WO 03/ 053916 PCT/ EP02/ 14843 -1 Process for preparing 2- (Substituted
Phenyl ) - 2- Hydroxy-ethyl Carbamates 5 Brief description of the invention
The presewD oBny®né i on relates to a new process for prepar PCE/EP8)/1484% +) - 2-
(substituted 10 phenyl) - 2- hydroxy-ethyl carbamates and to novel
internediates used in this process. It further relates to pol ynorphic
forns of said carbamates. Background of the Invention 15 2- (Substituted
phenyl) - 2- hydroxy-ethyl carbamates and their isoners have been

described in US-5,698,588 and in US-5, 854,283, which corresponds to

WO 97/ 26241, as conpounds useful for treating disorders of the central
nervous systemin particular convul sions, epilepsy, stroke, nuscle spasns,
neur opat hi ¢ pay i i ) . qﬂﬁm n 'EQQM , YIBhhhfes car bon
atom at the bgﬁﬁyﬁﬁgbﬂhgﬁﬁ#ﬁljz ?@ﬁnﬁ%dt e 9§I?§ tlgxgg$ on at%ﬁ?ﬁﬁjacent
to the phenyl ring. This asymmetric carbon atom preferably is in an
S-configuration. A preferred conpound anong these carbamates is (S) - (+)
- 2- (Z-éhlorophenyl) - 2- hydroxy-ethyl carbamate, which conpound is al so
referred to as RW-333369. This and simlar optically pure fornms of
carbamat es of 25 hal ogenated 2-phenyl -1, 2- et hanedi ol have been described in
US- 6, 127, 412 and US- 6, 103, 759 Brithdeseripitomefithelinvantéorpr epar ed by reacti ng
the appropriately substituted phenyl-1,2- ethanediol wth dinmethyl carbonate
t hus yi el ding the correspondi ng phenyl-1,2 30 et hanedi ol carbonate which

subsequent | yTH@res @R Giveeti fdlatés 15 HeRbproc@sfRieryptriel (Sy @) dad(substituted
regi oi soneric fornms of the resulting carbamates which had tqo be separated

by col urk® chpleamogr Apdipxy-sthet essbapsiey inddo o veluplerpeipies pees e PIcessar ed
imlarly, i ' j tarti terial. Thi
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Backeround of the Invention

15
2- (Substituted phenyl) - 2- hydroxy-ethyl carbamates and their isomers have been
described in US-5,698,588 and in US-5,854,283, which corresponds to WO-97/26241,
as compounds useful for treating disorders of the central nervous system in particular
convulsions, epilepsy, stroke, muscle spasms, neuropathic pain and migraine. These

20  compounds have an asymmetric carbon atom at the benzylic position, which is the
aliphatic carbon atom adjacent to the phenyl ring. This asymmetric carbon atom
preferably is in an S-configuration. A preferred compound among these carbamates is
(S) - (+) - 2- (2-chlorophenyl) - 2- hydroxy-ethyl carbamate, which compound is also
referred to as RWJ-333369. This and similar optically pure forms of carbamates of

25  halogenated 2-phenyl-1,2-ethanediol have been described in US-6,127,412 and US-
6,103,759. )

These compounds are prepared by reacting the appropriately substituted phenyl-1,2-
ethanediol with dimethylcarbonate thus yielding the corresponding phenyl-1,2-

30 ethanediol carbonate which subsequently was reacted with a suitable amine which
yielded two regioisomeric forms of the resulting carbamates which had to be separated
by column chromatography. Stereoisomerically pure compounds were prepared

similarly, starting from the enantiomerically pure starting material. This process results
CONFIRMATION COPY



WO 03/ 053916 PCT/ EP02/14843 -2 in a mxture of two regioi sonmeric products,
one of which needs to be renoved, which has a negative inpact on the
yi el d. Bowb 88906 soneri ¢ end products are separated by eoTEPaz/oginphy
which is a cunbersonme procedure, especially in large scale production. 5
It is an object of this invention to provide a process that not only avoids
this separation step and concomtant |e8s of undesired regioi somer, but
also results in end product in high yield and purity, in particular in

hi gh enant i gepjicn Rt -regal‘oi‘csHﬁlEH@f)roﬁQj:t@,Cc;neiq? whikch QY iR RmBK &L §tict hat
can be scaled up to l'arge production batch sizes, to provide a 10 Brocess

t hat uses shaya nemytimairepdchbs thehatld Beatheeggisomene edlpredets arcseprartabyi al | y
available. 1t is still further .object to .provide rocess that is

cost - ef f ect FV@IW%P&@SW%%{S ag‘iL\l/"l'—,\beﬁogbe Hr8°e§1|8{fe es&eg&ﬁg ?%Bfg?astcalgr e hazar dous
or difficul prddctig@ove. It is another object of the present invention to
provide a process that has a limted nunber of purification steps, in
particulf@ar a process wherein some or all of the internediates need 15 no

purificatioR.. ' rt .0bj e ' [ i i ds
bxcessquanir i Bt iR ORLERbVIAR o Sod M LiorBuly QERRIn AhorftH T2
attai ned by stepenpcomeastaat lokhef pidesasitreginisomet, bt alR@rdnliginsmipredweem, al so

referred to,as active pharpaceutical ingredients, can occur . _pol ynor phi c
forms. In aPihoreldppd ppdyapdagticular in highenpatiom i RHsIR Hp M@F fa’r%ﬁ‘é SHl ff erent

properties BRITRAY £ ob Qs kiR caché é’c%léd’l?yﬂ‘é%%@%rd&%ti&%&ﬁ 4G, idpréviapgci fic
pol ynor phi ¢ ormor conpared to another polynorphic formof "an active
i ngr edi Bt . pRicessethbti usss staying ciaftdreals thet drarasyso poldube bi a1y commnzendibily v,

flowability, tractability, conpyessibil.i. etc.,.are 2 cerned. These
di f f er ences aV‘H{agf?r ﬁlﬁftéﬁ {ﬁ‘ﬂﬁ}‘?gg e‘étftf)@E?Vl‘ﬁ%%p]iﬁ’lc%sﬁél?at%il%gosg?ﬁ?ﬁ]é/e aflggﬂfﬁ ations
nmade of suchopgilt ¥Se 1oNGdEsto8ItSthasardBhlardsuston ifficligto Rmdve i shedidesage
forns thereof. Authorities responsible for drug approval in many countries

require theobjsehgl the pres¢rdiziention laprpuide 6fpredees Hethase limidedaermehfr ofised in
each drug p%ﬁ%ﬁga{tionl s?e%ls,uiglpggicular a process wherein some or all of the intermediates need
15  no purification. A still further object is to provide a process that avoids excess

quantities of starting materials and solvents.

These objects are attained by the process of the present invention.

20  Drug substances, also referred to as active pharmaceutical ingredients, can occur as
polymorphic forms. In almost all instances, a particular polymorphic form has different
properties compared to the active ingredient not occurring in a specific polymorphic
form or compared to another polymorphic form of an active ingredient. Properties may
differ as far as solubility, stability, flowability, tractability, compressibility, etc., are

25  concerned. These differences in turn are known to affect the properties of the
formulations made of such active ingredients as well as the final or finished dosage
forms thereof. Authorities responsible for drug approval in many countries require the
complete characterization of the active ingredient used in each drug product, including
the identification and control of polymorphic forms. If present in the finished product,

30  drug approving authorities require the manufacturer of the active substance, in the least,
to control its synthetic processes such that the percentages of the various respective

polymorphic forms, when present, are consistent among batches and within the drug



the identification and control of polynorphic fornms. If present in the
finished product, 30 drug approving authorities require the manufacturer of
t he acti wognlsance, in the least, to control its synth@CrEPpr/oBsesses
such that the percentages of the various respective polynorphic fornms,
when present, are consistent anong batches and within the drug WO 03/ 053916
PCT/ EPO2/ 14843 -3 substance's approved Specifications. Left uncontrolled
in synthetic processes, the percentage of a given polynorph can fluctuate
t her ef or e hawbstapcals approred spécifitasionprigferncorisoltsd in gpnthettd precestissthgnce and

the finished dru roduct such that i 0. |l.onger cifications
of the drug p&‘ﬁﬁ?tg%’g?& §Ret B@mm CfaBtﬁ}‘s?P’la eotﬁf@gqre P&ﬁééﬁ%ﬁ%ﬁg?“ %5 the
synthetic ppRgRssesHReR ddivatimnncan b finfihee el gProdius buchi thatriené loaigkar as
far as the presence of consistent anounts of gglynnrphic forms is

concer ned. meaeis the spogificstiprg efitbedrigapawvak FEeepse ¢ RousheawiohrdetlEEdffesence
of pol ynpr phi ¢ . f 1 ti | i I r.eadi |y
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degrees of th&eideagenasdstoit palumsipoiyendrphiogois it Gomwmeethadr oduct s, whi ch, as
expl ai ned above is undesirable. Therefore the know edge of the presence of

pol ynor phi ¢ forns..and .t hei r charagcteri i i i oal to
ohy eve ouNEhRES Suelibe R EOT AR ps g o e BRI
(substi t ut edoRfestd new clizmibyl dedvwey/ingtddidnt darobasamile predivtabie. aganpatiopsix thii c
forms that can be isolated and 15 characteri zgg. I n an dg}iﬂ;i ogal aspect,
thi s i nvent iPEerepy PAFRBIRIETSFeR deadda v anme degeiss 68 teinpessnss ey ’tcdfoﬁ?glﬁ‘are
t hese pohy i r IR f : i i ntion
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presence of polymorphic forms and their characterization is a highly desirable goal to

achieve.

Quite unexpectedly it has now been found that (S) - (+) - 2- (substituted phenyl) - 2-
hydroxy-ethyl carbamates occur as polymorphic forms that can be isolated and
15  characterized. In an additional aspect, this invention provides practical and

reproducible procedures to prepare these polymorphic forms.

Summary of the Invention

20

The present invention relates to a process of preparing a compound of formula (D):
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25  wherein:
R is halo;



25 wherein: R is halo; WO 03/053916 PCT/EPO2/ 14843 -4 R1 and R2
i ndependently are hydrogen or Cl 4al kyl, optionally substituted with phenyl

or substiwotoadsyphenyl, wherein substituted phenyl has sub®Cirtrpenis4zsel ect ed
from hal ogen, Cl-4alkyl, Cl_4al kyloxy, am no, nitro and cyano; 5

characterized by (a) reducing an ester of fornula: O°P COW R 10 (1)
wherein: P is an appropriate al cohol -protecting group; R3 is Cl-4alkyl; 15
wi th an appropriate ester-to-al cohol reducing agent, thus obtaining an

al cohol of Rf emthR%and€Ren@HiRigHre Rydrbjen @@ 281D opEMBEBGLEstRTE! BRIt ENgA3 -5
(b) reacting the alcohol of formula (111) with a _carbon

: . . | yl . conpound of
formul a O or substituted phenyl, wherein substituted phenyl has substituents selected Trom

halogen, Cj.salkyl, Cq.4alkyloxy, amino, nitro and cyano;

5  characterized by

(a) reducing an ester of formula:

P

{[INe)

10 )

wherein:

P is an appropriate alcohol-protecting group;

R is Cy.qalkyl;
15  with an appropriate ester-to-alcohol reducing agent, thus obtaining an alcohol of
formula:
QP
I X CH,OH
Bl
/
(1)
20

25



XY5 (IV) wherein X and Y are appropriate |eaving groups; and
subsequently with an amne of fornmula 10 RL e H-N% (V) 15 thus

obt ai ni ngwe sospPound of fornula: OP R OY, R2 R O (VIPCTAPOY G843 enoVi Ng
the protecting group P thus obtaining a conpound of forrmula (I). In sone

i nstances one or nore of the substituents Rl, R2 and R3 may have asymetric
carbon atons and hence may cause the corpounds of fornmula (I) to occur in
WO 03/ 053916 PCT/ EPO2/ 14843 -6 stereoisoneric fornms. Such stereoisoneric
forms are i ??&Gﬁﬂg iR RnENbF BEAEMIHRi 2 Ed¥B0BE epapeind dffopigsaent

i nvention. eferred conpounds of fornmula (I) are those wherein Ris
2-chloro, Rl and R2 are 5 hydrogen... The group P is an appropriate

al cohol protecting group. Preferred groups P are of the

o)
I
5
Iv)
wherein X and Y are appropriate leaving groups; and subsequently with an amine of
formula
10
R!
H—N
R2
V)
15
thus obtaining a compound of formula:
OP 1|11
= 0 N

(VD;

20  (c) removing the protecting group P thus obtaining a compound of formula ().

