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PROCESS FOR THE PREPARATION OF HETEROCYCLIC ESTER
DERIVATIVES

RELATED APPLICATIONS

5 This application claims the benefit of U.SB. Provisional Fatent Application

6§1/680,412, filed August 7, 2012, which is hereby incorporated by reference in

its entirety.

FIELD OF THE INVENTION

10 The present invention is directed 1o a process for the preparation of

heterocydlic ester derivatives, useful as intermediates in the synthesis of
derivatives useful as protein tyrosine kinase inhibilors, more particularly

inhibitors of ¢-fms kinase.

15 BACKGROUND OF THE INVENTION
filig, C., et al., in US Palent Publication US2008 0105286 A1, published

Aprit 23, 2008 disclose ¢-FMS kinase inhibilors, derivalives of the following

structural formula

O YW
Z NH
| S
P
X J R2 .
20 pharmaceutically accepiable salls thereof, and a process for their

praparation. Hiig, C., et al., in Scheme 1 teach preparation of the derivatives of
the above structural formula comprising reacting a compound of formula 1-5

z NH,
\\ <

Uy
X J R 1.5
with “a heterocyolic acid P-WCOOH (or a corresponding salt thereof P'-
25  WCOOM?, where M%is LI, Na or K) where P is an optional profecting group
{for example 2-{irimethyisilyhethoxymethyl (SEM) such as when W is

imidazaole, triazole, pyrrole, or benzimidazole) or where P! is not present such

1
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as when W is furan.. . The coupling can be carried oul according to standard
procedures for amide bond formation (see for example, M. Bodansky and A.
Bodansky, The Practice of Peptide Synthesis, Springer-Veriag, NY (1884)) or
by reaction with acid chlorides P'-WCQOC! or activated esters P-WCO,RY
{where RY%is a leaving group such as pentaflucrophenyl or N-succinimide)’.
filig, C., et al, in Scheme 8, further leach a procass for the preparation
of protected carboxylic acids of the formula P-WCOOH or the corresponding
salts of the formula P-WCOOM®, more particularly for compounds whergin W
is imidazolyl. in the process taught by lllig, C., et al,, an optionally substituled
imidazolyl is protected at the 1-position nitrogen, with a suitably selected
protecting group such as MOM or BEM, according to known methods.

The protecied imidazole is then "halogenated with a suitable reagent
such as N-bromosuccinimide or N-lodosuccinimide under either elecirophilic
conditions in a solvent such as DCM or CH3CN or under radical conditions in
the presence of an initiator such as azobis(isobutyronitrile) (AIBN} in a solvent
stch as CCly"o vield the corresponding compound, wherein the 2-position on
the imidazole is substituted with the corresponding halogen atom. "Halogen-
magnesium exchange on” said compounds vields “the corresponding
organomagnesium specles, which is then reacted with a suitable electrophile”,
to vield the corresponding profected ester. Alternatively, the protecied
imidazole is “deprotonated with a suitable base such as an alkyilithium foliowed
by reaction with an electrophile”, to similarly yield the corresponding protected
carboxylic acid of formula ester.

The protected ester can then be "hydrolyzed to” the corresponding
“carboxylic acids” of formula P'-WCOOH “or carboxylate salts” of formula P'-
WCOOM? (wherein “M% is Li, Na, or K,} using an agueocus metal hydroxide
{MOH) solution, in a suitable solvent.”

WALL., M.J., et al,, “Cyano-Substituted 2-Carboxyimidazoles: Synthesis
of 4-Cyano-1-{{2-{trimethyisiiyDethoxyimethyl}- 1 H-imidazole-2-carboxylate
Potassium Salt”, Synthesis, 2008, pp 3377-3378, No. 21 describe the synthesis
of 4-cyano-1-{{Z2-(rimethyisilybethoxylmethyl-1H-imidazole-2-carboxylale
potassium sali where the carboxylate group is introduced via broming—

magnesium exchange on a SEM-protected cyancimidazole followed by

2
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reaction with ethyl cyancformate. The synthesis includes the equilibration of a
regicisomeric mixture of SEM-profected imidazoles to give a single product.
The process described by Wall ef al. ulilizes low temperatures and expensive
reagents, which are not preferred for large scale process manufacture.
BARNARD, C.F.J., “Carbonylation of Aryl Halides: Extending the Scope
of the Reaction”, Org. Proc. Res. Dev,, 2008, pp. 566-574, Vol. 12, describes

the carbonylation of aryl halides. Barnard et al., describes conditions of

carbonylation which use of an inorganic base and temperature greater than
100°C, which are not preferred for large scale manufaciure.
ALBANEZE-WALKER, J., et al., “Improved Carbonylation of Heterogyglic
Chiorides and Electronically Challenging Aryl Bromides”, Org. Letl, 2004,
pp2087-2100, Vol. 8, No. 13, describe carbonylation of heterocydlic halides.
The process described by Albenese-Walker el al. also use a reaction
temperature of 100°C, which is not preferred for large scale manufaciure,
There remains however, a neead for a process for the preparation of
compounds of formula (1), as hersin described; wherein the process is suiiable

for large scale manufacture.

SUMMARY OF THE INVENTION

The present invention is directed 1o a process for the preparation of

compounds of formula (1)

)
wherein

A'is selected from the group consisting of Cr.aalkyl;



WO 2014/025675 PCT/US2013/053595

10

20

whereain

Y
3

BN

and
v
SN R
A\
N ;

wherein each R is independently selected from the group consisting of
H, F, Gl Br, |, -OH, -OCHs, -OCHCHa, -SCu.galkyl, -50CH.galkyl,
-80:C1aalkyl, -Caaalkyl, -CORY, -CONRR', -CCR®, and -CN;

and wherein R? is selected from the group consisting of hydrogen and
-Cu-aalkyl; R® is selgcted from the group consisting of H and -Cyp.aalkyl; R'is
selected from the group consisting of H and -Calkyl; and RY is selected from
the group consisting of H, -CH0OH and -CH,CHOH;

and pharmaceuiically accepiable salts thereof, comprising

SEM e ?EM

i
Br N
@ Yy

(VHE) )

reacting a compound of formula (VIH) or mixture of corresponding SEM-

protected resicisomers thereof, with carbon monoxide gas or source of carbon
monoxide; in the presence of a terliary organic base; in the presence of
coupling system; in an alcohol of the formula A'OM; at a temperature in the
range of from about 84°C to about 120°C; o visld the corresponding compound
of formula (1)

In an embodiment, the present invention is direcled to a process for the

preparation of compounds of formula (1)

RS
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Q SEM

{H
wherein
A" is selected from the group consisting of C.aalky!;

N~ ’
wherein each R is independently selected from the group consisting of
H, F, CL Br, |, -OH, -OCH;, -OCH2CHs3, -BCu.galkyl, -SOCgalkyl, -S04
saikyl, -Ciaalkyl, -CORY, -CONRPR', -CCRY, and -CN;

10 and wherein R is selected from the group consisting of hydrogen and -

Camalkyl R® is selected from the group consisting of H and -Cyaalkyl; R is
selected from the group consisting of H and -Cpaaikyl; and RY is selected from
the group consisting of H, -CHOH and -CH:CH,OH;
and pharmaceutically acceptable salts thereof, comprising
H SEM
{
H N

{
N
JORC

(V) )

reacting a compound of formula (V) with SEMCY in the presence of an

H

15

organic or inorganic base; in an organic socivent; {o vield the corresponding

(3}
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compound of formula (V1) or mixiure of corresponding SEM-protected

regioisomers thereof;

;SEM ;sava
H N Br N
JORRIRC
(Vi (VD

reacting the compound of formuila (V1) or mbdure of corresponding SEM-
5  proteclied regioisomers thereof with a source of bromiine; in an organic solvent;

to vield the corresponding compound of forrmula (VD or mixiure of

corresponding SEM-protecied regicisomers thereof;

O

?EM
N

A

W i

}SEM
Br N
@ i A0

(VD B

reacting the compound of formula (V) or mixture of corresponding
10 SEM-protected regioisomers thereof with carbon monoxide gas or source of
carbon monoxide; in the presence of a tertiary organic base; in the presence of
coupling system; in an alcohol of the formula A'CH; at a temperaturs in the
range of from about 60°C o aboul 120°C; 1o vield the corresponding compound
of formula (1)
15 in an embodiment, the present invention is directed o a process for the

preparation of a compound of formula (-5}

N
N
N E
0 L\ /A\/SE/
o ™ (-8)

