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WD 2006/ 021420 - 1 - PCT/ EP2005/ 009095 Method for the
producti-on of diarylcycloal kyl derivatives The
j [ el ates to a process for prepari

W%?éﬁ@f"?gg?@m kyl deri vatlvegsof t he fornulr]gcz'/E)EzQHjSéOOQOQS
present invention further relates to novel

| nt er NpEiRd & fo S ddluttion &OHE‘??ICVEIJJT%!MMW%

according to the invention, oCesses” for preparing
i nt er medi ates of conpounds of the formula (1) and to a

Theifepsen frelateerAs Prodkss félrib/ré;b diseeyciealkyl Wiepivatifes of the

orfhE B St SRS R Kb BEREHRL G are

forMied], inXte ProcésOR8ccdrBingOty Ithe Ti Theeroim:rmdondmoefsseshe‘or preparing

mterﬁ'nr&'&ﬂfter ;otlf)co%p?o | va%‘ﬁc!%[ 2%re la F@r %’rﬁiﬁ rocess for separatlng

cns/gmas asamel m@wsmmﬁmg mwmwmgbmg useoh*ln {fhh% pmwtlon of
corASbindR &the g@d in WO 03/020269, effective PPAR
activators 15 been found to be those which have a
Ci s substituti on of the X- and Y- contai ning
substituent on the centpal ri . This applj
particuRa conmpbupds i n MimgcAn t he ri :
cycl ohexyl % ci s41, 3- cy¢l ohex

of the formgs Zogpcr)i NCi paIIy@tP/\(/o factors

pr esent difficultie@) One is the cis/trandJisonmerism

of the substituents of the ring A Since, in the case
of the conpounds of the formula (1), the cis isoners

Thé %rrEéBHLﬁ'ndsf BF%é VfSrrﬁE@RgﬁeéﬂeV%Wa‘iofsh%}' ?@E?msome proliferator-

actlwetedvr@celhf@rqaa?%&ﬁcgvaﬁqr%)@d asralrapdyrknone remgVR P3/020269.

Of tﬂeetprfg@g rﬁﬁg@% rd@sbm@de ?fe?wm @@/oaggss@l éedtivet PPAR attivators
o avoid un cess

havgs BEGY TBUBRA0 s Chiter yihic B ReRl (5 SHSTRfE 8 e X- and Y-

contsinimgr sabstﬁthentr iorg the cehtral singhal (Thideapiesn in nparticular to

* conf i o i e Ay SR PO T Rl

of the formula (1), and the ring A is substituted by

In tblﬂn?ﬁi(ﬁés% IisbBHLA BrStheXdesiled FREEEMITIBLLI¥Ss dft thBaRrila (1),
principally two factors present difficulties. One is the cis/trans isomerism of the
substituents of the ring A. Since, in the case of the compounds of the formula (1),
the cis isomers are more effective PPAR activators than the corresponding trans
isomers, it is advisable to remove the particular trans isomers of the ring A in the
corresponding intermediates actually at the start of the synthesis in order to avoid
unnecessary yield losses. Secondly, considering only the cis isomer of the ring A,
it also had to be taken into account that two chiral carbon atoms are present in
most intermediates and in the target molecule of the of the formula (1}, and the ring
A is substituted by two different radicals (X, Y). Consequently, it has to be taken
into account in the connection of the ring A with, for example, the X-containing
substituent that a racemic mixture is formed in an equimolar reaction because this
substituent can in principle be connected to both functional groups of the ring A. If
no allowance is made for this, the compounds of the formula (1} are also present
as a racemic mixture. -
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into account in the connection of the ring Awth, for
exanpl e, the X-containing 30 substituent that a
racemc m xture is forned |q%an equi nol ar reaction
because this substituent cdn in principle be
connected to both functional groups of the ring A If

A|tr§k91rq’3Hm|t W?p?%léﬁﬁ@ hd gf eéé}bﬁ@n ?P@oé‘s%rﬂ&éﬂgéd G WHe03/020269

ar e esent a racemc m X .
- FPAR ¢ mstivgiors 1o B@@w @QJSPW@PPHEd%r@ am.%ﬁmuia () in

enﬁt@ﬁ@&aﬂ?%ﬁfré Fefiniin dl’?cﬁﬁé %QZﬁ%ceé@rdeBE’ﬁﬁécﬂmemm h&as some
ounds , 0

siobiehi BRoyailReB e TRE "S5 eirst | ROl i egmegunds and
cesiigrac flubrds;t neeeand hdispesale of sibgitief¢ardaining sadveninagesacemic

synlfﬁgslgmfj? d' j%l'noqlfal %‘?'tgg g@*ﬁtbg{brc\gﬂﬂﬂu@dﬁo@%ﬁred bg chiral

T Uor de-con
chromaiegraghy. ataé%aﬁtchalfspﬁtthese@ensw@ stagiing malenslsapcetrs as a

waét@e ﬁﬁa%irﬁm‘éhr&ma%‘grbﬁhjﬂOédcﬂlﬁ&#’élfyeqwé%y t@hbéa"mked to achiral

hr omat o east’ hal f the ensi,v
chremﬁqgrﬁa Ymi%@?ﬂ aia dh %cia@ﬂgcta@ra&wgk@ EF rﬁéaré'ﬂgrmafe”a's used
thefrthbloﬁm Qﬁt&t@@yr@éﬁétem&ﬁamﬂdﬂﬁmtd thd éwb i gngetiofrers; the “wrong”

ond et loanGBL BTG EPIN pEh{ bRl DR AUl gE: bl of socium

hydrideaas abeaataadﬁt;bhdmatbyiformamrdh @staveoleanihfpoterdially exathermic
y s venantioner cannot be recycled and has to be
dech‘@ glog of as waste; use of sodium hydride as a base

and N, N-di net hyl formam de as a solvent (potentially

In RUEE REBEEBle BESRPBRS hh 'éﬁéhtloﬂn@nb féx@é@'@ br kA éh%mﬁbh%nb@lly pure

conEQRLE'ldr %fotﬁ;gd‘gﬁﬁﬂlgf(?} I wglﬁwﬁes gr)ap gpﬁegsgct)lh%ly necessa¥y in the
procéssndascrgfedpimywe 0310201260¢ Egpeeiatty oar thel indubieial pcaleedise high

coslijse Csrs r| gﬁd Qmﬁ)f)tggl gl%?% Ip]rolr:r?eﬁs }a?alh Y ol f{)ﬂ@d to be the main

_ sC cos socCl a
dlsamdanéaga:cbfrtbmroge@@hy are found to be the main

di sadvantage of this process. 20 An alternative

process for preparing PPAR activators h_fall
An BHeITAENR Praeess, i Girepatg FHRAR aCHva/terwm?ibi%lgun%ert e PPAR

act:dﬁggé Ubﬁ%hbsgjaighf\ﬂlo 08@2026% 98 dbsaritd Wﬂieoiﬁtematﬁdhdl lpplication
i S roces
it 18 Fhibgs tthatp 553, B it FuSibaratict i Fenifianto cis-1.3-di

subdﬁ!ntemtwlebexmesdlar@atnmd aieA Bregitlohexanddinl tisainitially alkylated

' erthgI | * ataegrog%tmglt E%U\B l(l%é?h() | ) éﬁ/ﬁtbln%cﬁfa%g%@pedwey of Yhe two

e of itu
subeﬁtuehts p’értrg@ttargﬂtemle@uie nnwwhich ease thﬁerar:amnna:lxture of the

cor@spdidiRg MholdHikylated cis compound is formed. This intermediate is in turn
reacted with an acyl donor, and this monoalkylated and monoacylated
intermediate which is likewise present as a racemate is separated via an
enzymatic ester cleavage and subsequent chromatography into two fractions, from
which the two enantiomers of the target molecule can each be synthesized in
separate reactions. Alternatively, the racemic monoalkylated intermediate can be
separated by enzymatic ester formation and subsequent chromatography into two
fractions from which the two enantiomeric forms of the target molecule can in turn
be synthesized in two separate batches. A disadvantage in this process is in
particular that, in spite of the avoidance of chiral chromatography, a racemic

'intermed iate is initially formed, from which the two enantiomeric forms of the target

molecule inevitably arise. When the synthesis variant is utilized by means of the .
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correspondi ng nonoal kyl ated cis conpound is forned.
This internmediate is in turn reacted with an acyl
donor, and this nonoal kyl ated_and nonoacyl at ed
|nterned|ate which is |likew'se present as a racemate
is separated via an 30 enzymatic ester cl eavage and

pro\?#ﬁﬁﬁoc#%[]b ARSI LA PRY kbéHz?LE&Wtafrﬁﬁg%b%&@éﬁng{ éﬂfﬂps have to

enant i oner s e tar } ecu
be gapved tg/yhytﬂf@gpgg’réon nn @@pgygqogep@’gg@ i hgstirst subst:tuent of the

tar@éttrﬁélé%lb\&@lhlﬁh th%!ﬁe%@l?fﬂe‘énrﬁﬂT@@ldkwthé@drﬂe@p@ﬁcﬂ”ﬁ@Ilr&éﬁnedlate

ma 5 SoENES cHRU o CRDR RO it iopr BE0T dhed piklploss. Siv-

conthinitly ;bzbeedtwg gmam amvEMaovddwits flobridaebutdhigdoo leads to further
md%quag t'lgnes r{haggguthtfjﬁﬂfsh%'tr?ee%oh@sﬁéfﬁﬂiﬁg?‘?r%%gdlates

rocess

anqaslmuldabaseqmﬁy ﬁerﬁ‘éﬁpdeda of the avoi dance of chiral

chromat ography, a racemc internediate is initially
formed, fromwhich the two enantioner.ic forns of

e .
The 4pgef eNRYNES (P SCPAEIE FAERYICANPIWes\WeRPHE Cgmag?éstaﬂmg
maleiialatr irgetthédibey has nalaglyobebhedescripdotreanty rignes in the

llteu%ng'gzgé—'{q%r\?eg? rejebgl' [$4 h{ 8?6 @SB@yﬁogﬁnéé Bl Me enantioselective

sepayaticog exfathieorracémia isturg dtodenaapanatethén féackt case presents
dirfslfeki tuent of the target nolecul e which has already
een bonded to the corresponding internmediate nmay be
renmoved again to a certain degree, which |eads to a

ForYih§latck OF S Hirgtd ¥t ab, CRRAIRY : rz%om{sz; %Qﬂgwe.t@bﬂl?@s’%w Rydrolysis
| S S 0 ur

of chne i dtareb ot S ge L 10 PGSV B ERbEE in the
presmaesefp@nwmgd iphere cetisl fratresomenmoh Sleowbrd (Marrsfmﬂamolymorpha)
To ﬁﬁ)‘?%’? %f cURGatiSE o?fthgnﬁl)ég{e%g ? 6{§ tq{%,re@%%ra[ %?'Ecﬁ:op?anying

varl ous conpounds
enzymesnarer n@tdkmm)Tmmgnants@myc [pxease &% 81 budrofisisy of meso-cis- -

1_3td|é'f?e'i NE: ERBexhhd fnb?é i!sr@nl HBYE XS (1R, QS qla%é%@bycleﬁexan 3-al.

I"e enz nmes

: or th nantl 0Ss ara (el
trangt 1 arialapat%mclcanﬁéS@@nbs% ¢ fﬁ?@@ reesiokyeygiahiexan-1-ol

(60% fie \ﬁ[th Qvﬁ/s bﬁdhﬁd}fﬂérlc ExcEsd ahﬂ&iy@[&%xaffe 1|-$-tiﬁﬂ a76% yield).

T et aheiglofs a2t a4 fsbp bt PRSI A SagAM e enaomerc
exckss arghantjoryeficdigpame cis-1 8-dcylxypydskean-dR-a.ul t i vat ed
plant cells fromcommon |liverwort (Marchantia

pol ynorpha). To this end, the cultivation of the
K. Lgiuamen ebal,s).iGhamecBes abhem. [GoneesniaA§ehiRo%&h299esscribe the

enzﬂﬁ'lgirttgloh HrNs Jﬁ“%lse'i‘@fn&be%&y%rc%ﬁ&ﬁ@ érﬁbtlhethe presence of

|s o nmeso- cet0ﬁ¥cMclo exane
Ilpaﬁ,@:f. SUcE 8| jsausigrpgnag ppecies or Mucor miehei. At a conversion of

appre:3 D09, - A fRIndsx gt PBsx@bnderokith an enantiomeric purity of from 95 to
97% is formed. The enantiomeric purity can be increased to above 99% by
recrystallization. |

The object on which the present invention is based consists in providing a novel
process for preparing PPAR activators of the formula (I) which does not have the
disadvantages of the processes known from the prior art. In particular, a process
shall be provided with which the PPAR activators of the formula (I) can be
prepared in a suitable enantiomeric excess, i.e. in hlgh enantioselectlwty, without
the use of chiral chromatography being requ:red
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trans- 1, 3-Di acet oxycycl ohexane is converted to

(IR 3R) - 3-acet oxycycl ohexan-1-ol - (60%yield) wth 27%

enanti oneri c excess and cyclﬁphexane 1,3-diol (70%

yield). This nmethod is therefore not suitable for

preparing an acceptable enantioneric excess or

enanti onerically pure cis-1 S-acyl oxycycl ohexan-3R-ol .
Launen et al., J. Chem Soc., Chem

K. n. .,
Th% pbm is a0lBieYoD by o PEIGESE f@hﬁrepéﬁlf'ﬁr%fip@pﬁydgﬂ?%? dorgputa (1),
corfibising tife flllBAAP¥EPY Cihapeph- 2- ene In the presence of

|1 pases such as Pseudonobnas species or Micor m ehei.
At a conversion of approx. 50% a nonoacyl at ed

at)enantompeundiof theaforamuén(Xp rerdactqrlinith ywaiér far give @scaropound of

30 %.i ol Ng

R okl (TFd o yERANE] EXRIL PPl YnfeRMafffigs a suitable
objmntlommuexﬁ:esnefmee@enpownﬂ/ Pbn i s based

consists in providing a noveI process for preparing

PPAR activators of the f does not have
a2} hed cgopdugaoqfaﬁhea@syuef Onig rﬁ%@smﬂb Qn'saﬁt PP @AY hEonor to

prl e ahé . cdmppaid l(wlunrtheap:@'seneesdsbﬂlénzquowmmrdeaffords a

e s%“@l?aewqm%m%?%ﬁ%%%@* Sofbohbf (P erceas, 1 o

b)

d)

1)

in high enantioselectivity, without the use of chiral

chrg ?H;%&lﬁmf ng)glsnﬂaarcféﬁﬂirf g gré’Sen-EQeofOQh% db %atal}gst with a

achleved cess TOr preparing a Egoun
f oraemRroynd) whicsdiy fosmniet brserstpbisupng astdelgsile protecting group

\Ahlz*chto vémeaompcnﬁdoﬂtr@fohhalém bﬁld(lx) i's reacted
water to give a conmpound of e formula (V) in

the presence of an enzynme which affords a suitable
enaheicrm‘npom&w&ls)susocﬁortvieetedoimpmmqbréeénceoof a2hucleophile to a

L&%%ng!foﬁtngféﬁﬁ%l(lg),(x) is reacted with at |east

've the conmpound (V) in the
presence of an enzynme which affords a suitable

engps iceﬁﬁj’(d\t})ﬁde(gf%sl%ag :Hethé Eﬁ?@@éi’% <§le€ baba Bt1hﬁ|th a compound

conmpoun reacted I1nt

catod et fapmia AVicingbiend ﬁﬁmﬁue 1O §8m @rﬁréua ﬁhs% or with a

bas@nficideofand f@mma ) fosgive atcphpalthdisiate forbduld 3,
gi ve the conmpound of the formula (VIII) and c) the

conpound (VI11) is converted in the presenc; of a
nucl eophile_to a 6onpq;a4nd of the fornmul E
R1

N

NT X ——2z4 ;75—
9y ; Z5—Y OR6

V) (Vi)

the compound (llla} is converted to a compound of the formula (IVa) or the
compound {llIb) to a compound of the formula (IVb), the particular reaction
being effected with an alcohol in the presence of an acidic catalyst,

the compound (IVa) is reacted with the compound (VII) or the compound
(IVb) with the compound (V1) to give a compound of the formuta (la) in the
presence of the base B1 and
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20 d) the compound (I1) is reacted in the presence of
a base Bl with a conpound of the formula (VI) to give
a compound of the fornmula (I4dia) or with a conpound

of the formula (VIl) to give a conmpound of the formula
(11lb), R& R5 O RLNX-Z4; Z5- YOX R OR6 (V)

VI; t I .
9 corbsERrapte nbe, SHBRATE () dh o (1)
t o EreRMSLALWBEN FEISTOr mul a (1 Vb), the particul ar

reaction being effected with an al cohol in the

presence, of .an agidic catal.yst, 30 f) t np
the{apOEoT Gxrartit W FabRcbirasn o7 1 AEHEE Womer or as
cis/tramp onirtlire€,] Vb) with the conpound (VI) to give a

compound of the formula (la) in the presence of the

base 131 and 5- g) if appropriate, the conpound (I a)
and in wiighdhg yadakies apd ﬁ@@éﬁ@le?hse%fet@th@fin@érﬁﬁf@ﬂ@‘”%:l )

when R3 is H, the conpounds (IX) and (X) each being

present. as the pure cis iéorrer /trans

. O{Kﬁas .5 ﬁl?] b
RingiAt ur d8 CaratCydPRIRYIAr eneev¥ripalieay!. Thwhidiydig PLEKYS carbon
are eacdioghel imnetk ascloaldydvs: cytioakénylsrings may be replaced by
C3- C8- cycl oal ka/ or C3-Cs-cycl oal kenyl, 1 n which one
or mor EX¥EFBEP ™0 atons in the cycloal kyl or
cycl oal kenyl rings may be replaced by oxygen atons,
R, R2, R4 and R5 are each independently H F, O, Br
R1,GR2, Rbzndd®3 areersh indepegdentik b, Foll,-By, O, Nz, &b ke IGCF s,

15 R3is H @ l.oprche 7). Whi ch may
optionally be@1s%ésﬂﬁlﬁt gé( b1$ E@Hy& Br, OH NO2, CF3,
OCF3, d-Co6-alkyl or -O(Cl-C6-alkyl), R6 is

R3 Cl - C6- a4 /| CCs-RiKyE vF benhylc bvhiahy megt ostiomally beesubstituted by F,

élib Séglt }( ﬁ ‘% §82?EF§{§_8§E1291‘€;"3|N‘%‘: “8":(%’1‘%%/'),

R6 is C4-Cs-alkyl or benzyl, which may optionally be substituted by F, Cl,
Br, OH, NO,, CF3, OCF3, C4-Cg-alkyl or -O-(C+-Cg-alkyl),

X ' is Cy-Cs-alkyl, in which one or more carbon atoms in the alkyl group
may be replaced by oxygen atoms,

Y is C{-Cg-alkyl, in which ane or more carbon atoms in the alkyl group
may be replaced by oxygen atoms,

Z1and Z2 are each independently an acid-stable protecting group,

Z3 is a base-stable and acid-fabile protecting group,

Z4 and Z5 are each independently a leaving group,

B1 is a tertiary alkaline earth metal alkoxide, tertiary alkali hetal alkoxide,

alkaline earth metal amide, alkali metal amide, alkaline earth metal silazide,
alkali metal silazide or alkali metal hydride.



5

Xis O-C6-alkyl, in which one or nore carbon atons in
the al kyl group nmy be replaced by oxygen atonms, 25 Y
is G-C6-alkyl, in which ong; or nore carbon atons in
"the al kyl group may be replaced by oxygen atons, Z1
and Z2 are each independently an acid-stable
) 'nBF HERithed #PtHe absvé p@é‘@é%‘s%t@?k ear%%dfrom the following

a(:| rotectlnqg‘ %rou
schermbwh@@rﬂawe%tq ilsiratg To® BlRFeSBACERrdiNg Q{?ﬁednyen’ﬂo”
al kaline earth netal al koxide, tertiary alkali netal
al koxide, 35 alkaline earth netal am de, alkali netal
Schema , alkaline earth netal silazide, alkali netal
silazide or alkali metal hydride. -6 The conpounds
nmentiormed in the aboye ocess steps arise fromthe
serves to illustrate the
ijnvention. Scheme I 5 Ri ng A
] (IX)y (X} a1/ "2 ng b)
R-09 A a) (RFrg AI:?[CD( OMOEL -O (MII1) -2Z3 HO (I1)
-Z3 R4XR5 d) R1 IORIMY) Aor Ring ANI x 0 OZ3 Z3-0
0- RZ%YI OR6 (Isla) (Il'lb) 10 e) RLO R4 Rng ARSI

| or aogqN X - R2()—|HOY/(R6(IVa) (IVb)O

’ b) ’ .
0-Z3

Z1-0 OH 21-0
VIl (1)
R2 O Z3 230

(lila) : (H1b)

R4
0
2SI, e
N™ ~x-0
R2

(IVa) . (IVb)
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-7 R RAf) RI~xQX-0O0O Y4 OR6 R2 (la) R Q4A
g RLXXOO Y 4 OR3 (lI) The process steps shown in
~schenme | are illustrated in getail once again below 5
In the conpounds (I to VII1)" shown in scheme |, a ci's
substitution of these substituents in rel ation to the
ring Ais present B5substituents

bogqi theOr corrpounds) .
Bor

cis-1% ubst t S ' 0 thrs
cont ext o cis-1, . 1 t| t(b%ﬁ and

greater prefe gnce to cis-1,3-substitation. Particul ar
10 preference |s given to cis-1,3-substitution on the
cycl ohexyl ring A For the sake of sinplicity, the
ring A or else the substituents X and Rbare referred

tg, e o s (al ky Qr al kenyl s) even
e arnq on the nner of ng, it is

CONCRIME qg e of C?gg oprane_ it as an

al kan ene X( in as th [ r(a6§ent of the

formul'a (I))n@lr as an al kyl ene or alXenyl ene. 15
Sui t abl e ena oneri c excess (high enantiosel ectivity)
shall refer to an enantioneric purity (ee) of greater

Thé protebd ¥’ sHuvef Br sibleynal @t ibuisttdiad ird08tati @nceragain below.
preferably greater than 95% ee, even nore preferably

greater than 98%ee, much nore preferably greater
In tHeanoB@?ziuedsaﬁdtopHﬂlﬂ)r shownlin pekdroeabl§ g$ esubstitutinanof these

sub%ﬁ u%ﬁ’cseﬁror;e%&g‘f &f fFrre oo, e|§ éﬁ%é@r@f\kiﬂw F@gjédr&'tﬁ%@%o%‘u%@ﬁtuents
or@@ﬂorootaearmgaAo(m tﬂ@ pafﬁeulaw@ewuaeﬁbfdrr@ample Hemay be a cis-
1,21 IIAL3-At K133 4-B8abSEHUEN . FaeFereres id BRaR hram ediext to cis-1,2-
and cis-1,3-substitition, and greater preference to cis-1,3-substitution. Particular
preference is given to cis-1,3-substitution on the cyclohexyl ring A. For the sake of
simplicity, the ring A or else the substituents X and Y are referred to below as
simple radicals (alkyls or alkenyls) even when, depending on the manner of
viewing, it is conceivable in the case of ring A to name it as an alkane or alkene
(ring A as the basic fragment of the formula (1)) or as an alkylene or alkenylene.

Suitable enantiomeric excess (high enantioselectivity) shall refer to an
enantiomeric purity (ee) of greater than 50% ee, preferably greater than 90% ee,
more preferably greater than 95% ee, even more preferably greater than 98% ee,
much more preferably greater than 99% ee and particularly preferably greater than
99.5% ee.

Preference is given to carrying out steps a1} and/or a2) in the presence of lipase B
from Candida antarctica.

The process according to the invention has the advantages over those from the
prior art that, by virtue of the use of suitable enzymes, the chiral information is
introduced into the particular precursors actually at the start of the process, as a
result of which these precursors are already present enantioselectively in a
suitable, in some cases even in exiremely high, enantiomeric excess
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25 prior art that, by virtue of the use of suitable

enzynes, the chiral information is introduced into

the particul ar precursors ag;ually at the start of the

process, as a result of which these precursors are

al ready present enantioselectively in a suitable, in
(en3BiBmEAS ,ﬁ%ﬁ’”%% %é?réﬁﬁéé/ ur, t@@%&h@mmtm&of the

ric. pur

% ee%fﬂ nsequen
COV@I@%\Iﬂd@d(Mﬁ@M albe BreparRd erGrpesriastv@y ! C‘?ra%/ e,bg‘ some
caskkepAreth %&ﬁ@tﬂe@sﬁﬁ@ﬁtenmimmemoaemgsawr@mmmeaonpe.mty > 99%

ce), AXantl iy PATRRIAL 1P e dugksss Kokl BohGF PiShan: og viel

josg¢ of théo pOUCIEIs dbe drsmwed andnatsoengséparation pf the nrgiceimic Bixtures

of h@%3s %%aHﬁ’oﬁgr 5&19/ G c&‘i’e%?or%k?r?gﬁ ﬁ‘[@ﬁhé‘({ﬂg % R%effired in order to

Seéparation o
prepare en@wrem@ngnmmeh@f dbe respreitndsy (1) ik & suiiakleeangniiomeric
exc@ﬁgplred in order to prepare a desired enantioner of
e conmpounds (1) in a suitable enantioneric excess.
10 Surprisingly, the chiral information forned as

Surpasinglyashd bl&lratlﬂfdi'mfloh fermsathbbesrly asi the stanref dasewthe&s (m

o ARSI B iy b RSHERFF by rotecin
group B twidals, [S|siapleesedmbasm swidiffons, iswresatvied it B!@Iiﬁ of two
alkﬁéﬁcﬁ? s{efbst ’fbetl’gé‘ Ichithl PPAR %%ﬁbé’t%? f 1Rk %Hﬁufao IWJJ ad prepared,

ose enantl onerli c pur

whqse«@mﬁ@t@me@@wéf g thusqbikewise > &0 @rwﬁe%ddit@mstga gngymes

usedhf tﬁé%@%@Q@ﬁrﬂin@@tdtﬁetlhﬁeﬂltmrﬁétﬁatﬂé tﬁ@@ﬂirﬁng hﬁaterlals used
starti nﬁ? mat eri a not _onl

to 5, ispi a1 f e drariegraie ik Ysqrdey 481t atso as
cis/trané tmiahises) witbowsthewendrdicmerie parignof theeintermpadiates @t of the

tarq[etﬂ?néiga e%h@ﬁﬁﬁa%d SyHeReci ﬁ%ﬁg%wjﬁgwltﬁe té‘?ér'ﬂﬂg materials

rans m X ures o
arenuse;i iiml the ameageacqmdmgetcmtb@e@gemr@ﬁngomrasnwmg trans

e e e i t
star‘tlﬁgrpE!E)lLrng:EiunggvI rgﬁﬁﬁ% tﬁﬁgg% Etgo@et%?ﬁgs g?ﬂ%ué ?édgig'r']tme used in the

un
purfisaipn (o1 i Injermediatass JAT SPANIRIS | Y cpiegtianegant e removed
withX@ Ry Dyrepiemact Additiosin b@rlﬂdalti@medstepsl hésrt erample with

chrc?w%gr%md@?z%taafﬂeﬁaﬁﬁmdﬁ@ P86 Biraok8aai 1 o or

this purpose 25 Conpared to the synthesis route laid

Cong ‘%I’téld'c g%gﬁﬁgglggr%ft@% d°|o|pv\ﬁ'I i?)gW SY)?JE{%@)%% 'tﬂe Jollowing
advaste@@semp@mcular MRy bpmpba%z% Whﬁmﬁkﬁ}dltﬁhl@ Im@ﬁ?rﬁﬁﬁ@c’@d it

H%eemti
is p@?éﬂt’) 'Fdrﬁﬂ‘bk% \gﬁ%ﬂticyd@éyngngﬂﬁéilbﬁw?gl(fp iomer
(> 994 e@e‘?)ap?nﬁg gqmpound V whlc as a %lraF farti ing materlal is an
important building block for the stereoselective synthesis of the PPAR activators of
the formula (1) with optical purities of > 99% ee; the stereochemical information is

surprisingly preserved with the aid of a suitable protecting group technique up to

the chiral PPAR activator to be prepared, so that not more than half of the valuable

starting materials has to be disposed of as waste; a complicated racemate
separation, for example with the aid of chiral chromatography, no longer has to be
carried out; use and disposal of poisonous tin compounds, iodide-containing
compounds and cesium fluoride are no longer necessary; use of sodium hydride

