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Description

The invention concerns heterocyclic analogs of mevalono-lactone and derivatives thereof, process for
their production, pharmaceutical compositions containing them and their use as pharmaceuticals, in
particular as hypolipoproteinemic and antiatherosclerotic agents.

The invention is especially concered with compounds of formula |

R 4 3
6 D (M
]
RY 7 }Lo
wherein one of R and R, is
Ry
RSa Rs

and the other is primary or secondary C,_galkyl, C;_scycloalkyl or phenyl-(CHz),-,
wherein

R, is hydrogen, C,.,alkyl, C,_,alkoxy, {except t-butoxy), trifluoromethyl, fluoro, chloro, phenoxy or
benzyloxy, )

Rs is hydrogen, C,_zalkyl, C;..;alkoxy, trifluoromethyl, fluoro, chioro, phenoxy or benzyloxy,

Rs, is hydrogen, C,_,alkyl, C;_,alkoxy, fluoro or chloro, and

m is 1, 2 or 3, with the provisos that both Rs and Rs, must be hydrogen when R, is hydrogen, Rs, must
be hydrogen when Ry is hydrogen, not more than one of R, and R; is trifluoromethyl, not more than one of
R, and R; is phenoxy and not more than one of R; and Rs is benzyioxy,

R, is hydrogen C,_,alkyl, Cs_gscycloalkyl, C;_salkoxy, (except t-butoxy), trifluoromethyl, fluoro, chioro,
phenoxy or benzyloxy,

R, is hydrogen, C,_salkyl, C,_salkoxy, trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy, with the
provisos that R, must be hydrogen when R, is hydrogen, not more than one of R; and R; is trifluoromethyl,
not more than one of R, and R; is phenoxy, and not more than one of R, and R; is benzyloxy,

X is —{CH,),— or —CH=CH— (n=0, 1, 2 or 3), and

Rs
5 4 3 2 1
Z is —CH—CH,— C—CH,—COOH 1
| I
OH OH

wherein Rq is hydrogen or C,_salkyl in free acid form or in the form of a physiologically-hydrolysable and
-acceptable ester of a 3-lactone thereof or in salt form.

By the term “‘physiologicaily-hydrolysable and -acceptable ester’” is meant an ester of a compound in
accordance with the invention in which the carboxyl moiety is esterified, and which is hydrolysable under
physiological conditions to yield an alcohol which is itself physiologically acceptable, e.g. non-toxic at
desired dosage levels. Preferred such esters as Z can be represented together with the free acid by formula
lla

Re
l
—CH—CH;— C—CH,—COOR; lia
| I
OH OH

wherein R; is hydrogen, C,_,alkyl or benzyl, preferably Hydrogen, C;-salkyl, n-butyl, i-butyl, t-butyl or
benzyl and Rg is as defined above.

When in salt form R, represents a cation.

When Z is in lactone form it forms a 3-lactone of formula lib
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and references to “lactone’ hereinafter refer to -lactones.

Salts of the compounds of the invention, e.g. of the compounds of formula |, include in partiuclar their
pharmaceutically acceptable salts. Such pharmaceutically acceptable salts include e.g. alkali metal salts
such as the sodium and potassium salts and ammonium salts.

References to compounds of formula | and sub-species thereof are intended to cover all forms unless
otherwise stated.

The compounds of formula | may be divided into two groups, the compounds of formulae |A and IB:

R
(18)

5a

wherein

R, is primary or secondary C,_galkyl, Cs_scycloalkyl or phenyl-(CH,),—, and

R,—Rs., X, Z and m are as defined above.

The compounds of formula 1A may be divided into a two sub-groups, the compounds wherein Zis a
group of formula Il in other than lactone form (Group Aa) and those wherein Z is a group of formula (Group
IAb) llb. Likewise, the compounds of formula IB may be divided into two sub-groups, the compounds
wherein Z is a group of formula Il in other than lactone form (Group IBa) and those wherein Z is a group of
formula Ilb {Group IBb).

