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effect of insulin on nuscular and adi pose tissue (insulin resistance) and
-an increased glucose production in the liver. The causes of these netabolic

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
gluéose levels. In insulin-dependent or type I diabetes,
- the cause is the death of the insulin-producing p cells
of the pancreas; treatment is therefore by adminxstration
10 of insulin (replacement therapy). On the other hand, non-
insulin-dependent or type II diabetes is characterized by
a diminished effect of insulin on muscular and adipose
tissue (insulin resistance) ard an increased glucose
production in the liver. The ¢iiisés of these metabolic
15 disturbances are still substantially unknown. The estab-
| lished therapy with sulfonylureas attempts 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 progressing; many type 1II diabetics eventu~
ally become insulin-dependent, owing to "exhaustion" of
the B cells, and suffer from late effects such as cata-
racts, nephropathies and angiopathies.

,;'g New therapeutic principles for the treatment of type II
25 diabetes are therefore desirable.

The blood glucose concentration in the fasting state is

determined by glucose production in the liver. Various

research groups have been able to show that the elevation

_ of blood glucose levels in type II diabetes correlates

30  with a proportionate increase in glucose released by the

liver. The glucose released into the blood by the liver

can be formed both by breakdown of 11ver glycogen
(glycogenolysis) and by gluconeogenesia. i §

Glucose 6-phosphate is the common final product both of
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Glucose-s-phosphatase is a nu_xltienzyme complex which
5 occurs in the endoplasmic reticulum (ER). This enzyme

complex is composed of a glucose-6-phosphate translocase
which is present in the ER membrane, of a glucose-6-phos~
phatase which is localized on the luminal side of the
endoplasmic reticulum, and of a phosphate translocase
10 [for a review, see: Ashmore, J. and Weber G., "The Role
of Hepatic Glucose-~6-phosphatase in the Regulation of
Carbohydrate Metabolism”, in Vitamins and Hormones, Vol.
XViI (Harris R.S., Marrian G.F., Thimann K.V., Eds),
92-132 (1959); Burchell A., Waddell I.D., “The molecular
15 basis of the ‘hepatic microsomal gluccoseé-6-phosphatase
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 streptozotocin, alloxan, cortisone, thyroid hormones and
starvation, the activi.ty of this multienzyme complex is
likewise increased. In addition, many investigations
indicate that the increased glucose production observed
in type II diabetics is associated with an increased
25 glucose-6~phosphatase activity. The importance of the
glucose-6~-phosphatase system for normal glucose
homeostasis is further underlined by the hypoglycemic
symptoms of patients with type Ib glycogenosis who lack
the translocase component of the glucose-6-phosphatase
30 system.

A reduction in glucose-6~-phosphatase activity by suitable
active substances (inhibitors) ought to lead to a corres-
ponding reduction in hepatic liberation of glucose. These
_ active substances ought to 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 1I diabetics ought in addition
to have a preventive effect in respect of the late
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literature, such as, for example, phlorrhizin [Soodsma,

J«Fo, Legler, B. and Nordlia' ROCO' J. Biol. Chem. 242'

1955-1960, (1967)}, 5,5’~dithiobis-2-nitrcbenzoic acid
[Wallin, B.K. and Arion, W.J., Biochem. Biophys. Res.
Commun. 48, ©694-699, (1972)], 2,2’-diisothiocyanato~
stilbene and 2-isothiocyanato-2/-acetoxystilbene
[Zoccoli, M.A. and Karnowski, M.L., J. Biol. Chem. 255,

1113-1119, (1980)]. However, to date no therapeutically

utilizable inhibitors of the glucose-6-phosphatase system
are yet available.

The cyclohexane derivatives which. are characterized in
detail hereinafter are novel compounds which have not to
date been described in the chemical and biological
literature. We have now found that certain esters of
substituted cyclohexanecarboxylic acidas, such as, for
example, Examplé 14, are inhibitors of the glucose-6-
phosphatase system.

The invention therefore relates to cyclohexane deriva-
tives of the formula I |

25

7 .
: . X
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in which the radicals have the following meanings:
R': CN, COOH, a.COOH group protected by a protective
group, C,~C,~alkanoyl, S0,-C,~C,~alkyl, SO,H, SO,NR'R’,

RI $ C;-Cn-alkyl ( Rll) a? O-C;-Cu-alkyl (Rn ) afr

Wi th a proportionate increase
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(1990)]. S-Ca-c';o-alkynyl (RM),,
NH-C,~C,,~alkyl (R!!),, NH=-C,-C,,~alkenyl (R¥), or
NH-C,~C,,~alkynyl (R'!),, where R} is optionally
substituted in each case by R¥;

R’; R¥ and R¥: alkyl with 1 to 10 carbon atoms, cyclo-
alkyl with 3-8 ring carbon atoms, phenyl, naphthyl,
phenanthryl, pyridyl, thienyl, furyl, pyrimidyl, indolyl,
imidazolyl, coumarinyl, phthaliminyl, quinolyl, pipe-
razinyl, tetrazolyl, triazolyl, oxazolyl or their
thieno~, pyridino<,. pyrimidino- or benzo-fused deriva-
tives, it being possible for the aromatic or hetero-
aromatic system  to be substituted one or more times,
identically or differently, by F, -Cl, Br, I, OH, CF,,
-NO,, CN, C,~-C,~alkoxy, C,~C,~alkyl, NR'R’, phenyl, benzyl,
thienyi, furyl, imidazolyl, pyridyl, O-phenyl or O-
benzyl, and R?, R* and R! are identical or different;

R', R®* and R°: H, OH, an OH group which is protected by
conventional alcohol-protective groups, ‘F, Cl, Br or the
meanings stated for R?, where R*, R® and R* are identical
or different;

R’: C,~C,~alkyl, phenyl or benzyl;

R®' and R’: H, C,~C,-alkyl, C,-C,~alkanoyl, phenyl which is
optiocnally substituted by ¥, C1l, Br, I, OH, 0~C,~C,~alkyl,
CF,, -NO, or CN, where R' and R’ are identical or dif-
ferent, or R® and R® form together with the nitrogen atom
a 4- to 10-membered, saturated heterocyclic ring in which
a CH, group  can optionally be replaced by O, S or NRY,

R¥: H, C,-C,~alkyl, phenyl or benzyl

R¥2: phenyl, naphthyl, phenanthryl, pyridyl, thienyl,
furyl, pyrimidyl, indolyl, imidazolyl, coumarinyl,
phthaliminyl, quinolyl, piperazinyl, tetrazolyl, tri-
azolyl, oxazolyl or their thieno- or benzo-fused
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case_conponent
m, as é CN "alkoxy ’ C;-C‘-alkyl ’ Cz"c‘-alkenYI r .
NR°R?, phenyl, benzyl, thienyl, furyl, imidazolyl,

pyridyl, O-phenyl or O-benzyl;

X: (CHp)y -CH=CH-, -CmC-, <CH,-0-CH-, -CH,-S-CH,- or -CH,N-CH:,
RB

Y (CH;)ur O, S, NR%,
Z: (CH,)., S, 0, S'.'Ca-cm-alkyl, O'C;-c'u"alkyl, CH‘Cﬁ,
CH=CF, CH=CCl, CH=CBr, CH,~CO, CE,~CHF, CH,~CHC1, CH,-CHBr,

CH,-CHI, C,-C,,~cycloalkylene, C,-C,;=cycloalkenylene, it _
being possible for 1 to 3 ring carbon atoms to be

- replaced by sulfur, oxygen or nitrogen atoms, COOR’, Cs=C,

15

20

25

30

CH=C(C,-C,~alkyl), CH=C(CN), CH=C(NR'R’), CH=C(C,-C,~alka-
| | -C-Z-R?
noyl), CH=C(R!?), NR' and when Y is oxygen, i can
together be an amino-acid residue_selected'fromFLhe group
comprising Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His,
Ile, Leu, Lys, Phe, Pro, Ser, Thr, Trp, Tyr and their
derivatives protected by conventional protective groups,
nt . zero, 1 or 2 ' '

ms zero, 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
relates to the physiologically tolerated gsalts of com-
pounds of the formula I.

The compounds of the formula I according to the invention
contain a number of stereo centers. The invention relates
to all possible enantio- and diastereomers. They are all
represented by the formula I. Unless otherwise indicated,
the following applies to the statements hereinbefore and
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The resulting reduction |n | 6od gl ucose levels in the
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:Eor R, R, R, R, R’, R¥, RY, R® and % are
stra:.ght-cha:.n or bra_nched. The alkyl, alkenyl and
alkynyl groups indicated for R* and RY are straight-
chain, branched or cyclic, it also being possible for
only a part of the radical to form a ring.

One of the CH, groups can be replaced by 0, S, SO, or NR®;
R can be substituted by R and, when n = 2, the two R
radicals are identical or different. Unsaturated radicals
are unsaturated one or more times. '

A COOH radical which is protected by a protective group
means CO0-C,~C,,~alkyl (unbranched or branched or cyclic),
COO-CH(R’)-0-C,~C,~alkanoyl (unbranched or branched), COO- -
benzyl, COO-phenyl, CONH,, CONH-C,~C,,~alkyl (unbranched
and branched), ~CONR'R’ where R’, R* and R’ have the stated
meanings. '

Alcohol-protective groups ai'e:

Substituted ethers such as

methoxymethyl, methylthi.omathyl, t-butylthiomethyl,

benzyloxymet_hyl, p-methoxybenzyloxymethyl, t-butoxy-
methyl, siloxymethyl, 2-methoxyethoxymethyl,

-l-ethoxyethyl, allyl, benzyl, p-methoxybenzyl,

3,4-dimethoxybenzyl, o-nitrobenzyl, p=-nitrobenzyl,

p-halobenzyl, 2,6-dichlorcbenzyl, p-cyancbenzyl, |
p-phenylbenzyl, 2~ and 4-picolyl.

Protective groups for amino acids are:

a) Carbamates such as methyl and ethyl, 9-fluorenyl-
methyl, 9-(2-gsulfo)fluorenylmethyl, 9-(2,7-dibromo)~
fluorenylmethyl, 2,7-di-t-butyl-[{9-(10,10~dioxo~-
10,10,10,10-tetrahydrothioxanthyl) Imethyl, 4-meth-

- oxyphenacyl, 2,2,2-trichloroethyl, 2-tr.i.methy1u.1y1-
athyl, 2-phenylethyl, 1~(l-adamantyl)-1-methylethyl,
1,1-dimethyl-2-haloethyl,.1,1-dimethyl-2,2-dibromo~
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for exanple, phl , J.F., Legler, B. and Nordlie, RC., J.
Bi of . Chem 242, 5 ,  (1967)], 5,5 -dithiobis-2-nitrobenzoic
acid [wallin, B.K ., Biochem Biophys. Res. Conmun. 48,
692- 699, (1972)], 2,2'-dii sothiocyanato-=s?itbene = . and

2-i sot hi ocyanat o- 2' - acet oxysti | bene [ Zoccol i and Kar nowski ,

Biol. Chem 255, 10 °tthalbhﬁ@eRMq?:4ﬁ%%l,°¥% r?d‘metl\lﬂlYLI"

therapeutical ly utilizgbtisiphenplyl Fethyl he 13 (3;EAit-tpiatylphenag 1g-em

detarl horeinartor AECRRURRLO R (T K 4Pl N R A AR [
' cyclohexylcarboxamido)ethyl, t-butyl, l-adamantyl,

5 vinyl, allyl, l-isopropylallyl, cinnamyl, 4-nitro-
cinnamyl, 8-quinolyl, N-hydroxypiperidinyl, alkyl-
thio, benzyl, p-methoxybenzyl, p-nitrobenzyl,
p-bromobenzyl, p-chlorobenzyl, 2,4-dichlorobenzyl,
4-methylsulfinylbenzyl, S9-anthrylmethyl and di-

10 phenylmethyl, t-amyl, ‘S-benzyl-thiocarbamate,
p-cyanobenzyl, cyclobutyl, cyclohexyl, cyclopentyl,
cyclopropylmethyl, p-decyloxybenzyl, diisopropyl-
methyl, 2,2~-dimethoxycarbonylvinyl, o~(N,N~dimethyl-
carboxamido)benzyl, 1,l-dimethyl-3-(N,N-dimethyl-

15 carboxamido)propyl,  1,1-dimethylpropynyl, di- -
(2=-pyridyl)methyl, Z-furanximethyl, 2-iodoethyl,
isobornyl, isobutyl, isonicotinyl, p-(p’-methoxy-
phenylazo)benzyl, 1-methylcyclobutyl, 1-methylcyclo-
hexyl, 1-methyl-l-cyclopropylmethyl, 1l-methyl-l-

20 (3,5-dimethoxyphenyl)ethyl, l-methyl-1-(p-phenylazo-
phenyl)ethyl, l1-methyl-l-phenylethyl, 1-methyl-1-(4-
pyridyl)ethyl,. phenyl, p-(phenylazo)benzyl, 2,4,6-
tri-t-butylphenyl, 4-(trimethylammonium)benzyl and
2,4,6-trimethylbenzyl.

I
of gl ucose- 6-phos _hatﬁiis‘ﬁ ave HeeD described in the literature, such as,

J.

25 b) -Urea derivatives such as 10-phenothiazinylcarbonyl
derivatives, N’-p~toluenesulfonylaminocarbonyl .and
N’~-phenylaminothiocarbonyl.

c) Amides such as N-formyl, N-acetyl, N-chloroacetyl,
‘N-trichloroacetyl, N-trifluoroacetyl, N-phenyl-

30 acetyl, N-3-phenylpropionyl, N-picolinoyl, N-3-
' pyridylcarboxamide, N-benzoylphenylalanyl deriva-

tives, N-benzoyl and N-p-phenylbenzoyl. '

Preferred compounds of the formula I are those in which
R' is CN, COOH, a COOH group which is protected by a
35 protective group, or C,-C,~alkanoyl, and the other radi-
cals have the abovementioned meanings. Particularly
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al kyl p(zﬂmﬂ:l)v[erqﬂoupf} Greo,Feitaikdnoykyl (Rerr])[err],
R?t 0-C,~Cy~alkyl(R"), (n = 0,1,2), where the alkyl"

moiety is unbranched or branched or cyclic, and one
of the CH, groups can be replaced by O, and R can
be substituted by R}, and when n = 2 the two R!
radicals are identical or different.
0-C,~C,,~alkenyl (R*), (n = 0,1,2), where the alkenyl
moiety is unbranched, branched or cjclic, one of the
CH, groups can be replaced by O, S, SO, SO, or NR',
and is unsaturated one or more times, and R can be
substituted by R, and when n = 2 the two R! radi-
cals are identical_ or different, 0-C,-C,,~alkynyl(R'),

(n = 0,1,2), where the alkynyl moiety is unbranched,

branched or cyclic ‘and is unsaturated one or more
times, and one of the CH, groups can be replaced by
0, S, S0, 80, or NR', and R can be substituted by
R2, and when n = 2 the two R} radicals are
identical or different, '

R® to R¥ have the abovementioned meanings,

X:  (CH,), (m=0,1,2,3,4), CH=CH, CaC, CH,0CH,, CH,SCH,
R (CH,), (m=0,1,2,3,4), O, S, NR%, _
Z: : (CH:). (W0,1,2,3,4) F J S, O, s"c;"c;o-alkYI'

_ (unbranched or branched),
CH=CH, CH=CF, CH=CCl, CH=CBr, CH,-C(0), CH,-CHF, CH,-CHCl,

CB,-CBBI ’ CB,-CHI '} C3-C1o-cycloa1kYIene s c:’cio—chlo- ’

alkenylene, COOR’, C=C, CH=C(C,~C,~alkyl) (unbranched or
branched), CH=C(CN), CH=C(R'), NR*

The compounds of the formula I according to the invention
can, if they contain a carboxyl group, form salts with

inorganic or organic bases. Preferred salts are those

35

with inorganic bases, especially the physiologically

acceptable alkali metal salts, in particular sodium and

potassium salts.

The compounds of the formula I inhibit the glucose-6-
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REPLACEMENT SHEET - 4- (Clerr]-(err]-alkenyl (Rerr])[err], .
Oderr]-Clery]- alkenyl (Rlerr])[err], (err]-Cerr]-alkynyl (Rerr])[err],
Oderr]-dert]-al’kynyl ( Rerr])[err], S-Cerr]-Cerr]-al kyl '
(Rlerr])[err], SCerr]-Cerr]-alkenyl (Rerr])[err],
S—Cierr]-C[err]-aIkynyI (Rlerr])[err], NH'-@[éTr] C[err] al kyl

, ’ | k
(Rerrhlenr. MbchehehaS! shitonl 66 M Cherd L Shidhat. %@lmwnds
substituted i n apehthesefoyeRaltable] esrj:hafﬁeééﬁtwdlﬂ erhie inventighth 1
to 10 carbon ateﬂ_ﬁreEXELO'also relates to pharmaceuticals based 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-phosphatase systeﬁt.

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

The 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 glucose~6-
phosphatase system.

The effect of the compounds according to the invention on
the glucose-6-phosphatase system has been investigated in
25 an enzyme assay in liver microsomes.

To prepare the -.microsomal fraction containing the
glucose-6-phosphatase, £fresh liver organs £from male
Wistar rats were used and processed as described in the
literature [Canfield, W.K. and Arion, W.J., J. Biol.

30 Chem. 263, 7458-7460,-.(1988)]. This microsomal fraction
can be stored at -70°C without significant loss of
activity for at least 2 months.
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al kyl vvrth 3-8 ring aaikbret Mk B8R Refiiteny| , napht hyl, 10 phenant hryl ,

pyridyl, thi enyI fur | ndoI yl, imdazolyl, coumarinyl,

pht hal i mi nyl qui noI yl llllmill"ﬂut lw tetrazolyl, triazolyl, oxazolyl
or their th| eno-, pyri di no or benzo-fused deriva- tives, it
beidng possible for the aromatic or hetero-l0l% aromatic systemto be
substituted one or nore tines, identically or differently, by F, d, Br, I,
OH, CF[err], -[beerrg 1“@381{?91!98@!@4?3 al mt(#vitierwilﬂc[ datketbklyl as

NRlerr]Rlerr], M@Hbe:peﬂéw th&h'ﬂrﬁﬂrattff& yI[ A08Y! -5 yuﬁ

O phenyl or O benz I, R err err are 1den

err
different; 20 En2 'errAF]‘gﬁ;& e F?BSH 89, arpayes;r S8r6h crbl'l s
protected by caemmmiaig alttaholphusphatd VA iberatad Ffrfom Blutosdis-

5 phosphate. 0.1 ml of assay mixture contained glucose~6-
phosphate (1 mmol/l), the test substance, 0.1 mg of
microsomal fraction and 100 mmol/l HEPES buffer
(4-(2-hydroxyethyl )pi.pera_zihe-l-ethanesulfonic acid),
pH '7.0. The reaction was started by adding the enzyme.

10 After 20 min at room temperature, the reaction was
stoppéd by adding 0.2 ml of phosphate i:eagent. The sample
was incubated at 37°C for 30 min, and the absorption (A)
of the blue color was subsequently measured at 570 nm.
The inhibitory activity of the test substance was found

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

A(control) - A(test substance)
percent inhibition = x 100
A(contxol)

20 Where necessary, the inhibitory effect of the test
substance was determined as a function of the test sub-
stance concentration employed, and from this the concen-
tration for 50% inhibition of enzyme activity (IC,,) was
calculated.

25 The IC,, was determined for the compounds 1listed
hereinafter: :

Example 1 - :
( 1s 3R,4R,58]~3-F({E)~3-(4~-hydroxyphenyl) propenoyl Joxy-
.4,5-dihydroxy-1-phenylmethyloxy-cyclohexanecarboxylic
30 acids '
ICs,, = 190 uM .

Example 2
- [18,3R,4R,58] -3~ (B)~-3-( 4-hydroxypheny1)propenoy1 Joxy=
4,5-dihydroxy~-1-(2-thienylmethyl)oxy-cyclohexane~-
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meani ngs stated for R err], where Rerr], Rerr] and R err] are identical
or different; R[err] Cerr]-Cerr]-al kyl, phenyl or benzyl; 25 R err]
and"R[err]: H Clérr]-Cerr]-alkyl, C[err] C err]-al kanoyl, phenyl which is
optionally substituted by F, d, Br, I, OH O{err]- C[err] al kyl, CF[err],
-N&gerr] or CN, where R[err] and R[err] argyidentical or dif- ferent or
Rlerr] and Rlerr] formtogether with the nitrogen atoma 4- to 10- nenbered
sat ur at ed heter@agbbxyllcngcid:whlch 30 a CH err] group-can optionally

be replaced by O S %M Rlerr]: H derr]-Clerr]-alkyl, phenyl or
benzyl Rlerr]: pheny sonap Hy phenant hryl, pyridyl, thienyl, furyl,
pyrimdyl, indolyl, imdazolyl, coumarinyl, phthalimnyl, quinolyl,

pi perazinyl, teﬁ*gigigl3 tri-
' [1s,3R, 4R,58]-3-[(B)-3-(4-hydroxypheny1)propenoyl]oxy-_
5 4 ,5-dihydroxy-1-(2~-propynyl)oxy-cyclohexanecarboxylic
acids
ICy,, = 560 uM

Example 8
[ 1s8,3R,4R,58]=3~[ (E)=3-(4~-hydroxyphenyl )propenoyl Joxy-
10 5-d1hydroxy-1-propyloxy-cyclohexanecarboxylic acid:
ICs, = 230 pM

Example 4
[1s, 3R,4R,53]-1-(4-chloropheny1propy1)oxy-4 5-dihydroxy-
3-{2-pyridinecarbonyl)oxy-cyclohexanecarboxylic acid:

15 IC,, = 26 pM

Example 44
(1s,3R,4R,558]-1-(4~chlorophenylpropyl)oxy=-3~[ (E)=3~(4~
hydroxyphenyl)propoyl joxy-4,5-dihydroxy~cyclohexane-
carboxylic acid:

20 ICsy, = 9.3 M
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35 azolyl, = oxazolyl or their thieno- or benso-fused - 5-

derivatives, it being possible for the aromatic or heteroaromatic system
to be substifuted one or nore times, identically or differently, by F, d
Br, I, OH CF[err]., -NJerr], CN, C[err]rcparr]-alkoxy,
C[err] C[err]-alkﬁl Clerr]-Cerr]-al kenyl, 5 NRlerr]Rerr], phenyl,
benzyl t hi eny®ableuryl , " imdazolyl, pyridyl, O phenyl or O benzyl; X
(CH[err])”1 - CH=CH, C[err C, -CH[err] O.CHerrjq-, kfrr] CH[err]- or
“CHerr]-N-CH err]-. R errfompound from Example ICs, [nM]
69 - {170
113 3.7
5 ' 114 5.0
115 . 8.9
116 4.5
117 41.0
_ 118 1.3
10 ' : 119 12.0
120 0.69

The compounds of the formula I adcording to the invention

in which the radicals R* = O-alkyl(R),, O-alkenyl(R'),,

or O-alkynyl(R!),, R'=R® = OH and Y = O can be prepared by
15 route A indicated in the following diagram.

\
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(CHerr])[err], O S, NRerr], z (CJ-l[err])[eW

S'-C[_err] Cerr]-alkyl, G(err]-Clerr]-alkyl, CH=CH 10

CH=CBr, CH er’t]-CO CHerr]-CHF, CH err]-CHO, CH er rpis m
Cerr]-derr]-cycloal kyl ene, CJerr]-Cerr]- cycIoaI keny \‘ m
n or

possible for 1 to 3.ring carbon atons to- &3 r<epl aced b

nitrogen atons, COCR[err], (err]C CHC(([err]-Cerr]-alkyl), CHC(CN
CH=C(NR[ err | R| #ndgceseCih C(Cl err] - Cerr]-alka- -G Z-Rerr] 15 noyl ),
CH=C(R[err]), NRlerr] and when Y is oxygen can O toget hgr be an
am no-aci d residue sePl¥cted fromthe group orrprrsr ng Al a, Ar , Asp,-

Adn, du, Gly° s,'lle Leu, Pro Ser Thr, r r and

HO
OH
1 2 3
: )
2 z ™ .‘
R o 3 Yﬂ OH
vernsem——ly ° —
0 ol 0
S
C}' ’ | CY o>\z'
23
] ¢ ‘
0
rl
OH
Sm————
KO 0
Ho J\Z
0
|
7 g?
M: alkali metal
0
|
5 R*: Cl, Br, o-c-o-c,-c.—alkyl, imidazolyl, triazolyl or
tetrazolyl

B: chlorine, bromine, iodine, sulfonic ester
R¥: alkyl(R?),, alkenyl(R!!), or alkynyl(R}),

(7 = formula I, R? - 0-Cy=Cyo—-alkyl(R'),, 0-C,-Cy~
10 alkenyl (R!), or 0-C,-Cj-alkynyl(R),, R* = R® = OH, R* = H,
Y = 0, X = (CH,), with m = zero, R* = COOH, Z, R*, R" and
n as indicated for formula I). '
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t he” i nventi ofi can

n a carboxyl group, formsalts with

derivatives proteqﬁgg VS BV ntlonal protective groups, 20 n: zero, 1
or 2 m zero, ,@}—E‘fiﬁ‘ onpounds of the fornmula | according to

i norgani c or orgam

nvention therefore also 25 relates to

t he physiol ogically. toI erat ‘ed salt4s of cenit4peunds of the formula I. The
conpounds of the fornula | "according to the invention contain a nunber of

stereo centers. PfheesnvAncpupmleat compound 2joshighe ishknown fxom the
di ast er eoners.

ot herw se i nd| cate

and

10

15

20

25

30

35

rﬁ' can bePdbtained DirdmCobfipBiha 't,
deprotoﬁated ﬁth a aastlcx):'lolnegS hta%et hs?xcsizt ants%%p?onéasuh e&:& qutfﬁgr ©
butylate, sodium hydride or potassium hydride and, to
introduce R?, reacted with appropriate halides, tri-
fluorosulfonic esters, methylsulfonic esters or
p~toluenesulfonic esters, advantageously in polar aprotic
solvents such as dimethylformamide, dimethyl sulfoxide or
tetrahydrofuran, resulting in compound 3. Preferably used
as base is sodium hydride and as solvent is dimethyl-

formamide.

The reaction of 2 to give 3 is carried out at tempe-~-
ratures from -20°C to the boiling point of the solvent
used. A temperature range from -10 to 60°C, especially
from 0 to 30°C, is preferred.

The preferred embodiment of the reaction of 2 to give 3
is carried out in dimethylformamide in the presence of
sodium hydride or potassium hydride at- temperatures from
0 to. 60°C. The reaction is moreover advantageously
carried out with exclusion of moisture under a protective
gas (nitrogen or argon).

The starting materials which are needed for the comn-
version of 2 into 3 and which cotrespond_to the radical

R’ can be prepared by standard processes known to the

skilled worker. These take the form of structures of the
type R*-B with the restriction mentioned for process A
(although without the linking oxygen atom). B is, for
example, a leaving group such as Cl, Br, I or OSO,R (R =
CH;, Ph, tolyl, CF;).

In place of the cyclohexylidene protective group in 2 or
3, it is also possible to use other protective groups
which can be eliminated under mild acidic conditions such
as isoi:ropylidene acetals or benzylidene acetals as well
as " tert-butyl, mthoxyméthyl, 1-ethoxyethyl or tetra-
hydropyranyl ethers, silyl ethers such as trimethylsilyl
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herei nafter; the al kyl, al kanoyl and al koxy radi Ca-h'ﬁsgh@a[-ﬁﬂléldRéphbedR[ err],

Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr], R[e

stral ght-chaif or branched. The al kyl, al kenyl and ‘ |nd| cat ed
r

for Rlerr] and Rlerr] are straight- 5 chai n,

al sp being possible for only a part of tkelSaeical to forma ring. One of_
the CH err] groups can be replaced by O S, SJerr] or NRerr], Rerr] can
be substituted OF R[éer]:-huuyld&mthyleilylhem earbohatedi cabucler eas

Irrgre gt It IC?rL Sor di beRz¢loxydazBotiydl ©dnd® diteSbutBxycarBonyl Sabitidhedvaae ©f
which are well known from peptide and steroid chemistry.
Compound 1 is likewise the starting material for the .
5 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 preferred. '

The reaction of 3 to give 4 is carried out at tempe-
ratures from ~20°C to the boiling point- of the solvent

15 used. A temperature range from -10 to 60°C, in particular
from 0 to 30°C is preferred.

A further step is the reaction of 4 to give 6 "in which

the radical R-2-C(0O)~ is attached to 4. To do this, 4 is

. reacted in an aprotic organic solvent such as, for

20 example, tetrahydrofuran, dimethylformamide, dichloro-

methane, pyridine or dimethyl sulfoxide with a compound

R}*~Z-C(O)~R* (5) where R* can be, for example, Cl, Br,

0C(0)~C;~C,~alkyl, imidazolyl, triazolyl or tetrazolyl,

with imidazolyl and triazolyl being particularly pre-

25 ferred. The reaction is particularly preferably carried

out in dimethylformamide in the presence of.a base such

as, for example, sodium hydride, potassium hydride, 4-di-

alkylaminopyridine or tert-amj.nes, but especially of
sodium hydride.

30 The reaction of 4 to give 6 is carried out at tempera-
tures from =-20°C to the boiling point of the solvent
used. A temperature range from ~10 to 60°C, particularly
from 0 to 30°C, is preferred.

The compounds- R}*-%-C(0)-R". (5) can be prepared by standard
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A COOH radical which is protected by a protective group neans
COO-(err]-Cerr]-alkyl (unbranched or branched or cyclic), COOCH (Rerr])
-OQerr]-derr]-al kanoyl (unbranched or branched), COO benzyl,

COO phenyl, CONH err], CONH-Clerr]-(err]-al kyl (unbranched 15 and

br gnched), -CO\IR[err]R[err] where Rlerr]s I err] and Rlerr] have the stated
nmeani ngs. Al cohol - protective groups-are: Substituted ethers such as

net hoxynet hyl , RRQG888e8 JerIv | to ttheitskilledwronker 20
benzyloxynethyl p- nethoxybenzyloxynethyl t - but oxy- net hyl,
, . benzyl,

SR ARG S s R L A O P P RO
comprises the reaction of 4 with sodium hydride in
dimethylformamide and subsequent addition of a solution

5 of R*-2-C(0)-imidazole (5) in dimethylformamide at 0 to
20°C, advantageously with exclusion of moisture under
protective gas (argon or nitrogen). |

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

10 manner, - for example by treatment with dilute inorganic:
acids such as, for example, hydrochloric acid or strong
organic acids such as, for example, trifluorocacetic 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, preferably from 0 to
30°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 esters indicated for R® can be prepared from the
alkali metal salts of the compounds of the formula I with
25 a carboxyl group. To do this, compound 7 is reacted in an
inert organic solvent such as tetrahydrofuran, dimethyl
sulfoxide, preferably dimethylformamide, at -10 to 60°C,
for example with -a C,~C,~alkyl halide, preferably C,-C,-
alkyl iodide, benzyl bromide or C,~C,~alkanoyl-O-CH(R’)-Br
30 - or C,-C,~alkanoyl-0-CH{R’)~-I to give the compounds of the
formula I according to the invention with an ester group
as R! and X=(CH,), m=0 with the details mentioned for
process A.
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p- hal obenzyl, 2, 6-dichl orobenzyl, p-cyanobenzyl, 25

p-phenyl benzyl, 2- and 4-picolyl. Protective groups for amno acids are: a)
Car bamat es suych as methyl and ethyl, 9-fluorenyl- nmethyl, 9-(2-sulfo)
fluorenyl methyl, 9-(2, 7-dibronmo) - fluorenyl nethyl,

2,7-di -t-butyl-[9-(10, 10-di oxo- 30 - 17 - -
10710, 10, 10-t et r ahydr ot hi oxant hyl )] net hyl , 4- net h-_ oxyphenacyl , %:2,
2-trichl or oet hyirodeds i Bret $g¢ sprocessthyfor definition oL M, and B)

1- (1-adamantyl)-1-nethgl ethyl , 1, 1-dj nmethyl-2-hal oet hyl, °
1, 1-di net hyl - 2, 2- di §r offo- ! ad Ly
B3 — 558
- Ho § =41=0 L
<:j5‘ e " 1 "
‘8 ] * '/E's.

R o Pheagl or ©C¢C ~Alkyl)

) L 2
P  me—— 0 e (."-I'. in r

(%' =R’ in ¢ Process A) '
A
Process ) \ "
) "
R ",'"‘ '. . 12

el [
oo ﬁ'c'-ou
C-0M
LR aﬂ L "
g —=Si-0 0
./' v g|
'd L ~
' 14
[
_ a® /z .
8’ n
Y T
. s
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yl, 1,1-dinethyl-2, 2,2-trichloroethyl, 1-nmethyl- 1-(4-biphenylyl)ethyl,
3,5-di -t-butyl phenyl)-1- nmethylethyl, 2-(2"- and 4'-pyridyl)ethyl,

R, N-di - cycl ohéxyl car boxam do) ethyl, t-butyl, 1-adamantyl, 5

yl, allyl, 1-isopropylallyl, cinnamyl, 4-nitro- cinnanyl, 8-quinolyl,

N- hydr oxypi peri di nyl, alkyl- thio, bensyl 18 p-net hoxybenzyl,

p- ni trobenzyl, p-bronmobenzyl, p-chlorobenzyl, 2,4-dich|orobenzy|,

4- et hyl sul fi'nyl benzyl, 9Qganthryl nethyl and di- 10 f? benylnethyl,
t-amyl, S—benzyl-thiOC'rban&te, p- cyanobenzyl, cycl obut %1% ohexyl ,
cycl opentyl, cycl opropyl pestry¢=0®h- decyl oxybenzyl, diisopyq nethyl 2,

th
1-(
2-(
vin

2d|rrethoxycarbon Vi nyl} N, N- di net hyl -
:-\s 1-:; é""z" ’ 'S 0-¢-z-r?
0
. rt [} i 0
. l-?l-! 16
R
_—
TT?ISIT
- 4
R ¢ k q
g_ou C-0K
"L o : - OH

17 18

(17 and 18 = formula I with R* = 0-C,~C,,~alkyl(R?),,
0-C,-C;o~alkenyl(R¥), or 0-C,~C,~alkynyl(R:),, R' in the
meaning indicated for R? and R* = OH or R' = OH and R® in
the meaning indicated for R, R* = H, ¥ = 0, X = (CH,),

5 with m = zero, R! = COOH, Z, R’ and R! and n as indicated
for formula I).

Process B is used in order to vary the radicals R* and R°.
In this case it is necessary to eliminate the cyclo-
hexylidene protective 'group in 3 to give the compound 8.
10 This can take place by a standard process known to the
skilled worker. Preferred in this case is hydrolysis of
3 in inert organic solvents such as lower alcohols in the
presence of strong organic acids such as sulfonic acids,
for example p-toluenesulfonic acid or trifluoroacetic
15 = acid.

