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WO 2006/ 015716 1 PCT/ EP2005/ 008058 Descri ption Mt hod
for producing the enantionmer forns of cis-configured
3- hydroxycycl ohexane 5 carboxylic acid derivatives
usi ng hydrol ases The invention relates to a process
WO 2006/0n68p@ri ng chiral nonracem c ci s-confi glREHEP2005/008058
cycl ohexanol s or cycl ohexanol derivatives of the
rpula (I) 10 R2 (1) R1I0 ;DY O cis-configured

_ f
Descrwgapoxycyci ohexanecar boxylic acid derivatives of the

formula (1) are central building blocks or inmedi ate
precursors for the nmedicinally active 15 conpounds
described in the DE application No. 103 08 355.3 or

h | . .
wenof P RASRER e SHATPRE G2t AETEARHNGE SRRl hrane
carbosfictzei defveitives esimgthyegolasdéor treating type ||

di abetes and artherosclerosis. 20 The synt heses,

described in the patent applications nentioned above,

of the nonracenic cis-configured cycl ohexanol

bui | di ng bl ocks or derivatives are unsuitable for use
The insgnhiiordiesates &b agrrocessios preparingeghsrad niooraasimic leés-configured

isoners, far, exanple the s ratio t he .
CydOhgﬁ%ﬂ&F5%8Y§°b? QV?@E@HﬁﬁﬁSﬁ'ﬂﬁyag r omat ogr aphy on
~a chiral phase is too conplex and too expensive.
Mor eover, for chromatographi c separations 25 of
enanti omers, the am ¢ conpound has to be present in.
good chem cal pu whi ch in many cases can only be
achi eved bR1an gdd apal Ripstre@dm chromatography. In
addi tion, numé?ous feacll ons cannot be carried out on
an industrial scale. Thgse

‘cis-configured hydroxycyclohexanecarboxylic acid derivatives of the formula (I) are

central building blocks or immediate precursors for the medicinally active
compounds described in the DE application No. 103 08 355.3 or W02004/076426
which allow a therapeutic modulation of the lipid and/or carbohydrate metabolism

and are thus suitable for preventing and/or treating type !i diabetes and

artherosclerosis.

The syntheses, described in the patent applications mentioned above, of the
nonracemic cis-configured cyclohexanol building blocks or derivatives are unsuitable
for use as industrial processes: the separation of the isomers, for example the -
separation of the enantiomers (racemate resolution) by chromatography on a chiral
phase is too complex and too expensive. Moreover, for chromatographic separations
of enantiomers, the racemic compound has to be present in good chemical purity,
which in many cases can only be achieved by an additional upstream

chromatography.

In addition, numerous reactions cannot be carried out on an industrial scale. These
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2 include in particular alkylations with NaH i n DWVF,
which, as is known, are a high safety risk (C&EN,
Septenber 13, 1982, 5). The methods for synthesizing
optically pure cis-configured 3-hydroxycycl ohexane- 5
carboxylic acid derivatives al so known fromthe
- i p [ [
ncluds i BRAERLE BORTEMAT ReR HNER PASAE ol KfioRh; A g nioh
safetynmiz@li(C&EN | Septentberd 3¢ 68D UF)ds nenti oned above or
unsui tabl e for devel oping an industrial process,
- since the nunber of steps and/or the yield, the
| - xane-
The nBIRFEc) RS AT e oD s 4t o
carboxyrhc iackl denivatives also kridvufraocibet ldelaturerye Lebsaﬁgble fosone

producfigg r%glgg%]?t]e;{gte ag'g{arl?ritgf) @1%%?@ tfagﬂggrlgft?la S %)‘[tﬁe%e'&gma]ly
active %oh%u‘ﬁ&% HShifRassRr randuitebrOof déesibpmg atemdastial

based on the hydrogenation or dearomatizati on of
process, Bingedhe munzkgrofsters and/pr the yield; ha exraendiiyee for purifications,

i S50 Bh 0 SR kol A0, e SNl v

unacceptab iy, oxybenzoi c acr din the presence of Pt02 in

For exampie: same 61 e Sthet, mathadsraRaibed Tietherltgiatote & preparing
o5 085 2 RO s e

based crnrnstha Hyyjdmgnnaiml mhmeamahzatmrydnﬁ m hyair:mxymlmemcmrq! or its

derrva@@&qcﬂg?@%& t pé@grﬁ;ﬁ r@cp ¢ { ueeogﬁtrcgf Ey %/rmatro% of salts. in

a3 HRE ¥bicCadi® irfthel fra érhtee 8f BtO; in
the cady Ef%ﬁ%gé%rl hyrg{rj@?e S?)g%?ﬁngcvm th 500 ; S 91%UI ni ne2I

 ethand (DhidNayes ddB Benaey bR FEBmcRec, 1952,

J A ngglg,&oéyi C! g[ﬂisxa ar b éﬁ{é’ €1f %‘éﬂg) rtehfatsebree%e(y src?llbed that six
crystarﬁz%}tro%sarréTsd&iirwuﬁd@tbﬁhr%éﬁﬁ@arsb@hybro&y@shmrawérwnebamoxyhc

are obtail ned. Det concernin opti cal

~ acid chraum:rcaw pere) inca wietsbof 13.6%n Nayseiand De@m%rt alsagiegedbe the

ated. .25 Ln. further | ley
racemdfipeauiPa o iyl br Raskamscandy P Bk e § 01
qwnrné’frﬂhgtﬂ%té aSta‘?ﬂn%ﬁwthfﬁJU GeLauiBing Bihganité ant eBacaydxR|$)scis-

aci ci nchoni di ne

3-hydroxycyclohexanecarboxylic acid, after several crystallization steps, 162 g of the
(+)-cis-3-hydroxycyclohexanecarboxylic acid quinine salt are obtained. Details
concerning the optical purity (ee} are not given, optical rotations are stated.
In a further method for preparing optically active cis-3-hydroxycyclohexanecarboxylic
acid, the precipitation of the racemic cis-configured carboxylic acid with cinchonidine
[a) D. S. Noyce, D. B. Denney, J. Am. Chem. Soc. 1952, 74, 5912; b) M. Nakazaki,
K. Naemura, S. Nakahara, J.Org. Chem. 1979, 44, 2438] and the subsequent

recrystallization of the resulting salt from methanol or ethanol are utilized.

The methods described are unsuitable for preparing relatively large amounts of
optically active cis-3-hydroxycyclohexanecarboxylic acid derivatives, since the large

number of chemical steps and/or purification steps, the use of large amounts of
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[a) D. S. Noyce, D. B. Denney, J. Am Chem Soc. 1952,
74, 5912; b) M Nakazaki, K. Naemura, S. Nakahar a,
J.Org. Chem 1979, 44, 2438] and the subsequent
recrystallization of the resulting salt from nethanol
or ethanol are utilized. 3@ The nmethods described are

. _Wnsuj t r

opticalifBite Al 2B ERE! ré&%m%féo%é@@ ol 15, A R BoBfation of
the dealéd stieebisainer §m Hgsalt hhe Nodiegst theupbartots yzeﬂrdammal

st eps and/ or purlflcatlon steps, the use of |arge
Unpfa‘&lﬁ@bﬁﬂ@ ugecenom@ifal.cal |y pure chiral auxiliaries for

racemate resol ution, the unavoi dable |iberation of

the desired stereoi sonmer fromthe salt and not |east
The priebergtiwor oft oty ylsé-dsetaxpcyolmtmebamoxwate albeit in racemic

| .
form, RIS bSo R BBE AL B0 A Fch DAl e A G 7 80P ¢ 1957,

70, 30b8rm has been described in D. S. Noyce, H |I.
ingarten, J. Am Chem Soc. 1957, 70, 3098. A nore
recent publication (C Exl, E Ferstl H Honig, R

A morE Rk SULFIRIA . ST SN, PR e Kpleneratn Chiraltty

1995, 7; i1%&w.bes%@%t@wméamﬁ)g@m@nbné orrpmaﬂth |

xybenzoate i n nethandl/acetic acid 100 bar
-acetaxubetrzcatmandsGO:merﬂbple@th@Xybem?Dai@tlm meéfa@rtq!/@ﬁ@’ﬂc agid at

100 oS58 BB 9 4482 By e

are forfRRL imtBA Bl dédiredl hradaet. l’ﬂl‘l@&ibs@éntﬁl dixadonntages of the
reparation of the optically, 15 active benzoi ¢ esters

reactionscrehe) &g duEHer il HiRRe Oangt ndhe ieRAradeR of the gptigglly
active B?ﬁ%ﬂb (é?,]rel% ag?rfﬁg %Jlﬂg? L %v‘é%‘fﬂhe it sdffarpar) ;

unsa
b} techmigdlllyideataratisg oaﬁdn@ntamrﬁit&)dsa(n ge bauhmuneatis@qcptorydyields and
and d) |.ow. optical rities t he

h .
compligHERTITBS igs A9 oRR A1g8: b ?ﬁ%wé?‘im%? 5L 19 ptical

puritie®fIn 20 ¥nb! He! £tRBACHEARIIVER dHaw t%@ conclusion that their process is

of only littie practical value.

D. A. Evans, G. C. Fu and A. H. Hoveyda (J. Am. Chem. Soc. 1992, 114, 6671)

~ describe the Ir(l)-catalyzed hydroboration of secondary or tertiary amides of

3-cyciohexenecarboxylic acid. Although yields and diastereoselection are good,
there is the _problem of removing the trans-isomer. In addition, the conversion of the
amides mentioned into the desired compounds of the formula (1} requires either
cleavage of the amide bond under relatively drastic conditions with concomitant
partial 'epimerization and lactonization, or else direct rearrangement of the amides
into the desired compounds of the formula (I) which means, for example, the
stereoselective synthesis of amino acid radicals and entails a large number of steps

and is therefore uneconomical. This process is unsuitable for use as an industrial

process.

The synthesis of methyl (1R,3R)-3-hyd roxy-4-cyclohexenecarboxylate, which is a
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D. A BEvans, G C. Fu and A. H Hoveyda (J. Am Chem
Soc. 1992, 114, 6671) describe the Ir(l)-catalyzed
hydroboration of secondary or tertiary am des of
3-cycl ohexenecar boxylic acid. Although yields and
di.ast ereosel ection are goog, there is the problem of

st R P R B B

scale Ris bEsn besaiba (J. A, MEhARS Sl herorg IcHumoress, 80hg230 and
am de bond under relatively drastic conditions wth

literatwercited).tkey stepaf theasyripesisrs aatasymragiaci4telopciaaddiion

oo o) 5 S G50 U e Bpeah

Remo@Nafihe chtrﬁleauﬁltaw ?%@'(R?@—M&Id‘)é&bhesamo&?hcamm mwth:gﬁ% ee
radicals and entails a | ar number of steps 30 an

which,tvie iesiadreionization and subseqygnt alipyeaiian eisH| i ePR st it
(1R S BRIk 5404 o BL0RE o U BBt s
using HaMCOli/MeCH piekizumetityl 0TR BB {Brhydrbxy-4-cyclohexenecarboxylate.

here et bt P TR S o SR Bgherane
carbox?ﬁS ac@_\ﬂg‘su&ﬁ %gcioggdma@ OE%E')taahg'/,ttﬁé Hurioas eREmpldediffer in

: esyteS|S|sanasyrmer|c
the ch[ral+aa,]x4ltam usedich a‘ewrpubbmmnnah bepmentmnqﬂ ke wiay ©f example:

2) W. BoRael & Coadiie s, BibGRsM i) bl SEARE acth 1885! 88, 2100,
b) C. ﬁr&ﬂ,ﬁa.gxféasﬁ@é%e@bmls,ﬁvtﬁéé@ 1988 h4ﬂ§%)® Mwnrcsh

viaio actoni zation and 'subsequent elim nation of ]
Y. Konidb, Tetrabedroer ltaft] 198M03211613. On an industrial scale, these reactions

* recuing b G HEE BB [oeRae SoOE Ao OB e AL e

butad@ﬁ’é hyl (1R 3R)-3-hydroxy-4-cycl ohexenecar boxyl at e.
here have been several descriptions of the syntheS|s
A greabﬂ:s@ayant@ge(@)th@ecwtbme@ear@ tpe lergepnrounis afdedingiand

potasef € BB o AR TR A tor AT 45 n e,
publlcaﬂid)*h' cbeig};ﬂlZ qex{iﬁrsgaw%ﬁg sl]r?qsiél gae@ Shiodimg (eboeixa@ql)eand a0 g

(about @weq?g of n@taésmgspdlmarezrﬁm*red ti?f FQIGWHB%%% mk&f %@FEKE

(1R 3R5:3- A8 B Sy ol MRS 3 B okoRR: b FRrarfidleBulabeydiiZatbn of

760 mg of cyclohexenecarboxylic acid. In the publication of A. 8. Raw and

E. B. Jang, (Tetrahedron 2000, 56, 3285), the iodolactonizations are carried out
using as much as three times the amount of iodine. Owing to safety considerations
and from an ecological point of view, it is not feasible to carry out such a reaction on

a multi-kg scale. In addition, the preparation of the lactones mentioned requires

- chromatographic purifications.

Phenylseleno- and phenylsulfenollactonizations [a) K. C. Nicolaou, S. P. Seitz,
W. J. Sipio, J. F. Blount, J. Am. Chem. Soc. 1979, 101, 3884; b) K. C. Nicolaou,

Tetrahedron 1981, 37, 4097] are not a suitable alternative. Not only are the reagents

~ used and/or the products and byproducts formed highly malodorous, in many cases,

they are also toxic and cause ecological damage. [n most cases, chromatographi_c

purifications are required to remove unwanted subsequent Se or S byproducts. It is
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. numerpy® pEaAptasnintar ahin &, S| RawakE. R,

Y. Kondo, Tetrahedron Lett. 1991, 32, 1613. On an
i ndustrial scale, these reactions 15 require -
particul ar neasures to ensure safe handling of the
acrylates and the butadiene. A great disadvantage of
these syntheses are the Iar 'e anounts of i odine and
ot assi um j odi de_us f onzn
theref ?@%ﬁ%ﬁ%%&&r%%’yﬁ’ﬁﬁ@u& |8d[ea\ O?ﬁgaﬁl&‘itrg%é"t? Alsh of 4.
The bﬁmé@ét%ﬁ%’ahoﬁ Q fvatdl R, TAnBla, H MWizuedi KeMialsbith, Aetmodycles

.0 g 2 about 6 eq.) of potassi um i odi de are
1990, Béq%? eddﬂ@ratmemﬁed ilereBt), tap. peswohprovide an alternative for

e i R BB BB RS B o avocea o

ecologﬁd&'r@é@f@%bpﬁé@dlr‘e @fitdar prechbfiomsibl i cation of A
S. Raw and E. B. angp (Tetrghedron 2000, 56, 3285),

the i odol actoni zations are carried out usi ng as nuch

R)-CyE RGP pBRTI 93 SRR TPl dimorBe Foialb o EFAage ¥
‘desym‘ﬂh@\ﬁtatildn o1 Q%ycic&mbbeedmactmxyyc eaiters(EtK«acneleﬁctMoStocks,
mul ti-kg scal e. dditio t he p&@g?éauon

D. Dorakd WaBeuHeS Ref 1900 4oy dtT 68, s Eisndloh Aaprraentioned
d:sadv%ﬂfearc[(/els‘?:ﬁtthé’ﬁqlg’&SHféhﬁSﬁ 8pgly. and < b

sulfe actoni zat i [a) K C Ni col aou,
Seitz, W J. Sipio, J. F. Bl ount . Am Chem Soc.

A furtheg gferrgfve i fetbtiof o 2-1 R4 e %?043% [RGENGRpe (aiso
referre@r’cbksatf fodd d’xﬁB&%bﬁG 2“15]8&aﬁ17d6ﬁé) tﬁl@&rﬁh@dlﬁﬁé ﬁrc&m(i:t of the

byproducts fornmed hi ghly mal odorous, in many
iodolactheizatior oﬁbg@olnemnecarmpwa@ geide @amag%@n l-hwg@ the gaturated

ctond Rl Uk S HERTES B REANZEL Y anct o ety

3-hydréxpyehekaneddrbbgylate. Therrehwival 6Dﬂhef|eamlekﬂa beercdezgribed in
out ‘such a reaction on a nul ti -k% sca
- |

S Tatraletran 2008, 56
3285. RIefERMY, noE) S bR B fin kbt anditbmaRts [drh&td dfiffe

resultifgPSn dniddotindussrmpalndicigldifficalt and, inrmanhyeases, rqunesne
sources are to be avoided for 5 ecol ogi ca)

additiogalghspmesegrapbicririfications. Whisk iy akeqe deswable%or an industrial
process. The same applies to the removal of the Se, S and Br compounds in the

- case of the phenylseleno-, the phenylsulfeno- and the bromolactonization.

The enzymatic racemate resolution of methyl cis-3-hydroxycyclohexanecarboxylate

or the tetrahydropyranyl derivative by a—chymotrypsin -catalyzed ester hydrolysis

(J. B. Jones, P. W. Marr, Tetrahedron Lett. 1873, 3165) is likewise not a suitable

process since the optical purities of the products are unsatlsfactory the

‘experiments that were carried out gave 42% and 50% ee, respectively. Using an

optimized control of the conversion, it is possible to achieve enantiomeric excesses
of 85%. On the one hand, this is unsatisfactory, and on the other ha'nd, this is only

poséible by accepting considerably reduced yields.

The preparation of methy! 3-oxocyclohexehe—1-carboxylate and methyl
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(R) - Cycl ohexenecar boxylic acid can furthernore be
obt ai ned by enzymatic desymetrization of

1, 2-cycl ohex- 4- enedi car boxylic esters (P. Kocienski,
M Stocks, D. Donald, M Perry, Synlett 1990, 38);
however, here, too, the ab venentloned 10

oo AN e B AL T R scibusing s

in hqu@l élﬁﬁ'fb‘n_i'a pxabked Gleabibed h Most anHiffiana. GalMaritzref Br Padl,
to as 4-iodo-6-oxabicycl o[ 3.2. 1] octan-7-one), the

Aust. i.rokenal 873raddeé0of the iodol act oni zation of
cycl ohexenecar boxylic acid, using Bu3SnH to give the
saturated 15 | actone which can then be converted

The sﬂéﬁéd%lecftﬂé reRsEIHAIEeddeidH of rracehh@ecnbxdcguohexmcarboxync
3- hydr oxycycl ohexanecar boxyl ate. The renqval

 estersjusingBhizapUp siizussand sbpaayent sapaiglisn Q?%F’@étaﬁﬂms

R e

D. Bui@@cbf’p“%t&errlﬂ”ovwrahﬁdrbh e.ettr et888; i2996 309 and the dtanature cited).

: ounds is dlfflcult and, in many cases es 20 ..
The c%gip iGatedh spparational S thQrequr§ na%qs&gé[mp tlﬂg mc%ustrlal

desirable for an industrial process. The
scale 6‘J’e?rt\s&':“‘afri}]r;Jel ies to the renoval of the Se, S and Br
conmpounds in the case of the phenylseleno- t he

The reBhicforl Tetid AREDe S SR DE R BR A Wi HLAD (horse lver
alcohd} Héh?dl‘@:g@h%él)% Ghe b?é@é?f@é&ffWMH%élds 2B els/ttd®s mixture of

t et rahydropyranyl derivative

methybsdﬂmyrmwcycpiehwar@parl@m@lﬁt%éi ak. ’(Waem Gsislemierp, L. A. Joris,

3. A LPBRERR o G RN IR IGRRR Tathlsty 1988, 18 58,

Accordibglyt i nthddR |mba@hecuﬁsmta©|e1ftﬁqirepém opiicallypeire
experinments that were carried out gave 42% and 50% ee,

cis-3- hyéé@@@wlob@@nqq@rb@(yﬂﬁGCWWM'Q@BK@BWroI of the

~conversion, it is possible to achieve enantioneric
excesses 30 of 85% On the one hand, this is
The asyhsrabirkf reatiotion oBisdppyt B@xobhelohbﬁemé 1idairisoxysatenith

possi bl e by acceptlng con3|der bl y .redu ields., The
GeOt"'ﬁ@hléBéia& i . Frant afbr%d&%%“ i’eﬁg%&{%ﬂ Asyrmmetry

2002, ?g%ﬁe%o o@o%ﬁ@r@%é%@%fﬂ?@qré‘ﬁ§ls%Ynérecﬁti%yirBByl

acid usin
3-hyd roxycyclohexanec:arboxylate is formed.

Examination of the reaction of shikimate dehydrogenase with 3-oxocyclohexane-
carboxylic acid in the presence of NADPH shows that this enzyme converts the
(S)-enantiomer in a yield of 90% into the corresponding trans-3-hydroxycyclo-
hexanecarboxylic acid (T. D. H. Bugg, C. Abell, J. R. Coggi_ns, Tetrahedron Lett.
1988, 29, 6779). Accordingly, this reaction is also unsuitable.

Industrial application of the biosynthesis of cyciohexanec_arboxylic acid in
Alicyclobacilus acidocaldarius (formerly Bacilius acidocaldarius) and Streptomyces
collinus, which starts with shikimic acid and proceeds via 3-hydroxycyclohexane-

carboxylic acid, is not possible, since 3-hydroxycyclohexahecarboxylic acid is the
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in liquid amonia has been descrlbed inM E C
Biffin, A G Mritz, D. B. Paul, Aust. J. Chem
1972, 25, 1320. 5 The stereosel ective microbial
reduction of racem c 3-oxocycl ohexanecarboxylic
esters using Rhizopus arrh| us and subsequent

o TSI P50 WL B SR K BB A A oo
Soc. 1@@@6&35(5257'I5r| galo, D. Buisson, R Azerad,

Tetrahedron ‘Lett., 1988, 29, 6109 and the literature
cited). The corrpl i cat ed separ ation of the

pocor 54 TS SRR G RS Moot B b
does ﬁd?)ha%e%é%d@hﬁt@é%qﬁémcﬁt e with HLAD (horse |iver
al cohol dehydrogenase) in the presence of NADH yi el ds

the cis/trans m xture of nethyl
L.
The pr%sg}‘lgfn%xﬁcyﬁ h%fjd@sng f)%z%%)éybﬁé\%p%ﬁn ﬂ:\? }ré\( llwbl?r%ﬁémlc,c‘
compdilrdﬁrdﬁﬁheédndmmael(mlagdr(lm Chem stry 1988, 16, 223).
‘Accordingly, this nethod is |ikew se unsuitable for
preparing optically pure

ci s- 3- hydroxycycl ohexanecar boxyl i e aci d building

bl ocks. asymmetric reductio sopropy

%ﬁxocy gxenes é c@ﬁ‘)box&l ate o r (IBhum
' 0 B neau, S. son

Tetrghydron Al.ynmetry 2002 13 579) too, is not of

any interest, @ince only the trans-isofer of isopropyl

3- hydroxycyclohexanecarboxylate i s formed. Examination
Whaeof ‘the reaction of shikimte dehydrogenase with

- 3-oxocycl ohexane- 25 carboxylic acid in the presence

of NADPH shows that this enzyne converts the

R' (S)-émantioner in a yield of 90%into the

correspondi ng trans-3-hydroxycycl o- hexanecar boxylic
acid (T. D H Bugg, C Abell, J. R Coggins, :
Tet rahedr omglef-t=w 198&. 29,r$779). Accordingly, this

reaction is a it ablfe. 30 Industrial application
iA of\c ohexanecar boxylic acid in
ubrati docd dari (fornmerly Bacillus

of the bio
Al'i cycl obaci
aci docal darius) and Streptonyces collinus, which
inwhigltarts with shikimc acid and proceeds via
3- hydroxycyclohexane-

R® is H, (C1-C6)-alkyl, (C3-C8)-cycloalkyl, (C1-C3)-aikyl-(C3- 08)~cyc!oalkyl
phenyl, (C1-C3)-alkyl-phenyl, (C5-C6)-heteroaryl, (C‘I-C3)-a|kyl—(05-C6)-'
heteroaryl or (C1-CS)-aIky'I which is fully or partially substituted by F;

R*, R® independently of one another are H, F, Cl, Br, CFg, OCF3, (C1-C6)-alkyl,
. O-(C1-C6)-alkyl, SCF3, SF5, OCF2-CHF;, (C6-C10)-aryl, (C6-C10)-
aryloxy, OH, NOg; or

R*and R® together with the carbon atoms that carry them form a fused partially -
| saturated or unsaturated bicyclic (C6-C10)-aryl or (C5-C1 1)-heteroaryl

ring;
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carboxylic acid, is not possible, since

3- hydroxycycl ohexanecar boxylic acid is the 7
trans-configured (1S,3S)-isoner (B. S. More, K
Poralla, H G Floss, J. Am Chem -Soc. 1993, 115
5267). Accordingly, i t was gan obj ect of the present

i nvention to devel op a process which 5 does not have
t he di sadvant ages nentioned. The present invention

