WO 03/ 053916 -1 PCT/ EP02/ 14843 Process for preparing 2- (Substituted Phenyl)
- 2- Hydroxy-ethyl Carbamates Brief description of the invention The present
i nvention relates to a new process for preparing (S) - (+) - 2- (substituted
10 phenyl) - 2- hydroxy-ethyl carbamates and to novel internedi ates used in
this proced¥003458916urt her rel ates to pol ynorphic forns of PEWEB2(a84Banat es.
Background of the Invention 15 2- (Substituted phenyl) - 2- hydroxy-ethyl
carbamates and their isonmers have been described in US-5,698,588 and in

US- 5, 854, 283, which corresponds to WO 97/36241, as conpounds useful for
treating disorders of the central nervous systemin particular convul sions,
epi | epsy, stroke, nuscle spasns, neuropathic pain and m graine. These 20
conpounds have an asynmmetric carbon atom at the benzylic position, which is
the aliphatic carbon atom adjacent to the phenyl ring. This asymmetric
carbon atom pr Preessoy ptreépairingen (Sulsstitited Phédyl)op- H%@bgf-emzﬁgaﬂﬁmmnd anmong
these carbamates is (S) - (+) - 2- (2-chlorophenyl) - 2- hydroxy-ethyl

car bamat e, whi ch conpowndis—also—referred to as RAI-333369. . This and
simlar optically pure forns of carbamates of 25 hal ogenated

2- phenyl - 1, 2- et hanedi ol have been described in US-6,127,412 and US-

6, 103, 759. These conpounds are prepared by reacting the appropriately

substituted phenyl -1, 2- ethauedj %g: %H g ¥ .honat e thus yielding the
correspondi ng phenyl-1,2 30 ethBHLf u_ﬁ”?&@ an%ﬁ%h subsequent |y was
reacted with a suitable amne which vyielded two regioisoneric forns of the
resulting carhamates which had tqo be separated by. column, chromatography.
St er eoi soneri c P PSR Y %%W?Pﬁ?fgo #EPE PR Eﬁg?ré&ep%ﬁ%%)a'r(ﬂ/j £]s(f"'ﬁ R from
t he enant i @Mephedi) -\2- Pydrex Pkl dafthnBeds @hdl &) novdlthferRéRaeHed BStHlstpocess.

It further relates to polymorphic forms of said carbamates.

Background 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 W0-97/26241,
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



CONFI RVATI ON COPY WD 03/ 053916 PCT/ EP02/ 14843 -2 in a mxture of two
regi oi soneri c products, one of which needs to be renoved, which has a
negative inmpact on the yield. Both regioi someric end products are separated
by chr omatW@pugaaewhi ch is a cunbersone procedure, especpal/Epozimasdiar ge
scal e production. It is an object of this invention to provide a process
that not only avoids this separation step and concom tant | oss of undesired
regi oi somer, but also results in end proddct in high yield and purity, in
particular in high enantionmeric purity. A further object is to provide a
process that iaamittrscftwedegipisbrielicproducky; O6hsitvioch BRUSt beirémsved @highovi de a
10 process that uses, starting materials that are easy _ to produce qr are
commer ci al | y Daa¢AFgatiye gupact op thegisld. Both regiopspmerie gpdproducts #¢ ssprmtedPYpr ocess
that is cost-gtd.eahd }aﬂg ! ' ' \ s that are
hazar dous or ‘%ﬂ ic%rlx}ghto ?ﬁeiir%[)ea\slcg@?{soﬂggﬁ%ﬁ%% %F:&ﬁég%]\lgéi@tlgf(%&%‘%ée pr esent

i nvention to prednelid®m a process that has a linited nunber of purification
steps, incparticular a process wherein sone or all of the internedi ates need
15 no purification. A still further object is to provide a process that

avoi ds excezslg iscanaibjebtdfethisdzivef&ﬁ@fhﬁoipm@imlﬁtbéeak thabiist 0B av6idk this aélpgﬁﬂombj ects
are attaine t he procgess, o present invention. 20 Drug sybstances,

al so referr ecft%&ngé’og‘&“iﬂi?@t 1;95%1‘?%’&3%’*&??&5"'&!01%0%’3’6‘? alsg tes eagwﬁu%én

pol ynor phi ¢ figiiiHieldlddd phBSin pkiculP 18 %nﬁ@&@éﬁdrﬁ#!'@ﬁ:rﬂ@ﬂdﬂj’&i phbc form
has different "properties conpared to the active ingredient ndot occurring in
a specific pdrgvide parogessikat gampbe scala up tailargs prasuctien batehl sjaeartp pravidesy m of an
active ingredj thie8S n¥ialsH r f [lityn stability,
f 1 owabi | nt% Y, (Hrr&%tg? %Etlr‘%gﬁ/ cgrrpr esalssﬂfgf{tltalﬁteﬁst 8@2‘?‘1,“@%?1285&%%%@1%%. These

di f f er ences iavailablm Itas etilka fiwthet objedt teeprovitde e pprcegsdhdtismspéffdactiee arfdatoesil at i ons

For ms ¢ hor ot RIE RS RGP PR AR teoppus ot GirsapB logFaeve AR A Eounc 11 e

require the object of the present invention to provide a process that has a limited number of

purification steps, in particular 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 fo 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  concemned. These differences in turn are known to affect the properties of the
formulations made of such a'ctive 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



conpl ete characterization of the active ingredient used in each drug
product, including the identification and control of polynorphic fornms. If
present in the finished product, 30 drug approving authorities require the
manuf act ur a¥0 ad/05891€ acti ve substance, in the | east, to ceotmpsiasss
synthetic processes such that the percentages of the various respective

pol ynor phi ¢ fornms, when present, are consjstent anong batches and within the
drug WO 03/ 053916 -3 PCT/ EP02/ 14843 subst3nce' s approved specifications.

Left uncontrolled in synthetic processes, the percentage of a given

pol ynor ph carﬁubﬁmc@wa?perowrérsm estipms, Laf ungenirplleddin spathetiveprogsssspdhe i es of t he

active subst PRE#E Ghit onger neets
t he specifi c%on@gg?fpﬁgéﬂdgélgﬁi‘s%hr ova teh;‘z'{eel‘fc?)rye a ?%eﬁ%tggtr}#rol is
required of Spropeetissyafitieeiciive mbmﬂnmandﬂh&ﬁﬂshbdtdrwommdmmdmmddngmr oduct,
in particular ar_a.s the esence of nsi.st ent unt po rphic
forms is conctﬁ?qi%% é%qsiquﬂes pepreval Therefese a M ﬁ‘ﬁ #’gﬁd t he
presence af PR yyEEB ipfocedstpBEfibdtons mmﬁﬂd%duasm Iy&umﬂrasﬁ:emhel s not
readily predictable. Vari-ati-ens in:-the -process paraneters can lead to

varyi ng degr euesea¢e afirensisten amoants of polypambjstoans scarcemedi0 end productss,

whi ch, as expl ai ned above is undesirable. Therefore the know edge of the

presence of mhwrabhphmﬁaﬁédﬁmmsﬁoﬁepmym&@nﬁﬁtaeﬂﬂwrb@ﬂcd éfp@lﬁﬁcﬂlb”ﬂl
desi rabl e goal achl eve ite unex ectedly it has now _been faound that
1"5(1% A

() - (+) - g iere glthwwm@meﬁma &ear\fmﬁ?reené@cur as
pol yrmor phic f Bé@sﬁﬁﬁ&e@er&aﬁfeauwmgdggéesﬂémé éele' &&H}cﬁﬂm%fne

addi ti onal aspect I's Invention provides practl oducl

procedur & t oeqdrpmpb, whigh,cassaplained pave is mdumrablmﬁfhmior@me mlbdgcezftthmn 20
The present i 0ventd ANosiGhdiER finfadd REE SR lerBfRAL b BSnfy GBIV EL R

formula (1):

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 (I):

25  wherein:
R is halo;



ORR '"IVWRa 0 O (1) 25 wherein: R is halo; WO 03/053916 -4
PCTI EPO2/ 14843 RI and R2 independently are hydrogen or Cl al kyl,
substituted with phenyl or substituted phenyl,

has substi W@AYeS3%6é| ected from hal ogen, Cl.4al kyl, Cl -4ab&ykpoeydssam no,
nitro and cyano; characterized by (a) reducing an ester of forrmula: OP 10
wherein: P is an appropriate alcohol-profecting group; R3 is Cl-4alkyl; 15
with an appropriate ester-to-al cohol redlCing agent, thus obtaining an

al cohol of fﬁynulaé.CP D. | CH2OH (f) 20

and R” independently are hydrogen or C;4alkyl, optionally substituted with phenyl
or substituted phenyl, wherein substituted phenyl has substituents selected from
halogen, Ci4alkyl, C;_4alkyloxy, amino, nitro and cyano;

optionally
wherei n substituted phenyl

5  characterized by

(2) reducing an ester of formula:

QP
7N CO,R?
M
/
10 m
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
7N CH,OH
Rl
/
(1)
20