The reaction of 3 to give 8 is carried out, for example,
at temperatures from -20°C to the boiling point of the
solvent used. A temperature range from ~10 to +60°C, in

REPLACED
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car.boxam do) benzyl, 1, 1-dinethyl-3-(N, N-di nethyl- 15

car boxam do) propyl ., 1, 1-di net hyl propynyl di - (2-pyridyl)nethyl,
2-furanyl net hyl , 2- i odoet hyl, isobornyl, |sobutyl i soni coti nyl,

p- (p' - met hoxy- phenylazo)benzyl 1- nethyhcyalebutyl 1- nethylcyclo- hexyl,
1- net hyl - 1- cycl opr opyl net hyl , 1- met hyl - 1- 20

(3, 5- di net hoxypharpivulny from@ohgp- 5006, phenpraferredcnyheeconversion

L met fyl - 1- phengeetayindo B 4 -gateétcRyarty! P%Nhhg?e'&nﬁﬁd Rosey1a20)

benzyl, 2,4,6- {ri-t-buty hen I -(tri anmoni u nz
2,4, 6- trunethylbéﬁ?§99“29 g PBPE&“SGrP aPrFEL“SBEﬁu&§°nlc ‘014 at
;gdphenoth|a2|nybeenbonyl derlvatlves N - p-tol uenesul f onyl am nocar bonyl
5 A step characteristic of process B is the differentiation
of the two free hydroxyl groups in 8. To do this, com~
pound 8 is reacted with sterically demanding trialkyl-
silyl halides such as, for example, tert-butyldimethyl-
silyl chloride, tert-butyldiphenylsilyl chloride or
10 triisopropylsilyl chloride in an inert organic solvent,
in particular dimethylformamide, at temperatures between',
~10 and 40°C in the presence of a base, in particulér
imidazole, to give the compounds 9 and 10 whzch 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 R' and R®* indicated for formula I
are possible by this process.

Process C (see process A for definition of R*)

Mo ° n\" |
ol o
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N - phenyl am not hi ocar bonyl . c) Am des such as N-fornyl, N-acetyl,

N-thl oroacetyl, N-trichloroacetyl, N-trifluoroacetyl, N- phenyl - 30
acetyl, N 3-phenyl propionyl, N pi colinoyl, N3- pyridylcarboxam de,
N-benzoyl phenyl al anyl deriva- tives, N benzoyl and N- p-phenyl benzoyl .
Preferred conpounds of the fornmula | are-tggpse in which Rlerr] is CN, COOH,
a COOH group which irs protected by a 35 protective group, or
Clerr]-Cferr]-al kancyl, jand the @ther radi- caj,s have ¢t he aboveneti oned

meani ngs. Particularly \ % \_ E
where npptnpriace

3=(x? = (2'')-2- propynylexy ) 3e0r(R? o (R'7)o2-prepenyiexy)

where appropriate

o Ar is an aromatic radical RY

3'Y(R2= (R'')prepyloxy)

0, C-0M ',,z\n{a" .
0 |
Lo o

\"\
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-8- preferred.caqn oun 0 Ihe formula | are those in which the radicals
have the follo v P 6rr]: ON, COOH, a COOH group which is
protected by a [ iaup, or err]-Cerr]-al kanoyl 5 Rlerr]:
Oderr]-Cerr [err] (n =0,1,2), where the alkyl noiety is

unkranched or branched or cyclic, and on® 3l the CHerr] groups can be
replaced by O and R err] can be substituted by R err], and when n - 2-the

two Rlerr]

radi cal s are identical or - di ﬁLerent .10
Oderr]-Cerr]-alkenyl (R err])[err] (ﬂr ), ere the al kenyl noiety
i s unbranched, branched or cyclic, one of the €rO®yroups can be
replaced by - O S, SO SOerr] or NRerr],

-
KO o-ﬁ-z-n’
OH 0
70

10

15

20

25

(7’ = formula I with R* = 0~C,~alkyl(R*), with n = 1 and
R!! aromatic radical as indicated for formula I, R, R® =
OH, R = H, Y= 0, X = (CH,;), with m = zero and R! = COOH,
Z and R® as indicated for formula I, with compounds with
R* = 0-C,-alkenyl(R}), or 0-C,-alkynyl (R!!), being obtained
when the optional hydrogenation to 3"’ or 3™ 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 R* = 2-propynyloxy can be
used for R*> = O-Cy~alkynyl(R?). In this case, 3’ (R? =
2-propynyloxy) is reacted in an inert organic solvent
such as, for example, toluene, benzene or n-heptane with
catalysis by a palladium complex and copper(I) halide,
especially copper(I) iodide, with an aryl halide,
eépecially aryl bromide or aryl iodide, to give 3" (R? =
R-2-propynyloxy). To do this it is necessary to add a
base such as, for example, primary, secondary or tertiary
amines, especially triethylamine. It is also optionally
possible for the base simultaneously to act as solvent
and for addition of another organic solvent to be
dispensed with.

The reaction of 3/ (R? = 2-propynyloxy) to give 3" (R* =
R%-2-propynyloxy) is carried out at temperatures from
-=20°C to the boiling point of the solvent used. A tempe-
rature range from 20 .to 90°C, in particular from 60 to
80°C, is preferred.

The pﬁladium complex which can be used is, for example,

e THIS SHEET HAS BEEN
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and is unsaturated one or nore tinmes, and R err] can be substituted by
Rlerr], and when n = 2 the two Rlerr] radi- 15 cals are identical
or different, O Cerr]-Cerr]-alkynyl (R err])[err] (n =0,1,2), where the
al kynyl noiety is unbranched, branched er22yelic and is unsaturated one or

nore tines, and one of the CH[err] ngoupscan be replaced by 0, S, SO
SO%err] or NR the], ddtrighenylphes Jadimay tdiciploride compiex|,

and when n = 2yhhent W&rﬁﬁﬁ” prdpibed! n aéftﬁdffédx Pad f&i ﬂiox:ﬂlg”]
to Rerr] havett‘a: 2 %ed reani ngs, 4” ?

(ne0, 1,2,3,4),2 CEF BF&W#B o8p F'P]:odg-\FerF!le ?E@Pl{féﬂh?svhine-
(CH er r] ) [ err] paktadium didret@teSc ek Whidh cd&n be 6bthehed) LA the

(mF0, 1,253, 4), sam§ wa.y frog Caae.f]u [ :IH) al kXLate, and ditriphenyl-
phosphinepalladium dichloride is preferred.

3"/ (R? = R¥-2-propenyloxy) or 3* (R? = R-2-propyloxy)
can be prepared from 3" (R?* = R¥-2-propynyloxy) using
hydrogenation catalysts. The reactions are carried out in

10 ethanol or pyridine under a hydrogen atmosphere at
atmospheric pressure.

The reaction of 3" (R? = R!-2-propynyloxy) to give 3"’ (R’ '
= R}M-2-propenyloxy) is carried out with a palladium on
barium sulfate catalyst at temperatures from 0°C to the
15 boiling point of the solvent uséd. Pyridine is preferred
as solvent at a temperature range from 20 to 50°C, in
particular from 20 to 30°C. ,

The reaction of 3"’ (R® = (R')-2-propynyloxy) to give 3%
(R* = (RY)propyloxy) is carried out with palladium on

20 charcoal as catalyst in ethanol at temperatures from
-20°C to the boiling point of the solvent used. A tem-
perature range from 20 to 50°C, in particular from 20 to
30°C, is preferred. '

The further reai:tions of 3% 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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(unbranched or branched), CH=CH, CH=CF, CH=CC, CH=CBr, CHerr]-C(O,

CHerr]-CHF, CHerr]-CHO, CHerr]-CHBr, CHerr]-CH,

Clerr]-Cerr]-cycdoal kylene, {err]-Cerr]-cyclo- alkenylene, COOR err],

Cerr]C, CHC((err]-Cerr]-alkyl) (unbranched or 30 branched),

CH=C(CN), CH=C(R[err]), NRerr]. The conp@mds of the forrmula | according

to*the invention can, if they contain a carboxyl group, formsalts with

i norgani ¢ or orfodaesdBelsed pfacess Aafox debinibien wE Ri)nor gani ¢ bases,

especially the physiologically 35 jacceptable alkali nmetal saltsq in
articul ar sodi um and potassium sal t The conpoun 0 he  fo y W

Pnhi bit the gl ucas'éaa-s?-cm-umv'-. ™ (9$,_,£'_L"_,,L,.r_

Lk J
R0
(R11),~Cy=Cyq-hikyl— (RY1] =C5=Cyg=Alky =0y \
(2) _ )
——
2 a2
" . .
(l").-e,-i:“-nnl— o u"l..-c,-e..-sun-
(‘, . "' . (., . LI - - . B ..‘
l'-t-f'-l' c - sa w5

(24 = formula I 'with R' = CN, X = (CH;)a with m = zero,
R? = 0=C;~Cjo~alkyl-(R*),, with n = zero or 1, R, R® = OH,
R* = H, Y = O and R’, RY and % as indicated for formula

5 I).

The procedure for process D corresponding to process
steps (1) to (5) is explained in Example 68.
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phosphat ase systemof the liver in manmmals. The conpounds are therefore
sui tabl e as pharnaceuticals. The invention therefore also relates to

phaf maceuti cal s based on the compounds of the fornula, where appropriate in
the form5 of the physiologically tolerated salts. The invention
furthermore relates to the use of conpound™® of the fornula | or the salts
for the treatnment of di seases associated with an increased activity of the
gl ucose- 6- phosRxscess & sieee moocess Icfondtefinitionf RYtes to the use
of conpounds of the f rrula | or the salts for the treatnent ? Elfg)ases

]

Ox 0
") CHy 2
R
(¢7+) (2)
—
28 . 28 : 27
0
0 2
3 2
L, ! MO
27 28
0
0 Rl
lz (&
A3, o — — on
: S_q_h_ PR |
) oH 2-2-C-n* fl 2-0
29 36 O

(30 = formula I with R? = C,-C,,~alkyl(R¥),, R', R®, R* = H.

Y =0, X = (CH,), with m = zero, R! = COOH, Z, R’, R and
n as indicated for formula I).

5 Process E is suitable for preparing the compound
described in Example 70. Suitable reaction conditions are

evident from this example.
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associated with an increased hepatic glucose production. The invention
additionally relates to the use of com pounds of the formula | or the
salts for the treatment of 15 = type Il diabetes (non-insulin-dependent
or adult-onset diabetes). The invention additionally conprises the use of
conpounds of the fornula | or the salts T the production of

Char act or) rod Hr Sk Ry LS8 FRbntbe A UREReBII IR 0 R, 0000 °

i ncreased activity of the glucose-6- phosphatase systens. The ef@ect of the
conpounds according to the invention on the gl ucose- 6- phosphat a tﬁy,'stem

has. been |nvest|gat$p 2l al?

0 . H
o {1) o (2) . o
31 52 . ' 33

0
R 13 ﬁ
(;) | 0" "-z_c-'.
o) '
e 3-5

(35 = formula I with R! = COOH, X = (CH,), with m = 3,

R? = 0-C,~C,,~alkyl(R),, 0-C,-C,,~alkenyl (R}, or 0~C,~C,~

alkynyl(R?),, R, R® = OH, R* = H and 2, R}, R and n as’
5 indicated for formula I).

The procesa.is'explained.in Example 63.

The starting compounds for processes A to F 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 process'h) which is employed, for
example, for synthesizing the compounds of Examples 68,
78, 82, 96, 97 and 98 is expediently prepared by process
I, II, III as described hereinafter.

This Sheet Has Been Rep
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25 an enzyme assay in liver mcrosones. To prepare the mcrosonal
fraction containing the glucose-6-phosphatae, fresh |liver organs from
male Wstar Tats were used and processed as described in the literature

[Canfield, WK. and Ari-on, WJ., J. Biol. 30 Chem 263, 7458-7460,
(1988)]. This m crosonal fraction can be stored at -70[err] C w t hout
significant loss of -activity for at |east28 months. -10- The
gl ucose- 6- phosphat ase activity was detected as
Process 1
Br COo,AlK
COAlKk
— ' 8r
Br
“Azol"
H

Process II-

| it .“ﬂ_.'_ @ :-vw- CO,A LK

Agel

Process IiI

eee———— :

l
20 Azol

Alk is C,~-C,~alkyl :

5 Azol is R¥ meaning imidazolyl, indolyl, piperazinyl,
tetrazolyl, triazolyl or their thieno-, pyridino-,
pyrimidino- or benzo-fused derivatives.
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indicated in the | |'Ith3rSHeuﬂa@BEeﬁrH in I\/Et hods Enzynol. 174, Academ c

Press 1989, pages 5 n| ng t he phosphate |iberated from
gl ucose-6- 5= rﬂﬂm of assay m xture cont ai ned gl ucose- 6-
phosphate (1 mml/l) stance, 0.1 ng of  m crosonal fraction

and 100 mmol /1l HEPES buffer
(4-7( 2- hydr oxyet hyl ) pi per azi ne- 1- et hanesul fonl c acid), pH 7.0. The
reacti on was steardesga®yI addi ng the enzyne. 10 After 20 mn at room

t enper at ur e,

r eagent . the S%{éﬁéﬁfﬁ‘g@%g-ﬁ?&f-g%ew or Oéi%%‘“@ﬁat ©

absorption (A) of the blue color was subsequently nmeasured at 570 nm The
inhibitory actiyi mixturelCofc¥0 SgbIPNmELHPE 20'91dibromo~3-phenylpro- .

5

10

15
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35

panoate, 100 ml of triethylamine and 500 ml of toluene is
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
dropwise to a stirred suspension of 4.7 g of NaH (80% 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. The
previously prepared a-bromocinnamic acid is dissolved in
200 ml of anhydrous DMF 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,
10.8 ml of glacial acetic acid are added, the mixture is
stirred into 1.5 1 of ice-water and extracted several
times with ethyl acetate, and the organic phases are
washed with water. The organic phases are dried and
evaporated in vacuo, and the residue is purified by
column chromatography on silica gel (mobile phase:
n-heptane/ethyl acetate) or recrystallization.

Process 11
Preparation of fi-Azol-substituted ethyl cinnamates

A mixture of .20 g of ethyl phenylpropiélate, 0.11 mol of
Azol derivative and 15 ml of anhydrous DMF is stirred
while passing in argon at room temperature. A spatula of
NaH (80% in mineral oil) is added. When evolution of
hydrogen has ceased, the mixture is heated to 100-150°C
(bath temperature) and the reaction is followed by TIC
(mobile phase n-heptane/ethyl _acetate) . After the
reaction is complete, the mixture is cooled to room
temperature and concentrated in vacuo, and the residue is
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15 by conparison with a control

subst ance, using the formula A(control) - A(test substﬂm}etggﬁ;@gm
inhibition =+ x 100 A(cont

necessary, the inhibitory effect of the test substance ?ﬁir
function of the test sub- stance concentration enpl oyed

concen- tration for "50% i nhi biti.on of enzygg activity (I C[err]) vvas
cal cul ated. 25 - The 1derr] was determned for the conpounds

listed hereinaf tgérybtalticed from n-heptane or diluted with a little
n-heptane/ethyl acetate and purified by column chroma-
| tography on silica gel (mobile phase: n-heptane/ethyl.

acetate).

as a
s the

5 Process III .
Preparation of f-Azol-substituted cinnamic acids from
B-Azol-substituted cinnamic esters

6.4 mmol of B-Azo]_.-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 room 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 pH 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 CB,Cl,, the organic phases are dried
and evaporated in vacuo, and the residue is purified by
20 recrystallization or chroinatography 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 pharmaceuticals 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=-
sions, suspensions, granules, powders, solutions or
products with protracted release of active subsatance,
35 with the content -of active substance advantageously being
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[ 1S, 3R 4R, 59] - 3- [ ( Ejhisshed HRyBtaORGpRE@ANY| ) pr openoyl ] oxy- 4,
5- di_hydr oxy- 1- phenyl hexanecar boxylic 30 acid: 1Cerr] =
190 [err] M Exanpl e 2} H m H E3- [ (E) - 3- (4- hydr oxyphenyl ) propenoyl ] oxy-

4, 5-di hydroxy-1-(2-t y-cycl ohexane- - 11- carboxylic acid:
| Cl.err] = 110 [err] M - 29 - ‘
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, flavorings, preservatives, solubilizers or
colorants. |

10 The active substances can be administered topically,
orally, parenterally or intravenously, with the preferred
mode of administration depending 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 diluents 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, 1lactose, glucose or starch,
especially corn starch. This preparation can take place
either as dry or as wet granules. Suitable oily exci-

25 pienté 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. soluhili;zers,' 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 mitol solutions, or else a mixture of
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Exanple 3 [1S 3R 4R 55]-3-[(E)- 3 (4- hydr oxyphenyl ) properoyt4oxy-—5__

4.;5-di hydr oxy- 1- (2- propynyl ) oxy- cycl ohexanecar boxyl i c . r 560
[err] M Exanpl e 8 {1S, 3R, 4R, 5S] - 3-] (E) - 3- ( 4- hydroxgphengﬁéﬁee h‘g’?

4, 5-di hydroxy- 1- propyl oxy-cycl ohexanecar boxylic aci d: rr]M
Exanple 4 [1S, 3R 4R 59] - 1- (4- chlorophenxlabogyl)oxy 4, 5

3-(2-pyridi necarbonyl) oxy-cycl.ohexanecar boxylic aci d: 15 [ err]

=26 [err]M
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various solvents.

Pharmaceutical products suitable for topical and local
use are eye drops which contain the active compound in
aqueous or oily solution. Suitable for nasal use are
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
administered, and the frequency of administration depend
on the potency and duration of action of the compound
according to the invention which is used; in addition on
the nature and severity of the disease to be treated and
on the sex, age, weight and individual response of the
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 possible for administration to take
place in several doses a day as required.

The examples ﬁhich follow are intended to illustrate the

present invention without restricting its scope, however. -

anh means anhydrous; room temperature is about 18 to 25°C

Example 1

Preparation of 1L-(1(OH),3 4-O-cyc1ohexy11dene-5-tetra-
hydroxycyclohexanecarhoxylic acid 1,5-lactone 2 from
D-quinic acid 1:

163.3 g (0.85 mol) of 1 were suspended in 186 ml
(1.8 mol) of cyclohexanone. 0.5 ml of concentrated
sulfuric acid was added. The mixture was then slowly
heated to a heating bath temperature of 200°C, and a
water/ecyclohexanone azeotrope was distilled out. When no
further'azeotrope distilled over, the pale brown reaction
solution was stirred at a bath temperature of 200°C for
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Exanpl e 44 [ 1S, 3R, 4R, 55] - 1- (4- chl or ophenyl propyl ) oxy-3-[ (E)-3-(4-

hydr oxyphenyl ) pr opoyl ] oxy- 4, 5- di hydr oxy-cycl ohexane- carboxylic acid: 20
ICerr] = 9.3 [err]M - 12 - Table Corrgoggd from Exanple I err]
[[err]M 69 170 113

a further 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 péle yellow residue was crystallized

from isopropanol/water 1:1 to result in 142.1 g (75%) of
lactone 2 as colorless crystals. m.p.: 140-141°C.

Preparation of (1R,2R,3R,58]~1,2-0-cyclohexylidene-5-
10 phenylmethoxy-3,5~lactonylcyclchexane~1,2-diol (3, R* =
0-CH,Ph)

0.81 g (28 mmol) of sodium hydride (80% in mineral oil)
was suspended in 14 ml of anh. dimethylformamide under
argon and, at 0°C, 7.1 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 0°C, 3.5 ml of benzyl bromide were
added. The reaction mixture was left to stir at room
temperature for 4 h and then, at 0°C,-saturated 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 wvas reérystallized from n-heptane/methyl-tert-butyl
25 ether (5:1). 7.18 g (75%) of benzyl ether 3 (R? = 0-CH,Ph)
were obtained as colorless crystals. M.p.: 122-126°C.

Preparation of sodium [1S5,3R,4R,58)-3-hydroxy-4,5-0-
cyclohexylidene~-1l-phenylmethyloxycyclohexanecarboxylate
4 (R? = 0-CH,Ph) from 3 (R?* = O-CH,Ph):

30 3.1 g (9 mmol) of lactone 3 (R* = O-CH,Ph) were dissolved
in 20 ml of dioxane and, at room temperature, 9.5 ml of
1 N sodium hydroxide 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 was dried over potassium hydroxide under high
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114 5 0 115 8.9 116
"Hné $he@ Hpg_geen Replaced

4’5 117 10
0. 69 The conmpounds of the fornmula I.
accordlngtothe |nv h the radicals Rerr] =
a

Oalkyl(Rerr])[err],

Rerr]=R[err]

enyI(R[err])[_e or Oalkynyl(Rerr])[err],
= H and Y = O can be prepala d by 15 route A indi cated in

the followng ¢3¢hii"at 60°C for 24 h. 3.32 g (96%) of the sodium salt

10
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35

4 (R* = O-CH,Ph) were obtained as a colorless solid.
M.p.t 276-279°C (decomposition).

| Preparationof {18,3R,4R,58]-3~[ (E)~-3~-(4~(trimethylsilyl~

ethoxymethoxyphenyl ) propenoyl Joxy-4,5-0-cyclohexylidene~
l-phenylmethyloxycyclohexanecarboxylic acid 6 (R* =
0-CH,Ph) from 4 (R? = 0-CH,Ph): '

a) Preparation of (E)-3-(4~trimethylsilylethoxymethoxy-
phenyl)-2~propencic acid imidazolide 5 (R* = imidazolyl)
a) 1.62 g (5.5 mmol) of (trimethylsilylethoxymethoxy-
phenyl)propenoic acid.5 (R* = OH, 2 = CH=CH, R’ (protected
= 4-(trimethylsilylethoxymethoxyphenyl)) were dissolved
in 10 ml of anh. dimethylformamide. At room temperature,
a solution of 0.92 g (5.5 mmol) of carbonyldiimidazole
dissolved in 10 ml of anh. dimethylformamide was added
dropwise. This solution was then heated at 60-70°C for
1 h, during which evolution of CO, was observed.

'b) 2.1 g (5.5 mmol) of 4 (R* = 0-CH,Ph) were dissolved in

20 ml of anh. dimethylformamide. At 25°C under argon,
165 mg (5.5 mmol) of sodium hydride (80% 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)
was added dropwise. After 3 h at 0 to 5°C, the reaction
mixture was poured into saturated ammonium chloride
solution and extracted with ethyl acetate, and the
combined organic phases were washed with saturated sodium
chloride solution and  dried with magnesium sulfate. The
residue from concentration in vacuo was chromatographed
on silica gel (mobile phase: ethyl acetate/ n-heptane/
glacial acetic acid 20:60:1). 2.5 g (71%) of ester 6 (R?
= 0-CH,Ph, 2 = CH=CH, R' (protected) = 4~(trimethylsilyl-
ethoxymethoxyphenyl)) were obtained as a colorless oil.

Preparation of [1S,3R,4R,58]-3-[ (E)~3-(4~-hydroxyphenyl)-
2-propenoyl joxy-4,5-dihydroxy- 1-phenylmethyloxycyclo-
hexarfecarboxylic acid 7 (R' = 4-hydroxyphenyl, 2 = CB=CH,
R* = phenylmethyloxy) from 63
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- 13 - Process Aferr] M al kali nmetal O 5 Rerr]: d, Br,
OCGOoOderr]-Cerr]-alkyl, imdazolyl, triazolyl or tetrazolyl B:

chlorine, bromne,” iodine, sulfonic ester Rerr]: alkyl (Rerr])[err],

al kenyl (Rlerr])[err] or alkynyl (R err])[err] (7 = formula 1|, Rerr] =
Oderr]-Cerr]-alkyl (R err])[err], Oderr]-Cerr]- 10 - -
al Kenyl (Rlerr])[err] or OC[err] C[err] a3 nyl (R err ])[err] Rerr] =

Rlerr] = OH Rerr] = H, (CHerr])[err] wth
COOH, z, Rierr]2-Re&r(?. Oamol) of 6 were dissolved in 130 ml of dioxane

10
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m = zero, Rerr]

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
the reaction, the clear solution was adjusted to pE 3-4
with 2 N sodium hydroxide solution and concentrated in
vacuo. The solid residue was stirred in ethyl acetate
with heating, ‘and the insoluble sodium chloride was
filtered off. The filtrate was again concentrated, and
the residue was stirred with methyl tert-butyl ether. The
residue was filtered off with suction and dried under
high vacuum. 2.0 g (70%) of [1S,3R,4R,5S8]-3~-[(E)~3-(4~
hydroxyphenyl)-2-~propenoyl Joxy~4,5~-dihydroxy-l1-phenyl-
methyloxycyclohexanecarboxylic acid 7 were obtained as a
colorless solid. M.p.: 209-212°C. -

The following compounds were prepared in an analogous
manners

Example 2

[1S8,3R,4R,58])~-3~[ (E)~3~(4-hydroxyphenyl)-2-propenoyl Joxy~
4 ,5-dihydroxy~1-(2~-thienylmethyl)oxycyclohexanecarboxylic
acids

m.p.: 140°C.

Example 3

[1s 31i, 4R,58]-3~[ (E)~3=-(4-hydroxyphenyl)-2-propenoyl joxy-
4 5-dihydroxy- 1-(2 -propynyl )oxycyc lohexanecarboxylic
acid:

m.p.: 197°C

Example 4
[15,3R,4R,58])~1~(4~chlorophenylpropyl)oxy=-4,5~dihydroxy~
3~ (2-pyridinecarbonyl)oxycyclohexanecarboxylic acid:
m.p.: 128-130°C

’______________._’—————
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n as indicated for fornula I). - 14 - Process A conprises conpound 2,
which is known fromthe literature and can be obtained from conpound 1,
bei ng deprotonated with a strong base such as potassiumtert- butyl ate,

sodi um hydri de or potassium hydride and, to 5 i ntroduce R err], reacted
w t.h appropriate halides, tri- fluorosulfonic esters, met hyl sul foni c

esters or p-toluenesul fonic esters, advatt dayeously in polar aprotic
sol vents such qf dintq¥lfornanide, di met hyl sul f oxi de or
xample

10
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{1S,3R,4R,58)-1-(4~chlorophenylpropyl)oxy=3={ (E}=3~(4~
hydroxyphenyl)-2-propenoyl Joxy~-4, S-dihydroxycyclohexane-
carboxylic acid:

m.p.: 215-219°C

Example 6

(1s,3R,4R,58)~1-methoxy-3~[ (E)~3-(4~-hydroxyphenyl)~2-~
propenoyl ]oxy-4,5-dihydroxycyclohexanecarboxylic acid:
m.p.: 242-243°C

Example'7

{18,3R,4R,58]~1-ethoxy~3~[ (E) -3~ (4~hydroxyphenyl)=~2-
propenoyl joxy-4,5~dihydroxycyclohexanecarboxylic acid:
m.p.: 227-228°C

Example 8
(18,3R,4R,58]~3~[ (E) -3~ (4~hydroxyphenyl ) -2-propenoyl ] oxy-
4,5-dihydroxy~-l-propyloxycyclohexanecarboxylic acids
m.p.3 221°C

Example 9
[18,3R,4R,58}-1-(3-phenylpropyl)oxy=~3~[ (B) =3~ (4~hydroxy-
phenyl)-2-propenoyl)oxy-4,5~-dihydroxycyclchexane~
carboxylic acid:

m.p.: 203°C

Example 10
[1s,3R,4R,58]-1~(4-chlorophenylmethyl)oxy-=3-{ (E})=~3-(4~
hydroxyphenyl ) -2-propenoyl Joxy-4,5~-dihydroxycyclohexane~
carboxylic acids

m.p.: 211°C -

Example 11
{1s,3R,4R,58]- 1-(4-methylpheny1mathyl)oxy-3-[(E)-3-(4-
hydroxyphenyl)-2-propenoy1]oxy—4 S-dihydroxycyclohexane-
carboxylicacids ———

198°C This Sheet Has Been R
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tetrahydrofuran, resulting in conpound 3. Preferably used 10 as base is
sodi um hydri de and as solvent is dinethyl- formam de. The reaction of 2 to
give 3 is carried out at tenpe- ratures from-20[err]C to the boiling point
of the solvent used. A tenperature range from-10.to 60[err]C, especially
15 fromO to 30[err]C is preferred. The preferred enbodi nent of the
reaction of 2 to give 3 is carried out im3fmethylformanide in the presence
of sodi um hydri de or_potassium hydride at tenperatures fromO to 60[err]C.
The reaction | ExampMyel2 advant ageously 20 carried out with exclusion

of i sture unders 3R} ARG SB]«q -4AS-tri £ IRSCGmEEh§lphenylmethyl ) oxy~3-
{(B)=-3~- (4-hydroxyphenyl)-2-propenoy1]oxy-4 5-dihydroxy-
cyclohexanecarboxylic acid:
5 m.p.s 195-200°C

Example 13
{1S,3R,4R,58])~1-(4-biphenylmethyl)oxy=3-[ (E)~3-(4~
hydroxyphenyl)-2~-propenoyl Joxy-4,5-dihydroxycyclohexane-
carboxylic acid:

10 m.p.s 222°C

Example 14
[18,3R,4R,58]~1~(1-naphthylmethyl)oxy-3~{ (E)~- 3-(4-
hydroxyphenyl)-2—propenoy1]oxy-4 5-dihydroxycyclohexane-
carboxylic acid:

15 m.p.: 165-170°C

Example 15
[1S,3R,4R,58]~-1~- (2-naphthy1methyl)oxy-3 [(B)=3~(4~
hydroxyphenyl ) -2-propenoyl Joxy-4, S-dihydroxycyclohexane-
carboxylic acids

20 m.p.: 198°C

Example 16
(18,3R,4R,58]~-1- (3-methoxyphany1mathy1)oxy-3-((E)-3-(4-
hydroxyphenyl ) -2~-propenocyl Joxy~-4,5~dihydroxycyclohexane~
carboxylic acids:

25 m.p.: 189-191°C

Example 17
[1s,3R,4R,58]~- 1-(4-f1uoropheny1methyl)oxy-3-[(E)-3-(4-
hydroxyphenyl)—2-propenoy1]oxy-4_5-d1hydr9xycyclohexane-
: carboxylic acid:
30 m.p.: 214°C
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The starting materials which are needed for the con- version of 2 into 3
and which correspond to the radical Rerr] can be prepared by standard
processes known to the 25 skill ed worker. These take the form of
structures of the type Rlerr]-B with the restriction mentioned for process
A (al though without the |inking oxygen atom. B is, for exanple, a |eaving
group such as d, Br, | or OsJerr]R (R-=3gd£rr], Ph, tolyl, CFlerr]). 30
In place of the cycl ohexylidene protective group in 2 or 3, it is also
possible to uszﬂMpie;t&nective groups which can be elimnated under mld

I di dit ' d t, gl
wel | as tert- L&ﬁ%%* REPRLY &3”"‘%‘%@%&%@%“&1@%3 L) =52@=> =
y ‘droxyphenyl) -~ -propenoyl}oxy-4 5-d hydroxycyclohexane-
carboxylic acid:
5 m.p.: 238-241°C

Example 19
{18,3R,4R,58]~1~(3~(3-methoxyphenyl)propyl)oxy=3~[ (E) =3~
{4-hydroxyphenyl)-2-propenoyl Joxy~4,5~-dihydroxycyclo-
hexanecarboxylic acid:

10 m.p.s 208-210°C

Example 20
[1S, 3R, 4R, 58]~1~( (E) =3~ (4~chlorophenyl) -2-propenyl) oxy-3-
[(E)-3-(4-hydroxypheny1)-2-propenoy1]oxy-4 5—dihydroxy—
cyclohexanecarboxylic acid:

15 m.p.: 170-173°C

Example 21
{1s,3R 4R,58]-1-((3-chloropheny1)propy1)oxy-3-[(B)—3-(4-
hydroxyphenyl)-2-propenoy1]oxy-4 5-dihydroxycyclohexane~
carboxylic acid:

20 m.p.: 211°C

Example 22
(18,3R,4R,58]~1~-(4~-phenylbutyl)oxy~3-{ (E) -3~ (4~-hydroxy~
phenyl)-2-propenoy1]oxy-4 S-dihydroxycyclohexane-
carboxylic acid:

25 m.p.3 217°C

Example 23 ..
[18,3R,4R,58]~1-(3, 3-diphenylpropyl)oxy-3-[(E) -3=-(4-
hydraxyphenyl)-2-propenoy1]oxy-4 5~dihydroxycyclohexane~-
carboxylic acid:

30 m.p.: 155=160°C
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35 hydr opyranyl ethers, silyl ethers such as trinethylsilyl - 15 -
or tert-butyldinmethylsilyl or carbonates such as benzyl oxycarbonyl
tert - but oxycarbonyl derivatives which are well known from peptide and

steroid chem stry. Conpound 1 is |ikew se
preparation of such protected conpounds™

hydr ol ysi s of

hydr oxi des suc

10

15

20

25

30

um hydr oxi de, sodi um hydr oxi de or
Sodium [18,3R,4R,58]-1-(3~(4~-tert-butylphenyl)methyl)oxy-

3-[ (E)-3-(4-hydroxyphenyl)-2-propenoyl Joxy-4,5-dihydroxy-
cyclohexanecarboxylate:
m.p. $ 80-90’0

Example 25
[1S,3R,4R,58]-1~(3-(4~chloro-2-methoxyphenyl)propyl)oxy-
3-[(E)-3-(4-hydroxyphenyl)-2-propenoy1]oxy-4 S~dihydroxy-
cyclohexanecarboxylic acid:

m.P.$ 190-194°C

Example 26
[1S,3R,4R,58])~1=(3~(5-chloro~2-methoxyphenyl)propyl)oxy-
3-[ (E) -3~ (4-hydroxyphenyl)-2-propenoyl Joxy~4,5-dihydroxy-
cyclohexanecarboxylic acid:

" m.p.: 215-218°C

Example 27
[18,3R,4R,58]—1-(3-(4-chlorophenyl)-2epropyny1)oxy-3-
[ (E) -3~ (4~hydroxyphenyl)-2-propenoyl)oxy-4,5-dihydroxy-
cyclohexanecarboxylic acid:

m.p.: 233-234°C

Example 28
[ls,33,48,58]-1—[3,3-di(4-chlorophenyl)ptupyl]oxy-3-[(E)-
3-(4-hydroxypheny1)-2-propenoyl]oxy-4,S-dihydroxycyclo-
hexanecarboxylic acid:

m.p.s 122-126°C

Example 29

(1s, 3R,4R,5§] 1-((E)-3-(2-chloropheny1)-2-propenyl)oxy-3-
[(B)-3-(4-hydroxypheny1)-2-propenoy1]oxy—4 5-dihydroxy-
cyclohexanecarboxylic acid:

m.p.: 192-196°C '
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pot assi um hydroxi de. The reaction is advantageously 10 carried out in
protic or aprotlc sol vents such as | ower al cohols, tetrahydrofuran or

di oxane, and'the use of dioxane is preferred. The reaction of 3 to give 4
is carried out at tenpe- ratures from-20[err]Cto the boiling point of the
sol.vent 15 used. A tenperature range-fggm.-10 to 60[err]C, in
particular fromO to 30[err]Cis preferred. A further step is the reaction
of 4 to give 6 Erampleh3dhe radical R[err] Z-C(O) - |s attached to 4. To do

exanpl e, tet ranbe ovly B S8 phr FarraBRaRyBRtY B on S50 Bucaciabygrenrne o
di et hyl mﬂfoprcnwlh-é1xmppmnby1]oxy-4,5-dihydraxycyclohexane-
" carboxylic acid:
5 m.p.: 194-195°C

Example 31
(1s,3R,4R,58)~-1-(3~(3,4~-dichlorophenyl)propyl)oxy-3~[ (E)~
3= (4~hydroxyphenyl)-2-propenoyl Joxy-4,5~dihydroxycyclo~
hexanecarboxylic acid: |

10 m.p.: 213-215°C

'Example 32
(1S,3R,4R,58]~-1~(4~(4-chlorophenyl)butyl)oxy~3-f (B)=-3-(4~
methoxyphenyl ) -2-propenoyl ]6xy-4 , 5~-dihydroxycyclohexane~
carboxylic- acids

15 m.p.: 77-82°C

Example 33 :
[18,3R,4R,58]~1=(3=(4~chlorophenyl)propyl)oxy-3-[ (E)=-3~
‘{4-methoxyphenyl)-2~propencyl ]oxy~4,5-dihydroxycyclo-~
hexanecarboxylic acid:

20 MS: m/e = 505 (M+H*)

Example 34
[1S,3R,4R,58]~- 1-(3-(4-chloropheny1)propy1)oxy-s-[(E)-3-
(2-methoxypheny1)-2-propenoy1]oxy-4,5-dihydroxycyclo-
hexanecarboxylic acid: '

25 MS: m/e = 505 (M+H')

Example 35 .
{18,3R,4R,58]~1~(4~(3~-(2~ethoxycarbonylthienyl)oxy)-
butyl)oxy=-3~{[ (E)~3-(4-hydroxyphenyl)-2-propenocyl joxy-4,5=-
dihydroxycyclohexanecarboxylic acids:

30 m.p.: 144-147°C
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Rlerr]-Z-C(O-

Rlerr] (5) where R err] can be, for exanple, d, Br,

oC(O-Cerr]-Cerr]-alkyl, imdazolyl, triazolyl or tetrazolyl, wth

i m-dazolyl dnd

reaction is particularly preferably carri

presence of a
4-di - al kyl amni
- 30 The r

-20[err]Cto t ttels)camm.@suﬂl-toﬂ-t(ﬂctwwft)pnseplylmw@e-r[atmr e3rgdge

from-10 to 60
conpounds R er

5

10
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- 30

triazolyl being particularly pre- 25 ferred. The

base such as, for exanple

g% out in dimethylformam de in the
di'um hydri de, potassium hydride,

r| or tert-am nes, but especially of sodium hydride.
o 4 to give 6 is carried out at tenpera- tures from

ey 1 oAbt xS hinal

boxyfic ac
m.p.: 211-213°C

Example 37

{1S,3R,4R,58]~-1~- (2-thieny1)methyloxy-3 [(E)=-3-(4~-
hydroxyphenyl ) ~-2-propenoyl Joxy-4,5-dihydroxycyclohexane~
carboxylic acid:

m.p.: 140°C (decomp.)

