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Priority of Invention This application clains priority to
United States Provisional Patent Application Nunber 61/150,655 filed
06 Febr uarYO2009¥1hd to United States Provisional PateR€T/BfSHEEa1260N
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I nternational Patent Applicatign Publi c ti on Nunber WO 2008/ 010921
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t herapeutic agent. On pages 176| 74 WO 2008/ 010921 further
descri bes conbi nations of the di ed conpounds (e.g. a WO

2010/ 091197PCT/ US20101023236 pound of Fornula I1). Included anong
the listing of dlfferen‘f'sqage he corrpound of Formula I (i.e.
elvitegravir), the conmpound-G 2011 (i.e. entricitabine) and
the salt of Fornmula IV (i.e. tFenoow rdi soprom | filmarate). A

di scussi on regardi ng formA af1 ons of % he conpounds can al so be found
at pages 159-168. NH2 N uv NN O (-0
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International Patent Application Publication Number WO 2005/113508 provides certain
specific crystalline forms of the compound of Formula I. The specific crystalline forms are
reported to have superior physical and chemical stability compared to other physical forms of the
compound.

International Patent Application Publication Number WO 2008/010921 describes
compounds that improve the pharmacokinetics of a co-administered drug by inhibiting

cytochrome P450 monooxygenase. One such inhibitor is the compound of Formula IT.

()

WO 2008/010921 also describes pharmaceutical compositions comprising the compounds and
provides for compositions that include af least one additional therapeutic agent. On pages 170
and 174 WO 2008/010921 further describes combinations of the disclosed compounds (e.g, a



Ho2c In v I nternational Patent Application Publication Nunber
WD 2008/103949 al so di scl oses conpounds that are reported to be
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dose forns co risi oun Formulas I, H, 111 and IV that
have enh‘éﬂ%%dm it 93 & ESBF},’FE%I}"@ ggﬁ ?éEE ‘ability, physical stability,
rel ease characteristics, or dosage uniformty. There is also a need
for inproved processes to prepare soI | d dose forms of conpositions

conprising the conpounds of Formnul 1] and IV. Summary of
the I nvention The presentN |on pjov s solid dose forns
(e.qg. tablets) conprising the & our ds of IaI Focoad a 11,
Formul a h aﬂd tche salt of For asret hods- to/=|5'-r/epare the
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H V. Accomdi ngly, in one enbodi nent tjge invention provides a
tabl et conprising a first |ayer and a second | ayer wherein; a) the
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Formul a ¢dnhpouli@dNhit e regil'ted to be useful to modify the pharmacokinetics of a co-administered
drug by inhibiting cytochrome P450 monooxygenase. Page 199 of WO 2008/103949 describes
the specific combination of the compounds of Formula 1, Formula II, Formula I1I and Formula
IV. Formulations are discussed on pages 181-190.

Despite these reports there currently is a need for improved solid dose forms (e.g. tablets)
for the delivery of multi-agent compositions. There is also a need for improved solid dose forms
comprising the compounds of Formulas I, II, IIl and IV that have enhanced or acceptable
chemical stability, physical stability, release characteristics, or dosage uniformity. There is also
aneed for improved processes to prepare solid dose forms of compositions comprising the
compounds of Formulas I, IT, IIl and IV,

Summary of the Invention

The present invention provides solid dose forms (e.g. tablets) comprising the compounds
of Formula I, Formula II, Formula III and the salt of Formula IV and methods to prepare the
solid dose forms. Applicant has discovered that tablets prepared in a bilayer manner have
superior properties to alternatively structured tablets. This discovery represents an advance in
the development of combination therapy for the treatment of viral infections such as HIV.

Accordingly, in one embodiment the invention provides a tablet comptising a first layer
and a second layer wherein;

a) the first layer comprises:



II'l; and a salt of Formula IV: WD 2010/091197PCT/ U S2010/ 023226 NH2
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10% of the co ; 150 ng 10% of the compound of
Formula 11; H%%ngo%@“}?gjfo%he compound of Forrnmula I11; and 300 ng
10% of the corrpound of For mula | V. I n one enbodi rrent t he
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5% of the conpound of I3a l; 150 ng t 5% of the conpound of
Formula 11; 200 ng 5% corrpound of Formula I11; and 300 ng 5%
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2% of the conpound of For a |V as pharnaceutically active
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and opticnally a pharmaceutically acceptable carrier; and
b) the second layer comprises:

a compound of Formula II:
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a salt of Formula IV
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and optionally a pharmaceutically acceptable carrier.

In one embodiment the invention provides a pharmaceutical composition that comprises
150 mg + 10% of the compound of Formula I; 150 mg * 10% of the compound of Formula II;
200 mg = 10% of the compound of Formula IT[; and 300 mg # 10% of the compound of
FormulaIV.

In one embodiment the invention provides a pharmaceutical composition that comprises
150 mg * 5% of the compound of Formula I; 150 mg + 5% of the compound of Formula IT; 200
mg + 5% of the compound of Formula III; and 300 mg + 5% of the compound of Formula IV.

In one embodiment the invention provides a pharmaceutical composition that comprises
150 mg = 2% of the compound of Formula I; 150 mg + 2% of the compound of Formula IT; 200
mg % 2% of the compound of Formula 1II; and 300 mg + 2% of the compound of Formula IV.

