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CO-CRYSTAL OF SOFOSBUVIR AND AMINO ACID AND PROCESS FOR

PREPARATION THEREOF

FIELD OF THE INVENTION
The present invention relates to co-crystal of sofosbuvir and amino acid and

process for preparation thereof. The invention also relates to a pharmaceutical

~ composition comprising said co-crystal and one or more pharmaceutically acceptable

carriers, excipients and diluents for the treatment of hepatitis C.

BACKGROUND OF THE INVENTION B :

The following discussion of the prior art is intended tb presen:t the invention
in an appropriate technical context and allow its significance to be properly
appreciated. Unless clearly indicated to the contrary, however, reference to any' prior
art in this specification should be construed as an admission that such art is widely
known or forms part of common general knowledge in the field. 7

Sofosbuvir (formerly PSI-7977 or GS-79_77) is an approved drug for the

treatment of hepatitis C. It was discovered at Pharmasset and then acquired for

- development by Gilead Sciences. Sofosbuvir is a prodrug that is metabolized to the

active antiviral agent 2'-deoxy-2'-a—ﬂuoro-[3-C-methyluridine-S'—monoéhosphate. It is
a nucleotide analogue inhibitor of the hepatitis C virus (HCV) _p_olymerése.
Sofosbuvir is chemically known as Isopropyl (28)-2-[[[‘%2R, 3R,i 4R, SR)-5-(2,
4-dioxopyrimidin-1 -yl)-4-ﬂuoro—3-hydroxy-4'-methyl-tetrahydroﬁxran-Z-yl] methoxy-
phenoky-phosphoryl]amino]propanoate of Formula (A). | t

Os S NP
HN ,\QN _
o HO 'g
. .
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U.S. Patent No. 7,964,580 B2, which corresponds to WO 2008/121634 A2,
discloses sofosbuvir, and other novel nucleoside phosphoramidates and their
preparations and use as agents for treating viral diseases. These compounds are
inhibitors of RNA-depéndent RNA viral replication and are useful as inhibitors of
HCV NS5B polymerase, as inhibitors of HCV replication and for treatment of
hepatitis C infection in mammals, which is herein iﬁ_‘corporated by reference in its
entirety. ) , ‘

Iﬁtemational (PCT) Publication Nos. WO 2006/012440, WO 2008/045419,
WO 2006/031725 and US Patent Nos. 7,601,820 and 8,492,539 discloses processves
for the preparation of intermediates used for the pre_parétion of sofosbuvir.

International (PCT) Publication No. WO 2010/ 135569 discloses various
processes for the preparation of sofosbuvir and its intermediates.

International (PCT) Publication No. WO 2011/123645 discloses various
crystalline forms and processes for the preparation of (S)-isopropyl 2-(S)-
(((2R,3R,4R,5R)-5-(2,4-dioxo-3,4—dihydr0pyrimidin-1;(2H)-yl)—4-ﬂuoro-3-hydroxy-
4-methyl tetrahydrofuran-2-yl)methoxy)(phenoxy)phosphoryl)amino)propanoate.

U.S. PG-Pub No. US 2011/0251152 disclose crystalline forms 1 'to 6 of
sofosbuvir.

International (PCT) Publication No. WO 2014/08236 discloses processes for
the preparation of diastereomerically enriched phosphoramldate derlvatlves

CN 104447924 A discloses four crystalline forms of sofosbuvir viz. H;, Ha,
Hs and H, and processes for their preparation. o

~ International (PCT) Publication No. WO 2.015/(:)97605 discloses a process'for
the preparation of sofosbuvir or its pharmaceutically acceptable salt usihg novel>
intermediates. N :

CN 104558079 A dxscloses a process for the preparatlon of sofosbuv1r and its
impurity.

The processes disclosed in the prior art referénces provide the amorphous
form and various crystalline forms of sofosbuvir but éio not disclose co-crystals of
sofosbuvir or processes for their preparations. The amorphous forms quickly convert

into the thermodynamically more stable crystalline form. They can be stabilized by
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incorporation in a solid dispersion matrix which results in large volume dosage forms
since large amount of matrix material is required to obtain a stable solid dispersion.
Crystalline forms are often disadvantag’eous due to poor solubility, hygroscopicity,
dissolution rate, and other associated performance characteristics.

It is desirable to provide drug substances in co-crystalline forms as these can
offer an alternative approach to modif:y or control the physicochemical properties of a
drug substance. Co-crystallization can also be used to isolate or purify a drug

substance during manufacturing.