25



25 WO 031053916 -5 PCT/ EPO2/ 14843 (b) reacting the alcohol of formula (111)
with a carbonyl conpound of formula 0 5 Mwherein X and Y are appropriate

| eavi ng groups; and subsequently with an am ne of formula 10 15 thus

obt ai ni ng ¥@8¥8MWed of fornmula: OP Rl 0 (VI); 20 (c) rewoviepe/isbs
protecting group P thus obtaining a conpound of fornula (1). In sone

i nstances one or nore of the substituents R, R2 and R3 may have asymmetric
carbon atons and hence nmay cause the com@eunds of formula (1) to occur in WO
03/ 053916 -6 PCT/ EP02/ 14843 stereoi sonmeric fornms. Such stereoisoneric fornms
are intended (b)reixting tiier dcodd] off bithula (M) evith cepdonfl compomidasdoimulavent i on.
Preferred conpounds of formula (1) are those wherein Ris 2-chloro, Rl and

R2 are hydrogen. The group P is an appropriate al cohol protecting group.
Preferred groups P are of the

/ﬁ\
X Y
5
av)
wherein X and Y are appropriate leaving groups; and subsequently with an amine of
formula
10
Rl
H—N
R2
W)
15
thus obtaining a compound of formula:
op T
z 0 N
l \ \Rz
7
/ 0]
(VD);

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

In some instances one or more of the substituents Rl, R®and R? may have asymmetric

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



ether type. A particularly preferred protecting group Pis

2- (2-nmet hoxy)propyl. 10 In a preferred execution of the process the carbonyl
conmpound of forrmula (IV) is selected from1l,1 "-carbonyl-diimdazol e and
phenyl chloroform ate. A particular execution of the process is that wherein
R3 i s net hyWO0¥&3Ngot her particul ar execution of the proceca/Epszidast wherein
the appropriate ester-to- alcohol reducing agent is a netal hydride or a
conplex netal hydride. In a further aspect the invention relates to a
conpound of fornula OP Rl O~)r NR2 0-®0 (VI); wherein R R and R2 are
as defined in clains 1 or 2 and P is an appropriate hydroxy- protecting
group. WO 03/ §586isenaisTioERS Futh $4®oisgmenic farrot freintersied ¢¢ be embracadweititin on
relates to a or’rpoou%? %f gortrr.u{,éa. OP wherein Ris as defined in clainms 1 or
2 and P is an §|Sprp8p ithatpé sﬁ?a‘?oﬁ%f)‘r otecting 5 group. In still another
aspect the invention relates to a conpound of fornula OP\Y ~COR3 | R 1I
10

Preferred compounds of formula (I) are those wherein R is 2-chioro, R' and R® are

.5 .. hydrogen. ..

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 Inapreferred 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 Rlis 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 R!

AN O N\R2

Hun-Q

20 (VD;
wherein R, R' and R? are as defined in claims 1 or 2 and P is an appropriate hydroxy-
protecting group.



wherein- Ris as defined in clains 1 or 2, R3 is Cl-4allcyl; and Pisan
appropriate hydroxy-protecting group. Preferred are those conpounds of
formulae (1V), (111) or (Il) wherein Pis 2-(2- 15 methoxy)propyl. Also
preferred av@oddsese conpounds of fornmula (I1) wherein R3 peTmeédngsss I n still
anot her 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 invenfion relates to a process for
preparing a conpound of formula (I1l) characterized by process step (a) as
out | i ned abovhk and@ep3sp0E 3B EnveBtid(FElatde @4 detBodntl Bf fdrinula anot her aspect, the
invention relates to a process for preparing_a conpound of formula (11)
characteri zed by process steps (d) and (e) gg outlined hereinafter. The
invention further provides a process prepargng a conpound of formula (1)
characterized by process steps (d) el-as\Qoutlined hereinafter and by
process steps (a), (b) and (c) as ¢utlined abo¥82%%n a further aspect, this
i nvention concerns the presence *0f [jpol ynprphic forns of the (S) - (+) - 2-
(substitut-ed-phenyl) = -2- hydroxy- tarbamates.- -In particular-it -10--
concerns two pol ynorphic forms of the conmpound 2-(2-chl orophenyl)-2-(2-(2-
nmet hoxy) propyl ) -et hyl carbanmate The i nve@on al so concerns processes for
preparing these ne ol ynpr phi ¢, forps. , 15 tail ed Description of. the
vent i on SubFEEPE R Seppeon ek DB Fut Toot aPBPREEe SBH-BPIBERE ng
conpounds of Hegpula (1), as outlined above, and the internedi ates of
formula (I11), (I1l), (1V), and (V) as represented 20 and defi ned

her ei nabove.

In still another aspect the invention relates to a compound of formula
P

H[[e)

X CO,R>

10
- wherein R is as defined in claims 1 or 2, R’ is Ci4alkyl; and P is an appropriate

hydroxy-protecting group.

Preferred are those compounds of formulae (IV), (IIT) or (I) 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 (2) and (b) as outlined above.

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

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



Preferred are those conpounds and internmedi ates as defined herein wherein R
is 2- chloro, Rl and R2 are hydrogen. The conpound of formula (1) wherein
the substituents have the latter neanings is also referred to as

" RW- 333369Woensisasan be represented by 25 the structural f§efEpshaussNH2 O
(I-a) WO 03/053916 PCT/EPO2/ 14843 -9 The term "hal ogen" refers to fluoro,
chloro, brono and iodo. "d 4al kyl" defines strai ght and branched chain

sat urated hydrocarbon radicals having fr®m 1l to 4 carbon atons such as

met hyl, ethyl, 1-propyl, 2-propyl, 1-butyl, 2 -butyl, 2- nmethyl-1-propyl,

2- net hyl - 2- prippyill anothéxlabpéds theiyentida rélaes oGlpratdsy for haghaking & cérh%ﬂiﬂd of 0 an
oxygen atom such as_pet hoxy, _ethoxy, 1-propox(y, 2- propoxy, 1-butoxy,

2-but oxy and toFBule(Jchagasterized,ay prochse siepf{Ehind (¢) & guanedihersenafigr. subst i t ut ed
with the substituents outlined above. Preferably, substituted phenyl has 1,
2 or 3 substituents. A preferred substituent is halogen, nore preferably
chloro. P, asThesinvéndineduriitenprovides a processprappringie eothpaimdyf fgymutad®t i ng gr oup.

Preferably. it |. el ec h at it is.stahle in the reduction
br ocedur e of - PRIEE P 0esd o (e B e pirete bt B s iRelsfint  om
(I'11) to (V1)) (beandref serouttihed @bbivet i on procedure being with conplex

hydri des as outlined hereinafter, the group P should be stable towards

t hese conpl ex hydrides and the reaction products therefrom The reduction

Wi th conpl exinhyslfth&@Spdce Qb i entRASdofc M tHE pietdite Bﬂﬁb%gﬁ@@ﬁictfb&ﬁfmw P
shoul d not be 20 cleaved in these basic conditions. e_group P _shoul d

preferably belS elvabi EubsHmsd phepylli & hydroyethyhearbamates. Brpastianlasdt such t hat

the carb te ‘ i i j L7 ofl-Afe protecting
r oupe. P Whad Ere bRTpmablcTinls of i @il 210 ¥l BhELPHAE
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), (II), (TV), 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:




| or slightly higher. 25 Particularly useful are groups P of the ether type.
As exanples of P there nay be nentioned: nethoxynethyl ethers (MOM: which
can be prepared from nmethoxynethylchloride or formal dehyde di nmet hyl acetal ;
tetrahydropyran ethers (MP ethers) prepared from di hydropyran; 30

t et r ahydr ot\i9 8385p94nyl et hers from di hydr ot hi opyran; chl oPCTERIEME43Ut ed

t et rahydr of uranyl ethers from 2-chl orotetrahydrof uran;

t et rahydr ot hi of uranyl ethers from di hydrofbi of uran; WO 031053916 -10

PCT/ EPO2/ 14843 1- et hoxyet hyl ethers from™t hyl vinyl ethers or 1-ethoxyethyl
chloride 1-nethyl-I-methoxyethyl ethers frommethylvinyl ethers, which are
of parti cul afhe fr@, Balogen’ refsredpfinora; ¢hiqre, tapmo apdioder i at e deri vati ves

t her eof which can be prepared from 5 . the corresponding chlorides; benzyl
ethers and appropriate derivatives thereof which can be prepared from the
cor r espondi ng "Gy_gpliiylledefives straight ergl brandired ¢hain/satratad piroyrcamadicals heving f r om

5, 6-di hydr o- 4- metﬂox %{g pyran; _4-nmet hoxytetrahydrot hi opYr angl ethers from
5, 6- Di hydr o- 458 M@ n afemg fich 3y ekl ety d-mrepslePieBYlel-RaVAAEGAs t o

use such gsoupsHy WMH:eH100mBRL1-b BREhyL O @ m xture of diastereomers, i.e. P
groups ‘wi t hout "an asynietric Center. Under certain "circunstances, e.g.-
dependi ng upon the nature of the reducing agent, particular silyl 15 ethers

can e U500, BSCaRBS RN 16 OUTR S LEM A0l B LIRS

ethoxy, 1-propoxy, 2-propoxy, 1-butoxy, 2-butoxy and the like.

