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(57) Abrege/Abstract:

This Invention relates to a process for preparing 4-[(1,6-dihydro-6-oxo-2-pyrimidinyl)-amino]benzonitrile (1) (see formula |), starting
from a 4-oxo0-1,6-dihydro-pyrimidinylcarboxylic acid ester (ll) (see formula Il) or starting from a guanidine derivative which Is reacted
with an alkoxy-methylene malonic acid ester to an ester (ll) which is converted to (l), which reaction sequence may be a one-pot
procedure.
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ABSTRACT:

This invention relates to a process for preparing 4-[(1,6-dihydro-6-0x0-2-pyrimidinyl)-

o,

starting from a 4-oxo0-1,6-dihydro-pyrimidinylcarboxylic acid ester (11)

H H
O N N
o, -
ROOC N CN

or starting from a guanidine derivative which is reacted with an alkoxy-methylene

amino |benzonitrile (I)

malonic acid ester to an ester (1I) which is converted to (I), which reaction sequence may

be a one-pot procedure.
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PROCESS FOR PREPARING 4-[{1,6-DIHYDRO-6-OX0-2-PYRIMIDINYL)-AMINO]BENZONITRILE

Field of the Invention

This invention relates to a process for preparing 4-[(1,6-dihydro-6-ox0-2-pyrimidinyl)-
amino]benzonitrile () starting from a 4-oxo-1,6-dihydro-pyrimidinylcarboxylic acid
ester (I1) or starting from a guanidine derivative which is reacted with an alkoxy-
methylene malonic acid ester to an ester (II) which is converted to (I), which reaction
sequence may be a one-pot procedure.

Background of the Invention
The virus causing the acquired immunodeficiency syndrome (AIDS) is generally

known as the human immunodeficiency virus (HIV). The spread of HIV has caused
and continues to cause serious health problems throughout the world. A number of HIV
inhibitory drugs have been developed that currently are used to combat the virus. These
drugs have proven out to be effective in suppressing the virus, in particular when used
in combination therapy. However no therapy is capable of completely eliminating the
virus from the body.

Several classes of HIV inhibitors at present are available and new ones are being
explored. One such class is that of that of the non-nucleoside reverse transcriptase
inhibitors (NNRTIs). This class comprises a number of drugs that are used in anti-HIV
therapy while other NNRTIs are in various stages of development. One of these is the
compound 4-[[4-[[4-(2-cyanoethenyl)-2,6-dimethylphenyl]-amino]-2-pyrimidinyl]-
amino]-benzonitrile, also known as TMC278. This compound, its properties as well as
a number of synthetic approaches for its preparation have been described in WO-
03/16306. TMC278, which currently is in clinical development, not only shows
pronounced activity against wild type virus, but also against many mutated variants.

Consequently there is a need for producing larger quantities of this active ingredient
based on processes that provide the product in high yield and with a high degree of
purity. A synthesis strategy that has been developed to prepare this compound involves
coupling (E)-4-amino-3,5-dimethylcinnamonitrile (B) with anilinopyrimidine (C) to
obtain TMC278 as outlined in the following reaction scheme, wherein the compound
TMC278 is represented by formulia (A).
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The preparation of intermediate (B) has been described in W0O-04/016581 as
comprising coupling 4-10do-2,6-dimethylaniline (D) (X = I) with acrylonitrile in the
presence of palladium on charcoal, sodium acetate as a base and dimethylacetamide as

a solvent.
CH,=CHCN, Pd/C,
NH; NaOAc, DMA, A NH;
—————————
X NC X
(D) X =1 (B)

The preparation of intermediate (C) on the other hand has been described in
WO-03/16306 as comprising a halogenation reaction of 4-0x0-1,6-dihydro-pyrimidine
(I), 1n particular with POCls.

