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Abstract of the disclosure

3-Demethyl-4-fluoromevalonic acid derivatives, a process
for the preparation thereof, pharmaceutical products
based on these compounds, the use thereof, and inter-

mediates

3-Demethyl-4-fluoromevalonic acid derivatives of the
formula I, and the corresponding dihydroxy carboxylic

acid derivatives of the formula Il

HO
HO CO,H
32 2
4 10 E OH
F i =
//y 6 X/Y H
f‘ [
R R
1 11

in which R, X and Y have the stated meanings, processes
for the preparation of these compounds, the use thereof as
medicaments, and pharmaceutical products are described.
In addition, new intermediates for the preparation of the

compounds of the formula I and formula 11 are described.
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HOECHST AKTIENGESELLSCHAFT‘ HOE 87/F 197
DESCRIPTION

3-Demethyl-4-fluoromevalonic acid derivatives, @ process
for the preparation thereof, pharmaceutical products based

on these compounds, the use thereof, and intermediates

Hypercholesterolemia is one of the essential primary risk
factors for one of the commonest cardiovascultar disor-
ders, atherosclerosis (Kannel et al., Am. Intern. Med.

74 (1971), 1. Influencing the activity of the key
enzyme of human cholesterol biosynthesis, HMG-CoA reduc-
tase, is thus nowadays regarded as a rational way of
discovering new medicaments for the treatment of athero-

sclerosis.

In 1976, Endo et al. (J. Antibiotics, 29 (1976) 1346)

and Brown et al. (J. Chem. Soc. Perkin I 1976, 1165)
found a potent competitive inhibitor of HMG-CoA reduc-
tase in the culture broths of microorganisms, called
compactin, a derivative of I-demethylmevalonic acid.
German Offenlegungsschrift 3,530,798 (corresponds to EP-
A 0,216,127; US Patent Application Serial No. 900,848)
déscribes compactin derivatives which carry phenoxy radi-
cals substituted in the 6 position. German Ooffenlegungs-
schrift 3,530,797 (corresponds to EP-A 0,217,092; US
Patent Application Serial No. 900,887) describes compac-
tin derivatives which carry benzyl or benzyl idene radi-
cals suitably substituted in the 6 position, and:the free

carboxylic acids, esters and salts thereof. German

~0ffenlegungsschrift 3,632,893 proposes compactin deri-

vatives which are lLinked at C-6 to substituted thiophen-
oxy, and the sulfoxides and sulfones thereof, as inhibi-

tors of HMG-CoA reductase.

AlLthough it is known that slight changes in the substi-
tution pattern of the compactin lactone skeleton may re-

sult in_drastic decreases in the inhibitory effect on
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HMG-CoA reductase (for example Stokker et al., J. Org.
Chem. 51 (1986) 4931, or European Patent Application
EP-A 0,142,146), we have now found, surprisingly, that,
in the case of compactin analogs which have a fluorine
atom in the 4 position of the lactone skeleton, these
compounds have a potent inhibitory effect on cholesterol

biosynthesis.

Hence the present invention relates to 3-demethyl-4-fluoro-

mevalonic acid derijvatives of the general formula I

and to the corresponding free dihydroxy carboxylic acids

of the formula I1I

HO
COZH

Y H
X
I

F

and to the pharmaceutically utilizable salts and esters
thereof. In formula I or 1II,

Y-X-R denotes

A) the group of the formula

Y
x’ .
R! R (111)
R R



_3..
in which Y-X is the CH>0 or CHpS group, and

' and RS are identical or different and denote a) hyd-

R
rogen or halogen, b) cycltoalkyl having 4-8 carbon atoms
or a phenyl radical which can be substituted in the nu-
cleus 1 to 3 times by halogen, trifluoromethyl and/or
alkyl or alkoxy, each having 1-4 carbon atoms, or c) a
straight-chain or branched alkyl radical having 1 to 18
carbon atoms or 2 straight-chain or branched alkenyl
radical having 2 to 18 carbon atoms, it being possible
for the atkyl and alkenyl radicals in turn to be substi-
tuted 1-3 times by
a) straight-chain or branched alkoxy radicals having up

to 10 carbon atoms, or cycloalkoxy radicals having

3 to 7 carbon atoms, OF straight-chain or branched

alkenyloxy or alkynyloxy radicals having 3 to 6

carbon atoms,

g8) halogen, hydroxyl, cycloalkyl having 3-7 carbon atoms,
unsubstituted phenyl or a- Of B-thienyl radicals, or
phenyl or a- or B-thienyl radicals which in turn are
substituted in the nucleus 1 to 3 times by halogen,
trifluoromethyl and/or alkyl or alkoxy having 1 to

L carbon atoms,

Y) unsubstituted phenoxy, benzyloxy, or a- or B-thienyl-
oxy radicals, or phenoxy, benzyloxy or a- or B-thie-
nyloxy radicals which in turn are subsfituted in the
nucleus 1 to 3 times by halogen, trifluoromethyl
and/or alkyl or alkoxy having 1 to 4 carbon atoms,

0 4

§) the group -O-Q-Ré, where R6 denotes:

a straight-chain or branched alkyl or alkenyl radical
having up to 8 carbon atoms, or 2 cycloalkyl or cyclo-
alkenyl radical, each of which has 3-8 carbon . atoms,

or an unsubstituted phenyl radical, or a phenyliradical
which in turn is substituted in the nucleus 1 to 3
times by halogen, trifluoromethyl and/or alkyt or

alkoxy having 1-4 carboh.atoms, or a 3-pyridyl radical,
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R2 and Ra are identical or different and denote hyd-

4
rogen, alkyl having 1-4 carbon atoms, halogen or alkoxy
having 1-4 carbon atoms, and
R3 denotes hydrogen, halogen, alkyl or alkenyl having
up to 4 carbon atoms, alkoxy having 1-4 carbon atoms, or
phenyl which can be substituted 1-3 times by halogen or
C1-C4 alkyl,

B) the group of the formula IV

in which X - Y is equal to CH=CH or CHp-CHp,

YA represents a single bond or CHpz, and

denotes a cycloaliphatic hydrocarbon radical having
3 to 7 carbon atoms, a phenyl radical which can be
substituted in the nucleus 1 to 3 times by halogen,
trifluoromethyl, alkyl or atkoxy, each having 1 to
6 carbon atoms, or by hydroxymethyl, or denotes a
furyl, thienyl or pyridyl radical, it being possible
for the heteroaromatic radicals to be substituted

1 to 2 times by halogen, trifluoromethyl, atkyl or
alkoxy, each having 1 to 6 carbon atoms, and

8

R~ and R9 denote hydrogen, halogen, triftuoromethyl,

or alkyl or alkoxy, each having 1 to 6 carbon atoms,

C) the group of the formula V

Ve
10 A 11
R R
N y
N__
12
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in which X-Y is equal to CH=CH or CHp-CHj

A is equal to CH or N, and
10 denotes H, straight-chain C4-C4-alkyl, branched
C3-Cg-alkyl, trifluoromethyl or perfluoroisopropyl,
R11 denotes H, straight-chain C4-C4-alkyl, branched
Cz3-Cg-alkyl, cycloalkyl having 5-8 ring carbon
atoms, phenyl which can be substituted 1 or 2 times
by straight-chain Cq-C3z-alkyl, Cq-C3z-alkoxy,
halogen or by trifluoromethyl;
12 denotes H, straight-chain Cq-C4-alkyt, branched
Cy3-Cg-alkyl, cycloalkyl having 5-8 ring carbon
atoms, phenyl which can in turn be substituted 1 or
2 times by straight-chain Cq-Cz-alkyl, trifluoro-
methyl, hydroxyl or by halogen,

D) the group of the formula VI

r
-
N RE .
1 O
E
Ld R 16

in which X-Y is the CH=CH or CHp-CH2 group
G- denotes the following sequences of atoms

a) N-C (1H-pyrrol-2-yl)
b) S-C (2-thienyl)
¢) C-N (1H-pyrrol-3-yl)
d) C-0 (3-furyl)
e) €C-S (3-thienyl)
13 denotes H, straight-chain Cq-C4-alkyl, branchéd
C3-Cg-alkylt, trifluoromethyl, halogen or phenyl
which is optionally substituted 1-2 times by fluorine,

chlorine or methyl,
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14 denotes H, straight-chain Cq-C4-alkyl, branched

(3-Cg-alkyl, trifluoromethyl, halogen or phenyl,
15 denotes H, cycloalkyl having 5-8 ring carbon atoms,
branched C3-Cg-alkyl, or phenyl which can in turn
be substituted 1-2 times by straight-chain Cq1-C3-
alkyl, halogen or trifluoromethyl, and
16 ) .
denotes H, straight-chain Cq1-Cz-alkyl, branched
(3-Cg-alkyl, cycloalkyl having 5-8 ring carbon
atoms, trifluoromethyl, or phenyl which can in turn
be substituted 1-2 times by straight-chain Cq9-C3-
atkyl, halogen or trifluoromethyl, and
R14 and R

radical having 4 carbon atoms, so that R

16 together also denote a conjugated unsaturated

14 and R16

form a fused-on aromatic system.

14 15

The substituents R and R are absent from those
heteroaromatic compounds which have oxygen or sulfur in

the corresponding positions.

The invention relates to the pure enantiomers with the
absolute configuration 3S, 4R or 4S, SR indicated in the
general formula I, with the open-chain carboxylic acids
of the formula II which can be obtained therefrom, and
the esters and salts thereof, having the same absolute

configuration.

Pharmacologically tolerated salts of the appropriate dihy-
droxy carboxylic acids of the general formula II which

may be mentioned are alkali metal salts or ammonium salts;
examples of pharmaceutically acceptable esters are alkyl
esters having 1 to 4 carbon atoms, phenyl esters, benzyl

esters or else 2,3-dihydroxypropyl esters.

A) If Y-X-R denotes the group of the formula 111, the

substituents preferably have the following meanings:
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X-Y equal to OCHp or S-CHp

r]

a)

b)

c)

and RS, identical or different:

hydrogen or halogen,

cycloalkyl having 5 to 6 carbon atoms, phenyl which

can be substituted in the nucleus 1-3 times by halo-

.gen, trifluoromethyl and/or atkyl or alkyloxy, each

having 1-4 carbon atoms, Of

1. straight-chain or branched alkyl or alkoxy having
up to 12 carbon atoms, it being possible for the

alkyl or alkenyl radical in turn to be substituted

1-2 times by phenyl radicals which, in turn, can be
substituted in the nucleus 1 to 3 times by halogen,
trifluoromethyl and/or alkyl or alkoxy having 1-4 car-

bon atoms,

2. straight-chain alkyl substituted by O—C-R6 of the

formula

-(CH2)nO—@-R6

in which n denotes 1 to 3, and R6 denotes a straight-
chain or branched alkyl, or alkenyl radical having up
to 8 carbon atoms, 3 cycloalkyl radical having 5 to
& carbon atoms, or 2 phenyl radical which in turn can
be substituted in the nucleus 1-3 times by halogen,
trifluoromethyl and/or atkyl or alkoxy having 1 to

4 carbon atoms,

’

3. straight-chain alkyl substituted by 0R17, of the

formula

L _(CH2I pOR T

in which n denotes 1 to 3, and R17 denotes hydrogen
or a straight-chain or branched atkyl or alkenyl

radical having up to 8 carbon atoms, 3 cycloatkyl
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radical having S to 6 carbon atoms or a phenyl radi-
cal or benzyl radical, each of which can in turn be
substituted in the aromatic nucleus 1-3 times by halo-
gen, trifluoromethyl and/or alkyl or alkoxy having
1 to 4 carbon atoms, -

R2 and R4 hydrogen,

3

R hydrogen, methyl, ethyl, propyl, isopropyl, t-butyl,

1-propenyl, allyl, fluorine or chlorine.

The particularly preferred meanings of the substituents

are:

X-Y = 0CHp or SCHj

1 5 1

R' and R°, with R and R5 being identical or different:

1) hydrogen, methyl, ethyl, propyl, allyl, 1-propenyl,
t-butyl, isopropenyl, isopropyl, cyclopentyl, cyclo-
hexyl, p-fluorophenyl, p-chtorophenyl, 3-methyl-4-
fluorophenyl

0

2) the group -(CHz)nO-g—Rb, with n = 1 -3, where R
denotes: methyl, ethyl, propyl, i-propyl, n-butyl,
i-butyl, t-butyl, phenyl or phenyl which is substi-
tuted in the nucleus 1 to 3 times by halogen, methyl

6

or methoxy, or

17 17

3) the group -(CH2),O0R'", with n = 1 to 3, where R
denotes: hydrogen, methyl, straight-chain or branched
alkyl or atkenyl having 3 to 5 carbon atoms, cyclo-
pentyl, cyclohexyl; phenyl or benzyl, it being pos-
sible for the aromatic nuclei to be substituted 1 to

3 times by fluorine, chlorine, methyl or methoxy or

4) an alkylt group of the formula

~(CHp) peHr 1ERTY
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RS

RO

B)

._9._ '
18 and R19

or different and denote hydrogen, methyl, ethyl, pro-

in which m is 0 to 2, and R are identical
pyl, allyl, i-propyl, n-butyl, i-butyl, t-butyl,

cyclohexyl, cyclopentyl, benzyl or phenyl, it being
possible for the aromatic nuclei to be substituted

1 to 3 times by fluorine, chlorine, methyl or methoxy,

and R4 hydrogen

hydrogen, methyl, chtorine, fluorine or p-fluoro-

phenyl.

If Y-X-R denotes the group of the formula 1V, the

substituents preferably have the following meanings:
CH=CH or CHp-CHp, Z = single bond

cyclopentyl, cyclohexyl or a phenyl radical which

can be substituted in the nuclteus 1 to 3 times by
hatogen, trifluoromethyl, hydroxymethyt, alkyl or
alkoxy, each having 1 to & carbon atoms, a furyl,
thienyl or pyridyl radical, it being possible for

the heteroaromatic radicals to be substituted 1 to

2 times by halogen, trifluoromethyl, alkyl or alkoxy,

each having 1 to &4 carbon atoms,

R9: hydrogen, halogen, trifluoromethyl, alkyl
or alkoxy, each having 1 to 4 carbon atoms.
Among the substituents R7, those Listed below are

particutarly preferred:

cyclopentyl, cyclohexyl or an unsubstituted phenyl
radical, or phenyl which 1s substituted once or 3
times by halogen, trifluoromethyl, hydroxymethyl,
Cq-C4-alkyl or Cq-Cg4-alkoxy, or a furyl, thienyl

or pyridyl radical, it being possible for the hetero-
aromatic radicals to be substituted once or 2 times

by halogen, trifluoromethyl, Cq-C4-alkyl or Cq-Cy4-
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c)

1"

12,

alkoxy, especially the

cyclopentyl, cyclohexy

chlorophenyl, 3-chlorophenyl, 4-bromophenyl, 4-fluoro-

phenyl, 4-methylphenyl
trifluoromethylphenyl,
phenyl, 3-methylphenyl

10 -

radicals:

L, phenyl, 4-chlorophenyl, 2-

, 3-trifluoromethylphenyl, 4-
b-methoxyphenyl, 3-methoxy-

, 3,4,5~trimethoxyphenyl, 3-

furyl, 2-furyl, 2-thienyl, 3-thienyl, 3-pyridyl, &4-

pyridyl, 2,6-dimethyl-4-pyridyl, 3-hydroxymethyl -

phenyl, 3-ethylphenyl,

3-isopropylphenyl, 3-isobutyl-

phenyl, 3-tert.-butylphenyl, 2-chloro-3-thienyl.

Among the substituents

preferred are:

hydrogen, 2-methyl, 2-
2,4-bistrifluoromethyl

8 9

R™ and R”, those particularly

trifluoromethyl, 2,4-dimethyl,

, 2-ethyl, 2-isopropyl, 2-iso-

butyl, 2-chloro, 2-fluoro, 2-bromo, 2,4-dichloro,
2,4-difluoro, 2-methoxy, b-methoxy, 2,4-dimethoxy.

If Y-X-R denotes the g

among the substituents

roup of the formula V, those

which are preferred are:

equal to CH=CH or CHp-CHp, A equal to CH or N

H, halogen, trifluoromethyl, straight-chain alkyl

having 1 to 4 carbon a

3 to 4 carbon atoms.

toms and branched alkyl having

cyclopentyl, cyclohexyl, or phenyl which can be

substituted 1 or 2 times by fluorine, chlorine,

straight-chain Cq-Cz-a

methyl, branched C3z-C
hexyl or phenyl which
or 2 times by methyl,

fluorine.

Lkyl or trifluoromethyl.

s-alkyt, cyclopentyl, cyclo-
can in turn be substituted 1

trifluoromethyl, chlorine or
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Among the substituents R -, those particularly pre-

ferred are: methyl, isopropyl, trifluoromethyl,

chtorine and fluorine.

Among the substituents R11, those particularly pre-

ferred are: cyclohexyl, phenyl, 4t-fluorophenyl, 3-

methyL-A—fluorophenyl, 2-chlorophenyl, 3-chlorophenyl,

4t-chlorophenyl, 2-methylphenyl, 3-methylphenyl, &4-

methylphenyl,

3-methyl—4~trifluoromethytphenyL.

12

Among the substituents R'“, those particutarty prefer-

red are: methyl, trifluoromethyl, isopropyl, iso-

butyl, cyclopentyl, cyclohexyl, phenyl, 4-fluoro-

phenyl, 3—methyt—4—fluorophenyl, 2-chlorophenyl, 3-

chlorophenyl, 4-trifluorophenyl.

p) If Y-X-R denotes the group of the formuta VI, the

following meanings are preferred

X-Y the CH=CH or -CHp-CH2-group,

G6-E the sequence of atoms as in c¢) and e)

13

Among the substituents R “, those preferred are: H,

methyl, ethyl, propyl, isopropyl, t-butyl, trifluoromethyl.