‘as a base and N,N-dimethylformamide as a solvent is no longer necessary;

chromatographies are, if at all, only required in a small degree.
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I mportant building block for the stereosel ective
synthesis of the PPAR activators of 30 the formula (1)
with optical purities of > 99%ee; the stereochenica
information is surprisingly preserved with the aid of
a suitable protecting group technique up to the
chiral PPAR activator to be prepared, so that not nore
than half of the valuable starting%naterials has to

Espreiallys geiagdther lirasenBsirem Sangin aekaretics sseddnestep at) of the
proéﬁ@@&%?b%g Ethh@Xiﬁlimhtﬁ)n/,\ﬂ it hs tﬂtb%sg:liéi egfa oiniatsion tof >90% to

chr omat ogr aphy, no. .| onger 0 be carrie Do
achig¥e AFRpTHiC, Ip%ﬁi’eﬁoggoﬁ%§§°tf)ﬁ 86 Bﬁn@s,sovu’{%%’ without a
rechyathiEatioorieing rewuireddopthim derose. cesi um fl uori de are

no | onger necessary; use of sodium hydride as a base

and N, N-di net hyl formani de as a solvent is no |onger
It ismpossiblerlyy the braness apcapting so dhe inventign talprepaie gompounds of
the t6RHIG in a small degree. -9- Especially using the

I'Tpase B from Candi da antarctica usedggn step al) of

i

t he procesg_ag di to the inveatdon, it is
% fg:/ f > 90 achi eve
enanti gmerNc _puriti 99% e _agtlual ly in
sol ttiron, Wt hou-C ry&e-alTi Zat)

for RRis purpose. It is possible byt he process

according to the invention to prepare conpounds of

the formula(ljl) R4 R RL SOY Ring ANICI XOO Y ~
, B . R2 (1) 10 in which: Ring Ais C3-C8-cycl oal kyl
N VGHCEs- cs- cycl oal kenyl, in which one or nore carbon

atons in the cycloal kyl or cycloal kenyl rings may be

: | ac Vel B L b

R 3E RSHR R B gl (Rt o crt
Cl_Cs- Ataiyis tr thepqycioaliyl Arkgygloatkenylsrings maxdearepiaced by
or benzgeMiiteismy optional |y be substituted by F,
20 O, Bf, OH N2, CF3, OCF3, d-06-al kyl or
-0 (C1-C6-al kyl), - o

R1, R2, R4 and R5 are each independently H, F, Cl, Br, OH, NO,, CF3, OCF3,

C1.Cs-alkyl or -O-(C+-Cs-alkyl),

R3 is H, C1-Cg-alkyl or benzyl, which may optionally be substituted by F,
Cl, Br, OH, NO,, CF3, OCF3, C4-Cg-alky! or -O-(C4-Cs-alkyl),

X is C4-Cg-alkyl, in which one or more carbon atoms in the alkyl group
| may be replaced by oxygen atoms,

Y is Cq1-Ce-alkyl, in which one or more carbon atoms in the alkyt group
may be replaced by oxygen atoms. '

Preferably, it is possible by the process according to the invention to prepare
compounds of the formula (1) in which: '

Ring A . s cyclopentyl, cyclohexyl or cycloheptyl,
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Xis C-C6-alkyl, in which one or nore carbon atons in
the al kyl group nmy be replaced by oxygen atons, 25 Y
is C -C6-alkyl, in which one,or rore carbon atons in
the al kyl group nay be replgced by oxygen at ons.
Preferably, it is possible by the process according to

mtnﬁf M‘éﬁﬂt%%%&é%a%jf g g@ﬁfgﬁmnq*s of grhed omny' &FG! LOCF;,

tyl,” cycl ohexyl or

cycl ohepty®e alkybor(EﬁQ ﬁza A and R5 are each
|ndependently H F, d, Br, O4 N2, CF3, -0OCF3,

C6-al kyl or a R3 is Hor C-C6-alkyl
or ben F‘ (gQ -G &‘YI gr e 'é%)%(h i ndependent |y
d - C6- aI kyl. More preferably, it is possible by the
es ' i Ve on to prepare
Xa@@%ou &%géaqubgﬁhﬁgch %IE(] {V\:hl ch: 10 Ring Ais

cycl ohexyl in which the X-containing and the

Moﬂé ﬁr‘éTér%bP 9s 6§Q§Fe' k‘i}*ﬁ'ﬂ:{ 5ro%%s§ %H&Hﬁwg(t'o)th@ﬁﬁvéﬁhdnﬁ@ prepare

Fran enen Ive to the cycl ohexyl
COWQ%@&““Q@W%G)W whiheach net hyl . Even nore
preferably, it is possible by the process according to

RinglF, VB8 S P RSP pb oY 9-Lining
X- cont aisubsfifuants mﬂwbrmwmﬂﬂ araiimghe sish$Brananmgament relative to
f or mul aﬂg%):y(a{sﬁ?)bp ngﬁ}e%s 1, 3-arrangenent relative to
ag

the cyclo and the carbon atom of the
ring A which is substltuted by the Y-containing

Xaﬁ@b{!‘:tltlé?é]bam&éﬂqﬁonfi guration, 25 X and Y are each
nmethyl. Particularly preferably, it is possible by the

process according to the invention to prepare
Eveponone prisferdbly,hie if possibe by Xhe iprocdsscaiccoddin&itaghé m@entlon to

pre%r%oqﬂrﬁﬁﬁcﬁ.}r}d&rbf%é?&nmg (an"f% cEH.r_” ng and the

Ring A is cyciohexyl in which the X-containing and the Y-containing
substituents of formula (i) are in the cis-1,3-arrangement relative to
the cyclohexy! fragment, and the carbon atom of the ring A which is
substituted by the Y-containing substituent has R configuration,

XandY are each methyl.

Particularly preferably, it is possible by the process according to the invention to
prepare compounds of the formuta (I}, in which:

Ring A is cyclohexyl in which the X-containing and the Y-containing
substituents of formula (1) are in the cis-1,3-arrangement relative to
the cyclohexyl fragment, and the carbon atom of the ring A which is
substituted by the Y-containing substituent has R configuration,

XandY are each methyl,

" R1, R2 and R4 are each independently H, F, Cl, C4-Cs-alkyl or -O-(C4-Cs-alkyl),
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substituents of forrmula (1) are in the
cis-1,3-arrangenent relative to the cycl ohexyl
fragment, and the carbon atqmof the ring A which is
substituted by the Y-contai ning substituent has R '
configuration, 35 X and Y are each nethyl, Rl, R2 and
R4 are L pdene ntly H F, d, CG-C3-alkyl or
R75 (a ggq“gfngjme%ﬁ R5 is Hor Cl-C3-al kyl. The
compound (I X) shown in schene 1, which can be used as
Thé cBinpouha qiXBdRivin stHerhe , Wcessn decssadll ag atstatting material

o DRt o P BRSPS B b bl 835 L

presence of an enzyne which affords mainly the cis

) hEL (S PRRRL R o PRk ohBcl] 88 AR egbnce o
as ayepryvavhichradfordsoiaiely tbe-qs)lsomerr@‘a%@i eRynpotnd (IX), and

CONREURENd Mombid _o@tthbeééh{)t@@‘i‘d@‘éf!'thé ORI (¥l SVREE enay be
|sﬁglvento carrying out ste in the presence of a
[

i
geed aghyrpred E@r%’?’ﬁ@“}%{ﬁgr%%s, a lipase from

Bur khol deri a cepacia, a |ipase from Burkholderia 15

i 7 b RS BB R SR e
the process according to the invention is illustrated

" 1 t t .
Pré?é‘rgn\é@xs ﬁlvﬁﬁgﬁ%ﬁgpﬂ Bﬁf 5%8 p?gﬁﬁ@l sekefée df ELASAdLFrom the

sequence 10 be I"n i cal’ manner, ‘i_ncl dlr}gO .
porcie pAREEeRS (R SpasmEnm Rurhalders cepagiand dppse fied Bugghoideria
spdtfdOV tipade SPEGI PseudnBRAS cdpabR BEra dipass orehyPseudomonas

illustrate the reaction sequence described here by way
SP&H®%xanpl e and does not nean that the process

according to the invention is restricted to the 25

WiBERLEA B GGy | D Blod sl A NBIBTIE (R PESRgp fustated by
wap®f mrapuie halowrinl theogpriexhpt aategotiapl qUrREedonpR URAds in a
typlcH) mBAKET, IGRAY the PRecurssan for some time in the

Tterature. For exanple, K. Dinroth et al., Ber.
(1942),
When there is a reference in the text below to a specific example, this serves

solely to illustrate the reaction sequence described here by way of example and
does not mean that the process according to the invention is restricted to the

specific example.

Step a)

In the inventive process, the compounds (V) are prepared by step a), for which
pu'rpose several routes are available. The compounds (V) have already been
known for some time in the literature. For example, K. Dimroth et al., Ber. (1942),
75B, 322-6 have described the monoacetate of acyloxycyclohexanols. In the
publication of T. Hirata et al. cited at the outset, it is additionally stated how
various  cis-1S-acyloxycyclohexan-3R-ols can be isolated by chiral
chromatography. The main problem in this context can be seen in the separation
of the compounds (V) into the individual enantiomers, which presents very great

~ difficulties in practice, since principally chiral chromatography has to be used for

this purpose.
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75B, 322-6 have described the nonoacetate of

acyl oxycyclohexanols. In the publication of T. Hrata

et al. cited at the outset, 1 ht is additionally stated

how various cis- 1S—acy|oxycyc|ohexan 3R-ol s can be

i sol ated by chiral 35 chromatography. The main probl em

in this context can be seen in the separation of the

co ounds (V) into the individual enantioners, which
a) pr dsAtRatiedyY@ff®ut  difficulties in practice, since

prinC|paIIy chiral chromatography has to be used for

s gt SBHITE" o Bial BB, 35 POl e amsrs of the
corepauridsofvgmeayp be tonepargd dyrreynidic(adylatien fhem moepmuadsPK). The
corﬁ%@(rﬂﬁt )@eﬁ'\%?]e L&%H‘;érlﬂ{gr%negt{@% [sBher TARtue8BIO4 $iire cis

d et as CI s rans |1 soner m xtures
lsowrspan@ age somimasaiafy obtainable it thaverferas W%b@%@%ﬁaﬂ@“ef‘s (for

exanwmbhfﬁﬁﬁ r\ﬁ@f B Ffdk@%r"ﬁlﬁh@h‘)s WH@;@'th@bén‘(oﬁ:ths ?X?ﬁfé @sed in the
fory @ RS TP hEORaS I Blﬁ\é\gvenfégﬁ ey st hRkg to be
|so|§atmj| ﬂ?ﬁgﬂ}@ﬂbﬂea}dmg chflyaris miktubesy and cth@teth]aOpure cis isomers
i sol a romt r .
o, AV S 0B LS SAERPRA A% ShRLEETS Mtbil g, 1 i
poﬁdﬁarfat exaingpla rra’rhe caset ofr b 8- chlod:@pfgn@miql; t¢ jiliza @ argstallization
s PSSl OraBiL ey e oty 1, e, S, (190
15 Silanpis. sy Gbihedsan 81 (L0l TSHHIBBK. (W B by
Chem Soc. (1949), 1586: R Sillanpaa et al.

Sfaﬁﬁi%ﬁed”’” Rk FOB8, 1o BEAR v T S HRabE Bk o

thedowantidhngay dne ¢adrded ouéirt therprmagnte ot aammtmjepmmem (fohexample
Ilpa%?)z\%ﬁﬁ%noétfﬂ gﬁhBl"sﬁ Frﬁc}’s@:ﬁe Iﬂi)']; %?S Eo ubé %‘aﬁc‘ﬁ@? acyl donor

or agpiArei ﬂfgaeplatﬁ;}ﬁy @b rasy! d@novés m h& u@%ﬁt@ﬂ may| be Affacied either

wﬂlﬁut %@Httlo%%f‘Qfg%rnlcT&ﬂvérﬁa{éké r?n%lé“ﬂ)’orbﬁltﬁfah%dcﬁﬂbr%ﬂ ngém@ Yolvent

di t71 onal organi c. S | .vent

(examPisdl- (et OBiAgim SRR JaR i (iR 81y Piciplg Al GOmmon
org@higastierftd) SiedH &8s ft@meﬁ?l &i@maﬁes ehy@ir@carbom oneithirs, ;ardgerably
g ol vent's, suc t
meliylTRoBi et BBNETE. ‘ot bR, (o BRI R water
Suitzbhe moylHdoworsraret dle chemoal compaxnds vidaick avani fegmoan acn'i stable
bl I
prolfli: arodt, £ f 28V L B i I, & %E%%ﬂ §1is pyrpose are
carlgwup gsters. Ppeferably esviteplandierefore eemprivylf esters spich 3s vinyl
acePAtEPBPréfihyl acetate, vinyl laurate or vinyl butyrate, more preferably vinyl

acetate or isopropenyl acetate.

For the enzymatic acylation, the enzyme used may not be any desired enzyme.
Instead, an enzyme has to be used with which the desired target molecule can be

“prepared either directly or indirectly in a suitable enantiomeric excess. In addition,

it depends upon the enzyme used whether the compounds (V) are formed directly
from the compounds (X) or whether (indirectly) first the compound (IX) is formed
and in turn subsequently has to be converted to compound (V). When a lipase is

used which stems from fraction B of the organism Candida antarctica (referred to

below as lipase B from Candida antarctica, separation of the fractions according to
EP-A 287 634), preference is given to starting from a cis/trans isomer mixture of
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.acyfa(glpﬁe’f@ use a ilpase

carboxylic esters. Preferably suitable therefor are
vinyl esters such as vinyl acetate, isopropenyl
.~acetate, vinyl laurate or vi E})yl butyrate, nore
preferably vinyl acetate or i sopropenyl acetate. 30
For the enzymatic acyl ation, the enzyne used may not

theb&rﬁﬁﬂurﬁ?ﬁgﬁﬂ%ﬁ the'é?§tn$@r§’oad§‘/ﬂ cBREHIRA T9S, Wﬁl!@%he diacyl

esired target nolecule ¢
compaip LIS Pinge QB P ©BYIENIEe I gortes) ¥hnpdgpse B from
CafdidBtdrpavefit s iseasRs ho tl‘éhsaﬂ@hbaeﬁ conﬂptoﬁﬂﬁ&? Gsobtained; because

o5 S AT 0 b ] S or

cor(\nertédrtectlnéy@arréspcsrtd:mgwdlacgmmupdumd Jis formed 35 and

in turn subsequently has to be converted to conpound

(V). Wien a lipase is used which stems fromfraction
Thasdiect ¢rnversjan i(endyoaaiin aeyiatiararafta eempeene pf the fopmula (X) fo a

corﬁ?&% 8 trld ﬁﬁﬁﬁ:irﬁ B'Br@?é“rﬁb@aca?ﬂé@ro@ﬁ 'm?fhe ﬁﬁ@h@é'cﬂfﬂtpase B
fractions %)cor I.n EP- A 2

frongr Efedistf ENtarcPare iy A HCWR arﬁr?%e'?%d?agia{?%/ &Agrying out this
corveedien in Kh@rpresfencéi%of tdlellpm@p@@mttédOfr@nd O‘hcmalzynmg L2 lyo.,

crbgins TR, MRS oo, 8l floert o e

afocememtaxsted ehzymés iasibeFormont theimadia n@mea)rtot ﬁheaacrqompanymg
acdé%@%n HBn’Fbre?néf FFFE‘Q?&'YEE rﬂ@'@?oﬂﬁgd NaXbnals cptér FlﬁdBlot?c):gnoiogy

corr trans starting conpound
!nfqraﬁaélpm(él.CEHbt:ar@Bﬁ&@hﬁ%@omthﬁ&aslecbﬁwrﬂ EHexynpikel -
cor respondi ng di acyl corrpound (I'X). The direct

The onq{gllrogl r?‘l rteegz]y corgg%%cﬁ% 8’? g?eo q):{ OL;I%(? &Iéﬁgaow é)lgta}n%% in this
reaptiai enady, y ifcaapprefriae; be tdepapatedertne exiradtipasedBtillation or
chrg%%%rpgggq%dﬁ] B‘FHe?rtSt%c‘iﬁ%vep intéﬁéﬂtiﬁhé’rrceé%e%@c%é Separation is,

arryl n
hovm\agemaﬁesaamlvma@u;r@:babh%ﬂomt dracedse e sempoung gX) formed

as Qﬁglr;ﬁééfﬁ& P%t be p%w@éd WPﬂhra'*éVdecﬁr% §roup ZBin t"ﬁa%tep b) which

assi'gnment o a orems i on or.m
follQ}fIStﬂemrdtn%)aethﬁa%prqd&Gtrﬁ al@cfg%bjﬁﬁyeﬁgo eéﬁ@ge@sﬁ% c) of the
roBééﬂJQtEcd?ﬂmbft@ tl@nﬁ@ﬁﬁo@fanﬁhﬁ abpropriadé, reaived b‘yCEExtract[on in the

o bR bRt 5 B M ghele ST ORbomere

reaatiaxt (K wdfictc capdendsmoved y éxtraniicae distitgtiemdr clyomatography

actLg:Q hfd Cﬁr@cé@ stscegct‘t?ﬁﬁttbé’ g\fdg?%{;? Pf (:heaéb‘?ﬁ&ﬂfr{o%t(ﬂ ) oPBX).

arate I'on or
chr onat ography In order to achieve an enantioneric

Insted8 &5Sii ip eB r@éh&ﬂa'aﬁﬂarcﬂ@é\ei{% alé&bo@ﬁsﬁsiﬁaﬂhle' ¥nzymatic
requir at ]p0| nt, because the conp ](r?r(?

rom the porcine pancreas, a ase om Burkholderia

cepacia, a lipase from Burkholderia species, a lipase from Pseudomonas cepacia

or a lipase from Pseudomonas species. When these lipases are used, both

compounds (IX) and (V) are formed from the reactant (X). However, the monoacy!

- compounds (V) are not present in the desired trans form, while the compounds

(1X) which are likewise formed are surprisingly present predominantly as cis diacyl.
These cis diacyl compounds (IX) may, as explained below, be converted by
enzymatic desymmetrization (enzymatic hydrolysis) to the desired cis enantiomers
of the compound (V).
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20 as a by-product cannot be provided with a
protecting group Z3 in the step b) which follows.
Accordingly, the by-product i s doubl e-depr ot ected
in step c) of the process 3 cordlng to the invention
and, if appropriate, renoved by extraction in the

Thé[/‘QEhU&'fs %)ﬂ% CORPAR (k1 'b%/r o1 g?ﬁé'ﬂé ?E Ié{m‘/"t&%‘”cgﬁpound (IX)

e unconvert ed
whlcbnw@ﬁe@y maily 6ta 6l iSQMSE i9 wrgierahfyoqarﬂ@ﬁ Q%Fbtgﬁdﬁﬁwce of

a [BasaCkHrltay 'fﬂ)nﬁ hb Sll;ﬂisﬁsc g SHHRP, pdi’d&lnen éﬁtﬁem@r leupipabe from

mpounds. B f
Burkgﬁlgiieag gﬁpgg@“%ailpgqe ézna S%ur:ggg@ieﬂpe sp %%ﬁe hSQ%e from
Ps@wmawcemé at |aoirpase from Rseug@menss spetihe. Moreipneferably,

thel s re%f %I%c% Pﬁﬁﬁ] ger s%u?l%ﬂ?ltﬁgrﬂo?gnge;g?rﬁ#réas 83 jipase from

a Specl es
BurRbeldedaonepadapacilipase &oma $ur¢sag@eﬂaoﬁp@@@ad@ﬁdﬁwdom0nas

Cep%%%:'lﬂﬁgh \%gr% Prbef?r%bll pm§e a¥eelsu§§I@cté&°fer mﬁyﬁﬁsu lyo,

e
7c ﬁp‘é"u &@SF\}?g %@W‘ iy osefgrably, the
Ilpa\’ﬁﬁ i§ E@Ie@%‘dl fr@ﬁh @hmrﬁ@m fyah Id!fﬁ'atztamedmmtbtmdshlré%}b@le L7 lyo.
ich are li surprisi es
Theb s Py e aiocratgiod Sl 3 e B their N
acceesipouutsbdricgh bmt)akeasfrommtﬂeﬁed bel ow, be converted
by 35 enzymatic desynmetrization (enzymatic

hydrolysis) to the desired cis enantionmers of the
In @idepdarathiane. an lepantinaisneweasisont & NOWRBIBpoNRRESSRYY ljat the

trar%néc)/rﬂBBhr‘?d "{“G’Y fthriconad %nauﬁdéﬂh%@n@y btofuct Whites sydthetic route is
rerrtgrygs ,eﬂ'oghnah @%ﬁe&dgks( 8)(() I”%égalé:%gg é{ﬁ%@% |:|? car ap%roprlate

chrbmaﬁfgea;f)myomﬁelnetheowealcmtqmas essd a8 ki q:xa/eknanfsrmmture However,

thlsB%é rﬁgs g 'qaqnpgggﬁép?e&%%g \&@@3@3—%{) ﬁr{égs EBBM’?R ?s used as the

purbuqulsenfaroﬁr@emena givensioetArsdng put any w@n@vdmfythe kyheroduct
ll‘é)gae%@ra'cﬁoﬁe' e tl?é Qs'ﬂb%ghbﬁlﬁi%g%ﬁﬂhé hfeshRirRéieation of the

Creas pase rom la C acCl a,
corhpasinsb (K iseaieRHoNouEH @ SECsTESTaymBs Aidmaigous phase, the

enzyRRtaGisad Muee @h&?m@h@f@d& oh shbeid lb@aﬁanbﬁdeqc‘ﬁeﬂ@@mhdnd for
W raz

exafmpIf g AT S8 ST PECHTAD by e FIwBE Beipdy e Ry al of the

mohbas eompoand ¢¢ttamsl.r om Chirazyme L1 lyo., Chirazyne
L1 c.f. or Chirazyne L7 Iyo. The assi gnmant of the
af orenenti oned enzyne trade nanes to their NCBI '

Chevicebad\dationjemewmatiodeésymmiirizatioom t abl e 1. I n order
to achi eve an enantioneric excess, it is, however,
necessary that the 15 trans conpound

A furifispasstble piasting peintifar the Brepasetinn pf:{h\e{)oggrgbggr?dsa ?\/)agre the
compounds (}X) which are likewise commercially available in the form of cis/trans
isomer mixtures or as the pure cis isomer from various suppliers (for example
Merck, Fluka or Aldrich). cis/trans isomer mixtures can be separated, for example
in the case of cis-1,3-diacetoxycyclohexane, can be separated by distiliation as a
result of the boiling point of the two isomers which differs by 1°C. However, owing
to the often low boiling point differences, this process is complicated and
expensive. As' mentioned above, the compounds (IX) may be obtained from the
compounds (X) by enzymatic acylation. Alternatively, the compounds (X) may also
be reacted directly with the above acyl donors (in the absence of enzymes) to give
the compounds (1X). This reaction has already been known for some time and is
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removed fromthe compound (1X) by extraction,
distillation or, if appropriate, chromatography when
the reactant (X) is used as cis/trans m xture.
However, this workup step é%n be di spensed with when
the conpound (X) is used as the pure cis isoner.

refdrf&d iE8NG8 2(:31 E}’ é’ﬁ’éﬁ YW UH08EY ot MONEve®r, t beoceed
@ﬁmﬁ %%‘if

y- pr oduct tractl on. Since the subsequent
stewosplagtively ¢ Adl et charaica mﬁum@v%% ggample, be

carfiéd oueWith Weetit AhhgddiéMel |ﬁ‘iéthmmyﬁ@del (a- DNIIAG!) Usiethylamine

(e ST A S Ay S BBy B Bimer win o

singleldoyhtonor oifbea mytyinsaor mlxmeé eprafdrgnce o yivendof wsieg a single
acy&ﬂ%nﬁgg?é’ HatOhet stﬁﬁ’é}ﬁgcﬂ anﬁ’li'ﬁ'qhé 86]3?&‘ (X3 have the

acyl at’i on/‘enzynmatT c esyrmet rT 25t on
sanme defigitiopossi bl e starting point for the preparation of
the conpounds (V) are the conpounds (IX) whi ch are
| i kewi se comuer ci al I avaj | agl einthe f

The, PRINPPHAGS (20 Ma fer femciad W Waten o oive r‘éorEP%u“d (V) in the
presmroffémmnzgmwumlaumfdr@s @ GUhablexanahtiorvericlexcess of the

cong‘I uka &e)d‘%lhgge%n(:h C'ﬁéé tl% ﬁpq ﬁl@%gsgﬁ %éf ét #5%5053&dg antarctica.
Particgat p&aférarnet isxgiven | iohearaying Mﬁhiber&aepam dn dbepresence of a
Iipagé%EléétQ& ige mgﬁlrﬁzggﬁ§?ﬂl 12 obhirlégymg' 7 8¢ @?'o?brﬁ}fazglﬁ% L2 cf.

oners However oW n
C3.t Heis geaelipn bag baibe eryripdiout l@.&qpépéﬁ@@wtlonhme S?‘%JH%@% use of

orgéﬁncf‘éaiiméﬁtﬁé RSt SuihbRS h@?@esm?mging S {Hee frah@ Rigtyhempound (1X)

| fromth d
s npkSOPTBAIpIRASE hAPTLCPOHCAATIRIHGE vely, the ©

conmpounds (X) may al so be react ed directly with the
CofBRUEoAEYl PRI By! HRsR0RY Shefibos IRERR oadidton and
chenmamdemnmematloln)eaaﬁdhesllke%se p@S@bieeaomblr@ilon of these two
meﬂﬁB@Q‘ (%ﬁEYrﬁﬁﬁé %tc‘yl%m{JWWﬁH Qﬂ)%%qﬂ@ﬁt’ eHE&VPﬁMﬁ‘é de@&ﬁfﬁ‘?&ﬂzatlon) to

st ereosel ect1 vel exanples

useag \aigirans iseper mxtu&aquq g, cqggpo%rg}sr i()é}ij;uﬁwev\p{qparatlon of an
enaﬁﬁ@ﬁ*ﬂeﬁc@&&ﬁgé iofl &df4artl teﬁghtfbfh@mm@mweobm %drﬁd@%@@mpaund (V).

This, Epeaeo R T sroanaivs dash dhe disther 6P hurk "Ss cREfE 0. The

prepargtion oh enanﬂomeneu;ibyl pLﬂemm;:mLmt{a (¥) ispthek dudinereprogided by the
pre urﬁ%ﬁv%nqlo (f?%ﬁ’){ Iﬁ)ﬁf% H‘@)’&%ds ‘}?1(: IQ@fehr IHethe context of
the me@erdemvmttqmto cmﬁ@mmdpomfmdb P(avg) a gy b@frreag?/ceéee > 98%),
preféhdtly WaIe, (L0 >W948) thEreSBRAHPY X 39,504 (d&'S 99.5%).