W  provigles & prpeess for preparing chiral nonracemc
conpounds of the fornulae (la) and (I'b) R1,0R2 (la)
RI\ R2 (I b) O (~ 10 0 O where: Ris RA WR3 15 Rs

W N T7%% g .is H (C1-Co)-alkyl,

0, 8, MK kyI '(Cl- C3) - al kyl - (C3- C8) - cyel oal kyl ,
phenyl (C1-C3) - alkyl-phenyl, (C5-C6)-heteroaryl,
(CI-CS%-aIkyI-(CS-CB)- 20 heteroaryl or (Cl-C3)-alkyl

m  whickB 1§ fully or partially substituted by F; R4, R5
irndependently of one another are H F, d, Br, CF3,
OCFS (C1-C6)-al kyl, O (Cl-0C6)-alkyl, SCF3, SF5,
8 a%@)ph@ hyl, (C{@B)GIR); aryloxy, OH NOZ;
'R. r 25 R4g%nd 5 togethgr(MAth)thggcarbon atons t hat
carry themforma fused partially saturated or
unsat urated bicyclic (C6-C10)- aryl or

or (C5-Cl11)-heteroaryl ring;

R’ is an OH protective group (PG), such as, for example, benzyloxymethyl,'
benzyl, para-methoxybenzyl, tert-butyldimethylsilyl (TBDMS), tert-
butyldiphenylsilyl (TBDPS), tetrahydropyranyi (THP), 1-ethoxyethyl (EE),
1-methyl-1-methoxyethyl or 1-methyl-1-benzyloxyethyl;

and |

R® is

- R12
R7 R9

N O

<, “R11
Rg |©
R10

in which:
is0-2;

R’ is H, (C1-C8)-alkyl;
is H, (C1-C6)-alkyl; -
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8 WIisCH N ifnl;, Wis 0, S, NR6, if n=0; 5 mis
1-6; R6 is H, (Cl-C86)-alkyl-phenyl, (Cl-C6)-alkyl; 10
or R is an OH protective group (PG, such as, for
exanpl e, benzyl oxynet hyl, benzyl, para-nmethoxybenzyl,

~tert-butyldimethylsilyl (TBDVS), tert-

but yi.d TBDPS),” tetrahydropyranyl (THP),
1- et B wi}eﬁé ééé)lk5$|'15 1- et hyl - 1- met hoxyet hyl or
1- net hyl - 1- benzyl oxyethyl; and R2 is Rl12 R7 R9 a

O-R11 R8 ORIO 20 in vvhich: is0-2; 25 R7 is H,
(C1- tB}h &l @nacs)mkylsomme@@ ayl. ACRyG)-akerd, (G2-Go)alkynyl,

( Cl- Cfé&?é)a%(xglqzﬁgﬁ Cél?e(tgsl enyhﬁﬁ%r@h@a%rqu andI cycloalky[
- may optionally be substituted by one or more radicals from the group
consisting of hydroxyl, phenyl, (C5-C11)-heteroaryl, 0O-(C1-C6)-akkyl and
NR'*R™, and phenyl may optionally be substituted by one or more
radicals from the grdup consiéting of hydroxyl, O-(C1-C6)-alkyl, F and
CFs, with the proviso that R™ is not NRR™ or O-(C1-C6)-alkyl, if
R®=F;

R® and R'° together with the carbon atom that carries them are (C3-C8)-cycloalkyl;

R' and R together are pyrrolidine and piperidine, if n = 0;

R

R12

: ,R13.

is H, (C1-C8)-alkyl, benzyl, (C1-C4)-alkyl-(C6-C10)-aryl, (C1-C4)-alkyl-O-
(C1-C4)-alkyl,l phenyl-(C1-C4)-alkyl, where alkyl, benzyl, phenyi, aryl
may optionally be mono- or polysubstituted by O-(C1-C6)-alkyl,
OCH,CH>-OMe, F, Cl, Br, |, Si{CHa)s, OSi(CHs)s, Si(iPr)s, OSi(iPr)s,
OCH3CH2-SiMes, OCH2-Si(iPr)s, O-CHg—CsHs, S0,CeHs-p-Me, SMe, CN,
NO,, CH2COCeHs; |

is H, (C1-C8)-alkyl, (C2-C6)-alkenyl, (C2-C6)-alkynyt, benzyl,
CO-(C1-C6)-alkyl, CO-phenyl, C(0)-0-(C1-C6)-alkyl, allyloxycarbonyl
(ALOC), benzyloxycarbony! (Cbz, Z), 9-fluorenylimethyloxycarbonyl
(FMOC), (C1-C4)-alkyl-(C6-C10)-aryl, (C1-C4)-alkyl-(C5-C11)-
heteroaryl, (C1-C4)-alkyl-O-(C1-C4)-alkyl, phenyl-(C1-C4)—a[kyI,
(C5-CB)-heteroaryl-(C1-C4)-alkyl; SO»-(C1-C6)-alkyl, SO»-(C1-C6)-alkyl-
S0,-(C1-C6)-alkyl, SO,-phenyl, where phenyl may optionally be
substituted by (C1-C6)-alkyl, O-(C1-C8)-alkyl, F, Ci;

is (C1-C6)-alkyl;
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R14

(C3-C8) -cycl oal kyl, phenyl, where al kyl, al kenyl,

al kynyl and cycl oal kyl 5 may optionally be substituted
by one or nore radicals fromthe group consisting of
hydr oxyl, phenyl, (C5-Cl1)-heteroaryl, O (Cl-C6)-alkyl
and NR13R14, and phenyl nﬁ% optionally be substituted
by one or nore radicals fromthe group consisting of
hydrcb%d@ GOt ebend Kyl -CH-alka: CF3, with the
proviso that R10 is not NRL3R14 or O (Cl1-C6)-al kyl, if
10 R9=F; RO and R10 together with the carbon atomthat

wheretrarries themare (C3-C8)-cycloal kyl; R10 and R12

A

a)

racem%QS %BI%IC\)E tht%r@ of t‘ﬁ%)f%rm@a - C6Hb,

. benzyl oxyca

toget her are pyrrolidine and piperidine, if n =0; 15
R11 is H, (Cl1l-C8)-al kyl, benzyl,

(C1-C4)-al kyl - (C6-C10)-aryl, (Cl-C4)-al kyl-O
(C1-A4)-al kyl, phenyl-(Cl-C4)-al kyl, where al kyl,
heoiorle opgreny (LOaryl nmay optionally be nbno- or

pol ysubstituted by O (Cl-C6)-al kyl, OCH2CH2- Owe, F,
a, Br, I, Si(CH3)3, OSI(CH3)3, Si(lIPr)3, CSi(iPr)s,

R12 is H,
(Cl Co) - aI kyl, (C2-C6) - al kenyl (C2 C6) - al kynyl ,
benzyl , CO(Cl C6) - al kyl , COphenyI,
C(O-0(C1- al kyl, all yI oxycar bonyl 25 (ALOC),
I (Cbz 1) .
et byl oxycar bonyl (FMOC),
-Cl0)-aryl, (C1l-C4)-alkyl-(C5-C11)-
A) - al kyl - G- (Cl1- C4) - al kyl,

9-f | uor enyl
(C1-A4)-al &
heteroaryl, (Cil-
phenyl - (Cl- C4) - al Kyl ,
(C5-C6) -heteroaryl - (Cl-C4)-al kyl; S02-(Cl-C6)-al kyl,
S2- ( C1- C6) - al kyl - S02- (C1- C6) - aIkyI S02- phenyl

is reaombwdhamypomommfon”aulay(liﬂ))e 30 substituted by

where

R15

(Cl-C6)-al kyl, O(Ci1-C6)-alkyl, F, d; Rl13is
(C1-C6) -al kyl; 10 _
HO-R™ (11l

is H, (C1-C8)-alky[, (C3-C8)-cycloalkyl, (C2-C8)-alkenyl, (C2-C8)-alkynyt,
benzyl, (C1-C4)-alkyl-(C6-C10}-aryl, (C1-C4)-alkyl-(C3-C11 Y-heteroaryl,
(C1-C4)-alkyl-O-(C1-C4)-alkyl, phenyl-(C1-C4)-alkyl, (C5-C6)-heteroaryi-
(C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl, heteroaryl may optionally
be mono- or polysubstituted by phenyl, O-(C1-C6)-alkyl, OCH>CHz-OMe,
OTs, F, Cl, Br, I, Si(CHg)s, OSi(CHs)s, Si(iPr)s, OSi(iPr)s, OCHZCHZ-
SiMes, OCH2-Si(iPr)s, OTHP, O-CH»-CgHs, SO2CsHs-p-Me, SMe, CN,
NO,, COOH, CONH;, CH,COCgHs5, CO-benzyloxy, CO-O(C1-C6)-alkyf,
NHTs, NHAc, NHBoc, NHAloc, NHbenzyl; |

in the presence of suitable bases or acids in a suitable solvent (for example with

hydroxides such as NaOH or CsOH in water or, for example, with carbonates such

as K,CO3 in alcohols or, for example, with acids such as HCI in water) or with acid

halides such as acetyl chloride in alcohols, preferably acetyi chloride in isopropanol,
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R14 is (C1-Co)-al kyl - phenyl, (Cl-C6)-al kyl; wherein 5

A) a) Lactone opening (LO racemc

6- oxabi cycl o[ 3. 2. 1] octan-7-one of the formula (I1)

(1) 010 0 is reacted with a conmpound of the

formul a (III) HO- R15 (III,? 15 vvhere R15 is H,

(C1-C8) - al ky (C3-C8)-cyc 1oal C8 % kenyl
whereqr@;ﬂlecmseaq)ﬁ@g%ous rgactigns th@@ior@.)p (écprp?i}’qlqr(s)(%e @irﬁbneawl}?ther

for ex%r@%l %‘ge @%Kﬁ‘) @8%1% A ky?gé%h rth? N Cgor eﬁamplﬁ)}fl NaOH is

used) ()(me@')wriwiwn gaityfor 2Qafile (téNH;aislqded)wheise the Krge, acid is

%%nzyl phenyl, aryl, heteroaryl may optionally be
obtain or pol ysubstitut ed by phenyl, O (Cl-C6)-alkyl,

- 3
to glveWﬁ%?c clo-cShfi gtﬁ’éd cbmp@uﬁ@'@@e @e%%’g)

OTHP, O CH2- C6H5, 80206|—|4pr SMe, CN, NO2, COCH,

CONH2, CH20OC5H5, CO- benzyl oxy, COO(Cl -C6) - al kyl ,- 25

NHTs, NHA Boc, NHAloc, NHbenzyl; in the presence

of swtabl 5es or acidqs/in a swtabl e solvent (for

exarrp : ' G such as NaOH or CsOH in water
ﬁoexanpl e, ﬂigr

wi t h bonates such as K2CO3 in
alcohols or, forQexanple, with acids such as HCl in
water) or with acid 30 halides such as acetyl chloride
in alcohols, preferably acetyl chloride in

- in whiclhsléx;)}Q iS 3a d%lﬁheg{%bove, or to give a compound of the formuia (IV) which,

depending on the work-up, may be present in ionic form, for exampie as Cs+, Li*, K7,
NH,", Ca*", Ba®*, Mg®" salt and in which R" is also Cs, Li, K, NHq, Ca, Ba, Mg, and,
if appropriate, the resulting product, for example a compound of the formula (IV)

where R'® = Cs, is further converted with an alkylating agent such as benzyl bromide
info a compound of the formula (IV) where R' = CH,CgHs, i.e. another product in

which R" is as defined above;
b)  Enzymatic ester formation (EF) + separation (s)

the resulting compounds of the formula (IV) are subjected to a stereoselective

~ enzymatic ester formation (EF), where an acyl donor (such as, for example, a vinyl

ester R"®-O-CH=CH,, preferably vinyl acetate, or an acid anhydride R'®-0-R"°,
preferably succinic anhydride and glutaric anhydride) and the enzyme are added io
the hydroxyl compounds in an organic solvent (such as, for example,
dichloromethane) and the resulting mixture is stirred at from —20 to 80°C and, after

the reaction has ended, one stereocisomer is present as ester of the formula (Vb)

R_'l B \NO"',, O. (Vb)
0 ([)( | R15
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where in the case of aqueous reactions the work-up
condi tions determ ne whether, for exanple, the Cs
(for exanple if CsOH is used) or the Na (for exanple
~ if NaCH is wused) or the ammoniumsalt (for exanple if
NH3 is used) or else the free acid is obtained, 5 to
give, for exanple, a race % cis-confi gured conpound
of the formula (1V), (IV) HOORL5 0 in which R15
in whié.fhs as defined above, or to give a conmpound of the -
ormula (1V) which, 10 depending on the work-up, may
R'  I¢=0)4Sels)-aikylpB{=20-(EHC ) @lkenyh RO )d(€:Crk)-alkyryl, &{=O)-
(l\glél, t+ ﬁ&ibt 2+ salt and in i ch R15IS®|SO
3-Ciug)-Cyloalliyh, Wie[€ GRS ONGOre:FRFPON;FtoRS PR PP ApRiaced by

j I
PERT SRR iRl b R AR RISk e prou
wohsistimg af KyChBrnGFageNt NQachydrexyle mefhoty; ethaky, phenyd,
0 f th r q ere R15 =
lesellenes VR feleileli RTINS eR el NS
ahQvend @o-@zesrumtpa%@@t Rr theaiF Paﬁln%y bEELbatiteRIBAKR1 130N
(s) the resulting conmpounds of the formula (IV) are
substifuentd fram she gEruposansisiinove 2Bk et BBdest er
formation (EF), where an acyl donor (such as, for
exanple, a vinyl ester RL6-0O CH=CH2, preferably vinyl
R™  aced aéfhedsib@fe,aci d anhydri de R16-O- R16 preferably
_ succi nic anhydride and gl utaric anhydride) and the
enzynme are added to the hydroxyl conpounds in an

" and th% F)gﬁ%?’is‘ferégh\égr&%)ié ?%@gngéﬁﬁﬁm&mcoho! of the formula (IVa)

or one ng mxture is stirre
at from-20 to 80C and, after 25 the reaction has
ended, one stereoisoner is present as ester of the
formula ( 6~ O, 0,, 1~ O R15 (Vb) 0 12
(IVa)
N
HO R15

0

which compounds can therefore, utilizing their diﬁerenf chemical or physicochemical

properties (for example R; values or different solubilities in water or other solvents),
be separated from one another (separation S), for example by simple
chromatography on silica gel, by extraction (for example heptane/methanol or org.
solvent/water) or else be processed further by a subsequent chemical follow-up
reaction of, for example, the hydroxyl compound, in which the ester does not

participate, where

the enantiomers of the formula (IVa) obtained as alcohol are processed further as

described under d), or

c) | Ester cleavage (EC)

~ the enantiomers of the formula (Vb) obtained as acylated compounds are -
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in which Rf s C(=O-(Cf-Cqgs)-al kyl,
C(=0-(C2-Cfs)-al kenyl, C(=0-(C3-Cfs)-al kynyl, C(=0) -
(C3-C15)-cycl oal kyl, where one or nore carbon atons
may be replaced by 5 oxygen atons and may be
substituted by 1-3 substlcﬁgnts fromthe group
consisting of F, C

hydrolyﬁﬁq]ta\g&m\g@ W@pssgﬁ é@lgwe cr@@u@&\'}f e:@l\lgr@q;tiogq? y}r g!)g(%bols (IVb) or,
for exeﬂ@g@grég @%ﬁﬂ %’/YP% otrh‘%gﬁg?ﬁlransgge%% rg@molékilﬂéhy to

give theulpicallyitetiveb(/! 81,53) Bmﬂm)ioyblmeﬁhﬁsﬂbctam'/t bBe gvhicipcan be

defi ned

conve'i%%v'gg SRIRPTRREC ST BeLpBOICUREP SRCPIES ARV E ne hanged

as the alcohol of the fornmula (lVa) (lVa) HO O-R15
15 0 whi ch conpounds can therefore, utilizing their
m cal or physicochem cal properties (for

different ch
exanpl e R es or different solubilities in water
or other $ ,ts)o be dBfArated from one anot her

( sepail-fhion~8y,

chr omat ogr aphy o

ﬁo‘ oxpspl e by sinple 20
silica gel, by extraction (for
- exanpl e heptane/fethanol or org. solvent/water) or

el se be processed further by a subsequent chem cal

followup reaction of, for exanple, the hydroxyl
or the W@Hg@of I'Léﬁgﬁﬁ mrtgﬁgﬁﬁergﬁﬁgf& mpﬁ?l%l %ﬁbgﬁé -Eatal alyzed
cleavage oz&botlrhe$teaﬂmqhons @ds dok bptitdlyradcive o@eq:munldem‘ tbeder '

t he, enanti oner

formulg JYEy e Bt o) SEH RaD PO eried 6t Bo MostRTonfie the

product (see schemes below);

d) Alkytatioh (Alk-RY/AIK-PG)

further conversion with compounds of the formula (V)
R'-X (V1)

in which

R' s

R4 W -0 R3
e
RS = N -

and R?, R4, R® W, n and m are as defined above, or

R’ is an OH protective group (PG) as defined above, except for THP, EE,

- 1-methyi-1-methoxyethyl or 1-methyl-1-benzyloxyethyl;
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hydrol yzed by known processes to give chemcally
enantioneric alcohols (lIVb) or, for exanple by
reaction with K2CO3 in nethanol, transesterified
intranolecularly to give the optically active
(1S, 5R) - 6- oxabi cycl o[ 3. 2. 14 ctan-7-one which can be
converted into an isoneric'Tormof the product (see
schenmes below) 5 (IVb) HO O-R15 ~I O or the
conmpound of the forrmula (Vb) is converted, for
exanpl e, by |ipase-catal yzed cl eavage of both ester
- functions into the optically active conpound of the 10
formula (lVb, where R15 = H) which can be converted '
X iiskh Bl iQbsd?Ms: ©dfm of the product (see schenes
bel ow); d) Al kylation (Al k-Rl/ Al k-PG 15 further
conversion with conpounds of the formula (VI) R1-X
in the pMisenca ofibiasss ir2d sRitable sivent @ e debpounds2s thatorrayla
W n and mare as defined above, or Rl is an

and

R4, RS,
- (Vlla) @i—(\ﬂﬁgt ective group (PG as defined above, except for

THP, EE, 1-nethyl-I-nmethoxyethyl or 1-nethyl-1
- benzyl oxyet hyl ; 14

R o. (Vlia R1 Q O _(Vilb
e RIS ( _) e [ R15 Viib)
| o o)

or, in the case of R' = PG, to give compounds of the formula (Vllia) or (VIiIb)

PG 0 Vil PG . e N Viitb)
> Oy V1) ~0 i RIS (
0O 0

or

R is an OH protective group (PG) such as tetrahydropyranyl (THP),

1-ethoxyethyl, 1-methyl-1-methoxyethyl or 1-methyl-1-benzyloxyethyl,

and

to introduce the OH protective groups, the compounds of the formula (IVa) or (1Vb}

are reacted under acid catalysis with the appropriate known enol ethers, also to give

compounds of the formula (Villa) or {VIlib);
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and Xis d, Br, I, Ors, Ows, OIf; 5 in the presence

of bases in a suitable solvent to give conpounds of

the formula (Vila) or (MIlb); RL O- (Vila) R1~ ,.0Q,f

O- (MIb) ORI5 OIl RI5 OO 10 or, in the case of

Rl = PG to give conmpounds of the fornmula (Villa) or

(MIlb) PG, , GORLS5 (Vill® PG-~&, r' RL5 (Villb) O
and o0 15 or Rl is an OH protective group (PG such as

t et rahydropyranyl (THP), 1-ethoxyethyl, :

1- net hyl - 1- net hoxyet hyl or 1-nethyl-1 -benzyl oxyethyl; -

- e) ggre%f]geé&‘sﬁohrgrtre%%“ﬁeé\}ﬁ%e lc@g?ﬁrfﬁ?fﬂﬁ%r@@“ , the

npoun of e fornulta (I'Vb) ~are reacted
under acid catalysis with the appropriate known enol

thers, also to give, 25 conpounds o e formul a
el) ke rqsar}tmcqmw@% ofithe faﬁal'}@)&@afeam LB Yinds of the

ormaS Ui hTPHRSHE cpuNadf 4 Beal By SR 16 e oy
reactingoarp eminks obthetfoemulaofXul a (Villa) or (VIIIb) are
converted in a direct reaction (DR), for exanple by

reacting an amne of the formula (1X) R2-H (1X)

R%H (1X)
in which
R? is
R12
R7 RO
N O.
<% R11
Rg |©
R10

where R7, R8, R9, R10, R11, R12 and p are as defined above,

or the corresponding lithium or dimethytaluminum derivative, or by reacting the
compounds of the formula (Vila) or (VIib) or the compounds of the formula (Villa) or
(Vilib) and the amine or amino acid derivative R%-H of the formula (IX) in the
presence of activating reagents or catal.ysts, such as, for example, the cyanide ion,

to give compounds of the formula (Ia) or {Ib) or isomeric forms thereof,

' (Ib)
R1 R2 R1< O R2
“o (la) o i
o)

O

or, in the case of R' = PG, to give compounds of the formula (Xa) or (Xb),
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10 in which RR is RlI2 R7 RO '-~-N4P O Rl11 R8 O RI10
15 where R7, R8, R9, R10, Rl1ll, Rl12 and p are as

defi ned above, or the corresponding |ithiumor

di met hyl al um num derivative, or by reacting the
conpounds of the formula (M1la) or (MIb) or the
conpounds of the fornul a (Wlla) or (MIlib) and the
am ne_.or amno acid derivative R2-H of. the fornul a

[ he 20 presence of activati gggents or
catjal yst such as, for exanple, the ide ion, to

2of th rmul £ELa)..6 h).. or.R&oneri
%X)%q(~$éR2(a), £Xb)

H f! R2 (l b Rl!! ) O!! L A |
O0 25  or/din the case of RL = PG to give.conpounds
of the forf‘?ula (Xa) or (Xb), 16 PG o R2 ()Q) PG G, ,.