Among the substituents R14, those preferred are: straight-

chain Cq-C4-alkyl, branched C3-Cg-alkyl, trifluoromethyl

and phenyl.

1

Among the substituents R S, those preferred are: cyclo-

alkyl having 5 or 6 ring carbon atoms, and phenyl which

can in turn be substituted 1 or 2 times by methyl, ethyl,

chtorine, bromine,

fLuorine or trifluoromethyl.

16

Among the substituents R ~, those preferred are: straight-

chain C1?C3-§kal, branched C3-Cg-alkyl, trifluoro-

methyl, or phenyl which can in turn be substituted 1 or

2 times by methyl,

ine or fluorine.

.t

ethyt, prppyt, trifluoromethyl, chlor-
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Among the substituents R13, those mentioned hereinafter
are particularly preferred: methyl, isopropyl, tertiary-
butyl and trifluoromethyl.
Among the substituents R14, those particularly preferred
are: methylt, isopropyl, tertiary-butyl, trifluoromethyl

and phenyl.

Among the substituents R1S, those particularly preferred
are: cyclohexyl, phenyl, 2-methylphenyl, 3-methylphenyl,
4t-methylphenyl, 4-fluorophenyl, 3-ftuorophenyl, 2-fluoro-
phenyl, 3-methyl-4-fluorophenyl, 2-methyl-4-fluorophenyl,
4-trifltuoromethylphenyl, 3-trifluoromethylphenyl, 2-tri-
fluoromethylphenyl, 3-trifluoromethyl-4-fluorophenyl,
2,4-dichlorophenyl, 2-methyl-4-chlorophenyl, 3-methyl-4-
chtorophenyl.

Among the substituents R16, those particularly preferred
are: methyl, isopropyl, tertiary-butyl, trifluoromethyl,
phenyl, &4-fluorophenyl, L-trifluoromethylphenyl, 3-
methyl-4-fluorophenyl and 2,4-dichtorophenyl.

The invention also relates to a process for the prepara-
tion of compounds of the general formula I or Il, which
comprises the fluoro synthon of the general formula VII

20 2

R7704 OR

0 VIl

N

I

in which R20 denotes a protective group which is stable
to bases and weak acids, preferably benzyl, p-methoxy-
benzyl or t-butyldiphenylsilyl, R21 denotes an acetal pro-
tective group which can be eliminated with weak acid,
such as benzyl, methyl or ethyl, and the fluorine atom

has either the R or the S configuration,

1) a) being reacted with phenols or thiophenols of the

general formula
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b)

XH
R /RS
- 4 VIII
R ”
in which R1 to RS have the meaning indicated for

formuta 1, and X denotes oxygen or sulfur, to give

the ethers of the formula IX

20 21
R®70 OR
T ’
i
F
R! RS
2
R R4
RS
where R1 to R5 have the meanings indicated for
formula 1, R20 and R21 have the meanings indicated

for formula VII, and X has the meanings indicated

for formula VIII,

the ethers of the formula IX being hydrolyzed to

give the corresponding hemiacetals of the formula

r2% OH
0
/’ X
, X
R1 5
R oy
3
in which R1 to RS have the meanings indicated for

formula I, and R20 has the meanings indicated for
formula VII and X has the meanings indicated for

formula VIII,
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¢) the hemiacetals of the formula X being oxidized to

d)

give the corresponding lactones of the formula XI

0 0
J\Arf
F
/
g
o
3

R2
R‘
R
1 5

in which R' to R’ have the meanings

X1

indicated for

formuta I, and RZO has the meanings indicated for

formula VII, and X has the meanings

formula VvIII, and

indicated for

the protected hydroxy lactones of the formula XI

being converted into the compounds of the formula I

(Y-X-R

HO 0
0
F
e
X
R! R®
4
n R
23

group of the formula 111)

where appropriate the resulting compounds of the

formula 1 being converted into the corresponding

open-chain dihydroxy carboxylic acids of the for-

mula 11

H
H
F H

/

o 5
R W
a3

p= oS

Il
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2) a)

b)

- 15 -
or the salts thereof or the esters thereof, where
appropriate resulting salts or esters being conver-
ted into the free dihydroxy carboxylic acids or,
where appropriate, the free carboxylic acids being

converted into the salts or esters,

being reacted with triphenylphosphine to give the
phosphonium salts of the formula XII

R20 ORZI
0 XI11

\P(c6H5)3 (+)1(-)

20 21

and R have the meanings indicated

in which R

for formula VII,

the phosphonium satts of the formula XII being con-

verted in a Wittig reaction with aromatic aldehydes

of the formula XIII

R-C X111

/ N\

in which R has the meanings indicated for formula I
under B to D,‘into 4-fluoro-5-arylethene-substituted

demethylmevalonic acid derivatives of the formula XIV

R20 0R21
45 XI1v
F H
4¢C
| i
R
in which R has the meanings indicated for formula
I under B to D, and RZO and R21 have the meanings

indicated for formula VII,
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c) in a compound of the general formula XIV the R21

d)

e)

acetal function being subjected to acid hydrolysis,
and the RZO

ted to acid hydrolysis or removed by oxidation or

protective group being either subjec-

eliminated by hydrogenolysis to give a lactol of

the formula XV HO OH

XV

D —
Hu

in which R has the meaning indicated for formula

1 under B to D,

the compound of the general formula XV being oxi-

dized to give a lactone of the formula I -

HO 0

g ~\lll

in which R has the meanings indicated for formula I

under B to D,

where appropriate a compound of the general for-
mula I in which Y-X represents a (-CH=CH-) group
being hydrogenated to give a compound of the gene-
ral formula I in which Y-X represents a (=CH2-CHp-)
group, it also being possible for the hydrogenation
to take place with the compounds of the fornulae
X1V or XV to give corresponding compounds in which
Y-X represents the (-CHp-CH-) group, where approp-
riate a hydroxy lactone I being converted into the
corresponding free hydroxy acids 11 or the salts
thereof or, where appropriate, the corresponding
ester being prepared from the free hydroxy acids

Il or from the hydroxy lactone 1I.
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Process 1) 1is expediently carried out under the conditions
described in the European patent application with the
publication No. 0,216,127. Suijtable reaction conditions,
especially for the preparation of compounds in which X
is sulfur, can also be found in German Patent Applica-
tion P 36 32 893.6.

The aromatic aldehydes of the formula XIIl carry as sub-
stituents R the groups which are lListed for formula 1
under B) to D). Accordingly, they correspond to the

following formulae:

7’ 0 0
N 10 1M 15 N 13
7_ H R NH R H_R
RT1 r® \W/i;T/R F
|
N - A
R9

R12

X111 a X111 b XILI ¢

The phosphonium salts XII in which R20 and R21 have the

" meaning indicated for formula VII are preferably pre-

pared by fusing together the fluoro synthon VII and tri-
phenprhosphine at elevated temperature, preferably 50 -
110%c.

The procedure for the Wittig reaction for the preparation
of the compound of the general formuta XIv is, for exam-
pte, that of Wittig and Haag, Chem. Ber. §§ (1955) 1654,
with 3 preferred embodiment comprising the phosphonium
salts of the formula XII being dissolved or suspended in
a solvent such as tetrahydrofuran, dimethyl sul foxide or
dimethoxyethane at temperatures between -78%c and -10%¢c,
and the corresponding phosphoranes being Liberated with
a suitable strong base such as, for example, sodium hyd-
ride, pbtassium tertiary-butylate or butyllithium, and
then tte aldéhyde of the formula XIII being added ‘and
allowed to react at -60°%¢ to +20°c for 1 to 6 hours.
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The demethylmevalonic acid derivatives of the formula
X1V are usually obtained from this in the form of a mix-
ture of the E/Z olefins which are, where appropriate,
separated by chromatography. The pure Z olefins can be
obtained, as described by G. Drefahl, Chem. Ber.-94 (1967)
907, by irradiation of the E/7 mixtures in solvents such
as, for example, toluene or nitrobenzene; the correspond-
ing pure E oltefins can be obtained, as described by
De Tar et al. in J. Am. Chem. Soc. ’8 (195S5) 474, by
heating the E/Z mixtures 1in solution in the presence of

jodine.

The compounds of the formula XIV are hydrolyzed, and the

20 are eliminated, under customary

protective groups R
conditions. The compounds of the formula XV are oxidized
to give the Lactones of the formula I Likewise under con-

ditions described in the literature.

Compounds of the formula I which are obtained and in
which X-Y represents a (CH=CH) group can be hydrogenated
by generally customary methods, expediently at tempera-
tures between 20° and 40°C, with hydrogen in the presence
of a metal catalyst, preferably palladium, platinum, PtOp
or Pd0p, to give compounds of the formula I in which X-Y
denotes a (CHp-CHp) group. This hydrogenation can be
carried out under atmospheric pressure in customary sol-
vents such as tetrahydrofuran, ethyl acetate, Low mole-
cular weight alcohols, gtacial acetic acid, chloroform

or cyclohexane, or in autoclaves under elevated pressure
at 2 - 50 atm. The hydrogenation of the double bond can

also take place on precursors.

The fluoro synthons of the formulta VII are new and rep-
resent valuable intermediates for the preparation of com-

pounds of the formula I.

Hence the invention also relates to the compounds of the

formula VII as well as to the corresponding unprotected

20 and R21

compounds of the formula vil (R equal to
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hydrogen) as well as to a process for the preparation of

these compounds.

The process for the preparation of compounds of the gene-

ral. formula VII and the corresponding compounds without

protective groups comprises

a) the glycoside of the formula XVII

Ph "V
\T’
Os

204

R0 or?2!

XVII

20 21

in which R and R

formula VII, being converted into a compound of the for-

have the meanings indicated for

mula XVIII

OH

XVIII

b) the compound of the formula XVIII being acylated with
an achating agent to give a compound of the formula

X1IX

oR??2

HO~

o205 or?'! o

XIX

in which RZO and R21 have the meanings indicated for
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is a —ﬁ—c1-c4-atkyt group or
0

formula VII, and R22

the benzoyl group, and

¢) 1) either the acyl compound of the formula XIX being

reacted with a fluorinating reagent to give a compound

of the formula XXa

ORZZ
F
0
p20 or?!?
XXa
in which RZO’ R21 and R22 have the indicated mean-

ings,

2) or the acyl compound XIX being converted, by inver-

sion of the configuration of the secondary alcohol

function in a manner known per se in the presence of
an acid carrying RZZ, into a glycoside of the formula
XX1I

ORZZ

R OR

XX1

the acyl protective groups being removed from a com-
pound of the formula XXI by alkaline hydrolysis, and
regioselective acylation being carried out to give a

compound of the formula XXII
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R206 ORZI
XX11
and the compound XX11 being converted by reaction with

a fluorinating reagent into 2 compound of the formula

XXb

RZZ
F, 0
’ ‘\ 21
RZUb OR

XXb

d) the acyl group R22 being el iminated by customary
processes from a fluoro derijvative of the formula XXa
or b, and the primary alcohol function being conver-
ted by customary processes into a primary jodide of

the formula VIIa or vilb, for example by preparation

of the corresponding p—toLuenesuLfonates and reaction
thereof with sodium iodide, or by the Moffatt reaction,
J. Org. Chem. 35 (1970), 2319, with methyltriphenoxy=-
phosphonium iodide and, where appropriate, the groups

R20 and R21 being removed by hydrolysis.

Glycosides of the formula XV11 are either described in
the Literaturé or can be prepared in analogy to described
methods (cf., for example, Prugh et al., J. Org. Cﬁem.
51 (1986) 648). Thus, if the synthesis of the glycoside
Xxviti start§ from the a—methngLycoside of the formula
XXIII, then the preparation of the fluoro synthon of the

formula VI1I takes places as shown in the following

.reaction scheme (Scheme 1).
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The preparation is expediently carried out as described

hereinafter. The a-methylglycoside XXIII 1is

- reacted with benzaldehyde dimethyl acetal in an organic
solvent, preferably DMF, with acid catalysis, for exam-
ple para-toluenesulfonic acid or sulfuric acid, under
reduced pressure and at elevated temperature (about 60
to 100°C), to give the benzaldehyde acetal XXIV.

- The latter is reacted with methanesulfonyl chloride
in halogenated organic solvents, such as dichlorome-
thane, with the addition of tertiary amines such as pyri-
dine or triethylamine, to give the methanesulfonate of
the formula XXV, and the latter is converted in a base-
catalyzed transesterification followed by an intramole-
cutar substitution into the epoxide of the formula
XXVI (cf. N.K. Richtmeyer, C.S. Hudson, J. Am. Chem.
Soc. 63 (1941), 1727), and this epoxide is converted
by known processes (A.C. Richardson, Carbohydr. Res. &
(1967), 422), into the corresponding 3-a-hydroxy-2-
deoxysugar, in which the secondary alcohol is alky-
Lated, for example with benzyl, methoxybenzyl or silyl
halides, preferably with p-methoxybenzyl chloride or
t-butytdiphenylsilyl chloride by customary methods
(J.S. Brimacombe et at. J. Chem. Soc. Perkin I, 1977
643) to give the 2-deoxy-a-D-allopyranoside XVII. The
glycoside of the formula XVI1 is converted, by nemova(
of the benzylidene protective group under acid condi-
tions (Prugh et al., J. Org. Chem. 51 (1986) 5, 652),
into thé Z—deoxy—S—O-RZD—a—D—methyLaLLoside of the
formula XVIII, which is converted by regioselective acy-
Lation with acid chlorides or anhydrides, preferably
acetic anhydride or pivaloylt chloride, in inert organic
solvents such as diethyl ether, THF, methyl tertiary-
butyl ether, ODMF, toluene, dichloromethane or aceto-
nitrile, with catalysis by a tertiary bas;6 such as

triethylamine or pyridine, into the 3-0-R““-6-0-acyl-

a-D-methylalloside of the formula XIX.
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The Latter is converted with a fluorinating reagent,
such as sulfur tetrafluoride or dialkylaminosulfur tri-
fluoride (see W.J. Middleton, J. Org. Chem. 40 (1975) 574,
Merck-Schuchardt MS-Info 85-7), preferably diethylamino-
sulfur trifluoride (DAST), in an inert organic solvent
such as dichloromethane, dichtoroethane, 1,1,1-difluoro-
chloro-2,2,2-fluorodichloroethane, tetrahydrofuran,
toluene, diethyl ether or methyl tertiary-butyl ether,
with the addition of an auxiliary base such as pyridine,
triethylamine or diisopropylethylamine, at elevated tem-
perature, preferably 80°C, into a (4R)-fluoro-substi-
tuted compound of the formula XXa, with inversion of the

configuration of the original (4S)~hydroxyl group.

Inversion of the configuration of the secondary alcohol
function in compound XIX by the method of Mitsunobu
(Bull. Chem. Soc. Japan 44 (1971) 3427) with conversion
into the 4-acetate of the formula XXI, or into the cor-
responding 4-formate or &4-benzoate, hydrolysis of the
protective groups in the compound of the formula XXI by
customary methods, preferably sodium methanolate in
methanol, where appropriate protection of the 6-hydroxyl
group by conversion into the corresponding acetyl or piva-
loyl ester of the formula XXII, and fluorination of the
(4R)-hydroxyl group as described above results in the
(4S)-fluorinated compound of the formula XXb. From the
fluoro derivatives of the formulae XXa and XXb there are
obtained, after elimination of the 6-0-acyl protective
groups by, for example, customary processes, the primary
alcohol functions, and after conversion into the p-
toluenesulfonates in halogenated solvents, preferably
dichloromethane, with catalysis by a tertiary nitrogen
base such as pyridine or triethylamine, and by reaction
with inorganic jodide, preferably sodium iodide, in sol-
vents such as acetone or DMF, at temperatures between 50
and 110°C, the iodo lactols of the formuta VII. The
Latter can, where appropriate, be purified by chromato-
graphy or converted directly by reaction with triphenyl-

phosphine, for example in the melt at elevated
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temperatures, preferably 80 - 110°C, into the phosphon-

jum salts of the formula XII.

Preparation of the starting compounds

The phenols of the general formula VIII with X = oxygen,
which are used as starting material, are either described
in the Lliterature or can be prepared in analogy to des-
cribed processes (cf., for example, European patent app-

Lication with the publication No. 0,216,127).

The thiophenols of the formuta VIII with X = sulfur are
Likewise either described in the lLiterature or can be
prepared in analogy to described processes (cf., for ex-
ample, J. Org. Chem. 31, 3980 (1966) and German Patent
Application P 36 32 893.6).

The preparation of the substituted aromatic aldehydes of
the formula XIlla starts from the corresponding benzyl

halides of the formula XXVII

R -1 RB XXVII

RQ

in which R7 to R9 and Z have the meaning indicated

for formula 1, énd Hal is chlorine, bromine or jodine.
one process for the preparation of benzyt halides of the
formula XXVII is described in European patent applica-
tion gitﬁ the publication No. 0,217,092. The halides of
the formula XXVII are oxidized to the corresponding ben-
zaldehydes of the formula XIIla using DMSO in the pres-
ence of silver(l) ions and triethylamine as described

by B. Ganem, R.K. Boeckman, Tetrahedron Lett. 1974, 917.
The synthesis can also be carried out by the method of
§. Murahashi, as described, for example, by G.E. Stokker
et al., J. Med. Chem. 29 (1986) 173.
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One process for the preparation of pyridine-3-carbalde-
hydes and pyrimidine-5-carbaldehydes of the general for-
mula XIIIb starts from the corresponding hetarylmethyl
atcohol of the formula XXVIII

CHZOH

R ¥ g1
= 0 XXVIII
NYA
Ru

10 and A have the meaning indicated for

in which R to R12

formula V. These alcohols can be obtained from the corre-
sponding esters by reduction with customary reducing
agents, preferably Li aluminum hydride. These pyrimi-
dine or pyridinecarboxylic esters can be obtained by pro-
cesses known from the Literature [Pyridines by the method
of F. Rehberg and F. Krghnke, Liebigs. Ann. Chem. 717
(1968) 91; Pyrimidines: E.F. Silversmith, J. Org. Chem.
31 (1962) 40901. One process for the preparation of the
alcohols of the formula XXVIIl is, furthermore, proposed

in German Patent Application P 37 22 808.0 of July 10,
1987.