Example 38

{1s,3R,4R,58]- 1-(2-thieny1)methyloxy-3-[(E)-3 (3~
methoxythienyl)-2-propenoyl Joxy-4,5~dihydroxycyclohexane-
carboxylic acids- '

MS: m/e = 455 (M+B")

Example 39
[(18,3R,4R,58]~1~(3~(3-thienyl)methyl)oxy-3-[ (E)=3~(4~
hydroxyphenyl)-2-propenoy1]oxy-4 S-dihydroxycyclohexane-
carboxylic acid:

m.p.: 156-160°C

Example 40

{is,3R,4R,58]~- 1-[3-(2-(5-chlorothieny1))propyl]oxy-3-'

[ (B)-3-(4-hydroxyphenyl)-2-propenoyl]oxy-4, 5-dihydroxy-
cyclohexanecarboxylic acids:
m.p.: 215-218°C

Example 41 )
[1S,3R,4R,58]-1-[4~(3,5~-dimethyldithieno(3, 2-b:3',2’-
e)pyridinyl)butyloxy-3~{ (E)=-3-(4-hydroxyphenyl)~-2-pro-
penoyl]oxy-4, 5-dihydroxycyclohexanecarhoxylic acid:
m.p.: 240-244°C :
e e
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- 16 - processes known to the skilled worker. A preferred enbodi ment of the
reaction of 4 to give 6 conprises the reaction of 4 with sodium hydride in

di met hyl f or mam de-and subsequent addition of a solution 5

of

Rlerr]-Z-C(O-imdazole (5 in dinethylformam de at 0 to 20[err]C,
advant ageously wi th exclusion of noisture under protective gas (argon or
ni trogen). The elimi nation of the protectid® -group in the reaction of 6 to

give 7 is carried out in a generally known

10

15

20

25

30

Example 42
[18,3R,4R,58)-1~[(3,5~dimethyldithieno(3,2~b:37,2’~
e)pyridinyl)methyl)oxy-3-{ (E)-3-(4~-hydroxyphenyl)-2-pro-
penoyl joxy~4,5-dihydroxycyclohexanecarboxylic acid:
m.p.: 240-244°C

Example 43
{1s,3R,4R,58)-1~(3~(3-thienyl)propyl)oxy-3-[ (B)=-3-(4-~
hydroxyphenyl)-2-propenoy1]oxy-4,5-dihydroxycyclohexane-
carboxylic acid:

m.p.: 211-213°C

Example 44 :

[1S8, 3R,4R,SS]-1-(4-chlorophenylpropyl)oxy~3-{(E)-3-(4-
hydroxyphenyl)propoyl]oxy-4 5-dihydroxycyclohexane-
carboxylic acids

m.p.: 157-159°C

A number of other compounds were prepared by process C.

1. Alkylation
30.0 g (0.118 mol) of lactone 2 were dissoclved in 200 ml

.of anh. dimethylformamide. At room temperature under an
-argon atmosphere, 5.3 g (0.176 mol) of sodium hydride

(80% in mineral oil) were added. After 1.5 h, the mixture
was cooled to 0-10°C and 20 ml (0.265 mol) of propargyl
bromide were added dropwise over 30 min. The solution
slowly became dark in color. After 1 h (TLC check) the
reaction mixture was poured into half-saturated ammonium
chloride solution. The mixture was extracted with ethyl
acetate, and the organic phase was washed with saturated
sodium chloride solution and dried with magnesium
sulfate. The residue after concentration in vacuo was
filtered through 1 kg of silica gel (mobile phase: ethyl
acetate/n-heptane 1:5). 30.0 g (87%) of propargyl ether
3¢ (R? = propynyloxy) were obtained as a viscous oil.
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10 manner, -for exanple by treatment with dilute inorganic acids such
as, for exarrpl e, hydrochloric acid or strong organi c acids—steh—ass—for
example, trifluoroacetic acid in inert organic sol vent smgdibe §s§e¥ﬂ{e

ethers, option- ally in the presence of wtlers at t enper 2
to.the boiling nt, of t so]vent, preferably fromO t;ﬂﬂ :m
resul ting corrpcﬂ?ﬂdﬂ?'b? ?ﬁe PP | according to the in

they contain a car boxyl group, formsalts with inorgani c or or gani ¢ bases.
legs)gc{o;ler ymg y5|%l ogi cea{ %@c%égbﬁ&g%g% %hgfla I'C &a"%ﬁﬁ‘&. cul ar
sodi um and pot%hn‘l’%ﬁ?t gissolved in 150 ml of anhydrous toluene and
50 ml of anhydrous triethylamine. Under an argon atmos--
5 phere, 0.354 g (0.002 mmol) of palladium dichloride,
1.05 g (0.004 mmol) of triphenylphosphine, 19.55 g (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 80°C, and the reaction
10 mixture was left at this temperature for 4 hours. It was
subsequently cooled to room temperature, the resulting
triethylammonium 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 purifi.ed by chromatography on 1 kg of silica gel
(mobile phase: EA/n-heptane 1:5; dissolve residue in a
little ethyl acetate for loading onto the silica gel).
23.0 g (69%) of phenylpropynyl ether 3" (R* = 3-(4-
chlorophenyl)-2-propynyloxy), which was recrystallizable
20 from methylcyclohexane, were obtained. M.p.: 79°C.

Preparation of alkene 3*’/ (R! = 3=(4-chlorophenyl)-2-
propenyloxy) from alkyne 3" (R* = 3-(4-chlorophenyl)-2-
propynyloxy) s '
12.0 g (29.8 mmol) of alkyne 3" (R* = 3-(4-chlorophenyl)-
25 2-§rbpynyloxy) were dissolved in 300 ml of pyridine, and
3.0 g of palladium on barium sulfate (10% 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 (93%) of alkene 3"’ (R* =
3-(4-chlorophenyl)propenyloxy) were cbtained as a colox-
less solid. M.p.: 155-157°C. _
'The other reaction steps were carried out in analogy to
process A (steps from 3 to 7). '

35 Preparation of alkane 3% ,(R’ = 3=(4-chlorophenyl)propyl-~
oxy) from alkyne 3"’ (R? = 3= 4-chlorophenyl)propynyloxy) :

THIS SHEET HAS BEEN
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The esters indicated for R err] can be prepared fromthe alkali netal salts
of the conpounds of the formula | with 25 a carboxyl group. To do this,
cormgpound 7 i.s reacted in an inert organic solvent such as tetrahydrofuran,
di et hyl sul foxi de, preferably dinmethylformam de, at -10 to 60[err]C, for
example with a C(ferr]-Cferr]-alkyl halide, preferably CJerr]-Cerr]- alkyl

| odi de, benzyl bromde or (Jerr]-Cerr]-algparoyl -O-CH R err])-Br 30 or
Clerr]-Cerr]-al kanoyl -O-CH Rl err])-1 to give the conpounds of the fornula
| according toé&.0cg {149 mmoli)t bfaalkygher3 g(Rup 3s(RFechlpraplienyl)~-2-

X=(CH err]) [er g dpghylddly) e f§! AilsbdiPad HiI500mI°" OF Sdthancl/ethyl
acetate (1:4), and 1.0 g of rhodium on aluminum oxide (5%
rhodium) was added. The reaction mixture was 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 (100%) of alkane 3™ (R* =
3-(4-chlorophenyl)propyloxy) were ocbtained as a colorless
oil.

10 The alkanes 3 obtainable in this way were also reacted
further as in process A (steps from 3 to 7).

Example 45
[{1s,3R,4R,58]~- 1-(3-(4-f1uoropheny1)propy1)oxy-3-[(E)-B-
(4-hydroxyphenyl)-2-propenoyl Joxy-4,5-dihydroxycyclo-
15  hexanecarboxylic acid:
" m.p.: 140-170°C

Example 46

[18,3R,4R,58]}~1~( (%) -3=(4-chlorophenyl) -2-propeny1)oxy-3-

[ (E)=3-(4-hydroxyphenyl)-2-propenoyl]oxy-4,5~dihydroxy-
20 cyclohexanecarboxylic acids

m.p.: 208-209°C

Example 47

[18,3R,4R,58])-1-((3)~3=-(5~pyrimidyl)~2-propenyl)oxy=-3-

[(B)=3-(4 -methoxyphenyl ) -2=-propenocyl Joxy-4,5-dihydroxy-
25 | cyclohexanecarboxylic acids

m.p.: 75-78°C

Example 48

[1s,3R,4R,58]-1~((Z)-3~(5-pyrimidyl) -Z-propenyl) oxy=-3-
_ {(B)-3-( 4—methoxyphenyl )-2=-propenoyl]oxy-4,5-0-cyclo-
30 hexylidenecyclohexanecarhoxylic acid:

m.p.: 165-167°C
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- 17 - Process B (see process A for definition of M Rerr] and B) [err]

- 18 - [err]

(17 and 18 - formula | with Rerr] =

Oderr]-Cefr]-alkyl(Rerr])[err], Oderr]- Clerr]-alkenyl (Rlerr])[err] or
OHC[err]-C[err]-aIkynyI(R[err])[err] R[err] in the neaning indicated for
Rlerr] and R err] CH or Rerr] = CH and3 Rferr] in the neaning indicated

for Rerr],

10

15

20

25

30

R[err pl 49 Y =0 X=(CHerr])[err]

[15,3R,4R,58]-1~((%Z)~3~(2-naphthyl)-2-propenyl)oxy-3~-
[(E)-3-(4-methoxypheny1)-2-propenoy1]oxy-4 5~-dihydroxy-
cyclohexanecarboxylic acid:

m.p.: 146-149°C

Example 50
[(1S,3R,4R,58]~1=((2)-3-(3-trifluoromethylphenyl)-2-
propenyl)oxy-a-[(E)-3-(4-hydroxy1)-2-propenoyl]oxy-4 5=
dihydroxycyclohexanecarboxylic acid: .

m.p.: 187-190°C .

Example 51

Methyl [1S8, 3R,4R,58]-1-(3-(G-chlorophenyl)propyl)oxy—3-
[(B)-3-(4-mathoxypheny1)-2-propanoy1]oxy-4 5-dihydroxy-
cyclohexanecarboxylatet

MS: m/e = 505 (M+H*)

Example 52
{is,3R,4R,58]~1~(3=(4~chlorophenyl)propyl)oxy-3~[ (E)~3~
phenyl-2-propenoyl Joxy-4,5-dihydroxycyclohexanecarboxylic
acid:

MS: m/e = 475 (M&Hﬂ

Example 53

[1s, 3R,4R,58]-1-(3-(4-chloropheny1)propy1)oxy-3-[(E)-3-
(3,4-dichlorophenyl-2-propenoyl joxy-4,5~-dihydroxycyclo-
hexanecarboxylic acid:

MS: m/e = 543 (M+H")

Example 54

[18,3R; 4R,58]-1-(3-(4—chloropheny1)propyl)axy-3-[(E)-2-
phenyl-l-cyclopropylcarbonyl]oxy-4 S-dihydroxycyclo-
hexanecarboxylic acid:

MS: m/e = 489 (M+H*)
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5 wth m= zero, Rerr] = COOH, Z R[err] and R[err] and n as indicated for
formula I). Process Bis used in order to vary the radicals R err] and

Rlerr]. In this ecase it is necessary to elimnate the cyclo- hexylidene
protective group in 3 to give the conpoun%} ._ 10 Thi s can take place by
a standard process known to the skilled worker. Preferred in this case is

hy-dr ol ysi s of

presence of- strong

ﬂrgﬂg organi.c solvents such as | ower alcohols in the
organi ¢ aci ds such as sulfonic acids, for exanple

p-t ol uenesul f orlilé 3R ARr581+1+(3rédcehloropheny ipxppyhioxEadridr (d~ 3 to
give 8 is carr 'l&ﬂf’é&ypi’xﬁhﬂﬁ‘i@bﬁoyﬁt] SEFPE 8L Wity d F Oy ¢ N 1SN kahe S he

boi l'i ng poi nt
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carboxylic acid:
MS: m/e = 493 (M+H*)

Example 56
[18,3R,4R,58]~ 1-(3-(4-chloropheny1)propyl)oxy-3-[3-(4-
methoxyphenyl)propoyl]oxy-4,5-dihydroxycyclohexane-

. carboxylic acid:

MS: m/e = 507 (M+H")

Example 57
[{18,3R,4R,58])~1-(2~-(4-chlorophenyl)~1l-cyclopropylene-
methyl)oxy-3-[(E)-3-(4-hydxoxypheny1)-2-p:openoyl]oxy—
4,5-dihydroxycyclohexanecarboxylic acid:

m.p.s 195-199°C

Examples for variation of the radicals R* and R® by
process B

Preparation of lactone diol 8 (R* = -0-CH-CH=CH-(p-Cl-
phenyl), cis) from 3 (R? = -0-CH-CH=CH-(p-Cl-phenyl),
cis):

11.0 g (27.7 mmol) of lactone 3 (R = «0=CH~CH=CH= (p-Cl-
phenyl), cis) were dissolved in isopropanol. 40 ml of 2 N

hydrochloric acid were added. The reaction solution was

left to stand at room temperature for 48 hours and was:
subsequently neutralized with 1 N sodium hydroxide
solution and concentrated in vacuo, and the residue was
chromatographed on silica gel. 7.8 g (90%) of lactone
diol 8 (R? - -O-CB-CH-CB-(p-CI-phenyl), cis) were
obtained as a colorless solid. M.p.: 117-120°C

Preparatien of the 5-tert-butyldimethylsilyloxy compound
9 (R* = -0-CH-CE=CH-(p-Cl-phenyl), cis) from the lactone
diol 8 (R? = -0-CH-CH=CH-(p-Cl-phenyl), cis):

'Hns Sheet Has Been Re
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sqQl vent used. A tenperature range from-10 to +60[err]C, in - -19 -
particular from20 to 50C, is preferred. The conversion of 3 into 8 is
particul arly-preféerably carried out in isopropanol in the presence of

p-tol uenesul fonic acid at 40[err]C. 5 = step characteristic of process

Bis the differentiation of the two free hydroxyl grgups in 8 To do this,
com pound 8 is5r@a3t€d v timal brok dactongilinln@ (R’ oF ky0=CETCE+CHa(Pes

such as, for ex@I¥pReny®}}-&ibsy! shd®f/18 g (61.9 mmol) of imidazole were
dissolved in 50 ml of anh. dimethylformamide. At 0°C,

3.9 g (26 mmol) of tert-butyldimethylsilyl chloride were

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

10 gel (mobile phase: ethyl acetate/n-heptane 1:3). 5.7 g
(84%). of silyl ether 9 (R* = -0-CH-CH=CH-(p-Cl-phenyl),

" cis) were obtained as a colorless solid. M.p.: 71°C.

It is also possible in this way by carrying out the
reaction at room temperature to produce 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
(R? = -0-CH-CH=CH-(p~Cl-phenyl), cis) from 9 (R* = -O-CH-
20 CH=CH=-(p-Cl-phenyl), cis).
1.0 g (2.3 mmol) of alcohol 9 (R! = -0-CH-CH=CH~-{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 (80% in mineral oil) were
25 - added, and the mixture was stirred for 1 h. It was
- subsequently cooled to 0°C and 0.85 g (3.2 mmol) of 3,3~
di (4-chlorophenyl)~-2-propenyl bromide dissolved in 5 ml
of anhydrous dimethylformamide was added, and the
reaction mixture was allowed to warm to room temperature.
30 After 14 h, saturated Amonium chloride solution was
' added to the reaction mixture, and the latter was ex-
tracted with methyl tert-butyl ether. The combined
organic phases were dried with magnesium sulfate and
_ concentrated in vacuo. The residue was purified on silica
35 gel (mobile phase: ethyl acetate/n-heptane 1:3). 0.5 g
- (84%) of ether 11 (R* = ~0-CH~CH=CH~(p-Cl-phenyl), cis)
was obtained as a colorless oil. |
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silyl chloride, tert-butyldiphenylsilyl chloride or 10
triisopropylsilyl_chloride in an inert organic solvent, in particular

di-mat hyl f or mam de,

of a base, in particular imdazole, to give the conpounds 9 and 10 which
can be separated by chromatography. 15 = 4@he conpounds 9 and 10 can be
reacted in analo?y to the conversions of 2 into 7 fromprocess A so that

the vari- ationk

are possi bl e bycédpéuRdosesShxakpPecs8:C (see process A for definition of

Rlerr]) [err]

10

i5

20

Example 58 .
[{18,3R,4R,58]-1~( (Z)~3~(4~chlorophenyl)-2-propenyl ) oxy-3-
{(B)~3-(4-hydroxyphenyl)propoyl]oxy-4~{3,3~di(4~-chloxo-
phenyl-2-propenyl)oxy~5-dihydroxycyclohexanecarboxylic
acid

m.p.: 157-161°C

Example 59 was also synthesized in analogy to Example 58:

Example 59
Sodium [1S,3R,4R,58]-1=((Z)=3=(4~-chlorophenyl)«~2-pro-~

penyl)oxy-3-[ (E) -3~ (4-hydroxyphenyl)propoyl Joxy-4-phenyl~
methyloxy-5-dihydroxycyclohexanecarboxylate

1g~-NMR (270 MHz, d,~DMSO): d=1.85-2.3 ppm (m, 3H), 3.3-3.5
(m, 2H), 4.05-4.70 (m, 6H), 5.2-5.38 (m, 1H), 5.82-5.93
(m, 1H), 6.3 (d, J=10.0 Hz, 1H), 6.42-6.5 (m, 1H), 6.75~
6.85 (m, 2H), 7.2-7.55 (m, 12H), 11 ppm (1H).

The campounds of the following examples were prepared in
a manner analogous to that described in Example 1:

Example 60

0\ OH
@ 0
_ . 0 m.p.: 230°C

HO 0
OH
OH

- . :
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-20 - [err] - 21 - [err] (70 = formul

al with Rlerr] =
Oderr]-alkyl(Rerr])[err] wth n =1 and Rerr] aromatlc radl cal
indicated fot formula I, Rerr], Rerr] = OH Rerr] =H ct Bas Been Replaced
(CH err])[err] with m= zero and Rerr] = g9, Z and R[err]“ l "m
for formula I, with conpounds with
Example 61 .
0:\ OH
"/C 0
HO m.p.: 175-179°C.
HO 0 |
OH
']
Example 62 |
%\ &‘ .. m.p.: 211-212°C
5 Example 63

1) 68 ml of 1.2 M diisohutylalﬁminnm hydride were added
to 30.0 g (73.7 mmol) of 63a '

83A

in 250 ml of anh. toluene under an argon atmosphere

at -50 to -60°C. After 1 h, at -60°C S0 ml of a

10 methanol/water mixture (9:1) were added dropwise.
The reaction mixture was warmed to 0°C. Subsequently

the reaction mixture was poured into 1 N potassium

~ bisulfate solution (pH ~ 4) and extracted with EA,

and the organic phas_e was dried with sodium sulfate.

FHIS SHEET HAS BEEN
REPLACED




Rlerr] = O(derr]-alkenyl (R err])[err] or

O err]-alkynyl (Rlerr])[err] being obtai ned when the optiona

hydr ogenation to 3"' or 3[err] is omtted). An alternative process to A for
a nunber of compounds of the fornmula | according to the invention is
process C. The internediate 3' in whichR48r4 = 2-propynyl oxy can be 10
used for Rerr] = O(err]-alkynyl(Rerr]). In thi.s case, 3 (Rerr] =
2-propynyl oxy) is rGorcemtrat |rnsnlt#@ahnc3300v@nofsﬁih as, for.

exanpl e, toluene, benzene or n-heptane with cat
conpl ex and copper(l) halide, especiall

for exanple, primary, secondary or

ysis by a palladium

) iodide, with an aryl

, 15 especially aryl brom g&o odide, to give 3" (Rerr] =
-2-propynyl oxy). To do this i to add a base such as,

vwhich was reacted further without purification.

2) 19.8 g'(88.1.mmol) of triethyl phosphonoacetate were

dissolved in 200' ml of anh. tetrahydrofuran. At 0 to

5 5°C under an argon atmosphere;- 2.65'g' of 80% sodium

hydride were added-in portions. The result after 20

min was a clear brownish solution to which, at =40

to =-50°C, 30.0 g (73.4 mmol) of 63B 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 g

- of 63C: - :

3¢

as a colorless oil.
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am nes, especially triethylamne. It is also optionally possible for the
base sinultaneously to act as sol vent 20 and for addition of another
organi ¢ sol vent to be dispensed with. The reaction of 3 (Rerr] =
2-propynyl oxy) to give 3" (Rerr] = R errR92=propynyl oxy) is carried out at

tenperatures from-20[err]C to the boiling point of the sol yent . GA
t enpe- 25 B3t ur 6 3Cawgs FP@WE@GGNObyOP&PFFePePnkBSPPii& éﬁengiingto

80C, is preferred. {hgked liadidgappnpl ex which can be used is, for exanple,
0

Ke)

63D

and reacted further in analogy to Example 1 (stage
b and 6-7) to give 63 of the formula

0. OH L L
5 c|r© o " mfe m 503 (M+H*)
HO 0 .
OH

The compounds of the folloming'éxamples were prepared in
analogy to Example 1:

Example 64
CH;s

: | 0. OH
¢ 0 m.p.t 205-208°C
HO 0 _ |
oH
O
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- 22 - the ditriphenyl phosphi nepal | adi um di chl ori de conpl ex which can be
prepared in situ from pall adi umdi chloride and tri phenyl phosphine, or the
di tri phenyl phosphi ne- pal | adi um di acet at e_conpl ex whi ch can be obtained in

the 5

same way from pal | adiun(l1) aceb8tg, “and ditriphenyl -

phosphi nepal | adi um di chl oride is preferred 3"" (Rerr] =

Rerr] - 2- propeﬁyPEP}P &5 3lerr}] (R[err] R[err] 2-propyl oxy) can be
prepared from3" (Rerr] = R E"A 2- propynyl oxy) using hydrogenation
ar

cat al ysts.
under a hydr ogen at nospher

(Rlerr] = Rerr]-2-p

The reactions ar ed out in 10 et hanol or pyridine

at atn@sph@Hc pressure.. The reaction of 3"
bp e 3" (Rerr] .

cli 0  m.p.: 194-195°C
Ho* 1 O
OH
OH
Examble 66 _
CHs o on m/e = 605 (M+E')
0
4
- 0
Cli | ' N
HO 0
oM

Example 67

m.p.: 158-161°C

CHyO

-OH
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= R err]-2-propenyloxy) is carried out with a palladiumon barium sulfate
catalyst at tenperatures fromO[err]C to the 15 " boiling point of-the

solFvent used. Pyridine is preferred as solvent at a_tenperatuyr from
20to 50C, in particular from20 to 30[err]C. The r miﬁﬁﬁ err]
Xy)

(Rlerr]) -2-propynyloxy) to give 3[errJ R[_err] = i's

carrred out with pa1|ad| um on 20 charcoal as cat

t enper at ures frli?{ﬂm @ the boili ng point of the solvent used. A tem
perature range fro to 50[err]C, in particular from20 to 30C, |s
preferred. The further reactions of 3[err] and of 4" to give 7', i.e.- 25

to give the conpoundss oaltB€ RoMndethybdindlessIubisni In toluene ware
introduced at 0°C in 150 ml of anhydrous dichloro--

methane and, under an argon atmosphere, 10.4 g

5 : (59.2 mmol) of chloroiodomethane were added drop-

wise, and the mixture was stirred at 0-5°C for

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

,@(’\/

e8A

dissolved in 50 ml of anhydrous dichloromethane were
10 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 EA and concen-

tration in vacuo. 5.5 g (918) of cyclopropane deri-~
15 ' vative 68B were obtained, of the formulae

ct

w O

(3:1 mixturg of the two possible diastereomers)
which were separable by crystallization from
i-propanol.

2) 2.0 g (4.8 mmol) of lactone 68B were dissolved in

20 50 ml of anhydrous toluene under an argon atmosphere
| and, at -60°C, 4.1 ml of 1.2 M diiscbutylaluminum
hydride solution in toluene were added dropwise. The

reaction solution was stirred at -60°C for 2 h and
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detail under process A - 23 - Process D (see process A for definition
of Rerr]) [err]

= zero, R err]

(24 = formula | with Rerr] = CN, X = (CHerr])[er] with m
O Cerr]-CJerr]-alkyl-(Rerr])[err], with n = zero or 1,

Rlerr], Rlerr] = OH Rerr] =H B Y=0and Rerr], Rerr] and Z as
i ndi cated for forrrul ab ) The procedé?: for process D corresponding to
pr.ocess steps (1) to (5) is explained i v mpl e 68.

10

15

20

3)

4)

then hydrolyzed with 10 ml of H;0. 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 (99%) of lactol 68C of the formula

" ’" OH m
ﬁ%ﬁ/ Tl
w O

were obtained as a colorless oil.

2.0 g (4.76 mmol) of 68C were dissolved in 50 ml of
MeOH. A solution of 5.1 g of hydroxylamine hydro-
chloride and 5.0 g of potassium hydroxide in 50 ml
of MeOH was added dropwisé at 25°C. After stirring
at 25°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

was reacted further without purification.

2.1 g (4.8 mmol) of 68D were introduced into 50 ml
of anhydrous dichloromethane and, at 25°C, 4.6 g
(12.3 mmol) of carbonyldiimidazole were added. The
‘mixture wa.s'uhsequ'ently warmed at 40°C for 3 h and,
after CO, evolution had ceased, 100 ml of anh.
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- 24 - Process E (see process A for definition of Rlerr]) [err] (30 =
formula | with Rlerr] = (Jerr]-Cferr]-alkyl(Rerr])[err], Rerr], Rerr],
Rlerr] = H <Y =0 X=(CHerr])[err] with m= zero, R err] = COOH, Z,
Rlerr], Rerr] and n as indicated for formula ). 5 Process E is

suitable for preparing the conpound degyerd bed in Exanple 70. Suitable
réaction conditions are evident fromthis exanple.

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 tert-butyl ether,
and the organic phase was washed with 0.1 N

5 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 68E of the formula

Poar
7

" 10 as a colorless oil. .

5) The compound 68 of the formula

N
| H i (':@ |
| 0 N m/e = 584 (M+H*)
/(iac‘aﬁlo% m.p.: 197-202°C
Cl HO( | : :
' OH
68 |

was obtained from 68E in analogy to the conversion
4-6 according to Example 1.
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-~ 25 - Process F (see process A for definition of Rlerr]) [err] 34 (35 =
formula | with Rlerr] = COOH, X = (CHerr])[err] wwth m= 3, Rerr] =

O Crerr]-Cerr]-al’kyl (Rlerr])[err], Oderr]-Cerr]- aIkenyI(R[err])[err] or
Oderr]-Cerr]- aIkynyI(R[err])[err] Rlerr], RerrT =6H—Rerr] = H and
Z, Rlerr], Rerr] and n as 5 i ndi cated4 of forrrul",13111_45)1,%t rocess is
expl ained in Exanple 63, The starting conpounds for pr ep cedr e
known or can b@xﬁ\%eﬁ? in anal ogy to the nethods knoMﬂ,’ I,I

The compound 69

l .
¢ 0
0 N
( \5 |
N m/e 549 (M+H)
0
HO OH

was prépared in analogy to Example 1.
5 | Example ‘70

Stage 1t Methyl 1-[4.-(4-chlotophetiyl)butyl]cyclohex—B-
enecarboxylate 70B from 70A

85 mmol (11.9 ml) of dry diisopropylamine are dissolved
in 200 ml of dry THF 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-butyllithium
in hexane are run into this while stirring vigorously.
The mixture is stirred for 10 min and then 75 mmol
(10.5 g) of methyl cyclohex-3-ene~l-carboxylate 70A

o 0
cHy
+/ -
. ( .)
70A
15 (commercially obtainable) dissolved in 10 ml of THF are

added dropwise so that the internal temperature does not
exceed -65°C. The mixture is subsequently stirred at ~70
to -80°C for 30 min and then 74 mmol (21.8 g) of 4-(4-
chlorophenyl)butyl iodide dissolved in 25 ml of THF are
20 added dropwise so that the internal temperature does not
exceed -65°C. The mixture is subsequently stirred at -70
to -80°C for 3 h and then the cooling bath is removed.
After the internal temperature has reached 10°C, the
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literature or can be obtained by the processes described 10 in the
application. Conpound 5 (conpare process A) which is enployed, for exarnple,
f or- synt hesi*zi ng 't he conmpounds of Exanples 68, 78, 82, 96, 97 and 98 is
expediently prepared by process I, II, |11l as described hereinafter. -
26 - Process | [err] Process 11 - 55 -

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,

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

708

is ebtained as a white low-melting wax.
10 Masa spectrum: m/e = 307 (M+H*)

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

22.7 g of methyl 1-[4~(4-~-chlorophenyl)butyl])cyclohex~3-
ene-l-carboxyléte 70B 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 50 ml of water, and the mixture is
refluxed under protective gas 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 suction, washed with a little cold water and
n~-heptane/toluene (1:1 vol/vol} and dried in vacuo. 70C
of the formula '

¢ 0l Nql+)

70C

. Thls Sheet Has Been R
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[err] Process Ill [err] Alk is (Jerr]-Cerr]-alkyl 5 Azol is R err]
meani ng i m dazoly|, indolyl, piperazinyl, tetrazolyl, triazolyl or their
t hi éno-, pytidino-, pyr|n1d|no- or benzo-fused derivatives -27- Process
| Preparation of [err]-Azol-substituteddJdrajdyd cinnamates

is obtained as colorless shining 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. -

5 . Stage 3: 1l-[{4-(4-Chlorophenyl)butyl]-4-exo-iodo~6~oxa=-
bicyclo[3.2.1)octan=-7-one 70D from 70C

22.2 g of sodium 1-[4-(4-chlorophenyl)butyl}cyclohex-3~
ene-l-carboxylate 70C are suspended in a solution of 22 g
- of sodium bicarbonate and 68 g of potassium iodide in
10 350 ml of water. To this are added 175 ml of MTB ether
and 20 g of iodine and the mixture is stirred under a
protective gas at room temperature for 16 h. 10% strength
agqueous sodium bisulfite solution is added in portiomns to
the reaction solution until the iodine colour has dis-
15 appeared, and the solution is extracted three times with
ethyl acetate. The extracts are washed twice with satu-
rated brine, dried over sodium sulfate and evaporated in

vacuo. 70D of the formula

cl!

et Has Been Replaced.

T o :

700 ,

. is obtained as a pale yellowish solid of melting point
20 84-6°C.

Stage 4t 1-[4-(4~Chlorophenyl)butyl]~6-oxabicyclo{3.2.1]~
octan-7-one 70E from 70D

2 g of 1-[4-{4-chlorophenyl)butyl]-4~exo~iodo-6-oxabi~-
cyclo[3.2. 1]octan-7-one 70D are dissolved in 20 ml of dry
25 MTB ether. To this is added under a protective gas about
0.1 ml of a 1 molar solution of triethylborane in THF and
then 1.35 ml of tributyltin hydride are added dropwise.
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A mxture of 50 g of nethyl 2,3-dibrono-3-phenyl pro- panoate, 100 ml of
triethylamne and 500 m of toluene is 5 heated to boiling for 1 h and
t hen cooled*to robomtem perature and filtered. The filtrate is evaporated
in vacuo, and the resulting [err]-bronocinnam c acid is used further

wi t hout purification. O. 2 mol of the AzoT brtva- tive dissolved in 150 m

of anhydrous DVE is added 1Q dropwise to a stirred susp nsign of 4.7 g
of NaH (80%in "Plli‘?leF‘&?‘tHFP) J'Pn slté(?‘iﬂam PR r beuP et “‘Tﬁe%PEr’rﬁerlthﬂ‘% of

~the nmixture is thentai ooﬂubtbnmoBSSnguflmtihMyfbmtidQ im SCaml Abf er
b The 15 | Své%?%%sf b agddif, Brd dng mlaShre’ O SHAEERT ISR Ueefl
min. The precipitate which has separated out is
5 f:l.ltered 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-
melting wax. Mass spect:ums m/e = 293 (M+H')

Stages 5-and 6 are carried out in analogy to Example 1.

15 The compound 70 of the formula
¢l
COOH
I m/e = 470
: OCHy
70 :

is obtained.