R2 (Xb) (c) G or 5 e2) the resulting conpounds of the
formula (Vila) or (MIb) or (Villa) or (MIIb) are
subjected to an ester cl eavage, for exanple a basic

or hydrol ysi s usi ng aqueous NaOH, an acidic hydrol ysis
usi ng aqueous HCl or an enzymatic hydrolysis using a
| i pase; or a hydrogenolysis using H2 in the presence

e2) %e Fé%/uﬁlnga&)%;sa?nd’segﬁhgfggnula (Vila) or (VlIb} or (Vllla) or (VIlib) are

subjected fo an ester cleavage, for example a basic hydrolysis using agueous
NaOH, an acidic hydrolysis using aqueous HCI or an enzymatic hydrolysis using a
lipase, or a hydrogenolysis using H, in the presence of Pd/C, and the resuiting
compounds of the formula (Xla) or (XIb) or (Xllia) or (XIlib)

XI XIb

Rl on K@y . on P
(¢ | M) H/
0

0O

Xilia) Xlilb
PG.. on M pg Q on K
’ o
| e

O

or the corresponding salts, for example the Li, Na, K, Cs or NH4 salt of these |

compounds, to a subsequent coupling with a compound of the formula (iX)
“R%:H (IX)

in which

,:,R-"— is
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conpounds of the formula (Xla) or (Xl b) or (XIIIa) or
(XIl'lb) RL,, OH (XI a) R, OH (Xib) 0 OO PG O _
(XI'llta) PG , n OH (XIlIb) OG 15 or the
corresponding salts, for exanple the Li, Na, K C5 or
NH4 salt of these conpound}s;;{J to a subsequent coupling

- wth a conpound of the forfula (I X) R2-H (IX) 20 in
which R2is 17 R1I2 R7T RO ORIl /Na YR8 O RO
‘where Ré4oR8, R9, R10, Rl1l, R12 and p are as defined
above, ‘% I'n the presence of dehydrating or activating
r eagent , Ruc9as, for exanpl e, PPA

. (propan p osphoni ¢ anhydri de), TOTU
([ cyape ? ) met hyl eneam no] - -
1,1,3, 3-t t hyl'dr oni um tetrafl uoroborate), EDC
(1-(3-(di Dam no) propyl )- 3-ethyl carbodiim de
hydrochl orTd HOBt (1- hydroxybenzotrlazole) DVAP 10
(4- di met-hyl ani nopyri di ne), DCC
(dlcyclohexylcarbodl|n1de) CDI

(N, N - carbonyi dii m dazol e) ive a conmpound of the
wherefRf,R8,aR%2. RJ0,0R 11,1112 end @narel fnest @lpave, t her eof ;
(I'b)

in the presence of dehydrating or activating reagents, such as, for example, PPA
(propanephosphonic anhydride), TOTU ([cyano(ethoxycarbonyl)methyleneamino]-
1,1,3,3-tetramethyluronium tetrafluoroborate), EDC (1-(3-(dimethylamino)propyt)-
3-ethylcarbodiimide hydrochloride), HOBt (1-hydroxybenzotriazole), DMAP
(4-dimethylaminopyridine), DCC (dicyclohexyicarbodiimide), CDI
(N,N’-carbonyldiimidazole), to give a compound of the formula (la) or (Ib) oran

isomeric form thereof;

R1 I {2 R1 ) \\“O"f, R2
\O (I.a) '\O ﬂ/
O |

O

and, if appropriate,

f) Removal of the protective group PG (RPG)

if R' is an OH protective group (PG) as defined above under R', the compounds of
the formula (Xa) or (Xb)




10

15

20

25

Rl~ R2 (la) RL,0,,,-C,, Rjr OO15 and, if
appropriate, f) Renoval of the protective group PG
(RPG 20 if RLis an OH protective group (PG as
defi ned above under R1, the conpounds of the fornula
(Xa) or (Xb) 18 PG UP.2 (Xa) PGO,,Q"., RR (Xb) O
in which R2 and PG are as fi ned above 5 are
converted by renoval of the protective group by known
, such as, for exanple, re of PG =
benzyl oxyinet hyl or PG = benzyl by h drogenati on over

_ Pd/ &, eno par a tho u g, for
PG npt-e; \F% 3-di @ﬁﬁ)ro SP%? cya enZﬂﬁlsflaﬁone) (Xb)
- renoval of = tert-butyldinethylsilyl, fori exanple,
usi ng Bu4NFO or removal of PG = tetrahydrop%anyl
(THP), PG = 10 1-ethoxyethyl, PG =
1- met hyl - 1- net hoxyet hyl or PG =
- l-nethyl - 1-benzyl oxyethyl, for exanple, under acid
in whichaRAlapdiRG asé ag cl@fmetimweul fonic acid or HCl; into
conpounds of the fornmula (XIla) or (XIlb) HO R2 (Xl 1a)
HO O, R2 (XIlb) OO0 15 in which R2 is as defined

are coRON&d bl PbmeVELfte GROMRTIF: BroRCIHPKAOWE precdskes ssuatheds, for
process”variants into the conpounds of the fornula

examp(lep dpmaval phiPGor besaytexymethyt ag PG = benzyl by hydrogenatton over

Pd/C, or removal of PG = para-methoxybenzyl using, for example, DDQ

(2,3-dichloro-5,6-dicyanobenzoquinone), removal of PG = tert-butyldimethylsityl, for
example, using BusNF, or removal of PG = tetrahydropyranyl (THP), PG =
1-ethoxyethyl, PG = 1-methyl-1-methoxyethyl or PG = 1-methyl-1-benzyloxyethyl, for
example, under acid catalysis using p-toluenesulfonic acid or HCI;

into compounds of the formuila (Xlla) or (XlIb)

R2 (Xita) Q ,,,,, R2 . (XIIb)
HO
r

in which R? is as defined above, followed by conversion according to the stated

HO
O

process variants into the compounds of the formula (la) or (Ib) or isomeric forms

thereof:

it also being possible to change the sequenbe of the individual reaction steps as

described above under A):

A) LO -5 EF+S[—> EC] — Alk-R" = DRorEC+C — producUisomeric

form -

1o:




‘thereof; 20 it al so being possible to change the
sequence of the individual reaction steps as

descri bed above under A):..A) LO -> EF+S [-4 EC] -+
Alk-R -4 DRor EC + C --> product/isonmeric form 25
to: 19 B) LO-* EF+S [-* EC] -> DRor EC + C - A k-R
-> product/isoneric fornwfg C LO-+ DRor EC+ C ->

F+S_:-* Cl -2, Al k- - roduct { i SOMeri ¢ r .
B) 0 'y EuS T haG) o PRyt BT AR radhiclRperic
-* Ak-R - product/isoneric form or 10 E) LO.
k-PGDRor EC+ C-~RPG-+ EF + S -+ [EC] -* Ak-R
-~ prod uct/isoneric form Possible process variants

or are shown in schenmes Ito V below Nagc 0 ,Oo+
+

C) LO - DROrEC+C — EF+S — [EC] » Ak-R' — product/isomeric

form
or

D) LO — EF+S — [EC] - Ak-PG — DRorEC+C — RPG - AkR' -

productfisomeric form,

or

E) LO — Ak-PG —» DRorEC+C — RPG — EF +8 > [EC] — Alk-R' -

product/isomeric form.

.Possible process variants are shown in schemes | to V below:



K Op NOO K

Il owK a O/ n
V m

O 0 0 WOOU 0OdJ

“"KOW pnK O/ O
p WO ;~

LLIO} DLBWIOS!
Aonpold

o»_ 0 . o o

N 0 TRY | o) . gru_ M o
Nm\—._a - /_..m . /OL-—r - I_\Nm mPIIOL‘_r \OI . O\—._r » /0_‘#_
3+03 LY or | :
10 ¥a

0Bl ) oel
o o]
0
=12 OH
+ - 0 -
: . . : ) S+4d ) 01
. o O . O
. 0 Shd_ o Sk - CH
1onpolq -~ 7Y Y ——— o Y ‘e O
_ J+03 iy : _
. . loHqg :

1y SWIBYIG

0¢



NOO +U W o1l~t n

[ QAL QL oW~

O~do

k |

O0O~O0 OLLOtO OEO O0dC

0

~UV2E 80

L0 DUBLUIOS)

Jionpold )
0 : _ 0 \w
N 0 . OH S, . OH
NmL_, - /EAINmL_, - -— (0 )i -
LY 0 +903
. 10 Ha

Pnpald . .-—— Nm ~lH —e—
: Ll

e

s

-

oz

n_.m

2+04d
loyq

o]

o]

0
Q\ ~a1y

m_.,n_
+

m+n_m_

fQ

-5

g swayosg



P

/ O [ OU

,Os' W NO-~O 2/ + ON~ [ of
ON OO E~Q 00 p

O
U)

J J I

WO} DLBLIOS] . L0 . L OH N O

flonpald R ¢ | ld =—— 2d e Nm\_._ = ol
' -l . o3

+ . mE
S+ u_m D+03 o..
0 0 10 Ha
PNpold  w—— gy s ld —— @
Vel

~O
VvV Q

0

P

O o

19 dweYyog



cli

OO0O+0 OO0 x

o]
Nm\= ™~
LY
L OH .

Nm\_n_vx
O

TOd -———

o.
Q\ 9d
_ : : _ +
@] Q O O 0.
O. OH (0] Sid Q 1% OH
43 1 2y zZy ~od ~0 ~od ~0

\f@\ oy LFQ . - -
LYY 9dd S+03 . DdAV

O0O0O~1Qaw/ a

QOQ QOCN

Q-C aowE E NO O OO (D1 (D1 + al

-ow~N p O O~

co

N

0

IR E

OI.
—rr—— (6] A - gLy
o3 oel
O
’ gL, OH
—-—e 0
S+43

Q1

o3}

g swiayog




U+ OWOO

0O-00 { OE Oo

~

~Oary uU,{ aa- W

Iy¥o
.7U UC pNS$E

O

U ay OVal NO

O . .
L._/ RN K10} SUBWIOS)
— 2 Q b — fonpoLd

Jel

0 o _
o)
2y T . Ly OH
LRIy

. —l..' 10NPAl

ve

i3 aweaydg



10

15

20

25

30

a4 O OO Emmorc 0 25 The conmpounds of the
formulae (la) and (I b) have two centers of asymetry

on the cyclohexane ring. Here, the cis attachnent is
essential. However, it is also possible for further
centers of asymmetry to be present, for exanple in the
radical R2. The conpounds of the fornulae (la) and

(1b) can therefore be pres@dt in the formof their 5

The cmmpenatﬂ@sf thea‘ommiaerﬁla()tandeélb) havetvenaentesner asymmetry on the
I ast er

e R TR e S e e T

for furfRITRAHRNS o@%s?rhﬁqeft@r t&lﬂeﬂgrdsbﬂi fangxdrhple- in Bve naduf:all R2. The
some cases this has not been described expressis

compaundsi of, the fieweulpe dled ang (iraes thareipee b PESeat mihadesmrP! their

ecom 8 oA HE AT i, 405 e

mixturés ITHM m:éﬁe@fc ifkeheibe easirao®s all theswy |t;on1elr|arfom11®9‘éthmw ng
ni trogen atons and/or 1 oxy en or

up
compcatrt% ofsth@ foraulae §la) @nd i e Evenidn s %?@&ﬁéﬁ@%as not been
descn%)Q&l %&?*e%ms%gﬁl &es%hﬁ@‘gbﬂé ®bifns ér‘a BéQJb@am@d bl irfdoun
riraz ui nof |squ|no I ne, 1ndole,
nuﬂhobenzothlophene benzof uran, benzotriazole. Aromatic
rings may be nono- or bicycllc and al so fused, such
as, for exanple, naphthyl, benzo[1, 3]dioxole,

A het&b%ﬁ%ﬂ'@k%@%%rﬁtooﬁ% r&%@ﬁﬁ?‘%cﬁﬁ Ge6Ebdyelit ant tdcyclic

i nvention i's econom cal gw ck. It does not
rings eying:q mmammquoﬁﬁlheteraﬁtﬂm gn @ﬁrmbldar Bp$s hpvipg up to

4 m’troaterz"r1 rtt a”%% r'f gxfge%rorawéhllfuragtbﬁ?’su% as, for exampie: furan,

thiophene, thiazole, oxazole, thiadiazole, triazole, pyridine, triazine, quinoline,

~isoquinoline, indole, benzothiophene, benzofuran, benzotriazole. Aromatic rings may

be mono- or bicyclic and also fused, such as, for example, naphthyi,

benzof1,3]dioxole, dihydrobenzo[1,4]dioxin.

The proc'ess according to the invention is economical, simple and quick. It does not
require equimolar amounts of optically pure starting materials or auxiliaries, nor
expensive reagents, nor reagents etc. posing a particular risk, nor racemate
resolution by chromatography on chiral phases, nor unreasonably large amounts of

solvents or costly operations.

Preference is given to the abovementioned processes A), B) and D); process A) is

pariicularly preferred.

Preferred is a process for preparing the compounds of the formulae (1a) and (Ib) in

which one or more radicals are as defined below:

R is
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expensi ve reagents, nor reagents etc. posing a

particular risk, nor racemate resolution by
chromat ogr aphy on chiral phases, nor unreasonably

| arge anobunts of solvents or costly operations. 25
Preference is given to the abovenenti oned processes

A), B) and D); process A) is particularly preferred.
Preferred is a process forzﬁreparlng t he conpounds of

the fornul &4 Wand (9 whi ch one or nore.

radi cals are b Iomr 30 RLis 26 R4 WO RS

RS T7m or g e group (PG, such as,
for exanple, betizyl oxynethyl }‘m5 benzyl,

par a- met hoxybenzyl, tert-butyldi nmethylsilyl (TBDMS),
tert-butyl di phenylsilyl (TBDPS), tetrahydropyranyl
(THP), 1-ethoxyethyl (EE), 1-nethyl-1- nethoxyethyl or

,  1-methyl-1-benzyl oxyethyl; where 10 R4 is F, Br,

R'"  ocr3js acDloeyoterive grao EC)os)chaprRyior exaABmg b%\zyioxymethyl.
benzy{, ﬁg?@eghég@b%%zgp fork Bpﬁ}ldlf'r%?mls@g (%DMSQP e‘?PS‘&t‘?El bI%IVISﬂyl

position, ogen,

(TBDFEBODd té%faﬁydgﬂiynamwaHP)t hetmdherytyl (EBY 1—n1ediwmhMeihquethyl or
1-methyl-1-benzyloxyethy!;

ar

where

R* is F, Br, CF3, OCF3, {C1-C6)-alkyl, O-{C1-C6)-alkyl, phenyl; or
those in.which the substituent

R* is located in the meta or para position; or

R5 | is hydrogen; or

R*and R® together with the phenyl ring = naphthyl; or

R® is H, (C1-C6)-alkyl, (C3-C8)-cycioalkyl, (C1-C3)-alkyl-(C5-C6)-cycloalkyl,
phenyl, (C1-C3)-alkyl-phenyl; or '

W is CH, if n'=1; or

m is1; or
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"R3is H (Cl-C6)-al kyl, (C3-C8)-cycloal kyl,

(C1-C3)-al kyl - (C5-C6) -cycl oal kyl, phenyl,

(C1-C3) - al kyl -phenyl; or Wis CH,ifn=1; or 25 misl,
or R2is 27 RI2 R7T RO PORLI1 R8 0 RILO where 5 p
is 0; or RO9is H (Cl-C6)-alkyl; or RO and R10
together with the carbon atomthat carries themare
(C3-C6) -cycloal kyl, 10 i nzf)arti cul ar cyclopentyl; R10
is (Cl1- (%12a| kyl, where alkyl nmay optionally be

e or nore radicals fromthe group
droxyl, phenyl, (C5-Cl1l)- heteroaryl,
and R13R14 where 15 R13 and R14 are
; 13 H, (Cl-C8)-al kyl, benzyl,
-C10$ ryl, where al kyl, benzyl,
FHly be rmno- or pol ysubstitut ed by

: -Ove, F, d, -Br, Si(CH3)3, OSi (CH3)3,
OCH2CH2- Si- Me3, R1G cH2- C6H5, Sl\/e CN, NO2, CH20006H5.

where
p is 0; or
R9 is H, (C1-C6)-alkyl; or

RO and R10 together with the carbon atom that carries them are (C3-CB)-cycloalkyl, -

in particular cyclopentyl;

R10 is (C1-C6)-alkyl, where alkyl may optionally be substituted by one or
more radicals from the group consisting of hydroxyl, phenyl, (C5-C11)-
heteroaryl, (C1-C8)-alkoxy and NR13R14, where

R13 and R14 are H, (C1-C6)-alkyk

~R11  isH, (C1-C8)-alkyl, benzyl, (C1-C4)-alkyl-(CB-C10)-aryl, where alkyl,

| benzyl, aryl may optionally be mono- or polysubstituted by OMe,
OCHzCHz—OMG, F, C|, Br, Si(CHs)s, OSE(CH3)3, OCHzCHz-SiMEs,
O-CHz-CsH5, SIVIe, CN, NOz,rCHQCOCSHs.

Particular preference is furthermore given to a process for preparing the compounds

of the formulae (Ia) and (Ib) in which
R10 is (C1-C4)-alkyl, (C1-C4)-alkyl-O-(G1-C4)-alky} or benzyl;

R11  is'H, (C1-C8)-alkyl, benzyl; -
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Particular preference is furthernore given to a
process for preparing the conpounds of the fornul ae
(la) and (Ib) in which 25 R10 is (Cl-C4)-al kyl,
(Cl-A)-al kyl -0 (C1-C4)-al kyl or benzyl; R11 is H,
(C1-C8)-al kyl, benzyl; 28 very particularly
preferably R1O is (Cl-C4)-dBkyl or benzyl, 5 Rll is
H, (Cl1-C8)-al kyl. Very particular preference is also
i.ve o0 a_process for preparing the conpounds of the
very P%Eﬁ%fﬁfé(é’f?fég?g'é{nd (1b) 10 in which R4 is Br, CF3,
OCF3, (C1-C6)-alkyl, O(Cl-C6)-alkyl; 15 R5 is H,
(Cl-C6)-al kyl, O (Cl-C6)-al kyl or R4 and R5 together
R10 wi t hig {&1-0deaty! or hgnzylnapht hyl ; R3 is CF3,
(C1l-Co6)-al kyl, (C3-C6)-cycloal kyl, phenyl; 20 Wis
CHifn=1l;, misl;, 25 pis 0; ROis H (Cl-C6)-alkyl;
R11 RLO iigH( (@31.C8)=apkHy! , where al kyl may optionally be
substituted by phenyl; 30 R10 and R12 together with
the atons that carry themare pyrrolidine, if p = 0;

_ 'Very particular preference'is also given to a process for preparing the compounds of

the formulae (la) and (Ib)

in which
R4 is Br, CF3, OCF3;, (C1-C8)-alkyl, O-(C1-C6)-alkyl;

R5 is H, (C1-C8)-alkyl, O-(C1-C6)-alkyl or

R4 and R5 together with the phenyl ring = naphthyl;

R3 is CF3, (C1-C6)-alkyl, (C3-C6)-cycloalkyl, phenyl;
w is.CH,. ifn=1;
m is 1;
p . | is 0;
"R9 s H, (C1-Co)-alkyl
R10 | is (C1-C6)-alkyl, where alky! fnay optionally be éubstituted by phenyi;

R10 and R12 together with the atoms that carry them are pyrrolidine, if p = 0;
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29 RO and R10 together with the carbon atomthat
carries themare (C3-C6)-cycloalkyl; Rl1is H 5 R12
is H (Cl-C6)-al kyl, benzyl. The racemnc conpounds of
the formula (1V) are prepared by opening
6- oxabi cycl o[ 3. 2. 1] octan-7-one with al cohols or in the
presence of water. 10 RacedPc

R9 an@-Rilatvigetharofith theldasboamtamdhat ¢arrips ters arende8iCh)tgycloalkyl;
avai |l abl e and can be synthesized, for exanple, by
dearomati zati on, for exanple by hydrogenating

R11 nwhy@gpyyben20|c acid or m hydroxybenzoi c acid
derivatives and cyclizing the
ci s- 3- hydroxycyclohexanecarboxylic acid. The opening

of the , escribed in the literature for
R12 a Ialjsg'él ?‘g%‘%@ﬂ ll‘gﬁ%yi'ctones (for exanple in M

Carbal lido, L. Castedo, C.- Gonzal ez, Tetrahedron Lett.
2001, 42, 3973), be carried out either under acidic or
under basic conditions, for exanple using water in

The ratcgﬁ'n@ ES@lgﬁﬁﬁdQEf pﬁéjfo%iu%ﬁ\/z HF%‘ p%aﬁ%@dz Jﬁ%ﬁr@x anpl e

e presenc as acetic
8- oxamcycﬂb 3it JoeteanPlomeusitmglcahotshal is the présencpraseates of

U N TR R MU TCNS

synthés%d' ?&té%@ﬁaplétby éeQr’o‘?ﬁﬁfzraﬂgntfbr lé&ﬁnﬂﬂ‘@by hygRgeniatigg i n

hol's. To resolve the racemate of the hydroxyl
m- hydtmwbeumis acichersi- Moxmomamd derigaiivas angbexalising the
. such as or_e | e thoxyet hane (DVE), nethyl
C'S'3'WV§F‘?XNBM?' Eeﬁr}?&a% , diisopropyl ether (DIPE),

The opétiing Bf ﬂféXIéBt%neCdéfH @b&:}@%&ﬁbeﬁ @ treiterataral for alarzemenber of
acetone, di methyl for mani de

di chl
lactonds fonPeimBleoiMaRaraAIG, & CastRdh & oAb SaRLett

2001, 32 §er$%8[)rfegag lﬁt\%ﬂ‘%_'ug Pabg[@% ér%éle.:é’&’éﬁﬂlﬁér?s for

per ro ecanoat e,
examptd Doy wWatgt in t&eqir%@nce)aﬁlngtdroxldes spich Hsdrioph éanyéxamp!e using

acetate, oxine esters, acetic anhydride, ‘g &goqu %
water iarfho dresrncesf@sidn sUEhag areiracigl [T exarR gohols in the
presedcéoélf%a%ls“sueﬂ RXGE IS, and, for example, using alcohols in the presence

of acids such as HCL.
For opening the iactone |t is preferred to use acetyl chloride in alcohols.

To resolve the racemate of the hydroxyl compounds, these are taken up in organic
solvents such as, for example, dimethoxyethane (DME), methyl tert-butyl ether
(MTBE), diisopropy! ether (DIPE), THF, n-hexane, cyclohexane, toluene,
chlorobenzene, acetone, dimethylformamide (DMF), dichioromethane,
1,2-dichloroethane and tert-butanol, acyl donors such as vinyl acetate, vinyl
propionate, vinyl butyrate, 2,2, 2-trifluoroethyl 2H,2H—perﬁUorodecanoate, ethoxyvinyl
acetate, p-nitro- or p-chlorophenyl acetate, oxime esters, acetic anhydride, propionic
anhydride, succinic anhydride, glutaric anhydrlde isovaleric anhydride

2,2, 2-trichloroethy! butyrate are added and a suitable enzyme is then added to the

~ reaction m[xture which is stirred at from -20 to 80°C. The proportion of cosolvent in

the solution is preferably 10-90%; however, if appropriate, it is also advantageous to |
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- 2,2,2-trichloroethyl butyrate are added and a suitable
enzyne is then added to the reaction m xture, which
is stirred at from-20 to 80C. The proportion of
cosolvent in the solution is preferably 10-90%
however, if appropriate, it is also advantageous to 30
carry out the enzymatic red@tion in a pure acyl donor,

carry émnhemzwmatlmrm{ttloaaetaapwe aoyl dboar, fmrc@tanv@atvmy,l\fat:@ﬁate
"’i e reaction has ended, the products or the

without eO8PIVEREer s can be separated in a 5 sinple manner,
for exanple by extraction accordi ng to nethods known
fromthe Iliterature [a).T. Yamano, F. Kikunoto, S.

After thameaetion, has endedh, thatproducisiar the enantiomensicancie separated in a

smple,_m@gﬁ?hg?% exarppleét%y erc}g@g ﬁg‘qglcgfa_c}mq.ﬁoogl%th%@@mn Eﬁm the

t:teratu&@QQ)Tb\?amhﬁﬁlr Rikubbtd S8 Ngamehictopto dizh Kmmédnﬁ Ito,
I'm a further nmethod, after conpletion of the
T. lker@ﬁt@ﬂ@ﬁfﬂlﬂ@é&lﬂ%r{\mwn@, QBBWmLpﬂn?OW} 4t & B oflupgerhoft,

- soPRERRRF el oh OB PRR 2R 0 PTG

chromgwyralgm@mmtﬁbugies such as, for exanple, glutaric
nhydri de by conversion into a choljine este E%
In a fumhekmﬁhoci«lafm@ﬁm@ﬂorm%w\e engymatiggeaction she ﬂﬁ@ Iityyiny water

of the %ﬂ%h@mm% Rﬁ") ncMaa Ebﬁél'%"éb@gfy #ighg%’tﬁl"agsg for

exampie bgmyiadmﬂfusmg d:)h:slc\mhgdndm lsubh easeﬁlbrmnmlex digtaric '
ter W t or ,sol u L

annydige g i NEEHaR AtPoHENQIRE <A B e Mo LSS, Cher

Ber. 1?93% $1480 ﬁwn rSMHpsh DS, Eiefisaal MTHarEY PRID, Wakubke,

drolysi's. a particul'arly I nteresting option of
H. Waktammra%nyw Hehemat®98) k1S 82| to athéevmsepaftiohdrom the water-

BNCET TN e e
separd‘ﬁ@hefl'bes@ér'ﬂ}%kﬁfﬁ&?Bf fHé%lH@ﬁ&@%bﬁ%éﬁé@[s%ﬂy& SErARANgr

acyl donors are, for exanple, cycllc
enzymatibygidiadesss. such as succinic anhydrl de. After the

Ina pa%@qﬁi’[g@égnger]ae%ﬁég tgbﬁcﬂ%g §e§£r% ing tﬁ?ﬁ gngﬁ%rﬁ&ls?% H‘feo(géjs%t of the
enzymatic acylation the acyl donor is chosen such that the acylated enantiomer is

considerably more water-soluble than the unreacted hydroxyl compound. Suitable
acyl donors are, for example, cyclic anhydrides, such as succinic anhydride. After

the enzymatic acylation has ended, the acylation product carries a free carboxyt

group which allows rapid removal of the product by aqueous extraction in basic

‘media using, for example, saturated aqueous NaHCO3 solution.