SUMMARY OF THE INVENTION;
- In one general aspect, there is provided a co-crystal of sofosbuvir and amino

acid of Formula (B).

o) (0)
O\\P' . 1) NH
HN \OAL(N\’)?O e Amino Acid
0:2/ HO ,é | | ,

, In another aspect, there is proviaed a process for the pffe'paration of co-crystal
of sofosbuvir and amino acid, the proceés comprising: o
(a) dissolving sofosbuvir and amino acid in one or more solvents to obtain a solution;
(b) optionally warming the solution for complete dissolution;
(c) cooling the solution; and o
(d) removing the solvent or optionally adding an antisolvent to solution to obtain the
co-crystal of sofosbuvir and amino acid. |
In another aspect, there is provi{ied a pharmaceuﬁcal composition comprisir_ig
a co-crystal of sofosbuvir and amino acid having one or more pharmaceutically

acceptable carriers, excipients and diluei;ts for the treatment of hepatitis C.
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In another aspect, there is provided a process for the preparation of co-crystal

of sofosbuvir and L-proline of Formula ),

0.0 9
N NH
. R \O O N A O
HN . —/ @COOH
' HO W : N \
@) F H
o} g

—
the process comprising;
(a) dissolving sofosbuvir and L-proline in one or more solvents to obtain the solution;
(b) optionally Warming the solution for complete dissolution;
(c) cooling the solution; and
(d) removing the solvent or optionally adding an éntisolvenﬁ to the solution to obtain
the co-crystal of sofosbuvir and L-proline.

In an another aspect, there is provided co-crystal of sofosbuvir and L-proline
characterized by x-ray powder diffraction pattern substantially as depicted in FIG.1,
differential scanning thermogram (DSC) substantially as depicted in FIG.3, IR
spectrum substantially as depicted in FIG.4 and '"H NMR spectrum substantially as
depicted in FIG.5. - 4 |
| - In another aspeét, there is provided a pharmaceutical cdmposition comprising
co-crystal of sofosbu\(ir and L-proline having one or more pharmaceutically

acceptable carriers, excipients and diluents for the treatment of hepatitis C.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a powder x-ray diffraction pattern of the co-crystal of sofosbuvir and L-
proline. ' ' | _

FIG. 2 shows corhparisdn among powder x-ray diffraction pattern of the co-crystal of
sofosbuvir and L—proliné with sofosbuvir and L-proline.

FIG. 3 shows results of DSC analysis of the co-crystal of sofosbuvir and L-proline.

4
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FIG. 4 shows IR spectrum of the co-crystal of sofosbuvir and L-proline.

FIG. 5 shows '"H NMR spectrum of the co-crystal of sofosbuvir and L-proline.

DETAILED DESCRIPTION OF THE INVENTION

- As used herein the term “obtaining” may include filtration, filtration under
vacuuin, centrifugation, and decantation for isolation of the product. The product may

be preceded for further reaction with or without isolation and with or without drying

~ in case of the product was isolated.

As used herein, unless indicated otherwise, the term “isolated” or “isolation”
refer to the subject compound as physically separated from the reaction mixture in
which it is formed.

‘The term “ambient temperature” and “room temperature” means a
temperature range between 20°C to 40°C.

In one general aspect, there is provided a co-crystal of sofosbuvir and amino
acid of Formula (B).

0 O,
Osp?. o NH o
HN O/\L(NJO * Amino Acid
0:2/ "o ¢
]

The said co-crystal can be characterized by its physicochemical parameters,
for exarﬁple those presented hereinafter.

Pharmaceutical co-crystals are crystalline molecular complexes that, contain
the drug substance along with an additional molecule present in the same crystal
structuré. :The additional molecule or guest has been described in the literature as a
co-crystal former. A co-crysfal can thus be seen to be a multiple component crystal in

which the drug substance and the co-crystal former are arranged in a three

dimensional repetitive structure, wherein non-covalent and non-ion pair interactions

exist between the drug substance and the co-crystal former, such as hydrogen
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bonding, pi-stacking, and van der Waals interactions. Co-crystalline forms show
different physicochemical properties compared to the drug substance alone, including
melting point, chemical reactivity, apparent solubility, dissolution rate, optical and
mechanical properties, vapor pressure, and density. These properties can have a direct

effect on the ability to process and/or manufacture a drug substance and the

. corresponding finalized dosage forms, as well as an effect on drug product stability,

dissolution, and bioavailabilify.
In another aspect, there is provided a process for the preparation of co-crystal

of sofosbuvir and amino acid, the process comprising:

' (a) dissolving sofosbuvir and amino acid in one or more solvents to obtain a solutior;

(b) optionally warming the solution to complete dissolution;

(c) cooling the solution; and

(d) removing thé solvent or optionally adding antisolvent to solution to obtain the co-
crystal of sofosbuvir and amino acid. |

Sofosbuvir can be prepared by any of Ithe method’described in the literature
mentioned herein above. The formation of co-crystals of sofosbuvir and amino acid
can be carried out by using amino acids selected from the group comprising glycine,
L-proline, L-asparagine, L-aspartic acid, L-glutamine, L-glutamic acid, L-lysine, L-
arginine, L-histidine, L-serine, L-threonine, L-cysteine, L-methionine, L-
phenylalanine, L-tyrosine, L-tryptophan, L-alanine, L-valme L leusme L-isoleusine,
D-asparagine, D-aspartic acid, D-glutamine, D- glutamic acid; D-argmme D-serine,
D-threonine, D-methionine, D-phenylalanine, D-alanine, D-valine, D-leusine, D-
isoleusine and D-proline.

Durinbg the process, sofosbuvir and amino acid can be dissolved in one or
more solvents. Both the ingredients may be dissolved in the same solvent, either
together or separately in a different solvent. In case of separate dlssolutlon of both
ingredients, the two solutlons are mixed.

In general, the sofosbuvir is dissolved in one or more solvents whereupon the
amino acid is added. The obtained reaction mixture is warmed until complete
dissolution is observed to obtain the solution. The solution is allowed tb cool to ro;)n'l

temperature as the co-crystal precipitates or antisolvent may be added for the
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crystallization. The co-crystal thus formed is filtered and optionally washed and

~ dried.

In general, the solvents is selected from one or more of water, C,-Cgalcohbls
comprises of methanol, ethanol, isopropanol, n-butanol, and t-butyl alcohol or
mixture thereof. In particular, the solvents are methanol and et‘hanol.

After the completion of the reaction, the solvent is removed by evaporation or
distillation or may be concentrated and then one or more anti-solvent is added to
obtain the co-crystal. The anti-solvents is selected from one or more of water, hexane,
n-heptane, n-pentane, cyclohexane, and methylcyclbhexane; aromatic hydrocarbons
selected from toluene, xylene, and ethylbenzene; ethers selected from diethy! ether,
diisopropy! ether, methyl-terbutyl ether, dibutyl ether, Atetrah);drofuran, 1,4-dioxane,

and 2-methoxyethanol; ketones selected from acetone, butanone, methyl butyl ketone,

and méthyl isobuty! ketone; esters selected from ethyl acetate, isopropyl acetate, and

t-butyl acetate; chlorinated hydrocarbons selected from methylene dichloride,
ethylene dichloride, and chlorobenzene, acetohitrile, and mixtures thereof. In
particular, the anti-solvents is selected from methyl-terbutyl ether, toluene, hexane,
and cyclohexane. ‘

In another aspect, there is provided a pharmaceutical cdmposition comprising
co-crystal of sofosbuvir and amino acid having one or more pharmaceutically
acceptable carriers, excipients and diluents for the freatment of hepatitis C.

In another aspect, there is provided a co-crystal of sofosbuvir and amino acid

of Formula (C),

O\'O

\P\

= |
P o} >’NH o
0 ST oo
HO\‘ :- N .
O F H
vy
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Co-crystalline forms of a drug substance are characterized by a number of methods
including, for example, x-ray powder diffraction, microscopy, thermal z_malysis (e.g.
differential scanning calorimetry, thermal gravimetric analysis and hot-stage
microscopy), spectroscopy (e.g., infrared (IR) and near infrared (NIR), Raman, solid-
5  state nuclear magnetic resonance (SSNMR)), and in particular by single érystal X-ray
diffraction. | N
The co-crystal of sofosbuvir and L-proline is characterized by a pbwder X-ray
diffraction pattern having peaks at about 5.7, 9.3, 10.6, 11.5, 12.4, 17.0,: 17.24, 17.9,
18.1, 19.8, 20.8, 22.0, 23.8, 24.0, 26.6, 26.8, 33.5 and 34.9° 26 + 0.2° 20. The co-
10 crystal of sofosbuvir and L-proline is further characterized by a powder X-ray
diffraction pattern having peaks at about 7.2, 8.9, 9.7, 13.7, 14.6, 16.6, 18.6, 19.1,
19.6, 20.1, 21.4, 24.4, 25.1,25.7,27.7,28.6, 28.9, 29.6, 30.0, 30.5, 31.5, 32.3, 33.1,
34.0, 36.5 and 38.0° 26+ 0.2° 26.
The DSC thermogram shows an endothermic event at 177.2°C and then an
15  exothermic event at 244.3°C.
In another aspect, there is provided a process for the preparation of co-crystal