In one embodiment the invention provides a pharmaceutical composition that consists of
150 mg #+ 5% of the compound of Formula I; 150 mg + 5% of the compound of Formula II; 200
mg + 5% of the compound of Formula IiI; and 300 mg + 5% of the compound of Formula IV as
pharmaceutically active ingredients; and one or more pharmaceutically acceptable carriers,

In one embodiment the invention provides a pharmaceutical composition that consists of
150 mg = 2% of the compound of Formula I; 150 mg + 2% of the compound of Formula IT; 200
mg £ 2% of the cormpound of Formula IIl; and 300 mg + 2% of the compound of Formula IV as

pharmaceutically active ingredients; and one or more pharmaceutically acceptable carriers.



Cel I ul ose 20.8 299.5 Hydroxypropyl Cellulose 0.5 7.5 Hydroxypropyl
Cellulose 0.6 9.0 Sodium Lauryl Sulfate 0.8 11.3 Croscarnel |l ose

Sodium 7.3 104.3 I\/a;;nesi um Stearate 1.6 22.4 Total 100 1437.
WO 2010/09119 PCT/US2010/023226

In one embodiment the invention provides a tablet that consists of the following:

Compound of Formula II
150 mg Formulation
Components % w/w mg/tablet
Compound of
Formula III 139 200.0
Salt of Formula IV 20.9 300.0
Compound of 10.4 150.0
Formula I
Compound of 10.4 150.0
Formula I
Colicn?ial‘ Silicon 12.0 172.5
Dioxide
Lactose Monohydrate 0.8 10.9
Microcrystalline
Cellulose 208 2995
Hydroxypropyl 0.5 75
Cellulose
Hydroxypropyl 0.6 0.0
Cellulose
Sodium Lauryl Sulfate 0.8 113
Croscar;nellose 73 1043
Sodium
Magnesium Stearate 1.6 22.4
Total 100 1437.

The invention also provides methods for preparing tablets of the invention that are
described herein, as well as intermediate compositions and articles that are useful for preparing
compositions of the invention. Accordingly, in one embodiment the invention provides a
method for preparing a tablet of the invention comprising: compressing a composition that
comprises the compound of formula I and the compound of formula II to provide a first pressed
layer; adding the compound of formula IIl and the salt of formula IV to the first pressed layer;
and compressing to provide the tablet of the invention. In one embodiment of the invention, the
composition that comprises the compound of formula I and the compound of formula II is
compressed to provide a soft layer; a mixture that comprises the compound of formula IIT and

the salt of formula IV is added to the soft layer to provide a final combination; and the final



The invention al so provides nethods for preparing tablets of the
i nvention that are described herein, as well as internedi ate
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It is also to be understood that various weight ratios of the compounds to one another



A specific silica material (particle) that is particularly useful in
the conpositions of the invention is AEROPERLO 300 (funed silica),
which is available from Evoni k Degussa AG Dussel dorf, GCernmany.
However, oVRePIWMI¥®7i al s havi ng physical and chenical pPEpESIIER3226
simlar to the silica materials described herein can al so be used,
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Techniques and formulations generally are found in Remington's Pharmaceutical Sciences



A tabl et can be nmade by conpression or nolding, optionally with one
or nore accessory ingredients. Conpressed tablets may be prepared by
conpressing in a suitable nmachine the active ingredient in a

free-fl owi W§ 2WEY¥HSUch as a powder or granul es, opti onaP¢T/UROKER3W6t h
a binder,, | iLcant, inert diluent, preservative, surface activ
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The manufacturing procedure for a fixed dose conbi nation tabl et
contai ning the corrpounds of Formulas I, Il, IIl and IV include the
follow ng step a flui d-bed granul atl on and drying of the conpound
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r epr esent RiFANY: 6 spluen FoRPHIEE awe aglﬂorg@eq wdvenp pushpasetorgrample a (Ci-Co)
conposi t ;18051 E Lzady be used to prepare tablets of the invention.
Conponent s Yo W W rry)tabl et 150.0 Conmpound of Formula | 26.77
Co rrpou nd of Emcnmpwﬂdl of Rnﬁﬂa Tixaf) alSo bk thaded inf 4 siBenmBedadibgeliskdlvitg the
86. 3 Lact ose ohyd 94 10.
ompounlvg Pn a ta e so vent to provr%e a solution comprising the compound of Formula II;
adding silica particles to the solution to provide a mixture; optionally agitating or stirring the
mixture; adding an antisolvent to the mixture; and isolating the solid mixture that comprises the
compound of Formula II on the silica particles. Suitable solvents include organic solvents such
as ketones {e.g. acetone), alcohols (e.g. ethanol) and halogenated hydrocarbons (e.g.

dichloromethane). Suitable antisolvents include highly non-polar solvents {e.g. hexane or



M crocrystalline Cellul ose 29.32 164. 3 Hydroxypropyl Cellulose 1.34
7.5 Hydroxypropyl Cellulose 0.80 4.5 Sodium Lauryl Sulfate 2.01 11.3
Croscarnel | ose Sodi um 8.03 45.1 Magnesium Stearate 1.00 5.6 Tot al
100. 0 560 WESAWBREST s PCT/US2010/023226

heptane). The final solid mixture can be isolated by any suitable separation technique (e.g.
filtration).

One or more pharmaceutically acceptable excipients can be combined with the mixture to
provide a second mixture. These pharmaceutically acceptable excipients can include fillers,
binders, and disintegrants. In order to improve the processability of the mixture in the
subsequent aqueous granulation process, it can be beneficial to select fillers and disintegrants
that are compatible with this aqueous process. For example microcrystalline cellulose (filler)
and croscarmellose sodium (disintegrant) were found to be particularly compatible with the
subsequent aqueous granulation process. Hydroxypropyl cellulose (binder) was also found to be
particularly compatible with the subsequent granulation process. In one embodiment of the
invention the weight percentage of microcrystalline cellulose to the total weight of the second
mixture is about 50% =% 20%. In one embodiment of the invention the weight percentage of
hydroxypropy! cellulose to the total weight of the second mixture is 2% + 1%. In one
embodiment of the invention the weight percentage of croscarmellose sodium is 5% + 2%.
Following addition of the pharmaceutically acceptable excipients, the second mixture can be
mixed, for example, using a mechanical mixer, such as a high shear granulator (Niro-Fielder,
model PMA-25).

