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I NVENTION 5 This invention relates to an inproved

process for the preparation of (2S, 3S)-

2-benzhydryl -N-(5-tert-butyl -2-nmet hoxybenzyl ) qui nuclid

i n-3-am ne, (hereinafter "conpeund of Fornula I") and

its pharmaceutically acceptable salts. D sclosed

therein is an inproved synthesis of the nonohydrate

citrate salt of thBR@&ﬁﬁﬁJE@mPREPWWIaNI(W 10 H3CO"

CHI 1H25;35)-2cRenzhyd el dV-(5- feef-biiQ)-Zirae thbiviatiz)) @ piinucldin-3-amine

HOC /~CO2H HO "-COH HO la - citrate nonohydrate
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may be parenterally adm nistrated for about five days
20 at the sane site for treatnent of enesis or other

sy Nt ravenous or, prefécak) subcut aneous
h ice, desirable for acute
Znd bsorption of an oral
H hyee? ng bouts of enesi e
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nal application
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HO COMH

© HO

adm ni str §

1 ) la -- citrate monohydrate

BACKGROUND OF INVENTION

The compound of Formula I, any NK1 receptor antagonist, is effective as an
anti-emetic agent for mammals. The compound of Formula | is the subject of U_S.
6,222,038 and U.S. 6,255,320, and the preparation of the compound of Formula t is
described therein. U.S. 5,393,762 also describes pharmaceutical compositions and
ltreatment of emesis using NK-1 receptor antagonists. The multiple-use formulation
of the compound of Formula | may be parenterally administrated for about five days
at the same site for treatment of emesis or other indications. Intravenous or,
preferably, subcutaneous administration is desirable'for acute use, since retention
and absorption of an oral dosage form may be problematic during bouts of emesis.
The multiple-use formulation is described in a co-pending U.S. provisional application
No. 60/540897 assigned to and owned by Pfizer, Inc.

The compound of Formula 1 also improves anesthesia recovery in mammals.
A co-pending U.S. provisional application No. 60/540,697 assigned to and owned by



No. 60/540897 assigned to and owned by Pfizer, Inc. 25

The conmpound of Formula | al so inproves anesthesia
VOI¥¥p473n mammal s. A co-pending U.S. provi siggig2005/600221
application No. 60/540,697 assigned to and owned by WO
2005/ 075473 PCT/ 1 B2005/ 000221 -2 Pfizer Inc.,
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adm ni stering a NK-1 antagonist prior to, during or
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aspect, there is provided a process for preparing the
20 conmpound of Formul a éwﬁoﬁ IWENTISIIG' HC H, C CH,
in one aspect, there is provided a process for preparing the
- compound of Formuia Ib,

SOH

ib

25  comprising:

(a) deprotecting a compound of Formula Via,



O SOH 1Ib 25 conprising: (a) deprotecting a conmpound
of Fornmula Via, WD 2005/075473 PCT/1B2005/ 000221 - 3-

wdR2005/07M% ,,, | / H3C CH3 O SGBH Vi a wher ei np&emH05000221

10

protecting group, to provide a%_conpound of Formul a
VIl; NH2 \ HC CH3. N O SG3H VIl (b) reacting the
conpound of formula VII so formed with a conpound of
formula MIl, 3 CH3 CH3 H3COOH WVIII 10 WO
2005/ 075473 PCT/ 1 B2005/ 000221

Rl

Via

- wherein R’ is a protecting group, to provide a compound of Formula Vil;

Vi

(b} reacting the compound of formula Vil so formed with a compound of formula

Vi,
MG en,
CH,
H,CO
0 ™H
vil



-4 and performng a reductive amnation to provide a
conmpound of Formula Ib, H3COCH CH NHHC,,, | [/

- WRRRESOII4730 SOBH Ib I n one enbodi.ment, the i nPEMIBNS/000221

5
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‘carbonate, or palladiumon

plati num on carbon, palla

further conprises renoving the4s canphorsul fonate salt
of the conmpound of Formula Ib to provide a conpound of
Formula I, H3CO\ / CHI CH NH\3CIn a preferred
enbodi ment, the protecting group is benzyl,

4- metahd pgifemning a reducivelamiaetimxtpipenidd a campound of Formula Ib,
triphenyl nmethyl. Preferably, the deprotection is
performed 10 by catal ytic hydrogenolysis with
hydrogen. Preferably, thet@atalyst is palladi umon
carbon, platinum on carbon, | agkum on cal ci um
aH(AI 203). In a
preferred enbodi nent, oRedugt ‘ani mation i s
performed by formati @(p a ine foll owed by

catal yti c hydrogenati onu refabl y, wiche ohid

hydr ogenati on catal yst is jall adi um on Kar bon,

on calcj car bonat e,
or pal I adi um on al um na (A¥203). WO 75473

PCT/ 1B2005/ 000221 In a preferred emSodi nent, the
process further conprises treating the ¢8fpound of
Formula | with citric acid, formng the conpound of

Formula la. )
In one embodiment, the invention further comprises removing the

camphorsulfonate salt of the compound of Formula Ib to provide a compound of
Formula I,

H,CO
CH,

CH

In a preferred embodiment, the protecting group is benzyl, 4-methoxybenzyt
2,4-dimethoxybenzyl, or triphenylmethyl. Preferably, the deprotection is performed
by catalytic hydrogenolysis with hydrogen. Preferably, the catalyst is palladium on

carbon, platinum on carbon, palladium on calcium carbonate, or palladium on
alumina (Al,O3).

3

In a preferred embodiment, the reductive animation is performed by
formation of an imine followed by catalytic hydrogenation. Preferably, the
hydrogenation catalyst is palladium on carbon, platinum on carbon, palladium on
calcium carbonate, or palladium on alumina (Al,O5).



HBCOCH NH \2C HO COH H20 la - citrate nonohydrate

In a second aspect, there is provided a conpound of

YR58 PMTBa VI a, r-O ~(aNH NJ..~~~ 2H3 SO3H ptimB2005/000221
-5a- Disclosed herein is a process for preparing the
conmpound of Formula I, Hco CH NH nac CH,

conprising: (a) debenzylating a conpound of Fornul a

Via rlO 16)1~" NH\ Nopt / H3C CH3 O SGBH 10 Via

VO 2005iF Elﬁ'&r&f?&%b%m @RO g?dl:esé ﬂgtﬂé%ﬁ%—l%&gmahw }he

conpound of
mpound of Flt:)rrnnkla lwnth catnc acnd formmg the compound of Formula Ia.

H,Co

Ia - citrate monohydrate
In a second aspect, there is provided a compound of the Formula Vla,
I 0

Via

SO,H



(b) reacting the conmpound of formula VIl so forned
with a conpound of formula Vill, HCCH CH3 H CO O
H 5 VIIl and perform ng @%eductive am nation to
provi de a conmpound of Forrmula Ib, HCOCH NHHCN
"., ]l HCCH3 ~SOH Ib, and (c) renoving the
canphorsul fonate salt of the conpound of |Ib to provide
the conmpound of Forrmula I. 10 In a preferred
enbodiigoried hébl i prensy ke ipiBringhder f or med by

cat al ti&r10 Exdro enation. Preferably, the catalyst is
deWE%PU bROTIRSn | pl ati num on carbon, pal | adi um on
cal ci um carbonate, or pal liggb.umgn alum na (Al 203). In
a preferred enbodi nent, the pr s further conprises

a reductive amnation of step tftt is perforned
by catal ytic hydrogenati on. abhgy, the WO

2005/ 075473 PCT/ | B2005/ oM _latalyst is-

pal | adi um on car bon, plgﬁ ar bon, pall adi um on
cal ci um carbonate, or palT &g wfon al um na (Al 203) .

