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RILPIVIRINE HYDROCHLORIDE

Filed of the Invention
The present invention provides a novel process for the preparation of rilpivirine.
The present invention also provides a novel process for the preparation of rilpivirine
hydrochloride. The present invention further provides a rilpivirine hydrochloride

monohydrate, process for its preparation and pharmaceutical compositions comprising it.

Backeround of the Invention

Rilpivirine, chemically 4-114-[[4-(2-cyanoethenyl)-2,6-

dimethylphenyl}amino]pyrimidinyl]amino]benzonitrile and has the structural formula:

N N
Q§\\w§5\\u/’ ‘ C?jIjQ§}J f455\r//49
NN N PfﬁL\Nr/ﬁkx//

H H

CH,

Rilpivirine (TMC278) is an investigational new drug, developed by Tibotec, for

the treatment of HIV infection. It 1s a second-generation non-nucleoside reverse
transcriptase inhibitor (NNRTI) with higher potency, longer half-life and reduced side-
effect profile compared with older NNRT s.

Polymorphism 1s defined as "the ability of a substance to exist as two or more

crystalline phases that have different arrangement and/or conformations of the molecules
in the crystal Lattice. Thus, in the strict sense, polymorphs are different crystalline
structures of the same pure substance 1n which the molecules have different arrangements
and/or ditferent configurations of the molecules”. Different polymorphs may differ in
their physical properties such as melting point, solubility, X-ray diffraction patterns, etc.
Although those differences disappear once the compound is dissolved, they can
appreciably influence pharmaceutically relevant properties of the solid form, such as

handling properties, dissolution rate and stability. Such properties can significantly

CA 2848631 2019-02-22
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* influence the processing, shelf life, and commercial acceptance of a polymorph. It is

therefore important to investigate all solid forms of a drug, including all poly_morphic'

forms, and to determine the stability, dissolution and flow properties of each pol.ymorphic
form. Polymorphic forms of a compound can be distinguished in the lab(jratory by

analytical methods such as X-ray diffraction (XRD), Differential Scanning Calorimetry

. (DSC) and Infrared spectrometry (IR).

Solvent medium and mode of crystallization play very important'rolé in obtaining
one polymorphlc Form over the other.

Rilpivirine and its salts can exist in different polymorphic Forms, whlch may

~ differ from each other in terms of stability, physmal properties, spectral data and methods

of preparatlon .

Rilpivirine and its hydrochloride salt were dlsclosed in U.S. patent no. 7,125,879,
Process for the preparation of rilpivirine was disclosed in U.S. patent no.
7,399,_856 (‘856 patent). According to the ‘856 patent, rilpivirine can be prepared by
reacting the (E)-3-(4-amino-3,5-dimethylphenyl)acrylonitrile hydrochloride of formula Ii

with 4-(4-chloropyrimidin-2-ylamino)benzonitrile of formula Ill-a in the presence of

- potassium carbonate and acetonitrile under reflux for 69 hours. The synthetic procedure

ts illustrated in scheme I, below:

NH, .HCI CN

Potassium carbonate CH,
+ Acetonitrile /E\J\
HN N.. ClI

Rilpivirine

- Formula (IT) Formula (I1l-a)

Scheme 1

Process for the preparation of rilpivirine was ~disclosed in U.S. patent no.

7,705,148 (*148 patent). According to the 148 patent, r11p1v1rme can be prepared by
reacting the ' 4-[{4-]{4-bromo-2,6-dimethyl phenyl]ammo]-Z-
B pyrimidinyl]lamino]benzonitrile with acrylonitrile in the presence of palladium acetate,

N,N-diethylethanamine and tris(2-methylphenyl)phosphine in acetonitrile.
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According to the €148 patent, rilpivirine can be prepared by reacting the

- compound of formula IV with 4-(4-chloropyrimidin-2-ylamino)benzonitrile formula 1li-a
' in the presence of hydrochloric acid and n-propanol to obtain a compeund ot formula:

VI1I, and then the compound was treated with acetonitrile and potassium carbonate under

reflux for 69 hours. The synthetic procedure is illustrated in scheme 11, below:

- 0” CN |
- chg NH, Potassium carbonate
. , - H,N
S ‘ * Acetonitrile
- HC CH, HN._N.__Cl
. 1. N .
- N .=
~ Formula (VL) Formula (ill-a) | ~ Formula (VII)
Potassium carbonate CH,
Acetonitrile /Q
Rilpivirine |
Scheme If

Us. patent no. 7,563,922 disclosed a proeess for the preparation ef (E)-3-(4-

. .aﬁ1ino-3 5-dimethy! phenyl)acrylonitrile hydrochloride. According to the patent, (E)-3-(4-
* amino-3,5-dimethylphenyl)acrylonitrile hydrochloride can be prepared by reacting the 4-

10do-26 dlmethyl benzenamme n NN-dlmethylacetamlde with acrylomtrile in the

'presence of sodium acetate and toluene, and then the solid thus obtained was reacted with

. hydrochlorlc acid in 2-pr0panol in the presence of ethanol and diisopropyl ether.

U.S. patent no. 7,956,063 described a polymorphic Form A, F orm B, Form C and

~ Form D of rilpivirine hydrochloride.

- An unpubllshed apphcatlon IN 1415/CHE/2011 assigned to Hetero Research

Foundatlon discloses a process for the preparation of rilpivirine. Accordmg to the

_ ‘appllcatlon, rllpmrme can be prepared- by reacting the 4-(4-chloropyrimidin-2-

ylamino)benzonitrile with (E)~3-(4-arhino-3,5~dimethylphenyl)aer:ylonitrile '

hydrochloride in the presence of p-toluene sulfonic acid monohydrate and | -,4«-didxahe.
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It has been found that the rilpivirine produced according to the prior art
procedures results in low yields. According to the present invention rilpivirine can be
obtained in higher yields than the prior art processes. -

We have found that a novel process for the preparation of rilpivirine. The process
of the invention ensures that rilpivirine is obtained at faster rate with higher yields.

We have also found that a novel process for the preparation of rilpivirine
hydrochloride. '

The processes of present invention are simple, eco-friendly,' inexpensive, |
reproducible, robust and is well suited on an industrial scale. '

‘We have also found that a rilpivirine hydrochloride monohydrate.

Thus, one object of the present invention is to provide a novel process for the

- preparation of rilpivirine.

Another object of the present invention is to provide a novel process for the

- preparation of rilpivirine hydrochloride.

Another object of the present invention is to provide a rilpivirine hydrochloride

monohydrate, process for its preparation and pharmaceutical compositions comprising it.

Summary of the Invention

In one aspect, the present invention provides a novel process for the preparation

- of rilpivirine, which comprises:

a) condensing the (E)—,3-(4'-amin0-3,5-,-dimethylphenyl)acrylonitrile hydrochlc')rid'e
‘with 44(4-chloropyrim_idin-2~ylaminO)benzonitrilc in the presence of N-
‘methylpyrrolidone; . | -

'b) heating the contents obtained in step (a) at about 75 to 95°C to obtain a fsolﬁﬁoh;

c) cooling the solution obtained in step (b) at below 35°C;

~d) adding water to the reaction mass; and
e) iSOI.ating' rilpivirine.

In another aspect, the present invention provides a novel process for the

~ preparation of rilpivirine hydrochloride, which comprises:

- 30

a) suspending rilpivirine in an alcoholic solvent;

b) heating the contents obtained in step (a) at reflux;
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c) adding a solution of hydrochloric acid in an alcoholic solvent to the reaction
mixture at reflux:
d) maintaining the reaction mass at reflux; and
e) isolating pure rilpivirine hydrochlorlde
In another aspect, the present invention provides a rilpivirine hydrochlorlde
monohydrate. |
In another aspect, the present invention provides a process for the preparation' of
rilpivirine hydrochloride monohydrate, which COMprises:
a) .suspending rilpivirine in an alcoholic Sol'ven't, a ketonic solvent or a mixture
thereof: - .
b) heating the contents obtained in step (a) at reflux to obtain a solution;
¢) adding carbon to the solution; '
~d) removing the solvent from the solution;
e) adding an alcoholic solvent to the residual solid obtained in step (d);
f) . passing the hydrochloride gas to the reaction mass; and
g) isolating rilpivirine hydrochloride monohydrate.

