shoyrazine{2,1-bY 1, 3 joxazepin-§-
olate within the composition is substantially pare (e, sabstantiaily pure Form ) In
particular smbodinents of sompositions comprising a pol ymorphic form of sudiom

{21,585, 13aR)-7 %-dloxa-1 - (2,4, 6-trillusrobenzylcarbamoyl-2,3,4,3,7,9, 13, { 3a-oota Eyedro-
. s 5 i Vi

Ll

.

aropyride] 1,204, Slpyaninel2, 1-6][ 1,3 joxazenin- ufatc,. at least about 30%, at least

25

about 60%, ut feast about 709, at least about $0%, at jeast about 85%, at jonst about Y%, at

ieast about 85%, at Jeast about 96%, at leas: about 97%, at least abous 88%, or at Ieast about
$6% of sodiwm (2‘}, 38,13aR3-7 9-dloxo-10-(2,4,6-wriflaorobenayDearbamoyi-

&,3,4,8.7,9,13, 1 3a-vetabydre-2, S-methspopyridof V,2'4, S fpyrazinef 2, 1-b1 | 3joxazepin-§-
|2 HERRS P

olate presest in the cormpuosition is Formula 1T, Form L disclosed hercin, In cortals
embodinments. the composition inchudes at least about 50%4, gt least about 66% &, at ieast about
0%, w lenst about 80%. a1 least about B5%, at least about $0%, at Teast about 959, at lnast
avout 95%, at least about 97%, at least shout 98%, or ot least about 99% of Form I of sodium
{ZR,58,138R)-7,9-dioxo~10-{(2 A s-trifluorobenaylicarbamoyi)-2,3.4.5,7,9, 13,13a-octahydro-

2, 3-methanopyridol 1204, SToyrazine]2, 1-b 1 1 3loxazepin-8-olate.

{90811 In sther epvbodiments of compositions comprising 2 polymorphis fonn
sdisclosed herein, joss than about S0%, ioss thay about 40%, toss than about 30%, less than
about 20%, less than about 10%, less than about $%, less than about 424, jess than shout 396,

¥

fess than about 2% or less than about 1% of sodium {2R,38, 132R)-7,8-dioxo-1 6-(02,4,6-

wifhorobenzylcarbanioyi=2,3,4,5,7,9.13, 1 3a-octshydro-2, §-
methanopyrido 1,24, Spyrazinof2, 1-b1{ 1, 3Joxazepin-S-olate prescnt in the composition are
other poi\,mombs of sodium (2R, 55,1367, 9-doxo- 10-((2.4 S-triftuorobenzyDearbamoyl)-

234,57

7,%,13,13a-ontahydre- 2, S-methanopyrido] 1,24, Sipyrasine{2, 1-b1{1, 3 loxazepin-8-

cigte andfor 1'}198!"?1(’«&

s
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00623 In yet other embodiments of compositions comprising the polymomhis fonins

4

disclosed herein, impuritios maka up less than about 595, less than about 4%, loss than about
3%, less than abow 2% or lass than about 1% of the wal mass relative to the mass < s{ithe
solvmaorpitic forms present. Impurides may, Tor example, include by-products from
syathesizing sodivm (XR,58, 13aR0-7, B-dtone-1 0-{(2.4.8-rrifluoroberaylicarbamoyi}-
2.3,4,5,7,9,13, 1 3a-octahydre-2, S-methanopyride] 19,274, S ipyrazinoi2, | B 1, 3joxazepin-§-

olate, contarninauts, depradation products, other polymorphic fonns

wrorphicus forv, water,

<

and solvenis. In cortain erabodiments, impurities include by-products Trom the process of
synthesizing sadium (2R.88, 13aR}-7,9-dioko- 16-((2,4,6-trifluorobenzyljearbamoyly-
2,3.4.5,.7,9,1 3.13a-petahydro-2. S-methanopyrkio] 1,274, Slpyrazino{ 2,1-bY 1 3loxazepin-8-
olate. In coriain embodiments, impurities include cortaminands from the provess of
synthesizing sodium (2R.38,13aR3-7.8-dioxo~10-{{Z,4 4, 8-irittuorobensy Dearbamoyiy-
2.3,4,5,7.4,13,1 3a~octabydro-2,S-methanopyride] 17,274, Sipyrazingid 1 -b}] 1. 3loxazenin. 8-
olate. tn certain embodiments, impuritiss include degradation products of sodium

- -

(2R,58,13aR)-7,9-dioxo~10-{{2.4,6-vri fluornbenzyhearbamoy2,3.4.5,7,. 9,13, 1 3a-cctahydro-

2.5-methanpnpyridol 1,274, Sipyrazinoi 2, 1-b}{ 1, 3joxazepin-B-olate. In Serluin cmbodiments,
impurities include other polymorphie forms of sodiur (2R.SE,13aR)-7,5-dioxo- 6-{{2.4,6-

wifforobeneyDoarbamey(32,3,4,5,7.2,13, P 3e~cotabydra-2.5

methanopyrido] 1,274, 5 lpyrazine{2, 1 -6} 1, 3loxazepin-8-olate. In cortaln ewbodinmeats,
impuritiss invlude water or solvent. In certain embodiments of compositions comprising &
polymorphic form disclosed hereln, impusities are selected from the group consisting of hy-
products from synibesizing sadium (QR,38,13aR)-7.9-dioxo-14- {{2,4,6-
riffucrobenryicarbamoviy-2,3,4,5,7,9.13, 1 3g-octahydro-2,5-

methanopyridol 1,274,5 pyrazinol2, 1-b]] 1.3 loxazepin-B-olate, contaminants, degradation

products, other polymorphic forms, water, solvents and combications thereof.

{00631 In vet other embodiments, the somposition comprising Formela IL, Form §
disciosed herein has less than about 5%, lees than about 4%, less than about 3%, lees than
about 2%, or less tan abowt 1% by weight of amorphous or non-crysialiine sodivm
(2R,5%,13aR)-7,5-diore-10-((2.4,6-wifluorobenzylicarbamoy3-2,3,4,3,7,5,15, 1 3a~ociahydro-

2. S-methanopyrido] 1,274, Slpyvrazino{?, i-b}{ L, Yoxazepin-S-nlate.

j00641 In sorne embodinsents, the tsvm “substentially pure” or “substansisily free”

with respect to & particular potvmorphie form of & compound means that the compasition

L&
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comprising e polymorphis fore containg less than 93%4, iess than 0%, loss than 8096, less
than 70%, less thap 65%, fess than 86%, loss than 55%, less than 50%, loes than 4%, less
than 30%, less than 20%, less than 15%, less than 10%, less than 3%, or legs than 1% by
weight of other substances, including other polymorphic farns sud/or impwritics. In certain
smbodiments, “substantially pure” or “substantizlly free o rofars 1o 2 substance fres of afher
substances, including other polymorphiz forms and/or imporitics. Impurities sy, for
example, inclode by-prodacts or teft over reagents from ohemical reactions, contaminants,

degradation products, other polymorphic forms, watsr and solvents.

{0065} Administration of the compounds disciosed herein in pere form or In an
appropriste pharmaceutical composition, can be carrled ot via any of the accepted modes of
adorirstration of agers for serving similer utiliies. The phannacentical compositions
described berein can be prepared by combining a compound disclosed herein with an
appropriate pharmacevtically acoeptable earrier, difuert ar excinient, and may be forrauiated
inla preparations in solid, semivsolid, quid or gassous forma, such as tahists, capsaul

powders, granules, ointments, solutions, suppositories, injections, inhslants, zols
microspheres, and aerosols. The phamaceutical compaositions of the invention zan he

prepared by combining 2 compound of the invention with an appropriate pharmaceutically
avcepiable cwrler, diluent or exeipiont, and may be forrulated Ito proparations in aolid,

sepai-solid,

Hawid or gaseous fovus, such as sofid dispersions and solid solutions. Tvpical

routes of administering such

pharmaceutical compositions inchude, withour lmitation, oral,
topical, transdermal, infwlation, paremeral, sublingeal, buceal, rectal, vaginal, and intranassl,

in one ercbodiment, the pharmaceutical compositions is prepared for oval adminisiration, Ina

specific embadimen, the pharmacestion] compositions is a tablet, Pharmacsuticnl
composittons of the nvention are formulated so &8s 1o ailow the active ingredients conmined
thersin to be bloavailable upon administeation of the composition te a patient. Compositions
that will be administered o a subject or patient fake e form of ons or more dosage units,
whete for esample, « tablet may be a single dosage unit, and 2 container of a cornpound of
the invantion in aevosel form may hold & pheality of dosage units. Actual methods of
preparing such dosage forms are knows, or will be agpareny, o those skilled fo this a1t for
xample. soe Remingion: The Science and Praciice of Fharmecy, 20th Bdition (Philadelphia

College of Pharmacy and Science, 2009}, The composition 1o be administered will, in any

17
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svent, contain & therapeutically effective amowunt of & compound of the invention for
treatenent of o disease or condition of interest in socordancs with the teachings of this

disclosure,

f0068} The

wethodalogy well known in the pharmucentical art. For example, 8 pharmaceudical

armaceutical compositions disclosed herein 1way be prepared by

composition intended o be admintsiered by injection can be prepared by combining a
compound o¥the iyvention with stertie, distiied water so as to forrs s solution. A gurfactant
sy be added to facifiate the formation of @ homogeneous solution or suspension.
Surfactants are compounds that noa-covalently istersct with the sompound of the invention
so as to faciiitate dissclution or bomogeneous suspension of the compound in the aquedus

delivery systom,

ON671 Por example, 2 solid pharmaceutical composition intended for oral
administration can be prepared by mixing a compound of the Jovention with at least one
suitahle pharmaceitical excipient to form a solid preformulation composition, which then
may be readily subdivided into equally effective unit dossge forms saeh as tablets, pills and
ssules. Accordingly, in one embodiment, & pharmsceutical composition is provided, which

cludes 2 compourd of Formouta (JI) and & pharmaceutioa] exciplent.

The compounds disclosed horein are administered in s therapeutically

Tve amount, which will vary depending upon a variety of factors including the sctivity
of the specific compound employed; the metabolic stebility and length o action of the
compound; the age, body weight, general bealth, sex, and diet of the patient; the mode and
sime of administration; the rae of exeretion; the drug combination; the severity of the
particular disorder or condition; and the subject undergoing therapy. In some srubodiments,
the compounds of the invention oan be administered alone or in combination with cther
antiviral agents onee or twice dafly for ag long as the patient is nfeoied, lagntly nfected,

1o provent infection {e.g. for mastiple years, months, weelks, or days).

Combination Therapy

{10691 In ene excbodiment, a method for traating or preventing an HIV infection ina
human having or at risk of havisg the nfection is provided, comprising s adroinisiering to the
human a therapeutioally effective mnouni of a wmpﬁund disclosed herein fn combiuation

with a therapentivally effective ammmt of oug or more {e.g., one, two, three, cue ovtwo, ot
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one to three) additional therapeatic wgents. In oue ambodinent, & methed for freating an IV

nfection i a human having or at vsk of

Ang the infection is provided, comprising
adminis'scriag s the human a therspeatically effective aroount of & compoind disclosed
herefy {n combination with a therapeutically effactive amount of one or more {e.g.. one, iwe,

£reor, One ot twn, or ane to threc) additional therapeutic agents.

0741 In one embodiment, 2 method for treating ao HIV infection jo & human having
or at rivsk of having the infection is providsd, comprising adiministering to the bauman a
therapeotically effective smount of 2 compound or compuosition disclosed heveln in
combination with & ﬁiea‘apeuticaﬁy effective avwunt of one or move {e.g.. one, wo, thres, oue

Ur tWo, oF one (o three) additivnal thers peutic agents.

FR071 In certain smbodiments, the present invention provides a meathod fog treating

ans HIV infection, somprising administering (o g patfent In heed thereal s therapentically

sifective amount of & compound or composition disclosed herein in combination with 4

therspentivatly effective arnount of one of more additions] therapsutio agents which are

suitable for wreating an HIV infection.

Hilrys

One embodinent provides & compound disclosed herein in combination with
DS OF 10T (7.8, O, WO, tree, Ong or twe, oF one to three) additional therapeutic agents
for use in & meethod for treating or preventing an HIV infectdon in a buman having ot st visk of
haviag the infection. One erabodiment provides a compound disclosed herain in conmbination
with one or meve (8.9, one, two, three, one or twe, or one 1o three) additional therapseutic
agi’.;zi‘&: for use in 2 method for treating an HIY infection in 2 human having or at risk of
having the infection, One smbodiment provides a compaund disclosed herein for use in 2
method for reating or preventing an HIV tifection in 2 buman having or at rigk of having the
infeation, wherein the compound is adminisiersd fn combination with one or more ( S.8., one,
two, three, one or twe, oF one ko three) additional therapeutic agants. Gne smbodisnent

provides a compound disclosed herein for use in a method for treating an b

infection ina
buman having or at risk of having the mfestion, wherein the compound is administered in
corbination with one or more {(e.g., one, bwa, thees, one of two, or oue to thres) additional
therapeutic agents. In costain embodiments, the present imvention provides a compound
disclosed hereln in combination with one or more additional thevapeutic agents which are
suitable for weating sn HIV infoction, for use in & methed for treating au HIV infection.

certsin embodiments, the present invention provides a compound disciosad herein foruse ina
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method for treating an HIV nfection, wherein the compound is administered In combination

with one or more additional therapeutic agents which are suitable foy beating av HIV

infection.

{36733 e embodiment provides the wee of = compound disclosed herein thereof, In
combination with one of more {e.iz., ong, twa, three, one or twan, 0 0oe to three) additionst
therapeutic agends in the mamtfacture of a medicament or treating or proventing an HIV
infection in 2 human having oF at risk of having the infection, One embodiment provides the
use of & vompound disclosed herein in combination with one or more {e.g., ove, two, three,
oae o two, or one Lo three) additional thesaprutic agans in the mansfacturs of & medicanent
for treating an MY infection in a lusman havisg or at visk of having the infection. One
cmbodiment provides the use of a compound disclosed hereln in the manufctwre of o

]

medios ¢ for treating or preveniing an HIV infection in o buman having or at visk of

Having ihe infection, wherein the compound is sdministered fn combination with one or more
{e.g., one, two, three, one or two, o one to three) ndditional therapentic sgents. One

smbodiment provides the use of 2 compound disciosed herein therent] in the manufacture of a

medicament for eating an HIV infoction 10 a humas baving or at risk of haviag the

infection, wherein the corapound is adinistered i combination with ove or more {8.g., oue,
twao, tlree, one of twa, or one to thres) additional therapeutic agents. fn certsin embodinents,
1he present invention provides the use of 2 compound disclosed herein thereof] in
combination with one or more additional thevapeutic agenis which are suitable for treating an
HIV ipfection, in tresting an IV infection. In certain embodiments, the present invention.
provides the use of a compound disclosed hersin thereof for treating an HIY infection.
wherain the compound is administered in combination with one o more additional

sherapeutic agents which are sultable for treating an HIV infecton.

{0074 A compound as disclosed horein {e.g., avy compound of Formula (1)) may be

=

sombined with one or more additiona] therapeutic agents in any dosage wmount of the

compound of Formula I {e.z.. from 50 mg to 1060 mg of compound).

ir one embodiment, pharmacestical compositions comprising a compound

three) additional therapentic agenis, and a pharmaceuticaliy sceptable carrier, diluent or

exeipient are provided,

3
<
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I¥s

{00761 bn one embodiment, combination pharmacestical agents comprising a
compaund disclosed berein in comblnaton with one or more {e.g. oug, fwo, thees, ane or

iwo, or one 1o three) addidonal thevapeutic agenis are provided.

{00771 in one embodiment, ks comprising 2 compound disclosed hersin in
sombination with one or more {e.g., one, tws, Hyre, ons or two, Of Oie 1o three) sddional

therapeutic agants are provided.

{O078} in the above smbodiments, the additional therapevtic agent may be an gt
HiV agent. For example, in some emhodiments, the additional therapoutic agent is sslectad
from the group consisting of HIV protease tnhibitors, HIV non-nucleoside inhiditors of
reverse transeriptase, HIV nucleoside or nucleotids lubibitors of reverse transcripiags, HIV
integrase whibitors, HIV non-cataiytic site {or aliosteric) integrase inhibitors, sntvy inhibitors
{e.g.. CORS inhibitors, gpd! inhibitors (e, fusion bihibitors) aud CD4 attachment

thibitors}, CXCR4 inbibitors, gpl26 inhibitors, GSPD and NADRH-oxidase inhibiiors,

compounds that target the HIV capsid (eapsid inhibitors™ e.g., capsid polymerization
inhibitors or capsid disrupting compounds such as those disclosed in W 201 3/008738
{Gilead Sciences), US 2013/0165489 (Uiniversity of Penmsybvaniz), and WO 2013/0067972

{Pharoia Resources), pharsrrcokinetic enhancers, and other drugs for freating HIV, and

combinations thersof,

janTel fa other embodimenis, the additonal therapeutic agent may be an anst-FIV
agent. For example, in some embodiments, the sdditional therapeatie agent is selectsd fom
the group consisting of HIV protease inhibitors, HIV non-pucieoside or non-nucisotide
iuhibitors of roverse transeriptase, HIV nucleosids or nucleotide inhibitars of roverse
ransoriptase, HIY integrase inhibitors, HIV non-catadytic site {or alfosteric) integrage
irhibitors, HIV entry luhibitors {e.g., CCRS inhubltors, gpd ! inhibitors {ie., fasion inhibitors)

and CI34 attachment jubibitors), CXCR4 Inhibiiors, gpl20 inhibitors, GEPD and MADH-

oxidase inkibliors, HIV vaceines, HIV materation luhibitors, latency veversing agents {e.g.,
histone deacetylass inbibitors, proteasome inhibitoss, protein kinass C (PRC) activators, and
BR3>4 inhibiors). compounds that target the HIV capsid {“capsid inhibitors”; e.g., capsid
id p7 (INCpT)

tars), phanviacokinetie enhancers, Immune-based

pelymerization inhibitors or enpaid dissupting compounds, HIV nuclecos

inhibitors, HEV p24 capsid pradein inhil

theraples {¢.8., Pd-1 modulaters, PA-L1 moduiators, tol] ke receptors modulators,, HLe13

<

sgonists, ), HIV antibodies, bispecific atibodics and “antibody-1ike’ therapeutic proteins
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fe.p., DARTS®, Dushodies®, Bites®, XmAbs®, TandAbs &, Fab derivatves) nchuding

those targeting FEV ep126 or gpsl, combination drugs for BTV, HIV 217 matrix protein
inhibitors, TL~13 aniagonists, Peptidyl-proly! cis-trans isomerase A modulators, Protein
disuifide somerase inhibitors, Complemsnt CSa receptor aniagounisis, NS methyltransierase
inhibitor, FIV vif gene modulators, Vit dimerization anfagonisis, HIV-1 viral infectivity

ab

facior inhibitors, TAT protes ihitors, HTV-1 Wef modulztors, Hok tyrosine Kinase

wodslators, wined fineage kinase-3 (MLK-3) inhibitors, HIV-D splicing inhibitors, Rev

protein inhibitors, Integrin antagonisis, Nusleoprotein inhibitors, Bpticing facior modulators,

COMM domain containing protein T mwdulators, HIV Ribonuclease H inhibivors, Retrocyolin
modutators, CRK-D ivhibitors, Dendeitic ICAM-3 grabbing nonintegrin 1 inkibitors, HIV
QAG protein inkibitors, HIV POL protein inhibitors, Complemest Factor H modulators,

Ubiguitin ligase inhibitors, Deoxyeytidine kinsse inhibitors, Cyclin dependent kinsse

1

inhibitors Proprotein sonvertase PLY stimalators, ATY depe ndent RNA helicase DRXIX

inhibiors, reverse wans :‘i“ se priming complex fvhibitors, HIY gene therapy, PI3K
inhibitors, componnds such as those discioged fo WO 20137006738 (Gllead Sciences), US
201343165489 (University of Pennsyivania), WO 20613/081086A1 (Bochringer Ingethein),
WO 0062285 (Bocdvinger Ingetheim), US201448221388 (Japan Tobaceo),
US20140221378 Japs Tobaooo), WO 301(¢130024 {Roehringer ingotheim), WO
20137159064 (Gilead Soiences), WO 2012/145728 (Gilead Sciences), W01 /003497
{Gitead Scienses), WO2014/180323 (Giead Sciences), WOR12/145728 (Gilead Sciences),
WO2013/15%084 (Gilead Seivnces) and WO 2012/003498 (Gilead Sciences) and WO
13004797 (Pharme Resources), and other drugs for treating HIV, and combinations

thereofl

{00803 In cortain embodiments, the additional therapsutic is selected from the group
consisting of HIV protease inhibitors, HIV non-nucieoside or nov-sucleotide inhibitors of
reverse transeriptase, HIV nucleoside or nucleotide inhibitors of reverse transeriptase, FIY
imtegrase inhibitors, HIY non-cutalytic site {or allusteric} integrase inhibitors,

pharmasokinetic sohangers, and combinations thereofl

{0681 In certain embodiments a campound of Formula (1) Is formulated as a tablet,
which may optionsily contain one or more other sempounds usefisd for treating HIY. In
cerlain embodiments, the tablet can contain another aciive ingredient for freating HIV, such as

HIY protease inhibitors, HIV non-nuclzoside or non -nuclestide inhibitors of reverse
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transcriptase, HIV nuclenside or nucicoude inhibitors of reverse teansoripiase, JIV integrase

inhibitors, HIV non-catalytic site {or allosteric) integrase inhibitors, pharmacokinetic
snhuncsrs, and combinations thereof. In cortain embodiments, the table: can contain one or
wore aotive ingredients for frenting HIV, such ae HEV nucleoside or nucleotide infibitors of

reverse transcriptase. In oortaiy embodiments, such tablets are suitable for onee dsily dostng,

UG in further embodisnents, the additional therapeutic agent is selected from one

or nore oft

{1} HIV grotsase inhibitors seleced from the group covsisting of amprenaviy,
slzzanavin, Toswrmprenavin, indiuaviy, lopinavin ritonevh, nelfinavis, saquinavie,
ti;s;‘ansvir, brecasaviy, dasunavin, TMC-126, TMO-114, mozenavir {DMP-4350), JB-

147 (AG1776), L-756423, RO0334649, KINL-272, 13PC-681. DIPC-684,
GW4E3IgaX, DGT7, PPL-100, DORS, and AG 1858

{2y HIV non-nuclsoside of non-nucivotide hibitors of reverse anseriptase sslected

fromm the grovp consisting of capravizine, emivirine, defaviridine, ez"zwircr:z,
wwvirapine, () calanolide AL ctravirine, GW3634, DPC083, DPC-683, DPC.083,

MIY-150, TMC-120, rilpivivine, BILR 333 BS, VRX 840773, lersivirine (UK-
453061}, RIDEARQS, K023 and ME-~1439;

{33 HIV mucleoside or nucleotide inhibitors of reverse transariptase selected from the

group consisting of zidovuding, omrivitabing, didenosine, stavoading, salciiabine,

sudine, abacavir, abacavis sulfute, amdoxovir, elvacitubine, alovuding, MIV-210,

Y,

wFTC, D-deRC, sitrichiabing, phosphazide, forivudine tdoxil, apricitibine
{AVX734), WP-1461, G8-0131 (Gilead Sclencss), fosatvadine tidoxi} (formerly HIIP

89.0603), ienofovir, tenofovir disq

il famarate, teaofovie alafenamide, tenofovie

wiafenaoide hemifumarate, fenofovir alatenannde furnarate (Gilead Soi waces)y, G35-
7348 (Gilend Scisncesy, (:8-9148 (Giisad Sciences), adefovie, adefovis dipivaxil,

CRIX-001 {Chimerix) and CM-137 (Chimerin):

J

(%) HIV integrase inhibitors seiected from the group c-:.msi::.zing of curcumin,

derivatives of curcurnin, chicorie acid, derivatives of chicorie acid, 3,5~

dteaffeoyiguinic acid, derlvatives of 3.5~ d;caﬁmyiwm"‘ acid, aurintricarboxylic acid,
erivaiives of awrtntricarboxyiic acid, cafifeic acid phenethyl ester, derivatives of

caifeic acid phenathyl esier, tyrphostin, derivatives of tyrphostin, quercetin,
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derivatives of quercetin, 8-1360, AR-177, T-870812, andd 1L-870816, raltegravir,
BMS-338158, GSKI64733C, BMB-T07048, MK 2048, BA 011, elvitegravir,

sotutegraviy, dolutegravir sodiam, and GSK-744;

{6) BRIV non-cataiviie siie, or allosterle, Intagrase inhibitors (NCINT inciuding, g
not Hmited o, BI-224436, CXO518, CRO5043, CX 14442, compounds disclosed in
WO 2009/062285 (Bochringer Togelheim), WO 2018/ 30034 Boclwinger Ingetheim),
WO 2013/159064 {Gilead Sciences), WO 2012/144728 {Gilead Sciences), WO

-

2012/003497 (Gilead Scionses), WO 2012/003498 (Gitead Sclences) ench of which is

incorporaied by references in s entivety herein;

{77 endl thibitors selecied fom the group consisting of enfuvirtide, sifuvirtide
{7} B B £ A 5

aibuvirtide, FROGEM, and TRI-{144;

{8) the CXCR4 inhiblior AMD-O7(;

{3} the enlry inhibitor SPO1A;

{10) the gp120 inhibitor BMS-488043;

{11) the GSPD and NADH oxidase iuhibitor immunitin;

{12} CCRS inhibitors selected from the group consisting of aplaviroe, vieriviros,
maravires. ceniorivires, PRO-150, BNCR 15850, PR.232798 (Plizer), and

COR3ImADIDY

(13 CP4 attuchment inhibitors selected from the group consisting of ibalizumab

{TMB-I35) and BMS-068 (BMS-553068y

{14} pharmacokinetic enhancers selected from ihs group consisting of cobicisiat and

SPi-452; and

{15} other drugs for veating HIY selected from the group consisting of BAS-104, SPL-
432, REP ¢, SP-01A, TNX-355, DESS, QUN-83, ODN-11E, VGV-I, PA457
{bevirimay), HRG214, VGX-410, KD-247, AMZ 6026, CYT 990074-221 TV,
DERIO-023, BAY 304798, MIVX01Q (ipilirmunab), PRI 119, ALG 889, and PA-
1056040 (PA-D4),

2
>
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and combinations thereof.

(3831 In cortain epbodimenis, the additional therapeutic ageny is selected &om one
i a {

oy more off

{1}y Combination drugs selected from the group consisting of ATRIPLA®

{efsvirenz teenetovie disopresd] Rumaraie remiriciiabing), COMPLERA® or

SVIPLERA® (rilpivirine Henofovir disoproxil fumarate +emticitabine),
STRIBILDG (elvitegravirtcobicistattenofoviy disoproxil fumarate +eniriciabine).
dolutegravir + abacavic sulfale Hamivudine, TRIVMEQ® (dolutegravir + sbacavir +

id

lamivadine} , lamivudine + nevirapine + #i

ing, dolutegraviciriipivirine,
dolotegravirerilpivirine hydrochloride, atazanavir sulfate + cobivistat, ataxanavie +
cobicistat, darunaviy + coblcistat, sfavirenz + lamivadine 4 tenofovir disoproxil

fumsrate, tenofovir alafenamide hemifiimaraie + emitriciiabine + cobicistal +

elvitegravie, tenofoviv alalenanide bemifumarate + emiricitabine, wenofovis
alafenamide + emricitabineg, wuofovie alaferamide hemifiunarate + emtricitabineg +
rilpivirine, tenofovir alafenamide + emiricitabine + rilpivirine | Vace-4x +

rorsidensin, darenavir - enofovir alatonamide hemifimaratet emtricitabine +

icistas, APH-0812, raltograviy + lamivudine, KALETRAR (ALUVIAS,
jopinavireritonavir), alsranavir sulflite 4 ritonavir, COMBIVIR®

{zidovudineHamivudine, AZTHITC), EPZICOM® (Kivexa®, abacaviy subfare
+lamivading, ABCHITO), TRIZIVIRD (abacavir sulfateszidovudinerlamiy

ABCHA

TTETCY, TRUVADA® Gencfovir disnmroxil fumarate +embricitabine,
TORFHTO), dorevirine + lamivadine + tenofovir disoproxil fumarste, doravirine +
Ismivudine + tenofovir disoproxil, tenofovir + lamivadine and lmmivudine +

tenofovir disoproxif fumarate;

{23 HIV protease inhibitors selected from the group consisting of amprenavis,
atavenaviy, fosamprenavin, fosamprenavic caleion, indinavis, indinavir suifate,
lopinaviz, ritonavir, nelfinavis, nelfinavir mesylate, saquinaviz, saquinavir mssylute,

tipranaviz, brecanavly, derunavie, DG-17, TMB-657 (PPL-100) and TMI-310611;

(3} IV non~nucieoside or nes-nuclectide nhibitors of reverse transeriptase selscted
from the group consisting of delavirdine, defavivdine mesyiate, novirapine, straviring,

dapiviving, dorvavivine, rilpiviving, sfavivenz, KM-023, ¥M- 1560, lentinan and ASC-

25
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282,

4y HIV nucleoside or nucleotide inhibitors of reverse wranscriptase seleoted from the

group consisting of VIDEX® and VIDEX® EC {didanosine, ddi), zidovading,

ine, didanosine, stavudine, zalcabine, lmivudine, censaviuding, abacavir,
abanavir sulfaie, amdoxovin, elvucitabine, alovudine, phosphazid, fozivedine tdoxd,

apricitabine, amdoxovir , KP-1461, fossivedine tidoxil, tencfovis, enotovir

disoproxil, tenofovir disoproxi] fursarate, jenofovir disoproxil hemifumarats,
enofovir siafiramide, tenofovly alafenamide hemifiomarate, tenofoviy alatonamide

fumsraie, adetovir, adefovir dipivoxil, snd fostinaviy

(53 HITY intograse inhibltors selecied from the group consisting of curcumin,

dertvatives of curcumin, chicoric acid, derivatives of citcorie acid, 3.5+

disaffeovkuinic acid, derivatives of 3,5-<§icaffce iquinde acid, avrintricarboxylic acid,
derivatives of aurinirivarboxylie acid, caffeio seid phenethyl ester, derfvatives of

caffeie acid phenethyl ester, tyrphostin, derivatives of tyrphostin, gquercetin,

derivatives of quersetin, raltepravir, sivitegraviy, dolutegravir and cabotegravie;
& B 2 g 5

(6} HIV non-satabytic slte, or aliosteris, ntegrase inhibltors (NCINT selested from the

group consisting of CX-05168, U3-05045 and CX- 14442

7YHIV gpdl inhibitors selected from the group consisting of enfuvirtide, s

ffuvirtide

and albuviride;

£8Y HIV entry inkibitors selected from the group consisting of ceniotiviroc;

{8y HIV gpi12¢ iuk
and BME-603068,;

itors selected from the group consisting of Radha-108 {Recepiol)

{10} CCR3 inbibhiors selected from the group sopsisting of splaviroe, iogivires,

msraviree, ceniorivivos, PRO-14€, Adaptavie (RAP-101), nifeviroe (TD-0232), Tiz

2680, and vMIP {Halmipuh
11) CD4 attachment inhibitors szlected from the group ¢ comsinting of ibslinmal;

{12) CXCR4 inhibitors sclevied fram the group consisting of plerixafor, ALT-1188,

vh{P and Haimipu;
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{12} Pharnacokinetie enhoncers selectod from the group consisting of cobicistat and

vitonavin

{14} fmrume-based therapies selected from the group consisting of desmaViy,
juterieukin-7, plaquent! (hydeoxychlorcgning), profenkin (aideslenkin, Ti- 2},

-

trerferon aify, interferon alfz-2b, interferon alfa-n3, pegylated interferon alfa,

interferon garuns, bydronyurea, mycophenolate mofetil (MPA) and its sster

yothylerwindoe (PED, Gepon, VGV~ MOR-EZ, DMS-336559, woll-like receptors

derivative mycophenolate mofelll (MMF), WF-14, ribavirin, 102, 11-12, polymer

modukators (el 2, th3, oo, 3, ted, 7, Ur8, Y, 1130, el y, 12 and tirily,

rintatoiimed and IR~103;

33 BV vacoines selected from the group consisting of peptide vacaines,
recombinant subunit protein vaceines, live yeotor vaceines, DNA vascines, virug-liks
particle vaccines {psewdovition vaceing), CD4-derived peplide vaccives, vacoine
combinations, rgpi20 (AIDSVAX), ALVAC HIV (VOPIS2IVAIDSVAY B/E
{120} (RV 144}, monomeric gpi20 HIV-1 subtvpe C vacoine {Plovarus), Remune,
TTV-1, Contre Vir, ADS-ENY A-48, DCVax-001 {COX-2401), PEP-6409, Vace-dx,
Vacoe-CF, YAL-3S, multiclade DIMNA recombinant adenoviruses ¢ (T AASY, Penvrax(,
YRC-HIV MABGSG«;'}Q--AB, AYR-101, Tat Oyl vaecine, AVA-201, FITV-LAMPvax,
Ad3S, Ad3SSGRIN, NACGMEVESP I8A-31, poly-ICLE adinvanied vacct 1es,

Tatfmmune, GTU-muliHIV (9T-053, AGS-004, gpi40{delalV 2. TV i+ MP-59,
VEVIN HIV-1 gag vaccine, Se¥-Gag vacoing, AT-20 , DNK-4, AGS-GRIN/ENY,
TBL-M4, HIVAX , HIVAX-Z, NYVACHIV-PT L, NYVAC-HIV-PTY, DNAHIV-
PTIZ3, rAAY L-PGEDP, GOVX-B11, GOVX-BZL, THV-01, TUTI-16, VGX-3300,
TVEHIV-1, Aded (Add-eov Clade € -+ Add-mQag}, ENGT-UGRTEC, BNA1-FPA2,
Pre¥VaxTat, TLA01, SAV-00], AEJ, MYM-VIQ!, CombiHIVvae, ADVAYX, MYM-
Y201, MVA-CMDR, ETV-01, CDX 1491, reAdZ8. M08 HIV-Sav and DRA-ALS
gagfpotnefiney (MVIN3G5),

{16} HIV anibodies, bispecific antibodies sud “antibody-Hke” hempeutic profeins

tsush as DARTs®, Duabodies®, Bites®, XKmAbs®@, TandAhs ®, Fab deriva iHves)

tacluding BMS-D36559, TMD-360 and those targeting FIV gpl20 or gpd! sslected
from the group cwsﬁstﬁng of bavituximab, UB-421, C2F3, C2G12, 04110

CZESCGIHCARLY, 3-BNC-117, PGT 1435, PGTI21, MDX01 10 (ipthimumab),

=
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VRO, A32, 782, 10ES, VRE07-523 and VRCUT,

{17} lniescy reversing agenis sefectad from the group covsisting of Histone
deacetviase inhibitors such a5 Roraldepsin, vorinostal, pancbinosiat; Proteasome
mhibitors such as Veloade; protein kinase C (PR} activators such as Indolactam
Prosirathy, ingenol B and DAG-actones, Tonomychn, GSK-343, PMA, SAHLA, BREM

hitors, 1L-154, 3Q1, disdfrar, and amphotericin B;

£

{18) FOV nucleocapsid p7 (NCp7) inhibitors selected from the group vonsisting of

szodizarhonamide;

{191 BRIV maturation inhibitors selected from the group cossisting of BMS-G35176
angd (3IBK-283&232

20) PIAK inhibitors sslected fom the group consisting of ideladisit
bugsarhs;b, CLR-457, pistilisid, ncratindd, rigosenid, rigosenib sodhum, BMN-3342
ib, XL~763, gedatobisib, VE-5584,
copanlisih, CAT orolate, perifusing, RG-7666, GSK-2636771, 1I8-7423, punulisib,
GSK-2 7, GEK-2126458, CUDC-807, POR-309, INCE-040093, pilaralisib,
BAY-1082439, puguitinib mesylate, 3AR-243402, AMG-319, RP-6330, Z8TH 474,
MUN-1117, SF-1126, RY-1729, sonolisib, LY 2023414, SAR-260301 and CLR-
1481

TOR-1202, alpslisib, duvelisib, UCB-5857, tasells

7

{211 the compounds diselosed m WO 2004/0%6286 (Gilead Scicnves), WO
2906/110157 (Gilzad Seiences), WO 2006/01 5261 {Gilead Sclenges), WO
2013/006738 (Gilead Sciences), US 201340163488 (Univ m‘si‘sy of Pennsyivanial,
US20140221380 (Japen Tobsceo), US20140221378 (Japan Tobaces), WO
2013/006792 (Pharma Resources), W 20097062285 {Boehringer Inzetheim), Wi
2010/1 30434 (Boehringer Ingethelm), WO 201370510964 1 (Bochringer Ingetheim),
WO 2G13/152064 (Giiead Sclenses), WO 2012/148728 {Gitead Seiences).
WOIOL2/003497 (Gilead Scienous), WO2014/ 100323 (Gilead Sciences),
WO2012/145728 (Bilead Sciences), WORE13/159064 (CGilead Sciences} and Wi
2012/903498 (Gitead Sciences); and

£22) othar drags for treating HIV selecied from the group consisting of Banlee, MK~
€567, AG-1108, TR-452, ME-85%1, RER 9, OY'T-107, alisporivin, WOV-205, INTD-

28
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02, metenkefaiin, PGIN-007, Acemanuan, Gastmune, Projastin, 1,5-dicaffroviguinic
acid, BIT-223, RPI-MN, VSSP, Hivieal, BAO-3109, §8-728-T RELMN, VIR-576,

HOTV43, MK~ 1376, tHIVT7-shTAR-CORSRE, MazP g gene thevapy, BlockAilde,

ABX-464, SCY~633, nalirexons, AAY-eCDM4-Ig gene therapy and PA-1050040 PA-

and combinations thersof.

[a0%4 1 1o certain erbodinents, a corpound disclosed herein i combined with two,

three, four or more additions! therapautic agents. In certain ersbodinments, 2 2 compounid

disclosed hereln s combined with two additional therapentic sgents. In other ermbodiments,
compound disclosed herein is combined with threg additional therapeatic agents. In further
simbodiments, 4 compound disclosed Berein is combined with fowr additiona! therepeutic
agents. The tweo, three four oy more additional therapeutic agents can be different therapsutic

"

o ggents, or ey van be selected from

agents sclected from the serne elass of therapeu
sifferent classes of therapeutic agents. In s specific embodiprent, a compound disclosed

herein ts combined with an HIV sucleoside or nucleotide §

ibitor of reverse transcriptase
sud an HIV pon-nucleoside inhibitor of reverse transeriprase. In another spacific
embodinment, & compound disclosed herein is combined with an HIV pucieoside or mucleatide
puitibitor of reverse transeriptase, and an HIV protzase inhibiing comuoired. in 2 futher
embodiment, 8 compound disciosed herein {s combined with an HIY nuelsoside or nucleotide
inhibitor of reverse ts'amcriptasc, an MV non-nacleoside inhibitor of reverse transcrintase,
and an HIV protesse intibiting compound. In an additens enthadiment, a campound
disclosed hersin ie cornbined with an HIV muclouside or nucleotide inhibitor of reverse
franseriptase, an HIV non-nucleoside inhibitor of reverse transoriptase, and a

harrnacokivetic enhancer. In another ernbodiment, 8 compound disclosed hered
p

s combined

with twe HIV pucleoside or nucteotide inhilsitors of reverse anscriptase.
3

{00851 In cartain embodiments, & compound disclosed hersin, is combined with ane,
two, three, fowr of msore additional therapeutic agents, In centain embodiments, & compound

<

disclosed heretn is combined with one additional therapattic agent. In certain embodiments, a

sompound disclosed herels s combined with twe sdditional therapeutic sgenis. In othe

vimbodimeants, 7 compound disclosed beisin is combined with three additional therapeutic

agents, In further stebodiments, 8 compound disclosed herein is combined with Sour

additional therapsutic agents. The one, two, three, four or more additional therapeutic sgents

29
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can be difforamt therapeusic apents seiected from the same class of twrapoutic ageals, and/or

V”’

ney can be selected from different elasses of therapeutic agents. In a specific embodisent, 3
compound disclesed herein is combined with an HIV nuclecside or nuclkeotids ntdbior of
reverse franseripease and an HY non-nusizoside inhibitor of reverse ranscriptase. In ancther
spesific embodiment, a compound disclosed herein is combined with an HIV nucleoside o

nuclestide inhibitor of reverse Granseriptase, and an HIV protease inhibiting compound. In a

farther emwbodimest, # compound disclosed hersin Is combined with an JIY nucleoside or
nucleotide inhibitor of reverse transcriptase, an IV nos-nucleoside inhibitor of reverse
transcriptase, and an HIV protesse mhibiting compound. In ap additional embodiment, a
commpound disclosed herein IS combined with an BV nuclecside or nucleotide inhibitor of
severse ranseriptase, an HIV nos-nucleoside inhibitor of reverse transeriptese, and a
pharmacokineiic enhancer. In cortain ersbodiments, a compound disclased beretn 1§
combined with as jeast one HIV nuciecside inhibitor of reverse transoriptase, an inlegrass
inhibitor, and a pharmasokinetic enhoncet. In another smbodiment, a compound disclosed

herein is combined with two HIV mucleoside or nucleotide inhibitors of reverse transoripiase.

{60863 I certain embodiments, & compound disclosed barein is combined with at

teast one HIV wueleosids inhibitor of reverse transcriptase, an integrase inhibiter, and

phannacokinetic enhanear

{O0R7Y 1n & particulsr embodiment, a compound disclosed herefn is combined with
ahacaviy, abacavir sulfate, wnofoviy, tenofovir disoproxil fwnarate, tenofovir alafenamide, or

tenofovir alafenamide hemifumarate,

j608E] In o particular embodiment, 2 comspound disclosed herein is combined with

tenofovin, teaofovir disoproxil fumarate, tenofovie atafenamide, or tenofovir alafonamide

hemifamarate,
HIRY) In a particular embodiment, a compound disciosed herein is comivved with 2

first additional therapautic agent selected from the group consisting oft abacavir, abacavir
suldfate, tenofovir, tenofovir disoproxil fumarate, tenofovic alafenamide, and tenofovir
alaferamide homifumaraie and a second additiona? therapoutic agent selected from the group

consisting of emtricitibine and benivadine,

F0396] In a pariculer eyobodiment, a sompound disclosed herein is combived with &

first additional thesapeutic agont seleated from the group consisting of! tencdtvely, tenofovir

3G
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disoproxi] fumaraic, tenofovir alafenamide, and 1enclovir alafonamide homifumsrate sad 4
seeond additional therapeutic agent, wherein the second additional therapeutic agent is

entrichiihine. '

{60%4] In a particular erobodimaent, 2 compousd disciosed herein is combined with

o

ane, twa, thres, four or more addifional ther apedic agents selecied fom Triume g

{dotutegravirtabucavir +lamiveding), delutegravie + abacavie sulfase +

mivadine,

raltegraviy, raltegravir + lamivudine, Truvade®: (enofovir disoproxil fumnarate
+emtricitabine, TDRFTC), msraviros, enfuvirtide , Bpzicom® (Livexa®, abacavic suifaie

Hawivadine, ABCH3TC), Trizivir® {aba

dovudinetlamivudine,
ABUHAZTHITC), adefoviy, adefovie dipivoril, Siribild @ {elvitegravie cobicistatttenofovir

disoproxii fumarate +eptriciiabis

} rilpivitine, rilpivirine hydrochioride, Complera®@
{Eviplera®, rigivirinetenofovir disoproxil fumarate +emtvicitabing), Cobicisiat, slazanavie
saifate + cobicistz, atazanavir + cobloistat, darunavir + cobicistat, Atripta®
{efavireneitenalovir disoproxil fumarate temipicitabine), avanavis, atazanavic sulfate,

bvig

diolutegravis, sgravin, Alsvia® (Kalewa®, lopinavirtritonavir), sitonavic , emtricitabine ,

asgzanavis sulfate + ritonaviz, derusavir, lamivudine, Pralasting, fwcs.:fcp*emwir, fossmprenayir

caledurn, efavirene, Combivir® {(idovudineHamivadine, AZTHITC etravirine, neifinavir,
aelfinavir mesviate, interferon, didanosine, stavuding, indina

i,

:*.-dénaviy suifate, tenofovir +

nivedine, zidovadine. nevirspine, saguinavl, saquinaviy mesviate, aldesiculein,
zalcitabine, tipranaviy, amprenavty, delavirding, delavirdine mesyiate, Radba~-10% (Re: ceptoll,

Hivival, lamiva

ine -+ tenofovir disoproxil firnarate, efevivenz + lamiveding + senofovir
disoproxil fumarate , phosphaxdd, lamivudine + nevirapine + zidovudine, sbucavie abacavir
suliate, tenofoviy, fenofovir disoproxil, wenofovir disoproxit fumarate, darunaviy + cobicistat,

argzang

iy sulfaie + cobicistet, atavanavir + cobicistat, tenofovir alafenamide and tenafovir

alafonamide bemifuinaraic.

{00923 in a particular embodiment, 8 compound disclosed herein is combinad with
abacavir, abasavir sulthte, wenofoviy, tenotoviy disosroxil, tenofovir gisoproxil fumarate,
tepofovir disoproxil hemifiunarate, tanafovir alafenanide or tenofovir alafenamide

hemifimarale,

{60937 In a particular embaditeot, a compound disclosed hersin is combined with
tenofovis, tenofovir disoproxil, tencloviy disoproxii fumarate, tenofovir alafenamide, or

tenofoviy alafenamide bemifiumarate.

2
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[00%4] in 2 purtionlar ambodiment, 8 compound diselosed herein is combined with a
first additional therapeutic agent sciected from the group consisting off abacavir sulfaty,
senotinds, tenofovir disoproxil, enofoviv disoproxil fumarate, fonofovir alafenamide, and
senotiovi alafonamide hemifuvarate and a secoond additional therapentic agent selected from

the gronp consisting of emtcicHabine and lamivudine,

00931 in & particular embodinent, a compnund disclosed herein is combined with a
first additional therapeutic agent selected from the group consisting oft tenofovin, tenofovir

disoproxil, tenafovir disoproxil fumarate, tenofovir alafenamide, and tepofovir alafenamide
hemtfumaraie and a second additional therapeutic agent, whereln the second additional

therapeutic agent iy enviricitabine.

{6096} in cortain embodiments, 2 compound disclosed herelo is combived with 3-30
myg tenofovir alafenamide fumarate, eoofovir alafeuamide hemifomarats, or tenofovir

ziafenamide and 200 mg emizriciiabine. In certain embodiments, a compound disclosed

herein is combined with 8-10; S-15; 3.20; 3-235; 25-30; 20-30; 15-30; or 10-30 mg tenaiovir
slafenamide fumarate, tenofovir alafenamide hemifinmarsaie, or tonofovir slafonamide and
200 mg emtricitabine. 1o cortain embadinents, a compound disclosed hersin s sombined

5 10 myg fenofovir alafenamide fumarate, fenofovie alafenzmide hemifimarate, or

tenofovir alafenanmide and 200 g emiricitabine. In certain embodiments, @ compoind
disclosed heredn is combined with 25 myg wenofuvir alafonamide fimarats, enofovie

aiafenamide hemifiomarate, or tenoiivir alafenamide and 200 mg emdricitebine, & compound

as disclosed herein (.2, a compound of formula (1)) may be combined with the agents
provided herein in any dosage amosmt of the compounsd (8., from S0 mg o 500 mg of
compound) the same as if cach combination of dosages were specifically and individually

{isted.

{60971 In certain embodiments. 2 sompound disclosed herein is combined with 260-
400 my tencfovir disproxil, tenofovir discprexi fimsarste, or tenafoviy disoproxt!
hemsifomarate and 200 mg emiricitabise. In cerialn cmbodiments, & compound disclosed
herein is combined with 200-250; 200-300; 200-350; 250-350; 250-400; 350-400; 300-400;
of 230400 mg tenofovir disoproxil, tenofvir disoproxi] famarate, or tenofovir disoproxil
hemifamarate and 2006 mg emiricitabine. In cortain embodiments, & compound disciosed
herein is combined with 338 mg tenofovir disoproxil fomarate, woofovir disoproxil

g emiriciabine. A corepound as disclosed

hemifhmarate, or tenofoviy disoproxit and 200 m
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herein (o.g., a compound of formmla JIN) may be combined with the agents provided hersin in
any dosage amount of the compoand (e, from 50 mg o 388 mg of sompound) the sane as

if each combination of dosages were specifically and individaally Bsted.
&

{00583 In cartain emsbodiments, when g compound disclesed horein is combined wish
obe or move additional therapeutic agents as dosoribed above, the components of the
composition are administerad as a simuoltancous or sequential regimen. When administered

sequentially, the comblustion may be administered in fwo or more administrations.

60591 in cerfain smbodinenss, g compound disclosed herein is combined w

1L ONE OF
more additions) therapeutis agents ib a unitary dusage form for sivailtancous adminisoation

o & patient, for example 2s a solld dosage forn for oral administration,

{01086} In cestaln embodiments, a compound disclosed hercin is sdministered with
one or more additional therapeutic agents. Co-administration of & compound diseloacd hevein
with onc or more additional therapensic agente gensrally refers fo shmcliansous or seGuential

administration of a corpound disclosed herein and one or more additions’ therapeutic sgents,

pay

such that thevapeutivally effective amouats of the compound disclosed herein and sne or

maore adiditional therapeutic agents are both present in the body of the patient,

{ato1} Co-adauinisiration includes administration of unil dosages of the compounds

disclosed kerein before or after administration of unit dosages of one or more additional
therapentic agents, for example, adminisiraton of the compound disclosad berein within
seconds, minutes, or hoars of the administration of onw or mors addiional therapeutic agenss.
For example, in some embodiments, a unit dose of 2 compound disclosed herein is
adwministered fivst, followed withis seconds or minutes by administration of 2 unit dose of onc
or nwve additional therapeutic agents. Alternatively, in other embodiments, a unit dose of
sue Or nrore gdditional therapeutic agents is administered firsy, followsd by administration of
a unit dose of' 2 compound disclosed heretn within seconds or minutss. In seme
embuodiments, a unit dose of g compound disclosed herein is administered firsy, followed,
after a period of hours (e.g., 1~12 hours), by administration of 2 wnit dose ot one or more

additional therapentic agents, In otber embodiments, a unit dose of one or more additional

therapeutic agenis is administered firsy, followed, after a peried of ours {e.g., 1~12 hours), by

administration of a unit dose of 3 compound disclosed harein.
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ARPD Data

FO1023 In sorizin embodiments, the orystailine forms ase chavacierized by the
interisttice plane intervals detennined by an Xeray powder diffraction patiorn (XRPI. The
diffractogram of XRPD is wypicatly represented by 2 diagram plotiing the intensity of the

sealks versus the locstion of the peaks, Lo, diffraction angle 28 (two-theta) in degrees, The

P

intensities ars often given in parenthesis with the following abbreviations: very strong = vst;

strong = 3t medinm = m; weak = w; and very wealk = vw. The characteristic peaks of a gives
SIRPE can be selected according to fie peak locations and thelr selative intensity o

conveniently distinguish this crystailine structure oy others.

{0103} Those skilled it the art recoghize that the measurements of the XRED peak
tocaticns and/or intensity for a given orystailine form of the same compound will vary within

& mavgin of error. The values of degres 28 sllow sppropriate exvor raargins. Typically, the

Qo

error marging sre ropresenied by “2”. For example, the degres 28 of about "8.74:0.37 denotes

g ranige from abow 8.740.3, 1

., about 8.0, to about 8.7-01.3, Le., about 8.4, Depeading ob the
sarnple preparation techniques, the calibrstion technigues appﬁ.ied @ the instruments, human
operational variation, and ete, thess skilied in the mt recognize that the appropriate oo of
marging for & XRPD can be 20.5; 204, 0,35 =02, +0.1; 20.05; or less. In cerlain

mbodiments of the invention, the XRPD margin of error is&0.2.

{6104} Additional desails of the methods and equipment wsed for the XRPD analysis

are described in the Brasuples ssetion.

01053 The XRPD peaks for the crystallineg forms of sodium (2R.38,1 3aRy-7,9-dioxo-~
1624 \>~h~f‘azw05}(,nzvl)carbar‘0yf‘ 2.3,4,5,7,9.13, I 3a-octahydro-2,F

methanopyride 1,24, S jpyrazinoi2, L-bi 1,3 Joxazepin- -g-olate {Formuls I} of the present

vention can be found below in"fable §
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{08 Table 11 XR¥I pesks for srystalline forms of Fonnuls 11 Form §
Form i
Paak Relati
Posizion Intensity
{728
33
16.1
17.9 224
221 81
Rhs 42.2
23.3 50.4
28.8 Ziind
28.3 42.6
Preparation of the Polvimorphs
0107} Orae wisthod of synthesizing (2R,38,13aR-8-Trydroxy-7, ¢ B-dioko-N-(2,4,6~

wiffluorobenzyi}-2,3,4,5,7 22,13, 3e-cotabydro-2, S-methanopyrido] 1,214 SIpyracing(2, 1.
BH 1 3joxacepine- 18-carboxamide (e.g. & compound of Formula (1)) has been previousty
deseribed in PCT Publication Ne, WOR014/100323. This reference is hes rely incorporsted
hereln by reference In its an irﬁty, and speciffcally with respect to the synthesis of

R3S, 13aR)-E-hydeoxy-7,9-dioxo-N-02 4,6 tri Duorohenzy-2.3,4,5,7,8,13,1 3z-cotabydeo-
2. 3-methsuopyrido{ 1,274 5";*} rrazinoiZ, 1-bJ{1,3 Juxazepine~1 O-carboxamide. One method of
synthesizing sodium u (2R, 58,1 1aR)-7 S-dioxo~108-{(2,4,6-triflacrobenzyijearbamovii-
2,3:4.5,7.9.13, 3aoctahydrn-2, S-methanapyridol 1,244, S Ipyrazino{2 b 3 joxarepin- 8-

ofate (g a compound of Fonmula {T1)) is described herein,

16168} For example, I one aspect, provided is a method of produsing a composition
comprising one or muve polymorphs of sodium (2R 88, 136807, 9-dioko- 10-(42,4,6+
gitluorobenzylicarbamoyi)-2,3,4,5,7.9,13, 1 Sa-octahydse-2.5-

micthanapyrido] 1,274, 5 lpyrazinof 2, 1-k ) 1,3 oxazepin-8-otate, wherein the method comprises
combining & compeound of Formula (11) with a sultable solvent or 2 mixaws of suftably
solvens e prodece a compasition comprising one oy mare polymorphs of the cosmmpound of
Formula (1), In avother aspect, provided is ancther method of produsing 2 sompasition

cumprising one of mare polyynorpbs of sodiumn (2R.58,14aR)-7 9-divga-10-(2,4.6-

35
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wifhuorobenzyhcarbamoy!-2,3,4,5,7 3,13, Ds-octabydro-2,5-

methanopyridoe{ 1,274 1. 3loxazenin-S-olate, wherein the method comprises
P i { s P

combining sodiun (2,58, 13aR)-7,9-dioxe- 10-{{2,4, 6-triffeorcbenzylcarbamoy )

2,3,4,5,7,9,13, 1 3a~o0tshydro-2, S-reethanopyridof 1,274

Ipyrezinol2, 1-bi L 3 loxazep

alate with a suitable solvent ot g mixiure of suttable solvents,

fo1093 The choice of a particular solvent or combination of solvents affects the

formation favering one pelymerphic form of sodhem (2R, 38,1388)-7,9-dioxe-103-{{2.4.6-

32,3 1,:‘,”’,1,13,1Sa~a:ctahy§m-2,5~

wifluosoabenzy Dearbamoy!

wethanopyride] 1,244,

yrawinof2, 10 1,3 joxaeepin-f-olate over another. Solvents suliable
for polymorph formation may include, for cxample, methancl, cthanol, water, sopropyl

acetate, acetenitrile, tetrahydrofuran, methy! isobutyt ketone, and any mintures thereef,

31101 In anothor aspest, providad is also one or myove polymorphs of sodiom
(2R,58,13aR)-7,%-diox0-10-((2 4, 6-wrifluorobenzyDearbamoyi}2,3,4,5,7,9,13, 1 3a-octahydre-
2. 5-mettumopyrido{ 1,204, Slpyrarinei 2, 1-b}{ 1, 3joxacepin-8-claie produced accovding to any

of the methods described herein.

[o1i13 It should be anderstocd that the methods for pmparing the potymorphs
deseribed herein (nsiuding any polymormphic Form 1) may visld quantity and guality
differences compared to the methods for preparing sodium (2R,38,13aR}-7,9-dioxo-16-

((2_\4,6"%;&*;1uombmxyi)cazbamnyl}ig3,4,5, 3,13,13a-cotabydie-2,5-

methanopyrido[ 17,2114, 8 pyrasine]2, 1 -b}{ 1,3 joxazepin-§-olate produced on iaboratery scale,
Forameda I, Form

HOS RS In one einbodument, provided is a msthod of producing a composition
conmprising polymorphic Form § of sediom (3R, 58,1 3aR}-7,9-dioxo- 10-{(2,4,6~
wifluorobenzylicarbamoy-2,3,4,5,7,9,1 3,1 3a-octalydeo-2, 5~
methanopyridol 1,24, 5 ipyrazinef2, 16} 1,3 loxazepin-8-olaie, wherein the method comprise:
sombining {2R,58,13aR}-8-Hydrouy-7,9-dioxo-N~2,4,6-triftucrobenzyiy-2,.3,4,5,.7,9, 13.13a
sotahydro-2,S-methanopyride[ 1214, Sipyrazine[2, 1 -1, 3loxazepine-19-carbosantide with &
sadium base {e.g. sodium hydroxides it a sojvent o produce a vomposition comprising
solymorpbic Form I of sodium (21,38,13aR)-7,9-dioxo- 1 0-{{,4,6-
srittucrobenzyijearbamoyil-2,3,4,5, 7.9, 13, 13u-octalyydro-2, 5-

methanopyridol 1,24, Slpyrazinol 2, 1-bH 1 Flovarepin-B-olate, wherein the solvent is selected

38
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frons the group consisting of ethanol, dimeshyiformamide, and any roixture thereofl fnan
Brow s s ¥ :

emhodiment, the solvent is & mixture of sthanal and dinmethylformamide.

31131 Provided is alse pofymorphic Porrs [ of sodium (2R,58,13aR -7, 9~dioxo 15+

(24, 6-triffuorobenzyt ieacbamoyl2,3,4,5,7,9,13, I3a-octabyydeo-2, 5-

methanopyride] 1,274, S{pyrazino[2, i -hi{1,3loxe

epin-&-olata propared by combining

{LZR.,.‘SS,E3&5{}vS~.E-=1y<€r<>>:y-?,9—-aiiox.o-l\«\;.,4,6 rifiucrobenzyi}-2,3,4,5,7,9,13, 1 3a-octah vdro-

a

asopyride] 1,274, S pyrazine{ 2, 1-bl 1, 3loxazepine~ 1 O-carboxamide with & sodiam
base {¢.¢. sodinm hydroxide) In o solvent, whereln the sofvent is selected from the group

conyisting of ethanol, dimeduyHosmamide, and any mixiyre tharsoll In an embodiment, the

solvent is a mixturs of ethanol and dimethyifonmamide

Uses in Mangfctierine of Drug Froduct

Forsuda I

fo1 4] Provided are also a use of the polymorphs described herein in the manufacture
of a drug product. The ong o more of the pulymorphic forms described hersin (e.g.,
polymarphic Form ¥} may be used as an intermediate In the ranufactoring process W produce

the drug product.

{61153 I certain embodiments, Form £ of sodiuen (28,38, 13a10)7,9-dioxo- 162,46~

a’iﬁtmrcbmzvi}cari 5

2

oyit-2,3,4,8,7,9.13, { 3a-oatahydrs-2.5-
- t ko "

methanopyrido] 1%.2:4, 5 pyrasine]2, 1-b1[ 1,3 joxuzepin-8-claie ars nsed in the mamufacture of

an active pharmeseuticn! ingredient.

Articles anufacture and Kits

{01161 Compositions comprising one or mors of sodium 2R,58,13aR)-7,3-dioke- 18-
(2,4, Sriflucrobenryljcarbamayi}-2,3,4,5,7,9,1 3, B3a-octahydro-2, 3+
methanepyrido] 1,274, pyeazine[2.1-bY 1, 3joxazepin-S-ciate and formulated in one or miore

pharmsceutically acceptable carriers, excipicnts ar other ingredients can be prepsred, placed

in ant appropriate containen and labeled for treatmeont of an indicated condition. Accordingiy,

thers #lso 1s contemplated an anticie of manufasose, such as g comainer comprising 5 desage
frm of one or wore of sodivea (3R, S8, 132R)-7 9-dioxo-10-({2,48.6-

trifluorobenzylcarbamoyi)-2,3,4,5.7,9.13, 1 3a-nctahydro-2,5-

37
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methanopyridoe| 1,294, Sipyrazino{2, 1-b] L3 lovazepin-8~olate, and a label contalning

instructions for use of the compoundds).

(1171 fry some erahadiments, the articls of manufacturs Is & container comprising 2

desage Torm of sadiom (2R58, 13aR)-7.9-dioxo- 19-{(3 4. 6-wriflucrobeneylicarbamoyl)
2,3.4,5.7.9,13,13s-nctahvéro-2, S-moethanepyride] 1,204, Spyrazino2, 1-b}{1,3 joxuzepin-§-
oiate, and one or more pharmaceutically acceptable carriers, excipiants or other ngredients.

in one embodiment of the articies of mancincure described herein, the dosage form e

tablet,
{01183 Hiis also are conlemplated. For example, a kit cun comprise a dosage fomm of

o pharmacseticsl composition and a package insert cobtaining instructions for use of the
composition in treatment of & medics! condition. The instructions for use in the kit may de for
treating HIV. In certain smbodiments, the instructions for use in the kit may be for treating

Y

3119 in certain embodinents, the polvmorphic and solvate fuorms deseribed bereln
nay potentislfyv exhibit improved propertics. For examople. in certain embodiments, the
polvmorphic sud solvate forms deseribed hereln may polentiaily exhibit improved stabitity.

