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[57] ABSTRACT

Compounds of the formula

 
wherein

R1 is C1-5a1kyl not containing an asymmetric carbon
atom,

each of R2 and R5 is independently hydrogen, C1.3al-
kyl, n-butyl, i-butyl, t-butyl, C1-3alkoxy, n-butoxy,
i-butoxy, trifluoromethyl, fluoro, chloro, phenyl,
phenoxy or benzyloxy,

each of R3 and R5 is independently hydrogen, C1.3al—
kyl, C1.3alkoxy, trifluoromethyl, fluoro, chloro,
phenoxy or benzyloxy,

each of R4 and R7 is independently hydrogen, C1.2al-
kyl, C1.2alkoxy, fluoro or chloro, with the provisos
that not more than one of R3 and R3 is trifluoro-
methyl, not more than one of R2 and R3 is phenoxy,
not more than one of R2 and R3 is benzyloxy, not
more than one of R5 and R5 is trifluoromethyl, not
more than one of R5 and R6 is phenoxy, and not
more than one of R5 and R5 is benzyloxy,

X is —(CH2),,,—, —CH=CH—, —CH=
CH——CH2— or —CH2--CHiH—, wherein m is
0,1,2 or 3, and

Z is

$10 ---CH C
—C1-1—C1-1;--C—C1-12—COOR11or I |\Rw.I I

on on 0 CH2

wherein R10 is hydrogen or C1-3a1kyl, wherein
R1; is a physiologically acceptable and hydrolyz-

able ester group, and
M is a pharmaceutically acceptable cation,

with the provisos that (i) the—X—Z group is in the 4-
or 5-position of the pyrazole ring, and (ii) the R1 group
and the —-X-—Z group are ortho to each other,

the use thereof for inhibiting cholesterol biosynthesis
and lowering the blood cholesterol level and, therefore,
in the treatment of hyperlipoproteinemia and athero-
sclerosis, pharmaceutical compositions comprising such
compounds and processes for and intermediates in the
synthesis of such compounds.

27 Claims, No Drawings
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CHOLESTEROL BIOSYNTHESIS INHIBITING
PYRAZOLE ANALOGS OF MEVALONOLACTONE

AND ITS DERIVATIVES

This application is a continuation—in-part of applica-
tion Ser. No. 623,393, filed June 22, 1984 and now aban-
doned.

This invention relates to compounds of the formula

(I)

 
wherein

R1 is C1.5alkyl not containing an asymmetric carbon
atom,

each of R2 and R5 is independently hydrogen, C1.3al-
kyl, n-butyl, i-butyl, t-butyl, C1-3alkoxy, n-butoxy,
i-butoxy, trifluoromethyl, fluoro, chloro, phenyl,
phenoxy or benzyloxy,

each of R3 and R6 is independently hydrogen, C1.3al-
kyl, C1.3alkoxy, trifluoromethyl, fluoro, chloro,
phenoxy or benzyloxy,

each of R4 and R7 is independently hydrogen, C1.2al-
kyl, C1-2alkoxy, fluoro or chloro, with the provisos
that not more than one of R2 and R3 is trifluoro-

methyl, not more than one of R2 and R3 is phenoxy,
not more than one of R2 and R3 is benzyloxy, not
more than one of R5 and R5 is trifluoromethyl, not
more than one of R5 and R6 is phenoxy, and not
more than one of R5 and R6 is benzyloxy,

is —(CH2),,,—, —CH=CH—, —-CH:
CH—CH2— or —CH2—CH=CH—, wherein m is
0,1, 2 or 3, and

X

R10
5 3 I

z is —c|:H—cH2—<|:—cH3—cooR1,OH OH

(:1)

or

CH; OH
6/ \4/-CH c

I I‘ ‘Rio
0 CH2
\/c

H0

(b)

wherein R10 is hydrogen or C1.3alkyl, and R11 is
hydrogen, R1; or M, wherein
R12 is a physiologically acceptable and hydrolyz-

able ester group, and
M is a pharmaceutically acceptable cation,

with the provisos that (i) the —X—Z group is in the 4-
or 5-position of the pyrazole ring, and (ii) the R1 group
and the —X—Z group are ortho to each other,
processes for and intermediates in the synthesis thereof,
pharmaceutical compositions comprising a compound
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of Formula I and the use of the compounds of Formula

I for inhibiting cholesterol biosynthesis and lowering
the blood cholesterol level and, therefore, in the treat-

ment of hyperlipoproteinemia and atherosclerosis.