Water can be added to the second mixture to provide a wet granulate, which can
subsequently be de-agglomerated, e.g. with a 20 mesh sieve. Drying, for example using a fluid
bed dryer (Fluid Air, model 20), provides a dried material that comprises solid particles. In one
embodiment the dried material has less than about 10.0% moisture content as determined by loss
on drying (LOD). In another embodiment the dried material has less than about 5.0% moisture
content as determined by loss on drying (LOD). In another embodiment the dried material has
less than about 1.0% moisture content as determined by loss on drying (LOD). The size of these
particles can be reduced, ¢.g. using a 40 mesh sieve or a suitable mill (Quadro CoMil, model
197/3) to provide a third mixture.

A suitable pharmaceutically acceptable lubricant/glidant (e.g. magnesium stearate, stearic
acid, calcium stearate, zinc stearate, or pregelatinized starch ) can be combined with the third
mixture to provide a fourth mixture. In one embodiment the weight percentage of magnesium

stearate to the total weight of the fourth mixture is 1% = 0.5%.
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96 w w | ag/tabl et Conpound of Formula I 23.61 150.0 Conpound of

Formula Il 15.74 100.0 Colloidal Silicon Dioxide 18.10 115.0 Lactose

Monohydrate 1.71 10.9 Mcrocrystalline Cellul ose 28.26 179.5 WD

2010/ 09119¥O )8 br opyl Cel 1 ul ose 1.18 7.5 Hydr oxypr offyi/UE81%13pBs e

0.94 6.0 In one embodiment, the invention provides a composition prepared by the methods
described herein. The invention also provides a product prepared by any of the process steps
described herein.

Formulations suitable for oral administration may be presented as discrete units such as
tablets each containing a predetermined amount of the active ingredients; as a powder or
granules.

A tablet can be made by compression or molding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by compressing in a suitable machine the
active ingredient in a free-flowing form such as a powder or granules, optionally mixed with a
binder, lubricant, inert diluent, preservative, surface active agent or dispersing agent. Molded
tablets may be made by molding in a suitable machine a mixture of the powdered active
ingredient moistened with an inert liquid diluent. The tablets may optionally be coated or scored
and optionally are formulated so as to provide slow or controlled release of the active ingredient.

Tablets of the invention may contain one or more agents including sweetening agents,
flavoring agents, coloring agents and preserving agents, in order to provide a palatable
preparation. Tablets containing the active ingredients in admixture with non-toxic
pharmaceutically acceptable excipients which are suitable for manufacture of tablets are
acceptable. These excipients may be, for example, inert diluents, such as calcium or sodium
carbonate, lactose, lactose monohydrate, croscarmellose sodium, povidone, calcium or sodium
phosphate; granulating and disintegrating agents, such as maize starch, or alginic acid; binding
agents, such as cellulose, microcrystalline cellulose, starch, gelatin or acacia; and lubricating
agents, such as magnesium stearate, stearic acid or talc. Tablets may be uncoated or may be
coated by known techniques including microencapsulation to delay disintegration and adsorption
in the gastrointestinal tract and thereby provide a sustained action over a longer period. For
example, a time delay material such as glyceryl monostearate or glyceryl distearate alone or with
a wax may be employed.

International Patent Application Publication Number WO 2005/113508 provides certain
specific crystalline forms of the compound of Formula I. The entire content of International
Patent Application Publication Number WO 2005/113508 is incorporated herein by reference (in
particular, see pages 12-62 therein). The specific crystalline forms are identified therein as
Crystal Form II and Crystal Form III. Crystal form II has an X-ray powder diffraction pattern
having characteristic diffraction peaks at diffraction angles 20(°) of 6.56, 13.20, 19.86, 20.84,

11



Sodi um Lauryl Sulfate 1.77 11.3 Croscarnell ose Sodium 7. 67 48.8
Magnesi um Stearate 1.00 6.4 Total 100.0 635 WO

2010/ 091197PCT/ US2010/ 023226 Conponent s %ww ng/tablet 150.0
Conpound oVOR8KE1'87 | 19.10 Conpound of Fornula Il 19. REE/YSI23226

21.22, and 25.22 as measured by an X-ray powder diffractometer. Crystal form III has an X-ray
powder diffraction pattern having characteristic diffraction peaks at diffraction angles 26(°) of
8.54, 14.02, 15.68, 17.06, 17.24, 24.16, and 25.74 as measured by an X-ray powder
diffractometer. In one embodiment the compositions of the invention include a compound of

formula I that is in Crystal Form II or Crystal Form II1.
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Colloidal Silicon Dioxide 21.97 172.5 Lactose Monohydrate 1.38 10.9
M crocrystalline Cellul ose 26.74 210.0 Hydroxypropyl Cellul ose 0.96
7.5 Hydrox\X’Er oioél Cellulose 1.15 9.0 Sodi um Lauryl Sulfate 1.43 11.3
Croscar nel VOS8'48HTm 7. 16 56. 3 Magnesi um St ear at e 1. 00PGT/YS2Ef/RE226

Preparation of a Compound of Formula Il and Preloading on Silica

A compound of Formula II or a salt thereof can be prepared by coupling an acid salt of
formula X wherein M is a counterion with an amine of formula IX to form the corresponding
amide of Formula II as described in International Patent Application Publication Number WO