H H
O N N
\‘r halogenatlon Y
N CN

Compound (I), which sometimes is represented by its tautomeric form (I’) :

HO _N_ _N
L
N
N CN
can be prepared following the procedure described in Synthetic Communications,
27(11), 1943-1949 (1997):
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O N S Mel/NaOH © N SMe Rj
V U
NH
N N (CH30CH5>CH5),0
(E)
R

H H
OTN/\’/N R,
N R,
The reaction of (E) with (F) results in the liberation of methyl mercaptane, a toxic and
extremely odorous compound, which can be smelled at concentrations as low as 2 ppb.

Complete removal of this mercaptane therefore 1s a requirement, posing a very difficult
purification challenge. This makes this process impractical for large-scale production.

WO-00/27825 discloses at p.14 the synthesis of structural analogs of compound (I)
bearing a Y substituent in S5-position and a Q substituent in 6-position of the pyrimidine
moiety. The group Y 1n these structural analogs cannot be hydrogen and 1n particular 1s
halogen and 1s never a carboxyl ester group as required in the process of the present
invention. Moreover the synthesis disclosed 1n this reference lacks a decarboxylation
step, which 1s essential in the process of the present invention.

Although the above mentioned prior art process via intermediates (E) and (F) may be
useful for preparing small quantities of the desired product of formula (I), there 1s a
need for a process that can be scaled up for the production of multi-kilogram and larger
quantities, that 1s reproducible, 1s economical and through which the end product 1s
obtained 1n high yield and with a high degree of purity. Providing such a process 1s an
object of the present invention.

Summary of the Invention
The present invention concerns a process for preparing an intermediate in the synthesis

of TMC278, 1n particular 1t concerns a process for preparing a compound of formula:

H H

O N N
e g otk
X CN :
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wherein the compound of formula (I) is prepared by dealkoxycarbonylating a 4-o0xo-
1,6-dihydro-pyrimidinyl carboxylic acid ester of formula (II):

H H
O N N
e, -
ROQOC X CN

wherein R 1s Cy4alkyl.

In a further aspect, the invention concerns a process for preparing the compound of
formula (I), as specified above, wherein the compound of formula (I) 1s prepared by
condensing a guanidine derivative of formula (III) with an alkoxymethylene malonic
acid ester of formula (IV), thus obtaining an intermediate (II), as specified above,
which 1s dealkoxycarboxylated to obtain the desired end product of formula (I), as
outlined 1n the following reaction scheme wherein each R, independently from the
other radicals R, represents C;4alkyl:

ROOC COOR

H
HZN\I_rN
+ — () ——
" \E (I1) (1)
CN OR

(11l (V)

In one embodiment, the conversion from (III) over (II) to obtain (I) 1s conducted 1n a
one-pot procedure, without 1solation of intermediate (II).

Detailed Description of the Invention
TMC278 occurs 1n stereoisomeric forms, more 1in particular as E- and Z-1someric

forms. The preferred form of TMC278 1s the E-1somer, 1.¢. (E)-4-[[4-[[4-(2-cyano-
ethenyl)-2,6-dimethylphenyl]-amino]-2-pyrimidinyl]-amino]-benzonitrile (hereinafter
called E-TMC278). The other isomer 1s the Z-1somer of TMC278, 1.e.
(Z)-4-[[4-[[4-(2-cyanoethenyl)-2,6-dimethylphenyl]-amino]-2-pyrimidinyl]-amino]-
benzonitrile (which is referred to as Z-TMC278). Whenever mention 1s made herein to
“TMC278’, the E-form is referred to, as well as any mixture of both forms that
predominantly contains the E-form, e.g. at least 80%, 1n particular at least 90%, more 1n
particular at least 95%, or even at least 99% of the E-form.

Compound (I) occurs 1n two tautomeric forms, namely those having structure (I) and
(I’). For the purposes of this disclosure and claims, structures (I) and (I’) should be
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considered as referring to the same chemical entity and both (I) and (I’) should be
considered as equivalent representations of this chemical entity.

As used herein, each radical R, independently from the others, represents C; 4alkyl.