Such Inproved stability could have a potentiaily beneflcial impact on the swmutacture of the

Cesnpound of Formula 1, such as for exemple offering the ability to stove process
intermediate for extended periods of time. Improved stability cocld also potentinfly benrefit g
composition or pharmacentical composition of the Compound of Formula I In certain
embodiments, the polvmorphic and solvate forms described herein msay alse potentially result
in improved yield of the Commpound of Formala 1, or poteatially resait io an improvement ot
the quality of the Compound of Formula Tl In cortaln ewbodiments, the poiymorphic and
solvate forras described herein may also exhibit improved pharmacckinetic properties and/or

potentially improved bicavailability,

Sywrhesis

Sadien (2R 38, 13087, 9-dioxo~10-((2, 4, 8-irifluornbensyljearbanayl)-

2.3.4,5.7.9 13 F3q-octabydro-2, S-methanopyridef 17,214, 3 [pyrazino {2, i -hIf1, 3 Joxazepin-&-

o

slate (Formuia 1)

38
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HOw {2R, 358, 13aR)-8-hvidroxy-7,8-dioxo

(2,4, 6-arifluorobeny -

Z,3,4.5,7.2,13, 13a-octabyvdro-2, S-methanopyride] 1,2 455&:\»1&:’;‘3{; LRI L M oxarepine-10-
sarboxamide {20 g) and ethene! (80 mL) wore added 10 a reaction vesse! and wanmed to
shout 75 % Aqueous sodiom hydroxide (32 mel 2 M s¢ hition) wee added over
approximately 30 minutes, after which the shuiry was cooled 1o approximately 20 9C mear

approximately one hour. Sodiam (2R,38,13 1aR3-7,9-dioxo-L0- {(2,4 G-

wiflucrobenzylicarbamoyi}-2,3,4,5,7,9,13,1 Ss-oclahydro-2,

methanopyride{1,294 3 ipyrazinof2, 1-b11, SToxazepin-S-olate Form § was colested v

filtration, washed with BtOF (52 mL) and dried under vaceom.

{¢121% 5 NMR (400 Mz, DMSO-d6Y § 10.63 (L J =538 Ha, 1H), 7.88 (5, 1}, 7.29
= TO7 (o, 21, 5.20 {(dd, T 8.8, 3.6 Ha, 1H), 5,09 (4, J = 4.1 He, T, 4 32 {m 3}5;}, 4.3%
{dd. ./~ 12.8, : 2, 1H), 387 (4d, J= 12.7, 8.7 Hz, 15}, 2.03 = 1.80 Go, 3D

”'E—a} LA - 140 {m, 1HG,

Lo

Charactsrization

{01221 Sodivm (2R, S8, 13aR)-7,2-¢i0%0-10-4(2,4,6-t1 i‘"iuorebemyi}carbamoyl)a
2.3.4,57.9,13,1 3s-octabydro-2, S-methanopyridol 1,24, Spyrazine{2, 1511, Jlonarepinge

oiate Form [ was characterized by varicus asalytical techaigues, Including X T3y powder
ditfraction pattern {(3FPPD), differential scanning catorimetry (DAC), thermographic analysis

{TGA), and dynamic vapor sorption (DVS) using the procedures described below,

§0123] K-Beay Powder Diffraction: XRPD analysis was conducted on 8 diffractometer
{FANanalytical XFERI-PRO, PAManalytical B.V., Aloeln, Netherlands) using copper

radiatios (Ce Ko, &= 1.5618 A). Sampies were propared for snalysis by depositing the

powdered sample in the center of an alumimem bolder ¢ qipped with 2 zero background

plate. The generator was operated at a voitage of 43 KV and amperage of 46 mA. &

weze Soller 8.02 vad., antiscartsr 1.6°, and divergeoce. The sample rotation speed was 2 see.
Seans were perforned from 2 10 40° 28 during 5-15 min with a siep size a8 0.0167° 20, Data
anatysis was performed by X Pert Highscore version 2.2¢ (FANalytical BV, Almelo,

MNeieriands) and X Pert duta viewer vorsion 1.2d (PANalviical B.V., A Almgle, MNetherlands),

161243 The XKFD pattern for sodium {2R,55,132R)-7,9~dioxa~14-{(2

L \”"4 &
triffucrobenzylcarbamoy-2,3,4,5,7.9,13, 1 38 ootahiydro-2,5-

methanopyridof 1,704 Slpyrasina{Z,1-b¥ 1, Yioxazepin-§-clate Form 1 is represented in Fign

3

[}
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1. The calculatad XRPD patiorn for sodium (2'%%,5‘551 3aR)~T, B-dioxe-10-{{2,4.6-

srifheorobeneyDostbamoyi)y-2,3,4,5,7.9, 13, 1 3z-ociahydro-2, 5~

methanopyridof 1,254, 5 jpyrarinof2, 1-b{ .3 loxazepin-8-olate Form 1 represented in Figure 1
was catcalated by vaing Merowey 3.1 Developroent (Build RCS). Single crystal dats s for
sodium (3R, 58, 13a85-7,9-diosa- 10+ (2,4, 6-uifteorabenzylearbamoy)-2,3.4,5.7,9,13.1 3
oetalivdro-2, S-metbanopyridel 1,24, Sipyrazino] 2, 1-b}{ 1, 3loxazepin-B-olate Form 1 was
imput inte Merswry 3.1 Development {Build RC5} o calculate the XRPLI patlem for sodium
(2R, 58,13a8)-7.9-dioxo- 1002 4 S-arificorobeneyDoarbamoyi}-2,3,4.5,7,8,13, 1 3a-oetahydro-
2, 5-methanopyridol 1,24, S]pyrazine( 2, 1-bi[ 1,3 Joxazepin-E-olate Form L Bulk smaterial,
such 25 stoiehiometry arfty between the temperature was obtained on a Rigabu Miniflex JI
KRD using power settings of $0KY, 1504, scan speed of 2.0004 degrees par minute, 8
Winiflex 300/600 goniometer and an ASC-6 aitachment, & soun range of 3.000 to 40.000

degrees, an incident sfit of 1.250 degress, & tength Hsniting siit of 10.0 pun, and 3C-70

detestor, o receiving siit #1 of 1.350 degrees, sontimious scan mode, and a receiving sHE
(1.3mm. The smmple was prepared by smouthing about 20 myg of solids on a silicon disk

moantad in s meta! holder. Acguisition temperature was ~21 °C,

{0125} The XRPT pattern for sodium (21,58, 13aR3-7,9-dloxo-10-((2,4.6-

)

wrifluorobenzyiloarbamayl}-2,3,4.5,7,9,13.1 Ja~octshydro- 2,5~

mothanopyrido] 1,214, 5lpyrazinof2, b b} 1,3loxazepin-8-clate Form 1 is further representad in
Figme & The caleubatzd XRPD pasten for sodiu (2R,55,13aR3-7,9 ~droxe-10-{(2,4,6-
t::f.'zﬁuorebeﬁzy‘;‘zcarbamoyh& 3,4,5,.7.9,13, 1 3a~ostabydro 2, 5~

methanopyridof 1,24, Sipyrazinof2, 1 -B{{1 1,3loxazepin-R-clate Form { represemed in Figare §
was calculated by using Meroury 3.1 Devclapmem (Bulld RCE). Single crysial daia for

sodingm (2R, 58,13aR)-7,8-&Hoxo- 10-{(2, 4 fivifluorobenzyhcarbamoyi}2,3,4,%,7.9,13, 1 32~

serahvdro-2,5-methanopyride] 1,244,515 Li-bi1,3 loxarepin-8-olate Form | was

fnput fto Meroury 3.1 Development (Build RCSj o ealoulate the XRPIY pattern for sodium
{2R,58,13aR)-7,8-dioxa-10-{{2,4,8~41 riflussobensyboarbamoyt)-2.3,4,5.7,9, 13, H Ja-ovtahydeo-
2, 3-methanopyridof{1',274, S]pyrazinoi2, i -Bl 1.3joxazspin-8-viate Porm [ Bullk material,
such as stnichiomelry arity besween the tfemperatis was ebiained on a Rigaku Sinitlex U
KRD using powsr seitings of 40KV, 15mA, scan speed of 200K degroes per minute, a
Miniflex 300/600 gontometer and ap ASC-6 attachment. 2 scan rang 2 of 3.000 10 40.0060
degrees, an incident slit of 1.230 dogress, a tength Hiniting sl of 1.0 nom, and SC-70

detestor, s receiving sHL #1 of 1.250 degroes, continuous stan mode, and a receiving sL#2 of

40
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0.3:om. The sample was prepared by smoothing about 20 mg of solids on g sificon disk

mounted in a metal holder. Acguisition temperatuse was ~21 °C.

fai2a: Figure & compares the salculated XRPD pattern of sadhun {2R,58,13aR)-7,9-

di0xo~10-({2.4,$-tritfuorobenzy e arbaroyi}2,3,4,8,7,5,13, 3a-vctmhydra-2, 5~

methanopyride{1,244,3 jpyrazine]2,1-b3 1, 3loxazepin-S-clute Form [ 1o the experimenial
KBPL patlern of sodiun 2R 58, 13aR3-7.5- -dioxe-10-((2,4,6-trifluorobenzylcarbamoy -

2.3,4,5,7,9,13.1 3n-ontahiydro-2 5-methanspyridol V.24, Sipyrazinol2, -6} 1, 3joxavepin-g-

clate Form {L The comparison shows the degree to which the ealenlated XRPD and

experimenial XRPD agree. Strony agrooment indicates the solved orystisl structare is also the

crystad siruchure of the material anabyred directly by XRPD. This determination can support

orthogenal data aboul the compesition of the bulk material, such 2s stoichiome F

f027y XRPLy peaks are found in Table 1 above,
{3281 Differentiad scanning calorimetry: Therma! propactis of sodium
¢ i i P

{IR,58, 13aR ) 7.9-dione~10-{{2.4,6-tr

morehenzyDearbamoyi)-2,3,4,5,7,9,12, 1 du-octah yidpo.
2,5-methanopyrido{ 1,224, Sipyrazinei2, 1-bl[ 1,370 rezepin-&-claie Fora § were evaloated
using g Differential Scanning Calorimetry {D&C) instrument (TA G100, TA lnstramments,
New Castle, DE, USAY. Approximately 1o 10 mg of solid sample was placed in 2 standacd
atuminum pas vented with a pishole for cach experimens and heated at a rate of 18 °C/ fon,
under & S8 mifmin sirogen purge. Date analysis was conducted using Universal Aoalysis

200¢ Version 4.7A (1A instruments, New Castle, DE, USA} Heat of fusion analysis

conducied by sigmoidal integration of the endothermic mehing peak.

[01291 The DBSC for sodium (R,58,133R)-7,%-dioxo~10-((2,4,6-
triffuorobenzyicarbamoy! ;—2’,‘3 4,877,913, 1 3a-octakydro-2, 8-

methanopyrido{1%,2"14,5 pyrazine[2, 15} 1,3 joxazepin-8-olate Form ¥ is o spresent eure
2l

G301 Thermagravimetric onalysiz: Thenmogravimetrie analysis (TG 740 of sodium

(2R,58,13aR)-7.9-dioxo-10-{{2,4, S-trifluorobenzylloarbamoyt)-2,.3,4,5,7,8,13, 13s-octabydros

2,S~mci‘ha.na;?}q'iéo[_}’,'- 4, Shoyraeinei2, 1-511, Yoxazepin-R-clate Form T was performed o

a TGA instroment (TA Q580, TA lostruments, Now Castle, DE, USAY. Approximaicly 110 10

nig of soiid sample was placed in an open abrninum pan for each experinent and heated ata

rate of 14 °Clmin vader & 60 rl/min vittogen pures using. Dala analvsis was conducted

41
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using Liniversal Aunalysls 2000 Varsion 474 {TA Instrumente, New Castle, DE, USAL

i3 The TGA for sodham 3R.38,13aR -7, 9-dioxo-10-{(2.,4,6~

irifluscobeneyDoarbamoyty2,3,4,5,7,9,13, 1 3a-octahydro-.2-

methanopyrido 4 3 lovrazinot2, 1-b1{ 1, 3loxazepin-8-olate Form 1 15 represesiad in Figure
3
{61323 Drynamic vapor sorption; The hygroscopicity of sodium (2R,58,13aR)-7.%-

dioxo-10-¢2,4.6-rifluorobenzyDcarbameyl+-2,3,4,5,7,9, 13, 1 2a-octabydro-2, 5+

methanopyrido! 1 24 Sipyresinei2, b} 1, 3joxaze pm»%ma Form | was ovahsaied at about

25 "¢ using a dynamic vapor serption (DXVE) instrument {TGA Q3009 TA Instraments, New
Castle, DE). Water adsorption and deserption were studied as 2 function of relative humidity
(R} over the range of § 1o 90% at room temperatere. The humidhy in the chamber was
increased from the inital lovel 30% R to 60% 8 and held until the solid and stmosphere
reached equilibration. The equilibriom test was continuad ustil passed or explred after 10
fours. At this point, R was raised 1% higher and the process was repeated ontil 99% RH
was reached and equilibrated. During this periad, the watsr sorption was monitored, For
desorption, the relative humidity was deoressed in shmtlar manner 1o measure a full
sosption/destsption eycle. The cyele was optionslly repeated. All experiments wers operated
in d/dt mode Gnass variation over time) 1o determnine the cquilibralion endpoint,
Approsimately 3 mg of solid sodium (28,58,13aR}-7,9-diore-16-{{2.:4.6-

Y-2,3,4,5,7,8,13, 133 octahydro-2.5

sriflzorobenzyearhamayt
methanopyrido[ 1,294, 5 lpyrazine{ 2,1 -b}{ 1. 3Jorazepin-§-olate was used. Data analysis was
conducted using Lintversal Analysis 2000 Verston 4.7A (T4 Instrursents, New Casils, 3E,
1USA}.

{31331 The DVS for sodium {2R,58,132R)-7.9-dioxs-10-({2.4,6-

riffuarobenzyDearhamoyi-2.3,4,5,7,9,1 3, { 3a-octahydsro-2, 3+
Vi, i

<

methanopyridol 1,244, 5 pyrazinol 2, 1-bii { 3Joxazepin-§-olate Form L is represented in Figuwre

4.
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{8134} The indexing date for Formula 11 Form § s summarized in Table 2 below,

Table 2 Indexiag Data for Formula I Form ©

Ut Celi Binensions

Farm snd 3 ”
identiliontion | SoTvert HEgS D)
3 b 2 X 3 ¥
Ferpuia i SRl
Form} s 2108 12,986 | 5iaga |90 a0 “G
{31331 The single crystal X-ray diffraciion studies were carried out on 1 Bruker

APEX {1 Ulta diffractometer equipped with Mo K, radiation 3 = 871073 Ab. Cryetals of
the subject compound were cet dnto 2 0.22 x 0.18 x 6.04 me section and mounted on 2
Cryoloop with Paratone-N oli. Data were collected in a nitrogen gas streamn at WK A
total of 15725 reflections were callecied covering the indices, -9<=ha=10, -1 3<mf=18, -
37-<=i<=36. 7163 reflections ware found 1o he synunelry Independent, with 2 &, of 0.6682.
Todexing and unit-cel] refinement indicated an orthorbombie Iattice. The space group, which

was eniguely defined by the systematio absences in the data, was found to be P2,2:2;. The

3

data were integrated osing the Bruker SAINT software program and scaled using the
SADABS software progrosn. Solution by direct methods (SHELX'T) produced & sompiete

phasing model compatible with the proposed structure.

{0138} All ponhydrogen atoms wore refined anisotropically by full-matrix least-
sguares (SHARLXL-2014). Al hydrogen atoms were pleced using a ridisg model. Their
positions were constyained refative to their parent atom using the sppropriate HBEIX command
in SHELXL-2014. Crysisllographic date are suremarized jn Table 2A. The absolute

stereschemisly was set to conform to previously studied ssmples of the same somuound.

01373 The single erystal X-ray crystallography dats for Formula 1 Form T is

summarized in Table 2A below
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Table 24 Single Crystal Daws for Formala H, Form 1

Acquisition Space ;
S = Z Unit Cell Dimeneions
82 H34 K4 NG Temp, Group e
Nu2 16 N iy 3 ;
K P22 < Distance (A) Augle ()
Form and Solvent in | Density " -
o e Solvert ik SR a ) ¢ w8y
Identitication iathicn (™o 3 ¥
Forrmela 1§ ’ - 59361 1 139202 | 31113
3 3 ONAT s 1g | 5956 B )i aliezl &
— Ethanol/ DM} it 1.614 (103 (id) @ D01 90 90

Dhssoluticn: Profile

0138 The intrinste dissohution profile of sudiven {21,558, 13aR)-7,9-dioxe-10-({(2,4,6-

7

rifluorobemmvDsarbamoyi}-2,3.4,5,7.%,13, 1 3s-octahydsa

methanopyrido] 14,24, 3 jpyradao 2, 1-b1 1. 3joxazepin-g-clate (Formaia i} Form Lol the
preserst nvention and the istrinsic dissolytion profiles of Formm ¥ and Form [l of Formusia 4,
the free acid, (3R,58,13a0t)-8-hydrory-7.9-diowo-N-(2.4,6-trifluorobenzyl)-

2.3,4.3,7,9.13, P 3s-octmliydro-2, 5 methancpyrido{ 1,254, S Toyrraine]2,1 -0l 1, 3joxarepine-10-
carhoxamide {disclosed i the co-pending United States Provisional Application 62/815238
filed on June 20, 2014 titled CRYSVALLINE FORMS OF (2R, 58,1 3AR-R-HYDROXY-7.5-
DIOXO-NA2,4, 6 TRIFLUOROBENZYL)-2.3,4.5, 7.9, 13, 13A-OCTANYDRO-2, 5~
METHANOPYRIDOI, 294, SIFYRAZING]2, 1Bl LAJOX AZEPINE- 1O
CARBOXARMIDE), were messured by obaracierizing AP dissohation from a constant
surface area. Approximately 150 mp of the drog substance was compressed a1 1300 psi for
approximarely 3 seconds using a hydraalic press (Carver Press, Fred Carver, NI, USA). Toe
compressed drug substance formed a flat disk {surface aron ~6.483 sy, which was mouned
onto a dissohuion apparatus (VanKel Industries Inc., Bdison, NJ, VK700, W1i20A-0288).
‘The sotating disk {100 rpm) was then lowered jnte the dissolution medhan (360 ml ol 8.6IN
L) which was equilibrated to 3741°C. Samples wers pulled at pre-determined time points
and drug concenirations were measured using an appropriate UPLC-UV method. The

ninsic dissolution rate constant (K) was calculated asing the fellowing equation:

(01391 Where C is the concentration of the active ot time 1, A is the surface areas of the

44
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tabslet €-0.49 ont®) and V is the volume of the media {560 ml) Note that the term active as
AN 7 |

used herein refers to the parent molecule, whose structure is shaved by both Formuia | and

Fopmula {1

{81447 & dissolution profiles can be found in Figure 3.
Sodubility

The sotabiiity of the sodium formn of (he prasent lnvention and the Fee acid,

]
{ZR,38,1 3uB)-8-hydroxy-7,5-dloxo-N-(2,4, &~-wri{lucrobenzvi}-1,3,4.3,7,8,13, 1 3a- octaliyeiri

2,5methancpyridol 1,214, Sipyeazino] 2, 1-bI{ 1, 3joxazepine-10-carboxamide Form il in

hiorelevant roedia was detesmioed at room tesuperstire as 3 Rwetion of time, Sol ubiiity was
sdeternrined In the following biorelevant media: 6.1 mM Fasted-State Stmulated Gastrie Fluid
{FaSSGF) pH 1.6 {G.08 nib raurocholate, .02 wd lecithin, 34,3 mM NaChy 18.75 mh
Fed-State Simulated testinal Fluid (PSS pH 8 (15 mM aurocholate, 3.75 mM lecithin,
312 M NaCly; and 3.75mM Fasted-State Simnlated Intestinal Fluld (Fa8SIF) pH 5 (3 mM
taarochofaie, 075 md lecithin, 0. I0 M NaCl. Approximately 20 mg of the drug substance
was mixed on & magnetic stir-plate in 50 mL of blewelovant media. Sampies (~1 ml} were
pulled every 5-10 min for 2 howrs. The samples were immediately Hitered/centrifuged for 10
roin in 2 Spin-X tube equipped with 2 8.43 g syion Siter. The resulting Blirate was analveed

using un appropriste UPLC-UY awthod

{03421 The sohability profiies in Fa88GY can be found in Figure 6. The sohubility

profiles in FeSSIF and FaSSiF can be found in Pigure 7.
Biowvailubility

HOEXH The bicavailability of sodiwn (ZR,58,13aRK -7, 9-diona-1 6-4(2,4.6-
wifluorobenzyearbamoyiy-2.3,4,5,7.9, 13, 1 Ja-octahydra-2,5-

methanopyridof 1,314, Sipyrazinel2, 1 -k} 1 \;]";\mup‘ a-&-olate (Formula 71 Fosmn T was
compared 1o the blosvailability of (3R,58,13:R)-8-hydroxy-7,8~dioxo-N-(3,4,5-
tiflusrobeszyi}2,3.4,5,7,9,13, 1 Jo-occtahydro-2, S~methanopyride{ 1,244, Sipyrazine{ 2,1~

bifl.3joxarepine~-1G-carboxmmide (Formule [) Fore 111

{0144} Ezch dosing group consisted of 6 male, nos-msive purebied bragle dogs. At

dosiug, the animals weighed between 100 13 kg, The snimals were fasted overnight prior to

43
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dose administration and up to 4 fir sfler dosing. Each subjcot was pre-treated with
pentagastrin (6 ng/ke) and dosod 30 mineies later with & single 25 g strength tablot of
Forreula 11 Form ¥ or Formute I Form 1. Each subject was given 10 mL of water to aid iy

swallowing,

[G145]3 Serial venous blood samples {approximately T mb cach} were taken from each
aniial af 8, §.256, 5.4R3, 0.583, .758, 1.00, 1.30, 2.00, 4.60, .08, 12.0, and 24,0 hoors afler
dosing. The blood sampies wers collecied into Vacutainer' ™ tubes containing EDTA-KZ as
the anti-coaguiant and wers inmediately placed on wet ice pending centrifugation for
slasma. An LOMEMNS method was used o measure (he concentration of the fest corapound
in plasma. An aliquot of 100 pl. of each plasne sample was added to a clean 96 well plate,

internal standard solution {AUNYUNTD) was added. Afler

and 400 uL of cold acetoniivile/

protein precipitation, an 3§iquot of 118 ul. of the supernatant was trausforred to 2 clean 6+

well plate and dijuted with 300 1L of water. An aliquot of 25 L of the above solutlon was
infected into a TS Quantnm Ultra LOAS/AS system utitizing 2 Hypersil Gold O HPLE
column {36 X 3.0 mum, § pm; Thermo-Hypersil Part # 25105-033030). An Agilent 1200 series

binary pamp (PN G1312A Bin Pump) was osad for slution and esparation, and an HTS Pal

autosamplor (LEAP Technologies, Carrboro, NCY was used for sample injection. ATSQ

Quantum Ul riple quadrupols mass speetrometsr was viilized in selestive reaction

sopitoring mode (Thermo Fineigan, San fove, CA). Liguid chromatography was performed

-~

using two mobile phases: mobile phase A contained 1% zoctonitile In 2.5 mM ammonion
formate aguesus solution with pH of 3.0, and mobile phase B ¢ontained 0% acetonitrile In

13 b ammoninm formate with pH of 4.6, Non-compartmental pharmuecolinetic analysis

was performed on the plasnia voncentration-tme duta. The resulting data are shown in Table
3: F (%) refers to oral Bloavailability; AUC refers to area undey the curve and Is 3 roeasurs
of tolal plasmy exposure of the fndi a.éﬁtd comprnnd; U teflrs to the posk plasma

concentration of the compound afler administration,

Talble 3: Bioavailability of sodium (2R,58,13aR}-7 3-dioxn-10-{(2,4,6~
trifluoroberuyijcarbamoviy-2,3.4,5,7,8,13,138-0ctubydro- 25~
methanopyridol 1,24, Sipyrazinof2, 1-b} 1,3]oxazepin-8-olate Form § and (IR.58,132R)-8-

hydroxy-7.9-dioxe-N-(2, 4 S-trifuorobenzyl}2,3.4,5.7.9, 13,1 3a-octahydre-2,5-

methanopyridol V,24, S jeyrazino]2. 1-b1 1,3 Joxazepine- 1 O-carboxamids Form B

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1181 of 1915



WO 2015/196116 PCT/US2015/036757

! 1 AXIC €
- 3 i d 4 T ey
Form Formatation ] Yo¥ 3 - UM ¥ hr“ (seh)
Fogranda 1 ; % L 3 g A
Yoo T Dy Graauiation TN 27 %33 $x2
Foramis - o : =
Form‘§ ! Dry Gearuslation 2847 AR 13%1

Y 3 . TN e v v

' Mbles: 3036 aotive, 56% mivrarrysiziiine ceiinlose, 13% wroscarrncliose sodium, 19%
Ragnesiun st

ER e,

1gtiel 3%
magnesium stearate

s BO% micracrystalline celislane, 12% creacarmeliose sodium, (%

Srability

{51463 The stability of sodium (8,58, 113037, 9-doxo-14-{{1,4,6-

trifluorobenzylicarbamoyi}-2,3,4,5,7,8,13, 1 3a-octahydro-2,5-

methanopyride[17,294, 8 jpyrazine{2, 1-bY 1,3 oxazepin-8-olate Form § was tested. As seen in
Table 4, below, the compound is siadle afler four weeks of storage nder ascelerated
conditions. In Table 5, AN refers ic ares nomualization and is the relative poak area of the
active with respect o other impurities and componenis contained in the semple. L8 refers to

iabile strengéh and is the amount of active presens relazive to the theoretical amount.

Talde 4: Stability of sodinm R ,58,33aR})-7,5-dioxo-18-({2,4,6-
iriftluorebesryhiearbamoyl}2,3.4,5,7,%,13,1 32-octahydre.2,5-

methanopyridoll 214, Slpyrazine{2, -bl1,3loxaze pin-8-olate Form §

Storuge Conditions ] Storage Time (weeksy |7 SEANT %18
St’zxrtir:g;;z;tzziai O 7 94.4 £ 6.1 99.84 0.1
H 55.2% 03 188,04 3.2
44°C {closed) 2 4401 § 1024201

4 84,4 % 0.0 7.8 3,
i 94.9 = (.1 33269
AUMCITEY R {oper) 3 9642 0.0 | 1085404
& $4.450.0 | 1029+ 4.1
1 930402 1 1048201
2CV6U% RE {open) vil 94,4 £ 3% [ERRE TR
4 544500 | i03.02:48
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(0347} Bach of {he reforences ipoluding all patents, patent applisations and
publications cited in the present application is ncorporated hereln by referance in lis cuiirety,

as if sach of them is individually lncorporsted. Further, & would be appreciated thag, in the

above waching of vention, the skiliad & the art could make certein shanges or
modifieations to the invention, and these squivalents sould atill be within the scope of te
invention dofined by the sppended claims of the applivation. Bach of the refersnces invluding

sl patents, patest applications and publications cited in the present spplication Is

incorporated herein by reference in Us entirety, us if each of them is individually

of invention, the

incorporated. Further, it would be appraciased thay, in the sbove teaching
skilled in the art could make sertain changes or modifications (o the invention, and these
equivalents would still be within the scepe of the invention defined by ihe appended clabns

of the application,

48
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What ts Clabwed:

i A compound of Fornnada i
& g {3
oM it H 4
i‘\:(:} \%‘I\NN”!{\ ./"“\..Nz . '{"l}
i i H [ —
; A Q- Ny = L
§ Pl
HoOC O7Net
2. The compound of clabm 1, characierized by belng crystaliine.
8 The compound of efaim 2, cheracterized by an xray powder diffraction IRPD)

padters having peaks atebout 5.5%, 16,17, and 23.3° 2-€ + 0.2° 2-0.

2

‘The compound of elaim 3, whersin the x-ray powder diffeaction ({RPI) pattern has

&

further poaks at about 22.1°, and 28.4° 2.8 « §.2° 2.8,

5. The compound of claim 4, wherels the xwray powder diffraction (XRPD) patiern has

further peaks ot about 22.5 and 18,5° 2-6 £ 0.2° 2-0.

8. The compound of claim S, wherein the x-ray powder diffraction (XRED} pattern has

fartber peaks at sbout 26.6% and 17.9° 2.8 £ §,2° 2.8,

TS The compound of claim 2, characierized by an x-ray powder diffraction (XRPD)

pattern substantially ss set forth in Flgure 1.
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The compound of elaim 2, charecterized by differential soguning calorimetry (1380

pattom substantisily as set forth in Figare 2,

o, The compound of elaim 2, cheracterized by a dynamic vapor sorplion (DVE) pottem

substantially sa set forth in Figure 4

i, The compound of any one of claims { 0 9, characterized In belng partiaily or fuily
heydrated.
Hirs The sompound of any one of olaims § to 9, characterized in being anhydrous or

sasentiaily anhydious.

12, A pharmacsutical composition comprising 2 ﬁterapsuticaﬁy effective amount of &
compound of any one of clalms 1 to 11, and & pharmeceutically ecceptable carcler or
eRCIpient.

3 The phanmacetical composition of claim 12, further comprising one 1o theee

additional therapentic agents.

14, The pharmaseutical composition of claim 13, wherein the additional thesapeutic

agenzs sre sach anti-HIV drugs.

15: The pharmaceutical composition of claim {2 crolaim 14, whersin the additional
therapeutic agents are vach indegendenly selected from the group consisting of HIV protease

inhibitors, HIV nonenucieoside inhibitors of reverse transcriptase, HIV nucleoside inhinitors

50
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v

of reverse ranseriptase, HIV nuclecilde Inhibitors of reverse transeripiase, and other drugs

for treating HIV.

itk of any one of olalns 12 to 14, wherein a1 least two

of the additions! therapestic agents are sach HYV nucloo smhibilors of reverse

el

17, The pharmaceatical composition of elafm 12, further comprising tenofovir disoproxil

fogmarate and emtricliabine.

i%. The phanmaceuticnl compasition of claim 12, further comprising

fpnotodr

alafenzmide and emivicitabing.

% The phannaccutizal compositios of claim 12, further comprising tenofovir

¥28

alafonamide hermifomarate and emtricitabine.

243, The phanmaceutical composition of any cue of claims 12 to 18, wherein the

pharmaceutical compasition is in a unit dusage S,

-

Ziip The pharmaceutical composition of clafm 20, wherein the unit dosage form is 2 tablet,

22 Use of a copwpound of any one of clairos § to 1] for treating o prophylactically

o

preveniing an HIV infsction.
F o
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io 11 for the manufacuure of @ medicarment

23. Use of a compound of any one of clalins

for freating or prophylactically prevesting so 3V infection.

24, & compound of any one of claims 1o 11 fur use in a method for treating or
3 4

provhylactizally preventing an HIV infection.

23. A method for weating o praphylectically preventing an HEV infection in a hurnan in
nesd thereof, comprising administering to the human a therapeutically ctfective amount of a

compound ol any one of claims 1w 11,

52
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TITLE
COMBINATION THERAPY COMPRISING TENOFOVIR ALAFENAMIDE HEMIFUMARATE AND
COBICISTAT FOR USE IN THE TREATMENT OF VIRAL INFECTIONS

CROSS-REFERENCE TO RELATED APPLICATIONS

10001] This application claims the benefit of priority from U.S. Provisional Patent
Application No. 61/594,894, filed February 3, 2012; U.S. Provisional Patent
Application No. 61/61R.411, filed March 30. 2012: U.S. Provisional Patent
Application No. 61/624,676, filed April 16, 2012; U.S. Provisional Patent
Application No. 61/692,392, tiled August 23, 2012; and U.S. Provisional Patent
Application No. 61/737,493. filed December 14, 2012, the content of each of

which is hereby incomporated by reference herein in its entirety.

BACKGROUND OF THE INVENTION

Ficld of the Invention

[0002] Tenofovir {9-R-[(2-phosphonomcthoxy)propylladenine}, an acyclic
nucleotide analog of JAMP, is a potent in vitro and in vivo inhibitor of human
immunodeficiency virus type 1 (HIV-1) replication. Tenofovir is sequentially
phosphorylated in the cell by AMP kinasc and nuclcoside diphosphate kinase to
the active species, tenofovir diphosphate, which acts as a competitive inhibitor of
HIV-I reverse transcriptase that terminates the growing viral DNA chain, The

presence of a nonhydrolyzable phosphonic acid moiety in tenofovir circumvents an
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initial phosphorylation step that can be rate limiting for the activation of nucleoside
analog inhibitors of HIV reverse transcriptase. Due to the presence of 2
phosphonate group, tenofovir is negatively charged at neatral pH, thus limiting its
oral bioavailability.

[0003] Tenofovir disoproxil fumarate (TDF; VIREAD®), the first generation oral
prodrug of tenofovir, has been extensively studied in clinical trials and has
received marketing authorization in many countrics as a once-daily tablet (300 mg
in combination with other antiretroviral agents for the treatment of HIV-1
infection.

10004] U.S. Patent No. 7,390,791 describes certain prodrugs of phosphonate
nucleotide analogs that are useful in therapy. One such prodrug is 9-[(R)-2-[[(S)-
[[(S)-1-(isopropoxycarbonyl)ethyljamino}phenoxyphosphinyl}-
methoxy]propyl]adenine 16:

NH,
NN
| > Q .oPh
KN/ N #,NH o
K/O\/ \//{ ,4
B H (8]
16 - )

10005] GS-7340 {9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyl)ethyllamino]phenoxyphosphinylmethoxylpropyljadeninc} is
an isopropylalaninyl phenyl ester prodrug of tenofovir (9-[(2-phosphonomethoxy)
propytjadenine). GS-7340 exhibits potent anti-HTV activity 500- to 1000-fold
enhanced activity relative to tenofovir against HIV-1in T cells, activated
peripheral blood mononuclear lymphocytes (PBMCs), and macrophages. GS-7340
also has enhanced ability to deliver and increase the accumulation of the parent
tenofovir into PBMCs and other lymphatic tissues in vivo. 1t is also a potent
inhibitor of hepatitis B virus.

[0006] GS-7340 is metabolized to tenofovir, which is not dependent on an
intracellular nuclcoside kinase activity for the first step in the conversion to the
active metabolite, tenofovir diphosphate (PMPApp). The cellular enzymes

responsible for tenofovir metabolism to the active diphosphorylated form are
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adenylate kinase and nucleotide diphosphate kinase, which arc highly active and
ubiquitous. Adenylate kinase exists as multiple isozymes (AK 1 to AK4), with the
phosphorylation of tenofovir mediated most efficiently by AK?2.

[0007] Tenofovir does not interact significantly with human drug mectabolizing
cytochrome P450 cnzymes or UDP-glucuronosyltransferases as a substrate,
inhibitor, or inducer, ix vifro or in vivo in humans. GS-7340 has limited potential
t alter cytochrome P450 enzyme activity through inhibition (ICse > 7uM
compared to all isoforms tested). Similarly GS-7340 does not inhibit UGT1A1
function at concentrations up to 50 uM. In addition. GS-7340 is not an activator of
etther the aryl hydrocarbon receptor or human pregnane X receptor.

[0008] Although tenofovir and GS-7340 show desirable activitics, the treatment
cost and the potential for unwanted side effects can both increase as the required
dose of a drug increases. Therefore, there is a need for methods and compositions
that are useful for achieving an acceptable anti-viral effect using a reduced dose of
tenofovir or GS-7340.

10009] Along with U.S. Patent No. 7,390,791, U.S. Patent No. 7,803,788 (the
content of each of which is incorporated by reference herein in its entirery) also
describes certain prodrugs of phosphonate mucleotide analogs thai are useful in
therapy. As noted above, one such prodrug is 9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbony])cthyljaminojphcnoxyphosphinyl]mcthoxyjpropyljudcninc.
This compound is also known by the Chemical Abstract name L-alanine, N-[(S)-
[T(I1R)-2-(6-amino-9H-purin-9-y1)-1 -mcthylethoxymethyliphenoxyphosphinyl]-,
l-mcthylethyl ester. U.S. Patent Nos. 7,390,791 and 7,803,788 disclosc a
monofumarate form of this compound and its preparation method (see, e.g.,

Example 4).

SUMMARY OT TIIE INVENTION

[0010] 1t has been determined that the systemic exposure to GS-7340 in humans
improves when GS-7340 is administered with cobicistat (1,3-thiazol-5-ylmethyl
(2R,5R)-(5-1[(28)-2-[(methyl {[2-(propan-2-yl)-1,3-thiazol-4-

yllmethyl} carbamoylamino]}-4-(morpholin-4-yhbutanamido} -1 .6-diphenylhexan-
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2-yDcarbamate). When administered with cobicistat, GS-7340 was calculated to
have a systemic exposure equivalent 2.2 fold higher than a dose of GS-7340 alene.
In another case, GS-7340 administered with cobicistat was calculated to have a
systemic exposure equivalent 3-4 fold higher than a dosc of GS-7340 alone. In
another case, GS-7340 administcred with cobicistat was calculated to have a
systemic exposure equivalent 1.3 fold higher than a dose of GS-7340 alone.
{0011] In one embodiment, the invention provides for the use of the compound
GS-7340 or a pharmaceutically acceptable salt thereof and cobicistat, or a
pharmaccutically acceptable salt thercot, for the prophylactic or therapeutic
treatment of a viral infection in a human. The cobicistat may be coadministered
with GS-7340. GS-7340 or a pharmaccutically acceptable salt thereof, may be
used in amounts of 3 mg, § £ 3 mg, 10 = 5 mg, 25 + 5 mg, or 40 = 10 mg, or vther
ranges as set forth below. Cobicistat or a pharmaceutically acceptable salt thereof
may be used in an amount of 50-300 mg, 100-400 mg, 100-300 mg or 150 mg.
(3S-7340, or a pharmaccutically acceptablc salt thercot, and cobicistat or a
pharmaceutically acceptable salt thereof, may be coadministered. A unit dosage
form comprising a daily amount of GS-7340 or a pharmaceutically acceptable salt
thereof, and a daily amount of cobicistat or pharmaceutically acceptable salt
thereof, may be used. The virus of the viral infection may be human
immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

[0012] 1n one embodiment, the invention provides for the use of the compound
GS-7340, or a pharmaceutically aceeptable salt thercof, and cobicistat, ora
pharmaccutically acceptable salt thereof, for improving the pharmacokinetics of
GS-7340. The cobicistat may be coadministered with GS-7340. GS-7340, or a
pharmaceutically acceptable salt thereof, may be used in amounts of 3 mg,

8+ 3 mg, 10 5 mg, 25+ 5 mg, or 40 £ 10 mg, or other ranges as sct forth below.
Cobicistart or a pharmaceutically acceptable salt thereof may be used in an amount
of 50-500 mg, 100-400 mg, 100-300 mg or 150 mg. GS-7340, 0ra
pharmaceutically acceptable salt thercof, and the cobicistat or pharmaceutically
acceptable salt thereof may be coadministered. A unit dosage form comprising a
daily amount GS-7340 or a pharmaccutically acceptable salt thereof, and a daily

amount cobicistat or pharmaceutically acceptable salt thereof may be used. The
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usce may be for the prophylactic or therapeutic treatment of a viral infection in a
human. The virus may be human immunodeficiency virus (HIV) or Hepatitis B
virus (HBV).

[0013] In one embediment, the invention provides for the use of the compound
(GS-7340 or a pharmaceutically acceptable salt thercof and cobicistat, or a
pharmaceutically acceptable salt thereof, for improving the Cp,x 0f GS-7340. The
cobicistat may be coadministered with GS-7340. GS-7340 or a pharmaceutically
acceptable salt thereof, may be used in amounts of 3 mg, 8 £3 mg, 10+ 5 mg,

25 & 5 mg, or 40 4 10 mg or other ranges as set forth below. Cobicistat or a
pharmaceutically acceptable salt thereof may be used in an amount of 50-500 mg.
100-400 mg, 100-300 mg or 150 mg. GS-7340, or a pharmaceutically acceptable
salt thereof, and the cobicistat or pharmaceutically acceptable salt thereof may be
coadministered. A unit dosage form comprising a daily amount of GS-7340 or a
pharmmaceutically acceptable salt thereof, and a daily amount of cobicistat or
pharmaccatically acceptable salt thercof may be used. The use may be for the
prophylactic or therapeutic treatment of a viral infection in 2 human. The virus
may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

[0014] In one embodiment, the invention provides for the use of the compound
(i8-7340 ov a pharmaceutically acceptable salt thereof and cobicistat, ora
pharmaceutically acceptable salt thereof, for improving blood levels of GS-7340.,
The cobicistat may be coadministered with GS-7340. GS-7340 or a
pharmaccutically acceptable salt thercof, may be used in amounts of 3 mg,
8+3mg, 10+ 5 mg, 25:x 5 mg, or 40 + 10 myg or other ranges as set forth below.
Cobicistat or a pharmaceutically acceptable salt thereof may be used in an amount
of 50-500 mg, 100-400 mg, 100-300 mg or 150 mg. (S-7340, ora
pharmaccutically acceptable salt thercof, and the cobicistat or pharmaccutically
acceptable salt thereof may be coadministered. A unit dosage form comprising a
daily amount GS-7340 or a pharmaceutically acceptable salt thereof, and a daily
amount cobicistat or pharmaceutically acceptable salt thereof may be used. The
usc may be for the prophylactic or therapeutic treatment of a viral infection in a
human. The virus may be human immunoedeficicacy virus (HIV) or Hepaiitis B
virus (HBV).
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[0015] 1n one cmbodiment, the invention provides for a composition comprising a
unit-dosage form of GS-7340 or a pharmaceutically acceptable salt thereof: a
unit-dosage form of cobicistat, or a pharmaceutically acceptable salt thereof: and a
pharmaccutically acceptable carrier or diluent. The composition may include
GS-7340 or a pharmaccutically acceptable salt thereof in amounts of 3 mg,

& =3 mg, 10+ 5 mg, 25 + 5 mg, or 40 + 10 mg or other ranges as set forth below.
The composition may include cobicistat in amounts of 50-500 mg, 100-400 mg,
100-300 mg or 150 mg. The unit dosage form may be a single daily dosage.
[0016] In one cmbodiment, the invention provides for a kit comprising: (1)
GS-7340. or a pharmaceutically acceptable salt thereof; (2) cobicistat, or a
pharmaccutically acceptable salt thercof; (3) one or more containers; and (4)
prescribing information regarding administering the GS-7340 or a
pharmaceutically acceptable salt thereof with the cobicistat or the pharmaceutically
acceptable salt thereof. The kit may include GS-7340 or a pharmaceutically
acceptable salt thercof in amounts of 3 mg, 8 =3 mg, 10+ 5 mg, 25+ 5 mg, or

40 =+ 10 mg or other ranges as set forth below. The kit may include cobicistat in
amounts of 50-500 mg, 100-400 mg, 100-300 mg or 150 mg.

[0017] In one embodiment, the invention provides for a method of treating a viral
infection in a human comprising coadministering GS-7340 with cobicistat, or a
pharmaccutically acceptable salt thercof, whercin the dosc of cobicistat
coadministered with the GS-7340 provides a systemic exposure of GS-7340
comparable to the systemic exposure obtainable by administration of a greater dosce
of GS-7340 in the absence of cobicistat. GS-7340 or a pharmaceutically
acceptable salt thercof in amounts of 3 mg, 8 £ 3 mg, 10+ S mg, 25+ 5 mg, or
40+ 10 mg or other ranges as set forth below may be coadministered with
cobicistat. Cobicistat in amounts of 50-500 mg, 100-400 mg, 100-300 mg or

150 mg may be coadministered with GS-7340. The virus may be human
immunodeficiency virus (H1V) or Hepatitis B virus (HBV).

[0018] In one embodiment, the invention provides for a method for inhibiting
activity of a retroviral reverse transcriptase in a human comprising coadministering
GS-7340 with cobicistat, or a pharmaccutically acceptable salt thercof, wherein the

dose of cobicistat coadministered with the GS-7340 provides a systemic exposure
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0f GS-7340 comparable to the systemic exposure obtainable by administration of a
greater dose of GS-7340 in the absence of cobicistat. GS-7340 ora
pharmaceutically acceptable salt thereof in amounts of 3 mg, 8 +3 mg, 10 + 5 mg,
25 £ 5mg, or40 £ 10 mg or other ranges as set forth below may be coadministered
with cobicistat. Cobicistat in amounts of 50-500 mg, 100-400 mg, 100-300 mg or
150 mg may be coadministered with GS-7340. The virus may be human
immunodeficiency virus (HIV).

{8019] Tn one embodiment, the invention provides for the use of the compound
(GS-7340 or a pharmaccutically acceptable salt thercof coadministered with
cobicistat, or a pharmaceutically acceptable salt thereof for the manufacture of a
medicament for treating a viral infection. The invention further provides for the
use of the compound GS-7340 or a pharmaceutically acceptable salt thereof
coadministered with cobicistat, or a pharmaceutically acceptable salt thereof for
the manufacture of a medicament for treating a viral infection in a human.
GS-7340 or a pharmaccutically acceptable satt thercof may be used in a
subtherapeutic amount (or, in some embodiments throughout, in a therapeutic
amount). GS-7340 or a pharmaceutically acceptable salt thereof may be used in
amounts of 3 mg, 8+ 3 mg, 10+ 5 mg, 25 + 5 mg, or 40 + 10 mg or other ranges
as set forth below. Cobicistat may be used in amounts of 50-500 mg, 100-400 mg,
100-300 mg or 150 mg. Cobicistat may be uscd in an amount that provides a
systemic exposure of GS-7340 comparable to the systemic exposure obtainable by
administration of a greater dose of GS-7340 in the absence of cobicistat is used in
the manufacture of the medicament. The virus may be lruman immunodceficiency
virus (HIV) or Hepatitis B virus (HBV).

[0020] In one embodiment, the invention provides for the use of the compound
GS-7340 or a pharmaceutically aceeptable salt thercof coadministered with
cobicistat, or a pharmaceutically acceptable salt thereof for the manufacture of a
medicament for inhibiting activity of a retroviral reverse transcriptase. The
invention further provides for the use of the compound GS-7340 or a
phammaceutically acceptable salt thercof coadministered with cobicistat, or a
pharmaccutically acceptable salt thereof for the manufacture of a medicament for

inhibiting activity of a retroviral reverse transcriptase in a human. GS-7340 ora
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pharmaccurically acceptable salt thercof may be used in a subtherapeutic amount.
(GS-7340 or a pharmaceutically acceptable salt thereof may be used in amounts of
3 mg, 83 mg, 10+ 5 mg, 25+ 5 mg, or 40 = 10 mg or other ranges as set forth
below. Cobicistat may be used in amounts of 50-500 mg, 100-400 mg,

100-300 mg or 150 mg. The cobicistat may be used in an amount that provides a
systemic exposure of GS-7340 comparable to the systemic exposure obrainable by
adniinistration of a greater dosc of GS-7340 in the absence of cobicistat is used in
the manufacture of the medicament. The virus may be human immunodeficiency
virus (HTV).

10021} In one embodiment, the invention provides for the use of cobicistat, or a
pharmaccutically acceptable salt thercof, 1o prepare a medicament uscful for
improving the pharmacokinctics of GS-7340, or a pharmaceurically acceptable salt
thereof. following administration to a human. GS-7340 or a pharmaceutically
acceptable salt thereof may be used in a subtherapeutic amount. GS-7340 or a
pharmaccutically acceptable salt thercof may be used in amounts of 3 mg,

8§ +3 mg, 10+ 35 mg, 25 £ 5 mg, or 40 = 10 mg or other ranges as set forth below.
Cobicistat may be used in amounts of 50-500 mg, 100-400 mg, 100-300 mg or
150 mg. The cobicistat may be used in an amount that provides a systemic
exposure of GS-7340 comparable to the systemic exposure obtainable by
administration of a greater dosc of GS-7340 in the absence of cobicistat is used in
the manufacture of the medicament. The medicament may be used for the
prophylactic or therapeutic treatment of a viral infection in a human. The virus
may be human immunodeficicney virus (HIV) or Hepatitis B virus (HBV).

[0022] In one embodiment, the inveution provides for the use of cobicistat, or a
pharmaceutically acceptabie salt thereof, to prepare a medicament useful for
improving the pharmacokinctics of {9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyl)ethyl}amino]phenoxyphosphinyl]methoxy]propyl]adenine},
or a pharmaceutically acceptable salt thereof, following administration to a human.
GS-7340 or a pharmaceutically acceptable salt thereof may be used in 4
subtherapeutic amount. {9-[(R)-2-[[(S)-[[(S)-1-

(isopropoxycarbonyl)cthyl]amin o]phenoxyphosphinyljmethoxylpropytladeninet,

or a pharmaceutically acceptable salt thereof, may be used in amounts of 3 mg,
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8+3 mg, 10+ 5 mg, 25+ 5 mg, or 40 = 10 mg or other ranges as sct forth herein.
Cobicistat may be used in amounts of 50-500 mg, 100-400 mg, 100-300 mg or
150 mg. The cobicistat may be used in an amount that provides a systemic
cxposure of GS-7340 comparable to the systemic exposure obtainable by
administration of a greater dosc of GS-7340 in the absence of cobicistat is used in
the manufacture of the medicament. The medicament may be used for the
prophylactic or therapeutic treatment of a viral infection in a human. The virus
may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

{0023} Tn one ecmbodiment. the invention provides for the usc of cobicistat, or a
pharmaceutically aceeptable salt thercof; to prepare a medicament for a human
uscful for reducing a dosc of GS-7340 by about 30-70%, or a pharmaccutically
acceptable salt thereof, upon administration of the cobicistat. The use may be for
the prophylactic or therapeutic treatment of a viral infection in a human. The virus
may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV),

10024} In onc ecmbodiment, the invention provides for the usc of cobicistat, or a
pharmaceutically acceptable salt thereof; to prepare a medicament for a human
useful for reducing a dose of GS-7340 by about 2-4 fold, or a phannaceudically
acceptable salt thereof, npon administration of the cobicistat. 1n one embodiment,
the invention provides for the use of cobicistat, or a pharmaceutically acceptable
salt thercof; to prepare a medicament for a human useful for reducing a dosc of
G8-7340 by about 3 fold. or a pharmaceutically acceptable salt thereof, upon
administration of the cobicistat. The use may be for the prophylactic or therapcutic
treatment of a viral infection in a human. The virus may be human
immunodeficiency virus (HIV) or Hepatitis B virus (HBV),

[0025] In one embodiment, the invention provides for a method of treating a viral
infcetion in a human comprising coadministering 1) GS-7340 or a
pharmaceutically acceptable salt thereof; and 2) cobicistat, or 2 pharmaceutically
acceptable salt thereof to the human. GS-7340 or a pharmaceutically acceptable
salt thereof is administered in a subtherapeutic amount. The virus may be human

immunodcficiency virus (HTV) or Hepatitis B virus (HBV).
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[6026] 1n onc embodiment, the invention provides for a usc of a subtherapeutic
dose of GS-7340 coadministered with cobicistat for treating a viral infection. The
viras may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).
{0027] In onc embodiment, the invention provides for the use of a subtherapeutic
dosc of GS-7340 coadministered with cobicistat for inhibiting retroviral reverse
transcriptase. The virus may be human immunodeficiency virus (HIV).

10028] 1In one embodiment, the invention provides for an anti-virus agent(s)
comprising (a) a compound GS-7340 or a pharmaceutically acceptable salt thereof
and (b) cobicistat, or a pharmaccutically acceptable salt thercof. The anti-virus
agent(s) may include GS-7340 or a pharmaceutically acceptable sait thercof may
be used in amounts of 3 mg, 8+ 3 mg, [0+ 5 mg, 25+ 5 mg, or 40 = 10 mg or
other ranges as set forth below. The anti-virus agent(s) may include cobicistat in
amounts of 50-500 mg, 100400 mg, 100-300 mg or 150 mg. The cobicistat may
be used in an amount that provides a systemic exposure of GS-7340 comparable to
the systemic cxposurc obtainable by administration of a greater dosc of GS8-7340 in
the absence of cobicistat is used in the manufacture of the medicament. The
anti-virus agent may further include 200 mg of emtricitabine and 150 mg of
elvitegravir. The anti-virus agent may further include 150 mg cobicistat, 8 or

less mg GS-7340, 150 mg elvitegravir, and 200 mg emtricitabine. The anti-virus
agent may further include 150 mg cobicistat, 250r less mg GS-7340, 150 mg
elvitegravir, and 200 mg emtricitabine. The anti-virus agent may further include
150 mg cobicistat, 10 or less mg GS-7340, 150 mg clvitcgravir, and 200 mg
cmtricitabine. The anti-virus agent may include 150 mg cobicistat, 8 mg GS-7340,
150 mg clvitegravir, and 200 mg emtricitabine. The anti-virus agent may include
150 mg cobicistat, 10 mg GS-7340, 150 mg elvitegravir, and 200 mg emtricitabine.
[0029] 1n onc cmbodiment, the invention provides for a unit-dosage of GS8-7340
or a pharmaceutically acceptable salt thereof and cobicistat, or a pharmaceutically
acceptable salt thereof, wherein the unit-dosage is a daily dose. GS-7340 may be
present in a subtherapeutic amount. The unit-dosage may further include 150 mg
cobicistat, 8 or less mg GS-7340, 150 mg elvitegravir, and 200 mg emtricitabine.
The unit-dosage may further inctude 150 mg cobicistat, 250r less mg GS-7340,

150 mg elvitegravir, and 200 mg emtricitabine. The unit-dosage may further
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include 150 mg cobicistat, 10 or less mg GS-7340, 150 mg clvitegravir, and

200 mg emtricitabine. The unit-dosage may include 150 mg cobicistat, 10 mg
GS-7340, 150 mg clvitegravir, and 200 mg emtricirabine.

[0030] In onc cmbodiment, the invention provides the usc of cobicistat, or a
pharmaceutically acceptable salt thercof, to prepare a medicament useful for
improving the pharmacokinetics of {9-[(R)-2-[[(S)-[[(8)-1-
('isopropoxycarbonyl)cthyl}amino}phcnoxyphosphiny]]mcthoxy]propyl]adcninc},
or a pharmaceutically acceptable salt thercof, following administration to a human.
The medicament may be used tor the prophylactic or therapeutic treatment of a
viral infection in a human. The virus may be. e.g., human immunodeficiency virus
(HIV) or Hepatitis B virus (HBV).

[0031] In one embodiment, the invemion provides cobicistat for use in improving
the pharmacokinetics of {9-[(R)-2-[[(S)-[[(S)-1-

(isopropox ycarbonyl)ethylJamino]phenoxyphosphinyllmethoxylpropylJadenine}
or a pharmaccutically acceptable salt thereof, following administration to a human.
The use may be for the prophylactic or therapeutic treatment of a viral infection in
a human. The virus may be human immunodeficiency virus (HIV) or Hepatitis B
virus (HBV).

[0032] In one embadiment, the invention provides a kit comprising:

(1) 39-L(R}-2-[{(S)-|1(S)-1-
(isopropoxycarbonyl)ethyljamino]phenoxyphosphinyl]methoxy) propyl]adenine},
or a pharmaccutically acceptable salt thereof; (2) cobicistat, or a pharmaccutically
aceeptable salt thereof; (3) one or more containers; and (4) prescribing information
regarding administering the {9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyl)ethyllamino]phenoxyphosphinylJmethoxy]propyl]adenine}
or a pharmaccutically acceptable salt thereof with the cobicistat or a
pharmaceutically acceptable salt thereof.

[0033] In one embodiment, the invention provides a kit comprising: (1) a unit
dosage form comprising 5-100 mg of {9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyl)ethylJamina]phenoxyphosphinyl)methoxy]propylladenine}
or a pharmaccutically acceptabie salt thercof; (2) a unit dosage form comprising

150 mg cobicistat, or a pharmaceutically acceptable salt thereof; (3) one or more
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containers; and (4) prescribing information regarding administering the
{9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyl)cthylJamino]phenoxyphosphinyl]methoxy]propylladenine}
or a pharmaccutically acceptable salt thercof with cobicistat or a pharmaccutically
acceptable salt thereof.

10034] In one embodiment, the invention provides a use of {9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyhethylJamino]phenoxyphosphinyl]methoxy]propyl]adenine}
or its pharmaceutically acceptable salt for the manufacture of a medicament for
inhibiting activity of a retroviral reverse transcriptasc in a human. comprising
administering GS-7340 or a pharmaccutically acceptable salt thereof, and
cobicistat, or a pharmaccutically acceptable salt thercof to the human. The virus
may be human immunodeficiency virus (HIV).

[0035] 1n one embodiment, the invention provides {9-[(R)-2-[[(S)-[{{S)-1-
(isopropoxycarbonybethyllJamino]phenoxyphosphinyljmethoxy]propyljadenine}
or its pharmaccutically acceptable salt; and cobicistat, or a pharmaccutically
acceptable salt thereof; for use in inhibiting activity of a retroviral reverse
transcriptase in a human.

10036} In one embodiment, the invention provides a use of cobicistat, ora
pharmaceutically acceptable salt thereof, to prepare a medicament for a human
useful for reducing a dose between about 30-70% of {9-[(R)-2-[1(8)-1[(8)-1-
(isopropoxycarbonyi)ethylJamino]phenoxyphosphinyljmethoxylpropyiladenine}
or a pharmacecutically acceptable salt thercof, upon administration of the cobicistat.
The medicament may be used for the prophylactic or therapeutic treatment of 4
viral infection in a human. The virus may be luman immunodeficiency virus
(HIV) or Hepatitis B virus (HBV).

[0037] In onc cmbodiment, the invention provides the use of {9-[(R)-2-[[(S)-[[(S)-
1-(isopropoxycarbonyljethy{]Jamino]phenoxyphosphinyl]methoxy]propyl]Jadenine}
or a pharmaceutically acceptable salt thereof; and cobicistat or a pharmaceutically
acceptable salt thereof for the prophylacric or therapeutic treatment of a viral
infection in a buman. The use may be for the prophylactic or therapeutic treatment
of a viral infcetion in a human. The virus may be human immunodeticicncy virus

(H1V) or Hepatitis B virus (HBV).
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[0038] In onc embodiment, the invention provides an anti-viral agent(s)
comprising (a) {9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonylethylJamino]phenoxyphosphinylJmethoxy]propyl]adenine}
or a pharmaccutically acceptable salt thercot, which is uscd in combination with
(b) cobicistat or a pharmaccutically acceptable salt thereof for use in the
prophylactic or therapeutic treatment of a viral infection in a human,

0039} 1t has also been determined that the systemic exposure to tenofovir in
humans improves when tenofovir is administered with cobicistat. When
administered with cobicistat, tenotovir was calculated to have a systemic exposure
equivalent 3 to 4 fold higher than a dose of tenofovir alone.

[0040] Tn onc embodiment, the invention provides for the use of the compound
tenofovir or a pharmaceutically acceptable salt thercof and cobicistat, or a
pharmaceutically acceptable salt thereof, for the prophylactic or therapeutic
treatment of a viral infection in a buman. Tenofovir may be used in amounts of
Icss than 300 mg, 200 mg or less and 100 mg or Iess. Cobicistat may be used in
amounts of 50-500 mg, 100-400 mg, 100-300 mg, and 150 mg. The tenofovir or a
pharmaceutically acceptable salt thereof, and the cobicistat or pharmaceutically
acceptable sait thereof may be coadministered. The use may provide a unit dosage
form comprising a daily amount tenofovir or a pharmaceutically acceptable salt
thercof, and a daily amount cobicistat or pharmaccutically acceptabic salt thercof is
administered. The virus may be human immunodeficiency virus (HIV).

0041} In onc cmbodiment, the invention provides for a composition comprising a
unit-dosage form of tenofovir or a pharmaceutically acceptable salt thereof; a
unit-dosage form of cobicistat, or a pharmaceutically acceptable salt thereof; and a
phammaceutically acceptable carrier or diluent. Tenofovir may be present in the
composition in amounts of less than 300 mg, 200 mg or less and 100 mg or less.
Cobicistat may be used in amounts of 50-500 mg, 100-400 mg, 100-300 mg,

and 150 mg.

[0042] In one embodiment, the invention provides for a kit that includes (1)
tenofovir, or a pharmaccutically acceptable salt thercof: (2) cobicistat, or a
pharmaccutically acceptable salt thercof; (3) onc or more containcrs; and (4)

prescribing information regarding administering the tenofovir or a
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pharmaccutically acceptable salt thereof with the cobicistat or the pharmaceutically
acceptable salt thereof. Tenofovir may be present in the kit in amounts of less than
300 mg, 200 mg or less and 100 mg or less. Cobicistat may be used in amounts of
50-500 mg, 100-400 mg, 100-300 mg, and 150 mg.

[0043] In onc embodiment, the invention provides for a method of treating a viral
infection in a human that includes coadministering tenofovir with cobicistat, or a
pharmaceutically acceptable salt thercof, wherein the dose of cobicistat
coadministercd with the tenofovir provides a systemic exposure of tenofovir
comparable to the systemic cxposure obtainable by administration of a greater dosc
of tenofovir in the absence of cobicistat. Tenofovir may be administered in
amounts of less than 300 mg, 200 mg or less and 100 mg or less. Cobicistat may
be administered in amounts of 50-500 mg, 100-400 mg, 100-300 mg, and 150 mg.
The virus may be human immunodeficiency virus (HIV) or Hepatitis B

virus (HBV).

{0044] In onc embodiment, the invention provides for a method for inhibiting
activity of g retroviral reverse transcriptase in a human comprising coadministering
tenofovir with cobicistat, or a pharmaceutically acceptable salt thereof, wherein the
dose of tenofovir coadministered with the cobicistat provides a systemic exposure
of tenofovir comparable to the systemic exposure obtainable by administration of a
greater dose of tenofovir in the absence of cobicistat. Tenofovir may be
coadministered in amounts of less than 300 mg, 200 mg or less and 100 mg or less.
Cobicistat may be coadministered in amounts of 50-500 mg. 100-400 mg,

100-300 mg, and 130 mg. The virus may be human immunodeficiency

virus (HIV)

[0045] Tn one embodiment, the invention provides for the use of the compound
tenofovir or a pharmaccutically acceptable salt thercof coadministered with
cobicistat, or a pharmaceutically acceptable salt thereof for the manufacture of a
medicament for treating a viral infection. The medicament may be used for the
prophylactic or therapeutic treatment of a viral infection in a human. The virus
may be human immunodeficicncy virus (HIV) or Hepatitis B virus (HBV).

[0046] In onc embodiment, the invention provides for the usc of the compound

tenofovir or a pharmaceutically acceptable salt thereof coadministered with
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cobicistat, or a pharmaccutically acceptable salt thereof for the manufacture of a
medicament for treating a viral infection in a human. The tenofovir or a
pharmaceutically acceptable salt thereof may be used in a subtherapeutic amount
(or, in some cmbodiments throughout, in a therapeutic amount). Tenofovir may be
administcred in amounts of less than 300 mg, 200 mg or less and 100 mg or lcss.
The cobicistat may be administered in an amount that provides a systcmic
exposure of tenofovir comparable to the systemic exposure obtainable by
administration of a greater dose of tenofovir in the abscnce of cobicistat is used in
the manufacture of the medicament. Cobicistat in an amount of 150 mg may be
used in the manufacture of the medicament, The medicament may be used for the
prophylactic or therapeutic treatment of a viral infection in a hwnan. The virus
may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV),

[0047] In one embodiment, the invention provides for the use of the compound
tenofovir or a pharmaceutically acceptable salt thereof coadministered with
cobicistat, or a pharmaccutically acceptable salt thercof for the manufacture of a
medicament for inhibiting activity of a retroviral reverse transcriptase. The
medicament may be used for the prophylactic or therapeutic treatment of a viral
infection in a human. The virus may be human immuanodeficiency virus (HIV) or
Heparitis B virus (HBV).

