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Claim
A pyridine compound of the formula I

L
RN K

~- l
R‘:. P\4- S

© I
B

wherein R1 is hydrogen, (1-8C)alkyl, (3-8C)cycloalkyl, phenyl or

substituted (1-4C)alkyl, the latter containing one or more fluoro

substituents or bearing a (3-8C)cycloalkyl, (1-4C)alkoxy or phenyl
substituent; R® is hydrogen, (1-8C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(1-4C)alkyl, carboxy, (1-4C)alkoxycarbonyl,
(3-6C)alkenyloxycarbonyl, cyano, nitro, phenyl or phenyl(l-4C)alkyl;

R

is selected from halogeno, (l1-4C)alkoxy, amino, alkylamino and

dialkylamino of up to 6 carbon atoms, and any of the values defined

1

for R7; R4 is a benzoyl group, the phenyl group of which is

unsubstituted or bears one or two substituents independently selected

from (1-4C)alkyl, (l-4C)alkoxy, halogeno, cyano, trifluoromethyl,

nitro, hydroxy, carboxy, (1-4C)alkanoylamino, (1-4C)alkanoyl,

../2
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fluoro(l-4C)alkoxy, hydroxy(l-4C)alkyl, (1-4C)alkoxy(l-4C)alkyl,
carbamoyl, N-alkyl or di-(N-alkyl)carbamoyl of up to 7 carbon atoms,
sulphamoyl, N-alkyl or di-(N-alkyl)sulphamoyl of up to 6 carbon atoms,
(1-4C)alkoxycarbonyl, (1-4C)alkanesulphonamido, (1—4C)alkyl.S(0)n- [in
which n is zero, 1 or 2], lH-tetrazol-5-yl, phenyl, phenoxy,
benzyloxy, benzyloxycarbonyl, benzamido and benzenesulphonamido, the
benzene moiety of the last six groups optionally bearing a halogeno,
(1-4C)alkyl or (1-4C)alkoxy substituent; or R4 is a phenyl or
phenyl(1l-4C)alkyl group, wherein the phenyl ring of which last two
groups bears one or two substituents independently selected from
nitro, hydroxy, carboxy, (l-4C)alkanoylamino, (1-4C)alkanoyl,
fluoro(l-4C)alkoxy, hydroxy(l-4C)alkyl, (1-4C)alkoxy(l-4C)alkyl,
carbamoyl, N-alkyl or di-(N-alkyl)carbamoyl of up to 7 carbon atoms,
sulphamoyl, N-alkyl or di-(N-alkyl)sulphamoyl of up to 6 carbon atoms,
(1-4C)alkoxycarbonyl, (1-4C)alkanesulphonamido, (1-4C)alkyl.S(O)n- [in
which n is zero, 1 or 2], 1H-tetrazol-5-yl, phenyl, phenoxy,
benzyloxy, benzyloxycarbonyl, benzamido and benzenesulphonamido, the
benzene moiety of the last six groups optionally bearing a halogeno,
(1-4C)alkyl or (1-4C)alkoxy substituent, and whe.ein when R4 is a
disubstituted phenyl or phenyl(l-4C)alkyl group one of the
substituents may additionally be selected from (1-4C)alkyl,
(1-4C)alkoxy, halogeno, cyano and trifluoromethyl; or R4 is a group of
the formula -Al.B1 wherein A1 is (1-6C)alkylene, a carbonyl group or a
direct bond and B1 is a 5 or 6-membered saturated or unsaturated
heterocyclic ring containing a single heteroatom selected from oxygen,
sulphur and nitrogen or containing two heteroatoms one of which is
nitrogen and the other is oxygen, sulphur or nitrogen, and wherein B1
optionally bears a (1-4C)alkyl or (1-4C)alkoxy substituent; R5 is
hydrogen; R6 is hydrogen or (1-4C)alkyl; R7 is selected from hydrogen,
(1-4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl, cyano and nitro;
X is phenylene optionally bearing a substituent selected from
(1-4C)alkyl, (1l-4C)alkoxy, halogeno, trifluoromethyl, cyano and nitro,
or ¥ is a direct bond between the adjacent phenyl group and the carbon
atom bearing R5 and R6; Z is 1§-tetrazol-5-yl,

-CO.NH. (1H-tetrazol-5-yl) or a group of the formula -CO.OR8 or
-CO.NH.SOZ.R9 in which R8 is hydrogen or a non-toxic, biodegradable
residue of a physiologically acceptable alcohol or phenol, and R9 is
(1-6C)alkyl, (3-8C)cycloalkyl or phenyl; and wherein any of said

2 .3 9

phenyl moieties of Rl, R®, R” or R” may be unsubstituted or bear one

/3
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or two substituents independently selected from (1-4C)alkyl,
(1-4C)alkoxy, halogeno, cyano and trifluoromethyl; or an N-oxide

thereof; or a non-toxic salt thereof.

4. A compound of the formula Ia
1 3
R\ N l R

[{L = Het.

o Z

Ta @@if?

Ra

vherein Ra is hydrogen; Het. is a 5 or 6 membered saturated or
unsaturated heterocyclic ring containing a single heteroatom selected
from oxygen, sulphur and nitrogen, or containing two heteroatoms one
of which is nitrogen and the other is oxygen, sulphur or nitrogen, and

optionally bearing a (1-4C)alkyl substituent; and wherein Rl, Rz, R3,

R7 and Z have any of the values defined in claim 1, 2 or 3; and the

non-toxic salts thereof.

5. A compound of formula Ib

R.i N R3 Re

Z ] @{\
5 of\\ Rb
oA
Ib : R’
Q

wherein Rl, R, R3, R7 and Z have any of the meanings defined in claim

1, 2 or 3; Ra is hydrogen, (l1-4C)alkyl, (1-4C)alkoxy, halogeno,
trifluoromethyl, cyano or nitro; and Rb and Rc are independently
selected from hydrcgen, (1-4C)alkyl, (1-4C)alkoxy, halogeno, cyano,
trifluoromethyl, nitro, hydroxy, carboxy, (1-4C)alkanoylamino,
(1-4C)alkanoyl, fluoro(l-4C)alkoxy, hydroxy(l-4C)alkyl,
(1-4C)alkoxy(1-4C)alkyl, carbamoyl, N-alkyl or di-(N-alkyl)carbamoyl
of up to 7 carbon atoms, sulphamoyl, N-alkyl or di-(N-alkyl)sulphamoyl
of up to 6 cacvon atoms, (1-4C)alkoxycarbonyl,
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(1-4C)alkanesulpbonamido, (1~4C)alky1.8(0)n— (in which n is zero, 1 or
2], 1H-tetrazol-5-yl, phenyl, phenoxy, benzyloxy, benzyloxycarbonyl,
benzamido and benzenesulphonamido, the benzene moiety of the last six
groups optionally bearing a halogeno, (1-4C)alkyl or (1-4C)alkoxy

substituent; and the non-toxic salts thereof.

6. A compound of the formula Ic

wherein Rl, Rz, R3, R7 and Z have any of the meanings defined in claim

1, 2 or 3; Ra is hydrogen, (1-4C)alkyl, (1-4C)alkoxy, halogeno,
trifluoromethyl, cyano or nitro; Rd is selected from nitro, hydroxy,
carboxy, (1-4C)alkanoylamino, (1-4C)alkanoyl, fluoro(l-4C)alkoxy,
hydroxy(1-4C)alkyl, (1-4C)alkoxy(l-4C)alkyl, carbamoyl, N-alkyl or
di-(N-alkyl)carbamoyl of up to 7 carbon atoms, sulphamoyl, N-alkyl or
di-(N-alkyl)sulphamoyl of up to 6 carbon atoms, (l-4C)alkoxycarbonyl,
(1-4C)alkanesulphonamido, (I—AC)alkyl.S(O)n- (in which n is zero, 1 or
2], 1H-tetrazol-5-yl, phenyl, phenoxy, benzyloxy, benzyloXycarbonyl,
benzamido and benzenesulphonamido, the benzene moiety of the last six
groups optionally bearing a halogeno, (1-4C)alkyl or (1-4C)alkoxy
substituent; and Re is selected from hydrogen, (1-4C)alkyl,
(1-4C)alkoxy, haloger., cyano, trifluoromethyl and any of the values
defined for Rd; and the non-toxic salts thereof.

10. A pharmaceutical composition which comprises a compound of
the formula I, Ia, Ib or Ic, or a non-toxic salt thereof, as claimed

in any of claims 1 to 8, together vith a pharmaceutically acceptable
diluent or carrier.
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PYRIDINE COMPOUNDS

This invention concerns novel pyridine compounds and, more
particularly, novel pyridire compounds which possess pharmacologically
useful properties in antagonising at least in part one or more of the
actions of the substances known as angiotensins, and in particular of
that known as angiotensin II (hereinafter referred to as "AII"). The
invention also concerns pharmaceutical compositions of the novel
compounds for use in treating diseases or medical conditions such as
hypertension, congestive: heart failure and/or hyperaldosteronism in
varm-blooded animals (including man), as well as in other diseases or
medical conditions in which the renin-angiotensin-aldosterone system
plays a significant causative role. The invention also includes
processes for the manufacture of the ndvel compounds and their use in
treating one of the afore-mentioned diseases or medical conditions and

for the production of novel pharmaceuticals for use in such medical
treatments.

The angiotensins are key mediators of the renin-angiotensin-
aldosterone system, which is involved in the control of homeostasis
and fluid/electrolyte balance in many warm-blooded animals, including
man. The angiotensin>known as AITI is produced by the action of
angiotensin converting enzyme (ACE) from angiotensin I, itself
produced by the action of the enzyme ;enin from the blood plasma
protein angiotensinogen. AIl is a potent spasmogen especially in the
vasculature and is known to increase vascular resistance and hlood
pressure. In addition, the angiotensins are known to stimulate the
release of aldosterone and hence result in vascular congestion and
hypertension via sodium and fluid retention mechanisms. Hitherto
there have been a number of different approaches to pharmacological
intervention in the renin-angiotensin-aldoster-u~ system for
therapeutic control of blood pressure and/or fluid/electrolyte
balance, including, for example, inhibiting the actions of renin or
ACE. However, there remains a continuing need for an alternative
approach because of the side-effects and/or idiosyncratic reactions

associated with any particular therapeutic approach.
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In European Patent Application, Publication No. 453210 there
is described certain pyridine derivatives having angiotensin II
inhibitory properties.

We have now discovered that the compounds of the invention
(set out below) surprisingly antagonise one or more of the actions of
the substances known as angiotensins (and in particular of AII) and
thus minimise the physiological effects associated with their presence

in warm-blooded animals (including man) and this is the basis of the
invention.

According to the invention there is provided a pyridine
compound of the formula I (set out hereinafter, together with the
other chemical formulae identified by Roman numerals) wherein Rl is
hydrogen, (1-8C)alkyl, (3-8C)cycloalkyl, phenyl or substituted
(1-4C)alkyl, the latter containing one or more fluoro substituents or
bearing a (3-8C)cycloalkyl, (1-4C)alkoxy or phenyl substituent; R2 is
hydrogen, (1-8C)alkyl, (3-8C)cycloalkyl, (3-8C)cycloalkyl-(1-4C)alkyl,
carboxy, (1-4C)alkoxycarbonyl, (3-6C)alkenyloxycarbonyl, cyano, nitro,
phenyl or phenyl(1-4C)alky:; R3 is selected from halogeno,
(1-4C)alkoxy, amino, alkylamino and dialkylamino of up to 6 carbon
atoms, and any of the values defined for Rl; RA is a benzoyl group,
the phenyl group of which is unsubstituted or bears one or two
substituents independently s«:lected from (1-4C)alkyl, (1-4C)alkoxy,
halogeno, cyano, trifluoromethyl, nitro, hydroxy, carboxy,
(1-4C)alkanoylamino, (1-4C)alkanoyl, fluoro(1l-4C)alkoxy,
hydroxy(1-4C)alkyl, (1-4C)alkoxy(l-4C)alkyl, carbamoyl, N-alkyl or
di-(N-alkyl)carbamoyl of up to 7 carbon atoms, sulphamoyl, N-alkyl or
di-(N-alkyl)sulphamoyl of up to 6 carbon atoms, (1-4C)alkoxycarbonyl,
(1-4C)alkanesulphonamido, (1-4C)a1kyl.S(O)n- [in which n is zero, 1 or
2], lH-tetrazol-5-yl, phenyl, phenoxy, benzyloxy, benzyloxycarbeonyl,
benzamido and benzenesulphonamido, the benzene moiety cf the last six
groups optionally bearing a halogeno, (1-4C)alkyl or (1-4C)alkoxy
substituent; or R4 is a phenyl or phenyl(1-4C)alkyl group, wherein the
phenyl ring of which last two groups bears one or two substituents
independently selected from nitro, hydroxy, carboxy,

(1-4C)alkanoylamino, (1-4C)alkanoyl, fluoro(1l-4C)alkoxy,
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hydroxy(1-4C)alkyl, (1-4C)alkoxy(1l-4C)alkyl, carbamoyl, N-alkyl or
di-(N-alkyl)carbamoyl of up to 7 carbon atoms, sulphamoyl, N-alkyl or
di-(N-alkyl)sulphamoyl of up to 6 carbon atoms, (1-4C)alkoxycarbonyl,
(1-4C)alkanesulphonamido, (1—4C)alkyl.S(O)n- [in which n is zero, 1 or
2], 1H-tetrazol-5-yl, phenyl, phenoxy, benzyloxy, benzyloxycarbonyl,
benzamido and benzenesulphonamido, the benzene moiety of the last six
groups optionally bearing a halogeno, (1-4C)alkyl or (1-4C)alkoxy
substituent, and wherein when R4 is a disubstituted phenyl or
phenyl(1-4C)alkyl group one of the substituents may additionally be
selected from (1-4C)alkyl, (1-4C)alkoxy, halogeno, cyano and
trifluoromethyl; or R4 is a group of the formula -Al.B1 wherein A1 is
(1-6C)alkylene, a carbonyl group or a direct bond and B1 is a 5 or
6-membered saturated or unsaturated heterocyclic ring containing a
single heteroatom selected from oxygen, sulphur and nitrogen or
containing two heteroatoms one of which is nitrogen and the other is
oxygen, sulphur or nitrogen, and wherein B1 optionally bears a
(1-4C)alkyl or (1-4C)alkoxy substituent; RS is hydrogen; R6 is
hydrogen or (1-4C)alkyl; R7 is selected from hydrogen, (1-4C)alkyl,
(1-4C)alkoxy, halogeno, trifluoromethyl, cyano and nitro; X is
phenylene optionally bearing a substituent selected from (1-4C)alkyl,
(1-4C)alkoxy, halogeno, trifluoromethyl, cyano and nitro, or X is a
direct bond between the adjacent phenyl group and the carbon atom
bearing R5 and R6; Z is 1H-tetrazol-5-yl, -CO.NH.(1lH-tetrazol-5-yl) or
a group of the formula -CO.OR8 or -CO.NH.SOZ.R9 in which R8 is
hydrogen or a non-toxic, biodegradable residue of a physiologically
acceptable alcohol or phenol, and R9 is (1-6C)alkyl, (3-8C)cycloalkyl
or phenyl; and wherein any of said phenyl moieties of Rl, Rz, R3 or R9
may be unsubstituted or bear one or two substituents independently
selected from (1-4C)alkyl, (1-4C)alkoxy, halogeno, cyano and
trifluoromethyl; or an N-oxide thereof; or a non-toxic salt thereof.

It will appreciated that, depending on the nature of the
substituents, certain of the formula I compounds may possess one or
more chiral centres and may be isolated in one or more racemic or
optically active forms. "It is to be understood that this invention
concerns any form of such a compound of formula I which possesses the

afore-mentioned useful pharmacological properties, it being well known
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how to make optically active forms, for example by synthesis from
suitable chiral intermediates, and how to determine their

pharmacological properties, for example by use of the standard tests
described here:nafter.

It is to be understood that generic terms such as "alkyl"
include both straight and branched chain variants when the carbon
numbers permit. However, when a particular radical such as "propyl"
is given, it is specific to the straight chain variant, branched chain
variants such as "isopropyl" being specifically named where intended.
The same convention applies to other radicals.

A particular value for Rl, R2 or R3 when it is alkyl is, for
example, methyl, ethyl, propyl, butyl, isobutyl, sec-butyl, pentyl or
hexyl; and when it is cycloalkyl is, for example, cyclopropyl,
cyclopentyl or cyclohexyl.

A particular value for R1 or R3 when it is alkyl bearing one
or more fluoro substitutents is, for example, fluoromethyl,
trifluoromethyl, 2.2,2-trifluoroethyl or pentafluoroethyl; and when it
is alkyl bearing a cycloalkyl, (1-4C)alkoxy or phenyl substituent is,
for example, cyclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl,
2-methoxyethyl, 2-ethoxyethyl, benzyl, l-phenylethyl or 2-phenylethyl.