2008/103949 (for example, see page 254).
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This amide forming reaction can be carried out under standard conditions. For example, it can
be carried out in a suitable organic solvent (e.g. tetrahydrofuran or dichloromethane) in the
presence of a suitable coupling agent (e.g. EDC*HCI and HOBt). Other suitable amide coupling
reagents and conditions are known in the field. The reaction can typically be carried out at a
temperature from about -30 °C to about 20 °C. The final reaction solution containing the
compound of Formula I in dichloromethane (DCM]) can be directly utilized in the processes
illustrated in Figure 2 to provide representative compositions of the invention, or the
dichloromethane solution of the compound can be combined with ethanol and the resulting
mixture can be distilled to remove the dichloromethane, leaving a solution of the compound of
Formula II in ethanol. This ethanol solution can be combined with the silicon dioxide particles

and evaporated (as illustrated in the left column of Figure 2) to provide a composition
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100.0 785 Attenpts were al so nade to manufacture the tablet as
atrilayer. During trilayer conpression, the tablet was nmanufactured

with a layer of the conmpound of Formula |, a second |ayer contai ning
t he conpouW& 810/ Hula 11 and a third | ayer contai ni ngPEr/uEwme023126
t he conpound of Fornula I1l_and the salt of Formula IV. The initial
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of Forrrulah was too snmall, which resulted in a very thin tabl et

layer thHEMCRlPITigse &) GiRVids 2 eqrepogition comadsing e copapened Faurvlal

the conpigssi on process. The weight of the layer containing the

conmpound of Forrmula | was simlar to the weight of the |ayer

contai ni ng t hEigemriphuwsla ofosfesctivh af 4 fabko(10UNefthe ivbntino Theveabled includes a

prevent t.he rev%ée configuration. The weight of the bl gnd cont al ni ng
the conpBithH¥edfOPSpatsPmpiives agppppupd i ormanly d ancha cyppaid gf Eeraa B, The

| ayer th

oat0) 0o P EEERT iahRks it 22%9‘%6?@ E&h‘éos?}%?g%? aind of Formula mr‘f‘ﬁdsa salt of
| ayer waBorfmild Bied by a second Iayer contai ning the conpound of

Formul a | andrat [I tKlage?éer cont nln t he, conpound of Fornu] a

Severe tabl et @B USRS STSHEET R P p?%t@‘eiewﬁmr@@g.a&ﬁmpmd
process pfpghyiamg the three |ayer process There was also difficultly
controlling the tablet weight with this three |ayer configuration as

wel | . I n addiFigems 3 ltlmrammeaﬂmr pieparthgl aehyilpyer tatdqtan dtecdventiom Thie process
t abl et c%rﬁgﬁt Agt ct tablﬁel]t free of defects could not be produced
for the { flayl 5"@8 gur at i on. Conbi ni ng al | of the

conpounds of 'Fl@Hxﬂlﬂéli&oh will how bk illusBBed by tHerfoHoﬁ'né Tnbh- ﬁnﬁﬁh@
nono | ayer tablet conpronises the chenical stability of Formila IV

Addi tional ly, inproper conbinations of the conpounds of Formula I,
[1, 111, or IVin a bilayer tablet will also conprom se the chem cal
stability of Formula IV. For exanple, Formula IV in the presence of
silicon dioxide fromthe Formula Il formulation will deconpose
Formula 1V; and Fornula IV in the in the presence of sodium |l auryl
sul phate fromthe Formula | fornmulation wll deconpose Formula |IV.

Exanple 2 The followng table illustrates representative
conpositions of the invention that are useful in preparing tablets of
the invention. Conponents Conpound of Fornula Il 75 ng Fornul ation

Compound of Formula Il 100 ng Formulation %ww ng/tablet %ww
ng/table t
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Compound of Formula Il 16.5 200.0 15.5 200.0 Salt of Formula IV 24.7
300.0 23.3 300.0 Compound of Fornmula I 12.4 150.0 11.7 150.0 Conpound

of Formula Il 6.2 75.0 7.8 100.0 Colloidal Silicon Dioxide 7.1 863
8 9 115 0 WO 2010/091197 PCT/US2010/023226

Examples

Example 1: Tablet Formation.

The manufacturing procedure for a fixed dose combination tablet containing the
compounds of Formulas I, II, IIl and 1V include the following steps: 1) fluid-bed granulation and
drying of the compound of Formula I, 2) high-shear granulation and fluid-bed drying of the
compound of Formula II or the compound of Formula II loaded on silica particles, 3) dry
granulation of the compound of Formula Il and dry granulation of the salt of Formula IV, 4)
milling of fhe dry granulation of the compound of Formula 11l and milling of the dry granulation
of the salt of Formula IV, 5) blending of the compound of Formula III and the salt of Formula
1V, 6) blending of the compound of Formula I and the compound of Formula II, 7) bilayer |
compression with one layer consisting of the blend of the compounds of Formula I and Formula
Il and the other layer consisting of the blend of the compounds of Formula ITI and Formula IV to
form a tablet, 8) coating of the tablet and 9) packaging of the coated tablet.

The in-process weight control for a bilayer tablet was superior compared to a trilayer
tablet configuration. Bilayer weight control for the layer containing the compounds of Formula [
and Formula II was between 100.2% and 100.8% of the mean target layer weight. Mean weights
for the total tablet was between 99.5% and 100.7% of the mean target tablet weight. The relative
standard deviation (RSD) value for the layer containing the compounds of Formula I and
Formula IT was between 1.4% and 2.2%, while the RSD for the total tablet was between 0.7%
and 1.2%. These low RSD values indicate very low weight variability during the bilayer tablet
compression process. The friability at the start and end of the compression process was 0.0%.
No chipped, capped, or broken tablets were observed during bilayer compression.