: . 2 3 .
In some instances one or more of the substituents Rl, R” and R” may have asymmetric

carbon atoms and hence may cause the compounds of formula (I) to occur in



ether type. A particularly preferred protecting group Pis
2-(2-inethoxy)propyl. 10 In a preferred execution of the process the

car bonyl woreposasds of forrmula (1V) is selected from1,1 PCI/EP02/14843
“-carbonyl -dii mdazol e and phenyl chloroform ate. A particul ar execution of
the process is that wherein R3 is nmethyl. 15 Another particul ar execution
of the process is that wherein the appropriate ester-to- al cohol reducing
agent is a nmetal hydride or a conplex netal hydride. In a further aspect

the inventi gRrdoRlopled® fh@nd SGOREtBRoRkriE erfdlage intddEd to K2 dinfRacedRvithin20
(M); wherein R R and R2 are as defined in clains 1 or 2 and P is an

appropri at ethwpm«yﬁthppmse@tmv@hgnoup WO 03/ 053916 PCT/ EP02/ 14843 -7 In
anot her aspect, the invention relates to a conpound of fornula OP OCH2CH
(~) wherein Ris as defined in clains 1 or 2 and P is an appropriate

hydr oxy- pr OtP%iHr&gcorﬁpcﬁﬁﬁb' Bf fdrﬁhu’ﬁat(lﬂ dre 8R¢ WBErcasRes2-chlvgo, iRivdtR’ome r el at es
to a corrpound of formula OP CO2R3 R 10 wherein Ris as defined in clains

1 or 2, R3 ihgdGgertal kyl ; and P.is an .appropriate

The group P is an appropriate alcohol protecting group. Preferred groups P are of the
ether type. A particularly preferred protecting group P is 2-(2-methoxy)propyl.

10  In apreferred execution of the process the carbonyl compound of formula (IV) is

selected from 1,1¢-carbonyl-diimidazole and phenyl chloroformiate.
A particular execution of the process is that wherein R’ is methyl.

15  Another particular execution of the process is that wherein the appropriate ester-to-

alcohol reducing agent is a metal hydride or a complex metal hydride.

In a further aspect the invention relates to a compound of formula

P R1
Y\

wherein R, R! and R? are as defined in claims 1 or 2 and P is an appropriate hydroxy-

[n=-Q

20 D;

protecting group.



hydr oxy-protecting group. Preferred are those conpounds of fornulae (1V),
(rr1r) or (I'1) wherein Pis 2-(2- 15 methoxy)propyl. Also preferred are

t hose conwowadssdod forrmula (I1) wherein R3 is nethyl. |n ®CrHPOANSIHer
aspect, the invention relates to a process for preparing a conpound of 20
formula (VI) characterized by process steps (a) and (b) as outlined above.
In still another aspect, the invention rélates to a process for preparing a
conmpound of formula (111) characterized by process step (a) as outlined
above. WO 034 @bidi6aspset/ thPQR/ A& Hlatdsto Stdohlpoandbhiimarpect , the invention
relates to a process for preparing a conmpound of fornula (11)
characterized by process steps (d) and (e) %% outlined hereinafter. The
invention further provides a process preparing a conpound of formula (1) 5
characterized by-process steps (d) (e outlined hereinafter and by
process steps (a), (b) and (c) agf outITjed abe¥eQH|n a further aspect,
this invention concerns the pre of |polynmorphic forms of the (S) - (+)
- 2- (substituted phenyl) - 2- hydko: hyl carbamates. In particular. it.
10 concerns two pol ynorphic forns of ~he conpound

2- (2-chl orophenyl ) - 2- (2- ( 2- nethoxy)progyﬁg-ethyl car bamate The invention
al so concerns processes for preparing these new polynorphic fornms. 15

Det ai | ed Desxhergih Rois aslefitel inrvledms il om 2308 Pds an eppropeate hypdrwpy-preieding on is a
process %orégre aring conpounds of formula (1), as outlined above, and the
i nt er medP at é2° formula (11), (I11), (1V), and (V) as represented 20 and
defi ned herei nabove. Preferred are those conpounds and internedi ates as
defined herein wherein Ris 2- chloro, Rl and R2 are hydrogen. The conpound
of fornul a (InytilMaeetbeaspee teeisgentionaplates ihagempeind eftfpapulgeani ngs is al so
referred to as "RW-333369' and can be repregented by 25 the structural

f or mul a: :

i

X CO,R?

ay
10

wherein R is as defined in claims 1 or 2, R’ is Cj.4alkyl; and P is an appropriate

hydroxy-protecting group.

Preferred are those compounds of formulae (IV), (III) or (II) wherein P is 2-(2-
15  methoxy)propyl.

Also preferred are those compounds of formula (II) wherein R’ is methyl.

In still another aspect, the invention relates to a process for preparing a compound of

20  formula (VI) characterized by process steps (a) and (b) as outlined above.

In still another aspect, the invention relates to a process for preparing a compound of

formula (ITT) characterized by process step (a) as outlined above.



CLOHOY NHZ O (l-a) WO 03/053916 PCT/ EP02/14843 -9 The term "hal ogen"
refers to fluoro, chloro, brono and iodo. "Cl_4al kyl" defines strai ght and
branched wbaiBs®aé ur at ed hydrocarbon radi cal s havi ng from®CI/HPo2/448¢ar bon
atonms such as nethyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2-butyl, 2- 5

met hyl - | -propyl, 2-nethyl-2-propyl. "Cl_4al kyl oxy" defines Cl_4al kyl
radicals |inked to an oxygen atom such a% net hoxy, ethoxy, 1-propoxy,

2- propoxy, 1-butoxy, 2-butoxy and the like. 10 "Substituted phenyl" is
phenyl bei 391 s%iﬂ%%tﬂei"ﬁﬁf%cﬂ‘%ﬁehn@éﬂﬁoﬁ%l&%k tokeproBess Hor pregatirgaoscenpouBd ef er abl y,

substituted phenyl has 1, or 3 substituents., A preferred. sybstituent is
hal ogen, nofeempladfp chashgtedzaddryprogess sephehenbireas apdped herenaHerappr opri at e
hydr oxy protecting group. Preferably it should 15 be selected such that it
is stable in the reduction procedure of (I11) to (Il1l) as well as the

subsequent TRafkEALSfeBel ﬁsxamd(eé b poctss prdflaying Erenpoefidof fdmrkdict i on
procedure being wth conplex hydrides as outljned hereinafter, e group P

t
shoul d e sechastcterizeddy psocesneers (E@hagst @k ahQaHReEerelh V?WBH?’gﬂ‘fﬁeﬁngﬁsOduct s
t herefrom il],:lge@ Slgé‘ﬁcé)iagﬁut%%pi‘abo%”pl ex hydrides requires basic conditions
’ shou

and hence t oup not be 20 cleaved in these basic conditions.
The group P should preferably be renovabl e under acidic conditions which

shoul d be such that the carbamate functipn is not i j |y
preferred aPeaBrbeeeatnesytys BypLi® ‘ioﬁﬁ?m%ﬁjg PF %Sﬁﬁ?/ea?}‘ls e llg%cjrgh%&ﬁ%sf%ﬁ% s about
1 or slight}yy higher HRedatdHeENIRL b yhis&iubthArartghepsInbeficuldrdt et her
type. As exg%?pr(eg (?f (Slgl%'?tﬁ@?{a Ijma{i/l"l,ge rr}glrsit iy(;éheg: ?ret hoxghrri;i% hgl ?t hers (MOM :
whi ch cBh beopreapawecolymerphic forms of the compound 2-(2-chlorop enyl)-Z-(2-(2-

methoxy)propyl)-ethyl carbamate

The invention also concerns processes for preparing these new polymorphic forms.

15
Detailed Description of the Invention

Subject of the present invention is a process for preparing compounds of formula (I), as
outlined above, and the intermediates of formula (II), (1), (IV), and (V) as represented

20  and defined hereinabove.

Preferred are those compounds and intermediates as defined herein wherein R is 2-
chloro, R! and R” are hydrogen. The compound of formula (I) wherein the substituents
have the latter meanings is also referred to as ‘RWJ-333369° and can be represented by

25 the structural formula:

(I-2)



met hoxynet hyl chl ori de or formal dehyde di net hyl acetal; tetrahydropyran
ethers (THP ethers) prepared from di hydropyran; 30 tetrahydrothioypyranyl
et hers frwmodiokdpdé ot hi opyran; chloro substituted tetrahydPofrmranydss®t hers
from 2-chl orot et rahydrofuran; tetrahydrothiofuranyl ethers from

di hydr ot hi of uran; WD 03/053916 PCT/ EP02/ 14843 -10 1-ethoxyethyl ethers
from et hyl vinyl ethers or 1-ethoxyethyl ©¢hloride 1-nethyl-I-nethoxyethyl
ethers from net hylvinyl ethers, which are of particular interest;

tri phenyl etTigrtema sl egpr ogfeisad ucker thiado, beend fieriedd. whi ch can be prepared
from 5 the corresponding chlorides; benzyl ethers and appropriate
derivatives thereof which can be prepared from the correspondi ng brom des

or iodides; . F 9RYEaRMed RhB8 St di@Mydrocarbon radicals havi
5, 6-di hydr 0_37_1;@%‘ o%ﬁgﬁ%@@n; 4- mstehoxyt est rahydr%t %?aép(;/nrrgng(/:?se?ﬁg%s from

5, 6- Di hydr o-formattb axartintatdBs tivhepyidiy, dthyl] B-pfopyl, Refropyie ] ddvaB-bgehas to
use such groups P which do not lead to a m xture of diastereoners, i.e. P
gr oups. wot hdnethdn! -Respvher mp@yEemEaR] _Under. certain circunstances, e.g. -
dependi ng upon the nature of the reducing agent, particular silyl 15 ethers
can be used as appropriate groups P, in particular t.butyldi methylsilyl
(TBDVB), triG,selRylopy! défines C, talkylendiyils lihpdd toanaxy e dtokeuciSiepetbay,
preparation of 2- ﬁ]substi tuted phenyl)-2-(protected hydroxyl-ethanol (I111)
20 Accor di ncethexys heorepaxst 2-prenexpf L-buexprlobwesy #id thalikei nventi on, the ester
(I'l) is reduced to the corresponding alcohol of forrmula (I1l) using an
appropriate ester-to-al cohol reducing agent. The latter may be a netal
hydri de 10r a‘Subsiitued phehd! idpienideiibstitatedvitihihe sutstitwants athideddibode or
derivatives thereof. 25 Particul ar reduction.a enti f_otr this reaction are
si | ane agent%regeﬂ%y,égb:ft}tptgﬁ pyqngiil ﬁ%‘nl&*g, or 3 substituénts. A preferred substituent 1s

halogen, more preferably chloro.

P, as mentioned above, is an appropriate hydroxy protecting group. Preferably it should

15  be selected such that it is stable in the reduction procedure of (I) to (III) as well as the
subsequent reaction step from (1) to (VI). The preferred reduction procedure being
with complex hydrides as outlined hereinafter, the group P should be stable towards
these complex hydrides and the reaction products therefrom. The reduction with
complex hydrides requires basic conditions and hence the group P should not be

20  cleaved in these basic conditions. The group P should preferably be removable under
acidic conditions which should be such that the carbamate function is not split.
Particularly preferred are protecting groups P that are removable at a pH which is about

1 or slightly higher.