The enzymes used are preferably hydrolases from mammalian livers, such as, for
example, lipase from porcine pancreas (Fluka) or from mlcroorganlsms such as, for
example, lipase B from Candida antarctica (Roche Diagnostics), fipase A from
Candida antarctica (Roche Diagnostics), lipase OF frdm Candida rugosa (Meito
Sangyo), lipase SL from Pseudomonas cepacia (Meito Sangyo), lipase L-10 from.
Alcaligenes spec. (Roche Diégnostics), lipase QL from Alcaligenes spec. (Meito
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group which allows rapid renoval of the product by

. aqueous extraction in basic 25 nedia using, for
exanpl e, saturated agqueous NaHCO3 sol ution. The
enzynmes used are preferably hydrol ases from mamal i an

livers, such as, for exanple, |ipase from porcine
pancreas (Fluka) or from m croorgani sns, such as, for
exanpl e, lipase B from Candilda antarctica (Roche

Sangyi) agd@thﬂaqﬂ)?—ADApae;daee (Rmhémlagmetlcka antarctica
ParticfIpgPrRierasiags VN CyReEbd TPrLRPRIEadIe? BT o

| Dlagnéﬁgdcz,garéaﬁgﬂ be aHQQﬁl]%gleb&s & Uéé’ e ﬁbé %‘n‘z@:%@@:% aP|smobilized

agnosti cs) ipase QL from Al cal i genes spec.
form of ks enzyBte, arygoiplaade gf thextyee productawicisare qtandly
Di aghosti.c ? Particular preference is given to |lipase
commgrqa B’ Eeda antarctica (Roche Diagnostics), and it

may be advant ageous to use the free enzyne or an

i mmobilized formof the enzyne, for exanple one of

‘Each ofithetamzymesroantionsdpare he nedleved éntreg of it iamepdized form

B SR L A SR FEbAB0 S8 o goun

of enzfinedaichbyst $reelly défraridimg on th&psaciiperraiéeot theg |anlded reactlon
1988). The apount of enznﬁqls chgsen freegé b
time aaé@@ﬁbpﬁgpeﬁ eﬂefmeé@ﬁeefa freg orimEqhiizedyagd can be

detenﬁlﬁé‘&'e'agf\f Ejge he pﬁ’@ﬁ’rgﬂ%rg Eggéﬁ(ﬂﬂ nfd Tﬁ%ééﬁfgn{éc &n be recovered

can et erm ned
by fremsdﬂymgoﬁeipanaﬂce‘t amel, ifrappaoyriate pleténrerise) of the enzyme can be

: r vered by freeze-drying. Separation (and,
facnhtafedq%ﬁpg\g&l hon| ater re-use) of the enzyme can be

facilitated by immobilization. 15 By carrying out the
reaction in a suitable manner, it is always possible
By carmn@butathe reactiveisa sviteblermannemiris plvaystpassily tpabiain at

st o8 farkbpld o 840 T 155 855 B Bty e

ester, ﬂfet&in\fe%rﬁnﬁm ffe shibtthesshehauic dster feruation ehoﬁﬁ%e béiow
desi red product is an_opti Ca”é’t pure al cohol, in

(or equaiéo}:%&é ifihé siesisng preduchisi selicalbt Rireraisohali Brihe iggse of
an enZyRAELRH B HWH ArhR&HaD WeecémergﬁH@heh@ be above (or equal to)

50%. The conversion of the enzymatic reaction was determined either by GC or
HPLC directly from the reaction mixture or by calculation from the optical purities of
the reaction products (ester and acid) which were likewise determined directly from

the reaction mixture using GC or HPLC on a chiral phase.

The compounds R'-X of the formula (V1) and the corresponding alcohols R'-OH,
which may serve as precursors, are commercially available or can be prepared by
methods known from the Iiterature [a) The Chemistry of Heterocyclic Compounds
(Ed.: A. Weissberger, E. C. Taylor): Oxazoles (Ed.: I. J. Turchi); b). Methoden der
Organischen Chemie [Methods of orgenic chemistry], Houben-Weyl 4th edition,

_Hetarene Il subvolume 1; c) O. Diels, D. Riley, Ber. Disch..Chem. Ges. 1915, 48,

897; d) W. Dilthey, J. Friedrichsen, J. Prakf. Chem. 1930, 127, 292; e)A. W. Allan,
B. H. Walter, J. Chem. Soc. (C) 1986, 1397; f) P. M. Weintraub, J. Med. Chem.
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20 50% The conversion of the enzymatic reaction was
determined either by GC or HPLC directly fromthe
reaction mxture or by calculation fromthe optical

" purities of the reaction products (ester and acid)
whi ch were |ikew se determned directly from the
reaction m xture using GC 82 HPLC on a chiral phase.

1972, 23, £he: gonsiminds. &mﬁnefAtdhe thwnmul‘laﬂ \304, 428; hih¥. Goto, M.

correspondi ng al cohal s

A 5
Yamagakcll S e kares il 19741 1861 D. SPOCROSBE

pr epar ed by met hods known fromthe literature [a) The
Chemi stry of Heterocyclic Conpounds (Ed.: A
The cMﬁpsahﬁ aérx oftheGorriall (W) areQearteidein thEpresdncedof bases with

Tur . Met hoden d ni schen Chem e
the opapal& Rfei %S-Eﬁﬁfﬂﬁ%r?iﬂy?]' YC&QP%%\W? NgEarbgAYHg %‘Hé h@@va{j\’e&

| Swtabﬁhéﬁ@g‘aé kdp e@‘ﬁh’mggh‘%@ro}geg)sggﬂh de dﬁb\ﬁi\/ c%rbo?’ialtié’ sud¥ths

Cs-CU;, mtkaxideilsssaich ab. K@t&k,tand}alsmconmlndszsucthDé) BALI w

o R ol . SR oS gl

MTBE! DWFNMP BMENoREHesancERiBrofdraere, 1971, 304, 425; h)
\'4 Yamazaki, M Hamana, Chem Pharm Bull,

Introduddipn, ofﬁbe (Q&bprot@gm@ aospp. (PRdycersiug e camgognds aithe
formul%gi(WH)ga&(dv@?/lP a\{\/l"?h L c%%i&g.ujud]of e fBFrﬁﬁl%n(VB RicaPASE Sty N

pure confi

methods Ryiewa ¥yt ¢he liexataes ar. Mb()@reene,cﬁ? dGdevits aPiotestive Groups in
Sui tabl e bases _are, for exanp drOXI ges such as

Organigcpynthesiposraedition; oiehaaViley mns al RodPdes such as

in adcffsP infBHuEk S SRIBAHRLGroRINE ueA o MarahtiopyradIMOS
1-ethoryethypl, d; méﬂﬁl 1-rMVFBEXy &l omMMPetBIF] - beotydexbeethyidnto the
compaipRi trtg e el RS L. EikBoeaie toesBife SPhebfpading
known(én\éﬁ‘)et}fé?g (fot ‘ékaémmé 'a:?cﬁemﬁ%ooéth?hﬂn?mﬁyh@smg bnTe_ltﬁods

carried out known from Iterature

knownWomatl@@ h*e;atpre aq. wm&eem de et Wﬁsc?mj@{stlwerﬁrcmp@an@rgamc

nt Si 3rd e | 0 Joh & Sons, Inc.
Synth ﬁg Qdd??n g\[n %ﬁ "CL " protective gr oups
such as tetrahydropyranyl .

R' as PG is chosen such that the removal of the PG during the course of the later

~ synthesis can again be facile and selective; PG is thus, for example,

benzyloxymethyl, benzyl, para-methoxybenzyl, tert-butyldimethylsityl (TBDMS), tert-
butyldiphenylsilyl (TBDPS), 1-ethoxyethyl (EE), or tetrahydropyrany! (THP).
The later removal of the protective group is likewise carried out according to known

~ processes, such as, for example, removal of PG = benzyloxymethyl or PG = benzyl

by hydrogenation over Pd/C, or removal of PG = para-methoxybenzyl using, for
example, DDQ (2,3-dichloro-5,6-dicyanobenzogquinone), or removat of PG = tert—r |
butyldimethylsilyl or PG = tert-butyldiphenylsilyl using, for example, BusNF, or
removal of PG = tetrahydropyranyl (THP), PG = 1-ethoxyethyl, PG = 1-methyl- .
1-methoxyethyl or PG = 1-methyl-1-benzyloxyethyt, for exampie under acid cataly3|s

‘using p-toluenesulfonic acid or HCI.
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15 1 -ethoxyethyl, 1-nethyl-1-nmethoxyethyl or
1-met hyl - | - benzyl oxyethyl into the conmpounds of the
formulae (I1va) and (lIVb), it is possible to use the
correspondi ng known enol ethers (for exanple,
di hydropyran and ethyl vinyl ether) using nethods
known fromthe literature . W Greene, P. G Wits,

The aminascot dminoGraid derivati@sgeiithe formyuia eQiase ezsily agressie. Both

the asBiafiad afiheipuoRiimstit apd R Ronenioactin Bihg PERR

mainiyt B&ldifd Blocks ¥XAbWASTSM %?h@@@hénﬁ’ﬁryf Aed Hiffenent | lsomers of which
selective; PGis thus or exanpl e benzyl ox?/ {hy
are copunespiallypueiiabletarowpmensally Pyt @Orﬁa@w%ﬁ e @rgition; e amino

i RTERYBh 6 o O BB R o o
knowri f&bmrthé ditergflre ¢4) Hbebm-Wem Methalepugeri @rgsidmluieﬂd:hemie,

4t e, WS £158 crMEIOTBES PN Thon 5y Lty R DoDidicder
Vlflegé%eﬁ';é\‘rlah{aﬁoxy%fymﬁé‘ SHQQ& 93"51'?d M. ‘B"ellé%%@bkéﬁ Aew.

ara- ne ing, t'or éxanple
Chem( 2000, di 102615, 6- di cyanobenzoqui none), or renoval of

- PG = tert- butyldinmethylsilyl or PG =
tert-butyl di phenylsilyl using, for exanple, Bu4NF, or

 The dn?&trrﬁoxyet%f(%n 5%87'0?%1%%9 aOG\‘lé)%ij 6)-”'('5’)[3 B’Q(\Hlb or of the

1-meth 1- et hoxyet h

formula-(tandr (¥ HHod with a:xyamlhg/ or aﬁ@mleﬂaqﬂ éeuv&iye ddh@ formula (IX)
can berarfetfonl usife AR aE R G BLF Bt B sy

J. Mar(:fh Waﬁihes REGhhOEROGSTE bjwém@w t5th fehl&lcﬁ‘ﬁ UbHAatI@s&Eons,
pr ot ei nog@nl c and the nonErot ei nogeni c am no aci ds

Inc. Za%prﬁémryd raturergitesd ekeink Rblitaratuhigyigw e &- Larock,
Com BB e 1 T b T VS e 10 for

examdlélv@dﬁetdoﬁléspbhalngmthﬁOnﬁomméthiﬁaluvratwmaierwfatwm or in the
forrrula(IX) used can be re are? th the aid of

presenggt ¢ syab l@rﬁﬂxmﬁ%ﬁwméﬂ iOf Sraiire VA?F%l)filﬂ‘lilésféi'Géﬁ“ veyl
Met hoden der Organi schen Chem e, 4th edition, volune
E16d, subvolunmes | and Il; b) C Cativiela, M D

The eeiﬂalalzycttelyses can be carried out accordlng to methods known from the

literature (M. B. Smith, J. March, March’s Advanced Organic Chemistry, 5th edition,

~ John Wiley & Sons, Inc., 2001, p. 468 and literature cited therein), for example by

basic hydrolysis using aqueous NaOH, an acidic hydrolysis using aqueous HCI, or
an enzymatic hydrolysis using a lipase or, for example, in the case of a benzyi ester

by hydrogenolysis using H: in the presence of Pd/C.

The conversion of the cyclohexahecarboxy!ic acids formed by ester hydrolysis into

the compounds of the formula (Xla) or (XIb) is carried out by methods of amide or
peptide coupling known from the literature. An abundance of methods for forming
amide bonds is available [a) Houben-Weyl, Methoden der Organischen Chemie,

4th edition, volume XV, subvolumes 1 and 2; b) G. Benz in Comprehensive Organic.

VSynthesis (ed.: B. M. Trost), 1991, p. 381; ¢) Miklos Bodansky, Peptide Chemistry,

2nd edition, Springer Verlag, p. 55].
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Vill egas, Tetrahedron: Asymetry 1998, 9, 3517; c) M
Beller, M Eckert, Angew. Chem 2000, 112, 1026]. 10
The direct reaction of an ester of the forrmula (IVa)

or (Ivb), (Vila) or (M1Ib) or of the fornmula (Villa)
or (VIIIb) with an am ne or an ami no acid derivative
of the fornula (I1X) can bé4carried out using nethods
known fromthe literature [a) M B. Smith, J. March,
March's Advanced Organic Chenistry, 5th edition, John
Wley & Sons, 15 Inc., 2001, p. 510 and literature

The efdrhS@siagb @ isBrveio illiidtRatatie présunt MeRtiok-in kigre eetail.
Conprehensive Organic Transformations, p. 987, VCH

Publ i shers, Inc., 1989], for exanple via the
Exam;glgé'r espondi ng lithiumor dinethylalum numderivatives,
in the presence of suitable catalysts, such as,
for exanple, the cyanide ion. 20, The ester hydrol yses
can be carried out according to nethods known fromthe
For schemmerAture (M B. Smith, J. March, March's Advanced
Organic Chem stry, 5th edition, John Wley & Sons,
Inc., 2001, p. 469 and literature cited therein), for
Exammgdnpl e by basic hydrol ysis using agueous NaOH, an

aci di ¢ hydrolysis usi.n eous , _Or ,an,enz tic
Prepataiah it japamiFaBroRY| $iBas VPR REIONSaBT ECAPRXYAE case
of a benzyl ester 25 by hydrogenolysis using H2 in
t he presence of Pd/C. The conversion of the :
cycl ohexanecarboxylic acids fornmed by ester hydrolysis
into the conp of the fornmula (Xla) or (Xl b) is
carried out b pt hbods @b anj-de or peptide coupling
known fromH®e | fera ure.\ﬁAnn/ abundance of nethods for
- formng 30 am de bondg is available [a) Houben-Veyl,
Met hoden der O gani.schien Chem e, 4th edition, volunme .
XV, subvol umes A% &y 2; b) G Benz in Conprehensive
Organic Synthesis (ed.: B. M Trost), 1991, p. 381;
c) Mkl os Bodansky, Peptide Chem stry, 2nd edition,
With sfpingng45 nveoflamgty! chldbite. weré added slredyplioss 1hef apseparsl.

Duringttge Ialdldﬂlsc}nr, %Iue? térh‘ﬁez%%u%%?géreéggg % 48°C bt lr’ré)priglngﬁ & J35°C

afterwards. A solution of 350 g (2.72 mol) of racemic 6-oxabicyclo[3.2.1]joctan-7-one

and 1.4 | of isopropanol was then slowly added dropwise, and the mixture was
stirred at 20-25°C. After 3 h and standing overnight, the reaction had ended. The
reaction mixture was concentrated under reduced pressure, taken up in about 1.3 |
of methylene chloride and washed with 1 | of semisaturated sodium bicarbonate
soiution. The organic phase was then dried with MgSO, and_ concentrated under
reduced pressure; yield: 501 g (98.9%); 1H_—NIVER (CDCl3): § =1.23 (d, 6 H}), 1.20-
1.45 (m, 4 H), 1.68 (d, 1 H), 1.86 (m, 2 H), 1.95 (m, 1 H), 2.18 (m, 1 H), 2.34 (m,

1 H), 3.63 (m, 1 H), 5.00 (sept, 1 H). '
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5 Exanpl es: For schene A: Exanple 1: 10 Preparation
of racem c isopropyl
ci s- 3- hydr oxycycl ohexane-| - carboxylate O HO 0 rac,
cis Wth stirring, 245 m of acetyl chloride were
added slowly to 2.1 1 of isopropanol. 15 During the
addition, the tenperature |ncreased to 45C but rapidly
fell to 35C afterwards. A3%ol ution of 350 g (2.72
Exmnmbﬂ% of racem c 6-oxabicycio[3.2.1]octan-7-one and

creveis et PRI 05RO b B e S

standi ng overni ght, the reaction had ended. The
reaction m xture was concentrated under reduced

pressure, up in about 1.3 I 20 of nethyl ene
chloride & ashed wwth 1 1 of sem saturated sodi um
bi car bong al ut jO@ he organi ¢ phase was then

dri ed WPt h nd%fﬁcentrat ed under reduced
pressure; yield: 501 (98.9%; 1HNWR (CDCI3): 8 =

1.23 (d, 6 H), 1.20- 1.45 (m 4 H, 1.68 (d, | H),
186(m 2 H, 195(m 1 H, 218(m | H, 234(m
1 H, 3.63 (m 5.00 (sept, 25 35
800 g of r@wmqmomd@elmdr@xwﬂﬂ ABA- 1o$a S5t yere 20wl Stirred

with 1.5 15r i)Y SEGYE 1 SNREANRE GRbREX ¥hatB7 10 RoloRm 335 at
20-23°C. After abbut 4 h, the mixture was filtered off and concentrated under
reduced pressure. This gave 940 g which were chromafographed on 6 kg of silica
gel (n-heptane/EA 2:1 ~ EA/n-heptane 3:1): 1. Fraction, 484 g, isopropyl (1S,3R)-
3-acetoxycyclohexane-1-carboxylate; 'H-NMR (CDCls): 8 = 1.22 (d, 6 H}, 1.2-1.6 (m,
4H) 1.8-2.0 (m, 3 H), 2.03 (s, 3 H), 2.20 (m, 1 H), 2.36 (m, 1 H), 4.70 (m, 1 H), 5.00 .
(sept 1 H); 80% ee (HPLC on Chiralpak ADH 32 250 x 4.6; 1 ml/min, heptane/
EtOH 3:1). 2. Mixed fractlon 3. Fraction, 324 g of lsopropyl (1 R,35)-
3—hydroxycyclohexane-1-carboxyiate; 'H-NMR (CDCla): 8 = 1.23 (d, 6 H), 1.20-1.45
(m, 4 H), 1.68 (d, 1 H), 1.86 (m, 2 H), 1.95 (m, 1 H), 2.18 (m, 1 H), 2.34 (m, 1 H),
3.63 (m, 1 H), 5.00 (sept, 1 H); > 99% ee (HPLC on Chiralpak ADH 32 250 x 4.6;
1 ml/min, heptane/EtOH 3:1).

Example 3:

Preparation of isopropyl (1R 38)-3-(5—methy3-2-p—tolyloxazoI-4QyEmethoxy)- _
cyclohexanecarboxyiate by alkylation of |sopropyl (1R,38)-3- hydroxycyclohexane-
1-carboxylate using 4-iodomethyl-5-methyl-2-p-tolyloxazole
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800 g of racemc I sopropyl
3- hydroxycycl ohexane- 1- car boxyl ate were sIomAy stirred
with 1.5 1 of vinyl acetate, 5 1 of nethylene chloride
and 137 g of Novozym 435 at 20-23C. After about 4 h
the m xture was filtered off and concentrated under 10
reduced pressure. This gavg 940 g which were
chronatographed on 6 kg of @ilica gel (n-heptane/ EA
ane 3:1) tiopn, 48 |sopropyl
Under(s 19RG (G54 BIb%, Epeiamblipast Saimmipyacbexad

1- carb%gﬁ%eg%&d § 51 C% (%%S(rgol_l)%f mlogén‘%‘tﬂyl %. rﬁw@&hyl 4. gﬂolyiéx&cﬂe Qvere

initialdcidrgéehin 1 Hdf NMPCGhd ¢eded to 120%;3 CB(ez‘r/cae;:rar(qdmfcabﬂut 1 h

204 o2t e A7 G50 L e, g PGB PR v

kept bgwrww The Mxd@Re-was then stirred at -15°C. After 7 h, the reaction had
droxycycl ohexane- 1- carboxyl ate; 1H NWR ( CDCl q)hle | of
m

ended= Tmezeaa;tmn BibiYIre was pourerbintg mmixtum of 8,168 \ﬂ(aier 3n

glac:allaggirc(arggzl zlg\}_E'() mo%!f%;?yvgé%xéa’_%ége\éltﬂ} ﬁqﬁ&%}th%r ’_% 3 0}?0 Hg’hg

organr@ Phekk v PednodiattaBsd dh8eixrediuted plesduren This lyepe 4186/ gEbﬂerude
3:1). 20 Exanple 3: Preparation of isopropyl (1

produgs vertigh we(r@drrépﬂwreaz:@ fwiRaroxazol - 4- yl met hoxy) -
cycl-ohexanecar boxyl at e by al kyl ati on of isopropyl (1
R, 3S) - 3- hydr oxycycl ohexane- 25 1-carboxyl ate using
‘ 4-iodorrethy|-5 nmet hyl - 2-p-tol yl oxazole \ NO/ |i O
:C 0 36 Under N2, 100 g (0.54 nol) of isopropyl (1

| Examrrte§3) 3- hydr oxycycl ohexane- 1-carboxylate and 151 g

Prepa.(a%ﬁ%f'(?k%?@f:? 45 'nS@lﬁwi’i B)ltbty%%ﬁbmﬂyirﬁe@ro&?jc)ﬁb@hé@h@ |

charged in’1 NMP and coOol ed to
carboxyﬂ@@clddmehydromsls ofthefiseirony! qstﬁr 5 20.4 g of NaH were
added a little at a tinme. During the addition, the
t enper at ure was

About 360 g from two runs of éxample 3 were dissolvéd in 1.6 | of NMP, 400 ml of
NaOH were added and the mixture was stirred at RT. After about 1.5 ‘h, the reaction
had ended. The reaction solution was poured into 6 | of water and washed three
times with in each case 2 | of MTB ether, and using about 450 ml of conc. HCI, the
aqueous phase was adjusted to pH 1. The product, which precipitated during this
operation, was filtered off, washed with water and dried at 50°C; yield: 85 g; m.p.
144-146°C; 'H-NMR (CDCl3): & = 1.23 ~1.53 (m, 4 H), 1.85~ 2.1 (m, 3 H), 2.36 -

2.45 (m, 8 H), 3.45 (m, 1 H), 4.49 (dd, 2 H), 7.23 (d, 2 H), 7.88 (d, 2 H).
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kept bel ow -15C. The m xture was then stirred at -15C.

After 7 h, the reaction had ended.. The reaction

m xture was poured into a mxture of 3 1 of water and

40 m of glacial acetic acid. The product was

extracted wth MIB ether (2 x 700 m). The organic

phase was concentrated und@r reduced pressure. This
Examplavie 180 g of crude 10 product which vvere di rectly

Prepa%a%%%;&%e%%uaﬂfanme@%‘@Lﬁﬁ%@ o Bt eyernex
4- y|mé§§sx )&%i&ﬁé@?@éhkb‘o% rb%}btlwét@ bﬁﬁd‘,&xﬂfngtcﬁ?mm[@m"

te omtwo fu
methyézmmiséo@m#eylmeﬂmw@@lohexanecarb@ﬁ(ylmld 4r0tb1 WUfﬁlf
dded and the m xture was stirred at RT.
(S)- Vaﬁ@"l‘tg?qgﬁ%ﬁ}]mi the reaction had ended. The
reacti on sol utlon was poured into 6 | of water and
washed three tinmes with in each case 2 | of MIB
et her,~and-usi ng about 450 conc. , the
aqueous | was adj ust ed 1. Ghe p odl%v\m ch
preci pit & G . \on s At d off,
washed wi tW wat¥r apd drCed ar” 500 yi erd: 85 m p.
25 144-146C, 1H (CDCI3): 8 = 1523 -1.53 (m 4 H),
1.85 - 2.1 (m 3 H), 2'36-245(mf8/F|)\,345(m1
H, 4.49 (dd, 2 H, 7.23 (d, 2 H, 7.88 (d, 2 H. 37
Exanpl e 5: Preparation of tert-butyl

~ With sggrrﬂpt, Btzlr%af(sfr ééf i B-Iﬁ§ﬂ1yi?l2(p5t bedol-2=ricthostydeaicHexane-

yl'ne cycl ohexanecar bonyl’] am no but rate by
carboxylic gridng0 gpj_t RUBS(SRvgimate hydrochlorl e and 128 ml of

t y
ety B e il o (IGRT 0 £ Ry KR pHRLER RO g o
about 10 min and then cooled to-0°C (ice/methanol), and 101 g of TOTU were |
added slowly, a littie at a time. The mixture was stirred at 0°C for 15 min and then at
about 20°C. After 2 h, the reaction had ended. The entire reaction mixture was

poured into 4.5 | of water and extracted 3x with in each case 700 ml of MTB ether,

| _and the combined organic phases were washed with about 1 | of water to remove

residual DMF, dried with MgSQ, and concentrated under reduced press'ure. The
residue was triturated with DIPE and filtered off with suction; yield: 82 g. The mother

'quuor was concentrated and the residue was once more triturated with DIPE; total

yield: 90 g; "H-NMR (CDCls): 6 = 0.87 - 0.92 (2 d, 6 H), 1.25 - 1.55 (m, 4 H), 1.46 (s,

9 H), 1.88 (m, 2 H), 2.10-2.35 (m, 4 H), 2.38 (s, 3 H), 2.40 (s, 3 H), 3.47 (m, 1 H),
4.46 (dd, 1 H), 4.49 (s, 2 H), 5.97 (d, 1 H), 7.22 (d, 2 H), 7.88 (d, 2 H).
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HNONYO O/ OWth stirring, 85 g of (1

R, 3S) - 3- (5- net hyl - 2- p-t ol yl oxazol - 4-yi met hoxy) cycl ohex

ane- 10 carboxylic acid, 70.4 g of t-butyl

(S)-valinate hydrochloride and 128 nl of

triethylamne were initially charged in 1.39 | of DW.