{0848] In one cmbodiment, the invention provides for use of the compound
tenofovir or a pharmaceutically acceptable salt thereof coadministered with
cobicistat, or a pharmaceutically acceptable salt thercof for the manufacture of a
medicament for inhibiting activity of a retroviral reverse transcriptase in a human.
The tenofovir or a phannaceutically acceptable salt thercof may be used ina
subtherapeutic amount. Tenofovir may be used in amounts of less than 300 mg,
200 mg or less and 100 mg or less. The cobicistat may be coadministered in an
amount that provides a systeimic exposure of tenofovir comparable to the systemic
exposure obtainable by administration of a greater dose of tenofovir in the absence
of cobicistat is used in the manufacture of the inedicament. Cobicistat in an
amount of 150 mg may be coadministered. The medicament may be used for the
prophylactic or therapeutic treatment of a viral infection in 4 human. The virus

may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).
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[0049] In onc cmbodiment, the invention provides for the use of cobicistat, or a
pharmaceutically acceptable salt thercof, to prepare a medicament useful for
improving the pharmacokinctics of tenofovir, or a pharmaccutically acceptable salt
thereof, following administration to a human. The tenofovir or a pharmaccutically
acceptable salt thereof may be used in a subtherapeutic amount. Tenofovir or a
pharmaceutically acceptable salt thereof, may be coadministered to the human in
an amount of 100 mg or less, 200 mg or less or in amount less than 300 mg.
Cobicistat may be used in an amonnt that provides a systemic exposure of
tenofovir comparable to the systemic exposure obtainable by administration of a
greater dose of tenofovir in the absence of cobicistat is used in the manufacture of
the medicament. Cobicistat in an amount 150 mg may be usced to prepare the
medicament. The medicament may be used for the prophylactic or therapeutic
treatment of a viral infection in 2 human. The virus may be human
immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

[0050] In onc embodiment, the invention provides for the usc of cobicistat, ora
pharmaceutically acceptable salt thereof; to prepare a medicament for a human
useful for reducing a dose of tenofovir by about 30-70%, or a pharmaceutically
acceptable salr thercof, upon administration of the cobicistat. The medicament
may be used for the prophylactic or therapeutic treatment of a viral infection in a
human. The virus may be human immunodeficiency virus (HIV) or Hepatitis B
virus (HBV).

10051] In onc ecmbodiment, the invention provides for the use of cobicistat, or a
pharmaceutically acceptable salt thereof; to preparce 2 medicament for 4 human
useful for reducing a dose of tenofovir by about 2 to 4 fold, or a pharmaceutically
acceptable salt thereof. upon administration of the cobicistat. In one embodiment,
the invention provides for the usc of cobicistat, or a pharmaccutically acceptable
salt thereof; to prepare a medicament for a human useful for reducing a dose of
tenofovir by about 3-fold, or a pharmaceutically acceptable salt thereof, upon
administration of the cobicistat, The medicament may be used for the prophylactic
or therapeutic treatment of a viral infection in 2 human. The virus may be human

immunodecficiency virus (HIV) or Hepatitis B virus (HBV).
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10052} In one cmbodiment, the invention provides for a method of treating a viral
infection in a human comprising coadministering 1) tenofovir or a
pharmaceutically acceptable salt thereof; and 2) cobicistat, or a pharmaceutically
acceptable salt thercot to the human. The tenofovir or a pharmaccutically
acceptable salt thereof may be administered in a subtherapeutic amount. The virus
may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

|0053] In one embodiment, the invention provides for a use of a subtherapeutic
dose of tenofovir coadministered with cobicistat for treating a viral infection. The
virus may be human immunodeticiency virus (HIV) or Hepatitis B virus (HBV).
10054) In one embodiment, the invention provides for a use of a subtherapeutic
dosc of tenofovir coadministered with cobicistat for inhibiting retroviral reversc
ranscriptase. The virus may be human immunodeficiency virus (HTV).

[0055] 1o one embodiment, the invention provides for an anti-virus agent(s)
comprising (a) a compound tenofovir or a pharmaceutically acceptable salt thereof
and (b) cobicistat, or a pharmaccutically acceptable salt thereot, The tenofovir
may be present in the anti-virus agent(s) in a subtherapeutic amount. The tenotfovir
may be present in the anti-virus agent(s) in an amount of 100 mg or less, 200 mg or
less or less than 300 mg. The cobicistat coadministered with the tenofovir may be
present in the anti-virus agent(s) in an amount that provides a systemic exposure of
tenofovir comparable to the systemic exposure obtainable by administration of a
greater dose of tenofovir in the absence of cobicistat. The anti-virus agent may
further include cobicistat in an amount of 150 mg. The anti-virus agent may
further include 200 mg of emtricitabine and 150 mg of clvitegravir. The anti-virus
agent may include 150 mg cobicistat, 100 or less mg tenofovir, 130 mg
elvitegravir, and 200 mg emtricitabine. The anti-virus agent may include 150 mg
cobicistat, 200 or less mg tenofovir, 150 mg clvitegravir, and 200 mg
emtricitabine. The anti-virus agent may include 150 mg cobicistat, less than

300 mg tenofovir, 150 mg elvitegravir, and 200 mg emtricitabine. The anti-virus
agent may include 150 mg cobicistat, 50 mg tenofovir, 150 my elvitegravir, and
200 mg emtricitabine. The virus may be human immunodeficiency virus (HTV) or

Hepatitis B virus (HBV).
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[0056] 1n one cmbodiment, the invention provides for a unit-dosage of tenofovir
or a pharmaceutically acceptable salt thercof and cobicistat, or a pharmaceutically
acceptable salt thercof, wherein the unit-dosage is a daily dose. Tenofovir may be
present in a subtherapeutic amount. The unit-dosage may include 100 mg or less.
200 mg or less or less than 300 mg of tenofovir. The unit-dosage may include an
amount of cobicistat that provides a systemic exposure of tenofovir comparable to
the systemic exposure obtainable by administration of a greater dose of tenofovir
in the absence of cobicistat. The unit-dosage may include 150 mg of cobicistat.
The virus may be human immunodeticicncy virus (FITV) or Hepatitis B

virus (HBV).

[0057) Also described is a hemifumarate form of 9-[(R)-2-{[(S)-[[(S)-1-
(isopropoxycarbonyl)ethyl]Jamino]phenoxyphosphinyllmethoxy]propyl]adenine.
The name for 9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyljethylJamino]phenoxyphosphinylJmethoxy]propyljadenine
(GS-7340) is tenofovir alafcnamide. The hemifumarate form of tenofovir
alafenamide is also referred to herein as tenofovir alafenamide hemifumarate.
[0058] In one embodiment of the invention is provided tenofovir alafenamide
hemifumarate, especially in corbination with cobicistat and/or with other an
additional therapeutic agent or agents.

[0059] In another cmbodiment is provided tenofovir alafenamide hemifumarate,
wherein the ratio of fumaric acid to tenofovir alafenamide is 0.5+ 0.1, or

0.5 = 0.05, or 0.5 £ 0.01, or about 0.5.

[0060] In one embodiment is provided tenofovir alafenamide hemifumarate in a
sohid form.

[0061] In one embodiment is provided tenofovir alafenamide hemifumarate that
has an X-ray powder diffraction (XRPD) pattern having 2theta values of 6.9 £ 0.2°
and 8.6+ 0.2°. In another embodiment is provided tenofovir alafenamide
hemifumarate wherein the XRPD pattem comprises 2theta values of 6.9 £ 0.2°,
8.6+0.2° 11.0+0.2°,15.9 + 0.2, and 20.2 + 0.2°.

[0062] 1n one embodiment is provided tenofovir alafenamide hemifumarate that
has a diffcrential scanning calorimetry (DSC) onsct endotherm of 131 £ 2 °C, or

181 551 °C.
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[0063] 1n one embodiment is provided a pharmaccutical composition comprising
tenofovir alafenamide hemifumarate and 2 pharmaceutically acceptable excipient.
In another embodiment is provided the pharmaccutical composition. further
comprising an additional therapeutic agent. In a further embodiment, the
additional therapeutic agent is selccted from the group consisting of human
immunodeficiency virus (HIV) protease inhibiting compounds, HTV nonnucleoside
inhibitors of reverse transcriptase, HIV nucleoside inhibitors of reverse
transcriptase, HIV nucleotide inhibitors of reverse transcriptase, HIV integrase
inhibitors, CCRS inhibitors. and additional protcasc inhibiting compounds.
10064 In one embodiment is provided a method for treating a human
immunodcficicncy virus (HTV) infection comprising administering to a subject in
need thereof a therapeutically effective amount of tenofovir alafenamide
hemifumarate. In another embodiment is provided a method for treating an HIV
nfection comprising administering to a subject in need thereof a therapeutically
cffective amount of a pharmaccutical composition comprising tenofovir
alafenamide hemifumarate. In a further embodiment, the method comprises
administering to the subject one or morve additional therapeutic agents selected
from the group consisting of HLV protease inhibiting compounds, HIV
nonnucleoside inhibitors of reverse transcriptase, HIV nucleoside inhibitors of
reverse transcriptase, HIV nucleotide inhibitors of reverse transcriptase, HiV
integrase inhibitors, CCRS inhibitors, and additional protease inhibiting
compounds.

[0065] In one embodiment is provided a method for treating a hepatitis B virus
(HBV) infection comprising administering 1o a subject in nced thereof a
therapeutically effective amount of tenofovir alafenamide hemifumarate. In
another embodiment is provided a method for treating an HBV infection
comprising administering to a subject in nced thereof a therapeutically effective
amount of the pharmaceutical composition comprising tenofovir alafenamide
hemifumarate.

{0066] Tn one cmbodiment is provided a method for preparing a pharmaceutical
composition comprising combining tenofovir alafenamide hemifumarate and a

pharmaceutically acceptable excipient to provide the pharmaceutical composition.
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[6067] Tn one embodiment is provided tenofovir alafenamide hemifumarate for
use in medical therapy.

[0068] n one embodiment is provided the use of tenofovir alafenamide
hemifumarate for the prophylactic or therapeutic trcatment of an HIV infection. 1n
another embodiment is provided the use of tenofovir alafenamide hemifumarate to
treat an HIV infection. 1n a further embodiment is provided the use of tenofovir
alafenamide hemifumarate for the preparation or manufacture of 2 medicament for
the treatment of an HIV infection. In another further embodiment is provided
tenofovir alafenamide hemifumarate for usc in treating an HI'V infcction.

10069 In one embodiment is provided the use of tenofovir alafenamide
hemifumarate for the prophylactic or therapeutic treatment of an HBV infection.

In another embodiment is provided the use of tenofovir alafenamide hemifumarate
to treat an HBV infection. In a further embodiment is provided the use of
tenofovir alafenamide hemifumarate for the preparation or manufacture of a
medicament for the treatment of an HBV infection. In another further embodiment
is provided tenofovir alafenamide hemifumarate for use in treating an

HBYV infection.

[06070] In some embodiments of the invention, the methods of treating and the like
comprise administration of multiple daily doses. In other embodiments, the
methods of treating and the like comprisc administration of a singlc daily dose.
[6071] In one embodiment, the invention provides for the use of tenofovir
alafenamide hemifumarate and cobicistat, or a pharmaceutically acceptable salt
thercof, fur the prophylactic or therapeutic treatment of a viral infection in a
human. The cobicistat may be coadministered with tenofovir alafenamide
hemifumarate. Tenofovir alafenamide hemifumarate may be used in amounts of

3 mg. 8+ 3 mg. 10+ 5mg, 25 % 5 mg, or 40 + 10 mg or other ranges as sct forth
below. Cobicistat or a pharmaceutically acceptable salt thereof may be used in an
amount of 50-500 mg, 100-400 mg, 100-300 mg or 150 mg. Tenofovir
alafenamide hemifumarate and cobicistat or pharmaceutically acceptable salt
thereof may be coadministered. A unit dosage form comprising a daily amount of

tenofovir alafenamide hemifumarate, and a daily amount of cobicistat or
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pharmaccutically acceptable salt thercof may be used. The virus may be human
immunodcficiency virus (HIV) or Hepatitis B virus (HBV).

{0072 T one embodiment, the invention provides for the use tenofovir
alafepamidc hemifumarate and cobicistat, or a pharmaccutically acceptable salt
thereof, tor improving the pharmacokinctics of tenofovir alafenamide
hemifumarate. Cobicistat may be coadministered with tenofovir alafenamide
hemifumarate. Tenofovir alafenamide hemifumarate may be used in amounts of
3mg, 8+ 3 mg, 10+ 5mg, 25+ 5 mg, or 40 = 10 mg or other ranges as set forth
below. Cobicistat or a pharmaccutically acceptable salt thereof may be used in an
amount of 50-500 mg, {00-400 mg. 100-300 mg or 150 mg. Tenofovir
alafenamide hemifumarate and cobicistat, or pharmaccutically acceptable salt
thereof, may be coadministered. A unit dosage form comprising a daily amount of
tenofovir alafenamide hemifumarate, and a daily amount of cobicistat or
phammaccutically acceptable salt thereof may be used. The use may be for the
prophylactic or therapeutic treatment of a viral infection in a human. The virus
may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

[0073] In one embodiment, the invention provides for the use of tenofovir
alafenamide hemifumarate and cobicistat, or a pharmaceutically accepiable sal
thereof, for improving the C,x of tenofovir alafenamide hemifumarate. The
cobicistat may be coadministercd with tenotovir alafenamide hemitfumarate.
Tenofovir alafenamide hemifumarate may be used in amounts of 3 mg, & =+ 3 mg,
10+ 5 mg, 25 = 5 mg, or 40 + 10 mg or other ranges as sct forth below. Cobicistat
or a pharmaccutically acceptable salt thercof may be used in an amount of
50-500 mg, 100-400 mg, 100-300 mg or 150 mg. Tenofovir alafenamide
hemifumarate and cobicistat, or pharmaceutically acceptable salt thereof. may be
coadministered. A unit dosage form comprising a daily amount of tenofovir
alatenamide hemifumarate, and a daily amount of cobicistat, or a pharmaceutically
acceptable salt thereof, may be used. The use may be for the prophylactic or
therapeutic treatment of a viral infection in 2 human. The virus may be human
immunodeficiency virus (HTV) or Hepatitis B viras (HBV).

[0074] In onc cmbodiment, the invention provides for the usc of tenofovir

alafenamide hemifumarate and cobicistat, or a pharmaceutically acceptable salt
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thereof. for improving blood levels of tenofovir alafenamide hemifumarate. The
cobicistat may be coadministered with tenofovir alafenamide hemifumarate.
Tenofovir alafenamide hemifumarate may be used in amounts of 3 mg, 8 £ 3 mg,
10+ 5 mg, 25 £ 5 mg, or 40 + 10 mg or other ranges as sct forth below.
Cobicistat, or a pharmaccutically acceptable salt thercof, may be used in an amount
of 50-500 mg, 100-400 mg, 100-300 mg or 150 mg. Tenofovir alafenamide
hemifumarate and cobicistat, or a pharmaceutically acceptable salt thereof, may be
coadministered. A unit dosage form comprising a daily amount tenofovir
alafcnamidc hemifumarate. and a daily amount cobicistat, or a pharmaccutically
acceptable salt thereof, may be used. The use may be for the prophylactic or
therapeutic weatment of a viral infection in @ human. The virus may be human
immunodeficiency virus (HTV) or Hepatitis B virus (HBV).

[0075] In one embodiment, the invention provides for a composition comprising a
unit-dosage form of tenofovir alafenamide hemifumarate; a unit-dosage form of
cobicistat, or a pharmaccutically aceeptable sall thercof; and a pharmaccutically
acceptable carrier or diluent. The composition may include tenofovir alafenamide
hemifumarate in amounts of 3 mg, 8 £3 mg, 10+ 5 mg, 25+ 5mg, or40= 10 mg
or other ranges as set forth below. The composition may include cobicistai in
amounts of 50-500 mg, 100-400 g, 100-300 mg or 150 mg. The unit-dosage
form may be a singlc daily dosage.

[0076] In one embodiment, the invention provides for a kit comprising: (1)
wcnofovir alafcnamide hemifumarate; (2) cobicistat, or a pharmaccutically
acceptable salt thereof; (3) one or more containers; and (4) prescribing information
regarding administering the tenofovir alafenamide hemifumarate with the
cobicistat, or the pharmaceutically acceptable salt thereof. The kit may include
tenofovir alafenamide hemifumarate in amounts of 3 mg, 8 =3 mg. 10 = 5 mg,

25 + 5 mg, or 40 = 10 mg or other ranges as set forth below. The kit may include
cobicistat in amounts of 50-500 mg, 100-400 mg, 100-300 mg or 150 mg.

{00771 In one embodiment, the invention provides for a method of treating a viral
infection in a human comprising coadministering tenofovir alafenamide
hemifumarate with cobicistat, or a pharmaccutically acceptable salt thereof,

wherein the dose of cobicistat coadministered with the tenofovir alafenamide
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hemifumarate provides a systemic exposure of tenofovir alafenamide
hemifumarate comparable to the sysiemic exposure obtainable by administration of
a greater dose of tenofovir alafenamide hemifumarate in the absence of cobicistat.
Tenofovir alafenamide hemifumarate in amounts of 3 mg, 8 =3 mg, 10+ 5 mg,
25+ 5 mg, or 40 = 10 mg or other ranges as set forth below may be coadministered
with cobicistat. Cobicistat in amounts of 50-500 mg, 100-400 mg, 100-300 mg or
150 mg may be coadministered with tenofovir alafenamide hemifumarate. The
virus may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).
[0078] Tn onc embodiment, the invention provides for a method for inhibiting
activity of a retroviral reverse transcriptase in 2 human comprising coadministering
tenofovir alafenamide hemifumarate with cobicistat, or a pharmaccutically
acceptable salt thereof, wherein the dose of cobicistat coadministered with the
tenofovir alafenamide hemifumarate provides a systemic exposure of tenofovir
atafenamide hemifumarate comparable to the systemic exposure obtainable by
administration of a greater dosc of tenofovir alafenamide hemifumarate in the
absence of cobicistat. Tenofovir alafenamide hemifumarate or a pharmaceutically
acceptable salt thereof in amounts of 3 mg, 8 +3 mg, 10+ 5 mg, 25 = 5 mg, or

40 + 10 mg or other ranges as set forth below may be coadministered with
cobicistat. Cobicistat in amounts of 50-500 mg, 100-400 mg, 100-300 mg or

150 mg may be coadministered with tenofovir alafenamide hemifumarate. The
virus may be human immunodeficiency virus (HI1V).

10079] In one embodiment, the invention provides for the usc of tenofovir
alafenamide hemifumarate coadministered with cobicistat, or a pharmaceuticaily
acceptable salt thereof for the manufacture of 2 medicament for trcating a viral
infection. The invention further provides for the use of tenofovir alafenamide
hemifumarate coadministered with cobicistat, or a pharmaccutically acceptable salt
thereof for the manufacture of a medicament for treating a viral infection in a
human. Tenofovir alafenamide hemifumarate may be used in a subtherapeutic
amount (or, in some embodiments throughout, in a therapeutic amount). Tenofovir
alafenamide hemifumarate may be used in amounts of 3 mg, & £ 3 mg, 10 + 5 mg,
25+ 5 mg, or 40 = 10 mg or other ranges as sct forth below. Cobicistat may be

used in amounts of 50-500 mg, 100-400 mg, 100-300 mg or 150 mg. Cobicistat
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may be uscd in an amount that provides a systemic exposure of tenofovir
alafenamide hemifumarate comparable to the systemic exposure obtainable by
administration of a greater dose of tenofovir alafenamide hemifumarate in the
absence of cobicistat in the manufacturc of the medicament. The virus may be
human immunodcficiency virus (HTV) or Hepatitis B virus (HBV).

[0080] In onc embodiment, the invention provides for the use of tenofovir
alafenamide hemifumarate coadministered with cobicistat, or a pharmacecutically
acceptable salt thereof for the manufacture of a medicament for inhibiting activity
of a retroviral reverse transcriptase. The invention further provides for the usc of
tenofovir alafenamide hemifumarate coadministered with cobicistat, or a
pharmaccutically acceptable salt thercof, for the manufacture of a medicament for
inhibiting activity of a retroviral reverse transcriptase in a human. Tenofovir
alafenamide hemifumarate may be used in a subtherapeutic amount. Tenofovir
alafenamide hemifumarate may be used in amounts of 3 mg, 8 £ 3 mg, 10+ 5 mg,
25 4 5 mg. or 40 £ 10 mg or other ranges as sct forth below. Cobicistat may be
used in amounts of 50-500 mg, 100-400 mg, 100-300 mg or 150 mg. Cobicistat
may be used in an amount that provides a systemic exposure of tenofovir
alafenamide hemifumarate comparable to the systeimic exposure obtainable by
administration of a greater dose of tenofovir alafenamide hemifumarate in the
abscnce of cobicistat in the manufacture of the medicament. The virus may be
human immunodeficiency virus (HIV).

0081} In onc cmbodiment, the invention provides for the usc of cobicistat, or a
pharmaccutically acceptable salt thereof, to prepare a medicament useful for
improving the pharmacokinetics of tenofovir alafenamide hemifumarate following
administration to a human. Tenofovir alafenamide hemifumarate may be used in a
subtherapeutic amount. Tenofovir alafenamide hemifumarate may be used in
amounts of 3 mg, 8 £3 mg, 10+ 5 mg, 25 + 5 mg, or 40 + 10 mg or other ranges
as set forth below. Cobicistat may be used in amounts of 50-500 mg, 100-400 mg,
100-300 mg or 150 mg. Cobicistat may be used in an amount that provides a
systemic exposure of tenofovir alafenamide hemifumarate comparable to the
systemic exposure obtainable by administration of a greater dosc of tenofovir

alafenamide hemifumarate in the absence of cobicistat in the manufacture of the
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medicament. The medicament may be used for the prophylactic or therapeutic
treatment of a viral infection in 2 human. The virus may be human
immunodeficiency virus (HTV) or Hepatitis B virus (HBV),

[0082] In onc cmbodiment, the invention provides for the usc of cobicistat, or a
pharmaccutically acceptable salt thercof; to prepare a medicament for a human
uscful for reducing a dose of tenofovir alafenamide hemifumarate by about
30-70% upon administration of the cobicistat. The use may be for the prophylactic
or therapeutic treatment of a viral infection in a haman. The virus may be human
immunodecficiency virus (FTV) or Hepatitis B virus ([BV).

|0083} In one embodiment, the invention provides for the use of cobicistat, or a
pharmaccutically acceptablc salt thercof: to prepare a medicament for a human
useful for reducing a dose of tenofovir alafenamide hemifumarate by about

2-4 fold upon administration of the cobicistat. In one embodiment, the invention
provides for the use of cobicistat, or a pharmaccutically acceptable salt thereof: to
prepare a medicament for a human usctul for reducing a dosc of tenofovir
alafenamide hemifumarate by about 3 fold upon administration of the cobicistat.
The use may be for the prophylactic or therapeutic treatinent of a viral infection in
a human. The virus may be human imamunodeficiency virus (HIV) or Hepatitis B
virus (HBV).

[0084] In one ecmbodiment, the invention provides for a method of treating a viral
infection in a human comprising coadministering 1) tenofovir alafenamide
hemifumarate; and 2) cobicistat, or a pharmaccutically acceptable salt thereof, to
the human, Tenofovir alafenamide hemitumarate is administered in a
subtherapeutic amount. The virus may be human immunodeficiency virus (HTV)
or Hepatitis B virus (HBV).

[0085] In onc cmbodiment, the invention provides for a usc of a subthcrapeutic
dose of tenofovir alafenamide hemifumarate coadministered with cobicistat for
treating a viral infection. The virus may be human immunodeficiency virus (HIV)
or Hepatitis B virus (HBV).

[00686] Tn one embodiment, the invention provides for the use of a subtherapcutic

dosc of tenotovir alatenamide hemifumarate coadministered with cobicistat for
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inhibiting rctroviral reverse transcriptase. The virus may be human
immunodeficiency virus (HIV)

[0087] In one embodiment, the invention provides for an anti-virus agent(s)
comprising (a) tenofovir alatenamide hemifumarate and (b) cobicistat, or a
pharmaccutically acceptable salt thercof. The anti-virus agent(s) may include
tenofovir alafenamide hemifumarate in amounts of 3 mg, 8 £ 3 mg, 10 £ 5 mg,
25+ 5 mg, or 40 + 10 mg or other ranges as set forth below. The anti-virus
agent(s) may include cobicistat in amounts of 50-500 mg, 100-400 mg,

100-300 mg or 150 mg. The cobicistat may be usced in an amount that provides a
systemic exposure of tenofovir alafenamide hemifumarate comparable to the
systemic cxposure obtainable by administration of a greater dose of tenofovir
alafenamide hemifumarate in the absence of cobicistat in the manufacture of the
medicament. The anti-virus agent may further include 200 mg of emtricitabine and
150 mg of elvitegravir. The anti-virus agent may further inctude 150 mg
cobicistat, 8 or less mg tenofovir alatenamide hemifumarate, 150 mg clvitegravir.
and 200 mg emtricitabine. The anti-virus agent may further include 150 mg
cobicistat, 25 or less mg tenofovir alafenamide hemifumarate, 150 mg elvitegravir,
and 200 my emtricitabine. The anti-virus agent may further include 150 mg
cobicistat, 10 or less mg tenofovir alafenamide hemifumarate, 150 myg elvitegravir,
and 200 mg cmitricitabine. The anti-virus agent may include 150 mg cobicistat,

8 mg tenofovir alafenamide hemifumarate, 150 mg elvitegravir, and 200 mg
cmtricitabine. The anti-virus agent may include 150 mg cobicistat, 10 mg
tenofovir alafenamide hemifumarate, 150 mg clvitegravir, and 200 mg
emtricitabine.

[0088] Tn one embodiment, the invention provides for a unit-dosage of tenofovir
alafenamide hemifumarate and cobicistat, or a pharmaccutically acceptable salt
thereof, wherein the unit-dosage is a daily dose. Tenofovir alafenamide
hemifumarate may be present in a subtherapeutic amount. The unit-dosage may
further include 150 mg cobicistat, 8 or less mg tenofovir alafenamide
hemifumarate, 150 mg elvitegravir, and 200 mg emtricitabine. The unit-dosage
may further include 150 mg cobicistat, 250r less mg tenofovir alafcnamide

hemifumarate, 150 mg elvitegravir, and 200 mg emtricitabine. The unit-dosage

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1223 of 1915



WO 2013/116720 PCT/US2013/024438

e

may further include 150 mg cobicistat, 10 or less mg tenofovir alafenamide
hemifumarate, 150 mg clvitegravir, and 200 mg emtricitabine. The unit-dosage
may include 150 mg cobicistat, 10 mg tenofovir alafenamide hemifumarate,

150 mg clvitegravir, and 200 mg emtricitabine.

[0089] In onc embodiment, the invention provides the use of cobicistat. ora
pharmaceutically acceptable salt thereof, to prepare a medicament useful for
improving the pharmacokinetics of tenofovir alafenamide hemifumarate following
administration (0 a human. The medicament may be used for the prophylactic or
therapeutic treatment of a viral infection in a human. The virus may be human
immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

[0090] T onc embodiment, the invention provides cobicistat for use in improving
the pharmacokinctics of tenofovir alafenamide hemifumarate following
administration (0 a human. The use may be for the prophylactic or therapeutic
treatment of a viral infection in a human. The virus may be human
immunodcficicncy virus (HIV) or Hepatitis B virus (HBV).

[0091] In one embodiment, the invention provides a kit comprising: (1) tenofovir
alafenamide hemifumarate; (2) cobicistat, or a pharmaceutically acceptable salt
thereof; (3) one or more containers; and (4) prescribing information regarding
administering the tenofovir alafenamide hemifumarate with the cobicistat or a
pharmaccutically acceptable salt thercof.

[0092] In one embodiment, the invention provides a kit comprising: (1) a unit
dosage form comprising 5-100 mg of tenofovir alafenamide hemifumarate; (2) a
unit dosage form comprising 150 mg cobicistat, or a pharmaceutically acceptable
salt thereof; (3) one or more containers; and (4) prescribing information regarding
administering the tenofovir alafenamide hemifumarate with cobicistat or a
pharmaccutically acceptable salt thercof,

[0093] In one embodiment, the invention provides a use of tenofovir alafenamide
hemifumarate for the manafacture of a medicament for inhibiting activity of a
retroviral reverse transcriptase in a human, comprising administering tenofovir
alafcnamide hemifuimarate and cobicistat, or a pharmaceutically acceptable salt

thercof. to the human. The virus may be human immunodeficicney virus (H1V).
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10094} 1n one cmbodiment, the invention provides tenofovir alafenamide
hemifumarate and cobicistat, or a pharmaceutically acceptable salt thereof, for use
in inhibiting activity of a retroviral reverse transcriptase in a human.

[0895] In onc cmbodiment, the invention provides a usc of cobicistat, or a
pharmaccutically acceptable salt thercof, to prepare a medicament for a human
useful for reducing a dose between about 30-70% of tenofovir alafenamide
hemifumarate upon administration of the cobicistat. The medicament may be used
for the prophylactic or therapeutic treatment of a viral infection in a human. The
virus may be human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).
10096 1n onc embodiment, the invention provides the use of tenofovir
alafenamide hemifumarate and cobicistat, or a pharmaccutically aceeptable salt
thereof, for the prophylactic or therapeutic treatment of a viral infection in a
human. The use may be for the prophylactic or therapeutic treatment of a viral
infection in a human. The virus may be human immunaodeficiency virus (HIV) or
Hepatitis B virus (HBV).

|10097] 1n one embodiment, the invention provides an anti-viral agent(s)
comprising (a) tenofovir alafenamide hemifumarate, which is used in combination
with (b) cobicistat, or a pharmaceutically acceptable salt thereof, for use in the
prophylactic or therapeutic treatment of a viral infection in a human.

10098} In one embodiment, the invention provides for the use of ritonavir in the
compositions, kits, unit-dosages and uses set forth above in place of cobicistat.
|0099] In onc cmbodiment, the invention provides a method for inhibiting
Pyp-mediated intestinal sceretion of GS-7340, or a pharmaccutically acceptable
salt thercof, in a human by coadministration of cobicistat, or a pharmaceutically
acceptable salt thereof, with (GS-7340), or a pharmaceutically acceptable salt
thercof. 1n onc cmbodiment, 150 mg of cobicistat, or a pharmaccutically
acceptable salt thereof, is coadministered with 10 mg of GS-7340, ora
pharmaceutically acceptable salt thereof.

|0100] In one embodiment, the invention provides a method for inhibiling
Pgp-mediated intestinal secrction of tenofovir alafenamide hemifumarate in a
human by coadministration of cobicistat, or 2 pliarmaccutically acceptable salt

thereof, with tenofovir alafenamide hemifumarate. In one embodiment, 150 mg of
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cobicistat, or a pharmaccutically acceptable salt thereof, is coadministered with

10 mg of tenofovir alafenamide hemifumarate.

{0101} n one embodiment, the invention provides the use of an anti-virus agent
tor the prophylactic or therapcutic treatment of a viral infection in a human,
wherein the anti-virus agent comprises 150 mg cobicistat, 10 or less mg GS-7340,
150 mg elvitegravir. and 200 mg emtricitabine.

10102} In one embodiment, the invention provides a method of treating a viral
infection in a human comprising coadministering 150 mg cobicistar, 10 or less mg
(GS-7340. 150 mg elvitegravir, and 200 mg emtricitabine to the human.

10103] 1n one embodiment, the invention provides the use of 150 mg cobicistat, 10
orless mg GS-7340, 150 mg clvitegravir, and 200 mg emtricitabine for the
manufacture of 2 medicament for treating a viral infection in a human.

[0104] In one embodiment, the invention provides the use of an anti-virus agent
for the prophylactic or therapeutic treatment of a viral infection in a human,
wherein the anti-virus agent comprisces 150 mg cobicistat, 10 or less mg tenofovir
alafenamide hemifumarate. 150 mg elvitegravir, and 200 mg emtricitabine.

[0105] In one embodiment, the invention provides a method of treating a viraj
infection in a human comprising coadministering 150 mg cobicistat, 10 or less mg
tenofovir alafenamide hemifumarate, 150 mg elvitegravir, and 200 mg
cmtricitabine to the human.

{0106 In one embodiment, the invention provides the use of 150 mg cobicistat, 10
or less mg tenofovir alafenamide hemifumarate, 150 mg elvitegravir, and 200 mg
emtricitabine for the manufacture of a medicament for treating a viral infection in a
human.

[6107] In one embodiment, the invention provides an anti-virus agent(s)
comprising (a) tenofovir alafenamide hemifumarate, (b) cobicistat, or a
pharmaceutically acceptable salt thereof, (¢c) emtricitabine, and (d) darunavir.
[0108] In one embodiment, the invention provides an anti-virus agent(s)
comprising (a) & or less mg of tenofovir alafenamide hemifumarate, (b) 130 mg of
cobicistat, or a pharmaceutically acceptable salt thereof, (¢) 200 mg of

cmtricitabine, and (d) 800 g of darunavir.
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[0109] In one cmbodiment, the invention provides an anti-virus agent(s)
comprising (a) 25 or less mg of tenofovir alafenamide hemifumarate, (b) 150 myg
of cobicistat, or a pharmaceutically acceptable salt thercof, (c) 200 mg of
cmtricitabing, and (d) 800 mg of darunavir.

[0110] 1n onc embodiment, the invention provides an anti-virus agent(s)
comprising (a) 10 mg of tenofovir alafenamide hemifumarate, (b) 150 mg of
cobicistat, or a pharmaceutically acceptable salt thereof, (¢) 200 mg of
emtricitabine, and (d) 800 mg of darunavir.

[0111] Tnone cmbodiment, the invention provides an anti-virus agent(s)
comprising (a) GS-7340. or a pharmaceutically acceptable salt thereof,

(b) cobicistat, or a pharmaccutically acceptable salt thereof, (¢) emitricitabine, and
(d) darunavir.

[0112] 1n one embodiment, the invention provides an anti-virus agent(s)
comprising (a) 8 or less mg of GS-7340, or a pharmaceutically acceptable salt
thercof, (b) 150 mg of cobicistat, or a pharmaccutically acceptable salt thercof.
(¢) 200 mg of emtricitabine, and (d) 800 mg of darunavir.

[0113] In one embodiment, the invention provides an anti-virus agent(s)
comprising (a) 25 or less mg of GS-7340. or a pharmaceutically acceptable salt
thereof, (b) 150 mg of cobicistat, or a pharmaceuticaily acceptable salt thereof,
(c) 200 mg of emtricitabine, and (d) 800 mg of darunavir.

[0114] 1n one embodiment, the invention provides an anti-virus agent(s)
comprising (a) 10 mg of GS-7340, or a pharmaccutically acceptable salt thercof,
(b) 150 mg of cobicistat, or a pharmaccutically acceptable salt thereof, (¢) 200 mg
of emtricitabine, and (d) 800 mg of darunavir.

[0115] In one embodiment, the invention provides the use of an anti-virus agent
for the prophylactic or therapeutic treatment of a viral infection in a human,
wherein the anti-virus agent comprises 150 mg cobicistat, 10 or less mg GS-7340,
800 mg of darunavir, and 200 mg emtricitabine.

[0116] In one embodiment, the invention provides a method of treating a viral
infection in 2 human comprising coadministering 150 mg cobicistat, 10 or less mg

(GS-7340, 800 mg of darunavir, and 200 mg cmtricitabine to the human.
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[0117] In one embodiment, the invention provides the use of 150 mg cobicistat, 10
or less mg GS-7340. 800 mg of darunavir, and 200 mg emtricitabine for the
manufacture of 2 medicament for treating a viral infection in a human.

10118} In one cmbodiment, the invention provides the use of an anti-virus agent
for the prophylactic or therapcutic treatment of a viral infection in a human,
wherein the anti-virus agent comprises 150 mg cobicistat, 10 or less mg tenofovir
alafenamide hemifumarate, 800 mg of darunavir, and 200 mg emtricitabine.

{0119} In one embodiment, the invention provides a method of treating a viral
infection in a human comprising coadministering 150 mg cobicistat. 10 or less mg
tenofovir alafenamide hemifumarate. 800 mg of darunavir, and 200 mg
cmtricitabine to the human.

{0120} In one embodiment, the invention provides the use of 150 mg cobicistat, 10
or less mg tenofovir alafenamide hemifumarate, 800 mg of darunavir, and 200 mg
emtricitabine for the manufacture of a medicament for treating a viral infection in a
human.

[0121] In one embodiment, the invention provides the use of a dose of 2
cytochrome p450 inhibitor, or a pharmaceutically acceptable salt thereof. 1o boost a
dose GS-7340, or a pharmaceutically acceptable salt thereof, for the prophylactic
or therapeutic treatment of a viral infection in a human. In onc embodiment, the
cytochrome pd50 inhibitor is cobicistat, or a pharmaceutically acceptable salt
thereof. In one further embodiment, the dose of GS-7340 would be a
subtherapeutic amount absent the dosc of cobicistat.

{0122} In one cmbodiment, the invention provides a composition comprising: a
unit-dosage form of GS-7340, or a pharmaceutically acceptable salt thereof: a
unit-dosage form of cobicistat, or a pharmaceutically acceptable salt thereof: and a
pharmaccutically acceptable carricr or dituent, wherein the amount of GS-7340 in
the unit-dosage form is a subtherapeutic amount.

{0123} In one embodiment, the invention provides the use of a dose of a
cytochrome p450 inhibitor, or a pharmaceutically acceptable salt thereof, to boost a
dose tenofovir alafenamide hemifumarate for the prophylactic or therapeutic
trcatment of a viral infection in a human. In one ecmbodiment, the cytochrome

p450 inhibitor is cobicistat, or a pharmaceutically acceptable salt thereof. In one
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further cmbodiment, the dosc of tenofovir alafcnamide hemifumarate would be a
subtherapeutic amount absent the dose of cobicistat.

[0124] 1n onc embodiment, the invention provides a composition comprising: a
unit-dosage form of tenofovir alafcnamide hemifumarate; a unit-dosage form of
cobicistat, or a pharmaccuticaily acceptablc salt thereof; and a pharmaceutically
acceptable carrier or diluent, wherein the amount of tenofovir alafenamide
hemifumarate in the unit-dosage form is a subtherapeutic amount.

[0125] In one cmbodiment, the invention provides the uses and methods related to
treating a viral infection, as noted hercin, whercin the viral infection is human
immunodeficiency virus (HIV).

[0126] Tn one ecmbodiment, the invention provides the uses and methods related to
treating a viral infection, as noted herein, wherein the viral infection is Hepatitis B
virus (HBV).

[0127] In one embodiment, the invention provides a method of treating a viral
infection in a human, comprising administering to the human a composition
comprising cobicistat, or a pharmaceutically acceptable salt thereof, and tenofovir
alafenamide hemifumarate, wherein the composition contains an amount of
cobicistat, or a pharmaceutically acceptable salt thereof, sufficient for an amount of
tenofovir alafenamide hemifumarate in the composition to provide an effect on the
viral infection that is greater than the cffect of the amount ot tenofovir alatcnamide
hemifumarate in the absence of cobicistat, or a pharmaceutically acceptable salt
thereof, and wherein the viral infeetion is human immunodcficicncy virus (HIV) or
Hepatitis B virus (HBV).

[0128} Tn one embodiment, the invention provides a method of treating a viral
infection in a human, comprising administering to the human a composition
comprising cobicistat, or a pharmaccutically acceptable salt thercof, and tenofovir
alafenamide hemifumarate, wherein an effect on the viral infection of an amount of
tenofovir alafenamide hemifumarate in the composition is greater than the effect of
the same amount of tenofovir alafenamide hemifumarate in the absence of
cobicistat, or a pharmaceutically acceptable salt thercof, and wherein the viral

infcction is human immunodecticiency virus (HIV) or Hepatitis B virus (HBV).
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{0129] Tn one cmbodiment, the invention provides an anti-viral trcatment method
on a viral infection in 2 human, comprising administering to the human a
composition comprising cobicistat, or a pharmaceutically acceptable salt thereof,
and tenofovir alatenamide hemifumarate, wherein the composition contains an
amount of cobicistat, or a pharmaccutically acceptable salt thercof, sufficient for an
amount of tenofovir alafenamide hemifumarate in the composition to provide an
anti-viral effeet that is greater than the anti-viral effect of the amount of tenofovir
alafenamide hemifumarate in the absence of cobicistat, or 4 pharmaccutically
acceptable salt thercof. and wherein the viral infection is human immunodeficiency
virus (H1V) or Hepatitis B virus (HB'V).

[0130] Tn onc cmbodiment, the invention provides an anti-viral treatment method
on a viral infection in a human, comprising administering to the human a
composition comprising cobicistat, or a pharaceutically acceptable salt thereof,
and tenofovir alafenamide hemifumarate, wherein an anti-viral effect of an amount
of tenofovir alafcnamide hemifumarate in the composition is greater than the
anti-viral effect of the same amount of tenofovir alafenamide hemifumarate in the
absence of cobicistat, or a pharmaceutically acceptable salt thereof, and wherein
the viral infection is human immunodeficiency virus (HIV) or Hepatitis B

virus (HBV).

[0131] In onc cmbodiment, the invention provides a composition comprising:
cobicistat, or a pharmaceutically acceptable salt thereof: and tenofovir alafenamide
hemifumarate. In a further embodiment, the composition comprises: 50-500 mg of
cobicistat, or a pharmaccutically acceptable salt thereof; and 3-40 g of tenofovir
alafenamide hemifuumarate. In another embodiment, the composition further
comprises a pharmaceutically acceptable carrier or diluent.

[0132] In onc cmbodiment, the invention provides a method of treating a viral
mfection in 2 human comprising administering a composition comprising:
cobicistat, or a pharmaceutically acceptable salt thereof; and tenofovir alafenamide
hemifumarate, to the human.

[0133] Tn onc cmbodiment, the invention provides a method of treating a viral
infcetion in 2 human comprising coadministering cobicistat, or a pharmaccuticaliy

acceptable salt thereof, and tenofovir alafenamide hemifumarate, to the human.
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[0134] In onc cmbodiment, the invention provides a method of inhibiting activity
of a retroviral reverse transcriptase comprising coadministering cobicistat, or a
pharmaceutically acceptable salt thereof, and tenofovir alafenamide hemifiumarate.
In a further cmbodiment, the coadministering of cobicistat, or a pharmaccutically
acceptable salt thereof, and tenofovir alafenamide hemifumarate, is tn 2 human.
10135] In one embodiment, the invention provides use of cobicistat, or a
pharmaceutically acceptable salt thercof, and tenofovir alafenamide hemifumarate,
for the prophylactic or therapeutic treatment of a viral infection in a human.

[0136] Tn one cmbodiment, the invention provides usc of cobicistat, or a
pharmaceutically acceptable salt thereof, and tenofovir alafenamide hemifumarate,
for the manufacture of 2 medicament for treating a viral infection in a human.
[0137} Tn one embodiment, the invention provides usc of cobicistat, or a
pharmaceutically acceptable salt thereof, and tenofovir alafenamide hemifuinarate,
for the manufacture of a medicament for inhibiting activity of a retroviral reversc
transcriptasc. In a further embodiment. the medicament is for inhibiting activity of
a retroviral reverse transcriptase in 2 human.

[0138] In one embodiment, the invention provides a method of boosting an
anti-viral effect of tenofovir alafenamide hemifumarate in a human comprising
administering a composition comprising: cobicistat, or a pharmaceutically
acceptable salt thercot and tenofovir alatenamide hemifumarate, to the human.
[0139] In one embodiment, the invention provides a method of boosting an
anti-viral effcct of tenofovir alafenamide hemifumarate in a human comprising
coadministering cobicistat, or a pharmaceutically acceptable salt thereof, and
tenofovir alafenamide hemifumarate to the human. In a further embodiment,
50-500 mg of cobicistat, or a pharmaceutically acceptable salt thereof, is
coadministered with 3-40 mg of tenofovir alafenamide hemifumarate.

[0140] 1n one embodiment, the invention provides a method of inhibiting
Pgp-mediated intestinal secretion of tenofovir alafenamide hemifumarate in 2
human comprising administering a composition comprising: cobicistat, or a
pharmaceutically acceptable salt thercof; and tenofovir alafenamide hemifumarate,

to the human.
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[0141] 1n one cmbodiment, the invention provides a method of inhibiting
Pgp-mcdiated intestinal secretion of tenofovir alafenamide hemifumarate in a
human by coadministration of cobicistat, or a pharmaceutically acceptable salt
thereof, and tenofovir alafenamide hemifumarate. In a further cmbodiment,
50-500 mg of cobicistat, or a pharmaccutically acceptable salt thereof, is
coadministered with 3-40 mg of tenofovir alafenamide hemifumarate.

10142} In additional embodiments, the invention provides the methods and uses
disclosed wherein the viral infection is human immunodeficiency virus (H1V) or
Hepatitis B virus (HBV).

{0143] In one embodiment, the invention provides a composition comprising:

(2) tenofovir alafenamide hemifumarate; (b) cobicistat, or a pharmaccutically
acceptable salt thereof; (¢) emtricitabine; and (d) elvitegravir. In a further
embodiment, the composition comprises: (a) 3-40 mg tenofovir alafenamide
hemifumarate; (b) 50-500 mg cobicistat, or a pharmaceutically acceptable salt
thereof? (¢) 50-500 mg cmtricitabine; and (d) 50-500 mg clvitcgravir. In a further
embodiment, the invention provides a method of treating a viral infection in a
human comprising administering such a composition to the human.

10144] In one embodiment, the invention provides a method of treating a viral
infection in a human comprising coadministering (a) tenofovir alafenamide
hemifumarate; (b) cobicistat, or a pharmaccutically acceptable salt thereot

(c) emtricitabine; and (d) etvitegravir to the human. In a further embodiment, the
method comprises coadministering (a) 3-40 mg tenofovir alafenamide
hemifumarate; (b) 50-500 mg cobicistat. or a pharmaccutically acceptable salt
thereof: (c) 50-500 mg emtricitabine; and (d) 50-500 mg elvitegravir to the human.
[6145] In one embodiment, the invention provides use of a composition
comprising: (a) tenofovir alafenamide hemifumarate: (b) cobicistat, or a
pharmaceutically acceptable salt thereof; (¢) emtricitabine: and (d) clvitegravir, for
the prophylactic or therapeutic treatment of a viral infection in a human.

[0146] In one embodiment, the invention provides use of (a) tenofovir
alafenamidc hemifumarate; (b) cobicistat, or a phammaceutically acceptable salt
thercof (¢) emtricitabine; and (d) clvitcgravir for the manufacture of 2 medicament

for treating a viral infection in a hmman. In a further embodiment, the invention
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provides usc of (a) 3-40 mg tenofovir alafenamide hemifumarate; (b) 50-500 mg
cobicistat, ur a pharmaccutically acceptable salt thereof (¢) 50-500 mg
emfricitabine; and (d) 50-500 mg elvitegravir for the manufactre of a medicament
for treating a viral infeetion i a human.

[0147] 1n onc embodiment, the invention provides a composition comprising:

(a) tenofovir alafenamide hemifumarate; (b) cobicistat, or a pharmaceutically
acceptable salt thereof: (¢) emtricitabine; and (d) elvitegravir for the treatment of a
viral infection, wherein the viral infection is human immunodeficiency virus (HIV)
or Hepatitis B virus (HBV).

|0148] In one embodiment, the invention provides a composition comprising:

(2) 3-40 mg tenofovir alafenamide hemifumarate; (b) S0-300 mg cobicistat, ora
pharmaceutically acceptable salt thereof; (¢) 50-500 mg emtricitabine; and

(d) 50-500 myg elvitegravir for the treatment of a viral infection, wherein the viral
infection is human immunodeficiency virus (H1V) or Hepatitis B virus (HBV).
{0149} In additional cmbodiments, the invention provides the methods and uscs
disclosed wherein the viral infection is human immunodeficiency virus (HIV) or
Hepatitis B virus (HBV).

[0150] In onc embodiment, the invention provides a composition comprising:

(a) tenofovir alafenamide hemifumarate; (b) cobicistat, or a pharmaceutically
acceptable salt thereof’ (¢) emtricitabine: and (d) darunavir. In a further
embodiment, the composition comprises: (a) 3-40 mg tenofovir alafenamide
hemifumarate; (b) S0-500 mg cobicistat, or a pharmaccutically acceptable salt
thereof; (¢) 50-500 mg emtricitabine; and (d) 400-1600 mg darunavir. In a further
embodiment, the invention provides a method of treating a viral infection in a
human comprising administering such a composition to the human.

[0151] 1n onc embodiment, the invention provides a method of treating a viral
infection in a human comprising coadministering (a) tenofovir alafenamide
hemifumarate; (b) cobicistat, or a pharmaceutically acceptable salt thereof;

(¢) emtricitabine; and (d) darunavir to the human. In a further embodiment, the
method comprises coadministering (a) 3-40 mg tenofovir alafenamide
hemifumarate; (b) 50-500 mg cobicistat, or a pharmaccutically acceptable salt

thereof: (¢) 50-500 mg emtricitabine; and (d) 400-1600 mg darunavir to the human.
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[0152] In one ecmbodiment, the invention provides use of a composition
comprising: (a) tenofovir alafenamide hemifumarate; (b) cobicistat. or a
pharmaccutically acceptable salt thereof (¢) emtricitabine: and (d) darunavir, for
the prophylactic or therapeutic treatment of a viral infection in a human.

10153] In onc embodiment, the invention provides use of (a) tenofovir
alafenamide hemifumarate; (b) cobicistat, or a pharmaceutically acceptable salt
thereof; (c) emitricitabine; and (d) darunavir for the manufacture of a medicament
for treating a viral infection in a human. In a further embodiment, the invention
provides use of (a) 3-40 mg tenofovir alafenamide hemifumarate: (b) 50-500 mg
cobicistat, or a pharmaceutically acceptable salt thercof; {c) 50-500 mg
cmtricitabine; and (d) 400-1600 mg darunavir for the manufacture of a medicament
for treating a viral infection in a human,

[0154] In one embodiment, the invention provides a composition comprising:

(a) tenofovir alafenamide hemifumarate; (b) cobicistat, or a pharmaceutically
acceptable salt thereof; (¢) emtricitabine; and (d) darunavir for the trcatment of a
viral infection, wherein the viral infection is human immunodeficiency virus (HIV)
or Hepatitis B virus (HBV).

[0155] In one embodiment, the invention provides a composition comprising:

(a) 3-40 mg tenofovir alafenamide hemifumarate; (b) 50-500 mg cobicistat, or a
pharmaceutically acceptable salt thercof; (¢) 50-500 mg emtricitabine; and

(d) 400-1600 mg darunavir for the treatment of a viral infection. wherein the viral
infection is human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).
[0156} In additional cmbodiments, the invention provides the methods and uses
disclosed wherein the viral infection is human immunodeficiency virus (H1V) or
Hepatitis B virus (HBV).

[0157] In onc embodiment, the invention provides a composition comprising:
tenofovir alafenamide hemifomarate and emtricitabine. In a further embodiment,
the composition comprises: 3-40 mg tenofovir alafenamide hemifumarate and
50-500 mg emtricitabine. In a further embodiment, the invention provides a
method of treating a viral infection in a human comprising administering such a

composition to the human.
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[0158] Tn onec embodiment, the invention provides a method of treating a viral
infection in a human comprising coadministering tenofovir alafenamide
hemifumarate and cmtricitabine to the human. In a further embodiment, the
method compriscs coadministering 3-40 mg tenofovir alatenamide hemifumarate
and 50-500 mg cmtricitabine to the human.

[0159] In one embodiment, the invention provides use of a composition
comprising: tenofovir alafenamide hemifumarate and emtricitabine for the
prophylactic or therapeutic treatiment of a viral infection in a human.

[0160] In one cmbodiment, the invention provides usc of tenofovir alafenamide
hemifumarate and emtricitabine for the manufacture of a medicament for treating a
viral infection in a human. In a further cmbodiment, the invention provides usc of
3-40 mg tenofovir alafenamide hemifumarate and 50-500 mg emtricitabine for the
manufacture of a medicament for treating a viral infection in a human.

[0161] In one embodiment, the invention provides a composition comprising:
tenofovir alafenamide hemifumarate and cmtricitabine for the treatment of a viral
infection, wherein the viral infection is human immunodeficiency virus (HIV) or
Hepatitis B virus (HBV).

[0162] In one embodiment, the inveution provides a composition comprising:
3-40 mg tenofovir alafenamide hemifumarate and 50-500 mg emtricitabine for the
trcatment of a viral infection, wherein the viral infcction 1s human
immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

[0163] In additional cmbodiments, the invention provides the methods and uses
disclosed wherein the viral infection is human immunodeficiency virus (HIV) or
Hepatitis B virus (HBV).

[0164] In one embodiment, the invention provides a composition comprising:

() tenofovir alafenamide hemifumarate; (b) rilpivirine; and (c) cintricitabine. Ina
further embodiment, the composition comprises: (a) 3-40 mg tenofovir
alafenamide hemifumarate; (b) 10-80 mg rilpivirine; and (c) 50-500 mg
emtricitabine. In a further embodiment, the invention provides a method of
treating a viral infection in a human comprising administering such a composition

to the human.
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[0165] In one cmbodiment, the invention provides a method of treating a viral
infection in a human comprising coadministering (a) tenofovir alafenamide
hemifumarate; (b) rilpivirine; and (c) cmtricitabine to the human. In a further
cmbodiment, the method compriscs coadministering (a) 3-40 mg tenotovir
alafcnamide hemifumarate; (b) 10-80 mg rilpivirine; and (c) 50-500 mg
emtricitabine to the human.

[0166] In one embodiment, the invention provides use of a composition
comprising: (a) tenofovir alafenamide hemifumarate; (b} rilpivirine; and

(c) emtricitabine, for the prophylactic or therapeutic treatment of a viral infection
in a human.

[0167] Tn one ecmbodiment, the invention provides use of (a) tenofovir
alafenamide hemifumarate; (b) rilpivirine; and (¢) emtricitabine for the
manufacture of a medicament for treating a viral infection in a human. In a further
embodiment, the invention provides use of (a) 3-40 mg tenofovir alafenamide
hemifumarate; (b) 10-80 mg rilpiviring; and (¢) 50-500 mg emtricitabine for the
manufacture of a medicament for treating a viral infection in a human.

[0168] In one embodiment, the invention provides a composition comprising;
(a) tenofovir alafenamide hemifumarate; (b) rilpivirine; and (c) emtricitabine for
the treatment of a viral infection, wherein the viral infection is human
immunodeficicncy virus (H1V) or Hepatitis B virus (HBV).

[0169] In one embodiment, the invention provides a composition comprising:
(a) 3-40 mg tenofovir alafenamide hemifumarate; (b) 10-80 mg rilpivirine; and
(¢) 50-500 mg cmitricitabine for the treatment of a viral infection, wherein the viral
infection is human inmunodeficiency virus (HIV) or Hepatitis B virus (HBV),
[0170] In additional embodiments, the invention provides the methods and uses
disclosed wherein the viral infection is human immunodeficiency virus (HIV) or
Hepatitis B virus (HBV).

[0171] In one embodiment, the invention provides a composition comprising:
tenofovir alafenamide hemifumarate and GS-9441. In a further embodiment, the
composition comprises: 3-40 mg tenofovir alafenamide hemifumarate and

5-1500 mmg GS-9441. In a further cmbodiment, the invention provides a method of

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1236 of 1915



WO 2013/116720 PCT/US2013/024438

- 40 -

treating a viral infection in 2 human comprising administering such a composition
1o the human.

10172} 1n one embodiment, the invention provides a method of treating a viral
infection in 2 human comprising coadministering tenofovir alafenamide
hemifumarate and GS-9441 to the human. In a further embodiment, the method
comprises coadministering 3-40 mg tenofovir alafenamide hemifumarate and
3-1500 mg GS-9441 to the human.

[0173] In onc embodiment, the inveution provides use of a composition
comprising: tenofovir alafenamide hemifumarate and GS-9441 for the
prophylactic or therapeutic treatment of a viral infection in a human.

[0174] Tn onc embodiment, the invention provides usc of tenofovir alafecnamide
hemifumarate and GS-9441 for the manufacture of a medicament for treating a
viral infection in a human. Tn a further embodiment, the invention provides use of
3-40 mg tenofovir alafenamide hemifumarate and 5-1500 mg GiS-9441 for the
manufacture of a medicament for treating a viral infection in a human.

[0175] In one embodiment, the invention provides a composition comprising:
tenofovir alafenanide hemifumarate and GS-9441 for the reatment of a viral
infection, wherein the viral infection is human immunodeficiency virus (HIV) or
Hepatitis B virus (HBV).

{0176] In one cmbodiment, the invention provides a composition comprising:
3-40 mg tenofovir alafenamide hemifumarate and 5-1500 mg GS-9441 for the
trcatment of a viral infection, wherein the viral infection is human
immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

[0177] In additional embodiments, the invention provides the methods and uses
disclosed wherein the viral infection is human immunodeficiency virus (HTV) or

Hepatitis B virus (HBV).

BRIEF DESCRIPTION OF THE DRAWINGS

[0178] Figure 1 shows pharmacokinetic data from patients dosed with various
doses of GS-7340 and TDF.
[0179] Figure 2 shows pharmacokinetic data from patients dosed with various

doscs of GS-7340 and TDF.
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10180} Figurc 3A-B shows pharmacokinetic data from patients dosed with various
formulations of GS-7340.

[0181] Figure 4A-B shows pharmacokinetic data from paticnts dosed with various
formulations of GS-7340.

[0182] Figure SA-B shows pharmacokinetic data from paticnts dosed with various
formulations of GS-7340.

[0183] Figure 6 shows pharmacokinetic data from patients dosed with various
formulations of GS-7340.

[0184] Figurc 7 shows pharmacokinctic data from paticnts dosed with various
formulations of GS-7340.

[0185] Figure § shows pharmacokinetic data from paticnts dosed with various
formulations of GS-7340.

[0186] Figure 9 shows pharmacokinetic data from patients dosed with various
formulations of GGS-7340.

[0187] Figurc 10A-B shows results of substrate assays in cells transfected with the
genes for human P-glycoprotein (Pgp; MDR 1) and breast cancer resistance protein
(BCRP) genes.

[0188] Figure 11A-B shows results of bidirectional permeability assays in cells
transfected with the genes for human Pgp and BCRP,

10189} Figurc 12A-F shows results of bidirectional permeability assays in cells
fransfected with the genes for human Pgp and BCRP.

[0190] Figurc 13 shows the X-ray powder diffraction (XRPD) pattern of tenofovir
alafenamide hemifumarate.

[0191] Figure 14 shows a graph of the DSC analysis of tenofovir

alafenamide hemifumarate.

[0192] Figurc 15 shows a graph of the thermogravimetric analysis (TGA) data
for tenofovir alafenamide hemifumarate.

10193} Figure 16 shows a graph of' the dynamic vapor sorption (DVS) analysis

of tenofovir alafenamide hemifumarate.
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DETAILED DESCRIPTION OF THE INVENTION

O
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m Pr

[0194] Cobicistat (chemical name 1,3-thiazol-5-ylmethyl (2R,5R)-(5- {[(2S)-2-
[(methyl{[2-(propan-2-yl)-1,3-thiazol-4-ylJmethyl} carbamoyl)amino]]-4-
(morpholin-4-ylbutanamido}-1,6-diphenylhexan-2-yl)carbamate) is a chemical
entity that has been shown to be a mechanism-based inhibitor that irreversibly
inhibits CYP3A enzymes.

[0195] Dctailed cnzyme inactivation kinctic studics were performed comparing
cobicistat with ritonavir. Cobicistat was found to be an efficient inactivator of
human hepatic microsomal CYP3A activity with kinetic parameters similar to
those of ritonavir. In addition, cobicistat is a moderate inhibitor of CYP2B6
{similar potency to ritonavir), a weak inhibitor of CYP2D6, and does not
appreciably inhibit CYP1A2, CYP2C&, CYP2C9, CYP2CI19, or uridine
glucuronosyltransferase 1A1. In xcnobiotic receptor transactivation and human
hepatocyte studics, cobicistat displayed no/weak potential as an inducer of
cytochrome P450, UGT1A1, or P-glycoprotein (at up to 30 pM). Permcability
assays suggest that cobicistat is not a strong substrate or inhibitor of transporters
including P-glycoprotein, MRP1, and MRP2. Inhibition of intestinal
P-glycoprotein by cobicistat is only possible during absorption due to its high
aqucous solubility, but it is not potent cnough to inhibit transporters at systemic
concentrations. These data indicate that, compared to ritonavir, cobicistat is a
more sclective inhibitor of CYP3A in vitro and a weaker inducer of CYP enzymcs,
which may potentially result in fewer clinically significant interactions with

substrates of other CYP enzymes.
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10196} Cobicistat may also be present in compositions cnriched with a

stereoisomer of formula (la):

N
Ph
/§/\ j\ 'N'\/\/{ j\ s
N N v fe}
e l H & /5 H /\&‘N»
(g P¥

which is thiazol-S-ylmethyl (2R.5R)-5-((S)-2-(3-((2-isopropylthiazol-5-yl)methyl)-
3-methylureido)-4-morpholinobutanamido)-1,6-diphenylhexan-2-ylcarbamate,
10197} In one embodiment, the cobicistat has an enriched concentration of

85 £ 5% of the stereoisomer of formula (Ia). In another embodiment, the cabicistat
has an enriched concentration of 90 = 5% of the stereoisomer of formula (Ta). In
another cmbodiment. the cobicistat has an cnriched concentration of 95 & 2% of
the stereoisomer of formula (Ia). In another embodiment, the cobicistat has an
enriched concentration of 99 £ 1% of the stereoisomer of formula (1a). 1n another
cmbodiment, the cobicistat is present as the pure stereotsomer of formula (Ta).
[0198] Coadministration of cobicistat with GS-7340 or tenofovir alafenamide
hemifumarate boosts systemic exposure to GS-7340 or tenofovir alafenamide
hemifumarate in humans, improves the pharmacokinctics of GS-7340 or tenofovir
alafenamide hemifumarate (including, but not limited to, Cpy increases), and
increases blood levels of GS-7340 / tenofovir alafenamide hemifumarate /
tenofovir. Therefore, GS-7340 or tenofovir alafenamide hemifumarate
coadministered with cobicistat may be administered in lower amounts than
previously thought to achieve a therapeutic cffect. Such lower amounts may be
amounts that would be subtherapeuric in the absence of coadministration

of cobicistat.

