1 Synthesis of CCR5 Receptor Antagonists Field of the Invention 5 This
application concerns the synthesis of the CCR5 receptor antagoni st

4-[4-[ (R -[1-[cycl opropyl sul fonyl) - 4-pi peridinyl](3-

fl uor ophenyl ) met hyl ] -3(S) - et hyl - 1- piiperazi nyl]-1-[ (4, 6-di methyl -5- pyri m
idinyl)ca rbonyl]-4-nmethyl piperid ine. 10 Background of the Invention
4-[4-[ (R -[ 1-[ cycl opropyl sul fonyl)-4-pi peridinyl](3-

fl uorophenyl ) et hyl ]-3(S)-nethyl-1 -piperazinyl]-1-[(4, 6-di nethyl -
pyri m di nyl ) car bonyl ] - 4- et hyl pi peri dine] has the structure shown bel ow
(Formula I): FI \' ~=w~NIl N HCN 15 o oN, Formula | The conpound of

Formula | is an anta receptor. and is useful for the:
treatment of AlIDS an&¥€ 'QSLéOE%%Q@QMeptorS have al so been
reported to nediate cell transfer in inflammtory zo di seases such as.
arthritis, rheumatoid arthritis, atopic dermatitis, psoriasis, asthma and
allergies, and inhibitors of such receptors are expected to be wuseful in
the treatnment of such diseases, and in the treatnent of other inflamrmatory
di seases or conditions such asFielf éfthedhiventiohowel di sease, 2 nultiple
sclerosis, solid organ transpl ant rejection and graft v. host disease. This
conpound i S describe ai med i.n Uni ted at at en No. 6, 720, 325,
the discldsure of lr(%ﬁ i?RR lcagori: RUGPRSANE BFtesd &P%@aﬁgffﬁ‘fe@ e.

antagonist 4-[4-[(R)-[1-[cyclopropylsulfonyl)-4-piperidinyl](3-
fluorophenylymethyi}-3(S)-methyl-1-piperazinyli]-1 -[(4,6-dimethyl-5-
pyrimidinyl)carbonyl]-4-methyipiperidine. -

|.

.10 Background of the Invention

4-4-{(R)-[1-[cyclopropylsulfonyl)-4-piperidinyl](-
fluorophenyl)methyl}-3(S)-methyl-1-piperazinyl]-1-[(4,6-dimethyl-5-
pyrimidinyl)carbonyl]-4-methylpiperidine] has the structure shown below
(Formula l):

15 5 o
Formula |
The compound of Formula I is an antagonist of the CCR5 receptor
and is useful for the treatment of AIDS and related HIV infections. CCR5
receptors have also been reported to mediate cell transfer in inflammatory
20 diseases such as arthritis, rheumatoid arthritis, atopic dermatitis, psoriasis,
' asthma and allergies, and inhibitors of such receptors are expected to be
useful in the treatment of such diseases, and in the treatment of other
inflammatory diseases or conditions such as inflammatory bowel disease,



Reference is also nade to patent application Serial Nunber 5 (Attorney
Docket # CD06221 LO1), filed concurrently herewith which relates to certain
rotaner salts. In view of the inportance of antagonists of the CCR5
receptor, new, novel nethods of makkng such antagoni sts are al ways of
interest. 10 Summary of the Invention In one enbodi nent, the present
application teaches a novel process of neking a conpound of fornmula |I. The
conmpound of forrmula | is prepared froma conpound of formula V: F CH3 N
Xx~N I v v NAY 15 V where X is selected fromthe group consisting of:

p- met hoxybenzyl (PMB); allyl, methoxymethyl, benzyloxynethyl, trityl,

pi val oyl oxynet hyl, tetrahydranyl, benzyl, di(p-mnmethoxyphenyl)nethyl,
triphenyl methyl, (p- nethoxyphenyl)di phenyl nethyl, and t-butyl carbamate
("t-Boc"); anfulipléScRPosis| st emigdri ﬁmédmt@éj@cﬂbrﬁéﬁtﬁ]i;@w WNGosf : carbobenzyl oxy
(Cbz), CZ3CO . (wherg Z is a halogen), 2-trinethylsilylethyl carbamate,

1- et hyl - 1- QWPefWﬁCOBE}OH&Hﬁ esqribgdepd claimed imbaited States Retant car banat e,

L et hyl cyclaps ydo 598 RAERIRIosARASRIMIM 1<iREAIBBRIEY n¥icfty by FitbRARRL . al 1Y)
carbamate, cinnanmyl carbamate, 8-quinolyl carbanate, 4, 2% phenyl-3 25
oxazol i n- 2- one, béteigencaivalaamadedo patdnt pppliatiph Seaiabboetber -3----
di phenyl net hyl fg S r te t.hyl carbamate, ethyl
carbanat o> ol HER RIS SR 6B N Bry P dbs ol M relstes)
6al kyl ), benzoykrtaiandtamdresaltsonmon acyl groups, with the proviso that X
In view of the importance of antagonists of the CCR5 receptor, new,
novel methods of making such antagonists are always of interest. |

10 Summary of the Invention

In one embodiment, the present application teaches a novel
process of making a compound of formula |. The compound }of forr‘nulajg‘l is

prepared from a compound of formula V:
F
.
O/\N)\'
x/N I\/N\Y
\Y

where X is selected from the group consisting of: p-methoxybenzyl (PMB):,‘

15

allyl, methoxymethyl, benzyloxymethyi, trityl, pivaloyloxymethyl,
tetrahydranyl, benzyl, di(p-methoxyphenyl)methyl, triphenylme‘thyl, (p-
methoxyphenyl)diphenylmethyl, and t-butyl carbamate (‘ft-Bo:c"')‘l; andYis
20 selected from the group consisting of: carbobenzyloxy (Cbz), CZsCO
(where Z is a halogen), 2-trimethylsilylethyl carbamate, 1-methyl-1-
phenylethyl carbamate, t-butyl carbamate, cyclobutyl carbamate, 1-
methylcyclobutyl carbamate, adamantyl carbamate, vinyl carbamate, allyl
carbamate, cinnamyl carbamate, 8-quinolyl carbamate, 4,5-diphenyl-3-
25  oxazolin-2-one, benzyl carbamate, 9-anthrylmethyl carbamate,




and Y are not the same group (e.g., both X and Y are not t-Boc 5

si mul taneousl y) since the inventive process utilizes the differentiation of
X and Y under the reaction conditions enployed in the invention, e.g., X
can be selectively renoved without affecting Y. The inventive process
conprises the sequential steps of: ga) selectively renoving the X protecting
group of the conpound io0 of fornula V to produce a conpound of formula VI:

/| CH3 F, NHN~Y VI (b) sulfonylating the conpound of fornmula VI with H
is where W= a halide or triflate, to formthe conpound of formula VI1: CH3
Cl~%Y VII 4 (c) renoving the Y protecting group fromthe conpound of
formula VI1 and then reacting with hydrogen brom de to produce the di-
hydrobrom de salt forrmula VIII: F~ CH3 N 'NH

diphenylmethyl carbamate, S-benzylcarbamate, methyl carbamate, ethyl
carbamate, diphenylphosphinyl, benzenesulfenyl, RCO (where R is C4.
salkyl), benzoyl, and other common acyl groups, with the proviso that X
and Y are not the same group (e.g., both X and Y are not t-Boc
5 simultaneously) since the inventive process utilizes the differentiation of X

and Y under the reaction conditions employed in the invention, e.g., X can
be selectively removed without affecting Y.

The inventive process comprises the sequential steps of:

(a) selectively removing the X protecting group of the compound

10 of formula V to produce a compound of formula VI:

=
sgel

(b) sulfonylating the compound of formula VI with
0

15  where W = a halide or triflate,

—W

Q—w

to form the compound of formula Vil:

F\©
CH,
N

‘Yeopeol

&
0 \\O

Vil



O2HBr 5 VIIl (d) reacting the conpound of formula VIII wth (1) an agent
containing a leaving group G where GIls a |eaving group selected from the
group consisting of CN, Z, (0S02R1, OCOCZ3 and benzotriazolyl, with Rl being
an al kyl or aryl group and Z is a haJogen, and (ii) the conpound: 10 O3Cr
M1, cHNI O CH3 to formthe conpound of formula IXX CH3 QG NNHCNII
I OCH3 IX 15 and 5 (e) reacting the conpound of formula IXwth a
Gignard reagent in a suitable solvent, followed by a workup, to yield the
conmpound of fornmula I. The inventive process to nake the conpound of
formula I has s numerous advantages including it is econom cal and can be
easily scal ed- up. Description of the Invention Except where stated

ot herwi se, the followi ng definitions apply io throughout the present

specification and @)ai EnoiRgaR YerdtBétngiteup®ehYthe compound of
formula VII and then reacting with hydrogen bromide to produce the di-

O,
A,OA@H

B\
© (o]

5 Vill
(d) reacting the compound of formula VIII with (i) an agent

hydrobromide salt formula VIii:

containing a leaving group G, where G is a leaving group selected from
the group consisting of CN, Z, OSO;R!, 0COCZ;3 and benzotriazolyl, with
R’ being an alkyl or aryl group and Z is a halogen, and (i) the compound:

O CHj

10

to form the compound of formula IX:
F\©
“OY\Q

15 and



regardl ess of whether a termis used by itself or in conbination wth other
ternms. 'Acyl" neans an HC(O -, alkyl-C(O-, cycloalkyl-C(O-, or aryl-
C(O- and the like. The bond to the parent noiety is through the carbonyl.
is "Alkyl" neans an aliphatic hydrogarbon group which may be straight or
branched and conprising about 1 to about 20;carbon atons in the chain.
Preferred al kyl groups contain about 1 to about 12 carbon atons in the
chain. More preferred al kyl groups contain about 1 to about 6 carbon atons
in the chain. Branched neans that one or nore | ower al kyl 20 groups such as

met hyl , ethyl or propyl, are attached to allinear alkyl chain. "Lower
al kyl" means a group having about 1 to about 6 carbon atons in the chain
whi ch may be straight or branched. The term "substituted al kyl" neans that

the al kyl group ntg) beresatisg theutampdundafdoratula BOwith aUBHgndrdeedgent whi ch may
be the sane | £feren substituent bpei, | ndependent|y 25 sel ected
fromthe groﬁ{)ag%%lﬁgtsf)hsngf&ﬁyeg, YA YOI ,UpaEW"?'géb%FB%PWWO yano, hydroxy,
al koxy, al kykdriiuta I.am no, -NH(al kyl), -NH(cycloal kyl), -N(al kyl)?2, carbgxy
and -C(O O alkyl._Non-limting exanpl es ofsuitable al kyl groups include

met hyl , ethyl, n- phejMentiye picepyio make theseamppoursl of famyladbas onat e” means an
al kyl - S(02) - ' | k | | I escri bed.
Preferr edggr éﬁug\%rr@%éga(%\%g‘é@e%ﬂnémﬁgﬁ It’F %le%&feﬂqﬁ?/?l %rdgiapﬂgg%%&e%rc ¥lgﬂkyl . The
bond to the pprent noiety is through the oxygen. s "Aryl" nmeans an aronatic
nmonocyclic or multicyclic ring system conprising about 6 to about 14 carbon
atons, preferably about :6 to about 10 carbon atons. The aryl group can be
optional ly substituted with Qeecfiptiondfehe Invemtionst em substituents” which

may be the sanme op different, and  are as defined herein. Non-liniting
exanpl es of suit agwée;aner@,stgﬁ%othenmse, the following definitions apply

10  throughout the present specification and claims. These definitions apply

regardless of whether a term is used by itself or in combination with other
terms,
"Acyl" means an H-C(O)-, alkyl-C(O)-, cycloalkyl-C(O)-, or aryl-
C(0)- and the like. The bond to the parent moiety is through the carbonyl.
15 "Alkyl" means an aliphatic hydrocarbon group which may be
straight or branched and comprising about 1 to about 20 carbon atoms in
the chain. Preferred alkyl groups contain about 1 to about 12 carbon
atoms in the chain. More preferred alkyl groups contéin;egbout 1 to about 6
carbon atoms in the chain. Branched means that oné or more lower alkyl

20 grouQ? such as methyl, ethyl or propyl, are attached to a linear alkyl chain.
“Lowé} alkyl" means a group having about 1 to about 6 carbon atoms in
the chain which may be straight or branched. The term "éubstituted alkyl"
mean‘é that the alkyl group may be substituted by one or more substituents
which may be the same or different, each substituent being independently

25  selected from the group consisting of halo, alkyl, aryl, cycloalkyl, cyano,
hydrdxy, alkoxy, alkylthio, amino, -NH(alkyl), -NH(cycIoaIkyl), -N(alkyl)z,
carboj)éy and —C(0)0-alkyl. Non-limiting examples of suitable alkyl groups
includé methyl, ethyl, n-propyl, isopropyl and t-butyl.



