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Claim

1. A compound of the formula

O T Re

or pharmaceutically acceptable salts or
prodrugs thereof;

wherein A, B, D and E are each carbon atoms
or one of A, B, D and E is a nitrogen atom;
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(11) AU-B-32991/93 -2-

(10) 656454
5 X is -0-, -CHz-, -S-, -SO-, -S0O2-, -NH-
]
or -C-;

‘ Ry and Rz are substituents on A, B, D or E
when A, B, D or E are carbon and are independently
selected from hydrogen; alkyl of 1 to 4 carbon
atoms optionally substituted with substituents
selected from amino, hydroxy or alkoxy of 1 to 4
carbon atoms; alkoxy of 1 to 4 carbon atoms,
halogen; hydroxy; haloalkyl; cyano; nitro; amino;
alkylamino or dialkylamino of up to 6 carbon atoms;
(dialkylamino)alkyl of 3 to 8 carbon atoms;
alkanoyl of 1 to 4 carbon atoms; carbamoyl;
(N-alkyl) carbamoyl or di(N-alkyl)carbamoyl of up to
7 carbon atoms; carboxy; alkoxycarbonyl of 1 to 4
carbon atoms; alkylthio of 1 to 6 carbon atoms;
allkylsulphinyl of 1 to 6 carbon atoms;
alkylsulphonyl of 1 to 6 carbon atoms;

R3 is -CO3H, -COR7, -CH0H, -CHO, -CONHOR1ig,
-CONHRg, -CONRgRg', -CONHz or -CONHSO2CF3;

R4 is hydrogen, alkyl, alkenyl, alkynyl,
arylalkyl, cycloalkyl, (cycloalkyl)alkyl, phenyl,
or an alkyl substituted with 1 or more fluorine
atoms;

Rg is an optional oxygen atom;
(0]
, i
R5 1S hydrogen, —COZRg, "NHSOzCF3, -0S8 (OH)z,
(0] 0
] ]
-SOsH, -C(CF3),0H, -OP(OH),, -PO3H,, -NHP(OH),,
N N
N ~N
—c Fs, 74 , <
ONHSO,CF3 _< I —cn, /4 [
: N,—N —N

H

N2

..J/3

' .&.‘f
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*CI:H_O_CORll C‘:H-O-COORll
Ry Rio
or | i
b
H
Rq3

R7 is alkyl, aryl, arylalkyl, aryloxyalkyl,

-CH,-COORg, -CH,CONRg, -CH-O-COR;;, -CH-O-COOR;y;

Rg' Rio Rio
or indanyl;

Rg and Rg' are independently a lower alkyl{

Rg is hydrogen, alkyl, perfluorcalkyl of 1
to 8 carbon atoms, cycloalkyl of 3 to 6 carbon

atoms, phenyl, benzyl, -CH-0-CORj;; or -CH-O-COORjii;

Rio Rio

Ri9 is hydrogen, alkyl, aryl, arylalkyl or
cycloalkyl;

R11 is alkyl, aryl, alkylaryl, arylalkyl or
cycloalkyl;
Ri2 is hydrogen, alkyl of 1 to 5 carbon

atoms or phenyl; and

R13 is -CN, -NO3 or -COzRg.

e




7
AUSTRALIA
Patents Act
COMPLETE SPECIFICATION 6 5 6 4 5 4
(ORIGINAL)
Class Int. Class
Application Number:
Lodged:
Complete Specification Lodged:
Accepted:
Published:
&
Priority
. .-  Related Art:
N
: Name of Applicant:
**s E.R. Squibb & Sons, Inc.
Actual Inventor(s):
o Denis Evan Ryono
L John Lioyd
" " Address for Service:
e PHILLIPS ORMONDE & FITZPATRICK
ottt Patent and Trade Mark Attorneys
L 367 Collins Street
{ Melbourne 3000 AUSTRALIA

cccccc

Invention Title:

BIPHENYL-SUBSTITUTED QUINOLINE DERIVATIVES

Our Ref : 317060
POF Code: 8448/43804

The following statement is a full description of this invention, including the best meihod
of performing it known to applicani(s):

6006

A

PN

IN




HA603a

The present invention relates to novel

substituted quinolines which are useful as

antihypertensive agents.

In accordance with the present invention,

novel compounds which inhibit the action of the

hormone angiotensin II are disclosed.