I n anot her enbodi nent, the plocess further conprises
i solating the conpound of la |. Preferably, the
i sol ation of the conmpound 8{_Forrmula | 5 occurs by
acid counter ion exchange or basification followed by
sel ective crystallization. Preferably, the
crystallization is acconplished in a solvent sel ected

comprising:
(a) debenzylating a compound of Formula Via

ar
- O H,C._.CH

N

&

SO,H
Via



fromwater, alcohols, ethers, hydrocarbons or m xtures
thereof. Preferably, the solvent is isopropanol,

WO3IE#A8r water or mxtures thereof. In a pr@CEABAGS/000221

10

enbodi ment, the basification ig.perforned by the
addition of an 10 inorganic or organic reagent.
Preferably, the reagent is sodi um hydroxi de, sodium
carbonat e or sodi um bi carbonate. | n another
e b SVIAE Y confdBndP bt el Wl t her conprises treating the
conpound of Fornmula I with citric acid, formng the
conpound of Formula la H, A~ C CH3 NHOQ\ J~~
COH HO "co2H . HO 15 la | tr rahe In a
preferred enbodi ment, the™groge c(g'aﬁ'pri ses
the addition of acetone and wg ably, the
process further conprises a) oI ution;
provi di ng
3

and 20 b) adding a filtered &€ her sol ve
a conmpound of Fornula la. In another @nb 'c?n;_pt, t he
process further conprising the additional st¥p (c) of
granul ating the conpound of Fornula la. Preferably,

the ether solvent is tert-butyl IhyI et her.

Preferably, the process further cofnprises applying

heat (Btre4dting 1Y &nSisbuda of RAREE Aok With & E&BpdUNd.-of formula
Preferably, "the process further conprises the addition

of VD 2005/ 075473 PCT/ M2005/ 000221 8 seed crystal s of
Conmpound of Fornmula la during aggafter step (b).
Preferably, the tenperature js abdlit 30C to about

45C. I n anot her enbodi nent, @ précess further
eappound of Formula | at an

conprises granul ating tn%
el evat ed t enperature. petTer afl y, the tenperature is
H. ‘

5 about 30C to about 45C. 4

d

Vil

T

and performing a reductive amination to provide a compound of Formula b,

" H,00
;@3(1:“’
CH,

SOH
) ib , and _

(c) removing the camphorsulfonate salt of the compound of Ib to provide the
compound of Formula L.

Ina préferred embodiment, the debenzylation is performed by catalytic
hydrogenation. Preferabiy, the catalyst is palladium on carbon, platinum on carbon,
palladium on caicium carbonate, or palladium on alumina (AlO3).

In a preferred embodiment, the process further comprises a reductive
amination of step (b) that is performed by catalytic hydrogenation- Preferably, the



Di scl osed herein is a process for preparing the
conpound of Formula 1, H3CO Pc | NJI" conprising
V|n the canphorsul fonate salt of a conpound of
Wy | / CH CH ~NH\3C Hoc CH | \ PCTEBH93PP0221
10 Ib to prOV|de t he conmpound df Fornmula 1. WO
2005/ 075473 PCT/ 102005/ 000221 In a preferred
enbodi ment, the process further conprises reducing a

conpoundofIXa HCOCH | CH, N1-3C'" | /| HCCH
3 cptalyst isgafiadium on carbon, platinum on carbon, palladium on calcium carbonate,

or palladium on alumina (Al,Os).
In another embodiment, the process further comprises isolating the
compound of Formula . Preferably, the isolation of the compound of Formula §

5  occurs by acid counter ion exchange or basification followed by selective
crystallization. Preferably, the crystallization is accomplished in a solvent selected
from water, alcohols, ethers, hydrocarbons or mixtures thereof. Preferably, the
solvent is isopropano!, toluene or water or mixtures thereof.

In a preferred embodiment, the basification is performed by the addition of an
10 inorganic or organic reagent. Preferably, the reagent is sodium hydroxide, sodium
carbonate or sodium bicarbonate.
) In another embodiment, the process further comprises treating the compound
of Formula | with citric acid, forming the compound of Formula la

H,CO .
D%m )
CH,

H.C
HO,C >C002H
HO COH

- HO

15 la -- citrate monohydrate

Ina préferred embodiment, the process further comprises the addition of
acetone and water. Preferably, the process further comprises
a) filtering the solution; and
20 b) adding a fiitered ether solvent,
providing a compound of Formula la.

In another embodiment, the process further comprisihg the additional step (c)
of granulating the compound of Formula la. Preferably, the ether solvent is tert-butyl
methyl ether. Preferably, the process further comprises applying heat at an elevated

25  temperature during step (b). Preferably, the process further comprises the addition of



| Xa to provide the conpound of Fornmula Ib so fornmed. 5
In a preferred enbodi ment, the process further

WOPES/ reacting a corrpound of Formula VII,

I—BCIIﬁmCHNg@BI ~ OSMBH VIl with a conpound of ForﬁﬁT’éBmOSmom
VIIl, H3 CH3 CH3 H3COOH VIt§ 10 to provide the
conpound of formula | Xa so fornmed. WO 2005/ 075473

PCT/ | B2005/ 000221 - 10 In a preferred enbodi nent, the

pr rt s deprotecting a conpound of
gg&féy{}g,s O?E'r" l\?fﬁﬂl@ laguriggoiptigr stepIbjufetsirably, the
R' tenmemtpueas abbmtrwort@usmﬁab@@t ed from benzyl,

4- et ho , 4- di met hoxybenzyl or
tri phe nﬁ/ r}l%lemqoé'”ﬁ?'ﬁxﬁ’ﬁ Pracgss kuthpronamprises Fonudatiag the

VI torsgounti@f Fefhnula | at an elevated temperature. Perferably, the temperature is
S  about 30°C to about 45°C.

Disclosed herein is a process for preparing the
compound of Formula I,

comprising removing the camphorsulfonate salt of a compound of Ib
H,CO

- CHJ

“%

10 - b
to provide the compound of Forfnula L




In a preferred enbodi nent, the process further
conprises treating the 10 conpound of Formula | with
idto forma conpound of Formula Ia,
W6h6°%}0%5ﬂ§§ H\,C Ho'C co' H HO>00zH HO | a - re im0z
monohydr at e WO 2005/ 075473 PCT/$B2005/ 000221 -11 In a
fourth aspect, the invention is directed to a conpound
of the Formula Via, o ,,,NH n HG CH3 0 SGBH Via

BRI EF DESCRI PTI TH Figure 1: .
CompourD Aot o RUFHATEONToR S Wgs herpabpeT redycnga

| NgEidoLRIfI®a) n general, the conpound of Fornmula | may
be prepared by net hods that i ncl ude processes known
in the chem cal arts, kqarly in light of the
descri ption contained her e
forthe manufacture of the '
this invention are |I sthat eg by the fol |l owi ng
reacti on schenes. 3ses are described in
t he experi nent al sec i, HQpe gﬁartlng 15
conpounds for the reactiofis describeg I t he schenes
and exanpl es are prepar e S |IIustﬁ1ted in
Preparati on A and Prepa
conmpounds may

IXa

to provide the compound of Formuia Ib so formed.
5 In a preferred embodiment, the process further comprises reacting a

compound of Formula VI,
@

O,H

Vil

with a compound of Formula VIl,

R CH,

CH
H,CO

G H

vHI

10 o provide the compound of formula IXa so formed.



be obtai ned from general commercial sources, such as
Sigma- Al drich Corporation, St. Louis, MO or nay be

W(FE@%J; u5| ng net hods knovvn in the chem cal

10

erature. The follow ng reactjon Schenes i | PGLIRARpY000221
one possi bl e preparation of t 20 conmpound of the
present invention. One skilled in the art would
recogni ze that ot her protecting groups ot her than
benzyl coul d be ut| i zed to are gs\ﬂglecti n
group Vh? P& °d!"ﬂ‘é" ﬁﬁ@?ﬁﬁs cﬁ°ﬁiﬁ’|” gprotg
exaimpbind mlFbﬁﬁu[mmﬁl ble protecting groups are
4- et hoxybenzyl , 2, 4-di net hoxybenzyl, and
tri phenyl nethyl. Preparation A and Preparation B
schenes depi ct alter nat ike preparations of 25 the
starting conpound, npg d.of Fornmula Via, |ater used
in Schenes | and 1 benzyl is utilized as
the protecting gro o 0754%@. PCH, | B2005/ 000221
12 PREPARATION A O'H OivpB 6 CuBr. (QM 6S N NaOH, H20

THE N N i PrOH Phive f@qni ¢ aci d lyst) N 111 1V
@ / S03 THENN Via O

V NaBH(QAc)3 NH NH
CH, CN SO3H VI 5 (One psi bl e sysft hksis of the
conpound of Fornmula Via is detail ed aB8te in
Preparation A This route achieved optical purity of
conpound of Fornula Via by Via

wherein R’ is a protecting group selected from benzyl, 4-methoxybenzyl, 2,4~
dimethoxybenzy! or triphenylmethyl, to provide the compound of Formuta VIl so
formed. '

In a preferred embodiment, the process further comprises treating the
compound of Formula | with citric acid to form a compound of Formula la,

