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· Description 

Substituted cyclohexane derivatives, processes for their 
preparation and the use of the compounds for treating 

5 diseases 

The diabetes syndrome is characterized by elevated blood 
glucose levels. In insulin-dependent or type I diabetes, 
the cause is the death of the insulin-producing ~ cells 
of the pancreas 1 treatment is therefore by adminiatration 

10 ~f insulin (replacement ther~Pi>·~ On the ~ther1.-hand/non­
insulili-dependent or type II diabetes is characterized by 
a_ diminished effect of insulin on mu~cular and adipose 
tissue (insulin resistance, . and an inareas8cl qlucose 
production in the liver. The ·e:auaea··of these metabolic 

15 disturbances are.still substantially unknown. '!'he estab­
lished therapy with sulfonylureaa attallipta'to compensate 
for the insulin resistance by increasing endogenous 
insulin release but does not lead to normalization of the 
blood glucose level in all cases and is unable to prevent 

20 the disease progresaing1 many type II diabetics eventu­
ally become insulin-dependant, owing to •exhaustion• of 
the p cells, and suffer from late effects such as cata­
racts, nephropathies and angiopathies. 

~ New therapeutic principles for the.treatment.of type II 
.2S diabetes are therefore desirable. 

The blood glucose conoentration in the fasting state is 
determined by glucose production in the liver. Various 
research groups have been ~le to show that the elevation 
of blood glucose-·1evels in type II diabetes correlates 

30 with a proportionate increase in glucose r~leased by the 
liver. The glucose released into the blood by the liver 
can be formed both by breakdown of liver glycogen 
( glycogenolysia) and by gluconeogene·aia. fr 

product both of 
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gluconeogeneais and of glycogenolysis. The terminal step 
in the hepatic liberation of glucose from glucose &-phos­
phate is catalyzed by glucose-6-phosphatase (BC 3 .1. 3. 9) • 
Glucose-6-phosphatase is a mul tienzyme complex which 

5 occurs in the endoplasmic reticulum (BR). Thia enzyme 
complex is composed of a glucoae-6-phosphate tranalocase 
which is present in the BR membrane, of a glucoa~-6-phos­
phatase which is localiz:ed on the luminal side of the 
endoplasmic reticulum, and of a phosphate tranalocase 

10 [for a review, see: Ashmore, .J. and Weber G., "The Role 
of Hepatic Glucoae-6-phoaphatase in the Regulation of 
Carbohydrate Metabolism", in Vitamins· and Hormones, Vol. 
XVII (Barris R.S., Marrian G.P., Thimann K.V., Bda), 
92-13.2 (1959)1 Burchell A., Waddell I.D~,-·"Themolecular 

15 basis of the hepatic· microsomal glucoa•-6-phoaphatase · 
system•, Biochim. Biophys. Acta 1092, 129-137, (1990)]. 
The available wide-ranging literature shows that under 
all the investigated conditions which lead to elevated 
blood glucose levels in animal experiments, for example 

20 streptozotoc~, alloxan, cortisone, tlayroid hormones and 
starvation, the activity of this multienzyma complex is 
likewise increaa8d. In addit~on,. many investigations 
indicate that the increas8d glucose production.observed 
in type II diabetics ia associated with an increased 

25 glucose-6-phosphatase activity. The importance of the 
glucose-6-phoaphatase system for normal glucose 
homeostasis is further underlined by the hypoglycemic 
symptoms of patients with type Ib glycogenoaia who lack 
the tranalocase component of the glucosa-6-phoaphataae 

30 system. 

A reduction in glucoae-6-phoaphatasa activity by suitable 
active substances (inhibitors) ought to lead to a corres­
ponding reduction in hepatic liberation: of glucose• These 
active substances ought. t.o be able to suit hepatic 

35 glucose production td the effective peripheral consum­
ption. The resulting reduction in blood glucose levels in 
the fasting state of type II diabetics ought in addition 
to have a preventive effeCt in·· respect of the late 
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effects of diabetes. A number of non-specific inhibitors 
of glucose-6-phoaphataae have been described in the 
literature, such as, for example, phlorrhizin [Soodama, 
J.P., Legler, a. and Nordlie, a.c., J. Biol. Chem. 242,. 

5 1955-1960, (1967)] 1 S,5'-dithiobis-2-nitrobenzoic aaid 
[Wallin, B.K. and Arion, W.J., Biochem. Biophya. Rea. 
Commun. 48, 694-699, (1972)], 2,2'-diiaothiocyanato­
stilbene and 2-iaothiocyanato-2'-acetoxystilbene 
[Zoccoli, M.A. and Karnowaki, M.L., ~· Biol. Chem• 255, 

10 1113-1119, (1980)]. However, to data no therapeutically 
utilizable inhibitors .of the glucoae-6-phoaphataae system 
are yet available. 

The cyclohexane derivatives ~h~ch-.. are characterized in 
detail hereinafter are. novel _OOJDP4?.und• .. which ba,-a ~ot to 

· 15 date bean described ~n the . chemical and b:iological 
literature. Wa have now found. that certain eaters of 
substituted cyclohexanecarboxylic acids / such aa, for 
example, Example 14, are inhibitors of the glucose-6-
phosphataae system. 

20 The invention therefore relates to cyclobexane deriva­
tives of the formula I 

/ •' 
x 
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in which the radicals have the following meanings: 

R1 : CN, COO&, a. COOR qroup protected by a protective 
group, c 1-c,-allcanoyl, S03-C1-C,-alkyl., SOaB, ,SO:aNR'R', 

25 PO(OB)u PO(OB) (O-C1-C,-alkyl), PO(o-c,-c,-alkyl)u 
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C2-c10-alkenyl (R11 )n 1 O-C3-C10-alkenyl (R11 )n, 

Ca-Cio-alkynyl (R11 ) 11 , O-C3-C10-alkynyl (R11 ) 11 , 

s-c1-C10-alkyl (R11
) "' s-C3-C10-alkenyl (R11 ) DI 

s-c1-C10-alkynyl (R11 ) DI 

NB-C1-C1a-alkyl (Ru) .. , NB-C3-C10-aikenyl (Ru). or 

NH-C3-C10-alkynyl (Ru) at where R11 is optionally 

substituted in each case by R12 7 

R3
, R11 and R13

: alkyl with 1 to 10 carbon atoms, cyclo­

alkyl with 3-8 ring. carbon atoms, phenyl, naphthyl, 

phenanthryl 1 pyridyl, thienyl, furyl, pyrimidyl, indolyl, 

imiclazolyl, coumarinyl, phthaliminyl, quinolyl, pipe­

razinyl, tetrazolyl, triazolyl, oxazolyl or their 

thieno-, pyridino~,. pyri•idino~- or· benzo-fuaed deriva­

tives, it being possible for· the aromatic or hetero-

15 aromatic system· to be substituted one or more times, 

identically or diffe-rently, by F, ·Cl, Br; I, OB, CP31 

-H021 CN, c1-c,-alkoxy, c1-c,-alkyl, NR1R1 , phenyl, benzyl, 

thienyl, furyl, imidazolyl, pyridyl, a-phenyl or o­
benzyl, and R3 , R11 and R13 are identical or different; 

20 R', R5 and R's a, OB, an OH group which is protected by 

conventional alcohol-protective groupa,·P, Cl, Br or the 

meanings stated for R2, where R', R5 and a• are identical 

or differentr 
R7 : C1-C4-alkyl, phenyl or benzyl1 

25 R1 and R1 : B, c1-c,-alkyl, Ci~4-alkanoyl, phenyl which is 

optionally substituted by F, Cl, Br·, I, OB, o-c1-c,-alkyl, 

CF31 -N01 or CN,· wher~ R1 and R' are identical or dif-· 

ferent, or R1 and R1 form together with the nitrogen atom 

a 4- to 10-membered, saturated heterocyclic ring in which 

· 30 a CBa group·· can optionally be replaced by o~ S or 0 10, 

R12 : phenyl, naphthyl., pbenantlu:yl, pyridyl, tbienyl, 

fw::yl, pyrimidyl, indolyl·, tmidazolyl.,. coumarinyl, 

ph'th&limi.nyl, quinolyl, piperazinyl, tetrazolyl, tri-

35 azolyl, oxazolyl or their tbieno- or benzo-fuaed 
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derivatives, it being possible for the aromatic or 
heteroaromatic system to be substituted one or more 
times, ide_ntically or differently, by F, Cl, Br, I, OB, 
CF,, -NOu CH, C1-c,-alkoxy, C1-C,-allc.yl, C2-C4-alkenyl, 
HR8R', phenyl, benzyl, thienyl, furyl, imidazolyl, 
pyridyl, o-phenyl or O-benzyl; 

X: (CH2)m, ·CH•CH·, -C•C-, -CH2-0-CH2·, -CH2·S-CH2• c:>r -CH2·~·CH2•• 

R' 

Y: (CB2) ., o, s, KR' I 

Z: (Clla)., S, O, S~1-C10-allc.yl, O-C1-C~0-allc.yl, CB-CB, 
10 CB•CF, CB-CCl, CB-CSr, CB2-CO, CB2-CBP, c11a-cac1, CBa-CBBr, 

.·.: 

ca2-CBI, ci-C10-C:ycloalkylene, c~~:c;.~;.;C:ye:i:oal.keny1ene, it 
being possible for 1 to 3 ring carbon atoms to be 
replaced by sulfur, oxygen or nitrogen atoms, COOR1 , C•C, 

CB•C(C1-C4-alkyl), CB-C(CN), CB-C(NR8R1 ), CB•C(C1-c,-alka-
-C-Z·Ra 

15 noyl), CB-C(R13), HR8 and when Y is· oxygen, U can 
0 . 

together be an amino-acid residue . selected from the group 
comprising Ala, Arg, Asn, Asp,· Cys, Gln~ Glu, Gly, Bis, 
Ile, Leu, Lys, Phe, Pro, Ser, Thr, ~rp, Tyr and their 
derivatives.protected by conventional protective groups, 

20 n1 . zero, 1 or 2 
m: z•ro, 1, 2, 3 or 4. 

The compounds of the formula I according to the invention 
can, if they contain 'a carboxyl group, form salts with 
inorganic or organic bases. The invention therefore also 

25 relates to the physiologically tolerated salts of com---
pounds of the formula I. 

'lhe compounds of the formula I according to the invention . 
contain a number of stereo centers •. The invention relates 

' 
to all possible enantio- and diastereomera. They are all 

30 represented by the formula I. Unless otherwise indicated, 
the following applies to the statements hereiDbef ore and . . ... ·.. . · ... 

THIS SHEET HAS BEEN 
REPLACED 



- 6 -

hereinafter: the alkyl, alkanoyl and alkoxy radicals 
indicated for . R1 , R3 I R7 , R1 , R1 I R11 , R12 , R13 and z are 
straight-chain or branched. The alkyl, alkenyl and 
alkynyl groups indicated for R2 and R12 are straight-

s chain, branched or cyclic, it also being possible for 
only a part of the radical to form a ring. 

One of the CB2 groups can be replaced by 0, S, S02 or HR1 ; 

R11 can be substituted by R12 and, when n • 2, the two R11 

radicals are identical or different. Unsaturated radicals 
10 are unsaturated pne or more times. 

A COOR radical which ia protected by· a protective group 
means coo-c1-c10-alkyl (unbranched or branched or cyclic), 
coo-C~(R1 )-o-c1-c.-alkanoyl (unbranched or ~ranched), coo- · 
benzyl, COO-phenyl, CORBa, ~OHB-:-(:1-:-C10-a~kyl (unbranched 

15 and branched) I -COHR'R' where R7 , a• and R' have the stated 
meanings. 

20 

25 

30 

Alcohol-protective groups are: 

Substituted ethers such as . . 
methoxymethyl, methyl thiomethyl, t-butyl thiomethyl, 
benzyloxymethyl,p-methoxybenzyloxymethyl,t-butoxy­
methyl, siloxymethyl, 2-methoxyethoxymethyl, 

-1-ethoxyethyl, allyl, benzyl, p-methoxybanzyl, 
3,4-dimetboxybenzyl, o-nitrobenzyl, p-nitrobenzyl, 
p-halobenzyl, 2,6-dichlorobenzyl, p~anobenzyl, 

p-phanylbenzyl, ~-- and 4-picolyl. 