The compounds of the following examblos were prepared in
. analogy to Example 1: ' ’

:\
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200 m of anhydrous DMF and, while cooling in ice, the solution of the Azol
sodiumsalt is added dropmﬁse wth stirring. After stirring at room
tenperature sfor 2 hours, 10.8 nl of gIaC|aI acetic acid are added, the

purified by coESAHP ﬁr

m xture is 20 stirred into 1.5 | of i g wat er and extracted several

times with ethyl acetate and the organlc Ehases are washed wth water. The

or-gani ¢ phases_are- gﬂaand evaporated in vacuo, and the residue is
tography on silica gel (nobile phase: 25

n- hept ane/ et hyl acetate) or recryggyallization. Process || Preparation of

[err]-Azol -substituted ethyl s=ghamates A m xture of 20 g of ethyl

phenyl propi ol ate, 0.11 nol

OH ,
0 0 m/e = 475 (M+H')
_ 0
HO o)‘\?@
OH

Example 72
cli

m/e = 543 (M+H')

5 Example 73

n/e = 488 (M+H')
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Azol derivative and 15 ml of anhydrous DVF is stirred 30 whil e passing -

i'n argon at roomtenperature. A spatula of NaH (80%in nmineral oil) is
added. Wien-evol ution of hydrogen has ceased, the mixture is heated to
100- 150[ err] C (bath tenperature) and the reaction is followed by TLC
(rmobi | e phase n-heptane/ ethyl acetate). A%~ the 35 reaction is

conpl ete, the rH xturﬁ if cooled to roomtenperature and concentrated in
vacuo, and the % -28- recrystallized fromn-heptane or diluted

with alittle ' cli

m/e = 489 (M+H')

Example 75
cl
OH
0 0 m/e = 450 (M+H')
.0 '
HO o)‘@
~ OM N |
5 . Example 76 .
Cc!

By
g Wi

-0
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n; hept ane/ et hyl acetate and purified by columm chroma- tography on silica
gel (nobile phase: n-heptane/ethyl. acetate). 5 . Process Il Preparation
of [err]-Azel-substituted cinnamc acids from[err]-Azol-substituted
cinnam c esters 6.4 nmol of [err]-Azol-substituted methyl or ethyl

ci nnamates are suspended in a solution of ¢y77 g of NaOH in 50 m of 10
water and 10 ml of methanol, and the mixture is stirred at roomtenperature
~until the TLC(gggﬁ#fbphﬁse n- hept ane/ et hyl acetate) shows conplete
conversion and a clear solution has resulted. The latter is concentrated in
vacuo, diluted with about 50 M of w@tlkr and, while :

m/e = 507 (M+H")

OH
0= L0 -
0
HO O.J\/O CH
OH | 0o’

Example 78
Ccl
m/e = 541 (M+H")
5 Example 79
Ci
OH -
. 0 m/e = 576 (M+H")
0 0 . . o
AL N’Jko |
HO Y
.OH '
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cooling in ice, adjusted to pH 2-3 with 2 NHO. If a solid

precipitates, it is filtered off with suction and dried in vacuo.

O herwise, the mxture is extracted several tinmes with CHerr]d[err], the
organi ¢ phases are dried and evaporated< lacuo, and the residue is
purified by 20 recdégtalllzatlon or chromat ography on silica gel

(nobi | e phase: Bramphe

the formula | according to the
com 25

et hyl -acetate/glacial acetic acid). The invention

relates to pharnaceutlcalscﬂﬂch.contain one or nore conpounds of
enti on and/ or their pharmacol ogically

patible salts. Thg W naceuticals are produced by processes

known per so and famliar to gkil | ed worker. As pharnma-

m/e = 502 (M+H")

0 0
0
HO 0 \ N
OH \cns

Example 81
Ccl
OH ¢l |
0 0 | |
6 ' m/e = 601 (M+H")
N ) .
HO 0
R
OH
5 Example 82
cl
OH
0 0 m/e = 591 (M+E')
HO ThlsSheetHas
OH

l i IIII Il
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ceuticals, the pharmacol ogically active conmpounds (= active substance)
according to the invention are enpl oyed 30 ei ther as such or,
preferably, : in conbination with suitable pharmaceutical auxiliaries in the .
formof tablets, coated tablets, capsul esgasuppositories, enul- sions,
suspensi ons, granules, powders, solutions or products with protracted

rel ease of actgkamplaleseadnce, 35 with the content of active substance
advant ageousl y bei ng 0. 1 to 95% The skilled worker is famliar on the
basis of his expert

OH | N
| 0 0 ‘m/e = 491 (M+H")
HO o , .
OH |

'Bxample 84
cl
OH
0 0 : m/e = 449 (M+E")
0
aage -
: OH
5 Example 85
cl
OH - _
o O_ .
0 m/e = 539 (M+H")
RO
OH
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knowl edge with the auxiliaries which are suitable for the desired

phar maceutical formul ation. Besides solvents, gel 5 forners,

supposi tory-bases, tablet auxiliaries and other active substance
excipients, it is possible to use, for gxggple, antioxidants, dispersants,
enul sifiers, foam suppressants, flavorings, preservatives, solubilizers or
colorants. 10 pxagBtedBbl V€ substances can be adm nistered topically,
orally, parenterallTy or intravenously, with the preferred node of

admi ni stration depending on the Mikease to be treated. Oral administration
is preferred. For a formfor Rl use, the active conmpounds afe mixed 15
with the additives suitable for, such as excipients,

m/e = 495 (M+H*)

Example 87
cl

~ OH |
0 0 m/e = 500 (M+H*)
0 |
S Example 88
Cl
oH |
0 0 . m/e = 500 (M+H')
0o
OH | Z \
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stabilizers or inert diluents and converted by conven- tional nethods into
sui table adm nistration forns such as tablets, coated tablets, hard gelatin
capsul es, aqueous, alcoholic or oily suspensions or aqueous, alcoholic or
20 oily solutions. Exanples or inert excipients which can be used are
gum ar abi ¢, nmagnesi a, nmagnesi um car bonat e, _pot assi um phosphate, | actose,
gl'ucose or starch, especially corn stardh.éhﬁs preparation can take pl ace

either as dry qr as wet_granules. Suitable oily exci- 25 pi ents or
sol vents are vEraTRie animal oils, such as sunflower oil or fish liver
oil . For subcutaneous or intravenoysj adn1n|strat|on the active conpounds
or their physiologically toler salts
OH . -
0 Y , m/e = 476 (M+H')
o .
#
N
HO O/KAO
OH N° , ,
Example 90
Cil

OH _
0 0 . m/e = 499 (M*H?)
0 . |
HO o | o
oH S

5 Example 91

cl
OH - S
0 0 . . m/e = 463 (M+E')
Ho" Y O ' .
OH : :
—
ThlSSheetHas
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are converted, if required with the substances customary 30 for this
pur pose, such as solubilizers, emulsifiers or other auxiliaries, into a
solution, sespendion or enulsion. Exanples of suitable. solvents are
wat er, physiol ogical brine or alcohols, for exanple ethanol, propanol,

gl ycerol ,- as well as sugar sol utions such_as 35 gl ucose or mannit ol
sol utions, or else a m xture of - 30- vg i ous solvents Phar maceut i cal
products SU|taEIe L&r baplcal and | ocal

cl

O\/\/ i
o.
m/e = 553 (M+E')
HO
oH
Example 93
Cil
O\/v i |
0
OH m/e = 481 (M+H%)
0 S -
Z
HO 0 .
OH
5. Example 94
cl

m/e = 473 (M+H")

0
0
HO "0 :
OH
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use are eye drops which contain the active conpound in aqueous or oily
solution. Suitable for nasal use are 5 aerosol s and sprays as well as
coarse powdérs which are adnini stered by-réfi-< i nhal ati on through the
nostrils and, in particular, nose drops which contain the active conpounds
i n aqueous or cBthmsbihu%on. The dosage of the active substance of the

formula | to be 10 adm ni stered, and the quency of adm nistration
depend on the potency eﬂld dunat I on Q)f acty n@ he conpound according to
t he invention which js ad® i JPaddltion fn Y ature and severity of the
di sease to be trea

OHoeN\ y€l ght and indgivid res nse
a e, the recoﬂzﬂn‘deggéaﬂw

of the 15 manma
Cci 0
OH
Example 96
" CH, .
Cil
0
Q/\/O ¥ CHs
k * m/e = 619 (M+H')
, | HO o)ug
| OH |
5 Example 97
Ci

\QW i )
0
HO 0 N7y

OH '§/'

Example 98
Cl

m/e = 465 (M+H*)
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.dose of a compound according to the invention for a mammal wei ghi ng about
75 kg - primarily a human - is in the range of about 10 to 500 ng,
preferably about 25 to 250 ny, it being possible for adm nistration to take
20 pl ace in several doses a day as +e@fii¥ed. The exanples which foll ow
are intended to illustrate the present invention without restricting its
scope, howeverBxamplee38s anhydrous; roomtenperature is about- 18 to
25[err] C Exanple, 1 25 Preparation of 1L-(1(OH), 3,

4-C}cyclohexylﬂﬁ- e- etra- hydroxycyclohexanecarboxyl|c acid 1, 5-lactone

2 from D quinic aci 163. 3 g (0.8 mol) of 1 wer e suspended in 186 n

| OHy o n/e = 491 (M+E')
" )UK@ |

Example 100
Ci

OH
0 0 . m/e = 489 (M+H*)
0
HO 07 Y~ | |
oOH 0
5 Example 101

cl m/e = 683 (M+H)
\©\N° ' | -
- cH O
N
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(1.8 mol) of cyclohexanone. 0.5 ml of concentrated 30 sul furic acid was
added. The nlxture was then slowy heated to a heating bath tenperature of
200[err] C, and a  water/cycl ohexanone azeot @pe was distilled out. Wien no
further azeotrope distilled over, . the pal e brown reaction solution was
Stirred at a bgh t e;g%ure of 200[err]C for -31- a further 2 h. The
reaction sol uti a allowed to cool to 70[err]C, and 10 g of

sodi um bi car bongtje were added. Subsequently 700 m of ethyl ace%ate we
added and the 0 m/e = 683 (M+H")

0

" Y’ "‘r(‘N 0’\©

Example 103
! 0 m/e = 489 (M+H')
\@/\/o OH
0

0 H

HO | M

P
5 Example 104

i m/e = 539 (M+H")

it

The compounds of the following examples were prepared by
process C in analogy to the description before Example

45
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organi ¢ phase was washed with water and saturated sodium?5

The organi ¢ phase was then concent- rated in vacuo.
yell ow resi Hue was crystallized fron1|sopropanollmater
| actone 2 as colorless crystals.
[ 1R 2R, 3R, 55] -1, 2- C>cyc|gbexylldene-5- 10
phenylnethoxy-3,5-|actonylcycIOhexane-l,Z-dioI
0.81 g (28 mMogxkambleodiogm hydri de (80% in m nera

sol uti on.

142.1 g (75% of
of

Preparation

m of anh. dinethylfornmam de under argoghﬁnd
f

al cohol
dropw se.

2 di ssol ved 15
The m xture was then sti

in 16 ni
\ré at 25

HO 0 $
. ™ 0
« _ 0
HO ' OH \CH
0. 3
N
0
Ex&mple 106
ct
$7N .
0 OH
X0
.0
KO °
oM
OCH,
nxainple 107
)k(locu,

chl ori de
The pal e
1:1 to result in

mp.: 140-141ferr]C.

(3, Rerr] = OCH err]Ph)
at 0C, 7.1 g (28 mml) of

di met hyl f or mam de were added
[err]C for 1 h and subse-

m/e = 507 (M+H*)

m/e = 509 (M+H*)

m/e = 483 (M+H")
m.p.: 135°C

-_—
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quently, again at Of[err]C, 3.5 m of benzyl brom de were added. The
reaction mxture was left to stir at roomtenperature for 4 h and then, at
O[err] C, saturated amoni um 20 chl oride solution was added. The m xture
was extracted with ethyl acetate, and the conbi ned organi c phases were
washed with saturated sodiumchloride salugon and dried wth sodium _
sul fate. The residue after concentration in vacuo was recrystallized from
n- hept ane/ net hyggimbie brog! 25 ether (5:1): 7.18 g (75% of benzyl
ether 3 (Rerr] = CH[err]Ph) wer e obt ai ned as col orless crystals. Mp.:
122-126[err] C. Preparat) sodium [1S, 3R 4R 5S] - 3- hydr oxy-4, 5- O

cycl ohexyl i dene- 1-p, >%Hycl ohexanecar boxylate 4 (R err] =
OCHerr]Ph) frompg [err]Ph)

s - 555 |
Cl 0 N o m/e = 555 (M+H')
7
HO 0
OH
Example 109
— 0 m/e = 588 (M+H*)
0
Ci HO
5 Example 110

"‘hls Sheet Has Been Rep

T

THIS SHEET HAS BEEN
REPLACED




30 3.1 g (9 mol) of lactone 3 (R err] = OCH err]Ph) were dissolved in
20 M of dioxane and, at roomtenperature, 9.5 m of 1 N sodium hydroxide
sokution were added. The enulsion was left to stir at roomtenperature for
4 hours and subsequently concentrated i®& vacdo, and the colorless 35

resi due was dried qQver potassium hydroxi de under high - 32 - vacuum at
6G[err]C for 2BExhmple311d (96% of the sodiumsalt 4 (Rlerr] = O CH err]Ph)
were obtained as a col orl ess sohid. Mp.: 276-279[err] C (deconposition).

0
MePol 161°c‘
¢l HO
Example 112
= 0 '
0 OH _ .
m/e = 565 (M+E')
# " .
w0
5 Example 113

Q

m/e = 495 (M+H*)
ct

Bxample 114
0.
. OH

0 m/e = 511 (M+H')

-~

_
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Hﬂllll T

‘IS SHEET HAS BEEN

REPLACED



Preparationof [1S, 3R, 4R 5S]-3-[(E)-3-(4-(trinmethylsilyl-
et hoxymet hoxyphenyl ) pr openoyl ] oxy- 4, 5- O-cycl ohexyl i dene- :
1- phenylnethyloxycyclohexanecarboxyl|§ ﬂ?lﬂ 6 (Rlerr] = OCH err]Ph) fron14
(Rl err] OCH[err]Ph) a) Preparation o

(E)-3-(4-tri ndt&?yii Y%Et hoxymet hoxy- phenyl)-2-propenoic acid imdazoli de
5*(Rlerr] =Tmdazoly - a) 1.62 g (5.5 nmol) of
(trinethylsiCy, et-oxynethoxy phenyl ) propenocic acid 5 (Rlerr] = OH, Z =
CH=CH, Rerr] (} P’nethyIS|IerthoxynethoxyphenyI)) mere
di ssolved in 104y formam de. At roomterrperature

solution of-0.92 ¢ carU%ﬁyIdllnldazole gISS gﬁg in 10
m of anh. dlnethylfornanlde added ¢Jr opwi se. Th|§/§ofbﬁ he

heated at 60-70C for &
S 0
HO £
OH
Example 116
Ci 0 .
0
""'«. OH .
0 m/e = 533 (M+H*)
HO ; ° -
N .
OH s/
5 Example 117
0.
OH
0 m/e = 443 (M+H*)
CH
1 0 3
Mo i /U\/Y
OH
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1 h, during which evolution of CJerr] was observed. b) 2.1 g (5.5 mmol) of

4 (Rlerr] = O-CHerr]Ph) were dissolved in 20 m of anh. dimethylformam de.

At . 25C under argon, 20 165 ng (5.5 mmol) of sodium hydride (80%in

m.neral oil) were added. The mxture was_ s,térred at 25[err]C for 1 h.

Subsequently, at O[err]C the sol ution of prepared under a) was added

dropwi se. Afteri%ﬁéﬁg éo 5(err]C, the reaction m xture was poured into
um

saturated amoni or1de 25 solution and extracted with ethyl
acetate, and the conbined organi Cdhases were washed with saturated sodi um
chl oride solution and dried magnesi um sul fate. The residue from
concentration in vacuo was ch t ographed on silica gel (nobile phase:

ethyl acetate/n- heptﬂﬁb/
0
HO
I /“Ckécu

Example 119

Wy

;Y
TN

m/e = 475 (M+Bﬂ

cl

m/e = 479 (M+H")

5 Example 120
| cl

OH

0 0 . m/e = 483 (M+H*)
' 0
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O CH or{) P 7.2 GHEGH er 1] . RLerr] (pr 28 Zé‘;@ . (1 : ﬂlﬂmm[ﬂsﬂlﬂ,ﬁllﬂl ||||

et hoxynet hoXyphenyI)) were obtained as a colorless oil. Prepartatiton sof

3R 4R, 58] - 3-[ (E) - 3- (4- hydroxyphenyl) - . 94 -
21propenoyl]oxy-4,5-dihydroxy-l-phenylnethyloxycyclo- 35 hexacarboxyllc
acid 7 (R err] parenNw dexnanghenyl, Z = CH=CH, Rlerr] phengope Bi2yiFo2e)0 from
6: - 33-2.79 (7.0 mol) of 6 were dissolved in 130 m of di oxane and,

while stirring at roomtenperature, 95 m (0,19 nol)
1. Cyclohexane derivatives of the formula I

Rt
x/ '
RS e?

; 0 |
This Sheet Has Been Replaced /u\ . s
: ) R
(T e

RC

in which the radicals have the following meanings:

R': CN, COOH, a COOH group protected.by a protective
5 group, C,-C,-alkanoyl, S0,-C,-C.,~alkyl, SO,H, SO,NR'R’,

R*t C;=Cp~alkyl (R¥),, 0-C,-Cy,~alkyl (R),,
C,~C,o-alkenyl (R),, 0-C,=-C,,~alkenyl (R!?),,
C,-Cj,~alkynyl (R''),, 0-C,;-C,,~alkynyl (R)ay

10 §-C,-C,,~alkyl (RY),, S-C,-C;;~alkenyl (RY),,
§~C,=Cjo~alkynyl (R'),,
NH~C,-C,,~alkyl (R!!),, NH-C,-C,,~alkenyl (R'), or
NH-C,-C,,~alkynyl (R'),, where R' is optionally
. substituted in each case by R¥; :

15 'R®, R® and RY: alkyl with 1 to 10 carbon atoms, cyclo-
alkyl with 3-8 ring carbon atoms, phenyl, naphthyl,
phenanthryl, pyridyl, thienyl, furyl, pyrimidyl, indolyl,
imidazolyl, coumarinyl, phthaliminyl, quinol_.yl, pipe-
razinyl, tétrazg;yl, triazolyl, oxazolyl or their

20 thieno~, pyridino-, pyrimidino- or benzo-fused deriva-
tives, it being possible for the aromatic or hetero-
arcmatic system to be substituted one or more times,
identically or differently, by F, Cl, Br, I, OH, CFy,
-NO,, CN, C,-C,~alkoxy, C,~C,-alkyl, NR'R’, phenyl, benzyl,

25 thienyl, furyl, imidazolyl, pyridyl, O-phenyl or O-
benzyl, and R?, R and R! are identical or different;
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of 2 N hydrochl oric—acid were added. The m xture was sti rred at room

tenperature for 2 bf 5 the reaction, the clear
soLution was adj u nﬂln&mamg‘iam 2 N sodi um hydroxi de sol ution and
concentrated in vacuo sidue was stirred in ethyl acetate with
heating, and the insol uble sodium chI oride78as filtered off. The filtrate
was agai n concentrated, and 10 - the residue was stirred with net hyl

tert-butyl etheRt, TR arsdi Rze BaOH; | apr 08 girbup sdhichctiisprotecked dbynder
hi gh vacuum 2 Hvéﬁ@%nﬁ;l Hé&ﬁgléﬁﬁggkcéxfr%%ﬁgué? F, Cl, Br or the

hydr oxyphenyl ) - r openo 2 .
met hyl oxycycl oh@ﬁ&hé@ﬂﬁb@%}tpé £oxd Ry, vﬂhﬁrebﬁan Rdand R®1are ide%tbﬁﬂéss
solid. Mp.: 208r242Eeatbhat;

5 R’: C,~C,~alkyl, phenyl or benzyl;
R® and R’: H, C,~C,~alkyl, C,~C,~alkanoyl, phenyl which is
optionally substituted by F, C1l, Br, I, OH, 0-C,~C,~alkyl,
CF,, -NO, or CN, where R' and R’ are identical or dif-
ferent, or R® and R’ form together with the nitrogen atom
10 a 4- to 10-membered, saturated heterocyclic ring in which
a CH, group can optionally be replaced by O, S or NR',

R®: H, C,~C,~alkyl, phenyl or benzyl

R*?: phenyl, naphthyl, phenanthryl, pyridyl, thienyl,
furyl, pyrimidyl, 4indolyl, imidazolyl, coumarinyl,

15 phthaliminyl, quinolyl, piperazinyl, tetrazolyl, tri-
azolyl, oxazolyl or their thieno- or benzo-fused deriva-
tives, it being possible for the aromatic or heterocaro-
matic system to be substituted one or more times, identi-
cally or differently, by F, Cl, Br, I, OH, CF,, -NO,, CN,

20 ¢,-C,~alkoxy, C,-C,~alkyl, C,~C,~alkenyl, NR'R’, phenyl,
benzyl, thienyl, furyl, imidazolyl, pyridyl, O-phenyl or
O-benzyl;

X

(CHy)ppe -CH=CH:, -CmC-, “CH0-CHy-, CHyS-CH, or -cuz-:lq-cuz..
| I,

Y: (CH;).s O, S, NR°,

25 %Z: (CH,)., S; O, S-C,-C,,~alkyl, O-C,-C,,~alkyl, CH=CH,
CH=CF, CH=CCl, CH=CBr, CH,-CO, CH,~CHF, CH,-CHCl, CH,~CHBr,
CH,-CHI, C,-C,,~cycloalkylene, C,-C,~cycloalkenylene, it
being possible for 1 to 3 ring carbon atoms to be
replaced by sulfur, oxygen or nitrogen atoms, COOR’, C=aC,

30 CH=C(C,-C,~alkyl), CH=C(CN), CH=C(NR'R’), CH=C(Caszn-C,-alka-
| - «C-zR?
noyl), CH-C(R“) , NR®* and when Y is oxygen, i can

This Sheet Has Been R laced

M

I' '", ' j THIS SHEET HAS BEEN
: REPLACED

i




The foll ow ng co

[1S, 3R, 4R, 59] -

5-di hydr oxy-~1-
"140[err] C. Exa

[18 3R 4R, 59] -
4."5-di hydr oxy-
Exanpl e 4

10

15

20

25

rm@uﬂds—Md in an anal ogous manner: Exanple 2
yl)-2-propenoyl]oxy- 20 4,
m“ﬁ mm&i ycycl ohexanecar boxylic acid: mp.:
3 [(E) 3-(4- hydroxyphenyl) fapropenoyl]oxy 25
bt BY 2O 5 hE 06 QBT HAPEE PR V1 EcBld Frdl Rbe §25ug "1 C
comprising Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His,
Ile, Leu, Lys, Phe, Pro, Ser, Thr, Trp, Tyr and their
derivatives protected by conventional protective groups,
ns 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 formula I
R
/
X 2
' R
s
R 0 . I

3
Y /L 7 - R This Sheet Has Been Replaced

in which the radicals have the following meanings:

R': CN, COOH, a COOH group protected by a protective
group, C,-C,~alkanoyl, SO,~-C,~C,-alkyl, SO,H, SO,NR'R’,
PO(OH),, PO(OH)(0-C,~C,~alkyl), PO(0O~C,~C,~alkyl),,

R’t - C,=Cjo~alkyl (R'),, 0-C,-Cj,-alkyl (RY),,
C,-C,~alkenyl (R!),, 0-C,-C,,~alkenyl (R),,
C,~Cy,~alkynyl (R*),, 0-C,~C,,~alkynyl (Rn)gt
8-C,-Cjo~alkyl (R''),, 8-C,~Cjo~alkenyl (R'),,
8§-C,~C;o~alkynyl (R}),,

NH-C,-C,,~alkyl (R!?),, NH-C;~C;,~alkenyl (R'?), or
© NH=C,~C,,~alkynyl (R%),, where R is optionally
substituted in each case by R!?;

R}, R} and R¥: phenyl, naphthyl, phenanthryl, pyridyl,
thienyl, furyl, pyrimidyl, indolyl, imidazolyl,
coumarinyl, phthaliminyl, quinolyl, piperazinyl,
tetrazolyl, triazolyl, oxazolyl oxr their thieno- or
benzo-fused derivativés, it being possible for the

g _ .
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[1S, 3R, 4R, 5S] - 1- (4-chl or yl propyl ) oxy- 4, 5- di hydroxy=—30
3-(2-pyri- |necar bon

Exanpl e 5 [
hydroxyphen

~| bhexanecar boxyl ic acid: rr’msShethﬁsﬁ;%{;)k JchC

gﬂ@ ‘ bhl or ophenyl propyl ) oxy- 3-[
¥ 4, 5-di hydr oxycycl ohexane H | HIIIHH‘A d 5

mp.: 215- 21§[err]C Exarrpl e 6¢
(15, 3R 4R 55] - 1- met hoxy- 3- [ (B) -3 (4- hydrodptienyl ) - 2-

10

15

20

25

30

aromatic or hetercaromatic system to be subst:.tuted one
or more times, identically or differently, by F, Cl, Br,
I, OH, CPFP,, -NO,, CN, C,-C,~alkoxy, C,-C,~alkyl, NR'R’,
phenyl, benzyl, thienyl, furyl, imidazolyl, pyridyl, O-
phenyl or O-benzyl, and R}, R} and R are identical or
different; C

R‘, R®* and R’: H, OH, an OH group which is protected by
conventional alcohol-protéctive groups, F, Cl, Br oxr the
meanings stated for R?, where R¢, R® and R® are identical
or different;' '

R7: c,-c..-a'lkyl, phenyl or benzyl;

R’ and R't B, C,-C,~alkyl, C,-C,~alkanoyl, phenyl which is
optionally substituted by F, C1, Br, I, OH, 0-C,-C,~alkyl,

CF,, -NO, or CN, where R' and R’ are identical or dif-

ferent, or R* and R’ form together with the nitrogen atom
a 4- to 10-membered, saturated heterocyclic ring in which
a CH, group can optionally be replaced by 0, S or NR?,

R¥: H, C,-C,~alkyl, phenyl or benzyl

R!?: phenyl, naphthyl, . phenanthryl, pyridyl, thienyl,
furyl, pyrimidyl, indolyl, iini.da.zolyl ¢ coumarinyl,
phthaliminyl, quinolyl. « piperazinyl, tetrazolyl, tri-
azolyl, oxazolyl or their thieno- or benzo-fused deriva-
tives, it being possible for the aromatic or hetercaro-

“matic system to be substituted one or more times, identi-

cally or differently, by F, Cl, Br, I, OH, CF,, -NO,, CN,
C,~C,~alkoxy, C,~C,~alkyl, NR'R’, phenyl, benzyl, thienyl,
furyl, imidazolyl, pyridyl, O-phenyl or O-benzyl;

X: (CHg)y -CH=CH-, -CmC-, -CHy-0-CH,e, -CH,-8-CHy- ox -CHyN-CH,
. _ ;l; .
Y (CH;)ur O, S, NR*,
Z: (caz ) nr S f ] O ’ S-cl-cm-alkyl ’ CH-CH ’ CH-CF, Cﬂ'CCl ]

CH=CBr, CH,-CO, CH,~CHF, CH,-CHC1l, CH,~CHBr,
Cﬂz-CHI r c,‘cinmloalky 1‘n.’ [ ] c:-e;,-cyc:-OAJ.kenYlene ’
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propenoyl]

/cl ohexanecar boxyl i ¢ aci d: THR eetH
Exanple 7 %EMM’EW’M t hoxy- 3- [ (E) - 3- (4- hydr oxyphe HI Il
propenoyl ] cI ohexanecar boxyl i ¢ aci d: rr]C

Exanpl e 8 15

4.75-di hydr oxy- 1- propyloxycyc ohexanecarboxy

1§ 3R 4R 5 -3-[(E)-3- (_47?ydroxyphenyl) 2- propenoyl ] oxy-
ic acid: mp 221[err]C

EXanpl e 9 [ 1S, 3BobR? 2SI ck

3- 3- h
phenyl) - 2- propenoy oxy: 4cé d%oiyc@%man [dﬂc&ﬁﬂ Yeha(Rr®) ,

10

15

20

25

30

35

C;-C(-alka

-C-Z-R
n ‘can together be an amino-acid residue gelected

NR' and when Y is oxygen,

fgom the group comprising Ala, Arg, Asn, Asp, Cys, Gln,
Glu, Gly, His, Ile, Leu, Lyé, Phe, Pro, Ser, Thr, Trp,
Tyr and their derivatives protected by conventional
protective groups, '
ns zero, 1 or 2

ms zero, 1, 2, 3 or 4, _

and physiologically tolerated salts of compounds of the
formula I.

3. A compound as claimed in claim 2, wherein R' in
formula I is CN, COOH, a COOH group protected by a
protective group, or C,~C,~alkanoyl, and the other
radicals have the meanings stated in claim 1.

4, A compound as claimed in claim 2, wherein the
radicals in formula I have the following meanings:
R}t CN, COOH, a COOH group which is protected by a
protective group, or C,~C,~alkanoyl
R®: 0-C,-C,,~alkyl(R%), (n = 0,1,2), where the alkyl
moiety is unbranched or branched or cyclic, and one
of the CH, groups can be replaced by O, and R" can
' be substituted by R}, and when n = 2 the two R
radicals are identical or different.
0-C,=-C,,~alkenyl(R?), (n = 0,1,2), where the alkenyl
moiety is ‘anbranched, branched or cyclic, one of the
CH, groups can be replaced by O, s, 80, SO, or NR?,
and is unsaturated one or more times, and R can be
substituted by R¥, and when n = 2 the two R"
radicals are identical or different,
0=C,~C,,~alkynyl (R}, (n = 0,1,2), where the alkynyl
moiety is unbranched, branched or cyclic and is
unsaturated one or more times, and one of the CH,
groups can be replaced by O, S, S0, S0, or NR’, and
" «RM can be substituted by R, and when n = 2 the two
R radicals are identical or different, .
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carboxylic acid: mp.: 203[err]C Exanple 10
[1S, 3R 4R 5] - 1- (4- chl orophenyl met hyl ) oxy- 3- [(E) mu “ Il
hydr oxyphenyl ) - 2- pr openoyl ] oxy-4, 5- dlhydroxycyc ||c aci d:
my.: 211[err] C Exanple 11
[ 1S, 3R 4R, 5S] - 1- (4-net hyl phenyl et hyl )oxy-39-[(E) 3-(4- 30
g}ygfoxypheny' ) B ReORN U RY -Kave ChOVk iy | dbprédein ALY | ¢ aci d:
Xs (cH,), (m=0,1,2,3,4), CH=CH, C=C, CH,OCH,, CH,SCH,
Y (CH,), (m=0,1,2,3,4), O, S, NR, '
Z: (CH,). (m-°,1,2,3,4), S, 0, s-c;-c,.o-alkYI, .
5 (unbranched or branched), CH=CH, CH=CF, CH=CCl,
CH=CBr, CH,~C(0O), CH,-CHF, CH,-CHCl, CH,~CHBr,
CH,-CHI, C,~C,,~cycloalkylene, C;~C,,~cycloalkenylene,
COOR’, CaC, CH=C(C,~-C,~alkyl) (unbranched or
branched), CH=C(CN), CH=C(RY), NR

10 S. The use of compounds as claimed in claim 1 for the
treatment of diseases associated with an increased
‘activity of the glucose-6-phosphatase system.

6. The use of compounds as claimed in claim 1 for the
treatment of diseases associated with an increased
15 hepatic glucose production.

7. The use of compounds as claimed in claim 1 for the
treatment of type II diabetes (non-insulin-dependent or
adult~onset diabetes).

8. The use of compounds as claimed in claim 1 for the
20 production of phamaceuticals for the treatment of type
II diabetes and other disorders. characterized by an
inéreased output of glucose from the 1liver or an
increased activity of the glucose~-6-phosphatase 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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-35- Exanple 12 [1S, 3R 4R 5S] - 1- (4-trifl uoronet hyl phenyl met hyl ) oxy- 3-

[ (E) - 3-(4- hydroxyphenyl ) -2-propenoyl ] oxy-4, 5-di hydr oxy- _

cy¢l ohexane&ar boxylic acid: 5 mp.: 1952 200[err] C Exanple 13

[ S, 3R, 4R,’5S] - 1- (4- bi phenyl net hyl ) oxy-3-[ (E) - 3- (4-:

hydr oxyphenyl ) - 2- pr openoyl ] oxy- 4, 5- di hydr oxycycl ohexane- caH8BxJR/E &8Pds
10 mp.: 223betrhGt of the disclosure

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

. Cyclohexane derivativeé of the formula I
R'

yd
X . ~
R .R 0 |

e

RS Y
. !,

in which the radicals R! to RY, X, Y and Z have the stated
meanings, ‘and processes for the preparation of these
compounds are described. The compounds have valuable
pharmacological properties and can therefore be used as
pharmaceuticals. '

This Sheet Has Been

T

g g BEEN |
1S SHEET HA
TH S REPLACED




Example. 14 [1S, 3R 4R 5S] - 1- (1- napht | yl met hyl ) oxy-3-[ (E) - 3- (4- :
hydrokyphenyl) 2-propenoyl ] oxy-4 , 5-di hydroxycycl ohexane- carboxylic acid:

15~ mp.: 165-170[err] C Exanpl e 15

[ 1S, 3R, 4R, SS] 1- ( 2- napht hyl net hyI ) oxy-3-[ (E) - 3-(4- REPLACEMENT .SHEET

hydroxyphenyl ) - 2- pr openoyl ] oxy- 4, 5- di lrydr oxycycl ohexane- cdarfoxylic acids |
- 20 m p. 198C Exarrpl e 16 28 DEC 1996

[ 1S, 3R, 4R, 58] e henyl met hyl ) oxy-3-[ (E) - 3- (4-

hydr oxyphenyl ) Bﬁiﬂ'&g‘“oxy- 4, 5-di hydr oxycycl ohexane-

10

15

. 20

'_25

i
e

Substituted cyclohexane derivatives, processes for their

preparation and the use of the compounds for treaﬁing
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 § ceélls

of the pancreas; treatment is therefore by administration
of insulin (replacement therapy). On the other .hand, non-
insulin-dependent or type II diabetes is characterized by
a diminished effect of insulin on muscular and adipose
tissue (insulin resistance) arnd an increased glucose
production in the liver. The ¢aiisés of these metabolic
disturbances are still substantially unknown. The estab-
lished therapy with sulfonylureas attempts 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
the disease progressing; many type II diabetics eventu-
ally become insulin-dependent, owing to vexhaustion® of
the § cells, and suffer from late effects such as cata-
racts, nephropathies and angiopathies.

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

| ‘ The blood glucoée concentration in the fasting state is

30

determined by glucose production in the liver. Various
research groups have been able to show that the elevation
of blood glucose levels in type II diabetes correlates
with a proportionate increase in glucose released by the
liver. The glucose released into the blood by the liver
can be formed both by breakdown of liver glycogen
(glycogenolysis) and by gluconeogenesi..