A particular value for R2 when it is cyec'oalkyl-alkyl is,
for example, cyclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl or
2-cyclopentyl-ethyl; and when it is phenylalkyl is, for example,
benzyl, l-phenylethyl or 2-phenylethyl.

A particular value for R2 wvhen it is alkoxycarbonyl is, for
example, methoxycarbonyl, ethoxycarbonyl or propoxycarboryl; and when
it is alkenyloxycarbonyl is, for example, allyloxycarbonyl,

2-methyl-2-propenyloxycarbonyl or 3-methyl-3-butenyloxycarbonyl.

A particular value for R6 or R7, or for an optional
substituent which may be present when X is phenylene, when it is alkyl
is, for example, methyl or ethyl.
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A particular value for R3, R7 or for an optional substituent
wvhich may be present when X is phenylene, include, by way of example,

for halogeno: fluoro, chloro, bromo and iodo; and for alkoxy: methoxy
and ethoxy.

A particular value for R3 wvhen it is alkylamino is, for
example, methylamino, ethylamino or butylamino; and when it is
dialkylamino is, for example, dimethylamino, diethylamino or
dipropylamino.

A particular value for R4 when it is phenylalkyl is, for
example, benzyl, 1l-phenylethyl or 2-phenylethyl.

Particular values for a substituent on R4 when it is phenyl
or phenyl(1-4C)alkyl, or for an optional substituent on R4 wvhen it is
benzoyl include, by way of example, for alkyl: methyl and ethyl; for
alkoxy: methoxy and ethoxy; and for halogeno: chloro, bromo and iodo;
for alkanoylamino: formamido, acetamido and propanamido; for alkanoyl:
formyl, acetyl and butyryl; for fluoroalkoxy: trifluoromethoxy,
2-fluoroethoxy, 2,2,2-trifluoroethoxy and 3,3,3-trifluoropropoxy; for
hydroxyalkyl: hydroxymethyl, 1-hydroxyethyl and 2-hydroxyethyl; for
alkoxyalkyl: 2-methoxyethyl and 2-ethoxyethyl; for N-alkylcarbamoyl:
N-methyl and N-ethylcarbamoyl; for di(N-alkyl)carbamoyl:
N,N-dimethylcarbamoyl and N,N-diethylcarbamoyl; for N-alkylsulphamoyl:
N-methyl and N-ethylsulphamoyl; for di(N-alkylsulphamoyl:
N,N-dimethylsulpharoyl and N,N-diethylsulphamoyl; for alkoxycarbonyl:
methoxycarbonyl, ethoxycarktonyl and propoxycarbonyl; for
alkanesulphonamido: methanesulphonamido and ethanesulphonamido; for
alkylthio: methylthio and ethylthio; for alkylsulphinyl;
methylsulphinyl and ethylsulphinyl; and for alkylsulphonyl:
methylsulphonyl and ethylsulphonyl; and for phenyl, phenoxy,
benzyloxy, benzyloxycarbonyl, benzamido and benzenesulphonamido
optionally bearing a substituent: phenyl, phenoxy, benzyloxy,
benzyloxycarbonyl, benzamido and benzenesulphonamido optionally

bearing a fluoro, chloro, bromo, methyl, ethyl, methoxy or ethoxy
substituent.
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A particular value for A1 when it is alkylene includes, for
example, methylene, ethylene, trimethylene and tetramethylene, in any

of which one methylene may bear 1 or 2 methyl substituents.

A particular value for B1 vhen it is a 5 or 6-membered
saturated or unsaturated heterocyclic ring containing a single hetero
atom selected from oxygen, sulphur or nitrogen includes, for example,

a thienyl, furyl, pyrrolyl, pyrrolidinyl, pyridyl and piperidyl ring.

A particular value for B1 when it is a 5 or 6-membegred
saturated or unsaturated heterocyclic ring containing two heteroatoms
one of which is nitrogen and the other is oxygen, sulphur or niirogen
includes, for example, an imidazolyl, imidazolidinyl, pyrazolyl,
pyrazolinyl, thiazolyl, thiazolinyl, oxazolyl, oxazolidinyl,
pyrimidinyl, pyrazinyl, pyridazinyl, piperazinyl, morpholinyl and
thiomorpholinyl ring.

A particular value for an optional alkyl substituent on B1
is, for example, methyl or ethyl and for an optional alkoxy

substituent is, for example, methoxy or ethoxy.

A particular value for R8 vhen it is a non-toxic,
biodegradable residue of a physiologically acceptable alcohol or
phenol is, for example, a residue derived from a (1-6C)alkanol such as

methanol or ethanol, or phenol, glycerol or the like.

A particular value for R9 wvhen it is alkyl is, for example,
methyl, ethyl, propyl, isopropyl, butyl or pentyl; and when it is
cycloalkyl is, for example, cyclobutyl, cyclopentyl or cyclohexyl.

Particular values for opttonal substituents which may be

present on a phenyl moiety of Rl, Rz, R3 or R9

include, by way of
example, for halogeno: fluoro, chloro and bromo; for alkyl: methyl and

ethyl; and for alkoxy: methoxy and ethoxy.

A specific value for X which is of particular interest is,
for example, p-phenylene.



A preferred value for R1 or R3 is, for example, methyl or

ethyl.

A preferred value for R2 is, for example, hydrogen.

A preferred value for R4 is, for example, benzoyl,
substituted phenyl, or a group of the formula -Al.Bl wherein A1 is a
direct bond and B1 is a pyridyl ring, particularly a 4-pyridyl ring,
or A1 is a methylene or carbonyl group and B1 is piperidyl,
morpholinyl or imidazolyl linked to A1 by a ring nitrogen atom.

A preferred value for A1 includes, for example, when it is a
methylene group, a carbonyl group and a direct bond.

. A preferred value for R6, R7 or R8 is, for example,

N hydrogen.
v:bul:

°e 00

ot A preferred value for Z is, for example, 1lH-tetrazol-5-yl

e and which is especially preferred when attached ortno to the group X.

s
“eee

L4
(XX XN ]
. .

A particularly preferred combination of values is, for

1 and R3

example, when R are both alkyl and R2 is hydrogen.

e A preferred group of compounds of the formula I comprises
:,,:‘ those compounds of the formula I wherein X is p-phenylene and 2 is
/r.'o : 1 2 3 4 5 6 7

1H-tetrazol-5-yl, and wherein R, R, R7, R’, R7, R™ and R" have any
ceneel of the values defined above, and the non-toxic salts thereof.
Especially preferred within this group are those compounds wherein 2

is at the ortho position relative to X.

A particularly preferred group of compounds of the invention
comprises compounds of the formula Ia wherein Rl, Rz, R3, R7 and 2
have any of the values defined above; Ra is hydrogen, (1-4C)alkyl,
(1-4C)alkoxy, halogeno, trifluoromethyl, cyano or nitro, and Het. is a
5 or 6-membered saturated or unsaturated heterocyclic ring containing

a single heteroatom selected from oxygen, sulphur and nitrogen or
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containing two heteroatoms one of which is nitrogen and the other is
oxygen, sulphur or nitrogen, and optionally bearing a (1-4C)alkyl
substituent; and the non-toxic salts thereof.

A further particularly preferred group of compounds of the
invention comprises compounds of the formula Ib wherein Rl, R2, R3,
R7 and 2 have any of the meanings defined above; Ra is hydrogen,
(1-4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl, cyano or nitro;
and Rb and Rc are independently selected from hydrogen, (1-4C)alkyl,
(1-4C)alkoxy, halogenc, cyano, trifluoromethyl, nitro, hydroxy.
carboxy, (1l-4C)alkanoylamino, (1-4C)alkanoyl, fluoro(l-4C)alkoxy,
hydroxy(1-4C)alkyl, (1-4C)alkoxy(1l-4C)alkyl, carbamoyl, N-alkyl ot
di-(N-alkyl)carbamoyl of up to 7 carbon atoms, sulphamoyl, N-alkyl or
di-(N-alkyl)sulphamoyl of up to 6 carbon atoms, (1-4C)alkoxycarbonyl,
(1-4C)alkanesulphonamido, (I-AC)alkyl.S(O)n- fin which n is zero, 1 or
2], 1H-tetrazol-5-yl, phenyl, phenoxy, benzyloxy, benzyloxycarbonyl,
benzamido and benzenesulphonamido, the benzene moisty of the last six
groups optionally bearing a halogeno, (1-4C)alkyl or (1-4C)alkoxy
substituent; and the non-toxic salts thereof.

A yet further particularly preferred group of compounds of
the invention comprises compounds of the formula Ic wherein Rl, R2,
R3, R7 and 2 have any of the meanings defined abovej; Ra is hydrogen,
(1-4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl, cyano or nitro;
"d is selected from nitro, hydroxy, carboxy, (1-4C)alkanoylamino,
(1-4C)alkanoyl, fluoro(l-4C)alkoxy, hydroxy(l-4C)alkyl,
(1-4C)alkoxy(l-4C)alkyl, carbamoyl, N-alkyl or di-(N-alkyl)carbamoyl
of up to 7 carbon atoms, sulphamoyl, N-alkyl or di-(N-alkyl)sulphamoyl
of up to 6 carbon atoms, (1-4C)alkoxycarbonyl,
(1-4C)alkanesulphonamido, (1-4C)alky1.$(0)n- [in which n is zero, 1 or
2}, 1H-tetrazol-5-yl, phenyl, phenoxy, benzyloxy, benzyloxycarbonyl,
benzamido and benzenesulphonamido, the benzene moiety of the last six
groups coptionally bearing a halogeno, (1-4C)alkyl or (1-4C)alkoxy
substituent; and Re is selected from hydrogen, (1-4C)alkyl,
(1-4C)alkoxy, halogeno, cyano, trifluoromethyl and any of the values
defined for Rd; and the non-toxic salts thereof.
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A still further particularly preferred group of compounds of

the invention comprises compounds of the formula Id wherein Rl, R2
3
R

’

, R7 and Z have any of the meanings defined above; Ra is hydrogen,
(1-4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl, cyano or nitro;
A" is a methylene or carbunyl group and 82 is a 5 or 6-membered
saturated or unsaturated heterocyclic ring containing a single
hetercatom selected from oxygen, sulphur and nitrogen or containing
two heteroatoms one of which is nitrogen and the other is oxygen,
sulphur or nitrogen, and wherein 82 optionally bears a (1-4C)alkyl
substituent; and the non-toxic salts thereof.

Preferably within the particularly preferred groups of
compounds of the formula Ia, Ib, Ic and Id defined above, Z is
1H-tetrazol-5-yl, and especially when Z is at the ortho position
relative to the adjacent phenyl ring.

Compounds of the invention which are of particular interest
include, for example, the specific embodiments set out hereinafter in
the accompanying Examples. . Of these, the compounds of formula I
described in Examples 3, 4, 8 and 9 are of special interest and these
compounds, or a non-toxic salt thereof, are¢ provided as a further
feature of the invention.

Although all of the formula I compounds can form salts with
suitable acids, it will be appreciated that those compounds of formula
I vherein Z is other than an ester group or in which R2 or R4 bear a
carboxy group can form salts with bases as well as with acids.
Particularly suitable non-toxic salts for such compounds therefore
also include, for example, salts with bases affording physiologically
acceptable cations, for example, alkali metal (such as sodium and
potassium), alkaline earth metal (such as magnesium and calcium),
aluminium and ammonium salts, as well as salts with suitable organic
bases, such as with ethanolamine, methylamine, diethylam‘ne or
triethylamine, as well as salts with acids forming physiologically
acceptable anions, such as salts with mineral acids, for example with
hydrogen halides (such as hydrogen chloride and hydrogen bromide},

sulphuric and phosphoric acid, and with strong organic acids, for
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example with p-toluenesulphonic and methanesulphonic acids.

The compounds of formula I may be obtained by standard
procedures of organic chemistry well known in the art for the
production of structurally analogous compounds. Such procedures are
provided as a further feature of the invention and include, by way of
example, the following procedures in which the generic radicals have

any of the values given above, unless stated otherwise:

a) For those compounds in which 2 is carboxy (that is in which
Z is a group of the formula -CO.OR8 in which R8 is hydrogen), a
carboxylic¢ acid derivative of the formula II, in which Q is a
protected carboxy group selected from (1-6C)alkoxycarbonyl (especially
methoxy-, ethoxy-, propoxy- or t-butoxy-carbonyl), phenoxycarbonyl,

benzyloxycarbonyl and carbamoyl, is converted to carboxy.

The coniversion may be carried out, for example by
hydrolysis, conveniently in the presence of a suitable base such as an
alkali metal hydroxide, for example, lithium, sodium or potassium
hydroxide. The hydrolysis is generally carried out in the presence of
a suitable aqueous solvent or diluent, for example in an aqueous
(1-4C)alkanol, such as aqueous methanol or ethanol. However, it may
also be performed in a mixture of an aqueous and non-aqueous solvent
such as water and toluene using a conventional quaternary ammonium
phase transfer catalyst. The hydrolysis is generally performed at a
temperature in the range, for example, 0 - 120°C, depending on the
reactivity of the group Q. In general, when Q is carbamoyl,
temperatures in the range, for example, 40 - 120°C are required to

effect the hydrolysis.

Alternatively, when Q is benzyloxycarbonyl the conversion
may also be performed by hydrogenolysis, for example using hydrogen at
1-3 bar in the presence of a suitable catalyst, such as palladium on
charcoal or on calcium sulphate, in a suitable sclvent or diluent such
as a (1-4C)alkanol (typically ethanol or 2-propanol) ani at a

temperature in the range, for example, 0 - 40°C.
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Further, when Q is t-butoxycarbonyl, the conversion may also
be carried out by hydrolysis at a temperature in the range, for
example, 0 - 100°C, in the presence of a strong acid catalyst, such as
trifluoroacetic acid. The hydrolysis may either be performed in an
excess of the acid or in the »nresence of a suitable diluent such as

tetrahydrofuran, t-butyl methyl ether or 1,2-dimethoxyethane.

b) For those compounds of formula I wherein Z is tetrazolyl, a
compound of the formula III in which L is a suitable protecting group,
such as trityl, benzhydryl, trialkyltin (for example trimethyltin or

tributyltin) or triphenyltin, affixed to a nitrogen of the tetrazolyl

moiety, is deprotected.

The reaction conditions used to carry out the deprotection
necessarily depend on the nature of the group L. As an illustration,
when it is trityl, benzhydryl, trialkyltin or triphenyltin, the
decomposition conditions include, for example, acid catalysed
hydrolysis in a mineral acid (such as aqueous hydrochloric acid),
conveniently in an aqueous solvent (such as aqueous dioxan or
2-propanol). Alternatively, a trityl or benzhydryl group may be
removed by hydrogenolysis, for example as described in (a) above for

conversion of a benzyloxycarbonyl to a carboxy.

Compounds of the formula III wherein L is trialkyltin or
triphenyltin may be obtained, for example, ky reaction of a nitrile of
the formula IX with a trialkyltin azide, such as tributyltin azide, or
triphenyltin azide respectively. The reaction is conveniently carried
out in a suitable solvent or diluent, such as toluene or xylene, and
at a temperature in the range, for example, 50-150°C. The nitriles of
the f£ormula IX may be obtained, for example, by alkylation of a
pyridone of the formula IV wherein R1 and R3 are other than hydrogen
with a nitrile of the formula X wherein Hal. stands for a suitable
leaving group such as chloro, bromo, iodo, methanesulphonyloxy or
p-toluenesulphonyloxy, using similar conditions to those used in
process (c) described hereinafter. The necessary compounds of formula
{ may be made by standard procedures such as that illustrated in

Scheme 1 for compounds in which X is phenylene, or from a compound of
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the formula XI using methods of organic chemistry well known in the
art. Alternatively, the nitriles of the formula IX may be obtained
from stepwise conversion of a compound of formula I wherein 2 is a

group of the formula —CO.OR8 under standard conditions.

The nitriles of the formula IX may also be obtained, for
example, by reaction of a pyridine of the formula VII wherein Y1 is a
suitable leaving group (such as chloro, bromo, iodo, methanesulphonyl,
methanesulphonyloxy, p-toluenesulphonyloxy or
trifluoromethanesulphonyloxy) with an alcohol of the formula XI, using
similar conditions to those used in process (d) described hereinafter.
The alcohol of the formula XI may be obtained, for example, by
standard procedures such as that illustrated in Scheme 1 for compounds
in which X is plenylene, or by analogy with Scheme 2.

Alternatively, compounds of the formula III may be obtained,
for example, by reaction of a pyridine of the formula VII wherein Yl
is as defined above with an alcohol of the formula XII under similar
conditions to those described in process (d) hereinafter. The
alcohols of formula XII may be obtained, for example, from the
appropriate bromomethyl compound by standard procedures such as those

shown in Scheme 2.