The latter defines straight or branched chain saturated hydrocarbon radicals having
from 1 to 4 carbon atoms such as methyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl,
2-methyl-1-propyl, 2-methyl-2-propyl. Of particular interest are C; 4alkyl radicals
wherein the carbon atom linked to the oxygen atom forms a methylene group. C;4alkyl
preferably 1s a linear C; 4alkyl (1.e. n.C; 4alkyl such as n.propyl). More preferably each
R independently 1s selected from methyl and ethyl. In one embodiment all R radicals
are methyl, 1n another embodiment all R radicals are ethyl.

The conversion from (II) to (I) involves a dealkoxycarbonylation reaction with
expulsion of CO,. This reaction may be performed under the conditions described by
Krapcho (see e.g. Krapcho et al., J. Org. Chem., 43, 138-147 (1978); Krapcho,
Synthesis, 805-822, 893-914 (1982) ).

In preferred embodiments, the reaction 1s conducted in the presence of a suitable salt of
formula MX wherein M 1s a metal, an ammonium or substituted ammonium cation, and
X 1s an anion having nucleophilic properties. M for example may be an alkali metal or
carth alkaline metal 10n e.g. a ithium, sodium, potassium, magnesium, calcium 1on.
Ammonium or substituted ammonium comprises, for example, NH; ', quaternary
ammonium wherein the ammonium 1s substituted with alkyl (preferably C;4alkyl)
and/or benzyl, e.g. tetra n.butylammonium, trimethyl benzyl ammonium, tributyl
benzylammonium. Suitable X groups are the halide anions, 1n particular chloride and
bromide; carboxylic acid anions, in particular C;4alkylcarboxylates, such as acetate or
propionate; cyanides. Preferred are chloride, bromide, acetate and cyanide, acetate
being particularly preferred. Of particular interest are the alkali metal salts of the above
mentioned anions. Particular examples of salts MX that can be used are sodium
cyanide, sodium acetate, sodium chloride, sodium bromide, potassium cyanide,
potassium acetate, potassium chloride, potassium bromide, tetra n.butylammonium
acetate, tetra n.butylammonium cyanide.

The conversion from (II) to (I) may be conducted 1n a suitable reaction-inert solvent,
preferred solvents being the dipolar aprotic solvents such as dimethylformamide
(DMF), dimethylacetamide (DMA), hexamethylphosphoric acid triamide (HMPT),

N-methylpyrrolidone (NMP), dimethylsulfoxide (DMSOQO), acetonitrile and the like,
including mixtures thereof. A particularly preferred solvent 1s NMP.
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In a preferred mode of carrying out the process of this invention, the
dealkoxycarbonylation reaction of (II) 1s carried out in NMP 1n the presence of an
acetate salt, e.g. potassium acetate or, in particular, sodium acetate. This particular
mode of carrying out a dealkoxycarboxylation reaction has hitherto not been described
in the literature and has proved out to be very effective.

The dealkoxycarboxylation reaction may be conducted at elevated temperature, for
example at a temperature in the range of about 130°C to the reflux temperature of the
reaction mixture, in particular in the range of about 140°C to about 170°C, more in
particular in particular in the range of about 140°C to about 160°C. Preferably the
dealkoxycarboxylation reaction 1s conducted over a certain period of time, such as from
about 24 — 120 hours, or in particular from about 24 — 48 hours, or more 1n particular
from about 24 — 36 hours. In one embodiment, the reaction 1s conducted at increased
pressure thereby allowing even higher temperatures such as up to about 200°C or by
microwave heating. This allows the reaction time to be reduced to time periods of
several hours e.g. about 2 — 6 hours.

In particular the preferred reaction conditions mentioned above, 1.¢. conducting the
reaction in NMP with an acetate salt such as sodium or potassium acetate, allow the use
of microwave heating or the use of increased pressure and higher temperatures as
mentioned above, thereby reducing the reaction time while still obtaining the desired
end product in high yield and purity.