A'is selected from the group consisting of C.salkyl;

and pharmaceutically acceptable salis thergof, comprising
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CN N
N N
o, o A3
BY/(? GO - Al \Df/(\N
L A;OH o L
o o
- -
(ViH1-5) L\/S“*w (-S) L\/’S‘x

reacting a compound of formula (VII-S) with carbon monoxide gas or

source of carbon monoxide; in the presence of a tertiary organic base; in the

presence of a coupling system; in an alcohot of the formula A'OH; at a

5 temperature in the range of from about 60°C to about 120°C; to yield the
corresponding compound of formula (1-8).
In another embodiment, the present invention is direcied to a process for
the preparation of a compound of formula (-5}
CN
N
A""’Q}/f‘ifg
N |
O [\ 4
N (1-5)
10 Alis selected from the group consisting of Cysalkyl;

and pharmacsutically acceptable salts thereof, comprising

Y
N X W§CN
T W
g (
: . o
e S
Sy
(VI-3) (VIES)

reacting a compound of formula (V-8) with SEMC; in the presence of an

organic or inorganic base; in an organic solvent; to vield a mixiure of the
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corrgsponding compound of formula (VE-S) and the corresponding compound of
formula (VII-S);

\V4

~Si

L e
éﬁ\j/ (Vil1-8) L\/Sii

(VH-5)

reacting the mixture of the compound of formula (VI-3) and the
compound of formula (VI-8) with a source of bromine; in an organic sclvent; {o
vield the corresponding compound of formula (VII-S);
CN

CN
e e
L\Q ALOH A L\@

(ViH-$) E\\/&l’( (-8} L\/Sii

reacting the compound of formula (VII-8) with carbon monoxide gas or

source of carbon monoxide; in the presence of a tertiary organic base; in the
presence of a coupling system; in an alcoho! of the formula A'OH; ata
temperature in the range of from about 60°C to about 120°C; {o yvield the
corresponding compound of formula (1-8).

The present invention is further directed o a product prepared according

to any of the processes described hersin.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed 1o a process for the preparation of

compounds of formula {1}
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O iSEM

. N

A'O )

WI

{H
Vi
zg N
v
wherein A’ and are as herein defined. The compounds of

formuia (1) are useful as intermediates in the synthesis of, for example,

inhibitors of ¢-fms kinase of the following structural formula

O YW
z NH
! ™
o
X J R2

as disclosed in ILLIG, C., et al,, US Patent Publication 2008/0105298
A1, published April 23, 2009,

In an embodiment, the present invention is directed o a process for the
preparation of compounds of formula (1) wherein A" is selected from the group
consisting of methyl, ethyl and isopropyl. In ancther embodiment, the present
invention is directed 10 a process for the preparation of compounds of formula
{(Hy wherein Al is selected from the group consisting of methyl and ethyl. In
another embodiment, the present invention is directed to a process for the
preparation of compounds of formula (1) wherein A’ is methyl. In another
embodiment, the present invention is directed {o a process for the preparation
of compounds of formuta (1) wherein A' is ethyl.

In an embodiment, the present invention is directed to a process for the

preparation of compounds of formula (1) wherein is selected from

the group consisting of

«
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y ) s o
\ N 3 .
ettt tal
:u,:gN }S“S J"‘tf Cl }5? Ci
a/’*\;gw afi;}\gf fz{z%é‘\m #‘:g

,j\ ‘ ’/ \\(\}3\ \Q %"z \">\CN " ‘Q&Q\

and mixiures of the Correqmndmg SEM-protected regioisomers thereof.

In another embodiment, the present invention is directed to a process for

¥

Y

Y

N
the preparation of compounds of formula (1) whersin is selected

from the group consisting of

o 0 o
3 NH, N .
LA~ DA
5 3o
:{A\;‘g\w, %/Z\\}Br %{’i\l‘ﬁ\ci o?{[;:‘g

; and mixtures of the corresponding SEM-protected

regicisomers thereof,



WO 2014/025675 PCT/US2013/053595

10

15

In another embodiment, the present invention is direcied to a process for

¥

Ve

A Y

N
the preparation of compounds of formula (1) whersin is selected

from the group consisting of

5 3 3
z&k fa/z\*}m, g

corresponding SEM-protecied regicisomers thereof.

; and mixiures of the

in ancther embodiment, the present invention is directed to a process for

the preparation of compounds of formula (1) wherein is
¥

Do

thereof,

; oF mixture of the corresponding SEM-protected regioisomers

In another embodiment, the present invention is directed o 3 process for

the preparation of compounds of formula {) wherein

Vﬁ‘lf N C;
§ Ay
w %&/&\\
is N ; or mbdure of the corresponding SEM-

protected regioisomers thereof,

As used herein, the term “alkyl” refers 1o both linear and branched chain
radicals of up fo 12 carbon atoms, preferably up to 6 carbon atoms, unless
otherwise indicated, and includes, but is not limited to, methyi, ethyl, propy,
isopropyl, butyl, isobuivl, sec-buivl, tert-butyl, pentyl, isopentyl, hexyl, isohexyl,
heptyl, octyl, 2,2 4-tfrimethyipentyl, nonyi, decyl, undecyl and dodecyl.
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As used herein, unless otherwise noted, the term, “mixture of
corresponding SEM-prolected reginisomers thereof” shall refer to a mixture
comprising two or more constitutional isomers; wherein each individual
constitutional isomer is defined by the bonding of the SEM-protecting group to

5  one of the nitrogen atom of the W' ring structure. For example, for the compound
of formula (VI
SEM
Br §~§
Wi
(Vi

; H
AR
@ sz/L\\ \ CN
when is N

SEM-protected regioisomers thereof shall refer to any mixture of the following

, the mixiure of corresponding

10 two constitutional isomers:

H
SEM H N”'g_\
. i
Nfg\ Br/(\N =
,/l‘\\\ N )
Br N and SEM i

As used herein, the notalion **” shall denole the presence of a
sterecgenic center.

15 Where the compounds according to this invention have at least one
chiral center, they may accordingly exist as enantiomers., Where the
compounds possess two or more chiral centers, they may additionally exist as
diastereomers. ltis to be understood that all such isomers and mixtures
thersof are encompassed within the scope of the present invention. Freferabily,

20 whersin the compound is present as an enantiomer, the enantiomer is present
at an enantiomeric excess of greater than or equal to about 80%, more
preferably, at an enantiomeric excess of greater than or equal to about 80%,

more preferably still, at an enantiomeric excess of greater than or equal {o
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about 95%, more preferably still, at an enantiomeric excess of greater than or
equal to about 98%, most preferably, at an enantiomeric excess of greater than
or equal to about 98%. Similarly, wherein the compound is present as a
diastereomaer, the diastersomer is present at a diastereomeric excess of
greater than or equal 1o about 80%, more preferably, at a diastereomeric
excess of greater than or equal (o aboutl 80%, more preferably slill, at a
diastereomeric excess of greater than or equal to about 85%, more preferably
stiil, at a diastergomeric excess of greater than or equal 1o about 88%, most
preferably, at a diastersomeric excess of grealer than or equal fo about 89%.

Furthermore, some of the crystalline forms for the compounds of the
prasent invention may exist as polymorphs and as such are intendsd {o be
included in the present invention. In addition, some of the compounds of the
present invention may form solvates with water (i.e., hydrates) or common
organic solvents, and such solvales are also intended fo be encompassed
within the scope of this invention.

Under standard nomenclature used throughout this disciosure, the terminal
portion of the designated side chain is described first, followed by the adjacent
functionality toward the point of aftachment. Thus, for example, a “phenviCy-

CeatkylaminocarbonylC,-Cealtkyl” substituent refers 1o a group of the formula

“;mC—E"C@ Eifky

Abbreviations used in the specification, particularty the Schemes and

Examplaes, are as follows:

AIBN = Azobisisobutyronitrile

BINPA = 22-Bis-(diphenylphosphino}1,1-
binaphthyl

LCE = Dichloroethane

DIFEA or DIEA = [Diisopropylethylaming

DMF = N,N-DimethyHormamide

DMSC =  Dimethyisuifoxide
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GG = (Gas Chromalography
MEK = Methyl Ethyl Kelone
Mesyl = Methyisulfony
MTBE = Methyl tert-Butyl Ether
NBD = N-Bromosuccinimide
NORIT A-SUPRA =  Powdered activaled carbon available
from NORIT America Inc.
Pd{OAC) = Palladium{tbacetats
{(PhsP)PdCl: or = Bis(lriphenylphosphine)pailadium (I
Pd(PPhs)Clo chioride
Ph = Phenyl
SEM = Z2-{Trimethyisilyhethoxymethyl

15

SEMCH or SEM-CI
TEA

2-{Trimethylsiiyhethoxymethy! chiloride

Trigthylamine

THF = Teirahydrofuran
Tosyi = p-Tolusnesuifony
XantPhos = 4,5-Bis(diphenyiphosphinoe}-8,9-

dimethybanthene

As used herein, unless otherwise noted, the term “isolated form” shall

mean that the compound is present in a form which is separate from any solid
mixture with ancther compound(s), solvent sysiem or biological environment.
in an embodiment, the present invention is directed {0 a process for the
preparation of a compound of formula (1), wherein the compound of formula (1)
Is prepared in an isolated form. In ancther ambodiment, the present invention
is directed 1o a process for the preparation of a compound of formula {1-5),
whersin the compound of formula (1-8) is preparsd in an isolated form. In
another embodiment, the present inveniion is direcled 1o a product prapared
according to any of the processes as described herein, wherein the product is
prepared in an isclated form.