to include phenyl and naphthyl. "Cbz" neans carbobenzyl oxy. "Cycl oal kyl"
nmeans a non-aronmatic nono- or nulticyclic ring system conprising about 3 to
about 10 carbon atons, preferably about 5 to about 10 carbon atons.
Preferred cycl oal kyl rings contain gbout 5 to about 7 ring 15 atons.
"Hal i de" means fluoro, chloro, brono or iodo. "Halogen" nmeans fl uoro,
chloro, brono or iodo. "Heterocyclic" neans a non-aronmatic saturated
nonocyclic or multicyclic ring system conprising about 3 to about 10 ring
atons, 20 preferably about 4 to about 7 ring atons, in which one or nore of
the atons in the ring systemis an el enent other than carbon, for
Preparative Exanple nitrogen, oxygen or sulfur, alone or in conbination.
There are no adjacent oxygen and/or sulfur at ons present in the ring
system Pref er r edAlkyisulipnatet mgass eoralkyl-8(@He0t groupdn albinh thé atkiyhg at ons. The

r ef aza, [ Qot . n ans that at
Feas!txa rz1i t r%gggagéﬁg@ “%ap &TSS?I ?ﬁcﬁ EF@E@@?%% %{R?e‘FVS?gHB '8@5% as a ring
atom Any - Nukylgreup isddweoalidl Yhe bond)tomhg ;ﬂxemtmﬂégtuem@d ghteh as, for
exanpl e, as an -N( Boc), -N(cbz), -N(Tos) group and the IiKke; such

protections ¥Y8®8f so considered part of this invention. 7 "PMB' neans

p- et hoxypenzyl . "Ard¥ inbhAb 8n'HRematid fdohbwai@@sﬁmm@ghﬂ F.ﬁ@§ysteﬂnn one

embodi ment, the present invention discloses a nov t0-use process
for prepari neproprésingabpeuiftogrboubi dgadoon atams, mefﬁre@y aboulofrier alsedt: (a)

converting th&‘B“%‘t’d}ﬂs.ofhé Y Yofp 'chn be Opthally substituted with one or
more "rihg system substituents" which may be the same or different, and
are as diefined herein. Non-limiting examples of suitable aryl groups

10 include f;)henyl and naphthyt.

"C;bz" means carbobenzyloxy.

"C}ycloalkyl" means a non-aromatic mono- or muiticyclic ring system
comprisiﬂng about 3 to about 10 carbon atoms, preferably about 5 to about
10 carbdn atoms. Preferred cycloalkyl rings contain about 5 to abopt 7 ring

15 atoms, |

“Halide” means fluoro, chloro, bromo or iodo.

“Halogen” means fluoro, chloro, bromo or iodo.

"Heterocyclic" means a non-aromatic saturated monocyclic or
multicyclic ring system comprising about 3 to about 10 ring atoms,

20  preferably about 4 to about 7 ring atoms, in which one or more of the‘
atoms in the ring system is an element other than carbon, for Preparative
Example nitrogen, oxygen or sulfur, alone or in combination. There are no
adjacent oxygen and/or sulfur atoms present in the ring system. Preferred
heterocyclyls contain about 5 to about 6 ring atoms. The prefix aza, oxa or

25  thia before the heterocyclyl root name means that at least a nitrogen,
oxygen or sulfur atom respeciively is present as a ring atom. Any~NH in a
heterocyclyl ring may exist protected such as, for example, as an -N(Boc),
-N(cbz), -N(Tos) group and the like; such protections are also considered
part of this invention.



HN to a conmpound of forrmula Il by reaction with a reagent that introduces a
io group X: COOEt iNJY X 11l where Xis selected fromthe group consisting
of : p-nmethoxybenzyl (PMB), allyl, nethoxymethyl, benzyl oxynmethyl, trityl,

pi val oyl oxynet hyl, is tetrahydranyl,,benzyl, di(p-nethoxyphenyl)nethyl,

tri phenyl methyl, (p- nethoxyphenyl)di phenyl nethyl and t-Boc, and is
preferably p- nethoxybenzyl (PMB); (b) reacting the conpound of fornula Il
with a suitable reducing reagent, followed by purification through
formation of a bisulfite salt and 20 subsequent treatnent with a base, to
yield a conmpound of formula IV: CHO X NIV (c) reacting the conpound of
formula IV with (i) the conpound of formula: 8 CH3 HN NY and (ii) a
conmpound sel ected fromthe group consisting of benzotriazole, a nitrile, a
hal i de, an al kyl supf/Bnaicinsd-metHx gyrllztyﬁul fonate and a hal oal kyl acid,
preferably benzotriazol e, and _gi i1) 3-fluorophenyl magnesi um brom de, 5 to
y| eld a Con'pound OTrlfoBQ rﬁ]ﬁ@"ls\ﬁn IuoromethaneSUIfonyI.

In one embodiment, the present invention discloses a novel, easy-
to-use process for preparing the compound of formula I. The process
5 comprises:

(a)  converting the compound of formula II:

COOE!
LY

to a compound of formula Il by reaction with a reagent that introduces a

(\/rCOOEt
N
N

i
where X is selected from the group consisting of: p-methoxybenzyl (PMB),

10 group X:

allyl, methoxymethyl, benzyloxymethyl, trityl, pivaloyloxymethyi,

15 tetrahydranyl, benzyl, di(p-methoxyphenyl)methyl, tfiphenylmethyl, (p-
methoxyphenyl)diphenylmethyl and t-Boc, and is preferably p-
methoxybenzyl (PMB);

(b)  reacting the compound of formula lll with a suitable reducing
reagent, followed by purification through formation of a bisulfite salt and

20  subsequent treatment with a base, to yield a compound of formula IV:

CHO
X/U

\Y
(c)  reacting the compound of formula IV with (i) the compound

of formula;



FCH3 N~ iIiN~ XNY Vwere Yis selected fromthe group consisting of:
car bobenzyl oxy (Cbz), CZ3CO (where Z is a halogen), 2-trinethylsilylethyl
carbamate, 1-nmethyl- io 1-phenylethyl carbamate, t-butyl carbanate,

cycl obutyl carbamate, 1 methylcyclohytyl carbamate, adamant yl car banmat e,
vinyl carbamate, allyl carbamate, cinnanyl carbamate, 8-quinolyl carbamate,
4, 5-di phenyl - 3- oxazolin-2-one, benzyl carbanmate, 9-anthryl nethyl carbanate,
di phenyl net hyl carbamate, S-benzylcarbamate, nethyl carbamate, ethyl is

car bamat e, di phenyl phosphi nyl, benzenesul fenyl, RCO (where R is Cl.

6al kyl ), benzoyl and other conmmon acyl groups, and is preferably

car bobenzyl oxy (Cbz), with the proviso that X and Y are different such that
X may be selectively renoved; (d) renoving the X protecting group of the
compound of formula 20 V to produce a Qgﬂpound of formula VI: 9 CH3 N HN
N~Y VI (e) sulfonylating the conpounQng formula VI with a cyclopropyl O

>-11 W HN
(A,

and (ii) a compound selected from the group consisting of benzotriazole, a
nitrile, a halide, an alkylsulfonate, a haloalkyl sulfonate and a haloalkyl

acid, preferably benzotriazole, and (iii) 3-fluorophenyimagnesium bromide,
5 1o yield a compound of formula V:

F
:: CHg
N/l\}
x~ O/\ k/N\Y
\'

where Y is selected from the group consisting of: carbobenzyloxy (Cbz),
CZ;CO (wheré Z is a halogen), 2-trimethylsilylethyl carbamate, 1-methyl-
10 1-phenylethyl carbamate, t-butyl carbamate, cyclobutyl carbamate, 1-
methylcyclobutyl carbamate, adamantyl carbamate, vinyl carbamate, allyl
carbamate, cinnamyl carbamate, 8-quinolyl carbamate, 4,5-diphenyl-3-
oxazolin-2-one, benzyl carbamate, 9-anthrylmethyl carbamate,
diphenylmethyl carbamate, S-benzylcarbamate, methyl carbamate, ethyl
15 carbamate, diphenylphosphinyl, benzenesulfenyl, RCO (where R is Cx.
salkyl), benzoyl and other common acyl groups, and is preferably
carbobenzyloxy (Cbz), with the proviso that X and Y are different such that
X may be selectively removed;
(d)  removing the X protecting group of the compound of formula
20V to produce a compound of formula VI:



Il O s sulfonyl noiety, where Wis a halide or triflate, to formthe
compound of formula VI1: FCH3 \$~-No~SY o VIl (f) renoving the Y
protecting group fromthe conmpound of io formula VII and reacting with

hydr ogen brom de to produce the di- hydrobrom de salt fornula VIII: f CH3 N
H (~~\p 2HHr VIl 10 (g) reactingethe conpound of fornula VIII with an
agent containing a |l eaving group G where Gls a |leaving group preferably
selected fromthe group consisting of CN, Z OS02R1, OCOCZ3 and
benzotriazolyl, with R1L being an alkyl or aryl group and Z is a hal ogen; and
5 the conpound of Fornmula Villa: 0 3 r~P N NO CH3

-
loget

(e) sulfonylating the compound of formula VI with a cyclopropy!

5 sulfonyl moiety, where W is a halide or triflate, to form the compound of
O
: CHa
« O/\NJ\|
e I\/N\Y

&
e

formula VII:

Vil
() removing the Y protecting group from the compound of
10 formula VII and reacting with hydrogen bromide to produce the di-

hydrobromide salt formula VIII:



Formula Villa to formthe conmpound of formula I XX F~',.... CH3 4x SN G H3
rN\p N)FAYN OCH3 10 I X and (h) reacting the conpound of forrmula IX with
a Gignard reagent in a suitable solvent to yield the conpound of formula
|. As stated above, X and Y are not the sanme noiety since X and Y 1s are to
be differentiated under the reactionl0conditions enployed. The preferred
protecting group for X is p-nethoxybenzyl (PMB): H3CO p- Met hoxybenzyl (PNVB)
11 The preferred protecting group for Y is carbobenzyloxy (Chz): O QA

Car bobenzyl oxy (Cbz) Protecting groups are sonetines naned as car bamates
herein for 5 convenience; for exanple Cbz could be referred to as benzyl
carbamate and so forth. The deprotection in step (d) is perfornmed using

2, 3-di choro-5, 6- dicyano-1, 4-benzoqui none ortrifluoroacetic anhydride.
Preferably, the deprotection is performed using trifluoroacetic anhydride.
10 The preferred @) n Easing &e cemmpund of formula VIII with an agent

containing a leaving group G where G is a leaving group preferably
selected from the group consisting of CN, Z, OSO,R!, OCOCZ; and
benzotriazolyl, with R' being an alky! or aryl group and Z is a halogen; and
5 the compound of Formula Villa:
O CHj

Formula Vlila
to form the compound of formula IX:

F7©
%\\ O/\K/ \bjp

10 IX
and
(h) reacting the compound of formula [X with a Grignard reagent
in a suitable solvent to yield the compound of formula I.
As stated above, X and Y are not the same moiety since Xand Y
15  are to be differentiated under the reaction conditions employed.
The preferred protecting group for X is p-methoxybenzyt (PMB):

P

H3CO
p-Methoxybenzyl (PMB)



The deprotection in step (f) is performed using strong acids such as

sul furic acid, hydrochloric acid, hydrobrom c acid, nethanesulfonic acid

and the like. Preferably, the protection is acconplished using

met hanesul fonic acid. 15 The reaction in step (g) conmprises (1) converting
compound of formula VIIl to a free Base by use of a basic conpound and (2)
reacting free base wth an agent containing a |l eaving group G and the
conpound of Formula Villa: 01~zza% N, O CH3 20 Formula Villa 12 where G
is a leaving group preferably selected fromthe group consisting of CN, Z,
OS02R2, OCOCZ3 and benzotriazolyl, with R2 being an al kyl or aryl group and
Z is a halogen. The term "an agent containing a leaving group G' refers to a
s conmpound that upon reaction as shown herein, |eaves a noiety G described
above on the conpound being reacted. Thus, the above-noted phrase "where G
is a |l eaving grouprhe prefors proteeting geslipf fooMis barbgbenpylowoiChzt i ng of CN, Z,
OS02R2, OCOCZ3 and benzotriazolyl"™ nmeans that the conpound (agent) contains
init as bonded noiety CN, Z, OS02R2, to or benzotriazolyl, and then
| eaves the CN, Z, 0OS02R2, (OCOCZ3 ol.yl upon being reacted with
t he conpound of Fornmula VIII tq d of Formula I X as a result
of said reaction. The nore &t errpd agenb”confarning a leaving group is a
cyanating agent and is seledqted frin1the group consisting of; HCN, acetone
cyanohydrin; 15 cycl ohexanong.cyanoljydrin; a m xture of (C2H5)2AlI CN and
Ti(OPr)4, a mxture of acetic™xgkd, H2SO4; NaHSO4, KHSO3 or Na2S2C6 and a
cyani de

Carbobenzyloxy (Cbz)
Protecting groups are sometimes named as carbamates herein for
5 convenience; for example Cbz could be referred to as benzyl carbamate
and so forth.