The aldehydes of the formula XIIIb are obtained by oxi-
dation of the alcohols by customary methods, preferably
pyridinium chlorochromate in inert organic solvents,

preferably dichLoromethahe, under the catatytic action
of molecular sieves, by the method of J. Herscovici and

K. Antonakis (J. Chem. Soc. Chem. Comm. 1980, 561).

Heterocyclic aromatic aldehydes of the general formula
XI1lc are prepared, for example, by reduction of the cor-
responding carboxylic esters by customary processes to
give the alcohol XXIX CH.OH :
. R‘i\ 2 13 ‘
G R |
| O XXIX

E 16
Rl( R
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in which R13 to R16 have the meanings indicated for for-
mula I, followed by oxidation thereof to give the aldehyde
XI1lc by customary processes such as, for example, in
A.J. Mancuso et at., J. Org. Chem. 43 (1978) 2480; the
preparation of the carboxylic esters is described in the

lLiterature

a) for example for G-E equal to S§-C: J.M. Spragur et al.,
J. Am. Chem. Soc. Eg (1934) 2665; Heterocyclic Com-
pounds Vol. 44, Part 1, Thiophene and Derivatives, J.
Wiley & Sons, N.Y. 1985, especially page 197;

b) G-E equal to C-S: S. Gronowitz et al., Acta pharm.
sued. 9 (1972) 301;

¢) G-E equal to C-0: F. Boberg et al., Liebigs Ann. Chem.
1984, 233;

d) G-E equal to C-N: European Patent Application
0,221,025-A 1

or is effected by analogous methods. The preparation

of aldehydes of this type is Likewise proposed in German
Patent Application P 37 22 806.4 of July 10, 1987, and
in European Patent Application 0,221,025 A1,

Apart from the compounds described in the examples, it
is poss1bLe by the process according te the invention to

prepare the following compounds:

E-6R-[2-(2-(4-Fluoro-3- methylphenyl)-4,6- d1methprhenyL)-

ethenyl1-5(R)-fluoro-4(S)-hydroxy- 3,4,5,6-tetrahydro-2H-
pyran-2-one
E-6R—[2-(3—(4-FLuorophenyl)—1—isopropyL)—1H-indoL-2-yL)—
ethenyL]-S(R)—fLuoro-4(S)-hydroxy—S,4,5,6—tetrahydro—2H-
pyran-2-one
E—6R—[2—(1—PhenyL—2—isopropyl—4—(4—fluorophenyl)-1H—
pyrrol—3-yl)ethenyl]—S(R)—fluoro—é(s)-hydroxy—3,6,5,6—
tetrahydro-2H-pyran-2-one
E—6R-[2—(2716—FLuprophenyt)-A—phenyt-é-isppropylphenyl)—
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ethenyll-5S(R)-fluoro-4(S)-hydroxy-3,4,5,6-tetrahydro-2H-
pyran-2-one
E-6R-[2-(2-(4-Fluorophenyl)-4-phenyl-6-isopropylphenyl)-
ethyl1-5(R)-fluoro-4(S)-hydroxy-3,4,5,6-tetrahydro-2H-
pyran-2-one .
6R-[1-(2-(4~-Fluorophenyl)-4-phenyl-6-isopropylphenoxy)-
methylJ-S(R)-fluoro-4(S)-hydroxy-3,4,5,6-tetrahydro-2H-

pyran-2-one

65-L1-(2-(4-Fluorophenyl)-4-phenyl-6-isopropylphenylthio)-

methyl1-5(R)-fluoro-4(S)-hydroxy-3,4,5,6-tetrahydro-2H-
pyran-2-one
E-6R-[2-(4-(4-Fluorophenyl)-2-isopropyl-6-phenylpyridin-
3-yl)ethenyl1-S(R)~fluoro-4(S)-hydroxy-3,4,5,6-tetra-
hydro-2H-pyran-2-one
E-6R-[2-(4-(4-Fluorophenyl)-2-isopropyl-6-phenylpyridin-
3-yt)ethylJ-S5(R)-fluoro-4(S)-hydroxy-3,4,5,6-tetra-
hydro-2H-pyran-2-one

E-6R-[2-(4-(4-Fluorophenyl)-é-isopropyl-2-phenylpyrimidin-

S-yl)ethenyl]-S(R)-fluoro-4(S)-hydroxy-3,4,5,6-tetra-
hydro-2H-pyran-2-one

E-6R-[2-(4-(4-Fluorophenyt)-6-isopropyl-2-phenylpyrimidin-

S-yl)ethyl]-5(R)-fluoro-4(S)-hydroxy-3,4,5,6-tetra-
hydro-2H-pyran-2-one
E-6R-[2-(2,5-di-tertiary-butyl-4-phenyl-3-thienyl)-
ethenytJ-S(R)-fluoro-4(S)-hydroxy-3,4,5,6-tetrahydro-
2H-pyran-2-one

(The numbering is in accordance with the pyran nomencla-

ture)

The inhibition of HMG-CoA reductase activity by the com-
pounds of the general formulae I and Il was determined
on solubilized enzyme preparations from rat liver micro-

somes.

After changeover of the day/night rhythm of the rat,
enzyme formation was induced with cholestyramine
((R) 14¢_HMG-CoA,

and the concentration of NADPH was maintained during the
14

Cuemid). The substrate used was (S, R)-

incubation by a‘regenerating system. C-mevalonate was
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removed from the substrate and other products (for exam-
ple 14C—HMG) by column elution, Wwith the elution profile

3H—mevalonate

of each individual sample being determined.
was not always included in the determination because
retative data on the inhibitory effects were required.

In each series of tests, the enzyme-free control, the
enzyme-containing normal mixture (= 100%) and those with
additions of product were treated together. Each indivi-
dual value was the mean formed from 3 parallel samples.
The significance of the mean differences between product-
free and product—containing samples was assessed using

the t test.

Using the method described above, the values given in
Table I for the inhibition of HMG-CoA reductase were
determined for the compounds according to the invention
(ICgq value M = molar concentration of the compound
necessary for 50% inhibition. In each case the I1Csg
values for the optically pure compounds I in the pre-

ferred absolute configuration are given).

Table 1
Compound of ICsq value M
Example
12 + 1 2 x 1076
18/ Y 3.2 x 1078
35 1 8.5 x 1077
41 b 2.0 x 1078
2 Y 3.6 x 1078
43 4 6.3 x 1077
s g 9.8 x 1078

In addition, the inhibition of cholesterol bijosynthesis
in cell cultures was tested with selected compounds by

14

the incorporation of C-precursor in cholesterol.

Monolayers of HEP G2 cells in Lipoprotein-free nutrient
med1um were incubated with various concentrat1ons of the

test substances for 1 hour. After addltjon of the

i |
' R v S . R R [ T 1
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14 14

C-acetate, the incubation
3

C-lLabeled precursor sodium
was continued for 3 hours. Then “H-cholesterol was added
as internal standard, and some of the cells were hydro-
lyzed with alkali. The Llipids were extracted from the
hydrolyzed cells using chloroform/methanol. Carrier
cholesterol was added to this lipid mixture which was
then subjected to preparative thin-layer chromatography,
the cholesterol band was visualized with iodine vapor and

14

then isolated, and the amount of C-cholesterol formed

14C—precursor was determined by scintigraphy.

from the
Cellular protein was determined in an aliquot of the
cells, so that it is possible to calculate the amount of

14 14C-precursor per mg of

C-cholesterol formed from the
cellular protein in unit time. The solvent control is
used for comparison with the inhibitory effect of an

added test product, so that the inhibition of cholesterol
biosynthesis at a particular molar concentration of the
test product in the medium can be stated. The absence of
cell damage due to the action of the products was con-
firmed in an aliquot of the cell culture by the morpho-
Logy (Light microscope). The ICgp values of the test pro-
ducts are stated in mol/L (in Table 11), and their rela-
tive potencies are compared with mevinolin sodium salt

and mevinolin lLlactone (comparison of the ICgg values).

Table II
Compound of ICs5g value for inhibi-
Example tion of biosynthesis
[mol/L]

12 1 5.5 x 107°

187 3.2 x 1077

38 1 2.5 x 1077

34 1 1.1 x 1077

The compounds of the general formulae 1 and II are dis-
tinguished by potent inhibition of HMG-CoA reductase,

the rate-determining enzyme of cholesterol biosynthesis.
The enzyme HMG-CoA reductase is widespread in nature. It

catalyzes the formation of mevalonic acid from HMG-CoA.
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This reaction is a central step in cholesterol biosyn-
thesis (cf. J.R. Sabine in CRC Series in Enzyme Biology:
3-Hydroxy-3—methylgLutaryL Coenzyme A Reductase, CRC
Press Inc. Boca Raten, Florida 1983 (15BN 0-8493-6551-1)).
A connection is drawn between high cholesterol levels
and a number of disorders such as, for example, coronary
heart disease or arteriosclerosis. Hence the Lowering
of elevated cholesterol Levels is an aim of therapy for

the prevention and treatment of disorders of these types.

One approach to this is the inhibition or reduction of
endogenous cholesterol biosynthesis. Inhibitors of HMG-
CoA reductase block cholesterot biosynthesis at an early

stage.

The cholesterol-lowering efficacy was investigated in

the following test on rabbits

Normol ipidemic male New Zealand rabbits (weight 3-3.5 kg,
4-6 animals per test group) received the test compounds
suspended in a 1% strength aqueous carboxymethylcellulose
solution ((R)Tylose) by gavage each day in the morning;
the control group received only Tylose solution. Venous
blood was taken every 3 to 4 days 20 hours after the oral
administration of the solutions. The total cholesterol
content in these samples was determined enzymatically
using the Boehringer Mannheim assay kit (CHOD-PAP-high

performance method). The serum cholesterol tevel in the

.group treated with test compounds was compared with that

in the control group. The treatment period was fol-
Lowed by a period in which the test compounds were no

longer administered.

In this test, administration of the compound from Exam-
pte 34 (10 mg/kg/day) resulted in a 40% lowering of total
cholesterol within 3 days, and this remained constant
throughout the administration without eliciting abnormal
or pathological changes in the Liver enzyme levels. Thé

serum cholesterol tevels returned to their initial value
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within 3 days after discontinuation of the product (after
10 days).

Hence the compounds of the general formulae I and 11 are
suitable as hypolipidemics and for the treatment_or pro-

phylaxis of arteriosclerotic changes.

Hence the invention also relates to pharmaceutical pro-
ducts based on these compounds, and to the use thereof as
medicaments, especially as hypolipidemics and for the

prophylaxis of arteriosclerotic changes.

The compounds of the formulae I and II are used as hypo-
lipidemics or anti-arteriosclerotics in oral doses of 3
to 2500 mg, but preferably in the dose range 10 - 500 mg.
These daily doses can, wherever required, also be divided
into two to four single doses or be administered in sus-
tained release form. The dosage regimen may depend on
the type, age, weight, sex and medical condition of the

patient.

An additional cholesterol-lLowering effect can be achie-
ved by concurrent administration of the compounds accord-
ing to the invention with substances which bind bile
acids, such as, for example, anion exchanger resins. The
increased excretion of bile acids results in an enhanced
neosynthesis and thus in an increase in cholesterol break-
down (cf. M.S. Brown, P.T. Koranen and J.C. Goldstein,
Science 212, 628 (1981); M.S. Brown, J.C. Goldstein,
Spektrum der Wissenschaft 1985, 1, 96).

The compounds according to the invention can be used in
the form of the § -Lactones, as the free acids or in the
form of their physiologically acceptable inorganic or
organic salts or as esters. Acids and salts or esters

can be used in the form of their aqueous solutions or sus-
pensions, or else dissolved or suspended in pharmacologi-
cally acceptable organic solvents such as monohydric or

polyhydric alcohols such as, for example, ethanol,
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ethyltene glycol or glycerol, in triacetin, in alcohol/
acetaldehyde diacetal mixtures, oils, such as, for exam-
pte, sunflower oil or fish Liver oil, ethers such as, for
example, diethylene glycol dimethyl ether or polyethers
such as, for example, polyethylene glycol, or in the
presence of other pharmacologically acceptable polymeric
vehicles such as, for example, poLyvinpryrroLidone, or

in solid formulations.

The preferred pharmaceutical forms for the compounds
of the formulae I and 11 are solid, can be administered
orally and may contain the customary auxiliaries. They

are produced by customary methods.

particularly suitable formulations for oral use are tab-
lets, coated tablets or capsules. One dosage unit pre-

ferably contains 10 to 500 mg of active ingredient.

Example 1
4,6—0—Benzylidene-a—D-methylglucoside (Scheme 1, formulta
XX1IV)

2.3 mol (446 g) of u-methylgtucoside (Scheme 1, formula
XXI111) were dissolved in 4.6 L of dry DMF, 3.0 mol (455 g)
of benzaldehyde dimethyl acetal and 0.023 mol (4.4 g) of
p—toLuenesuLfonic acid monohydrate were added, and the
mixture was maintained at 90°c and 40 mm Hg, with ex-
clusion of moisture and methanol being distilled out by

means of a distillation apparatus, for 12 hours.

After cooling and addition of 60 g of NaHCOz, the mixture
was vigorously stirred for 1 h, the precipitate was fil-
tered off Wwith suction, the solvent was removed by dis-
tiltation, the residue was taken up in dichloromethane,
and the solution was washed with gsaturated, NaHCOg3 solutionf
The organic phase wés then dried with Na2504 and ?iLtered.
The filtrate was concentrated and then the residue was
triturated with petroleum ether, filtered off with suc-

tion and washeq copiously with petroleum ether.

+
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519 g (1.84 mol) tcorresponding to an 80% yield) of white
solid were obtained, melting point 162 - 163°C (EtoH).

Example 2
2,3-Di-0-mesyl-4,6-0-benzyl idene-a-D-methylglucoside
(Scheme 1, formula XXV)

1 mol (282 g) of the compound from Example 1 was dis-
solved in 2.5 L of methylene chloride, and 2.5 mol (253 g)
of triethylamine and 0.4 mol (17 g) of 4-dimethylamino-
pyridine were added. 2.5 mol (286 g) of mesylL chloride
were added dropwise to this solution at OOC, with exclu-
sion of moisture, and the mixture was stirred at this tem-
perature for 2 h and then at room temperature for 2 days.
The organic phase was then washed 2x with 1.25 L of water,
dried over NapS04 and concentrated. The residue was
triturated with methanol, filtered off with suction and
dried. 390 g (0.89 mol) = 89% of white solid were ob-
tained, melting point 189 - 190°C (MeOH).

TH-NMR (200 MHz, CDClg): &= 3.0 (s; 3B, S0,CBs), 3.2 (s; 38,
SOZCHB)' 3.5 (s; 3H, OCHB), 3.7 - 4.0 (m; ABM System; 3H,
6-H, and 5-H); 4.33 (da, J= 4.0 Bz, J= 9,0 Hz; 1B, 4-B);
4.65 (da, J= 4.0 Bz, J= 9,0 Bz; 1H, 3-B); 4.9-5.2 (m; 2H,
2-B anc¢ 1-B), 5.56 (s; 1B, O-CH-0); 7.3-7.5 (m; 5-H, Aryl-H).

Example 3
2,3-Anhydro-4,6~-0-benzylidene-a-methyl-D-alloside (Scheme
1, formula XXVI)

1 mol (439 g) of the compound from Example 2 was dis-
solved in 6.5 1 of methylene chloride, 8 mol (432 g) of
sodium methanolate were added, and the mixture was re-
fluxed until reaction was complete, about 3 h (TLC:
cyclohexane:ethyl acetate:toluene = 1:2:1, Rg(XXVI) =
0.47). The solution was then washed with water, dried
over NapS0,4 and concentrated. The residue was tri-
turated with ether, and the precipitate was filtered off

with suction and dried (800, 1 mm Hg).
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209 g (0.79 mol) = 79% of a white solid were obtained,
melting point 201 - 202° (acetone).

"H-NMR (60 MHz, CDCl;): &= 3.5 (s; 3H, OCHz), 3.4-4. 5(m; 6H,
2-H, 3-H, 4-H, 5-B, 6 Hz), 4.8 (4, J= 2.0 Hz, 1H, 1-H); 5.6
(e; 1B, Benzylidene-H ); T.2-T7.6 (m; SH, Aryl- -B).

Example 4
3—0-BenzyL—4,6-0—benzylidene-Z-deoxy-a—methyl-D-aLlo-
pyranoside (Scheme 1, Formula XVII)

The compound was prepared by known processes in two stages
from the compound from Example 3. Lithium alanate reduc-

tion, by the method of A.C. Richardson, Carbohydr. Res.