of sofosbuvir and L-proline of Formula (C),
O 0]
HN /\L&‘N\,f @COOH
HO

the process comprisiﬁg:
20  (a) dissolving sofosbuvir and L-proline in one or more soivents to obtain the solution;
(b) optionally warming the solution for complete dissolution;
(c) cooling the solution; and 7
(d) removing the solvent or optionally adding an antisolvent to the solution to obtain
the co-crystal of sofosbuvir and L-proline.
25
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In general, the sofosbuvir and L-proline are dissolved in one or more solvents, if
desired the reaction mixture may be warmed to obtain complete dissolution. Both the
ingredients may be dissolved in the same solvent, eithef together or separately in a
different solvent. In case of separate dissolution of both ingredients, the two solutions
are mixed. .

In general, the solvent comprises one.or more of water, C;-Cg-alcohols
selected from methanol, ethanol, isopropanol, n-butariol, and t-butyl alcohol or
mixture thereof. In particular, the solvents are methanol and ethanol. _

~ The precipitation of the co-crystal occurs upon cooling a solution of
sofosbuvir and L-proline, for example a solution at higher. temperatures, may be
allowed to cool at room temperature or much lower temperathres, and if desired, the
solvent may be evaporated by distillation under reduced pressure or by introducing a
stream of inert gas. 4

In general, the sofosbuvir may be dissolved in a one or more solvent
whereupon L-proline is added. The obtained reaction mixture is warmed, for example
to about 50°C-90°C until the complete dissolution is observed. The solution is
allowed to cool to room temperature or lower temperatures as the co-crystal

precipitates. The removal of the solvent is done either by filtration or by distillation

~under reduced pressure or the solution is concentrated and then anti-solvent may be

added for the crystallization. The co-crystal thus foi:'mec_lﬁ can. be filtered and
optionally washed and dried. o

The X-ray powder diffraction pattern was measured under the following
experiinental conditions: | | |

X-Ray Diffractometer, D/Max-2200/PC,

Instrument
Make : Rigaku, Japan or PANanalyfical or Equivalent
X-Ray Cu/40kv/40mA
Diverging Slit 1°
Scattering Slit 1°
Receiving Slit 0.15 mm
0.8 mm

Monochromator RS

Counter

Scintillation Counter

9
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Scan Mode : Continuous
Scan Speed . 3.000° /min
Sampling Width ~ ':  0.020°
Scan Axes : Two Theta vs cps
Scan Range : 2°0 40.0°.

~ Theta Offset : 0.000°

Differential scannihg calorimetric analysis may be performed using a Perkin
Elmer Diamond DSC control unit or an equivalent differential scanning calorimeter.
2-5 mg samples were placed in crimped: aluminum pans and heated from 50° C to
300°C in a liquid nitrogen atmosphere at a heating rate of 10° C/minute.

The IR spectrum was measured by the KBr method. The 'H NMR spectruin
was measured by Bruker 300 MHz spectrometer wherein samples were dissolved in
MeOD for analysis. The cocrystal of sofosbuvir and L-proline was found to be 1:1 by
the analysis described herein before. ‘ _ ‘

In an another aspect, there is provided co-crystal of sofosbuvir and L-proline
characterized by X-ray powder diffraction pattern substantially as depicted in FIG.I,
differential scanning thermogram (DSC) substantially as depicted in FIG.3, IR
spectrum substantially as depicted in FIG.4 and "H NMR spectrum substantially as
depicted in FIG.5. ' '

In another aspect, there is provided a pharmaceutical composition comprising

co-crystal of sofosbuvir and L-proline having one or more pharmaceutically

acceptable carriers, excipients and diluents for the treatment of hepatitis C. These
drug products are different because the active ingredient is present in a lower energy,
crystalline form that has desirable intrinsic properties. The co-crystal has better flow

properties, is easier to prepare, shows better physical stability, and has a dissolution

‘proﬁle comparable to the current drug product. The pharmaceutically acceptable

excipients comprises one or more of surfactants, solubilizers, disintegrants,
microcrystalline cellulose, starch, sodium starch glycolate, crosslinked carboxy
methyl cellulose sodium, crosslinked PVP, pigments, flavors, fillers, lubricants,

glidants, preservatives, thickenin‘g agents, buffering agents and pH modifiers.