The deprotection in step (d) is performed using 2,3-dichoro-5,6-
dicyano-1,4-benzoquinone or trifluoroacetic anhydride. Preferably, the
deprotection is performed using trifluoroacetic anhydride.

10 The preferred W in step (e) is CI.

The deprotection in step (f) is performed using strong acids such as
sulfuric acid, hydrochloric acid, hydrobromic acid, methanesulfonic acid
and the like. Preferably, the protection is accomplished using
methanesulfonic acid.

15 The reaction in step (g) comprises (1) converting compound of
formula VIl to a free base by use of a basic compound and (2) reacting
free base with an agent containing a leaving group G and the compound

O ~HsC N
T
O CHy

20 Formula Vllla

of Formula Vllla:



source such as NaCN or KCN, trinethylsilyicyanide; glycolonitrile;

mandel onitrile; glycinonitrile; acetone amno nitrite; and

di met hyl am noacetonitrile. Mst preferably, the cyanating agent is acetone
20 cyanohydrin. The acetone cyanohyd[, n is used in about 1-5 nol ar

equivalents wth respect to the corrpound of formula Vill. Oz HCC, N N C H3
Formula Villa 25 The conpound of Fornula Villa is used in about 1-4 nolar
equi valents wth respect to the conmpound of forrmula VIII. 13 The basic

conmpound in step (g) is selected fromthe group consisting of a netal
hydr oxi de, oxide, carbonate and a bicarbonate, wherein the netal is
sel ected fromthe group consisting of lithium sodium potassium rubidium
cesium beryllium magnesium calcium strontium s barium alum num

i ndium thall Zi nc,
cadm um rrerc%%ta%?ﬂé %g'lr#m% &bhﬁn@%féfégy%é?%téd fr%ﬁ*ﬁ@%zgro ‘?E{'ﬁ% tmga C3-C12

cycl oal kanol , 0fdN.(3-@8OcRte:l GaPRY: pad bepzetriazalyl with &arhsingaan alkglierC12
al kyl am ne, %r?&rgglﬂg}@l%i?ﬁmlgggme a C3-C8 cycloal kylamne, a N-(C3-C8

cycl oal kyl ) - a di (C3-C8 1o cycl oal kyl)am ne, a (C3-C8
cycl oal kyl') C1- C6 dalHeyleami“ae agenttontiniog-a lesvhg gtdop GCkeféistalakyl - N- (Cl- C12

YD Al B SRR eTaSh B St ot am e, @
from the groufesfBed abbRdoAfthd BB Eheing Fd=ta]. el'huB)/’dh'éCHUé'vahotéd peridine,
hept anet hyl enei m ne, norpholine, 15 thionorpholine and a 1-(C
al kyl ) pi per azphiase ‘Where G is a leaving group preferably selected from the group
consisting of CN, Z, OSO2R,, OCOCZ; and benzotriazolyl” means that the
corhpdund (agent) contains in it as bonded moiety CN, Z, OSO3R;,
10 OCOC23 or benzotriazolyl, and then leaves the CN, Z, OSO;R,, OCOCZ,
or benzotrlazolyl upon being reacted with the compound of Formula Vil to
form the compound of Formula IX as a result of said reaction. The more
preférred agent containing a leaving group is a cyanating agent and is
selected from the group consisting of: HCN, acetone cyanohydrin;
15 cyclohexanone cyanohydrin; a mixture of (C,Hs)2AICN and Ti(OPr)4, a
m|xfcure of acetic acid, H2S04; NaHS0., KHSO; or Na,S,0s and a cyanide
souffc}e such as NaCN or KCN; trimethylsilylcyanide; glycolonitrile;
mahdélonitrile; glycinonitrile; acetone amino nitrile; and
dimethylaminoacetonitrile. Most preferably, the cyanating agent is acetone
20 cyanohydrin. |
The acetone cyanohydrin is used in about 1-5 molar equivalents
with respect to the compound of formula VIl

o HaC N
=~
YJ@
N N

Q  CHy
Formula Villa

25 The compound of Formula Vlila is used in about 1-4 molar equivalents
with respect to the compound of formula VIIl.



Preferably, the basic conpound is selected fromthe group consisting of
KOH, NaOH, Na2C(03, K2C03, NaHC(O3, KHCO3, tetranethyl guanidi ne, DBU

di i sopropyl et hyl am ne and m xtures thereof. Mre preferably, the basic
conpound is Na2CO3 or K2C03. Most 2{y preferably, the basic conpound is
K2C03. The Grignard reagent in step (h) is selected fromthe group
consisting of McwMgCl, MeMyBr and MeMgl and is nost preferably MMC . The
McMgCl is used in about 1-4 nolar equivalents with respect to 25 the
conmpound of forrmula I X. The solvent in step (h) is selected fromthe group
consi sting of toluene, xylene, chlorobenzene, or dichlorobenzene al one or
In adm xture wth a solvent selected fromthe group consisting of a C5-Cl12
al kyl ether, 1,2-dinmethoxyethane, 1.2-diethoxyethane, diglyne, 1,4-dioxane
and 14 t et rahydrialpasic campopneinester (0)dobeletedifrormthe goupe of t ol uene and

sul furic  acrstpa il it Bude balior bt AR Mol ke, i an
aqueous phaswhergiraig metapisefetecidd fromytte gedupocdnsisting @f lifhiurargddien, embodi nent, |
formi o v frBAASBBIRITo FoROmBPRI: mASHESKTY colem, SUPEB wher ei n ¢ he
process CONDEdrffsg, dieMfriund Indilm, SRNRAY MarRim! SFdBniun, copsitt Eopplt)
benzotriazole, nitriles, halogens, alkylsulfonates or hal oal' kyl esters,
sifver, zinc, cadmium, mercury and cerium; a metal sait of a C4-C»
alkanol, a Cs-C43 cycloalkanol, a (C3-Cg cycloalkyl)C4-Cg alkanol;
ammonia, a C4-C1; alkylamine, a di(C-C+; alkyl)amine, a C3-Cg
cycloalkylamine, a N-(C3-Cg cycloalkyl)-N-(C4-C42 alkyl)amine. a di(C3-Cg
10  cycloalkyl)amine, a (C3-Cs cycloalkyl)C4-Cg alkylamine, a N-(C3-Cg-
cycloalkyl)C4-Cg-alkyl-N-(C4-C43 alkyl)amine, a N-(C3-Cg cycloalkyl)C4-Cg
alkyl-N-(C3-Cs cycloalkyl)amine, a di[(C4-Cs cycloalkyl)C4-Cs alkyl[amine;
and a heterocyclic amine selected from the group consisting of imidazole,
triazole, pyrrolidine, piperidine, heptamethyleneimine, morpholine,
15 thiomorpholine and a 1-(C4-C4 alkyl)piperazine.
Preferably, the basic compound is selected from the group
consisting of KOH, NaOH, NazCOj3, K2CO3, NaHCO3;, KHCO3,
tetramethylguanidine, DBU, diisopropylethylamine and mixtures thereof.
More preferably, the basic compound is Na;COj3 or K,CO3. Most
20  preferably, the basic compound is K;COa.
The Grignard reagent in step (h) is selected from the group
consisting of MeMgCl, MeMgBr and MeMgl and is most preferably
MeMgCl.
The MeMgCl is used in about 1-4 molar equivalents with respect to
25 the compound of formula IX.
The solvent in step (h) is selected from the group consisting of
toluene, xylene, chlorobenzene, or dichlorobenzene alone or in admixture
with a solvent selected from the group consisting of a Cs-C42 alkyl ether,
1,2-dimethoxyethane, 1.2-diethoxyethane, diglyme, 1,4-dioxane and



preferably benzotriazole; (ii) 3-fluorophenyl magnesi um brom de, and (ii)

the compound: CH3 HN N, Cbz 15 in a suitable solvent to yield a conpound of
formula V. The solvent is selected fromthe group consisting of
hydrocarbons, hal ogenated hydrocarbqps, ethers, and' m xtures thereof, and
Is preferably a mxture of toluene and tetrahydrofuran. The inventive
process is schematically described in Schene I: 15 QO OHr Y "SO3Na PMB' N
1111 IVa CH3 NaHSO3 | NaCH H6N, tltltl Cbz N COOEt anl sal dehyde ~/ COOEt
CHO Red-Al A H NaBH QAc 1 \/I - ( )a PMB'NJi pym | dlna pMB N benzotriazol e
KXx-Bu F Il 11l IV MBr -~FCH3 TFAAIEt3N F CH3 NaCH F CH3 PMB'N, _

VN Cbz F3Cyl- -1 vN-Cbz HN Cbz 0 V Va VI

tetrahydrofuran. The preferred solvent is a mixture of toluene and
tetrahydrofuran.
The work-up in step (h) is treatment with an acid such as sulfuric
acid, hydrochloric acid, phosphoric acid, and the like, in an aqueous phase
5 and is preferably hydrochloric acid.

In another embodiment, the application teaches a method for the
preparation of a compound of formula V from a compound of formula IV:

CHO
"O/
pMB”

\Y)

10 wherein the process comprises reacting the compound of formula 1V with
(i) benzotriazole, nitriles, halogens, alkylsulfonates or haloalkyl esters,
preferably benzotriazole; (i) 3-fluorophenylmagnesium bromide, and (i)
the compound:

CHj3
HN)\
I\/N\Cbz

15 in a suitable solvent to yield a compound of formula V.

The solvent is selected from the group consisting of hydrocarbons,
halogenated hydrocarbons, ethers, and mixtures thereof, and is preferably
a mixture of toluene and tetrahydrofuran.

The inventive process is schematically described in Scheme I:




NaOH CbzOSu 2. (COOH)x F 3 N (COOH)x PMBNLNHVb FF 'd i 00 = OHa
1.50% MsOH CH3 Et3N N 2. HBr /~ N~ - 2 HBr OO0 Chz | Ny ~NH dO VI VIII
0- " HSC NN NOGCH3 CHa CHa N MMCl | "N ICNN r~ CH3 H CN ~SONC N Al Va3

NNNH3SC N NNOOY Ix 0OCHal O Ch Schene |
to a nonoval ent group derived froma straight or
hydr ocarbon by the renoval of a
atons, preferably from1l to 6. The

16 The term™"alkyl" refers
branched chai n saturat ed

single atom having from1 to 8 carbon
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term"aryl" represents a carbocyclic group having from6 to 14 carbon 5
atons and having at |east one benzenoid ring, with all avail able
substitutabl e aromati c carbon atons of the carbocyclic group being intended
as possible points of attachment. Phggeferred aryl groups include phenyl,

1- napht hyl and 2-naphthyl, and especially phenyl. The term "hal ogen”
represents fluorine, chlorine, bromne and iodine. 10 If desired, the
conpound of forrmula | may be further converted to the CCRS antagoni st of
formula X by suitable procedures known to those skilled in the art. The
products of the various steps in the reaction schenes described herein my
be isolated and purified by conventional techniques is such as, for

exanple, filtration, recrystallization, solvent extraction, distillation,:
precipitation, subhe e’ ﬁyﬁrﬁefersnt@a Mosovalent greupwerived framse  skil led in the

art. The pro by conventi onal
nmet hods vvgl I %ﬁéﬁ%@rap ﬁ%se Sq\(’r%?%u@d??é}ﬂ&%r%ggﬁhﬁg)déﬁegﬁﬂcy%%f aeiarrpl \é, tlhi n

I iayer tchlr onasiogleaqtbm rcuia\uwgt X fr?iﬁllzﬁo m?o?lgtqwm rpreferﬁlbaysfrtaﬂ\ SaﬁE%ergLEgnal ysis,
el enent a Aan e like ollo nlimtin are
provided in %’éela“flo SPfeRENtR? certplgg Glicgraunr Wh%‘%’bggr Bhe 19 H]gﬁmoﬂn It will be
apparent %0 bfb%@aﬁd(hbhﬁg at lRast & Béﬁzethéltnr{%WthrEHCvaaH&lﬂé' ons, variations

and alterations to the present disclosure to materials, nmethods and
reaction condubstiutableraigmeatic carbonatems efithearbeayelic gewiprieing i ons, vari ati ons

and a1 or ot el sk Se ol oFatbilhl e B i orBih RS, 1 1
abbrevi at i onphdawr,e‘l-hbphmybamﬁz -naplathyln gad espédialytptemyl. §heltetnow. 17 CDCl 3=
Deut er ochl or QIa ogen represents fluorine, chlorine, bromine and iodine.