H,CO
D%Hs
CH,

H,C

HO,C ><002H
HO CoM
- HO

-

la -- citrate monohydrate



sel ective crystallization of the desired conpound (cis
25,38 form as the (1R)-(-)10- canphorsul fonic acid

a racem c m xture of Conpound VI. 9
_W(Z?AO%IH);eﬁTLg] gp?'la?%ws;/ﬁoozzl
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undesired cis enantioner (cis 2R 3
typically 5-6% and up to 2% oftfundesired trans
di ast eeeoners (trans 2R, 3S and trans 2S, 3R forns,
typically 1.3% observed), however, were produced in
the process of synthesizing the conpound of Fornmnula
Via vitafeudh pepacs thefnventoniisdirestedite alcampappt @dot Feroula Via,
conpound of Forpula Via, however, it is 15 necessary

to enhance and rove both optical and diastereoneric
purity to achi the desired quantity of conpound of
Formul a | B hor to subjecting it to the synthetic

e Schene 1. An alternate synthesis to

route d

conpoun ’ #a V Bgd-uCtimatel y conpound of
Formula Vira |s depicted irn\Preparation B. Preparation
B is the suypfect of U-S. 20 provi si onal
Applicatio . 1016799 iled Cctober 6, 2003. The
text of the aforenenti®8ne SgngI ication i s hereby

i ncorporated by reference in"its entirety. As

descri bed above, d&® of ordinary skill in the art
woul d recogni ze that different” WD 2005/ 075473 :
PCT/ 1 B2005/ 000221 -13 protecting groups, other than

b I, ld b Eld - AP of the
cgﬂ'zgundc&ch For%FHEF alGile i ijﬁA\’\ﬂht;@q\?vithin

the scope of the present invention. 5 PREPARATION B

T (o e erd 12 |- Ep(RpbA SRR PR Vot 1 21 U8

n- heptane \ ' \

DESCRIPTION OF INVENTION

In general, the compound of Formula | may be prepared by methods that
include processes known in the chemical arts, particularly in light of the description.
contained herein. Certain processes forthe manufacture of the compound of
Formula 1 of this invention are illustrated by the following reaction schemes. Other
processes are described in the experimental section. Some of the starting
compounds for the reactions described in the schemes and examples are prepared
as illustrated in Preparation A and Preparation B. All other starting compounds may

‘be obtained from general commercial sources, such as Sigma-Aldrich Corporation,
St. Louis, MO, or may be prepared using methods known in the chemical fiterature.

The following reaction Schemes illustrate one possible preparation of the
compound of the present invention. One skilled in the art would recognize that other
protecting groups, other than benzyl, could also be utilized to prepare protecting

- group variations of the compound of Formula Vla. For example, other possible
protecting groups are 4-methoxybenzy, 2,4-dimethoxybenzyl, and triphenylmethyl.

Preparation A and Preparation B schemes depict alternative preparations of
the starting compound, compound of Formula Vla, later used in Schemes t and II,
wherein benzyl is utilized as the protecting group.



Step 3 H2, PVC Step 41 NHIINH I ¢ SO | \ CHCN
Via\ - SOH Vib In Step 1 of Preparation B, the

w896dsfo%47gl”' fication is first perforned on the

10

15
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ACem ¢ ketone of Formula IV, the latter bei n§CT/B2005/000221
dynam cal ly resol ved as the L-t@&rtaric acid salt
wherein the undesired (2R)-enantioner is racem zed
under the reaction 10 conditions to ultimtely give
the desired (2S)-enantioner in greater than 50% vyi el d.
Optically pure conpound BB_EE&M%QN_&Va (up to 98% ee)
was then reacted with benzyl am ne under Schiff

base-form ng conditions to provide the imne
i nt er medi a%g/ conpound of mul a Va, which was

catalytic Gin tereos
Ci 0

(1R)-(-)-canphorsul fongte salt, eli
for recrystallizati or-of corrpound
stereochem cal purity, when synthesiz

o ¥k e t%a'vs‘) N

dyia the route
described in Preparation B WO 2005/ 075473 y O
I

PCT/ JB2005/ 000221 -14 The foll ow ng reaction Scherre
illustrates -

xanmpl e of the epar ati on of
compound of la la fromthe orrpound of _
Via, as_prepared vi Prepara 5 SCHENVEF H, C CH, NaBH{
I CH, tep NI, - ~.. 5%
RUC, sou
CH,CN

Vi

One possible synthesis of the compound of Formula Via is detailed above in
Preparation A. This route achieved optical purity of compound of Formuia Via by
selective crystallization of the desired compound (cis 28,3S form) as the (1R)}-(-}10-
camphorsulfonic acid salt from a racemic mixture of Compound V1. Up to 15% of the
undesired cis enantiomer (cis 2R, 3R form, typically 5-6%) and up to 2% of undesired

- trans diasteriomers (trans 2R, 38 and trans 28, 3R forms, typically 1.3% observed),
however, were produced in the process of synthesizing the compound of Formula Via
via this route.

With this particular approach to compound of Formula Vla, however, it is
necessary to enhance and improve both optical and diastereomeric purity to achieve

~the desired quantity of compound of Formula 1, prior to subjecting it to the synthetic

route depicted in Scheme I.

An alternate synthesis to compound of Formula V and ultimately compound of
Formula Via is depicted in Preparation B. Preparation B is the subject of U.S. Non-
“provisional Application No. 10/679961, filed October 6, 2003. The text of the
aforementioned application is hereby incorporated by reference in its entirety. As
described above, one of ordinary skill in the art would recognize that different

Iegtlve manner {o

la W Lhe [£off pf I a

Vi %d T5 T hé%‘ﬁgh 5¢ i nt merif)
pur Mty £1y,,conpound )\ b it is convered to Thg, =N O

OAC),
CH,COM



5%Pd/C. MMOHo H / Heat C SOH So,H Via Vii N, CO
H3CO CH, Step 2R (recrvstallization) CCH NH\HC
w@'ﬂoosﬁﬁ&h ne 2X / Repulp NH H+C c1% CHzCl St MNefabk o
030,11b HCO\ I/ CH ep 3R bk /000221
(reervstalllzatlon) H C CH, NH I Step 4 '.. [/

HO C-COH Cible Acid HO Co2H Acetone | water then
DPE/ HP la - citrate nonohydrate The conpound of

Fornul.a Via requi addi tio ication tp

Pl Sa dtoflel. S b sBRok. ikt MifRslio Rénary rtions of the

2 Evrpund f FbinauieWlal diheses earlationidwre Wathinfth€ beope ofthe present

co und of Formula I. Accordingly, in Step | of

s@ﬁg’?{’é’ﬁ , two successive recrystallizations of

conpound of Forrmula Via were performed in 4-nethyl -

5 pent anone ("M RK"). Co o i & 0 g) was suspended
in 10 vol unmes (500 L) 5 water/ M BK

sol ution) and heated to about 88-90C for up o about 2—

hours. The WD 2005/ 075473 PCT/ |1 B2005/ 000221

Step 1 Step 2

I. L-Tartaric acid
A ™
EICH Ti(OWPn),

ii. K,CO, (ag) THF

PhMe

n-heptane

SOH

In Ste;i 1 of Preparation B, the optical purification is first performed on the
racemic ketone of Formula 1V, the latter being dynamically resolved as the L-tartaric
acid salt wherein the undesired (2R)-enantiomer is racemized under the reaction
10 conditions to ultimately give the desired (2S)-enantiomer in greater thanr 50% yield.
Optically pure compound of Formula IVa (up to 98% ee) was then reacted with benzyl
amine under Schiff base-forming conditions to provide the imine intermediate,
compound of Formula Va, which was catalytically reduced in a stereoselective
manner to cis compound of Formula Vib. The compound of Formula Vla is produced
15 ina higher optical (enantiomeric) purity when compound Vib it is conv_e'rtecl to the
(1R)-(-)-camphorsulfonate sait, eliminating the need for recrystallization of compound
Via to enhance stereochemical phrity, when synthesized via the route described in
Preparation B
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about 88- 90C for up to two hoyyys. The solution was
then cooled to about 20-25C and the product was
isolated by filtration, washed with 0.5 vol unes of
M BK and was then 5 dried to yield Conpound Via in
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Séhreeaspound REFer laritprothe Compotrd ofiFermialg Via, as prepared via
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pl ati num on carbon, pall adBGHEME cal ci um 10 car bonat e,