[0199] Without being bound by any theory of the invention, it is believed that
cobicistat may be acting to inhibit intestinal Pgp-mediated intestinal sccretion of
(GS-7340 or tenofovir alafenamide hemifumarate. In in vitro studics, cobicistat and

ritonavir significantly increased the accumulation of probe substrates (such as
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calccin AM and Hocchst 33342) in cells transfected with P-glycoprotein (Pgp) and
breast cancer resistance protein (BCRP), and cobicistat was found to be a substrate
for these transporters. Cobicistat appears to be a substrate of Pgp and BCRP and
likcly has a competitive mode of inhibition with coadministered agents. Cobicistat
appcars to be a relatively weak inhibitor of Pgp and BCRP and may only have a
transient effect on these ransporters during intestinal absorption, facilitated by
high sotubility of, and resulting high concentrations of, cobicistat achievable in the
gastrointestinal tract. Combined, these results suggest that cobicistat can
cffectively inhibit intestinal transporters and increase the absorption of
coadministered substrates. including HIV protease inhibitors and GS-7340 or
tenofovir alafenamide hemifumarate, contributing to its cffectivencss as a
pharmacoenhancer.

[0200] As used herein, the term “coadminister” (or “coadministration™) refers to
administration of two or more agents within a 24-hour period of each other, for
cxample, as part of a clinical trcatment regimen. In other embodiments,
“coadminister” refers to administration of two or more agents within 2 hours of
each other. In other embodiments, “coadminister” refers to administration of two
or more agents within 30 minutes of each other. In other embodiments,
“coadminister’” refers to administration of two or more agents within 15 minutes of
cach other. In other embodiments, “coadminister” refers to administration of two
or more agents at the same time, either as part of a single formulation or as
multiple formulations that are administered by the same or different routes.

[0201] The term “unit dosage form™ refers to a physically discrete unit, such as a
capsule, tablet, or solution, that is suitable as a unitary dosage for a human patient,
cach unit containing a predetermined quantity of one or more active ingredient(s)
calculated to producce a therapeutic cffect, in association with at Icast onc
pharmaceutically acceptable diluent or carrier, or combination thercof. Unit
dosage formulations contain a daily dose or unit daily subdose or an appropriate
fraction thereof, of the active ingredient(s).

[0202] The term “subtherapeutic amount” of a compound is any amount of the
compound that upon dosing is insufficient to achicve the desired

therapeutic benefit.
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[0203] The term “boosting amount” or “boosting dose™ is the amount of a
compound needed 10 improve the pharmacokinetics of a second compound (or
increase availability or exposure). The boosting amount or boosting dose may
improve the pharmacokinctics (or increase availability or exposure) of the second
compound to a level that is therapeutic in a subject. 1n other words, a
subtherapeutic amount of the second compound (i.e., subtherapeutic when
administered without coadministration of the boosting amount) reaches a
therapeutic level(s) in a subject due to improved pharmacokinetics (or increased
availability or exposure) upon coadministration ot the boosting amount.

[0204] The present invention also provides a method for the treatment or
prophylaxis of discases, disorders, and conditions. An cxample of a discasc,
disorder, or condition includes, but is not limited to, a retrovirus infection, or a
disease, disorder, or condition associated with a retrovirus infection. Retroviruses
are RNA viruses and are generally classified into the alpharetrovirus,
betarctrovirus, deltarctrovirus, epsilonretrovirus, gammarctrovirus, lentivirus, and
spumavirus families. Examples of retroviruses include, but are not limited to.
human immunodeticiency virus (HIV), human T-lymphotropic virus (IITLV), rous
sarcoma virus (RSV), and the avian leukosis virus. in general, three genes of the
retrovirus genome code for the proteins of the mature virus: gug (group-specific
antigen) gene, which codes for the core and structural proteins of the virus; po/
(polymerase) gene, which codes for the enzymes of the virus, including reverse
transcriptase, proteasc, and integrasc; and env (envelope) gene, which codes for the
retrovirus surface proteins.

[0205] Retroviruses attach to and invade a host cell by releasing a complex of
RNA and the pol products, among other things, into the host cell. The reverse
transcriptase then produces double-stranded DNA from the viral RNA. The
double-stranded DNA is imported into the nucleus of the host cell and integrated
mto the host cell genome by the viral integrase. A nascent virus from the
integrated DNA is formed when the integrated viral DNA is converted into mRNA
by the host cell polymerase, and the proteins necessary for virus formation are
produccd by the action of the virus protease. The virus particle undergocs budding

and is released from the host cell to form a mature virus.
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[0206] The active agents may be administered to a human in any conventional
manner. While it is possible for the active agents to be administered as raw
compounds, they are preferably administered as a pharmaceutical composition.
The salt, carricr, or diluent should be acceptable in the sense of being compatible
with the other ingredients and not delcterious to the recipient thercof. Examples of
carriers or diluents for oral administration include comnstarch, lactose, magnesium
stearate, tale, microcrystalline cellulose, stearic acid, povidone, crospovidone,
dibasic caleium phosphate, sodium starch glycolate, hydroxypropyl cellulose
(c.g., low substituted hydroxypropyl cellulose), hydroxypropylmethyl cellulose
{e.g.. hydroxypropylmethyl cellulose 2910). and sodium laoryl sulfate.

[0207) The pharmaccutical compositions may be prepared by any suitable method,
such as those methods well known in the art of pharmacy, for example, methods
such as those described in Gennaro et al., Remington's Pharmaceutical Sciences
(18th ed., Mack Publishing Co., 1990), especially Part 8: Pharmaceutical
Preparations and their Manufactare. Such mcthods include the step of bringing
into association GS-7340 or tenofovir alafenamide hemifumarate with the carrier
or diluent and optionally one or more accessory ingredients. Such accessory
ingredients include those conventional in the art, such as, fillers, binders,
excipients, disintegrants, lubricants, colorants, flavoring agents, sweeteners,
preservatives (c.g., antimicrobial preservatives). suspending agents, thickening
agents, emulsifying agents, and/or wetting agents.

10208] The term “GS-7340, or pharmaccutically acceptablc salt thercof™ or the
like includes any amorphous, crystalling, co-crystailine, complex, or other physical
form thereof. In one embodiment, a composition comprising a pharmaceutically
acceptable coformer and GS-7340 is administered. The pharmaceutically
acceptable coformer can be any pharmaccutically acceptable compound that is
capable of forming a “pharmaceutically acceptable salt” with GS-7340. For
example, the pharmaceutically acceptable coformer can be a pharmaceutically
acceptable acid (e.g. adipic acid, L-aspartic acid, citric acid, fumaric acid, maleic
acid, malic acid, malonic acid, succinic acid, tartaric acid, or oxalic acid). Tnone
cmbodiment of the invention, the pharmaccutically acceptable coformer is a

bis-acid. ln another embodiment, the pharmaceutically acceptable coformer is
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fumaric acid. In another cmbodiment, a composition comprising a coformer and
(GS-7340 in a ratio of about 0.5 + 0.05 can be administered. One form of GS-7340
is a hemifumarate form (tenofovir alafenamide hemifumarate), as described
further herein.

10209} The pharmaccutical compositions may provide controlled, slow release or
sustained release of the agents (e.g., GS-7340 or tenofovir alafenamide
hemifumarate) over a period of time. The controlled, slow release or sustained
release of the agents (e.g., GS-7340 or tenofovir alafenamide hemifumarate) may
maintain the agents in the bloodstrcam of the iuman for a longer period of time
than with conventional formulations. Pharmaceutical compositions include, but
arc not limited to, coated tablets, pellets, solutions, powders, capsules, and
dispersions of GS-7340 or tenofovir alafenamide hemifumarate in a medium that is
insoluble in physiologic fuids, or where the release of the therapeutic compound
follows degradation of the pharmaceutical composition due to mechan ical,
chemical, or enzymatic activity.

{0210} The pharmaceutical compositions of the invention may be, for example, in
the form of a pill, capsule, solution, powder, or tablet, cach containing a
predetermined amount of GS-7340 or tenofovir atafenamide hemifumarate. In an
embodiment of the invention, the pharmaceutical composition is in the form of a
tablet comprising GS-7340 or tenofovir alafenamide hemifumarate. In another
embodiment of the invention, the pharmaceutical composition is in the form of a
tablet comprising GS-7340 and the components of the tablet utilized and described
in the Examples provided hercin.,

[0211] For oral administration, finc powders or granules may contain diluting,
dispersing. and or surface active agents and may be present, for example, in water
or in a syrup, in capsules or sachets in the dry state, or in 4 nonaqucous solution or
suspension wherein suspending agents may be included, or in tablets wherein
binders and lubricants may be included.

[0212] When administered in the form of a liquid solution or suspension, the
formulation may contain GS-7340 or tenofovir alafenamide hemifumarate and
purificd water. Optional components in the liquid sotution or suspension include

suitable sweeteners, flavoring agents, preservatives (e.g.. antimicrobial
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preservatives), buffering agents, solvents, and mixtures thercof. A component of
the formulation may serve more than one function. For example, a suitable
buffering agent also may act as a flavoring agent as well as a sweetener.

[0213] Suitable sweeteners include, for example, saccharin sodium, sucrosc, and
mannitol. A mixture of two or more sweeteners may be used. The swectener or
mixtures thereof are typically present in an amount of from about 0.001% to about
70% by weight of the total composition. Suitable flavoring agents may be present
in the pliarmaceutical composition to provide a cherry flavor, cotton candy flavor,
or other suitable flavor to make the pharmaccutical composition casier for a human
to ingest. The flavoring agent or mixtures thereof are typically present in an
amount of about 0.0001% to about 5% by weight of the total composition.

[0214] Suitable preservarives include, for example, methylparaben,
propylparaben, sodium benzoate, and benzalkonium chloride. A mixture of two or
more preservatives may be used. The preservative or mixtures thereof are typically
present in an amount of about 0.0001% to about 2% by weight of the total
composition.

[0215] Suitable buffering agents include, for example, citric acid, sodium citrate,
phosphoric acid, potassium phosphate, and various other acids and salts. A
mixture of two or more buffering agents may be used. The buffering agent or
mixtures thereof arc typically present in an amount of about 0.001% to about 4%
by weight of the total composition.

[0216] Suitable solvents for a liquid solution or suspension include, for example,
sorbitol, glycerin, propylene glycol, and water. A mixture of two or more solvents
may be used. The solvent or solvent system is typically present in an amount of
about 1% to about 90% by weight of the total composition.

[0217] The pharmaccutical composition may be coadministered with adjuvants.
For example, nonionic surfactants such as polyoxyethylene oleyl ether and
n-hexadecyl polyethylene ether may be administered with or incorporated into the
pharmaceutical composition to artificially increase the permeability of the
intestinal walls. Enzymatic inhibitors may also be administered with or

incorporated into the pharmaccutical composition.
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GS-7340

[0218] Tn onc cmbodiment of the invention, a dose of 3 mg, 3+ 2 mg, or 3 = | mg
0f GS-7340, or a pharmaccutically acceptable salt thereof, is administered.

[0219] Tn one embodiment of the invention, a dose of § £ 3 mg, 8 + 2 mg or

8+ 1 mg of G8-7340. or a pharmaccutically acceptable salt thercof, is
administered.

10220} In one embodiment of the invention, a unit dosage form comprises a dose
of 8 + 2 mg of GS-7340, or a pharmaceutically acceptable salt thereof,

[0221] In various embodiments of the invention, a dosc of 8 =3 mg; 25 + 10 mg;
10+ 5mg; 25+ 5 mg; 25 + 2 mg; 40 4 10 mg; 40 & 5 mg; 40 + 2 mg; 60 + 20 meg;
60+ 10 mg; 100 =20 mg: 100 = 10 mg; 125 £ 20 mg; 125+ 10 mg; 150 = 20 mg;
150 = 10 mg; 200 £ 40 mg; or 200 + 15 mg of GS-7340, or a pharmaceutically
acceptable salt thereof, is administered.

10222} The desired daily dose of GS-7340 also may be administered as two, three,
four, five, six, or more subdoses administered separately at appropriate intervals
throughout the day. optionally, in unit dosage forms.

[0223] The concentration of tenofovir / GS-7340 in the bloodstrecam may be
measured as the plasma concentration (c.g., ng/mL). Pharmacokinetic parameters
for determining the plasma concentration include, but are not limited to, the
maximum observed plasma concentration (Crnax), Observed plasma concentration at
the end of the dosing interval or “trough’™ concentration (Cuw or Ciyin), arca under
the plasma concentration time curve (AUC) from time zero up to the last
quantifiable time point (AUCq.a), AUC from time zero to infinity (AUCq.inp),
AUC over the dosing interval (AUC,,,), time of maximum obscrved plasma
concentration after administration (ty, ), and half-lifc of GS-7340 in plasma (t)2).
[0224] Administration of GS-7340 with food according to the methods of the
invention may also increase absorption of GS-7340. Absorption of GS-7340 may
be measured by the concentration attained in the bloodstream over time after
administration of GS-7340. An increasc in absorption by administration of
GS-7340 with food may also be evidenced by an increase in Couy andior AUC of
GS-7340 as compared to the values if GS-7340 was administered without food.

Typically protcase inhibitors are administercd with food.
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Tenofovir alafenamide hemifumarate

{0225] Tn onc embodiment, there is provided a hemifumarate form of tenofovir
alafecnamide (i.c., tenofovir alafenamide hemifumarate). This form may have a
ratio (i.e., a stoichiometric ratio or mole ratio) of fumnaric acid to tenofovir
alafenamide of 0.5 £ 0.1, 0.5 £ 0.05, 0.5 £ 0.01, or about 0.5, or the like.

[0226] In one embodiment, tenofovir alafenamide hemifumarate consists of
fumaric acid and tenofovir alafenamide in a ratio of 0.5 + 0.1.

10227] ln one embodiment, tenofovir alafenamide hemifumarate consists
essentially of fumaric acid and tenofovir alafenamide ina ratio of 0.5+ 0.1.
[0228] In onc cmbodiment, tenofovir alafenamide hemifumarate has an XRPD
pattern comprising 2theta values of 6.9+ 0.2°, 8.6 £0.2°, 10.0 £0.2°, 11.0x0.2°,
12.2£0.2° 159+ 0.2% 16.3 £ 0.2°, 20.2+ 0.2°. and 20.8 £ 0.2°.

[0229] Tn one cmbodiment, tenofovir alafenamide hemifumarate has an XRPD
patiern comprising at least four 2theta values selected from 6.9 +0.2°, 8.6 + 0.2°,
10.0+0.2° 11.040.2°,12.2 £0.2°, 159 £ 0.2°, 163 £0.2°,20.2 £ 0.2°, and
20.8 +0.2°,

[0230] In onc cmbodiment, tenofovir alafenamide hemifumarate has a DSC onset
endotherm of 131 £ 2°C, or 131 = | °C.

[0231] In various embodiments, a tenofovir alafenamide hemifumarate
composition comprises less than about 5%:; 1%; or 0.5% by weight of tenofovir
alafcnamide monofumarate.

10232} In one embodiment, a tenofovir alafenamide hemifumarate composition
comprises no detectable tenofovir alafenamide monofumarate.

[0233] Tenofovir alafenamide (i.e., the compound 9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyhethyllamino]phenoxyphosphinyllmethoxy]lpropyljadenine)
can be prepared as described in U.S. Patent No. 7,390,791,

|0234] Invarious embodiments of the invention, a dose of 3 mg; 3 +2 mg;

3+ 1 mg 8+3mg 8+2mg; 8+ 1 mg;

[0235] In onec ecmbodiment of the invention, a unit dosage form compriscs a dose
of 8 + 2 mg of tenofovir alafenamide hemifumarate.

[0236] 25+ 10 mg; 10+ 5 mg; 10 mg; 25 = 5 mg; 25 £ 2 mg: 40 £ 10 mg;

40 + 5 mg; 40 + 2 mg; 60 £ 20 mg: 60 + 10 mg: 100 = 20 mg; 100 = 10 mg;
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125 +20 mg; 125 + 10 mg; 150 + 20 mg; 150 = 10 mg; 200 + 40 mg; or

200 = 15 mg of tenofovir alafenamide hemifumarate is administered.

[0237] The desired daily dose of tenofovir alafenamide hemifumarate also may be
administered as two, three, four, five, six, or more subdoscs administered
separatcly at appropriate intervals throughout the day, optionally, in unit

dosage forms.

10238] The concentration of tenofovir, GS-7340, or tenofovir alafenamide
hemifumarate in the bloodstream may be measured as the plasma concentration
(c.g., ng/mL). Pharmacokinetic parameters for determining the plasma
concentration include, but are not limited to, the maximum observed plasma
concentration (Cpyy), observed plasma concentration at the end of the dosing
interval or “trough™ concentration (Cyy 01 Cpin), area under the plasma
coneentration time curve (AUC) from time zero up to the last quantifiable time
point (AUC) 1s), AUC from time zero to infinity (AUCq.iu). AUC over the dosing
interval (AUC ). time of maximum obscrved plasma concentration afrer
administration (ty), and half-life of tenofovir, GS-7340, or tenofovir alafenamide
hemifumarate in plasma (1),5).

10239] Administration of GS-7340 or tenofovir alafenamide hemifumarate with
food according to the methods of the invention may also increase absorption of
(8-7340 or tenofovir alafenamide hemifumarate. Absorption of GS-7340 or
tenofovir alafenamide hemifumarate may be measured by the concentration
attained in the bloodstream over time after administration of GS-7340 or tenofovir
alafenamide hemifumarate. An increasce in absorption by administration of
G3-7340 or tenofovir alafenamide hemifimarate with food may also be evidenced
by an increase in Cyux and/or AUC of GS-7340 or tenofovir alafenamide
hemifumarate as compared to the valucs if GS-7340 or tenofovir alafenamide
hemifumarate was administered without food. Typically protease inhibitors are

administered with food.
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Sclective Crystallization — Tenofovir alafenamide hemifumarate

[0240] Tn onc cmbodiment, tenofovir alafenamide hemifumarate can be prepared
using sclective crystallization. An example of a scheme for this preparation

method is as follows.

NH,

N)IN\ 0
o)
I\\N '\\?\/O\/ﬁioph * Ho/u\/\g/OH
_ H
cH, L_ o
H,C \|/

{0241} The method can be carried out by subjecting a solution comprising:

a) a suitable solvent; b) fumaric acid; ¢) tenofovir alafenamide; and, optionally,

d) one or more seeds comprising tenofovir alafenamide hemifumarate, to
conditions that provide for the crystallization of fumaric acid and tenofovir
alafenamide. The starting solution can contain the single diastercomer of tenofovir
alafenamide or a mixture of tenofovir alafenamide and one or more of its other
diastereomers (c.g., GS-7339, as described in U.S. Patent No. 7,390,791).

[0242] The selective crystallization can be carried out in any suitable solvent. For
example, it can be carried out in a protic solvent or in an aprotic organic solvent, or
in a mixture thereof. in one embodiment, the solvent comprises a protic solvent
(c.g., water or isopropyl alcohol). In another embodiment, the solvent compriscs
an aprotic organic solvent (e.g., acetone, acetonitrile (ACN), toluene, ethiyl acetate,
isopropyl acetate, heptane, tetrahydrofuran (THF). 2-methyl THF, methyl ethyl

ketone, or methyl isobutyl ketone, or 2 mixture thereof). In one embodiment, the
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solvent compriscs ACN ot a mixture of ACN and up to about 50% methylene
chloride (by volume). The selective crystallization also can be carried out at any
suitable temperature, for example, a temperature in the range of from about 0 °C to
about 70 °C. In one specific embodiment, the resolution is carricd out at a
tcmperature of about 0 °C.

[0243] One major advantage of the hemifumarate form of tenofovir alafenamide
over the monofumarate form is its exceptional capability to purge GS-7339

(i.c., 9-[(R)-2-[[(R)-[[(S)-1-
(isopropoxycarbonyl)ethylJamino]phenoxyphosphinyljmethoxypropyljadenine;
described in, ¢.g., U.S. Patent No. 7,390,791). which is the major diastereomeric
impurity in the active pharmaceutical ingredient. Thus, the hemifumarate form of
tenofovir atafenamide can be more readily and casily separated from impuritics
than the monofumarate forin. Other major advantages of tenofovir alafenamide
hemifumarate over the monofumarate form include improved thermodynamic and
chemical stability (including long-term storage stability), superior process
reproducibility, superior drug product content uniformity, and a higher

melting point.

[0244| Tenofovir alafenamide hemilfumarate is useful in the treatment and/or
prophylaxis of one or more viral infections in man or animals, including infections
caused by DNA viruscs. RNA viruses, herpesviruses (c.g., CMV, HSV I, HSV 2,
VZV), retroviruses. hepadnaviruses (e.g., HBV), papillomavirus, hantavirus,
adenoviruses and HIV. U.S. Patent No. 6,043,230 ( incorporated by reference
herein in its entirety) and other publications describe the anti-viral specificity of
nucleotide analogs, such as tenofovir disoproxil. Like tenofovir disoproxil,
tenofovir alafenamide is another prodrug form of tenofovir, and can be used in the
treatment and/or prophylaxis of the same conditions.

[0245] Tenofovir alafenamide hemifumarate can be administered by any route
appropriate to the condition to be treated. Suitable routes include oral, rectal,
nasal, topical (including ocular, buccal. and sublingual), vaginal, and parenteral
(including subcutancous, intramuscular, intravenous. intradermal, intrathecal, and
cpidural). Generally. tenofovir alafenamide hemitumarate is administered orally,

but it can be administered by any of the other routes noted herein.
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[0246] Accordingly, pharmaccutical compositions include those suitable for
topical or systemic administration, including oral, rectal, nasal, buccal, sublingual,
vaginal, or parenteral (including subcutancous. intramuscular, intravenous,
intradermal, intrathecal, and epidural) administration. The formulations arc in unit
dosage form and arc prepared by any of the methods well known in the art

of pharmacy.

[0247] For oral therapeutic administration, the tenofovir alafenamide
hemifumarate may be combined with one or more cxcipients and used in the forn
of ingestible tablets, buccal tablets. troches, capsules, clixirs, suspensions, syrups,
wafers, and the like. Such pharmaceutical compositions and preparations will
typically contain at Icast 0.1% of tenofovir alafenamide hemifumarate. The
percentage of this active compound in the compositions and preparations may, of
course, be varied and may conveniently be between about 2% to about 60% or
more of the weight of a given unit dosage form. The amount of active compound
in such therapeutically uscful pharmaceutical compositions is preferably such that
an effective dosage level will be obtained upon administration of a single-unit
dosage (e.g., tablet). Other dosage formulations may provide therapeutically
effective amounts of tenofovir alafenamide hemifumarate upon repeated
administration of subclinically effective amounts of the same. Preferred unit
dosage formulations include those containing a daily dosc (¢.g., a single daily
dose), as well as those containing a unit daily subclinical dose. or an appropriate
fraction thereof (c.g., multiple daily doses). of tenofovir alafcnamide
hemifumarate.

[0248] Pharmaceutical compositions suitable for oral administration may be
presented as discrete units such as capsules, cachets, or tablets, each containing a
predetermined amount of tenofovir alafenamide hemifumarate: as a powder or
granules; as a solution or a suspension in an aqucous liquid or a nonaqueous liquid;
or as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion. Tenofovir
alafenamide hemifumarate may also be presented as a bolus, electuary, or paste.
[0249] Tenofovir alafenamide hemifumarate is preferably administered as part of
a pharmaccutical composition or formulation. Such pharmaccutical composition

or formulation comprises tenofovir alafenamide hemifumarate together with one or
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morc pharmaceutically acceptable carriers / excipients, and optionally other
therapeutic ingredients. The excipient(s) / carrier(s) must be “acceptable” in the
sense of being compatible with the other ingredients of the formulaton and not
deteterious to the patient. Excipicnts include. but are pot limited to, substances
that can serve as a vehicle or medium for tenofovir alafenamide hemifumarate
(e.g.. a dilucnt carrier). They may be enclosed in hard or soft shell gelatin
capsules, may be compressed into tablets, or may be incorporated directly with the
food of the patient’s dict.

[0250] Accordingly, the tablets, troches, pills, capsules, and the like may also
contain, without limitation, the following: a binder(s), such as hydroxypropyl
ccllulose, povidone, or hydroxypropyl methylcellulose; a filler(s), such as
microcrystalline cellulose, pregelatinized starch, starch, manuitol, or lactose
monohydrate; a disintegrating agent(s), such as croscarmellose sodium,
cross-linked povidone, or sodium starch glycolate; a lubricant(s), such as
magncesium stearate, stearic acid, or other metallic stearates; a swectcning agent(s),
such as sucrose, fructose, lactose, or aspartame; and/or a flavoring agent(s), such as
peppermint, oil of wintergreen, or a cherry flavoring. When the unit dosage form
is a capsule, it may contain, in addition to materials of the above types, a liquid
carrier, such as a vegerable 0il or a polyethylene glycol. Various other materials
may be present as coatings or to otherwise modity the physical form of the solid
unit dosage form. For instance. tablets, pills, or capsules may be coated with
gelatin, polymers, wax, shellac, or sugar and the like. Of coursc, any material used
in preparing any unit dosage form typically will be pharmaceutically acceptable
and substantially nontoxic in the amounts employed. Tn addition, tenofovir
alafenamide hemifumarate may be incorporated into sustained-release preparations
and devices.

[0251] For infections of the eye or other external tissues, e.g., mouth and skin, the
pharmaceutical compositions are preferably applied as a topical ointment or cream
containing tenofovir alafenamide hemifumarate in an amount of, for example, 0.01
to 10% w/w (including active ingredient in a range between 0.1% and 5% in
increments of 0.1% w/w such as 0.6% w/w, 0.7% w/w, ctc.), preferably 0.2

to 3% w/w and most preferably 0.5 10 2% w/w. When formulated in an ointment,
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the active ingredient may be employed with cither a paraffinic or a water-miscible
ointment base. Alternatively, the active ingredient may be formulated in a cream
with an oil-in-water cream base.

[0252) Pharmaceutical compositions suitable for topical administration in the
mouth inctude lozenges comprising tenofovir alafenamide hemifumarate in a
flavored basis, for example, sucrose and acacia or tragacanth; pastilles comprising
the active ingredicnt in an inert basis such as gelatin und glycerin, or sucrose and
acacia; and mouthwashes comprising the active ingredient in a suitable

liquid carricr.

|0253] Formulations for rectal administration may be presented as a suppository
with a suitable basc comprising, for cxample, cocoa butter or a salicylate.

[0254] Pharmaccutical formulations suitable for parenteral administration are
sterile and include aqueous and nonaqueous injection solutions that may contain
antioxidants, buffers, bacteriostats, and solutes that render the formulation isotonic
with the blood of the intended recipient; and aqucous and nonagqucous sterile
suspensions that may include suspending agents and thickening agents. The
formulations may be presented in unit-dose or multi-dose containers, for example,
sealed ampoules and vials with elastomeric stoppers, and may be stored ina
freeze-dried (lyophilized) condition requiring only the addition of the sterile tiquid
carricr (e.g., water for injections) immediately prior to use. Injection solutions and
suspensions may be prepared from sterile powders. granules, and tablets of the
kind previously described.

[0255] Tn addition to the ingredients particularly mentioned above, the
pharmaceutical compositions / formulations may include other ingredients
conventional in the art, having regard to the type of formulation in question.
[0256] In another cmbodiment, there is provided veterinary compaositions
comprising tenofovir alafenamide hemifumarate together with a veterinary carrier
therefor. Veterinary carriers are materials useful for the purpose of administering
the composition to cats, dogs, horses, rabbits, and other animals, and may be solid,
liquid, or gascous materials that are otherwisc inert or acceptable in the veterinary
art and arc compatible with the active ingredient. These veterinary compositions

may be administered orally, parenterally, or by any other desired route.
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[0257] The tenofovir alafenamide hemifumarate can be used to provide controlled
release pharmaceutical formulations containing a matrix or absorbent material and
an active ingredient of the invention, in which the relcasc of the active ingredient
can be controlled and regulated to allow less frequent dosing or to improve the
pharmacokinctic or toxicity profile of the compound. Controlied relcase
manMMnsmhpwdﬂnomluhﬁMgmﬁominthhdmameuMEcompﬁﬁnga
compounds of the invention, can be prepared according to conventional methods.
[0258] Useful dosages of tenofovir alafenamide hemifumarate can be determined
by comparing in vitro activities, and the in vivo activitics in animal modcls.
Methods for the extrapolation of effective amounts / dosages in mice and other
animals to therapeutically effective amounts / dosages in humans arc known

in the art.

(0259] The amount of tenofovir alafenamide hemifumarate required for use in
treatment will vary with several factors, including but not limited to the route of
administration, the naturc of the condition being treated, and the age and condition
of the patient; ultimately, the amount administered will be at the discretion of the
attendant physician or clinictan. The therapeutically effective amount / dose of
tenofovir alafenamide hemifumarate depends, at least, on the nature of the
condition being treated, any toxicity or drug interaction issues, whether the
compound is being usced prophylactically (e.g., sometimes requiring lower doses)
or against an active disease or condition, the method of delivery. and the
pharmaccutical formulation, and will be determined by the clinician using
conventional dosc cscalation studics.

[0260] 1n one embodiment, the oral dosc of tenofovir alafenamide hemifumarare
mwbﬂnmmmgﬂhmaMMﬂmmhowmnmOmymbMywﬁ@nman
for example, from about 0.01 to about 10 mg/kg body weight per day. from about
0.01 to about 5 mg/kg body weight per day, from about 0.5 to about 50 mg/kg
body weight per day, from about I to about 30 mg/kg body weight per day, from
about 1.5 to about 10 mg/kg body weight per day, or from about 0.05 to about

0.5 mgrkg body weight per day. As a nonlimiting example. the daily candidate
dosc for an adult human of about 70 kg body weight will range from about 0.1 mg

to about 1000 mg, or from about I mg to about 1000 mg, or from about 5 mg to
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about 500 mg, or from about | mg to about 150 mg, or from about 5 mg to about
150 mg, or from about 5 mg to about 100 mg, or about 10 mg, and may take the
form of single or mulfiple doses. In one embodiment, the oral dose of tenofovir
atafenamide hemifumarate may be in the form of a combination of agents (c.g.,
tenofovir alafenamide hemifumarate / cmtricitabine / elvitegravir / cobicistat).
10261} The pharmaceutical compositions described herein may further include one
or more therapeutic agents in addition to tenofovir alafenamide hemifumarate. In
one specific embodiment of the invention, the additional therapeutic agent can be
selected trom the group consisting ot HITV proteasc inhibiting compounds, HTV
nonnucleoside inhibitors of reverse transcriptase, H1V nucleoside inhibitors of
reverse transeriptase, HTV nuclcotide inhibitors of reverse transeriptase, HTV
integrase inhibitors, and CCRS inhibitors.

[0262] Therapeutic methods include administering tenofovir alafenamide
hemifumarate to a subject / patient in need of the same as a therapeutic or
preventative treatment. Thus, tenofovir alafenamide hemifumarate may be
administered to a subject / patient having a medical disorder or to a subject who
may acquire the disorder. One of ordinary skill will appreciate that such treatment
is given in order 1o ameliorate, prevent. delay, cure, and/or reduce the severity of a
symptom or set of symptoms of a disorder (including a recurring disorder). The
treatment may also be given to prolong the survival of a subject, ¢.g., beyond the
survival time expected in the absence of such treamment. The medical disorders
that may be treated with tenofovir alafenamide hemifumarate include those
discussed herein, including without limitation, HIV infection (including, without
limitation, HIV-1 and HIV-2 infections; preferably H1V-1 infection) and

HBYV infection.

Formulation of Cobicistat

10263] When cobicistat or a pharmaceutically acceptable salt thereof is combined
with certain specific solid carrier particles (e.g. silica derivatives), the resulting
combination possesses improved physical properties. Even though cobicistat is
hygroscopic in nature, the resulting combination has comparatively low

hygroscopicity. Additionally, the resulting combination is a free-flowing powder,
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with high loading values for cobicistat, aceeptable physical and chemical stability,
rapid drug release properties, and excellent compressibility. Thus, the resulting
combination can readily be processed into solid dosage forms (c.g. tablets), which
possess good drug release properties, low tablet friability, cood chemicat and
physical stability, and a low amount of residual solvents. The compositions of the
invention represent a significant advance that facilitates the commercial
development of cobicistat for use in treating viral infections such as HIV.

[0264] Cobicistat can be combined with any suitable solid carrier, provided the
resulting combination has physical propertics that allow it to be more casily
formulated than the parent compound. For example. suitable solid carriers include
kaolin, bentonite, hectorite, colloidal magnesium-aluminum silicate, silicon
dioxide, magnesium trisilicate, aluminum hydroxide, magnesium hydroxide,
magnesium oxide and talc. In one embodiment of the invention, the solid carrier
can comprise calcium silicate (such as ZEOPHARM), or magnesium
aluminometasilicatc (such as NEUSILIN). As uscd herein, “loaded” on a solid
carrier includes, but is not limited to a compound being coated in the pores and on
the surface of a solid carrier.

[0265| Suitable silica derivatives for use in the compositions of the invention and
methods for preparing such sitica derivatives include those that are deseribed in
international patent application publication number WO 03/037379 and the
references cited therein. A specific silica material that is particularly useful in the
compositions and mcthods of' the invention is AEROPERL® 300 (fumed silica),
which is available from Evonik Degussa AG, Dusscldorf, Germany. Other
materials having physical and chemical properties similar to the silica materials

described herein can also be used.

Ritonavir

10266] Ritonavir (1,3-thiazol-3-ylmethyl N-[(28,3S,58)-3-hydroxy-5-[(2S)-3-
methyl-2-{[methyl({[2-(propan-2-yl)-1,3-thiazol-4-
yl]methy]})carbamoyl]a.mino}butanamido]-.l,6-diphenylhexan-z-y]]carbamute)
was devcloped as an inhibitor of retroviral (HTV) protease; however, it is now used

In a manncr similar to cobicistat to inhibit the action of certain cytochrome P450
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proteascs (specifically Cyp3A4) thereby allowing greater circulating levels of
drugs for treatment of HIV than would be obtained by administration of the drugs
alone. Although none of GS-7340, tenofovir, or tenofovir alafenamide
hemifumarate apparently is metabolized by cytochrome P450 proteascs, it is
contemplated that ritonavir may be used in the manner that cobicistat is used to
boost the circulating levels of GS-7340, tenofovir, or tenofovir alatcnamide
hemifumarate, to improve the pharmacokinetics of GS-7340, tenofovir, or
tenofovir alafenamide hemifumarate and achieve the other advantages of the use of

cobicistat as disclosed herein.

Combination Treatment

10267] The compounds and methods of the invention may also be used with any of
the folowing compounds:

[0268] 1)amprenavir, atazanavir, fosamprenavir, indinavir, lopinavir, ritonavir,
nelfinavir, saquinavir. tipranavir, brecanavir, darunavir, TMC-126, TMC-114,
mozenavir (DMP-450), JE-2147 (AG17706), L-756423, RO0334649, KN1-272,
DPC-681, DPC-684, GW0640385X, DG17, GS-8374, PPL-100, DG335,

and AG 18359,

[0269] 2) an HIV nonnucleoside inhibitor of reverse transcriptase, ¢.g.,
capravirine, emivirine, delaviridine, cfavirenz, nevirapine, (+) calanolide A,
ctravirine, GW5634, DPC-083, DPC-961, DPC-963, MIV-150, and TMC-120,
TMC-278 (rilpivirine), BILR 355 BS, VRX 840773, UK-453061, and RDEARD®6;
[0270] 3)an HIV nucleoside inhibitor of reverse transcriptase, ¢.g., zidovudine,
cmiricitabine, didanosine, stavuding, zalcitabine, lamivudine, abacavir, amdoxovir,
elvucitabine, alovudine, MIV-210, racivir (z-emtricitabine), D-d4FC, phosphazide,
fozivudine tidoxil, apricitibine (AVX754), GS-7340, KP-1461, and fosalvudine
tidoxil (formerly HDP 99.0003);

[0271] 4)an HIV nucleotidc inhibitor of reverse transcriptasc. ¢.g., tenofovir
disoproxil fumarate and adcfovir dipivoxil;

[0272] 3)an HTV integrase inhibitor, e.g., curcumin, derivatives of curcumin,
chicoric acid, derivatives of chicoric acid, 3,5-dicaffeoylquinic acid, derivatives of

3,5-dicaffeoylquinic acid, aurintricarboxylic acid, derivatives of aurintricarboxylic
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acid, caffeic acid phencthyl ester, derivatives of caffeic acid phenethyl ester,
tyrphostin, derivatives of tyrphostin, quercetin, derivatives of quercetin, S-1360,
zintevir (AR-177), L-870812, and 1.-870810, MK-0518 (raltegravir), clvitcgravir.
BMS-538158, GSK364735C. BMS-707035, MK-2048, and BA 011

10273} 6)a gp4l inhibitor, e.g., enfuvirtide, sifuvirtide, FBOO6M, and TRI-1144;
{0274} 7)a CXCR4 inhibiror, e.g., AMD-070;

0275} R)an entry inhibitor, e.g., SPO1A;

[0276] 9)a gpl20 inhibitor, ¢.g., BMS-488043 or BlockAide/ CR;

[0277] 10)a G6PD and NADI-oxidasc inhibitor, e.g., immunitin;

[0278] 11)a CCRS inhibitor, e.g., aplaviroc, vicriviroc. maraviroc, PRO-140.
INCB15050, PF-232798 (Pfizer), and CCR5SmADBQOO4;

[0279] 12) other drugs for treating HIV, e.g., BAS-100, SP1-452, REP 9, SP-01A,
TNX-355, DES6, ODN-93, ODN-112, VGV-1, PA-457 (bevirimat), Ampligen,
HRG214, Cytolin, VGX-410, KD-247, AMZ 0026, CYT 99007A-221 HIV,
DEBIO-025, BAY 50-4798, MDXO010 (ipilimumab), PBS 119, ALG ¥89,

and PA-1050040 (PA-0407;

02801 13)an interferon, e.g., pegylated rIFN-alpha 2b, pcgylated rIFN-alpha 2a,
riFN-alpha 2b, rIFN-alpha 2a, consensus IFN alpha (infergen), feron, reaferon,
intermax alpha, r-IFN-beta, infergen + actimmune, IFN-omega with DUROS,
albuferon, locteron, Albuferon, Rebif, oral intcrferon alpha, 1FNalpha-2b XL,
AVI-00S, PEG-Infergen, and pegylated 1FN-beta;

[0281] 14)a ribavirin analog, c.g., rebetol. copegus, viramidine (taribavirin);
[0282] 15)an NS5b polymerasc inhibitor, e.g., NM-2&3, valopicitabine, R1626,
PSI-6130 (R1656), HCV-796, BILB 1941, XTL-2125, MK-0608, NM-107, R7128
(R4048). VCH-759. PF-8G68554, and GSK625433;

[0283] 16)an NS3 proteasc inhibitor, ¢.g.. SCH-503034 (SCH-7), VX-950
(telaprevir), BILN-2065, BMS-605339, and ITMN-191;

[0284] 17) an alpha-glucosidase 1 inhibitor, e.g.. MX-3253 (celgosivir), UT-231B;
10285} 18) hepatoprotectants, e.g., IDN-6556, ME 3738, LB-84451, and MitoQ:
[0286] 19) a nonnucleoside inhibitor of HCV, ¢.g.. benzimidazole derivatives,
benzo-1,2 4-thiadiazine derivatives, phenylalanine derivatives, A-831, GS-9190,
and A-689; and
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[0287] 20) other drugs for treating HCV, ¢.g., zadaxin, nitazoxanide (alinca),
BIVN-401 (virostat), PYN-17 (altirex), KPE02003002, actilon (CPG-10101),
KRN-7000, civacir, GI-5005, ANA-975, XTL-6865, ANA 971, NOV-205,
tarvacin, EHC-18, NIM&11, DEBI0O-025, VGX-410C, EMZ-702, AVI 4065,
Bavituximab, Oglufanide, and VX-497 (merimepodib).

[0288) Exemplary combinations (including, but not limited to, single tablet
regimens) include (a) emtricitabine / darunavir / cobicistat / GS-7340;

(b) emtricitabine / darunavir / cobicistat / tenofovir alafenamide hemifumarate;
(c) emtricitabine / darunavir / cobicistat / tenofovir disoproxil fumarate (TDTF);
(d) emtricitabine / elvitegravir / cobicistat / GS-7340: (e) emtricitabine /
clvitegravir / cobicistat / tenofovir alafenamide hemifumarate; (f) emtricitabine /
clvitegravir / cobicistat / TDF; (g) cobicistat / GS-7340; (h) cobicistat / tenofovir
alafenamide hemifumarate; and (i) cobicistat / TDF. The combinations listed
above may contain various dosages of the component agents; as nonlimiting
cxamples. combination (b) above can include 200 mg of emtricitabine, 300 mg of
darunavir, 150 mg of cobicistat, and 10 mg of tenofovir alafenamide
liemifumarate, and combination () above can include 200 mg of emtricitabine,
150 mg of elvitegravir, 150 mg of cobicistat. and 10 mg of tenofovir alafenamide
hemifumarate.

[0289] An alternative excmplary combination is emtricitabine and tenotovir
alafenamide hemifumarate. The combination of emtricitabine and TDF is
currently marketed as TRUVADA®. Sce also U.S. Patent Application Publication
No. 2004/0224916, the content of which is hereby incorporated by reference hercin
in its entirety. The present invention provides the combination of emtricitabine
and tenofovir alafenamide hemifumarate. This combination may contain various
dosages of the two component agents; as a nonlimiting example. this combination
can include 200 mg of emtricitabine and 10 g of tenofovir alafenamide
hemifumarate.

[0290] An additional alternative exemplary combination is emtricitabine,
rilpivirine, and tenofovir alafenamide hemifumarate. The combination of
emtricitabine, rilpivirine (a nonnuclcoside reverse transceriptase inhibitor), and TDF

is currently marketed as COMPLERA®:. The present invention provides the
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combination of emtricitabine, rilpivirine, and tenofovir alafenamide hemifumarate.
This combination may contain various dosages of the three component agents: as a
nonlimiting example, this combination can include 200 mg of emrricitabine, 25 mg
of rilpivirine, and 10 mg of tenofovir alafenamide hemifumarate.

[0291] A further additional altermative exemplary combination is GS-9441 and
tenofovir alafenamide hemifumarate. The combination of GS-9441 (a reverse
transcriptase inhibitor) and GS-7340 is disclosed in U.S. Patent Application
Publication No. 2009/0075939 and U.S. Patent No. 8,354,421, the content of cach
of which is hereby incorporated by reference herein in its entirety. The present
invention provides the combination of GS-9441 and tenofovir alafenamide
hemifiumarate. This combination may contain various dosages of the two
component agents; as 4 nonlimiting example, this combination can include

5-1500 mg of GS-9441 and 10 mg of tenofovir alafenamide hemifumarate.

[0292] Exemplary amounts of agents in various combinations include, but are not
limited to, the following: (1) cobicistat: 10-500 mg, 50-500 mg. 75-300 mg,
100-200 mg, or 150 mg; (2) tenofovir alafenamide hemifumarate: 1-60 mg,

3-40 mg, 5-30 mg, 8-20 mg, or 10 mg; (3) emtricitabine: 10-500 mg. 50-500 mg,
75-300 mg, 150-250 mg, or 200 mg; (4) elvitegravir: 10-500 mg, 50-300 mg,
75-300 mg, 100-200 mg, or 1350 mg; (3) darunavir: 300-1800 mg, 400-1600 mg,
500-1200 mg, 600-1000 mg, or 800 mg; and (6) rilpivirine: 5-100 mg, 10-80 mg,
15-60 mg. 20-40 mg, or 25 mg. One of skill in the art will know that, in the case
of administering a pharmaccutically acceptable salt or complex of an agent, the
amount administered will be adjusted relative to the weight of the component
added to produce the salt or complex.

[0293] The invention will now be illustrated by the following nonlimiting
Examples. The Synthetic Examples provided herein describe the synthesis of
compounds of the invention as well as intermediates used to prepare compounds of

the invention.
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Synthetic Examples

PCT/US2013/024438

Synthetic Example 1: Preparation of Diastercomeric Mixture of

9-[(R)-2-[[(R,S)-1-[[(3)-

(isopropoxyearbonyhethyllamino]phenoxyphosphinyljmethoxy]propylladenine

as)
1. KHCO;
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a. Preparation of Compound 11

>
k/o\/ ":O
DCM cl HN\;
#3_

H2NJ\H/O\|/
O
11

[0294] Isopropyl L-alanine ester hydrochloride 18 (1 kg, 5.97 mol, 1.0 equiv) and

potassium bicarbonate (1.45 kg, 14.5 mol, 2.43 equiv) were agitated in DCM

(4 kg) for 1014 hours with maximum agitation, niaintaining the pot temperature

between 19 and 25 °C. The mixture was then filtered and rinsed forward with

DCM (2 kg). The filtratc was dricd over a bed of 4 A moleccular sicves untif the

water content of the solution was < 0.05%. The resultant stock solution containing

compound 11 was then cooled to a pot temperature of -20 °C and held for

further use.
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b. Preparation of Compound 13a

{0295] To a solution of thionyl chloride (0.72 kg, 6.02 mol, 2.19 cquiv) in
acetonitiile (5.5 kg) at 60 °C was added compound 12 (1 kg, 2.75 mol, 1.00 equiv)
in 10 equal portions over 2 hours. The pot temperature was then adjusted to 70 °C
and stirred for 1-3 hours until deemed complete by *'P NMR analysis (Target:

> 97.0 % conversion of starting material signal at 12.6 ppm to product signal at
22.0 ppm). The pot temperature was then adjusted to 40 °C and vacuum applied.
The mixture was distilled to dryness, maintaining a maximum jacket temperature
0f 40 °C. The dry residuc was then taken up in dichloromethanc (30 kg) and the
pot temperature adjusted to 19-25 °C. The resultant slurry containing compound

13a was held for further use.

¢. Preparation of Compound 15

[0296] To the stock solution of isopropyl L-alanine ester 11 (4.82 cquiv) at 25 °C
was added shurry containing compound 13a (1.0 cquiv) over a minimum of

2 hours, maintaining the pot temperature < -10 °C. The mixturce was then held at a
temperature < ~10 °C for at least 30 minutes. then the pH checked using water wet
pH paper. If the pH was < 4, adjustment with triethylamine to pH 4—7 was
performed. The pot temperature was then adjusted to room temperature

(19-25 °C). In a separate vessel, a solution of sodium phosphate monobasic

(2.2 kg, 18 mol, 6.90 equiv) in water (16 kg) was prepared. Half of the sodium
phosphate monobasic solution was charged to the phosphonamidate reactor, and
vigorously stirred. The layers were settled and partitioned. The organic layer was
washed again with the remaining half of sodium phosphate monobasic solution. In
a separate vessel, a solution of potassium bicarbonate (1.1 kg, 11 mol, 4.22 equiv)
in water (5.5 kg) was preparcd. Half of the potassium bicarbonate solution was
charged to the organic phasc, and vigorously stirred. The layers were scttled and
partitioned. The organic layer was washed again with the remaining half of the
potassium bicarbonate solution followed by a final water (3.3 kg) wash. The
organic phase was then retained and distilied to a volume of ca. 6 L. The resultant
solution was analyzed [or water content. If the water content was > 1.0%, DCM

could be charged and the distillation to ca. 6 L repeated. When the solution water
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content was less than or about 1.0%, the pot temperature was adjusted to 19-25 °C
prior to discharge of the stock solution in DCM to provide the diastercomeric
mixture of 9-[(R)-2-[[(R,S)-1-[[(S)-

(isopropoxycarbonyl)ethyljamino jphenoxyphosphinyijmethoxy Jpropytjadenine
(15). 'HNMR (400 MHz, CDCl3): 3 1.20 - 1.33 (m, 12H), 3.62 - 3.74 (m, TH),
3.86 - 4.22 (m, 5H), 4.30 — 4.44 (m, 1H), 4.83 — 5.10 (m. 1H), 6.02 (br s, 3H), 7.18
—7.34 (m, 5H), 7.98 — 8.02 (m, 1H), .32 - 8.36 (m, 1H); P NMR (162 MHz,
CDCl3): 8. 21.5,22.9.

Synthetic Example 2: Crystallization-Induced Dynamic Resolution of
Diastercomeric Mixture ot 9-[(R)-2-[[(R,S)-1-[[(S)-
(isopropoxycarbonyl)cthylJamino]phenoxyphosphinyllmethoxylpropyl]adenine
(15) to provide 9-[(R)-2-[[(S)-[[(S)-1-
(isopropoxycarbonyl)ethyllamino]phenoxyphosphinyl]methoxy]propyl]adenine

(16)
NH, ’ -
2
N l
I\Ijl\)j \> W Q DBU. phenol N/jN\ o} Q
Nig N\\/o\/PfO Acetonitrile, 20 °C lN/ N> g.\.no
¢ HN O—
S <
2 & L 0

15 O)\ > 7/

(mixture of diastereomers) 16

0297} A 22 wi%% solution of diastercomeric mixture of 9-[(R)-2-[[(R.S)-1-[[(S)-
(isopropoxycarbonyl)jethylJamino]phenoxyphosphinyllmethoxy]propylJadenine
(15) in acetonitrile (2.3 kg solution, 0.51 kg 15, 1.1 mol, 1 equiv) was charged to a
vessel equipped with an overhead stirrer, distillation apparatus, and nitrogen inlet.
The mixture was concentrated by distittation at 100-300 mbar over 4 temperature
range of 45-55 °C to a final concentration of 30-35 wt%. The distillation apparatus
was then removed and the solution was cooled 10 20 °C. The solution was sceded
with 2.0% compound 16 and allowed to stir for one hour at 20 °C. Phenol (9.9 g,
0.11 mol, 0.1 equiv) and DBU (16 g, 0.11 mol, 0.1 equiv) were added and the
mixture was stirred for an additional 24 hours or until the weight percent of

compound 16 remaining in solution was less than 12%. The sTurry was then
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cooled to 0 °C and stirred for an additional 18 hours at 0 °C. The slurry was
filtered and washed with a 1:1 solution of isopropy! acctatc:acctonitrile (1.5 L) at
0 °C. The solids were dried in a vacuum oven at 50 °C to give 0.40 kg of
compound 16 (80% yicld) as a white solid. "H NMR (400 MHz, CDClL): & 1.21
(m, 9H), 1.28 (d, J=7.0 Hz, 3H), 3.65 (dd, J=13.1, 10.7, 1H) 4.00 (m, 4H), 4.33
(dd, J= 14.4, 3.1 Hz, 1H), 5.00 (m, TH) 6.00 (bs, 2H), 6.99 (m, 2H), 7.07 (m, 1H)
7.19 (m, 2H), 7.97 (s, 1H), 8.33 (s. 1H). *'P NMR (162 MHz, CDClx): 8. 20.8.

3

Synthetic Example 3: Preparation of Compound 13a in High Diastercomeric
Purity

10298] To a slurry of compound 12 (10.0 g. 27.5 mmotl, 1.00 equiv) in toluene
(60 mL) at ambient temperature was added thiony! chloride (3.0 mL, 41 mmol,
1.5 equiv). The slurry was heated to 70 °C and agitated for 48-96 hours until
reaction and diastereomeric enrichment were deemed complete by HPLC (Target:
> 97.0 % conversion of compound 12 to compound 13a and > 90:10
diastercomeric ratio of compound 13a). The mixture was concentrated to dryness
by vacuum distillation, and the dry residue was taken up in toluene (50 mL). The
resultant slurry containing compound 13a was held at ambient temperature for

further usc.

Synthetic Example 4: Preparation of 9-[(R)-2-[[(R.S)-1-[[(S)-
(tsopropoxycarbonyl)ethylJamino]phenoxyphosphiny jmethoxy]propyljadenine
(15) in High Diastercomeric Purity

[0299] To a solution of isopropyl L-alanine ester 11 (4.50 cquiv) in DCM (80 mL)
at -25 °C was added a slurry conraining compound 13a (1.00 equiv) that is at

least 90% diastercomerically pure in toluene (50 mL) over a minimum of

45 minutes, maintaining the internal temperature < -20 °C. The mixture was then
held at a temperature < -20 °C for at least 30 minutes, and the pH checked using
water wet pH paper. if the pH was < 4, it was adjusted with tricthylamine to

pH 4-7. The pot temperature was adjusted to room temperature (19-25 °C). The
mixture was fransferred to a separatory funnel and washed sequentially with

10% w/v aqucous solution of sodium phosphate monobasic (2 x 50 mL), 15% w/iv

aqucous solution of potassium bicarbonate (2 x 20 mL), and water (50 mL). The
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final organic layer was dried over anhydrous sodium sulfate, filtered, and
concentrated /in vacuo 1o a viscous amber oil. The oil was dissolved in toluene /
acetonitrile (4:1) (50 mL), and the solution was secded with
9-L(R)-2-{(R,S)-1-{L(S)-
(isopropoxycarbonyl)ethyllamino]phcnoxyphosphinyllmethoxy]propylladenine
(about 1 mg, 99:1 diastereomeric ratio) and stirred for 2 hours at ambient
temperature. The resultant slurry was filtered and the filter cake was washed with
toluene / acctonitrile (4:1) (15 mL) and dried in a vacuum oven at 40 °C for

16 hours to give the product, 9-[(R)-2-[[(R,S)-1-[[(S)-
(isopropoxycarbonyl)ethyl]Jamino]phenoxyphosphinylJmethoxy]propylladenine
(15), as a whitc solid (10.0 g, 76.4%, 97.5:2.5 diastercomeric ratio). 'H NMR (400
MHz, CDCls): 6 1.20 — 1.33 (m, 12H), 3.62 - 3.74 (m, 1H), 3.86 — 4.22 (m, 5H),
4.30—4.44 (m, 1H), 4.83 —5.10 (m, 1H), 6.02 (br s, 3H), 7.18 — 7.34 (m, 5H), 7.98
—R.02 (m, 1), 8.32 —8.36 (m, 11): ¥'P NMR (162 MHz. CDCL): 8. 21.5,22.9.

Synthetic Example 5: Preparation of Compound 12

]0300] PMPA (100.0 g, 0.35 mol, 1 equiv) was charged to a vesscl equipped with
an overhead stirrer, reflux condenser and nitrogen inlet followed by acetonitrile
(800 mL). To the vessel was added tricthylamine (71.0 g, 0.70 mol, 2 cquiv)
followed by DMAP (42.6 g, 0.35 mol, 1 equiv) and triphenylphosphite (162.1 g,
0.52 mol, 1.5 equiv). The mixturc was heated to 80 °C and agitated for > 48 hours
at 80 °C or until the reaction was complete by *'P NMR. (A sample directly from
the reaction is taken and an insert containing 10% HsPO; in D,O is added. The
intermediate formed is the PMPA anhydride and is at 6 ppm; the product is at

1t ppm. The reaction is deemed complete when less than 5% anhydride is
present). The reaction mixture was distilled to ~1.5 volumes of acetonitrile and
diluted with cthyl acctate (200 mL) and water (300 mL). The aqucous layer was
separated and washed with ethyl acetate (200 mL) twice. The aqueous layer was
recharged to the vessel and pH adjusted to pH 3 using 12.1 M HCI (21.0 mL). The
reaction was then seeded with 0.05% of compound 12 seed and allowed to stir

at 25 °C.. Additional 12.1 M HCI was added over 20 minutes (7.0 mL) until pH 2

was achicved. The crystallization was allowed to stir at ambicent temperature for
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30 minutes and then cooled to 10°C over 2 hours. Oncc at 10°C the crystallization
was allowed to stir for 2.5 hours at 10°C. The slurry was filtered and washed with
pH 1.5 water (200 g). After drying in the vacuum oven, 102.2 g of compound 12
(81% yicld) was obtained as a white solid. 'H NMR (400 MHz, D,0): 5 1.31 (d,
J=6.1 Hz, 3H), 3.59 (dd. J= 14.0, 9.0 Hz. 1H), 3.85 (dd, /= 14.0. 9.0 Hz, IH), 4.1
(m, 1H), 4.3 (dd, J=15.0, 9.0 Hz, IH), 4.5 (dd, /= 15.0, 2 Hz, 1H), 6.75(d, J=7
Hz, 2H), 7.15 (t, .J= 7 Hz, 1H), 7.25 (1, J= 7 Hz, 2H), 8.26 (s, 1H), 8.35 (s, IH). *'P
NMR (162 MHz, D»0): 5. 14.8.

Synihetic Examples — Tenofovir alafenamide hemifumarate

Synthetic Example 6

[0301] Tenofovir alafenamide monofumarate solids (5.0 g) and
9-[(R)-2-[[(R)-[[(S)-1-
(isopropoxycarbonyl)ethyllamino]phenoxyphosphinylimethoxy]propylladenine
(GS-7339) monofumarate solids (0.75 g) were charged into 35 ¢ MTBE at 22 °C
and the mixture was stirred for | hour. A slurry was formed and was dried in a
rotary cvaporator, 58 g acctomtrile (ACN) was charged into the solids and the
mixture was heated to reflux to dissolve the solids. The resulting solution was
atlowed to cool naturally while agitated. A slurry was formed, and the slurry was
further cooled by an ice-water bath. The solids were isolated by filtration and
washed with 5 ¢ ACN. The solids were dried in a vacuum oven at 40 °C
overnight. 5.52 g off-white solids were obtained. The solids were analyzed by
XRPD and found to contain tenofovir alafecnamide monofumarate, GS-7339

monofumarate, and tenofovir alafcnamide hemifumarate.
Synthetic Example 7: Preparation of Tenofovir Alafenamide Hemifumarate via
Selective Crystallization

[0302] 9-[(R)-2-[[[[(S)-1-
(isopropoxycarbonylicthyl]amino]phenoxyphosphinyllmethoxy]propylladenine as
a slurry in ACN (9.7 kg slurry, 13.8 wt%, a diastercomeric mixturc of 1.0 kg
(2.10 mol, I mol cquiv) of 9-[(R)-2-[[(S)-[[(S)-1-

(isopropoxycarbonyl)ethyl]lamino]phenoxyphosphinyllmethoxy]propyl]adenine
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and 0.35 kg of 9-[(R)-2-[[(R)-[[(S)-1-
{isopropoxycarbonylethylJamino]phenoxyphosphinyljmethoxy]propyljadenine
was charged into a reactor and rinsed forward with dichloromethane (5 kg). The
mixturc was concentrated under vacuum to about 3 L with jacket temperature
below 40 °C. The concentrate was then coevaporated with ACN (6 kg) under
vacuum to about 3 L with jacket temperature below 40 °C. The concentrate was
diluted with ACN (8.5 kg) and warmed to 40-46 °C. The warm mixture was
filtered into a second reactor and the filtrate was cooled to 19-25 °C.

[0303] To the above solution was charged fumaric acid (0.13 kg, 1.12 mol,

0.542 mole equiv) followed by ACN (1 kg). and the mixture was heated

to 67-73 °C. The hot mixture was transferred into a reactor via a polishing filter,
and then adjusted to 54-60 °C. Seed crystals (5 g) of the hemifumarate form of
tenofovir alafenamide were charged (for example, the mixture can be seeded with
tenofovir alafenamide hemifumarate formed in Synthetic Example 6 or a
subscquent production), and the resulting mixture was agitated at 54-60 °C for
about 30 minutes. The mixture was cooled over a minimum of 4 hours to 0-6 °C,
and then agitated at 0-6 °C for a minimum of 1 hour. The resulting slurry was
filtered and rinsed with chilled (0-6 °C) ACN (2 kg). The product was dried under
vacuum below 45 °C until loss on drying (LOD) and organic volatile impurities
(OV1) limits were met (LOD < 1.0%, dichloromethanc content < 0.19%,
acetonitrile content < 0.19%) to afford the final compound of the hemifumarate
form of tenofovir alafenamide as a whitc to off-whitc powder (typical yicld is
about 0.93 kg). "H NMR (400 MHz, d6 DMSO): § 1.06 (d, J = 5.6 Hz, 3H),
1.12-1.16 (m, 9H), 3.77 (dd, J — 10.4, 11.6 Hz, 1H), 3.84-3.90 (m, 2H}). 3.94 (m,
1H), 4.14 (dd, ./ = 6.8, 14.8 Hz, 1H), 4.27 (m, 1H), 4.85 (heptet, ./ = 6.0 Hz, 1),
5.65(t,.J=11.2 Hz, 1H). 6.63 (s, 1H), 7.05(d. ./ = 7.6 Hz, 2H). 713 (t, / = 7.2
Hz, tH), 7.24 (s, 2H), 7.29 (t, J = 7.6 Hz, 2H), 8.13 (t,./ = 13.6 Hz, 2H), AP NMR
(162 MHz, d6 DMSO): & 23.3.

Synthetic Example &: Preparation of Tenofovir Alafenamide Hemifumarate
[0304] To a jacketed reactor equipped with overhead agitator, was charged
9-[(R)-2-[[(S)-[[(S)-1-

(isopropoxycarbonylethyljamino]phenoxyphosphinylimethoxy]propyljadenine
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(10 g), fumaric acid (1.22 g), and ACN (100 mL). The mixture was heated to
70-75 °C to dissolve the solids. Any undissolved particulates were removed by
filtration through a cartridge filter. The filtered solution was cooled to 60-65 °C,
and sceded with 1% (by weight) of tenofovir alafenamide hemitumarate, The
slurry was aged for 30 minutes and cooled to 0-5 °C over 2 hours. The
temperature was maintained for 1-18 hours, and the resulting shury was filtered
and washed with 2 ml of cold ACN (0-5 °C). The solids were dricd under vacuum
at 50 °C 1o provide the hemifumarate form of tenofovir alafenamide, which was

characterized as described below.

Characterization of Tenofovir Alafenamide Hemifumarate from Svnthetic
Example 8

[030S] Tenofovir alafenamide hemifumarate from Synthetic Exumple 8 consists of
9-[(R)-2-[[(S)-[[(S)-1~

(isopropoxycarbonyl)ethylJamino]phenoxyphosphinylimethoxy]propylJadenine

and one-half an cquivalent of fumaric acid. ‘fenofovir alafenamide hemifumarate

is anhydrous, nonhygroscopic, and has 2 DSC onset endotherm of about 131 °C,

X-ray Powder Diffraction

[0306] The XRPD pattern of tenofovir alatenamide hemifumarate was obtained in
the following cxperimental setting: 45 KV, 45 mA, Kal=1.5406 A, scan range

2. - 40°, step size 0.0084°, counting time: 8.25 5. The XRPD pattern for tenofovir
alafenamide hemifumarate is shown in Figure 13. The characteristic peaks
include: 6.9£0.2°,8.6+0.2° 10.0+£0.2°, 11.0£0.2°,12.2+0.2°, 15.9 +0.2°,
16.3 £0.2°,20.2 + 0.2°, and 20.8 = 0.2°.

Single-Crystal X-ray Diffraction

[0307] The crysral size was 0.32 x 0.30 x 0.20 mm®. The sample was held at
123 K and the data was collected using a radiation source with a wavelength of
0.71073 A in the theta range of 1.59 10 25.39°, Conditions of, and data collecied

from the single-crystal X-ray diffraction are shown in Table 1.
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Table 1. Single-Crystal X-ray Diftraction

Empirical formula

Ca23HuyNgO7P

Fonmula weight

534.50

Temperature

123(2) K

Crystal size

0.32 x 0.30 x 0.20 mm”

Theta range for data collection

1.59 t0 25.39°

Wavcelength 0.71073 A

Crystal system Tetragonal

Space group P4(2)2(1)22

Unit cell dimensions a=18.1185(12) A o =90°
b=181185(12) A B =90°
c=17.3747(11) A v =90°

Volume

5769.4(6) A

%

8

Density (calculated)

1.231 g/em”

DSC Analysis

[0308] The DSC analysis was conducted using 2.517 mg of tenofovir alafenamide

hemifumarate. It was heated at 10 °C/min over the range of 40-200 °C. The onset

endotherm was found to be about 131 °C (Figure 14).