The great advantage in the use of lipase B from Candida antarctica can be seen in
that, irrespective of whether a single acyl donor or a mixture of acyl donors is
used, the compound (V) is always formed in enantiomerically pure form. In the
compounds (IX), (V) and (Xlil), the protecting groups Z1 and Z2 are each
independently an acid-stable protecting group. The protecting groups Z1 and 22
preferably have the same definition. Z1 and Z2 are preferably -C(O)-R, R is
optionally substituted atkyl or aryl, for example C4-Cg-alkyl or phenyl. Z1 and Z2
are more preferably each independently -C(O)-(C4-Cs-alkyl), particularly preferably
-C(O)-CHs. The lipase B from Candida antarctica may be used either in its
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10 presence of an enzynme which affords a suitable

enantioneric excess of the conmpound (V). The enzyne
used is preferably |ipase B ;krom Candi da antarctica.
Particular preference is givéen to carrying out this
reaction in the presence of a |ipase selected from

no@\'nﬁcﬁfl}%‘a (%?m_l( iraz ! B2 éﬂss {) biliZedl RIrmSNEFagY2, cf.C3,

s reacti‘on e carried out in
magyigeiiar: ﬂ%ﬁ%%‘ﬁg“@ﬁ@séxcl usi ve use of 15 organic
sol vents is not sui table here. Surprisingly, the trans

The e B TR dtds Abiarcfioa s et fbapte for bPRE Buffyacturers,
for bxainpie Novorghbsd¢NoeozymaiM3s amy| ani dmmeotdized substance).
Alté:rnﬁj[;ﬂ'(eﬁ]gt it %eé%p"ﬁ?)%@fb@{d Qod g%’%ﬂlvteﬁq g'as%%"'frﬁ?h @%ﬁﬁfdgl ghtarctica,

for axypmanle dNovazym LedsB du et Nevezpiat$25 &e@ﬁmmm%taa&iﬁw of the
nz%y%é!se a cis/trans isomer mxture of the conmpounds (X)

or the preparation of an enantioneric excess or of

an enantionerically pure cis nonoacyl conpound (V).
Thd Bbsveptesgtsed @d&émmﬁm:esswd dii@ﬂtrahbemuﬂﬁesbf tHeecompounds

OB 0 e I b B3 49 Dl prep of = o

corppaunicd €d) oy oﬁeamfenpnbsmmacalh;v@me otis E@mpounshel) Jiid wse in
acc%P&eﬁwc%Wl‘? Lﬂﬁ‘éj?nv%h%h ifh ‘gafaﬁfcdlé(]' thcﬁ mﬁ%tthé’ﬁnaﬁﬁtﬁnenc excess

I nvention purlt
of &cgm@r@ 08, an 99@@@@11(33"5; POeCiSeeornpogog (V },%y g suitable

proficéh rQMu}ﬁ I’ecﬂ%cﬁf@ R TurBfrbikylalibr stepst tadhanisired target

a_antarcti e
molegules; (- @@“@Hh?'%er'i?Fé‘&ﬁ%%f)f\‘?é'aﬂho'%ﬁ@%‘  Blfef Prof G nether
chiratsor dehial chroraatogrdpiyds olecassdrydonors is  used, the
~conmpound (V) is always fornmed in enantionerical I y pure

form In the corrpounds(l)zg (V) and (XI11), the
All mtietreds i tog aghisvps azseleptivez O-afkylalinh of | thae paafiameercally pure

t g TP f
corﬁ&d&ﬁ?‘; \Bgﬁeg\%eg’foggﬁﬁe #ai8d, élﬁé’é’ anli H?er éﬁBQﬁﬁéﬁgi&:ﬁ%ﬁﬁlg?étlon o

have t efinition 2
the apeyl peraugr Aksy 1o %))Om‘@ervﬂ# i é’rﬁ‘é’l"PS‘i’a?l?o 3 effyiation

conditionks (9!‘;yl<’=hE glg. deetyl eyairly ﬂ?h éﬂ@r@tmﬂth@gl‘cﬂb&m]ﬁg méde to use
ependen

a g@ﬁ@%@@[ &goqumqo )grOHBr I&nlgpgy {e]eé?gml? Yetrahydropyranyl
methCk@sofidpyl b d¢he ppﬂeetlr@ §romm, €artdatdthearttizal dformaatiomywbich has
beebgehgiatelih coimpdid .y AR TRt AL [Sgerved

in spiteudhtieubasic a@dat@ropagdl@gw cA) contradler; alkwlation rsegience and
profé%ﬂﬁ?d@ téf&é@%%lbﬁsma%oa qghﬁér”ﬁﬁl‘teoif E?@%Gbﬁé@f matter of the

ers

or, e
preg@tdﬁvemﬁ%,thp Z@gpgmgp)ﬁn@? deswedzgtereonéomenc )HBA%% activator,
surprisingly without loss of the chiral information.

~ Step b)

The compound (V) is reacted in the presence of an acidic catalyst with a
compound which can form a base-stable and acid-labile protecting group Z3 to
give the compound of the formula (VIIl). The acidic catalysts used may, for
example, be inorganic acids, toluenesulfonic acid, pyridinium para-

toluenesulfonate or acidic ion exchangers such as Amberlyst H15, Preference is

given to using pyridinium para-toluenesulfonate for this purpose. The protecting
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Alternatively, it is also possible to use dissol ved

i pase B from Candi da antarctica, for exanple Novozym
CALB L or Novozym 525 F aftﬁz i mobi I'i zation of the
enzynme. 10 The above-described separation processes of
cis/trans m xtures of the compounds (X) or (IX), and

robPZPpERENEIH P8 OSSR QiR LD LIRS id SLRERSIO brotecting
grogpnoigrireferablyi @i agsta! ion keda! yptraties SPHR- &ﬁe‘s more preferably
tetrjaﬂy@t‘étpk/ﬁégheji Br PRsthbgidcropy, BaRardryeteidigbignanbh@mepyanyl. A

S S St SO (OBt e B SR HEE g brotecing
grogp A i peiferaglyes drtihydrotiepyrrk O equivaleapsf the cdrepound (V)
s LA J5 T S by R R BRDER AR base
stahier andhiacia-lablie opretedingpgyouns Zbcesafaraply Avith dremmiis to 1.4
eqlitalBhtd SR SciiR! BSilyse :%ﬁ%gy %\ténrgw %& ftd¥€ 0.01 to 1 equivalent,

3
enant 1 oneri cal %Bure have to da

t
prefeipblyaat fEam ODRle Pdtequivaiant. | ﬁrrsﬁaﬂf%tﬂ”a?erﬁweaﬁl%qally from

209 80°t¢1,23r@ﬁ§fbblgrfmrﬁ 50e8 B0SCHE ikehsiesed stopdeasf thiserocess, step b)

« 36 SR8 B i i v

orghnicuseverds bias exatrple ehipringtedtliydgocarbops t @rhoaxyigegstérsrsuch as

oo LT, SSHTRBEPUBTL v BB RIE Bl Sriings suc

as fdiethyb athen @emathyleferi-bubbnebend aqwnaily hydoearPpRat pech as

HISSBTERS T ! LTHIRRLYES 4 2 s ki o e
usehie iy SPEDT b PiFIBTBY SOARL i e etz Y. jSiRE Br Sfconols
arefrt poskibld solseisg sincahéereaat, fohexamphs evith 3,AwdinydrosEH-pyran

t.he,nreparation of [ ' I C:.R
to K 5, RSB s A TR e dinil G Fleinhie ftep can be
distilietiofomgitirifinatic®n Sitdpchy bEheses miibont fyrtheri purifigatior dn ithe next

sence of an acidic catalyst with a conpound

“D§£§%ﬁ&@an form a base-stable and acid-labile

protecting group Z3 to 35 give the conpound of the
gﬁebgnnula (VMII'l1). The acidic catal ysts used may, for

exanpl e, be inorganic acids, toluenesulfonic acid,

pyridi ni um para- toluenesul fonate or acidic ion

TheeXxahamgeards (VUDhisacofvbred yist thdl reBerdeerafnaenusleoghileerio the

conﬁjﬁ%fd.sﬂg. %ﬁé'ﬂﬂ# E‘%}é@ﬁrgrgfe&r%l_d%ngg lﬂlleggﬂgfic?n,ftwé r'iﬁl!!éophiie used

may, for example, be an alkali metal or alkaline earth metal alkoxide, preferably
sodium methoxide. For one equivalent of the compound (Vill), from 0.1 to 10
equivalents of nucleophile are used; preference is given to catalytic amounts of
from 0.1 to 0.3 equivalent. The reaction temperature is usually from 10 to 80°C,
preferably from 15 to 25°C. This deacylation step may be performed in all organic
solvents which do not react with the nucleophile (sodium methoxide), for example
aromatic hydrocarbons, alcohols, chiorinated hydrocarbons. Preference is given to
toluene as the solvent, since it is possible in the preceding process step foo to
extract with toluene, so that no solvent change is needed in the deacylation, and it
is likewise possible to carry out the alkylation in the subsequent step d) with
toluene. The compound (Il) may be distilled for purification, which is, though, not
absolutely necessary. | |
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(N- memyiipyrmhd@ne)-l- pqmmatic:t sreycfrow@oasstB

group Z3 present in the compound (VIIIl) is a

base-stable and acid-labile protecting group. It is

preferably an acetal or ket % protecting group. Z3 is

nore preferably tetrahydrbg ranyl or

nmet hoxyi sopropyl, particularly preferably

Ste %}rahydropyranyl A suitabl e conpound which can form

base-stabl e and acid-1labile protecting 5 group Z3

is preferably 3, 4-di hydro-2H pyran. One equival ent of

Thet BEmBBIRE I'F)Oﬁs (ré@lcted% HRae Fe%@n%b'ﬂafﬁa%@ H1 mhjspcompound of the

qgul va entS e COo base
forrgyan \@5 e AN ot @reeﬁg? e a0 Br 4 3 Xfinannd, of the
formulah(\VINote §ive t:—:OcdmﬂoummLdfvtabefairmulaTmlélbachdltgbleathﬂeassB'l are

tertﬁ%é:é Z %%i%%lp@na& rgJo%'OPeEﬁ%ryt%b%ﬂ %gérn]lteﬁf( les, alkaline earth
meiaiaemmdes tadmtie metair smides, salkgline eadh E@tﬂOSItail@C alkali metal

Sl|a?fﬁl%g%l’a£]|(gh N I@Qﬂ g% s8R Ccott | @h af} B?geé @likoxides are

rocess IS uUsua carri e
nots@tatam deﬁf@af@GrféaseguBt aBle PORASAET st erfoliwt@i(' OtRug, tertiary

|so;51=5r€i§ﬁt16 Sithipt Suscﬁp?b xR € of hbetdssRingd bis(trlmethylsﬂyl)amlde
cas ox§e| c.esters such as

b
Paryggl%gf Zarrefgéq;rg@xaﬁ Ja¥er , iq é’?t?\?%mhytﬁﬁtﬁ‘ﬁ%'ﬁ‘a ofX potassium
bis e*irhefhmm)@rlmmﬁ Siteble aﬂvmtetdng lorgartie apomticrestveyits, for example

oluene

| eth% %?gﬁéﬁhggt g roegﬁ&c ﬁc?élj?%pg |SWhedS d@rboxamides

rohpnzangs Qrhetoluene);

prefPLNENs g i@eﬁrtﬁftgfdeﬁg ?ﬂbvr%ﬁbtlcbﬁ id Qé#iéﬂ%uﬂrﬁbrﬁ@ﬂyfaaﬁom 20 to
waf er_ or~al cg ossi bl e sol ven

B0°Endyeiegakly A1 firm B9 A Coln IR TeCtRrhy BB o ydialept,of the
conﬁbd&ﬂ*\d HR) aer respendivitly foet al 3o Jhequivakeatsbf ( skilating agent

C%‘BPPPQ%AF’%RF I TS BaBErd iS b Squlyalps of alkvtating

agqmrurTlhe tmise 0B iis uskd atdram o Brequvalentsepreferally dprmHeS to 2
nd (VIIl) is converted in the presence of a
SAURGE eophile to the 25 conmpound (I1). For this
reaction, referred to as deacyl ation, the nucl eophile

' t aiabl
Th@éﬁ?ﬁtlﬂ@fe?ééﬁts gﬁ;?ﬁ@ f@rFrJrFLng ﬁVl)a?k@Jll %eﬂ‘é oﬂmrﬁﬁ;o?él(g?év ﬂe or
may-ge efﬂpaé%%ﬁelﬁﬁr reg m?tQQfﬁ'p% r?d'd( Fu@")e SaolbdsPengdgntly a
leaviflg draUpY & Npessitile nncihi pbhtext o euses all; copnraberieadiegi groups;

ol B ESTD PPrhedit , apoounce

of the fanig, (\3D ganeber fhing, ffoorexedple, ¥5EVOTHISA0 0269 or in the

redSOHT iR TRY, B8 BSPICHFRC vl otoama. o i T

ChE{mbﬂWu@f nbletaseeydy, Gosapeyngep| (Ed- aﬁbwﬁ%@sberger E.C. Taylor):
oﬂ%@é&g@g} bans T@érﬁ?f&l MettBHER | dt @ﬁtldmmach@me [Methods of

Preference is t ol uen e sol yent i nce
Organi Sropusig: subernyeyh dBbceifion: beltene, i SHngbEest: o 1
Simit, E. Chindris, Arch. Pharm. 1971, 303, 425; d). Y. Goto, M. Yamazaki, M.

Hamana, Chem. Pharm. Bull. 1971, 19 (10), 2050-2057. The compounds of the
formula (VII) are likewise described in the two aforementioned applications, and
also in WO 00/64888 (isobutyl esters) and WO 00/64876 (methyl esters). In
addition, these compounds may be prepared by free-radical side-chain

halogenation (see literature overview: R.C. Larock, Comprehensive Organic

Transformations, p. 313, 1989 VCH Publishers, Inc.) or from the alcohols or
derivatives preparable therefrom (see literature overview: R.C. Larock,
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extract with toluene, so that no solvent change is’
needed in the deacylation, and it 35 is |ikew se
possible to carry out the akkylation in the subsequent
step d) with toluene. The conpound (I1) may be
dIStI||ed for purification, which is, though, not

CoRPPH $?Jdéfonﬁe§ron§t ﬁpsﬁls §Bs mmvmﬂpobhs)hel@ Inc.).

Alsgknong (s'fegrm RS B B S mpatta o el Sk g 121,

2202-PP 69) |thhé\ﬂpﬁ'ép§raﬂ@mbﬂwﬂo&é 2thremomdthylbehzoy Yromides by free-

gt By FaBE T Bl e ERehA, Rhpep A QB i SRnols to
thetteotmioargthybeazoic eetens beldogidiglesthe ajréia oﬁ@e@kylatmgrmagents of
the&FHFrﬁLﬂﬁ "al kali nmetal am des, al kaline earth netal

ITazrdes, alkali netal si I azi des or alkali netal

hydrldes In contrast, primary or secondary al koxi des

ThéHEcisiAtasSty WhSher a%ﬁti%’hrl@@fﬁ@@&%@n@te@ﬂ?rﬂﬁttﬁé%oﬁmou nd (V1)
| Sopent o

or ttﬁe{ :ﬁ%%%xd%zyﬁK %u §eUBPN S‘bt}éaggf”ﬂﬁ'ﬁ er desnreg as the target
moleicalel I(il )rePhofesdricgl Jangiden toPaehcting ahe pcarhpoendse (II§ with the

cof i BRSSP L SR ARl crcioneny,

organic aprotic solvents, for exanple ether conpounds

step@yet hyl ether, methyl tert-butyl et her), carboxam des
met hyl pyrrolidone), aromatic hydrocarbons

(chl orobenzene or toluene); 15 preference is given to

The @bmgaend yn@) iLesivedted 1® thardongsbumdt (Ivay ortHeycahpbumdn(llib) is

f 5
corggdtgrine PRy Veyu s PAcCRy Baeton. belhd RliSeter with an
alcolwl irethet prebsencdof apecic oatalyeqLﬁwwb@aadmfcadalygﬂsareﬁge same
n?ﬁﬁ?fc% \é@fgﬂ@%ﬁg%ﬁe‘a}f? elgb fs‘%d ?n)stegrbg ?ﬁ@%@’a%ﬁf&rﬁe&%l}sts can
be isslagied indemangently tio ste@q \aadeﬁ) sSUIEﬁh*ﬁ eHeohg)s rargnpreferably
primary difottols,26h ?Sﬂicm%ﬁﬁétﬁan&'hefhﬁ khehaticRgrideageat 8 t@ffnperature

thé VI | |aII avai | apl
of fin Bk AT unerady o 46 Prsaloritanis salleBis aisr hecorganic
aprétic s@ﬁ@htg aﬁ@@@,ﬂﬁgt@tzﬂ wnder stepvd))prefcpatsly tbluene. The solvent in

stofh 33 408 )6, PE B EREL Filensoahy CObr EHNHIen B b8 oqupounds
(1R eqaactad ivdth fromc@ 84 de foequivaipatmaiacids preferabbyr @r@ﬁaequ:va[ent

of, f‘?\fl %xé:rﬁﬁe P X@F&Hﬁ rd Qﬁﬁdeﬁff{@%ﬁ:o&b[é M%@%Jr@%{%%caa?ﬁoh{‘ 1103
equivalgrds. Tilus oemsound (| )fq)r,ﬁnqq‘]@ th@@ﬁpg{:awbgﬂtstllied for purification.
Whéﬁt ﬁ’f:@%’@rhb@u@nﬁo%ﬁ%?al(lﬁé’ ‘préferdifdes siBeyarh, t& Burification by

crystgﬁ/ zatlgn purification by means of chromatography is less preferred, since
excessively high use of solvent is needed for this purpose.

Step f

In step f), the compound (IVa) is reacted with the compound (VIi) or the compound

| (Ivb) is reacted with the compound (VI) to give the compound (la) in the presence

of the base B1. The base B1 is selected independently of step d), but preference is
given to using the same base as in step d). In principle, the same solvents as in
step d) may also be used, the solvent selection likewise being independent of step
d). In addition to foluene, the solvent selected in this second alkylation step may
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Oxazoles (Ed:. 1.J. Turchi), b). Methoden der

Organi schen Chem e [ Met hods of 30 Organic Chem stry],
Houben- Wyl , 4th edition, ngarene I11, subvolume 1;
c) I. Simt, E Chindris, Pharm 1971, 303,
425; d). Y. Goto, M Yarrazakl , M Hamana, Chem

prePé}ébW al@é"He cHIQdeen%gné 199@fer%9§Q‘b% 7g|v$H9né-‘r@ff8Qi~Fﬂ&§benzene

formla are se escri

OW%t%f%r%rﬁ@Fﬁrl 68 \sera?sw .C@mn% ueng.g en%’s of starting
corfPo RS &IKyistieuayéniesdrer Basad N@&@éﬁé&iﬁwd tethogk of step d).

esters itio ese
The FeddBbsisprica 2 isball oL FRRT AERR 205 oflerdBlyat bew -5 to
+5%0.terature overview. R C. Larock, Conprehensive

Organic Transformations, p. 313, 1989 VCH Publi shers,

Inc.) or fromthe alcohols or derivatives preparable

therefrom (see literature overview. R C. Larock, -19-

rehensive Organic Transformations, p. 353-363,

1989 VCH Publishers, Inc.). Also known (see J. Chem

Thlﬁggﬁp ég%gy;n%é Z)pWév%%c?ré 29é13 raﬂlcgpm\r}h?%r@gt %eCuIe oi‘l the formula

(1) i8-Hydrogamet. Byﬂhbeiﬁsnyeld P ARi abtisatoy shoeld-be prtiseat in the form of the
fred a2 E{ '@fh'eﬂﬂls e C%ﬁﬁfﬂbutniae@a ﬁﬂfé@{éoeﬂ"n k%%’(# ‘I‘)LE&‘?ésponds to the

F ExC
COF@BQLB'Ids(|bé1|QW@JaﬁgwhgntthI§ @p@tjﬁ'ueoqzaaehéh%pqmpgynqggia) is converted

to ﬂ'%aG:SF?'E%uﬁH ILU O!‘-]] t:fh'glﬁlés?s Idrl hy dTBQerﬁ’(?ﬁéé@' qhedf ttil%ly31s may be

81 SOsasBeB RO ey tEs e Sub% i Pepferably

n- amyan@n aneer daetd.m Q:d)ndmohbe(Rﬁirgqir?feléblynﬂeetetuUtyl) (When R6 is a
fe n r

AR B s By A5 PO kbbb v

methods knoynAoitsoss skilledircthel ashdn yhe case ebthe) bam hydrolysis, metal

hyd?%ﬂ@é’é”fgr é*éd'h é}[g IFR{éYﬁrJr%ﬂ(atllﬂe?%‘?thCrﬂEmHggr d\égs) afd used in

a ratjoyg) frOfrhé t9atQ .e@uw@'!;nt%gggﬁgkomqwg daftpeeq @delmdaﬁwtab*e
soi\é%lﬁQh&‘e watémlegl@gﬁégr@&fgﬁth@n @%bﬁicc sBReats/Stor gxampie ether
un
cor RNy BV GHae L BT 1 30BE oy RBR " prrboxamides
(N- met@lpyrmﬂlﬁahgﬁbsa:tfmatldahy@'ebamd Preferetddntgiven fo using tert-
but%‘ﬁcﬁhjgﬁ% &0 ﬁ)tpg%ér%tﬁgé R AR Ao R B &E%;ﬁ@\%ﬁ@s to 75°C.
Suhssgueetly. cagidification eflee sathaxyl findticonf@oexamplegyith orgamc or
lnorgéﬁfceéeﬂlsy ngfréfé%ﬁlg MthI"?@roﬁH!bﬁé‘bé S"Pél Qés°‘ tﬁéedéﬁi%d chiral

rotic ents alread |ste und erserggg
F’P/éﬁ agiivater gblthet fargwie. (NTie e@omeﬂwomﬁﬂcswﬁyd@f 2rP%) ee. If
app@@bhéi@ sl eehatalizsrRpe Wi tdrganien eoR@nts/ af@ntexampid earomatic
solvent pre%rably toluene, ether acetate or n-butyl acetate, or if appropriate with

carboxylic esters, alkyl ethers or alkyl alcohols, may also be carried out. This

- recrystallization may likewise be carried out after step e).

When steps b) to g) are all carried out in the same solvent, preference'is given to
using toluene for this purpose.

In a preferred embodiment, the process according to the invention comprises the
following steps:
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(I'11) is reacted with fromO0.01 to 10 equival ents of
acid, preferably 0.05 equivalent 25 of, for exanple,
hydrochlorlc acid. The alco le used are used at from
| to 3 equivalents. The cofipound (IV) formed in this
step may be distilled for purification. Wen this

a) Corg)eg@gobﬁd S Yed %Hnm& Penefr@é&ae 8n 'tﬁ'e gré/s%cbcbf lipase B from

odeandie RSN GRS Corgiauinceer e freaia (V)

exceSS|ver hi gh use of solvent is needed for this

o) [ odBEamIRauna RD) (UIFERIA T 4 PromeheOL Bt Coa i vith a

i Is aoemrtwuﬂ which ¢drefcrmntbmbmﬁe( staplet andjiacil-abie portpolingl group
The b 1311
(Lo PR ERER Y P Up (R, The base 1311

is given to using the sane base as in step d). In

c) PritRei rfip oﬁrﬁ’di‘ @ﬁ isSEANRIMeE @S tHe prédetieeddf BRMUAESShile to a

be used, t sol vent selection Iikew se . being
i nd‘é’ﬁ@a‘?ﬂi@\‘ij[‘)fdhe§@"éwlad§)’ In addition to toluene, the

soI vent selected in this second al kyl ati on step may

0 o PR o ARS8 B S o o
corthe farinura (dhiagie: 2 compousdef trithtormala glapf starti ng

conmpounds, al kyl ati ng agents and base Bl used
correspond to those of step The reaction_is

e) carthe c@nepaunds(ita) is sRNVarieh tos@ qanpcgd opfe ErEmg, (1¥@), the

f r Buctiort Being effebtedSvRIP an Hiéchdb irethd [Srebenicd bBsh aoidic catalyst,
when the R3 radical in the target nol ecule of the

formula 10 (I) is hydrogen, i.e. the desired PPAR
f) actthe@bmpcmlmdt(l\da)he reaetedwith thet ceampoumd Of1 ) thegive aeompound

i (RGN BE) R SRUBI b Bacgtipbnad [0 step D

corresponds onpound™ ( when this
is not the case, the compound (la) is converted to

Bk, (the é&fnﬁdt?ﬁcP éhé? i$ h%rdlyigcpﬁﬁﬁ%ﬁgﬁolﬁﬁa to the

hy roP Si s. nay car out conmon processes,

ei tREIPQUNG) ‘M'&%"‘ R3dg |t| ons (R6 is preferably 15
n-al kyl ) or under acidic conditions (R6 is preferabl y
dlert

b
Thi %%efgﬁﬁgye(r%tyo%ea E? g}eaggoyegggggﬂrgr ép @'ne :nver?tlon is suitable in
partigudaroige tid pesmaratidrnof oernpodisdsk abtive foomulaodkeinsadich ée ring A is
cyctg'ﬂgx@rln d:\éslehlftﬂg)@géﬁaﬁ{ %Fxﬁdtlﬁé'\ﬁﬁ%fﬂr%%%kﬁﬁﬁﬂ@ﬁ@' of formula
(1) B@t # t}n@dzisyiﬁdggange@eagéelative to the cyclohexyl fragment and the

carbon atom of the ring A which is substituted by the Y-containing substituent has
R configuration.

Alternatively, in this preferred embodiment, the compound (V) may be prepared by
enzymatic acylation with a suitable lipase from compound (X) as described above,
but preference is given to the compound (IX) as the starting point. Compound (1X)
in turn can be prepared by enzymatic acylation with a suitable lipase from
compound (X) or prefe'rab'[y via chemical acylation from compound (X).