or palladiumon alumna (Al 203), in a solvent, such as

nmet hanol or isopropanol (propan-2-ol, "IPA") to G o
provi de conpound of Fornula VIl in situ. In this &
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I'b was rectystal f¥'zed using acetone ¥s sol vent to

provide purified conpound Ib. Conpound I was then
prepared from conpound | b by basificati o)} usi ng
aqu di um hydroxi de and extraction’in

di chl o tfane fol loywed by 20 recrystall cEl; from
terti akyoldtopl et hyl A und J~ we hen®
S ] @ in a mxt an t @

cit ¢ d ed feaklawedoby diisdprbpyl ether.
The resul tant s@did was then collected b iltration,
washégd-wi t h dij ropyl ether and then tfied to give

conpound | a. dThggf,ol | owi ng reacti on Schene 11
iIIustrateI:s an alternative preparation of the 25
conpound of Formula | citrate nonohydrate fromthe
conpound -of Formula Via, with inproved yield from
about 68% to about 76% Furt her n®¥ he reaction of
Schenme II° is inproved in that inmfgg'ﬁary conpounds
(bracket e@%ﬂiﬂl%ﬂﬁMqui re isolatyonud tefore

pr oceedi—ng—f—&lz—ﬁa#d—t—e—-t- he' nex@_ynt iC Hgé ep.co}\f/\o
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13 - citrate monohydrate

The compound of Formula Via required additional purification to mimimize the
_presence of the undesired (cis 2R-3R}-enantiomer for use in the manufacture of
compound of Formula L. Accordingly, in Step 1 of Scheme I, two successive
recrystallizations of compound of Formula Via were performed in 4-methyl-2-
pentanone (*“MIBK").
_ Compound Vla (50 g) was suspended in 10 volumes (500 mL) of 10% viv
- water/MIBK solution) and heated to about 88-80°C for up to about 2 hours. The
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Step CH 1) Tol uene. H2O, NaCH45CH, NH |

"/~17\}f Pd/C,,, | / 2) Concentrate tol uene H, C CH,
N He CH via distillation, displace Heat wth
propan-2-ul y H20 Step BXIOOQtbnall 0 o Opti onal

Ly .
rH ﬁﬁcd(t)ms{s %Chlcbéléb bAg th%odﬂx& foldteldr ﬁst%ﬁ% Fhe s&bedtkﬁ%ﬂ;r‘bduct

Auas rgﬁg?pwgpgrlr? Avekimespf aqueous MIBK and heated again to about 88-
90°C for up to two hours. The solution was then cooled to about 20-25°C and the

product was isolated by filtration, washed with 0.5 volumes of MIBK and was then
dried to yield Compound Via in high enentiomeric purity (fess than 0.2% of undesired
enantiomer) in typically 83-85% yield.

in Step 2 of Scheme i, the compound of Formula Vla was catalytically
deprotected, in this case, debenzylated, with a suitable catalyst, such as, palladium
on carbon, palladium hydroxide on carbon, platinum on carbon, palladium on calcium
carbonate , or palladium on alumina (AlOg) , in a solvent, such as methanol or
isopropanol (propan-2-of, “IPA”) to provide compound of Formula VIl in situ. In this
particular synthesis, it was not necessary to isolate the intermediate compound VI
Instead, compound VIl was reacted with compound VIl and hydrogen in the
presence of a suitable catalyst, such as palladium on carbon, palladium hydroxide on
carbon, platinum on carbon, palladium on calcium carbonate , or paliadium on
alumina (AlO3), to provide compound Ib.

Compound b was recrystallized using acetone as solvent to provide purified
compound Ib. Compound | was then prepared from compound Ib by basification
using aqueous sodium hydroxide and extraction into dichloromethane followed by
recrystallisation from tertiary-butyl methyl ether. Compound ! was then suspended in

a mixture of acetone and water, and citric acid was added followed by diisopropyl
ether. The resultant solid was then collected by filtration, washed with diisopropyl
ether and then dried to give compound la.

The following reaction Scheme Il illustrates an altemative preparation of the
compound of Formula | citrate monohydrate from the compound of Formula Via, with
improved yield from about 68% to about 76% Furthermore, the reaction of Scheme i
is improved in that intermediary compounds (bracketed) do not require isolation,

* before proceeding forward to the'next synthetic step.
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lert-butyl methyl ether / . HQ. | la In Step
Schenme 11, a m xture of conpound of forrmula Via,
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and the y rgen gas verfiee@Hontimed gl | adi UM n Car bof’
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sol uti on o~Lonmpound | b WAL tAKEMHEPFrectly ivato Stepe
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In Step A of Scheme I, a mixture of compound of Formula Via, wherein R'is
a protecting group such as benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl, or
triphenylmethyl, in an alcoholic solvent such as methanol, ethanol or n-propanol but
preferably propan-2-ol, optionally also in the presence of water, was hydrogenated
over a palladium on carbon catalyst at elevated temperature (typically 75-80° C) and
pressure (typically 50 psig hydrogen). One skilled in the art would appreciate that
other catalysts may be suitable, such as palladium on carbon, palladium hydroxide on
carbon, platinum on carbon, palladium on calcium carbonate, or palladium on
alumina (Al O3).

Once formation of the intermediate, compound VI, was complete (about 1
hour) the compound of Formula VIN, typically as a solution in the respective alcoholic
solvent, such as methanol, ethanol etc. (preferably in propan-2-of (isopropanol,

- “IPA")) was added to the reaction, without isolating the compound of Formula Vi, and
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by the addition of toluene. Jphe mxture was t
concentrated again by distillation, adding additional
tol uene and water as necessary duri ng distillation
until sufficient isopropanol had been renoved from

the rﬂ&t@fr{e%ﬁ:ﬁe@ﬂﬂ:ﬁalhﬁ&%ﬁ%féﬁéﬁpé‘alﬂ 'n% é{tsauw@vc to apout
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pH ha iped. t q us_.phas S re e
Bepar aniciep B Pdhon s s iR SRR b e e fpicall in 2
t hizture ofywepdan-2-okahdoyater ivmlcbhednlraled b disttilkdtion dolipfved by the
p vvat. r o \Was d t he
CASRRRH of ieleL g Riretfis PR SiheBifondch sl iy Hefjptop. adding
vmtddlondndume)@arwateobs aceks2dry dulirspdistitatonamticeuifidialti on
aflon was r ssa unt.i | .
il pt oM ERB LR rifrd 85635 BiprodfHip spiuton volume
tmﬂtaleerb(t)kwcaﬁm 2 adlysies pehlasofivempourahiby.cWateranmd tdline were
uti o
ot 28 £8Pl CRRGRP Bt 8 3 Plpes il 308 b poites of
| oluene)e et skillgd imthe acmmmcsanprematefthat b&aessﬂalwe&m other tHae
fy i sI I
SBbEhg 6T AR R T S e o ARy Wy
| methyltdilber, @% be bilized:nEhe fH owas sdfubieditean apmbprate phiat(about
b Vi 0
FER I RS ing R e Bl POMER YR 0 pcessary aqueos
r kysipdahionic asxiypthrssbrrmg was cool ed f urther (typically to
20 25 | ' or.
pei ng neH A BN B 1@ pefh e, it adedhe BRA § removes
shy $€rpetatlbm The mdudebootalmmgrergaﬂ‘ ib ehase wab thers comdehtrated by
0 P 0
SR X ibdte Bt prondit 201 RO NGt g Biactard b RNRT
uentheentieded agaimby distilletian.eBhe adqli@nauf we@r @by propahi2yol and
4&:‘b§é@en§ QorWeRNét%ﬁ b‘f/%ﬂéﬂ?)ﬂ v9sIs rre;%a'féﬂ & &eceé‘éar? until sufficient
toluene (typically less than 3% wiw toluene by GC analysis) has been removed from
the mixture and an appropriate solution volume has been obtained (about 4 volumes
with respect to compound Ib), resuiting in a composition of the solvent in the final
granulation slurry of typically greater than 80% w/w propan-2-ol, less than 20% wiw
water and less than 3%w/w toluene.