© Yet in another aspect, the present invention provides a pharmaceutical

'composmon comprising rilpivirine hydrochloride monohydrate and pharmaceutlcally-

acceptable exmp:ents

Detailed Descngtlon of the Invention
As used herein the term “room temperature refers to a temperature of about 250C~

to about 35°C.

According to one aspect of the present invention, there is provrded a ‘novel' -
process for the preparatlon of ri lprlrme which comprises: |
a) condensing the (E)- 3- (4-amino-3,5- d1methylphenyl)acrylomtnle hydrochlonde |
~with 4-(4-ch10r0pyr1m1dm-2-yl—ammo)benzomtnle in the presence of N-
methylpyrrolidone; | ) |
b) heating the contents obtained in step (a) at about 75 to 950C to- obtam a solutlon
c) cooling the solution obtained in step (b) at below 35°C; ‘

d) adding water to the reaction mass; and
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e) isolating rilpivirine. '
The reaction in step (b) may preferably be heated to 100 to 110°C.
.Step (c) may preferabl.y be carried out at room temperature.
Rilpivirine may be tsolated in step (e) by the methods known such as filtration or
centrifugation. -

According to another aspect of the present invention, there is provided a novel

~ process for the preparation of rilpivirine hydrochloride, which comprises:

a) -suspending rilpivirine in an alcoholic solvent:
b) heating the contents obtained in step (a) at reflux; .
‘c) adding a solution of hydrochloric aci.d in an alcoholic solvent'to the reaction
" mixture at reflux; . '
d)' maintaining the reaction mass at‘ reflux; and

e) isolating pure rilpivirine hydrochloride.

The alcoholic solvent used in step (2) and step (c) may preferably be a solvent or

mixture of solvents selected from methanol, ethanol, isopropanol, tert-buty! alcohol, n-

~ butanol and isobutyl alcohol, and more preferably the alcoholic solvents are methanol

~and 1sopropanol.

- Isolation of rilpivirine hydrochloride in step (e) can be performed by conventional

methods such as cooling, removal of solvents, concentrating the reaction mass, adding an

- anti-solvent, extraction with a solvent and the like.

o According to another aspect of the present- invention, there is provided a
rilpivirine hydrochloride monohydrate.
Rilpivirine hydrochloride monohydrate may contain water content. The water

content of the rilpivirine hydrochloride monohydrate may be in between 3.0 to 6.0% by -‘

weight and typically may be in between 3.5 to 5.5% by weight.

‘According to another aspect of the present invention, there is provided a process

for the preparation of rilpivirine hydrochloride monohydrate, which 'comprises:
a) s_uspending rilpivirine in an alcoholic solvent, a ketonic solvent or a 'mixture
thereof; . '

b) heating the contents obtained in step (a) at reflux to obtain a solution;

c) adding carbon to the solution;
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d) rerrioving the solvent from the solutidn'
e) adding an alcoholic solvent to the residual solid obtatned in step (d)
f) passing the hydrochloride gas to the reactlon mass; and
‘ g) isolating rilpivirine hydrochloride monohydrate
" The alcoholic solvent used in step (a) and step (e) may preferably be a solvent or

mixture of solvents selected from methanol, ethanol, 1sopropanol, tert-butyl alcohol n-

butanol and isobuty! alcohol, and more preferably the alcoholic solvent.1s methanol.