10  “Substituted phenyl” is phenyl being substituted with the substituents outlined above.
Preferably, substituted phenyl has 1, 2 or 3 substituents. A preferred substituent is

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 (III) 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;



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

hvdr oxv) - et hanol (I11) 20 According to the first step of the process of this
i nvention, the ester (Il1) is reduced to the corresponding al cohol of

formul a (Olweosiesssng an appropriate ester-to-al cohol redug % *J The

|l atter may be a netal hydride or a conplex netal hydride suc as I thium

al um ni um hydride or derivatives thereof. 25 Particular reduction agents for
this reaction are silane agents such as-t0-i al kyl sil anes, di al kyl si | anes,
trial koxysil anes and preferably poly nethyl hydrogensil oxane (" PMHS' ) in the

presence of a sui ﬂ%ﬂo&y&ﬁ&l@tﬂéﬁfmﬂ'@ﬁﬂvﬁy‘lEﬂheﬂs'ar@%[ﬁdxgétﬁ)ﬁrchﬁh&trans't'0”

nmetal hal ogeni des or_carboxyl at es, and preferabl atter is a zinc

car boxyl ate, suchlaaethyl ﬁcmeﬁemﬁwbﬁfée%ﬁom wethy ¢thers.tvdriglore ofipr e
preferably Zb ‘%fne&l hyldexanoate, in the 30 presence of a metal hydride such
as an al kali “netal or eairt h al kaline netal hydride, or alum nium hydride,

e.g. lithium sodtnplmen)ﬂ@tham andhapprapridte derivativesdizereafiwhickceanble repated dromde such
as a borogydrl de_or aI um H] hydride, in particular an alkali netal
bor ohydri e &1°RFGRORAE: @ PP®¥2. e.g. lithium .sodium or.potassium

bor ohydri de or \\ObE4DERRA nd ap@r@ﬁzre@ﬁadmsﬁamafwmcmcm debBfod
combi nation of zinc 2-ethyl hexanoate and sodi um borohydri I S npst

preferably u§'§&°§§sﬁoﬁ@n&§¥°&lﬂ§§&°’r‘rﬁ’@l@?§re These and sinilar reduct i on agents
are described ingRad; eﬁﬁﬂi'rdré?p%ingf‘etﬂgs ﬁ@énlﬁﬁ%yﬁljo%@eﬂiw?ﬂ{rby\?an U man, The

Al enbic, 1999, 59 1 he 'reaction o rocess s s ¢onduct ed
in a suitable sol 4@ﬁth07@¢e§ahm0@09maﬂkﬂrethepﬂoﬂrqmﬁrﬁdalhym-‘hmh@dx)e%ﬁf bon, in
parti cul @g I&H y?%t i ¢ hydrocarbon. Specific exanples of suitable sol vent s
conprise-diet @ her di propyl ether, diisopropyl ether, dibutyl ether,
di gl yne and tol uene.

1t is furthermore adva.ntageous to use such groups P which do not lead to a mixture of
diastereomers, i.e. P groups without an asymmetric center. Under certain
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 phenvyl)-2-(protected hvdroxvy)-ethanol

20  According to the first step of the process of this invention, the ester (II) is reduced to
the corresponding alcohol of formula (III) 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



The reduction agent can be forned by stirring a mxture of the agents ERS A
and ERS B in a separate reaction vessel (ERS = Ester Reduction System,
commercially available fromRobin & Haas). ERS Ais a solution of NaBH4 in
tetragl yne,wohgosas ERS B is a solution of Zn(carboxyl at %’}%ﬁgu i
particul ar of Zn(2-ethyl hexanoate)2 15 *1120, in tetraglyne. /& 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 flor a period of several m nutes,
e.g. for 30 mn. Subsequently the ERS A and ERS B mi xture is added to the

ester (I1) anﬂuﬁﬁﬁ&h&&i&dﬁ%mb&ﬁ@oﬁ:ofﬁnd’?-kﬂﬁyﬂ%iz{ixﬁht@!ﬁ& QRS bbeYabfie 20 The

reduci ng agent can also _be generated in situ in the reaction vessel, which
i s particul asmpstprefesably vaed as thetchtalystumixhue Theseand sivaidhir seduciion Jgents arti ssol ved

in a suitable iy | | | NGH ture of
80-90C. ERS Bd?sgrﬁ;aegEﬁégat#@ﬁﬁ%@é‘ﬁgbp@g?%g%@? 3 suidlE ‘gﬁﬁy %@h%ﬁ%&‘:’on of ERS
A al so in onel998ri9,arff. Then imediately ERS C is added within one hour

while controlling the tenperature and 25 keeping it at higher tenperature,
in particél ar around 95C. The starting mandelic acid ester (Il) is prepared

as descri bed Tieidiiah o€ thishdcsatteps cohdRtaalifd saibbidlvear algl ¥ dbkricki ed and
used as such in the reduction step. The ester (I1) can also be kept

di ssol ved i n Rolethss,) oF aydrogashamn,dp patticylarenarepaticdydeasarbon. e Spsificsamplies, 30

the reductio : | & ' [ : (Ir) is a
met hyl esterr‘o%ﬁ%ﬁ %:)351%%&%% S%%“E}S%g 1%%%?9%%9%%? i Ieg'}eﬁgtg%}t’}tion of

this process ghepdiglymesndtolieng. ester (11) is either used dissolved in the
sol vent of, the previous reaction step, or it can also be solved in a

sui t abl e 'sol vent, such as for exanple an ether, e.g. in di-n-butylether, or
pref erabl y i nThdreductior agekh ean exlioahetbyeddieting a gpibeyra oé theagembBRE A arl ERRled i n

one BOrL1 O 18 SR Gy B B PR b Bl I
available from Rohm & Haas). ERS A is a solution of NaBH, in tetraglyme, whereas
ERS B is a solution of Zn(carboxylate),*H,0, in particular of Zn(2-ethylhexanoate),
15  *H0, 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 (I) 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 (IT) is prepared as described hereinafter and can be
isolated and optionally purified and used as such in the reduction step. The ester (II)
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 2 methyl ester.



can be heated to 90C prior to addition of ERS C. Then the tenperature is

I ncreased to 90C and kept at that tenperature until an in-process-control
shows a conversion of at |east 99% The reaction tinme is around 1 h. After
conpl ete reduction the mxture is cooled to 15 to 20C and hydrol yzed
careful |y fwoss/essier net hanol and subsequently 10 with aquRaspedhdead | net al
hydr oxi de sol ution, which preferably is a NaCH solution in slight excess
(e.g. 1.3 nmol-eqg., using a 30% solution). Subsequently, the m xture is
refluxed for about 1 h at about 50C and {ipe | ayers are separated at room
tenperature. The organic layer is washed with water and with 15 saturated
aqueous NaC mla pafiRilat GXRBHGH 6¥thRis pldtBssGepthd iRl edel2 YT id Bthbhisbdre range of 2
to 4, in particular in the range of 2.2 to 3 nolar equivalents, preferably
2.3 mol ar equiissalved insthe solemt of thgrpseviens deactiprestem & iticem alsg pe selvédjinias conpl et e
after about , %Pa!mﬁat] ' r | .1 he
excess of ER ué&gé?\d et’ Ealé]ﬁsof)ég W t%}apeéﬁ)ésrﬁ%‘? %?ﬁgggﬁ%ﬁ ﬁigéf%f?@ Xll.# ar with
et hyl acet at goluddd &he ssldting agentfprédacedaa iabovesis @addedihene porkibn teethe solstion; r ed f or

one hour and dro)yzed at..90 ddi.ti on .of aqueous_.base sol utign,

orof or abl 3 RECHY B ellisguotls it Stefous Spe Sra ot brvut Opeee ai ¢ 25
with the use @hbeaédanelo0° € plibiRraddiok oflBRS OYTheS @S tdoliRrAeR3d Mbdeted®d t he
organi c layer _and washing with aqueous basic solution (e.g. KO+ solution of

3399 and wi t PORGaEed keptgbthadempenatige watil Yy [moroeqsscantend skaws a eaayersion ofids| r ed,

can be distil r J fdC @t e Badd Shidat substituted
phenyl )-2-(pr1(l§igg%§t¢§d v @Q@%@Eﬁogﬂ%g%b‘gﬂnﬁn%{ﬁfééﬁoﬂﬁg stepgt%sﬁe al cohol
of fornul a (ldobledits 1y toedl’€cdmdibydrolyzedeapeflly firsbwith methavél andsmhsegneniity 03/ 053916

PCT] EPO214543 5 J1 e v BkdkcS Bl iih ARRERY LSRG i 0UPs-
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slight excess (e.g. 1.3 mol-eq., using a 30% solution).