Once sufficient toluene has been removed, the mixture was cooled until
crystallization occurs (typically 70-75°C). The resultant suspension was cooled further
(typically to 20-25°C) and granulated for a period of time before being optionally
cooled further to about 0-5°C and stirred for a period of time. The solid was collected
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period of tlme (typically 18 hours), typically at 20-25°C but optionally at elevated
temperature (30-45°C) for a portion of this time. The solid is then collected by
filtration. The filter cake was washed with the respective filtered ether solvent and
then dried at a temperature less than 60°C (room temperature, if using isopropyl
ether) under vacuum optionally with no air or nitrogen bleed to provide compound a,
the citrate monohydrate, as a crystalline solid. The product may then be optionally

milled or sieved.



the citrate nonohydrate, as a crystalline solid. The
product may then be optionally mlled or sieved. WO
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salts, other than the citrate utili zed,

o 06 e TREP B A Ay IR 2 e Ut avay, e e Optionally
hyillcaehkievddgle salts or their in situ equi vaI ents nmay
be prepared by adding equi nol ar anpunt of th
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Recr stallizati of compound of Formula_ Via (Schene
I?"t h inySity qAUVRIERER HBY P%H@ﬂ’af“-}d&&@ dingRpiaeiagrmAauRt of the
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thernostated oil bath, was added corrpound Via (200 25
gr ans), y 1900 nL) and

and kept
achleV|ng a

co npl ete aS{DI_ uiLinarbottéﬁH@@ﬂasM &iﬂpﬁhﬁth%zlﬂ@éﬁz@uﬁﬁl Qﬁ’ﬁe\' Fefflx

abou c}enser t%ezmometer and tﬁem’cf]ostatecr eI ggtﬁ(t#a%ead\gag comBound \?Ia (200
grams), methyl-isobutylkentone (*MIBK") (1200 mL) and 100 mL of water. The
‘suspension was gradually heated to reflux under stirring, about 30 minutes, and kept
at 88-90°C for about 15-30 minutes, until achieving a complete solution. (The |
MiBK/water azeotrope boils at about 88 °C.) At this stage, the mixture was biphasic
with a small amount of water undissolved.

The mixture was slowly cooled, while stirring, to room temperature (about 20-

25 °C) in about 2 hours. The product began to precipitate at about 60 °C. The
suspension was granulated at 20-25°C for about 2-3 hours, but also could be held
overnight at 20°C, and the precipitate was filtered and washed with about 100 mL of
MIBK.
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t 50psi hydrogen pressure at 75-80°C for 3.5 houl;']s after which time
the reaction was cooled to 25-30°C and the hydrogen pressure was reduced to 10psi
for 10 hours for convenience. The reaction was then re-pressurised with hydrogen
(50psi) and heated to 75-80°C for 11.5 hours, after which time the reaction was again
cooled to 25-30°C and the hydrogen pressure was reduced to 10psi for 10 hours for
convenience. The reaction was then re-pressurised with hydrogen {50psi) and
heated to 75-80°C for 3 hours so that the total reaction time at 75-80°C was 18 hours.

The reaction was then cooled to 15-20°C and the hydrogen atmosphere was
replaced by nitrogen. The resuliant suspension was then filtered to remove the
catalyst, and the filter cake was washed with propan-2-ol (19.8 kg). The combined
filtrate and washings, comprising a solution of (28,3S)-2-benzhydryl-N-(5-tert-butyl-2-



the reaction was cooled to 25-30C and t he hydrogen
pressure was reduced to 10psi 25 for 10 hours for

w6 SnepMence. The reaction was then re- pressurbgfﬁﬂi%g,gbonl
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hydrogen (50psi) and heated be. 75-80C for 11

after which tine the reaction was again cooled to
25-30C and the hydrogen pressure was reduced to 10psi
for 10 hours for convenience. ;The reaction was then

SRR BN Bt
715) B(Bopeas2-oivateu were RhermaesycBante thenexhstep Oiegasggep B.

to 15-20C and the hydrogen atnosphere was replaced by

nltrogen The resultant suspen5| on was then filtered
e -E dryk N 5ttert-batyl-2-methoxybenzyl) quinuclidin-3-

V‘@ﬁ‘- %dé% an@ro? Hm% 5tdol® - denk@b . The conbi ned

sol uti on of
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- e (1R 10-cam horsutfonate (compound of formula
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denot ed- as Preparation of

3Pk 2B3nmdigapt %a@umaﬂnqsfewbe@aw@hm gy 3§-7 moles)
oﬂlﬁﬂwelﬁgzﬂﬁﬁ&é?ﬂéﬁ roEéEé"%%lb?éind?fsiyfdé‘smﬂe@ WweleSoRbird to give

ree solutions
( 2%131pproxiveate Nolame of 430 &-of §qaipt:q51u {Rpis was then concentrated to a

2050 66k
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prtmmeadded ehd thetresultaphioixtyse waa cerpeniralgd by atmospheric pressure
1%3% i ?:m W@f h Wabfa B:%QM&IWQWE' mtér(mn@md tdhuene

orsu nate CO ound of fornula Via,

' 182’@ ka? Sfeﬁe timeh adilech aid e mrxture was then cooled to 20-25°C. The pH of
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b
gﬁ%%qu(%ﬁgs @b&&%@?@ﬁ %@5 {%r; gl% gé% the ﬁdtr? téé\}?%fﬁaéheous sodium
dergdmmue ovithagitationo e raadecou;s pgwae@waatne@tramoa%qa PBst ith?é%f@amc
v g)lhg zf-odfgg?érat% t(*f‘é? L&Entng Q?‘ aéﬁbﬁrg&%@aﬁéﬁ[‘w dlstlllat:on under
dlvacmum aWatm (3hasg) ammmnan-ﬁr@! é& k9 wes lt@fan m@d aﬂﬁﬁ??
290G RN Whe ! BRLerFtdats & iR SpBREdRIEY 160 L by

at mosphert c pressure 15 distillation un the vol ume
vva:hstlﬂaipnau atmedsphgric@essure \ Wt this point 8h gjxturgavasdielibated-35°C for

1%1%?&%9 %‘%ﬁé%ﬁ&r %4(3@955) 8 gpaysgtuﬁsa (%%ké)@?éie then

adadaeﬁ ehdttive pRkUR. v&sk@n@erwyatetdhe aazowmei erapafoxmalel@@ﬂ L by

Lt

c ome:eadidemﬂ; anl the raixivcd waecarfcedmjed)tq arm!@ny oievzprgxwtely 160 L by

di & gthl.laﬁo%t a't%ﬂnggbglgl:lc pressure. Whilst maintaining the temperature of the
reaction mixture above 75°C, propan-2-ol (87 kg) was then slowly added, and the
resultant mixture was then cooled to 70°C for 1.5 hours during which time
crystallization occurred. The resultant suspension was then cooled to 20-25°C over 5
hours and was stirred at this temperature for 11 hours. The solid was then collected
by filtration, and the filter cake was washed twice with propan-2-ol (17 kg and 34 kg).
The resultant solid was then dried under vacuum at 50°C to give the title compound
(35.3 kg) as a colourless solid. "H-NMR (300 MHz, CDCIj, 30°C) 6 : 7.33 (2H, br d),



20 vacuum Water (30.8 kg) and propan-2-ol (218 kg)
were then added and the resultant m xture was then

we adsamarated to a vol unme of apprOX| mat el y 160PéT,@/2005,000221
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distillation at atnospheric psf@ssure. At this point

the m xture was held at 25-35C for 18 hours for

conveni ence. Water (33.8 kg) and propan-2-ol (218 kg)
were then added, and the m xture was concentrated to

a7 2ei7urox(8sil mepHt® IO ), 69Q (1H)Y), 65 ¢igtd),|4.5¢ {165 dpB.73-

(1 BB R mat e B oA P HgsS il v,
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above 75C, propan-2-ol (97 kg) was t hen sI ow y added,

ogmumcﬂidm-?» ?l'im&ie[ dumd of mmenwten B)@Sclﬁ npool ed to

t2 gnggfﬁ‘?s\é% '?sbqf‘h‘ﬂﬁiﬁg%be“ﬁi%g%ﬁ g'q%géuwl{?en col | ected

bnethaxybeatziipauinueiidin-Greenihe (cbmpooad(ef fomsulavg $0 el int prbpan-2-of (350

b RS BB & Rt oh 1 u2P SR aiien. TBErdgt g mas then

t tédied OrgPTE*Tdor £ Béurd dk@‘)g WASICIRLIRe Ic@@tai:@étmmwbd and the
"H NMR (300 MHz, CDCI3, 30C) 8 33 (2H, br

orRsyltant emenpemmmwwzg 20-252’97 oremnpro&r@a'@w hqws The
n'ﬂag ré- v&%ﬂs tﬁgn gbasraéd tz:% ¢ brlo. g'h%s a@ud(iﬁe échd 'd«afé)therf‘co'iéct%& by
Hii ltra . ﬁwefmtchai@ a,;SHhe asf@d dgice mh pmnaﬁ-Z 0!27Q5\L29396) and

| (*?5"’?“’43 Gl ‘%ﬁ‘@@é bt ?‘i%?ﬁ e pcomeopma (67.7

aghasalkeloudessselibur e cheni cal ionization): niz [M-r ]
469. 5 Optional purification of
(28 38) 2 benzhvdrvl N-(5 tert- butyl 2- met hoxvbenzvl)
nacAti 3 bengw g-te Pamhethdxybenzyh deiquclidin-3-

