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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 include in particular alkylations with NaH in
DMF, which, as is knowpy~are a high '

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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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 amounts of the central building blocks of the medicinally
active compounds mentioned abov@ or unsuitable for developing an

includeiird psirisuEoebetatimsewits Narberiitepdiaid/es RGN REe @ high
e [ Ifications 4 d jcular for cis/trans separations, and in
18 Pasy( P :
safety %?ri? %a%g; g[go%hﬂggggt?c@aﬂ pur% a?lre 10 unacceptable. For example:
some of the synthetic methods described in the literature for preparing

The m%@%&!lyo?%&en%s'g&m on@tﬁéegﬂ?/ r Ry CIgReyanasabourisasidiohexane-

ivatives are base ogenation or dearomatization of

carboxylidhadioxjbérmiieneidoknewdelioatjes Biedaum e emaiiabigsicr
producag Cefrre e Isr?égggn_ MYl maigRLEeRs B RN SREROEMBe medicinally

ogena ydroxybenzoic acid in the presence of PtQ2 in

active ethapol (DsSnitiorebaBoTsepnEpsIitaRe dHeRVSPIngSS PEUSYI,
procesgzg}cr}ﬁ)eeg{%mﬁ(b&'O-Fré’t‘ép’%@ﬁ%&h%@ yis186 1l e2gd Rt agdggivifications,

at six crystallizations are required to obtain racemic .
in particiga- Ryt nis{taniosrparsieabApfdnaRaBheRTes RIS PRYRBIPHFY are
u.nacc%ﬁ %, Noyce and Denney also describe the 20 racemate resolution of
is-3-hydroxycyclohexanecarboxylic acid with the aid of quinine .
gqg_rgt rgffor preparing -
icaliRrolEise3s eleharanpsphmelisesidrsignisessptierivatives are
Optmm@r;?gt}raﬁi;}astign stéps, 162 y%}(fthe fr)-c_is-3-hydroxy?£((:l hexanecar oxy&ic
based asidhpimseagenatioBa iR op@EAgiesREMiRYY )6%%%5?&?&' S
derivafiEd'9hE1LERRRleH akIRs MR SHALRE rébduaduyeomestiod tifrsalts. In

preparing optically active cis-3-hydroxycyclohexanecarboxylic acid .
the capreefiihatiordopass AAEBNRI BRIy OAT RS 1B Seirencs ot o, in

- ethanoggtlﬁgegifﬁaﬁcéa)d?ssdém, D: BrPenmngy, SAM16hENTS56012952, 74,

:b) M.’Nakazaki, K. Naemura, S. Nakahara, J.Org. Chegm 19.{)9, 41i .
J. A. HieB)| Mhdthéreghdegierizhen. 1986, 57, 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 optically active cis—S-_hydroxycyclohexanecarboxy!ic
acid, thé 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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recrystallization of the resulting salt from methanol or ethanol are utilized.

30 The methods described are unsuitable for preparing relatively large

amounts of optically active cis-3-hydroxycyclohexanecarboxylic acid

derivatives, since the large number of chemical steps and/or purification

steps, the use of large amounts of 3 optically pure chiral auxiliaries for
opticai[@ﬁ@?@%ﬂrf@ﬁ@lﬁ&iﬂﬁn&ﬁ@ﬂﬂé@d@ﬂe lisesaticonoththentesiiddble fiberation of

t f t d not lea I
e e RO D 1SS e VI s e

unp,—aCﬁ@B@QgW@gm@h@@@necarboxylate albeit in racemic form, has been
described in D. S. Noyce, H. I. Weingarten, J. Am. Chem. Soc. 1957, 70,
3098. A more recent publication (C. ExI, E. Ferstl, H. Honig, R.

The prﬁiﬁﬁﬁaﬁ@h'@ﬂﬁﬁ@thfy%ﬁﬂiiaﬁéi@ﬁm&iahé&émmmm@mm&e aiheddtatyethic
ydrogenations o 3-acetoxyhenzoate and h
form, h@%{}‘m%ﬁ%@(m% %hﬂr QY&eetic ac Bar an ?éé/arﬁd %%1957’

70, 30gespectively. In both reactions, at least four products are formed, inter alia
the desired product. The substantial disadvantages of the reactions are:
a) a large number of steps owing to the preparation of the optically 15

A moregsiverhenasliesiiarsareking sbbssquéntitemimVal Babekstitahpcadtiatyfirality

b) technically. demandj tlon |t|ons (? 00 bar ) unsat factory

1995, (iddd )ariﬁs%?r‘?ﬁl ?&?e%l}% gﬁ%fﬁ%g\/\f R 8q§rge Umber g“
3- acet@%@ﬂﬁ@@t@@rd)(lweﬁtwl4pwdl@scwbrdlhﬁcmd rrﬂmaimizhmﬁahemsemésat

“draw the conclysion that thel f on Irttle pr
100 bapy SR A A0 SO ARTPREN HEy BE  Crer, B R Prpcts
are forﬁfﬂcﬂ-,)irﬁ@ﬁ@iiﬁeﬂﬁb@dé(é)r@atarmzﬁmhﬂ'drem:aumnbébéwaﬁamagaemhﬂye

. amides OS ) . .
reactions are: a) a large number of steps owing 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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3-cyclohexenecarboxylic acid. Although yields and diastereoselection are
good, there is the problem of removing the trans-isomer. In addition, the
conversion of the 25 amides mentioned into the desired compounds of the
formula (I) requires either cleavage of the amide bond under relatively
drastic conditions with concomitany partial epimerization and
direct plBciaRZAEPhahpIge JiBS)- B%wmm&r%béﬂwmdwymtﬁthe de¥iemg
compounds of the formula (1) whi ans, f pIe q@g
scale hagheseiRarid He&s‘%f“ﬁ?ﬂﬁ{% Rt Pactic it entalls a‘"?a 60, 7230 and
literatu r%hi%@ltﬁa bﬁ%ﬁﬂé&%m '§%ﬁﬂﬂ@§¢¥ Qslﬁh&@@?@ﬁhﬂfﬁrﬂ NS?’TM@’“O“
use as an industrial process. The synthesis of met
betwee gn3roLigalyretiyestise %@@rﬁéwﬁg EWihi é}%’ B'E o ire rectP fic

Remonf%‘F"éﬁ%oémé?%liLM%EQRWGE@WWWDGMEMé Wit 9606 ee
mg scale has been described (J. A&{\él rshall Cg %%%5

which, @8, ‘?QQ@@W‘%’?&@W@@%%@SW ﬁ%“?&n eS|S 5 an asymmetrlc
(1 R, 5RI4-Ekaprgardiion }b@h@@nm@mm@efaﬁhaammmmae@mmme

WGt Py P —

. There Hadalaeionizatierapadsihgeseot ﬁm&atimes&ri B (R)ean&tsddnaiohexene-

carbcrian) VB NHEGRAAAET Ry, I OE= Seats s
the chn%%@ﬁﬁaﬁwgé@%wwwnmneearbmwh&méhéwmw veshfeaaple:
2) W. GeRpR o AT v SR BrorehaxeneADaBORYI® 1 00;

aily; Cthetmerols examples fer in

b) C. Tﬂmfﬁak@%%v@g Uﬁeldafbﬁ:ﬁnkpl&mmms 1888hd Phelichdd.bireaty of
example: a ppolzer D

Y. Koniecd Staboeton i 1781 hon op KaBiENoh K SN SRR ons

require \9RcAR: rﬁ)aBsMeér@én\éuK@ﬁéfe Ratralnegonthetsctplesandehs. On

an industrial scale, these reactions 15 require particular measures to
butadiefiyure safe handling of the acrylates and the

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 pomt of view, it is not feasibie o carry out such a reaction on
a multi-kg scale. In addition, the preparation of 1thea 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. 1979, 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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butadiene. A great disadvantage of these syntheses are the large
amounts of iodine and potassium iodide used for lactonizing the
cyclohexenecarboxylic acid: in the publication of J. A. Marshall and S.
Xie, 1.61 g of iodine (about 1 eq.) and 6.0 g 20 (about 6 eq.) of potassium
iodide are required for preparing 46§ mg of methyl (1 R, 3 R)-3-hyd

therefof)gﬁé(a%ﬁé%fﬂﬂsr&%%yreewmw Dydnkamoissulan gycligatianeof 760 mg

cyclohexenecarboxylic acid. In the publication of A. S. Raw and E. B

The broaedaqiatizaiiantds 2086156 S keheHolbrtton S allinehrtPe AfRIRIGHCTeS
1990, 3’1si@%j%%%%ﬂ%%t%‘%r@f@%PBBQ@@E}?&:@W&Q&Q safehative for

considerations 25 and from an. ecological point of view, it is not feasible
the industriatpealesaitiva heaotidrd AT DIAMING SRAESHAEBdRIER, IMaided for

ecologﬁ@%@@b% %ﬁ&ﬁgﬁﬂﬁé meationgdyeauigPrEhromatographic

puritications eno- and phenylsulfenollactonizations [a) K. C.
Nicolaou, S. P. Seitz, W. J. Sipio, J. F. Blount, J. Am. Chem. Soc. 1979,

(R)—Cy&tg_ﬂ\egéﬁébg)%xgﬁd\'é‘?f?@%m 30 datrahadran L984indd. iParkpranet

suitable alternative. Not only are the reagents used and/or the product

desymmdriggsionadts Bofviele Moy SREDEEHBALYliF Rsiey c dee Eotttp Khdhistocks.
D. DonCRANB LSS HeRiPaIsabdampsRviBBPShERSSD L IFRMASEsARINGoned

purificationsare required to remove unwanted subsequent Se or S
disadvayingescbtheiipsolnstenizativnr @RRivle to carry out such a reaction on a

multi-kg scale. The bromolactonization (C. lwata, A. Tanaka, H. Mizuno,

K. Miyashita, Heterocycles 1990, 31, 987 and literature cited thereiné,gtz%,S o

A furthgpederoaiiveiad i EReIGHAR @t IRRO T RIGRPLIRIS; SoS Ers A

referreer%@%585@%5@(%3@@3@@1@5%@%@@ﬂ_@éma@@(py@ﬁ@ﬂwfethe
_ particular precautions. (R)-Cyclohexenecarboxylic agld {_i:an furth%rmore
iodoia%@wﬁ@@hyyéﬂﬁwﬁﬁ@%ﬁﬁ%%ﬁ%ﬂ&% Bu;SnH o give the saturated

lactond BHRYGLRR LR IRAKAHDEMAIC SR STO? dkaripiskiNdDBtagkshanol 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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D. Donald, M. Perry, Syn/ett 1990, 38); however, here, too, the
abovementioned 10 disadvantages of the iodolactonization apply. A
further alternative is the reduction of
2-?odo-7-oxabicyclo[3.2.1]oc_tan-6-one (also referred to as
4-iodo-6-oxabicyclo[3.2.1]octan-7-@ne), the immediate product of the

orool Il S s s
o urated actone which can t 0 ted,using,,for.ex I
in lIqU:deEpm%ﬂﬁ%@ﬁﬂcﬁ@ﬁﬁfrb§$%wx%}%rgﬁ§fé§né\c§§b%‘§‘<§}[§é.%@'%u"
Aust JTenayal pi#he sodingzims been described in numerous examples, inter
aliain A.' S. Raw, E. B. Jang, Tetrahedron 2000, 56, 3285. Frequently,
work_-up of the BUSSnH_rea_ct_ion and complete removal of the resulting Sn
The Steg%gﬁ%%e%%eg%mgﬁﬁﬂﬁt%t@ﬂ@d@ﬁﬂcﬁ@@mim‘m@@rboch
ad al chromatographic purifications, which is.also not desirable f
esters isin@MaIzpryEaE A SHASURPRANES LFE PRI 8#1 ﬁ?g &> rgn?fqéeﬁg

also ieﬁg%%;%‘é;?faﬁt?@ti\?@}ﬁ@soim%Wsmaa&aﬁbea)bemylkuﬁetws 4RdTrigalo,
_ nization. The enzymatic r ti f .
D. BUi%@m-ﬁy&mcv&f@&%@@é}lﬁtﬁ@ra@%%]%gtﬁfééﬁéﬁgﬁoeg]y%%y re cited).

The coflESiNalivg By sarksRosPRIniRARiEehestanbkarly sisad- B Jotks,iRjustrial

. Marr, Tetrahedron Lett. 1973, 3165) is likewise not a suitable process
scale Uﬂﬁﬁéﬁtﬁé’@ptical purities of the products are unsatisfactory: the
experiments that were carried out gave 42% and 50% ee, respectively.