By the term “physiologically acceptable and hydro-

lyzable ester group” is meant a group which, together
with the —COO— radical to which it is attached, forms

an ester group which is physiologically acceptable and

hydrolyzable under physiological conditions to yield a

compound of Formula I wherein R11 is hydrogen and

an alcohol which itself is physiologically acceptable,
i.e., non-toxic at the desired dosage level, and which,

preferably, is free of centers of asymmetry. Examples of

such groups are C1-3alkyl, n-butyl, i-butyl, t-butyl and

benzyl, collectively referred to as R12’.

For the avoidance of doubt, throughout this applica-
tion it is the right-hand side of the X radical that is

attached to the Z group.

The compounds of Formula I may be divided into

four groups, viz., those of Formulae IA, IB, IC and ID:

(IA)

 
R3 (U3)

R4

R2 R]
I

N\ N x-z

R6

R6 (IC)

R7

R5 x—z
l

N\ N R1

R3
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-continued
R5 (ID)

 
R3

The compounds of each of Groups IA—ID may be
divided into two subgroups based upon the significance
of Z, viz., Group IAa (the compounds of Group IA
wherein Z is a group of Formula a), Group IAb (the
compounds of Group IA wherein Z is a group of For-
mula b), Group IBa (the compounds of Group IB
wherein Z is a group of Formula a), Group IBb (the
compounds of Group IB wherein Z is a group of For-
mula b), Group ICa (the compounds of Group IC
wherein Z is a group of Formula a), Group ICb (the
compounds of Group IC wherein Z is a group of For-
mula b), Group IDa (the compounds of Group ID
wherein Z is a group of Formula a) and Group ID}: (the
compounds of Group ID wherein Z is a group of For-
mula b).

As is self-evident to those in the art, each compound

_p of Formula I (and every subscope and species thereof)
has two centers of asymmetry (the two carbon atoms
bearing the hydroxy groups in the group of Formula a
and the carbon atom bearing the hydroxy group and the
carbon atom having the free valence in the group of
Formula b) and, therefore, there are four stereoisomeric
forms (enantiomers) of each compound (two racemates
or pairs of diastereoisomers), provided that R11 does not
contain any center of asymmetry. The four stereoiso-
mers may be designated as the R,R, R,S, S,R and S,S
enantiomers, all four stereoisomers being within the
scope of this invention. When R11 contains one or more
centers of asymmetry, there are eight or more stereoiso-
mers. Since it is preferred that R11 not contain a center
of asymmetry and for reasons of simplicity any addi-
tional stereoisomers resulting from the presence of one
or more centers of asymmetry in R11 usually will be
ignored, it being assumed that R11 is free of centers of
asymmetry.

R1 is preferably R1’, where R1’ is C1-3alkyl, n-butyl or
i-butyl, more preferably R1", where R1” is C1-3alkyl,
and most preferably isopropyl.

R2 is preferably R2’, where R2’ is hydrogen, C1-3alkyl,
C1-3a1koxy, trifluoromethyl, fluoro or chloro, more
preferably R2”, where R2” is hydrogen or fluoro, and
most preferably hydrogen.

R3 is preferably R3’, where R3’ is hydrogen, C1.2alkyl,
C1-2alkoxy, fluoro or chloro, and most preferably hy-
drogen.

R4 is preferably R4’, where R4’ Is hydrogen or
methyl, and most preferably hydrogen.

The R2-bearing phenyl group is preferably unsubsti-
tuted.