4 (1967) 422, of 1 mol (264 g) of the compound from Exam-

ple 3 yields 224 g (0.84 mol) = 84% of 4,6-0-benzylidene-
Z—deoxyfa-methyL—D—aLLopyranoside of melting point 130 -
131°C (EtOH/petroleum ether = 1:4). Alkylation of this
compound by the method of Brimacombe (J.S. Brimacombe et
al. J. Chem. Comm. Perkin I, 1977, 643) with benzyl bro-
mide in dimethylformamide yielded 207 g (0.58 mol) = 69%
of the compound of the formuta XVII, melting point 98 -
100°C (cyclohexane); [aly = + 63° (C = 0.7, CHCL3).
"H-NMR (200 Mz, [D]-DMSO): &= 1.9 (dda, J= 15 Bz, J= 4 Ez,
Je= 6 Hz; 1B, 2- H ), 2.15 (ada, J= 15 Bz, J= 3 Hz; 1H, 2-H q)
3.3 (s; 3H, OCH ) 3.6-3.8 (m; 2B, 6-B, 5-B); 3.9 (adq,
Je 3 Bz, J= 3 Bz, J= 4 Bz; 1B, 3-BH); 4.1-4.3 (m; 28, 6-H,
4-B); 4.6 AB-System; 2B, Benzyl-Hy); 4.7 (4, J= 5 Bz; 1E,
1-B); 5.7 (e; 1H, Benzylidene-H); T.2-T:5 (m; 10H, Aryl-B).

ms (70 eV) n/e= 356 (Mt), 324 (M+-ca3oa), 91 (Benzyl).
TLC (cyclohexane:ethyl acetate = 1: 1 silica gel 60
F254/0.25 mm, Riedel de Haen):

R¢ (XXVI) = 0.28, R¢ (XVII) = 0.46.

Example 5.
6-0-Acetyl-3-0-benzyl-2-deoxy-a- methyl- D allopyranoside
(Scheme 1, formula XIX)
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a) 0.1 mol (35.6 g) of the compound from Example 4 was
dissolved in 70 mL of dichloromethane, 3 mlL of 70%
strength aqueous trifluoroacetic acid were added, and
the mixture was vigorously stirred for 1 hour. TLC
(cyclohexane/ethyl acetate = 1:1): Ry (XVII) = 0.46,
R¢ (3-0-benzyl-a-methyl-D-allopyranoside) = 0.08.

20 mL of saturated sodium bicarbonate solution were
added, and the mixture was stirred vigorously for 10
min. The phases were separated and then the organic
phase was dried and concentrated, and the benzaldehyde
produced was removed by distillation under high vacuum.

23 g (0.08 mol) = 84% of a colorless oil were obtained.

b) The resulting product was dissolved in 320 mlL of di-
chloromethane, 2.5 equivalents of pyridine were added,
and the mixture was cooled to 0°C. 0.088 mol (9 g)
of acetic anhydride was added dropwise, and the mix-
ture was stirred at room temperature for 12 h. It
was then washed with saturated NaHCO3 solution and
water, dried and concentrated. Purification was by
column chromatography on silica gel, cyclohexane/ethyl
acetate 1:1. 16 g (0.054 mol) = 67% of XIX were ob-
tained as a colorless oil, Rf (cyclohexane/ethyl acetate
1:1) = 0.28.

TB-NMR (270 MHz, CDC15): d= 1.78 (444, Jp = 15.0, Jp y= 4,5,

Jp 3= 3,5 Hz; 1B, 2- Bax; 2.10 (s; 3B, COCH3); 2.35 (ddd,

J= 15.0 Bz, J, 5= 3.0 Bz, Jp, 4= 1.0 Hz; 18, 2-Heq); 2.65

(¢, J= 10 Bz; 1B, OB); 3.37 (s; 3H, OCHy); 3.58 (dt, Jg ¢~
10.0 Bz, Jg ,= 4.2 Bz; 1H, 5-H); 3.89 (ddd4, J5 o= 3.0=

Jy 4= 30, J3 5o~ 3.5 Hz; 1H, 3-B); 4.08 (da4d, Jg,4= 10.0,
Jg,5= 42, J4 3= 3.0 Bz; 4-B); 4.34 (m, AB-part; 2H, 6-BH);
4.39 and 4.82 (AB-System; 2H, Benzyl-CH,); 4.75 (4, J= 4.5 Hz;
1H, 1-H), 7.30-7.45 (m; 5H, Aryl-H).

Example 6
6-0-Acetyl-3-0-benzyl-4-0-deoxy-4-fluoro-a-methyl-D-

gulopyranoside (Scheme 1, formula XXa)

16 g (0.052 mol) of the compound from Example 5 and
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0.15 mol (19 g) of ethyLdiisopropylamine were introduced
under nitfogen into 500 mL of absolute toluene. While
stirring at -10°C under Np, 0.10 mol (16.76 g) of
diethylaminosulfur trifluoride (DAST, Merck-Schuchardt)
was added dropwise in such a way that the temperature
remained below 0°c. The mixture was then stirred at this
temperature for 30 min, allowed to reach room temperature
and heated at 80°c for 2 h. lce-cold saturated NaHCO3
solution was added to the Qigorously stirred solution at
room temperature until no more gas evoltution was detec-
table. The phases were then separated, the aqueous phase
was extracted with methylene chloride, and the organic
phases were dried and concentrated in a rotary evaporator.
purification was by preparative column chromatography on
silica gel ((R)AMICON 35-70 u, 60 g; cycLohexane:ethyL
acetate = 1:1). 9.6 g (0.031 mol) = 59% of a pale yellow

oil were obtained.

B-TMR (270 MHz, CDCly): é= 1.95 (444, Jp o= 14.0. Jp 3
3.5, 9 4" 2.0 Hz; 2H, 2-B,,); 2.08 (addd, Jp o= 14.0,

Iy 3= 40, PR 4.5, Jp 4= 2.5 Hz; 1H, 2aeq); 2.10 (B3

3H, COCHS); 3.42 (s; 3B, 0083); 3.81 (4444, J3’F- 8.0,

J3'2 - J3'2 - J3'4 w 4.0 Bz 1B. B“H); 4015"4'35 (m; 3H|
6-E,, 5-H); 4.50 (ad, Jy p = 48.0, J,u 3 = 4.0 Hz; 1B, 4-E);
4.65 (mc, AB-Systenm; 2H, Benzyl-B); 4.80 (a4, J1'2- 2.0,

Jy o= 4.5 Bz; 18, 1-H); 7.25-T7.45 (m; 5B, Benzyl-H).

ms’(70 eV); m/e = 311 (M+-B), 281 (M*-OCH3), 220, 145, 91;
43.

TLC (silica gel 60, cyclohexane/ethyl acetate = 1:1):
R¢g (XIX) = 0.28, R¢ (XXa) = 0.53.

gxample 7
3—O—Tertiary—butyldiphenylsilyL—Z,h—dideoxy—A(R)—fLuoro—
6—deoxy—6—iodo—a-methyl—o—gulopyranoside (formula VII
Jith R21 = cHg and RZD = t-BuPhpsi)

a) 6-0-Acetyl—4-deoxy-4—fLuoro-a—methyL-D-gulopyrahoside
19.5 g (0.062 mol) of the compound from Example 6 in

30 nl of methanol were‘mixed with prehydroggnated

I
i B
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catalyst, 10% Pd/charcoal, 2.0 g, and hydrogenated
under atmospheric pressure in a shaken vessel until
1.4 L of Hp had been absorbed; TLC (cyclohexane:
ethyl acetate = 1:1): R¢ (XXa) = 0.51, Ry (product)
= 0.27. The catalyst was removed by filtration, and
the filtrate was concentrated. 12.9 g (0.058 mol) =
93% of a colorless oil were obtained.
"H-NMR (270 Mz, CDC1;): d= 1.9 (4, J= 14 Bz; 1H, 2-H,),
2.10 (8; 3B, OAc); 2.18 (dddd, J= 15 Hz; J=J=J= 4.0 Hz;
1H, 2-Heq): 3.40 (e; 3H, OCH3); 3.60 (4, J= 10 Bz, 1B, OH);
4.04 (m (br); 1H, 3-H); 4.13-4.38 (m; 3B, 5-H, 6-H,);
4.49 (dd, J= 48 Hz, J= 4 Hz; 1H, 4-H); 4.90 (4, J= 4 Hz;
1H, 1-RH);

b) 6-0-Acetyl-3-0-tertiary-butyldiphenylsilyl-2,4-di-
deoxy-4-fluoro-a-methyl-D-gulopyranoside
21 mmol (4.9 q) of the alcohol from stage a which had
been dried over CaClp were dissolved in 50 ml of abso-
Lute DMF, 11 mlL of triethytamine were added and, under
nitrogen, 1 g (8 mmol) of 4-DMAP was added, and the
mixture was stirred at RT. To this were added drop-
wise 1.5 equivalents (0.032 mol, 8.43 ml) of tertiary-
butyldiphenylchlorosilane. The mixture was left to
stir at room temperature for 15 hours and then heated
at 90°c for 6 h. It was then evaporated to dryness,
the residue was taken up in 100 mlL of CHpClp, and a
solution was extracted twice with 100 mlL of ice-cold
1 N HCL each time and once with 50 ml of saturated
NaHCO3 solution. The phases were separated, and the
organic phase was dried over NayS$0, and concentrated.
Purification by chromatography on 200 g of silica gel
60, cyclohexane:ethyl acetate (6:1): elution of 200-
800 mlL. 9.5 g (21 mmolt) = 100% of a pale yellow oil

were obtained.

TLC (cyclohexane/ethyl acetate = 6:1): R¢ (precursor
from stage a) = 0.11, R¢f (product from stage b) = 0.49,
R¢ (t-BuPhpSiCt) = 0.74. [aly = +38.5% (c = 1, CHCL3).
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"H-NMR (400 MHz, CDC15): & 1.10 (s; SH, C(CHg)3), 1.71
(dda, J= 14.6, J2'3- 4.0, J2'1- 2.0 Hz; 1H, 2—Hax). 1.87
(dddd. J. 14'6, J2,1- 405' J2 3' 400 J2 7- 105 BZ; 1H'
2-Heq), 2.09 (s; 3H, OAc), 3.40 (s; 3H, 0053), 4.09 (dddd,
J= 8.0, J= 4.0, J= 4.0, J= 5.0 Bz; 1H, 3-8), 4.19 (44,

Jg.g= 11-5, J6'6- 5.5 Bz; 1H, 6—Ha). 4.28 (a4, JG'G-

1105, J6,5. 700 Hz; 1H, G—Hb)' 4032 (ddd. J4'F- 4800'

Iy 3" 5.0 Bz, J4 5 1.0 Bz; 1H, 4-H), 4.41 (ddd, Jg g= 31.0,
JS'G- 7-0' JS'G- 505 HZ; 1H' S’H), 407 (dd' J1'2- 200
Hz,«]1'2 - 4.5 Hz; 1H, 1-B), 7.30-7.50 (m; 58, Aryl-H),
7.60-7.80 (m; Aryl-H).

13c-NMR (100 MHz,COClz): &= 19.14 (e; C(CBz)s , 20.7 (q,

COCH4), 26.7 (q, C(CHz)z), 31.6 (aa, c-2), 54.9 (g, CHsz),

63.1 (t, 4, Jg g= 131 Ez, Jg p= 6.5 Bz c-6);

63.6 (da, JS.E' 146 Hz, JS,F' 17.6 Bz; C-5);

65.6 (ad, Jz g= 156 Bz, Jg p= 28.9 He; c-3);

87.8 (a4, J, g= 156 Ez, Jy p- 182.3 Hz; C-4);

97.7 (a8, Jg y= 166 Bz; c-1), 133.3, 133.4 (e; C-1'),

127.6, 127.7 (a, c-3'), 129.8, 129.9 (4, c-4'),

}85.6, 135.8 (4, C-2'), 170.60 (s, C=0).

F-NMR (94.2 MBz, CDClB): & 204.87;

ms (70 eV/150°): m/e= 461 (M*), 403 (M*+ - C4Eg), 37! (403-
03305), 343 (403 - 0330005),
213 ((Ph),S10CHs), 199 ((Ph);S108), 177,
135, 43.

c) 3-0—Tertiary-butytdiphenylsiLyL—Z,k-dideoxy—é-fluoro—
6—deoxy—6—iodo-a—methyl-D-guLopyranoside

a) 17.4 mmol (8.0 g) of the acetate from stage b were
dissolved in 17.4 ml of methanol, cooled to 0°, and
0.35 mL of a 1 M solution of NaOMe in MeOH was added.
The solution was stirred at this temperature for 6
hours and was filtered through 10 g of acidic ion ex-
changer (for example (R)Amberlyst 15), which had pre-
viouspy been swollen with methanol, and was then

washed with methanol, and was evaporated to dryness.

6.8 g (16.3 mmol) = 94% of a colorless oil were obtained.
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TLC (cyctohexane:ethyl acetate = 6:1): Rf (precursor
from stage b) = 0.52, Rt (product from stage a) = 0.25.

B) The oil was dissolved in 40 ml of pyridine/dichloro-
methane (1:1), 24 mmol (4.6 g) of p-toluenesut fonyl
chloride were added, and the mixture was stirred with
exclusion of moisture for 2 days. It was then con-
centrated, the residue was taken up in ether, and the
solution was filtered and concentrated. The resul t-
ing crude product (8.7 g) was reacted further without

purification.

Y) It was dissolved in 120 ml of absolute DMF, 36 g (0.24
mol) of sodium jodide were added, and the components
were stirred at 110° under nitrogen for 3 hours.

Re (vir, RE1 = chs, R2D = t-BuPhySi) = 0.61 (cyclo-
hexane/ethyl acetate = 6:1), Ry (VII) = 0.32 (toluene/
cyclohexane = 7:3).

The mixture was then concentrated, the residue was
taken up in dichloromethane, and the organic phase

was washed with water, dried and concentrated. Puri-
fication was by chromatography (silica gel, toluene:
cyclohexane = 7:3). The product fractions were con-
centrated, and resulted in 5.8 g (11 mmol) of pale
vellow oil vII (R®1 = chz, R20 = t-Buph,si) = 671,

MS (70 eV): m/e= 528 (M*), 4Tf (n+-c439), 367 (n+-05305-31),
213, 167, 129, 91, 41.

'NMR (270 Muz, O0Cl3): d= 1.10 (s; 9H, C(CHs)5), 1.66 (aaa,

J2’2= 14-5, J2'3= 400 J2'1' 200 Bz: 18, 2“Hax), 1085 (ddd'

J= 14.5, Jp, 3= 8.0, Jp,1= 4.5 Hz; 18, 2-Heq), 3.28 (4,

J= 7.0 Hz; 2H, 6-CH,), 3.47 (s; 3H, OCHz), 4.07 (dddd,

J3 o= 8.0, J3'4=J3'2=J3'F= 4.0 Bz; 1H, 3-H), 4.35 (at,

J5,6= 7:0, J5 p= 29.0 Hz; 1H, 5-H), 4.47 (aa, g, 3= 4.0,

Jg 7= 47.0 Hz; 1H, 4-H), 4.71 (aa, Jy,2= 4.5, Jy o= 2.0 Hz;

’ ]
'8, 1-H), 7.30-7.50 (m; SH, Aryl-H), 7.60-7.80 (m; SH,
Aryl-H).
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Example 8
2,4-0ichloro—é-(bis—é—fluorophenylmethyl)thiophenoL
(tormula VIII with X = s, R’ and R = cL, RZ =, % =

H, RS = bis-k-fluorophenytmethyl)

a) 2,4—DichLoro—é-(bis—a-fluorophenytmethyt)phenoL
6.4 g (34 mmol) of 1,2-dibromoethane were added drop-
wise to 0.85 g (35 mmol) of magnesium turnings in di-
ethyl ether, and the mixture was refluxed for 1 hour.
This solution was added dropwise to a Grignard solu-
tion made from 0.85 g (35 . mmol) of magnesium and 6 g
(34 mmol) of 4L-fluorobromobenzene in diethyl ether,
and then 7 g (19.5 mmol) of 4,6—dichloro-Z-(A-fLuoro-
benzoyl)phenol (cf. Houben-Weyl, Methoden der organi-
schen Chemie (Methods of organic chemistry), volume
7/2a, 1973) were added, and the mixture was refluxed
for & hours. It was then hydrolyzed with jce/HCL and
extracted with ether, and the organic phase was dried
and the solvent was distilled off. 8.3 g (16 mmol)
(84%) of product were obtained, and this was dis-
solved in 500 mL of gtacial acetic acid, and 5 ml of
concentrated HCL were added. After addition of 1 g
of catatyst (10% Pd/charcoal), hydrogenation was car-
ried out in a shaken vessel until the theoretical
amount of hydrogen had been absorbed. TLC check: Ry
(Grignard product) = 0.16, R¢ (phenol) = 0.38 (cyclo-

hexane:ethyl acetate = 5:¢1).

Purification was by chromatography on about 1000 g of
silica gel (cycLohexane:ethyL acetate = 5:1). Yield:
6.9 g (83%) of white phenol

MS (70 eV): m/e= 364 (M*), 269 (M+-95), 161.
'R (60 MHz, CDClz): d= 5.2 (s; 1H, OB), 5.8 (e; 1B,

Benzyl-B), 6.6-7.4 (m; 10K, Aryl-H).

b)‘4,6-0ichloro-Z—[bis(k—fluorophenyl)methyl]phenyl
N,N-dimethytthiocarbamate
3.6 g of 50% sodium hydride were suspended in 60 ml
of absolute DMF. 29.2 g (80 mmol, 1 equivalent) of
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4,6-dichloro-2-[bis(4-fluorophenyl)methyl] phenol

from stage a) were introduced while cooling in ice,

and the solution was stirred at room temperature for

30 min and cooled to 0°C. A solution of 12.4-g

(1.25 equivalents) of dimethylthiocarbamoyl chloride
(Aldrich) in 20 ml of DMF was added, and the reaction
mixture was stirred at 80°C for 2 h. It was cooled

and then diluted with 500 mt of ether, and the solution
was washed twice with water and once with potassium
bicarbonate solution, and dried over magnesium sulfate,
and the solvent was removed in vacuo. The residue was
recrystallized from methanot. 32.3 g (89% yield) of

the ester were obtained, melting point 178-179%C.

