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ABSTRACT OF THE DISCLOSURE

The invention relates to N-substituted hetero-
cyclic derivatives. _
- These derivatives have the formula
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COMPCSI TI ONS CONTAI NI NG THEM The pr esent |nvent|on relates to

N-substituted heterocyclic der|vatFves——%e—%he++—ﬁ+eﬁarat|on af 1§SHEETHASBEEN
pharmaceutical conpositions in which, gﬂ&yHggﬁmB&: The = rEPLACED
conpounds according to the inventio e actlon of—amgr ot ensi n

1, which is a peptide hornone of EHH'" '

H-Asp Arg-Val - Tyr-11e-Hi s- Pro-Phe- enS|n II is a pot ent

vasopr essor -and the biologically active product of the renin- angloten5|n
system renin acts on the angloten3|nogen of the plasma

- R, and R, are similar or'different'and are each indeei
pendently hydrogeh or a group selected from a C,-C_
alkyl, a C,-C, alkoxy, an amino, an aminomethyl, a
carboxyl, an alkoxycarbonyl in which the alkoxy is
c,-C,, a cyano, a tetrazoiyl; a methy;tetrazolyl, a
methylsulfonylamino, a trif1uoromethylsu1f0ny1amino,
a trifluoromethy1sulfonylaminomethyl, an N-cyano-
acetamide, an N-hydroxyacetamide, an N-(4-carboxy-
1,3-thiazol-2fyl)acetamidé, é ureido, a 2-cyano-
guanidinocarbonyl, a 2-cyanoguanidinomethyl, an imi-
dazol-l-ylcarbonyl and a 3~cyano-2-methylisothio-
ureidomethyl, with the broviso that at least one of
the substituents R, or R, is other than hydfogen;

- R, is a hydrdgen, a C,-C., alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
C,~Cc alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyi is ¢,-C,, or a phenyl-
alkenyl in which the'alkenyl is c_-c,, said phenyl
groups being unsubstituted or monosubstituted or
pblysubstituted-by a halogen atom, a C,-C, alkyl, a
C,~C, halogenocalkyl, a C,~C, polyhalogenoalkyl, a-
hydroxyl or a C,-C, alkoxy; |

- R, and R, are each independently a C,-C. alkyl, a
phenyl or a phenyialky; in which the alkyl is Cc,-C,,
said alkyl, phényl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a Cc,-C, alkoxy:

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-Cc, alkyl or a
phenyl and R, .is a'cl-c‘ alkyl or a phehyl: _

- or else R, and R, together are either a group of the
formula (CH_.), or a’ grbup_ of the formuia_.(Cl-I,)",Y-'
(CH,),, in which Y is either an-oxygen_atom, or a
sulfur'atom, or a carbon atom substituted by a C,-C,



to produce angiotensin |, which is converted to angio- tensin || by the
action of the angiotensin | converting enzyne. The COWWQWﬂ9§H§ETEﬂE?E
present invention are non- peptide conpounds whi ch antagoni ze 3ng'°ﬁ9ﬁ§keED

EEN

1. By inhibiting the action of angiotensin Il on its recep- torsT—the

conpounds .according to the invention prevent especially the increase in
bl ood pressure produced by the hornone-receptor interaction; they also have
ot her " physi ol ogi cal actions on the central nervous system . Thus the

conmpounds according to the |nvent|on are useful in the treatnent of
cardi ovascul ar com

alkyl is C,-C,, or a group N-R.,, in which R_ is a

‘hydrogen, a C,-C, alkyl, a phenylalkyl in which the

alkyl is C,~C,, a C,~C_, alkylcarbonyl, a C,-C, halo~
genoalkylcarbonyl,'a C,-C, polyhalogenoalkylcarbonyl,
a benzoyl, anu alpha-aminoacyl or an N-protecting
group, or R, and R,, together with thé carbon atom to
which they are bonded, form an indane or an adaman-
tane; '

pt+tqg=m;

.h'is an integer between 2 and 11:

m is an integer between 2 and 5;:
X is an oxygen atom or sulfur atom; and |
z and t are zero or one is zero and the other is one;

and its salts (510).

App11cat10n' Angloten51n II antagonlsts
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alkyl group, a phenyl or a-phenylalkyl in which the -



pl ai nts such as hypertension and heart failure, as well as in the treatnent
of conplaints of the central ner- vous systemand in the [Tgqd BRBtT AAS BEEN
gl aucoma and dia- betic retlnopathy The'present.i1vent|ggyLA@tates

to conpounds of .the fornul a

The present invention relates to N-substituted
heterocyclic derivatives, to. their preparation and to
the pharmaceutical " compositions in which they are
present.

05 - The compounds according to the invention anta-
_gonlze the actlon of angloten51n II which is a peptide
‘hormone of the formula

H-Asp~Arg-Val-Tyr-Ile-His-Pro-Phe~OH

Angiotensin II is a potent vasopressor and the

10  piologically active produét_ of the renin-angiotensin
system: renin acts on the angiotensinogen of the plasma
to produce ang10tens1n I, which 1s converted to angio-
tensin II by the actlon of the angiotensin I converting
enzyme. _ _

15 ‘The compounds of the present invention are non-
peptide compounds which antagonize angiotensin II. By
inhibiting the action of angiotensin II on its recep-
tors, the compounds accordlng to the invention prevent -
especlally the 1ncrease in blood pressure produced by

20 the hormone-receptor_1nteract10n. they also have other
physiological actions on the central nervous system.

Thus the compounds according to the invention

are useful in the treatment of cardiovascular com-

_ plaints such as hypertehsion and heart failure, as well

25 as in the treatment of complaints of the central ner-

' vous system and in the treatment of glaucoma and dia-
betic retinopathy. :

The present invention relates to compounds of

'the formula
‘30
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(1)

in which: o

- R, and R_ are similar or different and are each inde-
pendently hydrogen or a group selected from a C,-Cg
alkyl, a Cc,~C, alkoxy, an amino, an aminomethyl, a
‘carboxyl, an alkoxycarbonyl in which the alkoxy is
c,-C,, a cyano, a tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a trifluoromethylsulfonylamino,
‘a trifluoromethylsulfonylaminomethyl, an N-cyano-
acetamide, an N-hydroxyacetamide, an N-(4-carboxy-
1,3-thiazol-2-yl)acetamide, a ureido, a '2-cyano'-
guanidinocarbonyl, a 2-cyanoguanidinomethyl, an 'imié-
dazol-1l-ylcarbonyl and a 3-cyano-2-methylisothio-
- ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen;

- R, _is a hydrogeri, a C,-C, alkyl which is unsubsti-

' tuted or substituted by one or more halogen atoms, a
c,~C, alkenyl, a C,~C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,~C,, or a phenyl-
alkenyl in which the alkenyl' is -'c,-_c,, said phenyl
groups being 'un'sub_stituted or -monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,~-C, alkoxy: | '

- R, and R, are each independently a C,-C, alkyl, a

phenyl or a phenylalkyl in which the alkyl is ¢, -C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen



in which: Rerr] and Rerr] are simlar or different and are each inde-
pendently,hdeegen—Ur‘a'ﬁFﬁﬁb selected froma C[err]-C[eUﬁE“yggéErHASB

.
{7

Cerr]- E.

~al koxycar

05

10

15

20
- = m is an integer between 2 and 5;

25

30

35

‘i HuOBd¥n Replacedri no, an am nonet hyl, a carbox

| ;" an rREPLACED

EEN ‘

\\\“\M\\\\\ \|\\“e oy I

atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a C,-C_, alkoxy:

- or R, and R, together form a group of the formula
=CR,R_, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,~C_, alkyl or a phenyl:

- = or else R, and R, together are either a group of the

formula (CH,), or a group of the formula (CH_)_ Y-
(CH,)4, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C_
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R,, in which R, is a
hydrogen, a C,~-C, alkyl,-a phenylalkyl in which the
alkyl is c,-C,, a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminocacyl or an N-protecting
group, or R, and R,, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane; -

~Pt+tq=m; .

- n is an integer between 2 and 11:

- X is an oxygen atom or sulfur atom; and
- z and t are zero or one is zero and the other is one;
and their salts.

If a compound according to the invention has an
asymmetric carbon, the invention includes the 2 Optlcal

'1somers of this compound.

The salts " of the compounds of formula (I)
according to the present invention include those with
mineral or organic acids which permit separation or
suitable crystall:.zat:.on of the compounds of formula
(I), such as picric acid, oxalic acid or an optically
active acid, for example a mandelic acid or a campho-
sulfonic acid, and acids which form pharmaceutically
acceptable salts such as the hydrochloride, the hydro-



Cerr]-Cerr], a cyano' a tetrazolyl, a nethyltetrazolyl, a

met hyl sul fonylami no, a tri Ian1no fIuoronethylsulfonylan1no a "THIS SHEET HAS BEEN
trlfluoronethylsulfo m nonet hyl , "an N-cyano- carbanoyl , Lgn REPLACED
N—hydr (4 carboxy 1, 3-t hi azol - 2-yl ) car bawey—a—trerduo,

a 2- cyan bonyl a 2-cyanoguani di-nonethyl, an im- -

dazol -1 - a 3-cyano- 2-net hyl i sot hi o- ureidonethyl, with the

proviso t at at Ieast one of the substituefts Rlerr] or Rerr] is other
than hydrogen; Rl err] is a hydrogen, a CJerr]-Clerr] alkyl which is
unsubsti- tuted or substituted by one or nore hal ogen atons, a

Gerr]-Cerr] BL&%EXe, tﬁle sCLffa e,C[ %ﬂ@hyﬁ%&';é’%éﬁ%éte? t Qecri]%./l!xydrg—
' genphosphate, the methanesulfonate, the methylsulfate,
the maleate, the fumarate and the naphthalene-z-sulfo—

nate. : '

05 The salts of the compounds of formula (I) also
include the salts with organic or mineral bases, for
example the salts of alkali or alkaline earth metals,
such as the sod1um,_potass1um and calcium salts, the
sodium and potassium salts being preferred, or with a

10 tertiary‘amine'such as trometamol, or else the salts of
arginine, 1lysine or any physiologically acceptable
amine.

According to the present description and in the
claims which follow, halogen atom is understood as

15 meaning a bromine, chlorine or fluorine atom; N-pro-
tecting group (also designated by Pr) is understood as
meaning a group conventionally used in peptide chemis-
try for affording temporary protection of the amine
group, for example a Boc, Z or Fmoc group or a benzyl

20 group; esterified .carboxyl group is understood as

- meaning an ester which is labile under appropriate
oonditions, such as, for example, a methyl, ethyl,
benzyl or tert-butyl ester. "Alkyl"™ denotes linear or
branched saturated aliphatic hydrocarbon radicals.

25 The compounds of formula (I) in which R, is in
the ortho position and is a carboxyl or tetrazolyl
~group and R, is hydrogen are preferred compounds.

The compounds of formula (I) in which R, and R,
together form, with the carbon to which they are

30 bonded, a cyclopentane or a cyclohexane are preferred
compounds. :

Likewise, the compounds of formula (I) in which
R, is a linear C,-C, alkyl group are preferred com-
pounds. o

35 o The compounds of formula (I) in which X is an



phenyl al kyl in which the alkyl is Clerr]-Clerr], a phenyl - al kenyl in
which the alkenyl is CJerr]-Clerr], said phenyl groups bgihg )
unsubstituted or nonosubstituted or.polysubstituted by aﬂﬁ§5ﬁ 'ﬁigﬁ%ﬁ?ah
Cerr]-Clerr] alkyl, a (Jerr]-Cferr] hal ogenoal kyl, a Clerr]- BrASE

pol yhal ogenoal kyl, - a hydroxyl or a C[erE Cerr] alkoxy; Rerr] and Rlerr]
are each independently a (err]-Cerr] kyl, a phenyl or a phenylal kyl in

which the alkyl is (Jerr]-Cerr], said al kyl, phenyl. and phenylalkyl gr oups
bei ng unsubstituted or substituted by one or nore hal ogen

oxygen atom are also preferred compounds.
-Finally, the compounds of formula (I) in whlch

2 =t = 0 are preferred compounds.
The following abbreviations are used in the
05 description and in the Examples:

Et : ethyl
nBu, tBu : n-butyl, tert—butyl '
DMF : dimethylformamide
THF : tetrahydrofuran
10 DCM : dichloromethane
NBS : N-bromosuccinimide
DCc : dicyclohexylcarbodiimide
DIPEA : diisopropylethylamine
ether ¢ ethyl ether
15 TFA : trifluorocacetic acid
Z :'benzyldxycarbcnyl
Boc ¢ tert-butoxycarbonyl
BOP : benzotr1azolyloxytr1sdlmethylamlnophospho-
_ "~ nium hexafluorophosphate
20 Fmoc : fluorenylmethoxycarbonyl

The present invention further relates to the
method of preparing the compounds (I). Said method is characterized
in that: | | '

al) a heterocyclic' derivatives of the formula

25 _ . , o "Ry
R57L(CH2): : _
2(CH2) N 2

L

|
30 : H

in which z, €, R,, R, and R, are as defined above for
(I), is reacted with a (blphenyl 4-y1)methy1 derivative
of the formula

35
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Hal-CHj

in which Hal is a halogen atom and R’, and R/, are res-
pectively either R, and R, or a precursor group of R,
and R,; _
bl) if appropriate, the resulting compound of
the formula

Ry
RS;L(QH:’.)::
z(CH2) N .
_ I rs  ®r'2 R")
0 N

(|:H2

is treated with Lawesson’s reégent [2 ,4-bis(4—méthoxy—
phenyl)-1,3-dithia-2, 4-diphosphetane 2,4-disulfide];
and ' ' : o

cl) the compound obtained in al) or bl), of the
formula : ' : :

R4
RsJ_cCHz)t
z(CH2)

X N

in which X is an oxygen atom or a sulfur atom, is
treated to give the compound (I) by conversion of the



at ons P setfcted froma Jerr]- C[err] perfl uoro- aIkyI a
hydrox SBdeh Réglee al kox - or err] and a
group ”ﬁm ]ﬂﬂ 1 ]C:R[err]é[err] :QL vvh}ch R[s[rr Hxsﬁg%@ﬁ ﬁéﬂ

[E—

Clerr]- a phenyl and Rlerr] is a J & ﬁ“’*'b d—dr a
phenyl ; rr] and R err] bonded together are elther a group of
t he fornula (CH err])[err] or a group of-the formula (CH err])[err]Y-

(CHerr])[err], in which Y is either an oxygen atom or a sulfur atom -
or a carbon atom substituted by a C[err] derr] aIkyI group, a phenyl or
a phenyl al kyl in which t he glkx C&grr Clerr] grou err],
in which R err]9¥QURS RiydrBREAOE, %f[ze EPr]gﬁPRPF %;p %ﬂ' 2in

whi ch t he respectively.
' ' ~ Among the compounds 2, the compounds (II) as
defined below are novel. | '
05 Thus the present invention further relates to
- the compounds (II) of the formula '

Rq

' Rs}-(ciuz.)c |
10 2(CH2) N - (I1)
)\ J""" |

N
|
H

15 . in which:
- R, is a hydrogen, a C,-C, alkyl which is unsubsti-
. tuted or substituted by one or moré halogen atoms, a
- C=Cgq alkenYl, a Cc,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
20 alkenyl in which the alkehyl is c_-c,, said phenyl '
groups being unsubstituted or monosubstituted or
polysﬁhstituted by a halogen atom, a C,-C, alkyl, a

. C,=C, halbgenoalkyl a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,~C, alkoxy;

25 - R, and R, are each independently a C,~C_, alkyl, a
| phenyl or a phenylalkyl in which the alkyl is c,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,~-C_, perfluoro-

30 alkyl, a hydroxyl and a C,~C, alkoxy;

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a c;-c4 alkyl or a
phenyl and R, is a C,-C_, alkyl or a phenyl:;

o - or else R, and R, together are either a group of the
35 formula (CH,),, or a group of the formula (CH,)_ Y-



al kyl is C[err]

hal o- geno
benzoyl, an
Rerr], bond
forn1an I ndane
and 11; - misk

Cerr], a (Jerr]-(err] alkylcarbonyl, a err]-derr]

al kyl carberyt—a€ferr]-(err] pol yhal ogenoal kyl1gas BABYT HAS RREN

@%ﬁ.

13@{1 an N-protecting group, or R[errﬂEp@n@ED

{
i

atom - z-and t are zero or one is zero and the other is one; and their

sal ts.
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(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R_, in which R, is a

hydrogen, a C,-C, alkyl, a phenylalkyl in which the

alkyl is c,-Cc,, a C,~-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl,=a c1-c§ polyhalogenoalkylcarbonyl,
a benzoyi, an alpha-aminoacyl or an N-protecting
group, or R, and R, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane; | '

Pp+qg-=

n is an integer between 2 énd 11;

m is an integer between 2 and-5:

X is an oxygen atom or sulfur atom; and

z and t are zero or one is zero and the other is one;

with the limitation that '

- if z and t are zero and X is an oxygen atom, R and

R, are other than

- a C,~C, alkyl, a phenyl or a phenylalkyl in which
the alkyl is C,-C,, said alkyl, phenyl and phenyl-
alkyl groups being unsubstituted or substituted by
one or more halogen atoms or by a group selected
from a C,-C, perfluorocalkyl, a hydroxyl and a C,-C,
alkoxy: o

.+ or R, and R, together are other than a group N-R,

in which R, is a hydrogen, a C,~C, alkyl or a
phenylalkyl in which the alkyl is C,-C,; and
- nis other than 6.
and
- 1if z = 1 and R, is.a phenyl, R, and R, are each
other than a methyl.

. Among the derivatives (1I), the compounds in
which z = t = 0 and R, and R,, together with the carbon
to which they are bonded, form a cyclopentane are pre-

tane; p + g=nm - nis an integer between 2

lthe carbon atomto - which t hey are bomded;
ween 2 and 5;g--X i s an oxygen atom or sulfur



I f a conpound according to the invention has an asymetric carbon, the

i nvention includes the 2 optical isoners of this conpound. THH;mf—Tf—

salts of the conpounds of formula (1) according to the pregent 'ﬁﬁﬁ? BEEN

i.nclude those with mneral or organic acids which permt separat+oen
suitable crystallization of the compounds of " formula (1), such as picric
acid, oxalic acid or an optically active_agid, for exanple a nmandelic acid
or a canpho- sul fonic acid, and acids which form pharmaceutical l.y
acceptabl e salts such as the hydr ochl ori de, the hydro-

ferred compounds. Theéé compounds have the formula

05 _ ' (II’) -
I |
| / )-Rs

10 in which X is an oxygen atom or a sulfur atom and R, is
a hydrogen, a C,=C, alkyl which is unsubstituted or
substituted by one or more halogen atoms, a C_-C,
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in

. which the alkyl is'cl-c;, or a phenylalkenyl in which

15 the alkenyl is C_~C,, said phehyl groups being unsub-

stituted or monosubstituted or. polysubstituted by a

- halogen atom, a C,-C, alkyl, a C,~C, halogenoalkyl, a
‘¢,-C, polyhalogenoalkyl, a hydroxyl or a C,-C, alkoxy.

_ The compounds (II) in which z = 0 and t = 1, of

20 the formula

| )—'Rs (1T

25 X "l

~in which R,, R,, R, and X are as defined above for
(II), are preferred compounds.

30 , Finally, the compounds (II) in which z = 1 and
t = 0, of the formula '

35
This Sheet Has Been Replaced
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SR

in which: _ . , _ _
- R, is a hydrogen, a C,-C, alkyl which is unsubsti-

tuted or substituted by one or more halogen atoms, a
Cc,~C, alkenyl, a .cs—é, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
alkenyl in which the alkenyl is C_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,~C. halogenocalkyl, a C,~-C, polyhalogenocalkyl, a
hydroxyl or a C,~C, alkoxy: . _

R, and R, are each independently a C,-C., alkyl, a
phenyl or a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and _phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a groﬁp selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a C,-C, alkoxy: _ |
or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,~C, alkyl or a
phenyl and R, is a C,-C_, alkyl or a phenyl;

- or R, and R, together are either a group of the

formula (CH_ )' or a group of the formula (CH, ) p¥-
(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is ¢,-C,, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is c,-c,, a C,-C, alkylcarbonyl, a.Ci-c4 halo~
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,



bronmi de, the sulfate, the hydrogensul fate, the di hydro- genphosphate, the

met hanesul fonate, the methylsulfate, the maleate, the fu

napht hal ene- 2- sul f o- nate. The salts of the conpou

(1) also include the salts with organic or mneral bases,

Ea@wm‘f‘ﬁ&w BEEN |
or_ o RERRAGED po

sdlts of alkali or alkaline earth netals, such as the SOdIUﬁ] pota55|un1and
calciumsalts, the sodium and potaSS|uanq]t& being preferred, or with a

tertiary am ne such as tronetanol, or el se the salts of arginine, |ysine or
any physiologically acceptable

a benzoyl, an alpha—aminoacyl or an N-protecting

group, or R, and R., together with the carbon atom to

which they are bonded, form an indane or an adaman-
© tane; ' '

05 -p+qg=
{ n is an 1nteger between 2 and 11;
- m is an integer between 2 and 5; and
- X is an oxygen atom or a sulfur atom;
with the limitation that R, is other than a phenyl if
10 R, and R, are each a methyl, '
are preferred compounds.

The derivatives 2 are prepared by known meth-
ods. For example, it is possible to use the method
described by Jacquier et al. (Bull. Soc. Chim. France,

15 1971, 3, 1040-1051) and by Brunken and Bach (Chenm.
Ber., 1956, 89, 1363-1373) and to react an alkyl
imidate with an amino acid or its ester in accordance
with the following reaction scheme:

20 Ry /(cnz)z-cozk" . /NH

_ '+ R3 - C >
Rs/ \(CHZ),;—NHZ or
5 [
25
_ Rs
(CH2)e
z(CH2) N
| g4
30 o A 2
H
in which R is a C,~C_, alkyl, R’ is hydrogen or a C,-C,
_ alkyl and R,, R,, R;, z and t are as defined above for
© 35 (I).
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am ne.
foll ow,

hal ogen atomis understood as meaning a bronine, 'ﬂﬂ%ﬁﬁﬁgrﬁﬁSBEEN
fluorine atom N-pro- tecting group (also designated by PL) s REf4ACEPoqd

According to the present description and i p—the—tratrm<whi-ch

as neaning a group conventionally used in peptide chen s- try for af f or di ng
tenporary protection of the amine group, for exanple a Boc, Z or Fnpc group
or ‘a ‘benzyl

ester which is |abile under appropriate conditions, such as, for exanple,
a net hyl,
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group; esterified carboxyl ~ ﬂ&hp I S understood as neani ng an

ethyl, benzyl or tert-butyl ester. "Al kyl" denotes |inear or
This reaction is carried out in an acid medium
by heating in an inert solvent such as xylene or
toluene. ' o
According to another procedure, the compound 2
can be prepared by reacting an aminoalkylamide (5')
with an alkyl ortho-ester (10) in an acid medium in
accordance with the following'reaction schenme:

R (CH2)z-CONHp L
+ R3-C(OR)3 —> 2

/n

e
Rs (CH2)¢-NH2

in which R is a C,~C, alkyl.

Usimg a procedure described by H. Takenaka et
al. (Heterocycles, 1989, 29(6), 1185-89), it is also
possible to prepare the compoﬁnd 2 by reacting an acid
halide of the formula

R,-CO-Hal 12

in which Hal is a halogen, preferably chlorine, with
the derivative 5%’.
The reaction is carried out in a basic medium.
More particuigrly, acdording to another_object
of the present invention, the compound 2 is prepared by
a method characterized in that it comprises reacting a compound

of the fofmula

in which B is _
- a group C(OR),
N S —
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branched saturated aliphatic hydrocarbon radicals. The -eengeﬁﬁﬁs—m—“—[,—
formula (1) in which Rlerr] is in the ortho position and is a cH# §§EI§ 5 BEEN
tetrazolyl group and Rlerr] is hydrogen are preferred compoun REFLA
conpounds of formula (1) in which Rerr] and R err] bonded toget her form

with the carbon to which they are bonded; a cycl opentane or. a cycl ohexane

are preferred conpounds. Li kew se, 18he conpounds of formula (1) in
which Rlerr].is a linear (ferr]-Cferr] alkyl group are preferred com
pounds. The conpounds of fornula (I) in which X is an
C//NH .
- a grou o
P \\\OR .

- a group COHal
05 R being a C,-C, alkyl and Hal denoting a halogen atom,
' preferably chlorine, w_1th a compound of the formula '

Ry (CH2),CO0A
10 Rs”  (CH2)tNHz

in which A is an OH grdup, an Ni{, ‘group or a group OR',
R’ being hydrogen or a C,-C, alkyl, and then, if
appropriate, treating the resulting compbund with
15 Lawesson’s reagent (2,4-bis(4-methoxyphenyl)-1,3-di-
thia-2,4-diphosphetane.disulfide).

The (biphenyl-4-yl)methyl derivative (3) is
prepared by a method described in European patent
application 324 377. | _ |

20 | The conversion of a group R', and/or R, to a

| group R, and/or R, is effeéted by methods well known to

'those skilled in the art. Thus, if the compound (I) to

be prepared possesses a group R, and/or R, = carboxyl,

R’, and/or R’, are an esterified carboxyl group. If

25 the compound. (I) to be prepared possesses a group R,

and/or R, = tetrazolyl, R/, and/or R’, can be either a

tetrazolyl protected Ifor example by a trityl group, or

‘'a cyano group which will subsequently be replaced v_l:i.th

a tetraz'olyl group protected if nécessary by a trityl.

30 The conversion of the cyano group to a tetrazolyl can

be effected with' an azide, for example tributyltin
azide or sodium azide.

It is also possible to use groups R’, and/or
'R'z such as nitro, carboxyl, cyano or acid chloride

35 'groups and then to convert them by reactions well known
o T = _
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to those skilled in the art to give groups R and/or R,
as defined for the compound (I). _

Thus, if R’, and/or R’, are a carboxyl, they
can be converted to R, and/or R, in the form of an
imidazol-1~-ylcarbonyl or else an N-{(4-carboxy-1,3-
thiazol-2-yl)acetamide. |

The group R’, and/or_R',‘, in the form of an acid
chloride can be converted to R, and/or R, in the form

- of N-jhydroxyacetamide, N-cyanoacetamide, ureido or 2-

cyanoguanidinocarbonyl. _

The group R/, and/or R’, in the form of a nitro
can be converted to amino, from which R, and/or R, is
prepared in the form of methylsulfonylamino, trlfluoro-
methylsulfonylamino or trlfluoromethylsulfonylamlno—
methyl. _ _ '

The group R’, and/or R’, in the form of a cyano
can be converted to aminoméethyl, from which a 3-cyano-
2-methylisothioureidomethyl is prepared (according to

C. Gordon et al., J. Org. Chem., 1970, 35(6), 2067-
2069) or a 2-¢yanoguanidinomethyl is prepared (accor-.

ding to R.W. Turner, Synthesis, 1975, 332).

Step al) is carried out in an inert solvent
such as DMF, DMSO or THF, in a basic medium, for
example in the presence of potassium hydroxide, a metal

alcoholate, a metal hydride, calcium carbonate or tri-

ethylamine.

Step bl) is carried out by heating under
n1trogen in a solvent such as toluene, according to the
method described by _H P. Cava et al., Tetrahedron,

1985, 41, 22, 5061.

In the description below, the method comprising
steps al, bl and cl is referred to as method 1.

| Alternatively, the compounds (I) can be pre-
pared by another method, which is also a subject of the

present 1nventj.on. Said method is characterized in that:

/
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oxygen atom are al so preferred conmpounds. . Finally, the ¢omeQHEET &ifAS BEEN

formula (1) in which z =t = 0 are preferred conpounds. The - REPLACED
foll ow ng abbreviations are used in.the description and in the anpl es: Et
ethyl nBu, tBu : n-butyl, tert-butyl DW . di met hyl f ormam de THF
tetrahydrofuran DCM . di chl oronet hane -
~. 15 -

a2) an amino acid of the formula

Ry '(CHp)¢-NHPr
i -t
05 Rs ((':HZ)z
COOH -

in which z, t, R, and R, are as defined above for (I),
and of which the amine group is protected by the Pr

10 group, is reactéd with a (biphenyl-4-yl)methylanine
derivative of the formula

_ S 8

in which R/, and R, are respectively either R, and R,
or a précursor group of R, and R,; |

20 b2) after deprotection of the amine, the resul-
ting compound of the formula

5 C- (CH -C*NH'CH
Rs (CH2)t-NH2

is then treated with an alkyl ortho-ester of the
formula R,C(OR), (10), in which R, is as defined above
30 for (I) and R is a C,-C_, alkyl:
_ c2) if appropriate, the resultlng compound of
the formula

35
heet Has Been Replaced
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N- br onosucci ni m de DCC : di cycl ohexyl car bodi i m de -DI-REA_

d||soprobylethylan1ne et her . ethyl ether TFA : trifluoropd&l§ EHBET HAS BEE
: . benzyl oxycar bonyl Boc . tert-butoxycarbonyl BOP . REPLACED
benzotri azol yl oxytri sdi met hyl am nophospho- ni um

e

hexaf | uor ophosphat e Fnoc . . fluorenyl met hoxycar bonyl The present
I nvention further relates to the nethod Dflﬁreparlng t he conpounds (I).
Said method is characterized
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R4
(CHZ)t
z(CHz) N
rs &' R
4] N 4

e

is treated with Lawesson’s réagent [2,4-bis(4-methoxy~
phenyl)-i,3-dithia-2,4-diphosphetane 2,4-disulfide];
and | ' _ _
d2) the compound thus obtained in b2 or c2, of
the formula '

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R’, and/or
R’, to the groups R, and/or R, respectively. '

The compounds 7 are known or are prepared by
known methods (Chemistry of the Amino Acids,'Greenstein
and Winitz, published by John Wiley, 1961, vol. I, p.
697). , | | | | |

The compounds § are prepared according to Euro-
pean patent application 324 377. Step a2) is carried
out under the usual conditions for the coupling of an
acid with an amine, for example in the presence of BOP
and DIPEA. ; '

Step b2), which is the cyclization of the com-

This Sheet Has Been Replaced

A0




in that: al) a heterocyclic derivative of the formula e
R4 ferr] THIS SHEET HAS BEEN
' : : ' ~ REPLACED

- 17 =~

pound 2 in the presence of 10, is carried out according
to Jacquier et al. (Bull. Soc. Chim. France, 1971, (3),
1040-1051) and accordlng' to Brunken and Bach (Chem.
Ber., 1956, 89, 1363-1373).

05 ' In the description below, the method compr1s1ng
steps a2 to d2 is referred to as ‘method 2.

In one variant of method 2, in step b2, it is

possible, if appropriate, to isolate an intermediate 9’
of the formula '

10

'

| | .

0

N

Rs=C-(CHz) - CO-NH-CHy 0 0
(CHz)t-NH CO-R3

and then to prepare the compound 4 by cycllzatlon in an

15

acid medium.
In another variant of method 2, in order to
prepare a compound (I) in which R R, is a group =CR,R,,
20 an amino acid of the formula.

CHp-(CH2)¢~NHCOR3 : il
(CH2) z-COOH

25 can be reacted in an acid medium with an aldehyde or a
ketone of the formula

R.,COR,
30  in which R, and R, are as defined above for (I), and

the product is then reacted with the compound 8 to glve
a compound of the formula '

35
This Sheet Has Been Rep
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in which z, t, Rerr], Rerr] and'R[err] are as defined above f g S1AS BEEN
react ed MAth a (blphenyl 4-yl)nmet hyl derivative of the fornulauhﬂ&ﬁ§g§;CED
-6- ' :

- 18 -

R'; R's
‘ ‘ .
R7REC=C- (CHz) ~C-NH-CHy 0 | 0 Y
(CH2) £-NHCOR3 _

The cyclization of this compound in an acid

medium leads to the compound 4. | _

In this method, to prepare a compound (I) in

which R, and/or R_, are a carboxyl group, the substi-

10 tuents R’, and/or R’, are preferably a tert-butoxycar-
bonyl group. '

05

Finally, another a;ternative for the prepara-
tion of the cdmpounds (I) according to the invention in
which z and t are equal to zero is the photooxidation

15 method, which is also a subject of the present inven-

tion.
This last method is characterized in that
a3) a (biphenyl-4-yl)methyl derivative of the
formula ' ' : . '
20 |
R'2 R'1
_ ' 3
25 |
in which Hal is a halogen atom and R’, and R’, are res-
~ pectively either R, and R, or a precursor group of R,
and R,, is reacted with an imidazole derivative of the
. formula .
30 o
R '
i
I .
- R§ !‘f R3
35 / H
cet Has Been Replaced '
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[err] in which Hal is a halogen atomand Rlerr],
pectively either Rlerr] and Rerr] or a precursor group of Refr]
Rlerr]; |

= 19 -

and R[[Effjs SHRETrigAS BEEN
mEPLACED

in which R,, R, and R, are as defined above for (I), in

the presence of oxygen and UV irradiation and in a
basic medium;

| b3) 1f_approp:iate,_
05 the formula

10

i zuz N/ N

the resulting compound of

is treated with Léwésson's reagent [2,4-bis(4-methoxy-
15 phenyl)-1,3-dithia-2,4-diphosphetane

and

2,4-disulfide]:;

c3) the compound thus obtained in b3 or c3, of

the formula

20 Re
Rs3 N ' _
J.—Rs R'2 R'1
X N 5’
éHz / \ / \
25 == —
is then t_reéted under suitable conditions for préparing
the compound (I) by conversion of the groups R, and/or
R’, to the groups R, and/or R, respectively.
30 The imidazole derivative 11 is elther commer-
cially available, or known, or is prepared by known

methods indicated above for the preparation of the com-

pounds 2.

- Step a3) is carrled out in ‘an inert solvent

35 such as,

for example,

DMF;

to f_ac:.l:l.tate the reaction,

Sheet Has Been Replaced
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bl) if appropriate, the thus obt ai ned conpound of the formula

e THIS SHEET HAS BEEN
. REPLACED

- 20 -

a photosen51t121ng product such as methylene blue can
be added.

In the description below, the method comprising
steps a3) to c3) is referred to as method 3.

05 The compounds (I) according to the invention in
which R, and R, together are a group of the formula
(CH,)_Y(CH,), in which Y is an NH group can be prepared
by catalytic hydrogenolysis of a corresponding compound

| (I) in which Y is o'group N-R_, R; being a benzyl.

10 The affinity of the products according to the
invention for engiOtensin II reoeptors was studied in a
test for the binding of angiotensin II, labeled with
iodine 125, to rat liver membrane receptors. The
method used is the one described by S. KEPPENS et al.

15 in Biochem. J., 1982, 208, 809-817.

o The Icso,'namely the concentration which gives
a 50% displacement of the labeled angiotensin II bound
specifically to the receptor, is measured. The IC_, of
the compounds according to the invention is less than

20 10-s M. :

' | Also, the effect of the products according to
the invention as angiotensin-II antagonists was obser-
ved on different animal species in which the renin-

' angiotensin system had been activated beforehand (c._

25 LACOUR et al., J. Hypertension, 1989, 7 (suppl. 2),

' §33-835). | -

' The compounds according:to the invention are
active after administration by different routes, espe-
cially after oral administration.

30 No signs of toxicity are observed with these
compounds at the pharmacologically active doses.

. Thus the compounds according to the invention
can be used in the treatment of various cardiovascular
compleints, especially hypertension, heart failure and

35 venous insufficiency, as well as in the treatment of
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Is treated with Lawesson's reagent [ 2, 4-bi s(4-nethoxy-
phenyl) -1, 3-di t hi a- 2, 4-di phosphetane = 2, 4- dISU|fIde]
conpound obtained in al) or bl), of the fornula
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glauéoma; diabetic retinopathy and various complaints
of the central nervous system, for example anxiety,
depression, memory deficiencies or Alzheimer’s disease.

The present invention further relates to phar- |

maceutical compositions containing an effective dose of
a'compound according to the invention, or of a pharma-
ceutically acceptable salt, and suitable excipients.
Said excipients are chosen according to the pharma-

ceutical form and the desired mode of administration.

In the pharmaceutical compositions of the pre-

" sent invention for oral, sublingual, subcutaneous,
_ intramuscular, intravenous, topical, intratracheal,

intranasal, transdermal or rectal administration, the
active principles 6f formula I above, or their salts if

‘appropriate, can be administered to animals and humans

in unit forms of administration, mixed with conven-
tional pharmaceutical carriers, for the prophylaxis or
treatment of the above disorders or diseases. The
appropriate unit forms of administration include forms
for oral administration, such as tablets, gelatin cap~
sules, powders, granules and solutions or suspensions
to be taken orally, forms for sublingual, buccal,
intratracheal or intranasal administration, forms for
subcutaneous, intramuscular or intravenous administra-
tion and forms for rectal administration. For topical
application, the_compounds according to the invention
can be used in creans, ointments or lotions.

To achieve the desired prophylactic or thera-
peutic effect, the dose of aqtive principle can vary
between 0.01 and 50 mg per kg of body weight per day.

Each unit dose can contain from 0.1 to 1000 mg,
preferably 1 to 500 ﬁg, of active ingredients in
combination with a pharmaceutical carrier. This unit
dose can bhe administered 1 to 5 times a day so as to
administer a daily dosage of 0.5 to 5000 mg, preferably

is Sheet Has Been Replaced
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[err] in which X is an oxygen atomor a sulfur atom is tPﬂﬂESﬂEEDHASBEEﬁ—
gi ve the conpound (1) by conversion of the : REPLACED
- 22 -

1 to 2500 mg. :
~ When a solid compos1t10n in the form of tablets
is prepared, the main active 1ngred1ent is mixed with a
. pharmaceutical vehicle such as gelatin, starch, lac-
05 tose, magnesium stearate, talc, gum arabic or the like.
The tablets can be coated with sucrose, a 'cellulose
derivative or other appropriate substances, or else
they can be treated so as to have a prolonged or
delayed activity and so as to release a predetermined

10 amount of active pr1nc1p1e contlnuously.

' A preparation in the form of gelatin capsules
is obtained by mixing the active ingredient with a
diluerit and pouring the resulting mixture into soft or

" hard gelatin capsules.

15 | A preparation in the form of a syrup or elixir
or for administration in the form of drops can contain |
the active ingredient in conjunction with a sweetener,
which is preferably' calorie-free, methylparaben and
propylparaben as antiseptics, as well as a flavoring

20 and an appropriate color.

| The water-dispersible granules or powders can
contain the active ingredient mixed with dispersants or
wetting agents, or suspending agents such as poly-
vinylpyrrolidone, as well as with sweeteners or taste

25 correctors. _ | '

Rectal administration is effected using sup-
positories prepared with binders which melt at the
rectal temperature, for example cacao butter or poly-
ethylene glycols.: '

30 N - Parenteral admlnlstratlon is effected using

' aqueous suspensions, isotonic saline solutions or
sterile and injéctable solutions which: contain phar-
macologically compatible dispersants and/or wetting

_ agehts, for example 'propylene glycol or butylene

35 glycol. ' |
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The active pr1nc1ple can also be formulated as
mlcrocapsules, with one or more carriers or additives
if appropriate. o

- In addition to the products of formula I above
or one of the pharmaceutically acceptable salts, the
compositions of the present invention can contain other
active principles such as, for example, tranguilizers
or other drugs whlch can be useful in the treatment of
the disorders or dlseases indicated above.

Thus the present invention relates to pharma-

~ ceutical compositlons conta1n1ng several active prin-
_ 01p1es in association, one being a compound according

to the invention and it being possible for the other or
others to be a beta~blocking compound, a calcium anta-
gonist, a diuretic, a non-steroidal antiinflammatory or

a tranquilizer.

| The following Examples illustrate the invention
without however implying a limitation. The following
abbreviations are used in these Examples: d denotes
density, RT denotes room temperature, KHSO‘-KasO‘
denotes an aqueous solution containing 16.6 g of
potassium bisulfate and 33.3 g of potassium sulfate per
liter. .

The melting points (m.p.) are given in degrees
Celsius; unless indicated otherwise, they were measured
without recrystallizatlon of the product.

' The purity of the products is checked by thin
1ayér chromatography (TLC) or HPLC. The products are
characterized by their NMR spectralrun at 200 MHz in
deuterated DMSO with tetramethyls11ane as the internal
reference.

The foliowing abbreviations are used in the

"1nterpretat10n of the NMR spectra°'

s ¢ singlet
sb ¢ broad s1ng1et

This Sheet Has Been Replaced




groups R [err] and/or R[err] to the groups R err] and/or R el rTHIS SHEET HAS BEEN

1

!

respectively. Anong t he conpounds 2, the conpounds (I|) _as RELAGER
bel ow are novel . Thus the present i nvention further relates to the
compounds (I1) of the fornula . R4

d : doublet

t :'triplet

T q ¢ quadruplet
quint : quintuplet
05 sext : sextuplet
n : unresolved signals or multiplet

In addition, im denotes imidazole.
: cOnventlonally, the hydrogen atoms are numbered
on the biphenylyl as shown in the followxng formula:

10
'Ra
(CHZ)t
z(CHz) N
15 ' X N R2 .
: . 6 5 3' (1)
cio "N __/N\\ &
2 3

20 o | -

In the following compounds, 2z and t are zero
except where the compound prepared is a pyrimidinone.
EXAHPLE 1 .

25 2-n—Butyl-4-sp1rocyclopentane—1-[(2"—tert-

butoxycarbonylbiphenyl-4-yl)methyl]-2-1m1dazolln-5-one
and 2-n-butyl-1-{ (2'-carboxybiphenyl-4-yl)methyl]-4-
spirocyclopentane-2-imidazolin-5-one trifluoroacetate -
Method 2 N |

30 - A) 1-N-Fmoc-aminocyclbpentanecarboxylic acid is pre-
pared according to the method described by CHI-DEU
CHANG et al. (Int. J. Peptide Protein Res., 1980, 15,
 59-66). M.p. = 89-91°C. '

35
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[err] in which: -Rerr] is a hydrogen, a (Jerr]-Cerr] al KX‘hISV\gﬁéiﬂHks BEEN
unsubsti - tuted or substituted by one or nore hal ogen atons,] a REPLAC:D
Clerr]-Clerr] alkenyl, a (err]-Clerr] cycloalkyl, a ph ny{,
phenyl al kyl in which the alkyl is CJerr]-Clerr], a phenyl -

- 25

B) N-(2'~Tert-butoxycarbonylbiphenyl-4-ylmethyl)-1~(N-
Fmoc-amino)cycloéentane-l-carboxamide

700 mg.of'the'prbduct prepared in the previous

step are dissolved in 8 ml of DMF, and 576 mg of 4~

05 aminomethyl-z'étert-butoXycarbonylbiﬁhenyl, 970 mg of
BOP and a sufficient amount of DIPEA to brlng the pH to
6 are added success1ve1y. . :

After stlrring for 1 hour, the reaction medium

is diluted with 100 ml of ethyl acetate and 20 ml of
10 water; the organic phase is washed successively with a
' saturated solution of sodium bicarbonate, then with a
KHSO,-K,SO, solution and finally with a saturated
solution of sodium chloride. After drying over sodium
sulfate, the solution is evaporated to dryness to give
15 an oil. m = 1.2 g.
' C) N-(2“ﬂ@wt—butoxycarbonylblphenyl-4-y1methy1)-1-
am1nocyclopentane-1-carboxamlde

The product obtained in the previous step is
dissolved in 10 ml of DMF, 1 ml of diethylamine is then

20 added and the mixture is stirred for 1 hour 15 miputes
at RT. The reaction medium is taken up in 100 ml of
ethyl'acetate and 20 ml of water and the organic phase
is then washed once with water and once with a satura-

- ted solution of sodium chloride and then dried over

25 'sodium sulfate and evaporated to dryness.

The residue is chromatographed on silica gel
usxng an ethyl acetate/methanol/30% aqueous "ammonia
mixture (99/1/0. 5; v/v/v) as the eluent to give 600 mg
of the expected product.

30 - IR (CHCl,): | |

3350 cm—2* H (amide_anddamine)
1700 cm-* : C=0 (CO_tBu)
1650 cm~* : C=0O (CONH)
- NMR spectrum: |
35 1.25 ppm : s : 9 H: tBu
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alkényl in which the alkenyl is (err]-Cerr], said phenyl
unsubstituted or nonosubstituted .or pol ysubstituted by a ha
Cerr]-Cerr] alkyl, a Cerr]-Cerr] hal ogenoal kyl, a Cerr]- -
pol yhal ogenoal kyl, a hydroxyl or a Cferr]-Cerr] alkoxy; - Rerr] and
Rlerr] are each |ndependently a C[err] -LCperd alkyl, a phenyl , a
phenyl al kyl in which the alkyl is Cierr]-Clerr], sald al kyl , phenyl and
phenyl al kyl groups being unsubsti t ut ed or . substit ut ed by one or nore
hal ogen atons or by a group selected froma (err]-Clerr] perfluoro-
al kyl, a hydroxyl2.15-h.4peppin- ((®rs] 1@l KoxyC ,Hor Migrr] and Rlerr]
t oget her fornja 05040 Pfmtbhegforguga, CH_-NH
| 7.15-7.75 ppm : m : 8 H : biphenyl
8.60 ppm : t : 1 H : NH-CH_ :
05 D) 2-n-Butyl-4-spirocyclopentane-1-[(2'-tert-butoxy4
| carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one
394 mg of the product prepared in the-previous
step and 250 mg of ethyl orthovalerate are mixed in 2
- ml of DCM. 1 drop of acetic acid is added and the mix-
10 ture is then heated at 90°C with the DCM being allowed
to evaporate off. After 1'hour 15 minutes, the reac-
tion medium is taken up in 50 ml of ethyl acetate, 10
ml of water and 1 ml of a saturated solution of sodium
bicarbonate. The organic phase is then washed with a
15 saturated solution of sodium chloride and subSequéntly
dried over sodium sulfate and evaporated to dryness.
The_reéidue is chromatographed on silica gel ‘using an
ethyl acetate/toluene mixture (1/2; v/v) as the eluent
to give 390 mg of the expected product, which crystal—
20 lizes. M.p. = 63-65°C. '
- IR (cncl,).
1710-1720 cm—* : C=0, C=0 (ester and imidazoline)
1625 cm~* : C=N
- NMR spectrum: .
25 0.88 ppm : t : 3 H : CH, (nBu)
1.20 ppm : s : 9 H : tBu
1.35 ppm ¢ sext : 2 H : CH,-CH,-
1.58 ppm : quint : 2 H : CH,-CH_~-CH_ -
. 1.95-1.65 ppm : m ¢ 8 H : cyclopentané
30 2.42 ppm : t : 2 H : CH,-CH_-CH_—CH_-
| 4.78 ppm : s : 2 H : CH,~C_H,~
7.20-7.80 ppm : m : 8 H : aromatic protons
- Mass spectrum: ' '
MH+ : 461

35

-
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=CR[err]Rerr],

(CHerr])[err]
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_ in which Rlerr] is hydrogen, a (Jerr]-Cerr] ratkyt SEN
phenyl and Rlerr] is a (Jerr]-Cerr] alkyl or a phenyl; - or eTgéfﬁéhT AS BE
and Rl err] bonded together are either a group of the f or mul

_Bﬁ&gn

|

or a group of the formula (CHerr])[err]Y-
' - 27 -

E) 2-n-Buty1-1-[(2'—carboxybiphenyl-4-yl)methyl]-4- _
spirocyclopentane-2~imidazolin~5~one trifluoroecetate
180 mg of the product prepared in the prev1ous

step are treated with 3 ml of DCM and 4 ml of TFA for
45 minutes. After evaporation under vacuum, the resi-
due is taken up in ether to give a white solid, which
is filteted off, washed.with ether and then dried under
vacuum. m = 155 mg. M.p. = 176-178°C.
- NMR spectrum:

0.78 ppm : £t : 3 H : CH, (nBu)

1.25 ppm : sext : 2 H : CH,~CH,

1.50 ppm : quint ¢ 2 H : CH,-CH_,-CH_

1.75-2.00 : m : 8 H : cyclopentane

2.65ppm : t : 2 H : CH,~-CH_-CH_-CH_-
2 H: CH,-C_H,_~

7.20-7.75 ppm ¢ m : 8 H : aromatic protons
- Mass spectrum:

MH+ : 405

4.83 ppm : S

EXAMPLE 2 _ _ :
2-n-Butyl-1-[ ( 2’-carboxybiphenyl-4-yl)methyl]-
4-spirocyclopentane-2-imidazolin-5~one trifluoroacetate
- Method 1
A) z-n-Butyl-4—spirocyclopentane-2—imidazolin-s-one

' The ethyl ester of l-aminocyclopentanecarboxy-
lic a01d is prepared according to ADKINS and BILLICA

(J. Amer. Chem. Soc., 1948, ZQ, 3121)

Ethyl valerimidate is prepared according to Mac
ELVAIN (J. Amer. Chen. Soc., 1942, 64, 1825-1827) and
then freed from its hydroehloride by reaction with
potassium carbonate and extraction with DCM.

The ethyl ester of 1—am1nocyclopentanecarboxy-'

lic acld (1.57 g) and ethyl valerimidate (1.56 g) are
dissolved in 12 ml of xylene containing 6 dreps of

‘acetic acid. After refluxing for 6 and a half hours,
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-8- (CHerr])[err], in which Y is either an oxygen atont THIS $HEET HAS BEEN
.sul frur atom or/_a,ca,t;ben—-&t—m'rrs‘ﬁb’stltut ed by a (Jerr]-Cerr] _al REPLACED .

a phenyl al kyl |n Iky_I is (Jerr]-Cerr], a derr]-derr]

al kyl car bonyl , a hal o- _gfé]o_al'kyl carbonyl, a (Jerr]-(err]
pol yhal ogenoal kyl car bonyl a benzoyl, an al pha-am noacyl or an o
N- pr ot ect i ng - - ' '

group, a phenyl or Rdslaydd . 1 n which the al kyl is CJerr]-Cerr], or
a group N—R[err h\ﬂﬂ r] is-a  hydrogen, a (Jerr]-Cferr] alkyl,

the reaction medium is  concentrated under vacuum and
' the residue is then chromatographed on silica gel using
a chloroform/methanol/acetic acid mixture (94/4/2;
_ v/v/v) as the eluent. The fraction containing the
05 expected product is evaporated several times in the
presence of xylene and then benzene in order to remove
the acetic acid. 1.91 g of product are obtained in the -
form of a thick oil.
- = IR (CHC1l,): ' -
10 1720 cm~* : C=0
1635 cm—* : C=N
Note: The fact that there is no visible band between
1500 and 1600 cm—-* indicates that, in chloroform
solution, the product is an imidazolin-5-one.
15 - NMR spectrum: |
0.92 ppm : £t : 3 H : CH, (nBu)
1.35 ppm ¢ sext : 2 H : CH -CH_,-
1.50-1.93 ppm : m : 10 H : CH,-CH, cn, and cyclo-
pentane
20 2.33 ppm : t : 2 H : CH,~CH,~CH,~CH_~
10.7 ppm : m : NH
- Mass spectrum:
MH* : 195 :
The 2-n-butyl-4-spirocyclopentane-2-imidazolin-

25 5-one prepared in step A can also be obtained by
" another procedure described below, using cYclopentanone
as the starting material.
| a) l-Aminocyclopentanenitrile
This step is carried out according to A.
30 Strecker (Org. Synth., 1955, 3).
- 1.97 g of sodium cyanide are dissolved in 3.9
ml of water in a round-bottomed flask and a solution
contalm.ng 2.33 g of ammonium chloride in 5.9 ml of
‘water and 3.5 ml of 20% aqueous ammonia is added;
35 finally, 3 g of cyclopentanone in 3.8 ml of methanol



group, or Rerr] and R err], bonded together with the carbon

. : EN

-whi ch they are bonded, form an indane or an adanman- t ane; Bﬁlﬁﬁf AS BE _
nis an integer between 2 and 11; - mis an integer between 2 -
i s an oxygen atomor sulfur atom and - z.and t are-zero or one is zero

and the ot her

i'S one; with the limtation that A/ if z and t are zero

and X is oxygen: 1) Rlerr] and R err] are2®ther than a (Jerr]-Jerr]

a phenyl or a phenylal kyl in which the al kyl is Cerr]-Clerr], said aIkyI:

05

10

are added to the flask. After stirring for 1 and a
half hours, the mixture is heated at 60°C for 45
minutes, heating is then stopped, stirring is continued
for 45 minutes and the mixture is then cooled to 25°C.
It is extracted several times with methylene chloride.
The extracts are dried over sodium sulfate, filtered

and concentrated under vacuum to give 4 g of the

expected product in the form of an oil. _

| The 1-aminocyclopentaneﬁitrile ‘obtained is
dissolved -in 300 ml of acetoné, and a solution of
2.25 g of oxalic acid dihydrate in 200 ml of acetone is
added, with stirring. The precipitate formed is fil-

tered off, washed with acetone and then dried.

15

20

25

30

35

m=4.71 g.
M.p. = 220°C.
This compound is 1-aminocyclopentanenitrile

hemioxalate.

~ b) 1—Amlnocyc1opentaneacetam1de _

This step is carried out according to J.
Zabicky (The Chemistry of Amides, Interscience, New
York, 1970, 119). '

| 5.1 g of the oxalate obtained in the previous

‘step are treated with 7.65 ml1 of concentrated sulfuric

acid (d = 1.84) over 45 minutes, with stirring. The

. evolution of a gas is observed and the temperature

rises to 100°C. The mixture is cooled to about 35°C
and poured into a mixture of ice and concentrated
aqueous ammonia (10 g/2.8 ml). The suspension formed
is extracted 6 times in succession with chloroform con-
taining 5% of methanol. 3 ml of agqueous ammonia (a =
0.92) are added to the aqueous phase and the mixture is
extracted again with chloroform containing methanol

(1/0.5; v/v). The combined organic phases are dried

over sodium sulfate, filtered and concentrated. The
expected product is obtained in the form of a white
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phenyl and phenyl al kyl groups being unsubstituted or substit utieqguidySHEET KS BEF"
nore hal ogen atons or by a group selected - froma (Jerr]-Cerr] REPLACED
perfluoroal kyl, a hydroxyl, a (Jerr]- C4 alkoxy; or 2) R err] amdRerr]
bonded together are other than a group N-Rerr] in which Rlerr] is a
‘hydrogen, a Clerr]-Cerr] alkyl or a phenylal kyl in which the alkyl is
Cerr]-Cerr]; or 3) Rerr] and Rerr] tﬂg&Oher are different fromthe
group =CRlerr]Rerr] when Rerr]. is a hydrogen, a phenyl, a

met hyl phenyl or a benzyl; 4) nis different from®6; or else 5) R[err] and

Rl err] bonded together are other than a group
~ solid.

m= 3.79 g.
M.p. = 95°C.
The structure can be conflrmed by the results

05 of analys1s and the IR spectrum.

' c) 2-n-Butyl-4-sp1rocyclopentane-2-1m1dazolln-
5-one |

~ This step is  carried out according to H.
Takenaka et al., Heterocycles, 1989, 29(6), 1185-89.

10 3 g of the compound prepared in the previous
step are placed in 70 ml of anhydrous THF and 3.3 ml of
triethylamine, and 3 ml of valeryl chloride in 10 ml of
anhydrous THF are added, with stirring. A white sus-
penSion is formed. The intermediate which is formed,

15 but not isolated, is 1-(N~valeryl)aminocyclopentane-
' carboxamide. 6 g of potassium hydroxide pellets, 7 ml
of'water and 16 ml of methanol are added. The mixture

is refluxed for 2 and a half hours and 9 g'of_ammonium
chloride are theh,added. After stirring for 15 min-

20 utes, the mixture is concentrated under vacuum. The
residue obtained is taken up in 40 ml of water and
extracted with 10 ml of ethyl acetate and then twice
with 5 ml of ethyl acetate. The combined organic

- phases are dried over sodium sulfate and filtered. The

25 filtrate is concentrated to dryness to give 4.85 g of
the expected product. The NMR spectrum is similar to
that described previously. The hydrochloride of this
compound can be prepared by the addition of concentra-
‘ted hydrochloric acid. The hydrochloride melts at

30 240°C with sublimation. ' ' '

"~ "B) 2-n-Buty1-4-spirocyclopentane-1&[(2'-tert—butoxy-
carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5~one '
970 mg of the product obtained in step A) are
dissolved in 10 ml of DMF. 270 mg of sodium methylate
35 are added and the mixture is stirred for 15 minutes at
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(CH2)n in which n is conprised between 3 and 5, when R3 i{ @E§ #HﬂkqﬂEN
Rt e

‘phenyl
each

group; B/ when z = 1 and R[err] Is a phenyl, Rerr] an
ot her than a nethyl .
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35
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RT. __2;08 g of 4-bromomethyl-2’~tert-butoxycarbonyl-
biphenyl are added to the suspension and then, after 30

‘minutes, the mixture is heated at 40°C for 3 and a half
. hours under nitrogen. The reaction medium is taken up

in a mixture containing 100 ml of ethyl acetate, 10 ml
of water and 1 ml of a saturated solution of sodium
bicarbonate. The organic phase is washed with a
saturated solution of sodium chloride and then'd:ied
over sodium sulfate and evaporated to _dryness. The
residue is chromatographed on silica gel using an ethyl
acetate/tdluene mixture (1/2; v/v) as the eluent to
give 1.25 g of the expected prodﬁct, which crystal-

lizes. M.p. = 63-66°C.

The IR and NMR spectra and the mass spectrum,

. as well as the Rf,iare identical to those obtained in

step D) of Example 1. :
C) 2-n-Buty1-1-[(zﬁ?éarboxybipheny1-4-yl)methyl]-4-
spirocyclopentane-2-imidazolin-5-one trifluoroacetate

1.22 g of the product obtained in the previous
step are stirred for 40 minutes in a solution con-
taining 6 m1 of DCM and 8 ml of TFA. After concen-
tration under vacuum, the residue is taken up in ethyl
ether; the white precipitaﬁe formed is filtered off,
washed with ether and then dried under vacuum to give
1.15 g of the expected product. M.p. = 176-178°C.

The IR and NMR spectra and the mass spectrum
are identical to those obtained in Example 1E; like-
wise, the Rf observed in TLC is identical.

EXAMPLE 3

2-n-Butyl-1-[ (2L-carboxyb1pheny1-4-yl)methyl]-
4-spirocyclopentane-2—1m1dazol1n-5-one trifluoroacetate
-~ Method 3 ' _ o
A) 2-n-Butylbenzimidazole is prepared according to W.O.
POOL (J. Amer. Chem. Soc., 1937, 59, 178) and 2-n-
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. [ |.£
C when z and t are zero and X is sulphur: 1) Rerr] and R[er‘,rngrSé‘ggA@g BEEN ‘
than a phenyl when R err] is a met hyl, a phenyl, a chloro

‘met hoxyphenyl or a net hyl phenyl; or 2) Rerr] and R err] are other than
a CJerr]-Cerr] alkyl when Rerr] is a met hyl or a phenyl; or 3) Rlerr]

and R[err] are other than a nethoxyphenyl or chl orophenyl when Rferr] is
-phenyl ; or -

- 32 -

butyl-4,5,6,7-tetrahydrobenzimidazole is then prepared
according to M. HARTMANN and L. PANIZZON (Helv. Chim.
Acta, 1938, 21, 1692-1694). M.p. = 145°C. ' -
- NMR spectrum:
05 0;82 ppm : t : 3 H : CH, (nBu)
1.23 ppm : sext : 2 H : CH,~CH_-
1.50 ppm : quint : 2 H : CH,-CH_-CH_-
1.65ppm : s : 4 H
2.35 ppm : s : 4 H
10  2.45ppm : t : 2 H
: NH

H,, Hg (tetrahydrobenzimidazole)
H,, H, (tetrahydrobenzimidazole)
CH,-CH_~CH_~CH_~

11.1 ppm : n
- Mass spectrum:
M+ : 178
B)'2-n—Buty1-4-spirocyclopentane-l-[(2'-tert-butoxy-
15 carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one
1 g of the product prepared in the 'pirevious
step is dissolved in 45 ml of DMF with 303 mg of sodium
methylate and a few mg of methylene blue. 'Oxygep is
bubbled into the reaction medium, which is illuminated
20 with a UV lamp. After 15 minutes, 2.14 g of 4-bromo-
methyl-2'-tert—butokycarbdnylbiphenyl are added and
then, after 1 hour, the reaction medium is taken up in
300 ml of ethyl acetate to which 50 ml of water and 5
ml of a saturated solution of sodium bicarbonate have
25 been added. The organic phase is then washed with a
saturated solution of sodium chloride and subsequently
dried over sodium sulfate and evaporated to dryness.
The residue is chromatographed on silica gel using an
ethyl acetate/toluene mixture (1/2} v/v) as the eluent
30 to give 610 mg of the expected product, which crystal-
lizes. M.p. = 62-65°C. | N
The IR and NMR spectra and the mass spectrunm,
‘as well as the Rf, are identical to those obtained

previously for the same compound.
35
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4) Rerr] and Rlerr] are other than a chlorophenyl when Rlerr]" EET HAS BEEN
met hyl . Anong the derivatives (I1), the conpounds in 'QﬁS% IiAch §

= 0 and Rlerr] and Rlerr], together with the carbon to which“hey—are
bonded, forma cyclopentane are pre- ferred compounds. These conpounds
have the formul a [err] ' 13 o

C) 2-n-Buty1—1#[(2'-carboxybipheny1-4-y1)methvl]—4-
splrocyclopentane—2-1m1dazolln-5-one trlfluoroacetate
This compound is obtained by treatment in an
acid medium as described in the last step of Example 1
05 and Example 2. The physicochemical data are identical
to those obtained for the same compound prepared by
method 1 or 2. N |

EXAMPLE 4 .

10 2-n-Butyl-4, 4-d1methy1 1- [(2’-tert-butoxy-
carbonylbiphenyl-4-yl)methyl ]-2-imidazolin~5-one and 2-
n-butyl-1-[ (2’-carboxybiphenyl-4-yl)methyl]-4,4~-di-
-methyl-z-imidazolih-5-one trifluoroacetate'- Method 1
A) 2-n-Butyl-4, 4-d1methyl-2-1m1dazol1n—5—one

15 : The ethyl ester of alpha-aminoisobutyric acid
is prepared according to R. Jacquier et al. (Bull. Soc.
Chim. France, 1971, (3), 1040-1051). 650 mg of this
compound and 780 mg of ethyl valerimidate are dissolved
in 8 ml of xylene containing 4 drops of acetic acid and

20 the solution is refluxed for 7 hours. The reaction

| medium is then concentrated under vacuum and the resi-
due is chromatographed on silica gel using a chloro-
form/methanol/acetic acid mixture (95/5/2; v/v/v) as
the eluent. After several evéporations with xylene and

25 then benzene to remove the acetic acid, 560 mg of the

" expected product are obtained, which crystallizes.