TGA Data

[0309] The TGA data were obtained using 4.161 mg of tenofovir alafenamide

hemifumarate. 1t was heated at 10 °C/min over the range of 25-200 °C. The

sample lost 0.3% weight before melting (Figure 15). It was determined to be an

anhydrous form.

DVS Analysis

[0310] DVS analysis was conducted using 4.951 mg of tenofovir alafenamide

hemifumarate, The material was kept at 25 °C in nitrogen at humiditics ranging

from 10% to 90% relative humidity; cach step was equilibrated for 120 minutes.
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The sorption isotherm is shown at Figure 16. The material was found to be

nonhygroscopic, and to absorb 0.65% water at a relative humidity of 90%.

Purging of Diastercomeric Impurity

[0311] In the prior syntheses of tenofovir alafenamide, one of the major impuritics
is typically the diastercomer 9-[(R)-2-[[(R)-[[(S)-1-
(isopropoxycarbonyljethylJamino]phenoxyphosphiny!]methoxy]propyl]adenine.
The hemifumarate form of tenofovir alafenamide from Synthetic Example 8 has an
exceptional capability to purge this diastereomeric impurity, as compared with the
capability of the monofumarate form (described in, c.g., U.S. Patent

No. 7,390,791). The data in Table 2 (below) demonstrates that tenofovir
alafenamide hemifumarate (Batch 2) purged the diastereomeric impurity to less
than one-tenth of the starting concentration, whereas the monofumarate form of

tenofovir alafenamide (Batch 1) only slightly purged the diastercomeric impurity.

Table 2. Purging Capability Comparison

o . Fumaric
Diastereomeric : e .
— T acid Diastercomeric
Impurity in ) ) Product A
Batch g Solvent| charge . Impurity in
Starting £ obtained )
7 {mole Product
Material .
equivalent)
1 9.3% ACN| o9 |Monofumaratel . o
form
% 100% | AcN| o5 |Hemifumerate] oo
form

Chemical Stability

[0312] Chemical stability of the hemifumarate form of tenofovir alafenamide was
compared with the monofumarate form. As shown in Table 3 (below), under
identical conditions, the hemifumarate form of tenofovir alafenamide was
chemically more stable and exhibited better Jong-term storage stability, with
significantly less degradation (% Total Deg. Products) than the monofumarate
form. Conditions evaluated include temperature, relative humidity (RH), and the

open or closed state of the container cap.
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. Monolumarate form Hemifumarate form
Storage Tn‘ne -
Conditci’on Pomts‘ % TA % Total % TA % Total
(weeks) Area Deg. Area Deg.
Normalized | Products | Normalized Products
0 97.1 0.69 98.4 0.05
o 1 97.0 0.87 93.4 0.14
40(:2;&?:/_:’6[;}{ 7 96.6 | LIS 985 | 0.4
4 96.4 1.49 98.4 0.25
8 954 2.36 98.0 0.49
0 97.1 0.69 98.4 0.05
1 96.9 0.90 93.5 0.15
402;’)75;/2“&{ 3 96.6 1,10 985 0.14
4 96.2 1.67 98.4 0.26
8 95.0 2.74 98.1 .50
70°C 0 97.1 0.69 9%}.4 0.05
CamClonsd ) 96.2 1.83 98.5 0.22
4 93.3 4.78 98.4 0.33

"TA is tenofovir alafenamide

Thermodynamic Stability

[0313] Stable form screening of tenofovir alafenamide hemifumarate showed that
it is thermodynamically stable in most solvents, such as ACN, toluene, cthyl
acetate, methyl rert-butyl cther (MTBE), acctone, THF, and 2-methyl THF. A
similar stable form screening of the monofumarate form showed that this form is
not thermodynamically stable in the above-listed solvents. When suspended in
these solvents, the monofumarate form of tenofovir alatenamide fully converts to
the hemifumarate form in THF and 2-methyl THF, and partially converts to the
hemifumarate form in ACN, ethyl acetate, MTBE, and acetonc, as well as at

ambient temperatures.

Thermal Stability

{0314} As shown by the DSC data, the hemifumarate form of tenofovir
alafenamide has a melting point that is about 10 °C higher than that of the
monofumarate form, indicating that the hemifumarate form has improved thermal

stability as compared with the monofumarate form.
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Biological Example 1: Transport Studics

{0315} Caco-2 transepithelial ransport studies: Caco-2 cells between passagce 43
and 69 were grown to confluence over at least 21 days on 24-well polyethylenc-
terephthalate (PET) transwell plates (BD Biosciences, Bedford, MA). Experiments
were conducted using Hank’s Buffered Salt Solution (HBSS) containing 10 mM
HEPES and 15 mM Glucosc obtained from Life Technologics (Grand Island, NY).
Donor and receiver buffers had their pH adjusted w pH 6.5 and 7.4, respectively.
The receiver well used HBSS buffer supplemented with 1% bovine serum albumin.
T studies done to determine transport inhibition, monolayers were preincubated
for 60 minutcs in the presence of assay butfer and inhibitor in order to saturate any
transporter binding sites. Following preincubation, fresh assay buffer containing
mhibitor and the test compound were added. Test compound concentrations in
assay chambers were analyzed by liquid chromatography coupled to tandem mass
spectrometry (LC/MS/MS). Transepithelial electrical resistance (TEER) and
lucifer yellow permeability were determined to assure membrane integrity. Each
individual cxperiment was done in duplicate and the permeation of control
compounds atcnolol (low permeability), propranolol (high permeability), and
vinblastine (cfflux transport) were determined to meet acceptance criteria for cach
baich of assay plates.

[0316] Pgp and BCRP inhibition assays in transfected Madin-Darby canine kidney
(MDCKID cclls: Tnhibition of Pgp-mediated transport was studied using the Pgp
substrate calcein AM and MDCKII cells transfected with the human MDR]
(ABCBI) gene (encoding Pgp). Similarly, inhibition of BCRP-mediated transport
was studicd using the BCRP substrate Hoechst 33342 and MDCKIT cclls
transfected with the human ABCG2 gence (encoding BCRP). Bricfly, MDCKIT
cells were seeded in 96-well black ccll culture plates with clear bottoms at a
density of 5 x 10" cellsiwell and grown to confluence overnight. “I'est compounds
were diluted in cell culture medium containing 10 uM Hoechst 33342 and
incubated for 3 hours with MDCKI11-BCRP and nontransfected cells. Following
removal of media containing Hoechst 33342 and test compound, cells were washed
twice with warm medium and lysed at room temperature for 5-10 minutes in a

buffer containing 20 mM Tris-HCI pH 9.0 and 0.4% Triton X-100. Wells were
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analyzed for Hocchst 33342 fluorescence at an cxcitation of 353 nm and an
emission of 460 nm.

10317] Pgp and BCRP substrate assays in transfected MDCKIT cells: MDCKII
cells were grown to confluence over 4-6 days on 24-well PET transwell plates
(BD Bioscicnces). The same buffers were used in the donor and receiver wells as
described above for caco-2 studies. Experiments were conducted as described
above for caco-2 transepithelial transport studies and samples analyzed by
LC/MS/MS. Similar quality control and acceprance criteria were used as those
described above for caco-2 studies. TEER values and the permeability of lucifer
yellow, atenolol, and propranolol were determined to meet acceptance criteria for
cach batch of assay plates. Efflux ratios were detcrmined to be at least 3-fold
higher in mransfected versus nontransfected monotayers for the model Pgp substrate
vinblastine and BCRP substrate prazosin.

|0318] Data analysis: The 50% inhibition constants (ICso) values for transporters
in the fluorescent accumulation studics done in MDCKI cells, defined as the test
article concentration needed to inhibit the maximal transporter specific transport
by 50%, were calculated using nonlinear curve fitting of inhibition versus
concentration to a sigmoidal curve with a variable Hill coefficient using GraphiPad
Prism 5 (GraphPad Software Inc., San Diego, CA). Apparent peymeability
cocfficients and efflux ratios (ER) from transccllular cxperiments in caco-2 or
MDCKII cells were calculated as previously described (Tong et al. (2007)
Antimicrob Agents Chemother 51:3498-504). Where appropriate, the statistical
significance of differences observed between test conditions was assessed using
paired two-tailed Student’s 7 tests.

[0319] Inhibition of Pgp and BCRP in transfected MDCKII cells: The inhibition
of Pgp and BCRP by cobicistat relative to ritonavir and the known transport
inhibitors cyclosporin A (CSA) and fumitremorgin C was studied by monitoring
the effects of coincubation on the Pgp- and BCRP-dependent accumulation of the
fluorescent probe substrates calcein AM and Hoechst 33342 in MDCKII-MDR 1
and MDCKII-ABCG? cells, respectively. Cobicistat inhibited Pgp and BCRP with
1Cs0 values of 36 £ 10 uM and 39 & 28 uM, respectively. Ritonavir, when

incubated at its approximate solubility limit in assay buffers (20 pM) showed 35%
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inhibition of Pgp and 21% inhibition of BCRP. Higher concentrations of cobicistat
were achievable in assays because of its > 35-fold higher aqueous solubility at
neutral pH. Greater differences in the concentrations of cobicistat and ritonavir
may cxist in the gastrointestinal (Gl) tract based on their respective solubility
under acidic conditions. Taken together, the sotubility and inhibition results
indicate that cobicistat should have similar inhibition of Pgp and BCRP in the Gl
tract relative to ritonavir.

[0320] Pgp and BCRP substrate assays in transfected MDCKU cclls: To further
characterize the mechanism interaction of cobicistat with Pgp (multidrug resistance
protein 1: MDR1) and BCRP, bidirectional permeability assays were completed in
cclls transfected with the genes for the human transport proteins to determine if
cobicistat is a substrate for these efflux transporters (Figure 10). Bidirectional
permeability of cobicistat (10 uM) was assessed in MDCKI-WT, MDCKI11-MDR1
(Figure 10A) and MDCKII-BCRP cells (Figure 103). The black bars show apical
to basolateral (A-B) permeability, and the open bars show basolateral to apical
(B-A) permeability. Efflux ratios are indicated above graphs for each experimental
condition. CSA (10 uM) and Ko134 (10 uM) were used as known inhibitors of
Pgp and BCRP, respectively. Results are the average of duplicate wells from a
representative side by side experiment done comparing wild type MDCKI1
(MDCKII-WT) to MDCKII-MDR1 or MDCKII-BCRP cells in the presence or
absence of respective inhibitors. The overexpression of Pgp or BCRP in MDCKII
cells increascd the efflux ratios of cobicistat. These increased offlux ratios
reflected a decrease in the forward permeability and an increase in the reverse
permeability of cobicistat. Consistent with Pgp- and BCRP-dependent transport.
cobicistat efflux was decreased in the presence of the Pgp inhibitor CSA and the
BCRP inhibitor Ko134. These results illustrate that cobicistat is a substrate for
both Pgp and BCRP, suggesting that the observed inhibition may be due to
competition for the binding sites of the respective transporters.

[0321] Effect of cobicistat on the bidirectional permeability of model Pgp and
BCRP substrates through caco-2 cell monotayers: Caco-2 cells have been reported
as a physiologically rclevant model system of GI absorption that supports the

polarized expression of intestinal transporters including Pgp and BCRP. The effect
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of cobicistat (COBI; 90 uM) and ritonavir (RTV: 20 uM) on the bidircctional
permeability through monolayers of caco-2 cells of 10 uM of the Pgp substrate
digoxin (Figure 11A) and BCRP substrate prazosin (Figure 11B) were studied.
Digoxin and prazosin were choscn as model substrates of Pgp and BCRP,
respectively, based on recommendations from the FDA and by the International
Transporter Consortium. The known Pgp inhibitor CSA (310 uM) and BCRP
inhibitor fumitremorgin C (2 uM; noted in Figure 11B as “FTC™) were used as
positive controls, The black bars show apical 10 basolateral (A-B) and the open
bars basolatcral to apical (B-A) permeability, and ctflux ratios are indicated above
graphs for each experimental condition. Results are the mean =+ standard deviation
of at Ieast four independent cxperiments done in duplicate, and statistica
significance was assessed by comparing results to no cotreaument wells using
paired two-tailed Student’s ¢ tests (*, P <0.05; **, P<0.01). Similar to the known
Pgp inhibitor CSA, cobicistat and ritonavir markedty reduced the efflux ratio and
significantly incrcased the apical to basolatcral (A-B) permecability of digoxin
(Figure 11A), Similar effects were observed in experiments studying the effect of
cobicistat and ritonavir relative to the known BCRP inhibitor fumitremorgin C on
the permeability of the BCRP substrate prazosin (Figure 11B). These data suggest
similar inhibitory effects of cobicistat and ritonavir on the Pgp-mediated transport
of digoxin- and BCRP-mediated transport of prazosin.

[0322] Effect of cobicistat on the bidirectional permeability of HIV protease
inhibitors and GS-7340 through caco-2 cell monolayers: The ctfect of cobicistat
(90 uM) and ritonavir (20 uM) on the bidirectional permeability of the HIV
protease inhibitors (PIs) atazanavir, darunavir, lopinavir, and GS-8374, an
experimental HIV P1, through caco-2 cell monolayers was assessed. The effect of
RTV and COBI was assessed with 10 uM of the HIV Pls atazanavir (Figure 12A),
darunavir (Figure 12B), lopinavir (Figure 12C) and GS-8374 (Figure 12D). The
black bars show apical to basolateral (A-B) and the open bars basolateral to apical
(B-A) permeability, and efflux ratios are indicated above graphs for each
experimental condition. Results are the mean + standard deviation of at least four
indcpendent experiments donge in duplicate, aud statistical significance was

assessed comparing directional results to no cotreatment wells by using paired two-
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tailed Student’s £ tests (%, P <0.05; **, P<0.01; *** P<0.001). The effect of COBI
(90 uM) was assessed on the bidirection permeability of GS-7340 (10 pM) through
caco-2 monolayers over a 2 hour time course in the A-B (Figurc 12E) and B-A
(Figurc 12F) dircetions. Open symbols depict presence and solid symbols depict
abscnce of COBI. Results are the mean + standard deviation of duplicate
measurements from two independent experiments. Consistent with previous
studies reporting these compounds as Pgp substrates, significant efflux was
observed for cach of the protease inhibitors. Coadministration of cobicistat and
ritonavir comparably reduced the efftux ratios by incrcasing the A-B tlux and
decreasing the B-A flux of the protease inhibitors (Figure 12A-D). The effect of
cobicistat on GS-7340 permeability across caco-2 monolayers was monitored over
2 hours, and cobicistat increased the A-B flux of GS-7340 while concomitantly
reducing B-A flux (Figure 12E-F).

10323] These results support the hypothesis that cobicistat may be acting to inhibit

Pgp-mediated intestinal secrction of GS-7340.

Biological Example 2

0324} Pharmacokinetic studies were done in humans to determine exposure to
GS-7340 at three dose levels. Eligible subjects were randomized to reccive cither
GS-7340 dose of 8 mg, GS-7340 dosce of 25 mg, GS-7340 dosc of 40 my, tenofovir
(as TDF) 300 mg or placebo-to-match GS-7340 for 10 days. (Note: Doses of
GS-7340 are given as the mass of free base of GS-7340, even where other forms of
GS-7340 were dosed.y GS-7340 was administered in a blinded fashion, unless a
subject was randomized to receive tenofovir which was given on an

open-label basis.

[0325] Figure | shows tenofovir plasma concentrations in patients on Day 1 of the
study. The top linc (no symbol) shows the concentration of tenofovir in paticnts
dosed with 300 mg tenofovir (as TDF). The next line down (triangles pointed
down) shows the concentration of tenofovir in patients dosed with 40 mg GS-7340.
The next line down (triangles pointed up) shows the concentration of tenofovir in

patients dosed with 25 mg GS-7340. The bottom line (squares) shows the
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concentration of tenofovir in paticnts doscd with 8 mg GS-7340. The tablc below
the graph shows Cmax and AUC values obtained.

[0326] Figure 2 shows tenofovir plasma concentrations in patients on Day 10 of
the study. The top linc (diamonds) shows the concentration of tenofovir in paticnts
dosed with 300 mg tenofovir. The next line down (triangles pointed down} shows
the concentration of tenofovir in patients dosed with 40 mg GS-7340. The next
line down (triangles pointed up) shows the concentration of tenofovir in patients
dosed with 25 mg GS-7340. The bottom line (squares) shows the concentration of
tenotovir in paticnts dosed with 8 mg GS-7340. The table below the graph shows

Cmax and AUC values obtained.

Biological Examplc 3

[0327] Drug interaction potential between once-daily emtricitabine (FTC) /
GS-7340 fixed dose combination, cobicistat boosted darunavir plus GS-7340 as a
single agent, and efavirenz or cobicistat-boosted darunavir was evaluated in an
open-label, crossover, single-center, multiple-dose, multiple-cohort study.

{0328] Table 4 shows the dosing regimen and schedule for the study.

Cutiot 1{n= 12}

Cabsorg Qay 112 Loy 18-28
5.7340 FOC 120040 | Treatmenl B: FTC/S5-T2.40 FOC (20040 mg) plus
dady B the ¥ 4

condnion

Cohar{ 2 (n=12)

oy

Treatment A: FTC:
mg) aomnisernd ol
FARNYeg wide fasles

Cohon Doy 1-12

Oy 153-22

Freateent C: F LSS 7348 FOC (agrd
g intstered o iy inihe
i under bad consition

Treatmend D: ¥ CRB3-T2 < 5 mg; pus
coiickstal-nunste T LRV o, BINVISS mg}
acministarad once-aally in the maring unser tag
cuidiEon

Catiort 3 (i1 14)

Congrr

agent aenunistered onae dady in the

mzrng wnder forf ooniitnns

L&y 1=-10 Vay 9-24d
Treatment £: Conoslat borsted Treatment F: FYC/G8.7340 FIC (20026 ma) plue
drrunavit (ORVico' S10150 g} cobickstal poveed daruravi DR Vicy, 8061150 gy
administered tnse da the moming stered cnze daiiy m the maming endzt ted
wpdar fod condition cornditon
Cohoft § (p = 12}

Cahort Day 1-12 Day 13-22

Treatment G: G5-70220 (8 mg) single Treatment H: G/3.7240 {3 mg) single g1

rodcibial (140 g administered once o
mming uadss fed Continns

Table 4
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[0329] Results of the pharmacokinctic analysis in this study arc shown in

Figures 3-5. (Note: Doses of (GS-7340 are given as the mass of free base of
(GS-7340, cven where other forms of GS-7340 were dosed.)

[0330] Figurc 3A shows GS-7340 (tenofovir alafenamide) concentrations (ng/ml)
for doses of emtricitabine and GS-7340 (triangles pointed up) and emtricitabine,
GS-7340 and efavirenz ((initial value = 100 ng/m}); triangles pointed down) in
patients from Cohort 1. Cmax and AUC results are displayed in the table below
for GS-7340 cxposure. Tenofovir (TFV) concentrations are shown in Figure 3B
for doses of cmtricitabine and GS-7340 (upper linc; triangles pointed up) and
emtricitabine, GS-7340 and efavirenz (lower line: triangles pointed down). Cmax
and AUC results are displayed in the table below for tenofovir ecxposure.

0331} Figure 4A shows GS-7340 concentrations (ng/ml) for doses of
emtricitabine and GS-7340 (triangles pointed up) and enitricitabine, GS-7340,
darunavir, and cobicistat (triangles pointed down) in patients from Cohort 2. Cnax
and AUC results are displayed in the table below for GS-7340 exposure.
Tenofovir (TFV) concentrations are shown in Figure 4B for doses of emtricitabine
and GS-7340 (triangles pointed up) and emtricitabine, GS-7340, darunavir, and
cobicistat (triangles pointed down). Cya, and AUC results are displayed in the
table below for tenofovir exposure.

[0332] Figurc SA shows GS-7340 concentrations (ng/ml) for doses of GS-7340
alone and GS-7340 and cobicistat (triangles pointed up). Cumax and AUC results are
displayed in the table below for GS-7340 exposure. Tenofovir (TFV)
concentrations are shown in Figure 5B for doses of GS-7340 alonge (triangles
pointed up) and GS-7340 and cobicistat (triangies pointed down). Cypx and AUC
results are displayed in the table below for tenofovir exposure.

[0333] Incrcascs in cxposures were obscrved for GS-7340 (tenofovir alafenamide)
and TFV when dosed as GS-7340 (8 mg) plus COBI (150 mg) versus GS-7340

(8 mg) as a stand-alone agent. GS-7340 AUC),y and C,ax were ~2.7- and 2.8-fold
higher, respectively, whereas TFV AUC, and Cpx Were ~3.3- and 3.3-fold
higher, respectively. These data suggest that the interaction is COBI-mediated,
likcly duc to inhibition of Pgp-mediated intestinal scerction of tenofovir
alafenamide (GS-7340).

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1278 of 1915



WO 2013/116720 PCT/US2013/024438

Biological Examplc 4

[0334] GS-7340 and cobicistat were administered in conjunction with clvitcgravir
and emtricitabine in a clinical trial to determine the relative bioavailability of these
compounds. The compounds were administered using a 25 mg or 40 mg dose of
(GS-7340 (test) relative to exposures (clvitegravir, cobicistat, emtricitabine) from
clvitegravir/cobicistat/emtricitabine/tenofovir (reference) or GS-7340 (TFV)
(reference). A second cohort with a similar design evaluated an alternate
formulation of elvitegravir/cobicistat/emtricitabine/GS-7340 STR. (Note: Doses
of Compound arc given as the mass of frec base of GS-7340, even where other
forms of GS-7340 were dosed.) Elvitegravir/cobicistat/emtricitabine/GS-7340
{monolayer) tablcts were manufactured by blending of emtricitabine/GS-7340
granulation with clvitegravir granulation and cobicistat. tablet compression, tablet
film-coating, and packaging. Elvitcgravir/cobicistat’‘cmtricitabine/GS-7340 bilayer
tablets are manufaciured by compression of the elvitegravir/cobicistat layer and
emtricitabine/GS-7340 layer, tablet film-coating, and packaging. In order to
provide a robust asscssment of pharmacokinetic comparisons between test versus
reference trcatments, a balanced Williams 4 x 4 design was used in cach cohort,
10335] The dosc of clvitegravir (150 mg), the boosting dosc of cobicistat

(150 myg), and dosage of emtricitabine (200 mg) in
elvitegravir/cobicistat/emtricitabine/GS-7340 represent current investigational
doscs (clvitcgravir, cobicistat) or marketed dosc (emtricitabine) with demonstrated
durable efficacy and long-term safety in H1V-infected patients.

[0336] The evaluation used two cohorts of twenty patients. In Cohort 1. the
following study treatments were administered.

[0337] Treatment A: 1 = Singlc Tablet Regimen (STR) of Formulation 1

(150 mg clvitegravir plus 150 mg cobicistat plus 200 mg emtricitabine plus 25 mg
(GS-7340 (as 31.1 mg of the fumarate salt GS-7340-02)) QD, administered in A.M.
for 12 days.

10338} Treatment B: 1 x STR Formulation 1 (150 mg clvitcgravir plus 150 mg
cobicistat plus 200 mg emtricitabine plus 40 mg GS-7340 (as 49.7 mg of the
fumarate salt GS-7340-02)) QD, administered in A.M. for 12 days.

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1279 of 1915



WO 2013/116720 PCT/US2013/024438

- =

[0339] Treatment C: 1 » STR (150 mg clvitegravir plus 150 mg cobicistat plus
200 mg emtricitabine plus 300 mg tenofovir (as tenofovir disoproxil fumarate) QD,
administered in A M. for 12 days.

[0340] Treatment D: 1 x 25 mg GS-7340 tablet QD, administered in A.M.

for 12 days.

[0341] Paricnts were randomized to one of four sequences (I, 11, 11, or TV),

Day 1-12 Day 15-26 Day 29-40 Day 43-34

Sequence 1 A B C D
Scquence T B D A @
Sequeuce 11i (04 A D B
Sequence TV D @ B A

10342} Formulation 1 (monvlayer) was prepared by blending of
emtricitabine/GS-7340 granulation with elvitegravir granulation and cobicistat,
tablet compression, tablet film-coating, and packaging. The
EVG/COBVFTC/GS-7340 STR tablet cores contain colloidal silicon dioxide,
croscarmellose sodium, hydroxypropyl cellulose, lactose monohydrate,
microcrystalline cellulose, sodium lauryl sulfate, and magnesium stearate as
inactive ingredients and are film-coated with polyvinyl alcohol, polyethylene
glycol, tale, and titanium dioxide.

{0343} In Cohort 2, the following study treatments were administered:

{0344] Treatment E: 1 x STR Formulation 2 (150 mg elvitegravir plus 150 mg
cobicistat plus 200 mg emtricitabine plus 25 mg GS-7340 (as 31.1 mg of the
fumarate salt GS-7340-02)) QD, administered in A.M. for 12 days.

[0345] Treatment F: 1 » STR Formulation 2 (150 mg elvitegravir plus 150 mg
cobicistat plus 200 mg emtricitabine plus 40 mg GS-7340 (as 49.7 mg of the
fumaratc salt GS-7340-02)) QD, administered in A.M. for 12 days.

[0346] Treatment C: 1 x STR (150 mg clvitegravir plus 150 mg cobicistat plus
200 mg emtricitabine plus 300 mg tenofovir) QD, administered in A.M.

for 12 days.

[0347] Treatment D: 1 x 25 mg GS-7340 tablet QD. administered in A.M.

for 12 days.
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[0348] Particnts were randomized to one of four scquences (1, 11, T11, or V).
Day 1-12 Day 15-26 Day 29-40 Day 43-54

Sequence | E F C D
Sequence 1 F b B ©
Sequence 1 C E D F
Sequence TV D G F E

[0349] Formulation 2 was prepared as bilayer tablets that were manufactured by
compression of the elvitegravir/cobicistat layer and emtricitabine/GS-7340 layer.
tablet film-coating, and packaging. The EVG/COBI/FTC/GS-7340 STR tablet
cores contain colloidal silicon dioxide, croscarmellose sodium, hydroxypropyl
cellulose, lactose monohydrate, microcrystalline cellulose, sodium lauryl sulfate,
and magnesium stearate as inactive ingredients and are film-coated with polyvinyl
alcohol, polyethylene glycol, talc, and titanium dioxide.

[0350] Figure 6 shows pharmacokinetic data for GS-7340 from patients treated m
Cohort 1 (Formulation 1, monolayer). The top line (triangles pointed down) shows
GS-7340 concentration (ng/inl) when 40 mg GS-7340 is administered with
cobicistat. The middle line (triangles pointed up) shows GS-7340 concentration
(ng/ml) when 25 mg GS-7340 is administered with cobicistat. The bottom line
(squares) shows GS-7340 concentration (ng/ml) when 25 mg GS-7340 is
administered alonc. These results show GS-7340 levels that are 2.2-fold higher for
dosing at the 25 mg level when GS-7340 is administered with cobicistat.

|0351] Figure 7 shows pharmacokinetic data for GS-7340 from patients treated in
Cohort 2 (Formulation 2, bilayer). The top linc (triangles pointed down) shows
GS-7340 concentration (ng/ml) when 40 mg GS-7340 is administered with
cobicistat. The middle line (triangles pointed up) shows GS-7340 concentration
(ng/ml) when 25 mg GS-7340 is administered with cobicistat. The bottom line
(squares) shows GS-7340 concentration (ng/ml) when 25 mg GS-7340 is
administered alone. These results also show GS-7340 levels that are 2.2-fold
higher for dosing at the 25 my level when GS-7340 is administered with cobicistat.
[0352] Figure & shows pharmacokinetic data for tenofovir from patients treated in
Cohort 1 (Formulation 1, monolaycr). The top line (no symbol) shows tenofovir

concentration (ng/ml) when 300 mg tenofovir is administered with cobicistat. The
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next line down (triangles pointed up) shows tenofovir concentration (ng/ml) when
40 mg GS-7340 is administered with cobicistat. The next line down (squares)
shows tenofovir concentration (ng/ml) when 25 mg GS-7340 is administered with
cobicistat. The bottom line (triangles pointed down) shows tenofovir concentration
(ng/ml) when 25 mg GS-7340 is administered alone. These results also show
tenofovir levels that are 3-4 fold higher for dosing at the 25 mg level when
tenofovir or GS-7340 is administered with cobicistat.

{0353] Figure 9 shows pharmacokinetic data for tenofovir from patients treated in
Cohort 2 (Formulation 2. bilayer). The top line (circles) shows tenofovir
concentration (ng/ml) when 300 mg tenofovir is administered with cobicistat. The
next line down (triangics pointed up) shows tenofovir concentration (ng/ml) when
40 mg GS-7340 is administered with cobicistat. The next line down (squares)
shows tenofovir concentration (ng/ml) when 25 mg GS-7340 is adininistered with
cobicistat. The bottom line (triangles pointed down) shows tenofovir concentration
(ng/ml} when 25 mg GS-7340 is administered alone. Thesc results also show
GS-7340 levels that are 3-4 fold higher for dosing at the 25 mg level when
tenofovir or GS-7340 is administered with cobicistat.

10354} Following administration of EVG/COBLFTC/GS-7340 (25 mg)
Formulations 1 and 2, geometric mean GS-7340 and TFV exposures were
substantially higher, relative to GS-7340 (25 mg) as a stand-alonc agent. With
both formulations of EVG/COBVFTC/GS-7340 (25 mg), GS-7340 AUCq and
Cunax Were ~2.2- and 2.3-fold higher, respectively, whereas TFV AUC, and Ci
were ~3.1-and 3.7-fold higher, respectively. GS-7340 and TFV exposurcs were
generally dose-proportional following EVG/COBI/FTC/GS-7340 (40 mg) versus
EVG/COBYFTC/GS-7340 (25 mg).

Biological Example 3

[0355] GS-7340 was coformulated with elvitegravir (EVG), cobicistat (COBY),
and emtricitabine (FTC) into a single 1ablet regimen (STR). Across three healthy
subject studies, the multiple dose pharmacokinetics (PK) of

EVG/COBI/FTC/GS-7340 STR and/or interaction potential between GS-7340 and
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COBI were cvaluated to facilitatc GS-7340 dosc sclection for STR clinical
development.

10356} In Study 1 (n=20), subjects received EVG/COBIFTC/GS-7340
(150/150/200/40 or 150/150/200/25 mg), EVG/COBI/FTC/TDF

(150/150/200/300 mg) or GS-7340 25 mg stand alone (SA), 12 days/trcatment in a
balanced Williams 4 x 4 design. In Study 2 (n=12), subjects sequentially received
GS-7340 (8 mg) SA (Reference) for 12 days and GS-7340 plus COBI (8/150 mg)
(Test) for 10 days. In Study 3 (n—-34), across two cohorts (cach 2 x 2 crossover
design), subjects reccived EVG/COBI/FTC/GS-7340 (150/150/200/10 mg) (Test.
both cohorts), EVG plus COBI (150/150 mg) (Reference, Cohort 1), and FTC plus
GS-7340 (200/25 mg) (Reference, Cohort 2), cach treatment doscd for 12 days.
Statistical comparisons of GS-7340 and TFV were made using geometric mean
ratios (GMR), with 90% confidence intervals (CI) of 70-143% (Study 1: Test =
EVG/COBI/FTC/GS-7340, Reference = GS-7340 SA). Safety assessments were
performed throughout dosing and follow up.

[0357] All treatments were generally well tolerated. Study 1 entailed 19/20
completers with one discontinuation from adverse events (AEs) (rhabdomyolysis
(Grade 2) while receiving GS-7340 SA). All subjects completed Study 2, while 33
of 34 subjects completed Study 3. No Grade 3 or 4 AE was observed in the
studics. In Study 1, when dosed as EVG/COBI/FTC/GS-7340, GS-7340 (25 mg)
and resulting TEV exposures were subsiantially higher versus GS-7340 SA (GMR
(90% CT) GS-7340 AUC s 222 (200, 246) and Cuux: 223 (187, 265); TFV AUCuu:
307 (290, 324), Ciax: 368 (320, 423)). In Study 2, when dosed as GS-7340 plus
COBI versus GS-7340 SA, GS-7340 exposures were similarly high, suggesting
that the interaction observed in Study 1 was COBl-mediated (GMR (90% CT)
GS-7340 AUCLe: 265 (229, 307) and Caax: 283 (220. 365, TFV AUC: 331 (310,
353), Cipax: 334 (302, 370), and Cuy: 335 (312, 359)). In Study 3, upon dose
adjustment of GS-7340 to 10 mg, EVG/COBI/FTC/GS-7340 (150/150/200/10 mg)
versus Reference resulted in comparable GS-7340 and TFV exposures. (GMR
(90% CI) GS-7340 AUCq: 89.0 (76.7, 103) and Ciya: 97.3 (82.1. 115), TFV
AUCe 124 (113, 136), Cmac 113 (98.8, 129), and Cu: 120 (103, 140)).
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EVG/COBI/FTC/GS-7340 STR provided similar EVG, COBI, and FTC cxposures
versus reference treatments and historical data.

[0358] GS-7340 and TFV exposures increase ~2-3 fold following
coadministration with COBI or as EVG/COBI/FTC/GS-7340 dosing, which may
be due to COBI inhibition of Pgp-mediated intestinal seeretion of GS-7340. With
a 10 mg dose of GS-7340, EVG/COBI/FTC/GS-7340 provided comparable
(GS-7340 and TFV exposures as GS-7340 at 25 mg and ~90% lower TFV exposure
versus EVG/COBVFTC/TDF.

Biological Example 6

10359] EVG/COBIFTC/TDF and EVG/COBVETC/tenofovir alafenamide
hemifumarate were administered as single tablet regimens (STR) in a Phase 2
clinical trial evaluating safety and cfficacy in HIV+ treatment-naive adults. All
subjects had HIV-1 RNA >5000 c/ml. Week 24 data indicated that treatment witli
the two STRs resulted in 87% of subjects on EVG/COBUFTC/tenofovir
alafenamide hemifumarate and 90% of subjeets on EVG/COBLFTC/TDF having
HIV-1 RNA <50 ¢/ml. The EVG/COBI/FTC/tenofovir alafenamide hemifumarate
STR was well tolerated, and relative to the known safety profile of
EVG/COBI/FTC/TDF, no new or unexpeeted adverse drug reactions

were identified.

10360] Rcnal function was assessed in the subjects at week 24. When comparcd
with subjects taking EVG/COBL/FTC/TDF, subjects taking EVG/COBVFTC/
tenofovir alafenamide hemifumarate had significantly less reduction in the
estimated glomerular filoration rate (¢GFR), 4 trend towards less proteinuria, and
statistically less tubular proteinuria. These differences may represent a reduction
in subclinical tenofovir-associated nephrotoxicity.

[0361] To asscss bone mineral density, dual-cncrgy X-ray absorptiometry scans
were performed at baseline and week 24, Subjects taking EVG/COBLFTC/
tenofovir alafenamide hemifumarate experienced a significantly smaller reduction
in bone mineral density at both spine and hip after 24 wecks, compared with
subjects taking EVG/COBI/FTC/TDF. Importantly, the proportion of subjects

with >3% decreasc trom bascline in hip bonc mineral density was 10-fold lower in
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the EVG/COBI/FTC/tenofovir alafenamide hemifumarate group than the
EVG/COBV/FTC/TDF group (3.0% vs. 31.6%).

[0362] Together, these data support the hypothesis that TDF-associaled renat and
bone toxicity is driven by circulating tenofovir, as tenofovir levels arc reduced by
90% in subjects administered EVG/COBL/FTC/cenofovir alafenamide
hemifumarate.

{0363] All references, publications, patents, and patent documents cited herein are
incorporated by reference herein, as though individually incorporated by reference.
The invention has been described with reference to various specific and preferred
embodiments and techniques. However, it should be understood that many
variations and modifications may be madc while remaining within the spirit and
scope of the invention.

{0364] The use of the terms “a,” “an,” “the,” and similar articles and the like in the
context of describing the invention (including the following claims) are to be
construcd to cover both the singular and the plural, unless otherwisc indicated
herein or clearly contradicted by context. The terms “comprising,” “having,”
“including,” and “containing” are to be construed as open-ended terms (i.e.,
meaning “including, but not limited to™), unless otherwise noted. Recitation of
ranges of values herein are merely intended to serve as a shorthand method of
referring individually to cach separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the
specification as if it were individually recited hercin. All methods described hercin
may be performed in any suitable order unless otherwise indicated herein or
otherwise clearly contradicted by context. The use of any and all examples, or
exemplary language (e.g.. “such as™) provided herein, is intended merely to better
illuminate the invention and docs not posc a limitation on the scope of the
invention, unless otherwise claimed. No language in the specification should be
construed as indicating any nonclaimed element as essential to the practice of the
invention,

[0365] The embodiments within the specification provide an illustration of
cmbodiments of the invention and should not be construed to limit the scope of the

invention. The skilled artisan recognizes that many other embodiments are
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cncompasscd by the claimed invention and that it is intended that the specification
and examples be considered as exemplary only, with the true scope and spirit of

the invention being indicated by the following claims.
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WHAT IS CLAIMED 1S:

1. A composition comprising: cobicistat, or a pharmaccutically acceptable salt

thereof; and tenofovir alafenamide hemifumarate.

2. The composition of claim 1 comprising: 50-500 mg of cobicistat, or a
phamaceutically acceptable salt thereof; and 3-40 mg of tenofovir alafenamide

hemifumarate,

3. The composition of claim | or 2, further coniprising a pharmaccutically

acceptable carrier or diluent.

4. A method of treating a viral infection in a human comprising administering a

composition of any onc of claims 1-3 to the human.

5. A method of treating a viral infection in 2 human comprising coadministering
cobicistat, or a pharmaccutically acceptable salt thereof, and tenofovir alafenamide

hemifumarate, to the human.

6. A method of inhibiting activity of a retroviral reverse transcriptase comprising
coadministering cobicistat, or a pharmaceutically acceptable salt thereof, and

tenofovir alafenamide hemifumarate.

7. The method of claim 6, wherein the coadministering of cobicistat, or a
pharmaceutically acceptable salt thereof, and tenofovir alafenamide hemifumarate,

is in a human.

8. Use of cobicistar, or a pharmaceutically acceptable salt thercof, and wenofovir
alafenamide hemifumarate, for the prophylactic or therapeutic treatment ol a viral

infection in a human.
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9. Usc of cobicistat, or a pharmaccutically acceptable salt thercof, and tenofovir
alafenamide hemifumarate, for the manufacture of a medicament for treating a

viral infection in a human.

10. Use of cobicistat, ora pharmaceutically acceptable salt thereof, and tenofovir
alafenamide hemifumarate. for the manufacture of a medicament for inhibiting

activity of a retroviral reverse transcriptase.

I'l. The use of claim 10, wherein the medicament is for inhibiting activity of a

retroviral reverse transcriptase in 2 human.

12. A mcthod of boosting an anti-viral cffect of tenofovir alafenamide
hemifumarate in a human comprising administering a composition of any onc of

claims 1-3 1o the human.

13. A method of boosting an anti-viral effect of tenofovir alafenamide
liemifumarate in a human comprising coadministering cobicistat, or a
pharmaccutically acceptable salt thereof, and tenofovir alafenamide hemifumarate

to the human.

14. The method of claim 13, wherein 50-500 mg of cobicistat, or a
pharmaceutically acceptable salt thereof, is coadministered with 3-40 mg of

tenofovir alafenamide hemifumarate.

15. A method of inhibiting Pgp-mediated intestinal secretion of tenofovir
alafecnamide hemifumarate in a human comprising administering a composition of

any onc of claims 1-3 to the human,.

16. A method of inhibiting ’gp-mediated intestinal secrction of tenofovir
alafenamide hemifumarate in a human by coadministration of cobicistat, or a

pharmaceutically acceptable salt thereof, and tenofovir alafenamide hemifumarate.
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17. The mcthod of claim 16, wherein 50-500 mg of cobicistat, or a
pharmaceutically acceptable salt thereof, is coadministered with 3-40 mg of

tenofovir alafenamide hemifumarate.

18. The method of claim 4 or 5, wherein the viral infection is human

immunodciicicncy virus (HIV) or Hepatitis B virus (HBV).

19. The usc of ¢laim 8 or 9, wherein the viral infection is human

immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

20. The method of any one of claims 12-14, wherein the virus is human

immunodecficiency virus (HTV) or Hepatitis B virus (HBV),

21. A composition comprising: (a) tenofovir alafenamide hemifumarate;
(b) cobicistat, or a pharmaceutically acceptable salt thereof; (¢) emtricitabine; and

(d) elvitegravir.

22. A composition comprising: (a) 3-40 mg tenofovir alafenamide hemifumarate;
(b) 50-500 mg cobicistat, or a pharmaccutically acceptable salt thercof;

(¢) 50-500 mg cimtricitabine; and (d) 50-500 mg clvitcgravir,

23. A mcthod of treating a viral infection in a human comprising administering a

composition of claim 21 or 22 to the human.

24. A method of treating a viral infection in a human comprising coadministering
(a) tenofovir alafenamide hemifumarate; (b) cobicistat, or a pharmaceutically

acceptable salt thereof; (¢) emtricitabine; and (d) elvitegravir to the humau.

25. The method of claim 24 comprising coadministering (a) 3-40 mg tenofovir
alafenamide hemifumarate; (b) 50-500 mg cobicistat, or a pharmaceutically
acceptable salt thereof; (¢) 50-500 mg emtricitabine: and (d) 50-500 mg

elvitegravir to the human,
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26. The usc of the composition of claim 21 or 22 for the prophylactic or

therapeutic treatment of a viral infection in a human.

27. Usce of (a) tenofovir alafenamide hemifumarate; (b) cobicistat, ora
pharmaceutically acceptable salt thereof; (¢) emtricitabine; and (d) elvitegravir for

the manofacture of a medicament for treating a viral infection in a human.

28. Usc of'(a) 3-40 mg tenofovir alafenamide hemitfumarate; (b) 50-500 mg
cobicistat, or a phurmaceutically acceptable salt thercof: (¢) 50-500 mg
emtricitabine; and (d) 50-500 mg elvitegravir for the manufacture of a medicament

for treating a viral infection in a humaun.

29. A compuosition comprising: (a) tenofovir alafenamide hemifumarate;
(b) cobicistat, or a pharmaceutically acceptable salt thereof; (¢) emtricitabine; and
(d) elvitegravir for the treatment of a viral infection, wherein the viral infection is

human immunodeficiency virus (HIV) or Hepatitis B virus (HBV).

30. A composition comprising: (a) 3-40 mg tenofovir alafenamide hemifumarate:
(b) 50-300 mg cobicistat, or a pharmaceutically acceptable salt thereof;

(c) 50-500 mg emtricitabine; and (d) 50-500 mg elvitegravir for the treatment of a
viral infcetion, wherein the viral infection is human immunodeficiency virus (HTV)

or Hepatitis B virus (HBV).

31. The method of any one of claims 23-25, wherein the viral infection is human

immunodecficiency virus (HIV) or Hepatitis B virus (HBV).

32. The usc of any onc of claims 26-28, wherein the viral infeetion is human

immunodeficiency virus (HIV) or Hepatitis B virus (HBV).
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MEDICAMENT COMPRISING A PHARMACEUTICAL COMBINATION
OF DOLUTEGRAVIR, EMTRICITABINE AND
TENOFOVIR

The present invention concerns a pharmaceutical combination comprising (a)
dolutegravir, (b) emtricitabine and (c) tenofovir or a prodrug thereof, wherein
5  preferably the compounds are present in a specific weight ratio and/or in specific
amounts, for use as a medicament, preferably in treatment of viral
infection/disease such as an HIV infection. Further, the present invention relates to
a pharmaceutical composition comprising the pharmaceutical combination and

optionally further pharmaceutical excipient(s).

Background

A virus infection can be regarded as infiltration of a living organism. such as a
human being, by a virus. After having been infiltrated. the organism might respond
15 to said infiltration. For example, in humans the white blood cells of the immune
system help to protect the body from viruses by destroying the cells infected by the
virus. However, the destruction of the infected cells may lead to a release of intact
virat particles, which can infect further so far non-infected cells and result in

specific diseases or disorders of the organism.

20
An infiltration by the human immunodeficiency virus (HIV) may cause acquired
immunodeficiency syndrome (AIDS). In that case the immune system of an
organism, such as a human being, is weakened such that said system is not able to
antagonize further life-threatening opportunistic infections. At present an HIV
25  infection is said to be not curable. such that it is a main target to prevent or at least

significantly slow down the proliferation of the corresponding virus. Since the
treatment of an HIV infection is quite complex, combination therapies have been
proposed. Combination therapies are therapies in which two or more
pharmaceutical active agents are used. For example. in clinical trials a combination
30  called "572-Trii" comprising 50 mg dolutegravir, 300 mg lamivudine and 600 mg

abacavir seems to be very promising.
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However. recently concerns against combination therapies have been reported.
Firstly. thc interaction between two or more drugs may affeet the intended
therapeutic activity of each drug and secondly, the interaction may increase the
levels of Loxic metabolites (Guidance for Industry, 1999). The interaction may also

5 heighten or lessen the side effects of each drug. Hence, upon administration of two
or more drugs to treat a disease it is unpredictable what change will occur in the
negative side effects of each drug. Additionally, it is difficult to accurately predict
when the effects of the interaction between the two or more drugs will become
manifest. For example, metabolic interactions between drugs may become apparent

10 upon initial administration of the second drug, after the two have reached a steady
state concentration or upon discontinuation of one of the drugs (Guidance for
Industry, 1999).

Raffi Francois et al, Lancet (North Anterican edition), vol. 381, no. 9868, March
15 2013, pages 735-743, describes a study wherein the HIV integrase inhibitors,
dolutegravir and raltegravir are compared. In particular either 50 mg  of
dolutegravir or 400 mg of raltegravir in combination with two known NRTI-
backbones  (coformulated tenofovir/emtricitabine or abacavir/lamivudine),
respectively. are administered to patients with HIV-1 infection. As a result of the
20 study it turned out that dolutegravir can be regarded as suitable alternative to

raltegravir.

However, the combinations suggested in Ralfi still seem to be improvable in view
of their efficiency and/or safety. In particular, the reduction of possible side
25  effects. e.g. when administered to older people or to people having an impaired

immune system. is desirable.

Thus, it was an object of the present invention to overcome the above-illustrated
drawbacks. In particular, it was an object of the invention to provide an improved
30 medicament or treatment regime for the treatment of viral diseases, in particular
HIV. Preferably. it was an object of the present invention to provide a medicament

which leads to advantageous therapeutic effects when treating viral diseases, in

89
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particular HIV. Further. undesirable side effects should be prevented or at least

significantly reduced.

Further, it was an object to provide a medicament wherein the total amount of

pharmaceutical active ageni(s) is suitable for preparing a dosage form having a

(/]

comfortable size such that patient compliance can be improved.

The objects of the present invention have been unexpectedly solved by a
combination comprising (a) dolutegravir. (b) emtricitabine and (c) tenofovir,
10 having a specific weight ratio of (a) dolutegravir to emtricitabine (b) and

preferably being administered in specific amounts.
Summary of the Invention

15  This invention provides a pharmaceutical combination comprising (a) dolutegravir,

(b) emtricitabine and (c) tenofovir for use as a medicament.

This invention also provides a pharmaceutical composition comprising (a)
dolutegravir, (b) emtricitabine and (¢} tenofovir. wherein the weight ratio of (a)

20  dolutegravir and (b) emtricitabine isfrom 1: 1to 1 : 3.

This invention in addition provides a method of treating a subject afflicted with a
viral infection, preferably afflicted with an HIV infection. comprising periodically
administering to the subject an amount of {a) dolutegravir, (b) emtricitabine and (¢)
25  tenofovir. wherein the amounts when taken together are effective to treat the

subject. wherein preferably the subject is a human.
Detailed Description of the Invention

30 The pharmaceutical combination of the present invention comprises (a)

dolutegravir as a first active pharmaceutical ingredient.
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The chemical name of (a) dolutegravir. also known as S/GSK1349572 or Jjust
DT A% 1s (4R,l2aS)—N—(2,4-diﬂuorobcnzyl)-7—hydroxy-4-mcthyl-6.8—dioxo-
3.4,6,8,12,12a-hexa-hydro-2H-pyrido{ | ,2":4,5]pyrazino[2,1-b}{1,3]oxazine-9-
carboxamide. Dolutegravir is reported to have anti-viral activity, since it is
5  considered (o be an integrase inhibitor. Integrase is a viral enzyme for integrating
(retro)viral DNA into the genome of the host cell and the inhibition of the
integrase has a massive influence on the replication of the retrovirus. By inhibiting
said integrase the replication of the retrovirus can be significantly reduced or even
prevented. Thus. dolutegravir is assumed to be useful for the treatment of
10 infections/diseases caused by viruses such as hepatitis B and HIV. In particular
dolutegravir is assumed to be useful for the treatment of HIV infections and/or
AIDS. 4R, 12a8)-N-(2,4-difluorobenzyl)-7-hydroxy-4-methyl-6,8-dioxo-
3,4,6,8.12 12a-hexa-hydro-2H-pyrido[1'.2":4.5]pyrazino[2.1-b][1,3]oxazine-9-

carboxamide (dolutegravir) is represented by the following chemical structure:

15

CHa O OH

F: F
@)
o
Formula (I)
In this regard it is noted that in the present invention the term dolutegravir

20  comprises 4R,12aS)-N-(2,4-difluorobenzyl)-7-hydroxy-4-methyl-6,8-dioxo-

3,4,6.8,12,12a-hexahydro-2H-pyrido[ 1 244 5]pyrazinof2.1-b][1,3]Joxazine-9-

carboxamide according to Formula (I). In addition, the term “dolutegravir”

compriscs all the pharmacecutically acceptable salts, hydrates and/or solvates

thereof. Dolutegravir can be obtained according to the procedures as for example
25  outlined in WO 2006/116764 or WO 2010/068253.
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Acids, which are used to prepare pharmaceutically acceptable acid addition salts.
arc preferably those which form non-toxic acid addition salts. Examples of the acid
addition salts are mineral acid salts such as hydrochloride. hydrobromide,
hydroiodide, hemisulfate, sulfate. nitrate, dihydrogenphosphate, hydrogen
5 phosphate, hydrogen carbonate, carbonate or perchlorate salts; organic acid salts
such as formate, acetate, propionate, lactates, maleates, fumarates, tartrates,
malates, citrates, ascorbates; acidic amino acid salts such as aspartates or

glutamates and methanesulfonates, benzenesulfonates. or p-toluenesulfonates.

10 Examples of suitable basic salts include alkali metal salts such as sodium or
potassium salts; earth-alkali 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 such as N.N-dibenzylethylonediamine salts; heterocyclic

15  aromatic amine salts such as pyridine salts, methyl pyridine salts, quinoline salts or
isoguinoline salts; quaternary ammonium salts such as tetramethylammonium salts,
tetraethylammonium  salts, benzyltrimethylammonium  salts, benzyltriethyl-
ammonium salts, benzyltributylammeonium salts, methyltrioctylammonium salts or
tetrabutylammonium salts; and basic amino acid salts such as arginine salts or

20 lysine salts.

Preferably. dolutegravir is in the form of a pharmaceutically acceptable salt. More
preferred, dolutegravir is in the form of an alkali metal salt such as sodium or
potassium salt or in the form of an earth-alkali metal salt such as calcium or
25  magnesium salt. More preferred, dolutegravir is in the form of a sodium salt or a
magnesium salt. Particularly preferred, dolutegravir is used in form of the sodivm

salt, especially the mono-sodium salt.

Tt is alternatively particularly preferred that dolutegravir is used in its free form

30 (not as salt).
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The sodium salt of dolutegravir and a specific crystalline form of this sodium salt
or a hydrate thercof are disclosed in WO 2010/068253. Amorphous dolutegravir
sodium is described in WO 2013/038407.

5 Further, it is preferred that dolutegravir is present in a non-solvated/non-hydrated

form.

In a preferred embodiment of the present invention all numbers referring to the
weight (mg) or weight-% of dolutegravir are based on the weight of dolutegravir in

10 1ts free form.

In the combination of the present invention, dolutegravir as the active ingredient
can be provided in amorphous form, in crystalline form or as a mixture of both

forms. Preferably. dolutegravir is present in crystatline form.

LS
It is reported that its primary route of metabolism is glucuronidation. Dolutegravir
is considered to be a substrate of CYP3A4, but only to a minor extent of about
15%. Further. dolutegravir demonstrates induction or inhibition of cytochrome
P450 (CYP) isozymes in vitro.

20

The pharmaceutical combination of the present invention comprises (b)

emtricitabine as a second active pharmaceutical ingredient.

The chemical name of (b) emtricitabine is 5-fluoro-1-(2R,5S)-[2-(hydrox ymethyl)-
25 1.3 oxathiolan-5-yljcytosine. Emtricitabine is reported to be a substance with anti-
viral activity since it is considered to be a nucleoside reverse transcriptlase
inhibitor. Reverse transcriptase is a viral DNA polymerase that is required for
replication of the virus. The reverse transcriptase allows copying the single
stranded RNA genome into a double stranded viral DNA. which is subsequently
30 incorporated into the DNA of the host cell. Having been integrated in the host cell
genome. viral particles are produced which in turn can infect so far uninfected host

cells.

6
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Nucleoside analog reverse-transcriptase inhibitors (also known as NARTIs or
NRTIs) arc considered to inhibit/prevent the activity of rcversc transcriptase by

blocking its enzymatic function.

5 By inhibiting said reverse transcriptase the replication of the retrovirus can be
significantly reduced or even prevented. Thus, emtricitabine is assumed to be
useful for the treatment of infections/diseases caused by viruses such as hepatitis B
and HIV. In particular emtricitabine is assumed to be useful for the treatment of
HIV infections and/or AIDS. Emtricitabine is also known as 3-fluoro-1-(2R,5S)-

10 [2-(hydroxymethyl)-1.3 oxathiolan-5-yllcytosine and is represented by the

following chemical structure:
NH,
NF
|
O)\ N

¢]

*/OH
S

Formula (I1)
i5
In this regard it is noted that in the present invention the term “emtricitabine”
comprises  5-fluoro-1-(2R,58)-[2-(hydroxymethyl)-1.3  oxathiolan-5-yl]cytosine
according to Formula (11). In addition, the term “emtricitabine” comprises all the
pharmaceutically acceptable salts, hydrates and/or solvates thereof. Emtricitabine
20 can for example be obtained according to the procedures as outlined in

EP 0513 200 B2.

Emtricitabine possesses two chiral centers. Preferably emtricitabine is in the form

of the cis-(-)-enantiomer.
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Acids which are used to prepare pharmaceutically acceptable acid addition salts
arc preferably those which form non-toxic acid addition salts. Examples of the acid
addition salts are mineral acid salts such as hydrochloride, hydrobromide,
hydroiodide, hemisulfate, sulfate. nitrate, dihydrogen phosphate, hydrogen
5 phosphale, hydrogen carbonate, carbonate or perchlorate salts; organic acid salts
such as formate, acetate, propionate, lactates, maleates, fumarates, tartrates,
malates, citrates, ascorbates: acidic amino acid salts such as aspartates or

glutamates and methanesulfonates, benzenesulfonates, or p-toluenesulfonates.

10 In a preferred embodiment emtricitabine is present in the form of its free base, i.c.

not in the torm of an acid addition salt.

Further, it is preferred that emtricitabine is present in a non-solvated/non-hydrated
form.

15
In a preferred embodiment of the present invention all numbers referring to the
weight (mg) or weight-% of emtricitabine are based on the weight of emtricitabine

in its free form.

20 In the combination of the present invention, emtricitabine as the active ingredient
can be provided in amorphous form, in crystalline form or as a mixture of both
forms. Preferably, emtricitabine is present in crystalline form. Different
polymorphic forms of crystalline emtricitabine are known. Preferably crystalline

emtricitabine is polymorph form L

It is reported that there is limited metabolism. The biotransformation of
emtricitabine includes oxidation of the thioether-containing moiety to form
sulphoxidediatercomers and conjugation with glucuronic acid to form 2'-O-
glucuronide. Emtricitabine does not inhibit in vitro drug metabolism mediated by
30 the following human CYP 450 isoenzymes: 1A2, 2A6, 2B6, 2C9, 2C19. 2D6 and
3A4. Further, emtricitabine does not inhibit uridine-5-5"-diphosphoglucuronyl

transferase, the enzyme responsible for glucuronidation.
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The pharmaceutical combination of the present invention comprises (c) tenofovir

as a third active pharmaceutical ingredicent.

The chemical name of (¢) tenofovir is (R)-(1-(6-amino-9H-purin-9-yl)propan-

(]

2yloxy)methyl phosphonic acid. Like the above compounds (a) dolutegravir and
(b) emtricitabine, compound (c) tenofovir is reported to be a substance with anti-
viral activity. Tenofovir is considered to be a nucleotide reverse transcriptase
inhibitor (NtRTI). NtRTIs, such as tenofovir, allegedly have a mode of action
being quite similar to the ones of the nucleoside reverse transcriptase inhibitors
10 (NRTD, such as emtricitabine mentioned above. Substantially, NtRTIs should
disrupt the construction of a new piece of proviral DNA and thus reduce/prevent
the replication of the (retro)virus. Consequently, tenofovir is assumed to be useful
for the treatment of infections/diseases caused by viruses such as hepatitis B, HIV
and/or AIDS, in particular HIV and/or AIDS. (R)-(1-(6-amino-9H-purin-9-
15  yl)propan-2yloxy)methyl phosphonic acid (tenofovir) is represented by the

following chemical structure:

B =
Mo 9 ] )
\P/ =

HO/ \/O A N

HyC
Formula (i)
20
In this regard it is noted that in the present invention the term “tenofovis”
comprises (R)-(1-(6-amino-9H-purin-9-yl)propan-2yloxy)methyl phosphonic acid
according to Formula (III). In addition the term “tenofovir” comprises all the
pharmaceutically acceptable salts, hydrates and/or solvates thereof. Tenofovir is
25  inter alia described in WO 94/03467.
9
Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040

1323 of 1915



WO 2015/622351 PCT/EP2014/067305

Acids which are used to prepare pharmaceutically acceptable acid addition salts
arc preferably those which torm non-toxic acid addition salts. Examples of the acid
addition salts are mineral acid salts such as hydrochloride, hydrobromide,
hydroiodide, hemisulfate, sulfate. nitrate, dihydrogen phosphate. hydrogen
5 phosphate, hydrogen carbonate, carbonate or perchlorate salts: organic acid salts
such as formate, acetate, propionate, lactates, maleates, fumarates, tartrates,
malates, citrates, ascorbates; acidic amino acid salts such as aspartates or

glutamates and methanesulfonates, benzenesulfonates, or p-toluenesulfonates.

10 Examples of suitable basic salts include alkali metal salts such as sodium or
potassium salts; earth-alkali 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 such as N N-dibenzylethylonediamine salts; heterocyclic

15 aromatic amine salts such as pyridine salts, methyl pyridine salts, quinoline salts or
isoquinoline salts; quaternary ammonium salts such as tetramethylammoniam salts.
tetraethylammonium  salts, benzyltrimethylammonium  salts, benzyltriethyl-
ammonium salts. benzyltributylammonium salts, methyltrioctylammonium salts or
tetrabutylammonium salts, and basic amino acid salts such as arginine salts or

20 lysine salts.

Preferably, tenofovir is in not in the form of a pharmaceutically acceptable salt. i.e.

neither in the form of an acid addition salt nor in the form of a basic addition saltl.

25  Further, it is preferred that tenofovir is present in a non-solvated/non-hydrated

form.
In a preferred embodiment of the present invention all numbers referring to the
weight (mg) or weight-% of tenofovir are based on the weight of tenofovir in its

30 tree form.

In the combination for use as a medicament of the present invention, tenofovir as
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the active ingredient can be provided in amorphous form. in crystalline form or as

a mixture of both torms, Preferably. tenofovir is present in crystalline form.

In a preferred embodiment tenofovir is used in form of a prodrug of tenofovir,
5 preferably as tenofovir disoproxil, or pharmaceutically acceptable salts thereol like
eug, tenofovir  disoproxil  fumarate. tenofovir  alafenamide  and/or
hexadecyloxypropyl tenofovir. Generally, a prodrug can be regarded as a substance
that is administered to a subject (preferably a human) in a pharmacologically
inactive or pharmacologically less than fully active form. and is subsequently
10  converted in the body of the subject to an active drug. preferably through
metabolic processes occurring in the body of the subject. In other words, a prodrug

usually serves as a type of 'precursor’ to the intended drug.

In a particularly preferred embodiment the prodrug of tenofovir is tenofovir
15  disoproxil. The chemical name of tenofovir disoproxil is (R)-({((1-(6-amino-9H-
purin-9-yl}propane-2-yloxy)methyl)phosphoryl)bis(oxy)bis(methylene) isopropyl

dicarbonate and is represented by the following chemical structure:

20 Formula (I11a)

In this regard it is noted that in the present invention the term “tenofovir disoproxil”

comprises (R)-(((1-(6-amino-9H-purin-9-yl)propane-2-yloxy)methyl)phosphoryl)-
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bis(oxy)bis(methylene) isopropyl dicarbonate according to Formula (IIla). In
addition, the term ‘“tcnofovir disoproxil” comprises all the pharmaccutically
acceptable salts, hydrates and/or solvates thereof. Tenofovir disoproxil and its

preparation is inter alia described in EP 0 915 894 B1.

Acids which are used to prepare pharmaceutically acceptable acid addition salts
are preferably those which form non-toxic acid addition salts. In a particularly
preferred embodiment tenofovir disoproxil is present in form of its hemifumarate
or fumarate. especially its fumarate. Tenofovir disoproxil fumarate is also known
10 as 9-[(R)-2-[[bis[[(isopropoxycarbonyljoxy]methoxy]-phosphinyl jmethoxy]pro-

pylladenine fumarate (1:1) (IUPAC) and is represented by the following chemical

structure:
Yo
0
o ) =N NH,
P20 NS
0_4 O"P/ N
o— | -O- N=~
* OH
Oy~
OH
15 Formula (TITb)

In a preferred embodiment of the present invention all numbers referring to the
weight (mg) or weight-% of tenofovir disoproxil are based on the weight of

tenofovir disoproxil fumarate.