MS : C,oH,,C1,R0S, 451/453 (M*), 416 (M*-C1), 347/349
'H-NMR (CDC15, 60 MHz): & = 3,0 (e, 3H, CHz); 3,5 (s, 38,
CH3), 56 (s, 18, CB), 6,7 (4, 1H, arom. H), 7,0 (e, 4H,
arom. B), 7,1 (8, 4B, arom. B), 7,4 (4, 1B, arom. H)

c) S-<4,6-Dichloro-2-[bis(4-fluorophenyl)methyl] phenyl>
N,N-dimethylthiocarbamate
32 g of the compound from stage b were dissolved in
320 mlL of sulfolane and heated under nitrogen at 250°¢
until reaction was complete (about 2 h) and, after
cooling, 100 ml of water were added and the mixture
was extracted with ether. The dried organic phase was
concentrated, and the product was crystallized from
hexane. 25.5 g (80%) of the title compound were ob-
tained, melting point 130-131°C (hexane).

TH-NMR (CDClB, 60 MHZ): & = 3.0 (s, 6H, N(CHz),); 6.1
(s, 1H, CH); 6.85 (4, 1B, Aryl-H); 6.95 (s, 4H, Aryl-R);
7,1 (s, 4B, Aryl-R); 7,5 (4, 1B, Aryl-H).

d) 4,6-Dichloro-2-[bis(4-fluorophenyl)methyl] thiophenol
A solution of 6.2 g of S-[4,6-dichloro-2-[bis(4-fluoro-
phenyl)methyl]phenyl] N,N-dimethylthiocarbamate from

stage c) in ether was added dropwise, while cooling
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in ice, to a suspension of 0.8 g of Lithium aluminum
hydride in absolute ether. The mixture was stirred at
room temperature for 90 min and was hydrolyzed, while
cooling in ice, with 2 N sulfuric acid (pH 3). 1t was
extracted several times with ether, the solution- was dried
over magnesium sulfate, and the solvent was removed in
vacuo. The thiophenol remained as residue (5.3 g of vis-
cous oil, 100% yield) and was pure by TLC (100% toluene,
Rf¢ = 0.66); melting point 95°¢.

MS: CqgHypCloFpS, 380/382 (M+), 283/285

'H-NMR (CDCl5, 60 MHz): &= 4,0 (s, 1B, SH), 5,6 (s, 1H),
wethine-#); 6,55 (4, J= 2,5 Hz, 18, arom.-H), 6.85 (s, 4H,
arom.-H), 6.95 (8, 4B, arom.-H), 7.25 (&, J= 2,5 Hz, 1H,

anom-~-H)

Example 9
2,4,6—Trideoxy-é—(Z,A—dichloro—é—(bisparafluorophenyt—

'methyL)phenylthio)—A(R)—fluoro—S(S)—O—tertiary—butyldi—

phenylsiLyL—a—methyl-D—gulopyranoside (formula 1X with

X =5, RZO = t-butildiphenylsilyl, R21 = methyl, R1
and R3 = CL, R2 and RA = H, R5 = bis-4-fluorophenyl-
methyl).

1.40 g (0.0037 mol) of thiophenot from Example 8 and

‘1;40 g (0.0037 mol) of iodide vii from Example 7 were

introduced into 50 mL of absolute DMSO, 1.00 g (0.0078
mo() of dry KpCO03 was added, and the mixture was

stirred at 50°c for 6 h and then at 80°C for 6 h. It

was then concentrated, fhe residue was partitioned be-
tween ether and water, and the organic phase was dried
and concentrated in a rotary evapdrator. 1.73 g (0.0027
mol) = 73% of a pale yellow oil were obtained; TLC (tolu-
ene, silica gel); R¢ (title compound IX) = 0.21, Rg (VII,
compound from Example 7) 0.19, R¢ (thiophenol) = 0.75.
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'H_NMR (60 MHz, CDC1;): &= 1.1 (e; 9H, C(CHy)s),

2.6-3.0 (m; 4B, 2-H,, 6-Hy), 3.40 (s; 3H, OCH;), 4.0-4.5

(m; 38, 3-H, 4-BH, 5-H), 4.7 (44, J= 4.5, J= 2.5 Hz;
1H, 1-H), 6.5 (8; 1B, Benzyl-H), 6.8 (4, J= 4Hz; 1H, Aryl-H),
6.9-7.0 (m, AA'BB'System znc 4, J= 4Hz; 9H, Apryl-H), 7.3-7.5
(m; 5H, Aryl-B), 7.6-7.8 (m; SH, Awyl-H).

MS (0CI/ Isobutane): m/e= T49 (M+-OCH3)' 575, 378, 199, 93.

Example 10
2,4,6-Trideoxy-6-(2,4-dichloro-6~(bisparafluorophenyl -
methyl)phenylthio)-4(R)-fluoro-3(S)-0-tertiary~-butyl-

diphenylsilyl-D-gulopyranose (formula X with X = §, R20 =

t-C4HgPh>Si, R1 = RS = ct, RZ = R* = n, R? =
4H9Phy

bis—A—fLuorophenylmethyl):

1.25 g (0.0016 mol) of Lactol ether from Example 9 (for-
mula IX) were introduced into 40 mL of tetrahydrofuran,
and 10 mlL of water and 12 ml of concentrated hydrochloric
acid were added, and the mixture was stirred at 60°C for
10 h. It was then neutralized with solid NaHCO3, insolu-
bles were removed by filtration, and the filtrate was
concentrated in a rotary evaporator. The remaining oil
was purified by chromatography (200 g of silica gel 60,
cyclohexane:ethyl acetate = 4:1). 413 mg (0.00054 mol) =
33%Z of an oil were obtained.

TLC (silica gel 60, cyclohexane:ethyl acetate = 4:1): R¢
(IX from Example 9) = 0.61, R¢ (title compound) 0.32 and
0.33.

YH_NMR (270 MHz, CDCly): &= 1.06, 1.08 (s; 9H, C(CHz)s3),
1.50-2.05 (m; 2H, 2-H,), 2.70-2.90 (m; 2H, 6-B,), 3.90-4.40
(m; 34, 3-H, 4-H, 5-B), 4.95-5.30 (m; 28, 1-B anc OH), 6.45,
6.46 (s; 1B, Benzyl-H), 6.79 ... 6.83 (4, J= 4 Hz; 0.6. end
0.4H, Aryl-E), 6.90-7.05 (m; AA'BB'-System, B-H, Aryl-H),
7.30-7.75 (m; Aryl-H).

MS (70 eV): m/e= 748 (M*-BH,0), 709 (M*-C,Bg), 691 (748-C4Hg),
561, 378, 283, 199, 109.
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Examplte 11
6-(2,4—0ichloro-é—(bisparafluorophenylmethyl)phenyLthio)—
4(R)—fLuoro—S(S)—hydroxy—B(S)-tertiary-butyLdiphenyL—

silyloxyhexanoic acid tactone (formula XI with X =S,
R1 and R3 = ClL, R2 and Ra = H, R5 = bis-4-fluoror
phenylmethyt, RZO = t-Bu-Ph2Si)

0.54 mmol (0.413 g) of the hemiacetal from Example 10 in
10 mL of absolute dichloromethane was added dropwise to

a suspension of 3.2 mmol (6 equivalents) of N-iodo-
succinimide and 0.6 mmol (1 equivalent) of tetrabutyl-
ammonium iodide in 10 mL of dichloromethane at room tem-
perature. The reaction was complLete after 15 min. The
mixture was diluted with 30 mL of dichloromethane and
extracted with 2x 50 mL of ten percent sodium thiosulfate
solution, the organic phase was dried over magnesium sul-
fate and concentrated, and the product was purified by
chromatography (silica gel cyclohexane:ethyL acetate =
4:1). The product fractions (180 - 400 ml) were concen-
trated. 333 mg (0.44 mmol) = 81% of a colorless oil

were obtained, Ry (cycLohexane:ethyL acetate 4:1) = 0.40.

15-NMR (270 MHz, CDClg):

6- 1.00 (E; 93, C(CHB)B)' 2051 (ddd, Jz'z- 1700 Hz' J2'3-
3.0 Bz = JZ.F‘ 1H, 2 Bax)' 2.64 (444, J2'2- 17.0, |
J2’3- 400 Bz - J2'4: 1B' Z'Heq)' 2'87 (dd, J6'6- 1300 Hz,
J6 5= 8.0 BHz; 1B, 6-Ha), 3.05 (aa, J6,6' 13.0, J6,5' 6.0 Hz;
1H, G-Bb)' 4028 (dddd' J3.2- 300, J3'2- 400 Bz = J3'4 - J},F;
13. B-H), 4-44 (ddd, J4.F- 47-0. J4’3- 4-0, J4'5- 1.5 gz.
1H' 4-H)' 407‘ (dddd' JS’F- 31-0' JS'G. 800' Js,e- 6-0;

J5 4 1.5 Bz; 1H, 5-B), 6.45 (e; 1B, Beunzyl-H), 6.82 (a,

J '2 Hz; 1B, Aryl-B), 6.95-7.05 (m; 9H, Aryl-B), 7.35-7.65
(m; 108, Aryl-H).

“MS (DCI/Isomnane): 765 (M++B); 707

(M*—C4E9). 687 (707_HF), 378 (thiophenol fragment), 309, 225,
198 (100 %, (Ph)2 + =-BuSiot).
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Example 12
6-(2,4-0ichloro~6-(bisparafluorophenylmethyt)phenthhio)—
3(R),5(S)—dihydroxy~4(R)-ftuorohexanoic acid lactone .
(formula I, X-y = S-CHp2, R = 2-(bis-4-fluorophenyl~
methyl)-4,6-dichlorophenyl). )

200 mg (0.26 mmol) of lLactone from Example 11 were dis-
solved in 10 ml of THF, and 1.6 mmol (0.094 g 0.089 mL)
of glacial acetic acid and 0.8 mmol (0.252 g) of tetra-

butylammonium fluoride trihydrate were added, and the
mixture was stirred at room temperature for 14 h. It

was then concentrated, and the residue was taken up in

2 ml of methylene chloride and purified by chromatography
(20 g of silica gel 60, cyclohexane:ethyl acetate = 2:1).
The product fractions (240 - 360 ml) were combined:

Yield 130 mg (0.25 mmol) = 95%, white solid, melting
point 75° (ether); [aly = + 7.3° (¢ = 1, CHCL3).

R ¢ (cyclohexane:ethyl acetate = 1:1) = (0.36.

"H-NMR (270 MHz, ODC13): §= 2.61 (ddadd, J, ,= 17.8,
2,37 3:0 = J3 p, J, 4= 0.8 Hz; 18, 2-H, ), 2.86 (ddd,
2,2 178, Jp 3= 4.5, J, (ue 3.5 Bz; 1H, 2-Hyy), 2.98
(ad, Jg ¢= 14.0, Jg 5= 7.0 Hz; 1B, 6-Eb), 3.02 (daa,
6,6 14:0, Jg 5= 7.0, Jg p= 1.0 Ez; 1B, 6-Hb), 4.41 (adad,
I3,2% 45, J3 o= 3.0, J; = 4.0, Jg,p= 5.0 Bz; 1H, 3-§),
4.23 Edddt, 5,67 7-0y J5 4= 1.5, Jg = 31.0 Hz; 1B, 5-§),
4.87 (adda, J, p= 47.0, I, 3= 4.0, I, = 1.5, J, .= 0.8 Hg;
1B, 4-H), 6.48'?5; 1E, Ar;iEH), 6.824E3, J 2.o4ﬁ5; 1H,
Ary1-H), 7.00 (AA'BB'-System, BH, Aryl-E), 7.44 (4, J 2Hz;
1B, Aryl-H)
9p_NMR (CDC15, CFC1; Standard, 282 MHz):
&= -115.83 (tt, J= 6.9, J= 7.0 Hz; 1F, Aryl-F),

-115.92 (tt, J= 6.9, J= 6.9 Hz; 1F, Aryl-F9,

~207.25 (dddad, J= 46.8, J= 30.4, J= 5.1, Ju 3.5,

J= 3.4 Hz; 1F, 4-F).
13c_nmr (CDC15, 100.6 MHz): d= 34.4 (C=6), 35.2 (c-2,
3(13c,P)= 5 Bz), 53.9 (Benzyl-c),65.9 (c-3, J3 p= 28 Hz),
75:8 (C=5, Jg p= 18 Ez), 86.0 (C-4, J, o= 182 hg),
f15.5, 115.6, 115.7, 115.8, 128.9, 1291, 130.9, 131.0,
135.7, 138.1, 138.2, 151.7 ( aronatiocC), 167.0 (C=0).
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Example 13
Sodium 6(S)—[2,4—dichloro-6-(bis-&-fluorophenylmethyl)-
phenylthio]—A(R)—fluorOnS(S),S(S)—dihydroxyhexanoate
(formula 11, Na salt)
0.044 mmol (0.0232 g) of Llactone I from Example 12 was
dissolved in 2 mlL of ethanol, 0.044 mmol (44 pl of a 1 M
NaOH) of sodium hydroxide solution was added, and the mix-
ture was stirred at room temperature for 2 h. It was
then evaporated to dryness and dried under high vacuum.
25.0 mg (0.044 mmol) = 100% of sodium salt were obtained
as a solid.
TLC (chloroform:methanol = 4:1): Rg (I) = 0.77,
R¢ (11 sodium salt) = 0.22.

Example 14
3—0—Benzyl—2,4,6—trideoxy-A(R)—fLuoro-b—iodo—a—methyL-

20 21 _

D-gulopyranoside (formula VII with R = benzyl, R

CH3, 4(R)-fluoro).

The title compound was synthesized in analogy to Examples
1 to 7 with the difference that the steps in the synthe-
sis as in Example 7, steps 2 and b, are omitted. The
yield at the corresponding step in the synthesis of Ex-
ample 7 ¢, o, B, ¥ is 60% over three stages. The title
compound is obtained as a pale yellow oil.

TLC:R¢ (Eyclohexane:ethyl acetate = 4:1) = 0.37, Rg¢
(toluene/cyclohexane = 7:3) = 0.11.

"B-NMR (270 MHz, CgDg): §= 1.55-1.80 (m, ABMX System,
AB-part; 2H, 2-BH,), 2.93 (aa, Jg g= 110, Jg,5= 5-5 Bz
1B, 6-Hg), 3.18 (ddd, Jg g= 11-0, Jg 5= 9:0 Bz; J= 1.2 Hz;
1H, 6-B.), 3.23 (s; 3H, ocn3). 3.52 (addd, Jx g~ 10.0,
J3’2-J3'2-J3'4- 4.0 Hz; 18, 3-H), 4.19 (444, Jg p= 30.0,
Js 6= 5.5, Jg ¢= 9.0 Hz; 1B, S5-B), 4.27 (m; AB-System;
Benzyl-CH,), 4.34 (aa, J, p= 47.0, J4 3= 4.0 ﬁz;‘1H, 48),
4.46 (34, Jq o= 2.5, Jy 2= 4:5 Bz 18, 1-B), 7.05-7.3 (m;
SH, aromatic-H). ‘
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Example 15
3-0-Benzyl-2,4,6-trideoxy-4(R)-fluoro-é-triphenylphos-
phonio-a-methyl-D-gulopyranoside iodide (formula XII with
R20 = benzyl, and RZ1 = CH3).
1.0 g (0.0026 mol) of 6-iodo-D-guloside from Example 14
and the equivalent amount of triphenylphosphine were
stirred while being converted into a melt which was
stirred at this temperature (80°C) under N> until reac-
tion was complete. The product was then taken up in a
Little dichloromethane, and the salt was precipitated by
addition of toluene. The salt was filtered off with suc-
tion and then dried under high vacuum (1.6 g, 95%).
TLC (CHCL3:CH30H = 10:1) = 0.41.
"B-NMR (270 MHz, CDC1;): g= 1.75-1.90 (m; 1H, 2-Hax),
1.95-2.10 (m; 1B, 2-Heq), 2.35 (s; 0.35x3H, 8-0CH;), 2.59
(s; 0.65x3H, drOCHs), 3.50-3.70 (m; 1B, 6-Hg), 3.75-3.95
(m, 1B, 6-B), 4.27 (dd, J= 6 Hz; J= 7 Hz; 0.35 H, B8-1-H),
4.52 (dd, J= 3, J= S Hz; 0.65 H, a.-1-H), 4.75 (AB-Systemn;
Benzyl-CHzO), 5.19 (dd4, J= 3, J= 31 Hz; 1H, 5-H), 5.38 (44,
Je 4, J= 47 Bz; 1B, 4-H), 7.10-7.40 (m, SH, Anyl-B), 7.60-
7.95 (m; 15H, Apnyl-H).
MS (70eV): m/e= (515, M+), 262, 183.

Example 16
2-Butyl-4,6-dichlorobenzaldehyde (formula XIIla with Z =
single bond, R7 = butyl, R8 = R9 = CL).

The synthesis was carried out in analogy to statements in
the lLiterature (Stokker et al., J. Med. Chem. 29 (1986),
173), starting from 2,4-dichlorobenzaldehyde, reaction
with aniline to give the corresponding anilide, conver-
sion into a palladium comptex and coupling with butyl-
magnesium bromide with the addition of triphenylphosphine.
After the coupling was complete, most of the triphenyl-
phosphine was removed by cooling the ethereal reaction
solution to —78°C, and analytically pure product was

obtained by chromatography (silica gel 60, cyclohexane:
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ethyl acetate = 100:1).
TLC (cyclohexane/ethyl acetate = 4:1): R¢ = 0.56.