These

compounds are of the general formula

ALY
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and pharmaceutically acceptable salts and prodrugs
thereof.
As used in formula I, and throughout the

5 specification, the symbols have the following
meanings:
A, B, D and E are each carbon atoms or one
of A, B, D and E is a nitrogen atom;

G%r 10 X is -0-, -CHz2-, -S8-, -80-, -SO2-, -NH-
: O
o ° ll

RS or -C-;

R; and Ry are substituents on &, B, D or E
when A, B, D or E are carbon and are independently
15 selected from hydrogen; alkyl of 1 to 4 carbon
atoms optionally substituted with substituents
e e selected from amino, hydroxy or alkoxy of 1 to 4
SLet Y carbon atoms; alkoxy of 1 to 4 carbon atoms,
halogen; hydroxy; haloalkyl; cyano; nitro; amino;

*e %et 20 alkylamino or dialkylamino of up to 6 carbon atoms;

et (dialkylamino)alkyl of 3 to 8 carbon atoms;

é@ ) alkanoyl of 1 to 4 carbon atoms; carbamoyl;

"°.i (N-alkyl)carbamoyl or di(N-alkyl)carbamoyl of up to Lf
| tettl 7 carbon atoms; carboxy; alkoxycarbonyl of 1 to 4 '

25 carbon atoms; alkylthio of 1 to 6 carbon atoms;
alkylsulphinyl of 1 to 6 carbon atoms; ,Q;
é alkylsulphonyl of 1 to 6 carbon atoms;
R3 is -COzH, -COzR7, -CH20H, -CHO, ~-CONHORjg,
30 -CONHRg, -CONRgRg', -CONHp or -CONHSO,CF3;

Rg is hydrogen, alkyl, alkenyl, alkynyl, :
arylalkyl, cycloalkyl, (cycloalkyl)alkyl, pnenyl,
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or an alkyl substituted with 1 or more fluorine

atoms;

Rs is an optional oxygen atom;

S
0]
]
Rg is hydrogen, -CO,Rg, -NHSO,CF3, -0S(OH),,
0 0
] il
-SO03H, -C(CF3).0H, -OP(OH),, -PO3H,, -NHP (OH) g,
1 New o
“:’.Q: / N \N
RITT -CONHSO,CF3, " ’ —CH2—</ l ,
®s00A N
teet 0 lil/ N’N
RN |
v on 10 H H
7 =
“ ' —CON’H—-< “ , —CONHOR;y,
c
:D..'. /
M . | \CF3 Iil/
e o H
oo ° N\ N\ OH O

.Z,::: N N [ [
X l ! l ! -C=—P (OH),
- - N ~N !

q N !
:‘N‘;I - 12 K
* ° ' - : ?H_O‘CORll ?H'O'COORll
‘ n'."’s R]_o RlO \(
15 Wi
{ N
4 1
2 or \ ’
_.._4 N,
. g
Ri3
R7 is alkyl, aryl, arylalkyl, aryloxyalkyl, ;
_CHz—COORgl -CH;CONRg, -CH-0-CORj1, ~-JH-0-COOR;11 :
| |
Rg Ko Rio
20 or indanyl;
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Rg and Rg' are independently a lower alkyl;

Rg is hydrogen, alkyl, perfluoroalkyl of 1
to 8 carbon atoms, cycloalkyl of 3 to 6 carbon

atoms, phenyl, benzyl, -CH-0-COR;; or -CH-O-COOR;;;

Rio Rio

Rio is hydrogen, alkyl, aryl, arylalkyl or
cycloalkyl;

R11 is alkyl, aryl, alkylaryl, arylalkyl or
cycloalkyl;

Ri2 is hydrogen, alkyl of 1 to S5 carbon
atoms or phenyl; and

R13 is -CN, -NO2 or -CO3Rg.

The present invention relates to the
compounds of formula I, to pharmaceutical
compositions employing such comrounds and to
methods of using such compounds. Listed below are
definitions of various terms used to describe the
compounds of the instant invention. These
definitions apply to. the terms as they are used
throughout the specification (unless they are
otherwise limited in specific instances) either
individually or as part of a larger group.

The term "aikyl®" refers to both straight and

branched chain groups having 1 to 10 carbon atoms.
Alkyl groups having 1 to 4 carbon atoms are
preferred.
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The terms "alkenyl" and "alkynyl" refer to
both straight and branched chain groups. Those
groups having 2 to 10 carbon atoms are preferred.

The term "cycloalkyl*" refers to groups
having 3 to 8 carbon atoms.

The term "alkoxy" refers to groups having 1
to 8 carbon atoms. Alkoxy groups having 1 to 3
carbon atoms are preferred.

The term "halogen" or "halo" refers to
fluorine, chlorine, bromine and iodine with
fluorine and chlorine being preferred.

The term "haloalkyl" refers to such alkyl
groups described above in which one or more
hydrogens have been replaced by chlorine, bromine
or fluorine, such as trifluoromethyl,
pentafluoroethyl, 2,2,2-trichloroethyl,
chloromethyl, bromomethyl, with trifluoromethyl
being preferred.

The term "aryl" refers to phenyl or naphthyl
or phenyl or naphthyl substituted with substituents
selected from halogen, alkyl, alkoxy, carboxy,
alkylthio, hydroxy, alkanoyl, nitro, amino,
a’kylanino, dialkylamino or trifluoromethyl groups.
Preferre”. ryl groups are phenyl and
monosubstituted phenyl and phenyl is most
preferred.