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 parﬁcular in the range 0of 2.2 to 3
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 hydroxy)-ethyl
carbamate (VD)

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



reactive than the other. X and Y can be hal ogen, in particular chloro or
bronmo, but preferably X and Y are imdazolyl groups. If Xis halo, Y
preferably is an aryloxy or alkoxy group. In the latter instance (V) is an
al kyl or aryl halo formate. Particular aryl groups in (l1V) are phenyl or
substi t ut egvgofy@sivhe €. 9. hal ophenyl, or Cl1 al kyl. A 10 predmeredssaxanpl e of
(I'V) is phenyl chloroformate or 1,1 "-carbonyl-diimdazole. The reaction is
conducted in a suitable solvent such as a hydrocarbon, in particular an
aromati ¢ hydrocarbon, e.g. toluene, or i#13an ether, e.g. THE The reaction
tenperature depends upon the reactivity of the reagent (1V) but in general
is roomtenperature or 15 lower. In case NN -carbonyl diimdazole is used as
reagent the reaction preferably is conducted at roomtenperature (i.e.. at

about 25 C). The reaction typically is c |l ete after | ess than 1 hour, e.gqg.
after about % hour. The reaction produ of this reaction is usually not
isolated; it can be represented by the followng formula: OP Ri \
(IV-a) O, YO 25 wherein Y is as def Pied heé¥ei nabove and in particular is
an i mdazolyl group, or an aryl oxygrou .g. a phenoxy or substituted

phenoxy ‘group. The internedi ates of WO 03/053916 -14 PCT/ EP02/14843 formul a
(I'V-a) are deened novel and constitute an additional feature of the present

| dazol - 1oy & g BERRIOPEAR 1vins R et e o K h B it er nedi at o
of formula (Irdactive thad thesethirl X and Y can be halogen, in particular chloro or bromo, but

preferably X and Y are imidazolyl 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 Ci4 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’-carbony! 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:

op
I AN = OYY
R———
| / o
(IV-a)

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



not isolated and is reacted i Mmediately with the amne of fornmula (V) as
specified above. A preferred amne is ammonia, but it can also be an
amoniumsalt. In that instance the amonia or an amoniumsalt is in an
aqueous nedwvoms/essdicadded to the solution of internedi ateﬂc‘r)i%%{/u%&s room
tenperature. 10 Vigorous stirring is recommended when using ( I N aqueous
nmedi a, because of the two phase system The reaction is termnated after
several hours, in particular after abouti44 hrs. The organic phase is
separated and the product can optionally be isolated and purified. The

or gani ¢ phasefophiill (IV-8kt6 Hedmd nodb1ne by Rdnkd 8l Mditicnal et ik zph‘éé%ﬂt as 15
such in the subsequent reaction step.f Ste é‘:é@s)reparatlon of Z-(substituted
'fﬂm:gﬁqf

phenvl | - 2- hy din¥saienhrefersmdiniesmediates o argrtheseayheraiy ¥)iy imsidazed-
deprotection p_g, t he hydroxy function and depends on the 20 nature of the
group P. Were ]P I's 2-nmet hoxy-2-propyl, renoval is by addition of an
appropriate acid, e.g. hydrochloric acid. 25 In a preferred execution,

product (V) J1.s used dissolved in the.sqlvent of the_previous .step, Water
and conc egt- r a’béecpr?l%F Bt'?f?'aﬁvéwéﬁaﬁu%{’r’ ég'giﬂﬁj‘é}%%&iné °§f‘ @Pi’a[{g‘? BhieRAY after a
few m nut es tAw igoRubed dndns teacted iRabdiSeWiR! tRelaing of REmARA V) Ao Giéeifiel! ) starts
precipitating. The reaction m xture s stirred for a couple of_hours, in

particul ar fcibovapepReiaredgmine is dumeste, by 1oanalspdy ap paumongmpsabiaiicthaican be
filtered bet tiﬁ%}anc@'ﬂ?é&ﬂﬁ&%ﬂi*a'o&‘an%B?@gﬁégtisgi{nﬁﬁz‘ég%e@§ rdetitubiridchd {ée toglgkfvem

washed. The end product (I) can roma suita
such as an alsobitoh of dnigrmediate (¥ne)lat rqometemperdtuge.wi t h addi tion of acidified
wat er . V\QOOSI 053916 -15 Starting materials PCT/EP02/ 14843

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 c: preparation of 2-(substituted phenyl)-2-hvdroxyethyl carbamate (T)

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.



5 The starting materials-(l11) are obtained by aprocess which is

characterized by. (d) an esterification reaction of an appropriately

~ substituted mandelic acid of fornula: OH COON R 10 (VU), thus preparing the
correspondiwg oemssts of formula OH COORS R 15 (D) wherein gy Pg%,us)“ and (DC)

R and R3 are as defined above and R preferably is 2-chloro

preferably is nethyl; and 20 (e) treating the ester (17{) with a suitable

reagent generating a hydroxy protecting-gg-oup, thus preparing an

intermedi ate of formula WO 03/ 053916 PCT/ EP02/ 14843 -16 OP COORS wherein R

and P are as defined above. 5 The ester (IX) is reacted with an appropriate

agent capable of introducing a hydroxy protecting group. A preferred agent

i s 2-net hoxypropene. Alternatively, the sequence of the above steps maybe

switched, i.g %%%Q%gggxy 10 protecting group may be introduced and

subsequent |y or med.
5  The starting materials (II) are obtained by a process which is characterized by:
(d) an esterification reaction of an appropriately substituted mandelic acid of formula:

H

Ime-Q

X COOH

10 (v,

thus preparing the corresponding ester of formula

H

I"llln-o

X COOR?

15 ' )

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



Step (d): Preparation of substituted mandelic acid esters O According to
this reaction step the starting acid (VIIl) is reacted in the al cohol of
which 15 the ester (I1X) is derived. Typically a Cl4 al kanol is used,
preferablyvﬂﬁ&ﬂ@@ﬁk, t hus yielding the correspondi ng C 4 atkxboxassssrs or
preferably the nmethyl ester of (VIIl). The reaction is conducted with an
excess of a strong acid, preferably a hydrohalic acid such as HCI, in
particular with 1-4 nolar equivalents, pragterably with 2.5 nolar 20
equi val ents of concentrated HCO . The reaction also works with a catal ytic
amount of sulfuric acid or also with SOC12. Igpthe latter instance the
reaction is highly exothernic, requiring appriopriate neasures for
controlling the tenperature. The reacti prefrably is conducted at room
tenperature or slightly increased 25 co@ref erably not higher

t han about 30C. The reaction tine ly i|s less than about 1 hour, e.qg.
about 30 mn. The resulting ester ?I typycally is an oily conpound which
is used as such in the subsequent procC steps. In a preferred execution,
the ester (1X) is kept in the solvent in-which it was made and i s used
further dissolved in this solvent. WD 03/ d83916 PCT/ EP02/ 14843 -17- Step
(e): Preparation of hydroxv-protected substituted mandelic acid esters (11).
The reaction conditions of this step depend on the nature of protecting
group P. 5 In a prefesein®dansiarans defineabayve2- net hoxy- | - propyl which is
derived from 2-nethoxypropene. The latter is dissolved in a suitable
solvent, i"n particular the solvent in which the other reaction steps are
condug]t ed. ;I'h"nSe éssvﬂhr@?dﬂrdastgmdﬂﬁdnfagx?pd%@hgmi @pglﬂ'é of mhggm ﬂt}ﬂ]fdxdyX) ina
sui tabl e sol vent whic as en acidifje e. g. 10 addition o

hydr ochl ori ¢ Q@Fﬁ?ngﬁmﬁ%ﬁ%Pﬁﬁ?ﬁﬁaﬁ?“&ﬁ%Fﬁgmﬁﬁg * hydrochl oric acid over
the solution. The pH should preferably be low, e.g. pH 1-2. The sol vent of

Alternatively, the sequence of the above steps may be switched, i.e. the hydroxy
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 (VIII) is reacted in the alcohol of which
15  the ester (IX) is derived. Typically a C4 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 HC], 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.



internediate (I X) should preferably be the sanme as that wherein the

2- met hoxypropene is dissolved and nore preferably should be the sane as the
solvent used in the other reaction steps. 15 The reaction is conplete in

| ess than 1wlawgmsson@rmal ly within half an hour. The proceaﬁz 59 to the
present invention yields the end product (1) in high yiel an purlty and
can be scaled up to production size batches. A particular aspect of the 20
current process is that it |eaves the stgfeochem cal integrity intact of the
asymmetric center on the carbon atom bearing the hydroxy function, i.e. the
present process shows neglectable or no racem sation. The various

I nternmedi ate products of the process, including the steps for preparing the
25 starting netemfe):drenaratmn of &ydrexit-priotedted mabstitutetembmdetic hieid kiters (uri f i ed
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 conduct ed THe rbdt€on SotRiitiodls\6€ s stép dbpend drH@b hatuteSpadtbsting Prshp@ERt | onal
purification of the internediate products. In the latter |nstance it maybe
advantagedus-to-distil off sone of .the solvent .or to add some of it.during
one 30 or NI, gref&m SRARIMOP 153 ﬁe&oxﬁﬁpg%ﬁmhm&ﬁe& fr%ﬁf the one sol vent
execution of th process Is an aronmatic ocar bon, preferably toluene. It
i s al so possidbmethpryrsepraecThelatterds dJa&‘QiVﬁdlmbemtabﬂe sollesphs mprarbméargbﬁ vent and

t he ot hers |n [ 14343 the whol e
process in ong so lggilbtmhh f’{ﬁ'g pglr]"? BBT ar P? quélssﬂl ?Ffe ‘P dess is
much si rrpl er s@hﬂoﬁaﬂmlmmmawmmdamablmmhtwhiahhmhadiﬂ&g, dg)bgh scard or

recuper sol nents h LS ant S .onom cal | [1..as from an
envi Pon et al ng@f h)\;%o oric act \1/n parggﬁar% aggmg gaseous h}ydroclsﬂo\ll'lvg acid over

the solution. The pH should preferably be low, e.g. pH 1-2. The solvent of
intermediate (IX) should preferably be the same as that wherein the 2-methoxypropene

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 usein 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  ormore 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.