As is self-evident to those in the art, each compound of formula 1 {(and every sub-scope and species
thereof) has at least two centers of asymmetry (e.g. the two carbon atoms bearing the hydroxy groups in
the group of formula lla and the carbon atom bearing the hydroxy group and the carbon atom having the
free valence in the group of formula IIb) and these lead to four stereoisomeric forms {enantiomers) of each
compound {two racemates or pairs of diastereoisomers). These four stereoisomes 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.
Depending on the nature of substituents further asymmetric carbon atoms may be present and the
resulting isomers and mixtures thereof also form part of the invention. Compounds containing only two
centres of asymmetry (four mentioned stereoisomers) are preferred.

R, is preferably primary or secondary C,-galkyl not containing an asymmetric carbon atom (e.g.
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, 1-ethylpropyl, neopentyl and n-hexyl), more preferably
Cy—salkyl and most preferably methyl, ethyl or i-propyl, especially i-propyl.

Alkyl as R, is preferably C,_3 or n-, i- or t-butyl and alkoxy Cy_s or n- or i-butoxy. R, is preferably R,',
where R,’ is hydrogen, C;_salkyl, C;_zalkoxy, trifluoromethyl, fluoro, chloro, phenoxy or benzyloxy, more
preferably R,'’, where R,'’ is hydrogen, C,_salkyl, methoxy, fluoro, chloro or 4-, 5- or 8-benzyloxy, and most
preferably R,’’', where R,""’ is hydrogen, C;_salkyl or 4- or 6-benzyloxy, especially hydrogen or methyl and
most especially hydrogen. .

R, is preferably Ry', where Ry’ is hydrogen, C,_5alkyl, C,_,alkoxy, fluoro or chloro, more preferably Ry"',
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where R;" is hydrogen or C;_jalkyl and most preferably R;'"’, where R;'"’ is hydrogen or methyi, especially
hydrogen. R; (R5', etc.) must be hydrogen when R, (R,’, etc.) is hydrogen.

Preferably, when R, (R, Ry'’, etc.) is other than hydrogen and R; (R;', Ry'’, etc.) is hydrogen, R, (R,/,
etc.) is in the 4-, 5- or 6-position.

Preferably, when both R; (Ry', Ry’ etc.) and R; (Ry’, R, etc.) are other than hydrogen, at least one of
them is in the 5- or 6-position, neither of them is in the 7-position, and not more than one of them is a
member of the group consisting of t-butyl, Cs._scycloalkyl, trifluoromethyl, phenoxy and benzyloxy; more
preferably, they are not ortho to each other when neither of them is a member of the group consisting of
methyl, methoxy, fluoro and chloro. Most preferably, one is in the 4-position and the other is in the 6-
position.

Except where otherwise indicated: (a) Any C,_,alkyl or C;.scycloalky! group as R,, R,', Rs, Ry, etc. is
more preferably in the 4- or 6-position. {b) Any C,_,alkoxy, fluoro or chloro substituent as R,, R,’, Rs, Rs’,
etc. is more preferably in the 5-position. (c) Any benzyloxy as R,, Ry, Rs, Ry/, etc. is more preferably in the
4-, 5- or 6-position and most preferably in the 4- or 6-position, especially the 6-position.

Alkyl as R, is preferably C,_; or n-, i- or t-butyl and alkoxy C,_; or n- or i-butoxy. R, is preferably R,’,
where R,‘ is hydrogen, C,_jalkyl, C,_zalkoxy, trifluoromethyl, fluoro, chioro, phenoxy or benzyloxy, more
preferably R,"’, where R,"’ is hydrogen, methyl, methoxy, fluoro or chloro, and most preferably R,”’’, where
R4’ is hydrogen, methyl or fluoro, especially R,’""', where R,"'"’ is hydrogen, 3- or 4-methyi or 4-fiuoro and
most especially 4-fluoro.

R; is preferably Ry’, where Rg' is hydrogen, C,_,alkyl, C,_,alkoxy, fluoro or chloro, more preferably Rs'’,
where Rg" is hydrogen, methyl, methoxy, fluoro or chloro, and most preferably R;'"’, where Ry''' is
hydrogen or methyl, especially hydrogen. Rg (Rs’, Rs’/, etc.) must be hydrogen when R, (R,’, R,’, etc.) is
hydrogen.

