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WO 2006/015716 1 PCT/EP2005/008058 Description Method for
producing the enantiomer forms of cis-configured 3-hydroxycyclohexane
5 carboxylic acid derivatives using hydrolases The invention relates to a
process for preparing chiral nonracemic cis-configured cyclohexanols or
WO 2008iohexagol derivatives of the formiula (1) 10 R1 ~O R2 (FCTBEP2005/008058
cis-configured hydroxycyclohexanecarboxylic acid derivatives of the
Descriﬁ‘?ircmma'(l) are central building blocks or immediate precursors for the
medicinally active 15 compounds described in the DE application No. 103
08 355.3 or WO2004/076426 which allow a therapeutic modulation of the
lipid and/or carbohydrate metabolism and are thus suitable for preventing

and/or treating type 11 diabetes and artheroscrlg,rosis. é? The syntheses,
Methodae AERAHITEC iR HSTIEAIFE e isee? o I ROKF IR Xane

carboxeiCaniuge-gyeiohrxay el vdrisgdlocks or derivatives are unsuitable

or 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, 25 of enantiomers, the ..
The inySEA ELHHOA PERCRS bR 119600 BhERIET ity rosnigy e
cycloh81AMbRASESRAGHRRMRE dsienRe by athadditinol (Ipstream
chromatography. In addition, numerous reactions cannot be carried out on
~ an industrial scale. These 2

R1< R2 ().
0

O

cis-configured hydroxycyclohexanecarboxylic acid derivatives of the fbrmuia (1) are
central building blocks or immediate precursors for the medicinally active
compounds described in the DE application No. 103 08 3_55‘3 or W0O2004/0768426
which aliow a therapeutic modutation of the lipid and/or carbohydrate metabolism
and are thus suitable for preventing and/or treating type H 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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include in particular alkylations with NaH in DMF, which, as is known, are
a high safety risk (C&EN, September 13, 1982, 5). The methods for
synthesizing optically pure cis-configured 3-hydroxycyclohexane- 5
carboxylic acid derivatives also known from the literature are unsuitable
for producing relatively large amoudts of the central building blocks of the
includeriregisitialliaraativistompudihdy abiniBiet avbivd oruitsiitane Bfe a hidh
safety @&/g@%@ﬁageﬁﬁ%g 19‘{011'::§§§,h gijjce. the number of steps and/or the
leld,"the expenditure for purifications, in particular for cis/trans
separations, and in many cases also the optical purity are 10

nacceptable. . For. : the ¢ i i i -
The m‘%ﬁ%"ﬁf%rg urd %E%sfgpa in %%tic I y%n?r% %}g}fi}gﬁ%@gﬂﬂ%%éwhﬁ@%ne
carbox@byahiksleybletiexambeaiyiid i BerNgioE Y & SpaRed BR T
producﬂyq?%%etpvaép 89&%%%%@%'%@%%&4@%&9@“5%6@& Hdtgedicinally

ivatives an sequent classical racemate resolution by formation of

active saltpdnridstheccdion et tlecvrded gsatitb 6 FALIdRHBIARIA A0 dNtHE Hifthe

r S t 1 . . e m . .
proces g e o o ot o1
in paﬂl_zalm)fpmg/B@éﬁ.@@Q@ﬁ%%aﬁ@&'%f?@@!’]i?&ﬁ@ﬁsaéﬁ% %Qﬁgﬁa[ip%féir?re
unace c cis-3-hydroxycyclohexanecarboxylic acid chemically pure in a

ield of 13.8%. Noyce and Denney also describe the 20 racemate

 For exresplatisnmechl-ingrReisBRDesR ARSI RS REIEIYrPreparing

opticaiggﬂg@é@%‘fﬁﬁﬁu%&@HM@Q&%@rﬁé%@?a@rtfm@lta&iambﬁeat&gmre

-Cis- 3-hydroxycyclohexanecarboxylic acid, after several. . .
based eydbaliputonasepions? Qﬁﬁrﬂ@aﬁ@é@?ﬁ&ﬁ?@%&ﬁ@ﬁ’@%&%@&%&?ﬁ%
derivafid AWRInGRal Ao BigiRRcth Patalinaso egoNImia sy dpticaltouriof tedts. In

are not given, optical rotations are stated. 25 In a i:l‘urther method for

the cagrepfaingvieamALEDLER DB RIERNARAR R e Olfe Oz I

ethand!" Rialenof the FASENRGIS EoRHIUT@ eRrBoYY liegBad MDA 12; of.

cinchonidine
J. A. Hirsch, V. C. Trug, J.Org. Chem. 1986, 51, 2218} it has been described that six

crystallizations are required to obtain racemic cis-3-hydroxycyclohexanecarboxylic
acid chemically puré in a yield of 13.8%. Noyce and Denney also describe the
racemate resolution of cis-3-hydroxycyclohexanecarboxylic acid with the aid of
quinine frihydrat‘e. Starting with 500 g of quinine trihydrate and 188.3 g of (R,S)-cis-
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 opfically 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 farge 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. Nakahara, J.Org. Chem. 1979, 44, 2438] and

the subsequent recrystallization of the resulting salt from methanol or

ethanol are utilized. 30 The methods described are unsuitable for

preparing relatively large amounts @f optically active
opticall§igndryiexyausiahesaiecasoexytiteacd slativatives, isiaveittmblargeeration of

number of chemica step and/or pyrification S the eofl
the desliaB HRIRIS BNt mmoh St §ft SH s ST e
unpracﬁagygmgkeég&r@ﬁqu the desired stereocisomer from the salt and not
least the poor total yields are unpractical and uneconomical. 5 The
preparation of methyl cis-3-acetoxycyclohexanecarboxylate, albeit in

The pré@e@mih@nf@mmmgmcmmﬁbgdm@ﬁane;zeebdamawemgammabemic
Chem. Soc. 1957, 70, 3098. A mqre,recent publi Exl

form, HBg,0G N ArRIPRE Rt RoNRYall EXISIPo Tode 31 Sfigr S0o. 1957

70, 30@kescribes the Rh-catalyzed hydrogenations of (-)-menthyl

3-acetoxybenzoate and (-)-menthyl 4-hydroxybenzoate in methanol/acetic
acid at 100 bar and 40C and 35C, respectively. In both reactions, at least

A mordQuteragititicate fo(eBireraliathel deiirad, fofagi-Khelsobeaémtiahirality
1995, (o bisFAERARES! 16 DPToB 28 QAN BarDB BEEl e
3-acetGHASEREEA %@Y@Lﬁfdhﬂtymalm&mﬁbﬁrtﬁdeca&MMth acid at
100 SN B R T e e ST
are forpstiestdn e end wemmmmmmmtammmmthm
reactao%rsog(?gsés farg rltlgal’% él’a(c:) %la;\alglg\?vmg to the preparation of the optically
active benzoic esters and the subseguent removal of the chiral auxiliary;

b) technically demanding reaction conditions (100 bar); ¢) unsatisfactory yields and
complicated purifications owing to the large number of byproducts and d) low optical
purities. In the end, the authors themselves draw the conclusion that their process is

of only little practical value.

D. A. Evans G. C. Fu and A. H. Hoveyda (J. Am. Chem. Soc. 1992, 114, 6671)
describe the Ir(i)-catalyzed hydroboration of secondary or tertiary amides of
3-cyclohexenecarboxylic 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 formuia (I) 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 (1) 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-hydroxy-4-cyclohexenecarboxylate, which is a
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20 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
tgrtiary amides of 3-cyclohexenecarboxylic acid. Although yields and
diastereoselection are good, there is the problem of removing the
trans-isomer. In addition, the convetsion of the 25 amides mentioned into

direct pgggﬁgébﬁ%ﬁdﬁ@ﬂgm@ﬂﬁf&@)ltbghfﬁﬂmukaswtémﬂmemhboxglemdgacﬁ@ﬁe'ﬂg
ond under relatively drastic copditions.with.conconyiiapt pari
scale h@%m&aﬂéﬁrﬁ}?@l&ﬁt&i%ﬁqﬂr §I‘sg'8irgc??5%rgﬂa%nm@?§f iﬁ; 7250 and
literaturBRIESH . R e gesitad egRthedrds efrthe jonmatai¢[4vAthyoleadsifion
example, the stereoselective synthegjié of aming etﬁid radicals anfiﬁ@t@ils
4.

between RIQPHEMNAGN GRS A R AR e CosnitaT “This process is

Remov%’féf?%’?&ﬁ% lﬁ&ﬁ?wﬂ%@q@mmﬁawfxﬁms&mmmdmm 95% ee
) 1R,3R)-3-hydroxy-4-cyclohexenecarboxylate, which is a 4 di .
which, YRR SO S s R A e S veed (33

(1 R,SR%?%%gﬁéH@t%ﬂt]@@wi@ﬂw‘ aes:ial@ & thie uhsBigr Gk Icoss,
. , iterature cited), e t thesis i '
using NG Oy MRS BURERH iTopea el A o e et

. There HalBa-BEseRce Al JkekiFiBesnoivileotimrabsialaiufiliary (Bles-cyclohexene-

(R)-3-cyclohexenecarboxyli id.with 95% i ' e
B e e e e

a) W. Qm%ﬁeﬁﬁﬁ%@l@c c’:&?&g%&g:gg%la gfvﬁgyg'hé\(i‘éat;egeans’sg\igéf%? 00;
. Tt B e et s b ke

v Konta e R e e s oo
require%éﬁ?&'ﬁér measures to ensure safe handling of the acrylates and the
butadiene. | =

A great disadvantage of these syntheses are the large amounts of iodine and
potassium iodide used for lactonizing the cyclohexenecarboxylic acid: in the
pubiication of J. A. Marshall and S. Xie, 1.61 g of iodine (about 1eq.)and 6.0 g
(about 8 eq.) of potassium iodide are required for preparing 460 mg of methyl
(1R,3R)-3-hydroxy-4-cyclohexenecarboxylate by intramolecular cyclization of

760 mg of cyclohexenecarboxylic acid. in the publication of A. S. 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 add%ti'on, the preparation of the lactones mentioned requires
chromatographic purifications. |

Phenyisé!eno— and phenyisuEfenbliactonization's fa) K. C. Nicolaou, S. P. Seitz,

W. J. Sipio, J. F. Blount, J. Am. Chem. Soc. 1879, 101, 3884; b) K. C. Nicolaou,
Tetrahedrorn 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. In mest cases, chromatographic

~ purifications are required to remove unwanted subsequent Se or S byproducts. it is
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a) W. Oppolzer, C. Chapuis, D. Dupuis, M. Guo, Hely. Chim. Acta 1985,
68, 2100; b) C. Thom, P. Kocienski, K. Jarowicki, Synthesis 1993, 475; c)
B. M. Trost, Y. Kondo, Tetrahedron Lett. 1991, 32, 1613. On an industrial
scale, these reactions 15 require particular measures to ensure safe
handling of the acrylates and the bytadiene. A great disadvantage of

therefopgeﬁﬂ%%g?ﬁi%%aégrl‘p%Lﬂrgﬁcﬁ"i@%étﬂfﬂ@m§ affkiRatassiym iodide

used for lactonizing thie cyclohexenecarboxylic acid; in the publication of

The bramalaatrsizatiand. wiatay 81 Tasribaing Mbaiia. & Vareeig g wjerocycles

b \ of iu iedide are Sgqyi Ba1eRenkale |
1990, e ot T A el for

the indirstriahslotialasioyelibaDaNdss PO AT BITFeleHBRAR RIRKAVC LS fH the
ecologf léPFSgEBHsoE@U/%{ RaW, R0 EriBukdngeCERIFRIMRAron 2000, 56, 3289),

e lodolactonizations are carried out using as much as three times the
amount of iodine. Owing to safety considerations 25 and from an.

(R)-CyBEAI00IsRl ROl afiensidtis et fersiblg osa s aiHaw el adepetiar on a

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

desymregjiiiredochebrhasuelphrxpinmadisRE PrdisasiriRdPakgoienski, M. Stocks,

D. DorEMSpIgRPIIBG NIz aEERS ) KnSwdlispIRrite SdB; BRitabWerehiiited
F. Blount, J."”Am’. Chem. Soc. 1979, 101, 3884; b) K. C. Nicolaou, 30

disadvaripgeedbihededobrciangatiane aRR4 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

A furthgamiiefealivenissiiaseduehponedddraiohic opaiitishs ardeeiiied s (also
referreF?fH%’@&%@U@:@g%%é&&?@hsﬂdﬁt%bym AdYdise linsrdheseiesensitof the

easible to carry out such a reaction on a multi-kg scale. The

iodolagipaizaieront Aiph@XanRRarPOVAR G H NG At RN g KRhe saturated
lactond \WIREPCYEIEthen be converted using, for example, NaOEt in ethanol into ethyl

3-hydroxycycichexanecarboxylate. The removal of the iodine has been described in
numerous examples, inter alia in A. S. Raw, E. B. Jang, Tetrahedron 2000, 56,
3285. Frequently, work-up of the BusSnH reaction and complete removal of the
resulting Sn and iodine compounds is difficult and, in many cases, requires
additional chromatographic puriﬁcét]ons, which is also not desirable for an industrial
process. The same applies to the removal of the Se, S and Br éompounds 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. 1973, 3165) is likewise not a suitable
process, since the optical purities of the products are unsatisfactory: 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 hand, this is oniy

poséibie by accepting considerably reduced yieids.

The preparation of methyl 3-oxocyclohexene-1-carboxyiate and methy!
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1990, 31, 987 and literature cited therein), too, does not provide an
alternative for the industrial scale, since bromides or bromine sources are
to be avoided for 5 ecological reasons and/or require particular
precautions. (R)-Cyclohexenecarboxylic acid can furthermore be obtained
by enzy_matic_ desymmetrization ofgl,2-cyclohex-4-enedicarboxylic esters
3—OXDC§{§%(\)N%Q%eve é’ﬂé{h rﬁ\%xﬁﬁgﬁkﬁyb@d‘?@ﬂi@ﬂﬂoﬁﬂ‘gﬁ’ﬁﬁwWﬂm@ﬁwmﬁmg sodium
o r, here, too, the abovementio 1Q.disadyantages of t
in lIquidi@ﬂb{a@wﬁiM&Pﬁ&&pﬁﬁ%&ﬁlﬁﬁﬁéPgﬁeﬁaﬁv%@ﬁexregugﬁ%ﬁ %flEf B. Paul
Aust J 2084057 @¢BbigyrlgiRa. 1]octan-6-one (also referred to as
4-|odo-6-oxabicyclo[3.2.1]octan-7-one), the immediate product of the
iodolactonization of cyclohexenecarboxylic acid, using Bu3SnH to give the

The steSBBEBISE1E [ARRNRAN Righ saerg R alnVBtRd aiRind)drarsaanpleylic

NaOEt in ethanol into ethyl 3-hyd loh
esters vemBVANHPIIES GTIENB S DAY HRSCHBRLSHPATET G2 Wi Arae Soigiers

xamples, inter

also iea\’jvé(i)éré@u%pé%taﬁf\é/e@eaﬁém@%ﬁmwdron@@@cﬁﬁbcs@&s.e@mméﬁuy,rigam,
- u3SnH reaction i
D. BUiSéﬁ’G,i@iﬁ@%@ﬁpgﬁﬁég@m&ﬁﬁ;n%gﬁglﬁ%? X \fggje%%?eﬁt?%mgn&é&)‘

' The coRfiflitianal ehiinaierraphie puitiertionsererichikdssaiseuait destatie fodastrial

iIndustrial process. The same applies to the removal of the Se, S and Br
scale UGG inthe case of the phenylseleno-, the phenylsulfeno- and the
bromolactonization. The enzymatic racemate resolution of methyl

cis-3-hydroxycyclohexanecarboxylate 25 or the tetrah :
The redriER ! BHREN RSO e AL A SRR RO L B DghoLs ver
aiooho%e%?o@@?%ﬁ%@@_ﬂgb@ﬁeﬁ%ﬁ&e%ﬁ@ﬁﬁ@H{k\je'wide thet aistiisenpriotesy,

since the optical purities of the product tisfactqry; ;
methyiéﬁ@ﬁﬁ@éﬁ@'%{?W&éf&?&&yc%‘ieg@eﬁﬁg@o’%ﬁ okebtiie, i dy Jore
J. A, LAISEGranF optimigesheansiol, @it ganiceChiemis s Jaih ¢ GoZkhieve

Accor e niss i BRI TP e asatracrory

cis-3-hydroxycyclohexanecarboxylic acid building biocks.

The asymmetric reduction of isopropyl 3-oxocyclohexene-1-carboxylate with
Geotrichum candidum (L. Fonteneau, S. Rosa, D. Buisson, Tetrahydron: Asymmetry
2002, 13, 579), too, is not of any interest, since only the trans-isomer of isopropyl |

3-hydroxycyclohexanecarboxylate is formed.

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

Industrial application of the biosynthesis of cyclohexanecarboxylic acid in
Alicyclobacilus acidocaldarius (formerly Bacillus acidocaidariUS) and Streptomyces
collinus, which starts with shikimic acid and proceeds via 3-hydroxycyciohexane-

carboxylic acid, is not possible, since 3-hydroxycyclohexanecarboxylic acid is the



possible by accepting considerably reduced yields. The preparation of
methyl 3-oxocyclohexene-1-carboxylate and methyl 6
3-oxocyclohexanecarboxylate by reduction of m-methoxybenzoic acid
using sodium in liquid ammonia hag been described in M. E. C. Biffin, A.

OSE

trans- cg@il\éure @%%éa au JJg%H‘S(éBJSC%E)r@?@ PRak320. BThRess, J. Am. Chem.

|cro duction of racemic

Soc. 1893xdcyEIéBéXanecarboxylic esters using Rhizopus arrhizus and

subsequent separation of the diastereomers also leads to optically active
cis-3-hydroxycyclohexanecarboxylic esters (F. Trigalo, D Bu

Accov@E@adit maanamnfmqermbs@wteﬂw‘aﬁedtﬁ@ﬁiar@té%’%?@o% ‘“?ﬁess
‘which S}tﬁ%%ﬂéiﬂgg&gﬁmﬁe@ﬁ%ﬁ@ﬂa@rs makes a scale-up to the
ustrla

10 scale unattractive. The reduction of methyl
(R) -3-oxocyclohexanecarboxylate with HLAD (horse liver alcohol

in oii&hxgilB agengsey instherprreence efdbAEN idelgscaharios/tens! MIRMIBSETIC

methyl 3-hyd roxycyclohexan?ca rboxyl ate (J. J. Willaert, G. L. Lemiere,

Com@‘md&ﬂf @eigrﬁ‘“/@el_@o?\'?l% . C. Alderweireldt, Bioorganic Chemistry

10

1988, 16, 223). Accordingly, this method is likewise unsuitable for
preparing optically pure cis-3-hydroxycyclohexanecarboxylic acid building

blocks. The-asymmetric reduction of isoprop '
‘3-oxocyclp e-1-carbo yg\e}te with 20 Ge m candldL(mmXL
Feateneal, S. Rosa, BR2Buisson, TRtfahydron; Asymmeltty 2002, 13,

579), fd0, is Hot of Bny interest, since onty the trans-igomer of isopropyl
3-hydroxycyclohexgnecarboxylate is formed. Examin@tion of the reaction

of shikimate dehydrogenase with 3-oxocyclohexane- 25 carboxylic acid in-
wher&he presence of NADPH shows that this enzyme converts the
(S)-enantiomer in a yield of 90% into the corresponding
_trans-3-hydroxycyclo-
R’ s
R4 V{ O R3
R% L*/
. NS
15 : : ™
in which:
R® i8 H, (C1-CB)-alkyl, (C3-C8)-cycloalkyl, (C1-—CS)—aikyi~—_(C3—C8)-cycioa'§kyi,
phenyl, {C1-C3)-alkyl-phenyl, (C5-C8)-heteroaryl, (C1-C3)-alkyl-(C5-C6)-
20 heteroaryl' or (C1-C3)-alkyl which is fully or partially substituted by F,
RY, Rs‘ | indépendanﬂy of one another are H, F, Ci, Br, CF3, OCF3;, (Cié‘CS)—aikyi‘ :
. O-(C1-C8)-alkyl, SCF3, SFs, OCF2-CHF2, (CB-C10}-arvyi, (067(310)-
aryloxy, OH, NOg; or
25

R4 and R®  together with the carbon atomns that carry them form a fused pariially

saturated or unsaturated bicyclic (C6-C1 8)-aryi or (C5-C11)-heteroaryl

ring; -



hexanecarboxylic acid (T. D. H. Bugg, C. Abell, J. R. Goggins,
Tetrahedron Lett. 1988, 29, 6779). Accordingly, this reaction is also
unsuitable. 30 Industrial application of the biosynthesis of
cyclohexanecarboxylic acid in Alicyclobacilus acidocaldarius (formerly
Bacillus acidocaldarius) and Strept@myces collinus, which starts with
shikimic acid and proceeds via 3-hydroxycyclohexane- carboxylic acid, is
not possible, since 3-hydroxycyclohexanecarboxylic acid is the 7

W transeritiglrdt T5135)-isomer (B. S. Moore, K. Poralla, H. G. Floss, J.
Am. Chem. Soc. 1993, 115, 5267). Accordingly, it was an aim of the
embodiments digclosed @erein to develop a process which does not have
W the di§:ﬁv§m’§§es‘ ntioned. In one aspect, there is provided a process
5 for preparing chiral nonracemic compounds of the formulae (la) and (Ib)
R1,J3__~rR2(la)R1R2 (lo) OO ~I 10 0 O where: R'is R4 O R3 R5
m N 15$ntbhich: R3 is H, (C1-C6)-alkyl, (C3-C8)-cycloalkyl,
(C1-C3)-alkyl-(C3-C8)-cycloalkyl, phenyl, (C1-C3)-alkyl-phenyl,
(C5-C6)-heteroaryl, (C1-C3)-alkyl-(C5-C6)- 20 heteroaryl or (C1-C3)-alkyl
RS whichssdHul bisaraiin-sixssilitd bi-B)-alkyt
10 or -
R' is an OH protective group (PG), such as, for example, benzyloxymethyl,
benzyl, para-methoxybenzyl, tert-butyldimethyisilyl (TBDMS), tert-
_ butyldiphenylsilyl (TBDPS), tetrahydropyranyl (THP), 1-ethoxyethy! (EE),
15 1-methyl-1-methoxyethyl or 1-methyl-1 -benzyloxyethyl;
and
R? is
- R12
r7 R9
N
ANy R11
Rg | ©
R10
20
in which:
p is0—-2;
25 R is H, (C1-C6)-alkyl;
R®

is H, (C1-C6)-alky};
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R4, R5 independently of one another are H, F, CI, Br,.CF3, OCF3,
(C1-C6)-alkyl, O-(C1-C6)-alkyl, SCF3, SF5, OCF2-CHF2, (C6-C10)-aryl,
(C6-C10)- aryloxy, OH, NO2; or 25 R4 and R5 together with the carbon
atoms that carry them form a fused partially saturated or unsaturated
bicyclic (C6-C10)-aryl or (C5-C11)-keteroaryl ring; 8 W isCH,N,ifn=1; W

is O, Q, (BN 7Ri_2y)is 1-6; R6 is H, (C1-C6)-alkyl-phenyl,
(C1-C,%)%’Ia’ﬁ(—!é;)}l;e 10 or)R' i@én OH protective group (PG), such as, for

example, benzyloxymethyl, benzyl, para-methoxybenzyl,

tert-bytyl i@eé%;}?ﬁ;m%?@\@ﬁ%d?% %ﬂg??@@@é)ﬂa@g%%@2—662—aikyny[,

tetrahydrdpyr ethoxyethyl (E 5 1-meéthyl-1-methoxyethyl
or 1-niEByl-aMseninadserhgmanyimeresatiad, Rirary!zalkymyame ¢y geadsy!