Glucose 6-phosphate is the common final product both of

This Sheet Has Been Rep laced

-

REPLACED

THIS SHEET HAS BEEN.




carboxylic acid: 25 mp.: 189-191C Exanpl e 17

[1S, 3R 4R, 58] - 1- (4- f | uor ophenyl met hyl ) oxy-3- [ (E) - 3- (4- REPLACEMENT SHEET
hydr oxyphenyl ) - 2- propenoyl ] oxy- 4, 5- di hydr oxycyl ohexane- carfbdxylic acid: 3
mp.: 214[err]C -36- Exanple 18 28 DEC 1996
[ 1S, 3R, 4R, 55| - 1- (4- cyanophenyl nmet hyl ) oxy-é%- [(BE)-3-(4-

gluconeogenesis and of glycogenolysis. The teW'

10
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in the hepatic liberation of glucose from glucose 6-phos-
phate is catalyzed by glucose~6-phosphatase (EC 3.1.3.9).
Glucose-6-phosphatase is a multienzyme complex which
occurs in the endoplasmic reticulum (ER). This enzyme
complex is composed of a glucose-6-phosphate translocase
which is present in the ER membrane, of a glucose-6-phos-
phatase which is localized on the luminal side of the
endoplasmic reticulum, and of a phosphate translocase
[for a review, see: Ashmore, J. and Weber G., "The Role
of Hepatic Glucose-6-phosphatase in the Regulation of
Carbohydrate Metabolism®, in Vitamins and Hormones, Vol.
XVII (Harris R.S., Marrian G.F., Thimann K.V., Eds),
92-132 (1959); Burchell A., Waddell I.D., “The molecular
basis of the hepatic microsomal glucosé-6-phosphatase -
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
streptozotocin, alloxan, cortisone, thyroid hormones and
starvation, the activity of this multienzyme complex is
likewise increased. In addition, many investigations
indicate that the increased glucose production cbserved
in type IT diabetics is associated with an increased
glucose~6-phosphatase activity. The importance of the
glucose-6-phosphatase system for normal glucose
homeostasis is further underlined by the hypoglycemic
symptoms of patients with type Ib glycogenosis who lack

the translocase component of the glucose-6-phosphatase
system. '

A reduction in glucose~-6-phosphatase activity by suitable
active substances (inhibitors) ought to lead to a corres-~
ponding reduction in hepatic liberation of glucose. These
active substances ought to be able to suit hepatic
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 respesct of the late



hydr oxyphenyl ) - 2- propenoyl ] oxy- 4, 5- di hydr oxycycl ohexane- carp
mp.: 238-241C Exanple 19 '

[41S, 3R, 4R, 55] - 1- ( 3- ( 3- net hoxyphenyl ) propyl ) oxy-3-[ (E) - 3-

REPLACEMENT SHEET

Ryt T act a.

28 DEC 1996

(4- hydr oxyphenyl ) - 2- pr openoyl ] oxy- 4, 5- di-hygiroxycycl o- hexanefatboxy+e

acid: 10 m
[ 1S, 3R 4R, 58] -
[ (E)-3-(4-hydr
cycl ohexanecar

10

1)

p.: 208-210[err] C Exanpl e 20

éfféErs3ofidiabeteshcAyhpmbepr ofcnphyspecific inhibitors™

G Rk UBBARNARS, faga il Mnczined sa e

literature, such as, for example, phlorrhizin ([Soodsma,

J.F., Legler, B. and Nordlie, R.C., J. Biol. Chem. 242,.

1955-1960, (1967)]), 5,5’~dithiocbis-2-nitrcbenzoic acid
(wallin, B.K. and Arion, W.J., Biochem. Biophys. Res.
Commun. 48, 694-699, (1972)], 2,2’-diisothiocyanato-
stilbene “and 2-igothiocyanato-2/-acetoxystilbene
[Zoccoli, M.A. and Karnowski, M.L., J. Biol. Chem. 255,
1113-1119, (1980)]. However, to date no therapeutically
utilizable inhibitors of the glucose-6-phosphatase system
are yet available.

The cyclohexane derivatives vyh_i.ch.. are _cha:aeterized in

‘detail hereinafter are novel compounds which have not to

15

20

25

date 'been described in the chemical and biological
literature. We have now found that certain esters of
substituted cyclohexanecarboxylic acids, such as, for
example, Example 14, are inhibitors of the glucose-6-
phosphatase system.

The invention therefore relates to cyclohexane deriva-
tives of the formula I

r! o
7 _
.o X 9
Rl -
] ,
R 0 . |
| ,u\ RS |
RS - Y ol
. R4 , .
in which the radicals have the following meanings:
R!'t CN, COOH, a. COOH groué protected by a protective
group, c,"c""almOYI,_ SO,-C;-C.-&].RY]., SO;H, _SO,NR'R’,

PO (OB) ar PO (OB) (O-C,-C.-alkyl )e PO (o-C1-c‘-alkY1 Yae

Rt C,=Cp-alkyl (R'),, 0-C,~Ci~alkyl (R¥),,




q HEPLACEMENT SHEET
- "( 4_

Exanpl e 21 [1S, 3R, 4R, 55] - 1- (( 3- chl or ophenyl ) propyl ) oxy-3-[ (E)
hydr okyphenyl ) - 2- propenoyl ] oxy-4, 5-di hydroxycycl ohexane- car}b xyi B%fﬁ"ﬁ%
20 mp.: 211[err]C Exanple 22 [1S, 3R 4R 55] -1-

(4- phenyl butyl)oxy 3-[(E)-3-(4-hydroxy- phenyl)-2- propenoyl]
oxy-4, 5-di hydr oxycycl ohexane- carboxylic acid: 25 mp.: 17[err]C

QL)

Exarrple 23 [1S, 3R 4R, 55] -1-( 3, 3-di phenylbr%p?l)oxy 3- [(E) 3 (#=
hydr oxyphenyl ) - 2- prep%ﬂsy“_ leyfr &@i ax'y&): f)lgeny (R“) ,
~ Cy=Cj~alkynyl (R'%),, 0-C,~Cj,-alkynyl (R),,
8-C,~C,o~-alkyl (R}),, 8=C,;-C,,~alkenyl (R!?},,
§-C,~C,o-alkynyl (RY),,
5 NH=C,~C,,~alkyl (R}, Na-c,-c,.-alkenyl (R}, or

NH=Cy=C,,~alkynyl (R!),, where R? is optionally
substituted in each case by R!?; '

R}, RY and RY™: alkyl with 1 to 10 carbon atoms, cyclo-
alkyl with 3-8 ring carbon atoms, phenyl, naphthyl,
10  phenanthryl, pyridyl, thienyl, furyl, pyrimidyl, indolyl,
imidazolyl, coumarinyl, phthaliminyl, quinolyl, pipe-
razinyl, tetrazolyl, triazolyl, oxazolyl or their
thieno-, pyridino<,. pyrimidino~ or benzo~fused deriva-
tives, it being possible for the aromatic or hetero-~
15 aromatic system to be. substituted one or more times,
identically or differently, by F, -Cl1, Br, I, OH, CF,,
-NO,, CN, C,~C,~alkoxy, C,~C.~alkyl, NR'R’, phenyl, benzyl,
thienyi, furyl, imidazolyl, pyridyl, O-phenyl or O-
benzyl, and R?, R" and R!? are identical or different;

20 li‘, R® and R°: H, OH, an OH group which is protected by

conventional alcohol-protective groups, F, Cl, Br or the
" meanings stated for R?, where R', R® and R* are identical

or different;
R’ C,~C,~alkyl, phenyl or benzyl;

25 R* and R': H, C,~C,~alkyl, C,~C,~alkanoyl, phenyl which is
optionally substituted by ¥, Cl, Br, I, OH, 0-C,~C,~alkyl,
CF,, =NO, or CN, where R' and R’® are identical or dif-
ferent, or R® and R’ form together with the nitrogen atom
a 4- to 10-membered, saturated heterocyclic ring in which

30 a CH, group can optionally be replaced by O, § or NR',

R": H, C,~C,~alkyl, phenyl or benzyl

R¥: phenyl, naphthyl, phenanthryl, pyridyl, thienyl,
furyl, pyrimidyl, indolyl, imidazolyl, coumarinyl,
phthaliminyl, quinolyl, piperazinyl, tetrazolyl, tri-
35 azolyl, oxazolyl or their thieno- or benzo-fused



carboxylic acid: 30 mp.: 155-160[err]C - 37 - Exanpl e}2 ERLAGEMENT SHEET
[1S, 3R 4R, 5S] - 1- (3-(4-tert-butyl phenyl ) met hyl )oxy- 3- [(E)-3

(4- hydr oxyphenyl ) - 2-propenoyl ] oxy-4, 5-di hydroxy- cycl ohexahe$a2®DECa196
5 mp.: 80-90[err] C Exanple 25 '

[ 1S, 3R, 4R, 55] - 1- ( 3- (4- chl or o- 2- net hoxyphengl }pr opyl ) oxy-

derivatives, it being possible for the aromatic or
hetercaromatic system to be substituted one or more
times, identically or differently, by F, Cl, Br, I, OH,
CF,, =-NO,, CN, C,~C,~alkoxy, C,-C,-alkyl, C,-C,~alkenyl,

5 NR'R’, phenyl, benzyl, thienyl, furyl, imidazolyl,
pyridyl, O-phenyl or O-benzyl;

p & (cﬂz)m. 'CH-CH', ‘c-C'. 'GHz‘O'cHz'. 'CH:'S'GHz' or 'GHz’N'GHz’.

Y (CH,)ar O, S, NR',
Z: (CK.)., 8, O, S-C,-Cu-'alkyl, O-C;-c”-alkyl, CH-CH,
10 = CH=CF, CH=CCl, CH=CBr, CH,-CO, CH,~CHF, CH,~-CHC1, CH,-CHBr,

CH,~CHI, C,-Cj-cycloalkylene, C,-Cj;~cycloalkenylene, it
being possible for 1 to 3 ring carbon atoms to be '
. replaced by sulfur, oxygen or nitrogen atoms, COOR’, C=C,
CH=C(C,~C,~alkyl), CH=C(CN), CH=C(NR'R’), CH=C(C,-C,-alka-
| | C-zR?

15 noyl), CH=C(R¥), NR* and when Y is oxygen, | can
together be an amino-acid residue selected :Eromq.:he group
comprising Ala, Arg, Asn, Asp, Cys, Gln, Glu, Gly, His,
Ile, Leu, Lys, Phe, Pro, Ser, Thr, Trp, Tyr and their
derivatives protected by conventional protective groups,

20 nt . zero, 1 or 2 '
ms zero, 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. o .

The compounds of the formula I according to the invention
contain a number of stereo centers. The invention relates
to all possible enantio- and diastereomers. They are all
" 30 represented by the formula I. Unless otherwise indicated,
the following applies to the statements hereihbefore and



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

cycl ohexanecar boxylic acid: 10 mp.: 190-194[err] C Exanp eF@)’!f)(\CEMENT SHEET
[1S, 3R, 4R, 58] - 1- ( 3- ( 5- chl or o- 2- net hoxyphenyl ) pr opyl ) oxy- '

3-[ (E) - 3- (4- hydroxyphenyl) - 2- pr openoyl ] oxy- 4, 5- di hydr oxy- 28 DEC 1996
cycl ohexanecar boxylic acid: 15 mp. . %l% 218[err] C Exanp} e 27

[1S, 3R, 4R, 55-]-(3-(4-chl orophenyl) - 2- propynyl )oxy-3- [(E)

-3-(4- hydroxyphmndﬂncﬂ:arppeaeyldu@w, 4al YV /a2y - alkoxy ‘radicats——————

cycl ohexanecar QG A fi°r2ﬁ; R, @, B3 R’? 4&:‘%”{@ R and g are

straight-chain or branched. The alkyl, alkenyl and
alkynyl groups indicated for R? and R? are straight-

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

One of the CH; groups can be replaced by 0, 8, S0, or NR®;

R can be substituted by R and, when n = 2, the two RV

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

A COOH radical which is protected by a protective group
means CO0-C,~C,,-alkyl (unbranched or branched or cyclic),
CO0-CH(R’) -0~C,~C,;~alkanoyl (unbranched or branched), COO- -
benzyl, COO-phenyl, CONH,, CONH~C,~C,;-alkyl (unbranched

15 - and branched), -CONR'R® where R’, R* and R’ have the stated
meanings.

Alcbho],-protective groups ares

Substituted ethers such as

mthoxymethyl, methylthiomethyl, t-butylthiomethyl,
20 benzyloxymethyl, p-methoxybenzyloxymethyl, t~butoxy-
' methyl, siloxymethyl, 2-methoxyethoxymethyl,
-1=-ethoxyethyl, allyl, benzyl, p=-methoxybenzyl,
3,4-dimethoxybenzyl, o-nitrobenzyl, p-nitrobenzyl,
_ p-halobenzyl, 2,6-dichlorcbenzyl, p-cyancbenzyl,

25 p-phenylbenzyl, 2- and 4-picolyl.

Protective groups for amino acids ares

a) Carbamates such as methyl and ethyl, 9-fluorenyl-
methyl, 9-(2-sulfo)fluorenylmethyl, 9~-(2,7~dibromo)-

_ fluorenylmethyl, 2,7-di-t-butyl-{9-(10,10~dioxo-
30 10,10,10,10-tetrahydrothioxanthyl) jmthyl, 4-meth-
oxyphenacyl, 2,2,2-trichloroethyl, 2-trimethylsilyl-

ethyl, 2-phenylethyl, 1=(1-adamantyl)-1l-methylethyl,
1,1~dimethyl~2-haloethyl, 1,1-dimethyl-2,2-dibromo-



Exanpl e 28 [1S, 3R, 4R, 55] - 1-[ 3, 3-di (4-chl or ophenyl ) propyl ] oxy; 3RERLWSEMFNT SHEET

3:(4- hydroxyphenyl) 2- propenoyl ] oxy- 4, 5-di hydroxycycl o- hexapegerbexy+ie

mp.: 122-126[err] C Exanple 29 _
-1-( ( E) - 3- (2-chl or ophenyl ) - 2- propenyl ) oxy-3- [(k) 28 DEC 1996
- 3- (4- hydroxyphenyl) -2-propenoyl] oxy-4 _ $-di hydroxy-
cycl ohexanecar boxylic acid: 30 mp.: 192-196[err]C

acid: 25

[ 1S, 3R 4R, 59
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ethyl, 1,1-dimethyl-2,2,2-trichloroethyl, I=msthyl=
1-(4-biphenylyl)ethyl, 1-(3,5~-di-t-butylphenyl)-1i-
methylethyl, 2-(2/~- and 4/-pyridyl)ethyl, 2~(N,N-di-
cyclohexylcarboxamido)ethyl, t-butyl, l-adamantyl,
vinyl, allyl, l-isopropylallyl, cinnamyl, 4-nitro-
cinnamyl, 8-quinolyl, N-hydroxypiperidinyl, alkyl-
thio, benzyl, p-methoxybeniyl, p-nitrobenzyl,
p-bromobenzyl, p-chlorobenzyl ¢+ 2,4~dichlorobenzyl,
4-methylsulfinylbenzyl, 9-anthrylmethyl and di-
phenylmethyl,  t-amyl, S-benzyl-thiocarbamate,
p-cyancbenzyl, cyclobutyl, cyclohexyl, cyclopentyl,
cyclopropylmethyl, p-decyloxybenzjl. diisopropyl-
methyl, 2,2~dimethoxycarbonylvinyl, o=(N,N~dimethyl-

. carboxamido)benzyl, 1,l-dimethyl-3-(N,N-dimethyl~
carboxamido)propyl,  1,l-dimethylpropynyl, di- -
(2-pyridyl)methyl, 2-£urauyimthy,1, :2-iodoethy1,
isobornyl, isobutyl, isonicotinyl, p-(p’/-methoxy-
phenylazo)benzyl, 1-methylcyclobutyl, 1-methylcyclo-
‘hexyl, 1-methyl-l-cyclopropylmethyl, 1l-methyl-l1-
(3,5~dimethoxyphenyl)ethyl, 1l-methyl-l-(p-phenylazo-
‘phenyl)ethyl, 1-methyl~-1~phenylethyl, 1-methyl-1-(4~
pyridyl)ethyl, phenyl, p-(phenylazo}benzyl, 2,4,6~
tri-t-butylphenyl, 4-(trimethylamouium)benzy1 and
2,4 G-trimthylbenzyl.

b) -Urea derivatives such as 10-phenothiazinylcarbonyl
derivatives, N’-p-toluenesulfonylaminocarbonyl .and
N’-phenylaminothiocarbonyl.

c) Amides such as N-formyl, N-acetyl, N-chloroacetyl,
N-trichloroacetyl, N-trifluorocacetyl, N-phenyl-.
acetyl, N-3=phenylpropionyl, N-picolinoyl, N-3-
pyridylcarboxamide, N-benzoylphenylalanyl deriva-
tives, N-benzoyl and N-p-phenylbenzoyl.

Preferred compounds of the formula I are those in which
R* is CN, COOH, a COOH group which is protected by a
protective group, or C,-C,~alkanoyl, and the other radi-
cals have the abovementioned meanings. Particularly



REPLAG E ENT SHEET
- 38 Exanple 30 [1S, 3R 4R 5S]-1-(4-phenoxybutyl) oxy-3-[ (E)f{ 3—4—hyeroxy
phenyl) - 2- propenoyl ] oxy-4, 5- dlhydroxycyclohexane- car boxyl ifc Jaci d: E
mp.: 194-195[err]C Exanpl e 31 28 DEC 1996
[ 1S, 3R 4R, 5S] - 1- (3- (3, 4-di chl or ophenyl ) propyl ) oxy-3-[(E) - .3-| (& _
- hydroxyphenyl ) -2- propnoyl ] oxy-4 5 di hyﬁr@xycycl o- hexanecarfpoxylic acid:
-in which

[128 3Rm4R' iBS] 3"%%? &gﬁgﬁ Vi) buty 1 oxy’f’ﬁ‘fl[?é _9Fq jthose

he rad cals

owing meaningss
CN, COOH, a COOH group which is protected by a
protective group, or C,-C,-alkancyl

5 R¥: 0-C,~Cy,-alkyl(R), (n = 0,1,2), where the alkyl-
moliety is unbranched or branched or cyclic, and one
of the CH, groups can be replaced by O, and R!? can
be substituted by R, and when n = 2 the two RY
radicals are identical or different.

10 0-C,-C,,-alkenyl(R*), (n = 0,1,2), where the alkenyl
moiety is unbranched, branched or cyclic, one of the
CH, groups can be replaced by O, §, 80, S0, or NR',
and is unsaturated one or more times, and R! can be
substituted by R, and when n = 2 the two R radi-
15 cals are identical or different, 0-C,-C,,~alkynyl(R¥),
(n = 0,1,2), where the alkynyl moiety is unbranched, -
branched or cyclic and is unsaturated one or more
times, and one of the CH, groups can be replaced by
0, S, S0, 80, or NR®, and R can be substituted by
20 R¥?, and when n = 2 ‘the two R} radicals are
identical or different,
R’ to R¥ have the abovementioned meanings,
X: (CH,). (m=0,1,2,3,4), CE=CH, C=C, CH,0CH,, CH,SCH,
Y (CH;), (m=0,1,2,3,4), O, S, NR',
25 g: (CH), (m=0,1,2,3,4), 8, O, 8=C;~Cy-alkyl,
(unbranched or branched),
CH=CH, CH=CF, CH=CCl, CH=CBr, CH,=C(0), CH,-CHF, cn,-cncl,
CH,-CHBr, CH,-CHI, C,-C,,~cycloalkylene, C,~C,,~cyclo~ -
alkenylene, COOR’, CsC, CH=C(C,-C,-alkyl) (unbranched or
30 branched), CH=C(CN), CH=C(R), NR®
The compounds of the formula I according to the invention
can, if they contain a carboxyl group, form salts with
inorganic or organic bases. Preferred salts are those
~ with inorganic bases, especially the physiologically
35

acceptable alkali metal salts, in particular sodium and
potassium salts. N

The compounds of the formula I inhibit the giuccse-s—



met hoxyphenyl) 2- propenoyl ] oxy- 4, 5-di hydroxycl ohexane- car bcxﬂEPloASiME@T Sﬁg?

m-p.: 77-82[err] C Exanple 33

1- ( 3- (4- chl or ophenyl ) propyl ) oxy-3-[ (E) - 3-
(4- nmet hoxyphenyl ) - 2- propenoyl ] oxy- 4, 5- di hydr oxycycl o- hexanecerb%ﬁ;}?g%m
M5: nmfe = 505 (NHH[err]) Exaapy e~ 34
-1-(3-(4-chl orophenyl) propyl ) oxy-3-[ (E) - 3- (2-ret hoxyphenyl)
- 2- propenoyl ] oxypheSptakadeosysten ©f [theabivar hixx plammalsi,

[1S, 3R 4R, 59] -

acid: 20

[ 1S, 3R, 4R, 58]

= 505 (MrH err]) are therefore suitable as pharmaceuticals. The invention

10
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therefore also relates to pharmaceuticals based on the
compounds of the formula, where appropriate in the form
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 assoclated with an increased activity of the
glucose~6=phocaphatase system.

The invention also relates t;: the use of compounds of the
formula I or the salts for the treatment of diseases
associated with an increased hepatic glucose production.

The invention additionally relates to the use of com-
pounds of the formula I or the salts for the treatment of

type II diabetes (non-insulin-dependent ox adult-onset
diabetes). : '

The invention additionally comprises the use of coinpounds
of the formula I or the salts for the production of
pharmaceuticals for the treatment of diabetes and other
disorders characterized by an increased output of glucose
from the liver or an increased activity of the glucose-6-
phosphatase system.

The effect of the compounds according to the invention on
the glucose-6-phosphatase system has been investigated in
an enzyme assay in liver microscmes.

To prepare the -.microsomal fraction containing the
glucose~-6-phosphatase, fresh liver organs from male
Wistar rats were used and processed as described in the
literature (Canfield, W.K. and Arion, W.J., J. Biol.
Chem. 263, 7458=7460,--(1988)}. This microsomal fraction
can be stored at -70°C without -ignif:l.cant loss of
act:l.t.i.ty for at least 2 nonthl.

dTHE STompouRIE-T-e——




Exanpl e 35 [1S, 3R, 4R, 55] - 1- (4- ( 3- ( 2- et hoxycar bonyl t hi enyl ) oxy}) - _
butyl )y oxy-3-[ (E) - 3- (4- hydr oxyphenyl ) -2-propenoyl]oxy- 4?152 Y REPLACEMENT SHEET
di hydr oxycycl ohexanecar boxylic acid: 30 mp.: 144-147[err{ Q - 39-
Exanpl e 36 [1S, 3R 4R 55] - 1- (3- (2-t hienyl ) propyl ) oxy-3-[ (E) - 3-[4t 28 DEC 1996
hydroxyphenyl)-2-propenoy|]oxy-4,5-dihydrgéycyclohexane- carbpxylic acid:

The glucase-s-pﬁosphatase activity was detected as
indicated in the literature [Arion, W.J. in Methods
Enzymol. 174, Academic Press 1989, pages 58-.67)' by
determining the phosphate 1liberated from glucose-6- .

5 phosphate. 0.1 ml of assay mixture contained glucose-6-
phosphate (1 mmol/l), the test substance, 0.1l mg of
microsomal fraction and 100 mmol/l HEPES buffer
(4=(2-hydroxyethyl)piperazine~l-ethanesulfonic acid),
p8 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 absorption (A)
of the blue color was subsequently measured at 570 nm.
The inhibitory activity of the test substance was found

15 by comparison with a control reaction which contained no
test substance, using the formula ' '

A(control) - A(test substance)
percent inhibition = . x 100

A(control)

20 Where necessary, the inhibitory effect of the test
substance was determined as a function of the test sub-
stance concentration employed, and from this the concen-

tration for 50% inhibition of enzyme activity (IC,,) was
calculated.

25 The .Ic,. was determined for the compounds listed
hereinafter:

Example 1

[(18,3R,4R,58]=3~F(E)~-3=( 4-hydroxypheny1 }propenoyljoxy=-

4,5-dihydroxy- 1-phenylmethyloxy-cyclohexanec arboxylic
30 acid:

ICs, = 190 M

Example 2
[18,3R,4R,58])~3~{ (B) -3=-(4-hydroxyphenyl)propenoyl joxy-
4,5-dihydroxy-1=(2-thienylmethyl)oxy-cyclohexane~



5 mp.: 211-213[err] C Exanpl e 37
1- (2-thienyl)net hyl oxy-3-[ (E)-3-(4-
hydr oxyphenyl ) - 2- propenoyl ] oxy- 4, 5- di hydr oxycycl ohexane- ca beyllc acid:
10 mp.: 140[err]C (deconp.) Exanple 38 | 28 DEC W96 |
[1S, 3R 4R, 581- 1- (2-t hi enyl ) et hyl oxy- 3- [(_E)l 3-(3- nmethoxyth e&yl) ﬂ
-2 proopenoyl ] oxy- 4, 5-.di hydroxycycl ohexane- *¢af boxylic acid:j1 ;

= 455 (MtH err])e Bicd%ei i
[1S 3R 4R 58] -1-(3 (31 hi enﬂa N&hyl)oxy 3-[(E)-3-(4-

[ 1S, 3R, 4R, 58]

10

15

20

g ——

.

REPLACEMENT QHEET

Example 3
[(18,3R,4R,58)~3~[ (B) -3~ (4-hydroxyphenyl) propenoyl]oxy-

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

acid:
Ic;° = 560 p!&

Example 8

[18,3R,4R,58]=3~[(B) =3~ (4-hydroxypheny1)propenoyl]oxy—

4 S-dihydroxy-l-propyloxy-cyclohmneca:boxylic acid:
IC;, = 230 pM

Example 4 : 3

[18,3R,4R,58]~1-( 4-chlorophenylpropyl) oxy~-4,5-dihydroxy-

3-(2~pyridinecarbonyl)oxy-cyclohexanecarboxylic acid:
IC,, = 26 uM

Example 44 _
{18,3R,4R,58)~1~(4~chlorophenylpropyl)oxy~3=[ (E)=3~(4~
hydroxyphenyl)propoyl Joxy~4,5~dihydroxy-cyclohexane-
carboxylic acid:

ICyy = 9.3 uM



20 m p.: 156-160[err] C Exanpl e 40

[1S, 3R, 4R, 55] - 1-[ 3- (2- (5-chl or ot hi enyl )) propyl ] oxy- 3-
[ (E) - 3- (4- hydr oxyphenyl ) - 2- pr openoyl ] oxy-4 g di hydr oxy- 28 DEC 1996
cycl ohexanecar boxylic acid: 25 mp.: 2} -218[ err] C Exanplfe |41 {
[1S, 3R, 4R, 58] - 1-ggs{e3: 5- di met hyl di t hi eno(3, 2-b: 3", 2" - 4
e) pyri di nyl) butyl oxy-3-[ (E) - 3- (4- hydr oxyphenyl ) - 2- pr o-

hydr oxyphenyl ) - 2- pr openoyl ] oxy- 4, 5-di hydr oxycycl ohexane- car t%mf‘ Q"Lr;“]
: TLAL ¥ioantng

i
i
s

U

22803212141%%]4; di hydr oxy cy enpsaiuties FHca Bkahp1aC Prc3OrumMy M P-:
69 170

113 3.7
5 114 5.0
115 8.9
116 4.5
117 41.0
118 1.3
10 119 12.0

120 0.69

The compounds of the formula I according to the invention

in which the radicals R?* = O-alkyl(R?),, O-alkenyl(R:),,

or O-alkynyl(R!!),, R'=R® = OH and Y = O can be prepared by
15 route A indicated in the following diagram.



Exanpl e 42 [1S, 3R 4R, 5S5]-1-[ (3, 5-di net hyl di t hi eno(3, 2-b: 3" ,{2

REPLACEMENT SHEET |

e) pyridi nyl)nmet hyl ] oxy-3-[(E) -3-(4-hydroxyphenyl)-2-pro-
penoyl ] oxy- 4, 5-di hydr oxycycl ohexanecar boxylic acid: 5
Exanpl e 43 [ 1S, 3R, 4R, 55] -1-(3-(3-thienyl)propyl)oxy-3-[(E)-B-{4-

)

hydr oxyphenyl ) - 2- pr openoyl ] oxy- 4, 5- di hydr @gyaycl ohexane- caf boxylic aci d:

10 mp.: 211-213[err]C

— B

¢ L
°

2

* on

e
' "o 0
no )\
"
7 2’

Ms alkali metal

0
5 R*: Cl, Br, 0-!:-0-(!,—(:.—311&171 , imidazolyl, triazolyl or
tetrazolyl .
B: chlorine, bromine, iodine, sulfonic ester
'R*: alkyl(R*),, alkenyl(R'), or alk_ynyl(l!“),
(7 = formula I, R* = 0-C,-Cj~alkyl(R'),, 0-Cy=Cy~
10 alkenyl(R¥), or 0=C,~Cg~alkynyl(R'),, R = R’ = OH, R® = H,

¥ = O. X = (Cﬂz). w,-th m = Zero, R‘ = COOH, 8, R‘, Ru and
n as indicated for formula I). -



Exanpl.e 44 [1S, 3R, 4R, 55] - 1- (4- chl or ophenyl propyl ) oxy-3-[(E)-3 (RlE-PLACEMENT SHEET
hydr oxyphenyl ) pr opoyl oxy-4, 5-di hydr oxycycl ohexane- carboxyl i cid: 15

m p.: 157-159C A nunber of other conpounds were prepared by plofe28 DEC11996
Al kyl ation 30.0 g (0.118 nol) of lactone 2 were dissolved in ROP m of anh.
di met hyl f ormam de. At room tenperature uudg an 20 argon @t nosphere,
5.3 g (0.176 nol) of -sodium hydride (80%ifn mneral oil) wereLadded. _After

</

1.5 h, the nixt Wredéls ®WokakbtLadl ISdmidurd 2 i dH i(ao-lﬁﬁn‘iqld@ﬁo&fthe

propargyl brom g yuer g a90ednd" R e Ciflasied” from Songound’l, being

deprotonated with a strong base such as potassium tert-
butylate, sodium hydride or potassium hydride and, to

5 introduce R?, reacted with appropriate halides, tri-
fluorosulfonic esters, methylsulfonic esters or
p-toluenesulfonic esters, advantageously in polar aprotic
solvents such as dimethylformamide, dimethyl sulfoxide or
tetrahydrofuran, resulting in compound 3. Preferably used

10 as base is sodium hydride and as solvent is dimethyl-
formamide.

The reaction of 2 to give 3 is carried out at tempe-~
ratures from -20°C to the boiling point of the solvent

used. A temperature range from ~10 to 60°C, especially
15 from 0 to 30°C, is preferred. '

The preferred embodiment of the reaction of 2 to give 3
is carried out in dimethylformamide in the presence of
sodium hydride or potassium hydride at- temperatures from
0 to. 60°C. The reaction is moreover advantagecusly

20 carried out with exclusion of moisture under a protective
gas (nitrogen or argonm).

The starting materials which are needed for the con-
version of 2 into 3 and which correspond to the radical
R?* can be prepared by standard processes known to the

25 skilled worker. These take the form of structures of the
type R'=B with the restriction mentioned for process A
(although without the 1linking oxygen atom). B is, for
example, a leaving group such as Cl, Br, I or OSO,R (R =
CH,, Ph, tolyl, CF,).

30 In place of the cyclohexylidene protective group in 2 or
3, it is also possible to use other protective groups
which can be eliminated under mild acidic conditions such
as i.sobropylidenc acetals or benzylidene acetals as well
as ' tert-butyl, methoxymethyl, l-ethoxyethyl or tetra-

35 hydropyranyl ethers, silyl ethers such as trimethylsilyl



o
slowy becane dark in color. After 1 h (TLC check) the 25 R” AQ?\MENT SHEET
m xture was poured into hal f-saturated ammoni um chloride sol ut o . The
mxture was extracted with ethyl acetate, and the organic phasg a2 8\DEGe1996
wi th saturated sodiumchloride solution and dried wth nmagnesijunp sul f ate.
~The residue after concentration in vacuo=wgs 30 filtered tjhrough T°KQg

of silica gel (nobile phase: ethyl acetate/n-heptane 1:5). 30.0.g (87% of
ngpar gyl et her & (Rezt~putypdépebbybsilyler orobtearhanates: véuchusasi| . T

benzyloxycarbonyl and tert-butoxycarbonyl derivatives

which are well known from peptide and steroid chemistry.

Compound 1 is likewise the starting material for the .
5 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 preferred. '

The reaction of 3 to give 4 is carried out at tempe-
ratures from -20°C to the boiling point- of the solvent

15 used. A temperature range from -10 to 60°C, in particular
from 0 to 30°C is preferred.

A further step is the reaction of 4 to give 6 in which
the radical R*-Z-C(0)~- is attached to 4. To do this, 4 is
reacted in an aprotic organic solvent such as, for

20 example, tetrahydrofuran, dimethylformamide, dichloro-
methane, pyridine or dimethyl sulfoxide with a compound
R’-2-C(0)~R* (5) where R* can be, for example, Cl, Br,
0C(0)=C,~C,~alkyl, imidazolyl, triazolyl or tetrazolyl,
with imidazolyl and triazolyl being particularly pre-

25 ferred. The reaction is particularly preferably carried
out in dimethylformamide in the presence of - a base such
as, for example, sodium hydride, potassium hydride, 4-di-
alkylaminopyridine or tert-amines, but especially of
sodium hydride.

30 The reaction of &4 to give 6 is carried out at tempera-
tures from =20°C to the boiling point of the solvent
used. A temperature range from -10 to 60°C, particularly
from 0 to 30°C, is preferred.

The compounds-R3-g-C(0)-R". (5) can be prepared by standard



2nd st age: Coupl ing 24.0 g (0.082 nmmol ) of propargyl ether 3 P
propynyl - oxy) were dissolved in 150 mi of anhydrous tol uene ak@bg@d%fmeHEET

anhydrous triethylam ne. Under an argon atnos- 5 phere, @ 354 g (0.002
mol ) of palladiumdichloride, 1.05 g (0.004 mml) of triphenyliph8ohEQc1996
19.55 g (0.082 nmol) of 4-chl oroi odobenzendérd 0. 050 g (0.00 mol ) of

copper (I) iodide were successively added. The reaction sol utf omwWas™sSToOWY
heated to 80C, RY@cessesckpewnntaocthe skilled waxkdmft at thils tenperature

for 4 hours. It was subsequently cooled to room t'errperature,_t_he resul ting
tri et byl anmoni ugh Dydilt ol SRttt 3£ el ' redBditheol 11 ' gide "0
comprises the reaction of 4 with sodium hydride in
dimethylformamide and subsequent addition of a solution
5 of R}*-%-C(0O)~imidazole (5) in dimethylformamide at 0 to
20°C, - advantageously with exclusion of moisture under
protective gas (argon or nitrogen).

The elimination of the protective group in the reaction
of 6 to give 7 is carried out in a generally known -
10 manner, - for example by treatment with dilute inorganic
' acids such as, for example, hydrochloric acid or strong
organic acids such as, for example, trifluorocacetic 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, preferably from 0 to
30°cC.

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 esters indicated for R' can be prepared from the
alkali metal salts of the compounds of the formula I with
25 a carboxyl group. To do this, compound 7 is reacted in an
inert organic solvent such as tetrahydrofurm, dimethyl
sulfoxide, preferably dimethylformamide, at -10 to 60°C,
for example with -a C,~C,~alkyl halide, preferably C;-C.-
alkyl iodide, benzyl bromide or C,-C,~alkanoyl-O-CH(R’)~-Br
30 or C,~C,~alkanoyl-0-CH(R’)-I to give the compounds of the
formula I according to the invention with an ester group

as R! and X=(CH,), m=0 with the details mentioned for
process A.