The m xture was stirred foB8 about 10 min and then
Exampled:ed to OC (ice/ methanol), and 101 g of TOTU were

Prepataiin @-atethis 3o (RS sfmalen 2 ollsatonethoxy-
Cyc|oh%xgne&§}@,oh§@%@|ngrgb ,qlcgeiged The entire reaction

m Xt ure wa Iinto 4.5 | of water and
extracted 3x W|th in each case 700 il of MIB ether,

and the conbi ned organi c phases were washed with about

11 of wate o renove residuak DVF, drlgd with MSH4
and conce  ed under redu ressw e he residue
was trit ' D ) J

sucti on; : 2 ” Th&® ot Rer i quo wa&H

concentrated andpthé residue was ofce pure triturated
with DIPE, total 20 Yield: 90 g; 'HNI%%‘CDCI:%):-S:
087- 0.92 (2 d, 6 H, 1.25 - 1.55 (m 4 H, 1.46 (s,

1.88 (m 2 H, 2.10 - 2.35 (m 4 H, 2.38 (s, 3

141.0 g‘)of t@ﬁﬂjtﬁl%—m&tl’?fﬁ_&g) §(71F( ngfs I(;J)metréyl-éﬁpm ox%zdéf%
4- yimezhm)csaﬁohm@&awwy arminsdbubrale ersilﬁ%ﬁlvgd inp(& f'{'P(l
B SHIGA E 2 FpRAREAE odTRIR rg rtey
mixturé)was heated at reflux. After a reaction time of about 10 hours, the reaction
solution was concentrated under reduced pressure and, twice, about 100 ml of
toluene were added and the mixture was concentrated under reduced pressure. The
resulting residue was taken up in 1 | of water, and about 150 mi of 33% strength

aq. NaOH were added. The Na salt of the carboxylic acid was dissolved, and the
solution was washed twice with in each case 70 mi of MTB ether. Using conc. HCI,

the aqueous phase was then adjusted to pH 1. The desired product precipitated and

‘was filtered off With_ suction, washed with water, dried at 50°C under reduced

pressure and digested with about 1 [ of ethyl acetate; yield: 118.8 g; m.p. 185-
196°C; "H-NMR (DMSO): § = 0.86 (d, 6 H), 1.05 -1.3 (m, 4 H), 1.64 (m, 1 H), 1.76
(m, 1 H), 2.04 (m, 4 H), 2.36 (s, 3 H), 2.38 (s, 3 H), ~ 3.35 (m, 1 H), 4.13 (dd, 1 H),
440 (s,2H),731(d,2 H)-,' 7.81(d,2H),7.84 (d, 1H),12.5(s, br., 1 H).

Example 7:
3-Methyl-2(S)-{[(1R,3S)-3-(5-methyl-2-p-tolyloxazol-4-yImethoxy)cyclohexane-

carbonylJamino}pentanoic acid

Analogously to the réaCtion sequence examples 2 - 8, isopropyl (1R,3S)-3-hydroxy-

cyclohexane-1 -carboxytate,' 4-iodomethyl-5-methyl-2-p-tolyloxazole and tert-butyl

(S)-leucinate hydrochloride gave the product 3-methyl-2(S)-{[(1R,3S)-3-(5-methyl-
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5 141.0 g of tert-butyl 3-methyl-2(S)-{[(1

R, 3S) - 3- (5- net hyl - 2- p-t ol yl oxazol -

4-yl met hoxy) cycl ohexanecar bonyl ] am no}butyrate were

di ssolved in 700 mM of nmethylene chloride, and 252 m

of trifluoroacetic acid were added. The reaction 10

mxture was heated at refl8R. After a reaction time of
2-p-tolytsxarolidryhoetheoxychielohesaneaniborydlaminelpanianoic acid;

 Ca R BT R R BRI ana The i xtlr o s

concentrated under reduced pressure. The resulting
resi due taken up in 1 1 wat er, and about 150 ni

of 33% St h ag. NaCH were atided. The ®a salt of
the carb aciNJI was di ssol ved, th 15

sol uti on "W 5 Hg ' sep(® m of
MIB et her ueouls phase was

then adj usted tadO 1. The desi r edOpr ods

precipitated and was filtered off vvlthh%ion,

washed with water, dried at 50C under reduced pressure

and digested with about 1 I of ethyl acet ate; yi el d:

118.8 g; mp. 195- 196C, 1H NMR (DI\/BO) 3 0.86 (d, 6
Examp#® 8:1.05 -1.3 (m 4 H), 1.64 (m ,176 20 (m 1

3- Met@l@éék af g, W) %-83’-@@%1@% 5§°*mx5%¢[zéV%?tﬁ%WV°%%rﬁd

7.84 (d, |1 , 12.5 b I
carbor%l]ﬁpnl%ggﬁﬁf&ﬁlc.a%lzds'bs e hyl( 2(S) {[(1 (s, br.

R, 3S) - 3- (5- met hyl - 2- p-t ol yl oxazol - 4-yl net hoxy) cycl ohex

Analoé‘o@%&f gé?(bon & g]%onpgégﬁ,gtl ésn:%) 3%&‘19‘3{)@@%' Ig%é%ley'i tc%rﬂ&l&late

4- iodoﬂe&ﬁ@-n%tﬁwlitﬁ’)wm%%l@mﬂu () eRaminate, hydrochiorlde

-i odonet hyl -.5- t ol onazol e and tert-buty]

 gave 15 LSOt BUbEHA-B S0 R bPHEU SR St P SRRALE-VImethoxy)-

CVC|0h§XéWGE%¥ ?'f)‘”?’” f’é}&}} ‘50?1@10(5%6)( ?ﬁ%ﬁ%%b g‘g%oaﬁ)énﬁ (ESl)no}

401 (Npe{ﬂ)anm c acid; C25H34N205 (442.56), Ms (ESI): 443
(I\/H—I+) 0

. ] o
2 / (O M g OH
o} 0
Exampie 0.

Preparation of isopropyl (1R,3S)-3- hydroxycyclohexane 1-carboxylate by enzymatlc

For scheme B:

racemate resolution
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NNOOH O | 5 Exanple 8: 3-Methyl-2(S)-{[(1

R, 35) - 3-(5-nethyl - 2-p-tol yl oxazol - 4-yl met hoxy) cycl ohex
ane- carbonyl ] am no}propionic acid 10 Anal ogously to
exanple 7, isopropyl (1 .

R, 3S) - 3- hydr oxycycl ohexane- 1- car boxyl at e,

4-i odonet hyl - 5- net hyl - 2- p- 4@l yl oxazol e and tert-butyl

At root n%&?l@%sfoqj?ﬁ%&%éﬁfcﬁ?%ro%@’ﬁ ypaﬁnxgémxg)?aeé ol -
1 -carbpkplatdraryg sticg blohdx mtlac%dmhyf Yinyi avsiateo 00 mlcafaim‘atbylene
I T N NG

was flltéﬁﬂ TP &&né%rﬁé)te&uhuéf w&ée Iw@@m@ ems QRivBOMY @be

by enzymatic racemate resolution O 2540 At room
produttenifieh atare ehrarogtogragfhacherr itikg thsQima)Wl(n -heptane/EA 2:1):

1. Frag’ﬁor}?(dfo‘.’é‘&%%}a;%%? (al'}:eSR) 3-acetoxycyclohexane-1-carboxylate; H-NMR
(CDCla): 8 = 1.22 (d, 6 H), 1.2-1.6 (m, 4 H), 1.8-2.0 (m, 3 H), 2.03 (s, 3 H), 2.20 (m,

1 H), 2.36 (m, 1 H), 4.70 (m, 1 H), 4.99 (sept, 1 H); 62% ee (HPLC on Chiralpak
ADH 32 250 x 4.6; 1 mI/min, heptane/EtOH 3:1). 2. Fraction, 35.9 g, isopropyl
(1R,338)-3-hydroxycyclohexane-1-carboxylate; "H-NMR (CDCls): 8 = 1.23 (d, 6 H),
1.20-1.45 (m, 4 H), 1.68 (d, 1 H), 1.86 (m, 2 H),1.95(m, 1H),2.18 (m, 1 H), 2.34
(m, 1 H), 3.63 (m, 1 H), 5.00 (sept, 1 H); ) > 99% ee (HPLC on Chiralpak ADH 32
250 x 4.6; 1 mi/min, heptane/EtOH 3:1).

| Example 10: -

Preparation of (1R,38)-3-hydroxycyclohexane-1-carboxylic acid by basic hydrolysis
of optically pure isopropyl (1R,3S)-3-hydroxycyclohexane-1-carboxylate

OH
HO

O

1 g (5.4 mmol) of isopropy! (1 R,38)-3—hydroxycyclohexane-1—cérboxylate was stirred
at RT in 6 ml of 2N NaOH overnight. A few drops of 11N NaOH were added, and the

~ mixture was again stirred overnight. No more ester could be detected. The mixture

was acidified with HCl and concentrated under reduced pressure, the residue was
digested with isopropanol and filtered and the resulting solution was concentrated
under reduced pressure; yield: 0.6 g; 'H-NMR (D:0) agrees with the NMR data of

the racemic acid.
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1-carboxyl ate were stirred slowy with 200 m of vinyl

acetate, 800 m of nethylene chloride and 20 g of

Novozym- 435 . After about 60% conversion (GC), the

m xture was filtered off and concentrated under

reduced pressure. This gave 110 g of 5 product which

wer e . chr omat ogr aphed on 1 &4 of silica gel
Examgle-Hept ane/ EA 2:1): 1. Fracti on 70.9 g, isopropyl

Prepaéaé@as tert%)ui)ﬁ?(gﬁ(zﬁﬁ 3%1%5%? roEy%/ @%&n%&{ﬂ:oﬁﬁb%o&
- ficl ith
3- metrﬁeﬂbut?réﬁs bif?ed&%hﬁg éﬂa 39).3- Hy&%ﬁ@c{lﬁ%ﬁ%ﬂ?geﬁﬁfﬂi atR,wi
teﬁ-bwl(ﬁhwpmtehmrwlqsé X 4.6; 1 m/min, heptane/ Et OH
3:1). 2. Fraction, 35.9 g, isopropyl 10
(1R, 3S) - 3- hydr oxycycl ohexane- 1- car boxyl ate; 1H NWR

(CDCI3): 8 1.23 (d, 6 H), 1.20-1.45 (m 4 H), 1.68
(d, 1H), (mdé HO1. 9i(m 1H, 2.18 (m | H),
3. (mi{ 1 , 5.00 (sept, 1 H; ); >

m n,

2.34 (m

99% ey APCS-ONn ™t 1 ak™@&\ 2 250 x 4.6; 1 mM/m
hept ane/ Et OH 3: 1} 15! 'Exanpl e' 10: Preparation of (1
R 3S) - 3- hydr oxyc¥ Ioh’ﬁsane 1-carboxylic acid by basic
hydrol ysis of optically pure isopropyl (1 _

R, 3S) - 3- hydr oxycycl ohexane-1 -carboxylate 20 HOOH O

8.15 93(56 Klﬁnﬁlﬁ@@MR 88)-Bstnpirowiclyclohexane-1 carboxyllc amd 19. 6 mI of
(1 S)-3-h droxggcl ohexane- 1- Cﬁdﬁg | at e @ d
triethylagnies ahdt 1 %grﬂﬁ el Na TR HiSg rHatinater yTachipd Siere

t f
_mﬂmlly?hzh'ged overnl g ?ﬂﬂﬁb @o%edlgg%oe?%oéﬂﬁzg@s%mgm@d) °

TOTU Tﬂmganm@eithmwca#mwy@meth?leeelawrtd}ﬂ—ﬂB Sitadraositehrenritey

duced due St
tetran QB al W reanien £ HEeR! e he feadion s agT hEr sifred at
18-22%&9%%? TR EGihg tBNARMS 8HY %%uwém ;had Bésh cOnferted

MR (D20) agrees with data of 30 the

completab/eFFhe DIFdvas evaporated under reduced pressure and the residue was
taken up in ethyl acetate and washed with aqueous NaHCOs3. The organic phase
was dried (MgS0Q4) and concentrated under reduced pressure: this gave 294 gofa
red-brown oil. For purification, the product was chromatographed on silica gel
(n-heptane/EA 2/1 - 1/1): this gave 11.8 g of a yellow solid which was directly
reacted further; 'H-NMR (CDCls): 8= 0.9 (m, 6 H), 1.25 -1.57 (m, 4 H), 1.47 (s, 9 H),
1.78 - 1.95 (m, 3 H), 2.07 - 2.35 (m, 3 H), 3.67 (m, 1 H), 4.45 (m, 1 H), 6.0 (d, br,,

1 H).

By alkyiation with 4—iodofnethyi-S—methyI-Z—p—tolyloxazole, tert-butyl 2(S)-[{((1R,3S)-
3-hydroxycyclohexanecarbonyl)amino]-3-methylbutyrate can be converted into tert-
butyl 3-methyl-2(S)- {[(1R 38)-3-(5-methyl-2-p-tolyloxazol-4- ylmethoxy)cyclohexane-

carbonyllamino}butyrate.
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41 Exanple 11: Preparation of tert-butyl 2(S)-[((1
'R, 3S) - 3- hydr oxycycl ohexanecar bonyi ).am no] -
3-met hyl butyrate by coupling
(1R, 3S) - 3- hydr oxycycl ohexane- 1-car boxylic acid wth
tert-butyl (S)-valinate hydrochloride 5 O H HOO O
8.15 g (56.5 mmol) of (1 42

Exam;ﬂeS@ 3- hydr oxycycl ohexane- 1-carboxylic acid, 19.6 mn

propafiep 41 TSP TG SO At e R el sopopy
(18 3R)|331a'c§’cdx3ﬁc§6]9ﬁéb@1é ﬂc&%bﬂﬂat@by%yﬁﬁim@éﬂ@dr@ly@@

8 mmol ) of
([cyano(ethoxycarbonyl)nethylenean1no] 1,1,3,3-tetrane
t hyl uronium _tetrafl uoroborate) were added a little at
atime. The reqaction solution was stirred at 18-22C
over ni ght . ording to LC-MsS, the starting materi al
had biﬁg. snvert g& Honpletely. The DMF was evapor at ed
under duced sure and the residue was 15 taken up
in ethyl acetateCand washed wi th aqueous NaHCO3. The
organi ¢ phase was dried (MJSO4) and concentrat ed
under reduced pressure: this gave 29.4 g of a

s

100 mﬂ-bflbhoéﬂﬁafﬁe gaffer, bH 8 79 with & y:ﬁlNlcamZym 436 %igri20hh iks more
|rectljy r eact ed furt her;

ester @Uulg be ted (5izC @R GQ). qjhe :ﬁmqgﬁged gnzy&leg@slﬂ!tpged %?P and

the ﬂlt%t%év#@cr |f|§gj Wi%l Igé %ngr rﬁﬁcér‘fﬂat%ﬂ @r‘ﬁ&?fﬁ ﬁ(e@t Ir%ﬁé'ﬁv\r/let The -

- residud-waaddigestey with rsepmplanm PAftear filiraticry, dhe ,reswinng bleay solution

2(9S) - R, 3S) - ) :
was C‘?}&}%)/ P-!é@&@?@?rd)ﬁgﬂaﬁ%é’é‘?%ﬁ% Y&l no - 3- met hyl but yrat e
7.2 g; SAINNIR EROY Hghésh With thd RIMIR data of the racemic acid.

Exampie 13:

Preparation of tert-butyl 2(R)-[((1S,3R)-3-hyd roxycyclohekanecarbonyt)amino]—
3-methylbutyrate by coupling (1S,3R)-S-hydroxycyciohexane—1-carboxylié acid with
tert-butyl (R)-valinate hydrochloride

-0
O
HO™ "‘]( 0
2.78 g (19.3 mmol) of (18,3R)-3-hydroxycyclohexane-1-carboxylic acid, 6.7 ml of

triethylamine and 4.04 g (19.3 mmol) of tert-butyl (R)-valinate hydrochloride were
initialty chargéd in 60 ml of DMF and cooled to 0°C, and 7.57 g (23.1 mmol) of

- TOTU ([cyano(ethoxycarbonyl)methyleneamino]-1,1,3, 3-tetramethyluronium
- tetrafluoroborate) were added a little at a time. The reaction solution was stifred at




10

25 butyl 3-nethyl-2(S)-{[(1

R, 3S) - 3- (5- net hyl - 2- p-t ol yl oxazol - 4-yl met hoxy) cycl ohex

ane- carbonyl]am no}butyrate. 42 Exanple 12:

Preparation of

(1S, 3R) - 3- hydr oxycycl ohexane- 1- car boxylic acid from

I sopropyl (1 S, 3R)-3-acet 6§ycyc| ohexane- 1- car boxyl a}jt e
18-221y owanj@hit The SUVE wasenanoyated under cefygsd presgung amgrine

. o 0 .
residup i ket WPLOBHY vstatp and washed wil augpus NeHCOs. The
organigtﬂﬁdsf%dml\ébﬁdrié@(l\dlflgg%)‘, d@?gsﬁﬂﬂﬂtﬁg tknde‘ree%ucmdt pre%sumai e:lm:é for
.g o0 vozym or., : nor e s Qu €
purificaiiprahsametadtaBhedoy SiicRde mmm%@% Hdus gave .96 g
j 10f fl |t ex\WAS ¢ 3 _di g+ ifyh
.Of a y‘%‘r?g‘} %%!Ecgeﬁfppm@:%&%ggra T 2' u@é’dﬁp ég%gsr g."é?Tﬁﬂ’ wlﬁg’s?'?ﬁle
(s, 9 H)as. 7@ -_QG.SEIBETIIn,V\E H), 2.68p+ 2138N10d,.3 AJ,LR67 i, trkY, 4ot (mphe H),
" resulting clear solution was concentrated under
6.0 (drRaut 89 pressure; yield: 7.2 g; 'H NVR (D20) agrees
with the NVR data of the racem c acid. 15 Exanple 13:
Preparation of tert-butyl 2(R-[((21 ,
By alk§@a88) vathhy-ibdpmyetny dinesthyie?-artotyigiazate, terf-butyt 2(R)-{((1S,3R)-3-

- | b by . | | :
o RSP Ry e rinsan be caprerig o ot
butyl 329|ett|3y112(h§t[p(’1s,@ﬁ)):yeﬂ-msﬂ-zhydbwmb%|L4191n€éthblﬁg/)by@ohexane-
CH 2.78°9g (193 mmuol ) ‘of :

. carborplllsnBmpibeityiate: oxycycl ohexane- 1- carboxylic acid, 6.7 m

15

20

25

30

of 25 triethylamne and 4.04 g (19.3 mmol ). of
tert-butyl (R)-valinate hydrochloride were

For scheme C:

Example 14.
Preparation of racemic cis-3-hydroxycyclohexane-1-carboxylic acid by basic

“hydrolysis of rac-6-oxabicyclo[3.2.1]octan-7-one

OH
HO

O
rac, cis

| 1g (7.9 mmol) of rac-6-oxabicyclo[3.2. Tjoctan-7-one and 0.64 g (2 eq.) of NaOH_ in

20 ml of water were stirred at RT overnight. The mixture was acidified with HCI or
acetic acid-and concentrated under reduced pressure, the residue was digested with
ethyl acetate or isopropanol and the resulting organic solution was concentrated
under feduced pressure; yield: 0.6-0.7 g; 'H-NMR (D,0): § = 0.9-1.2 (m, 4 H), 1.6- .
1.77 (m, 3 H), 1.95 (m, 1 H), 2.17 (m, 1 H), 3.45 (m, 1 H).
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initially charged in 60 m of DWMF and cooled to 0C,
and 7.57 g (23.1 mmol) of TOTU
([cyano(et hoxycar bonyl ) net hyl eneam no] -1, 1, 3, 3- tetrane
thyluronium tetrafluoroborate) were added a little at
a tinme. The reaction solution was stirred at 43
18- 22C overnight. The DW ths evapor at ed under reduced
pressure and the residue was taken up in ethyl
Exam;ﬁ 3 at e and washed with aqueous NaHCO3. The organic
f was dried (MySO4), concentrated under reduced
PrepaiftiopofT8céfiie mefyl crUE-h um?cwohmrmagfmm@l on
silica gel (n-heptane/ 1/1): this gave 4.96 ¢
5 of ayellowsolid; 1 HNW (CDCI3): 6 = 0.9 (m 6.
H, 1.25-1.57 (m 4 H, 1.47 (s; 9 H, 1.78 - 1.95

(m 3 H), 2235 (m 3 H), 3.67 (m | H), 4 45
(m I H, . br., 1 H. By alkylation wth
4-iod | et YME2- p-t ol yl oxazol e, tert-butyl
2(R)-[ (1S, 3R) - 3] 10

hydr oxycycl ohexafecar bonyl ) am no] - 3- net hyI butyrate can
be convertred dimto tert- butyl 3-nethyl-2(R-{[(1 S,

3R) - 3- (5- net hyl - 2- p-t ol yl oxazol - 4-yl nmet hoxy) cycl ohexan
e- carbonyl]am no}butyrate. 15 For schene C Exan'pl e

7 mt of o 1AL 0 BhabA S iy ssppiare g oot ot

10 g (B03 hmbglma@eczflxabm&: smqbcwi n[oaezanﬁ] {20 i oF rrostbara,
I ac ClIS

Durlngrtae a@iddi@btf&/terrwp%r rf]lae&eaﬁeq* t%ﬁé Gt ovigin JOpingfgliyto

. 30°C. ﬂﬁeMWtﬁé‘r%ﬂ%ﬁoa%dﬂ er?éed"@ﬁ&fhé"%a%tlgﬁ'nﬁ&ﬁﬁe Wast‘:-Bncentrated

I ght re was acidifie
under reduced pressure; yield: 12.1 g; 'H-NMR (CDCls); & = 1.15-1. 50 (m 5 H), 1.8-

2.0 (m, 3 H), 2.2 (m, 1 H), 2.37 (m, 1 H), 3.65 (m, 1 H), 3.7 (5, 3 H).

Example 16:
Preparation of racemic cis-3-hydroxycyclohexane-1-carboxylic acid by basic

hydrolysis of the racemic methyl ester

OH
HO

rac, cis

- 19 (6.3 mmoll) of methyl .cis-3-hydroxycyciohexane—‘l—carboxylate was stirred at RT

in 5 ml of THF, 1 mi of water and 1 mi of 1 1N NaOH overnight. No more ester could

be detected. The mixture was acidified with HCI and concentrated under reduced

pressure, the residue was digested with ethy! acetate and filtered and the solution -

was concentrated under reduced pressure; yield:




Lh

acetic acid and concentrated under reduced pressure,
the residue was digested with ethyl acetate or
i sopropanol and the resulting organic solution was
concentrated wunder reduced pressure; yield: 0.6-0.7
g; IH-NI\/R(D20) 5=0.9-1.2 (m 4H, 1.6- 1.77 (m 3
1'195é H, 2.17 (21 H), 3.45 (m 1 H. 30 44
- 0.7g; HhilpR ¢D16) agrwpamh thenNBIR daleedfitbe pegvigus example.
ci s-3- hydroxycycl ohexane- 1- car boxylate Ove HO O 5
rac, cis 7 m of acetyl chloride were added slowy,
wWth stirring and gentle cooling with ice, to 10 g
(79.3 mmol ) of rac-6-oxabicycl o[ 3. 2.1] octan-7-one and
Exanﬂﬂ©d7hl of nmethanol. During the addition, the

* Propal LR BEIATER oMottt oty ) |

reacti on-nm xture was concent rated under reduced
pressure; Vyi eI d: 12.1 g; 'HNWR (CDCI3): 5 = 1.15-1.50

(m 5 H, 4 ED~2.2 (m 1 H, 2.37 (m 1
H, 3.65 ( H . 15 Exanpl e 16:

Pr epar at j€

ci s- 3-Mydr oxycyc ohexane 1-carboxylic acid by basic

‘hydrol ysis of thgyracemc nethyl ester OH ‘HO O rac,
cis 20 '

rac, cis

0999UEmmdﬂﬁm&&mmﬁwdd&lﬂmﬂm%mmm4nﬂdDMFW%smmd
at 20-23°C with 0.97 ml (1.2 eq.) of benzyl alcohol and 1.3 g (2.2 eq.) of potassium
carbonate. After the reaction had ended, water was added and the mixture was
extracted with MTBE. The combined organic phases were washed with saturated
NaCi solution, dried with MgSO4 and concentrated under reduced pressure.
Chro-matography on silica gel (CH,Cl3 - CHxCly/acetone 19:1 - CHo.ClL/MeOH 18:1)
gave 0.55 g of the desired product; "H-NMR (CDCls) agrees with the 'H-NMR from
the reaction of racemic cis-3-hydroxycyclohexane-1-carboxylic acid cesium salt with

| benzyl bromide.