Protective g~oups for amino acids are: 

a) Carbamates such aa methyl and ethyl, 9-fluorenyl­
mathyl, 9-( 2-aulfo) fluoranylmathyl, 9-(2, 7-dibromo)­
fluorenylmethyl, 2,7-di-t-butyl-[9-(10,10-dioxo• 
10,10,io,10-tetrahydrothioxanthyl)]methyl, 4-meth­
oxyphenacyl, 2,2,2-trichloroethyl, 2-trimethylsilyl­
-thyl,2-phenylethyl,l-(l-adamant7l)-l-mathylethyl, 
1,1-dimethyl-2-haloethyl,.1,l-c:U.methy1-2,2-dibromo-
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ethyl, 1,1-dimethyl-2,2,2-trichloroethyl, 1-methyl-

1-(4-biphenylyl)ethyl, 1-(3,S-di-t-butylphenyl)-1-

methylethyl, 2-(2'- and 4'-pyridyl)ethyl, 2-(N,N-di­

cyclohexylcarboxamido)ethyl, t-butyl, 1-adamantyl, 

vinyl, allyl, 1-isopropylallyl, cinnamyl, 4-nitro­

cinnamyl, 8-quinolyl, R-hydroxypiperidinyl, alkyl­

thio, benzyl, p-methoxybenzyl, p-nitrobenzyl, 

p-bromobenzyl, p-chlorobenzyl, 2,4-dichlorobenzyl, 

4-methylaulfinylbenzyl, 9-antbrylmethyl- and di­

phenylmethyl, t-amyl, s-benzyl-thiocarhamate, 

p~cyanohenzyl, cyclobutyl, cyclohexyl, cyclopentyl, 

cyclopropylmethyl, p-decyloxybenzyl, diisopropyl­

methyl, 2;2-dimethoxyca~bonylvinyl,o-(H,N-dimethyl­

carboxamido)benzyl,· 1,1-dimethyl-3-(H,B-dimethyl­

carboxamido)propyl, .1,1-~thyip~oPJllyl, di­

(2-pyridyl)methyl, 2-furanylmethyl, 2-iodoethyl, 
- . 

isobornyl, iao~utyl, iaonicotinyl, p-(p'-methoxy­

phenylazo)benzyl1 l-methylcy~lobutyl, l-methylcyclo­

hexyl, 1-methyl-1-cyclopropylmethyl, 1-methyl-1-

(3 ,S-dimethoxyphenyl) etbyl, 1-methyl-1-(p-pbenylazo­

pbenyl) etbyl, 1-methyl-1-phenylethyl,1-metbyl-1-(4-

pyridyl)ethyl,- phenyl,-p-(phenylazo)benzyl, 2,4,6-

tri-t-butylphenyl, 4-(trimethylammonium)benzyl and 

2,4,6-trimetbylbenzyl. 

25 b) -Urea derivatives such as 10-phanothiazinylcarbonyl 

derivativ••i N'-p-toluanaaulfonylaminocarbonyl .and 

H'-phenylaminothiocarbonyl. 

c) Amides such as N-formyl, H-acetyl, H-chloroacetyl, 

-H-tricb~oroacetyl, H-trifluoroacetyl, N-pbenyl-

30 acetyl, N-3~phenylpropionyl, N-pico~inoyl, N-3-

pyridylcarboxmni de, R-benzoylphenylalanyl deriva­

tives, H-benzoyl and H-p-phanylbenzoyl. 

Preferred compounds of the formula I-are those in which 

R' is CH, coos, a COOB group which is protected by a 

35 protective ~oup, or c,-c.-alkanoyl, and the other radi­

cals have the abov-ntioned meanings. Particularly 
·. 

·. 
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pref erred compounds of the formula I are those in which 

· the radicals have the following meanings: 

R1
: CN, COOB, a COOB group which is protected by a 

protective group, or C1-C4-alkanoyl 

5 R2 : O-C1-C10-alkyl(R11). · (n • 0,1,2), _where the alkyl· 

10 

15 

20 

moiety is unbranched or branched or cyclic, and one 

of the CB2 groups can be replaced by O, and R11 can 

be substituted by R12 , and when n • 2 ·the tw R11 

radicals are identical or different. 

o-C3-C10-alkenyl ( R11 ) • ( n • O, 1, 2 ) , where the alkenyl 

moiety is unbranched, branched or cyclic, one of the 

CB2 groups can be replaced by o, s, so, S02 or NR1 , 

and· is unsaturated one or more times, and R11 can be 

substituted by R12 , and when n • 2 the two R11 radi­

cals are identic~ or differentf O-C1-C10-alkynyl(R11 ). 

( n • O, 1, 2) , .whe;re the .alkynyl moiety is unbranched, · 

branched or cyclic and is unsaturated one or more 

times, and one of the CB2 groups can be replaced by 

o, s, so, S02 or NR', and R11 can be substituted by 

R12 , and when n • 2 the two R11 radicals are 

identical or different, 

R3 to R13 have the abovementioned meanings 1 

X: (CB2 ). (m•0,1,2,3,4), CB•CB, C•C, Clla0CB21 CB2SCB2 

Y: (CB2 )a (m•0,1 1 21 3,4) 1 0 1 S 1 NR1
, 

25 z: (CB2 ). (m-0,1,2,3,4); s, o, s-c1-C10-alkyl, 

(unbranched or branched), 
CB-CB, CB-c:F, CB-CCl, CB-CBr, CBa-C(O) 1 C&z-CBP, CB2-CBC1, 

CBa-CBBr, CB2-CBI, c1-c10-cycloalkylene, Ca-C10-cyclo­

alkenylene, COOR7 , C•C, CB-C(C1-C4-alkfl) (unbranched or 

3 0 branched) I CB-C (CH) , CB-C ( R13 ) , NR1 • 

The compound·a of the fonml~ I according to the invention 

can, if they contain a carboxyl group,·form salts with 

inorganic or organic bases. Prefe~ed salts are those 

with inorganic bases, especially the physiologically 

35 acceptable alkali·metal salts, in particular sodium and 

potaaaimi& salts. 
.. 

The compounds of the f onmla I inhibit the glucose-6-
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phosphatase system of the liver in mammals. '!'he compounds 
are therefore suitable as pharmaceuticals. The invention 
therefore also relates to phaJ:maceuticals baaed on the 
compounds of the formula, where appropriate in the form 

5 of the physiologically tolerated salts. 

The invention furthermore relates to the use of compounds 
of the formula I or the salts for the treatment of 
diseases associated with an increased activity of· the 
glucose-6-phoaphataae system. 

10 The invention also relates to the use of compounds of the 
formula I or the salts for the treatment of diseases 
asaaoiated with an increased hepatic glucose production. 

'!'he invention additionally relates to the use of com­
pounds of the formula I or the salts for the treatment of 

15 type II diabetes (non-insulin-dependent or adult-onset 
diabetes). 

The invention additionally comprises the use of compounds 
of the formula I or the salts for the production of 
pharmaceuticals for the treatment of diabetes and other 

20 disorders characterized by an increased output of glucose 
from the liver or an increased activity of the glucoae-6-
phoaphataae system. 

The effect of the compounds according to the invention on 
the glucose-6-phoapha~~ae system baa been investigated in 

25 an enzyme assay in liver microaomes. 

To prepare the-.microsomal fraction coQtaining the 
glucoae-6.-phoaphataae, fresh liver organs from male 
Wistar rats were used and pJ:oceased as described in the 
literature [Canfield, W.K. and Arion, W.J., J. Biol. 

30 Chem. 263, 1458-7460,··(1988)]• 1'hia microsomal fraction 
can be stored at -10.•c without significant loss of 
actiyity for at least 2 months. 

1ii1mrnrur r· THIS SHEET HAS BEEr.f 
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The glucose-6-phosphatase activity was detected as 
indicated in the literature [Arion, W.J. in Methods 
Bnzymol. 174, Academic Presa 1989, pages 58-67) by. 
determining the phosphate liberated from glucose-6-

5 phosphate. 0.1 ml of assay mixture contained glucose-6-
phosphate ( 1 mmol/ 1) , the test aubatanae, O. 1 mq of 
microsomal fraction and 100 mmol/1 BBPBS buffer 
(4-(2-hydroxyethyl)piperazine-l-ethaneaulfonic acid), 
pB 7.0. The reaction was started by adding the enzyme. 

10 After 20 min at room temperature, the reaction was 
stopped by adding 0. 2 ml of phosphate reagent. The sample 
was incubated at 37°C for 30 min, and the .-,aorption (A) 
of the blue color was subsequently measured at 570 nm. 
The inhibitory activity of the teat substance was found 

15 by comparison with a control reaction.which contained no 
teat substance, using the formula 

A(control) - A(test auhatance) 
percent inhibition • ~~~~~~~~~~--~--~ x 100 

A( control) 

20 Where necessary, the inbibito%1f effect ·of the test 
substance waa determined as a function of the teat sub­
stance concentration employed, and from this the concen• 
tration for sot inhibition of enzyme activity (IC50 ) was 
calculated. 

25 The ICn was determined for the compounds listed 
hereinafter: 

Example 1 · ·. 

[1S,3R,4R,5S]-3•t(B)-3-(4-hydroxyphenyl)propenoyl]oxy­
. 4,5-dihydroxy-1-phenylmethyloxy-cyclohexanecarboxylic 

30 acid: 
IC50 • 190 11M . 

·. 

Bxample 2 
. [1S,3R,4R,58]-l-[(B)-l-(4-hydroxyphenyl)propenoyl]oxy-
4,S-dibydroxy-1-(2-thtenylmethyl)oxy•ayclohexane-

THIS SHEET HAS .BEEN ] 
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carboxylic acid: • 
ICso • 110 11M 

Example 3 
[1S,3R,4R,SS]-3-[(E)-3-(4-hydroxyphenyl)propenoyl]oxy-

5 4,S-dihydroxy-1-(2-propynyl)oxy-cyclohexanecarboxylic 
acid: 

IC50 • 560 1&M 

Example 8 

[lS,3R,4R,5SJ~3-((B)-3-(4-hydroxyphenyl)propenoyl]Qxy-

lO 4,5-dihydroxy-1-propyloxy-cy~lohexanecarboxy~ic acid: 
IC50 • 230 pM 

Example 4 - . 
[1S,3R,4R,SS]-1-(4-chlorophanylpropyl)oxy-4·,5-dihydroxy-
3-(2-pyridinecarbonyl)oxy-cyclohaxanecarboxylic acid: 

15 IC50 • 26 pM 

Example 44 
[1S,3R,4R,SS]-1-(4•chlorophenylpropyl)oxy-3-[(B)-3-(4-­
hydroxyphenyl)propoyl]oxy-4,S•dibydroxy-cyclohexane­
carboxylic acid: 

20 IC50 • 9.3 pM 

• 

r····;"l:HS SHEET HAS BEEN 
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The compounds of the ~oJ:JDUla I according to the invention 

in which the radicals R2 • O-alkyl(R11)., O-alkenyl(R11)., 

or o-alkynyl(R11)., R4•R1 •OB and Y • o can be prepared by 

15 route A indicated in the following diagram. 
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Ml alkali metal 
0 
I 

5 a•: Cl, ~, o-c-o-c1-c,-alkyl, imidazolyl, triazolyl or 
tetrazolyl 

B1 chlorine, bromine, iodine, aulfonia eater 
R2": alkyl(R11)., alkenyl(R11 ). or alkynyl(R11

). 

(7 • formula I, R2 • o-c1-c10-alkyl(R11)., o-c,-C10-

10 alkenyl(R11). or o-c,-ct.-alkynyl(R11)., R' - R1 
- OB, R' - B, 

Y • o, X • (Clla). with • • zero, R1 • COOB, z, R3
, R11 and 

n aa indicated for formula I). 
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Process A comprises compound 2, which is known from the 

literature and can .. be obtained from compound· 1, beinq 

deprotonated with a stronq base such as potassium tert­

hutylate, sodium hydride or potassium hydride and, to 

5 introduce R2 , reacted with appropriate halides, tri­

fluorosulfonic eaters, methylsulfonic esters or 

p-toluenesulfonic eaters, advantageously in polar aprotic 

solvents such as dimethylformamide, dimethyl sulfoxide or 

tetrahydrofuran, resultinq in compound 3. Preferably'used 

10 as base is soclium hydride and as solvent is· dimethyl­

formamide. 

The reaction of 2 ·to give 3 is carried out at tempe­

ratures from -2o•c to the boilinq point of the solvent 

used. A temperature range from -10 to &o•c, especially 

15 from O to 30°C, is preferred. 

The preferred embodiment of the reaction of 2 to qive 3 

is carried out in dimethylformamide in the presence of 

sodium hydride or potassium hydride at· temperatures from 

O to .. 60°C. The. reaction is moreover advantaqeously 

20 carried out with exclusion of moisture under a protective 

qas (nitroqen or argon). 

The starting materials which are needed for the con­

version of 2 into 3 and which correspond to the radical 

R2 can be prepared by standard processes known to · the 

25 skilled worker. These take the form of structures of the 

type R2-B with the restriction mentioned for proce~s A 

(although without the linking oxygen atom). B is, for 

example, a leaving group ·such as Cl, Br, I or OS02R (R • 

CB3 , Ph, tolyl, CP3). 

30 In place of ~he cyclohexyl~ene·protective group in 2 or 

3, it is also possible to. use other protective qroups 

which can be eliminated under mild acidic conditions such 

aa isopropylidene acetals or benzylidene acetala as well 

as· tart-butyl, metboxymethyl, 1-ethoxyethyl or tetra-

35 hydropyranyl ethers, silyl ethers such aa trimathylsilyl 
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or tert-butyldimethylsilyl or carbonates such as 
benzyloxycarbonyl and tert-butoxycarbonyl derivatives· 
which are well known from peptide and steroid chemistry. 
Compound 1 is likewise the starting material for the 
preparation of such protected compounds. 

. 
A further step in process A is the hydrolysis of the 
lactone 3 to the alkali metal salt 4 with alkali metal 
hydroxides such as lithium hydroxide, sodium hydroxide or 
potassium hydroxide. The reaction is advantageously 

10 carried out in protic or aprotic solvents such as lower 
alcohols, tetrahydrofuran or dioxane, and the use of 
dioxane is pref erred. 

The reaction of 3 to give 4 is carried out at tempe­
ratures from -2o•c to the boiling point· of the solvent 

15 used. A temperature range from -10 to 60°C, in particular 
from o to 30°C is preferred. 