The term *heterocyclo* refers to fully
saturated or unsaturated rings of 5 or 6 atoms
containing one to four nitrogen atoms, or one
oxygen atom, or one sulfur atom, or »ne oxygen atom
and one or two nitrogen atoms, or one sulfur atom
and one or two nitrogen atoms. Preferred
monocyclic heterocyclo groups include 2- and
3-thienyl, 2- and 3-furyl, 2-, 3- and 4-pyridyl,

L

K,
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and imidazolyl. The heterocycle may also have a
substituent selected from alkyl of 1 to 4 carbons,
carboxy, alkoxy of 1 to 4 carbons and alkylthio of
1 to 4 carbons on an available carbon. The term
heterocyclo also includes bicyclic rings wherein
»*2 five or six membered ring containing oxygen,
sujfur and nitrogen atoms as defined above is fused
to a benzene ring and the bicyclic ring is attached
by way of an available carbon atom in the benzene
ring. Preferred bicyclic heterocyclo groups
include 4, 5, 6 or 7-indolyl, 4, 5, 6 or
7-isoindolyl, 5, 6, 7 or 8-quinolinyl, 5, 6, 7 or
8-isoquinolinyl, 4, 5, 6, or 7-benzothiazolyl, 4,
5, 6 or 7-benzoxazolyl, 4, 5, 6 or
7-benzimidazolyl, 4, 5, 6 or 7-benzoxadiazolyl, and
4, 5, 6 or 7-benzofuranyl. Preferred fused
heterocycles include thienyl, furyl, pyridyl and
imidazolyl, optionally substituted as described
above. '

The term "substituted amino" refers to a

group of the formula -NZ1Zz wherein Z; is hydrogen, A
alkyl, or aryl-(CHz)p- and Z; is alkyl or L

aryl-(CHz)p— or Z1 and Z; taken together with the

nitrogen atom to which they are attached are
l-pyrrolidinyl, l-piperidinyl, l-azepinyl,
4-morpholinyl, 4-thiamorpholinyl, l-piperazinyl,
4-alkyl-l-piperazinyl, 4-arylalkyl-l-piperazinyl,
4~diarylalkyl-l-piperazinyl, or l-pyrrolidinyl,
l-piperidinyl, or 1l-azepinyl substituted with
alkyl, alkoxy, alkylthio, halo, trifluoromethyl or :
hydroxy. f b
It should be understood that the present f
invention includes prodrug forms, such as ester, t
particularly (5-substituted 2-oxo-1,3-dioxo-

= = ..

T N e T e
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len-4-yl)methyl esters such as those of the

structure: c
Hs
o) bl
I / /k
R-C~0—CH; o (o]
(F. Sakamoto, S. Ikeda, G. Tsukamoto, Chem_ Pharm

Bull, vol. 32, pp.2241-2248, 1984), acetal and/or
mixed acetal derivatives of the compounds of
formula I. For example, such derivatives have been
documented in Desjian of Prodrugs, edited by H.
Bundgard, (Elsevier, 1985) and Methods in
Enzvmology, Vol. 42, p. 309-396, edited by K.
Widder et al. (Academic Press, 1985).
is understood that any moiety at R3 and/or Rg that

Further, it

will be cleaved in vivo to provide an acidic R3
and/or Rg moiety is within the spirit and scope of
this invention.

An examplary process for vreparing the
compounds of formula I where A, B, D and E are
carbon atoms, R1 and Rz are hydrogen and X is
oxydgen includes reacting a phenol of the formula i

Ix
HO

(:) :

O+

with a haloketone of the formula !

ITT

0
]
R4CCHhal
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where hal is a halogen, in the presence of a base
such as potassium carbonate, to form ketones of the

formula
Iv
(o]
]
R4C
CH,
\
(0)

O —-—CN

Compounds of formula IV are then reacted
with an optionally substituted isatin (such as
those disclosed in "Advances in Heterocyclic
Chemistry", E4d. A. R. Katritzky, A. J. Boulton,
Vol. 18, chapter authored by F. D. Popp, p. 1-58,
(1975)) in water (or water plus an organic
co-solvent such as ethanol) in the presence of a
base such as potassium hydroxide to form amides of
the formula

S r——
1§I§’ SRR
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I
. P
R4 CO,H
o)

N\

@)
O+ com, -

The compounds of formula V are then reacted
with a dehydrating agent such as trifluoroacetic
anhydride in an organic solvent such as dioxane in
the presence of a base such as pyridine to form

compounds of formula

VI

Compounds of formula VI are then reacted
with an azide such as tributyltin azide in an
organic solvent such as xXylene to form the
compounds of formula I where Rg is S5-tetrazolyl.