As used herein, unless otherwise noled, the term "substantially pure
form” shall mean that the mole percent of impurities in the isolated compound is

less than about 5.0 mole percent, preferably less than about 2.0 mole percent,

14
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more preferably, less than about (0.5 mole percent, most preferably, less than
about 0.1 mole percent. In an embodiment, the present invention is direcied to
a process for the preparation of a compound of formula (1), wherein the
compound of formula (1) is prepared as a substantially pure form. In ancther
embodiment, the present invention is direcied o a process for the preparation
of a compound of formula (I-8), wherein the compound of formula (-8} is
prepared as a substantially pure form. In another embodiment, the present
invention is directed to a product prepared according o any of the processes
as described herein, wherein the product is prepared as a substantially pure
form.

As used herein, unless otherwise noted, the term “substantially free of &
corresponding salt form{s)” when used o described the compound of formula
(1) shall mean that mole percent of the corresponding salt form(s) in the isolated
hase of formula (1) is less than about 5.0 mole percent, preferably less than
about 2.0 mols percent, more preferably, less than about 0.5 mole percent,
most preferably less than about §.1 mole percent. in an embodiment, the
present invention is directed {0 a process for the preparation of a compound of
formuda {1}, wherein the compound of formula (1) is prepared in a form which is
substantially free of corresponding salt form{s). In an embodiment, the present
invention is direcled to a process for the preparation of a compound of formula
{I-S}, wherein the compound of formula (I-8) is prepared in a form which is
substantially free of corresponding salt form{s). in another embodiment, the
present invention is directed {o a product prepared according to any of the
processes as described herein, wherein the product is prepared in a form which
is substantially free of corresponding salt form(s).

As used herein, unless otherwise noted, the terms “reating”, “reatment”
and the like, shall include the management and care of a subject or patlient
{preferably mammal, more preferably human) for the purpose of combating a
diseass, condition, or disorder and includes the administration of a compound
of the present invention {o prevent the onset of the symploms or complications,
alleviate the symptoms or complications, or eliminale the disease, condition, or

disorder.
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As used herein, unless otherwise noled, the term “prevention” shall
include (a) reduction in the frequency of one or more sympitoms; (b} reduction
in the severity of one or more symptoms; {¢) the delay or avoidance of the
development of additional symiptoms; and / or (d) delay or avoidance of the

5 development of the disorder or condition.

One skilled in the art will recognize that wherein the present invention is
directed to methods of prevention, a subject in nged of thereof {i.e. a subject in
need of prevention) shall include any subject or patient (preferably a mammal,
more preferably a human) who has experienced or exhibited at least one

10 symptom of the disorder, diseass or condition {0 be prevented. Further, a
subject in nesd thersol may additionally be a subject (preferably a mammal,
more preferably a human) who has not exhibited any symptoms of the disorder,
disease or condilion (o be prevented, but who has been deemed by a
physician, clinician or other medical profession {0 be at risk of developing said

18 disorder, disease or condition. For example, the subject may be deemed at
risk of developing a disorder, disease or condition (and therefore in nead of
prevention or preventive freatment) as a conseguence of the subject’s medical
history, including, but not imited to, family history, pre-disposition, co-existing
{comorbid) disorders or conditions, genelic testing, and the like.

20 The term “subject” as used herein, refers 10 an animal, preferably a
mammal, most preferably a human, who has been the object of reaiment,
observation or experiment. Preferably, the subject has experienced and/ or
exhibited at least one symptom of the disease or disorder 10 be treated and / or
prevenied.

25 The term “therapeutically effgctive amount” as used hergin, means that
amount of active compound or pharmaceutical agent that elicils the biclogical or
medicinal response in a tissue system, animal or human that is being sought by a
researcher, velerinarian, medical doctor or other clinician, which includes
alleviation of the symptoms of the disease or disorder baing treated.

30 As used herein, the term “composition” is intended o ancompass a
product comprising the specified ingredients in the specified amounts, as weli
as any product which results, directly or indirectly, from combinations of the

specifisd ingredients in the specified amounts.
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As more exiensively provided in this written description, terms such as
‘reacting” and “reacted” are used herein in reference 1o a chemical entity that is
any one of: {(a) the actually recited form of such chemical entity, and (b) any of

5  the forms of such chemical entity in the medium in which the compound is
heing considersd when named.

One skilled in the art will recognize that, where not otherwise specified,
the reaction step(s) is performed under suitable conditions, according to known
methods, {0 provide the desired product. One skilled in the art will further

10 recognize that, in the specification and claims as prasented herein, wherein a
reagent or reagent class/type {e.g. base, solvent, otc.) is recited in more than
one step of a process, the individual reagents are independently selecied for
each reaction step and may be the same or different from each other. For
axample wherein two steps of a process recite an organic or inorganic base as

18 argagent, the organic or inorganic base selected for the first step may be the
same or different than the organic or inorganic base of the second slep.
Further, one skilled in the art wili recognize that wherein a reaction step of the
prasent invention may be carried out in a variety of solvenis or solvent systems,
said reaction step may also be carried oul in a mixiure of the suitable solvents

20 orsclvent systemns. One skilled in the art will further recognize that wherein
two consecutive reaction or process steps are run without isolation of the
infermediate product {i.e. the product of the first of the two consecutive reaction
or process sieps), then the first and second reaction or process steps may be
run in the same sobvent or solvent systerm; or alternatively may be run in

25 different solvents or solvent systems following solvent exchange, which may be
completed according o known methods.

To provide a more concise descriplion, some of the quantitative
axpressions given hergin are not gualified with the term “about”, tis
understood that whether the term “about” is used explicilly or not, every

30 guaniity given herein is meant {o refer (o the actual given valus, and itis also
meant to refer (o the approximation to such given value that would reasonably

be inferred based on the ordinary skill in the art, including, but not limited o,
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approximations due to the experimental and/or measurement conditions for
such given value.

To provide a more concise description, some of the guaniitative
gxpressions herein are recited as a range from about amount X o about

5 amountY. ltis undersiood that wherein a range is reciled, the range is not
limited to the recited upper and lower bounds, but rather inciudes the full range
from about amount X through about amount Y, or any amount or range therein.

Examples of suilable solvents, bases, reaction temperatures, and other
reaclion parameters and components are provided in the detailed descriptions

10 which follow herein. One skilled in the art will recognize that the listing of said
examples is not intended, and should not be construed, as limiling in any way
the invention set forth in the claims which follow thereafter. One skilled in the
art will further recognize that wherein a reaction siep of the present invention
may be carried out in a variety of solvents or solvent systems, said reaction

15 step may also be carried out in a mixture of the suitable solvents or solvent
sysiems.

As used herein, unless otherwise noted, the term “aprotic solvent” shall
mean any solvent that does not vield a proton. Suitable examples include, bui
are not limited to DMF, 1,4-dioxane, THF, acetonitrile, pyridine, dichloroethans,

20 dichioromethane, MTBE, toluene, acetoneg, and the like.

As used heregin, unless otherwise noted, the term “leaving group” shall
mean a charged or uncharged atom or group, which departs during a
substitution or displacement reaction. Suilable examples include, but are not
Hrmited to, Br, Cl, |, mesylate, tosylate, and the like.