Pol vhor phs The present invention is further directed to novel crystalline
structures of the conpound of fornmula (1) wherein Ris 2-chloro, R and RZ
are hydrogen, said conpound 10 hereinafter being referred to as conpound

(I-a). The o/eiedtdhs ne fornms of conpound (1-a) nmay be prep
appropriate recrystallization of conpound formula (I-a) ff%ﬁﬁpﬁéfﬁ%?abl e

organi ¢ solvent. Depending upon the recrystallisation procedure either form
A or formB can be obtained. 15 One cryshalline formof conpound (l-a) is
referred to as formA and is prepared by recrystallisation of conpound

(I-a) froma sui | vent . The t erature in.this . recrystallisation
procedure is é% dﬁ“agne% %\év%%‘ﬁi%@fmcie%s %zfrng E@YJ g%‘asotg? nggaﬁ%dvgﬁﬁ%%ﬁtghe sol vents
are those wh eprgd':er ishmlwhcs!implrma‘hd(ﬂan Ifoe bdiﬂdllhetgtll nofe) qr?ﬂélﬁyswith@ﬂ hatingtotisard?0
tenperature and is relatively. poor sol uble at | oper t erature, e.g. at a
t enper at ure ‘P%ﬁ“é’ﬁ’eﬁa%ﬁ‘?i‘?ﬁts&h’ﬁﬁwl a?ﬂ%?%@’@f’“ﬁ‘f“é'(é@l%@ than 0 C, or
-10 T. Sui tabé,ﬁimﬁggﬁtgrgs?ec@re the | ower al kanols, i.e. the Cl.4al kanol s and
in particular nmethanol. 1n one type of enbodinent, the conpound (1-a) is

di ssol ved Sby heating or refluxing.in 25 methanol, or by heating in a | ower
al kanol . The 15@@%@§ure of the m xture should not allowed to exceed 60 C.

Subsequent | vy, ution is cooled, preferably slowy, e.g. by sinply
allowing the solution to cool. At a tenperature of about 50 C

crystallizatign already staris, The mixture is stirred at rqomtenpeyature
for 15-20 hout™¥ RIFSPETEGIHORAL ?ﬁ‘gﬁc\%Pe‘P"F’sc’&s&%}é‘é‘? SERRTRRAL 1 cgmRPEhbl y i s
aci dified wi t4rformails @pohain® is2-chioR R hMATFHORyEoga] chidéonihoshdri | ar acid to
a pH val ue of ahout g,to 4, in particul ar_ about p 3.5. The m xture is
further dol dapreiaatics Beipg sefemeditg agcomppusd (k3)cul ar to about 5 C and stirred

at that tenperature for a sustained period of tine, e.g. about 1 hour. The

crystalline end product is then filtered and dried. WO 03/053916 -19
The crystalline forms of compound (I-a) may be prepared by an appropriate

recrystallization of compound formula (I-a) from a suitable organic solvent. Depending
upon the recrystallisation procedure either form A or form 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, e.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 C;4alkanols and in particular methanol.

In 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.



PCT/ EPO2/ 14843 In a further aspect the present invention concerns the
conpound (l-a) predonminantly in FormA. The invention in particular
concerns compound (l-a) occurring as a polynorph mxture, which

predom nanty.y ose3h@ NS Form A. Mre in particular the i nvent i on 5 concerns
compound (1-a), occurring as pol ynorph ni xture contai ni ng ot Hreé4390 o or
nore of formA, further in particular 95 %or nore of FormA, still further
in particular 99 %or nore of FormA 10, Hence, recrystallization of the
conmpound of forrmula (I-a) as described above yields a novel crystalline
formof (l1-a), herein referred to as "FormA'. Conpound (I-a) in Form A has
a particular crystalline form i.e. the nonoclinic crystalline form 15 One
crystalline fip frfer S8R tedent Biverition chRfdsaHe doPnpband {1od) rddomatdly
prepared by _recrystallisation of conpound (I-a) froma suitable solvent.
The t enper at &PER iAn Thp inyentiondinpartigniar eoncerssn cympruad (o qesupng erolyBeP 60 C,
I n particul at,; v i |.e S -tlﬂggv%]%ﬁr- .-t he conpound
of formula (l-a d?gg%p\%c?ﬁg?&ﬁ?ﬁ%@g ée{%%i%@liﬁlg and 1's reﬁeﬁfléﬁ;l y poorly
sol ubl e. af | comemsenmpnEtd (@), cecigringis mlmeorple mikturecof Riningt least %620 C, or

| oner than 10 C even Lower than or -1Q.I. Suitable sSolvents are
the | overai RabpElond 4 Rt o diee 5% o faoie ot i A i Rfher GOl .
propanol or 299t epabRof Fofthder suitabl e solvents are esters such as ethyl

acetate or a simlar solvent, or mxtures thereof with | ower boiling
hal ogenat ed hydrocarbons such as trichloronethane or dichl oronethane, which

| s preferredyeht, Eé&bﬁtﬂl&%ﬁé@ﬁﬁhs B RbAIRRE Yormad %—'ﬂfﬁ&e@&flﬂeﬁ%mgﬁéﬂﬁ I's

first dissolved in the et acetate after whic hal ogenat

hydr ocar B®n ngved gstallinerferny of (hap hefeirusfergd tmascHomydy ocarbon that is used is
equal to about five tines (v/v) relative to the volume of ethyl acetate,
preferably the volune ratio is in the range of about 1 : 2 to about 1: 5,
e.g. it can Genmbound (I4) in Borfred s apatiatla crystdiidedigendtee themyahodirde bon) . Sti l |

further suitabl e]]sglﬁ\)/r?nr]ts are polyols, in particular the

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 Cs4alkanols 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 Iower 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.



30 glycols such as ethylene glycol, which is preferred, or propylene glycol,
butyl ene glycol and the |ike. Water can be added, in particular where
polyols are used as a solvent. |f water is added, it may be acidified with
a suitable MO®Ng3%ei d such as hydrochloric acid to | ow ppgr pH whi ch
Is in the range of pH2 - 5, e.g. a pH which is about pH 3. V\0037 53916 20
PCT/ EPO2/ 14843 Water can be added in various quantities. For exanple where
et hyl ene glycol or simlar glycols are 28ed, the volume ratios of glycol to
added water are in therange of 1 : 1toabout 1: 8 o 1: 2t ol:

5, e.g. aboutWwhter dar(t¥ added in varieheduantities) Forexamplk RvHRREtAMER ghfcol or similar
enbodi ment, . the conpound (l-a) is dissolved by heating or refluxing in

2-propanol , eglyepls age Beds e gelumerrtias pf glysel te efded raterareindherapgaetdt Hatae, nore
preferably ut B gnoi(tlurzqoqf 5eg ?y&bg&qt @{}gblcmﬂ 5 hane. Subsequently the

solution is allowed” to cool eupon t e5|re >product crystallizes. 10
Thi s procedure can al so be used to convert formA | nto formB I.e. by
replacingth co ou% b formA dure Form B can
al so obt ai5ne (B{#B %SFH@BM ﬂlﬁ ch %‘Efée%‘%?g’ﬁ peri od
of 60 mn (Dsﬁpﬁpwlermyltabewcs ofﬁh@ttualoeemwsataaé/&cl&&étaa@ frldtd freferaBEPECt t he
present invention concerns t he compound (1-a) predom nant[y in _FormB. The

i nvention i n dhAmEgrget @W{‘?é‘f?tﬁ@/dé‘&lﬁi% ane Sehsegneatly thersgluien & alieFstror ph

m xture, whi %cQéﬁﬂEbﬁ%ﬂ%ﬂEﬂdde@Mﬁb&iﬁtE@ét%s More in particular the

i nvention concerns conpound (I - occufring as pol ynorph m xture containing
at least 90 % or 20 nore of formB further in particular 95 % or nore of
For m B, i1l t % f 12 vel
crystal | e 1HiRRRrs Gofi tel s cofrt oth A TR B B Bt 8072,

t heir respectcomq:o)(ndaya)rbp\ﬁnimAdmmbrahmtelmepmti erns utilizing appropriate
powder

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 % 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-a), 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 C, 4 alkanols, preferably methanol. In a particular execution of
this process, the heated solution is allowed to cool until the first crystals appear, in