As a further alternative, the compounds of formula III may

be obtained, for example, as shown in Scheme 6 for compounds in which

1 wherein A1 is a

1

X is phenylene and R4 is a group of the formula —Al.B
methylene group and B1 is a heterocyclic ring linked to A™ by a
nitrogen atom (or by analogy therewith), the pyridone starting
materials for which may be obtained using (or by analogy with) the

procedure described in Monatshefte fur Chemie, 1969, 100, 132 for the

preparation of ethyl 1,4-dihydro-2,6-dimethyl-4-oxopyridine-3-
carboxylate, or by analogy with Scheme 3.

c) A pyridone of the formula IV wherein R1 and R3 are other
than hydrogen is alkylated with a compound of the formula V wherein
Hal. stands for a suitable leaving group such as chloro, bromo, iodo,

methanesulphonyloxy or p-toluenesulphonyloxy.
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The reaction is generally carried out in the presence of a
suitable base, for example, an alkali metal alkoxide such as sodium
methoxide or sodium ethoxide or an alkali metal hydride such as sodium
hydride or an alkali metal carbonate such as sodium or potassium
carbonate, or an organic base such as diisopropylethylamine and in a
suitable sclvent or diluent, for example, a (l-4C)alkanol such as
methanol or ethanol when an alkali metal alkoxide is used, or in a
polar solvent such as N,N-dimethylformamide or N-methylpyrrolicone and
at a temperature in the range, for example, 10 - 100°C.

Alternatively, a quaternary ammonium hydroxide may be used in a
mixture of an aqueous and non-aqueous solvent such as water and
dichloromethane. In carrying out process (c), when R8 is hydrogen in
the starting material of formula V, about two molecular equivalents of
a suitable base is generally required, whereas when R8 is other than
hydrogen the presence of one molecular equivalent of a suitable base

is generally sufficient.

Procedure (c) is particularly suitable for the production of
those compounds of the formula I in which Z is a group of the formula
-CO.OR8 in which R8 is other than hydrogen, for example wherein R8 is
(1-6C)alkyl, benzyl or phenyl, which compounds are also starting
materials of formula II for the reaction described in (a) above.
Similarly, using an.analogous procedure, but starting with the
appropriate halomethyl tetrazolyl derivative of the formula VI, the

starting materials of the formula III may be obtained for procedure

(b).

Many of the pyridones of formula IV are already known and
the remainder can be made by analogy therewith using standard
procedures of organic chemistry well known in the art, for example as
described jn standard works of heterocyclic chemistry such as that
edited by Elderfield, or as illustrated in Scheme 3, 4 or 5. The
necessary compounds of :rhe formula V (and also of formula VI) may be
made by standard procedures such as those which are illustrated in
Scheme 1 for compounds in which X is phenylene. Alternatively, a

compound of the formula V or formula VI may be obtained from a formula
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VIII compound (in which Z is the group CO.ORB) or formula XII compound
respectively, using procedures of organic chemistry well known in the
art.

Compounds of the formula VI wherein X is phenylene and R5
and R6 are both hydrogen may also be conveniently obtained by reaction
of a Grignard reagent, formed from a suitably substituted
4-bromotoluene, with a trialkyltin halide, such as tributyltin
chloride, followed by reaction of the resulting
(substituted)phenyltrialkyltin compound with a bromobenzonitrile in
the presence of a palladium(0) catalyst, such as
tetrakis(triphenylphosphine)palladium, and azo(bisisobutyronitrile).
The resultant substituted 4’-methyl-biphenylcarbonitrile may then be
converted to a compound of the formula VI by carrying out steps (b),
(c) and (d) in a similar manner to that shown in Scheme 1.
Alternatively, suitably substituted 4’-methylbiphenylcarbonitriles may
be obtained by reaction of 4-methylphenylboronic acid with an
appropriately substituted bromobenzonitrile in the presence of a
suitable palladium catalyst, such as palladium (II)chloride or

tetrakis(triphenylphosphine)palladium, and azo(bisisobutyronitrile).

(d) A pyridine derivative of the formula VII wherein Y1 is a
suitable leaving group (such as chloro, bromo, iodo, methanesulphonyl,
methanesulphonyloxy, p-toluenesulphonyloxy or
trifluoromethanesulphonyloxy) is reacted with an alcohol of the
formula VIII.

The reaction is generally carried out in the presence of a
suitable base, for example an alkali metal alkoxide such as sodium
methoxide or ethoxide or an alkali metal hydride such as sodium
hydride and in a suitable solvent or diluent, for example a
(1-4C)alkanol such as methanol or ethanol when an alkali metal
alkoxide is used, or a polar solvent such as N,N-dimethylformamide.
Alternatively, an alcohel of the formula VIII may be used in the form
of its preformed alkali metal salt (when Z is a non-acidic group) or
di-alkali metal salt (when Z is an acidic group). The reaction is

usually performed at a temperature in the range of 40 to 120°C. The
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reaction may in preference be carried out with a formula VIII compound
in the presence of an acid catalyst such as p-toluenesulphonic acid,
instead of under basic conditions, and in the presence of an inert
solvent or diluernt such as toluene. Yet a further alternative is to
heat together a compound of the formula VII with a formula VIII
compound at an elevated temperature, for example, at a temperature in
the range 120-180°C and in the absence of solvent or in the presence

of a high boiling solvent or diluent such as diphenyl ether.

Pyridine derivatives of the formula VII wherein Yl is
halogeno may be obtained, for example, by halogenation of the
corresponding pyridones of formula IV, for example, by reaction with
phosphorus oxychloride in the absence of a solvent, or in the presence
of an inert solvent or diluent such as toluene or dioxane, and at a
temperature in the range 60 - 110°C. Compounds of the formula VII
wherein Yl is methanesulphonyloxy, p-toluenesulphonyloxy or
trifluoromethanesulphonyloxy and R1 and R3 are other than hydrogen may
be obtained, for example, by acylation of the corresponding pyridones
of formula IV with the corresponding sulphonyl chloride under standard
conditions. Compourids of the formula VII wherein Y1 is
methanesulphonyl may be obtained from alkylation of the corresponding
mercaptopyridines followed by oxidation under standard conditions.

The alcohols of the formula VIII are known or can be prepared by
standard procedures well known in the art, for example, by analogy

with Scheme 2 or deprotection of a compound obtained thereby.

Whereafter, those compounds of formula I wherein Z is
1H-tetrazol-3-yl may be obtained by stepwise conversion of a compound
¢f the formula I wherein Z is a group of the formula -CO.OR8 into the
corresponding nitrile under standard conditions, followed by reaction
of the nitrile with an azide such as an alkali metal azide, preferably
in the presence of an ammonium halide, and preferably in the presence
of a suitable polar solvent such as N,N-dimethylformamide and at a

temperature in the range, for example, 50 to 160°C.

Whereafter, those compounds of the formula I wherein Z is

-CO.NH. (1H-tetrazovi-5-yl), a group of the formula —CO.NH.SOZR9 or a
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8 in which R8 is other than hydrogen, may

group of the formula -CO.OR
be obtained, for example, by reacting a carboxylic acid of the formula
I in which Z is carboxy (or a reactive derivative of said acid) with
5-aminotetrazole, a sulphonamide of the formula NHZ,SOZR9 or a salt
thereof (for example, an alkali metal salt), or a hydroxy compound of
the formula HO.R8 or with a salt thereof (for example, an alkali metal
thereof). Suitable reactive derivatives include, for example the
chloride, bromide, azide, anhydride and mixed anhydride with formic or
acetic acid of the carboxylic acid of formula I as defined above.

When the free acid form is used, the reaction is generally carried out
in the presence of a suitable dehydrating agent such as
dicyclohexycarbodiimide or 3-(3-dimethylaminopropyl)-1-ethylcarbodi-
imide in the presence of a base such as triethylamine or pyridine.
When a reactive derivative is used, either the reaction is carried out
in the presence of a base such as mentioned above, or, for the
preparation of a compound of the formula I wherein Z is a group of the
8, the

sulphonamide or hydroxy compound is used in the form of a salt, such

formula ~CO.NH.SOZR9 or a group of the formula ~CO.OR

as its alkali metal salt (in particular the lithium, sodium or
potassium salt thereof). The reaction is generally performed in the
presence of a suitable diluent or solvent such as dioxan, t-butyl
methyl ether or tetrahydrofuran and at a temperature in the range, for

example, 0 - 60°C.

Whereafter, when an N-oxide derivative of a compound of the
formula I is required, a compound of the formula I is oxidised.
Suitable oxidising agents include those well known in the art for the
conversion of nitrogen heterocycles to their corresponding N-oxide
derivatives, for example, hydrogen peroxide or an organic peracid such
as m-chloroperbenzoic acid or peracetic acid. The oxidation is
preferrably carried out in a suitable conventional solvent or diluent
for such oxidations, for example dichloromethane, chloroform or acetic
acid, and at a temperature in the general range, for example 0 to
goe°c.

Whereafter, when a non-toxic salt of a compound of formula I

is required, it may be obtained, for example, by reaction with the
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appropriate base affording a physiologically acceptable cation, or
with the appropriate acid affording a physiologically acceptable

anion, or by any other conventional salt formation procedure.

Further, when an optically active form of a compound of
formula I is required, one of the aforesaid processes may be carried
out using an optically active starting material. Alternatively, the
racemic form of a compound of formula I in which Z is an acidic group
may be resolved, for example by reaction with an optically active form
of a suitable organic base, for example, ephedrine, N,N,N-trimethyl-
(1-phenylethyl)ammonium hydroxide or l-phenylethylamine, followed by
conventional separation of the diastereoisomeric mixture of salts thus
obtained, for example by fractional crystallisation from -a suitable
solvent, for example a (1l-4C)alkanol, whereafter the optically active
form of said compound of formula I may be liberated by treatment with
acid using a conventional procedure, for example using an aqueous

mineral acid such as dilute hydrochloric acid.

According to a further aspect of the invention, there is
provided a process for the manufacture of a compound of the formula I
vherein 2 is tetrazolyl, X is p-phenylene optionally bearing a
substituent selected from (1-4C)alkyl, (1-4C)alkoxy, haloéeno,
trifluoromethyl, cyano and nitro, R5 and R6 are both hydrogen, and Rl,
Rz, R3, RA, R7, have any of the meanings defined hereinbefore; which
comprises reaction of a compound of the formula XIII wherein P1 is an
electron-deficient phenyl group, or is a pyridyl or pyrimidyl group;
R10 is hydrogen, (1-4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl,
cyano or nitro; and Rl, Rz, R3, R4 and R7 have any of the values
defined above with a base selected from an alkali metal hydroxide,
(1-12C)alkanolate, (1-12C)alkanethiolate, phenolate, thiophenolate or
diphenylphosphide, wherein any phenyl ring of the latter three groups

may optionally bear a (1-4C)alkyl, (1-4C)alkoxy or halogeno group:

A particu.atr .alue for P1 when it is an electron-deficient
phenyl group includes, for example, a phenyl group bearing 1. 2 or 3
electron-vithdrawing groups independently selected from halogeno

(typically chloro or bromo), nitro, cyano and triflueromethyl.
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A particular value for R10 when it is alkyl is, fcr example,
methyl or ethyl; when it is alkoxy is, for example, methoxy or ethoxy;
and when it is halogeno is, for example, fluoro, chloro, bromo or

iodo.

A suitable base includes, for example:-
for an alkali metal hydroxide: sodium or potassium hydroxide;
for an alkali metal alkanolate: an alkali metal (1-8C)alkanolate, for
example an alkali metal (1-4C)alkoxide, such as sodium or potassium
methoxide, ethoxide, propoxide or butoxide;
for an alkali metal alkanethiolate: an alkali metal
{1-8C)alkanethiolate, for example an alkali metal (1-4C)alkanethiolate
such as sodium or potassium methanethiolate, ethanethiolate,

propanethiolate or butanethiolate.

A particular value for an optional substituent on a phenyl
group of an alkali metal phenolate, thiophenolate or
diphenylphosphide, when it is alkyl is, for example, methyl or ethyl;
when it is alkoxy is, for example, methoxy or ethoxy; and when it is

halogeno is, for example, fluoro, chloro or bromo.

A preferred value for Pl is, for example, an
electron-deficient phenyl group, particularly a nitrophenyl group,

especially 4-nitrophenyl.

A preferred value for X is, for example, when it is

unsubstituted p-phenylene.

A particularly preferred base is an alkali metal
alkanethiolate such as sodium or potassium propanethiolate, an alkali
metal alkanolate such as sodium or potassium ethoxide, or an alkali

metal thiophenolate such as sodium or potassium 4-fluorothiophenolate.

It will be appreciated that when the base is an alkali metal
alkanolate, alkanethiolate, phenolate, thiophenolate or
diphenylphosphide, it may be generated in situ from the corresponding
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alkanol, alkanethiol, phenol, thiophenol or diphenylphosphine with a
suitable alkali metal base such as an alkali metal hydride, for

example, lithium, potassium or sodium hydride.

The process of the invention is particularly useful for the
preparation of compounds of the formula I wherein the tetrazolyl group

is at the ortho position relative to the adjacent phenyl group.

The reaction is conveniently carried out in a suitable inert
organic solvent or diluent, for example, a polar solvent suzh as
N,N-dimethylformamide or N-methylpyrrolidone. Alternatively, an
alkanol such as methanol or ethanol may be used, for example, when an
alkali metal hydroxide or alkoxide such as sodium or potassium
hydroxide, methoxide or ethoxide is employed. The reaction is
generally carried out at a temperature in the range, for example,
-30°C to 50°C. It will be appreciated that the choice of temperature
will depend on the nature of the base employed. For example, when an
alkali metal alkanethiolate or alkanolate is used, a temperature in

the range of 0°C to ambient tzmperature is preferred.

Compounds of the formula XIII may be obtained by reaction of
a boronic acid of the formula XIV with a compound of the formula XV
wherein Pl is an electron-deficient phenyl group having any of the
meanings defined above and W is a bromo, iodo or
trifluoromethanesulphonyloxy group, in the presence of a palladium(Q)
catalyst, such as tetrakis(triphenylphosphine)palladium, and
azo(bisisobutyronitrile). The reaction is preferably carried out in
the presence of a base, such as sodium or potassium carbonate, in an
inert solvent or diluent, for example, a hydrocarbon such as toluene
or zylene, an ether, such as dioxan or tetrahydrofuran, an
(1-4C)alkanol such as methanol or ethanol, water, or mixture thereof,
for example a mixture of water, methanol and toluene, and at a
temperature in the range of, for example, 50°C to 150°C., and
conveniently at or about %the reflux temperature of the solvent or

mixture of solvents used.

Compounds of the formula XIV may be obtained, Ivi <xample,
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by heating at reflux a 4-methylphenylboronic acid in a solvent such as
methyl chloroform with azeotropic removal of water, followed by
radical bromination of the product which may be carried out in situ,
for example with bromine and azo(bisisobutyronitrile). The resultant
4-bromomethylphenylboronic acid anhydride may then be used to alkylate
a compound of the formula IV (using similar alkylation conditions to
thoie used in process (c) described above), followed by subsequent
acidic hydrolysis, to give a formula XIV compound. Alternatively the
product from the alkylation step prior to hydrolysis may be isolated
and reacted directly with a compound of the formula XV under similar
conditions te those described above to obtain a formula XIII compound
directly. In a yet further alternative procedure, a
4-methylphenylboronic acid and an appropriate alkanediol, for axample
2,2-dimethylpropan-1,3-diol, may be heated at reflux in a solvent
(such as cyclohexane) with azeotropic removal of water followed by
free radical bromination of the product, which may be carried out in
situ. The resultant bromomethyl compound may then be reacted using
analogous procedures to those described above for the
4-bromomethylphenylboronic acid anhydride to obtain a formula XIV
compound or a compound of the formula XIII directly. Compounds of

the formula XV may be obtained, for example, as shown in Scheme 7.

Whereafter, an N-oxide or a non-toxic salt or an optically
active form of a compound of the formula Y may be obtained as

described above if desired.

Certain of the intermediates defined herein are novel, for
example the compounds of the formula II, III and IX, and are provided

as a further feature of the invention.

As stated above, the compounds of formula I will have
beneficial pharmacological effects in warm-blooded animals (including
man) in diseases and medical conditions where amelioration of the
vasoconstrictor and f£luid retaining properties of the renin-
angiotenisin-aldosterone system is desirable, at least in part by
antagonism of one or more of the physiological actions of AII. The
compounds of the invention will thus be useful in the treatment of
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diseases or medical conditions such as hypertension, congestive heart
failure and/or hyperaldosteronism in warm-blooded animals (including
man), as well as in other diseases or medical conditions in which the
renin-angiotensin-aldogternne system plays a significant causative
role. The compounds of the invention may also be useful for the
treatment of ocular hypertension, glaucoma, cognitive disorders (such
as Alzheimer's disease, amnesia, senile dementia and learning
disorders), as well as other diseases such as renal failure, cardiac
insufficiency, post-myocardial infarction, cerebrovascular disorders,
anxiety, depression and certain mental illnesses such as

schizophrenia.