M.p. = 35-38°C. - - '

- IR (CHCl1,):

1725 cm—* : C=0

30 - 1635 cm—* : C=N

Note: The absence of a signal between 1500 and 1600
cm-2 confirms that the compound present in chloroform
solution is a 2-imidazolin-5-one.
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in which X is an oxygen atomor a sulfur atomand Rerr] is a S8 B
‘CJerr]-Cerr] alkyl which is unsubstituted or substituted by ongggflﬁﬁgkggg EEN
hal ogen atons, a Cerr]-Clerr] alkenyl, a (Jerr]-Cferr] cycl oat “y., &

phenyl, a phenylal kyl in which the alkyl is Clerr]-Cerr],

phenyl al kenyl in which the alkenyl iis Cerr]-(err], said phenyl grou

bei ng unsub- stituted or nmonosubst i t ut ed34r polysubstltuted1 haﬂH&m@
atom a (err]-Cerr] alkyl, a err]-Cerr] halogenoalkyl
pol yhal ogenoal kyl , a hydroxyl or a (err]-Cerr] al koxy ” ﬂT"
co d [1) i ' = =
wounds (1) bl s SO %L edull
1.38 ppm : sext : 2 H-: CH,-CH, '

'1.63 ppm : quint : 2 H : CH,-CH_-CH,-
2.38 ppm : t : 2 H : CH_ -CH_-CH_—CH_-
05 10.7 ppm : m : 1 H : N-H '
- Mass spectrum:
MH* : 169

B) z-n-Butyl 4 4-d1methy1 1—[(2'-tert-butoxycarbony1-
b1pheny1 4-yl)methyl]- 2-1m1dazolln-5-one
10 520 mg of the. product prepared in the previous
step are dissolved in 10 ml of DMF. 167 mg of sodium
methylate are added and the mixture is stirred under
nitrogen for 15 minutes. 1.25 g of 4-bromomethyl-2'-
tért—butoxycarbonylbiphényl_are-then added and the mix-
15 ture is stirred at 40°C for 3 and a half hours. The
reaction medium is taken up in 150 ml of ethyl acetate
and then 20 ml of water and 2 ml of a saturated solu-
tion of sodium bicarbohate. The organic phase is
_ washed with a saturated solution of sodium chloride,
20 dried over sodium sulfate and evaporated to dryness.
The residue is chromatographed on silica gel using an
ethyl acetate/toluene mixture (1.2/2; v/v) as the
eluent to give 570 mg'of the expected product, which
crystallizes. M.p. = 98-100°C.
256 - IR (CHCl,):
1710-1720 cm-* : C=0, C=0 (imidazolinone, ester)
1625 cm-1 : C=N '
- NMR spectrum: S :
| 0.78 ppm : t : 3 H : CH, (nBu).
30 1.08 ppm : s : 9 H @ C(CH, )3
1.15 ppm : S C(CH, )=
1.20 ppm : sext : CH,-ng- } 8 H
2 H: CH,~CH_~CH_~
CH,~CH_-CH_-CH_~-
CH,-C.H,~

1.45 ppm : quint
2.30 ppm : t : 2
35 4.65 ppm : s : 2

H
H



the formula [err] - in which Rerr], Rerr], Rerr] and X

are_gs—
defrned above for (I1), are, preferred conpounds Frnaliynn EEEETHASBEF§W
rrpounds (1) H’H“ﬂmﬁiﬁmﬁl ,. of the formul a " REPLACED
| - 35 -

7.15-7.65 ppm : m : 8 H : aromatic protons.
An NOE (Nuclear OverhauSer Effect) study confirms the
position of the S5-one and 4,4-dimethyl substituents
on the imidazolinone. '
05 - Mass spectrum:
MH+ : 435 | |
C} 2-n-Buty1-1-[(2'-carboxybiphenyl-4fyl)methyl]é4,4f
* dimethyl-2-imidazolin-5-one trifluoroacetate
| 460 mg of the product prepared in the previous
10 step are treated with 3 ml of DCM and 4 ml of TFA for
45 minutes. After econcentration under vacuum, the
residue is taken up in ether and the'precipitate formed
is filtered off, washed with ether and then dried under
vacuum to give 450 mg of . the expected product in the
‘15 form of a white solid. M.p. = 168-171°C.
- NMR spectrum: ' '

0.82 ppm : t : 3 H : CH, (nBu)
1.30 ppm : sext : CH,-CH,-
1.35 ppm ¢ s : C(CH,) .~ } 8 H
20 1.55 ppm ¢ quint ¢: 2 H : CH,~CH_-CH_~
2.62 ppm : £t : 2 H : CH,-CH, -CH -CH_-

'4.82 ppm ¢ s ¢ 2 H cn, CcH,~
7.20-7.75 : m : 8 aromatic H
- Mass spectrum:
25 MH+ : 379

- EXAMPLE 5
1-[(2*—Cyanobipheny1-4-y1)methyl]-z-n-butyl-é-
spirocyclopentane-2-imidazolin-5-one and 2-n-butyl-4-
30 spirocyclopentane-1-[(2’'~-(tetrazol-5-yl)biphenyl-4-yl)-~
methyl]-2-imidazolin-5-one - Method 1
A) 1-[(2"-0yanobipheny1-4-y1)methyl]-2-n-buty1-4-spiro-
cyclopentane-2~-imidazolin~5-one '
| A mixture containing 250 mg of sodium hydride
35 (as an 80% dispersioniin mineral oil) and 5 ml of DMF
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is prepared under a nitrogen atmosphere and a solution
lcontaining 0.97 g of 2-n'-butyl-4-spirocyclope_ntane—2-
imidazolin-s-one (prepared  in Example 2, step A) in 10
_ ml of DMF is added dropw1se. The mixture is stirred
05 for 30 mlnutes at RT and a solution of 1.5 g of 4-
| bromomethyl-2’~cyanobiphenyl J.n 10 ml of DMF is then
added. After stirring for 1 hour at RT, the DMF is
evaporated off under reduced pressure, the residue is
then taken up with ethyl acetate and the organic phase
10 is washed with water and then dried over sodium sul-

- 36 =

fate, filtered and evaporated. The residue is chroma-
tographed on silica gel using a DCM/ethyl acetate mix-
ture (9/1; v/v) as the eluent. 1.68 g of the expected

_ product are recovered. M.p. = 92-93°C.

15 B) 2-n—Butyl-4-spirocyclopentane-1-[(2“—(tripheny1-
methyltetrazol-5-yl)biphenyl~4~yl)methyl ]-2-imidazolin-
5-one _ |

'1.56 g of the previous product, 2.6 g of tri-
butyltin azide and 30 nl of xylene are refluxed for 66

20 hours. The xylene is then evaporated off and the resi-
‘due is dissolved in 20 ml of DCM and 5 ml of THF with
the addition of 0.8 ml of 10 N sodium hydroxide solu-
tion and, after stirring for 30 minutes, 2.5 g of tri-
tyl chloride, and the mixture is stirred for 26 hours.

25 After evaporation of the solvents, the residue is taken
up in ethyi acetate and washed with water by’means of a
"3% solution of potassium bisulfate and water. It is
dried and evaporated. The residue is chromatographed
on alumina using a hexane/ethyl acetate mixture (9/1;

30 v/v) as the eluent to glve 1 97 g of the expected
product. M.p. = 150-152°C.

C) 2-n-Butyl-4-spirocyclepentane-1-[(2"—(tetrazol-5-
) _yl)bipheny1-4-y1)methy1] 2-imidazolin-5-one
' "1.96 g of the product prepared in the previous
35 step are dlssolved in 10 ml of methanol and 10 ml of
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in which: - R e-’-’% i's a hydrogen, a (ferr]-Cer M G THan
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THF. After the reaction medium has been cooled to 5°C,
1.5 ml of 4 N hydrochloric acid are added and the mix-
ture is stirred for 3 hours at RT and 1 hour at 30°C.
After evaporation of the solvents, the residue is taken

- 37 -

up in water and the pH is brought to 12 by the addition

of 10 N sodium hydroxide solntion. The aqueous phase
is extracted with ether, toluene and ether again. The
aqueous phase is acidified to pH 2 by the addition of
1 N hydrochloric acid and then extracted with ethyl
acetate and the extract is dried and evaporated. The
white solid obtained is dried at 50° c under 0.05 mm of
mercury to give 840 mg of the expected product. M.p. =
180-181°C. |

: E NMR spectruﬁ:

0.75 ppm : £t : 3 H : CH, (nBu)
1.10 ppm : sext : 2 H : CH,-CH_.-
1.20 ppm : quint : 2 H : CH,-CH,~CH,~

1.5-2 ppm : m : 8 H : -CjH,
2.2ppm : t : 2 H : CH,-CH,~CH_,—CH,-
4.6 ppm : s : 2 H : CH,~C.H,-

7ppm : s : 4H : CH,-C_H,- | |

'7.35-7.7 ppm : m : 4 H : aromatic H,, .., .., e

An NOE study confirms the position of the 5-one sub-

stituent on the imidazole.
D) Potassium salt of 2-n—butyl—4-splrocyclopentane—l-
[(2*—(tetrazol-5-yl)blpheny1-4-y1)methy1]—z—lmldazolln-
5-one |

970 mg of the compound'obtained in the previous

step'are dissolved in 40 ml of an isopfopanol/methanol
mixture (1/1; v/v) and the pH is adjusted to 12 by the
addition of an 85% solution of potassium hydroxide in a
methanol/water mixture (20/1; v/v). The reaction
medium is evaporated, the residue is taken up in iso-
propanol and the medium is evaporated again. The resi-~
due is dissolved in 20 ml of isopropanol,'with gentle



25

tuted or substituted by one or nore hal ogen atons, a d err] - [CIrHIS $HEET HAS BEEN
alkenyl, a ({err]-Cferr] cycloalkyl, a phenyl, a phenyll al kyREPDACED
which the alkyl is (Jerr]-Cerr], -a phenyl - al kenyl "in which the

alkenyl is Cerr]-Cerr], said. phenyl groups being unsubstituted or
nonosubstituted or pol ysubstituted by a hal ogen atom a Clerr]-Clerr]

al kyl, a Cerr]-Cerr] hal ogenoal kyl, = @88C-err] - err] pol yhal ogenoal kyl ,

a . hydroxyl or a (Jerr]-Cerr] alkoxy; -Rerr] and Rlerr] are each

i ndependently a (Jerr]-Clerr] alkyl, a phenyl a phenyl al kyl in which

the alkyl is Clerr].-Cerr] said alky phenyl and phenyl al kyl

groups being |§QéeHhBP §G§§U§Qﬂﬁﬁﬁﬁwnoh@ §PORp temparafalre .

The mixture is left to decant, the filtrate is evapora-
ted and the fesidue is then taken up in heptane. After
trituration, the product solidifies; it is filtered off
and then washed again with heptane and dried under
vacuum to give 945 mg of the expected potassium salt.
M.p. = 142-144°C. -
- Elemental analysis: C__H__KN_O.H_O
calc. ¥ C : 61.95 H : 6.03 N :
found % 62.02 6.13

05

17.34
10 17.14

EXAMPLE 6 | -
2-n-Butyl-1-[ ( 2’-carboxybiphenyl-4~yl)methyl ]-

4-(4-spirotetrahydropyran)~2-imidazolin-5-one tri-

fluoroacetate and 2-n-buty1-4-(4-spirotetrehydropyran)-
- 1-[(2'~tert-butoxycarbonylbiphenyl-4-yl)methyl]-2-

imidazolin-5-one - Method 2

A) 4—Aminotetrahydropyran-4-carboxylic acid is prepared

from tetrahydropyran—4-one by the method described in

German patent 2 215 721. :

B) 4-(N-Benzyloxycarbonylamino)-4-carboxytetrahydroé

pyran :

15

20

1.015 g of the compound of step A are placed in
12 ml of water and treated at 10°C with 1.22 ml of di-
isopropylethylamine and then 3.33 g of N-(benzyloxy-
carbonyloxy)succinimide dissolved in 12 ml of aceto-
nitrile. After 1 hour 15 minutes, the reaction medium
is diluted with 70 ml of ethyl acetate and 10 mnl of
water and the pH is brought to 2 with a saturated

. solution of potassium bisulfate.

After decantation, the organic phase is washed
with a saturated solution of sodium chloride, dried
over sodium sulfate and then evaporated under vacuum.

- The residue is diluted with 60 ml of ether, after which
7 mmol of dicyclohexylamine are added. The precipitate

30

35
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atons or by a group selected froma Cerr]-Clerr] perfluoro-
hydr.oxyl , a CJerr]-Cerr] alkoxy; -or Rerr] and R err] tog =trﬁg$r%;EE’FH§S BE”\J
- group of the fornula =CRlerr]Rerr], in which R err] is hydfoger—a
Cerr]-Cerr] alkyl or a phenyl and R err] is a (Jerr]-Clerr] alkyl or a
phenyl; - or Rerr] and Rerr] bonded tqgefyer are either a group of the
formﬂa (CHerr])[err] or a group of the formula (CH[err])[err]Y-
(CHerr])[err], in which Y is either an oxygen atom ‘or a sulfur atom

‘or. a carbon atom substituted by a CJerr]-err] al kyl group, a phenyl or

a phenyl al kyl ifomiadhisheeiltdrad befCfid |waégéd] with cethéerp WeREr],

:/vhnl \é\ﬂ' fEeR[ e”]tﬂéch adlssxg geni,n aau-?[ eettrh]y-lqgéé a1:e}v\t/a't‘.erf'i %hen}fllrgl ke}/ la' "
‘the pPH is brought to 1 5 with a saturated solution of
potassium bisulfate. The organic phase is decanted,

05 washed with a saturated solution of sodium chloride and
' ‘evaporated under vacuum to give 1.9 g of a white solid.
M.p. = 110-115°C.
C) N-(2 '-Tert-butoxycarbony1b1pheny1 4~-ylmethyl}-4-(N-
: benzyloxycarbonylamlno )tetrahydropyran-4-carboxamide _
10 ' 850 mg of the compound prepared in step B are
: dissolved in 15 ml of DMF, and equimolar amounts of 4~
aminomethyl-2'-tert-butoxycarbonylbiphenyl, DIPEA and
then BOP (10% excess) 'are added. After 40 minutes, the
medium is taken up in 200 ml of ethyl acetate and 200
15 ml of water. The organic phase is decanted and then
washed twice with a saturated solution of sodium bi-
carbonate, twice with a 5% solution of sodium bisulfate
and then once with a saturated solution of sodium
chloride. After drying over sodium sulfate, the
20 organic phase is evaporated under vacuum to g:we 1.8 g
of the expected product.
D) N-(2'-Tert-butoxycarbonylbiphenyl-4-ylmethyl)-4-
. aminotetrahydropyran-4-carboxamide
" The product obtained in step C is dissolved in
25 30 ml of methanol. 400 mg of 10% palladium-on-charcoal
are added and the mixture is hydrogenated at atmos-
pheric pressure. After 1 hour, the catalyst is fil-
tered off and the filtrate is then concentrated under
vacuum. The residue is chromatographed on silica using
30 an ethyl acetate/methanol/33% aqueous ammonia mixture
(99/1/0.5; v/v/v) as the eluent to give' 0.93 g of the
expected product in the form of a white sohd. M.p. =
125-127°C.
- NMR spectrum:

35 8.50 ppm : £t : 1 H : amide H —_—
' ' eet Has Been Replaced
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alkyl is (Jerr]-Cerr], a C[erf]-C[err] al kyl car bonyl, a C[e c.

hal o- genoal kyl carbonyl, a Clerr]-Cferr] polyhal ogenoal kyl £ 'ﬂHASBEEN

PLACED

- 40 -

- 7.60=7.05 ppm :m: 8 H : aromatic protons
4.25 ppm : d : 2 H : CH,-CH,-
©3.70-3.50 ppm : m : 4 H : CH, in the 2 and 6 posi-
tions of the tetrahydro-
05 - _ | ' pyran - '
2.00-1.80 ppm : m : 4 H : CH, in the 3 and 5 posi-
tions of the tetrahydro-
_ _ pyran
1.05 ppm : S : 9 H : tBu
10 E) 2-n-Buty1-4-(4+spirotetfahydropyran)-14[(2'-terté
butoxycarbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one
A mixture 'containiﬁg 0.9 g of the compound
obtained in step D, 327 mg of methyl'orthovalerate and
-2 drops of acetic acid is heated for 3 hours at 110°C.
15 The reaction medium is taken up in 100 ml of ethyl
acetate, then washed with a saturated solution of
sodium bicarbonate and a saturated solution of sodium
~chloride and then dried over sodium sulfate and the
ethyl acetate is evaporated off. The residue obtained
20 is chromatographed on silica using an ethyl acetate/
toluene mixture (2/1; v/v) as the eluent to give 550 mg
of the expected product_in the form of a wax.
- NMR spectrum: '
7.05~7.60 ppm : m : 8 H : aromatic protons
25  4.63 ppm : s : 2 H : CH,-C_H -
' 3.85-3.55 ppm : m : 4 H : CH, in the 2 and 6 posi-
| tions of the tetrahydro-

pyran
2,30 ppm : £t : 2 H: CH,-C,H,
30 1.05-1.80 ppm :.m : 8 H : CH,-CH_-CH_~-CH, and CH_ in’

the 3 and 5 positions of
the tetrahydropyran

1.03 ppm { s E 9 H: tBu
0.75 ppm ¢ t : 3 H : (CH,),~CH,

35
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- 11 - a benzoyl, an alpha-am noacyl ~or- an N-protec
group, or Rlerr] and Rlerr], bonded together with the carbon atp Tﬂ@%ig;?THASBEH
whi ch they are bonded, forman indane or an adanman- tane; p + LAGED -
is an.integer between 2 and 11; - mis an integer between 2 and 5; - Xis

an oxygen atomor- a sul fur atom '

- 41 -

- IR (CHCl,):
1710-1720 cm—* : C=0, C=0
1625 cm~* : C=N '
F) 2-n~Butyl-4-(4-spirotetrahydropyran)-1-[(2'-tert-
05 butoxycarbonylbiphenyl~4~yl)methyl]-2-imidazolin-5-one

530 mg of the product obtained in the previous
step are treated with 4 ml of dichloromethane and 5 ml
of TFA for 45 minutes. After evaporation under vacuun,
10 the residue is taken up in ether and the precipitate
formed is filtered off, washed with ether and then
dried under vacuum to give 510 mg of the expected pro-
duct. M.p. = 159-162°C. |
-~ NMR spectrum: '
15  7.80-7.10 ppm : m : 8 H : aromatic protons
' 4.80 ppm : s ¢ 2 H : CH,-CH,- '
4.00-3.75 ppm : m : 4 H : CH, in the 2 and 6 posi-
- tions of the tetrahydro-
_ pyran '
20 2.60 ppm : £t : 2 H : CH,-C,H,
1.45-2.00 ppm : m : 6 H : CH_~CH_-CH_-CH, and CH_ in
: ' the 3 and 5 positions of
_ _ the tetrahydropyran
1.30 ppm : sext ¢ 2 H : CH_ -CH_ -CH_~CH,
25 0.80 ppm : t : 3 H : (CH,),-CH,

EXAMPLE 7 _
2-n-Butyl-1~[ (2’~carboxybiphenyl-4-yl)methyl]-
4-[spiro(l-benzyl-4~piperidine)]~2-imidazolin~5~one
30 trifluoroacetate and 2-n-buty1?4-[spiro(1-benzy1-4-
plperldlne)]-1—[(2'-tert-butoxycarbonylblpheny1-4-y1)-
methyl]-2-1m1dazolln-5-one - Method 1
" A) 4-Am1no-1-benzylplperidlne-4-carboxy11c acid is pre-
pared from N-benzylpiperidin-4-one by the method
35 described in German patent 2 215 721. .
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wth.the limtation that R
are each a nethyl;
prepared by known neth- ods.
- described by Jacquier et al.

and by Brunken and Bach (Chem Ber.

an al kyl
foll owi ng reacti on schene:

I's other than a phenyl
arée preferred conpounds.
For exanple,
(Bul'l .

i f Rl er | |TFAh §EREEHAP BEEN
The derlvitlves égié B

it is possible to use the nethod

Soc. Chim France, 1971, 3, 1040-1051)
1956 89, 1363-1373) and to react
tg ester in accordance with the

imdate with an am no aC|d or.
[err]

B) Ethyl 44amino-1-benzylpiperidine-4-carboxylate

- 3.80 g of the compound prepared in step A are

added to a solution of 13 g of hydrochloric acid in 50
ml of ethanol at 0°C and the mixture is then refluxed

05 for 5 hours.

After concentration under vacuum,

the

residue is washed with ether and then dissolved in an

. ether/water mixture,
potassium carbonate is added to bring the pH to 9.

to which a saturated solution of

The

ether phase is decanted, washed with a saturated solu-

10

tion of sodium chloride,

dried over sodium sulfate and

“then evaporated to dryness to give 3.50 g of the
expected product in the form of an oil.

- NMR spectrum.

7.20-7.40 ppm : m : 5H :

15 4.10 ppm q
- 3.45 ppnm s

2.25-2.60 ppm

1.80-2.05 ppm
1.20-1.40 ppm
1.12 ppm t

20

nn
3 H

aromatic protons
CH_-CH,
CH, of the benzyl

4 H: CH,
tions of the piperidine

2 H) CH, in the 3 and 5 posi-

2 H-; tions of the piperidine

CH,-CH,-

in the 2 and 6 posi-

- C) 2-n-Butyl-4-[sp1ro(1-benzy1-4-p1perid1ne)]-2-1mi—

'dazolin-s-one

Ethyl valerimidate is prepared as in Example 2,

25 step A.

2.06 g of ethyl valerimidate,

3.40 g of the

compound prepared in step B and 8 drops of acetic acid
are mixed in 15 ml of xylene and the mixture is_re-
fluxed for 6 hours.

After concentration under vacuum,

the residue is chromatographed on silica gel using a

30

chloroform/methanol/acetic

v/v/v) as the eluent.
are obtained after extraction with chloroform at pH 9

to remove the acetic acid.

- IR (chloroform):

35 1725 cm—2*

=0

acid mixture (82/15/3;

2.80 g of the expected product

M.p. = 170-172°C.

/
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1640 cm-* : C=N
- NMR spectrum: _
7.10-7.30 ppm : m : 5 H : aromatic protons
3.45 ppm : S : 2 H : -CH_-C_H, | |
05 '1.10-2.75 ppm : 5m ¢ 14 H : CH, in the 2, 3, 5 and
| ' 6 positions of the
piperidine and
| | (CH,_),-CH,
. 0.80 ppm : £t : 3 H : (CH_,),~CH,
i0 D) 2-n—Buty1-4-[spifo(1-benzy1-4-piperidine)]-1-[(2“—
tert-butoxycarbonylbiphenyl—4-y1)methyl]-zfimidazolin-
S-one : ' ' . _ |
513 mg of sodium methylate and, after 15
minutes, 4.16 g of 4-bromomethyl-2'-tert-butoxycar-
15 bonYibiphenyl are added to a solution of 2.78 g of the
compound obtained in step C in 25 ml of DMF. The reac-
tion medium is heated at 40°C for 5 hours and then
taken up in 300 ml of ethyl acetate, 50 ml of water and
5 ml of a saturated solutlon of sodium bicarbonate.
20 The organic phase is decanted, washed once more with a
saturated solution of sodium chloride, dried over
sodium sulfate and evaporated under vacuum. - The resi-
due is chromatographed on silica using an ethyl ace-
tate/methanol mixture (95/5; v/v) as the eluent to give
25 0.98 g of the expected product. M.p. = 103-106 C.
- IR (CHCl,): -
1710-1725 cm~* : C=0, C=0 (imidazoline, ester)
1630 cm-2 : C=N |
- NMR spectrum: .
30 7.70-7.10 ppm : m : 13 H : aromatic protons
4.70 ppm : S CH,-CH.-
3.55 ppm ¢ S CH_.-C.H, _
1.20-2.75 ppm ¢ 5 m : 14 H ¢ CH, in the 2, 3, 5 and 6
o positions of the piperi-
35 : - dine and (CH.),~CH

o J <

e
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al kyl

in which Ris a (Jerr]-Cferr] alkyl, R is hydrogen or a C[err‘ﬁiéﬁﬁéETHASBEbN

and Rerr], Rerr], Rerr], z and t are as defined above for @E}LACED
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1.15 ppm : s : 9 H : tBu

0.85 ppm : t : 3 H (CH,),~CH,
E) 2-n-Buty1-1-[(2'-carboxyb1phenyl—4-y1)methyl]-4-
[spiro(l-benzyl-4-piperidine) ]~2-imidazolin-5-one

. trifluoroacetate

350 mg of the compound obtained in'step D are
dissolved in 4 ml of dichloromethane and 5 ml of TFA.
After 45 minutes, the medium is concentrated under
vacuum, the residue is then taken up in an ether/
hexane mixture and the precipitate formed is filtered
off, washed with ether and dried under vacuum to give
350 mg of the expected product. M.p. = 198-200°C.

- NMR spectrum: :

7.05-7.75 ppm :m: 13 H : aromatic protons

4.75 ppm : s : 2 H ¢ CH,-C_H,~ |

4.40 ppm : s : 2 H : CH, -C_H, |
© 3.20-3.60 ppm : m : 4 H : CH, in the 2 and 6 posi-

-tions of the piperidine
2.35 ppm : t : 2 H : CH_,~CH_-CH_-CH,
2.20~-1.40 ppm : 3 unresolved signals : CH, in_thé 3
| R and 5 posi-

tions of the
piperidine and
CH_,~CH,~CH -
CH,

1.25 ppm : sext : 2 H : CH,~CH,-CH,-CH,
' 0.80 ppm : t : 3 H : (CH,),~CH,

EXAMPLE 8

' z—n-Butyl-l—[(2'-carboxyb1pheny1-4-y1)methyl]-
4-(4-sp1rop1per1d1ne)-2-1m1dazolln-5-one ditrifluoro-
acetate and 2-buty1-4-(4-sp1rop1per1dine)—1-[(2ﬁ-tert-

%butoxycarbony1b1pheny1-4-yl)methyl]-2-1m1dazolln-5-one

This Sheet Has Been Replaced '
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A) 2-nQButy1-4#(4-Spiropiperidine)-1-[(2'-tert-butoky-
carbonylbiphenyl~ 4-y1)methYl]—2-imidazolin—5-one |
300 mg of the compound of Example 7, step D,

" are dlssolved in 10 ml of methanol. 180 mg of 10%

palladium-on-charcoal are added and the mnixture is
hydrogenated for 3 hours at atmospheric pressure. The
catalyst is filtered off and the filtrate is concentra-

- ted under vacuum to give 200 mg of the expected pro-

duct.
- NMR spectrum:

7.20-7.75 ppm :m: 8 H: aromatic protons

4.75 ppm : s : 2 H : CH, -C, H

3.00-1.70 ppm : 3 unresolved ‘signals for the 4 CH,

_ of the piperidine

2.40 ppm : t : 2 H : CH,-CH_-CH_-CH,

1.60 ppm : quint : 2 H : CH,~-CH,-CH,—CH,

1.35 ppm : sext : 2 H : CH,-CH_,-CH_,-CH,

1.20 ppm ¢t s ¢ 9 H : tBu

0.90 ppm : t : 3 H : (CH,),-CH,
B) 2-n-Buty1-1-[(2'—carboxyb1phenyl-4-y1)methyl]-4-(4-
spiropiperidine)-~2-imidazolin-5-one ditrifluoroacetate

' 160 mg of the product obtained in step A are
stirred for 45 minutes in 3 ml of dichloromethane and 4
ml of trifluoroacetic acid. The mixture is concentra-
ted under vacuum and the residue is taken up in ether
to give a gum and then a foam after drying under vacuum
(150 mg). M.p. = 80-85°C.

- NMR spectrum:

. 7.15-7.80 ppm : m '8 H : aromatic protons
4.75 ppm : s': 2 H : CH,-C_H_ -
3.20-1.60 ppm : 3 unresolved signals : 4 CH, of the
_ i - piperidine
'2.40 ppm : t : 2 H : CH,~CH,-CH_~CH,
1.50 ppm : quint : 2 H : CH,-CH_~CH_-CH,
1.30 ppm : sext : 2 H : CH_~CH_-CH_-CH,

-
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This reaction is carrled out in an acid medi um by heating in af ¢

sol vent such as xyl ene or tol uene. Accordi ng. t o anot her ré@gangTSQSBEEN
the conpound 2 can be prepared by reacting an ani noal kyl ani de’

al kyl ortho-ester (10) in an acid nmediumin accordance with the follow ng

reaction schene: [err] _
- 46 -

0.80 ppm : £t : 3 H: (CH,),-CH,

EXAMPLE 9 .
2-n-Butyl-1-[(2’-carboxybiphenyl-4-y1)methYl]-
05 4,4-dipheny1-2-imidazolin¥5-one trifluoroacetate and 2-
| n—butyl-4,4-dipheny1—1-[(2'-tert—butoxycarbonylbi-
phenyl-4-yl)methyl ]-2-imidazolin-5-one ~ Method 1
A) Valeramidine hydrochloride _
6 g of ethyl valerimidate hydrochloride are
10 added to a solution of 6.75 g of ammonia in 80 ml of
methanol at 0°C. After 18 h, the reaction medium is
concentrated under vacuum to give the expected product
in the form of a white solid. |
B) 2-n-Buty1-4 4-dlphenyl-2-1m1dazolin—5-one'
i5 This compound is prepared according to the pro-
cedure described by J. NyITRAI and K. LEMPERT in Tetra-
hedron, 1969, 25, 4265-4275, from benzil and valerami-
dine hydrochloride. M;p. = 135°C.
- IR (CHC1,): |
20 . 1725 cm-* : C=0
1640 cm—2 : C=N
- NMR spectrum:
7.20-7.50 ppm : m : 10 H : aromatic protons
. 2.50ppm : t : 2 H : CH,-CH,-CH_-CH,
25  1.65 ppm : quint : 2 H : CH,-CH_-CH_~CH,
1.35 ppm : sext : 2 H : CH,-CH,-CH,-CH,
0.90 ppm : t : 3 H : CH_-CH_-CH_-CH,
11 ppm : sb ¢ NH _
C) 2-n-Butyl-4, 4-dipheny1-1—[(2'-tert-butoxycarbonylbi-
. 30 phenyl-4-y1)methyl]—2-imidazolln-5-one
This compound is prepared according to the
usual method by reacting 4-bromomethyl—zhiert-butoxyi
carbonylblphenyl w1th the compound prepared in step B,
in the presence of sodium methylate in DMF.

35
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in wiich Ris a Cerr]-Cerr] alkyl. Usi ng a procedure Uegﬁg%gggFgr—~—ﬁj—
H. Takenaka et al. (Heterocycles, 1989, 29(6), 1185-89), it is S AS BEEN

possible to prepare the conpound 2 by reacting an acid halidetof ¢ HREPLACED
formul a _

= 47 -

- IR (CHCL,): |
1715-1725 cm~* : C=0, C=0 (ester, imidazolinone)
1635 cm—* : C=N : '
_ - NMR spectrum:
05 7.25-7.80 ppm : m : 18 H : aromatic protons
'4.85 ppm : s : 2 H : N-CH,~C_H,_-
2.60 ppm : t ¢ 2 H : CH,-CH_,-CH,~-CH,
1.75 ppm : quint ¢ 2 H : CH_,~CH_-CH_-CH,
1.40 ppm : sext : 2 H : CH_~CH_~-CH_-CH,
10 1.15 ppm : s ¢ 9 H : tBu
0.90 ppm : t ¢ 3 H : CH, of the n-butyl
D) 2-n-Butyl-1-[(Z'écarboxybiphenyl-4-y1)methyl]-4,4-
diphenyl-2-imidazolin~-5-one trifluoroacetate
500 mg of the product prepared in step C are
15 treated with 2.5 ml of dichloromethane and 2.5 ml of
trifluoroacetic acid at 20°C for 40 minutes. After
concentration under vacuum, the residue is taken up in
an ether/hexane mixture and the precipitate formed is
filtered off, washed with hexane and dried to give 440
20 mg of the expected product. M.pQ = 55-60"C.
- NMR spectrum: :
7.15-7.80 ppm :m: 18 H : aromatic protons
4.85 ppm : s : 2 H : N-CH_.-C.H, -
2.60 ppm : t : 2 H : CH,~CH_-CH_-CH,

25 1.70 ppm : quint : 2 H : CH_-CH_-CH_~-CH,
1.40 ppm : sext : 2 H : CH,~-CH_-CH_,-CH,
0.90 ppm : t : 3H : CH, of the butyl
EXAMPLE 10
30 2-n-Buty1-3 [(2*—carboxyb1pheny1-4-y1)methyl]-
6-spirocyqlopentane-5,6-dihydro-1H-pyr1m1d1n—4-one
trifluorocacetate | |

"A) (1-AminocYclopenty1)acetic acid _ _ _
Cyclopentylideneacetic acid 1s prepared accor-
35 ding to G.A.R. KON and R.P. LINSTEAD, J. Chem. Soc.,
/
heet Has Been Replaced '

T \||\



lerr] in which Hal is a hal ogen, preferably chlorine, wth-the

derivative 5'"'. The reaction is carried out in a baS|cJﬁ§H$§HFETHASBFL
More particularly, according to another object of the present_jinveRELHTED

the conpound 2 is-prepared by a nethod characterized in that a conpound of
formul a : S '
- 48 -

1925, 127, 616. 740 mg of this acid and 5 ml of 20%
aqueous ammonia are placed in an autoclave and the mix-
ture is heated at 150fc'for 24 hours. After evapbra-
tion of the solvents, the residue is chromatographed on
05 a silica column using a DCM/methanol/20% aqueous
| ammonia solution mlxture (70/30/1, v/v/v) as the eluent
to give 330 mg of the expected acid.
B) Ethyl (1—am1nocyclopenty1)acetate
330 mg of the acid are dissolved in 10 ml of
10 ethanol. The solution is cooled in an ice bath and
saturated with gaseous hydrochloric acid.  After 24
hours under reflux, the reaction medium is evaporated,
the residue is taken up in a ‘solution of sodium car-
bonate and extracted with ethyl acetate and the extract
15 is then dried over sodium sulfate, filtered and eva-
porated to give 312 mg of the expected ester.
C) z—n-Buty1-6-sp1rocyclopentane-5 6-dihydro-1H-pyr1-
midin-4-one _
A mixture containing 310 mg of the cempound
20 obtained in step B, 348 mg of ethyl valerimidate, 10 ml
of xylene and 6 drops of acetic acid is brought to the
reflux point. After 2 hours and 18 hours, a further
348 mg of ethyl valerimidate are added and, after a
total reflux time of_24 hours, the reaction medium is
25 evaporated and then chromatographed on silica using a
~ DCM/methanol mixture (97/3, v/v) as the eluent to glve
153 mg of the expected product.
D) 2—n-Buty1—3-[(2'-tert-butoxycarbonylbipheny1-4—y1)-
methyl]-5, 6-d1hydro-1H-pyr1m1d1n-4-one
30 A mixture of 10 ml of DMF and 40 mg of sodium
hydtide as an 80% dispersion in oil is prepared under a
nitrogen atmosphere. 144 mg of the compound prepared
in step C, dissolved in 5 ml of DMF, are added dropwise
at room temperature. After stirring for 30 minutes, a
35 solution of 288 mg of 4-bromomethyl-2’'-tert-butoxy-
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in which Bis - a group C(OR)[err]
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carbonylbiphenyl in 5 ml of DMF is added. The mixture

is stirred for 2 hours and then evaporated and the
residue is taken up in water and extracted with ethyl
acetate. The extract is dried over sodium sulfate,
filtered, evaporated and then purified by column chro-
matography using a hexane/ethyl acetate mixture (85/5:
v/v) as the eluent to give 174 mg of the expected pro-

. duct.

E) . . _ _
10 ml of trifluoroacetic acid are cooled in a
bath of iced water and 161 mg of the compound prepared
in step D are added. The mixture is stirred for 30

minutes and then evaporated. The residue is taken up

in ethyl ether and the mixture is then evaporated
again. This operation is repeated and the residue is
then drled under vacuum to give 140 mg of the expected
compound in the form of an amorphous powder. M.p. =
108-115°C. | -

- NMR spectrum°

0.9 ppm : t : (CH ) s=CH,

1.1 to 2.1 ppm : m : 12 H ¢ cyclopentane and CH, cnz.
_ CH,-cH

2.7 ppm : t ¢ 2 H ¢ cn CH -CH_, CH

3.1 ppm : s : 2 H : -CH,~CO

S.1 ppm : s : 2 H : N-CH,~-C_H,_

7.2 to 7.8 ppm : m : 8 H : aromatic protons

EXAMPLE 11
2en-Butyl-4-spird¢yclopentane—1-[(zﬁ-tert¥'
butoxycarbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-
thione and 2-n-butyl-1-[(2’-carboxybiphenyl-4-yl)-
methyl]-4-spirocyclopentane-2-1m1dazolln—5-thione tri-
fluoroacetate
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A) 2-n-Buty1-4—spirocyclopentane-l-[(2'-tert-butoxy-
carbonylbipheny1-4-y1)methyl]-2-imidazo1in—5-thione
5.63 g of the compound prepared in Example 1,
step D are dlssolved in 40 ml of anhydrous toluene and
treated with 3 g of Lawesson’s reagent at 80°C under
nitrogen. After 6 hours, the reaction is fil-

tered and COncentrated; The concentrate is chromato--

graphed on silica using a DCM/ethyl acetate mixture
(95/5; v/v) as the eluent to give the expected product
in the form of an oil, which crystailizes in the cold.
m=4.59g. M.p. = 77-79°C.
- NMR spectrum: _

0.90 ppm : t : 3 H : CH, (nBu)

1.20 ppm : s ¢: 9 H tBu o
" 1.35 ppm : sext : 2 H : CH,~CH_-

1.60 ppm : quint : 2 H : CH,-CH,-CH_-

1.80-2.10 ppm : m : 8 H : cyclopentane

2.60 ppm : t : 2 H : CH,-CH_,-CH_~CH,

5.35 ppm : s : 2 H : CH,-C_H, - '

7.25-7.80 ppm : m : 8 H : aromatic protons
B) 2-neButy1-1-[(2'-carboxybipheny1-4-yl)methyl]-4- L
spirocyclopentane-2-imidazolin-5-thione trifluoro-
acetate ' ,
| 225 mg of the compound obtained in step A are

treated with 5 ml1 of DCM and 5 ml of TFA for 30 min-

utes. After concentration, the residue is takgn up in
ether. The expected compound is obtained in the form
of a yellow powder, which is filtered off and then
rinsed with hexane. m = 160 mg. M.p. = 185-190°C.
~ Mass spectrum: '

MH* : 421
- NMR spectrum: :

0.78 ppm : t': 3 H: CH3 {(nBu)

1.20 ppm : sext : 2 H : CH,~CH,

1.50 ppm : quint : 2 H : CH,~CH_,~CH_~

This Sheet Has Been Replac
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- a group COHal R being a (ferr]-Cferr] alkyl and Hal denoti nonashaliegens si
atom preferably chlorine, is reacted with a conpound of the jornukgmbﬁﬂmj

i.n which Ais an OH group, an NH err] group or a group OR , R—peimg
hydrogen or a (err]-Cerr] alkyl, - ' ' '
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1.75-2.00 ppm : m : 8 H : cyclopentane
2.40 ppm : t : 2 H : CH,~CH_-CH_-CH_

5.20 ppm : s : 2 H ¢ CH,~C_H_ -

7.00-7.65 ppm : m : 8 H : aromatlc protons

.0
.'o

EXAMPLE 12 : _ _
2-n-Butyl- 4-(2—sp1r01ndane) 1-[(2'—tert-butoxy-
carbonylblphenyl 4~yl)methyl]-2-imidazolin-5-one and 2-

_n-butyl-1-[ (2‘-carboxybiphenyl-4-yl)methyl]-4-(2-spiro-

indane)-2-imidazolin-5-one - Method 1
A) 2-Aminoindane-2-carboxylic acid is prepared accor-
ding to R.M. Pinder, J. Med. Chem., 1971, 14, 9, 892,
and the corresponding ethyl ester is then prepared
according to Adkins (ref. cited in Example 2A).
B) 2-n-Butyl-4-(2-spiroindane)-2-imidazolin-5-one

2.78 g of the ethyl ester prepared in step A
and 2.5 g of ethyl valerimidéte are dissolved in 20 ml

of xylene in the presencé of 60 ul of acetic acid and.
refluxed for 3 hours. A further 500 mg of ethyl valer-

imidate are added and _reflﬁx is maintained for a
further 3 hours. The reaction medium is concentrated
and then chromatographed on silica using a hexane/

ethyl acetate/acetic acid mixture (3/8/0.3: Vv/v/V) as

the eluent. The pure fractions are combined and eva-
porated with toluene to give 3.07 g of the expected

- product in the form of a white solid. M.p. = 148-

150°C.

-~ NMR spectrum:
0.90 ppm : t : 3 H : CH, (nBu)
1.2-1.7 ppm : m ¢ 4 H : CH,~CH_.~-CH,
2.4ppm : t : 2 H : CH,~(CH,),-CH,
2.8-3.2 ppm : g "H ¢ 2CH_, (indane)
4.90 ppm : s : 2 H : CH,-C,H, -
7.2 ppm : m : 4 H : aromatic protons

o ! oo
I - ]
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and then if appropriate, the thus obtai Socormey A' = ated with
Lawesson's reagent (2 4- bi s(4- met hoxy } ST TS
phenyl)-1, 3-dit hi a- 2, 4- di phosphet ane di s| IfldgﬁpLACED H E%ﬁlﬁﬁﬁ puy u

(bi phenyl -4-yl)met hyl derivative (3) is prepared by a netho Pl
Eur opean patent application 324 377. - "~ The conversion of a group

R [err] and/or R [err] to a group Rierr] gd/or Rlerr] is effected by

nmet hods wel|l known to those skilled in th art. ‘Thus, if the compound (I)

to be prepared possesses a group Rerr] and/ or Rlerr] = carboxyl, R [err]
and/or R[err] are an esterified carboxyl group. |If the conpound (1) to

be prepared p°é§e§SﬁSBﬁt9iQ!p(ELgbikolndane)~1-[(2"—tert-butoxy—
' carbonylbiphenyl-4-yl)methyl]- -2-imidazolin-5-one
The compound obtalned in the prev1ous step is
dissolved in 20 ml of anhydrous. DMF and treated with
05 450 mg of sodium methylate under nitrogen. After 20
" minutes at room temperature, 3.6 g of 4-brbmomethy1¥2“?
‘tert-butoxycarbonylbiphenyl are added and the mixture
is stirred at 40°C for 6 hours. The reaction medium is
concentrated, the usual washes are then carried out and
10 the product is chrdmatographed on silica using di-
chlordmethane/ethyl acetate (95/5;: V/v) as the eluent
the expect.ed compbund in the form of a foam
(m =1.84 g). '
= NMR spectrum:
15 0.80 ppm : t CH, (nBu)
1.20 ppm : s : 9 H : tBu
"1.20-1. 60 ppm : m : 4 H : CH.-CH_-CH,
2.40 ppm : t : 2 H : CH_-(CH_),~CH
2.9-3.3 ppm : q ¢ 4 H : 2CH, (indane)
20 4.80 ppm : s : 2 H : N-CH_-C_H, -
' 7.20-7.80 ppm : m : 12 H : aromatic protons
D) 2-n-Buty1-1-[(2'-carboxyb1pheny1-4-y1)methyl]—4-(2-
sp1r01ndane)-2-1midazolin-5-one
. 1.71 'of the compound obtained in the
25 previous step are dissolved in 15 ml of DCM and treated
with 20 ml of TFA. After 30 minutes, the reaction
- medium is concentrated and then taken up in ether.
After trituration, the solid obtained is filtered off,
rinsed with ether and dried to give 1.42 g of the
30 expected product. M.p. = 217-218°C.
- NMR spectrum: | |

W
=}

0.70 ppm : t : 3 H : CH, (nBu)
©.1.10-1.50 ppm : m : 4 H : CH_ -CH_~-CH, This Sheet Has Been Replaced

250 pmm v s 20 cncenen [

35 2.8-3.3 ppm : g : 4 H : 2CH, (indane)




and/or Rlerr] = tetrazolyl, R [err] and/ or R [err] can be ei | NEHIS SHEET HAS BEEN
tetrazolyl protected for exanple by a trityl group, or a cyanfo gr OREPLAGEDH

w || subsequently be replaced with a tetrazolyl group protected 1f
necessary by a trityl. The conversion of the cyano group to a tetrazolyl
can be effected with an azide, for exanple tributyltin azide or sodium

azi de. - It is also possible to useggaups R[err] and/or R [err]
such ‘as nitro, carboxyl, cyano or acid chloride groups and then to convert
t hem by reactions mell knomn

4.70 ppm : s : 2 H : N-CH,-C_H_-
7.1-7.7 ppm : m : 12 H : aromatic protons
Other compounds according to the invention were
prepared by one of the methods descrlbed above. They
05 are collated in Table 1. The structure of each of

these compounds is consistent with the analysis of
their NMR spectra. | |

EXAMPLE 13 | -

10 2-n-Butyl-1-[ (2'-(imidazol-1-ylcarbonyl)bi-
phenyl-4—yl)methy1]-4fspirocyclopéntane-2-imidaquin-5—
one ' '

(I: R, = -C-N— , R, = H, R, = n=C_H,,

- i
w \/

CR, R, = cyclopentane, X = O)

.20 . - A mixtur_e conta_ining' 404 mg of the compouhd
- prepared in Example 1, step E, 15 ml of THF and 260 ng
of carbonyldiimidazole is stirred at room temperature
for 72 hours. The reaction medium is evaporated, the
residue is taken up in ethyl acetate and the mixture is

- 25 washed with water and then with a solution of sodium
chloride to give 420 mg of product, which are purified
by chromatography on silica using a DCM/ethyl acetate
mixture (70/30; v/v) as the eluent to givé the expected
compound . '

30 m = 230 mg.
~ M.p. = 120°C. |

_ I —
heet Has Been Replaced
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EXAMPLE 14
2-n-Butyl-1-[ (2'-(3-cyano-2-methylisothio-

ureldomethyl)blphenyl 4-y1)methyl]-4-sp1rocyclopentane-

2-1m1dazolln-5-one

| SCH, |
(I: R, = =CH_-NH-C=N-CN, R, = H, R, = n-CH,,
CR_,R_, = cyclopentane, X = 0)

| A) 1-{ (2’-Aminomethylbiphenyl-4-y1l)methyl]-2-n-butyl-4-

splrocyclopentane-z-1m1dazolin-5-one
‘This compound is obtained by hydrogenatlon of

the compound prepared in Example 5.

1 g of the compound prepared in Example 5, step

A, is placed in 15 ml of absolute methanol and 2.3 ml

of ethanol in the presence of 0.5 g of 5% palladium-on-
charcoal and the mixture'is_hydrogenated at room tem-
perature for 24 hours. After treatment, 730 mg of the
expected product are obtained in the form of an oil.
B) '

_ A mixture cdntaining 300 mg of the compound
prepared in the previous step and 113 mg of N-cyan-

imido-s,s—dimethyldithiocarbonate in 3 ml1l of ethanol is .

refluxed for 24 hours. After the usual treatment, the
reaction medium is purified by chromatography on silica
using a DCM/ethyl acetate mixture (50/50; v/v) as the
eluent. The expected product is isolated in the form
of a white solid. |
" m = 307 ng.
M.p. = 83°C.

EXAMPLE 15
2-n-Buty1-1-[(2'-(2—cyanoguan1d1nomethy1)bi-
phenyl-4-y1)methyl]—4-spirocyclopentane-2-imidazolln-5-
one. 00—
eet Has Been Replaced

T \l\ 0



to those skilled in the art to give g_'roups Rlerr] and/or R errj—as—de:ree——
for the conpound (1). Thus, if R[err] and/or R [err] [afeSgSHEET HAS BEEN

carboxyl, they can be converted to R err] and/or R err] in thdfor W#E?L@EFD
i m-dazol - 1-yl carbonyl or else an N-(4-carboxy-1,3- thiazol-2-yl) carbanoyl.
The group R [err] and/or R[err] in the formof an acid chloride can be
converted to Rlerr] and/or Rierr] in the-fgsm-of N- hydr oxycar banoyl ,

N- cyano- car banoyl, ureido or 2- cyanoguani di nocarbonyl . - The group
R[err] and/or R [err] in the. formof a nitro can be converted to am no, '
fromwhich R and/or R2.is

_ NH2
(I: R, = CH_-NH-C=N-CN, R, = H, R, = n-C_H_,
CR,R_, = cyclopentane, X = O)

05 _ This compound is obtained from the compound
prepared in the previous Example. 200 mg of the com-
pound are placed in 10 ml of absolute ethanol and the
mixture is saturated with ammonia at about 10°C and
then heated at 80°C in an autoclave overnight. After

10 concentration of the reaction medium to dryness, the
residue is chromatographed on silica using a DCM/
methanol nixture (95/5; v/v) as the eluent to give 130
mg of the expected product.

M.p. = 100 °c.

15
EXAMPLE 16 |
2-n-Buty1-4-spirocyclopentane-1-[ (2'-trifluoro-
methylsulfonylaminobiphenyl-4~yl)methyl] ~2-imidazolin-
5-one trlfluoromethylsulfonate
20

(It R, = -NHso,crs, R, = H, R, = n-C_H,_,
CR‘R, cyclopentang, ‘X = 0) -

A) 4-nethy1-2'-nitrobipheny1
25 © 11.2 g of 2-n1trobromobenzene are mlxed with
15 g of 4-iodotoluene and the mixture is heated to
195°C and stirred at this temperature for 3 and a half
_hours. After returning to room temperature, it is
taken up in DCM and heated to the reflux point, the hot
30 solution is filtered on Celite® and t:he_-' DCM is then
evaporated off. h
= 6.5 g. _
B.p. = 80-120 °C under 0.2 mm Hg, n,2< = 1 6042.
B) 4-Bromomethy1-2'—nitrob1phenyl

" 35 A mixture contaim.ng 6.5 g of '4-methy1-2'-

Sheet Has Been Replaced
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prepared in the form of nethylsul fonylam no, trifluoro- net hyIJwI fonyl am no

or trifl uorone’c—hyl—svf—f—m#y-l—amﬂo—rret hyl . The group R [E*KIS]SPEEE/M BEEN
R[err] in the f@ﬁlgglggt}ﬁsﬁéégﬂgﬂ&@m be converted to ami nonet hylL__f r oRERUNGER

a 3- cyano- 2 neth met hyl is prepared (according to C Gbrdon
et al. : ﬂ l Hﬁu (6), 2067- 2069) or a

2- cyanoguanl d| no ed (accor-5diAg to R'W Turner, Synthesis,
1975, 332): Step al) is carri ed_-out in an inert solvent such as
DMF, DMBO or THF, in a basic medi um for example in the presence of

pot assi um hydrOX|de a netal _ R
o nitrobiphenyl, 5.42 g of NBS, 118 mg of azo-bis-iso-

butyronitrile and 500 ml of carbon tetrachloride is
refluxed for 5 hours. It is cooled to 0°C and filtered
. and the filtrate is concentrated to give 9 g of an oily
05 product, which is used as such in the next step.
| C) z-n-Butyl 1- [(2'—n1trob1phenyl-4-yl)methyl]-4-sp1ro-
cyclopentane-z-lmldazol1n—5-one
A mixture containing 260 mng of 80% sodium
hydride in 5 ml of DMF is prepared and 500 mg of 2-n-
10 butyl—4-sp1rocyclopentane—2-1m1dazol1n-5-one, prepared
in Example 2, step A, are added at room temperature
under nitrogen. After st1rr1ng for 15 minutes, 901 ng
~of 4-bromomethyl—2'-n1trob1phenyl in 5 ml of DMF are
added and stirring is continued for 24 hours. The
15 reaction medium is concentrated to dryness and the
residue is taken up in a water/ethyl acetate mixture.
- The organic phase 1s,decanted dried over sodium sul-
fate and filtered and the ethyl acetate is then eva-
porated off. The product'obtained is chromatographed
20 on silica using a DCM/ethyl acetate mixture (9/1; v/v)
as ‘the eluent to give 500 mg of the expected product.
D) 1-[(2“%m1nob1pheny1-4-y1)methyl]-2-n—buty1—4-spiro—
cyclopentane-z-1m1dazolln-5—one '
450 mg of the product obtained in the previous
25 step are placed in 10 ml of methanol in the presence of
5% palladium-on-charcoal, at room temperature, for
hydrogenation. After filt_ration of the catalyst and
evaporation, '240 mg of the expected produot are ob-
~ tained. ' e :
30 E) : . .
In 4 ml of Dcu, 225 mg of the product obtained
in the previous step are mixed with 0.1 ml of tri-
_.ethylamlne, 0.2 ml of trlfluoromethylsulfonic anhydride
is added under argon at -78°C and the mixture is then
" 35 left to return to room temperature. The reaction



al cohol ate, a netal hydride, calciumcarbonate or tri- ethyl gmne

Step bl) is carried out by heating unde
t ol uene, according to the nethod descri
Tetrahedron, 1985, 41, 22, 5061.

met hod conprising steps al, bl and cl i
Al ternatively, the conpounds (1) can be
is also a subject of the present invent

r nitrogen in a sol venpt THIESHEEE HAS BEEN

bed by MP. Cava et al}., REPLACED

‘I'n the description below, the
s referred to as nethod 1.
pre- pared by anot her net hod, mhlch :

in that:
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medium is waéhed with water and a solution of sodium
bicarbonate and then drled and concentrated to glve 150
mg of an amorphous white solid.

.= NMR spectrum:

7 H : CH,-CH,-CH_.-

10 H : CH,-CH_,~CH_-CH_, and cyclo-
~ pentane

AB system : 2 H ¢ N~-CH_,-C_H_ -

7-7.6 ppm : m : 8 H : aromatic protons

8.3 ppm : s : 1 H : =-NH

10 ppm : sb : 1 H : CF,SO.H

0.4-1.3 ppm
1.4-2.3 ppm : n

2

4-4.8 ppm

EXAMPLE 17

2-n-Buty1-4-sp1rocyclopentane-1-[(zhtmlfluofo-
methy1sulfonylamlnomethylbxphenyl-4-y1)methyl] 2-imi~
dazolln-s-one trlfluoromethylsulfonate

(I: R, = CH,NHSO,CF,, R, = H, R, = n-C_H,_,
CR,R. = cyclopentane, X = O)

The preparation-is effected starting from the
1-[ (2’~aminomethylbiphenyl-4-yl)methyl ]-2-n-butyl-4-
spirocyclopentane-2-imidazolin-5-one prepared in Exam-
ple 14, step A. 322 mg of this compound and 0.122 ml
of triethylamine are placed in 3.4 ml of DCM at -70°C
and 0.294 ml of trifluoromethylsulfonic anhydride is
added. The mixture is left to return to room tempera-
ture, poured into dilute acetic acid and extractéd with
DCM, the extract is dried over sodium sulfate and
filtered and the DCM is evaporated off. The residue is
chromatographed twice on silica using DCM/ethyl acetate
(95/5; v/v, then 99.5/0.5; v/v) as the eluent.

This gives m = 90 ﬁg.

M.p. = 90°C.

Sheet Has Been Replaced :
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- NMR spectrum:

0.4~1.2 ppm : m : 7 H ¥C§2-C52—Cﬂa

1.3-2.45. ppm : m : 10 H : CH,-CH,-CH,-CH, and cyclo-
| o pentane
: N-CH_-C_H,- and NH-CH_-C_H -
H : aromatlc protons
H : NH

4.1-5 ppm : m : 4 H
7.1-7.7 ppm : m 8
1

8.4 ppm : s @

EXAMPLE 18
' 2-n-Butyl-1- [(2‘ (N-hydroxyacetamide)biphenyl-
4-yl)methyl ]-4-spirocyclopentane-2-imidazolin-5-one

(I: R, = -CO-NHOH, R, = H, R, = n-C_H,,
CR,R, = cyclopentane, X = 0)

The compound prepafed in Example 2 is freed
from its trifluoroacetic acid salt by taking up this
compound'in an ethyl acetate/water mixture and bringing
the solution to PH 6 by the addition of a saturated
solution of sodium bicarbonate. The organic phase is
washed with a saturated solution of sodium chloride,
dried over sodium sulfate, filtered and concentrated to
give the free base in the form of a white SOlld.

450 mg of this compound are dissolved in
chloroform, 860 ml of thionyl chloride are added at o°c
and the mixture is stirred at room temperature for 2
hours. The solution is concentrated and the traces of
thionyl chloride are removed by azeotropic distillation
with toluene. The acid chloride thus obtained is added
dropwise in DMF sdlution to a soiution containing 200

'mg of hydroxylamine hydrochloride and 700 sl of DIPEA
'in 10 ml of DMF. After 2 hours at 0°C, the reaction

medium is cencentrated'and the concentrate is taken up
in 100 ml of DCM and 50 ml of water. The mixture is
brought to pH 7 and the organic phase is extracted and



a2) an anino acid of the fornmula [err] ~in which z, tp—%&eLLé—and______
Rl err] have the neanings indicated above . THIS SHEET HAS BEEN
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then dried over sodium sulfate. Aftef filtration, the
solution is concentrated. The product obtained is
recrystallized from an ethyl acetate/ethyl ether/hexane

"mixture.

n = 360 ng.
M.p. = 85°C.

EXAMPLE 19
2-n-Butyl-4-spirocyclopentane-1-[ (2'-ureido-
bipheny1-4-yl)methyl]-2-imidazolin-5-one

(I: R, = NHCONH,, R, = H, R, = n-C_H,,
CR_.R, = cyclopentane, X = O) '

This compound is'pfepared using the method des-
cribed by B.B. Kobu et al. in Org. Synth., 1957, 37,
52, starting from the 1-[(2'-aminobiphenyl-4-yl)-
methyl]-2—n-buty1-4-spirocyclopentaneéz-imidazolin-s-.

one prepared in Example 14, step A.

1 g of the latter is dissolved in 50 ml of 6 N

hydrochloric acid and treated with potassium isocyanate
for 1 hour at 5°C. The reaction medium is concentra-

ted, the concentrate is taken up in ethyl acetate and
the mixture is washed with sodium bicarbonate and then

- with a saturated solution of sodium chloride. After

drying over sodium sulfate and filtration; the solution
is concentrated and' the oil obtained is purified by
chromatography on silica using a DCM/methanol mixture
(9/1, v/v) as the eluent.
n = 600 mg. .
- NMR spectrim: - This Sheet Has Been Replaced
T e il
1.35 ppm ¢ sext : 2 H : CH,-CH,
1.6 ppm : quint : 2 H : CH,~CH,-CH,
1.7=-2 ppm':.m : 8 H : cyclopentane




for (1), and of which the anine group is protected by the Pr group .is -
reacted with a (biphenyl-4-yl)nethylam ne derivative of the f¢rFHi$ ééi;fl:éici?g BELN

- 60 -

2.45 ppm : t : 2 H : CH,~CH,~CH,-CH,
4.8 ppm : s : 2 H : ~CH,~C_H,~
6.05 ppm : s : 2 H : NH_ _
_ 7-8 ppm : m : 9 H : 8 aromatic H + 'NHCO
05 |
EXAMPLES 20 AND 21 | |
1-[( 2'-c'arboxy_bif:heny1-4-yl ymethyl ]-2-n-propyl-
-spirocyclohexane-2-imidazolin-5-?one and 1-[(2‘-N-
o cyanocarboxam1deb1pheny1-4-y1)methyl] 2-n-propy1-4-
10 splrocyclohexane-2-1m1dazol.1n-5-one |

CO-NH-CN, R, = H, R, = n-C,H,,
Cyclohexanei X = 0)

(I: R,
CR4R5

15 A) Ethyl butyrimidate hydrochloride

| ’yn'
CH3 - CH; - CH; - C\ "~ . HCl
OC2Hs
20 - | |
' . This compound is prepared according to Mc
Elvain (J. Amer. Chem. Soc., 1942, 64, 1825-1827). '
23 ml of butyronitrile are added at 0°C to a
solution of 10.6 g of gaseous hydrochloric acid in 20
25 ml of anhydrous ethanol and then, after the. ‘reaction
medium has been left to stahd for 4 days at 0°C, it_ is
poured into 200 ml of anhydrous ether at 0°C, with
stu'ring, the preclpxtate formed is filtered off,
, washed with ether and then dried under vacuum to give
30 25.8 g of the expected product. '
B) Ethyl butyrimidate : :
16 g of the imidate obtained in step A are
dissolved in 100 ml of dichloromethane and 50 ml of
water, and 15 g of potassium carbonate are added.
'35 After decantation, the dichloromethane is dried over

This Sheet Has Been Replaced
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'potassium carbonate and then evaporated off to dryhess
without heating.
C) Ethyl ester of 1-am1nocyclohexane “acid
1-Amlnocyclohexanecarboxyl1c acid is commer-
cially available. 15 g of this amino acid are added at
. 0°C to a solution of 23 g of gaseous hydrochloric acid
in 150 ml of anhydfous ethanol. - The reaction médium is
refluxed for 5 hburs:and then concentrated to dryness
and the residue is taken up in ether. The white solid
obtained is filtered off, washed with ether and then
dissolved in a mixture of 300 ml of ether and 100 ml of
water. The pH is brought to 9 by the addition of a
solution of potassium carbonate. The orQénic phase is
decanted, washed with a saturated solution of sodium
chloride, dried over sodium sulfate and then evaporated
to dryness to give 14 g of the expected product in the
form of an oil. '
D) 2-n-Propy1-4—spi:ocyclohexane-2-imidazolin-5-one
| 14 g of the product. obtained in step C are
_dissolved in 200 ml of xylene containing 0.6 ml of
acetic acid. Half the imidate obtained.in step B is
" added and the mixture is heated to the reflux point.
After 1 and a half hours, half the remaining imidate is
added and the last quarter is then added after 4 hours.
After a total reflux time of 7 hours, the medium is
evaporated to dryness. The solid obtained is taken up
in hexane, filtered off, ‘washed with ether and then
dried. o '
- This gives 10.3 g of the expected imidazoli-
none. : : '
. M.p. = 124-125°C.
- IR (CHCl,): |
1715 cm—* : C=0
1635 cm—* : C=N
Note: The compound present in solution is indeed an



is then treatedFFLLD_QD_QLK¥L_QLth=ester of the formul a R[ERhIsE AR EAS Brpn
(10); i n which err] has the neani pg i'ndi cated above for (I) anQEELAéggi )
neal
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imidazolin-5-one according to the values of the IR
bands. , ' _
E) 2—n-Pfopyl-4—spifocyclohexane-1-[(2’-tert-butbxy-
carbonylbiphenyl-4-y1)methyl ]-2~imidazolin-5-one
05 970 mg of the imidazolinone obtained in step D
are added to 0.24 g of sodium hydride as an 80% disper-
sion in oii, suspended in 10 ml of dimethylformamide.
After stirring'for.zd minutes under nitrogen, 1.91 g of
4-bromomethyl-2’'~tert-butoxycarbonylbiphenyl, prépared
10 according to European patent application 324 377, are
added over 5 minutes. After stirrihg for 1 hour, the
medium is concentrated to half its volume under vacuum
and taken up in 100 ml of ethyl acetate and then in 20
ml of water. The organic phase is decanted, washed
15 with a saturated solution of sodium chloride, dried
over sodium sulfate and then concentrated under vacuum.
The residue is chromatographed on silica using an ethyl
acetate/toluene mixture as the eluent to glve 2.10 g of
the expected product in the form of a wax.
20 - IR (CHCl,): o .
1705-1715 cm-* : C=0, C=0 (ester, imidazolinone)
1635 cm-* : C=N -
| Analysis of the NMR spectrum conflrms the structure.
F) 1f[(2“-Carboxyb1phenyrh4—y1)methyl]—z—n—propy1f4-
25 spirocyclohexane-2-imidazolin-5-one (Example 20)
1.25 g of the_tert—butyl-este: obtained in step
E are stirred for 45 minutes in a mixture of 11 ml of
dichloromethane and 15 ml of trifluoroacetic acid.
After concentration under vacuum, the residue is taken
30 up in ether. The solid formed'is filtered off, washed
with ether and then dried to give 1.04 g of a white
solid. | |
M.p. = ;70-172?c.
- NMR spectrum:
35  7.10-7.80 ppm : m : 8 H : aromatic protons
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4.90 ppm ¢t s : 2 H : N-CH_-C_H_ -
2,45 ppm : t : 2 H : CH,~CH_-CH_.~
1.40-1.80_ppm :mz: 12 H : spirocyclohexane + CH,-
: . S CH,-CH,—
0.90 ppm : t : 3 H : CH,~-CH_-CH_~
1.60 g of the trifluoroacetate obtained pre-
_v1ously are dissolved in 150 ml of ethyl acetate and 20
ml of water. 1 N sodium hydroxide solution is added to

“bring the pH to 5.0. The organic phase is decanted,

washed with a saturated solution of sodiﬁm'chloride,

‘dried over sodium sulfate and then evaporated to dry-

ness. The solid residue is taken up in ethyl ether,
filtered off and dried. |
‘m=1.14 g.
~ M.p. = 208-210°C. |
G) 1-[(2'-N-Cyanocarboxamidebipheny1-4-yl)methyl]-2-
propyl-4-spirocy¢lopentene-2-imidazolin-s-One
(Example 21) '
~ 0.54 ml of thionyl chloride is added to 300 mg

of the compound prepared in the previous step, suspen-
"ded in 5 ml of DCM. After 1 and a half hours, the

reaction medium is concentrated under vacuum and then
evaporated twice with benzene. The 801d chloride thus
obtained is dissolved in 2 ml of dioxane and added to a
solution of 42 mg of cyanamide in 1 ml of dioxane con-
taining 0.2 ml of 10 N sodium hydroxide solution.
After 1 and a half hours, the reaction medium is dilu-
ted with 150 ml of ethyl acetate and 20 ml of water,
the pH is brought to 5 with acetic acid and the organlc
phase is decanted, washed with a saturated solution of
sodium chloride, dried over sodium sulfate and then
evaporated to dryness. The residue is chrematographed
on silica using a chloroform/methanol/acetic acid mix-

" ture (90/8/2. v/v) as the eluent to give 160 mg of the

expected product in the form of a solld. -
eet Has Been Replaced
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is treated with Lawesson's reagent [2,4-bis(4-nmethoxy- T
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- IR (KBr):
2150 cm—2> : C=N

- Mass spectrum: |

 MH+ : 429

- NMR spectrum: .
7.20-7.70 ppm : m : 8 H : aromatic protons
4.75 ppm ¢ s : 2 H ¢ N-CH,-C_H, -
2.40.ppm : t : 2 H ¢ CH,-CH_-CH,-
1.30-1.80 ppm : m : 12 H : CH,—-CH,-CH_- and spiro-

' cyclohexane

0.85 ppm : t : 3 H : CH,~-CH_-CH,

EXAMPLE 22 ' .
1-[(2'-(N-4-carboxy-1 3-th1azol 2-ylacetamide)-
biphenyl- 4-y1)methy1]-2-n-propy1-4-splrocyclohexane-z—
1m1dazolln-5-one

N COOH n |
(I: R, = -CONH-Q\ | R, = H, R, = n-c,H,,
| s |

CR_,R_ = cyclohexane, X = O)

This compound is prepared from the compound
obtained in Example 20. : _
2-Am1no—4-ethoxycarbony1-1 3—thiazole is pre-
pared accordlng to B. Plouvler et al., J. Heterocycl.
Chem., 1989, zg(s), 1646.
A) 1-[(N-4-Carbethoxy-1,3-thiazol- 2—ylacetam1de)-
methyl]-2-n—propyl-4-sp1rocyclohexane-2-1m1dazolin—5-

. one

"500 mg of BOP and 0.14 m1 of trlethylamlne are

--added to a solutlon of 404 mg of the compound prepared

in Example 20 and 190 mg of thiazole derivative in 4 ml
of DCM and 1 ml of DMF. The mixture is stirred for 40
/’/- .

heet Has Been Replaced
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hours at room temperature and then 7 hours at 50°C.
The reaction medium is taken up in 50 ml of ethyl
acetate and washed twice with a KHSO,-K,SO, solution,
then twice with a saturated solution of sodium bicar-
05 bonate and then once with a saturated solution of
sodium chloride. After drying over sodium sulfate, the
organic phase is concentrated under vacuum and the
residue is chromatographed on silica 'usi'nq- an ethyl
acetate/toluene mixture as the eluent to give 120 mg of
10 the expected product. '
'M.p. = 96-98°C,
B) | |
o 0.5 ml of 2 N sodium hydroxide solution is
added to 110 mg of the product obtained in the previous
15 step, dissolved in 1 ml of methanol and 1 ml of diox-
ane. After stirring for 35 minutes, the reaction
medium is diluted with 10 ml of water and 60 ml of
ethyl acetate and the pH is brought to 5 by the addi-
tion of 1 N hydrochloric acid. The organic phase is
20 decanted, washed with a saturated solution of SOdium
chloride, dried over sodium sulfate and then concen-
trated. The residue is taken up in ether, filtered off

and dried.
m = 100 mg.
25 M.p. = 145-148°C.