R-NMR (60 MHz, CDCly): ¢= 0.7-1.1 (¢, J 6 Hz; 3B, CHsz),
1.5 (mg; 4H, CH2-CH2), 2.9 (¢, J T Bz; Benzyl- CHZ),
7.1-7.5 (m; 2H, Aromatic-H), 10. 6 (s; 1H, CHO).

Example 17

3-0-Benzyl-7-(2-n- butyl-4,6- dichlorophenyl)-6,7-dideoxy-
4(R)-fluoro-a-methyl-D- gulohept-6E- -enopyranoside (formula
XIV, R = 2—n—butyl—4,6~d1chlorophenyl, R20 = benzyl, R21 =

methyl)

1 mmol (0.643 g) of phosphonium salt from Example 15 was
dried under high vacuum and then dissolved in 5.0 ml of
THF/HMPTA (2:1 v/v), and the solution was cooled to -60°¢
under nitrogen and 1 mmol of n-BuLi (0.72 mL of an
approx. 1.4 M solution in hexane) was added dropwise.
After 30 seconds, after the BuLj addition was complete,
1.5 mmol (0.347 g) of aldehyde (from Example 16) was
added dropwise within 1 min, and the mixture was allowed
to warm to -10°c in 45 minutes. 20 ml of petroleum

ether were added, the mixture was filtered, the filtrate
was concentrated, and the product was purified by chroma-
tography (silica gel 60, hexane/ethyl acetate = 5:1).

The fractions containing product of R¢ = 0.41 (cyclo-
hexane/ethyl acetate = 4:1) were collected and concen-
trated. 215 mg (0.46 mmol) = 46% of colorless oil were
obtained.

TLC: Ry¢ (phosphonium salt, Example 15) = 0.01, R¢ (alde-
hyde from Example 16) = 0.56, R¢ (product) = 0.41
(cyclohexane:ethyl acetate = 4:1).

VH-NMR (270 MHz, CDCl;): = 0.92 (¢, J= 7 Bz; 3H, CHs),
1.25-1.45 (m; 2B, caz), 1.45-1.60 (m; 2H, CHp), 2.00

(44, Jp o= 14 Bz, Jp 3= 4Bz, Jp 4= 2.5 Hz; 1B, 2 Hg,),
2.11 (me: 1B, 2 B, Q) 263 (8¢, J= 6 Hz, J= BH; 28,
Benzyl-H;), 3.43 (e. 3H, OCHz), 3- 88 (dddd, Jg p= 10 Bz,
J3 o= 4 Hz, J3 o= 4Hz, J3 4= 4 Hz; 1B, 3-H), 4.40-4.55 (m:
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18, 5-B), 4.68 (AB-System; 2H, Ary1-CH,0), 4.69 (da,
J4.F- 47 Hz. J4’3- 41‘12; ,E' 4-H)’ 4089 (dd. J= 405 HZ.
J1'2= 2.5 Hz; 1H, 1-H), 5.94 (44, Jg 5= 6Hz, Jtnans= 16Hz:
1H, 6-B), 6.64 (4, Jirans= 16 Bz; 1H, 7-B), 7.08 (m; 1H,
Aryl-H), 7.20-7.40 (m; 6H, Anyl-H).

Example 18
7-(2-n-Butyl-4,6-dichlorophenyl)-3(S),5(R)-dihydroxy-
4(R)-fluoro-E-hept-6-enoic acid lactone (formula I with

X-Y = CH=CH, R = 2-butyl-4,6-dichlorophenyl).

The benzyl protective group was removed, without satura-
tion of the double bond, using Pearlman's catalyst and
as specified in the literature (Prugh et al., J. Org.

Chem. 51 (1986) 60, 651, 654) using the following proce-

dure:

467 mg (1.0 mmol) of the compound from Example 17 were
refluxed in 20 mL of ethanol with the addition of 20%
Pd(OH)2/C (100 mg) for 50 hours and, after concentration
and chromatography, 168 mg (0.43 mmol) = 43% of the debenzy-
Lated compound were obtained. This was reacted, without
further purification, as in Example 10, and the result-
ing product (150 mg) was oxidized as in Example 11 by
oxidation with N-iodosuccinimide/tetrabutylammonium iodide
to give the lactone of the title compound.

TLC (cyclohexane:ethyl acetate = 4:1) Ry (Example 17) =
0.41, Ry (title compound) = 0.01.

'H_NMR (60 MEZ, CDCl): &= 0.9 (t, J= 7 Bz; 3H, CHy),

1.2-1.6 (m; 48, CH,-CH,), 2.5-3.1 (m; 4H, 2-H,, Benzyl-H,),
4.3-4.5 (m; 28, 3-H, 5-H), 4.7 (4, J= 47 Hz; 1H, 4-R),

6.0 (a4, J= 16 Bz, J= 6 Bz; 1H, 6-H), 6.6 (4, J= 16 Hz; 1H,
7-H), 7.1-7.2 (m; 2H, Aryl-H).

Example 19
2,4,6-Trideoxy-3-0-t-butyldiphenylsilyl-4(S)-fluoro-6-

iodo-a-methyl-D-gulopyranoside (formula VII with R20 =

t-BuPhysi, R = cH3)
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a) MethyL—S—O—benzyL-A,é—di—0~acetyL«Z-deoxy—D-gulo—
pyranoside (formula XX1, Scheme 1)
3.10 g (10 mmol) of anhydrous sugar Xx1X from Example
5, 5.25 g (20 mmol) of triphenylphosphine and 1.84 g
(10 mmol) of anhydrous zinc acetate were introduced
under nitrogen into 40 ml of absolute toluene, and
the mixture was cooled to 0°c and stirred vigorously
(suspension). To this were added dropwise 20 mmol
(3.48 g = 3.15 ml) of diethyl azodicarboxylate, and
the mixture was allowed to reach room temperature.
Since reaction was incomplete after 4 h, a further
10 mmol of Zn(0Ac)p and 50 mmol of azodicarboxylate
were added, and the mixture was stirred for 15 h.
Then 40 mL of ether and 10 mL of hexane were added,
insolubles were removed by fittration, and the pro-
duct was purified by chromatography (200 g of silica
gel, cycLohexane:ethyl acetate = 2:1). 2.3 g (6.5
mmol) = 65% of colorless oil were obtained, Rf (title
compound) = 0.47, Rgy (XIX from Example 5) = 0.33

(cyclohexane:ethyl acetate = 1:1).

'H-RMR (270 MBz, CDC15): 4= 1.95 (mci 28, 2-8,), 2.05, 2.10
(e; 6B, COCHz), 3.41 (s; 3H, OCHg), 3.63 (add, Iz 5793 2%
J3'4= 4 Hz: 18' 3‘8), 4012 (mc; ZH’ 6"82), 4047 (dt, J5'6=
T Bz; Jg 4= { Bz; 1H, 5-B), 4.65 (AB-System; Benzyl-CH,0),
4079 (dd, J4'3= 4 HZ, J4'5= 1 BZ; 1B' 4"3), 4o93 (dd, J1'2=
3.5, J1'2= 1.5 Bz; 18, 1-8), 7.30-7.45 (m; SH, Asyl-H).

The compound from stage a was converted by elLimination
of the acetate protective groups in analogy to example
7, stage ¢/a and acetylation of the 6-0H group 3s in
Example 5 b into the é6-monoacetate xX11 with inverse
configuration at C-4 and was then converted in accor-
dance with Examples 6 and 7 into the A(S)-fluorO‘deEi—

vative (a-fluoro).
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Example 20
6—(2,4-0ichloro—6~(bisparafluorophenylmethyl)phenytthio)—
3(5),5(8)-dihydroxy-4(R)—fluorohexanoic acid lactone (for-
mula 1 with X-Y = S-CHp, R = 2,4-dichloro-6-(bispara-
fluorophenylmethyl)phenyt)
4,6~Di—O-acetyl-3-0-benzyl-2-deoxy-a—methyl-D-gulopyrano-
side from Example 19a was converted into the fluoro lac-
tone in accordance with Examples 6, 7, 9, 10, 11 and 12.
Colorless oil, Ry = 0.36 (cyclohexane:ethyl acetate =
1:1).

YHoNMR (270 Muz, cDC15)

e 2.6 (m; 1B, 2-B, )y 9.9 (m, 1B, 2-Heq), 3.0 (m; 2H, 6-H,),

4.4 (m; 1B, 1-H), 6.4 (s; 1H, Aryl-B), 6.8 (m; 1H, Aryl-H),
7.0 (m, AA'BB'-system; 8H, Aryl-H), 7.4 (m; 1R, Aryl-H).

Example 21

3—Hydroxymethyl—Z-isopropyl-4-p-fluorophenyl-6-phenyl-
pyridine

The compound was prepared from the corresponding ethyl
pyridine-3-carboxylate by reduction with LiAlH4. The
ethyl pyridine-3-carboxylate had been obtained by Michael
addition of ethyl b-methyl-3-ketopentanoate onto 1-phenyl -
3—parafLuorophenylprop—Z-enone and reaction of the pro-
duct with ammonium acetate/FeClz/glacial acetic acid

by the procedure of F. Rehberg, F. Krohnke, Lieb. Ann.
Chem. 717 (1968) 91,

14 g (0.039 mol) of ethyl 2-isopropyl-4-parafluorophenyl-
6-phenylpyridine-3—carboxylate were introduced into 300
mlL of absolute THF in a 2 | 3-neck flask and, while ex-
cluding moisture, 1.4 g (0.039 mol) of LiAlLH4 were added.
The mixture was stirred at room temperature for 4 h until
reaction was complete. Then 100 ml of water were cau-
tiously added dropwise, and the mixture was extracted
with ether. The ether phase was dried (MgS04) and con-
centrated and then the product was crystallized from

cyclohexane.
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Yield:. 8 g (0.025 mol) = 64% of white crystals of melt-
ing point 165°C.

TLC: | R¢ (ester) = 0.51, R¢ (alcohol) = 0.23
(Ethyl acetate:cyclohexane = 1:4).

Example 22
2—1sopropy(—h—parafLuorophenyt-6-phenylpyridine~3—atde—
hyde (formula XI11b, R10 = jsopropyl, R11 = p-fluoro-
phenyl, R12 = phenylt, A = CH).

13.3 g (0.062 moL) of pyridinium chlorochromate and

10 g of ground 4 A molecular sieves were introduced into
200 mL of absolute CHaCLl . 10 g (0.031 mol) of the
pyridine alcohot from Example 21 were added at room tem-
perature, and the mixture was then stirred for 1 h un-
til reaction was complete (TLC). 500 mL of dry ether
were added, and the mixture was filtered through about
100 g of Florisil (column 4 x 30 cm), washing with 200 ml
of CHpClp. The combined organic phases were concen-

trated, and the residue was crystatlized from jsopropanol.

yietd: 8 g (0.025 mol) = 81% of white needles of melt-
ing point 98°¢C.

1H—NMR (60 MHz, CDC1

CH(CH.).), 4.0 (hep,

J = 1.40 (d, J = 7.0 Hz; 6H

3
J )y, 7.6 - 7.0

= 7.0 Hz; 1H, CH Me

3 2

{m; BH, Aryl-H), 8.4 - 8.0 (m; 2H, Aryl-H), 10.1 (s;
1H, CHO) .

Ms (EI): m/e = 319 (M'), 290 (M*-CHO), 276 (M‘-03H7).

263 (276 - CH).

Example 23
2,4—0imethyL—6-parafluorophenylbenzaldehyde

"(formula XIIla, R7 = parafluorophenyl, 7 = single bond,

R8 = o-methyl, R9 = methyl),
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The compound was prepared as described by Stokker, G.E.
et al., J. Med. Chem. 29 (1986) 170-181.

Yield: 79%, melting point 80-81°C (sublime).

1H_NMR (60 MHz, CDCl_.):d = 2.32 (s; 3H, CH3) .

3
2.58 (s; 3H, CH3).

6.7 - 7.2 (m; 6H, Aryl-CH)
9.6% (s; 1H, CHO).

Example 24
2-para-fluorophenyl-6-isopropyl-4-phenylbenzaldehyde.
(Formula XIIIa, R7 = isopropyl, Z = single bond, R8 =

o-para-fluorophenyl, R9 = phenyl).

The compound was prepared from 4-phenylbenzaldehyde (Ald-
rich) by repeated triphenylphosphine-catalyzed addition
of 4-fluorophenylmagnesium bromide and isopropylmagnes-
ium bromide onto the palladium acetate of the appropriate
anilineimine by the method of Murahashi, J. Org. Chem.

43 (1978) 4099, as described by Stokker, G.E., J. Med.
Chem. 29 (1986) 170-181.

Yield: 75%, white needles of melting point 109-110°%¢.

1H—NMR (60 MHz, CDC13): 1.30 (d, J O 7.0 Hz; 6H,
CH(gﬂg)z);
3.90 (sept., J = 7.0 Hz, 1H,
CH(CH,), ),

7.70 - 6.70 m; 11H, Aryl-H,
9.75 (s; 1H, CHO).

Example 25

4,6-0-Benzylidene~-2-deoxy-3-0-paramethoxybenzyl-a-methyl-

220

D-allopyranoside (formula XVII, p-methoxybenzyl,

R21 = methyl).
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150 g (0.56 mol) of 4,6—0—benzylidene—Z-deoxy-a—methyL—
p-atlopyranoside from Example 4 were added in portions

to 70.0 g (1.6 mol) of a 55% suspension of sodium hydride
in minerat oil in 3.8 1 of absolute DMF at room tempera-
ture (also abbreviated to RT) under nitrogen, and the
mixture was stirred at 45°c for 30 min and then cooled

to RT, and 107.0 ml (123.6 g & 0.79 mol) of para-methoxy-
benzyl chloride were added dropwise. The mixture was
stirred at 80°c for 3 h, allowed to cool, 30 mL of

water were added cautiously, and the solvent was removed
by distillation under high vacuum (0.1 mm, 40°c). The
residue was dissolved in methylene chloride and washed
with water. The organic phase was dried (MgS0,4) and con-
centrated. The residue was crystallized from diisopro-
pyl ether. 190 g (0.49 mol) = 87% of colorless crystals
were obtained, melting point 85 - 86°c. R+ (product)

= 0..49, R¢ (precursor) = 0.27 (cyclohexane: ethyl ace-

vate = 1:1). (0120 =+ 42.7%, ¢ = 1.5, CHCL3.

14_NMR (270 MHz, CDClj): o = 1.90 (ddd, J = 15 Hz, J =
4 Hz, J = 6 Hz; 1lH, >_Hax), 2.17 (dd, J = 15 Hz, J = 3
Hz; 1H, 2-Heq), 3.40 (s; 3H, 1—cL-OCH3), 3.60 - 3.75
(m; 2H, 6-H,), 3.80 (s; 3H, Aryl-OCHj), 3.94 (ddd, J =
J = 3 Hz, J = 4Hz; 1H, 3-H), 4.31 (dd, J = 10 Hz, J= 6

Hz; 1H, 4-H), 4.43 (m; 1H, 5-H), 4.70 (d, J = 5 Hz; 1H,
1-H), 4.75 (AB-System; 2H, Aryl-CHz), 5s.56 (s, 1H,
benzylidene-H),6.85 and 7.30 (AA'BB'-System; 4H),

7.30 - 7.60 (m; SH, Aryl-H). ‘

Example 26

Z—Deoxy-B-O—paramethoxybenzyl—u—methyL—D—alLopyranoside
(formula XVIII, R20 = p-methoxybenzyl, R21 = methyl).

0.19 g (0.001 mol, i.e. a 1 mM solution = 0.02 % by
weight soltution) of p-toluenesulfonic acid monohydrate

was added to 50 ¢ (0.13 mol) of the benzyl idene acetal

. from Example 25 in one liter of absolute methanol at room

temperature and stirred for 20 h. The mixture was neu-

tralized with 5 ml of triethylamine and concentrated in

vacuo. The product was purified by column chromatography
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(silica gel 60, cyclohexane:ethyl acetate = 1:4 (1.2 L),
ethyl acetate (2 L)). 38 g (0.127 mol) = 98% of an oil
were obtained. R¢ (product ) = 0.17, R¢ (precursor) =
0.62 (cyclohexane:ethyl acetate = 1:4). (2120 = 146.3°,
¢ = 1.0, CHCL3.

1H-NMR (270 MHz, CDC13): J'= 1.75 (ddd, J = 15 Hz, J =

6 Hz, J = 4 Hz; 1H, 2-Hax), 2.05 (t, J = 6Hz; 1H, 6 -
OH), 2.33 (dd, J = 15 Hz, J = 4 Hz; 1H, 2-Heq), 2.60
(d, J = 12 Hz; 1H; 4-0H), 3.39 (s; 3H, 1-d~OCH3). 3.58
(dt, J = 10 Hz, J = 4 Hz; 1H, 5-H), 3.82 (s; 3H, Aryl-
OCH3), 3.70 - 4.00 (m; 4H, 3H, 4H, 6—H2). 4.33 efnc 4.75
(AB-System; 2H, Aryl—CHZO). 4.74 (d, J = 5 Hz; 1H,o -1~

H), 6.90 and 7.4 (mC, AA'BB'-System; 4H, Aryl-H).