25  Particularly useful are groups P of the ether type. As examples of P there may be
mentioned:
methoxymethyl ethers (MOM): which can be prepared from
methoxymethylchloride or formaldehyde dimethylacetal;
tetrahydropyran ethers (THP ethers) prepared from dihydropyran;
30 tetrahydrothioypyranyl ethers from dihydrothiopyran;
chloro substituted tetrahydrofuranyl ethers from 2-chlorotetrahydrofuran;
tetrahydrothiofuranyl ethers from dihydrothiofuran;



di al kyl sil anes, trial koxysilanes and preferably poly nethyl hydrogensi | oxane
("PMHS') in the presence of a suitable catalyst. The latter in particular
are transwoioonsaned al  hal ogeni des or carboxyl ates, and pr eCemrebt/yssshe
latter is a zinc carboxylate, such as zinc hexanoate or a derivative

t hereof, nore preferably zinc 2-ethyl hexanoate, in the 30 presence of a
metal hydride such as an alkali netal ofOearth al kaline netal hydride, or
al um nium hydride, e.g. lithium sodium potasium calcium hydride, or a
conpl ex hydri dej-giue @13,1@%@5@&5%&@@@%@% netox yathylictieriden parti cul ar
an alkali netal borohydride or alum niunmhydride, e.g. lithium. sodium or
pot assi um bor ohybriethyl-drmutboastind sthers frynpstey)y mylgethers, which prg it ni um

hydri de. A combi.nati .of zinc 2-ethyl hexanoate and sodi um borohydride is
nost prefeﬂ55?9ﬂﬂgg%8%% the catal yst m xture. These and simlar reduction
agents are desciriphes)] etheRaindribppribiedatiivatives\hedsy ¥ Becanl8gBypazetirom J.

U man, The Aleinbic, . 1999, 59, 1 ff. 5 The reaction of this process step
i s conddct éfeearrespepdingshleridetvent, e.g. an ether or . pol yether, or a
hydrocarbon, in i A& BPRhicBREE bé bepa¢amnes  of
sui tabl e solvent@g% H%y%ggmgﬂg?ﬂgﬁﬁiﬁﬁg?¥d%?%§£pyI et her, gi?sopropyl

et her, di buthylcorredpoading drghideeomiedidessl uene. 10 The reducti on agent can be

formed by stirrin m xture. of th ent s d Al eparate
reaction vessel ‘(}'%F?%m}yﬁg Ydrﬁ%‘ﬂfﬁ@ﬁieﬂ%rss@%qlggi? flﬁgglrrzr)ﬁ%—rﬁgﬁé x?yj}fggrgﬁ abl e
from Rohm & Haas)mdaRkyfttiaydod@bpikdrgletabrs Maind, 6l Dihlyeto- apietomy-2kher eas  ERS
Bis a solution of Zn(carboxyl ate)2*H20, in particul ar of

Zn( 2- etKyl hbxepyoat e) 2 15 *H20, in tetraglynme. ERS A and ERS B are
preferably m xed at higher tenperature, e.g. at a tenperature in the rage
of 50 to 90C, in particular at 70C for a period of several mnutes, e.qg.
for 30 nin. i SuhseeuesttlayvidieeERSoAisasathERGuR Mivkichrde rics lead ded mikwre dle est er

1) and ERS C is added. ERS C i oly net hyl hydro i | oxane.
(h diastereomers, i.e. P groups Witﬁmﬁ an%symme r{c %nter.gﬁ'rrlaer cenain
circumstances, e.g. depending upon the nature of the reducing agent, particular silyl
15  ethers can be used as appropriate groups P, in particular t.butyldimethylsilyl (TBDMS),

triisopropylsilyl, tribenzylsilyl, and the like.

Step (a): preparation of 2-(substituted phenyl)-2-(protected hydroxy)-ethanol (ITT)

20  According to the first step of the process of this invention, the ester (II) is reduced to
the corresponding alcohol of formula (I) using an appropriate ester-to-alcohol
reducing agent. The latter may be a metal hydride or a complex metal hydride such as

lithium aluminium hydride or derivatives thereof.

25  Particular reduction agents for this reaction are silane agents such as trialkylsilanes,
dialkylsilanes, trialkoxysilanes and preferably poly methylhydrogensiloxane (‘PMHS’)
in the presence of a suitable catalyst. The latter in particular are transition metal
halogenides or carboxylates, and preferably the latter is a zinc carboxylate, such as zinc
hexanoate or a derivative thereof, more preferably zinc 2-ethylhexanoate, in the

30  presence of a metal hydride such as an alkali metal or earth alkaline metal hydride, or
aluminium hydride, e.g. lithium, sodium, potasium, calcium hydride, or a complex
hydride such as a borohydride or aluminium hydride, in particular an alkali metal
borohydride or aluminiumhydride, e.g. lithium, sodium or potassium borohydride or



20 The reducing agent can also be generated in situ in the reaction vessel
which is particularly attractive. In this variant, intermediate (I1) is 1
di ssol vedwprs@as»wé t abl e sol vent, preferably in tol uene atPCrmPopasesl
tenperature of 80-90C. ERS B is added first in one portion, followed by
the addition of ERS A also in one portion. Then imediately ERS Cis added
wi thin one hour while controlling the t difperature and 25 keeping it at

hi gher tenperature, in particular around 95C. The starting nandelic acid

ester (1) LRnRligRalyRdd8sA desbinahesohghednatylieikandrle aahsddéum bswhadred and
optionally purlfled and used as such in the reductlon step. .,The ester (I1)

can al so beisket pchfsmb]y\wdd asthe atalyst msfiEre; Rhewm R s a&é@“ﬁ?@bﬁ%ﬁéﬁ #&hd used

as such in
st peRbrb oAl Ey oS ELAIATY B Dk Phe ARRAR 1 © actd
particul ar exe®tybi pef of this process step the starting ester (I1) is either

used dissolved_in the solvent of the previous reaction step, or it can
al so be 3olved in a suitable solvent, such as for exanple an ether, e.g.

in di-n-but 31“ hE Ea%g%on gf E&Bé‘efsé%% id &ndﬁ&!‘a&’ﬁf‘@smfﬁﬂ% JoRGUE e} aet@Bt or Prepar ed

as above, iS ortion to the solution, 5 foll owed by the
addi tion of pERGhE:, vk hlhlydlroombomon partithiar alea;l@matm hsrdlsop@rben oppécdfiabiapplesan be

heated to 900 prlor 0 addit f C...The
Lo 50C andokepeblasoliral seurmger AR Bt cheranHhop S ERRE At Bu DL o2
conversion gﬁmﬁyh g8%hd fleneThe reaction tlne i's around 1 h. After

conplete re uctlo the mxture is cooled to 15 to 20C and hydrol yzed
careful 1§ first with nethanol and subsequently 10 with aqueous al kali netal

hydr oxi de sq@l uti whi ch | | A
(o7 1S maearfibigl Rugt oRLE FUBRL by iy edipbui Bl Rol  prg A g pReC eSS
refluxed for %)QHépa}atQr@%ﬁ@rb%sbel?(E@S&nEstéﬂRedm’glm Sysaezm) cemmaalisd at room
aqueoUs. NaCivalibloBamRsipe Adues ER 4R OY SN Ao EIF eED e, KB ge. o
t ge of
2 to 4, in R BG4k 8 1utibh BPEH(CQI’BQQ}’IQJG)zzHZO,tBI%I‘tlcular of Zn(2-ethylhexanoate),
15  *H,0, in tetraglyme. ERS A and ERS B are preferably mixed at higher temperature,

e.g. at a temperature in the rage of 50 to 90°C, in particular at 70°C for a period of
several minutes, e.g. for 30 min. Subsequently the ERS A and ERS B mixture is added
to the ester (II) and ERS C is added. ERS C is poly methylhydrogensiloxane.

20  The reducing agent can also be generated in situ in the reaction vessel, which is
particularly attractive. In this variant, intermediate (II) is dissolved in a suitable
solvent, preferably in toluene at increased temperature of 80-90°C. ERS B is added first
in one portion, followed by the addition of ERS A also in one portion. Then
immediately ERS C is added within one hour while controlling the temperature and

25  keeping it at higher temperature, in particular around 95°C.

The starting mandelic acid ester (II) is prepared as described hereinafter and can be
isolated and optionally purified and used as such in the reduction step. The ester (IT)

can also be kept dissolved in the solvent in which it was prepared and used as such in

30  the reduction step.

Preferably the substituted mandelic acid ester (II) is a methyl ester.



nol ar equi val ents, preferably 2.3 molar equivalents of ERS C are used. The
reaction typically is conplete after about 1 hour. 20 After conpletion of
the reducwpon/os®action, the excess of ERS C can be destropel/mrol/us4n
suitable ester, in particular with ethyl acetate. After addition of the
said ester, the mxture is stirred for one hour and hydrolyzed at 90C by
addi ti on of aqueous base solution, preflerably a NaOH or a KOH sol ution
(e.g. of 33% and further preferably 25 with the use of methanol. Further
wor k- up congr, Iﬁaﬁ?cuﬁﬁ%x@&ﬁﬁh%tf'ﬂﬁg Rcedshgepahd siihgl e (1) isfhavaséd ng with
aqueous basic 'solution (e.g. KO+ solution of 33‘% and with water. The
resul ting nditsojtedsn ére sodveahobthe previniis redctign siepeet, it eamrplipebaisodradiipad f or

purification. 30 e b): preparation of 2- t .
plhenKI I) - 2]: (?%%F%&B%émg?l ‘%&aﬁsﬂﬁe a“c%tﬁ%raﬁég 2o ";‘h?ltﬁﬁ‘t%ﬁiosr preforably
al cohol o j ' il oreopRe i
03/ 053916 PC%eE%O%}e(lrE&lS%%ng ?gleggg%p?k%\(/mga}ao‘&’ gﬁvﬁgd?ﬁ% X angmt\ﬂ/) mz;lfr3 Zdlunmul Ve

_ iy (1Y)
?Egr 8'?[1 S?t ef)czllle‘f][vﬂ 3@ thyr asldision HER S Caithin opehoir xIg regotioq mphge opondlyve t han
: n ol [ [

preferably %naﬁgie?eéi%gﬁgr% Qg&zroﬁ%ﬁ dlélro g&gg?{%| ?,”@Pgﬁﬂ%ﬁgf@ra@ﬁrg?s;@g}} g%‘%a;{Bi S an

ﬁr ?/I o]>c<y or ?@Pld@pﬂp Vke@t aft}ihat térﬁp?rhﬁré aitilen ih-psdcaseeon{iv) shiosvsancaalvkiglonmf abir y|
alo form at e. oartlcu ar. aryl . grou i I re enyl .or bst.i t ut ed

phenyl , e. gleatt@P¥prdayracton tippas 51%95 ? hAQ‘_ _ r%@%&é@r@@“@éﬁﬁ% 1313 %(“If \/;J ies

pheny!  chi Of Ry {11315 28°C hnd hyar6BEBLEXLMEY I GAROk Sl nt 886, RilyS

conducted in a suitable so ve%t uch as a” hydrocarbon, in particular an

ar omat i ® hydithegudvos allelignetsldiydemede svlution, whichtpheferably ig 2 Na sqlheor &act i on

tenperature . depends u t he reactivi of .the reagent (1V) but in general
is room tenﬂé‘iﬁi“é??éﬁeés Qﬁ'éﬁ%’ TOBWES, USHE %g@e{’ SRIIul{]rO]}gar bonyl diim dazol e i g used

as reagent the reaction preferably is

Subsequently, the mixture is refluxed for about 1 h at about 50°C and the layers are
separated at room temperature. The organic layer is washed with water and with

15  saturated aqueous NaCl at room temperature.

The quantity of ERS C is in the range of 2 to 4, in particular in the range of2.2t03
molar equivalents, preferably 2.3 molar equivalents of ERS C are used.
The reaction typically is complete after about 1 hour.

20
After completion of the reduction reaction, the excess of ERS C can be destroyed with
a suitable ester, in particular with ethyl acetate. After addition of the said ester, the
mixture is stirred for one hour and hydrolyzed at 90°C by addition of aqueous base
solution, preferably a NaOH or a KOH-solution (e.g. of 33%) and further preferably

25  with the use of methanol. Further work-up comprises the separation of the organic layer

and washing with aqueous basic solution (e.g. KOH-solution of 33%) and with water.

The resulting methylester is an oil, and, if desired, can be distilled for purification.