' Preferably the ketonic solvent used in step (a) may be a solvent or mixture of

solvents selected from acetone, methyl ethyl ketone, methyl 1sobuty1 ketone and diethyl

ketone. More preferably the ketonic solvent is acetone.

" Removal of the solvent in step (d) may be carried out at atmospheri'c pressure or

- at reduced pressure. Removal of the solvent may preferably be carried out until the

solvent is almost completely distilled off.

R!lpmrme hydrochloride monohydrate may be isolated in step (g) by the methods |

' known such as filtration or centrifugation.

According to another aspect of the present invention, there S prowded a
pharmaceutlcal composition comprlsmg rilpivirine hydrochlorlde monohydrate and
pharmaceutlcally acceptable excipients, and Optlonally other therapeutlc mgredlents The

rilpivirine hydrochlorlde monohydrate may preferably be formulated into tablets,

capsules, suspensnons dispersions, injectables or other pharmaeeutlcal torms.

The contents of nlpwmne rilpivirine hydrochlorlde rilpivirine hydrochlonde_

| 'monohydrate and the Impurltnes are determined by High performance -llquld__.

chromatography (HPLC).

The invention will now be further described by the following examples, which are'

illustrative rather than limiting.

Preparative examples

Preparative example |

- Preparation of 4-(4-chloropyrimidin-2-ylamino)benzonitrile

Step — I Preparation of 2,4-dichloro ggrimidine‘
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To a mixture of N,N-dimethyl aniline (140 gm) and uracil (100 gm) Was added '
phosphorous oxychloride (342 gm) slowly at OQC. The contents were then heated to
reflux and maintained for 4 hours. The solution was then cooled to room température, '
then transferred into ice water and stirred for 1 hour. The resulting precipitate was ﬁltered '

and washed with water. The solid thus obtained was recrystallized from hexane to gIve -

. 80 gm of 2,4-dichloro pyrimidine.

Step — II: Preparation of 2-chloro-4-methoxypyrimidine

To a solution of 2,4-dichloro pyrimidine (20 gm) in methanol (200 ml) was.added
sodium m'ethoxide (8.7 gm) at 0 to 5°C. The resulting mixture was stirred for 14 hours at
room temperature and then concentrated under reduced pressure to obtain a residual
mass. The residual mass obtained was extracted with ethyl acetate and water. _Thé'

combined organic layers were washed with water and sodium chloride solution, and then

~ concentrated under vacuum to obtain a crude solid. The crude solid obtained was
“dissolved in hexane (40 ml).at O to SOC and stirred for 1 hour. The s_oli’d obtained was

~ collected by filtration and then dried to obtain 9.7 gm of 2-chloro-4-meth0xypyrimidine.' '

Step — III: Preparation of 4-(4 rimidin-2-ylamino)benzonitrile

1,4-Dioxane (100 ml) was added to a mixture of 2-chloro-4-methoxypyrimidine

- (20 gm), ,4~aminoben20nitrile (16.33 gm) and p-toluene sulfonic acid (42.12 gm). The

mixture was then heated to 100 to 110°C and stirred for 14 hours. The solutién wa.s then

cooled to room temperature and basified with saturated sodium bicarbonate solution. The
layers were separated and the aqueous layer was extracted with ethyl acetate. The
combined organic layers were washed with water and then concentrated to obtain_ a

residual solid. The residual solid obtained was slurried in isopropyl élcoho] at room

+ temperature for 30 minutes and filtered. The solid obtained was then dried to give 17.3

- gm of 4-(4-methdxypyrimidin52~ylamino)benzonitriIe.

- Step — 1IV: Preparation of 4~(4-h}gdroxlggyrimidz'n-2-zlaminOZbenzonit‘rile

8
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- Pynidine hydrochlonide (23 gm) was added to 4-(4-methoxypyrimidin-2-

| ylamino)benzonitrile (15 gm) and then heated to 150 to 160°C for 3 hours. The m"ix'ture

~ was then cooled to room temperature, then transferred into ice water and stirred for |

hour. The resulting precipitate was filtered and washed with water. The solid thus

obtained was slurried in acetonitrile at 0 to 5°C for 1 hour and filtered. The solid obtained

‘was dried to give 12.3 gm of 4-(4-hydroxypyrimidin-2-ylamino)benzonitrile.

