PROCESS FOR THE SYNTHESI S OF ORGANI C COMPOUNDS

Background of the Invention The present invention
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wherein

R1 is mono- or polysubstituted aryl;
R2 is hydrogen, lower alkyl or aryl; and

R4 is hydrogen, lower alkyl, or halogen.

Compounds of formula (I) have been disclosed in W. Breitenstein et al., WO 04/005281
which published on January 15, 2004, the disclosure of which is incorporated by reference.
A preferred compound of formula (1) is 4-methyl-3-[[4-(3-pyridinyl)-2-pyrimidinyllamino]- N-[5-
(4-methyl-1H-imidazol-1-yl)-3-(trifluoromethyl)phenyl] benzamide (la). Compounds of
formula (1) have been shown to inhibit one or more tyrosine kinases, such as c-Abl, Bcr-Abl,
the receptor tyrosine kinases PDGF-R, Fit3, VEGF-R, EGF-R and c¢-Kit. As such,
compounds of formula (1) can be used for the treatment of certain neoplastic diseases, such
as leukemia.

Previous synthesis of compounds of formula (1), and specifically (1a), involves a
hydrolysis of an ethyl ester to a carboxylic acid, which is then reacted with an aniline, and
employing diethylcyanophosphonate as a coupling agent as shown in Scheme 1.
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This process gives low and incohsistent yields. Furthermore,
diethylcyanophosphonate is an expensive reagent. Thus, there is a need for an alternate
process that is cheaper, consistent, efficient, and produces compounds (I) in high yields.

It is an object of this invention to provide for an alternative process to make
compounds of formula (I) efficiently with high and consistent yields.

It is a further object of this invention to make compounds of formula (1) from lower
cost reagents.

It is a still further object of this inventioh to provide for a process to make compounds
of formula (1) utilizing safer reagents.

The present invention overcomes the problems encountered in the previous synthesis

described in Scheme 1 and typically resulted in an increased overall yield from 54-86%.
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wherein
R1 is substituted or unsubstituted aryi;
R2 is hydrogen, lower alky or aryl;
R4 is hydrogen, lower alkyl or halogen; and

- R8s lower alkyl, phenyl, phenyl-lower alkyl or substituted phenyl.

Direct condensation of ester () with aniline (IV) is catalyzed by a base, such as
potassium tert-butdxide to make compounds of formula (l). The process is carried out at
temperature between -50°C to 50°C in an organic solvent of tetrahydrofuran,
dimethylformamide, toluene or N-methylpyrrolidinone.
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wherein
R1 is substituted or unsubstituted aryl;
R2 is hydrogen, lower alky or aryl;
R4 is hydrogen, lower alkyl or halogen; and

R3 is lower alkyl, phenyl, phenyl-lower alkyl or substituted phenyl.

Direct condensation of ester (ll) with aniline (IV) can be catalyzed by a strong base
such as potassium teri-butoxide to make compounds of formula (1) in good yield and high
purity without any chromatography or recrystallization purification. Other bases, such as
metal hydride, bulkyl alkyl lithium, metal alkoxide, metal bis(trimethylsilyl) amide or lithium
dialkylamide, can also be used. The metal can be lithium, sodium or potassium. The

Aprocess is carried out at temperature between -50°C to 50°C in an organic solvent of
tetrahydrofuran, dimethylformamide, toluene or N-methylpyrrolidinone.



R3 is | ower alkyl, phenyl, phenyl-Ilower alkyl or

substituted phenyl. Direct condensation of ester (I1)
woi2ode/ami4ii ne (1V) can be catal yzed by a strongCiase006/022155

such as potassiumtert-butoxide to make conpounds of

formula (1) in good yield and high purity wthout any

chr omat ogr aphy or recryst allization purification.