30 Step (b): preparation of 2-(substituted phenyl)-2-(protected hvdroxv)-ethyl
carbamate (VI)

In this step the alcohol of formula () is reacted with a carbonyl compound of formula



conducted at roomtenperature (i.e.. at about 25 C). The reaction typically
is conplete after less than 1 hour, e.g. after about % hour. The reaction
product oWwotodiossgneaction is usually not isolated; it can PeTrRPpresent ed by
the 20 following formula: OP OY R O (IV-a) 25 wherein Y is as defined
her ei nabove and in particular is an imdazolyl group, or an aryl oxygroup,
e.g. a phenoxy or substituted phenoxy gr-o89. The internedi ates of WO

03/ 053916 PCT/ EP02/ 14843 -14 formula (lIV-a) are deened novel and
constitute an additional feature of the present invention. Preferred
internedi ates of fornula (N-a) are those wherein Y is imdazol- 1-yl. 5 The
product of the previous reaction, i.e. t internediate of fornmula (IV-a),
is usually not isolated and is reacted i diately with the am ne of
formula (V) as specified above. A pref ed amne is anmonia, but it can
al so be an ammoniumsalt. In that inXfance'Yhe ammonia or an ammoni um sal t
is in an aqueous nedium and added to thg solution of internediate (IV-a)
at roomtenperature. 10 Vigorous stirri EJ I s reconmended when using (V) in
aqueous nedi a, because of the tw phase system The reaction is term nated
after several hqurs, in particular after about 4 hrs. The organic phase is
separ at edl andierd XonsaY @Fe wpromsig lsmeing growes.iReferabluonesafdk puYiis inek  The

organi ¢ pha r i th ST e used. as
such in the§§hggégﬁ§ﬁ@9§%%%?a%%rgfgégggﬁg%ﬂlE%Re ar%ﬁmlﬁog¥ 5mts§85t|tuted
phenyl) - 2- hydeferet Xiyhd Yaarb amitaeolfl groups. If X is halo, Y preferably is an aryloxy or
alkoxy group. In the latter instance (V) is an alkyl or aryl halo formiate. Particular aryl
groups in (IV) are phenyl or substituted phenyl, e.g. halophenyl, or C;_4 alkyl. A

10 preferred example of (IV) is phenyl chloroformiate or 1,1‘-carbonyl-diimidazole.

The reaction is conducted in a suitable solvent such as a hydrocarbon, in particular an

aromatic hydrocarbon, e.g. toluene, or in an ether, e.g. THF. The reaction temperature

depends upon the reactivity of the reagent (IV) but in general is room temperature or
15 lower. In case N,N’-carbonyl diimidazole is used as reagent the reaction preferably is

conducted at room temperature (i.e.. at about 25 °C).

The reaction typically is complete after less than 1 hour, e.g. after about % hour. The

reaction product of this reaction is usually not isolated; it can be represented by the

20  following formula:

P

Y
X
N \”/
| / 3
(IV-a)

Hee-Q

25  wherein Y is as defined hereinabove and in particular is an imidazolyl group, or an

aryloxygroup, e.g. a phenoxy or substituted phenoxy group. The intermediates of



This reaction step involves the deprotection of the hydroxy function and
depends on the 20 nature of the group P. \Were P is 2-inethoxy-2-propyl,
renoval iwOWg/0sx9dé ti on of an appropriate acid, e.g. hydr®chiEPo2/es8axi d. 25
In a preferred execution, product (VI) is used dissolved in the solvent of
the previous step. Water and concentrated hydrochloric acid are added
while stirring. Already after a few mfdtes the reaction is al nbst

conpl eted and the end procuct (I) starts precipitating. The reaction
mxture 1's stbhfif a?%r@de%ﬁiéﬁln%vélfanh‘éﬁﬁsﬁtutb'ﬂnﬁ@dﬁlbﬁaﬂfédtmfe(ﬂf theafresent 4 hour s
because in this he end product can be filtered better._Subsequently
30 the end mvedtnmt Hrsfmeﬂummmed@eftes efrfarmiels K802) R Ehase avhsreiy Y e HP]Id)aZQ:lan be
recrystalli froma suitable solvent such as an al cohol, e.g. nethanol,
preferably y ‘h addition of acidified water. WD 03/053916 PCT/ EP02/ 14843
-15- Starting materials 5 The starting materials _(11) are obtained by a

process which is characterized by: (d) an esterjfication r |on o
appr opr i &t elje prodyet af ihepraviovs asdcton diedthg inteanadia t%\"?}o@quladgﬁ IRUg lé'v{]l 1),

th t.h
wnerern i n (o ey ARl i RRERE L BaG) wAl dl G, Bt i, RV BT e dl y

i s 2-chl or o abel AqirefRBrep iy i lhyndmsa, ivat igkn alambe an ammonium salt. In that

instance the ammonia or an ammonium salt is in an aqueous medium and added to the
solution of intermediate (IV-a) at room temperature.

10
Vigorous stirring is recommended when using (V) in aqueous media, because of the
two phase system. The reaction is terminated after several hours, in particular after
about 4 hrs. The organic phase is separated and the product can optionally be isolated
and purified. The organic phase with product (VI) dissolved therein can also be used as

15  such in the subsequent reaction step.

Step ¢: preparation of 2-(substituted phenyl)-2-hydroxyethyl carbamate (I)

This reaction step involves the deprotection of the hydroxy function and depends on the

20  nature of the group P.

Where P is 2-methoxy-2-propyl, removal is by addition of an appropriate acid, e.g.
hydrochloric acid.

25  In a preferred execution, product (VI) is used dissolved in the solvent of the previous
step. Water and concentrated hydrochloric acid are added while stirring. Already after a
few minutes the reaction is almost completed and the end procuct (I) starts
precipitating. The reaction mixture is stirred for a couple of hours, in particular for
about 4 hours because in this way the end product can be filtered better. Subsequently

30  the end product is filtered off and washed.

The end product (I) can be recrystallized from a suitable solvent such as an alcohol, e.g.

methanol, preferably with addition of acidified water.



20 (e) treating the ester (IX) with a suitable reagent generating a hydroxy
protecting group, thus preparing an internediate of formula WO 03/ 053916
PCT/ EPO2/W0348539146 OP COORS R ' wherein R and P are as aefiEreti@mbbve. 5
The ester (I X) is reacted with an appropriate agent capabl e of introducing
a hydroxy protecting group. A preferred agent is 2-nethoxypropene.

Al ternatively, the sequence of the abow5steps nay be swtched, i.e. the
hydroxy 10 protecting group may be introduced and subsequently the ester
formed. Step (d): Preparation of substituted mandelic acid esters (11X
According to this reaction step the starting acid (M11) is reacted in the
al cohol of which 15 the ester (IX) is derived. Typically a C1_4 al kanol is
used, prefegagjé n@th?nol, thus vyielding the corresponding Cl_4 al kyl
esters or pi e nethyl ester of (VII1). The reaction is conducted
with an excess of a strong acid, preferably a hydrohalic acid such as HC1,
in particular with 1-4 nolar equival ents, prefetg€2%6$ﬁth 2.% nol ar 20

equi val ént sTlsfstargng arteriniedD AcLobtained Pyra pracess sk ISMRIACISHZERPY cat al yti c
amount of sulfuric acid or also with SOC12 . In the latter instance the
reaction is highly exothermc, requiring appropriate neasures for

control | i ngd) be edteipeitiahustiol béan egroprivelp sefsttutd mandelicaeifuefifedneds: room
tenperature or slightly increased 25 tenperatures, preferably not higher

t han about 30C. The reaction tine usually is less than about 1 hour, e.g.
about 30 mn. The resulting ester (I1X) typicablly is an oily conpound which
is used as such in the subsequent process steps. In a preferred execution,
the ester (I1X) is kept in the solvent in which_it was nade and is used
further dissolved in this solvent. COOH

10 (V1D),

thus preparing the corresponding ester of formula

10)=1

X COOR?

15 ‘ IX)

wherein in (VII) and (IX) R and R are as defined above and R preferably is 2-chloro

and/or R? preferably is methyl; and

20  (e) treating the ester (IX) with a suitable reagent generating a hydroxy protecting group,

thus preparing an intermediate of formula



WO 03/ 053916 PCT/ EP02/ 14843 -17 Step (e): Preparation of hydroxy-protected
substituted mandelic acid esters (Il). The reaction conditions of this
step depewo oofs39he€ nature of protecting group P. 5 In a pcafEPor/ess3
execution, P is 2-methoxy-I|-propyl which is derived from 2-methoxypropene.
The latter is dissolved in a suitable solvent, in particular the solvent
in which the other reaction steps are cobucted. This solution is added to
a solution of internmediate (1 X) in a suitable solvent which has been
acidified, e.g. by 10 addition of hydrochlori©pacid, in particular by
addi ng gaseous hydrochloric acid over the sol:ution. The pH should
preferably be low, e.g. pH 1-2. The solyent of internediate (1X) should
preferably be the sane as that wherel opene is dissolved
and nore preferably should be the he sol vent used in the other
reaction steps. 15 The reaction is inless than 1 hour, normally
within half an hour. The process acco to the present invention yields
the end product (I) in high yield and purity and can be scaled up to
production size batches. A particular aspe¢) of the 20 current process is
that it |eaves the stereochemical integrity intact of the asymretric center
on the carbon atom bearing the hydroxy function, i.e. the present process
shows negl ect ablhetdin RoandaC £@1as atfiyd. abdid@ vari ous internedi ate products of
the process, including the steps for preparing the 25 starting materials,
can be i3olated and if desired further purified before further use in a
next step. } : I lesi red al so.including
the steps fare ooyt fL vihaf PREPEES sphRratd oFERO TR BRIRY, the
same sol venprotectmg gnourh duprefarsedlagtitdn2-andheqypiopeat. purification of the
internedi ate products. In the latter instance it nmay be advantageous to
distil off sonme of the solvent or to add sone of it during one 30 or nore

of the reacii@iveRStheAedithtabl e 300WRRps il B6iRAEL 19! HEHasxGeut i on of

10 protecting group may be introduced and subsequently the ester formed.

Step (d): Preparation of substituted mandelic acid esters (IX)

According to this reaction step the starting acid (VII) is reacted in the alcohol of which
15 the ester (IX) is derived. Typically a C;.4 alkanol is used, preferably methanol, thus
yielding the corresponding C.4 alkyl esters or preferably the methyl ester of (VIII).

The reaction is conducted with an excess of a strong acid, preferably a hydrohalic acid
such as HCI, in particular with 1-4 molar equivalents, preferably with 2.5 molar
20 equivalents of concentrated HCI. The reaction also works with a catalytic amount of

sulfuric acid or also with SOCI, . In the latter instance the reaction is highly

exothermic, requiring appropriate measures for controlling the temperature.

The reaction preferably is conducted at room temperature or slightly increased

25 temperatures, preferably not higher than about 30°C. The reaction time usually is less
than about 1 hour, e.g. about 30 min. The resulting ester (IX) typically is an oily
compound which is used as such in the subsequent process steps. In a preferred

execution, the ester (IX) is kept in the solvent in which it was made and is used further

dissolved in this solvent.



process is an aromatic hydrocarbon, preferably toluene. It is also possible
to conduct a certain nunber of steps in one solvent and the others in
anot her. WD 0R85P53916 PCT/ EP02/ 14843 -18 Conducti ng t he RCOIEPODI4BEESS i N
one solvent has the particul ar advantage that the process is nmuch sinpler
and can be conducted nore quickly wi thout having to discard or recuperate
sol vents, which is advantageous econoni¢@ |y as well as froman
enviromental aspect. 5 Poles orphs The present invention is further
directed to novel crystalline structures of the conpound of formula (1)
wherein Ris 2-chloro, Rl and R2 are hydrogen, said conpound 10 hereinafter
bei ng r ef er$tep (d)oP@parabop ofMéXVrm’DtecmldéubMﬁda mandelic asichestess (IBonpound
(I-a) may be prepared by an appropriate recrystallization of conpound
formula (1-a) froma suitable organic solvent. Depending upon the
recrystal | i@l je0ftidRr Ra8RILE oLihidWeep depend én te HatireoBpeseting gotupdl.ned. 15 One
crystalline formof conpound (l-a) is referred to as formA and is
gLep?red by. recrystﬁlllsatlon of .conpound (I-a) froma suitable solvent.

e tenperature jn thi |} t r t below 60 C, in
partlculara%' §6d8¥§ Ugﬁgiﬁﬁiﬁllk§2%ﬁg ﬁggéﬁazg%gﬁﬁ"the conmpound of
formla (I -thlsmos@pidpeﬁe arhdiiaghes d&@olt/eim&rsmmble salvent, 1 patiatlintbe y poorly

sol ubl e at | t t . g.
ower than OV ibrhEGARE Pt & Grase (sspRHGh i 8% B or e
the | over a&g%b% déf 1nferrﬁed1hﬂe3? ]m%%'uﬁﬁﬂé’ bSvaR Hith RAYebs iéiaifiedBd. Baol . 1 n

one type of conpound (l-a) is dissolved b heatl ng or
refl uxing i addi@m dsmiyhlmuhﬂqnmldayn patitilagby slding gﬂﬁmusmglomﬁ pig over

t enper at ur e _of I | |
Subsequeﬁtl?gsP Ogg&E @ﬁmpgﬁﬁg%Fgﬁ q@?ﬁ%%ﬂﬂ%qéf ﬁﬁ gﬂ@gﬁg% by sinply
al | owl ng t hg1§aleliakOIX) hdil@prefelibiR be ElERAMIR L Heat @&fheﬁéih@tlie Meﬁoxypropene

crystallization
is dissolved and more preferably should be the same as the solvent used in the other

reaction steps.
15

The reaction is complete in less than 1 hour, normally within half an hour.