R5 is preferably R5’, where R5’ is hydrogen, C1.3a.lkyl,
C1.3alkoxy, trifluoromethyl, fluoro or chloro, more
preferably R5”, where R5” is hydrogen or fluoro, and
most preferably fluoro.

R5 is preferably R5’, where R6’ is hydrogen, C1-2alkyl,
C1-2all<oxy, fluoro or chloro, more preferably R5”,
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where R5" is hydrogen or methyl, and most preferably
hydrogen.

R7 is preferably R7’, where R7’ is hydrogen or
methyl, and most preferably hydrogen.

Preferably, when two of R5 (R5’, etc.), R5 (R5’, etc.)
and R7 (R7’, etc.) are other than hydrogen and one is
hydrogen, at least one of the two that are other than
hydrogen is in a meta or para position and not more
than one of them is a member of the group consisting of
t-butyl, trifluoromethyl, phenyl, phenoxy and ben-
zyloxy; more preferably, the two that are other than
hydrogen are not ortho to each other when neither of
them is a member of the group consisting of methyl,
methoxy, fluoro and chloro.

Preferably, when each of R5 (R5’, etc.), R5 (R5’, etc.)
and R7 (R7’, etc.) is other than hydrogen, at least two of
them are in meta or para positions, and not more than
one of them is a member of the group consisting of
t-butyl, trifluoromethyl, phenyl, phenoxy and ben-
zyloxy; more preferably, no two of them are ortho to
each other unless at least one member of each pair of
substituents that are ortho to each other is a member of

the group consisting of methyl, methoxy, fluoro and
chloro.

The R5-bearing phenyl group is preferably 4-
fluorophenyl or 3,5-dimethylphenyl, preferably the
former.

R10 is preferably R10’, where R10’ is hydrogen or
methyl, and most preferably hydrogen.

R11 is preferably R11’, where R11’ is hydrogen, R12’ or
M, more preferably R11”, where R11” is hydrogen,
C1.3alkyl or M, even more preferably R11”’, where
R11"’ is hydrogen, C1-2alkyl or M, and most preferably
M, especially sodium.

R12 is preferably R12’, where R12’ is C1.3alkyl, n-
butyl, i-butyl, t-butyl or benzyl, more preferably C1-3al-
kyl, and most preferably C1-2alkyl, especially ethyl.

Any —CH=CH—, ——CH=CH—CH2— or —CH-
2—CH=CH— as X is preferably trans, ie., (E).

X is preferably X’, where X’ is —CH2CH2— or
——CH—_—CH——, more preferably —CH:CH—, and
most preferably

(i.e., (E)—CH:CH—).
Z is preferably a group of Formula a wherein R10 is

R10’ (especially hydrogen), and R11 is R11’ or a group of
Formula b, more preferably a group of Formula a
wherein R10 is hydrogen, and R11 is R11” or a group of
Formula b, even more preferably a group of Formula 21
wherein R10 is hydrogen, and R11 is R11”’ or a group of
Formula b, and most preferably a group of Formula a
wherein R10 is hydrogen, and R11 is M (especially so-
dium).

m is preferably m’, where m’ is 2 or 3, most preferably
2.

M is preferably free from centers of asymmetry and is
more preferably M’, i.e., sodium, potassium or ammo-
nium, and most preferably sodium. For simplicity, each
formula in which M appears has been written as if M
were monovalent and, preferably, it is. However, it may
also be divalent or trivalent and, when it is, balances the

charge of two or three carboxy groups, respectively.
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Thus, Formula "I and every other formula containing an
M embraces compounds wherein M is divalent or triva-
lent, i.e., compounds containing two or three carboxy-
late-containing anions per cation M.

As between otherwise identical compounds of For-
mula 1, those wherein Z is a group of Formula a are

generally preferred over those wherein Z is a group of
Formula b.

Insofar as the compounds of Groups IAa, IBa, ICa 10
and IDa and each of the subgroups thereof are con-

cerned, the erythro isomers are preferred over the threo
isomers, erythro and threo referring to the relative posi-

tions of the hydroxy groups in the 3- and 5-positions of
the group of Formula a.