A typical reaction sequence to be set up, including the preceding stages, is
illustrated below by way of example for these preferred embodiments. it is possible
by this reaction sequence in particular to prepare compounds of the formula (1) in
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aratioof froml to 10 equivalents to the conpounds
to be hydrol yzed. Suitable 20 solvents are water,

al cohol's or further organi c,sol vents, for exanple

et her conmpounds (diethyl ether, methyl tert-butyl
ether), carboxam des (N-nethylpyrrolidone) or

whr@ﬁ Oﬁ‘%t 'rlﬁ hydis0g @ e hRb ERC NS YAOHRAInIR YEbsBluents are
ut ac

tert - ano tion te eraturelsfr

arrangsg |npﬁ1@f(@$-gb$-§rrﬁpge,ﬁnggt fedatpegcio trgjgggg @ v cat%on atom of
theacﬁn@l fA cahiamn iof stJbgftmeﬁbqawlth@umtomamurﬁg)rs@b«amr&s has R

confo iy dPechReede cpaTidRLLEsdb i PEgictiay shishie staves,
for acdaime dor dife tduidd, draselsaol bplvient asednalsoi epplyito fher rerpaining
corﬂ{)ouno%g%‘f efﬁ ['mu%pm cfl‘?r\hl‘%ﬁ th% Fzﬁgw%%t' F(%ttl‘lcRQd Wot Bis-1,3-

ganic so sol vent
bT@P(éﬂalﬂeyIVa’tb\l’Qﬁene et her acet ate or n-butyl acet ate,
or if appropriate with carboxylic esters, alKkyl

i S 455 bty B 3, Py e Wb Othan sguence
for &g pfe;:ﬁir@tﬁbrﬁbf thidh eelesﬁcmoef PPAR aglivatoss. dlhe startingedatauials are
eithe SBMSTRRDY TS G b o ENERolB J &5k rolf® Clériant) or a
cis/gabsdisoemir, noiktirer G66s {fraocohationy cis-1.ReCydigkenanediol can, if
appcrﬁﬂﬂ?étbs%ﬁ B%ﬁ gé@lﬂfm%ss ROWN Loz%hos@ Sﬁlllé@”POW a®f from a

reacted I the presence 0 se
Gis/tsans GlcloREKRR RSO aISORTEE MOAUTR, AT \GXEETPIE PYgrhromat obraphy. 1,3-
Cy &@rﬁ@}@h@ﬂld?fcahft% Esrivaried élﬂﬁ)e{ by)art Bﬁzgﬂﬁmuéﬂaiﬁdﬁ diréctly to cis-

an aci di,c cat

18- §C Ct i c:ﬂ:sggen@ﬁ‘r)m Phe Phases réec”éﬁ? éfla\%}' Ya 13-

d|a@¢m>¢dyab|hbgatme gbeptasngngntzumedzget Both re theheheminabwamnd in the
enzgfnattllae?égémﬂ,?%nfe}’gre}]ze qgg;ts%n 48es &ﬁ)@ﬂﬁﬁ”%n Vbhe)of the above-
descﬂh@@mﬂyl slonpres scortlmtl the( aciy; stauedproée@mgpng( £1)ang 22 in

forrﬁ@@‘:t(ﬁ@ )l RalBe 1Y eS8RE CdefinifloRsise i%rglé cfcleRERMEN s  also
e‘formula (VI) to, give oun F for.)rRJIa
commereglly ayailakle @% %lﬂﬁj‘Squra@(ﬂ@ SRAS a&ds/trgng mixture (from

Claﬂ§rﬂﬂ)0tbi§dl @mzé&woiywyabh@xéﬂé/@) thé Ris/trdrs maatd (IX-ib& ognverted
by Ehepyint’ dotyinSeb AR P PEFRRER &5 Grsbeflfbove to
the cuinpalin derfantiomarzaly veure cEvpStanyloxytytlbeexanr-dBtal (t 8P% ee)
v-il.N 8 SPAGTERScBhekdif3RESE i8! 1} acetalized, for example, with
3,4-dihydro-2H-pyran or methoxypropene in the presence of acidic catalysts, for
example inorganic acids, toluenesulfonic acid, pyridinium para-toluenesulfonate or
acidic ion exchangers to give cis-1S-acyloxy-3R-O-tetrahydropyranylcyclohexane
(VHI-i where Z3 = tetrahydropyranyl). After deacylation with nucleophiles, for
example organic amines or inorganic alkali metal, alkaline earth metal hydroxides
or alkoxides to give cis-O-tetrahydropyranylcyclohexan-3S-ol (ll-), the alkylation
with an oxazole halide (VI-i where Z4 = halide) then takes place in the presence of
one of the above-described inorganic or organic bases to give cis-15-0-oxalyl-3R-
O-tetrahydropyranylcyclohexane (llla-i). it is pointed out here that the two variables
X and Y are shown for reasons of clarity as a methyl fragment in the following
scheme in the formulae (llla-i; IVa-i, VI-i, Vil la-i and I-i). However, this is not a
restriction, since this reaction sequence can also be performed with all other
definitions of the variables X and Y. cis-1 S—O—Oxalyl—SR-O-tetrahydropyranyl-
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15

20 g) if appropriate, the compound (la) is hydrolyzed
or hydrogenol yzed to the corrpound (') when  R3 is H
This preferred enmbodi nent t he process according to
the invention is suitable |n ‘particular for the
preparati on of conmpounds of the fornmula (1) in which

cyc‘d?%xéh@g g(ﬁaltf is 28y omesh U@ln\gh'p‘itﬂlatrpea%oﬁgﬁt aﬂo'i” Eﬁample

cont al ni ng substityent s f of mul a %
mefhanph ethanal1indba PresRucRe aqfﬁpgﬁt%s 18,90t ﬁéa’@i}? ﬂ@aﬂlc acids,

toluehagimstic =it pyreliniger bam-ﬁﬂmasﬁtfbh@er iAmabelyebhHalp tos cis-3S-

o GhESE 3o SRS L RRR, | 5 By witn ik
bropbedroztet, (Vﬂlhewbexrmﬁarm E{r)/).mday blaelcpmmmhtmm pmpound of the

forrﬁgléy@%h@ AllgtHafa yﬁ%@ &?g@%‘tﬁ@@oﬁqﬁdu‘ﬁ@ eﬂ;"lée ‘r'f]‘cgﬂnula (I-) when
R3 gi Verdf 3 £ 6co|ﬁgcﬁ,]¢7alk1y| ) heazylhin gﬁadeqslfgg Fpat molecule, the
hyd?& RuUBRp( h&dd hd IbH?é‘r G2 chRide %B@rt%i‘:améeeﬂhé)’ﬁahgéund (la-i)

Iatlonvvlthas able |i ound
corfssBpRrn §1% pasS iR M apmReynEian The AR Y bécpattied out
undab adidiy pbrditionsac Under basiganmteitionsbhs ettastmhydmhylsasdsr&y:tabie

prefsySd] B7FBD" 2 BT, 1y oppich’ SHER IPRERYSS f'oReolt® with meta

hydpoddesifer exgmplei alkale mataloer alksglinenearth mqialrhydcf@mdesua suitable
sol\@'n?@a’fcﬁ' %9%@%%@{ E'?:%hf)%r r%“?%n@ %olv@nfszzt'o gﬁ)ec hihé Ngesired

cont al

stergggagmqrg é’iﬁlﬂie BP&R ﬁ?tl‘Vé\ﬁ@rédaFﬁ the,gargoxylic %Q'@QF%%ﬁEfﬁased by
acidifdaiony §Vhén Ree= rtbﬁg)u‘l\ylafﬂﬁb H?ﬂrcﬂ%‘ i9 @ pedferabdy catrieel out under

whi ch i s substituted b Y-.cont a n
acidig ol GRS 1 RVl (TcSH) gtiSecfe prepared by
hydemyeatidysimef thesmmhemad (‘ﬂa-l)eTlpxans B qaisaibiliby imt paticelar when R6 =
I as vent

Derph AP e LorRissBhAME rafuld kbt R3S Beafl 1

formul a (I) |n mhlch the ring Ais not restricted to

cis-1,3- cycl ohexane derivatives.. In addition, the

schenme (11) which follows illustrates this typica

reacti on sequence 10 for the preparation of this

sel ection of PPAR activators. The starting materials

are either isonerically pure cis-1, 3-cycl ohexanedi ol

(X-i-cis) (fromddariant) or a cis/trans isoner

m xture (X-i) (from Acros). cis-1, 3-Cycl ohexanedi ol

can, if appropriate, be obtained by means known to

those skilled in the art froma

ci s/trans-cycl ohexanedi ol isonmer m xture, for exanple

by chromat ography. 1,3



15 Cycl ohexanedi ol can be converted either by an
enzymatic acylation directly to cis-

1S- acyl oxycycl ohexan- 3R- ol gg—i) or by chem cal
acylation via 1, 3- diacyl ox§yCycl ohexane (IX-i) as an
intermedi ate. Both in the chemcal and in the :

enzymati c acyl ation, preference is give 0 converting
only one of the above- 4@ i bed acyl donprs, so that
Schehee laci d- st alfl e pr ot ggti Rg-OfQUPs Z1 and g2 dhgmixgl

fornmula (IX-if) have the &€3ne definitions.| acylation

1, 3-Di acyl oxyicycl ohexane also co ally
avai | abzgmaticit he cis isq (I X-i-cis) as a _
ci s/ tragytion Xt ure (Zrom [laricer). cis- enzymatic

1, 3- Di acyl oxylcycl ohexane ar the cis/trans| m fesinemnetrization
(I X-i) is converted by nzyrmtic de trization
(enzymatic hygir_QJ_,ys%s% as_asseri bed abo to the
virtual ly enantiomefi®al lg)pdfe cis- 1 S CY LR CAEd It
hexan-3 R-ol (> 99% ee) 25

S- Acyl oxycycl ohexan- 3R- ‘ then acetalkirzed, for
exanple, with 3, 4-dikydro<2N-Jyyan or e} hoxypropene

in the presence of acidi"datal ysts, for |exanpl i

i norgani ¢ aci ds, tol uenesulfonic acid, py idi‘ﬁgﬁﬁ? on
par a-t ol uenesul f onat e mdi c ion ex ngers to
gi ve cis-1S-acyl oxy- 3RrO~tetwapsdr opyr any] cycl

V-i). cis-1 acetalization

(MI11-i where Z3 = tetrat{iropyranyl). Affer /NI\%)’"
deacyl ati on_Mith nucl eophiles, for 30 exa gang ase
am nes or ¢ foy ganj c al O et al , al kal 4 edrt h ovet al R4
hydr oxi d@ i

9 3.5 O S
ci s-O-tettahydrep any c;ﬂ@ri)ohg&\égn- 3S-ol (I Ngcdhbg
alkylation wth a _f)xazol e halide (VI-i egc@jigélatayst
f

halide) th t akes place-tn the presence one of
t he above criked inori c or organi ases to give
cis-1 S—PQ 7~ 3R t etT alopdr opyr anyl €ycl ohexanRsg

(IlTa-i). It iscpdinted 8 here that thelt
vari ables 3 and RYg are shown for reason

as a net hyl| agment in following sc i N
-i N 1 Va-i i, VIl-Rs|a-i
- ar §t 1"cth si mce t hitgH)

fornul ag
& be pelf o¢med with all ot her

However, 4
reacti on sequen an al so
definitions of theRariables X and

. 1
S-O Oxal yl - 3R O tetrahydropyranyl g23- cy¢l oliﬁgiﬁﬁ'éor.
(I'la-i) i hen conver;‘:si ng primary al co %r?gg,nobi‘s'gr
G 1) e

exanpl e R N, X pPesen¢e of acidic
catal yst ¥ Tor &x e i giels gani c ds,
t ol uenesul f oni ¢ "aci-d, pyridinium

par a-t ol uenesul f onat%®e, Anber| yst - HY5 ' cis-3s-
oxazyl cycl ohexan-1 R-ol (IVa-i) wich is al kyl at ed,
for exanple, with al kyl 5 bronmobenzoates (VII-i where
Z4 = Br) under basic conditions (conmpound of the ,
As fsoapparant fremi theaamarks segajding atep v of the pPGessageording to the -

invERIGHO W pRSvidiBe of & prdlcas$ ko preplifRg a compound of the formula (V)

5 forms a further part of the subject matter of the present invention
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R3 =H If RB =R6 = Cl-C6-al kyl or benzyl in the
desired target nolecule, the hydrolysis step need no
| onger be carried out becau§$ t he conpound (la-i)
corresponds in this case to“the conpound (1-i). The
hydrol ysis -may be carried out 10 under acidic
condi tions or under basic eondnions. The basic
hydrol ysis is suitable ly for R6 = n-al kyl,
in which case hydrolysis fected with netal
hydr oxi des, for exanplg, 3 X
nmetal hydroxides, in s 1 s@Hvents, for exanple
wat er, al cohols, organic solvents, to give the desired
st ereoi soners of the PPAR acfM)vators, and the

éﬁoxylic acid group is released by 15 acidification.

eén R6 = tert-butyl, the hydrolysis is preferably
carried out under acidic conditions. Alternatively,
a) h? 68MPOURE of khé Yorfritlla #)9Qs headte@patiesl pRdsence of lipase B from
hydr ogenol ysi s, of tFe %onpound (1 a-ukgdgghs 1S 8
po<sanifa apiarpticsapwith iatel oG aggmpo & S dY).

correspondi ng conpound (l-i) where R3 = His desired.

-24- Schenme I1: chem cal HO£X-+) OH acyl ation

enzymatic -> acylation Z' | /@iny (1O z2 enzymatic

desymmetri zation zi-O OH (V-0 acjdic catal yst

acetalization Z1-O (VII1-i)X O Z8 deacylation R HO

(I'11) 0-Z3 N.Z4 R bas&1-8 <10 RDR2(VI-!) 4 R2j o

0 (Isla-i) 0 -Z3 alcohols R R4 acidic catalyst

(1X)

in

a2} a compound of the formula (X) is reacted in the presence of lipase B from
~ Candida antarctica with at least one acyl donor to give the compound (V),

HO OH
*)

and the compounds (IX) and (X) are each present as the pure cis isomer or as a

cis/trans mixture,
if appropriate, the trans isomer of the compound (IX) is removed after step a1} or

the trans isomer of compound (X) is removed after step a2),

and in which the variables and substituents are each defined as follows:

Ring A is Cs-Cg-cycloalkyl or Cs-Cs-cycloalkenyl, in which one or more
carbon atoms in the cycloalkyl or cyci_oalkeny! rings may be replaced

by oxygen atoms,

Z1and Z2 are each independenﬂy an acid-stable protecting group.
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R2 I/N~~O~-OHR5 ~~" O// (Na-i) Z5 RL R4 OR6 RN R5
base 0 2/ ~O(lai) O(MI 1) OR4I OR6 Rt

hydrol ysis or O hydrogenolysis R COo0o 0/' R5 2 R4

OH 0 As is apparent from'%ﬁ

a) of the process according to the invention, the '

e remarks regarding step

Lo ¢ .
e OB oy BRSSO pisAch mice PRl vt
carpen etamaif thasingrA vdrieh has dhe QR substiturnhjag R gorligyrgtion, and
71 hiRd YD 58 3lch _@(@%@ngcb;@).t he fornula (I X) is reacted

o)

I'n the presence
antarctica with water to give a conpound of the

ipase B from = 5 Candi da

The ergadng ifvantioRi fugthar Z8la@Owith réfieXdnceaR) ttee camprdsnen sftep a),

o 1 T i A1 cHPREAE AP RS Rt

forrdoladX) t whgreis t he compound (V), Ring A

ii)

HO | OH 71-0 OH Z1-0 0-Z2

(X) (V) (IX)

the compound (X) is reacted with at least one acyl donor to give a
compound of the formula (IX) and the compound (IX) is reacted with water
to give a compound of the formula (V) in the presence of an enzyme which

. affords a suitable enantiomeric excess of the compound (V), and the

compound (V) formed is subsequently separated by chromatography,
extraction or distillation from the unconverted trans isomer of the compound
(IX) and any other by-products formed, or

the compound (X) is reacted with at least one acyl donor to give a
compound (V) in the presence of an enzyme which affords a suitable
enantiomeric excess of the compound (V), and the compound (V) formed is
subsequently separated by chromatography, extraction or distillation from
the unconverted trans isomer of the compound (X) and any other by-
products formed, or

the compound (X) is reacted with at least one acyl donor to give a
compound (IX) in the presence of an enzyme which affords mainly the cis
isomer of the compound (IX), and the cis isomer of the compound (IX) is
subsequently separated by chromatography, extraction or distillation from
the trans isomer of the compound (V) which is likewise formed and any
other by-products formed, |
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HO OH (X) and the conpounds (IX) and (X) are each
present as the pure cis isoner or as a 15 cis/trans
m xture, if appropriate, theg, trans isoner of the
compound (I X) is renoved aT?Er' step al) or the trans
i somer of conpound (X) is renoved after step a2), and

m SN IR FAEEG, H SHRBL ATy 8y PRRY appropre
congsrted ik e prasenng|of 4 nugapRficopy detachpant 0&&?%8%@?@?& group
Z1 éﬁdﬁo‘?zz%%éebhéép&{diﬁg/ebﬁ@b&ﬁe?(),r ings may be

replaced by oxygen atons, 25 Z1 and Z2 are each
i ndependently an aci d-stable protecting group. -26-

andPhelsicalbhey valigbléhang enpstitadsts(afe, edchalefined a& foows:
cis-1, 3-cycl ohexyl, where the carbon atomof the ring
A which has the OH substituent has R configuration,

Ringid  Z1 isn@s;Z2-cycioatikyt ror- Caee-¢loaiBenyl k yn )whishThee or more
present j ' _ ' '
Phe r e FLeoD s LSSl it SyclbohSni P RLCReY dcroplaced
separ at iYPHIENAMOMENS ni xture of a conpound of the
formula (X), wherein OH Z1-O O -Z2 (5 HO OH Z1-0 (X

I X) 10 j) the conpound LS reacted with at
71 b2’ orase sesh ndsteraBily Aedd-Siatl BEREAERE PRk
formula (1X) and the conpound (1X) is reacted with
( \VA (o) . ;
rorFl it Bt TEYRTANLIR, R BN oo o ) and
may harforroed: depandig on dhe srieciehpmngess ORfionaied @XAEPIS the trans
isorﬁﬁm?liﬁé’ do}ﬁ%cfdﬁdnﬂﬁ | heSHARE G4ENEF Yf I8P FoMRAindy (V) or the cis
. chromat ogr aphy, e?é{)actl on ofr,  di j&?lﬁl I at{hon fro%him hich
isomRE Ay e <PM (Qgnere drosstle.c dMesanatine] | y-PItcty which,
depehbifig &y ths eshotiba, by oRlg,forned in some cases, and also any reactant
still present, may be removed from the main fractions which occur in each case by
methods known to those skilled in the art, possibly in the form of additional

chromatography, extraction or distillation steps.

in this separation process, preference is given to carrying out the particu[ar
reaction according to i) andfor ii) in the presence of lipase B from Candida

" antarctica and/or, according to iii), in the presence of a lipase from the porcine

pancreas, a lipase from Burkholderia species, a lipase from Pseudomonas cepacia
or a lipase from Pseudomonas species.

More preferably, in this separation process of cis/trans mixtures, the ring A is
cis-1,3-cyclohexyl, where the carbon atom of the ring A which has the OH

substituent has R configuration, and Z1 and Z2 are each -C(O)-(C4-Cs-alkyl).

The present invention further provides the compounds of the formula (llla)
obtainable as intermediates in step d) of the process according to the invention

R4
R O
.
' N X-0 ,
Ro 0-23
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ii) the conmpound (X) is reacted with at | east one acyl
donor to give a conpound (V) in the presence of an
enzyme which affords a suigﬂgl_e 20 enantioneric
excess of the conpound (V), “and the conpound (V)
formed is subsequently separated by chromat ography,
extraction or digfhllation from the unconverted trans
i somer of the conpound (X) and any other by- products
formed, or 25 iii) the conmpound (X) is reacted with at
in wif@st one acyl donor to give a conpound (IX) in the
presence of an enzyne which affords mainly the cis
i somer of the conpound (I1X), and the cis isoner of the

R1 CRAPRUNCrE ldchiisdeseraeetiy éhtA, I SBp Dt M@, p§F s, OCFs,

chr omat qgr aph t distillation from the
trans i SOnEraiy ‘?ﬁ?i@ﬁ%g"r@n%w which is |ikewse
formed and any 30 other by-products formed, -27- in

x Which the C1§@é-3ﬁ<gfjir1f WA GRS 0P IndrBL B QLSS it kRS afdf group
(V) are 1f appropriate converted in the presence of "a _
nucl eopHNf¥ beyeplacae yeniy9Ish al®BSprot ecting group Z1
and/or Z2 to the correspondi ng conmpound (X), 5 and in

. Whjich the yarj abl es,and substituent ne. . fef.i.ne

RINGA  of | el 'ﬁé{C’Ra?'%’Pc%f- @t‘é&i@r@%ﬁ“ ?/?y"or‘ﬁ%ﬂmﬂ 6h8°8r more
C3- C8- cydrbah kms jn the eyticdiky e cycloatkeay! drgmaydioraplaced
in the LKy cycl oal kenyl rings may be
replacegxﬁg§@g§fggﬁkatons, 10 Z1 and Z2 are each
i ndependently an acid-stable protecting group. For the

73 ot her by prioflacdtsbihirdladifatiRNblorRgAgiglotpe process
options 1) toiil) and may be forned, dependi ng on
the sel ected process option, for exanple, the trans

Prelérréd oompogihdd bethedomaulad|(d)Bavetthe folioavisg detniionsf
the conpound (V) or the cis isoner of the conpound
(1 X) are possible. These ot her by-products which

R1,0RPeRdi raye@ach lindepandenty ,H,fr,@lo%t,)omdﬂ@edclzm Q6he
cases, a reael still present, may be
rennvedq??%%%%ﬁgéﬁﬁ?SQ?F§§¥$%%S whi ch occur in each
case by nethods known to those skilled in the art,

X possiblystn4§pgk§prn1of addi tional 20 chromat ography,
extraction or distillation steps. In this separation
process, preference is given to carrying out the

Ringa t i culigkyciopentyl, cyciohexyl or cycloheptyl,

Z3 is a base-stable and acid-labile protecting group.

More preferred compounds of the formula (llla) have the following definitions:

Ring A is cyclohexyl in which the X-containing and the Z3-containing
substituents are in the cis-1,3-arrangement relative to the cyclohexyl -
fragment,

R1, R2 and R4 are each independently H, F, Cl, C4-Cs-alkyl or -O-(C4.Cs-alkyl), |

Z3 is tetrahydropyranyt,

X is methyl. .
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reaction according to i) and/or ii) in the presence of
i pase B from Candida antarctica and/or, according to
iii), in the presence of a_kﬁpase from the por ci ne 25
pancreas, a |ipase from Burkhol deria species, a |ipase
from Pseudononas cepacia or a lipase from Pseudormnas
species. More preferably, in th| s separatl on process
of cis/trans mxtures, the rin
Particylatly 3pesferretie xpmpouREs e Of hthec J@HBH'aat(Hlﬁ)oﬂ"af’ﬁe the nfgllowing
defhit¥psch has the OH 30 substituent has R
configuration, and Z1 and Z2 are each
-C(O-(C1-C3- al kyl). The present invention further
RingrAVvi des‘astbﬁ:i@l@eﬁm@umdwméhtm Hocontamind | am) the Z3-containing

obt ai nab|
accor di MYCEOUEE AR B e afierefhopf refhif? b feyRiohexy
R2 N X- @ragrzent- 28d theldagyon atarhiof ihe 5ingIA visich MSW%Ituted by
each ind Br, OH N2, CF3, OCF3,
1 . al yEoar -%?@g@t'm kyl), Xis C-Ce-alkyl in
whi ch one or nore carbon atoms in the alkyl group may
R1 kﬁz @ﬁelmaﬁb BYciOiiepBnaddstivBH, EOCRICIICAalks! or -O-(C+.Ca-alkyl),
C3- C8-cycl oal kyl or C3-C8- cycloalkenyl I'n which one
or nore carbon atons in the cycloalkyl or
Z3 cycl oal Kestralmidngysyremyl, be repl aced by oxygen atons,
15 Z3 is a base-stable and acid-1labile protecting
group. Preferred conpounds of the fornmula (11la) have
X the fol ligweigyldefinitions: Rl, R2, R4 are each
i ndependently H F, d, Br, OH, hKE, CF3, OCF3, 20

Cl C6-al kyl or - Ci-OG-akI Xis - C3- al kyl
Therj TGSt g‘%%/”&'PBp&TE"&ﬂr, pwﬁ%ﬁé&% pr%ﬁ%%p% Yormya (iib)
obtZiRabk 45 senadistebdn atep dicifdhé pbddessmEaebeading tythgr iougntion

A

(lib)

in which:

R5 is independently H, F, Cl, Br, OH, NO, CF3, OCF3, C1-Ce-alkyt or
—O-(C1-Cs-alkyl),

R6 is C1-Cg-alkyl or benzyl, which may optionally be substituted by F, Cl,
Br, OH, NO,, CF3, OCF3, C4-Ce-alkyl or -O-(C4-Cs-alkyl),

Y is C4-Ce-alkyl in which one or more carbon atoms in the'alkyl group
may be replaced by oxygen atoms,

Ring A is Cs-Cg-cycloalkyl or Cs3-Cs-cycloalkenyi, in which one or more

carbon atoms in the cycloalkyl or cycloalkenyl rings may be replaced
by oxygen atoms,
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Z3 netlﬁyﬂ basepgiab

More preferred conpounds of the formula (llia) have
the following definitions: 30 Ring A is cyclohexyl in
whi ch the X-containing and E,)Qe Z3- cont ai ni ng
substituents are in the cis 3-arrangenent relative
to the cycl ohexyl fragnment, Rl, R2 and R4 are each

i ndependently H F, d, G -C3-al kyl or

-0-(C -C3- alkéa@ 35 73 is t et rahydropyranyl, X is
nd acifdabile piotedingcdiowbnpounds of t he
forrrula(llla) havethefollovvlng definitions: 5 R ng

Prejastach (PR AR ObtsPrynl I e e Folwing BBfintiofs:
CI s-1, 3-arrangenent relative to the cycl ohexyl

R A5 B e A % oA Sty R 2 i
and R4 asubstisnts ateipethectis-1\3-Rrargement wiaiye i fog cysiohexyl
-0-(Cl - (ﬁi\:@héﬁ(ﬂ hnd th8 da?bér?tafd?ﬁﬁrtﬁé’% ¥ lwhich isSsubstituted by

met hyl . resent Invention further provides the
conpound®-ép hﬁﬁ £erhgHratien| | b)  obtai nabl e as
internedi ates in step d) of the process according. to

th A Z3- [11b 20 i
R5m$cknvenH?(ﬁd€p§ﬂ@gW‘Py Qr g@qﬁa%r( oH, )NOQ, CF3,
OCF3, Cl-C6-al kyl or -O(ClCGaIkyI) 25 R6 is

R6 Cl- C6- al, 5)601 gﬁla@ﬁf@/ﬂenz‘W' ch may optionally be

substit u
Z3 is tetrahydropyranyl,

Y is methyl.

The present invention further provides the compounds of the formula (VIil)
obtainable as intermediates in step b) of the process according to the invention

Z1-0 0-Z3
(Vi)

in which:

Ring A is Ca-Cg-cycloalkyl or Cz-Cg-cycloalkenyl, in which one or more
carbon atoms in the cycloalkyl or cycloalkenyl rings may be replaced
by oxygen atoms,

Z1 is an acid-stable protecting group

Z3 is a base-stable and acid-labile protecting group.

Preferred cempounds of the formuia (VIH) have the foilqwing definitions:
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Br, OH NO2, CF3, OCF3, Cil-C6-alkyl or

-0 (C1-Co-alkyl), Y is Cl-C6-al kyl in which one or
nore carbon atons in the a]l:alﬁl, group 30 may be
repl aced by oxygen atons, g Ais C3-C8-cycl oal kyl
or C3-C8-cycl oal kenyl, in which one or nore carbon

RN ool LoRdLRR Mo of YEEBBRHRLY, | 00° 1ot o°

and acid-labile protecting group. Preferred conmpounds -
74 of the formerd,Ltli-Bkyhave the followi ng definitions:
5 Rhng Ais cycl ohexyP/ I'n which the X-containing and
the Z3-containing substituents are in the-
73 ci s- 1, 3{atgtaiigarapyramytlortmethokgssprepgly cl ohexyl
fragment, and the carbon atomof the ring A which is
substituted by -0OZ3 has R configuration, 10 RS is H,
Mot préferretile@apalihgs obthe-farnda-(E8)dhavel the follReving definitions:
Cl- C6- al kyl or benzyl, 15 Z3 is tetrahydropyranyl, Y
~is methyl. The present invention further provides the . .
Ringdwpounds @clahsxyk dp nwhich( ¥ne |§’-1-020’fadmﬂai£ | the,23-containing
i nt er nedipkeBichts Sl thd cgé-ﬁjlarrang/@ﬂaﬁt efathediontetayclohexy!
t he |nv?nt|on Ring AZ1-OO02z3 (VIIIl) in which: 25
Ring A @98 cycl oal kyl or C3-C8-cycl oal kenyl, in
whi ch one or nore carbon atons in the cycloal kyl or

' cycl oal ker ings may be replaced by oxygen atons,
21 glciohent

Z1l is a %abl e protecting group 30 Z3 is a

base-stabl e and aci d-Iabile protecting group.

Z3 is tetrahydropyranyl.

Particularly preferred compounds of the formula (VIH) have the following
definitions:

Ring A is cyclohexyl in which the Z1-containing and the Z3-containing
substituents are in the cis-1,3-arrangement relative to the cyciohexyl
-fragment, and the carbon atom of the ring A which is substituted by

-0-Z3 has R configuration,

71 is -C(O)CHs,
z3 is tetrahydropyranyl.

As described above, the compounds of the formulae (llia) and (llib) can be
prepared according to steps a) to d) of the process according to the invention. In
this regard, the same remarks apply as for the preparation of the compounds of
the formula (I). The same also applies for the compounds of the formula (Vi)
which can be prepared by steps a) to b) of the process according to the invention.
All of these intermediates are consequently also suitable in some cases as starting
compounds for the synthesis of PPAR activators of the formuta (1).

The examples which follow are intended to illustrate the invention, but without
restricting it. ' -
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Preferred conmpounds of the formula (VII11) have the
follow ng definitions: -31 Ring Ais cyclopentyl,
cycl ohexyl or cycl oheptyl, _ 381 is -C(O-(Cl-C3-al kyl),
5 Z3 is tetrahydropyranyl or nmethoxyi sopropyl. More
preferred conpounds of the formula (VII1) have the
followng definitions: Ring Ais cyclohexyl in which
the Z1-contai ning and the Z3-containing 10
Exagest uents are in the cis-1,3-arrangenent relative
to the cycl ohexyl fragment, Z1 is -C(OCH3, 15 Z3 is
et rahydropyranyl. Particularly preferred conpounds of
GC{%"“P’%‘; la (M11) have the following definitions: 20
Ring A is cycl ohexyl in which the Z1-containing and
Defdihiflighont aIde N9 HUDStH LUgRERIANE | N Sligico  BetaDex325
crs-1,3- I

arrangenent relative to fhe cyc_ ohexy
(30rmagRedtMmand-4Temd.acaier fasm-bf (Thanliming, miwkPe1E.i KID, oven
tenﬁ&%mggsg%moth?ﬂalﬁmga08:1<;onf:gurat:jon, _22 ZI S
- C(. , Z3 s tetrahydropyranyl . esCer,i above,.
Re{eROR otpiRiad G | FHE 1O TIACROIVpafoxsiaal | B9-60B bhis:1.3-
diaS&opyeuivtetane c12.6i8 ¢ 2180mat trass-d)3-tiacdjoxgtydibiseyamecess
according to the invention. In this regard, the sane

remarks apply as for the preparation of the conpounds
To ofletarming otheul engntipmerite @wessalodo cigppBiasstayecytlabexan-3R-ol,

oA gl MM g 4 Fiposb o

disgaivechin @A.ml of heriaflygrebutyripamnydideeed the geécﬁon mixture is kept

at 7P TSRE Yo Hhinktay. Theansiblie coNcarirmed B9 @vapsragioartbidighess in a
the synt hesi.s_ of PPA ti f

i3t SORR &g Bkehrie BRI LO Sl o BD A, aiorde” Retention
timesit eritded t onin) | vdenvativet hefi nesat Sacetdytyolbbéxan-3R-ol - with
hept&Ridrb6GAAS ddid; 28% k2 HRNEStiveor a9@H KELSetoxycyclohexan-3S-ol

. with heptafiuorobutyric acid;

Supelco BetaDex325 (30 m x 0.25 mm x 0.25 um), carrier gas: He (1.5 ml/min),
inj. 230°C, FID, oven temperature 100°C isothermal, split 50:1.