The process according to the present invention yields the end product (I) in high yield

and purity and can be scaled up to production size batches. A particular aspect of the
20  current process is that it leaves the stereochemical integrity intact of the asymmetric

center on the carbon atom bearing the hydroxy function, i.e. the present process shows

neglectable or no racemisation.

The various intermediate products of the process, including the steps for preparing the
25  starting materials, can be isolated and if desired further purified before further use in a
next step. Alternatively, all the process steps, if desired also including the steps for
preparing the starting materials, can be conducted in the same solvent, i.e. without
isolation and optional purification of the intermediate products. In the latter instance it
may be advantageous to distil off some of the solvent or to add some of it during one
30  or more of the reaction steps. A suitable solvent for the one solvent execution of the
process is an aromatic hydrocarbon, preferably toluene. It is also possible to conduct a

certain number of steps in one solvent and the others in another.



already starts. The m xture is stirred at roomtenperature for 15-20 hours
whereupon acidified water is added. The water preferably is acidified with
a strong woiod/0s®1g. 30 hydrochoric acid or a simlar acidPCo/EROpHS¥al ue of
about 3 to 4, in particular about pH 3.5. The mixture is further cooled to
about 0 to 10 C, in particular to about 5 C and stirred at that
tenperature for a sustained period of tilge, e.g. about 1 hour. The
crystalline end product is then filtered and dried. WD 03/ 053916

PCT/ EPO2/ 14@5{%110{1%%@9 Rifold Hobl8in BPEHcnt s BE BEARLIL R¥@RtigomA dncer ns the
conpound (I-a) predomnantfy in Form A The invention in particular

concerns coprpaasnib ieadimplar and cargbaeondugsed yees grcklivithonehavpg (orfiscard

predom nantly containg Form A, Mre in i i i 5 concerns
conpound (|Qrary9uP8@g%§<iYWgS» &’gll%ﬁﬂ%%%egn@%cﬁfﬁ%%%ﬁ g?%fgé@g{o h‘10;iehast 90 % or
nore of fordRufonfbhtal@pebtn particular 95 %or nore of FormA, still further
in particular 99 %or nore of Form A Hence, recrystallization of the
conmpound of forrmula (l-a) as described above yields a. 10 novel crystalline

formof (I- 31 herein referred to as "Form A . Conpound (l-a) in FormA has
aparticulaﬁ—gﬁgﬁ@;%llineform i.e. the monoclinic crystalline form 15
One crystalline formof conmpound (l-a) is referred to as formB and is

prepared by recrystallisation of  conpound (I- fro sui t.abl nt.
The t enper all Brepent pegtion ’écfESF%‘iré]Pqu“ggfq %V%FWE%HWQQP%%?S(?E_%%C%E%%%&60 C,
in particul ﬁfoﬂ?&é?@%e?ein%stﬁml@ro, ROLWERY e d8rogh®seidwWeaiiund t he conmpound
of formul a -a i'ssolves at higher tenperature and is relatively poorly
sol ubl elgat heremeftérdrgrey @famred to es gompaund (Fehperature 20 | ower than 20 C, or

| ower than 10 C, or even lower than O C, or -10 C. Suitable solvents are
the | ower al kanols, e.g. the C3_4al kanols and in particular propanol (n-

propanol or 1 prepaRel R md&hempdihd ab) eHeraisedbeaeqippomiaech as et hyl
acetate or a simlar solvent, or mxtures thereaof wth, Ioif\er E)gl | i
hal ogenat edrdeydtafiization of cempenndLermylp fha)dramne shiidile ereaBicSRGRo

which s pr ﬁ{)gr{ t gg‘écrgisr‘eaﬁiinltl%nip?gcteaﬂx%ee’ithglr f%f'rﬁrﬁ&l #6rm B can be obtained.

15
One crystalline form of compound (I-a) is referred to as “form A’ and is prepared by
recrystallisation of compound (I-a) from a suitable solvent. The temperature in this
recrystallisation procedure is kept below 60 °C, in particular below 50 °C. Suitable
solvents are those wherein the compound of formula (I-a) dissolves at higher

20  temperature and is relatively poorly soluble at lower temperature, €.g. at a temperature
lower than 20 °C, or lower than 10 °C, or even lower than 0 °C, or -10 °C. Suitable

solvents are the lower alkanols, i.e. the Cj.4alkanols and in particular methanol.

Tn one type of embodiment, the compound (I-a) is dissolved by heating or refluxing in

25  methanol, or by heating in a lower alkanol. The temperature of the mixture should not
allowed to exceed 60 °C. Subsequently, the solution is cooled, preferably slowly, e.g.
by simply allowing the solution to cool. At a temperature of about 50 °C crystallization
already starts. The mixture is stirred at room temperature for 15-20 hours whereupon
acidified water is added. The water preferably is acidified with a strong acid, e.g.

30  hydrochoric acid or a similar acid to a pH value of about 3 to 4, in particular about pH
3.5. The mixture is further cooled to about 0 to 10 °C, in particular to about 5 °C and
stirred at that temperature for a sustained period of time, e.g. about 1 hour. The

crystalline end product is then filtered and dried.



25 the starting nmaterial is first dissolved in the ethyl acetate after

whi ch the hal ogenated hydrocarbon is added. The vol une of hal ogenated
hydr ocar bwo oBlest916 s used is equal to about five tines (vPCI/EPeY/atstye t O
the vol une of ethyl acetate, preferably the volume ratio is in the range
of about 1 : 2 to about 1: 5, e.g. it can be about 1 : 3 (ethylacetate :
hal ogenat ed hydrocarbon). Still further-18uitable solvents are polyols, in
particular the 30 glycols such as ethylene glycol, which is preferred, or
propyl ene glycol, butylene glycol and the [ike. Water can be added, in
particul ar where polyols are used as a solvent. If water is added, .it ma
be aci di fi dd asutthereasperit Hzetpresent inysuficuciotcerns thegonmppun® dH) Predomipady i | ow

pH, e.g. H ich is i .n - i i
P 3 Vo 0arsa Eheer e pas s oSl Bpinglind f:f)ogButp 4 fllyhrb oLt

quant i ti es. Fefree% B ed¥Ran Bl JoyaaRE gL AVof inparticdubar theginyaios ar e used
the volune ratios of éﬁmol togltadded wat er are,in?p!tahe rangqeghy ,

about . 15 8;onoerng compounsl (I-a), ascurging as RRFIOIPN MIXAULE SO EFHD. Et\,;g{s&o %% 0 5
I'n one type_ of odi,men - | i | S5 Ql: N € 'ﬂ¥£g“ ; or
refluxing iN"L P%&ﬁ%heéw%rﬁg@g%% (grm(g&r%!ffto ﬁirl 2\’ g?ﬂ%&hﬂ&h s

et hyl acet at 9 ¢j &l aseEHdanes. nore preferably a 1. 3 mixture of

et hyl acet at e/ di chl or onet hane. Subsequently the solution is allowed to cool
wher eupon the desired product crystallizes. 10 This procedure can al so be

used to conyer. fLIAiRGA of iBofipolin@of RYmiBRI-APANEsERG:d ORI af | - 2)

by formA in ve procedure. Form B can al so obtained in a highly pure
f or m byitheahévey cfystaitind form b8 (i) ovezeingefeyyed fooas ‘BOr6@ " ni n (DSC experiment) as
triclinic crystals. 15 In a further aspect the present invention concerns

t he conpound (l-a) predomnantly in Form B. The invention in particul ar

concerns CopRRBEnd -4 )n PEAHA ARG Fasticul @t ysralin forr id. titemondtliote

pr edonm nant | yﬂ@o.nt alt nag For m B. l\/brpg&i n pair’y'ééi cul arnfnhe i nvention concerns
conpound (| exjtamedorming as pol ynorph mixture containing at |east 90 % or
20 nore of formB, further in particular 95 %or nore of FormB, still
further in particular ,

15  One crystalline form of compound (I-a) is referred to as ‘form B’ and is prepared by
recrystallisation of compound (I-a) from a suitable solvent. The temperature in this
recrystallisation procedure is brought above 60 °C, in particular above 70 °C. Suitable
solvents are those wherein the compound of formula (I-a) dissolves at higher
temperature and is relatively poorly soluble at lower temperature, e.g. at a temperature

20  lower than 20 °C, or lower than 10 °C, or even lower than 0 °C, or -10 °C. Suitable
solvents are the lower alkanols, e.g. the Cssalkanols and in particular propanol (n-
propanol or 2-propanol). Other suitable solvents are esters such as ethyl acetate or a
similar solvent, or mixtures thereof with lower boiling halogenated hydrocarbons such
as trichloromethane or dichloromethane, which is preferred. In this instance, preferably,

25  the starting material is first dissolved in the ethyl acetate after which the halogenated
hydrocarbon is added. The volume of halogenated hydrocarbon that is used is equal to
about five times (v/v) relative to the volume of ethyl acetate, preferably the volume
ratio is in the range of about 1 : 2 to about 1: 5, e.g. it can be about 1 : 3 (ethylacetate :
halogenated hydrocarbon). Still further suitable solvents are polyols, in particular the

30  glycols such as ethylene glycol, which is preferred, or propylene glycol, butylene glycol
and the like. Water can be added, in particular where polyols are used as a solvent. If
water is added, it may be acidified with a suitable strong acid such as hydrochloric acid

to low pH, e.g. a pH which is in the range of pH 2 — 5, e.g. a pH which is about pH 3.



99 % or nore of formB. The novel crystalline forns of the conmpound of
formula (1-a) may be characterized by their respective X-ray powder

di ffractiwoopasmesns utilizing appropriate powder 25 diffpPagtRPopi4as, in
particul ar using the methodol ogy as outlined in the Exanples. In a further
aspect, this invention provides a process for preparing formA of the
compound of formula (1-a), or the conpeddd of fornula (l-a) predom nantly
in formA said process conpri sing dissolving the conmpound of formula

(I-2) in a g o it o8RBT G iRl WAke byRné giybelraatimiarui ch
is |ower than agﬁ4 an%lrl q her tehanr a‘?)ogte 50 eC gng glggfecluenlt Iry c

al | owi ng t glypmdd ars aseﬂ ﬁwl wilioe ratJSa of abrel te efidashvatense in Heaamas of

pa_rtl cul ar era t rticul ar executl on of
this pr oces’agou'i gh ‘et s]01 tr%ﬁjb‘?%qglﬁh@vﬁal t%ﬁggg until the first
crystals appear, in WD 03/053916 PCT/ EP02/ 14843 -21 particular the
solution is allowed to cool to about 50 C all ow ng ear ce of the

he a
first E:lSystIaJcm,e tm@dbeéqwmth?C%mPQ}WéidI'ﬁbIS@éﬁPl"FG&’f/ﬁ‘éﬁ“ j e ar to
room tenpeyature In anot her derEi‘h cess
for prepari B%&P%% leac a5 &gao%pﬁgﬁggtf e?l&gg%%‘eﬁy%a i ,EQ%?M? Qgﬁ?:%ﬁ%gﬁnd of
formula (1-2): Predors dfaahyuceme/ﬂmmramtham Subsequemly tbo spinfien isgllowed
recrystallisation of co und froma suitable solvent at a
t enper at ur etomoowh@ewom ﬁ%ﬁ“edlpﬁo b eWealgPs-of 70 C or higher. Suitable
solvents are, for exanple, the |ower alkanols, e.g. the C34al kanols and in
particular propanol. Qher 10 suitable solvents are ethyl acetate or
m xt ur &9 t hehie@kodesiliide chnako bbasdd tegohedrofpemat ado meob%bﬁé?@a%%Weas

di chl or onet hane. f ol es d CI‘I be the invention in greater
detail and %@9%2*?%@%%“‘?%@@5&?@% %vention, but not to | |gmt it.
15 Exanples Preparation of (S)-(+)-2-(2-chl orophenyl - ~ydr oxy- et hyl

car bamat e (conpound
Form B can also obtained in a highly pure form by heating form A to 130°C over a

period of 60 min (DSC experiment) as triclinic crystals.
15
In a further aspect the present invention concerns the compound (I-a) predominantly in
Form B. The invention in particular concerns compound (I-a) occurring as a polymorph
mixture, which predominantly contains Form B. More in particular the invention
concerns compound (I-a) occurring as polymorph mixture containing at least 90 % or
20  more of form B, further in particular 95 % or more of Form B, still further in particular

99 9%, or more of form B.