25 During any of the processes for preparation of the compounds of the
present invention, it may be necessary and/or desirable (0 protect sensitive or
reactive groups on any of the molecules concerned. This may be achieved by
means of conventional protecting groups, such as those described in Profective
Groups in Crganic Chemistry, ed. J.F.W. McOmie, Plenum Press, 1873; and

30 T.W. Greene & P.G.M. Wuls, Prolective Groups in Organic Synthesis, John

Wiley & Sons, 1991, The protecting groups may be removed at a convenient

subseguent stage using methods known from the art,
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As used herein, unless otherwise noted, the term "nitrogen protecting
group” shall mean a group which may be alfached to a nilrogen atom o protect
said nitrogen atom from participating in a reaction and which may be readily
removed following the reaction. Suitable nitrogen protecting groups include,
but are not limited o carbamates - groups of the formula ~C{OC)YO-R wherein R
is for example methyl, ethyl, t-butyl, benzyl, phenylethyl, CHx=CH-CHz-, and
the like; amidas — groups of the formula —~C{O)}R’ wherein R’ is for example
methyl, phenyl, trifluoromethyl, and the like; N-sulfony! derivatives - groups of
the formuia -S0»-R” wherein R is for example {olyl, phenyl, rifluoromethyi,
2,2,5,7 8-pentamethyichroman-6-yl-, 2,3,6-trimethyi-4-methoxybenzeneg, and
the like. Other suitable nitrogen protecting groups may be found in texts such
as T.W. Greene & P.G.M. Wuls, Proteclive Groups in Organic Synthesis, John
Wiley & Sons, 1991,

Where the processes for the preparation of the compounds according o

the invention give rise to mixdure of slerecisomers, these isomers may be
separated by conventional technigues such as preparative chromatography.
The compounds may be prepared in racermic form, or individual enantiomers
may be prepared sither by enanticspecific synthesis or by resolution. The
compounds may, for example, be resolvad into thelr component enantiomers
by standard technigues, such as the formation of diaslereomeric pairs by salt
formation with an optically active acid, such as (~)-di-p-toluoyi-D-tartaric acid
and/or (+}-di-p-toluoyl-L-tartaric acid followed by fractional crystallization and
regeneration of the free base. The compounds may alse be resolved by
formation of diastersomeric eslers or amides, followed by chromatographic
separation and removal of the chiral awxdliary. Alternatively, the compounds
may be resolved using a chiral HPLC column.

Additionally, chiral HFPLC against a standard may be used o determine
percent enantiomeric excess (%ee). The enantiomeric excess may be
calculated as follows:

[ {(Rmoles-Smolesy{Rmoles+Smoles) 1 X 100%
where Rmoles and Smoles are the R and § mole fractions in the mixiure

such that Emoles+Smoles = 1. The enantiomeric excess may allernatively be
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calculated from the specific rotations of the desired enantiomer and the
prepared mixiure as follows:
e = {Ju-obs] / {u-max]} X 160.
The present invention includes within its scope prodrugs of the
5 compounds of this invention. In general, such prodrugs will be functional
derivatives of the compounds which are readily convertible in vivo into the
required compound. Thus, in the methods of treatment of the present
invention, the term “administering” shall encompass the freatment of the
various disorders described with the compound specifically disclosed or with a
10 compound which may not be specifically disclosed, but which converis to the
specified compound in vivo after administration to the patient. Conventional
procedurgs for the selection and preparation of suitable prodrug derivatives are
described, for example, in Design of Prodrugs, ed. H. Bundgaard, Elsevier,
1985,

15 For use in medicine, the salis of the compounds of this invention refer (o

non-ioxic “‘pharmaceutically acceptable salts.” Cther salts may, however, be
useful in the preparation of compounds according to this invention or of their
pharmaceutically acceplable saits. Suitable pharmaceutically acceplable salts
of the compounds include acid addition salls which may, for examplg, be

20 formed by mixing a solution of the compound with a solution of a
pharmaceutically acceptable acid such as hydrochloric acid, sulfuric acid,
fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid, citric acid,
tartaric acid, carbonic acid or phosphoric acid. Furthermore, where the
compounds of the invention carry an acidic moletly, suifable pharmaceutically

25  acceptable salis thereof may include alkall metal salls, e.g., sodium or
potassium salts; alkaline sarth metal salts, s.q., calcium or magnesium salis;
and salts formed with suitable organic ligands, e.g., quaternary ammonium
saits. Thus, representatlive pharmaceutically accepiable salls include, but are
not limited to, the Tollowing: acetate, benzenesulfonate, benzoats, bicarbonate,

30 bisulfate, bitartrate, borate, bromide, calcium edetats, camsyiate, carbonatle,
chioride, clavulanate, citrate, dihydrochioride, edelale, edisvlate, estolale,
esylate, fumarate, giuceptate, gluconale, giutamats, glvcoliviarsanilats,

hexyiresorcinate, hydrabaming, hydrobromide, hydrochloride,

20



WO 2014/025675 PCT/US2013/053595

10

15

20

hydroxynaphthoate, iodide, iscthionate, lactate, lactobionate, laurate, malate,
maleate, mandelate, mesylate, methylbromide, methyinitrate, methyisulfate,
miucate, napsylate, nifrate, N-methyiglucamine ammonium salt, oleate,
pamoate (embonats), paimitate, paniothenate, phosphate/diphosphate,
polygalacituronate, salicylale, stearate, sulfate, subacetate, sucdnale, lannals,
tartrate, teoclate, tosylale, riethicdide and valerale.

Representative acids which may be used in the preparation of
pharmaceutically acceptable salts include, but are not limited to, the following:
acids including acetic acid, 2,2-dichloroacetic acid, acylated amino acids, adipic
acid, alginic acid, ascorbic acid, L-aspariic acid, benzenesulfonic acid, benzoic
acid, 4-acetamidobsanzoic acid, (+)}-camphoric acld, camphorsutfonic acid, (+)-
{18)ycamphor-10-suifonic acid, capric adld, caproic acid, caprvlic acid, cinnamic
acid, citric acid, cyclamic acid, dodecyisulfuric acid, ethane-1,2-disuifonic acid,
ethanesulfonic acid, 2-hydroxy-ethanesuifonic acid, formic acid, fumaric acid,
galactaric acid, gentisic acid, glucoheplonic acid, B-gluconic acid, B-glucoronic
acid, L-glutamic acid, c-oxo-ghitaric acid, glveolic acid, hipuric acid,
hydrobromic acid, hydrochloric acld, {(+)-L-lactic acid, {£)}-Di-lactic acid,
tactobionic acid, maleic acid, {-}-L-malic adid, malonic acid, (2}-Dl-mandelic
acid, methansesulfonic acid, naphthalene-2-sulfonic acid, naphthalense-1,5-
disulfonic acid, 1-hydroxy-Z-naphthoic acid, nicoline acid, nitric acid, oleic acid,
orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric acid, L-
pyrogiutamic acid, salicvlic acid, 4-aminc-salicylic acid, sebaic acid, stearic
acid, succinic acid, sulfuric acid, tannic acid, (+-L-iartaric acid, thiccyanic acid,
p-loluenesulfonic acid and undecylenic acid.

Representative bases which may be used in the preparation of
pharmaceutically acceptable salts include, but are not limited to, the Tollowing:
bases including ammonia, L-arginine, bensthamine, benzathine, calcium
hydroxide, choline, deanol, disthanclamine, disthylamine, 2-(diethylamino}-
gthanol, ethanolaming, ethylenediamine, N-methyl-glucamine, hydrabaminsg,
1H-imidazole, L-lysing, magnesium hydroxide, 4-(2-hydroxyethyl}-morpholine,
piperazine, potassium hydroxide, 1-{2-hydroxyethyl-pyrrolidine, secondary

amine, scdium hydroxide, triethanoclaming, romethamine and zine hydroxide.



WO 2014/025675 PCT/US2013/053595

Frocessas of the Present Invention

The present invention is direcled 1o a process for the preparation of

compounds of formula {1}, whersin is selected from the group

- w S e F

5 N and N~—N . as outlined in Scheme 1, below.
;*3 ?EM
H N H N
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(V)
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Scheme 1

Accordingly, a suilably substituted compound formula (V), a known
10 compound or compound prepared by known methods, is reacted with SEMCI, a
known compound, wherein the SEMCI is preferably present in an amount in the
range of from about 8.75 1o about 2.0 molar equivalents (relative to the moles
of the compound of formula (V)), more preferably in an amount in the range of
from about 1.01 to about 1.5 molar sequivalents, more preferably in an amount

15 greater than 1.0 molar equivalents;
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in the presence of a suitably selecled organic or inorganic base such as
KoCOs, NayCls, TEA, pyridine, and the like, preferably KGO wherein the
inorganic base is, preferably in an amount in the range of from about 1.0 1o
about 3.6 molar equivalents (relative o the moles of the compound of formula
5 (V)}, more preferably in an amount in the range of from about 1.5 o about 2.5,
more preferably in an amount of about 2.0 molar equivalents;
in a suitably selected organic solvent such as acetone, 2-butanone,
DCE, and the like, preferably acetone; at a temperature in the range of from
about room temperature (o about 80°C, more preferably at about 45°C;
10 o vield the corresponding compound of formula (V1) or a mixture of the
corresponding SEM-protected regicisomers of the compound of formula (VI

Freferably, the mixture of SEM-protected regicisomers of formula (V1) are not

separaled.
N
W‘!
One skilled in the art will recognize that when is

>

15 ELEQ\W

described above, will vield the corresponding SEM-protected compound of
formula (VI-R1)

then reacting the compound of formula (V) with SEMCI, as

SEM
.

a
P
H (VI-R1).