10 Iif desired, the compound of formula | may be further converted to
the CCRS antagonist of formula X by suitable procedures known to those
skilled in the art.

The products of the various steps in the reaction schemes
described ‘herein may be isolated and purified by conventional techniques

15 such asj‘j fcr example, filtration, recrystallization, solvent extracﬁon
dlstlllatlcn precnpltatlon sublimation and the like, well known to those
skilled i |n the art. The products may be analyzed and/or checked for purity
by conventional methods well known to those skilled in the art euch as, for
example, thin layer chromatography, NMR, HPLC, melting poiﬁt, mass

20  spectral analysis, elemental analysis and the like. |

Tahe!‘following nonlimiting EXAMPLES are provided in order to
further iliuetrate the present invention. It will be apparent to those skilled in
the art that many modifications, variations and alterations to the present
disclosure, both to materials, methods and reaction conditions, may be

25  practiced. All such modifications, variations and alterations are intended to
be within the spirit and scope of the present invention.

EXAMPLES
Unless otherwise stated, the following abbreviations have the stated

meanings in the Examples below:



Cbz= car bobenzyl oxy DSC= Differential Scanning Calorinetry DMSO=

di met hyl sul foxi de 5 Et OH= et hanol g= grans HCl = hydrochloric acid HPLC=

Hi gh Performance Liquid Chromatography Mpt: nelting point to MHz=
megahertz nl= mlliliters M5= Mass gpectrum MIBE= nethyl t-butyl ether
NaOH= sodi um hydroxi de 15 NVR= nucl ear magneti c resonance spectroscopy P
MB=p- met hoxybenzyl THF= tetrahydrofuran Exanpe 1 Preparation of Conpound of
formula I'll froma conpound of of formula' I1111: Conpound IIl is prepared
fromconpound Il and p 20 ani sal dehyde via reductive am nation. Conpound 11
(50 g, 318 mmmol ) is added to a stirred slurry of sodium

triacet oxyborohydride (101.1g, 1.5 equiv) in anhydrous tetrahydrofuran (500
m.). p-Ani sal dehyde (45.5g, 1.05 equiv) is next added to the batch slowy
at a batch t ebperatDygetdehlYsfo®C. The mi xture is stirred for about 16 hours
at roomtenperature, Upon 25 conpletion the reaction is quenched with the
addi ti on of eB%Tcarpebenayjoxy and THF i s renpved via vacuum distillation.

MIBE and wat %SQEq"@%ﬁﬁa'ﬁ%@g@éﬁé.&@'ﬁﬁ’?' | owed by pH adjustnent to 1.5-2.5

wi th hydrochloric a tered to renove boric acid before
splitting thédMaper dimetidsulfoxislduct cont ai ni ng aqueous | ayer is washed with

MIBE. After g &idnol

g= grams
HCI= hydrochloric acid
HPLC= High Performance Liquid Chromatography
M.pt: melting point

10  MHz= megahertz
mL= milliliters
MS= Mass Spectrum
MTBE= methyl t-butyl ether
NaOH= sodium hydroxide

15 NMR= nuclear magnetic resonance spectroscopy
PMB= p-methoxybenzyl
THF= tetrahydrofuran

Example 1. Preparation of Compound of formula lll from a compound
of forn‘qula%ll: Compound Hll is prepared from compound i and p-

20 anisaldehyde via reductive amination. Compound Il (50 g, 318 mmol) is
added to a stirred slurry of sodium triacetoxyborohydride (101.1g, 1.5
equiv) in anhydrous tetrahydrofuran (500 mL). p-Anisaldehyde (45.5g,
1.05 equiv) is next added to the batch slowly at a batch temperature below
25°C. The mixture is stirred for about 16 hours at room temperature. Upon

25 completion the reaction is quenched with the addition of water (150 mL),
and THF is removed via vacuum distillation. MTBE and water are added
to the batch followed by pH adjustment to 1.5-2.5 with hydrochloric acid.
The batch is filtered to remove boric acid before splitting the layers. The
product containing aqueous layer is washed with MTBE. After splitting,



18 fresh MIBE is charged to aqueous |ayer followed by pH adjustnent to 9-
11 with sodi um hydroxi de. After splitting, the aqueous layer is charged with
MIBE, the m xture is filtered and the phases are separated. The conbi ned
organic layers are concentrated and giluted with toluene. The 5 batch is
concentrated under vacuumto a final volune of 150 nL. This sol vent

di spl acenent provides Ill in about 90-95%yvyield as an approximately 50%
solution in toluene. The product solution is filtered to renove residual
solids and is used directly in the next step. For oxalate salt of conpound
[11: 1H NWR (400 Mz, DMsO-d6) 5 7.41 (m 2H), 6.92 io (m 2H), 4.11 (br,
4H), 3.80 (s, 3H), 3.20 (br, 2H) 2 82 (br, 2H), 2.61 (s, 1 H, 2.05 (d, J =
6.5 Hz), 1.85 (br, 2H), 1.21 (t, = 7.1 Hz, 3H); 13C NV\R (100.6 Mz,

50 1O 9 555(% %%’9Mig§é§§h%@%§]tﬁfaﬁg°{7é %’égﬁ ﬁo"?’ B gH %ﬁ?%ﬂ’.enﬁt%?' found 278.
:c z r %fagpll ?I 2. 1Pwébaodmrmhy?owdmﬁﬁbens@hmhgftherasﬂuaoUS/la‘yeoia ﬁlamgnqawmwgtrji tgf v
Takayanagi , ljﬂ‘rbﬁaﬁk? &ur%ﬁﬁ%%ﬁﬁégﬁ%nﬁa%r% %’Parai%l%érhe modi f | ed’ ;

Red- Al r eagengomisingd emrﬁdlayen@curélcagcérﬁrdtétﬁaﬁ@amﬁedletrﬁbﬁfehéeTheference:
Red-Al solution (150 nL, 70wt % in tol uene) is 20 char?ed to a_ cl ean reaction

vessel under bate hwceﬂﬁfﬁﬁdéﬁ‘gérﬁi‘)u%to i yolumeof 18@mlndhiseagent and t he
batch is cool g, érf?dhs?'@a?g nidfit pRVidHS A in BBSuTg-adeidlidan char ged to the

bat ch nmmi ntai nin ture bel ow - atch 1s warned to 25C and
agitated for amprmmlym% mlugomm tolgena.sHiauprodici sotitive i¢ fitered)toi n THE (12

Rec Al *r oagenieriors radglpliatlE ab i ety T ek A SR GREEE o active,
360 nmmol e)  déditdbfenpcund MTEE NMFO(400)MHZ, BMS®-Y,)324a¢6h, PHS, epve nodified
Red-Al 10 (m, 2H), 4.11 (br, 4H), 3.80 (s, 3H), 3.20 (br, 2H), 2.82 (br, 2H), 2.61 (s,

1H), 2.05 (d, J = 6.5 Hz), 1.85 (br, 2H), 1.21 (t, J = 7.1 Hz, 3H); *C NMR

(100.6 MHz, DMSO-dg) § 173.5, 164.6, 160.1, 132.7, 123.2, 114.4, 60.6,

59.1, 55.5, 50.4, 39.2, 38.2, 25.5, 14.4; MS (ESI) for M+H calcd. 278,

found 278.

15 Example 2. Preparation of Compound of formula IV from a compound

of formula lll: Literature reference: Abe, T.; Haga, T.; Negi, S.; Morita, Y.;

Takayanagi, K.; Hamamura, K. Tetrahedron, 2001, 57, 2701.

The modified Red-Al reagent is prepared according to the above

literature reference: Red-Al solution (150 mL, 70wt% in toluene) is

20 charged to a clean reaction vessel under nitrogen. MTBE (180 mL) is
added to dilute the reagent and the batch is cooled to -25°C. Pyrrolidine
(52 mL) is slowly charged to the batch maintaining the temperature below -
5°C. The batch is warmed to 25°C and agitated for 10 hours. A slurry of
potassium t-butoxide (4.3 g) in THF (12 mL) is added and the mixture is

25  agitated for 1 hour to give the modified Red-Al reagent.

To a solution of 1ll in toluene (containing 100 g active, 360 mmole)
diluted with MTBE (100 mL) is slowly charged the above modified Red-Al
reagent at a temperature below 10°C. Batch is agitated at 5-10°C until the
reaction completion is indicated by GC analysis. Batch is cooled to -5°C



reagent at a tenperature below 10C. Batch is agitated at 5-10C until the
reaction conpletion is indicated by GC anal ysis. Batch is cooled to -5C 19
and quenched first with a solution of sodiumcitrate di hydrate (120 g) in
water (400 nmL), followed by additionof an aqueous solution of citric acid
to adjust pHto 8-9 range. The product containing organic |layer is washed
with water. The crude product aldehyde IV is extracted fromorganic |layer 5
with two washes of aqueous sodium bisulfite. The pH of conbined bisulfite
extracts is adjusted to 9-10 using potassium carbonate (approx. 120 g) in
water (250 nlL). The precipitated bisulfite salt IVa is collected by
filtration and washed with MIBE. A sanple of the bisulfite salt was dried
to give a white solid. "H NWR (400 MHz, DVsO-d6) 8 7.14 (d, J = 8.4 Hz, to

2H), 6.81 (d,and Eru&wc.‘hebﬁirst%ﬁhaéelﬁﬂor(Qfsohiu?n@it%té"éihyardf%yﬁ) §fn(s. 3H, 3.57
(t, J =52H, 1H, 3.27 (s, 2H, 2.71 (br d, J = 10.9 Hz;' 2H), 1.62 (m
5H), 1.25i(ny@ 403rwb).\;feliovmdsw pdditorsef an aguedus solidisarad eiri¢ aciVt®E (300 )
at 25C and t | 0 ] I fter it, product
1s cont ai ni ngé(%ra%tﬁ-i”@%?y%rﬁg/%g? %H(&éﬁ@ F %ﬂ'hg{ﬁﬁggﬁgéﬂe@é%ﬁa?@ﬁexchaﬁged to
t ol uene to a WitmalaterolTineecrode Bfiduct alddinaiesi isiekpacted flolm ofganicahyene is used

Spectral it At Ao RSeSDHr fnEoubsefity Bigtigtes neH PEFSTHINGS (m o) ° 6. 82
(m 2H), 3. 82ikgifite3dMtrack i hd{usteld)9-18 uSitig(IBtasditim cdrodma é‘Q\?RN&x’. 2.15 20 (m
2H), 1.91 (m 2H), M5 (ESI) for MtH cal cd. 234, found 234.

Exanmpl e 3. Prb%fgbghmll‘/@zfgbéz?@dﬁg%um recipdateditisulfite saihlCa inealinated byf for nul a
70 RGN heffils GRMTAE, KEpRydd oL b REIOR oo & (10 © 0
col | ection apipagiee awhitedetid ni'iH INMRI{40AMHZ, DIMSO-daj & I7M 4((H00 =08.4 Hagt i ve,
10 2H), 681 (d, J = 8.4 Hz, 2H), 4.82 (d, J = 5.3 Hz, 1H), 3.68 (s, 3H), 3.57 (t,
J =52 Hz, 1H), 3.27 (s, 2H), 2.71 (br d, J = 10.9 Hz, 2H), 1.62 (m, 5H),
1.25(m, 2H).
-~ The wet bisulfite salt IVa is suspended in MTBE (300 mL) at 25°C
and treated with 25% NaOH (250 mL) for 1 hour. After split, product
15 contéining organic layer is concentrated and the solvent is exchanged to
toluéne to a final volume of 300 mL. The solution of Il in toluene is used
diredtly in the next step. A purified sample of IV gives the following
spec}tral data: "H NMR (400 MHz, CDCls): § 9.65 (s, 1H), 7.25 (m, 2H),
6.82 (m, 2H), 3.82 (s, 3H), 3.41 (s, 2H), 2.82 (m, 2H), 2.25 (m, 1H), 2.15
20 (m, 2H), 1.91 (m, 2H), 1.70 (m, 2H). MS (ESI) for M+H calcd. 234, found
234,

Example 3. Preparation of Compound of formula V from compounds
of formula IV and A: Benzotriazole (57.0 g), toluene (1 L) and solution of
A1 05.5 g active) in toluene are charged to vessel equipped with a Dean-
25  Stark collection apparatus under nitrogen. A solution of IV (100.0 g active,
429 mmol) in toluene is charged keeping the batch temperature below
30°C. The batch is heated to reflux (110 ~ 120°C) and agitated until water
collection in the Dean-Stark trap is complete. The batch is
atmospherically concentrated and a sample is taken to check for reaction