Example 27

6—O—Acetyl—2-deoxy~3-0—paramethoxybenzyl-a—methyL—D-allo-
pyranoside (formula XIX, R20 = p-methoxybenzyl, R21 =

R22 = acetyl).

methyl,
33 mL (0.24 mol) of triethylamine and 420 mlL of absolute
dichloromethane were added to 29.5 g (0.099 mol) of the
deoxyglycoside from Example 26, freshly dried in methy-
lene chloride over calcium chloride. 10.3 mL (0.11 mol)
of acetic anhydride were added dropwise to this solution,
with exclusion of moisture, and the mixture was stirred
for 16 hours. It was then washed with water, and the
organic phase was dried over MgS0, and concentrated. 27
(0.079 mol) = 81% of colorless oil were obtained after
purification by chromatography (500 g of sitica gel,
cyclohexane:ethyl acetate = 1:2). R¢ (product) = 0.47,
Rt (precursor) = 0.17 (cyclohexane:ethyl acetate = 1:4).
@12? = + 143.5°, ¢ = 1.0, cHels.

'H-NMR ( 270 MHz, CDCl ):d = 1.77 (ddd, J = 15 Hz, J =
4.5 Hz, J = 3.5 Hz; 1H, 2 Hax), 2.10 (s; 3H, COCH3).
2.33 (ddd, J = 15 Hz, J = 3 Hz, J = 1 Hz; 1H, 2-Heq),
2.64 (4 (br), J = 10 Hz; 1H, OH), 3.38 (s; 3H, 1-e-
OCH_,), 3.57 (td, J = 10 Hz, J = 4.2 Hz; 1H, 5-H), 3.82

3
(s; 3H, Aryl-OCH_), 3.87 (dt, J = 3.5 Hz, J = 3.0 Hz;

3
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iH, 1-H), 4.06 (dad, J 10.0 Hz, J = 4.2 Hz, J = 3.0
Hz; 1H, 4-H), 4.36 (mc: 3H, 6-H2 and A part of the
aryL-CHz-O AB system),4.74 (¢, J = 4.5 Hz; 1H, ot ~1-H),
a4.75 (mc; B part of the aryL-CHzo AB system), 6.90 and
7.30 (mc. AA'BB'-System; 4H, Aryl-H).

Example 28

6—O—acetyl—2,4-dideoxy-k(R)—fLuoro—3—0—paramethoxybenzyt—
a-methyl—D-gulopyranoside (formula XXa, RZO = p-methoxy-

benzyl, R21 = methyl, R22

= acetyl).

19.3 g (0.120 mol) of diethylaminosulfur trifluoride
(DAST) were added dropwise, while stirring and excluding
moisture at -20%c, to 27 g (0.079 mol) of the allo-
pyranoside from Example 27, 102 ml of ethyldiisopropyl-
amine and 500 mU of absolute totuene, and the mixture was
stirred for 10 min and then heated to 80°c within half an
hour. The mixture was stirred at this temperature for

4 h. 1t was then coolted to 0°c and 50 mL of methanot
were cautiously added dropwise. The mixture wWas then ex-
tracted three times with water. The organic phase wWas
dried over MgSOy and concentrated. The product was
purified by column chromatography on 1 kg of silica gel
(cyclohexane:ethyl acetate = 2:V). 17.3 g9 (0.051 mol)

64% of a pale yellow oil were obtained. Rf¢ (product) =
.47, Ry (precursor) = 0.20 (cycLohexane:ethyL acetate
1), (120 =+ 76.5°, ¢ = 1.0, CHCLs.

LL_NMR (270 MHz, c0013):J= 1.93 (ddd, J = 15 Hz, J =5

" Rz, J = 3 Hz; 1H, 2-Hax), 2.05 (dddd, J = is Hz, J =
5 Hz, J = 3Hz; 1H, 2-Heq), 2.10 (s; 3H, COCH3)' 3.39
(s; 3H, o{-0CHj), 3.78 (ddd, J = 5 Hz, J = 4Hz, J =
& Hz; 1H, 3-H), 6.90 ane 7.30 (AB-System; 4H, Aryl-H).
3.80 (s; 3H, Aryl-0CH;), 4.10 - 4.30 (m; 3H, 5-H,
6-Hz), 4.48 (dd, ) = 46 Hz, J = 5 Hzi 1H, 4-H), 4.55
(AB-System; 2H, Aryl-CHZO). 4.79 (dd, J = 3.0 Hz, J =

2.5 Hz: 1H, oL ~1-H),
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19
F-NMR (94 MHz, CDCl_,, CFCl_ int. Standard, d (ppm) =

3 3 =
0):d = - 206.0 (ddd, J = 47 Hz, J = 35 Hz, J = 10 Hz;
1F, 4(R)-F).

MS (DC1, isobutane):m/e = 341 (M-H), 310 (M-CH OH), 295

3
310 CH [ ! -
( - 3) 121 (Cri3<) CH2 ).

Example 29

2,4-Dideoxy-4(R)-fluoro-3-0-paramethoxybenzyl-a-methyl -

D-gulopyranoside

88.7 mL of a 1 M methanolic solution of sodium methylate
were added to 26.9 g (0.079 mol) of the 6-0-acetylgulo-

pyranoside from Example 28 in 320 mlL of absolute methanol
at RT, and the mixture was stirred for 1 hour. 100 ml
of the weakly acidic ion exchanger (R)AmberLite CG 50-11
were then added to the solution, which was stirred vigor-
ously for 2 min and filtered. The residue on the filter
was washed with methanol, and the combined solutions were

concentrated.

21.4 g (0.071 mol) = 90% of a colorless oil were ob-
tained, R¢ (product) = 0.23, Ry (precursor) = 0.43
(cyclohexane:ethyl acetate = 1:1). [a]go = +76.5°, c =
1.0, CHCl3.

1H_NMR (270 MHz, coc13):J= 1.95 (ddd, J = 15 Hz, J = 5

Hz, J = 3 Hz; 1H, 2-Hax), 2.05 (dddd, J = 15 Hz, J =
S Hz, J = 5 Hz, J = 3 Hz; 1H, 2-Heq), 3.41 (s; 3H,d -

OCHg ), 3.70 - 3.92 (m, 6H, 3-H, 6-H, anc Aryl OCH. ),

3
4,19 (ddd, J = 32 Hz, J = 8 Hz, J = 4 Hz; 1H, 5-H),
4.49 (dd, J = 46 Hz, J = 5 Hz; 1H, 4-H), 4.56 (mc, AB-
System; 2H, Aryl-—CH20), 4.81 (dd, J = 3.0 Hz, J =

2,5 Hz: 1H, o -1-H), 6.90 and 7.30 (AA'BB'-System; 4H,
Aryl—H).
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Example 30

2,4,6~Trideoxy—A(R)-fluoro—é-iodo~3-0—paramethoxybenzyl~
‘ 20
R ]

a—methyL-D-guLopyranoside (formula VII,
benzyl, R21 = methyl).

10.5 g (0.035 mol) of 4L(R)-fluoro-3-0-p-methoxybenzyl-a-
methyl-D-gutopyranoside from Example 29 were dissolved
in 150 mL of absolute DMF, 11 mU of pyridine were added
and, at -20°c under argon, 24 g (0.053 mol) of methyl-
triphenoxyphosphonium jodide were added with exclusion
of moisture. The mixture was stirred at this tempera-
ture for 3 hours. A polar intermediate was produced,

R¢ (cyclohexane:ethyl acetate = 1:1) = 0.16. The mix-
ture was allowed to warm to RT and then stirred for 2
hours, resulting in the main product with R¢ = 0.56, Ry
(precursor) = 0.21 (cyclohexane:ethyl acetate = 1:1).

15 mlL of methanol were added dropwise at 0°c and, after
30 min, the mixture was concentrated in vacuo (< 0.1 mm,
40°c). The residue was taken up in ether, and the
solution was washed with ice-cold 1 N sodium hydroxide
solution, 10% strength NaS,03 solution and water. The
organic phase was dried over NapS0, and concentrated.
The product was purified by chromatography on 200 g of
silica gel (toluene:cyclohexane:ethyl acetate = 7:4:1).
11.6 g (0.028 mol) = 81% of a pale yellow oil were ob-

tained.

L]
w

1L_NMR (270 MHz, cnc13):d'= 1,89 (ddd, J = 15 Hz, J
Hz, J = 3 Hz; 1H, 2>_Hax), 2.01 (dddd, J = 15 Hz, J

]
wn

Hz, J = 5 Hz, J = 3 Hz:; 1H, 2-Heq),

3.29 (4, J = 6 Hzi 2H, 6-H2).

3.46 (s; 3H, 1-M—0CH3).

3.70 - 3.85 (m; 1H, 3-H),

3.80 (s; 3H, Aryl—OCHB).

4.22 (dt, J = 6 Hz, J = 30 Hz; 1 H, 5-H),
4.58 (dd, J = 47 Hz, J = 4.0 Hz; 1H, 4-H),
4.5%5 (AB-System; 2H, Aryl—CHz-O),

4.79 (dd, J = 4.5 Hz, J = 2.5 Hz; 1H, o =1-H),
6.90 and 7.30 (AA'BB'-System; 4H, Aryl-H).

'MS (FAB, 3-NBA, Lil): m/e = 417 (M*4L1).

para-methoxy-



10

15

20

25

30

35

‘60..
Example 31

2,4,6-Trideoxy-4(R)-fluoro-3-0-paramethoxybenzyl-6-tri-
phenylphosphonio-a-methyl-D-gulopyranoside iodide (for-
mula XII, RZO = para-methoxybenzyl, R21 = methyl)

9.5 g (0.023 mol) of 6-iodoguloside from Example 30 and
15 g (0.057 mol) of triphenylphosphine were mixed and
stirred at 110°C for 4 hours. The mixture was then
cooled, dissolved in methanol and extracted once with
cyclohexane. The methanolic solution was concentrated
and purified by chromatography (Si0p, ethyl acetate:
methanol = 10:1). 12.5 g (0.19 mol) = 81% of a pale
yellow solid were obtained, Ry (product) = 0.02, Ry
(precursor) = 0.79 (cyclohexane:ethyl acetate : 1:1).
R¢ (product) = 0.43, Ry¢ (precursor) = 0.98 (CHCL3:CH30H
= 4:1. [a2i0 =+ 8.5, ¢ = 1.1, cHeLs.

LH_NMR (270 MHz, cnc13):J'=

1.78 (ddd, J = 15 Hz, J = 5 Hz, J = 3 Hz; 1H, 2-Hax),
5.00 (dddd, J = 15 Hz, J = 5 Hz, J = 5 Hz, J = 3 H zj
1H, 2- Heq),

.58 (s; 3H,o -1-0OCH

n

3)'

3.60 (dt, J = 15.5 Hz, J = J = 11.0 Hz; 1 H, 6-Ha),
3.78 (m_i 1H, 3-H),

3.80 (s; 3H, Aryl-0CH;),

4.53 (dd, J = 5.0, J = 2.3 Hz; 1H,o(-1-H),

4.67 (AB-System; 2H, Aryl-CHZO),

4.8 - 4.6 (m; 1H, 5-H),

5.22 (dt, J = J = 15.5 Hz, J = 3.5 Hz; 1 H, 6-H ),
.34 (dd, J = 47 Hz, J = 4.5 Hz; 1H, 4-H),

6.87 (AA'BB'-System; 4H, Aryl-H),

and 7.28

7.60 - (m; 15H, Aryl-H).

7.95
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Example 32

A(R)-FLuoro-?—(Z—isopropyl-4-parafluorophenyl-é—phenyL~
3—pyridyl)—3—0-paramethoxybenzyl-2,4,6,?-tetradeoxy~a—
methyl-D—guLohept-6E-enopyfanoside (formula X1V, R20 =
para—methoxybenzyl, R21 = methyl, R = 2-isopropyl-4-

parafluorophenyl—6—phenyL—3-pyridyL).

18.0 mlL of a 1.6 M n-Buli solution in hexane (0.0288 mol)
were added, at -70°c under argon, to 1.9 mL (1.37 g =
0.0136 mol) of diisopropylamine (distilled over LiALHg)

in 400 mL of THF (freshly distilled over LiALHg) . The mix-

ture was allowed to warm to room temperature, stirred

for 5 minutes and cooled to -70%c, and 200 mlL of absolute
hexamethylphosphoric triamide (HMPA) were added. 10.0 g
(0.0149 mol) of the phosphonium iodide from Example 31,
dissotved in 15 ml of absolute THF, were rapidly added
dropwise to this solution. One minute after the addition
was complete, 2 solution of 7.1 9 (0.0222 mol) of the
pyridine altdehyde from Example 22 was rapidly added drop-
wise, and the mixture was stirred at this temperature for
30 min. It was then allowed to warm to RT within 45 min.
Water was added cautiously, and the mixture was extrac~
ted with ether. The organic phase was dried over MgSOy
and concentrated. The product was purified by chromato-
graphy on sitica gel (200 g Amicon 35 - 70 um, cyclo-
hexane:ethyl acetate = 19:1). 7.3.9 (0.0125 mol) = 84%
of pale yellow oil were obtained, Ry = 0.42 (totuene:
cycLohexane:ethyL acetate = 7:2:1), Rf = 0.36 (cyclo-

hexane:ethyl acetate = 4:1).

14_NMR (270 MHz, cnc13):J =
1.36 (dd, J = 7 Hz, J = 2 Hzi 6H, CH(CH.)

=E3'2¢
1.92 (ddd, J = 15 Hz, J = 5 Hz, J = 3 Hz; 1H, 2-Hax),
5.02 (dddd, J = 15 Hz, J =5 Hz, J = 5 Hz, J = 3 Hz;

lH' 2—HEQ).

3.37 (s; 3H,0ol-1-0CHg),

3.49 (hept, J = 7 Hz; 1H, CH(CH3)2),'



10

15

20

25

30

35

- 62 -
.78 (dddd, J = 10 Hz, J = J = J = 4 Hz, 1H, 3-H),
.82 (s; 3H, Aryl-OCH,),
.26 (dd, J = 46 Hz, J = 4 Hz; 1H, 4-H),
.54 (mc, AB-System; 2H, Aryl-CHZO).
.57 (dd, J 30 Hz, J 6 Hz; 1H, S-H),
.79 (dd, J = 4Hz, J 2 Hz; 1 H,o-1-H),
.55 (dd, J = 16 Hz, J 6 Hz; 1H, 6-H),
.66 (dd, J = 16 Hz, J = 2 Hz; 1H, 7-H),
.89 (m_; 2H, Aryl-H), |

c
.08 (mc; 3 H, Aryl-H),

i

]

.20 - 7.50 (m; 7H, Aryl-H),
.12 (mc; 2H, Aryl-H).

@ NN M DD N W oW

MS (DCI, isobutane): m/e = 586 (M+H'), 554 (M*-0CH.),

3
+
4 - - -
64 (M CH3 c6H4 CH2).

316 (3-ethenylpyridinium cation),

;21 (CH30—C6H4CH2+).

Example 33

4(R)-Fluoro-7-(2-isopropyl-4-parafluorophenyl-6é6-phenyl-
3-pyridyl)-2,4,6,7-tetradeoxy-D-qulohept-6E~enopyranose
(formula XV, R = 2-isopropyl-4-parafluorophenyt-6-phenyl~
3-pyridyl)

4.3 g (0.0073 mol) of the D-guloheptenopyranoside from
Example 32 were dissolved in 150 ml of acetone and cooled
to —20°C, and 150 mlL of 27% HCL were added at this tem-
perature. The mixture was then stirred at 0°C for one
hour and at RT for three h. It was then neutralized

with solid NaC03, while cooling in ice, and the preci-
pitate was filtered off with suction and washed with ace-
tone. The organic phase was concentrated, the residue
was taken up in CH>Cl,, and the solution was washed with
water, dried over MgS0,; and concentrated. The product
was purified by recrystallization from toluene. 2.4 g
(0.0053 mol) = 73% of white crystals of melting point 180°¢
were obtained, R¢ (precursor) = 0.42, Ry (hemiacetal) =
0.15, R¢ (product) = 0.04 (toluene:cyclohexane:ethyl
acetate = 7:2:1).
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1H_NMR (270 MHz, cnc15):4"=

1.35 (d, J = 7 Hez; 6H, qn(ggalz).
1.92 (4 (br), J 15 Hz; 1H, 2-Hax),
2.11 (d (br), J = 15 Hz; 1 H 2-Heq),
3.40 (m; 1H, OH),

3.49 (hept., J = 7 Hz; 1H, CH(CHZ), ),

il

'4.10 (m; 1H, 3-H)

4.21 (dd, J = 47 Hz, J
4,79 (dd, J = 32 Hz, J
§.43 (s (br); 1H, 1-H),
5.%57 (44, J 16 Hz, J 6 Hz, 1H, 6-H),
6.68 (d, J = 16 Hz; 1H, 7-H),

7.05 - 7.5 (m; 8H, Aryl-H),

8.10 (m; 2H, Aryl-H).

]
N

Hz; 1H, 4-H),
HZ; lH' S—H)v

n
n
[o)]

N

"
fl

MS (DCI, isobutane): m/e = 452 (MsHY), 434 (MT-0H),
316 (2-isopropyL—S-ethenyL—a—p—

fLuorophenyl-b—phenylpyridinium cation).

Example 34

3(S),S(R)—Dihydroxy—#(R)-fluoro—?—(Z—isopropyl*k—para-
fluorophenyl—6—phenyl-3—pYridyL)hept—éE—enoic acid lac-
tone (formula 1, X-Y = E-CH=CH, R = Z—isopropyt—h-bara—
fluOrophenyl-6—phenyl—3-pyridyl).