Y R S s e AR e w ot e L
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Alternatively, compounds of formula IV may
be reacted with an azide such as tributyltin azide
to form compounds of formula
IVA

Compounds of formula IVA can be reacted with an
optionally substituted isatin in water in the
presence of a base such as potassium hydroxide to
form compounds of formula I where Rg is
S-tetrazolyl.

Compounds of the formula II are prepared by
reaction of compounds of the formula

VII
OAlkyl

Y

where Y is bromine or chlorine, with an
alkyllithium such as butyllithium followed by a
zinc salt such as zinc chloride in an organic
solvent such as tetrahydrofuran to give compounds
of the formula

= = - T Y T e e i e e
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VIII
OAlkyl

Zncl

which are then reacted with an arylhalide such as
2-bromobenzonitrile in the presence of a catalyst
such as tetrakis(triphenylphosphine)palladium(O) to
form compounds of the formula

IX

(@)
>
-
g
'—l

—CN

(0)<9O)-

which are then reacted with an acid such as boron
tribromide in an organic solvent such as methylene
chloride.

Compounds of formula III may be prepared by
reacting a compound of formula

X

0O
i
R4Chal

with diazomethane to form an intermediate

diazoketone which is converted to compounds of
formula III by reaction with dry gaseous H-hal.
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An exemplary process for preparing compounds
of the formula I where A, B, D are carbon atoms and

E is a nitrogen atom, R; and Ry are hydrogen and X

is oxygen includes reacting a ketone of the formula

IV with a compound of the formula

X1 XIA

O] O

H,N

07 SCOoH  op g 0

in water (or water plus an organic co-solvent such
as ethanol) in the presence of a base such as
potassium hydroxide to form amides of the formula

X1

O —con,

The compounds of formula XII are then
reacted with a dehydrating agent such as
trifluoroacetic anhydride in an organic solvent
such as dioxane in the presence of a base such as
pyridine to form compounds of the formula
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XIII

O+on

Compounds of the formula XIII are then
reacted with an azide such as tributyltin azide in
an organic solvent such as xylene to form compounds
of the formula I where Rg is 5-tetrazolyl and E is 2
2 nitrogen atom.

Alternatively, compounds of the formula I
where A, B, D are carbon and E is nitrogen and Rj
and Ry are hydrogen may be prepared by reaction of
a compound of the formula IVA with a compound of
the formula XIA in water (or water plus an organic
cosolvent such as ethanol) in the presence of a b
base such as potassium hydroxide to form compounds ‘_Q
of the formula I where Rg is S5-tetrazolyl and E is : ﬁ
nitrogen. Pt

A compound of the formula XI or XIA is :
prepared by reaction of a compound of the formula

X1V

<:) N | ¢
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(synthesis of XIV is described by Finch, N;
Robinson, M.M.; Valerio, M.P., Journal of Organic
Chemigtry (1972), Vol. 37, pp 51-54) with a

5 brominating agent such as N-bromosuccinimide in a
solvent such as t-butanol to form a compound of the

formula
XV
@)
HN
Br
10 (0] Br .

A compound of the formula XV may be
hydrolyzed to a compound of the formula XI by
reaction with a silver salt such as silver

15 trifluoroacetate in an organic solvent such as
acetonitrile followed by reaction with water.

An exemplary process for preparing compounds
of the formula I where A is a nitrogen atom B, D
and E are carbon atoms, R; and Ry are hydrogen and

20 X is oxygen includes reacting a ketone of the
formula IV with a compound of the formula

XVI XVIA
YO 1O
H,N HN

25
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in water (or water plus an organic co-solvent such
as ethanol) in the presence of a base such as
potassium hydroxide to form amides of the formula

5 XVII
{ .
QO —con,
The compounds of the formula XVII are then
et reacted with a dehydrating agent such as
it 10 trifluoroacetic anhydride in an organic solvent

such as dioxane in the presence of a base such as
o pyridine to form compounds of the formula

XVIII

15 .

.,w..,...“h.,
R
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Compounds of the formula XVIII are then
reacted with an azide such as tributyltin azide in
an organic solvent such as xylene to form compounds
of the formula I where Rg is 5-tetrazolyl and A is
a nitrogen atom.

Alternatively, compounds of the formula I
where A is nitrogen and B, D, E are carbon and Ri1
and R2 are hydrogen may be prepared by reaction of
a compound of the formula IVA with a compound of
the formula XVIA in water (or water plus an organic
cosolvent such as ethanol) in the presence of a
base such as potassium hydroxide to form compounds
of the formula I where Rg is S5-tetrazolyl and A is
nitrogen.