In an alternative particularly preferred embodiment the prodrug of tenofovir is
tenofovir alafenamide. also known as GS 7340. The chemical name of tenofovir
alafenamide is (R)-isopropyl 2-((S)~(((R)-1-(6-amino-9H-purin-9-yl}propan-2-

yloxy)ymethyh{phenoxy)phosphorylamino)propanoate. Tenofovir alafenamide is

12
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also known as L-Alanine, N-[(S)-[[(IR)-2-(6-amino-9H-purin-9-yl)-1-
methylethoxylmethyl]phenoxyphosphinyl]-. 1-methylethy! ester and is represented

by the following chemical structure:

NHa
o)
N X
N
2 N , 0 </ |
$ ""P// N =
HE  of N0 =

Formula (I1lc)

In this regard it is noted that in the present invention the term “tenofovir
alafenamide™  comprises  (R)-isopropyl  2-(($)-(({R)-1-(6-amino-9H-purin-9-
10 ylpropane-2-yloxy)methyl)(phenoxy)phosphorylamino)propanoate according to
Formula (ITlc). In addition, the term “tenofovir alafenamide” comprises all the
pharmaceutically acceptable salts, hydrates and/or solvates thereof. Tenofovir

alafenamide and its preparation are inter alia described in WO 2013/025788 Al.

15  Acids which are used (o prepare pharmaceutically acceptable acid addition salts
are preferably those which form non-toxic acid addition salts. In a particularly
preferred embodiment tenofovir alafenamide is present in form of its hemifumarate

or fumarate, especially its hemifumarate.

20 In a preferred embodiment of the present invention all numbers referring to the
weight (mg) or weight-% of tenotovir alatenamide arc based on the weight of

tenofovir alafenamide as free base.
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In an alternative particularly preferred embodiment the prodrug of tenofovir is
hexadecyloxypropyl tenofovir, also known as CMX157. The chemical name of
hexadecyloxypropyl tenofovir is 3-(hexadecyloxy)propyl hydrogen ((R)-1-(G-
amino-9H-purin-9-yl)propan-2-yloxy)methyl)phosphonate. Hexadecyloxypropyl
5  tenofovir is also known as hexadecyloxypropyl-9-(R)-[2-

(phosphonomethoxy)propyl] adenine and is represented by the following chemical

structure:
0

O N "2
HsC{HC)1s™ = N
\'/\_/0\ ot f{{ \El/ j

\P.:/ N~ \NQ{; |

HS‘C
i0 Formula (II1d)

In this regard it is noted that in the present invention the term
“hexadecyloxypropyl tenofovir” comprises (3-(hexadecyloxy)propyl hydrogen
((R)-1-(6-amino-9H-purin-9-yi)propan-2-ylox y)methyl)phosphonate according to
15 Formula (ITId). Tn addition, the term “hexadecyloxypropyl tenofovir” comprises all
the pharmaceutically acceptable salts, hydrates and/or solvates thereof.

“Hexadecyloxypropyl tenofovir” is inter alia described in WO 2011/01171 A1,

In a preferred embodiment of the present invention all numbers referring to the
20 weight (mg) or weight-% of hexadecyloxypropyl tenofovir are based on the weight

of hexadecyloxypropyl tenofovir as free base.

The combination of the present invention preferably does not show any signiticant
pharmacokinetic interaction of dolutegravir. emtricitabine and tenofovir.
25
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In a particularly preferred embodiment the pharmaceutical combination of the
prescnt invention compriscs dolutcgravir, emtricitabinc and tenofovir as the sole

pharmaceutically active agents.

5 In a particularly preferred embodiment the pharmaceutical combination of the
present invention comprises dolutegravir, emtricitabine and tenofovir in

combination with further pharmaceutically active agent(s).

In other words, the combination of the present invention preferably can be referred
10 to as a pharmaceutical composition comprising (a) dolutegravir, (b) emtricitabine
and (c¢) tenofovir, wherein (a) dolutegravir and (b) emtricitabine are present in a
specific weight ratio, for use as a medicament. A further subject of the present
invention is a method for treating a viral infection. comprising administering to a
subject in need thereof the pharmaceutical combination or composition of the
15  present invention, wherein the viral infection preferably comprises an HIV-

infection.

In the pharmaceutical combination of the present invention the weight ratio of (a)
dolutegravir to (b) emtricitabine is from I : 1 to | : 3. preferably from 1 : 1.2 to 1:

20 2.8, more preferably 1 : 1.5t0 1 : 2.5,

In a particularly preferred embodiment the weight ratio of (a) dolutegravir to (b)

eimtricitabine can be 1 : 2.

25 In the pharmaceutical combination of the present invention the weight ratio of (a)
dolutegravir to (c) tenofovir may depend on the type of tenofovir prodrug and/or

salt.

In case dolutegravir (in free form) and tenofovir disoproxil is used, the weight
30 ratio of dolutegravir to (c) tenofovir disoproxil usually might be from 1 : 1.9 to i :

4.5, preferably | : 2.2 1o 1 : 4.2, more preferably 1 : 2.4 10 1: 4.
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In the preferred embodiment where tenofovir disoproxil fumarate is used. the
weight ratio of dolutcgravir to (c) tenofovir disoproxil fumarate usually might be

from 1:2to 1:35, preferably 1:2.25to ] : 4.5, more preferably 1 : 2.5to | : 4.

5 In a particularly preferred embodiment the weight ratio of (a) dolutegravir o (c)

tenotovir disoproxil fumarate can be 1 : 3.

In an alternatively preferred embodiment the pharmaceutical combination of the
present invention comprises (a) dolutegravir, (b) emtricitabine and (c) tenofovir

10 alafenamide in which the weight ratio of (a) dolutegravir to (b) emtricitabine to {c)
tenofovir alefanamide can be from 1:1:0.15 to 1:8:1, preferably from 1:2:0.16 to
1:8:0.8, and more preferably from 1:2:0.17 to 1:6:0.75, especially 1:4:0.19 to
1:4:0.60.

I5  In a preferred embodiment of the pharmaceutical combination of the present
invention the amount of dolutegravir administered is 20 to 75 mg per day.
preferably 25 to 70 mg per day, more preferably 35 10 65 mg per day, in particular
40 to 60 mg per day. The amounts are based on dolutegravir in free form (not in
form of a salt or a prodrug).

20
It is further preferred that the amount of emtricitabine administered is 50 to
150 mg per day, preferably 60 to 140 mg per day, more preferably 65 to 130 mg
per day, in particular 75 to 125 mg per day. The amounts are based on

emtricitabine in free form (not in form of a salt or a prodrug).

It is further preferred that the amount of tenofovir administered preferably is 5 to
300 mg per day, more preferably 7.5 to 250 mg per day, even more preferably 30
to 200 mg per day. in particular 40 to 175 mg per day. The amounts arc based on

tenofovir in free form (not in form of a salt or a prodrug).

In a preferred embodiment tenofovir is used in the form of tenofovir disoproxil

fumarate. It is further preferred that the amount of tenofovir disoproxil fumarate
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administered preferably is 100 to 250 mg per day, more preferably | 10 to 225 mg
per day, cven more preferably 120 to 200 mg per day. in particular 125 to 175 mg
per day.

5 In case that the tenofovir is administered as tenofovir alafenamide, the amount of
tenofovir alafenamide administered preferably is 0.5 to 50 mg per day, more
preferably 1 to 45 mg per day. even more preferably 3 to 44 mg per day, in

particular 5 to 42 mg per day.

10 As can be seen from above, the total amount of dolutegravir. emtricitabine and
tenofovir disoproxil fumarate comprised in the present pharmaceutical
combination for use as a medicament is between 170 and 475 mg per day. in

particular 240 to 360 mg per day.

15 As can be seen from the above, the total amount of dolutegravir, emtricitabine and
tenofovir alafenamide comprised in the present pharmaceutical combination for
use as a medicament is between 70.5 and 425 mg per day, in particular 192 to

326 mg per day.

20 In one embodiment, the pharmaceutical combination for use as a medicament is
administered via oral administration. In alternative embodiments it is preferred that
the pharmaceutical combination for use as a medicament is administered per
injection or infusion, e.g. intravenous, subcutaneously or intramuscular, In such a
case the APIs can for example be embedded in a (degradable) biopolymer such as a

25  polysaccharides, lipids and fibres.

In another particularly preferred embodiment, the combination of the present
invention is administercd once daily. Alternatively. a twice or three times daily

administration can be applied.

30
Generally, the combination of the present invention is suitable for treating any
human being having an HIV infection. In a further preferred embodiment the
17
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combination of the present invention is used for treating a HIV infection in human
paticnts of thc HLA-B 5701 genotype. HLA-B (major histocompatibility complex,
class I, B) is a human gene that provides instructions tor producing a protein that
plays a critical role in the immune system. Among humans with HIV infection. a

5 version of HLA-B designated HLA-B¥5701 can be treated beneficially.

Further, in a preferred embodiment the combination of the present invention is
used for treating HIV in patients suffering from swallowing disorders. Swallowing
disorders (dysphagia) can result from congenital abnormalities. structura) damage,
10 and/or medical conditions. Swallowing problems are a common complaint among
older individuals, and the incidence of dysphagia is higher in the elderly, in
patients who have had strokes, and in patients who are admitted to acute care
hospitals or chronic care facilities. Thus, in a preferred embodiment the
combination of the present invention is used for treating HIV in patients being
I5  older than 50 years, in particular older than 60 years, e.g. 60 to 90 years. In
another preferred embodiment the present invention is used to treat patients

younger than 15 years, in particular younger than 14 years, e.g. 5 to 13 years.

A further subject of the present invention is a pharmaceutical composition
20 comprising the combination of the present invention, i.e. a pharmaceutical
composition comprising (a) dolutegravir, (b) emtricitabine and (¢) tenofovir and

optionally pharmaceutical excipients.
In a preferred embodiment the pharmaceutical composition comprises

(1) 20 to 75 mg. preferably 25 to 70 mg. more preferably 35 to 65 mg, in
particular 40 to 60 mg dolutegravir (a);
(ii) 50 to 150 mg. preferably 60 to 140 mg. morc preferably 65 to 130 mg. in
particular 75 to 125 mg emtricitabine (b);
30 (i) 100 to 250 mg. more preferably 110 to 225 mg, even more preferably 120 to
200 mg, in particular 125 to 175 mg tenofovir (c), in particular tenofovir

disoproxil fumarate; and
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(iv) pharmaceutical excipients.

In a preferred embodiment the pharmaceutical composition comprises

5 M 20 to 75 mg. preferably 25 to 70 mg. more preferably 35 (o 65 mg, in
particular 40 to 60 mg dolutegravir (a);
(i) 50 to 300 mg. preferably 100 to 280 mg. more preferably 125 to 260 mg, in
particular 150 to 250 mg emtricitabine (b);
(iity 0.5 to 50 mg, more preferably 1 to 45 mg, even more preferably 3 to 44mg,
10 in particular 5 to 42 mg tenofovir (c). in particular tenofovir alatenamide:
and
(iv)  pharmaceutical excipients.
In a preferred embodiment the pharmaceutical composition of the present
I5  invention comprises
50 mg dolutegravir, 50 mg emtricitabine and 150 mg tenofovir (c), in particular
tenofovir disoproxil fumarate, or
50 mg dolutegravir, 100 mg emtricitabine and 150 mg tenofovir (c), in particular
20 tenofovir disoproxil fumarate. or
50 mg dolutegravir, 150 mg emtricitabine and 150 mg tenofovir (c), in particular
tenofovir disoproxil fumarate. or
25 mg dolutegravir, 100 mg emtricitabine and 250 mg tenofovir (¢), in particular
tenofovir disoproxil fumarate, or
25 25 mg dolutegravir. 100 mg emtricitabine and 200 mg tenofovir (c¢). in particular
tenofovir disoproxil fumarate, or
25 mg dolutegravir, 100 mg emtricitabine and 150 mg tenofovir (c), in particular.
tenofovir disoproxil fumarate.
30 In an alternatively preferred embodiment the pharmaceutical composition of the
present invention comprises
19
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about 50 mg dolutegravir, about 200 mg emtricitabine and about 25 mg tenofovir
(c), in particular tcnofovir alatecnamide, or
about 25 mg dolutegravir, about 200 mg emtricitabine and about 25 mg tenofovir
(c). in particular tenofovir alafenamide, or
5 about 50 mg dolutegravir, about 100 mg emtricitabine and about 25 mg tenofovir
(¢), in particular tenofovir alafenamide, or
about 50 mg dolutegravir, about 200 mg emtricitabine and about 10 mg tenofovir
(c). in particular tenofovir alafenamide, or
about 50 mg dolutegravir, about 100 mg emtricitabine and about 10 mg tenofovir
10 (c). in particular tenofovir alafenamide,
wherein the amount of tenofovir alatenamide is based of tenofovir alafenamide

free base or tenofovir alafenamide hemifumarate.

In a preferred embodiment the term “about” indicates that the corresponding value

IS5 can vary plus/minus {0%, in particular plus/minus 5%.

For the foregoing embodiments, each embodiment disclosed herein is
contemplated as being applicable to each of the other disclosed embodiments. For
example, the explanation given above for preferred embodiments of the
20 combination or for each of the drugs of the combination also applies to the

composition of the present invention.

In a preferred embodiment the pharmaceutical composition can preferably
comprise one or more pharmaceutical excipient(s). The pharmaceutical excipients
25  are excipients with which the person skilled in the art is familiar, such as those
which are described in the European Pharmacopoeia (Ph.Eur.) and/or in the US

Pharmacopoeia (USP).

Examples of suitable pharmaceutical excipients are glidants (d), fillers (e).

30 disintegrants (1), binders (g), lubricants (h) and surfactants (j).
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Glidants (d) can be used to improve the flowability. For example, talc can be used
as glidant. Morc preferably, colloidal silicon dioxide (for cxample Acrosil®) is
used. Preferably, the glidant can be present in an amount of up to 3 wt%,
preferably in amount of 0.05 to 2.5 wt%, more preferably 0.1 to 2.0 wt%. in
5 particular 0.2 to 1.5 wi% based on the total weight of the oral dosage form.
Preferably, the colloidal silicon dioxide has a specific surface area of 50 to

400 m*/g. measured by gas adsorption according to Ph. Eur., 6.0, Chapter 2.9.26.

Fillers (e) can be used to increase the bulk volume and weight to a limit at which a
10 dosage form can be formed. Fillers may fulfil several requirements. such as being
chemically inert, non-hygroscopic, biocompatible, casily processable and may
possess good biopharmaceutical properties. Preferred fillers are for example
lactose, sucrose, glucose, mannitol, maltodextrin, dextrin. dextrose, hydrogenated
vegelable oil and/or cellulose derivatives, such as microcrystalline cellulose and
15 silicified microcrystailine cellulose, and mixtures thereof. More preferred are
lactose, mannitol, microcrystalline cellulose and silicified microcrystalline
cellulose, particularly lactose, microcrystalline cellulose and silicified

microcrystalline cellulose, especially microcrystalline cellulose.

20  The fillers can be present in the oral dosage form of the present invention in an
amount of 5 to 35 wt%, preferably 8 to 30 wt%, more preferably 12 to 20 wt% and

still more preferably 10 to 15 wt% of the total weight of the dosage form.

Disintegrants (f) are reported to be compounds which can enhance the ability of
25  the intermediate to break into smaller fragments when in contact with a liquid
preferably water, Preferred disintegrants are sodium carboxymethyl starch
(croscarmellose sodium} cross-linked polyvinylpyrrolidone, sodium carboxymethyl
glycolate, swclling polysaccharides, for cxample soy polysaccharide, carrageenan,
agar. pectin, starch and derivatives thereof, proteins. for example formaldehyde-

30  casein, sodium bicarbonate or mixtures thereof.
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Disintegrants can be present in an amount of 0 to 15 wt%, preferably 1 to 12 wt%.
morc preferably 2 to 10 wt% and still morc prefcrably 3 to 6 wt%. based on the

total weight of the dosage form.

5 Binders (g) or adhesives are reported to be substances that ensure that granulates
or tablets can be formed with the required mechanical strength. Binders can be for
example starch. sucrose. gelatine. polyvinylpyrrolidone. cellulose derivatives. such
as hydroxypropyl methylcellulose, or mixtures thereof. Binders can preferably be
present in amounts of | to 10 wt%, preferably of 2 to 5 wt%. in particular of 2.5 to

10 4.5 wt% based on the total weight of the dosage form.

Lubricants (h) are generally used in order to reduce sliding friction. In particular,
the intention is to reduce the sliding friction found during tablet pressing between
the punch moving up and down in the die and the die wall on the one hand and
IS between the edge of the tablet and the die wall on the other hand. Suitable
lubricants are for example stearic acid, adipic acid. sodium stearyl fumarate and/or
magnesium stearate. Preferably, lubricants can be present in an amount of 0 to up
to 3 wt%, more preferably of 0.1 to 2.5 wt%, in particular of 0.2 to 2 wt% based on

the total weight of the dosage form.

Surfactants (j) can preferably be substances which lower the surface tension or the
interfacial tension between two phases, thus enabling or supporting the formation
of dispersions or working as a solubilizer. Surfactants can preferably be present in
amounts of 0.3 to 5 wt%, preferably of 0.5 to 4 wt%, in particular of | to 3 wt%

25  based on the total weight of the dosage form.

In this regard it is generally noted that due to the nature of pharmaceutical
cxcipients it cannot be excluded that a certain compound mcets the requirements

of more than one of the components (d) to (j).

30
In a preferred embodiment the pharmaceutical composition of the present
invention can be considered as a unit dosage form comprising
22
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(1 20 to 75 mg dolutegravir,
(i) 50 to 150 mg emtricitabinc.
(ii) 0.5 to 400 mg tenofovir or a prodrug thereof and optionally

(iv)  pharmaceultical excipient(s).

The pharmaceutical composition of the present invention can be preferably a solid
oral dosage form. It is further preferred that the dosage form of the invention is a

capsule or a tablet. in particular a tablet.

10 A further subject of the present invention is a kit for the treatment of a viral

infection, in particular an HIV-infection, comprising

(1) 20 to 75 mg dolutegravir,
(11) 50 to 150 mg emtricitabine,

15  (iii) 0.5 to 400 mg tenofovir or a prodrug thereof.

This invention is illustrated by the following examples.
EXAMPLES

Antiviral Activity

The antiviral activity of the different combinations of pharmaccutically active
agents was determined using cell from CEM-M7 cell line. The CEM-M7 cell line
25  was a suspension T-cell line and expressed CD4, CXCR4 and CCRS5 and was
stably transduced with a long terminal repeal (LTR)-luciferase and LTR-green
fluorescent protein cassette. The viral protein Tat was expressed after infection and
integration of the HIV provirus into the genome of the host cell. HIV-1
transcription and expression of luciferase (CEM-M7) from the LTR promoter (viral
30  promoter) were activated by the viral Tat protein. Therefore, luciferase activities
determined three days post infection were directly proportional to the infection

ratcs of the virus.

23
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The experiments were carried out with HIV-1 NL4-3 wt virus and HIV-1 R263K
virus which carrics a mutation in the intcgrasc genc rendering it resistant against
dolutegravir. TIIV-1 NL4-3 and HMIV-1 R263K virus stock were generated by

transient transfection of 293T cells with proviral DNA. Virus was harvested 2 days

W

later, aliquoted and frozen at -80°C. The infectivity of virus stocks was determined
by infecting CEM-M7 cells with serial virus dilutions and determining the

luciferase activities 3 days later.

The antiviral compounds were stored and freshly dissolved before each
10 experiment. To determine the antiviral activity of the compounds or combinations
thereof, a total number of 1.5 x 10° CEM-M7 cells were seeded in 150 pl medium
in V-shaped microtiter plates. The respective dilutions of the antiviral compounds
were prepared in PBS (7 dilutions and controls). Then, 10 ul of each compound or
buffer controls were added to the cells. After an incubation time of 30 minutes,
I5  cells were infected with HIV-] NL4-3 wt and HIV-1 R263K variant in a final

volume of 200 pl.

Luciferase activities are shown as relative light units per second (RLU/s) which
were derived from triplicate infections minus background activities derived from
20 uninfected cells. The luciferase assay was performed as mentioned by the
manufacturer (Luciferase Assay System, Promega, EI1501) and quantified using an
Orion Microplate Luminometer (Berthold). Raw data were exported to Excel and
% infection rates were calculated. Graphs were created using GraphPad Prism.
ICS50 values were calculated by GraphPad Prism. The calculation of additive and
25  synergistic effects was performed with the software computer language R as
mentioned in the description from S. Loewe (Loewe 1953) by creating
isobolograms. This analysis was performed in collaboration with the Applied

Bioinformatics Group from Ulm University (PD Dr. Hans Kestler. Johann Kraus).
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The following compounds were tested at the indicated mass ratios:

References:

e Combination known as Trii-572:

5 Dolutegravir/lamivudine/abacavir (50 mg/ 300 mg / 600 mg)

2. Combination:
Dolutegravir/emtricitabine/tenofovir disoproxil fumarate (50 mg / 200 mg /

300 mg)

Combination according to the present invention:
Dolutegravir/emtricitabine/tenofovir disoproxil fumarate (50 mg / 100 mg /

150 mg)
15 RESULTS
The antiviral activity of dolutegravir in combination with two other antiviral drugs
against HIV-1 NL4-3 wt and HIV-1 R263K was analyzed in CEM-MT7 cells as
mentioned above. An experiment with fixed drug combinations was performed.
20  The drug concentrations causing 50% of the inhibition of the viral infection (IC50)
were calculated using GraphPad Prism program and shown in Tables 1 and 2.

Table 1

25 Effect of different combinations/concentrations on WT infection

Test Drugs Concentrations [mg] IC30 [nm}]
DLUT/LMV/ACY S0/300/600 0.8
DLT/EMT/TFV 50/200/300 0.4
DLT/EMT/TFV 50/100/150 0.3

DLT corresponds to dolutegravir

LMYV corresponds to lamivudine

[
wn
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ACYV corresponds to abacavir

EMT corresponds to emtricitabinc

TEV corresponds to tenofovir disoproxil fumarate

5 Table2

PCT/EP2014/067305

Effects of different combinations/concentrations on R263K infection

Test Drugs Concentrations [mg] IC50 [nm]
DLT/LMV/ACY 50/300/600 2.3
DLT/EMT/TFV 50/200/300 0.4
DLT/EMT/TFV 50/100/150 0.3

As can be seen from the above Tables | and 2, despite small amounts of

10 cmtricitabine and tenotovir disoproxil fumarate the triple combination according to

the present invention shows an advantageous anti-viral activity (the lower the IC50

value the better the effect) against HIV-1 NL4-3 WT and against HIV-1 R263K

being resistant against dolutegravir, Further. the combination shows unexpected

and significant better anti-viral activity than the combination of the product Trii-

572, which is promising in clinical trials and expected to be launched in the future.

It is expected that side effects can be reduce while maintaining the desired

pharmacological effect.
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Claims

1. Pharmaceutical combination comprising (a) dolutegravir, (b) emtricitabine
and (c) tenofovir for use as a medicament, wherein the weight ratio of (a)

dolutegravir and (b) emtricitabine is from [ : 1o 1: 3.

28 Pharmaceutical combination for use according to claim 1, wherein the
combination is used in the treatment of viral diseases. preferably in the treatment

of an HIV-infection.

3. Pharmaceutical combination for use according to claim 1 or 2, wherein

dolutegravir is used in the form of the sodium salt.

4. Pharmaceutical combination for use according to any one of the preceding

claims, wherein emtricitabine is used in free form.

S8 Pharmaceutical combination for use according to any one of the preceding

claims, wherein tenofovir is used in form of a prodrag of tenofovir.

6. Pharmaceutical combination for use according to claim 5, wherein the
prodrug of tenofovir is tenofovir disoproxil, tenofovir disoproxil fumarate,

tenofovir alafenamide or hexadecyloxypropyl tenofovir,

Ty Pharmaceutical combination for use according to claim 6, wherein the
weight ratio of (a) dolutegravir and tenofovir disoproxil fumarate is from 1: 2 to

1 795,

8. Pharmaceutical combination for use according to any one of the preceding

claims, wherein the amount of dolutegravir administered is 20 to 75 mg per day.

9. Pharmaceutical combination for use according to any one of the preceding

claims, wherein the amount of emtricitabine administered is 50 to 150 mg per day.
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10. Pharmaceutical combination for use according to any one of the preceding

claims, wherein the amount of tenofovir administered is 10 to 400 mg per day.

T4 Pharmaceutical combination for use according to any one of the preceding
claims, wherein the amount of tenolovir diisoproxil fumarate administered is 100

to 250 mg per day.

T Pharmaceutical combination for use according to any one of the preceding

claims. wherein the combination is administered once daily.

113 Pharmaceutical composition comprising a pharmaccutical combination

according to any one of claims 1 to 11, wherein the composition comprises

(i) 20 to 75 mg dolutegravir,
(ii) 50 to 150 mg emtricitabine,
(iii)  0.5to 400 mg tenofovir or a prodrug thereof and optionally

(iv)  pharmaceutical excipient(s).

14. Pharmaceutical composition according to claim 13, wherein the

composition is a solid oral dosage form, preferably a tablet.

15. A kit for the treatment of a viral infection, in particular of an HIV-infection,

comprising

i) 10 to 75 mg dolutegravir,
(i1) 50 to 150 mg emtricitabine.

(iti) 0.5 to 400 mg tenofovir or a prodrug thereof.
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Introduction

- Goal of HIV-1 treatment is to achieve and maintain HIV-1 RNA < 50
copies/mL

+ Virologic failure leads to drug resistance and regimen change
- Virologic failure = confirmed VL > 200 copiesimL (IAS-USA, DHHS)

- Uncertainty regarding management when HIV RNA above the limit of
detection but < 200 ¢/mL

- Low-level virologic rebound > 50 copies/mL frequently triggers a
cascade of patient management events

- Contact patient with resufts which may induce provider and patient anxiety

- Return to clinic to counsel on adherence and repeat viral load test
» |AS-USA recommends within 4 weeks

- Little specific guidance for persistent or repeated episodes of LLV
- Incorporation of resistance testing?

« Assay variability vs. clinically relevant result

Antiretroviral Cohort Collaboration Vandenhende et al AIDS 2015, Laprise et al CID 2013, Henrich et al PLoS One 2012,
Young et al BMC Infect Dis 2015, Boillat-Blanco et al Antiviral Ther 2015, Nettles R, et al JAMA 2005
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- Non-agherence - Resistance? - Non-adherence?

- Resistance? - Non-adherence - Resistance? |
- Assay Variability?
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- Describe the natural variation of HIV-1 RNA quantification around 50
copies/mlL

= Discuss clinical implications of assay variability and management of
virologic failure

LLOQ quantitative limit of an assay (e.g. < 50, <40, < 20 efc)

- TND = target not detected - result is below the background signal in
given assay.
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Method

B R ...,

- Cobas AmpliPrep/Cobas TagMan v2.0 HIV-1 assay (Roche) was
utilized

- Quantitative values above 20 copies/mL
- HIV-1 RNA < 20 copies/mL
- HIV-1 RNA Target Not Detected

- Two separate evaluations were undertaken:

- HIV-1 RNA (WHO HIV standard) was serially diluted and aliquoted into 50
tubes, frozen, and shipped to 3 Covance central laboratories with low-level
viral loads targeted for testing:

+ 142,71, 36, 18,9, and 4 copiesimL.
- Multiple HIV-1 RNA measurements from plasma samples from five patients
with multiple stored aliquots
+ 4 with rebounds ranging from 50 to 93 copiesimL
« 1 not yet suppressed with 81 copies/mL
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WHO Standard: 50 Replicates
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WHO Standard: 50 Replicates
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HIV-1 RNA Values
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WHO Standard: 50 Replicates

HIV-1 RNA
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Very tight data for a biological assay
Within the expected error of the assay
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Retesting of Patient Aliquots
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Visit Date (Weeks)

This result would likely lead to a call to the patient and repeat
HIV RNA testing in 3-5 weeks (3 repeats)
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Retesting of Patient Aliquots
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Case Z: low-level viremia
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Retesting of Patient Aliquots
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Retesting of Patient Aliquots

N P P T - —
Case 3. pre-suppression low-level viremia
T

Plasma HIV-1 RINA {(copiesAnil}

Visit Date (Wezks)

This result (HIV RNA of 81 ¢/mL) at 4 - 8 weeks would likely
have no clinical consequences.

(4 replicates)
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Proposed New Paradigm

et M‘T A &}w Camniae widl *“”\"\“ "onie
Repeat Testing of the Same Samples with 50-200 copies/mi

L Confirms >50 copies/mL
+ Schedule an office visit
o + Draw new blood sample

. for VL testing

b /" Collect a resistance
L '50-200 copies/mL sample
" d /1 Repeat HIV-1 RNA
10; ¥ Repeat <50 copies/m
+ No new visit needed
e —— + No further blood work
g ¢4 5 1 1% 2 needed
Visit Date (Weexs)
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New FDA Guidance

O

Updated FDA Guidance for HIV drug development trials
allows for retesting of the same sample for determining
virologic success

For the FDA Snapshot analysis, “virologic outcome should be defermined by the last
available measurement while the patient is on treatment and continued on trial within
the time window..., even if an aliquot from the same sample was retested.”

Reference: Human Immunodeficiency Virus-1 Infection: Developing Antiretroviral Drugs for Treatment Guidance for Industry
U.S. Department of Health and Human Services, Food and Drug Administration Center for Drug Evaluation and Research {CDER)
November 2015 Clinical/Antimicrobial Revision 1
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* There is biological and laboratory variation of HIV-1 RNA quantification
around 50 copies/imL

- 18% results >50 copies/mL when actual viral load is 18 copies/mL

- 14115 patient retest samples of post-suppression low-level viremia were <30
copies/mL

+ HIV researchers, guidelines and clinicians should discuss clinical
implications of assay variability and management of virologic failure

* With same sample retesting for HIV RNA above LLOQ clinician
response and patient follow-up could be simplified

< [fNOT confirmed and retest value <50 copies/mL, this prevents additional
clinical visits, blood draws, laboratory tests and patient anxiety

- If confirmed > 50 copies/mL with repeat testing, do contact patient and
schedule a new office visit

* Implementation of same sample retesting will require banking of
samples; reflex testing by testing centers could be envisioned

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
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WHO Standard: 50 Replicates

HIV-1 RNA (copies/mL.)
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Introduction

+ Integrase strand transfer inhibitors (INSTIs) are a recommended class
of antiretrovirals (ARVs) for treatment of HIV-1 in treatment
quidelines'?

« Three INSTIs are currently approved: raltegravir (RAL), elvitegravir
(EVG), and dolutegravir (DTG)

- RAL requires twice-daily administration, and EVG requires pharmaco-
enhancement for once-daily dosing, which creates more potential drug-drug
interactions

- RAL and EVG have overlapping resistance profiles
~ DTGIs an unboosted INST! that can be administered once daily

- While DTG retains activity against most RAL- and EVG-resistant variants, it
must be dosed twice daily in patients with known or suspected INSTI
resistance, or when coadministered with cytochrome P450 or uridine
diphosphate glucuronosyltransferase inducers

1. EACS Guidelines 8.0. hitp:/www.eacsociety.org/fles/2015_eacsquidelines_8_0-english rev-20180124.pdf. October 2015;
2. Panel on Antiretroviral Guidelines for Adults and Adolescents.
htto://aidsinfo.nih. gov/contentfles/lvguidefines/AdultandAdolescentGL.pdf. Jan 28, 2016.

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1366 of 1915



Introduction {continued)

FIRTEITATERME EWECEIG T EAEREEERERUEITIEEERREERETREFERRTREER BRI R AR AR

+ Bictegravir (BIC; GS-9883) is a novel, potent, once-daily, unboosted
INSTI with in vitro activity against most INSTI-resistant variants

» BIC is currently in clinical development in combination with tenofovir
alafenamide and emtricitabine as a single-tablet regimen for the
treatment of HIV-1 infection'

1. Jones G, et al. ASM Microbe 2016, poster 1673; 2. Lazerwith SE, et al. ASM Microbe 2016, poster 414; 3, Tsiang M, et al. ASM
Microbe 2016, poster 1643; 4. White K, et al. 14th European Meeting on HIV & Hepatitis 2016, abstr O-01.
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Objectives

SRR

« To evaluate the short-term antiviral potency of BIC compared with
placebo (PBO) once dally for 10 days at doses ranging from 5 to
100 mg in HIV-infected adults

= o characterize the pharmacokinetics (PK) of BIC following mulfiple
dally doses in HIV-1-infected patients

+ To characterize the dose-response relationship between BIC exposure
and viral dynamics of HIV-1

= To assess for emergence of INSTI resistance mutations during 10 days
of BIC monotherapy

+ To investigate the safety and tolerability of BIC at doses of 5-100 mg
compared with PBO

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
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Study Design

Cohort 1
n=5
Pat1 4
n=10 &
14  Cohort2 2
= n=5
41

Review unblinded data to defermine
doses adminisrered in Part 2

Cohort 3
n=5
{ Part2 4:1
T
4 Cohortd .
n=5
41

» This was a double-blind, adaptive, sequential-cohort, placebo-controlled study
of BIC monotherapy in HIV-1-infected patients (NCT02275065)
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Study Design

« Patients with chronic HIV-1 infection, HIV-1 RNA 210,000-~<400,000
copies/mL, and CD4 cell count >200/uL, who were ARV naive or
previously treated, INSTI naive, and off of any ARV treatment for 212
weeks were eligible to screen

- Patients were required to have no genotypic or phenotypic resistance to any
INST! at screening

= In Part 1, 10 patients were randomized 1:1 to Cohort 1 (BIC 25 mg) or
Cohort 2 (BIC 100 mg)

- Within each cohort, patients were assigned in a 4:1 ratio to receive active
BIC or matching PBO

+ Following review of data from Part 1, 10 patients were randomized 1:1
to Cohort 3 (BIC 5 mg) or Cohort 4 (BIC 50 mg)

- Within each cohort, patients were again randomized 4.1 to receive active
BIC or matching PBO

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
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Stuay Design (continued)

= Screening, baseling, and Day 11 samples for each patient were tested
for genotypic and phenotypic resistance to reverse transcriptase,
protease, and integrase (Monogram Biosciences, South San
Francisco, CA)

» All patients received study medication in a fasted state for 10 days and
were monitored for safety for an additional 7 days

= \irologic responses were compared hetween each BIC treatment
group and the pooled PBO group using the t test at a 2-sided 0.05
significance level based on an analysis of variance model

« BIC PK parameters were listed and summarized by treatment group

+ Safety data, including adverse events (AEs), laboratory data, and vital
signs, were summarized by treatment

- AEs were coded using MedDRA Version 17.1

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
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Baseline Characteristics

P R .

Characteristic 2 i
Mean age, y (range) 29(25-34) 44(29-50) 34(19-44) 36(26-48) 24(21-28)
Male, n 4 4 3 I il at e
Race, n ' £

White 4 7 gl i 1
Black 0 1 1 1 3
Mean BMI, kg/m? (SD) 275(5.35) 269(223) 225(364) 274(384) 227(245)
f(‘g%a)nHiV-T RNA, logyq copies/ml 38(1.02) 46(050) 44{048) 47(1.04) 45041)
Mean CD4 count L. (D) 520(138)  320(98) 445(124) 410(215) 507 (113)
ARV status, n

ARV naive 3 3 4 2 4
ARV experienced 1 1 0 2 0

BM, body mass index; SD, standard deviation.
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Mean Change (95% confidence interval)
in HIV-TRNA
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Virologic Responses to Bictegravir

T T R R Ry

SR M\:‘% =4 PR
092 A% ¥ 161 -0.01

Mean DAVG,,, log,, copiesimL (SD) 00 07 03 08 04

Pairwise p-value! vs:
PBO <0.001 <0.001 <0.001 <0.001
BIC 100 mg <0.001 010 - 015

Mean & HiV-1 RNA Day 11 from baseline, Iogwl 145 208 206 -243 008(030)

copiesimL (SD) 0100  (021) (035  (039)
Pairwise p-valuet vs:

P8O <0001  <0.001 <0001 <0.001

BIC 100 mg <0001 0. 0.09
Mean max reduction from baseline HIV-1 RNA,  -152 218 -2.31 -2.91 0.12
logy, copiesimL (D) 008 (024 (019 (083 (019
Pairwise p-value! vs:

PBO - <0001 <0.001 <0001  <0.001

BIC 100 mg <0001 0004 001

Patients ever achieving HIV-1 RNA <50

copiesimL by end of study, n (%) ; ! i@ _ :

*1 patient was excluded from virologic assessments as HIV-1 RNA on Day 1 was 173 copies/mL; 2-sided t test DAVG11, time-
weighted average change from baseline to study Day 11. max, maximum..
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Summary of Bictegravir Multiple-Dose PX

PK Parameter ‘

MeanAUC, gL (V) 9%83(267)  48.950(400)  87538(27) 178.02(178)
Mean C,, ngimL %CV WEIEE NI4T N5I0(@TE 45200219
Median t, h (Q1, 03) 208(172,238) 159(14.1,194) 178(155 20.5) 209(179 245)

Median ,IQ 95 (range)* 13(09-21)  49(44-17) 134(53-186) 25.9(23.0-36.9)

*Protein-adjusted 95% inhibitory quotient (,|Q95) based on observed steady-state concentration at end of dosing interval (C,) and
in vitro protein-adjusted 95% inhibitory concentration for wild-type HIV-1 (162 ng/mL). AUC,, area under plasma concentration-time
curve for dosing interval; %CV, coefficient of variation; Q, quartie; t,, half-life.
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Safety Summary

R LR TR T R

« There were no serious AES or AES leading to study drug
discontinuation

+ Headache (1 each in 5-, 25-, and 100-mgq groups) and diarrhea
(1 each in 5- and 100-mg groups) were the only AES reported in >1
patient on BIC

+ Most laboratory abnormalities were Grade 1: only 2 patients had a
Grade 2 abnormality:
- 1 patient on PBO had Grade 2 amylase on Day 10

- 1 patient in the BIC 5-mg arm had Grade 2 aspartate aminotransferase and
creatine phosphokinase abnormalities on Day 17 attributed to crystal
methamphetamine use

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
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Conclusions

R R Y

+ BIC 10 day monotherapy led to rapid declines in HIV-1 RNA from
baseline that were sustained through the treatment period with no viral
breakthrough

= HIV-1 RNA decreases demonstrated a dose-response effect, and viral
rebound after the treatment period was delayed to Day 14 in the 50-mg
dose group and to Day 17 in the 100-mg group

= 3 patients (1in 50-mg arm, 2 in 100-mg arm) had HIV-1 RNA <50
copies/mL by end of study

= No primary INSTI resistance mutations were selected following 10
days of monotherapy

« BIC was well tolerated at all dose levels through 10 days of dosing

+ BIC plasma exposure was linear and dose proportional at doses up to
100 mg

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
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We m nd our thanks to the patients, investigators, and staff who
participated in this study, This study was funded by Gilead
Sclences, Inc.
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+ Integrase strand transfer inhibitors (INSTIs) are a class of antiretroviral drugs for the treatment
of HIV-1 infection and inhibit HIV-1 replication by blocking the strand transfer step of viral DNA
integration into the host genome.

« The first two INSTIs, raltegravir (RAL) dosed twice-daily and elvitegravir (EVG) dosed-once
daily with boosting, are approved for clinical use as components of combination therapy.
However, RAL and EVG have overlapping resistance profiles such that viruses resistant to one
drug are cross-resistant to the other drug, which ultimately precludes the sequential use of
these two INSTIs.

+ Dolutegravir (DTG) is also an INSTI and is dosed once-daily without boosting and possesses a
higher barrier to resistance development and a resistance profile distinct from that of RAL and
EVG. However, DTG must be dosed twice-daily in patients with documented or suspected
INSTl-associated resistance. Consequently, novel INSTIs with improved efficacy against
INSTI-associated resistance are still necessary.

+ Our goal was to develop a novel INSTI with once-daily dosing potential, improved tolerability,
and high efficacy against INSTI-associated resistance.

+ Bictegravir (BIC; GS-9883) is a novel potent once-daily unboosted INSTI currently in clinical
development in combination with tenofovir alafenamide (TAF) and emtricitabine (FTC) in a
single-fablet regimen for the treatment of HIV-1 infection.

+ In this study, we report the antiviral potency of BIC against HIV-1 variants with resistance
associated mutations and in vitro selection of resistant HIV-1 variants under BIC selective
pressure.
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Methods
L s&s\}

- HIV-1 site-directed mutants with either NRTI NNRTI. PI, or INSTI resistance
associated mutations were profiled for susceptibility to BIC in MT-2 cells.

- 18 clonal and 47 patient-derived HIV-1 isolates with high-level INSTI
resistance were profiled for susceptibility to BIC using the PhenoSense
integrase assay through a contract study with Monogram Biosciences (South
San Francisco, CA).

+ Invitro resistant variants were selected with escalating doses of BIC, DTG,
and EVG, and emergent HIV-1 variants were genotyped and phenotyped.

+ Invitro resistance breakthrough studies using clinically relevant fixed doses of
BIC, EVG, and DTG were conducted in MT-2 cells and primary human CD4
T-cells.
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Figure 1. Bictegravir (BIC) 4
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EFV {data not shown) used as a conirol, showed no resistance with 0.8~ 1.2-fold change in EC.
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to DTG Against 47 HIV-1 Patient-derived Isolates with INST! Resistance

Mutations
R

INSTI Resistance | Susceptivility (Fold-change vs. WT)"| | ST Resistance |Susceptibility (Fold-change vs. WT)®

Mutations® | gic | DTG | EVG | RAL Mutations® BIC | DTG | EVG | RAL

L74M,T97A 050 | 064 &8 F B4E | EQ2QNSSHGIR | 202 | 412 FRRR

LBV, Y143C 054 | 054 | 19 | 406 | 61408,0148R 208 | 222 AR

LEBLV,L7AMYI43R] 059 | 074 RSB\ L\NAR (61408,Q146H THEER

T97A 066 | 088 RN 178 | (61405,Q148H 212 | 344 NS AN

T97AF121Y 080 | 163 N NS ENR (61405 Q148K 217 | 400 §

T7AYI43R 083 | 111 b S R [E138KGI40S,QM48H | 242 | 359 K \

F121Y 084 | 105 B 2\ o140s,0148H 246 | 473 R 3

L7AMN155H 090 | 108 | W | [G140S,0148H,G163K] 248 | 568

TOTAN155H 099 | 151 61405 Q48H 249

TO7AY143C 102 | 135 N E138K.G1405,Q148H | 252 | 534 P

ES2QE157EQ 146 | 141 N 48 | [E138K G140S Q1d8H | 262

ES2Q 119 | 158 N SRR (61405,0148H 202 |ibds R

N1SSHETSTEIQR | 123 | 166 A\ (8 [61405,Q148R 301 g op

E92Q 130 | 173 B 671 161405,Q148H 3180 N

Y143R 139 | 150 | 226 | [61408,0148H 437 N\

Y143R 139 | 140 | 219 L TTAG1SQ1deH | 439 N

N155H 14 | 207 N 138K,G140C,Q148R | 532

Y143C 149 | 176 | 424 N W [L74UM,G1408,Q148R]

T97A,Y443C 160 | 147 AR\ WM 161408,Q148R

Q148R E138A 169 | 217 RN 51405, Q148H.E138A | RO

N155H,G163R 170 | 195 R B [TO7AG1405,Q148H | R LT

E920M155H 172 | 349 | a8 LTAMGIA0CQI4R | 836 | 908 fE 3y

E138K Q146R 180 | 205 |\ S8 F138K,G140A,Q148K \\ L m&m

61403,Q148H 199 | 360 Rl

¢ Primary and other integrase sirand transfer infibfor resistance (INSTH-R) mutations are isted. Primary INSTI-R mutations are TB6I/AK, E920/G. TO7A, YI43CHR.
SH47G, QU48HKIR, N155H. and other INSTIR mutations are H51Y, LBBIV, VI2AINIT, LTAM, QUSKIR, F121CHY, A128T. E138AK, G140AICIS, P145S, QI4BIKILPIR,

VI51UA, S1S3AFY, E1

STKQ, G163KIR, E170A, and R263K in IN.

& Susceptibilty was determined as the fold-change in EC.,, v, NL4-3 wildype vector by Monogram Biosciences, Inc. The biolagical or tower cinical cut-offs for
reduced susceptinility in this assay are 4.0 for DTG, 1.5 for RAL. and 2.5 for EVG. No cut-off has been determined for BIC.
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Mutations %w ercentage Refained Susceplibiity against BIC
Wm«mm\&mmwm\m\mmmwm\\mmwmmmwwm\mmmmmmmmmm

% of Isolates®
INSTI (Fold- Change Vs, WT)
(<2.5) 25-%) | (5 10)
BIC 10 15 13
DTG 49 17 17 17
EVG 6 2 0 92
RAL 2 4 4 89

3 The frequency of isolates (%) in each susceptibility stratum is calculated from Table 1.

Cipla v. Gilead

IPR2025-00033

Petitioner Exhibit 1040

1385 of 1915



Table 3. Bictegravir (BIC) inhibits HIV-1 Clona! Varianis from Patients Fafling
Stribild (EVGICOBUFTC/TDF) Therapy in Studies G8-US-236-0102 and G5-US-
e T R
Patient ID- | INSTI Resistance Susceptibility (Fold-change vs, WT)"
Clone# Mutations® B DTG RAL e
733240 None 080 087 079 079
74765 | Te6l, E1570 018 0.25 63 L
74769 | TOBL TOA E1570 | 026 034 ' .
6101-12 Q146R 074 076
7425-11 E%Q 091 129
6101-14 N155H 098 148
63201 | N15H, G163R 103 137
66467 ES2Q 107 146
6648-10 E9Q 116 160
6041-11 E920 117 153
6667-1 EQ 117 121
7562-12 N155H 119 137
6322-11 N155H 120 141
6101-15 E0 120 126
6648-11 EQ 123 157 FC<25
6503-10 E92Q 146 187 RS
65457 N155H 1,51 161 - rosaa
729911 | QUERGHOC | 182 97 oD

¢ Primary and other integrase strand transfer inhibitor resistance (INSTI-R) mutations are listed. Primary INSTI-R mutations are;
TB6UAK, E92Q/G, TO7A, Y143C/HR, S147G, QU48HIKIR, N155H, and other INSTI-R mutations are: H51Y, L68INV, VI2AINIT, L74M, Q95KR,
FI21CHY, AM128T, E138AK, G140A/CIS, P145S, QIBIKILIPIR, VASTLIA, S153AFTY, E15TKIQ, G163KR, E170A, and R263K in IN.
b Susceptibilty was determined as the fold-change in ECy, values vs. NL4-3 wild-type vector by Monogram Biosciences, Inc.
The wild-type virus had a mean EC, of 1.55 b for BIC. The biological or lower clinical cut-offs for reduced susceptioifty
inthis assay are 4.0 for DTG, 1.5 for RAL, and 2.5 for EVG. No cut-off has been determined for BIC. 8
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Results
Foure 3. Progress of Bictegre
Y
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Qa@ lection with HIV-Y §hi
AR wmmmwm&wm\wmmmwmwmmwmmmww SR

10000 -
1 b BIC (P10 = 256-fold, 234 days)
1«2« DTG (P10 = 68-fold, 202 days)
| =@ EVG (P10 = 1024-old, 119 days)

1000 -
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Table 4. Phenotypic Profile of Selected HIV jes i the Presence

T

Ss!ectgd Dsu;;g:; ;’f Rga)g:ige]dh ECsy (nM) {Fold-Resistance Relative to WTJ'

- (day) (nM) BIC DTG EVG! RAL EFV
HIV--llb i = 220 | 25() | 20(1) | 8s() | 18()
BIC P % 24| 78035 | 83(34) | 78(38) | 24408 | 13(08)
BIC PY 155 % | 12(0) | 120048 | 86(58) | 288033 | 17(11)
BIC P9 @ | 17508 | 8107 | 5059 | 4747 | 28018
BIC P10 24 W | 135(61) | 147(9) | 300155 | 203033 | 27(¢7)
BTG 5 5 wio | 106(48) | 10342 | 93044 | B0E | 17010
DYG 7 5 R4 | 2808 | 12460 | 5503 | 07045 | 23014
DTG 9 728 | BBUIOT) | 15663 | B1(18) | 43049 | 21(13)
e 1094 | 300135) | 197(79) | 692(325) | 569(64) | 28(18)
EVG P8 ws | 68(30) | 71028 | 4930 | 199023 | 24015
EYG 17 & % | 8940) | 81032 | 23054 287(33) 36(22)
VG e 4 9 | 68(31) | 66028 [2959(438.) 449(5) 32(20)
RGP | 4 s | 20(3) | 3514 |24(m158] 170¢19) | 20012

¢ Viral passage numbers are indicated as: P1, P2, P3,...lc.

" Resistance selection was infated at a drug conoentraon equal to twice the EC, previously determined for each drug (ie. ECy,= 1.5 M,
1.6nM and 1.8 nM for BIC, DTG and EVG respectively).

¢ The folc-change is calcutated from the ratio of EC, of the selected virus over the EC,, of HIV-1 flln. The values represent the mean of at least
two experiments performed in triplicate.

¢ Maximum observed fold-change for BIC = 7.9-fold, DTG =7.9-fold, EVG = 139-fold (highlighted in red).
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Results

ahds & Dhanatysis Oeadila w lea nea M « Qioedey (J
Em\.d\ﬁg\.f o b §§*\3§\§QL\)‘€§§§\.-‘ %\«ﬂg\\, Wi t%\\ﬁg\.}% };gu\,«Q §\;§ui\3 QQM‘ \l}i w\»&\“ﬁ “s' &«r\
T T R

ECso (M)’ ECs Fold-Change Relative to WT*
Compound
Wt M50/° R263K° M50I/R263K®
BIC 1451020 13103 22106 29108
DTG 170£007 12+01 21208 21103
EVG 1461036 14105 38116 54127
RAL 670193 11104 12:04 12205
EFV 085046 14109 12108 12107

3 ECy, + SD and Fold-Change  SD represent the mean of at least 3 independent determinations in triplicate.
¥ Wild-type virus was generated from HIV-1 DNA clone HXB2.
¢ HIV-1 Integrase (IN) mutant constructed by site-directed mutagenesis on an HXB2 background.
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Faure 4. Bictearavir (BIO) Prevented Resistance
i::i%% i N RAGATAVE (R ] T HEVHIGA ARG iR
, g :

P

6 6
- FTC (4XEC,, DTG (25X ECy)
£ 3 o
§ 97 -¢- EVG(SXEC,) A $  57-p- DIG(SXEC,) B
L . 166l D252 1] 5 wigi BIC (25X EC
85 N NI 85417 glc(s)fEC ‘
3 7 DRESTNG Eg |- DLbREY
Z< g * ZE ]
i T
9 0
352 55 2
27 H
351 51
g 0l e
g 0- o 0 &&—84—8b-&8—B
0 5 10 15 20 25 30 35 0 5 10 15 20 25 3 3
Time Post-Infection (day) Time Post-Infection (day)

* Alotal of four wells were monitored for resistance breakthrough. The viruses from the breakthrough wells were population Sequenced
and the mutations detected are shown on the graph with its frequency indicated in parenthess.

+ The concentration of each drug used in breakihrough selection is expressed as a muliple of their antiviral EC,.. ForDTG and BIC, at
SXECy; the drug concentration is 2- to 3-fold below the fissue culture equivalent C ., of the drug defined as the clinical C,,, adjusted
for the absence of human serum protein binding. For EVG, 5X EC, is about equalto the tissue cultare equivalent Ci, Whereas for
FTC, 4X ECy; Is ~88-fold the tissue culture equivaleni C ;.
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Table 6. Bictegravir (BIC) Prevented Resistance
b oy e b LI 4 Dad te D o
Breakthrough of HIV-1 Bal in Primary Human CD4+ 1-Cel %a

WWWWWWWWW\W&WW\WNW&W\WW' ARV NS SN

D Drug Conc. {p24 Positive Riﬁgr::tc\}’iroufs Drug Resistance Associated Mutations
g (nM)? Wells® (No. of incidences per 12 or 24 wells)
Breakthrough
BIC (Crin) 138 024 0% No Viral Breakthrough
DTG (Cpin) 73 0124 0% No Viral Breakthrough
T661 (3), E92v (1), £92G (1), Q148R (1),
EVG (Coin) 48 23124 54% N155H (3), S230R (1), R263K (3), no RAMs
(10
L74M (1), Q148R (2), N155H (2), G163R (1),
0
RAL (Co) & e il G163R+F121Y (1), no RAMs (5)

ATV (Crin) 300 0/24 0% No Viral Breakt hrough

VG | oM ue b o um
ik w0 | M | e MB4) (), MHBAY (5), M184T (1)
(160)‘ EC50)

@ Tissue culture equivalent C,, = clinical C,,, concentration adjusted for the absence of human serum protein binding.
b Viral breakthrough was evaluated in primary CD4+ T-cells after 35 days in cutture by p24 ELISA and sequence analysis of p24-
positive wells,
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Tabmia T Diadeamean oy BN Al aead RAIDTTY \ T {
labie /. Bictegravir is Potent Against NRTI-, NNRTI- and PI-
Waciotant MR 4 Midant
Resistant HIV-1 Mutants
ECs; Fold-Change” Relaive to WT
ECq (M
NRTI Resistant NNRTI Resistant Pl Resistant
Compound
L10F/ G48v/ | G4svI
WT K65R | M184V [6TAMS®| K103N | Y181C | Y188L I(L:ggfil mgig Mdsl/ I&m 154V | V82A/
150V V82s | L9OM

BIC 17¢605 | 14 | 14 | 14 | 08 | 12 | 09 | 10 | 12 | 19 | 15 | 14 13

DTG 16405 [ 15 | 16 | 15 | 08 | 14 | 09 | 11 | 14 | 14 | 12 | 10 | 10

EVG 25115 | 17

12 012 112 P13 10 10 | 14 [ 10 09 | 10

FTC 3851225

TRV 37162790 | 46 | 14 | 74 - - - - = = = - =

RPV 08:04 | — - — | 15 ] 56 | 45 ] 219 | 9 - - - -
EFV 12104 | — - — | 458 | 36 | >83 | 83 | 83 | — - - -
DRV 35816 | — - - - - - - - 0 31 | 04 | 05
AV L6009 | = | = | = | =L =1 = = | = |4 gl s %
2 ECq, values {mean + SD) oblained from three independent experiments performed in triplicate.
¥ Mean EC,; foid-changes (mutantWT EC., ratio) obtained from three independent experiments performed in tiplicate.
¢ 6TAMs contains HiV-1 RT mutations M41L, D6TN, K70R, L210W, T215Y and K219Q.
2fold - 10-fold
10-fold — 50-fold
1
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Conciusions

Bictegravir (BIC; GS-9883), a novel INSTI, displays an improved resistance profile
compared to DTG and markedly improved compared to the first approved INSTIs RAL
and EVG against a panel of prospectively defined site-directed HIV integrase mutants.

Bictegravir had an improved resistance profile compared to EVG, RAL, and DTG in
patient isolates, particularly for isolates with high-level INSTI resistance containing
combinations of mutations such as E92Q+N155H or G140C/S+Q148R/HKK.

< Clonal HIV-1 isolates from patients with INSTI resistance after Stribild virologic failure
retain full susceptibility to bictegravir

+ Bictegravir retains full activity against HIV-1 variants resistant to currently approved
antiretrovirals from the NRTI, NNRT| and P| classes.

In vitro resistance selection and breakthrough studies showed that bictegravir displayed
a higher barrier to resistance emergence than EVG, and similar to that of DTG.

+ Bictegravir selected for HIV-1 variants with low-level resistance (ECs, fold-change of 2
to 8) containing the R263K and M50I mutations in the IN coding sequence. The
bictegravir-selected variants exhibit low level cross-resistance to RAL and DTG, and
intermediate cross-resistance to EVG, but remain susceptible to other classes of
antiretrovirals.

+ In summary, hictegravir exhibits an unsurpassed resistance profile that supports its
further clinical development for the first-line treatment of HIV infection. In addition,
bictegravir may be suitable for the once-daily treatment of HIV-infected patients with
preexisting INSTI resistance.

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1393 of 1915



yia 1% Fralyeiee
Y - 3 n.u P
v BRI < R e ) ]
%% o > B e o 3
o By o o oo <> <
] 222 L o
g e PRREE b, IS 3 TR 2.1
e z gor e m L CSD w =
T .\\\a\\\\\\m\\ 2 e eﬂu o = T
v gy, Ze [ % % 1 g T iq u
LETy e prry g o o= =
“ o~ e Z Z VeRsaeet - [ oy T
N\‘«\\\\\w 3 ” Zne 7, . SRS e B =
25 5 B S S L2 [ =S =~
oI e ] e Z ™ A & 3 WI. ! a. 3
L png 9 S L O B b7 s
= A - B g gL B il
% o, P Z, 2 Z Z [ 5 P )
it & sy, B %2, O 5 o — o<
% P 7 g e o = e @D O
\W PSS o N\\\\x 2z o 1 M H am N | IEBl o™
¢ gy, g s y ¥ i o =
{73 453 11 e R res T SN
rnd? o i %z, 7, [ sag) 1 o
P 2 G s =5 el se]
€72 4.2 £ e = o=.2
@w.\\\\ ot? \\\&«\m\ % \& \H\n“ o Fdb ] H = Loalealt,
Mty Z ey 7 £ jpusiean 3. o T
= ey T4 B S N (= 2 MRS -~
Z2 Z Z < \\\\\ e A\v TaL : o
% “le Gt 2 : L= s e o
BT Py e k. R B bt =
il S %57 O =gt 2
i e o g £ | i & W
P Z, %z Z R n 3 V fm T
=y e i’ e a Wi og e
s P 77 h - L= e T e
e ., "o g e. ol n
B e % i ) e% UBEL < A &
Z o Y GoiZ L FC i = |
L 2 e 2 Eo A o f P L ;
\WH‘& s \\\E«N Q\M\H\\\M = .o B 3 -
Z Z % Y s & = o> et
K> e v %i 2 < =] Arsd
iy 2 = 7 \ %, $die P : e 1
2 ¢ § B i TR~ IS b S O T <
S et ok Yt CEE o R =R <
e \\H\v\ e N e g N& o, . L5 ~N : =D £
ppn  2Ez e SO0 425 o s=
7% o 7 s T i
L 77, % %2 sl < ) e O = e
L B oA Gl = o N &
Lo Zoy e i Lt I I3
V«\\\. Z \\N R P b" SO D
“4 Ricssil 2, et iy & o B Xe i)
L \M\\\.w N \\\\w e NM 5] = oD T
R e e g = .“eul >
S, N\\\\\\\ @ rsssats AW\xot\\\\. ' i L P & %
s . v, 7 = S
D %% e cer T B oy
%siiren i, K2 i e T, oSt hoar TIP3t
g % Py P o, Bl T e jul y
2,2 et %27z i, TR M TV AL O
Pl TR, @D 2 o w© =
e P %.%.2 e P Fe~ 4 § NEED g Ll ailg
sz z z % u LD gy
ra e Zegh  CERES g nM...t 2 T
2 4 £% 7% sgpnonpe, 4 i e TRy a2 Oy @
Z b L3 £ e AR R
. s, <) " . 4
g A R £ - B e o U © D
242 s, A ey e IS ri s PR ol o b B
I diid Z 2 nifpreitl A g P
" wmisir i gt G o o S oS 9 S
sy, ety E Frrsvis £33 : fa st
P 4 i eansamzesia ez PREEY &5 P <R ¢ & ] 2
Z z A Crnmennr: : g .

1394 of 1915

Petitioner Exhibit 1040

e 2016
Poster ‘#41{1 :

~ ASM Microbe. .
-~ Bostan, MA
1PR2025-00033

Cipla v. Gilead



=l ol ol
AT IO
Introduction

Currently approved integrase strand-transfer inhibitor (INSTI) based
treatments comprise 5 of 6 DHHS recommended regimens for HIV-1
infection. Limitations of early INSTIs include twice-daily dosing
(raltegravir, RAL) and the need for a pharmacokinetic enhancer
(elvitegravir, EVG). Dolutegravir (DTG) is a more recently-approved
INSTI that exhibits an improved resistance profile compared to RAL and
EVG, and is dosed once-daily in most naive patients.2 Limitations of DTG
include the need for twice-daily dosing for integrase experienced patients
due to non-inear pharmacokinetics when dosing >50 mg once-daily,2as
well as reduced susceptibility to many integrase double and triple
mutants. Inaddition, DTG shows moderate activation of PXR, raising
the risk of DDIs with other agents,* and modest increases in patients’
serum creatining, likely due to inhibition of OCT-2.°

hittps:/iaidsinfo.nih.govicontentfilesvguntefines/aa_tables.pdf. retrieved 5-16-2016.

Kandzl, C. E; Walmstey, S. L. Drug Des. Devel. Ther. 2015, 8, 3547-3555.

See (a) Tsiang, M., el al. ASM Microbe 2016. Poster #416. and (b} White, K., Cinlar, T.; Miller, M. D. 14th European Workshop on HIV & Hepatitis, 2016. Abstract 0-01.
Chu, V. Einoff H. J.; Evers. R.; Kumar, G.; boore, D.; Ripp, S.; Siva, J.; Sinha, V.; Sinz, b ; Skerjanec. A. Dreg Metabolism and Disposition, 2009, 37, 1339-1354.
Lepist, E. - Mumay, B. P Tong, L. Roy, A; Bannister, R.; Ray, A S. Antimicrobial Agents and Chemotherapy {ICAAC), 2011, Poster #A1-1724.
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Figure 2. INSTls Bind &t the Integrase-vONA Interface
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3, D76
small, flat A-ring

2

B T

+ Little binding to hydrophobic surface near the A-ring of INSTIs (green arrow).
+ Hypothesis: Larger, three-dimensional A-rings may improve INST! potency,

6. Figure made by the overlay of DTG and RAL bound in the active site of prototype foamy virus (PFV) described in: Hare, S., el al. Mol Pharmacol. 2011, 80, 565-572. 4

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1397 of 1915



M@.«% wie
Methods

A

- Pntiviral potency and cytotoxicity were assessed in MT-4 and MT-2 T-cel lines.

* Metabolic stability with pooled hepatic microsomal fractions was determined using the in vitro
half-life method. Cofactors were NADPH (as a regenerating system) and UDP-glucuronic
acid. Incubations were at 37°C and disappearance of substrate was monitored by sequential
remaoval of aliquots over 60 min followed by analysis by LC-MSMS. In vitro half- life values
were determined and then scaled to predicted hepatic metabolic clearance using the well-
stirred liver modal.

-~ Protein binding was determined by equilibrium dialysis with a Dianorm device (Harvard
Apparatus, Holliston MA) with a semipermeable membrane (10 kDa cut-off) separating two 1
mL PTFE hatf-cells.” For free fraction studies, dialysis was against isotonic phosphate
buffer.

« Kinetic solubility studies were carried out by adding compound dissolved in DMSO to
phosphate-buffered saline (pH 7.4) to a target concentration of 100 uM (final DMSO
concentration 1.0%). After shaking for 1 hr, non-dissolved material was removed by
centrifugation and the equilibrium concentration remaining in the supernatant determined by
LC-UV analysis.

= Thermodynamic solubility studies were carried out by adding compound (1 mg) to aqueous
media (1 mL). This mixture was sonicated briefly and stirred for a minimum of 12 hours. The
suspension was centrifuged and the supernatant was analyzed by UPLC.