At the end of the dealkoxycarbonylation an acid may be added to the reaction mixture.
The acid preferably 1s added when the dealkoxycarbonylation step 1s completed. The
acid that 1s added preferably an organic acid such as an alkylcarbonic acid, in particular
a Ciqalkylcarbonic acid, e.g. acetic or propionic acid. Without being bound to theory, it
1s assumed that the addition of acid decomposes the pyrimidinyloxide salt of formula

H
M™*O: N N
NN CN

wherein M 1s as defined above, to obtain the desired end product of formula (I). The
acid preferably 1s added to the reaction mixture being at increased temperature such as
in the range of about 100°C to about 150°C, in particular of about 120°C to about
140°C.
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The yield may further be optimized by taking the resulting product up 1n a lower
alkanol such as a C;4alkanol, preferably ethanol, and heating, preferably refluxing the
alkanol mixture for a period which may range from a couple of minutes to a few hours,
e.g. from about 10 min to about 3 hours, in particular from about 30 min to about 2
hours.

The intermediate of formula (II) may be prepared by condensing a guanidine derivative
of formula (III) with an alkoxymethylene malonic acid ester of formula (IV). This
reaction may be conducted 1n a suitable solvent, preferably a dipolar aprotic solvent
such as any of the solvents mentioned above 1n relation to the reaction of (II) to (I). A
preferred solvent 1s NMP. Preferred esters of formula (IV) are methoxy- and
cthoxymethylene malonic acid dimethyl and diethyl esters. The methyl derivative
often 1s referred to as dimethyl (methoxymethylene)malonate. The reaction of (I1I) with
(IV) preferably 1s conducted at elevated temperature e.g. at a temperature which 1s 1n
the range of about 70°C to about 130°C, in particular of about 80°C to about 120°C.
The mixture 1s allowed to react for a period 1f tune sufficient to complete the reaction,
which time period may vary e.g. from about 30 min to about 3 hours, 1n particular from
about 1 to 2 hours.

A particular aspect of this invention concerns a process for preparing the compound of
formula (I) starting from mntermediates (III) and (IV) to obtain the intermediate (II) and
subsequent dealkoxycarbonylation of (II) to obtain compound (I). Each of the steps of
this process may be conducted 1n the same solvent or solvent mixture and using the
same reaction conditions as described above for the preparation of end product (I)
starting from (II) and the reaction of (III) with (IV).

In one embodiment, this process 1s conducted 1n a one-pot procedure, without 1solation
of intermediate (II). The one pot procedure can be done 1n the same solvent. A
particular solvent suitable for this one-pot process 1s NMP. This process variant offers
the possibility to synthesize compound (I) 1n a quick, simple and straightforward
manner.

In one embodiment, the salt used in the dealkoxycarboxylation 1s added to the reaction
mixture used 1n the condensation of (III) with (IV), 1.e. at the beginning of the reaction
procedure. This has the practical advantage that the salt does not have to be added to
the reactor in the middle of the reaction procedure, 1.e. after the termination of the
reaction of (III) with (IV). It moreover has been found that the salt does not interfere 1n
the condensation reaction of (III) with (IV). A particular salt suitable for this one-pot
process 1s an acetate salt such as an alkali metal acetate, e.g. sodium acetate.
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An additional feature of the present invention comprises the fact that the intermediates
of formula (I) are novel compounds. Therefore, in a further aspect, the invention
provides a compound of formula (II) having the chemical structure as specified above,
wherein R is as defined above, as well as the acid-addition salts thereof. The term
“acid-addition salts” as mentioned herein is meant to comprise any stable salts, which
the intermediates of formula (II) are able to form. Preferred are the pharmaceutically
acceptable acid-addition salts, which are the non-toxic acid addition salt forms. The
salts can conveniently be obtained by treating the base form with such appropriate acids
as morganic acids, for example, hydrohalic acids, e.g. hydrochloric, hydrobromic and
the like; sulfuric acid; nitric acid; phosphoric acid and the like; or organic acids, for
example, acetic, propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic,
oxalic, malonic, succinic, maleic, fumaric, malic, tartaric, 2-hydroxy-1,2,3-propane-
tricarboxylic, methanesulfonic, ethanesulfonic, benzenesulfonic, 4-methylbenzene-
sulfonic, cyclohexanesulfamic, 2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the
hike acids. Conversely the salt form can be converted by treatment with alkali into the
free base form. The term addition salts is also meant to include the hydrates or solvates
which the compounds of formula (I) are able to form, including, e.g. the alcoholates
such as methanolates or ethanolates.