Using an_optimized control of the con ion, it | b [ :
The reduaiBREREEHASs 305 BT T S KA L E%%Zﬁ?actgr\fr
aicohof‘?f%jlﬂ@ﬁﬂ@%}ﬁﬂ@e@%&&ﬂ@ iosaible biemtctpiniptorsidaiblye of
ety E e R e, G. L Lemiere, LA otk
J. A. L3p0@/oiosxaprsadipdate byrgshictiohefistyetBBgy ién 2818)acid

o RiakE S AR TR Mo

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-

- hexanecarboxylic 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
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5 The stereoselective microbial reduction of racemic
3-oxocyclohexanecarboxylic esters using Rhizopus arrhizus and
subsequent separation of the diastereomers also leads to optically active
cis-3-hydroxycyclohexanecarboxylie-esters (F. Trigalo, D. Buisson, R.

trans-cQj] né?lLd ;[gjj Se%ir%%‘lr@ A988:129-540R ang-ang lteratureceited). AbheChem.

ration of he diastereomers makes a scale- up to the
Soc. 194hstrial mgﬁ:ale unattractive. The reduction of methyl
(R)-3-oxocyclohexanecarboxylate with HLAD (horse liver alcohol
dehydrogenase) in the presence of NAD &%elds the cis/trans mlxture 0

f
Accommg‘lyl BaelamRyD I SHRaReSiME A SROEP NSRRGSR P BRI S
' J wveireldt, Bioorganic Chemlstry
Wmcrflg%%s Ré%a%iﬂs?&%ﬁﬁ%ﬁ% 'E?Esn%ﬁrggls likewise unsuitable for
preparing optically pure cis-3-hydroxycyclohexanecarboxylic acid building
In Op&o%%spe'léhe@gyénrge@;@‘ymuctwrpﬂimprdpyl preparing chiral nonracemic
3-oxocyclohexene-1-carboxylate with 20 Geotrichum candidum (L.
compasigekitie orRyee ¢7) @ﬂé@%’?} 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-oxocycloh€xane- 25 carboxylic acid in
‘the prese NADPH shgws that this enz converts the(lb) -
(R1ena n.a Vield of 90% inkdthe cofrrespendin
trans-8hydroxycydlo hexanecarboxyllc%(:ld (T.D. I—Ii Bugg, C. AbeII J.
R. Goggins, Tetrahgdron Lett. 1988, 29, 6779). Accdrdingly, this reaction
is also unsuitable. 30 Industrial application of the biosynthesis of '
whera:yclohexanecarboxyllc acid in Alicyclobacilus acidocaldarius (formerly
Bacillus acidocaldarius) and Streptomyces collinus, which starts with
shikimic acid and proceeds via 3-hydroxycyclohexane- carboxylic acid, is
R' " not posdsible, since 3-hydroxycyclohexanecarboxylic acid is the 7

R4 V{ o _r3
i
RS - N -

R’ s H, (C1-CB)-alkyl, (C3-CB)-cycloalkyl, (C1-C3)-alkyl-(C3-CB)-cycloalky,
phenyl, {C1-C3)-alkyl-phenyl, (C5-C8)-heteroaryl, (C1-C3)-alkyl-(C5-C6)-
heteroaryl' or (C1-C3)-alkyl which is fully or partially substituted by F,

G

in which:

RY, Rs‘ | indépendanﬂy of one another are H, F, Ci, Br, CF3, OCF3;, (CTJCS)—aiky%} :
. O-(C1-C8)-alkyl, SCF3, SFs, OCF2-CHF2, (CB-C10}-arvyi, (067C10)-
aryloxy, OH, NOg; or

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

rng; -



W (C1-¢35:8mM-(EBT)-cycloalkyl, phenyl, (C1-C3)-alkyl-phenyl,
(C5-C6)-heteroaryl, (C1-C3)-alkyl-(C5-C6)- 20 heteroaryl or (C1-C3)-alkyl
which is fully o%geg}ially ubstituted by F; R4, R5 independently of one

W anothere HVE ¢l BT, €F3, OCF3, (C1-C6)-alkyl, O-(C1-C6)-alkyl,

5 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

m fusedsp?aYﬁally saturated or unsaturated bicyclic (C6-C10)-aryl or
(C5-C11)-heteroaryl ring; 8

RS is H, (C1-C6)-alkyl-phenyl, (C1-C6)-alkyl;

10 or -
R' is an OH protective group (PG), such as, for example, benzyloxymethyl,
benzyl, para-methoxybenzyl, tert-butyldimethyisilyl (TBDMS), tert-
_ butyldiphenylsilyl (TBDPS), tetrahydropyrany! (THP), 1-ethoxyethyl (EE),
i5 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®

trans-configured (1S,3S)-isomer (B. S. Moore, K. Poralla, H. G. Floss, J.
Am. Chem. Soc. 1993, 115, 5267). Accordingly, it was an aim of the
embodiments disclosed herein to develop a process which does not have
the disadvantages mentioned. In one aspect, there is provided a process
for preparing chiral nonracemic cogpounds of the formulae (la) and (Ib)
R1,J3 ~rR2(la)R1R2 (Ilb) OO ~I 10 O O where: R'isR4 O R3 R5
N 15 in which:; R3is H, (C1-C6)-alkyl, (C3-C8)-cycloalkyl,

is H, (C1-C6)-alky};



10

15

20

25

30

RTO

W isCH,N,ifn=1; Wis O, S, NR6,ifn=0; 5mis 1-6; R6 is H,
(C1-C6)-alkyl-phenyl, (C1-C6)-alkyl; 10 or R'is an OH protective group
(PG), such as, for example, benzyloxymethyl, benzyl,
para-methoxybenzyl, tert-butyldimethylsilyl (TBDMS), tent-
butyldiphenylsilyl (TBDPS), tetrahydjopyranyl (THP), 1-ethoxyethyl (EE),

15 1-met > | or 1-methyl-1-benzyloxyethyl; and R2 is R12
S SR

R7R R8 O R10 20 in which: p is0-2; 25 R7 is H,
(C1-C6)-alkyl; Rais H, (C1-C6)-alkyl; 9 R is H, F, (C1-C6)-alkyl; Rio is H,

(o R ISP Sharl Ghira e AT iy bty i) 2yt
(C3-C8)-cycloalkyl, phenyl, where alkyl, alkenyl, alkynyl'and cycloatkyt
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

RY=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-C8)-alkyl;
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5 may optionally be substituted by one or more radicals from the group
consisting of hydroxyl, phenyl, (C5-C1 I)-heteroaryl, 0-(CI-C6)-alkyl and
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 nghNR13R14 or O-(C1-C6)-alkyl, if 10
14 R9=F; R and | i r it e, « n atom that carries them are
R (CB-é%)@:?k oa l%ﬁkgiRgl%%g?d 12 g@eﬁﬁ%re pyrrolidine and piperidine,
if n =0; 15 R7 is H, (C1-C8)-alkyl, benzyl, (C1-C4)-alkyl-(C6-C10)-aryl,
Whereir(|C1-C4)-alkyl-0- (C1-C4)-alkyl, phenyl-(C1-C4)-alkyl, where alkyl, benzyl,
phenyl, aryl may optionally be mono- or polysubstituted by
O-(C1-C6)-alkyl, OCH2CH2-OMe, F, CI, Br, 1, Si(CH3)3, OSi(CH3)3,
A) Si(iPr)3, OSi(iPr)3, 20 OCH2CH2-SiMe3, OCH2-Si(iPr)3, O-CH2-C6H5,
S02C6H4-p-Me, SMe, ON, NO2, CH20005H5; Rte is H, (C1-C6)-alkyl,
a) (@2t@63-alkeniyig (E2C6)-alkynyl, benzyl, CO-(C1-C6)-alkyl, CO-phenyl,
C(0)-O-(CI-C6)-alkyl, ailyloxycarbonyl 25 (ALOC), benzyloxycarbonyl

(Cbz, Z), 9-fluorenylmethyloxycarbonyl (FMOC),
racemi@(ﬁ-@@)bmkyli(@@d1@<}iafyﬁ@@'@ﬁ}¥ﬁxﬁﬂf(ﬁ‘52@ﬂ’ﬂ)- heteroaryl,
(C1-C4)-alkyl-O-(C1-C4)-alkyl, phenyl-(C1-C4)-alkyl,
(C5-C6)-heteroaryl-(C1-C4)-alkyl; S02-(C1-C6)-alkyl, S02-(C1-C6)-alkyl-
S02-(C1-C6)-alk
substituted by
10 R14is (C1

)-alkyl, (?1-C6)-alkyl’, F, Cl; R13is (C1-C6)-alkyl,
kyl-phen I (C1-C6)-alkyl;

is reacted with a compound of the formula (li1)
HO-R™ (Ilf)

‘where

R is H, (C1-08)—a!kyl, (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;

in the presence of suitable bases or acids in a suitable solvent (for example with
hydroxides such as NaOH or CsOH in water or, for example, with carbonates such
as K-COs3 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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wherein 5 A) a) Lactone opening (LO) racemic

6-oxabicyclo[3.2.1]octan-7-one of the formula (II) (II) O 10 0 is reacted "

with a compound of the formula (111) HO-R15 (lll) 15 where R15is H,

(C1-C8)-alkyl, (C3-C8)-cycloalkyl, (C2-C8)-alkenyl, (C2-C8)-alkynyl,

benzyl, (C1-C4)-alkyl-(C6- ClO) ar L', (C1-C4)-alkyl-(C5-C11)-heteroaryl,

-C4 alk -C4)- en 1-C4 I 5 roar

where Eé%% aﬁ?%%w Ug’ré a %%Zy?évé en% 8&?@? %&grgar%%'rﬂg% \?&ﬁé@her
for exarﬁptmﬁﬁﬁbeanmmropthQﬂﬁhﬂuﬁenﬁbylpheﬂw kda(Garesyaldd if NaOH is

B e e

obtaine$02C6H4-p-Me, SMe, CN NOZ COOH, CONH2, CH2COCG6HS5,

O benz ony CO-0 C1 .C6 Q@L
to give, %3 aﬁ?ese%gles 0 sw%ﬂaé base ora@W ﬁ%ﬁéﬁ? N? lvent

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

example, with carbonates such as K2CO3 in alcohols or, for example,

with acids su HCI in water) or with acid 30 halides such as acetyl

chloride in a 3, pref rably aéBfyl chloride in isopropanol, 11 where in
' iORg ywe work-up conditions determine whether,

" 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.e. another product in

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

the resulting compounds of the formula (IV) are subjected to a stereoselective
enzymatic ester formation (EF), where an acyl donor (such as, for example, a vinyl
ester R'®-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)

R16\O\\.-©».,,,[ fo‘*ms (Vb)
o)
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for example, the Cs (for example if CsOH is used) or the Na (for example
if NaOH is used) or the ammonium salt (for example if NH3 is used) or
else the free acid is obtained, 5 to give, for example, a racemic
cis-configured compound of the formula (1V), (IV) HO O~R15 0 in which
R 15 is as defined above, or to givg,a compound of the formula (IV) which,
10 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,
in whiclLi, K, NH4, Ca, Ba, Mg, and, if appropriate, the resulting product, for

R’ (%:m@@b wﬁg‘%&%ﬁ%ﬁ@ﬁ(&%u@é\%nwh%‘(‘r-@)ﬁes%é_ﬁéu@hw, C(=0)-

te n-alkylating ‘agent Such as benzyl bromide into a

(Carfpelnrctiaieyfonnare QUS WhENRR DREPeMaIoBIETIaY, RSP GREdE
Aggégewgi‘& gja%ﬁ%@%@&%@h&&%@b@ﬁmyrg@&@@@f@mm@Em

ration (S) the resulting compounds of the formula (V) are subjected

tonsisting adefe VB R0 YR @stewRRAticR YL XWRENEah BIRGNY
88@5&5%@%%{&’%%65@%3(@24&% Spen RlaiStinehi? CEITEIC,)-

viny cetate, or an acid anhydride R16-O-R16, preferably succinic
alijiyaind € 8@ (Rt &id-aHieoride) Bl RarbRgBSPN BRIGEIPILPWhE3
%@%}ér&%@w@ﬂé B aPeaRaiG RGNt (WeBRsclay ermple,

romethane) and the resulting mixture is stirred at from -20 to 80C
and, after 25 the reaction has ended, one stereoisomer is present as ester

R15 gfég%gqﬂ@(klaa&é%ﬁl& 0,,,0,1111 if O R15 (Vb) 0 12 in which

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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R16 C(=0)-(Ci-C16)-alkyl, C(=0)-(C2-C16)-alkenyl,
C(=0)-(C3-C16)-alkynyl, C(=0)- (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, CO-O(C1-C4)-alkyl

and CO-O(C2-C4)-alkenyl, whereg enyl, CO-O(C1-C4)- alkyl,.and
hydrolyges B8R RIRERGPRR RAIMG=R A B RRR gzﬂ% PR
for exaffpre Heeeiipsensiskng ok fn GleBratit3irandciRisddrasadedieedlarly to

e RPTAMATVS) Qo0 RO O RE b 02w e S0 b ore,

converieldizing dhakshiiarenbanenigal prahysiqeekesnivain psdpsitie}s (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/me or org. solvent/water) or else be processed further by a
subsequent | cal follaw-up ré¥&on of, for example, the hydroxyl

compoyast, inW |cﬁ't7éﬁ”es“fe{mes not participate, where 25 the

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

hydrolyzed by known processes to give chemically enantiomeric alcohols
or the gprppernd 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 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 0 R3
% ]:H/
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,



for example by reaction with K2CO3 in methanol, transesterified
intramolecularly to give the optically active
(1S,5R)-6-oxabicyclo[3.2.1}octan-7-one which can be converted into an
isomeric form of the product (see schemes below) 5 (IVb) HO"'j 0, R15
O or the compound of the formulg gvb) 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
and  into an isomeric form of the product (see schemes below); d) Alkylation
(Alk-R'/Alk-PG) 15 further conversion with compounds of the formula (VI)
- R-X (VI) in which 20 R1is R4 W OT R3 :C R5NJm 25 and RS3, R4,
X IRE VRNl 26d sn @hdsasddfined above, or R1 is an OH protective group
(PG) as defined above, except for THP, EE, 1-methyl-1-methoxyethyl or

3 1-methyl-1-benzyloxyethyl; 14 and _
in the presence of bases in a suitable salvent to give compounds of the formula
- (Vila) or (Viib);
Vila R1. Q O._ . _ (Vilb)
e Ovgys (V1) 0 i RIS
_ 0 O
10 |
or, in the case of R' = PG, to give compounds of the formula (Villa) or (Viﬂ.b)
Q Viila PG O. (Villb)
PG\O/OW( ~r1g V11e) e {( R15
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);



Xis Cl, Br, I, OTs, OMs, OTf; 5 in the presence of bases in a suitable
solvent to give compounds of the formula (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 (Vlifb) O O 15 or R'is an OH protective group (PG) such as
tetrahydropyranyl (THP), 1-ethoxyethyl, 1-methyl-1-methoxyethyl or

and  1-methyl-I-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

e)  Dosyioeadtef trekiamolag¥Atis Sropuibyd OB §Dirdet reaction or
ester cleavage & coupling (DR or EC + C) 5 el) the resulting compounds
of the formula (Vila) or (VIIb) or compounds of the formula (Villa) or (Vilib

5 el) tecswirpdimaclinets rddbtoio (DR {of keaon Hidby ofeariing dirdarhing e

formuiaoE\Wﬁaf%rpM ftl)))( )a%zégrﬂ)&télao MR R2 Botion (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
corﬁpounds of the formuta (Viia) or (Vilb) or the compounds of the formula (Vilia) 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,

R2 R1 O e )
"o te) - Mgy

25 or, in the case of R' = PG, to give compounds of the formula (Xa) or (Xb),



.. 10

R12 R7 R9 N 4P~ 0, R11 R8 O 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 (Vila) or (VIlb) or the compounds of the formula (Villa) or (Vllib)

and the amine or amino acid derivgiive R2-H of the formula (1X) in the 20

presence of actlvatlng reagents or catalysts, such as, for example, the

&) or.(Ib) or isomeric

: 25 or, in the case of

= PG,lto givq:@mpoun%,gagf the fqnf:[}yla (Xa). h), 16.RB,,G R2 (Xb)
(Xb) O O e2) the res(ting compou D§ of the

formula (Vila)ior (Vilb) or (Villa) or (VllIb) are subjected to-an ester

cleavage, for-éxample a basic hydrolysis using agueous NaOH, an acidic

hydrolysis using aqueous HCI or an enzymatic hydrolysis using a lipase,

or a hydrogenolysis using H2 in the presence of Pd/C, and the resulting

compounds of the formula (Xla) or (XIb) or (XIIIa) or- (XIIIb) 1D R1 O OH
or (Xla) R1 O,,,0., OOH (XIb)