- NMR spectrum
8.0ppm : s : 1 H

H in the 5 position of the

_ _ ‘thiazole
7.1-7.7 ppm : m : 8 H : aromatic protons
30 4-.7ppm:_s:21i:"n-cn-cn-

2.25 ppm : £t : 2 H ¢ CH,-CH_,-CH, '
1.2-1.8 ppm :'m ¢ 12 H : cyclohexane and CH CHa CH
. 0.85 ppm : t : 3 H : CH,-CH, CH,

s R
o cet Has Been Replaced
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I's then treated under suitable conditions for preparing the CPEFeHnde .
conversion of the groups R [err] and/or R [err] to the groups| Rt SHERMHABBEIN |

by

Rlerr] respectively. - The conpounds 7 are known or are pLepar d&EPhgCED
known net hods (Chemi stry of the Amino Acids, G eenstein and Wnitz,

" publ i shed by John Wley, 1961, vol. |, p. 697). The conpounds 8 are

prepared according to Euro- pean patent a ication 324 377. Step a2)
carried out under the usual ponditions for the coupling of an
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EXAMPLE 23

- 2=-n-Butyl- 1-[(2'-(2-cyanoguan1d1nocarbonyl)-
biphenyl-4-yl)methyl]-4-spirocyclopentane-2-imidazolin-
5-one '

P
(I: R, = CONH-C=N-CN, R, = H, R, = n-C_H_,
CR,R. = cyclopentane, X = 0)

The acid chlopide of the compound obtained in
Example 2 is prepared. 1 g of this compound is placed
in 20 ml of DCM, in the presence of 1.8 ml of thionyl

.chloride, and the mixture is stirred at room tempera-

ture for 2 hours. After concentration of the medium,
the residue is taken up in benzene and the mixture is
then concentrated again. The crude product isolated is
then used. It is mixed with 417 mg of dicyanodiamide,
0.5 ml of 10 N sodium hydroxide solution, 0.5 ml of
water and 10 ml of dioxane and the mixture is then
stirred for 5 hours. The reaction medium is taken up
in water and 'ethyl aéetate, potassium carbonate is
added and the mlxture is then concentrated. The resi-
due obtained is chromatographed on silica using a DCM/
methanol mixture (95/5; v/v) as the eluent. 100 mg of
the expected product are isolated.
M.p. = 105°C.

EXAMPLE 24
4-Benzy1idene-z—n-butyl-l-[(2“—carboxybipheny1-
4-yl)methyl]-2-imidazolin~5-one trifluoroacetate

(I: R, = CO_H, R, = H, R, = n-C_H,, R,R; =
=CH-C_H,, X = 0)

Sheet Has Been Replaced
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acid-with an amine, for exanple in the presence of BOP and DI pPfA

Step b2), which is the cyclization of the com
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A) Tert-butyl 4-(1-benzy1idene-l—valerylaminométhyl—

: amidomethyl)biphenyl¥2-carboxylate

CO2tBu

n-C4Hg-CO-NH~C-CO-NH-CHiz-CeH 7 N
CH CgHs . =

Startihg from N-Boc-a—-dehydro-(L)-phenylala-
nine, the N-carboxyanhydride of a-dehydro-(L)-phenyl-
alanine is prepared according to R. Jacquier et al.,
Tetrahedron Lett., 1984, 25(26), 2775. p. . 644
mg of tert-butyl 4-aminomethylbipheny1-2'-carboxylate

~are added to a solution of 430 mg of this compound in 5

ml of THF, the mixture is stirred for 2 hours at room
temperature, 1 ml of methYl orthovalerate is then added
and the mixture is evaporated to dryness under vacuum
without heating. The residue is heated for 3 hours at
100°C, concentrated under vacuum and then chromato-
graphed on silica using a hexane/ethyl acetate mixture
(4/1; v/v) as the eluent to give 580 mg of a white
solid. :
M.p. = 154°C.
- NMR spectrum: } _
1.3 Pppm ¢ s 3 9 H : tBu
0.65 ppm : t ¢ 3 H : CH, (nBu)
2ppm : £t : 2 H: CH,-CH_~-CH_-CH_.-CO
4.4ppm : d : 1 H : CH,-NH o
6.8 ppm : s : 1 H : CH (=CH-C_H_)
B) 4-Benzy1ideneiz-n-butyl-l-[(2'-tert—butoxycarbonyl-
biphenyl-4~yl)methyl ]-2-imidazolin-5-one _
440 mg of the compound obtained in step A are

dissolved in 1 ml of acetic acid and heated for 30
minutes at 100°C.

The solution is evaporated to dryness under

This Sheet Has Been Rep
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pound 9 in the presence of 10, is carried out according to

et al.

as net hod 2
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(Bul'l'. Soc. Chim France, 1971, (3), 1040-10 %in§%ﬁbErHA
according to Brunken and Bach (Chem Ber., 1956, 89, 1363-13 Bllh

the description below, the nmethod conprising steps a2 to d2

- REPLACE

In one variant.of method 2, in step b2, it is
- 68 -

vacuum and the residue is ¢hromatographed on silica
using a hexane/ethyl acetate mixture (4/1; v/v) as the

eluent to give 130 mg of the expected product in the
form of an oil. :

- NMR spectrum: .
‘4.9 ppm : s 3 2 H : CH, (N-CH-C_H,-)

1100 mg of the compouhd obtained in the previous
step are dissolved in 1 ml of DCM, 1 ml of trifluoro-

acetic acid is added and the mixture is then stirred

for 40 minutes at room temperature and evaporated under
vacuum. The residue is taken up several times in DCM

and then evaporated. ‘A white SOlld prec1p1tates on the
addition of ethyl ether. -

m = 101 ng.
M.p. = 85°C.

‘- Mass spéctrum:

MH+ : 439
- NMR spéctrum:
0.82 ppm : t : 3 H : CH, (nBu)
1.3 ppm ¢ sext : 2 H : cH,-cnz—
1.6 ppm : m : 2 H : CH,-CH,-CH_.-
2.6 ppm : t : 2 H : CH,-CH_-CH_~CH_-
4.82 ppm : s 2 H: CH,-C,H,~- |
7.05 ppm 1 H : =CH-C_H,
7.2-8.2 ppm : m : 13 H : aromatic protons

EXAMPLE 25 - | -
_4-Benzylidene-1~[(2'-carboxybipheny1-4-y1)-
methyl J-2-phenyl-2-imidazolin-5-one

(I: R, = CO_H, R, = H, R, = C.H,, R.R, =
=CH-C_H_,, X = 0)

Sheet Has Been Replaced
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possible, if appropriate, to iQnIafn an internediate 9° of the formula _
[err] | and the.phI é?xe?he%eﬁz corrpound 4 by cyclization i NTAX SHEET HAS BEEN

l lIIlI" ,"l" I REPLACED

- 69 -

A) 4-Benzylidene-2-phenyloxazol-5-one
1.8 g of_hippuric' acid and 0.4 g of potassium
bicarbonate are dissolvedl in 4 ml of acetic anhydride,
the solution is heated for a few minutes at 50°C and
05 then cooled to room tempei:_ature and 1.49 g of benz¥_
aldehyde are added. After 1 hour at room temperaturé,
20 ml of distilled water are added at 80°C. The solid
which pre01p1tates is filtered off, washed with water
and ethanol and then dried to give 1.24 g of the
10 expected product in the form of a yellow solid.
M.p. = 215°C. |
- NMR spectrum:
7.4 ppm : s : 1 H: =CH-C_H,
'8.1-8.4 ppm : m : 10 H : aromatic protons
15 B) Tert-butyl 4—(1-benzoy1amino-—1-benzy11deneméthy1—
amidomethyl )biphenyl-2’/-carboxylate ' |
A mixture containing 500 mg of the compound
obtained in the previous step, 570 mg of tert-butyl 4-
_ aminomethylbiphenyl-z'-carboxylate and 10 ml of pyri-
20 - dine is heated at 110°C for 3 hours. It is evaporated
under vacuum, the residue is taken up 1n chloroform and
the mixture is then evaporated again. The residue is
chromatographed on silica using ‘a hexane/ethyl acetate
mixture (3/1 then 2/1; v/v) as the eluent to give 106
25. mg of the expected product in the form of a yéllow
solid.
- NMR spectrum:
l.1 ppm ¢ s : 9 H :_.tBti
_ 4.35 ppm ¢t t ¢: 2 H : -CH_ ~-NH
30 7.05-7.06 ppm : m : 19 H : aromatic protons +
- .~ Cc_H,-CH= |
8.65 ppm : t : 1 H : NH-CH,
9.9 ppm : s 3 1H: NH-CH=
Q) | I | |
. 35 R A mixture of 1.2 g of the compound obtained in



aci d medi um In anot her variant of nethod 2, in order tQ prepare a

conpound (1) in which Rerr]Rerr] is a group =CRlerr] R err], lanHarfHEsT &SIBEEN

of the formula  [err] can be reacted in an acid nedi um witth an BEBetFde
or a ketone of the formula - -

- 70-

the previous step and 1.1 g of freshly melted sodium
acetate is refluxed for 6 hours in 5 ml of acetic acid.
It is left to cool and an insoluble material is then
precipitated by the addition of chloroform. The fil-
05 trate is evaporated and the re51due is chromatographed
on silica using a chloroform/methanol mixture (98/2;
v/v) as the eluent. The solld obtained is recrystal-
~lized from ethyl ether. |
_ _ = 692 mg.
10 M.p. = 120°C.
- NMR spectrum: :
4,95 ppm : s : 2 H : Cﬂ;—csﬂg-
7.1-8.3 ppm : m : 19 H : aromatic protons + =CH-C_H_

15  EXAMPLES 26 AND 27

2-n~-Butyl-1-[ (2'-(2-methyltetrazol-5-yl)bi-
phenyl-4QYI)méthyl]-4-spirocyclopentane—2-imidazolin-s--
one (Example 26) and z?h-butyl-l-[(2"—(1-methy1tetra-
201~ 5—y1)b1phenyl-4-y1)methyl] 4-sp1rocyclopentane-2-

20 imidazolin-5-one (Example 27)

-In 10 ml of DHF,_SOO mq of the compound pre-
pared in Example 5 are ‘mixed with 58 mg of sodium
hydride, the mixture is stirred for 30 minutes, 179 mg
of methyl iodide and 2 ml of DMF are then added and the

25 mixture is stirred at room temperature for 4 hours.
The reaction medium is concentrated and the concentrate
is taken up in water and then extracted with ethyl
acetate. The extract is dried over sodium sulfate and
filtered and the solvent is evaporated off. The resi-

30 due is chromatographed on silica using a hexane/ethyl

acetate mixture (6/4: v/v) as the eluent. 2 fractions
are isolated: o o '
90 mg of the compound of Example 26
and 184 mg of the compound of Example 27
. 35 _
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is then reacted with the conpound 8 to give a conpound

- 71 -

TR
-~ NMR spectra: l
Example 26
0.7 ppm ¢t t : 3 H: CH,- (nBu)
1.2 ppm : sext : 2 H ¢ CH_,~CH,-
1.4 ppm : quint: 2 H : CH,-CH,-CH,-
1.5-1.9 ppm : m : 8 H : cyclopentane
2.25 ppm : t : 2 H : CH,-CH,~CH_,~CH_~-
4.15 ppm ¢ s ¢: 3 H : N~CH,
4.6 ppm : s ¢t 2 H : -N~-CH_-C_H,~
7 ppm : AA/, BB’ system : 4 H : CH,~C_H, -
7.3-7.75 ppm : m : 4 H : CH,-C.H ~C,H,-
Example 27 '
0.7 ppm ¢ t : 3 H : CH, (nBu)
1.15 ppm : sext : 2 H : CH,~CH_~-
1.38 ppm : quint : 2 H : CH,-CH_~CH_-
1.5-1.9 ppm : m : 8 H : cyclopentane
2.2 ppm : t : 2 H : CH,~CH,-CH_-CH_~
3.35 ppm : s : 3 H : N-CH,
4.6 ppm : s : 2 H : N-CH,-CH,
7 ppm : AA’, BB’ system : 4 H : N-CH_-C.H,.~
7.4-7.8 ppm : m : 4 H :

CH_-C_H,-CH, -

EXAMPLE 28 |
z-n-Butyl-6-spirocyclopentane-3- (2/’-(tetrazol-
5-yl)biphenyl- 4-y1)methy1]-4(1H)-5 6-d1hydr0pyr1m1d1n-
4-one
A) Ethyl cyclopentylideneacetate
6 g of 80% sodium hydride are placed in 40 ml
of benzene, and 57.1 ml of ethyl triethylphosphono-~
acetate are added dropwise at a temperature below 35°C.
24.3 ml of cyclo-
pentanone are added dropwise. The mixture is heated at
65°C for 15 minutes and then cooled to room temperature
and the -supernatant 11quor is decanted. 25 ml of

benzene -are added, the mixture is heated at 65°C for 15

eplaced
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minutes, cooled'and_decanted and the supernatant liquor
is then recovered.

The operation is repeated once.

Evaporation of the liquors gives 42 g of the expected
product, which is distilled. B

B.p. = 102°C under 11 mm of mercury.

m = 22.8 g. ' |

B) (1-Am1nocyclopentyl)acetamlde

150 ml of gaseous ammonia are added to 20 g of

the ethyl cyclopentylideneacetate prepared previously

and the mixture is heated at 150°C for 72 hours.
product obtained after evaporation
chromatography on silica

The
is purified by
using a DCM/methanol/20%

agueous. ammonia mixture (90/10/1; v/v/v) as the eluent.
The product obtained is dissolved in DCM and the

solution is dried over sodium sulfate.

It is filtered

and the DCM is evaporated off to give 7.2 g of the

expected product.

- €C) 2-n-Butyl-é6-spirocyclopentane-4(1H)-5, G-dlhydropyrl-
midin-4-one

A mixture contalnlng 4.57 g of the (1-amino-

- cyclopentyl)acetamide prepared previously,

25 ml of

methyl orthovalerate and a few drops of acetic acid is

heated at 100°C for 18 hours.
excess orthovalerate,

ethyl acetate/sodium bicarbonate mixture,

_ After.evaporation of the
the residue is taken up in an
then washed

with an aqueous solution of sodium chloride, dried that
(sic) sodiuni sulfate and then purified by chromato-
graphy on silica using a Dcn/methanol mixture (98/2;
v/v) as the eluent.

=5 g.
- NMR spectrum:_
- 0.75 ppm : t @
1.2 ppm : sext
1.3-1.8 ppm
2 ppm : t

tm
2 H

3 H
2 H:

: CH, (nBu)

CH,-CH,-
10 H : CH,-CH_,-CH, and cyclopentane
CH,-CH_,-CH_~-CH_- '
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The cyclization of this conmpound in an acid nediumleads to the conpound 4.

‘I'n this nmethod, to prepare a conpound (I) in which R err] and/Io hﬂﬂgﬁﬂﬂrﬁ%&BEEN

a carboxyl group, the substi- tuents R[err] and/or R [err] re pr@@pmﬁdﬂg/
a tert-butoxycar- bonyl group. " Finally, another alternatrvefor The
pr epar a- : _

- 73 -

2.15 ppm : s : 2 H: CH_,-CO
9.95 ppm : sb : 1 H : NH |
This compound is the‘one obtained in Example 10, step
05 D) 2-n-Buty1-4-spirocyclopentane-1-[(zf-(triphenyl-
methyltetrazol-Sle)biphenYl-4-y1)methyl]pyrimidin-s-
one |
327 mg of 80% sodium hydride 'in 30 ml of DMF
are mixed for 30 minutes under nitrogen with 1.5 g of
10 the pyrimidinone prepared previously, and 5.27 g of 4-
| bromomethyl-2/-(triphenylmethyltetrazol-5-yl)biphenyl
are added. After stirring for 4 hours at room tempera-
ture, the solvents are évaporéted off and the residue
is taken up in ethyl acetate and water, dried over

15 sodium sulfate and concentrated. The product obtained
is purified by chromatoyraphy on silica using an ethyl
acetaté/hexane mixture (3/7; v/v) as the eluent.

m= 3.2 9.
. E) | _

- 20 3 g of the compound obtained in the_previous
step are placed in 15 ml of methanol, the mixture is
cooled in a water/ice bath, 2.2 ml of 4 N HCl are added
and the mixture is stirred for 5 hours at room tempera-
ture. After evaporation, the residue is taken up in

25 ethyl acetate and water, and sodium hydroxide solution
is then added to give a basic pH (pH 11). The mixture
is left to decant and the aqueous phase is washed with
ethyl ether and toluene and then ether again. This
aqueous phase is brought to pH 5 by the addition of

30 dilute hydrochloric acid and is then extracted with
ethyl acetate and the extract is dried and concentra-
ted. The product obtained is purified on silica using
a DCM/methanol mixture (95/5; Vv/V) as the eluent to

give 800 mg of the expected product.
.35
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tion.of the conpounds (1) according to the invention in which z and t are
equal to zero is the photooxidation nethod, which is al so a syljmeSHBET HAB BEEN

present inven-
a3) a (biphenyl-4-yl)nethyl derivative of the fornula

[err]
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- NMR spectrum:
0.85 ppm : t : 3 H : CH, (nBu)
1.30 ppm : sext : 2 H : CH,~CH_
1.40~1.95 ppm : m : 10 H ¢ cyclopentane and
' CH_~CH_-CH_-CH,

2.30 ppm : t : CH,-CH,-CH_,~CH,
2.55 ppm : s : ¢ CH,-CO

4.95 ppm : s : : N=CH,-C_H,-
7.05 ppm : m : 4 H : CH,-C_H,-

7755-7.82 ppm : m ¢ 4 H: CH,~-C.H,-C_H, -

EXAMPLE 29

2-n-Butyl-3-[ (2’~-carboxybiphenyl-4-yl)methyl ]-
5-spirocyciopentane—5(1H)-5}6-dihydropyrimidin—4-one
trifluoroacetate
A) Ethyl 1-cyanocyclopentanecarboxylate

This compouh'd is prepared according to Helv.
Chim. Acta, 1952, 35(7), 2561. '

9.2 g of sodium are dissolved in 200 cm® of
absolute ethanol. Half the solution of sodium ethylate
formed is poured into a funnel. 24 88 g of ethyl
cyanoacetate are added to the remalnlng half and the
mixture 1s brought to the reflux point.

43.19 g of 1,4-dibromobutane are poured into

another funnel and the solution of sodium ethylate and

the 1,4-dibromobutane are simultaneously added dropwise
to the reaction medium. When the addition is complete,
reflux is maintained for 2 hours. The mixture is eva-
porated and the residue is taken up in an ethyl'ether/
water mixture, washed with a saturated solution of

_sddium chloride and then dried. The product obtained

distils at 115-120°C under 11 mm of mercury.
m = 24 g.

.B) Ethyl 1-amlnomethylcyclopentanecarboxylate

This compound 15 prepared by the catalytic

This Sheet I1as 3een Replaced
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in which Hal is a halogen atomand R[err] and R[err] are res—pectjvely

either Rlerr] and R err] or a precursor group of Rand Rerr], ﬂ@sm@meredslnmnﬁ

with an i m dazol e derlvatlve of - the fornula . _ ~ RERRACED
[err] - : '

- 75 =

hydrogenatlon of ethyl 1-cyanocyclopentanecarboxylate.
20 g of ethyl l1l-cyanocyclopentanecarboxylate

are placed in 200 ml of a 10% solution of ammonia in
'ethanol and hydrogenated at 60°C under a pressure of

05 100 bar in the presence of rhodlum-on-alumlna for 72
hours. After filtration on_celllte° and evapora-
tion, the residue is chromatographed on silica using a
DCM/methanol/zo% aqueous ammonia mixture (98/2/0.5;
_v/v/v) as the eluent.

10 m = 12.8 g. _
C) 2-n-Buty1 5-sp1rocyclopentane-4(1H)-5 6-d1hydropyr1-
midin-4-one

_ A mixture containing 13.12 g of the compound
obtained in the previous step and 13.5 g' of ethylf
15 valerimidate in 100 ml of xylene containing a few drops
of acetic acid is refluxed for 13 hours. The reaction
medium'is'evaporated and the residue is taken up in
ethyl acetate and a 10% solution of sodium carbonate
and then dried and concentrated.
20 m =14 g.
' 'M.p. = 89-91°C.
- NMR spectrum:
0.80 ppm ¢ £t : 3 H : CH, (nBu)
1.10-1.80 ppm : m : 12 H : CH,-CH_-CH_- and cyclo-
25 ' . pentane
 2.05ppm : t : 2 H : CH,~CH_ -CH_~CH_-
3.20 ppm : S : 2 H : CH, (pyrimidinone)
10 ppm ¢ 1 H : s : NH-CO _
D) 2-n-Butyl-5-spirocyclopentane-3-[ (2’~-tert-butoxy-
30 - carbonylb1phenyl-4-yl)methyl] 4(1H)-5,6-dihydropyrimi-
din-4-one :
_ 500 mg of the product obtained in the previous
step are placed in 40 ml of DMF in the presence of 115
~ mg of an 80% dispersion of sodium hydride in oil, under
-35 argon, and stirred at room temperature for half an

This Sheet Has Been Replaced
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hour. 1.08 g of 4-brohdmethy1-zhiert-butoxycarbonyl-
biphenyl are added and the mixture is stirred for 2
hours. After evaporation, the residue is taken up in
an ethyl acetate/water mixture, washed with a saturated
solution of sodium chloride and then dried, concentra-
ted and chromatographed on silica wusing an ethyl
acetate/hexane mixture (3/7; v/v) as the eluent.
m = 280 mg.

E) _
' 250 ml of the tert-butyl ester prepared in the
previous step are dissolved in 10 ml of DCM. The solu-
tion is cooled in a bath of iced water, 5 ml of cold
trifluoroacetic acid are then added and the mixture is
stirred for one hour in the cold and then 1 hour at
room temperature. It is evaporated under reduced pres-
sure. The residue is taken up in ethyl ether and then
evaporated. The operation is repeated 3 times, the
evaporation residue is then taken up in hexane and tri-

.turated and the hexane is3then_decanted. The product

is taken up in ethyl ether and the precipitate is fil-
tered off. . | | |
m = 190 mg.
M.p. = 153-155°C.

. = NMR spectrum:

0.85 ppm ¢ t : 3 H : CH, (nBu)
1.35 ppm : sext : 2 H : CH,~-CH_,-
1.45-2.20 ppm : m : 10 H : CH,-CH_,-CH_ - and cyclo~

_ pentane
2.80 ppm : t : 2 H : CH,~CH, ~CH_~CH_~-
3.80 ppm : s : 2 H : CH, (pyrimidinone)
5.15 ppm ¢ 8 : 2 H : N-CH_- '

7.25 ppm : m :

8 H : aromatic protons

This Sheet Has Bect Replaced
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in which Rerr],

(1),
b3)

05

10

15

20

25 -

30

- 35

R err]
I n the presence
i f appropriate,
[err]

and Rlerr]

have the neani ngs indi cated above for

This Sheet Has Been Rep laced

he reaPt g ompound of ' hert ol o [ RESTEET A g
: 7 -
. Table 1
Rs_l_____N
//l_R3 H (or R2) R1 o
/\ €53
5 h
(Ex.) R, R, | CR.R, salt | M.p. °C
(30) COH n-C,,_ﬁ9 cyclohexane | TFA 172-174
(31) CO,CHy ri-C_,H9 cyclopéntané - 86-37
(32)% | CO,H | n-C.Hy C(CH4)CgHg TFA 55-60
(33) | co | n-c.H, C(C,H,), TFA | 82-84
(34) CO,H n-C,H, -cyclopentane TFA 164
- (35) (**) | n-CyHy eyclopentane | - 163-164
(35) COH . Celg cyclopentane | TFA 178
@37 - COH n-C, Hy ‘cycloheptane | TFA 160-162
(38) CO_H ~ | CH, " cyclopentane | TFA 140
(39) COH n-C Hy : cycioprop#ne - 204-205
(40) |tetrazol-i -CH,-CH,- cyclopentane - 110
5-y1 CH~=CH,,
(41) |[tetrazol-| n-C Hg | cyclohexane - 13O
5-yl
(42) |tetrazol-| n-C,H, cyclohexane - 141
5-y1
(43) COH cyclo- cyclopent#ne TFA 82-88
' pentyl
(44) GO H n-CgH,, cyclopentane | TFA 151
(45) COH ‘CH,-CgHg | cyciopentane " TFA 88
(46) CO,H H-l éyclopentane - 230
(47) COH n-C Hy cyclobutane | TFA 178




is treated with Lawesson's reagent [2 , 4-bi s(4-nethoxy- -
‘phenyl ) -1, 3-di t hi a-2, 4- di phosphet ane

- compound thus obtained in b3 or c3;

05
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15
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35

2,4-disul fide];

THIS SBEET HAS BEEN

|

of the formula REPLACED

.- 78 -
(48) | CO.H n-C, Hy cyclododecane| TFA 130-135
(49) COH n-C,Hy 2-adamantane | TFA | 164-166
(50) | CO,H | n-C,H, 4-phenyl - TFA | 155-157

' ' cyclohexane '
(51) CO,H | n-C Hg 4-methyl - TFA | 198-200
cyclohexane
(52) COH n-C Hg - N-acetyl-4- TFA 90-95
piperidine :
(53) COH C,F, .cyclopentane - 141-143
(56)* | COH | n-C.H, ?'<<:::>>'°F3 - | 207-209
: CH3 \—=
(55)% | coH C.H c_<<ff1§\_c1 TFA 105
n- -
2 4o éH3 ::// o
(56) COH n-C Hy -w\¥d/ﬂ‘?° TFA 95-105
| | . CF3 .

<<rﬁ\N-CO-?H-NH2 125135

(57) COH n-CHy [ \_/ GH-CaHs TFA 125-
CHj3
(58) COH n-C,Hy ' TFA 85-90
. 2 49 <—\N~FO
. ../ CeHs -
*% R, = H and R, = COH

* These compounds have an asymmetric carbon and are isolated in
the form of a mixture of optical isomers.
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1. A compound_of the formula

| »s Rz Ry | | |
/\ - (1)

in which:
- R, and R, are similar or different and are each inde-

pendently hydrogen or a grohp selected from a C,-C,

~alkyl, a C,-C, alkoxy, an amino, an aminomethyl, a

carboxyl, an alkoxycarbonyl in which the alkoxy is
C,-C,, a cyano, a'tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a trifluoromethylsul fonylamirio '
a trifluoromethylsulfonylaminomethyl, an N—cyanoé
acetamide, an N-hydroxyacetamide, an N-(4-carboxy-
1,3-thiazol-2-yl)acetamide, a wureido, a 2-cyano-
guanidinocarbonyl, a 2-cyahoguanidinqmethyl, an imi-

- dazol-l-ylcarbonyl and a 3-cyano-2-methylisothio-

ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen;

R, is a hydrogen, a C,~-C, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a

c.-C, alkenyl, a C,-C, cycloalkyl, a phenyl, a

phenylalkyl in which the alkyl is C,-C,, or a phenyl-
alkenyl in which the alkenyl is C_,-C,, said phenyl
groups being unsubstituted or monosubstituted or

polysubstltuted by a halogen atom, a Cc,-C, alle,

C,-C, halogenoalkyl, a C, -C, polyhalogenoalkyl

) O

THIS SHEET HAS Birn
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is then treated under suitable conditions for preparing the conpound (1) by

conver si on ef—the—groups R Terr] and/or R[err] to the groups
Rlerr] respec&ﬁlyﬁleMHasBeenReplac&he_, i mi dazol e derivative 11 is ei

(1ens susEd HAE BEEN

her CREPIBCED

I Cat ed above

cially avallab r irs prepared by known nethods in '
for the prepar mm““ m pounds 2. Step a3) is carried out
in an inert sol for exanpl e, dd to facilitate the reaction,

. - R, and R, are each independently a C,-C_. alkyl, a

phenyl or a phenylalkyl in which the alkyl is
said_ alkyl, phenyl and phenylalkyl groups

C,-Cs,
being

unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-

alkyl, a hydroxyl and a C,-C, alkoxy;

-or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a

phenyl and R, is a C,-C, alkyl or a phenyl;
- or else R, and R, together are either a group

'of the

formula (CH,),, or a group of ~the formula (CH,) Y-
(CH,)q, in which Y is either an oxygen atom, or a
sulfur atom,'or a carbon atom substituted by a C,~-C,
- alkyl group,'a phenyl or a phenylalkyl in which the

alkyl is c,-C,, or a group N-R,, in which R,

is a

hydrogen, a C,-C, alkyl 'a phenylalkyl in which the

alkyl is c,-Cc_,, a C,-C, alkylcarbonyl, a C,~C,

halo-

genoalkylcarbonyl, a C,~C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and R., together with the carbon atom to
‘which they are bonded, form an indane or an adaman-

tane;

+ g = mnm;

is an integer between 2 and 11;

is an integer between 2 and 5;

is an oxygen'atom or sulfur atom; and

]
Nxa::srd

and its salts.

and t are zero or one is zero and the other is one;

2. A compound according to claim 1 characterized in that R1 is in the
ortho position and is a carboxyl or tetrazolyl group

and R, is hydrogen.

3. A compound according to claim 1 or claim 2 characterized in that

R, and R, form a cyclopentane or a cyclohexane with the

carbon to which they are bonded. .
4. A compound according to any one of claims

O

1 to 3



-20 - a pth&nsﬁumg..maduct such as net hyI ene blue can_

This Sheet Has Been Replaced THIS SHEET HA9 BEEN

characterlzed in that R3 is a llnear Cl—cs alkyl group.

5. A compound according to any one of claims 1 to 4
characterized in that X is oxygen.

6. A compound according to any one of claims 1 to 5
‘characterized in that z = t = Q. | .

7. A compound according to claim 1 characterized in that it is thé
2-n~butyl-4~spirocyclopentane-1-( (2'-(tetrazol-5-yl)biphenyl-4-
y1l)methyl)-2-imidazolin~5-one or one of its salts with acids or
bases. '

8. A method of preparlng a compound (I) accordlng to
any one of claims 1 to 7, characterized in that:
al) a heterocyclic derivative of the formula

Ry
szZ) T 2
1
Lo 3
0/\N./_

1
H

in which 2z, t, R,, R, and R, are as defined for (I) in
claim 1, is reacted with a (biphenyl-4-yl)methyl deri-
vative of the formula '

] ——
S ——

in which Hal is a halogen atom and R/, and R’, are res-
pectively either R, and R, or a precursor group of R,
and R, |

bl) if approprlate, the resulting compound of
the formula '

(UL



be added. In the description below, the nethod conpris
to c3) is referred to as nethod 3. The conpounds (I) acg S BEE!
‘the invention in which Rl err] and R[err] bonded together are a ig&oup PLAGRD
formula (CH err])[err]Y(CHerr])[err] in which Y is an NH.group can be

prepared by catal ytic hydrogenolysis of a correspondlng conpound (1) in

which Y is a group NNRlerr], R err] beimy & benzyl . Tiris ShegtfHas BpenRepldced
t he products according to the invention for angiotensin |1 _
studied in a test for the binding of angiotensin Il, [|abel ed 1
125, to rat Iliver nenbrane Rzeceptors. The
5.- (CHz)e
z(CHz) N

[

A
e //’L‘\L Waa\
\—/

is treated w1th Lawesson’ s reagent [2, 4-bls(4-methoxy-
phenyl)-l 3—d1th1a-2 4-d1phosphetane 2,4-disulfide}];

and : -
cl) the cbmpound obtained in al) or bl), of the
formula
R4
Rs L(GH2)e
z(CH2) N

| in which X is an ox_ygen aﬁom or a sulfur atom, is
treated to give the compound (I) by conversion of the
' groups R’, and/or R/, to. ‘the groups R, and/or R,
respectively.
9. A method of preparing a compound (I) according to
any one of claims 1 to 7, characterized in that
‘a2) an amino acid of the formula

R4 CH2)¢=N
I
Rs”igﬂz)z
COOH

* c L M § %



met hod used is the one descrl bed by S. KEPPENS et al. in Bioch Jy1982

208, 809-817. The 1Jerr], namely the concentration whi 'H‘U@SHEETHAS BEEN
50% di spl acenentﬂmethhg%lhbeReebcedngl otensin 11 bound specificably t REBACED
receptor, i's meas r] of the conpounds according to the

|nvent|on Is |less . Also, the effect of the products
according to the 1nvention as angl otensin Ié ant agoni sts was obser- ved on

di fferent ani mal species in which the renin=?dngi otensin system had been

activated beforehand (C. LACOUR et al., J. Hypertension, 1989, 7 (suppl.

in which z, t, R, and R, are as defined for (I) in
claim 1, and of which the amine group is protected by
- the Pr group, is reacted with a ( bipheny1-4—yl)méthyl-
amine derivative of the formula

R'1

| | e
Hzn-cué__</i_/\\___<i_\>

in which R’, and R’, are respectively either R, and R,
or a precursor group of R, and R,; .

b2) after deprotection of the amine, the resul- |
ting compound of the formula |

R'2 R'1

| 0 |
><':- (Clp)g-C-NH-ctiz —{/  \ </ \

Rs (CH2)¢-NHj

2
B

is then treated with an alkyl ortho-ester of the
formula R,C(OR), (10), in which R, is as defined for
(I) in claim 1 and R is a C,-C, alkyl:

' c2) if appropriate,- the resulting compound of
the formula ' ' '

R4
RS-’—-(CHZ)t
z(CHz) N

——iﬁ 4
caz / > | '
i_s treated with Lawesson’s reagent [2,4—bis(4-methoxy-

A




S33- S35) . The connouhdé according to the i nvention are active after
adm ni stration by dlfferent routes, espe- cially after oral adiTHISSHEET GAS BEEN

No signs of toxi™Big with these conpounds at the REPLACED
pharnacologlcally Thus the compounds according to the
I nvention can be atment of various cardi ovascul ar

conpl ai.nts, espeC|aIIy hypertenS|on, hear t 84 ure and venous
i.nsufficiency, as well as in the treatnent of

phenyl)—l,3-dithia-2,4-diphosphetane 2,4~disulfide];
and ' _ _

d2) the compound thus obtained in b2 or c2, of
the formula : ‘

Rs L (GHa)e

is then treated under suitable conditions for preparing
the compound (I)'by'conversion of'the groups R/, and/or
R', to the groups R, and/or R, respectively. |
10. A method of preparing a compoﬁnd (I) according to
claim 6, characterized in that ,

a3) a (biphenyl-4-yl)methyl derivative of the
formula ' :

" R'g R'1 -
3
Hal-CHa N\

in which Hal is a halogen atom and R’, and R’, are res-
pectively either R, and R, or a precursor group of 31
and R,, is reacted with an imidazole derivative of the

formula
.Rg
\ ™ l' .
( A 3L
Rs N R3

* c L M N *
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in which R,, R, and R_ are as defined for (I) in claim
1, in the presencé of oxygen and UV irradiation and in
. a basic medium; '
- b3) if approprlate, the resulting compound of
the formula ' |

Ry

Rsﬁ_ N

//\ /LR3

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4-diphosphetane  2,4-disulfide];
~and . : _ .
c3) the compound thus obtained in b3 or c3, of
the formula '

- Rg
Rs&_ N

'Rs 1|z R'y ;
__<":\ </?\>. =

is then treated under suitable conditions for preparing
the compound (I) by éonversj_.on of the groups R’, a;id/or
R’, to the groups R, and/or R, respectively.

11. A compound of the formula

'+ ¢ L M § % !



gl aucoma, diabetic retinopathy and various conplaints of the central
nervous system_ for exanple anxiety, depression, nenory defiC'amE$SEE9fHASBEE§J

Al zhei nmer' s di sease. he present invention further refates ggpLphan-

maceut i cal coMERe
according to t
sui t abl e exci pi

ning an effective dose of a conpound
r of a pharma- ceutically acceptable salt, and
i pi ents-are @&fosen according to the pharna-

ceutical formand the desired node of adm nistration. - - In the
phar maceuti cal conpositions of the pre- sent . invention for oral,
subli ngual , subcut aneous, intranuscular, intravenous, topical,
i ntratracheal , o . Rg :
o l CH
7——-( 2);
z(CH»2) N
N (1II)
2\
X ¥
H
in which:

- R, is a hydrogen, a C,-C_ alkyl which is unsubsti-
tuted or substituted by one or more halogén atoms, a
c,-C, alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyi is ¢c,~C,, or a phenyl-'
alkenYI in which the alkenyl is C_-C,, said phenyl
‘groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,-C, halogenocalkyl, a C,-C, polyhalogenocalkyl, a
hydroxyl or a C,~C_, alkoxy:

- R, and R, are each independently a C,-C, alkyl, a

" phenyl or a phenylalkyl in which the alkyl is C,-C,,
said alkyl; phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,~C, perfluoro-
alkyl, a hydroxyl and a C,-C, alkoxyi

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a Cc,~C, alkyl or a
phenyl and R, is a C,-C_, alkyl or a phenyl;

- or else R, and R, together are either a group of the
formula (CH.),, or a group of the formula (CH.)_¥-
(CH_.),, in which Y is either an okyqen atom, or a
sulfur atom, or a carbon atom substituted by a cl-c4_
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C;, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is c,-C,, a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl acC, c polyhalogenoalkylcarbonyl,

_\R\_

| RER I Illl



tional pharnaceutlca t he prophyIaX|s or treatnment of the
above disorders or d approprlate unit fornms of administration
I nclude forns for oral adn1n|strat|on suwcB7as tablets, gelatin cap- sules,
powders, granules and sol utions or suspensions to be t aken orally, forns
for sublingual, buccal, intratracheal or intranasal adm nistration, forns

for subcutaneous, intranuscular or intravenous admi nistra- .
a benzoyl, an alpha-aminoacyl or an N-protecting

‘group, or R, and R_, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane; |

-p+q=m; _

- n is an integet between 2 and 11;

- m is an integer between 2 and 5;

~ X is an bxygen atom or sulfur atom; and

- 2z and t are zero or one is zero and the other is one;
w1th the limitation that
- if z and t are zero and X is an oxygen atom, R, and
R, are other than

I nt ranasal transdeFﬁaL—eF—LeGLaL~adn1nlstratlon the active prp
formula I above, (wTﬁrﬁ%a LTI pproprlate can be adm nis épgﬁsﬁEErHASBEEN
ani mal s and humans | 7ﬁep admi ni stration, m xed w thlcanyeREPLACED

- a C,-C, alkyl, a phenyl or a phenylalkyl in which
the alkyl is C,-C,, said alkyl, phenyl and phenyl-
alkyl groups being unsubstituted or substituted by
one or more halogen atoms or by a group selected
from a C,-C_ perfluoroalkyl a hydroxyl and a c -C,
alkoxy: :

» or R, and R, together are_other than a group N-R,
in which R, is a hydrogen, a C,-C, alkyl or a
phenylalkyl in which the alkyl is C,-C,; and

e n is other than 6;

and | :

- if z = 1 and R, is a phenyl, R, and R, are each

other than a methyl. .

12. A‘compouhd according to claim 11 of the formula

N
A

(I1’)

in which X is an oxygeh atom or a sulfur atom and R, is

R




—

tion and forns for rectal adnministration. For topical applicatjon._the

conpounds accordln%ito t he |nvent|on can be used in creans, oitﬂﬁ&&ﬁﬁﬁ&ﬂHASBEEN

| oti ons. i sired prophyl actic or thera- eut i REPLACED
i pl e can vary between 0.01 and 50 ng per kg
ach unit dose can contain fromO0.1 to 1000

effect, the dose

of body wei ght pe

ng, preferably 1 to 500 ng of active ingredi ents in conbination with a
pharmaceutical carrier. This unit'dose can be adnmnistered 1 to 5 tines a
day so as to admi nister a daily dosage of 0.5 to 5000 ng, preferably

-a hydrogen, a C,~-C. alkyl which is unsubstituted or
' substituted by one or more halogen atoms, a C,-C,
alkenyl, a C_,-C, cycloalkyi, a phenyl, a phenylalkyl in
which the alkyl is C,-C, , or a phenylalkenyl in which
the alkenyl is C,-C., said phenyl groups being unsub-
stituted or monosubstituted or polysubstituted by a
halogen atom, a C,-C, alkyl, a C,-C, halogenoalkyl, a
C,-C, polyhalogenoalkyl, a hydroxyl or a C,-C, alkoxy.

- 13. A compound according to claim 11 of the formula

Re
Rs 1;{
l R - 1
3 (II'")
x’ Ny

in which R,, R,, R, and X are as defined above for (II)
- in clalm 10.

14. A compound according to claim 11 of the formula

N . (II''")

in which: .

- R, is a hydrogen, a C,-C_, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
c,-C., alkenyl, a C,~C, cycloalkyl, a phenyl, a

phenylalkyl in which the alkyl is ¢c,~C,, or a phenyl-
alkenyl in which the alkenyl is C_,-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a

] 0 A
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c,~C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C, alkoxy: ' |

- - R, and R, are each independently a C,-C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is c,-C,,
said alkyl, phenyl ahd phenylalkyl gfoups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl a hydroxyl and a c,-C, alkoxy,

- or R, and R, together_form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,-C, alkyl or a phenyl;

- or R4 and R, together are either a group of the
formula (CH,),, or a group of the formula (CH,)_Y-
(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl'in'which'the
alkyl is c;-cs, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyi,'a phenylalkyl in which the
'alkyl is ¢c,-Cc,, a C,~C, alkylcarbonyl a ¢,-C, halo-
genoalkylcarhonyl, a C,-C, polyhalogenoalkylcarbonyl,

. a benzoyl, an alpha-am1noacy1 or an N-protectlng
group, or R, and R,, together with the carbon atom to
which they are bonded form an indane or an adaman-
‘tane;

-pta= |

- n is an integer between 2 and 11;

- m is an integer between 2 ahd 5; and

- X is an oxygen atom or a sulfur atom;
with the limitation that R, is. other than a phenyl if
R, and R, are each a methyl.

-15. A method of pfeparing a compound according to any

one of claims 11 to 14, characterized in that it comprises

reacting a compound of the formula

R,~B 14

A



1 to 2500 ng________\_/ﬁh_en__a__sau—d conposition in the formof tablets is

prepared, the main acti ve | ngprled ent is mxed with a phar maceu "E s ﬂ'i“HiA('s' BEEN
such as gel at i nThigBhe magnesi um stearate, talc, ium ar%i&&b
the like. The taal t | at ed w th sucrose, a cellul ose '

ot her appropri at r else they can be treated so as to have a
prol onged or del ayed activity and so as tD ?@l2ase a predeterm ned anount
of active principle continuously. A preparation in the form of

gel atin capsul es : '

in which R, is as defined above for (II) in claim 10
and B is o '
| - a group C(OR),

. - a group Cémi or

_ N
' OR

- a group COHal

R being a C,-C_, alkyl and Hal denoting a halogen atom,

preferably chlorine, w1th a compound of the formula

Re, (CH),COA
Rs” T (CHz)¢NHz

‘in which R, and R, are as defined above for (II) in
claim 10 and A is an OH group, an NH_, group or a group
OR’, R’ being hydrogen or a C,-C, alkyl, and then, if
appropriate, treating the resulting compound with
Lawesson’s reagenf. (2,4-bis( 4-methoxypheny1 -1, 3-di-
thia-2,4-diphosphetane disulfide).

16. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present as the
. active principle. - |
17. A pharmaceutical composition in which a compound
- according to any one of claims 1 to 7 is preseni: in
association with a beta-blocking compound. .
18. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present in
association with a diuretic. . -
19. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present in

association with a non-steroidal antiinflammatory.

'20. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present in
association with a calciumlantagonist.

* ¢ L m s =*



is obtained by mxing the active ingredient with a diluent and pouring the
resulting mxture inte soft or hard gelatin capsules. A preparation
inthe formof a syrup or elixir or for admnistration in the formof drops
can contain the active ingredient in conjunction with a sweetener, which is
preferably calorie-free, nethylparaben and propyl paraben as antiseptics,
as well as a flavoring and an appropriateggolor. g The
wat er - di spersibl e granul es or powders can contain the active ingredient
m xed with di spersants or mettlng agents, - or suspendlng agents such as
pol y-

21. A pharmaceutical compos:.tlon in which a compound

according to any one of claims 1 to 7 is present in
association with a trangquilizer.

This Sheet Has Been Replaced
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Rectal -admnistration is effectee 6§?ng gééf positories prepar dREﬁkﬁQEMENT SHEET
bi nders which -nel't at. the rectal tenperaturp aupl.e_caca@ hutter or

poty- ethylene-glycols. : Par ent er al ;ﬁ" ‘ng(EdTHMBEENf e teﬁsmvlgq%
aqueous suspensions, isotonic saline sd AEPLAFEDSt er i lfe jafd
I nj ectabl e 'sol utions which contain phar--nnoologlcally conpat ijbl-e

.di spersants and/or - wetting agents, for exanple propylene | ycol or
but yl ene egcoI
N- SUBSTITUTED HETERQCYCLIC DERIVATIVES, THEIR PREPARATION

"AND THE PHARMACEUTICAL COMPOSITIONS IN WHICH THEY
ARE PRESENT

The present invention relates to N-substituted
heterocyclic derivatives, to their preparation and to
the pharmaceutical compositions in which they are
present.

The compounds according to the invention anta-
gonize the action of angiotensin II, which is a peptide =
hormone of the formula '

H—Asp—Arg-Val—Tyr-Ile-Hls-Pro—Phe-OH

Angiotensin II is a potent vasopressor and the
biologically active product of the renin-angiotensin
system: renin acts on the angiotensinogen of the plasma
to produce angiotensin I, which is converted to angio-
tensin II by the action of the angiotensin I converting

. enzyme.

The compounds of the present invention are non-
peptide compounds which antagonize angiotensin II. By
inhibiting the action of angiotensin II on its recep-
tors, the compounds aecording to the invention prevent
especially the increase in blood pressure produced by
the hormone-receptor interaction; they also have other
physiological actions on the central nervous system.

Thus the compounds according to the invention
are useful in the treatment of cardiovascular com-
p1a1nts such as hy ertens;on and heart fallure, as well
as in the treatmei% (o3 eomplalnts of the;central ner-
vous system and in the treatment of glaucoma and dia-
betic retinopathy.

The present invention relates to compounds of
the formula

This Sheet Has Been Replaced.
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R4
R57l—(C-\H2)t'
"~ 2(CH2) N

X N

P o
e Y
in which:

- R, and R, are similar or different and are each inde-
pendently hydrogen or a group selected from a C,~-Cg
alkyl, a C,-C, alkoxy, an amino, an aminomethyl, a
carboxyl, an alkoxycarbonyl in which the alkoxy is
C,-C,, a cyano, a tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a | trifluoromethylsulfonylamino,
a  trifluoromethylsulfonylaminomethyl, an N-cyano-
acetamide, an N-hydroxyacetamide, an N-(4-carboxy-
1,3-thiazol~-2-yl)acetamide, a ureido, a 2-cyano-
guanidinocarbonyl, a 2—cyénoguanidinomethy1, an imi-
dazol-1-ylcarbonyl and a 3-cyano-2-methylisothio-
ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen;

- R, is a hydrogen, a C,~-C, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
c_-C., alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl 1s C,~C,, or a phenyl-
alkeny],. in which the alkenyl %s 'C'é-scs, said phenyl
groups - being unsubstitutéd oF monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,~C, halogenoalkyl, a C,-C, polyhalogenocalkyl, a
hydroxyl or a C,-C, alkoxy;

- R, and R, are each lndependently a C,~C_, alkyl, a
phenyl or a phenylalkyl in which the alkyl is c,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen

‘Sheet Has Been Replaced
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The active principle can al so be formul ated m.crocapsul es, -t

nore carriers or additives if appropriate. THIS SHAFA HvodREEN 1] tHﬁé@gQEW€NT SHEET

. product s offormilat-—abeve—er one of the pharmac8EPiazEd y acggptabl e

- salts, the cgn L b Ghs, of ge present invention can contarmn her pBMNGNE 1396
pr|n0|ples su tranquilizers or other drugs ilch can be
useful in thenﬁ%ﬂﬁlw eﬁi he d| sorders or diseases indicated}above:

Thus t he pres el ates to phar 3a~ _ —

atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a C,~C_, alkoxy:

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,-C_, alkyl or a phenyl;

- or else R, and R, together are either a group of the

- formula (CH_),, or a group of the formula .(CHQ)pY-
(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is ¢,~C,, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in whiqh the
alkyi is ¢,-Cc,, a c,—-C, alkylcarbonyl, a C,-C, halo~
genoalkylcarbonyl, a C,~-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminocacyl or an N-protecting
group, or R, and R_, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane;

+ g =m .

is an integer between 2 and 11;

is an integer between 2 and 5;

is an oxygen atom or sulfur atom; and

and t are zero or one is zero and the other is one;

|
N X B 5O

and their salts.

If a compound according to the invention has an
asymmetric carbon, the invention includes the 2 optical
isomers of this compound.

The salts of the compounds of formula (I)
according to the present invention include those with
mineral or organic acids which permit separation or
suitable crystallization of the compounds of formula.
(I), such as picric acid, oxalic acid or an optically
active acid, for example a mandelic acid or a campho-
sulfonic acid, and acids which form pharmaceutically
acceptable salts such as the hydrochloride, the hydro-



ceutical conpositions containing several active prin- ciples i - \
associ ation, one being a conpound accor i 10 TOCERG AMMERT | on ja éPMCEMQ\!EgSHEET

possi bl e for the other or others to be et a:b 1, agkiyng coppoynd, a cal ci um
anta- gonist, a utthlsctlfbsB%fn e ero —1+ﬂ+3r—aﬁﬂﬂ=at-c1~y ol 4 13NOV 1996

id
tranquili zer. i ng Exanples illustrate the ijnMention
w t hout however ation. The follow ng abbrevi aions are used
in these Exanples enotes den5|ty, RT4 denotes room tenperature
KHSO err]-Klerr] SO err] denotes an aqueous sol ution containing 16.6 g of
pot assi um bi sul fate and 33.3 g of potassium sulfate per

bromide, the sulfate, the hydrogensulfate, the dihydro-
genphosphate, the methanesulfonate, the methylsulfate,
the maleate, the fumarate and the naphthalene-2-sulfo-
nate.

The salts of the compounds of formula (I) also
include the salts with organic or mineral bases, for
example the salts of alkali or alkaline earth metals,
such as the sodium, potassium and calcium salts, the
sodium and potassium salts being preferred, or with a
tertiary amine such as trometamol, or else the salts of
arginine, lysine or any physiologically acceptable
amine. _

According to the present description and in the
claims which follow, halogen atom is understood as
meaning a bromine, chlorine or fluorine atom; N-pro-
tecting group (also designated by Pr) is understood as
meaning a group éonventionally used in peptide chemis-
try for affording temporary protection of the amine
group, for example a Boc, Z or Fmoc group or a benzyl
group; esterified carboxyl group is understood as
meaning an ester which is _1abiié under appropriate
conditions, such as, for example, a methyl, ethyl,
benzyl or tert-butyl ester. "Alkyl" denotes linear or
branched saturated aliphatic hydrocarbon radicals.

The compounds of formula (I) in which R, is in
the ortho position and is a carboxyl or tetrazolyl
group and R_. is hydrogen are preferred compounds.

The compounds of formula (I) in which R, and R,
together form, with the carbon to which they are
bonded, a cyclopentane or a cyclohexane are preferred
compounds.

Likewise, the compounds of formula (I) in which
R, is a linear C,-C_, alkyl group are preferred com-
pounds. '

The compounds of formula (I) in which X is an




liter.

unl ess indicated otherw se, they were
t he product. The purity of the product BEFigM
chromat ography (TLC) or HPLC. The produ

The nelting points (mp.) are

aﬂ-ﬂS@;leWl}%élﬁ “Te ?f/syrgFﬂr#gf\@ WY, GHEET

bylthin | ayer

spectra run at 200 Mz in deuterated DVMSO with tetranethyl sillape as the

I nt er nal
interpretation of the NWVR spectra: S . singlet

are characterized}jby tHaigOWeB4

ref erence. The fol l-owg ng abbrevi ati ons are uged—TTmttE

oxygen atom are also preferred compounds.
' Finally, the compounds of formula (I) in which
z = t = 0 are preferred compounds.
The following abbreviations are used in the
description and in the Examples:

Et : ethyl

nBu, tBu : n-butyl, tert-butyl

DMF ¢ dimethylformanide

THF ¢ tetrahydrofuran

DCM : dichloromethane

NBS : N-bromosuccinimide

Dce : dicyclohexylcarbodiimide

DIPEA : diisopropylethylamine

ether : ethyl ether

TFA : trifluoroacetic acid

Z : benzyloxycarbcnyl

Boc ¢ tert-butoxycarbonyl

BOP : benzotriazolyloxytrisdimethylaminophospho-

nium hexafluorophosphate
Fmoc H flhorenylmethoxycarbonyl
The present invention further relates to the
method of preparing thé compounds (I). Said method is characterized
in. that:
al) a heterocyclic derivatives of the formula

R4
Rs, L (Gt

z(CH2) N : 2

g

N
1
H

in which z, t, R,, R, and R, are as defined above for
(I), is reacted with a (biphenyl-4-yl)methyl derivative
of the formula

This Sheet Has Been Replaced
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in which Hal is a halogen atom and R‘, and R’, are res-
pectively either R, and R, or a precursor group of R,

and R,

bl) if appropriate, the resulting compound of

the formula

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-

phenyl)-1,3-dithia-2,4~diphosphetane 2,4~disulfide];
and

cl) the compound cbtained in al) or bl), of the
formula

R4

Rs;_ccazn
z(CHp)

3

)\ /lLR R"2 R1
X7

in which X is an oxygen atom or a sulfur atom, is
treated to give the compound (I) by conversion of the




e e, e PR

- 24 - d : doubl et t . triplet REPLACEMENT SKEET
quadr upl et qui nt : quintupl et THIS SHEEEXAS BERNXt ubl e m
: ynresolved signals or multiplet : | nREBICKAHDDN, | M denbt e 1O 1006
i m dazol e. Conventional ly, the Aydrogen atons are n mber‘éé NOV 1996

groups R’, and/or R’, to the groups R, and/or R
respectively. .

Among the compounds 2, the compounds (II) as
defined below are novel.

Thus the present invention further relates to
the compounds (II) of the formula

R4

RS}-(C\HZ)t
z(CH2) N (II)
)\ /ILR3

N
}
H

in which:

- R, is a hydrogen, a C,-C, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
c,-C. alkenyl, a C,-C, cycloalkyl;, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
dlkenyl in which the alkenyl is c_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,~-C, alkyl, a
Cc,-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,~C, alkoxy:; '

- R, and R, are each independently a C,-C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is c,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one oOr more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a C,-C, alkoxy:;

- or R, and R, together form a group of the formula

=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,-C, alkyl or a phenyl;

- or else R, and R, together are either a group of the

formula (CH,),, or a group of the formula (CH,)_Y-

is Sheet Has Been Replaced
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(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is c,-Cc,, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is c¢,-c,, a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonYl, a ¢,-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and R_,, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane;

p+4g9=m;

n is an integer between 2 and 11;

- m is an integer between 2 and 5;

X is an oxygen atom or sulfur atom; and

z and t are zero or one is zero and the other is one;

with the limitation that

- if z and t are zero and X is an oxygen atom, R, and

R, are other than _

. a c,-C_ alkyl, a phenyl or a phenylalkyl in which
the alkyl is c,-c,, said alkyl, phenyl and phenyl-
alkyl groups being unsubstituted or substituted by
one or more halogen atoms or by a group selected
from a C,~C, perfluoroalkyl, a hydroxyl and a C,-C,
alkoxy:

« or R, and R, together are other than a group N-Rg
in which R_ is a hydrogen, a Cc,-C, alkyl or a
phenylalkyl in which the alkyl is Cl-c;: and

« n is other than 6;

and

- if z = 1 and R, is a phenyl, R, and R, are each

other than a methyl.

Among the derivatives (1II), the compounds in
which z = t = 0 and R, and R,, together with the carbon
to which they are bonded, form a cyclopentane are pre-
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In the follow ng conpounds, z and t are zg+
prepared is a pyrimdinone. EXAMPLE 1
2-n-Butyl -4-spirocycl opentane-1-[(2'-tert-
butoxycarbonylbiphenyl-4-y|)nethy|]-2-inidazolin-5-one

3
!
4
|

-9 -

ferred compounds. These compounds have the formula

N (II’)

in which X is an oxygen atom or a sulfur atom and R, is
a hydrogen, a C,-C, alkyl which is unsubstituted or
substituted by one or more halogen atoms, a C_-Cg
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in
_which the alkyl is C,-C,, or a phenylalkenyl in which
the alkenyl is C_~C,, said phenyl groups being unsub-
stituted or monosubstituted or polysubstitutedfﬁby a
halogen atom, a C,-C, alkyl, a C,-C_, halogenoalkyl, a
C,~C, polyhalogenoalkyl, a hydroxyl or a C,-C_, alkoxy.
The compounds (II) in which z = 0 and t = 1, of
the formula

R4
Rs N
l I 11
x/' /J—Rs (I1')

N
!
H

in which R,, R,, R, and X are as defined above for
(II), are preferred compounds.

Finally, the compounds (II) in which z = 1 and
t = 0, of the formula '

/:
heet Has Been Replaced
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and 2-n-butyl

spi rocycl opent ane- 2-i m dazol i n-5-one tri f{l uorogggt
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1980, 15, 59-66). Mp. = 89-91[err] C
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}R:s (II''")

in which:
- R, is a hydrogen, a C,-C_, alkyl which is unsubsti-

tuted or substituted by one or more halogen atoms, a
C,-C. alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
alkenyl in which the alkenyl is C_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,-C, halogenocalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C, alkoxy:;

R, and R, are each independently a C,-C_, alkyl, a
phenyl or a phenylalkyl in which the alkyl is c,-C,,

said alkyl, phenyl and phenylalkyl groups being

unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,~C, perfluoro-
alkyl, a hydroxyl and a C,-C, alkoxy;

or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a Cc,~C, alkyl or a
phenyl and R, is a C_,~C_, alkyl or a phenyl;

or R, and R, together are either a group of the
formula (CH,), or a group of the formula (CH,) Y-
(CH.),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R_,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is c,-c_,, a Cc,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,~-C, polyhalogenoalkylcarbonyl,

This Sheet Has Been Replaced
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a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and R,, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane;

-p+q-=

- n is an integer between 2 and 11;

- m is an integer between 2 and 5; and

- X is an oxygen atom or a sulfur atom;
with the limitation that R, is other than a phenyl if
R, and R, are each a methyl,

are preferred compounds.

The derivatives 2 are prepared by known meth-
ods. For example, it is possible to use the method
described by Jacquier et al. (Bull. Soc. Chim. France,

' 1971, 3, 1040-1051) and by Brunken and Bach (Chem.
Ber., 1956, 89, 1363-1373) and to react an alkyl
imidate with an amino acid or its ester in accordance
with the following reaction scheme:

Rg  (CH2)z-CO2R’ NH
\C/ s 33-(%¢ —_—
N : ~
(CH2) ¢ —NH2 OR
3 6
R4
(Qﬂz)t
z(CH2) N
[ L
0 N 2
H

in which R is a ¢,-C, alkyl, R’ is hydrogen or a C,-C,
alkyl and R,, R,, R, 2 and t are as defined above for

(1).

o
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step are dissolved in 8 m of DV, and *”I§§% T AAS BEEN
am nonet hyl - 2' -tert - but oxycar bonyl bi pheh ﬁ, .%%A@QDOf BOP apd
anount of DIPEA to bring the pHto 6 arée-added—stccessively.
stirring for 1 hour, the reaction nediumis diluted with 100
acetate and 20 ml of water; the organic phase is washed succg
saturated sol ution of sodium bi carbonate, then with a

KHSJ err]-Klerr]SJerr] solution and” ¥2mally with a sa
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solution of sodiumchloride. After drying over sodium sulfate,

I's evaporated to dryness to give an oil. m= 1.2 g.

This reaction is carried out in an acid

the sol ution

medium

by heating in an inert solvent such as xylene or

toluene.