The compound of the formula XVI is prepared
by reaction of a compound of the formula

XIX

with a brominating agent such as pyridinium bromide
perbromide (as described by Marfat, A; Carta, M.P.;

Tetrahedron Letters (1987), Vol. 28, pp 4027-4030)

to form a compound of the formula

XX
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A compound of the formula XX can then be
hydrolyzed to a compound of the formula XVI or XVIA
by reaction with a silver salt such as silver

trifluoroacetate in an organic solvent such as

5 acetonitrile followed by reaction with water.
An exemplary process for preparing a
compound of the formula I where R3 is -CO2R7 and
R; is -CH-OCORj; includes reacting a compound of
] Rio
@” 10
eseans the formula I where Rg is 5-tetrazoyl and R3 is
et -CO2H with triphenylchloromethane in the presence
SN of a base such as triethylamine in a solvent such
et as acetone to form compounds of the formula
HE 15
XXT
S ﬁ' N

f
XN

Compounds of the formula XXI can then be
20 reacted with a compound of the formula i

i

XXII ool

YYO\'r Ri1 il

RlO 0]

s T e e e ey
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where Y is halogen, in an organic solvent such as
dimethylformamide with a base such as cesium
carbonate to form compounds of the formula

XXITI

\1/,0\1r,R11
Rig O

0 @
°ao° N=N\
/N

; Compounds of the formula XXIII can then

(0]
LERERE RN ] 0

e 10 react with an acid such as aqueous hydrochloric

.:u:‘ acid in a solvent such as tetrahydrofuran to give

(““ compounds of the formula I where Rg is 5-tetrazoyl. 1
AL Compounds of the formula XXII can be made b

. by reacting an alkyl acid chloride such as

‘ 15 propionylchloride with a zinc salt such as zinc oo
chloride in an organic solvent such as methylene ?“‘
chloride followed by addition of an alkyl aldehyde :

such as isobutyraldehyde.

An exemplary process for preparing compounds
20 of the formula I where A, B, D and E are carbon
atoms, R1 and R2 are hydrogen, Rg is 5-tetrazolyl,
and X is sulfur includes reacting a thiophenol of
the formula

, e 37 e P T PO S . . g e b g i AR5t A e v g g 40 TR [ S
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XXIV
HS

Y

where Y is bromine or chlorine with methyl iodide
in the presence of a base such as potassium
carbonate in a solvent such as dimethylformamide to
form the product of formula '

XXV
Me-S

Y.

Compounds of the formula XXV are then reacted
with an alkyllithium such as butyllithium followed
by a zinc salt such as zinc chloride in an organic
solvent such as tetrahydrofuran to give compounds
of the formula

XXVI
Me-S

Zn-C1l

which are then reacted with an aryl halide such as
2-bromobenzonitrile in the presence of a catalyst
such as tetrakis(triphenylphosphine)palladium(0) to
form compounds of the formula

XXVII
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Compounds of the formula XXVII are then
reacted sequentially with an oxidizing agent such
as m-chloroperbenzoic acid, followed by an
anhydride such as trifluoroacetic anhydride, and
finally by a solution of triethylamine in methanol
to provide products of the formula

s

(procedure described in R. N. Young, J. Y.
Gauthier, and W. Coombs, Tetrahedron Lett. (1984),
Vol. 25, 1753).

XXVITI

Compounds of formula XXVIII are then reacted
with a haloketone of formula III in the presence of
a base such as potassium carbonate in a solvent
such as dimethylformamide to form arylthioketones
of the formula

XXIX

o~

which may be reacted with a trialkyltin azide
reagent such as tri-n-butyltin azide to form
tetrazole ketone products of the formula

N
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Compounds of formula XXX are then reacted with

an optionally substituted isatin (such as those

5 disclosed in "Advances in Heterocyclic Chemistry*

Ed. A. R. Katritsky, A. J. Boulton, Vol. 18,

chapter authored by F. D. Popp. pp. 1-58, (1975))
in water (or water plus an organic cosolvent such

as ethanol) in the presence of a base such as
10 potassium hydroxide to form compounds of the
formula

XXXI

I
H

a-Arylthio substituted ketones have previously been
15 shown to undergo the Pfitzinger quinoline synthesis

(Badische Anilin- und Soda-Fabrik, Ger. Pat.
335,197; Chem, Abstr, (1923), vol. 17, 1802).
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For the preparation of compounds of the
formula I in which X is -S0- (a sulfoxide
fur 2tional group), the procedure for the
pre;: ration of compounds of the formula XXXTI may be
5 fol.owed except that the compound of the formula
XXX is substituted by the compound of formula

XXXIT

which may be prepared by treatment of the compound
10 of formula XXX with one equivalent of an oxidizing
ee on agent such as meta-chloroperbenzoic acid.

o For the preparation of compounds of the
formula I in which X is -S02- (a sulfone
functional group), the procedure for the

15 preparation of compounds of the formula XXXI may be ; ﬂ
followed except that the compound of the formula Lf
XXX is substituted by the compound of formula o

XXXIII A

e

\_/

S——

, RIS

b
i AR
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which may be prepared by treatment of the compound
of formula XXX with two equivalents of an oxidizing
agent such as meta-chloroperbenzoic acid.