R10 may optionally be substituted by one or more radicals from the group
consisting of hydroxyl, phenyl, (C5-C11)-heteroaryl, O-(C1-C8}-alkyl and
NR®R™ and phenyt may optionally be substituted by one or more
radicals from the grdup consisting of hydroxyl, O-(C1-C6)-akkyl, F and
CF,, with the proviso that R'® is not NR™R™ or O-(C1-C8)-alkyl, if
R=F;

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

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

R?‘i

is H, (C1-C8)-alkyl, benzyl, (C1-C4)-aikyl-(CB-C10)-aryl, (C1-C4)-alkyl-O-
(C1-C4)-alkyl, phenyl-(C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl
may optionally be mono- or polysubstituted by O-(C1-C6)-alkyl,
OCH,CH,-OMe, F, Cl, Br, I, Si(CHa)s, OSI(CH3)s, Si(iPr)s, OSI(iPr)s,
OCH>CH,-SiMes, OCH,-Si(iPr)s, O-CH3-CgHs, SO2CsHs-p-Me, SMe, CN,
NQO3, CHCOCsHs;

is H, (C1-C8)-alkyl, (C2-CB)-alkenyl, (C2-C6)-alkynyl, benzyl,
CO~(C1-C8)-alkyl, CO-phenyl, C{O)-O-(C1-C8)-alkyl, allyloxycarbonyl
(ALOC), benzyloxycarbony! (Cbz, Z), 9-fluorenylmethyloxycarbony!
(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—-CG)-heteroaryl—(m~C4)-a[kyi; SO,-{C1-CB)-atkyl, SO.-(C1-C8)-alkyl-
S0O,-(C1-C6)-alkyl, SO,-phenyl, where phenyl may optionally be
substituted by (C1-C6)-alkyl, O-(C1-C8)-aikyl, F, CI,

is (C1-C6)-alkyt;
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R'M

wherei

A)

a)

20 in which: p is0-2; 25 R7 is H, (C1-C6)-alkyl; Rais H, (C1-C6)-alkyl; 9
Ris H, F, (C1-C6)-alkyl; Rio is H, F, (C1-C6)-alkyl, 0-(C1-C6)-alkyl,
(C2-C6)-alkenyl, (C2-C6)-alkynyl, (C3-C8)-cycloalkyl, phenyl, where alkyl,
alkenyl, alkynyl and cycloalkyl 5 may optionally be substituted by one or
more radicals from the group consigiing of hydroxyl, phenyl, (C5-C1
[)-heteroaryl~0-(Cl-Ge MR , and phenyl may optionally be
subst%u(@g R%gr%kﬁ?nﬁﬁwfﬂa@r}%ﬁ( he group consisting of hydroxyl,
O-(C1-C6)-alkyl, F and CF3, with the proviso that R10 is not NR13R14 or
-(C1-C6)-alkyl, if 10 R9 = F; R9 and R10 together with the carbon atom
that carries them are (C3-C8)-cycloalkyl; R10 and R12 together are
pyrrolidine and piperidine, if n = 0; 15 R7 is H, (C1-C8)-alkyl, benzyl,
(C1-C4)-alkyl-(C6-C10)-aryl, (C1-C4)-alkyl-0- (C1-C4)-alkyl,
phenyl-(C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl may optionally be
bamioreopeipibétifdted by O-(C1-C6)-alkyl, OCH2CH2-OMe, F, Cl, Br,
1, Si(CH3)3, OSi(CH3)3, Si(iPr)3, OSi(iPr)3, 20 OCH2CH2-SiMe3,
OCHZ2-Si(iPr)3, O-CH2-C6H5, S02C6H4-p-Me, SMe, ON, NO2,

racemic B20GIBEBIRt s inqen-CopaIg fie JoomuaKdyl, (C2-C6)-alkynyl,

benzyl,

I

is reacted with a compound of the formula (li1)

‘where
R

in the

HO-R™ (Ilf)

is H, (C1-C8)-alkyl, (C3-C8)-cycloalkyl, (C2-C8)-alkenyl, (C2-C8)-alkynyl,
benzyl, (C1-C4)-alkyl-{(C8-C10}-aryl, (C1-C4)-alkyl-(C5-C11 »-heteroaryl,
{C1-C4)-alkyl-O-(C1-C4)-alkyl, phenyl-(C1 —C4)—élkyi, (C5-CB)-heteroaryl-
(C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl, heteroaryl may optionally
be mono- or polysubstituted by phenyl, O-(C1-C6)-alkyl, OCH;CH2-OMe,
OTs, F, Cl, Br, 1, Si(CHa3)s, OSi(CHa)a, Si(iPr)s, OSi(iPr);, OCH2CHz-
SiMes, OCH.-Si(iPr)a, OTHP, O-CHy-CgHs, SO2CsH;-p-Me, SMe, CN,
NO,, COOH, CONH,, CHCOCsHs, CO-benzyloxy, CO-O(C1-C6)-alkyl,
NHTs, NHAc, NHBoc, NHAloc, NHbenzyI;

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»COs in alcohols or, for example, with acids such as HC in water) or with acid

halides such as acetyl chloride in alcohols, preferably acetyl chloride in isopropanol,
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CO-(C1-C6)-alkyl, CO-phenyl, C(0)-O-(CI-C6)-alkyl, ailyloxycarbonyl 25
(ALOC), benzyloxycarbonyl (Cbz, Z), 9-fluorenylmethyloxycarbonyl
(FMOC), (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, 02 -(C1-C6)-alkyl, S02-(C1-C6)-alkyl-

.S02-(C1-C6)-alkyl, S02- ere en
where {0 arsd b (L8 A B ) g B RO B e ey e
for exarﬂtﬁ[dﬂt#bl@(ﬂﬂeﬁé)zﬂkplqo?ﬁ@g@f(ﬁ& @&Gﬁlk:ylj:hwlﬁm&@&«?m%dtb@l‘l is
enln racem oxablc J]
used) o | '1 Faac%eé‘%%.t K mpoun ffl”tfﬁm?g %E%%?Eiﬁ)eﬁ E{ds gm)
obtainedp where R15 |s H, (Cl C8) alkyl, (C3-C8)-cycloalkyl, (C2-C8)-alkenyl,
. 2-C8)- benzyl, (C1-C C
0 gve. (85 R4 R R B RS LR R O (o RV
phenyl-(C1- C4) alkyl, (C5-C6)-heteroaryl 20 (C1-C4)-alkyl, where alkyl,
benzyl, phenyl, aryl, heteroaryl may optionally

(V)
WeN
HO R15

O

" in which R is as defined above, or to give a compound of the formula (IV) which,

depending on the work-up, may be present in ionic form, for example as Cs", Li", K
NH,", Ca®", Ba®, Mg?" salt and in which R"® is also Cs, L, K, NH,, Ca, Ba, Mg, and,
if appropriate, the resulting product, for example a compound of the formula (1V)
where R' = Cs, is further converted with an alkylating agent such as benzyl bromide
into a compound of the formula (V) where R = CH.CgHs, i.€. 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'®-0-CH=CH,, preferably vinyl acetate, or an acid anhydride R'%.0-R",
preferably succinic anhydride and glutaric anhydride) and the enzyme are added to
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 sterecisomer is present as ester of the formula (Vb)

SN \\"O"' ~
A "[f Oris VD)
O
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be mono- or polysubstituted by phenyl, O-(C1-C6)-alkyl, OCH2CH2-OMe,
OTs, F, Cl, Br, 1, Si(CH3)3, OSi(CH3)3, Si(iPr)3, OSi(iPr)3, OCH2CH2-
SiMe3, OCH2-Si(iPr)3, OTHP, O-CH2-C6H5, S02C6H4-p-Me, SMe, CN,
NO2, COOH, CONH2, CH2COC6EH5, CO-benzyloxy, CO-O(C1-C6)-alkyl,
25 NHTs, NHAc, NHBoc, NHAloc4NHbenzyl; 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 K2CO3
in whichn alcohols or, for example, with acids such as HCI in water) or with acid

) hal hleride in | ride-im).

R B o e O=10)
(CorQigprydesskminehRre0rRe, OfdPEraRIBOMEICTHANBX AR FRPIREXORY
is used) or the i ISy | i ts
R A R e e ey "t"é%@"“’ :

Ive, for
@i atEcéhiBoiCEonfidhirdPeo o oA GReXY, PHOTYHO

“R15 0 inwhi apiiriesbe | e toith
@9%@%@%@%%%%?@%%? c?r?athe wor&ﬁ?%g@ be?%resent in(‘)ifc?rfi}g

dbryhafur SRS Celkany! ik thairpart may D& sUpRItEst i
%@S@MQ%‘&% Sdrbi Mfidiciag BaMeiad, dFaparepriate, the

resulting product, for @xample a compound of the formula (IV) where R15
= Cs, is further converted with an alkylating agent such as benzyl bromide

RS into. a.camppupdf the formula (IV) where R15 = CH2C6HS, i.e. another
product in 15 which R15 is as defined above; :

and the other stereoisomer is present unchanged as the alcohol of the formula (IVa)

(Va)
HO RIS

which compounds can therefore, utilizing their different chemical or physicochemical
properties (for example Rt 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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b) Enzymatic ester formation (EF) + separation (s) the resulting
compounds of the formula (IV) are subjected to a stereoselective 20
enzymatic ester formation (EF), where an acyl donor (such as, for
example, a vinyl ester R16-O-CH=CH2, preferably vinyl acetate, or an
acid anhydride R16-0O- R16 preferably succinic anhydride and glutaric
anhydride) and the enzyme are added to he hyd | co
ol G Al SOV PCOERSES, 1N AT UM GO AR ES AR B S
for exaMpiBIES ieatired @ItﬁO(BCZQ, ia me!m&shﬁésﬂwﬁfedonmadmmmmdj to

one stereoisomer is present as ester of the for R16, O 1111
give ther@PYERIN S LPL St @ﬁ%ﬁ%@f&@f( s ﬁ*"?‘i’ Whitn 2ar be

converfeFalo(eRcdmkatkesyh 6X(#(2)ffodnit GredkyoiboésOrlow)

(C3-C16)-cycloalkyl, where one or more carbon atoms may be replaced
by 5 oxygen atoms and may be substituted by 1-3 substituents from the
group consisting of F, Cl, Br, CF3, ON, NO2, hydroxyl, methoxy, ethoxy,
phenyl, COsO C4)-alkyl and CO-O(C2-C4)-alkenyl, where phenyl,
CO-O(C1-Ct /| and CO-O(CEMBA)-alkeny! for their part may be
substityjed by 's'ugﬁl ueRtssfrom the group consisting of F, Cl, Br,

CF3, and 10 R15 is as defined above, and the other stereoisomer is
present unchanged as'the alcohol of the formula (IvVa) fl (Iva) HO O R15
150

or the compound of the formula (\_/b) is converted, for example, by lipase-catalyzed
cleavage of both ester functions into the optically active compound of the '
formula (IVb, where R'® = H) which can be converted into an isomeric form of the
product (see schemes below);
d)  Alkylation (Alk-R'AIK-PG)
further conversion with compounds of the formula (V1)

R'-X vy

in which

R is

R4 W o R3
BN
R5 - N -

and R, R, Ré, W, n and m are as defined 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,



which compounds can therefore, utilizing their different chemical or
physicochemical properties (for example Rf values or different solubilities
in water or other solvents), be separated from one another (separation S),
for example by simple 20 chromatography on silica gel, by extraction (for
example heptane/methanol or org4 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 25 the
and  enantiomers of the formula (IVa) obtained as alcohol are processed
further as described under d), or c) Ester cleavage (EC) 30 the
- enantiomers of the formula (Vb) obtained as acylated compounds are 13
X igyelrdirzed sk prbEesses to give chemically enantiomeric alcohols
(IVb) or, for example by reaction with K2CO3 in methanol, transesterified
intramolecularly to give the optically active
in the pfESERE GOXabisyicldSaiBba s veodnTi campr-dntd i Rmyle
 vita) Oisi\m ric form of the product (see schemes below) 5 (IVb) HO"''j 0, R15
5Lor the compound of the formula (Vb) is converted, for example, by
lipase-catalyzed cleavage of both ester functions into the optically active

compound of the 10 formula (IVb, where R15 = H) which can be converted
into omeric form of the product (see s below); d) Alkylation
Al K-PG :
1. ¢ b ila) Rl . .. O (Viib)

0 | O

10
or, in the case of R' = PG, to give compounds of the formula (Villa) or (Viﬂ.b)

PG O. Villb
PG._ O\R’is (Villa) ~— L« ‘( 215 { )
O | | 0
15 or

R’ is an OH protective group (PG} such as tetrahydropyranyl (THP}),
1-ethoxyethyl, 1-methyl-1-methoxyethyl or 1-methyl-1 -benzyloxyethyl;

20  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

25  compounds of the formula (Viila) or (VIiib);



15 further conversion with compounds of the formula (VI) R'-X (VI) in
which 20R1is R4 W OT R3 :C R5NJm 25 and R3, R4, R5, W, n and
m are as defined above, or R1 is an OH protective group (PG) as defined
above, except for THP, EE, 1-methyl-1-methoxyethyl or
1-methyl-1-benzyloxyethyl; 14 and X is Cl, Br, I, OTs, OMs, OTf; 5 in the
presence of bases in a suitable solMent to give compounds of the formula

and  (Vila) or (VlIb); RIB p ( O R15 (Vila) RI~ O™CD,, IrO R15 (Vilb) 0 O 10 or,
in the case of R' = PG, to give compounds of the formula (Villa) or (Vllib)
PG (c) G'R15 (Villa) PG Q .,. 0, R15 (VIifb) O O 15 or

e) Direct reaction or ester cleavage & coupling (DR or EC + C)

5 et) the resulting compounds of the formula (Vlia) or (VIIb) or compounds of the
formula (Villa) or (V1ilb) are converted in a direct reaction {DR), for example by
reacting an amine of the formula (IX)

R%H (IX)
10  inwhich
=g is
R12
R7 R9
N O
N S R11
Rg |©
R10

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

or the corresponding lithium or dimethylaluminum derivative, or by reacting the
compounds of the formula (Vlia) or (ViIb) or the compeounds of the formula (Viia) or
(Vilib) and the amine or amino acid derévative R®-H of the forfnula- (iX)in the

20  presence of activating reagents or catal.ysts, such as, for example, the cyanide ion,

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

R1 R2 R1 O e )
~0 () g

25 or, in the case of R' = PG, to give compounds of the formula (Xa) or (Xb),
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R'is an OH protective group (PG) such as tetrahydropyranyl (THP),
1-ethoxyethyl, 1-methyl-1-methoxyethyl or 1-methyl-l-benzyloxyethyl; 20
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 25 compgginds of the formula (Villa) or (Villb); 15
and e) Direct reaction or ester cleavage & coupling (DR or EC + C) 5 el)
the lting compounds of the formula (Vila) or £¥Ilb). or compounds of
thé formula (Villa) or (Vilib) are converted in a @ eaction (DR), for
reagiing an arping, of the fgimula (X ,(])QRQ in Whicb)(t,)
oR21 9N 4P~ 0, R8 O R16.15 whigre R7@;8, R9, R10,
R11, R12 and p are as defined above, or the correspondigg lithium or
dimethylalunﬁhum derivative, or by reacting the compounds of the
formula (Vila) or (VIIb) or the compounds of the formula (Villa) or (Vllib)
and the amine or amino acid derivative R2-H of the formula (1X) in the 20
presence of activating reagents or catalysts, such as, for example, the
or cyanide ion, ' ‘

5 e2) the resulting compounds of the formula (Vila) or (Viib) or (Villa) or (Vliib) are
subjected td an ester cleavage, for example a basic hydrolysis using aqueous
NaOH, an acidic hydrolysis using aqueous HCI or an enzymatic hydrolysis using a

lipase, or a hydrogenolysis using Hz in the presence of Pd/C, and the resulting

compdunds of the formula (Xia) or (XIb) or (Xlila) or (Xiib)

| (Xib)
R1< on KB Ry “‘o“"O""' oH
il

© |
O O

) Xilib
rG. o ) PG\O“‘_O,% on Kb
' il

G O

15  orthe corresponding salts, for example the Li, Na, K, Cs or NH; salt of these

compounds, to a subsequent coupling with a compound of the formula (1X)
CREH (IX)
20 inwhich

R s
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to give compounds of the formula (la) or (Ib) or isomeric forms thereof, (I
b) RILOR2 (la)R1~0 ... (/R20 O 25 or, inthe case of R1 = PG, to
give compounds of the formula (Xa) or (Xb), 16 PG,,G R2 (Xa) PG,0,..
R2 (Xb) O O or 5 e2) the resulting compounds of the formula (Vila) or
(Vilb) or (Villa) or (Vllib) are subjected to an ester cleavage, for example a
basic hydrolysis using aqueous N& H, an acidic hydrolysis using
agueous HCI or an enzymatic hydrolysis using a lipase, or a
hydrogemo{ysis using H2 in the presence of Pd/C, and the resulting
compounds of thgformula (Xla) or (XIb) or (Xllla) or (Xlllb) 1D R1 O OH
(Xla) R1 0,,,0., H (Xlb) O (X(lla) (Xlllb) PG,0 OH PG~(r),,- OOH 00
15 or thepgorrespondijag salts, for example the Li, Na, K, C5 or NH4 salt of
these “Comppandsifio a fubequent coupling with a compound of the
formula (IX)RRZ- X) 20 in which R2 is

8
R10

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

in the presence of dehydrating or activating reagents, such as, for example, PPA
{propanephosphonic anhydride), TOTU ([cyano(ethoxycarbonyl)methyleneaminol-
1,1,3,3-tetramethyluronium tetraflucroborate), EDC (1-(3-(dimethylamino)propyt)-
3-ethylcarbodiimide hydrochioride), HOBt (1-hydroxybenzotriazole), DMAP
(4-dimethylaminopyridine), DCC (dicyclohexylcarbodiimide), CDI
(N,N’-carbonyldiimidazofe), to give a compound of the formula (1a) or (Ib) or an

isomeric form thereof;