According to another procedure) the compound 2
can be prepared by reacting an aminoalkylamide (5/')
with an alkyl ortho-ester (10) in an acid medium in

accordance with the following reaction scheme:

Ra\ /(CHz)z'-CONHZ
+ R3-C(OR)3 —> 2

/C')

e
Rs (CH2)¢-NH2

st 10

in which R is a C,-C_, alkyl.

Using a procedure described by H. Takenaka et
al. (Heterocycles, 1989, 29(6), 1185-89), it is also
possible to prepare the compound 2 by reacting an acid

halide of the formula

R,-CO-Hal 12

in which Hal is a halogen, preferably chlorine, with

the derivative 5/!.

The reaction is carried out in a basic medium.

More particularly, according to another

object

of the present invention, the compound 2 is prepared by
a method characterized in that it comprises reacting a compound

of the formula

in which B is
- a group C(OR).,
I —
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added and the m xture is stirred for 1 hour 15 m nutes at RTJ The reaction
mediumis taken up in 100 m of ethyl eltjs\te and 20 m of wqt and tne

organi ¢ phase is then washed once with and once with ajisatura- ted

— S,

solution of sodiumchloride and then dried over sodium sulfate and
evaporated to dryness. The residue is chronatographed on silica ge
usi ng an et hyl acetate/nethanol/3096aﬁyeous anmoni a

- a group C or

~~0R
- a group COHal

R being a C,-C_, alkyl and Hal denoting a halogen atom,

preferably chlorine, with a compound of the formula

R4 . (CH2)zC0A
Rs (CH2) tNH2

in which A is an OH group, an NH, group or a group OR’,
R’ being hydrogen or a C,-C, alkyl, and then, if
appropriate, treating the resulting compound with
' Lawesson’s reagent (2,4-bis(4-methoxyphenyl)-1,3-di-
thia-2,4~diphosphetane disulfide).

The (biphenyl-4-yl)methyl derivative (3) is
prepared by a method described in Eﬁropean patent
application 324 377.

The conver51on of a group R’, and/or R', to a
group R, and/or R, is effected by methods well known to
those skilled in the art. Thus, if the compound (I) to
be prepared possesses a group R, and/or R, = carboxyl,
R/, and/or R’, are an esterified carboxyl group. 1f
the compound (I) to be prepared possesses a group R,
and/or R, = tetrazolyl, R’, and/or R’‘, ‘can be either a
tetrazolyl protected for example by a trityl group, or
a cyano group which will subsequently be replaced with
a tetrazolyl group protected if necessary by a trityl.
The conversion of the cyano group to a tetrazolyl can
be effected with an azide, for example tributyltin
azide or sodium azide.

" It is also possible to use groups R’, and/or
‘R', such as nitro, carboxyl, cyano or acid chloride
groups and then to convert them by reactions well known
I
cet Has Been Replaced
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m xture (99/1/0.5; v/v/v) as the el uent g?pm T SHEET
.p;{)duct. - IR(CHO[err]): 3350 cnfer ; ggjg’%lg[
cnerr] : C=0 (CJerr]tBu) 1650 cnfer Pt ectr

1.25 ppm: s : 9 H: tBu - ' p1%m1996

- 14 -

to those skilled in the art to give groups R, and/or R,
as defined for the compound (I).

Thus, if R’, and/or R’, are a carboxyl, they
can be converted to R, and/or R, in the form of an
imidazol-1~-ylcarbonyl or else an N-(4-carboxy-1,3-
thiazol-2~yl)acetanmide.

The group R/, and/or R’, in the form of an acid
chloride can be converted to R, and/or R, in the form
of N-hydroxyacetamide, N-cyanoacetamide, ureido or 2-
cyanoguanidinocarbonyl.

The group R/, and/or R’, in the form of a nitro
can be converted to amino, from which R, and/or R, is
prepared in the form of methylsulfonylamino, trifluoro-

. methylsulfonylamino or trifluoromethylsulfonylamino-
methyl. _

The group R’, and/or R’, in the form of a cyano
can be converted to aminomethyl, from which a 3-cyano-
2-methylisothioureidomethyl is prepared (according to
C. Gordon et al., J. Org. Chem., 1970, 35(6), 2067~
2069) or a 2-cyanoguanidinomethyl is prepared (accor-
ding to R.W. Turner, Synthesis, 1975, 332).

Step al) is carried out in an inert solvent
such as DMF, DMSO or THF, in a basic medium, for
example in the presence of potassium hydroxide, a metal
alcoholate, a metal hydride, calcium carbonate or tri-
ethylamine. '

Step bl) is carried out by heating under
nitrogen in a solvent such as toluene, according to the
method described by M.P. Cava et al., Tetrahedron,
1985, 41, 22, 5061. L

In the description below, the method comprising
steps al, bl and cl is referred to as method 1.

Alternatively, the compounds (I) can be pre-
pared by another method, which is also a subject of the
present invention. Said method is characterized in that:

This Sheet Has Been Replaced
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a2) an amino acid of the formula

R4 (CH2)¢-NHPr
7

N

!
Rs ((l:HZ)z
COOH -

in which z, t, R, and R, are as defined above for (I),
and of which the amine group is protected by the Pr

group, is' reacted with a (biphenyl-4-yl)methylamine
derivative of the formula

100

in which R’, and R’, are respectively either R, and R,

or a precursor group of R, and R,;
b2) after deprotection of the amine, the resul-

ting compound of the formula

R'2 R'1
R 0
.4\ "
/(li- (CH2)2-C-NH-CH2 -
Rs (CH2)¢-NH2

is then treated with an alkyl ortho-ester of the
formula R,C(OR), (10), in which R, is as defined above
for (I) and R is a C,-C_, alkyl:;

c2) if appropriate, the resulting compouhd of

the formula

This Sheet Has Been Replaced
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7.15-7.75 ppm: m: 8 H: biphenyl  8.60 o NH- (HREPKACEMENT SHEET

2-n-Butyl -4-spirocycl opentane-1-[(2'-tert -
carbonylbiphenyl-4-y|)nethy|]-2-inidazolin?ghg EET HAS BERj o {of 413"V 1996
product prepared in the previous step andi250 IAﬁCEthI ort Hoval erate are
mxed in 2 mM of DCM 1 drop of acetic acid is added and the ri *—ttre—s

then heated at 90[err]C with the DCNIbeLpggﬁllomed to evaporatije of f. After
1 hour 15 minutes, the reac- tion nmediumi's taken up in 50 nl ©F €t nhyl El
acetate, 10 m of water and 1 m of a saturated solution of sodium
bi carbonate. The organic phase is then washed with a
_ R
(Qﬂz)t
z(CHz) N

)\J_RB R'2 - R'y

0 N 4

él!z /—\ / \

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2, 4-diphosphetane 2,4-disulfide];
and .

d2) the compound thus obtained in b2 or c2, of
the formula

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R’_, and/or
R’, to the groups R, and/or R, respectively.

The compounds 7 are known or are prepared by
known methods (Chemistry of the Amino Acids, Greenstein
and Winitz, published by John Wiley, 1961, vol. I, p.
697). .

The compounds 8 are prepared according to Euro-
pean patent application 324 377. Step a2) is carried
out under the usual conditions for the coupling of an
-acid with an amine, for example in the presence of BOP
and DIPEA.

Step b2), which is the cyclization of the com-

[
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saturated sol ution of sodiumchloride and su

sul fate and evaporated to dryness. The rEgHiusHERT BhY Fr‘é”f‘
gel using an ethyl acetate/toluene mxtufe (1/REPLHELER as

390 ng of the

IR (CHCl [err]):

1625 cnferr] :
1.20 ppm: s :

expect ed product, which cr al- |izes. Nlp.
1710-1720 cnferr] : GO C=0O (ester and i
C=N - NMR spectrum 0.§819pg1: t : 3 H

err] (nBu)

ra hed on sillca

9 H: tBu

pound 9 in the presence of 10, is carried out according

. to Jacquier et al. (Bull. Soc. Chim. France, 1971, (3),

1040-1051) and according to Brunken and Bach (Chem.
Ber., 1956, 89, 1363-1373).

In the description below, the method comprising
steps a2 to d2 is referred to as method 2.

In one variant of method 2, in step b2, it is
possible, if appropriate, to isolate an intermediate 9’
of the formula

g& 9!
Rs-(li-(CH'z)z-CO-NH-CHZ 0 0
(CH2) t-NH-CO-R3 . '

and then to prepare the compound 4 by cyclization in an
acid medium.

In another variant of method 2, in order to
prepare a compound (I) in which R,R, is a group =CR,R.,
an amino acid of the formula

CH2-(CH3) ¢ -NHCOR3 y
(CH2) ,-COOH

can be reacted in an écid medium with an aldehyde or a
ketone of the formula

R,COR_

in which R, and R, are as defined above for (I), and
the product is then reacted with the compound 8 to give
a compound of the formula

R
eet Has Been Replaced
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1.35 ppm:

spectrum
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sext : 2 H: CHerr]-CHerr]- 1.58 ppm: quint:|2r—
-CHerr]-CHerr]- 1.95-1.65 ppm._m: 8 H . cyclopept anel I@\ﬁ%}%
2 H: CHerr]-CHerr]-CH err] -|CHIsSrateeT HAB. BEENPM | 6 ¢ é )
-Clerr]Herr]- 7.20-7.80 ppm : {m: S8REPLAGHDOmatI ¢ HL—_Mass

MH err] : 461. :

_18—

0
It
R7R3C=CII-(CH2)Z-C-NH-CH2 0 O s’
(CH2) £~NHCOR3

The cyclization of this compound in an acid
medium leads to the compound 4. |

In this method, to prepare a compound (I) in
which R, and/or R, are a carboxyl group, the substi-
tuents R’, and/or R’, are preferably a tert-butoxycar-
bonyl group.

Finally , another alternative for the prepara-
tion of the compounds (I) according to the invention in
.which z and t are equal to zero is the photooxidation

method, which is also a subject of the present inven-
tion.

This last method is c¢haracterized in that
a3) a (biphenyl-4-yl)methyl derivative of the
formula

R'2 R'1

3
Hal-CHj / \

in which Hal is a halogen atom and R’, and R/, are res-
pectively either R, and R, or a precursor group of R,
and R,, is reacted with an imidazole derivative of the
formula '

Ry .
| N
A u
Rs l‘f R3

This Sheet Has Been Replaced
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in which R,, R, and R, are as defined above for (I), in
the presence of oxygen and UV irradiation and in a
basic medium; |

b3) if appropriate, the resulting compound of
the formula

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4-diphosphetane 2,4~-disulfide]:;
and

c3) the compound thus obtained in b3 or c3, of
the formula |

Ry
Rs N
/”_R3 R'2 R'}
X N '
éHZ

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R/, and/or
R', to the groups R, and/or R, respectively.

The imidazole derivative 11 is either commer-

2

cially available, or known, or is prepared by known
methods indicated above for the preparation of the com-
pounds 2. |

Step a3) is carried out in an inert solvent
such as, for example, DMF; to facilitate the reaction,

This Sheet Has Been Replaced
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180 ng of the product prepared in the previous step are treht

of DCMand 4 mM of TFA for 45 m nutes. AftwEg sgggp@sg@tgm WT
resi- due is taken up in ether to give a whiteesalced, Eh ip filtered
of f, washed with ether and then dried under vacuum—mr= ¢55 ny. O NOE1996
176-178[err]C. - NWR spectrum 0.78 ppm: t : 3 H: CHerf]}j(nBu) 1. 25
ppm: sext : 2 H: CHerr]-CHerr] 1.502@pm: quint : 2 H: -
CH err]-CHerr]-CH err] 1.75-2.00 : m: 8 H: cyclopentan 265 pom..

V)

t: 2 H:CHerr]-OHerr]-Oferr]-CHerr]-

a photosensitizing product such as methylene blue can
be added.

In the description below, the method comprising
steps a3) to c3) is referred to as method 3.

The compounds (I) according to the invention in
which R, and R, together are a group of the formula
(CH,)_Y(CH_), in which Y is an NH group can be prepared
by catalytic hydrogenolysis of a cortesponding compound
(I) in which Y is a group N-R_, R, being a benzyl.

The affinity of the products according to the
invention for angiotensin II receptors was studied in a
test for the binding of angiotensin II, labeled with
iodine 125, to rat liver membrane receptors. The

‘method used is the one described by S. KEPPENS et al.
in Biochem. J., 1982, 208, 809-817.

The IC_.,, namely the concentration which gives
a 50% displacement of the labeled angiotensin II bound
specifically to the receptor, is measured. The IC,, of
the compounds according to the invention is less than
10-s M. _ '

Also, the effect of the products according to
the invention as angiotensin II antagonists was obser-
ved on different animal species in which the renin-
angiotensin system had been activated beforehand (C.
LACOUR et al., J. Hypertension, 1989, 7 (suppl. 2),
S33-835).

The compounds according to the invention are
active after administration by different routes, espe-
cially after oral administration.

No signs of toxicity are observed with these
compounds at the pharmacologically active doses.

" Thus the compounds according to the invention
can be used in the treatment of various cardiovascular
complaints, especially hypertension, heart failure and
venous insufficiency, as well as in the treatment of

Sheet Has Been Replaced
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4.83 ppm: s : 2 H: CHerr]-Cerr]Herr]-  7.20-7.75 ppm: TREPIAGEMENT SHEET

aromati c - Mass spectrum MAerr] @ 40P 1 EXAMALEAS BEEN

2-n-Butyl-1-[(2' - carboxybi phenyl -4-yl)ne T{f‘ ‘REPLACL:D ‘ 1 3 NOV 1996
4- spi rocycl opent ane- 2-i nm dazol i.n- 5- one t H-Hworoacetate - Methad 1 A)
2-n-Butyl -4-spirocycl opent ane- 2-i m dazal ix3- &- one The etwyt—estTer of

1- am nocycl opent anecar boxy-

glaucoma, diabetic retinopathy and various complaints
of the central nervoﬁs 'sYstem, for example anxiety,
depression, memory deficiencies or Alzheimer’s disease.

The present invention further relates to phar-
maceutical compositions containing an effective dose of
a compound according to the invention, or of a pharma-
ceutically acceptable salt, and suitable excipients.
Said excipients are chosen according to the pharma-
ceutical form and the desired mode of administration.

In the pharmaceutical compositions of the pre-
sent invention for oral, sublingual, subcutaneous,
intramuscular, intravenous, topical, 'intratracheal,
intranasal, transdermal or rectal administration, the
active principles 6f formula I above, or their salts if

~ appropriate, can be administered to animals and humans
in unit forms of administration, mixed with conven-
tional pharmaceutical carriers, for the prophylaxis or
treatment of the above disorders or diseases. The
appropriate unit forms of administration include forms
for ofalladministration, such as tablets, gelatin cap-
sules, powders, granules and solutions or suspensions
to be taken orally, forms for sublingual, buccal,
intratracheal or intranasal administration, forms for
subcutaneous, intramuscular or intravenous administra-
tion and forms for rectal administration. For topical
application, the compounds according to the invention
can be used in creams, ointments or lotions.

To achieve the desired prophylactic or thera-
peutic effect, the dose of active principle can vary
between 0.01 and 50 mg per kg of body weight per day.

Each unit dose can contain from 0.1 to 1000 mg,
preferably 1 to 500 mg, of active ingredients in
combination with a pharmaceutical carrier. This unit
dose can be administered 1 to 5 times a day so as to
administer a daily dosage of 0.5 to 5000 mg, preferably

This Sheet Has Been Replaced --




lic acid is prepared according to ADKINS and BILLICA (J. Amef RQﬂﬂUEM@WFSP
1948, 70, 3121). Ethyl valerimdate is prepared acco

ELVAIN (J. Amer. Chem Soc., 1942, 64, 1 f e=d fron1|ts
hydrochl ori de by reaction with potassiumi o PEAé’ﬂfi ext rlagt { ont JiNGY 194
The ethyl ester of 1-am nocycl opentanec H-e—aete—(1. $7 g) and et hyl
val erimdate (1.56 g) are dissolved in-122m- of xylene contagning 6 drops

of acetic acid. After ref luxing for 6 and a half hours,

1 to 2500 mg.

When a solid composition in the form of tablets
is prepared, the main active ingredient is mixed with a
pharmaceutical vehicle such as gelatin, starch, lac-
tose, magnesium stearate, talc, gum arabic or the like.
The tablets can be coated with sucrose, a cellulose
derivative or other appropriate substances, or else
they can be treated so as to have a prolonged or
delayed activity and so as to release a predetermined
amount of active principle continuously.

A preparation in the form of gelatin capsules
is obtained by mnixing the active ingredient with a
diluent and pouring the resulting mixture into soft or
_hard gelatin capsules.

A preparation in the form of a syrup or elixir
or for administration in the form of drops can contain
the active ingredient in conjunction with a sweetener,
which is preferably calorie-~free, methylparaben and
propylparaben as antiseptics, as well as a flavoring
and an'appropriate color.

The water-dispersible granules or powders can
contain the active ingredient mixed with dispersants or
wetting agents, or suspending agents such as poly-
vinylpyrrolidone, as well as with sweeteners or taste
correctors. .

Rectal administration is effected using sup-
positories prepared with binders which melt at the
rectal temperature, for example cacao butter or poly-
ethylene glycols.

Parenteral administration is effected using
aqueous suspensions, isotonic saline solutions or
sterile and injectable solutions which contain phar-
macologically compatible dispersants and/or wetting
agents, for example propylene glycol or butylene
glycol. '

" This Sheet Has Been Replaced
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The active principle'can also be formulated as
microcapsules, with one or more carriers or additives
if appropriate.

In addition to the products of formula I above
or one of the pharmaceutically acceptable salts, the
compositions of the present invention can contain‘ other
active principles such as, for example, tranquilizers
or other drugs which can be useful in the treatment of
the disorders or diseases indicated above.

Thus the present invention relates to pharma-
ceutical compositions containing several active prin-
ciples in association, one being a compound according
to the invention and it being possible for the other or
. others to be a beta-blocking compound, a calcium anta-
gonist, a diuretic, a non-steroidal antiinflammatory or
a tranquilizer.

The following Examples illustrate the invention
without however implying a limitation. The following
abbreviations are used in these Examples: d denotes
density, RT denotes room temperature, XHSO,-K_ SO,
denotes an agqueous solution containing 16.6 g of
potassium bisulfate and 33.3 g of potassium sulfate per
liter. :

The melting points (m.p.) are given in degrees
Celsius; unless indicated otherwise, they were measured
without recrystallization of the product.

The purity of the products is checked by thin
layer chromatography (TLC) or HPLC. The products are
characterized by their NMR spectra run at 200 MHz in
deuterated DMSO with tetramethylsilane as the internal
reference.

The following abbreviations are used in the
interpretation of the NMR spectra:

'S : singlet

sb : broad singlet
. This Sheet Has Been Rep
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the reaction nediumis concentrated under vacuumand the re |d§E9LA(§Emﬂiﬁ’nSHEET

chromat ographed on silica gel using a chterefeorntneth gt a t actd

m xture (94/4/2; viviv) as the eluent. | THRSPEE ?Agﬁ Eont ai ing

expected product is evaporated several tines REPLAN Dp resehce] of Qj?@#g gﬁé
t hen benzene in order to renove the acetic acid. 1.91 g of ploHuct are
obtained in the formof a thick oil. - IR (CHO [err]): 172 cn[err] . C=0

1635 cnjerr] : C=N Note: The fact that #hefe is no visibl elban

d : doublet
t : triplet
q : quadruplet

quint : quintuplet

sext sextuplét

m : unresolved signals or multiplet

In addition, im dehotes imidazole.

Conventionally, the hydrogen atoms are numbered
on the biphenylyl as shown in the following formula:

(1)

2 3 6' 5°'

In the following compounds, z and t are zero
except where the compound prepared is a pyrimidinone. '

EXAMPLE 1

2-n-Butyl-4-spirocyclopentane-1-[ (2'~tert-
butoxycarbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one
and 2-n-buty1-1-[(2'-carboxybiphenyl-4-yl)methyl]—4-
spirocyclopentane-2-imidazolin-5-one trifluoroacetate -
Method 2
A) 1-N-Fmoc-aminocyclopentanecarboxylic acid is pre-
pared according to the method described by CHI-DEU
CHANG et al. (Int. J. Peptide Protein Res., 1980, 15,
59-66). M.p. = 89-91°C.
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1500 and 1600 cnferr] indicates that, in chloroform soluti tt

I's an i mdazolin-5-one. - NWVR spectrum 0.92 : : :R \§;¢ﬁﬁpgﬁEEr
(nBuU) 1.35 ppm: sext : 2 H: CHerr]- s GHEET HASBEGEN. B3l ppm: m: 10 H
: CHerr]-CHerr]-CHerr] and cycl o- REPLACED 1 PRHOVH96
2.33ppm: t : 2 H: CHerr]-CHerr]-CH err{=CHerr] - 10. m: m: NH -
Mass spectrum MH err] : 195 _The _
2-n-butyl -4-spirocycl opent ane- 2-i m dazol I n-

YR

B) N-(2'-Tert~butoxycarbonylbiphenyl-4-ylmethyl)-1-(N-
Fmoc-amino)cyclopentane-l-carboxamide
700 mg of the product prepared in the previous
step are dissolved in 8 ml of DMF, and 576 mg of 4-
aminomethyl-2’-tert-butoxycarbonylbiphenyl, 970 mg of
BOP and a sufficient amount of DIPEA to bring the pH to
6 are added successively.
| After stirring for 1 hour, the reaction medium
is diluted with 100 ml of ethyl acetate and 20 ml of
water; the organic phase is washed successively with a
saturated solution of sodium bicarbonate, then with a
KHSO,-K_SO, solution and finally with a saturated
solution of sodium chloride. After drying over sodium
.sulfate, the solution is evaporated to dryness to give
an oil. m = 1.2 g.

C) N-(2/-Tert-butoxycarbonylbiphenyl~4-ylmethyl)-1-
aminocyclopentane-l-carboxamide

The product obtained in the previous step is
dissolved in 10 ml of DMF, 1 ml of diethylamine is then
added and the mixture is stirred for 1 hour 15 minutes

at RT. The reaction medium is taken up in 100 ml of

ethyl acetate and 20 ml of water and the organic phase
is then washed once with water and once with a satura-
ted solution of sodium chloride and then dried over
sodium sulfate and evaporated to dryness.

The residue is chromatographed on silica gel
using an ethyl acetate/methanol/30% aqueous ammonia
mixture (99/1/0.5; v/v/v) as the eluent to give 600 mg
of the expected product.

- IR (CHC1l,): _
3350 cm—* : H (amide and amine)
1700 cm~-* : C=0 (CO,tBu) ' This Sheet Has Been Replaced
o x| o (oo i
- NMR spectrum: _
1.25 ppm : s : 9 H : tBu




5-one prepared in step A can al so be obtained by another prodeBEPIAGEMENT SHEET

descri bed bel ow, using cycl opent anone as arting_productf. a)
1- Am nocycl opentanenitrile This BUHS SHEET BAS BE qut I

to A Strecker (Org. Synth., 1955, 3). REPLRF:19 Og OCiLm?%g"‘ralﬂ?ge.@66
are dissolved in 3.9 m of water in a round-bottomed—ft+ask-and te—sottt+om

containing 2.33 g of ammonium chloride i-n26 3 nm of water anq 3.5 m of 20%

aqueous ammoni a is added; finally, 3 g of cyclopentanone in 378 WM of
met hano
2.15-1.40 ppm : m : 10 H : C_H,, NH
4.40 ppm : d : 2 H : CH_,~NH
7.15-7.75 ppm : m : 8 H : biphenyl
8.60 ppm : £t : 1 H : NH-CH,
D) 2-n-Butyl-4-spirocyclopentane-1-{(2'-tert~-butoxy-
carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one
394 mg of the product prepared in the previous
step and 250 mg of ethyl orthovalerate are mixed in 2
ml of DCM. 1 drop of acetic acid is added and the mix-
ture is then heated at 90°C with the DCM being allowed
to evaporate off. After 1 hour 15 minutes, the reac-
tion medium is taken up in 50 ml of ethyl acetate, 10
ml of water and 1 ml of a saturated solution of sodium
bicarbonate. The organic phase is then washed with a
saturated solution of sodium chloride and subsequently
dried over sodium sulfate and evaporated to dryness.
The residue is chromatographed on silica gel using an
ethyl acetate/toluene mixture (1/2; v/v) as the eluent
to give 390 mg of the expected product, which crystal-
lizes. M.p. = 63-65°C.
- IR (CHCl1l,):
1710-1720 cm~* : C=0, C=0 (ester and imidazoline)
1625 cm~* : C=N
- NMR spectrum:

2

0.88 ppm ¢ t : 3 CH, (nBu)

1.20 ppm 2 s ¢ 9 : tBu

1.35 ppm : sext : 2 H : CH,~CH,-

1.58 ppm : quint : 2 H ¢ CH,-CH_~CH_~-

1.95-1.65 ppm : m : 8 H : cyclopentane

2.42 ppm : t H : CH,-CH_-CH_-CH_-

4.78 ppm : s : 2 H : CH,-C_H_ -

7.20-7.80 ppm': m : 8 H : aromatic protons
- Mass spectrum:

MH+ : 461

H
H
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E) 2-n-Butyl-1-((2’'-carboxybiphenyl-4-yl)methyl]-4~
spirocyclopentane~2-imidazolin-5-one trifluoroacetate
180 mg of the product prepared in the previous
step are treated with 3 ml of DCM and 4 ml of TFA for
45 minutes. After evaporation under vacuum, the resi-
due is taken up in ether to give a white solid, which
is filtered off, washed with ether and then dried under
vacuum. m = 155 mg. M.p. = 176-178°C.
- NMR spectrunm:
0.78 ppm : £t : 3 H : CH, (nBu)
1.25 ppm : sext ¢ 2 H : CH,-CH,
1.50 ppm : quint : 2 H : CH,-CH_-CH_
1.75-2.00 : m : 8 H : cyclopentane
2.65 ppm : t CH,-CH_,-CH_—CH,~
4.83 ppm : s CH,-C_H,-
7.20-7.75 ppm : m : 8 H : aromatic protons

- Mass spectrum:
MH*+ : 405

EXAMPLE 2

2-n-Butyl-1~-{ (2’-carboxybiphenyl-4-yl)methyl ]-
4-spirocyclopéntane—2—imidazolin-5—one trifluorocacetate
- Method 1 '

A) 2-n-Butyl-4-spirocyclopentane-2-imidazolin-5-one

The ethyl ester of l-aminocyclopentanecarboxy-
lic acid is prepared according to ADKINS and BILLICA
(J. Amer. Chem. Soc., 1948, 70, 3121).

Ethyl valerimidate is prepared according to Mac
ELVAIN (J. Amer. Chem. Soc., 1942, 64, 1825-1827) and
then freed from its hydrochloride by reaction with
potassium_éarbonate and extraction with DCM.

The ethyl ester of 1l-aminocyclopentanecarboxy-
lic acid (1.57 qg) and ethyl valerimidate (1.56 g) are
dissolved in 12 ml of xylene containing 6 drops of
acetic acid. After refluxing for 6 and a half hours,



are added to the flask. After stirring for 1 and a hal f hotkr BEPLAGEMENT SHEET

mxture 1is heated at 60[err]C for 45 nj T t hery st opped,
stirring is continued for 45 m nutes an% Ei%%iﬁ&g%éaggﬁahe doohgpNgv‘wgb
25[err]C It is extracted several tinmeslkw : | orfi de. The

extracts are dried over sodiumsulfate, filtered and concent|r 8+eg—ttrder
vacuumto give 4 g of the expected prodgc&sin the formof an oil

The 1-am nocycl opentanenitrile obtained™ is dissolved in 300 of
acetone, and a solution of 2.25 g of oxalic acid dihydrate in 200 m of
acetone is

the reaction medium is concentrated under vacuum and

the residue is then chromatographed on silica gel using
a chloroform/methanol/acetic acid mixture (94/4/2;
v/v/v) as the eluent. The fraction containing the
expected product is evaporated several times in the
presence of xylene and then benzene in order to remove
the acetic acid. 1.91 g of product are obtained in the
form of a thick oil.
- IR (CHCl,):
1720 cm—> ¢ C=0
1635 cm—* ¢ C=N
Note: The fact that there is no visible band between
" 1500 and 1600 cm—* indicates that, in chloroform
solution, the product is an imidazolin-5-one.
- NMR spectrum:
0.92 ppm : t : 3 H : CH, (nBu)
1.35 ppm : sext : 2 H : CH,~-CH,~
1.50-1.93 ppm : m : 10 H : CH,-CH,-CH_, and cyclo-
pentane
2.33ppm : t : 2 H : CH,~CH_,~CH_~CH,~
10.7 ppm : m : NE '
- Mass spectrum:
MH* : 195
The 2-n-butyl-4-spirocyclopentane-2-imidazolin-
5-one prepared in step A can also be obtained by
another procedure described below, using cyclopentanone
as the starting material. o '
a) l-Aminocyclopentanenitrile
This step 1is carried out according to A.
Strecker (Org. Synth., 1955, 3). . '
1.97 g of sodium cyanide are dissolved in 3.9
ml of water in a round-bottomed flask and a solution

containing 2.33 g of ammonium chloride in 5.9 ml of
water and 3.5 ml of 20% aqueous ammonia is added;
" finally, 3 g of cyclopentanone in 3.8 ml of methanol
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added, with stirring. The precipitate fornmed is f||- tered f

acetone and then dried. m=4.71 q.

This conpound is 1-am nocycl opentane |THBH%JHEH
1- Am nocycl opent ane car boxam de 2
to J. Zabicky (The Chenistry of Ami des, Tntersciences,
119). 5.1 g of the oxal ate obta;ngd n the previous s
with 7.65 m of concentrated sulfuric

are added to the flask. After stirring for 1 and a
half hours, the mixture is heated at 60°C for 45
minutes, heating is then stopped, stirring is continued

- for 45 minutes and the mixture is then cooled to 25°C.
It is extracted several times with methylene chloride.
The extracts are dried over sodium sulfate, filtered
and concentrated under vacuum to give 4 g of the
expected product in the form of an oil.

The 1l-aminocyclopentanenitrile obtained is
~dissolved in 300 ml of acetone, and a solution of
2.25 g of oxalic acid dihydfate in 200 ml1 of acetone is
added, with stirring. The precipitate formed is fil-
tered off, washed with acetone and then dried.

m=4.71 g.

M.p. = 220°C.

This compound is 1l-aminocyclopentanenitrile
hemioxalate. '

b) 1-Aminocyclopentaneacetamide

This step is carried out according to J.
Zabicky (The Chemistry of Amldes, Interscience, New
York, 1970, 119).

5.1 g of the oxalate obtained in the previous
step are treated with 7.65 ml of concentrated sulfuric
acid (4 = 1.84) over 45 minutes, with stirring. The
evolution of a lgas is observed and the temperature
rises to 100°C. The mixture is cooled to about 35°C
and poured into a mixture of ice and concentrated
aqueous ammonia (10 g/2.8 ml). The suspension formed
is extracted 6 times in successidn with chloroform con-
taining 5% of methanol. 3 ml of aqueous ammonia (d =
0.92) are added to the aqueous phase and the mixture is
extracted again with chloroform containing methanol
(1/0.5; v/v). The combined organié phases are dried
over sodium sulfate, filtered and concentrated. The

expected product_ is obtained in the form of a white
[ —
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acid (d = 1.84) over 45 mnutes, with stirring. The evolutio
observed and the tenperature rises to 10 fk'iI&JshEEiﬂiﬂSnﬁégmae |
about 35[err]C and poured into a m xture I CRpIEEponcent r
ammonia (10 g/2.8 m ). The suspension fortred—ts—extracted 6 tj
succession wth chloroformcon- taining 5%of nethanol. 3 m jof aqueous

ammoni a (d = 0.92) are added to the aqueouggphase and the m xk-t-e—s

extracted again with chl orof orm containing nethanol (1/0.5; v/v). The

conbi ned organi ¢c phases are dried over sodiumsulfate, filtered and

concentr at ed. Thf(gxpected product is obtained in the formof a white
soli :

m= 3.79 qg.

M.p. = 95°C.

The structure can be confirmed by the results
of analysis and the IR spectrum.

c¢) 2-n-Butyl-4-spirocyclopentane-2-imidazolin-
5-one -

This step is carried out according to H.
Takenaka et al., Heterocycles, 1989, 29(6), 1185-89.

3 g of the compound prepared in the previous
step are placed in 70 ml of anhydrous THF and 3.3 ml of
triethylamine, and 3 ml of valeryl chloride in 10 ml of
anhydrous THF are added, with stirring. A white sus-
pension is formed. The intermediate which is formed,
but not isolated, is 1-(N-valeryl)aminocyclopentane~-
carboxamide. 6 g of potassium hydroxide pellets, 7 ml
of water and 16 ml of methanol are added. The mixture
is refluxed for 2 and a half hours and 9 g of ammonium
chloride are then added. After stirring for 15 min-

' utes, the mixture is concentrated under vacuum. The
residue obtained is taken up in 40 ml of water and
extracted with 10 ml of ethyl acetate and then twice
with 5 ml of ethyl acetate. The combined organic
phases.are dried over sodium sulfate and filtered. The
filtrate is concentrated to dryness to give 4.85 g of
the expected product. The NMR spectrum is similar to
that described previously. The hydrochloride of this’
compound can be prepared by the addition of concentra-
ted hydrochloric acid} The hydrochloride melts at
240°C with sublimation. '
B) 2-n-Butyl-4-spirocyclopentane-1-[(2’-tert-butoxy-
carbonylbiphenyl-4-yl)methyl]-2~imidazolin~-5-one

970 mg of the product obtained in step A) are
dissolved in 10 ml of DMF. 270 mg of sodium methylate
are added and the mixture is stirred for 15 minutes at

. This Sheet Has Been Repiaced

(AHAN R




REPLACEMENT SHEET

I THIS SHEET HAS BEEN
REPLACED -

13 NOV 19954

- 31 -

RT. 2.08 g of 4-bromomethyl-2’/~tert-butoxycarbonyl-
biphenyl are added to the suspension and then, after 30
minutes, the mixture is heated at 40°C for 3 and a half
hours under nitrogen. The reaction medium is taken up
in a mixture containing 100 ml of ethyl acetate, 10 ml
of water and 1 ml of a saturated solution of sodium
bicarbonate. The organic phase is washed with a
saturated solution of sodium chloride and then dried
_over sodium sulfate and evaporated to dryness. The
residue is chromatographed on silica gel using an ethyi
acetate/toluene mixture (1/2; v/v) as the eluent to
give 1.25 g of the expected product, which crystal-
lizes. M.p. = 63-66°C.

The IR and NMR spectra and the mass spectrunm,
" as well as the Rf, are identical to those obtained in
step D) of Example 1.
C) 2-n-Butyl~-1-~[(2’-carboxybiphenyl-4-yl)methyl]~4-
spirocyclopentane-2_-imidazolin-5-one trifluoroacetate

1.22 g of the product obtained in the previous
step are stirred for 40 minutes in a solution con-
taining 6 ml of DCM and 8 ml of TFA. After concen-
tration under vacuum, the residue is taken up in ethyl
ether; the white precipitate formed is filtered off,
washed with ether and then dried under vacuum to give
1.15 g of the expected prbduct. M.p. = 176-178°C.

The IR and NMR spectra and the mass spectrum
are identical to those obtained in Example 1E; like-
wi_se, the Rf observed in TLC is identical.

EXAMPLE 3

2-n-Butyl-1-{ (2'~carboxybiphenyl~4-yl)methyl]-
4-spirocyclopentane-2-imidazolin-5-one trifluoroacetate
-~ Method 3
A) 2-n-Butylbenzimidazole is prepared according to W.O.
POOL (J. Amer. Chem. Soc., 1937, 59, 178) and 2-n-
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sol i d.

be confirned by the results of anal ysis |ardiStSHEET RASpERRN
- 4-spirocycl opent ane- 2-i m-dazol}i n- S5RBPACED Thi sfggqg\,s'lq%
carried out according to H Takenaka et al., Heterocycles, 19

2-n- But yl
1185- 89.

m= 3.79 g. Mp. =95 C

Th sREPLMW%\' QEET

(6)

3 g of the conpound prgpg&eg I n the previols

butyl-4,5,6,7-tetrahydrobenzimidazole is then prepared
according to M. HARTMANN and L. PANIZZON (Helv. Chinm.
Acta, 1938, 21, 1692-1694). M.p. = 145°C.
- NMR spectrun:
0.82 ppm : t : 3 H : CH, (nBu)
1.23 ppm : sext : 2 H : CH,-CH,-
1.50'ppm : quint : 2 H : CH,-CH,-CH,-
1.65ppm : s : 4 H : H,, H, (tetrahydrobenzimidazole)
2.35 ppm : s : 4 H: H,, H, (tetrahydrobenzimidazole)
2.45 ppm : £t : 2 H : CH,-CH,~CH_~CH_~
11.12 ppm : m : NH
- Mass spectrum:
M* : 178
B) 2-n-Butyl-4-spirocyclopentane-1-[(2’'~tert-butoxy-

‘ carbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one

1 g of the product prepared in the previous
step is dissolved in 45 ml of DMF with 303 mg of sodium
methylate and a few mg of methylene blue. Oxygen is
bubbled into the reaction medium, which is illuminated
with a UV lamp. After 15 minutes, 2.14 g of 4-bromo-
methyl-2'~tert-butoxycarbonylbiphenyl are added and
then, after 1 hour, the reaction medium is taken up in
300 ml of ethyl acetate to which 50 ml of water and 5
ml of a saturated solution of sodium bicarbonate have
been added. The organic phase is then washed with a
saturated solution of sodium chloride and subsequently
dried over sodium sulfate and evaporated to dryness.
The residue is chromatographed on silica gel using an
ethyl acetate/toluene mixture (1/2; v/v) as the eluent
to give 610 mg of the expected product, which crystal-
lizes. M.p. = 62-65°C.

The IR and NMR spectra and the mass spectrum,
as well as the Rf, are identical to those obtained
previously for the same compound. |
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step are placed in 70 M of anhydrous THF and 3.3 m of tri
3 m of valeryl chloride in 10 M of anhydreus—FHF—are~—adgde REDURGEMENT SHEET
stirring. A white sus- pension is  or meH THIhSHEFA MA$rBEEMt|e )
but not isolated, is 1-(N-valeryl)am notycl ofERFAHER car Hox ﬁﬂﬁé_éﬁ
pot assi um hydroxi de pellets, 7 nl of water and 16 m of metha ol1é g éﬂ.
The mxture is refluxed for 2 and a half jpowrs and 9 g of a '
are then added. After stirring for 15 min- utes, the nmixtur

concentrated under vacuum The residue obtained is taken up Y-A—46—m—of
water and extracted with 10 ml of ethyl acetate and then twice

C) 2-n-Butyl-1-{[(2’'-carboxybiphenyl-4-yl)methyl]-4-
spirocyclopentane-2-imidazolin-5-one trifluorocacetate

This compound is obtained by treatment in an
acid medium as described in the last step of Example 1
and Example 2. The physicochemical data are identical
to those obtained for the same compound prepared by
method 1 or 2.

EXAMPLE 4
2-n-Butyl-4,4-dimethyl-1-[ (2/-tert-butoxy-
carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one and 2-
n-butyl-1-[ (2'~carboxybiphenyl-4-yl)methyl ]-4,4-di-
-methyl-2-imidazolin-5-one trifluoroacetate -~ Method 1
. 4) 2-n-Butyl-4,4-dimethyl-2-imidazolin-5-one
The ethyl ester of alpha-aminoisobutyric acid

is prepared according to R. Jacquier et al. (Bull. Soc.
Chim. France, 1971, (3), 1040-1051). 650 mg of this
compound and 780 mg of ethyl valerimidate are dissolved
in 8 ml of xylene containing 4 drops of acetic acid and
the solution is refluxed for 7 hours. The reaction
medium is then concentrated under vacuum and the resi-
due is chromatographed on silica gel using a chloro-
form/methanol/acetic acid mixture (95/5/2; v/v/v) as
the eluent. After several evaporations with xylene and
then benzene to remove the acetic acid, 560 mg of the
expected product are obtained, which crystallizes.
M.p. = 35-38°C.
- IR (CHCl,):

1725 cm—* : C=0

1635 cm—2>

Note: The absence of a signal between 1500 and 1600

cm-* confirms that the compound present in chloroform

Q
]
-

solution is a 2-imidazolin—5—one.
- NMR spectrum:
0.92 ppm : t : 3 H : CH, (nBu) This Sheet Has Been Replaced
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with 5 m of ethyl acetate.  The combined organi c phases {aREPIAGESENGVRHEET
sodiumsulfate and filtered. The filtrates TERneRRigaEed tlo [@Tyness 10
give 4.85 g of the expected product.. T el 1%; dgpm 1 s sinilaﬁ Rogh@§6
descri bed previously. The hydrochl ori de "-~ ' : Siepared by
the addition of concentra- ted hydrochloric acid. The hychﬂh'nr-“" A

ToeT U o

at 240[err]C with sublimtion. B) - 34 -

2-n-Butyl -4-spirocycl opentane-1-[(2' -tert - but oxy- '

car bonyl bi phenyl --4-yl ) met hyl ] - 2-i m dazol i n-5- one 970 nmg of the
product obtained in step A) are dlssolved in 10 mM of DWMF. 270 ng of sodium
met hyl at e 1.20 ppm : 6 C(CH,) 2

1.38 ppm : sext : 2 H : CH,-CH,
1.63 ppm : quint : 2 H : CH,-CH_-CH_,~
2.38 ppm : t : 2 H : CH,-CH,-CH_-CH_~
10.7 ppm : m ¢ 1 H : N-H
- Mass spectrum:
MH* : 169
B) 2-n-Butyl-4,4-dimethyl-1-[ (2'-tert-butoxycarbonyl-
biphenyl-4-yl)methyl ]-2~-imidazolin-5-one
520 mg of the product prepared in the previous
step are dissolved in 10 ml of DMF. 167 mg of sodium
methylate are added and the mixture is stirred under
nitrogen for 15 minutes. 1.25 g of 4-bromomethyl-2'-
_tert—butoxycarbonylbiphenyl are then added and the mix-
ture is stirred at 40°C for 3 and a half hours. The
reaction medium is taken up in 150 ml of ethyl acetate
and then 20 ml of water and 2 ml of a saturated solu-
tion of sodium bicarbonate. The organic phase is
washed with a saturated solution of sodium chloride,
dried over sodium sulfate and evaporated to dryness.
The residue is chromatographed on silica gel using an
ethyl acetate/toluene mixture (1.2/2; v/v) as the
eluent to give 570 mg of the expected product, which
crystallizes. M.p. = 98-100°C.
- IR (CHC1,): _
1710-1720 cm—* : C=0, C=0 (imidazolinone, ester)
1625 cm—* : C=N
- NMR'spectrum: .
0.78 pﬁm t 3 H: CH, (nBu).
1.08 ppm : s : 9 H : C(CH,),
1.15 ppm : s : C(CH,), '
1.20 ppm : sext : CH,-CH.,~- § 8 H
1.45 ppm : quint : 2 H : CH,-CH_, -CH_ -
2.30 ppm : t : 2 CH,-CH_—CH_~-CH_-
2 CH_,-C_H, -

H
4,65 ppm : s : H
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7.15-7.65 ppm : m : 8 H : aromatic protons

An NOE (Nuclear Overhauser Effect) study confirms the

position of the 5-one and 4,4-dimethyl substituents

on the imidazolinone.
- Mass spectrum:

MH+ : 435
C) 2-n-Butyl-1-[(2’~-carboxybiphenyl-4-yl)methyl]-4,4-
dimethyl-2-imidazolin-5-one trifluoroacetate

460 mg of the product prepared in the previous

step are treated with 3 ml of DCM and 4 ml of TFA for
45 minutes. After concentration under vacuum, the
residue is taken up in ether and the precipitate formed
is filtered off, washed with ether and then dried under

. vacuum to give 450 mg of the expected product in the

form of a white solid. M.p. = 168-171°C.
- NMR spectrum: S
0.82 ppm : t : 3 H : CH, (nBu)
1.30 ppn sext : CH,-CH_,-
1.35 ppm s : C(CH,).- } 8 H
1.55 ppm : quint : 2 H : CH,~-CH_,-CH_.-
2,62 ppm : £t : 2 H : CH,~CH_, -CH_-CH_,-
4.82 ppm : s : 2 H : CH,-C,H,-
7.20-7.75 : m : 8 aromatic H

This Sheet-Has Been Replaced

- Mass spectrum:
- L -

EXAMPLE 5

1-[ (2'-Cyanobiphenyl-4-yl)methyl]-2-n-butyl-4-
spirocyclopentane—z-imidazolin-s-one and 2-n-butyl-4-
spirocyclopentane-l-[(2“—(tetrazol-s-yl)bipheny1—4—y1)-
nethyl]-2~imidazolin-5-one - Method 1
A) 1-[(2’'-Cyanobiphenyl-4-yl)methyl ]-2-n-butyl- 4-spiro-
cyclopentane-2-imidazolin-5-one

A mixture containing 250 mg of sodium hydride

(as an 80% dispersion in mineral oil) and 5 ml of DMF



RT. 2.08 g of 4-brononethyl-2'-tert-butoxycarbonyl- bipheny Fﬁ?@A@H@ﬁﬂ'SHEET
to the suspension and then, after 30 m nutes, the nixture LS h
40[err]C for 3 and a half hours under nitrpggp 3-- E:Pf
taken up in a nixture containing 100 m of ethy@ﬁggggﬁye 1ﬁéNQN'996
and 1 nl of a saturated solution of sodi untbicartsfate—-rhe r anlc

phase is washed wth a saturated solutjgn of sodium chlorifde and then
dried over sodium sulfate and evaporated to dryness. The reskdue—i-s

chr omat ogr aphed on silica gel using an ethyl

is prepared under a nitrogen atmosphere and a solution
containing 0.97 g of 2-n-butyl-4-spirocyclopentane-2-
imidazolin-5-one (prepared in Example 2, step A) in 10
ml of DMF is added dropwise. The mixture is stirred
for 30 minutes at RT and a solution of 1.5 g of 4-
bromomethyl-2’-~cyanobiphenyl in 10 ml of DMF is then
added. After stirring for 1 hour at RT, the DMF is
evaporated off under reduced pressure, the residue is -
then taken up with ethyl acetate and the organic phase
is washed with water and then dried over sodium sul-
fate, filtered and evaporated. The residue is chroma-
tographed on silica gel using a DCM/ethyl acetate mix-
ture (9/1; v/v) as the eluent. 1.68 g of the expected
. product are recovered. M.p. = 92-93°C.

B) 2-n-Butyl-4-spirocyclopentane-1-{(2‘-(triphenyl-
methyltetrazol- 5-y1)b1pheny1-4-yl)methyl]-z—lmldazolln-
5-one

1.56 g of the previous product, 2.6 g of tri-
butyltin azide and 30 ml of xylene are refluxed for 66
hours. The xylene is then evaporated off and the resi-.
due is dissolved in 20 ml of DCM and 5 ml of THF with
the addition of 0.8 ml of 10 N sodium hydroxide solu-
tion and, after stirring for 30 minutes, 2.5 g of tri-
tyl chloride, and the mixture is stirred for 26 hours.
After evaporation of the solvents, the residue is taken
up in ethyl acetate and washed with water by means of a
3% solution of potassium bisulfate and water. It is
dried and evaporated. The residue is chromatographed
on alumina using a hexane/ethyl acetate mixture (9/1;
v/v) as the eluent to give 1.97 g of the expected
product. M.p. = 150-152°C.
C) 2-n-Butyl-4-spirocyclopentane-1-[(2’~(tetrazol-5~
yl)biphenyl=-4-yl)methyl ]-2-imidazolin-5~one

1.96 g of the product prepared in the previous
step are dissolved in 10 ml of methanocl and 10 ml of

This Sheet Has Been Replaced
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acetate/toluene mxture (1/2; v/v) as the eluent to give 1.2 = T!
expected product, which crystal- |izes. = 53 o61-er l@". %EPLA('IE&&NT %1 E
and NMR spectra and the nass Sspectrum a“T @% , jarq ildentical to
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t hose obt ai nedTHyS $p mple 1. REPLA
2-n-Butyl - 1[(2 4y|)rrethy|] 4-
spirocyclopenta 5 one trifluoroacetate : 17229 of the

product obtained in the preV|ous step are%stirred for 40 nindes in a
solution con- taining 6 mM of DCMand 8 m of TFA. After concen- tration
under vacuum the residue is taken up in ethyl

THF. After the reaction medium has been cooled to 5°C,
1.5 ml of 4 N hydrochloric acid are added and the mix-
ture is stirred for 3 hours at RT and 1 hour at 30°C.
After evaporation of the solvents, the residue is taken
up in water and the pH is brought to 12 by the addition
of 10 N sodium hydroxide solution. The aqueous phase
is extracted with ether, toluene and ether again. The
aqueous phase is acidified to pH 2 by the addition of
1 N hydrochloric acid and then extracted with ethyl
acetate and the extract is dried and evaporated. The
white solid obtained is dried at 50°C under 0.05 mm of
mercury to give 840 mg of the expected product. M.p. =
180-181°C.
- = NMR spectrum:

0.7 ppm : t : 3 H : CH, (nBu)

1.10 ppm : sext : 2 H : CH,-CH_-

1.20 ppm : quint : 2 H : CH,-CH_-CH_-

l1.5-2 ppm : m ¢ H : -C_H,

2.2 ppm : t : CH,-CH_-CH,~CH_-

4.6 ppm : s CH,-C_H, -

7 ppm ¢ s : 4 : CH,-C,H,-

7.35-7.7 ppm : m 3 4 H : aromatic H,. 4, 5,6

An NOE study confirms the position of the 5-one sub-

stituent on the imidazole.
D) Potassium salt of 2-n-butyl-4-spirocyclopentane-l-
[ (2'-(tetrazol-5-yl)biphenyl-4-yl)methyl]-2-imidazolin-
5-one

m o oo

m oo N

970 mg of the compound obtained in the previous
step are dissolved in 40 ml of an isopropanol/methanol
mixture (1/1; v/v) and the pH is adjusted to 12 by the
addition of an 85% solution of potassium hydroxide in a
methanol/water mixture (20/1; v/v)} The reaction
medium is evaporated, the residue is taken up in iso-
propanol and the medium is evaporated again. The resi-
due is dissolved in 20 ml of isopropanol, with gentle




t hen drled under vacuumto give 1.15 g of g¢he
176-178[err] C. The I'R and NMR spect Fﬁlsaﬁg:EtTﬁéAsrﬁ gEN pdctrum are

i dentical to those obtained in Exanple 1E;{LikeREGAEED 1 he df lobdek NGY 1984
TLC i s identical. EXAMPLE 3 _ '
2-n-Butyl - 1-[ (2' - car boxybi phenyl - 4-yl ) net B8 ]~
4-spi rocycl opent ane- 2-i m dazol i n-5-one trifluoroacetate MetHad 3

ether; the white precipitate forned is fil tereduoff washed q"“ﬁE?’kﬁmﬁNﬁgﬁcET

JIL

heating, -and then left to return to room temperature.
The mixture is left to decant, the filtrate is evapora-
ted and the residue is then taken up in heptane. After
trituration, the product solidifies; it is filtered off
and then washed again with heptane and dried under
vacuum to give 945 mg of the expected potassium salt.
M.p. = 142-144°C.
-~ Elemental analysis: C,_H_, KN_O.H_,O

calc. % C : 61.95 H : 6.03 N : 17.34

found % 62.02 6.13 17.14

EXAMPLE 6

2=-n-Butyl- 1-[(2'-carboxyb1pheny1 4-y1)methy1]—
4-(4-spirotetrahydropyran)-2-~imidazolin-5-one tri-
fluoroacetate and 2-n-butyl-4-(4-spirotetrahydropyran)-
1-[ (2'~tert-butoxycarbonylbiphenyl-4-yl)methyl]-2-
imidazolin-5-one - Method 2
A) 4-Aminotetrahydropyran-4-carboxylic acid is prepared
from tetrahydropyran-4-one by the method described in
German patent 2 215 721.

B) 4-(N-Benzyloxycarbonylamino)-4—carboxytetrahydro—
pyran _
1.015 g of the compound of step A are placed in
12 ml of water and treated at 10°C with 1.22 ml of di-
isopropylethylamine and then 3.33 g of N-(benzyloxy-
carbonyloxy)succinimide dissolved in 12 ml of aceto-
nitrile. After 1 hour 15 minutes, the reaction medium
is diluted with 70 ml of ethyl acetate and 10 ml of
water and the pH is brought to '2 with a saturated
. solution of potassium bisulfate. _

After decantation, the organic phase is washed
with a saturated solution of sodium chloride, dried
over sodium sulfate and then evaporated under vacuum.
The residue is diluted with 60 ml of ether, after which
7 mmol of dicyclohexylamine are added. The precipitate
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formed is filtered off and washed with ether; it is
then dissolved in an ethyl acetate/water mixture and
. the pH is brought to 1.5 with a saturated solution of
potassium bisulfate. The organic phase is decanted,
washed with a saturated solution of sodium chloride and
evaporated under vacuum to give 1.9 g of a white solid.
M.p. = 110-115°C.
C) N-(2'-Tert-butoxycarbony1biphenYl-4—y1methy1)-4-(N-
benzyloxycarbonylamino)tetrahydropyran-4-carboxanide
850 mg of the compound prepared in step B are
dissolved in 15 ml of DMF, and edquimolar amounts of 4-
aminomethyl-2’~tert-butoxycarbonylbiphenyl, DIPEA and
then BOP (10% excess) are added. After 40 minutes, the
medium is taken up in 200 ml of ethyl acetate and 200
'ml of water. The organic phase is decanted and then
washed twice with a saturated solution of sodium bi-
carbonate, twice with a 5% solution of sodium bisulfate
and then once with a saturated solution of sodium
chloride. After drying over sodium sulfate, the
organic phase is evaporated under vacuum to give 1.8 g
of the expected product. '
D) N-(2'-Tert-butoxycarbonylbiphenyl~4-ylmethyl)-4-
aminotetrahydropyran-4-carboxamide
The product obtained in step C is dissolved in
30 ml of methanol. 400 mg of 10% palladium-on-charcoal
are added and the mixture is hydrogenated at atmos-
pheric pressure. After 1 hour, the catalyst is fil-
tered off and the filtrate is then concentrated under
vacuum. .The residue is chromatographed on silica using
an ethyl acetate/methanol/33% aqueous ammonia mixture
(99/1/0.5; v/v/v) as the eluent to give 0.93 g of the
expected product in the form of a white solid. M.p. =
125-127°C.
- NMR spectrum:
8.50 ppm : t : 1 H : amide H
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- -32- butyl -4,5, 6, 7-t et rahydr obenzi m dazole is then prepared Haﬁ
M HARTMANN and L. PANI ZZON (Helv. Chim A _1C3§#EA§fMﬁN% S

145[err] C. - NWR spectrum 0.82 ppm: t : THIY SHE@N[%SWEE(MEF}U 1.23 ppm

: sext : 2 H: CHerr]-CHerr]- 1.50 ppm|__qui REPLACED - 4 3 NOV 1996
CHerr]-CHerr]-CHerr]- 1.65 ppm: s : 4 H: Herr], Herr] L
(tetrahydrobenzi m dazoel e) = 40 - :

casvap

7.60-7.05 ppm : m : 8 H : aromatic protons
4.25 ppm : d : 2 H : CH,-C H,-
3.70-3.50 ppm : m : 4 H : CH, in the 2 and 6 posi~
tions of the tetrahydro-
pyran
2.00-1.80 ppm : m : 4 H : CH, in the 3 and 5 posi-
tions of the tetrahydro-
pyran
1.05 ppm : s : 9 H : tBu
E) 2-n-Butyl-4-(4-spirotetrahydropyran)-1-{[(2'-tert-
butoxycarbonylbiphenyl-4-yl)methyl ]-2-imidazolin~5-one
A mixture cbntaining 0.9 g of the compound
obtained in step D, 327 mg of methyl orthovalerate and
- 2 drops of acetic acid is heated for 3 hours at 110°C.
The reaction medium is taken up in 100 ml of ethyl
acetate, then washed with a saturated solution of
sodium bicarbonate and a saturated solution of sodium
chloride and then dried over sodium sulfate and the
ethyl acetate is evaporated off. The residue obtained
is chromatographed on silica using an ethyl acetate/
toluene mixture (2/1; v/v) as the eluent to give 550 ng
of the expected product in the form of a wax.
- NMR spectrum: '
7.05-7.60 ppm : m : 8 H : aromatic protons
4.63 ppm : s : 2 H : CH,-C_H_ -
3.85-3.55 ppm : m : 4 H : CH, in the 2 and 6 posi-
tions of the tetrahydro-
. ‘pyran
2.30 ppm : t : 2 H : CH,-C_H,
1.05-1.80 ppm : m ¢ 8 H : CH,~CH,-CH_-CH, and CH_ in
the 3 and 5 positions of
the tetrahydropyran

1.03 ppm : S : 9 H : tBu
.75 ppm : t : 3 H : (CH,),-CH,
This Sheet Has Been Replaced
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2.35 ppm: s :
t : 2 H: CH[err]-CH[err]-CH[err]-CH[eFFDTHSSﬂéEﬁhLQPﬁtéNﬁT:

spectrum

Merr] @ 178 B) REPLACED
2-n-Butyl - 4-spirocycl opentane-1-[((2'-tert-DUTOXy= ‘
car bonyl bi phenyl - 4-yl ) met hyl ] - 2-i m dazol i n- 5- one 1 g of the product
prepared in the previous step is dissolwediin 45 nm of DVF w

4 H: Herr], Herr] (tetrahydrobenzi m dazol e

sodium nethyl ate and a few ng of nethylene blue. Oxygen is bubbl ed into the
reaction nedium- which is illumnated with a UV anp. - After 15 m nutes,
2.14 g of 4- bronD-

- IR (CHCl,):

1710-1720 cm—~* : C=0, C=0

1625 cm~* : C=N
F) 2-n-Butyl-4-(4-spirotetrahydropyran)-1-[(2'~tert-
butoxycarbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one

530 mg of the product obtained in the previous
step are treated with 4 ml of dichloromethane and 5 ml
of TFA for 45 minutes. After evaporation under vacuum,
the residue is taken up in ether and the precipitate
formed is filtered off, washed with ether and then
dried under vacuum to give 510 mg of the expected pro-
duct. M.p. = 159-162°C.
- NMR spectrum: ,
7.80-7.10 ppm : m : 8 H : aromatic protons
4.80 ppm : s : 2 H ¢ CH,-C_H .~
4.00-3.75 ppm : m : 4 H : CH, in the 2 and 6 posi-
tions of the tetrahydro-
. pyran
2.60 ppm : t : 2 H : CH,-C,H,
1.45-2.00 ppm : m : 6 H : CH_ -CH,—-CH,-CH, and CH_, in
the 3 and 5 positions of
the tetrahydropyfan
1.30 ppm : sext : 2 H : CH,-CH_,-CH_,-CH,
0.80 ppm : £t : 3 H : (CH,),-CH,

EXAMPLE 7
2-n-Butyl- 1-[(2'-carboxyb1pheny1-4-yl)methyl]-
4~-[spiro(1-benzyl-4-piperidine) ]-2-imidazolin-5-one
trifluoroacetate and 2-n-butyl-4-[spiro(l-benzyl-4-
piperidine) ]-1-[ (2’~tert-butoxycarbonylbiphenyl=-4-yl)-
methyl ]-2-imidazolin-5-one - Method 1
A) 4-Amino-l-benzylpiperidine-4-carboxylic acid is pre-
pared from N-benzylpiperidin-4-one Dby the method
described in German patent 2 215 721.

This Sheet Has Been Replaced




met hyl - 2' -t ert - but oxycar bonyl bi phenyl are added and then, aftef RERAAGEMENThSHEET

reaction nediumis taken up in 300 m of el hyls ssgataggs keemiyi ch po—m—of

water and 5 nl of a saturated solution of podi umebigagionat g hhav qngOV‘Wgé
n o '

added. The organic phase is then washed wTha sarurarea—s0ol u
sodi um chl ori de and subsequently dried over sodium sul fate andje

to dryness. The residue is chromatographed2nr silica gel usingjan ethyl
acetate/toluene mxture (1/2; v/v) as the eluent to give 610 ngof—tte
expected product, which crystal- lizes.” Mp. = 62-65[err]C The IR

and NMR spectra and the nmass spectrum ]
B) Ethyl 4-amino-l-benzylpiperidine-4-carboxylate

3.80 g of the compound prepared in step A are
added to a solution of 13 g of hydrochloric acid in 50
ml of ethanol at 0°C and the mixture is then refluxed
for 5 hours. After concentration under vacuum, the
residue is washed with ether and then dissolved in an
ether/water mixture, to which a saturated solution of
potassium carbonate is added to bring the pH to 9. The
ether phase is decanted, washed with a saturated solu-~
tion of sodium chloride, dried over sodium sulfate and
then evaporated to dryness to give 3.50 g of the
expected product in the form of an oil.

- NMR spectrum:

7.20-7.40 ppm : m : 5 H : aromatic protons
2 H : CH,-CH, '
2 H 'Cﬂz of the benzyl
m: 4H: CH, in the 2 and 6 posi-

tions of the piperidine '

1.80-2.05 ppm : m ¢ 2 H ) CH, in the 3 and 5 posi-

1.20-1.40 ppm : m : 2 H i tions of the piperidine

1.12 ppm : t ¢: 3 H : CH,~CH_~-
C) 2-n—Buty1-4f[spiro(1-benzyl-4-piperidine)]—2-imi-
dazolin-5-one

Ethyl valerimidate is prepared as in Example 2,

step A. 2.06 g of ethyl valerimidate, 3.40 g of the
compound prepared in step B and 8 drops of acetic acid
are mixed in 15 ml of xylene and the mixture is re-
fluxed for 6 hours. After concentration under vacuum,
the residue is chromatographed on silica gel using a
chloroform/methanol /acetic acid mixture (82/15/3;
v/v/v) as the eluent. 2.80 g of the expected product
are obtained after extraction with chloroform at pH S
to remove the acetic acid. M.p. = 170-172°C.
- IR (chloroform):

1725 cm~* : C=0

4.10 ppm : g
3.45 ppm : s
2.25-2.60 ppm
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as wel |

as the Rf, are identical to those obt ai ned previ ous yREFth}\(:EM@‘E
conpound.