429 mol ) in toluene is charged keeping the batch tenperature bel ow 30C.
The batch is heated to reflux (110 -120C) and agitated until water
collection in the Dean-Stark trap I's conplete. The batch is atnospherically
concentrated and a sanple is taken to,check for reaction 20 conpletion by
NMR and batch KF. The batch is further concentrated under vacuumto 300 ni.
Anhydrous THE (1800 nlL) is added at 50-60C and the batch is cooled to 15C.
A sol ution of 3-fluorophenyl magnesium bromde in THE (643 nmL of 1.0 M
solution) is slowy charged to the batch 5 keeping the batch tenperature

bel ow 25C. Upon reaction conpletion by HPLC, the batch is quenched at O0C by
adding a solution of sodiumcitrate in water (100 nL, 22 w% and the
organic layer is concentrated to 800 nL by atnospheric distillation. The

batch is cool eghhletion gymlgﬁglga{&quz- Thé&b%hqgﬁgﬂqérgbh%ﬁa@% a solution

of sodlumC|trate|n 2 atch is
war ned up to 38nderaagudngite 306 dnls. oRAnhBirous THF{h80G ke dsugddesdyatr50-80°€xt r act ed

Wyérh oxi do (400 tEbab e etttz UM ol BB AR RenRBBRES Ml ont  mt o
to 400 ni. ThebrohtgereTHF (643 mLaf 100 M/sdistidrg s sleatynetairgedtodie batchavoi d

solidification and used 15 direct] nthe ne st ep. purified sanple of V
gi ves the fdl | &RGRRE @\ﬁgamemm@*& © ﬂOWNﬁ @4&?%—@30@%@}‘“@?'0'& bYuri fi ed

?g”p!] e 0‘;3 \1/ HgH?’L@rO_&He%atQI'\")s %ue‘?lcﬁéd éf'b°cf‘!59 ?%éing 5 l_%dﬂtlo%"@f soéru%cﬁr’é&e, 3;') 853 ( r5n 1

5H), 1.20 (m pryaten(1®9 mbr22 wigh) anme(@samlcﬂayer liﬂrqsons;@n&atedawoomund 546.
20 EXATPLE & By PRSP USRI Mty KRR Ko prelag o
triethyl am ne Mh§isdddedsiobalgetiby irsothtlunloOa@cGUmcrmatleydwaw (666 mtl, 22i s added
stowly to the bahf e 8aBed 9ThE Batch T Mafhad §ip 16 38¥C ohd agitated for 48 ' S
min. The aqueous layer is extracted with fresh MTBE (500 mL). Organic
layers are combined, washed with sodium hydroxide (400 mL, 2.0 N) to
remove benzotriazole and finally concentrated to 400 mL. The prepared
solution of V is kept warm at 50-60°C to avoid solidification and used
15  directly in the next step. A purified sample of V gives the following spectral
data: '"H NMR (400 MHz, CDCH) of a purified sample of V: § 7.20 (m, 9H),
6.75 (m, 4H), 5.01 (m, 2H), 3.65 (s, 3H), 3.51 (d, J = 8.1 Hz, 1H), 3.36 (s,
2H), 2.81 (br, 2H), 2.58 (br, 1H), 1.85 (m, 5H), 1.20 (m, 2H), 1.05 (br, 4H).
MS (ESI) for M+H calcd. 546, found 546.
20 Example 4. Preparation of Compound of formula VI from compound

of formula V: A solution of V (109 g, 199 mmol) is cooled to 0 °C and
triethylamine (56 mL) is added. Trifluoroacetic anhydride (56 mL) is added

slowly to the batch keeping the temperature below 10°C. The batch is
warmed to 20°C and agitated for 1 hour. A sample is taken to check for
25  reaction completion by HPLC. Batch is cooled to 0°C and water (300 mL)
is charged keeping the temperature below 10°C. Batch is agitated for 30
min, settled, and aqueous layer is split to waste. The organic layer is a
solution of compound Va. A purified sample of Va gives the following
spectral data: 'H NMR (400 MHz, CDCl3): § 7.32 (m, 6H), 6.85 (m, 3H),



warnmed to 20C and agitated for 1 hour. A sanple is taken to check for 25
reaction conpletion by HPLC. Batch is cooled to OC and water (300 nL) is
charged keeping the tenperature below 10C. Batch is agitated for 30 mn,
settled, and aqueous |ayer is split 40 waste. The organic |layer is a
solution of compound Va. A purified sanple of Va gives the follow ng
spectral data: '"H NWMR (400 MHz, CDCI3): 8 7.32 (m 6H), 6.85 (m 3H, 21
5.05 (br, 2H), 4.69 (m 1 H, 445 (m 1 H), 4.05 (br, 3H, 3.75 (m 1 H,
3.20 (m 3H), 2.74 (m 2H), 2.25 (br, 2H), 1.75 (s, 2H), 1.45 (m 2H), 1.20
(m 3H. M5 (ESI) for MtH cal cd. 522.2, found 522.2. The above solution of
Va is charged with benzyl triethylammonium 5 chloride (15 g) and 25% sodi um
hydr oxi de sol uti on (200 8% The batch is heated to 55C and agitated for 3
hours. A sanp?-85{lr, 2Hkeho9 omchid); 14.4%m, thbladtG5dhr,cidhpB4®5i (on 1bl), 320C. The

batch is cool : I Yer i, [ waste. The pH
I s adj usted t(ﬁgé{@’ %ﬁtgﬁnﬁ?ﬁ)o%g?gé}?gH?glg?%kgégﬁcﬁﬁsﬁ'agﬁba‘t%@i?rgt 25C for 1
hour, sett| ed3HadSt(ES!)fookibtt cdlad. Ga@t2aifoundgp2d@ieous | ayer was split and
washed twi ce with_isopropyl  .ace e tpo renove non-pasjc,inpurjties. THE
(250 nL) and MIBE 11(*‘2’5‘@”0\’%%0‘%8?‘@%?@&?58%9?50 Wby ',e*hvéﬂm Wby pH

adj ust nents t achldride? 161 d)and2®% Yadinx kR Hge s&hﬁ&mgzocﬁ@ntme%éiaq @ ganic |ayer
was washed with 20% sodi um chloride solution (300 ni). The solvent is
exchanged t o heatedire55°Osandthagitpied feridsharsofrsapinials faken teehegkdoeoncent r at ed

to 200 M. TRachiFERRERNSH bY HELE Ofhe'batoh i 3diENts YT Welbadidgect !y 1n the

next step. A puri sanp gives t W ng spectral data: 1H
NVR (400 MHz,aquedGs yeb s §dit (orwaste) , The. fbis(adjustedtto 04. With bydroghiblic 6. 90 (m

Ty 3 01 (m Aoy Beislls ittt 2% roby i Sptndd fanding prddlet 1 5 %1151 0
4H), 1. 051d M cohtdhing’auebbS|ayef was Bt il washedXfice Wit Boprspyl
acetate to remove non-basic impurities. THF (250 mL) and MTBE (250
mL) were charged to the batch, followed by pH adjustment to 11-12 with
sodium hydroxide. Product containing organic layer was washed with 20%
sodium chloride solution (300 mL). The solvent is exchanged to toluene,
15 the Ebatch is azeotropically dried and concentrated to 500 mL. The
prepared‘ solution of VI in toluene was used directly in the next step. A
purified sample of VI gives the following spectral data: 'H NMR (400 MHz,
CDCls) § 7.35 (m, 5H), 7.25 (m, 1H), 6.96 (m, 1H), 6.90 (m, 1H), 6.85 (m,
1H), 5.10 (br, 2H), 3.90 (br, 2H), 3.67 (m, 1H), 3.15 (m, 1H), 3.01 (m, 2H),
20  2.70 (br, 4H), 2.20 (m, 5H), 1.32 (m, 1H), 1.21 (m, 4H), 1.05 (m, 1H). MS
(ES!) for M+H calcd. 426, found 426.

Example 5. Optional Purification of Compound of formula V via
compound of formula Vb: A warm solution of V (80 g active, 147 mmol)

is diluted wi%th EtOH (1000 mL) and concentrated atmospherically to a final

25 volume of 700 mL. Batch is cooled to 25°C and aqueous solution of
NaOH (170 mL., 50 wt%) is charged keeping the batch temperature below
40°C. The batch is heated to reflux and agitated at reflux for about 6
hours until the conversion is complete by HPLC. The batch is cooled to
25°C and concentrated under vacuum to a volume of about 300 mL.



Exampl e 5. Optional Purification of Conmpound of fornula V via conpound' of
formula Vb: A warmsolution of V (80 g active, 147 mol) is diluted with

Et OH (1000 nlL) and concentrated atnospherically to a final 25 volune of 700
m.. Batch is cooled to 25C and aqueous solution of NaOH (170 m., 50 % is
charged keeping the batch tenperaturg below 40C. The batch is heated to
reflux and agitated at reflux for about 6 hours until the conversion is
conpl ete by HPLC. The batch is cooled to 25C and concentrated under vacuum
to a volune of about 300 nmL. 22 Water (600 niL) and MIBE (500 niL) are added
to the batch, tenperature is adjusted to 30-40C. After agitation, settling
and split, the aqueous |layer is extracted with fresh MIBE (200 nL), and
organic layers are conbined. The product is back-extracted with dilute
hydrochl oric acid at pH5-6. The 5 aqueous | ayer is washed with fresh MIBE,
di | uted with WaRE (§ED5Lyiand MEBE (5tﬁtbnha1a:é1aqm—édtstb@|baﬁihetbnﬁ;§erét2wé-4 with

sodi um hydr oxi d I|t xtra th fresh MIBE (500
nL). The cond? ﬁ‘gﬁ’ %%40 é;)éﬁ 9\%551@&@" %Oﬁ%%éﬁt rated by
at mospheri ¢ di skirhdtadl wath frdsh M@BErUzowuy %@&@aﬁ@%y&sfa?e ¢QbinkaoPr opy!

al cohol is charged (1600 1o nlL) and t batch i s concentrated by atnospheric

di stillation the aredoctis bavbeﬁwteea\ﬂfbrdﬂu@ kRysreionwacid et BHA56: ekheed wi t h
t ted tch
oo et e SaRRRold o PRRELAMA £ty WASRMIG GUDBEE GRIRT 2.
with isopr opydndadhechiatﬂh pi(l%)@djuti)ed td' HE-14i with sddiumshydemddant Aqheshisby
at nospheric |st|II 0 | luted wiith fresh
i sopr gpyl 38#3“5 el eﬂL%C?eéwﬂU?%Bﬁ’éﬁé@@ mggi fh%lc?'ﬁ’gnﬁf Oirgl'“"'?'%opr opy!
al cohol (200 18Yars ia%e AaeREd WatRRVAter éﬁtﬁc&ﬁfeﬁﬁateﬁ%h@bbh@n&@ibﬂlﬁh@ﬁC MIBE
(1500 nL) is added and the batch is heated to reflux, and agltated for 4

hours. The bdPAR0inL ¥elimaiardcoried im0 Gor lsepiopykaleenq)isearged €1800! tered. The
cake is washed) ysAdtHeIRER RBVdoncentrated by atmospheric distillation to 1200 mL

volume. Batch is cooled to 25°C and treated with activated carbon (10 g,
DARCO®) at reflux for 2 hours. The batch is cooled to 25°C, filtered
through celite pad, followed by wash of celite cake with isopropyl! aicohol
(200 mL). The filtrate is concentrated by atmospheric distillation to 500 mL

15 volume and diluted with fresh isopropyl alcohol (700 mL). Solution of
oxalic acid (40 g) in isopropyl alcohol (200 mL) is added keeping the batch
temperature below 30°C. MTBE (1500 mL) is added and the batch is
heated to reflux and agitated for 4 hours. The batch is cooled to 20°C and
precipitated product is filtered. The cake is washed with isopropyl

20  alcohol/MTBE mixture (400 mL, 1:1 v/v) and dried under vacuum with
nitrogen purge at 70-80°C to give 140.0 g of Vb as an off-white solid.
m.p.: 194°C by DSC. *H NMR (400 MHz, CDCl;) § 7.31 (m, 2H), 6.93 (m,
1H), 6.82 (m, 4H), 6.65 (m, 1H), 3.52 (d, J=10.1 Hz, 1H), 3.41 (s, 2H), 3.33
(s, 3H), 2.97 (m, 1H), 2.71 (m, 1H), 2.55 (m, 2H), 2.35 (m, 2H), 2.10 (m,

25 1H), 1.95 (m, 1H), 1.79 (m, 2H), 1.70 (m, 1H), 1.4 (m, 1H), 1.2 (m, 2H).
MS (ESI) for M+H caled. 412, found 412.