REPLACEMENT SHEET
was concentrated in vacuo, and the viscous oily residue 15 s—purtfied

by chromat ography on 1 kg of silica gel (nobile phase: EA/ n- he'__tanﬁai EC 1996
di ssolve residue in a little ethyl acetate for | oadi ng onto th Q
ycl ohexane,

gel). 23.0 g (69% of phenyl propynyl ether 3" (Rl err] 3-(4-
- 2-propynyl oxy), which was recrystallizahl ¢720 from met hyl
were obtained. Mp.: .79C. Preparation of alkene 3" (Rerr] ="

3-(4-chl orophen oé’esﬂrﬁpﬁlﬂé%céd@m E‘oltyaefini.(:ﬂbﬁrbf. M, R* and B)
3 (4-chl oropheny -2- propynyloxy): 12.0 g (29.8 mol) of al kyne 3" (R err]

3-(4-chl orophenyl) ;s 2 2- propynyl oxy) were di g8 Ved i A00 ni  of
pyr|d| ne, and 3.0 g IIadl um o rlumsulfgte p.al fgm were
.— 1o L]

. uo :
) 4'\‘

R = Phoagl or GCyGg=aikyl)

.‘..' . ~‘.~ " ‘
et g (204" s
(R® =% * ': 4 Process A) 3
Process A) \ "
LA
: (

2
% "c;-ou R . §°“
LEN an | b "
3751-0 2 ' °
' /’i'\
L
13 14
A . P | &
ad )
: jr' v



added. The suspensi on was shaken under a hydrogen at nos-

for 4 h.

t'he pyridi ne solution was 30

al kene 3"

col or -

(Rl err]

10

15

(Rl err]
| ess solid. Mp.:
carried out

in analagy to process A (steps
of al kane 3[err]

= 3-(4-chl orophemi/l ) @ opyny! oxy) :

hydr ogen upt ake ceased,

phene ﬁéPLME!VENﬂ'] $HEET

the catal yst was filtlefed oft and
concentrated in vacuo. 11.2]g

: (
= 3-(4-chl orophenyl ypr openyl oxy) were obt di nje ?géogé 199
155-157[err] C. Theg, ot her- reaction stieps

nrn

rom3 to 7). 35

Preparatlon
3- (4-chl or ophenyl) propyl -

(Rl err]

markyne 3

ow frl

C-oH
R i
n:§l-o -g-z-0?
ré °
R '-1'-. 16
18
R
R r A
| | -
L C=0H
- - - - 3
HO 0=C-2-R% b ﬁ -8
ot Il oH
7 18

(17 and 18 = formula I with R* = 0-C;~C,,~alkyl(RY),,

0-C,=C,,~alkenyl(R!), or O0=Cy~Cy~alkynyl{(R:),, R* in the

meaning indicated for R? and R®* = OH or R' = OH and R®* in

the meaning indicated for R, R = H, ¥ = 0, X = (CH,). -
with m = zero, R = COOH, Z, R’ and R and n as indicated

for formula I).

Process B is used in order to vary the radicals R* and R®.
In this case it is necessary to eliminate the cyclo-
hexylidene protective ‘group in 3 to give the compound 8.
This can take place by a standard process known to the
skilled worker. Preferred in this case is hydrolysis of
3 in inert organic solvents such as lower alcochols in the
presence of strong organic acids such as sulfonic acids,

for example p-toluenelulfonic acid or trifluoroaceti.c
acid.

The reaction of 3 to give 8 is carried out, for example,
at temperatures from =20°C to the boiling point of the
solvent used. A temperature range from -10 to +60°C, in



REPLACEMENT SHEET - 42 - 6.0 g (14.9 mmol) of alkyne 3 (Rerr] =

~EELALCVIENT SHEI

3-(4-chl orophenyl)-2- propynyl oxy) were dissolved in 50 m of et haﬁfnoQ/gaDEglm5

acetate (1:4), and 1.0 g of rhodium on al um num oxi de.(5% r hodi umj was

added. The reaction m xture was shaken undeyg 5- a hydrogen atjnosphereat———

roomtenperature for about 15 h. The catal yst was then filtered joff, and

the filtrate waspastdenlaxt Saomn20atoec50 W V5 prefexredi. FheaconGersion

3-(4- I e
The al kanes 3 OE{”af?L’;bF'Zﬂ?‘n*prﬁ% oty Jrofianly, BaRad S ol

process A (steps #8OpFopanslyin the presence of p-toluenesulfon.ic acid at
40°C.
5 A step characteristic of process B is the differentiation

of the two free hydroxyl groups in 8. To do this, com-
pound 8 is reacted with sterically demanding trialkyl-
silyl halides such as, for example, tert-butyldimethyl~
silyl chloride, tert-butyldiphenylsilyl chloride or

10 triisopropylsilyl chloride in an inert organic solvent,
in particular dimethylformamide, 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 analegy to the
conversions of 2 into 7 from process A so that the vari-
ations for the radicals R' and R® indicated for formula X
are possible by this process.

Process C (see process A for definition of R%)

e

10



Exanpl e 45 [1S, 3R 4R 5S] - 1- (3-(4-fl uorophenyl ) propyl ) oxy-3-[ (E
(4- hydr oxyphenyl ) - 2- propenoyl ] oxy- 4, 5-di hydr oxycycl o- 15
Hexanecar boxylic acid: mp.: 140-170[err] C Exanple 46 [1S, 3R 4R,
(2)-3-(4-chl orophenyl) - 2- pr openyl ) oxy- 3-
[(E)-3-(4-hydroxypheny|)-2-propenoy|]oxy- ,5-di hydr oxy- 20

cycl ohexanecar boxyli.c acid: mp.: 208-209[<r "] C Exanpl e 47
[1S, 3R, 4R, 55| -1-((2) - 3- 5 pyr|n1dyl) 2- propenyl)oxy 3-e

[ (E)-3-(4- nethoxyphenyl \\\Prop oyl ] oxy- 4, 5- ydrox
where lpp:opriate ﬁ

')"'#;a?s.essm:sm SHEET

155 glpec 996

i
¥
H

3°(r? « (2'')-2~ propynyloxy ) $eeo(r? o (21 )e2eprepenyioxy)

where appropriate

0 Ar is an aromatic radical R

3'V(r?- (R'')propyloxy)

0
A'.rM L'-on RVITR.. 0 |0-0l|

i g



25 . cycl ohexanecar boxyl i c aci d: m p.: 75-78[err] C Exanple 48

[1S, 3R 4R, 55]-1-((2)-3-(5-pyri mdyl)-2-propenyl ) oxy- 3-

[ ((E) - 3-(4-met hoxyphenyl ) - 2-propenoyl ] oxy-4, 5-O cycl o- 30
hexyl i denecycl ohexanecarboxylic acid: mp.: 165-167[err]C
49 [1S, 3R 4R 58] - 1-((2) - 3-(2-napht hyl ) - 2-prgpenyl ) oxy- 3-

10

15

20

25

REPLACEMENT SHEET

43 - Exanpl e

28 DEC 1996
o
"’N\/ﬂ\b' C~0H
>
HO «C=Z=f?
on
7'

(7’ = formula I with R? = 0-C,~alkyl(R!), with n = 1 and
R aromatic radical as indicated for formula I, R, R° =
OH, R*= H, Y = O, X = (CH,), with m = zero and R' = COOH,
Z and R® as indicated for formula I, with compounds with
R? = 0=C,~alkenyl(R}), or 0-C,~alkynyl (R}, being obtained
when the optional hydrogenation to 3" or 3™ 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 R* = 2-propynyloxy can be
used for R? = 0-C,~alkynyl(R'?). In this case, 3’ (R =
2-propynyloxy) is reacted in an inert organic solvent
such as, for example, toluene, benzene or n-heptane with
catalysis by a palladium complex and copper(I) halide,

- especially copper(l) iodide, with an aryl halide,

especially aryl bromide or aryl iodide, to give 3" (R? =
R!-2-propynyloxy). To do this it is necessary to add a
base such as, for example, primary, secondary or tertiary
amines, especially triethylamine. It is also optionally

‘possible for the base _s:l.multaneously to act as solvent
- and for addition of another organic solvent to be

dispensed with.

The reaction of 3’ (R? = 2-propynyloxy) to give 3" (R? =
R=2-propynyloxy) is carried out at temperatures from
=20°C to the boiling point of the solvent used. A tempe-
rature range from 20 .to 90°C, in particular from 60 to
80°C, is preferred.

The p;iladiun complex which can be used is, for example,



Nlhaf kef W etliti® ) W71 1imie= T

[(BE) -3- (4-net hoxyphenyl ) -2-propenoyl] oxy-4,5-dihydroxy- -
cycl ohexanecar boxyiic acid: 5 mp.: 146-149[err] C Exanple 5 28 DEC 1996
[1S, 3R, 4R, 55] -1-((2)-3-(3-trifluoronethyl phenyl)-2- propenyl) pxy-3- [(E)

-3- (4- hydroxyl ) -2-propenoyl]oxy-4,5- didyqroxycycl ohexanecarpoxylic acid:
10 mp.: 187-19[err]C. Exanple 51 Methy

[1S, 3R 4R, 5S] - 463 AtaepherR1pRvbpRiABKAL DXL dm d hlorid

[ (E)-3-(4-met hog B ?:én) progeno goxp di h o &c;ri e complex

cycl ohexanecar ¥ ig bs b ﬁy %& ? §Pﬁ-?f um dichloride
and triphenylphosphine, or the ditriphenylphosphine-
palladium diacetate complex which can be cbtained in the

5 same way from palladium(II) ‘acetate, and ditriphenyl~-
phosphinepalladium dichloride is preferred.

3%/ (R* = R¥-2-propenyloxy) or 3*™ (R*® = R'-2-propyloxy)
can be prepared from 3" (R* = R“-2-propynyloxy) using
hydrogenation catalysts. The reactions are carried out in

10 ethanol or pyridine under a hydrogen atmosphere at
atmospheric pressure.

The reaction of 3" (R® = RM-2=-propynyloxy) to give 3"’ (R?
= Ril-2-propenyloxy) is carried out with a palladium on
barium sulfate catalyst at temperatures from 0°C to the

15 boiling point of the solvent used. Pyridine is preferred
as solvent at a temperature range from 20 to 50°C, in
particular from 20 to 30°C.

The reaction of 3"’ (R* = (R¥“)-2-propynyloxy) to give 3%
(R = (R“)propyloxy) is carried out with palladium on

20 charcoal as catalyst in ethanol at temperatures from
=20°C to the boiling point of the solvent used. A tem-
perature range from 20 to S0°C, in particular from 20 to
30°C, is preferred.

The further reactions of 3¥-™ and of 4’ to give 7/, i.e.

25 to give the compounds of the formula I, are described in
detail under process A.



Exanpl e 52 [1S, 3R, 4R, 55] - 1- (3- (4- chl or ophenyl ) propyl ) oxy- 3-[X EBEPBACEMENT SHEET
phenyl - 2- pr openoyl ] oxy- 4, 5- di hydr oxycycl ohexanecar boxyl i ¢ ac ar
me = 475 (MtH err]) Exanple 53 28DEC1996
[ 1S, 3R 4R, 5S] - 1- ( 3- (4-chl or ophenyl ) propyl ) oxy-3-[ (E) - 3- ‘
(3, 4-di chl or ophenyl - 2- propenoyl oxy-4, 5-di ydr oxycycl o- hexap
acid: 25 I\/IS me = 543 (MrH err]) Exanfl¥e ™54
[1S, 3R 4R, 59] - hl or e P a
phenyl - 1- cycl opr gﬁf:égrgbé@%gxé}%é%%% oxycyéﬁ(j"‘f.)j":gl o.f ®)

(R*1),=C5=Cg)=Albony I =t m (2Y1) =Cy=Cyg=Alkyi~

o

1*
N K08

21

ll“).-t.-i..-unl— | o o ¢l“) c,—e".n"
() - Cily N { )} )
|'.;.'¢t.¢' .
[

) (r1) ~CyCyp=hlkyli— (r1) =Cs~C gmalky 0y .
' 22

(24 = formula I with R! = CN, X = (CH,), with m = zero,
R? = 0=C,~C,,~alkyl=(R*),, with n = zero or 1, R', R* = OH,
RE = H, Y=0 and R*, R® and 2 as indicated for formula

5 I).

The procedure for process D corresponding to process
steps (1) to (5) is explained in Example 68.



hexanecar boxyl i ¢ acid: 30 M. me = 489 (MrH err]) - 44] -RERLARRIMENTS SHEET
[ 1S, 3R, 4R, SS) - 1- (3- (4- chl or ophenyl ) propyl ) oxy- 3-[ 3- (4-

hydr oxyphenyl ) propoyl ] oxy- 4, 5- di hydr oxycyal ohexane- carboxylif Bch@ pEC 1996
M5: mfe = 493 (MtH err]) Exanple 56

[1S, 3R, 4R, 58] - 1- (3- (4- chl or ophenyl ) propyl) %y;S- [3-(4-

)

Process E (see process A for definition of R*)

~ SeH, (=)gqal¥)
(+/-) (1)
—y

P r? g
(s) L8 Eféh
! 27 28
0
rd
u’-z-%-k' o-ﬁ-z-u’
30 O

(30 = formula I with R? = C,~C,,~alkyl(R¥),, R‘, R®, R* = H.

Y =0, X = (CH,), with m = zero, R! = COOH, %, R, R' and
n as indicated for formula I).

5 Process E is suitable for preparing the couipound
described in Example 70. Suitable :ea.ct:l.on conditions are

evident from this example.



met hoxyphenyl ) propoyl ] oxy- 4, 5-di hydr oxycycl ohexane- car boxyl i ¢
MS: .ms = 507 (MrH err]) Exarrple 57 ['1S, 3R 4R, 5§]-
(2- (4-chl orophenyl)-1-cycl opr opyl ene-

met hyl ) oxy- 3-[ (E) - 3- (4- hydr oxyphenyl ) - 2- pr openoyl ] oxy-
4, 5-di hydr oxycycl ohexanecar boxylic acid: =135 = m p.
for variation of the .radicals Rerr] and R err] by process B Preparation of

| act one diol 8 (P{‘Q‘PG?B:F (s miocsisyg A dor dediplitioni of Rijo!
O CH CH=CH- (p-d
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- phenyl), 20 cis):
'L i al i at =)

(1) o,

31 ' 32 ' 33

(35 = formula I with R! = COOH, X = (CH;), with m = 3,
R? = 0~C,~C,,~alkyl(R¥),, 0-C,~C;;~alkenyl(R!), or O=Cy~Cy~
alkynyl(R®),, R, R® = OH, R* = H and &, R’, R" and n as
indicated for formula I).

The process is explained in Example 63.

The starting compounds for processes A to F are known or
can be prepared in analogy to the methods known from the

literature or can be obtained by the processes described
in the application.

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




11.0 g (27.7 mol ) of lactone 3 (Rlerr] = -0 CH CH=CH (p-C
were dissolved in isopropanol. 40 m of 2 N hydrochloric aci
The reaction solution was left to stand at room tenperature
and was 25 subsequently neutralized with 1 N sodi um hydr
and concentrated in vacuo, and the residue was chromat ograp
gel. 7.8 g (90% of lactone diol 8 (R[eerP: - O CH CH=CH ( p-{C - phenyl),
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cis) were obtained as a colorless solid. p.: 117-120[err]

Preparation ofgﬁgaéﬁ] g t - butyl di met hyl si |yl oxy conmpound 9 (Rlerr] =
-0 CH CH=CH (p- enyl), cis) fromthe lactone diol 8 (Rl er

-O CH CH=CH (p-d - phenyl)'rC|s) o,alu
CO0ALK ;
~
: er

“"Azol"™

Azol r
Process IX

@-*-—"o,m —Arol®” | M COzAlk

Azol

CO,AlK

Process II1

A

zol
Azol

Alk is C,~C,~alkyl : .

-5 Azol is R¥? meaning imidazolyl, indolyl, piperazinyl,
tetrazolyl, triazolyl or their thieno-, pyridino-,
pyrimidino- or benzo-fused derivatives.



-45 - 5.0 g (15.4 mol ) of lactone diol 8 (Rlerr] = OC:I—I—C:I*@M;;ENEM

d - phenyl),

cis) and 4. 15 g (61.9 mol ) of im dazole were (
m of anh. dinethylformanmide. At O[err]C, 3.9 g (26 mol) of
tert-butyldinmethylsilyl chloride were 5 added. After 4 h

—

ammoni um chl ori de solution was added to the reaction m xturgqg, fand the
| atter was extracted with nethyl tert-but'yI27et'her. The conbijn or gani c

phases were drie
resi due was puri

, |sa2 8rpECA996

| gnesi um'sul fate and concentrated in _vacuo. The
?Fg&te%r?rr?ilica 10 gel (nobile phase: et hyl

acet at e/ n- hept angrm.atg-pﬂ Qf F-Azol-substituted mthY]. cinnamates
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A mixture of 50 g of methyl 2,3-dibromo-3~phenylpro- .

pancate, 100 ml of triethylamine and 500 ml of toluene is
heated to boiling for 1 h and then cooled to room tem-
perature and filtered. The filtrate is evaporated in
vacuo, and the resulting «~bromocinnamic acid is used
further without purification. 0.2 mol of the Azol deriva-
tive dissolved in 150 ml of anhydrous DMF is added
dropwise to a stirred suspension of 4.7 g of NaH (80% 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. The
previously prepared a-bromocinnamic acid is dissolved in
200 ml of anhydrous DMF 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,
10.8 ml of glacial acetic acid are added, the mixture is
stirred into 1.5 1 of ice-water and extracted several
times with ethyl acetate, and the organic phases are
washed with water. The organic phases are dried and
evaporated in vacuo, and the residue is purified by
column chromatography on silica gel (mobile phase:
n-heptarne/ethyl acetate) or recrys_‘l:allizat:_l.on. -

Process II
Preparation of f-Azol-substituted ethyl cinnamates

A mixture of .20 g of ethyl phenylpropiolate, 0.11 mol of
Azol derivative and 15 ml of anhydrous DMF is stirred
while passing in argon at room temperature. A spatula of
NaH (80% in mineral oil) is added. When evolution of
hydrogen has ceased, the mixture is heated to 100-150°C
(bath temperature) and the reaction is followed by TLC
(mobile phase n-heptane/ethyl acetate). After the
reaction is complete, the mixture is cooled to room
temperature and concentrated in vacuo, and tl_xe residue is




: uﬁugg
(84% .of silyl ether 9 (Rlerr] = -0 CH CH=CH p-d-phenyl), cilsREREACEMENT ::H’E.TT'*"f
way by carrying out the reaction at roomtenperature to produgefa
of the 15 two silyl ethers 9 and 10 which can be separate
"Preparation of 3, 3-di(4-chlorophenyl)-2-propenyl ether 11 (Rferr] = ‘
-O- CH CH=CH (p-d-phenyl), cis) from9 ¢Rg&rr] = -O-CH 20
met hyl f or manm de.n-Heptame/fethyd cdcetate dand apgpHfiddObgUcolumn chroma-

tography on silica gel (mobile phase: n-heptane/ethyl.

obtained as a colorless solid. Mp.: 71[err]C It is also posgi |
i‘éydéﬂ‘im |
chromat ography on silica gel using the abovenentioned sol vent m |
CH- CH (p- 4 - phenyl cis),, 1.0 2.3 mmol ) of al ¢phol err]
- O CH CH=CH- ( p- é’e&W%i_zeg s?“g%s“ﬁ'i‘%%‘bg%&? nggbufﬂ?do Rghhydrlétﬁ-la
acetate).

5 Process IIX

Preparation of f-Azol-substituted cinnamic acids from
p~Azol-substituted cinnamic esters

6.4 mmol of f-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 room temperature until the TIC (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 pH 2-3 with 2 N HCl. If a

solid precipitates, it is filtered off with suction and

dried in vacuo. Otherwise, the mixture is extracted

several times with CH,Cl,, 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 pharmaceuticals ire 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, ccated tablets, capsules, suppositories, emul-
sions, suspensions, granules, powders, solutions or
products with protracted release of active substance,
35 with the content-of active substance advantageously being



(5 mmol) of sodium hydride (80%in mneral oil) were 25 added. and the
m xture was stirred for 1 h. It was subsequently cooled to .g[mg)gmmir QHRET
i ] P o

g (3.2 mol) of 3,3- di(4-chlorophenyl)-2-propenyl brom de
m of anhydrous dinethyl formam de was added, and the reacti pn} m xt ur

allowed to warmto roomtenperature. 30 After 14 h, satuyr at@@b@&%ﬁm
chlori de sol ution was. added to the reacti on2® Xture, and the lLatter was ex-
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tracted with metl"wllt,@ét? tyl ether. The conbi ned organic phases were
a

dried with magnesi um sul

® and concentrated in vacuo. Thelresi-due—was

purified on silica 35 gel (nobile phase: ethyl acetate/n-heptane 1:3).
059 (84% of etthe sKilRidWdrker OsCEamibidl (dir ChePBaSLb)of Hiw expert
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knowledge with the auxiliaries which are suitable for the
desired pharmaceutical formulation. Besides solvents, gel
formers, suppository bases, tablet auxiliaries and other
active substance. excipients, it is possible to use, for
example, antioxidants, dispersants_, emulsifiers, foam

suppressants, flavorings, preservatives, solubilizers or
colorants.

The active substances can be administered topically,
orally, parenterally or intravenously, with the preferred
mode of administration depending on the disease to be
treated. Oral administration is preferred.

For a form for oral use, the active compounds are mixed
with the additives suitable therefor, such as excipients,
stabilizers or inert diluents 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
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-

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 physiolegically tolerated salts
are converted, if required with the 'suhstances customary
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, glyce:ol; as well as sugar solutions such as
glucose or mitol gsolutions, or else a mixture of



was obtained as a colorless oil. -46- 11 was reacted in analogy to

pr.ocess A to give the conpound of Exanple 58: Exanple 58

[‘1S, 3R, 4R, 55] - 1- ((Z) - 3- (4- chl or ophenyl ) - 2- propenyl ) oxy-3- 5

[ (E) - 3- (4- hydr oxyphenyl ) propoyl ] oxy-4-[ 3, 3-di (4-chl or o-
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various solvents.

Pharmaceutical products suitable for topical and local
use are eye drops which contain the active compound in
aqueous or oily solution. Suitable for nasal use are
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
administered, and the frequency of administration depend

' on the potency and duration of action of the compound

according to the invention which is used; in addition on
the nature and severity of the disease to be treated and

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

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 possible for administration to take
place in several doses a day as required.

The examples which follow are intended to illustrate the
present invention without restricting its scope, however.
anh means anhydrous; room temperature is about 18 to 25°C

Example 1
Preparation of IL-(I(OH) ¢3,4-0-cyclohexylidene-5~-tetra-

hydroxycyclohexanecarboxylic acid 1,5-lactone 2 from
D-quinic acid 1:

163.3 g (0.85 mol) of 1 were suspended in 186 ml
(1.8 mol) of cyclochexanone. 0.5 ml of concentrated
sulfuric acid was added. The mixture was then slowly
heated to a heating bath temperature of 200°C, and a
water/cyclohexanone azeotrope was distilled out. When no
further azeotrope distilled over, the pale brown reaction
solution was stirred at a bath temperature of 200°C for
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Exanpl.e 59 was al so synthesized in anal ogy to Exanple 58: 10 Exanpl e 59
Sodi um [ 1S, 3R, 4R, 5S] - 1- (( Z) - 3- (4- chl or ophenyl ) - 2- pr o- 28 DEC 1996
penyl ) oxy-3-[(E)-3-(4-hydroxyphenyl) propoyl ] oxy- 4- phenyl - '
met hyl oxy- 5-di hydr oxycycl ohexanecar boxylat®t [«err] H NVR (270 MHz!

dierr]-DVBO) d=1.85-2.3 ppm(m 3H), 3.3-3.5 15 (m 2H), 4.05-4.70 (m

6H), 5.2-5.38 (m fuxthes 22h5. ¥he(neaction csclytlon wed then allpwed €a 6. 5
(m 1H), 6.75- G@od @29 7080, and 1058 6ﬁlsé&ﬂn bikdiHB welga &ﬁ&&our_‘ds
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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 (75%) of
lactone 2 as colorless crystals. m.p.: 140-141°C.

Preparation of (1R, ZR, 3R,58]=1,2~0-cyclohexylidene-5~
10 phenylmethoxy-3,5~lactonylcyclchexane~1,2-diol (3, R* =
0-CH,Ph)

0.81 g (28 mmol) of sodium hydride (80% in mineral oil)
was suspended in 14 ml of anh. dimethylformamide under
argon and, at 0°C, 7.1 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 0°C, 3.5 ml of benzyl bromide were
added. The reaction mixture was left to stir at room
temperature for 4 h and then, at 0°C,-saturated 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-heptane/methyl-tert-butyl
25 ether (5t1). 7.18 g (75%) of benzyl ether 3 {R* = O~CH,Ph)
were obtained as colorless crystals. M.p.t 122-126°C.

Preparation of sodium ([15,3R,4R,58)~3-hydroxy-4,5-0-
cyclohexylidene-~1-~phenylmethyloxycyclohexanecarboxylate
4 (R* = 0~CH,Ph) from 3 (R® = O-CH,Ph):

30 3.1 g (9 mmol) of lactone 3 (R? = O-CH,Ph) were dissolved
in 20 ml of dioxane and, at room temperature, 9.5 ml of
1 N sodium hydroxide 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 was dried over potassium hydroxide under high



47 Exanple 61 [err] Exanple 62 [err] 5 Exampl e 63 1) 68| rREPGACEMENT\SHEET
di i sobutyl al um num hydri de were added to 30.0 g (73.7 mmol) o A lerr] 1n
250 m of anh. toluene under an argon atnosphere 28 DEC 1996
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vacuum at 60°C for 24 h. 3.32 g (96%) of the sodium salt
4 (R* = O-CH,Ph) were obtained as a colorless solid.
M.p.: 276-279°C (decomposition). '

Preparationof [18,3R,4R,58]-3~[(E)-3=(4~(trimethylsilyl-

5 ethoxymethoxyphenyl ) propenoyl joxy=-4,5-0O-cyclohexylidene~
1-phenylmethyloxycyclohexaxiecarboxylic acid 6 (R? =
0-CH,Ph) from 4 (R* = O-CH,Ph):

a) Preparation of (E)-3-(4-trimethylsilylethoxymethoxy-
phenyl)=-2-propenoic acid imidazolide 5 (R* = imidazolyl)
10 a) 1.62 g (5.5 mmol) of (trimethylsilylethoxymethoxy-
phenyl)propenoic acid .S (R* = OH, 2 = CH=CH, R’ (protected
- 4-(trinethylsilyl.ethoxym_thoxyp_he_nyln vere dissolved
in 10 ml of anh. dimethylformamide. At room temperature,
a solution of 0.92 g (5.5 mmol) of carbonyldiimidazole
15 dissolved in 10 ml of anh. dimethylformamide was added
dropwise. This solution was then heated at 60-70°C for
1 h, during which evolution of CO, was observed.
b) 2.1 g (5.5 mmol) of 4 (R* = O-CH,Ph) were dissolved in
20 ml of anh. dimethylformamide. At 25°C under argon,
20 165 mg (5.5 mmol) of sodium hydride (80% 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)
was added dropwise. After 3 h at 0 to 5°C, the reaction
mixture was poured into saturated ammonium chloride
25 solution and extracted with ethyl acetate, and the
combined organic phases were washed with saturated sodium
chloride solution and dried with magnesium sulfate. The
residue from concentration in vacuo was chromatographed
on silica gel (mobile phase: ethyl acetate/n-heptane/
30 glacial acetic acid 20:60:1l). 2.5 g (71%) of ester 6 (R?
= 0-CH,Ph, % = CH=CH, R’ (protected) = 4~(trimethylsilyl-
ethoxymethoxyphenyl)) were obtained as a colorless oil.

Preparation of [18,3R,4R,58]-3~((E)~3-(4-hydroxyphenyl)-
2-propenoyl Joxy~-4,5-dihydroxy-1l-phenylmethyloxycyclo-

35 hexariecarboxylic acid 7 (R’ = 4-hydroxyphenyl, % = CH=CH,
R* = phenylmethyloxy) from 61



at -5Q0 to -60[err]C. After 1 h, at -60[err]C 50 m of a 10 REPLACEMENT SHEET
met hanol /water m xture (9:1) were added dropw se. The reacti on{nfRtore=—was——
warmed to O[err] C. Subsequently the reaction m xture was poure% n'fia bé&

pot assi um bi sul fate solution (pH - 4) and extracted with EA, apdjt 1996
organi ¢ phase was dried wth sodium sulfate. - 48 - Concent fatian
resulted in 30.0 g of 63B [err] which was 3¥acted further w thput
purification.

2.7 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 pH 3-4
with 2 N sodium hydroxide solution and concentrated in
" wacuo. The solid residue was stirred in ethyl acetate
with heating, and the insoluble sodium chloride was
filtered off. The filtrate was again concentrated, and
10 the residue was stirred with methyl tert-butyl ether. The
residue was filtered off with suction and dried under
high vacuum. 2.0 g (70%) of [15,3R,4R,58]=3~[(E)=3=(4~
hydroxyphenyl)-2-propenoyl Joxy~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 analogous
manners

Example 2

(18,3R,4R,58)~3~[(E) -3~ (4-hydroxyphenyl)-2-propenocyl Joxy~
20 4,5-dihydroxy-1~(2~thienylmethyl)oxycyclohexanecarboxylic

acids

m.p.: 140°C.

Exa:iple 3
(is,3R,4R,58]-3~[ (E)-3=(4-hydroxyphenyl)-2-propenoyl ]oxy=-

25  4,5-dihydroxy-1-(2-propynyl)oxycyclchexanecarboxylic
acid: ) '

m.p.: 197°C

Example 4
[18,3R,4R,58])=1~(4~chlorophenylpropyl)oxy-4,5~-dihydroxy-

30 3-(2-pyridinecarbonyl)oxycyclohexanecarboxylic acid:
m.p.: 128-130°C



2) 19.8 g (88.1 nmmol ) of triethyl phosphonoacetate were diﬁsﬁ#%ﬁ@gMENfgﬁEET

m of anh. tetrahydrofuran. At O to 5 . 5[err] C under{a
at nosphere, 2.65 g of 80% sodi um hydri de were added-in portieng. The result
after 20 mn was a clear brownish solution to which, at -40 {o]- 2@ &£C 096

30.0 g (73.4 mol) of 63B dissolved in 100 m of anh. tetrahyfirofuran were
added dr opw se.