. 
A further step is the reaction of 4 to give 6 in which 
the radical R3-Z-C(O)- ia attached to 4. To do this, 4 is 
reacted in an aprotic organic solvent such as, for 

20 example, tetrahydrofuran, dim8thylformamide, dichloro­
methane, pyridine or dimethyl sulfoxide with a compound 
R3-l-C(O)-a• (5) where a• can be, for example, Cl, Br, 
OC(O)-C1-C,-alkyl, imidazolyl, triazolyl or tetrazolyl, 
with imidazolyl and triazolyl being particularly pre-

25 £erred. The reaction is particularly preferably carried 
out in c:li.methylformam;de in the presence of .a base such 
as, for example, sodium hydride, potassium hydride, 4-di­
alkylaminopyridine or tart-amines, but especially of 
sodium hydride .• 

30 The reaction of 4 to give.6 is carried out at tempera­
tures from -2o•c to th• boiling point of the solvent 
used. A temperature range from •10 to 60°C, particularly 
from O to 30°C, is preferred. 

The compounds·-R3-l-C(O)-R•. (S) can be prepared by standard 
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processes known to the skilled worker. 

A preferred embodiment- of the reaction of 4 to give 6 
comprises the reaction of 4 with· sodium hydride· in 
dimethylformamide and subaequen~ addition of a solution 

S of R3-Z-C(O)-imidazole (5) in dimethylformamida at O to 
20°C, advantageously with exclusion of moisture under 
protective gas (argon or nitrogen). 

The elimination of the pro~ective group in the reaction 
of 6 to give 7 is carried out in a generally known 

10 manner,· for example by treatment with dilute inorga~c· 
acids such as, for example, hydrochloric acid or strong 
organic acids such as, for example, trifluoroacetic acid 
in inert organic solvents such as cyclic ethers, option­
ally in the presence of water, at temperatures from -20°C 

15 to the boiling point of the solvent, pr.eferably from 0 to 
3o•c. 

The resulting compounds of the formula I according to the 
invention can, if they contain a carboxyl _group, form 
salts with inorganic or organic bases. Also preferred 

20 therefore are such salts with inorganic bases, especially 
the physiologically acceptable alkali metal salts, in 
particular sodium and potassium salts. 

The eaters indicated for R1 can be prepared from the 
alkali metal salts of the compounds of the ·formula I with 

25 a carboxyl group. To d9 this, compound 7 is reacted in an 
inert organic solvent such as tetrahydrofuran, dimethyl 
sulf~xide, preferably dimethylformamida, at -10 to 60°C, 
for example· with -a C1-C4-aikyl halide, preferably c 1-c,.­
alkyl iodide, benzyl bromide or c 1-c,.-alkanoyl-O-CB(R7 ):-Br 

30 or C1-C4-alkanoyl-O-CB(R')-I to give the compounds of the 
formula I according to the invention with an aster group 
as R1 and X•(CB2 ). m-0 with the details manti:oned for 
process A. 
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Process B (see process A for definition of M, a• and B) 
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15 

l 
R2 R 

C-OH 

HO o-c-z-11 

R' y 
17 

12 8 
C•OH 

1 o-c-z-11 
I II 

0 0 
I ._,,_. 
I 

l 
·~tOH 

11 

•• ~-n-z-•1 
OH 0 

11 

(17 and 18 • formula I with R2 • O-C1-C10-alkyl(R11 ) 11 , 

o-c3-c10-alkenyl(R11 ) 11 or o-c1-c10-alkynyl(R11 ) 11, R' in the 
meaning indicated for R2 and R1 • OB or R4 • OB and R5 in 
the meaning indicated for ·a2 , R' • B, Y • O, X • (Clla). 

5 with m • zero, R1 • coos, I, R3 and R11 and n aa indicated 
f~r fonmla I). 

Proaeaa B ia used in order to vary the radicals R' and R1 • 

In this ca.ae it is necessary to eliminate the cyclo­
hexylidene protective ··group in 3 to give the compound 8. 

10 Thia can take place by a atand&rd proaeaa known to the 
skilled worker. Preferred in this case ia hydrolysis of 
3 in inert orqanic"solventa such as lower alcohols in the 
presence of strong organic acids such aa aulfonic acids, 
for example p-tolueneaul~onic acid. or trifluoroacet~c 

15 acid. 
·. 

The reaction of 3 to give 8 is carried out, for example, 
at temperatures from -2o•c to the boiling point of· the 
solvent used.· A_ temperature range from -10 to +&o•c, in 
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particular from 20 to 50°C, is preferred. The conversion 
of 3 into 8 is particularly preferably carried out in 
isopropanol in the presence of p-toluenesulfonic acid at 
4o•c. 

5 A step characteristic of process B is the differentiation 
of the two free hydroxyl vroupa in 8. To do this, com­
pound 8 is reacted with sterically demanding trialkyl­
silyl halides such as, for example, tert-butylclimethyl­
silyl chloride, tert-butyldiphenylsilyl chloride or 

10 triisopropylsilyl chloride in an inert organic solvent, 
in particular dimethylfo~de, at temperatures between 
-10 and 40°C in the presence of a base, in particular 
imidazole, to give the compounds 9 and 10 which can be 
separated by chromatography. 

15 The compounds 9 and 10 can be reacted in analogy to the 
conversions of 2 into 7 from process A so that the vari­
ations for the radicals a• and R5 indicated for formula I 
are possible by this pr~cess. 

Process C (see process A for definition of 

H 0 
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2 
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Ar is an aromatic radical R11 
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0 
~II 

Ar o c-oH 

ao~-c-z-11 
OH II . 0 

7' 

(7' • formula I with R2 • o-c3-alkyl(R11). with n • 1 and 
R11 aromatic radical as indicated for formula I,. R', R5 • 

oe, a• • e, Y • o, x • (CB2 ). with m • zero and a1 • coos, 
z and R3 as indicated for formula I, with compounds with 

5 R2 • O-C1-alkenyl(R11 ) 11 or O-C1-alkynyl(R11 ) 11 being obtained 
when the optional hydcogenation to 3"' ·or 3iv is omitted). 

An alternative process to A for a number of compounds of 
the formula I according to the invention is process c. 
The intermediate 3' in which R2 • 2-propynyloxy can be 

10 used for R2 
• o-cs-alkynyl(R11 ). In this case, 3' (R2 • 

2-propynyloxy) is reacted in an inert organic solvent 
such as, for example, toluene, benzene or n-hep~ane with 
catalysis by a palladium complex and copper(I) halide, 
especially copper(I) iodide, with an aryl· halide, 

15 especially aryl bromide or axyl iodide, to give 3" (R2 • 

R11-2-propynyloxy). To do this it is necessary to add a 
base such aa, for example, primary, secondary or tertiary 
amines, especially triethylamine. It is also optionally 
possible for the bas~. simultaneously to act as solvent 

20 and for addition of another organic solvent to be 
dispensed with. 

The reaction of 3' (R2 • 2-propynyloxy) to give 3" (R2 • 

R11-2-propynyloxy) is carried out at temperatures from 
-2o•c to the boiling point of the solvent used. A tempe-

25 rature range from 20 -~o 90°C, in particular from 60 to 
ao•c, is preferred. 

,: 
The palladium complex.which can be used is, for example, 
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the -ditriphenylphosphinepalladium dichloride complex 
which can be prepared in situ from palladium dichloride 
and triphenylphosphine, or the ditriphe~ylphosphine­

palladium diacetate complex which can be obtained in the 
same way from palladium(II) ·acetate, and ditriphenyl­
phosphinepalladium dichloride is preferred. 

3"' (R2 • R11-2-propenyl.oxy) or .3xv (R2 • R11-2-propyloxy) 
can· be prepared from 311 (R2 • R11-2-propynyloxy) using 
hydrogenation catalysts. The reactions are carried out in 
ethanol or pyridine under a hydrogen atmosphere at 
atmospheric pressure. 

The reaction of 3" (R2 • R11-2•propynyloxy)" to give 3"' (R2 

• R11-2-propenyloxy) is carried· out· with a palladium on 
barium sulfate catalyst at temperatures from o•c to the 

15 boiling point of the solvent used. Pyridine is pre~erred 
as solvent at a temperature range from 20 to so•c, in 
particular from 20 to 30°C. 

'the reaction of 3111 (R2 ~ (R11 )-2-propynyloxy) to give 3iv 
(R2 • (R11 )propyloxy) is carried out with palladium on 

2 0 charcoal as catalyst in ethanol at temperatures from 
-2o•c to the boiling point of the solvent used. A tem­
perature range from 20 to so•c, in particular from 20 to 
30°C, is p~eferred. 

The further reactions of 3u-iv and of 4' to give 7', i.e. 
25 to give the compounds of the formula I, are described in 

detail under process A. 
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Process D (see process A for .definition of a•) 

(111 J.·C1 •C11)•Alllnf1-. 

It 

(I) 

• 
c•''> 1-c,-c,,-1••r~--· 

(IJ . 111 -
II 

(I) 

1-111 

(I) 

. - (I) 
. ,, .. _, .. ,,..,,:...~ •• ~ I ... 

..... ~ 
(24 = formula I with R1 • CN, X • (C~). with m • zero, 

R2 • o-c3-C10-alkyl-(R11)., with n • zero. or 1, R', R5 
• OH, 

R' • H, Y • o and R3 , R11 and Z as indicated 'f.or formula 

5 I). 

The procedure for process D corresponding to process 

steps (l) to (5) ia explained in Bxample 68. 

' 
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Process E (see process A for definition of Ra) 

21 

(5) 

(J) 

·!J-o Cl ... 
.· OH 

21 

21 

Z7 

(t) 
0 
II 

11-z-c-1• 

27 

21 

OH ·~· 0 

-c-z-11· 
II 

so 0 

y - o, x - (Clla). with :m - zero, R1 
- COOB, z, R3

, R11 and 
n as indicated for formula I). 

S Process B is suitable for preparing the compound 

described in Example 70. Suitable reaction conditions are 

evident from this example • 

• 
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Process F (see process A for definition of aa) 
• 

( 1) 

0 

(a) 

(I) 

St 

OU 0 
II 

11-z-c-1• 

u 

0 

1$ 

(35 • formula I with R1 • COOR, X • (CB2 ). with m • 3, 

R2 • o-c1-c10-alkyl(R11 ) .. , o-c3-c10-alkenyl(R11 ) .. or o-C3-C1,­

alkynyl(R11).,, R4 , R1 • OB~ R' • B and z, R3 , R11 and n as· 
5 indicated for formula I): 

The process is explained in Bx~le 63. 

The starting com.pounds for proceaaea A to P are known or 
can be prepared in analogy to the methods known from the 
literature or can be obtained by the processes described 

10 in the application. 

Compound 5 (compare proceaa A) which is employed, for 
example, for synthesizing the compounds of Bxamples 68, 
78, 82, 96, 97 and 98 is expediently prepared by process 
I, II, III as described hereinafter. 
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Process I 

Br 

Process II 

. ~O Al le -·-·-
1
-
0
-
1
-·-·...,. 

~·a 

Process III 

~./'....co Alk \d! __ ~ a 
Azol 

Alk is c 1-c,-alkyl 

C0 2 Allc 

1 "Azol" 

Aioi C01Alk 

H 

5 Azol is. R13 meaning. imidazolyl, indolyl, piperazinyl, 

tetrazolyl, triazolyl or their thieno-, pyridino-, 

pyrimidine- or benzo-fuaed derivatives. 

, .. 

· 1i1i1i1iilfillf 
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Process I 
• Preparation of P-Azol~substituted methyl cinnamates 

. A mixture of SO g of methyl 2,3-dibromo-3-phenylpro-. 
panoate, 100 ml of triethylamine and 500 ml of toluene is 

5 heated to boiling for 1 h and then cooled to. room tem­
perature and filtered. The filtrate is evaporated in 
vacuo, and the resulting a-bromocinnamic acid is used 
further without purification. 0.2 mol of the Azol deriva­
tive dissolved ·in 150 ml of anhydrous DMF is added 

10 dropwise to a stirred suspension of 4.7 g of BaB (SO• in 

mineral oil) in 100 ml of anhydrous DMF. The temperature 
of the mixture is maintained below 35°C during this by 

cooling in ice. After the addition. is complete, the 
mixture is stirred at room temperature for 1 h. '?he 

15 previously prepared «-bromocinnamic acid is dissolved in 
200 ml of anhydrous DMP and, while cooling in ice, the 
solution of the Azol sodium salt is added dropwise with 
stirring. After stirring at room temperature for 2 hours, 
10.B ml of glacial acetic acid are added, the mixture is 

20 stirred into 1.5 1 of ice-water and extracted several 
times with ethyl acetate, and the organic phases are 
washed with water. 'l'he organic phases are dried· and 
evaporated in vacuo, and the re•idue is purified by 
column chromat~graphy on silica gel (mobile phase: 

25 n-heptane/ethyl acetate) or recrystallization. 

Process II 
Preparation of P-Azol-substituted ethyl cinnamates 

A mixture of·.20 g of ethyl phenylpropiolate, 0.11 mol of 
Azol derivative and 15 mi· of anhydrous DMF is stirred 

30 while passing in argon at room temperature. A spatula of 
NaB (80' in mineral oil) is added~ When evolution of 
hydrogen has ceas~d, the mixture is heated to 100-150°C 
(bath temperature) and the reaction is followed by TLC 
(mobile phase a-heptane/ethyl acetate). After the 

35 reaction ia complete, the mixture is cooled to room 
temperature and concentrated in vacuo, and the residue is 
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recrystallized from n-heptane or diluted with a little 
n-heptane/ethyl acetate and purified by column chroma­
toqraphy on silica qel (mobile phases n-heptane/ethyl. 
acetate). 

S Process III 
Preparation of '1-Azol-substituted cinnamic acids from 
P-Azol-substituted cinnamic esters 

. . 