The antagonism of one or more of the physiological actions
of AITI and, in particular, the antagonism of the interaction of AII
with the receptors which mediate its effects on a target tissue, may
be assessed using one or more of the following, routine laboratory

procedures:

Test A: This in vitro proceduie involves the incubation of the
test compound initially at a concentration of 100 micromolar (or less)
in a buffered mixture containing fixed concentrations of radiolabelled
AII and a ce.l surface membrane fraction prepared from a sui’able
angiotensin target tissue. In this test, the source of cell surface
membranes is the guinea pig adrenal gland which is well known to
respond to AII. Interaction of the radiolabelled AII with its
receptors (assessed as radiolabel bound to the particulate membrane
fraction following removal of unbound radiolabel by a rapid filtration
procedure such as is standard in such studies) is antagonized by
compounds which also bind to the membrane receptor sites and the
degree of antagonism (observed in the test as displacement of
membrane-bound radicactivity) is determined readily by comparing the
receptor-bound radioactivity in the presence of the test compound at
the specified test concentration with a control value determined in
the absence of the test compound. Using this procedure compounds
show. .g at least 50% displacement of radiolabelled ALI binding at a
concentration of 10—4 M are retesred at lower concentrations to

determine their potency. For determination of the IC50 (concentration
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for 59% displacement of radiolabelled AII binding), concentrations of

the test compound are ordinarily chosen to allow testing over at least
four orders of magnitude centred about the predicted approximate ICSO’
which latter is subsequently determined from a plot of percentage

displacement against concentration of the test compound.

In general, acidic compounds of formula I as defined above
show significant inhibition in Test A at a concentration of 50

micromolar or much less.

Test B: This in vitro test involves the measurement of the
antagonistic effects of the test compound against AII-induced
contractions of isolated rabbit aorta, maintained in a physiological
salt solution at 37°C. In order to ensure that the effect of the
compound is specific to antagonism of AII, the effect of the test
compound sn noradrenaline-induced contractions may also be determined

in the same preparation.

In general, acidic compounds of formula I as defined above
shov significant inhibition in Test B at a tinal concentration of 50
micromolar or much less. [Note: Compounds of formula I wherein 2 is a
group of the formula -CO.OR8 in which R8 is other than hydrogen in

general show only weak activity in the in vitro Tests A or B.]

Test C: This in vivo test involves using terminally-anaesthetised or
conscious rats in which an arterial catheter has been implanted under
anaesthesia for the measurement of changes in blood pressure, The AII
antagonistic effects of the test compound following oral or parenteral
administration, are assessed against angiotensin II-induced pressor
responses. To ensure that the effect is specific, the effect of the
test compound on vasopressin-induced pressor responses may also be

determined in the same preparation.

The compounds of formula I generally show specific
AlI-antagonist properties in Test C at a dose of 50 mg/kg body weight
or much less, without any overt toxicological or other untoward

pharmacological effect.
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Test D: This in vivo involves the stimulation of endogenous AII
biosynthesis in a variety of species including rat, marmoset and dog
by introducing a diet of low sodium content and giving appropriate
daily doses of a saluretic known as frusemide. The test compound is
then administered orally or parenterally to the animal in which an
arterial catheter has been implanted under anaesthesia for the

measurement of changes in blood pressure.

In general compounds of formula I will show AII-antagonist
properties in Test D as demonstrated by a significant reduction in
blood pressure at a dose of 50 mg/kg body weight or much less, without

any overt toxicological or other untoward pharmacological effect.

By way of illustration of the angiotensin II inhibitory
properties of compounds of formula I, the compound of Example 3 gave
the following results in tests A and C described above:-

In test A: an IC50 of 0.55 x 10'8M;
In test C: ED50 of 0.18 mg/kg (i.v. administration).

The compounds of formuia I will generally be administered
for therapeutic or prophylactic purposes to warm-blooded animals
(including man) requiring such treatment in the form of a
pharmaceutical composition, as is well known in the pharmaceutical
art. According to a further feature of the invention there is
provided a pharmaceutical composition comprising a compound of formula
I, or a salt or N-oxide thereof as defined above, together with a
pharmaceutically acceptable diluent or carrier. Such compositions
will conveniently be in a form suitable for oral administration (e.g.
as a tablet, capsule, solution, suspension o~ emulsion) or parenteral
administration (e.g. as an injectable aqueous or oily solution, or

injectable emulsion).

The compounds of formula I, or a non-toxic salt thereof, may
also be advantageously administered for therapeutic or prophylactic
purposes together with another pharmacological agent known in the

general art to be of value in treating one or more of the diseases or
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medical conditions referred to hereinabove, such as a beta-adrenergic
blocker (for example atenolol), a calcium channel blocker (for example
nifedipine), an angiotensin converting enzyme (ACE) inhibitor (for
example lisinopril) or a diuretic (for example furosemide or
hydrochlorothiazide). It is to be understood that such combination

therapy constitutes a further aspect of the present invention.

In general a compound of formula I (or a pharmaceutically
acceptable salt thereof as appropriate) will generally be administered
to man so that, for example, a daily oral dose of up to 50 mg/kg body
veight (and preferably of up to 10 mg/kg) or a daily parenteral dose
of up to 5 mg/kg body weight (and preferably of up to 1 mg/kg) is
received, given in divided doses as necessary, the precise amount of
compound (or salt) administered and the route and form of
administration depending on size, age and sex of the person being
treated and on the particular disease or medical condition being

treated according to principles well known in the medical arts.

In addition to their aforesaid use in therapeutic medicine
in humans, the compounds of formula I are also useful in the
veterinary treatment of similar conditions affecting commercially
valuable warm-blooded animals, such as dogs, cats, horses and cattle.
In general for such treatment, the compounds of the formula I will
generally be administered in an analogous amount and manner to those
described above for administration to humans. The compounds of
formula I are also of value as pharmacologi.al tools in the
development and standardisation of test systems for the evaluation of
the effects of AII in laboratory animals such as cats, dogs, rabbits,
monkeys, rats and mice, as part of the continuing search for new and

improved therapeutic agents.

The invention will now be illustrated by the following non-
limiting Examples in which, unless otherwise stated:-
(1) concentrations and evaporations were carried out by rotary
evaporation in vacuo;
(ii) operations were carried out at room temperature, that is in
the range 18-26°C;
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(iii) flash column chromatography was performed on Merck Kieselgel
60 (Art. no. 9385) obtained from E Merck, Darmstadt, Germany;

(iv) yields, where given, are intended for the assistance of the
reader only and are not necessarily the maximum attainable by diligent
process development;

(v) 1H NMR spectra were normally determined at 200 MHz in CDCl3
using tetramethylsilane (TMS) as an internal standard, and are
expressed as chemical shifts (delta values) in parts per million
relative to TMS using conventional abbreviations for designation of
major peaks: s, singlet; m, multiplet; t, triplet; br, broad;
d,doublet;

(vi) 130 NMR spectra were normally determined at 100 MHz in CDCl3
or d6—dimethylsu1phoxide (d6-DMSO) using the solvent signal as
internal standard, and are expressed as chemical shifts (delta values)
in parts per million relative to TMS; and

(vii) all end-products had satisfactory microanalyses.
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EXAMPLE 1

6M Hydrochloric acid (1 ml) was added to a solution of
2,6-dimethyl-3-(4-pyridyl)-4-[(2'-(2-triphenylmethyl-2H-tetrazol-5-
yl)biphenyl-4-yl)methoxy|pyridine (A) (800 mg) in dioxan (20 ml) and
the mixture was stirred for 3 hours. Volatile material was removed by
evaporation and the residue triturated with ether. The ether was
separated and the residue was dissolved in methancl. Ether was added
to precipitate the product and the solvent was again separated. The
residue was then triturated with ether to give 2,6-dimethyl-3-(4-
pyridyl)-4-[(2’(1H-tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine
dihydochloride (0.51 g), as a solid, m.p. 180°C (decomposition); NMR
(d6-DMSO, dA-acetic acid): 2.4(s,3H), 2.75(s,3H), 5.45(s,2H),
7.1(d,2H), 7.25(d,2H), 7.5-7.8 (complex m,5H), 8.0(d,2H), 9.0(d,2H);
mass spectrum (positive fast atom bombardment (+ve FAB)
DMSO/nitrobenzyl alcohol): 869.4 (2M+H)+; microanalysis, found:
C,56.7; H,5.3; N,14.9; H,0,8%; CpcH,,N.0.2HCL.2.5H,0.0.2(C,Hs),0
requires C,56.7; H,5.5; N,14.8%.

The starting material (A) was obtained as follows:-

(1) Diketene (30 g) was added dropwise to a stirred solution of
1-(4-pyridyl)-2-propanone (20.25 g) in acetic acid (100 ml) at O°C.
The mixture was allowed to warm to ambient temperature and stirred for
90 minutes. The mixture was heated to 50° and stirred for a further
90 minutes. The solvent was removed by evaporation and the residue
purified by flash chromatography, eluting with
dichloromethane/methanol (19:1 v/v) to give 2,6-dimethyl-3-(4-
pyridyl)-4H-pvran-4-one (C) (21.6 g), as a yellow solid; NMR (CDC13):
2.28(s,3H), 2.35(s,3H), 6.2(s,1H), 7.2(dd,2H), 8.65(dd,2H); mass

spectrum (chemical ionisation, ammonia): 202 (M+H)+.

(ii) A solution of compound C (8.4 g) in saturated ethanolic
ammonia (700 ml) was heated at 120°C in an autoclave for 67 hours.

The solvent was removed by evaporation and the residue recrystallised
from ethyl acetate/methanol to give 1,4-dihydro-2,6-dimethyl-4-
0x0-3-(4-pyridyl)pyridine (B) (5.1 g) as a brown solid; NMR (d6—DMSO):
2.1(s,3H), 2.2(s,3H), 6.0(s,1H), 7.2(d,2H), 8.5(broad s,2H),
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11.2(broad s,1H); mass spectrum (chemical ionisation, ammonia): 201
(M+H) ™.

(iii) Sodium hydride (60% dispersion in mineral oil; 130 mg) was
added to a stirred solution of compound B (0.6 g) in
N,N-dimethylformamide (DMF) (10 ml). The mixture was stirred at 50°C
for 1 hour and then a solution of 5-[2-(4’-bromomethylbiphenylyl)]-2-
triphenylmethyl-2H-tetrazole (1.9 g) (obtained as described in
European patent application, publication no. 0291969) in DMF (20 ml)
was added. The solution was stirred at 50°C for 1 hour and then at
ambient temperature for 16 hours. The solvent was removed by
evaporation and the residue purified by flash chromatography, eluting
with dichloromethane/methanol (9:1 v/v) to give 2,6-dimethyl-3-(4-
pyridyl)-4-[(2'-(2-triphenylmethyl-2H-tetrazol-5-yl)biphenyl-4-yl)-
methoxy]pyridine (A) (0.97 g) as a solid, m.p. 178°C (decomposition);
NMR (CDCl3): 2.3(s,3H), 2.5(s,3H), 5.0(s,2H), 6.65(s,1H), 6.85-7.0
(complex m,8H), 7.0-7.5 (complex m,16H), 7.9-8.0(m,1H), 8.6-8.7(d,2H);
mass spectrum (+ve FAB, DMSO/nitrobenzyl alcohol): 677 (M+H)+.

EXAMPLES 2-5
Using an analogous procedure to that described in Example 1,
but starting from the appropriate compound of formula III wherein L is

triphenylmethyl, the fnllowing compounds of formula I were obtained in
yields of 40-97%.

(EXAMPLE 2): 2,6-dimethyl-3-(2-pyridyl)-4-[(2’-(1H-tetrazol-5-yl)-
biphenyl-4-yl)methoxy}pyridine dihydrochloride, as a solid m.p.
64-74°C (decomposition); NMR (d6—DMSO/d4-acetic acid): 2.5(s,3H),
2.8(s,3H), 5.4(s,2H), 7.1(d,2H), 7.3(d,2H), 7.5-7.9 (complex m,7H),
8.2-8.3(m,1H), 8.9(d,1H); mass spectrum (+ve FAB, DMSO/nitrobenzyl
alcohol): 435 (M+H)+; microanalysis, found: C,59.1; H,5.4; N,15.2;
H20,3.2%; 026H22N60.2H01.1H20.0.2(C2H5)20 requires C,59.5; H,5.2;
N,15.5%.

(EXAMPLE 3): 6-ethyl-2-methyl-3-(4-pyridyl)-4-[(2’'-(1H-tetrazol-5-
yl)biphenyl-4-yl)metho<¢y]pyridine dihydrochloride as a solid, m.p.
194-198°C (decomposit: an); NMR (de-DMSO/dA—acetic acid): 1.4(t,3H),
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2.55(s,3H), 3.1(q,2H), 5.5(s,2H), 7.1(d,2H), 7.3(d,2H), 7.5-7.8(m,5H),
8.1(d,2H), 9.0(d,2H); mass spectrum (+ve FAB, DMSO/nitrobenzyl
alcohol): 449 (M+H)™.

(EXAMPLE 4): 3-benzoyl-2,6-dimethyl-4-[(2’-(1H-tetrazol-5-yl)-
biphenyl-4-yl)methoxy]pyridine hydrochloride as a solid, m.p.
198-200°C (decomposition); NMR (d6-DMSO/d4-acetic acid): 2.5(s,3H),
2.8(s,3H), 5.4(s,2H), 7.05(dd,4H), 7.5-7.9 (complex m,10H); mass
spectrum (+ve FAB, DMSO/nitrobenzyl alcohol): 462 (M+H)+;
microanalysis, found: C,66.9; H,5.3; N,13.9%;
028H43N502.HCl.Oq04(CZH5)20.O.OBCH3OH requires: C,67.0; H,5.0;
N,13.9%.

(EXAMPLE 5): 1-[3-(2,6-diethyl-4-(2'-(1H-tetrazol-5-yl)biphenyl-4-
yl)methoxy)pyridylcarbonyl]piperidine hydrochloride as a solid, m.p.
130-133°C (decomposition); NMR (d6-DMSO/d4-acetic acid):
1.3-1.8(complex m,14H), 2.7-3.2(m,6H), 3.5-3.8(m,2H), 5.45(s,2H),
7.2(d,2H), 7.4(d,2H), 7.5-7.8(m,5H); mass spectrum (+ve FAB,
DMSO/nitrobenzyl alcohol): 462(M+H)+; microanalysis, found: C,64.7;
H,6.8; N,14.7; Hzo,i"SZ; C29H32N602.HC1.0.32(C255)20.0.5H20 requires:
C,64.3; H,6.6; N,14.8%.

The necessary starting materials of formula III used in
Examples 2-5, corresponding to starting material A in Example 1, were
obtained in yields of 54-86Z% using an analogous procedure to that

described in Example 1 as follows:-

(EXAMPLE 2A):
2,6-dimethyl-3-(2-pyridyl)-4-[(2’'-(2-triphenylmethyl-2H-
tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine as a foam; NMR: (CDC13):
2.3(s,3H), 2.5(s,3H), 5.2(s,2H), 6.6(s,1H), 6.85-7.0 (complex m,8H),
7.05(d,2H), 7.1-7.4 (complex m,13H), 7.4-7.5(m,2H), 7.6-7.75(m,1H),
7.9-8.0(m,1H), 8.7-8.8(m,1H); mass spectrum (+ve FAB,
methanol/nitrobenzyl alcohol): 677 (M+H)+.

(EXAMPLE 3A): ©-ethyl-2-methyl-3-(4-pyridyl)-4-[(2’-(2-triphenyl-
methyl)-2H-tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine as a solid,
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m.p. 127-132°C (decomposition); NHMR (CDC13): 1.3(t,3H), 2.35(s,3H),
5.0(s,2H), 6.7(s,1H), 6.85-7.0 (complex m,8H), 7.05-7.15(m,2H),
7.2-7.5 (complex m,14H), 7.85-7.95(m,1H), 8.6-8.7(broad s,2H); mass
spectrum (+ve FAB, DMSO/nitrobenzyl alcohol): 691 (M+H)+.

(EXAMPLE 4A): 3-benzoyl-2,&-dimethyl-4-[(2’-(2-triphenylmethyl-2H-
tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine isolated as a solid, m.p.
84-91°C; NMR (CDC13): 2.4(s,3H), 2.7(s,3H), 4.9(s,2H), 6.65(s,1H),
8.7(s,2E), 6.8-7.0 (complex m,8H), 7.1-7.6 (complex m,15H),
7.8-8.0(m,3H); mass spectrum (+ve FAB, DMSO/nitrobenzyl
alcohol/methanol): 704 (M+H)+.