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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O (X(lla) (XllIb) PG,0 OH PG~(r),,- OOH 0 0 15 or the corresponding
salts, for example the Li, Na, K, C5 or NH4 salt of these compounds, to a
subsequent coupling with a compound of the formula (1X) R2-H (1X) 20 in
which R2is 17 R12R7R9N a0, R11 R8 0 R10 where R7, R8, R9,
R10, R11, R12 and p are as define%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- tetramethyluronlum
tetrafluorpborate &DC (1-(3-(dimethylamino)propyl)- 3-ethylcarbodiimide
hydrochlari Bt (1 hydroxybenzotriazole), DMAP 10

(4-dimethylami 1e), DCC (dicyclohexylcarbodiimide), CDI
(N,N'-carbofytdiim azol@ fo give a compound of the formula (1a) or (Ib)
or an isom récf r@ thereof; R1 R2 (la) R1 R2 (Ib) O Ol O

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;

™~ o .,
Ri- R (la) R . , R

- 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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15 and, if appropriate, f) Removal of the protective group PG (RPG) 20 if
R'is an OH protective group (PG) as defined above under R1, the
_compounds of the formula (Xa) or (Xb) 18 PG,,G R2 (Xa) PG,~,,. R2 (Xb)
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 = benzyldgk§methyl or PG = benzyl by
hydrogenation over Pd/C, or removal of PG = para-methoxybenzyl using,
, DDQ (2,3-dichloro-5,6-dicyanobenZoquindne), removal of PG
= tert-buty dlmetk;¥ ilyl, for example g Bu4NF, or 'emov fPG =
(iH P), PE*a eLFdéIXy hiyl, ]/ Ro (#b)
-methyl-I-me hoxyethyl or PG = 1 methyl -1- benzyloxyeth)‘r for example,
under acid cagalysis using p-toluenesulfonic acid or HCI; irtb compounds
of the formula (Xlla) or (Xllb) HO R2 (Xlla) HO., O '--,,JrR2 (XIIb) 00 15
in which R2 is as defined above, followed by conversion according to the
stated process varlant§ into the compounds of the formula (la) or (Ib) or

in whichsBmene Rmarams e 9853188 %eing possible to change the sequence

of the individual reaction steps as described above under A):

PG..

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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A) LO --* EF+S [-* EC] -> Alk-R1 -* DR or EC + C -> product/isomeric
form 25to: 19 B) LO -> EF+S [-+ EC]-> DR or EC + C -> Alk-R1 ->
product/isomeric formor C) LO->DRorEC+C ~EF + S - [EC] -->
Alk-R1 -> product/isomeric 5 form or D) LO EF+S -> [EC] --> AIk-PG DR
or EC + C RPG Alk-R' prod uct/isomeric form, or 10 E) LO ---> Alk-PG
DR or EC + C -), RPG EF + S [EC}LAIk-R1 prod uct/isomeric form.

B) P@SS&'G@%%G%%V%@]* s, aigrsheetin sshemesy o'V helow: Dety/@dmefic
U 0+ NKU oW O
form

or

C) O - DRorEC+C -» EF+S8 — [EC] — Alk-R" — product/isomeric

form

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:
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‘equimolar amounts of optically p

~ racemate resolution by chromatografy

. are as defined below: 30

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 compounds of the formulae (la) 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 som& cases this has not been described
expressis verbis, these isomeric formg<an be obtained®y known
methods. 10 A heteroaromatic rin 0 be understood asTmeaning both
monocyclic and bicyclic Engs ha a maximum of eroatoms, in
particular those having up to 4 nitrogefs atoms and/ord-gxygen orzl sulfur

atom, such as, for example: furan, tkiophene, thiazole, oxazole, <
thiadiazole, triazole, pyrifline, trlazme’Lqumollne 15 isqquinoline, mdple

benzothiophene, benzofﬁran benzfttiazole. Aromatig fings may be" \:o
mono- or bicyclic and also fused, sifch as, for example, naphthyl,
benzo[1,3]dioxole, dihydrobenzo[1, 4§d|oxm The process according to the
invention is economical, simple and dgiek. It does not Zlilzisequwe
Starting njpterlal aUX|I|ar|es,mor

/ posing a part@ risk, nor

y on chiral phaseg,, nor J
unreasonably large amounts of solvents oreg stly operations. 25
Preference is given to the abovementioned {@ cesses ﬁf) B) and D);
process A) is particularly preferred. Preferre(géls a process for preparing
the compounds of the formulae (Ia) and (Ib) in\which one or more racﬁcals

expensive reagents, nor reagent

Q
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R'is 26 R4 W O R3 R5 N: 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, phengl; or those in which the substituent

| 15 RA4. is located in the meta or ition; R5,is h ;oL R
The cobmpse e N P DS RS DA U b

cyciohé%h@lﬁh ."1?”3r@@h@&)@ﬁﬂ@_@ﬂkﬁl&rﬁ@k@é&_@k}d}(@b\@@wﬁldiﬁam possible
for fuﬁlggf?éﬁéié o??é?:l’g%_&w? It’)g rp\z{\éésér%l,_lfcg re‘afa%ﬁp% %stmel%d%aﬁ%f?ge
compounds of the formulae (la) and {Ib) can thereforé be present in the form of their
racemates, racemic mixtures, pure enantiomers, diastereomers and diastereomer
mixtures. The present invention embraces all these isomeric forms of the
compoundé of the formulae (la) and (Ib). Even if in some cases this has not been
described expressis verbis, these isomeric forms can be obtained by known

methods.

A heteroaromatic ring is to be undersiood as meaning both monocyclic and bicyclic
rings having a maximum of 4 heteroatoms, in particular those having up to
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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R?

IN4PO,R11 R80R10 where 5 pisO;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, whege 15 R13 and R14 are H,
(C1-C6)-alkyk, R11 i -alkykfenzyl,

, benzyl, aryl may optionally be
mono- or poly. 2CH2-OMe, F, ClI, Br,
Si(CH3)3, OSI(CH iMé8, O-CH2-C6H5, SMe, CN, NO2,
CH20006HS5. Particular preference is furthermore given to a process for
preparing the compounds of the formulae (la) and (Ib) in which 25 R10 is
(C1-C4)-alkyl, (C1-C4)-alkyl-O-(C1-C4)-alkyl or benzyl; R11 is H,

O bR BrEKh 8 ot PR Al IE R RHIE? ezl

or be

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

where

R4

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

those in which the substituent

Rt%

is located in the meta or para position; or

is hydrogen; or

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

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

is CH,ifn=1;0r

is 1; or
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R11 is 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 R5is H,
(C1-C6)-alkyl, O-(C1-C6)-alkyl or R4 and R5 together with the phenyl ring
= naphthyl; R3 is CF3, (C1-C6)-alkyl, (C3-C6)-cycloalkyl, phenyl; 20 W is
CH,ifn=1; mis 1; 25 pis 0; R9 is H, (C1-C6)-alkyl; R10 is (C1-C6)-alkyl,
where alkyl may optionally be substituted by phenyl; 30 R10 and R12
together -t112_the atoms that carry them are pyrrolidine, if p = 0; 29 R9
and R10 tog r wi¢h the carbon atom that carries them are
(C3-C6)-cycloglkyf, R11is H; 5 R12 is H, (C1-C6)-alkyl, benzyl. The
racemic cmpoupds of ik formula (IV) are prepared by opening
6-oxabfCyclols72. 1jogtan-7-drd With alcohols or in the presence of water.
10 Racemic §-oxabicyclo[3.2.1]Joctan-7-one (ll) is commercially available
and can be BthesiZed, for example, by dearomatization, for example by
hydrogenating m-fRtifbxybenzoic acid or m-hydroxybenzoic acid
derivatives and cyclizing the

where
D is 0; or
R9 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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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.
2001, 42, 3973), be carried out either under acidic or under basic
conditions, for example using wat%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

very pa2u@aapd:fiaabkample, 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 compounds, these are

R10 takensuCih-OWamicylsohemizyduch as, for example, dimethoxyethane
(DME), methyl tert-butyl ether 25 (MTBE), diisopropy! ether (DIPE), THF,
n-hexane, cyclohexane, toluene, chlorobenzene, acetone,

R11 dimethyfoi@@ilea(BNIF), dichioromethane, 1,2-dichloroethane and
tert-butanol, acyl donors such as vinyl acetate, vinyl propionate, vinyl
butyrate, 2,2,2-trifluoroethyl 2H,2H-perfluorodecanoate, ethoxyvinyl

Very partietals, preftrencejschlpeopivenyicaedEpeesiine Raersing i eofpaigls of

rQpionic. 3 dride, succinic anhydride, glutaric anhydride, isovaleric
the for'g]r'iﬂh%%rg@ ag’,gt@ét?ichloroethyl butyrate are added and a suitable enzyme

is then added to the reaction mixture, which is stirred at from--20 to 80C.
. . The proportion of cosolvent in the solution is preferably 10-90%; however,
in whic, . L :
If appropriate, it is also advantageous to 30 carry out the enzymatic
reaction in a pure acyl donor, for example vinyl acetate, ‘without
Ra  Cosolyent pier _@p&ggg@q[@@gm,e@_(m pregugig/er the enantiomers
can be separated in a5 simple manner, for example by extraction
according to methods known from the literature [a).T. Yamano, F.

R5 Kikun?gliq: &{é@ﬁmgw,@@iw@awamwmdal Ito,

R4 and R5 together with the phenyl ring = naphthyl;

R3 is CF3, (C1-CB)-alkyl, (C3-C8)-cycloalkyl, phenyl;
W isCHifn=1
m is 1
p | is O;
" R9 is H, (C1-C6)-alkyt:

R10 is (C1-C6)-alkyl, where alkyl may optionally be substituted by phenyl;

R10 and R12 together with the atoms that carry them are pyrrolidine, ifp=0;
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T. Ikemoto, K. Tomimatsu, Y. Mizuno, Chem. Lett. 2000, 448; b). B. _
Hungerhoff, H. Sonnenschein, F. Theil, J. Org. Chem. 2002, 67, 1781] or
by using chromatographic methods. 10 In a further method, after
completion of the enzymatic reaction, the solubility in water of the
remaining hydroxyl compound is increased considerably by derivatization,
for example by acylation using cycqi% anhydrides, such as, fo mel _—
RO andgRAGreamRIIHED drb g eURTb AR 1181 SRR ESToR ) Fi Ko ROV
Buchholz, Chem. Ber. 1979, 112, 2145; b.) M. Schelhaas, S. Glomsda,
M. Hansler, H.-D. Jakubke, 15 H. Waldmann, Angew. Chem. 1996, 108,
R11  82] tdsalhieve separation from the water nsoluble 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
R12  hydrdf/bls (@laGiaratrarRanttesting option of separating the
enantiomers, in the case of the 20 enzymatic acylation the acyl donor is
chosen such that thé acylated enantiomer is considerably more
‘ water-soluble than the unreacted hydroxyl compound. Suitable acyl
The raSORREBMRpMIRIAATRIR RYaitRNIVIrKep siilres byapaitrnhydride.

: After the enzymatic acylation has ended, the acylation product carries a
6-oxabjrye el PR A R H %d%mé?{?a %ﬁ%%”é)?oa chtalg?/raqueous
RacenfX#a64api#y S8Ric 230vrMiarusirg(pissamphersally atellabjecaus can be

NaHCO3 solution. The nz,ymesgus d ar{_a referab{% %%%roé?geg J&%‘J
synthe fzeAn Rl SXARPE DX ER9512ES] e,?.ESéS'ﬁ‘B rcine pancre
m-hydridlykahepitamimigrasigairismpesucicscipdesteatpts tipdsey8itiogthe

i Candida antarctica (Rqche Diagngstics), lipase A from 30 Candida
cis-3-hy AL (RRIRY '3&?1%)@{ &%fq?fgase OF from Candida rugosa (Meito .
The op3aNgy o). firase-BhdroamPaeuinmudned teflaeiit¢hbite Sanyjagdipasaber of

_lacton%i( g%%@éi%tﬁe%?ﬁ%%%ﬂ1ggoih%g§%g888t&fsé$'ﬁfﬁgzcg IT‘é'fPé'ﬂedrqn 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 anhydridé ‘

2.2 2.trichloroethyl butyrate are added and a suitable enzyme is then added to the
reaction mixture, Which 'is. stirred at from -20 to 80°C. The proportion of cosolvent in

the solution is preferably 10-90%; however, if appropriate, it is also advantageous 10 |
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Sangyo) and glutaryl-7-ACA-acylase (Roche Diagnostics). Particular
preference is given to lipase B from Candida antarctica (Roche
Dlagnostics), and it may be advantageous to use the free enzyme or an
immobilized form of the enzyme, for example one of the three products
which are currently 5 commerciall;ggvailable. Each of the enzymes
mentioned can be emplayed.in free_or in. ili Wi

carry o eI, FaEel Sl ae Yol Lert oo Ao

without @aasneis.chosen freely depending on the reaction rate or the intended
_reaction 10 time and on the type of enzyme (for example free or
immobilized) and can be determined easily by simple preliminary

After th@x&g@;ﬁ@mﬁsagmmme pevdbete oo becdnBYAsegEs @jine SEpaFaten in 2

) and, if appropriate, later re-use).of 1
simple [RAOB 2RSS G Do h e o e o e (he
literatu@ays prasiaiedofobitiinmbtieaSt desnsiaatomér Mivpiball purdfoim! i

the desited product i .optical C ian i
T. el don SRR S e, CARE (ot 200 Sy Rigsaer,
H Sonfdesikedgmductiednoficalyhsire 2dhob n th8 Haaehof Usi'g

enzyme-catalyzed ester formation the conversion should be ab
heo %’ g . above (or
C maéag o 0257%}3. The conversion of the enzymatic reaction was

in a furdeteminiadditifessiso@EiationRE (heirutymalie thacieribieHplhllypyvater

of the r%%%{@%%h%ﬁﬂi%%vﬂﬁgggRH@%C‘?&%Q@J caGiRRI el destesmiadion, for

: > determine irectly from the reaction mixture
examplésing @ aticiRisthgropctbiealipritide5TRB asnipbeKas RX BHIREC

ey L S TSR Be O iy
Ber. 18T 201 45 bt&mtﬁer[ajﬁa@scﬁmeﬁi@w@m@?é?@mﬁa gbvﬁpdahaeke»
ol S ANl T Bt e vater
nsolubldcsitersWeshdtséstisiovith poor solubllity 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 Hetarene lll, subvolume 1; c) 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. 32 1972, 15, 419; g) I. Simit, E. Chindris,
Arch. Pharm. 1971, 304, 425; h) Y. Goto, M. Yamazaki, M. Hamana,
Chem. Pharm. Bull. 1971, 19 (10), 2050-2057]. The compounds R'-X of
the formula (V%are reacted in Et% resence of hases with 5 the opticall
Sangyq pat RIS T‘%‘@é-‘ﬁf/éﬂ%%c}y &@r\%‘@:ﬁ%’ @ﬁc acid derivativF()as.. g
ParticulBvifible faases gy rxaparle hydoxides sidehaasaidich (Rduwmates

_ such as Cs2CO3, alkoxides such as KOtBy, and also compounds such ..
Diagnogiast 2L (Y-S RIIMASSUR1PI Gt KEHFDS lasle LblUbnRY >

. form ofdfe HExan Rl HRAMpM ok, diife, MR, fabifdtislueriehasre: currently

chlorobenzene. 10 Introduction of the OH protective groups (PG) by
commeigiaiing¥alaRifpounds of the formulae (IVa) and (IVb) with a compound
of the formula (VI) is carried out by methods known from the literature (T.