6. 4 mmol of P-Azol-substituted methyl or ethyl cinnamates 
are suspended in· a solution of 0.77 g of NaOH in 50 ml of 

10 water and 10 ml of methanol, and the mixture is stirred 
at roOJll temperature until the TLC (mobile phase 

·n-heptane/ethyl acetate) shows complete conversion and a 
clear solution has resulted. The latter is concentrated 
in vacuo, diluted with about 50 ml of water and, while 

15 cooling in ice, adjusted to pB 2-3 with 2 N BCl. If a 
solid precipitates, it is filtered off with suction and 
dried in vacuo. Otherwise, the mixture is extracted 
several times with CB2Cl2 , the organic phases are dried 
and evaporated in vacuo, and the residue is purified by 

20 recrystallization or chromatography on silica gel (mobile 
phase: n-heptane/ethyl acetate/glacial acetic acid). 

The invention further relates to pharmaceuticals which 
contain one or more compounds of the formula I according 
to the invention and/ or their pharmacologically com-

. 25 patible salts. 

The p~ceuticala are produced by processes known per 
se and familiar. to the skilled worker. As pharma­
ceuticals, the pharmacologically active compounds (• 
active substance) according to the invention are employed 

30 either as such . or, preferably, in combination with 
suitable pharmaceutical auxiliaries in the form of 
tablets, coated tablets, capsules, suppositories, emul• 
aions, suspensions, granules, powders, solutions or 
products with protracted. release of active substance, 

35 with the content-of active aubstanae advantageously being 
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0.1 to 95%. 

The skilled worker is familiar on the basis of his expert 
knowledge with the auxiliaries which are suitable for the 
desired pharmaceutical formulation. Besides solvents, gel 

5 formers, suppository bases, tablet auxiliaries and_ other 
active substance excipients, it is possible to use, for 
example, · antioxidants, dispersants, emulsifiers, foam 
suppressants, flavorinqs, preservatives, solubilizers or 
colorants. 

10 The active substances can be administered topically, 
orally, parenterally or in1;ravenou:sly / with the preferred 
mode of administration depend~ng on the disease to be 
treated. Oral administration is preferred. 

For a form for oral use, the active compounds are mixed 
15· with the additives suitable therefor, such as excipients, 

stabilizers or inert diluent• and converted by conven­
tional methods into suitable administration forms such as 
tablets, coated tablets, hard gelatin capsules, aqueous, 
alcoholic or oily suspensions or aqueous; alcoholic or 

20 oily solutions. Examples or inert excipients which can be 
used are gum arabic, magnesia, magnesium carbonate, 
potassium phosphate, lactose, glucose or starch, 
especially corn starch. This preparation can take place 
either as dry or as wet granules. Suitable oily exci-

25 pients or solvents are vegetable or animal oils, such as 
sunflower oil or fish.liver oil. 

For subcutaneous or intravenous · administration, the 
active compounds or their physiologically tolerated salts 
are converted, if required with the substances customary 

30 for this purpose, such as. solubilizers, emulsifiers or 
other auxiliaries, into a solution, suspension or 
emulsion. Examples of suitable solvents are water, 
physiological brine or alcohols, . for example· ethanol, 
propanol, glycerol, as well as sugar solutions such as 

35 glucose or mannitol solutions, or else a mixture of 
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various solvents. 

Pharmaceutical prod~cta suit~le for to~ical and local 

use are eye drops which contain the active compound in 

aqueous or oily solution. Suitable for nasal use are 

5 aerosols and sprays as well as coarse powders which are 

administered by rapid inhalation through the nostrils 

and, in particular, nose drops which ·contain the active 

compounds in aqueous or oily solution. 

The dosage of the active substance of the formula I to be 

10 administered, and the frequency of administration depend 

OD the potency and duration of action Of the compound 

according to the invention which is used.J 1n addition on 

the nature and severity of the disease to be treated and 

on the sex, age, ·weight and individual response of the 

15 mammal to be treated. On average, the recommended daily 

dose of a compound according to the .invention for a 

mammal weighing about 75 kg - primarily a human -·is in 

the range of about 10 to 500 mg, preferably about 25 to 

250 mg, it being. po·ssibla for administration to take 

20 place in several doses a day as r•quirad. 

The examples which follow are intended to illustrate the 

present invention without restricting its scope, however.· 

anh means anhydrous1 room temperature is about 18 to 25°C 

Example 1 
25 Preparation of lL-(l{OB),3,4-0-cyclohexylidane-S-tetra­

hydroxycyclohexanecarboxylic acid 1,5-lactone 2 from 

D-quinic acid 1: 

163.3 g (0.85 mol) of 1 ware sµspandac:l in 186 ml 

(1.8 mol) of cyclohexanone. 0~5 ml of concentrated 

30 sulfuric acid was added. The mixture was then slowly 

heated to a heating bath temperature of 200°e, and a 

water/cyclohaxanone azeotropa was distilled out. When no 

further azeotrope distilled over, the pale brown reaction 

solution waa "stirred at a bath temperature of 200°C for 
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a fu~ther 2 h. The reaction solution was then allowed to 
cool to 70°C, and 10 g of sodium bicarbonate were added. 
Subsequently 700 ml of ethyl acetate were added and the 
organic phase was washed with water and saturated sodium 

5 chloride solution. The organic phase was then concent~ 
rated in vacuo. The pale yellow residue was crystallized 
from isopropanol/water 1:1 to result in 142.1 g (75t) of 
lactone 2 as colorless cristals. m.p.: 140-141°C. 

Preparation of (1R,2R,3R~SS]-l,2-0-cyclohexylidene-s-

10 phenylmethoxy-3,S-lactonylcyclohexane-1,2-diol (3, R2 • 

O-CB2Ph) 

0.81 g (28 mmol) of sodium hydride (80t in mineral oil) 
was suspended in 14 ml of anh. dimethylformamide under 
argon and, at o•c, 7.l_g (28 mmol) ·of alcohol 2 dissolved 

15 in 16 ml of anh. dimethylformamide were added dropwise. 
The mixture was then stirred at 25°C for 1 h and subse­
quently, again at o•c, 3.5 ml of benzyl bromide were 
added. The reaction mixture was left to stir at room 
temperature for 4 hand then, at o•c,.aaturated ammonium 

20 chloride solution was added~ The mixture was extracted 
with ethyl acetate, and the combined organic phases were 
washed with saturated sodium chloride solution and dried 
with sodium sulfate. The residue after concentration in 
vacuo was recrystallized from n-heptan~/methyl-tert-butyl 

25 ether (511). 7.18 g (75t) of benzyl ether 3 (R2 • O-CB2Ph) 
were obtained as colorless crystals. H.p.1 122-126°C. 

Preparation of s~~ [1S,3R,4R,SS]-3-hydroxy-4,S-O­
cyclohexylidene-1-phenylmetbyloxycyclohexanecarboxylate 
4 (R2 • O-CB2Ph) from 3 (R2 

• O-CB2Ph): 

30 3.1 g (9 mmol) of lactone 3 (R2 • O-CB2Pb) were dissolved 
in 20 ml of dioxane and,. a~ room temperature, 9.5 ml of 
1 R sodium hydro~ide solution were added. The emulsion 
was left to stir at ·room temperature for · 4 hours and 
subsequently concentrated in vacuo, and the colorless 

35 residue wali dried over potassium hydroxide under high 
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vacuum at 60°C for 24 h. 3.32 g (96') of the sodium salt 

4 (R2 • O-CH2;E'h) were obtained as a colorless solid. 

M.p.: 276-279°C (decomposition). 

Praparationof (1S,3R,4R,SS]-3-((B)-l-(4-(trimathylailyl-

5 athoxymethoxyphenyl)propenoyl]oxy-4,S-O-cyclohaxylidane-

1-phenylmethyloxycyclohexanacarboxylic acid 6 (R2 • 

o-CH2Ph) from 4 ( R2 - o-CB2Ph) l 

a) Preparation of (B)-3-(4-trimathylsilylathoxymathoxy­

phenyl)-2-propenoic acid imidazolide 5 ca• - imidazolyl) 

10 a) 1.62 g (5.5 mmol) of (trimethylsilylethoxymethoxy­

phenyl)propenoic acid.S ca• ~.OB, Z •CB-CB, R3 (protected 

-· 4-(trimathylsilylathoxyme~hoxyph~nyl)) ware dissolved 

in 10 ml of anh. dimethylf.ormamide. At room temperature, 

a solution ~f 0.92 g (5.S mmol) of carbonyldiimidazole 

15 · dissolved in 10 ml of anh. · dimathylformamida was added 

dropwise. Thia solution was than heated at 60-70°C for 

1 h, during which evolution of C02 was observed. 

b) 2.1 g (S.5 nanol) of 4 (R2 • o-C&iPh) were dissolved in 

20 ml of anh. dimathylformamide. At 25°C under argon, 

20 165 mg (5.5 mmol) of sodium hydride (80t in mineral oil) 

were added. The mixture was. stirred at 25°C for 1 h. 

Subsequently, at 0°C, the solution of 5 prepared under a) 

wa~ added drop'1iae. After 3 h at O to 5°C, the reaction 
. . 

mixture was poured into saturated ammonium chloride 

25 solution and extracted with ·ethyl aceta~e, and ·the 

combined organic phases were washed with saturated sodium 

chloride solution and·· dried with magnesium sulfate. The 

residue from concentration in vacuo was chromatograpbed 

on silica gel {mobile phase 1 ethyl acetate/n-beptane/ 

30 glacial acetic acid 20:6011). 2.5 g (71t) of ester 6 (R2 

• O-CB2Ph, I • CB•CB, R3 (protected) • 4-(trimetbylsilyl­

ethpxymethoxyphenyl)) were .obtained as a colorless oil. 

Preparation of [1S,3a~·4R,5SJ-3-[ (B)-3-(4-bydroxyphenyl)-

2-propenoyl}oxy-4,5-dibydroxy-l~phenylmethyloxycyclo-

35 bexaitecarboxylic acid 7 (R3 • 4-hydroxyphenyl, z • CB•CB, 

R2 
• phenylmeth~~oxy) froia 6: 
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2.1 g (7.0 mmol) of 6 were dissolved in 130 ml of dioxane 
and, while stirring at room temperature, 95 ml (0.19 mol) 
of 2 N hydrochloric acid were added. The mixture was 
stirred at room temperature for 20 h. After the end of 

5 the reaction, ·the clear solution was adjusted to pB 3-4 

with 2 N sodium hydroxide solution and concentrated in 
vacuo. The solid residue was stirred in ethyl · acetate 
with heating 1 · and the insoluble sodium chloride . was 
filtered off. The filtrate was again concentrated, and 

10 t·he residue was stirred with methyl tart-butyl ether. The 
residue was filtered off with suction and dried under 
high vacuum. 2.0 g (70t) of [1S,3R,4R,SS]-3-[(B)-3-(4-
hydroxyphenyl)-2-propenoyl]oxy-4,5-dihydroxy-l-phenyl­
methyloxycyclohexanecarboxylic acid 7 were obtained as a 

15 colorless solid. M.p.: 209-212°C. 

The following compounds were prepared in an analoqous 
manner: 

Example 2 
[1S,3R,4R,SS]-3-[(B)-3-(4-hydroxyphenyl)-2-propenoyl]oxy-

20 4,5-dihydroxy-1-(2-thienyl.mathyl)oxycyclohexanecarboxylic 
acid: 
m.p.: 140°C. 

Example 3 
[1S,3R,4R,SS]-3-[(B)-3-(4-hydroxyphenyl)-2-propenoyl]oxy-

25 · 4,S-dihydroxy-1-(2-propynyl)oxycyclohexanecarboxylic 
acid: 
m.p.: 197°c 

Example 4 
[1S,3R,4R,SS]-1-(4-chlorophenylpropyl)oxy~4,S-dihydroxy-

30 3-(2-pyridinecarbonyl)oxyayalohexanecarboxylic acid: 
m.p.1 128-130°C 
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Example S 
[1S,3R,4R,SS]-l-(4-chlorophenylpropyl)oxy-3-((B)-3-(4-
hydroxyphenyl)-2-propenoyl]oxy-4,5-dihydroxycyclohexane­
carboxylic acid: 

s m.p.: 21s-219•c 

Example 6 
[1S,3R,4R,SS]-l-methoxy-3-[(B)-3-(4-hydroxyphenyl)-2-
propenoyl]oxy-4,S-dihydroxycyclohezanecarboxylic acid: 
m.p.: 242-243°C 

. 
10 Example 7 

[1S,3R,4R,5S]-l-ethoxy-l-((B)-3-(4•hyd~oxyphenyl)-2-

propenoyl]oxy-4,5-dihydro~aycl9hex~ecar~oxylic acid: 
m.p.: 227-228°C 

Example 8 

15 [1S,3R,4R,SS]-3-[(E)-3-(4-hydroxyphenyl)-2-propenoyl]oxy-
4,5-dihydroxy-1-propyloxycyclohexanecarhoxylic ac:id: 
m.p.: 221•c 

Example 9 

[1S,3R,4R,5S]-l-(3-phenylpropyl)oxy•3-((B)-3-(4-hydroxy-
20 pbenyl)-2-propenoyl]oxy-4,5-dibydroxycyclohexane-

carboxylic acid: 
m.p.: 203°C 

Example 10 
[lS,3R,4R,SS]-l-(4-ch1orophenylmethyl)oxy-3-[(B)-3-(4-

25 hydroxyphenyl)-2-propenoyl]oxy-4,S-dihydroxycyclohexane-
carboxylic acid: 
m.p.: 211•c 

Example 11 
[lS, 3R,4R,SS]-l-( 4-methylphenylmetbyl)·oxy-3-[ (E)-3-( 4-, 

30 hydroxyphenyl)-2-propenoyl]oxy-4,5-dihydroxycyclohexane-
c~boxylic acid: 
m.p.1 198°C 
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Example 12 