(EXAMPLE 5A): 1-[3-(2,C-diethyl-4-(2’-(2-triphenylmethyl-2H-tetrazol-
5-yl)biphenyl-4-yl)methoxy)pyridylcarbonyl]piperidine isolated as a
solid, m.p. 73-77°C; NMR (CDClB): 1.2-1.3(m,6H), 1.4(m,2H), 1.6(m,4H),
2.7-2.85(m,4H), 3.2(t,2H), 3.7(m,2H), 5.0(s,2H), 6.6(s,1H),
6.85-7.0(m,6H), 7.1-7.6 (compiex m,16H), 7.9(m,1H); mass spectrum (+ve
FAB; DMSO/methanol/nitrobenzyl aleohol): 739 (M+H)+.

The necessary starting naterials of formula IV used in
Examples 2-5, corresponding to compound B in Example 1, were obtained

as follows:-

(EXAMPLE 2B): 1,4-dihydro-2,6-dimethyl-4-oxo-3-(2-pyridyl)pyridine as
a solid, m.p. 213-218°C (decomposition); NMR (d6—DMSO): 2.1(s,3H),
2.2(s,3H), 6.0(s,1H), 7.2-7.3(m,1H), 7.4(d,1H), 7.7-7.8(m,1H),
8.6(d,1H), 11.2(broad s,1lH); mass spectrum (chemical ionisation,
ammonia): 201 (M+H)+, using an analogous procedure to that described
in Example 1, part (ii), starting from 2,6-dimethyl-3-(2-pyridyl)-4H-
pyran-4-one, itself obtained as a solid, m.p. 70-73°C; NMR (CDClB):
2.3(2s,6H), 6.2(s,1H), 7.2-7.3(m,1H), 7.4-7.5(m,1H), 7.7-7.8(m,1H),
8.6-8.7(m,1H); mass spectrum (chemical ionisation, ammonia): 202
(M+H)*; microanalysis, found: C,71.5; H,5.7; N,7.0%; 012H11N03
requires: C,71.6; K,5.5; N,7.0%, using an analogous procedure to that
described in Example 1, part (i), but starting from
1-(2-pyridyl)-2-propanone (obtained as described in J. Org. Chem.,
1978, 43, 2286).
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(EXAMFLE 3B): 1,4-dihydro-6-ethyl-2-methyl-4-oxo0-3-(4-pyridyl)-
pyridine aé a solid; NMR (d6—DMSO): 1.2(t,3H), 2.1(¢(s,3H), 2.5(q,2H),
6.0(s,1H), 7.2(dd,2H), 8.55(dd,2H); mass spectrum (chemical
ionisation, ammonia): 215 (M+H)+, using an analogous procedure to that
described in Example 1, part (ii), starting from
6-e2thyl-2-methyl-3-(4-pyridyl)-4H-pyran-4-one itself obtained as

follows:-

A mixture of 1-(4-pyridyl)-2-propanone (1.35 g) and
5-(1-hydroxypropylidine)-2,2-dimethyl-1,3-dioxane-4,6-dione (4.0 g)
[obtained as described in J. Org. Chem., 1978, 43, 2087] was heated at
120°C for 2 hours. The residue was coo’ed to ambient temperature and
purified by flash chromatography, eluting with
dichloromethane/methanol (19:> v/v) to give 6-ethyl-2-methyl-
3-(4-pyridyl)-4H-pyran-4-one (0.87 g), as a solid m.p. 122-123°C; NMR
(CDCl3): 1.3(t,3H), 2.2(s,3H), 2.6(q,2H), 6.2(s,1H), 7.2(dd,2H),
8.65(dd,2H); mass spectrum (chemical ionisation, ammonia): 216 (M+H)+;
microanalysis, found: C,72.4; H,6.3; N,6.5%; C13HI3N02 requires:
c,72.6; H,6.0; N,6.5%.

(EXAMPLE 4B): 3-benzoyl-1,4-dihydro-2,6-dimethyl-4-oxopyridine was

obtained as described in Monatshefte Fur Chemie, 1969, 100, 132.

(EXAMPLE 5B): 1-[3-(2,6-diethyl-1,4-dihydro-4-oxo)pyridylcarbonyl]-
piperidine as a sualid, m.p. 49-54°C; NMR (d6—DMSO): 1.2(m,6H),
1.3-1.7(m,6H), 2.3-2.5(m,4H), 3.1-3.7(m,4H), 5.9(s,1H), 11.0(broad
s,1H); mass spectrum (chemical ionisation, ammonia): 263(M+H)+, using
an analogous procedure to that described in Tet. Lett., 1977, 4171 by
refluxing a toluene solution of dimethylaluminium piperidide and
methyl 2,6-diethyl-1,4-dihydro-4-oxopyridine-3-carboxylate itself

obtained as follows:-

A mixture of methyl 3-amino-2-pentenocate (7.3 g) and
5-(1-hydroxypropylidene)-2,2-dimethyl-1,3-dioxane-4,6-dione (23.0 g)
was heated at 120°C for 2 hours. The residue was cooled to ambient

temperature, triturated with ether and the solid collected by



- 31 -

filtration to give methyl 2,6-diethyl-1,4-dihydro-4-oxopyriiine-3-
carboxylate (5.2 g) as a pale yellow solid, m.p. 124-127°C; NMR
(d6-DMSO): 1.2(t,6H), 2.3-2.6(m,4H), 3.7(s,3H), 6.3(s,1H); mass

spectrum (chemical ionisation, ammonia); 210 (M+H)+.

EXAMPLE 6

6M Hydrochloric acid (2 ml) was added to a solution of
2,6~dimethyl-3-(4-morpholinomethyl)~4-[(2’-(2-triphenylmethyl-2H-
tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine (D) (470 mg) in dioxan
(10 ml) and the mixture was stirred for 3.5 hours. Volatile material
vas removed by evaporation and the residue was triturated with ether.
The product was ccllected by filtration to give 2,6-dimethyl-3-
(4-morpholinomethyl)-4-((2’-(1H-tetrazol-5-yl)biphenyl-4-
yl)methoxy]pyridine dihydrochloride (297 mg) as a solid, m.p.
177-181°C, NMR (d6-DMSO/d4-acetic acid): 2.65(s,3H), 2.8(s,3H),
3.2(broad s,4H), 3.8(broad s,4H), 4.3(s,2H), 5.4{s,2H), 7.15-7.7
(complex m,9H); mass spectrum (+ve FAB, DMSO): 457(M+H)™;
microanalaysis, found: C,55.9; H,5.8; N,14.7; H20,3.1%;
026H28N602.2HC1.1H20.0.1(C2H5)2O requires: C,56.3; H,5.8; N,15.1%.

The starting material (D) was obtained as follows:-

(1) Sodium hydride (607% dispersion in mineral oil; 206 mg) was
added to a stirred solution of ethyl 1,4-dihydro-2,6-dimethyl-4-
oxopyridine-3-carboxylate (1.0 g) (obtained as described in
Monatshefte fur Chemie., 1969, 100, 132) in DMF (25 ml). The mixture
was stirred at 50°C until evolution of hydrogen ceased and then
5-[2-(4’-bromomethylbiphenylyl)]-2-triphenylmethyl-2H-tetrazole (2.86
g) was added. The solution was stirred at 50°C for 30 minutes and

then at ambient temperature for 72 hours. The solvent was removed by
evaporation and the residue partitioned between ethyl acetate (30 ml)
and water (30 ml). The organic layer was separated, washed with
saturated sodium chloride solution (30 ml) and dried (MgSOA). The
solvent was removed by evaporation and the residue purified by flash
chromatography, eluting with ethyl acetate/hexane (1:1 v/v gradually
changing to 9:1 v/v) to give ethyl 2,6-dimethyl-4-[(2’-
(2-triphenylmethyl-2H-tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine-
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3-carboxylate (A) (2.38 g), as a foam; NMR (d6—DMSO/d4-acetic acid):
1.2(t,3H), 2.4(s,3H), 2.45(s,3H), 4.3(q,2H), 5.2(s,2H),
6.85-6.95(m,6H), 7.0(s,1H), 7.15(d,2H), 7.25-7.4 (complex m,11H),
7.45-7.75 (complex m,3H), 7.85(dd,1H); 13C NMR (d-DHS0): 69.0
(benzylic CHZ)'

(ii) Lithium borohydride (66 mg) was added over a period of 10
minutes to a solution of compound A (800 mg) in tetrahydrofuran (THF)
(25 ml) stirred at 0°C under an atmosphere of argon. The solution was
then stirred at ambient temperature for 16 hours, cooled to 0°C and
wvater (100 ml) was added. The mixture was extiracted with
dichloromethane (2 x 50 ml) and the extracts were washed with
saturated sodium chloride solution (50 ml) and dried (MgSOa). The
solvent was removed by evaporation and the residue purified by flash
chromatography, eluting with methanol/dichloromethane (1:19 v/v, to
give 3-hydroxymethyl-2,6-dimethyl-4-[(2’-(2-triphenylmethyl-2H-
tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine (B) (246 mg), as a foam;
NMR (d6-DMSO/d4-acetic acid): 2.55(s,3H), 2.65(s,3H), 4.7(s,2H),
5.4(s,2H), 6.9-7.0(m,6H), 7.2(d,2H), 7.25-7.45(complex m,12H),
7.45-7.8(complex m,3H), 7.9(dd,1H).

(iii) Triethylamine (2.2 ml) and methanesulphonyl chloride (1.24
ml) were added to a solution of compound B (10.0 g) in dichloromethane
(15C ml). The solution was left to stand for 20 hours and then
diluted with water (150 ml). The organic phase was separated, washed
with saturated sodium chloride solution (150 ml), and dried (Mgsoé).
Volatile material was removed by evaporation and the residue was
purified by flash chromatography, eluting with a mixture of methanol
and dichlormethane (1:19 v/v) to give 3-chloromethyl-2,6-dimethyl-4-
[(2’-(2-triphenylmethyl-2H-tetrazol-5-yl)biphenyl-4-yl)methoxy]-
pyridine (C) (8.5 g), as a white solid, m.p. 110-112°C; NMR
(d6-DMSO/d4-acetic acid): 2.5(s,3H), 2.65(s,3H), 4.75(s,2H),
5.45(s,2H), 6.9-7.9 (complex m,24H).

(iv) Morpholine (0.07 ml) was added to a solution of
triethylamine (0.11 ml) and compound C (0.5 gm) in dichloromethane (10

ml) and the mixture was stirred at ambient temperature for 16 hours.
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The mixture was washed with water, saturated sodium chloride solution

and dried (MgSOA). Solvent was removed by evaporation and the residue
purified by flash chromuatography, eluting with
dichloromethane/methanol (3:97 v/v) increasing to (7:23 v/v) to give
2,6-dimethyl-3-(4-morpholinomethyl)-4-{(2/-(2-triphenylmethyl-2H-
tetrazol-5-yl)biphenyl-4-yl)methoxy|pyridine (D) (0.48 g) as a solid,
m.p. 84-87°C; NMR (CDCl3): 2.45(s,3H), 2.45(m,4H), 2.65(s,3H),
3.55(s,2H), 3.65(t,4H), 5.0(s,2H), 6.5(s,1H), 7.0-8.0 (complex m,23H);
mass spectrum (+ve FAB, DMSO): 699 (M+H)+:

EXAMPLE 7

Using an analogous procedure to that described in Example 6,
but starting from the appropriate compound of formula III, wherein L
is triphenylmethyl, there was obtained 2,6-dimethyl-3-(1-imidazolyl-
methyl)-4-[2‘-(1H-tetrazol-5-yl)biphenyl~4-yl)methoxy]pyridine
dihydrochloride as a solid (75% yield), m.p. 125-127°C; NMR
(d6-DMSO/d4—acetic acid): 2.7(s,3H), 2.9(s,3H), 5.4(s,2H), 5.55(s,2H),
7.1-7.8 (complex m,11H), 8.9(s,1H); mass spactrum (+ve FAB, DMSO): 438
(M+H)+; microanalysis, found: C,54.,2; H,5.4; N,16.6; H,0,6.1%;
0.2HC1.2H,0 requires: C,54.9; H,5.3; N,17.9%.

2
CystiyaN,

The necessary starting material of formula III,
corresponding (o starting material D in Example 6, was obtained as
follous: -

Sodium hydride (60% dispersion in mineral oil; 37 mg) was
added to a solution of imidazole (110 mg) in DMF (20 ml) and the
solution was stitved at 50°C for 10 minutes. 3-Chloromethyl-
2,6-dimethyl-4~[(2/-tripheiiylmethyl-2H~tetrazol-5-yl)biphenyl-4-yl)-
methoxy]pyridine (1.0 g) (obtained as described in Example 6, part
(iii)) was added and the mixture was stirred at ambient temperature
for 16 hours. Solvent was removed by evaporation and the residue
dissolved in dichlotomethane washed with water, saturated sodium
chloride solution and dried (MgSOA). Solvent was removed by
evaporation and the residue purified by flash chromatography eluting
with dichloromethane/methanol (19:1 v/v) increasing to (10:1 v/v) to
give 2,6-dimethyl-3-(l-imidazolylmethyl)-4~[(2'-(2-triphenylmethyl-
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2H-tetrazol-5-yl)biphenyl-4-yl)methoxy|pyridine (1.08 g); NMR
(d6—DMSO/d4—acetic acid): 2.45(s,3H), 2.5(s,3H), 5.2(2s,4H), 6.8-8.1
(complex m,27H); mass spectrum (d6-DMSO): 680 (ﬂ+ﬂ)+.

EXAMPLE 8

Using an analogous procedure to that described in Example 1,
but starting from the appropriate compound of formula III wherein L is
triphenylmethyl, there was thus obtained 3-henzoyl-6-ethyl-2-methyl-4-
[(2'-(1H-tetrazol-5-yl)biphenyl-4-yl)methoxy|pyridine hydrochloride as
a solid (89% yield), m.p. 211-217°C; NMR (d6-DMSO/d4-acetic acid);
1.39(t, 3H), 2.49(s, 3H), 3.00(q, 2H), 5.38(s, 2H), 6.87-6.99(m, 4H),
7.26-7.86(complex m, 10H); mass spectrum (+ve FAB,
methanol/nitrobenzyl alcohol): 498(M+Na)*, 476(M+H)+; microanalysis,
found: C,68.2; #,4.9; N,13.3%; C HCl requires: C,68.0; H,5.1;
N,13.7%.

29H5N504

The nenessary sharting material of formula III corresgunding
to starting material A in Bxample 1, vas obtained in a yield of 63%
using anh analogous procedure to that described in Example 1, part
(iii), as follows:-

(Example 84): 3-benzoyl-6-ethyl-2-methyl-[(2’/-(2-triphenylmethyl-2H~
tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine as a solid, m.p. 92°C;
NMR (CDC13): 1.31(t, 3H), 2.39(s, 3H), 2.79(q, 2H), 4.91(s, 2H),
6.64-6.83(m, 3H); 6.83-6.98(complex m, 8H), 7.14-~7.61(complex m, 15H),
7.81-7.93(complex m, 3H); mass spectrum (+ve FAB, methanol/nitrobenzyl
aleohol): 740(¢M+NaY™, 718(M+H)™.

The necessary starting material of formula IV, corresponding

to compound B in Example 1, was obtained as follows:-

A mixture of 3-amino-l-phenyl-2-buten-l-one (2.3 g) and
S«(1l-hydroxypropylidene)-2,2-dimethyl-1i,3-dioxane-4,6-dione (4.0 g)
was heated at 120°C for 1 hour. The mixture was cooled to ambient
temperature and the residue was purified by flash chromatography
eluting with dichloromethane/methanol {(19:1 v/v) to give
3-benzoyl-1,4~-dihydro-6-ethyl-2-methyl-4-oxopyridine (0.95 g) as a
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solid, m.p. 203°C; NMR (d6—DMSO): 1.2(t, 3H), 2.07(s, 3H), 2.5(q,
2H), 5.96(s, 1H), 7.44-7.50(m, 2H), 7.57-7.60(m, 1H), 7.72-7.76(m,
2H), 11.3(broad s, 1H); mzss spectrum (chemical ionisation, ammonia):
242(M+H) T,

EXAMPLE 9

Concentrated hydrochloric acid (0.2 ml) was added to a
solution of 2,6-dimethyl-3-(pyrimidin-5-yl)-4-[(2’-(2-triphenylmethyl-
2H-tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine (A) (0.3 g) in
methanol (15 ml) and the mixture was stirred for 1 hour. Volatile
material vas removed by evaporation and the residue was purified by
flash chromatecgraphy eluting with dichloromethane/methanol/
trifluoroacetic acid (85:15:1 v/v/v) to give 2,6-ditethyl-3-
(pyrimidin-5-yl)-4-[(2’-(1H-tetrazol-5-yl)biphenyl-4-yl)methoxy]-
pyridine trifluoroacetate as a solid, m.p., 225°C; NMR (d6—DMSO):
2,37(s, 3H), 2.65(s, 34), 5.33(s, 2H), 7.07(d, 2H), 7.21(d, 2H),
7.62(m, 5H), 8.87(s, 2H), 9.23(s, 1H); mass spectrum (+ve FAB,
methanol/nitrobenzyl alcohol): 436(M+H)+: microanalysis, feind: C,
44.1; H, 3.0; N, 11.4%; 025H21N70.3.5(CF3002H).HZO requires: C, 45.0;
H, 3.1; N, 11.5%.