Each ob g RIS TEY A SR 10 Ve 1 ISR B ™

(lmmolﬁlt’@@@ﬁ@@mﬁ@@m antetiaind®pyiraye, & e Bekyeth9B8). The amount
-methyl-1-methoxyethyl or 1-methyl-1-ben into | :
of enzE FUERY TR oA TIEA Al VIS Pl o g reaction
time ar@@astpr;em}im okrmayreadfatesenifdedreenptapdimaiiapyiandrinathgl

vinyl ether) using methads _known, from the literature ,
deterrrwgé’eg%[ e%ﬁ\%qﬁ?f@:eu%elhnw}a hic: yrﬁfﬁ]%eé%; ?ﬁdé ee%gwe%%fﬂﬁ”%%cgfered
by freegentrying., 4898)aR6rR ams! PiGapmiopstaies etethes: tise fohibaporymeeren be
facilita%lglggt%% %}%lﬂrsegof the later synthesis can again be facile and selective;

'R !Pnnple, benzyloxymethyl, benzyl, para-methoxybenzyl,
tert-butyldimethylsilyl (TBDMS), tert- _
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 opticﬁal'ly pure
ester, the conversion in the case of the enzymatic ester formation should be below
(or equal to) 50%. if the desiréd 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 enzymatic reaction was determined either by GC or
HPLC directly from the reaction mix’fur‘e or by calculation frorh 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,

_ Hetare_ne 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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butyldiphenylsilyl (TBDPS), 1-ethoxyethyl (EE), or tetrahydropyranyl
(THP). 25 The later removal of the protective group is likewise carried out
according to known processes, such as, for example, removal of PG =

benzyloxymethyl or PG = benzyl by hydrogenation over Pd/C, or removal
of PG = para-methoxybenzyl usin%Qfor example, DDQ

2,3-dichloro-5,6-di obenzoquin o r PG = ter
1972, 7%u®18ih9éthﬁ§fﬁ‘)|to )Ig@“:n%ir%ibu@%iﬁ\gegnr%n@ usi’%‘?{‘ér‘%%n@pm, Goto, M.
Y amaz R4 FHaRhEe Cheaho FPGrm t@rah iardby reh (! OTHIRE PE057].
1-ethoxyethyl, PG = 1-methyl- 1-methoxyethyl or PG =
1-methyl-1-benzyloxyethyl, for example under acid catalysis using _
The copaluenesilianis aeidemmif.(39) Aiwerantied br thaiptesentaariianes with

the formula (IX) are easily. accessible. Both vati . .
the DSRS0 SR b Sl L i Bergtivos.
Suitabl®loskskapwidramapeplidheiamidey, sherdiffe KDHsorTbENBIERIShaRE

commercially availah| isomerically 0, itk he |
o100 AN R AR R L A S b oates it the
LiHMD sidkefethads-kanwNEBIM TR Beitible $a) woddenaweyiexastniRiehtter

QOrganischen ie, 4th editio d, subvolumes | and Il; b)
MTBE, @ 'tib‘mg,’ rﬁ@%&%&%ﬁe@ﬁ% r@#eﬁ%bn: Asymmetry 1998, 9,
IntrodudB3 it )ihe Bellerokdchakento MR éiiG Ciyeinaztiog the Zoropeynds phée

direct reaction of an.ester of the f g, (I LV, (Vi) es £\ of
!

formu!a(ﬁeﬁﬁ}&)nm M YR @b \%}%,ﬁé{%‘ﬁm@i\née\(g})rgﬁ aXin()) acid d,eri_vativ)te)ggf _
methodB&famuteotiheditdratoser(@d Vit GstanendthSais Wit fRIgFtYS Groups in

literatyre [a) M. B. Smith, .J. sAganggddyrganic Chemistry,
Organi%f%yéﬁh% ?Ubb{lhdn igyn&“iég?@{ﬁ Inc?@(%(‘)’l, p. 510 eﬁd literature cited
In additiereio ;i tithratueaH evisledRy €LY DEkeUCD AR EHETSJEDY MG
1-ethoxy SISO TAUANS: P-mEfhokyyyBISNRiE Y1 Ay Byethyl into the
compounds of the formulae (IVa) and (IVb), it is possible .to use the corresponding
known enof ethers (for exampile, dihydropyran and ethyl vinyl 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-
butyldiphenylsilyl (TBDPS), 1-ethoxyethyl (EE), or tetrahydropyranyl (THP).

The Iatér 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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example via the corresponding lithium or dimethylaluminum derivatives, or
in the presence of suitable catalysts, such as, for example, the cyanide
ion. 20 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

The e oy et VEI R SAS YA son

the derDAlIoLsiS Using BHNRSERicTaReXPRIPIBITdisIsegernt abemzyoistenr@5
by hydrogenolysis using H2 in the presence of Pﬂ/?(;éi}{e c?nversion 0)

mainly inellgjeshlosddeappeLRT PR IR R RISt RS-t RETIRE O which
are corRPRRPOUNGS, 04 iBs oeui eakandbrdscerfiied adé by mettitets, dthe amino
~amide or "peptide coupling known from the literature. An abun ance cﬁ_‘
acid daTEERES A R A0 A B VAR VD B &g etnods
known iﬂgiﬁdqgsgs)@gégfaqaysﬂcfa%&hﬁw, mgmdtui@n denlOngaXécheh\Ohengs,
1 ; . Benz in Comprehensive Organic..Synthesi B, M
411 eaRrsy o190, 51 501 S NAEREBSCky b 2prcd Elra iy e Edon.
VillegaSPTBEahYSHRD. Asabindsy ispexamplay below. Severdul itk thagew.
present invention in more detail. 5 Examples: For scheme A: Example 1:

Chem. 0P JdratibB%SH racemic isopropyl

cis-3-hydroxycyclohexane-1-carboxylate HO O O I'r rac, cis With stirring,

e crpen LAY londe vete e Soui o 21RO I o e

formuldI%l1a) or (ViiIb) with an amine or an amino acid derivative of the formula (IX}

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,
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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Examp%

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 20-25C. After 3 h and
standing overnight, the reaction had ended. The reaction mixture was
concentrated under reduced pressyje, taken up in about 1.3 | 20 of
methylene chloride and washed with 1 | of semisaturated sodium
bicarbonate solution. The organic phase was then dried with MgSO4 and
concentrated under reduced pressure; yield: 501 g (98.9%); 1H-NMR

(CDCI3§): = 1.23§d 6. H L4 im, 2
The exdpEsdpRe 772 1o hs ey D el g B Tl s et
1 H). 25 35 Example 2: Enzymatic racemate resolution of isopropyl
cis-3-hydroxycyclohexane-1-carboxylate HO O 5 800 g of racemic
L:-XampIi‘cé%propyl 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
at 20-23C. After about 4 h, the mixture was filtered off and concentrated
For schgfe o reduced pressure. This gave 940 g which were
chromatographed on 6 kg of silica gel (n-heptane/EA 2:1 - EA/n-heptane
11): 1. Fraction, 484 g, isopropyl (1S,3R)-
acetoxycyclohexane-I-carboxylate; 1H-NMR (CDCI3): S = 1.22 (d, 6 H),
Prepardtianl (m;emla)ismwgm’i(ﬁiiﬁ@my@w&c@%xﬁ%8%%‘%9)‘,3@% (m, 1
H), 4.70 (m, 1 H), 5.00 (sept, 1 H); 80% ee (HPLC on Chiralpak ADH 32
250 x 4.6; 1 ml/min, heptane/ 15 EtOH 3:1). 2. Mixed fraction. 3. Fraction,
324 g of isopropyl (L-R;3S)- 3-hydroxycyclohexane-1-carboxylate; 'H-NMR
(CDCI3): S=1.23 , 1.20-1.45 (m, 4 H), 1.68 (d, 1 H), 1.86 (m, 2

H), 1.95 (m, 1H'8 7 Cmﬁ/m 1 H),
O .

With stirring, 245 mi of acetyl chi.oride were added siowly to 2.1 | of isopropanol.

rac, cis

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, 1 H), 2.34 (m,
1 H), 3.63 (m, 1 H), 5.00 (sept, 1 H).
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3.63 (m, 1 H), 5.00 (sept, 1 H); > 99% ee (HPLC on Chiralpak ADH 32

250 x 4.6; 1 ml/min, heptane/EtOH 3:1). 20 Example 3: Preparation of

isopropyl (1 R,3S)-3-(5-methyl-2-p-tolyloxazol-4-ylmethoxy)-

cyclohexanecarboxylate by alkylation of isopropyl

(1R,3S)-3-hydroxycyclohexane- 25 1 -carboxylate using

4-iodomethyl-5-methyl-2-p-tolyloxa,1§§Ie ,CI1O/\NOOz036 Under

N2, 100 g (0.54 mol) of isopropy! (XR,3S)-3-hydroxycyclohexane-
EXan"p‘f—éjélrboxylate and 151 g (0.48 mol) of
Enzymd&iloearaaiayk feteiint2 ¢r-isbloxpzdlisasstey dnitigity clotigethin 1-taxfooxylate

NMP and cooled to -20C. Over a period of about 1 h, 5 20.4 g of NaH

were added a little at a time. During the addition, the temperature was

kept below -15&, The mixture was then stirred at -15C. After 7 h, the

reaction had . The reaction mixture was poured into a mixture of 3 |

of water and 40 mJiQf glagial acetic acid. The product was extracted with

MTB ettier (2 X700 ”u} TheT organic phase was concentrated under

reduced pressure. Thig gavei 180 g of crude 10 product which were

directly reacted further. Example 4: Preparation of (1

R,3S)-3-(5-methyl-2-p-tolyloxazol-4-ylmetho)(y)cyclohexane- 15

800 g SAROXMIE RS BRIVAIMANSISOEIRfoIRORAARY 6k M afeHvédd Qowly‘ stirred

with 1.5 1 of vinyl acetate, 5 | of methylene chioride 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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About 360 g from two runs of example 3 were dissolved in 1.6 | of NMP,
400 ml of 20 NaOH were added and the -mixture was stirred at RT. After
about 1.5 h, the reaction had ended. The reaction solution was poured
into 6 | of water and washed three times with in each case 2 | of MTB
ether, and using about 450 ml of conc. HCI, the aqueous phase was
adjusted to pH 1. The product, whigg precipitated during this operation,
was filtered off, washed with water and dried at 50C; yield: 85 g; m.p. 25

Under &%b‘éﬁ%&sw MBI(CPEsRidpy 1123 asﬁswdmmcmezman 3 H),

8 H), 3.45 1 9 7 2.H
J-carbarylate BB, BB A Ty oGS e fere
initially %n%‘?béa(%r@qtbv kaptahdoxaarld to -20°C. Over a period of about 1 h,

4- methoxy)cyclohexanecarbo utyrate
204§ NS ORI B AT L A R Erperapure ves
kept b6l WiKh £k SriRivalivatethydrsthietide QSRONAT® Ohotiwirigaction had
stirring, 85 g of

ended (TRESHRSHIIBHAYID HAB RIS AR Sl yier 35 40 m! of
glacial GRIDRISACTthe! Brédll@f %&tﬂﬁﬁédahrwtﬁw Hyidid aiteid@ a‘n'dQQZB\HqIB?@

triethylamine were injtially char ed in M
organigfihadeorasheRpaB i %Hﬂﬂ coo S a %:%‘c‘le%metﬁsrggﬁ% Of prude
produc?iwifitHnuesedipsisiadralovid &itierat a time. The mixture was stlrred at
OC for 15 min and then at about 20C. After 2 h, the reaction had ended.
The entire reaction mixture was 15 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 1 | of water to remove

. 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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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 mother liquor was concentrated and the residue
was once more triturated with DIPE; total 20 yield: 90 g; 1H-NMR
(CDCI3):8=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),32.38 (s, 3 H), 2.40 (s, 3 H), 3.47 (m, 1
Exampi)5:4.46 (dd, 1 H), 4.49 (s, 2 H), 5.97 (d, 1 H), 7.22 (d, 2 H), 7.88 (d, 2 H).