10



10

15

20

25

30

WO 2016/042576 PCT/IN2015/000361

The Examples are set forth to aid in understanding the invention but are not
intended to, and should not be construed to; limit its scope in any way. The examples
do not include detailed'desCriptibns of conventional methods. Such methods are well
known to those -of orﬂinary skill in the art and are described in numerous

publications.

EXAMPLES:

Example-1: Co-crystal of sofosbuvir and L-proline

"In a 100 mL round bottom flask, 1.0 gm sofosbuvir was dissolved in 3.0 mL
ethanol at 25+3°C. To this solution, 0.21 gm L-Proline was:added and the reaction
mixture was warmed to 55-65°C to obtain a clear solution. The reaction mixture was

stirred for 15 minutes and cooled to ambient temperature. The reaction mixture was

 further stirred for an hour at 25-30°C to get precipitate. The precipitated mass was

stirred for another one hour at 25-30°C then filtered under vacuum. The precipitate
then washed with 3.0 mL ethanol and then dried at 45°C for 12 hours in an oven to

get 0.6 gm of co-crystal of sofosbuvir and L-proline.

Example-2: Co-crystal of sofosbuvir and LQproline

In a 100 mL round bottom flask, 1.0 gm sofosbuvir was dissolved in 5.0 mL
methanol at room temperature. To this solution, 0.21 gm L-Proline was added and the
reaction mixture was warmed to 60°C to obtain a clear solution. The reaction mixture
was stirred for 10 minutes and cooled to ambient temperature. The reaction mixture
was further stirred for an hour at room temperature to get precipitate. The precipitated
mass was stirred for another one hour at room temperature then filtered under

vacuum. The precipitate then washed with 10 mL methanol and then dried in an oven

‘to get 0.5 gm of co-crystal of sofosbuvir and L-proline.

Example-3: Co-crystal oif sofosbuvir and L-proline
In a 100 mL round bottom flask, 1.0 g sofosbuvir was dissolved in 5.0 mL

ethanol at room temperature. To this solution, 0.21 gm L-Proline was added and the

reaction mixture was warmed to 60°C to obtain a clear solution. The reaction mixture

11
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was concentrated and cooled to ambient temperature. 10 mL methyl! tertiary butyl
ether waé added into the reaction mixture and stir 30 minutes at ambient _temperatufe.
The preéipitated rhass V;/as then filtered under vacuum and wet solid was washed with
10 mL methyl tertiary butyl ether and then dried in an oven to get 1.2 gm of co-
crystél of sofosbuvir and L-proline.
While the present invention has been described in terms of its specific
. embodiments, certain modification and equivalents will be apparent to those skilled

in art and the intended to be included within the scope of the invention.

12
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We claim:

1.

25

A co-crystal of sofosbuvir and amino acid of Formula (B)

>

O o,
Ospr NH |
~ O . .
HN OAQNJO ¢ Amino Acid
0:8/ Ho ¢
0

The co-crystal according to claim 1, wherein the amino acid is selected from

the group comprising glycine, L-proline, L-asparagine, L-aspartic acid, L-

glutamine, L-glutamic acid, L-lysine, L-arginine, L-histidine, L-serine, L-

threonine, L-cysteine, L-methionine, L-phenylalanine, L-tyrosine, L-
tryptophan, L-alanine, L-valine, L-leusine, L-isoleusine, D-asparagine, D-
aspartic acid, D-glutamine, D-glutamic acid, D-arginine, D-serine, D-
threonine, D-methionine, D-phenylalanine, D-alanine, D-valine, D-leusine, D-

isoleusine and D-proline.

A process for the preparation‘ of co-crystal of sofosbuvir and amino acid, the

process comprising:

-~ (a) dissolving sofosbuvir and amino acid in one or more solvents to obtain

a solution;
(b) optionally warming the solution to complete dissolution;
(¢) . cooling the solution; aﬁd
(d  removing the solvent or optionally adding antisolvent to solution to

obtain the co-crystal of sofosbuvir and amino acid.