Example 18:
Preparation of cis-3-hydroxycyclohexane-1-carboxylic acid by hydrogenolysis of

benzyl cis-3-hydroxycyclohexane-1-carboxylate -

OH
HO

0
rac, cls
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g (6.3 mmol) of nethyl
| - 3- hydr oxycycl ohexane- 1- carboxyl ate was stirred at
RT in5mM of THF, 1 mM of water and 1 m of 11 N
NaOH overnight. No nore ester could be detected. The
m xture was acidified with HCl and concentrated under
reduced ressure, the restdue was digested with eth

- 4 g (Tadenaod eitherzy| sigrkbydipuyeysiohexrue loparbokyigteswere §isS¥ived at

,RT in i@@ hﬁ&tf a\%{g% grb%géfgﬁc?gﬁﬁﬁﬂhgf m%‘% oY b?llb%ﬁé%rseé&idoégisand

~ the migeaP/s. hc}/dEd@méted W75 BarPARpathat ricaotion haaeemled (Be6z1LCMS),

is-3-h | oh | - car boxyl at
the catﬁlgst@vaygﬁlé%y%fc " exanghte and the ¢ ivaen?was evaporateg under

ok g5 3h O Rt Tho BT oo

and thalrestitihg aollitibn3vas ¢En@négied uhdgoedssed pressargonalte2.0 g;

th ded, vat s added and th
H-NMR [FikAGTRES Vit PRI GRS S Boni ned or gani ¢

phases were washed with saturated NaCl sol ution,
dried with MgSO4 and concentrated under reduced
pressure. Chromat ography on silica gel (CH2Ci 2 -
Examg_lzlghz acetone 19:1 - CH2Cl 2/ MeOH 18:1) 15 gave 0.55 g
e desired product; 1H NWVR (CDClI3) agrees with the
Preparja*rbHM?téﬂt-@iTtyl IZfOS% [(EER BERM3- Wdrbmﬁidhexanecarbony!)ammo]

ci s- 3- hydr oxy CY ohexane-1-car boxylic acid quI um
T

3- metlwllwiyras@ Ry POUBHRGT 2REMIS IR AWErexyeyciopexang-ArGasho &'
with teﬁlJ @thf@q}aﬂﬁgﬁy@o‘m@%ﬂaﬁﬁ? 3G 30BOZYldrt A&eBsBictive enzymatic

' acyiatlons 3- hydroxycycl ohexane | -carboxyl ate HO o-C OH O -

0
HO ' H\,)Lo/k
0 A

‘Racemic cis-3-hydroxycyclohexane-1-carboxylic acid and'optically pure tert-butyl

(S)-valinate hydrochloride were coupled in the presence of triethylamine in DMF

R using TOTU ([cyano(ethoxycarbonyl)methyleneamino]-1,1,3,3-tetramethyluronium

tetrafluoroborate) (for the reaction conditions, see example 11), and the reaction

solution was worked up. .
10 g of the diastereomer mixture obtained in this manner in 300 ml of vinyl acetate
were stirred at 20-23°C with 1 g of lipase B from Candida Antarctica. After about

53% conversion, the stereoselective acylation of the hydroxyl group was terminated

by filtering off the enzyme. Chromatography gave 4 g of tert-butyl 2(S)-[{({1R,35)-

3-hydroxycyciohexanecarbonyl)amino]-3-methylbutyrate with 96.4% de (HPLC on

‘Chiralpak AD 250 x 4.6; 1 mi/min, heptane/EtOH/MeOH 20:1:1 + 0.1% TFA) and
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rac, cis 25 46 4 g (17.1 nmmol) of benzyl
‘ci s- 3- hydroxycycl ohexane- 1- carboxyl ate were. di ssol ved
at RT in 100 m of MeOH, a catal ytic amount of Pd
(10% on carbon) was added and the m xture was
hydrogenated at 5 bar. After the reaction had ended
(TLC, LCMB), the catal yst4has filtered off through

6 g of the ($)e2-4h3, I eaastatesrith wdd%dapor at ed under 5 reduced
pressure. The turbid residue was digested with ethyl
acetate and filtered, and the resulting solution was

By alkg@ﬂéﬁ Rithed-fst ametyi- 5416% plzmtwwmleumé gub&afcs Was
H NVR (D20) agrees wit ment | or]ed ab

converted idarprtdutyg:3- meéméﬁéﬂ E{fﬂ %@Sﬂé—(& B\?it@b{' 208 y'P(‘?%LO
Hﬁ‘ﬁl?} |
-yim%@%&)ﬁéﬁlgu r at ey%drﬂ@oupl 1'ng )Fg%gm) gm nol-

ci s- 3- hydr oxycycl ohexane- 1-carboxylic acid wth
tert-butyl (S)-valinate hydrochloride and subsequent
stereosel ective enzymatic acylation 15 O H‘ ~ HON

For scNeH‘xe 8. 20 Racemic

s- 3- hydr oxycycl ohexane- 1- car boxylic acid and
optlcally pure tert-butyl (S)-valinate hydrochloride
r.e coupled in the presence of triethylamne in DV
Examﬂe'zﬁg' TOTU

Synthés[|§ bﬁ&@bﬁsﬁw‘m aH@VtL RN ipRRARNETAYlod)dyciotixaats ame

hyl uroni um "tetrafl uoroborate) {(for the reaction
Cal’bOW&ﬁ‘tﬁltl ons, see exanple 11), and the reaction
sol ution was worked up. 25 10 g of the diastereoner
m xture obtained in this manner in 300 m of vinyl

- acetate
" TBDPSO Y

5.8 g of optically pure isopropyl (1 R,38)—3—hydroxycyclohexane—1—carboxylate were
dissolved in 20 m! of DMF, and 9.74 ml of TBDPSCI (tert-butyldiphenyisilyt chloride),
3.2 g of imidazole and 100 mg of DMAP (dimethylaminopyridine) were added and
the mixture was stlrred at 18-23°C for 4 h. Most of the solvent was distilled off under
reduced pressure and the oily residue was partitioned between MTBE and water
The organic phase was dried (MgS0,) and the solvent was then distilled off under
reduced pressure; yield: 14 g of crude product. Chromatography on silica gel

| (EA/n-heptane 1:6) gave

7.0 g of isopropyl (1R,38)-3-(tert-butyldiphenylsilanyloxy)cyclohexanecarboxylate;

" "H-NMR (CDCls): 8 = 1.04 (s, 9 H), 1.19 (d, 6 H), 1.0~ 1.35 (m, 3 H), 1.48 (m, 1 H),

1.65 - 1.82 (m, 3 H), 2.06 (m, 2 H), 357(m 1 H), 4.95 (m, 1 H), 7.34 - 7.43 (m,
6 H), 7.66 — 768(m 4 H).
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were stirred at 20-23Cwth 1 g of |lipase B from-

Candi da Antarctica. After about 53% conversion, the

st ereosel ective acyl ati on of the hydroxyl group was

termnated by filtering off the enzyne.

Chr omat ogr aphy gave 4 g of tert-butyl 2(S)-[((1 R 3S)-

3- hydr oxycycl ohexanecar bon§®) ani no] - 3- et hyl but yrat e
Exampietdi:96. 4% de (HPLC on 30 Chiral pak AD 250 x 4.6; 1

syninghig B BRI R 2 R Gigashybinllol S dgih gttgfioete

al kyl ation with

4-1i odonet hyl - 5- pe
was converted
R, 3S) - 3- ( 5- net

hyl - 2- p-t ol yl oxazol e, the substance
tert-butyl 3-methyl-2(S)-{[(1

4
QE p- téwelboxazol 5
4-y| metgopgED eXayrécar bonyl ] am no} butyrate. For

| 'scheme D 10 Exanpl €l 20: Synthesis of isopropyl (1
R, 3S)-3-(tert-butyl dlcbhenyl si | anyl oxy) cycl ohexane-
carboxylate O~ TBDPSO 15 5.8 g of optically pure

11.5 gl sfanevpy (1R 3SR3IHMrSgley dioheyays amhandate-witt b &0 asevere

9 T N N RSN B
659 dv]:/e%qej@%g) dﬁga e géqﬁ%wD‘RﬁA%PnétHylHﬁ{:Hdﬁﬁmlﬁé)Wéﬂedéd%@d and

e mxture was’ stirred
the thuhe wels sttirref atm@—%@ﬂﬁ/emrm@'ﬂ khiost of thedsabfeint wasedistited off

under [, prRpeRe A (el Tese S PR T BaMTRE A g
with wéﬂ&sﬁﬂé ofjthic Bﬁas?é){m‘é@rﬂirie‘d@(ﬁdg%{) #Hcsthe! sldwbrﬂﬁnfasuhéﬁrdistilled

reduced pressure, crude EFO uct .

off undeiredutaspeEssyreor hé gaea2gd of melwh(tHRgbide 1: 6) gave

* tersoly Ruh B RR G erenaLh R % SRR Rl St 3S

(396.61),|NMSEESI): 397 (M+H™). -
The substance can be used directly for the basic ester h'ydrofysis and the

subsequent coupling with amino acid derivatives such as, for example, tel'f-butyl

alaninate, leucinate and vaiinate,.or the corresponding hydrochloride.

Example 22:

-~ Two-step synthesis of tert-butyl 2(S)-{{(1 R!38)—3—hydroxycyclohexanecarbonyl]-

amino}-(38)-methylbutyrate from (1R,38)-3-(tert-butyldiphenyisilanyloxy)-

- cyclohexane-1-carboxylic acid

: OV '
HO H\)LOJV |
o0 AL
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25 1HNWR (CDCI3): S =1.04 (s, 9 H, 1.19 (d, 6 H),

1.0- 1.35(m 3 H, 1.48 (m 1 H, 1.65- 1.82 (m 3

H, 2206 (m 2 H, 3.5 (m 1 H, 495 (m 1H, 7.34

- 7.43 (m 6 H, 7.66 - 7.68 (m 4 H. 48 Exanple 21:

Synt hesis of nmethyl (1

R, 3S)-3-(tert-butyl di phen £9 | anyl oxy) cycl ohexanecar bo
With sgigringt, .3 f opB gre (4 QSBBdtqghbed@her(yﬁllany loxy)-

cycloh%%i%c%f)g\éa C\%%&Yﬁeﬁgﬁéﬁaﬁhﬂfa@é@éﬁ %tég(a\p{lrﬂ%B 99% ee

corresbbﬁdﬂhgbsﬁpfbﬂylrﬁtﬂéb/\lmﬁh |Nd0lﬂhrh wat@lﬂ};oproﬁaﬁolg @88 g oft butyi
I m dazol e and 500 of DMAP (di met hyl anj nopyr i di ec}
(S valigate TaRaNoiie A0hE 44 i OF BiathegTe Wete KAl osgrged in 4 mi

h -
of DMV BL1S80 0 385 SO0 BBty EoE A Bkl 1.2
tetramethylmroMEﬁEtetmﬂumeMte)\wamam@ in skl portiensi engaike cooling,

the miiire WASGHeSdat ot SRS PHI e s el QPBPUREA - Aer

16 h, the r& l%]fxd enﬂed The entire reactlon mixture was poured into about
(tert-butyl di phenyl silanyl oxy)cycl ohexanecar boxyl at e

60 mi a&watqranldcmtmteﬂ twiceaviBneash cased®) mipf ettigl agpte, and the
1
organig REabSeAs ST MAAFSPsenE rteorR iR kiR resStre.

The reSRIdR! (:1rlgg)/\4/vbb pRRFBa oACdiRcalgeli (Madptase/ENCH : Bsyield1394 mg of a
exanpl e, tert-butyl alaninate, |eucinate and

white sgdidi nate, or the correspondi ng hydrochl oride. 20

Exanpl e 22: Two-step synthesis of tert-butyl 2(5)-{[(1
R, 3S) - 3- hydr oxycycl ohexanecar bonyl ] -
To remove the TBDPS protective group, tert-butyl 2(S)-{{(1R,3S)-3-(tert-

butyldiphenylsitanyloxy)cyclohexanecarbonyljamino}-3-methylbutyrate was reacted
in THF with tetrabutylammonium fluoride. Concentration of the reaction mixture and

‘purification on silica gel (n-heptane/EA 3:1) gave 197 mg of the desired compound;

CisHzgNO, (299.41), MS (ESI): 300 (M+H"); HPLC (Chiralpak AD 250 x 4.6;
1 ml/min, heptane/EtOH/MeOH 20:1:1 +0.1% TFA): Rt = 4.9 min.

For schemes A, B and D

Example 23:

- Preparation of methyl (18,3R)-3-hydroxycyclohexane-1 carboxylate from isopropyl

{1 S,3R)-3-acetoxycyclohexane— 1-carboxylate - via (18,5R)-6-oxabicyclo[3.2. 1]octan-

HO,.O\]rOMe
| o)

7-one
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am no} - (38) nmet hyl butyrate from

(1R 3S)-3-(tert-butyl di phenyl silanyl oxy)

cycl ohexane- 1-carboxylic acid 25 0 HH  HON O 0 j~ 49

Wth stirring, 0.35 g of optically pure (1

‘R, 3S)-3-(tert-butyl di phenyl sil anyl oxy) -

cycl ohexanecar boxyl i ¢ aci d5@prepared by hydrol ysis of,
274 gfcm‘nsmapp[l @S, 3Re3-acetmgyspdodexans- §ﬁ]@fb€pﬂwlates‘t®n thé t h

‘ stereoggbecy\éq? p‘ﬁ%}t(rggﬁg, 1%5 ﬁ&%ﬁ?ﬁt&)@ %{?{acgm is%)rqj:fyllJ c?é 3-hydroxycyclo-

hexanb[‘! Eér'ﬁb'x?lg'té‘s 21 \Ylﬁﬁ%déﬂétbhﬁéﬂh)ﬁle“rﬂéaém@ﬁhé DsihgMovoz9i FAG-were,

at 20- z:p @auwyette@xywauatbmuynﬁahw wiekthinte 61 S.5R)-G3omabicycio[3.2. 1}
octan 1B LRGN 4724 61 DA 3P hrtBRel A rifhton ano

concehfrafidredf el seNttundefradlicest prébiuine, (TR \&8)- H—bmblcyclo[S 2.1}

continued at RT. After 16 h, the reaction had ended.
octan-THeentire reaction ni xture was poured into about 60
m of water and extracted twice with in each case 50
m  of ethyl acetate, and the 10 organic phase was
dried with MyS and concentrated under reduced
pressure. esidue (1.4 g) was purified on silica
gel (n-hept FA 1:1); yield: 394 ng of a white
solid. To rehoVe the TBDPS protective group,
tert-butyl Q@Sy{[(1 R 3S)-3-(tert 15
butyld|phenyIS|Idayloxy)cyclohexanecarbonyl]an1no} 3- m
et hyl butyrate was reacted in THE with
t et rabut yl ammoni um fl uori de. Concentration of the

 was ta%@ﬁ%?pﬁ%rﬁ)e@).lﬁﬁ £fﬂ 1(?'?‘83&9%\*’1%%1‘1& %['H?Qtn?ﬁ%g? ' ?é}g%eéwling with

ice, 1- Zomfmfla&étyl ch’Ib@El@Qﬂ)@é a(m A‘;Et)ar thﬁre(ﬁbh h@b@wc(ammhe) reaction
HPLC i ral pak AD 250 x ; '
mrxturﬁé\ﬁsé%}cev %megqequqeiptﬁ%U% w&]? 1& 0= HNYIR{GDCl): 8 =

1.15-1.50 (m, 5 H), 1.8-2.0 (m, 3 H), 2.2 (m, 1 H), 2.37 (m, 1 H), 3.65 (m, 1 H), 3.7
(s, 3 H).

Methyl (1S,3R)-3-hydroxycyclohexane-1-carboxylate was directly reacted further.

For schemes A, B, C, D, E - two-step conversion of the compound of the formula ()

into a racemic compound of the formula (IV)
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20 For schenmes A, B and D Exanple 23: 25 Preparation
of methyl (1S, 3R)-3-hydroxycycl ohexane- 1-carboxyl ate
fromisopropyl (1 _
S, 3R) - 3- acet oxycycl ohexane- 1- car boxyl ate - via (1
S, 5R) - 6- oxabi cycl o[ 3.2.1 Joctan- 7-one ~., ifOM HOO
30 50 2.74qg of isopropyl

ExampidX48BR) - 3- acet oxycycl ohexane- 1- carboxyl ate fromthe

stereosel ective enzymatic ester for Ion L

Prepafatih GppP TeraT s S SRS BT e e Bl AR BEb i s
vi nyl acet at e/ net hyl ene chl ori de usi ng Novozym 435
were, at 20-23C, converted in virtually quantitative
yield into S, 5R) - 6- oxabi cycl o[ 3. 2. 1] 5 octan-7-one
by stirri h 0.3 g of K2ZCO3 in 30 m of nethanol.
After fil 3Q and concentration of the sol vent
under M@duced prdd8ifee, (1R, 5S)-6-oxabicyclo[3.2.1]-
octan-7-one 0 0 10 was taken up in about 30 m of
met hanol amad, cisi th stirring and gentle cooling with
ice, 1-2 m of acetyl chloride were added. After the
reacti on had ended, the reaction mxture was

100 (SRR i OGRS P PR 34 5 1 9rm) o

cesiuntthydbx@de monbhifirat® were Etitred inHB0 18l &Swvétar atlRH) After 2 h, the
reaction had ended. The mixture was concentrated under reduced pressure, and
twice, in each case 50 ml of DMF were added and the mixiure was concentrated
under reduced pressure: yield: 19.6 g (89.5%); 'H-NMR (Dz0): § = 1.1-1.37 (m, 4 H),
1.75-2.25 (m, 5 H), 3.63 (m, 1 H).

Example 25:
Preparation of racemic benzyl cis-3-hydroxycyclohexane-1-carboxylate

e
HO ! | |

O

rac, cis

2 g (7.24 mmol) of racemic cis-3-hydroxycyclohexane-1-carboxylic acid cesium salt
and 1.1 g (0.81 ml, 6.82 mmol) of benzyl bromide were stirred in 10 ml of DMF at

RT. After 4 hours of stirring and standing overnight, the benZyIation was complete,
The reaction mixture was put into about 100 ml of water and extracted twice with in

each case about 50 ml of MTBE. The combined organic phases were washed once

‘with water and then dried using MgSQO,4 and concentrated under reduced pressure;
crude yield: 1.3 g (76.6%). The crude product was either directly reacted further or

chromatographed; "H-NMR (CDCIs): 8 = 1.17-1.50 (m, 4 H), 1.62 (d, 1 H), 1.80-2.0
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15 (s, 3 H. Mthyl (1 S, 3R)-3-hydroxycycl ohexane-1
-carboxylate was directly reacted further. 20 For
schemes A, B, C D, E - two-step conversion of the
conmpound of the formulla (I1) 1into a racem c conpound
of the fornula (IV) 51 Exan'ple 24: Preparation of t he
racem c cis-3-h 0X cIo xane- 1- car boxyl i c_aci
(. 3 h Beroal ). R AL, 3 Badm e 8,5 18 (g 2 b BR7etG (m.
5 H) of rac-6-oxabicycl 0[3.2 1] octan-7-one and 13.5 g (80.3
“mol) of cesium hydroxide nonohydrate were stirred in
50 M. of water at" RT. After 2 h, the reaction had
ended. The m xture was concentrated under reduced
pressure, and tw ce, in each case 50 ml of DM were
Furthef SaSinelEt ot 08 sMiAiE rPEnGREREaEhaty e sse
format&an=11137(m 4 H, 1.75-2.25 (m 5 H, 3.63 (m 1
H) . Exanple 25: 15 Preparation of racem c benzyl
ci s- 3- hydroxycycl ohexane- 1- carboxylate HO O rac, cis
Example @6f 7. 24 mmol ) of racem c
cl s- 3- hydr oxycycl ohexane- 1- car boxyl i c acid cesi um salt.
Stereczoleative acylation Of sethyl, cis-3gw digxycyCloherane-rcaspexilaie
were stirred in 10 nl of DVF at. RT. After 4 hours of
stirring and standi ng overni ght, the benzylation was -
conpl et e. ffe, reaction m xture was put into about 100

0 extracted twice with in
OMe

500 mg of racemic methyl 3-hydroxycyclohexane-1-carboxylate, 1 ml of vinyl
acetate, 4 ml of methylene chloride and 25 mg of Novozym 435 were stirred siowly

at room temperature. After about 54% conversion (GC), the reaction was terminated

by filtering off the enzyme. The optical purity of methyl (1R,3S)-3-hydroxycycio-

hexane-1-carboxylate was determined as being > 99% ee.

Example 27:

Synthesis of benzyl (1R,3S)-3-hydroxycyclohexane-1-carboxylate by stereoselective

acylation of racemic benzyl cis-3-hydroxycyclohexane-1-carboxylate

. O\/@
HO
O .

For 2 h, 108 mg (0.5 mmol) of racemic benzyl 3-hydroxycyciohexane-1-carboxylate
were slowly stirred at room temperature in 5 ml of vinyl acetate and 4 mi of
methylene chloride with 54 mg of Novozym 435. After filtration and concentration

“under reduced pressure, the product was chromatographed on silica gel
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each case about 50 ml of MIBE. The conbi ned organic
phases were washed once wth water and then dried
usi ng MgSM and concentrated under reduced pressure;
25 crude yield: 1.3 g (76.6% . The crude product was
either directly reacted further or chromatographed;
1H-NMVR (CDCI3): 8 = 1.17-1980 (m 4 H), 1.62 (d, 1 H)
(n-heptas®/EA 2 152yieltinp6 3ngHpf banzyk (1R3S)- Sﬂhyd@xwomhexgnen

1-cartéipyetmsy MR IGCHS: 4 24 Tt £ TDat il 02 0rda ot 1)

1.95 (th 2FHEDERS §h €FH)V 2 4a5hEr1 Hﬁosaﬁt(hpﬁ X & @&, 26H), 7.35 (m,

t er €osel ective ‘acyl ation
5 H); @B-%%WPbeoydImmﬁhﬁ)el 25@a<r4>6x9|ravr@m hertaadOHlyleOH
70:1: 1300 ng of racem c nethyl
' - hydr oxycycl ohexane- 1- car boxylate, 1 ml of vinyl
acetate, 4 m of methylene chloride and 25 ng of
Novozym 435 were stirred slowy 15 at room
tenperature. After about 54% conversion (GC), the
ion was termnated by filtering off the enzyne.
Examﬁjngéoptl cal purity of methyl (1 R, 3S)-3-hydroxycyclo-
Synthésix af beﬂfyl dtRBG)Irhed mycyd?xb rmxab n&;eﬁ-casbdc@iah@ by racemgte
20 Exanple 27: Synthesis o nz -
resolufion af ras:ewa%@m 4 WO!C%&%%%%%&"QOWNE
stereosel ective acylation of racem c benzyl
ci s- 3- hydr oxycycl ohexane- 1- car boxylate O~ HO O 25

BeWls

29.5 g of benzy! cis-(1RS,3SR)-3-hydroxycyclohexanecarboxylate were dissolved in
about 200 ml of vinyl acetate, 15 g of Novozym 435 were added and the mixture was
stirred at 20-23°C. After 75 minutes, the enzyme was filtered off and the solution
was concentrated under reduced pressure. Chromatography on silica gel
(n-heptane/ethyl acetate 2:1) gave 12 g of benzyl (1R,3S)-3-hydroxycyclohexane-

-carboxyiate; > 99% ee (HPLC on Chiracel OJ 250 x 4.6; 1 ml/min, heptane/EtOH/

CHsOH 70:1:1); 'TH-NMR (DMSO), = 0.98-1.30 (m, 4 H), 1.66-1.82 (m, 4 H), 2.04

~(m, 1H), 2.39 (m, 1 H), 3.39 (m, 1H), ), 4.63 (dd, 2 H), 5.08 (m, 1 H), 7.30-7.40 (m,

5 H).

The reaction also yielded 17 g of the (1S,3R)-acetyl compound; 94% ee (HPLC on
Chiracel OJ 250 x 4.6; 1 mi/min, heptane/EtOH/CH;OH 70:1:1, after removal of the

acetyl group).
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For 2 h, 108 ng (0.5 mml) of racem c benzyl

3- hydroxycycl ohexane- 1- car boxyl ate were slowy

stirred at roomtenperature in 5 m of vinyl acetate

and 4 m of nethylene chloride with 54 ng of Novozym

435. After filtration and concentration under reduced

pressure, the product was éﬁronatographed on silica
Exampfel2%53  (n- heptane/ EA2: 1); yield: 56 ng of benzyl

t
Raceré%%d%%fu%gn%q 150@8%91 g?% %?%ykyglaégﬁﬂdé - (%I-E&S)IA\%S
(m 1 H, 1.95(m 2 H, 223 (m 1H, 2.41 (m 1
H, 3.62 (m 1 H, 511 (s, 2 H, 7.35(m 5 H); ee >
99% (HPLC on Chjrasel QJ 250 x 4.6; 1 m/mn,
hept ane/ Et OH Me 3 70:1:1). Exanple 28; Synthesis of
benzyl (1 R 3 M oxfcyclohexane- 1- car boxyl at e by
racemate 1dOresoruti gp of Jracemic benzyl
ci s- 3- hydroxycycl ohexaghe- 1-icar boxylate O- HO O 29.5
g of benzyl cis-(1
RS, 3SR) - 3- hydr oxycycl ohexanecar boxyl at e vvere di ssol ved

in 15 about 200 m of vinyl| at e; VQZ
200 mig 38, GomeralHIGL@CRIIC (0T oRY Ll & D EYdTS A late
were dbg#cﬁ\{eg i 10 MifSceldhe 5@4 ‘37‘@5 nfu‘ngt el c&iﬁfc é\ﬂﬁ/d‘i’iﬁ% and
sol ution was concentfate der uce pressur e.