THIS SHEET HAS BEEN
REPLACED

13 NOV ?flj

- 43 -

1640 em~* : C=N
- NMR spectrum:
7.10-7.30 ppm : m : 5 H : aromatic protons
3.45ppm ¢ s : 2 H : -CH;-C_H,
1.10-2.75 ppm : 5 m ¢ 14 H : CH, in the 2, 3, 5 and
| 6 positions of the
piperidine and
(CH,) ,~CH,
0.80 ppm : £t ¢ 3 H : (CH,),-CH,
D) 2-n-Butyl-4-[spiro(l-benzyl-4-piperidine)]-1-[(2'~
tert-butoxycarbonylbiphenyl-4-yl)methyl]-2-imidazolin-
5-one
513 mg of sodium methylate and, after 15
minutes, 4.16 g of 4-bromomethyl-2/-tert-~butoxycar-
bonylbiphenyl are added to a solution of 2.78 g of the
compound cbtained in step C in 25 ml of DMF. The reac-
tion medium is heated at 40°C for 5 hours and then
taken up in 300 ml of ethyl acetate, 50 ml of water and
5 ml of a saturated solution of sodium bicarbonate.
The organic phase is decanted, washed once more with a
saturated solution of sodium chloride, dried over
sodium sulfate and evaporated under vacuum. The resi-
due is chromatographed on silica using an ethyl ace-
tate/methanol mixture (95/5; v/v) as the eluent to give
0.98 g of the expected product. M.p. = 103-106°C.
- IR (CHCl,): _
1710-1725 cm~* : C=0, C=0 (imidézoline, ester)
1630 cm—* : C=N
- NMR spectrum: .
7.70-7.10 ppm : m : 13 H : aromatic protons
4.70 ppm : s : 2 H : CH,~C_H, -
3.55 ppm : S : 2 H : CH,-C,H,
1.20-2.75 ppm : 5m : 14 H : CH, in the 2, 3, 5 and 6
positions of the piperi-
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C© 2-n-Butyl

-1-[(2' - carboxybi phenyl -4-yl )pethyl]-4- RH%ACEMEMTSPFET

spi rocycl opent ane- 2-i m dazol i n-5- one tr i fTHI®SHREEHAS BEEN s

conpound i s obtained by treatnment in an} aci cRERdCBI as d

D

s¢ribe .
| ast step of Exanple 1 and Exanple 2. The physicochem ca %aia ﬂﬁéﬂ36tﬁbé

I dentical to those obtained for the same conpound prepared
2. EXAMPLE 4 - 44 -

b nmethod 1. _or

1.15ppm ¢: s ¢ 9 H : tBu
0.85 ppm : £t ¢ 3 H : (CH,),-CH,
E) 2-n-Butyl-1-[(2'-carboxybiphenyl-4-yl)methyl]-4-
[spiro(l-benzyl-4-piperidine) ]-2-imidazolin-5-one
trifluoroacetate
350 mg of the compound obtained in step D are
dissolved in 4 ml of dichloromethane and 5 ml of TFA.
After 45 minutes, the medium is concentrated under
vacuum, the residue is then taken up in an ether/
hexane mixture and the precipitate formed is filtered
off, washed with ether and dried under vacuum to give
350 mg of the expected product. M.p. = 198-200°C.
- NMR spectrum:
7.05~7.75 ppm : m : 13 H : aromatic protons
4.75 ppm : s : CH,-C.H, .~
4.40 ppm : s : CH,-C_H.
3.20-3.60 ppm : m : 4 H : CH, in the 2 and 6 posi-
tions of the piperidine
2.35ppm : t : 2 H : CH,-CH_,-CH_~-CH,
2.20-1.40 ppm : 3 unresolved signals : CH, in the 3
and 5 posi-
tions of the
piperidine and
CH_,~-CH,~CH_~
CH
1.25 ppm : sext : 2 H : CH,~CH_,~CH_,-CH,
0.80 ppm : t ¢ 3 H : (CH,),-CH,

[V V)
=+ J + N

3

EXAMPLE 8

2-n-Butyl-1-[ (2/-carboxybiphenyl-4-yl)methyl]-
4-(4-spiropiperidine)-2-imidazolin-5-one ditrifluoro-
acetate and 2-butyl-4-(4-spiropiperidine)-1-[(2'~tert-
butoxycarbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one

is Sheet Has Been Replaced
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2-n-Butyl-4,4-dinethyl-1-[(2'-tert-but oxy-
car bonyl bi phenyl -4-yl ) et hyl ]-2-i m dazol i
n-butyl -1-[(2'-carboxybi phenyl - 4-yl ) met hyl ™
met hyl - 2-i m daZzol i n-5-one trifl uoroacet atle— MEERAEEP A

’]-FHI-E,S&I_E&F_HAS BEEN |

REPLACEMENT SHEET

2-n-Butyl - 4, 4- di met hyl - 2-i ni dazol i n-5-one: The ethyl eéster of |
al pha-am noi sobutyric acid is prepared acgsrding to R Jacquijer et arl.

13 NOV 1904

(Bull. Soc. Chim, France, 1971, (3), 1040-1051). 650 ny of ithis_conpound

and 780 ng of ethyl valerimdate are dissolved in 8 m of

xyl ene contai ni ng

4 drops of acetic acid and the solution is refluxed for 7 hours. The
reaction nedi ulig-nhButybnéehtrspidophperidinelniahti2ttertehutoxy-

carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one
300 mg of the compound of Example 7, step D,

are dissolved in 10 ml of methanol. 180 mg of 10%
palladium-on-charcoal are added and the mixture is
hydrogenated for 3 hours at atmospheric pressure. The
catalyst is filtered off and the filtrate is concentra-
ted under vacuum to give 200 mg of the expected pro-
duct.
- NMR spectrum:

7.20-7.75 ppm : m : 8 H : aromatic protons

4.7 ppm : s : 2 H : CH,-C,H_ -

3.00-1.70 ppm : 3 unresolved signals for the 4 CH,

of the piperidine

2.40 ppm ¢ £t : 2 H : CH,-CH,-CH_-CH,

1.60 ppm : quint : 2 H : CH_ -CH,-CH,-CH,

1.35 ppm ¢ sext : 2 H : CH_-CH_,-CH,~CH,

1.20 ppm ¢ s 3 9 H : tBu

0.90 ppm : t ¢ 3 H (CH_),-CH,
B) 2-n-Butyl-1-{(2’-carboxybiphenyl-4-yl)methyl]-4-(4-
spiropiperidine)-2-imidazolin-5-one ditrifluoroacetate

160 mg of the product obtained in step A are

stirred for 45 minutes in 3 ml of dichloromethane and 4
ml of trifluorocacetic acid. The mixture is concentra-
ted under vacuum and the residue is taken up in ether
to give a gum and then a foam after drying under vacuum
(150 mg). M.p. = 80-85°C.
- NMR spectrum:

7.15-7.80 ppm : m : 8 H : aromatic protons

4.75S ppm : s : 2 H : CH_.-C_H,~- .

3.20-1.60 ppm : 3 unresolved signals : 4 CH, of the

' piperidine

2.40 ppm : t : 2 H : CH,-CH,-CH,~CH,
1.50 ppm : quint : 2 H : CH,~-CH,-CH_,-CH,
1.30 ppm : sext : 2 H : CH,-CH,-CH,-CH,

- This Sheet Has Been Replaced
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due is chromatographed on silica gel using a chloro- form nef lgg#;(c@WNWCSHEET
acid mxture (95/5/2; v/iv/iv) as the el uehtrHISASHEHT B&YeEBN |evadp 1At o o
xyl-ene and then benzene to renove the acgtic ®spPUACE®HO ny |of |t He eégectqg
product are obtained, which crystallizes. Mp. = 35-38[err]C.| - OV 1996
(CHC [err]): 1725 cnmerr] : C=0 16qascn{err] : C=N hots: ‘The

absence of a signal between 1500 and 1600 cnferr] confirnmsjthat the
conmpound present in the chloroform solution is a 2-inidazoLLp-5-nnn

0.80 ppm : t : 3 H : (CH,),-CH,

EXAMPLE 9
2-n-Butyl-1-[ (2’'-carboxybiphenyl-4-yl)methyl]-
4 ,4-diphenyl-2-imidazolin-5-one trifluoroacetate and 2-
n-butyl-4,4-dipheny1-1r[(2'-tert-butoxycarbonylbi-
phenyl-4~yl)methyl]-2-imidazolin-5-one - Method 1
A) Valeramidine hydrochloride
6 g of ethyl valerimidate hydrochloride are
added to a solution of 6.75 g of ammonia in 80 ml of
methanol at 0°C. After 18 h, the reaction medium is
concentrated under vacuum to give the expected product
in the form of a white solid.
B) 2-n-Butyl-4,4-diphenyl-2-imidazolin-5-one
This compound is prepared according to the pro-
cedure described by J. NYITRAI and K. LEMPERT in Tetra-
hedron, 1969, 25, 4265-4275, from benzil and valerami-
dine hydrochloride. M.p. = 135°C.
- IR (CHC1,)
1725 cm—* : C=0
1640 cm—* : C=N
- NMR spectrum:
7.20-7.50 ppm : m : 10 H : aromatic protons
2.50 ppm : t : 2 H : CH_ ~CH_-CH_~CH,
1.65 ppm : quint : 2 H : CH,~-CH_,-CH_,~CH,
1.35 ppm : sext : 2 H : CH,-CH_,-CH_-CH,
0.90 ppm : t : 3 H : CH,-CH_,~CH_-CH,
11 ppm : sb : NH
C) 2-n-Butyl-4,4-diphenyl-1i-[ (2'-tert-butoxycarbonylbi- .
- phenyl—-4-yl)methyl]-2-imidazolin-5-one
. This compound is prepared according to the
usual method by reacting 4-bromomethyl-2“tsrt-butoky-
carbonylbiphenyl with the compound prepared in step B,
in the presence of sodium methylate in DMF. .

s
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- IR (CHCl,):

1715~1725 cm~*> : C=0, C=0 (ester, imidazolinone)

1635 cm~* : C=N
- NMR spectrum:

7.25-7.80 ppm : m ¢ 18 H : aromatic protons

4.85 ppm : s : 2 H : N-CH_-C_H_ -

2.60 ppm : t : 2 H : CH,-CH_-CH_,-CH,

1.75 ppm : quint : 2 H : CH_~CH_-CH_,-CH,

1.40 ppm : sext : 2 H : CH,~CH_-CH_~-CH,

l.15 ppm ¢: s ¢+ 9 H : tBu

0.90 ppm : £t : 3 H : CH, of the n-butyl
D) 2-n-Butyl-1-[(2’-carboxybiphenyl- 4-y1)methy1]—4 4-
dlphenyl 2-imidazolin-5-one trifluoroacetate

500 mg of the product prepared in step C are

treated with 2.5 ml of dichloromethane and 2.5 ml of
trifluoroacetic acid at 20°C for 40 minutes. After
concentration under vacuunm, the residue is taken up in
an ether/hexane mixture and the precipitate formed is
filtered off, washed with hexane and dried to give 440
mg of the expected product. M.p. = 55-60°C.
= NMR spectrum:

7.15-7.80 ppm : m : 18 H : aromatic protons

4.85 ppm ¢t s : 2 H : N-CH_-C_H_ -

2.60 ppm : t : 2 H : CH,-CH_ -CH_,-CH,

1.70 ppm : quint : 2 H : CH_-CH_,—-CH_-CH,

1.40 ppm : sext : 2 H : CH,-CH_ -CH_,-CH,

0.90 ppm : t : 3 H : CH, of the butyl

EXAMPLE 10
2-n-Butyl-3-~[ ( 2’~carboxybiphenyl-4-yl)methyl ]-

6-spirocyclopentane-5,6-dihydro-1H-pyrimidin-4-one

trifluoroacetate

A) (1-Aminocyc16penty1)acetic acid
Cyclopentylideneacetic acid is prepared accor-

ding to G.A.R. KON and R.P. LINSTEAD, J. Chem. Soc.,



- 34 - 1.20 ppm: s : 6 H: C(CHerr])[err 1. 38 pprp—-—sext 2—H
CH err]-CH err] 1.63 ppm: quint @ P7HEC LEunE seEkel r |- REPEAGEMENT SHEET

2.38 ppm: t : 2 H: CHerr]-CHerr]-CH egrr 8§EEQCED 19. 7 L) I ) I N

: NH - Mass spectrum MH err] : 169 B

é-n-ButyI-4,4-dinethyl-[(Z'-tert butoxxpgrbonyl

13 NOV 008

1925, 127, 616. 740 mg of this acid and 5 ml of 20%
aqueous ammonia are placed in an autoclave and the mix-
ture is heated at 150°C for 24 hours. After evapora-
tion of the solvents, the residue is chromatographed on
a silica column using a DCM/methanol/20% aqueous
ammonia solution mixture (70/30/1; v/v/v) as the eluent
to give 330 mg of the expected acid.
B) Ethyl (l-aminocyclopentyl)acetate

330 mg of the acid are dissolved in 10 ml of
ethanol. The solution is cooled in an ice bath and
saturated with gaseous hydrochloric acid. After 24
hours under reflﬁx, the reaction medium is evaporated,
the residue is taken up in a solution of sodium car-
bonate and extracted with ethyl acetate and the extract

"is then dried over sodium sulfate, filtered and eva-

porated to give 312 mg of the expected ester.
C) 2-n—Butyl-6—spirocycldpentane-s,6-dihydro-1H-pyri-
midin-4-one o

A mnmixture containing 310 mg of the compouﬁd
obtained in step B, 348 mg of ethyl valerimidate, 10 ml
of xylene and 6 drops of acetic acid is brought to the
reflux point. After 2 hours and 18 hours, a further
348 mg of ethyl valerimidate are added and, after a
total reflux time of 24 hours, the reaction medium is
evaporated and then chromatographed on silica using a
DCM/methanol mixture (97/3; v/v) as the eluent to give
153 mg of the expected product.
D) 2-n-Buty1-3-[(2'-tert-butoxycarbonylbiphenyl-4-y1)-
methyl ]-5,6-dihydro-1H-pyrimidin-4-one

A mixture of 10 ml of DMF and 40 mg of sodium
hydride as an 80% dispersion in oil is prepared under a
nitrogen atmosphere. 144 mg of the compound prepared

in step C, dissolved in 5 ml of DMF, are added dropwise

at room temperature. After stirring for 30 minutes, a
solﬁtion of 288 mg of 4-bromomethyl-2'-tert-butoxy-

/
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bi phenyl - 4-yl ) met hyl ] - 2-i m dazol i n- 5- one 520 ng of t thPL'L)\CrF%‘EtNT SHEET
prepared in the previous step are dissolvaqjmpsﬁ@bmhaghg 17 ng
sodi um net hyl ate are added and the m xturg is snmLAegDunder i fr oy Sr@¥rio9s
m nutes. 1.25 g of 4-brononethyl-2'- tert*potoxycarbonytbi-ph¢nyl are then

added and the m x- ture is stirred at 49[2%LLF for 3 and a h@lf hours.—The

reaction mediumis taken up in 150 m o acetate and t 20 m  of
water and 2 ml of a saturated solu- tion of sodium bicarbonate. The
organic phase is washed with a saturated solution of sodium chlori de,

dried over sodicaPramyhdliondad1eUdPY ahfdt OpMFYI8Sa&dded. The mixture
is stirred for 2 hours and then evaporated and the
residue is taken up in water and extracted with ethyl
acetate. The extract is dried over sodium sulfate,
filtered, evaporated and then purified by column chro-
matography using a hexane/ethyl acetate mixture (85/5;
v/v) as the eluent to give 174 mg of the expected pro-
duct. |
E)
10 ml of trifluoroacetic acid are cooled in a
- bath of iced water and 161 mg of the compound prepared
in step D are added. The mixture is stirred for 30
minutes and then evaporated. The residue is taken up
in ethyl ether and the mixture is then evaporated
" again. This operation is repeated and the residue is
then dried under vacuum to give 140 mg of the expected
compound in the form of an amorphous powder. M.p. =
108-115°C.
- NMR spectrﬁm:
0.9 ppm : £t : 3 H: (CH,),-CH,
1.1 to 2.1 ppm : m : 12 H : cyclopentane and CH_-CH_~

CH_,-CH,
2.7 ppm : t : 2 H : CH,-CH_~-CH_,-CH,
3.1 ppm : s : 2 H : -CH,~CO
5.1 ppm ¢ s : 2 H : N-CH_ -C.H,

7.2 to 7.8 ppm : m : 8 H : aromatic protons

EXAMPLE 11
2-n-Buty1—4-spirocfclopentane-l-[(2'-tert—
butoxycarbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-
thione and 2-n-butyl-1-[(2'-carboxybiphenyl-4-yl)-
methyl ]-4-spirocyclopentane-2-imidazolin-5-thione tri-
fluoroacetate '
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The residue is chromatographed on silica gel using an ethyl
acetate/toluene mxture (1.2/2; v/v) as__the eluent..to.g

t he expected product,
(CHA [err]): 1710- 1720 cnferr] :. C=O

v
whi ch crystal lizes.{ TMSpSHEETIBASI BEENrir C
=0 (I REFRZOID none

REPLAGEMENT SHEET

ST701g—of

1Ry

cnferr] : C=N - NWR spectrum 0.78 ppm™—1T 7 3 H:
ppm: s : 9 H: C(CH[err])[err] 1.15 ppgp S
sext : CHerr]-CHerr] ) 8

CHerr]| ? Bu) 1 08
C(CH err])[efr

] 1.20 ppm

A) 2—n-Butyl-4-spirocyclopentahe-l-[(2'—tert-butoxy-

carbonylbiphenyl-4-yl)methyl]-2~imidazolin-5-thione
5.63 g of the compound prepared in Example 1,

step D, are dissolved in 40 ml of anhydrous toluene and

treated with 3 g of Lawesson’'s reagent at 80°C under

nitrogen.
tered and concentrated.

After 6 hours, the reaction

is fil-

The concentrate is chromato-

graphed on silica using a DCM/ethyl acetate mixture
(95/5f v/v) as the eluent to give the expected product
in the form of an o0il, which crystallizes in the cold.

m= 4.5 g. M.p. = 77-79°C.

= NMR spectrum:
0.90 ppm : £t : 3 H : CH, (nBu)
1.20 ppm ¢ s : 9 H : tBu
1.35 ppm : sext : 2 H : CH,-CH.-
1.60 ppn

2.60 ppm : t
5.35 ppm : S

2 H : CH,-CH,-CH_-CH,
2 H: CH,-C_H,-

quint : 2 H : CH,-CH_,-CH_-
1.80-2.10 ppm : m : 8 H : cyclopentane

7.25-7.80 ppm : m : 8 H : aromatic protons
B) 2-n-Butyl-1-{[(2’-carboxybiphenyl-4-yl)methyl]=-4—
spirocyclopentane-2-imidazolin-5-thione t;ifluoro-

acetate

225 mg of the compound obtained in step A are
treated with 5 ml of DCM and 5 ml of TFA for 30 min-
utes. After concentration, the residue is takgn up in

ether.

The expected compound is obtained in the form

of a yellow powder, which is filtered off and then

rinsed with hexane. m = 160 mg. M.p.
- Mass spectrum:
MH* : 421
- NMR spectrum:
0.78 ppm : £ : 3 H ¢ CH, (nBu)
- 1.20 ppm : sext : 2 H : CH,-CH,

1.50 ppm : quint : 2 H : CH,~CH_-CH,-

185-190°C.

This Sheet Has Been Rep
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1.45 ppm: quint : 2 H: CHerr]-CHerr]-CHerr]- 2 p

pin REPLAGEMEN] SHEET
CHerr]-CHerr]-CHerr]-CHerr]-. 4.6% RRSHEST HAR BEEN
CHerr]-Cferr]Herr]- REPLACED 13 NOV 1996
- Bl -

1.75-2.00 ppm : m : 8 H : cyclopentane
2.40 ppm : t 2 H: CH,-CH,~-CH_~-CH,

5.20 ppm : s CH_~-C.,H, -

7.00-7.65 ppm : m : 8 H : aromatic protons

EXAMPLE 12
2-n~-Butyl-4- (2—sp1r01ndane)-1—[(2'-tert-butoxy-

carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one and 2-
n-butyl-1-[ ( 2’~carboxybiphenyl-4-yl)methyl ]-4-(2-spiro-
indane)-2-imidazolin-5-one - Method 1

A) 2-Aminoindane-2-carboxylic acid is prepared accor-
ding to R.M. Pinder, J. Med. Chem., 1971, 14, 9, 892,
and the corresponding ethyl ester is then prepared
according to Adkins (ref. cited in Example 2A).
" B) 2—n-Buty1—4-(2-spiroindane)-z—imidazolin-s-one

2.78 g of the ethyl ester prepared in step A

and 2.5 g of ethyl valerimidate are dissolved in 20 ml
of xylene in the presence of 60 ul of acetic acid and
refluxed for 3 hours. A further 500 mg of ethyl valer-
~imidate are added and reflux is maintained for a
further 3 hours. The reaction medium is concentrated
and then chromatographed on silica using a hexane/
ethyl acetate/acetic acid mixture (3/8/0.3; Vv/v/V) as
the eluent. The pure fractions are combined and eva-
porated with toluene to give 3.07 g of the expected
product in the form of a white solid. H.'p. = 148-
150°C.

~ NMR spectrum:

0.90 ppm : £t ¢ 3 H : CH, (nBu)

1.2-1.7 ppm : m ¢ 4 H : CH, -CH,~CH,
2.4 ppm : t : 2 H : CH,~-(CH,),-CH,
'2.8~3.2 ppm : g : 4 H : 2CH, (indane)

4.90 ppm : s : 2 H ¢« CH ~-C,H_ -
7.2 ppm : m : 4 H : aromatic protons

Sheet Has Been Replaced
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- 35 - 7.15-7.65 ppm: m: 8 H: aromatic H An NCE (Nu

Over hauser Effect) study confirns the pes+ttoen-of _the 5-gneja

4, 4-di met hyl substitutions on the im dazéﬁisn%ﬁ@ HASMBIRN gpedt fum 3 NOY 1004
MH err] 435 C) 2-n-Butyl-1-[(2'-carboxyhi pheﬁﬁﬂJﬂlyl)netkyl]- , 4- )
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C) 2-n-Butyl-4-(2-spiroindane)-1-[(2'-tert-butoxy-
carbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one
The compound obtained in the previous step is

dissolved in 20 ml of anhydrous DMF and treated with "

450 mg of sodium methylate under nitrogen. After 20
minutes at room temperature, 3.6 g of 4-bromomethyl-2'-
tert-butoxycarbonylbiphenyl are added and the mixture
is stirred at 40°C for 6 hours. The reaction medium is
concentrated, the usual washes are then carried out and
the product is chromatographed on silica using di-
chloromethane/ethyl acetate (95/5; v/v) as the eluent
foam

the expected compound in the form of a

(m = 1.84 g).
- NMR spectrum: -

0.80 ppm : t 3 H CH, (nBu)

1.20 ppm : s 9 H: tBu

1.20-1.60 ppm : m : 4 H : CH,~CH_.-CH,

2.40 ppm : t : 2 H : CH_-(CH,).~-CH,

2.9-3.3 ppm : g : 4 H : 2CH, (indane)

4.80 ppm : s : 2 H : N-CH,-C_H, -

7.20-7.80 ppm : m : 12 H : aromatic protons :
D) 2-n-Butyl-1-[(2’-carboxybiphenyl-4-yl)methyl]~4-(2-
spiroindane)-2-imidazolin-5-one

1.71 of the compound obtained in the

previous step are dissolved in 15 ml of DCM and treated
with 20 ml of TFA. After 30 minutes, the reaction
medium is concentrated and then taken up in ether.
the solid obtained is filtered off,
rinsed with ether and dried to give 1.42 g of the
expected product. M.p. = 217-218°C.

After trituration,

- NMR spectrum:
0.70 ppm ¢ t : 3 H :
1.10-1.50 ppm : m : 4 H : CH,-CH,-CH,

CHa (nBu)

2.30 ppm : t : 2 H : CH,-(CH,)_-CH,
2.8-3.3 ppm : g : 4 H : 2CH, (indane)

This Sheet Has Been Replaced




di met hyl - 2-i nmi dazol i n-5-one trifluoroacetate 460 g SEPRHENSrOdUETT
prepared in the previous step are treated wth -3——of ar m of TFA

d 4 o] :
for 45 m nutes. After concentration JuHrSHEESU BE@% r¢sildug 7 ot aken |
up in ether and the precipitate formed is fiREPEMRY of f wagdhdd e |
and then dried under vacuumto give 450 ng of the expected pr"tnjtlt:t“‘"i“rr-H’re"-j
formof a white solid. Mp. = 168-171[err]C. - NWVR spectrum 0.82 ppm: t

- 3 H CHerr] (nBu) 1.30 ppm: sext T [err]-CH err]- 1.35 ppm: s :
C(CHerr])[err]- -

4.70 ppm : s : 2 H : N-CH,-C_H, -
7.1-7.7 ppm : m : 12 H : aromatic protons |
Other compounds according to the invention were
prepared by one of the methods described above. They
are collated in Table 1. The structure of each of
these compounds is consistent with the analysis of
their NMR spectra.

EXAMPLE 13

2—n—Buty1-1-[(2'-(imidazol-l-ylcarbonyl)bi-
phenyl-4-y1)methy1]-4-spirocyclqpentane-2—imidazolin-5-
one

, R, = H, R, = n-C_H_,

H
o)
B
il
[
=0 .
[
(:j,d

CR,R, = cyclopentane, X = 0)

A mixture containing 404 mg of the compound
prepared in Example 1, step E, 15 ml of THF and 260 ng
of carbonyldiimidazole is stirred at room temperature
for 72 hours. The reaction medium is evaporated, the
residue is taken up in ethyl acetate and the mixture is
washed with water and then with a solution of sodium
chloride to give 420 mg of product, which are purified
by chromatography on silica using a DCM/ethyl acetate
mixture (70/30; v/v) as the eluent to give the expected
compound.

m = 230 mng.

M.p. = 120°C.

-
heet Has Been Replaced
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1.55 ppm: quint : 2 H: 2.62 ppm: t : 2 H : 4.82 ppn1:R§PLAQfM§NI SHEET

[err] 7.20-7.75 : m: 8 aromatic H - Mass spectrum Merjr]{ : 379
EXAMPLE 5 1-[(2' - Cyanobi phenyl - 4- yiik reefeRy [HsZs TPt Yl -14- 1 3 KOV 1074
spi rocycl opent ane- 2-i m dazol i n-5-one anid 2-namqyﬁﬁp4-“‘pT

spi rocycl opentane-1-[(2' - (tetrazol - 5-yl) brphenyt=4=y

- 54 -

EXAMPLE 14
2-n-Butyl-1- [(2“—(3-cyano— -methyllsothlo-

ureidomethyl)biphenyl- 4-yl)methy1]-4-sp1rocyclopentane—
2-imidazolin-5-one

SCH,
(I: R, = -CH_,-NH-C=N-CN, R, = H, R, = n-C_H,,
CR_R_, = cyclopentane, X = O)

A) 1-[(2’-Aminomethylbiphenyl- 4-yl)methyl]-2—n-buty1 4~
splrocyclopentane-2—1m1dazol1n-5—one

This compound is obtained by hydrogenation of
the compound prepared in Example 5.

1 g of the compound prepared in'Example 5, step

. A, is placed in 15 ml of absolute methanol and 2.3 ml
of ethanol in the presence of 0.5 g of 5% palladium-on-
. charcoal and the mixture is hydrogenated at room tem-
perature for 24 hours. After treatment, 730 mg of the
expected product are obtained in the form of an oil.
B)

A mixture containing 300 mg of the compound
prepared in the previous step and 113 mg -of N-cyan-
imido-S,S-dimethyldithiocarbonate in 3 ml of ethanol is
refluxed for 24 hours. After the usual tréatment, the
reaction medium is purified by chromatography on silica
using a DCM/ethyl acetate ﬁixture'(SO/SO: v/v) as the
eluent. The expected product is isolated in the form
of a white solid.

m = 307 mg.

M.p. = 83°C.

EXAMPLE 15 -

2-n-Butyl-1- [(2'-(2—cyanoguan1d1nomethyl)bi-
phenyl-4-yl)methyl ]-4-spirocyclopentane-2-imidazolin-5-
one

is Sheet Has Been Replaced
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met hyl ] - 2-i mi dazol i n-5-one - Method 1 A) ' '
1-[(2' - Cyanobi phenyl - 4-yl}y et hyl ] - 2- n- but yl - 4- spi ro- REPLACEMENT SHEET
cycl opent ane- 2 |n1da oI|n 5- one ' L CRRS BEEM NG P50 g of
sodlun1hy iﬂ H dlsperS|on in ldygkbggand S\ m pf DRMNOY 1095
55 =
il
(I: R, = CH,-NH-C=N-CN, R, = H, R, = n~C_H_,
CR,R_, = cyclopentane, X = 0O)

This compound is obtained from the compound
prepared in the previous Example.
pound are placed in 10 ml of absolute ethanol and the
mixture is saturated with ammonia at about 10°C and
then heated at 80°C in an autoclave overnight. After
concentration of the reaction medium to dryness, the
residue is chromatographed on silica wusing a DCM/
methanol nmixture (95/5; v/v) as the eluent to give 130
mg of the expected product.

 M.p. = 100°C.

200 mg of the com-

EXAMPLE 16

2-n-Butyl-4-spirocyclopentane-1-[ (2/-trifluoro-
methylsulfonylaminobiphenyl-4-yl)methyl]-2-imidazolin-
5-one trifluoromethylsulfonate

(I: R, = n-C_H

CR.R,

-NHSO_CF,, R, = H, R,
0)

o 7

cyclopentane, X =
A) 4-Methyl-2’'-nitrobiphenyl

11.2 g of 2-nitrobromobenzene are mixed with

.15 g of 4-iodotoluene and the mixture is heated to

195°C and stirred at this temperature for 3 and a half

hours. After returning to room temperature, it is

taken up in DCM and heated to the reflux point, the hot

solution is filtered on Celite® and the DCM is then

evaporated off.

m=6.5g.

B.p. 80-120°C under 0.2 mm Hg, n_2<

B) 4-Bromomethyl-2/-nitrobiphenyl
A mixture containing 6.5 g o©0f 4-methyl-2'-

1.6042.



- 36- I's prepared under a nitrogen atnosphere and a sol ut]i ey BpC {
0.97 g of 2-n-butyl-4-spitocycl opentane-2- imdazolin-5-on ? Pl
turez ‘\%‘V 405 i \

Exanpl e 2, Shleﬁhe.ét)HahBeeil&eﬂic?ﬂ)f DVF i s agde

stlrredfor and a solu |Tcﬂ
br ononet hyI 1 |n 10 m of

t.(
[42]
[%.

nitrobiphenyl, 5.42 g of NBS, 118 mg of zzo-bis-iso-
butyronitrile and 500 ml of carbon tetrachloride is
refluxed for 5 hours. It is cooled to 0°C and filtered
and the filtrate is concentrated to give 9 g cf an oily
product, which is used as such in the next step.
C) 2-n-Butyl-1-[(2’-nitrobiphenyl-4~yl)methyli-4-spiro-

cyclopentane~2~imidazolin-5-one |

A mixture containing 260 mg of 80% sodium
hydride in 5 ml of DMF is prepared and 500 ng of 2-n-
butyl-4-spirocyclopentane-2-imidazolin-5-one, prepared
in Example 2, step A, are added at room temperature
under nitrogen. After stirring for 15 minutes, 901 ng
of 4~bromomethyl-2‘-nitrobiphenyl in 5 nl of DMF are

- added and stirring is continued for 24 hours. The
reaction medium is concentrated to dryness and the
residue is taken up in a water/ethyl acetate mixture.
The organic phase is decanted, dried over scdimm sul-
fate and filtered and the ethyl acetate is then eva-
porated off. The product obtained is chromatographed
on silica using a DCM/ethyl acetate mixture (9/1:; v/v)
as the eluent to give 500 mg of the expected product.
D) 1-[(2'-Aminobiphenyl-~4-yl)methyl ]~2-n-butyl-4-spiro-
cyclopentane-2-imidazolin-5-one

450 mg of the product obtained in the previous
step are placed in 10 ml of methanol in the presence of
5% palladium-on-charcoal, at room temperature, for
hydrogenation. After filtration of the catalyst and
evaporation, 240 mg of the expected product are ob-
tained.

E)

In 4 ml of DCM, 225 mg of the product obtained
in the previous step are mixed with 0.1 al of tri-
ethylamine, 0.2 ml of trifluoromethylsulfonic anhydride
is added under argon at -78°C and the mixture is then
left to return to room temperature. The reaction



added. After stirring for 1 hour at RT, the DMF i s evapor at ¢dROMNACEMENTF SHEET
reduced pressure, the residue is then taaen up-with ethyl agefate and {he

organi ¢ phase is washed with water and t

o FHE SHEETOW/t BRI | 1M su1 3 ﬁ@; ‘1@95

filtered and evaporated. The residue is dhromREPAEbhed gn $ilica g
using a DCM et hyl acetate m x- ture (9/1; v/iv) as the eluent. 468 g'c% +he

expected product are recovered. Mp. = 92-93[err]C B)
2-n-Butyl -4-spirocycl opentane-1-[(2'-(triphenyl -

met hyl tetrazo

-5-yl ) bi phenyl - 4-yl)net hyl ] -2-i m dazolin- 5-one 1.56

g of the previous product, 2.6 g of tri-

medium is washed with water and a solution of sodium
bicarbonate and then dried and concentrated to give 150
mg of an amorphous white solid.
- NMR spectrum:
0.4-1.3 ppm
1.4-2.3 ppm

$ 7H : CH,-CH,~CH,~

$ 10 H : CH,-CH,-CH_~CH_, and cyclo-
pentane

4-4.8 ppm AB system : 2 H : N-CH_,~C_H, -

7-7.6 ppm : m :

8.3 ppm : s : 1

10 ppm : sb : 1

8 H : aromatic protons
H : -NH
H : CF,SO.H

EXAMPLE 17

2-n-Butyl-4-spirocyclopentane-1-[ (2’~trifluoro~-
methylsulfonylaminomethylbiphenyl-4-yl)methyl }-2-imi~
dazolin-5-one trifluoromethylsulfonate

(I: R, = CH,NHSO,CF,, R, = H, R, = n-C_H_,
CR_R, = cyclopentane, X = 0) '

The preparation is effected starting from the
1-[(2’-aminomethylbiphenyl-4-yl)methyl ]-2-n-butyl-4-
spirocyclopentane-2-imidazolin-5-one prepared in Exam-
Ple 14, step A. 322 mg of this compound and 0.122 ml
of triethylamine are placed in 3.4 ml of DCM at -70°C
and 0.294 ml of trifluoromethylsulfonic anhydride is
added. The mixture is left to return to room tempera-
ture, poured into dilute acetic acid and extracted with
DCM, the extract is dried over sodium sulfate and
filtered and the DCM is evaporated off. The residue is
chromatographed twice on silica using DCM/ethyl acetate
(95/5; v/v, then 99.5/0.5; v/v) as the eluent.

This gives m = 90 mg.

M.p. = 90°C.

. . This Sheet Has Been Replaced
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butyltin azide and 30 m of xylene are refluxed for 66 hours.] REBLACHVEN S EET-
then evaporated off and the resi- due i ggSHrEediAsBEN f )
of THF with the addition of 0. 8 m of 30 N sedpiudmydr oxilde{sel u; ,t.ion
and, after stirring for 30 minutes, 2.5 'gof—tri=—Tyr chlori {le ahd NGIE 1094
m xture is stirred for 26 hours. After evaporation of the sofv t he
residue is taken up in ethyl acetate and mgihed wth water b neans of a
sol ution of potassiumbisulf ate and wat er is dried and
The residue is chromat ographed on al um na using a hexane/ ethyl acetate
m xture (9/1; v/v) as the eluent to give 1.97 g of the expected

- NMR spectrum:
0.4-1.2 ppm : m : 7 H : -CH,-CH.,-CH,
1.3-2.45 ppm : m : 10 H : CH,-CH_~-CH,-CH, and cyclo-
pentane
$ N-CH,-C_H,- and NH-CH,-C_H_-
m : H : aromatic protons
1 H: NH

4.1-5 ppm : m : 4 H
7.1-7.7 ppm 8

8.4 ppm : s

EXAMPLE 18
2-n-Butyl-1~[ (2’-(N-hydroxyacetamide)biphenyl-
4-yl)methyl ]-4-spirocyclopentane-2-imidazolin-5-one

(I: R, = ~CO-NHOH, R, = H, R, = n-C_H,_,
CR,R, = cyclopentane, X = 0)

The compound prepared in Example 2 is freed
from its trifluorocacetic acid salt by taking up this
compound in an ethyl acetate/water mixture and bringing
the solution to pH 6 by the addition of a saturated
solution of sodium bicarbonate. The organic phase is
washed with a saturated solution of sodium chlorige,
dried over sodium sulfate, filtered and concentrated to
give the free base in the form of a white solid.

450 mg of this compound are dissolved in
chloroform, 860 ml of thionyl chloride are added at 0°cC
and_the mixture is stirred at room temperature for 2
hours. The solution is concentrated and the traces of
thionyl chloride are removed by azeotropic distillation
with toluene. The acid chloride thus obtained is added
dropwise in DMF solution to a solution containing 200
mg of hydroxylamine hydrochloride and 700 uxl of DIPEA
in 10 ml of DMF. After 2 hours at 0°C, the reaction
medium is concentrated and the concentrate is taken up
in 100 ml of DCM and 50 ml of water. The mixture is
brought to pH 7 and the organic phase is extracted and

.. This Sheet Has Been Replaced
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product. Mp. = 150-152[err]C. O

2-n-ButyI-4-spirocyclopentane-l-[(Z'-(te%ﬁgqgi N
yl ) bi phenyl - 4-yl) nmet hyl | - 2-i m dazol i n- §-one pﬁgiégg}'_ﬁk glo Fr!(ﬁﬂ&
prepared in the preV|ous step ar e di ssdtved—t+nA—36—r—of j h noI and 10 -
of

- 59 -

then dried over sodium sulfate. After filtration, the
solution is concentrated. The product obtained is
recrystallized from an ethyl acetate/ethyl ether/hexane
mixture.
| m = 360 mg.
M.p. = 85°C.

EXAMPLE 19
2-n-Butyl-4-spirocyclopentane-1-[ (2/~ureido-
biphenyl-4~yl)methyl]-2-imidazolin-5-one

(I: R,
CR R,

NHCONH.,, R, = H, R, = n-C_H_,
cyclopentane, X = 0)

This compound is prepared using the method des-
cribed by B.B. Kobu et al. in Org. Synth., 1957, 37,
52, starting from the 1~[(2’-aminobiphenyl-4-yl)-
methyl ]-2~-n-butyl-4-spirocyclopentane~2-imidazolin-5-
one prepared in Example 14, step A.

1 g of the latter is dissolved in 50 ml1 of 6 N
hydrochloric acid and treated with potassium isocyanate
for 1 hour at 5°C. The reaction medium is concentra-
ted, the concentrate is taken up in ethyl acetate and
the mixture is washed with sodium bicarbonate and then
with a saturated solution of sodium chloride. After
drying over sodium sulfate and filtration, the solution
is concentrated and the oil obtained is purified by
chromatography on silica using a DCM/methanol mixture
(9/1; v/v) as the eluent. |

m = 600 mg.

. = NMR spectrum:
0.85ppm : t :'3 H : CH_-CH,
1.35 ppm : sext H CH.-CH,
1.6 ppm : quint H CH,-CH_-CH,

.
N

N

'1.7-2 ppm : m : 8 H : cyclopentane This Sheet Has Been Replaced




THF. After the reaction medi um has been cooled t fﬁﬁpﬁ%ﬁﬁﬁﬁﬁEhI

of 4 hkhydfﬁthforrt*éérﬂ‘are added and the miXx- svstlirted for 3 hour
at RT a t@ﬂﬁs]ﬁ&nﬁ@[«&ﬂr] C. After e amﬂg@-]ﬁﬁm Hffs lf}-[-{fé\l dol vent 4,2 t1a o0y,

i

by k he addltlon

rmtvater and the dH i s BEPLA

- 60 -

2.45 ppm : £t ¢ 2 H : CH,-CH,-CH_,~CH,
4.8 ppm : s : 2 H: -CH,~-C,H,~

6.05 ppm : s : 2 H ¢ NH, |

7-8 ppm : m : 9 H : 8 aromatic H + NHCO

EXAMPLES 20 AND 21

1-[ (2'-Carboxybiphenyl=-4-yl)methyl]-2-n-propyl-
4-spirocyclohexane~2-imidazolin-5-one and 1-[(2'-N-
cyanocarboxamidebiphenyl-4-yl)methyl ]-2-n-propyl-4-
spirocyclohexane-2~imidazolin-5-one

(I: R, = CO-NH-CN, R, = H, R, = n-C,H,,
CR_R_, = cyclohexane, X = 0)

A) Ethyl butyrimidate hydrochloride

,NH
CH3 - CH2 - CHz - q\ .. HC1
OC2aHs

This compound is prepared according to Mc
Elvain (J. Amer. Chem. Soc., 1942, 64, 1825-1827).

23 ml of butyronitrile are added at 0°C to a
solution of 10.6 g of gaseous hydrochloric acid in 20
ml of anhydrous ethanol and then, after the reaction
medium has been left to stand for 4 days at 0°C, it is
poured into 200 ml of anhydrous ether at 0°C, with
stirring; the precipitate formed is filtered off,
washed with ether and then dried'under vacuum to give
25.8 g of the expected product.

B) Ethyl butyrimidate

16 g of the imidate obtained in step A are
dissolved in 100 ml of dichloromethane and 50 ml of
water,. and 15 g of potassium carbonate are added.
After decantation, the dichloromethane is dried over



of 10 N sodi
et her,,
t he addltlon o
and the extract
at 50[err]C und

pr oduct .
CH err]
: H :

2

toluene

(nBu)
CH err]

sol ution. The aqueous phase is extrpdREPUAGEMENT SHEET

et er“aoaln - The aquequs phase .is acidifipd[T0 pH 271y
l !

180 181[err]C. - NMR spechggl 0.75 ppm: t : 3 H

Pkt aci d ardTHISESSHBEXtHASCBERN Wi t h Pt v nacelate |
vapor at ed.| The REPIACESol i d Qbtfi hed 78 dri‘ed
rcury to give 840 mg of The eXpeeted . .

1.10 ppm: sext : 2 H: CH[err] CH err]- 1720 pprm—quint
-CH err]-CH err]-

potassium carbonate and then evaporated off to dryness
without heating.
C) Ethyl ester of l-aminocyclohexane acid
l1-Aminocyclohexanecarboxylic acid is commer-
cially available. 15 g of this amino acid are added at
0°C to a solution of 23 g of gaseous hydrochloric acid
in 150 ml of anhydrous ethanol. The reaction medium is
refluxed for 5 hours and then concentrated to dryness
and the residue is taken up in ether. The white solid
obtained is filtered off, washed with ether and then
dissolved in a mixture of 300 ml of ether and 100 ml of
water. The pH is brought to 9 by the addition of a
solution of potassium carbonate. The organic phase is
decanted, washed with a saturated solution of sodium
chloride, dried over sodium sulfate and then evaporated
to dryness to give 14 g of the expected product in the
form of an oil.
D) 2-n-Propyl-4-spirocyclohexane-2-imidazolin-5-one
14 g of the product obtained in step C are
dissolved in 200 ml of xylene containing 0.6 ml of
acetic acid. Half the imidate obtained in step B is
added and the mixture is heated to the reflux point.
After 1 and a half hours, half the remaining imidate is
added and the last quarter is then added after 4 hours.
After a total reflux time of 7 hours, the medium is
evaporated to dryness. The solid obtained is taken up
in hexane, filtered off, washed with ether and then
dried. _
This gives 10.3 g of the expected imidazoli-
none. ' |
M.p. = 124-125°C.
- IR (CHC1,):
1715 cm—* C=0
1635 cm—*+ : C=
Note: The compound present in solution is indeed an



1.5-2 ppm: m: 8C : [err] 2.2 ppm: t @ 2 H: P
CHerr]-CHerr]-CHerr]-CHerr]- 4.6 ppm: s : 2 H: REPLACEMENT SHEZET
CHerr]-Cerr]Herr]- 7 ppm: s : 4H | fihkeneETEasrgB erg]l4 © 7.35-7.7
ppm: m: 4 H: aromatic Herr] An NOCH st udgreEIoWiEDr ns _t he {posi § EAtGofirthe
5-one sub- stitution on the imdazol e.~Dj Potassium salt ¢f

2-n-butyl -4-spirocycl opent ane- 1- : -
[(2'-(tetrazo|-5-y|)biphenyl-4-y|)nethylr-§3iﬁidazolin- 5- one 970

ng of the conpound obtained in the previous step are dissolved in 40 m of
an i sopropanol / et hanol :

imidazolin-5~one according to the wvalues of the IR
bands. '
E) 2-n-Propyl-4-spirocyclohexane-1~[(2/-tert-butoxy-
carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5~one
970 mg of the imidazolinone obtained in step D
are added to 0.24 g of sodium hydride as an 80% disper-
sion in o0il, suspended in 10 ml of dimethylformamide.
After stirring for 20 minutes under nitrogen, 1.91 g of
4~bromomethyl-2/-tert-butoxycarbonylbiphenyl, prepared
according to European patent application 324 377, are
added over 5 minutes. After stirring for 1 hour, the
medium is concentrated to half its volume under vacuum
and taken up in 100 ml of ethyl acetate and then in 20
ml of water. The organic phase is decanted, washed
with a saturated solution of sodium chloride, dried
over sodium sulfate and then concentrated under vacuum.
The residue is chromatographed on silica using an ethyl
acetate/toluene mixture as the eluent to give 2.10 g of
the expected product in the form of a wax. '
- IR (CHCl,): o
1705-1715 cm—2* : C=0, C=0 (ester, imidazolinone)
1635 cm-2 : C=N |
Analysis of the NMR spectrum confirms the structure.
F) 1-[(2'-Carboxybiphenyl-4-yl)methyl ]-2-n-propyl-4-
spirocyclohexane~2-imidazolin-5-one (Example 20)
1.25 g of the tert-butyl ester obtained in step
E are stirred for 45 minutes in a mixture of 11 ml of.
dichloromethane and 15 ml of trifluoroacetic acid.
After concentration under vacuum, the residue is taken
up in ether. The solid formed is filtered off, washed
with ether and then dried to give 1.04 g of a white
solid.
M.p. = 170-172°C.
- NMR spectrum:

i
3
!

7.10-7.80 ppm : m : 8 H : aromatic protons

- This-Sheet Has Been Repla
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m xture (1/1; v/v) and the pHis adjusted to 12 by the addft
sol ution of potassium hydroxide in a nmethanol/water m xtu RQ&AQ?M@WW ?%@

The reaction mediumis evaporated, the residue is taken up
propanol and the nediumis evaporated a .H[I'S SHEer ﬁ§§'BEEF1UlE i & dl§§‘€ﬁ"-i/é‘é‘?5 A

20 M of isopropanol, with gentle REPLACED

- 63 -~

4.90 ppm : s : 2 H N-CH_-C_H,.-

2.45 ppm : £t : 2 H CH,-CH_-CH_,-

1.40-1.80 pph :m : 12 H : spirocyclohexane + CH,-
- CH_,-CH_ -

0.90 ppm ¢ £t ¢ 3 H ¢+ CH,~CH_,-CH_—

1.60 g of the trlfluoroacetate obta:.ned pre~
viously are dissolved in 150 ml of ethyl acetate and 20
ml of water. 1 N sodium hydroxide solution is added to
bring the pH to 5.0. The organic phase is decanted,
washed with a saturated solution of sodium chloride,
dried over sodium sulfate and then evaporated to dry-
ness. The solid residue is taken up in ethyl ether,
filtered off and dried.

m=1.14 g.

M.p. = 208-210°C.

G) 1-[(2'-N-Cyanocarboxamidebiphenyl-4-yl)methyl]—2-
propyl-4-spirocyclopentane~2-imidazolin-5-one
(Example 21)

0.54 ml of thionyl chloride is added to 300 mg
of the compound pfepéred in the previous step, suspen-
ded in 5 ml of DCM. After 1 and a half hours, the
reaction medium is concentrated under vacuum and then
evaporated twice with benzene. The acid chloride thus
obtained is dissolved in 2 ml of dioxane and added to a
solution of 42 mg of cyanamide in 1 ml of dioxane con-
taining 0.2 ml of 10 N sodium hydroxide solution.
After 1 and a half hours, the reaction medium is dilu-
ted with 150 ml of ethyl acetate and 20 nl of water,
the pH is brought to 5 with acetic acid and the organic
phase is decanted, washed with a saturated solution of
sodium chloride, dried over sodium sulfate and then
evaporated to dryness. The residue is chromatographed
on silica using a chloroform/methanol/acetic acid mix-
ture (90/8/2; v/v) as the eluent to give 160 mg of the

expected product in the form of a solid.
. Thss Si:eet Has Been Replaced .
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- 38 - heating, and then left to return to roomtenperature.
is left to decant, the filtrate is evapora- ted and the resige
taken up in heptane. After trituration, thm;@rstp@gfptm;‘soédgfu [ SB P
filtered off and then washed again mﬁth ept ange@Eedy | ed yngde

- 64 -

- IR (KBr):
2150 cm—2» : C=N

~ Mass spectrum:
MH+ : 429

~ NMR spectrum:
7.20-7.70 ppm

m : 8 H : aromatic protons

4.75 ppm : s 2 H N-CH_,-C_H_ -

2.40 ppm : t 2 H: CH,~CH,-CH_-

1.30~1.80 ppm : m : 12 H : CH,~-CH,-CH_,~ and spiro-
cyclohexane

0.85 ppm : £t ¢: 3 H : CH,~CH_, ~CH,

EXAMPLE 22

1-[ (2’-(N-4-carboxy-1,3-thiazol-2-ylacetamide)-
biphenyl~-4-yl)methyl ]-2-n-propyl- 4~sp1rocyclohexane-2-
imidazolin-5-one

N .COOH
(I: R, = 4mNH-Q\ ll ,R, = H, R, = n~C_H_,
s -

CR,R. = cyclohexane, X = 0)

This compound is prepared from the compound
obtained in Example 20.

2-Amino-4-ethoxycarbonyl-1,3-thiazole is pre-
pared according to B. Plouvier et al., J. Heterocycl.
Chem., 1989, 26(6), 1646. '
A) 1-[(N-4-Carbethoxy-1,3-thiazol-2-ylacetamide)-
methyl ]-2-n-propyl-4-spirocyclohexane-2~imidazolin-5-
one ' :

500 mg of BOP and 0.14 ml of triethylamine are
added to a solution of 404 mg of the compound prepared
in Example 20 and 190 mg of thiazole derivative in 4 ml
of DCM and 1 ml of DMF. The mixture is stirred for 40

Th1s Sheet Has Been Rep laced
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vacuumto give 945 ng of the expected potassiumsalt. Mp.
- Elenental analysis: Cerr]Herr]KNerr]O Herr]O calc.

: 6.03 N: 17.34 found % 62. 02 THIS $BEET HAs Béel4
2-n-Butyl -1-[(2' - car boxybi phenyl -4-yl) ngt hyl |REPLACED

4- (4-spirotetrahydropyran)-2-imdazolin-3=one tri=——ftuoro
2-n-butyl -4-(4-spirotetrahydropyran)- - 65 -

1-[ (2" -tert-butoxycarbonyl bi phenyl - 4-yl) et hyl ] -

hours at room temperature and then 7 hours at 50°C.
The reaction medium is taken up in 50 ml of ethyl
acetate and washed twice with a KHSO_,-K,SO, solution,
then twice with a saturated solution of sodium bicar-
bonate and then once with a saturated solution of
sodium chloride. After drying over sodium sulfate, the
organic phase is concentrated under vacuum and the
‘residue is chromatographed on silica using an ethyl
acetate/toluene mixture as the eluent to give 120 mg of
the expected product.

M.p. = 96-98°C.

B)

0.5 ml of 2 N sodium hydroxide solution is
added to 110 mg of the product obtained in the previous
step, dissolved in 1 ml of methanol and 1 ml of diox-—
ane. After stirring for 35 minutes, the reaction
medium is diluted with 10 ml of water and 60 ml of
ethyl acetate and the pH is brought to 5 by the addi-
tion of 1 N hydrochloric acid. The- organic phase is
decanted, washed with é saturated solution of sodium
chloride, dried over sodium sulfate and then concen-
trated. The residue is taken up in ether, filtered off.
and dried. |

m = 100 mg.

M.p. = 145-148°C.
~ NMR spectrum:

8.0ppm : s : 1 H

H in the 5 position of the

| thiazole
7.1-7.7 ppm : m : 8 H : aromatic protons
4.7 ppm : s : 2 H : N-CH_,-C_H, -

2.25 ppm : t : 2 H : CH,~-CH_-CH,
1.2-1.8 ppm :'m : 12 H : cyclohexane and CH_,-CH_-CH,
0.85 ppm : t : 3 H : CH_-CH_,-CH,

This S 1ee: Has Been Rep laced
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| m dazol i n-5-one - Method 2 A) 4- Am not etrahydropyran- 4- carboxyllc acid is

pr epar ed fron1tetrahydropyran 4-one by the nethod descri be

| IT WI FIMII

patent DE 2 215 721. B) 4- (N Benzyl oxyc4TRAs¥HerT mAs seesal oREP AR Hydr GHEET

pyr an 1.015 g of the conpound of [ VA )
water and treated at 10[err]C with 1.22° ethyhanga .@Qg
then-3.33 g of N (benzyl oxy- carbonyl oxy)sussisi m de di ssolfvdd in 12" nf"’déf
aceto- nitrile. After 1 hour 15 m nutes, the reaction nedi ymt-s—di-tuted

with 70 M of ethyl acetate and 10 m of

EXAMPLE 23

2-n-Butyl-1-[ (2’~-(2-cyanoguanidinocarbonyl)-
biphenyl-4-yl)methyl ]-4-spirocyclopentane-2-imidazolin~

5-one

NH_

(I: R, = CONH-C=N-CN, R, = H, R, = n-C_H_,
0)

CR_ R, = cyclopentane, X

The acid chloride of the compound obtained in
Example 2 is prepared. 1 g of this compound is placed
in 20 ml of DCM, in the presence of 1.8 ml of thionyl
chloride, and the mixture is stirred at room tempera-
ture for 2 hours. After concentration of the medium,
the residue is taken up in benzene and the mixture is
then concentrated again. The crude product isolated is
then used. It is mixed with 417 mg of dicyanodiamide,
0.5 ml of 10 N sodium hydroxide solution, 0.5 ml of
water and 10 ml of dioxane and the mixture is then
stirred for 5 hours. The reaction medium is taken up
in water and ethyl acetate, potassium carbonate is
added and the mixture is then concentrated. The resi-
due obtained is chromatographed on silica using a DCM/
methanol mixture (95/5; v/v) as the eluent. 100 mg of
the expected product are isolated.

M.p. = 105°C. |

EXAMPLE 24
4-Benzylidene-2-n~butyl-1~[ ( 2’~carboxybiphenyl-
4-yl)methyl ]-2~imidazolin-5-one trifluoroacetate

(I: R, = CO_H, R, = H, R, = n~-C_H,, R,R, =
=CH-C_H,, X = 0)

This Sheet Has Been Replaced




water and the pHis brought to 2 with a saturated sol utiW.
bi sul f at e. After decantation, the organic phaseli §& Y S}HEE«’:[
saturated sol ution of sodiumchloride ﬁgg ?gﬁgl\/ﬁp\g%@a}qum fUr Tatr e ard—then

evapor at ed under vacuum The residue pg dcmpt h 60 eﬁ@? 190, fle
whi ch 7 nmmol of dicycl ohexyl ani ne ar etatded—TFtre—preciplt at e v

- 67 =

A) Tert-butyl 4-(l-benzylidene-~l-valerylaminomethyl-
amidomethyl )biphenyl-2-carboxylate

CO2tBu

n-C4Hg-CO-NH- C CO-NH-CH2~ C5H4_ﬁ¢
CH CgHs ==

Starting from N-Boc—&-dehydro-(L)-phenylala-
nine, the N-carboxyanhydride of a-dehydro-(L)-phenyl-
alanine is prepared according to R. Jacquier et al.,
Tetrahedron Lett., 1984, 25(26), 2775. p. . 644
mg of tert~butyl 4-aminomethylbiphenyl-2/-carboxylate
are added to a solution of 430 mg of this compound in 5
ml of THF, the mixture is stirred for 2 hours at room
temperature, 1 ml of methyl orthovalerate is then added
and the mixture is evaporated to dryness under vacuum
~without heating. The residue is heated for 3 hours at .
100°C, concentrated under vacuum and then chromato-
graphed on silica using a hexane/ethyl acetate mixture
(4/1; v/v) as the eluent to give 580 mg of a white
solid. '

M.p. = 154°C.
=~ NMR spectrum: This Sheet Has BeenP

LD | (1]

2ppm : £t : 2 H: CH,-CH,-CH_,~CH_-CO

4.4 ppm : 4 : 1 H : CH_~-NH

6.8 ppm : s : 1 H : CH (=CH~C_H_)
B) 4-Benzylidene-2-n~butyl-1-[(2/~tert-butoxycarbonyl-
biphenyl-4~yl)methyl] -2-imidazolin-5-one

440 mg of the compound obtained in step A are

dissolved in 1 ml of acetic acid and heated for 30
minutes at 100°C.

The solution is evaporated to dryness under



- 39- formed is filtered of f and washed with ether; it is then dissol ved

I n an ethyl

acetate/water m xture and the pH-is ”'Uuﬁﬁ%NL) 1 5—Wi-t-h—a
saturated sol ution of potassium bisulfa éﬂﬂS$H§E5ﬁéé
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vacuum and the residue is chromatographed on silica
using a hexane/ethyl acetate mixture (4/1; v/v) as the
eluent to give 130 mg of the expected product in the
form of an oil. '
- NMR spectrum:

4.9 ppm : s : 2°H : CH, (N-CH,-C_H, -)
C)

100 mg of the compound obtained in the previous
step are dissolved in 1 ml of DCM, 1 ml of trifluoro-
acetic acid is added and the mixture is then stirred
for 40 minutes at room temperature and evéporated under
vacuum. The residue is taken up several times in DCM

and then evaporated. A white solid precipitatés on the
addition of ethyl ether.

m = 101 mg.
M.p. = 85°C.
- Mass spectrum:
MH+ : 439
- NMR spectrum:
0.82 ppm : £t : 3 H : CH, (nBu)
1.3 ppm : sext : 2 H : CH,-CH_,-
l.6 ppm : m : 2 H CH,~-CH,-CH_-
2.6 ppm : £t ¢ 2 H: CH,~CH,-CH_~CH_~
4.82 ppm : s : CH,~C,H, .-
1 H : =CH-C_H_
7.2-8.2 ppm : m : 13 H : aromatic protons

N
o

7.05 ppm : s

EXAMPLE 25
4-Benzylidene-1~[ (2’-carboxybiphenyl-4-yl)-
methyl ]-2-phenyl-2-imidazolin-5-one

(I: R, = COH, R, = H, R, = CH,, R.R, =
=CH-C_H,, X = 0)

"This Sheet Has Been Replaced
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washed with a saturated solution of sodiumchloride and evaporated under

vacuumto give 1.9 g of a white solid. Mp———211t0—335f . MER P
N-(2' - Tert - but oxycar bony! bi phenyl - 4- y| mef 1§ SHEERNHAS "BEEN REPLACEMENT SHEET
benzyl oxycar bonyl ani no) t et r ahydr opyr an- 44{car bok &D 50 ng of the

conpound prepared in step B are dissolved g 15 nl of DWF, and eqdi 3G 1995
anounts of 4- am nonethyl-2'-tert-but oxycar onyl bi phenyl, Dl and t hen
BOP (10% excess) are added. After 40 minutes, the mediumis tpkeén Up 1 n 200
m of ethyl acetate and 200 ml of water. The organic phase is| decanted and

then washed tw g¢ wibBnay3atehat-g@dphehytbrazeh-8odhem bi -

1.8 g of hippuric acid and 0.4 g of potassium
bicarbonate are dissolved in 4 ml of acetic anhydride,
the solution is heated for a few minutes at 50°c'and
then cooled to room temperature and 1.49 g of benz-
aldehyde are added. After 1 hour at room temperature,
20 ml of distilled water are added at 80°C. The solid
which precipitates is filtered off, washed with water
and ethanol and then dried to give 1.24 g of the
expected product in the form of a yellow solid.

M.p. = 215°C. '

- NMR spectrum:

7.4 ppm : s : 1 H : =CH-C_H_

8.1-8.4 ppm : m : 10 H : aromatic protons
B) Tert-butyl 4-(l-benzoylamino-l-benzylidenemethyl~-
amidomethyl )biphenyl-2’~carboxylate

A nmixture containing 500 mg of the compound
obtained in the previous step, 570 mg of tert-butyl 4-
aminomethylbiphenyl-2'~carboxylate and 10 ml of pyri-
dine is heated at 110°C for 3 hours. It is evaporated
under vacuum, the residue is taken up in chloroform and
the mixture is then evapofated again. The residue is
chromatographed on silica using a hexane/ethyl acetate
mixture (3/1 then 2/1; v/v) as the eluent to give 106
mg of the expected product in the form of a yellow
solid.

- NMR spectrum:
l.1ppm : s ¢: 9 H : tBu
4.3 5 ppm ¢ t ¢: 2 H : ~CH_ -NH
7.05-7.06 ppm : m : 19 H : aromatic protons +
C_H_-CH=
8.65 ppm : t ¢ 1 H : NH-CH,
9.9 ppm ¢ s : 1 H : NH-CH=
o) _ | .
A mixture of 1.2 g of the compound obtained in

This Sheet Has Been Rep: lacPd
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carbonate, twce with a 5% solution of sodium bisul fate andft] _

a saturated solution of sodiumchloride. _After drying Vi ﬁﬂﬁ@%@ﬂ@ﬁﬂm%hgff
sul fate, the organic phase is evapor at el THISISHERTAB&4BEED |gj v 1.8 g of th
expected product. D) N-(2'-Tert-butoxycal bony|REPBASE] - 4- | hyll 3 NOV 1995
am not et r ahydr opyr an- 4- car boxam de The product obtajned in step C
is dissolved in 30 ml of nethanol. 400 ng p§ 40% pal | adi um pn=ctrarcoal— ar €
added and the mi xture is hydrogenated at atnos- pheric presbure. After 1

hour, the catalyst is fil- tered off and the filtrate is then concentrated
under
the previous step and 1.1 g of freshly melted sodium

acetate is refluxed for 6 hours in 5 ml of acetic acid.
It is left to cool and an insoluble material is then
precipitated by the addition of chloroform. The fil-
trate is evaporated and the residue is chromatographed
on silica using a c_hloroform/methanol mixture (98/2:
v/v) as the eluent. The solid obtained is recrystal-
lized from ethyl ether.
m = 692 mg.
M.p. = 120°C.
- NMR spectrum:
4.95 ppm : s : 2 H : CH -C.H_ -
7.1-8.3 ppm : m : 19 H : aromatic protons + =CH-C_H,

EXAMPLES 26 AND 27

2-n-Butyl-1-{(2’~(2-methyltetrazol-5-yl)bi-
pheny1-4—y1)methy1]-4-spirocyclopentane-2—imidazolin-sf
one (Example 26) and 2-n-butyl—1-[(2'—(1—methylt§tra—
zol-5-yl)biphenyl-4-y1l)methyl ]~4~spirocyclopentane-2-
imidazolin-5-one (Example 27)

In 10 ml of DMF, 500 mg of the compound pre-
.pared in Example 5 are mixed with 58 mg of sodium
hydride, the mixture is stirred for 30 minutes, 179 ng
of methyl iodide and 2 ml of DMF are then added and the
mixture is stirred at room temperature for 4 hours.
The reaction medium is concentrated and the concentrate .
is taken up in water and then extracted with ethyl
acetate. The extract is dried over sodium sulfate and
filtered and the solvent is evaporated off. The resi-
due is chromatographed on silica using a hexane/ethyl
acetate mixture (6/4; v/v) as the eluent. 2 fractions
are isolated: | _

90 mg of the compound of Example 26

and 184 mg of the compound of Example 27

This Sheet Has Been Replaced
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vacuum The residue is chronatographed on silica using an ethyl
acet at e/ met hanol / 33% aqueous ammonia mxture (99/1/0 5; v/ —oas e -
eluent to give 0.93 g of the expected p oﬁusmHEHT&hélﬁﬁ%h1of Q ¢

EnGEe 0 SEET
Mp. = 125-127[err]C. - NVR spectrum  |8.50 RPPRACED : 1H|: jarfide H
| 13 ROV 1995

- 71 - i

- NMR spectra:

Example 26
s Sheet Has Been Replaced

12 bom et 1 2 H ¢ et Hllllll I Il

1.4 ppm : quint: 2 H : CH,-CH,-CH,~
1.5~1.9 ppm : m : 8 H : cyclopentane
2.25 ppm : t 2 H: CH,~CH_,~CH_~CH_~-
4.15 ppm : s : 3 H : N-CH, '

4.6 ppm : s : 2 H : -N-CH,-C_H .~

7 ppm : AA', BB!’ system : 4 H : CH_-C_H_ -
7.3-7.75 ppm : m ¢ 4 H : CH,-C.H,-C_H, -~
Example 27

0.7 ppm : t : 3 H : CH, (nBu)

1.15 ppm : sext ¢: 2 H : CH,~CH,-

1.38 ppm : quint : 2 H : CH,~CH_-CH_-
1.5-1.9ppm ¢t m : 8 H : cyclopentane

2.2 ppm : £t : 2 H : CH,~CH,~CH_ ~CH_~
3.35ppm : s : 3 H : N-CH,

4.6 ppm : s : 2 H : N-CH_,-C_H,

7 ppm : AA’, BB’ system : 4 H : N-CH_-C_H, -
7.4-7.8 ppm : m : 4 H : CH,-C,H -C_H_ .~

EXAMPLE 28

2-n-Butyl-6-spirocyclopentane-3-[ (2’~({tetrazol-
5-y1)bipheny1-4-y1)methyl]-4(1H)-5,s-dihydropyrimidin-
4~-one
A) Ethyl cyclopentylideneacetate

6 g of 80% sodium hydride are placed in 40 ml
of benzene, and' 57.1 ml of ethyl triethylphosphono-
acetate are added dropwise at a temperature below 35°C.
After 1 hour at '1_'oom temperature, 24.3 ml of cyclo-
pentanone are added dropwise. The mixture is heated at
65°C for 15 minutes and then cooled to room temperature
and the supernatant liquor is decanted. 25 ml of
benzene are added, the mixture is heated at 65°C for 15



- 40 - 7.60-7.05 ppm: m: 8 H: aromatic H 4.25 ppmaepe; deeas ET
Jerr]-Cerr]Herr]- 3.70-3.50 ppm: _m. 4 H: CHerr] nnRPLg‘C MENTISHE
posi - THIS SHEET HAS BEEN .
REPLACED 12 NOY 1995
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minutes, cooled and decanted and the supernatant liquor
is then recovered. The operation is repeated once.
Evaporation of the liquors gives 42 g of the expected
product, which is distilled. _ -

B.p. = 102°C under 11 mm of mercury.

m = 22.8 g.