Example 1: Reaction of a cis/trans mixture of cyclohexane-1,3-diol with
vinyl acetate

4 mg of a 60 to 40 mixture of cis/trans-cyclohexane-1,3-diol are dissolved in 1 ml
of vinyl acetate and 5 mg of enzyme according to table 1 are added. The mixture is
heated at 25°C and samples are taken after 21 and 45 h.

Table 1
Trade name Organism Manufacturer NCBI GenBank
Accession No. /
Patent
_ document
Chirazyme L1 Iyo. | Burkholderia cepacia | Roche AAT85572
‘ Diagnostics
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5 Determ nation of the conversi on:

(30 mx 0.25
m/mn), inj.
i sot her mal ,

mmx 0.25 m, car

250C, FI D, ovsg
split 100: 1. nt

ci s- 1- acet oxycycl ohexan-3-ol,

rier gas H2 (1.

ion tines: 10.
14.6 mn cis-1,

Supel co Bet aDex325

2

tenmperature 130C

9 mn
3- 10

Chithaeed DX ydycl
3- di acet oxy

Buekiadigerid 2epada 1
cycl ohexane. To d

PR8chen trans-
=Diﬂgn'013acs he

AAT85572

i i xcess of ¢cis-1S nvununl ohovan. 20 Al

Chiggzymaat iiéﬁ-l c%‘?@'(& pRiarcliFani ¢ Rﬁ‘@ 221l uor ob e 122

anhydri de: 2|fgagionBe sanple aP@ NFSUCSH| ved | iBp-B. 28634

of hept af | uon nhutvrl c_anhvdride._and the reactli.on
Chirazyme d-4 <.k é stangidaantaoeioper lBOﬁ’ﬂﬁut es. The Cfa‘?ﬁﬁ@?
C2is concentrat &da@yoneﬁaporati on @911\0? i6%s in

S =1} m 0.5 m

Chi%wg‘nfze dciﬂ rﬁhlﬂ’a e gﬁcilégn EbEhé 4.4 m S%AA83122

der| vative off CI s - acet oxycye R-ol |with

Chireptad LdyoobutBorcioe a@indreads. 2 TRophderl vati ve P&058ils- 1
R- aget oxycycl Iohexan 3S- ol vvi t 1Dimgnmtid:suor'obut yric
act Sun co—Beot a2 mas N DL e O— D
Lipase PBq, gas'” Ese gogloma;sm n . ﬁmqnoz%tb@rﬁ;éﬁ bEFSBak 1376
tenperature 16§83F€ot hermal , split 50:1. Exanple 1:
Lipas@AH on of a P@e&ﬂbﬁ@ﬂés@bﬂ ur eAAfanc Enzymes
(‘V(‘| ohexane-1 3-diol with 25 vinyl acetate.-4 ng-of a

60 to 40 mixture of cis/trans- cycl ohexane-1, 3- d| ol are

RS e bl 2 Do R BR300 g T Bl R ¢ 03

preferedtidllydfodnsthepdie snencacetdtes laf sdditian, thedengymes @birazyme L7
Tab): r |

lyo A?g\érggﬂmg l’a\ﬁﬁ/onaﬂﬁlr%e\&ﬁg Lﬂ(’%ﬁ’ﬁgfﬁ%@al r g@gnﬁgﬁsﬁgﬁﬁ%nsmgly

prefuentialy ratalize dhe dormateanel datERstate e fivsy¢iekexang-1,3-diol

with simultaneously high conversion, whereas the trans compound is

predominantly converted only to the trans monoacetate (table 2).

The mixtures of monoacetate and diacetate formed in the case of the particular
enzymes may then be separated, for example, by extraction or distillation. This
also succeeds in removing cis-1,3-diacetoxycyclohexane from commercially
available cis/trans mixtures of cyclohexane-1,3-diol. | ‘
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Chirazyme L1 c.f. Burkhol deria cepacia Roche AAT85572
Di agnostics Chirazyne L2 |Iyo. Candida antarctica,
Roche CAA83122; Fraction B,Diagnostics EP-A 287 634
Chirazynme L2 c.f. Candida an arctica, Roche CAA83122
C2 Fraction B Diagnostics Chirazyme L2 c.f. Candi da
Tm@ﬁbarctica, Roche CAA83122 C3 Fraction B Diagnostics
itazyme L7 |yo. Porcine pancreas Roche P00591
Li pase PS Pseudononas Amano Enzynmes EP- A
la Lipase AH Pseudomonas_sp. Amano

Di agnosti cs
331, 376 _cepac

s The en
1) EEE@[@ECZ and Ch

the ci s nonoac
Chirazyme L7

2 Y BSnVetid Rz
razyme L2 c
ptates. In a

yo., Chiraz

%53 L2 |yo.,
f. C3 Aoref
IMPDPZARIALE he
ynme L1 lyo.,

£hi razym

erenti al |
RS HAes
Chi razym

Nnal .y, B
Ll T ~J

E5)-2 Proportion
yoff rgsr-macetate
efrorh 4)

cf Li pase P5.and Lipase

AH curnrici
LA L} ~ T rJl T ~J1T

T gy
ChizpheLgmd.al | v| sealyre t headnr(mis)on (038.8%s di AB@RY e
3_

CHgE e Lo o TR LOE i TAaME oo o oL

: CO00AGK4%k) on| §9.8% (raes)t r[adB2%Dnoaced.abe

Lipggea®m nant |y ol |
BloitUs RP OF | IPBOAGERE" O @iebedl ACPEGSE ois

The
caStC—U1 C1rec al 1T Ccudral LU CIIZYyTTED ITay

. (tahle 2).
Llpés,e&ﬁif ;2, ‘o
Chitalrgme h@ cfe@ar at &20% {2t hexah®?.€% (oig) ext r&d%i on or 50%

~distillation. This also succeeds in renoving cis-
1, 3-di acet oxycycl ohexane from conmer ci al Ig avai | %gl e .
Example 2arReastian refs aorisdtranshmixtire) of_eyciphexane-1gdiqd with

2 1) EnZ)NAg etafiPiieCt)3diadetdXycHERiExanen
Monoacetate Di acetate of cis-diacetate from4)
Chirazynme L7 | yo. 94% (45 h) 34% (trans) 58.8% 98. 2%

30 @of by e4d mixiute oflBi6ALANBICYTjorEXames(3-dinl sye dissaled in 900 mi
of r%éth%f(l)/“[erjt‘—ibﬁﬂﬁ %tljxoe?, 488%f 3P vmyl et Gk adb%)eddféhd?%?g@- &f’/‘l’ipase
(Chirazyme L1 lyo.) are added (20°C). After 24 h, the protein is filtered off and the
solvent is removed. The remaining oil is taken up in 1000 ml of cyclohexane and
washed four times with 150 ml of water. The organic phase is removed on a rotary
evaporator. 10 g of cis-1,3-diacetoxycyclohexane are obtained as an oil (23% yield
based on the cis/trans mixture, 95% cis). .

Example 3: Chemical acylation of a cis/trans mixture of cyclohexane-1,3-
diol to give 1,3-diacetoxycyclohexane with subsequent
enzymatic desymmetrization to give cis-1S-acetoxycyciohexan-
3R-ol

Chemical acylation

cisftrans-Cyclohexane-1,3-diol is converted by simple acylation methods with
acetic anhydride or with acetyl chloride, as are known, for example, from
Organikum page 405-7, 16th edition, 1986, VEB Deutscher Verlag der

Wissenschaften (Berlin), to cis/trans-1,3-diacetoxycyclohexane.

Enzymatic desymmetrization
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Li pase AH 84% (45 h) 44.3% (trans) 55.7% 100% ci s
Chirazynme L2 c.f. C3 100% (21 h) 92. 7% (cis) 7.3% 50%
Exanpl e 2: Reaction of a cigétrans m xt ure of

cycl ohexane-1, 3-diol with 5°Vinyl acetate to give

1, 3-di acet oxycycl ohexane 30 g of a 60 to 40 m xture of

21 :yf %lft% @ﬁsi({!:gfltn‘ﬁgﬁﬁ@rﬁ %tﬁﬁraqisngelf n?cé%??@d%bé%@é%@? gé)er M2 g of
Chigazynael ddalvan@re FRAGAcA 2 &@@ 1500m) 48/ petaspbiny Rijosphate

buf%‘i’g f’ihf Q?C hepélll% k@pt &t 7toh§y aﬂ@ﬁuahrbfl 150 M KO efld ahé reaction
e

ol r emov ng, oOi
MRS %qun oL GoBoHrS- fffhecgﬁa ﬂB)JB &g e SR C#r%*uﬁ"'ee times
with i108smivetabh lifvhe rdf mbthyidrey chibhidecamghiihe sohese is semoved on a

e
83% i tsd badkee onitrame mixisie,r e 99%).uflke absolits spnfigwation was
wlbgoﬁﬂeaﬁgeé? ﬁ'? cgﬁ'éﬂ' PFF‘L@ a‘hfal)%lsc i%/4 naes dYnitieticestage of

exane- |
Cis- @Ss%ﬁ%tmranp@wmﬁéwmlmﬁmxmw@@ae@ﬂ TRl g¥@mple 8) by
congﬁér}@@mmth kabive RefefertieVatdrid 1S- acet oxycycl ohexan-
R-ol 20 Chem cal acyl ation
ci s/trans-Cycl ohexane-1, 3-diol is converted by sinple
Theagghatrieotl netictodsliowd fis iatpatied tantiydiratdether pwepdration process

s L o 3 A0 P bR OIEERb gl e frmut

(D.Deutscher Verl ag der 25 Wssenschaften (Berlin), to

ci s/trans-1, 3-di acet oxycycl ohexane. Enzynmatic
desymetri zation -35- 21 g of a 96 to 4 m xture of
cis/traps-1, 3-di acet oxycycl ohexane and 0.2 g of
Chirazynme L2 lyo. are added at 25C to 150 m of 0.1 M
pot assi um phosphate buffer (pH 7.0). The pH is kept
at 7.0 by addition of 10 M KOH and the reaction
mxture is stirred for 5 hours. The reaction m xture
is then extracted three times 5 with 100 ml each tine
of nethyl ene chloride and the solvent is renpbved on a
rotary evaporator. 15.8 g of cis-1

S-acet oxycycl ohexan-3R-ol are obtained (yield 83%
based on the cis/trans m xture, ee > 99% . The-

absol ute configuration was assigned by neans of the
chiral HPLC analysis at a later synthetic stage of

ci s-3S-(2-(4-fluorophenyl)oxazol - 4-yl met hoxy) cycl ohexa
n-1 R-ol (exanple 8) by



10 conparison with known reference material. The
schene II1 which follows is intended to illustrate the
preparation process accordippg to the invention for a
speci fic exanple (10) of conmpounds of the formula M

-36- Schenme |11l enzymatic desymetration 0 Exanpl e4
0 OH 3, 4-di hydro-21-pyran @yrirnj urrbpar a-tol uene- o
sul fonate Exanples o 0 deac tyI ati NaO CHI 3

enzy matic

les Hof O~ F "~a KO B
St @mﬁmet hanol pyridi ni um par a- toI uene- F sul f ondt edesymmetrization

Exarrple81/NoC]—|oBra KO Bu F Exgnple 9
‘ON040a0 1.) KOH, 6 0 CH | e
10 FI N J)| rép%% Chem caI arrg JA-dibydro-2H-pyran

| ation of pyridinium para-toluene-

ci s-cycl ohexane 1 3-di ol to Clﬁ /j suffahate
g
Example 5 )J\O J\ ]

deacetylatich
Nal CH;

Example6 Q /l\/j = NE/‘CI
F—{: >_</
_ 0
camer (o S )
/j/\o 0”0
: methanol
pyridinium para-tolushe-

KOiBu
e ,Q sulfonate
ample g M -t

Ex P - O OH T 0
JF Br Ohle
. Q O 5y -OMe KOtBu ‘LHJ

Example 8 @(N ' o 07

¥ |

2 KOH, tert-hutanol
0 OH
Example 10 F N ’O\ e
o
e

1)
2) pH<8
Example 4: Chemical acylation of cis-cyciohexane-1,3-diol to cis-1,3~
diacetoxycyclohexane with subsequent enzymatic
desymmetrization to give cis-1S-acetoxycyclohexan-3R-ol

11

ki

Chemical acylation

cis-Cyclohexane-1,3-diol is converted by simple acylation methods with acetic
anhydride or with acetyl chloride, as are known, for example, from Organikum
page 405-7, 16th edition, 1986, VEB Deutscher Verlag der Wissenschaften
(Berlin), to cis-1,3-diacetoxycyclohexane.

Enzymatic desymmetrization
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di acet oxycycl ohexane wi th subsequent enzymatic
desymretrization to give
ci s-1S-acet oxycycl ohexan- 3Rx0l 5 Chemical acylation
ci s- Cycl ohexane-1, 3-diol is~converted by sinple
acylation nethods with acetic anhydride or with
acetyl chloride, as are known, for exanple, from
kum 10 page 405-7, 16t h edltlon 1986, g?B
1663@@5%&3 w@pe@gywofww@r@%m g0l Glideaayme LZ2yp. are added

to i 6134 ‘ﬁ)b@%@l&%b%@bh&f@mﬂ%r A By8mEnG the pH is kept constant by

aodiiy g bil i@é'ﬁﬁpsms@aﬂ@%& ert & 37 G Sabgs ngl then

hedtyd.toaf ¥ Caftdet houo Bubsexfuehtly, Mqommﬂse isncpbesiptoaBC and the
t

realii bk 8 e bBi, 1S 0 30 f;!*%ﬁe% off gnd the

reagtun frixtuee iscantractathitwiee with Hhmégacl tireofigluenenhdbe. Solvent is

remBVRRCaN &N Fdtdry é@é‘debfﬂruﬁ% 1%g ‘B?Q!@Efstébéi&ﬁﬂéloh@ﬁan 3R-ol are
reacti on mxture ls e togl%&(and over ni ght .

obtgingdasa palofless ail &V@M‘e'ﬁnﬁ €€} eaction ni xt ur eis
extracted twice with 500 mMl each tinme of toluene. The

xRS Joesl S B B ASHREL 1S pPRbctnd Poup o

col or | eggiveicis-1 S7a6eatoxyBR-{0OdetrabyyiropyraRyheyciolexane
I ntroductl on of the tetrahydropyranyl (THF) protecting

25 giad- §7 jhdaa @xyr;ota reig-OSracetaxyayclahexanyiR-el b 8 gak ams; heated
watfg .6 79@16@3&116@'0} 8 l4sdihydrRcEH :§n/C||n0hﬁé$ re¥8noé 6P 1.76 g

"o ok argin %%b%%ar#ogﬁn??bf%%%ﬁhﬁég 5P 3y8g do grom 50 to

60°élqw)th aftiring fadi hiheor.pBne-quahtieties weActitat s mnita&dnby ofeans of

_GC%% "gug n'tﬁ)(% F(%&}%\%ﬁ?géﬁtrqu %&Metohaﬁ# ke Bl%: f;lﬁfte& éﬂﬂlf'l“hlu& para-
B

toluenabiifinate The rfidated ooffmi xither el‘&FQO‘éQiol@fd thed pyedinium  para-
tolu%h@gulﬁir%?é ?y péﬁ“ﬁﬂl‘dﬁoﬁmlé’aﬁét éB%JoHﬂQI?SWefc@géér? '§nce sodium

he renoval nium p

theridenasad Fbﬁ%ﬁ&é*sb‘y' faefwttﬁeayﬁaw% caf ?“%'Bsﬂﬂ”ﬁ'@gﬁﬁ the acidic

pyriﬁﬁﬁ@’ﬁsﬁé ﬁé»—toﬁjehégu [SSHktd naaltnahd avé :iﬁalctémbﬂdth pxtressnotnaffected.
ion. neutralizes

h
The, JEsuitng UG 45+ DFedn iy o SATHSE HufiEgis o™ e dubsequent
deatendation & ios3Re(O- teisahydromfrareyj)o@rdloheiam&emCﬁa)mtgantratlon of

the gl'll}téstégégur% s SnUP8i Whb R4 dthpEREnt LS ddt B Bisl 15 HRBtoxy-3R-
(O-tetrahydropyranyl)cyclohexane with a molar mass of 242.32 (Cy3H2204); MS
(E1): 241 (M - HY).

Example 6: Deacetylation to give cis-3R-{O-tetrahydropyranyl)cyclohexan-
1S-ol '

The toluenic solution of cis-1S-acetoxy-3R-(O-tetrahydropyranyl)cyclohexane from
example 5 is admixed with 115 ml of methanol and reacted with 7.48 g (0.3 eq.) of
30% sodium methoxide-methanol solution. The quantitative deacetylation may be
monitored by means of GC analysis. The workup may be effected either by

method A)or B):

" Method A)
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deacetylation to
ci s-3R- (O tetrahydropyranyl)cycl ohexan-1 S-ol.
Concentration of 25 the fil ggate results in an oil,
the mai n conponent present Deing cis-1 S-acetoxy- 3R—
(O-tetrahydropyranyl)cycl ohexane with a nolar nmass of
242. 32 (C13H2204); I\/S (El): 241 (M- H). Exanple 6:
Deacetylation to giv
After stirsing &k mmaﬁwm%wwyr FOPEDB he gws.3the; reacsiontipixture is
adrhXedenitic 600! i b Rvalér. After the agueous phase has been removed, the

tol e PasEs PRI A5 e SaleR SHot P £08 T OEWaE g gage- The
aqumrstmrchssstdne conthined, Galuratpd) witih Nagh endaditnacied three times with
thqaglolkgagé%t Eﬁ% otﬂ@? é:?%?% ne&c%ﬁéﬂ%néglol derivatives

in eace y}g IOI’]
whighabgeirs during tW@r RIgsesay ibe tbwec&tsoms. mMederiady, byeRrpdycts or

pre@]rs%‘i's @f}lmh'\@’é hetcdhespifnd tﬁféﬁmpﬁé'ﬁr & 3%hatby Seauct formed with

enperature for approx, hour s, reacti o

2 TléP RIGHRCHBE QICLRS 66RMAN 6? \Mgtleé-pou & &Pniﬁ?é'”gﬁdgo{ﬁ‘? aqueous
pha¥easthdasrgbaRN phasey este chmbiriad usmke cohesetrated under reduced

B S Bt IO Al Bl colores

oil wvith MaCpurind ofx tr @8%edandr ae yigide ofwit 86% nbasech emasegis-15-
aceﬁ%c%loﬂ&éﬁbﬁgle T{TfﬁeOt h?l‘iusc' S- [#eﬁaFébCl Ohé?é%'i’ﬁfb Sbtrahydro-

tive ccur durin [

pyrany ¥ clohgxant$- ﬁhhé$ .aanple%*}arpwssb&pé 280. 2%(% b'e@o%?)s MS (El):
199MNiciM*go not correspond to exanple 6 or to the

by-product formed with 2 THP protecting groups,

remai n as water-sol ubl e conpounds in the aqueous 10
Metrloais®) The organi ¢ phases are conbi ned and

concentrated under reduced pressure.

ci s-3- (O Tetrahydropyranyl)cycl ohexan-1S-ol is

'Aftejbswnngdatas:mn demparaiuse for lappran 2 howrs.t theofeactionopixiure is

acet oxy exan- 3R- ol

The
iRy @nﬁaﬁ%aao 69'Hﬁﬂ9| %ﬁe@(ﬁﬁf igtifled) ofh & ap internal
rﬁﬁhé ap 590t atGrord BDOAS (5011116&9013)6 vi¥Bofi£kdsidud fs taken up

w'ﬂ} M ol S8 4 ' G wilar, endlalinuled With 25,9 g sodium

chidride. Afterdiis< biphaisichmdadrerhasfbesat lirrexh dhehghdseshars; separated

ancgfhﬁt Lﬁédci]l% Jﬁ%ﬁ%rlg%‘%@&eﬁ \EfPH% fuﬁtﬁ&ﬁﬁ ml of taluene The other cis-

1 3myslp|hexmedjofrdqwaane$ whégmagcur during the process ie. those starting
materials, by-products or precursors which do not correspond to example 6 or to
the by-product formed with 2 THP protecting groups, remain as water-soluble
compouods in the aqueous phase. The organic phases are combined and
concentrated under reduced pressure. cis-3-(O-Tetrahydropyranyl)cyclohexan-1S-
ol is obtained as a coloriess oil with a purity of > 95% and a yield of > 95% based
on cis-1S-acetoxycyclohexan-3R-ol. The cis-3R-(O-tetrahydropyranyl)cyclohexan-

adrAREd it fd’(? o Wa?é‘o/érﬁﬁﬁi%%lﬁﬁaﬁb $rikare is stlrred for 1 hour. Excess
Y

" 1S-0l prepared in this way has a molecular weight of 200.28 (C41H2003); MS (Eby:

199 (M - HY).

Example 7: Alkylation with 4-(chloromethyl)-2-(4-fluorophenyl)oxazole to
give cis-1 S-(2-(4-f|uorophenyl)oxazol-4-yimethoxy)-3R-0-tetrahydropyranyl-
cyclohexane :
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tenperature up to 65C at from 300 to 150 nbar. The
viscous residue is taken up with 90 m of toluene and
14 m of water, and adm xedsgith 25 g of sodium
chloride. After this biphasi¢ m xture has been -
stirred, the phases are separated 25 and the aqueous
phase is extracted with a further 30 nl of tol uene

1. 53&26% BﬁrﬁgQﬁl t%3%@0| g ex?cgoey%%):cgc \é?}t@l%wé o' Reated in

40 ﬁ‘wfoél‘td)[aéﬁ% vflﬁh prgdgqts. 1cmrrm1)eoﬂp5t@ss:uwh t@’hbd?)xnm to 55°C with
corLespon

g O & BRI Sl 0 A Y G -2

(4-fronpphenysokazala én 2Gumbastalineseis thee asidgdrdroppisesalisSaiCeto the

reaEﬁHﬂ’ ?%ﬁr@r Zt:%rrﬁﬂé‘t‘?t@fé{} Qﬁq@ﬁoﬁﬁﬂﬁ ergéﬁ[%ﬁ%ﬁfeeié%ﬁh%d at 55°C
for @b@ﬁt ReltPUs. ‘arh@mears iy ds anonitarech by HEECy yFher reactign,sphetion is

subledliEhtty 8dmixeBkitbaoad oPWater with vngorous stirring. Concentration of

1S- t | oh - 3R-
the EpRibiteq eSaegtd RRRASIBS U1 5 DY RLAANNO ST 47 Ry gf gis-1-2-
(4-flunrdphenyWeyataist-al mmh@qgl(ﬂo -\striabpd ropfra2ficy2ibhexane having a

mo!%?&%:}:%% o 7R (CHiERGH s (EFR SFgamPl e 7

4- (chl oronet hyl ) - 2- (4-f 1l uor ophenyl ) oxazole to give

Thecb nibi z?d rganic hases may also be used W|thout furthe(r} %ugflfgtion in the

subﬁgwrg tag%gpbﬁgﬁ%g%?ai‘gh;@%ar@d (prote czm&gfogﬁ to glvey Cis-3S-

2- mfﬁ:oacbjjr( @keﬁz?métld iRt eaytydyedenetRinl 1S- ol are
( (heate e@yl) ?tol%éwneyvmthlﬂg(mlmml) of

pot assi umtert butOX| de to 55C wth stirring for 20
Example & (Remewalkcos theitétrahpdrapyranyl protectingl grasfp to give cis-

26
3s-{7-A Bl B RO ot A A B RATISRBITARSL |
reaction solution. On conpletion of addition, the
2.37 %CM 9®t fﬁaﬁ"ﬂ“"é eon% ST?‘Z"' re gi%ges&tz @ﬁ%ofo@heﬁ?l?ct%faozﬁl-h%héthoxy)
YOI R-poares SHERG BN P! 1 iR BomkioTomeghangl in the
pres!értdé i QJ‘DB ang (o114 bt:;l )ngf. pyriEigient patd-ouafesulforateoabbitd for 6
houbsu gﬁhﬁ@gﬁeﬁﬁgsﬂie (erégri%)% sc'ﬂu?or? O&Qtractéd Q\ﬁt\ﬁ' 1§ nit o%@.a‘f aqueous
NaGl4sdl i, olphtiiy lextraatian, - any | 1ndchidelhexieglicl epreshpt ripgh sstems
| f

ron 4 BYGRRAGE A s ool B8 Bl o 34 fds 2 Thp
protertirg sgielpsal 1e9'aies usiedhai EHBEOUT uPhaRE: PDPI OFeaNi¢ oRhase s
conténttdiBd ity 98HAREd cb@é@émgenrheqfesmﬁﬁgt%WM@h@pws@aué oil is

St Waht PUGHBp R P hreien: ARG FRETF y1aEMe Al 1015-3-(2-(4-

ﬂuon%pbﬂenyl)oxazol—zl—ylmethoxy)cyclohexanol crystallizes with >99% ee and a
purity of 99%. After the mother liquor has been concentrated, a further 24% cis-3-
(2-(4-fluorophenyl)oxazol-4-ylmethoxy)cyclohexanol crystallizes with > 99% ee,
but with a purity of 89%. Although further concentration of the mother liquors can
afford still further cis-3S-(2-(4-flucrophenyl)oxazol-4-yImethoxy)cyclohexan-1R-ol
in crystalline form, the impurities also increase in the crystallized products with
every further concentration of the mother liquors. Simple chromatography with
ethyl acetateftoluene of the cis-3S-(2-(4-fluorophenyljoxazol-4-yimethoxy)-
cyclohexan-1R-ol obtained above as a brown oil leads alternatively to substantially
better yields. Chromatography and concentration under reduced pressure result in
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Exanpl e 8: Renoval of the tetrahydropyranyl protecting
group to give cis-

3S-(2-(4-fluorophenyl)oxazol 04 yl met hoxy) cycl ohexan- 1
R-ol 20 2.3 g (4.53 mmol) of 74%

Cci s-3S(2-(4- fluorophenyl)oxazol 4-yl met hoxy) -

e - -1RObIURRE W4T ee as
ms%ﬁ’%@ﬁ@&oégéﬁé el &&!rgétgg)éjﬁ)?e&oﬂbxéﬁ B grﬂ% S jo
whigg  gyystalsni Jmepar%%w@meﬁ@s%ﬁ{%ﬁétf%'ompw pRRZe4-yimethoxy)-
cydshéx@n- %ﬁgy@mdecméﬁwé@mblfm1$ﬂ (CisPRsANO;); MS (TOF MS
ES Etz{gﬁ %ﬁ@ '\tin.th 10 of sat. aqueous NaC solution.

f X )actl on, any 1, 3-cycl ohexanedi ol present,
whi ch stens 25 from any by-product which has been

Ex&ﬁhﬁ?éeg AT, fEFH Swithd e 1{@? Q(Wmom&hﬁgté ﬂ%tﬂ{(&‘éﬂioate to

I s |n e aqueous or gan
concent rgived methyl reis ﬁ&émophrﬁeylr)@ﬁmlrwlmethoxy)

brown hi Qﬂ% h§1)-63hidthghepzoata little
dii sopro %RJ' g%’l(ﬁ%r erEtSZ\;era hgursz 44%

cis-3-(2-(4-
5 f(H'ZCH ﬁmhmwf riexa (b (44-flMbl@hbﬁylyéxatol-él%meﬂmW)cyclohexan ~1R-ol

areAfjié R’?hlez"\‘ral?#epﬁl?f gﬁ r@@%ﬁggn ﬁ(gn%gﬁl){egt &d, 098/%'“‘ 3.54 ¢

(SOfQJM'mﬁ 024;%ta$ssur3 tert butoxide. Alternatively, it also pOSS[bie to initially

oy - e plo kIR ke o

- pota@&!%@u@erwum@ agoRelid: rand da @f#mtméh@mt %P %5. WJBri 5ml of

chl&@Benﬁéﬁé)rW#ﬁﬁ 20 fn\irF]t Qfﬁl4) g (18.9 mmol) of tmethyl 2- brlomomethyl -6-
or ophenyl ) oxazgl, 0X ohe
mefivibeizarte s aped SRomREeI 3 S SYITERADE ST pCAS with
st[rmmg:rﬁa“we;tlrmng 80T peemidhtzihd rpaciibre selutipn s @ﬁr@t@i three times
_ . I . .
witt] E? aocgft;}ﬁ%rbtf m?a[thlo ht%horpgﬁlcﬁ{§ = r%{‘gﬂﬁ%v%cr) P%dr;% sfum sulfate
and:c@n@ir(aZec( mnﬂeurﬂdmﬁér@re;w@z ahmrqﬂuﬁﬁtuh@xpr)own oil comprising
frorﬁy%'oo QSX@@"E Bt Ollneﬂﬁll ab@@g@%’-@ ?4&%0%&{&Woﬁéiolh%ﬂﬁ@thoxy)

ternatlveyto supst a lfﬁetter

! y
cyclahes el RTINS HE B EaR NI GANY B s without further
purﬁlbﬁ‘ﬁ@vﬁﬁ m@sﬁubsdqmenﬂ(hydrolyms The resulting methyl cis-2-(3S8-(2-(4-

oAV IR S RIS ADEER.