(Ib)
R1. R2 (1a) R1 \O““ o, R2

- 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)
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17 R12R7R9N a0, R11 R80R10 where R7, R8, R9, R10, R11, R12
and p are as defined above, 5 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)propyl)- 3-etiydcarbodiimide hydrochloride), HOBt
(1-hydroxybenzotriazole), DMAP 10 (4-dimethylamingpyridine), DCC

(di cIoh\e3<yIcarbodiimide), CDI (N,N'-carbonyldiimidazole), to give a

' compound| of the formula (la) or (Ib) or isomeric form theregh; R1 R2
PG. Q} et O 15 a)_ﬁfeﬁ;}if appr?&z’ia;g,‘f) oval- fﬁeéprotecti%b)
roup PG (RPNB) 20 if R"is an OH protective group (PG) as defined above

under R1, the(@ompounds of the formula (Xa) or (Xb) 18 PG, G R2 (Xa)
PG,~,,. R2 (Xb)

in which R? and PG are as defined above

are converted by removal of the protective group by 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-dicyanobenzoguinone), removal of PG = tert—butyidimethyisilyi, for
example, using BusNF, or removal of PG = tetrahydropyranyl (THP), PG =
1-gthoxyethyl, PG = 1-methyl-1-methoxyethyl or PG = 1-methyi-1-benzyloxyethy!, for
example, under acid catalysis using p-toluenesulfonic acid or.HCI;

into compounds of the formula (Xlia) or (X1ib)

Rz (Xlia) HO““O""" R2 . (Xiib)

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

HO
O

" process variants into the compounds of the formula (1a) or (Ib) or isomeric forms

thereof;

it also being possibie to change the sequence of the individual reaction steps as

described above under A):

A) LO — EF+S[—»> EC] — Alk-R' — DRor EC +C -» productfisomeric

form

- fo:
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O O inwhich R2 and PG are as defined above 5 are converted by
removal of the protective group by 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-dicyanobenzoquinone), removal of PG
= tert-butyldimethylsilyl, for exampje, using Bu4NF, or removal of PG =

B) @ra_% E}W@a vl (BdR). PHR R Ecethexyethyi®® = productisomeric
1-met methoxyethyl or PG = 1-methyl-1-benzyloxyethyl, for example,
forvcher aC|d catalysis using p-toluenesulfonic acid or HCI; into compounds
of the formula (Xlla) or (XlIb) HO R2 (Xlla) HO., O '--,,JrR2 (Xllb) O O 15

or in which R2 is as defined above, followed by conversion according to the
stated process variants into the compounds of the formula (la) or (Ib) or

isomeric forms ther of; 20 als beln SSIb| e the;s

C) 'o@th’e’lrﬁaﬁlaﬁéq‘ea |o'r?s d'éb%\vge %zlder R Oﬂ?%%é%%gm
f&h#S [-* EC] -> Alk-R1 -* DR or EC + C -> product/isomeric form 25 to:
19 B) LO -> EF+S [-+ EC] -> DR or EC + C -> Alk-R1 -> product/isomeric

form or
or

D) LO — EF+S - [EC] —» Ak-PG — DR OrEC+C ~ RPG — Ak-R' —

product/isomeric form,

or

E} LO — AkPG — DRorEC+C — RPG — EF +S— [EC] - Ak-R' -

product/isomeric form.

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



20

C)LO ->DRor EC + C ~EF + S - [EC] --> Alk-R1 -> product/isomeric 5
form or D) LO EF+S -> [EC] --> Alk-PG DR or EC + C RPG AIlk-R" prod
uct/isomeric form, or 10 E) LO ---> AIk-PG DR orEC+C-), RPGEF + S -
[EC] Alk-R1 prod uct/isomeric form. Possible process variants are shown
in schemes 1to V below: N~OE 00 U0+ NKU oW O'ni 10 owu)
~0~ 0t

@]

——

Product/
isemeric form

Product
DO
° T

w0 10
- —
o jr
/! /
C O
o §‘==0
- O
O O
= ¢
mI e
+
m
i

“R15

Scheme A
(Q\
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two centers of asymmetry on the cyciohexane ring. Here, the cis
attachment is essential. However, it is also possible for further centers of
asymmetry to be present, for example in the radical R2. The
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compounds of the formulae (Ia) and (Ib) can therefore be present in the

form of their 5 racemates, racemic mixtures, pure enantiomers,
diastereomers and diastereomer mixtures. The present invention

embraces all these isomeric forms of the compounds of the formulae (la)
and (Ib). Even if in some cases this has not been described expressis

. verbis, these isomeric forms can b obtalned by known methods. 10 A
heteroaromatic ring is to be unadﬂdfﬁ anln oth ono cI| re)% the

The cogRRURTRERAARY 43Rl e R et T

cyclohd}@MBGHB tPi4rBitipganaiemenandiand @QS’@ﬂnaﬂ)r Hcaufueation, zﬁsorpassxbie
for example: furan thlophene thiazole, gxazole, thiadiazole, triaz E
3 P2, The

for fm'b%‘h@lﬁ%efﬁé’flﬁéyﬂlmﬁﬁéo B R i, WS&P B8 |gd éhe,
compolRBZRItRE fepRZMEaZS)e Y OIbRbatitigs aTaye the mmrmnmktya:ﬁuran df their

also fused, such as, for exampl hth l, benzél?,dloxol diast
racem Ay dRA o [R A BRiP  Fe BRUMR B AN 6 T AN g o

mxxtur&cm‘ﬁééeﬂmﬁl&aﬂdmambrﬁmg&m{e% renuizdefpimial tmounts

of gptically pure star mater auxn aries, nor. expensiv
CompOHBFer%fg%ﬁ§c§fE”ﬁ%§a% § %51 VRO TGy SIS F’e%o u%égaigﬁrggen
descntféﬁ@ﬁ@i@gé@h&r@i’spmai@mesrzndouneeaaomlyume@mmmw
olvents or costly operations. 25 Preference is given to the

ovementioned processes A), B) and D); process A) is particularly
preferred. Preferred is a process for preparing the compounds of the

A heterphRiesita AR (L0 B 888 A AB AR BRI AR EFERE A RE N ciic

rings having a maximum of 4 heteroatoms, in particular those having up to

metho

4 nitrogen atoms and/or 1 oxygen or 1 sulfur atom, such as, for example: 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, naphthyl,

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

The process 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 efc. 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), By and Dj; process A) is

particularly preferred.

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

which one or more radicals are as defined below:

R’ is
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26 R4 W O R3 R5N: or R'is an OH protective group (PG), such as, for
example, benzyloxymethyl, 5 benzyl, para-methoxybenzyl,
tert-butyldimethylsilyl (TBDMS), tert-butyldiphenylsilyl (TBDPS),
tetrahydropyranyl (THP), 1-ethoxyethyl (EE), 1-methyl-1-methoxyethyl or
1-methyl-1-benzyloxyethyl; where 10 R4 is F, Br, CF3, OCF3,
(C1-C6)-alkyl, 0-(CI-C6)-alkyl, phepyl; or those in which the substituent
15 RA4. is locgigd inthgymeta @y para ggsition; or R5 is hydrogen; or R4
and R5 together Wi hehyl nhg = naphthyl; or 20 R3is H,

(C1-C6)-alkyl -cyclo -C3)-alkyl-(C5-C6)-cycloalkyl,
phenyl, (C1- -phenyl; gr WisCH, ifn=1;or 25 misl;or R2is 27
R12 R7 R9

or

R’ is an OH protective group (PG), such as, for example, benzyloxymethyl,

benzyl, para-methoxybenzyl, tert-butyldimethylsilyl (TBlDMS), tert-butyldiphenylsily!
(TBDPS), tetrahydropyranyl (THP), 1-ethoxyethyl (EE), 1-methyl-1-methoxyethyl or
1-methyi-1-benzyloxyethyl;

where

R* is F, Br, CFs, OCF3, (C1-C6)-alkyl, O-(C1-C8)-alkyl, phenyl; or’

those in which the substituent

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

R is hydrogen; or

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

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

W is CH,ifn=1;0r

m is 1; or
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IN4P0,R11 R80R10 where 5 p isO;or R9 is H, (C1-C6)-alkyl; or R9
and R10 together with the carbon atom that carries them are
(C3-C6)-cycloalkyl, 10 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-C6)-alkoxy and NR13R14, wh%; 15 R13 and R14 are H,
(C1-C6)-alkyl; R11 is H, (C1-C8)-alkyl, benzyl,

(C1-C4)- 2_(C6-C10)-aryl, where alkyl, benzyl, aryl may optionally be
mono- or pol Lébq:ti@ted by OMe, 20 OCH2CH2-OMe, F, CI, Br,
Si(CH3)3, Oﬁ )3, OCH2CH2-SiMe3, O-CH2-C6H5, SMe, CN, NO2,
CH20006N3. Particular gyeference is furthermore given to a process for
preparifig th&dampopnds oRthd formulae (la) and (Ib) in which 25 R10 is
(C1-C4)-alkylf (C1iC4)-alkyl-O-(C1-C4)-alkyl or benzyl; R11 is H,

28 very particularly preferably R10 is (C1-C4)-alkyl

or benzyl, R10
where
D is 0; or
RO is H, (C1-CB)-alkyl; or

R9 and R10 together with the carbon atom that carries them are (C3-C8)-cycloalkyl,

in particulaf cyclopentyl;
R10 is (C1-C8)-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 NR13R 14, where

R13 and R14 are H, (C1-C8)-alkyl,

R11 is H, (C1-C8)-alky!, benzyl, (C1-C4)-alkyl-(C6-C10)-aryl, where alkyl,
benzyl, aryl may optionally be mono- or polysubstituted by OMe,
OCHQCHQ“OM@, F, Ci, BF, S!(CHg,)s, OSI(CH3)3, OCHQCH2~SiM83,

0-CH»-CsHs, SMe, CN, NO,, CHCOCgHs.

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

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

R11 is H, (C1-C8)-alkyl, benzyl;
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5R11is H, (C1-C8)-alkyl. Very particular preference is also given to a
process for preparing the compounds of the formulae (la) and (Ib) 10 in
which R4 is Br, CF3, OCF3, (C1-C6)-alkyl, O-(C1-C6)-alkyl; 15 R5 is H,
(C1-C6)-alkyl, O-(C1-C6)-alkyl or R4 and R5 together with the phenyl ring
= naphthyl; R3 is CF3, (C1-C6)-alkys, (C3-C6)-cycloalkyl, phenyl; 20 Wiis
CH,ifn=1; mis 1; 25 p is 0; R9 is H, (C1-C6)-alkyl; R10 is (C1-C6)-alkyl,
where alkyl may optionally be substituted by phenyl; 30 R10 and R12

very patggeatbdy witifehabdfoms that carry them are pyrrolidine, if p = 0; 29 R9

RrR10

R11

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

and R10 together with the carbon atom that carries them are
(C3-C6)-cycloalkyl; R11is H; 5 R12 is H, (C1-C6)-alkyl, benzyl. The
racengi¢CoQgpuaticd of therfoyimula (1V) are prepared by opening
6-oxabicyclo[3.2.1]octan-7-one with alcohols or in the presence of water.
10 Racemic 6-oxabicyclo[3.2.1]Joctan-7-one (II) is commercially available
and Ganrbé&C 1-C8)-alkyi.

the formulae (Ia) and (Ib)

in which
R4 is Br, CF3, OCF3, (C1-CB)-alkyl, O-(C1-C6)-alkyl;
R5 is H, (C1-C8)-alkyl, 0-(C1-C8)-alkyt or

R4 and R5 together with the phenyl ring = naphthyl;

R3

R9

R10

is CF3, (C1-CB)-alkyl, (C3-C8)-cycloalkyl, phenyl;
isCH,ifn=

is 1;

is 0;

is H, (C1-C8)-alkyl;

is (C1-C6)-alkyl, where alkyl may optionally be substituted by phenyl;

R10 and R12 together with the atoms that carry them are pyrrolidine, ifp=0;
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synthesized, for example, by dearomatization, for example by
hydrogenating m-hydroxybenzoic acid or m-hydroxybenzoic acid
derivatives and cyclizing the cis-3-hydroxycyclohexanecarboxylic acid.
The opening of the lactone can, as described in the literature for a large
number of 15 lactones (for example in M. Carballido, L. Castedo, C.
Gonzalez, Tetrahedron Lett. 2001282, 3973), be carried o run
R9 andaRitficieseisr b eciibieRa Rin Bialhmai aSiiPiatse ertenen
of hydroxides such as LiOH, for example using water in the presence of
acids such as acetic acid, for example using alcohols in the presence of
R11  pase#didch as K2CO3 and, for example, using alcohols in the presence
20 of acids such as HCI. For opening the lactone, it is preferred to use
acetyl chloride in alcohols. To resolve the racemate of the hydroxyl
R12  compéumds; the&-aleviakeR®f-in organic solvents such as, for example,
dimethoxyethane (DME), methyl tert-butyl ether 25 (MTBE), diisopropyl
ether (DIPE), THF, n-hexane, cyclohexane, toluene, chlorobenzene,
‘ acetone, dimethylformamide (DMF), dichioromethane, 1,2-dichloroethane
The ra%é}?ni@tﬁﬂhg%;tﬁidﬁ%ﬂ w@wth Iﬁzrﬁugmag \ﬁirwba@@@f@d Wx‘dpamﬁl@onate vinyl
utyrate rifluoroe y erflugrogecanoate et |n |
6-oxabINAS, B G el e i e BeR RS S Gy cride,
Racenﬁé@'@fh 6 th@:)d %gcéaztwgrmacﬁaﬁalmmaqnya@den@fumxaanhydﬂmﬂelambftxamcbe
anhydride trlc oroet te afe added ab| z
SyntheRARRnIAHAEA T Ifed Ye%%ﬂaﬁ“mﬁ%‘f " ?éhﬁé%ﬂﬁsf‘)gﬁ?&og?&%q
m- hydrEhgwﬁ@@rél@es@fdmommbmbammmmjeramam@g%zmmbeer
if approprlate it is also,adv ntag 8pus to 30 carry out the enzymatic

cis-3-hyters R ANGRNSEA BBRYIC Y Example vinyl acetate, without

The oply®ithe lactone can, as described in the literature for a large number of

lactones (for example in M. Carballido, L. Castedo, C. Gonzalez, Tetrahedrqn Left.

2001, 42, 3973), be carried out either under ‘acidic': or under basic conditions, for
example using water in the presence of hydroxides such as LiOH, for example using
water in the presence of acids such as acetic acid, for example using alcohols in the
presence of bases such as K,COj3 and, for example, using alcohols in the presence
of acids such as HCL.

For opening the lactone, it is preferred to use acetyl chioride 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), dichloromethane,
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-chloropheny! acetate, oxime esters, acetic anhydride, propionic
anhydride, succinic anhydride, glutaric anhydride, isovaleric anhydride

2.2, 2-trichloroethyl butyra’te are added and a suitable enzyme is then added to the
reaction mixture, which i 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 10
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After the re_action has ended, the products or the enantiomers can be
separated in a 5 simple manner, for example by extraction according to
methods known from the literature [a).T. Yamano, F. Kikumoto, S.
ngamoto, K. Miwa, M. Kawada,T. Ito, T. Ikemoto, K. Tomimatsu, Y.
Mrllzulno, Chem. Lett. 2000, 448; b)3 . Hungerhoff, H. Sonnenschein, F.
Theil, J. Org. Chem. 2002, 67 in anhi
carry ou i R DA S LB ST o o ST etate:
withoutf@@@.ﬂm@nﬂﬂe solubility in water of the remaining hydroxyl compound is
mcr_eased considerably by derivatization, for example by acylation using
cyclic ar_whydrldes, such as, for example, glutaric anhydride, or by
After theomearsiontiatoendedltieecstod [mits-hicbaz NarEaEsI2aC endepRipted in a
_ 1979, 112, 2145: b) M. lehddinD:
) u th
simple TR, P AR, Aoy e P00, To Aol o aeor (e
fiteratusepyAofaframdhe WikermsiolubleYamas et thelediireawith fevradubillly:
in wager_by extraction, A e aiqm, nvatizati
T e PR, ML erepreion banmisten sligernoft,
H. Sonﬁfﬁﬁnﬂzo ath intrasting dptinrCoksep2fdihGiheléBdhnsessiitthe case of
the enzymatic,acylation the acyl donor is chosen such that the
Chfomaé89|§£88"éﬁﬁﬁﬁb°rﬂér is considerably more water-soluble than the
in a furtinseactetdu,drtieylcconmistion oS thalslezanatipreastiae, fop sRihplly in water

of the rC C%ﬁ%ﬁﬂ@%&%&%ﬁﬂnﬁgﬁ%%qWc?ggggg%n%ﬂférétﬂﬁ %Z&'E?'?a@%ization, for

acylation product carries a free carboxyl group

examptzam@ha@mmpm@m@ualmmm@@u@uw a5 SRRl Ui Basic
N e T e S S A
Ber. 1%E,%@nﬂ%ﬁpbsﬂ\kcﬁwwm',pana@ge(ﬁmwd) Bénsier, H.-D. Jakubke,
H. Wal IC%%%?&%@%%%@%%S???&%@E ﬂé‘?&éﬂi%%pﬁ?&%@%ﬁﬁn@é%tm—
nsoiuble esters or the esters with poor solubility in water by extraction. After the
separation, the derivatization of the alcohols can be revised by chemical or
enzymatic hydrolysis. |

In a particularly interesting option of separating the enantiomers, in the case of the
enzymatic.acyiation‘the acyl donor is chosen such that the acylated enantiomer is
considerably more water-soluble than the unreacted hydroxyl compound. Suitable
acy! donors are, for example, cyclic anhydrides, such as succinic anhydride. After
the enzymatic acylation has ended, the acylation product carries a free carboxyl
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 (F!uka) or from microorganisms, such as, for
example, lipase B from Candida antarctica (Roche Diagnostics), lipase A from
Candida antarctica (Roche Diagnostics), lipase OF from Candida rugosa {Meito
Sangyo), lipase SL from Pseudomonas f;epacia (Meito Sangyo), lipase L-10 from

Alcaligenes spec. (Roche Diagnostics), lipase QL from Alcaligenes spec. (Meito
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30 Candida antarctica (Roche Diagnostics), lipase OF from Candida
rugosa (Meito Sangyo), lipase SL from Pseudomonas cepacia (Meito
Sangyo), lipase L-10 from Alcaligenes spec. (Roche Diagnostics), lipase
QL from Alcaligenes spec. (Meito 31 Sangyo) and glutaryl-7-ACA-acylase
(Roche Diagnostics). Particular preference is given to lipase B from
Candida antarctica (Roche Diagnqs cs) and it may be advantageous to
use the free enzyme or an mn&&ﬁ;ﬁ? form of th enzyme for example

Sangyq i erahdaneé prof Ry \#Rk Ré&d %t& imercially available.

Pamcu%@%f%ﬂéﬁdc%‘@@(?émgtlﬁﬁ?igmm@mﬂmdmteme:ar(fmche
immobilized form (Immobilized Biocat W, Hartm S
Diagnogiitig 2hihMAysEE FALERAGHR %ﬁ%r‘l}z/ﬁﬁj@% c%%ggﬁeﬁelypéégpen@Ob[“ZEd

- form oftRdNenraagHORFadR AhIe itenstethcemetionptodine ardobretieectyperdly

enzyme (for example free or immobilized) and can be determined easily
commajgigli S¥aiRiiRinary experiments. The enzyme can be recovered by
freeze-drying. Separatlon (and, if appropriate, later re-use) of the enzyme

can be facilitated b obilization. 1 arr out the re
Each Oéﬁiﬂﬁlﬁazr%%e???ﬂé ?%)%B S%I%ﬁgqiogéélng e%rs no‘r'ﬁer%ecﬁn%%drﬁg?m
(Immotsinteal Bipuse-ignts, ithel demikeic pi®dtintisr AreopticBylipur asiteF hthamount
conver on in the of th enz tic est formati .
of enzyigieds Cfﬁ?%g%ﬁ ¥ (e el r%% n?tgi'l el 7€Eh cﬁp%%ll@%ﬁ?g }ﬁlg%??%) %%gon
time aass @ﬁmwwmamximMmﬁmmammmmwbarshoardtbe
equal.to) 20:50%. .The converS|o t
determiaag SR AT B e Y TG I Soa s e dfered
by freegaleirgtign Sepa thtooptiad pifi dipes b ie r@mmpaﬁmftﬁueee@y@m can be

WhICh re keW|se determined directly from the reactlon mixture
fac:shta%#rc%r %h a chiral phase.