Solid compound Vb (100 g, 199 mmol) and N-

(benzyloxycarbonyloxy) succinimide (53 g) are charged to a reaction
vessel under nitrogen atmosphere. THF (300 mL) and water (300 mL)



20 al cohol /MIBE m xture (400 nL, 1:1 v/v) and dried under vacuumw th
nitrogen purge at 70-80C to give 140.0 g of Vb as an off-white solid. mp.:

194C by DSC. 1H NWR (400 MHz, CDCI3) 8 7.31 (m 2H), 6.93 (m 1 H),
(m 4H), 6.65 (m 1 H), 3.52 (d, J=1@31 Hz, 1 H), 3.41 (s, 2H), 3.33

3H), 2.97 (m

H, 1.95 (m
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vessel
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slowy mainta

(300 nL). Organic | ayers are conbi ned, was wat'er an

under
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1H, 272 (m 1 H, 2.55(m 2H), 2.35 (m 2H), 2.10 (m 251
Il H, .79 (m 2H), 1.70 (m I H, 1.4 (m | H, 1.2 (m 2H.
M+H cal cd. 412, found 412. Solid conpound Vb (100 g, 199 mmol)
and N- (benzyl oxycarbonyl oxy) succinimde (53 g) are charged to a reaction
nitrogen atnosphere. THE (300 nL) and water (300 nmL) 23 are
added and batch is agitated at 25C for 30 mn. Batch is then warned
and agitated for an additional 3 hours. A sanple is taken to check
reacti on conplae¢ addedgndiBhich iFabitmtoe a 36T folr 30irminC IBHtde & then wahdebat ch. A

t assi.um car.bonat e (200, in water, (200 nL) .is s charged
g‘ﬁ?’ﬁg @é}%ﬁg@%{é’(&{’&d@ﬂgﬁwﬁ%& repileﬁ&qk@n tadj ustgd to a
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t enperat ure béd
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in water (200 mi.-) to give a solution of VIl in toluene. A
purified sanﬁP@'VGfe\ﬁﬁ?[Ufgqr\/@fsV-t he fol | owing spectral data: 1H NMR (400 Mz,

Example 6. Preparation of Compound of formula Vill from compound
of formﬁl# VI To a solution of compound VI (100 g active, 235 mmol) is
charged tof|u§ene (500 mL) and triethylamine (28 g) and the batch is cooled
to 0°C. Cg/czjlopropyl sulfonyl chloride (36.5 g) is added keeping the batch
temperatuﬁejbelow 10°C. The batch is agitated at 0°C for 2 hours and
sampled f&r %reaction completion. Batch is washed with a solution of 10%
acetic acid m water (200 mL) to give a solution of VI in toluene. A purified
sample of VII gives the following spectral data: 'H NMR (400 MHz, CDCly):
57.28 (‘m,§6§H), 6.95 (m, 1H), 6.87 (m, 1H), 6.78 (m, 1H), 5.05 (br, 2H),
3.85 (d, J=12 Hz, 2H), 3.65 (m, 2H), 2.80 (m, 5H), 2.25 (m, 3H), 1.15 (m,
6H), 0.95 (rri, 3H); *C NMR (100.6 MHz, DMSO-dg) 5 171.1, 163.9, 161.4,
154.8, 138.0, 136.6, 129.6, 128.5, 128.0, 124.8, 114.4, 67.0, 60.3, 51.5,
46.5, 46.3,35.2, 29.7, 25.6, 21.0, 14.1, 4.2. MS (ESI) for M+H calcd. 530,
found 530.

To the above solution is added a solution of methanesulfonic acid
(250 mL) in water (250 mL) keeping the temperature below 30°C. The
batch is warmed to 50°C, agitated for 30 min, settled and product
containing aqueous layer is split. The organic layer is washed with
methanesulfonic acid (250 mL) in water (250 mL). The combined aqueous
layers are heated at 100°C for 15-20 hours. A sample is taken to check



6 7.28 (m6H), 6.95 (m 1 H, 6.87 (m 1 H, 6.78 (m 1 H), 505 (br, 2H
3.85 (d J=,12 Hz, 2H), 3.65 (m 2H), 2.80 (m 5H), 2.25 (m 3H), 1.15 (m 20
6H), 0.95 (m 3H); 13C NWR (100.6 MHz, DVM5O-d6) 3 171.1, 163.9, 161.4,

154.8, 138',.0, 136.6, 129.6, 128.5, 128.0, 124.8, 114.4, 67.0, 60.3, 51.5,
46.5, 46.3, 35.2, 29.7, 25.6, 21.0, 24.1, 4.2. M5 (ESI) for M+H cal cd. 530,
found 530. To the above solution is added a sol ution of methanesul fonic acid
25 (250 mM-) in water (250 m-) keeping the tenperature bel ow 30C. The

batch is warmed to 50C, agitated for 30 min, settled and product containing
aqueous layer is split. The organic |layer is washed with nethanesul fonic
acid (250 m-) in water (250 nlL). The conbi ned agueous |ayers are heated at
1 00C for 15-20 hours. A sanple is taken to check 24 for reaction
conpletion by HPLC. Batch is cooled to 25C and toluene (500 nlL) is added,
fol |l oned by sfdeadigncosipleliorsnwkiEbE: Batelyisrasriagto 2526and tpluepat ch i s

agitated for ] S ' e mb ... The batch is
settled for a de?SE? %%dggfﬁg%s? Egr?b?\ﬁg&dfrléghuc é’%ggﬁ}tﬁ.élﬁ}#rr?g'dgqueous | ayer
split. THE i s(tfdunt).t Batdeis agitetedSor $ min and atdaenpld it taken $0 emslred to 0 C.

Batch pH is capefyll y.adj ysted -10 ran usin 50 ,.wt % sod] um hydr oxi de
kegpi ng the fBﬁp%?Qt ?I@%?E)W Sﬁ%t?qgngﬁte{e?agﬁ%‘gsa'%ag‘@; tli‘%p UF{ L 0 }I\B.SL el,
and organi § | gyethinirng &QUEORBIA\Er @it ONHE Bl addR 0 MW Equadus! 18P fdthe @l CONOI .
The batch is assedﬁ%wi ce thr)?t: o CUNO(r) cartridges co‘rﬁ}ai ni ng

DARCO( 1) - G60. Patea ipgeelad a0 neartiaich BHis carefiily asisied tor &11Psange B¥ind sol uti on
for 35 hour s umtt oqdm FpBraRlchRbeping REREAPel el 2008 T barch vas
sl owl y cool edageedidayerds split thaasts, andladgartic leyer isaontehiratedsotventien
L red o SOkl eBRIS TR SRSRol Srrehefidh ipalsbd RAC Bbugh oone! (170
10 CUNO® cartridges containing DARCO®-G60. The batch is heated to 75°C
and 48% hydrobromic acid solution (98 g) is added slowly. The batch is
heated to reflux (80-85°C) and agitated for 3-5 hours until the start of
product crystallization. The batch was slowly cooled to 15°C over 4
hours, held at 15°C for 1 hour and then filtered. Isolated cake was washed
15 twice with isopropyl alcohol (170 mL total) and dried under vacuum at
60°C. Obtained 100.4 g of compound VIII as an off-white solid. m.p.:
176°C by DSC. 'H NMR (400 MHz, CDCl3) § 7.31 (m, 1H), 7.05 (m, 1H),
6.91 (m, 1H), 6.82 (m, 1H), 3.86 (brd, J = 12.0 Hz, 1H), 3.67 (m, 1H), 3.63
(d, J =10.5 Hz, 1H), 2.75 (br m, 5H), 2.50 (m, 2H), 2.25 (m, 2H), 2.15 (m,
20 1H), 2.02 (s, 2H), 1.30 (m, 3H), 1.10 (m, 6H), 0.95 (m, 2H). MS (ESI) for
M+H calcd. 396, found 396.
Example 7. Preparation of Compound of formula IX from compound

of formula VIl and compound of formula B: Compound VHI (100g, 179
mmol) is suspended in ethyl acetate (1000 mL) and treated with a solution

25  of aqueous potassium carbonate (52 g, 2.1 eq, in 500 mL water). The
aqueous layer is split off at 35-45°C and the organic layer is washed with
water at 35-45°C. The organic layer is azetropically dried and mixed with
compound B (42 g, 1 eq) and acetone cyanohydrin (18 g, 1.2 eq). The

resulting mixture is concentrated atmospherically to 300 mL over 8-10



60C. Obtained 100.4 g of conpound VIII as an off-white solid. mp.: 176C by
DSC. 1H NMR (400 MHz, CDCI3) 6 7.31 (m 1 H), 7.05(m 1 H, 6.92 (m 1 H),
6.82 (m 1 H), 3.86 (br d, J =12.0 Hz, 1 H), 3.67 (m 1 H, 3.63 (d, J =
10.5 Hz, 1 H), 2.75 (br m 5H), 2.505§(m 2H), 2.25 (m 2H), 2.15 (m 20
11-1), 2.02 (s, 2H), 1.30 (m 3H), 1.10 (m 6H), 0.95 (m 2H). Ms (ESI) for
M+H cal cd. 396, found 396. Exanple 7. Preparation of Conpound of formula I X
from conmpound of fornmula VII1 and conpound of fornula B: Compound VIII
(100g, 179 mml) is suspended in ethyl acetate (1000 m-) and treated with
a solution 25 of aqueous potassium carbonate (52 g, 2.1 eq, in 500 nL
water). The aqueous |ayer is split off at 35-45C and the organic |ayer is
washed with water at 35-45C. The organic layer is azetropically dried and

m xed with clogsuitieBohdantoate Is diltedinith atel aoetate/(mohnb)rén”d filfePe ., 1.2 eq).

Th I ti d_at t 300 nL 8-10
25 hours.  THETEREY oT GO P obr Lo Atete BANTIoSaRHcA SoBRRIRS and
filtered t hri@uﬂﬂ) lﬂLQﬁﬂ Hﬁpté?%l 01759 rﬁl_l)(}:cﬂﬁalnlﬁb%omdohﬁétlﬁ sbédé‘Fsrmger ically

concentrated to 400 {) m =) containin ound | X seeds
i s added at @tgEflug. Aﬁ@?"tféﬁatﬁéa @tﬂU&EOFr‘lelﬂ¢UIxa¢thl0rla|ﬂ?@ptanee(dlﬂ(i)dermI hept ane

(150 m.) 1159 co%q%ed& l‘éﬁuief é’?‘esuﬂﬁ‘asﬁ %tHe% a%turreﬁé(x #&?ggﬁ}g{%ﬂg“ nrefl ux for

1 hour an over our ure. g at room
t enper at ure feooldd bean1 homretosbmmrtgmperawdeteﬁfkeds&nnrdlg\mwmd with 1:1 ethyl

acetat o et AR o1 LR, USSR AR T TS
NVR (400 MHz, aéﬂ@ﬁbﬂ’)ept&eﬁ(m rﬁ!S) TheLWet c?ak%‘érs Gﬂéd at145°-€ Jn@er*décudra = 6. 1 HZ
1 H, 6.97 (dt, J1 =84 H, J2 1.é5qb §, Hz
6.80 (br d, 9vemighitogive a white splléégfe‘ sr84j% yJelei) 1m: 2! 1b>H?SC3 B ( br d '3
120 Hesg IR (@boWHTEORY: % 88 TH 2 Be (& 2= PBRI, foo 748072 95 (m

1H), 6.97 (dt, J1 = 8.4 Hz, J; = 2.1 Hz, 1H), 6.87 (d, J = 7.6 Hz, 1H), 6.80

(brd, J =9.7 Hz, 1H), 4.53 (brd, J = 14.2 Hz, 1H), 3.87 (brd, J = 12. 0 Hz,

1H), 3.66 (m, 2H), 3.32 (m, 2H), 3.22 (m, 1H), 2.60-2.95 (m, 5H), 2.41 (s,

3H), 2.37 (s 3H), 2.35 (m, 1H), 2.22 (m, 4H), 2.05 (m, 4H), 1.65 (m, 1H),

15 1.55(m, 1H), 1.30 (m, 2H), 1.15 (m, 6H), 0.95 (m, 2H), MS (ESI) for M+H

calcd. 638, found 638.