7. Vieder, H. 6., Schidknecht, J.; Kesselring, P. Amer Lab, 3, 17:21.
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» Activation of PXR was assessed via a reporter gene assay in a stably transformed tumor cel
ling (DPX2) at six concentrations. %Emax is determined relative to 10 M rifampicin

< Animal PK: test compounds were dosed in rats or dogs via 30-min [V infusion or oral
administration. Serial blood samples were collected and LC/MS/MS methods were used to
measure the concentrations of test compounds in plasma. Non-compartmental
pharmacokinetic analysis was performed on the plasma concentration-time data to generate
the PK parameters.
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Bicyclic diaza A-rings did not
provice potency increase.
Bicyclic diaza A-rings show
markedly lower PXR activation
compared with monocyclic 3.

Microsomal stability and
G1405/Q148R potency is often
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Free fraction in human plasma
higher than desired.
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+ For stable and highly protein bound compounds, mean residence
times in rat correlate strongly with plasma protein binding.
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able 4. SAR Study Suggests
i ™\ i(
Trifluorophenyl as the D-ring sub
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H 0 OH
13 |<{e| 19| 379 | 48 | 6/4 | -

: + Using A-ring 10, a study of D-
14 @ 1822129 |21/22) - ring substituents was

performed.

k
" @Cﬁ AR L R Most analogs showed
F reduced metabolic stabilty.

v 24 B-trifluorophenyl analog

16 @ 40 | 314 | 13 |92/81] 67

17, shows improved solubilty
17 %}F 22 | 3% 8 and higher potency against
F Hered (G1405/Q148R mutant
18 F3°/\ wl o || - |- compared with difluoropheny!
= analog 10.
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Bictegravir (GS-9883)

1.9nM

G1405/Q148R

fold-shift = 2.0
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fitro Profile of Bictagravir Compared with RAL,

ff

RAL | EVG | DTG | BIC

i il = H
0
oY) | 89 | 18 | 17 | 18 wNﬁ
F

Plasma Adjusted Ho on k
EC,mMMT4) | 21 | 43 | 47 | 8
- Bictegravir
microzggglnéllv(e{/h/kg) 016 ) 017 g
+BIC shows improved
free 02 | 05 | 07 | 030 | G140S/Q148R potency
human plasma compared to previous agents.
0CT-21C4) (uM) 013 | 049 |+ BIC shows reduced OCT-2
o i inhibition, reduced PXR
ShEmax@ 15uM 3 activation, and higher
T — solubility compared with DTG.
Solubility pH=7, | 1906 | 2 53 19 |« BIC shows low human
ugmb) microsomal clearance, high
Grbsin 20 | plasma protein binding and
fold shif was predicted to have a long
human't,,
12
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Time (h) Time (h}
Species | Formulation (dose) | : BIC
JiaE il 76) .
Solution
%F rat 2 50
' (0.5 mg/kg) 5
Suspension u
%F dog 17 28
(1 mgka)

 Bictegravir shows longer half-lives in intravenous PK studies and higher exposure

from solid oral dosing studies than DTG in pre-clinical species

13
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+ To discover higher potency INSTIs, a series of oxo-pyridones with larger, three-dimensional
A-rings were synthesized.

+ SAR studies of these A-ring analogs led to the discovery of bicyclic A-ring systems which
showed very low PXR activation, and specific [3.2.1] oxaza A-rings that showed high protein
binding and long mean residence times in animals.

v SAR studies of the D-ring resulted in the 2,4,6-triflucrophenyl group, which improved
solubility and resistance profile.

+ Simultaneous incorporation of novel A- and D-rings gives blctegrawr(BlC (S-9883).

+ BIC shows high potency against wild-type HIV-1and improved potency against many
integrase resistant mutants compared with EVG, RAL and DTG ?

+ BIC shows longer mean residence times in both rat and dog compared with DTG.
v BIC exhibits reduced in vitro PXR activation and lower OCT-2 inhibition compared with DTG.

+In human POC study, BIC has an average human t,,, of approximately 19 h, confirming
once-daily dosing potential &

v |n summary, an extensive SAR study led to the discovery of bictegravir, a novel, potent,
once-daily, INSTI with an improved resistance profile. BIC is currently being studied in
clinical trials as a single tablet regimen combination with FTC and TAF.

8. Gallant, J. et al. ASM Microbe 2016, Poster #415. 14
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Infroduction
* Integrase strand transfer inhibitors (INSTIs) are a class of antiretroviral drugs for the

treatment of HIV-1 infection and inhibit HIV-1 replication by blocking the strand transfer step
of viral DNA integration into the host genome.

+ The first two INSTIs, raltegravir (RAL) dosed twice-daily and elvitegravir (EVG) dosed-once
daily with boosting, are approved for clinical use as components of combination therapy.
However, RAL and EVG have overlapping resistance profiles such that viruses resistant to
one drug are cross-resistant to the other drug, which ultimately precludes the sequential use
of these two INSTIs.

+ Dolutegravir (DTG is also an INST! and is dosed once-dally without boosting and exhibits a
higher barrier to resistance development. However, due to limited absorption above 50 my,
twice-daily dosing is required in patients with past INSTI use, with INST! resistance, or
suspected INSTI resistance. Twice-daily dosing is also required when co-administered with
cytochrome P450 (CYP) andlor uridine diphosphate glucuronosyl-transferase (UGT)
inducers.

« Qur goal was to develop a novel INSTI with once-daily dosing potential, improved tolerabiliy,
and high efficacy against INSTl-associated resistance.

* Bictegravir (BIC; GS-9883) is a novel potent once-daily unboosted INSTI currently in clinical
development in combination with tenofovir alafenamide (TAF) and emtricitabine (FTC) in a
single tablet regimen for the treatment of HIV-1 infection. In this study, we report the virologic
characterization of BIC.
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- The enzymatic inhibitory activity of BIC (GS-9883) was tested against purified wild-type
HIV-1 integrase enzyme using homogeneous time-resolved FRET-based 3'-processing
and strand transfer assays.

- Antiviral potency and cytotoxicity were assessed in MT-2 and MT-4 T-cell lines and
primary human CD4+ T-cells and macrophages.

* Inhibition of chromosomal HIV-1 integration was assessed by gPCR of 2-LTR circles
and integration junctions in MT-2 cells infected with HIV-1 (Illb).

+ Apanel of 14 HIV-1 and one HIV-2 clinical isolates from the collection of Southern
Research Institute was used for antiviral profiling in a PBMC-based antiviral assay using
the quantitative reverse transcriptase endpoint activity through contract service with the
Southern Research Institute (Frederick, MD).

< Antiviral activity of BIC was also tested against several non-HIV viruses.

- Cytotoxicity of BIC was tested in four non-target cell lines (Huh-7, HepG2, PC-3, MRC-
5) and human primary hepatocytes.

< Antiviral activity of BIC in pairwise combination with other antiretrovirals was assessed.
The data were analyzed for the effect of pairwise combination using MacSynergy™ Il
software.
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Result

able 1. Bictegravir (BIC) Exhibits Potent Anfiretroviral Activity in Human T-
%3 | ines
A N
MT-2 Cells? MT-4 Cells
: iff!
compoind) gGq | ccy Selectivity EC”b U Selectivity H'"b ECq EQ?F?)I%I}-“ PAECs)
d 3
(M) | (nM) (M) | (o) Slope” | {nM) changel (W)
10,300
BIC |15£02 2500 6867 |19:06(3700+93] 1926 |21+03| 83 | 43677 { 361
5,360 4 16,000 £
DIG {1502 0 3567 {1702 1900 8634 120403 74 25 204

# EC4y and CCy, values represent the mean £ SD of at least 4 independent determinations in tripiicate. Test compounds were 3-fold serially diuted.

> EC; values and Hil slopes represent the mean + SD of 8 independent determinations in quadruplicate. Test compounds were 1.24-fold serially diluted.
¢ Values represent mean £ SD of 3 independent determinations for BIC and mean of bwo independent determinations for DTG.

¢ Protein shift based on equilibrium dialysis (EQDS) of compound between cufture medium and fuman Serum.

¢ ECys i5 calculated from EC, and Hillslope, n, using the equation: ECy = EC, x (95/5)(1

" PAEC; = protein adjusted ECy.
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Result
Tahie 2. Anfiretroviral Act

0\ ?‘\\' S
mu 1&% %Q?E 1ales
A Y

w;\!;*\\“ ‘*’”‘Sg {:) ST g?,}tf%’“\} :“\i §§ “z %a\h\\e\ ¢ 3 Q
Viy OF iR ww% i\\si\.ﬁiéz. uihah mm LA

¢

Human CD4+ T-Lymphocytes® Human Macrophages®
Compound
ECsn CCsn = ECso CCso am
() i) Selectivity (oM (o) Selectivity

BIC 15+03 | 13000£4000 | 8700 66:41 | 298007700 4,500

DTG 10403 | 5200048500 | 52000 | 31:25 | 2490041200 8,000

¢ EC,, and CC,, values represent the mean + SD of triplicate measurements in four independent donors.
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Results

2\ s e A e o wneed NCapan {
Tadle 3. Anfiretroviral Al tvity of Bictegravir (BIC) against Diverse Clinical

W

NM\ o %~‘§\f

CHW ' L e ECun
A 92RW016 AF009409 0.74 0.35 2.61
RUG037 AB253428 1 093 109
B Ba-L AY713409 035 029 3.3
B 89BZ 167 AY173956 0.88 143 2.65
B 91US001 AY173852 087 084 561
B 91US004 AY173955 082 0.94 274
£ 93IN905 AF067158 015 015 161
¢ 98US_MSC5016 AY444801 14 092 103
D 9BUG 57128 AF484502 0.31 067 0.55
D 99UG ADT412M1 | AF484477 106 093 999
E 95TH_M02138 AY713424 08 069 579
E 96TH_NI1046 AYT13421 028 03 26
F 93BRO20 AF005494 113 037 872
G 01CM1475MY AY371138 <005 0.09 098
HIV-2 CDC 310319 AY%65902 11 213 41

& EC., values represent the mean of triplicae measurements in human PBMC.
b BIC EC, range: <0.05- 1.71 nM against HiV-1.
* DTG ECqp range: 0.08- 1.13 nM against HIV-1.
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Results

o NI S .
anie 4. Bicegravi

arvadem e
epalocyte
T NI R R R

‘ ¥ { i
Priman H

o

Y

. . CCs in Primary Human
d
CCqy in Cell Lines (M) Hepatocytes (uMl)
Compound Huh? HepG2 PC3 MRCS
Human Human  |Human prostate| Normal human |  Donor ! Donor 2
hepatoma | hepatoma cancer fibroblasts
BIC 436 346 > 44 >4 >100 >100
DTG > 44 433 > 44 307 >100 >100
Puromycin 0.r2 168 0.62 0.36 U 083

3 L., values represent the mean of three independent runs in triplicates.

b CCy, vaiues were obtained from 2 donors with each assay performed in duplicate.
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Figure 1. Bictegraviy (BIC) is & Strand Transfer Inhibitor of HIV-1 Infegrase
3 BN m\\m SRR i A R A TR N
1000
Strand Transfer
3-Processing
100
2
S
3
O
10
BIC DTG EVG
ICsq ()} BIC DTG EVG
Strand Transfer | 75403 74406 84407
3'Processing 241 £ 51 23233 5561 40
& The data represent the mean  SD of 3 independent experiments performed in triplicates
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Results

*‘wl‘ i g (\“ ?“ e\ e I & & . .~.,;“\ H £ .‘: y N—— .
labie 5. Bictegravir s\% IC)is an Authentic Inhibifor of HIV-1 Integration in
HIV-A (b Infected MT-2 Cells
A
mmmmmmm\mmmm&m&mmmwmwwm T ——"

Integration Assessment of Direct Effect
Drug Failure on Integration

Compound | Concentration
(nM)? 2-LTR Circles Late-RT Alu-LTR
(fold-change)® | {fold-change)® | {fold-change)’
DMSO - 1 1 4
BIC % 33 09 |06l
DTG 3 45 08 | 0
EFV 17 01 0.2 008
DRV 5 1.1 09 B eiil

¢ Compounds were applied to HIV-1 (lIlb) infected MT-2 cultures at ~20-fold their respective antiviral EC,, value.

b The quantitative PCR data of HIV target sequences were normalized against the cormesponding quanfitative
PCR data for the globin gene from the same sample and represent the mean of two independent experiments,
For 2-LTR circles PCR and Alu-LTR PCR, refer to Figure 2. Fold-change is refative to the DMSO control.

¢ EFV =efavirenz (an HIV reverse transcriptase inhibitor), DRV = darunavir (an HIV protease inhibitor).
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2-LTR Circles PCR
(measures ntsgration failure)

s LTR

\ 35%
\5‘\%, i

Alu-LTR PCR
{meastres megrason Locahzed < w% B
SHCCess) 5
Adapted from Zennou et al., 2000, Cell 101:173-185
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Results

e §“ bovarpaisne (TS Ja LI & el ey e .
A Fey T \\§$€\§‘r\\\ e ¢ INH o HRAFNIONN { §\jk " N
Figure 3. Bictegravir (BIC) is Synergistic with TAr, FIC, and

e/
DRV
T O
200 =
0 s
£ 150 Highly
g Synergistic
3 100 = B
6 | Synergystic
§ 50 7 1 *
)
0 ) | Additve
W
: .
3 A T
9 || | Aniagoristic
. 100 -- ;
5 B Synergy Volume
o) SRR i
Q200 .- Anlagonism Volume
q
250 w

BIC + BIC A
BIC + TAF -
BIC + FTC A
BIC + DRV -
BIC + RAL -
BIC + EVG
DTG + TAF -
DTG + FTC -
DTG + DRV -
DTG + RAL -
DTG + EVG -
EVG + TAF -
RBV + d4T -

¢ EVG = elvilegravir, RBY = ribavirin, d4T = stavudine, DTG = dolutegravir, TAF = tenofovir alafenamide, FTC = emirictabine,

DRV =darunavir.
b The effect of pairwise drug combination was analyzed by the MacSynergy™ I} software. The resufis were expressed as the mean
synergy/antagonism volumes (nM2.%) calculated at the 95% confidence interval from at least 3 independent experiments done in

triplicates.
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Bictegravir is a novel sPeciﬁc inhibitor of HIV-1 integrase strand transfer activity and an

authentic inhibitor of integration in HIV-1 infected target cells.

Bictegravir s a potent and slective inhibitor of HIV-1 replication in lymphoblastoid T-cell
lings, primary human CD4+T cells, and macro ha?es with EC., values ranging from 1.5t
6.6 nM and selectivity indices ranging from 1,926 fo 8,700.

Bictegravir is active against diverse subtypes ofwitd-t%pe HIV-1 clinical isolates and HIV-2
with @ mean ECy of 0.75 nM and a range of 0.05- 1.71 nM.

-~ The protein adjusted EC, of bictegravir is 361 nM, with a steady-state clinical trough-
concentration of 6.9 yM and an IQ of ~49in human subjects administered 75 mg once daiy
under fasted conditions.

Bicte?ravir has low cytotoxicity in multiple non-target human cell lines and in primary human
hepalocytes.

Bictegravir is a specific inhibitor of HIV, with no measurable antiviral activit?f\ against non-HIV
viruses, including HBV, HCV, Influenza A and B, HRV and RSV (data not shown).

Bictegravir exhibited sy{ne,rgistic in vitro antiviral effects when combined with antiretrovirals
from other classes, including TAF, FTC, and DRV.

In conclusion, this virologic profile s,_uPports further clinical development of bictegiravir asa
novel potent once-daily unboosted in egrase strand transfer inhibitor in a single tablet

regimen combination with FTC and TAF.
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Divalent metals and pH alter raltegravir disposition in vitro.
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Introduction: Raltegravir shows marked patient pharmacokinetic variability with

34 gastrointestinal pH and divalent metal binding being potential factors. We have

()
o

investigated raltegravir solubility, lipophilicity, pKa and permeability in vitro to
36 elucidate known interactions with omeprazole, antacids, and food, all of which
37  increase gastric pH.

38 Methods: Solubility of raltegravir was determined at pH 1 to 8. Lipophilicity of
39 raltegravir was determined using octanoliwater partition. Raltegravir pKa was
40 determined using UV spectroscopy. The effects of pH, metal salls and omeprazole
4l on raltegravir cellular permeability were determined using Caco-2 monolayers.
42 Cellular accumulation studies were used to determine the interplay between pH and
43 ABCB1 transport on raltegravir accumulation. Samples were analysed using L.C-
4+ MS/MS or scintillation counting.

45 Results: Raltegravir at 10 mM was parily insoluble at pHE.6 and below. Raltegravir
46 lipophilicity is pH-dependent and reduced as pH was increased from 5 to 8. The pKa
47 of raltegravir was 6.7. Raitegravir cellular permeability was heavily influenced by
48 changes in extraceliular pH, where apical-to-basolateral permeability reduced 9-fold
49 (p<0.05) when apical pH was increased from 5 to 8.5, Raltegravir cellular
50 permeability was also reduced in the presence of magnesium and calcium.
51 Omeprazole did not alter raltegravir cellular permeability. Cellular accumulation of
52 raltegravir was increased independently by inhibiting ABCB1 and by lowering
53 extracellular pH from pH 8 to 5.

54 Discussion: Gastrointestinal pH and polyvalent metals can potentially alter the

55  pharmacokinetic properties of raltegravir and these data provide a rationale for the

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1422 of 1915



56 variability in raltegravir exposure in patients. The evaluation of how divaient metal-
57 containing products, such as multivitamins that do not affect gastric pH, alter

38  raltegravir pharmacokinetics in patients is now justified.

61
62
63

04

79

80
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Introduction

82 Raltegravir, the first licensed integrase inhibitor for treatment of HIV, has potent in
83 wvifro and clinical activity (22). The primary route of raltegravir metabolism is
84  glucuronidation via UDP glucuronosyltransferase 1A1 (14) and the drug is not a
85 substrate or inhibitor of the major cytochrome P450 enzymes (12). However, there
8 are known drug interactions involving UGT1A1 which may alter raltegravir plasma
87 exposure. Atazanavir inhibits UGT1A1, causing an increase in raltegravir exposure
88 (4) and rifampicin mediates induction of UGT1A1 causing a decrease in raltegravir
89 exposwre (27). In addition, raltegravir is a weak substrate for the drug transporters
90  ABCB1, SLC22A6 and SLC15A1 and also inhibits SLC22A6 jn vitro (18). Marked
91 inter- and intra-patient variability in raltegravir plasma exposure exists and the
92 relationship between the pharmacokinetics (PK) and pharmacodynamics (PD) of the
93 drug remains poorly understood (7).

94

95 The pH of the gastrointestinal (Gl) tract is an important factor in the absorption of
96 many drugs, potentially altering drug release, solubility, chemical stability, charge
97  state and/or intestinal permeability (5). fonic drugs with a pKa within the physiological
98  pH range are susceptible to alterations in G! pH because drugs with an ionic charge
99  are less able to permeate the intestine wall without active transport. In healthy
100 volunteers, raitegravir area under the curve (AUC), maximum plasma concentration
101 (Cmax) and plasma concentration twelve hours after dosing (Cizn,) increased 3.1, 4.2
102 and 1.5-fold, respectively, following five days of 20mg once daily omeprazole (13);
103 higher solubility at increasing pH was postulated as the mechanism of interaction (2).
104 However, Gl pH was not directly measured in this study and there are no published
105 data showing the effect of pH on raltegravir solubility in vitro. In a similar study using
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106 HIv-infected patients, raltegravir geometric mean ratio (GMR) for AUC, Cmax and
107 Ciy was 1.4, 1.5 and 1.2-fold higher, respectively, following five days of 20mg once
108  daily omeprazole and 1.5. 1.6 and 1.1-fold higher, respectively, following a single
109 dose of 20mg famofidine (24). HIV-infected patients, particularly those with
110 advanced disease progression, have higher gastric pH than uninfected individuals
111 (25) and this may explain why acid-reducing agents showed less impact on
112 raltegravir PK in HIV-infected patients in the study by Rhame ef a/ (24).
113
114 After ingestion of a meal, gastric pH is briefly elevated due to the buffering and
115 diluting effect of the food (5). The extent of gastric pH increase and the rate at which
116 pH is lowered to fasting state levels depends on the volume of the food, the ability of
117 the food to stimulate gastric acid secretion and the rate of gastric emptying. Other
118 factors, such as fat and protein content of food, are also important. In a steady-state
119 food-effect study using healthy subjects, alterations in raltegravir exposure from a
120 fasted state were shown for low fat (GMR of AUC, Cmax and Ciane of 0.54, 0.48 and
121 0.88, respectively), medium fat (GMR of AUC, Cinax and Cizn 0f 1.13, 1.05 and 1.66,
122 respectively) and high fat (GMR of AUC, Cyux and Cizn of 2.11, 1.96 and 4.13,
123 respectively) meals (1). However, this study concluded that the effect of food was not
124 clinically significant and recommended that raltegravir can be taken without regard to
125 food.
126
127 Integrase strand transfer inhibitors work by chelating magnesium ions at the
128  integrase enzyme active site, therefore preventing the insertion of viral DNA into the
129 host cell's DNA (8). Therefore, binding with free magnesium (and possibly other
130 polyvalent cationic metals) in the GI tract is likely to alter raltegravir absorption.
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Indeed, interactions between integrase inhibitors and metal-containing products have

132 been investigated. Raltegravir C:zn, and Tay were reduced by 67% and 1.75 hours,
133 respectively, when taken with an antacid containing magnesium and aluminium,
134 although the AUC and Cmax were not significantly altered (15). Importantly. 75% of
135 subjects taking antacids had a raltegravir Cizn lower than 15 ng/mL (iCes of
136 raltegravir in 50% human serum). We hypothesised that this interaction may be
137 mediated by an increase in raltegravir solubilily with increased pH (decreasing the
138 Tmad and binding of raltegravir to the metat ions in the antacid (decreasing Caz,).
139
140 This study aimed to establish in vitro the solubility, lipophilicity and pKa of raltegravir
141 using a range of buffered pH solutions and solvents. The impact of pH, metal cations
142 and omeprazole on raltegravir transceliular permeability across an in vitro model of
143 absorption were also determined. Raltegravir is a substrate of ABCB1 in vitro (1 8)
144 and the interplay between pH and ABCB1 transport was investigated in cellular
145 accumulation assays to ascertain whether active transport of raltegravir by ABCB1
146 was influenced by pH.
147
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148 Methods
149
150 Chemical reagents and materials
151 Caco-2 celis were purchased from the European Collection of Cell Culures
152 (Salisbury, UK). Raltegravir potassium salt and [’H] raltegravir were gifts from Merck
153 (New Jersey, USA). Lopinavir was a gift from Abbott (Hlinois, USA). I*H] lopinavir
154 was purchased from Moravek Biochemicals (California, USA). Tariquidar was
155 purchased from Xenova (Sloane, UK). Acetonitrile was purchased from J. T Baker
156  (Deventer, Holland). ['*C]mannitol was purchased from American Radiolabelled
157 Chemicals (Missouri, USA). All other reagents were obtained from Sigma (Poole.
158 UK).
159
160 Creation of buffered pH solutions for solubility, lipophilicity and pKa
161  experiments
162 Stock aqueous solutions were buffered to pH 1 (50 mM potassium chloride + 134
163 mM hydrogen chloride), 2 (50 mM potassium chloride + 13 mM hydrogen chloride), 3
164 (50 mM potassium hydrogen phthalate + 22.3 mM hydrogen chloride), 4 (50 mM
165 potassium hydrogen phthalate + 0.1 mM hydrochloric acid), 5 (50 mM potassium
166 hydrogen phthalate + 22.6 mM sodium hydroxide), 6 (50 mM monopotassium
167 phosphate + 5.6 mM sodium hydroxide), 7 (50 mM monopotassium phosphate +
168 29.1 mM sodium hydroxide), 8 (50 mM tris hydroxymethyl aminomethane + 29.2 mM
169  hydrogen chioride) and 9 (50 mM tris hydroxymethyl aminomethane + 5.7 mM
170  hydrogen chloride). These stock solutions were used in experiments or were
171 adjusted using 1 M hydrochloric acid or 1 M sodium hydroxide to create the required
172 pH.
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Determination of raltegravir solubility

174 Raltegravir solubility was determined at 1 mM and 10 mM (estimated range of drug
175 concentrations in the stomach and duodenum of the gut following raltegravir
176 dissolution) in a pH range of 1 o 8. Solutions were mixed on a mechanical shaker
177 (120 rpm, 37°C, 2 hours) and vortexed to allow maximum dissolution of raltegravir.
178 Samples were then centrifuged to pellet undissolved drug (3000g, 10 minutes, 22 °C)
179 and the supernatant carefully removed. Raltegravir concentrations in the supernatant
180  were determined using LC-MS/MS.
181
182 Determination of raltegravir lipophilicity
185 Rattegravir lipophilicity was determined across a physiologically relevant pH range of
184 1 to 9 using the octanol:water Shake Flask Method. The organic solvent used was
185 either 1-octanol, which allows hydrogen bonding, or cyclohexane, which does not
186 allow hydrogen bonding. The aqueous and organic solvents were mutually saturated
187 on a mechanical shaker (240 rpm, 24 hours, 22 °C) before use. Raltegravir was
188 added to the aqueous solvent at 10 M (a concentration ensuring complete solubility
189 in all pH solutions) before combining the aqueous and organic solvents in a 1:1 ratio
190 and shaking the mixtures for 30 minutes. Mixiures were centrifuged (800 g, 30
191 minutes, 22 °C) and a sample taken from the agueous compariment for LC-MS/MS
192 analysis. Caiculation of the apparent logP was based on the following equation:
193
194 Apparent logP = 10g (Corganic / Caqueous)
195
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196  Where Caqueous IS the concentration of raltegravir in the aqueous solvent and Corganic
197 is the concentration of raitegravir in the organic solvent (estimated by deducting
198 raltegravir in the aqueous compariment from the total amount in the mixture).
199
200 Determination of raltegravir pKa
201  Raltegravir pKa was determined using UV spectroscopy. Raltegravir was prepared in
202 buffered pH solutions to a final concentration of 8 uM (a concentration giving an
203 adequate signal for quantification). The buffered pH solutions ranged between pH
204 3.5 and 9.5. Drug solutions were added to UV cells which were then placed in a UV
205 spectrophotometer (Perkin Elmer lambda 25 UV-vis) and allowed to acclimatize
206 (25°C, 5 minutes). Following this, the UV-vis spectra were measured between 200
207 nm and 500 nm. The absorbance values were recorded at 300 nm (absorbance peak
208  predominant at lower pH) and 333 nm (absorbance peak predominant at higher pH).
209  For each pH the absorbance at 333 nm was divided by the absorbance at 300 nm
210 and plotted to calculate the pKa.
211
212 Cell culture
213 Caco-2 cells were maintained in cell culture (37°C, 5% CQ,) by passaging at 70%
214 confluence using cell culiure medium (Dulbecco’s Modified Eagle Medium (DMEM),
215 15% FCS). The passage number of the cells used in this study was between 25 and
216 35. Caco-2 monolayers were cultured as previously described (18) and were
217 subsequently used to determine the effects of pH, metal salts and omeprazole on
218  raltegravir monolayer permeability. Briefly, confiuent Caco-2 cells were seeded onto
219  polycarbonate membrane transwells at a density of 5 x 10° cells / cm?. Media was
220 replaced initially afier 24 hours and then every 48 hours. Plates were used in the
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221 experiments twenly one days after seeding. Monolayer integrity was checked on the
232 day of the experiment using a MillicellERS (Millipore) to determine the trans-
223 epithelial electrical resistance (TEER) across the monolayer. A TEER of >600 was
224 deemed acceptable. In addition, radiolabelled ['“C] mannitol was added to separate
225 wells on each plate (n = 3) to confirm monolayer integrity. ['“C] mannitol samples
226 were analysed by liquid scintillation counting (Beckman TRI-CARB®) and plates were
227 only used for experiments if the average apparent permeability of mannitol was less
228 than1cmx10®s™
229
230  Impact of pH on raltegravir cell monolayer permeability
231 On the day of study, the TEER was assessed and the media in each plate was
232 replaced with the appropriate pH-buffered incubation solutions. The pH in the
233 basolateral compariments was maintained at pH 7.4 (HBSS containing 25 mM
234 HEPES) and the pH in the apical compartments was maintained at pH 5, 6, 6.5
235 (HBSS containing 10 mM MES), 7, 7.4, 8 (HBSS containing 25 mM HEPES) or 8.5
236 (HBSS containing 10 mM Tricine). Compartments were allowed {o equilibrate (37°C,
237 30 minutes). The incubation buffer in the apical (for apical to basolateral transport)
238 and basolateral (for basolateral to apical transport) compartments were replaced with
239 the appropriate incubation buffer containing raltegravir (50 pM) and plates were
240 incubated (37°C, 5% COj). A concentration of 50 uM raltegravir, which has been
241 shown to be non-toxic to Caco-2 cells in previous studies (18), was used 1o ensure
242 complete dissolution of drug at all pH solutions (as predicted by the solubility data)
243 and fo ensure drug concentrations in receiver compartments were sufficiently high to
244 be guantifiable by LC-MS/MS. Samples were taken from the receiver compartments
245 at 0, 30, 60, 90, and 120 minutes and replaced with fresh incubation buffer of the
Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040

1430 of 1915



246 correct pH. Samples were analysed using LC-MS/MS. Resulls were used to

247  determine apparent permeability (Pagp, cm X 10® s') for each direction and to

248 determine the efflux ratio, which is the ratio of basolateral to apical Pay, (B-10-A)

249 compared with apical 1o basolateral Pay, (A-10-B). Pay, was calculated using the

250 following equation as described previously (6):

251

252 Pop=(dQ/dh xV

258 AxCq

254

255 Where dQ / dt is the change in drug concentration in the receiver compartment over

256 time (nM/ s); v is the volume in the receiver compartment (mL); A is the total surface

257 area of the transwell membrane (cm?); C, is the initial drug concentration in the

258 donor compartment (nM); and Papp is the apparent permeability (cm/ s).

259

260 Impact of divalent and monovalent metals on raltegravir cell monolayer

261  permeability

262 On the day of study, the TEER was assessed and the media in each plate was

263 replaced with the appropriate pH-buffered incubation solution. The pH in the

264 basolateral compartments was maintained at pH 7.4 (HBSS without calcium chloride

265 or magnesium sulphate (SIGMA code: H6648) containing 25 mM HEPES) and the

266 pH in the apical compartments was maintained at pH 5 (HBSS without calcium

267  chloride or magnesium sulphate containing 10 mM MES) or pH 7.4 (HBSS without

268  calcium chloride or magnesium sulphate containing 25 mM HEPES). In the apical

269  compartments at pH 5, magnesium chloride (1 mM, 10 mM or 25 mM), magnesium

270 sulphate (25 mM), calcium chloride (26 mM) or potassium chloride (25 mM) were
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added. In the apical compartments at pH 7.4, magnesium chloride (1, 10 or 25 mM)

was added. A maximum concentration of 25 mM was used for magnesium chloride

273 as higher concenlrations showed Caco-2 cell toxicity (data not shown). Control
274 apical compariments al pH 5 and pH 7.4 were also used which had no added metal
275 satts other than those in the original buffer. The pH in the basolateral compartments
276 was maintained at pH 7.4 and had no added metal saits other than those in the
277 original buffer. A concentration of 1 pM was used for all test compounds in order to
278 maximise the metal lo drug ratio. Lopinavir was used as a negative control as it is
279 nol believed to bind to metals. The incubation buffer in the apical (for A-to-B
280  transport) and basolateral (for B-to-A transport) compartments were replaced with
281  the appropriate incubation buffer containing radiolabelled [3H] raltegravir (1 pM, 0.5
282  pCi/ mL) 0; lopinavir (1 uM, 0.5 uCi/ mL) and plates were incubated (37°C, 5%
283 COpg). Samples were taken from the receiver compartments at 0 and 30 minutes and
284 were analysed by liquid scintilialion counting. The P.,, and efflux ratios were
285  calculated as described in the previous section.
286
287  Impact of omeprazole on raitegravir cell monolayer penmeability
288  For induclion studies using transwells, the cell monolayers were incubated with
289 omeprazole (10 pM) for the last three days of the twenty one day monolayer
290  maturation. On the day of the experiment, the TEER was assessed and the media in
291 each plate was replaced with warm incubation buffer (HBSS containing 25 mM
292 HEPES, pH 7.4) and allowed to equilibrate (37°C, 30 minutes).
293
294 For inhibition studies ihe incubation buffer contained omeprazole (20 pM). A
295 concentration of 20 pM omeprazole was used for investigations as lower
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296 concentrations are known to inhibt CYP2C9 and CYP2C19 in vitro (16). The
297  incubation buffer in the apical (for A-to-B transport) and basolateral (for B-to-A
298  transport) compartments were replaced with incubation buffer containing the test
299  substrate raltegravir (1 pM) with or without 20 pM omeprazole and plates were
300 incubated (37°C, 5% CO,). A concentration of 1 uM raltegravir was used to avoid
301 saturation of drug transporters (11). Samples were taken from the receiver
302 compartments at 0 and 60 minutes and were analysed by liquid scintillation counting
303  (Beckman TRI-CARB®). The P, and efflux ratios were calculated as described in

304 the previous section.

306  Cellular accumulation

307  Caco-2 celis were seeded (5 x 10° cells/mL) onto 6-well plates and grown for 5 days
308 to allow plate surface coverage (DMEM, 15% FBS, 37°C, 5% CO,). Media was
309 removed and celis were washed with warm HBSS and replaced with the appropriate
310  pH-buffered incubation solution and allowed to equilibrate (37°C, 15 minutes). The
31t pH in the wells was fixed at either pH 5, 6 (HBSS containing 10 mM MES), 7 or 8
312 (HBSS containing 25 mM HEPES). The test substrate raltegravir (1 pM) was added
313 to the wells and plates were incubated (37°C, 5% CO2, 10 minutes). A concentration
314 of 1 yM raltegravir was used to avoid saturation of drug transporters (11). A separate
315  incubation was undertaken where cells were pre-incubated (DMEM, 15% FBS, 37°C,
316 5% COp) prior to raltegravir addition with the potent non-competitive ABCB1 inhibitor
317  tariquidar (300 nM, 30 minutes), which was also included during the 10 minutes of
318 raltegravir incubation. Following incubation, an extraceliular sample was removed for
319 analysis, wells were washed three times with ice cold HBSS and 500 L tap water

320 was added to each empty well to lyse cells. Plates were frozen at minus 20°C
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321 overnight to aid removal of cells. Plates were thawed and 500 pL acetonitrile added
322 to each well to release drug from protein. The well contents were transferred to
323 separate 1.5 mL tubes for centrifugation (10 minutes, 3000 g, 22°C) and supernatant
324 was removed. Supernatant was vacuum dried and reconstituted in HPLC grade

325 water for LC-MS/MS analysis.

327  LC-MS/MS analysis

328  Samples from all studies other than from cell accumulation studies could be directly
329 injected into the LC-MS/MS afier dilution with HPLC grade water. Samples from cell
330 accumulation studies were prepared as described in the celiular accumuiation
331 method section. The LC-MS/MS system used for sample analysis consisted of an
52 autosampler model Surveyor, and LCQ DecaXP ion trap detector (Thermo, UK).
333 Chromatographic separation was performed at 30°C on a Fortis C-18 3 pM column
334 (80 X 2.1 mm id,, Fortis technologies, UK). Mobile phases were solution A (95%
335 HPLC grade water, 5% acetonitrile, 0.05% formic acid) and solution B (10% HPLC
336 grade water, 90% acetonitrile, 0.05% formic acid) and flow rate was 0.4 mL / minute.
337  Separation was achieved with a gradient elution beginning with 80% solution A and
338 20% solution B. Solution B was gradually increased to 100% over 0.5 minutes and
339 maintained for a further 2 minutes. Solution A was increased io 80% over 0.1
340 minutes and maintained for 3.9 minutes, giving a total run time of 6.5 minutes. The
341 retention time of raltegravir was 4.78 minutes and the lowest limit of quantification
342 was 31.25 ng/mL. High QC (2000 ng/mL) had an inter-day and intra-day accuracy of
343 98.2% and 97.1%, respectively, and an inter-day and intra-day precision of 97.0%
344 and 93.1%, respectively. Medium QC (200 ng/mL) had an inter-day and intra-day

345 accuracy of 96.8% and 99.1%, respectively, and an inter-day and intra-day precision
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346 of 89.1% and 89.2%, respectively. Low QC (100 ng/mL) had an inter-day and intra-
347 day accuracy of 96.5% and 92.8%, respectively, and an inter-day and intra-day
348  precision of 90.0% and 95.3%, respectively. All QC gave higher than 85% accuracy
349 and precision in accordance with FDA guidefines (23) and the linear range for

350 raltegravir quantification was 31.25-1000 ng/mt.

353  Statistical Analysis

354 Data were analysed using PASW 18 for Windows. Al data were tested for normality
355 using the Shapiro-Wilk test. An independent t-test was used to determine
356 significance of normaily distributed data. The Mann Whitney U test was used for all
357 other data. A two-tailed p value above 0.05 was accepted as being statistically

358  significant.

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1435 of 1915



360 Resuits

362  Raltegravir solubility

363 Figure 1A shows raltegravir solubility over a range of buffers ranging from pH 1 to 8.
364 A concentration of 1 mM raltegravir was fully soluble across the pH range. However,
365 10 mM raltegravir was only fully soluble at pH 6.8, 6.9, 7 and 8 and achieved a mean
366 supernatant concentration of 8.0 mM at pH 6.6, 6.3 mM at pH 6.4, 5.0 mM at pH 6.2,

367 3.7 mM at pH 6 and around 3 mM at pH 5 and below.

369 Raltegravir lipophilicity

370 When using cyclohexane as the organic solvent, raltegravir remained predominantly
371 in the aqueous compariment (~80%) in all pH solutions, whereas using octanol
372 resulted in low raltegravir concentrations (~7%) in the aqueous compariments of pH
373 5 or less (Figure 1B). Therefore when using octanol as the organic solvent,
374 raltegravir apparent logP was stable between aqueous pH 1 and 5 but decreased
375 from 1.06 to -1.29 between pH 5 and 9 (p<0.05; Figure 1C). A negative logP is

376 usually associated with poor cell membrane permeability (10).

378  Raltegravir pKa

379  Figure 1D shows the relative absorbance at two wavelengths (333 nm versus 300
380 nm) as a function of the pH of the buffer solution. The most substantial change in the
381  curve occurs between pH 6 and 8. If it is assumed that this change in peak ratios is

382 dueto an alteration ofthe charge state of raltegravir, the pKa is caiculated as pH 6.7.
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385 Impact of pH on raltegravir cell monolayer permeability
386 Figure 2A depicls the apical to basolateral raltegravir permeability through Caco-2
387 cell monolayers at varying apical pH values. Increasing the apical pH from 5 to 8.5
388  decreased the rate and extent of raltegravir monolayer permeability in the apical to
389  basolateral direction (p<0.05). The Pay, and efflux ratio of rategravir at 60 minutes
390 incubation is shown in Table 1. Raltegravir efflux ratio increased 12-fold as apical pH
391  was increased from 5 10 8.5 (p<0.05). When both apical and basolateral pH was 7.4
392 the efflux ratio was 2.5, suggesting active transport in the basolateral to apical
393 direction. However, reducing apical pH to 6 or below caused raltegravir permeability
394  to predominate in the apical to basolateral direction, suggesting that pH has the
395  potential to overcome the effect of active drug transport.
396
397 Impact of divalent and monovalent metals on raltegravir cell monolayer
398  permeability
399 All P,y and efflux ratio calculations were made using samples taken after 30 minutes
400 of incubation and sink conditions were maintained at this time point. A positive
101 correlation between concentration of magnesium chloride in the apical compartment
402 and raltegravir efflux ratio is shown in Figure 2B. When the apical compartment was
403 pH 7.4, raltegravir efflux ratio was significantly increased when comparing control
404  wells with no additional metal salt (efflux ratio = 1.3) to wells containing 1 mM (efflux
405 ratio = 1.8, p<0.05), 10 mM (efflux ratio = 3.4, p<0.05) or 25 mM (efflux ratio = 3.7,
406  p<0.05) magnesium chloride. Lopinavir efflux ratio was unaltered when comparing
107  controt wells with no additionat metal salt {(eflux ratio = 5.1) to wells containing 25
408 mM magnesium chloride (efflux ratio = 5.4, p = 0.83) illustrating that the effect of
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409

magnesium chloride on raltegravir cellular permeability was not a result of general

410 changes in monolayer integrity.
411
412 When the apical compartment was pH 5, raltegravir efflux ratio was unchanged when
413 comparing control wells with no additional metal salt (efflux ratio = 0.8) to wells
414 containing 1 mM magnesium chloride (efflux ratio = 0.7, p = 0.28), but a significant
415 increase in efflux ratio was observed with addition of 10 mM (efflux ratio = 1.1,
416 p<0.05) or 25 mM (efflux ratio = 1.9, p<0.05) magnesium chioride. Also, the effects
417 of magnesium in a different salt form (magnesium sulphate), an additional divalent
418 metal salt (calcium chloride) and a monovalent metal salt (potassium chloride) were
419 investigated. Raliegravir efflux ratio was significantly increased when comparing
420 control wells with no additional metal salt (efflux ratio = 0.8) to wells containing 25
421 mM magnesium sulphate (efflux ratio = 1.6, p<0.05) or 25mM calcium chloride (efflux
422 ratio = 1.2, p<0.05). The efflux ratio was unaftered when 25 mM potassium chloride
423 was added to the apical compartment (efflux ratio = 0.8, p = 0.83). This supporis the
424 hypothesis that divalent metals, but not monovalent metals, have the potential to
425 affect raltegravir cell membrane permeability.
426
427 Impact of omeprazole on raltegravir cell monolayer permeability
428  Figure 2C depicts the efflux ratio of 1 M raltegravir through Caco-2 cell monolayers
419 in the presence and absence of omeprazole as an inhibitor (20 pM) or as an inducer
430 (72 hour pre-incubation with 10 uM omeprazole). All Papp and efflux ratio calculations
431 were made using samples taken afler 80 minutes of incubation and sink conditions
432 were maintained. In inhibition studies, there was no significant difference in
435 raltegravir efflux ratio between control cells and cells co-incubated with 20 M
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431 omeprazole (efflux ratio of 2.7 versus 2.6; p=0.83). Similarly, in induction studies
135  there was no significant difference in raltegravir efflux ratio between controt cells and
136 cells pre-incubated for 72 hours with 10 pM omeprazole (efflux ratio of 2.7 versus
437 2.6; p=0.51).
438
439  Impact of pH and ABCB1 inhibition on raltegravir celiular accumulation
440  Figure 2D depicts the accumulation of raltegravir in Caco-2 cells using various pH
441  buffers and using tariquidar to inhibit ABCB1. Raltegravir accumulation in Caco-2
442  cells increased 3.4-fold when incubation buffer pH was decreased from 8 to 5
443 (p<0.05). This pH-related increase in raltegravir accumulation was also observed in
434 cells treated with the ABCB1 inhibitor tariquidar (3.3-fold decrease; p<0.05).
145 Inhibiting ABCB1 led to increased raltegravir accumulation at pH 5 (1.4-fold; p<0.05),
446 6 (1.5-fold; p<0.05), and 7 (1.4-fold; p<0.05) but not at pH 8 (p=0.08). These results
147 suggest that pH impacts upon cellular permeability of raltegravir to a greater extent
148 than ABCB1 transport and that ABCB1 transport of raltegravir is independent of pH.
449
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450  Discussion
451 In this study the influence of pH on rattegravir solubility, lipophilicity and cellular
432 permeability was investigated. Raltegravir exhibited solubility of less than 10 mM at
453 pH 6.6 and below. It is likely that the drug obtains a negative charge at higher pH by
454 deprotonation of the hydroxyl group at the 5-position of the 6-oxo-1,6-
455 dihydropyrimidine ring. This negative charge would dramatically increase the
456 solubility of the drug in aqueous buffer. Additionally, raltegravir logP was shown 10
457 decrease as pH is increased above 6, presumably due to the introduction of a
458  charge to the drug. The solubility and lipophilicity data are supported by our UV
159 spectroscopy sludy, where raltegravir pKa was calculated at 6.7. This pKa is located
460 within the pH range that will be encountered by the drug during absorption in the Gl
461 tract. This offers us a convincing explanation of the intra- and inter-patient variability
462 of raltegravir PK raltegravir in healthy and HIV-1-infected subjects (3).
163
164 In experiments assessing raltegravir cellular permeability, raltegravir was less able to
465 cross a Caco-2 cell monolayer as the incubation buffer pH was increased from 5 to
466 8.5. This is most likely due to the introduced charge at the active site, preventing the
467 drug from passing through the phospholipid bilayer of the cell membrane. Similar
168  results were seen in accumulation studies, where less raltegravir was present in the
469 cells when pH was increased from 5 to 8. ABCB1 inhibition had less impact on
470 raltegravir intracellular concentrations than changes in extracellular pH. Permeability
471 and accumulation were assessed using raltegravir concentrations from 1 pM to 50
472 M and our solubility studies show that the drug is fully soluble at all pH values at
473 these concentrations. Therefore, the introduction of a charge to raltegravir by
474 increasing pH could have opposing consequences depending on the concentration
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475  of the drug. At high drug concentrations the introduced charge is predicted to
176 increase dissolution and therefore absorption. Conversely, at lower concentrations
477 solubility is unlikely to be a problem and therefore the introduced charge may reduce
478  the rate of absorption.
479
480  In previous clinical studies, co-administration of omeprazole and famotidine resulted
481 in an increase in rallegravir Cpax (24). This may result from the predicted increased
482 solubility of raltegravir in the stomach and the duodenum, where drug concentrations
483 would be highest. The Cay, 0f raltegravir was only slightly higher or unchanged when
481 taken with omeprazole or famotidine (24). It is tempting to speculate that over time
485  raltegravir dissolution normalises in all subjects and the benefit of increased gastric
486 pH is overcome. Inhibition and induction studies with omeprazole indicated that there
187  were no direct effects on raltegravir cellular permeability, indicating that the effect of
488 omeprazole most likely results from its pH-altering properties.
489
190  Ingestion of a meal has been shown to result in an increase in gastric pH (5), which
491  would be predicted to increase raltegravir solubility. However, only high fat meals
492 have been shown to increase raltegravir exposure with low fat meals resulting in a
493 reduction (1). It is possible that a high fat meal may dilute stomach acid to a greater
494 extent or that the fat in the meal could increase the solubility of raltegravir.
495
496  Raltegravir cellular permeability decreased in the presence of the divalent cations
497  magnesium and calcium in the incubation medium. This decrease was not found
498 when the monovalent cation potassium was used. Raltegravir may bind to the
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499  divalent metals and form a metal-drug complex which is unable to cross the ceil
500 membrane. It is important to note that binding of raltegravir to a divalent metat
501 (magnesium) is an essential prerequisite for inhibition of the HIV integrase enzyme
502 (17). Antacids containing magnesium caused no significant change in raltegravir
303 Cinax OF AUC but did reduce C.an, resulting in 75% of patients having Ciap, less than
304 the ICos (15). The impact of antacids may be explained by a combination of the
505 effects of pH and metal binding. We hypothesise that Cinax remains unchanged while
506 raitegravir solubility improves with increased pH but absorption is inhibited by
507 magnesium binding. At fater time points, when raltegravir solubility is no fonger an
508  issue, the elevated presence of magnesium in the gut may reduce the amount of
509  raltegravir being absorbed, thus reducing raltegravir Czy. If true, co-administration
310 of products containing polyvalent metai cations that do not alter gastric pH (e.g.
511 multivitamin tablets) would be expected to reduce raltegravir exposure. This is

512 certainly now worthy of empirical determination.

314 These data may also have implications for newer integrase strand transfer inhibitors,
515 elvitegravir and dolutegravir. Elvitegravir and dolutegravir exposure have been
516 shown to be reduced when taken with antacids containing magnesium and
5t7  aluminium, being less marked when taken 2 hours before the antacid (19) (21). in
518  healthy subjects, elvitegravir and dolutegravir absorption have also been shown to
519 be influenced by food according to fat content (26) (9) and it is recommended that
520 elvitegravir is taken with food (20). Interestingly, dolutegravir exposure has also been
521 shown to be moderately reduced when taken with a multivitamin containing

522 magnesium, calcium, iron, zinc and copper (19).
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524 in conclusion, the physicochemical properties of raltegravir are heavily influenced by
525  environmental pH. Both pH and polyvalent metais have the potential to alter the
526 pharmacokinetics of raltegravir and these data help provide a rationale for the
527  variability in raltegravir exposure seen in patients. The evaluation of how divalent
528  metal-containing products, such as multivitamins that do not affect gastric pH, alter
329  raltegravir pharmacokinetics in patients is now justified. A comprehensive knowledge
530  of the mechanisms that underpin variability in disposition will help optimise future

531  therapy with raltegravir.
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Figure 1A. Raltegravir solubility at 1 mM (grey squares =) and 10 mM (black circles

4 @) in a range of pH solutions. Data are expressed as mean raltegravir dissolved in
5 solution (mM; n 2 3 experimental replicates) + SD.
6 Figure 1B, Partition of raltegravir (10 pM) between cyclohexane and water (grey
7 squares ¥) and octanol and water (black circles ®) at different pH solutions. Data
8 are expressed as mean percenfage of raltegravir in water (% of total; n = 4
9 experimental replicates; n = 3 biological replicates) + SD.
10 Figure 1C. Apparent logP of raitegravir (10 uM) using octanol and water at different
11 pH solutions. Data are expressed as mean log of raltegravir partition (logP; n = 4
12 experimenal replicates; n = 3 biological replicates)) + SD.
15 Figure 1D. Determination of raltegravir pKa using UV spectroscopy. Data are
14 expressed as relative absorbance at two wavelengths (333 nm versus 300 nm) as a
15 function of the pH of the buffer solution (n = 1 experimental replicate).
16
17
18
19
20
21
2
23
24
25
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Figure 2

Figure 2A, Time course experiment showing A-fo-B permeation of raltegravir (50
uM) in Caco-2 monolayers over 120 minutes. Resulls are presented when using a
range of apical pH buffers shown in the figure key. The basolateral pH was
maintained at 7.4. Data are expressed as mean rattegravir accumulation in the
basolaleral (receiver) compariment (uM; n = 3 experimental replicates).

Figure 2B. Efflux ratio of raitegravir (1 pM) in Caco-2 monolayers using a range of
magnesium chloride concentrations in the apical compariment. The apical
compariment was maintained at pH 5 or pH 7.4 and the basolateral compartment
was maintained at pH 7.4.

Figure 2C. Efflux ratio of raltegravir (1 pM) in the presence of omeprazole (inhibitor

38  study; 20 pM) or with cells pre-incubated with omeprazole for 3 days (induction
39 study; 10 pM). Data for Figures 2B and 2C are expressed as mean drug efflux ratio
40 (B-10-A/ A-to-B; n = 3 experimental replicates) + SD.
41 Figure 2D. Accumulation of raitegravir (1 pM) in Caco-2 cells at extracellular pH of 5
42 to 8, with and without ABCB1 inhibitor tariquidar (300 nM). Data are expressed as
43 mean intracellular raltegravir (uM; n = 3 experimental replicates) + SD.
44
45
40
47
48
49
50
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Table 1. The effect of pH on rallegravir (50 M) permeability using a Caco-2

monoiayer. Column one gives the range of apical pH buffers used (basolateral pH

was maintained at 7.4). Columns two and three give apparent permeability of

raltegravir in the A-t0-B and B-to-A directions, respectively. Data are presented as

mean Pag, (cm x 10° / second, n = 3 experimental replicates) + SD. Column four

gives the efflux ratio of raitegravir (Pag g0-a / Pagp a0-8). Column five compares the

efflux ratio at pH 5 with other pH values (a significant difference was deemed fo have

a p value of <0.05).

Efflux ratio
A-to-B Py B-to-A Papp Efflux significance
pH of apical (cmx10®/ (cmx10®/ ratio compared to
compartment second) second) pHS
5 273+12 119+15 0.4 -
6 176117 131+£23 0.7 p<0.05
6.5 92+11 145+15 1.6 p<0.05
7 84+12 145421 1.7 p<0.05
74 66+0.8 16.4+29 25 p<0.05
8 3.5+05 13.8+0.7 3.9 p<0.05
8.5 29+03 141413 49 p<0.05
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applicability; citations and explanations supporting such statement

Box No. VI Certain documents cited
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Box No. VIII Certain observations on the international application
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written opinion of the International Preliminary Examining Authority ("IPEA”) except that this does not apply where
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International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority

will not be so considered.

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAIS2016/060989

Box No.| Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of:

O

2. 0

the international application in the language in which it was filed.

a translation of the international application into , which is the language of a transiation furnished for the
purposes of international search (Rules 12.3(a) and 23.1 (b)).

This opinion has been established taking into account the rectification of an obvious mistake authorized
by or notified to this Authority under Rule 91 (Rule 43bis.1(a))

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this
opinion has been established on the basis of a sequence listing:

a. [ forming part of the international application as filed:
0 in the form of an Annex C/ST.25 text file.
C1 on paper or in the form of an image file.

b. O furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of
international search only in the form of an Annex C/ST.25 text file.

c. O furnished subsequent to the international filing date for the purposes of internationai search only:
O in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)).
O on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section

3).

713)

In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished,
the required statements that the information in the subsequent or additional copies is identical to that
forming part of the application as filed or does not go beyond the application as filed, as appropriate, were
furnished.

5. Additional comments:

Box No. Il Priority

1. X

The validity of the priority ctaim has not been considered because the International Searching Authority
does not have in its possession a copy of the earlier application whose priority has been claimed or, where
required, a translation of that earlier application. This opinion has nevertheless been established on the
assumption that the relevant date (Rules 43bis.1 and 64.1) is the claimed priority date.

This opinion has been established as if no priority had been claimed due to the fact that the priority claim
has been found invalid (Rules 43bis.1 and 64.1). Thus for the purposes of this opinion, the international
filing date indicated above is considered to be the relevant date.

3. Additional observations, if necessary:

Form PCTASA/237 (January 2015)
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INTERNATIONAL SEARCHING AUTHORITY PCTAUS2016/060989

Box No.V Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement

Novelty (N) Yes: Claims 1-33, 36-51

No: Claims 34, 35
Inventive step (IS) Yes: Claims

No: Claims 1-51
Industrial applicability (I1A) Yes: Claims 1-51

No: Claims

2. Citations and explanations

see separate sheet

Box No. VI Certain documents cited

1. Certain published documents (Rules 43bis.1 and 70.10)
and /or
2. Non-written disclosures (Rules 43bis.1 and 70.9)

see form 210

Box No. Vil Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASA/237 (January 2015)
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INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2016/060989

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1

41

4.2

Reference is made to the following documents:

D1 WO 2015/196116 A1
D2 WO 2015/196137 A1
D3 WO 2014/100323 A1
D4 WO 2013/116720 At
D5 WO 2015/022351 A1
D6 Thomson Reuters Drug News, 2011, XP055052007

The relevant passages are those indicated in the search report, unless
otherwise specified.

Claim 39 relates to subject-matter considered by this Authority to be covered
by the provisions of Rule 39.1(iv) / 67.1(iv) PCT. The patentability
assessment will be carried out based on the alleged effects of the compounds
searched in the International Search report.

Iitis further to be noted that the patentability of claim 39 can be dependent
upon the formulation of the claims. The EPO, for example, does not recognise
as patentable claims to the use of a compound in medical treatment, but may
allow claims to a product, in particular substances or compositions for use in
afirst or further medical treatment.

The present application does not meet the criteria of Article 33(1) PCT,
because the subject-matter of claims 34-35 is not new in the sense of Article
33(2) PCT.

D3 discloses a tablet as a single dosage form comprising a compound of
formula (1) including compounds 42 and 45 of D3.

Hence, claim 34 does not meet the requirements of Article 33(2) PCT for
novelty.

D4 discloses a monolayer and bilayered tablet comprising in one single layer
tenofovir alafenamide and emtricitabine compressed together.

Form PCT/ISA/237 (Separate Shest) (Sheet 1) (EPO-Aprit 2005}
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Hence, claim 35 does not meet the requirements of Article 33(2) PCT for
novelty.

5} None of the documents in the prior art discloses a solid oral dosage form
comprising a compound of formula |, tenofovir alafenamide and emtricitabine.

Hence, claims 1-33, 36-39 and 43-51 are considered as meeting the
requirements of Article 33(2) PCT for novelty.

Furthermore, none of the documents in the prior art discloses a composition
comprising 40-60mg of the compound of formula (I), 20-400 mg
microcrystalline cellulose and 1-40 mg croscarmellose.

Hence, claims 40-42 are considered also as meeting the requirements of
Article 33(2) PCT for novelty.

6 However, the Applicant should bear in mind the content of D1-D2 (cited under
section VI) which could be held prejudicial to the novelty of all the claims
during Regional or National examination phase(s).

7 The present application does not meet the criteria of Article 33(1) PCT
because the subject-matter of claims 1-51 does not involve an inventive step
in the sense of Article 33(3) PCT.

71 In general, it is not considered inventive (Article 33(3) PCT) to combine two or
more active ingredients for treating a particular disease in the case where
said two or more active agents are each known to be therapeutically effective
alone in treating said particular disease. In this regard, it would normally be
expected that such a composition of active agents would be more effective
than either active agent alone. Exceptions to this general principle may be
made if the new combination has a surprising property, e.g. synergistic
therapeutic benefit, which could not have been fairly predicted on the basis of
the prior art.

The compound of formula | is known to be therapeutically effective in the
treatment of HIV (see documents D3). lts combination with another anti-HIV
agent including tenofovir alafenamide and emtricitabine is also suggested in
D3.

Tenofovir alafenamide and emtricitabine are also known to be effective in the
treatment of HIV when used alone (D4) or in combination with other anti-HIV
agents in a single dosage form (see D4-D6).

Form PCT/ISA/237 {Separate Sheet) {Sheet 2) (EPO-April 2005)
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With reference to the possibility of a surprising technical effect, it is noted that
the present application provides no example of the putative synergistic effect
between compound of formuia (1), tenofovir alafenamide and emtricitabine.

It shouid be noted that the unexpected or surprising effect that is alleged in
support for such a demonstration must be made plausible over the whole
scope of the claimed subject-matter. Thus, a surprising effect must be
demonstrated for each and every embodiment of the claims.

As a result, the subject matter of claims 1-39, 41-51 does not meet the
requirements of Article 33(3) PCT for inventive step.

7.2 D3 is considered as the closest prior art for the subject-matter of claim 40 and
discloses an oral aqueous suspension of a compound 42 (compound of
formula (1) as presently claimed) in Tween, HPMC in water.

The subject-matter of claim 40 differs from D3 in that the composition
comprises microcrystalline cellulose and croscarmellose sodium.

There is no technical effect shown for the difference in the excipients if
compared with D3.

The problem to be solved is thus provision of an alternative pharmaceutical
formulation comprising a compound of formula (1).

However, the variation of the amount of drug and excipients belongs to
common experimental design.

Hence, the characterising features of this claim would be regarded by the
skilled man as being the result of normal development procedure and
therefore, claim 40 is not considered as meeting the requirements of Article
33(3) PCT for inventive step.

Re ltem VI
Certain documents cited
8 D1-D2 are cited under Rules 64.3 and 70.10 PCT.

Re item VIII

Certain observations on the international application

Form PCTASA/237 (Separate Shest) (Sheet 3) (EPO-Aptii 2005)
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g The subject-matter of claims 28-30 and 46-51 do not meet the requirements
of Article 6 PCT because the matter for which protection is sought is not
clearly defined. The claims attempt to define the subject-matter in terms of the
result to be achieved, namely in the form of release/dissolution profile/rate,
which merely amounts to a statement of the underlying problem, without
providing the technical features necessary for achieving this resuit.

10 The subject-matter of claims 34-35 is not clear {Article 6 PCT) because the
first layer and the second layers are not defined.

For the purpose of the present opinion it is assumed that i) the first layer
means a composition comprising a compound of formula (i) and ii) the second
layer means a combination of tenofovir alafenamide and emtricitabine
compressed together.

11 The approximate term "about” used in claims 4-5, 40, 42-44, 46-48 and 50
Jeaves the reader in doubt as to the exact meaning of the technical feature to
which it refers, thereby rendering the definition of the subject-matter of said
claims unclear (Article 8 PCT).

12 Although claims 7, 8, 9, 11, 12, 16, 43, 44 have been drafted as separate
independent claims, it seems that they comprise all the features of claim 1
and they are therefore not appropriately formulated as a claim dependent on
the latter (Rule 6.4 PCT).

13 Also claims 49, 50 and 51 comprise all the features of claim 46 and they are
therefore not appropriately formulated as a claim dependent on the latter
(Rule 6.4 PCT).

Form PCT/ISA/237 {Separate Sheet) (Sheet 4) (EPO-April 2005)
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F hereby cerlify that this paper (along with any paper referred to as being attached
or enclosed) is being transmitted via the Office electronic filing system in
accordance with 37 CFR § 1 6{a){(d)

Dated: October 6. 2017 Signature! __/Abigail Edesan_ a .
. e el g e Docket No.: 1147.PC
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In rc Patent Application of:
Benjamin Micah Collman et al.

Application No.: 15/346,335 Confirmation No.: 1307
Filed: November 8. 2016 Art Unit: 1615
For: Therapeutic Compositions for Treatment of Examiner: . N. Worsham

Human Immunodeficiency Virus

INFORMATION DISCLOSURE STATEMENT (IDS)

Commissioner {or Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

Pursuant (0 37 C.F.R. §§ 1.56, 1.97. and 1.98, the attention of the United States Patent
and Trademark Office is hereby directed to the references listed on the attached PTO/SB/0S. It is
respectfully requested that the information be expressly considered during the prosecution of the
above-identified application, and that the references be made of record therein and appcar among

the “References Cited” on any patent to issue therefrom.

This Information Disclosure Statement is {iled before the mailing date of a first Office

Action on the merits (37 C.F.R. § 1.97(b)(3)).

In accordance with 37 C.F.R. § 1.98(a)(2)(ii). copics of U.S. patents and U.S. patent
application publications are not submitted. Submitted herewith are copies of foreign patents and

non-patent literature in accordance with 37 C.F.R. § 1.98(a)(2).

A concise explanation of relevance of the non-English references listed on form

PTO/SB/08 is given.
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Application No.: 15/346,335 Docket No.: 1147.PC

In accordance with 37 C.F.R. § 1.97(g). the filing of this Information Disclosure
Statement shall not be construed as a representation that a search has been made. In accordance
with 37 C.E.R. § 1.97(h). the filing of this Information Disclosure Statement shall not be construed
{o be an admission that the information cited in this Information Disclosure Statement is. or is

considered to be, material to the patentability as defined in 37 C.E.R. § 1.56(b).

It is submitted that the Information Disclosure Statement is in compliance with

37 C.F.R. § 1.98, and the Examiner is respectfully requested to consider the listed references.

Applicant believes no fee is due with this response. However. if a fec is due, please
charge our Deposit Account No. 07-1250, under Order No. 1147.PC {rom which the undersigned is

authorized to draw.