Prepar%&ggéi%%gi@ ﬁﬁ;ﬁ’:)éﬂ{wh?é)’i ’Fﬁ%lE%@k@%ethy%&p%oEyonazoI~

met -tolyloxazol-4-yimethoxy)-

4-yimetyolyheyaobesebenalaniidmtyatbatinate R-ForRingAf A”b38I131 g
o ety 3 et el it RidResdarsma b dely i ebutyl

methyl -énilewé%(?/ élpc?ogu%xanec ébgyl]amino}butyrate were dissolved i% 700

(S)-valimiief hydthyténedehloride, and 252 ml of trifluoroacetic acid were added,
The reaction 10 mixture was heated at reflux. After a reaction time of
about 10 hours, the reaction  solution was concentrated under reduced

" pressure olene were added and the mixture
was conce ‘ q The pr¢sulting resique was
taken up in<g / 1 : ith 5q'i\f‘OH were
added. The Na salt issolved, and the 15

conc. HCI, the aqueous phase was then adjusted to pH 1. The desired
product precipitated and was filtered off with suction, washed with water,

With st%rri%%?‘ég %Coy ?ﬂgr gggggﬁqmethyi—}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/methanol), 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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pressure and digested with about 1 1 of ethyl acetate; yield: 118.8 g; m.p.
195- 196'C; 1H-NMR (DMSO): 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,1H),125(s, br.,,1H). E ple 7: 25
EXamp!g;wle\élethyl-2(S)-{[(1_R,38)-3-(5-r_neth>/ -2-p-tolyloxazol-4-ylmethoxy)cyclohex
- carbonyllamino}pentanoic acid Analogously to the reaction sequence

Prepa rﬁ?@iiod' Olﬂ" @{ﬁergyl@aﬁﬁm mﬁifﬂﬂmmﬁ eytrhrexarel-f-oimrIRARe;
- methyl-5-methyl-2-p-tolyloxazole and tert-butyl 30 (S)-leucinate
cycloheﬁﬁ&&%%@ﬂ%ﬂﬁé‘@é%ﬂz%%\%&%@methyrz(sy{[a R,3S)-3-(5-methyl 39
2-p-tolyloxazol-4-ylmethoxy)cyclohexanecarbonyllamino}pentanoic acid;
C25H34N205 (442.56), MS (ESI): 443 (M+H+).O HN/ONOH OO 5

Example O
R,3S)-3-( tolyloxazol-4 oxy)cytlohexane-
carbonyl]amino}prepie KnalagouShyt

» Knale le @Hsopr
R,38)-3-hydroxycyclhe>§/ ne-1-carboxylate, i i @H Propyid
4-iodomethyl-5-meth{A=2=p-tolyloxazole and te(ﬁébutyll‘ts.)-alaninate
hydrochloride gave the product 3-methyl-2(S)-f[(1
R,3S)-3-(5-methyl-2-p-tolyloxazol-4-ylmethoxy)-

141.0 g‘gég%}%m?ﬁs%%@m@mm@@Bcﬁ?sih%%ﬂm_ﬁbl%@ﬁé&@@c%), MS
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-



150 HKNONY OH O O For scheme B: 20 Example 9: Preparation of
isopropyl (1 R,3S)-3-hydroxycyclohexane-1 -carboxylate by enzymatic
racemate resolution HO O O 25 40 At room temperature, 100 g of
racemic isopropyl 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% nver ion (G 'tﬁ{{ mixture ;was
2-p- to‘ﬁﬁ@é&‘b#ﬂﬁ?ﬁ%%@ﬁ%ﬁ@)&eﬁﬁ&gﬁégﬁ CRYPTUEE SRS ﬁavedllo gof5
CosHs 4m£ggl{qt4\gmglj| ww&gqglsmma@gmphlég on 1 kg of silica gel (n-heptane/EA
: 1. Fraction, 70.9 g, isopropyl (1S,3R)-

3 acetoxycyclohexane 1-carboxylate; 1H-NMR (CDC13) S=1.22 (d 6

3 tQ4¥A opropyl 10
gixane- -carboxylate H- NMR (CD 3):S=1.23
(d, 6 H), 1.20-1.45 (n§}

.6 H), 1.20-1. 4), 1.68 (d, | H), 1.86qm, 2 5 (m, 1 H),
2.18 (m, 1 H), 2.34 (m, 1 HY, 3.63 (m, | H), 5.00 (sept, 1 H); ); > 99% ee

(HPLC on Chiralpak ADH 32 250 x 4.6; 1 ml/min, heptane/EtOH 3:1). 15

Example 8: _ -
3-Methyl-2(S)-{[{1 R,38)—3—(5~methyl—2-p~toiyioxazoi—4-y1methoxy)oyclohexanew

carbonyllamino}propionic acid

Analogously to example 7, isopropy! (1 R,SS)—S-hydroxycyclohexane»1—carboxytate,
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™).
g9
| /N/ o7 N\,/KOH
s 0

For scheme B:

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

L

racemate resolution
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Example 10: Preparation of (1 R,3S)-3-hydroxycyclohexane-I-carboxylic
acid by basic hydrolysis of optically pure isopropy!
(1R,3S)-3-hydroxycyclohexane-1-carboxylate 20 HOOH O 1g (5.4
mmol) of isopropyl (1 R,3S)-3-hydroxycyclohexane-1-carboxylate was
stirred 25 at RT in 6 ml of 2N NaOH overnight. A few drops of 11 N NaOH
were added, and the mixture was“®&gain stirred overnight. No more ester

At rooncteropsealatectte) Bref FARAIRNE (AR RRYRs VIR N E LR SEntrated
1-carbofDRLISAvced RLcesiE FeaitumIoEvigeatetatd BBOpropantayiene
Wered and the resulting solution was concthrated under %% ced . Ire
chioridqamla@gyml&ca@zgm#ﬁﬁMﬁ%ﬂﬁ%ﬁr@@s%ﬂ?ﬁ?éﬁ%ll{ lia%? PP
was ﬁft%‘%%?gg_ﬁ%dcéﬁogﬁﬁﬁ?éwﬁdé?r%éé%ﬁéé@arbumi%(@é{é(ﬂ 10 g of

roxycyclohexanecarbonyl)aming]- 3-methy|butyrat .
prodUCthm,MWﬁW@W@IBHe&Wi%HM‘?Ti o ?é)r(t-%a?yl

Jvalingte i 18 519 H-aretRNy ¢t iBHaxKard 15@ (66X atedifiol MR
) Frac{%,gg%gﬁ;/%%i%%mexfﬁ‘e'l'cafbogi{c acid, 19.6 ra' % 3 H,2.20 (m
(CDClyyriéthylaBard, L1 85 H G5 Aol -6t fet eyt té)-%a e 3 ), 220 (m,
rehiorige injtiafiehausd inBO@ Mk eOMP BObAOdhipak
tH), Zg%d@dlggﬁz é@?ﬁgﬂm@b of h@aﬁd P , " )
ADH 32 250 x 4.6; 1 mi/min, heptane/EtOH 3:1). 2. Fraction, 35.9 g, isopropyl
(1 R,SS)-B-hydroxycyciohexane~1-carboxyiate; "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—carboxylic acid by basic hydrolysis
of optically pure isopropyt (1 R,3S)-‘3—hydroxycyciohexane-1«carboxyiate

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; 'H-NMR (D,0) agrees with the NMR data of

the racemic acid.
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TOTU
([cyano(ethoxycarbonyl)methyleneamino]-1,1,3,3-tetramethyluronium
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
ressure and the residue was 15 t&Ken up in ethyl acetate and washed
Exam tpﬁéqueous NaHCO3. The organic phase was dried (MgSO4) and

Prepar§8BRESIAIEE Wyl seqyasd TEessHiRI s gare&drecdoieg)arolvoeil.
For purification, the product was chromatographed on sjlica gel .. -

B-metryiHBRRE RPN e BV S SIS TG R U e with

tert-butiﬂﬁgstsoaﬂﬁ?a&geﬂgmﬁmoﬂdé\lMR (CDCI3): 6 =0.9 (m, 6 H), 1.25 -1.57 (m,

), 1.47 (s, 9 H), 20 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-ethyl-2-p-tolyloxazole, tert-butyl 2(S)-[((1 R,3S)-
3-hydroxycy necar_ponyl mino]-3-methylbutyrate can be converted
into tert- 25 k ethyr2(S)A[(1 '
R,3S)-3i(®-me I-2- olyloxazol-£yImethoxy)cyclohexane-
carbonyllamino}butyrate

X .:}ngple 1_2: Prgparatiqn of (1
S,3R)-3-hydroxycyclohexahe-1>carboxylic acid from isopropyl

(1S,3R)-3-acetoxycyclohexane-I-carboxylate by enzymatic ester

515 B B R A B ool ae 15 i o

triethylphusprend bafk, pkbE.3 rminels of driibudryth esinateddiestirsiéergere
initiallyfeﬁ%i r”r@@é‘lﬁ% ‘%@6’%?%}561%9&! GGled e dmmahilizes snzyreaNasol) of

ed off and the filtrate was acidified with HCI and concentrated. under

TOTU féeianal gitessyrarbumy rexsitidanasaigeste d widrishisrog o ARbm
tetrafl [BPEHIIML) SR NG HATHR! W A Yime. The reaction solution was stirred at

18-22°C overnight. According to LC-MS, the starting material 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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was concentrated under reduced pressure; yield: 7.2 g; 'H-NMR (D20)
agrees with the NMR data of the racemic acid. 15 Example 13:
Preparation of tert-butyl 2(R)-[((1
S,3R)-3-hydroxycyclohexanecarbonyl)amino]- 3-methylbutyrate by
coupling (1S,3R)-3-hydroxycyclohgxane-1-carboxylic acid with 20
Examp}grtl-?utyl (R)-valinate hydrochloride 0,0 H HO" 1f1 O 2.78 g (19.3
mmol) of (1S,3R)-3-hydroxycyclohexane-1-carboxylic acid, 6.7 ml of 25
Prepartithylamis SR) b9 rgx10ysahesnut-theaRor(Ry-sakhERM isopropyl
rochloride initial ' I :
e i
([cyano(ethoxycarbonyl)methyleneamino]-1,1,3,3-tetramethyluronium
tetrafluoroborate) were added a little at a time. The reaction solution was
stirred at 43 ¢ 2C overnight. The DMF was evaporated under reduced
pressure ang esidu s taken up in ethyl acetate and washed with
aqueoyscNaHSO3. T E/ organic phase was dried (MgS04), concentrated
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=0.9(m, 6 H), 1.25-1.57 (m, 4 H), 1.47 (s, 9 H), 1.78 - 1.95
- (m, 3 H),2.07-2.35(m,3H),3.67(m,1H), 4.45(m, 1 H), 6.0 (d, br. .
At RT, 1§ gphirgricsy\its & %‘rﬁ@ﬁ’@l’%%mﬁ’?@Bﬁ%@)@%@‘t{%&%{ﬁﬁ%ﬁw n
100 m%?b‘rﬂ@%ﬁ‘h%@@ﬂ#@r, pH = 7, with 5 g of Novozym 435 for 20 h. No more
hydroxyc clohexanecarborclgl(l_l)am|no]_-3-metmgggtérate can be ?anertegf and

ester gauicdie detected (TLC or GC). The’immob nzyme was filtered 0
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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butyl 3-methyl-2(R)-{[(1
S,3R)-3-(5-methyl-2-p-tolyloxazol-4-yimetho)(y)cyclohexane- carbonyl]lam
ino}butyrate. 15 For scheme C: Example 14: Preparation of racemic
cis-3-hydroxycyclohexane-1-carboxylic acid by basic 20 hydrolysis of
rac-6-oxabicyclo[3.2.1]octan-7-one %H HO O rac, cis 1 g (7.9 mmol) of

rac-6-oxabic Joctan-7-one 0.649 (2 f NaQH in
o2 S SRR O B
residudiwh® fta&@,@t:jﬁp’:lmdaaﬂd @@&émmeated«waﬁerdmdthced yEessUNaHE e Sitiee

~was digested wit etate or| angl a d h It
OGNS e SRR B PATRE CTeLses e ) e S S for
puriﬂcazltidﬁl\(/tﬁr@ﬁ@ﬂo§'§pﬁéﬁbﬁ giicd bk {lnéhép’lé’r(HﬁEA Q)7 . QBIQnthﬂs lgpve 4.96 g

17(m, 1 3.45 30 4 ti

o2 velhgrit Bale EAona s GRS ST R
(s, 9 Hﬁnhomcetvb@ldﬁndaeme@mdwmwm,mm tigihgrant idgrtld Sooling H),

W|th ice, to 10 g (79.3 mmol) of rac-6-oxabicyclo[3.2.1]Joctan-7-one and
Ht}f methanol.

By alkylation with 4~iqdomethyl-5«methyi-2~p—toiyioxazoi'e, tert-butyl 2(R)-[((1S,3R)-3-
hydroxycy'ciohexan'ec:arbonyf)amino]—?a-methylbutyrate-can be converted _into tert-
butyl 3-methyl-2(R)-{[(1 8,3R)—3—(5-methyl-2-p-toiyioxazol—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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During the addition, the temperature increased to 45C but, within 10 min
fell to 10 30C. After 1 h, the reaction had ended and the reaction mixture
was concentrated under reduced pressure; yield: 12.1 g; 1H-NMR
(CDCI3): 8 =1.15-1.50 (m, 5H), 1.8- 2.0 (m, 3H), 2.2 (m, 1 H), 2.37 (m, 1
H), 3.65 (m, 1 H), 3.7 (s, 3 H). 15 Bxample 16: Preparation of racemic
cis-3-hydroxycyclohexane-1-carboxylic acid by basic hydrolysis of the
racemic methyl ester HO OH 0 rac, cis 20 1 g (6.3 mmol) of methyl
Exampleig8-hydroxycyclohexane-1- carboxylate was stirred at RT in 5 ml of THF,
gsigsieould be
Preparagi %Hé%ﬁ%%@ﬁﬁ;%@ﬁgééu fled w a@%ﬁ%ﬁﬁﬁ’trffg under
reduced pressure, the residue was digested with ethyl acetate and filtered
and the solution 25 was concentrated under reduced pressure; yield: 45

0.7g; 1 H-NMR (D20) agrees with the NMR data of the previous example.
Example 17 racemic benzyl

Cis-3-hydyBxytyc xene-1- -carboxylate HO O rac, cis 0.99 g (7.9 mmol)
of rac-6-oxabicyclo[3.2.1]octan-7-one in 4 ml of DMF was stirred 10 at

20-23C with 0.97 ml o .2 eq.) of benzyl alcohol and 1.3 g (2.2 eq.) of

potassium {8fbShate. After the reaction had ended, water was added and
the mixture was

7 ml of acetyl chioride were added slowly, with stirring and gentle cooling with ice, to
10 g (79.3 mmol) of rac-6-oxabicyclo[3.2.1]octan-7-one and 100 mi of methanq!.
During the addition, the temperature increased o 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 (CDCl3): 6 = 1.15-1.50 {m, 5 H), 1.8-
2.0 (m,3H),22(m, 1H),237 (m, 1H),3.65(m, 1H),37(s, 3 H). |

Example 16:

Preparation of racemic cis-3-hydroxycyclohexane- 1-carboxylic ac:d 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:
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extracted with MTBE. The combined organic phases were washed with
saturated NacCl solution, dried with MgSO4 and concentrated under
reduced pressure. Chromatography on silica gel (CH2CI2 -
CH2Cl2/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-hyd ohex 1- carbox Ic acid cesium
 0.79; "WYIRH s H A BRamIde: %%e& PR BB
cis-3-hydroxycyclohexane-I- carboxyllc aC|d by hydrogenolysis of benzyl
cis-3-hydroxycyclohexane-I-carboxyfate OH HO O rac, cis 2546 4 ¢
_ (17.1 mmol) of benzyl cis-3-hydroxycyclohexane-1-carboxylate were
Exampfisppived at RT in 100 mI of MeOH, a catalytic amount of Pd (10% on
carbon) was added an e% IXture was, h droagnenqted %t S ?5{ After the
PreparadignyighrASaBifea @ é's rﬁbs‘%”"ﬁ% %%1? Aas fitered o ﬁrough
Celite and the solvent was evaporated under 5 reduced pressure. The
turbid residue was digested with ethyl acetate and filtered, and the
resulting solytion™w ' ¥er reduced pressure; yield: 2.0 g;
1H-NMR (D2 gata mentioned above. 10 Example
19: Pr : 0
2(S)-[((1R,3S)-3-hydrob ycyclohexanecarbonyl)amlno] 3-methylbutyrate
" by coupling racemic cid-3- hydroxycyclohexane-1-carboxylic acid with

tert-butyl (S)- vallnate h)c/;drochlorlde and subsequent stereoselective
enzymatic

0.99 g (7.9 mmol) of rac-6-oxabicyclo[3.2.1]octan-7-one in 4 m! of DMF was stirred
at 20-23°C with 0.97 ml (1.2 eq.) of benzy! 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)
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 18:
Preparation of cis-3-hydroxycyciohexane-1-carboxylic acid by hydrogenolysis of

benzy! cis-3-hydroxycyciohexane-1-carboxylate

OH
HO

O
rac, cis
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acylation 150 HHO N O 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)methyleneggino]-1,1,3,3-tetramethyluronium

4g (17F‘?%ﬁ’g%%%@?@ﬁﬂé@ﬁ%&ﬂc%g%Hgﬁﬁeﬁ%mﬁé&b@@@%@lved at

reaction’ solution’was wor 5 10 g of the diastereomer mixture

RT in 166taned MeRls nmaatatee0awiaiie dd8%ho Wb shrs@s assiegand
the mi%ﬁ% |efilinase B e Geadida AnkratisacAlianAbei FRMICONVEISIomS),

e stereoselective acylation of the hydroxyl group was terminated b

the cata'lpsm'rwgaefﬁttw@:h@ﬁﬁbm@fb@@iéé@@[ﬁﬁmﬁ@a%@%%b%?t%@@ﬁ’@(@fi[g@def
red uceggz%};%gggﬂéy%'ﬁh@%wgg W%@QE@WMWW' Bbtete avithfiltered,

LC on 30 Chiralpak AD 250 x 4.6; 1 ml/min, o _
and thenepralislgOHNEOrRSGAREaNb AR THNSeATEdCR PEr RN S R 2.0 o

1. , C ' % IatigasEhabove.

H NM%—@ge&t y%?%%vrwgtiﬁ%-%%y%gﬂéﬁﬁﬁae substance was converted into
tert-butyl 3-methyl-2(S)-{[(1 R,3S)-3-(5-methyl-2-p-tolyloxazol- 5
4-ylmethoxy)cyclohexanecarbonyllamino}butyrate. For scheme D: 1
Example 20: Synthesis of isopropyl (1 '

Exampie 38)-3-(tert-butyidiphenylsilanyloxy)cyclohexane- carboxylate
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
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‘TBDPSO O 15 5.8 g of optically pure isopropyl (1
- R,3S)-3-hydroxycyclohexane-1-carboxylate were dissolved in 20 ml of

DMF, and 9.74 ml of TBDPSCI (tert-butyidiphenylsilyl chloride), 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 andthe oily residue was partitioned

6 g of thadveeh (T BE uAGSIARMTh2 BRYArf€ phase was dried (MgS04) and
the solvent was then distilled off under reduced pressure; yield: 14 g of
crude product. Chromatograph on SI|IC&)%€| (EAf/nth ptage 1 63 ave 7.0

By alky&lgp&%%ﬁyﬂ gomethyi- yi -2-p-tolyloxazole, the substan

converBEmitERIEHY HipeeviSEW IR CYSIohepgrraaihaxylate/icdazol-
1H-NMR (CDCI3): S =1.04 (s, 1.19 (d, 6 H), 1.0 - 1.35 (m, 3 H),

4-yimethasyigy Oioﬁs‘fxﬁf‘@@ar?%ay }ﬁ”@ﬁg ) 2 H), 3.57 (m, 1 H), 4.95 (m,
1H),7,34-7.43(m,6H), 7.66 - 7.68 (m 4 H). 48 Example 21: Synthesis
of methyl (1 R,3S)-3-(tert-butyldiphenylsilanyloxy)cyclohexanecarboxylate
OMe TBDPSO 0 5 11.5 g of methyl (1

For scHRme)e8-hydroxycyclohexane-1-carboxylate with > 99% ee were dissolved
in 100 ml of DMF, 21.5 g of TBDPSCI (tert-butyldiphenyisilyl chloride), 6.5
g of imidazole and 500 mg of DMAP (dimethylaminopyridine) were added

Exampfndothe mixture was stirred at 18-23C overnight. Most of the solvent was

Synthem%f@ﬁ&ﬁﬁﬁif&ég?%Cﬁer?resa}fde p%%%ﬁ?s%lgg)éig?c?{l)%lff MSESS aken up

carboxylate
O
TBOPSO” : N \]/
O

5.8'9 of Opticalliy 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

the mixture was stirred at 18-23°C for 4 h. Most of the solvent was distilled off under

reduced pressure and the oi!y 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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with water. The organic phase was dried (MgS0O4) and the solvent was.
then distilled off under reduced pressure. This gave 28 g of methyl (1
R,3S)-3- (tert-butyldiphenylsilanyloxy)cyclohexanecarboxylate as a
yellowish oil; C24H3203Si (396.61), MS (ESI): 397 (M+H"). 15 The
substance can be used directly for4lge basic ester hydrolysis and the

Examp?é@%‘?q”ent co_upling with amino acid _derivatives such as, for example,
tert-butyl alaninate, leucinate and valinate, or the corres

SynthesgriesennaEL 50 B nIE BN RISR S HTHEGR Bl B POt

R,38)-3-hydroxycyclohexanecarbonyl]- amino}-(3S)-methylbutyrate from

with NaOH_ in water/isopropgpol), 0.38 g of t-butyl (S)-valinate

hydrochloride and 0.45 ml of triethylamine were initially charged in 4 ml 5

of DMF. At 0-5C, 0,36 g,of TOT i 0
1.5 9 BRI By VS AT 1 EY RO ALR i 97 o2 were
dissoheg afluopharatd)Mas 2atideg of SBRIPSGiGest-butyidipheodrily chloride),
6.5 g of imidazole and 500 mg of DMAP (dimethylaminopyridine) were added and

the mixture was stirred at 18-23°C overnight. Most of the solvent was distilied off

‘under reduced pressure and the oily residue was taken up in MTBE 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-
(ter_t«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-hydroxycyclohexanecarbonyl}-
amino}-(3S)-methylbutyrate from (1 R,35)-3-(tert-butyldiphenylsitanyloxy)-

. cyclohexane-1-carboxylic acid

| 0
HO §\./U\o’{\
o0 AL
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the mixture was stirred for about 5 minutes. Stirring was then continued at
RT. After 16 h, the reaction had ended. The entire reaction mixture was
poured into about 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); ifd: 394 mg of a white solid. To
With iEeve A0 BREoREATS GRur e T Poas RER SRR
cyclohdidicinhsovisianyiepierirbemnesarbnrislaminglskameshyngyrate

was reacted” in THE with tetrabutylammonium fluoride. %o#é%ntra? o{y
corresnparlagcRoR ARNLRS BRIV RO M MR GBI RAPIaNEIEA 3115 Bve
(S)-valih@feRgAbHRSIeR et UMD FIEMAIMNPE (R8R:4AXiANP (RSHY=300 4 m

(M+H'); HPLC (Chiralpak AD 250 x 4.6; 1 mI/mépnﬁ,}{gl\gjjta@gﬁﬁtOH/Me%#,1 133
of DMt &-5° 61085 8/F RP2Y SOl RnGHENRY R B U BB Aple
tetramapvRndiepratiamaebmetigiél was added in small portions, and, with cooling,

S,g{R)-B-hycjrox cyclohexane-1-carboxylate from is%pro

|
the mixtiee3pg sy f?ﬁiﬁq’é’ﬁ’é)@\ﬁ@gﬂtgﬁrb QW.{'@ was then R¥ntinued at RT. After
16 h, tK%%@'ﬁ%ﬁi@ﬂ?ﬁ@é%ﬁf@&B-?ﬂW |7?wmi ' @Mmlié ;ﬁ?LﬁQcﬁmi@.iﬂgut

of isopropy ,3R)-3-acetoxygcyclohexane-1-carboxylate from the
60 m! G B A AN AT P R NP oL RIS e, and the
organi€ishady draxrsipwite IS OLanbyylatentraieyl andtateltetizyigressure.
The reshionds 4509 NOVORHD F33 WRIS: gel (n-heptane/EA 1:1); yield: 394 mg of a

white solid.

To remove the TBDPS protective group, tert-buty! 2(S)-{{(1R,35)-3-(tert-
buﬂﬂdiphenylsiEanyloxy)cyclohexanecarborayl]aminb}—B—methy!butyrate 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 (18,3R)-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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at 20-23C, converted in virtually quantitative yield into
(1S,5R)-6-oxabicyclo[3.2.1] 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

t 2. ml| of t ti
2.74 9 GARAEEN (hS FURTOR RS G Bt e hAar oot

' steraos@@@ﬁ%@ﬂi@i@\aﬁé@téﬂ-ﬁh&ﬂa@@@i@cﬁm1cl!.&@&@@@l(ﬁtﬁ»@ﬂyd{cgcmclo-

hexane(iSc%ngagy f&i’@)é éﬁ:gtza(ﬂ] el_tpw ?erqg icgr 5‘3; éi}b %1&&%:23}?9 M@tWére

boxyla e was reacted further.
at 20- 2M%m@a@@mxﬁuﬁsym@ﬂmm;mw@dnmmﬁ@ﬁh@mbwﬁ@& 2.1}

octan o PRt B0 ST CEp fad e foruRdARe: fraiioand

atemic T ydroxycyclohexane-1-carboxylic
concenﬂ@ﬁo@ﬁ@ﬂmesﬁdﬂvld@fmﬂ&O@cﬂ@&}l&pﬁﬁi%%?@‘lﬁirﬁﬁﬂoﬁ -gKabicycio[3.2.1]-
rac -6-oxabicyclo[3.2.1]octan-7-one and 13.5 g (80.3 mmol) of cesium
octan-7508fRxide monohydrate were stirred in 50 mi of water at RT. After 2 h, the
reaction had ended. The mixture was concentrated under reduced
pressure, and twice, in each case 50 ml of DMF were added and the

mixture was cg yrated 10 under reduced pressure; yield: 19.6 g
(89.5%); 1H- 20): 6 = 1.1-1.37 (m, 4 H),
0
O

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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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 of stirring and standing overnight, the
benzylation was complete. The reAdtion mixture was put into about 100
Exampig) ¢ water and extracted twice with in each case about 50 ml of MTBE.
PreparafiSrcempinaskaraRnisPhases avgts viesbrdrandecavtibxyhterciddtsdam salt
dried using MgSO4 and concentrated under reduced pressure; 25 crude
yield: 1.3 g (76.6%). The crude product was either directly reacted further
or chromatographed; 1H-NMR (CDC13): 6 =1.17-1.50 (m, 4 H), 1.62 (d,

m, 3 H), 2.22 (m, 1 H), 2.43 (m, 1 H), 3.62 (m, 1 H),

(.40 (m, 5 H). 5 Further examples of the enzymatic
racemat®resolution b§ Stgieoselective ester formation Example 26:
Stereoselective acylation of methyl _
cis-3-hydroxy@¢clhexane-1-carboxylate 10 HO OMe O 500 mg of
racemic methyl 3-hydroxycyclohexane-1-carboxylate, 1 ml of vinyl

acetate, 4 ml of methylene chloride and 25 mg of Novozym 435 were
10 g (7QiGedrsimif rac-6-oxabicyclo[3.2.1Joctan-7-one and 13.5 g (80.3 mmol) of

cesium hydroxide monohydraté were stirred in 50 mi of 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 vield: 1.3 g (76.6%). The crude product was either directly reacted further or
chromatographed; 'H-NMR (CDCly): § = 1.17-1.50 (m, 4 H), 1.62 (d, 1 H), 1.80-2.0
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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 27: Synthesis of benzyl
(1R,3S)-3-hydroxycyclohexane-1-garboxylate by stereoselective acylation
f ic i§-3+ veyclahexangy lcapbexyiaty, HQ ©7@025m,

(m, 3 Hgozrr%%, 102%)%0%5§r§$gg¥ggracer$?benzzll Pl

5 H). 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
pressure, the product was chromatographed on silica gel 53
( g{g FAr% Dnigliditet s0g pbshaxblution by stereoselective ester

Furthar(% ,%%ém%yclohééane- 1-carboxylate; 'H-IEI'MR (CDC13): S =

formatignd5-1.5 (m, 4 H), 1.63 (d, 1 H), 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

Examplg0261). Example 28: Synthesis of benzyl (1

StereofRSITEHRNY BORRARE-GRrivairdRje jilonseanatd -t rbesytation of
racemic benzyl cis-3-hydroxycyclohexane-1-carboxylate O HO O 29.5g