' | . al ‘-
ARG U A nE Bl s Kb D tlrB e iy
am de or I|th|un1d|alkylan1de, can al so be used. The
metal can be lithium soBehemes potassium The process
is carried out af tenperature betweengQ0C to 5Q0C in
an organlc}$olv £ of tetrahydrofuran, ®

f t ol uene or N

one.Iln a preferred e di ngnt, the
he foll owi ng reaction: eme 3
wher ei n is | ower alkyl,|phenyl,
or,_substituted phenyl. g _conpound
?ﬁﬁﬁe prepared using pr
in paten

H,N F
2
4 F
(itb) (IVa)
N
base = T
NS
l N
A

(1a)

wherein R3 is lower alkyl, phenyl, phenyl-lower alkyl or substituted phenyl.

The compound of formula (IVa) can be prepared using processes disclosed in patent
applications U.S. SN 60/688,920 and SN 60/688,976, both entitled "Process for the
Synthesis of Organic Compounds", which were filed concurrently herewith. The disclosures
of those applications are incorporated herein by reference.
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As used in this application, except as otherwise expressly provided herein, each of
the following terms shall have the meaning set forth below.

Lower alkyl comprises 1-6 carbon atoms, and is linear or branched; preferred lower
alkyl moieties are butyl, such as n-butyl, sec-butyl, isobutyl, tert-butyl, propyi, such as
n-propyl or isopropyl, ethyl or methyl. Particularly preferred lower alkyl moieties are methyl,
ethyl, n-propyl or ter-butyl. |

An aryl group is an aromatic radical which is bound to the molecule via a bond
located at an aromatic ring carbon atom of the radical. In a preferred embodiment, aryl is an
aromatic radical having 6-14 carbon atoms, especially phenyl, naphthyl, tetrahydronaphthyl,
fluorenyl or phenanthrenyl, and is unsubstituted or substituted by one or more, preferably up
to three, especially one or two substituents, wherein the substituents are heterocyclyl groupé
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alkylsuf?@r\ﬂ}gyéucf\ %%%B% éﬂw tﬁ%ér%rﬂ%ﬁ;m%@?ﬁ%ﬁké&o&ﬂ@r yei ﬁ\%& | Picyclic
heteroaykgrpe pf I@wyr alkylenediosy kgunstaiagiasant Gajoms of the nng, such as
methylgﬁi&gﬁy gL (Irjln&S X hF@?érFébDérﬂbOMFﬁtg &R IsPMBhy!, naphthyl or

as especli
tetrahyﬂrqnaphfbvlowbtcnam eaeh ¢asey$ eltheéweswywt@d or indensndentlyrsubstituted

by onetBrWG Ebﬁétlﬁ?ﬂ% é@%&éd H5A4YRe glgout) %ﬂﬁélstm kdflhﬁfbﬁeﬁi d¥p¥cially fluorine,
chlorine (c))lrJ Qromme zjllwyd?oii rc]athenhgd 8{1Tﬁ)wer alkyl e. g by methyl by halogen-lower alkyl,
e.g., trifluoromethyl, or by phenyl; lower alkylene dioxy bound to two adjacent C-atoms, e.g.,
methylenedioxy, lower alkyl, e.g., methyl or propyl; halogen-lower alkyl, e.qg., trifluoromethyl;
hydroxy-lower alkyl, e.g., hydroxymethyl or 2-hydroxy-2-propyl; lower alkoxy-lower alkyl; e.g.,
methoxymethyl or 2-methoxyethyl; lower alkoxycarbonyl-lower alkyl, e.g., methoxy-
carbonylmethyl; lower alkynyl, such as 1-propynyl; esterified carboxy, especially lower
alkoxycarbonyl, e.g., methoxycarbonyl, n-propoxy carbony! or isopropoxy carbonyl; N-mono-
substituted carbamoyl, in particular, carbamoyl monosubstituted by lower alkyl, e.g., methyl,
n-propyl or isopropyl; di-lower alkylamino, e.g., dimethylamino or diethylamino; lower
alkylene-amino, e.g., pyrrolidino or piperidino; lower oxaalkylene-amino, e.g., morpholino,
lower azaalkylene-amino, e.g., piperazino, acylamino, e.g., acetylamino or benzoylamino;
lower alkylsulfonyl, e.g., methylsulfonyl; sulfamoyl; and phenylsulfonyl.

Halogen is fluorine, chlorine, bromine, or iodine, especially fluorine, chlorine, or
bromine.

