WO 2006/ 135641 PCT/ US2006/ 022155 PROCESS FOR THE SYNTHESI S OF OCRGANI C
COVPOUNDS Background of the Invention The present invention provides a new
met hod of maki ng conmpounds of fornmula (1): RA HNYNN(lI) ."R2\ ON N
\R1 wher eiwORD06{1356aDN0O- oOr pol ysubstituted aryl; R2 is Wyriusgen22isower

al kyl or aryl; and R4 is hydrogen, |ower alkyl, or hal ogen. Conpounds of
formula (1) have been disclosed in W Breitenstein et al., WO 04/005281

whi ch publi shed on January 15, 2004, the disclosure of which is incorporated
by reference. A preferred conpound of fornula (1) is

4-met hyl - 3- [ (4- (3pRPTESS BOR TRESYNTRERISOFORGANIC Sdmpo(fipget hy! -

f+i m dazol -1-yl)- mmmnpounds of
formula (1) have been shown to inhibit one or nore tyrosine kinases, such as
c-Abl, Bcr-Abl, the recept oBdckgmiintcofithehweatibivG-- R, FIt3, VEG-R EG--R
and c-Kit. As such, conpounds of forrmula (I) can be used for the treatnent

Compounds of {1 AT VpRRRRS MR A8 B lRo cORBABYT RIBBRTS < O o

an ethyl ester to a carboxylic acid, wi#ch is then reacted with an aniline,

and enpl oyi ng di et hyl cyanoptwsph ate as a coupling agent as shown in
Schene 1. -1
. \ N '

wherein
R1 is mono- or polysubstituted aryl;
R2 is hydrogen, lower alky! or aryl; and
R4 is hydrogen, iower 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-1 H-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, Ber-Abl,
the receptor tyrosine kinases PDGF-R, Fit3, VEGF-R, EGF-R and ¢-Kit. As such,
compounds of formula (I) can be used for the treatment of certain neoplastic diseases, such
as leukemia.

Previous synthesis of compounds of formula (1), and specifically (Ia), 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.



WD 2006/ 135641 PCTI US2006/ 022155 Scheme 1 CH3 H YH N NaOH N NaCH N O
OCH3 OH (ila) (Ilia) HBCH3C ~ "3t Il NI N H2J/ FFNF

di et hyl oyanophoWhonate ONF HF F N (la) This process gives |ow and

I nconsi st ewoO yioeh3ss4r Furt hernore, di et hyl cyanophosphon®Ca/Usgooai22es§ensi ve
reagent. Thus, there is a need for an alternate process that is cheaper,
consistent, efficient, and produces conpounds (I) in high yields. It is an
object of this invention to provide for an alternative process to make
conmpounds of formula (1) efficiently with high and consistent yields. It is
a further object of this invention Sahefke conpounds of formula (I) from

| ower cost reagents. | His a still further object of this i ntion to
provi de for a procgss t¢ frake conpounds of fornula (1) Hti | i¥i*ng safer
reagents.. ThepnNreseiat iAyenti on overcones the probl Ngouptered in the
previ ous sy I\%‘/S ~ iT
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dlethylcyanophosphonate /@

(1a)

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 (1} 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%.
-o.



described in Scheme 1 and typically resulted in an increased overall yield
fromb54-86% -2 WO 2006/ 135641 PCTI US2006/ 022155 Summary of the Invention
The present invention provides a new nethod of making conpounds of formula
(1): R4 Hwoldokd/1686p1 IIR2 \ ON N RL conprising the fetT/ostiog2esact i on:
Scheme 2 R4 R4 HNbase ~¥Y N+ R-NHR ,R3 (IV) /R \ OOl \ 0N~ NN
R (Il) (I) wherein Al is substituted or unsubstituted aryl; R2 is
hydrogen, |lower alky or aryl; R4 is hydrogen, |ower alkyl or hal ogen; and

Summary of the Invention

The present invention provides a new method of making compounds of formula ":
R4

XN ®

N R1

compyrising the following reaction:

Scheme 2
R4 ' R4
H

No N no N
Y \”/ =z Y
X N 4+ RNHR, base . N

R3 (V) R2
X 0= ~o” X o N:
) ) s

(@ (1)

wherein
R1 is substituted or unsubstituted aryl;
R2 is hydrogen, lower alky or ary};
R4 is hydrogen, lower alkyl or halogen; and

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

Direct condensation of ester (I) with aniline (V) is catalyzed by a base, such as
potassium tert-butdxide to make compounds of formula (I). The process is carried out at
temperature between -50°C to 50°C in an organic solvent of tetrahydrofuran,
dimethyiformamide, toluene or N-methylpyrrolidinone.