[lS,3R,4R,SS]-l-(4-trifluorometbylphenylmetbyl)oxy-3-

[ (E)-3-(4-bydroxypbenyl)-2-pr~penoyl]oxy-4,S-dibydroxy­

cyclobexanecarboxylic acid: 

5 m.p.: 195-200°C 

Example 13 
[lS,3R,4R,SS]-l-(4-bipbenylmetbyl)oxy-3-[(E)-3-(4-

bydroxypbenyl)-2-propenoyl]oxy-4,5-dibydroxycyclohexane­

carboxylic acid: 
10 m.p.: 2~2•c 

Example 14 
[1S,3R,4R,SS]-l-(l-naphthylmetbyl)oxy-3~[(B)-3-(4-

hydroxyphenyl).-2"-propenoyl]oxy-4,5-dibydroxycyclohexane­

carboxylic acid: 
15 m.p.: 165-170°c 

Example 15 
[1S,3R,4R,5S]-l-(2-naphthylmethyl)oxy-3-[(B)-3-(4-

hydroxyphenyl)-2-propenoyl]oxy-4,S-dihydroxycyclohexane­

carboxylic acid: 
20 m.p.: 198°c 

Example ~6 
[lS,3R,4R,SS]-l-(3-methoxyphenylmethyl)oxy-3-[(B)-3-(4-

hydroxyphenyl)-2-propenoyl]oxy-4,5-dibydroxycycloh~ane~ 

carboxylic acid: 
25 m.p.: 189-191°C 

Bxample 17 
[lS,JR,4R,SS]-l-(4-fluorophenylmethyl)oxy~3-[(B)-3-(4-

hydroxyphenyl)-2-propenoyl)oxy-4,S-d:ihydroxycyclohexane­

carboxylic acid: 
JO m.p.: 214°C 
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Example 18 
[lS,3R,4R,SSJ-l-(4-cyanophenylmethyl)oxy-3-[(E)-3-(4-
hydroxyphenyl)-2-propenoyl]oxy-4,S-dihydroxycyclohexane­
carboxylic acid: 

s m.p.: 23B-241°c 

Example 19 
(1S,3R,4R,5S]-l-(3-(3-methoxyphenyl)propyl)oxy-3-[(B)-3~ 

( 4-hydroxyphenyl) -2-prope.noyl] oxy-4, 5-dihydroxycyclo­
hexanecarboxylic acid: 

10 m.p.: 2oe-21o•c 

B~le 20 _ 
[1S,3R,4R,SS]-l-((E)-3-(4-chlor~he~yl)-2-propenyl)oxy-3-
. . 

[(B)-3-(4-hydroxyphenyl)-2-propenoyl]oxy-4,S-dihydroxy-
cyclohexanecarboxylic acid: 

15 m.p.: 170-173°C 

Example 21 

[1S,3R,4R,SS]-1-((3-chlorophenyl)propyl)oxy-3-((B)-3-(4-. . . 

hyc:lroxyphenyl)·2-propenoyl]oxy-4,S-dihydroxycyclohexane-
carboxylic acid: 

20 m.p.: 211•c 

Example 22 
[ls, JR, 4R,5S]-l-( 4-phenylbutyl)oxy-l-[ (B).-3-( 4-hydroxy­
phenyl )-2-pro.penoyl]oxy-4, 5-dihydroxycyclohexane­
carboxylic acid: 

25 m.p.: 217°c 

30 

Example 23 
[1S,3R,4R,SS]-1-(313-diphenylpropyl)oxy-3-[(B)-3-(4-
hydroxyphenyl)-2-propenoyl]oxy-4,5-dihydroxycyclohexane­
carboxylic acids 
m.p.: 155•160°C ·. 
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Exanq)le 24· 
Sodium [ lS, 3R, 4R, SS ]-1- ( 3- ( 4-tert-butylpbenyl) methyl) oxy-
3-( ( B )-3- ( 4-hydroxyphenyl) -2-propenoyl ]oxy-4, 5-dihydroxy­
cyclohexanecarboxylate1 

s m.p.1 ao-9o 0 c 

Example 25 
[1S,3R,4R,SS]-l-(3-(4-chloro-2-methoxyphenyl)propyl)oxy-

3- [ ( B) -3- ( 4-hydroxyphenyl )-2-propenoyl] oxy-4 .~ 5-dihydr9XJ'­

cyclohexanecarboxylic acid: 

10 m.p.1 190-194°C 

Example 26 
(1S,3R,4R,SS]-l-(3-(S-chloro-2•methoxyphanyl)propyl)oxy-

3-[ (B)-3-(4-hydroxyphanyl)•2-propenoyl]oxy-4,S-dihydroxy­

cyclohexanecarboxylic acids 

15 m.p.: 21s-21a•c 

Example 27 
[lS,3R,4R,SS]-l-(3-(4-chlorophenyl)-2~propynyl)oxy-3-

[ (B)-3-(4-hydroxyphenyl)-2-propenoyl]oxy-4,S-dihydroxy­

cyclohexanecarboxylic a~id: 

20 m.p.: 233-234°C 

Example 28 

[lS,JR,4R,5S]-1-[3,3-di(4-chlorophenyl)propyl]oxy-3-[(B)-
3-(4-hydroxyphenyl)-2-propenoyl]oxy-4,S-dihycb:oxycyclo-_ 

hexaneaarboxylic acids 
25 m.p.: 122-12&•c 

Bxample 29 . 
[ lS, 3R1 4R, SS·]-1-( (B)-3-(2-chlorophenyl)-2-propenyl)oxy-3-

[ (B)-3-( 4-hydroxyphenyl) ·2-propenoyl]oxy-4 ,S-dihycb:oxy­

cyclohexanecarboxylic acid: 
30 m.p.: 192-196°C 
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Example 30 
[1S,~R,4R,5SJ-1-(4-phenoxybutyl)oxy•3-[(B)-3-(4-hydroxy­

phenyl)-2-propenoyl]oxy-4,5-dihydroxycyclohexane­
carboxylic acid: 

s m.p.: 194-195°C 

Bx~le 31 
[ 18, 3R, 4·R, SS )-1- ( 3-( 3, 4-dichlorophenyl) pr~l) oxy-3-C (B) -
3-(4-bydroxypbenyl)-2-propenoyl]oxy-4,S-dihydroxycyclo­
hexanecarboxylic acid: 

10 m.p.: 21l-21s•c 

15 

·Example 32 

[lS,3R,4R,SS]~l-(4-(4-cblorophenyl)butyl)oxy-3-[(B)-3•(4-

methoxyphenyl)-2-propenoyl]t;xy-4,S-dihydroxycyclohexane• 
carboxylic·· acidi 
m.p.: 77•82°C 

Example 33 
[1S,3R,4R,SS]-l-(3-(4•chlorophanyl)propyl)oxy-3-[(B)-3-

. "( 4-matho:xyphenyl) -2-propenoyl] oxy-4, S-dihydroxycyclo­
hexanecarboxylic acid: 

20 MS: m/e • 505 (M+Jr') 

Example 34 

[1S,-3R,4R,SSJ-1-(3-(4-chlorophenyl)propyl)oxy•3•[(B)-3-
(2-methoxyphenyl)-2-propenoyl]oxy-4,5-dihydroxycyclo­
hexanecarboxylic .acids 

25 MS: m/e • 505 (M+a+) .. 

Example 35 ·· 
[lS,3R,4R,SS]-l-(4-(3-(2-athoxycarbonylthienyl)oxy)­
butyl)oxy-3-[(B)-3-(4-hydroxyphenyl)-2-propenoyl]oxy-4,S­
dihydroxy~clohexanecarboxylic acid: 

30 m.p.: 144-147°C 
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Example 36 

[1S,3R,4R,5SJ-l-(3-(2-thienyl)propyl)oxy-3-[(E)-3-(4~ 

hydroxyphenyl)-2-propenoyl]oxy-4,S-dihydroxycyclohexane­
carboxylic acid: 

s m.p.: 211-213•c 

Example 37 
[1S,3R,4R,5S]-1-(2-thienyl)methyloxy-3-[(B)-3-(4-

hydroxyphenyl)-2-propenoyl)oxy-4,S-dihydroxycyclohexane­

carboxylic acid: 
10 m.p.: 140°C (decamp.) 

Example 38 

[1S,3R,4R,SS]-1-(2-thienyl)methyloxy-3-[(B)-3-(3-
methoxythienyl)-2-propenoyl)oxy-4,S"'dihydro:xycyalohexane­

carboxylic acid:-· 
15 MS: m/ e • 455 (M+a+) 

Example 39 
[1S,3R,4R,SSJ-l-(3.;.(3-thienyl)methyl)oxy-3-[(B)-3-(4-
hydroxypbenyl)-2-propenoyl)oxy-4,5-dihydroxycyclohexane­

carboxylic acids 
20 m.p.: 156-160°c 

Example 40 
[1S,3R,4R,SSJ-l-[3-(2-(5-cblorotbienyl)}propyl)oxy-3-
[(B)~3-(4-bydroxypbenyl)--2-propenoyl)oxy-4,S-dihydroxy­

cyclohexanecarboxylic acid~ 
25 m.p.: 21s-21a•c 

Example 41 .. 
[lS,3R,4R,SS]-l-t•-(3,S-dimethyldithieno(l,2-b:3',2'­

e)pyridinyl)butyloxy-3-[(B)-3-(4-hydroxyphenyl)-2-pro­

penoyl]oxy-4,5-dihydroxycyclohe~anecarboxylic acid: 

· 30 m.p.: 240-244°C 
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Example 42 
[1S,3R,4R,SS]-l-[(3,5-dimethyldithieno(3,2-b:3',2'­
e)pyridinyl)methyl]oxy-3-[(B)-3-(4-hydroxyphenyl)-2-pro­
penoyl]oxy-4,5-dihydroxycyclohexanecarboxylic acid: 

s m.p.: 240-244°c 

Bxample 43 
[1S,3R,4R,SS]-l-(3-(3~thienyl)propyl)oxy-3-[(B)"-3-(4-

hydroxyphenyl)-2-propenoyl]oxy-4,S-dihydroxycyclohexane­
carboxylic acid: 

10 m.p.: 2~1-213°C 

Example 44 
[ lS, 3R, 4R,SS ]-1-( 4-chlorophenylpropyl )oxy-3-C (B·)-3-( 4-
hydroxyphenyl) propoyl ]"oxy-4, S-dihydroxycyclohexane­
carboxylic acids 

15 m.p.: 157-159°C 

A number of other compounds were prep~ed by process c. 

1. Alkylation 
30.0 9 (0.118 mol) of lactone 2 were dissolved in 200 ml 

.of anh. clim.etbylformamide. At room temperature under an 
20 ·arqon atmosphere, 5.3 9 (0.11·6 mol) of sodium hydride 

(SO•. in mineral oil) were added. After 1.5 h, the mixture 
was cooled to o-1o•c and 20 ml (0.265 mol) of propargyl 
bromide were added dropwiae over 30 min. The solution 
slowly became dark in color. After 1 h (~ check) the 

25 ~eaotion mixture was poured into half-saturated ammonium 
chloride solution. The mixture was extracted with ethyi 
acetate, and.the ~rganic phase waa washed with saturated 
sodium chloride solution and dried with magnesium 
sulfate. The residue after concentration in vacuo was 

30 filtered through 1 kg of silica gel (mobile phase: ethyl 
acetate/a-heptane 115~. 30.0 g. (87t) of propargyl ether 
3' (R2 • propynyloxy) were obtained aa a viscous oil • 

• 
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2nd stage: Coupling 

24.0 g (0.082 mmol) of propargyl ether 3' (R2 • propynyl­
oxy) were dissolved ·in 150 ml of anhydrous toluene and 
50 ml of anhydrous triethylamine. Under an argon atmoa-· 

5 phere, 0.354 q (0.002 mmol) of palladium dichloride, 
1.05 q (O.Q04 mmol) of.triphenylphosphine, 19.55 q (0.082 
mol) of 4-chloroiodobenzene and 0.050 g (0.0003 mmol) of 
copper(I) iodide were successively added. The reaction 
solution was slowly heated to ao•c, and the reaction 

10 mixture was left at this temperature for 4 hours. It was 
subsequently cooled to room temperature, the resultinq 
triethylan_maonium hydrobromide was filtered off, and the 
precipitate was washed with ethyl acetate. The filtrate 
was concentrated_ in vacuo, and the viscous oily· residue 

15 was purified by chromatography on 1· kg of· ·silica qel 
(mobile phase: BA/n-heptane=1:s; dissolve residue in a 
little ethyl acetate for loading onto the silica gel). 
23.0 q (691) of phenylpropynyl ether 3• (R2 

• 3-(4-
chlorophenyl)-2-propynyloxy), which was rearystallizable 

20 from methylcyclohexane, were obtained; M.p.: 79°C. 

Preparation of alkene 3'" (R2 • 3-(4-chloropbenyl)-2-
propenyloxy) from alkyne 3•· (R2 • 3-(4-chlorophenyl)-2-
propynyloxy) : 
12.0 g (29.8 mmol) of alkyne 3• (R2 • 3-(4-chlorophenyl)-

2!;5 2-propynyloxy) were dissolved in 300 ml of pyridine, and 
3.0 g of palladium on barium sulfate (lOt palladium) were 
added. The suspension was shaken under a hydrogen atmos­
phere at 25°C for 4 h.- After hydrogen uptake ceased, the 
catalyst was filtered off and the pyridine solution was 

30 concentrated· in vacuo. 11.2 g (93t) _of alkene 3• 1 (R2 
• 

3-(4-cblorophenyl"Jpropenyloxy) were obtained aa a color­
less solid. M.p.: 1ss-1s1•c. 
The other reaction steps were carried out in analogy to 
process A (steps from 3 to 7). 