The starting material A sras obtained as follows:-
(i) 1,4-Dihydro-2,6-dimethvl-3-iodo-4-oxopyridine (6.5 g)

(obtained as described in Chem Pharm. Bull.. 1986, 34, 2719) was
added to a stirred suspension of sodium hydride (oil free, 1,04 g) in

DMF (35 ml). When evolution of hydrogen ceased benzyl chloride (3.3
g) was added. The mixture was heated at 50°C for 3 hours and then
left to stand for 30 hours. The mixture was added to water (150 ml)
and the resultant precipitate collected by filtration to give
2,6-dimethyl-3-iodo-4~(phenylmethoxy)pyridine (B} (5.7 g), m.p.
68-70°C; NMR (CD013)f 2.45(s, 3H), 2.75(s, 3H), 5.2(s, 2H), 6.45(s,
1H), 7.35-7.45(m, 5H).

(ii) 5-(Tributylstannyl)pytrimidine (0.6 g) (obtained as described
in Chem. Abs., 1979, 91 (17), 140997 starting from 5-bromopyrimidine
and tributyltin chloride) was added to a solution of compound B (0.34
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g) and tetrakis(triphenylphosphine)palladium (Q) (60 mg) in DMF (10
ml). The mixtuce was stirred at 150°C under an argon atmosphere for
10 hours. The mixture was cooled to ambient temperature and volatile
materizl was removed by evaporation. The residue was partitioned
betveen water and ethyl acetate. The organic phase was separated and
the aqueous phase was extracted with ethyl acetate. The combined
organic phases were dried (MgSOA) and solvent was removed by
evaporation. The residue was purified by flash chromatograipiiy eluting
with ethyl acetatesmethanol (9:1 v/v) to give 2,6-dimethyl-4-
(phenylmethoxy)-3-(pyrimidin-2-yl)pyridine (C) (0.18 g) as a Qolid,
m.p. 119-120°C; NMR (CDC13): 2.35(s, 3H); 2.56(s, 3#), 5.08(s, 2H),
6.72(s, 1H), 7.20(m, 2H), 7.30(m, 3H), 9.20(s, 1H); mass spectrum

(chemical ionisation, ammonia): 292(M+H)".

(iii) A solution of compound C (0.4 g) in ethanol (20 ml) wa-
catalytically hydrogerated over 10% palladium on carbon at 1
atmosphere pressure for 24 hours. Catalyst was removed by filtration
and solvent was removed from the filtrate by evaporation to give
1,4-dihydro-2,6-dimethyl-4-ox0-3-(pyrimidin-5-yl)pyridine (D) (0.22 g)
as a solid; NMR (d6-DMSO): 2.15(s, 3H), 2.22(s, 3H), 6.00(s, 1H),
8.64(s, 2H), 9.06(s, 1H), 11.30(broad s, 1lH); mass spectrum (chemical

ionisation, ammonia): 202(M+H)+.

(iv) Compound D (0.2 g) was added to a suspension of sodium
hydride (60% dispersion in mineral oil; 40 mg) in DMF (10 ml) and the
mixture was stirred for 30 minutes. ﬂ-[Za(A'—B:omomethylbiphenylyl]-
2-triphenylmethyl-2H-tetrazole (0.56 g) was added and the mixture was
stirred for 16 hours. Solvent was removed by evaporation and the
residue was purified by flash chromatography to give 2,6-dimethyl-3-
(pyrimidin-5-yl)-4-[(2’-(2-triphenylmethyl-2H-tetrazol-5-yl)biphenyl-
4-yl)methoxy|pyridine (A) (0.37 g) as a solid, m.p. 171-172°C; NMR
(CDcl3): 2.25(s, 3H), 2.52(s, 3H), 4.96(s, 2H), 6.68(s, 1H),
6.91(complex m, 8H), 7.0(d, 2H), 7.23(complex m, 1O0H), 7.47(m, 2H),
7.93(m, 1H), 8.68(s, 2H), 9.2(s, 1H).

EXAMPLES 10-12
Using an analogous procedure to that described in Example 9
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but starting from the appropriate compound of formula III wherein L is

triphenylmethyl, the following compounds of formula I were obtained in
yields of 54-85%:-

(Example 10): 2,6-dimethyl-3-(2-methoxypyridin-5-yl)-4-[(2’'-(1H-
tetraol-5-yl)biphenyl-4-yl)methoxy|pyridine hydrochloride as a solid,
m.p. 120-121°C (decomposition); NMR (d6~DMSO): 2.21(s, 3H), 2.43(s,
3H), 3.88(s, 3H), 5.13(s, 2H), 6.6(d, 1H), 6.97(s, 1H), 7.05(d, 2H),
7.18(d, 2H), 7.6(m, 5H), 8.04(d, 1H); mass spectrum (+ve FAB):
465(M+H)"y high resolution mass spectrum, found: 465.2034;
C27H24N602.H requires: 465.2039.

(Example 11): 2,6-dimethyl-3-(4-ethoxycarbonylphenyl)-4-[(2’-(1H-
tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine as a solid, m.p.
196-197°C; NMR (d6—DMSO): 1.34{t, 3H), 2.15(s, 3H), 2.43(s, 3H),
4.33(q, 2H), 5.12(s, 2H), 6.97(s, 1H), 7.02(d, 2H), 7.13(d, 2H),
7.40(d, 2H), 7.50(m, 4H), 8.0(d; 2H); mass spectrum (+ve FAB,
DMSO/nitrobenzyl alcohol): 506(M+H)+; microanalysis, found: C, 70.1;

H, 5.3; N, 13.8%; C3OH37N503.0.SHZO requires: C, 70.0; H, 5.4; N,
13.6%.

(Example 12): 2,6-dimethyl-3-(3-ethoxycartonylphenyl)-4-[(2’-(1H~-
tetrazol-5-yl)biphenyli-4-yl)methoxy]pyridine as a solid, m.p.
200-201°C (decomposition); NMR (dF-DMSO): 1.3(t, 23d), 2.17(s, 3H),
2.44(s, 3H), 4.3(q, 2H), 5.12(s, éH), 6.97(s, 1H), 7.0(d, 2H), 7.14(d,
2By, 7.52(m, 6H), 7.84(m, 1H), 7.93(m, 1H); mass spectrum (+ve FAB,
methanol/nitrobenzyl alcohol): 506(M+H)+, microanalysis, found: C,
67.5; H, 5.4; N, 13.1%; CagHyqNs04-HCL.1.5H,0 requires: C, 67.6; H,
5.6; N, 13.1%.

The necessary starting materials of formula III used in
Examples 10-12, corresponding to starting material A in Example 9,
were obtained in yields of 53-77% using an analogous procedure to that

described in Example 9, part (iv), as follows:-

(Example 10A): 2,6-dimethyl-3-(2-mathoxypyridin-5-yl)-4-[(2’'-(2-
triphenylmethyl-2H-tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine as a
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solid, m.p. 130-131°C; NMR (CDCl3): 2.38(s, 3H), 2.54(s, 3H), 4.01(s,
3H), 4.99(d, 2H), 6.69(s, 1H), 6.96(complex m, 8H), 7.12(d, 2H),

7.27(complex m, 11H), 7.50(m, 3H), 7.97(m, 1H), 8.14(m, 1H).

(Example 11A): 2,6-dimethyl-3-(4-ethoxycarbonylphenyl)-4-[(2/-(2-

triphenylmethyl-2H-tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine as a
foam; NMR (CDClq): 1.4(t, 3H), 2.29(s, 3H), 2.51(s, 3H), 4.38(q, 2H),
4.93(s, 2H), 6.61(s, 1H), 6.88(complex m, 8H), 7.03(d, 2H),
7.2(complex m, 9H), 7.35(m, 4H), 7.45(M, 2H), 7.92(m, 1H), 8.12(d,
2H).

(Example 12A): 2,6-dimethyl-3-(3-ethoxycarbonylphenyl)-4-[(2/-(2-
triphenylmethyl-2H-tetrazol-5-yl)biphenyl-4-yl)methoxy]pyridine as a
solid; NMR (CDCl3): 1.36(t, 3H), 2.31(s, 3H), 2.51(s, 3H), 4.36(q,
2H), 4.94(s, 2H), 6.64(s, 1H), 6.9(complex m, 9H), 7.02(d, 2H),
7.26(complex m, 9H), 7.46(m, 4H), 7.9(m, 1H), 8.01(m, 2H).

The necessary starting materials used in Examples 10-12
corresponding to compound C in Example 9 were obtained in yields of
27-78% using an analogous procedure to that described in Example 9,

nart (ii), as follows:-

(Example 10C): 2,6-dimethyl-3-(2-methoxypyridin~-5-yl)-4-
(phenylmethoxy)pyridine as an oil; NMR (CDCl3): 2.32(s, 3H), 2.51(s,
3H), 3.98(s, 3H), 5.06(s, 2H), 6.63(s, 1lH), 7.3(m, 3H),7.5(m, 3H),
7.68{(m, 1H), 8.08(d, 1H); mass spectrum (chemical ionisation,

ammon:a): 321 (M+H) T starting from 2-methoxy-5-(tributystannyl)-
pyridine, itself obtained using the procedure described in Chem. Abs.
1979, 91 (17), 140997 but starting from S-bromo-2-methoxypyridine and
tributyltin chloride.

(Example 11C): 2,6-dimethyl-3-(4-ethoxycarbonylphenyl)-4-
(phenylmethoxy)pyridine as an oil; NMR (CDC13): 1.4(t, 3H), 2.31(s,
3H), 2.60(s, 3H), 4.41(q, 2H), 5.1(s, 2H), 6.7(s, 1H), 7.15(m, 2H),

7.26(m, S5H), 8.1(d, 2H); mass spectrum (chemical ionisation, ammonia)

362(U+H)™; starting from ethyl (4-tributylstannyl)benzoate, itself
obtained as described in J. Org. Met. Chem., 1989, 367, 239.
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(Example 12C): 2,6-dimethyl-3-(3-ethoxycarbonylphenyl)-4-

(phenylmethoxy)pyridine as an oil; NMR (CDC13): 1.39(t, s,
2.30(s,3H), 2.53(s,3H), 4.38(q,2H), 5.06(s,2H), 6.67(s,1H),
7.12(m,2H), 7.27(m,3H), 7.48(m,2H), 8.0(m,2H); mass spectrum (chemical
ionisation, ammonia): 362(M+H)+; starting from ethyl
(3-tributylstannyl)benzoate, itself obtained using the procedure
described in J. Org. Met. Chem., 1989, 367, 259 but starting from
ethyl 3-iodobenzoate.

The necessary starting materials of formula IV used in
Examples 10-12, corresponding to compound D in Example 9, were
obtained in yields of 66-77% using an analogcus procedure to that.

described in Example 9, part (iii), as follows:-

(Example 10D): 1,4-dihydro-2,6-dimethyl-3-(2-methoxypyridin-5-yl)-4-
oxopyridine as a solid, m.p. 238-240°C; NMR (d6—DMSO): 2.09(s, 3H),
2.20(s, 3H), 3.86(s, 3H), 5.94(s, 1H), 6.80(d, 1H), 7.5(d, 1H),
7.92(d, 1H),11.18(broad s, 1H); mass spectrum (chemical ionisation,
ammonia): 231(M+H)+.

(Example 11D): 1,4-dihydro-2,6-dimethyl-3-(4-ethoxycarbonylphenyl)-4-
oxopyridine as a solid; NMR (d6-DMSO): 1.33(t, 3H), 2.06(s, 3H),
2.21(s, 3H). 4.32(q, 2H), 5.98(s, 1H), 7.31(d, 2H), 7.93(d, 2H),
11.2(broad s, 1H); mass spectrum (chemical ionisation, ammonia):
272(M+H) .

(Example 12D): 1,4-dihydro-2,6-dimethyl-3-(3-ethoxycarbonylphenyl)-4-
oxopyridine as a solid, m.p. 228-229°C; NMR(dG-DMSO): 1.32(t,3H),
2.04(3,3H), 2.20(s,3H), 4.31(q,2H), 5.95(s,1H), 7.46(m,2H),
7.74(s,1H), 7.86(d,2H); mass spectrum (chemical ionisation, ammonia):
272(M+H) .

Example 13
Using an analogous procedure to that described in Example 9,
but starting from the appropriate compound of formula III wherein L is

triphenylmethyl, there was obtained 2,6-diethyl-3-(4-
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ethoxycarbonylphenyl)-4-((2’-(1H-tetrazol-5-yl)biphenyl-4-yl)methoxy]p
yridine as a solid (in 85% yield), m.p. 107-110°C (decomposition); NMR
(d6-DMSO): 1.02(t, 3H), 1.25(t, 3H), 1.34(t, 3H), 2.41(q, 2H), 2.71(q,
2H), 4.33(q, 2H), 5.12(s, 2H), 6.94(s, 1H), 7.01(d, 2H), 7.13(d, 2H),
7.39(d, 2H), 7.51(m, 4H), 8.0(d, 2H); mass spectrum (+ve FAB,
DMSO/nitrobenzyl alcohol): 534(M+H)*; microanalysis, found: C, 69.8;
H, 5.9; N, 12.7%; C32H31N503.0.75H20 requires: C, 70.2; H, 5.9; N,
12.8%.

The necessary starting material of formula III used in
Example 13 ¢ rresponding to starting material A in Example 9 was
obtained in 42% yield using an analogous procedure to that described

in Example 9, part (iv), as follows:-

(Example 13A): 2,6-diethyl-3-(4-ethoxycarbonylphenyl)-4-[2/-(2-
triphenylmethyl-2H-tetrazol-5-yl)tiphenyl-4-yl)methoxy]|pyridine as a
foam; NMR (CDC13): 1.11(t, 3H), 1.29(t, 3H), 1.36(t, 3H), 2.91(q, 2H),
2.57(q, 2H), 4.40(q, 2H), 4.96(s, 2H), 6.64(s, 1H), 6.89(m, 2H),
7.27(complex m, 14H), 7.46(m, 2H), 7.91(m, 1H), 8.12(m, 2H); mass
spectrum (+ve FAB): 776(M+H)™", starting from 2,6-diethyl-1,4-dihydro-
3-(4-ethoxycarbonylphenyl)-4-oxopyridine, itself obtained as follows:-

(1) 2M Sodium hydroxide (30 ml) was added to a solution of
methyl 2,6-diethyl-1,4-dihydro-4-oxopyridine-3-carboxylate (obtained
as described in European Patent Application No. 453210) in methanol
(60 ml) and the solution was heated under reflux for 48 hours.
Volatile material was removed by evaporation and the residue was
dissolved in water (50 ml). The solution was washed with ethyl
acetate and acidified to pH 4 with 1M citric acid solution. The
resultant precipitate was collected by filtration to give
2,6-diethyl-1,4-dihydro-4-oxopyridine-3-carboxylic acid (E) (2.1 g),
m.p. 238-240°C (decomposition); NMR (CDC13): 1.3(t, 6H), 2.7(q, 2H),
3.3(q, 2H), 6.45(s, 1H), 12.1(br s, 1H).

(ii) Compound E (1.0 g) was heated at 250°C in =z sublimation
apparatus. The sublimation was collected and purified .by flash

chromatography, eluting with methanol/dichloromethane (1:9 v/v), to
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give 2,6-diethyl-4(1H)-pyridone (F) (0.58 g), m.p. 103-110°C; NMR
(CDC13): 1.3(t, 6H), 2.7(q, 4H), 6.2(s, 2H), 12.3-13.0(br s, 1H).

(iii) Iodine (720 mg) was added to a solution of compound F (430
mg) and sodium hydroxide (120 mg) in water (15 ml) and the mixture was
stirred for 1 hour. The precipitated solid was collected by
filtration and purified by flash chromatography, eluting with
methanol/dichloromethane (1:19 v/v), to give 2,6-diethyl-3-iodo-4(1H)-
pyridone (G) (290 mg), m.p. 225-227°C; NMR (dé-DMSO): 1.15(t, 6H),
2.5(q, 2H), 2.8(q, 2H), 5.9(s, 1H), 11.4(br s, 1H).