R3 is | ower alkyl, phenyl, phenyl-lower al kyl or substituted phenyl. Direct
condensation of ester (Il1) with aniline (IV) is catalyzed by a base, such as
pot assium tart-butoxide to nake conpounds of forrmula (I). The process is
carried outwetoost1essger at ure between -50C to 50C i n an oreEmUS20&gizyEsnt of
tetrahydrofuran, dinethylformam de, toluene or N-nethylpyrrolidinone. -3 WO
2006/ 135641 PCT/ US2006/ 022155 Detail ed Description of the Invention The
general reaction schene of the invention can be illustrated as foll-ows:

Schene ZDaéi@ﬂqj%Hﬁ%ﬁdn dfthelnveionR -NH R base N 2\ 'R3 (I1V) /R OO1I1 \ O
N~ NN ereln is substituted or unsubsti tut ed aryl; R2
i s hydrogen, omer ) ro alk or halogen and
R3 is |ower W "%‘L@%{}‘m ?}ﬁé‘ﬁ‘ﬁ@g{ﬁ&% ﬁ?%@ﬂ% “ QSJP phenyl . Direct

condensation of ester (Il1) with aniline (I1V) can be catal yzed by a strong

base such as potassiumtert-butoxi S8ehémeBake conpounds of fornula (1) in

good yield and high gpurity w thout any chromatography or recrystallization

purification. O,‘r:lher ases, such as netal hydride, bulky) ghkyl jl'i thium

met al alk/ﬁe/ t bis(trimethylsilyl) am de or |i}iHi
|

. N + R,-NH-R, base N s
R3 {iv) R2
X 0~ ~o” 07 N
| N N R1
. . | U
wherein

R1is substitutéd or unsubstituted aryl;

Ft2. is hydrogen, lower alky or aryl;

R4 is hydrogen, iower 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 ter-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 fithium, metal alkoxide, metal bis(trimethylsilyl) amide or lithium
dialkylamide, can also be used. Thie metal can be lithium, sodium or potassium. The
'process is carriéd out at temperature between -50°C to 50°C in an organic solvent of
tetrahydrofuran, dimethylformamide, toluene or N-methylpyrrolidinone.



di al kyl am de, can al so be used. The netal can be lithium sodium or
potassium The process is carried out at tenperature between -50C to 50C in
an organi c solvent of tetrahydrofuran, dinmethylformam de, toluene or

N- et hyl pyrwoRdgnasae. -4 WO 2006/ 135641 PCTI US2006/ 022 1= /US20068022058f er r ed
enbodi ment, the process conprises the follow ng reaction: Scheme 3 CH3 H3C
HN 11r ~-NtN"R3 NOOF / HZNF F (lib) (Iva) H3C H3t N N/ base
Il NN\ F ONI / HF NF (la)

In a preferred embodiment, the process comprises the following reaction:

Scheme 3
CH, H,C
Ne _N N
Q [ 3
> N N
+
| = PN
F
=N H,N
F

(itb) (IVa)

(1a)

wherein R3 is lower alky!, phenyl, phenyl-lower alky! 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.



wherein R3 is |ower al kyl, phenyl, phenyl-lower alkyl or substituted phenyl.
The conmpound of formula (1Va) can be prepared using processes disclosed in
patent applications U S. SN 60/688,920 and SN 60/ 688,976, both entitled
"Process fovoup/13%¢ht hesi s of Organi c Conpounds whi ch VRGRUS20064032155
concurrently herewith. The disclosures of those applications are

I ncorporated herein by reference. -5 WD 2006/ 135641 PCTI US2006/ 022155 In
the nost preferred enbodi ment, the process conprises the foll ow ng reaction:

Schene 4 9H3 1A tHe3hostigréfembd erhbbdirhEnt, tNe ‘prdceSs compnisbk the tblidwing fekétont | va) H3C
CH3 H base Il NI \' N NONI F HFF N

Scheme 4
‘ H, H,C
N II;II / N
z \
9 .
+
XY, 0P o
| F
=N H,N .
_ F
o % \@ /Ej)(
(1a)

As used in this application, except as otherwise expressly provided herein, each of
the following terms shail have the meaning set forth betow.