10 . After 4 h at=-38 +0 -30C, the repclion mMXrure

was poured into saturated amoni um chl oride solution and extfacted w.th-

et hyl acetate,

nbi ned organi ¢ phases were dried with sodium:

sul fate and concgis;3Rp4R|5SYal¢4-Cliloktophii ngﬁbpyll?okysBdlﬁEZ)53-(4-

by chronatographﬁyégbgyéﬂéﬁiqgeb “pEdpehsd1)Bxgs
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4 Sshihydroxycyelohexane-
carboxylic acids

m.p.: 215-219°C

Example 6

{18,3R,4R,58]~1-methoxy=-3~[ (E}~3~(4~hydroxyphenyl)~2~
propenoyl Joxy-4,5-dihydroxycyclohexanecarboxylic acid:
m.p.: 242-243°C

Example.7
[18,3R,4R,58]}~1-ethoxy~3~[ (E) ~3~(4~hydroxyphenyl)=-2~
propenoyl Joxy-4,5-dihydroxycyclohexanecarboxylic acid:
m.p.: 227-228°C

Example 8

(s, 3R.4R.581-3-[(E)-B-(4-hydroxyphenyl)-2-pr°penoylloxy-
4 5-dihydroxy-1-propyloxycyclohexanecarhoxylic acids
m.pe.s 221°C

Example 9

{18,3R,4R,58]~1~(3~-phenylpropyl)oxy-3=( (E)~3~(4~hydroxy-
phenyl)-2-propenoy1]oxy-4,S-dihydroxycyelohexane-
carboxylic acids

m.p.: 203°C

Example 10

[1S,3R,4R,58])-1~(4~-chlorophenylmethyl)oxy~3~[ (E)~3~(4~
hydroxyphenyl ) -2-propenoyl joxy-4, S-dihydroxycyclohexane-
carboxylic acid: '

‘m.p.: 211°C

Example 11
[18,3R,4R,58]~- 1-(4-methylphenylmathyl)oxy-3-[(E)-3 (4=
hydrcmyphenyl)-2-propenoy1]oxy-4 5-dihydroxycyclohexane~

. carboxylic acids

m.p.t 198°C



of 63C [err] as a colorless oil. - 49 - 3) 63C was conve

processes known to th skilled worker into 63D [err] and reaut@%"gﬁmgw SHEET
anal ogy to Exanple 1 (stage b and 6-7) to give 63 of the forpula [err]
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Example 12
[{18,3R,4R,58]~1~(4~-trifluoromethylphenylmethyl)oxy-3-
{ (B)~3-(4-hydroxyphenyl)~-2-propenoyl joxy-4,5-dihydroxy-
cyclohexanecarboxylic acid:

5 m.p.: 195-200°C

Example 13
{18,3R,4R,58)~1~(4-biphenylmethyl)oxy=3=-[(E)-3-(4~
hydroxyphenyl)~2~-propenoyl Joxy~4,5~-dihydroxycyclohexane-
carboxylic acid:

10  m.p.s 222°C

Examplc 14
{15,3R,4R,58]~-1~(l-naphthylmethyl)oxy-3~[ (E)}-3-(4-
hydroxyphenyl )=-2-propenoyl Joxy~4,5~-dihydroxycyclohexane-
carboxylic acids

15 m.p.s 165-170°C

Example 15
(18,3R,4R,58]~1~- (2-naphthy1methy1)oxy-3 {(B)=3-(4~
hydroxyphenyl ) -2-propenoyl joxy~4,5-dihydroxycyclohexane-
carboxylic acid:

20 m.p.: 198°C

Example 16
[is, 3R,4R,58]-1-(S-methoxyphsnylmethyl)oxy-3-[(8)-3-(4-
hydroxyphenyl ) -2-propenoyl Joxy-4,5~dihydroxycyclohexane-
carboxylic acid:

25 m.p.: 189-191°C

Example 17
(1s, 3R,4R,58]-1-(4-f1uoropheny1methy1)oxy-3-[(B)-S-(4-
hydroxyphenyl)-2-propenoyl joxy-4,5-dihydroxycyclohexane-
carboxylic acid:

30 m.p.: 214°C



The conpounds of the follow ng exanples were prepared in analfqy-rg-ﬁxan e
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[1S8,3R,4R,58]~1~(4-cyanophenylmethyl)oxy~-3-[ (E)~3~-(4-
hydroxyphenyl)-2-propenoyl Joxy-4,S-dihydroxycyclochexane~
carboxylic acid: ‘
m.p.: 238-241°C

Example 19
(1s,3R,4R,58]~1= (3~ (3-methoxyphenyl )propyl)oxy=3=~[ (E) =3~

- {(4-hydroxyphenyl)-2-propenoyl joxy~4,S5~dihydroxycyclo-

hexanecarboxylic acid:
m.p.s 208-210°C

Example 20 _
{1s,3R,4R,58)~1~((E)=3~(4~chlorophenyl)-2-propenyl)oxy-3-
[{ (B)=3-{4-hydroxyphenyl)-2-propencyl ]oxy~-4,5~dihydroxy-

- cyclohexanecarboxylic acid:

m.p.: 170-173°C

Example 21 )

[1S,3R,4R,58]~1~( (3-chlorophenyl)propyl)oxy=-3=( (E)=3-(4~
hydroxyphenyl ) -2~-propenoyl]oxy~4 ,5-dihydroxycyclohexane-
carboxylic acid:

m.p.3 211°C

Example 22 _
(18,3R,4R,58]~1~(4-phenylbutyl)oxy-3~{ (E) -3~ (4~hydroxy-
phenyl)-2-probenoy1]oxy-4,S-dihydroxycyclohexane-_
carboxylic acid:

m.p.: 217°C

Example 23 .- )
[18,3R,4R,58]~1~(3,3~diphenylpropyl)oxy=3-[(E)-3~-(4~
hydroxyphenyl ) -2~-propenoyl joxy~4, 5-dihydroxycyclohexane~
carboxylic acid: '

m.p.: 155-160°C



- 51 ; Exanple 68 1) 15 m of 2 M di et hyl zi nc solution in t@EBEﬁG&WeSHEET
introduced at 0 Cin 150 m of anhydrous dichl oro- nethane &gnd

—=TITT T
argon at nosphere, 10.4 g 5 (59.2 Mol ) of chloroio oﬂr‘t

added drop- wise, and the m xture was stirred at O-5[err]Cf 35%2{5%& '“6

Subsequently, 6.0 g (14.-8 mmol of ol efin)3@&f=-68A [err] dissol viedin 50

of anhydrous dichl or onet hane were
Example 24

Sodium [18, 38,41!,55]-1-(3-(4-tert-butylpheny1)methyl)oxy-
3-[ (E)-3-(4~-hydroxyphenyl)~2-propenoyl Joxy-4,5~dihydroxy-
cyclohexanecarboxylates |

5 m.p.: 80-90°C

Example 25
{1s,3R,4R,58])~1=(3-(4~chloro-2-methoxyphenyl)propyl )oxy-
3-[(B) -3- (4~-hydroxyphenyl)-2-propenoyl]oxy-4,5-dihydroxy-
_ cyclohexanecarboxylic acid:
10 m.p.: 190-194°C

Example 26
(1S,3R,4R,58])~1=(3~(5~-chloro~2-methoxyphenyl)propyl)oxy-
3- (B)-3-(4-hydroxyphew1)-2-proz:enoylloxy-4 S-dihydroxy-
cyclohexanecarboxylic acid:

15 m.p.: 215-218°C '

Example 27
[(1s,3R,4R,58]~1~(3~ (4-chloropheny1 ) =2-propynyl)oxy-3-
{ (B) -3~ (4~hydroxyphenyl)-2-propenoyl]oxy-4, S-dihyd:oxy-
cyclohexaneearboxylic acid:

20 m.p.: 233-234°C

Example 28
[1s,3R,4R,58]~1~[3,3~di (4-chlorophenyl)propyl Joxy-3-[ (E)-
3=-(4-hydroxyphenyl)~-2-propenoyljoxy-4,5-dihydroxycyclo-
hexanecarboxylic acid:

25 m.p.s 122-126°C

Example 29
[(1s,3R,4R,58]~1-( (B)~3-(2-chlorophenyl)-2-propenyl)oxy=-3-
{ () =3~ (4~-hydroxyphenyl)-2-propenoyl]oxy~-4,5-dihydroxy-
cyclohexanecarboxylic acid:
30 m.p.: 192-196°C



10 . added dropwi se. The reaction solution was al | oved |t RERBAGEMENT SHEET

25[err] C over the course of 2 h and was subse- quently hydrol Wzegd™WTh
saturated amoni um chl ori de solution, followed by extraction W tih %6@61996
concen- tration in vacuo. 5.5 g (91% of cycl opropane deri- 1

vati ve 68B were obtained, of the fornulae [3gre] (3:1 mixture
possi bl e di astereoners) which were separable by crystallizatign from
| -propanol . 2) ERafiple(308 nmol) of |actone 68B were di ssol ved—T120

50 M of anhydropsat £hU der, an.ar re_ . s80lerr] C 4.1
M of 1.2 Mdii sﬁﬁﬁf%ﬁfﬁﬁﬁm‘e (@PRaSRuRkyRI BRYLS- 1K) -8 (4 pdiddya
phenyl)-2-propenoyl Joxy~-4,5-dihydroxycyclohexane~
carboxylic acid:
]  WM.P.t 194-195°C

Example 31
{1s,3R,4R,58)-1~(3-(3,4~-dichlorophenyl)propyl)oxy-3-{ (B)~
3=(4-hydroxyphenyl)-2-propenoyl ]oxy-4,5-dihydroxycyclo~-
hexanecarboxylic acid:

10 m.p.: 213-215°C

" Example 32
(18,3R,4R,58]~1~(4~(4~chlorophenyl )butyl)oxy=3~[ (B)=3-(4~
methoxyphenyl ) -2-propenoyl }xy~4,5-dihydroxycyclohexane-
carboxylic- acids

15 m.p.s 77-82°C

Bxample 33
{18,3R,4R,58]~1~(3~({4~chlorophenyl)propyl)oxy-3~[ (E)~3~
{4~-methoxyphenyl)-2~propenoyl ]oxy~4,5-dihydroxycyclo~-
hexanecarboxylic acid:

20 MS: m/e = 505 (M+H')

Example 34 -
[18,3R,4R,58]~1~(3~-(4~chlorophenyl)propyl)oxy=3~[ (E)=3~
(2-methoxyphenyl)~2-propenoyl joxy-4,5~dihydroxycyclo-
hexanecarboxylic acids '

25 MS: m/e = S05 (M+H')

Example 35 -. .
[18,3R,4R,58]-1~(4-(3=(2-ethoxycarbonylthienyl)oxy) -
butyl)oxy-3~[ (E) -3~(4~-hydroxyphenyl)-2-propenoyl Joxy-4,5-
dihydroxycyclohexanecarboxylic acid:

30 m.p.s 1l44-147°C



hydri de solution in tol uene were added dropwi se. The reacti oh REPLACEMENTASHEET
stirred at -60[err]C for 2 h and - 52 - then hydrolyzed [Th—10m

of Herr]O Saturated anmoni um chl oride sol ution was addedjt - '
ture, followed by extraction with ethyl acetate, drying with ?@£§E§r§9°

sul fate and concentration in 5 -v3g&ue. 2.0 g.(999@ o]
the formula [err] were obtained as a colorless oi
Example 36

[(18,3R,4R,58]-1~-(3-(2~-thienyl)propyl)oxy=3~[(E)=3~(4~
hydroxyphenyl ) -2-propenoyl Joxy~-4 ,5~-dihydroxycyclohexane~-
carboxylic acid:

5 m.p.3 211-213°C

Example 37

{1s,3R,4R,58]~ 1-(2-thieny1)methy10xy-3—[(E) -3=-(4-

hydroxyphenyl)~2~propenoyl Joxy=-4,5-dihydroxycyclohexane-

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

Example 38
[is,3R,4R,58]-1-(2-thienyl)nethytcxy-3-[(E)-S-(B-
methoxythienyl)-2-propenoyl)oxy-4,5~dihydroxycyclohexane-
carboxylic acids

15 MS: m/e = 455 (M+BH')

Example 39
(18,3R,4R,58)-1=(3=(3-thienyl)methyl)oxy=3=[ (E)=3~(4~
hydroxyphenyl)-2-propenoyl Joxy-4,5-dihydroxycyclochexane~-
carboxylic acid:

20 m.p.: 156-160°C

Example 40
{18,3R,4R,58)-1-[3~{2~(5=-chlorothienyl) ) propyl]loxy-3-
[(E)-3-(44hyd:oxypheny1)-2ép:openoy1]oxy-4,S-dihydroxyfl
éyblohexanacarboxyiic acids

25 m.p.t 215-218°C

Example 41
[(18,3R,4R,58]~1-[4~(3,5-dimethyldithieno(3,2-bs3’,2"~
e)pyridinyl)butyloxy=-3-( (E)=-3~-(4~hydroxyphenyl)-2-pro-
penoyl]oxy-4,5-dihyd:oxycyclohexaneea:hoxylic acid:

30 m.p.: 240-244°C



3) 2.0 g (4.76 mol) of 68C were dissolved in 50 m of MeOCH
of, 5.1 g of hydroxylam ne hydro- chloride and 5.0 g of potassi
in 50 m 10
25[err]C for 2 hours, the reaction solution was poured into w
extracted with nethyl tert- butyl ether. The conbi ned organi c phlases were
dried with magnesi um sul fate and concent raggd-i n vacuo. 15
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of MeOH was added dropw se at 25C. After

D

Ihe

crude product 68D of the fornula [err] was reacted further wi tthout

purification.

4)Examplle #2 4.8 nmol ) of 68D were introduced into 50 m of -

anhydrous di chl of pgEBRIAR, 3}~ Pl €8] SLQlimethy1ithieno(3,2~b237,2/~

10

15

20

25

30 -

e)pyridinyl) mgthyl Joxy=3~{ (E}~3=(4~hydroxyphenyl)-2-pro-
penoyl Joxy~-4,5-dihydroxycyclohexanecarboxylic acid:
m.p.: 240-244°C

Example 43
{1s,3R,4R,58])}~1~(3~(3~thienyl)propyl)oxy=3=-[ (E)~3-(4~
hydroxyphenyl ) -2-propenoyl Joxy-4,5~-dihydroxycyclchexane~
carboxylic acids

m.p.: 211-213°C

Example 44

[18, 3R, 4R,58)~1-(4-chIorophenylpropyl)oxy=3~[ (E) -3~ (4~
hydroxyphenyl)propoylJoxy-4,5-dihydroxycyclohexane~
carboxylic acids ) -

m.p.s 157-159°C

A number of other compounds were prepared by process C.

1. Alkylation

30.0 g (0.118 mol) of lactone 2 were dissolved in 200 ml
of anh. dimethylformamide. At room temperature under an
argon atmosphere, 5.3 g (0.176 mol) of sodium hydride
(80% in mineral oil) were added. After 1.5 h, the mixture
was cooled to 0-10°C and 20 ml (0.265 mol) of propargyl
bromide were added dropwise over 30 min. The solution
slowly became dark in color. After 1 h (TIC check) the
reaction mixture was poured into half-saturated ammonium
chloride solution. The mixture was extracted with ethyl

‘acetate, and the organic phase was washed with saturated

sodium chloride solution and dried with magnesium
sulfate. The residue after concentration in vacuo was
filtered through 1 kg of silica gel (mobile phase: ethyl
acetate/n~heptane 1:5}. 30.0 g (87%) of propargyl ether
3/’ (R? = propynyloxy) were obtained as a viscous oil.



(12.3.mmol ) ‘of carbonyl diim dazol e were added. The 20
subsequently warned at 40[err]C for 3 h and, after CJerr] e
ceased, 100 m of anh. - 53 - methanol were added and the mxt u%%é/&ig
again heated at 40[err]C for 4 h. It was tgher concentrated in %
residue was taken up in nethyl tert-butyl ether, and the ofg
was washed wi2hd #tdagek CToupling potassium bisulfate sol uti

i0

15

20

25

30

35

lon and dried
wi th magne- sium sulfate. The residue after concentration of ke

RE\?L?NCEMENWEET

24.0 g (0.082 mmol) of propargyl ether 3/ (R? = propynyl-
oxy) were dissolved in 150 ml of anhydrous toluene and
50 ml1 of anhydrous triethylmi.ne. Under an argon atmos-—-
phere, 0.354 g (0.002 mmol) of palladium dichloride,
1.05 g (0.004 mmol) of triphenylphosphine, 19.55 g (0.082
mol) of 4-chloroiodobenzene and 0.050 g (0.0003 mmol) of
copper(l) iodide were successively added. The reaction
solution was slowly heated to 80°C, and the reaction
mixture was left at this temperature for 4 hours. It was
subsequently cooled to room temperature, the resulting
triethylammonium hydrobromide was filtered off, and the
precipitate was washed with ethyl acetate. The filtrate
was concentrated in vacuo, and the viscous oily- residue

'was purified by chromatography on 1 kg of ‘silica gel

(mobile phase: EA/n-heptane-1:5; dissolve residue in a
little ethyl .aceta.te_ for loading onto the silica gel).
23.0 g (69%) of phenylpropynyl ether 3* (R* = 3-(4-~
chlorophenyl)-2-propynyloxy), which was recrystallizable
from methylcyclohexane, were obtained: M.p.: 79°C.

Preparation of alkene 3"/ (R? = 3-(4-chlorophenyl)-2-
propenyloxy) from alkyne 3" (R = 3-(4-chloropheny1)-2-
propynyloxy) .
12.0 g (29.8 mmol) of alkyne 3" (R? = 3~(4-chlorophenyl)~
2-§r‘opynyloxy) were dissolved in 300 ml of pyridine, and
3.0 g of palladium on barium sulfate (10% 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
concentrated in vacuo. 11.2 g (93%) of alkene 3"’ (R* =
3-(4-chlorophenyl)propenyloxy) were obtained as a color-
less solid. M.p.: 155-157°C.

The other reaction steps were carriad out in analogy to
process A (steps from 3 to 7).

Preparation of alkane 3™ (R? = 3-(4-chlorophenyl)propyl-

oxy) from alkyne 3*’ (R? = 3=-(4~-chlorophenyl)propynyloxy):



organj ¢ phase was purified by chromatography on silica gel (foBEfLACEMENE:SHEET
qthyl acetate/n-heptane 1:4) to result in 1.3 g of 68E of th ormula [err]

10 as a colorless oil. 5) The conpound 68 of the fo dl§
[ 131%@ a‘r?pglbe

was obtained from68E in analogy to the conversion 4-6 accor i
1. - 54 -

- 42 -

6.0 g (14.9 mmol) of alkyne 3 (R! = 3-(4-chlorophenyl)~-2-
propynyloxy) were dissolved in 50 ml of ethanol/ethyl
acetate (1:4), and 1.0 g of rhodium on aluminum oxide (5%
rhodium) was added. The reaction mixture was 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 vacuc. 6.05 g (100%) of alkane 3™ (R* =
3-(4-chlorophenyl)propyloxy) were obtained as a colorless
oil.

10 The alkanes 3 obtainable in this way were also reacted
further as in process A (steps from 3 to 7).

Example 45

[18,3R,4R,58])~1=(3~{( 4-£1uoropheny1) propyl)oxy=-3~[ (E)~3~-

(4-hydroxyphenyl)-2-propenoyl Joxy-4,5-dihydroxycyclo-
15 hexanecarboxylic acid:

m.p.: 140-170°C

Example 46 |

[18,3R,4R,558]~1~( (2) -3~ (4-chlorophenyl)-2-propenyl)oxy-3-

[ (E) -3-(4~-hydroxyphenyl)=-2~-propenoyl]oxy-4,5-dihydroxy-
20 cyclohexanecarboxylic acid: '

m.p.: 208-209°C

Example 47 _

[18,3R,4R,58]~1~((2)~3~(5~pyrimidyl)-2-propenyl)oxy-3-

[ (B) =3~ (4-methoxyphenyl) -2=-propenoyl joxy-4,5-dihydroxy-
25 cyclohexanecarboxylic ‘acids

m.p.s 75-78°C

Example 48
- {18,3R,4R,58])~-1-((2Z ) «3=(5=-pyrimidyl) -z-propenyl) oxy=-3-
{ (B) -3~-(4-methoxyphenyl)-2-propenoyl]oxy-4, 5=0~-cyclo-
30 hexylideuecyclcheicaneqarboxylic acid:
m.p.: 165-167°C

*



Exafrpl-e 69 The conpound 69 [err] was prepared in anal ogy to aREPlQ\CEMEﬁT SHEETG
Exanple 70 Stage 1: Methyl 1-[4-(4-chlorophenyl)butyl]cyclohej-
enecar boxyl ate 70B from 70A 85 mmol (11.9 m) of dry diisopro ytm ne are

di ssolved in 200 mM of dry THF and cool ed under protective ga 28 DEC 1996 |
(nitrogen or argon) in a dry ice/acetone gpaling bath. 80 mmol} ¢50_nm)_ of a J

1.6 molar solution.of n-butyllithiumin hexane are run into this while
stirring vigor BxampleaTh® mi xture is stirred for 10 min and t héa—5—mrol

Crr

(1s,3R,4R,58])-1~-( (%) ~3=( 2-naphthyl)-2-propenyl)oxy=-3-
[ (E)=3~-(4-methoxyphenyl)-2-propenoyl joxy-4,5~dihydroxy-
' cyclohexanecarboxylic acid:
5 m.p.: 146-149°C

Example 50
[18,3R,4R,58]~1-( (%) -3~ (3-trifluoromethylphenyl)-2-
propenyl)oxy~3-[ (E)=~3=(4~hydroxyl)-2-propenoyl]oxy-4,5~
dihydroxycyclohexanecarboxylic acid:

10 m.p.: 187-190°C .

Example 51
Methyl [1S8, 3R,4R,58]-1-(3-(4-chlorophcny1)propyl)oxy-a-
{(B)=3~-(4-methoxyphenyl) -2-prapenoy1]oxy-¢ S5-dihydroxy-
cyclohexanecarboxylatet

15 MS: m/e = 505 (M+H*)

Example 52
[18,3R,4R,58]=1~(3~ (4-chloropheny1)p:opy1)oxy-3-[ (E)=3~
phenyl-2-propenoyl]oxy~-4,5-dihydroxycyclohexanecarboxylic
acid:

20 MS: m/e = 475 (M+HY)

Example 53
[18,3R,4R,58])~1~( 3-(4-chloropheny1)p:opy1)oxy-3-[ (B)=~3-
(3,4~-dichlorophenyl-2~-propencyl]oxy-4,5~-dihydroxycyclo-
hexanecarboxylic acids

25 MS: m/e = 543 (M+H*)

Example 54
[(1s, 3R,4R,58]-1~(3- (4-chlo:opheny1)propyl)oxy-3-[ (B) =2~
phenyl-1-cyclopropylcarbonyl] oxy-4 5-dihydroxycyclo-
hexanecarboxylic acid:

30 'MS: m/e = 489 (M+H')



(10.5, g) of nethyl cycl ohex-3-ene-1-carboxylate 70A [err] 15 | REPLAGEMENT SHEET
(commercially obtainable) dissolved in 10 mM of THF are added{dfOpW S€ 30

that the internal tenperature does not exceed -65[err]C. The fi <':Tg§y§? ‘!?96

subsequently stirred at -70 to -80[err] C f 30 min and then J4
g) of 4-(4- chlorophenyl)butyl iodide dissbtved in 25 nml of THFLase—20

A=y —u - g

added dropw se W tﬁ‘e I nternal tenperature does not exceed 65[err]C
uent

The m xture is Eéstlrred at -70 to -80ferr]C for 3 amdttemn
the cooling batﬂllss,&lbrm 172it 3= t4rechloxopheny blprepyl) exynds( 3ebdhed

10[err]C, the pydroxyphenyl)propoyljoxy-4,5-dihydroxycyclohexane-
' carboxylic acid:
5 MS: m/e = 493 (M+H*)

Example 56
(1s,3R,4R,58])~1-(3~(4~chlorophenyl)propyl)oxy~3~-[3~(4~
methoxyphenyl )propoyl]oxy-4,5-dihydroxycyclohexane-
carboxylic acid:

10 MS: m/e = 507 (M+H')

BExample 57
[18,3R,4R,58]~1-(2~-(4~chlorophenyl)~1-cyclopropylene-
methyl)oxy=3-{[ (E)=3=-(4~-hydroxyphenyl) =2=propenoyl joxy-
4,5-dihydroxycyclohexanecarboxylic acids

15. m.p.: 195-199°C

Exa.mplés for variation of the radicals R' and R® by
process B '

Preparation of lactone diol 8 (R* = ~0-CH-CH=CH-(p-Cl-
phenyl), cis) from 3 (R! = -O-cn-cn-cn-(p-CI-phenyl) v
20 cis):
11.0 g (27.7 mol) of lactone 3 (R?® = -0-CH-CH=CH=(p-Cl-
phenyl), cis) were dissolved in isopropanol. 40 ml of 2 N
hydrochloric acid were added. The reaction solution was
left to stand at room temperature for 48 hours and was
25 aubsequehtly neutralized with 1 N sodium hydroxide
' golution and concentrated in vacuo, and the residue was
chromatographed on silica gel. 7.8 g (90%) of lactone
diol 8 (R® = <-0-CH-CHeCH-(p-Cl-phenyl), ocis) were
obtained as a colorless solid. M.p.: 117-120°C

30 Preparatién of the S-tert-hutyldimethylsilyloxy compound
9 (R? = =0-CH-CH=CH~-(p-Cl-phenyl), cis) from the lactone
diol 8 (R® = -0-CH-CH=CH-(p-Cl-phenyl), cis):



REPLACEME‘NT OHEET

ex? S Ogl l}%'lQg

-55- reaction solution is stirred into 400 mM of saturated a
thoride solution and extracted 3x with MIB ether, the conbin
are washed 3x with water and 2x with saturated brine and drie
sul fate, 5 and the solvent is renoved 5n vacuo. The crude
purified by flash chromat ography on S|I|ca gel (nobile phase:

acet at e/ n- hept q150ld See1R60aME taidB ef(rehe Jowend
(()E/Lﬁ[ Qre(rj] ?S 2 %?—ge&\r/\i)n?@%&and 4.11.9 g (GIN%SM?C Euﬂiﬂzole wize
dissolved in 50 ml of anh. dimethylformamide. At 0°C,
3.9 g (26 mmol) of tert-butyldimethylsilyl chloride were
5 added. After 4 h, saturated ammonium chloride solution
was added to the reaction mixture, and the latter was
extracted with methyl tert-butyl ether. The combined
organic phases were dried with magnesium sulfate and
concentrated in vacuo. The residue was purified on silica
10 gel (mobile phase: ethyl acetate/n-heptane 1:3). 5.7 g
(84%) of silyl ether 9 (R* = -0-CH-CH=CH-(p-Cl-phenyl),
cis) were obtained as a colorless solid. M.p.: 71°C.

It is also possible in this way hy' carrying out the
reaction at room temperature to produce 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
(R? = -0-CH-CH=CH=-(p=-Cl-phenyl), cis) ‘from 9 (R?* = -0=-CH-

20 CH=CH-(p-Cl-phenyl), cis). :
1.0 g (2.3 mmol) of alcohol 9 (R* = ~-0=-CH-CH=CH=-({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 (80% in mineral oil) were
25 added, and the mixture was stirred for 1 h. It was
subsequently cooled to 0°C and 0.85 g (3.2 mmol) of 3,3~
di (4-chlorophenyl)=-2-propenyl bromide dissolved in 5 ml
of anhydrous dimethylformamide 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 reaction mixture, and the latter was ex-
tracted with methyl tert-butyl ether. The combined
organic phases were dried with magnesium sulfate and
_ concentrated in vacuo. The residue was purified on silica
35 gel (mobile phase: ethyl acetate/n-heptane 1:3). 0.5 g
(84%) of ether 11 (R* = -0-CH-CH=CH-(p-Cl-phenyl), cis)

was obtained as a colorless oil. '



Stage 2: Sodi um 1-[ 4-(4-chl orophenyl ) butyl]cycl ohex-3- ene-1-d

i

g L

2 REPMACEMENT SHEET

70C from 70B 22.7 g of methyl 1-[4-(4-chlorophenyl)butyl]cyclghgx=38=

ene- 1-car boxyl ate 70B are dissolved in 100 ml of nethanol 15 +, 106,
To this is added a solution of 8 g of sodi um hydrgxi dezé(r)p@g“?ﬁé
of water, and the m xture is refluxed unedeggpwotective gas for
reaction solution is.cooled and 200 m of water, 100 ml of tolluene and 100
m of n-heptane hiewasdexeactedt ia ndnalegy | to2(process i Ar dub t
The precipitatedg of By
cold wat er and n-heptane/tol uen
the formul a :

of di oxane.

10

15

20

6. h___The. .

Example 58 .
(18,3R,4R,58]-1-( (2)=3~(4-chlorophenyl)~2~propenyl)oxy~3-
{ (B) =3~ (4-hydroxyphenyl)propoyljoxy-4~[3,3-di(4-chloro~
phenyl-2-propenyl Joxy-~-5~dihydroxycyclohexanecarboxylic

© acid |

m.p. H 157-161°c

Example 59 was also synthesized in analogy to Example 58:

Example 59

Sodium [1s,3R,4R,58]~1~( (%) -3=(4~chlorophenyl )} ~2-pro-
penyl)oxy-3-( (E)=3~(4-hydroxyphenyl)propoyl Joxy~4~phenyl-
methyloxy-5-dihydroxycyclohexanecarboxylate

1§-NMR (270 MHz, d,~DMSO): d=1,.85~2.3 ppm (m, 3H), 3.3-3.5
(m, 2H), 4.05-4.70 (m, 6H), 5.2-5.38 (m, 1H), 5.82-5.93
(m, 1B), 6.3 (d, J=10.0 Bz, 1H), 6.42-6.5 (m, 1H), 6.75-
6.85 (m, 2H), 7.2-7.55 (m, 12H), 11 ppm (1H).

The compounds of the following examples were prepared in
a manner analogous to that described in Example 1:

Example 60

| m.p.: 230°C

OH

giverigier————

gff with suction, washed with a little
1:1 vol/vol) and dried in vacuo. 70C of



[err] s - 56 - is obtained as colorless shining flakes which{d

up -to 240C. The free acid obtained fromthe sodiumsalt 70C b ﬁEﬁ'LACEMEM!T SHEET
acidification with concentrated hydrochloric acid nelts at 86{7ferr]C. 5
Stage 3: 1-[4-(4-Chlorophenyl)butyl]-4-e i_odo- 6- oxa- 28 DEC 1996
bi cycl o[ 3. 2. 1] octan-7-one 70D from 70C 22.2 g of sodium :
1-[4- (4-chl or opggamplBuEl! ] cycl ohex-3- ene-1-carboxyl ate 70C are suspendet
in a solution of 22 g

iy V-

Example 62
%\ )g@ m.p.s 211-212°C

5 Example 63 ) _
1) 68 ml of 1.2 M diisobutylaluminum hydride were added
to 30.0 g (73.7 mmol) of 63a

63A

in 250 ml of anh. toluene under an argon atmosphere
at =50 to -60°C. After 1 h, at -60°C 50 ml of a
10 methanol/water mixture (9:1) were added dropwise.
The reaction mixture was warmed to 0°C. Subsequently
the reaction mixture was poured into 1 N potassium
bisulfate solution (pH ~ 4) and extracted with EA,
“and the organic phase was dried with sodium sulfate.



of sodi um bi carbonate and 68 g of potassiumiodide in 10

water. To this are added 175 m of MIB ether and 20 g of i odi e%ﬁl&“éﬁ%ﬁm SHEET

m xture is stirred under a protective gas at roomtenperature jfqr 16 h. 10%
strength aqueous sodium bisulfite solution is added in portiorns {t 02 B'BEC 1296
reaction solution until the iodine col our K8s-dis- 15 appdgaried t he
solution is extracted three tines with ethyl acetate. The extrfactrs—are

and

washed twi ce with satConcentratiomceshlted dne30s0dguofsG3Batd and
evaporated in vacuo. 70D of the formula is obt aidued as a pale yellow sh e

1-[ 4- (4-Chl orophenyl ) butyl]-6-oxabic

solid of nmelting point 20 84- 6C. 5%?‘2
o[’ E:§
| cs °f 4

10

15

- 2)

which was reacted further without purification.

19.8 g (88.1 mmol) of triethyl phosphonoacetate were
dissolved in 200' ml of anh. tetrahydrofuran. At 0 to
5°C under an argon atmosphere;- 2.65'g of 80% sodium
hydride were added-in portions. The result after 20
min was a clear brownish solution to which, at -40
to -50°C, 30.0 g (73.4 mmol) of 63B dissolved in
100 ml of anh. tetrahydrofuran were added dropwise.
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
by chromatography on silica gel resulted in 22.3 g

-of 63C- - . :

_. @;zﬁ _

as a coiorle.s oil.



octan-7-one 70E from 70D 2 g of REPLACEMENT SHEET
1-[4- (4-chl orophenyl ) butyl]-4-exo-iodo-6-oxabi - cycl o[ 3. 2. 1] dctjan- 7-one 70D
are dissolved in 20 ml of dry 25 MIB ether. To this is adddd 2BIRECA996
protective gas about 0.1 m of a 1 nolag lution of triethyljbarane in THF
and then 1.35 ml of ‘tributyltin hydride are added dropw se. - 57 - The

mxture is stirgyed g3d QR vArted’ Byl ffodebséd ckidwan to thdiiskilled 5 g

of potassiumfldoride in 5 ., water I's added, and the m xture is
stirred vigorously f4arker 1dlo ¥3p -
0

o

and reacted further in analogy to Example 1 (stage
b and 6-7) to give 63 of the formula

_ 0. OH L B )
5 c‘m 6 = w/e = 503 (M+E')

KO 0
oM

The compounds of the following examples were prepared in
analogy to Example 1:

Example 64
CHg

o o ok |
¢t : | e m.p.: 205-208°C
HO 0 ,
oH
o



30 min. The precipitate which has separated out is 5 filt
suction, the filtrate is extracted three tinmes with MIB et her
are washed tw ce each with water and saturated brine and drie
sulfate, and the solvent is distilled off §n=vacuo. The crude

purified by flash chromat ography on 10 silica gel (nobile]p
acet at e/ n- hept aRzafmplevéB/ vol ). 70E [err] is obtained as a co
which solidifies to a | ow nel | g wax. Mass spectrum me =
Stages 5 and 6 are carried o Sanalogy to Exanple 1. 15

70 of the fornul a

Example 66

A K

mle =

- rREPLAGEMERY SHEET

ne extracts

of o PEF 9%

orl ess oi

293 (WFHETT])
The conpound

194-195°C

605 (M+H")

==\_0
m.p.: 158-161°C

-OH



[err].is obtained. The conpounds of the foll ow ng exanples \Nerqmpq_ |
anal ogy to Exanple 1: -58- Exanple 71 [err] OH Exanple 72 { lmm SHEET

L |

28 DEC 199

- 8] -

Example 68

1) 15 ml of 2 M diethylzinc solution in toluene were
introduced at 0°C in 150 ml of anhydrous dichloro--

methane and, under an argon atmosphere, 10.4 g

5 (59.2 mmol) of chloroiodomethane were added drop-
wise, and the mixture was stirred at 0-5°C for

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

oA

dissolved in 50 ml of anhydrous dichloromethane were
10 added dropwise. The reaction solution was allowed to
' warm to 25°C over the course of 2 h and was subse-
gquently hydrolyzed with saturated ammonium chloride
solution, followed by extraction with EA and concen-
tration in vacuo. 5.5 g {91%) of cyclopropane deri-

15 ' vative 68B were obtained, of the formulae

é;ﬁ% e

(311 mixture of the two possible diasterecmers)

which were separable by crystallization from
i-propanol.

2) 2.0 g (4.8 mmol) of lactone 68B were dissolved in

20 50 ml of anhydrous toluene under an argon atmosphere
and, at -60°C, 4.1 ml of 1.2 M diisobutylaluminum

hydride solution in toluene were added dropwise. The

reaction solution was stirred at -60°C for 2 h and




[err]

5 .Exanple 73 [err] -59- Exanple 74 [err] Exanple 75 5 REm%WEﬁTlﬁiEETJ

28 DEC 1996

then hydrolyzed with 10 ml of H,0. Saturated

ammonium chloride solution was added to this mix-

ture, followed by extraction with ethyl acetate,

drying with magnesium sulfate and concentration in
5 vacuo. 2.0 g (99%) of lactol 68C of the formula

E
¥

were obtained as a colorless oil.

3) 2.0 g (4.76 mmol) of 68C were dissolved in 50 ml of
MeOH. A solution of 5.1 g of hydroxylamine hydro-
chloride and 5.0 g of potassium hydroxide in 50 ml
10 of MeOH was added dropwise at 25°C. After stirring
at 25°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.
15 The crude product 68D of the formula
N=-OH

5L

was reacted further without purification.

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

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

(12.3 mmol) of carbonyldiimidazole were added. The

20 ‘mixture was subsequently warmed at 40°C for 3 h and,
after CO, evolution had ceased, 100 ml of anh.



£60-],Exarrpl e 77 [err] Exanple 78 5 Exanpl e 79 [err] -6L-RM§M5N_§(5HEET
err

28 DEC 1996

- §3 -

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 tert-butyl ether,
and the organic phase was washed with 0.1 N
5 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 68E of the formula

ea: s
_ é?

10 as a colorless oil.

5) The compound 68 of the formula

Jf\iac Eﬁ“ | e é"‘:@ m/e = 584 (M+H")
U@ m.p.: 197-202°C

was obtained from 68E in analogy to the conversion
4-6 according to Example 1.



Exanple 81 [err] 5 Exanple 82 [err] - 62- Exanple 83 [efr . grgﬂ-—-—
[err] Exanple 85 dEPﬁ@gﬁéh HEET

10

15

20

|

28 DEC 1996
- 54 - :

Example 69
The compound 69
cl 0

OH N

>0y
o N m/e 549 (M""B)
0
HO'" o

was prépared in analogy to Example 1.
Example .70

Stage 1: Methyl 1-[4-(4-chlorophenyl)butyl]cyclochex=-3-
enecarboxylate 70B from 70A

85 mmol (11.9 ml) of dry diisopropylamine are dissolved
in 200 ml of dry THF and cooled under protective gas
(nitrogen or argon} in a dry ice/acetone cooling bath.
80 mmol (50 ml) of a 1.6 molar solution of n-butyllithium
in hexane are run into this while stirring vigorously.
The mixture is stirred for 10 min and then 75 mmol
(10.5 g) of methyl cyclohex-3-ene~l-carboxylate 70A
| 0 °"“cu,
(+/=)
70A

(commercially obtainable) dissolved in 10 ml of THF are
added dropwise so that the internal temperature does not-
exceed -65°C. The mixture is subsequently stirred at -70
to ~80°C for 30 min and then 74 mmol (21.8 g) of 4~(4-
chlorophenyl)butyl iodide dissolved in 25 ml of THF are
added dropwise so that the internal temperature does not
exceed -65°C. The mixture is subsequently stirred at -70
to =-80°C for 3 h and then the cooling bath is removed.
After the internal temperature has reached 10°C, the



[‘err]_

. 63 - Exanple 86 [err] 5 Exanple 87 [err] Exanple g8RERKAGEMENT SHEET

10

15

20

28 DEC 1996

- 88 -

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,
and the solvent is removed in vacuo. The crude p:oduct is
purified by flash chromatography on silica gel (mobile

phase: ethyl acetate/n-heptane 1/9 vol/vol). The product
70B of the formula

708

is obtained as a white low-melting wax.
Mass spectrum: m/e = 307 (M+H%)

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

22.7 g of methyl 1-[4-(4-chlorophenyl)butyl]cyclochex=-3-
ene~l-carboxylate 70B are dissolved in 100 ml of methanol
+ 100 ml of dioxane. To this is added a solution of 8 g
of sodium hydroxide in 50 ml of water, and the mixture is
refluxed under protective gas 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
stirred thoroughly. The precipitated product is filtered
off with suction, washed with a little cold water and

n-heptane/toluene (1:1 vol/vol) and dried in vacuo. 70C
of the formula

1 _ 0l=Inal$)

70C



| NEFLALEMENT SHEET
- 64 -~ Exanple 89 [err] Exanple 90 [err] Exanple 91 [err] -1 65 - Exanple

92 - 28 DEC 1996

- 56 ~

is obtained as colorless shining 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.