The following examples more particularly illustrate the present invention, but do not
limit the invention in any way.
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t hoxjjet hyl er al koxycar bonyl - | owe )iyl
Nhoxy ar bgayl met hyl ;1 ower al kynyl, Nsuch as

t hoxycar bonyl , n-
gdky carbonyl ; L/-nonos
in partlcular carbannyl nongs tut edF by
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or piperidi fe) | oner oxaal kyl ene-ami no, €. d.(Iva)

nor phol i no,

(1a)

To a 1-L flask, equipped with a mechanical stirrer, temperature sensor, reflux

condenser, addition funnel and nitrogen inlet-outlet under a nitrogen atmosphere at 23°C is
charged with compounds (lic) (16 g), (IVa) (12 g) and THF (300 mL). The mixture is stirred
for 15 minutes at 23°C and cooled to -20°C to -15°C. A solution of 1 M potassium #-butoxide
in THF (275 mL) is added at -20°C to -10°C. After the addition, the mixture is warmed to
18-23°C. When the reaction is complete according to HPLC, the mixture is cooled to 5°C. A
solution of 15% aqueous sodium chloride (500 mL) is added to the mixture, maintaining
temperature below 15°C. Product is extracted into isopropyl acetate (500 mL) and washed in
sequence with 15% aqueous sodium chloride solution (500 mL) and water (500 mL). The
organic phase is distilled under atmospheric pressure at an internal temperature of 75-85°C
until the residual volume is about 200 mL. The resulting suspension is cooled to 70 + 5°C
and charged with ethanol (250 mL) and water (30 mL). The mixture is heated to reflux
(78°C) for 1 hour and then cooled to -10°C to -15°C. The suspension is stirred for an
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| ower azaal kyl ene-am no, e.g., piperazino, acylam no,
e.g., acetylam no or benzoyl am no; | ower
walboslissd4i onyl , e. g., nethyl sul fonyl; sulfanoyPCcTanse06/022155
phenyl sul fonyl . Hal ogen is fluorine, chlorine,
brom ne, or iodine, especially fluorine, chlorine, or
brom ne. The foll ow ng exanples nore particularly
e h Sepdn~ | i i
additichal $5 ik 470 BT8Pl CooiRled iy fiftion; Hlskqlotf cow
(6°C) ethama (8mh) ahdpri¢dHandef vacuni (19)20Morm all 55-601Giwikth a nitrogen bleed
j | [ NG rature
(8-16 liégﬂés)g??ﬂ}a\éﬁ PUNA)E\P' 82332%@?%3’2%4’ )tel{S%]WP %eﬁ%@ﬁ and nitrogen
N u ng t r 3C,
hLFvEEtg fhiz BIROA0es 16 S5 TS BiH.50 BT Bags 10
8.45 (4,HH)( 309 (avl1H), §.R. (ari2kt)L8.20 (& 261, 7.68 (I 2Hl), TS5 YHE .28 (s, 3H),

and cooled to -200C to -15C. A solution of 1 M
206 G320 SO0 Lo e



in THF (275 nL) is added at -200C to -100C. After the
addition, the mxture is warnmed to 18-23C. Wen the
woeamli3sdali s conpl ete according to HPLC, the nPRTMISE006922155
cooled to 5C. A solution of 15% aqueous sodi um
chloride (500 nL) is added to the m xture, maintaining
tenperature bel ow 15C. Product is extracted into
i sopropyl acetate (500 nmL) and washed in sequence with
; ous sodi um chl oride solution (500 nL) and
What ¢ 34 O mL). The organic phase is distilled under
at nospheric pressure at an internal tenperature of ‘
1. 75pemessifar the praparatien efempegndsel fognaladht 200 . The
resulting suspension is co@qed to 70 5C and charged
with ethanol (250 nL) jand wWater (30 nL). The mixture
IS heated to ref L 1 hour and then cool ed
to -100C to -15€ T $ on is stirred for
anaddi ti onal 30l & 200C to - 1@5: Any solid is
coll ected by fil i on, sed with cofd (500
ethanol (85 m ) and dried Junder_.vacuum (10-20 torr)
at 55-600C wi t hauit rogge@bhged?(8- 16 hours) to
obtain AWMN1O7 ([17.4 1|9, 67/%yield) as a white solid. 1H
NVR 300 MHz, , d 10.5R!s, 1H), 9.15 (s, 1H),
9.05 (S, 1H), 8.60 (s, 1H), 8.45 (d, 1H), 8.35 (d,
1H), 8.22 (d, 2H), 8.10 (d, 2H17.65 (m 2H), 7.45 (m
comprigiAp, reactipg tg corgpund:

R4

with R;-NH-R», wherein
R; is substituted or unsubstituted aryl;
R. is hydrogen, lower alky or aryl;
R, is hydrogen, lower alkyl or halogen; and
Rs is lower alkyl, phenyl, phenyl-lower alkyl or substituted phenyl,

and wherein the process is catalyzed by a base in an organic solvent.
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2.05 (s, 3H).What is clained is: 1. A process for the
preparati on of conmpounds of fornmula (lI) conprising
woeamli3fgit he conpound: with Rl-NH R2, wher ei nPBL/US2006/022155

substituted or unsubstituted aryl; R2 is hydrogen,

| ower alky or aryl; R4 is hydrogen, |ower alkyl or

halogen and R3 is |ower al kyl, phenyl, phenyl-Iower
process
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process for the preparaHs of a conpound of the

formula (Ia) conpr|5|@g3re iIN\g t he conpound: wherein

R3 is |ower aIkyH phenyl , /phefyl -1 ower al kyl or

t npound 5- (4- et hyl -
| uor gnet hyl ) - benzenam ne of
(la)
N F
H < OF
comprising reacting the combound:
CH,

H
N N
/\l(
NP

_R3

wherein R3 is lower alkyl, phenyl, phenyl-lower alkyl or substituted phenyl, with the

compound 5-(4-methyl-1H-imidazol-1-yl)-3-(triflucromethyl)-benzenamine of the structure
(IVa):

H,C
N
/ \
B
» F
H,N .
F
(IVa)

and wherein the process is catalyzed by a base in an organic solvent.

3. A process for the preparation of a compound of the formula (la)
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(I'va) and wherein the process is catalyzed by a base
in an organic solvent. 3. A process for the
wonrepassdsion of a conmpound of the fornula PCT/US2006/022155
(la)conprising reacting the conmpound: with
5-(4-nmethyl -1
H i m dazol -1-yl)-3-(trifluoronethyl)-benzenam ne (1Va)
wherein the process is gatalyzed by a base in an
organi ¢ solvent. 4. The prycess of any one of O ains
1- 3, wherein the basellls sefedled fromthe group
consi sting Rf nenal hydri dé€, bwl ky al kyl 1ithium

netal alk neta s(triwfet hyl silyl)am de and
['ithium dial ky] am d The |process of d aj T 4,
wherein t al isggrectecRdromthe grou@a

consi sti ng [ithiu sod d potassium 6. The

process of aim4 aseFi S potassi um

Zqy one of O ains
1-3, wherd¢lin the organi c sol ventgisFsel ected fromthe
group of t ydr of uran, di net hyl f ormam de, tol uene
and /V-net hyl pyrrolidone.

comprising reacting the compound:
CH,

with 5-(4-methyl-1 H-imidazol-1-yl)-3-(trifluoromethyl)-benzenamine (1Va) wherein the process
is catalyzed by a base in an organic solvent.

4. The process of any one of Claims 1-3, wherein the base is selected from the group
consisting of metal hydride, bulky alkyl lithium, metal alkoxide, metal bis(trimethylsilyl)amide
and lithium dialkylamide.

v

5. The process of Claim 4, wherein the metal is selected from the group consisting of
lithium, sodium and potassium. |

6. The process of Claim 4, wherein the base is potassium tert-butoxide.

7. The process of any one of Claims 1-3, wherein the organic solvent is selected from
the group of tetrahydrofuran, dimethylformamide, toluene and N-methylpyrrolidone.
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