By carrying out the reaction in a suitable manner, it is atways possible to obtain at
least one enantiomer in optically pure form. If the desired product is an optieal'ly pure
ester, the conversion in the case of the enzymatic ester formation should be below
(or equal to) 50%. if the desired product is an optically pure aicohol, in the case of
an enzyme-catalyzed ester formatioh the conversion should be above (or equal to)
50%. The conversion of the enzymattc reaction was de’iermsned 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 chirail phase.

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

_ Hetarene 11, subvolume 1; ¢) O. Diels, D. Riley, Ber. Dtsch. Chem. Ges. 1915, 48,

897: d) W. Dilthey, J. Friedrichsen, J. Prakt. 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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25 The compounds R'-X of the formula (VI) and the corresponding
alcohols R'-OH, which may serve as precursors, are commercially
available or can be prepared by methods known from the literature [a)
The Chemistry of Heterocyclic Compounds (Ed.: A. Weissberger, E. C.
'Cl;?]ylor_): Oxazolgs (Ed.: 1. J. Turchi '2b). Methoden der Organischen
emie [Metho anic chemistr, u th-aditl
1872, 1ciatbn® SR R} O DI I3 Begs Ber Bich Chony 2o M
YamazaQ181. 48an897a doWerRileneyrd. Budtiaisen V( Pak0EheMS 1030, 127,
292; e) A. W. Allan, B. H. Walter, J. Chem. Soc. (C) 1986, 1397; f) P. M.
Weintraub, J. Med. Chem. 32 1972, 15, 419; g) I. Simit, E. Chindris, Arch.
The CO,E @md%ﬁ‘lﬁgm?l i '-iﬂgﬁmé GO redatadzakihypreasner oChases with
Pharm. Bull, _ ,2050-2057]. The ¢ REX :
the optiggyAK T P SRR L BT LA D ot tes:
3uitabi%gégggigkﬁgmawcpwgygldmwe&rUmgm(Kélﬁﬂ derhenaies ssahafe
ases are, for exam roxides_such as K (o) u ;
e e A e LR S
LiHMD S UK NI NG HdrHd DS AP Rl eV Srgy Sitsaiie, Sonexas e, O’

examp E,, MT DME luene and chlorobenzene. 10
MTBE, Iﬁ}%%ﬁ%gjg M%(%—IFH Spo%e%qug%%ﬁgaéga%y reacting the compounds
Introduefitheofonadae thomcing dvo)psitP & cbsnpraeiinaftie somnaunys) gt the

carried out p ethads known lit MV !
omug AR R BD Colmmdl Same 1y,
methodSaasewrcfrdi9o®)e literdditiorTtoMtBthrreOR. frotdlitise Bretasiiwarayps in
tetrahydrapytanyl, 15 1-eth - [{1-met thyl
Organig : &%\ﬁﬂgb Hlazﬁglg(t?/%r%hf}f)ﬁﬁotﬁg bc%n?ﬁﬂ%éé%@?h%%ﬁnu)llagr(IVa) and
In addifid)tdtitpoksibl©ld pegehbveogiesponaiay REJRITESYEIRRYERN for

1-ethos ample, diydronyranand sthyl Kiny! elber) upipeRARAEshy into the
compounds of the formulae (IVa) and (IVb), it is possible to use the corresponding
known enof ethers (for exampile, dihydropyran and ethyl \}inyt ether) using methods
known from the literature (T. W. Greene, P. G. Wuts, Protective Groups in Organic
Synthesis, 3rd edition, John Wiley & Sons, Inc., 1999).

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, benzyi, paré-methc’)xybenzy!, teﬁ~buty!dimethyisilyl (TBDMS), tert-
butyldiphenylsily! (TBDPS), 1-ethoxyethyl (EE), or tetrahydropyranyl (THP).

The later removal of the protective group is likewise carried out according to known
processes, such as, for examplé, removal of PG = benzyloxymethyl or PG = benzyl
by hydrogenaﬁon over Pd/C, or removal of PG = para—methoxybenz_yl' using, for
example, DDQ (2,3-dichloro-5,6-dicyanobenzoquinone), or removal of PG = tert-
butyldimethylsilyl or PG = tert-butyldiphenylsifyl using, for example, 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 HCL
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known from the literature (T. W. Greene, P. G. Wuts, Protective Groups in
Organic Synthesis, 3rd edition, John Wiley & Sons, Inc., 1999). 20 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-butyldimethylsilyl

(TBDMS), tert- butyldiphenylsilyl (TBDPS), thyl (EE), .
The ammwaﬁsﬁmarﬂm@r@ﬁﬁw%\%@ﬁ(éhﬁ 22 %rﬂ%?x ; r%?éﬁi‘fe%%&&é”l?- Both
the deri&Wss B@fﬁ's%F&{bﬂ@&géﬁhﬁ%mm@/\ﬁbm@@ﬁﬁ@geawbmmdmmamme

removal of PG benzyoxyme lorPG =D d t
iy PGS oRbsA T PRGOS e T SR DO "

are cortfrsFIENOTRR; IS VAN RRPRZAEAIT e @mmamalsoﬂﬂ?@déatem the amino

butyldimethylsilyl or PG = tert-butyldiphenylsilyl usi exa I
acid degiyakireopBheciapiaial PEUSeERy#B @%&R}%‘-’Pﬁk g aid of methods

known %rsm?m?q;{%ﬂa@%fa} H}}ﬂ{iB}}é‘nM@?thWMéﬁrd%@@rgan:schen Chemie,
me enzyloxyethyl, for examp alysisusin

4th ed'ﬁ%ld@%@lﬂf&ﬂlg FeBrGlieness %%?An}ﬁ%gs %ﬁgﬁ‘ﬁ# a@ldD deﬁlv |ves of

Villegatnerionmmiziibn are aaslypemssilde 38oth dhadearatiyes &dkert, Angew.
proteinogenic and the nonproteinogenic amino acids are mainly building

Chem. kﬂ@@l@s KAewhd#8h peptide chemistry, the different isomers of which are
commercially available as isomerically pure compounds. In addition, the

o ot e e N BB AR e

- formulP[IAMS eV B Wigh mw@mr\miumﬁam@@;csdbmmemrmm;mpaa (IX)

con b et s T BT S R

J. March, March’s Advanced Organic Chemistry, 5th edition, John Wiley & Sons,
Inc., 2001, p. 510 and Iiterafure cited therein; b} iiterature review R. C. Larock,
Comprehensive Organic Transformations, p. 987, VCH Publishers, Inc., 1989}, for
example via the corresponding lithium or dimethylaluminum derivatives, or in the

presence of suitable catalysts, such as, for example, the cyanide ion.

The ester hydrolyses can be carried out according to methods known from the
literature (M. B. Smith, J. March, March's Advanced Organic Chemistry, 5th edition,
John Wiley & Sons, Inc., 2001, p. 469 and literature cited therein), for example by
basic hydrolysis using aqueous NaOH, an acidic hydrolysis using agueous HCI, or
an enzymatic hydrolysis using a lipase or, for example, in the case of a benzyl ester

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

The conversion of the cyclohexanecarboxylic acids formed by ester hydrolysis into
the compounds of the formula (Xia) 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-Wey!, Methoden der Organischen Chemie,
4th edition, volume XV, subvolumes 1 and 2; b} G. Benz in Comprehensive Organic
Synthesis (ed.: B. M. Trost), 1991, p. 381, c) Miklos Bodansky, Peptide Chemistry, |
2nd edition, Springer Verlag, p. 55].
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10 The direct reaction of an ester of the formula (IVa) or (IVb), (Vila) or
(VIIb) or of the formula (Vllla) or (Villb) with an amine or an amino acid
derivative of the formula (1X) can be carried out using methods known
from the literature [a) M. B. Smith, J. March, March's Advanced Organic
Chemistry, 5th edition, John Wiley& Sons, 15 Inc., 2001, p. 510 and
literature cited therein; b) literature review R. C. Larock, Comprehensive
Organic Transformations, p. 987, VCH Publishers, Inc., 1989], for
example via the corresponding lithium or dimethylaluminum derivatives, or
in the presence of syitabl ide
The exag1EIg8 G Berel R o e e Bt A
known from the literature (M. B. Smith, J. March, March's Advanced
Organic Chemistry, 5th edition, John Wiley & Sons, Inc., 2001, p. 469 and
Examplggrature 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 benzyl ester 25
For SChS}%‘ﬁYg‘ogenolysis using H2 in the presence of Pd/C. The conversion of
the cyclohexanecarboxylic acids formed by ester hydrolysis into the
f%ollﬂnpounds of the formula (Xla) or (Xlb) is carried out by methods of
amide or peptide coupling known from the literature. An abundance of
Preparatiothofsacerivimisiap SWxhlige DML SVE RIMEFRPHOEBADNEF
Methoden der Organischen Chemie, 4th edition, volume XV, subvolumes
1 and 2; b) G. Benz in Comprehensive Organic Synthesis (ed.: B. M.
Trost), 1991, p. 38 klos Bodansky, Peptide Chemistry, 2nd edition,

Examp

Springer Verlag, p. . The examples below serve to illustrate the

present invention detailO mples:
HO
O .

rac, cis

With stirring, 245 mi of acetyl chi.oride were added siowly to 2.1 | of isopropanol.
During the addition, the temperature increased fo 45°C but rapidly fell to 35°C
afterwards. A solution of 350 g (2.72 mol) of racemic 6-oxabicyclo[3.2.1]octan-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 1.31
of methylene chloride and washed with 11 of semisaturated sodium bicarbonate
solution. The organic phase was then dried with MgSO4 and concentrated under
reduced pressure; yield: 501 g (98.9%); "H-NMR (CDCly): 6 = 1.23 (d, 8 H), 1.20-
1.45 (m, 4 H), 1.68 (d, 1 H), 1.86 (m, 2 H), 1.85 (m, 1 H), 2.18 {m, 1H), 2.34 (m,
1 H), 3.63 (m, 1 H), 5.00 (sept, 1 H).
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For scheme A: Example 1: 10 Preparation of racemic isopropyl
cis-3-hydroxycyclohexane-1-carboxylate HO O O I'r rac, cis With stirring,
245 ml of acetyl chloride were added slowly to 2.1 | of isopropanol.. 15
During the addition, the temperature increased to 45C but rapidly fell to
35C afterwards. A solution of 350 g (2.72 mol) of racemic
6-oxabicyclo[3.2.1]octan-7-one a\r/]? 1.4 | of isopropanol was then slowly
added dropwise, and the mixture wds stirred at 20-25C. After 3 h and
Exampl&£iding overnight, the reaction had ended. The reaction mixture was
Enzym&00¢8aHiaae vadeitrsiueetsprespyleisaken dmiyapdohtahaeletarboxylate
methylene chloride and washed with 1 | of semisaturated sodium
bicarbonate solution. The organic phase was then dried with MgSO4 and
concentrated E der reduced pressure; yield: 501 g (98.9%); 1H-NMR

(CDCI3): 5 [d, 6 H), 1.20- 1.45 (m, 4 H), 1.68 (d, 1 H), 1.86 (m, 2
H), 1.95 (m 218 (mn. 1 H), 2.34 (m, 1 H), 3.63 (m, 1 H), 5.00 (sept,
1 H). 26@5 Exdample : EnzZymatic racemate resolution of isopropyl
cis-3-hydroxycyclohexsne-1-carboxylate HO O 5 800 g of racemic
isopropyl 3-hydroxycyclohexane-1-carboxylate were slowly stirred with
1.5 1 of vinyl acetate, 5 1 of methylene chloride and 137 g of Novozym 435

800 g oq‘tracemic isopropyl 3-hydroxycyclohexane-1-carboxylate were siowly stirred
with 1.5 1 of vinyl acetate, 5 | of methylene chloride and 137 g of Novozym 435 at
20-23°C. After about 4 h, the mixture was filtered off and concentrated under
reduced pressure. This gave 940 g which were ch-romafographed on 6 kg of silica
gel (n-heptane/EA 2:1 — ENn—heptane 3:1): 1. Fraction, 484 g, isopropyl (15,3R)-
3-acetoxycyclohexane-1-carboxylate; 'H-NMR (CDCls): & = 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, T H), 5.00

| (sept, 1 H); 80% ee (HPLC on Chiralpak ADH 32 250 x 4.6; 1 mi/min, heptane/

EtOH 3:1). 2. Mixed fraction. 3. Fraction, 324 g of isoprbpyi (1R,3S)-
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, 1 H), 2.18 (m, 1 H), 2.34 (m, 1 H),
3.83 (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).

Exampie 3:
Preparation of isopropy! (1 R,3S5)-3-(5-methyl-2-p-tolyloxazol-4-yimethoxy)-
cyclohexanecarboxylate by alkylation of isopropy! (1 R,38)-3-hydroxycycichexane-

1-carboxylate using 4-iodomethyl-5-methyl-2-p-folyloxazole
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20-23C. After about 4 h, the mixture was filtered off and concentrated
under 10 reduced pressure. This gave 940 g which were

chromatographed 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-I-carboxylate; 1H-NMR (CDCI3): S = 1.22 (d, 6 H),
1.2-1.6 (m, 4 H), 1.8-2.0 (m, 3 H), 203 (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
Under @50«9@6 r@ CLLLET {ftﬁ‘nb’m&béﬁ FIGHBSL}-ByiixedtfrdotienaBeFraction,

carbations 12T (b o A B PR Bere
initially 'é?va“@é:a(m L1 MNP ﬁﬁdlcb'dié’d&é (ROICHOV@68 prariadH)f BtEDIskp:,

99% ee (HPLC Chiralpa
204 ¢ péb{ahby@@mgdgd @h%%ﬁ{&it? Fsgpﬁofgﬁdséoﬁ%py g%ﬂwperature was
kept bdfodr)1348: %@%Qr@wmm@h%uﬂmetmxyﬁ *G/ohdtaa e tasomastien had

y alkylation of isopropyl (1R,3 d
ended. JpeRRHE AT HRNBMBIS HRoN b e e 2t B 408"
glacial gc%gcg)écgl%n%ﬂé%df?@htgv&@kmmﬂ wﬂbrM)W ether (2 x 700 ml). The
ydroxycyclohe boxylat
orgamqn@a’eﬁ]@fﬁﬂ@ﬂ?&ﬁ £ HIgBLEZaN reov)\jeae%lr%’?fgﬁlsﬁnar(g 3% 8 Qfmc crude

In 11 of
produdNMR@NdeRe gRdist2RGcRdefatheriod of about 1 h, 5 20.4 g of NaH
were added a little at a time. During the addition, the temperature was

. Example 4.

Preparation of (1R,38)-3-(5-methyl-2- -p-tolyloxazol- 4-y!methoxy)cyclohexane—
carboxylic acid by hydrolysis of the isopropyl ester

N OH

About 360 g from two runs of example 3 were dissolved in 1.6 1 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
agueous phase was ad;usted 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 (CDCls): 8 = 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 below -15C. The mixture was then stirred at -15C. After 7 h, the
reaction had ended. The reaction mixture was poured into a mixture of 3 |
of water and 40 ml of glacial acetic acid. The product was extracted with
MTB ether (2 x 700 ml). The organic phase was concentrated under
reduced pressure. This gave 180 g of crude 10 product which were
directly reacted further. Example 4 Preparation of (1
ExampR,8S)-3-(5-methyl-2-p-tolyloxazol-4- ylmetho)(y)cyclohexane 15

Prepar%@%pxoz%(}/ k'gr?ﬁ'gt %%%%sﬁ%e@ RS @’ |(S%twﬁffdg1 loSaAbout

om two runs of examp ssolved in MP, 400 ml

-ykmeﬁn‘oZﬂ)mﬁweww@wﬂmmmféfﬁ/éyﬁﬁ%ﬂ*%@ R HdSatolR-

r 6l
methyl—%’r@v Q was ed three |gr%§sg\§vﬁ%§|ﬁggg:ﬁ§¥%@2d?§ W#ngﬁtgf and
(S)—vaim@’t&gi‘abbuchmfﬂﬁl 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 50C; yield: 85 g; m.p. 25 144-146C,;
:5=1.23-1.53 (m, 1.85 - 21(m H), 2.36 - 2.45

(m,8H),3 1H)449(dd2 ‘ (d, Z}HI (d 2|H). 37
Example 5Rrep ) Lqﬁ 3 :
R,3S)-3-(5-methyl-2-p-tolfloxazof- :

4-ylmethoxy)cyclohe arbonyl]ammo}buty&te/bysqupllng of
(1R,3S)-3-(5- methyl-2-p-totyloxazol-4-ylmethoxy)cyclohexanecarboxylic
acid with t-butyl 5 (S) -valinate hydrochloride O

With stirring, 85 g of (1R,38)-3-(5-methyl-2- p-toiyioxazol~4~ylmethoxy)cyclohexane—
carboxylic acid, 70.4 g of t-butyl (S)-valinate hydrochloride and 128 mi of
triethylamine were initially charged in 1.39 | of DMF. The mixture was stirred for
about 10 min and then cooled to 0°C (ice/methanal), and 101 g of TOTU were

added slowly, a little 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 1 of water and extracted 3x with in each case 700 ml of MTB ether,

~and the combined organic phases were washed with about 11 of water to remove

residual DMF, dried with MgSO, and concentrated under reduced pressure. 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 (CDCl3): 3=0.87 -0.92 (2d, 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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N N O O O O With stirring, 85 g of
(1R,3S)-3-(5-methyl-2-p-tolyloxazol-4-ylmethoxy)cyclohexane- 1.0
carboxylic acid, 70.4 g of t-butyl (S)-valinate hydrochloride and 128 ml of
triethylamine were initially charged in 1.39 | of DMF. The mixture was
stirred for about 10 min and then ggoled to OC (ice/methanol), and 101 g
Exam !o%s TOTU were added slowly, a little"at a time. The mixture was stirred at
PBCfor 1_5 min and then at about 20C. After 2 h, the reaction had ended.
Prepara"ﬂ&f\ @ft%eg@w:]mmw@,wa;a&mauwmn?emtslyl@xweﬂﬂﬁaethoxy)-
extracted 3x with in each case 700 ml of MTB ether, and the combined
CYC'Oh%ﬁjﬁﬁ@rﬁ%é?WQ@%)ﬁﬁ&?% h about 1 | of water to remove residual
DMF, dried with MgSO4 and concentrated under reduced pressure. The
residue was triturated with DIPE and filtered off with suction; yield: 82 g.

The moth guor was concentrated e residue was once more
triturated ; total 20 yield: 90 ({CDCJ3): 8 =0.87 - 0.92
(2d, 6 H), ] m4HA) 40 (5.9 1882 Hpd.10 - 2.35

(m, 4 H), 2.38 (s, 3 A0 (s, 3'H), 3.47 (m, L H), 4.46 (dd, 1 H), 4.49
(s, 2 H), 5.97 (d, 1 HP7:22 (d, 2 H), 7.88 (d, LH). 38 Example 6:
Preparation of 3-methyl-2(S)-([(1
R,3S)-3-(5-methyl-2-p-tolyloxazol-4-yimethoxy)-

141.0 SLE ISR RaEH YR R0 Qb @ N5 -RIYIdA0!-
4—ylmethoxy)cyclohexanecarbonyt]amino}butyra’ce were dissolved in 700 ml of
methylene chloride, and 252 m of trifluoroacetic acid were added. The reaction
mixture was heated at reflux. After a reaction time of about 10 hours, the reaction
solution was concentrated under reduced pressure and, twice, about 100 mi 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 m! 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 ml of MTB ether. Using conc. HCI,
the aqueous phase was then adjusted ’io pH 1. The desired pfoduct precipitated and |
was filtered off with suction, washed with water, dried at 50°C under reduced
pressure and digested with about 1 I'of ethyl acetate: yield: 118.8 g; m.p. 195-
196°C; "H-NMR (DMSO): § = 0.86 (d, 8 H), 1.05-1.3 (m, 4 H), 1.64 (m, 1 H), 1.76
(m, 1H), 2.04 (m, 4 H), 2.36 (s, 3H), 2.38 (s, 3 H), ~3.35 (m, 1 H), 4.13 (dd, 1 R),
4.40 (s, 2 H), 7.31 (d, 2 H}, 7.81 (d, 2 H), 7.84 (d, 1 H}, 12.5 (s, br., T H).