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, propyl, such as
n-propyl or isopropyi, ethyl or methyl. Particularly preferred lower alkyl moieties are methyl,
ethyl, n-propyl or fert-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 phenyi, 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 g'roups

-B-



(ta) As used in this application, except as otherw se expressly provided
herein, each of the followng terns shall have the neaning set forth bel ow.
Lower al kyl conprises 1-6 carbon atonms, and is linear or branched; preferred
| ower al kyWwonoleasssdts are butyl, such as n-butyl, seo- buRGA/US20ABLS | |
tent-butyl, propyl, such as n-propyl or isopropyl, ethyl or nethyl.
Particularly preferred | ower al kyl noieties are nethyl, ethyl, n-propyl or
tert-butyl. An aryl group Is an aromatic radical which is bound to the
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which in eagr{] casehﬁ| 6 hh EE)UbSI'tUtﬁ Qi ntI Cggbstltuted by
one.or 1% EUnERmetheCoLaR BET Rlubt Bonrinpd s s detenl C oM pityen.
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al kyl, ehﬂjro:(y—l?é(zverr%‘l&k' le.’g.,%dna%lﬂ%pl_dr%Wﬁﬁro%bydropyl; lower alkoxy-lower alkyl; e.g.,

methoxymethy! or 2-methoxyethyl; lower alkoxycarbonyi-lower alkyl, e.g., methoxy-
carbonylmethyl; lower alkynyl, such as 1-propynyl; esterified carboxy, especially lower
alkoxycarbonyl, e.g., methoxycarbonyl, n-propoxy carbonyl or isopropoxy carbonyl; N-mono-
substituted carbamoyl, in particular, carbamoyl monosubstituted by lower alkyl, e.g., methyl,
n-propy! or isopropyl; di-lower alkylamino, e.g., dimethylamino or diethylamino; lower
alkylene-aming, 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 fluorineg, chlorine, bromine, or iodine, especially fluorine, chlorine, or
bromine.

The following examples more parficularly illustrate the present invention, but do not
limit the invention in any way.



e.g., trifluoronethyl, or by phenyl; |ower alkylene dioxy bound to two

adj acent C-atons, e.g., nethylenedioxy, |ower alkyl, e.g., nethyl or
propyl; hal ogen-lower alkyl, e.g., trifluoromethyl; hydroxy-Ilower alkyl,
e.g., hydro¥haspeiissed4dr 2- hydr oxy- 2- propyl; | ower al koxy- POWER2006/22155 €. g. ,
met hoxynet hyl or 2-nethoxyethyl; |ower al koxycarbonyl -|ower al kyl, e.g.,

nmet hoxy- car bonyl net hyl; |ower al kynyl, such as 1-propynyl; esterified
carboxy, especially | ower al koxycarbonyl, e.g., nethoxycarbonyl, n-propoxy

car bonyl ggbmpflPr opoxy carbonyl; N-nmono- substituted carbanoyl, in
particul ar, carbanoyl nonosubstituted by Iower aI kyl, e.g., nethyl,

n-propyl or is ﬁydjf,coﬂipohﬁd\@[fomhma/“@)m no, di nmet hyl am no or

di et hyl am no; [ower al kyl eng-am no, , pyrrol | no or piperidino; |ower
oxaal kyl ene-am no, e.g., norprolino, Iovver azaal ene am no, e.dg.,

pi perazi no, acyl apyno,_ne. g..Aacetylam no or benzoyl a | ower

al kyl sul fonyl, e=g., yhet h onyl ; sul fanoyl; and he I sul fonyl . Hal ogen

is fluorine, chilorin br or iodlne espeC|aII uorine, chlorine, or
brom ne. The fol 'ng examges nore p_?!rtlcul arly |IIu trate the present
I nvention, but do pot Ilimt| the Invention in any way, A:7 W 2006/ 135641
PCT/ US2006/ 02215 arrpl§I afHesi s of conpound mula (la) CH3 H3C
HN NI/NOO1;H3 F H2N'F  F E
~ZN HN
F
HyC |
‘ CH, N
v A $
base =~ \Ir N
ae N
A 0“7 N F
] H F
ZN F
(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 (276 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 16% aqueous sodium chioride (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 intermnal temperature of 75-85°C
until the residual volume is about 200 mL. The resulting suspension s 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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(tic) (Iva) HIC CH3 H N base ITINONI F HNFF (la) To a 1-L
flask, equipped wth a nechanical stirrer, tenperature sensor, reflux
condenser, addition funnel and nitrogen inlet-outlet under a nitrogen

at nosphere at 23Cis charged with conmpounds (llc) (16 g), (lVa) (12 g) and
THE (300 nmL). The m xture is stirred for 15 mnutes at 23C and cooled to
-20C to -15C. A solution of 1 Mpotassiumt-butoxide in THE (275 nL) is
added at -20C to -10C. After the addition, the mxture is warnmed to 18-23C.

phon e eoct b SONERE o TE B P ot b Rt ©

m xture, I realdnBed)ratimnol (asnple)ramdédrled luetlgwaﬂ:ﬁm-u (m-mnmm/ i3S~ mrggmaess-sm i
éﬁ?ﬁ?fl‘ééds“aﬁ:t o Aot e e BB RN ET e e“fﬁ?ﬁ‘%%»@%ﬂf wﬁ@%f#’@- SO
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cool ed to 845 d5€H) 8133 (ahm)gecztzytzn-l)ea.ma )12+ 2665 (ﬁL)zl-Bﬁﬂchﬂh&(H(.@er(@)BH)The
m xture is ii; toreflux (78C) for hour and then cooled to -10C

-15C. The % é fon is stirred for an -8 additional 30 mnutes at -10C to
-15C. Any solid is collected by filtration, rinsed wth cold (50 ethanol
(85 nmL) and dried under vacuum (10-20 torn/ 13 - 27 nbar) at 55-60C wth a
nitrogen bl eed (8-16 hours) to obtain AMNLIO7 (17.4 g, 67%yield) as a white
solid.