I{r tla méh 3 % d of form la a te C, Scheme 1.

met hoxﬂmhﬂtphm (ﬂ&ﬁﬁ)kz-luﬂmh@rﬁfﬂ—(feteﬂdmmaund of formul a
" g}elz % &?&;@%}?&P% é)rl'uné @95 5121)m el?w%aa'hﬁ??r{)f?? citric acid

oglveaso t I on. e resu

(33 k@ RRaEmpleshingovixkie olacepng$21 5 kg) apd water $138 ko) was

§
1 Shepatd 98 4850 SH k| Apage Sl P oty actr v
appieinatiltee! Yhmtrmﬂfmé.me aicbfiltemweraiwashssshiobgimwitl atetdna (54 kg)

O'aﬁ&: tl'fe% ﬁﬂergd %%f’ng?@gretglﬁe& 93 fhg s%fiorli. hﬁﬂa r‘égtlll{a'ﬁ? Fn‘ia)@ur@(uas
then cooled to 20-25°C and filtered ter-butyl methy! ether (252kg) was added portion-

wise over a period of approximately 36 minutes. The resultant suspension was then

granulated at 20-25°C for approximately 20 hours. The solid was then collected by
filtration on an agitated filter-dryer and the fiiter cake was washed twice with filtered
tert-butyt methyl ether (50kg each). The resultant solid was then dried at 35°C under
vacuum with agitation to give the title compound (44.4kg) as a colourless solid. The
product was then milled. 'H-NMR (500 MHz, d*-methanol, 30°C) 5 : 7.46 (2H, d),
7.45 (2H, d), 7.37 (4H, m), 7.31 {1H, m), 7.29 (1H, m), 7.24 (1H, dd), 6.95 {1H, d),



filtration. The filter cake was then washed twice with
propan-2-ol (70 nL each) and 15 the resultant solid

woasosaiieg under vacuum at 50C to give the t”i)@'mmoosmoozzl
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conpound (67.7 g) as a col ourkess solid. Preparatl

of

(2S, 3S)-2-benzhvdrvl -N- (5-tert-butyl -2-nmet hoxvbenzyl)
oui nuclidi n-3- ami ne citrate nonohydrate. conpound of

f §Z@E{§f "]%qkﬁs@ﬁp gﬁg ﬁﬁﬂ?ge?)gg 276 éﬁ%ﬂ% g{?ﬁ‘(‘i HOd), 965 (3H, 5), 3.37

nﬁthm)yaaéhw'l )’m)u3 aa €1 H,d‘i'lh334a(hlﬁ-r@ 36 (44 t) g,8312Hd), 2.75 {2H,
;’@l 5%%| (A Gn2Rs0EAYS), D 41 1?{ , A %%6 gl—ﬁnﬁ +<95 (17r9-n?) 1.29 (9H, 5).
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'rteés%ﬁt'g%t[wﬁsmét’?r‘ge was then cooled to 20-25C and
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L1l onw W ([ [ roxi mately 35
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at 20-25C for approximately 20 hours. The solid was
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4.71 (1 H
s), 3.37 . (1551, ,
1H d), |3 , 3
.(2.51(1)H { H2H] (
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H n), 1.859% H, ! g@o 9H, Bé% 13ETMR éf*é% 1
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vl . ipn patjesn alsy Di ffaction
char aCt"ﬁ{é §B\!v6€r X—ray dlffractlon pattem was determined using a SIEMENS

D5000 powder X-ray diffractometer fitted with an automatic sample changer, a theta-
theta goniometer, automatic beam divergence slits, a secondary monochromator and
“a scintillation counter. The sample was prepared for analysis by packing the powder
into 12mm diameter, 0.25mm deep cavity that had been cut into silicon wafer
specimen mount. The specimen was rotated whilst being irradiated with copper K-
alpha, X-rays (wavelength = 1.5406 Angstroms) with the X-ray tube operated at
40kV/40mA. The analyses were performed with the goniometer running in step-scan
mode set for a 5 second count per 0.02° step over a two theta range of 2° to 40°.



10 Table I: Conpound of Formnmula |a Peak Position Table
2-Theta Intensity % 2-Theta Intensity % 2- Theta

Wb%(%ﬂﬁ.‘yi’ly % 6.66 36.80 20.57 20.00 26.34 18. ?QT@"%"“”ZI
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8.40 20.86 37.10 26.62 25.30 »,41.51 41.90 21.

27.36 16.20 11.90 55.40 21.64 20.20 27.97 5.80 13.23
21.70 22.30 12.00 28.47 8.20 13.99 100.00 22.51 28.90
28.81 6.50 14.47 26.40 22.96 18.80 30.57 7.70 15. 29

2&pttialoinifidatién of 3358%) & fH d iLﬁ= - Bu P2-4feth
squinurlidin-Jeaming Giratemon

pmulzdaiSten GX(Scheme I1).
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Optional purification of
(2S, 3S) - 2-benzhvdrvl -N- (5-tert-butyl -2- nmet hoxybenzyl)

i Ldi n-3-am ne citrate nonohydrate, con‘p?gﬂ&

_w(??%ﬂr{;%fégb:fja (Step CX (Schene I% A m xture o sio00221

(2S, 3S) - 2-benzhydryl - N- (5-tert-buty
nmet hoxybenzyl ) qui nucl i di n- 3-am ne CI t rat e nonohydrate
(38.47kg, 56.7 noles) and 5 filtered water (11.5 kQ)
in filtered acetone (3]3K d to 38-42C to
achieve a sol ution, dq b ﬁl@hé oled to 33-37C
To t hi sl.sol Aprengssvies ptewenngathesdmpomnd@r@dnularib but yl
nmet hyl ether (201 kg) yQuer @ period of approxinately
35 mnutes whilst maintal g the tenperature at
33-37C. The resultant suspeggigh®was then cooled to
- 20-25C and was then [%r arml ated & this tenperature for

approxi mately 19 10 e solid was then
collected by filtra B, agltatedfllter dryer
and the filter cake was| washed tWeea ®tth filtered
tert-butyl nethyl etheg 8 kg each) .y The resultant
solid was then dried a C under v, mwi th
agitation to give the title conp (32.9 kg) as a
colourless solid. The product was theseHn |l ed. 15 WO
2005/ 075473 PCT/ | B2005/ 000221, 25 Preferred
Enbodi nents 1. A process for preparl ng the conpound of
Fornulalb H3CO/ CH3 CH NH\3C NSGBH 1Ib 5

ri si ng (a) deprotecting a conpound of Fornul a

&RP“S#? CH3

(a) deprotectmg a compound of Formula Via,

[F'
N7

H,Cu__-CH,

SO,H
Via

wherein R’ is a protecting group, to provide a compound of Formula VIi;

@\\NH

10

Vil

(b) reacting the compound of formula Vit so formed with a compound of formula
Vi,



O SBH Via wherein R is a protecting group, to

provi de a conpound of Fornmula VII; 10 NH, n. H3C O N
wOSHt3ePEH VII (b) reacting the corrpound of fﬁf:’ﬁ?ﬂﬁﬁ‘)osmoozzl

Vil 'so formed with a conmpoundpgf formula WIII,

2005/ 075473 PCT/1B2005/ 000221 -26 N CH3 CHz H3CO O

H VIII and perform ng a reductive amnation to
provi de a conmpound of Formula Ib, H3CO CH3 CH, NH
\3CN" I / HCCH3 OSGH 5 1Ib 2. The process

according to Preferred enbodi nent 1 further conprising

removing the canphorsul fonate Al «f, the conpound of

Formula Ib to provide a
CH

3
H,CO

0 H
VIl

and performing a reductive amination to provide a compound of Formula 1b,

CH,
SOH
5 1b
| 2. The process according to Preferred embodiment 1 further comprising

removing the camphorsulfonate salt of the compound of Formula Ib to provide a
compound of Formula i,