Insofar as the compounds of Groups IAb, IBb, ICb
and IDb and each of the subgroups thereof are con-
cerned, the trans lactones are generally preferred over
the cis lactones, cis and trans referring to the relative 20
positions of R10 and the hydrogen atom in the 6-position
of the group of Formula b.

The preferred stereoisomers of the compounds of
Formula I having only two centers of asymmetry
wherein X is a direct bond, —CH=CH— or —-CH-

2-—CH=CH——, and Z is a group of Formula a are the
3R,5S isomer and the racemate of which it is a constitu-

ent, i.e., the 3R,5S-3S,5R (erythro) racemate.

The preferred stereoisomers of the compounds of 30
Formula I having only two centers of asymmetry
wherein X is —CH2—, —CH2CH2—, —CH2CH2C—

H2— or -—CH=CI-I-—CH2—, and Z is a group of For-
mula a are the 3R,5R isomer and the racemate of which

it is a constituent, i.e., the 3R,5R-3S,5S (erythro) race- 35
mate.

The preferences set forth in the preceding two para-

graphs also apply to the compounds of Formula I hav-

ing more than two centers of asymmetry and represent 40
the preferred configurations of the indicated positions.

The preferred stereoisomers of the compounds of
Formula I wherein X is a direct bond, —CH=CH— or

—CH2—CH=CH—, and Z is a group of Formula b are
the 4R,6S and 4R,6R isomers and the racemate of 45

which each is a constituent, i.e., the 4R,6S-4S,6R (trans
lactone) and 4R,6R-4S,6S (cis lactone) racemates, with
the 4R,6S isomer and the racemate of which it is a con-

stituent being more preferred and the 4R,6S isomer
being most preferred.

The preferred stereoisomers of the compounds of
Formula I wherein X is —CH2—, ——CH2CH2——,

—CH2CH2CH2—- or -—-CH=CH-—CH2—, and Z is a

group of Formula b are the 4R,6R and 4R,6S isomers
and the racemate of which each is a constituent, i.e., the

4R,6R-4S,6S (trans lactone) and 4R,6S-4S,6R (cis lac-
tone) racemates, with the 4R,6R isomer and the race-

mate of which it is a constituent being more preferred
and the 4R,6R isomer being most preferred.

Each of the preferences set forth above applies, not
only to the compounds of Formula I, but also to the
compounds of Formulae IA, 1B, 1C and ID and those of

Groups IAa, IAb, IBa, IBb, ICa, ICb, IDa and IDb as 65
well as to every other subgroup thereof set forth in the
specification, e.g., Groups (i) et seq., unless otherwise
indicated. When any preference or group contains a
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variable, the preferred significances of that variable
apply to the preference in question, unless otherwise
indicated.

Preferred groups of compounds of Formulae IAa and
IAb include the compounds

(i) of Group IAa wherein R1 is R1’, R2 is R2’, R3 is R3’,

R4 is R4’, R5 is R5’, R6 is R6’, R7 is R7’, R1ois R10’,
R11 is R11’, and X is X’,

(ii) of (i) wherein R2 is R2", R3 is hydrogen, R4 is

hydrogen, R5 is R5", R6 is R6", R10 is hydrogen,

R11 is R11”, and X is (E)——CH:CH—,
(iii) of (ii) wherein R1 is R1”,

(iv)—(vi) of (i)—(iii) wherein R11 is M, especially so-
dium,

(vii)—(xii) of (i)—(vi) wherein the hydrogen groups in
the 3- and 5-positions of the group of Formula a
have the erythro configuration.