25 diffractoneters, in particular using the nmethodol ogy as outlined in the
Exanples. In a further aspect, this invention provides a process for
preparing PS8 t he conpound of fornula (1-a), or thecompenugss of
formula (l1-a) predominantly in formA, said process conprising dissolving

t he conpound of fornula (1-a) in a suitable solvent, 30 heating the sol vent
to a tenperature which is |ower than abo®t- 60 C and hi gher than about 50 C,
and subsequently allowi ng to cool said solution. Suitable solvents are

al cohol s, i n ppaictiac thespluGir\isallownd tosgooptoabeutf0l°¢ alietvirgthé appearascedite cul ar

execution of _ this proces t he heated solution is allowed to cool until the
first crystaEStEHp meﬂﬁﬁﬁyﬁéﬁﬁggﬁT Ul%TP%Eéﬂﬁ WM i cul ar the
solution is aihsesgdret 0 cool to about 50 C allow ng the appearance of the
first crystals, and subsequently allowed to cool further, in particular to
room tenperature. .5 In another aspect, this invention provides a process
for prepakin : . f =a), t conmpound of
formul a (F-a?n%@%%%ﬁf'a%t'Smﬁﬁﬁggﬁgg%?g?gégggﬁ%gg%égﬁ%gﬁgéFgﬁﬁg -
recryst al | i s&vmpeungfofdompiader),(dr-tize) compommdoffaimnis (Ie) pradommantly inaform B,

t enperature of..6 or higher, in.particul ar of, 70 or_higher .. Suifable
solrree nts ar e,smdfpg?cg%sx%ﬁﬁngl,ngtrﬁ%yﬁt%g%a oré?rtcgﬁzﬂogx}d é-.a& Eo%aem&gbnﬁgqlkﬁaf% and in
particul ar hprtempdﬁf s:ti_:rehdﬂlﬁ)éC oi:@i@laj, hﬁlhﬂr&h luﬁlof&@ﬁ’% oﬁ]iig}é&t thmelvaﬁtehmr

m xtures thereof w wer hoiljng hal ggepat roc ons such. as

di chl or omet haf?Fe‘?xaq‘-"Hff’ fbﬁﬁ?‘ﬁ%i @a%%lﬂéeseg@ﬁ‘@%“ﬁ%@‘{l’ﬁé’m‘? P@BW#l’Ptﬁ?reat er
detail ang argitdbld kR drdethill dobtateloR ufixthRE e Rhith WwerallindRhlopshatddmi t i t.
15 Exanpl es Preparation of é~8 -(+).-2-(2-chl orophenyl) - 2- hydr oxy- et hvl

car bamat e ( c dirfroeaBonsAYcl as gighloromethane.

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 (l-a))
Example 1
(S)-(+)-2-Chloromandelic acid methyl ester (Intermediate 1)
25

(8)-(+)-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



Example 1 (S)-(+)-2-Chloromandelic acid nethyl ester (Intermediate 1) 25
(5)-(+)-2-Chloromandelic acid (100.0 g, 535.9 nmol ) is dissolved at rt in
met hanol (WoP30588)6 After cooling to 10 5C, hydrogen chlmigmzga53 (55.3 g)
i s conducted over the solution for 30 mn holding the tenperature bel ow 25
5C. The course of this reaction and the follow ng reactions is followed by
B PLC. Trimethyl orthoformate 30 (62.6 g22589.5 mmol) is added at 205C to
the colorless to light yellow solution which is stirred for 30 mn at the
same t enper atregiéue if ditnted frtitrolubre (380 pemt tendiveheis fatalsved again abhf08s de gas is
renoved as far as possible in vacug (40 5C, 40 10 npbar). The oily WO
031053916 PCTHOEPbe/n uarwg. Tolpene (2] ghivaddsd and the selutipn ¥ copledinks £3%9 g) and
the solvent is renoved again as far as possible in vacuo. Toluene (261 Q)

i s added and the solution is cooled to 15 5C Exanple 2 5

2- Met hoxy- 1- Exapmle Zleri vati zed (S)-(+)-2-Chloromandelic acid neth |Y ester
(I'nternmediate 2) Hydrogen chloride gas (0.55 g, 15 mmol) is conducted over
the solution (pHvalue 10 drops from3 to 1-2). In a second fl ask,

2- met hoxy- pr apBiethok¥-8 -flopy! défiatizdd (S0H)2-Chlorsth@mielivaid methyDésene (120 g) at
20 5C and the above epared solution of Internediate 1 is added at a
tenperature r Q@egﬁat%SC (ca. 30 nmin). After the addition is conplete, the
m xture is stirred for 30 mn. Triethylamne (14.0 g, 138.3 mol) is added

to the colorless to |light yellow solution, it is stirred at rt for 5 mn and
15 di | ut ed wilydregenghloaide s&X0gp g pHmmolgs corfdupied overdhi salwipndpH-value

L o 18 A Bk 0 ooy 00 o

dissolved in toluene (120 g) at 20 £ 5°C and the above prepared solution of
Intermediate 1 is added at a temperature range of 25+£5°C (ca. 30 min). After the
addition is complete, the mixture is stirred for 30 min. Triethylamine (14.0 g, 138.3
mmol) is added to the colorless to light yellow solution, it is stirred at rt 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
g2), 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 Example3

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 is 95

15° 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



g), and ag. sat. sodiumchloride solution (1 x 150 g). Drying with sodi um
sulfate (ca. 65 g), filtration, and renoval of ca. 86 g toluene in vacuo

| eads to Internmediate 2. 20 Exanple 3

2- (2- Cnhl orophenyl ) - 2- (2- (2- met hoxv) propvl ) -ethanol (I nternedi ate 3) At first
VenpureTM ERO 080%398 0 g) and secondly VenpureTM ERS A ( 13.¥t1@pob/fsesided 25
and the mxture is heated within 45 mn to 855C. The appearance of the
solution turns fromclear to slightly cloudy. Venpureru ERS C (73.9 g, ca.
1239.4 nmol) is dropped into the solutiofi3in such a way that the tenperature
is 95 5 C(ca. 45 min, delay of the start of the exothermc reaction is
possi bl e) . Th@codl@ﬂ@tusemsqcsﬁduﬂaﬁiiﬁd@b%) g ddded fhgﬂro‘gﬁﬁe@hﬁldié Adueoidr oppi ng
which is also indicated by an 30 additional rom zinc)

appear ance i rfofim hydraxidessolytion(39%, 238.0:8)ds %4d6¢1§I°PWIS‘30V e&o&c@gjhe Venpur em ERS
B d Vi o h
and Venpur ﬁﬁﬁ%e"b%ﬁ 26¢46d. 1l LECEhe S CF Q%éoléﬁqg%%lg aﬁﬁééﬁ\%@. %%%Ot e

whol e i s hea until the conversion'Is co 53916
- 23 PCT/ EPQ2/the&ittidnsis ﬁwhgbﬂmWQ&assmlm isrbeatesirfot 1 h395Q¥ 5PC, and i

(hydrogen .eval ut.i o A sol ution is
Sdved dropwi SRUNARLoRS B ST, TP Rt SRt te b 2 oue
ZﬁC a violent aﬂdxaerbaslgrléss oogmmrphest)ls wA?Heemtht\#%erE(ﬁshzoo(gmamwfmaqlsﬂedfthe Ej WO
phase m xture iSs 50 5C, .and _the 5 previo . forme
precipitate cﬁ°§’é‘81 4(’1? uﬁ?ﬁé{]ﬁ%&%@sDﬁ’%gg’ggé?%\’%dug‘FPéﬁa %@bgﬁﬁxt’% rt. and
the col or | ess;n@haacVaE oPRAIE0 ggowaﬁwﬁaeabwew&cﬁﬁn&nlom%ﬁ&emeﬁnd with aq.

sat. sodiumchloride solution (1 x 2 . Drying with sodiumsulfate (ca.
65 g), filtration, and renoval of ca. 180 g solvent in vacuo gives a

sol ution,gf lgfer iate 3. 10 Exanple 4

2- (2-cbl orophENyT)=2- ( 2- (2- net hoxy) propvl ) -ethyl carbamate (Internedi ate 5)

To the solution obtained in exanple 3, a slurry of 1,1

- car bonyl - dli-&-c ozrgpl lg"eng/_ﬂ- §( 2§§2ghethoxy)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 1t, 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



15 641.4 mmol) in toluene (180 g) is added wwthin 30 mn. at a tenperature
in the range of 255C. The conversion to 1-inodazolyl-1' - [2-

(2-chl orophenyl) -2- [2- (2- nethoxypropyl]- ethoxy carbonyl (Internediate
4) is then wowpbsses. Tol uene (200 g) and aq. anmmoni um hydrpE¥iEPe/a@izut i on
(25% 364 g) are added. After 3 h vigorous stirring at rt, the phases are
separated and the organi c phase containing 20 Internmediate 5 is washed with
water (1 x 200 g) and with aqueous satur24ed sodium chloride solution (1 x
200 g). Exanple -5 25 Preparation of Compound (l-a) To the organic phase
cont ai ni ng | ntger9yedétaingnéd byPtERAAPIC 234418 e dl hadraalbesle 83i09:)adeledyingat er (160
g) and cone. aq. hydrochloric acid (39 g) generating a pH value <1.0.
Conpound (I-e(ﬁoéi%{fw;-"l@r@bﬂfbitati ng while stirring after 5 min at it. 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 conmpound (l-a) (purity 99.8%
assay 99. 0% detaempis Gied by HPLC, ee WD 03/ 053916 -24 5 PCT/ EP02/ 14843 >99. 9%
determ ned by chiral HPLC, 444.8 mmol, overall yield 83.0% after drying
(505C, 4010 nbar). Exanple 6 Preparation of Form A of Conpound (l-a) This
mat eri al of tp_fl%a@g@‘ﬁio@gsr@;q Sndodnd ended in nmethanol (115 g) and after
heating to reflux, the fornmed solution 1s hot filtered, cooled to rt, and
stirred for 15-20 h 10 at this tenperature. Water (577 g) containing aq.

added. The m e parECitiut vl abnle PHAHEE pEncbR1 TP aRah S 702 1S
t enper at ur e, leating teeefldd, Medpoukd sthubiof: i hot filteradecopked washamd stitred fond 620 h
10  at this temperature. Water (577 g) containing aq. 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, 50+10 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  ascolorless 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 fo get

a well defined, smooth surface.
25
Instrument
A computer controlled powder diffractometer system APD1700 (Philips) with an
autornated divergence slit and secondary monochromator or equivalent equipment is
30  used.