35 Preparation of alkane 3".(R2 • 3-(4-chloropbenyl)propyl­
OxY) from alkyne J•' (R2 • 3-(4-chloropbenyl)propynyloxy): 
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6.0 g (14.9 mmol) of alkyne 3 (Ra • 3-(4-chlorophenyl)-2-

propynyloxy) were dissolved in 50 ml of ethanol/ethyl 

acetate (1:4) 1 and 1.0 g Of rhodium OD aluminum oxide (5• 

rhodium) was added. The reaction mixture waa shaken under 

5 a hydrogen atmosphere at room temperature for about 15 h. 

The catalyst was then filtered off, and the filtrate was 

concentrated in vacuo. 6.05 g (lOOt) of alkane 3iv (Ra • 

3-(4-chlorophenyl)propyloxy) were obtained as a colorless 

oil. 

10 The alkanea 3 obtainable in this way were alao reacted 

further as in process A (atepa from 3 to 7). 

Example 45 
[lS,3R,4R,5SJ-l-(3-(4-fluorophenyl)prop"yl)oxy-3-[(E)-3-

(4-hydroxyphenyl)-2-propenoyl]oxy-4,5-dihydroxycyclo-

15 hexanecarboxylic acid: 
m.p.: 140-170°C 

Example 46 
[1S,3R,4R,SS]-1-((Z)-3-(4-chlorophenyl)-2-propenyl)oxy-3-

[(B)-3-(4-hydroxyphenyl)-2-propenoyl]oxy-4,5-dihydroxy-

20 cyclohexanecarboxylic acid: 

m.p.: 208-209°C 

Example 47 
[1S,3R,4R,SS]-l-((Z)-3-(5-pyrimidyl)-2-propenyl)oxy-3-

[(B)-3-(4-methoxyphenyl)-2-propenoyl]oxy-4,S-dihydroxy-
.. 

25 cyclohexanecarboxylic acid: 

m.p.: 75-78~~ 

Example 48 
[1S,3R,4R1 5SJ-l-((Z)•3-(5-pyrimidyl)-2-propenyl)oxy-3-

[(E)-3-(4-methoxyphenyl)-2~propenoyl]oxy-4,5-0-cyclo-

30 hexylidenecyclohexanec.arboxylic acid: 

m.p.: 165-167°C 
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Example 49 
[1S,3R,4R,5S]-1-((Z)-3-(2•naphthyl)·2-propenyl)oxy-3-
[(B)-3-(4-methoxyphenyl)-2-propenoyl]oxy-4,5-dihydroxy­
cyclohexanecarboxylic acids 

s m.p.: 146-149°c 

Example 50 
[lS,3R,4R,5S]-1-((Z)-3-(3-trifluoromethylphenyl)-2-
propenyl)oxy-3-[(E)-3-(4-hydroxyl)-2-propenoyl]oxy-4,5-
dihydroxycyclohexanecarboxylic acid: 

10 m.p.: 1e1-19o•c . 

Example 51 
Methyl [lS,3R,4R,5SJ-1-(3-(4-cblorophenyl)propyl)oxy-3-
[ (B)-3-(4-me~hoxyphenyl)-2-propenoyl]oxy-•,s-dihydroxy­
cyclohexanecarboxylatet 

15 MS: m/e 1)111 505 (H+a+) 

Example 52 
[1S,3R,4R,SS]-l-(3-(4-chlorophenyl)propyl)oxy-3-[(El-3-
phenyl-2-propenoy1Joxy-4,S-c:lihych'oxycylQbexanecarboxylic 
acid: 

20 MS: m/e • 475 (M+&+) 

Example 53 . 
[lS,3R,4R,SSJ-1-(3-(4-chlorophenyl)propyl)oxy-3-[(B)-3-
(3,4-dichlorophenyl-2-propenoyl]oxy-4,5-dihydroxycyclo­
hexaaecarboxylic acid: 

25 MS I m/e - 543 (M+a+) 

Example 54 , 
[1S,3R;4R,5S]-l-~3-(4-chlorophenyl)propyl)oxy·3-[(B)-2-

phenyl-1-cyclopropylcarbonyl]oxy-4,5-dihydroxycyclo­
hexanec::arhoxylic acid: 

30 MS: m/e • 489 (H+a+) 
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Example SS 

[1S,3Ri4R,SSJ-l-(3-(4-cbloropbenyl)propyl)oxy-3-[3-(4-

bydroxypbenyl)propoyl)oxy-4 ,S-dibydroxycyclobexane­

carboxylic acid: 
MS: m/e • 493 (M+e+) 

Example 56 
. . 

[lS,3R,4R,SSJ-l-(3-(4-cbloropbenyl)propyl)oxy-l-[3-(4-

methoxypbenyl)propoyl]oxy-4,5-dibydroxycyclobexane­

. carboxylic acid: 
10 MS: m/e • 507 (M+&+) 

Example 57 
[1S,3R,4R,SS]-l-(2-(4-chlorophenyl)-l-cyclopropylene­

metbyl)oxy•3-[ (B)-3-(4-hydroxypbenyl)-2-propenoyl]oxy-

4,5-dihydroxycyclobexanecarboxylic acid: 

15 m.p.: 195-199°C 

Examples for variation of the radicals R' and R5 by 

process B 

Preparation of lactone diol 8 (R2 • -0-CB-CB-CB-(p-Cl­
phenyl), cis) from l ·(R2 • -o-ce-ce~B-(p-cl-phenyl), 

20 cis): 
11.0 g (27.7 mmol) of lactone 3 (R2 • -o-ce-cs-ce-(p-cl­

phe~yl), cia) were dissolved in isopropanol. 40 ml of 2 R 
.hydrochloric acid were added. The reaction solution was 

left to stand at room temperature fo~ 48 hours and was· 

25 subsequently neutralized with 1 R sodium hydroxide 

solution and concentrated in vacuo, and the residue was 

chromatographed on silica gel. 7. 8 g ( 90t-) of lactone 
·. 

diol 8 (R2 • -o-CB-CB-CB-(p-Cl-phenyl), cia) were 

obtained as a colorless solid. M.p.: l17-120°C 

30 Preparation of the 5-tert-butyldimethylailyloxy compound 

9 (R2 • -o-ce-CB-CB-(p~Cl-phenyl), cia) from the lactone 

diol 8 (R2 • -0-CB-CB-CB-(p-Cl-phenyl), cis)1 
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s.o g (15.4 mm.all of lactone diol 8 (R2 
• -0-CB-CH-CB-(p­

Cl-phenyl), cis) and 4.15 g (61.9 mmol) of imidazole were 
dissolved in 50 ml of anh. dimethylformamide. At o•c, 
3~9 g (26 mmol) of tert-butyldimethylailyl chloride were 

5 added. After 4 h, saturated ammonium chloride solution 
was added to the reaction mixture, and the latter was 
extracted with methyl tart-butyl ether. The combined 
organic phases ware dried with magnesium sulfate and 
concentrated in vacuo. The residue was purified on silica 

10 gel (mobile phases ethyl acetate/n-heptane 113). S.7 g 

(84t). of silyl ether 9 (R2 - -0-CB-CB-CB-(p-Cl-phenyl), 
cis) were obtained as a colorless solid. M.p.a 71°C. 

It is also possible in this way by carrying out the 
reaction at room temperature to prod~ce a mixture of the 

15 two silyl ethers 9 and 10 which can be separated by 
chromatography on silica gel using the abovementioned 
solvent mixture. 

Preparation of 3,3-di(4-chlorophenyl)-2-propenyl ether 11 
(R2 • -o-ce-ca-cs-(p-cl-phenyl), cia) ·from 9 (R2 • -o-ce-

20 CB•CB-(p-Cl-phenyl), cia). 
1.0 CJ (2.3 mmol) of alcohol 9 (R2 • -0-CB-CB-CB-(p-Cl­
phenyl), cis) was dissolved in 20 ml of anhydrous di­
methylformamide. At room temperature under argon, 150 mg 

(5 mmol) of sodium hydride (80t in mineral oil) were 
25 added, and the mixture was stirred for 1 h. J:t was 

. subsequently cooled to o•c and o.as g (3.2 mmol) of 3,3-
di(4-chloropbenyl)-2-propenyl bromide dissolved in 5 ·mi 

of anhydrous . dimethylf ormamide was added, and the 
reaction mixture was allowed to warm to room temperature. 

30 After 14 h,·. saturated ammonium chloride solution was 
added to the rea~tion mixture, and the latter was ex­
tracted with methyl tert-buty~ e:ther. The combined 
organic phases ware dried with magnesium sulfate and 
concentrated in vacuo. 'lhe residue was purified on silica 

35 qel (mobile phases ethyl acetate/n-beptane ls3.). 0.5 g 
(84t) of ether 11 (R1 • -0-CB-CH-CB-(p-Cl-phenyl), cia) 

was obtained as a cQJ.orleaa oil. 
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11 was reacted ·in analogy to process A to give the 
compound of Example ·sa: 

Example 58 

[lS,3R,4R,SSJ-1-((Z)-3-(4-cbloropbenyl)-2-propenyl)oxy-3-
5 [(E)-3-(4-hydroxyphenyl)propoyl]oxy-4-(3,3-di(4-chloro-

phenyl-2-propenyl]oxy-S-dihydroxycyclohexanecarboxylic 
acid 
m.p.1 157-161°C 

Example 59 was also synthesized in analogy to Bxample 58: 

10 Example 59 

Sodium [1S,3R,4R,SS]-l-((Z)-3-(4-cblorophenyl)-2-pro­
penyl)oxy-3-((B)-3-(4-hydroxyphenyl)propayl)ox:y-4-phenyl­
methyloxy-5-dibydroxycyclohexanecarboxylate 

... . . . -

1B-NMR (270 MHz, d,-D"80):. d•l.85-2.3 ppm (m, 38), 3.3-3.5 

15 (m, 2B), 4.05-4.70 (m, 68), 5.2-5.38 (m, lB), 5.82-5.93 
(m, lB), 6.3 (d, J•lO.O Hz, .lB), 6.42~&.s (m, lB), 6.75-
6.85 (m; 28) 1 7.2-7.55 (m, 128), 11 ppm (lB). 

The compounds of the following examples ware prepared in 
a manner analogous to that described in Bxampla 11 

20 Bxamp1a 60 

HO 
OH 

0 

OH 
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Example 61 

0 

HO OHO~ 
·oH 

Example. 62 

HO OHO~. 
OH 

m.p.: 211-212•c 

5 Example 63 

10 

1) 68 ml of 1.2 M diisobutylaluminum _hydride Were added 
to 30.0 g (73.7 mmol) of 63A . . 

0 

0 

IJA 

in 250 ml of-anh. toluene under an argon atmosphere 
at -so to -&o•c. After 1 h, at -60°C so ml of a 
methanol/water mixture ( 9 ·11) were added dropwise. 
The reaction·m.xture waa warmed to o•c. Subsequently 
the reaction ~ure was poured into 1 R potassium 
biaulfate solution (pB - 4) and extracted with BA, 

·and the organic phaae waa dried with sodium aulfa:te. . . . . . . . . 

mis SHEET HAS BEEN 
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Concentration resulted in 30.0 q of 63B 

ON 

1i1 

which was reacted further without purification. 

2). 19. 8 q ( 88 .1 mmol) of triethyl phosphonoacetate were 
dissolved in 200: ml of anh. t·atrahydrofuran. At 0 to 

5 s•·c- under· an argon atilloapber ... ,- 2.&s·•q: of· ao• sodium 
hydride were added-in portions. 'l'he result after 20 

min was a clear brownish solution to which, at -40 
to -so•c, 30.0 q (·73.4 mmol·) of 638 dissolved in 
100 ml of anh. tetrahydrofuran were added dropwise. 

10 After 4 h at -20 to -30°C, the reaction mixture was 
poured into saturated· ammonium chloride solution and 
extracted with ethyl acetate, and the combined 
organic phases were dried with sodium sulfate and 
concentrated in vacuo. Purification of the residue 

15 · by chromatography on silica gel resulted in 22.3 q 

·of 63C· · 

• 

llC 

aa a aolorleaa oil • 

• 

0 (•) 

•• • • • ; ; •• I' ••• 

THIS SHEET HAS BEEN 
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3) ·63C was converted by processes known to the skilled 

worker into 63D 
0 

OEI 

IJD 

and reacted further in analogy to Example 1 (staqe 

b and 6•7) to qive 63 of the formula 

0 OH 

a 

OHO~ 
. ia/e • 503 (M+&+) ~ 

CI 

HO 

The compounds of the following.examples were prepared in 

analogy to Bxample 1: 

Example 64 

CHa 0 

Clff 
HO 

0 

0-11 o~ . 
OH 

.. 

m.p.: 2os-2oe•c 

THIS SHEET HAS BEEN 
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Example 65 

OH 

C I 0 m.p.s 194-195°C 

HO 0 

OH 

Example 66 

CHs m/e • 605 (M+r) 

Cl 

HO 0 

5 Example 67 

0 
- 1sa-1&1•c m.p.: 

HO 0 

·OH 

B Replaced 

iimmrn11if1111111 
HAS BEEN 
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Example 68 

1) 15 ml of 2 M diethylzinc solution in toluene were 

introduced at o•c in 150 ml of anhydrous dichloro-· 

methane and, under an argon atmosphere, 10.4 g 
( 59. 2 mmol) of chloroiodomethane were added drop­

wise, and the mixture was stirred at o-s 0 c for 

30 min. Subsequently, 6.0 g (14.8 mmol of olefin) of 
68A 

0 

.. 

dissolved in 50 ml of anhydrous dichloromethane were 
added dropwise. The reaction solution was allowed to 

warm to 25°C over the course of 2 h and was subse­
quently hydrolyzed with.saturated ammonium chloride 

solution~ followed by extraction with BA and concen­
tration in vacuo. s.s g (9lt) of cyclopropane de~i-

15 vative 68B were obtained, of the formulae 

2) 
20 

( 3: 1 mixture of the two possible diastereomers) 

which were separable by crystallization from 

i-propanol. 