The novel crystalline forms of the compound of formula (I-a) may be characterized by
their respective X-ray powder diffraction patterns utilizing appropriate powder

25 diffractometers, in particular using the methodology as outlined in the Examples.

In a further aspect, this invention provides a process for preparing form A of the
compound of formula (I-2), or the compound of formula (I-a) predominantly in form A,
said process comprising dissolving the compound of formula (I-a) in a suitable solvent,
30  heating the solvent to a temperature which is lower than about 60 °C and higher than
about 50 °C, and subsequently allowing to cool said solution. Suitable solvents are
alcohols, in particular Cy.4 alkanols, preferably methanol. In a particular execution of

this process, the heated solution is allowed to cool until the first crystals appear, in



20 (I-a)) Exanple 1 (,S)-(+)-2-Chloromandelic acid nethyl ester
(Intermediate 1) 25 (5)-(+)-2-Chloromandelic acid (100.0 g, 535.9 innol)

i s di ssolwed3as3dmé in nmethanol (553.0 g). After cooling POTEP2/5B43
hydrogen chloride gas (55.3 g) is conducted over the solution for 30 mn
hol ding the tenperature below 25 5C. The course of this reaction and the
followng reactions is foll owed by HPLG21-Tri nethyl orthoformate 30 (62.6 g,
589.5 mml ) is added at 205C to the colorless to light yellow solution
which is gfah{i]d’u‘f%t OLo13%d s A118¥ved REcoRAIEHAIPEr @I wing Theagritace diithe

sol vent and the hydrogen chloride gas is renoved as. far as possible in
vacuo (40 f&€ crf@alsldrpbseguenthyeallomioy tyepd Spgszon@apicrlaEi9oorygas - 22
residue is diluted with toluene (130 g) and the solvent is renoved again as
far as pos€MBPBMT vacuo. Tol uene (261 g) is added and the solution is
cooled to 15 5C. Exanple 2 5 2-Methoxy-|-propyl derivatized
(S)-(+)-2-Chloromandelic acid nethyl, ester (I nterrreclljégte ﬁ 7 dr ogen

chl ori dé galks apothsBaspect: risAnEENiqnepTRvAER & POGeT T PLEPE ISP TR oﬂ%l—l— val ue . 10
drops from3 to 1-2)., S&C RSO BREnAntiS i f@m BO81. 7
mmol) is d?oég%qu\rllg@)fifor\ é?g}ﬁ’e&?%%&g; atd%go 5C gnazbfgge abovg r epar ed

sol uti on of gaid plocsdsRBhddiieing recysatiedioatof aompowst G frenr angeblsisobsai@tEca. 30

in). Aft th ddi ti IS, | , the.m ' ! in.
T 1 i hyl aim ERCTATD o§ S0 16T HETRAG prEahobl oot RehdoppitEen Bl g "

yel | ow sol ugj b, 4 i { e bt thE @, ,Slkiidls &adin bartibulay wolt Othienl uene
(402 g) (pl—ifolﬁ%gzg?blfef{hﬁéﬁér;aglga?lﬁﬁbﬁrgoﬁ‘h g3i4et hyl am ng)%al.é The_%ﬁg}?ure i

washed Mi t hswimbkrsofvenss at66thy) acetaty orsottures Inptpobyehdaw erdioaling %?H?P?tﬁa (5% 1

X 150 ), and ag. sat.. sodipm chlpride solution (1x 150 g). Drying with

The following Examples describe the invention in greater detail and are intended to

illustrate the invention, but not to limit it.

15
Examples
Preparation of (:S)-(+)-2-( 2-chlorophenyl)-2-hydroxy-ethyl carbamate (compound
20 (I-a))
Example 1
(S)-(+)-2-Chloromandelic acid methyl ester (Intermediate 1)
25

(S)-(+)-2-Chloromandelic acid (100.0 g, 535.9 mmol) is dissolved at rt in methanol
(553.0 g). After cooling to 10 + 5°C, hydrogen chloride gas (55.3 g) is conducted over
the solution for 30 min holding the temperature below 25 + 5°C. The course of this
reaction and the following reactions is followed by HPLC. Trimethyl orthoformate

30  (62.6 g, 589.5 mmol) is added at 20+5°C to the colorless to light yellow solution which
is stirred for 30 min at the same temperature. Thereafter the solvent and the hydrogen

chloride gas is removed as far as possible in vacuo (40 +5°C, 40 £ 10 mbar). The oily



(ca. 65 g), filtration, and renoval of ca. 86 g toluene in vacuo |leads to
Internmediate 2. 20 Exanple 3 2-(2-Chl orophen

ly) - 2- (2-WD-oaesPpoxy) propyl ) -et hanol (Internediate 3) At fIPCIEPVENMSUS e TM ERS
B (13.0 g) and secondly VenpureTM ERS A (13.0 g) is added 25 and the

m xture is heated within 45 mn to 855C. The appearance of the solution
turns fromclear to slightly cloudy. VedpureTM ERS C (73.9 g, ca. 1239.4
nol ) is dropped into the solution in such a way that the tenperature is 95
5 C (ca. 453.9hhki j ¢ o)odndthesdvet eeMoved 8@ hofar bs

possi bl e) . ﬁﬁ%?sgiglgﬁﬂo‘ﬁ&??ﬁ%nﬁ}(g\e% 15 mn after the eﬁ%ﬂﬁof t he dropping
whi ch is alggsibldieated Tojuean (B gddaddedmad thei sokyionds geagd {of ohPZnc)
appearance in the mxture. If not, an additional 7.0 g of each VenpureTM
ERS B and VenpureTM ERS A are added directly to the reaction mxture and

t he whol e %@%@d until the conversion is conplete. The solution WO

03/ 053916 /14843 -23 is cooled to 15 5C and nethanol (30 g) is
added (BBydrogen evol ution). Aqueous sodium hydroxide solution (30% 238.0
g) is added, dropwi se while hol.di ng per (ca. 30 mn,
above 25C, 4% g Lralizec Ll ' LR Fber i s finished
the two phaggefhediste®)is heated for 1 h to 50 5C and the 5 previously
formed precipitate dissolves now The phases are separated after cooling to
rt and the col orless organic phase is washed with water (1 x 200 g) and

wi th ag. sat. ., sodi.um.chl ori L gn: ( [ | di um
sul fate (Cgﬁy%rgg%l} ?}H?ﬁ% é%t(pgg,g ?gﬁﬁh@&%‘:&gﬁuﬁ?@%‘? t%%d%ﬂ%o%ﬁm?n vacuo
gi ves aj(sol @opoRonf 3 ion1-ey. medisedond Jlaslkl,@-faetopy-gropene (78.0 g, 1081.7 mmol) is

2- (2-chl orophenyl 2- ( 2- met hoxy) pr opy1) - et h;/l %ar bamat e él nt.er rapdi ate 5) To
the sol uti odissBved indelupre A28 PE20E 52C apditheyabgye prepared sAUEEMOY - di i ni dazol e

103. 8 g, 5 641.4 jnnol,) .in toluene (180 | i t\N mn. at a
'E enper a? ur eﬁﬁt?meé@ter L?fgagldé(i at aztg%?m?ﬁgg%n(gﬁvogrbg%%w ge% ]}%ﬁ dégtg yl-1' - [2-
(2- chl or ophgmion 1sZomplete, themixtid19¥REDRY BD mia! Tisthylamido(y0 & 1568.8r medi at e

4) is then conplete. , e .
mmol) is added to the colorless to light yellow solution, 1t is stirred at 1t for 5 min and

15  diluted with toluene (402 g) (pH > 8, if not, addition of triethylamine). The mixture is
washed with water (1 x 150 g), aq. sodium hydrogencarbonate solution (5%, 1 x 150
g), and aq. sat. sodium chloride solution (1 x 150 g). Drying with sodium sulfate

(ca. 65 g), filtration, and removal of ca. 86 g toluene in vacuo leads to Intermediate 2.

20  Example 3

2-(2-Chlorophenyl)-2-(2-(2-methoxy)propyl)-ethanol (Intermediate 3)

At first Venpure™ ERS B (13.0 g) and secondly Venpure™ ERS A (13.0 g) is added
25  and the mixture is heated within 45 min to 85+5°C. The appearance of the solution

turns from clear to slightly cloudy. Venpure™ ERS C (73.9 g,

ca. 1239.4 mmol) is dropped into the solution in such a way that the temperature 1s 95

+5° C (ca. 45 min, delay of the start of the exothermic reaction is possible). The

reaction is finished 15 min after the end of the dropping which is also indicated by an
30  additional milky to gray (from zinc) appearance in the mixture. If not, an additional

7.0 g of each Venpure™ ERS B and Venpure™ ERS A are added directly to the

reaction mixture and the whole is heated until the conversion is complete. The solution



Tol uene (200 g) and aq. ammoni um hydroxi de solution (25% 364 g) are added.
After 3 h vigorous stirring at rt, the phases are separated and the
organi c pwesg/0smt ai ning 20 Internediate 5 is washed w t IRCwEtPe2/14813 x 200
g) and with aqueous saturated sodium chloride solution (1 x 200 Qg).

Exanpl e 5 25 Preparation of Conpound (1-a) To the organi c phase containing
Internmedi ate 5, prepared as descri bed alkRdve, is added water (160 g) and
conc. aqg. hydrochloric acid (39 g) generating a pHvalue <1.0. Conpound

(I-a) start; i b i (201 J ) i h h
30 product 1? S&P?‘ﬂogﬁe%tso?% ?&?Leg% ?% {32?%') (Ii%ll(%fe? g{}ﬁg% etrzlb V\?\nmttlﬁn)v\gqgr%?g x’ 71:5 S)
and with t gJodemehydr3xide 4dlutipn (F856,23§.Ccgripedded dropvaipe (pile hpldirgothge, assay

99. 0% det er mi ned by HPLC, 03/ 05391 / / - .9
dei er m ned BypeRIPe PP C(aag BT e et of PoYPLT e Bpar i A g
(505C, 40 1qhggg(¥iii% ARl the two PlRP AtiRfukOR hehted @M o030 LoP@ounddhg | - a)

This material e previous exanple is suspended in nethanol (115 g) and
after HKeatprgotsy fefiedypredipigats dissmvessiThe phases pes separpted REar %Oilagé% to

rt, and stirred _for. 15-20 h .10 at. thi.s {e r

cont ai ni ng %&r.lg@ﬁr‘?é’.lor%%l?@@ﬂllcé)?lﬁs e A¢P %ed(‘glgi? Wf%} %?Qgﬁtgfdu\gﬁlg% q'é@hd%

sol ution i sgg3ivtR cRibris saddes (1 heo g). Drying with wdninedulfae G2H5 gY, fitorasdn, f or 2
h at the sane tenperature, and then filtered. The filter ¢ l%e i s washed
with water agd3gmeualpf cant$kg S@V?}tW@VQ%@@eS@@%‘“HB&f%[‘FC dga §3of Form A of
conmpound I-a) (purity 100% assay 99.7% ee >99.9% 430.0 mmol, overall
yield 80.2% is obtained 15 as colorless needles. Exanple 7 Determ nation
of pol ympor pRk&mpledm by powder X-ray diffractonmetry

2-(2-chlorophenyl)-2-(2-(2-methoxy)propyl)-ethyl carbamate (Intermediate 5)

To the solution obtained in example 3, a slurry of 1,1¢-carbonyl-diimidazole (103.8 g,
15  641.4 mmol) in toluene (180 g) is added within 30 min. at a temperature in the range of
25+5°C. The conversion to 1-imodazolyl-1° — [2- (2-chlorophenyl) -2 — [2- (2-
methoxypropyl]- ethoxy carbonyl (Intermediate 4) is then complete.
Toluene (200 g) and aq. ammonium hydroxide solution (25%, 364 g) are added. After
3 h vigorous stirring at rt, the phases are separated and the organic phase containing
20  Intermediate 5 is washed with water (1 x 200 g) and with aqueous saturated sodium

chloride solution (1 x 200 g).