Example 7: ‘ _
3-Methyl-2(S)-{{(1 R,38)—3—(5~methy[-Z-p—tolyioxazoi—4-yimethoxy)cyclohexane-

'carbonyl]amino}pentanoic acid

Analogously to the reaction sequehce examples 2 - 8, isopropy! (1R,35)-3-hydroxy-
cyciohexane—1—oarboxylate,' 4-—iodomethyl—5-methyl-2-p~toiyloxazole and tert-butyl
(S)-leucinate hydrochloride gave the product 3-methyl-2(S)-{[(1 R,3S)-3-(5-methyl-
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5 141.0 g of tert-butyl 3-methyl-2(S)-{[(1

R,3S)-3-(5-methyl-2-p-tolyloxazol-

4- y|methoxy)cyclohexanecarbonyl]amlno}butyrate were dissolved in 700

ml of methylene chloride, and 252 ml of trifluoroacetic acid were added,

The reaction 10 mixture was heate at reflux. After a reaction time of
about 10 hours, the reaction solut was onc éi%under reduced

2-p-tolylpsazahe afmnaliedy My6 I G ARG RoRd GRPARE Hie mixture

Co5H 2, NS GRACEHE RS LTSI rad BqagHpiEssure. The resultlng residue was
taken up in 1 | of water, and about 150 ml of 33% strength ag. NaOH were

added. The Na salt of the carboxylic acid was dissolved, and the 15

pitate _ a with water,
dried at 50C under réducgd presSure and d|g sted with about 1 1 of ethyl
acetate; yield: 118.8 §myp. 195- 196'C; 1H-NMR (D S =0.86(d, 6
H), 1.05 -1.3 (m, 4 H), 1.64(m, 1 H), 1.76 20 (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), 4.40 (s, 2 H), 7.31
(d, 2 H), 7.81 (d, 2 H), 7.84 (d, 1 H), 12.5 (s, br., 1 H). Example 7: 25
%}!\éethyl 2(S)-{[(1R,3S)-3-(5-methyl-2-p-tolyloxazol-4-ylmethoxy)cyclohex
carbonyllamino}pentanoic acid Analogously to the reaction sequence -
3-Methgxaoagleﬁm BSisBr Py (iyR3 B Gy eaoj-Eytivtibraricyctzitbssete,
jodomethyl-5-meth la2-p tolyloxazole and tert-butyl 30 (S)-leucinate
Carbon%ga%m%?é ’85\/%? e product 3-methyl-2(S)-{[(1 R,3S)-3-(5-methyl 39
2-p-tolyloxazol-4-ylmethoxy)cyclohexanecarbonyllamino}pentanoic acid;

Anaiogo&gtH %CA)' Igggr% [:%4? ; %Qgp'}%%\fﬁ% I%, é‘é'})’é'}fl\w E"c}xycyclohexane-1 -carboxylate,
4-ipdomethyl-5-methyl-2-p-tolyloxazole and tert-butyl {S)-alaninate hydrochloride
gave the product 3-methyl-2(S)-{[(1 R,38)-3-(5-methyl-2-p-tolyloxazol-4-yimethoxy)-

_ Cyclohexanecarbonyl]amiho}propionic aéid; C22H2gN205 (400.48), MS (ESI):

401 (M+H™).

O
. H
\Q\(N/ S,
o-(\ 0

For scheme B:

Example 9;
Preparation of isopropyl (1R,3S)-3-hydroxycyclohexane-1-carboxylate by enzymatic

Ly

racemate resolution
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O HN/ONOH O O 5 Example 8: 3-Methyl-2(S)-{[(1
R,3S)-3-(5-methyl-2-p-tolyloxazol-4-ylmethoxy)cyclohexane-
carbonyllamino}propionic acid 10 Analogously to example 7, isopropyl (1
R,3S)-3-hydroxycyclohexane-1-carboxylate,

4-iodomethyl-5-methyl-2-p-tolyloxazole and tert-butyl (S)-alaninate
hydrochloride gave the product Sfﬂﬁethyl-Z(S)-ggl
At roonREB8pariueeth)R B eteRieRIEIRARFRRANL)ErOXycyclohexane-

e SRR s gt mannropuger
chiorideEaanhgilé @ oP pewarBherisopHEhAR P ,@@‘yogqﬂpaﬁg;(mé@@,xtﬁﬁ  mixture
was ficSIPSWIAlE DY SRAMALS Rsemal sk le. OB §ave0110 g of
product which were chromatographed on 1 kg of silica gel (n-heptane/EA 2:1):

1. Fraction, 70.9 g, isopropy! {18,3R}- 3-acetoxycyclohexane-1-carboxylate; TH-NMR
(CDCly): 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

(1 R,3S)-3-hydroxycyciohexane-1-carboxylate; "H-NMR (CDCl3): 8§ =1.23 (d, 6 H},
1.20-1.45 (m, 4 H), 1.68 (d, 1 H), 1.86 (m, 2 H), 1,85 (m, 1 H), 2.18 (m, 1 H), 2.34
(rﬁ, 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 (1 R,38)—3~hydroxycyclohexane~’l—carboxy'lic acid by basic hydrolysis
of optically pure isopropyt (1 R,38)-3-hydroxycyclohexane-1-carboxylate

OH
HO

O

1 g (5.4 mmol) of isopropyl (‘ERE38)—3-hydroxycyclohexane-1-carboxyiate was stirred
at RT in 6 m! of 2N NaOH overnight. A few drbps of 11N NaOH were added, and the
mixture was again stirred overnight. No more ester could be detected. The mixture
was acidified with HC1 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; 1H-N.MR (D20) agrees with the NMR data of

the racemic acid.
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At room temperature, 100 g of racemic isopropy! 3-hydroxycyclohexane-
1-carboxylate were stirred slowly with 200 ml of vinyl acetate, 800 ml of
methylene chloride and 20 g of Novozym 435 . After about 60%
conversion (GC), the mixture was filtered off and concentrated under
reduced pressure. This gave 110 g of 5 product which were
chromatographed on 1 kg of silica 6él (n-heptane/EA 2:1): 1. Fraction,
Exampigy big, isopropyl (1S,3R)- 3-acetoxycyclohexane-1-carboxylate; 1H-NMR
Preparé@&?é@é@ﬁuﬁfz%@)—ﬁﬁ)?,133)33319@3rdb(bﬁydl&éx&ﬁ@c@rbbn?l.%ﬁ&p} _
H), 2.20 (m, 1 H), 2.36 ém 1H),470(m, 1 H}, 4.99ése t, 1 Hé%g?lZ% eg ith
3-methylipitralt BrrakiloA DI &S rso WA B HH/ARR*ABRERIEION % 79 Wi
tert-but?résg%ﬁ%%{%%y@ﬂﬁﬁwldéo
1R,3S)-3-hydroxycyclohexane-1-carboxylate; 'H-NMR (CDCI3): S = 1.23
(d, 6 H), 1.20-1.45 (m, 4 H), 1.68 (d, | H), 1.86 (m, 2 H), 1.95 (m, 1 H),
2.18 (m, 1 H), 2.34 (m, 1 H), 3.63 (m, | H), 5.00 (sept, 1 H); ); > 99% ee
(HPLC on Chiralpak ADH 32 25%0 x A;E;j\lml/min, heptane/EtOH 3:1). 15

Example 10 Prepatationpof (1 B{3S)-3chydroxycyclohexane-I-carboxylic
acid byHfasic h ron of opticalll? pukeisopropyl
(1R,3S)-3-hydroxycycighexane-1-carboxylate 20 HOOH O 1g (5.4
mmol) of isopropyl (1 R,38)-3-hydroxycyclohexane-1-carboxylate was
stirred 25 at RT in 6 ml of 2N NaOH overnight. A few drops of 11 N NaOH

515 o R L S R A T o o

triethylandee reutd dsddi e 636eh menaliialie by trigestedinaie byprapalasidamyere
initially E5PERN Yo RsUbitoMR N WaR 4ePralR 22.2 g (67.8 mmol) of

TOTU ([cyano(ethoxycarbonyl)methyleneaminol-1,1 3,3-tetramethyluronium
tetrafluoroborate) were added a littie at a time. The reaction solution was stirred at
18-22°C overnight. According to LC-MS, the ;starﬁng materiél had been converted
completely. The DMF was evaporated under reduced pressure and the residue was
taken up in ethyl acetate and washed with aqueous NaHCOs. The organic phase
was dried (MgS0,) and concentrated Linder reduced pressure: this gave 2894 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): = 0.9 (m, 8 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 alkylation with 4-iodomethyl-5-methyl-2-p-tolyloxazole, tert-butyl 2(S)-[((1R,35)-
3-hydroxycyciohexanecérbonyi)amino}-fﬂ-methyibutyrate can be converted into tert-
butyl 3-methyl-2(S)}-{[(1R,38)-3-(5-methyi-2-p-tolyloxazol-4-ylmethoxyjcyclohexane-
carbonyliamino}butyrate.
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under reduced pressure; yield: 0.6 g; 1H-NMR (D20) agrees with the NMR
data of 30 the racemic acid. 41 Example 11: Preparation of tert-butyl
2(S)-[((1 R,3S)-3-hydroxycyclohexanecarbonyl)amino]- 3-methylbutyrate
by coupling (1R,3S)-3-hydroxycyclohexane-1-carboxylic acid with
tert-butyl (S)-valinate hydrochloridg,3 O H'~ HONY O O j~8.15 g (56.5
Examppémgl) of (1 R,3S)-3-hydroxycyclohexane-1-carboxylic acid, 19.6 ml of
ne% ylamine and 11.86 g (56.5 mmol) of tert-butyl (S)-valinate
PreparhfidroohldSuaRyelenyidranivioyyl ehargasin-caohex droid Sircseorery!
,and 22.2 7, I T ; i
(18 SR B S ey i o £t setey ety
tetrafluoroborate) were added a little at a time. The reaction solution was
stirred at 18-22C overnight. According to LC-MS, the starting material had
been converted completely. The DMF was evaporated under reduced
bSi s 15 taken up in ethyl acetate and washed
{2 ~The organic phase was dried (MgSO4) and
concentrated under reduced pressure: this gave 29.4 g of a red-brown oil.
For purification, the prdduct 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; 1H-NMR (CDCI3): 6 = 0.9,(m, H)2§ 1,25-1.57 frm qi
AtRT, 4Py q}f4$@(@f¢§>}4)§12%%W@-ﬂ?@é%%ﬁ@}??@??é.ﬁrg& Igf Wt glirpd i
100 mibs AR EMatk BlieP hikr7, with 5 g of Novozym 435 for 20 h. No more

ester could be detected (TLC or GC). The immobilized enzyme was filtered off and

the filtrate was acidified with HCI and concentrated under reduced pressure. The
residu.e was digesied lwith isopropanol. After filtration, the resulting clear soiution
was concentrated under reduced pressure; yield:

7.2 g; "H-NMR (DO} agrees with the NMR data of the racemic acid.

Example 13:

Preparation of tert-butyl 2(R)-[((15,3R)-3-hyd roxycyclohexanecarbonyljamino]-
3-methylbutyrate by coupling (1 8,3R)-3-hydroxycyclohexane-1-carboxylic acid with
tert-butyl (R)-valinate hydrochloride

2.78 g (19.3 mmol) of (1S,3R)-3-hydroxycyclohexane-1-carboxylic acid, 6.7 mi of
triethylamine and 4.04 g (19.3 mmol) of tert-butyl (R)-valinate hydrochloride were
initially charged in 80 ml of DMF and cooled to 0°C, and 7.57 g (23.1 mmol) of

TOTU ([cyano(ethoxycarbonylymethyleneaminol-1,1,3, 3-tetramethyluronium

tetrafluoroborate) were added a little at a time. The reaction solution was sfirred at
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1 H). By alkylation with 4-iodomethyl-5-methyl-2-p-tolyloxazole, tert-butyl
2(S)-[((1 R,3S)- 3-hydroxycyclohexanecarbonyl)amino]-3-methylbutyrate
can be converted into tert- 25 butyl 3-methyl-2(S)-{[(1
R,3S)-3-(5-methyl-2-p-tolyloxazol-4-ylmethoxy)cyclohexane-
carbonyllamino}butyrate. 42 Exam %e 12: Preparation of (1

X

.2,3R)-3-hydraxycyclohexane-1-car lic acid from isppropy| _
1622 Qe e LRy R B e By g e i and the
residudyeielysierH inl &S0 An R Tard wadtisaprdiybqueous NaHCO3. The

(1S,3R)-3-acetox I ane-1-carbgxylate were stirred in
organi B DHEE S oS G RO 196 0 20 K105 o o ©
purificaiier earltrkecdeietied (RLSicaGE)(Theptaneliixdl enlymethiagave 4.96 g

filtered off and the fjltr /as acjdified with HCI entrated under
of & Yol RS R T i & Wt R dblal v S gane Rl
(s, 9 Hiiltnatign. thegemitng)clearrsolatzh (was ¢onRETated URtied efoed H),

pressure; yield: 7.2 g; '"H-NMR (D20) agrees with the NMR data of the

6.0 (d, Berhidhacid. 15 Example 13: Preparation of tert-butyl 2(R)-[((1
S,3R)-3-hydroxycyclohexanecarbonyl)amino]- 3-methylbutyrate by

By aikf&%%%ﬁq&lgk%g%ﬂ%}%@%%%%gﬂ?gang)m%%@%%lI SAEENID @Y (15, 3R)-3-
hydroxycy'ciohexan'ec:arbonyf)amino]—?a-methylbutyrate-can be converted _into tert-
butyl 3-methyl-2(R)-{[(1 8,3R)—B—(5-methyl-2-p-toiyioxazo{~4~y£methoxy)cyctohexane~

carbonyllamino}lbutyrate.

For scheme C:

Exampie 14:
Preparation of racemic cis-3-hydroxycyclohexane-1-carboxylic acid by basic

hydrolysis of rac-6-oxabicyclo[3.2.1Joctan-7-one

OH
HO

O
rac, cis

1¢g (7.9 nﬂmot) of rac-6-oxabicyclo[3.2.1joctan-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 RCl or
acetic acid and concentrated under reduced pressure, the residue was digésted with
ethyl acetate or isopropanol and the resulting organic solution was concentrated
under reduced pressure; yieid: 0.6-0.7 g: "H-NMR (D,0): § = 0.9-1.2 (m, 4 H), 1.6-
1.77 (m, 3 H), 1.85 (m, 1 H), 2.17 (m, 1 H), 3.45 (m, 1 H).
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HO"1f1 O 2.78 g (19.3 mmol) of :
(1S,3R)-3-hydroxycyclohexane-1-carboxylic acid, 6.7 ml of 25
triethylamine and 4.04 g (19.3 mmol) of tert-butyl (R)-valinate
hydrochloride were initially charged in 60 ml of DMF and cooled to 0C,
and 7.57 g (23.1 mmol) of TOTU 44
([cyano(ethoxycarbonyl)methyleneamino]-1,1,3,3-tetramethyluronium
tetrafluoroborate) were added a little at a time. The reaction solution was
Examplstib@®d at 43 18-22C overnight. The DMF was evaporated under reduced
ress i Wil i Aachmeashed with
Prepa r%ﬁ%ﬁe éﬁ gal%%%?@g%&ﬁ@&%}g aﬁ@ﬁ%@%@g %%ééﬁgg\t/lagg (r)%f) , %ﬁce ntrated
under reduced pressure and, for purification, chromatographed on silica
gel (n-heptane/EA 2/1 - 1/1): this gave 4.96 g 5 of a yellow solid; 'H-NMR
(CDCI3): S , 6 H), 1.25-1.57 (m, 4 H), 1.47 (s, 9 H), 1.78 - 1.95
(m, 3 H), 2.0 5 (m,é td, 3.67 (M, 1 H), 4.45(m, 1 H), 6.0(d, br., 1
H). By @gliYlationwithm<iodomethyl-5-methyl-2-p-tolyloxazole, tert-butyl
2(R)-[((1S,3R)-3- 10 '
hydroxycyclohexanec%rbonyl)amino]—3-methylbutyrate can be converted
into tert- butl 3-Methyl-2(R)-{[(1 o
S,3R)-3-(5-methyl-2-p-tolyloxazol-4-yimetho)(y)cyclohexane- carbonyllam

ino}butyrate, 15 For scheme C: Example 14. Preparati fr ICith ice. t
7 il of oA N, M S B A ST At CoD GRG0 ©
10 g (78R8-Peabisyeiel8.21300ty0id 8 Qittan-7-one and 100 mi of methanol.
During the addition, the temperature increased to 45°C but, within 10 min fell to

30°C. After 1 h, the reaction had ended and the reaction mixture was concentrated
under reduced pressure; yield: 12.1 g; "H-NMR (CDCl): 6 = 1.15-1.50 {(m, 5 H), 1.8-
2.0 (m, 3 H), 2.2 (m, 1 H), 2.37 (m, 1H), 3.85 (m, 1 H), 3.7 (s, 3 H).

Example 16:

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

hydrolysis of the racemic methyl ester

OH
HO

0.
rac, cis
19(6.3 mmo'[) of methyl 'cis-B-hydroxycyciohexane-1-carboxylate was stirred at RT
in 5 ml of THF, 1 ml of water and 1 ml of 11N NaOH overnight. No more ester could’
be detected. The mixture was acidified with HCl and concentrated under reduced
pressure, the residue was digested with ethyl acetate and filtered and the solution

was concentrated under reduced pressure; yield:



HO O rac, cis 1 g (7.9 mmol) of rac-6-oxabicyclo[3.2.1]octan-7-one and
0.64 g (2 eqg.) of NaOH in 25 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 orgagi solution was concentrated under

g reduced ressure;%ield: 0.%—0 7.9.H- MIE(YBZO :S.=0.9-1.2 %ﬁ 4 H),
0.7, MM ) SRRSO nE MR EAIROL B 5 QHR 208 44
Example 15: Preparation of racemic methyl cis-
3-hydroxycyclohexane-1-carboxylate HO OMe 0 5 rac, cis 7 ml of acetyl
_ chloride were added slowly, with stirring and gentle cooling with'ice, to 10
Exampfk (79:3 mmol) of rac-6-oxabicyclo[3.2.1]octan-7-one and 100 ml of
methanol. During the additipn, the temperature increased to 4>C but,
5 PrepariRn el SHARTING 0 S0 AN 2 F LR AN et HOIA TR the
reaction mixture was concentrated under reduced pressure; yield: 12.1 g;
1H-NMR (CDCI3): 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) 5.(m, 1 H), 3.7 48 ). 15 Example 16: Preparation of
racemic cis-38 oxycyclohexal ¢arboxylic acid by basic hydrolysis
ofther.q ethiyhesle

rac, cis

0.99 g (7.9 mmol) of rac-6-oxabicyclo[3.2.1]octan-7-one in 4 m! of DMF was stirred
10  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
NaCl solution, dried with MgSQ, and concentrated under reduced pressure.
Chfomatography on silica gel (CH.Clz - CHzCly/acetone 19:1 - CHzCl/MeOH 18:1)
15 gave 0.55 g of the desired product; "H-NMR (CDCly) agrees with the 'H-NMR from
the reaction of racemic cis-3-hydroxycyclohexane-1-carboxylic acid cesium salt with

benzyl bromide.