H,CO
CH,
CH,
l
10 3. The process according to Preferred embodiment 2, wherein the protecting

group is benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl, or triphenylmethyl.
4. The process according to Preferred embodiment 3, wherein the
deprotection is performed by catalytic hydrogenolysis with hydrogen. |



compound of Formula 1, H3COCH3 CH NH\3C NJ.. 10
3. The process according to Preferred embodi nent 2,

wo b5 /Fisdy he protecting group is benzyl, PCT/IB2005/000221
4-net hoxybenzyl , 2, 4-di net hoxyhenzyl, or
triphenylnmethyl. 4. The process according to Preferred
enbodi nrent 3, wherein the deprotection is perforned
by catal ytic hydrogenolysis with hydrogen. WO
2005/ 05 -27 . .
accor dlgngﬁ%d[EF ggéeslfb' E}%c?cg@ﬂgggg%é}e&reerqfe nll?sdd‘ %ﬁg%ﬂ%ﬁ@%e catalystis
c aeliadium on sarbpa,| platilimrmnozarian, baliadium on calcinmearboaateoor,

p ' B@% | Gl By car bonate, or palladi umon
a?h‘h@ﬁ%ﬁ@ @\g *The process according to Preferred
enbodi frenthesprovdse metarding do Prefieread arsbodinentiSiebhérein the reductive
& PeRi-Oh: ' f i m .
5 SRR ol AEIRY ol TR b0kl B/l hyrogepaton
Pr ef er 7edThenproctssencording i Breférred: énabdujrdend Gewbererthe

o Syeetatbl chBlyiE bilBRth LB, Rl A Rae BARAm on
acalmumecafbon263 pr paladiBimeorpalomiredAROgor di ng to Preferred
nbodi 7 LS ' .
conpouts e potiss ARG PRk hlddiRit il cpmprising
10 ciepingtbe obmpommauf Hormiula | WBIOSCHRId, ©FBig tM-CHBUAGET E@mula

Hla. HO><: co2H
H,CO
CH,

N “re, H OZC

><C€)2H
HO COM

* H0

la - citrate monohydrate

9. A process for preparing the compound of Formulal,

H;,CO
n{c H 3
CH,

HC

comprising: 7
(a) debenzylating a compound of Formula Vla



H2O la - citrate nonohydrate 9. A process for
preparing the conpound of Fornmula I, H3co P>c, CH15

\ L&Hhg: (a) debenzylating a conmpound of

W5 5005/ 075473 PCT) | 820055900221 - 26- | RETsroons
GH3 ' I \ OSGBH Via to provide a conpound of
Formula VI1; "~ /ZH3 Ct.1~-3 N SGBH VII (b)
reacting the conmpound of formula VIl so formed with a
conmpound of forrmula 5 VIL], HBC CH3 CH3 H3CO\ OMH
VIIl and performng a tive am nation to provide

a conpound of Formula | C0

(
53

H,C._CH,

SO,H
Via

io provide a compound of Formula VI,

D) we o

O “son
\'l
(b) reacting the compound of formula VIi so formed with a compound of formula
5 VI,
o G cn,

CH,
H,CO

0° TH
vill
and performing a reductive amination to provide a compound of Formula Ib,

H,CO
p%m
cH,

H,C

SOH

to , and
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CH CH3 NH\3C/ HCG3 OSGHIb , and WO
2005/ 075473 PCT/ 1 B2005/ 000221 -29 (c) renoving the

we HsBamasyl fonate salt of the conpound of Ib tg. hSR0221

the conpound of Forrmula |. 18y The process accor I ng
to Preferred enbodi nent 9 wherein the debenzylation
is perfornmed by catal ytic hydrogenation. 5 11. The

process according to Preferred enbodi nent 10 wherein

the cal ?éﬁd&ﬁmg {he dAtiph8fuHEN A sAed AR corfPciink ¥ IB t@'brov:de the
car bon, pall adi m on cal ci um carbonate, or palladium

Sﬂmaq’l!ﬂ‘i'lﬂgof%‘l'é 12. The process. according to

Pref enp eﬂqqurbeéasra%eb@m% to PPef@fredldmbatinBRTo wéteRthe | Ng
a reductive amnation of step (b) that is performed by

@S‘P%Zylﬂ'@‘ i§ pergemestdnEtalgic hvﬂwgewﬁ@np rocess accordi ng
t o Pr af eriestoHaQRcHRING td Prefifigy @rhsod.memcmﬂhéfé.h thd Satalyst

pal’l adi um on carbon, platinumon carbo pal | adi um on

iSRG O SRR, BIALRYIT OB SATbRA RANRHMLN f3ldH™ CAIDSDATS, OF

%ﬁ]{admo@bgﬁm(p@&gprdl ng to Preferred enbodi ment 13
urt her risin 15 isqglating the conpound of

For mulig The i arscesw&cgrﬂmség?r%f% enbefimgnisPefl @ pF Lhfurther
eaﬁgﬁ&.ﬁg%medmtw@%mfbd rastd éﬁ(ﬁoﬂhht B Perféimdd s, &agrieund

ornmula | occurs by aci unter ion exchange or
hydrogenalieion  fol | owed by sel ective crystallization.

16. TR THeSIB8Sssak Oyt Pt—ge;?éde&%écﬁﬁheﬁmo%m thé 2atalyst
wherein the 20 cpﬁtalllzatlon i s acconplished in a

soraiadiuman by PatiBEM R GEFoongpRllgHiMon ealgigngarbonate, or

palladium on alumina (Al;O,).

14. The process according to Preferred embodiment 13 further comprising
isolating the compound of Formula 1. ‘

_ 15. The process according to Preferred embodiment 14 wherein the isolation
of the compound of Formula | occurs by acid counter ion exchange or basification
followed by selective crystallization.

16. The process according to Preferred embodiment 15 wherein the
crystallization is accomplished in a solverit selected from water, alcohols, ethers,
hydrocarbons or mixtures thereof.

17. The process according to Preferred embodiment 16 wherein the soivent is
isopropanol, toluene or water or mixtures thereof.

18. The process according to Preferred embodiment 15 wherein the
basification is performed by the addition of an inorganic or organic reagent.

19. The process according to Preferred embodiment 18 wherein the reagent
is sodium hydfoxide, sodium carbonate or sodium bicarbonate.

20. The process according to Preferred embodiment 9 further comprising
treating the compound of Formula | with citric acid, forming the compound of Formula
la



hydr ocar bons or m xtures thereof. 17. The process
according to Preferred enbodi nent 16 wherein the

woahosaptyssS 1 sopropanol, toluene or water or ﬁpg)fhﬂfo‘ﬁ?/ooozn
' e
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thereof. 18. The process acconrging to Preferr

enbodi nent 15 wherein the 25 basification is
perfornmed by the addition of an inorganic or organic
reagent. 19. The process according to Preferred

enbodi nent 18 wherein the reagent is sodium
hydr oxi de, sodi um car bonate or sodi um bi carbonate. 20.
The process accordi Ri,ef erred enbodi nent 9
further conprising ke conpound of Fornul a
with citric acid, for ) g.compound of Fornmula 30
| a WD 2005/ 075473 _RCT Ak 88/ 006221  -30- H3CO CH3

CH3 NH \3C HO° H la - citrate nonohydrate
21. The process riNg A0 Pretegre di ment 20
further conprising the 5 addition acet one and

wat er. 22. The proce ccording t® P #t ed

enbodi nent 21 furth n'prising12 (a) filtering the
solution; and (b) ad g a filtékRd ether sol vent,
provi ding a conpound of Forrmula la. 10 23. The process
according to Preferred enmhadi rther
conprising the additi d%ggﬁg%tgﬁ'%b%@étggranul ating the
compound of Forrmula la. 24. The process according to
Preferred enbodi nent 22 wherein the ether solvent is.
t ert - btit-yhe REIOPSS aeaording tofefernd epmbediawst g fusthar arynprising the
Pa@fithlof clooshdRakr.22 further conpri sing

22. The process according to Preferred embodiment 21 further comprising

(a) filtering the solution; and
(b) adding a filtered ether solvent,
providing a compound of Formula |a.
23, The process according to Preferred embodiment 22 further comprising the
additional step (c) of granulating the compound of Formula la.
24. The process according to Preferred embodiment 22 wherein the ether
solvent is tert-butyl methyl ether.
25. The process according to Preferred embodiment 22 further comprising
applying heat at an elevated temperature during step (b).
26. The process according to Preferred embodiment 22 further comprising the
addition of seed crystals of Compound of Formula la during or after step (b).
27. The process according to Preferred embodiment 25 wherein the
temperature is about 30°C to about 45°C.
28. The process according to Preferred embodiment 23 further comprising
granulating the compound of Formula | at an elevated temperature.
298. The process according to Preferred embodiment 28 wherein the
temperature is about 30°C to about 45°C.