Step — V: Preparation of 4-(4-chloropyrimidin-2-ylamino)benzonitrile

Phosphorous oxychloride (104 gm) was added slowly to 4*(4~hydr(5xypyrimidin~ |

2-ylamino)benzonitrile (12 gm) at 0°C and then heated to reflux for 1 hour. The solution ‘

“was then cooled to room temperature, stirred for 30 minutes and filtered. The precipitatéd
solid thus obtained was dissolved in isopropy! alcohol at 0 to 5°C and stirred for 1 hour at
0 to 5°C. The solid obtained was collected by filtration and then dried to obtain 9.75 gm

~of 4-(4-'chloropyr‘imidin-2-ylamino)benzonitrile.‘

Preparative example 2:

Preparaﬁon of (E)-3-(4-amino-3,5-dimethylphenyl)acrylonitrile hydrochloride

- Step — I Preparation of 4-iodo-2,6-dimethyl benzenamine

‘To a solution of 2,6-dimethy! aniline (50 gm) in 1,4-dioxane (400 ml) and

“pyridine (40 ml) was added iodine (157.3 gm) slowly at 0°C. The solution was stirred for

I hour at 0°C and the temperature was raised to room temperature. The solution was

stirred for 1 hour at room temperature and then added a saturated solution of sodium

thiosulfate. The layers were separated and the aqueous layer was extracted with

methylene chloride. The combined organic layers were dried with anhydrous sodium

sulfate and the solvent was evaporated in vacuum to obtain 91.8 gm of 4-iodo-2,6-

)

~ dimethyl benzenamine.

4-amino-3.5-dimethylphenyl)acrylonitrile hydrochloride
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'Sodi'um acetate (13.27 gm), palladium on charcoal (0.'858 gm) and

| dimethylacetamide (400 ml) were added and then heated to 140°C under nitrogen

~ atmosphere. A solution of 4-iodo-2,6-dimethyl benzenamine (20 gm), acrylonitrile (10.72

ml) and dimethylacetamide (200 ml) was added slowly to the reaction mixture. The

reaction mixture was maintained for 12 hours at 140°C. The reaction mass was then
~ cooled to room temperature and filtered through celite. The filtrate obtained was treated
‘with water and then the layers were separated. The aqueous layer was extracted with

- ethyl acetate and the combined organic layers were washed with water and sodium

chloride solution. The organic layer was dried with sodium sulfate and the solvent was

evaporated in vacuum to obtain crude oily residue.

To the crude oily residue obtained above was added ethanol (210 'ml'). The

“solution was then heated to 60°C and then added a solution of hydrochloride in isopropyl

alcohol (69.5 ml). The reaction mixture was stirred for 1 hour at 60°C and then cooled to
room temperature. The solid obtained was collected by filtration and then dried to obtain

11.5 gm of (E)-3-(4-amino-3;S-dimethylphenyl)acrylonitri]e hydrochloride.

. Examples

| Example 1:

Preparation of rilpivirine
To a mixture of 4-(4-¢hloropyrimidin-—2~ylamino)benzonitrile (85 gm) as obtained

in preparative example 1 ‘and (E)-—3—(4-amino-3,5-dimethylphenyl)acrylonitrile

~hydrochloride (69 gm) as obtained in preparative example 2 was added N-

methyipyrrolidone (425 ml) under stirring. The mixture was then heated tof 85 to_ 95°C

and stirred for 16 hours. The solution was then cooled to room temperature and then _

added water (1105 mi). The reaction mass was stirred for 1 hour 30 minutes at room

temperature and filtered. The solid obtained was then dried to obtain- ‘135. gm of

rilpivirine as a white solid.

Chromatographic purity of rilpivirine: 98.6%;

~ Content of Z-isomer: 1.2%.