Rsa is preferably Rg,’, where Rs,’ is hydrogen or methyl, and most preferably hydrogen Rsa (Rsa', etc.)
must be hydrogen when at least one of R, (R, R,"’, etc.) and R; (Rs, Rs’’, etc.) is hydrogen.

Preferably, when R, (R4, Ry, etc.) is other than hydrogen and Ry (Rs', Rs'’, etc.) and Rs, (Rs,’, etc.) are
both hydrogen, R, (R4, etc.) is in a meta or para position, more preferably the para position. The most
preferred monosubstituted phenyl group is 4-fluorophenyl,

Preferably, when both R, (R,', Rs’’, etc.) and Rg (Rs’, Rs'’, etc.) are other than hydrogen and R, (Rs.’,
etc.) is hydrogen, at least one of R, (R4, etc.) and Rs (Rg', etc.) is in @ meta or para position {more preferably
both are), and not more than one of them is a member of the group consisting of t-butyl, trifluoromethyl,
phenoxy and benzyloxy; more preferably, R, (R4, etc.) and R;s (Rs’, etc.) are not ortho to each other when
neither of them is a member of the group consisting of methyl, methoxy, fluoro and chloro. The most
preferred disubstituted phenyl groups are 3,4- and 3,5-dimethylphenyl and 4-fluoro-3-methylpheny|
especially 3,5-dimethylpheny! and 4-fluoro-3-methyiphenyl.

Preferably, when each of R4 (R,’', etc.), Rs (Rs', etc.) and Ry, (Rs,', etc.) is other than hydrogen at least
two of them (more preferably, all three) are in meta or para positions, and not more than one of them is a
member of the group consisting of t-butyl, trifluoromethyl, phenoxy and benzyloxy; more preferably, no
two fo them are ortho to each other uniess at least one member of the or each pair of substituents that are
ortho to each other is a member of the group consisting of methyl, methoxy, fluoro and chloro. The most
preferred trisubsituted phenyl group is 3,5-dimethyl-4-fluorophenyl.

Rs is preferably Rg’, where Ry’ is hydrogen or C,_,alkyl, more preferably Rg’’, where Ry'’ is hydrogen or
methyl, and most preferably hydrogen.

Ry is preferably R;’, where R, is hydrogen or C,_salkyl, more preferably R;'’, where R,’’ is hydrogen or
C,—zalkyl. Such compounds wherein Z is of formula Il or lla are most preferably in sait form. Preferred salt-
forming cations are those free from centres of asymmetry, especially e.g. sodium, potassium or
ammonium, most preferably sodium.

X is preferably X', where X is —(CH,),,— or

H
AN 7/
c=C ,
7 AN
H
more preferably X'/, where X'’ is —CH,CH,— or
H H
N / . AN
C=C , especially c=C .
/ AN / AN
H H

Zis preferably a group of formula lla wherein Rg is R¢’ and R, is R,’ or a group of formula llb where in Ry -
is Rs', mare preferably a group of formula lla wherein Rg is R¢'' and R; is R;"’ or a group of formula ilb
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wherein Rg is Rs'’ most preferably a group of formula lla wherein Rq is hydrogen and R, is R;"' or a group of
formula !lb wherein R is hydrogen, especially a group of formula lla wherein R; is hydrogen in salt form,
particularly in sodium salt form, or a group of formula ilb wherein Rg is hydrogen.

n is preferably m, where mis 1, 2 or 3, preferably 2 or 3 and most preferably 2.

Insofar as the compounds of Groups |Aa and IBa are concerned, the erythro isomers are generally
preferred over the threo isomers, erythro and threo referring to the relative positions of the hydroxy groups
in the 3- and 5-positions (of the group of formula Ii or lia).

As between compounds of formula | having identical R, Ro, Rz, Ra, Re and X groups, free acid, salt and
ester forms are generally preferred to lactone forms.