The process of the present invention allows scaling up for the production of multi-
kilogram and larger quantities, and is reproducible and economical. The desired end
product is obtained in high yield and with a high degree of purity. Further advantages
that may be mentioned are the availability of starting materials and reagents that may

be commercially available or easy to prepare.

The intermediate of formula (I) can also be used in the synthesis of TMC120, 1.e.
4-[[4-[(2,4,6-trimethylphenyl)amino]-2-pyrimidinylJamino]benzonitrile, which 1s a
further NNRTI that is currently being developed as a microbicidal in the prevention of
transmission of HIV infection as disclosed in W0O-03/094920. TMC120, its synthesis
and properties have been described in W0-99/50250. To prepare TMC120, compound
() is converted to compound (C) as described above and the latter compound (C) 1s
reacted with 2,4,6-trimethylaniline thus obtaining the compound TMC120. Similar

analogs of TMC278 and TMC120 can be obtained in a similar manner.
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The following examples are meant to 1llustrate the present invention and not to limit 1t
thereto.

Examples

Example 1
A mixture of 64 g (0.4 mol) of (4-cyanophenyl)guanidine, 98.4 g (1.2 mol) sodium

acetate and 76.6g (0.44 mol) dimethyl(methoxymethylene)malonate in 600 ml
N-methylpyrrolidinone (NMP) was heated to 100°C and stirred for 1 hour at that
temperature. 64.8 ml of demineralized water was added and the reaction mixture was
further heated to reflux temperature. About 100 ml of the solvent was evaporated until
the temperature of the reaction mixture reached the range of 155°C to 160°C.
Subsequently the reaction mixture was refluxed during 30 hours. The whole 1s allowed
to cool to 20-25°C and 25¢ filtration aid was added. After stirring the mixture for 1
hour at 20-25°C, the precipitate was filtered off and washed with 40 ml of NMP. The
solvent was distilled off under vacuum and the residue was heated to 120°C. 300 ml
acetic acid was added dropwise (during 15 minutes) to the heated residue while keeping
the temperature at 130°C. After addition of the acetic acid, the mixture was heated to
150°C and stirred at that temperature for 15 minutes. Subsequently, the mixture was
allowed to cool to 20-25°C. The formed precipitate was filtered off and washed with
ethanol (1 x 200 ml and 1 x 80ml). 400ml ethanol was added to the washed precipitate
and this mixture was heated and refluxed for 1 hour. After cooling to 20-25°C, the
precipitate was filtered off, washed with 100 ml ethanol and dried at 50°C under
vacuum during 16 hours. Yield : 65.6g of 4-[(1,4-dihydro-4-ox0-2-pyrimidinyl)-
amino]benzonitrile.

Example 2
A mixture of 64 g (0.4 mol) of (4-cyanophenyl)guanidine, 98.4 g (1.2 mol) sodium

acetate and 76.6g (0.44 mol) diethyl(ethoxymethylene)malonate in 600 ml N-methyl-
pyrrolidinone (NMP) was heated to 100°C and stirred for 1 hour at that temperature.
81 ml of demineralized water was added and the reaction mixture was further heated to
reflux temperature. About 120 ml of the solvent was evaporated until the temperature
of the reaction mixture reached the range of 155°C to 160°C. Subsequently the reaction
mixture was refluxed during 72 hours. The whole 1s allowed to cool to 20-25°C and
25¢ filtration aid was added. After stirring the mixture for 1 hour at 20-25°C, the
precipitate was filtered off and washed with 50 ml of NMP. The solvent was distilled
off under vacuum and the residue was heated to 130°C. 375 ml acetic acid was added
dropwise (during 15 minutes) to the heated residue while keeping the temperature at
130°C. After addition of the acetic acid, the mixture was heated to 150°C and stirred at
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that temperature for 15 minutes. Subsequently, the mixture was allowed to cool to
20-25°C. The formed precipitate was filtered off and washed with ethanol (1 x 250 ml
and 1 x 100ml). 500ml ethanol was added to the washed precipitate and this mixture
was heated and refluxed for 1 hour. After cooling to 20-25°C, the precipitate was
filtered off, washed with 100 ml ethanol and dried at 50°C under vacuum during 16
hours. Yield : 80.5g of 4-[(1,4-dihydro-4-ox0-2-pyrimidinyl)amino]benzonitrile