40 mg CiNoazggr 495 weos adoed @addgbe mikturd eEsasticrest tyd° Caddtesdd)-

45% okl fygieshiop oy ey mitiated by ditigyng o the eggymg, Using 2

conceﬁtﬁ%ﬁnﬁﬁéﬁgj@(‘%ﬁnc@ %ﬁﬁés?(bé‘th?:)f the [ﬁhféﬁdg.’ed substrate and of the

DVBO) |
acylation mad_uci(fo(med werp deferginad.SEhe aptical H)mtyzofoaoprpﬁy! (fR,38)-

2 '
sty el Tyt b ol Bridhaath,
250 x wSEIBoCiWnﬂﬂ KepRand/Me@H&1BR/TEACEHD: 100MOTunNd), tﬁé%peeal purity
of mon(o(CIs 3- l(?sgpropoxycarbonylcyclohexyl) (1R,3S)-succinate was > 97% ee

(HPLC on Chiralpak AD-H 250 x 4.6; 1 milmm,-heptane/MeOH/EtOHﬂ'FA
500:100:100:0.7).

Example 30
Racemate resolution of isopropyl cis-3-hydroxycyclohexane-1-carboxylate

Ly

200 mg (1.07 mmol) of racemic isopropyl cis-3-hydroxycyciohexane-1-carboxylate
were dissolved in 10 mi of DIPE, 584 mg (5.78 mmol) of succinic anhydride and
40 mg of Novozym 435 were added and the mixture was stirred at 35°C. After about
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25 Chiracel Q) 250 x 4.6; 1 m/mn, heptane/Et OH CH3COH

70:1:1, after renoval of the acetyl group). 54

Exanpl e 29 Racenate resol ution of isopropyl

ci s- 3- hydroxycycl ohexane- 1- car boxylate O- HO O 5

200 ng (1.07 mmol) of racem c isopropyl

ci s- 3- hydr oxycycl ohexane- 198ar box%/I ate were dissolved
40% convamsiar, the reamtiopveas Seminaied Dyfiterng|off ibe enzymenidsing a

concefR Ao e e b ARG RGeS A e B s e

acylatiohﬂarb&@@ﬂfbﬂﬁed\/&%ré elefernsihed. Diye bptica rpuimgr offléoprlm@yl (1 R,3S)-
ynme. Using a 10 concentrated s tcgﬁ ? ‘gﬁ

3- hydrﬁefqui@wqaaﬁm -g#rbopyatmag & 154 o8 Lr%P@ @® eH

250 x %,%"1%'1 egjgaﬁéfnﬁé%?ﬂ?%d@ﬁw ebBr1507esh:0 aneridteal purity

ity o ropyl
of mor@a(b;s@-wopwpxbﬂoav&mmlcycm:ewwi R138)vascinate was @42h eedHPLC

“on Chrﬁ@iaagﬁﬁ?a L GRPE i Fonl hlﬁiggﬂwquéEtomF%pt i cal

S -succinate was > 97% ee 15 (HPLC on Chiral pak

AD-H 250 x 4.6; 1 m/mn, heptane/ MeOH Et OH TFA

510833100 100: 0. 7). Exanple 30 20 Racenate resol ution of
Exam ropyl cis-3-hydroxycycl ohexane-1-carboxylate HO

Racemate rEs&hutior 8P isdrdpyl Bi6-30Mtloxgtydiaeexarte- 1 Samaidte

ci s-3-hydroxycycl ohexane- 1-carboxylate 25 were

di ssolved in 10 mMl of DI PE, 584 ng (5.78 nmmol) of
succi ni c anhydride and 40 ng of Novozym 435 were added
and the m xturs stirred at 35C. After about

P
HO Y
0

200 mg (1.07 mmol) of racemic isopropyl cis-3-hydroxycyclohexane-1-carboxylate
were dissolved in 10 ml of acetone, 584 mg (5.78 mmol) of succinic anhydride and
160 rrig of Novozym 435 were added and the mixture was stirred at 35°C. After 45-
49% conversion, the reaction was terminated by filtering off the enzyme. Using a
concentrated sample, the optical purities both of the unreacted substrate and of the
acylation product formed were determined. The optical purity of isopropyl (1R,3S)-
3-hydroxycyclohexane-1-carboxylate was 84% ee (HPLC on Chiralpak AD-H

250 x 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity

500_1@43%?_)0_7J0f nmono( ci s- 3-i sopropoxycar bonyl cycl ohexyl) (1

- of mono(cis-3-isopropoxycarbonylcyclohexyl) (1R,38)-succinate was 96%7 ee (HPLC

on Chiraipak-AD-H 250 x 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA
500:100:100:0.7). |
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55 40% conversion, the reaction was term nated by

filtering off the enzyne. Using a concentrated

sanple, the optical purities both of the unreacted

substrate and of the acylation product forned were

determ ned. The optical purity of isopropyl (1 R 3S)-

3- hydr oxycycl ohexane- 1-car§@xy| ate was 61 %ee (HPLC
Exampig 32hi ral pak ADH 5 250 x 4.6; 1 m/min,

hept ane/ MeOH.. Et TFA. 590: 1.0Q: 1.0Q; ical
Racergl ESSILYBN o opi PRSI S Beyabe il (B SRR (1

R, 3S)-succi nate was 94% ee (HPLC on Chiral pak AD-H _

250 x 4.6; 1 m/mn, heptane/ MeOH Et OH TFA

500: 100: 100: 0.7 LQ Exanpl e 31 Racemate resol ution of

I sopropyl cis-3 oxycycl ohexane- 1-car boxylate HO O

O 15 200 53 Aol ) OQf cem c isopropyl
ci s- 3- hydr d¥§cycl6hexJpe- %fgraboxyl ate were dissolved
in 10 nl of acetone, %$4 (5.78 mmol ) of succinic

anhydride and 160 ng of Novozym 435 were added and
the m xture was stirred at 35C. ‘After 45- 49%
conversion, the reaction was term nated by fi I%eri n

200 mg(1 . CrEmelLgEce Ut RgPEPH GicEAYRENuEy delisas-{ Rarboxyiate
were aggdtlﬁezd ipotd m :og'f/,'ltﬁ’l—:‘{heqf 14 i? flead ‘P@Hrﬁglg of Qé&éiﬁf‘cn er@f}a ride

0 acy on produc med were determ

and 160hmgogrNealzypu4 85 weré aidsep rampythe (MixfRr8 Yas stirred at 35°C. After
- -1- 0,
33-37 s A WP D PSR VES AR dy fiteng Off ihe erzymie. Using

_concerglﬁéf{}eta;é%{ni@%@c?ﬂéf@fm: BAR: k4% AnPactéd'8ustdte Qind(olf the

mono(ci s I sopr opoxycar bonyl cycl ohexyl
acylatin pEddsat doimexi wena setsmined. (TheLapticah paiityreflipekapyH1285)-

3-hydrivaisserBne g -oarbOEReRgas 4p% 68 (HLE 6h Ehiralpak AD-H

250 % 4.6; 1 mi/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity
of mono(cis-3-isopropoxycarbonylcyciohexyl) (1 R,SS)-succinaté was 93% ee (HPLC
on Chiraipak AD-H 250 x 4.6;.1 ml/min, heptane/MeOH/EtOH/TFA
500:100:100:0.7). |

Example 33
Racemate resolution of isopropyi cis-3-hydroxycyclohexane-1-carboxylate

| 0
HO Y
- o)

200 mg (1.07 mmol) of racemic isopropy! cis-3-hydroxycyclohexane-1-carboxylate
were dissolved in 10 ml of THF, Novozym 435 L-2 was added and the mixture_was
stirred at 35°C. After about 40% conversion, the reaction was terminated by filtering

off the enzyme. Using a concentrated sample, the optical purities both of the
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Racemat e resol ution of isopropyl
ci s- 3- hydr oxycycl ohexane- 1-carboxylate OO0.'"C- OH 0 .
-5 200 nmg (1.07 mmol) of racem c isopropyl
ci s- 3- hydroxycycl ohexane- 1- car boxylate were di ssol ved
in 10 M of MIB ether, 119 ng (1.18 mml) of succinic
anhydride and 160 ng of hﬁ@ozyn1435 wer e added and
unreattad swbstratceangof the acydafion pegact farmed weye-detegmined. The

opticaﬁwntfﬁ '|sg}r|}f£§};§£?1 e.ﬁ:?té ﬁ&}g@&@%&éﬁ%&g{{g cggbcﬂzxplattg Wa@%zt% ee

(HPLGJ§|F| I(J?'ﬁ'ﬂal|:libtklr ADLIE 5ok h &R ilenin ﬁie@ﬂﬁh@N@lHﬁtO&t/‘éFAnd
acyl ati on product formed were determn

500: 1%{1 OQ@ T)pmﬁ Pptic p,ugbfpcpfd*gyno(cis agigg)ropoxycarbon ?cycloTwexyl)
() P
(1R 3 {0y rggggw@%%ngmg%f DEHILIRLE AR $BH022 of Hihfim)
heptarfseMcOH/EVCEAEACEDTRAOSTD:A.0R: 100: 0. 7), the opti cal
purity of nono(cis-3-isopropoxycarbonyl cycl ohexyl) (1
R, 3S)-succi nate was 93% ee (HPLC 15 on Chiral pak ADH
Exam@%%tlx 4.6; 1 m/mn, heptane/ MeOH Et OH TFA
100: 100: 0. 7). Exarrpl e 33 20 Racemate resol ution of
Racemate pesmlyt;on iof isbphyid ciey34hyHunyepciehaxane-beeaptexyite O 0
\/ HO~I" 200 ng (1.07 mmol ) of racem c isopropyl
ci s- 3- hydroxycycl ohexane- 1- carboxyl ate 25 were
f THF, Novozym 435 L-2 was added
[ stirred at 35C. After about 40%
conver si on, ti onovvas term nated by filtering
of f the enzye. s nOwe entrated sanple, the
optical purities both Ibf t e 57 unreacted substrate
and of the acylation $oduct forned were determn ned.
The optlcal purity of isopropyl (1
R, 3S) - 3- hydr oxycycl ohexane- 1- car boxyl ate was 64% ee

200 mg (1.07 mmol) of racemic isopropyl cis-3-hydroxycyciohexane-1-carboxyiate
were dissolved in 10 ml of DIPE, 584 mg (5.78 mmol) of succinic anhydride and
40 mg of Novozym 435 were added and the mixture was stirred at 35°C. After 40-

45% conversion, the reaction was terminated by filtering off the enzyme. Using a

| “concentrated sample, the optical purities both of the unreacted substrate and of the

acylation product formed were determined. The optical purity of isopropyl (1R,35)-
3-hydroxycyclohexane-1-carboxylate was 70% ee (HPLC on Chiraipak AD-H

250 % 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity
of mono(cis-3-isopropoxycarbonyicyciohexyl) (1R,3S)-succinate was 82% ee (HPLC
on Chiralpak AD-H 250 x 4.6; 1 mi/min, heptane/MéOH/EtOHfTFA
500:100:100:0.7). '




(HPLC on Chiral pak AD-H 250 x 4.6; 1 m/mn, 7

hept ane/ MeOH Et OH/ TFA 500: 100: 100: 0. 7), the opti cal

purity of nono(cis-3-isopropoxycarbonyl cycl ohexyl) 5

(1 R 3S)-succinate was 97% ee (HPLC on Chiral pak AD-H

250 x 4.6; 1 mM/mn, heptane/ MeOH Et OH TFA

500: 100: 100: 0. 7). Exarrpl e 838 Racemate resol ution of
Exampleair opyl ci s- 3- hydr oxycycl ohexane- 1- car boxyl at e

Racerlie tosn{iif 7B i TR GERIIE i RBRRE, oo

in 10 M of DIPE, 584 ng (5.78 nmmol) of succinic
anhydride and 15 40 ng of Novozym 435 were added and
the m xture was = red at 35C. After 40- 45%
conversion, the gtion was term nated by filtering
of f the enzyneg Ag. a.0concentrated sanple, the
optical purfl®ies BothIpf tHe unreacted substrate and
of the acylation progyct florned were determ ned. The
optical purity of isopropyl (1 R 3S)-
5 3- hydr oxycycl ohexane- 1- car boxyl ate vvas 70% ee (HPLC on
: Chiral pak AD-H 20 250 x 4. 6;
200 mgdptnamallcef recemicrisap ey fw{wdrquqycloiw@r@pi cagoxylate

Y

wero GHilio 10 FRBEHELS s O AROIIAPERRAYLEYRANERHblpide ana
160 mQFoﬂ N@v@z@m 435Wwere adddétéahdl’abé Mt Ena@sl/stiidd at 5°C. At about

00:100: 0. 7). 58 , Exa te resol ution

30% cef*ver*r%m fesichibo @fﬁ%yt&rw{%@ P&sﬁ@%aﬂ%”%tgaﬁaawﬁap%'ng a

10 conceftri28%antHi®) the optical purities both of the unreacted substrate and of the
acylation product formed were determined. The optical purity of isopropy! (1R,3S5)-
3-hydroxycyclohexane-1-carboxylate was 43% ee (HPLC on Chiralpak AD-H
250 x 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity
of mono(cis-3-isopropoxycarbonylcyclohexyl) (1R,3S)-succinate was

15 96_% ee (HPLC on'Chiralpak AD-H 250 % 4.6; 1 mi/min, heptane/MeOH/EtOH/TFA
500:100:100:0.7).

Example 36
20  Racemate resolution of isopropyl cis-3-hydroxycyclohexane-1-carboxylate

Ol

200 mg (1.07 mmol) of racemic isopropyl cis-3-hydroxycyclohexane-1-carboxylate -
25  were dissolved in 10 ml of toluene, 584 mg (5.78 mmol) of succinic anhydride and
160 mg of Novozym 435 were added and the mixture was stirred at 5°C. At about
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200 ng (1.07 mmol ) of racem c isopropyl

ci s- 3- hydr oxycycl ohexane- 1- carboxyl ate were di ssol ved
in 10 m of n-heptane, 119 ng (1.18 mml) of succinic
anhydride.and 160 ng of Novozym 435 were added and
the m xture was stirred at_5C. At about 30%

conversion, the reaction wa8 ter ninat ed (g% filteri ng:Ll )
45-49%#Cf0rtvl$€61@lﬁ|,zt§ﬂﬁ*ﬁ’ea¢2mmyaat@(ﬂ”'@éi@@e@ﬁ titarivg <fathe enzype Using a

conceiPheiariy ek Buffed DS RRTRAMISHE Qe of e

acylat;@ﬁtpréauctﬁb,frhé& wafre idsegrnangd. THe Bo&S) purity of lsopropy! (1R,38)-
- hydr oxycycl ohexane- | - car box c!ate was 430& &FEIA% ﬂ]

3- hydrgnyqyglqj@xangﬂppgf@@xyazpw%f 7o (HPLC on Chiralpa

- 250 x %{?ﬁf\@%ﬁﬂ%&j@@@%ﬁ?ﬁﬁ890%6)1 d-He C’tﬁb'cﬁy>ft‘1)bal( purity

|sopropoxycarbon cyc
of morRz(SuS)S—&mpecbmaiyeamyﬂ:@c%%(ﬁ¢((MBB();sunc:ﬁhta whpak AD-H

91% e@dglpiéb‘)&éﬂ“@f%kn}*%x'a%% 2 Yol Rerlons QIR

5001003@@(5@ ci s-3-hydroxycycl ohexane- 1-car boxyl ate O
HO 200 (1.07 mmol ) of racem c isopropyl
ci s- 3- hydr oxycycl ohexane-| - car boxyl ate 25 were
E Fgigolvedin 10 M of toluene, 584 ng (5.78 mmol) of
Xam i nic anhydride and 160 ng of Novozym 435 were

Prepa@ﬂeﬁ%f%rb;bﬁ (TREINLB-hYERoXGEYdIbieskatle- Pearixyrie uhddfono(-3-

46- 49% conversion, the reaCtion was term nated by

ISOPFOPfDXMCéerTg’IQWtheDFEU ¢hR\ae-sugsingde Ry stﬁm@%ﬂﬁﬁa\ﬁegnzymatlc
acyiat B BRI pr b RSPl e Dl B

anhydied er mi ned. The optical purity of isopropyl (1 R, 3S)-
3- hydr oxycycl ohexane- 1- car boxyl ate was > 76% ee (HPLC
on Chiralpak ADH5 250 x 4.6; 1 m/mn,

" heptane/ MeOH Et OH TFA 500: 100: 100: 0.7), the ti cal
purit i nono(ci s-3-i sopropoxycar bogyl cyg yI ) (1
R, 3S) cinate was 91% ee PLC on [ raI 0

CRAR R

2.0 mg (10.7 mmol) of racenﬁic isopropyl cis-3-hydroxycyclohexane-1-carboxylate
were dissolved in 100 ml of MTB ether, 5.84 g (57.8 mmol) of succinic anhydride
and 1.6 g of Novozym 435 were added and the mixture was stirred at 35°C. At about
50% conversion, the reaction was terminated by filtering off the enzyme. The

reaction mixture was dissolved in acetone, concentrated under reduced pressure
and then partitioned between-diisopropy! ether/n-heptane 4:1 and 1M NaCOs (aq.).
Concentration of th'e'organic phase gave 890 mg of isopropyl (1R,3S5)-3-hydroxy-
cyclohexane-1-carboxylate; "H-NMR (CDCls): 8 = 1.23 (d, 6 H), 1.20-1.45 (m, 4 H),
1.68 (d, 1 H), 1.86 (m, 2 H), 1.95 (m, 1 H), 2.18 (m, 1 H), 2.34 (m, 1 H), 3.63 (m,

1 H), 5.00 (sept, 1 H); optical purity: 90% ee (HPLC on Chiraipak AD-H 250 x 4.6; .
1 ml/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7). o




10

500: 100: 100: 0. 7). 10 Exanple 37 Preparation of

i sopropyl (1 R, 3S)-3-hydroxycycl ohexane-|-carboxyl ate
and nono(-3- isopropoxycarbonyl cycl ohexyl) (1

R, 3S)-succi nate by stereosel ective enzymatic

acyl ation of isopropyl

ci s- 3- hédroxycyclohexane I6@arboxylate W th succinic

Using 2hhkiE1,itde auseous ohpee wag, adjustadiophhbea andexigrgied hyice with

sthyl a}{'gaté ﬁ%?‘%ﬁjﬁrﬂp& %ﬁ%pcﬁ@él (NazPRsk97%e 4-3%92°E di ssol ved

, mono(ISEiséQI%pﬁsky@irbNﬁﬁcﬁélbl@éxylﬁ(1$243§) éE&'anaim:ml ) of su00| n| C

; nhydri de 20 and 1. of Novozym 435 we
H- NMFh BCk)uY & 1\/\%%(@,t5 Hb,e13|2&t1 %ﬁn ;&H)abe}?t(q %éﬂw 83 2 01 (m,

c r f44 ter
3 H), ZPPERE I S5TR T HER BB LG A ¥ L b B, 400
4.79 (Rcetlong, o eepent Hytgdicangerityr Bﬂww(lﬁPESm @hiralpdkbﬂt[é-lh-l
artltloned bet ween di i sopro ether/n-h ane 4:1
250 "&rfd 1miimip,edaneisOH Eﬁgﬁﬂgﬁﬁ 20P5HP0:10 Qﬁ% or gani c
phase gave 890 ng of isopropyl (1 R, 3S)-3-hydroxy 25
cycl ohexane- 1-carboxyl ate; 1H-NWVR (CDCI3): S = 1.23

Isolate(dobroﬂubt)s orker@fe prekfuct mixires werd iddhitified by 'HNMR 88dfommass
2.18 (m 1 H), 2.34 (m | H),

spectrg a@éfqrghv (%C,.gr H‘S’Lg)o (sept, | H); optical purity: 90%

HPLOo f |
The ol EAG 0 g g8 AR ERRdnfined VL0 o el

“on ChrzeNpachD ﬁﬁam@e(amcqjh@rs@hma@ei@lp@é@edwo pH 6- 7 and

extracted twice with ethyl acetate. Concentration
after drying (Na2SO4) gave 1.39 g of

nmono( 3-i sopr opoxycar bonyl cycl ohexyl) (1

R, 3S) - succi nat e;
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IHNWR (CDCI3): 8 =1.22 (d, 6 H, 1.24-1.41 (m 3H),
1.47 (q, | H, 1.83-2.01 (m 53 H, 2.17-2.24 (m 1
H, 2.35 (tt, | H, 2.58-2.64 (m 2 H), 2.64-2.71 (m
2 H, 4.69- 479 (m 1 H), 4.99 (sept, 1 H); optical

It —488% ee (HPLC on: Chigal pak AD-H 25 ;

WO 28510157 1§ept ane/ MeOH/ Et OH TEA 500: 100: 100: %?C);;{EF%OJ‘SI 008058
| sol ated products or crude product m xtures were '
identified by 1H NVR and/ or mass 10 spectra and/or by

ClaimGC or HPLC. The optical purity of the esters and
Al cohol s was det er ni ned by HPLC, for exanple on
Chiral pak AD 250 X 4.6 (Daicel) or Chiracel OD 250 x
4.6. WD 2006/ 015716 61 PCT/ EP2005/ 00805§ ai 1 /} '

1. g Brasesstier PiapapBg ichiabeiraremimFARBRHE %BM%UW la)

0.,;

_and(l%eforrmlae(la) 5 and (Ib) RI~ R2 (la) R1~,..0.,;

(Ib) 000 where: 10 Rl is R4 WOR3 ')~ RS" N
in which: 15 R3 is H, (Cl-C6)-alkyl,
(C3-C8) -cycl oal kyl, (C1-C3)-al kyl-(C3-C8)-cycl oal kyl,

phenyl , C3) - al kyl - phenyl, (CB-CH) - heteroaryl,
(C1- C3) | - (C5- Col)la) het eroar (C1- C3) {ih kyl
WRich oR2Zparti al Ri~sub at-ed F; R4, R5

“indepkndent|y |f one another @re H F,[[d, Br, CF3,

OCF3, (Cl-08)-@l kyl, 20 O (Cl-C8)-al kg, SCF3, SF5,

OCF2- CHF2, (C6-Cl0)-aryl, (C6-Cl10)- aryloxy, OH NO2;
wherepr - :

R’ is

in which:

R® - is H, (C1-C6)-alkyl, (C3-C8)-cycloalkyl, (C1-C3)-alkyl-(C3-C8)-cycloalkyl, -
| ~ phenyl, (C1-C3)-alkyl-phenyl, (C5-C8)-heteroaryl, (C1-C3)—alkyl~(05-06)—
heteroaryl or (C1-C3)-alkyl which is fuily or partiaily substituted by F;

R* R® independently of one another are H, F, Cl, Br, CF3, OCF3;, (C1-C6)-alkyl,
O-(C1-C6)-alkyl, SCF3, SFs, OCF,-CHF 5, (C6-C10)-aryl, (C6-C10)-
~aryloxy, OH, NO3; or |

R*and R® together with the carbon atoms that carry them form a fused partially
saturated or unsaturated bicyclic (C6-C10)-aryl or (C5-C11)-heteroaryl

ring;

W isCH,N,ifn=1;
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R4 and R5 together with the carbon atons that carry
themforma fused partially saturated or unsaturated
bi cyclic (C6-Cl0)-aryl or (C5-Cl1l)-heteroaryl 25
ring; Wis CH N, if n=1; 62 Wis 0, S, NR6, if n =
0O; mis 1-6; 5 R6 is H, (Cl-C6)-alkyl-phenyl,
(C1-C6)-alkyl; or 10 R1 i §2an OH protective group
(PG, such as, for exanple, benzyloxynethyl, benzyl,

~ par a-; >m§e. L,rtert-butyl dinmethylsilyl (TBDVS),
tert '-'gg%gl i pﬂ'ﬁ_\ﬂ%i |yl (TBDPS), tetrahydropyranyl