Example 8. Preparation of Compound of formula | from compound of

formula IX: To a solution of compound IX (250.0g, 393 mmol) in

tetrahydrbffuran (1250 mL) cooled to 15-25°C was added ~20 wt % of

20 trimethyl a;luminum in toluene (500 mL, 530 mmol). To the resulting

homogengous solution was slowly added 3.0M methyl magnesium
chloride ihjtetrahydrofuran (325 mL, 510 mmol) at 15-25°C. The reaction
mixture was stirred for 4 hours and then quenched in 10% aqueous
sodium citrate solution (1575 mL) maintained at 35-45°C. The organic

25 layer was washed with 10% aqueous sodium citrate solution (550 mL).
The organic layer was washed with 1.5M aqueous HCI (442 ml). The
aqueous “aj‘]cidic layer was digested at 35-45°C for 4 hours and then cooled
to 15-25°C§. The aqueous layer was neutralized with 25% aqueous NaOH
(119 mL) and then extracted into isopropyl acetate (1250 mL). The



3H), 2.37 (s, 3H, 2.35 (m 1 H, 2.22 (m 4H, 2.05 (m 4H), 1.65 (m 1 H),
15 1.55 (m 1H, 1.30 (m 2H), 1.15 (m 6H, 0.95 (m 2H, M5 (ESI) for MtH
cal cd. 638, found 638. Exanple. 8. Preparation of Conpound of fornmula |I from
conpound of fornmula I X2 To a solutign of conpound IX (250.0g, 393 mmol) in
tetrahydrofuran (1250 nmL) cooled to 15-25C was added -20 wt % of 20
trimethyl alum numin toluene (500 nL, 530 mmol). To the resulting
honbgeneous sol ution was sl owy added 3. 0M net hyl magnesi um chl ori de

i ntetrahydrofuran (325 nL, 510 mmol ) at 15-25C. The reaction m xture was
stirred for 4 hours and then quenched in 10% aqueous sodiumcitrate
solution (1575 nL) maintained at 35-45C. The organic 25 | ayer was washed

wi th 10% aqueous sodiumcitrate solution (550 nL). The organic |ayer was
washed wi t h JlorfihiadareywsasHiZhsietidditnivater THG0 mh) ard tiereevapoeatedyademas

s meut r al | VAR DR AeATEo T Do wap B836.TH N WG RIFe BREEG e
i sopropyl ace§ 8qs( 449 J-T@§F%61H8rﬁ®"(tqi?>29lﬁlzv‘ﬁ-$) s g T;h%tdﬂ wat er

(500 rri -) and then’ evaporated under acuumto gi ve f oam e yleld was

96% H_NNR (M0l HiHB ,8 (BDAI1=38.6 HE 3 Hg; 4e(t1rH)1HT 38 {(br) =62 BE (bFHm, 2H);

! Eé?’” b %M P30 3008 3y M B duf iy 250y s 5 (Y
Z %l Hz, I 224(7s Gh); 1B (5HHH); 2.25bf b, 5H); ‘r@(br2m43H§b:,r1 B, 18); 3'14i aﬁgl) o
(br m 7H) c%@@ @?ﬁ) gﬂ)a"‘b’ggéb(@ ;gﬁ,bo%én?égp)o 88 b i Mg%é') 627, found

627. Wil e thgr BMNVEHES U7 rslarreded herein as the preparation of 1o the
conpounds indicated, it will be apparent to those skilled in the art that

many modi fi cat i onsWhiletheaEXAMPLEare! descebedbhereiras the prepearation of scl osur e,
10 the compounds indicated, it will be apparent to those skilled in the art that

many modifications, variations and alterations to the present disclosure,
both to materials, methods and reaction conditions, may be practiced. All
such modifications, variations and alterations are intended to be within the
spirit and scope of the present invention.

15



both to materials, methods and reaction conditions, nmay be practiced. All

such nodi fications, variations and alterations are intended to be within the
spirit and scope of the present i nvention.2A5 27 CLAIMS WHAT IS CLAIMED I S;
1. A process for preparing a conpound of fornmula (1) CH3 NCH3 N ~N H3C N
',. tN O CH3 froma conpound of formula V. CH3 r~ /71 -1 X~N v NAY V
where X and Y are suitable protective noieties, wherein said process
conprises: (a) selectively renovi S protecting group of the conpound

of for wI@T\/Ii @I gi[@gﬁc&a compound of formula VI: CH3 NHN~N Y VI; (b)
sul fon _ gaund of formula VI with a cyclopropyl sulfonyl
noi et y,1. WAgr6ca¥s fr prépdriily & 8aMIpdandd?¥érmula (1)

CHs

N)\
CHs
N\ N k/N HaCu N
X T
N N
O  CHy -

from a compound of formula V:

where X and Y are suitable protective moieties, wherein said process comprises:
(a)  selectively removing the X protecting group of the compound of

formula V to produce a compound of formula VI:

AN
sgel

VI;
(b)  sulfonylating the compound of formula VI with a cyclopropyl

sulfonyl moiety, where W is a first leaving group:



28 O>11 W Il to formthe conmpound of formula VII: " 01,~CH3Y / k O

VIl ; (c) removing the Y protecting group fromthe conpound of fornula V|
and reacting with hydrogen brom de to proggce t he di-hydrobrom de salt
formula VIIl: CH3 6NH /N O- O.2HBr VIII™(d) reacting the conpound of

second | eaving group selected fromthe group capsisting of CN, Z

formula VIIl with (i) an agent containing a |egying group G where Gis a

al kyl sul f onat es, OCOCZ3 and benzotri azol Wla% Z being a hal ogen; and

(ii) the conpound of Formula Villa: H3C ”-v—-\m—B Formula Villa to
O

formthe conmpound of forrmula I X 29

to form the compound of formula VII:

VIl ;

(c) removing the Y protecting group from the compound of formula Vil and
reacting with hydrogen bromide to produce the di-hydrobromide salt

formula VIII:

VI

(d) reacting the compound of formula VIII with (i) an agent containing a
leaving group G where G is a second leaving group selected from the
group consisting of CN, Z, alkylsulfonates, OCOCZ; and benzotriazolyl,
with Z being a halogen; and (ii) the compound of Formula Vllla:

o HsC N
Ty
CHs

Formula Vllla

to form the compound of formula IX:



CH3 NON" NHCN OOvit)N\ Il OCH3 IX and (e) reacting the
compound of formula IX with a Gignard reag§n in a suitable solvent,

foll owed by workup, to yield the conmpound formula I, with the proviso
that X and Y are different such that X may be selectlvely renoved. 2. The
process according to claim1, whereNy™Xys selected fromthe group

consi sting of: p-nethoxybenzyl (PMB), yl, met hoxynet hyl, benzyl oxynet hyl ,
trityl, pival oyl oxynethyl, tetrahydrany b&nzyl di (p- nethoxyphenyl)nethyl
tri phenyl nethyl, (p- nethoxyphenyl) dip enylnethyl and t-butyl carbamate ("t-
Boc"). 3. The process accor gt ' ereln X i's p-nethoxybenzyl
(PMB): H3CA 4. The process gg{di | pbereginh Y is selected
fromthe group consisting of: rb enzy where Z is a

hal ogen), 2- trinethylsilyl eth carbamate, 1 net nyl et hyl
carbamate, t-butyl carbamate, cyclobutyl carba t hyl cycl obut yl
carbamat e, adamantyl carbamate, vinyl carbanate, aI rbamat e, ci nnanyl
carbamate, 8-quinolyl carbamate, 4,5-di phenyl-3-o0xazolin-2-one, benzyl
carbamate, 9-anthryl methyl carbamate, diq?pnylnethyl car banmat e,

S- benzyl carbamate, nmet hyl carbamate, ethy ar bamat e, di phenyl phosphi nyl
benzenesubﬁgnyl, or acyl. 5. The process according to claim4, wherein Y is
car bobenzyl oxy (Cbz): 30

(e) reacting the compound of formula IX with a Grignard reagent in a suitable

solvent, followed by workup, to yield the compound of formula |,

with the proviso that X and Y are different such that X may be selectively
removed.

2. The process according to claim 1, wherein X is selected from the group
consisting of: p-methoxybenzyl (PMB), allyl, methoxymethyl, benzyloxymethyl,
trityl, pivaloyloxymethyl, tetrahydranyl, benzyl, di(p-methoxyphenyl)methyl,
triphenylmethyl, (p-methoxyphenyl)-diphenylmethyl and t-butyl carbamate (“t-
Boc”).

3. The process according to claim 2, wherein X is p-methoxybenzyl (PMB):
3

HaCO

4. The process according to claim 1, wherein Y is selected from the group
consisting of: carbobenzyloxy (Cbz), CZ;CO (where Z is a halogen), 2-
trimethylsilylethyl carbamate, 1-methyl-1-phenylethyl carbamate, t-butyl
carbamate, cyclobutyl carbamate, 1-methylcyclobutyl carbamate, adamantyl
carbamate, vinyl carbamate, allyl carbamate, cinnamyl carbamate, 8-quinolyl
carbamate, 4,5-diphenyl-3-oxazolin-2-one, benzyl carbamate, 9-anthrylmethyl
carbamate, diphenylmethyl carbamate, S-benzylcarbamate, methyl carbamate,

ethyl carbamate, diphenylphosphinyl, benzenesulfenyl, or acyl.

5. The process according to claim 4, wherein Y is carbobenzyloxy (Cbz):



O 6. The process of claiml1l, wherein Wis a halide or triflate. 7. The
process according to claim6, wherein Wis CF 8. A process for preparing a
conmpound of forrmula IX: CH3 N N H3C N o0 NN OCHB IX froma conpound
of formula VIIl tCH3 N Vv\,$N~ NHp- \O2HBr VIII said process

conprising reacting the conpound of formula VIII th (i) an agent
containing a |l eaving group G where Gis a |leaving|jgroup selected fromthe

;
group consisting of CN, Z, alkyls H}énd benzotriazolyl, with
Z being a halogen, and (ii) the d: 3Io ~N ONJ)'~Y'~ 0 CH3 to

formula I: [/ CH3

6. The process of claim 1, wherein W is a halide or triflate.
7. The process according to claim 6, wherein W is Cl.

8. A process for preparing a compound of formula IX:

IX

from a compound of formula VIII

O
Vege!

2HBr

VI

said process comprising reacting the compound of formula VIl with (i) an agent
containing a leaving group G where G is a leaving group selected from the group
consisting of CN, Z, alkylsulfonates, OCOCZ3; and benzotriazolyl, with Z being a
halogen, and (ii) the compound:



NIl R/NNHCN O~\O N\ OH3 where R is alkyl or aryl froma conpound
of formula I XX CH3 N N H3C N OobNII% 0 CH3 IX where Gis a |leaving
group selected fromthe group consisting o Ton, z al kyl sul f onat es, OCOCZ3
and benzotriazolyl, with Z being a h(sl ogen, process conprising reacting
the conpound of fornmula IXwth a G 3 t in a suitable solvent,
fol |l owed by workup, to yield the conpound Jjof la I. 10. The process of
claim1l1, wherein said deprotection in s erfornmed using
trifluoroacetic anhydride. 11. The process clcﬁ_i| m 1, wherein said
deprotection in step (a) is perforned wusin 3

2, 3-di chl orpo-5, 6-di cyano- 1, 4- benzoqui none. 32 12. The process of claiml1,
wher ei n sg? %f%@@&%%@(?wl%f%wlﬁk ) is performed using methanesul fonic
acid. 13. The process of claim1, wherein said deprotection in step (c) is
per f or fdd ush REPCassAf mseRaritg a compssinddfffesmulade group consi sting of

sul furic acid, hydrochloric acid and hydrobrom c acid.

sai

CHs
N)\
R4
k/N HaC N
0 N N
O  CHy
I

where Ry is alkyl or aryl from a compound of formula IX:

CH,
4 )\
D N k/N HaC /Nj
o\ |
0 N N
IX

where G is a leaving group selected from the group consisting of CN, Z,
alkylsulfonates, OCOCZ; and benzotriazolyl, with Z being a halogen,

said process comprising reacting the compound of formula IX with a Grignard
reagent in a suitable solvent, followed by workup, to yield the compound of

formula l.

10. The process of claim 1, wherein said deprotection in step (a) is performed
using trifluoroacetic anhydride.

11. The process of claim 1, wherein said deprotection in step (a) is performed
using 2,3-dichloro-5,6-dicyano-1,4-benzoquinone.



14. The process of claim1, wherein step (d) conprises (1) converting said
conpound of fornmula VIII to a free base byééjse of a basic conpound and (2)
reacting said free base with an agent cont

ning a leaving H3CYN\ N/IN O

CH3 grao where G is a leaving.group selected fromthe group consjsting of
CN, z,%&ﬁz‘?m éc'awaqb&vnf 'gisékcgﬂj?@fp?%ﬂpﬁ irsten{aids aArfarmed usingar yi

group andpfethanésUin®os8&ld. 15. The process of claim 14, wherein said agent
[ cyanating agent and is selected fromthe

o, R TR e o S S S P

containing a leaving group is a

NaHSO4, KH8GBramg a¢id Sglesterhffom theygroup eonsisting of sglfuricsadid ON/drocHEht

trimethylsilylc i de: glycolonitrile; mandelonitrile; glycinonitril
acet one amaﬁ%i #&BY&QP@H& a(‘d‘?'rret hyl ani noacetonitrile. 16. The process of

claim 15,
procesiﬂo

mol ar  equi ¢ahRlRd M6

f 'OFAMRFIR O teh Gheompiisshydl convesting saidi n about 1- 5
t I y The
process of claim 14, m%ng@gﬁﬁﬂitg%ﬁfg%%ﬁa%@%%?%{%b%%%glri 8&4!1951”3?% with

€,

erein said cyanating agent is acetone cyanohydrin. 17. The
Cpiatenwbafeins

respect toreagtingsaibired bafsefwithrah ageht contamingradegingess of cl ai m 14,

wherein said basic conpound is selected from (i) a netal hydroxide, oxide,
carbonate and a bi carbonat e, e Hj s al is selected fromthe group
consisting of lithium sodium pdtasgium| rupidium cesium beryllium
magnesi um cal cium stronti um% '

titanium zirconium cobalt, copper, siflver, zinc, cadm um nercury

cerium

15.