An exemplary process for preparing the
5 compounds of formula I where A, B, D and E are
carbon atoms, Rl and R2 are hydrogen, Rg is 5-
tetrazolyl, and X is N-H includes reacting an amine
of the formula

a XXXIV

4

LI 10

CE with a haloketone of the formula I1I where hal is a

halogen, in the presence of a base such as oo
potassium carbonate, in an organic solvent such as “

”cf N,N-dimethylformamide, to form ketones of the

et 15 formula

XXXV

'O.i‘ O

o Ry §

t HN

i CN {
| ke

9 )

= Compounds of the formula XXXV may then react i
with an azide such as tri-n-butylt.in azide in an ¥
20 organic solvent such as xylene to form compounds of

the formula




XXXVI

Compounds of formula XXXVI are then reacted

with an optionally substituted isatin (such as

those disclosed in "Advances in Heterocyclic

chemistry" , Ed. A. R. Katritsky, A. J. Boulton,
Vol. 18,
(1975)) in water (or water plus

chapter authored by F. D. Popp. pp. 1-58,
an organic

cosolvent such as ethanol) in the presence of a

base such as potassium hydroxide to form compounds
of the formula I were X is N-H and Rg is 5-

a-Amino ketones have previously been

tetrazolyl.

demonstrated to undergo the Pfitzinger quinoline
synthesis (H. De Diesbach, E. Moser Helv, Chim,
Acta (1937), Vol. 20, 132).

Compounds of the formula XXXIV may be prepared

by reaction of compounds of the formula

XXXVII

¥
q
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where Y is bromine or chlorine, with an
alkyllithium such as n-butyllithium followed by a
zinc salt such as zinc chloride in an organic
solvent such as tetrahydrofuran to give compounds
of the formula

XXXVIII
NO,

ZnCl

which are then reacted with an aryl haliide such as
2-bromobenzonitrile in the presence of a catalyst

such as tetrakis(triphenylphosphine)palladium(0) to

form compounds of the formula

XXXIX
NO,

CN

which may then be reduced using aAreducing agent
such as hydrogen with a catalyst such as 10%
palladium on carbon in an organic solvent such as
ethyl acetaté to prepare compounds of the formula
XXXIV.

An exemplary process for preparing the
compounds of formula I where A, B, D and E are
carbon atoms, R1 and R are hy@rogen, Rg is

i
H
i
&
i
i




o 10

15

tetrazolyl, and X is -CO- includes reacting a
bromide of the formula

XL

with dimethyl sulfoxide in the presence of a base
such a sodium bicarbonate to form an aldehyde of

the formula

XLI

The bromide of formula XL is prepared by procedures
described in (D. J. Carini et al., J. Med. Chem,
(1991), vol. 34, 2525).

A conpound of the formula XLI is reacted with
a ketone »>f the formula

XLIT

HA603a

CN

®

CN

&

R4-CO-CH3

in the presence of a base such as lithium

diisopropyl amide, in an organic solvent such as
tetrahydrofuran, to form ketones of the formula

e

A e

‘?ﬁ"“. 5 5
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XLIIT

HO CN

®

which may then be protected by reaction with
chloromethylmethyl ether in the presence of a base
such as diisopropylethyl amine in an organic
solvent such as dichloromethane to produce
compounds of the formula

XLIV

Compounds of the formula XLIV are then reacted
with an azide such as tri-n-butyltin azide in an
organic solvent such as xylene to form compounds of
the formula

e e eyt e e

T T T ki . R Y - o
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XLV
Q' Compounds of formula XLV are then reacted with
canand an optionally substituted isatin (such as those
BN 5 disclosed in "Advances in Heterocyclic chemistry"

Ed. A. R. Katritsky, A. J. Boulton, Vol. 18,
chapter authored by F. D. Popp. pp. 1-58, (1975))
$Tes in water (or water plus an organic cosolvent such
as ethanol) in the presence of a base such as
10 potassium hydroxide to form compounds of the
HEM formula

XLVI

Compounds of the formula XLVI are then reacted

R T3 5SS B AR = = et s 4 g8 S 1

15 with an acid such hydrochloric acid in an organic
solvent such as methanol to form compounds of the
formula
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XLVII
ogeees which can be oxidized using an oxidizirg agent such
SRCHF as dimethylsulfoxide and oxalyl chloride in the
®es’ 3 5 presence of a base such as diisopropylethyl amine
®e “as in an organic solvent such as dichloromethane to
<t e form compounds of the formula I were X is -CO- and

Rg is 5-tetrazolyl.