Significant material property and compressibility differences between layer 1 and layer 2
presented the risk of layer separation during the tablet compression process using the process of
preloading Formula II on a solid carrier. However, the resulting tablets were intact with no
defects and withstood the aggressive film-coating process.

As described above, an intermediate mixture that is useful for preparing a layer of a
tablet of the invention is a composition that comprises the compound of formula I and the
compound of formula II. Accordingly, in one embodiment, the invention provides a
composition comprising the compound of formula I and the compound of formula II. The

compounds of formula I and Il may be present in any of the amounts or ratios described herein
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Lact ose Monohydrate 0.9 10.9 0.8 10.9 Mcrocrystalline Cellul ose 20.9
253.8 20.9 269.0 Hydroxypropyl Cellulose 0.6 7.5 0.6 7.5
Fwdroxyprqagl Cellulose 0.4 4.5 0.5 6.0 Sodium Lauryl Sulfate 0.9

11. 3 2010/091197 PCT/US2010/023226
that are useful for preparing tablets of the invention. For example, the following tables illustrate

representative components and weight ratios for intermediate compositions that can be used to

prepare tablets of the invention.

Components % w/w | mg/tablet
compound of 26.77 150.0
compound of 13.39 75.0
pololdal Silicon 15.40 86.3
i?grtl{z)slfydrate 1.94 10.9
ggﬁi o stalline 29.32 164.3
Hydroxypropyl 1.34 7.5
Cellulose '
catose 0.80 .5
e Lauryl 2.01 11.3
g; o mellose 8.03 45.1
Magnesium Stearate 1.00 3.6
Total 100.0 560
Components % w/w mg/tablet
compound of 23.61 150.0
compound of 15.74 100.0
sonloical Sificon 18.10 115.0
Ib:/ias;l(z)slsydrate 171 10.9
Cacrocrystalline 28.26 179.5
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0.9 11.3 Croscarnellose Sodium 7.7 93.1 7.5 96.8 Magnesi um St earate
1.7 20.1 1.6 20.9 Total
2010/ 091197PCT/ US2010/ 023226 Exanple 3
i |l ustrat e¥O0F'0488%ent ati ve conposition of the inventiBRF/PHA10/23226

usef ul
For mul a

100 1212 100 1287 WO

- £ L
PLS Ul L T1IE

rmventron.

TR o T

ellulose e /-5
Hydroxypropyl

Cellulose 0.94 6.0
Sodium Lauryl

Sulfate 1.77 11.3
Croscarmellose

Sodium 7.67 48.8
Magnesium Stearate 1.00 6.4
Total 100.0 635

17

The follow ng table

Conmponent s Conpound of



% w w ng/tabl et Conmpound of Formula Ill 13.9 200.0 Salt of Formula IV
20.9 300.0 Conmpound of Formula | 10.4 150.0 Conpound of Fornula I
10.4 150.0 Colloidal Silicon D oxide 12.0 172.5 Lactose Mnohydrate
0.8 10.9 NYERBVYEPE| | ine Cellul ose 20.8 299.5 Hydr oxypiolglpetonzszze
Cel lul ose 0.5

Components % w/w mg/tablet
fommuat | 1910 | 1500
formiall | 1940 | 1500
g?cl);c;i;ial Silicon 21.97 172.5
I%?;;%Slfydrate H38 g
?:déﬁfl(;ggstalhne 26.74 210.0
Clliose | 08 =
Celllone | 15 >
e | M4 | u
gggfﬁgmellose 7.16 56.3
Stearste. e =
Total 100.0 785

Attempts were also made to manufacture the tablet as a trilayer. During trilayer
compression, the tablet was manufactured with a Jayer of the compound of Formula I, a second
layer containing the compound of Formula IT and a third layer containing a blend of the
compound of Formula III and the salt of Formula IV. The initial attempt was to apply the
compound of Formula II as the first layer, followed by the compound of Formula I on the second
layer, and lastly the third layer of a blend of the compound of Formula III and the salt of Formula
IV. The weight of the layer containing the compound of Formula II was too small, which
resulted in a very thin tablet layer that caused a collision of the upper and lower punches during
the compression process. The weight of the layer containing the compound of Formula I was
similar to the weight of the layer containing the compound of Formula II so punch collision
would prevent the reverse configuration. The weight of the blend containing the compounds of

Formula IIT and IV was large enough to present a layer thickness that prevented punch collision
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7.5 Hydroxypropyl Cellulose 0.6 9.0 Sodium Lauryl Sulfate 0.8 11.3
Croscarnel |l ose Sodium 7.3 104.3 Magnesium Stearate 1.6 22 4 Total 100
1437 WO 20%0/0 1197PCT/ US2010/ 023226 Exanple 4 fol | owi ng
table il u¥PPYad represent ative conposition of the |Wﬂ§%“5’ﬂ)z?ﬂ§t

iofs llizre];nlj(:‘h'g{.n%l g%r? I n%g:pﬁ%:e% S%aa.glajgertl %\ras ?Siﬁawed (l))y a secongrl)ayer con?ammg”ﬁlou nd
compound of Formula I and a third layer containing the compound of Formula II.

Severe tablet defects were observed during the tablet compression process involving the
three layer process. There was also difficultly controlling the tablet weight with this three layer
configuration as well. In addition, the second and third layers separated from the tablet core. An
intact tablet, free of defects could not be produced for the trilayer tablet configuration.