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

benzy! cis-3-hydroxycyciohexane-1-carboxylate

OH
HO

O
rac, cis
- 25
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HO OH 0 rac, cis 20 1 g (6.3 mmol) of methyl _
cis-3-hydroxycyclohexane-1-carboxylate was stirred at RT in 5 ml of THF,
1 ml of water and 1 ml of 11 N NaOH overnight. No more ester could be
detected. The mixture was acidified with HCI and concentrated under
reduced pressure, the residue waggligested with ethyl acetate and filtered
n I asg. Henderded vesrdeldstived at
49 (178‘.%!%8@% h%%ﬂ(zéf(c)ggggr@%}s&v%wé?igNMR diﬁ%%?ﬁ%&pﬁgﬁi)us example.
RT in 18%amipté VEGH resaialisis snaseinef shgyP% on carbon) was added and

the mixiinet éQr ﬁ%@ XANg-3-63roaxdate HELLtHrCr 51 £h88Q (TLEMITNS),
(0] ICYCIO

rac-6-ox .2.1]octan-7-one in 4 ml of DMF was stirred 10 at
the catayet3canitered oif (hrous) e dhorel et VasPEpgiFarunder
| (pss htheseaciigrdiad ondesinypirivas addatkanst,
reduceﬁ?@ﬁ%%%%’ﬁgqeﬂ%%{cﬁwith MTBE. The combiner(*jyorganic phases )
and thaversuliimshedlviignsuas arraoieiadiungR! dREHSFRPRAGEHE g 20 o
TH-NMEORSEHY R askisadrRteseLrSe fbrasaategranhy on silica gel
H NM?C@??ISZQ-%%H%CIZ/acetone 19:1 - CH2CI2/MeOH 18:1) 15 gave 0.55 g of
the desired product; 'H-NMR (CDCI3) agrees with the 'H-NMR from the
reaction of racemic cis-3-hydroxycyclohexane-1-carboxylic acid cesium

salt with benzyl bromide.
Example 19:

Preparation of tert-butyl 2(S)-[((1R,38)-3-hyd roxycyclohexanecarbonyl)amino}-
3-methylbutyrate by coupling racemic cis-3-hydroxycyclohexane-1-carboxylic acid

with tert-butyl (S)-valinate hydrochloride and subsequent stersoselective enzymatic

 acylation

0
H\)L
N
HO : o%
O /\

Racemic cis-3-hydroxycyclohexane-1-carboxylic acid and optically pure tert-butyl
(S)-valinate hydrochioride were coupled in the présence of triethylamine in DME
using TOTU ([cyano(ethoxyc_arbonyl)methyleneamino]—‘I 1,3, 3-tetramethyluronium
tetraﬂﬁoroborate) (for the reaction conditions, see exampie. 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. Afier about

53% conversion, the stereoselective acylation of the hydroxy! group was terminated

by fittering off the enzyme. Chromatography gave 4 g of tert-butyl Z(S)—[((‘IR,SS)—

3-hydroxycyclohexanecarbonyljamino]-3-methylbutyrate with 96.4% de (HPLC on

Chiralpak AD 250 x 4.6; 1 ml/min, heptane/EtOH/MeOH 20:1:1 + 0.1% TFA) and



10

15

20

25

20 Example 18: Preparation of cis-3-hydroxycyclohexane-I-carboxylic acid
- by hydrogenolysis of benzyl cis-3-hydroxycyclohexane-I-carboxyfate OH
HO O rac, cis 2546 4 g (17.1 mmol) of benzyl
cis-3-hydroxycyclohexane-1-carboxylate were dissolved at RT in 100 ml
of MeOH, a catalytic amount of Pd 4(10% on carbon) was added and the

mixture was gﬁjé[ogenated ats barbwf&fter the reaction had ended (TLC,
6 g of the (B R-thE AraBSEIRLE HikteaH #Sugh Celite and the solvent was

evaporated under 5 reduced pressure. The turbid residue was digested
with ethyl acetate and filtered, and the resultin oltét]ist?)%zg
By alkyi@ireMifitdaiedasisibutics pHaksarB- kiexs: % - P01 %Srees
converidihine MR sata mestionedaipe 38 Exampieti-Rrppalatian afl-

tert-butyl 2(S)-[((1R,3S)-3-hydroxycyclohexanecarbonyl)amino]-
4-yime xRy rioRF e 85 BORMG THRGHy rate.

cis-3-hydroxycyclohexane-1-carboxylic acid with tert-butyl (S)-valinate

hydrochloride and subsequent stereoselective enzymatic acylation 15 O
HHONO :

For scheme D:

Example 20:
Synthesis of isopropyl (1 R,38)—3—(tert~butyldiphenylsilanyloxy)cyclohexahe~

O
TBOPSO” ::: N \T//
O
5.8'9 of optically pure isopropy! (1R,38)-3-hydroxycyclohexane-1-carboxylate were

dissolved in 20 ml of DMF, and 9.74 ml of TBDPSCI (tert-butyldiphenylsilyl chioride),
3.2 g of imidazole and 100 mg of DMAP (dimethylaminopyridine) were added and

carboxylate

the mixture was stirred 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; vield: 14 g of crude product. Chromatography on silica gel |

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

7.0 g of isopropyl (1R,38)-3-(tert-butyidiphenylsilanyloxy)cyclohexanecarboxylate;
"H-NMR (CDCl3): = 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), 3.57 (m, 1 H), 495 (m, 1H), 7.34 - 7.43 (m,

6 H), 7.66 — 7.68 (m, 4 H).
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O ,ice 20 Racemic cis-3-hydroxycyclohexane-1-carboxylic acid and
optically pure tert-butyl (S)-valinate hydrochloride were coupled in the
presence of triethylamine in DMF using TOTU
([cyano(ethoxycarbonyl)methyleneamino]-1,1,3,3-tetramethyluronium
tetrafluoroborate) (for the reaction ggnditions, see example 11), and the
Exampf%aﬂi.on solution was worked up. 25 10 g of the diastereomer mixture
obtained in this manner in 300 ml of vinyl ac_etatipw re ﬁtirred at 20- ?6C>:< late
Synthewigrof et Por-Cariddiy irenEs TRREC XK ECE 3 RORErS N
the stereoselective acylation of the hydroxyl group was terminated by
filtering off the enzy i Chromatography gave 4 g of tert-butyl 2(S)-[((1

xanecarbonyl)amino]-3-methylbutyrate with
hiralpaksAD 250 x 4.6; 1 mi/min,
heptang£t@EMeOF~Z20:1 I+ 0.1% TFA) and 47 6 g of the (S)-2-(1
S,3R)-acetate with > 80% dg, By alkylation with
4-iodomethyl-5-methyl-2-p-tolyloxazole, the substance was converted into

tert-butyl 3-methyl-2(S)-{[(1 R,39)-3-(5-methyl-2-p- 79l~55g0,
1.5 G B RH  RR R KTLy e a Bo e B 462 Were
dissoNBEMAIBI2ON Sy NI of5sppfopBLRSC! (tert-butyldiphenylsilyl chloride),
R,3S)-3-(tert-bytyidiphenylsi - I
6.5 g b @gzé%g]n p%@g?@w% éﬂ@@%&%ﬁ}ﬁggﬂp%%ﬁfm %@r@%@?&pand
the MRS WArbydrexyaickiesatesveraipbiyidos e thalRpredvaediaiied off

'under. Pe'\glfégg %t%s?sd'upél grfwg %%POS;‘E}'rg%ipé’wé%%@ﬁ'%';ﬁmﬁﬁe)and washed

with water. The organic phase was dried (MgS0,) and the solvent was then distilled
off under reduced pressure. This gave 28 g of methyl (1 R,38)-3-
(tert«buty!diphenylsilanyioxy)_cyc!ohexanecarboxylate as a yellowish oil; Cz4H220,5i
(396.61), MS (ESI): 397 (M+H").

The substance can be used directly for the basic ester hydrolysis and the
subsequent coupling with amino acid derivatives such as, for example, tert-butyl

alaninate, leucinate and valinate,'or the corresponding hydrochioride.

Example 22:
Two-step synthesis of tert-butyl 2(S)-{{(1 R,3S)~3~hydrqucyciohexanecarbonyl]-
amino}-(3S)-methylbutyrate from (1 R,35)-3-(tert-butyldiphenylsitanyloxy)-

. cyclohexane-1-carboxylic acid

| 0
HO §\./U\o’{\
o0 AL
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3.2 g of imidazole and 100 mg of DMAP (dimethylaminopyridine) were
added and the mixture was stirred at 18-23C for 4 h. Most of the solvent
was distilled off under 20 reduced pressure and the oily residue was
partitioned between MTBE and water. The organic phase was dried
(MgSO04) and the solvent was then distilled off under reduced pressure;
yield: 14 g of crude product. Chronfst %rap r¥ on SI|IC g A/n-heptane
With stt[rg)gj;g,g ,q)cg‘ @p@@@%@ﬂr@(ﬂ? 39)- butyld nyl fanyloxy)-

cyclohé?cé?%c%e iyldiphsrayisiianiomereipbrrandoarbaxylple; t2s
1H-NMR (CDCI3): S = 10%5 9 H),1.19(d. 6 H

corresppaging SOPIOPYlgzster st E’lﬂjﬂ in W@ ﬁolggogaﬁo in% %B; QGSbWI

(S)—vahi‘ié’ﬂe %@f‘ocﬁiéﬁc@aﬁd"@a AP R @Mﬁyiéﬁméﬂveiéammﬁﬁéhmhems ml
of methyl (1 R,3S)-3-(tert bu Idlphen silan ony)c loh x necarboc}ja]lte1
of DMFOMD-FRBREEPE S1AGIGdMBRRIGEoXy Caroonymethyleneaminey-1 1,3,

tetram rSrie %@W@F@X@@e}%@@&ﬂ@tﬁtwlﬁm?el%%’ommwaeddmiblmedimg,
in 100 ml of DMF, 21.5 g of TBDPSCIétH{t but Idlphenylsﬁ}/l chIo ﬁ?"lﬁ fter
the ml%%?ufﬁﬁ?a%@érf&%@'@%b%f‘wwﬂf’( BB Wi 'j‘w% due

16 h, ﬂg@ﬂe”é%ﬂdﬁlhwee\géé@gﬂﬁé @hﬁ&zéﬁc@mﬁrrnmuzMMs)bmmwmahmt
istilled off 10 under reduced pressure and the ojly r as taken
60 ml o WrHEARFRERAY Wiﬁ%ﬂp@.‘%ﬁg(ﬁgﬁﬁg a@f gv%é% it E§S§4H)d the
organi@pH4be ﬁ@ymtwa&tthﬁﬂg@ﬁueﬂmdaffanmrtrathmmqwesedm;eﬁmseﬁwe(
m

The- reﬂ@ﬁ%@tyﬁi&%ﬁ%@l@H&%{ﬁ%ﬂﬂ(ﬁ)@?&8%&%@%85%@% Rads béﬂgﬁs e of a

white soR4H3203Si

To remove the TBDPS protective group, tert-buty! 2(S)-{{(1R,35)-3-(tert-
buﬂﬂdiphenylsiEanyloxy)cyclohexanecarborayl]amine}—B—methyEbutyrate was reacted
in THF with tetrabutylammonium fluoride. Concentration of the reaction mixture and
purification on silica gel (n-heptane/EA 3:1) gave 187 mg of the desired compound;
C1sH2sNO4 (299.41), MS (ESI): 300 (M+H"); HPLC (Chiraipak AD 250 x 4.6;

1 mi/min, heptane/EtOH/MeOH 20:1:1 + 0.1% TFA): Rt = 4.9 min.

Forschemes A, BandD

Example 23:

Preparation of methyl (‘ES 3R)}-3-hydroxycyclohexane-1 carboxylate from isopropyl
(1S,3R)-3-acetoxycyclohexane-1-carboxylate - via (18,5R)-6-oxabicyclof3.2.1]octan-

HO"Q“H/OME

O

7-one
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(396.61), MS (ESI): 397 (M+H"). 15 The substance can be used directly
for the basic ester hydrolysis and the subsequent coupling with amino
acid derivatives such as, for example, tert-butyl alaninate, leucinate and
valinate, or the corresponding hydrochloride. 20 Example 22: Two-step
synthesis of tert-butyl 2(S)-{[(1 R, -3-hydroxycyclohexanecarbonyl]

oo SR UBRIA N (P

' steraos@i@&g@bﬂﬁvﬁﬁl&mmﬂﬁﬂ{ﬁ&m(wﬂmmhepmwrfyﬁyﬁyly.ydroxycyclo-

clohexanecarboxylic aci re by.h
hexanedvjﬁ:@g% G fgo‘ﬂ\?@gﬁ & ?e %atw %Iﬁiq&%é%ggprg)p%%’%%m?ﬁ?were
at 20-284Witdo(SEualinateinyatiyohicritiathg o/ekininisf (HiStharbiesalierciol3.2.1]-
octan-7, I(-r[%%%” ((:har ed m 4 5 Of EOA th g%vﬁ!ﬁg gnghE(RSPAﬁer filtration and

mino tetramethyluronium
concent%tﬁfhl@th@ram)ermasladdemaitmﬁdlmem@niS, aha, SRirCcosaRisy aRi3.2
mlxture was stirred for about 5 minutes. Stirring was then continued at RT
A#EF 16 h, the reaction had ended. The entire reaction mixture was
poured into about

s : : |
f 0
[PV

N
o)

octan-7

was téken .up in about 30 ml of methanol and, with stirring and gentie cooling with
ice, 1-2 ml of acety! chloride were added. After the reaction had ended, the reaction
mixture was concentrated under reduced pressure; yield: 1.5 g; "H-NMR (CDCls): 6=
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, 1H), 3.7
(s, 3 H).

Methy! (1 S,3R)~3~hydroxycyclohexane~1-carbbxyiate was directly reacted further.

For schémes 'A, B, C, D, E - two-step conversion of the compound of the formula (I1)

into a racemic compound of the formula (IV)
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60 ml of water and extracted twice with in each case 50 ml of ethyl

acetate, and the 10 organic phase was dried with MgSO4 and

concentrated under reduced pressure. The residue (1.4 g) was purified

on silica gel (n-heptane/EA 1:1); yield: 394 mg of a white solid. To

remove the TBDPS protective groqni tert-butyl 2(S)-{[(1 R,3S)-3-(tert 15

butyldiphenylsilanyloxy)cyclohexa I:arbonyl]amino}-S-methyIbutyrate ,
Exam deacted in THE with tetrabutylammonium fluoride. Concentration of
PreparBiR FeaCtiRn BYxMiE sRE Pydieriioycisheliaagel-(aiheptdnedchl 8d9igavealt

197 mg of the desired compound; C16H29NO4 (299.41), MS (ESI): 300

(M+H"); HPLC (Chiralpak AD 250 x 4.6; 1 ml/min, heptane/EtOH/MeOH

20:1:11+0.1 %!! A): Rt = 4.9 min. 20 For schemes A, B and D Example
(1S,3R)B-acetoxycyclbBgikane-1-carboxylate - via
(1S,5R)-6-oxabicyclo[3.2.1]octan- 7-one HO"O" OMe I( O 3050 2.74g
of isopropy! (ES;3R-3-acetoxycyclohexane-1-carboxylate from the
stereoselective enzymatic ester formation of racemic isopropyl
cis-3-hydroxycyclo- hexane-1-carboxylate in vinyl acetatelmethylene

10 g (7Téhbritealsivty MoSeayabitysialérd, 1iectericoavertd ndidlalynmol) of
cesiuquQBFg%Q/eerXi&l\%M}&&? wREG0RRINEBRE dd water at RT. After 2 h, the
reaction had ended. The mixture was concentrated under reduced pressure, and
twice, in each case 50 mi of DMF were added and the mixture was concentrated
under reduced pressure; yield: 19.6 g (89.5%); 'H-NMR (D20): & = 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

o L
HO _

0

rac, cis

2 g (7.24 mmol) of racemic cis-3-hydroxycyclohexane-1-carboxylic acid cesium salt
and 1.1 g (0.81 ml, .82 mmol) of benzyl bromide were stirred in 10 ml of DMF at
RT. After 4 hours of stirring and standing overnight, the beniyfation was complete.
The reaction mixture was put into about 100 ml of water and extracted twice with in
each case about 50 mi of MTBE. The combined organic phases were washed once
‘with water and then dried using MgSQO, and concentrated under reduced pressure,
crude vyield: 1.3 g (76.6%). The crude product was either directly reacted further or
chromatographed; 'H-NMR (CDCls): § = 1.17-1.50 (m, 4 H), 1.62 (d, 1 H), 1.80-2.0
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5 octan-7-one by stirring with 0.3 g of K2CO3 in 30 ml of methanol. After
filtration and concentration of the solvent under reduced pressure,
(1R,5S)-6-oxabicyclo[3.2.1]- octan-7-one a O 10 was taken up in about
30 ml of methanol and, with stirring and gentle cooling with ice, 1-2 ml of
acetyl chloride were added. After thg reaction had ended, the reaction

| ag ¢on dqupgles o rpSSUTe; (el § @8 H-HMRn,
(m, 3 H?&%%éf&?f{é fﬂi%esmir@g (En?g’esﬁ)%lesﬁg.oﬁ, 3 H),%I.Z (m% 1 H), 2.37 (m,
5H). 1H),3.65(m,1H), 3.7 15 (s, 3 H). Methyl
(1S,3R)-3-hydroxycyciohexane-1-carboxylate was directly reacted further.
20 For schemes A, B, C, D, E - two-step conversion of the compound of
the formula (I) into a racemic compound of the formula (IV) 51 Example

' Han FRSEEVS 3Ry EixNasiobpsaaedsehrbibiy lEster
tharzeéféacz)i%m salté)ho COz Csrac, cis 510 g (79.3 mmol) of

formatigac-6-oxabicyclo[3.2.1]octan-7-one and 13.5 g (80.3 mmol) of cesium
hydroxide monohydrate were stirred in 50 ml of water at RT. After 2 h, the
reaction had ended. The mixture was concentrated under reduced

Examplsr@€sSure, and twice, in each case 50 ml of DMF were added and the

StereoSBIELEe caReeBtraeth O denyaesiors, prsissxuasyietdrb@xyigte
(89.5%); 1H-NMR (D20): 6 = 1.1-1.37 (m, 4 H),

OMe
HO

O

500 mg of racemic methyl 3»hydroxycyciohexane—1~carb0xylate', 1 mi of vinyl
acetate, 4 mi of methylene chloride and 25 mg of Novozym 435 were stirred slowly
at room temperature. After about 54% conversion (GC), the reaction was terminated
by filtering off the enzyme. The optical purity of methyl (1R,38)-3-hydroxycyclo-

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

Example 27:
Synthesis of benzyl (1R,3S)-3-hydroxycyclohexane-1 -carboxylate by stersoselective

acylation of racemic benzyl cis~3~hydroxycyciohexanej1-carboxytate

o\/©
HO
O

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

under reduced pressure, the product was chromatographed on silica gel
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1.75-2.25 (m, 5 H), 3.63 (m, 1 H). Example 25: 15 Preparation of racemic
benzyl cis-3-hydroxycyclohexane-1-carboxylate HO O O rac, cis 2 g
(7.24 mmol) of racemic cis-3-hydroxycyclohexane-I-carboxylic acid cesium
salt 20 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 f stirring and standlng overnight, the

benzylation was com Iete he re ut |nt about 100
(n-hepRp B krdediras 9&%@ SR Wt S
1 caeri}ﬁa(f@mbmmwg@mthaﬁess vere \Bashed amce amm! vxfatey angtien 1 H),

1.95 (GiccHs 3 18163 Tieherie bIOMUSERAE B it el FRACH

5 H); @r>ChoomaiparepRac: ArkpYIBCRO13)Y 6,1 niih DéptahelEt OBASOH
1 H), 1.80-2.0 52 (m, 3 H), 2.22 (m, 1 H), 2.43 (m, 1 H), 3.62 (M, 1 H),

70:1:1)8.12 (s, 2 H), 7.28-7.40 (m, 5 H). 5 Further examples of the enzymatic
racemate resolution by stereoselective ester formation Example 26:
Stereoselective acylation of methyl
cis-3-hydroxycyclohexane-1-carboxylate 100HO OMe O 500 mg of

Examﬂ@cgmic methyl 3-hydroxycyclohexane-1-carboxylate, 1 ml of vinyl

Synthesis of benzyl (1 R,38)-3~hydroxycyclohexane-'l-carbokylate by racemate

resolution of racemic benzy! cis-3-hydroxycyclohexane-1-carboxylate

HO '

29.5 g of benzyl 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 concen{rated under reduced pressure. Chromatography on silica gel

(n-heptanelethyl acetate 2:1) gave 12 g of benzyl (1R,38)-3-hydroxycyclohexane-

carboxylate; > 99% ee (HPLC on Chiracel OJ 250 x 4.6; 1 mi/min, heptane/EtOH/
CHsOH 70:1:1); "H-NMR (DMSO_)__, §=0.88-1.30 (m, 4 H), 1.66-1.82 (m, 4 H), 2.04
(m, 1 H), 2.39 (m, 1H), 3.39 (m, 1 H), ), 4.63 (dd, 2 H), 5.08 (m, 1 H), 7.30-7.40 (m,
5 H).