(iv) Using an analogous procedure to that described in Example 9,
part (i) but starting from compound G, there was obtained in 63% yield
2,6-diethyl-3-iodo-4-(phenylmethoxy)pyridine (H) as an oil; NMR
(CDC13): 1.26(t, 6H), 2.72(q, 2H), 3.03(q, 2H), 5.19(s, 2H), 6.45(s,
1), 7.39(m, 5H).

(v) Using an analogous procedure to that described in Example 9,
part (ii) but starting from compound H, there was obtained in 59%
yield 2,6-diethyl-3-(4-ethoxycarbonylphenyl)-4-(phenylmethoxy)pyridine
(I) as an oil; NMR (CDC13): 1.30(t, 3H), 1.42(t, 3H), 2.55(q, 2H),
2.80(q, 2H), 4.40(q, 2H), 5.09(s, 2H), 6.65(s, 1H), 7.16(m, 2H),
7.30(m, 5H), 8.1(d, 2H); mass spectrum (chemical ionisation, ammonia)
390 (M+H) ",

(vi) Using an analogous procedure to that described in Example 9,
part (iii), but starting from compound I, there was obtained in 847
yield 2,6-diethyl-1,4-dihydro-3~(4-ethoxycarbonylphenyl)-4-oxopyridine
as a solid, NMR (d6-DMSO): 0.87,1.07(two t, 3H), 1.21(t, 3H), 1.33(t,
3H), 2.34(t, 3H), 2.53(q, 2H), 4.32(q, 2H), 6.03,6.25(two s, 1H),
7.29(d, 2H), 7.95(d, 2H); mass spectrum (chemical ionisation,
ammonia): 300(M+H)".

EXAMPLE 14

2,6-Dimethyl-3-(4~ethoxycarbonylphenyl)-4-[(2’-(1H-tetrazol-
5-yl)biphenyl-4-yl)methoxy]pyridine (50 mg) was added to a mixture of
1M sodium hydroxide solution (0.2 ml) and ethanol (2 ml), and the
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mixture was heated at reflux for 1 hour. Additional 1M sodium
hydroxide solution (0.1 ml) was added and the mixture was heated at
reflux for a further 30 minutes. Volatile material was removed by
evaporation. The residue was dissolved in water (10 ml) and the
mixture was extracted with dichloromethane. The aqueous phase was
separated and adjusted to pH 5 with 1M citric acid solution. The
resultant precipitate was collected by filtration to give
3~(4-carboxyphenyl)-2,6-dimethyl-4-[(2’-(1H-tetrazol-
5-yl)biphenyl-4-yl)methoxy]pyridine as a solid, m.p. 207-210°C
(decomposition); NMR (d6—DMSO): 2.1(s, 3H), 2.44(s, 3H), 5.13(s, 2H),
6.94(s, 1H), 7.03(d, 2H), 7.15(d, 2H), 7.38(d, 2H), 7.55(m, 4H),
9.8(d, 2H); mass spectrum (+ve FAB, methanol/nitrobenzyl alcohol):
478(M+H)+; microanalysis, found: C, 66.6, H, 5.0; N, 13.9%;
028H23N503.1.5520 requires: C, 66.7; H, 5.1; N, 13.9%.

EXAMPLES 15-16

Using an analogous procedure to that described in Example

14, the following compounds were obtained in yields of 58-63%:-

(Example 13): 3-(3-carboxyphenyl)-2,6-dimethyl-4-[(2’-(1H-tetrazol-5-
yl)biphenyl-4-yl)methoxy]pyridine as a solid, m.p. 228-230°C
(decomposition); NMR (d6—DMSO): 2.18(s, 3H), 2.44(s, 3H), 5.13(s, 2H),
6.98(s, 1H), 7.02(d, 2H), 7.15(m, 6H), 7.83(s, 1H), 7.92(m, 1H);
microanalysis, found: C, 66.3; H, 5.0; N, 13.5%; C28523N503.1.5H20
requires: C, 66.6; H, 5.1; N, 13.0%.

(Example 16): 3-(4-carboxyphenyl)-2,6-diethyl-4-[(2’-(1H-tetrazol-5-
yl)biphenyl-4-yl)methoxy]pyridine as a solid, m.p. 229-232°C
(decomposition); NMR (dG-DMSO): 1.03(t, 3H), 1.25(t, 3H), 2.46(q, 2H),
2.72(q, 2H), 5.l4(s, 2H), 6.94(s, 1H), 7.02(d, 2H), 7.15(d4, 2H),
7.37(d, 2H), 7.59(m, 4H), 7.98(d, 2H); mass spectrum (+ve FAB,
DMSO/methanol/nitrobenzyl alcohol): SO6(M+H)+; microanalysis, found:
C, 69.9; H, 5.5; N, 13.6%; C3OH27N503.0.5H20 requires: C, 70.0; H,
5.4; N, 13.6%.

EXAHPLE 17

Using an analogous procedure to that described in Example 9,
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but sfarting from the appropriate compound of formula III wherein L is
triphenylmethyl, there was obtained 2,6-dimethyl-3-[(4-
methoxycarbonylphenyl)methyl]-4-[(2’~(1H-tetrazol-5-yl)biphenyl-4-yl)-
methoxy]pyridine as a solid (in 45% yield), m.p. 144-145°C; NMR
(d6—DMSO): 2.36(s, 3H), 2.40(s, 3H), 3.79(s, 3H), 5.17(s, 2H), 6.95(s,
1H), 7.05(d, 2H), 7.23(d, 2H), 7.38(m, 2H), 7.67(m, 6H); mass spectrum
(+ve FAB, DMSO/methanol/nitrobenzyl alcohol): 506(M+H)+;
microanalysis, found: C, 69.2; H, 5.4; N, 13.6%; C3OH27N503.0.75H20
requires: C, 69.3; H, 5.5; N, 13.5%.

The necessary starting material of fornula III used in
Example 17 corresponding to starting material A in Example 9 was
obtained in 65% yield using an analogous procedure to that described

in Example 9, part (iv), as follows:-

(Example 17A): 2,6-dimethyl-3-[(4-methoxycarbonylphenyl)methyl]-4-
[(2’-(2-triphenylmethyl-2H-tetrazol-5-yl)biphenyl-4-yl)methoxy]-
pyridine (A) as a foam; NMR (CDC13): 2.48(double s, 6H), 3.84{s,. 3H),
4.96(s, 2H), 6.62(s, 1H), 6.91(m, 6H), 7.02(d, 2H), 7.08(d, 2H),
7.27(complex m, 11H), 7.37(m, 1H), 7.46(m, 2H), 7.83(m, 2H), 7.92(m,
1H), starting from 1,4-dihydro-2,6-dimethyl-3-[(4-
methoxycarbonylphenyl)methyl]-4-oxopyridine, itself obtained as

follows:-

(1) Methyl 4-(bromomethyl)benzoate (1.15 g) was added to a
stirred suspension of zinc dust (0.49 g) in THF (15 ml) and the
mixture was stirred for 2 hours. A solution of 2,6-dimethyl-3-iodo-4-
(phenylmethoxy)pyridine (0.5 g) in THF (10 ml) and
tetrakis(triphenylphosphine)palladium (0) (87 mg) was added tw the
mixture. The mixture was heated at reflux for 2 hours and then cculed
to ambient temperature. The mixture was filtered and solvent was
removed from the filtrate by evaporation. The residue was parti.ioned
between ethyl acetate and a solution of ethylene diaminetetracetic
acid. The organic phase was separated and washed with saturated
sodium chloride solution and dried (MgSO4). Solvent was removed by
eveporation and the residue was purified by flash chromatography,

eluting with ethyl acetate, to give 2,6-dimethyl-3-[(4-
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methoxycarbonylphenyl)methyl]~4-(phenylmethoxy)pyridine (A) as an oil;
NMR (CDCl3): 2.5(d of s, 6H), 3.88(s, 3H), 4.07(s, 2H), 5.09(s, 2H),
6.63(s, 1H), 7.28(complex m, 7H), 7.83(m, 2H); mass spectrum (chemical

ionisation, ammonia): 362(M+H)™.

(ii) Using an analogous procedure to that described in Example 9,
part (iii) but starting from compound B, there was obtained in 86%

yield 1,4-dihydro-2,6-dimethyl-3-[(4-methoxycarbonylphenyl)methyl]-

~ 4-oxopyridine as a solid, m.p. 226-228°C; NMR (d6-DMSO): 2.14(d of s,

64), 3.79(s, 2H), 3.81(s, 3H), 5.88(s, 1H), 7.4(m, 3H), 7.63(d. 2H),

10.94(s, 1H); mass spectrum (chemical ionisation, ammonia): 272(M+H)+.

EXAMPLE 18 (Note: all parts by weight)

The compounds of the invention may be administered for

therapeutic or prophylactic use to warm-blooded animals such as man in
the form of conventional pharmaceutical compositions, typical examples
of which include the following:-

a) Capsule (for oral administration)

Active ingredient * 2Q
Lactose powder 578.5
Magnesium stearate 1.5

b) Tablet (for oral administration)

Active ingredient * 50
Microcrystalline cellulose 400
Starch (pregelatinised) 47.5
Magnesium stearate 2.5

¢) Injectable Solution (for intravenous administration)

Active ingredient * 0.05 - 1.0
Propylene glycol 5.0
Polyethylene glycol (300) 3.0 - 5.0

Purified water to 100%
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d) Injectable Suspension (for intramuscular administration)

Active ingredient * 0.05 - 1.0
Methylcellulose 0.5

Tween 80 0.05
Benzyl alcohol 0.9
Benzalkonium chloride 0.1
Purified water to 100%

Note: the active ingredient * may typically be an Example described
hereinbefore and will conveniently be present as a pharmaceutically
acceptable acid-addition salt, such as the hydrochloride salt.

Tablets and capsules formulations may be coated in conventional manner
in order to modify or sustain dissolution of the active ingredient.
Thus, for example, they may be coated with a conventional enterically

digestible coating.

HS36188
JJH 09JAN92
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Scheme 1
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Note: R =

Reagents:

lover alkyl, benzyl, phenyl; Tr & triphenylmethyl (teityl)

a) BuLi/TOF; ZnCl,/Et,0; Pd(Pu,P),

b) Bu3Sn N /toluone, aCl/tOIUVne ‘

¢) TeiCl/ EtBN/CU Cl

d) N~bromos ucc1n1mlae/3201gobutyronxtr1lo/((l

¢) Potassium acetate, hexaoxacyclooctadecane, DHF, reflux
£) Lithium boroltydride, THOF, O-25°C
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Reagents: (a) Potassium acetate, hexaoxacyclooctadecane, DHE, veflux

(b) Lithium borohydride, THF, 0-25°C
(¢) Pyridine-50, complex, Et,N, DMSO, ambient temparature
(d) Ra.H, E %KF, ~509C to amblent temperatuce



[ ]
eSsweot
L] .
%) a0
)
(X N4
[ X4
LN
L]
Sertae
. L]
-4 L)
. o
4 e
L AR
3 o o
o9 [ ]
4
e® 09y
L]
ee L
. ¢
(X ]
] e
L] L4 [ ]
[ ] (X}

@) (@) Y (d)
i Ry - RcH, <o

()

3 \\ O l e\\d

e e i er e e e e o e e o e S e e " St = A - - = G = S S " - - " — - 4 ——

Note: Rw and Rx are optional substituents

Reagents: (a) polyphosphoric acid, acetic acid
(b) (i) boron trifluoride, acetic anhydride
(ii) NaH or (isopropyl)zNLi, ethyl acetate
(iii) benzene, PTSA, heat or conc. “2S°a' ambient temp.
(c) acetic acid, 0-30°C
(d) heat, 120°C
(e) ethanolic ammonia, 120°C, sealed tube
(£) heat
(g) ethanolic ammonia
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‘vene! Reagents: (a) iodine monochloride
¢ (b) benzyl bromide, potassium carbonate, DMF
(c) tetrakis(triphenylphenylphosphine)palladium,
triethylamine, dimethoxyethane
(d) hydrogenation, palladium nn carbon
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Note: R’ and R" ‘together with the nitrogen atom to which they are
avtached complete a heterocyclic ring; Ry = tawer alieyl
Reagents: (a) NaOH, ethanol, heat

(b) ethylchloroformate, triethylamine, chloroform
(c¢) trimethylaluminium, HNR’R", toluene, reflux
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Note: R’ and R" together with the nitrogen atom to which they are
attached complete a heterocyclic ring; Tr = triphenyimethyl

Reagents: (a) NaH, formula VI compound (R5 and R6 both hydrogen), DMF
(k) lithium borohydride, THF, 0°C
(¢) methanesulphonyl chloride, triethylamine, ambient

temperature
(d) HNR’R", Et3N/CH2C12 or NaH/DMF, 0-50°C
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Reagents: (a) t?ionyl chloride, DMF, toluene, 80°C; then add to
P".NH,, toluene, NMP, ambient temperature
(b) (i) triethylamine, acetonitrile, DMF;
(ii) thionyl chloride, 10°C; and
(iii) triethylamine, sodium azide, tetrabutylammonium
bromide, 10°C to ambient temperatutre
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The claims defining the invention are as follows:
XIREEORLRTERAXKEKX

1. A pyridine compound of the formula I

L}
R =N g
2@ &
R ! R =z <
5 X
R '315; _4(225\ R7

wherein R1 is hydrogen, (1-8C)alkyl, (3-8C)cycloalkyl, phenyl or
substituted (1~4C)alkyl, the latter containing one or more fluoro
substituerits or bearing a (3-8C)cycloalkyl, (1-4C)alkoxy or phenyl
substituent; R2 is hydrogen, (1-8C)alkyl, (3-8C)cycloalkyl,
(3-8C)cycloalkyl-(1-4C)alkyl, carboxy, (1-4C)alkoxycarbonyl,
(3-6C)alkenyloxycarbonyl, cyano, nitro, phenyl or phenyl(1l-4C)alkyl;
R3 is selected from halogeno, (l-4C)alkoxy, amino, alkylamino and
dialkylamino of up to 6 carbon atoms, and any of the values defined

for Rl; R4

is a benzoyl group, the phenyl group of which is
unsubstituted or bears one or two substituents independently selected
from (1-4C)alkyl, (1-4C)alkoxy, halogeno, cyano, trifluoromethyl,
nitro, hydroxy, carboxy, (l-4C)alkanoylamino, (1-4C)alkanoyl,
fluoro(1l-4C)alkoxy, hydroxy(1l-4C)alkyl, (1-4C)alkoxy(l-4C)alkyl,
carbamoyl, N-alkyl or di-(N-alkyl)carbamoyl of up to 7 carbon atoms,
sulphamoyl, N-alkyl or di-(N-alkyl)sulphamoyl of up to 6 carbon atoms,
(1-4C)alkoxycarbonyl, (1-4C)alkanesulphonamido, (l-AC)alkyl.S(O)n— [in
vhich n is zero, 1 or 2], 1H-tetrazol-5-yl, phenyl, phenoxy,
benzyloxy, benzyloxycarbonyl, benzamido and benzenesulphonamido, the
benzene moiety of the last six groups optionally bearing a halogeno,
(1-4C)alkyl or (l-4C)alkoxy substituent; or R4 is a phenyl or
phenyl(1-4C)alkyl group, wherein the phenyl ring of which last two
groups bears one or two substituents independently selected from
nitro, hydroxy, carboxy, (1-4C)alkanoylamino, (1-4C)alkanoyl,
fluoro(1l-4C)alkoxy, hydroxy(1-4C)alkyl, (1-4C)alkoxy(l-4C*~lkyl,
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carbamoyl, N-alkyl or di-(N-alkyl)carbamoyl of up to 7 carbon atoms,
sulphamoyl, N-alkyl or di-(N-alkyl)sulphamoyl of up to 6 carbon atoms,
(1-4C)alkoxycarbonyl, (1-4C)alkanesulphonaiido, (l-AC)alkyl.S(O)n— [in
which n is zero, 1 or 2], 1lH-tetrazol-5-yl, phenyl, phenoxy,
benzyloxy, benzyloxycarbonyl, benzamido and benzenesulphonamido, the
benzene moiety of the last six groups optionally bearing a halogeno,
(1-4C)alkyl or (1-4C)alkoxy substituent, and wherein when R4 is a
disubstituted phenyl or phenyl(1l-4C)alkyl group one of the
substituents may additionally be selected from (1-4C)alkyl,
(1-4C)alkoxy, halogeno, cyano and trifluoromethyl; or R4 is a group of
the formula —Al.B1 wvherein A1 is (1-6C)alkylene, a carbonyl group or a
direct bond and B1 is a 5 or 6-membered saturated or unsaturated
heterocyclic ring containing a single heteroatom selected from oxygen,
sulphur and nitrogen or containing two heteroatoms one of whizh is
nitrogen and the other is oxygen, sulphur or nitrogen, and wherein B1
optionally bears a (1-4C)alkyl or (1l-4C)alkoxy substituent; R5 is
hydrogen; R6 is hydrogen or (1-4C)alkyl; R7 is selected from hydrogen,
(1-4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl, cyano and nitro;
X is phenylene optionally bearing a substituent selected from
(1-4C)alkyl, (1-4C)alkoxy, halogeno, trifluoromethyl, cyano and nitro,
or X is a direct bond between the adjacent phenyl group and the carbon
atom bearing R5 and R6; 2 is ig-tetrazol—S—yl,

-CO.NH. (1H-tetrazol-5-yl) or a group of the formula —CO.OR8 or
—CO.NH.SOZ.R9 in which R8 is hydrogen or a non-toxic, biodegradable
residue of a physiologically acceptable alcohol or phenol, and R9 is
(1-6C)alkyl, (3-8C)cycloalkyl or phenyl; and wherein any of said
phenyl moieties of Rl, Rz, R3 or R9 may be unsubstituted or bear one
or two substituents independently selected from (1-4C)alkyl,
(1-4C)alkoxy, halogeno, cyano and trifluoromethyl; «=r an N-oxide

thereof; or a non-toxic salt thereof.