One skilled in the art will further recognize that when is

Rll

o
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20 selected from the group consisting of
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and t , then reacting the compound of
formuda {V) with SEMCI, as described above, will vield a mbture comprising
two or three of the corresponding SEM-protected regicisomers, as defined

herein. More particularly,

; . R
s

¥ LY

SN 1\
W /L\,, R4
5 wherein is N , the reaction of the compound of

formuia (V) with SEMCI may yield a mixiure comprising the foliowing two SEM-

protected regicisomers:

R#

SEM R P
N /Z’i\/g\w

\
(VI-R2) and SEM {(VI-R3};
R4

W,
OIS
! /L\VN
wherein is i??*

10 formula (V) with SEMCI may vield a mixture comprising the following two SEM-

, the reaction of the compound of

protected regicisomers:

SEM_ R R
IS
~SEM
H SN (ieRd) and HT (Vi-RS);
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wherein is ?z

of formula (V) with SEMCI may vield a midure comprising the following two

, the reaction of the compound

SEM-protected regioisomaers:

(VI-R6) and

b e
),
is H

compound of formula (V) with SEMC! may vield a mixture comprising any two

(VI-RT);

5 and wherein , the reaction of the

or three of the following SEM-protected regioisomers:

N
% SEM\
}\Rﬂl N"""N

ot

/
A

N 3
{ e R4
SEM (iR, H N (VI-RO) and
SEM
s
NN
/ﬁ\\ J)\‘Rli
H N (-R10).

The compound of formula (V1) or corresponding mixiure of regicisomers
of the compound of formula (V1) is reacted with a suitably selected source of
bromine, such as NBS, Brz(q), 1,3-dibromo-5,5-dimethyl-hydanioin, and the
like, preferably NBS; whergin the source of broming is preferably present in an

15 amount in the range of from about 1.0 {o about 2.0 molar equivalents, more

preferably in an amount in the range of from about 1.05 o about 1.5 molar
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aquivalents, more preferably in an amount in the range of from about 1.05 o
about 1.2 molar equivalents;

optionally in the presence of a suilably selecled initiator such as AIBN,
and the like; wherein the initiator is preferably present in a catalytic amount, for

5 example in an amount of about 1.0 mol % {i.e. .01 molar equivalenis);

in a suitably selected organic solvent such as DCE, CCly, and the like,
preferably DCE; preferably at a temperature in the range of from about 45°C {0
about 100°C, more preferably at a temperature in the range of from about 55°C
to about 86°C, more preferably at a temperature at about 80°C; to vield the

10 corresponding compound of formula (VIH).

The compound of formula (Vill) is reacted with carbon monoxide gas or
a suitably selected source of carbon monoxide such as a suitably selecled
metal carbonyl such as tungsten hexacarbonyl, mollibdinum hexacarbonyi, and
the like, optionally under a carbon monoxide atmosphere; wherein the

15 compound of formula (VHI) is preferably reacted with the carbon monoxide gas
under an atmosphere of carbon monoxide, preferably at a pressure in the
range of from about 40 psi {0 about 80 psi, more preferably at a pressure of
about 80 psi, for example, at a pressure in the range of from about 3.0 bar to
about 4.0 bar;

20 in the presence of a terliary organic base such as TEA, DIPEA, and the
like, preferably TEA; wherein the organic base is preferably present in an
amount in the range of from about 1.05 to about 15.0 molar equivalents
(relative to the moles of the compound of formula (Vill)), more preferably in an
amount in the range of from about 1.05 to about & molar equivalents, more

25  preterably in an amount in the range of from about 2.0 to about 4.0 molar
equivalents, more preferably in an amount of about 3.0 molar equivalents;
{wherein one skilled in the art will recognize that although the use of a non-
terliary aming may vyield desired product, the use of a non-lertiary amine will
also result in competition during the reaction and therefore lower vields of the

30 desired product);

in the presence of a suitably selected coupling system such as a pre-
made catalyst coupling system, such as BINAP-PJCly, (PhsP)PdCh and the

like, or an in situ catalyst coupling system, such as mixiures of a suitably

26
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seiected palladium compound such as FACLHL{CHCN),, PA{OAC):, and the like
and a suitably selected ligand such as BINAP, XantPhos, and the like,
preferably a mixture of Pd{OAc), and XantPhos; for example, a 111 {molar)
mixture of a palladium compound and a ligand, preferably a 1:1 (molar) mixture
of Pd{OAC), and XaniPhos;

wherein the coupling system, or each component of the in sifu calalyst
coupling system, is preferably present in an amount in the rangse of from about
2.0 mol % to about 6.0 mol % (relative to the moles of the compound of formula
(VH)), more preferably, in an amount in the range of form about 2.0 mol %lo
about 3.5 mol %, more preferably in an amount of about 2.5 miol %; (wherein
the choice of XantPhos results in, Tfor exampls, improved vields);

{in an example, the coupling system is an in sifu mixiure of a palladium
compound and a ligand, wherein the coupling system is present in an amount
of about 5.0 mol %. In another example, the coupling system is an in siftu
mixiurg of a palladium compound and a ligand, whergin the palladium
compound is present in an amount of about 2.5 mol% and the ligand is present
in an amount of about 2.5 mol%.}

in a suitably selected alcohol! (solvent) of the formula A'OH, wharsin A
is selected from the group consisting of Cysalkyl, preferably, A' is selected from
the group consisting of methyl and ethyl, more preferably Allis ethyl; wherein
the alcohol of formula A'OH is preferably present in an amount in the range of
from about 1.5 molar 1o about 5.0 molar, mors preferably in an amount in the
range of from about 2.0 molar (o about 4.0 molar;

preferably at a temperature in the range of from about 60°C o about
120°C, more preferably at a temperature in the range of from about 70°C o
about 80°C, more preferably at about 80°C; (whereln the lower temperature
resulls in, for example, less de-SEM by-product formation) to vield the

corresponding compound of formula (1)

b2
-~
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In an embodiment, the present invention is directed to a process for the

preparation of a compound of formula (-8), as outlined in Scheme 2, below.

\/

—Gi

{N E/CN gg’ ' o

- (.
SR

Vi-8) (VII-5)
N N
N N
/—:\g CO a0 fig
Br/L\N W&‘(g, A W/LN

B k A'OH 0 }\
0
(VII-S) '~ (4-S) N

S Scheme 2
Accordingly, a suitably substituted compound formula (V-8), a known
compound or compound prepared by known methods, Is reacted with SEMC, a
known compound, wherein the SEMCGI is preferably present in an amount in the
range of from about 0.75 o about 2.0 molar equivalenis (relative 1o the moles
10 of the compound of formula (V-8)), more preferably in an amount in the range
of from about 1.01 to about 1.5 molar eguivalents, more preferably in an
amount greater than 1.0 molar equivalents;
in the presence of a suitably selecled organic or inorganic base such as
K:COs, NaxCOs, TEA, pyriding, and the like, preferably K,COs whersin the
15 Inorganic base is, preferably in an amount in the range of from about 1.0 to
about 3.0 molar equivalents (relative 1o the moles of the compound of formula
(V-3}), more preferably in an amount in the rangs of from about 1.5 to about

2.5, more preferably in an amount of about 2.0 molar equivalents;

b2
[2'5)
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in a suitably selected organic solvent such as acetone, Z-bulanone,
DCE, and the like, preferably acetone; at a temperature in the range of from
about room femperature to about 50°C, more preferably at about 45°C;

o yield a mixiure of regioisomers, the corresponding compound of
formula (Vi-S} and compound of formuia (VH-8). Preferably, the mixiure of
regicisomers of formula (VI-8) and formula (VII-3) are not separated.

The mixture of regicisomers of formula (VI-8) and formula (Vil-8) is
reacted with a suitably selected source of broming, such as NBS, Bry{g), 1.3-
dibromo-5,5-dimethyi-hydantoin, and the like, preferably NBSI,; wherein the
source of bromine is preferably present in an amount in the range of from about
1.0 to about 2.0 molar eguivalents, more preferably in an amount in the range
of from about 1.05 to about 1.2.5 molar squivalents, more preferably in an
amount in the range of from about 1.05 to about 1.2 molar equivalents;

optionally in the presence of a suitably selected initiator such as AIBN,
and the like; wherein the initiator is preferably present in a catalytic amount, for
axampie in an amount of about 1.0 mole percent {0.01 molar equivalents);

in a suitably selected organic solvent such as DCE, CCly, and the like,
praferably DCE; preferably at a temperature in the range of from about 45°C {0
about 100°C, more preferably at a temperature in the range of from about 55°C
to about 80°C, more preferably at a temperature at about 60°C;

to yield the corresponding compound of formula (VIH-S).