7.6 g (0.017 mol) of the hemiacetal from Example 33,

19 g (0.085 mol) of N-iodosuccinimide and 12.7 g (0.034
mol) of tetrabutylammonium iodide in 380 mL of absolute
CHpCLlp were reacted in accordance with Example 11; reac-
tion time 6 hours. 6.2 9 (0.014 mol) = 81% of white
crystalline product of melting point 145 —vi47°c were ob-
tained. Rf (product) = 0.36, R¢ (precursbr) = 0.38 (cyclo-

hexane:ethyl acetate = 1:1).
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1H-NMR ( 270 MH=z, cnc13): d =

1.36 (d, J = 7 Hz; 3H, CH(Cﬁa).

1.39 (d, J = 7 Hz; 3H, CH(CH3),

2.24 (d, J = 4 Hz; 1lH, OH),

2.66 (ddd, J = 18 Hz, J = 3 Hz, J = 3 Hz; 1H, 2-Hax),
2.93 (ddd, J = 18 Hz, J = S5 Hz, J = 4 Hz; 1H, 2-Heq),
3.46 (hept., J = 7 Hz; 1H, gﬁ(CHa)z),

4,37 (mc; 1H, 3-H),

4.44 (ddd, J = 52 Hz, J = 4.5 Hz, J = 1.5 Hz; 1H, 4-H),
5.1% (dddd, J = 30 Hz, J = 7 Hz, J = 1 H 2z, J = 1 Hz;
1H, 5-H),

5.58 (dd, J = 16 Hz, J = 7 Hz; 1H, 6-H),

6.79 (dd, J = 16 Hz, J = 1 Hz; 1H, 7-H),

7.12 (m; 2H, Aryl-H),
7.23 - 7.5 (m; 6H, Aryl-H),
B.10 (m; 2H, Aryl-H).

450 (M«H'), a32 (M*-0H),
405 (M+—COZ). 316.

MsS (DCI, isobutane): m/e

n

254 (4.40), 300 nm (4.15)sh.

A
UV (CH Cl,):A (lg E)

20
(0]p =+ 22.3 ¢, ¢ = 1, CHCl

19 CFC1 int. Standard):

F-NMR (339 MHz, CDCl,, s
d=-114.77 (m; 1F, Aryl-F),
- 203.71 (ddddd, J = 46 Hz, J = 30 Hz, J =
1

6 Hz, J = 6 Hz, H = 3 Hz; F, 4-(R)-F).

Example 35

Sodium 3(S),5(R)~dihydroxy-4(R)-fluoro-7-(2-isopropyl-4-
para-fluorophenyl-6-phenyl-3-pyridyl)hept-6E-enoate
(formuta 1I, X-Y = E-CH=CH, R = 2-isopropyl~-4-para-fluoro-
phenyl-6-phenyl-3-pyridyl); COpNa in place of COoH)
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17.4 mg (3.9 x 10"° mol) of the Lactone from Example
34 were dissolved in 3.9 mlL of analytical grade ethanol,
39 ul of 1 N NaOH were added, and the mixture was stir-
red at RT for one hour. It was then cautiously concen-
trated (rotary evaporator), and the residue was taken up
in 3.9 mlL of water. The soltution prepared in this way
was used for the enzyme assay (Liver homogenate) and for
investigating the inhibition of biosynthesis in HEP-G2
cells. TLC analysis: Ry (Lactone) = 0.79, Rg (Na salt)
= 0.16 (CHCL3:CHZOH = &4:1).

Example 36
3(8),S(R)—dihydroxy-b(R)-fluoro-?—(Z-isopropyl-k—para—

fluorophenyl—6—phenyt-3-pyridy[)heptanoic acid Lactone
(formula 1, X-Y = CHpy-CHp, R = 2-isopropyl-4-para-
fLuorophenyl—6—phenyl-3—pyridyl).

0.5 g of catalyst (10% Pd/C) was prehydrogenated in ethyl
acetate for 30 min. 0.100 g (0.22 x 1073

from Example 34 was added, and the mixture was hydrogen-

mol) of tLactone

ated in a shaken vessel until S5 mL of Hp had been absorbed.
The catalyst was then removed by filtration, washing the
filter cake with ethyl acetate, and the filtrate w3s
dried (Mg$S04) and concentrated. 0.098 g (2.17 x 10
= 98% of colorless oil was obtained. Ry (product) = 0.33,

4 mol)

R ¢ (precursor) = 0.33 (cyclohexane;ethyt acetate = 1:1).

1H_NMR (270 MHz, CDClg): d =

.39 (d, J = 7 Hz; 3H, CH(CH ), )
.42 (d, J = 7 Hz; 3H, CH(g§3)2).
70 - 1.88 (m; 1H, 6-H),

.92 -2.08 (m; 1H, 6-H),

.18 (d, J = 5 Hz; 1lH, OH),

.59 (ddd, J = 18 Hz, J = 3 Hz, J 3 Hz: 1H, 2-H),

n

.70 (m; 1H, 7-H),
.88 (ddd, J 18 Hz, J

l\)f\)l\)f\)t—“—‘l—‘l—‘

S Hz, J

i Hz: 1H, 2-H),
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.89
.37
.30
.55
.10
.50
.10

® N N b A owoN

MS (

(m; 1H,
(hept.,
(m; 3H,
{m; 8H,
(m; 2H,

J = 7 Hz; 1H, CH(CH3)2).

3-H, 4-H, 5-H),

Aryl-H),
Aryl-H),

DCI, isobutane): m/e = 452 (M+H*). 318 (2-isopropyl-

Example 37

3—ethyl—4—fluoronhenyl-é-phenytpyri—

dinjum cation).

S-fFormyl-4-isopropyl-é-parafluorophenyl-2-phenyl-1,3-

diazine

fluorophenylt,

R

(formula XIIIb, A=N,
12

1M

R10 = jsopropyl, R = para-

= phenyl).

The appropriately substituted pyrimidine-5-aldehyde was

prepared from the corresponding ethyl ester by reduction
(CHpClp, -78°C, Ar, 3 eq DIBAH, 2 h -78°, 0.5 h,
0%c, 77% yield) and subsequent oxidation (CHpClp, PCC,

3 h RT,

chromatography, 87% yield).

White solid, melting point 119 - 121°¢.

1

.4 (d,

o N b=

(m
C

10.1 (s;

J

0
.2 - 8.0
6

H-NMR (60 MHz, 00013):J =

= 7 Hz; 6H, CH(gga)a).

(hept., J = 7 Hz; 1H CH(gﬁa)B).

(m; 6H, Aryl-H),
2H, Aryl-H},
1H, CHO).

The starting material for the ethyl pyrimidine-5-carboxy-

Late was commercially available benzamidine hydrochlor-

ide, together with 4-carboethoxy-2-methyl-5-parafluoro-

phenylpent-4-en-3-one which was obtained by aldol conden-

sation of ethyl

hyde.

isobutyrylacetate and parafluorobenzalde-

The components were reacted in accordance with

the procedure of E.F. Silversmith, J. Org. Chem. 27 (1962)

4090, and the resulting dihydropyrimidine was aromatized

by heating with DDQ or MnOy in toluene.
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Example 38

3(8),5(R)-dihydroxy- 4L(R)-fluoro-7- (6-parafluorophenyl-4-
1sopropyl-2-phenyL—1 3-diazin-5-yllhept-6E- enoic acid
Lactone (formuta I, X-Y = E-CH=CH, R = 6- parafluorophenyl-
4-isopropyL-Z—phenyl-1,3-diazin-S-yL).

0.75 g (0.0011 mol) of the phosphonium jodide from Exam-
ple 31, 40 mlL of THF, 1.2 mL of 1.6 M n-BuLi, O. 13 mlL of
diisopropylamine, 20 mL of HMPA and 0.72 g (0.0025 mol)
of the 1,3-diazine aldehyde from Example 37 were reacted
in a Wittig reaction as in Example 32, and the further
conversion to the lactone was then carried out as in Ex-
amples 33 and 34. 194 mg (0.43 x 1073 mol) = 39% of
Lactone were obtained, Rf = 0.35 (cyclohexane:ethyt

acetate = 1:1).

14_NMR (270 MHz, CDCl,): d =
Hz; 3H, CH(CH§)2)
Hz; 3 H(CH ) )

1
~

34 (4, J
38 (d, J
69 (ddd,
95 (ddd,
43 (hept, J = 7 Hz; 1H, Cg(CHs)

"
~

3
- 18 Hz, J = 3 Hz, J

. 18 Hz, J = 5 Hz, J = 4 Hz; 1H, 2-H),
),

3 Hz; 1H, 2-H),

- <
|

2
41 (m; 1H, 3-H),

55 (ddd, J = 47 hz, J = 4 Hz, J~V1 Hz: 1H, 4-H),

16 Hz, J = 7 Hz: 1H, 6-H),
16 Hz, J~1 Hz; 1H, 7-H),

71 (dd, J
89 (dd, J
12 (m ; 2H, Aryl-H),
35 (m_; 1H, Aryl-H),
49 (m ; 2H, Aryl-H)
71 (m ; 2H, Aryl-H),
58 (m ; 2H, Aryl-H).

1.

1.

2.

2.

3.

a,

a,

5.22 (dddd, J = 30 Hz, J = 7 Hz, J = J~1 Hz} 1H, 5-H),
5.

6.

7.

7.

7.

7.

8.

MS (pC1, isobutane):m/e = 451 (M+H*), 433 (M*-0H),
406 (M*-c0,), 363 (ade;
CHMe, ), ol
317 (S ethenyl 4‘1sbpropyl—
6-para- fluorophenyl Z‘phenyl—

1,3-diazine cat1on).
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Example 39
3(S),5(R)-Dihydroxy-4(R)-fluoro-7-[2-isopropyl-4-phenyl~-
6-parafluorophenylphenyllhept-6E-enoic acid lLactone
(formulta 1, X-Y = E-CH=CH, R = 2-isopropyl-4-phenyl-6-
parafluorophenylphenyl).

1.0 g (0.0015 mol) of the phosphonium iodide from Example
31 was reacted with 1.9 ml of 1.6 M n-BuLi, 0.9 mlL of di-
jsopropyltamine, 40 mU of THF and 20 ml of HMPA together
with 0.6 g (0.0019 mol) of the aldehyde from Example 24

in a Wittig reaction, followed by hydrolysis of protective
groups and oxidation of the hemiacetal as in Examples 32,
33 and 34. 222 mg (0.0005 mol) = 33% of Lactone were
obtained, Ry = 0.42 (cyclohexane:ethyl acetate = 1:1).

1H-NMR (270 MHz, c0013):J'=

.31 (4, J Hz:; 3H, CH(CH.),),

1]
~J

1 3’2
1.33 (d, J = 7 Hz; 3H, CH(CHZ),),
1.62 (ddd, J = 18 Hz, J = 3 Hz, J = 3 Hz; 1H, 2-H),
2.91 (ddd, J = 18 Hz, J = 5 Hz, J = 4 Hz; 1lH, 2-H),
3.32 (hept, J = 7 Hz; 1H, ggMeZ).
4.30 (m; 1H, 3-H),
4.39 (ddd, J = 47 Hz, J = 4 Hz, J = 1 Hz; 1H, 4-H),
5.11 (dd, J = 28 Hz, J = 6 Hz; 1H, S-H),
5.53 (dd, J = 16 Hz, J = 6 Hz; 6-H),
6.80 (d, J = 16 Hz; 1 H, 7-H),
7.05 - 7.65 (m; 11H, Aryl-H).
Example 40

3(S),5(R)-Dihydroxy~4(R)-fluoro-7-(2,4-dimethyl-6-para-
fluorophenylphenyl)hept-6E-enoic acid lactone (formula I,
X-Y = E-CH=CH, R = 2,4-dimethyl-6-p-fluorophenylphenyl).

1.0 g (0.0015 mol) of the phosphonium iodide from Example
31 was reacted with 1.85 mlL of 1.6 M n-BuLi, 0.9 mlL of di-
isopropylamine, 40 mlL of THF, 20 mL of HMPA togeether with
0.69 g (0.003 mol) of the substituted benzaldehyde from

Example 23 in a Wittig reaction, followed by hydrolysis of

protective groups and oxidation of the hemiacetal as in
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Examples 32, 33 and 34, 0.193 g (0.00054 mol) = 36% of

Lactone was obtained, Rf = 0.44 (cycLohexane:ethyL acetate

= 1:1).
]H—NMR (60 MHz, CDC13):A'=

.3 (s; 3H, Aryl—CHs).

.6 (s; 3H, Aryl—CHs).

.6 (m; 1H, 2-H),

.09 (48, J = 18 Hz; 1H, 2-H),

.a (8, J = 46 Hz; 1H, 4-H),
- 30 Hz, J = 6 Hz; 1H, 5-H),
6 Hz; 1H, 6-H),

(dd, J
(dd, J = 18 Hz, J

2

2

2

2

4.3 (m; 1H, 3-H),
a

S

5

6 (¢, J = 18 Hz; 1H, 7-H),
9

o o v

_ 7.7 (m; 6 H, Aryl-H),

Example &1
sodium 3(S), S(R)—dihydroxy—L(R)—fLuoro—?—(ZFisopropyl-é—

parafluorophenyt -6-phenyl-3- pyridyl)heptanoate (formula
11, X-Y = CHpy-CHp, R = 2-isopropyl-4- parafLuorophenyL—
6—phenyL—3—pyridyL).

The compound was prepared as a 10 -2 molar aqueous solu-
tion in accordance Wwith Example 35 from the Lactone of
Example 36.

Example 42 ot ‘
Sodium 3(s),5(R)- -dihydroxy-4(R)- fluoro-7-L6- parafluoro—

phenyl-4-isopropyl- 2-phenyl- 1,3-diazin-5~ yl]hept 6E—)'
enoate (formula 11, x-Y = E-CH=CH, R = 6- parafLuorophenyL—
4-isopropyL—Z-phenyl—1,3-diazin—Sjyl).

The ‘compound was prepared in accordance w1th gxample 35

-2

from the Lactone of Example 38 as a 10 molar aqueous

solution. ) " ‘ .
| BRI :i;;i;:;:s,,"" o

Example 43 ‘ : I 4

sodium 3(S§),5(R)~- d1hydroxy 4(R) fLUOro 7 EZ‘JSODFODYL 4-

phenyL -6- parafluorophenylphenyL]heptﬂeﬁhenoate (formula

1;1.x—j‘i EYEHEFH(_R =j2—1appr?gyt % Pheny;fé p-flyoro-

IR B

.

e
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phenylphenyl).

The compound was prepared in accordance with Example 35

2

from the lactone of Examplte 39 as a 10 © molar aqueous

solution.

Example 44

Sodium 3(S),5(R)~-dihydroxy-4(R)-fluoro-7-[2,4-dimethyl-
6-parafluorophenytphenytlhept-6E-enoate (formula II, X-Y
= E-CH=CH, R = 2,4-dimethyl-6-p-fluorophenylphenyl).

The compound was prepared from the Lactone (Example 40)

2

in accordance with Example 35 as a 10 © molar aqueous

solution.
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Abstract of the disctosure

3—Demethyl—4-fluoromevalonic acid derivatives, 2 process
for the preparation thereof, pharmaceutical products
based on these compounds, the use thereof, and inter-

mediates

3—Demethyt—k—fLuoromevaLonic acid derivatives of the
formula I, and the corresponding dihydroxy carboxylic

acid derivatives of the formula Il

HO
HO CO.H
32 2
4 10 3 OH
7 -
//y 6 X/Y H
f‘ |
L R
1 11

in which R, X and Y have the stated meanings, processes
for the preparation of these compounds, the use thereof as
medicaments, and pharmaceutical products are descr1bedL |
1n addition, new ntermed1ates for the preparat1on of the

compounds of the formula "1 and formula 11 are descr1bed.

Py
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Weo CLATMS
le A 3-dicathya-b- riuoroumevalonic acid derivative

of the 1 .,omula I

q (1)
R
and the corresponding free dihydroxy carboxylic acid

of the formula 11

HUg 7 g M
(11)

in which

amialN

Y~-X-R denotes the gioup ol the ;ovmuln v

/Y

X
.10 .
]
R\’/\ (‘N‘l

v

l! 1 (111)

in which

X-Y ig ecual to (L'«CH ar CHZ-Cﬂa

A i8 equal to CH and

Rlo denotes H, stra:ght-chain Cl-cu-alkyl. branched

Cj-cé-alkyl, trifluorometliyl or perfluoroiso-

progyl,

t

ol
- 107 - 'BAD ORIGINAL @

\



cleariet H. stratght-chain Cy-Gg-alkyl, tranched

albyl, cycloalkyl having 958 ring carton atoms, phenyi

2 o tim by straight-chain

which can be substitat 1 or

vra b byl oy “a L kniy Fad cgy e wTe Ery

trifluaromethny] ;

deriobes Hy straight-ohain Ly rGa-albyl, branched

alkyl, cveloalkyl Raving S-8 ring carbon atoms, shieriy 1
7 R 7 ¥ = » bi

Wik Can AT tivrie bee substitoted 1 o R time e

sEUralobit-o b i le atlyl, triflucromesthyl, Py ddir ety |

v by Bed ogern,

A pharmsceutical product containing an effective amount

Gf e componaie o colaimed dn cladm ) oin combination with
)

srmaceuntically acceptable carrier.

pcpdhty b anas &gl LS RT=Rar Y wav it

i e b e Snla (RTE

(WE 3

LEer b Ema @ COOMpT 3¢ R RTE b g

Py ol

acministering too e bost an amourrt of  Uhe  compoarne o f

Cobadm 1 (R T W te prr e et Cer treat

et desterol em é.

ANDREAS EERGMANN
WILHELM BARTMANN
GERHARD EECK

HANS—HERMANN LAU

Tnventors

[ %

|
|
1
i
[
-
|
i
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