a motewlldrivgight of 453.52 (CogH2sFNOs); MS (ESI): 454 (M+H™).

ci s-3S-(2-(4-fluorophenyl)oxazol - 4-yl met hoxy) -

cycl ohexan-1 R-ol has a nol ecul ar wei %ht of 291.
Exa(mnMQ;FNdsqlroIWS(md Mpleass ) by2 gridificption) ofs the carboxyl

Exanpl e trﬁlt ionl at k@n VQ egiavd(3S-(2-(4-fluor g enyl)oxazol-4-

2(brom)ma oateto ive
ci s-2- (3% m&t axv)qys’%%ﬁ;ﬂ ‘gxumatoulihg “Tethgipnzoic acid
cycl ohexyl -1 R-oxynet hyl) - 6- net hyl benzoat e 10

Exaé‘%élegwl (401tl uor ophenyl ) oxazol - 4- yl et hoxy) cycl ohexa
n-1 R- oI

779 g (151 mmol) of 88% methyl cis-2-(3S-(2-(4-flucrophenyl)oxazol-4-

yimethoxy)cyclohexyl-1R-oxymethyl)-6-methylbenzoate are stirred with 2.99 g
(45.3 mmol) of 85% potassium hydroxide in 78 ml of tert-butanol at 50°C
overnight. Subsequently, 78 ml of water are added three times and approx. 80 ml
of solvent are distilled off in each case under reduced pressure until a cloudy, light
yellow product solution results. This solution is extracted three times with in each
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are dissolved in 175 m of chl orobenzene and adm xed

at OCwth 3.54 g (30.9 nmol) of potassium

tert - but oxi de. Alternatlvel)ér,1 it also possible to
initially charge _
ci s-3S-(2-(4-fluorophenyl)oxazol - 4-yl met hoxy) cycl ohexa

caée 34 10k @Egm gétﬁ g%ﬁﬂwﬁtfmérfig@eﬁfﬁegyg%%i@ﬁhéée h&$ beBRA%emoved,

adm X M a ) ) orobené?ng
thewawﬁ:qusggoi#ﬂﬁn iy egumgeq itk S5l )ofo?,c: eh@p acidified with 2 M
hy d?ro@ﬁl@ﬂ@%%ww a &H aﬁnlwhhewmcm B SinRdoed0-gr O puifeen ais-2-(3S-
o B bAoAt bbbl mefhyBencoi

aci@xag aactvﬁdtet knrysbattmemsnhdﬂptdmtﬂ@ #5%gawhichi oan die wanerved by a

B 978, GRS e SRR PSS S
Oxmeiwi)@—medwﬁmrimsmgcnglmbtamﬁda}s aovlgtw/mstaﬂmwlid with a yield

> 8855 - énéiaﬁ (e%ahﬁoﬂe#!@%ﬂ{é@@é‘ydf)ﬁ?% arfe %! PRit) ORY>05% may be

¢l ohe rt¥1 nmet hyl benzo i ch e[
orysialigeds rarb delupDp TRGHT 61 PbT iAo n3tpes RE g ki solvents,
for h%k@hﬂilé! S*l-butnyaQ:elteﬁéUbtdthIslTEhByélc@hdfv\théB811(0‘211‘&94 may also be

qé en %‘ 4-yl met hoxy) cycl ohexyl -
us ri\{ @Z%é%w benzoate has a nol ecul ar wei ght
of 453, 52 (026H25FN05) MB (ESI): 454 (MrH+). 25
Carfgot];l ww Q’ ﬁhéro?uﬂ@n?]@é)?aaz%% Y1 A6HHEK Iy aioh8RyIOf R-oxy

e emeawiﬁgnmcfacm%aenglep@baamugm of 439.18 (CzaHaeFNO); MS
(TOR V&S B gloofexpty; 1 R oxymet hyl) - 6- met hyl benzoi c

acid 30 arrpl e 10a) 7.79 g (15.1 mml) of 88% net hyl

Ci s-2-(3S-(2-(4-fluorophenyl)oxazol -
Exatnpfs hObsy ) cycl ohexyl -1 R-oxynet hyl ) - 6- met hyl benzoat e

are stirred wwth 2.99 g (45.3 nmmol) of 85%potaSS| um

hydroxide in 78 m of tert-butanol at 50C overnig
11 %bgec{dérﬁ | nmatd af &%mm’teﬁhybr@Sé’d@&i(a-(ﬂ-ﬂtéomph@BWMZOM-

éigl uceéé{ nﬁé?hyl 2Blmet] l'?ltﬁa'rébeie] eeﬁ*eoﬁf réd ®AKN6.23 ¢

case press re_un aclo

94y“e|ﬂ1|f6@l)mfo@@°éot pelesaLmoAyHEide @ndThrg! @gl\'\(ﬂwrow Réi” mi of tert-
butgXIr ACTEW Idverfight. Bibs uentuw tﬁﬁ;ﬁﬂum@ 8% asleof2Water &t added

I Bt .
Therresitiuacist exteaciad thrsed Elfnesdeﬂ“l_t 36 2nMeably diroe hbfomiethyl isobutyl
ketGfd. ?’Qﬁ%c@p@ﬂhé%{ whtet prabes e dj8elto P &' ifh 35 M 8F2 M Hel
and adivieid with &hahof ndudy sicetatgl Agurbgy J@pembrbr W -HCI are used
to é%ljﬁ’é‘ty‘ﬂ;ﬁlﬁlt? 'h)as@ rﬁ%ﬂ?&é{}r@fﬂﬁqﬂ anQ ekl Iﬁ’eé’téd QOVQU ke The phases are
sep@yatgd in a preheated separatlng funne? he orgamc pﬂase is ﬁeate% to 90°C
with activated carbon and filtered. The filtrate is cooled to room temperature, in
the course of which cis-2-(3S-(2-(4-flucrophenyloxazol-4-ylmethoxy)cyclohexyl-
1R-oxymethyl)-8-methylbenzoic acid crystallizes as a white solid (purity > 90%).
The cis-2-(3S-(2-(4-fluorophenyljoxazol-4-ylmethoxy)cyclohexyl-1R-oxymethyl)-6-
methylbenzoic acid obtained with a yield of 75% and an enantiomeric excess of
> 99% is crystallized from n-butyl acetate for further purifiCation, which results in a
purity of > 97% with an enantiomeric excess of > 99%. The resulting cis-2-(3S-(2-
(4-fluorophenyl)oxazol-4-ylmethoxy)cyclohexyl-1R-oxymethyl)-6-methylbenzoic

acid has a molecular we:ght of 439.18 (CststNos) MS (TOF MS ES +): 440.2

(M+H").
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filtration. The

Ci s-2-(3S-(2-(4-fluorophenyl)oxazol e-4-yl nmet hoxy) cycl o

hexyl -1 R- oxynet hyl) - 6- net Il%él benzoi ¢ acid obtai ned as

a white crystalline solid h ayield > 80% and an

enantioneric excess of > 99% and a purity of > 95% may

be crystallized fromtoluene for further

purification. Instead of toluene, other solvents,
The examplespll & tqa,_1ﬁdyplph5@|@1\rgts@owaqh@mge%gf a further compound of
theFbpAlRI et er m xtures, may also be used for the

recrystallization. The resulting

ci s-2-(3S-(2-(4-fluorophenyl)oxazol e-4-yl met hoxy) cycl o
Examplé 11: RAtkylationt hy lwitlh- netdhidhieromethydc? (3-imethaxyphenyl)-5-

w5 £5 il iegbie 18 Bed O et Gyt S metny

nmol ) of ¢89fade4-lyjmethoxy)-3R-0-tetrahydropyranyicyclohexane
Cis-2-(3S-(2-(4-fl uorophenyl)oxazol 4- 20
yl met hoxy)

cyécl ohexyl -1 R-oxynet hyl)-6- I benzoa

A skisBoRsipR 6 5,3 B K1 Bg pyngl) of Qataﬁsmﬁsﬂ-aﬂt%g% lﬁo}%@n Ghioluene
is lhb’éié@étbd%“@dw@l Bitrrmg \ﬁats@ru’n:oﬁ 6?858 O(MOtZEMmoi)Lﬁfad’:inSR (O-

overni ree,t LNe

tethydeny RS Rudahe o deamble B ABrHbR. Mhe dpiigre s added
dropadisceat 550 withstirlinge tbroff mimdan coe‘;pl&im mn‘raad;:himre the Thigture is
stlrfefnsh{j?ﬁ (It?oreétfﬁntftﬁ%neg%trﬁ'i %2@4*@5(46" rhﬁ;g of T4 mgt%ﬁj’ioﬁie‘ﬁﬁy!) -2-(3-
memyéberwl)ﬁﬁa?ﬁby azele pH teluginen (8320 ssiutipny #rg themgadded
droﬁﬂﬁﬁé(%ﬁf"‘d 5‘ve°r]45‘”|‘n|rPfTHé' rhié&t{r'e IQ%EF@H%’[ 58° € ¥t & Airthe? - dhe hour.

Subspiandy.ofie feechion atuee it SsbEsd Wil i ABLS" GeEr Snd So mi of
satseed abdidim Thivrideesstaticrd and pauckd hg réomntempefatare with stirring.

T eReF ARaiepeiiedt A tap orbafie, Bhagh 75 colBhifa6a’ 871 rotary

“evapergier.al be egilyi residue tie muiliedebyfsilids gl chromatography with 3:1

toluh® e%mf’l?’ sedtare ‘l%éri g@ﬁ@ﬁﬂbﬂd@g@ae&ed‘ g}‘%s”s‘%w?éé{ &Y 8R oil of

S(\é R- oxXy net Nzol Cc a %/St alll zes
cis-4 a(%mﬁt@wsherwl)( dneﬂﬂyloxag@eﬁ-ylmqﬂa@xy }-3-O-tetrahydropyranyl-

cchdh%xanéﬁﬁh(3n{cﬂeédIéﬂh@i@hﬁﬁﬁ’mp56(69£H34FMU§?tM@>(EED c¥04 @rm ).

exyl - 1R- oxynet hyl ) - 6- rret hyl benzoi c aci d obt ai ned wi th
a yield of 75% and an enanti oneri c excess of > 99%i s

The: tolataic! satetibrf ob _m'sq1mn(:y.lmah_exmrerfygrs-mmmylexazo|-4-y|methox'y)
o R BB h00 ol 8o 6 Wl Bl Hfaton
the dubseqyas-detachment of the tetrahydropyranyl protectlng group ?o glve cis-
(A ] O 128 -
S RS oo <
Sol\mt ENge MY NESEEERYH26FNOS) ; M5 (TOF M5 ES +): 440.2
(MrH+) . - 42-
Example 12: Removal of the tetrahydropyranyl protecting group to give
cis-3S-(2-(3-methoxyphenyl)-5-methyloxazol-4-yimethoxy)-
cyclohexan-1R-ol

8.04 g (20 mmol) of cis-1-(2-(3-methoxyphenyl)-5-methyloxazol-4-ylmethoxy)-3-O-
tetrahydropyranylcycloh'exahe are admixed with 13 ml of methanol and 0.3 ml of
30% hydrochloric acid, and subsequently heated to 55°C for approx. 2 hours. The
reaction mixture is admixed with 25 ml of water. After the phaée separation, the

organic phase is concentrated at 40°C under reduced pressure. This results in
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The exanples 11 to 14 which foll ow show the synthesis
of a further conpound of the fornmula (1). 5 Exanple
11: Alkylation with

4- (chl oromet hyl ) - 2( 3- nethoxy%henyl) 5- met hyl oxazol e
to give cis-1S (2-(3-nethoxyphenyl)-5-nethyl -

6.0 b e )i 3 HRRY eﬁb{ﬁ@ﬂw svelRRR R REpUrified
L LBt W, Arer o
organfe VMdiberits | rhralv@g be%rsoietmfb\mm of3 #6558 9604042 ofrotbis-38-(2+(3~

t et n xan I
me%)oxwah@%&s SR ANV IR b AR as
browint, lvisgbus raiintgavirgy th%mlmul@wwe@mploéen6r390¢C1aH@hF1N®4j, MS (El):
31%Qﬁ xture is stirred at 55C for a further 15 mn.

24 g (40 mmol) of 4-(chloronethyl)-2-(3-
nmet hoxyphenyl ) - 5- nethyloxazole in toluene (18.2%

Ex@nﬂh}g q_ﬁ’“) ATyIAtiI6A WilHSHe Hrnfenéthyt F-@-rﬂ&ﬂ{ylﬂénzoate to

for a

nour . SubBBiAReTHy S%iéiﬁagiérérmﬁmwmw) sermelbyloxazol-

with 60 m 49fimeahexy )&Iydld]ﬂa)dw 1&-oxpmiethiyl)-6emetiyibenzoate
chl oride solution and cooled to roomtenperature with

stirring. The phases are separated and the organic

59 phase (89.3oncemobat eaf oncis-3Se(2a{3ymethaxyphary)-5-matkyloxazol-4-

yl m%id%ygﬁ@%??h 3 FPH[ | drbed; sk%!v%'dl I t‘?%%' mf &0 'Eﬁid?gbétﬁ’iéhe and

el et hyI ncentration UR 5
admixad e @°Greis 7 & 84458 famph ‘o potagsign ert-butcxide. Within 20 min,

9.541 ao I% t@r (ﬁndrt BPW@WV?%E&SER@WI@MwHeMd@? haxya 50%
cyclahexpie SoMET 35 AL RS WA ¢ Byt SifyRoy gk StiBhg at 0C

overgightithe reattidn sofubibn is admixed with 350 ml of sat NaCI solution and

o TR e A ABEP e L s

Thisvireswist infaubtomey oip aemprisingi &1 |methyl~@s§u@§eeg;@1fn ethoxyphenyl)-
5- rrﬁe?ﬁ;%%ﬂ%ﬁh AnetiadSlIHU- PR h)-BLABHYIBrbatP  which

candse Dsed witheuhbiihenaniisatianio hgisubssanent dilyRiganRuyitied by
sﬂ:da%ﬁ&ﬁﬂoﬂna gbph 'vﬂﬁﬁhéptaﬁ@!étl@ﬁtadék‘wm&ﬁefo& fivther reaction. The

?Z%aﬁtriﬁ 4B rmﬁﬂ‘l‘;’(’%g??wé)-é-m%}gylpga@ql Azylmgghoxy)eyclohexyl-

1 R@kﬁm&&tyd)%{r&thﬁbhnmgib emta)'neﬁ et by yielch has admplavetaroxsight of

479)1562 gd@%lom%([;@p enyl|\§SS %Asr'rgt 23@5—7 )Zf yﬂf:t hoxy) - 3-0

- tetrahydropyranyl cycl ohexane are adm xed with 13 m

Exa% %anoh P']q is> dHd Ofecledse 3?3?/ H&’ﬂ!‘ﬁ’&méﬁ ' 6f apied .carboxyl

d 55C
The reai??ﬁﬂ" Q&usgt‘?s ;&‘Wed w&ﬁ?@é%@gﬁeﬂmgphenyl) 5-

After the pleaRgloxaRal-atylRthéX@cyclohexyl-1R-oxymethyl)-6-
methylbenzoic acid

Exampie 14a)

7 g (14.6 mmol) of 96.5% methyl cis-2-(3S-(2-(3-methoxyphenyl)-5-methyloxazol-
4-yimethoxy)cyclohexyl-1R-oxymethyl)-6-methylbenzoate are heated with 7 mt of
33% sodium hydroxide solution in 70 ml of ethanol to reflux for 25 h. The reaction
mixture is concentrated fully under reduced pressure. The oily residue is dissolved
with 71 ml of water and subsequently extracted twice with 35 ml each time of
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organi c phase is concentrated at 40C under reduced
pressure. This results in -43- 6.03 g (95% vyield) of
brown oil which are dissolved in 10 M of toluene and
purified by means of col um chromatography with 1:2
toluene/ethyl acetate. After the organic solvents

me{r?ﬁl’?erj?%ﬁﬂ/e:@ﬁ?ﬁ’ epl ﬁcé%ogs(ﬁ%d ] Hés li§- é’tﬁm&@d (\K’?Ith 70 mi of

xazol - 4-

denoo BN B! SHEEER T By bW, m%fs%%@&) peiiand gorarg used
uﬁCtHbaZ-pﬁﬁséﬂBﬁ:xﬁlfre 367pl-39 GTEbSbﬁé’a‘@Mb sé@rét@d)and & water

pha%e('arem ety op. Bor vt B SateheRE. i olastst) proanic phases

areried2e\e? SnbdndSumesiiaxy phd ropngebtratedhydex aedliced pressure. The
remig b%g%ﬁf%ﬁg&s%ﬁe@%fﬁgb% PaEIbReAREALE 35°C.

Afteri sesxfing 2of( Hramsohdioppwithy 1§ - Banef Ieja-3xa8dR=(3-methoxyphenyl)-5-
meﬁFMH%%E@I %rﬁﬁéﬂhBQ Hoh&yﬂﬁ@-ﬁﬁ%ﬁbﬁ%w ﬁ%thﬂb@ﬁz’imm of  acid,

ene an adm xed

crystaliraticn spist insaftemnm? &P and &ﬂnd%e "WJfCrYeH @o%ﬁ‘&&{‘g {g; 0-5°C for
sev%réi%cﬁjré 13h8 oryethls & fedrby loff with suction and dried at 40°C under

ol T T8 DO B Sy

ylmettiaxy)ayglogexgicl Rqurrratmﬂi -G-réibrytbeazoicacid ObtﬁlmQﬂ]Witb a yield of
72. ?‘?J,n ér‘?d H\%ﬁtrbrﬁéi@c ks Saf > et Sp gé ﬁlﬂ'ltgngf >99% can be

ani c % ase i s renpve oncentrated.
recmsteélrzende‘mreéub%ﬁybe@@a for fyitherasificalion.n a brown oi
corrpr|3| ng 80% net hyl cis-2-(3S-(2- (3 nmet hoxyphenyl )

0 5 TR 2 EE o R A MBS henocionens R

oxymdtingu6-rhethiyibenzpier isticc abitained nhadiea subleegiaenweight of 465.55

(Czﬁ%ﬂ%ﬁﬁ%ﬁ%%ﬁﬁ%é%2@#‘!&%‘ k hefore further reaction
e ne
Exaﬁh 5924 S}/(Z ( 3- met hoxyphenyl ) - 5- net hyl oxazol - 4-yl met h

cycl’ohexyl - 1 R-oxymethyl)-6-nethyl benzoate
obt ained in 64%yield has a nol ecul ar wei ght of 25

The47|%/cﬁ§I éi@Z%fBW@tSP (M&5( F@EOMB oiS’c)an-‘&@Q-(Z (8 Mréthpxyphenyl)-5-
meﬁ@%g&b%ygmé%% {égﬁep@dlg %)?r%%ﬁlyﬂ% tﬁyl{)eﬁfglc':on i is

effectest 2-di@GtY 2- éfBemethex yakgation - Sof c:s -35-(2-(3-methoxyphenyl)-5-

e

meM@lb@Wn&tehm the presence of potassmm tert xide as described in

 exahipie 43(H T 5@ St ERicRESeRBRBW ilout BLBSLIS %A by adding 7.62 g

(115 mmol) of 85% KOH to the reaction mixture and heating to 80°C within 3
hours. After cooling to room temperature, the reaction mixture is extracted with
30 ml of water. The chlorobenzene solution is subsequently extracted once more
with 80 ml of water. The combined water phases are admixed with 40 ml of
methylene chloride and adjusted fo pH 2 with 10 ml of 2M HCI. After vigorous
stirring, the phases are separated and the organic phase is concentrated under
reduced pressure. The residue is taken up with diisopropyl ether and worked up
analogously as above in example 14a. |

The examples 15 to 19 which follow and scheme IV show the synthesis of a further

compound of the formula (I).
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35 4-yl nmet hoxy) cycl ohexyl -
R- oxynet hyl ) - 6- net hyl benzoate are heated with 7 nml of
33% sodi um hydr oxi de solutigﬁ_in 70 m of ethanol to
reflux for 25 h. The reacti m xture is concentrated
fully under reduced pressure. The oily residue is
dissolved with 71 m of water and subsequently
extracted twice with 35 m each ti of -44- nethyl
tert-butyl ether. The aque pr dugt phase i s adm xed
Sanetnb VOl oExardplelsl or oppehans. tirredyfor/~5 mm "0
11.9 nl of 3096hydroch|oric acid are used jto‘adf us

t he 2 phase m xture to p ases ar e semans} ed
an ﬁg hasg is e m Wwith
- BP'BrBt he < -o.-a. |c phases 5 are

dr| ed over magnesi y su fate and concentr af ed dRdRS!
reduced pressure. The renai ni ng hi ghly vi $conydréinlorit Scid

'rret hyl oxazol 4-yl ng
Ex ){ thx - 6- net hyl

di ssol ved wth.50 m of didsgpropyl ether at 35C.
AFterlsgdlnt:eslu with 10 ny o
cF&2DPE f hoxyphenyl ) ©8- BH@EOR Example 17a: R = Me

enzoi aC| d,o. coystallliz on

Exag; 1 drRI@“ m n and e |np oved b ;:itklotagpgdto

Exa / -

0 cth suction djdrl ed at 4OC r @dugad koH, isopropanot
pressure. The 2.)pH<6

Ci s-2-(3S-(2-(3-net hoxyphen I) 5- net hy| oxazol P4EA Hhepane
yl met hoxy) ¢ exyI thyI 6- met_ hyl benzoi C2

aExaim@btiai ne an enantiomneric
excess of > 99% angd d p |tyo
recrystallized fro -butyl acetat

b can be

or further
purification. 15 The _
ci s-2-(3S-(2-(3-net hoxyphenyl) - 5- nethyloxazol 4-yl meth
oxy)cycl ohexyl -1 R- oxymet hyl ) - 6- net hyl benzoic acid
obt ai ned has a nol ecul ar wa r of 465.55
(C27H31INCGG); MsS (ES+): 466.3|(MtH ). 20 Exanpl e 14b)
The hydrolysis of 7.9 @ ) of
ci s-2-(3S-(2-(3-net hoxyphe
met hyl oxazol - 4- yl met hoxy) cycl"ohexyl -
R-oxynet hyl ) - 6- met hyl benzoicg_am d is effegted
d|rectly after t he aIkyIat|o

a: MeOH, n-heptane

¢: BnOH, n-heptane

ci s- BxapleZa:fet Mexyphagpy
net h F‘BRB'E Fbﬁyl%t hoxy)c exan 1 Rol with et hyI
2-br iﬁiﬂ%‘?ﬁy? BRet hyl benzodte in the presence of

pot assium tert-butoxide as described in exanple 13,
in 750 m of chlorobenzene w thout aqueous workup by

In AR fUMher- e@%nﬂale (sly%e@@'éxa%p@%%%éted tiigh ueRBldrémethyl)-5-
m xture and heaf |

methyl-2-p-tolyloxazole In t e presence of or exampie alkali metal and alkaline

earth metal bases, preferably in the presence of potassium tert-butoxide or

potassium bis(trimethylsityl)amide, to give example 15. Subsequently, example 135

is converted using methanol in the presence of acidic catalysts, for example

inorganic acids, toluenesulfonic acid, pyridinium para-toluenesulfonate, Amberlyst

H15, preferably with inorganic acids, to example 16. 2-Bromomethyl-6-

‘methylbenzoyl bromide reacts with alcohols such as methanol (Me-OH), tert-

butanol (tBu-OH) or benzyl alcoho! (Bn-OH) to give example 17a, example 17b

-and example 17c respectively. Example 16 is alkylated with example 17a, example

Example 17b: R =
Example 17¢: R =Bn

‘Bu

b: tert-butanoi, n-heptane
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hours. After cooling to roomtenperature, the reaction
m xture is extracted with 30 30 mM of water. The

chl orobenzene solution is s#ﬁsequently extracted once
more with 80 ml of water. Theé conbi ned water phases
are adm xed with 40 m of nethylene chloride and

17bagha'3éx%%ﬁ|§h1pﬁé A et BrelBnbd of 1f hple! ikali étaPEAYSalkaline

ases are separ ate e organi C

earfihesdali t@aaa@n@é@fﬁr%ww mﬁj@fesar@a&fe@ptawgme& Phutgaide, to give
exarn%ﬂéd*l‘ﬁa' exhAIPRD 18b Wnidh &Bhﬁﬂ@f‘m&"re@éétﬁwe@'ndimhled 18a is

|
nycRlyell ot netgl TetiaRida. Ao | SRR kb ARotpl Hfloalkelipe eart
meSy Nk k@e@f mreferablpesodioonmanth patbsdibm frydmsides; | Jn suitable

sol\{g{ffg- a%tpgxﬁgghﬁls rlgr gmﬁanoYe'{t%’yHr og'%ib ly in_ethanol or

isopropdnélx advipere atwlification] doofexapBiple, WRhErsgailie qwmorg@mc acids,
ol i, B e GR e PR e e 10
isolategt. Emam%’l@l@hlgewqepbr@lpd froppheXARIS 1800y § ptggcﬁegeage with
acidiEAcataiy et doe Hnsple PiHdrgatid, atids oP" trifangacetit9 abld o(TFA),
pre eraBny hydrochloric acid or triflucroacetic acid. Example 18c is converted by
hydrogenolysis with a heterogeneous catalyst, preferably a noble metal catalyst
and very preferably a palladium catalyst, to example 19. Exampie 12 is isolated in
an optical purity of > 99% ee, neither chiral nor achiral chromatography being
required for purification. The purification is carried out by crystall'ization of example
16 and of the PPAR activator example 19, for example from an organic solvent,
preferably from diisopropyl ether.

Example 15:  Alkylation of cis-3R-(O-tetrahydropyranyl)cyclohexan-13-ol
' with 4-(chloromethyl)-5-methyl-2-p-tolyloxazole to give cis-
18-(2-p-tolyl-5-methyloxazol-4-ylmethoxy)-3R-O-tetrahydro-
pyranylcyclohexane

A solution of 110 g (550 mmol) of cis-3R-(O-tetrahydropyranyl)cyclohexan-1S-ol
(example 6) in 500 ml of tert-butyl methyl ether and 97 mi of toluene is added with
stirring to a suspension of 130 g (652 mmol) of potassium bis(trimethylsilyl)amide
in 1.51 of tert-butyl methyl ether. The reaction mixture is stired at room
temperature for 10 minutes before a solution of 111g (501 mmol) of
4-(chloromethyl)-5-methyl-2-p-tolyloxazole in 1.5 1 of tert-butyl methyl ether is
added. The reaction is stirred at 35°C up to complete conversion (HPLC). An
aliquot of the reaction mixture is washed with water, dried over magnesium sulfate
and subsequently concentrated fully under reduced pressure. The cis-1S-2-p-tolyl-
5-methy!oxazoi-4-yimethoxy)-BR-O-tetrahydropyranylcyclohexahe prepared in this
way has a molecular weight of 385.51 (C23H31NO4); MS (ESI): 302 [M - THP + H".

Example 16:  Detachment of the THP protecting group from cis-3S-(2-p-
' tolyl-5-methyloxazol-4yimethoxy)-3R-O-
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Br I a: MeOH, n-heptane 0 OR b: tert-butanol,
n- heptane c¢: BnOH, n-hept ane Exanple 17a: R = Me Br

Exanple 17b: R = tBu Exanp 17c: R=Bn In this
further exanple synt hesi s, éxanpl e 6 is reacted with
4(ch|ororrethy|) - 5rrethy| 2-p-tolyloxazole in the

presence o rd es%ergg'&féﬂaﬂ@t@ givé abigaésqz- -tolyl-5-

earth rreta In the presenelo
pot assi um mﬁt yiaxagel-digeth BZSVEQ@ xan-1R-0
bis(trinmethylsilyl)am de, to give exanple 15.