- of benzyl cis-(1 RS,3SR)-3-hydroxycyclohexanecarboxylate were
dissolved in

OMe
HO

O

500 mg of racemic methyl 3-hydroxycyclohexane-1-carboxylate, 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 benzy! (1 R,3S)—S—hydroxycyclohexanew1 -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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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 silica gel (n-heptane/ethyl acetate 2:1) gave 12 g of

benzyl (1R,38)-3-hydroxycyclohex§ e- carboxylate; > 99% ee (HPLC on
Chiracel OJ 250 x 4.6; 1 ml/min, h ;%

e/EtOH/ 20 CH30H 70:1:1);
(n-hePEnRITR EONISE)s D SHEL BETEH o5 e DB N S0, |
1~carbc'{9y1§$9) *@%}Wﬁ?) ’(?43@1@:)‘5‘ 61=.H|)a'1)5d-41-§3((d?t4h}h1)3 %G&c(mi, ?H)L%EBQW,AG‘U,

m, . The reaction also yielde of the ,3R)-ace nd;
1.95 (e 2B RO 135 SATAGE! DT S0SOAB: 1 ler | 52 PO P35
5 H): eBepane/HRHUCH3QbhiFR:k D aftlesrena\al DiteniacabbgnesfBiG4/MeOH
Example 29 Racemate resolution of isopropyl
701131)eis-3-hydroxy(:yclohexane-l-carboxylate HO 5 200 mg (1.07 mmol) of
racemic isopropyl cis-3-hydroxycyclohexane-I-carboxylate were dissolved
in 10 ml of acetone, 584 mg (5.78 mmol) of succinic anhydride and 40 mg
of Novozym 435 were added and the mixture was stirred at 5C. After 40-
Examtﬂé%g;onversion, the reaction was terminated by filtering off the enzyme.
Using a 10 concentrated sample, the optical purities both .of the unreagted
SytheS Gt A BN I By AT TSNS HET T R TS
resolutstiesl iy iefhseproRis-GLIREBxy3ydhexmyel dhetnaylatarboxylate
was 72% ee (HPLC on Chiralpak AD-H 250 x 4.6; 1 ml/min,
heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity of

mono(cis-3-isopropoxyearbonylcyclohexyh<(1 R,3S)-succinate was > 97%
ee 15 (HPLC on C @ AD-H mI/min,
heptane/MeOH/ELQ A, _O. '

- HO '

)

29.5¢ of benzyl cis-(1RS,3SR)-3-hydraxycyclohexanecarboxylate were dissolved in
about 200 ml of vinyl acetate, 15 g of Novozym 435 were added and the mixture was
stirred at 20-23°C. After 75 minutes, the enzyme was filtered off and the solution

was concentrated under reduced pressure. Chromatography on silica gel

(n-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).



500:100:100:0.7). Example 30 20 Racemate resolution of isopropyl
cis-3-hydroxycyclohexane-1-carboxylate ~ H O (O 200 mg (1.07 mmol)
of racemic isopropyl cis-3-hydroxycyclohexane-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 addeghand the mixture was stirred at 35C.
Exampié‘f?%rl about 55 40% conversion, the reaction was terminated by filtering

e enzyme. Using a concentrated sample, the optical puriti oth of
Racemafe bRl 5SREEe Hrtof TR GeSTRHBIP IO o T AL

forime
determined. The optical purity of isopropyl (1 R,3S)- _
3-hydroxycyclohexane-1-carboxylate was 61 % ee (HPLC on Chiralpak
AD-H 5 250 x 4.6; 1Lmlin, heptane/MeOH/EtOH/TFA 500:100:100:0.7),
the optical purity o(cis-3-isopropoxycarbonylcyclohexyl)
(1R,3S)-succiﬂ tervas 949%.ee on Chiralpak AD-H 250 x 4.6; 1
ml/min, heptane/MeOH/EtOHITFA 500:100:100:0.7). 10 Example 31
Racemate resolution of isopfdpyl cis-3-hydroxycyclohexane-1-carboxylate
HO O 17 15 200 mg (1.07 mmol) of racemic isopropy!
cis-3-hydroxycyclohexane-1-carboxylate were dissolved in 10 ml of -
200 MmPCETNEnRSH By 42Bimimopropylciirierysiparaclrite e rrarboxylate

were SRR R A ST A ARIFE ot ons
40 mg $fNgvazym 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).

Example 30

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

O

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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concentrated sample, the optical purities both of the unreacted substrate
and of the 20 acylation product formed were determined. The optical
purity of isopropyl (1 R,3S)- 3-hydroxycyclohexane-1-carboxylate was
84% ee (HPLC on Chiralpak AD-H 250 x 4.6; 1 ml/min,
heptane/MeOH/EtOH/TFA 500:1_0(% 00:0.7), the optical purity of

40% CoGURFRRY (i O AR AD (DA o R, e CRegriEUKHeg
concenfepianeseRHIFQTEA Anites:hoth 16t ns6atrdmplsBate and of the

ot SR eSO SRR S bR SESH SRR,

3-hydrﬂ%®ﬂfﬁ?@%ﬁi§@@?éﬁ$m®m ewdieRliSS olvéthinanAGI-MTB
ether, 119 | . inic.aphydri .
B T T
of mon@%yﬁﬁmwmwmmdﬂ, SRrmeroifidihe waz\nee BsitdPLC
on &S ESLEd Saole e picalpnies b g pieacied

he " acylation product formed were determined. The

‘ 500:100pt@aiquyity of isopropyl (1 R,3S)- 3-hydroxycyclohexane-l-carboxylate

was 46% ee (HPLC on Chiralpak AD-H 250 x 4.6; 1 ml/min,
heptane/MeOH/EtOH/TFA 500:100:100:0.7), the optical purity of
Example@b(cis-3-isopropoxycarbonylcyclohexyl) (1R,3S)-succinate was 93% ee

Reces SO IO P G000 AN o $795 M mate

resolution of isopropyl cis-3-hydroxycyclohexane-I-carboxylate
O
HO” i N Y |
O

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).
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HO O O"r 200 mg (1.07 mmol) of racemic isopropyl cis-3-hyd
roxycyclohexa ne- 1 -carboxyl ate 25 were dissolved in 10 ml of THF,
Novozym 435 L-2 was added and the mixture was stirred at 35C. After
about 40% conversion, the reaction was terminated by filtering off the
enzyme. Using a concentrated sarggle, the optical purities both of the 57

EXampiurg(iacted substrate and of the acylation product formed were determined.
The optical purity of isopropyl

Racem&Rasplatydmixgoperheaiad-tydivosialehraseadearhpviatcon
Chiralpak AD-H 250 x 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA
500:100:100:0.7), the optical purity of
mono(cis-3-isopropgxyearbonylcyclohexyl) 5 (1R,3S)-succinate was 97%
ee (HPLC on Chira D-H 250 x 4.6; 1 ml/min,

heptane/MeOH/E} :400Q:100:0.7). Example 34 Racemate
droxycyclohexane-1-carboxylate 10 ~ HO

resolution of iEBCBropyl cis-3-h
O O 200 mg (1.07 mmol) of acemic isopropyl

cis-3-hydroxycyclohexane-1-carboxylate were dissolved in 10 ml of DIPE,
584 mg (5.78 mmol). of succinic anhydride and 15 40 mg of Novozym 435

200 mg\are Aeded g thednirusees Bliied ayaTexyiieioheil-decadraintiate
were degrbeni b bk SINRL I ST iR sy
and 168NA@bIRAeYAHMEEr adiet datpedne thaletextuinadas stimpta Poity After
33»37%:#38@@3%%{,14&55%5;@ Gy AN AN Lt TP URIR Y8R 8 sing a
concentrated sample, the optical purities both of the unreacted substrate and of the
acy!aﬁon 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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20 250 x 4.6; 1 ml/min, heptane/MeOH/EtOH/TFA 500:100:100:0.7), the
optical purity of mono(cis-3-isopropoxycarbonylcyclohexyl)
(1R,3S)-succinate was 92% ee (HPLC on Chiralpak AD-H 250 x 4.6; 1
ml/min, heptane/MeOH/EtOH/ TFA 500:100:100:0.7). 58 Example 35
Racemate resolution of isopropyl ci§73-hydroxycyclohexane 1-carboxylate

aveacl S R0 S A R e st e
optical pétanés ok pmi( mmnmymmammmfdec@m@xy@@am%ﬁ% ee
(HPLC 5 ERIREk AR 2880 2 P Rapta Rl

e reaction was erm| iitering o he enzyme

500:100si06:4.70, @mmtmatqmsmyrmﬂenmm&paeaﬁmmmmmr@@mﬂWQa%d)
ubstrate and of ri T
(1R 3T e a3 1% 3 R B B e e R afmin,

heptaneAd=ISH EHPES cﬁDOﬁlfmﬁ&D@A{Dﬂ}I 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 15

Examp®%siee (HPLC on Chiralpak AD-H 250 x 4.6; 1 ml/min,

heptane/MeOH/EtOH 0;1,00:100:0. ample, 36,20 Racemate
Racemrae%sgo l?t?ng:/I g %8pr'8% f%F&%%%&)%dc%% gﬁé 1- carboxylatgﬂ HO O~ O
200 mg (1.07 mmol) of racemic isopropyl

cis-3-hydroxycyclohexane-1-carboxyl ate

O
HO . Y
O

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).



25 were dissolved in 10 ml of toluene, 584 mg (5.78 mmol) of succinic
anhydride and 160 mg of Novozym 435 were added and the mixture was
stirred at 5C. At about 59 46-49% conversion, the reaction was
terminated by filtering off the enzyme. Using a concentrated sample, the
optical purities both of the unreacteg substrate and of the acylation

Examp%r%%uct formed were determined. The optical purity of isopropyl (1 R,3S)-

-Rydroxycyclohexane-1-carboxylate was > 76% ee (HPLC on Chiralpak

RacemADR-H5HiDR {55 RTHPYInG B oIgiererareA S66CRY860:07),
the optical purity of mono(cis-3-isopropoxycarbonylcyciohexyl) (1
R,3S)-succinate was 91% ee (HPLC on Chiralpak AD-H 250 x 4.6; 1
ml/min, heptane/MeOFHE{OH/TFA 500:100:100:0.7). 10 Example 37
Preparation of isop R,3S)-3-hydroxycyclohexane-1-carboxylate and
mono(-3- isopropg horylc

XY Elehiexyl) (1 R, 3S)-succinate by
stereoselective nzymatic agylation} of isopropyl

cis-3-hydroxycyclohexane-1-€arboxylate with succinic anhydride 150 O
HO 0,-Q-, ro--r HO~ O O O 2.0 mg (10.7 mmol) of racemic isopropyl cis-
3-hydroxycyclohexane-1-carboxylate were dissolved in 100 ml of MTB

~200mg 59.075&41- gg(éd?{%éd@moi)igéfmmici@?nwdc??gy:mfné?gmﬂ gdgwbznyqyiate
were aaded an € mixuure S slirre abou :

wore dissAINEGon MHEVETTERES tor TGty MGG bR b B yde and

160 méesChRNRiIB B isatlied imdaatonexhorceatatidahabt feduteabout

30% c&%@?&iﬁ%%%g%gagtwgg grg%tn\g?gg gﬁﬁ%ﬁ%’ lo%ﬁﬁgrg:quﬁ?&elfsﬂwg 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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Concentration of the organic 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 (m, 1 H), 3.63 (m, 1 H), 5.00 (sept, 1 H); optical
purity: 90% ee (HPLC on Chiralpak AD-H 250 x 4.6; 1 ml/min,

Jheptane/MeOH/EtOH/TFA 500:100:100:0 2N €
549 e RS T BT RS R iy Ui 2
concerﬁra@cﬂ&séiﬂpmﬁﬁatmiaﬁlemmymg mwmnﬁgweasmigscbstrate and of the

acyiatx?& %wf £ y\&arég%] th?Pﬂ'}h SUC %fs%éégﬁo(i[ 38)
3- hydr@x@djﬁi@hb’b’zé’;??(nmfbwylm@&(w o Fm‘)% %_ZW&L(@? p? B}zylmﬁm@ﬁfi)(lrﬁ
250« A0 A DT SR B LI

of mon@ﬂé@@@&*@pﬁxysalamwm‘pdubsxmmﬂﬁéﬁrbsluccimwmwere

91% e%j ?unt estggéoyrggacoho pvi\‘/aaﬁérﬁ’rﬂtgrmn’fH é%ﬁﬁ%@'@%ﬁjﬁﬁp\

500:108x&ath270n Chlralpak 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 nonracemlc compounds of the formulae (la) 5 and (Ib)

ExampFRal&‘RZ (la) R1~",",Q,,,; R2 (Ib) OO Il OO where:

Preparatlon of isopropyl (1R,38)-3-hydroxycyclohexane-1-carboxylate and mono(-3-
isopropoxycarbonyleyclohexyl) (1R,3S)-succinate by stereoselective enzymatic
acylation of isopropyi cis-3-hydroxycyclohexane-1-carboxylate with succinic

anhydride

HO/OYO\( HOMO,Q\](O
o) 0 o)

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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10 R"is R4 WR3 R5t/t} m in which: 15 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)-
heteroaryl or (C1-C3)-alkyl which is fully or partially substituted by F; R4,
R5 independently of one another H, F, Cl, Br, CF3, OCF3,

, 6)-alkyl, 20 O- 1C6 Ik FouQGH
Using 2&%5‘%&65‘%@9%&%‘? ary ogxy gﬁggj (? HR4 ar%dn%%%ggg}ﬁgrtm%ﬁ with
ethy! adﬁ%éﬁr g?gfﬁmsfbaéa?%mm%ﬁ? L;fﬁiﬂn&%@ﬁ[ﬂarﬁéi@' gsaturated or
icyclic roaryl 25 ring; W is
mono(%ﬁPNOf??ﬂ“f‘ 2 W’%B S )%?{f r%léus'q %56 5R6 is H
‘H-NMF?.ggﬁgaﬁlséfgp%%aydd (G1HG,6)-akel; 4dr (10, R, ah@quorbﬁésbtﬂxé%éra@d (m,
e
3 H), 24r %tﬂﬂxﬂk’)’@ngy?%rgﬁ Fﬁd é%ﬁylsﬂy?ﬁB%emné B2 71 (m 2 1), 4.69-
4.79 (rrguml?ﬂl?M%éhfbﬂﬁﬂ?Shttewabwdwp@%wam@-@fh@w@ﬂﬁﬂk(é@ H
250 x 445 Tl eSS IR SO MRS T R eHB PR Tde: 675 1

Isolated products or crude product mixtures were identified by 'H-NMR and/or mass
spectra and/or by GC or HPLC.