- B) (l1-Aminocyclopentyl)acetamide

150 ml of gaseous ammonia are added to 20 g of
the ethyl cyclopentylideneacetate prepared previously
and the mixture is heated at 150°C for 72 hours. The
product obtained after evaporation is purified by
chromatography on silica wusing a DCM/methanol/20%
aqueous ammonia mixture (90/10/1; v/v/v) as the eluent.
The product obtained is dissolved in DCM and the
solution is dried over sodium sulfate. It is filtered
and the DCM is evaporated off to give 7.2 g of the
expected product.

C) 2-n-Butyl-6-spirocyclopentane44(1H)-5,6-dihydropyri—.
midin-4-one '

A mixture containing 4.57 g of the (l1-amino-
cyclopentyl)aéetamide prepared previously, 25 ml of
methyl orthovalerate and a few drops of acetic acid is
heated at 100°C for 18 hours. After evaporation of the
excess orthovalerate, the residue is taken up in an
ethyl acetate/sodium'bicarbonaté mixture, then washed
with an agqueous solution of sodiqm chloride, dried that
(sic) sodium sulfate and then purified by chromato-
graphy on silica using a DCM/methanol mixture (98/2:
v/v) as the eluent.

=5 g.
- NMR spectrum:
0.75 ppm ¢ £t ¢ 3 H : CH, (nBu)
1.2 ppm : sext : 2 H : CH,~CH,~
1.3-1.8 ppn : :'10 H : CH,-CH,-CH, and cyclopentane

m
2ppm : t : 2 H: CH,-CH,-CH,~CH_-

This Sheet Has Been R eplaced
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tions of the tetrahydro- pyr.an 2.00-1.80 ppm

. m: 4 H: CHerr] inthe 3 and 5 posi _ ]
of the tetrahygro-] P '““Sﬁ;§?r§£SBEEN1,05 )pﬁ?m$§EMBNfﬂﬁEET
:tBu E) 2-n-Butyl-4-(4-spirotetrahydrop 2 =Tert-

but oxycar bonyl bi phenyl - 4-yl ) met hyl ] - 2-i m dazol i n- 5- one A M 3tN0\,e1995
containing 0.9 g of the conpound obtai ned7Bn=step D, 327 ng o{ fethyl

orthoval erate and 2 drops of acetic acid is heated for 3 hour$ at
110[err]C. The reaction nmediumis taken up in 100 m of ethyl

2.15 ppm ¢ s ¢+ 2 H : CH,-CO

9.95 ppm : sb : 1 H : NH

This compound is the one obtained in Example 10, step

c. _
D) 2-n-Butyl-4-spirocyclopentane-1-[(2'~(triphenyl-
methyltetrazol-5-yl)biphenyl-4-yl)methyl ]pyrimidin-6-
one

327 mg of 80% sodium hydride in 30 ml of DMF
are mixed for 30 minutes under nitrogen with 1.5 g of
the pyrimidinone prepared previously, and 5.27 g of 4-
bromomethyl-2/-(triphenylmethyltetrazol-5-yl)biphenyl

* are added. After stirring for 4 hours at room tempera-
ture, the solvents are evaporated off and the residue
is taken up in ethyl acetate and water, dried over
sodium sulfate and concentrated. The product obtained

_ is purified by chromatoyraphy on silica using an ethyl
acetate/hexane mixture (3/7; v/v) as the eluent.

m= 3.2 ¢g.

E) '

3 g of the compound obtained in the previous
step are placed in 15 ml of methanol, the mixture is
cooled in a water/ice bath, 2.2 ml of 4 N HCl are added
and the mixture is stirred for 5 hours at room tempera-
ture. After evaporation, the residue is taken up in
ethyl acetate and water, and sodium hydroxide solution
is then added to give a basic pH (pH 11). The mixture
is left to decant and the aqueous phase is washed with
ethyl ether and toluene and then ether again. This
aqueous phase is brought to pH 5 by the addition of
dilute hydrochloric acid and is then extracted with
ethyl acetate and the extract is dried and concentra-
ted. The product obtained is purified on silica using
a DCM/methanol mixture (95/5; V/v) as the eluent to
give 800 mg of the expected product.

' This Sheet Has Been Replac
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acetate, then washed with a saturated sol ution of sodi um

bi carbonat e..and—a

sat urated sol uti on of sodluntchlorlde ang
and the et Tiy4 Shegt

T

chromat ogr a
v/v) as the
wax

CT

apor ated of f.

ﬁ' T sodi qmtﬂﬂtmhe SHEET
z ed
ACce S nixttre Qgﬂ?

u5|ng an et hyl
ﬁﬂ"i 550 rrg of the expect ed product initHe fior l‘&fwg‘f’

- NWR spectrum 0O ppm: . aromatic H | 4.63 ppm .S
2 H: CH[err] C[err]H[errP 3. 85- 3. 55 p nt m: 4 H: CHerr] in the 2
and 6 posi - tions of the tetrahydso

- NMR spectrum:
0.85 ppm : t : 3 H : CH, (nBu)
1.30 ppm : sext : 2 H : CH,~CH,
1.40-1.95 ppm : m : 10 H : cyclopentane and
CH_,-CH_~CH_,-CH,

2.30 ppm : t : 2 H : CH,-CH,-CH_-CH,
2.55 ppm : s : 2 H : CH,-CO

4.95 ppm : s : 2 H : N~CH,~-C_H_ -
7.05 ppm : m : 4 H : CH,-C_H_-

7.55-7.82 ppm : m : 4 H : CH,-C_H,-C_H,_ -

EXAMPLE 29 .
2-n-Butyl-3~[ (2/-carboxybiphenyl-4-yl)methyl ]~

- 5-spirocyclopentane~5(1H)-5, 6-dihydropyrimidin-4-one

trifluoroacetate
A) Ethyl 1—cyanocyclopentanecarboxylate

This compound is prepared according to Helv.
Chim. Acta, 1952, 35(7), 2561.

9.2 g of sodium are dissolved in 200 cm® of
absolute ethanol. Half the solution of sodium ethylate
formed is poured into a funnel. 24.88 g of ethyl
cyanoacetate are added to the remaining half and the
mixture is brought to the reflux point.

43.19 g of 1,4-dibromobutane are poﬁred into

‘another funnel and the solution of sodium ethylate and

the 1,4-dibromobutane are simultaneously added dropwise
to the reaction medium. When the addition is complete,
reflux is maintained for 2 hours. The mixture is eva-
porated and the residue is taken up in an ethyl ether/
water mixture, washed with a saturated solution of
sodium chloride and then dried. The product obtained
distils at 115-120°C under 11 mm of mercury.

m = 24 g.
B) Ethyl l-aminomethylcyclopentanecarboxylate

This compound is prepared by the catalytic




pyran 2.30 ppm: t : 2 H: CHerr]Cferr]Herr] 1.05-1.80 ppm: m: 8 H:
CH err] - CH[errf—GHEe%#%»CHLeLLL_and CHerrl_in

the 3 and 5

1.03 ppm:

SpOSI Teeﬁi o C: | H RGOEED ) e} 1) - prrerT]
T uf‘i‘n
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hydrogenation of ethyl 1l-cyanocyclopentanecarboxylate.
' 20 g of ethyl 1-cyanocyclopentanecarboxylate
are placed in 200 ml of a 10% solution of ammonia in

_ ethanol and hydrogénated at 60°C under a pressure of

100 bar in the presence of rhodium-on-alumina for 72
hours. After filtration on cellite® and evapora-
tion, the residue is chromatographed on silica using a
DCM/methanol/20% équeous ammonia mixture (98/2/0.5;
v/v/v) as the eluent.

m=12.8 g.
C) 2-n-Butyl-5-spirocyclopentane-4(1H)-5,6-dihydropyri-
midin-4-one

A mixture containing 13.12 g of the'compouhd

- obtained in the previous step and 13.5 g of ethyl

valerimidate in 100 ml of xylene containing a few drops
of acetic acid is refluxed for 13 hours. The reaction
medium is evaporated and the residue is .taken up'in
ethyl acetate and a 10% solution of sodium carbonate
and then dried and concentrated. '
= 14 g.
M.p. = 89-91°C.

- NMR spectrum:

0.80 ppm ¢ t : 3 H : CH, (nBu)

1.10-1.80 ppm : m : 12 H : CH,-CH_-CH_- and cyclo-

pentane |

2.05 ppm : t : 2 H : CH,~CH_~-CH_-CH_-

3.20 ppm : s : 2 H : CH, (pyrimidinone)

10 ppm : 1 H : s : NH-CO
D) 2-n-Butyl-5-spirocyclopentane-3-[ (2/'-tert-butoxy-
carbonylbiphenyl~4-yl)methyl}-4(1H)-5,6-dihydropyrimi-
din-4~-one _

500 mg of the product obtained in the previous

step are placed in 40 ml of DMF in the presence of 115
mg of an 80% dispersion of sodium hydride in oil, under

argon, and stirred at room temperature for half an
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hour. 1.08 g of 4-bromomethyl-2/-tert-butoxycarbonyl-
biphenyl are added and the mixture is stirred for 2
hours. After evaporation, the residue is taken up in
an ethyl acetate/water mixture, washed with a saturated
solution of sodium chloride and then dried, concentra-
ted and chromatographed on silica using an ethyl
acetate/hexane mixture (3/7; v/v) as the eluent.

m = 280 mg.

E)

250 ml of the tert-butyl ester prepared in the
previous step are dissolved in 10 ml of DCM. The solu-
tion is cooled in a bath of iced water, 5 ml of cold
trifluoroacetic acid are then added and the mixture is
-stirred for one hour in the cold and then 1 hour at
room temperature. It is evaporated under reduced pres-
sure. The residue is taken up in ethyl ether and then
evaporated. The Operétion is repeated 3 times, the
evaporation residue is then taken up in hexane and tri-
turated and the hexane is then decanted. The product
is taken up in-ethyl ether and the precipitate is fil-
tered off. _

m = 190 mg.

M.p. = 153-155°C.

- NMR spectrum: '
c.85 ppm : t : 3 H : CH, (nBu)
1.35 ppm : sext : 2 H : CH,~CH,-
1.45-2.20 ppm : m :.10 H : CH,~CH,-CH.~- and cyclo-
pentane

2.80 ppm : t ¢ CH,~-CH,-CH_~CH_-
3.80 ppm : s : ¢t CH, (pyrimidinone)
5.15 ppm : S : H : N-CH_ -

7.25 ppm : m : H : aromatic protons

- This Sheet Has Been Replaced .
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F) 2-n-Butyl-4-(4-spirotetrahydropyran)-1-[(2'-tert-
but oxycar bonyl bi phenyl - 4-yl ) met hyl ] - 2- i IMrdR&zSHEPT- IDADBEEN

REPLACSMENTITSHEET

t he product obtained in the previous stlep ar@eprgeeged w tlh] 4 m—of
di chl oronet hane and 5 m of TFA for 45 ™MNUTEs. ATTEr evappr itl ﬁﬁfig&?
vacuum the residue is taken up in ether gnd the precipitate 6
filtered off, washed with ether and thefi d7i & under vacuun give 510
of the expected pro- duct. Mp. = 159-162[err]C. - NWR speftrum
Table 1
R4
RS_L__N
/J R3 H (or R2) Rl
O/A\ /J_ (1)
(Ex.) R, R, CR, R salt | M.p. °C
(30) COH n-C,Hy cyclohexane TFA 172-174
(31) CO,CH, | n-C Hg cyclopentane - 86-87
(32)* | CO.H n-C Hy C(CH4)CgHg TFA 55-60
(33) CO_H n-CH, C(C Hg), TFA 82-84
(34) CO,H n-C,H, cyclopentane | TFA 164
(35} (¥*) n-C Hy cyclopentane - 163-164
(36) COH CeHyg cyclopentane | TFA 178
(37) COH n-C,Hg cycloheptane | TFA 160-162
(38) Co,H CH; cyclopentane | TFA 140
(39) CO_H n-CHy cyclopropane - 204-205
(40) ~ |tetrazol- -CH,-CH,, - cyclopentane - 110
5-y1 CH~CH,
(41) (tetrazol-|{ n-C/Hg cyclohexane - 130
5-yl
(42) |tetrazol-| n-C,H, cyclohexane - 141
5-y1 _
(43) COH cyclo- cyclopentane | TFA 82-88
pentyl
(44) CO_H n-CgH,, cyclopentane | TFA 151
(45) CO,H CH,-CgHy cyclopentane | TFA 88
(46) CO H | H cyclopentane - 230
(47) CO,H n-C Hy cyclobutane TFA 178
This Sheet Has Been Replaced

|II||| L




7.80-7.10 ppm: m: 8 H: aromatic H 4.80 ppm: s : 2 H:
CHerr]-(Jerr]Herr]- 4.00-3.75 ppm: M—4-HCH err] in the 2 and 6 i
posi - ti ons | ofHI} REEERHAABEENO} REPLACEMENT SHEE
pyran 2.60 ppm: t : 2 H: CHerr]-d er{]H erREPLACED45- 2. 00 -pp A~ x '—SlHLET
CHerr]-CHerr]-CHerr]-CHerr] and CHerr] in :
the 3 and 5 positions of - 78 - the tet 'a1yd‘r6[5‘ﬂ\’aﬂﬂ%
1.30 ppm: sext : 2 H: CHerr]-CHerr]-CHerr]-CH err] 0.80}ppm_ t : 3
H: (CHerr])[err]-CH err]
(48) CO,H n-C Hy cyclododecane| TFA 130-135
(49) CO,H n-C Hy 2-adamantane | TFA 164-166
(50) CO,H n-C H, 4-phenyl - TFA | 155-157
' cyclohexane
(51) COH n-CHy 4-methyl- TFA 198-200
cyclohexane
(52) COH n-C Hy N-acetyl-4- TFA 90-95
piperidine
(53) COH C,F, cyclopentane - 141-143
(56)% | COH | n-C,H, g:_\/-/_>_cp3 - | 207-209
CH3 \—
' C.Jéﬁ §\..Cl
(55)* COH n-C Hg \\ TFA 105
_ H3 N\
' | - /_\N co
(56) CO_H n-CHy - B TFA 95-105
N\ s
57 : <-\ N-CO-GH-NH2
(57) CO,H n-C Hy _/ CH-CaH3 TFA | 125-135
' CHs
(58) COH n-C,Hy <\N-FO TFA 85-90
—/ CgHs

*% R, = H and R, = CO,H :
* These compounds have an asymmetric carbon and are isolated in
the form of a mixture of optical isomers.

- This Sheet Has Been Replaceéd -
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EXAMPLE 7 2-n-Butyl -1-[(2' - car boxybi phenyl - 4-vyl| ) net hyl CET
4-[ spi ro( 1- benzyl - 4- pi peri di ne) ] - 2- i M dazOHTT GrenaAs BEENQr  REPLACEMENT, SHEE!
2-n-butyl -4-[spiro(1-benzyl -4- © " REPLACED
pi peridine)]-1-[(2' -tert-butoxycarbonyl bilpheryt=4=yt 7" 13 NOV 1995
met hyl ] -2-i m dazolin-5-one - Method 1 A
4- Am no- I-benzylplperldlne 4-carboxylic acid is pre- pared fiom

N- benzyl pi peri di n-4-one by the nethod desc??bed in Gernman patent DE 2 215
721. :

WHAT Cc M I

This Sheet Has Been Replaced

1. A compound of the formula l"ﬂll"lnlllulul
Re
s (SHZ)t
z(CH2) N
' ” R3 RZ (I
N )

in which:

- R, and R, are similar or different and are each inde-
pendently hydrogen or a group selected from a C,-C_
-alkyl, a C,-C, alkoxy, an amino, an aminomethyl, a
carboxyl, an alkoxycarbonyl in which the alkoxy is
C,-C,, a cyano, a tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a trifluoromethylsulfonylamino, _
a trifluoromethylsulfonylaminomethyl, an N-cyano-
acetamide, an N-~hydroxyacetamide, an N-~(4~carboxy-
1,3-thiazol-~-2-yl)acetamide, a ufeido, a 2=-cyano-
guanidinocarbonyl, a 2-cyanoguanidinomethyl, an imi-
dazol~1-ylcarbonyl and a 3-cyano-2~-methylisothio-
ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen;

- R, is a hydrogen, a C,-C_, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
C,-Cs alkenyl, a C_,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C_,, or a phenyl-
alkenyl in which the alkenyl is C_~C,, said phenyl
groups being' unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,~-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a

hydroxyl or a C,-C, alkoxy;
AU
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R, and R, are each independently a C,-C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atons or'by a group selected from a C,-C, perfluoro-

“alkyl, a hydroxyl and a C,-C, alkoxy;

or R, and R, together form a group.of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,-C, alkyl or a phenyl;

or else R, and R, together are either a group of the
formula (CH_,), or a group of the formula (CH.)_ Y-
(CH,)q, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl'in which the
alkyl is C,-C,, or a group N-R_, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is c¢,-C,, a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and R,, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane:;

+ g = m;

is an integer between 2 and 11;

is an integer between 2 and 5;

is an oxygen atom or sulfur atom; and

and t are zero or one is zero and the other is one;

and its salts.

2.

A compound according to claim 1 characterized in that Rl is in the

ortho position and is a carboxyl or tetrazolyl group
and R, is hydrogen.

3.

A compound according to claim 1 or claim 2 characterized in that

R, and R, form a cyclopentane or a cyclohexane with the
carbon to which they are bonded.

4.

A compound according to any one of claims 1 to 3

AR




B) Ethyl 4-am no- 1J3e,n,7__¥l—p+per| di ne-4-car boxyl at e 380 g o1
REPWAREMERT oSHEET

corrpound e ar Qed[& are added to_a. sol et éi gjo

acid in 5 O[ err] C andf tries ﬁﬂE&TuE%g' S thenirgfluxed for 5

hours. Aft on under vacuum__t_h;éiﬁféé' IGewi shéd gt hoyethet

and then di ether/water mixture, to which a satjutated sol ution

of potassium carbonate is added to bring she-pH to 9. The etther—phase-is
decant ed, washed with a saturated solu- tion of sodiumchlodide, dried over
sodi um sul fate and then evaporat-ed to dryness to give 3.50 g of the
expected product in the formof an oil.

characterized in that R3 is a linear Cl--C6 alkyl group.
5. A compound according to any cne of claims 1 to 4
characterized in that X is oxygen. '
6. A compound according to any one of claims 1 to 5
characterized in that z = t = 0.
7. A compound according to claim 1 characterized in that it is the
2-n-butyl-4-spirocyclopentane-1-( (2'-(tetrazol-5-yl)biphenyl-4-
y1l)methyl)-2-imidazolin-5-one or one of its salts with acids or
bases. '
8. A method of preparing a compound (I) according to
any one of claims 1 to 7, characterized in that:

al) a heterocyclic derivative of the formula .

in which 2z, t, R,, R, and R, are as defined for (I) in
claim 1, is reacted with a (biphenyl-4-yl)methyl deri-
vative of the formula

Hal-CHj //—L\/L_/—!—\\

in which Hal is a halogen atom and R’, and R’, are res-
pectlvely either R, and R, or a precursor group of R,
and R,

bl) if appropriéte_, the resulting compound of
the formula

* 4 L L S *



- NMR spectium 7.20-7.40 nnn1 5 =g

SRRl |
: CHerr]- CHer 3 45 : fg LI
ppm: m: cFﬂe 2 and 6 ' _ D
tions of the |80 2.05 ppm: m: ']
posi - 1. 20 2 H) tions af ghe piperidine

3 H: CHerr]- CH[err] C) 2-n- ‘Butyl -4-[spiro(l-benzyl -4-pi eridine)]-2-|M-

EPRAGEMENT, SHEET

n Thel8Yaisess
12 ppm: t :

BExarpl-e—2,

dazol i n-5-one Ethyl valerimdate is prepared as in

is treated with Lawesson’s reagent [2,4-bis(4'-methoxy—
phenyl)-1,3-dithia-2,4~diphosphetane 2,4-disulfide};

and ,
cl) the compound obtained in al) or bl), of the
formula '
R4
Rs.]
37—(C\H2)t
z(CHz) N

A T

OO

in which X is an oxygen atom or a sulfur atom, is
treated to give the compound (I) by conversion of the

groups R’, and/or R'’, to the groups R,
respectively.

and/or R,

9. A method of preparing a compound (I) according to

any one of claims 1 to 7, characterized in that
a2) an amino acid of the formula

R4\\ //(CHZ)t'NHPr

I
257 (Cip),
COOH

-

O O A

N




step A. 2.06 g of ethyl valerimdate, 3.40 g of the_ nd prepared I n

el

step B and 8 drops of acetic.acid are mx s fepNy| e u.||u 1
mxture is re- Tﬂldshedﬂﬂa@eeﬂ%dmms After con%gggngtEgn under MEM&{\H SHEET
residue is chro m Emﬁm |I|ca gel Lusi-rg—a—ehtoroforn netfianol / aceti c
acid m xture. v) as the el uent 2.80 g of theje 199
product are obt a er extraction with chloroformat pH 9| tp )r(‘ggng"wwé
acetic acid. Mp = 170-172[err]C. - IR &3 oroforn): 1725 chH-et++——=¢€

T . u—U

in which 2z, t, R, and R, are as defined for (I} in
claim 1, and of which the amine group is protected by
the Pr group, is reacted with a (biphenyl-4-yl)methyl-
amine derivative of the formula

in which R’, and R’, are respectively either R, and R,
or a precursor group of R, and R.;

b2) after deprotection of the amine, the resul-
ting compound of the formula

o

R.'.\ 0
P (cuz)z-c NH-chiy _f  \ </ A\

Rs (CHp)e-NHp =

is then treated with an alkyl ortho-ester of the
formula R,C(OR), (10), in which R, is as defined for
(I) in claim 1 and R is a C,-C, alkyl;

c2) if appropriate, the resulting compound of
the formula |

Ry :
Rs L (ciiz)e
z(CHz) N

K /_R3 R'2
(8

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-

AT D A
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phenyl)-1,3-dithia~2,4-diphosphetane 2,4-disulfide];
and ' '

d2) the compound thus obtained in b2 or c2, of
the formula '

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R’, and/or
R/, to the groups R, and/or R, respectively.
10. A method of preparing a compound (I) according to
claim 6, characterized in that

a3) a (biphenyl-4-yl)methyl derivative of the
formula '

in which Hal is a halogen atom and R’, and R’, are res-
pectively either R, and R, or a precursor group of R,
and R,, is reacted with an imidazole derivative of the
formula |

[T :



1640 cn{err] : C=N - NMWMR spectrum 7.10-7.30 ppm: m: 5 H

3.45 ppm : : 2-H+——CHerr-¢CrerrIHerr ] . LelQ22.75 ppT: 5R L%E%E{bﬁ EHEET
CHlerr] in the 2, THIS SHEET HAS BEEN | 6 ppsi tions of

t he ’Ihi%’She%tl%ﬂ%eenReplaced_ pi pek i i di ne and 13 NOY 1995
(CHerr])[err]- Hllmummﬂmmlp t : 3H: (CHerr])[err]} H[err] D)
2-n-Butyl-4- spiro

tert - but oxycar bonyl bi phenyl - 4- yl)npthyl] 2

erldlnel] % L(2"-
m dazol i n- 5-one€

in which R,, R, -and R, are as defined for (I) in claim
1, in the presence of oxygen and UV irradiation and in
a basic medium;

b3) if appropriate, the resulting compound of
the formula '

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-l,3-dithia-2,4-diphosphetane 2,4~-disulfide];
and : '

c3) the compound thus obtained in b3 or c¢3, of
the formula | |

R4
R5X~IN
| ' '
x)\N/—-R3 f 2 T 1 o
N TN
o\ =/

is then treated under suiﬁable conditions for preparing
the compound (I) by conversion of the groups R’, and/or
R', to the groups R, and/or R, respectively.

11. A compound of the formula

/

N W



513 nmg of sodium nethylate and, after 15 mnutes, 4.16 g of

4-brononet hyl -2' -tert-butoxycar- bonyl bi phenyl are added to a pettiitoR—of————

2.78 g of the conpound obtained in step gg The| rREREACEMINT SHEET

medi um i s heatedat 40[err].C for 5 hours ﬁg;ﬂA@ en Uy in BOP~T of

ethyl acetat qhBEHberHasB\Een\BaﬁE?d and 5 nl o tion OL 08 b0 1996,
a

se i s decanted, washed once nore Wt

bi car bonat e.
saturated solu chl oride, dri%&d over sodi um sul f af eland
evapor at ed -und uun1 The resi- due is chromat ographed on stlica using

an ethyl ace- tate/nethanol mxture (95/5; v/v) as the eluent to-grve

R4
RS}——-(Qﬂz)t
ZCfﬂz) N
| (II)
XJA\ "

N
!

H

in which:

- R, is a hydrogen, a C,-C_, alkyl which is unsubsti- 
tuted or substituted by one or more halogen atoms, a
C,-C, alkenyl, a C_,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
alkenyl in which the alkenyl is C_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,~C, alkyl, a
C,-C. halogenocalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C_, alkoxy:

- R, and R, are each independently a C,~-C_ alkyl, a
phenyl or a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen'
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a C,-C_, alkoxy;

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
‘Phenyl and R, is a C,~C_, alkyl or a phenyl;

- or else R, and R, together are either a group of the
formula (CH,),, or a group of the formula (CH,)_Y-
(CH,),, in which Y is either an oxygen ‘atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R_, in which R_ is a
hydrogen, a C,-C_, alkyl, a phenylalkyl in which the
alkyl is ¢,-C,, a c,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyi, a C,-C_, polyhalogenoalkylcarbonyl,

)




0.98 g of the ex

1710-1725 cn[err] a em&£ dgzollne ester) 1630-enferr] ;. C=N -
NVR spectrum 13 H "THRS SHERT BAHBEEY {70 DIFEEPLKCEMERJTFBHEET
. CHerr]- C[err]H[ ﬂ Hﬂmtn 2 H RELeCEP- Cl ery ] Hle

'and 13 NOV 1094

1.20-2.75 ppm: (e 2, 3, 5 and 6
posi tions of the pi peri - di ne
(CH err])[err]-CH err] - 87 -

= 103-106[err]C. - IR (CHO[err]):

a benzoyl, an alpha-aminoacyl or an N-protecting'

group, or R, and R_,
which they are bonded, form an indane or an
tane;
p+q=m;

n is an integer between 2 and 11:;
- m is an integer between 2 and 5;:

X is an oxygen atom or sulfur atom; and

2 and t are zero or one is zero and the other

with the limitation that

together with the carbon atom to

adaman-

is one;

=~ if z and t are zero and X is an oxygen atom, R, and
R, are other than

- a C,-C_ alkyl, a phenyl or a phenylalkyl in which
the alkyl is C,-C,, said alkyl, phenyl and phenyl-
alkyl groups being unsubstituted or substituted by
one or more halogen atoms or by a group seleqted
from a C,-C, perfluoroalkyl, a hydroxyl and a C,-C,
alkoxy; ' '

«+ or R, and R, together are other than a group N-R,
in which R, is a hydrogen, a C,-C, alkyl or a
phenylalkyl in which the alkyl is C,-C,:; and

+ n is other than 6;

and

- if z = 1 and R, is a phenyl, R, and R, are each

other than a methyl.

12. A compound according to claim 11 of the formula

\
N (II')

AL

in which X is an oxygen atom or a sulfur atom and R, is

A A
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a hydrogen, a C,-C_, alkyl which is unsubstituted or
substituted by one or more halogen. atoms, a C,-Cg
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in
which the alkyl is C,~C_, , or a phenylalkenyl in which
the alkenyl is C_,~-C,, said phenyl groups being unsub-
stituted or monosubstituted or polysubstituted by a
halogen atom, a C,-C, alkyl, a C,-C_, halogenoalkyl, a
C,-C, polyhalogenoalkyl, a hydroxyl or a C,-C, alkoxy.
13. A compound according to claim 11 of the formula

L | 1 130V 199

R4
Rs

i [X)
J /'—Rs (I1')

Ny
H

in which R,, R,, R, and X are as defined above for (II)
in claim 10.

14. A compound according to claim 11 of the formula

N (IIIII)

in which: )

- R, is 'a hydrogen, a C,-C, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
c,-C, alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
alkenyl in which the alkenyl is c¢_,-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a

* [ L M S *




1.15 ppm: s : 9 H: tBu 0.85 ppm: t M el r REFDACENMENT BHEET
2-n-Butyl - 1-[ (27=car boxybi phenyl - 4-yl ) net}h fSEEE HAS BE

[ spiro(1-benzyl - %ﬂlSﬁ@szdlBﬂ@) eplzcedm dazol BEFLACGED | yor batel at .

350 ng of the conp n step D are dissolved in 4{m o:ﬁNGJ'EQA

di chl or onet hane an After 45 m nutes, the nmedi un Ls.
concentrated under he reS|due is 8%hen taken up in ap ether/ hexane

m xture and the preC|p|tate formed'is filtered

C,-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C_, alkoxy;.

- R, and R_, are each independently a C,-C_ alkyl, a
phenyl or a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C_, perfluoro-
alkyl, a hydroxyl and a C,-C_ alko&y:

- or R, and R, together form a group of the formula
=CR_R_,, in which R, is hydrogen, a C,-C, alkyl or a
_phenyl and R, is a C,-C, alkyl or a phenyl;

- or R, and Ry together are either a group of the
formula (CH_,),, or a group of the formula (CH,) Y-
(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C_.
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R.,, in which R_ is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the.
alkyl is ¢,-C_,, a C,~C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminocacyl or an N-protecting
group, or R, and R_, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane;

-p+g=

- n is an integer between 2 and 11;

- m is an integer between 2 and 5; and

- X is an oxygen atom or a sulfur atom;
with the limitation that R, is other than a phenyl if
R, and R, are each a methyl.

15. A method of preparing a compound according to any

one of claims 11 to 14, characterized in that it comprises

reacting a compound of the formula

R,-B 14

- ———

RN A



of f, washed with ether and dried under vacuumto give 350 ny f

expect ed prodgtet—Mp—="198=200[err]C - pectr UMk ...

: 13 H: arc bt s BebhRemladt@M © S ¢ 2 H: : §= ]

s 2H Iﬁ err] 3. 20- 3.§60 PPREPLATED 4 CH erik @Jt@@"
2 and 6 posi - u ' TTons of—the w—peri

ppm: t 2 Hib rr]-CH[err]-CH[err] 2.20-1.40 ppmi;

unresol ved signals : CH[err] in the 3 - 90 <

and 5 posi - : t i ong—ef—t-he

1 he

in which R,
and B is

is as defined above for (II) in claim 10

- a group C(OR),
- a group Cém or
N
OR
-~ a group COHal _
R being a C,~C, alkyl and Hal denoting a halogen atom,

preferably chlorine,' with a compound of the formula

R4 (CH2),COA

"Rs (CH2) eNH2
in which R, and R, are as defined above for (II) in
claim 10 and A is an OH group,. an NH_, group or a group
‘OR’, R’ being hydrogen or a C,~C_, alkyl, and then, if
appropriate, +treating the resulting compound with
Lawesson’s reagent (2, 4-bls(4-methoxyphenyl)-1 3-di-
thia-2,4-diphosphetane disulfide).
16. A pharmaceutical compos:.tlon in which a compound
according to any one of claims 1 to 7 is present as the
active principle.
17. A pharmaceutical composition in which
according to any one of claims 1 to 7 is present in
association with a beta-blocking compound. '

a compound

18. A pharmaceutical composition in which
according to any one of claims 1 to 7 is
association with a diuretic.

19. A pharmaceutical composition in which
éccording to any one of claims 1 to 7 is

a compound
present in

a compound

present in

association with a non-steroidal antiinflammatory.
20. A pharmaceutical composition in which a compound

according to any one of claims 1 to 7 is present in

association with a calcium antagonist.

* ¢ L M s * -




pi peri di ne and ~
CHerr]-CHerr]CH err]-

CH err] 1.25 ppm: sext : 2 H CHerr]-
ppm: t : 3 H: (CHerr])[err]-CHerr] EXAMPLE 8
2-n-Butyl -1-[(2' - car boxybi phenyl - 4-yl ) netégy! 1 -

4- (4-spiropiperidine)-2-imdazolin-5-one ditrifluoro- acetate and
2-butyl -4-(4-spiropiperidine)-1-[(2'-tert-

but oxycar bonii- SUPSTIIUTEDy HETEROAYCIZC MERIMNTIVES OTEEIR PREFPARATION

AND THE PHARMACEUTICAL COMPOSITIONS IN WHICH THEY
ARE PRESENT
ABSTRACT OF DISCLOSURE
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The invention rélates’ to ﬁ-ésﬁﬁsﬁitued heterocyclic -
derivatives, their preparation and the pharmaceutical
compositions containing them.

The compounds according to the invention are non-
peptide compounds, antagonists of angiotensine II and as
such, are useful in the treatment of cardiovascular
dig_e.a.ses,_._.,f.ce_,_ntxal_. nervous.. system,. .glaucoma. and .diabetic
retj_nbpaithy___,,_'_ . S RS IR BEE T : _——
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N-SUBSTITUTED HETEROCYCLIC DERIVATIVES, THEIR PREPARATION

AND THE PHARMACEUTICAL COMPOSITIONS IN WHICH
THEY ARE PRESENT

The present invention relates to N—substltuted'
heterocycllc derivatives’, to their preparation and to
the pharmaceutical compositions in which they are
present.

- The compounds according to the invention anta-
gonize the action of angiotensin II, which is a peptide
hormone of the formula |

H-Asp-Arg-Val-Tyr-Ile-Hls-Pro-Phe-OH

Angiotensin II is a potent vasopressor and the
biologically active product of the renin-angiotensin.
system: renin acts on the angiotensinogen of the plasma
to produce angiotensin I, which is converted to. angio-
tensin II by the action of the angiotensin I converting
.,'enzyme. ' .

The compounds of the present invention are non- .
_ peptide compounds which antagonize angiotensin II. By
inhibiting the action of angiotensin II on its recep-
tors, the compounds according to the invention prevent
especially the increase in blood pressure produced by
the hormone-receptor interaction; they also have other
physiological actions on the central nervous systemn.
Thus the compounds according to' the invention
are useful in the treatment of cardiovascular com—
plaints such as hypertension and heart failure, as well
as in the treatment of cqmplainfs of the central ner-.
vous system and in the treatment of glaucoma and df&r
betic retinopathy.
_ The present 1nvention relates to. compounds of
the formula

/
eet Has Been Replaced |
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A) 2-n-Butyl -4-(4-spiropiperidine)-1- [(2'-tert but oxy-

¢ar bonyl bi phenyl - 4-yl ) net hyl ] - 2-i nmi dazol § PST HAS BEEN of the
¢onpound of Exanple 7, step D, are disso %@PQQCQE@ of MAR81997rg
of 10% pal | adi um on-charcoal are added a t+he—rrxt-ureTs hyd ogenat ed for

3 hours at atmospheric pressure. The cat aI yst is filtered ‘off

duct. -. NWR specfrum 7.20-7.75 ppm: m% 8 H: aronmatic

This Sheet Has Been Replaced

(1)

in which:

- R, and R, are similar or different and are each inde-
pendently hydrogen or a group selected from a C,-C,
alkyl, a C,~-C, alkoxy, an amino , an aminomethyl, a
carboxyl, an alkoxycarbonyl in which the alkoxy is
c,~-C,, a cyano, a tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a trifluoromethylsulfonylamino,
a - trifluoromethylsulfonylaminomethyl, an N-cyano-.
acetamide, an N-hydroxyacetamide, an N-(4-carboxy-
1,3-thiazol-2~-yl)acetamide, a ureido, a 2-cyano-
guanidinocarbonyl, a 2-cyanoguanidinomethyl, an imi-~
dazol-l-ylcarbonyl and a 3-cyano-2-methylisothio-
ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen;

- R, is a hydrogen, a C,-C_, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
C.,-C, alkenyl, a C,~C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is Cc,~C,, or a phenyl-
alkenyl in which the alkenyl is C,-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,~C, alkyl, a
C,-C, halogenocalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C, alkoxy; '

- R, and R, are each :mdependently a c -C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is C,-C,,
.sa'id alkyl, phenyl and phenylalkyl groups being

. unsubstituted or subst:.tuted by one or more halogen



- ) : ) T
4.75 ppm: st 2 H: CHerr]-(err]Herr]- 3.00-1.70 ppm: EBREE ENT, SHEE
Si o—the 4 CH-ervr ] —— ' of—the—ptper-di

.'S‘I ?nfil; ]IC—I il Gl grel-CH err] - CH er JTHIS Hrr?'r gg&’#ﬁﬁu In Z}ZML;HOAR 19n£)17
CH err]-CH er err] 1.35 pph-—se¥i 480y -

CH err]-CH er err] 1.20 ppm:s : 9 H: tBu 0}90ppm . t

3
3 H: (CH[erri{I ﬁ[ ] B

2-n-Butyl-1-[(2'-carboxybi phenyl -4-yl) et Ryl] - 4- (4-
spi ropi peridine)-2-imdazolin-5-one ditrifluoroacetate 160 ng of
the product obtained in step A are stirred for 45 mnutes in 3 m of
di chl or onet hane and 4 _
atoms or by a group selected from a C,~C, perfluoro-

alkyl, a hydroxyl and a C,-C, alkoxy;

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,~-C, alkyl or a phenyl;

- or else R, and R_, together are either a group of the
formula (CH_),, or a group of the formula (CHz)pY-'
(CH.),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,

~ alkyl group, a phenyl or a phenylalkyl in which the

alkyl is c,-C,, or a group N-R_, in which R, is a
hydrogen, a C,~C, alkyl, a phenylalkyl in which the
alkyl is c,-c,, a C,-C, alkylcarbonyl, a C,~-C, halo-
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and R_,, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane; '

-p+qg=m;

- n is an integer between 2 and 11:

- m is an integer between 2 and 5; ,

- X is an oxygen atom or sulfur atom; and

- z and t are zero or one is zero and the other is one;

and their salts.

If a compound according to the invention has an
asymmetric carbon, the invention includes the 2 optical
isomers of this compound.

The salts of the compounds of formula (I)
according to the present invention include those with
mineral or organic acids which permit separation or
suitable crystallization of the compounds of formula
(1), such as picric acid, oxalic acid or an optically
active acid, for example a mandelic acid or a campho-
sulfonic acid, and acids which form pharmaceutically
acceptable salts such as the hYdfochloride; the hydro-



m of trifluoroacetic acid. The mixture is concentra- ted unfeREPLACEMENTSHEET
the residue is taken up in ether to give a gumand then a fopnfafter dryr ng
under vacuum (150 nmg). Mp. .= 80-85[err]C. - NVR spectru 7 1&'(18'@&@7
: m: 8 H: ar vigeshed Hab BeedRephegpm © s X Tgis SifcarmAs SE&M ] H err) =

3.20- 1. 60 ppm : . ignals : 4 ICH er msrpicitthe :
pi peri di ne 2. 1 |IMiH : CHerr]=CH=rT]=-CHerr]-CHferr] 1.50

ppm: quint : 2 [err]-CH errd-CH err] 1.30 pprr—sext— 2 H
. CHerr]-CHerr]-CHerr]-CH err]

bromide, the sulfate, the hydrogensulfate, the dihydro-
genphosphate, the methanesulfonate, the methylsulfate,
the maleate, the fumarate and the naphthalene-2-sulfo-
nate. ' )

The salts of the compounds of formula (I) also
include  the salts with organic or mineral bases, for
example the salts of alkali or alkaline earth metals,
such as the sodium, potassium and calcium salts, the
sodium and potassium salts being preferred, or with a
tertiary amine such as trometamol, or else the salts of
arginine, 1lysine or any physiologically acceptable
amine.

According to the present description and in the
claims which follow, halogen atom is understood as
meaning a bromine, chlorine or fluorine atom; N-pro-
tecting group (also designated by Pr) is understood as
meaning a group conventionally used in peptide chemis-
try for affording temporary protection of the amine
group, for example'a Boc, Z or Fmoc group or a benzyl
group; esterified carboxyl group is understood as
meaning an ester which is labile under appropriate
conditions, such as, for example, a methyl, ethyl,
benzyl or tert-butyl ester. M"alkyl" denotes linear or
branched saturated aliphatic hydrocarbon radicals.

The compounds of formula (I) in which-R1 is in
the ortho position and is a carboxyl or tetrazolyl
group and R, is hydrogen are preferred compounds.

' The compounds of formula (I) in which R, and R_
‘together form, with the carbon to which they are
bonded, a cyclopentane or a cyclohexane are preferred
compounds. _ _

Likewise, the compounds of formula (I) in which
R, is a linear c,-C_, alkyl group are preferred com-
pounds. '

The compounds of formula (I) in which X is an
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oxygen atom are also preferred compounds.

2 =t =

0 are preferred compounds.

Finally, the compounds of formula (I) in which

The following abbreviations are used in the -
description and in the Examples: '

Et
nBu, tBu
DMF
THF
DCM
NBS
DCC
DIPEA
ether
TFA

A

Boc
BOP

Fmoc

ethyl

n-butyl, tert-b

utyl -

dimethylfbrmamide
tetrahydrofuran

dichloromethane

N-bromosuccinimide
dicyclohexylcarbodiimide |
diisopropylethylamine
ethyl ether
trifluoroacetic acid
benzyloxycarbcnyl
tert-butoxycarbonyl
benzotriazolyloxytrisdimethylaminophospho-
nium hexafluorophosphate
fluorenylmethoxycarbonyl

The present invention further relates to the

method of preparing the compounds (I). Said method is characterized

in that:

Ta
R%7_
z(CH2)

|
H

al) a heterocyclic derivatives of the formula

CH
(\Z)t
N

g

in which 2z, t, R,, R, and R, are as dgfined above for
(I), is reacted with a (biphenyl-4-yl)methyl derivative
of the formula

This Sheét Has Been Replaced
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Butyl - 1-

d
t

nyI—A-JyLI-)—n?t—hyrj—z*m dazolin-5-one - Method 1 A) Val er ani|di e

|phenyl
yl -

3 H: (CHerr])[err]-CHerr]  EXAVPLE 9 REPLACEMENT SHEET

['(2' - car boxybi phenyl - 4- y| ) Nbubiy] '
2-imdazolin-5-one trifluo %’étWé“f@@ﬁN 06 MAR 1997
4- di phenyl - 1-[ (2' - t er t - but oxydarhonBEFHACED

QekdBs Been Replace® g Of ethyl val erimidate hydrochl oride are

i e

Hal-CHa

in which Hal is a halogen atom and R/, and R’, are res-
pectively either R, and R, or a precursor group of R,
and R,:

bl) if appropriate, the résulting compound of
the formula

RS;L—(CHZ)t

2(CH2) N
l R3 R'2 R'; 4
0 N
éHz / \

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4-diphosphetane 2,4~disulfide]:;
and

cl) the compound obtained in al) or bl), of the
formula |

R4
(CH2)¢
z(CH2)

| R3 R'2 R"1 5
N
f

in which X is an oxygen étom or a sulfur atom, is
treated to give the compound (I) by conversion of the



added to a solution of 6.75 g of amonia in 80 m of methano RHMQ£EME}T:SHEEF
After 18 h, the reaction nediumis conce acuumt t g—gtve—the

expect ed product - iThisSheet Has Béfi Beplatedihi t e | GHISISHERT HAS BEEN

- 2-n-Butyl -4, 4-di phe i n-5- onE RepLAGED s_conpoynd i QEpHAR L
according to the pr rlbed by J.  NYI'TRAI and K LHENPERIL_.i.n

Tetra- hedron, 1969, 5, frombenzil and val erani -} di.ne

hydrochloride. Mp. = 135[err]C - IR<(@HE [err]): 1725 cn-e¢——E€=0
1640 cnferr] : C=N '

groups R’, and/or R’, to the groups R, and/or R,
respectively.

Among the compounds 2, the compounds (II) as
defined below are novel.

Thus the present invention further relates to
the compounds (II) of the formula

Rs4

Rs }.cc\ﬂm
z(CH2) N (I1)
}\ J‘R"‘

N
)
H

in which:

- R, is a hydrogen, a C,-C, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
Cc,-C, alkenyl, a C,-C, cycloalkyl, a phenyl, a-
phenylalkyl in which the alkyl is ¢,-C,, or a phenyl-
alkenyl in which the alkenyl is C,-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a c;-c‘ alkyl, a
c,-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C, alkoxy:

- R, and R, are each independently a C,-C, alkyl, a
‘phenyl or a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a C,-C, alkoxy;

- or R, and R, together form a group of the formula
=CR_R,, in which R, is hydrogen, a C, c alkyl or a
phenyl and R, is a C,-C_, alkyl or a phenyl.

- or else R, and R, together are either a group of the
formula (CH,),, or a group of the formula (CH,) Y~



- NWR spectrum
H

2-n- Buty

| & ferr]  0.90 ppm: tREPLACED :
CH[err] 11 ppnir——sb .|w1r4
[(2”-tert but oxycar bonyl bi -

phenyl - 4- yl)nethyl] 2 |n1dazoI|n 5-one - 8 = This compound is prepared

7.20-7. 50 ppm: m:> 10 H: aromatic H 2.

 REPL '
| REPLAGEVENT. SyEET

-CH err] 1.65 ppm: quint : 2 H:

[err] 1. 35 PPFais SERET HAYBEEN | 06 MAR 1997

T

according to the usual nethod by reacting 4-brononethyl-2'-tert-but oxy-

car bonyl bi phenyl

wi th the conpound prepared in step B,

(CH.),, in which Y is either an oxygen atom, or a

sulfur atom, or a carbon atom substituted by a c,-C,

alkyl group, a phenyl or a phenylalle in which the

alkyl is ¢,-C,, or a group N-R_, in which R_ is a

hydrogen, a C,-C, alkyl, a phenylalkyl in which the

alkyl is c,-C,, a C,-C, alkylcarbonyl, a C,-C, halo-

genoalkylcarbonyl, a C,-C_, polyhalogenoalkylcarbonyl,

a benzoyl, an alpha-amihoacyl or an N-protecting

group, or R, and R_, together with the carbon atom to

which they are bonded, form an indane or an adaman-

tane;

Pp+qgs= _

n is an integer between 2 and 11;

m is an integer between 2 and 5;

X is an oxygen atom or sulfur atom; and

z and t are zero or one is zero and the other is one;

with the limitation that | _

- if z and t are zero and X is an oxygen atom, R, and

R, are other than , : |

- a C,~C, alkyl, a phenyl or a phenylalkyl in which
the alkyl is C,-C,, said alkyl, phenyl and phenyl-
alkyl groups being unsubstituted or substituted by
one or more halogen atoms or by a group selected
from a C,-C, perfluoroalkyl, a hydroxyl and a C,-C,
alkoxy: '

e or R, and R, together are other than a group N-R,

in which R, is a hydrogen, a C,-C, alkyl or a
phenylalkyl in which the alkyl is c,-C,; and
e nis other than 6;
and
- if z = 1 and R, is a phenyl, R, and R, are each
other than a methyl. '
' Among the derivatives (II), the compounds in

which 2 = t = 0 and R, and R,, together with the carbon

to which they are bonded, form a cyclopentane are pre-
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ferred compounds. These compounds have the formula

N (II')

/ }ng,.

N
|
H

in which X is an oxygen atom or a sulfur atom and R, is
a hydrogen, a C,-C., alkyl which is unsubstituted or
substituted by one or more halogen atoms, a C_-C_
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in
which the alkyl is C,-c,, or a'phenylalkenyl in which
the alkenyl is C_-C,, said phenyl groups being unsub-
stituted or monosubstituted or polysubstituted by a
halogen atom, a C,~-C, alkyl, a C,-C, halogenoalkyl, a
C,-C, polyhalogenoalkyl, a hydroxyl or a C,-C, alkoxy.
The compounds (II) in which z =0 and t =1, of

the formula

Rs
Rs N .
| J—R3 (I1°)
X N
!
H

in which R,, R,, R, and X are as defined above for
(II), are preferred compounds. '

Finally, the compounds (II) in which z = 1 and
t = 0, of the formula

Th1s Sheet Has Been Replaced
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- IR (CHC [err]): 1715-1725 cnferr] : C=0, C=O (ester, ini REPLACEMENT) SHEET
1635 cnferr] : C=N - NWR spectrum 7.25-7.80 ppm: m: 18 Hy—aromatic H
4.85 ppm: s : 2 H: NCHerr]-(err] H 4Tz DEEEN It F R  MAR 10
CH err]-CHerr]-CHerr]-CH err] 1.75 prnglu:s SHé:‘ﬁ.r)gégz IFI: Héh"R?'w'
CH err]-CHerr]-CHerr]-CHerr] 1. 40 ppr——Sext——2—H
CH err]-CHerr]-CHerr]-CH err] =10 -

/'LR3 (iI”’)

in which:.

- R, is a hydrogen, a C,-C, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
C,-C, alkenyl, a C(,-C, _cycloalkyl,- a phenyl, a.
phenylalkyl in which the alkyl is c,-C,, or‘a phenyl-
alkenyl in which the alkenyl is C_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C_, alkyl, a
C,-C, halogenocalkyl, a cl—c; polyhalogenocalkyl, a
hydroxyl or a C,-C, alkoxy:

- R, and R, are each independently a C,-C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is Cc,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a C,~C, alkoxy; '

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,~C_ alkyl or a phenyl;

= or R, and R, together are either a group of the
formula (CH_.),, or a group of the formula (CH,)_ Y-
(CH_ )y, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C_
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is c¢,-C,, or a group N-R_,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is ¢,~-C,, a c,~C, alkylcarbonyl, a C,~-C, halo-
genoalkylcarbonyl, a C,~-C_ polyhalogenoalkylcarbonyl,

This Sheet Has Been Replaced
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1.15 ppm: s : 9 H: tBu 0.90 ppm: t : 3 H: CHerr] of tihect M ] T
2-n-Butyl-1-[(2'-carboxybi phenyl - 4-yl ) ngt k~4»4-———~-~— REPLACEWNTOBHEET
-di phenyl - 2-i m dazol i n-5-one trifl uor oace{T&teSHEET HAS BEBY imy |of] t he product
prepared in step C are treated with 2. 5“ﬂlﬁgﬂgﬂkﬁEEBLgﬂﬂL arle anatQ§3Qﬁﬁ96f
trifluoroacetic acid at 20[err]C for 40 minutes. After conderftration under
vacuum the residue i's taken up in an ethd&l/ kexane m xture gnd the
precipitate formed is filtered off, washed with hexane and dried to give

440 ng of the expected product. Mp. = 55-60[err]C. - NNR spectrum

a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and R_,, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane;

~p+g=

- n is an 1nteger between 2 and 11;

- m is an integer between 2 and 5; and

- X is an oxygen atom or a sulfur atom;

 with the limitation that R, is other than a phenyl if
R, and R, are each a methyl,

are preferred compounds.

The derivatives 2 are prepared by known meth-
ods. For example, it is possible to use the method
described by Jacquier et al. (Bull. Soc. Chim. France,
1971, 3, 1040-1051) and by Brunken and Bach (Chen.
Ber., 1956, 89, 1363-1373) and to react an alkyl
imidate with an amino acid or its ester in accordance
with the following reaction scheme:

R  (CH2)z-CO2R' NH
el "+ R - 7 —_—
Rs/ }CHz)t—NHz . \OR
5! ' 3
R4
(Qﬁz)t
z(CH2) N
R3
0 N 2
H

in which R is a C,-C_, alkyl, R’ is hydrogen or a C,-C,
alkyl and R,, R,, R,, 2z and t are as defined above for
(). '
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7.15-7.80 ppm: m: 18 H: aromatic H 4.85 ppm: s : 2 H:| REPLACEMENT SHEET

NCHerr]-CJerr]JHerr]- 2.60 ppm: t : 2 H:

CH err]-CH err]-CHerr]-CHerr]  1.70 0T SHEETHAS RN

CH err]-CHerr]-CHerr]-CH err] 1.40 gpm : meMiasced H 0& MAR 1997
CH err]-CHerr]-CH err]-CHerr]  0.90 ppm—t—3—+—crf er]] lof the buty]
EXAMPLE 10 2-n-Butyl-3-[(2'-carboxybi phenyl - 4-yl) net hyl ] - ' '

6- spi rocycl opent ane-5, 6-di hydro-| H pyri m 32n=4-one trifl uor odcetate

This reaction is carried out in an acid medium
by heating in an inert solvent such as xylene or
toluene. _

According to another procedure, the compound 2
can be prepared by reacting an aminoalkylamide (5%)
with an alkyl ortho-ester (1Q) in an acid medium in
accordance with the following reaction scheme:

Ry, (CH2) »~CONH

Ne” 2/27L0N2 X

PG R3-C(OR)3 —> 2
Rs (CH2)¢-NH2

s ' 10

in which R is a ¢,-C_ alkyl.
Using a procedure described by H. Takenaka et
al. (Heterocycles, 1989, 29(6), 1185-89), it is also

possible to prepare the compound 2 by reacting an acid
halide of the formula

R,~CO-Hal 12

in which Hal is a halogen, preferably chlorine, with
the derivative 5’'.
The reaction is carried out in a basic medium.
More particularly, according to another object

of the present invention, the compound 2 is prepared by
a method characterized in that it comprises reacting a compound

of the formula

in which B is
- a group C(OR),

This Sheet Has Beeo Replaced
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A) (1-Anminocycl opentyl)acetic acid Cycl opent yl i deneacq:‘g’ﬁ;\gmmﬁ SHEET
prepared accor- ding to G A R KON and RPR—LILNSTEAD . J._Chem -
. : THIS SHEET HAS BEEN
REPLACED 06 MAR 1997
=13 -
a grou 'C//ml
- or
group ~0or

- a group COHal
R being a C,-C, alkyl and Hal denoting a halogen atom,
preferably chlorine, with a compound of the formula

' Re (CH2),COA
Rs (CH2) tNH2

in which A is an OH group, an NH_, group or a group OR',
R’ 'being hydrogen or a C,-C, alkyl, and then, if
appropriate, treating the resulting compound with
Lawesson’'s reagent (2,4-bis(4-methoxyphenyl)-1,3-di-
thia-2,4-diphosphetane disulfide).
' The (biphenyl-4~yl)methyl derivative (3) is
prepared by a method described in Eﬁropean patent
application 324 377.

The conversion of a group R’, and/or R'_, to a
group R, and/or R, is effected by methods well known to o
those skilled in the art. Thus, if the compound (I) to __
be prepared possesses a group R, and/or R, = carboxyl, )
R’, and/or R’_, are an esterified carboxyl group. If
the compound (I) to be prepared possesses a group R,
and/or R, = tetrazolyl, R’, and/or R’, can be either a
tetrazolyl protected for example by a trityl group, or
a cyano group which will subsequently be replaced with
a tetrazolyl group protected if necessary by a trityl.
The conversion of the cyano group to a tetrazolyl can’
be effected with an azide, for example tributyltin
azide or sodium_azi'de. | :

It is also possible to use groups R’, and/or
R’, such as nitro, carboxyl, cyano or acid chloride
groups and then to convert them by reactions well known

. This Sheet .Has..Bcen' Replaced
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- 48 - 1925, 127, 616. 740 ny of ‘this acid and 5 m of 20% “quwua
anmoni a are placed in an autoclave and the m x- ture I s heate BEPLf@ﬁMémoerEET |

24 hours. After evapora- tion of the sofvent Eﬁ _
chromat ogr aphed on a silica colum usi nﬂ% Eé ZE%a ué*o?ﬁmqgw
sol ution mxture(70/30/1 v/iv/iv) as th ' af e

expected acid.
- 14 -

to those skilled in the art to give groups R, and/or R,
as defined for the compound (I). -

'Thus, if R’, and/or R’_, are a carboxyl, they
can be converted to R, and/or Rz' in the form of an
imidazol-l-ylcarbonyl or else an N¥(4-carboxy-1,3_-
thiazol-2-yl)acetanide. | |

The group R’, and/or R’, in the form of an acid
chloride can be converted to R, and/or R, in the form
of N-hydroxyacetamide, N-cyanoacetamide, ureido or 2-

e cyanoguanidinocarbonyl.

The group R’, and/or R’, in the form of a nitro
can be converted to amino, from which R, and/or R_ is
prepared in the form of methylsulfonylamino, trifluoro-
methylsulfonylamino or trifluoromethylsulfonylamino-
methyl.

The group R’;, and/or R', in the form of a cyano
can be converted to aminomethyl, from which a 3-cyano-
2-methylisothioureido:_ne_thyl is prepared (according to
C. Gordon et al., J. Org. Chem., 1970, 35(6), 2067-
2069) or a 2~-cyanoguanidinomethyl is prepared (accor-
ding to R.W. Turner, Synthesis, 1975, 332).

Step al) is carried ‘out in an inert solvent
such as DMF, DMSO or THF, in a basic medium, for
example in the presence of potassium hydroxide, a metal
alcoholate, a metal hydride, calcium carbonate or tri-
ethylanmine. -

' Step bl) is carried out by heating under
nitrogen in a solvent such as toluene, according to the
method described by M.P. Cava et al., Tetrahedron,
1985, 41, 22, 5061.

In the description below, the method comprising
steps al, bl and cl1 is referred to as method 1.

Alternatively, the compounds (I) can be pre-
pared by another method, which is also a subject of the
present invention. Said method is characterized in that:

_ This Sheet Has Been Replaced
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B) Ethyl (1- an1nocyc|openty|)acetate 330 ng of the a 'ﬂE SHEET
dissolved in 10 mM of ethanol. The squLan Ls-cooled._in anti ‘
gaturated with gaseous hydrochloric ac]d}ﬂS:ﬂEE@ﬁA&&Eﬁbu s under refl ux,

the reaction mediumis evaporated, thejresi REFLAEERaken Lip ilnla @6l MARGRIDf
sodi um car- bonate and extracted with ethyl acetate and thejextract is then
dried over sodiumsulfate, filtered and eva- porated to givg¢ 312 ng of the
expected ester. C) 2-n-Butyl-6-spirocycl opek® anhe-5, 6-di hydr Gt pyri-

m di n- 4- one A m xture containing 310 ng of the conpound

a2) an amino acid of the formula

Rg (CH2)¢-NHPr
~.. -~ 2

N

-
Rs (CH2)z
- COOH -

in which 2z, t, R, and R, are as defined above_for (1),
and of which the amine group is protected by the Pr
group, is reacted with a (biphenyl-4-yl)methylamine
derivative of the formula

in which R’, and R’_, are respectively either R, and R,
or a precursor group of R, and R,; '

b2) after deprotection of the amine, the resul-
ting compound of the formula

Ra\
Rs (CH2)¢-NH2

is then treated with an alkyl ortho-ester of the
formula R,C(OR), (10), in which R, is as defined above
for (I) and R is a C,-C_, alkyl; ‘

c2) if appropriate, the resulting compound of
the formula |

This Sheet Has Been Replaced
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obtained in step B, 348 ny of ethyl valer|n1date 10 M of xyl
dr ops of acetrt’?ﬂ?TTTT?’EFEU@ﬁ?-;b the reflux point. After 2 gﬁf@@g§§T1§bEET
hours, a furthernﬁﬁﬁaﬂgmdkmék qedyal eri npeet-e—are—aeded—and, aiter total
reflux time of 24 bction ne THIS SHEEREAS, BEER] afd trﬂeﬁ'ﬂn- \R 1597
chr omat ogr aphed o “MH! i a DCM nekhanolRERLASER o (o4 3 /v) as the
eluent to give 15 e'expected product. D)
2-n-butyl - 6- splrocyclopentane 3-[(2"-ter™ bh@xycaronylbl
phenyl - 4-yl)-nthyl]-5, 6-di hydro-1H pri m di n-4-one A mxture of 10 mi
of DMF and 40 ng of sodium hydride as an 80% di spersion in oil is prepared
under a R4

(EHZ)t
z(CH2) N
)\ J.R;; R's R'y .
0 N 4

Cit, \/———\/ 7\

Q.

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4-diphosphetane  2,4~-disulfide]:;
and ' _

d2) the compound thus obtained in b2 or c2, of
the formula

s |
o —{

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R’, and/or
R’, to the groups R, and/or R, respectively.

‘The compounds 7 are known or are prepared by
known methods (Chemistry of the Amino Acids, Greenstein
and Winitz, published by John Wiley, 1961, vol. I, p.

' 697). '

The compounds 8 are prepared according to Euro-.
pean patent application 324 377. Step a2) is carried
out under the usual conditions for the coupling of an
acid with an amine, for example in the presence of BOP
and DIPEA. _

Step b2), which is the cyclization of the com-

o



ni trogen at nosphere. 144 ng of the conpound prepared in ste y AﬁﬁM&NWeﬁHEET
in5n of DV, are added dropwi se at room tenperature. Aftdr

30 minutes, a solution of 288 ny of 4-broppnethyl-2! -tert-b Xy :
THIS SHEET HAS BEEN 0 6 MAR 1997
REPLACED
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pound 9 in the presence of 10, is carried out according
to Jacquiér et al. (Bull. Soc. Chim. France, 1971, (3),
1040-1051) and according to Brunken and Bach (Chem.
Ber., 1956, 89, 1363-1373).

In the description below, the method comprising
steps a2 to d2 is referred to as method 2.

In one variant of method 2, in step b2, it is
possible, if appropriate, to isolate an intermediate 9’
of the formula

' 1 R'2 '
R
N 2
Rs~C-(CHz) z~CO-NH-CH2

(CHz)¢-NH-CO-R3

and then to prepare the compound 4 by cyclization in an
acid medium. :

' In another variant of method - 2, in order to
prepare a compound (I) in which R,R, is a group =CR_R,,
an amino acid of the formula

$H2-(cnz)t-uﬂcong ' i
(CH2) z~COOH

can be reacted in an acid medium with an aldeh&de or a
ketone of the formula

R,COR,
in which R, and R, are as defined above for (I), and

the product is then reacted with the compound 8 to give
a compound of the formula

Thxs Sheet Has Been Rep lace
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- 49 - car bonyl bi phenyl

éxtracted with ethyl

filtered, evaporated and then purified byTHES
hexané/ethyl acetate m xture (85/5;

which R,
tuents R’,

acet at e.

in 5 nm of DV is added. The m Xt Ur &rbp; ]
for 2 hours and then evaporated and the residue is taken up |n?§£?@$%ﬁ%ﬁegHEEr

The extr act is—ee+ed KéEN odijum sul-f at e, .
REPSA - matlogriaghyOésHAB 897

w

- 18 =

0

' 1l . : '
R7RGC=C- (CHz)z~C-NH-CHy 0 0 g
(CH2) ¢-NKCOR3

The cyclization of this compound in an acid
medium leads to the compound 4.
In this method, to prepare a compound (I) in

bonyl group.