The preferred stereoisomers of the compounds having only two assymetric carbons wherein X is a
direct bond or —CH=CH—, and Z is in other than lactone form are the 3R,5S and 3R,5R isomers and the
racemate of which each is a constituent, i.e., the 3R,55-3S,6R (erythro) and 3R,5R-3S,5S (threo) racemates,
with the 3R,5S isomer and the racemate of which it is a constituent being more preferred and the 3R,5S
isomer being most preferred.

The preferred sterecisomers of the compounds having only two assymetric carbons wherein X is
—(CH,),.—, and Z is in other than lactone form are the 3R,5R and 3R,5S isomers and the racemate of which
each is a constituent, i.e., the 3R,5R-3S,5S (erythro) and 3R,65-3S,5R (threo) racemates, with the 3R,5R
isomer and the racemate of which it is a constituent being more preferred and the 3R,6R isomer being most
preferred.

The preferred stereoisomers of the compounds having only two assymetric carbons wherein X is a
direct bond or —CH=CH—, and Z is a group of formula lib are the 4R,6S and 4R,6R isomers and the
racemate of which each is a constituent, /.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 constituent being more preferred and
the 4R,6S isomer being most preferred.

The preferred stereoisomers of the compounds having only two assymetric carbons wherein X is
—{CH,),— and Z is a group of formula Ilb 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 lactone) racemates, with the
4R,6R isomer and the racemate 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 | but also to the
compounds of formulae |A and IB and those of Groups |Aa, |AD, IBa and !Bb as well as to-every other
subgroup thereof set forth /nfra, e.g., Groups (i)-(exiv), unless otherwise indicated. When any preference
contains a variable, the preferred significances of that variable apply to the preference in question, unless
otherwise indicated.

Preferred groups of compounds of formula I include the compounds

(i) of Group |Aa wherein R, is Ry’, Rz is Ry', Rz is Rs', Rais R4’ Rs is Rs', Rsa is Rsa’s Re is Rg’, Ry is R;’, and
Xis X'.

(i) of (i) wherein when R, is other than hydrogen and Ry’ is hydrogen, Ry’ is in the 4-, 5- or 6-position;
when both R,’ and R;' are other than hydrogen, at least one of them is in the 5- or 6-position and neither of
them is in the 7-position; when both R,’ and Rs’ are other than hydrogen and Rs,’ is hydrogen, at least one
of R, and R¢' is in a meta or para position; and when each of R,’, R’ and Rg,’ is other than hydrogen, at
least two of them are in meta or para positions.

(iii)}—{iv) of (i) and {ii) wherein R; is Re'’, especially hydrogen,

(v}—(vi) of (i) and (i) wherein R, is Cy_salkyl, R, is R,”", Rz is Rs"’, Ry is R,"’,RsisRs'', Rgis Rs'', especially
hydrogen, R, is R;’’, and X is X"".

(vii) of (i) wherein R, is C;_salkyl, Rz is Ry", Rs is Rs'"", Ra is Rs""", Rs is Rs'"’", Rsa is hydrogen, R is
hydrogen, R; is R;"', and X is

H
N /
c=C ,
7 N
H

(viii}—{xiii) of (i)—(vi) wherein any salt is a sodium, potassium or ammonium salt,

(xiv) of Group IAb wherein R, is Ry", Rais Ry’, Rz is Rg’, Rais R4’ Rs is Rs’, Rsa is Rsa's Re is Rg’ and Xis X,

(xv) of (xiv) wherein when Ry’ is other than hydrogen and Ry’ is hydrogen, R, is in the 4-, 5- or 6-
position; when both R,’ and Ry’ are other than hydrogen, at least one of them is in the 5- or 6-position and
neither of them is in the 7-position; when both R,’ and Ry’ are other than hydrogen and Rs,' is hydrogen, at
least one of R, and Ry’ is in a meta or para position; and when each of Ry, Rs’ and Rs, is other than
hydrogen, at least two of them are in meta or para positions,

{xvi)—(xvii) of (xiv) and (xv) wherein Rg is R¢'’, especially hydrogen,

(xviii)—(xix) of {xiv) and (xv} wherein Ry is Cyzalkyl, Rz is Rz"', Rsis Ry'", RsisRy'", Rsis Rs'', Rs is Re"’,
especially hydrogen, and X is X"/, :
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