(75.9 % yield).
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Claims

.

A process for preparing a compound of formula

H H
O N N
o,
N CN

wherein the compound of formula (I) 1s prepared by dealkoxycarbonylating a 4-0xo-
1,6-dihydro-pyrimidinyl carboxylic acid ester of formula (II):

H H
O N N
o, -
ROOC N CN

wherein R is C1-4alkyl; and optionally at the end of the dealkoxycarbonylation step

an acid 1s added to the reaction mixture.

A process for preparing a compound of formula (I), as defined in claim 1, wherein
the compound of formula (1) is prepared by condensing the guanidine of formula
(III) with an alkoxymethylene malonic acid ester of formula (IV), thus obtaining an
intermediate (II), as defined in claim 1, which is dealkoxycarbonylated to obtain the
desired end product of formula (I), as outlined in the following reaction scheme,
wherein each R, independently from the other radicals R, is C;4alkyl :

ROOC COOR

H
H.N_  _N
T + \[ — ([} ——— (l)
NH
CN OR
(1) (V)

A process according to claim 2 wherein the conversion from (III) over (II) to obtain
(I) is conducted in a one-pot reaction, without isolation of intermediate (1I).

A process according to any one of claims 1-3 wherein R is methyl or ethyl.

A process according to any one of claims 1-4 wherein the process is conducted 1n

the presence of a salt.
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A process according to claim 5 wherein the salt is represented by formula MX
wherein M 1s a metal or ammonium or substituted ammonium, and X is an anion
having nucleophilic properties.

A process according to claim 6 wherein M is an alkali metal, ammonium or
substituted ammonium and X is a halide, cyanide or C;4alkylcarboxylate.

A process according to clatm 7 wherein M is an alkali metal and X is C,_salkyl-
carboxylate.

A process according to claim 8 wherein M is sodium and X 1is acetate.

A process according to any one of claims 1-5 wherein the process 1s conducted in a
dipolar aprotic solvent.

A process according to claim 10 wherein the solvent 1s dimethylformamide (DMF),
dimethylacetamide (DMA), hexamethylphosphoric acid triamide (HMPT),
N-methylpyrrolidone (NMP), dimethylsulfoxide (DMSO) or acetonitrile.

12. A process according to claim 11 wherein the solvent is N-methylpyrrolidone.

13.

14.

135.

16.

17.

A process according to any one of claims 1 - 12 wherein at the end of the
dealkoxycarbonylation step an acid 1s added to the reaction mixture.

A process according to claim 13 wherein the acid is an alkylcarbonic acid.
A process according to claim 14 wherein the acid 1s a C;_4alkylcarbonic acid.

A process according to claim 15 wherein the acid 1s acetic acid.

A compound of formula

O N
ROOC N CN
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or a salt thereof, wherein R is Cj4alkyl.

18. A compound according to claim 17 wherein R 1s methyl.

5 19. A process for preparing (E)-4-[[4-[[4-(2-cyanoethenyl)-2,6-dimethylphenyl]-
amino|-2-pyrimidinyl]-amino}-benzonitrile from an anilinopyrimidine compound of
formula (I), wherein said anilinopyrimidine is prepared by a process according to
any one of claims 1 to 16.

10 20. The process of claim 19 wherein the anilinopyrimidine 1s halogenated to a
compound of formula



Q-
CN

OIF}:]/H
| O\ )
ROOC NN CN
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