Finally,

and/or R, are a carboxyl group, the substi-
and/or R’_, are preferably a tert-butoxycar-

another alternative for the prepara-

tion of the compounds (I) according to the invention in
which z and t are equal to zero is the photooxidation
method, which is also a subject of the present inven-

tion.

This last method is characterized in that
a3) a (biphenyl-4-yl)methyl derivative of the

‘formula

in which Hal is a halogen atom and R/, and R', are res-
pectively either R, and R, or a precursor group of R,

and R_,

formula

is Sheet Has Been Replaced
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is reacted with an imidazole derivative of the

R4 ’
N
(A
11
Rslgka

H



v/ v) as the eluent to gi ve 174 ny of t he expect ed pro- duct .

m of trifl uoroacetl C aci d are cool ed in-,
the conpound prepahighse %5 Replaged  added. THISSHBEX tHASCBEEN
m nutes and t hen. ev uﬂlreSIdue i s taRERLAGED n et

m xture is then eva

in the formof an anorphous powder.  Mp. = 108-115[err]C.

er
ti
jyl

Thi s operation is repeated
residue is then dried under vacuumto gi ve 180-ng of the expegt

r
et
ar

:aﬁ%o%gmmfgﬁrigﬂ | l

ed for 30
heQ GMAR 11977
id t he

conpound

in which R,, R, and R, are as defined above for (I), in
the presence of oxygen and UV irradiation and in a

basic medium;

b3) if appropr:.ate, the resulting compound of

the formula

R4
Rs

)-Rs R'2 R"y
N

is treated with Lawesson’s réagent [2,4~bis(4-methoxy-
phenyl)-1,3-dithia-2,4~diphosphetane 2,4-disulfide]:

and

c3) the compound thus obtained in b3 or c3, of

the formula

I )_R3 R'2 .
i

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groubs R/,

R', to the groups R, and/or R, respectively.

and/or

The imidazole derivative 11 is ‘either commer-
cially available, or known, or is prepared by known
methods indicated above for the preparation of the com-

pounds 2.

Step a3) is carried out in an inert solvent
such as, for example, DMF; to facilitate the reaction,



- NWVR spectrum
ppm > m:
CH err]-CH err]
ppm: s :
7.2 to 7.8 ppm:
-4-spi

2-n-Butyl

12 H :

2 H:

0.9 ppm: t : 3 H:(CHerr])[err]-CH.err] RHHAMQMEKI"W’T

cycl opentane and CH err]-CH err] -

2.7 ppm: t : 2 H: §2S Tehks seEfier r i - ('rrqh[%’l’?]‘sﬂé

-CHerr]-CO 5.1 ppm: pLAﬁgls/‘H[err - 4
m: 8 H: aromatic H AvPEE—TE g

)

rocyclopentane-l-[(Z'-terL-zo -

a photosensitizing product such as methylene blue can
be added.

In the description below, the method compriéing
steps a3) to c3) is referred to as method 3.

The compounds (I) according to the invention in
which R, and R, together are a group of the formula
(CH_)_Y(CH,), in which Y is an NH group can be prepared
by catalytic hydrogenolysis of a corresponding compound
(I) in which Y is a group N-R,, R, being a benzyl.

The affinity of the products according to the
invention for angiotensin II receptors was studied in a
test for the binding of angiotensin II, labeled with
iodine 125, to rat liver membrane receptors. The
method used is the one described by S. KEPPENS et al.
in Biochem. J., 1982, 208, 809-817. _

The IC_.,, namely the concentration which gives
a 50% displacement of the labeled angiotensin II bound
specifically to the receptor, is measured. The IC,, of
the compounds according to the invention is less than
10-s M. | |

Also, the effect of the products according to
the invention as angiotensin II antagonists was obser-
ved on different animal species in which the renin-
angiotensin system had been activated beforehand (C.
LACOUR et al., J. Hypertension, 1989, Z (suppl. 2),
S33-835).

The compounds according to the invention are
active after administration by different routes, espe-
cially after oral administration. '

No signs of toxicity are observed with these

compounds at the pharmacologically active doses.

Thus the compounds according to the invention
can be used in the treatment of various cardiovascular
complaints, especially hypertension, heart failure and
venous insufficiency, as well as in the treatment of

_This Sheet Has Been Replaced
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but oxycar bonyl bi phenyl - 4-yl ) met hyl ] - 2-i mi dazol i n-5- thi one |afBPLACEMENT SHEET

2-n-butyl-1-[(2'-carboxybi phenyl -4-yl) -

et hyl ] - 4- spi rocycl opent ane- 2-i i dazol i h-T5HS BHBERHAS BEEN| Ldr dacy a
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glaucoma, diabetic retinopathy and various complaints
of the central nervous systenm, for example anxiety,
depression, memory deficiencies or Alzheimer’s disease.
The present invention further relates to phar-
maceutical compositions containing an effective dose of
a compound according to the invention, or of a pharma-
ceutically acceptable salt, and suitable excipients.
Said excipients are chosen according to the pharma-
ceutical form and the desired mode of administration.
In the pharmaceutical compositions of the pre-
sent invention for oral, sublingual, subcutaneous,
intramuscular, intravenous, topical, 'intratracheal,
intranasal, transdermal or rectal administration, the
active principles of formula I above, or their salts if
appropriate, can be administered to animals and humans
in unit forms of administration, mixed with conven-
tional pharmaceutical carriers, for the prophylaxis or
treatment of the above disorders or diseases. The
appropriate unit forms of administration include forms
for oral administration, such as tablets, gelatin cap-
sules, powders, granules and solutions or suspensions
to be taken orally, forms for _sﬁblingual,. buccal,
intratracheal or intranasal administration, forms for
subcutaneous, intramuscular or intravenous  administra-
tion and forms for rectal administration. For topical
application, the compounds according to the invention
can be used in creams, ointments or lotions.
To achieve the desired prophylactic or thera-
peutic effect, the dose of active principle can vary
3 between 0.01 and 50 mg per kg of body weight per day.
~ Each unit dose can contain from 0.1 to 1000 mg,
preferably 1 to 500 mg, of active ingredients in
combination with a pharmaceutical carrier. This unit
dose can be administered 1 to 5 times a day so as to

administer a daily dosage of 0.5 to 5000 mg, preferably
=
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ni trogen.

After 6 hours, the reaction is fil-

dié@ﬂR%%égys

A) 2-n-Butyl -4- splrocyclopentane 1- [(2'-tert butoxv-RHqACEMENT\ﬁ[rT
car bonyl bi phenyl -4-yl ) et hyl ]-2-i m dazolin-5-thi.one. ... :
conpound prepared in Exanple 1 step D, | aft8S §HEEDHOEBEEN 40 m
toluene and treated with 3 g of Lawessof’ s r eRRRBACERL 80[ pr ]

-2_2-

1 to 2500 mg.

When a solid composition in the form of tablets
is prepared, the main active ingredient is mixed with a
pharmaceutical vehicle such as gelatin, starch, lac-
tose, magnesium stearate, talc, gum arabic or the like.
The tablets ean ‘be coated with sucrose, a cellulose
derivative or other. appropriate substances, or else
they can be treated so as to have a prolonged or
delayed activity and so as to release a predetermined
amount of active principle continuously.

A preparation in the form of gelatin capsules
is obtained by mixing the active ingredient with a
diluent and pouring the resulting mixture into soft or
hard gelatin capsules.

A preparation in the form of a syrup or elixir
or for administration in the form of drops can contain
the active ingredient in conjunction with a sweetener,
which is preferably calorie-free, methylparaben and
propylparaben as antiseptics, as well as a flavoring
and an appropriate coler, '

The water-dispersible granules or powders can
contain the active ingredient mixed with dispersants or
wetting agents, or suspending agents such as poly-
vinylpyrrolidone, as well as with sweeteners or taste
correctors. '

Rectal administration is effected using sup-
positories prepared with binders which melt at the
rectal temperature, for example cacao butter or poly-~
ethylene glycols.

Parenteral admlnzstratlon is effected using
aqueeus suspensions, isotonic saline solutions or
sterile and injectable solutions which contain phar-

macologically compatible dispersants and/or wetting

agents, for example propylene glycol or butylene
glycol. ' '

This Sheet Has Been Replaced
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éxpected product in the formof an oil,

using a DCM ethyl acetate m xture (95/5; %sﬁﬁE’F p,gsqjggﬁn t
4.5 g. Mp. igﬁﬁ

tered and concentrated. The concentrate is chromato- gr aphed cwﬁ@ﬂﬁmﬁ@fhi‘f.~

0
ﬁﬁﬁﬁkﬁ i zeslin th

= 77-79[err]C. - NMR spectru H—90—ppmm— T . 3
1 20 ppm: s : 9 H: tBu -1.35ppm+ sext : 2 H: CH
quint : 2 H: CHerr]-CHerr]-CHerr]- 1.80-2.140 ppm: m: 8

cyclopentane 2.60 ppm: t : 2 H: CHerr]-CHerr]-CH err]-CH®ErTT

The active principle“can also be formulated as
microcapsules, with one or more carriers or additives
if appropriate. .

In addition to the products of formula I above
or one of the pharmaceutically acceptable salts, the
compositions of the‘present invention can contain other
active principles such as, for example, tranquilizers
or other drugs which can be useful in the treatment of
the disorders or diseases indicated above.

Thus the present invention relates to pharma-
ceutical compositions containing .several active prin-
ciples in association, one being a compound according
to the invention and it being possible for the other or
others to be a beta-blocking compound, a calcium anta-
gonist, a diuretic, a non-steroidal antiinflammatory or
a tranquilizer.

The following Examples illustrate the invention
without however implying a limitation. The following
abbreviations are used in these Examples: d denotes
density, RT denotes room temperature, KHSO,-K,SO,
denotes an aqueous solution containing 16.6 g of
potassium bisulfate and 33.3 g of potassium sulfate per
liter. .

The melting points (m.p.) are given in degrees
Celsius; unless indicated otherwise, they were measured
without recrystallization of the product.

The purity of the products is checked by thin
layer chromatography (TLC) or HPLC. The products are
characterized by their NMR spectra run at 200 MHz in
deuterated DMSO with tetramethylsilane as the internal
reference. |

The following abbreviations are used in the
intefpretation of the NMR spectra:

s : singlet

sb : broad singlet

- This Sheet Has Been Replaced




5.35 ppm:. s

; H: CHerr]-Clerr]Herr]- 7.25-7.80 ppm: ~ﬁr-“i* a4
aromatic H B) 2-n-Butyl-1-[(2'-carboxybi phenyl -4-yl ) net hyl ] - #- Bgi; bﬂ M o
Spi rocycl opent ane-2-i m dazolin-5-thione trifluoro- acetate i 525

of the conpound obtained in step A are tf egiseshnpridhOpEgN qf amd es,‘%“"&
TFA for 30 mn- utes. After concentrati n, t hgepiesarbie i s {takenp up in

et her. The expected conpound is obtaine

b

yelil ovwpowder,

which is filtered off and then rinsed with hex@rme. m= 160 ndg. Mp. =

185-190[ err] C.

Mass spectrum

d : doublet
t : triplet
q : quadruplet

quint : quintuplet

sext : sextuplet

m : unresolved signals or multiplet

In addition, im denotes imidazole.
Conventlonally, the hydrogen atoms are numbered

on the blphenylyl as shown in the following formula:

x7 NN/ . R2
3t (1)

In the following compounds, z and t are zero
except where the compound prepared is a pyrimidinone.

EXAMPLE 1

2-n-Butyl-4-spirocyclopentane-1-[ (2'-tert--
butoxycarbonylbipheny1-4-yl)methyl]-2-imidazolin-5—on§
and 2-n-buty1—1—[(2'-carboxybiphenyl-4-y1)methyl]-4-
spirocyclopentane-2-imidazolin-5-one trifluoroacetate -
Method 2
A) 1-N-Fmoc-aminocyclopentanecarboxylic acid is pre-
pared according to the method described by CHI-DEU
CHANG et al. (Int. J. Peptide Protein Res., 1980, 153,
59-66). M.p. = 89-91°C.

This Sheet Has Been Replaced
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QH[err]

ppm : sext

CH err]

-CH[érr]

421 -

NVR spectrum 0.78 ppm: t : 3 H: CHerr]

2 H CHerr]-CHerr] 1.50 ppm: quint : 2 H REPLACFMENT HLET

-CHerr]- [ THIS SHEET HAS BEEN | .
REPLACED 06 MAR 557

B) N=-(2'-Tert-butoxycarbonylbiphenyl-4-ylmethyl)-1-(N-
Fmoc-amino)cyclopentane-l1-carboxamide

700 mg of the product prepared in the previous
step are dissolved in 8 ml of DMF, and 576 mg of 4-
aminomethyl-2'~tert-butoxycarbonylbiphenyl, 970 mng of
BOP and a sufficient amount of DIPEA to bring the pH to
6 are added successively. '

After stirring for 1 hour, the reaction medium
is diluted with 100 ml of ethyl acetate and 20 ml of
water; the organic phase is washed successively with a
saturated solution of sodium bicarbonate, then with a

© KHSO_-K_,SO, solution and finally with a saturated

solution of sodium chloride. After drying over sodium

sulfate, the solution is evaporated to dryness to give

an oil. m=1.2 g.
C) N-(2’-Tert-butoxycarbonylbiphenyl-4-ylmethyl)-1-
aminocyclopentane-l-carboxamide

The product obtained in the'previous step is
dissolved in 10 ml of DMF, 1 ml of diethylamine is then
added and the mixture is stirred for 1 hour 15 minutes
at RT. The reaction medium is taken up in 100 ml of
ethyl acetate and 20 ml of water and the organic phase
is then washed once with water and once with a satura-
ted solution of sodium chloride and then dried over
sodium sulfate and evaporated to dryness.

The residue is chromatographed on silica gel
using an ethyl acetate/methancl/30% aqueous ammonia
mixture (99/1/0.5; v/v/v) as the eluent to give 600 mg
of the expected product.

- IR (CHCl,):
3350 cm—* H (amide and amine)
1700 cm—-* : C=0 (CO,tBu)
1650 cm—~* : C=0 (CONH)
- NMR spectrum:
1.25 ppm ¢ s : 9 H : tBu

This Sheet Has Been Replaced
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CH err]
CH err]

cycl opent ane

1.75-2.00 ppm: m: 8 H: 2. 40 ppm}: REPLACEMENT SHEET
-CHerr]-CHerr]-CH err] 5.20 ppm: s : 2 H: .
~Clerr]Herr]-  7.00-7.65 ppm : MigsBer s BEN T H | | 06 MAR 1997
REPLACED

- 26 -

2.15-1.40 ppm : m : 10 H : C_H,, NH
4.40 ppm : d : 2 H : CH,~-NH
7.15-7.75 ppm : m : 8 H : biphenyl
8.60 ppm : t : 1 H : NH-CH,

D) 2-n-Butyl-4-spirocyclopentane-1-[(2‘-tert-butoxy-

carbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one

394 mg of the product prepared in the previous
step and 250 mg of ethyl orthovalerate are mixed in'2

ml of DCM. 1 drop of acetic acid is added and the mix-

ture is then heated at 90°C with the DCM being allowed

to evaporate off. After 1 hour 15 minutes, the reac-

tion medium is taken up in 50 ml of ethyl acetate, 10

ml of water and 1 ml of a saturated solution of sodium

bicarbonate. The organic phase is then washed with a

saturated solution of sodium chloride and subsequently

dried over sodium sulfate and evaporated to dryness.

The residue is chromatographed on silica gel using an

ethyl acetaté/toluene mixture (1/2: v/v) "as the eluent

to give 390 mg of the expected product, which crystal-
lizes. M.p. = 63-65°C.

- IR (CHCl1l,):
1710-1720 cm—> :
1625 cm=* : C=N

- NMR spectrum:

2

C=0, C=0 (ester and imidazoline)

0.88 ppm : t : 3 H : CH, (nBu)

1.20 ppm : s : 9 H : tBu

1.35 ppm : sext : 2 H : CH,-CH_-

1.58 ppm : quint : 2 H : CH_ ~CH_-CH_-

1.95-1.65 ppm : m : 8 H : cyclopentané

2.42 ppm : t : H: CH,-CH_~-CH_-CH_-

4.78 ppm : s : 2 H : CH,~-C_H_ -

7.20-7.80 ppm : m : 8 H : aromatic protons
- Mass spectrum:

MH+ : 461
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EXAMPLE 12

2-n-Butyl -4- (2-spiroindane) -1-[(2'-tert

car bonyl biphenyt—-
n- but yl -

I ndane) - 2-i
prepared acc
the correspo

cited in Exanple 2A).
2.78 g of the ethyl

1-{Thid 'SheeeHds BucpRejlivethy | -
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ter is then prepar gg accordi ng to Adk-As—{ref-
B) 2-n-Butyl -4-(2-spiroindane)-2-imdakolin-5-one

ester prepared in step A

E) 2-n-Butyl-1-[(2’'~carboxybiphenyl-4-yl)methyl]-4-
spirocyclopentane-2-imidazolin-5-one trifluoroacetate
180 mg of the product prepared in the previous
step are treated with 3 ml of DCM and 4 ml of TFA for
45 minutes. After evaporation under vacuum, the resi-
due is taken up in ether to give a white solid, which
is filtered off, washed with ether and then dried under

vacuum. m = 155 mg. M.p. = 176-178°C.

- NMR spectrum:

0.78 ppm : t : 3 H : CH, (nBu)

1.25 ppm : sext : 2 H : CH,-CH,

1.50 ppm : quint : 2 H : CH,~-CH_-CH_
1.75-2.00 : m : 8 H : cyclopentane

2.65 ppm : t : 2 H : CH,-CH_-CH_~-CH_~-
4.83 ppm : s : 2 H : CH.~-C.H, .-

7.20-7.75 ppm : m : 8 H : aromatic protons

- Mass spectrum.
MH+ : 405

EXAHPLE 2
2-n-Butyl-1-[(2'-carboxyb1pheny1-4-yl)methyl]-
4-spirocyclopentane-2-imidazolin-5-one trifluoroacetate
- Method 1 '
A) 2-n-Butyl-4-spirocyclopentane-2-imidazolin-5-one
The ethyl ester of l-aminocyclopentanecarboxy-

lic acid is prepared according to ADKINS and BILLICA
(J. Amer. Chem. Soc., 1948, 70, 3121).

Ethyl valerimidate is prepared according to Mac
ELVAIN (J. Amer. Chem. Soc., 1942, 64, 1825-1827) and
then freed from its hydrochloride by reaction with
potassium carbonate and extraction with DCM.

The ethyl ester of 1-aminocyclopentanecarboxy-
lic acid (1.57 g) and ethyl valerimidate (1.56 g) are
dissolved in 12 ml of xylene containing 6 drops of
acetic acid. After refluxing for 6 and a half hours,



and 2.5 g of—ethyl—vaterinidate are d| ssolved in 20 nl. of xyl erﬂiPLm&I\&féﬂ SH&:ET_

presence of 60 l.egl] . 0fecfRGHAG aci d antl Figg kit uhoBEBNNDUT S|
500 ny of ethy

further 3 hours.
chr omat ogr aphed
(3/8/0.3; v/iviv) as the eluent. The pure fractions are conbi
porated with tol uene to give 3.07 g of the expected product

a white solid.

" are addedl and g agkpi S mal nt aj
HHH| medi um i s*comcemntTated—and t hen
g a hexanre/2g&t-hyl acetate/aceti

e

ed and eva-

Mp. = 148- 150 C. - NMR spectrum
the reactlon medium is concentrated under vacuum and

the residue is then chromatographed on silica gel using
a chloroform/methanol/acetic acid mixture (94/4/2;
v/v/v) as the eluent. The fraction containing the
expected product is evaporated several times in the

presence of xylene and then benzene in order to remove

the acetic acid. 1.91 g of product are obtained in the
form of a thick oil. '
- IR (CHCl.):
1720 cm—*> : C=0
1635 cm—* : C=N
“Note: The fact that there is'no visible band between
1500 and 1600 cm-* indicates that, in chloroform.
solution, the product is an imidazolin-5-one.
- NMR spectrum: ' '
0.92 ppm : t : 3 H : CH, (nBu)
1.35 ppm : sext : 2 H : CH,~CH_ -
1.50-1.93 ppm : m ¢ 10 H : CH,-CH, Cﬁ _and cyclo-
pentane
2.33ppm : t : 2 H : CH,~CH,~CH,-CH,~
10.7 ppm : m : NH ’
- Mass spectrum:
MH* : 195 .

The 2-n-butyl-4-spirocyclopentane-2-imidazolin-
5-one prepared in step A can also be obtained by
another procedure described below, using cycldpentanone
as the starting material.

a) l-Aminocyclopentanenitrile

This step is carried out according to A.
Strecker (Org. Synth., 1955, 3).

1.97 g of sodium cyanide are dissolved in 3.9
ml of water in a round-bottomed flask and a solution
containing 2.33 g of ammonium chloride in 5.9 ml of
water and 3.5 ml of 20% aqueous ammonia is added:
finally, 3 g of cyclopentanone in 3.8 ml of methanol

i A—tre—formrof



0.90 ppm:
CH[err] CHerrJ-CHerr]
(CH[er

CH e
4. 90 ppm
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S
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are added to the flask. After stirring for 1 and a
half hours, the mixture is heated at 60°C for 45
minutes, heating is then stopped, stirring is continued
for 45 minutes'and the mixture is then cooled to 25°C.
It is extracted several times with methylene chloride.
The extracts are dried over sodium sulfate, filtered
and concentrated under vacuum to give 4 g of the
expected product in the form of an oil.

The 1l-aminocyclopentanenitrile obtained is
dissolved in 300 ml of acetone, and a solution of
2.25 g of oxalic acid dihydrate in 200 ml of acetone is
added, with stirring. The precipitate formed is fil-
tered off, washed with acetone and then dried.

m=4.71 g. ' |

M.p. = 220°C.

This compound is l-aminocyclopentanenitrile
hemioxalate.

b) l-aminocyclopentaneacetamide

This step is carried out according to J.
Zabicky (The Chemistry of Aamides, Interscience, New
York, 1970, 119).

5.1 g of the oxalate obtained in the previous
stép are treated with 7.65 ml of concentrated sulfuric
acid (d = 1.84) over 45 minutes, with stirring. The
evolution of a gas is observed and the temperature
rises to 100°C. The mixture is cooled to about 35°C
and poured into a mixture of ice and concentrated
agqueous ammonia (10 g/2.8 ml). The suspension formed
is extracted 6 times in succession with chloroform con-
taining 5% of methanol. 3 ml of aqueous ammonia (4 =
0.92) are added to the aquecus phase and the mixture is
extracted again with chloroform containing methanol
(1/0.5; v/v). The combined organic phases are dried
over sodium sulfate, filtered and concentrated. The
expected product is obtained in the form of a white
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solid. _

m=3.79 g.

M.p. = 95°C. .

The structure can be confirmed by the results

- of analysis and the IR spectrum.

€) 2-n-Butyl-4-spirocyclopentane-2-imidazolin-
5~one ' '

This step is carried out according to H.
Takenaka et al., Heterocycles, 1989, 29(6), 1185-89.

3 g of the compound prepared in the'previous
step are placed in 70 ml of anhydrous THF and 3.3 ml of
triethylamine, and 3 ml of valeryl chloride in 10 ml of
anhydrous THF are added, with stirring. A white sus-
pension is formed. The intermediate which is formed,

- but not isolated, is 1-(N-valeryl)aminocyclopentane-
carboxamide. 6 g of potassium hydroxide pellets, 7 ml
of water and 16 ml of methanol are added. The mixture
is refluxed for 2 and a half hours and 9 g of ammonium
chloride are then added. After stirring for 15 min-

' utes, the mixture is concentrated under vacuum. The
residue obtained is taken up ‘in 40 ml of water and
extracted with 10 ml of ethyl acetate and then twice
with 5 ml of ethyl acetate. The combined organic
phases are dried over sodium sulfate and filtered. The
filtrate is concentrated to dryness to give 4.85 g of
the expected product. The NMR spectrum is similar to
that described previously. The hydrochloride of this
compound can be prepared by the addition of concentra-
ted hydrochloric acid. The hydrochloride melts at
240°C with sublimation.

'B) 2-n-Butyl-4-spirocyclopentane~1-[ (2'~tert-butoxy-
carbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one

970 mg of the product obtained in step A) are
dissolved in 10 ml of DMF. 270 mg of sodium methylate
are added and the mixture is stirred for 15 minutes at



m nutes at roomtenperature, 3.6 g of 4-brononethyl - : ET
t ert - but oxycar bonyl bi phenyl are added and the m xture is sti r BEPIACEMENE SHE

for 6 hours.. The reaction nmediumis conce-ﬁlugegf@grf Iﬁ@%éﬁ?\“ I Shes are
then carried out and the expected corrpou:] o p% MA 1997
chr omat ogr aphed on silica using dichloro - 95

as the eluent (m=1.84 g). - NWR spectrunl 0.80 ppm: : 3 : V”Lc..J
(nBuU) 1.20 ppm: s : 9 H: tBu 1.20-1.60 ppm: m: 4 H

AQ)

CHerr]-CHerr]-CH err] _
- RT. 2.08 g of 4-bromomethyl-2/~-tert-butoxycarbonyl-
biphenyl are added to the suspension and then, after 30
minutes, the mixture is heated at 40°C for 3 and a half
hours under nitrogen.. The reaction medium is taken up
in a mixture containing 100 ml of ethyl acetate, 10 ml
of water and 1 ml of a saturated solution of sodium
bicarbonate. The organic phase is washed with a
saturated solution of sodium chloride and then dried
over sodium sulfate and evaporated to dryness. The
residue is chromatographed on silica gel using an ethyl
acetate/toluene mixture (1/2; v/v) as the eluent to
give 1.25 g of the expected product, which crysi:al-
lizes. M.p. = 63-66°C.

The IR and NMR spectra and the mass spectrum,
as well as the Rf, are identical to .those obtained in
step D) of Example 1.

C) 2-n-Butyl-1-{(2‘~carboxybiphenyl-4-yl)methyl]-4-
spirocyclopentane-2~imidazolin-5-one trifluoroacetate

1.22 g of the product obtained in the previous
step are stirred for 40 minutes in a solution con-
taining 6 ml1 of DCM and 8 ml of TFA. After concen-
tration under vacuum, the residue is taken up in ethyl
ether; the white precipitate formed is filtered off,
washed with ether and then dried under vacuum to give
1.15 g of the expected product. M.p. = 176-178°C.

The IR and NMR spectra and the mass spectrum
are identical to those obtained in Example 1E; like-
wise, the Rf observed in TLC is identical.

EXAMPLE 3 .
2-n-Butyl-1-[ ( 2’~carboxybiphenyl-4-yl)methyl]-

4-spirocyclopentane-2-imidazolin-5-one trifluoroacetate

- Method 3 |

A) 2-n-Butylbenzimidazole is prepared according to W.O.

POOL (J. Amer. Chem. Soc., 1937, 59, 178) and 2-n-

- This Sheet Has Been Replaced




2.40 ppm: t @ 2 H: CI-l[err]-(CI—l[err])[err]-CH[err] 2..9- 3. BRE)m_rACEMg\jT SHFJET
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spi roi ndane) - 2-i m dazol i n- 5-one -1.321 - of 4 hé._conpaund
obtained in the previous step are dissolved in 15 mMl of DCMand treated
with 20 m of TFA. After 30 m nutes, the reaction medi um i s -eorcentrated

and then taken in ether. After trjturati.on, SOlId bt ai
filtered off, T 448 A ARIRAN L IFARPIE 435 g DR epdred

according to M. HARTMANN and L. PAN*ZZON (Helv. Chim.
Acta, 1938, 21, 1692-1694). M.p. = 145°C.
- NMR spectrum:

0.82 ppm : t : 3 H : CH, (nBu)

1.23 ppm : sext ¢: 2 H : CH,~CH,-

1.50'ppm : gquint : 2 H : CH,-CH_ -CH_.-

1.65 ppm

S : 4 H: H,) H, (tetrahydrobenzimidazole)
s : 4 H: H,, H, (tetrahydrobenzimidazole)

2.45ppm : £t : 2 H : CH,-CH,~-CH_-CH_,-

11.1 ppm : m : NH
- Mass spectrum:

M+~ : 178
B) 2-n-Butyl-4-spirocyclopentane-1-{(2’~tert-butoxy-
carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5~one

1 g of the product pfepared in the previous

step is dissolved in 45 ml of DMF with 303 mg of sodium
methylate and a few mg'of methylene blue. Oxygen is
bubbled into the reaction medium, which is illuminated
with a UV lamp. After 15 minutes, 2.14 g of é4-bromo-
methyl-2/-tert-butoxycarbonylbiphenyl are added and
then, after 1 hour, the reaction medium is taken up in
300 ml of ethyl acetate to which 50 ml of water and 5
ml of a saturated solution of sodium bicarbonate have
been added. The organic phase is then washed with a
'saturated solution of sodium chloride and ;ubsequently
dried over sodium sulfate and evaporated to dryness.
The residue is chromatographed on silica gel using an
ethyl acetate/toluene mixture (1/2; v/v) as the eluent

to give 610 mg of the expected product, which crystal-
lizes. M.p. = 62-65°C.

2.35 ppm

The IR and NMR spectra and the mass spectrum,

as well as the Rf, are identical to those obtained
previously for the same compound.
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C) 2-n-Butyl-l-[(2'-carboxybiphenyl-4-yl)methyl]-4-
spirocyclopentane-z-imidazolin45-one trifluoroacetate

This compound is obtained by treatment in an
acid medium as described in the last step of Example 1
and Example 2. The physicochemical data are identical
to those obtained for the same compound prepared by
method 1 or 2. '

EXAMPLE 4
2-n-Butyl-4, 4-dimethyl-1-[ (2'-tert-butoxy-
carbonylbiphenyl-4-yl)methyl }-2-imidazolin-5-one and 2-
n—butyl-l-[(2'-carboxybipheny1-4-y1)methyl]44,4-di-
-methyl-2-imidazolin—-5-one trifluoroacetate - Method 1
A) 2-n-Butyl-4,4-dimethyl-2-imidazolin-5-one
The ethyl ester of alpha-aminoisobutyric acid

is prepared according to R. Jacquier et al. (Bull. Soc.
Chim. France, 1971, (3), 1040-1051). 650 mg of this
compound and 780 mg of ethyl valerimidate are dissolved
in -8 ml of xylene containing 4 drops of acetic acid and
the solution is refluxed for 7 hours. The reaction
medium is then concentrated under vacuum and the resi-
due is chromatographed on silica gel using a chloro-
form/methanol/acetic acid mixture (95/5/2; v/v/V) as
the eluent. After several evaporations with xylene and
then benzene to remove the acetic acid, 560 mg of the
expected product are obtained, which crystallizes.
M.p. = 35-38°C.
- IR (CHC1,)

1725 cm—* : C=0

1635 cm—* : C=N

Note: The absence of a signal between 1500 and 1600

cm—-* confirms that the compound present in chloroform

solution is a 2-imidazolin-5-one. |
- NMR spectrum: '

0.92 ppm : £t : 3 H : CH, (nBu)

Th1s Sheet Has Been R laced
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1.20ppm : s : 6 H : C(CH,).
1.38 ppm : sext : 2 H : CH,~-CH,
1.63 ppm : quint : 2 H : CH,-CH_-CH_-
2.38 ppm : £t : 2 H: CH,~CH,~-CH_-CH,-
10.7 ppm : m : 1 H : N-H
- Mass spectrum:
MH* : 169 - ,
B) 2-n-Butyl-4,4-dimethyl-1-[ (2/~tert-butoxycarbonyl-
biphenyl-4-yl)methyl]}-2-imidazolin-5-one
520 mg of the product prepared in the previous
step are dissolved in 10 ml of DMF. 167 mg of sodium
methylate are added and the mixture is stirred under
nitrogen for 15 minutes. 1.25 g of 4-bromomethyl-2’'-
tert-butoxycarbonylbiphenyl are then added and the mix-
ture is stirred at 40°C for 3 and a half hours. The
reaction medium is taken up in 150 ml of ethyl acetate
and then 20 ml of water and 2 ml of a saturated solu-
tion of sodium bicarbonate. The organic phase is -
washed with a saturated solution of sodium chloride,
dried over sodium sulfate and evaporated to dryness.
The residue is chfomatographed on silica gel using an
ethyl acetate/toluene mixture (1.2/2; v/v) as the
eluent to give 570 mg of the expected product, which
crystallizes. M.p. = 98-100°C.
. = IR (CHCl,): |
1710-1720 cm—* : C=0, C=0 (imidazolinone, ester)
1625 cm—* : C=N
- NMR spectrum:
t 3 H CH, (nBu)
1.08 ppm : s : 9 H : C(CH,),
C(CH,),
1.20 ppm : sext : CH,-CH,~- } 8 H
1.45 ppm : quint : 2 H : CH,-CH_,-CH_~
2.30 ppm : t : 2 H : CH,-CH_,~CH_-CH_-
4.65 ppm : s : 2 H : CH,-C_H_ -

0.78 ppm

0
.0
(13

1.15 ppm : S
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are collated in Table 1.. The structure of each'of t hese canpouhrds

consi st ent—w-th-the—analysi-s—of their NMR-spectra EXA LEEEEAGEMEN? SHEET
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7.15-7.65 ppm : m : 8 H : aromatic protons

An NOE (Nuclear Overhauser Effect) study confirms the

position of the S5-one and 4,4-dimethyl substituents

on the imidazolinone.
- Mass spectrum:

MH+ : 435
C) 2-n-Butyl-1-[(2’-carboxybiphenyl-4-yl)methyl]-4,4~
dimethyl-2-imidazolin-5~one trifluoroacetate

460 mg of the product prepared in the previous

step are treated with 3 ml of DCM and 4 ml of TFA for
45 minutes. After concentration under vacuum, the
residue is taken up in ether and the precipitate formed
is filtered off, washed with ether and then dried under
vacuum to give 450 mg of the expected product in the
form of a white solid. M.p. = 168-171°C. |
- NMR spectrum: ' .

0.82 ppm : t : 3 H : CH, (nBu)

1.30 ppm : sext : CH,-CH_.-

s : C(CH,).~ } 8 H
1.55 ppm : quint 2 H: CH,~CH_-CH_~-
2 CH,-CH_,~CH_~CH_-

4.82 ppm : s : 2 CH.-C.H. -

7.20-7.75 : m : 8 aromatic H
- Mass spectrum:

MH* : 379

1.35 ppm

2.62 ppm : t :

H
H

EXAMPLE 5

1-[ (2'-Cyanobiphenyl-4-yl)methyl]-2-n-butyl-4-
spirocyclopentane-2-imidazolin-5-one and 2-n-butyl-4-
spirocyclopentane-1-[ (2'~(tetrazol-5-yl)biphenyl-4-yl)-
methyl ]-2-imidazolin-5-one - Method 1
A) 1-[(2'-Cyanobiphenyl-4-yl)methyl]-2-n-butyl-4-spiro-
cyclopentane-2~-imidazolin-5-one

A mixture containing 250 mg of sodium hydride
(as an 80% dispersion in mineral oil) and 5 ml of DMF




[err] A mxture cont ai_hi onpquREPAGENENE SSHEET
Example 1, step E, 15 ml of THF and ZGEH% ﬁ?ﬁ%a‘?‘ﬁ)ﬁﬁrﬂl i m dafoTE TS
stirred at roomtenperature for 72 houks. REBLACER: | on medijuh i § 6 MAR 1997 -

evapor at ed, the a6 -

is prepared under a nitrogen atmosphere and a solution
containing 0.97 g of 2-n-butyl-4-spirocyclopentane-2-
imidazolin-5-one (prepared in Example 2, step A) in 10
ml of DMF is added dropwise. The mixture is stirred
for 30 minutes at RT and a solution of 1.5 g of 4-
bromomethyl-2’/-cyanobiphenyl in 10 ml of DMF is then
added. After stirring for 1 hour at RT, the DMF is
evaporated off under reduced pressure, the residue is
then taken up with ethyl acetate and the organic phase
is washed with water and then dried over sodium sul-
- fate, filtered and evaporated. The residue is chroma-
tographed on silica gel using a DCM/ethyl acetate mix-
ture (9/1; v/v) as the eluent. 1.68 g of the expected
product are recovered. M.p. = 92-93°C.
B) 2—n—Butyl-4-spirocyclopentane-1-[(2'—(tripheny1-
methyltetrazol-5-yl)biphenyl-~4-yl)methyl j-2-imidazolin-
S-one
1.56 g of the previous product, 2.6 g of tri-
butyltin azide and 30 ml of xylene are refluxed for 66
hours. The xylene is then evaporated off and the resi-
due is dissolved in 20 ml of DCM and 5 ml of THF with
the addition of 0.8 ml of 10 N sodium hydroxide solu-
tion and, after stirring for 30 minutes, 2.5 g of tri-
tyl chloride, and the mixture is stirred for 26 hours.
. After evaporation of the solvents, the residue is taken
up in ethyl acetate and washed with water by means of a
3% solution of potassium bisulfate and water. It is
dried and evaporated. The residue is chromatographed
on alumina using a hexane/ethyl acetate mixture (9/1;
v/v) as the eluent to give 1.97 g of the expected
product. M.p. = 150-152°C. _
‘C) 2-n-Butyl-4-spirocyclopentane-1-[(2’-(tetrazol-5-
yl)biphenyl-4~yl)methyl]-2-imidazolin-5-one |
1.96 g of the product prepared in the previous
step are dissolved in 10 ml of methanol and 10 ml of

-
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residue is taken up in ethyl acetate and the mixture is washed with water

and t hen mAth—a—safutrﬁﬁ’BT’EBHTﬁnlchIorlde to give 420 ng of

r -
whi ch are puri figds &mm@ﬂﬁ‘f phy on Blﬂil o let yIEB%@'ﬂ;ENJ SHEET
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THF. After the reaction medium has been cooled to 5°C,
1.5 ml of 4 N hydrochlorlc acld are added and the mix-
ture is stirred for 3 hours at RT and 1 hour at 30°C.
After evaporation of the solvents, the residue is taken
up in water and the pH is brought to 12 by the addition
of 10 N sodium hydroxide solution. The aqueous phase
1s extracted with ether, toluene and ether again. The
aqueous phase is acidified to pH 2 by the addition of
1 N hydrochloric ac1d and then extracted with ethyl
acetate and the exrract is dried and evaporated. The
white solid obtained is dried at 50°C under 0.05 mm of
mercury to give 840 mg of the expected product. M.p. =
180-181°C.
~ = NMR spectrum: _
0.7S ppm : t : 3 H : CH, (nBu)
1.10 ppm : sext ¢: 2 H : CHS-CH,— 
1.20 ppm : quint : 2 H : CH,~-CH_ -CH_-

1.5-2 ppm : m : 8 H : -C_H,

2.2 ppm : t : 2 H : CH,-CH,-CH_-CH_-
4.6 ppm : s : 2 H : CH,-C,H_ -

7ppmn ¢ s : 4 H : CH,~C_H, -

7.35-7.7 ppm : m : 4 H : aromatic H,. ,. s, e’

An NOE study confirms the position of the 5-one sub-

“stituent on the imidazole.
D) Potassium salt of 2-n-butyl-4-splrocyclopentane-l—
[(2’-(tetrazol-5-yl)biphenyl- -34-yl)methyl ]-2-imidazolin-
5-one |

970 mg of the compound obtained in the previous

step are dissolved in 40 ml of an isopropanol /methanol
mixture (1/1; v/v) and the pH is adjusted to 12 by the
addition of an 85% solution of potassium hydroxi¢e in a
methanol/water mixture (20/1; v/V). The reaction
medium is evaporated, the residue is taken up in iso-
propanol and the medium is evaporated again. The resi-
due is dissolved in 20 ml of isopropanol, with gentle
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heating, and then left to return to room temperature.
The mixture is left to decant, the filtrate is evapora-
ted and the residue is then taken up in heptane. After
trituration, the product solidifies; it is filtered off
and then washed again with heptane and . dried under
vacuum to give 945 mg of the expected potassium salt.
M.p. = 142-144°C.
- Elemental'analysis:_czsﬁa;KNso.Hzo

calc. ¥ C : 61.95 H : 6.03 N : 17.34

found % 62.02  6.13 17.14

EXAMPLE 6

' ﬂ 2-n-Butyl-1-{ (2'-carboxybiphenyl-4-yl)methyl]-
4-(4-spirotetrahydropyran)-2-imidazolin-5-one tri-
fluoroacetate and 2-n—buty1-4-(4-spirotetfahydropyran)—
1-[ (2'~tert-butoxycarbonylbiphenyl~-4-yl)methyl]-2-
imidazolin-5-one - Method 2
A) 4-Aminotetrahydropyran-4-carboxylic acid is prepared
from tetrahydropyrén-4-one by the method described in
German patent 2 215 721.
B) 4-(N-Benzyloxycarbonylamino)-4-carboxytetrahydro-
pyran _ ' '

1.015 g of the compound of step A are placed in
12 ml of water and treated at 10°C with 1.22 ml of di-
isopropylethylamine and then 3.33 g of N-(benzyloxy-
carbonyloxy)succinimide dissolved in 12 ml of aceto-
nitrile. After 1 hour 15 minutes, the reaction medium
is diluted with 70 ml of ethyl acetate and 10 ml of
water and the pH is brought to 2 with a saturated
solution of potassium bisulfate.

After decantation, the organic phase is washed
with a saturated solution of sodium chloride, dried
over sodium sulfate and then evaporated under vacuum.
The residue is diluted with 60 ml of ether, after which
7 mmol of dicyclohexylamine are added. The precipitate
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- formed is filtered off and washed with ether; it is
then dissolved in an ethYl acetate/water mixture and
the pH is brought to 1.5 with a saturated solution of
potassium bisulfate. The organic phase is decanted,
washed with a saturated solution of sodium chloride and
evaporated under vacuum te give 1.9 g of a white solid.
M.p. = 110-115°C.

C) N-(2'-Tert-butoxycarbonylbiphenyl-4-ylmethyl)-4-(N-
benzyioxycarbonYlamino)tetrahydropyran-4-carboxamide
850 mg of the compound prepared in step B are
dissolved in 15 ml of DMF, and equimolar amounts of 4-
aminomethyl-2’~tert-butoxycarbonylbiphenyl, DIPEA and
then BOP (10% excess) are added. After 40 minutes, the

medium is taken up in 200 ml of ethyl acetate and 200
ml of water. The organic phase is decanted and then
washed twice with a 'saturated solution of sodium bi-
carbonaté, twice with a 5% solution of sodium bisulfate
and then once with a saturated solution of sodium
chloride. After drying over sodium sulfate, the
organic phase is evaporated under vacuum to give 1.8 g
of the expected product.

D) N-(2'-Tert-butoxycarbonylbiphenyl-4-ylmethyl) -4-
aminotetrahydropyran-4-carboxamide

The product obtained in step C is dissolved in
30 ml of methanol. 400 mg of 10% palladium-on-charcoal
are added and the mixture  is hydrogenaﬁed at atmos-
pheric pressure. After 1 hour, the catalyst is fil-
tered off and the filtrate is then concentrated under
vacuum. The residue is chromatographed on silica using
an ethyl acetate/methanol/33% aqueous ammonia mixture
(99/1/0.5; v/v/v) as the eluent to give 0.93 g of the

expected product in the form of a white solid. M.p. =
125-127°C. .

- NMR spectrum:
8.50 ppm : t : 1 H : amide H



1 g of the conpound prepared in Exanple 5, step A is placed—+a—3+5—+

absol ute methanol and 2.3 m of ethanol i presence of O %@LAEEM@P&T SHEET
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perature for 24 hours. After treatnent, 7130 nyREPLAGED expedt pd pgﬂgmﬁﬂg
obtained in the formof an oil. B) A m xture containihgl 3

t he compound prepared in the previous step-a® I'l3 ng of N-cyah

i m do-S, S-di met hyl dithiocarbonate in 3 m of ethanol is reflpxed for 24

hours. After the usual treatnment, the reaction nmediumis purFfTE0 Y

chromat ography on SIJ.'éﬁaﬂ.os ppm : m : 8 H : aromatic protons

4.25 ppm : d : 2 H : CH,-C,H, -
3.70-3.50 ppm : m : 4 H : CH, in the 2 and 6 posi-
tions of the tetrahydro-
pyran
2.00-1.80 ppm : m : 4 H : CH_ in the 3 and 5 posi-
| tions of the tetrahydro-
_ . pyran
1.05 ppm : s : 9 H : tBu
E) 2-n-Butyl-4-(4-spirotetrahydropyran)-1-[(2’'~tert-
butoxycarbonylbiphényl-4-yl)methyl]-2-imidazolin-5-one
A mixture containing 0.9 g of the compound
obtained in step D, 327 mg of methyl orthovalerate and
2 drops of acetic acid is heated for 3 hours at 110°C.
The reaction medium is taken up in 100 ml of ethyl
acetate, then washed with a saturated solution of
sodium bicarbonate and a saturated solution of sodium
chloride and then dried over sodium sulfate and the
ethyl acetate is evaporated off. The residue obtained
is chromatographed on silica using an ethyl acetate/
toluene mixture (2/1; v/v) as the eluent to give 550 mg
of the expected product'in the form of a wax.
- NMR spectrum:
7.05-7.60 ppm : m : 8 H : aromatic protons
4.63 ppm : s : 2 H : CH,-C,H -
3.85~-3.55 ppm : m : 4 H : CH, in the 2 and 6 posi-
' tions of the tetrahydro-
pyran
2.30ppm : £t : 2 H : CH,-C,H,
1.05-1.80 ppm : m : 8 H : CH,-CH,-CH_-CH, and CH, in
' the 3 and 5 positions of
the tetrahydropyran

1.03 ppm : s : 9 H : tBu |
C.75 ppm : £t : 3 H : (CH,),-CH,
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using a DCM et hyl acetate m xture (50/50; v/ v) as the el uent.
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- IR (CHCl.):
1710-1720 cm~* : C=0, C=0
1625 cm—* : C=N
F) 2-n-Butyl-4-(4-spirotetrahydropyran)-1-[(

o RERLACERIENT SHEET
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2'~tert-

butoxycarbonylbiphenyl-4-yl)methyl]-2~imidazolin-5-one

530 mg of the product obtained in the previous
step are treated with 4 ml of dichloromethane and 5 ml

of TFA for 45 minutes. After evaporation under vacuum,
the residue is taken up in ether and the precipitate
formed is filtered off, washed with  ether and then
dried under vacuum to give 510 mg of the expected pro-

duct. M.p. = 159-162°C.

- NMR spectrum:
7.80-7.10 ppm : m : 8 H : aromatic protons
4.80 ppm : s ¢ 2 H: CH,-C,H .-

4.00-3.75 ppm : m : 4 H : CH, in the 2 and 6 posi-
tions of the tetrahydro-

pyran
2.60 ppm : £t : 2 H : CH,~-C,H,

1.45-2.00 ppm : m : 6 H : CH_-CH,-CH_,-CH, and CH, in
the 3 and 5 positions of

the tetrahydropyran

1.30 ppm : sext : 2 H : CH,-CH_~-CH_-CH,
0.80 ppm : t ¢: 3 H: (CH,),~CH,

EXAMPLE 7

2-n-Buty1-1-[(2'-carbdxybipheny1-4-yl)methyl]-
4-[spiro(l-benzyl-4-piperidine)]-2-imidazolin-5-one
trifluoroacetate and 2-n-butyl-4~-[spiro(l-benzyl-4-
‘piperidine) ]J-1-[(2’~tert-butoxycarbonylbiphenyl-4-yl)-

methyl ]-2-imidazolin-5-one - Method 1

A) 4-Amino-l-benzylpiperidine-4-carboxylic acid is pre-
pared from N-benzylpiperidin-4-one by the method

described in German patent 2 215 721.

This

Sheet Has Been Replaced




-55-

REPLACEMENT SHEET

THIS SHEET HAS BEEN |
REPLACED 06 MAR 1997

- 42 -

B) Ethyl 4-amino-l-benzylpiperidine-4-carboxylate
3.80 g of the compound prepared in step A are

added to a solution of 13 g of hydrochloric acid in 50
ml of ethanol at 0°C and the mixture is then refluxed
for 5 hours. After concentration under vacuum, the
residue is washed with ether and then dissolved in an-
ether/water mixture, to which a saturated solution of
potassium carbonate is added to bring the pH to 9. The
ether phase is decanted, washed with a saturated solu-
tion of sodium chloride, dried over sodium sulfate and
then evaporated to dryness to give 3.50 g of the
expected product in the form of an oil.
- NMR spectrum:

7.20-7.40 ppm : m : 5 H : aromatic protons

4.10 ppm : g 2 H: CH,-CH,

3.45 ppm : s 2 H CH, of the benzyl

2.25-2.60 ppm : m : 4 H : CH, in the 2 and 6 posi-

' _ tions of the piperidine
1.80-2.05 ppm : m : 2 H ) CH, in the 3 and 5 posi-
1.20-1.40 ppm : m : 2 H } tions of the piperidine
1.12 ppm : t : 3 H : CH,-CH_~

C) 2-n-Butyl-4-[spiro(l-benzyl~4-piperidine)]-2-imi-
dazolin-5-one

Ethyl valerimidate is prepared as in Example 2,
step A. 2.06 g of ethyl valerimidate, 3.40 g of the
compound prepared in step B and 8 drops of acetic acid
are mixed in 15 ml of xylene and the mixture is re-
fluxed for 6 hours. After concentration under vacuum,
the residue is chromatographed on silica gel using a
chloroform/methanol /acetic acid mixture (82/15/3:;
v/v/v) as the eluent. 2.80 g of the expected product
are obtained after extraction with chloroform at pH 9
to remove the acetic acid. M.p. = 170-172°C.

- IR (chloroform):
1725 cm—* : C=0
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10[err] C and then heated at 80[err]Cin a
concentration of the reaction mediumto d

1640 cm~* : C=N
- NMR spectrum: .
7.10-7.30 ppm : m : 5 H : aromatic protons
3.45ppm : s : 2 H : -CH,~-C_H,
1.10-2.75 ppm : 5m : 14 H : CH, in the 2, 3, 5 and
6 positions of the
piperidine and
(CH_),~CH,
0.80 ppm : t : 3 H : (CH,),~-CH,
D) 2-n-Butyl-4-[spiro(l-benzyl-4-piperidine)]-1-[(2'~
tert—butoxycarbonylb1pheny1-4-y1)methyl] -2-imidazolin-
5-one
513 mg of sodium methylate and, after 15
minutes, 4.16 g of 4-bromomethyl-2'-tert-butoxycar-
bonylbiphenyl are added to a solution of 2.78 g of the
compound obtained in step C in 25 ml of DMF. The reac-
tion medium is heated at 40°C for 5 hours and then
taken up in 300 ml of ethyl acetate, 50 ml of water and
5 ml of a saturated solution of sodium bicarbonate.
The organic phase is decanted, washed once more with a
saturated solution of sodium chloride, dried over
sodium sulfate and evaporated under vacuum. The resi-
due is chromatographed on silica using an ethyl ace-
tate/methanol mixture (95/5: v/v) as the eluent to give
.98 g of the expected product. M.p. = 103-106°C.
- IR (CHCl,):
1710-1725 cm~* : C=0, C=0 (imidazoline, ester)
. 1630 cm—2> : C=N
- NMR spectrum:
7.70-7.10 ppm : m : 13 H : aromatic protons
4.70 ppm : S 2 H: CH,-C,H -
3.55 ppm & S 2 H CH.-C.H,
1.20-2.75 ppm : 5m : 14 H : CH, in the 2, 3, 5 and 6
positions of the piperi-
dine and (CH_,),-CH,
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residue i s chromat ographed on silica using a DCM net hanol
v/v) as the eluent to give 130 ng of the expected product.
EXAMPLE 16 _
-4-spirocycl opentane-1-[(2'-trif | uor ®EpPLACED
met hyl sul f onyl am nobi phenyl - 4-yl ) nmet hyl ] =2=Tm |

trifluoronmethylsul fonate [err]

100[err] C.

2- n- But yl
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1.15 ppm : s ¢ 9 H : tBu
0.85 ppm : t : 3 H : (CH,),-CH,
E) 2-n-Butyl-1-[(2’'-carboxybiphenyl-4-yl)methyl]-4-
[spiro(1-benzy1-4-piperidine)]-z—imidazolin-s-one
trifluoroacetate
350 mg of the compound obtained in step D are
dissolved in 4 ml of dichloromethane and 5 ml of TFA.
After 45 minutes, the medium is concentrated under
vacuum, the residue is then taken up in an ether/
hexane mixture and the precipitate formed is filtered
off, washed with ether and dried under vacuum to give
350 mg of the expected product. M.p. = 198-200°C.
- NMR spectrum:
7.05-7.75 ppm : m : 13 H : aromatic protons
4.75 ppm : s : 2 H : CH,-C,H,-
4.40 ppm : s : 2 H : CH,-C_.H,
3.20-3.60 ppm : m : 4 H : CH, in the 2 and 6 posi-
' tions of the piperidine
2.35 ppm : t : 2 H : CH,-CH,-CH_-CH,
2.20-1.40 ppm : 3 unresolved signals : CH, in the 3
: ' ' and 5 posi-
tions of the
piperidine and
CH,~CH,~CH,~
CH,
1.25 ppm : sext : 2 H : CH,-CH_-CH_-CH,
0.80 ppm : t : 3 H : (CH,),-CH,

EXAMPLE 8
2-n-Buty1-1-[(2'-carboxybiphenyl-4—yl)methyl]-'
4-(4-spiropiperidine)-2-imidazolin-5-one ditrifluoro-
acetate and 2—buty1-4-(4-spiropiperidine)-1-[(zh-tert-
butoxycarbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one
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A) 2-n-Butyl-4-(4-spiropiperidine)-1-[(2'-tert-butoxy-
carbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one

300 mg of the compound of Example 7, step D,
are dissolved in 10 ml of methanol. 180 mcj of 10%
palladium-on~-charcoal are added and the mixture is
hydrogenated for 3 hours at atmospheric pressure. The
catalyst is filtered off and the filtrate is concentra-

ted under vacuum to give 200 mg of the expected pro-
duct.

- NMR spectrum:
7.20-7.75 ppm : m :
4.75 ppm : s @
3.00-1.70 ppm :

8 H : aromatic protons

2 H: CH,~C_H,-

3 unresolved signals for the 4 CH,

of the piperidine

t : 2H : CH,~CH,-CH,—-CH,

quint : 2 H : CH_-CH,-CH_,-CH,

sext : 2 H : CH,-CH_-CH_,~-CH,

"1.20ppm : s : 9 H : tBu

3 H : (CH,),-CH,

B) 2-n-Buty1-1-[(2“—carboxybipnenyl-4-y1)methyl]-4-(4--

spiropiperidine)-2-imidazolin-5-one ditrifluoroacetate
160 mg of the product obtained in step A are

stirred for 45 minutes in 3 ml of dichloromethane and 4
ml of trifluoroacetic aciaA.

2.40 ppm

1.60 ppm :
1.35 ppm :

0.90 ppm : t :

The mixture is concentra-
ted under vacuum and the residue is taken up in ether
to give'a gum and then a foam after drying under vacuum
(150 mg). M.p. = 80-85°C.

- NMR spectrum: |
"7.15-7.80 ppm : m
4.75 ppm : s
3.20-1.60 ppm :

8 H : aromatic protons
2 H: CH,~CH -

3 unresolved signals : 4 CH, of the
_ piperidine
: CH,~CH_,-CH_-CH,
quint ¢ 2 H : CH_~CH,~-CH_,-CH,

sext : 2 H : CH_-CH_ ~-CH,-CH,

2.40 ppm : £t : 2 H
.1.50 ppm :
1.30 ppm :

-
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B.p. = 80-120[err]C under 0.2 mmHg, [err] = 1.6042. B)
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0.80 ppm : t : 3 H: (CH,),-CH,

EXAMPLE 9
Z-n-Butyl-l-[(2'-carboxybiphenyl-4-yl)methyl]-
4,4-diphenyl-2~-imidazolin-5-one trifluoroacetate and 2-
n-butyl-4,4-diphenyl-1-{ (2’'~tert-butoxycarbonylbi-
phenyl-4-yl)methyl ]-2-imidazolin-5-one - Method 1
A) Valeramidine hydrochloride |
6 g of ethyl valerimidate hydrochloride are
added to a solution of 6.75 g of ammonia in 80 ml of
methanol at 0°C. After 18 h, the reaction medium is
concentrated under vacuum to give the expected product
in the form of a white solid.
B) 2-n-Buty1-4,4-dlphenyl-z-1midazolin-5-one
This compound is prepared according to the pro-
cedure described by J. NYITRAI and K. LEMPERT in Tetra-
hedron, 1969, 25, 4265-4275, from benzil and valerami-
dine hydrochloride. M.p. = 135°C. '
- IR (CHCl,):
1725 cm—* : C=0
1640 cm—* : C=N
- NMR spectrum: .
~ 7.20-7.50 ppm : m : 10 H : aromatic protons
2.50 ppm : t : 2 H : CH,-CH,-CH_-CH,
1.65 ppm quint : 2 H : CH_~CH_~CH_-CH,
1.35 ppm : sext : 2 H : CH_-CH_,-CH_-CH_
0.90 ppm : t : 3 H : CH_,-CH_,-CH_,-CH,
1l ppm ¢ sb : NH
'C) 2-n-Butyl-4,4-diphenyl-1-[ (2'-tert-butoxycarbonylbi-
phenyl-4-yl)methyl ]-2-imidazolin-5-one
This compound is prepared according to the
usual method by reacting 4-bromomethyl-2‘-tert-butoxy-
carbonylbiphenyl with the compound prepared in step B,
in the presence of sodium methylate in DMF.
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- IR (CHCl,):
1715-1725 cm~* : C=0, C=0 (ester, imidazolinone)
1635 cm—* : C=N

- NMR spectrum:

7.25-7.80 ppm : m : 18 H : aromatic protons

4.85 ppm : s : 2 H : N-CH_-C_H,_ -

2.60 ppm : t : 2 H : CH,-CH_~CH_~CH,_

1.75 ppm : quint : 2 H : CH_~CH_~CH, CH

1.40 ppm : sext : 2 H : CH,~CH_~CH,-CH,

l.15ppm : s : 9 H : tBu

.90 ppm : £t : 3 H CH, of the n-butyl
D) 2-n-Butyl-l-{(2’-carboxybiphenyl-4-yl)methyl]-4,4-
diphenyl-2-imidazolin-5-one trifluoroacetate

500 mg of the product prepared in step C are

treated with 2.5 ml of dichloromethane and 2.5 ml of
trifluoroacetic acid at 20°C for 40 minutes. After
concentration under vacuum, the residue is taken up in
an ether/hexane mixture and the precipitate formed is
filtered off, washed with hexane and dried to give 440
mg of the expected product. M.p. = 55-60°C.
- NMR spectrum: _

7.15-7.80 ppm : m: 18 H : aromatic protons

4.85 ppm : s : 2 H N-CH_ -C_H -

2.60 ppm : t : 2 H : CH,-CH_,~-CH_-CH,

1.70 ppm : quint : 2 H : CH_,-CH_-CH_-CH,

1.40 ppm : sext : 2 H : CH,-CH_,-CH_-CH,

0.90 ppm : t : 3 H : CH, of the butyl

EXAMPLE 10 _
2-n-Butyl-3-[(2'-carboxybipheny1-4-yl)méthyl]-

6-spirocyclopentane-5, 6-dihydro-1H-pyrimidin-4-one

trifluoroacetate o

Aj (1-aminocyclopentyl)acetic acid
Cyclopentylideneacetic acid is prepared accor-

ding to G.A.R. KON and R.P. LINSTEAD, J. Chem. Soc.,




hydrlde in 5mM of DW is prepared and 500 ng of 2-n- REPLACEMLNT SHEET
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- concentrated to dryness and the residue is taken up in a water/ethyl

acetate m xture.

The organi c phase is decanted, dried over sodrumsur=—"fatre

and filtered and the ethyl acetate is then eva- porated off. The product
obtained i s chromatogsiphedy pneseli cyaesiny ot DeMiet Rbiacaidis MLX0f €20%

agqueous ammonia are placed in an autoclave and the mix-
ture is heated at 150°C for 24 hours. After evapora-
tion of the solvents, the residue is chromatographed on
a silica column using a DCM/methanol/20% aqueous
ammonia solution mixture (70/30/1; v/v/v) as the eluent
to give 330 mg of the expected acid.
B) Ethyl (l-aminocyclopentyi)acetate

330 mg of the acid are dissolved in 10 ml of
ethanol. The solution is cooled in an ice bath and
saturated with gaseous hydrochloric acid. After 24
hours under reflux, the reaction medium is evaporated,
the residue is taken up in a solution of sodium car-
bonate and extracted with ethyl acetate and the extract
is then dried over sodium sulfate, filtered and eva-
porated to give 312 mg of the expected ester.
C) 2-n-Butyl-é6-spirocyclopentane-5,6-dihydro-1H-pyri-
midin-4-one

A mixture containing 310 mg of the compound
obtained in step B, 348 mg of ethyl valerimidate, 10 ml
of xylene and 6 drops of acetic acid is brought to the
reflux point. After 2 hours and 18 hours, a further
348 mg of ethyl valerimidate are added and} after a
total reflux time of 24 hours, the reaction medium is
evaporated and then chromatographed on silica using a
DCM/methanol mixture (97/3; v/v) as the eluent to give
153 mg of the expected product.
D) z—n-Butyl-B-[(2'-tert-butoxycarbonylbiphenyl-4-yl)-
methyl]-5,6-dihydro-1H~pyrimidin—-4-one

A mixture of 10 ml of DMF and 40 mg of sodium
hydride as an 80% dispersion in o0il is prepared under a
nitrogen atmosphere. 144 mg of the compound prepared
in step C, dissolved in 5 ml of DMF, are added dropwise
at room temperature. After stirring for 30 minutes, a
solution of 288 mg of 4-bromomethyl-2'-tert-butoxy-

This Sheet Has Been Replaced
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as the eluent to give 500 ng of the'expected product. D) .prLACHWENT SHEET

1-[(2' - Am nobi phenyl - 4-yl ) et hyl ] - 2- n- by %ﬁmqﬁﬁﬂqngﬁlﬁmN
cycl opent ane- 2-i m dazol i n-5-one 450 ngrepLAdED pr odyc
the previous step are placed in 10 m of*petiarot—TTT (he prg
pal | adi um on-charcoal , at roon1tenperaturg,{?w hydrogenation
filtration of the catal yst and evaporation, 240

are ob- tained. E) In 4 mM of DCM 225 ng of the produ
the previous step are mxed with 0.1 m of tri-

carbonylbiphenyl in 5 ml of DMF is added. The mixture
is stirred for 2 hours and then evaporated and the
residue is taken ﬁp in water and extracted with ethyl
acetate. The extract is dried over sodium sulfate,
filtered, evaporated and then purified by column chro-
matography using a hexane/ethyl acetate mixture (85/5;
v/v) as the eluent to give 174 mg of the expected pro-
duct.

E)

10 ml of trifluoroacetic acid are cooled in a
bath of iced water and 161 mg of the compound prepared
in step D are added. The mixture is stirred for 30
minutes and then evaporated. The residue is taken up
in ethyl ether and the mixture is then evaporated
again. This operation is repeated and the residue is
then dried under vacuuam to give 140 mg of the expected
compound in the form of an amorphous powder. M.p. =
108-115°C.