Recording conditions



(\3x 30 g). After drying (505C, 5010 nbar), 93.0 g of Form A of conpound
(lI-a) (purity 100% assay 99.7% ee >99.9% 430.0 nmol, overall yield
80.2% is obtained 15 as colorless needles. 20 25 Exam|le 7 Determ nation
of pol ynor pwioasfosasmé by powder X-ray diflractonetrv Sanpl ediigeaiaii on About
0.5to 1 g of sanple is gently pressed into a powder sanple holder in order
to get a well defined, snooth surface. Instrunent A conputer controlled
powder diffractonmeter system APD1700 (Phi2kips) with an automated divergence
slit and secondary nonochronmat or or equival ent equipnent is 30 used.
Recordi ng conditions WO 03/053916 -25 PCT/ EPO2/ 14843 Copper radi ation: Kai =
0. 15406 and Ka2 = 0.15444 nm Vol tage:. 40 kV Current: 30 mA D vergence
slit: automateePreREdiation e 57 0.15400 and Keaphil $44498 ondary nonochr onat or f or
Cu- Kai Xe pr opg%gétepmvcount er Counting starts at 1.5 20 and proceeds in
steps of 0.02 o reach 40 26. The 10 counting tine per interval is 3 sec
and the totalCumedr¥imé4 time is 2 h 50 min. FormA of the conpound of
formul a (Is-a)Dmaeybe char a teridzed by its X-ray diffraction

_ 1vergence shitt automated” ™~ 77 T

Receiving slit: 0.1°
Graphite secondary monochromator for Cu-K,; Xe proportional counter

Counting starts at 1.5° 20 and proceeds in steps of 0.02° 20 to reach 40° 26. 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 0.58681 4610 100.0
25 10.506 8.41395 108 2.3
14.954 5.91952 986 214
17.375 5.09990 1501 32.6
18.435 4.80892 3287 71.3
20.028 4.42979 884 19.2
30  20.720 428343 286 6.2
21.045 421801 2535 55.0
22.205 4.00026 80.1 1.7

23.257 3.82165 1248 27.1



pattern, which conprises the major peaks as listed in the Table 1 in the
Exanpl es. 15 TABLE 1. FORM A POADER X- RAY DI FFRACTI ON PEAKS Form B of the
~conmpound of forrmula (I1) nmay be characterized by its X-ray diffraction
pattern, whwolwsessspri ses the maj or peaks as listed in TabIIQnQEPoQ,Q“EprmA d
value Intensity Angle AngstronCps 2-Theta 9.2179.586814610100.0

10. 5068. 413951082. 3 14. 9545. 9195298621.4 17. 3755. 09990150132. 6

18. 4354. 80892328771. 3 20. 0284. 4297988419-28- 20. 7204. 283432866. 2

21.0454. 21801253555. 0 22. 2054. 0002680. 11. 7 23. 2573. 82165124827.1 WD

03/ 053916 25 24854 24. 9543.56654449410494 25. 7153. 46%66177638. 5

25.715 3.46166 1776 38.5
26.093 3.41233 684 14.8
27.379 3.25489 3953 85.8

5 27689 . . 321908 954 207
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 32139 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 38349 2.34527 408 8.9
39.222 2.29508 161 3.5
39.683 2.26945 310 6.7

25 Example8

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



26.
29.
31.
33.
35.
36.

39.

Corrpound (1-al
is dissolved in 4.75 g 2-propanol

0933.
3393.
7802.
0972.
5002.
9582.

2222,

4123368414.8 27.3793. 25489395385. 8 27. 689. _3. 2190895420. 7
041721633.5 30. 1342.9633351711. 2 31.4802.839611292.8

813473106. 7 32.1392. 782871132. 4 32.8802.721803186. 9

704463377.3 34.6642.5857047910. 4 35.1702.5496797221. 1

52660 d3e53416 1 35. 9952. 493051092. 4 36. 7002. 44679250BCIVEP02/14843
430293748.1 37.3142.40791103422. 4 38.3492. 345274088. 9

295081613. 5 39. 6832. 269453106. 7 Exanpl e 8 Preparati on of Form B of

PCT/ EP02/ 14843 5.0 g (19-%-nmol) raw RW-333369 (pol ynorph A)
30 by heating to reflux. This solution is

cool ed to rogsfiteepeffahdidtedt 8O aRIR (rbanfveste Kield:e0 g (152 mmwd 8Pyst al | i zes.

Af ter

addi ti onal

10

15

20

25

30

2-Theta

9.13
10.38
12.81
15.04
15.92
17.32
18.31
18.58
19.37
20.04
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

stl rr| n
polymorphic form

d-value

9.686
8.522
6.910
5.890
5.567
5.120
4.845
4.775
4.582
4431
4.268
4.092
4.013
3.826
3.570
3474
3.278
3.233
3.161
3.125
3.034
2.946
2.900
2.816
2.786
2.740
2.711

Intens.

486.0

198.0
334.0
507.0
153.0
594.0
694.0
282.0
239.0
326.0
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

gBat 4C for 1 h, the product WO 03/053916



-27 PCT/ EPO2/ 14843 is filtered off and dried at 80C and 20 nbar for 8h.
Yield: 4.0 g (15.2 mol, 80% pol ynorphic form B. 2-Thet ad-val uel ntens. Rel .
hit. 5 9.139.686486.00.324 10. 388.522198. 00. 132 12.816. 910334. 00. 223

15. 045. 890500 09E3B%88 1015. 925. 567153. 00. 102 17. 325. 120594 POUEBERHL4843

18. 314. 845694. 00. 463 18. 584. 775282. 00. 188 19. 374.582239. 00. 159

1520. 044. 431326. 00. 217 20. 814. 268864. 00. 576 21.724.092324.00. 216
22.154.0131500. 01. 000 23. 253. 826661. 00. 44%- 2024. 943. 570416. 00. 277

25.643. 474516. 00. 344 27.203. 2781044. 00. 696 27.593. 233506. 00. 337
28.233.161216.32(80144 28284563. 125@21. 00. 1471389. 443. 034208. 00. 139

34.81 2.577 621.0 0.414
35.29 2.543 244.0 0.163
35.91 2.501 243.0 0.162

5 3636 2471 1890 0.126
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 2.304 321.0 0.214

10

15

20

25

30



30. 342. 946328. 00. 219 30. 832. 900314. 00. 209 31.772.816259. 00. 173

3032. 132. 786200. 00. 133 32. 682. 740335. 00. 223 33. 042. 711276. 00. 184 WO

03/ 053916 PCT/ EP02/ 14843 -28- 34.302.614207.00. 138 34.812.577621. 00. 414
35.292. 543244. 00. 163 35.912.501243. 00. 162 536. 362. 471189. 00. 126
37.082.424412. 00. 275 37.662. 388349. 00. 233 38. 552. 335431. 00. 287

39. 092. 304321.00. 214 10 15 20 25 30 2¥XJ ains 1. A process for preparing a
conmpound of forrmula 5 CH Rl

Claims

1. A process for preparing a compound of formula

)

wherein:
R is halogen;

10 R!andR? independenﬂy are hydrogen or C)4alkyl, optionally substituted with
phenyl or substituted phenyl, wherein substituted phenyl has substituents selected
from halogen, Cy4alkyl, Cy4alkyloxy, amino, nitro and ¢yano;

characterized by
15 (a) reducing an ester of formula:

P

H-O

20
wherein:
P is an appropriate alcohol-protecting group;
R’ is C4alkyl;



ONR2 R (1) O wherein: R is halogen; 10 R and R2 independently are

hydr ogen or Cl4al kyl, optionally substituted with phenyl or substituted
phenyl, wherein substituted phenyl has substituents selected from hal ogen,
Cl,4allyl, Cl4dal kyloxy, am no, nitro and cyano; characterized by 15 (a)
reduci ng an ester of formula: OP COR3 R 20 wherein: P is an appropriate

al cohol -protecting group; RRis C4aikyl; 30 with an appropriate
ester-to-al cohol reducing agent, thus 3t ai ni ng an al cohol of formula: OP
CHZOH 5 (b) reacting the al cohol of formula (I1l) with a carbonyl conpound
of fornul a wifh an appropriate ester-to-alcohol reducing agent, thus obtaining an alcohol of

formula:

P

nne-O

X CH,OH

(b) reacting the alcohol of formula (III) with a carbonyl compound of formula

10
O

A

15 wherein X and Y are appropriate leaving groups; and subsequently with an amine of
formula

20

thus obtaining a compound of formula:



15 wherein X and Y are appropriate |eaving groups; and subsequently with an
amne of formula 20 Mthus obtaining a conpound of formula: 31 OP Rt ON R2
RO (VI); (c) removing the protecting group P thus obtaining a conpound of
formula (1). 5 2. A process according to claim1l wherein Ris 2-chloro, R
and R2 are hydrogen 3. A process according to clains 1 or 2 wherein the

al cohol protecting group is selected3flrom 2-(2-nmethoxy)propyl. 10 4. A
process according to clains 1 or 2 wherein the carbonyl conpound of fornula
(I'V) is selected fromdiim dazolyl gﬁ;bonyl, aryIRDr substituted aryl

hal oform ate. S. A process according to clains 1 ¢or 2 wherein R3 is nethyl.
15 6. A process according to clainsZl or 2 mhereLé the appropriate

ester-to-al cohol reducing | metaP~Qydzi 8.0r a conpl ex netal
hydride. 7. A conpound of [formuN¥{ 20 R R,

' /// o
(VD;
(c) removing the protecting group P thus obtaining a compound of formula (D).