The optical purity of the esters and alcohols was determined by HPLC, for example
on Chiralpak AD 250 X 46 (Daioei) or Chiracel OD 250 x4.6.
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R2isR12 R7R9/N4 P OR11 R8 O RIO in which: 20 p is0-2; R7 is H,
(C1-C6)-alkyl; 25 R8 is H, (CI-C6)-alkyl; R9 is H, F, (C1-C6)-alkyl; 63 Rt
is H, F, (C1-C6)-alkyl, O-(C1-C6)-alkyl, (C2-C6)-alkenyl, (C2-C6)-alkynyl,
(C3-C8)-cycloalkyl, phenyl, where alkyl, alkenyl, alkynyl and cycloalkyl
aIIy be substituted by ong.or more radicals fro rEEOMP)

WO 20@%?\35#19% of hydroxyl, phenyl, (C5- ﬁ) -heteroaryl, O- (Clrcﬁlg?zwyl ang/gOSOSB
NR13R14, and phenyl may optionally be substituted by one or more
radicals from the group consisting of hydroxyl, O-(C1-C6)-alkyl, F and

Claims CF3, with the proviso that R10 is not NR13R14 or 0-(C 1 -C6)-alkyl, if RF;
10 R9 and R10 together with the carbon atom that carries them are
(C3-C8)-cycloalkyl; R1 and R 12 together are pyrrolidine and piperidine, if

1. A FrOcBel fisr Inrépariag)ohliy raenayle (Gt -CarptyhdE & 1O)famylilae (la)
S)Cl C4)-alkyl-0- 15 (C1-C4)-alkyl, phenyl-(C1-C4)-alkyl, where alkyl,

and (Ib enzyl, phenyl, aryl may optionally be mono- or polysubstltuted by
O -(C1-C6)- aIkyI

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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OCH2CH2-OMe, F, Cl, Br, 1, Si(CH3)3, OSi(CH3)3, Si(iPr)3, OSi(iPr)3,
OCH2CH2-SiMe3, OCH2-Si(iPr)3, O-CH2-C6H5, SO2C6H4-p-Me, SMe,
ON, NO2, CH20006H5; 20 R12 is H, (C1-C6)-alkyl, (C2-C6)-alkenyl,
(C2-C6)-alkynyl, benzyl, CO-(C1-C6)-alkyl, CO-phenyl,
C(0)-O-(C1-Co6)-alkyl, allyloxycarbgonyl (ALOC), benzyloxycarbonyl (Cbz,
Z), 9-fluorenylmethyloxycarbonyl 0C), (C1-C4)-alkyl-(C6-C10)-aryl,
~ (C1-C4)-alkyl-(C5-C11) 25 heteroaryl, (C1-C4)-alkyl-O-(Cl-C4)-alkyl,

W, phenyldCa-Gdraliph {©@5-C6)-heteroaryl-(C1-04)-alkyl;
S02-(C1- CG) aIkyI S02-(C1-C6)-alkyl- S02-(C1-C6)-alkyl, SO2-phenyl,
where phenyl may optionally be substituted by (C1-C6)-alkyl,

m O-(Ck-¢®)-alkyl, F, Cl; 30 Rt3 is (C1-C6)-alkyl; R14 is
(C1-C6)- afkyl -phenyl, (C1-C6)-alkyl; 64 wherein A) 5 a) Lactone opening
(LO) racemic 6-oxabicyclo[3.2.1]octan-7-one of the formula (1) (I) O 10

& . IS reac d AEthefor ). HO-R15 (Ill) 15 where R15
R™ " ish, &%) a(l"?l?yl 5‘2&%}% %/clgélky C2-Cé)-alkenyl, (C2-C8)-alkynyl,

. or

R is an OH protective group (PG), such as, for example, benzyloxymethyl,
benzyl, para-methoxybenzyl, tert-butyldimethylsityl (TBDMS), tert-
butyidiphenylsilyl (TBDPS), tetrahydropyranyl (THP), 1-ethoxyethyl (EE),
1-methyi-1 ~methoXyethy! or 1-methyl-1-benzyloxyethyl;

and
R? is
R12
R7 R9
O.
AN . R11
rg | ©
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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benzyl, (C1-C4)-alkyl-(C6-C10)-aryl, (C1-C4)-alkyl-(C5-C11)-heteroaryl,
(C1-C4)-alkyl-O-(C1-C4)-alkyl, phenyl-(C1-C4)-alkyl, (C5-C6)-heteroaryl-
(C1-C4)-alkyl, where alkyl, benzyl, phenyl, aryl, heteroaryl may optionally

20 be mono- or polysubstituted by phenyl, O-(C1-C6)-alkyl,

OCH2CH2-OMe, OTs, F, CI, Br, Iﬁgi(CHB)B, OSI(CH3)3, Si(iPn)3,

OSi(iPr)3, OCH2CH2- SiMe3, OCHZ2-Si(iPr)3, OTHP, O-CH2-

S02 G5 HaT fhe- PN, N CBORNCRRE S tels Lo alkymy.
CO-henyylensy/eBME Ipaéinalkh N Hiry NHRenMHBRonNEHADEy cloalky!
NHbenzyl; 25 in the presence of suitable bases or aciéis in g suitgple
solveRBSrRiR RN REIIERSHUARDRYISNGIR TR hed Eﬁsﬁrgah group

reactionws iy edlitiors detErsloe Wheteesdngl solt Oriels®) thikyl and

free acid is pbtained, to give, for example, a racemic cis-ﬁonfil%ured

comdﬂﬁncﬁof'tﬁ@‘?d?hﬁfl‘éﬁ(m}’@th\?)ai“é%ﬁﬁ%t@u?ﬁ AR 03
defineshiabyesdih theiveor S IBRSENAP bR eyl adh e widehkdkytl, F and

o, s, KR RSB R, OGN E T wEAAEE SR G! L,

K, NH#, £g; Ba, Mg, and, if appropriate, the resulting product is further

- converted into another product.of the formula (IV); 10 b) Enzymatic ester

R® and

formation (EF) + separation (S) the resulting compounds of the formula

(V) asg smbieiad fecacsitreo selnntiveitentymatitaatarda@iaim) (B alkyl;
where an acyl donor and the enzyme are added to the hydroxyl
compounds in an organic solvent and the resulting mixture is stirred at

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, aiiyioxyc_arbony[
(ALOC), benzyloxycarbonyl (Cbz, Z), S-fluorenylmethyioxycarbonyt
(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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15 from -20 to 80C and, after the reaction has ended, one stereoisomer is
present as ester of the formula (Vb) R16, -0™ /O' (Vb) 0" 11 R15 0 20in
which R16 is C(=0)-(C1-C16)-alkyl, C(=0)-(C2-C16)-alkenyl,
C(=0)-(C3-C16)-alkenyl, C(=0)-(C3-C16)-cycloalkyl, where one or more
carbon atoms may be 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
£0O-0O(C2-C4)-alkenyl, where phenyl, CO-O(C1-C4)- alkyl and
CO-0O(C2-C4)-alkenyl for their part may be substituted by 1-3 66
substituents from the group consisting of F, Cl, Br, CF3, and R15 is as
A) 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
a) tieateeanaiiFiedthdir 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
racemipditieiphieyoleiz Totrnefranridhedpiaugiia (1Iva) obtained as

alcohol are processed further as described under d), or

wherei

(1)

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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c) Ester cleavage 20 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
K2CO3 in methanol, transesterified intramolecularly to give the optically
active (1 S,5R)-6-oxabicyclo[3.2.1 }octan-7-one which can be converted
into an isomeric form of the produ@&25 (IvVb) ,., jro~R15 HO" 0 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 © ormula (IVb, where R15 = H) which can be converted
into an isomg m of the 5 prdBdkt; d) Alkylation (Alk-R1/Alk-PG)
further ith-compounds of the formula (VI) 10 R1-X (VI) in

05
which 15 R1is R4 W !l R3 R5N TJm and R3, R4, R5, W, n and m are as

defined above, or 20O

in which R" is as defined above, or to give a compound of the formula (V) 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, Li, K, NHs, Ca, Ba, Mg, and,

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

formula (IV});

b) 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™®  is C(=0)(C4-Cis)-alkyl, C(=0)-(Co-Cig)-alkenyl, C(=0)-(Cy-Cre)-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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R1 is an OH protective group (PG) as defined above, except for THP, EE,
1-methyl-1-methoxyethyl or 1-methyl-1-benzyloxyethyl; and 25 Xis ClI, Br,
I, OTs, OMs, OTf; in the presence of bases in a suitable solvent to give
compounds of the formula (Vila) or (VIIb); 30 68 (Vilb) R1~ O R15 (Vila)
R1~0,.0,,~OR15 O O or, in the case of R' = PG, to give compounds of
the formula (Villa) or (VIIIb) t,.Q’, (9 95 (Vllib) (Villa) PG ( PG- O OR15
O OO 5or R'is an OH protective group (PG) such as tetrahydropyranyl
ST 549 d redhexvethidud-tretbigtibdnetiFoXye By OF 3, and
1-methyl-1-benzyioxyethyl; and to introduce the OH protective groups,
the compounds of the formula (IVa) or (IVb) 15 are reacted under acid

RS eatalysisnthdheappropriate known enoi ethers, also to give compounds

of the formula (Villa) or (VIlIb);

and the o{her stereoisomer is present unchanged as the alcohol of the formula (1Va)

HO ! R15

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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and 20 e) Direct reaction or ester cleavage & coupling (DR or EC+C) el)
the resulting compounds of the formula (Vila) or (Vllb) or compounds of
the formula (Villa) or (Vlilb) are converted in a direct reaction (DR), for
example by reacting an amine of the formula (I1X) 25 R2-H (1X) 69 in
which R2is R12 R7R9/N a0, R11 R8 O R10 5 where R7, R8, R9,
R10, R11, R12 and p are as definéd above, or the corresponding lithium
or dimethylaluminum derivative, or by reacting the compounds of the

or the c@@%\%@gﬂ% e zbﬁ)qemlﬂveﬂ%&ffepés?w@ (MWﬁ?ié)éeJéé{M&@d

e amine or amino acid’derivative R2-H of the formula ) in the

cleavagerefdusb estanifuntiiprsdgintbooiiehsts %V@ﬁé%ﬁw&ﬁ the
formulaglgﬂ)lé:@vél% %1(5&;) o RARATG P RS areRb RhiB 2% dtlario RorR Bl kike

product;

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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or, 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 70 subjected to an ester
cleavage, and the resulting compounds of the formula (Xia) or (Xib) or
(Xllla) or (XllIb) R1,0 10-C OH (Xla) R1~0 OH (XIb) O 0 5 OH (Xllla)
(Xlllb) PG,,0 PG~O,,.: .,.-,IrOH OU or the corresponding salts to a
supsequent coupling with a compound of the formula (1X) 10 R2-H (1X) in
w @ is 150R12 RYVﬁQ IN P %511 R8 0 R10 o (VIib)

e A 0" ﬂ/ “R15

O _ O

| 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)



where R7, R8, R9, R10, R11, R12 and p are as defined above, 20 in the
presence of dehydrating or activating reagents, to give a compound of the
formula (la) or (Ib) or an isomeric form thereof; 71 R1 R2 (la) RI 0,, 0™ R2
(Ib) O 10~ and, if appropriate, 5 f) Removal of the protective group PG
(RPG) if R1 is an OH protective gr yp (PG) as defined above under R’,
, _ the compounds of the formula (Xa% or (Xb) PG, R2 (Xa) PG ,, R2 (Xb)
in whicly11-( 10 in which R2 and PG are as defined above are converted by
removal of the protective group by known processes into 15 compounds
of the formula (Xlla) or (Xllb) HO R2 (Xlla) O,, /R2 (Xllb) HO 11 O O in
whicf’R2 is as defined above, followed by conversion according to the
stated 2Q-mocess variants into the compounds of the formula (la) or (Ib)
or isome(Jic forms,dhereof; it also being possible to change the sequence
of the indjvidUal feaction steps as 72 described above under A): A) LO ->
@R[%I;Q or EC + C -3 productfisomeric form 5 to:

RZ

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,

m O | R2 (1b)
R1\O R2 (la) ~0 n/ |
O

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

- 20

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



B) LO -* EF+S [-4 EC] -3 DR or EC + C -4 Alk-R1 -* product/isomeric

formor C) LO->DR or EC + CEF + S -> [EC] -> Alk-R1 -3 '

product/isomeric 10 form or 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 -->E)F + S [EC] Alk-R1 product/isomeric

The ess as clai d in claim 1, wherein t

sw}ec%ﬂcﬁb?%r@@nﬁ LIS 0HTHE B ggggg LEUR r%e Jgg alm 2(?r fiighs ie) or
(Xib) omDErein grogass)A) is employed. 4. The process for preparing the

compounds of the formulae (Ia) and (Ib) as claimed in any of claims 1 to

3, wherein 25 R4 is Br, CF3, OCF3, (C1-C6)-alkyl, O-(C1-C6)-alkyl; 73

(Cl C6)-alkyl, 0-(C I -C6)-alkyl or R4-and R5 together with the
= naphthyl; (ii is CF3, (C1- 0@ (C3- C6) cycég%iiyl

R1. Y is GhHIfn=1;mis 1; 10R1_
° | | n/
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,



10

15

20

pis 0; R9 is H, (C1-C6)-alkyl; 15 R10 is (C1-C6)-alkyl, where alkyl may
optionally be substituted by phenyl; R10 and R12 together with the atoms
that carry them are pyrrolidine, if p = 0; R9 and R10 together with the
carbon atom that carries them are (C3-C6)-cycloalkyl; 20 R11 is H, R12 is
H, (C1-C6)-alkyl, benzyl. 74 Abstract (EN) The invention relates to a
method for producing chiral, non-racemic, cis- configured cyclohexanols

or cyclohexanql derivatives of formulae (la) and (lbJ Wwherein the radicals
have the ations cited in the descrigtion, by s of enzyni#ic
littirten, ~R2 (1a) 1\0“-- .., ~R2

Ri’be% ; “
O 0O

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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15

20

25

72

described above under A):

A} LO — EF+S [~ EC] — Alk-R' — DR or EC +C —» productisomeric
form '

to:

B) LO — EF+S [» EC] - DRorEC+C — Ak-R' — product/isomeric
form "

els

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 — Al-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, CFs, OCF3, (C1-C8)-alkyl, O-(C1-C8)-alkyl;
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15

20

73
R5 s H, (C1-CB)-alkyl, O-(C1-C8)-alkyl or

R4 and R5 together with the phenyl ring = naphthyl;

R3  is CFs, (C1-C6)-alkyl, (C3-C6)~cycloalkyl, phenyl;

W is CH, ifn=1;

o m is 1

p is 0;

RQ 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.