The compound of formula (VIH-8) is reacted with carbon monoxide gas
{(or a suitably selected source of carbon monoxide such as a suitably selected
meial carbonyl such as ungsten hexacarbonyl, mollibdinum hexacarbonyi, and
the like, optionally under a carbon monoxide atmosphere); wherein the
compound of formula (VIllD) is preferably reacited with the carbon monoxide gas
under an atmosphere of carbon monoxide, preferably at a pressurs in the
range of from about 40 psi to about 80 psi, more preferably at a pressure of
about 80 psi (for example, at a pressure in the rangs of from about 3.0 bar to
about 4.0 bary;

in the presence of g tertiary organic base such as TEA, DIFEA, and the
like, preferably TEA; wherein the organic base is preferably present in an

amount in the range of from about 1.05 to about 15.0 molar equivalents

29
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(relative to the moles of the compound of formula (Vill-S}), more preferably in
an amount in the range of from about 1.05 1o about 5.0 molar equivalents, more
preferably in an amount in the range of from about 2.0 1o about 4.0 molar
gquivalents, morg preferably in an amount of about 3.0 molar equivalents;
(wherein one skilled in the art will recognize that although the use of a non-
tertiary amine may vield desired product, the use of a non-tertiary amine will
also result in competition during the reaction and therefore lower yields of the
desired product);

in the presence of a suitably selected coupling system such as a pre-
made catalyst coupling system, such as BINAP-PJClz, (PhsP)PdCh and the
like, or an in situ catalyst coupling system, such as mixiures of a suitably
selected palladium compound such as PdCh{TH;CN),, PA{OAC),, and the like
and a suitably selected ligand such as BINAP, XantPhos, and the like,
preferably a mixture of PA{OAG): and XantPhos; for example, a 1:1 {molar)
mixiurg of a palladium compound and a ligand, preferably a2 1:1 {molar) mixture
of PA{OAC), and XantPhos;

wherein the coupling system, or each component of the in sifu catalyst
coupling system, is preferably present in an amount in the range of from about
2.0 mol % 1o about 6.0 mol % (relative to the moles of the compound of formula
(VH1)), more preferably in an amount in the range of form about 2.0 mol %to
about 3.5 mol %, more preferably in an amount of about 2.5 mol %; (wherein
the choice of XantPhos resulis in, for example, improved vields);

{in an example, the coupling system is an in sify mixture of a palladium
compound and a ligand, wherein the coupling system is present in an amount
of about 5.0 mol %. in ancther example, the coupling system is an in sifu
mixture of a2 palladium compound and a ligand, wherein the palladium
compound is present in an armount of about 2.5 mol% and the ligand is present
in an amount of about 2.5 mol%.}

in a suitably selected alcohal (solvent) of the formula A'OH, wherain A’
is selected from the group consisting of Cyaalkyl, preferably, Al is selected from
the group consisting of methyl and ethyl, more preferably, A' is ethyl; wherein
the alcohol of formula A'OH is preferably present in an amount of about 1.5 to

about 5. molar, more preferably in an amount of 2.0 to about 4.0 molar;

30
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preferably at a temperature in the range of from about 60°C (o about
120°C, more preferably al a temperature in the range of from about 70°C to
about 80°C, more preferably at about 80°C; {(wherein the lower temperaiure
results in, for example, less de-SEM by-product formation); o vield the

corresponding compound of formula (i-8).

Examples
The following Examples are set forth {0 aid in the understanding of the

invention, and are not intended and should not be construed {o limit in any way
the invention set forth in the claims which follow thereafter.
in the Examples which follow, some synthesis products are listed as

having been isclated as a residue. 1t will be understood by one of ordinary skiil
in the art that the term “residue” does not limit the physical stale in which the
product was isolated and may include, for example, a solid, an oil, a foam, a
gum, a syrup, and the like. One skilled in the art will further recognize that in
the BExamples that follow, the term "rag-layer” refers o the emulsion which may

form between the organic and agueous layers during separation work-up.

Synthesis Example 1

Ethyl d-cyvano-1-<{{2-{trimethvisiiviiethoxyimethy-1H-imidazole-2-
carboxyiate

PEM 0 SEM
!
Br N N
) — AG/LL\WT
N N
CN CN

A 60 mib stainiess steel MULTIMAX reactor was charged with 2-bromo-
1-{{2-{trimethyisilyljethoxy ymethyl}-1H-imidazole-4-carbonilrile (241 g, 7.97
mmol, 1 equiv.), ethanol (32.0 mi, 25.32 g, 548.64 mmol) TEA (3.30 mL, 2.40
g, 23.68 mmol}, racemic BINAP {12 g, 0.20 mmol) and
dichiorobis{acetonitrilepalladium (1) (0.05 g, 0.20 mmol). The reactor was
closed, flushed with nitrogen three times, heated 10 70°C and pressurized (o an

internal pressure below 0.5 bar. Carbon monoxide was introduced into the
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reactor at a pressure of 4 bar, with stirring at 400 rpm. The reaction was
alfowed o proceed with GC moniloring. After 4 hours at 70°C, the lemperalure
was increased o 80°C, the stirring increased to 600 rmp, while CO pressure
was maintained at 4 bar. The reaction was allowed 1o proceead for an addition 3
days under these conditions. The resulting mixture was then allowed o cool to
room temperature resulling in a red solulion with black precipitation at the
bottom of the reacior. The resulting product mixiure was filtered, washed with
ethanol and the reactor rinsed with ethanol; for a total volume of 63 mL.

To a portion of the product mixture (25 mL) was added water (15 mbL)
and the resulling mbdure was exiracted with isopropylacetate (20 mL).
Additional water (15 mbL) was added to vield a good separation, with the
organic layer washed two more times with water (15 mbL). The resulling
combined organic layer (a red solution) was allowed 1o stand overnight, with
the mixture solidifying.

The remaining portion {33mL) of the product mixiure was evaporated on
a rotovap and the resulting residue dissolved in isopropylacetate (20 mb) and
water (20 mi). The resuiting layers were segparaled, the organic layer washed
twice with water (20 mL), and the resulting mixture evaporated on a rotovap {o

vield a red oily residue.

Synthesis Example 2

Ethyl 4-cvano-1-{2-(rimethyisilvliethoxyimethyh-1H-imidazole-2-
garboxyiate

SEM O SEM
/ f
Br N PN N
0
[ N //
CM ON

A 500 mib stainless steel MULTIMAX reactor was charged with 2-bromo-
1-{{(2-(trimethyisilylethoxy imethyl)-1H-imidazole-4-carbonitrile (25.80 g, 75.12
mmol, 1 equiv.), ethanol (300.00 mL, 237.38¢, 5152.92 mmol) TEA (32.00 mi,
23.23 g, 229.58 mmol), XantPhos {(1.10 ¢, 1.90 mmol) and Pd{CAc): (041 g,

1.83 mmol). The reactor was closed, flushed with twice with carbon monoxide,
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heated 1o 80°C and pressurized {0 an intemnal pressure below 1.0 bar. Carbon
monoxide was introduced info the reactor at a pressure of 4 bar, with stirring at
500 rpm. The reaction was allowed {0 proceed with GC monitoring. After 2
hours, the stirring speed was increased to 750 rpm and the reaction allowed to
procesd at these conditions overnight. The resulling mixiure was cooled to
room temperature, and the resulling mixiure {(which contained a yellow residue)
transferred {0 a pear-shaped flask. The solvent was evaporated {o vield a dry
residue.

The dry residus was taken up in foluene (225 mL), water was added
{150 mL), the mixture was stirred Tor a fTew moments and the rag-layer filtered
off. The resulling layers were separated. The organic layer was washed with
water {150 mb), the rag-layer discarded with the agqueous layer, and washed a
second time with water (150 ml). The organic layer was then transferred o a
4-necked round bottom flask and about 50 mb of soivent was distilied off. The
mixture was then azeotropically dried at 100°C, with some material observed to
precipitate out and stick to the glass walls of the flask.

To the remainder of the reaction mixture was added silica gel thiol (8 g)
and the resulting mbdure stirred at 64°C for a few hours, then held without
stirring overnight. The resulting mixiure was then filtered. To the resulling
mixture was again added silica gel thiol (6 g} and the resulting mixture stirred at
80°C for 4 hours. The resulting mixture was filtered, the solids washed with
toluene and the organic layer evaporated on a rotavap to yield the title
compound as a residue.