Combining all of the compounds of Formula I, I1, IlI, and IV in a mixture to produce a
mono layer tablet compromises the chemical stability of Formula IV. Additionally, improper
combinations of the compounds of Formula 1, 11, IIT, or IV in a bilayer tablet will also
compromise the chemical stability of Formula IV. For example, Formula IV in the presence of
silicon dioxide from the Formula II formulation will decompose Formula IV; and Formula IV in
the in the presence of sodium lauryl sulphate from the Formula I formulation will decompose

Formula IV.

Example 2

The following table illustrates representative compositions of the invention that are
useful in preparing tablets of the invention.

Compound of Compound of
Formula II Formula II 100 mg
75 mg Formulation Formulation
mg/table

Components % w/w |mg/tablet| % w/w L
Compound of 16.5 200.0 15.5 200.0
Formula 11
Salt of Formula IV 247 3000 233 300.0
Compound of 12.4 150.0 11.7 150.0
Formula I
Compound of
Formula 1I 6.2 75.0 7.8 100.0
Colloidal Silicon 7.1 86.3 8.9 115.0
Dioxide
Lactose Monohydrate 0.9 109 0.8 10.9
Microcrystalline
Cellulose 20.9 253.8 20.9 269.0
Hydroxypropyl 0.6 75 0.6 7.5
Cellulose
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% w w ng/tabl et Conmpound of Formula Ill 14.8 200.0 Salt of Formula IV
22.2 300.0 Conpound of Formula I 11.1 150.0 Conpound of Formnula I
11.1 150.0 Lactose Monohydrate 0.8 10.9 Mcrocrystalline Cell ul ose
19.5 267. 1WA 1YPHAT Silicon Dioxide 11.1 150.0 Croscar RET/NE¥&/EEH6UmM

6.1

Hydroxypropyl

Cellulose 0.4 4.5 0.5 6.0
Sodium Lauryl Sulfate 0.9 11.3 0.9 11.3
Croscarmellose

Sodium 7.7 93.1 1.5 96.3
Magnesium Stearate 1.7 20.1 1.6 20.9
Total 100 1212 100 1287
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81. 75 Hydroxypropyl Cellulose 0.6 7.5 Sodium Lauryl Sulfate 0.8 11.25
Magnesi um Stearate 1.6 21.5 Tablet Core Wight 100 1350 Exarrpl e 5.

A phar macqkinetic dose-rangi ng study invol ving the conpound

Formul a | 1YR341%3Hdlct ed. Doses for the conpound of For%T’QSQI"f“"PEﬁZ(

t he dosegr g study included 50 ng, 100 ng and 200 ny.
Phannaco1E—’t(-|—:‘éi’;|Egl

c data for the conpound of Formula Il fromthe
dose-rangi ng Phdfdylodvidg tih)ei1h0Pat60h % EentivE cOMbERTbr oF thdi@vdrdibh that is
bel ow. PK Data for the conpound of Fornula Il (dose-ranging study;
100 ny dwsséul lmmmé}nn&mlat,sngthglmﬁenmg 3440 (34.3) C. (ng/nml) 563
(30.7)

Compound of Formula I

150 mg Formulation

Components % w/w mg/tablet
Compound of _
Formula IT1 13.9 200.0
Salt of Formula IV 20.9 300.0
Compound of 10.4 1500
Formula |
Compound of
Formula II 104 150.0
Cgllqldal Silicon 12.0 172.5
Dioxide
Lactose Monohydrate 0.8 10.9
Microcrystalline
Cellulose 208 2993
Hydroxypropyl 0.5 75
Cellulose
Hydroxypropyl 0.6 9.0
Cellulose
Sodium Lauryl Sulifate 0.8 113
Cro§carmellose 73 1043
Sodium
Magnesium Stearate 1.6 22.4
Total 100 1437
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T112 (h) 3.12 (2.55, 3.36) CL/F (L/h 33.2 (43.6) QL = first
quartile; @B = third quartile Data presented as arithnetic nean
(V) ; TA‘Bresent ed as nedian (Q, @); %V, percent coefficient of
vari ati on YO@¥E18PDo1197PCT/ US2010/ 023226 A phar He b Hepepee
study i nyol vi]ng two fixed-dose conbi nati ons of the conpounds of
Formul a ﬁﬁ%ﬁmla 1/ Formula I'll/ Formula IV was al so conduct ed.
Doses for theThd f@ﬁewﬁfgwﬂ@nm@ﬂrat@std%pre@émétne cERPRAUHAT tF inb@fioH kit Is/useful
Formula I/ Formula II'l/ Formula IV were 150 ng/ 100 ng/ 200 ng/ 300 ny
(Dose A)inpieparsg tapigts siGhagyve®d®. ng/ 300 ngy (Dose B) respectively.
Phamacoki netic data for the conmpound of Fornula Il fromthe study

I nvolving the two fixed dose conbi nations (Dose A and Dose B) is

providefi Tn The TolTow Ng [ablgd pl;l& ara for The cagnmpound of Formul a
|1 (fixpd dose combinatfon stu ﬂ J-EWE,;}Z% PK Dosie A (n = 43) Dose
B (n = #2) AUCE,,,, (nglhtm)—6160-(31-4—10400-{35.1) Crax (ng/nlL)
855 (27| 6ympegsns (29, 7) Yo wiw my/tablet

Compound of Formula III 14.8 200.0

Salt of Formula I'V 222 300.0

Compound of Formula I 111 150.0

Compound of Formula IT i1l 150.0

Lactose Monohydrate 0.8 10.9

Microcrystatline Cellulose 19.5 267.1

Colloidal Silicon Dioxide 11 150.0

Croscarmellose Sodium 6.1 81.75

Hydroxypropyl Cellulose 0.6 1.5

Sodium Lauryl Sulfate 0.8 11.25

Magnesium Stearate 1.6 21.5

Tablet Core Weight 100 1356

Example 5.