(xiii)—(xviii) the 3R,5S enantiomers of the compounds
of (vii)—(xii) wherein X is -—CH=CH— and the
3R,5R enantiomers of those wherein X is ——CH2C-
H2—,

(xix) of Group IAb wherein R1 is R1’, R2 is R2’, R3 is
R3’, R4 is R4’, R5 is R5’, R6 is R6’, R7 is R7’, R10 is

R10’, and X is X’,

(xx) of (xix) wherein R2 is R2”, R3 is hydrogen, R4 is
hydrogen, R5 is R5”, R6 is R6”, R10 is hydrogen,
and X is (E)—CH=CH—,

(xxi) of (xx) wherein R1 is R1”,
(xxii)—(xxiv) of (xix)—(xxi) wherein R10 and the hydro-

gen atom in the 6-position of the group of Formula
b are trans to each other (i.e., the trans lactones),
and

(xxv)—(xxvii) the 4R,6S enantiomers of the com-
pounds of (xxii)—(xxiv) wherein X is -—CH=CH—
and the 4R,6R enantiomers of those wherein X is
—CH2CH2-—.

Groups (viii)-(xii) embrace the 3R,5S-3S,5R race-
mate and the 3R,5S and 3S,5R enantiomers, the 3S,5R

enantiomer being least preferred.

Groups (xxiii) and (xxiv) embrace the 4R,6S-4S,6R
racemate and the 4R,6S and 4S,6R enantiomers, the

4S,6R enantiomer being least preferred.
Insofar as Groups IBa, IBb, ICa, ICb, IDa and IDb

are concerned, the preferred subgroups are those that
correspond to Groups (i)—(xxvii). As should be self-evi-
dent, the preferred groups of compounds of Groups
IBa, ICa and IDa are those that correspond to Groups

(i)—(xviii), i.e., Groups (xxviii)—(xlv), (lv)-(lxxii) and
(lxxxii)—(xcix), respectively, and the preferred groups of

compounds of Groups IBb, ICb and IDb are those that

correspond to Groups (xix)—(xxvii), i.e., Groups (xlvi-
)—(liv), (lxxiii)—(1xxxi) and (c)—(cviii), respectively.

The compounds of Formula I may be synthesized as
follows:

Reaction Scheme I

The compounds of Formula I wherein X is —CH=
CH— and Z is a group of Formula b having the 4R,6S
configuration or X is —CH2CH2—— and Z is a group of
Formula b having the 4R,6R configuration may be
synthesized by the following series of reactions:
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_ A _ _@ e________I3____.\
Py CH2Y + (CeH5)3P >Py CH2 P(C6H5)3Y msmg Base /2

(II) (III) ‘ ) c(,H5

H,/0 OR-—?i"'§-C4H9
C6H5(1v)

H -o

5 °HC

('3aH5
H’,/0 OR—*Sl3i—§-C4H9C5H5

H -0
Py—CH=CI-i“ s 0

(V)

Desilylation D H
reagent . 2

#

$6115

H///// OH H’//,/ Oj?i—L-C4H9R
C5H5

H -0 H -o
Py—CH=cH“\ s o Py—CH2CH2“\\\R 0

(VII)

E

Desilylation reagent

#

H'/,// OHR

H -0
Py—CHgCHg>\\\\R

(VIII)

R . S h H CH—CH2— or -CH2—CH=CH—, and Z is a group
Cacao“ C ems 45 of Formula a wherein R11 is R12’ may be synthesized by

The compounds of Formula I wherein X is —CH2C- the following series of reactions:
H2—, —CH2CH2CH2—, —CH:CH—, —CH:

99 F

PY"X1-P(C6Hs)3Ye 

(IX) W $10
(2) H—C-X2-(IIH CH2—lC—CHg—C00R'12O O

|_ I‘C5H5-S1—C5H5 C5}-I5-S1-C5H5 (X)
I I

L-C4H9 t.-C4H9

$10 Ilho. G ,

Py—X3—(|3H CH2'——(II—CHz—COOR12 Py—X3—$H—CH2"—$"'CH2"’COOR120 0 reagent OH on
I I

C5H5—?i—C5H5 C(,H5—Si—C(~,H5 (X11)
I.~C4H9 L-C4H9

(XI)

H H2

V
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