The process according to claim 3; wherein the solvent in step (a) is selected
from water, methanol, ethanol, isopropanol, n-butanol, and t-butyl alcohc}l'or

mixture thereof,

13
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~ The process according to claim 3, wherein the anti-solvent in step (d) is

selected from water, hexane, n—hepténe, n—pentané, cyclohexane, and
methylcyclohexane; aromatic hydrocarbons selected from toluene, xylene, and
ethylbenzene; ethers selected from diethyl ether, diisopropyl ether, methyl-
terbutyl. ether, dibutyl ether, tetrahydrofuran, 1;4-dioxane, and 2-

methoxyethanol; ketones selected from acetone, butanone, methyl butyl

'ketone, and methyl isobutyl ketone; esters selected from ethyl acetate,

isopropyl acetate, and t-butyl acetate; chlorinated hydrocarbons selected from

~ methylene dichloride, -ethylene dichloride, and chlorobenzene, acetonitrile,

and mixtures thereof.

A co-crystal of sofosbuvir and amino acid of Formula (C),
O« O O}—NH
NS 0O N O
HN _ —/ O,COOH
0:8/ HO™ ¢ N |
F H
___<O :

A co-crystal of sofosbuvir and L-proline, characterii_’éa by a powder x-ray

diffraction pattern having peaks expressed as 20 at about 5.7, 9.3, 10.6, 11.5,

- 12.4,17.0, 17.2, 17.9, 18.1, 19.8, 20.8, 22.0, 23.8, 24.0, 26.6, 26.8, 33.5 and
34.9°20+0.2° 20. |

The co-crystal of sofosbuvir and L-proline.according to claim 7 is further
characterized by a powder x-ray diffraction pattern having peaks expressed as
20 at about 7.2, 8.9, 9.7, 13.9, 14.6, 16.6, 18.6, 19.1, 19.6, 20.1, 214, 24.4,‘
25.1,25.7, 271, 28.6, 28.9, 29.6, 30.0, 30.5, 31.5, 32.3, 33.1, 34.0, 36.5 and
38.0° 26+ 0.2° 26. |

14



15

20

WO 2016/042576 PCT/IN2015/000361

10.

10
11.

12.

The co-crystal of sofosbuvir and L-proline according to claim 7 is further

characterized by a differential scanning calorimetry (DSC) having an

endothermic event at about 177.2°C and an exothermic event at 244.3°C.

The co-crystal of sofosbuvir and L-proline according to claim 7, having a
powder x-ray diffraction pattern substanfially as depicted in Fig 1, differential
scanning thermogram'(DSC) substantiaﬂy as depicted in FIG.3, IR spectrum
substantially as depicted in FIG.4 and 'H NMR substantially spectrum as

- depicted in FIG.5.

A process'for the preparation of co-crystal of sofosbuvir and L-proline of

Formula (C),

o

0 o. -
Oz 0 NH
NS N E 0]
0 LT e
HO :
o{ 07 !
o}

X

the process comprising:
(@  dissolving sofosbuvir and L-prolihe in one or rf}dre solvents to obtain

the solution;

(b) optionally warming the solution td complete dissolution;

(c)  cooling the solution; and _

(d)  removing the solvent or optionally adding an antisolvent to the
“solution to obtain the co-crystal of sofosbuvir and L-proline.

The process according to claim 11, wherein the solvent in step (a) is selected

from water, methanol, ethanol, isopropanbl, n-butanol, and t—Butyl alcohol or

mixture thereof,

15
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The process according to claim 11, wherein the anti-solvent in step (d) is
selected from water, hexane, n-heptane, n-pentane, cyclohexane, and
methylcyclohexane; aromatic hydro‘carbons sélected from toluene, xylene, and
ethylbénzene; ethers selected from diethyl ether, diisopropyl ether, methyl-
terbutyl ether, dibutyl ether, tetrahydrofuran, 1,4-dioxane, and 2-
methoxyethanol; keton;:s selected from acetone, butanone, methyl butyl

ketoné, and methyl isbbutyl ketone; esters selected from ethyl acetate,

isopropyl acetate, and t-’butyl acetate; chlorinated hydrocarbons selected from

E methylene dichloride, ethylene dichloride, and chlorobenzene, acetonitrile,

and mixtures thereof.

A pharmaceutical composition comprising a pharmaceutical composition
comprising co-crystal of sofosbuvir and L-proline having one or more

pharmaceutically acceptable carriers, excipients and diluents.

The pharmaceutical composition according to claim 14, wherein the
pharmaceutically acceptable excipients comprises one or more of surfactants,
solubilizers, disintegrants, microcrystalline cellulose, starch, sodium starch
glycolate, crosslinked cérboxy methyl cellulose sodium, crosslinked PVP,
pigments, flavors, ﬁllers,z_ lubricants, glidants, preservatives, thickening agents,

buffering agents and pH modifiers.
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