Example 5

25  Preparation of Compound (I-a)

To the organic phase containing Intermediate 5, prepared as described above, is added
water (160 g) and conc. aq. hydrochloric acid (39 g) generating a pH-value <1.0.
Compound (I-a) starts precipitating while stirring after 5 min at rt. After 4 h, the

30  product is filtered off, the filter cake is washed with water (3 x 75 g) and with toluene
(3 x 44 g). 96.9 g compound (I-a) (purity 99.8%, assay 99.0% determined by HPLC, ee



20 Sanpl e preparation About 0.5 to 1 g of sanple is gently pressed into a
powder sanple holder in order to get a well defined, snooth surface. 25
| nst rumernwo od/sdmput er control | ed powder diffractoneter spsT@EPOAPBY00
(Philips) with an automated divergence slit and secondary nonochromator or
equi val ent equi pnent is 30 used. Recording conditions WO 03/053916
PCT/ EPO2/ 14843 -25 Copper radiation: K&id-= 0.15406 and Ka2 = 0.15444 nm
gbaFagf: ﬁ?;kv Curéggf: 30 mA 5 Divergence slit: automated Receiving slit:
: G aphi L& §6GRNL RN BNASAT APREQUAL 8y, KabraXgiddd 8D.00)iamadryipunt er
Counti ng sta%%gﬁht 1.5 207and proceeds in steps of@g?%zpzo)to reach 40 20.
The 10 cou@owedC t40eeOperar).nterval is 3 sec and the total recording time is
2 h 50 min. FormA of the conpound of formula (1-a) may be characterized by
its X-ray diffraction pattern, which conprises the major peaks as |isted
in the Tablgx%¥ﬁ@(¢he Exanpl es. 15 TABLE 1. FORM A POADER X- RAY DI FFRACTI ON
PEAKS Form ~the conpound of fornula (I'l) may be characterized by its
X-ray dffraction pattern, which conprises the major peaks as listed in

T : i
able 2 Fggegaétigr? o'fgﬁg}n? Adofv (‘:;lclnlillc?oulrlat(fs-el?)SI ty

This material of the previous example is suspended in methanol (115 g) and after
heating to reflux, the formed solution is hot filtered, cooled to rt, and stirred for 15-20 h
10  at this temperature. Water (577 g) containing ag. conc. hydrochloride acid (ca. 13 mg,
pH-value of the solution is 3.7+0.2) is added. The mixture is cooled to 5+£5°C, stirred
for 2 h at the same temperature, and then filtered. The filter cake is washed with water
(3x 30 g). After drying (50£5°C, 5010 mbar), 93.0 g of Form A of compound (I-a)
(purity 100%, assay 99.7%, ee >99.9%, 430.0 mmol, overall yield 80.2%) is obtained

15 as colorless needles.

Example 7

Determination of polymorphic form by powder X-ray diffractometry

20

Sample preparation

About 0.5 to 1 g of sample is gently pressed into a powder sample holder in order to get
a well defined, smooth surface.

25

Instrument
A computer controlled powder diffractometer system APD1700 (Philips) with an
automated divergence slit and secondary monochromator or equivalent equipment is

30  used.

Recording conditions



2-Theta Angstrom Cps % 9.217 9.58681 4610 100.0 25 10.506 8.41395 108
2.3 14.954 5.91952 986 21.4 17.375 5.09990 1501 32.6 18.435 4.80892 3287
71.3 20.WD3345392079 884 19.2 30 20.720 4.28343 286 6.2 PULTOAH2/M4821801
2535 55.0 22.205 4.00026 80.1 1.7 23.257 3.82165 1248 27.1 WO 03/ 053916
PCT/ EPO2/ 14843 -26 24.954 3.56544 494 10.7 25.715 3.46166 1776 38.5

26. 093 3.41233 684 14.8 27.379 3.2548923953 85.8 5 27.689 3.21908 954 20.7
29.339 3.04172 163 3.5 30.134 2.96333 517 11.2 31.480 2.83961 129 2.8
31.780 2.81347 310 6.7 10 32.139 2.78287 113 2.4 32.880 2.72180 318 6.9

33.097 2.70446 337 7.3 34.664 2.58570 479 10.4 35.170 2.54967 972 21.1
35. 500 2. 52660pet atlidtidni Ky = 0.15406 and Kop = 0.15444 nm 115

Voltage: 40 kV
Current: 30 mA

5 Divergence slit: automated
Receiving slit: 0.1°

Graphite secondary monochromator for Cu-Kq1 Xe proportional counter

Counting starts at 1.5° 20 and proceeds in steps of 0.02° 28 to reach 40° 20. The

10  counting time per interval is 3 sec and the total recording time is 2 h 50 min.

Form A of the compound of formula (I-a) may be characterized by its X-ray diffraction

pattern, which comprises the major peaks as listed in the Table 1 in the Examples.

15 TABLE 1. FORM A POWDER X-RAY DIFFRACTION PEAKS
Form B of the compound of formula (II) may be characterized by its X-ray

diffraction pattern, which comprises the major peaks as listed in Table 2.

Form A
20
Angle d value Intensity
2-Theta ° Angstrom Cps %
9.217 9.58681 4610 100.0
25  10.506 8.41395 108 2.3
14.954 5.91952 986 21.4
17.375 5.09990 1501 32.6
18.435 4.80892 3287 71.3
20.028 4.42979 884 19.2
30 20.720 4.28343 286 6.2
21.045 4.21801 2535 55.0
22.205 4.00026 80.1 1.7

23.257 3.82165 1248 27.1



35.995 2.49305 109 2.4 36.700 2.44679 250 5.4 36.958 2.43029 374 8.1
37.314 2.40791 1034 22.4 20 38.349 2.34527 408 8.9 39.222 2.29508 161 3.5
39. 683 2.w634h5P1O 6.7 25 Exanple 8 Preparation of Form BCOfEPG»Mseiind
(lI-a) 5.0 g (19.0 nmol) raw RW-333369 (polynorph A) is dissolved in 4.75 g
2-propanol 30 by heating to reflux. This solution is cooled to room
tenperature within 30 mn whereby the gébstance crystallizes. After
additional stirring at 4C for 1 h, the product WO 03/053916 PCT/ EP02/ 14843
-27 is filtgg.gfh of f and3dgipd at 80fHsand 20 nbayp.for 8h. Yield: 4.0 g (15.2
mol , 80% ol ynorphic formB. 2-Theta d-value Intens. Rel. Int. 5 9.13
9. 686 486.02078%4 10.334681@22 198.U/70. 132 12.31°6. 910 334.0 0.223 15.04

5. 890 507.02%95 8 10 1538{%%%5567 15@840 0.102 1L/, 82 5.120 594.0 0.396

18.31 4. 845 0 0.463 8 4.775 282.0 0.1887°19.37 4.582 239.0 0. 159

15 20.04 4. 4837826.0 0.223489 3953 85.8
5  27.689 321908 954 20.7

29.339 3.04172 163 3.5

30.134 2.96333 517 11.2

31.480 2.83961 129 2.8

31.780 2.81347 310 6.7

10 32.139 2.78287 113 2.4
32.880 2.72180 318 6.9

33.097 2.70446 337 7.3

34.664 2.58570 479 10.4

35.170 2.54967 972 21.1

15 35.500 2.52667 464 10.1
35.995 2.49305 109 2.4

36.700 2.44679 250 5.4

36.958 2.43029 374 8.1

37.314 2.40791 1034 22.4

20  38.349 2.34527 408 8.9
39.222 2.29508 161 3.5

39.683 2.26945 310 6.7

25 Example 8

Preparation of Form B of Compound (I-a)

5.0 g (19.0 mmol) raw RWJ-333369 (polymorph A) is dissolved in 4.75 g 2-propanol
30 by heating to reflux. This solution is cooled to room temperature within 30 min

whereby the substance crystallizes. After additional stirring at 4°C for 1 h, the product



20.81 4.268 864.0 0.576 21.72 4.092 324.0 0.216 22.15 4.013 1500.0 1.000
23.25 3.826 661.0 0.441 20 24.94 3.570 416.0 0.277 25.64 3.474 516.0 0. 344
27.20 3. 2¥8 03083910 0.696 27.59 3.233 506.0 0.337 28.23 PCIHEPI214B4D 0. 144
25 28.56 3.125 221.0 0.147 29.44 3.034 208.0 0.139 30.34 2.946 328.0
0.219 30.83 2.900 314.0 0.209 31.77 2.816 259.0 0.173 30 32.13 2.786
200.0 0.133 32.68 2.740 335.0 0.223 33704 2.711 276.0 0.184 WD 03/ 053916
PCT/ EPO2/ 14843 -28 34.30 2.614 207.0 0.138 34.81 2.577 621.0 0.414 35.29
2. 543 244. OisQyekfdy of?éncpéﬂe?d aﬁ@©°@é§d,@091blaf>?or@h3ﬁ’1e3& 20 47151886, 80%p6 37.08

2.424 412.0 0.275 37.66 2.388 349.0 0.233 38.55 2.335 431.0 0.287 39.09
2.304 321. OpdyRorphic form B

2-Theta d-value Intens. Rel. Int.
9.13 9.686 486.0 0.324
10.38 8.522 198.0 0.132
12.81 6.910 334.0 0.223
15.04 5.890 507.0 0.338
10 15.92 5.567 153.0 0.102
17.32 5.120 594.0 0.396
18.31 4.845 694.0 0.463
18.58 4.775 282.0 0.188
19.37 4,582 239.0 0.159
15 20.04 4.431 326.0 0.217
20.81 4.268 864.0 0.576
21.72 4.092 324.0 0.216
22.15 4.013 1500.0 1.000
23.25 3.826 661.0 0.441
20 24.94 3.570 416.0 0.277
25.64 3.474 516.0 0.344
27.20 3.278 1044.0 0.696
27.59 3.233 506.0 0.337
28.23 3.161 216.0 0.144
25 28.56 3.125 221.0 0.147
29.44 3.034 208.0 0.139
30.34 2.946 328.0 0.219
30.83 2.900 314.0 0.209
31.77 2.816 259.0 0.173
30 32.13 2.786 200.0 0.133
32.68 2.740 335.0 0.223

33.04 2.711 276.0 0.184



10 15 20 25 30 WD 03/053916 PCT/ EPO2/ 14843
for preparing a conmpound of formula OHR ON
i s hal ogewp iRD53amel R2 i ndependently are hydrogen or Cl_4alPkyIEPovptsidnal |y

substituted with phenyl

10

15

20

25

30

34.30
34.81
35.29
35.91
36.36
37.08
37.66
38.55
39.09

10 or substituted phenyl,
phenyl has substituents selected from hal ogen,
am no, nitro and cyano;
15 OP CO2R3 R (I1)

20 wherein:

2.614 207.0
2.577 621.0
2.543 244.0
2.501 243.0
2.471 189.0
2.424 412.0
2.388 349.0
2.335 431.0
2.304 321.0

characterized by28a)

0.138
0.414
0.163
0.162
0.126
0.275
0.233
0.287
0.214

-29 d ains:

1. A process

'"*.~R2 R O 5 wherein:

Cl- 4al kyl ,

wher ei n substituted

Cl1_4al kyl oxy,

R

reduci ng an ester of formula:



P is an appropriate al cohol-protecting group; R3 is Cl-4alkyl; with an
appropriate ester-to-al cohol reducing agent, thus obtaining an al cohol of
fornmul a: WD WBBsPB916 PCT/ EP02/ 14843 -30 OP CH2OH R ~ (iPCT/ERP0L/bi843 eacti ng
the al cohol of forrmula (I1l) with a carbonyl compound of formula O X Y 10
(I'V) wherein X and Y are appropriate |eaving groups; and subsequently with

an amine of formula 15 RL H-N\R 2 (%9- 20 thus obtaining a conpound of
formul a: WD 03/ 053916 PCT/ EPO2/ 14843 -31 OP R

1. A process for preparing a compound of formula

@

wherein:

R is halogen;

R' and R? independently are hydrogen or Cy.4alkyl, optionally substituted with phenyl

10  or substituted phenyl, wherein substituted phenyl has substituents selected from
halogen, C;.salkyl, C;_salkyloxy, amino, nitro and cyano;
characterized by
(a) reducing an ester of formula:
15
OP
| X CO,R’>
R_.._
| /
(I