Crystallization

To the remainder of the residue {(17.7 g) was added MTBE (18 ml) and
the resuiting mixture heated fo refiux. A solution was observed (o be oblained
at 40°C, while at reflux temperature hexane (85 ml) was added. The resulting
mixiure was cooled 10 35°C and seeded, with immediate precipitation
observed. The resulting mixture was then cooled o room temperature, the
solids filtered, washed with a mixture of 5:1 hexane : MTBE (60 mL {otal} and

dried for 2 hrs at 45°C o yieid the title compound as a solid
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Synthesis Example 3

Ethvl, d-cvano-1-{{Z-{trimethyisiivilethoxyvimethyil-1H-imidazole-2-
carboxylate

?EM o SEM
{
Y —— Y
A N\.%
CN ON

A 5L reactor was charged with Z-bromo-1-((2-
(frimethylsilyhethoxymethyi)-1H-imidazole-4-carbonitrile (337.6 g, 1116.96
mmol), ethanol (2.4 L), TEA (472 mL), Pd{QAc): {(6.32 g, 28.21 mmol) and
XantPhos (16.24 g, 28.05 mmol). The reactor was set to siir, flushed 10 times
with nifrogen, then with carbon monoxide 3 times at a pressure of about 5 bar.
The reactor was then charged with 1.0 bar carbon monoxide and heated {o
8G°C. The carbon monoxide charge was then increased (o about 4-5 bar and
the reaction mixture stirred at 800 r/min for 20 hours, then cooled to room
iemperalure.

The solvent was svaporatad on a rotovap 1o vield a red solid residue.
To the residue was added toluene (1100 mL) and water {1100 mL) and the
mixture stirred for 20 min, then fillered. The solids were washed with oluene
{50 mL). The lavers of the resulting mixiure were separated, the organic layer
washed two morg times with water (1000 mbL). The combined organic layers
were azeotropically diied at about 110°C, with about 100 ml of solvent
removed.

The resuliing mixture was cooled 1o 80°C. Al this temperature 33.4
grams NORIT A-SUPRA {33 .4 g) was added and the resulting mixiure stirred
for two more hours at 80°C. The resulting mixiure was then cooled o room
temperature, and filtered, with the sclids washed fwice with toluene (50 mL).
The resulting mixiure was transferred o a round bottom flask and silica gel thiol
(82 g) was added. The resulling mixture was heated {0 80°C, and stirred for 4
hours at this lemperature. The resulting mixiure was then cooled 1o room
temperalure, fillered, and the solids washed two times with toluene (50 mL).

The resulting mixture again was transferred 1o a round bottom flask and silica
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gel thiol (82 g) was added. The resulling mixiure was heated to 80°C, and
stirred for 20 hours at this temperature. The resulling mixture was then cooled
o room lemperature, fillered, and the solids washed two times with folusne (50
mbL). The resulting mixiure again was transferred {0 a round botiom Hlask and
silica gel thiol (82 g) was added. The resulling mixiure was heated {c 80°C,
and stirred for 4 hours at this temperature. The resulting mixture was then
cooled o room temperature, fillered, and the solids washed two times with
toluene (50 mL).

The resulling mixture was then evaporated on a rotovap at 50°C to vield
a yellow solid residue. To the residue was then added ethanol +2% MEK (880
mb) and the resulting mixiure heated o 4°C, resulling in an orange
homogeneous solution. Water (44 mlL) was then added. Seeds of the desired
product were then added and the resulting mixture stirred at 40°C for 2 hours.
The resulting mixiure was allowed to cool 1o room temperature overnight, then
filtered. The solids were washed twice with a mixture of sthanol : water {150
mL:100 mbL, 125 mb), then dried overnight at 50°C {o yield the tifle compound
as a solid.

While the foregoing specification teaches the principles of the present
invention, with examples provided for the purpose of Hlustration, it will be
understood that the practice of the invention encompasses all of the usual
variations, adaptations and/or modifications as come within the scope of the

following claims and their equivalents.
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We Claim:
1. A process for the preparation of a compound of formula (D
O ;SEE\/E
1 N
A'Q
W'
{1
wherein

[%g}

Al is selected from the group consisting of Cy.aalkyl;

3

M

:55 N
)
whersin is selected from the group consisling of

and

J‘}i‘\f
SN R
A
N~} ;
wherein each R is independently selected from the group consisting of
10 H, F, G, Br, |, -OH, -OCH;, ~-OCHXCH;5, -8Ch.galkyl, -SOCq.galkyl, -80:Cq.
salkyl, -Ciamalkyl, -CORY, -CONR®R', -CCRY, and -CN;
and wherein R? is selected from the group consisting of hydrogen and
-Co.aalkyl R is selected from the group consisting of H and -Ca.aalkyl; R is
selected from the group consisting of M and -Cu.galiyl; and R is selected from
15 the group consisting of H, -CHOH and -CH,CHOH;

or a pharmaceutically acceptable salt thereol, comprising

O SEM

?EM
Br N
wt ) Ao

(VD
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reacting a compound of formula (Vi) with carbon monoxide gas or
source of carbon monoxide; in the presence of a lertiary organic base; in the
presence of coupling system: in an alcohol of the formula A'OH; at a
temperature in the range of from about 60°C to about 120°C; {o vield the

5  corresponding compound of formula ().

2. A process according fo Claim 1, wherein Alis selected from the group

fo \fé\(;z

10 3. A process according to Claim 1, wherein the carbon monoxide or source

consisting of methy! and ethvl; and wherein

of carbon mongoxide is a8 metal carbonyl selected from the group consisting of

tungsten hexacarbonyl and moilibdinum hexacarbonyl

4. A process according to Claim 1, wherein the carbon monoxide or source
15 of carbon monoxide is carbon monoxide gas.
5. A process according o Claim 4, wherein the carbon monoxide gas is

present at a pressure in the rangs of from about 40 psi to about 90 psi.

20 B, A process according to Claim 5, whersin the carbon monoxide gas is

prasent al a pressure in the range of from about 40 psi to about 60 psi.

7. A process according to Claim 8, wherein the carbon monoxide gas is

reacted at a pressure of about 60 psi.

28
3. A process according to Claim 1, wherein tertiary organic bass is
selected from the group consisting of TEA and DIPEA.
g. A process according to Claim 8, wherein the tertiary organic basg is
30 TEA
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10. A process according to Claim 9, wherein the TEA is present in an

amount in the range of from about 1.05 to about 5.0 molar sguivalents,

1. Aprocess according o Claim 10, wherein the TEA is present in an

amount in the range of from about 2.0 o about 4.0 molar equivalenis.

12, A process according to Claim 11, wherein the TEA is present in an

amount of about 3.0 molar equivaients.

13. A process according to Claim 1, wherein the coupling system is a pre-

made catalyst coupling system.

14. A process according o Claim 13, wherein the pre-made coupling system

is selected from the group consisting of BINAP-PACl: and (PhaP pPdCl.

15. A process according to Claim 1, wherein the coupling sysiem is a

mixiure of a palladium compound and a ligand.

18. A process according to Claim 15, wherein the palladium compound is

selected from the group consisting of PACIL{CH3CN), and Pd(OAC),.

17. A process according to Claim 18, wherein the palladium compound is
Pd{OAC).

18. A process as in Clam 17, wherein the Pd{OAc); is present in an amount

in the range of from about 2.0 mol % to about 8.0 mol %.

18, Aprocess as in Clam 18, wherein the Pd{OAc); is present in an amount

iry the range of from about 2.0 mol % to about 3.5 mol %.

2G.  Aprocess as in Clam 19, wherein the Pd{OAc), is present in an amount

of about 2.5 mol %.
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21, A process according to Claim 15, wherein the ligand is selected from the

group consisting of BINAP and XantPhos.

5 22, Aprocess according to Claim 21, wherein the ligand is XantFhos.

23, Aprocess as in Clam 22, whergin the XantPhos is present in an amount

in the range of from about 2.0 mol % to about 6.0 mol %.

10 24, Aprocess as in Clam 23, wherein the XantPhos is present in an amount

in the range of from about 2.0 mol % to about 3.5 mol %.

25, Aprocess as in Clam 24, wherein the XantPhos is present in an amount
of about 2.5 mol %.

15
26. A process according to Glalm 15, wherein the palladium compound is
Pd{QAC): and the ligand is XaniFhos.

27.  Aprocess according to Claim 28, wherein the PJ{CAG), is present in an
20 amountin the range of from about 2.0 mol % to about 3.5 mol %; and wherein
the XantPhos is present in an amount in the range of from about 2.0 mol % to

about 3.5 mol %.

28. A process according to Claim 15, wherein the coupling system is a 1:1
25  mixture of a palladium compound and a ligand; wherein the palladium

compound is PA(OAc),; and wherein the ligand is XaniPhos; and wherein the

coupling syslem is present in an amount in the range of from about 2.0 mol %

to about 6.0 mol%.

30 28, Aprocess according to Claim 15, wherein the coupling syslem is a
mixiure of a palladium compound and a ligand;
wherein the palladium compound is Pd{OAC),; wherein the Pd{QAc); is

resent in an amount in the range of from about 2.0 mol % to about 3.5 mol%:
B g .
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wherein the ligand is XantPhos; and wherein the XantPhos is present in

an amount in the range of from about 2.0 moi% fo about 3.5 mol%.

3G, A process according to Claim 28, wherein the Pd{OAg); is present in an
amount of about 2.5 mol % and the XantPhos is present in an amount of about

2.5 mot %.