30. A process for preparing the compound of Formula |,



15 applying heat at an elevated tenperature during
step (b). 26. The process according to Preferred
weEdedtsrent 22 further conprising the additi ofcin56a/0221
crystals of Conpound of Formua la during or after
step (b). 27. The process according to Preferred
enbodi nent 25 wherein the tenperature is about 30Cto
about 45C. 20 28. The process according to Preferred
enbodi nent 23 further cqm:gl sipng granulating the
conpound of Formula | at an gl ejat ed tenperature. 29.
The process according to Pre# Q odi nrent 28
wherein the tenperature i ¢ about ¢ to about 45C.

30. A process for pre piH HaEonpound of Formula I,

WO 2005/ 075473 PCT/ | B@ OO -31- H3CO CH3 CH3

, NH \ 3C conprising re ¢ canphorsul fonate salt

of a conpound of Ib, HSCOCHS CH3 "NHH3CN" 1|/
HBC CH O SBH Ib to pr gle t he conmpound of Formul a
I. 5 31. The process accQrging to Preferred

enbodi nent 30 further conprising reducing a conpound
of | Xa, H3CO II Nz~ CH3 CH3 :

comprising removing the camphorsulfonate salt of a compound of ib,
H,CO
CH:,

. b

to provide the compound of Formula 1.
5 31. . The process according to Preferred embodiment 30 further comprising

H,C0
I CH,

H,C

N la
H,C CH.

reducing a compound of IXa,

IXa

to provide the compound of Formuta Ib so formed.



N\3C"" I / HCCH Na3 / OSGBH |Xa to provide
the conpound of Formula Ib so forned. WO 2005/ 075473

wOIUEhPAR onbodl ment 31 1 urt E%gpigﬁ{iffs?ﬁé‘” - R oot

compound of Formula VI, ~~~~NA \ LNJ-,~~ / H3C CH3 /
O SO3H VII wth a conmpound of Formula VIII, H3C CH3
CH3 H3COOH 5 viii to provide the conmpound of
formul g, 1 Xa.so rdi
f0ihdr Lomprisin
Preferv®ed e %8’°§%%Stad°§ﬁ%f"§r‘? Eg?fg r&?&%&(ﬁ'ﬁg& # ompnsing
desactirigex tomppuadof Fpooska VBf  For nmul a V| a NH .,
H3C CH3
Vil
with a compound of Formula VIll,
H.C oH,
CH,
H,CO
0~ "H
_ Vil
to provide the compound of formula [Xa so formed.
33. The process according to Preferred embodiment 32 further comprising
deprotectmg a compound of Formula Vla, )
R
oNH
@ H,C.__-CH,
¢)
SOH

wherein R’ is a protecting group selected from benzyl, 4-methoxybenzyl, 2,4-
dimethoxybenzyl or triphenylmethyt, to provide the compound of Formula VIl so

forrmed.



O SOSsH 10 Via wherein R is a protecting group
sel ected from benzyl, 4-nethoxybenzyl, 2, 4-

wghm hgxybenzyl or triphenylnethyl, to provid
Y of Formil a VI| 50 fammed. WO 2005/ 035 HHBz0s0arzz1

PCT/IBZOOS/ 000221 -33 34. Th&“process according to
Preferred enbodi nents 30, 31, 32 and 33 further
conprising treating the conmpound of Formula I wth

CItI‘IC cid.to for J ,
NI brpBbel RonBER8 Bftforg i ines 30,5, S'ana 32
cfuﬂhatcemmangyréaﬁrtgsthe 8empdursiariFounula bivith piricrsidtferma a
NH. _H3 BH Via 10 WD 2005/ 075473
P@PR%&%&%@H&% -34 CLAIM5S 1. A process for
preparing the conpound of Formula Ib, H3CO\
H,CO
CH,

N O HO,C ><cozH
COH
D .

la -- citrate monohydrate

CH

35. A compound of the Formuia Via

oNH
| N

J[I /

O,H
Via

10



CH3 CH NH\COBCCH SGBH Ib 5 conprising: (c)
deprotecting a conpound of Formula Via, R 1INH\ ., ,

wo 200s/g35278H8 N O SBH Via 10 wherein R is apcripaoesonezzi
protecting group, to provide ,gg_conpound of Formula
VIl; N2\ .,, I / HCCH3 NO SBH Vii W
2005/ 075473 PCT/ 1 B2005/ 000221 -35 (d), reacting the
conmpound of forrmula VI|1;so formed with a conpound of

formula VIII, H3C CH3 CH3 H co
CLAIMS
1. A process for preparing the compound of Formula ib,
H,CO
Mo CH,
HC _-CH,
(o]
SOH
ib
5
comprising:
(c) deprotecting a compound of Formula Via,
N H,C.__-CH,
0
SO,H
Vlia
10 wherein R’ is a protecting group, to provide a compound of Formula VII;
wNH,
@"u H,C . CH,
- SO,H

Vil



OH MIlI 5 and performng a reductive am nation to

provi de a conpound of Formula Ib, / CH3 CH3 NH H 3G
wol2005/05473H3C CH3 O SQBH |b 2. The process pes@EHbs)eho221

to Caim1 further conprisingsgenoving the

canphorsul fonate salt of the conpound of Formula Ib to

provi de a conpound of 10 Forrmula I, HBCOCH3 CH .NH

HC 3 1\ 3. The process according to Claim1 or Claim

2, Wagke&iching the dofrpbasd HFTEMEIS VI soiférrieavala compound of formula

4- met hoxybenzyl, 2, 4-di nmet hoxyg"?gzyl , or

tri phenyl met hyl. WD 2005/ 07547 IbCT/ 1 B2005/ 000221 - 36

4. The process according to Caim3, wherein the

deprotection is performed by catalytic hydrogenol ysis

wi th hydrogen. 5. The process acdprci,ng to C aim4,

wherein the catalyst is paII non carbon, platinum

on carbon, palladiumon calcg caffonate, or

pal | adium on 5 al um naH@Ga1203 6. The process
according to any preceding C_aim wherein the reductive
animation is performed by fdtnation of an imne

foll owed by catal ytic hydr oqﬁlpati on.

and performing a reductive amination to provide a compound of Formula 1b,

SOH

Ib

2. The process according to Claim 1 further comprising removing the
camphorsulfonate sait of the compound of Formula Ib to provide a compound of
Formula 1,

H,CO
CH,

ne

SYe
C

3. The process according to Claim 1 or Claim 2, wherein the protecting group
is benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl, or triphenyimethyl.



7. The process according to Caim6, wherein the
hydr ogenation catalyst is 10 palladi um on carbon,

W@lz }0 gy on car bon, palladi um on cal ci um car
pa |agélaum on al uni na (A1203) %P_The process accor 9%58600221

to any of Clains 2 to 7 furth conprising isolating
the conpound of Formula 1. 9. The process according to
any of Clainms 2 to 8 further conprising treating 15

 he £mDTHE BB o Ul R GhisS  Mhgrmec
., | byiGtalytic2hydrod@nG@aR With Hgd@ogen.- - ci trate nonohydrate
00 2005 oS T RS AR e SRR o
carbon, platinum on carbon, palladium on calcium carbonate, or palladium on
5 alumina (Al,0,).

B. The process according to any preceding Claim wherein the reductive
animation is performed by formation of an imine followed by catalytic
hydrogenation. | ‘

7. The process according to Claim 6, wherein the hydrogenation catalyst is

10 paltadium on carbon, platinum on carbon, palladium on calcium carbonate, or
 palladium on alumina (ALOS).

8. The process according to any of Claims 2 to 7 further comprising isolating
the compound of Formula L.

9. The process according to any of Claims 2 to 8 further comprising treating

15 the éompound of Formula § with citric acid, forming the compound of Formula la

HOC ><:COZH
HO COH

- HO

la - citrate monohydrate'



WO 2005/075473 PCT/IB2005/000221
-37-

10. A compound of the Formula Via,
oy H,C._CH,

Via