Dated: October 6, 2017 Respectfully submitted,

By_/Mary J. Edwards/

Mary J. Edwards

Registration No.: 55,140

GILEAD SCIENCES, INC.
Correspondence Customer Number: 25000
(650) 522-1816

Attorney For Applicant

804800.1
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* If the entry in column 1 is less than the enlry in column 2, write *0” in column 3. LDRC
** If the "Highest Number Previously Paid For™ IN THIS SPACE is less than 20, enter 20" ANDREW JAMES JR

This collection of information is required by 37 CFR 1.16. The Information is required to obtain or retain 2 benefit by the public which is to file (and by the USPTO to
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UNFLED STATES DEPARYMEN] OF COMMERCE
E Cuited States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
PO Box M58
Alexandria, Virgiois 223131450

Wi Wl gov

I APPLICATION NO. I FILING DATE FIRST NAMLID INVENTOR I ATTORNEY DOCKET NO CONFIRMATION NO J
15/346,335 11/08/2016 Benjamin Mical Collman 1147 P2C 1307
CILEAD SCIENCES, INC 0% ‘ AR |

h ) -
333 1.AKESIDE DR ’ WORSHAM, [ESSICAN
FOSTER CITY, CALIFORNIA 94404 — | |
ART UNIT PAPER NUMBER
1615

l NOTIFICATION DATE l DELIVERY MODI, J

012412018 ELECTRONIC
Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for teply, if any, is set in the attached communication.

Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the
following e-mail address(es):

IPDocketing@gilead.com
1PUS2@gilcad.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
15/346,335 Collman et al.

Office Action Sumrmary Examiner ArtUnit | AIA Status
JESSICA WORSHAM 1615 Yes

-- The MAILING DATE of this communication appears on the cover sheet with the correspondernice address ~
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 2 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136%a). In no evenl, however. may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- IfNO period for reply is specified above, the maximum slatutory periad will apply and will expire SIX (8) MONTHS from the mailing dale of this communication.
- Failure to reply within Ihe set or extended period for reply will, by stalute, cause the application to become ABANDONED (35 UL.S.C. § 133}

Any reply received by the Office |ater than three months after the mailing date of this communication, even if timely filed, may reduce any

earmed patent term adjustment. See 37 CFR 1.704(b).

Status

1)J Responsive to communication(s) filed on .
OA declaration(s)affidavit(s) under 37 CFR 1.130(b) was/were filed on
2a)J This action is FINAL. 2b) 4 This action is non-final.

3)J An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)0J Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayle, 1935 C.D. 11, 453 0.G. 213.

Disposition of Claims*
5) Claim(s)  1-6,9-35 and 39-51 is/are pending in the application.

5a) Of the above claim(s) ____is/are withdrawn from consideration.
6) 3 Claim(s)____is/are allowed.
7) O Claim(s) _____isfare rejected.
8) ([ Claim(s) _____is/are objected to.

9) Claim(s) 1-6,9-35 and 38-51 are subject to restriction and/or election requirement
* I any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the comesponding application. For more information, please see
hitp:/iwvww. usplo.gov/patents/init_events/pphfindex jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)O The specification is objected to by the Examiner.
1) The drawing(s)filedon ____ is/are: a)[J accepted or b)(J objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s} is objected to. See 37 CFR 1.121(d).
Priority under 35 U.S.C. § 119

12)0 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)J Seme™  ¢)J None of the:
1.0 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17 .2(a)).

" See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)

1) [[] Notice of References Cited (PT0-892) 3) [J Interview Summary (PTO-413)
Paper No(s)/Mall Dale

2) [j Information Disclosure Statement(s} (PTO/SB/08a and/for PTO/SB/08b)

Paper No(s)Mail Date 4 D @then
U.S. Patent and Trademark Cffice
PTOL-326 {Rev. 11-13) Office Action Summary Part of Paper No./Maii Date 20180112
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Application/Control Number:15/346,335 Page2
Art Unit:1615

Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the
first inventor (o file provisions of the AJA.
Detailed Action
Restriction
L Restriction to one of the following mventions is required under 35 U.S.C. 121

I. Claims 1-6, 9-30, and 40-51. drawn to a solid oral dosage form comprising the
compound of Formula 1. classified m A61K9/7209.

II. Claims 31-35. drawn to a method of producing a lablet, classified m A61K9/2095.

I11. Claim 39, drawn to a method of therapeutic treatment of HIV miection, classified in
AG1K9/0053.

The mventions are independent or distmct, each from the other because:

Inventions I and II are related as process of making and product made. The mventions
are distinet if either or both of the following canbe shown: (1) that the process asclaimed can be
used 10 make another and materially different product or (2) that the product as chimed can be
made by another and matenally different process (MPEP § 806.05(f)). In the mstant case the
product can be made by another materially different process, iec., production of a monolayer
tablet mstead of a muliFlayer tablet.

Inventions I and III are related as product and process of use. The mventions can be
shown to be distmet if either or both of the following can be shown: (1) the process for using the
product as claimed can be practiced with another materially different product or (2) the product

as claimed can be used in a materially different process of usig that product. Sce MPEP

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1473 of 1915



Application/Control Number:15/346,335 Page3
Art Unit:1615

§ 806.05(h). Inthe mstant case the process for using the product canbe practiced with another
materially different product, 1.e., a mono-layer or nwlti-laver tablet.

Inventions 11 and HT are directed to related processes. The related nventions are distinet
if: (1) the mventions  as claimed are cither not capable of use together or canlave a materially
different design, mode of operation, function, or effect; (2) the iventions do not overlap i
scope, ie., are mutually exclusive; and (3) the invertions as claimed are not obvious variants.
Sce MPEP § 806.05(j). In the instant casc, the processes have a materially different design,
mode of operation, or function smee Group Il is directed to a method of making a product and
Group 1l is directed 1o a method of using the product. Furthermore, the mventions as clammed
do not encompass overlappmg subject matter and there is nothing of record Lo show them to be
obvious variants.

Restriction for exammation purposes as indicated is proper because all the mventions
listed m this action are mdependent or distmct for the reasons given above and there would be a
serious searchand/or examination burden if restriction were not required because one or more of
the following reasons apply:

() the mventions have acquired a separate status i the art m view of their different
classification;

(b) the mventions have acquired a scparate slatus i the arl due to their recognized
divergent subject matter;

{¢) the mventions require a different field of search (for example, searching different

classes/subclasses or electronic resources, or employing different scarch querics).
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Applicant is advised that the reply to this requirement to be complete must include
(i) an clection of a invention to be examined eventhough the requirement may be traversed (37
CFR 1.143) and (i) identification of the claims e ncompassing the elected invention.

The clection of anmvention may be made with or without traverse. To reserve a right to
petition, the election must be made with traverse. If the reply does not distinctly and specifically
point out supposed errors m the restriction requirement, the election shall be treated as an
clection without iraverse. Traversal must be presented at the time of clection m order to be
considered timely. Failure 1o timely traverse the requirement will result m the loss of right to
petition under 37 CFR 1.144. 1 claims are added after the election, applicant must mdicate
which of these clamms are readabke upon the elected mvention.

Should applicant traverse on the ground that the mventions are nol patentably distinct,
applicant should submit evidence or identify such evidence now of record showing the
inventions to be obvious variants or clearly admit on the record that this is the case. In etther
instance, if the examiner finds one of the imventions unpatentable over the prior art, the evidence
or admission may be used i a rejection under 35 U.S.C. 103 or pre-AJA 35 U.S.C. 103(a) of the
other mvention.

Applicant is reminded that upon the cancellation of claims to a non-elected mvention, the
inventorship must be corrected in compliance with 37 CFR 1.48(a) if one or more of the
currently named mventors is no longer an mventor of at keast one claim remaining i the
application. A request to correct mventorship under 37 CFR 1.48(a) must be accompanied by an
application data sheet in accordance with 37 CFR 1.76 that identifics cach imventor by Iis or her

legal name and by the processing fee required under 37 CFR 1.17(1).
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The examiner has required restriction between product or apparatus claims and process
clims. Where applicant elects claims directed fo the product/apparatus, and all
product/apparalus claims are subsequently found allowable, withdrawn process claiims that
melude all the imitations of the allowable productapparatus clams should be considered for
rejomder. All clamms directed 10 a nonelected process mvention must inchide all the limitations
of an allowable product/apparatus claim for that process mvention to be rejomed.

In the event of rejomder, the requirement {or restriction between the product/apparatus
clams and the rejomed process claims will be withdrawn, and the rejomed process claims will be
fully exammed for patentability m accordance with 37 CFR 1.104. Thus. to be allowable, the
rejomed clamms must meet all criferia for patentability including (he requirements of 35 U.S.C.
101, 102, 103 and 112. Until all claims to the elecled productiapparatus are found allowable, an
otherwise proper restriction requirement between product/apparatus claims and process claims
may be maintamed. Withdrawn process claims that are not commensurate in scope with an
allowable product/apparatus claim will not be rejomed See MPFEP § 821.04. Additionally, in
order for rejoinder 1o oceur, applicant is advised that the process claims should be amended
durmg prosecution to require the limitations of the product/apparatus claims. Failure to do so
may result in no rejoinder. Further, note that the prohibition agamst double patenting rejections
of 35 U.S.C. 121 does not apply where the restriction requirement is withdrawn by the examiner

before the patent issues. Sce MPLEP § 804.01.
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Application/Control Number:15/346,335 Page6
Art Unit:1615

Correspondence
2L Any inquiry concerning this communication or earlier communications from the
examiner should be directed to JESSICA WORSHAM whose telephone number is {571)270-
7434. The exammer cannormally be reached on Monday-Friday (8-5).

Examiner interviews are available via telephone, in-person, and video conferencmg using
a USPTO supplied web-based collaboration tool To schedule anmterview, applicant is
cncouraged 1o use the USPTO Automated Interview Request (AIR) at
http//www uspto.gov/mterviewpractice.

If atiempts 1o reach the examiner by telephone are unsuccessful, the exammer’s
supervisor, Robert Wax canbe reached on 571-272-0623. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtaied from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more mformation about the PAIR
system, see httpv/pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (tol-free). If you would
like assistance from a USPTO Customer Service Representative or access to the automated
mnformation system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/JESSICA WORSHAM/
Primary Exammer, Art Unit 1615
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To: IPDocketing@gilead.com,IPUS2@gilead.com,

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

Jan 24, 2018 03:21:33 AM
Dear PAIR Customer:

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

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

The official date of notification of the outgoing correspondence will be indicated on the form PTOL-80
accompanying the correspondence.

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

Application Document Mailroom Date Attorney Docket No.
15346335 CTRS 01/24/2018 1147.P2C

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

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

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

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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| hereby certily that this paper (along wilh any paper referred Lo as being attached
or enclosed) is being transmitted via the Office electronic fiking system in
accordance with 37 CFR § 1.6(a}{4}

Dated: _Aprit 24. 2018 Signalure: _{Davi

ro;
{David Caslro)

Docket No.: 1147.P2C

(PATENT)
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
In re Patent Application of:
Benjamin Micah Collman et al.
Application No.: 15/346,335 Conf. No.: 1307
Filed: November 8. 2016 Art Unit: 1615
For: THERAPEUTIC COMPOSITIONS FOR Examiner:  Jessica N. Worsham
TREATMENT OF HUMAN

IMMUNODEFICIENCY VIRUS

AMENDMENT & RESPONSE TO RESTRICTION REQUIREMENT

MS Amendment
Conmunissioner for Patents
P.O. Box 1450

Alexandria. VA 22313-1450

This communication is submitted in response to the Restriction Requirement dated January

24,2018.

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

this paper.

Remarks begin on page S of this paper.

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

AMENDMENTS TO THE CLAIMS

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

application:

1. (Currently Amended) A setid-eral-desage-form tablet comprising 50 mg of the compound

of Formula I:
(1
0O F
o H

N7~ N

O
o F F

@] OH

or a pharmaccutically acceptable salt thereof, 25 mg tenofovir alalcnamide or a

pharmaceutically acceptable salt thereof. and 200 mg emtricitabine or a pharmaceutically

acceptable salt thereof.

[

(Currently Amended)  The selid-eral-dosageform tablet of claim 1, whercin the desage

ferr Lablet comprises 50 mg of the compound of Formula | as a pharmaccutically acceptable
salt thereof, 25 mg tenofovir alafenamide as a pharmaceutically acceptable salt thereof, and

200 mg emtricitabine.

8. (Currently Amended)  The selid-eral-desageform tablet of claim 1 or 2, whercin the desage
form tablet comprises 52 mg of the sodium salt of the compound of Formula I and 28 mg

tenofovir alafenamide hemifumarate.

4. (Currently Amended)  The solid-erab-dosageform-olelaim2 tablet of any one of claims 1-
3, wherein the desage-form lablet has a total weight of less than about 800 mg.

5. (Currently Amended) The setid-orabdosazeform-ofelaim-2 (ablet of any one of claims 1-
3. wherein the desageform tablet has a total weight of less than about 730 mg.

6-25 (Canceled)

693945.1
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Application No. 15/346,335

Docket No.: 1147.PC

26.  (Currently Amended) The tablet of elaim-20 any one of claims 1-5, wherein the tablet

contains less than about 15% of the compound of Formula I or a pharmaceutically

acceptable salt thereof.

27.  (Currently Amended) The tablet of elain20 any onc of claims 1-5, wherein the tablet

contains less than about 11% of the compound of Formula I or a pharmaceutically

acceplable salt thereof.

28-51 (Canceled)

W
9

i
w2

(New) The tablet of any one of claims 1-5. 26, and 27, comprising:

0 F
H

beded
@N\OF F

{1

O O Na*

() a first layer including:

Ingredient

Mass (mg/tablet)

Compound of Formula 11

52.5 (equivalent to 50 mg of the
Compound of Fornila 1)

Microcrystalline ccllulose

246.3

Croscarmellose sodium 19.4
Magnesium Stearale 4.9
(i)  asccond layer including:
Ingredient Mass (mg/tablet)
Emtricitabinc 200

Tenofovir alalenamide

28 (equivalent 1o 25 mg tenofovir

hemifumarate alafenamide)
3
693945.1
Cipla v. Gilead IPR2025-00033

(New) The tablet of any onc of claims 1-5, 26, and 27, wherein the tablet is a coated tablet.
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Docket No.: 1147.PC

Microcrystalline cellulose | 113.2
Croscarmellose sodium 30.2
Magnesium Stearate 57
and (iii) a film coating.
54. (New) The tablet of any one of claims 1-3, wherein the tablet has a total weight of less than
about 1000 mg.
4

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

REMARKS

Claims 1-6. 9-35, and 39-51 arc pending. With (his amendment, claims 6. 9-25, 28-35, and
39-51 have been canceled without prejudice or disclaimer. Claims 1-3, 26. and 27 have been
amended. Claims 52-54 are newly added. No new matter is added. Thus. upon catry of the

amendment. claims 1-5, 26, 27. and 52-54 will be pending.

Claim 1 has been amended to focus on a tablet comprising the compound of Formula I.
Support for this amendment is found, for example, in paragraphs {0021] and {0054] of the
specification as-filed, and original claim 6. Dependent claims 2-5 have becn amended to recite

“tablet”, accordingly.

Claim I has been further amended to recite specific amounts of the tablet components.
Suppornt for (his amendiment is found. (or example, in paragraphs {0009] and [0332] (table) of the

specification as-filed, and original claim 6.
Claims 26 and 27 have been amended $o as not to depend from canceled claims.

Support for new claims 52-54 is found throughout the specification and claims as-filed. For
example, support for new claim 52 is found in paragraphs [0013] and [0072], and original claim 7:

support for new claim 53 is found in paragraph (0332} (table).
The Office has required election of one of the following groups of claims:

Group I: Claims 1-6. 9-30 and 40-51
Group 1L: Claim 31-35
Group 1II: Claim 39

Applicant hereby elects Group I for examination. Claims 1-5, 26. 27, and 52-54 read on the

clected subject matter.

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

The claims arc now in condition for allowance, for which action is hereby requested.

Applicant belicves no fee is due with this response. However, if a fee is due, pleasc charge
our Deposit Account No. 07-1250, under Order No. 1147.P2C from which the undersigned is

authorized to draw.
Dated: April 24. 2016 Respectfully submitted,

By:  /Mary J. Edwards/

Mary J. Edwards

Registration No.: 35.140

GILEAD SCIENCES, INC.
Correspondence Customer Number: 25000
(650) 522-1816

Altorney For Applicant

693945.1
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Electronic Patent Application Fee Transmittal

Application Number: 15346335

Filing Date: 08-Nov-2016

Title of Invention: Therapeutic Compositions for Treatment of Human Immunodeficiency Virus
First Named Inventor/Applicant Name: Benjamin Micah Collman

Filer: Mary J. Edwards/David Castro

Attorney Docket Number: 1147.P2C

Filed as Large Entity

Filing Fees for Utility under 35 USC 111{a)

Description Fee Code Quantity Amount Sula—;l‘g(tsa)l L
Basic Filing:
Pages:
Claims:
MULTIPLE DEPENDENT CLAIMS 1203 1 820 820
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
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Description Fee Code Quantity Amount Suz;r;(t;)l in
Extension-of-Time:
Extension - 1 month with $0 paid 1251 1 200 200
Miscellaneous:
Total in USD {$) 1020
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Electronic Acknowledgement Receipt

EFS ID: 32432630
Application Number: 15346335
International Application Number:
Confirmation Number: 1307

Title of Invention:

Therapeutic Compositions for Treatment of Human immunodeficiency Virus

First Named Inventor/Applicant Name:

Benjamin Micah Collman

Customer Number:

25000

Filer:

Mary J. Edwards/David Castro

Filer Authorized By:

Mary J. Edwards

Attorney Docket Number: 1147.p2C
Receipt Date: 24-APR-2018
Filing Date: 08-NOV-2016

Time Stamp: 17:23:32

Application Type:

Utility under 35 USC 111{a}

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1020

RAM confirmation Number

042518INTEFSW00004723071250

Deposit Account

071250

Authorized User

David Castro

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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37 CFR 1.19 {Document supply fees)
37 CFR 1.20 {Post Issuance fees)
37 CFR1.21 (Miscellaneous fees and charges)
File Listing:
Document Fa— z File Size(Bytes)/ Multi Pages
Doc t Description File e f . .
Number umen ‘Pt Uie Nam Message Digest | Part/.zip| (ifappl.)
55020
1147P2C_2018-04-24_Respons
1 e-to-Restriction-Requirement. yes 6
PDF 2305 176 746RE FPaTEad914 ) Tac3 730)
Jei2
Multipart Description/PDF files in .zip description
Document Description Start End
Response to Election / Restriction Filed 1 1
Claims b} a
Applicant Arguments/Remarks Made in an Amendment 5 6
Warnings:
Information:
32331
% Fee Worksheet (SB06) fee-info.pdf no 2
B0a203 351 21551 55a0d 1 320R90098R )
tafeé
Warnings:
Information:
Total Files Size (in bytes){ 87351
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.5.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

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

National Stage of an |nternational Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application asa
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date {see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Application No. 15/346,335 Docket No.: 1147.PC

REMARKS

Claims 1-6, 9-35, and 39-51 arc pending. With this amendment. claims 6. 9-25, 28-35, and
39-51 have been canceled without prejudice or disclaimer. Claims 1-3, 26. and 27 have been
amended. Claims 52-54 are newly added. No new matter is added. Thus. upon entry of the

amendment. claims 1-5. 26, 27. and 52-54 will be pending.

Claim 1 has been amended to focus on a tablet comprising the compound of Formula 1.
Support for this amendment is found, for example, in paragraphs [0021] and |0054] of the
specification as-filed, and original claim 6. Dependent claims 2-5 have been amended to recite

“tablet”, accordingly.

Claim 1 has been [urther amended to recite specific amounts of the tablet components.
Support for this amendment is found. for example, in paragraphs [0009) and [0332] (table) of the

specification as-filed. and original claim 6.
Claims 26 and 27 have been amended so as not to depend [rom canceled claims.

Support for new claims 52-54 is found throughout the specification and claims as-filed. For
example. support for new ctaim 52 is found in paragraphs [0013] and [0072], and original claim 7

support for new claim 53 is found in paragraph [0332] (table).
The Office has required election of one of the following groups of claims:

Group I: Claims 1-6. 9-30 and 40-51
Group 11: Claim 31-35
Group ITI: Claim 39

Applicant hereby elects Group I for examination. Claims 1-5. 26. 27, and 52-54 read on the

clected subject matter.

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

The claims arc now in condition for allowance, for which action is hereby requested.

Applicant belicves no fec is due with this response. However, if a fee is due, pleasc charge
our Deposit Account No. 07-1250, under Order No. 1147.P2C from which the undersigned is

authorized to draw.

Dated: April 24. 2016 Respectfully submitted,

By: /Mary J. Edwards/

Mary J. Edwards

Registration No.: 55.140

GILEAD SCIENCES. INC.
Correspondence Customer Number: 25000
(650) 522-1816

Attorncy For Applicant
6
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PTOISBICS {09-11)

Approved for use threugh /3172014 OMB 0551-0032

U S Palent and Trademark Oftice, U S. DEPARTNMENT OF COMMERCE

Unger Ihe Paperwork Reduction Act of 1985. no persons are required 10 respond to a collection of information uniess H displays a valid OMB conttol number.

PATENT APPLICATION FEE DETERMINATION RECORD ] Appicaton or Docket Number | Fiing Date
Substitute for Form PTO-875 15/346,335 11/08/2016

D Teo be Mailed

enTity: Xl LaRrGe [J smaLL [J micro

APPLICATION AS FILED ~ PART |

(Column 1) {Column 2}
FOR NUMBER FILED NUMBER EXTRA RALE ($) FEE ($)
[J sasicree N/A N/A N/A
{37 CFR 1 16la). tb). or {¢))
O searck Fee N/A N/A NA
37 CFR 1 16{k). 1), orw)
O exAMINATION FEE
27 CER 1 1600}, (5). o (q)) A s A
TOTAL CLAIMS . -
{37 CFR 1.18(i}) isie0 sl ok =
INDEPENDENT CLAIMS .
{37 CFR 1.18()) SIS 'S =
If the specification and drawings exceed 100 sheets
— of paper, the application size fee due is $310 ($155
D’,\Sﬁpc’-}_l%ﬁT"gN‘ SIZE FEE for small entity) for each additional 50 sheets or
i 166 fraction thereof. See 35 U.S.C. 41(a){1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()))
=

* If Ihe difference in columnn 1 is less than zero, enter *0” in column 2. TOTAL

APPLICATION AS AMENDED - PART il

{Golumn 1} {Golumn 2} {Column 3}
CLAIMS HIGHEST
. 1 04/24/2018 ES%F"NWG ggg\/eng%sw PRESENT EXTRA RATE (8} ADDITIONAL FEE (§)
- AMENDMENT PAID FOR
g ,L%Z)Ilrm cFR . 99 Minus § - 46 -0 x §100 = 0
A Wil Mins | 12 - 0 x 5460 - 0
g "] Application Size Fee (37 CFR 1 16(s))
I:I FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM {37 GFR 1.16{j)]
TOTAL ADD'L FEE 0
{Column 1) {Column 2} (Column 3)
CLAIMS HIGHEST
HEX@E)%NG PRNEEWOBSSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
- AMENDMENT PAID FOR
5 T‘oﬁ‘.‘?l 127 CFR i Minus & - Xs =
= T E Minus | - - xs -
Z | [ apoiication size Fee (37 CFR 1.18(s))
3 D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM {37 CFR 1.16{])
TOTAL ADD'L FEE

* If the entry in column 1 is less than the enlry in column 2, write *0” in column 3.

™ If the "Highest Number Previously Paid For” IN THIS SPACE is less than 20, enler *20".
*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3. enler “3".
The "Highesl Number Previously Paid For” {Total or Independent) is the highest number found in the appropnale box in column 1

LiE
CAROLYN THOMAS

This collection of information is required by 37 CFR 1.16. The inlormation is required to abtain or retain a benefit by the public which is 1o file {and by the USPTO 1o
process) an application Confidentiality is governed by 35 U.S.C. 122 and 37 GFR 1.14. This collection is estimated 1o take 12 minutes to complete, including gathering,
preparing. and submitling the completed appiication form 1o the USPTO, Time wiii vary dependitg upon Il individual case. Any comments on the amount of time you
require 1o complete this forn and/or suggestions for reducing this burden, should be sent 1o the Chiet information Officer, U S. Patent and Trademark Office, U.S.
Department of Commerce, P.O, Box 1450. Alexandria. VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS

ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, calf 1-800-PTO-9199 and select oplion 2.
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U~1TED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
Cnited States Patent and Trademark Office
Address: COMMISSIONEER FOR PATENTS

0. Box 1450

Alexandiia. Virgini 2231 3-1450

WS DI e

I APPLICATION NO. l FILING DATE FIRST NAMED INVENTOR l ATTORNEY DOCKET NO. CONFIRMATION XO. I
15/346.333 11/08/2016 Benjamin Micah Collman 1147.P2C 1307
23000 75590 O5/112018 I EXAMINGR I
GILEAD SCIENCES. INC
333 LAKESIDE DR WORSHAM. JESSICAN
FFOSTER CITY. CALIFORNIA 94404
UNITED STATES OF AMERICA I ART UNIT l PAPER NUMBER |

1615

I NOTIFICATION DATE I DELIVERY MODE I

0511172018 FLECTRONIC
Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any. is set in the attached communication.

Notice of the Office communication was sent electronicaily on above-indicated "Notification Date" to the
following e-mail address(es):

IPDocketing@gilead.com
TPUS2@gilead.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
15/346,335 Collman etal.

Office Action S‘””mary Examiner Art Unit AlA Status
JESSICA WORSHAM 1615 Yes

— The MAILING DATE of this communication appears on the cover sheet with the correspondence address —
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING
DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event. however, may a reply be timely filed

after SIX (6) MONTHS trom the mailing date of this communication.
- 1P NO period for reply is speciiied above. the maximum statutory period will apply and will expire SIX (8) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by stalute. cause the application 1o become ABANDONED (35U.5.C.§ 133).

Any reply received by Ihe Office later than three months after the mailing date of this communication. even if timely filed. may reduce any

earned patent term adjustment. See 37 CFR 1.704(b).

Status
1) Responsive to communication(s) filed on 24 April 2018.
Oa declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filed on .
2a){(] This action is FINAL. 2b) M This action is non-final.

3)0 An election was made by the applicant in response to a restriction requirement set forth during the interview on
; the restriction requirement and election have been incorporated into this action.

4)0 Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under £x parte Quayfe, 1935 C.D. 11, 453 O.G. 213.
Disposition of Claims*
5) Claim(s)  1-5,26-27 and 52-54 is/are pending in the application.
5a) Of the above claim(s) _____is/are withdrawn from consideration.
6) O Claim{s)_____is/are allowed.
7) Claim(s) 1-3 is/are rejected.
8) Claim(s) 4-5,26-27 and 52-54 is/are objected to.
9) [J Claim(s) _____ are subject to restriction and/or election requirement
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program ata
participating intellectual property office for the corresponding application. For more information, please see
hitp//www.uspto.gov/patents/init_events/pphfindex jsp or send an inquiry to PPHfeedback@uspto.gov.
Application Papers
10)0 The specification is objected to by the Examiner.
11)3 The drawing(s) filedon _____ isfare: a){J accepted or b)) objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheel(s) including the correction is required if the drawing(s) is objecled to. See 37 CFR 1.121 (d).
Priority under 35 U.S.C. § 119

12)3 Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:

a)d All b)(J Some*  ¢)O3 None of the:
1.0 Certified copies of the priority documents have been received.
2.3 Certified copies of the priority documents have been received in Application No.

3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).

" See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) Notice of References Cited (PTO-892) 3) [ Interview Summary {(PTO-413)

Paper No(s)/Mall Date
2) {¥) Information Disclosure Statement(s) (PTO/SBi08a and/or PTO/SB/08b) 80 Ol:er (s}
Paper No(s)/Mail Date 10/6/17 , .

U.S. Pafeni and Trademark Offlee
PTOL-326 (Rev. 11-13) Office Action Summary Part ol Paper No./Maii Date 20180503
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Application/Control Number: 15/346.335 Page 2
Art Unit: 1613

Notice of Pre-AIA or AIA Status
The present application, filed on or after March 16, 2013, is being examined under the
first inventor to filc provisions of the AIA.
Detailed Action
Information Disclosure Statement
1. The information disclosure statement (IDS) submitted on 6 October 2017 is acknowledged.
The submission is in compliance with the provisions of 37 CFR 1.97. Accordingly, the
information disclosure statement has been considered by the examiner. See attached copy of PTO-

1449.

Response to Restriction
2 Applicant’s election of Group T (claims 1-5, 26, 27, and 52-54) in the reply filed on 24
April 2018 is acknowledged. Because applicant did not distinctly and specifically point out the
supposed errors in the restriction requirement, the election has been treated as an election

without traverse (MPEP § 818.01(a)).

Status of Application
2 The instant application was [iled 8 November 2016 with provisional 62/399.999 filed 26
Scpiember 2016 and 62/253,042 filed 9 November 2015, Claims 1-5, 26-27, and 52-54 aic
currently pending. Claims 6-25 and 28-51 have been cancelled. Claims 52-54 are newly added.

Claims 1-5 and 26-27 have been amended. Claims 1-5, 26-27, and 52-54 are examined on the

merits within.
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Claim Objections
4. Claims 4-5, 26-27, and 52-54 are objected to under 37 CFR 1.75(c) as being in improper
form because a muttiple dependent claim should refer o other claims in the alternative only,
and/or. cannot depend from any other multiple dependent claim. Sce MPEP § 608.01(n).

Accordingly. the claims 4-5. 26-27. and 52-34 have not been further treated on the merits.

Claim Rejections - 35 U.S.C. 102

5. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the
basis for the rejections under this section made in this Office action:

A person shall be entitled 10 a patent unless -

(a)(2) theclaimed invention was described in a patent issued under section 151, or in an application for

patent published or deemed published under section 122(b), in which the patent or application, as the

case may be. names another inventor and was effectively filed before theeffective filing date of the

claimed invention.
6. Claim(s) 1-3 is/are rejected under 35 U.S.C. 102(a)(2) as being anticipated by Carra
etal. (WO2015/196116).

Carra et al. disclose the compound of Formula 1:

Carra ct al disclosc the compound of Formula 1 in a composition comprising onc to three
additional therapeutic agents wherein these agents arc anti-HIV drugs.  Sec claim 14. The
composition [urther comprises tenofovir alafenamide and emtricitabine.  See claim 18. The

composition is in the form of a tablet. See claim 21. The compound of Formula 1, which is the
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sodium salt of the compound of Formula 1. is present in amounts of 25-100 mg. Scc paragraph
{0058]. Tenofovir alafenamide is present in 5-30 mg and emtricitabine is present in 200 mg. See
paragraph [0096].

Thus the instant claims arc anticipated by Carractal

T Claim(s) 1-3 is/are rejected under 35 U.S.C. 102 (a)(2) as being anticipated by Carra
et al. (U.S. Patent Application Publication No. 2016/0016973).

Carra et al. disclose the compound of Formula 1:

.
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Carra et al. disclose the compound of Formula 1 in a composition comprising one (o three
additional therapeutic agents wherein these agents are anti-HIV drugs. See claim 14. The
composition further comprises tenofovir alafenamide and emtricitabine. ~ See claim 18. The
composition is in the form of a tablet. See claim 21. The compound of Formufa I1, which is the
sodium salt of the compound of Formula 1. is present in amounts of 25-100 mg. See paragraph
{0063]. Tenofovir alafenamide is present in 5-30 mg and emtricitabine is present in 200 mg. See
paragraph [0139].

Thus the instant claims are anticipated by Carraetal

Conclusion

8. No claims are allowed at this time.
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9. Any mquiry concerning this communication or carlicr communications from the cxaminer
should be directed to JESSICA WORSHAM whose telephone number is (571)270-7434.  The
cxaminer cannormally be reached on Monday-Friday (8-5).

Examiner interviews are available via telephone, in-person, and video confcrencing using
a USPTO supplied web-based collaboration tool. To schedule aninterview. applicant is
encowraged 1o use the USPTO Automated Interview Request (AIR) at
http//www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Robert Wax canbe reached on 571-272-0623. The fax phone number for the
organization where this application or procecding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system. see htp//pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would
like assistance from a USPTO Customer Service Representative or access 1o the automated
information system. cali 800-786-9199 (IN USA OR CANADA) or 571-272- 1000.

JJESSICA N WORSHAM/
Primary Examiner. Art Unit 1615
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To: IPDocketing@gilead.com,IPUS2@gilead.com,

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

May 11, 2018 04:20:34 AM
Dear PAIR Customer:

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

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

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

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

Application Daocument Mailroom Date Attorney Docket No.
15346335 CTNF 05/11/2018 1147.P2C

892 05/11/2018 1147.P2C

1449 05/11/2018 1147.P2C

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

If you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with *e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

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

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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F hereby certity that this paper (along with any paper referred to as being atlached
or enclosed) is being transmitted via the Office electronic filing system in
accordance with 37 CFR § 1.6{a)(4)

Dated: September 10, 2018 Signature: (D[Qagv;/édcgaiiu!c’)g)/ Docket No.: 1147.P2C
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Benjamin Micah Collman et al.

Application No.: 15/346.335 Conf. No.: 1307

Filed: November 8. 2016 Art Unit: 1615

For:  THERAPEUTIC COMPOSITIONS FOR Examiner: Jessica N. Worsham
TREATMENT OF HUMAN

IMMUNODEFICIENCY VIRUS

AMENDMENT AND RESPONSE UNDER 37 CFR 1.111

MS Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria. VA 22313-1450

Dear Commissioner:

This communication is submitted in response to the Office Action dated May 11, 2018.
This response is being filed via EFS-Web, along with payment for the Extension of Time Fee

under 37 C.F.R. § 1.136(a).

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

of this paper.

Remarks begin on page 5 of this paper.

693945.1

Cipla v. Gilead IPR2025-00033 Petitioner Exhibit 1040
1518 of 1915



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

AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions and listings ol the claims in the

application:
i (Currently Amended) A multilayer tablet comprising 50 mg of the compound of
Formula I:

0
@) F
o H
N7 N
SeQ
o F F
O OH
or a pharmaceutically acceptable salt thercol. 25 mg tenofovir alafenamide or a

pharmaccutically acceptable salt thereof, and 200 mg emtricitabine or a pharmaccutically

acceptabie salt thereol wherein the tablet has a tota] weight of less than about 1000 mg.

2. (Previously Presented)  The tablet of claim 1, wherein the tablet comprises 50 mg of the
compound of Formula T as a pharmaceutically acceptable salt thercof, 25 mg tenofovir

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

3 (Previously Presented) The tablet of claim 1 or 2. wherein the tablet comprises 52 mg
of the sodium salt of the compound of Formula 1 and 28 mg tenofovir alafenamide

hemifumarate.

4. {Cwrrently Amended)  The tablet of any-ene-efelains—3 claim 3, wherein the tablet

has a total weight of less than about 800 mg.

S (Currently Amended) The tablel of any-onre-efelaims1-3 claim 3. wherein the tablet

has a total weight of less than about 730 mg.

6-25 (Canceled)

693945.1
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26.  (Curreatly Amended) The tablet of any-ene-of-claims4-5 claim 1 or 2, wherein the
tablet contains less than about 15% of the compound of Formula I or a pharmaceutically
acceptable salt thereof.

27.  (Currently Amended)  The tablet of any-ene-efelaims1-S5 claim 1 or 2, wheiein the
tablet contains less than about 11% of the compound of Formula | or a pharmaceutically
acceptable salt thercof.

28-51 (Canceled)

52 (Cuirently Amended)  The tablet of any-ene-of-clatns-1-5-26-and27 claim | or 2,
wherein the tablet is a coated tablet.

53. (Currently Amended)  The tablet of any-ene-ef-claims1-526-ard27 claim 3,
comprising:

(h
o) ki
o H
N7 N
OO
o F F
O O Na'
1 a first layer including:
Ingredient Mass (mg/tablet)
Compound of Formula 11 52.5 (equivalenr 10 50 mg of the
Compound of Formula 1)
Microcrystalline ccllulose | 246.3
Croscarmellose sodium 194
Magnesium Stearate 4.9
(i1) a sccond laycer including:
Ingredient Mass (mg/tablet)
Emtricitabinc 200
3
693945.1
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Tenofovir alafenamide 28 (equivalent o 25 mg tenofovir
hemitumarate alafenaniide)

Microcrystalline ccllulose | 113.2

Croscarmcllosc sodium 30.2

Magnesium Stearale S

and (i) a film coating.
54. (Canceled)

99. (New) The tablet of claim 3. wherein the first layer comprises 52 mg of the compound

! 0 F
o SN
TN
NsprSee®o F

O O Na*

of Formula II:

and is substantially free of tenofovir alafenamide or a pharmaceulically acceptable salt
thereof, and the second layer comprises 28 mg tenofovir alafenamide hemifumarate and
200 mg emiricitabine and is substantially free of the compound of Formula I or a

pharmaceutically acceptable salt thercof.

693945.1
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REMARKS

Claims 1-5, 26, 27, and 52-55 are currently pending. Claims 1, 4, 5, 26, 27, 52, and 53
are currently amended. Claim 54 is canceled without prejudice. New claim 55 has been added.
Applicant believes the amendments add no new matter to the claims. Accordingly, upon entry.
claims 1-5,26.27. 52, 53 and 55 are pending examination.

Claim 1 has been amended to recite “a multilayer tablet”. Support for this amendment
can be found in the specification as-filed, for cxample, at paragraphs [0055]. [0056), and [0073]
and in original claim 16. Claim | has been {urther amended to incorporate the limitations of
claim 34, which has been canceled.

Claims 4, 5. and 53 have been amended (o depend from claim 3.

Claims 26. 27, and 52 have been amended to depend from claim | or 2.

Exemplary support for new claim 55 can be found at paragraph [0057] of the
specification as-filed.

Applicant cxpressly reserves the right to present claims drawn to any canceled subject
matter in this or any other filed applications.

Applicant respectfully requests reconsideration of the application in view of the

amendments and remarks made herein.

693945.1
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Co-pending Applications
Applicant submits the following US patent applications are related to the instant

application:

Appl. No. Status Patent or Pub. No.
14/133,858 Granted 9,216,996
14/815,504 Granted 9.663.528
15/349,934 Granted 9.732.092
15/599,151 Granted 10,035,809
15/923,261 Pending

16/017.371 Pending

14/745.121 Granted 9.682,084
16/008.931 Pending

14/744.915 Granted 9,708,342
15/624.166 Published 2018/0065986
15/639.833 Published 201870022757

ODbjections to the Claims

The Office has objected to claims 4-5, 26-27 and 52-54 as being in improper form. The
dependency of claims 4-5. 26, 27, 52. and 53 has been revised and claim 54 has been canceled,

rendering the objections moot.

Claim Rejections Under 35 U.S.C. § 102(a)(2)

Claims 1-3 have been rejected as being anticipated by Carra ef al. (W02015/196116) and
Carra et al. (US Patent Application Publication No. 2016/0016973). hereinafter collectively
“Carra et al.”

Applicant respectfully disagrees. Claims 1-3 are drawn (o a fixed dosc combination
tablet comprising specific amounts of three components, including 50 mg of the compound of
Formula I (bictegravir). and applicant has amended claim 1 to focus on a multilayer tablet having
a total weight of less than about 1000 mg. The instantly claimed formulation has surprising
pharmacokinetic benefits, as described in paragraphs [0317) and [0345] of the specification as-
filed. For example, a bilayer labiet formulation of bictegravir, tenofovir alafenamide, and

6
693945.1
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emtricitabine results in approximately 30% higher total exposure of bictegravir compared to the
corresponding total exposure achieved with a single agent [ormulation of bictegravir co-
administered with a fixed dose combination of tenofovir alafenamide and emtricitabine (see
paragraph [0317)).

Morcover. the instantly claimed formulation allows for a smaller tablet and. in turn.
incurs reduced manufacturing costs, As stated in paragraph [0345] of the specification as-filed.
despite containing one third less of the active ingredient (50 mg rather than 75 mg bictegravir).
the instantly claimed formulation achicved cxposure levels which stilt provide anti-HIV antiviral
efficacy. Furthermore, despite the amount of bictegravir being lower in the instantly claimed
formulation compared to a single agent formulation of bictegravir co-administered with a fixed
dose combination of tenofovir alafenamide and emtricitabine. the exposure to tenofovir
alafenamide and emtricitabine is similar for both trcatments.

In view ol the foregoing, withdrawal of the rejection is respectlully requested.

CONCLUSION
Applicant requests reconsideration of this application in view of the present amendments.
If the Office finds that a telephone conference would expedite the prosecution of this application.
plcasc telephone the undersigned at the number provided.
Applicant believes no fee is due with this response. However, if a fee is due, please
charge our Deposit Account No. (07-1250, under Order No. 1147.P2C from which the

undersigned is authorized to draw.

Datecd:  September 10, 2018 Respectfully submitted,

By: /MaryJ. Edwards/

Mary J. Edwards

Registration No.: 55.140

GILEAD SCIENCES, INC.
Correspondence Customer Number: 25000
(650) 522-1816

Attomey For Applicant

7
693945.1
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Office Action Summary Examiner Art Unit AlA Status
JESSICA WORSHAM 1615 Yes
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9) [3 Claim(s) _____are subject to restriction and/or election requirement
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http//www.uspto.gov/patents/init_events/pph/index.jsp or send an inquiry to PPHfeedback@uspto.gov.
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Priority under 35 U.S.C. § 119
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1.00 Certified copies of the priority documents have been received.
2.0 Certified copies of the priority documents have been received in Application No.

3.00 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
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Application/Control Number: 15/346,335 Page 2
Art Unit: 1615

Notice of Pre-AIA or AIA Status
The present application. filed on or after March 16, 2013, is being examined under the
first inventor to file provisions of the AIA.
Detailed Action
Status of Application
1. Applicants’ arguments/remarks filed 10 September 2018 are acknowledged. Claims 1-5.
26-27. 52-53 and 55 arc currently pending. Claims 6-25, 28-51, and 54 have been cancclied.
Claim 55 is newly added. Claims 1, 4-5, 26-27, and 52-53 have bcen amended. Claims 1-5. 26-

27, 52-53, and 35 are examined on the merits within.

Withdrawn Objections/Re jections
2 Applicants” arguments, see page 6. filed 10 September 2018, with respect to the claim
objections have been fully considered and are persuasive. The objections of claims 4-5. 26-27.
and 52-54 have been withdrawn in view of the claim amendments. The 35 U.S.C. 102(a}(2}

rejections have been withdrawn in view of the claim amendments.

New Re jections
Claim Rejections — 35 U.S.C. 112, Second Paragraph or 112(b)

3: The following is a quotation of 35 U.S.C. 112(b):
(b) CONCLUSION.—Thte specification shall conclude with one or more claims particularly pointing
out and distinctly claiming the subject matter which the inventor or a joint inventor regards as the
inventjon.

The following is a quotation of 35 U.S.C. 112 (pre-AlA). second paragraph:
The specification shall conclude withone or more claims particularly pointingout and distinctly
claiming the subject matier which the ap plicant regards as his invention.
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Application/Control Number: 15/346,335 Page 3
Art Unit: 1615

4. Claims 53 and 55 arc rejected under 35 U.S.C. 112(b) or 35 U.S.C. 112 (pre-AlA).
second paragraph, as being indcfinite for failing to particularly point out and distincily claim the
subject matler which the inventor or a joint inventor, or for pre-AlA the applicant regards as the
mvention.

Claim 53 recites (he first and second layer in table form. hiims

mav contain fablow either

¥ uccessary to conform to 35 U.S.C. 112 or # ctherwise found to be desivable. Szc MPEP

When such a patent i printed, however, the table will sot be inchided 22 part of the

clatrn, and jostend the claim will contain 4 roforsneg 1 the bl nuwuber, Whe

possible, chiims

are o be complete i thomselves. Incorporation by refer

ce e g ospecilic fgwe or whie s
permitied only in cxeeptional cireumstances whore there Is ne practical way to define the kvention

wowords and where s more eoncie w incorporate by reforence than duplicaiing a drawing or

table e the clabm Tocorporation by reference is a necessity docrrine, not for spplicam’s

copvenence.” By pirte Fressela, 27 USPQ24 1605, 1669 (Bd. Pat. App. & Inter. 1993) (cHations

omitieds. In the nstant case, there is 2 more practical way (o define the ivention withowr the use

of atable. For example “a fist laver including 52.5 mg of the compound of Formula 11, 246 3 mg

mierocrystaliine celiulose. 19.4 mg croscarmeliose sodium, and 4.9 mg magnesium stearate. ..

ft iy a

> noted that claim 53 recites 32,5 wg of the compound of Forowk [

compad of Forrmula s the sodivm sall of the compound of Formule 1 This depeuds from

s 3 which recites thin the tablot comprises 32 mg of the sodimn sall of tue compound of

Forple L Therefore, the amowts of clains 3 and 53 sre confk

iy Clarification is requested,

‘substastialiy free” which is not defined by the claiim nor doecs the

specification provide a standard for ascertaining the requisic metes and bounds, thus one of

ordinary skill in the art would not be reasonably apprised of the scope of the invention.
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Application/Control Number: 15/346,335 Page 4
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Claim Rejections — 35 U.S.C. 103
5. The following is a quotation of 35 U.S.C. 103 which forms (he basis for all obviousncss
rejections set forth in this Office action:

A patent fora claimed invention may not be obtained. notwithstandingthat theclaimed invention is not
identically disclosed as set forth in section 102. if the differences between the claimed invention and the
priorant arc such that the claimed inventionas a whole would have been obvious before theeffective
filing date of the claimed invention toa person having ordinary skill in the an to which the claimed
invention pertains. Patentability shallnot be negated by the manner in which the invention was made.

6. Claims 1-5,26-27,52-53,and 55 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Carra etal. (W02015/196116) in view of Dahl et al. (U.S. Patent
Application Publication No. 2007/0099902).

Carra et al, teach the compound of Formula 1:

Carra ctal. teach the compound of Formula 1 in a composition comprising one to threc additional
therapeutic agents wherein these agents are anti-HIV drugs. See claim 14. The composition
further comprises tenofovir alafenamide and emtricitabine.  Sce claim 18. The composition is in
the form of a tablet. See claim 21. The compound of Formula 11, which is the sodium salt of the
compound of Formula 1, is present in amounts of 25-100 mg. See paragraph [0058]. Tenofovir
alafenamide is present in 5-30 mg and emtricitabine is present in 200 mg. See paragraph [0096].
Efavirenz is an HIV non-nucleoside or non-nucleotide inhibitor of reverse transcriptase that can

be uscd as an additional therapeutic.  Scc paragraph [0082]. The composition compriscs
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surfactants to facilitatc dissolution of the compound of the invention. Sec paragraph [0066]. Table
3 shows that the tablets comprise 30% active ingredient, 56% micracrystalline cellulose, 13%
croscarmellosc sodium. and 1% magnesium stcarate,

Carract al. do not teach a multilayer tablet.

Dahl et al. teach a bilayer tablet of efavirenz. emtricitabine. and tenofovir. See paragraph
[0050]. The unit dosage form comprises 1596.5 mg of ingredients per tablet. See Table 3. It is
noted that cfavirenz is present in 600 mg/tablet (sec Table 1), emtricitabine is present in 200
mg/tablet and tenofovir is present in 300 mg/tablet (scc Table 2). Typically the components of the
dosage form are organized in multiple layers. See paragraph [0013]. The organization is so that
tenofovir is not placed in destabilizing contact with the surfactant of the cfavirenz component. Sce
paragraph [0016]. The bilayer tablet is film coated. Sece paragraph [0050]. Dall ct al. teach
3871%  efavirenz  combined  with  11.52%  microcrystalline cellulose,  2.48%
hydroxypropylcellulose, 0.77% sodium fauryl sulfate, 3.87% croscarmellose sodium and 0.58%
magnesium  stearate in a fist layer with 12.9% emtricitabine, 19.35% tenofovir. 5.77%
microcrystaliine  cellulose, 3.1% crsocarmellose sodium and 0.94% magnesium stearate in a
second layer. See tables 1 and 2.

1t would have been obvious o one of ordinary skill in the art at the time the invention was
filed to formulate the dosage form in a bilayer tablet to separate tenofovir from the compound of
Carra ctal in order to prevent destabilizing contact of tenofovir with the surfactant. One would
have been motivated, with a reasonable expectation of success, (o provide a unit dosage form that
i more casily administered while maintaining stability. It would have been well within the purview
of the skilled artisan to coat the tablets because it is commonly known to provide coatings on

pharmaceuticals to mask the taste of the active ingredients and/or provide a desired therapeutic
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release profile. It would have been well within the purview of the skilled artisan to modily the
amounts of ingredients and weight of the tablet to optimize the formulation to achicve the desired
result, especially since the combination of ingredients arc commonly known in similar

formulations.

T Claim(s) 1-5,26-27, 52-53,and 55 is/are rejected under 35 U.S.C. 103 as being
unpatentable over Carra et al. (U.S. Patent Application Publication No. 2016/0016973) in
view of Dahl et al. (U.S. Patent Application Publication No. 2007/0099902).

Carra et al. teach the compound of Formula 1:

& T RS F -
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£ & 1 B W
4 N Fe
\ \-},f‘i R Ry
S i ¢ A
£ H

Carra ctal teach the compound of Formula 1 in a composition comprising one to three additional
therapeutic agents wherein these agents are anti-HIV drugs. See claim 14. The composition
further comprises tenofovir alafenamide and emtricitabine. Sce claim I8, The composition is in
the form of a tablet. See claim 21. The compound of Formula II, which is the sodium salt of the
compound of Formula 1, is present in amounts of 25-100 mg. See paragraph [0063]. Tenofovir
alafenamide is present in 5-30 mg and emlricitabine is present in 200 mg. See paragraph [0139].
Efavirenz is an HIV non-nucleoside or non-nucleotide inhibitor of reverse transcriptase that can
be used as an additional therapcutic.  Sec paragraph [0087). Thc composition compriscs

surfactants to facilitate dissolution of the compound of the invention. See paragraph [0071]. Table
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3 shows that the tablets comprisc 30% active ingredient, 56% microcrystalline cellulose. 13%
croscarmellose sodinm, and 1% magnesium stearate.

Carract al. do not tcach a multilayer tablet.

Dahl et al. tcach a bilayer tablet of cfavirenz emtricitabine, and tenofovir. Sec paragraph
[0050]. The unit dosage form comprises 1596.5 mg of ingredients per tablet. See Table 3. Tt is
noted that efavirenz is present in 600 mg/tablet (see Table 1), emtricitabine is present in 200
mg/tablet and tenofovir is present in 300 mg/tablet (see Table 2). Typically the components of the
dosage form are organized in multiple layers. See paragraph [0013]. The organization is so that
tenofovir is not placed in destabilizing contact with the surfactant of the efavirenz component. See
paragraph [0016]. The bilayer tablet is film coated. Scc paragraph [0050]. Dahl et al. tcach
3871%  cfavirenz  combined  with  11.52%  microcrystalline ccllulose.  2.48%
hydroxypropyleetlulose, 0.77% sodium lauryl sulfate, 3.87% croscarmellose sodium and 0.58%
magnesium  stearate in a first layer with 12.9% emiricitabine. 19.35% tenofovir. 5.77%
microcrystalline celluose. 3.1% crsocarmellose sodium and 0.94% magnesium stearate in a
second layer. Sectables I and 2.

It would have been obvious to one of ordinary skill in the art at the time the mvention was
filed to formulate the dosage form in a bilayer tablet to separate tenofovir from the compound of
Carra ct al. in order to prevent destabilizing contact of tenofovir with the surfactant. One would
have been motivated, with arcasonable cxpectation of success, to provide a unit dosage form that
is more easily administered while maintaining stability. It would have been well within the purview
of the skilled artisan to coat the tablets because it is commonly known to provide coatings on
pharmaceuticals to mask the taste of the active ingredients and/or provide a desired therapeutic

release profile. It would have been well within the purview of the skilled artisan to modify the
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amounts of ingredients and weight of the tablet to optimize the formulation to achicve the desired
result, especially since the combination of ingredients are commonly known in similar

formulations.

Response to Arguments

Applicants’ arguments filed 10 Seplember 2018 have been fully considered but they are

nol persuasive.
8. Applicants argued “The mstantly claimed formulation has surprising pharmacokinetic
benefits. The bilayer tablet formulation yields 30% higher total exposure of bictegravir compared
1o a single agent formulation of bictegravir co-administered with a fixed dose combination of
tenofovir alafenamide and cmtricitabine, The formulation allows for a smaller tablet, reducing
manufacturing costs.”

In response to applicants” arguments, the unexpected results of 30% higher total exposure
occurred with the bilayer tablet F2. which comprises 78.7 mg of the compound of formula 11, 247.8
mg microcrystalline cellulose, 21.2 mg croscarmellose sodium, and 5.3 mg magnesium slearate in
one layer and 200 mg emiricilabine. 28.1 mg tenofovir, 113.1 mg microcrystalline cellulose, 30.2
mg croscarmellose sodium, and 5.7 mg magnesium stearate in a second layer. This does not
correspond to claim 1, which is direeted to 50 mg of the compound of Formula 1. In addition, the
specilication shows a specific formulation wherein ingredients arc in specificd layers. Although
claim 1 reciles molilayer (ablet, there is no mention of which ingredients are in which layers.
Claims 53 and 55 are directed to more specific formulations, however the data provided is not
commensurate in scope with the claims. therefore a side by side analysis cannot be conducted. In

response (o applicants’ argument that the references fail to show certain features of applicant’s
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invention, it is noted that the [catures upon which applicant telies (i.c., smaller tablet) are not
recited in the rejected claim(s).  Although the claims are interpreted in light of the specification,
limitations from the specification are not rcad into the claims. Sce /i re Van Geuns,988 F.2d 1181,
26 USPQ2d 1057 (Fed. Cir. 1993).

Thus these rejections are maintained.

Conclusion
9. Applicants” amendment necessitated the new ground(s) of rejection presented in this Office
action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is
reminded of the extension of time policy as sct forthin 37 CFR 1.136(a).

A shortened stattory period for reply to this final action is sct to expirc THREE MONTHS
from the mailing date of this action. In the event a first reply is filed within TWO MONTHS of
the mailing date of this final action and the advisory action is not mailed until after the end of the
THREE-MONTH shortened statutory period, then the shortened statutory period will expire on
the date the advisory action is mailed. and any extension fee pursuant 10 37 CFR 1.136(a) will be
calculated from the mailing date of the advisory action. Inno event, however, will the statutory

period for reply expire later than SIX MONTHS {rom the date of this final action.

Correspondence
10. No claims are allowed at this time.
1. Any inquiry concerning this comnumication or carlier communications from the examiner

should be directed to JESSICA WORSHAM whose telephone number is (571)270-7434.  The

examiner can normally be reached on Monday-Friday (8-3).
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Examiner intervicws arc available via tclephone, in-person. and video confercncing using
a USPTO supplied web-based collaboration tool. To schedule aninterview, applicant is
encouraged (o use the USPTO Automated Interview Request (AIR) at
http/www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Robert Wax can be reached on 571-272-0623. The fax phone number for the
organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtaincd from cither Private PAIR or Public PAIR. Status information for unpublished
applications is available through Privatc PAIR only. For morc information about the PAIR
system, see hitp//pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). Il you would
like assistance from a USPTO Customer Service Representative or access to the automated
information system. call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/JESSICA WORSHAM/
Primary Examiner. Art Unit 1615
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To: IPDocketing@gilead.com,IPUS2@gilead.com,

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

Dec 21, 2018 03:46:05 AM
Dear PAIR Customer:

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

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

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

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

Application Document Mailroom Date Attorney Docket No.
15346335 CTFR 12/21/2018 1147.P2C
892 12/21/2018 1147.P2C

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

if you have any questions, please email the Electronic Business Center (EBC) at EBC@uspto.gov
with 'e-Office Action’ on the subject line or call 1-866-217-9197 during the following hours:

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

UNITED STATES PATENT AND TRADEMARK OFFICE
PATENT APPLICATION INFORMATION RETRIEVAL SYSTEM
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PTO/SB/30 {11-17}

Approved for use through 11/30/2020. OMB 0651-0031

U 8. Patent and Trademark Office: U.S, DEPARTMENT GF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it contains a valid OMB control number

Request Application Number | 15/346,335
for Filing Date November 8, 2016
Continued Exammatlon (RCE) irst Nanved Ivartor | BenjaminMigahi Goliman
Transmittal ) 1615
Address to; Art Unit
g:rl‘:'oillcs’gigwc;icr Patents Examiner Name J. N. Worsham
P.0. Box 1450
Riexancia, VA 222131450 Attorney Docket Number | 1147.P2C

This is a Request for Continued Examination {RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8.
1995, or to any design g_eplicalion. See Instruction Sheet for RCEs (not to be submitied (o the USPTO) on page 2.

1. |{Submission required under 37 CFR 1.114 ] Note: If the RCE is proper, any previously filed unentere¢ amendments and
amendments erclosed with the RCE will be entered ir: the arder in which they were filed unless applicant instructs otherwise. If
applicant does not wish to have any previously filed unentered amendment(s) entered, applicant must request nor-eniry of such
amendmeni(s).

Previously submitied. If a final Office action is outstanding. any amendments filed after the final Office action may be
considered as a submission even if this box is not checked.

i. D Consider the arguments in the Appeal Brief or Reply Brief previously filed on

ii. D Other
b. E Enclosed

i Amendment/Reply iii. D Information Disclosure Statement {IDS)

ii. D Aflidavit{s)/ Declaration(s) iv. D Other

2. Miscelianeous

a. D Suspension of action on the above-identified application is requested under 37 CFR 1.103{c) for a
period of

b. D Other

By The RCE fee under 37 CFR 1.17(e) is raquired by 37 CFR 1.114 wher the RCE is filed,

a. | X | The Director is hereby authorized to charge the following fees. any underpayment of fees. or credit any Qverpayments. to
Deposit Account No. 07-1250 .

i RCE fee required under 37 CFR 1.17(e)
ii. D Extension of time fee (37 CFR 1 136 and 1,17}
i D Other
b. Q Check in the amount of § enclosed

C. u Payment by credit card (Form PTO-2038 enclosed) d. Payment by EFS-Web

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit
card information and authorization on PTO-2038.

months. (Period of suspension shall not exceed 3 months; Fee under 37 GFR 1174} required}

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED
/Donna Johnson Gressler/ ol March 20, 2019
Donna Johnson Gressler Registration No. | 45 544

e e et r———— e e e s masmsssimaem ]
CERTIFICATE OF MAILING OR TRANSMISSION

| hereby certify that this coirespardence is being EFS-Web transmitted 10 the United Stales Palent and Trademark Office (USPTO), ceposiled with the United

Slates Postai Service will sutficien] postage as first class mail in ain envelope addressed to: Mail Stop RCE. Commissioner lor Patents, P. O. Box 1450,

Alexandria. VA 22313-1450 or facsimile transmitied 1o the USPTO on the dafe shovr below.

Signature

Signature

Name (Print/Type)

Name {Print/Type} I Date l

I hereby certify that this paper (along with any paper referred to as being attached or enclosed} is being transmitted wia the Office electronic filing
system in accordance with 37 G.F.R. § 1.6(a)(4)

Dated: March 20, 2019

Electronic Signature for David Castro: /David Castro/

1042154.1
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t hereby centily that this paper (along with any paper referred o as being attached
or enclosed) is being lransiitted via the Office electronic filing system in
accordance with 37 CFR § 1 6(a)(4)

Dated: March 20. 2019 Signature: (()Daixllédc(;zs{tg))/ Docket No.: 1147.P2C
(PATENT)

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Patent Application of:

Benjamin Micah Collman ct al.

Application No.: 15/346.335 Conf. No.: 1307

Filed: November 8, 2016 Art Unit: 1615

For: THERAPEUTIC COMPOSITIONS FOR Examiner: Jessica N. Worsham
TREATMENT OF HUMAN

IMMUNODEFICIENCY VIRUS

AMENDMENT AND RESPONSE TO FINAL OFFICE ACTION UNDER 37 CFR 1.111

MS Amendment
Commissioner lor Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Commissioner:

This communication is submitted in response to the Final Office Action dated December

21.2018.

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

of this paper.

Remarks begin on page 5 of this paper.

1042148.1
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Electronic Patent Application Fee Transmittal

Application Number: 15346335

Filing Date: 08-Nov-2016

Title of Invention: Therapeutic Compositions for Treatment of Human Immunodeficiency Virus
First Named Inventor/Applicant Name: Benjamin Micah Coliman

Filer: Donna Johnson Gressler/David Castro

Attorney Docket Number: 1147.P2C

Filed as Large Entity

Filing Fees for Utility under 35 USC 111{a)

Description Fee Code Quantity Amount Suz-;”;(!:)l L
Basic Filing:
Pages:
Claims:
Miscellaneous-Filing:
Petition:
Patent-Appeals-and-interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
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Description

Fee Code

Quantity

Amount

Sub-Total in
UsD($)

Miscellaneous:

RCE- 1ST REQUEST

1801

1

1300

1300

Total in USD ($)

1300
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Electronic Acknowledgement Receipt

EFSID: 35483329
Application Number: 15346335
International Application Number:
Confirmation Number: 1307

Title of Invention:

Therapeutic Compositions for Treatment of Human Immunodeficiency Virus

First Named Inventor/Applicant Name:

Benjamin Micah Collman

Customer Number:

25000

Filer:

Donna Johnson Gressler/David Castro

Filer Authorized By:

Donna Johnson Gressler

Attorney Docket Number:

1147.P2C

Receipt Date:

20-MAR-2019

Filing Date:

08-NOV-2016

Time Stamp:

17:11:30

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type DA
Payment was successfully received in RAM $1300

RAM confirmation Number

032119INTEFSW00004194071250

Deposit Account

071250

Authorized User

David Castro

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR1.17 {Patent application and reexamination processing fees}
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37 CFR 1.19 (Document supply fees)
37 CFR 1.20 (Post Issuance fees)

37 CFR 1.21 {Miscellaneous fees and charges}

Request for Continued Examination

File Listing:
Document — ] File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
39325

1 RCE 1147P2C_2019-03-20_RCE.pdf no 1
( ) 873141 ece 1560300128839ec04012950d 74
A0u0
Warnings:
This is not a USPTO supplied RCE SB30 form.
Information:
76256
1147P2C_2019-03-20_Respons
2 = = yes 9
&l FOA' pdf c2bhif2aRean2ntiocR709ddf6 77415251604
Multipart Description/PDF files in .zip description
Document Description Start End
Applicant Arguments/Remarks Made in an Amendment T 9
Claims 2 8
Amendment Submitted/Entered with Filing of CPA/RCE 1 1
Warnings:
Information:
30558
3 Fee Worksheet (SB06) fee-info.pdf no 2
eki9572130040¢ 56018129 159u 23 06}
Warnings:
Information:

Total Files Size {in bytes){

146139
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