31. A process according to Claim 1, wherein the alcohol of formula A'OH is

selected from the group consisting of methanol and ethanol.

32. A process according to Claim 31, wherein the alcohol of formula A'OH is

gthanol.

33. A process according to Claim 32, wherein the alcohol of formula A'OH is

present in an amount in the range of from about 1.5 molar to about 5.0 molar.

34. A process according to Claim 33, wherein the alcohol of formula A'OH is

present in an amount in the range of from about 2.0 molar fo about 4.0 molar.

35. A process according o Claim 1, wherein the compound of formula (Vill}
is reacted with the carbon monoxide or source of carbon monoxide ata

temperaturg in the range of from about 70°C {¢ about 80°C.
36. A process according to Claim 35, wherein the compound of formula
(Vi) is reacted with the carbon monoxide or source of carbon monoxide at a

temperature of about 80°C.

37. A process according to Claim 1, further comprising

?EN@ ‘}SEM
H N Br N
W — W
(v (VHD
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reacting a compound of formula (V1) or mixture of corresponding SEM-
protecied regioisomers thereof with a source of bromineg; in an organic solvent;

o vield the corresponding compound of formula (Vill),

5 38, Aprogcess according to Claim 38, further comprising

H ?EM
Hoo He _n
JORAC

V) (Vi)
reacting a compound of formula (V) with SEMCE in the presence of an
organic or inorganic base; in an organic solvent; to vield the corresponding
compound of formula (V1) or mixiure of corresponding SEM-protected

10 regicisomers thereof.
38, A product prepared according o the process of Claim 1.

40. A process for the preparation of a compound of formula
CN

N
N E
© L\ /\\\/fSEf
o ™ (-8)

A'is selected from the group consisting of Cqaalkyl;

15

or a pharmaceutically acceptable salt thereof; comprising
CN

CN
N
Br/g;g o s A1’O7[/Zi;§
L\ A OH o L\O

o
P e
(VIi-S) i\/&\ (--8) L\/SE\
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reacting the compound of formula (VII-8) with carbon monoxide gas or
source of carbon monoxide; in the presence of a lertiary organic base; in the
presence of coupling system: in an alcohol of the formula A'OH; at a
temperature in the range of from about 60°C to about 120°C; {o vield the

corresponding compound of formula (i-8).

41. A process according to Claim 40 wherein the carbon monoxide or
source of carbon monoxide is a metal carbony! selected from the group

consisting of tungsten hexacarbonyi and mollibdinum hexacarbonyl.

42. A process according to Claim 40, wherein the carbon monaoxide or

source of carbon monoxide is carbon monoxide gas.

43. A process according o Claim 42, wherein the carbon monoxide gas is

present at a pressure in the rangs of from about 40 psi to about 90 psi.

44, A process according to Claim 43, wherein the carbon monoxide gas is

prasent at a pressure in the range of from about 40 psi to about 60 psi.

45, A process according to Claim 44, wherein the carbon monoxide gas is

reacted at a pressure of about 60 psi.

46. A process according to Claim 40, wherein terliary organic base is

selected from the group consisting of TEA and DIPEA.

47. A process according to Claim 48, wherein the terliary organic base is
TEA.

48. A process according to Claim 47, wherein the TEA is present in an

amount in the range of from about 1.05 to about 5.0 molar equivalents.

449, A process according to Claim 48, wherein the TEA is present in an

amount in the range of from about 2.0 {0 about 4.0 molar eguivalents.
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5G. A process according to Claim 48, wherein the TEA is present in an

amount of about 3.0 molar equivaients.

51. A process acoording to Claim 40, wherein the coupling system is a pre-

made catalyst coupling system.

52, Aprocess according io Claim 51, wherein the pre-made coupling system
is selecied from the group consisting of BINAP-PdCL and (PhsP:PdaCh.

53. A process according to Claim 40, wherein the coupling systemis a

mixture of a palladium compound and a ligand.

54, A process according lo Claim 53, wherein the palladium compound is

selected from the group consisting of PACL{CH;CNY), and PA{OAC).

55. A process according to Claim 54, wherein the palladium compound is
PAd{OAc):.

56. A process asin Clam 55, wherein the PAd{QAC), is present in an amount

in the range of from about 2.0 mol % to about 6.0 mol %.

57. A process as in Clam 58, wherein the Pd{OAc), is present in an amount

ir the range of from about 2.0 mol % 1o about 3.5 mol %.

58. A process as in Clam 57, wherein the Pd{OAc), is present in an amount

of about 2.5 mol %.

58. A process according to Claim 83, wherein the ligand is selected from the

group consisting of BINAP and XaniPhos.

80, A process according o Claim 59, wherein the ligand is XantPhos.
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61. A process as in Clam 80, wherein the XantPhos is present in an amount

ir the range of from about 2.0 mol % 1o about 6.0 mol %.

82. A process as in Clam 81, wherein the XantPhos is present in an amount

in the range of from about 2.0 mol % to about 3.5 mol %.

83.  Aprocess as in Clam 82, whergin the XantPhos is present in an amount

of about 2.5 mol %.

84. A process acoording to Claim 53, wherein the palladium compound is
PA{QAC): and the ligand is XaniPhos.

85. A process according o Claim 64, wherein the PAd{OAc), is present in an
amount in the range of from about 2.0 mol % {0 about 3.5 mol %; and wherein
the XantPhos is present in an amount in the range of from about 2.0 mol % {o

about 3.5 mol %.

66. A process according to Claim §3, wherein the coupling system is a 1:1
mixture of a2 palladium compound and a ligand; wherein the palladium

compound is PA{OAc); and wherein the ligand is XantPhos; and wherein the
coupling system is present in an amount in the rangs of from about 2.0 mol %

to about 6.0 moi%%.

67. A process according to Claim 53, wherein the coupling sysiem is a
mixture of a palladium compound and a ligand;
wherein the palladium compound is P OAC),; wherein the Pd{OAG); is
present in an amount in the range of from about 2.0 mol % to aboul 3.5 mol%;
wherein the ligand Is XaniPhos; and wherein the XantPhos is present in

an amount in the range of from about 2.0 moi% to about 3.5 mol%.

B68. A process according to Claim 67, wherein the Pd{QAc); is present in an
amount of about 2.5 mol % and the XantPhos is present in an amount of about

2.5 mol %.
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88, A process according to Claim 40, wherein the alcohol of formula A'OH s

selected from the group consisting of methanol and ethanol.

70. A process according to Claim 89, wherein the alcohol of formula A'OH s

ethanol.

71. A process according to Claim 70, wherein the alcohol of formula A'OH is

present in an amount in the range of from about 1.5 molar 1o about 5.0 molar.

72. A process according to Claim 71, wherein the alcohol of formula A'OH is

present in an amount in the range of from about 2.0 molar to about 4.0 molar.

73. A process according o Claim 40, wherein the compound of formula
(Vi) is reacted with the carbon monoxide or scurce of carbon monoxide at a

temperature in the range of from about 70°C {0 about 80°C.

74. A process according to Claim 73, wherein the compound of formula
(Vi) is reacted with the carbon monoxide or source of carbon monoxide ata

ternperature of about 80°C.

75. A process according io Claim 40,

wherein the carbon monoxide gas or source of carbon monoxide is
carbon monoxide gas; wherein the carbon monoxide gas is present in an
amount of about 60 psi;

wherein the tertiary organic base is TEA; wherein the TEA is present in
an amount of about 3.0 molar equivalents;

wherein the coupling system is a 1:1 mixiure of Pd{OAC); and XaniPhos;
wherein the Pd{OAc); is present in an amount of about 2.5 maol %; wherein the
KantPhos is present in an amount of about 2.5 mol %;

wherein the alcohol of formula A'OH is selected from the group

consisting of methanol and ethanol;
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and whersin the compound of formuia {(VIil-S) is reacted at a

temperature of about 80°C.

78. A process according to Claim 40, further comprising

\/
S
CN {‘) CN
N N
éi’N \ ' <O Br/é‘i\i ;
L\Q /NTCN L\O
1\\/8;’:: <§ iks) L\/Sif:
5 (VI-5) (VII-S)

reacting a mixture of the compound of formula (VI-8) and the compound
of formula (VII-3) with a source of bromine; in an organic solvent; to vield the

corresponding compound of formula (VIH-8).

10 77, Aprocess according to Claim 76, further comprising

om0 3

\'4
éj i KNK\ | 5 on
SRS

(Vi-S) (VI-S)

reacting a compound of formula (V-5) with SEMC; in the presence of an
organic or inorganic base; in an organic solvent; to yield a mixiure of the
corresponding compound of formula (VI-3) and the corresponding compound of
15 formula (VII-S).
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78. A product prepared according to the process of Claim 40.

78, A product prepared according to the process of Claim 75.
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