AT To prepare compounds of formula I where 2, B,
0 %, 10 D and E are carbon atoms, R1 and R2 are hydrogen,
Rg is 5-tetrazolyl, and X is -CH2-, the alcohol of

N formula XLVII is treated with a reducing agent such

o as hydrogen in the presence of a catalyst such as }
@b 10% palladium on carbon. _ L;
o tet 15 Preferred compounds of the present invention rj
egeest are those wherein

R1 and Rz are independently hydrogen,

methyl, methoxy, chlorine or bromine;

20 R3 is -COOH, -COOR7 where R7 is ethyl,
propyl, butyl, -fH-O—CORu_or ;
Rio

-CH-0-COOR;; where Rig and R;; are

|
Rio
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independently methyl, ethyl, isopropyl
or t-butyl;

Rg4 is methyl, ethyl, propyl, butyl,
pentyl, cyclopropyl, trifluoromethyl,
or pentafluoroethyl;

Rs is absent or is oxygen;

N\N
Rg is S5-tetrazolyl, -——<: I or
w [~

(I:H'O—COR:U_
Rio
N
\Ii]_
0]
?H~O—COOR11 , where R;y and
Rio [
R11 is defined as above;
X is oxygen, sulfur or -SO3; and

A, B, D and E are all carbon, or A or E
is nitrogen.

Most preferred are compounds of formula I : }

R1 and Ry are independently hydrogen,

bromine or chlorine;
R3 is -COOH or -COOR7 where R7 is

-CH-0O-COR;; where Rj;p is methyl or
|
Rio
isopropyl and Rjj; is methyl, ethyl,
t-butyl or isopropyl:;
R4 is methyl, ethyl, propyl or

cyclopropyl;
Rs is absent or is oxygen;

Rg is 5-tetrazolyl;
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X is oxygen; and
A, B, D and E are all carbon, or 2, B,
and D are carbon, and I is nitrogen.

The preferred prodrug forms of the compounds
of formula I are the ester forms, particularly
(5-substituted 2-oxo-1,3-dioxolen-4-yl)methyl
ester.

The present compounds of formula I inhibit
the action of the hormone angiotensin II (A-II) and
are therefore useful, for example, as
antihypertensive agents.

The action of the enzyme renin on
angiotensinogen, a pseudoglobulin in blood plasma,
produces angiotensin I. Angiotensin I is converted
by angiotensin converting enzyme (ACE) to A-II.

The latter is an active pressor substance which has
been implicated as the causative agent in several
forms of hypertension in various mammalian species,
e.g., humans. The compounds of this invention
inhibit the action of A-II at its receptors on
target cells and thus prevent the increase in blood
pressure produced by this hormone-receptor
interaction. Thus by the administration

of a composition containing one (or a combination)
of the compounds of this invention, angiotensin
dependent hypertension in a species of mammal
(e.g., humans) suffering therefrom is alleviated.

A single dose, or preferably two to four divided
daily doses, provided on a basis of about 0.1 to
100 mg per kilogram of body weight per day,
preferably about 1 to 15 mg per kilogram of body
weight per day is appropriate to reduce blood
pressure. The substance is preferably administered

orally, but intranasal, transdermal and parenteral
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routes such as the subcutaneous, intramuécular,
intravenous or intraperitoneal routes can also be
employed. The compounds of this invention are also
useful in the treatment of congestive heart failure
and cardiac hypertrophy. In addition, in view of
the role of these compounds in the renin-
angiotensin system described above, the A-II
antagonist compounds disclosed herein are also
expected to be useful for the same or similar
indications which have developed for ACE
inhibitors.

The compounds of this invention can also be
formulated in combination with a diuretic for the
treatment of hypertension. A combination product
comprising a compound of this invention and a
diuretic can be administered in an effective amount
which comprises a total daily dosage of about 30 tc
600 mg, preferably about 30 to 330 mg of a compound
of this invention, and about 15 to 300 mg,
preferably about 15 to 200 mg of the diuretic, to a
mammalian species in need thereof. Exemplary of
the diuretics contemplated for use in combination .
with a compound of this invention are the thiazide Lf
diuretics, e.g., chlorthiazide, hydrochlorthiazide, |
flumethiazide, hydroflumethiazide, .
bendroflumethiazide, methylchlothiazide, ;&@a
trichlormethiazide, polythiazide or benzthiazide as :
well as ethacrynic acid, ticrynafen,
chlorthalidone, furosemide, musolimine, bumetanide,
triamterene, amiloride and spironolactone and salts
of such compounds.

el e SRR
.

The compounds of formula I can be formulated
for usz2 in the reduction of blood pressure in
compositions such as tablets, capsules or elixirs




o A 8 OIS 313

L £,
e

HA603a
- 33 -

for oral administration, in sterile solutions or
suspensions for parenteral or intranasal
administration, or in transdermal patches. About
10 to 500 mg of a compound of formula I is

5 compounded with a physiologically acceptable
vehicle, carrier, excipient, binder, preservative,
stabilizer, flavor, etc., in a unit dosage form as
called for by accepted pharmaceutical practice.
The amount of active substance in these

T 10 compositions or preparatioris is such that a

R suitable dosage in the range indicated is obtained.
f:?: The following examples and preparations

ot describe the manner and process of making and using
R the invention and are illustrative rather than

HEN 15 1limiting. It should be understood that there may

be other embodiments which fall within the spirit
and scope of the invention as defined by’the claims

e . appended hereto.