The reaction also yieided 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).



acetate, 4 ml of methylene chloride and 25 mg of Novozym 435 were
stirred slowly 15 at room temperature. After about 54% conversion (GC),
the reaction was terminated by filtering off the enzyme. The optical purity
of methyl (1 R,3S)-3-hydroxycyclo- hexane-1-carboxylate was determined
as being > 99% ee. 20 Example 2%4Synthesis of benzyl

Exampié 3S)-3-hydroxycyclohexane-1-carboxylate by stereoselective acylation
of racemic benzyl cis-3-hgdrox¥cyclohe€&r§9 -carboqu_late HO % ¢ eg) 25

Racem#ter24nlaiems) @R aoI5'sf ABFRX

3-hydroxycyclohexane-1-carboxylate were slowly stirred at room
temperature in 5 ml of vinyl acetate and 4 ml of methylene chloride with

54 mg of Novozym 435>After filtration and concentration under reduced
3 chromatographed on silica gel 53
) el Q

pressure, the prod

(n-heptane/EA 2. : 6) hzyl

(1R,38)-3-hy(§?l ycyclohexane- E%rék;oxylate; 'H-NMR (CDC13): S =

1.15-1.5 (m, 4 H), 1.63 (d, 1®), 1.85 (m, 1 H), 1.95 (m, 2 H), 2.23 (m, 1

H), 2.41 (m, 1 H), 3.62 (m, 1 H), 5.11 (s, 2 H), 7.35 (m, 5 H); ee > 99%

(HPLC on Chiracel OJ 250 x 4.6; 1 ml/min, heptane/EtOH/MeOH 5 -
200 mg’Or b)niempfe 28 Biynibesioof! tmésrByhid roxycyclohexane-1-carboxylate

were o5 R RESN, ST IS e aseimnctns
40 mg of Novozym 435 were added and the mixture was stirred at 5°C. After 40-
45% conversioﬁ, the reaction was terminated by ﬁitering off the enzyme. Using a

10 concentrated sample, the optical purities both of the unreacted substrate and of the
acylation product formed were determined. The optical purity of isopropyt (1 R,38)-
3-hydroxycyclohexane-1-carboxyiate was 72% ee (HPLC on Chiralpak AD-H
250 x 4.6: 1 mi/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity
of mono(cis-3¥isopropoxycarbonylcyclohexyl) (1R,38)-succinate was > _97% ee

15 (HPLC on Chiralpak AD-H 250 x 4.6; 1 mifmin, heptane/MeOH/EtOH/TFA

500:100:100:0.7).

exane-1-carboxy

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

HO/OI(OY

200 mg (1.07 mmol) of racemic isopropyl cis-3-hydroxycyciohexane-1-carboxylate
25 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 about
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O 29.5 g of benzyl cis-(1 RS,3SR)-3-hydroxycyclohexanecarboxylate
were dissolved in 15 about 200 ml of vinyl acetate, 15 g of Novozym 435
were added and the mixture was stirred at 20-23C. After 75 minutes, the
enzyme was filtered off and the solution was concentrated under reduced
pressure. Chromatography on SI|IC §eI (n- heptane/ethyl acetate 2:1)

12 g of benzyl (1R 35)-3-hy | %
40% oI B AN 7 S50 & L RO N IS Y O CHElon 7

concent@tbd s il MR MBIk aritid8 HoB0 cﬁlﬁ'thé hré et 82 siratd-Hng.of the

e PR A 00 S SR o

3-hydrc9@mmunéxaﬁameedrﬂﬂk@aza 25 iPsos: QR0 o GhitaipakiAD-H

heptane/EtOH/C
250 x %Qaﬁ%egrﬁ@gb%% fla_e} %%&mropyﬁ 156 ﬁﬁa@dﬂr%})&%ai purity
of mon@l@@ Bmdwfmghameymm@wata Heﬁmmm VAN esf (HPLC

oo R AT oo

500:100f NovoZym 435 were added and the mlxture was stirred at 5C. After 40-
45% conversion, the reaction was terminated by filtering off the enzyme.
Using a 10 concentrated sample, the optical purities both of the unreacted

ExampieiBdtrate and of the acylation product formed were determined. The

Racen]%%%cr%&uég?ﬁfgwg }Erl San X@#&é%ﬁ&!&'ﬁ%‘%”&%&%éy'ate
.
HOJCH/
o} Y |

200 mg (1.07 mmol) of racemic isopropy! cis-3-hydroxycyciohexane-1-carboxylate
were dissolved in 10 m! of acetone, 584 mg (5.78 mmol) of succinic anhydride and
160 rhg 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 isopropy! (1 R,335)-
3-hydroxycyclohexane-1-carboxylate was 84% ee (HPLC on Chiralpak AD-H

250 x 4.6; 1 mi/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity
of mono(cis-S—isopropoxycarbonyicyciohéxyl) (1R,38)-succinate was 96% ee (HPLC
on Chiralpak AD-H 250 x 4.6; 1 mi/min, heptane/MeOH/EtOH/TFA
500:100:100:0.7).



10

15

20

25

250 x 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the
optical purity of mono(cis-3-isopropoxycarbonylcyclohexyl) (1 _
R,3S)-succinate was > 97% ee 15 (HPLC on Chiralpak AD-H 250 x 4.6; 1
ml/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7). Example 30 20
Racemate resolution of isopropyl ¢ig-3-hydroxycyclohexane-1-carboxylate
O (O 200 mg (1.07 mmol) of racemic isopropyl
-hydroxycyclohexane-1-carboxylate 25 were dissolved in 10 ml of
RacemBtPEs584tiony ¢6 i38ptonyl)ciF-Sdoriioasrolaifxana-Aarg S@Fozym
435 were added and the mixture was stirred at 35C. After about 55 40%
conversion, the reaction was terminated by filtering off the enzyme. Using
a concentrated sa he optical purities both of the unreacted
substrate and of the ation product formed were determined. The
optical purity of isppropyR,38) 3-hydroxycyclohexane-1-carboxylate
was 61 % ee h’-@’LC on Chirlpalg\ﬁigm 5 250 x 4.6; 1 ml/min,
heptane/MeOH/EtOH/TFA 5Q0:100:100:0.7), the optical purity of
mono(cis-3-isopropoxycarbonylcyclohexyl) (1R,3S)-succinate was 94% ee
(HPLC on Chiralpak AD-H 250 x 4.6; 1 ml/min, heptane/MeOH/EtOHITFA
200 mPPPIPHHIN P ekl misivnrchl Ricamaieresayutiohatasepiopgtboxylate

cis-3-hydroxycyclohexane-1-carboxylate, HQ O 17 . :
were dissolve)cg in1 r¥1f of MTB ether, ??Qymg (1.18 mmol) of succinic anhydride -

Exampiés_

and 160 mg of Novozym 435 were added and the mixture was stirred at 35°C. After

33-37% 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 46% ee (HPLC on Chiralpak AD-H

250 x 4.6; 1 mi/min, héptane/MeOH/EtOHfFFA 500;100:100:0.7), the optical purity
of mono(cis-3-isopropoxycarbonylcyclohexyl) (1R, 38)-succinate was 93% ee (HPLC
on Chiralpak AD-H 250 x 4.6; 1 mi/min, heptane/MeOH/EtOH/TFA
500:100:100:0.7}.

Example 33

Racemate resolution of isopropy! cis-3-hydroxycyclohexane-1-carboxyiate

HO j/
‘ o)

200 mg (1.07 mmol) of racemic isopropyl 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 cdn'centrated sample, the optical purities both of the
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15 200 mg (1.07 mmol) of racemic isopropy!
cis-3-hydroxycyclohexane-1-carboxylate were dissolved in 10 ml of
acetone, 584 mg (5.78 mmol) of succinic anhydride and 160 mg of
Novozym 435 were added and the mixture was stirred at 35C. After 45-
49% conversion, the reaction was tesminated by filtering off the enzyme.
sin oncentrat the opti r 0 t
unreaci ] T Tty AN b o e o LGty e

optical @mmglqﬁum@pafpgoprapgxsolm)omydt@txgmehbxaﬁeoxydﬁwwaﬁé% ee

B R AR T e

500: 1OD]O@@(@S?}HBeprppmiyparﬁprqﬂeyofﬂlb(@i@*@{s@%Psucaﬁb@ﬂémaé‘:’gb%yl)

o SR R SN 250 g1 i,

heptanBadeDBEME 1Es0THEHAN m&sdﬁﬂ)ﬁ@lﬂ:&@hydroxycyclohexane 1- carboxylate
O~ HO 5 200 mg (1.07 mmol) of racemic isopropyl
cis-3-hydroxycyclohexane-1-carboxylate were dissolved in 10 ml of MTB

Exampéthieg, 119 mg (1.18 mmol) of succinic anhydride - and 160 mg of Novozym

5 were added.a ixtur. e 7
Racem@oﬁv?r%ﬁ%ﬁ'?ﬂeﬁ I gﬁﬁﬁ’ \%1 é,%{;? M@%@ fi%tgﬁzg %%%héeag&rﬁ%/nﬁégeUsmg
a 10 concentrated sample, the optical purities both of the unreacted

substrate and of the agylation product formed were determined. The
optical purity of isop (L R,3S)- 3-hydroxycyclohexane-I-carboxylate
was 46% ee (HPLC |ralpa AD-H 250 x 4.6; 1 ml/min,

heptane/MeOH{TO 0:0.7), the optical purlty

1200 mg (1.07 mmol) of racemic isopropyl cis-3-hydroxycyclohexane-1-carboxylate

were dissolved in 10 ml of DIPE, 584 mg (5.78 mmol) of suceinic 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 samble, 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 70% ee (HPLC on Chiralpak AD-H

250 % 4.6; 1 mi/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity
of mono(cis-3-isopropoxycarbonyicyclohexyl) (1R,38)-succinate was 92% ee (HPLC
on Chiralpak AD-H 250 % 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA
500:100:100:0.7).
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of mono(cis-3-isopropoxycarbonylcyclohexyl) (1R,3S)-succinate was 93%
ee (HPLC 15 on Chiralpak AD-H 250 x 4.6; 1 ml/min,
heptane/MeOH/EtOH/TFA 500:100:100:0.7). Example 33 20 Racemate
resolution of isopropyl cis-3-hydroxycyclohexane-I-carboxylate HO O O'r
200 mg (1.07 mmol) of racemic isapgopy! cis-3-hyd roxycyclohexa ne- 1
Exampfgaégoxyl ate 25 were.dissolved in 10 ml of THF, Novozym 435 L-2 was
dded and the mixture was stirred at 35C. After about 40% conversion,
Racemtte reaclioiiowas &onmppybeiBySHBARRIOGY SN BN -eRipgyIate
concentrated sample, the optical purities both of the 57 unreacted
substrate and of the acylation product formed were determined. The
optical purity of isoprepw. (1R,3S)-3-hydroxycyclohexane-1-carboxylate
was 64% ee (HPLC iralpak AD-H 250 x 4.6; 1 ml/min,
heptane/MeOH/E 2K/ TEASL00200:100:0.7), the optical purity of
mono(cis-3-is§1§?opoxycarbo yIcycI%hexyl) 5 (1R,3S)-succinate was 97%
ee (HPLC on Chiralpak AD-HD250 x°4.6; 1 ml/min,
heptane/MeOH/EtOH/TFA 500:100:100:0.7). Example 34 Racemate
resolution of isopropyl cis-3-hydroxycyclohexane-1-carboxylate 10 ~ HO

200 mP(PEPhmeI| bPapERab ebimepyicisaprapiioxycyciohexane-1-carboxylate

-3-hyd loh -1- I - \
were dicslgo!ve)é irtg))%c%cl gf re't)-(ﬁgge)tan%a}r? ? 6yn%e(1 .18 mmol} of succinic anhydride and

160 mg of Novozym 435 were added and the mixture was stirred at 5°C. At about
30% 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 isop{ropyl {(1R,35)-
3-hydroxycyclohexane-1-carboxylate was 43% ee (HPLC on Chiralpak AD-H

250 % 4.6; 1 mi/min, heptane/MeOH/EIOH/TFA 500:100:100:0.7), the optical purity
of mono(cis-3-isopropoxycarbonylcyclohexyl) (1R,38)-succinate was

96% ee (HPLC on Chiralpak AD-H 250 x 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA
500:100:100:0.7), |

Example 36

Racemate resolution of isopropy! cis-3-hydroxycyclohexane-1-carboxylate

Ooa

200 mg (1.07 mmol) of racemic isopropyl cis-3~hydroxycyciohexan_e-1wcarboxytate
were dissolved in 10'mi 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‘fC. At about
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30

were dissolved in 10 ml of DIPE, 584 mg (5.78 mmol) of succinic
anhydride and 15 40 mg of Novozym 435 were added and the mixture
was stirred at 35C. 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
ormed were determined. The optical purity,of isopropyl £1.R - -
45499 R I BT ARG PR L e v 8 R £ 08 Ebuney Usine 2
conceNatE2Ea2501 406 dptidianio, tisescreivieO NGO Adtad50Mha001eGM 0. 7, the
.the optjcal purity of mongq(cis-3-isoprapoxycarbanylcycl :
acy et S G R IHRRS RSSOt [ & e e N o opy 41 R.38)-
3-hydrosayaidreptane/MeaH xiDite Wak 508106 (0RLTY) B8CEKainpleR5-H
Racemate resolution of,iso 1S3 ( - ;
250 x L8 [ 30 08 A 5 AMb o ALk Ragrog OO, T BiHea Sy
of morgi&eB-ydopysyscichexaorylsgaldiopdld 1 RedS Hissutretenie® ml of
n- e, 119.m 184 f SHecini drj H/TEA
91% SR KIbI OTab AR A B e e Ao M SR
500:1080% @rhversion, the reaction was terminated by filtering off the enzyme.
Using a 10 concentrated sample, the optical purities both of the unreacted
substrate and of the acylation product formed were determined. The
Exampdptiéal purity of isopropyl (1 R,3S)- 3-hydroxycyclohexane-1-carboxylate

__was 43% ee (HP i - : j
-5 -4 23—
Prep e R PE R TEA SO0 10 TOU B L b it e oot
isopropeogotsisedysomriopexybalbidBiyslaiurgte(DRsteSosaierive angymatic
acylation of isopropyi cis-3-hydroxycyclohexane-1-carboxylate with succinic

anhydride

e e h ey

2.0mg ( 10.7 mmol) of racemic isopropy! cis—S-hyd roxycyclohexane-1-carboxylate
were dissolved in 100 ml of MTB ether, 5.84 g (67.8 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 partitionéd betWeen.diisoprOpyi ether/n-heptane 4:1 and 1M NazCO; (aq.}.
Conceritration of the organic phase gave 890 mg of isopropyl (1R,3S)-3-hydroxy-
cyclohexane-t-carboxylate, "H-NMR (CDCls): 8 = 1.23 (d, 6 H), 1.20-1.45 (m, 4 H),
1.68 (d, 1H), 1.86 (m, 2 H), 1.95 (m, 1 H), 2.18 (im, 1 H), 2.34 (m, 1 H), 3.63 (m,

1 H), 5.00 (sept, 1 H); optical purity: 80% ee (HPLC on Chiralpak AD-H 250 x 4.6;

1 mi/min, heptané/MeOH/EtOH/"I"F‘A 500:100:100:0.7).
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15 96% ee (HPLC on Chiralpak AD-H 250 x 4.6; 1 ml/min,
heptane/MeOH/EtOH/TFA 500:100:100:0.7). Example 36 20 Racemate
resolution of isopropyl cis-3-hydroxycyclohexane-1-carboxylate HO O~ O
200 mg (1.07 mmol) of racemic isopropyl
cis-3-hydroxycyclohexane-1-carboxy ate 25 were dissolved in 10 ml of
) toluene, 584 mqg (5.78 mmol) of s i @q ] ; ;
USinG 0y SOV SRR T T e st o B o g it
ethyl ackBA9YCerieaTsistivthaf rrattionondtasSMin aevs fleding off the

oot AN ARSI s e ppurics b of e

product formed were
‘H-Nmit@m@%dé Ehe 2piidabodiity Qisbgrofyt (BIR,3ER7 (g, 1 H), 1.83-2.01 (m,
3_

ydroxycyclohexane-1-car. I > 16%. ee L [ .
5 H). 2 45154360 4 Bl S, Roptar RO O TR 0 To0T 0y
4.79 (rﬂgg Sm)qtiaa@gt{abptoﬂmganomisa?-gm@&%m«ﬁﬁﬁbﬁc@h@Wrﬁf&GaklAD"H
-succinate was 91% i X 4.6;
250 x ﬁﬁ.m%@%ﬁ&ﬁ%ﬁé&éﬁ%@%ﬁ@%m; Ifk)z'lg)?}elmple 37
Preparation of isopropyl (1R,3S)-3-hydroxycyclohexane-1-carboxylate and

mono(-3- isopropgxycarbonylc inage _
olated GBS LA B Ly T eh o PHEU B/ RIRRAR andor mass
spectraigsndraydrpxyCyoloHBxabie-1-carboxylate with succinic anhydride 15 O

The optical purity of the esters and alcohols was determined by HPLC, for example
on Chiralpak AD 250 X 4.6 (Daicel) or Chiracel OD 250 x4.6.
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O HO 0,-Q-, ro--r HO~ O O O 2.0 mg (10.7 mmol) of racemic isopropy!
cis- 3-hydroxycyclohexane-1-carboxylate were dissolved in 100 ml of
MTB ether, 5.84 g (57.8 mmol) of succinic anhydride 20 and 1.6 g of
Novozym 435 were added and the mixture was stirred at 35C. At about
WO zoa%/ Wﬁrsmn the reaction was tc?qnlnated by filtering aftthe-enzymenososs
€ réaction mixture was dissolved in acetone, concentrated under
reduced pressure and then partitioned between diisopropyl
ether/n-heptane 4:1 and IM Na2CO3 (aq.). Concentration of the organic
Claims phase gave 890 mg of isopropyl (1 R,3S)-3-hydroxy 25
cyclohexane-1-carboxylate; 1H-NMR (CDCI3): 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
1. Amyrdddl3i63draphimy Siifa(septrdckinientionl mruitgsathed ¢HRlgeofia)
Chiralpak AD-H 250 x 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA
and (Ib500:100:100:0.7). 30 60 Using 2N HCI, the aqueous phase was adjusted
to pH 6-7 and extracted twice with ethyl acetate. Concentration after
- drying (Na2S04) gave 1.39 g of mono(3-isopropoxycarbonylcyclohexyl)

(1R,3S) qate; 'H-NMR (CDCI3): 3 = % 6 H), 1.24-1.41 (m, 3H),
1.47 (q, 83 2. %Jz(m(.las 3 17-2 '1 H),.2.35(R) 1 H), ‘
ALTR, 2.71 (m, 2 H),4:694.79'( , 4.99 (sept, 1

H); optical purlty 88% ee (HPLC on Chiralpak AD H 250 x 4.6; 1 ml/min,
heptane/MeOH/El@H/TFA 500:100:100:0.7). Isolateg products or crude
product mixtures were identified by 'H-NMR and/or mass 10 spectra
and/or by GC or HPLC. The optical purity of the esters and alcohols was
determined by HPLC, for example

R’ is.

where:

in which:

R is H, (C1-C8)-alkyl, (C3-C8)-cycloalkyl, (C1—C3)-aIky[—(CS-CS)mcycioéIkyl,
phenyl, (C1-C3)-alkyl-phenyl, (C5-C6)-heteroaryl, (C1-C3)-alkyi-(C5-C6)-
heteroaryl or (C1-C3)-alkyl which is fully or partially substituted by F;

R?, R® independently of one another are H, F, Cl, Br, CF3, OCF;, (C1-C6)-alkyl,
O-(C1-C8)-alkyl, SCF3, SF5, OCF,-CHFF», (C8-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 b:cyohc (CB-C10)-aryl or (C5-C11)-heteroaryi

rzng,

Y isCH, N, ifn=1;
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on Chiralpak AD 250 X 4.6 (Daicel) or Chiracel OD 250 x 4.6. WO
2006/015716 61 PCT/EP2005/008058 Claims 1. A process for preparing
chiral nonracemic compounds of the formulae (la) 5 and (Ib) R1~ R2 (la)
R1~",.,Q,,5R2(lb) OOIl OO where:10R'iIsR4AWR3 R5t/t} m in
which: 15 R3 is H, (C1-C6)-alkyl, ( ﬁ-C8)-cycloalkyl,
(C1-C3)-alkyl-(C3-C8)-cycloalkyl, % enyl, (C1-C3)-alkyl-phenyl,
(C5-C6)-heteroaryl, (C1-C3)-alkyl-(C5-C6)- heteroaryl or (C1-C3)-alkyl

W Whichy is fdlyrompaftially gubstituted by F; R4, RS independently of one
another are H, F, CI, Br, CF3, OCF3, (C1-C6)-alkyl, 20 O-(C1-C6)-alkyl,
SCF3, SF5, OCF2-CHF2, (C6-C10)-aryl, (C6-C10)- aryloxy, OH, NO2; or
m R4 apdiR$ together with the carbon atoms that carry them form a fused
partially saturated or unsaturated bicyclic (C6-C10)-aryl or
(C5-C11)-heteroaryl 25ring; Wis CH, N,ifn=1;62 Wis O, S, NR6, ifn
R =0 s H, (C1-C6)-alkyl-phenyl, (C1-CB)-alkyl;
_or
R is an OH protective group (PG), such as, for example, benzyloxymethyl,
benzyl, para-methoxybenzyl, tert-butyldimethylsilyl (TBDMS), tert-
butyidiphenylsilyl (TBDPS), tetrahydropyranyl (THP), 1-ethoxyethyl (EE),
1-methyl-1-methoxyethyl or 1-methyl-1 -benzyloxyethyl;
and
R? is
R12
R7 RY -
CN
AN ; R11
rRs | ©
R10
in which:
p is 0 —2;
R’ is H, (C1-C6)-alkyl;
R® is H, (C1-C6)-alky;
R® is H, F, (C1-C6)-alkyl;
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mis 1-6; 5 R6 is H, (C1-C6)-alkyl-phenyl, (C1-C6)-alkyl; or 10 R'is an

OH protective group (PG), such as, for example, benzyloxymethyl,

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

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

1-methyl-1-methoxyethyl or 1-methyl- 1-benzyloxyethyl; and 15 R2 is R12

R7R9/N4P OR11 R8ORIO i which: 20 p is0-2; R7 is ‘—I

(C1-CoRaliyiC o REMM, (et iytn® Ed; Folakeb)dio: 63 RtvY!