A pharmacokinetic dose-ranging study involving the compound of Formula IT was
conducted. Doses for the compound of Formula II for the dose-ranging study included 50 mg,
100 mg and 200 mg. Pharmacokinetic data for the compound of Formula II from the dose-
ranging study for the 100 mg dose is provided in the table below.

PK. Data for the compound of Formula I
(dose-ranging study; 100 mg dose; n=11)

AUCq (nghr/mL) | 3440 (34.3)
Ciax (ng/mL) 563 (30.7)

T (B) 3.12 (2,55, 3.36)
CL/F (Lh) 332 (43.6)

Q1 = first quartile; Q3 = third quartile
Data presented as arithmetic mean (%CV); Ty, presented as median (Q1, Q3); %CV, percent  coefficient of
variation
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Q, (ng/nmL) 10.8 (83.6) 23.3 (103) The overal |l exposure, as
nmeasured by area under the curve (AUC), was 1.5 to 2-fold higher for
t he conpo la Il in the fixed-dose conbination stud
A) versusu@&eﬁg%gg@z?e as nmeasured by area under the cufGEUPHR 23?2&
t he dose-ranging study involving the 100 ng dose of the compound of
Formula I'I. Daepnhonde

& Bilisetl &S éﬁﬁ-xz\%g\]glﬂ Rﬁ?ﬂfe‘:ﬂ r%ogc EQEniR TR YR ﬁeggmg&.ﬁ@y bt

1, either less of the conp or mu IS req U|re
an equi vEbrenda Biformyila HY F@‘iﬁlﬂmﬂv Fonmila &/ s.amelscaamdm‘:ted)f Dbdee f@ralmﬁxndeldané

Conpound BFo EidRa e Cor o crtel Koo ThEOEBIBlAarBHs £ req 150
I'1. Thi Sm@ﬂ@ﬂ@%@@@rﬂg@@%’éﬁ%s@%ﬁgﬁd‘{ﬁ)& 15@5&&@@%9%@5@3 ja ll,

al so suggests t | ess conpound”of Fornula I achi eve
ef f ect i veespsepodyr macbheelmﬂapnbnme&bmﬁwmﬂff otrhula I from thal study involving the

et or oncl RS B ndRgn CaA A isRar et BBl o e Ence.

The invention has been described with reference to various specific
and preferred enhodinents and techni ques. However, it should be
under st ood t hat rran)}’K\/ﬁathémﬂtmeMndmﬂFdrhmwlﬂons may beg nmade while
remai ni ngl Wi thin the spj and s e of e invention. | CLAIMS Wat
is claimed is: 1.A tabRg %F‘?@gﬂé"lo&l#‘fdﬁ’g | ayer and g second | ayer

wher ei n; aMehrhEC\?%LPK Iayengégrﬂ)(dzsgg a lquap L{ (;L@T) Forjmula 1: ;
and a conpound of Formula {11: NY- h.0i-11 N0 _1/{) Ph
AUC, (ng.hr/mL) 5150 (31.7) 10400 (35 1)
Crnax (ng/mL) 855 (27.6) 1570 (29.7)
Cau (ng/mL) 10.8 (83.6) 23.3 (103)

The overall exposure, as measured by area under the curve (AUC), was 1.5 to 2-fold
higher for the compound of Formula II in the fixed-dose combination study (Dose A) versus the
exposure as measured by area under the curve (AUC) for the dose-ranging study involving the
100 mg dose of the compound of Formula [I. Due to this increased exposure to the compound
of Formula I, either less of the compound of Formula I is required to provide an equivalent
antiviral effect, or the same amount of the compound of Formula I will provide an increased
antiviral effect when the compound of Formula I is administered with the compound of
Formula II. This unexpected increased exposure to the compound of Formula II, also suggests
that less compound of Formula I1 is required to achieve effective exposure to the compound of
Formula II.

All publications, patents, and patent documents 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 made while remaining within the

spirit and scope of the invention.
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and optionally a pharnmaceutically acceptable carrier; and b) the
second | ayer conprises: a conpound of Fornmula I11: H2ZNNO N- H YwNOH
; and V\D 7PCT/ US2010/ 023226 a salt of Formul X )
NN , . (Jg%%g’]i?’? HXR2Crj -CH3 1V and opti onally a ‘?C%"XSZOM@SM
phar maceutl cally acceptable carrier e tablet of claimlwherein
the first layer is in contact with tﬁe second | ayer. 3. The tablet
of any one of clains 1-2 wherein the weight ratio of the conpound of
Formula Ito the conpound of Formula Il is 1.0 0.5. 4. The tablet of
any one &haiigelaknalwherein the first layer further conprises a
plurality of silica particles. 5. The tablet of any one clainms 1-3
wherein the compound of Formula Il is associated with silica

partl cle tabl.et o of cl.aims 1-5 that conprises 150
10%§f th%t%gere‘rﬁ W‘%&a%’&f%‘ﬁ 25506 Tayer YBOIB: ¢ he conpound of
For mula I'1; 20§ ﬁ@ﬁrs’t%péorﬁﬂ}ge§orrpound of Formula I11; and 300 ng
10% of the conpound of Formula IV. 7. The tablet of cI aim6 that
conprises 150 #gompopngfofthemdakpound of Fornula I. 8. The tablet of
claim6 that conprises 150 ng 2% of the conpound of Fornula I.