10l e dveipedh el Bromdpkinl bEpaRy MGG R CRE S8 to the

solutitor gEnicis- m-i(%—tot@l&meﬁqﬂrbﬁaml-éylamtﬂoxypy&R-dJ—tdtmlnyd ropyranyl-

cycpoﬁe%aﬁg IH%}%%@ 3{131 grql%hﬁl gﬁi@g%@b%ﬁﬁje?ﬂg fr%ﬁ §x8hr§fl§ “Igbtrﬁg_reactlon
is stiret\atiR&iZo@n mmme@@nrcéa:@mew:@m af d of watersandt 1é§ g (1.2 mol)
of §EF<% gﬁgﬁ rgyg %’r’boné@ bre %H@H%nc( ttlﬁ’é’ rﬂiﬁur@rlsbﬁﬁ@d mtenswe!y

17b
Aftendifraiien, 1ﬂ7@ a%@ga&ngr{%%gxr%w earristhee)s(g Wf Rhase msﬁt‘ﬁashed

-thr@%fﬁésewltﬁa%@wﬁ@bﬂﬁ -t#ﬁe df?xbawnd Tesaspilentl e distillédheff under

el FG3) e P onf I B3Ry 3863 & tisoprooy

etheot Bes imixtureris - $1uteﬂ<|atierpom) tgynperatencaniiie pI@apltaigén@noduct is

fllte%&P o@&n&@%ﬂ%‘eﬁ &ﬁﬁ q ﬁﬁi%e&ﬁéo\b%%{yl efﬁﬁéﬂgéxag% Aok L 8S-(2-p-tolyl-5-
meﬂwtcaqazaln@yknﬁtapméy@ahemrmRe@ama\ﬁw ﬁomO&Pézwar weight of 301.39

(01942%.&!@"3?@ aotéwéuumsa@mgm@zsm wphydr oxi des, in

sui tab sol vents such as water, alcohols or organic
solvents, preferably in ethanol or isopropanol. After
Exa@nplé 1Ta:at Bynthdsis afxamgthy] 2+btdmomedhyic6-amethytbeymaate from

chiral pragrpRe Uy AT gtEs R bfomide S "8 LT

19 is likew se obtained fromexanple 18b by ester

20(?195"{‘2@@%\%6!P é)ioi? Brbib é?tl‘%t/lfé Mﬁl‘?'ylbér‘i’io X#oRlige solution (35%

rgani ¢ acl or t r| uor oacet |

Solysfost B hantgney, arecedres {408 ermpﬁla?x%hﬁfé%%%%g 4 RT for one
hOLEXElO@'rﬁI é18ﬁ He‘é)ta?r@‘éﬁé b@deQYThbyﬂﬂlﬂﬂﬂﬂ@ wakBedvsubc@ssively with

o0, G 4128 S, B obRbraaBr Bolpf AR Fed s it 200 mi
eachxtmpl ef ﬂ:&terE)&:mslequéﬁtly S’[heSStbiaBBtdISI removed fully under reduced
pressure. 98.8% of methyl 2-bromomethyl-6-methylbenzoate is obtained as a
colorless oil having a purity of 80% (included in the yield) and having a molecular
weight of 241.99 (C1oH11BrO2); MS (ESI): 243.1 [M + H'].

Example 17b: Synthesis of tert-butyl 2-bromomethyl-6-methylbenzoate

- 20 g (24 mmot) of 2-bromomethyl-8-methyibenzoyl bromide solution (35% solution

in heptane) are added to a mixture of 15 ml of n-heptane and 25 ml of tert-butanol.
After stirring at 40°C for one hour, 400 ml of n-heptane are added. The solution is
washed successively with 60 ml of sat. sodium hydrogencarbonate solution and
washed four times with 20 mi each time of water. Subsequently, the solvent is
removed fully under reduced pressure. When the conversion is quantitative, tert-
butyl 2-bromomethyl-6-methylbenzoate is obtained as a virtually coloriess oil
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an optical purity of > 99% ee, neither chiral nor
-—achiral chromat ography being 15 required for
purification. The purlflcathgn is carried out by
crystallization of exanple 6 and of the PPAR
actlvator exanpl e 19 for exanple froman organic

iW %fn%r |Mg f4 oRELLIBPRISAEM ofDBRI04 FBAPRIBYO,); MS

(ESd) s'iOQFﬂ- "'tfé't"#]ahydropyranyl )cycl ohexan-1S-ol 20 with
4- (chloronethyl) 5-met hyl - 2-p-tol yl oxazol e to give

Exampie }15:01 SYnthesis af Ranzyb2-bromame il math Wheszeats, o
ro- pyranyl cycl ohexane A solution of 110 g (550 nmol)
3 t 2
24, ?ega X Iﬁlyféﬂ) S A SRR ARLC ?&#ﬁ%@?lées?]é&nn B 136 g
(230 mmiol)off Z@rmama‘tfsyl%ﬁdm@ﬂww\mnioyh rcrmidﬁgsq gtign (35% Solutlon in

ft dditi
hep@ @?Egtéﬂ@c%ntﬁﬁ%&nﬁﬁé% RNeft o @glr QPR?Fgé{ ég% hour. A er add ion

mde in
of @Q(hé‘?' Of tRE- tPLEﬂc'f“ieQ%V?rﬁtb&ru thee |°’s'9%r%"|3 rspgglogt ISR jed Shdessively
with 8nDenadfu=R, $atfiurhOhydrogémsirbedate solutionl and four dimeklwity 300 ml

ead)y {) BF ST PYSSSHETHY 1. BOWRRY S, Femaed fyly updpr gpduced
pressure: G4t gl ofrdiemzlyl @-remarsetbgl- &mylehéoa@aafﬁ ébtaiged as a
t
oG A g RS AT O Sos o 2RO abgonzon
preaareéufrbtréﬁ's wiyghas jaumotesuiar ‘ée'gah@fé’\ws% @w&‘f gbf S (ESI):
34@91[@?81;“%?’( e;j Ifu:ly under reduced pressure. The
cis p-toly

5- met hyl oxazol - 4-yl met hoxy) - 3R- O-t et r ahydr opyr anyl cycl
Exahplanga:pr dpleylationn of hcis-3862-prialybhSroethgyliosaz -ghﬂethoxy)

f 385.51 | " ]
0 2ot TSR D ) melf i metn
- fromci s- BBe(lzopte tolgjve ;m%yhgrmmra ﬁlﬂﬁﬁhgs(?;mg hyl-2-p-

R-O -47-
cis- 3S- (2 p- ? ol y%E'F‘W'th*ﬂﬂﬁmlbﬁymwwl]benzoate

nmet hyl oxazol - 4-yl met hoxy) cycl ohexan-1 R-ol 100 m of
50 §¥Y bansthol oA ctshES (ZfbltdWI @mmmazbydxmbtmgnmman -1R-o}

andp§ SETE myBolg & paaSiut e BRuBbcs Arelinaslysd 4580, | of THF
andathednidpyreds stirred \at IRShEx S0eminutes nﬂtﬁamadjdlltmmfrﬁ)o &l ﬁ'étGFt—butyl
mefifjf! ABLHERE obf 1&{&%?”? ) €11 TNAMARTS Bbtnts 25biohficiAethy-6-
methytbenagate (1 320nrml)of w—gm mﬁthyldetb@éﬁﬁaaqﬂﬁéat@%rr@acﬂon is
stlr%dgfjte?ﬂﬁeﬁaﬁﬁreg‘ BEtWEEN 1 25- §(§‘*G &A1 IHYUe oY &) Muenddddeby adding

Cbrr@ggrﬁ?t dre lqegc:aﬂ@émoqar?sgﬁérs rerngg\?a\llledf {he aqubaous phase, the
organic phase is washed three times with 300 ml each time of water.
Subsequently, the solvent is removed fully under reduced pressure. 74 g of methyl
2-methyl-6-[(1R,35)-3-(5-methyl-2-p-tolyloxazol-4-
ylmethoxy)cyclohexyloxymethyl]benzoate are obtained as a slightly yellow oil
having a purity of 79% and having a molecular weight of 463.57 (C2sH33NOs); MS
(ESI): 464.37 [M +H]".

Example 18b: Alkylation of cis-3S- (2 p-tolyl-5-methyloxazol-4-ylmethoxy)
cyclohexan-1R-ol with tert-butyl 2-bromomethyl-6-methyl-
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10 three tinmes with 800 m each tinme of water. The
solvent is distilled off under reduced pressure and
the resulting oily residue i, taken up in 450 m of

di i sopropyl ether. The nikﬁgfe is stirred at room
tenperature. The precipitated product is filtered off

o Sa NS pEhEBa td bive ettt oot Be(1R 2%} 5-methyl-2-

cis-3S-(2-p
net hyl oxaz Dl-tolvlyxmIMVPGW%%X@'MEXR[Q?WWYHQGﬁz°ate
nol ecul ar wei ght of 301.39 15 (G 8H23NX3) is

bt ai ned; M5 (ESL): 302
10639 (BREEONoN BRI 2R U ARy e I ebaiciohexan-1R-
ol 4ridoeD 92($z4omm@ kY IpotagBhirytehantoyitie ke dissohaal 200.0gl of THF

KSR e el g o T

methyl odthegt basolutioAf Dér 120 i gr (3% mMAT diomeshy 2H@ygrnomethyl -6-

meff he-o8le '%‘?i@t ﬁﬁecga{??t nﬁﬁgfﬁjnetﬁﬂe ﬁ%!r%' %dhc?ds TS hesction is

ccessi veI um rogen

St!r@draidﬁﬁmré’f@ﬁm oiﬁ{)"&w@rt&@r isulesrSUhgECHeDt) the OrgaG Phase is
wa§Hé?Ses@écé§@Fv%I witH b equsmivhter, 2@ rﬁioéﬁ/g?ﬂrobﬁloﬁelmitﬁ(b .5 molar)

ol b S8 55 P A e Bt A souton (126
Afterolfulir lepsovadidi thevédigerd imdert redobedWregsurel U@8dg iaf terebutyl 2-

methuf Gl 1P S PR R ReqE, O 1 ' e 17b:
yimsthexdyyictoheiyloxymetd enzoaieombtgrmettaseamﬂllwn%di@ﬂng a
pur@f 8@3@% 24BN 9@ Hféiﬁﬂf@ mw sﬁz@sm&hﬂm—gxbz loxazol-4-

e sol utjon

utlon Cgﬁt are ad d| |
y|m?8103<yPﬁYié{Q§}eé‘Yl@P<yl1?ﬂ?M gnzea ﬁeB'ie&ﬁ‘ée i ydpas a molecular

wellgﬁféﬂms 85 QC,H:M 08y MS (ESINSORBIJRNIG-HPr one hour, 400
n- hept ane are added. The solution is vvashed

SUCCGSSI vely with 60 m of sat. sodium

Exdmpleot@erc aAbioylatiens of ut:lseIiSe(ﬂep-wyhﬁshem)ﬂomqur41¥|§n9th0xy)-
with 20 n @ﬁ:!ﬁ u B-methvl-
solvent is 9r em&éﬁe“lﬁ)l &[ﬂ er rhggge?Bt%@gm%hyl 6?r1net y
t he conver beoroate togive thenzyk 2-methyl-G:{(1{R,35)-3-(5-methyl-2-p-

2- br ononet F-AMIRRIIBER ifoenzoate
virtually E%IM)(?(I-%?S g* - 48- ir%aw ng dgtc% pu?mﬁzn

havi ng a nol ecul ar wei ght of 284.04 (C131-11713r02);
157 Einbl) tés{;|Mrr+té1wﬂ;toExwﬂeeadded tSprechetiinsob80 g (100

S SR 5 LA hedhe A o0
of B and the mixture is stirred at RT for 30 minutes. After additlon of 445 ¢g
(112 mmol) of benzyl 2-bromomethyl-6-methylbenzoate (80%), the reaction is
stirred at 30°C for 30 minutes. Subsequently, the reaction is poured onto a solution
of 15 ml of hydrochloric acid (32%) in 300 ml of water. After phase separation, the
organic phase is concentrated fully under reduced pressure and the residue is
taken up in 500 ml of tert-butyl methyl ether. The solution is washed four times
with 300 ml each time of water. The solution is removed under reduced pressure
and the residue is purified by chromatography on silica gel. Benzyl 2-methyl-6-
[(1R,38)-3-(5-methyl-2-p-tolyloxazol-4-ylmethoxy)cyclohexyloxymethyllbenzoate is
obtained in 90% yield as a yeliow oil having a molecular weight of 539.68
(CasHa7NOs); MS (ESI): 540.41 [M +H]".
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(233 mmol ) of 2-brononet hyl - 6- et hyl benzoyl brom de
solution (35% solution in heptane). Subsequently, the
mxture is left to stir at for one hour. After
addition of 500 m of tert~butyl methyl ether, the
organi c solution is washed successively 10 with 410 m

o) r -
EX%RZ@IIQ ) h%@% id Wﬁ%ﬁflﬁgﬂ? (QRS‘.‘»’é)uﬁ (%rﬂgtg\'glgl fZ&H-Vtoly!oxazol
the sol venﬂ-ylmqtb%w)@achhewl@metm& thenzeic prasdd urh-y ester
74 g of beppadvagebr onomet hyl - 6- net hyl benzoate are
obtained as a <Colorless oil having a purity of 80%
The benzyl 2-brononet hyl - 6- et hyl benzoate prepared in

a: t hiffowaymiés/l a melhgtel[AIR, 86)-Ghi5-mkt348-Blyloxazol-4-yimethoxy)-

cyc&g;()i(%?g{ﬂ%ﬂl]g%é&gl 23"7. 1 égh %é ]m%oﬁ)%#m%lﬂqﬁ mgfﬁﬁ[@)—tﬁ R,38)-3-

(5-roiethyB3-ft-Blyloxartold-Brmeth dg) eyciotexylbxymeshyilbeyyoate are
dis%di%d)nﬁxé‘r}nﬁxﬁlrgl of""6f4E ﬁ??td?yisoérdﬁagﬁf%hﬁb Ril BTt Wster. 47.7 ¢
enzoa grLve nme - 6-

(80R ewpl)nf Potzfsitiy | ygrqg(lciq)are added in porglons The reaction is stirred at
950k 248&1@&5430&@ Ghieny), cviel shieet X ysrabved lfbsnzedee reduced

pree%r%e%nf? ghﬁ es d;vre . kR, ¥R,a 800 Ml Phiartbuly) Crthyghether and

800l dR-wdter.afddiB6n gof (IRGRocmol awid (Bt} sicidiies the mixture. After

phas%r% Up% étﬁ%ﬂ gﬁ; r8:t aﬁl‘?%e %qméwn P‘tm%fs \%F‘F%@Prﬁ el time of

watgtidThé orgapic Blwsems agnceairataguurder 7eduegchpressureeand the residue
is sﬁﬁbﬁt\»}/igga ﬂﬁleﬁﬂlsapﬁ effsp! Th@%o!‘@tshﬁ‘l{eré’d BhE @@thbderéeduced

nmet hy nzoat ert-
PregSiBe. The r eAdPEN gi(ﬂ %3&)-&*-&& -ge %h&%ﬁ%@ Jimethoxy)-
cyclhiewgRy ﬂ\@tlﬂgﬁeﬁmlchcmolsrotﬂ@dedm guengibkady caddalfige solid.
500 m of rochloric acid (0.5 nolar). After renoval

of the aqueous phase, the organic phase is washed -
b: thrfamrnttalrbbutpd trhetB@B6-i{1RsaB i 3e(d Brpetityl-Re-talylogarol-4-yimethoxy)-

cyc%%%§<§|%gﬁ Jb&ﬁfoa'}gl Y681 (39 (Béa Mgﬂ‘ tb ! b'uYyl lrmf{ﬁif 6(1R,3S8)-3- "
(5-rretbg)-29p- oj,yima@yﬂ ﬁmggn@q methyl]benzoate are
dlSéﬂl\F@i *‘wwhémﬁh@h@nm mr@tnhm ]dfetﬁﬂ@@b@car@ %}t glréleﬁcﬁﬁ The
oot 1 bl St L5 2 Ghoirsr o S erlio S SRoagAtRd uly by
evapbRition. 46é. r@gidul is thken 8p lﬁmamrpbédiléﬁprodyl lethert ammhed four
tlm%;\;\ﬁ Bﬁ%(i %%c&ltﬁpe%f%tte L&gﬁ%@ﬁyﬁéﬂy l‘fTBti %?)Wz}tér is added and a
basi pirldsresiblighedsbyratitijipn-of $odhem hydroxideosajutien (4 M). After phase
septa?étonb Uiy aﬁu@@ﬁg‘ydha@e[ {d RvasHed the ity 408" ml each time of
diisopropyl ether. After addition of 1.6 | of diisopropyl ether, the mixture is acidified
with hydrochloric acid (2 M). After phase separation, the organic phase is washed
four times with 500 mi each time of water and subsequently concentrated to about
a third of the volume. 2-methyl-6-[(1 R,38)-3—(5—methyl-2-p-to!yloxazd!-4-
yimethoxy)cyclohexyloxymethyllbenzoic acid precipitates out as a crystalline solid
and is filtered off. After drying under reduced pressure, 2-methyl-6-[(1R,35)-3-(5-
methyl-2-p-tolyloxazol-4-ylmethoxy)cyclohexyloxymethyl]benzoic acid is obtained
in 66% vyield.

c: from benzyl methyl-6-[(1R,3S)-3-(5-methyl-2-p-tolyloxazol-4-yimethoxy)-
cyclohexyloxymethyllbenzoate: 15g (27.8 mmol) of benzyl methyl-6-[(1R,3S)-3-(5-
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Example 21

p-tolyl oxazol -4-yl

nmet hoxy) cycl ohexyl oxynet hyl | benzoate 100 g (332 mmol)
of ‘

Ci s- 35 (2-p-tol yl - 5- net hyl ©Razol - 4- yI met hoxy) cycl ohexa
n-1 R~ 5 of and 60 g (524 mmol ) of potassium

meﬁnﬂ(%-&m&)ﬂéxéjzﬁl ?{3@&1 ?&gﬂﬁ%ﬂ%@ﬂa@sjb@h‘?oat%néjretd?@soived in
30Caddiafi BriF o7 08 mg off paediusutop cambenHypl/)edlivepdded. Subsequently,
hyo?@%éﬁét%ﬂ foefFE%%cQat( %ﬂdﬁ?@bbes%ﬁrcﬁﬁﬁ@ﬂT untll no more hydrogen is

ronpnet h

takeR Up. H@@ﬂ%.%%ﬁi@%é? ?'ft Fedhiaad. tﬁerﬁég%a&?]aéﬁ ip subsequently
congehfrard ﬂllll tupaiee redweers pafssdfC Tiar redidus isutaken up in 150 ml of

teﬂiﬁ@eggtﬁ 'trWtrP ﬁ‘l@f %nr ogf %%gér anﬁzég,o"‘%hg‘ﬁ saturated sodium

hydnty@brwzinbmate aciution0. ﬁa:temlph@e sephrakor, ﬂhere@qwqw ph@se is
wa%%ae\%ﬁlp 1'5'0%‘1] gf te?tl%{?t?%ﬁe so rC§h8§ dcgl% ‘1’5(‘)%] df Hisopropyl

renova ent _un %
ether ges added 209 ifeonidieiet staqag,lﬂeq wfg?et:q}mer@:qteeq ydrochloric acid.

AftdP ﬁ%sﬁ% ﬁﬁ‘f?ﬁ‘lghe%@aﬁl@wa@é% Wasﬁed four tlmegtwnh 100 ml each
0 cl ohexyl gx r e obt ai

o st Gh A G R AGE VA e Plarthe Tie rdiiaue i

stirfeelr fith @ Mﬂe%;@ﬁpﬂmﬂyl 6tHef 1The solid is flltered and dried under reduced

preﬁtﬁg% Igs Wﬂ@ﬁ %’XQ Hi@h@f?%é-m@b{(azol -4- glmetﬁzxﬂcyclohexyl—

oxyntatsyljenzhinsacid macbtetameairm AKSp gtﬂl 8% amzsteﬁme soli
(C31H39N05) M5 (ESI): 506.39 [M+H]'. Exanple 18c:
| ati on_of

_Theb, S Feetpy- %—[({Ia %) 3- (ﬁ@@itpybg—gztgjyiqg(a&;phgtmﬁmoxyﬁclohexyloxy—

gybehsiercldRpapaned bybteazdtfeRnbvariantttrgd atmotechidr-weight of

449&%@@2759&3%% =500 B0 TAHL or - 4 y1 et 1

oxy)cyclohexyloxynethyl]benzoate 18 g (157 muol ) of

Theogt%géieg%d ghd ?9 %f?éh 481 Sn8 U sdrrfe SOSHEW B 8YntRBsis of a

fur’tbelsctifﬁp@@cbof EB!%fDFfBUi@e(ﬂ}}yl oxazol - 4-yl met hoxy) cycl ohexa
n-1 Rol in 300 M of THE and the m xture is stirred
Schgpne@l' for 30 mnutes. After addition of 44.5 g (112
mol) of benzyl 2-brononethyl - 6- et hyl benzoate (80%,
the reaction is stirred at 30C for 30 m nutes.

Subsequently, the reactign is poured onto a solution

Bxamble 811 ydr ochl ord (32% in 300 m of

wat er . Af @o s t he ani ¢ f@ha S

‘concentr at fu I er reduced pr%—gﬂ%\ €

residue is tak®n up in 500 mM of teft-butyl Y| Example 176
m

E)&Hﬁéonhe solution is washed four,&inmes| wi 300
each til wat %r Thti on s rerm ed komder

reduced pr arified by

32

e

chronatography 0 Jsilica gel . thyl-6- [(1

R, 3S) - 3- ( 5- net hyI 2-p-tolyl oxazo 4 yI mef hoxy) cycl ohex

yl oxynet hyl ] benzoate is 35 obt ai.ne {_II n o9 AJerFg‘I ,qhe%nea
39. 68

Example 20:  Alkylation of cis-35-(2-(4-fluorophenyl)oxazol-4-yl-
methoxy)cyclohexan-1R-ol with tert-butyl 2-bromomethyl-6-
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(C34H37NCB); Ms (ESI): 540.41 [M +H + -50- Exanple 19:
Synthesis of 2-nethyl-6-[(1

R, 3S) - 3- (5- net hyl - 2- p-t ol yl gxazol
4-y|nethoxy)cyclohexyloxynészyl]benzoic acid by ester
cl eavage 5 a: from net hyl

met hyl - sr3oats Metdy! toltghog;@ml AeiglaEsSL(2-(4-
812( y%nat ﬁzld %ﬁhﬁgpﬁg;eéﬁl . ?nﬁn%:thgxy)cyclolge)gﬁ 1%—o:;ﬁethyl)

(5- et hyl - g:rRetiibbrxeatel - 4- yl met hoxy) cycl ohexyl oxynet
hyl ] benzoate aré dissolved in a mxture of 640 m of

i sopropanol and 80 m of water. 47.7 g (809 mmol) of
3.3p@t @S mmolhyair patadsiuar eerdatukide gpor adders to Thesolution of 5.1g

(17&%@@% erﬁfs &hids f‘és’ L2y &%p%éﬁy@%avzég-ztf Effoxyloyclohexan-1R-ol
(examglec 8} in 5Be's‘sqf EHim d henmitiers igualiries! ataRé‘vfouﬁou mirgdes. 6.83 g

(22;@ dm‘?ﬁol { &f tt?tkftbtug*l Oﬁ‘ﬁ dmbm%mlﬁ?% ﬁ@%yl@é}%oﬁe @5%?t(§kample 17b)

orjc acid L es

arerdgledr dhe xeaghon isheiseedsalRT 4ef i%ou{ hﬁ’%%&ﬁi"’@t Pk 17:5 ml of
hydﬁ@@tﬂ@ﬁb bewr (2 Mesrenadded 00Fer p Wlsépm’etlorﬁ theadrganicTplease is
S P OB S 00T AVl SRR e
reddcéd apesgyre. ethér g Thdeddiuty cis-2-{33-2-¢4Hflaapienglioxazol-4-yl-

meﬁ?}%ﬁcyéﬁ?éﬁﬂ&l?%@é%%ﬁ ?%I’ gl bz@at[e( dre o([)a)t(alyed as a slightly
yelloyfcptbmmng)ﬁyn@ﬂwypf B2izof be 4ba crt&a@sﬁiaﬁeﬁ@ef%wlncm%’»"s -(2-(4-
ﬂudfb;%%yﬁﬁx&&IM?mthbMC?@bh&ylhR -bx@fiethenis-hethyibenzoate has

§v “éaf(s%ghﬁxl 9. p 49539 oxGralisd NPaer YRy ) -(EX): 44019
[M cm_blh‘tgkyll—pxyﬁét hyl ] benzoate: 200 g (396 nmol) of
tert-butyl nmethyl-6-[(1 R 3S)-3-
(5-net hyl - 2- p-tol yl oxazol - 4-yl net hoxy) cycl ohexyl oxynet
Exdmplé2tz oaCleavage diafsothved fent-hutdpt aater 300 cigs2-(35-(2-(4-

| f
" Lt irred! Q?st%ﬁﬂ'ﬁiﬁgaggﬁcﬁﬁ YRR Ribthy)-
concent r at Bdnethylbenzoate\togiva Gigmr-(3f kjde'ﬂ E%ph%nyl)oxazol-
taken up ip.yl nﬁeﬂwaa‘y)dyuan@kppm-cﬂtyrﬁét yethgtbdragic

25 time wth, each time of water. Subsequently,
1.0 | of wafl |s added and a basic pHis established

by addition of sodium hydroxide solution (4 M. After

R R el Ty

me’dmbdyldyolnhekyli‘l R-oxyiethil - @mmtbw;aenmai@r (82%h) afe disgalveds in 20
ml Bﬂjfyh drSr‘ﬁetrYérLeh AR étﬁ;hﬁ bE 18CH \Sva?sh Mmolﬁfd‘ & fIdQﬁééébtlc acid,

organi c ase 1S four, tinme

thequactlgoo isyi stiseach ati i Jprv\,a@ehogﬁd QM@@HY’I Jhe reaction is
con%@ﬂﬁ&!@drfiﬂ?dm mﬂe i tAk dpoih 16@ rviobiiaiisopropyl ether and

wasﬁwerdpsm ¥tmes Jv(th 55 mi gac:?-u gmem?wa¥er %u%ste&ljé/ntﬁ/),(%a ImI of water are
added and a basic pH is established by adding sodium hydroxide solution (2 M).
After phase separation, the aqueous phase is washed three times with 50 mi each
time of diisopropyl ether. 150 ml of diisopropyl ether are then added and the
mixture is acidified with hydrochloric acid (2 M). After phase separation, the
organic phase is washed three times with 50 ml each time of water and then
concentrated fully. The residue is recrystallized from diisopropyl ether. 2.9 g of cis-
2-(3S-(2-(4-fluorophenyl)oxazol-4-yl-methoxy)cyclohexyl-1R-oxymethyl )—6-methyl—
benzoic acid are isolated as -Crysta!s. The thus prepared cis-2-(3S-(2-(4-



yl met hoxy) cycl ohexyl oxynet hyl ] benzoic acid
precipitates out as a crystalline solid and is
filtered off. After drying_ggqer reduced pressure,
2-nmet hyl -6-[ (1R, 3S) - 3-(5- -

met hyl - 2- p-t ol yl oxazol - 4-yl met hoxy) cycl ohexyl oxynet hyl

ﬂchb&?r’iErﬁh)%x?%&% gﬁrfﬁ%&ymloh&yl' RGN fle-rRethlibefkoic acid

hasra sgyie@ﬂ@iswmhh 39.48 Bk 0RN D) MS (ERbE A3&yH)!-IM - HI
cycl ohexyl oxymet hyl | benzoate: 15g (27.8 nmol) of
“benzyl nmethyl-6-[(1 R 3S)-3-(5 -51-
net hyl - 2- p-t ol yl oxazol - 4-yl net hoxy) cycl ohexyl oxymnet hyl
] benzoate are dissolved in 300 m of THE 700 ng of
pal | adi um on carbon (5% are added. Subsequently,
hydrogenation is effected at standard pressure and RT
until no nore hydrogen is taken up. The reaction
m xture is filtered and the organic phase is
subsequently 5 concentrated fully under reduced
pressure. The residue is taken up in 150 m of
tert-butyl nethyl ether, 150 ml of water and 150 m of
saturated sodium hydrogen carbonate solution. After
phase separation, the aqueous phase is washed wth
1500 M of tert-butyl nmethyl ether. Subsequently, 150
m of diisopropyl ether are added and the m xture is
acidified with concentrated hydrochloric acid. 10
After phase separation, the organic phase is washed
four times with 100 m each tine of water and then
concentrated fully under reduced pressure. The residue
is stirred with alittle diisopropyl -ether. The solid
is filtered and dried under reduced pressure.
2-methyl -6-[ (1 _
R, 3S) - 3- (5- net hyl - 2- p-t ol yl oxazol - 4-yl met hoxy) cycl ohex
yl - oxynethyl ] benzoic acid is obtained in 42%yield as
a crystalline solid. 15 The 2-nmethyl-6-[(1
R, 3S) - 3- (5- net hyl - 2- p-t ol yl oxazol - 4-yl met hoxy) cycl ohex
yl oxy- met hyl ] benzoic acid prepared by the different
vari ants has a nol ecul ar wei ght of 449.55
(C27H31NCB); Ms (ESI): 450.29 [M+H +. 20 The exanples
20 and 21 which follow and al so schene V show t he
synthesis of a further conmpound of the fornmula (1)
Schene V. Exanple 8 F1/ ' o OHBr O~ ~ Exanple 17b



Exanple 20 N KotBu F f J O OH TFA, n-heptane F ~
Exanple 21 N OO 25 Exanple 20: Al kylation of

ci s-3S-(2-(4-fluorophenyl)oxazol -4-yl

nmet hoxy) cycl ohexan-1 R-ol with tert-butyl

2- brononet hyl -6 -52- nethyl benzoate to give tert-butyl

Cy 44204 PCT/EP2005/009095
fmr%ggﬁ@r?gla?&azol 4-yl met r?gxy) cycl ohexyl -

R- oxynet hyl ) - 6-net hyl benzoate 5 3.31 g (28 nmol ) of

pot assi um tert-but oxi Y¢hatie cldieed i a solution of 5.1

g (17.5 mmol) of

ci s-3S-(2-(4-fluorophenyl)oxazol - 4-yl met hoxy) cycl ohexa

" nil RAglrocdssanptepaingianca@opatind bf thaformula a‘/h zompasing the

stirr .g (22.8 nmol) of
tert- %QPQ%ngrgr tofr@teh%wlﬁﬁécﬁe enzoate (95%
(exanpl e 17b) are added The reacti on is stirred at
RT for 1 hour.™~00 m of water—and 17.5 m of 10 .