is H, g;%f@@&ﬁfk@'ﬁ@ér@@k@ﬂéﬂa §IR/CE)katk@nylide Gax aiwmdlkyl
-cyc

C3- oalkyl, phenyl, where alkyl, alkenyl, alkynyl and loal
( may optiona){ly %e sgbstituted byyone or %o?e Xa}n 103& f%r% ?ﬁekgroup

consisting of hydroxyl, phenyl, (C5-C1 1)-heteroaryl, O-(C1-C8)-alkyl and

NR™R™, and phenyt may optionally be substituted by one or more

radicals from the group consisting of hydroxyl, O-(C1-C6}-alkyl, F and

CF., with the proviso that R is not NR™R" or O-(C1-C8)-alkyl, if
R°=F, |

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

R'® and R'2 together are pyrrolidine and piperidine, if n = 0;

R‘H

R12

R‘IB

is H, (C1-C8)-alkyl, benzyi,. (C1-C4)-alkyl-(C8-C10)-aryl, (C1-C4)-aikyl-O-
(C1-C4)-alkyl, phenyl-(C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl
may optionally be mono- or polysubstituted by O-(C1-C6}-alkyl,
OCH,CH»-OMe, F, Cl, Br, |, Si{CHa)s, OSi(CHa3)s, Si(iPr)s, OSi(iPr)s,
OCH,CH2-SiMes, OCH,-Si(iPr)s, O-CH,-CsHs, SOCsHs-p-Me, SMe, CN,
NO2, CH,COCsHs;

is H, (C1-CB)-alkyl, (C2—06)—alkenyl, (C2-C6)-alkynyl, benzyl,
CO—(C?QCG)—aikyI, CO-phenyl, C(0)-O-(C1-C8)-alkyl, allyloxycarbonyl
(ALOC), benzyloxycarbonyl (Cbz, Z), 9—ﬂuorenylmethyioxycarbonyl :
(FMOC), (C1-C4)-alkyl-(C8-C10)-aryl, (C1-C4)-alkyl-(C5-C11)-
heteroaryl, (C1-C4)-alkyl-O~(C1-C4)-alkyl, phenyl-(C 1-C4)-alkyl,
{C5-C8)-heteroaryl-(C1-C4)-atkyl; SO,-(C1-C8)-alkyl, SO,-(C1-C6)-alkyl
SO,-(C1-CB)-alkyl, SOz-phenyl, where phenyl may optionaily be '
substituted by (C1-C6)-alkyl, O-(C1-C6)-alkyl, F, CI;

is (C1-CB)-alkyl;

is (C1-C6)-alkyl-phenyl, (C1-C6)-alkyl;
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may optionally be substituted by one or more radicals from the group

consisting of hydroxyl, phenyl, (C5-CI l)-heteroaryl, 0-(CI-C6)-alkyl and 5

NR13R14, and phenyl may optionally be substituted by one or more

radicals from the group consisting of hydroxyl, O-(C1-C6)-alkyl, F and

CF3, with the proviso that R10 is not NR13R14 or 0-(C 1 -C6)-alkyl, if RF;

10 R9 and R10 together with the clfbon atom that carries them are '

(C3-C8)-cycloalkyl; R1 and R 12 together are pyrrolidine and piperidine, if

= 0; R11 is H, (C1-C8)-alkyl, benzyl, (C1-C4)-alkyl-(C6-C10)-aryl,

C1-C4)-alkyl-0- 15 (C1-C4)-alkyl, phenyl-(C1-C4)-alkyl, where alkyl,

benzyl, phenyl, aryl may optionally be mono- or polysubstituted by

A) O-(C1-C6)-alkyl, OCH2CH2-OMe, F, CI, Br, I, Si(CH3)3, OSi(CH3)3,
Si(iPr)3, OSi(iPr)3, OCH2CH2-SiMe3, OCH2-Si(iPr)3, O-CH2-C6H5,

a) someHpeang GMe, ON, NO2, CH20006HS; 20 R12 is H,
(C1-C6)-alkyl, (C2-C6)-alkenyl, (C2-C6)-alkynyl, benzyl,
CO-(C1-C6)-alkyl, CO-phenyl, C(0O)-O-(C1-C6)-alkyl, allyloxycarbonyl

racemigb-OGyhissap)foRytiesienyl tehe, o the- flesrungiféthyloxycarbonyl
(FMOC), (C1-C4)-alkyl-(C6-C10)-aryl, (C1-C4)-alkyl-(C5-C11) 25
heteroaryl, (C1-C4)-alkyl-O-(CI-C4)-alkyl, phenyl-(C1-C4)-alkyl,

wherei

(C5-C6)-heterqary(C1-04)-alkyl; S02-(C1-C6)-alkyl, S02-(C1-C6)-alkyl-
S02-(C1-C6)- 02-phen3c/§n here phenyl may optionally be
substituted by fC1-€p)-alkyl, -gg:l-CG)-alkyl, F, Cl; 30 Rt3 is

(C1-C6)-alkyl; k14 i9.(C1-C6)-alkyl-phenyl, (C1-C6)-alkyl;

is reacted with a compound of the formula (lil)
HO-R™ (1)

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)-alkyt-O-(C1-C4)-alkyl, phenyi-(C1-C4)-alkyl, (C5-C6)-heteroaryl-
(C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl, heteroaryl may optionaily
be mono- or polysubstituted by phenyl, O-(C1-C8)-alkyl, OCHCH;-OMe,
OTs, F, Cl, Br, I, S{CHa)s, OSI(CH3)s, Si(iPr)s, OSi(iPr)s, OCH2CH,-
SiMes, OCH,-Si(iPr)s, OTHP, O-CHj-CgHs, SO,CsH4-p-Me, SMe, CN,
NO,, COOH, CONH,, CH,COCHs, 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 (1),
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64 wherein A) 5 a) Lactone opening (LO) racemic
6-oxabicyclo[3.2.1]octan-7-one of the formula (II) (II) O 10 is reacted with
a compound of the formula (Ill) HO-R15 (l1l) 15 where R15 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, phéityl-(C1-C4)-alkyl, (C5-C6)-heteroaryl-
(C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl, heteroaryl may optionally
20 be mono- or polysubstituted by phenyl, O-(C1-C6)-alkyl,
OCH2CH2-Q OTs, F, CI, Br, I, Si(CH3)3, OSI(CH3)3, Si(iPr)3,

2- Si%leS, OCQN2-Si(iPr)3, OTHP, O-CH2-C6HS5,
SMe, S RNO2, COOH, CONH2, CH2COCG6HS,
CO-benzyloxy, CO-O(C1-C6)-alkyl, NHTs, NHAc, NHBoc, NHAIloc,
NHbenzyl; 25 in the dresence 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

in whiché® atscsdifiarbabrygive; toraivamsieTiritshat e -Rurtidgardy) which,
dependiRB'BRYAE Qe oMU K bresent in ionic form, for example as Cs”, Li", K,

NH,*, Ca®, Ba®", Mg salt and in which R" is also Cs, Li, K, NHs, Ca, Ba, Mg, and,

if appropriate, the resulting product is further converted into another product of the

b)

formula (IV});

Enzymatic ester formation (EF) + separation (S)

the resuiting compounds of the formula (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\\--O'--,,[ I/O\R 5 VD)
o)

in which

R’i@

is C(=0)-{C+-Cqg)-alkyl, C{(=0Q)-(C-Cys)-alkenyl, C(=0}-(C4-Csg)-alkynyl,
C(=0)~{C3-C1s)-cycloalkyl, 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, Cl, Br, CF3, CN, NO;, hydroxyl, methoxy, ethoxy, phenyl,
CO-O(Cq—C4)-aIkyI and CO-O(Co-Cy)-alkenyl, where phenyl, CO-O(C4-Cy)-
alkyl and CO-0(C,-Cy)-alkenyl for their part may be substituted by 1-3
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65 (IV) HO O R15 0 in which R15 is as defined above, or to give a
compound of the formula (IV) which, 5 depending on the work-up, may be
present in ionic form, for example as Cs+, Li+, K+, NH4+, Cat+, Bat+,
Mgt' salt and in which R15 is also Cs, Li, K, NH4, Ca, Ba, Mg, and, if
appropriate, the resulting product is further converted into another product
of the formula (IV); 10 b) Enzyma gester formation (EF) + separation (S)
the resulting compounds of the formula (IV) are subjected to a
stieranselesivene iy BRlipesasiaimatoR (EX) ByteFe,amdcyl donor and
the enzyme are added to the hydroxyl compounds in an organic solvent
and the resulting mixture is stirred at 15 from -20 to 80C and, after the

R keastisrinag enreed, one stereoisomer is present as ester of the formula
(Vb) R16, -0™ /O' (Vb) 0" 11 R15 0 20 in which R16 is
C(=0)-(C1-C16)-alkyl, C(=0)-(C2-C16)-alkenyl, C(=0)-(C3-C16)-alkenyl,

and th&dTRr Ga-Soiohers rafiagsavherecpamgemaseicariootatooisiadyrbrula (1Va)
replaced by oxygen atoms and may be substituted by 1-3 substituents
from the group 25 consisting of F, Cl, Br, CF3, CN; NO2, hydroxyl,
methoxy, ethoxy, phenyl, CO-O(C1-C4)-alkyl and CO-O(C2-C4)-alkenyl,

D(C1-C4)- alkz/ll\jaaqd CO-0O(C2-C4)-alkenyl for their part

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 K,CO3 in methanol, transesterified intramolecularly to

~ give the optically active (13,5R)-6-oxabicyclo[3.2.1]octan-7-one which can be

converted into an isomeric form of the product

HO" [( “R15 -
0
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66 substituents from the group consisting of F, Cl, Br, CF3, and R15 s
as defined above, 5 and the other stereoisomer is present unchanged as
the alcohol of the formula (IVa) HO O R15 (Iva) 0 10 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 ¥gaction in which the ester does not
participate, where 15 the enantiomers of the formula (IVa) obtained as

or the c%:%&(ﬂ A OPIREERTRIHTES RScdesErRad #pdsdinf B\Hpigss d

e enantiomers of the formula (Vb) obtained as acylated compounds

cleavagsref iydrossted fup riionmipioes sty i EivensieBIRPeRd RidRferic
formula?ﬁ?@,%%}@wﬁ’ fRNEYRIOP IS RV REHRR MAR KECi3 48 MstBaneh of the

ansesteritfied intramolecularly to give the optically active (1
product$,5R)-6-oxabicyclo[3.2.1 }octan-7-one which can be converted into an
isomeric form of the product 25 (IVb) ,., jro~R15 HO" 0

d)  Alkylation (Alk-R7Alk-PG)

fgrther conversion with compounds of the formula (VI)
R™-X (Vi)

in which

R’ is

R4 \r< 0 R3
L
R5 = "N -

and R, R*, 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-methyl-1-methoxyethyl or 1-methyl-1-benzyloxyethyl;

and
X is Cl, Br, |, OTs, OMs, OTf:

in the presence of bases in a suitable solvent to give compounds of the formula
(Vila) or (VHib); |
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67 or the compound of the formula (Vb) is converted, for example, by
lipase-catalyzed cleavage of both ester functions into the optically active
compound of the formula (IVb, where R15 = H) which can be converted
into an isomeric form of the 5 product; d) Alkylation (Alk-R1/AlIk-PG)
further conversion with compounds of the formula (VI) 10 R1-X (VI) in
which 15 R1is R4 W O R3 R5N ﬁn and R3, R4, R5, W, n and m are as
defirrethabove, or 20 R1 is an OH protecti p (PG) as defined
xcept for THP, EE, 1-methyl-1-me bthyl o
R1\O methyt-$pe yl@&;@ﬁ%f?énd 2@%(\%()[ Br, 4, OT, ,éMﬁ,@ﬁ{"R)the
presence off bases ina suitable solvent to give compbunds of the formula
(Vila) or (VIB); 30 68 (Vilb) O

or, in the case of R’ = PG, to give compounds of the formula (Villa) or (VIlib)

| 1 PG O O. (Vi)
PG~ Ongis v 2) ~0 W R15

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 enot ethers, also to give
compounds of the formula (VIHa) or (VIlib);

and

e) Direct reaction or ester cleavage & coupling (DR or EC+C)

e1) the resulting compounds of the formula (Viia) or (Vllb) or compounds of the |
formula (Villa) or (VilIb) are converted in a direct reaction (DR}, for example by

reacting an amine of the formula (1X)

R%-H (IX)



R1~ O R15 (Vila) R1~0,.0,, ~O R15 O O or, in the case of R' = PG, to
give compounds of the formula (Villa) or (VllIb) t,.Q", O, R95 (Vllib) (Villa)
PG ( PG-OOR150 OO 5or R'is an OH protective group (PG) such
as tetrahydropyranyl (THP), 10 1-ethoxyethyl, 1-methyl-1-methoxyethyl or
1-methyl-1-benzyioxyethyl; and to 'Qtroduce the OH protective groups,

, _ the compounds of the formula (IvVa)or (IVb) 15 are reacted under acid

in whichatalysis with the appropriate known enoi ethers, also to give compounds
of the formula (Villa) or (VIlb); and 20 e) Direct reaction or ester cleavage

5 & coupling (DR or EC+C) el) the resulting compounds of the formula

R (VilaY%or (VIIb) or compounds of the formula (Villa) or (Vlilb) are converted

in a direg teaction (DR), for example by reacting an amine of the formula

(IX) 25 Rf-lﬂzgxk@g in which
N . O~riq

O
R10

-~

- R8

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

or the corresponding lithium or dimethylaluminum derivative, or by reacting the

compounds of the formula (Vlia) or (VIIb) or the compounds of the formula (Vlila} or .'
10 (VIlib) and the amine or amino acid derivative R2.H of the formula (IX} in the

presence of activating reagents or catalysts, to give compounds of the formula (ia)

or (Ib) or isomeric forms thereof,

_ _ (Ib)
R1. R2 (la) R1- O R2
° T
O

O
O
15
" or, in the case of R' = PG, fo give compounds of the formula (Xa) or (Xb),
PG.. f R2 - (Xa) PG .- ., R2 (Xb)
T ° il
O O
or

- 20

e2) the resulting compounds of the formula (Vlia) or (VHb) or (Vilia) or (Viiib) are



R2is R12 R7R9/N a0, R11 R8 O R10 5where R7, R8, R9, R10, R11,
R12 and p are as defined above, or the corresponding lithium or -
dimethylaluminum derivative, or by reacting the compounds of the
formula (Vila) or (Vlib) or the compounds of the formula (Villa) or 10 (Vllib)
and the amine or amino acid denv e R2-H of the formula (IX) in the-

sence of actiyating rea or cat ysts, §
subjectiit o 2N(&5 B (67 67 orfe *ﬁ’sm?&herao%O%?@%%%ﬁHgﬁ%@Q? fp e
(Xib) o QU (R)R1QX1%0r, in the case of R1 = PG, to give compounds of the
formula (Xa) or (Xb), PG, R2 (Xa) PG, R2 (Xb) 0"Irc O or 20 e2) the
resulting compounds of the formula (Vila) or (Vilb) or (Villa) or (VllIb) are

bjected to an ester cleavage, and th(%@lting compounds of the

(XIb)

R1. OH R1 v, OH
° il
O O
5 .
' Xilla Xlilb
PG oH ( ; PG Q OH ( )
° . ° r
O ' O

or the corresponding salts to a subsequent coupling with a compound of the

formula (IX)
10 R%-H (IX)

in which

R? s
15

R12
R7 RS
N
R v R11
R |©
R10

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

20 inthe presence of dehydrating or activating reage‘nté, to give a compound of the

formula (fa) or (Ib) or an isomeric form thereof,
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(Xib) or (Xllla) or (XllIb) R1,0 10-C OH (Xla) R1~0 OH (Xlb) O0 50H
(Xlla) (XIHlb). PG,,0 PG~0O,,.: .,.-,IrOH O 0 or the corresponding salts to a
subsequent coupling with a compound of the formula (1X) 10 R2-H (IX) in
which R2is 15 R12 R7R9/N P 0'R11 R8 0 R10 where R7, R8, R9,
R10, R11, R12 and p are as defined above, 20 in the presence of
dehydrating or activating reagents, fo give a compound of the formula (1a)

or (Ib) or 2 omeric form thereof; 71 R1 R2 (la) " R2 (Ib) O 10~
and, if aate, (Ib)
R’[\O 2 (1a) R?\O‘.-- .., ~R2

|
0 0

and, if appropriate,

) Removal of the protective group PG (RPG)

if RV is an OH protective group (PG) as defined above under R', the compounds of

the formula (Xa)} or (Xb)

PG. R2 (Xa) PGRG‘.-'O“-,,[(RZ (Xb)
G

© |

in which R? and PG are as defined above

are converted by removal of the protective group by known processes into

compounds of the formula (Xlia) or (Xiib)

R2 (Xlia) HD“"Q""' (R2 (Xilb)
|
0

|
0

HO

in which R? is as defined above, followed by conversion according to the stated
process variants into the compounds of the formula (la) or (Ib) or isomeric forms

thereof;

it étso being possible to change the sequence of the individual reaction steps as
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5 f) Removal of the protective group PG (RPG) if R1 is an OH protective
group (PG) as defined above under R, the compounds of the formula
(Xa) or (Xb) PG, R2 (Xa) PG ,, R2 (Xb) 011-( 10 in which R2 and PG are
as defined above are converted by removal of the protective group by
known processes into 15 compounﬂacof the formula (Xlla) or (Xllb) HO R2
h R2 is as defined above, followed

(Xlla %O,,/RZ%%}HOHOO inw ,
descntb‘?,dc RORs ding to the stated 20 process variants into the

compounds of the formula (1a) or (Ib) or isomeric forms thereof; it also

being possible to change the sequence I reactlo sas
Ay B dé?crﬁ)ceﬁ%ﬂ“%e%ﬁher Aﬁ%\ BL (ég] r'}‘S&EC 3Ta\’|kpf\9 @%omenc
ESeriy C -3 productfisomeric form 5to: B) LO -* EF+S [-4 EC] -3 DR or EC
+ C -4 Alk-R1 -* product/isomeric formor C) LO ->DR or EC + C EF + S
to:  ->[EC] -> Alk-R1 -3 product/isomeric 10 form or
B) LO — EF+S [» EC] - DRorEC+C — Ak-R' — product/isomeric
form "
- or
C) LO - DROrEC+C — EF+S — [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 +S - [EC] — Alk-R' —
productfisomeric form.
2. The process as claimed in claim 1, wherein the processes A}, B) and D) are
employed.
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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D) LO -3 EF+S -+ [EC] -> Alk-PG ->. DR or EC + C -* RPG -~ Alk-R1 ->
prod uct/isomeric form, or 15 E) LO -> Alk-PG -> DR or EC + C - RPG -->
EF + S [EC] Alk-R1 product/isomeric form. 2. The process as claimed in
claim 1, wherein the processes A), B) and D) are employed. 20 3. The
process as claimed in claim 1 or 2 %herein process A) is employed. 4.

The process for preparin c mE unds of the formulae (la) and (Ib) as

RS %@irf@d 1 &hg6Y el &9?%@%@ fin 25 R4 is Br, CF3, OCF3,
(C1-C6)-alkyl, O-(C1-C6)-alkyl; 73 R5is H, (C1-C6)-alkyl, O-(C |
-C6)-alkyl or R4 and R5 together with the phenyl ring = naphthyl; 5 R3 is

R4 andﬁ%ﬁqﬁf@é)‘ﬂé&mﬁ?&&@griéWanﬁBﬁ%ﬁyl; W is CH,ifn=1; mis 1; 10
pis 0; R9is H, (C1-C6)-alkyl; 15 R10 is (C1-C6)-alkyl, where alkyl may
optionally be substituted b enyl; R10 and R12 together with the atoms

R3  imGFeafy tiefi-aity r§§£ﬁ¥§%"’%?>&9° %\‘ﬁé‘ 10 together with the
carbon atom that carries them are (C3-C6)-cycloalkyl,

W is CH, ifn=1;

o m is 1

p is 0;
R9  is H, (C1-CB)-alkyl;
R10 is (C1-CB)-alkyl, where alkyl may optionally be substituted by pheny!;

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-CB)-cycloalkyi;

R11 isH,

R12 is H, (C1-C6}-alkyl, benzyl.



20 R11is H, R12is H, (C1-C6)-alkyl, benzyl. 74 Abstract (EN) The
invention relates to a method for pr ﬂucing chiral, non-racemic, cis-
configured cyclohexanols or cyclohexanol derivatives of formulae (la) and
(Ib) wherein the radicals have th 1Sjsq’a:;‘,i'gtr1ations cited in the description, by

means of enzymatic racenuc splitting.
(EN) The invention relates to a method for producing chiral, non-racemic, cis-
configured cyclohexanols or cyclohexanol derivatives of formulae (la) and (Ib)
wherein the radicals have the designations cited in the description, by means of

enzymatic racemic splitting.