HO |, CH

s G

and optionally a pharmaceutically acceptable carrier; and
b) the second layer comprises:

a compound of Formula III:

L \/_7’\014

m ; and
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9. The tablet of any one of clainms 6-8 that conprises 150 ng 5% of
t he conpound of Fornula H WD 2010/ 091197PCT/ US2010/ 023226 10. The

t abl et of (ﬁ@égﬂm; B@ cI ains 6-8 that conprises 150 ng ?(‘I}@éz({@%zm

conmpound orrm 11. The tablet of any one of c

t hat conpri se§sagp(§}~paggm§ﬂ{o;9f t he compound of Formula Ill. 12. The
tabl et of any one of clains 6-10 that conprises 200 ng 2% of the
conpound of Fornulald 1. 13. The tablet of any one of clains 6-12
t hat conpri ses 0 5% ofy t alt of Formula IV. 14. The tabl et
of any one of cfai IITSJ 12 thatgconprisesc8M ng 2% of the salt of
Formula 1V. 15N tabl/e%oof any - on?=eff clainms 1-14 further
conprising a phér\rpem\yi?koal |y acceqd,gbl e carrier. 16. The tablet of
any one of claims:l-154whicch orrmulated in unit dose form 17.
The tablet of anyCbme of cl & wg/tl 16 which is fornulated for once a
day dosing. 18. A nethod fOr preparing a tablet as described in
claim1 conprising: conpresging a conposition that conprises the
conpound of formula | and the conmpound of fornula Il to provide a

first pressed hay 1on§l%dé?9m§19&uﬁ QuadiaBle afifepul @ 111 and the sal t
of formula IV to t e firs esse ayer; and conpressing to provide

the tablet. WD 2010/091197 19. A tablet as described in claim1 that

Engr:JIS;tSFSL t J?Ee tagfel OfW' 1Al IW%QH e r%Irsst 1aye1r:TB%.J antggt w'ft?l " sle%orllcf Iaye%o 9

3. The tablet of any one of claims 1-2 wherein the weight ratio of the compound of Formula

Ito the compound of Formula IT is 1.0 £ 0.5,

4. The tablet of any one claims 1-3 wherein the first layer further comprises a plurality of

silica particles.

5. The tablet of any one claims 1-3 wherein the compound of Formula II is associated with

silica particles.

6. The tablet of any one of claims 1-5 that comprises 150 mg + 10% of the compound of
Formula I; 150 mg % 10% of the compound of Formula II;

200 mg = 10% of the compound of Formula III; and 300 mg * 10% of the compound of
FormulaIV.

7. The tablet of claim 6 that comprises 130 mg + 5% of the compound of Formula 1.

3. The tablet of claim 6 that comprises 150 mg + 2% of the compound of Formula 1.

9. The tablet of any one of claims 6-8 that comprises 150 mg £ 5% of the compound of
Formula I1.
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% w w ng/tabl et 200.0 Conpound of Forrmula Il 13.9 Salt of Formula
'V 20.9 300.0 Conpound of Formula I 10.4 150.0 Conpound of Formula II

10. 4 150. i Silicon Dioxide 12.0 172.5 Lactose
0.8 10.9 %P”g?g@?’?g‘?]él line Cellulose 20.8 299.5 peHSIYAR3:S

10.  The tablet of any one of claims 6-8 that comprises 150 mg + 2% of the compound of

Formula I1.

11.  The tablet of any one of claims 6-10 that comprises 200 mg + 5% of the compound of

Formula IIL

12, The tablet of any one of claims 6-10 that comprises 200 mg + 2% of the compound of

Formula 101,

13.  The tablet of any one of claims 6-12 that comprises 300 mg = 5% of the salt of Formula
Iv.

14.  The tablet of any one of claims 6-12 that comprises 300 mg + 2% of the salt of Formula
Iv.

15, The tablet of any one of claims 1-14 further comprising a pharmaceutically acceptable

carrier.

16.  The tablet of any one of claims 1-15 which is formulated in unit dose form.

17.  The tablet of any one of claims 1-16 which is formulated for once a day dosing.

18. A method for preparing a tablet as described in claim 1 comprising: compressing a
composition that comprises the compound of formula I and the compound of formula II to

provide a first pressed layer; adding the compound of formula Il and the salt of formula IV to

the first pressed layer; and compressing to provide the tablet.
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Hydr oxypropyl Cellulose 0.5 7.5 Hydroxypropyl Cellulose 0.6 9.0
Sodi um Lauryl Sulfate 0.8 11.3 Croscarnell ose Sodium 7.3 104.3

Magnesi um r ol- 6 22.4 Total 100 1437. 20. A tabl. as
descri bed V?Q%@'g]%lﬁn)%& I?(ETr’gé’ﬁH)?@ngqu

19. A tablet as described in claim 1 that consists of the following:

Compound of Formula Il
150 mg Formulation

Components % w/w mg/tablet
Compound of
Formula III 139 200.0
Salt of Formula IV 20.9 300.0
Compound of 10.4 150.0
Formula [
Compound of
Formula [T 104 150.0
Ct?llqldal Silicon 12.0 1755
Dioxide
Lactose Monohydrate 0.8 10.9
Microcrystalline
Cellulose 20.8 2995
Hydroxypropyl 0.5 75
Cellulose
Hydroxypropyl 0.6 9.0
Cellulose
Sodium Lauryl Sulfate 0.8 113
Croscarmellose
Sodium 7.3 104.3
Magnesium Stearate 1.6 22.4
Total 100 1437.

20. A tablet prepared as described in claim 18.

27