2. A compound as claimed in claim 1 wherein R1 is hydrogen,
methyl, ethyl, propyl, butyl, isobutyl, sec-butyl, pentyl, hexyl,
cyclopropyl, cyclopentyl, cyclohexyl, phenyl, fluoromethyl,
trifluoromethyl, 2,2,2-trifluoroethyl, pentafluoroethyl,
cvclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl,
2-methoxyethyl, 2-ethoxyethyl, benzyl, l-phenylethyl or 2-phenylethyl;
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R2 is hydrogen, methyl, ethyl, propyl, butyl, isobutyl, sec-butyl,
pentyl, hexyl, cyclopropyl, cyclopentyl, cyclohexyl,
cyclopropylmethyl, cyclopentylmethyl, cyclohexylmethyl,
2—cyclobentyl-ethyl, carboxy, methoxycarbonyl, ethoxycarbonyl,
propoxycarbonyl, allyloxycarbonyl, 2-methyl-2-propenyloxycarbonyl,
3-methyl-3-butenyloxycarbonyl, cyano, nitro, phenyl, benzyl,
l-phenylethyl or 2-phenylethyl; R3 is selected from hydrogen, methyl,
ethyl, propyl, butyl, isobutyl, sec-butyl, pentyl, hexyl, cyclopropyl,
cyclopentyl, cyclohexyl, phenyl, fluoromethyl, trifluoromethyl,
2,2,2-trifluoroethyl, pentafluoroethyl, cyclopropylmethyl,
cyclopentylmethyl, cyclohexylmethyl, 2-methoxyethyl, 2-ethoxyethyl,
benzyl, l-phenylethyl, 2-phenylethyl, fluoro, chloro, bromo, iodo,
methoxy, ethoxy, amino, methylamino, ethylamino, butylamino,
dimethylamino, diethylamino and dipropylamino; R4 is a benzoyl group,
the phenyl group of which is unsubstituted or bears one or two
substituents independently selected from methyl, ethyl, methoxy,
ethoxy, chloro, bromo, iodo, cyano, trifluoromethyl, nitro, hydroxy,
carboxy, formamido, acetamido, propanamido, formyl, acetyl, butyryl,
trifluoromethoxy, 2-fluoroethoxy, 2,2,2-trifluoroethoxy,
3,3,3-trifluoropropoxy, hydroxy athyl, l-hydroxyethyl, 2-hydroxyethyl,
2-methoxyethyl, 2-ethoxyethyl, carbamoyl, N-methylcarbamoyl,
N-ethylcarbamoyl, N,N-dimethylcarbamoyl, N,N-diethylcarbamoyl,
sulphamoyl, N-methylsulphamoyl, N-ethylsulphamoyl,
N,N-dimethylsulphamoyl, N,N-diethylsulphamoyl, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, methanesulphonamido,
ethanesulphonamido, methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, methylsulphonyl, ethylsulphonyl, 1H-tetrazol-5-yl,
phenyl, phenoxy, benzyloxy, benzyloxycarbonyl, benzamido,
benzenesulphonamido, the benzene moiety of the last six groups
optionally bearing a fluoro, chloro, bromo, methyl, ethyl, methoxy or
ethoxy substituent; or RA is a phenyl, benzyl, l-phenylethyl or
2-phenylethyl, wherein the phenyl ring of which last four groups bears
one or two substituents independently selected from nitro, hydroxy,
carboxy, formamido, acetamido, propanamido, formyl, acetyl, butyryl,
trifluoromethoxy, 2-fluoroethoxy, 2,2,2-trifluoroethoxy,
3,3,3-trifluocopropoxy, hydroxymethyl, l-hydroxyethyl, 2-hydroxyethyl,
2-methoxyethyl, 2-ethoxyethyl, carbamoyl, N-methylcarbamoyl,



N-ethylcarbamoyl, N,N-dimethylcarbamoyl, N,N-diethylcarbamoyl,
sulphamoyl, N-methylsulphamoyl, N-ethylsulphamoyl,
N,N-dimethylsulphamoyl, N,N-diethylsulphamoyl, methoxycarbonyl,
ethoxycarbonyl, propoxycarbonyl, methanesulphonamido,
ethanesulphonamido, methylthio, ethylthio, methylsulphinyl,
ethylsulphinyl, methylsulphonyl, ethylsulphonyl, 1H-tetrazol-5-yl,
phenyl, phenoxy, benzyloxy, benzyloxycartcnyl, benzamido,
benzenesulphonamido, the benzene moiety of the last six groups
optionally bearing a fluoro, chloro, bromo, methyl, ethyl, methoxy or
ethoxy substituent, and wherein when R4 is a disubstituted phenyl or
phenyl(1-4C)alkyl group one of the substituents may additionally be
selected from methyl, ethyl, methoxy, ethoxy, chloro, bromo, iodo,
cyano and trifluoromethyl; or R4 is a group of the formula —Al.Bl
wherein A1 is methylene, ethylene, trimethylene or tetramethylene, or
is a carbonyl group or is a direct bond and B1 is a thienyl, furyl,
pyrrolyl, pyrrolidinyl, pyridyl, piperidyl, imidazolyl,
imidazolidinyl, pyrazolyl, pyrazolinyl, thiazolyl, thiazolinyl,
oxazolyl, oxazolidinyl, pyrimidinyl, pyrazinyl, pyridazinyl,
piperazinyl, morpholinyl or thiomorpholinyl ring, any of said rings
optionally bearing a methyl or ethyl substituent; R6 is hydrogen,
methyl or ethyl; R7 is selected from hydrogen, methyl, ethyl, methoxy,
i2thoxy, fluoro, chloro, bromo, iodo, trifluoromethyl, cyano and nitro;
% is phenylene optionally bearing a substituent selected from methyl,
ethyl, methoxy, ethoxy, fluoro, chloro, bromo, iodo, trifluoromethyl,
cyano and nitro, or X is a direct bond between the adjacent phenyl

8

ring and the carbon atom bearing R5 and R6; R™ is hydrogen or a

residue derived from a (1-6C)alkanol, or phenol or glycerol; and R9 is
methyl, ethyl, propyl, isopropyl, butyl, pentyl, cyclobutyl,
cyclopentyl, cyclohexyl or phenyl; and wherein any of said phenyl
moieties may be unsubstituted or bear one or two substituents selected
from methyl, ethyl, methoxy, ethoxy, fluoro, chloro, bromo, cyano and

trifluoromethyl.

3. A ccmpound as claimed in claim 1 wherein X is p-phenylene
and Z is 1H-tetrazol-5-yl attached at the ortho position relative to
X.
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4. A compound of the formula Ia

RB

1
R\ N

= ]
R‘*);rj:\r\et.

o Z

La Mﬂj

Ra

wvherein Ra is hydrogen; Het. is a 5 or 6 membered saturated or
unsaturated heterocyclic ring containing a single heteroatom selected
from oxygen, sulphur and nitrogen, or containing two heteroatoms one
of which is nitrogen and the other is oxygen, sulphur or nitrogen, and

optionally bearing a (1-4C)alkyl substituent; and wherein Rl, R2, R3,
R7 and Z have any of the values defined in claim 1, 2 or 3; and the

non-toxic salts thereof.

5. A compound of formula Ib

1
R N R3 Re

| =
R1 'y Qj\Rb
O
\ N~
Ib ra’
7

wherein Rl, Rz, R3, R’ and 2 have any of the meanings defined in claim
1, 2 or 3; Ra is hydrogen, (1-4C)alkyl, (1-4C)alkoxy, halogeno,
trifluoromethyl, cyano or nitro; and Rb and Rc are independently
selected from hydrogen, (1-4C)alkyl, (1-4C)alkoxy, halogeno, cyano,
trifluoromethyl, nitro, hydroxy, carboxy, (1-4C)alkanoylamino,
(1-4C)alkanoyl, fluoro(1-4C)alkoxy, hydroxy(1l-4C)alkyl,
(1-4C)alkoxy(1-4C)alkyl, carbamoyl, N-alkyl or di-(N-alkyl)carbamoyl
of up to 7 carbon atoms, sulphamoyl, N-alkyl or di-(N-alkyl)sulphamoyl
of up to 6 carbon atoms, (1-4C)alkoxycarbonyl,
(1-4C)alkanesulphonamido, (1-4C)alkyl.S(0)n- [in which n is zero, 1 or
2], 1H-tetrazol-5-yl, phenyl, phenoxy, benzyloxy, benzyloxycarbonyl,
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benzamido and benzenesulphonamido, the benzene moiety of the last gix
groups optionally bearing a halogeno, (1-4C)alkyl or (1-4C)alkoxy
substituent; and the non-toxic salts thereof.

6. A compound of the formula Ic

i 3

R R
1N | Rol

x <

R ST Re
-
~p?
:Ec; (26L (Q

wvherein Rl, Rz, R3, R7 and Z have any of the meanings defined in claim

1, 2 or 3; Ra is hydrogen, (1-4C)alkyl, (1-4C)alkoxy, halogeno,
trifluoromethyl, cyano or nitro; Rd is selected from nitro, hydroxy,
carboxy, (l-4C)alkanoylamino, (1l-4C)alkanoyl, fluoro(l-4C)alkoxy,
hydroxy(1-4C)alkyl, (1-4C)alkoxy(l-4C)alkyl, carbamoyl, N-alkyl or
di-(N-alkyl)carbamoyl of up to 7 carbon atoms, sulphamoyl, N-alkyl or
di-(N-alkyl)sulphamoyl of up to 6 carbon atoms, (1-4C)alkoxycarbonyl,
(1-4C)alkanesulphonamido, (1—4C)a1kyl.$(0)n— [in which n is zero, 1 or
2], 1H-tetrazol-5-yl, phenyl, phenoxy, benzyloxy, benzyloxycarbonyl,
benzamido and benzenesulphonamido, the benzene moiety of the last six
groups optionally bearing a halogeno, (1-4C)alkyl or (1-4C)alkoxy
substituent; and Re is selected from hydrogen, (1-4C)aikyl,
(1-4C)alkoxy, halogeno, cyano, trifluoromethyl and any of the values

defined for Rd; and the non-toxic salts thereof.

7. A compound of the formula I selected from:-
6-ethyl—2-methy1-3—(4-pyridyl)—4—[(2'-(lﬂ-tetrazbl—S-yl)biphenyl—d—
yl)methoxy]pyridine;
3-benzoyl-2,6-dimethyl-4-[(2’-(1H-tetrazol-5-yl)biphenyl-4-yl)-
methoxylpyridine;
3-benzoyl-6-ethyl-2-methyl-4-[(2/-(1H-tetrazol-5-yl)biphenyl-4-
yl)methoxy]pyridine;
2,6-dimethyl-3-(4-ethoxycarbonylphenyl)-4-[(2/-(1H-tetrazol-5-yl)-
biphenyl-4-yl)methoxy]pyridine; and the non-toxic salts thereof.
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A salt as claimed in any one preceding claim which is
selected from salts with acids forming physiologically acceptable
anions and, for those compounds of formula I which are acidiec, alkali
metal, alkaline earth metal, aluminium and ammonium salts, and salts

with organic bases affording physiologically acceptable cations.

9, A process for the manufacture of a compound of formula I or

a non-toxic salt thereof, as claimed in claim 1, which is

characterised in that;-

For those compounds of formula I in which is carboxy, a

(a)

carboxylic acid derivative of the formula II

A |
R\=N g
= \ 4 ‘in
* R

R
o pes
pf>{f '@:7

R R
in which Q is a protected carboxy group selected from
(1-6C)alkoxycarbonyl, phenoxycarbonyl, benzyloxycarbonyl and

carbamoyl, is converted to carboxy;

For those compounds of formula I wherein 2 is tetrazolyl, a

(b)
compound of formula III
i 3
RN =R
- |

3 6
g SR

(@]
BT
PG g 1L

in which L is a suitabie protecting group affixed to a nitrogen of the
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tetrazolyl molety, 1s deprotected;

(c) A pyridone of formula IV

1
SRS
)\;“‘1
FfL 7 F§4~

vherein R1 and R3 are other than hydrogen is alkylated with a compound

of the formula V

Mol Xx—@[co o

wherein Hal. stands for a suit ;= leaving group;

A pyridine derivative of the formula VII

(d)
i ; 3
R=N-R

wherein Y1 is a suitable leaving group is reacted with an alcohol of

the formula VIII

6
Z
/ Y1t
x‘—@R7 L

or
For those compounds in which Z is tetrazolyl, X is

(e)
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p=phenylone optionally bearing a substituent selected from

(1-4C)alkyl, (1-4C)alicory, halogeno, trifluormethyl, cyano and nitvo,

and R5 and R6 are both hydrogen, a compound of the formula XIII

A
R)’:“(c(“a
L = K‘f-
R o N =N

]\
[ W14 wr’N
XL 1
R® /R F

wvherein P1 is an electron-deficient phenyl group or is a pyridyl or
pyrimidyl group, and R'C is hydrogen, (1-4C)alkyl, (1-4C)alkoxy,
halogeno, trifluormethyl, cyano and nitro, is reacted with a base
selected from an alkali metal hydroxide, (1-4C)alkanolate, phenolate,
thiophenolate and diphenylphosphide, wherein any phenyl ring of the
latter three groups may optionally bear a (1-4C)alkyl, (1-4C)alkoxy or

halogeno group;

vhereafter: when a compound of the formula I is required wherein 2 is
1H-tetrazol-5-yi, a compound of the formula I wherein 2 is a group of
the formula -CO.ORS is converted into the corresponding nitrile under
standard conditions, followed by reaction of the nitrile with an
azide;

when a compound of the formula I is required wherein Z is a
group of the formula -CO.NH.502R9 or a group of the formula ~CO.OR8 in
which R8 is other than hydrogen, a carboxylic acid of the formula I in
which Z is carboxy (ot a reactive derivative of said acid) is reacted
with a sulphonamide of the formula NHZ.802R9 or a hydroxy compound of

the formula HO.RB, ot with a salt thereof;

when an N-oxide derivative of a compound of formula I is
required, a compourd of the formula I is oxidised;

vhen a non-toxic salt of a compound of formula I is
required, it is obtained by reaction with the appropriate acid or base
affording a physiologically acceptable ion, or by any other
conventional salt formation procedure; and

vhen an optically active form of a compound of formula I is

required, one of the aforesaid processes (a)-(e) is carried out using
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an optically active starting material, or the racemie form of a
compound of CLovmula I in which % is an acidic group 1s resolved by
vreaction with an optically active form of a suitable organic base
folloved by conventional separation of the diastereoisomeric mixture
of salts thus obtained, and liberation of the required optically
active form of said compound of formula I by conventional treatment
with acid;

and wherein Rl, Rz, R3, Ra, RS, RB, R7, X and 2 have any of the

meanings defined in any of claims 1 to 6 unless otherwvise stated.

10. A pharmaceutical composition which comprises a compound of
the formula I, Ia, Ib or Ic, or a non-toxic salt thereof, as claimed
in any of claims 1 to 8, together with a pharmaceutically acceptable
diluent or carrier.

2 3 4 .5

"y Ry Ry R7, R

and X have any of the meanings defined in any ¢f claims 1 to 6, and L

11, A compound of the formula III wherein Rl, R

is a protecting group.

Dated: 20 January 1992

PHILLIPS ORMONDE & FITZPATRICK
Attorneys for:

IMPERIAL CHEMICAL INDUSTRIES PLC 9 ;‘ /5 W
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ABSTRACT

PYRIDINE COMPOUNDS

The invention concerns pharmaceutically useful compounds of
the formula I, in which Rl, Rz, R3, R4, RS, R6, R7, X and Z have the
various meanings defined herein, and their non-toxic salts, and
pharmaceutical coimpositions containing them. The novel compounds are
of value in treating conditions such as hypertension and congestive
heart failure. The invention further concerns processes for the
manufacture of the novel compounds and the use of the compounds in

medical treatment.