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
(IV) is selected from diimidazolyl carbonyl, aryl or substituted aryl haloformiate.

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

15

6. A process according to claims 1 or 2 wherein the appropriate ester-to-alcohol
reducing agent is a metal hydride or a complex metal hydride.

7. A compound of formula

20

wherein R, R’ and R? are as defined in claims 1 or 2 and P is an ether type group.



OPR O -NO 2 wherein RR Rl and R2 are as defined in clainms 1 or 2 and P
is an ether type group. 32 8. A conpound according to claim?7, wherein the
ether type group is selected from nethoxynethyl ethers (MOV;
tetrahydropyran ethers (TIi P ethers); chloro substituted tetrahydrofuranyl
ethers from 2-chlorotetrahydrofuran; 5 tetrahydrothiofuranyl ethers;

1- et hoxyet hyl ethers ; 1-methyl-|-nmet3Roxyet hyl ethers; triphenyl ethers and
appropriate derivatives thereof; benzyl ethers and appropriate derivatives

t her eof ; 80A%ﬂ%bhm<wc&ﬁmhy dragn Y| whatkinehdéthér type group is selected from
4- met hoxyt et r ahydr.ot hi opyranyl ethers. 9. A conpound according to any of
clains 7 or 8 wﬁzﬁmxamp%wketb@ oxy) propyl. 15 10. A conpound of fornula

¥
s Th ool | ni (e op R BELEIHECRAS), | 00 ind of Tormula (1-8) s
defi-ned in cl ai chldfy substitpted sétrahydrhfrdnyl bthess figodd-chlasoterahpidnofugtadd;f r act i on
peaks 5 tetrahydrothiofuranyl ethers;

1-ethoxyethyl ethers ;

1-methyl-1-methoxyethyl ethers; |

triphenyl ethers and appropriate derivatives thereof;

benzyl ethers and appropriate derivatives thereof;

10 4-methoxytetrahydropyranyl ethers;

4-methoxytetrahydrothiopyranyl ethers.

9. A compound according to any of claims 7 or § wherein P is 2-(2-methoxy)propyl.
15

10. A compound of formula (I-a)
a OH

20 (I-a)
characterized in that the compound of formula (I-2) is in monoclinic crystalline form.

11. A compound of formuia (I-a) as defined in claim 10, comprising the following X-

ray powder diffraction peaks
25



25 33 Angle d value intensity % 2- Theta AngstronCps 9.2179. 5868
. . 14610100.
510. 5068. 413951082. 3 14. 9545, 9195298621. 4 17. 3755. 09990150132. 6 o0

18. 4354. 80892328771. 3 20. 0284. 4297988419. 2 1020. 7204.

21.0454. 21801253555. 0 22, 2054. 0002680. 11. 7 23. 2573. 82%22?%322? i
24.9543. 5654449410. 7 1525. 7153. 46166177638. 5 26. 0933. 4123368414. 8
27.3793. 25489395385. 8 27. 6893, 2190895%20. 7 29. 3393. 041721633. 5 .
2030. 1342. 9633351711. 2 31.4802. 839611292. 8 31. 7802. 813473106. 7

32.1392. 7%8&51132. 4 4value " Intensity
2-Theta ° Angstrom Cps %
9.217 9.58681 4610 100.0
5 10.506 8.41395 108 23
14.954 591952 986 214
17.375 5.09990 1501 32.6
18.435 4.80892 3287 713
20.028 442979 884 19.2
10 20.720 428343 286 6.2
21.045 421801 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
15 25.715 3.46166 1776 38.5
26.093 3.41233 684 14.8
27.379 3.25439 3953 85.8
27.689 3.21908 954 20.7
29.339 3.04172 163 3.5
20 30134 2.96333 517 11.2
31480 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
25 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 24
30 36,700 2.44679 250 54
36.958 2.43029 374 8.1
37314 2.40791 1034 224

38.349 2.345217 408 8.9



32.8802. 721803186. 9 2533.0972. 704463377.3 34.6642.5857041910. 4
35.1702.5496797221. 1 35.5002.5266746410. 1 35.9952. 493051092. 4

3036. 7002. 446792505. 4 36.9582.430293748.1 37.3142.40791103422. 4

38.3492. 345274088. 9 34 39.222 2.29508 161 3.5 39.683 2.26945 310 6.7 12.
The conmpound of claim 10 substantiaII% free of other polynorphic forns of
the 5 conmpound of formula (1-a). 13. the conpound of claim 11 substantially
free of other polynorphic forms of the conpound of forrmula (1-a), 10 14. A
conpound oﬁ9ﬂ6§nula (12.39508| -a) 16lcharacteriZed in that the conpound of
formul a (I JkghS 1N tr ic cry I'line forgw 15. A conpound of fornula
(I-a) as |n§gﬁg m 14, %g&M?|S|ng ?Eg follomﬁng X-ray powder diffraction
peaks 20 35 2-Thetad-valuelntens.Rel.Int. 9.139.686486.00. 324

10. 388. 522198. 00. 132
12. The compound of claim 10 substantially free of other polymorphic forms of the

5 compound of formula (I-a).

13. The compound of claim 11 substantially free of other polymorphic forms of the

compound of formula (I-a).

10 14. A compound of formula (I-a)

d-2)
15 characterized in that the compound of formula (I-a) is in triclinic crystalline form.

15. A compound of formula (I-a) as in claim 14, comprising the following X-ray
powder diffraction peaks

20



512. 816. 910334. 00. 223 15. 045. 890507. 00. 338 15. 925. 567153. 00. 102
17.325.120594. 00. 396 18. 314. 845694. 00. 463 1018. 584. 775282. 00. 188
19. 374.582239. 00. 159 20. 044. 431326. 00. 217 20. 814. 268864. 00. 576
21.724.092324. 00. 216 1522. 154. 0131500. 01. 000 23. 253. 826661300. 441
24.943. 570416. 00. 277 25.643. 474516. 00, 344 27. 203. 2781044. 00. 696
2027. 593. 233506. 00. 337 28.233.161216.Y0. 144 28.563. 125221. 00. 147
29.443. 034208. 00. 139 30. 342.946328. 00. 219 2530. 832. 900314. 00. 209

31. 772. 81625Ret90. 17 3Y-vaduel 32. 7Hef30. 00. 1R&. B2. 682. 740335, 00. 223
33.042. 711276. 00. 184 3034. 302. 614207. 00. 138 34.812. 577621. 00. 414

9.13 9.686 486.0 0.324
10.38 8.522 198.0 0.132
5 1281 6.910 334.0 0.223
15.04 5.890 507.0 0.338
15.92 5.567 153.0 0.102
17.32 5.120 594.0 0.396
1831 4.845 694.0 0.463
10  18.58 4775 282.0 0.188
19.37 4.582 239.0 0.159
20.04 4431 3260 0217
20,81 4268 864.0 0.576
21.72 4.092 324.0 0.216
15 2215 4.013 1500.0 1.000
2325 3.826 6610 0.441
24.94 3.570 416.0 0277
25.64 3.474 516.0 0.344
27.20 3.278 1044.0 0.696
20 27.59 3.233 506.0 0337
28.23 3.161 216.0 0.144
28.56 3.125 221.0 0.147
29.44 3.034 208.0 0.139
30.34 2.946 328.0 0219
25 30.83 2.900 314.0 0209
31.77 2.816 259.0 0.173
32.13 2.786 200.0 0.133
32.68 2.740 335.0 0.223
33.04 2.711 276.0 0.184
30 3430 2.614 207.0 0.138
34.81 2.577 621.0 0.414
35.29 2.543 244.0 0.163

3591 2.501 243.0 0.162



35.292. 543244. 00. 163 35.912.501243.00. 162 5 3G 36.362.471199. 00. 126
37.082.424412. 00275 37.662. 388349. 00. 233 38. 552. 335431. 00. 287

39. 092. 304321. 00. 214 16. A conmpound according to claim 14 substantially free
of other polynorphic forms of the conmpound of fornmula (l1-a). 10 17, A
conpound according to claim15 substandally free of other polynorphic forns

of the conpound of formula (1-a). 36
36.36 2471 189.0 0.126
37.08 2424 412.0 0.275
37.66 2.388 349.0 0.233
38.55 2.335 431.0 0.287
5 39.09 2.304 321.0 0.214

16. A compound according to claim 14 substantially free of other polymorphic forms
of the compound of formula (I-a).

10
17. A compound according to claim 15 substantially free of other polymorphic forms
of the compound of formula (I-a).