20  wherein:
P is an appropriate alcohol-protecting group;

R is Cypalkyl;

with an appropriate ester-to-alcohol reducing agent, thus obtaining an alcohol of
formula:



ONR2 RO (VI); (c) renoving the protecting group P thus obtaining a
conpound of fornmula (1). 5 2. A process according to claim1l wherein Ris
2-chl oro,wBb3am9$12 are hydrogen. 3. A process accordi ng PoTaHPar/ms43d or 2
wherein the al cohol protecting group is selected from 2-(2-nethoxy)propyl.
10 4. A process according to clains 1 or 2 wherein the carbonyl conpound of
formula (V) 1is selected fromdii m dazol-§0- carbonyl, aryl or substituted
aryl haloformate. 5. A process according to clains 1 or 2 wherein R3 is
methyl. 15 6. A process according to clains 1 or 2 wherein the appropriate
ester-to-al cohol reducing agent is 7. A conpound of fornula OP R O N R2
RO 20 (VI); wherein RR R and R2 are as defined in clains 1 or 2 and P
is an appropriate hydroxy- protecting groupgpWO 03/053916 PCT/ EP02/ 14843

5
(b) reacting the alcohol of formula (II) with a carbonyl compound of formula
0
P
10
av)
wherein X and Y are appropriate leaving groups; and subsequently with an amine of
formula
15
R!
H—N
R
V)
20

thus obtaining a compound of formula:



-32- 8. A conpound of fornmula OP CH2ZOH R (i) 5 wherein Ris as defined in
clains 1 or 2 and P is an appropriate hydroxy-protecting group. 9. A
conpound wD BosIvwé a 10 OP CO2R3 R wherein R is as defi n@dTiEPorisuds 1 or
2, R3is Cl 4alkyl; and P is an appropriate 15 hydroxy-protecting group.
10. A compound according to any of clainms 7-9 wherein P is

2- (2-nmet hoxy) propyl. 11. A conpound acc8tding to clainms 7 or 10 wherein R3
is methyl. 20 12. A conpound of fornula WO 03/053916 PCT/ EP02/ 14843 -33 CH
R ONR2 R O wherein: P R!

|
0 N
T R,
0

0

(VD;
(c) removing the protecting group P thus obtaining a compound of formula (I).

2. A process according to claim 1 wherein R is 2-chloro, R' and R? are hydrogen.

3. A process according to claims 1 or 2 wherein the alcohol protecting group is selected
from 2-(2-methoxy)propyl.

10
4. A process according to claims 1 or 2 wherein the carbonyl compound of formula (V)

is selected from diimidazolyl carbonyl, aryl or substituted aryl haloformiate.

5. A process according to claims 1 or 2 wherein R’ is methyl.
15

6. A process according to claims 1 or 2 wherein the appropriate ester-to-alcohol

reducing agent is

7. A compound of formula

20
(VD;

wherein R, R' and R* are as defined in claims 1 or 2 and P is an appropriate hydroxy-

protecting group.



R is halogen; 5 Rl and R2 independently are hydrogen or Cl_4al kyl,
optionally substituted with phenyl or substituted phenyl, wherein

substit utwo oplosisyé has substituents selected from hal ogeCTEPO2/431Kkyl, C
1. 4al kyl oxy, am no, nitro and cyano; characterized in that the conpound of
formula (1) is in nonoclinic crystalline form 10 13. A conpound accordi ng
to claim12 wherein Ris 2-chloro, and Ri2-and R2 are hydrogen, said
conpound being represented by the formula: C1 CHONH2 O (l-a). 15 14. A
conmpound of fornmula (l1-a) as defined in claim 13, conprising the follow ng
X- ray powder diffraction peaks: 20 Angle d value Intensity 2-Theta

Angst rom Cps8. % canpund®f 5@68da 4610 100. 0 10.506 8.41395 108 2.3 WO

03/ 053916 PCT/ EP02/ 14843 -34 14.954 5.91953p986 21.4 17.375 5.09990 1501
32.6 18.435 4.80892 3287 71.3 20.028 4.42979 884 19.2 5 20.720 4.28343
286 6.2 21.045 4.21801 2535 55.0 22.205 4200026 80.1 1.7 23.257 3.82165

1248 27.1 AN CH,0H
I
/
(T
5

wherein R is as defined in claims 1 or 2 and P is an appropriate hydroxy-protecting

group.

9. A compound of formula
10
P

N

wherein R is as defined in claims 1 or 2, R’ is C1.4alkyl; and P is an appropriate

15  hydroxy-protecting group.
10. A compound according to any of claims 7-9 wherein P is 2-(2-methoxy)propyl.

11. A compound according to claims 7 or 10 wherein R’ is methyl.
20

12. A compound of formula



24.954 3.56544 494 10.7 10 25.715 3.46166 1776 38.5 26.093 3.41233 684
14.8 27.379 3.25489 3953 85.8 27.689 3.21908 954 20.7 29.339 3.04172 163
3.5 15 30Ww034/023996333 517 11.2 31.480 2.83961 129 2.8 3PCTHPIZ1484847 310
6.7 32.139 2.78287 113 2.4 32.880 2.72180 318 6.9 20 33.097 2.70446 337
7.3 34.664 2.58570 479 10.4 35.170 2.54967 972 21.1 35.500 2.52667 464
10.1 35.995 2.49305 109 2.4 25 36.700 23%#4679 250 5.4 36.958 2.43029 374
8.1 37.314 2.40791 1034 22.4 38.349 2.34527 408 8.9 39.222 2.29508 161
3.5 30 39.683 2.26945 310 6.7 15. The ggnpound of clalm 13 substantially
free of other polynorphic forns of the: conpound of forrrula (lI-a). WO

03/ 053916 PCT/ EP02/ 14843 -35 16. The :corrpoun of claim14 substantially

free of other polym)rphlcf f t Nd\H/(/or\nula(l-a)

wherein:
R is halogen;

5 R' andR? independently are hydrogen or Cy.4alkyl, optionally substituted with phenyl
or substituted phenyl, wherein substituted phenyl has substituents selected from
halogen, Cj_salkyl, Cy.4alkyloxy, amino, nitro and cyano;

characterized in that the compound of formula (I) is in monoclinic crystalline form.

10  13. A compound according to claim 12 wherein R is 2-chloro, and R' and R* are

hydrogen, said compound being represented by the formula:
Cl OH

(I-a).
15
14. A compound of formula (I-a) as defined in claim 13, comprising the following X-
ray powder diffraction peaks:
20  Angle d value Intensity
2-Theta ° Angstrom Cps %
9.217 9.58681 4610 100.0

10.506 8.41395 108 23



5 17. A conpound of fornula (1), as defined in claim 12, characterized in
that the conpound of formula (l1-a) in triclinic crystalline form 18. A
conpound womatnsiong to claim 18, wherein Ris 2-chloro, an@CREPanSiR®? are
hydr ogen, said conpound being represented by the formula : 10 C1 OH O Y NH2
O (l-a). 15 19. A conpound of forrmula (l-a) as in claim 18, conprising the
followng X-ray powder diffraction peaks$4-2-Theta d-val ue Intens. Rel.

Int. 20 9.13 9.686 486.0 0.324 10.38 8.522 198.0 0.132 12.81 6.910 334.0
0.223 15. 04149800 507. 05.91838 15. 9B65. 567 153.20.40. 102 25 17.32 5.120
594.0 0.396 _18.31 4.845 694.0 0.463 _18.58 4. 77% 82.0 0.188 19.37 4.582
239.0 0.159 129204 4.43138%0 0. 21756 03/ 0539P6-PCT/ EPO2/ 14843 -36 20.81

4.268 864.0 {h oy 21. 724 o892 324. O3Q7216 22. B4 1. 013 1500.0 1.000 23.25
3.826 661.0 g84lé(l5

20.028 4.42979 884 19.2
5 20.720 4.28343 286 62
21.045 4.21801 2535 55.0
22.205 4.00026 80.1 1.7
23.257 3.82165 1248 27.1
24.954 3.56544 494 10.7
10 25.715 3.46166 1776 38.5
26.093 3.41233 684 14.8
27.379 3.25489 3953 85.8
27.689 3.21908 954 20.7
29.339 3.04172 163 3.5
15 30.134 2.96333 517 11.2
31.480 2.83961 129 2.8
31.780 2.81347 310 6.7
32.139 2.78287 113 2.4
32.880 2.72180 318 6.9
20  33.097 2.70446 337 7.3
34.664 2.58570 479 10.4
35.170 2.54967 972 21.1
35.500 2.52667 464 10.1
35.995 2.49305 109 2.4
25 36.700 2.44679 250 54
36.958 2.43029 374 8.1
37.314 2.40791 1034 22.4
38.349 2.34527 408 8.9
39.222 2.29508 161 3.5
30 39.683 2.26945 310 6.7

15. The compound of claim 13 substantially free of other polymorphic forms of the

compound of formula (I-a).



5 24.94 3.570 416.0 0.277 25.64 3.474 516.0 0.344 27.20 3.278 1044.0
0.696 27.59 3.233 506.0 0.337 28.23 3.161 216.0 0.144 10 28.56 3.125
221.0 0. ™0 038946l 3. 034 208.0 0.139 30.34 2.946 328.0 OP2TEPOBOi8E&S 2. 900
314.0 0.209 31.77 2.816 259.0 0.173 15 32.13 2.786 200.0 0.133 32.68
2.740 335.0 0.223 33.04 2.711 276.0 0.184 34.30 2.614 207.0 0.138 34.81
2.577 621.0 0.414 20 35.29 2.543 244.0 0:3%63 35.91 2.501 243.0 0.162
36.36 2.471 189.0 0.126 37.08 2.424 412.0 0.275 37.66 2.388 349.0 0. 233
25 38.55 2.335 431.0 0.287 39. 09 2.304 321.0 0.214 20. A corrpound

according to m 18 su nI| free of ot for of
t he corrpoundlgfﬂ’fecﬂomﬂoan‘?& a 1m 41 bﬁt%ﬁ%{}ﬁﬁogqléﬁrp@h%ao@ 1€ fr%
substanti al | YorhpSMdYt fORE (PH! ynorphic forms of the corrpound of formula
(I-a).

5 17. A compound of formula (I), as defined in claim 12, characterized in that the

compound of formula (I-a) in triclinic crystalline form.

18. A compound according to claim 18, wherein R is 2-chloro, and R' and R? are
hydrogen, said compound being represented by the formula :
10

Cl OH

(I-2).

15 19. A compound of formula (I-a) as in claim 18, comprising the following X-ray

powder diffraction peaks:

2-Theta d-value Intens. Rel. Int.
20 9.13 9.686 486.0 0.324
10.38 8.522 198.0 0.132
12.81 6.910 334.0 0.223
15.04 5.890 507.0 0.338
15.92 5.567 153.0 0.102
25 17.32 5.120 594.0 0.396
18.31 4.845 694.0 0.463
18.58 4.775 282.0 0.188
19.37 4.582 239.0 0.159

20.04 4.43]1 326.0 0.217



WO 03/053916

10

15

20

25

30

20.81
21.72
22.15
23.25
24.94
25.64
27.20
27.59
28.23
28.56
29.44
30.34
30.83
31.77
32.13
32.68
33.04
34.30
34.81
35.29
3591
36.36
37.08
37.66
38.55
39.09

20. A compound according to claim 18 substantially free of other polymorphic forms of

4.268
4.092
4.013
3.826
3.570
3.474
3.278
3.233
3.161
3.125
3.034
2.946
2.900
2.816
2.786
2.740
2.711
2.614
2.577
2.543
2.501
2.471
2.424
2.388
2.335
2.304

864.0
324.0
1500.0
661.0
416.0
516.0
1044.0
506.0
216.0
221.0
208.0
328.0
314.0
259.0
200.0
335.0
276.0
207.0
621.0
244.0
243.0
189.0
412.0
349.0
431.0
321.0

the compound of formula (I-a).

21. A compound according to claim 19 substantially free of other polymorphic forms of

the compound of formula (I-a).

-36-

0.576
0.216
1.000
0.441
0.277

0344
0.696
0.337
0.144
0.147
0.139
0.219
0.209
0.173
0.133
0.223
0.184
0.138
0.414
0.163
0.162
0.126
0.275
0.233
0.287
0.214

PCT/EP02/14843