"H NVR 300 MHz, DMSO-d6), 5 10.5 (s, 1 H, 9.15is, 1 H), 9.05 (s, 1 H),
8.60 (s, 1 H, 845 (d, 1 H, 835 (d, 1H, 822(d 2H, 8.10 (d, 2H,
7.65 (m 2H), 7.45 (rn, 4H), 2.25 (s, 3H), 2.05 (s, 3H). -9 WO 2006/ 135641
PCT/ US2006/w020Ba3sevhat is claimed is: 1. A process for ROEUA®HA2IEs i on of
conmpounds of formula (I) R4 HNN,R2Z \ ONNRL conprising reacting the
conpound: R4 HNYNNI1IIR3 OOwth wth RI-NHR2, wherein R, is
substituted or unsubstituted aryl; R2 is hydrogen, lower alky or aryl; R4

i s hydrogen, |ower alkyl or halogen; and R3 is | ower alkyl, phenyl,

phenyl - | Wiwelis alalydd iy substituted phenyl, and wherein the process is
catal yzed by a base in an organic solvent. -10 WO 2006/ 135641

PCTI US2006/ 022 k3Ress for the preparation of compounds of formula (i)

R4
H
N N
~4 T .
e N \@ )]
R2
X o) N\/
| =N R1

comprising reacting the compound:

R4
H
N N
a
T ?
. l = (o) o/F‘B
N

with R;-NH-R5, wherein
R, is substituted or unsubstituted aryl;
R: is hydrogen, lower alky or aryl;
R; is hydrogen, lower alky! or halogen; and
Rs is lower alkyl, phenyl, phenyl-lower atkyl or substituted phenyl,

and wherein the process is catalyzed by a base in an organic solvent.
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2. A process for the preparation of a conpound of the formula (la) H3Ct/3

CH3 YNNIINI / \ (la) ONFNHFF conprising reacting the conpound:

CH3 HNI~I N N,R3 OON wherein R3 is |ower alkyl, phenyl,

phenyl - | oweWOMGIBS6dt substituted phenyl, with the conpRCFUSBOq022158t hyl -

f-Hm dazol -1-yl)-3-(trifluoronethyl)-benzenam ne of the structure (IVa):

H3C NF HgN F F (lIva) and wherein the process is catalyzed by a base in
an organic solvent. 3. A process for the preparation of a conpound of the
formul a 2l a) A plcki ﬂﬂﬁﬁ/d@ﬁ@éﬁn%bﬂﬁﬁ@ﬂﬂ’&%ﬁnula (la)

comprising reacting the compound:

CH,
H
N N
/\](
T \@
R
I\ R
N

wherein R3 is lower alkyl, phenyl, phenyl-lower alkyl or substituted phenyl, with the
compound 5-(4-methyl-1 H-imidazol-1-yl)-3-(trifluoromethyl)-benzenamine of the structure
(Iva):

H,N
(Va)

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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HBC CH3 % N N\VONI / HF F conprising reacting the conpound: CH3 H N N
OO0OCH3 Nwth 5-(4-nethyl-

H i m dazol -1-yl)-3-(trifluoronethyl)-benzenam ne (1Va) wherein the process

i s catal yzeWOR0&I38ede i n an organi ¢ solvent. 4. The prorerssmbs/aaissone of
Clainms 1-3, wherein the base is selected fromthe group consisting of netal
hydri de, bul ky alkyl lithium netal al koxide, nmetal b/s(trinmethylsilyl)am de
and lithiumdial kyl am de. 5. The process of Caim4, wherein the netal is

sel ect'ed fromthe group consisting Hg(f; l'ithium sodiumand potassium 6. The
process of Claim4, wherein the tassiumtert-butoxide. 7. The
process of any one of C ai m; 1-3, Wner |n the organic solvent is selected
from the group of tetra ur di | f or mam de, toluene and
N- et hyl pyrrol i done.
()
l =X
ZN

comprising reacting the compound:

CH,
. H
N N. ;
/T
. N
CH

|\ o o~

) ~N

with 5-(4-methyl-1H-imidazol-1-yl)-3-(trifiucromethyl)-benzenamine (IVa) 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.

]

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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