5 Stage 3: 1-[4-(4~Chlorophenyl)butyl] =4=-exo-iodo-6-oxa~
bicyclo{3.2.1]joctan=7-ocne 70D from 70C

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

10 350 ml of water. To this are added 175 ml of MTB ether
and 20 g of iodine and the mixture is stirred under a
protective gas at room temperature for 16 h. 10% strength
aqueous sodium bisulfite solution is added in portioms to
the reaction solution until the iodine colour has dis-

15 appeared, and the solution is extracted three times with
ethyl acetate. The extracts are washed twice with satu-
rated brine, dried over sodium sulfate and evaporated in
vacuo. 70D of the formula :

ct

700 '

is obtained as a pale yellowish solid of melting point
20 84-6°C. -

Stage 41 1-[4=(4-Chlorophenyl)butyl]~6-oxabicyclo(3.2.1]=
octan-7-one 70E from 70D

2 g of 1-[{4~(4-chlorophenyl)butyl]-4-exo~iodo-6-oxabi~
cyclo[ﬁ.Z.l]oétan‘-ﬂ-ons 70D are dissolved in 20 ml of dry
25 MTB ether. To this is added under a protective gas about
0.1 ml of a 1 molar solution of triethylborane in THF and
then 1.35 ml of tributyltin hydride are added dropwise.



[err]. 5 Exanpl e 94 [err] -66- Exanple 95 [err] Exanple 9&EP{L§9WE’ET SHEET
Exampl e 97 [err]

28 DEC 1996

The mixture is stirred at room temperature for 2 h and

then a solution of 5 g of potassium fluoride in S0 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

is obtained as a colorless oil which solidifies to a low-
melting wax. Mass spectrum: m/e = 293 (M+H*)

Stages 5 and 6 are carried out in analogy to Example 1.

15 The compound 70 of the formula
ci
COOH :
. o _
) . m/fe =470
(/=) J\fO\,
CHy ;
70

is obtained.

The compounds of the following examples were prepared in
analogy to Example 13 '



Exampl e 98 [err] -67- Exanple 99 [err] Exanple 100 [err] E’ﬁpﬂhﬁﬂ}@‘h SHEET

L_err]

Exam;ﬁle 71
' cl

. 5
QReee

Example 72
ct

OH
0 o=
-
\\ 7
OH cl

5 Example 73

28 DEC 1996

m/e = 475 (M+H')

m/e = 543 (M+H')

m/e. = 488 (M+H')



-68- Exanple 102 [err] Exanple 103 [err] 5 Exanpl e 104 GH—
0 The conpounds of the follow ng exanpl es were prepared by pr FGREACEMENT SHEET

anal ogy to the description before Exanple 45:
28 DEC 1996
- 50 -
Example 74
Cl
OH
0 0 | n/e = 489 (M+H*)
_ 0. '
o™ 0% |
OH
Example 75
Cl
OH |
0 0 : m/e = 450 (M+H')
0 _
HO o)l\@ - |
OH N
5 Example 76

5

m/e = 505 (M+H')

€O~



- 69 - Exanple 105 [err] Exanple 106 [err] [err] 5 EXarrpl 107 [err]
. REPLACEMENT SHEET |

28
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Example 77

cl

" m/e = 507 (M+B*)

OH
0 0
0 .
Lo o/cn,

- Example 78
(A

oK N
0
Jo ¥
L/
Ho” Y ok/@
-OH

m/e = 541 (M+H")

5 Bxample 79
' cl

0 0 m/e = 576 (M+H*)
0
:f 0 .
N”‘o :
HO 0
OH .



- 70 - Exanple 108 [err] Exanple 109 [err]
Exanple 112 [err]

- 61 -

Example 80
()

OH
o=k 9
0
HO 0T
OH “CHy

Example 81

5 Example 82
' ci

-71- EXx | 11— 1
APt e B ACEMENT SHEET

28 DEC 1996

m/e = 502 (M+B")

m/e = 601 (M+H')

m/e = 591 (M+H')



5 , Exanple 113 [err] Exanple 114 - 72 -
Exanpl e 116 Lerr] Brample 114 ferr] 72 - Bxanple I ] CTEMENT SHEET

- 62 - 28 DEC 199

Example 83

ct
OH '
0 0 m/e = 491 (M+H')
/a\/\/© | '
HO 0”7 ™ _
OH

Example 84
Cl

0 0 m/e = 449 (M+H")
HO o*@
OH :

5 Example 85
Ccl

m/e = 539 (M+H')



- 73 - Exanple 118 [err] Exanple 119 [err] - 74 - PATENT CLAI MS 1.

Cycl ohexane derivatives of the formula | [err]
| REPLACEMENT SHEET

- 63 - 28 DEC 199

Example 86

ci

o=k ,° m/e = 495 (M+E*)
0 |
s
HO o’“". | |
oH

Example 87
cl

OH
0 0 | m/e = 500 (M+H')
0
oH \
5 Example 88

c!

m/e = 500 (M+H')

OH .
o=\ ° .
0
OH 2\



: Ertbe@gmem SHEET |

in which the radicals have the follow ng neanings: Rerr]:
COOH group protected by a protective 5 gr oup,
Jerr]-err]-al kanoyl SHerr]-Cerr]-Cerr]-al kyl, Sqerr] )
SJerr]NRlerr]Rerr], an—l)[err], PO(OH) (O derr]-Cerr]-alky
PO(OC[err]-C[err]-aIkyI)[err] Rlerr]: derr]-Cerr]-alkyl {(F

Oderr]-Cerr]-alkyl (R[err])[err] ClerrggCerr]-al kenyl (
Oderr]-Cerr]-al kenyl (R[err])[err] Cerr]-Cerr]-al kynyl
(Rlerr])[err]], dxdbpde |89 err]-al kynyl (Rferr])[err], 10
S-derr]-Cerr]-alkyl (Rerr])[err] SC[err] derr]- aIkenyI (Rlerr])[err],
S-derr]-Cerr]-alkynyl (Rerr])[e F] NHCerr]-Cerr]-al kyl
(Rlerr])[err], NHCerr]-Cerr enyI (R[err])[err] or
NHCerr]-Cerr]-alkynyl (R e err], where Rlerr] is optionally

substituted in each qgse by ; 15 Rlerr], Rerr] and R err]: alkyl

with 1 to 10 carbop _gtong=cycl o- m/e = 476 (M+H')
0 _
_ Z N
|

Example 90

ci

0 0 m/e = 499 (M+H")
0
OH
S Example 91

cl

m/e = 463 (M+EH')



- |

al kyl.with 3-8 ring carbon atons, phenyl, naphthyl, phenanthr

T T

T

L e vzl
LR 4 ] i
thienyl, furyl, pyrimdyl, indolyl, imdazolyl, counarinyl, pntﬁﬁﬂLi{\G’EM%I SHEET

qui nolyl, pipe- razinyl, tetrazolyl, triazolyl, oxazolyl pri Therr
t hi eno-, pyridino-, pyrimdino- or benzo-fused deriva- tives,

t .
possible for the aromatic or hetero- aromatic systemto be substi??ﬁ@gcoﬁgé

or nore ti'mes, identically or differentLygghby F, G, Br, I, CH!
-NJerr], CN, (err]-Cerr]-al koxy, C[errf-C[err]-aIkyI, NR[err]Rerr],

yA4v)

phenyl, benzyl ,gZdmple td2 enyl, furyl, imdazolyl, pyridyl, O prenyt—or
benzyl, and R[ercr_l], Rlerr] and Rerr] are identical or different;

Lo

m/e = 553 (M+H')

HO
OH
Example 93
Ci
| SN
0
OH m/e = 481 (M+B')
¢ s
y/ ' _
HO - 0 | |
OH
5 Example 94
(|

T
0 |
N OH o B m/e = 473 (M+E*)
HO " -
o 1] ]

g




-75- Rerr], Rerr] and Rerr]: H OH an OH group which is-p&et—eet—ed—%—-——--
conventional al cohol -protective groups, F, A, Br or the neenlﬂﬁab(\m HEET
for Rlerr], where Rerr], Rerr] and R err] are identical or ruerent

Rlerr]: (Jerr]-derr]-alkyl, phenyl or -ben®$l =~ Rlerr] and Rlerir] I—g 6
Clerr]-Cerr]-al kyI C%egg] Clerr]-al kanoyl, phenyl which ig dp ?9 EF;’”
substituted by FE , OH, Oderr]-Cerr]-alkyl, CF[grrl
or CN, where R[err] and Rlerr] are identical if- ferent,j or R[err] and

Rlerr] formtogether wt¥ rogen at a 4- to 18=—renbered;
saturated heterocycl | AR ﬁ:l—l['\rr oup can optionally be
replaced by O S or m/e = 603 (M+H')

cl " Vo
OH
Example 96
Cl
m/e = 619 (M+H*)
HO 0
OH
5 Example 97
ci

0 ' '
0
\QN 0H 4 n/e = 467 (M+E*)

/‘J\/\Nq
N

HO

Example 98

m/e = 465 (M+H")




-

Rlerr]: H (ferr]-Cerr]-alkyl, phenyl or benzyl Rerr]: phenyce, v !
phenant hryl, pyridyl, thienyl, furyl, pyrimdyl, indolyl, }i thwk%& '
coumarinyl, 15 pht hal i m nyl, quinolyl, piperazinyl, tetrpzolyl, tri-
azolyl, oxazolyl or their thieno- or benzo-fused deriva- tiv s, Pt8 DECI1996
possible for the aromatic or heteroaro-=n@&liTt systemto be subtituted one
or nore tines, |dent| gﬂlly or differently, by.F, d, Br, I} . Crlerr],
-NJ err], CN, r]-Clerr]-al koxy, CJerr]-Clerr]-al kil

Cerr]- C[err] a nyI NRlerr]R err], phenyl, benzyl, thienyl, furyl,

I m dazol yl , yr| P™Nhenyl  or O- nzyl; X: (CHerr])[err], -CH=CH,
-Cerr]CG, -CHerr] err| rr]-S-CHerr]- or -CHerr]-NCHerr]-
Rlerr] y*1llll[\,f\,/ .

OHy o

m/e = 491 (M+H")

Example -100
' Ci

m/e = 489 (M+H')

OH
0 0
0
Iaaads
OH s

5 Example 101
cl m/e = 683 (M+H')

"o H
“{‘u o



Fy: (CHerr])[err], O S, NRerr], 25 Z: (CHerr])[err], Sb HEPLACEME .
S-Cerr]-Cerr]-alkyl, Oderr]-Clerr]-alkyl, CH=CH, CH=CF, CH{CCI Cn—g'gTSHL
CH err]-CO, CHerr]-CHF, CHerr]-CHO, CHerr]-CHBr, CH err]-CHl i
Clerr]-Cferr]-cycloal kyl ene, Clerr]-(erc]ggycl oal kenyl ene, it bei n?g8 DEC 1996
possible for 1 to 3 ring carbon atons to be replaced by sul fur] bxygen of
nitrogen atons, g,‘gﬁgériggqerr]c 30 CH=C((err]-Cerr]-alkyl),

CH=C(CN), CH=C(NR[erfr]Rerr]), CH=C(derr]-Cerr]-al ka- -GC Z- REermr—roy-

CH=C(R[err]), NRCekr] and when Y i%oxygen, [err] n/e3R 683~ (Kfm*)
‘: ] ~ 0

OHo 4 0

N~

Example 103

¢t 0 : m/e = 489 (M+BH*)
\@/\/0 oH
0 .
#O 0 :
OH
5 Example 104

ci 0
@\/\/o f °
Ho‘r 0
- oH
The compounds o£ the following examples were prepared by
process C in analogy to the description before Example

453

H
o ¢l m/e = 539 (M+H')
\
] _ .



*

t oget her be an am no-acid residue sel ected from the group cogprising Aa
A.g, Asn, Asp, Cys, dn, Qu, dy, H's, Ile, Leu, Lys, Phej REp,ACBRIENT TSHEET

Trp, Tyr and their derivatives protected by conventional prgtgetive—groups

5 n: zero, 1 or 2 m

tolerated salts of conpounds of the formula I. 2. A cycl ohdxdne? 8DEG % e

of the formula | [err] 10
meani ngs: R err]: CN, COOH,

Cerr]-Jerr]-albkameie Merr]-err]-Jerr]-al kyl, SO err],

SJerr]NRlerr]Rerr],

LA LI~ A=) ~a=

zero, 1, 2, 3 or 4, and physiol qgijcal |y

i n which the gedical s have the f 1 | owi ng
a COCH group protected by a protiective group,

Ci
-~
\
Ho 0 $
0 0 m/e = 507 (M+H*)
Ho ¥ OH \c“
o N\ 3
0
Example 106
¢l
0 OH
X o
0 m/e = 509 (M+H*)
HO 0
on
0CH,
5 Example 107

m/e = 483 (M+H")
m.p.: 135°C



PO(OH)[err], POQQOH) (O Cerr]-Cerr]-alkyl), RoPLACEMENT SHEET
POOderr]-Cerr]-alkyl)[err], Rerr]: derr]-Cerr]-alkylf (Rerr])[err],
Oderr]-err]-alkyl (Rerr])[err], 15 Cerr]-Jerr] {alXgmec 1996
(Rlerr])[err], Oderr]-Cerr]-alkenyl (Rerr])[err], C[err]-(;[err]-arfkynyl
(Rlerr])[err], Oderr]-(err]-alkynyl (Rerr])[err], S (enr]=€erri—atkyt
(Rlerr])[err], S-(err]-Clerr]-alkenyl (Rigar$)[err],

S-Cerr]-Cerr]-alkynyl (Rerr])[err] , NHCerr]-Cerr]-alkyl

(Rlerr])[err], Ntk&hple]l@Berr]-al kenyl (Rlerr])[err] or 20
NH-Clerr]-Cerr]-alkynyl _(Rerr])[err], where Rlerr] is optionally

substituted in each case¢/BY N err]; Rerr], Rerr] and R err]: phenyl,
napht hyl , phenant hry, Wigl d? ,?Wi enyl , furyl, pyri m dyl, i ndol ylI ,
i m dazol yl, coumari halyi m-nyl ,

tetrazolyl, triazol dhaz | 0 heirf thi

i nol yl, pi perazinyl, 25
§no- or

m/e = 555 (MtE')

cl
HO 0
OH
Example 109
—— 0 m/e = 588 (M+H*)
0
3 M

5 Example 110

ml.e - 515. (M+H*)

ci




r

benzo-fused derivatives, it being possible for the - 77 I SEBAREMENGr SH

het eroaronmati ¢ systemto be substituted one or nore tines, i;’déntlcaHy or
differently, by F, d, Br, I, OH CFerr], -NJerr], CN, 28 DEC 1996 |
Clerr]-Cerr]-alkoxy, Clerr]-Clerr]-alkyl, NRerr]Rerr], p eyI e%g? !

i

thienyl, furyl, imdazolyl, pyridyl, O =571 = phenyl or Ob nLy., ane

—_—

Rerr], Rerr] and eruJ are identical or different; Rerr]}], Rerr] and
Rlerr]: H OH, 13 which is protected by convent i onal

al cohol -protective gro F, Cg Br or the
0
MePo? 161°c.
ci HO
Example 112
d\ﬁ . m/e = 565 (u+n*)
5 Example 113
0
A ]
@ | . o/\/\o me = 495 ()
HO OH '
Example 114
cl\@\/\/ $
0
oH

0 m/e = 511 (M+H*)

-~



meani ngs stated for R err], where Rerr], Rerr] and R err]
10 or different; Rerr]: (err]-Cerr]-al kyl, phenyl or
and Rlerr]: H derr]-(err]-alkyl, (err]-Cerr]-al kanoyl ,
optionally substituted by F, C, Br, I 7@H~- O derr]-Cerr]-
-NOJ err] or CN, where Rerr] and Rerr] are identical or dif
ferent, or R BxampdedlEserr] formtogether with the nitroge

ag ;g -
A EEME e Sree

b
p
a

henyl which is

kyd 8 DEY 1996] ,
15

h atoma 4- to

10- menbered, saturated heterocyclic ring in which a CH err]
optionally be *'e

groun._.can

sed by O, S o NRlerr], Rerr]: H derr]-Cerr]-alkyl,

phenyl or benzyl r]: phe@yl, pht hyl , phenant hryl, pyridyl, thienyl,
20 furyl, pyrss , A , —~¢@n dazolyl, counmarinyl, phthalininyl,
qui nol yl, piperazinyl, tetrazo tri- 0 m/e = 455 (M+H')

o § O °

OH
Example 116
. 0
OH

5 Example 117
cl

m/e = 533 (M+HY)

\T::j\v/“\/’ ) |
)
OH
M m/e = 443 (M+H')
o)k/Y"“s -
'T)
, OH e,



azol yl, oxazolyl or their thieno- or benzo-fused deriva- ti

(S 1 Il %h g'_‘!;._
possi ble for the aromatic or heteroaro- matic systemto be gu ﬁl.AC.E.-r"-g’?aﬂd-;e_
or nore tines, identi- 25 cally or differently, by F, ,Br, 1, OH,
CFlerr], -NdJerr], CN, CJerr]-Cerr]-al koxy, (Jerr]-Cerr]-al kyl28 DEC 199
NRlerr]Rlerr], phenyl, benzyl, thienyl, fujyl. imnidazolyl, pyqidyl,

O phenyl or O-benzyl; X (CHerr])[err], - CH, -Jerr]C,
-CH err] -0 CH eExampleCiii® r] -S-CH err]-or-CH err]-N-CH err Y.

(CHerr])[err], O S, NRerr], 3. . Z (CHerr])[err], S, O
-S-(err]-Cerr]-al kyl, CHCH _CWCF, CH=Cd, CH=CBr, CHerr]-CQ
CH err]-CHF, CHerr]-CHA, CH ,-CHBr, CHerr]-CH,
C[err]-C[err]-cycIoalbwene, sferr]-C  err]-cycl oal kenyl ene,

o .
m/e = 475 (M+H')
0
HO _
OH CH,
Example 119
cl
OH
0 m/e = 479 (M+H")
0

o8y
M ¢

5 Example 120
Cl

OH
0= 0 m/e = 483 (M+H")
0
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REPLAGEMENT SHEET * C - COOR[err], C[err] C, - b
CH=C((err]-Cerr]-al mﬂmm CH:C(NR[err]R[err])
CH:C(C[err]-C[err]-al-MM , Brr]), NRerr] and when|Y}i € ®DEEW%
[err] can toget her be an am no- aci d resi due sel ected fromjthe group

conprising Ala, Arg, Asn, Asp, Cys, Gn, 594 -du, Ay, Hs, {II& Leu, Lys,

Phe, Pro, Ser,
-convent i onal

10

15

20

25

Thr, Trp, Tyr and their derivatives protected by

pr oPATENPcCHATYAs, n: zero, 1 or 2 m zero,HOE 92/8 2904,

1. Cyclohexane derivatives of the formula I
a‘ |

i

in which the radicals have the following meanings:

R's CN, COOH, a COOH group protectéd by a protective
group, c;-c‘-alkanOYl' so:-c‘-c‘.AIkY]-, SO;H, SO,NR‘R’ F)
PO(OH),, PO(OH)(O0-C,~C,~alkyl), PO{0-C,~C,~alkyl),,

R*: C,=Cy~alkyl (R'%),, 0-C,-Cy,~alkyl (R),,
C;~Cy-alkenyl (R!),, 0-C,~C,,~alkenyl (R!}?),,
C,~Cyo-alkynyl (RY),, 0-C;~Cyo-alkynyl {(R*) .
8~C,~-C,,~alkyl (R?),, S5-C,-C,,~alkenyl (R“) ¢
§=C,=C;,~alkynyl (RY),, '
NH-C,-C,,~alkyl (R!!},, NE=C,-C,,~alkenyl (R?), or
NE-C,=C;,~alkynyl (RY),, where R is optionally

. . substituted in each case by R!?;

R}, RM and RY: alkyl with 1 to 10 carbon atoms, cyclo-
alkyl with 3-8 ring carbon atoms, phenyl, naphthyl,
phenanthryl, pyridyl, thienyl, furyl, pyrimidyl, indolyl,
imidazolyl, coumarinyl, phthaliminyl, quinolyl, pipe-
razinyl, tetrazolyl, triazolyl, oxazolyl or their

- thieno~, pyridino-, pyrimidino- or benzo-fused deriva-~

tives, it being possible for the aromatic or hetero~-
aromatic system to be substituted one or more times,
identically or diffe::ently, by F, C1, Br, I, OH, CF,,
-NO,, CN, C,-C,~alkoxy, C,~C,~alkyl, NR'R’, phenyl, benzyl,
thienyl, furyl, imidazolyl, pyridyl, O-phenyl or O-
benzyl, and R}, R" and R!? are identical or different;



10

~ and physi ol ogicalt y- toterated—satts of conpounds of the REPUABERENT ‘»‘:H{g_i‘

A compound as cl ai rreﬂ"mimljmlu)mmmrel n Rlerr] in formul a

a COCH group protect group, or Cerr]-C[e _al kano
and the other 15 radi tal's Havé the neanings stated in cla 128195(;0\
conpound as clainmed in claim2, wherein the radicals in formyl § 1_have the

follow ng nmeanings: Rerr]: CN COCOH, a=C®+group which isjprotected by a
protective group, or Cferr]-Clerr]-al kano

Oderr]-derr] MekR (mndrRfy By rPH¢ nan ©f 132'?“9\/\”?&6%@6 Frefeckghe by i s

unbranched or bl iEnaly @licoholrproteceivehgréups) rf, TOHBr N the
repl aced by O and I?Enrr]

gs staa‘l:ed for R?, where R‘, R® and R* are identical
or different;
5 R’: C,;~C,~alkyl, phenyl or benzyl;
R* and R': H, C,-C,~alkyl, C,-C,-alkanoyl, phenyl which is
optionally substituted by F, C1l, Br, I, OH, 0-C,~-C,~alkyl,
CF,, -NO, or CN, where R* and R’ are identical or dif-
ferent, or R* and R’ form together with the nitrogen atom
10 a 4- to 10-membered, saturated heterocyclic ring in which
a CH, group can optionally be replaced by O, S or NRY,

R¥Y: H, C,~C,~alkyl, phenyl or benzyl

R¥: phenyl, naphthyl, phenanthryl, pyridyl, thienyl,
furyl, pyrimidyl, indolyl, imidazolyl, coumarinyl,
15 phthaliminyl, 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 ¥, Cl, Br, I, OH, CF,, -NO,, CN,

20 C;—C‘-alkoxy r c;"c‘-alkYI ’ c:-c‘-alkenyl f J NR.R’ [} phe“Y]- ’
benzyl, thienyl, furyl, imidazolyl, pyridyl, O-phenyl or
O-benzyl;

(CHz)m. CH=CH-, -C=C., -CHz-O-CHz-, -OH:-S-GHz- or -CHz-N-CHz s
Le
Y: (CHy)ur O, S, NR',

25 %: (CH,)as S, O, S-C,~Cj,-alkyl, 0-C;~Cj,-alkyl, CH=CH,
CE=CF, CH=CCl, CH=CBr, CH,-CO, CH,~CHF, CH,-CHCl, CH,-CHBr,
CH,~CHI, C,-C,,~cycloalkylene, c,-q,,-cycloalkenylene . it
being possible for 1 to 3 ring carbon atoms to be
replaced by sulfur, oxygen or nitrogen atoms, CQOR', CsC,

30 CH=C(C,~C,~alkyl), CH=C(CN), CH=C(NR'R’), CH=C(Casun-C,-alka-
C-Z-R®
noyl), CH=C(R¥), NR* and when Y is oxygen, ] can

o




be substituted b Rﬁﬂ and When n = 2 the two Rlerr] radi qafiEPLACEMENT whic
i

I denti cal or Oderr]-Cerr]-alkenyl{(Rerr])[err]
(n 0,1,2), \M‘l llﬁlllrm ety is unbranched, branchedjorl <28I0EC 1996

one of the CH[err] groups can be replaced by O S, SO S(err]f qr NRlerr],

and is unsaturated one or nore tines, ang %err] can be substltLted Dy
Rl err], and when n -. 2 the two R[err] 30 radi cal s dr

iodimz i Ca\lNh ort X d&élﬁt%ze'ﬁe af i&ﬂé-}aélbder:rdsﬁaghyg&ié&ed rﬂﬁ&nﬁ&h}e (yeoup _
insat ur at eq. one SRERERG (Kley ARero ANy Abe Cife; Bing, Gape Sy, oBE8, '°
repl aced by O FlegO LOY ehyi!,ol’hHR[ &I'-'P]: Seny :%!3!!-'; Trpc T{:equdc&heﬁc
substituted by Ri&fidativveh Hidteeted?by@ohventional protective groups,
5 ns 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 formula I
Rl

L oW

10 in which the radicals have the following meanings:

R': CN, COOH, a COOB group protected by a protective
group, C;-C‘-alkanoxl, SO,-Cl-C.-alkyl, SO,H, SO,NR‘R’,
PO(OH),, PO(OH)(0~C,~C ~alkyl), PO(0-C,~C,~alkyl),,

Ri: - C,=C,o~alkyl (R}),, O=Cy=Ci-alkyl (R%),,
15 C;=Cy-alkenyl (RY),, 0-C,~Ci-alkenyl (R'),,

' C,~Co-alkynyl (R¥),, 0-C;~Cy-alkynyl (R},
8=C,=Cy~alkyl (R),, 8-C,~Cy~alkenyl (RY),,
8-C,-Cyo-alkynyl (R'),, |
NH-C,~-C,~alkyl (R!?),, NH-C,-C;,-alkenyl (R}?), or

20 NE=-C,;-C,,~alkynyl (R?),, where R is optionally
' substituted in each case by R!%;

R?, R and RY: phenyl, naphthyl, phenanthryl, pyridyl,
thienyl, furyl, pyrimidyl, indolyl, imidazolyl,
coumarinyl, phthallminyl, quinolyl, -piperazinyl,
25 tet:azolyi, triazolyl, oxazolyl or their thieno- or
benzo-fused derivatives, it being possible for the



Rl err¢ radical
Rlerr] to R er
(CHerr])[err]
CH err] SCH err
(CHerr])[err]
(unbranched or
CH err] -

s are identical or different, REPLACEMVENT SHEREPLACEMIENT S j

r] and err “ me nmeani ngs stated in claih %, X
' Clerr]C, CHerr]OCH err]
] Y: EEH m0,1,2,3,4), O S, NRdrd] 12§:DEC1996

|
|

(m:O 34) S, O S—C[err]-C[err]-aIkyI 5
branched) CH=CH, CH=CF, ~CyrCO , CH=CBr, CH[err] c(O,

CH err]- CH err]-CHBr, CHerr]-

CHI
Clerr]- C[ er r] - %ﬁﬂi@'@f‘%eﬁﬁdﬂﬂiﬁfd ]sfdﬁd@&i&@ﬁllﬁlﬁtituted one

10

15

20

25

30

or more times, identically or differently, by F, Cl, Br,
I, OH, CF,, -NO,, CN, C,-C,~alkoxy, C,-C,~alkyl, NR'R’,
phenyl, benzyl, thienyl, furyl, imidazolyl, pyridyl, o-
phenyl or O-benzyl, and R’ R? and R are identical or
different; '

R', R® and R‘: H, OH, an OH group' which is protected by
conventional alcohol-protective groups, F, Cl, Br or the
meanings stated for R?, where R‘, R® and R*’ are identical
or different;

R’: c,-c.'-alkyl « phenyl or benzyl;

R® and R’t H, C,-C,~alkyl, C,~C,-alkanoyl, phenyl which is
optionally substituted by F, C1, Br, I, OH, 0-C,~C,~alkyl,
CF,, -NO, or CH, where R' and R’ are identical or dif-
ferent, or R* and R’ form together with the nitrogen atom
a 4~ to 10-membered, saturated heterocyclic ring in which
a CH, group can optionally be replaced by O, § or NRY,

R¥: H, C;~C,~alkyl, phenyl or henzyll

R¥: phenyl, naphthyl, phenanthryl, pyridyl, thienyl,
furyl, pyrimidyl, indolyl, imidazolyl, coumarinyl,
phthaliminyl, 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, OH, CF,, -NO,, CN,
c,-C,~alkoxy, C,~C.-alkyl, NR'R’, phenyl, benzyl, thienyl,
furyl, imidazolyl, pyridyl, O-phenyl or O-benzyl;

X: (CHy)qy “CH=CH:, CmC, CHyOCHy, CHyS-CHy-or CHN-CHy,
RF

Yz (CH;)ar O, S, mc

Z: - (CHy)a, 8, O, §-C,~Cj-alkyl, CH=CH, cn-cr, CH=CC1,
CH=CBr, CH,-CO, CH,-CHF, CH,-CHCl1, CH,~CHBr,

CH,~CHI, C,-C,,~cycloalkylene, C,-€,~cycloalkenylene,



COOR[ err],

d err]ﬁ—CH=€(*(3['131—r‘]—6[‘§|:1r -al kyl) (unbranched
branched), CH=C(CN) mmm err]. 10 5. The uke corrpound
as clained in clai n” Illal““!emt of di seases associ at id w2t D&S 199

increased activity of the gl dtose- 6- phosphat ase system 6. The use of

REPLACEMENT SHEET |

conmpounds as claimed in claim1l for t he treabrrent of di seasep associ ated

with an increased 15. hepati c gl ucose p

(non-insulin-dep

duction. 7. The-us-e of-

conpounds as cl alégén'ln cé"&m ]cﬁ.% é nt éﬁ (
Qgrgﬁc{.my-g i)ohs' a{) f§;3 ﬁmﬂ (ﬁy-@érrpour?ds as

clainmed in claim 3
treat ment of type-?-Z-R
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TS O aPﬁﬁcﬂ!ﬂ‘ chl 8 roxygeny

can together be an amino-acid residue selected

fgom the group comprising Ala, Arg, Asn, Asp, Cys, Gln,
Glu, Gly, His, Ile, Leu, Lys, Phe, Pro, Ser, Thr, Trp,
Tyr and their derivatives protected by conventional
protective groups,

ns zero, 1 or 2

ms zero, 1, 2, 3 or 4,

and physiologically tolerated salts of compounds of the
formula I. :

‘3. A compound as claimed in claim 2, wherein R!' in

formula I is CN, COOH, a COOH group protected by a
protective group, or C,~C,~alkanoyl, and the other
radicals have the meanings stated in claim 1.

4. A compound as claimed in claim 2, wherein the
radicals in formula I have the following meanings:
R}: CN, COOH, a COOH group which is protected by a
protective group, or C,-C,~alkanoyl
R!: 0-C,~C;,~alkyl(R}), (n = 0,1,2), where the alkyl
" molety is unbranched or branched or cyclic, and one
of the CH, groups can be replaced by O, and R can
' be substituted by R, and when n = 2 the two R™
radicals are identical or different.
0-C,=C,o~alkenyl(R!?), (n = 0,1,2), where the alkenyl
moiety is unbranched, branched or cyclic, one of the
CH, groups can be replaced’ by 0, 8, 80, SO, or NR*,
and is unsaturated one or more times, and R!! can be
substituted ‘by R}, and when n = 2 the two R
radicals are identical or different,
0-Cy~C,,~alkynyl(R¥*), (n = 0,1,2), where the alkynyl
moiety is unbranched, branched or cyclic and is
unsaturated one or more times, and one of the CH,
groups can be replaced by O, 8, 80, SO, or NR*, and
" «R¥ can be substituted by R¥, and when n = 2 the two
R!! radicals are identical or differemt,



. £P ACEME rr b
|1 diabetes and_other disorders characterized by an increase aﬁt"’p&&hmg?-r SHEET :

gl ucose fromthe, sh¥&" ' ased activity of the ' '3
gl ucose- 6- phosph+ “E"H@ IﬁMI BE‘ iphar maceuti cal containing|a co%@)(ﬂﬁﬁﬂ% i
claimed in 25 * | M phar maceuti cal containing ajcenpound_as
clainmed in claim 2. i 79

R® to R® and R have the meanings stated in claim 2,

X:  (CH,). (m=0,1,2,3,4), CH=CH, CsC, CH,0CH,, CH,SCH,

¥: (CH,), (m=0,1,2,3,4), O, S, NR*,

Z: (CH,), (m=0,1,2,3,4), S, O, 86=C,~Cj,-alkyl, -

5 (unbranched or branched), CH=CH, CH=CF, CH=CC]l,

CH=CBr, CH,~C(O), CH,-CHF, CH,-CHCl, CH,~CHBr,
CH,-CHI, C,-Cy~cycloalkylene, C,~C,,~cycloalkenylene,
COOR?, C=C, - CH=C(C,~C,~alkyl) (unbranched or
branched), CH=C(CN), CH=C(R}), _NR'.

10 5. The use of compounds as claimed in claim 1 for the
treatment of diseases associated with an increased
activity of the glucose-6-phosphatase system.

6. The use of compounds as claimed in claim 1 for the
treatment of diseases associated with an increased
15 hepatic glucose production. '

7. The use of compounds as claimed in claim 1 for the
treatment of type II diabetes (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
II diabetes and other disorders characterized by an
inéreased output of glucose from the liver or an
increased acfivity of the glucose-6-phosphatase system.

9. A pharmaceutical. containing a compound as claimed in
25 claim 1.

10. A pharmaceutical containing a compouhd as claimed in
‘claim 2.
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Abstract of the disclosure

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

Cyclohexane derivatives of the formula I

in which the radicals R! to R%, X, Y and % have the stated
meanings, and processes for the preparation of these
compounds are described. The compounds have valuable
pharmacological properties and can therefore be used as
pharmaceuticals. '
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Description

Substituted cyclohexane derivatives, processes for their

preparation and the use of the compoundé for t:dqting
diseases d

ﬁ'i
elegﬁﬁém b1ged

of insulin (replacement therapy). On the other'hand, non=
insulin~dependent or type II diabetes is characterized by
a diminished effect of insulin on muscular and adipose
tissue (insulin resistance) arnd an increased glucose
production in the liver. The Giiisés of these metabolic
disturbances are still substantially unknown. The estab-
lished therapy with sulfonylureas attempts 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
the disease progressing; many type II diabetics eventu-
ally become insulin-dependent, owing to "exhaustion" of
the B cells, and suffer from late effects such as cata-
racts, nephropathies and angiopathies.

.New therapeutic principles for the treatment of type II

diabetes are therefore desirable.

The blood glucose concentration in the fasting state is
determined by glucose production in the liver. Various
research groups have been able to show that the elevation
of blood glucose levels in type II diabetes correlates
with a proportionate increase in glucose released by the
liver. The glucose released into the blood by the liver
can be formed both by breakdown of liver glycogen
(glycogenolysis)'andfhy gluconeogenesis.

Glucose G-phosphaﬁé i;.tﬁé,comnon f£inal product both of