Nm




sy

13

10

15

20

25

30

HA603a .
- 34 - i

Example 1
2-Propyl-3-[[2'-(2H-tetrazol-5-yl)[1,1'-biphenyl]-
4-ylloxyl -4-quinolinecarboxylic acid, dilithium
salt

A. = -2-

Butyryl chloride (10 mL, 97 mmol) was
dissolved in dry diethylether (100 mL) and cooled
to 0°C. A solution of diazomethane (194 mmol) in
ether was added and the reaction was allowed to
stand at -10°C for 16 hours. The bright yellow
solution was then treated with hydrogen chloride
gas and the color was discharged. The ether was
removed and the residue distilled in vacuo (50°C-
56°C/10-15 mm Hg) to yield the title compound as a
colorless liquid (7.4 g, 64%).

B. ‘- ‘-bi 2=

To a solution of 4-bromoanisole (18.7 g,
0.1 mol) in anhydrous tetrahydrofuran (200 mL) at
-78°C was added a solution of n-BuLi (2.5M
solution, 40 mL) in hexane. After stirring for 30 -
minutes, a solution of zinc chloride (1M solution, ;[f
100 mL) in ether was added. After the mixture was i
stirred for one hour at -78°C, Pd(PhiP)g4 (0.85 g,
0.73 mmol) and 2-bromobenzonitrile (18.2 g, : &;~
0.1 mol) were added. The reaction mixture was ;
stirred at room temperature overnight, and then was
concentrated in vacuo. The residue was partitioned
between ethyl acetate (400 mL) and 1N hydrochloric e
acid (100 mL). The organic solution was washed |
with brine and dried over magnesium sulfate.
Concentration in vacuo gave a crude intermediate ¢
4'-methoxy(1,1'-biphenyl]-2-carbonitrile, which was

Gt
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directly used for the next step (the compound can
be triturated with ether to obtain a pure solid
product). To a solution of the crude intermediate
in methylene chloride (150 mL) at -78°C was added
boron tribromide (1M solution, 200 mL) in methylene
chloride. After the addition, the resulting
solution was stirred at room temperature overnight.
The reaction was quenched by adding very slowly
methanol (100 mL) at -78°C. The mixture was then
poured into ice water. Ethyl acetate (300 mL) was
added to the aqueous mixture, the organic layer was
washed with water and dried over magnesium sulfate.
Concentration in vacuo gave a solid, which was
triturated with ether to obtain the title compound
(11.5 g, 59% overall). If needed, the product can
also be purified by silica gel column eluting with
toluene/ethyl acetate (4:1); m.p. 177-178°C.

C. 4'-(2-Oxopentyloxy) [1,1'-biphenyl]-2-
carbonitrile

Potassium iodide (30 mg, 0.17 mmol) was
dissolved in acetone (1.5 mL). The title A
compound (185 mg, 1.54 mmol) was added followed by .
the title B compound (200 mg, 1.02 mmol) and 3@:
potassium carbonate (212 mg, 154 mmol). The brown
reaction mixture was then heated to 50°C for 6.5 Do
hours then allowed to stir at room temperature for
an additional 16 hours. The mixture was then
adsorbed onto silica gel and purified by flash
chromatography on silica gel eluted with 5% ;‘
acetone, 45% toluene, 50% hexane, to provide the
title compound as a brown oil (260 mg, 91%).
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D. 3-[[2' (Aminocarbonyl) [1,1'-biphenyl] -4-

The title C compound (120 mg, ( .3 mmol) was
suspended with potassium hydroxide (1.1 mL,
30% aq.) and isatin (63 mg, 0.43 mmol) was added
and the reaction was heated to 105°C for eight
hours. The mixture was then acidified with
hydrochloric acid and extracted with ethyl acetate.
The organic extracts were combined, dried over
magnesium sulfate and the solvent removed. The
residue was purified by flash chromatography on
silica gel eluted with 5% acetic acid, 20% acetone,
75% toluene to yield the title compound as a yellow
solid (111 mg, 61%); m.p. 230°C.

E. 3-[(2'-Cyano[l,1'-biphenyl]-4-yl)oxyl-2-
-4-qui in 1i i

The title D compound (103 mg, 0.24 mmol) was
dissolved in dioxane (1.3 mL) and trifluoroacetic
anhydride (68 ML, 0.48 mmol) and pyridine (59 mL,
0.73 mmol) were added. The mixture was stirred for
25 hours at room temperature. Additional
trifluoroacetic anhydride was added after 20 hours
(17 pL; 0.12 mmol) and after 23 hours (10 UL,
0.071 mmol). The reaction was gquenched with
hydrochloric acid (1.0 N aqg.) and extracted with
ethyl acetate. The organic extrects were combined,
dried over magnesium su<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>