16.

17.

18.

19.

group G where G is a leaving group selected from the group consisting of CN,
Z, OSO;R,, OCOCZ; and benzotriazolyl, with R, being an alkyl or aryl groUp
and Z is a halogen.

The process of claim 14, wherein said agent containing a leaving group is a
cyanating agent and is selected from the group consisting of: HCN, acetone
cyanohydrin; cyclohexanone cyanohydrin; a mixture of (C,Hs),AICN and
Ti(OPr)4, a mixture of acetic acid, H,SO4; NaHSO4, KHSO;3 or Na;S;05 and a
cyanide source such as NaCN or KCN; trimethylsilylcyanide; glycolonitrile;
mandelonitrile; glycinonitrile; acetone amino nitrile; and
dimethylaminoacetonitrile.

The process of claim 15, wherein said cyanating agent is acetone cyanohydrin.

The process of claim 16, wherein said acetone cyanohydrin is used in about 1-
5 molar equivalents with respect to the compound of formula VIll.

The process of claim 14, wherein is used in about 1-4 molar equivalents with
respect to the compound of formula ViIII.

The process of claim 14, wherein said basic compound is selected from:

(i) a metal hydroxide, oxide, carbonate and a bicarbonate, wherein the metal
is selected from the group consisting of lithium, sodium, potassium, rubidium,

cesium, beryllium, magnesium, calcium, strontium, barium, aluminum, indium,

um indium 33 thallium

and

a



(i1) a metal salt of a Cl1-Cl12 al kanol, a C3-Cl12 cycl oal kanol, a (C3-C8
cycl oal kyl ) C1- C6 al kanol; ammnia, a Cl-Cl2_al kylam ne, a di (Cl-C12
al kyl)am ne, a C3-C8 cycloal kyl am ne, a N3?CS C8 cycl oal kyl)-N-(C1-C12

al kyl ) am ne. i ( cl oal kylgm ne, a (C3-C8 cycl oal kyl)C1-C6

al kyl am ne, tha N—U(’Eg%ﬁﬁunb%ﬁ%@l-’mdc}) C%lprﬂel’iy?f'wﬂf (&ne, GEQHEUWIFY)%(WWe a
N-(C3-C8 cychbh&yihphCl- C6 al kyl - N-(C3-C8 cycl oal kyl )am ne, a di[(Cl-C6
cycl oal kyl ) C1-C6 al kyl [amine; or (iii) a heterocyclic am ne selected from

hept amet byl SLr A ra ool F e Akandla SakBioRbalRol Al &7 @ ™

al kyl ) pi per anicroalky)L - G@alkpnobess of claim 19, wherein said basic conpound
is KOH, NaCOH, Na2CO3, K2C(03, NaHCO3, KHCCO3, tetramethyl guani di ne, DBU,

di i sopr opy! edrhyriomia, eeCo:Criakaramet b@*(@qfcu |)Bm¢inér9@8@ of claim 20,
wherein said basic coppound is Na2CO3 o CCB: The process of claim

21, wher ei n Y%Qalpdam ec@n'ﬂtfgmﬁ:& @’CK@@@@ Nﬂ§31 @h@”ﬁ‘ﬂ)@@@@@ dHi(Cbdiam 1,

wher ei n sai 3 fr t he group

consi sting g(% a,% K‘Efﬁgr aﬁ&yﬁfg%gﬁ%)@éfs allﬁﬁ rieggaslgl (g?f@éq ai m 23, wherein

sl\,E:VSClGr! gnar@ck@lgé_ )tf)m (D§aMylvglq:C1 -25h. alﬁ'ji)anrinepa%(@; -Cg Icgclaa[k‘gl,)cyxhﬁrﬂyw sai dd
is u i n. about nol ar upva ct. to the conpoun

of formula ﬁﬁ-ﬂc;; %@'W)@HEEE %fj'[gﬂa{:ﬁrf:icoﬂlf%\é\éi E @ilfﬁaﬁ?w%eqﬁ in step (e)

is selected fromt he roup consj sting of hydrocarbaons, hal ogenat ed

hydr ocar bons{lil) & heiprocysliciaming salested iemdbe group congstiigetisadazolel ai m 26,

wher ein sai dtrlé%lléeﬁirblﬁ:hﬁ@ 5&@6%5”9@ H{eﬁ%ﬂgnelwﬁ&'}ﬂor er]%g hgr obenzene, or

di chl or obenzene al ohe or adm xtur a sol vent C ’ed fromthe
group consi sthiomorphobn&CandE21-4Ck+d, adkyipiperazipe. di net hoxyet hane,
1. 2-di et hoxyet hane, diglyne, 1,4-dioxane and tetrahydrofuran.

20. The process of claim 19, wherein said basic compound is KOH, NaOH,

Na,CO3, K,CO3, NaHCO3, KHCO3, tetramethylguanidine, DBU,
diisopropylethylamine or mixtures thereof.

21. The process of claim 20, wherein said basic compound is Na;CO; or K,COs.
22. The process of claim 21, wherein said basic compound is K;COs.

23. The process of claim 1, wherein said Grignard reagent in step (e) is selected
from the group consisting of MeMgCl, MeMgBr and MeMgl.

24. The process of claim 23, wherein said Grignard reagent is MeMgCl.

25. The process of claim 24, wherein said MeMgCl is used in about 1-4 molar
equivalents with respect to the compound of formula 1.

26. The process of claim 1, wherein said solvent in step (e) is selected from the
group consisting of hydrocarbons, halogenated hydrocarbons, ethers, and

mixtures thereof.

27. The process of claim 26, wherein said solvent is selected from toluene, xylene,
chlorobenzene, or dichlorobenzene alone or in admixture with a solvent
selected from the group consisting of a C5-C+2 alkyl ether, 1,2-
dimethoxyethane, 1.2-diethoxyethane, diglyme, 1,4-dioxane and
tetrahydrofuran.



34 28. The process of claim1l, wherein said work-up in step (e) is
treatnent wwth an acid in an agueous phagg. 29. The process of claim 28,
wherein said acid is HCl. 30. The process¥0f claim 28, wherein said acid is

a stro i d sel ected from con t f h drobromc aci d,
sul fur alfhedprogﬁas Bﬁﬁ?ﬂmor|"Yhe£8'i"osa'(§ls§"°”ﬁ‘h'§|"§rskﬁfg g reatment with ﬁﬂelrel n said

agent contgyidinan gqhggug PHaSEOup is a cyanating agent selected fromthe
group consisting of: HCN, acetone cyanohydrin; cycl ohexanone cyanohydrin; a

m Xt ureg OfTHe(Bﬂd'ébgé ENARDs, WHeREIN ¢hid acidiis Hefle of acetic acid, H2SO4;
NaHSO4, KHSO3™ or 98205 and a cyasflalldeczlglc;utrl_!:tclsa| such as NaCN or KCN;

trimet gyl spley ﬂ)r‘rfla?é?rglé ﬁg;clagfhé‘%?m@h' %a‘?d acidgd %eétfHﬂgﬁ éc}né ?se&%_ké’ocrﬁgmhrer e

acet one am no am noacet on € process of

cl ai m 31, grbap ebnsisting of pd@brovicaasid] sulfuris aeid) rndoyleosphpdciatid. 33. The
process of claim9, wherein said Gignard reagent is nmethyl magnesium

chl orige. b protespodersd &fwrﬁéréinrﬁaﬁ’d ag/emr@omammgia%éwwgrd@ i@ ani xture of
t ol uene and tetrahydrofuran 35. process Hoarl ng a conpound of

formul a (19yanefipg agen setecisd fr@nwﬂil%erwn q:onSlstmgc@fN @tene | where R is
an al kyl oty -3bKdiH: ByRiohekaRBRE cFMBRRHA: 8imilUr& ?Czljis)zﬁr@ﬂ%
Ti(OPr)4, @ mixture of acetic acid, H,SO4; NaHSO4, KHSO3 or Na;S;05 and a
cyanide source such as NaCN or KCN; trimethylsilylcyanide; glycolonitrile;
mandelonitrile; glycinonitrile; acetone amino nitrile; and
dimethylaminoacetonitrile.

32. The process of claim 31, wherein said cyanating agent is acetone cyanohydrin.

33. The process of claim 9, wherein said Grignard reagent is methyl magnesium
chloride.

34. The process of claim 9, wherein said solvent is a mixture of toluene and

tetrahydrofuran.

35. A process for preparing a compound of formula (1)

CH,
N/LW .
_N ‘\/N ! HiC N
S N N
where R; is an alkyl or aryl group;

COOEt
'l

from a compound of formula ii:

said process comprising:

34



HN 1 | said process conprising: 34 35
to a conmpound of fornula Il

formula |1

(a) converting the conpound of
by reacting with a reagent that

i ntroduces a PMB group: 7/ COOEt PMB' N |85 where PMB i s p-nethoxybenzyl ;
(b) reacting said conpound of fornmula Ill with a suitable reducing reagent,
fol | owed by (phepnyerting e compaynd fodfermulail tofa eompeund iof éorsalla liahy

IV on T G v eRon i £ cagaR et BRRIHE o A KOt ormt & 1y it

benzotri azol e, 3- fluorophenyl magnesi um br om t he conpound: CH3 H N
Cbz to yield a conmpound of formula V, whegreNDZz 'S carbobenzyl oxy =~ 01'~
CH3 N

PMB~

il
where PMB is p-methoxybenzyl;

(b) reacting said compound of formula Il with a suitable reducing reagent,
followed by purification through formation of a bisulfite salt and

subsequent treatment with a basic compound, to yield a compound of

O/CHO
N
PMB”

v

formula 1V:

(c) reacting said compound of formula IV with benzotriazole, 3-

fluorophenylmagnesium bromide and the compound:

CHj;

5

N
\Cbz

to yield a compound of formula V, where Cbz is carbobenzyloxy

(d) removing the PMB protecting group of the compound of formula V to

produce a compound of formula VI:



NIIN PV

formula V to produce a conpound of forrmV\S 36 CH N HN 6N Cbz VI;
sul fonyl ati ng the conmpound of fornula Vi ®n cy

&oz V; (d) renoving the PMVB prot ecti ng group of the conpound of

cl opropyl sul fonyl

(e)

chloride, to formthe conpound of forrrula VII CH3 N NN~ o ,5 Cbhz OVII;

(f) renoving the Cbz protecting group he conmpound of formila VIl and
reacting with hydrogen bromde to produ e di - hydrobrom de salt formula
VIITl: YCH N vi~ ,/N~NH O 0 2HBr VI (ep, reacting the conpound of
formula VIII

| eavi ng group selected fromthe gro

with (i) an agent cont:rimjl%@ eaving group G where Gis a

Vi ;

(e) sulfonylating the compound of formula VI with cyclopropyl sulfonyl

chloride, to form the compound of formula VII:

Vi

(f) removing the Cbz protecting group from the compound of formula VIl and
reacting with hydrogen bromide to produce the di-hydrobromide salt

formula VIII:

VI

(g) reacting the compound of formula VI with (i) an agent containing a
leaving group G where G is a leaving group selected from the group
consisting of CN, Z, OSO,R;, OCOCZ; and benzotriazolyl, with R, being
an alkyl or aryl group and Z is a halogen; and (ii) the compound:

to form the compound of formula IX:



consisting of CN, Z, OS02R2, OCOCZ3 and benzotriazolyl, wth R2 being an

al kyl or aryl group and Z is a halogen; and (ii) the conpound: O H3C r N NY
77N 0 CH3 to formthe conmpound of formula_IX: 37 CH3 V "NOIN\ INO
CH3 IX, and (h) reacting the conpound of f8fmula IX with a Gignard reagent
in a suitable solvent followed by a workup to yield the conpound of fornula

. 36. A conpound, i ncludi rs of said conmpound, of the formula: F~q
CH NtNNNHI Np NIN 0

(h) reacting the compound of formula [X with a Grignard reagent in a suitable

solvent followed by a workup to yield the compound of formula .

36. A compound, including isomers of said compound, of the formula:

N
|\/N HsC /N
AN jl
0 N N
0 CHy