2.0 g (4.~ mmol). of lactone 68B were dissolved in 
SO ml of anhydrous toluene under an argon atmosphere 

and, at -6o•c, 4 .1 ml of 1.2 M diiaobutylaluminwn 

hydride. solution in :toluene were added dropwise. The 
reaction solution was stirred at -60°C for 2 h and 

THIS SHEET HAS BEEN 
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then hydrolyzed with 10 ml of 820. Saturated 

ammonium chloride solution was added to this mix­

ture, followed by extraction with ethyl acetate, 

drying with magnesium sulfate and concentration in 

vacuo. 2.0 g (991) of lactol 68C of the formula 

OH 

Cl 

were obtained as a.colorless oil. 

3) 2.0 g (4.76 llllDOl) of 68C were dissolved in SO ml of 

MeOB. A solution of 5 .1 q of hydroxylamine hydro­

chloride and s.o q of potassium hydroxide in 50 ml 

of MeOB was added dropwise at 25°C. After stirring 

at 2s•c for 2 · hours, the reaction _solution was 

poured into water and extracted with methyl tert­

butyl ether. The combined organic phases were dried 

with magnesium sulfate and concentrated in vacuo. 

The crude product 68D of the formula 
N-OH 

OH 

Cl 

llD 

was reacted furthe~ without purification. 

4) 2.1- g (4.8 mmol) of 68D were introduced into 50 ml 

of anhydrous dichloromethane and, at 25°0, 4.6 g 

(12.3 mmol) of carbonyldiimidazole were added. The 

20 •mixture was subsequently warmed at 40°C for 3 hand, 

after C02 evolution had ceased, 100 ml. of anh. 

THIS SHEET HAS BEEN 
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methanol were added and the mixture was again heated 
at 40°C for 4 h. It was then concentrated in vacuo, 
the residue was taken up in methyl tart-butyl ether, 
and the organic phase was washed with 0.1 N 

potassium bisulfate solution and dried with magne­

sium sulfate. The residue after concentration of the 

organic phase was purified by chromatography on 

silica gel (mobile phase: ethyl acetate/n-heptane 

1:4) to result in 1.3 g of 68B of the formula 

N 

CI 

llE 

as ·a colorless oil •. 

The compound 68 of the formula 

•• 

m/e • 584 (M+H+i 

m. p.: 197-202°0 

was obtained from 68B in analogy to the conversion 
4~6 according to Example 1. 

THIS SHEET HAS BEEN 
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1111/lll Ill/I I/II/I/ Iii Example 69 
The compound 69 

CI 
0 

m/e 549 (M+B) 

was pre'pared in analogy to Bxample 1 • 

. 
5 Bxample 70 

Stage 1: Methyl l-[4~(4-cbloropheliyl)butyl]cyclobex-3-

enecarboxylate 70B from 70A 

85 mmol (11.9 ml·) of dry diiaopropylamine a:re dissolved 
in 200 ml of dry TBF and cooled under protective gas 

10 (nitrogen or argon) in a dry ice/acetone cooling bath. 
80 mmol (50 ml) of a 1.6 molar solution of n-butyllithimu 
in hexane are run into this while stirring vigorously. 
The mixture is stirred for 10 min and then 75 mmol 
(10.S g) of methyl cyclohex-l~ene-1-carboxylate 70A 

o o........_ 
CHs 

• (+/-) 

7DA 

15 (commercially obtainable) dissolved in 10 ml of TBF are 
added dropwise so that the .internal .temperature does not 
exceed -65°C. The--mixture is subsequently stirred at -70 
to -so•c for 30 min and then 74 mmol (21.8 g) of 4-(4-
chlorophenyl)butyl iodide dissolved in 25 ml of TBF are 

20 added dropwise so that the internal temperature does not .. . 
exceed -65°c. The mixture is subsequently stirred at -70 
to -so•c for l h and then the cooling bath is removed. 
Aft;er the internal temper~ture has reached 10°C, the 
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reaction solution is stirred into 400 ml of saturated 
ammonium chloride solution and extracted 3x with MTB 

ether, the combined extracts are washed 3x with water and 
2x with saturated brine and dried over sodium sulfate, 

S ·and the solvent is removed in vacuo. The crude product is 
purified by £lash chromatography on silica gel (mobile 
phase: ethyl acetate/n-heptane 1/9 vol/vol). The product 
70B of the formula 

Cl 

is obtained as a white low-melting wax. 
10 Mass spectruau m/e • 307 (M+a+) 

Stage 2: Sodium l-[4-(4-cblorophenyl)butyl]cyclohex-3-
ene-1-carboxylate 70C from 70B 

22.7 g of methyl 1-[4-(4-chlorophenyl)butyl]cyclohex-l­
ene-l-carboxylate 708 are dissolved in 100 ml of methanol 

15 + 100 ml of dioxane. To this is added a solution of 8 g 
of sodium hydroxide in SO ml of water, and the mixture is 
refluxed under protective qas for 16 h. The reaction 
solution is cooled and 200 ml of water, 100 ml of toluene 
and 100 ml of n-heptane are added, and the mixture is 

20 stirred thoroughly. The precipitated product is filtered 
off with auction, washed.with a little cold water and 
n-heptane/toluene (l:l vol/vol) and dried in vacuo. 70C 
of the f orm1ila 

CI 

• 

li1i1iii1ii1ili 
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is obtained as colorless shininq flakes which do not melt 
up to 240°C. The free acid obtained from the sodium salt 
70C by acidification with concentrated hydrochloric acid 
melts at 86-7°C. 

S Staqe 3: l-[4-(4•Chlorophenyl)butyl]-4-exo-iodo-6-oxa­
bicyclo[3.2. l]octan-7-one 70D from 70C 

22.2 g of sodium 1-[4-(4-chlorophenyl)butyl}cyclohex-3-
ene-1-carboxylate 70C are suspended in a solution of 22 q 
of sodium bicarbonate and 68 g of potassium iodide in 

10 350 ml of water. To this are added 175 ml of M'lB ether 
and 20 g of iodine and the mixture is stirred under a 
protective gaa at room temperature for 16 h. lOt stre~gth 
aqueous sodium biaulfite solution is added in portions t.o 
the reaction solution until the iodine colour bas dia-

15 a~peared, an~ the solution is extracted three times with 
ethyl acetate. 'l'he extracts are washed twice witn satu­
rated brine, dried over sodium sulfate and evaporated in 
vacuo. 70D of the formula 

Cl 

l1iii~f, 
700 I 

is obtained as a pale yellowish solid of :inelting point 
20 84-& 0 c. 

25 

Stage411-[4~(4•Chlorophenyl)butyl]-6-oxabicyclo[3.2.l]­

octan-7-one 70B from 70D 

2 g of 1-(4-(4-chlorophenyl)butyl]-4-exo•iodo-6-oxabi­
cyclo[3.2.l]octan•7-ona 70D are dissolved in 20 ml of dry .. 
MTB ether. To this ia added under a protective gas about 
0 .1 ml of a 1 molar solution of triethylborana in TBF ~nd 
.than 1.35 ml of tributyltin hydride are added clropwise. 

THIS SHEET HAS BEEN 
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The mixture is stirred at room temperature for 2 h and 
then a solution of 5 g of potassium fluoride in 50 ml of 
water is added,_ and the mixture is stirred vigorously for 
30 min. The precipitate which has separated out is 

5 filtered off with suction, the filtrate is extracted 
three times with MTB ether, the extracts are washed twice 
each with water and saturated brine.and dried over sodium 
sulfate, and the solvent is distilled off in vacuo. The 
crude product is purified by flash_ chromatography on 

10 silica gel (mobile phase ethyl acetate/n-heptane 1/3 

vol/vol). 70E 

Cl 

70E 

is obtained as a colorless oil which solidifies to a low­
mel ting wax. Maas spectrum: m/e • 293 (M+a+) 

Stag•• 5-and 6 are carried out in analogy to Example 1. 
15 The compound 70 of the foJ:'DlUla 

Cl 

m/e • 470 
(+/-) 

70 

is obtained. 

The compounds of the f ollow~ng examples were prepared in 
analogy to Example 1: 

-. 

THIS SHEET HAS BEEN 
. REPLACED 



- 58 -

Example 71 

CI 

·0 
OH _,>::-' 

0 m/e • 475 (M+a+) 

Example 72 

m/e • 543 (M+a+) 

Cl 

CI 

5 Example 73 

OH 
m./e • 488 (M+lr') 



Example 74 

Example 75 

0 

OH 
o-U 

5 

- 59 -

m/a • 489 (H+a+) 

.. 50 (M+s+) m/e • • 

505 (M+H+) m/a • 

B Replaced 

~1i'1i11i1111111 ·. 
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Example 77 

m/e • 507 (M+s+) 

Example 78 

m/e • 541 (M+&+) 

5 Example 79 

OH 
m/e • 576 (M+B+) 

0 0 . 

. A(J·~o"'Q 
0 . ' . ,,& 

.OH 

! THIS SHEET HAS BEEN 
L . REPLACED 
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5 Example 82 

OH 

OH 
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~-0" N , -~ 

-

m/e • 502 (M+a+) 

m/e • 601 · (M+e+) 

m/e • 591 (M+H+) 

'f'HJS SHEET HAS BEEN 
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Example 83 

OH 

HO 0 ~ 
OH 

Bxample 84 

0
CI 

OH~ 
0 

·o 

OHO~ 

Example 85 
CI 

OK _p 
H:~O O ... 

OH 

- 62 -
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m/e • 491 Ol+e+) 

m/e • 449 (M+e+) 

m/e • 539 (M+a+) 

THIS SHEET HAS BEEN 
REPLACED . 
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OH 

~Cl 

o~ 
0 

O)lvS)=\_ 
OH V 

Example 87 

OH 
0 

0 

Om~ I . 
OH ~ ~· 

5 Example 88 

- 63 ~ 

m/e • 495 (M+s+) 

m/e • 500 (M+s+) 

m/e • 500 (M+s+) 

THIS SHEET HAS BEEN I 
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CI 

OH o~ 

l 90 
Examp 

8 
Cl 

_)j 
OH O . 

~ 
o~ OH 

5 Example 91 C I 

R· 
0~0HO~ 

. 0 
HO · 

OH 

- 64 -

m/e • 476 (M+Jr') 

m/e • 499 (M+Jr') 

463 (M+s+) m/e • 



Example 92 

C I 

~o· 

Bxampla 93 

C I · 

~o 
HO 

5 Bxampla 94 

Cl 

~o 

• 

0 

OH 

0 

OH 

0 

OH 

- 65 -

OHO 
~s, 

o- - {!__JJ 

· . 

. .. 

m./a • 553 (M+&+) 

m/a • 481 (M+Jr') 

m/a • 473 (M+s+) 

THIS SHEET HAS BEEN 
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Example 96 

Cl~ 

~o 

5 Example 97 

Cl~· ~ I o 
~ 

0 

OH 

Example 98 .. 

c 'V"lt ·- 0 

~o 

OH 

- 66 -

OH 0 

··o~N 
N::::.t 

m/e • 603 (M+lr) 

m/e • 467 (M+e+) 

'ia/e • 465 . (M+e+) 

TIIIS SHEET HAS BEEN 
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Example 99 

Cl 
0 

O m/e ··491 (M+lr') 

HO 
OH 

Example ·100 

m/e • 4·99 (M+e+) 

s Example 101 

Cl~ '? I 
~ 0 

0 

OH 

THIS SHEET HAS BEEN 1 

REPLACED \ 
I 



5 

Example 102 

Cl~ ~l 
~ 0 

Example 103 

CI 

HO 

~o 
HO 

Example 104 
CI . 

~o 
HO ..... 

- 68 -

0 
m/e • 683 (M+&+) 

OH 

0 m/e • 489 (M+e+) 

OH 

0 

OH 
0 m/e • 539 (M+e+) 

OH 

The compounds of the following examples were prepared by 

process C in analogy to the description before Example 

45: 

THIS SHEET HAS BEEN 
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Example 105 

0 

Example 106 

5 Bxam.Ple 107 

o ·-oH 
o~ 

HO:Q-_O~ . · 
OH · OCH 1 

m/e • 507 (H+a+) 

m/e • 509 (M+a+) 

m/e • 483 (M+H+) 

m.p.: 135°0 



Example 108 

Example 109 

C I 

5 Example 110 

C I 

• 

- 70 -

OH 

HO 0 
OH 

. .. 

ii1iiiilim1r 

m/e • 555 (M+a+) 

m/e .i 588 (M+lr') 

CH 

m/e • 515 (M+e+) 

THlS SHEET HAS BBEN 
REPLACED 
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Exam!?le 111 

C I 

Example 112 

Cl 

Example 113 

Example 114 

Cl~--

- 71 -

OH 

0 

m.p.: 1&1•c 

m/e • 495 (M+a+) 

m/e • 511 (M+a+) 

e'CT HAS BEEN THIS SHl:O&• CED 
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Example 115 

0 

OH 
O· 

o~ ' OH 

m/e = 455 (M+B+) 

Example 116 

Cl~O~OHO 
Mo 

HO i 

m/e = 533 (M+a+) 

OH 

5 Example 117 

Cl~ 0 

. ~~OH 0 
. ~CHa . I 0 

HO I 
OH CH

1 

m/e = 443 (M+a+) 

I THIS SHEET HAS BSSN ,. ~ 
. REPLACED. 
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Example 118. 