(THP), 1-ethoxyethyl (EE), 1-nethyl-1-nmethoxyethyl or
1- met hyl - 1- benzyl oxyethyl; and 15 R2 is R12 R7 RO a

m 4r 6SRE R8 ORO in which: 20 p is0-2;
R® is H, (C1-C6)-alkyl-phenyl, (C1-C8)-alkyl;
or
R’ is an OH pro.tective group (PG), such as, for example, benzyloxymethyl,

benzyl, para-methoxybenzyl, tert-butyldimethylsilyl (TBDMS), tert-

butyldiphenyisilyl (TBDPS), tetrahydropyranyl (THP), 1-ethoxyethyl (EE),

1-methyl-1-methoxyethyl or 1-methyl-1 -benzyloxyethyl;
and
R? is

R12
R7 R9
N O
<N, T R1
Rs | O
R10
in which:
p is 0 —2;
R’ is H, (C1-C8)-alkyl;
R® is H, (C1-C6)-alkyl;
R® - is H, F, (C1-C8)-alkyl;
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R7 is H (Cl-C6)-alkyl; 25 RS is H (Cl-C6)-alkyl; RO

is H F (Cl-C6)-alkyl; 63 R10 is H F,

(Cl-C6)-al kyl, O (C1-C6)-al kyl, (C2-0C6)-al kenyl,

(C2-Co) - al kynyl (C34CB)-cycIoaIkyI phenyl , mhere

al kyl, al kenyl, al kynyl and cycloalkyl may optionally
be substltuted by one or e radicals fromth

consU%Hl, hig(©1-08)cllesly P-(ConeRyrlky| ¢62cia)alkandr &fﬁfﬂ) alkynyl,

opt | i%g%@%iad@dg) ?W@T% algﬂgamgﬁ?lylaikyﬁ%l anq Céycloalkyl

fr ommidneogticnaily tensutstituted dnfy drwlld)mwe radicals from the group
O (Cl- 06) alk ?( F and CF3 Wi t the OV|F8 th% Rﬂ;‘é{
|s n&pnmﬁﬁm higdroay efee) (G6/11)- heferoRg )-gfky! and

L Nl g e
Py "’*‘d'da'ﬂém“dh%ﬂﬂm comsistirigf ofhyaréxyl RD4(G1sCH)-alkyl, F and

(Sl G it he ePSRaY et HES i abiGR = GPB ket i

phenﬁf*:(f:‘,l ) - al kyl, where al kyl, benzyl, phenyl,
aryl may optionally be nono- or poI ysubst ituted by
O (C1-C6) -al kyl , OCH2CH2-OMe, F, O, Br, I, Si (CH3) 3,

R® an%t%@%h%ﬁw%@?fhg%%ag OSL%'In ?%ﬁ%%’ré@%;cyeloalkyh

R13

N02 CH2COCBH5; 20 R12 is H, (Cl C6) - aIkyI,
C2-,C6) - al kenyl, (C2-CB)-al ky]

benz :
an@cﬁi f@gqtb?t alreawrrol@mq)ﬁ@@\ﬂlper@{@ il F&%- C6) - al kyl |

al I yl oxycar bonyl (ALOC), benzyl oxycar bonyl (Cbz Z),
9-fl uor enyl nmet hyl oxycar bonyl ( FMOC) ,-

(C1- iehi; @ «\is)-lan, Qiéﬁzyﬁf(@HTC4)ﬁlkﬁ403&Chwb—a(ﬁa{nl¢)4)-aﬂ<yl -O-

het er oar (Cl-CA4)-al kyl - ‘(( P/

phen{® 1Cydﬂ -atigyl.- phheapi-(C1-C4)-alkyl, where alky benzyl, phenyl, aryl
may optionally be mono- or polysubstituied by O-(C1-C6)-alkyl,
OCH,CH2>-OMe, F, CI, Br, |, Si(CHa)3, OSi(CHas)s, Si(iPr)s, OSI(iPr)s,
OCH,CH,-SiMes, OCH-Si(iPr)s, O-CH»-CsHs, SO2CsHs-p-Me, SMe, CN,

NOQ, CHzCOCsHs;

" is H, (C1-C6)-alkyl, (C2-C6)-alkenyl, (C2-C8)-alkynyl, benzyl,
CO—(C1-CG)-aIkyI, CO-phenyl, C(0)-0-(C1-C6)-alkyl, allyloxycarbonyi
(ALOC), benzyloxycarbony! (Cbz, Z), 9-fluorenylmethyloxycarbonyt -
(FMOC), (C1-C4)-alkyl-(C6-C10)-aryl, (C1-C4)-alkyl-(C5-C11})-
heteroaryl, (C1-C4)-alkyl-O-(C1-C4)-alkyl, phenyl-(C1-C4)-alkyl,
-(CS~CB)-heteroaryl—(C1-C4)-aiky!; S0,~(C1-C86)-alkyl, SO,~(C1-C6)-alkyl-
S0,-(C1-C6)-alky!, SO.-phenyl, where phenyl may optionally be '
substituted by (C1-C6)-alkyl, O-(C1-C8)-alkyl, F, Cl;

is (C1-CB)-alky!;

is (C1-C6)-alkyl-phenyl, (C1-C6)-alkyl;
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(C5-C6) -heteroaryl - (Cl-C4)-al kyl; S02-(Cl-C6)-al kyl,
S02- (C1-C6) - al kyl - S02- (Cl1-C6) -al kyl, S02-phenyl,
where phenyl may optionally be substituted by
(C1-C6)-al kyl, O (Cl-Co)-alkyl, F, d; 30 R13 is
(C1-C6)-al kyl; R14 is (Cl-C6)-al kyl -phenyl,
(Cl-Co6)-al kyl; 64 whereingf) 5 a) Lactone opening
(LO racenic 6-oxabicyclo[3.2.1]octan-7-one of the
formula (I11) (ID 10 is reacted with a conpound of
wherefhe fornula (111) HORL5 (111) 15 where R15. is H,
(C1-C8)-al kyl, (C3-C8)-cycloal kyl, (C2-C8)-al kenyl,
(C2-C8)-al kynyl, benzyl, (Cl-C4)-alkyl-(C6-C10)-aryl,
A} (Cl-C4)-al kyl-(C5-C11) - heteroaryl, _

Cl-C4)-al kyl -O- (Cl-C4) -al kyl, phenyl - (Cl-C4) - al kyl,
'gl@ﬁi OpeA! 9&%@% - (Cl-C4)-al kyl, where al kyl,
benzyl, phenyl, aryl, heteroaryl nay optionally 20 be
nono- or pol ysubstituted by phenyl, O (Cl-C6)-alkyl,
racem@CHREERiIcONB| 3.2 Dlagtal/-@he oBihe thrmGia(@H3) 3, OSi (CH3) 3,

Si(iPr)3, CSi(iPr)3, OCH2CH2- Si Me3, OCH2-Si (iPr)3,
OTHP, O CH2- C6H5, S02C6H4- p- Me, SMe, CN, NO2, COOH,
CONH2, CH20008H5, CO benzyl oxy, CO [ Cl-C6)-al kyl, .
NHTs, NHAc, [NHBgc, NHAI oc, NHbenzyl; 25 in the.
presence of{ suitjabl e bédes or acids in a suitable
sol vent or i acid halides in

O N

O

a)

is reacted with a compound of the formula (ill)
HO-R¥ ()

where _

R™. is H, (C1-C8)-alkyl, (C3-C8)-cycloalkyl, (C2-C8)-alkenyl, (C2-C8)-alkynyl,
benzyl, (C1-C4)-alkyl-(C6-C10)-aryl, (C1-C4)-alkyl-(C5-C11)-heteroaryl,
(C1-C4)-alkyl-O-(C1-C4)-alkyl, phenyl-(C1-C4)-alkyl, (C5-C6)-heteroaryl-

~ (C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl, heterbary! may optionally
be mono- or polysubstituted by phenyl, O-(C1-C6)-alkyl, OCH.CH2-OMe,
OTs, F, CI, Br, |, Si(CHs)s, OSi(CH3)s, Si(iPr)s, OSi(iPr}s, OCHCHz-
SiMes, OCH2-Si(iPr);, OTHP, O-CH2-CgHs, SO.CgH4-p-Me, SMe, CN,
NOz, COOH, CONH;, CH2COCeHs, CO-benzyloxy, CO-O(C1-C6)-alkyl,
‘NHTs, NHAc, NHBoc, NHAloc, NHbenzyl; |

in the presence of suitable bases or acids in a suitable solvent or with acid halides in

~alcohols, where in the case of aqueous reactions the work-up conditions determine

whether the salt or else the free acid is obtained,
to give, for example, a racemic cis-configured compound of the formula (1V),
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al cohols, where in the case of aqueous reactions the
wor k-up conditions determ ne whether the salt or el se
the free acid is obtained, to give, for exanple, a
racem c ci s-configured conpound of the formula (I1V),
65 (I1V) HO O-R15 O in which R15 is as defined
above, or to give a conpoufid of the formula (1V)
whi ch, 5 dependi ng on the work-up, may be present in
ionic form for exanple as Cs+, Li+, K+, ~NH4+, Cat+,
Bat +, Mgt' and in which R1I5 is also Cs, Li, K
NH4, Ca, B hy, and, if(n@ppropriate, the resulting
produigp" -er(b0£verted i nto anot her product of
the fornmula (I Enzymatic ester formation
(EF) + separatiop (S) the resulting conpounds of the
formula (IV) are subjected to a stereoselective
enzynatic ester formation (EF), where an acyl donor
5t he enzgne are added to the hydrox compou

in Wh'oz‘nRor'ﬁé‘ﬁld@ﬂ 8 \PORYe et Hee ﬁe%ﬂl'ﬁqtﬁgi ®ht %?J‘Prémﬂ@ (“g Wh‘Ch
depenﬁlhgrdrla% g&ori(%g rn‘PéeS]; b Pré el H-idHi ord, &' e%@lé%@cé{oﬂl

eol SOI’TET IS pr esent as ster
NHs", &:a?é' Baf mMgt” st anBti6-which & is. also OB\ LRKS NHdy CaDBa20d,rand,

i apor . FuS e BAMTH FeeoVirted o aneprocduct of the
formu|§l(pe§)) (C3-C16) -cycl oal kyl, where one or nore carbon
atons may be replaced by oxygen atons and nay be

substituted by 1-3 substituents fromthe group 25

o) FRvRe SeRiuethu) - SwdeRgl oy “ana

CO Q(C2-A)-al kenyl, where phenyl, COQCl-C4)-

the resulting compounds of the formuia (IV) are subjected to a stereoselective

enzymatic ester formation (EF), where an acyl donor and the enzyme are added to
the hydroxyl compounds in an organic solvent and the resulting mixture is stirred at
from —20 to 80°C and, after the reaction has ended, one stereoisomer is present as

ester of the formula (Vb)

R16\ \\“O"v,, O\ (Vb)
0 [r R15

O

in which

R"™  is C(=0)-(C4-Cyg)-alkyl, C(=0)-(C2-C1e)-alkenyl, C(=0)-(C3-C1s)-alkynyl,
C(=O)—(03-C'15)-cycloalky[, where one or more carbon atoms may be replaced
" by oxygen atoms and may be substituted by 1-3 substituents from the group
consisting of F, CI, Br, CF3, CN, NO,, hydroxyl, methoxy, ethoxy, phenyi,
CO-0O(C4-Cy)-alkyl and CO-O(C,-C4)-alkenyl, where phenyl, CO-O(C1-Cy)-
alkyl and CO-O(C,-Cy)-alkenyt for their part may be substituted by 1-3
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al kyl -and-CO ( C2- 4) - al kenyl for their part may be
substituted by 1-3 66 substituents fromthe group
consisting of F, d, Br, CF3, and R15 is as defined
above, 5 and the other stereoisoner is present
unchanged as the al cohol of the fornmula (lVa) (IVa)
HO 0, R15 0 10 which conpdfunds can therefore,
utilizing their different chem cal or physicocheni ca
p erties, be separated from one apother or, el se be
&PB@@%‘%@@ ffQrpd h%ngf‘w) gonsistdefirerle!, Bhent 28N ol | ow up
reaction in which the ester does not participate,
where 15 the enantioners of the fornula (IVa) obtained

' R"®  #sasdethed aboee,processed further as described

underd), or c) Ester cleavage 20 the enantioners of
the fornmula (Vb) obtained as acyl ated conpounds are

~ and thBYsih&Y Mé%léﬁh&ﬁ@%‘eﬁrﬂmﬁﬁgé@ ag e aE:BﬁEﬂ Gﬁhb%ormu[a (IVa)

enanti oneri c al cohols (1Vb) for exanple by

reaction with K2C33 in net hanol , transesterified

intranolecularly to give the optically active (1

S, 5R) - 6- oxdb cl o[ 3. 2. 1] oct an- 7- one whi ch can be

.converted an |soner|(bjaf)orm of the product 25 HO'

43%1 or the conmpound of the formula
%xarrpl e, by lipase-catal yzed

¥

which compounds can therefore, utilizing their different chemical or physicochemical
properties, be separated from one another or else be processed further by a
subsequent chemical follow-up reaction in which the ester does not participate,

where

the enantiomers of the formula (IVa) obtained as alcohol are processed further as

described under d), or
C) Ester cleavage

the enantiomers of the formula (Vb) obtained as acylated compounds are

hydrolyzed by known processes to give chemically enantiomeric alcohols (IVb}) or,

- for example by reaction with K2CQOj3 in methanol, transesterified intramolecularly to
- give the optically active (15,5R)-6-oxabicyclo[3.2.1]octan-7-one which can be

converted into an isomeric form of the product

| | ~ (Ivb)
0" ﬂ/ Q\ms
e,
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cl eavage of both ester functions into the optically
active conmpound of the fornmula (IVb, where R15 = H)

whi ch can be converted into an isoneric formof the 5
product; d) Al kylation (Al k-R1l/ Al k-PG further
conversion wi th conpounds of the fornmula (VI) 10 R1-X
NO in which 15 Rl is R4 WO R3 N3~ and R3, R4, R5,
W n and mare as defined above, or 20 Rl is an CH

tecti P def i b : it f
or e o5 7 5L By Lo e ns s apStayesa
cleavagg%?ﬂbltr?éﬁfétr ByhctiohBAntodRe Sptitally actFle cdmpddhd of e,
f; 1n the presence of bases I'n a suitable solvent to
formulgi(ivb, vdrare Rids Idj whith daor ercanvertad imfo en igovher fordoofahe
) (Vila) R1 ,O0,,. O- (MIb) ORI5 OIrrRl15 OO or,

- Produgly "t he case of RL = PG to give compounds of the

formula (Villa) or (MIIb)

'd)  Alkylation (Al-RVAIk-PG)

further conversion with compounds of the formuila (V1)
R'-X (V1)
in which

R' s

and R3, R4, R5, W, nand mare as definéd above, or

R'  is an OH protective group (PG) as defined above, except for THP, EE,
1-methyl-1-methoxyethyl or 1-methyl-1-benzyloxyethyl;

and

X is Cl, Br, I, OTs, OMs, OTT;

in the presence of bases in a suitable solvent to give compounds of the formula
(Vita) or (VIIb); |
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PG ,, o, {villa) PAA,,.O (Villb) ORL5 ORLI5 OO
5o0or RlLis an OH protective group (PG such as

t et rahydropyranyl (THP), 10 1-ethoxyethyl, .

1- net hyl - 1- net hoxyet hyl or 1-nethyl -1-benzyl oxyet hyl ;
and to introduce the OH protective groups, the
conpounds of the formula (6&a) or (IVb) 15 are

reacted under acid catalysis with e appropriate
knd ol ethers, also to give pounds of the
R1. for (Vi ldha) or |1 b)r4.and . @) Digect remehion
of v e(gVRc]e( lé’?)upl i n1g\ODR (Fae) _

EC eéR)15t he
resul ti ng lconpounds of the forrmula (Villa) or (Vilb) or
-co-npoundSQ)f the formula (Villa) or (MIIlb) are
converted in a direct reaction (DR), for exanple by
reacting an amne of the fornmula (I X) 25 R2-H (I X) 69

or, in the cakbdl R P&, R diveRbriSounddRifithe ROmuIRYVla) or (VIIIb)

PG O. Na) PG Q N Viiib
™ Ris{v ) ™0 '[( ms( i)

e
O O

or

R is an OH protective group (PG) such as tetrahydropyranyl (THP),

1-ethoxyethyl, 1-methyl-1-methoxyethyl or 1-methyl-1-benzyloxyethyl;
and

to introduce the OH protective groups, the compounds of the formula (IVa) or (IVb)
are reacted under acid catalysis with the appropriate known enol ethers, also to give

| compounds of the formula (Vllia) or (Villb);

and
e} Direct reaction or ester cleavage & coupling (DR or EC+C)

e1) the resulting compounds of the formula (Vila) or (Vilb) or compounds of the
formuta (Vllia) or (Vlllb) are converted in a direct reaction (DR), for example by =~

reacting an amine of the formula (X}

RZH (IX)




5 where R7, R8, R9, R10, R11, R12 and p are as defined
above, or the corresponding |ithium or
di met hyl al um num derivative, or by reacting the
conpounds of the formula (Vila) or (MIb) or the
conpounds of the fornula (é/élla) or 10 (MIlb) and
) the amne or amno acid deP¥vative R2-H of the fornula
inwhighX) in the presence of activating reagents or
catal ysts, to give conpounds of the fornula (la) or
(I'b) or isoneric fornms thereof, RL OR2 (la) R1
RZ O,,.i&.,,, [rR (Ib) OO 15 or, in the case of Rl =
PG, to give conpounds of the formula (Xa) or (Xb), PGp
R (Xa)R®8 G ,.- fl RR (Xo) Oor 20 e2) the
for
0

G
resul ti nRdunds of the formula (Vila) or (MIb) or
(Villa) jorf (VIIIb) are 70 subjected to an ester
cl eavz;ghl Lesulting conpounds of the formula
(Xl a) “or or BXfi1a) or (X 11b) (X a R~ OH
(XIb) R1

OO(I OO 5PGOH (X Ila) PGfD OH
(X 11 D) | |

where R7, R8, RS, R10, R11, R12 and p are as defined above,

or the corresponding lithium or dimethylaluminum derivative, or by reacting the

compounds of the formula (Vlla) or (VIIb) or the compounds of the formula (Vlila) or -
10 (Villb) and the amine or amino acid derivative RZ-H of the formula (IX) in the |

presence of activating reagents or catalysts, to give compounds of the formuia (la)

or (Ib) or isomeric forms thereof,

| ' (Ib)
R1 R2 R1 O R2
0 (Ia) ~o " |
o)

O
15
- “or, in the case of R' = PG, to give compounds of the formula (Xa) or (Xb),

PG. _R2- (Xa) PG. . ﬂ/ﬁ2 (Xb)

or
- 20 7 _ |
e2) the resulting é,ompounds of the formula (Vila) or (VIIb) or (Vilia) or (VIlIb) are




or the corresponding salts to a subsequent coupling

wi-th a conpound of the fornmula (IX) 10 R2-H (I X) in

which R2 is 15 R12 R7 RO N 4P~ 0,R11°- R8 O R10-

where R7, R8, R9, R10, Rl1l, R12 and p are as defined

above, 20 in the presence 2 dehydrating or activating
u

subleciEb{o B eater AEREEG 2R (G COmpOURES RoRioRpu B @) or

= I and, if appropriate, 5 f) Renpval of the
(XIb) oggg%léa tolr?e(mgbl)oup PG (RPG if RL is an OH protective

group (PG as defined above under Rl, the conpounds of

the formula (Xa) or (Xb) PANO*e R2 (Xa) PG ,,.3"",,i
R2 AN (c) 0 10 in which R2 a RG are as defined
abp agre convertedaby renoval ¢ e protecti (¥lgroup
R1. s AR @d:‘bssegdi Eto RIC o ", ~OH |
° - Il
O 0
> ,
‘ ' Xilla) Xlilb
PG.. on ~ Ka) PG.. O on i)
- ° T
, 0O ' O
or the corresponding salts to a subsequent coupling with a compound of the
formula (I1X) '
10 RZH (IX)
in which
_RZ s
15
R12
r7 R9
- N O
< R11
Rg | ©
R10

where R7, R8, R9, R10, R11, R12 and p are as defined above,

20 in the presence of dehydrating or activating reagents, to give a compound of the

formula (la) or (Ib) or an isomeric form thereof;




15 conpounds of the formula (Xlla) or (XIIb) HO R2
(Xlla) HO;, OIf R2 (XIlb) OO in which R2 is as
defi ned above, followed by conversion according to the
-stated 20 process variants into the conpounds of the
formula (la) or (Ib) or isomeric fornms thereof; it
al so being possible to chafie the sequence of the
i ndi vi dye eaction steps as 72 describhed above under

A: A + EF+S [-> EC| *AIle or EC+(@R
meduc rlchform ) BR1LO -& bS ECRo- >
or BEO"+ " k- R1 -~ roductllsél“rerl f'6rm or
LO*DRor + C->EF + S->[EC] -> AIKiR1L ->

productllsomsrc 10 formor -* D) LO-* +S -* [EC]

- Alk-PG -*. DRor EC+ C-* RPG -> Alk-RL
product/isoneric form or 15 E) LO-> Al k-PG -> DR or
and, ifE@pro@iaté, RPG -* EF + S -> [EC] -* Al k-R1
product/isoneric form 2. The process as clained in
claim1, wherein the processes A), B) and D) are

5 ) FHhOHSF the protective group PG (RPG)

'if R is an OH protective group (PG) as defined above under R', the compounds of _
the formula (Xa) or (Xb)

PG., R2 (Xa)  PG. OH/RZ (Xb)
_ . O '

in which R? and PG are as defined above

10

are converted _by removal of the protective group by known processes into

15 compounds of the formula (Xlla) or (Xlib)

HO R2 (Xita) HO“”O""'[ (RZ (Xllb)

O ' O
in which R? is as defined above, followed by conversion according to the stated
20  process variants into the compounds of the formula (la) or (Ib) or isomeric forms

thereof;

it also being possible to change the sequence of the individual reaction steps as
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20 3. The process as clained in claim1l or 2, wherein
process A) is enployed. 4. The process for preparing
t he conpounds of the fornulae (la) and (lb) as
clainmed in any of clainms 1 to 3, wherein 25 R4 is Br,
CF3, OCF3, (C1l-0(6)-alkyl, (Cl-C6)-alkyl; 73 R5 is
H (Cl-C8)-al kyl, O (Cl-CsY2alkyl or R4 and R5

deSC”P@@@PH@$UWPPhA&he phenyl ring = naphthyl; 5 R3 is CF3,
(C1-Co6)-al kyl, (C3-C6)-cycloal kyl, phenyl; Wis
CHifn=1l; mis 1; 10 pis 0; RO is H (Cl1-C6)-alkyl;

A) 1% R10 ER+$ Gls BL] abkpik-Riher ®RbKEC #8y eptprodadtligoreric
substituted by phenyl; R10 and R12 together with the
405 that carry themare pyrrolidine, if p=0; RO
and R10 together with the carbon atomthat carries

to: themare (C3-C6)-cycloalkyl; 20 R11 is H R12 is H,
(C1l-Co6) -al kyl, benzyl.

B) LO — EF+S [» EC] > DRorkEC+C - /—\Ik-R1 — product/isomeric

form
or

C) LO - DRorEC+C -» EF+8S — [EC|] > Ak-R' — productisomeric

form

or

D) LO — EF+S — [EC] —» Ak-PG —. DRorEC+C — RPG — Ak-R' —

product/isomeric form,
or

E) LO — Ak-PG — DRorEC+C — RPG —» EF+8— [EC] — Ak-R' >

product/isomeric form.

2. The process as claimed in claim 1, wherein the processes A), B) and D) are
empioyed. '
3. The process as claimed in claim 1 or 2, wherein process A) is employed.
4, The process for preparing the compounds of the formulae (la) and (Ib} as

claimed in any of claims 1 to 3, wherein

R4 is Br, CF;, OCF3, (C1-C8)-alkyl, O-(C1-C6)-alkyl;
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R5 s H, (C1-CB)-alkyl, O-(C1-C8)-alkyl or

R4 and R5 together with the phenyl ring = naphthyi;
- R3  is CF3, (C1-C6)-alkyl, (C3-C6)-cycloalkyl, phenyi;

W is CH, if n = 1;

m is 1;
P is O;

R9 is H, (C1-C6})-alkyl;

R10 is (C1-C6)-alkyl, where alkyl may optionally be substituted by phenyl;

R10 and R12 together with the atoms that carry them are pyrrolidine, if p = 0;

R9 and R10 together with the carbon atom that carries them are (C3-C8)-cycloalkyl;

R11 isH,

R12 s H, (C1-C8)-alkyl, benzyl.