Example 2:

10
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Preparation of rilpivirine hydrochloride

Rilpivirine (135 gm) as obtained in example 1 was suspended in methanol (1350
ml) and then heated to reflux for 20 minutes. To the reaction mixture was added a
solution of hydrochloric acid in isopropanol (6N, 675 ml) at reflux and maintained for 1
hour. The reaction mass was then cooled to room temperature and stirred for 1 hour at
room temperature. The solid obtained was collected by filtration and then dried to obtain
86 gm of rilpivirine hydrochloride.
Chromatographic purity of rilpivirine hydrochloride: 99.9%:;
Content of Z-1somer: 0.08%.

Example 3.

Preparation of rilpivirine hydrochloride monohydrate

Rilpivirine (100 gm) was suspended in a mixture of methanol (1500 ml) and
acetone (2200 ml). The contents were heated to reflux and maintained for 30 minutes at
reflux to obtain a clear solution. The solution was treated with carbon and stirred for 10
minutes. The reaction mass was filtered through celite® bed and then concentrated to
obtain a residual solid. The residual solid was stirred for 30 minutes, filtered and then
dried. To the solid thus obtained was added methanol and then the reaction mass was
passed dry hydrochloride gas until the precipitation obtained at 0°C. The temperature of
the reaction mass was raised to room temperature and stirred for 1 hour at room
temperature. The separated solid was filtered and then dried to obtain 87.5 gm of
rilpivirine hydrochloride crystalline monohydrate as an off white solid.
Chromatographic purity of rilpivirine hydrochloride monohydrate: 99.93%;
Content of Z-1somer: 0.05%.

Example 4:

Preparation of rilpivirine hydrochloride monohydrate

Example 3 was repeated using ethanol solvent instead of methanol solvent to

obtain rilpivirine hydrochloride monohydrate.

Example 5:
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Preparation of rilpivirine hydroch'lor.ide monohydrate

' Example 3 was repeated using isopropanol solvent instead of methanol solvent to - o

' ebtain'rilpivirine hydrochloride mo_hohydrate.

~ Example 6:

| Preparation of r'ilpivirine hydrochloride monohydrate

| Example 3. was repeated ‘using methyl- ethyi_ ketone solvent .ihstead of a_eetori‘e

.s'olve_nt. to obtain rilpivirine hydrochloride monohydrate.

25
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We claim:

l.
2.

A rilpivirine hydrochloride monohydrate.
A process for the preparation of rilpivirine hydrochloride monohydrate as claimed in
claim 1, which comprises:

a. suspending rilpivirine tn an alcoholic solvent, a ketonic solvent or a mixture

thereof:
b. heating the contents obtained in step (a) at reflux to obtain a solution;
c. adding carbon to the solution;
d. removing the solvent from the solution;

¢. adding an alcoholic solvent to the residual solid obtained in step (d);

f. passing the hydrochloride gas to the reaction mass; and

g, 1solating rilpivirine hydrochloride monohydrate.

The process as claimed in claim 2, wherein the alcoholic solvent used in step (a) and
step (e) 1S a solvent or mixture of solvents selected from methanol, ethanol,
1Isopropanol, tert-butyl alcohol, n-butanol and isobuty! alcohol.

The process as claimed in claim 3, wherein the alcoholic solvent is methanol.

T'he process as claimed in claim 2, wherein the ketonic solvent used in step (a) is a
solvent or mixture of solvents selected from acetone, methyl ethy! ketone, methyl
1sobutyl ketone and diethyl ketone.

The process as claimed in claim 5, wherein the ketonic solvent is acetone.

A pharmaceutical composition that comprises rilpivirine hydrochloride monohydrate

and pharmaceutically acceptable excipients, and optionally other therapeutic

ingredients.
T'he pharmaceutical composition as claimed in claim 7, wherein the monohydrate is

formulated into tablets, capsules, suspensions, dispersions or injectables.

13
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