0 OH O_?i;CI 

Bxampla 119 

· . fiCI 

OH~ 
0 0 

0 

~o~ v OH 

Example 120 _ 

. fiCI 

OH~ 
0 0 

OH 

• 

- 73 -

m./a • 475 (M+lr') 

m./a • 479 (M+s+) 

m./e • 483 (M+s+) 

• 

THIS SHEET HAS BEEN 
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PATENT CLAIMS BOE 92/F 290 

1. Cyclohexane derivatives of th• formula I 

. Rt 
/-x 

•• 
•• 

in which the radicals have the following meanings: 

. 
CR, COOB, a COOB group protected.by a protective 

group, C1-C,-alkanoyl, S03-C1-C4-alkyl, S03B, SC>aHR1R9 , 

PO(OB):u PO(OB) (O~Ci-c,-alkyl), PO(O-Ci-C,-alkyl):u ·, . 

R2: C1-C10-alkyl (R11)., 0-C1-C10-alkyl (R11 )ar 

C2~C10-alkenyl ( R11
) "' O-C3-C10-alkenyl ( R11

) "' 

C2-C10-alkynyl ( R11) "' O-C3-C10-alkynyl ( R11
) •' 

10 S-C1-C10-alkyl (R11)., S-C3-C10-alkenyl (Rn)., 

S-~-c10-alkynyl (R11)., 

RB-C1-C10-alkyl (Ru)., NB-C3-C10-alkenyl (R11 )a or 

HB-C3-C10-alkynyl (R11)., where au ia optionally 

. substituted in each . caaa by R12 ; 

15 . R3 , R11 and R13 : alkyl with 1 to 10 carbon atOJDS, cyclo-

alkyl with 3-8 ring carbon atOJDS, phenyl, naphthyl, 

phenantlu=yl, pyridyl, ·thienyl, furyl, pyrimidyl, indolyl, 

imidazolyl, .. coumarinyl, phthaliminyl,· quinolyl, pipe­

razinyl, tetrazQ~yl, triazolyl, oxazolyl or their 

20 thieno-, pyridino-, pyrimidino- or benzo-fuaed deriva­

tives, it being possible for tha aromatic or hetero­

aromatic system to be. substituted one or more times, 

identically or diffex:ently, by F, Cl, Br, I, OB, CF3, 

-N~, CR, c1-c,-alkoxy, ei~c,-alkyl, HR'R', phenyl, benzyl, 

25 thienyl, furyl, imidazolyl, pyridyl, a-phenyl or o~ 

benzyl, and R3 , an ·anc1 R~~ are identical or .different1 

·. 

THIS SHEET HAS BEBN 
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R', R5 and R': B, OB, an OB group which is protected by 

conventional.alcohol-protective groups, F, Cl, Br or the 

meanings Stated for R2 
I Where R4 t R5 and R' are identical 

or different1. 

5 R7
: c 1-c,-alkyl, phenyl or benzyl; 

R8 and R9
: B, C1-C4-alkyl, C1-C4-alkanoyl, phenyl which is 

optionally substituted by P, Cl, Br, I, OB, o-c1-c,-alkyl, 

CF3 , -N02 or CN, where R1 and a• are identical or dif­

ferent, or R1 and R9 form together with the nitrogen atom 

10 a 4- to 10-membered, saturated heterocyclic ring in which 

a CBa group can optionally be replaced by O, S or NR10, 

R10 : B, c 1-c,-alkyl, phenyl or benzyl 

R12 : phenyl, naphthyl, phenanthryl, pyridyl, thienyl,. 

furyl, pyrimidyl, indolyl, imidazolyl, coumarinyl, 

15 phi;haliminyl, quinolyl, piperazinyl, tetrazolyl, tri­

azolyl ·, oxazolyl or their thieno- or benzo-fused deriva­

tives, it being possible for the aromatic or heteroaro­

matic system to be substituted one or more times, identi­

cally or differently, by F, Cl, Br, I, OB, CF3, -N02 , CN, 

20 c1-c,-alkoxy, c 1-c,-alkyl, c 2-c,-alkenyl, NR'R', phenyl, 

benzyl, thienyl, furyl, imidazolyl, pyridyl, 0-phenyl or 

0-benzyl; 

.. 
Y: (CBz)., o, s, NR' I 

25 Zt (CBa)., s, o, s-c1-C10-alkyl, o-c1-C10-alkyl, CB=CB, 

CB-CF, CB-CCl, CB!l(:Br, CB2-CO, CB2-CBF, CB2-CBC1, CBz-CBBr, 

CB2-CBI 1 C3-C10-c:yc:loalkylene, C3-C10-cycloalkenylene, it 

being possible · for 1 to 3 ring carbon atoms to be 

replaced by sulfur, oxygen or nitrogen atoms, COOR7 , C•C, 

30 CB-C(C1-C,-alkyl) 1 CB-C(CN), CB-C(NR1R') 1 CB-C(C2•rnr1-C4-alka-

-C-Z-R3 
noyl) ! CB-C(R11), NR1 and when Y is oxygen, I can 

0 

_____ ! __ _ 

!~~":'.:] 
. -

I 
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together be an amino-acid residue selected from the group 
comprising Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, Bis, 
Ile, Leu, Lya, Phe, Pro1 Ser, .Thr, Trp, Tyr and their 
derivatives protected by conventional protective. groups, 

n: zero, 1 or 2 
m: zero, 1, 2, 3 or 4, 
and physiologically tolerated salts of compounds of the 

formula I. 

2. A cyclohexane derivative of the formul.a I 

1' 
/ 

x 

0 I . 

•• 
II a• 

Y~Z ......... 

10 in which the radicals have the following meanings: 

R1 : CN, COOR, a COO& group protected by a protective 

group, C1-C,-alkanoyl, S01-c1-c,-alkyl, S03B, S02NR8R9
, 

PO(OB>'21 PO(OB) (O-C1-C4-alkyl), PO(O-C1-C4-alkyl)a, 

a2 : · c1-C10-alkyl (R11 )a., o-c1-C10-alkyl (R11 )a., 

15 C2-C10-alkenyl (R11 )a.1 O-C1-C10-alkenyl (R11
)a.1 

c2-c10-alkynyl ( R11 ) a.1 o-c1-c10-alkynyl ( R11
) a.1 

11 . 11 S-C1-C10-alkyl (R .. ) a.t S-C1-C10-alkenyl (R ) a.t 

S-C3-C10-alkynyl (R11
) a.I 

NB-C1-CJO-alkyl (R11 )a.1 NB-C3-C10-alkenyl (Ru). or 
20 RB-C3-C10-alkynyl (R11 )a.1 where au i_. optionally 

substituted in each case by au, 

R1, R11 and R13 : phenyl, naphthyl, phenantbryl, pyridyl, 

thienyl, furyl, pyrimidyl, indolyl, imidazolyl, 
coumarinyl, phthaliminyl1 quinolyl, piperazinyl, 

25 tetrazolyl, triazolyl, oxazolyl or their thieno- or 

benzo-fuaed derivativesr it being possible for the 

! TIHS SHEET HAS BEEN 
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aromatic or heteroaromatic system to be substituted one 
or more times, identically or differently, by F, Cl, Br, 
I, OB, CP31 -R021 CN1 C1-C,-alkoxy, C1-c,-alkyl, NR1R1 , 

phenyl, benzyl, thienyl, furyl, imidazolyl, pyridyl, o-
5 phenyl or O-benzyl, and R3

, R11 and au are identical or 
different; 

R', as and R': B, OB, an OB group which is protected by 
conventional alcohol-pr~tective groups, F, Cl, Br o~ the 
meanings stated for ·az, where R', as and a• are identical 

10 or different; 
R7 : c 1-c,-alkyl, phenyl or benzyl; 
R' and R': B, c1-c,-alkyl, c1-c,-al~oyl, phenyl whi_ch is 
optionally substituted by '1', Cl, Br, I, OB, o-c1-c,-alkyl, 

CP31 -N02 or CN, where R' and· R' are identical or dif-

15 ferent, or R1 and R1 form together with the nitrogen atom 
a 4- to 10-membered, saturated heterocyclic ring in which 
a Clli group can optionally be replaced by 0, S or HR10 , 

R12 1 phenyl, naphthyl, . phenanthryl, pyridyl, thienyl, 
20 furyl, pyrimidyl, indolyl, imidazolyl, coumarinyl, 

phthaliminyl, quinolyl, piperazinyl, tetrazolyl, tri­
azolyl, oxazolyl or their thieno- or banzo-fuaed deriva­
tives,_ it being possible for the aromatic or heteroaro­
matia system to be substituted one or more ~imea, identi-

25 cally or differently, by '1', Cl, Br, I, OB, CP3 , -No2 , CN, 
c 1-c,-alkoxy, c 1-c,-alkyl, HR'R', phenyl, beilzyl., thienyl, 
furyl, imidazolyl, pyridyl, 0-phenyl or 0-banzyl; 

Y: (CB2 )., O, S, a•~· 
30 z: (Clli)., s, o, s-c,-c,o-alkyl, CB-CB, CB-Cl', CH•CCl, 

CB-CBr, CB2-CO, CBz-CU, CSi-CBCl, CB1-CBBr, 
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COOR7
, C•C, CB-C(Ci-c.-alkyl), CB-C(CN), CB•C(NR8R9 ), 

CB•C(C1-C,-alkanoyl), CB-C(R11), NR8 and when Y is oxygen, 
-C-Z·R1 . 
8 · ·can together be an amino-acid residue selected 

0 
from the group comprising Ala, Arg, Asn, Asp, Cys, Gln, 

5 Glu, Gly, Bis, Ile, Leu, Lya, Phe, Pro, Ser, Thr, ~rp, 

'l'yr and their derivatives protected by conventional 

protective groups, 

ni zero,·, 1 or 2 

ms zero, 1, 2, 3 or 4, 

10 and physiologically tolerated salts of compounds of the 

formula I. 

3. A compound as claimed in claim 2, wherein R1 in 

formula I is CH, COO&, a COOB group protecte~ by a 

protective group, or c1-c.-alkanoyl, and the other 

15 radicals have the meanings stated in claim 1. 

4, ~ compound as claimed in claim 2, wherein the 

radicals in formula I have the following meanings: 

R1 1 CN, coos, a COOR group which is protected . by a 

protective group, or c 1-c,-alkanoyl 

20 R2 : o-c1-c10-alkyl(R11 ) •. (n • o, 1,2), where the alkyl 

25 

30 

35 

moiety is unbranched or branched or cyclic, and one 

of the C~ groups. can be replaced by o, and R11 can 

be substituted by R12 , and when n • 2 the two R11 

radicals are identical or different. 

O-C3-C10-alkenyl(R11 ) ... (n • 0,1,2), where the alkenyl 

moiety is unbranched, branched or cyclic, one of the 

CB2 groups can be replaced by 0, S, SO, S02 or NR1, 

and is-unsaturated one or more times, and R11 can be 

substituted · by R12 , and when n • 2 the two R11 

radicals •re identical or different, 

O;,..C3-C10-alkynyl ( R11 )" ( n • 0, 1, 2) , where the alkynyl 

moiety is unbranched, branched or cyclic and is 

unsaturated one·or more times, and one of the CB2 

groups can be replaced by o, s, so, S~ or NR', and 

• R11 can be substituted by R12 , and when n • 2 the two 

R11 radicals are identical or different, 
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R3 to R12 and R13 have the meanings stated in claim 2, 

X: (CB2). (m•0,1,2,3,4), CB-CB, C•C, CB20CB21 CB2SCB2 
Y: ( CB2 ) • ( m•O , 1, 2 , 3, 4 ) , O, s, NR1 , 

z: (CB2). (m-0,1,2,3,o&), s, o, s-c1-c10-alkyl, . 

(unbranched or branched) , CB-CB, CB-Cl', CB•CCl, 

Cli-CBr, CB2-C(O), CB2-CBF, CB2-CBC1, CB2-CBBr, 

CB2-CBI, C3-C10-cycloalkylene, c,-C10-cycloalkenylene I 

COOR7 , C•C, CB-C(C1-c,-alkyl) (unbranched or 

branched), CB•C(CH), CB-C(R13), 0 1 • 

s. The use of compounds as claimed in claim 1 for the 

treatment of diseases associated with an increased 

activity of the glucoae-6-phoaphatase.ayatem. 

6. The use of compounds as claimed in claim 1 for the 

treatment ·of diseases associated with an i~creaaed 

15 hepatic glucose production.· 

7. The use of compounds as claimed in claim 1 for the 

treatment of type II ~abates (non-insulin-dependent or 

adult-onset diabetes). 

8. The use.of compounds as claimed in claim 1 for the 

20 production of pharmaceuticals for the treatment of type 

J:I diabetes and other disorders. characterized by an 

increased output of glucose from the liver or an 

increased activity of the glucose-6-phosphataae system. 

9. A pharmaceutical .. containing a compound· as claimed in 

25 claim 1. 

10. A pharmaceutical containing a compound as claimed in 

claim 2. 
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