' Z ady, After phase
separ ati on, e prganic phse s Jwashed four tines
with 100 > 20d concentrated fully
under Z’le@uc? preZ3ur e. H@ 6 ofPHert-butyl
ci s-2- (35 ( 1%3. f1 uor ophenyl )@g)azol 4-y| -
nmet hoxy) cycl ahexyl -1 R-oxynet hyl)-6-net hyl benzoate are

obt ai ned as sliightl yell ow oil having a purity of
82% The thus) obt ai péd2tert-butyl cis-2- (38—(2-(4 15
fl uor ophenyl)aoxazol - 4-yl net hox )cyclohexyl
R- oxynet hy a | ec
of 495. 59 H34 F

tert-buty H ' . Cl eavage p
tert-but o (4, 20 fy
uor op?i’ fjizop?_il y Z\Zﬁé Tzénexyl -1
R- oxyrret hyI )- “6- met hyl benz to give

cis-2-(3S-(2-(4-fluor ophenyl ) oxazol -

4-yl - met hoxy) cycl ohexpg,r met hyl ) | benzoic Rrs
aci 8) R1 Ring A ngA
: OR6

R2 0z3 730
(Hia) (lib)

R, ) @j

(IVa) | (IVb)
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25 10.6 g (17.5 nmmol) of tert-butyl ester of

Ci s-2-(3S-(2-(4-fluorophenyl)oxazol -4-yl -

nmet hoxy) cycl ohexyl - 1R- oxynet hyl) - 6- net hyl benzoat e
(82% are dissolved in 20 m of dichloronethane.
After addition of 10 m (128 nmmol) of trifluoroacetic

acid, the reaction is stirrgg at RT for 16 hours.

Subsequently, the reaction is concentrated fully. The

residue is taken up in 100 m of diisopropyl el%ger and
S 2 r.

30 washed six tinmes with time of
Subsequenti 0 m Oefat er/Ring A ndded a a basic
pH is ef3t ab a(ﬂdi ng sodi hydr oxi ol ution
(2 M. Afte ase R 1A eyl aseng
5%dm each tinme of RS

washed three fHomes with

dii sopropyl ether. 1%) m of diisopropyl etker are
then added and the mxture is acidified with
hydrochloric acid (2 M. After phase separation, the

35 organic phase is vvasrrgg t
time of mpat nd t cong’amih
resi du@j's lilzed f(om diJ
g of cis- N

times with 58°m each

opr opy her. 2.9

2- (3S-(2- (4-fduor ophenyl))<69azo -4-yIO- rr\ét hox) cycq)lgﬁexy'

-1
as crystals. The th

R- oxynet hyl ) - 6- [@t hyl - benzoic acid ar& isol ated
prepared cis-2-(3S(2-(4 -53-

finwdriciptie ye inshddwdl-s4eps.- met hoxy) cycl ohexyl -1 .

R- oxynet hyl ) - 6- net hyl benzoi ¢ acid has a nol ecul ar

wej ght of 439. 48 5H26FNO05)..,, M5 (ESI ) 438 .31 [M -.
F1h) VD eOTTRDS125 516 SATN BT KbIBSRBIE0YEn WA 1o give a
cl ai megpmpgountl & theotaarld ¢v) i épaprespneecainan @ndyme which

the 1 GO0 AgULeRERR Sty ABasSbPRR SYRROMARY P,

the fdt2
(IX) (X)) al a2 Ring Ab) RRng Agq) Rng A Z1-6(V)

or

%)_Z.l aocsl}ﬂg'ghhd'@lstﬂ'@f&n@a(M))is @hclRHWith YaRfedst theAacyl

R n .
dgonor to give the compound (V) in the presence of an enzyme which
affords a suitable enantiomeric excess of the compound (V),

the compound (V) is reacted in the presence of an acidic catalyst

b)
with a compound which can form the base-stable and acid-labile
protecting group Z3 fo give the compound of the formula (Vi) and

c) the compound (VI1Il) is converted in the presence of a nucleophile to
a compound of the formula (I1),

d) the compound (I}) is reacted in the presence of a base B1 with a

compound of the formula (V1) to give a compound of the formula
(lla) or with a compound of the formula (VII) to give a compound of
the formula (lilb),
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NXOOZ3Z3 00R Y 41- OR6 (Ilia) (111b) 10 R4

R5

(
e)'1 Ox Rhng Aor Rng ANX-0 OHR2 HO-Y ~ OR6
(l'va) (IWw) -55 R R4 RRing A f) t J
R2 O

NX-OOY OR6
(la) R R4 g) RLO-Rng ANIII XXOO Y 0/

OR3 R2 (1) in which, in the individual steps, al) a
conpound of the formula (1X)sds reacted with water to
give a 5 compound of the formula (V) in the presence
of an enzynme which affords a suitable enantjoneric

excess of the conpaund gY), or a2) a conpQunatr of the
for nul aR( IS\re with at |east ong &yl donor
to give t CO wd (V) in the presencp an enzyne
which 10 rds &-Suhablezenanld oRer Mscexcegsref

t he compoundr®V), b) the conmpouhd (V) is rgacted in

the presence of an acidic catalyst

g)

vVh (VIN)

the compound (llla) is converted to a compound of the formula (IVa}
or the compound (llib) to a compound of the formula (IVb), the
particular reaction being effected with an alcohol in the presence of
an acidic catalyst,

the compound ([Va) is reacted with the compound (VIi) or the
compound (IVb) with the compound (VI) to give a compound of the
formula (la) in the presence of the base B1 and

if appropriate, the compound (la) is hydrolyzed or hydrbgenolyzed to
give the compound (I) when R3 is H,

the compounds (IX) and (X) each being present as the pure cis isomer or
as cis/trans mixtures,

and in which the variables and substituents are each_deﬁned as follows:

Ring A is C3-Cg-cycloalkyl or Cs-Cs-cycloalkenyl, in which one or more

carbon atoms in the cycloalkyl or cycloalkenyl rings may be
replaced by oxygen atoms,

R1, R2, R4 and R5 are each independently H, F, CI, Br, OH, NO3, CF3,

R3

R6

OCF3, C1.Ce-alkyl or -O-(C4-Cs-alkyl),

is H, C4-Ce-alkyl or benzyl, which may optionally be substituted
by F, Ci, Br, OH, NO,, CF3, OCFs3, C1-Ce-alkyl or —O-(C1~Cs—
alkyt), '

is C1-Cs-alkyl or benzyl, which may optionally be substituted by
F, Cl, Br, OH, NO», CF3, OCF3;, C4-Cg-alkyl or -O-(C4-Ce-alkyl),
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with a conmpound which can formthe base-stable and
acid-labile protecting group Z3 to give the conpound
of the formula (VIIl) and 15 c) the conpound (MI1) is
converted in the presence of a nucleophile to a
conpound of the formula (I11), d) the conpound (11) is
reacted in the presence of agpase 131 with a 20
conmpound of the formula (VI) to give a conpound of the
formula (Illa) or with a conmpound of the fornula
(VII) to give a conpound of the formula (I1lb), -56-

Rpound (Pl dn e P Fors Sathn aos, B e Sk

formul a (ldfapp may baecepglangdbydxypéen Bjorns a conpound of
the formula (1Vb), the 5 particular reaction being
effected with an alcohol in the presence of an acjdic

c¥tal yst, B)Crhealohpbumtich ong) o moresartan joms ihike alkyl
conpound ( hb rRdy b8 feplaesd Oy BBtyGéryBlonét h the

conmpound (VI) to give a conmpound of the 10 fornula

(la) in the presence of the base Bl and g) if
appreprdAatare ddovh independuhtiy lan) adid-shgtke proteetihgogroup,

hydr ogenol yzed to give the conmpound (1) when R3 is H,
15 the conpounds (I X) and (X) each being present as

tB® pure ds@ hassneipblerandigcidtlabile pigdedtingtgreee, and in
whi ch the vari abl es and substituents are each defi ned

as follows: 20 Rin cl oal kyl or

@@déﬁlﬁﬁlﬁé&wnge?@ﬂqﬂﬂﬂﬁf@ |8ﬁ‘é'¥18r9rﬁ'6f%e carbon at ons

~in the cycloal kyl or cycloal kenyl rings may be

r | aced b xyge t QN | e h

LSRN B i R Bl meta
alkoxide, alkaline earth metal amide, alkaii metal amide, alkaline .
earth metal silazide, alkali metal silazide or alkali metal hydride.

2. The process as claimed in claim 1, wherein the compound (IX) is
prepared by

i reacting the compound (X) with at least one acyl donor in the
presence of an enzyme which affords mainly the cis isomer of the
compound (IX), and the trans isomers of the compounds of the
formuta (V) which may be formed as by-products are removed, or

ii) reacting the compound (X) with at least one acyl donor.

3. The process as claimed in claims 1 or 2, wherein Z1 and Z2 aré
each -C(0O)-CHj; and/or Z3 is tetrahydropyranyl or methoxyisopropyl.

4. The process as claimed in one of claims 1 to 3, in which:
Ring A is cyclopentyl, cyclohexyl or cycloheptyt,

R1, R2, R4 and R5 are each independently H, F, Cl, Br, OH, NO., CF;,
-OCF;:,, C1-Cs-a[ky] or O-C1-Cs-alkyl,
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25 OCF3, Cl1_C6-al kyl or-O(d-C6-alkyl), R3 is H,
C - C6-al kyl or benzyl, which may optionally be
substituted by F, d, Br, OH N2, CF3, OCF3,

Gi-C6-alkyl or -O (G -Cs- alkyl), 30 R6 is Cl-C6-al kyl

or benzyl, which may optionally be substituted by F,
ad, Br, OH N, CF3, OCF3,. gg-C6-al kyl or.

-0 (G -Co-alkyl), -57- Xis G-C6-alkyl, in which one
or nore carbon atons in the al kyl group may be

rRRI aced byis eXyOERCAtaMB or DeMzyls Cl - C6-al kyl, in which
one or nore carbon atons in the alkyl group may be
repl aced by oxygen atons, ZlI and Z2 are each

i Xdapgendentdryg each audepesdantly Gar@d-elkyi. ng group, 10 z3
IS a base-stable and acid-Iabile protecting group, Z4
and Z5 are each independently a | eaving group, Bl is a
tiorti arlye prdcess As claimed imslaim 4| oXhigB, tertiary

al kali metal 15 al koxi de, al kaline earth netal am de,

alkalj netal am de, al kalipe rth netal sjlazjde,. ..
TRaiA ot b IPPRSkYan AN e SCRBMANHG FEEe. §-Copfaining
process as gupslitiedtd f cloamoial,()\wass di nthieheiseb,Sparmanement
(IX) is pr [ L) j t he compound ( X)

wi th at |ea[§%%3§$0 g{%’&c&%&%@?ﬁ%bh&gt, presence of an
enzynme which affords mainly the cis isonmer of the

g)ggpﬁgpd (1% cafh ét&gt_trans i soners of the compounds

formula ( ich may be fornmed as by-products
are renoved, or 25 ii) reacting the conmpound (X) with

8. | eapie pRIGeAS ¥k cifRY. in dncldfeldifmeceRs4 da wHieth med i n
claims | or 2, wherein Z1 and Z2 are each -C(O) -CH3
and/or Z3 is tetrahydropyranyl or methoxyisopropyl .

) 4. albempoondskthesfonhaien@d) ismeadteddn the prasenge of lipase B

In whithh Candida antarctica with water to give a compound of the
formula {V),

b) the compound (V) is reacted in the presence of an acidic catalyst
with a compound which can form the base-stable and acid-labile
protecting group Z3 to give the compound of the formula (VIIf) and

c) the compound (VIl) is converted in the presence of a nucleophile to
a compound of the formula (il),

d) a compound (Il} is reacted in the presence of a base B1 with a
compound of the formuia (V1) to give a compound of the formula
(Hla),

e) the compound (Illa) is converted io a compound of the formula (IVa),
the reaction being effected with an alcohol in the presence of an
acidic catalyst,

f) the compound (IVa) is reacted with the compound (VIi) to give a
compound of the formula (la) in the presence of the base B1 and
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Ring Ais cyclopentyl, cyclohexyl or cycloheptyl, 35

Rl, R2, R4 and R5 are each independently H F, d, Br,

OH, N2, CF3, -0OCF3, d-C6-al kyl or O Cl-C6-alkyl,

-58- R3 is Hor Cl-C6-al kyl or benzyl X and Y are each

i ndependently C -C6-al kyl. 5 5. The process as cl ai ned

inclaim4, in which: R ng_A&ds cyclohexyl in which

the X-containing and the Y-containing substituents of

formula (1) are in the cis-1,3-arrangenent relative

t@) L hleif é%pﬂo?ﬁete{ lthé cagpenhd (1) ié(gwimiﬁedrc&fm@r:drgenolﬂzed to

met hyl .. e _Rpr one of clains

to 4, Q'HemE?{nﬁgﬂﬁtﬁli“@%ﬁg%ﬁ%ﬁb?h?he formula (IX) is

reacted in the presence of |ipase B from Candi da
retica ;w at.ar .t ' AR i ini

?%lfrrﬁu"lga (V)Igcgflotwﬁge@clg \Qta%h‘c‘fﬁ?%( %igs r eg tagiéj %Hr%erhcg niaining

presence ofSUBSTikieNgs @fg%rm%t(l) ate vint hea ClsohpaRirngement

whi fh f?‘” frerd%WéhésﬂP?S@y@ér@dyﬁf@@ﬁwm,i and a?éltcﬁrbon atom of

protecting group i ive f. u 0 1e .

formula ( Vltﬁ"l3 )””Qré "@3‘&{ %&@&i‘ﬁ%@ g’%@? B}I:ifo?témé%%&éﬁtgﬁem

in the predescR cohfigumtioheophile to a conpound of the

formula (I11), 25 d) a conpound (Il) is reacted in the

presence of a base Bl with a conpound of the formula

(%) tTheyiprecessc @spol@imedf int poef of wlaims (| fo H., wheredy the

the c o tlp 1i@)prbSerROnV4h L@ fhntiBnRric OpRAY s Gleatdiethan

formJIa‘J , he reaction being effected Wth an

al cohd?®%n t he presence of an acidic catalyst, f) the

conpound (IVa) is reacted with the conpound (VII) to

G V2 o e R TR a0y G B & thbRrhdla' 5

Z1-0 OH
V)

in which

a1) a compound of the formula (IX) is reacted in the presence of lipase
B from Candida antarctica with water to give a compound of the
formula (V),

Z1-0 0-Z2

(1X)

-a2) a cofnpound of the formula (X) is reacted in the presence of lipase B

from Candida antarctica with at least one acyl donor to give the
compound (V),
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g) if appropriate, the conpound (la) is hydrolyzed or
hydr ogenol yzed to give the conpound (1) when R3 is H,
and Ring Ais cyclohexyl in which the X-containing and
the Y-containing 5 substituents of formula (1) are in
the cis-1,3-arrangenent relative to the cycl ohexyl
fragment, and the carbon atgnof the ring A whichis
substituted by the Y-containing substituent has R
configuration. 10 7. The process as clainmed in one of
clainms 1 to 6, wherein the ompowynd (1) is present in
an enantioneric purity of gf&m@A Yhan 99% 8. A
process for preparing a conp the formula (V)

15 Rhng A Z1-OOH (V) | ¥ a conpound of
the formula (1X) is reacted in the presence of |ipase
20 B from Candi da antarctica with water to give a
compound of the formula (V), ﬁlqwg AZ1-002Z2 (11X
25 a2) a compound of the forrmula (X) is reacted in the

f L f ' ' ' .
east Sib e sraonars (ORI BahEuThET A o fhre o
Ri ng Asd&l@eﬂaraQX)cis/a‘adsmn’guc@rrpounds (1X) and (X) are
each pf eselniie !l e YRS iSoMer i GHET cathpdihd? (1) Si6 treftived

m Xture,

|

A

“after step a1) or the trans isomer of compound (X} is removed after

step a2),

and in which the variables and substituents are each defined as

follows:

Ring A is Cs-Cg-cycloalkyl or Cs-Cs-cycloalkenyt, in which one
or more carbon atoms in the cycloalkyl or cycloalkenyl

~ rings may be replaced by oxygen atoms,

Z1and Z2 are each independently an acid-stable protecting '

group.

9, The process as claimed in claim 8, wherein ring A is cis-1,3-

cyclohexyl, where the carbon atom of the ring A which has the OH
substituent has R configuration, and Z1 and Z2 are each -C(O)-(C4-

Cs-alkyl).

10. A process for separating a cis/trans mixture of a compound of the
formula (X), wherein '

(X) | (V) : (IX)
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5 if appropriate, the trans isonmer of the conpound
(I'X) is renoved after step al) or the trans isoner of
compound (X) is renoved after step a2), and in which
the variabl es and substituents are each defined as 10
follows: Ring Ais C3-C8-cycloal kyl or

C3- C8-cycl oal kenyl, in whichsone or nore carbon atons

in the cycloal kyl or cycloal kenyl rings may be

repl aced by oxygen atons, 15 Z1 and Z2 are each
| fHdepemdessrhyoit 8¢) id-iwhatdcewhh aitdeastngne geyugonod.to Tiee a

Gl o sprietnd b BivaePntlay] ng M EaBahhd s Feagted with

ring Awaterctb dinees at dn@uincsabtite farmwla dsinRthe presence of an

conf i géﬂ%&‘}nﬁ%”wh d a%f]or(?snd? 22, ititfe CBAIntidrh&dc (&dkess of the
yIy. Od:

C3- al kyl process for separating a cils/trans

mi xt ureorspound d¥podnd 81e taRmpaund dvinfosmest) is \iyBpeawently
SO0H "QeffilaTQte@_"b@cﬁ?oﬁlan_ y( \Bxtrabion - &l distilatidie from the

conpoun X) is reacted W at | east ac donar

C o b e VEBRA AT BRI R A0S () T’y Stfer by-
conpoumdd(ti)fofraedamcted with water to give a

compound of the forrmula (V) in the presence of an

e 5 b kst e@j@_iﬁi&ﬁ&%ﬁ 16 1885 QF pLf SR8 die 2
subseqe@npoynd B8jarthe prEssyce IGf eRenFyMEpNhichalionds aisyifable
or di Séﬁérlt@gh&ra: Exu8st BretheUBSPRYERE q¥) ! Ad Shé SORBiourid (V)

o P bty Seeor e Sl frpig opolChgon or
a]gyl dgiBalrativa mmﬁhaf%ﬁ%nveﬂe@d!‘aﬂ:s(b Fbm'em dfttbe proespnuorel (X)
of an engzyne whi I itabl e enantioneric
excessaﬁg?%8%5m6%ﬂggit%§?@%dé The conpound (V)

lii} the compound (X) is reacted with at least one acyl donor fo give a
compound (IX) in the presence of an enzyme which affords mainly
the cis isomer of the compound (IX), and the cis isomer of the
compound (IX) is subsequently separated by chromatography,
extraction or distillation from the trans isomer of the compound (V)
which is likewise formed and any other by-products formed,

in which the isolated fractions of the compounds (IX) and (V) are if
appropriate converted in the presence of a nucleophile by
detachment of the protecting group Z1 and/or Z2 to the
corresponding compound (X),

and in which the variables and substituents are each defined as
follows:

Ring A is Ca-Cg-cycloalkyt or Cs-Cg-cycloalkenyl, in which one
or more carbon atoms in the cycloalkyl or cycloalkenyl
rings may be replaced by oxygen atoms,

Z1andZ2 are each independently an acid-stable protecting
' group.
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formed is subsequently separated by chromat ography,
extraction or distillation fromthe unconverted trans
i soner of the conpound (X) and any other by-products
fornmed, or 15 iii) the compound (X) is reacted with at
| east one acyl donor to give a conpound (I1X) in the
presence of an enzyme which g@fords mainly the cis

i somer of the conpound (1X), and the cis isoner of the
compound (I X) is subsequently separated by

chr omat ogr aphy, 20 extraction or distillation fromthe

L A L e e

i sol ateidheayt, ivararedhe tdaebon mparonefsthe 1o Atht(:IV)haért@e OH

i f t -

uct eﬁ@‘d%*%aéé*“&%b*@%ﬁﬁ? 3 FHEART 52 e o4Oy

Z1 andCeslkgd. to the corresponding conpound (X), and

in which the variabl es and substituents are each

def| n fol | o 30 Ri - C8-cycl oal kyl or
gﬁ?’mﬂﬂ%rﬁf eigﬁnﬁﬁﬁlg‘% ?III@ more carbon atons

|n the cycl oal kyl or cycl oal kenyl rings may be

replaced by oxygen atons, 35 ZI,and ar e each

i ndependent |y 3wy [

11. The process a ' if clai \

is cis-1,3 cycloh fboxat om of the

ring A which has thg,OH substi lSDent has &Z3

configuration, and Z1 and Z2 are each -C(O-(CG- 5

C3-al kyl). 12. A cdifmund of the general fornula

(I'lla) RLiIiO ty RAIX-0NOZ3

in which:

R1, R2, R4 are each independently H, F, Cl, Br, OH, NO,, CFs3,
OCF3, C1-Cs—81k§(| or -O-(C1-Cs-alkyl), |

X  is Cy-Cg-alkyl in which one or more carbon atoms in the alkyl
group may be replaced by oxygen atoms,

Ring A is Ca-Cg-cycloalkyl or C3-Cg-cycioalkenyl, in which one
or more carbon atoms in the cycloalkyt or cycloalkenyl

rings may be replaced by oxygen atoms,

Z3 is a base-stable and acid-labile protecting group.

13. A compound as claimed in claim 12, in which, in the formula (llla):

Ring A is cyclohexyl in which the X-containing and the Z3-
containing substituents are in the cis-1,3-arrangement
relative to the cyclohexyl fragment,

R1, R2 and R4 are each independently H, F, CI, C4-Cs-alkyl or
~O-(Cq.Cz-alkyl), - -



10

15

20

25

R2 10 (Ilia) in which: Rl, R2, R4 are each

i ndependently H F, d, Br, OH N2, CF3, 15 OCF3,

Cl C6-alkyl or -O(d-C6-alkyl), Xis Cl-C6-alkyl in
whi ch one or nore carbon atons in the al kyl group may
be repl aced by oxygen atons, 20 Ring Ais

C3- C6-cycl oai kyl or C3-C6-cygd oal kenyl, in which one
or nore carbon atons in the cycl oal kyl or cycl oal kenyl
rings may be replaced by oxygen atons, Z3 is a
base-stabl e and acid-labile protecting group. 25 13.
A co gnd as cl aj dH 1 cIainan, in which, in the
formul&®(11la): ! WA PHFY ohexyl in which the
X-contai ning and the Z3- 30 containing substituents
are inxthe cis-lﬁgpﬂﬁ ngenent relative to the

cycl ohexyl fragment, , R2 and R4 are each

i ndependently H, F, O, Cl-C3-al kyl or

~ 1 ( ClA@%h?idﬁhﬁ'd)ofth@?Umﬁa ;gmb?wet rahydropyranyl, Xis
methyl. 5 14. A conpound of the fornmula (Il1b) R5
Ring AZ3-0OY a/ OR6_(Illb) in ich: 10 R5 is

i ndependently H, F, OH, R5CF3, OCF3,
G -C6-alkyl or -O | kyl :
Z3-0 O-Y O/ ORG6
(H1b)
in which:
R5 is independently H, F, CI, Br, OH, NO;, CF3, OCF3, C1-Ce-alkyl
or -O-(C4-Cs-alkyl), '
R6 is C¢-Cgalkyl or benZyI, which may optionally be substituted by
F, Cl, Br, OH, NO,, CF3, OCF3, C4-Cg-alky! or -O-(C1-Ce-alkyl),
Y is C4-Ce-alkyl in which one or more carbon atoms in the alkyl
group may be replaced by oxygen atoms,
Ring A is Cs-Cg-cycloalkyl or C3-Cg-cycloalkenyl, in which one or more

carbon atoms in the cycloalkyl or cydoalkenyl rings may be
replaced by oxygen atoms,

73 is a base-stable and acid-labile protecting group.

15. A compound of the formuta (VIII)

Z1-0 0O-Z3

VIl

in which:
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R6 is G -C6-al kyl or benzyl, which may optionally be
substituted by 15 F, d, Br, OH N2, CF3, OCF3, :
Cl-C6-al kyl or -O(Cl-C6-alkyl), Yis d-C6-alkyl in
whi ch one or nore carbon atons in the al kyl group may
be repl aced by oxygen atons, 20 Ring Ais

C3- C8-cycl oal kyl or C3-C8-cyg4 oal kenyl, in which one
or nore carbon atonms in the cycloal kyl or
cycl oal kenyl rings may be replaced by oxygen atons,
Z3 is a base-stable and acid-labile protecting group.

| 352%5' %@9?"? ;l”p oiuﬁéj T’%%E?fogﬁlgﬁu%rﬁgg—ﬁsllcysloame?@l,'%h%&Hi@) one

C3- C8- cycl oal kyloranoBe@boryatbual ikdhg |cycioallyhbe hyeaalkenyl
or nore carbon qfng%rzaégbg}gel%ga%?mbeg%tﬁg,ggal kenyl

rings nmay be rep y oxygen a

acid-stable protecting group 5 Z3 is a base-stable
and: acy{l- 1 abi | e jpuAtRid-ERGIIpRIctnkGrép A conpound as
claimed in claim15, in which, in the fornmula (M11):
Ring A is cyclohexyl in which the Z1-containing and
the Z&3 cont ai nijng Bisksdthblecaridsacid-¢abile groteating -gtods.
arrangement relative to the cycl ohexyl fragnent, 15 Zi
Is -C(OCH3, Z3 is tetrahydropyranyl.

16. A compound as claimed in claim 15, in‘'which, in the formula (VIII):

Ring A is cyclohexyl in which the Z1-containing and the
Z3-containing substituents are in the cis-1,3-
arrangement relative to the cyclohexyl fragment,

Z1 is -C(O)CHs,

Z3 is tetrahydropyranyl.