- NMR spectrum:

0.9ppm : t : 3 H: (CH,),~-CH,

1.1 to 2.1 ppm : m : 12 H : cyclopentane and CH_-CH_~
CH_~CH,

2.7 ppm : £t : 2 H : CH,-CH_,~-CH,~-CH,

3.1 ppm : s : 2 H : -CH_~-CO

5.1 ppm :8:2H: N-CH,--C,Hs

7.2 to 7.8 ppm : m : 8 H : aromatic protons

EXAMPLE 11

2-n-Butyl-4-spirocyclopentane~1l~[ (2'~tert-
butoxycarbonylbiphenyl-4-yl)methyl ]-2-imidazolin~5-
thione and 2-n-butyl-1-[(2'~carboxybiphenyl-4-yl)-
methyl ]-4-spirocyclopentane-2-imidazolin-5~-thione tri-
fluoroacetate

This Sheet Has Been Replaced
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ethylamne, 0.2 nml of trifluoronethylsulfonic'anhydride
argon at -78[err]C and the m xture is then left to retur
tenperature. The reaction THIS SHEET HAS BEEN
REPLACEMENT SHEET R '

ACED

- 50 -

A) 2-n-Butyl-4-spirocyclopentane-1-[(2'-~tert-butoxy-
carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-thione
5.63 g of the compound prepared in Example 1,
step D, are dissolved in 40 ml of anhydrous toluene and
treated with 3 g of Lawesson’'s reagent at 80°C under
nitrogen. After 6 hours, the reaction is fil-
tered and concentrated. The concentrate is chromato-
graphed on silica using a DCM/ethyl acetate mixture
(95/5; v/v) as the eluent to give the expected product
in the form of an oil, which crystallizes in the cold.
m=4.5g. M.p. = 77-79°C.
- NMR spectrum:
- 0.90 ppm

ot

3 H: CH, (nBu)

1.20ppm ¢ s ¢ 9 H : tBu

1.35 ppm : sext : 2 H : CH,~CH_-

1.60 ppm : quint : 2 H : CH,-CH_,-CH_-

1.80-2.10 ppm : m : 8 H : cyclopentane

2.60 ppm : t : 2 H : CH,-CH_~CH_-CH.

5.35 ppm : s : 2 H : CH,-C_H, .~

7.25-7.80 ppm : m : 8 H : aromatic protons
B) 2-n-Butyl-1-[(2'~carboxybiphenyl-4-yl)methyl]- 4-
spirocyclopentane-2-imidazolin-5-thione trifluoro-
acetate

225 mg of the compound obtained in step A are
treated with 5 ml of DCM and 5 ml of TFA for 30 min-
utes. After concentration, the residue is takgn up in
ether. The expected compound is obtained in the form
of a yellow pbwde’r, which is filtered off and then
rinsed with hexane. m = 160 mg. M.p. = 185-190°C.

- Mass spectrum:

MH* : 421
- NMR spectrum: : Tlus Sheet Has Been Replaced
R [ ([1]]

1.20 ppm : sext : 2 H : CH,-CH,
- 1.50 ppm : quint : 2 H : CH,-CH_-CH_~-



medi um i s washed with water and a $ol ution of sodi um bi car boRERIACEMENT reHEET

dried and concentrated to give 150 ny Of'PFSéHEEH ﬁ, goto——-NVR—
Spectrum 0.4-1.3 ppm: m: 7 H: CH err}® HasSrBeeN (1. 4- ..m
10 H: CHerr]-CHerr]-CHerr]-CHerr] CcyREFLACED ?Uéb?&gnﬁw

pentane 4-4.8 ppm: AB system: .2H : N—CH[e%&];C[err] efri= 7-7.6_ppn
' m: 8 H: aromatic H : - _

1.75-2.00 ppm : m : 8 H : cyclopentane
2.40 ppm : £t : 2 H : CH,-CH_-CH_~CH,

5.20 ppm : s CH,-C.H, -

7.00-7.65 ppm : m : 8 H : aromatic protons

EXAMPLE 12 _

2~-n-Butyl-4-(2-spiroindane)-1-[ (2/'~-tert-butoxy-
carbonylbiphenyl-4-y1)méthyl]-2—imidazolin—5-one and 2-
n-butyl-1-[ (2’-carboxybiphenyl-4-yl)methyl]-4-(2-spiro-
indane)-2-imidazolin~-5-one - Method 1
A) 2-Aminoindane-2-carboxylic acid is prepared accor-
ding to R.M. Pinder, J. Med. Chem., 1971, 14, 9, 892,
and the corresponding ethyl ester is then prepared
according to Adkins (ref. cited in Example 2A).
B) 2-n-Butyl-4-(2-spiroindane)-2-imidazolin-5-one

2.78 g of the ethyl ester prepared in step A
and 2.5 g of ethyl valerimidate are dissolved in 20 ml
of xylene in the presence of 60 ugl of acet;c acid and
refluxed for 3 hours. A further 500 mg of ethyl valer-
imidate are added and reflux is maintained for a
further 3 hours. The reaction medium is concentrated
and then chromatographed on silica using a hexane/
ethyl acetate/acetic acid mixture (3/8/0.3; v/v/v) as
the eluent. The pure fractions are combined and eva-
porated with toluene to give 3.07 g of the expected

product in the form of a white solid. M.p. = 148~
150°C.

- NMR spectrum:
0.90 ppm : t : 3 H : CH, (nBu)
1.2-1.7 ppm : m : 4 H : CH,~-CH_,~CH,
2.4ppm : £t : 2 H: CH,-(CH_,)_,~CH,
2.8-3.2 ppm : q : 4 H : 2CH, (indane)
4.90 ppm : 8 + 2 H : CH,-C_H_ -
7.2 ppm : m : 4 H : aromatic protons

- This Sheet Has Been Replaced
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8.3 ppm: s : 1 H: =NH 10 ppﬁ\ sb: 1H: CF[err]SC[err]H EXAVPLE 17
2-n- But yl--4-spirocycl opent ane-1-[ (2' -tri fl uoro-

met hyl sul fonylam nomet hyl bi‘phenyl - 4-yl ) met hyl ] -2-im - dazol | mEp ADBMENT SHEET

trifluoromethiy Siaiitas feh St ce‘* "] : THIS SHEET HAS BEEN
HIIlIll [ RepLce 06 teR 597
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C) 2-n-Butyl-4-(2-spiroindane)-1-[(2'~tert-butoxy-
carbonylbiphenyl-4~yl)methyl]-2-imidazolin-5-one
The compound obtained in the previous step is

dissolved in 20 ml of anhydrous DMF and treated with
450 mg of sodium methylate under nitrogen. After 20
minutes at room temperature, 3.6 g of 4-bromomethyl-2’'~
tert-butoxycarbonylbiphenyl are added and the mixture
is stirred at 40°C for 6 hours. The reaction medium is
concentrated, the usual washes are then carried out and
the product is chromatographed on silica using di-
- chloromethane/ethyl acetate (95/5:; v/v) as the eluent
. the expected compound in the form of a foam
1(m = 1.84 g).
- NMR spectrum:'

0.80 ppm = ¢t

1.20 ppm : s

3 H : CH, (nBu)
9 H: tBu

1.20-1.60 ppm : m : 4 H : CH.-CH.-CH

2.40 ppm : £t : 2 H : CH,-(CH,)_,-CH

2.9-3.3 ppm : g ¢ 4 H : 2CH, (indane)

4.80 ppm : s : 2 H : N-CH_,-C_.H_ -

7.20-7.80 ppm : m : 12 H : aromatic protons
D) 2-n-Butyl-1-{[(2’-carboxybiphenyl-4-yl)methyl]-4-(2-
spiroindane)-2-imidazolin-5-one

1.71 ‘of the compound obtained in the

previous step are dissolved in 15 ml of DCM and treated
with 20 ml of TFA. After 30 minutes, the reaction
medium is concentrated and then taken up in ether.
After trituration, the solid obtained is filtered off,
rinsed with ether and dried to give 1.42 g of the.
expected product. M.p. = 217-218°C.
- NMR spectrun:

0.70 ppm : £t : 3 H : CH, (nBu)

©1.10-1.50 ppm : m : 4 H : CH,-CH,-CH,
'2.30 ppm : t : 2 H : CH,~(CH,)_-CH,
2.8-3.3 ppm : @ : 4 H : 2CH, (indane)



The preparation is effected starting fromthe

1-[(2' - am nonet hyl bi phenyl - 4- yl)nethyl] 2-n-butyl -
$pi rocycl opent ane- 2-i m dazol i n- 5- one prepar ed in Exam pl e 14%EPBA(E1L! ENT SEEET
ng of this conmpound and 0. 122 rri of tl’lg b”s v e S—mtuf

DCM at -70[err]C and 0.294 m of ‘triflugr T RS nic bgg“f%‘t%‘w
dilute acetic acid and extracted with DCM "t extract is dyi

added. The m xture is left to return to
sulfate and filtered and the DCMis evaporated off. The refidue is

"

hdr
u

—

chr omat ogr aphed twi ce on silica using DCM et hyl acetate
4.70 ppm : s : 2 H : N-CH,-C_H_ -
7.1-7.7 ppm : m : 12 H : aromatic protons
Other compounds according to the invention were
prepared by one of the methods described above. They
are collated in Table 1. The structure of each of
these compounds is consistent with the analysis of
their NMR spectra.

EXAMPLE 13

2-n-Butyl-1-[ (2'-(imidazol-1-ylcarbonyl)bi-
phenyl-4-yl)methyl ]-4-spirocyclopentane-2-imidazolin-5-
one

(I: Ry = <CNeepp |, Ry = H, Ry = n-c H,,
0\/N
CR_.R_, = cyclopentane, X = 0)

A mixture containing 404 mg of the compound
prepared in Example 1, step E, 15 ml of THF and 260 mg
of carbonyldiimidazole is stirred at room temperature
for 72 hours. The reaction medium is evaporated, the
residue is taken up in ethyl acetate and the mixture is
washed with water and then with a solution of sodium
chloride to give 420 mg of product, which are purified
by chromatography on silica using a DCM/ethyl acetate
mixture (70/30; v/v) as the eluent to give the expected
compound.

m = 230 mg.

M.p. = 120°C.

Saeet Has Been Rep laced
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(95/5;

M p..

= 90[err] C

v/v, then 99.5/0.5; v/v) as the eluent. This gives m= 90

ng.
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EXAMPLE 14

2-n-Butyl-1-[ (2’-(3=-cyano-2-methylisothio-
ureidomethyl)biphenyl-4-yl)methyl ]~4-spirocyclopentane-

2-imidazolin-5-one

SCH, |
(I: R, = -CH,-NH-C=N-CN, R, = H, R, = n~C_H,_,
CR,R, = cyclopentane, X = 0)

A) 1-[(2'-Aminomethylbiphenyl-4-yl)methyl ]-2-n-butyl-4-
spirocyclopentane-2-imidazolin~5-one

This compound is obtained by hydrogenation of
the compound prepared in Example 5. :

1 g of the compound prepared in Example 5, step
A, is placed in 15 ml of absolute methanol and 2.3 ml
of ethanol in the presence of 0.5 g of 5% palladium~on-
charcoal and the mixture is hydrogenated at room tem-
perature for 24 hours. After treatment, 730 mg of the
expected product are obtained in the form of an oil.

B) o '

A mixture containing 300 mg of the compound
prepared in the previous step and 113 mg of N-cyan-
imido~S,S-dimethyldithiocarbonate in 3 ml of ethanol is
refluxed for 24 hours. After the usual treatment, the
reaction medium is purified by chromatography on silica
using a DCM/ethyl acetate mixture {50/50; v/v) as the
eluent. The expected product is isolated in the form
of a white solid. -

m = 307 mg.

M.p. = 83°C.

EXAMPLE 15

2¥n-Buty1-1-[(2'-(2-cyanoguanidinomethyl)bi;
phenyl-4-yl)methyl |-4-spirocyclopentane-2-imidazolin-5-
one I '

eet Has Been Replaced
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NVR spectrum  0.4-1.2 ppm: m: 7 H:-CHerr]-CHerr]-CHerr]

1.3-2.45 ppm: m: 10 H: CHerr]-CHerr]-CHerr]-CH err] andREFIACBMENT SHEET
d _

pent ane 4.

1-5 ppm: m: 4 H: NCHerr]-CJerr]Herr]-

NH-CH[err]
-1 H:

1H 1- : : ! :
or (] H Esrée]engeplaced 7.7 ppm :{ Ths srﬁ%ggm'c H &6%&3%978

SR

- 55 =

_ NH,
(I: R, = CH,-NH-C=N-CN, R, = H, R, = n-C_H,_,
CR_R, = cyclopentane, X = 0)

This compound is obtained from the compound'
prepared in “the previous Example. 200 mg of the com-
pound are placed in 10 ml of absolute ethanol and the
mixture is saturated with ammonia at about 10°C and
then heated at 80°C in an autoclave overnight. After
concentration of the reaction medium to dryness, the
residue is chromatographed on silica using a DCM/
'methanol mixture (95/5; v/v) as the eluent to give 130
mg of “the expected product.

M.p. = 100°C.

EXAMPLE 16

2-n-Butyl-4-spirocyclopentane-1-[ (2'-trifluoro-
methylsulfonylaminobiphenyl-4-yl)methyl]-2-imidazolin-
5~one trifluoromethylsulfonate |

-NHSO_CF,, R, = H, R, = n-C_H,,
cyclopentane, X = 0)

(I: R,
CR,R,

A) 4-uethy1-2'-nitrobiphenyl

11.2 g of 2-nitrobromobenzene are mixed with
15 g of 4-iodotoluene and the mixture is heated to
195°C and stirred at this temperature for 3 and a half
hours. After returning to room temperature, it is
taken up in DCM and heated to the reflux point, the hot
solution is filtered on Celite® and the DCM is then
evaporated off. |

m=6.5g.

B.p. = 80-120°C under 0.2 mm Hg, n_ 2+ = 1.6042.
B) 4-Bromomethyl-2‘-nitrobiphenyl

A mixture containing 6.5 g of 4-methyl-2'-



EXAMPLE 18 2-n-Butyl-1-[(2' - (N-hydroxy carbanoyl) biphenyl -
4-yl) met hyl | - 4- spi rocycl opent ane- 2-i m dazol i n-5-one [err] - REPLACEWNTHSHEET
et

Conpound prepared in txanple Z 1s freed
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nitrobiphenyl, 5.42 g of NBS, 118 mg of azo-bis-iso-
butyronitrile and 500 ml of carbon tetrachloride is -
refluxed for 5 hours. It is cooled to 0°C and filtered
and the filtrate is concentrated to give 9 g of an oily
product, which is used as such in the next step.
C) 2-n-Butyl-l—[(2'-nitrobipheny1—4-yl)methyl]-4-SPir°‘
. cyclopentane-2-imidazolin-5-one

A mixture containing 260 mg of 80% sodium
hydride in 5 ml of DMF is prepared and 500 mg of 2-n-
butyl-4-spirocyclopentane-2-imidazolin-5-one, prepared
in Example 2, step A, are added at room temperature
ﬁnder nitrogen. After stirring for 15 minutes, 901 mg
of 4-bromomethyl-2/-nitrobiphenyl in 5 ml of DMF are
added and stirring is continued for 24 hours. The
reaction medium is concentrated to dryness and the
residue is taken up in a water/ethyl acetate mixture.
The organic phase is decanted, dried over sodium sul-
fate and filtered and the ethyl acetate is then eva-
porated off. The product obtained is chromatographed

. on silica using a DCM/ethyl acetate mixture (9/1; v/v)

as the eluent to give 500 mg of the expected product.
D) 1-[(2'-Aminobiphenyl-4-yl)methyl ]-2~n-butyl-4-spiro-
cyclopentane-2-imidazolin~5-one

450 mg of the product obtained in the previous
step are placed in 10 ml of methanol in the presence of
5% palladium-on-charcoal, at room temperature, for
hydrogenation. After filtration of the catalyst and
evaporation, 240 mg of the expected product are ob-
tained.
E)

In 4 ml of DCM, 225 mg of the product obtained
in the previous step are mixed with 0.1 ml of tri-
ethylamine, 0.2 ml of trifluoromethylsulfonic anhydride
is added under argon at -78°C and the mixture is then
left to return to room temperature. The reaction



fromits trifluoroacetic acid salt by taking up this conpoun BEPM&GEEEHVISHEET
acetate/water mxture and bringing the solution to pH 6 by the[addrtiomef

a saturated solution of sodi um bi carbon gEEN phas 5hed..
with a saturated solution of sodium chl oﬂﬁgessg TAQC%% over |so 3’}??@{?@%"97
filtered and concentrated to give the f € 1 or mjof |

sol i d. 450 ng of this conpound are disggsal ved -in chlqroform 860 ni

of thionyl chloride are added at O[err]C and the m xture is stir ~$+xxn-J
tenperature for 2 hours. The solution is concentrated and the traces of

t hionyl chloride are renoved by azeotropic distillation
medium is washed with water and a solution of sodium

bicarbonate and then dried and concentrated to give 150

mg of an amorphous white solid. '

- NMR spectrum:
0.4-1.3 ppm :

7 H: CH,-CH_,-CH_.-

1.4-2.3 ppm : m : 10 H : CH,-CH_~CH_-CH, and cyclo-
_ pentane

4-4.8 ppm : AB system : 2 H : N-CH_-C_,H -

7-7.6 ppm : m : 8 H : aromatic protons

8.3 ppm : s : 1 H : -NH

10 ppm : sb : 1 H : CF,SO.H

EXAMPLE 17

2-n—Butyl-4-spirocyclopentane-1-[(2'-trif1uoro-
methylsulfonylam1nomethy1b1pheny1-4-y1)methyl]-2-1m1—
dazolin-5-one trifluoromethylsulfonate

(I: R, = CH,NHSO,CF,, R, = H, R, = n-C_H,,
CR_ R, = cyclopentane, X = 0)

The preparation is effected starting from the
1-[(2’-aminomethylbiphenyl-4-yl)methyl ]-2-n-butyl-4-
spirocyclopentane-2-imidazolin-~5-one prepared in Exanm-
ple 14, step A. 322 mg of this compound and 0.122 ml
of triethylamine are placed in 3.4 ml of DCM at -70°C
and 0.294 ml of trifluoromethylsulfonic anhydride is
added. The mixture is left to return to room tempera-
ture, poured into dilute acetic acid and extracted with
DCM, the extract is dried over sodium sulfate and
filtered and the DCM is evaporated off. The residue is
chromatographed twice on silica using DCM/ethyl acetate

(95/5:; v/v, then 99.5/0.5; v/v) as the eluent.

This gives m = 90 mg.

M.p. = 90°C.

This '.Sheet Has Been Replaced
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with toluene. The acid chloride thus obtained is added dropwi in_ DM

hydr RE%@EWW%ET-

sol ution toe—a—solution containing 200 ng=
700 [err]l ofyDIPEA iR 10, ni:sof DV, Af {TEHS SHERIUHAS BEEN lerr i C
reaction nediu , ﬁ l‘Tir d and the - ' kenjup in 100 ni

of DCM and 50 Hlmr he i xture is brought to pH 7 and fhel6ri§&Rites7
phase is extral

: . = 58 -
- NMR spectrum:
0.4-1.2 ppm : m : 7 H : -CH_~CH_-CH,
1.3-2.45 ppm : m : 10 H : CH_,-CH_-CH_-CH, and cyclo-
pentane

4.1-5 ppm : m : 4 H
7.1-7.7 ppm : m : 8
8.4 ppm : s : 1

- EXAMPLE 18
2-n-Butyl-1-[ (2’~(N-hydroxyacetamide)biphenyl-
4-yl)methyl]-4-spirocyclopentane-2-imidazolin-5-one

(I: R, = ~CO-NHOH, R, = H, R, = n-C_H_,

CR,R, = cyclopentane, X = 0)

The compound prepared in Example 2 is freed
from its trifluoroacetic acid salt by taking up this
compound in an ethyl acetate/water mixture and bringing
the solution to pH 6 by the addition of a saturated
solution of sodium bicarbonate. The organic phase is
washed with a saturated solution of sodium chloride,
dried over sodium sulfate, filtered and concentrated to
give the free base in the form of a white solid. '

450 mg of this compound are dissolved in
chloroform, 860 ml of thionyl chloride are added at 0°C
and the mixture is stirred at room temperature for 2
hours. The solution is concentrated and the traces of
thionyl chloride are removed by azeotropic distillation
with toluene. The acid chloride thus obtained is added
dropwise in DMF solution to a solution containing 200
mg of hydroxylamine hydrochloride and 700 ul of DIPEA
in 10 ml of DMF. After 2 hours at 0°C, the reaction
medium is concentrated and the concentrate is taken up
in 100 ml of DCM and 50 ml of water. The mixture is
brought to pH 7 and the organic phase is extracted and



e
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is concentrated. The product obtained is recrystallized fronyap erhyl
dcetate/ et hyl ether/hexane | THIS SHEET HAS BEEN 06 MAR 137
REPLACED S
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then dried over sodium sulfate. After filtration, the
solution is concentrated. The product obtained is
recrystallized from an ethyl acetate/ethyl ether/hexane
mixture.
m = 360 mg.
M.p. = 85°C.

EXAMPLE 19
2-n-Butyl-4-spirocyclopentane-1-{ (2/-ureido-
biphenyl-4-yl)methyl]-2-imidazolin-5-one

(I: R, = NHCONH,, R, = H, R, = n-C_H_,
CR,R_, = cyclopentane, X = 0)

This compound is prepared using the method des-
cribed by B.B. Kobu et al. in Org. Synth., 1957, 37,
52, starting from the 1-[(2’-aminobiphenyl-4-yl)-
methyl]-2—n-butyl-4-spirocyclopentane-z-imidazolin—s-
one prepared in Example 14, step A.

1 g of the latter is dissolved in 50 ml of 6 N
hydrochloric acid and treated with potassium isocyanate
for 1 hour at 5°C. The reaction medium is concentra-
ted} the concentrate is taken up in ethyl acetate and
the mixture is washed with sodium bicarbonate and then
with a saturated solution of sodium chloride. After
drying over sodium sulfate and filtration, the solution
is concentrated and the o0il obtained is purified by
chromatography on silica using a DCM/methanol mixture

(9/1;: v/v) as the eluent. :
I —

= 600 mg. heet Has Been Replaced

s e e 2w s an, \\ll\l\\ L

1.35 ppm : sext : 2 H : CH,-CH,
1.6 ppm : quint ¢: 2 H : CH,~CH,~-CH,
1.7-2 ppm : m : 8 H : cyclopentane
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2.45 ppm : t : 2 H : CH,-CH_-CH_-CH,
4.8 ppm : s : 2 H: -CH,-C_H,_-

6.05 ppm : s : 2 H: NH,

7-8 ppm : m : 9 H : 8 aromatic H + NHCO

EXAMPLES 20 AND 21

1-[(2'-Carboxybiphenyl-4-yl)methyl ]-2-n-propyl-
4-spirocyclohexane-~2-imidazolin-5-one and 1-[(2'-N-
cyanocarboxamidebiphenyl-4-yl)methyl]-2-n-propyl-4-
spirocyclohexane-2-imidazolin-5-one

(I: R, = CO-NH-CN, R, = H, R, = n-C_H,,
CR, R, cyclqhexane, X = 0)

A) Ethyl butyrimidate hydrochloride

NH
- 4
CH3 - CHz - CHz - q\ . HC1
0CqHs

This compound is prepared according to Mc
Elvain (J. Amer. Chem. Soc., 1942, 64, 1825-1827).

23 ml of butyronitrile are added at 0°C to a
solution of 10.6 g of gaseous hydrochloric acid in 20
ml of anhydrous ethanol and then, after the reaction
medium has been left to stand for 4 days at 0°c, it is
poured into 200 ml of anhydrous ether at 0°C, with
stirring; the precipitate formed is filtered off,
washed with ether and then dried under vacuum to give
25.8 g of the expected product.

B) Ethyl butyrimidate

16 g of  the imidate obtained in step A are
dissolved in 100 ml of dichloromethane and 50 ml of
water, and 15 g of potassium carbonate are added.
After decantation, the dichloromethane is dried over



ThIS conpound I's prepared using the nethod des- crlbed by
in Og. Synth., 19573752, starting fromthe 1-

met hyl ] - 2- th%é&Hé‘Bi&iKeﬁﬁ&ﬁ' opent ane

PEP
: 1 g of thell
ORI = v potees
mis concentra- tegg the concentr

Exanpl e 14,

hydrochlorlc
5[err]C. The

yanate for

in ethyl acetate and the m xture is washed with sodium bi car bona

potassium carbonate and then evaporated off to dryness
without heating.
C) Ethyl ester of l-aminocyclohexane ‘acid ¢

' l1-Aminocyclohexanecarboxylic acid is commer-
cially available. 15 g of this amino acid are added at
0°C to a solution of 23 g of gaseous hydrochloric acid
in 150 ml of anhydrous ethanol. The reaction medium is
refluxed for 5 hours and then concentrated to dryness
and the residue is taken up in ether. The white solid
obtained is filtered off, washed with ether and then

. dissolved in a mixture of 300 ml of ether and 100 ml of

water. The pH is brought to 9 by the addition of a
solution of potassium carbonate. The organic phase is
decanted, washed with a saturated solution of sodium
chloride, dried over sodium sulfate and then evaporated

to dryness to give 14 g of the expected product in the
form of an oil.

D) 2-n-Propyl-4-spirocyclohexane-2-imidazolin-5-one

14 g of the product obtained in step C are
dissolved in 200 ml of xylene containing 0.6 ml of
acetic acid. Half the imidate obtained in step B is
added and the mixture is heated to the reflux point.
After 1 and a half hours, half the remaining imidate is
added and the last quarter is then added after 4 hours.
After a total reflux time of 7 hours, the medium is
evaporated to dryness. The solid obtained is taken up
in hexane, filtered dff, washed with ether and then
dried.

This gives 10.3 g of the expected imidazoli-~
none. ' | '
M.p. = 124-125°C.
- IR (CHCl,):
1715 cm~* : C=0
1635 cm—* : C=N

Note: The compound present in solution is indeed an

)




with a saturated solution of sodlun1chlor|de
sulfate and filtration
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E) 2-n-Propyl-4-spirocyclohexane-1-[ (2'-tert-butoxy-
-carbonylbiphenyl=-4-yl)methyl ]-2-imidazolin-5-one

970 mg of the imidazolinone obtained in step D
are added to 0.24 g of sodium hydride as an 80% disper-
sion in o0il, suspended in 10 ml of dimethylformamide.
After stirring for 20 minutes under nitrogen, 1.91 g of
4-bromomethyl-2’~tert-butoxycarbonylbiphenyl, prepared
according to European patent application 324 377, are
added over 5 minutes. After stirring for 1 hour, the
medium is concentrated to half its volume under vacuum
and taken up in 100 ml of ethyl acetate and then in 20
ml of water. The organic phase is decanted, washed
with a saturated solution of sodium chloride, dried
over sodium sulfate and then concentrated under wvacuun.
The residue is chromatographed on silica using an ethyl
acetate/toluene mixture as the eluent to give 2.10 g of
the expected product in the form of a wax.
- IR (CHCl,):

.1705-1715 cm—* : C=0, C=0 (ester, imidazolinone)

1635 cm—* : C=N _

Analysis of the NMR spectrum confirms the structure.
F) 1-[(2'-Carboxybiphenyl-4-yl)methyl ]-2-n-propyl-4-~
spirocyclohexane~-2-imidazolin-5-one (Example 20)

1.25 g of the tert-butyl ester obtained in step
E are stirred for 45 minutes in a mixture of.ll ml of
dichloromethane and 15 ml of trifluoroacetic acid.
After concentration under vacuum, the residue is taken
The solid formed is filtered off, washed
with ether and then dried to give 1.04 g of a white
solid. '

up in ether.

= 170-172°C.
- NMR spectrum:
7.10-7.80 ppm : m : 8 H :

H'p.

aromatic protons
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4.90 ppm : s : 2 H N-CH_-C.H,-

2.45 ppm : t : 2 H CH,~-CH_,-CH.-

1.40-1.80 ppm : m : 12 H : spirocyclohexane + CH,-
| CH,-CH,-

0.90 ppm : t : 3 H : CH,~CH_-CH_-

1.60 g of the trifluoroacetate obtained pre-
viously are dissolved in 150 ml of ethyl acetate and 20
ml of water. 1 N sodium hydroxide solution is added to
bring the pH to 5.0. The organic phase is decanted,
washed with a saturated solution of sodium chloride,
dried over sodium sulfate and then evaporated to dry-
ness. The solid residue is taken up in ethyl ether,
filtered off and dried.

m=1.14 g.

M.p. = 208-210°C.

G) 1-[(2'-N-Cyanocarboxamidebiphenyl-4-yl)methyl]-2-
propyl-4-spirocyclopentane-2-imidazolin-5-qne '

- (Example 21)

0.54 ml of thionyl chloride is added to 300 mg
of the compound prepared in the previous step, suspen-
ded in 5 ml of DCM. After 1 and a half hours, the
reaction medium is concentrated under vacuum and then
evaporated twice with benzene. The acid chloride thus
obtained is dissolved in 2 ml of dioxane and added to a
solution of 42 mg of cyanamide in 1 ml of dioxane con-
taining 0.2 ml of 10 N. sodium hydroxide solution.
After 1 and a half hours, the reaction medium is dilu-
ted with 150 ml of ethyl acetate -and 20 ml of water,
the pH is brought to 5 with acetic acid and the organic
phase is decanted, washed with a saturated solution of
sodium chloride, dried over sodium sulfate and then
evaporated to dryness. The residue is chromatographed
on silica using a chloroform/methanol/acetic acid mix-
ture (90/8/2; v/v) as the eluent to give 160 mg of the
expected product in the form of a solid.



2.45 ppm: t : 2 H: CI-l[err]-Cl—l[err]-CH[err] CH err] 4.8 pgépsj&ﬁéﬁiﬁ?l—%ﬁfﬂ

-CHerr]-Clerr]Herr]-_ 6.05 ppm: s fﬁlﬁﬁﬁéﬂ%ﬁhm 7-8

8 aromatic H + NHCO  EXAMPLES 20 AND

1-[ (2' - Car boxybi phenyl - 4-yl ) met hyl ] - 2- heprofSEE =ACED
4-spi rocycl ohexane- 2-i m dazol i n- 5- one and 1- [(2' N-
cyanocar bar noyl bi phenyl -4-yl) nethyl]-2-n-préepy+ - 4-
spi rocycl ohexane- 2-i m dazol i n-5-one

pgm——m~"9 H :
0 & MAR 1997

- IR (KBr): I‘hls Sheet Has Been Replaced -
e ! [

- Mass spectrum:
MH+ : 429

- NMR spectrum:
7.20-7.70 ppm : m : 8 H : aromatic protons
4.75 ppm : s : 2 H : N-CH_-C_H,-
2.40 ppm : £t : 2 H : CH,~CH_-CH_.-
1.30-1.80 ppm : m : 12 H : CH,-CH_-CH,- and spiro-
_ cyclohexane
o.ssppm:tzan.cn,crx -CH,

EXAMPLE 22

_ 1-[(2'—(N-4-carboxy-1,3-thiazol-2-y1acetamide)—
biphenyl-4-yl)methyl ]-2-n-propyl-4-spirocyclohexane-2-

imidazolin-5-one

- N COOH
(I: R, = -couu~k T .. =1 R, = n-c,H,,
s

«Rs cyclohexane, X = 0)

3
0

This compouhd is prepared from the compound
obtained in Example 20.

2-Amino-4-ethoxycarbonyl-1,3-thiazole is pre-
pared according to B. Plouvier et al., J. Heterocycl.
Chem., 1989, 26(6), 1646.

A) 1-[(N-4-Carbethoxy-1,3-thiazol-2-ylacetamide)-
mgthyl]-2-n-propyl—4-spirocyclohexane-2-imidazolinfs-
one :

500 mg of BOP and 0.14 ml of triethylamine are
added to a solution of 404 mg of the compound prepared
in Example 20 and 190 mg of thiazole derivative in 4 ml
of DCM and 1 ml of DMF. The mixture is stirred for 40
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hours at room temperature and then 7 hours at 50°C.
The reaction medium is taken up in 50 ml of ethyl
acetate and washed twice with a KHSO,-K,SO, solution,
then twice with a saturated solution of sodium bicar-
bonate and then once with a saturated solution of
sodium chloride. After drying over sodium sulfate, the
organic phase is concentrated under vacuum and the
residue is chromatographed on silica using an ethyl
acetate/toluene mixture as the eluent to give 120 mg of
the expected product.
M.p. = 96-98°C.
B) ' . _
0.5 ml of 2 N sodium hydroxide solution is
added to 110 mg of the product obtained in the previous
step, dissolved in 1 ml of methanol and 1 ml of diox-
ane. After stirring for 35 minutes, the reaction
medium is diluted with 10 ml of water and 60 ml of
- ethyl acetate and the pH is brought to 5 by the addi-
tion of 1 N hydrochloric acid. The organic phase is
decanted, washed with a saturated solution of sodium
| chloride, dried over sodium sulfate and then concen-

trated. The residue is taken up in ether, filtered off
and dried. '
' ‘m = 100 mg.
M.p. = 145~-148°C.
- NMR spectrum: _
8.0 ppm : s : 1 H H in the 5 position of the
thiazole

(1)

. 7.1-7.7 ppm : 8 H: aromatic protons
4.7 ppm : s H : N-CH_,-C_H_ -
2.25 ppm ¢ £ : 2 H: CH,-CH,~-CH,
1.2~-1.8 ppm : m : 12 H : cyclohexane and CH_, -CH_,-CH,
0.85 ppm : £ : 3 H : CH,~-CH_-CH,

m
2
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This conmpound is prepared according to Mc Elvain (J. Aner. @n b @@5
1942, 64, 1825-1827). 23 M of puyhw sHedgr A€ peEe jadddd L ‘#@Ta“*

solution of 10.6 g of gaseous hydrochlorlc @mmy@ﬁDZO m§ of arhydrous
et hanol and then, after the reaction negrumrias—beenTert tq dqt afd MAR %97
days at O[err]C, it is poured into 200 m of anhydrous etherf gt Of[err]C

Q0

with stirring; the precipitate forned TH8fTitered off | Vashedwth
ether and then dried under vacuumto give 25.8 g of the expected pr oduct .

EXAMPLE 23

2-n-Buty1-1-[(2'-(2-cyanoguanidinocarbonyl)-
biphenyl~4-yl)methyl ]-4-spirocyclopentane-2-imidazolin-
5-one

NH,
(I: R, = CONH-C=N-CN, R, = H, R, = n-C_H,,
CR,R_, = cyclopentane, X = 0) '

The acid chloride of the compound obtained in
Example 2 is prepared. 1 g of this compound is placed
in 20 ml of DCM, in the presence of 1.8 ml of thionyl
chloride, and the mixture is stirred at room tempera-
ture for 2 hours. After concentration of the medium,
the residue is taken up in benzene and the mixture is
then concentrated again. The crude product isolated is
then used. It is mixed with 417 mg of dicyanodiamide,
0.5 ml of 10 N sodium hydroxide solution, 0.5 ml of
water and 10 ml of dioxane and the mixture is then
stirred for 5 hours. The reaction medium is taken up
in water and ethyl acetate, potassium carbonate is
added and the mixture is then concentrated. The resi-
due obtained is chfomatographed on silica using a DCM/
methanol mixture (95/5; v/v) as the eluent. 100 mg of
the expected product are isolated.

M.p. = 105°C.

EXAMPLE 24 }
4-Benzylidene-2-n-butyl-1-[ (2/'-carboxybiphenyl-
4-yl)methyl]-2-imidazolin-5-one trifluoroacetate

(I: R, = CO_H, R, = H, R, = n-C_H_, R,R, =
=CH-C_H,, X = 0)

This Sheet Has Been Replaced

[




B) Ethyl butyrimdate | 16 g of the |n1date obt ai ned i ggpﬁngsyﬁge SHEET

di ssolved in 100 nl of dichloronethane g@g qng—t5—g-of
pot assi um carbonate are added. After def: %%Acﬁ% ICrcnebI%aQS‘Ri@g?

dri ed over

- 67 =-

A) Tert-butyl 4-(l-benzylidene-l-valerylaminomethyl-
amidomethyl )biphenyl-2-carboxylate

CO2tBu

n- Cz.Hg CO-NH- C CO-NH-CH2- C5H4_//
' cu CgHs =

Starting from N-Boc-a-dehydro-(L)-phenylala—
nine, the N—carbokyanhydride of a-déhydro-(L)-phenyl-
alanine is prepared according to R. Jacquier et al.,
Tetrahedron Lett., 1984, 25(26), 2775. p. . 644
mg of tert-butyl 4—amihomethylbipheny1—2'-carboxylate
are added to a solution of 430 mg of this compound in 5
ml of THF, the mixture is stirred for 2 hours at room
temperature, 1 ml of methyl orthovalerate is then added
and the mixture is evaporated to dryness under vacuum
without heating. The residue is heated for 3 hours at
100°C, concentrated under vacuum and then chromato-
graphéd on silica using a hexane/ethyl acetate mixture

(4/1; v/v) as the eluent to give 580 mg of a white
solid. '

M.p. = 154 C. . This Sheet Has Been Replaced

- 120 epacren RN
1.3 ppm : s : 9 H : tBu o

0.65ppm : t : 3 H : CH, (nBu) _
2ppm : t : 2 H : CH,—CH_-CH_-CH_-CO
4.4 ppm : d : 1 H : CH_-NH
6.8 ppm : s : 1 H : CH (=CH-C_H,)
B) 4-Benzylidene-2-n-butyl-1-{(2/-tert-butoxycarbonyl-
biphenyl-4-yl)methyl ]-2-imidazolin-5-one
440 mng of the compound obtained in step A are

dissolved in 1 ml of acetic acld and heated for 30
minutes at 100°C.

The solution is evaporated to dryness under
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vacuum and the residue is chromatographed on silica
using a hexane/ethyl acetate mixture (4/1; v/v) as the

eluent to give 130 mg of the expected product in the
form of an oil.

- NMR spectrum:
4.9 ppm : s : 2 H : CH, (N-CH_ -C_H_ -)
'C) ' .

100 mg of the compound obtained in the previous
step are dissolved in 1 ml of DCM, 1 ml of trifluoro-
acetic acid is added and the mixture is then stirred
for 40 minutes at room temperature and evaporated under
vacuum. The residue is taken up several times in DCM

and then evaporated. A white solid precipitates on the
addition of ethyl ether.

m = 101 mg.
M.p. = 85°C.
- Mass spectrum:
MH+ : 439
- NMR spectrum:
0.82 ppm : t : 3 H : CH, (nBu)
2

1.3 ppm : sext : 2 H : CH,-CH_-

1.6 ppm : m : 2 H : CH,~CH,~CH,~

2.6 ppm : £t : 2 H : CH,-CH_~-CH_-CH,~
4.82 ppm : $ 2H : CH,~-C_H_ ~

7.05 ppm : s : 1 H: =CH-C_H,_

7.2-8.2 ppm : m : 13 H : aromatic protons

EXAMPLE 25

4-Benzylidene-1-[ ( 2’~carboxybiphenyl-4-yl)-
methyl ]-2-phenyl-2-imidazolin-5-one '

(I: R, = CO_H, R, = H, R, = C_H_, R,R_ =
=CH-C_H,, X = 0)

This Sheet Has Been Replaced
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O[err]C to a solution of 23 g of gaseous hydrochlorlc aci d in_150 n1 of

anhydrous et hanol. The reaction nedi umyt hopr t

. .concentrated to dryness-and the residue !gk? iigﬁ%ﬂéﬁg her}. E;n W e @PSHEET
solid obtained is filtered off, washed n df skolved in a
m xture of 300 m of ether and 100 ml of water._ The pH is brjoughf& &4R tgp7
the-addition of a solution of potaSS|un1carbonate The organi hase is
decanted, washed with a saturated solution of sodiumchloride, dried OVer
sodiun1su|fate and then evaporated to dryness to give 14 g the expected

product in the fQqIynQip&iAildene-2-phenyloxazol-5-one
1.8 g of hippuric acid and 0.4 g of potassium
bicarbonate are dissolved in 4 ml of acetic anhydride,
the solution is heated for a few minutes at 50°C and
then cooled to room temperature and 1.49 g of benz-
| aldehyde are added. After 1 hour at room temperature,
20 ml of distilled water are added at 80°C. The solid
which precipitates is filtered off, washed with water
and ethanol and then dried to give 1.24 g of the
expected product in the form of a yellow solid.
M.p. = 215°C. '
- NMR spectrum:
7.4 ppm : s : 1 H: =CH-C_H_
8.1-8.4 ppm : m : 10 H : aromatic protons -
B) Tert-butyl 4-(l-benzoylamino-l-benzylidenemethyl-
anidomethyl)biphenyl-2/-carboxylate
A mixture containing 500 mg of the compound
obtained in the previous step, 570 mg of tert-butyl 4-
aminomethylbiphenyl-2/-carboxylate and 10 ml of pyri-
dine is heated at 110°C for 3 hours. It is evaporated
under vacuum, the residue is taken up in chloroform and
' the mixture is then evaporated again. The residue is
chromatographed on silica using a hexane/ethyl acetate
mixture (3/1 then 2/1; v/v) as the eluent to giVe 106
ng of the expectéd product in the form of a yellow
solid. '
- NMR spectrum:
1.1 ppm ¢t s ¢: 9 H : tBu
4.35 ppm : £t : 2 H : -CH_,—-NH
7.05-7.06 ppm : m : 19 H : aromatic protons +
c H -CH=
8.65 ppm : t : 1 H : NH-CH,
9.9 ppm : s : 1 H : NH~CH=
C) :
A mixture of 1.2 g of the compound obtained in

"This Sheet Has Been Ry laced
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D) 2-n-Propyl -4-spirocycl ohexane-2-i m dazol i n-5-0ne pt e
product obtained in step C are dissol veldrifs diETADBERY |jene J%ﬁﬁﬁP%%§§'§H§Er
mM of acetic acid. Half the im date obtpi nedrepLA&CED B i § adpgef and the

m xture is heated to the reflux point. AFter—tand a nali1 hourk, g&IMAR 7
remaining imdate is added and the last quarter is then added pfter 4
hours. After a total ref lux tinme of 7 hour &0 tthe nediumis pvaporated—to
dryness. The solid obtained is taken up in hexane, filtered pff, washed

with ether and then dried. This gives 10.3 g of the expected
I m dazoli - .
the previous step and 1.1 g of freshly melted sodium
acetate is refluxed for 6 hours in 5 ml of acetic acid.
It is left to cool and an insoluble material is then
precipitated by the addition of chloroform. The fil-
trate is evaporated énd the residue is chromatographed
on silica using a chloroform/methanol mixture (98/2;
v/v) as the eluent. The solid obtained is recrystal-
lized from ethyl ether.
m = 692 mg.
M.p. = 120°C.
- NMR spectrtm: _
4.95 ppm : s : 2 H : CH,~-C.H_ -
7.1-8.3 ppm : m : 19 H : aromatic protons + =CH-C,H_

EXAMPLES 26 AND 27
2—n-Buty1-1-[(2'-(2-methyltetrazol-5-yl)bi-
phenyl-4-y1)methyl]-4-spirocyclopentane—2-imidazolin-s-
one (Example 26) and 2-n-butyl-1-[ (2‘-(1-methyltetra-
zol-5-yl)biphenyl-4-yl)methyl ]~4-spirocyclopentane-2-
imidazolin-5-one (Example 27)
In 10 ml bf DMF, 500 mg of the compound pre-
“pared in Example 5 are mixed with 58 mg of sodium
hydride, the mixture is stirred for 30 minutes, 179 ng
of methyl iodide and 2 ml of DMF are then added and the
mixture is stirred at room temperature for 4 hours.
The reaction medium is concentrated and the concentrate
is taken up in water and then extracted with ethyl
acetate. The extract is dried over sodium sulfate and
filtered and the solvent is evaporated off. The resi-
due is chromatographed on silica using a hexane/ethyl
acetate mixture (6/4; v/v) as the eluent. 2 fractions
are isolated:
- 90 mg of the compound of Example 26
and 184 mg of the compound of Example 27

This Sheet Has Been Replaced-




none.
1635 cnferr]

M p.

= 124-125[err]C. - IR (CHO [err]): 1715 crf é’(&?]_ﬂur_m&ﬁE"OSHEET
C=N Not e: The conpound pr I 9 | frdeed—an
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- NMR spectra: -This Sheet Has Been Repla;
mxangie 2 (A0 i
0.7 ppm : t : 3 H : CH,- (nBu)

1.2 ppm : sext : 2 H : CH,-CH_-

1.4 ppm : quint: 2 H : CH,-CH_-CH_ -
1.5-1.9 ppm : m : 8 H : cyclopentane
2.25 ppm : t : 2 H : CH,~CH_~CH_-CH_-
4.15 ppm : s : 3 H : N-CH,

4.6ppm : s : 2 H: -N-CH,-C_H_ -

7 ppm : AA', BB’ system : 4 H : CH,-C.H, -
7.3-7.75 ppm : m : 4 H : CH,-C,H,-C_H .~
Example 27

0.7 ppm : £t : 3 H : CH, (nBu)

1.15 ppm ¢ sext : 2 H : CH,-CH_~-

1.38 ppm : quint : 2 H : CH,~CH_-CH_-
1.5-1.9 ppm : m : 8 H : cyclopentane

2.2 ppm : £t : 2 H: CH,~CH_ -CH_ -CH_-
3.35 ppm : s : 3 H : N-CH,

4.6 ppm : s : 2 H : N-CH_,-C_H,_

7 ppm : AA’, BB’ system : 4 H : N-CH_-C_H,.~

7.4-7.8 ppm : m : 4 H : CH,-C_H,~-C_H, .~
EXAMPLE 28
2—n-Butyl—6—spirocyclopentane-3—[(2“—(tetrazo;-
5-y1)bipheny1-4-y1)methyl]-4(1H)-5,6-dihYdropyrimidin-
4-one
A) Ethyl cyclopentylideneacetate
6 g of 80% sodium hydride are placed in 40 ml
of benzene, and 57.1 ml of ethyl triethylphosphono-
acetate are added dropwise at a temperature below 35°C.
After 1 hour at room temperature, 24.3 ml of cyclo-
pentanone are added dropwise. The mixture is heated at
65°C for 15 minutes and then cooled to room temperature
and the superhatant liquor is decanted. 25 ml of

benzene are added, the mixture is heated at 65°C for 15




- 62 - ihidazolin-5-one'according to the values of the LR bands
E) 2-n-Propyl-4-spirocycl ohexane-1-[(2'-tert-butoxy-_. REPLA”F%LNT SHEET
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minutes, cooled and decanted and the supernatant liquor
is then recovered. The operation is repeated once.
Evaporation of the liquors gives 42 g of the expected
product, which is distilled.
B.p. = 102°C under 11 mm of mercury.
m= 22.8 g.
B) (l1-Aminocyclopentyl)acetamide
| 150 ml of gaseous ammonia are added to 20 g of
the ethyl cyclopentylideneacetate prepared previously
and the mixture is heated at 150°C for 72 hours. The
product obtained after evaporation is purified by
chromatography on silica using a DCM/methanol/20%
agueous ammonia hixture (90/10/1; wv/v/v) as the eluent.
The product obtained is dissolved in DCM and the
solution is dried over sodium sulfate. It is filtered
and the DCM is evaporated off to give 7.2 g of the
expected product. '
C) 2-n-Butyl-6-spirocyclopentane-4(1H)-5, 6-d1hydropyr1-
midin-4-one
A mixture containing 4.57 g of the (l1-amino-
cyclopentyl)acetamide prepared previously, 25 ml of
methyl orthovalerate and a few drops of acetic acid is
heated at 100°C for 18 hours. After evaporation'of the
excess orthovalerate, the residue is taken up in an
ethyl acetate/sodium bicarbonate mixture, then washed
with an aqueous solution of sodium chloride, dried that
(sic) sodium sulfate and then purified by chromato-
graphy on silica using a DCM/methanol mixture (98/2;
v/v) as the eluent.
m=54g.
- NMR spectrum:
0.75 ppm : t : 3 H : CH, (nBu)
1.2 ppm : sext : 2 H : CH,-CH_-
1.3-1.8 ppm : m : 10 H : CH,-CH_,~CH, and cyclopentane
2 ppm : £t : 2 H CH,~-CH_-CH_-CH_-

(1]
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are added to 0.24 g of sodium hydride as an 80% di sper -
suspended in 10 m of dinmethyl formam df THATIHEETHAY BEEN) for ﬁ#ﬁghﬁh"@@ SHEET

dnder nitrogen, 1.91 g of 4-bronDnethyI-2' Restadry Oxycqdr bony] bi phenyl,
prepared according to European patent prrcatTonm 324 377, pre G6ItaR @ogr
5 mnutes. After stirring for 1 hour, the n§g1un1|s concent afed to half
its volume under vacuum and taken up in 100 of ethyl acef ateamd—tten
in 20 m of water. The organic phase is decanted, washed th a saturated-

solution of sodiumchloride, dried over sodiumsulfate and then

concentrat ed under ¥2¢8UBbn Thg teﬁigue &ﬁ chpomat ographed on silica using
an et hyl : : ot 2 '
9.95 ppm : sb : 1 H : NH

This compound is the one obtained in Example 10, step
C.
D) 2-n-Butyl-4-spirocyclopentane-l-{(2’'~(triphenyl-
methyltetrazol-5-yl)biphenyl-4~yl)methyl Jpyrimidin-6-
one o

327 mg of 80% sodium hydride in 30 ml of DMF
are mixed for 30 minutes under nitrogen with 1.5 g of
the pyrimidinone prepared previously, and 5.27 g of 4-
bromomethyl-2/~(triphenylmethyltetrazol-5-yl)biphenyl
are added. After stirring for 4 hours at room tempera-
ture, the solvents are evaporated off and the residue
is taken up in ethyl acetate and water, dried over
sodium sulfate and concentrated. The product obtained
is purified by chromatouyraphy on silica using an ethyl
acetate/hexane mixture (3/7; v/v) as the eluent.

m= 3.2 g.

E)

3 g of the compound obtained in the previous
step are placed in 15 ml of methanol, the mixture is
cooled in a water/ice bath, 2.2 ml of 4 N HC1l are added
and the mixture is stirred for 5 hours at room tempera-
ture. After evaporation, the residue is taken up .in
ethyl acetate and water, and sodium hydroxide solution
is then added to give a basic pH (pH 11). The mixture
is left to decant and the aqueous phase is washed with
ethyl ether and toluene and then ether again. This
aqueous phase is brought to pH 5 by the addition of
dilute hydrochloric acid and is then extracted with
ethyl acetate and the extract is dried and concentra-
ted. The product obtained is purified on silica using
a DCM/methanol mixture (95/5; v/v) as the eluent to
give 800 mg of the expected product.

This Sheet Has Been Replaced




acetate/tol uene nmixture as the eluent to give 2.10 g of t

product in the

C=0 (ester, |n1dqig@hg 1635 cnferr ]l THISSNEEAHASYBEEN (

spectrun1conf|rns
S 1-[(2 - Carboxyblp
spi rocycl ohexane-

tert-butyl ester obtalned |n step E are sti

e._expected

pa.

h
formef—awax. - IR (CHOJerr]). 1705:-1715 cHtpqrfp MTSBEET
f

t he-NvR
cmiF) _ REPLACED .
one (Exaan? 20) 1.35{g of the
#cd for 45 nminutles in a nmixture

of 11 m of dichloronethane and 15 m of trifluoroacetic acild—After
concentration under vacuum the residue is taken

NMR spectrum: _ :

0.85 ppm : t : 3 H : CH, (nBu) i

1.30 ppnm : sext : 2 H : CH,-CH_

1.40-1.95 ppm : m : 10 H : cyclopentane and
CH_-CH_~CH_-CH,

.2.30 ppn ¢ t H : Cﬂ2 CH_,-CH_,-CH,
2.55 ppm : s : 2 H : CH,-CO
4.95 ppm : s : : N-Cﬂz;CsH‘-
7.05 ppm : m : : CH_-C_H,-

7.55-7.82 ppm : m : 4 H : CH_-C_H_-C_H, -

EXAMPLE 29

2-n-Butyl-3-[ (2’'-carboxybiphenyl-4-yl)methyl]-

5-sp1rocyclopentane-5(1H)-5 6-dihydropyrimidin-4-one
trifluoroacetate

A) Ethyl 1l-cyanocyclopentanecarboxylate

This compound is prepared according to Helv.

Chim. Acta, 1952, 35(7), 2561.

9.2 g of sodium are dissolved in 200 cm® of

absolute ethanol. Half the solution of sodium ethylate
formed is poured into a funnel. 24.88 g of ethyl
cyanoacetate are added to the remaining half and the
mixture is brought to the reflux point.

43.19 g of 1,4-dibromobutane are poured into

another funnel and the solution of sodium ethylate and
the 1,4-dibromobutane are simultaneously added dropwise
to the reaction medium. When the addition is complete,
reflux is maintained for 2 hours. The mixture is eva-
porated and the residue is taken up in an ethyl ether/
water mixture, washed with a saturated solution of
'sodium chloride and then dried. The product obtained
distils at 115-120°C under 11 mm of mercury.

m = 24 g.

B) Ethyl l-aminomethylcyclopentanecarboxylate

This compound is prepared by the catalytic



up in ether. The solid formed is filtered of f, washed with etHeREBRCEMIAT SHEET
dried to give 1.04 g of a-white—sofid. Mp. = 170-172[ grr[C - NWR

spectrum 7.10-7.80 pom, /B Repldcsd ar onB e sreer e 06 KAR 197
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hydrogenation of ethyl l-cyanocyclopentanecarboxylate.
20 g of ethYl l-cyanocyclopentanecarboxylate
are placed in 200 ml of a 10% solution of ammonia in
ethanol and hydrogenated at 60°C under a pressure of
100 bar in the presence of rhodium-on-alumina for 72
hours. After filtration on cellite® and evapora-
tion, the residue is chromatographed on silica using a
DCM/methanol/20% aqueous ammonia mixture (98/2/0.5;
v/v/v) as the eluent.
' m=12.8 g.
C) 2-n-Buty1 5—sp1rocyclopentane-4(1H)-5 6-dihydropyri-
midin-4-one
A mixture containing 13.12 g of the compound
obtained in the previous step and 13.5 g of ethyl
valerimidate in 100 ml of xylene containing a few drops
of acetic acid is refluxed for 13 hours. The reaction
medium is evaporated and the residue is taken up in
ethyl acetate and a 10% solution of sodium carbonate
and then dried and concentrated.
m= 14 g.
M.p. = 89-91°C.
- NMR spectrum:
0.80 ppm : t : 3 H : CH, (nBu)
1.10-1.80 ppm : m : 12 H : CH,~CH_,~ cn, and cyclo-
pentane '
2.05 ppm : t : 2 H : CH,~CH_-CH_-CH_-
3.20 ppm : s : 2 H : CH, (pyrimidinone)
10 ppm ¢ 1 H : s ¢ NH-CO
D) 2-n-Butyl-S-spirocyclopentane-3-|[ (2’~-tert-butoxy-
carbonylbiphenyl-4-yl)methyl]-4(1H)-5,6-dihydropyrimi-
din-4-one
500 mg of the product obtained in the previous
step are placed in 40 ml of DMF in the presence of 115
mg of an 80% dispersion'of sodium hydride in oil, under
argon, and stirred at room temperature for half an
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H EHFH[e{r]-CH[err]-CH[err]- 1.40-1.80 ppn1 m: 12-H:

+ errj- EEN

H: CHerr]-CHerr]-CHerr]- Tﬁﬁésgiﬁgﬁﬁ
- 76 -

hour. 1.08 g of 4-broﬁomethyl-zhtert—butoxycarbonyl-

biphenyl are added and the mixture is stirred for 2

hours. After evaporation, the residue is taken up in

an ethyl acetate/water mixture, washed with a saturated

solution of sodium chloride and then dried, concentra-
ted and chromatographed on silica using an ethyl

acetate/hexane'mixture (3/7; v/v) as the eluent.

m = 280 mg.

E)

250 ml of the tert-butyl ester pfepared in the
previous step are dissolved in 10 ml of DCM. The solu-
tion is cooled in a bath of iced water, 5 ml of cold
trifluoroacetic acid are then added and the mixture is
stirred for one hour in the cold and then 1 hour at
room temperature. It is evaporated under reduced pres-
sure. The residue is taken up in ethyl ether and then
evaporated. The operation is repeated 3 times, the
evaporation residue is then taken up in hexane and tri-
turated and the hexane is then decanted. The product
is taken up in ethyl ether and the precipitate is fil-
tered off. '

m = 190 mg.

M.p. = 153-155°C.

- NMR spectrum:
0.85 ppm : t : 3 H : CH, (nBu)
1.35 ppm : sext : 2 H : CH,~-CH,-
1.45-2.20 ppm : m : 10 H : CH,~-CH_,~CH_,- and cyclo-
pentane

2.80 ppm : t : 2 H : CH,-CH_~CH_~CH_-
3.80 ppm : s :® H : CH, (pyrimidinone)
5.15 ppm : S @ H : N-CH_-

7.25 ppm : m : 8 H : aromatic protons

This Sheet Has Been Replaced
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1.60 g of the trifluoroacetate obtai ned pre- vi ousl y are di SREN_QQE&REML%‘EET

m of ethyl acetate and 20 ml of water: W‘%ﬁﬁ@%Tﬁés ¥ DX on IS
added to bring the pHto 5.0. The organ nfed) Was tAgR
saturated sol ution of sodium chloride, Ldri edRERUALERN G ugd sullf teag’nﬁ\'&?h‘gn

evaporated to dry- ness. The solid resi due |7<.7taken up in et
filtered off and dri ed. m=-1.14 g. M p. :28210[err]C
G 1- [(2'-N-cyanocarbarnoyl bi phenyl -4-yl)nmethyl]-2-
propyl - 4- spi rocycl opent ane- 2-i m dazol i n- 5-one

Table 1
R4
RS.l____.N
o/\ )—R3 H (or R2) Rl -
Sy
(Ex.) R, R, © CRgRg Salt M.p. °C
(30) | COH | n-C.H, cyclohexane | TFA | 172-174
(31) CO,CH, | n-C.Hg cyclopentane - 86-87
(32)% | COH | n-C.Hg C(CH,)CeHs | TFA | 55-60
(33) COH n-C Hy C(C,Hg) > TFA 82-84
(34) CO,H n-C,H, cyclopentane | TFA 164
(353 (¥*) n-C Hy cyclopentane - 163-164
(36) CO_H C;Hs cyclopentane | TFA 178
-(37) CO,H | n-C Hy éycloheptane TFA 160-162
(38) CO,H CH, cyclopentane | TFA 140
(39) CO,H n-C Hy " cyclopropane - | 204-205
(40) |tetrazol-| -CH,-CH,- cyclopentane - 110
5-yl CH=CH,,
(41) |tetrazol-| n-C.Hg cyclohexane - 130
5-yl -
(42) |tetrazol-| n-C,H, cyclohexane - 141
5-y1
(43) COH cyclo- cyclopentane | TFA 82-88
' pentyl '
(44) CO,H n-C.H,, cyclopentane | TFA 151
(45) CO,H CH,-CgHg _cyclopentane | TFA 88
(46) - COH H cyclopentane - | 230
(47) COZH n-C;H,- cyclobutane TFA 178

This Sheet Has Been Replaced
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(Exanpl e 21) 0.54 m of thionyl chloride is added t ¢
conpound prepared in the previous step, suspen-_ded in.5 nl jo
and a half hours, the reaction nedi um i $ BUSGHEET BASBEENdEr v
evaporated twice with benzene. The aci dlchl orRERRAACERS obt hi n
in 2 mM of dioxane and added to a solution of 42 ng of cyana

di oxane con- taining 0.2 m of 10 N sodi um-hyagr exi de sol uti oh.
a half hours, the reaction nediumis dilu- ted with 150 m of -
and 20 mM of water, the pHis brought to 5 with acetic acid and the organlc

(48) COH . n-C Hg cyclododecane| TFA 130-135

(49) CO,H n-C Hy 2-adamantane | TFA 164-166

(50) COH n-C Hgy 4-phenyl - TFA | 155-157
cyclohexane

(51) COoH n-CHg 4-methyl- TFA 198-200
: cyclohexane

(52) COH | n-C.Hy N-acetyl-4- | TFA 90-95
piperidine

(53) COH C,F, cyclopentane - 141-143

c Afr-§§;_CF3
(56)* | CO.H n-CH i - 207-209
* o CI:3\=/

s

(55)% | COLH n-C Hy TFA 105
(56) COH | n-C.Hy -1\\— N-CO ‘TFA | 95-105
- _CF3
| N-CO-CH-NH2
(57) Co,H n-CH, / Gi-cony TFA | 125-135
' ]
CHj

(58) COH n-C H, TFA | 85-90
| co, oHs (\:-lco
-/( CeHs

# R, = H and R, = CO,H
* These compounds have an asymmetric carbon and are isolated in
the form of a mixture of optical isomers.

eet Has Been Replaced
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phase is decanted, washed with a saturated solution of sodij '

T CTI
dried over sodium sulfate and then evaporated to dryness. Theh¥

chr omat ogr aphed on silica using a chl orof orm net hanol / acet i cid m x-

ture
(90/8/2; viv) as the eluent to give 160 Tas GHEERGATTERT 80 Br 4B 6 MARLIHE

formof a solid. REPLACED
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1. A compound of the formula

Rq
R57L_(SH2):
z(CHz) N

ey = R
ave 3 |2 . - (1)

A W aa

in which:

- R, and R, are similar or dlfferent and are each inde-
pendently hydrogen or a group selected from a C,-C,
alkyl, a C,-C, alkoxy, an amino, an aminomethyl, a
carboxyl, an alkoxycarbonyl in which the alkoxy is
c,-C,, a cyano, a tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a trifluoromethylsulfonylamino,
a trifluoromethylsulfonylaminomethyl, an N-cyano-
acetamide, an N-hydroxyacetamide, an N-(4-carboxy-
1,3-thiazol-2-yl)acetamide, a ureido, a 2-cyano-
guanidinocarbonyl, a 2-cyanoguanidinomethyl, an imi-
dazol-l-ylcarbonyl and a 3-cyano-2-methylisothio-
ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen;

- R, is a hydrogen, a C,-C_, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
c,-C, alkenyl, a C,~C, ‘cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
alkenyl in which the élkenyl is c,-c,, said phenyl
groups being unsubstituted or monosubstituted or.
polysubstituted by a halbgen atom, a C,-C, alkyl, a
C,-C, halogenoalkyl, a C,-C, polyhalogenoalgyl, a

hydroxyl or a C,-C, alkoxy:
AN OOV A
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- R, and R, are each independently a C,-C., alkyl, a
_phenyl or a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being -
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl and a C,-C, alkoxy;

- or'R‘ and R, together form a group of the formula
=CR,R,, in which R; is hydrogen, a C,~C, alkyl or a
phenyl and R, is a C,-C_, alkyl or a phenyl;

- or else R, and R, together are either a group of the

formula (CH,), or a group of the formula (CH,)_ Y-

(CH,),, in which Y is either an oxygen atom, or a

sulfur atom, or a carbon atom substituted by a C,-C,

alkyl group, a phenyl or a phenylalkyl in which the

alkyl is ¢,-C,, or a group N-R,, in which R, is a

hydrogen, a C,-C, alkyl, a phenylalkyl in which the

alkyl is c,-c,, a c,-C_, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,~C, polyhalogencalkylcarbonyl,

a benzoyl, an alpha-aminoacyl or an N-protecting

group, or R, and R_,, together with the carbon atom to

which they are bonded, form an indane or an adaman-
tane;

p+t+q=
n is an integer between 2 and 11;

- m is an integer between 2 and 5;
X
2z

is an oxygen atom or sulfur atom; and

and t are zero or one 1s zero and the other is one,
and its salts.

2. A compound according to claim 1 characterized in that R1 is in the
ortho position and is a carboxyl or tetrazolyl group

and R, is hydrogen. _

3. A compound according to claim 1 or claim 2 characterized in th;t

R, and R, form a cyclopentane or a cyclohexane with the
carbon to which they are bonded.

4. A compound according to any one of claims 1 to 3

* c L M S *




7.20-7.70 ppm: m: 8 H: aromatic 4.75 ppm: s : 2 H:

N-CH err]-CH erri=—"240ppm: T . 2 H-—CH.err]-Chlerr]- CH REPYACEMENT SHEET
1.30-1.80 ppm : s shid Hit BeefkipRkdd] - CH| ef rFUCHREFY HAS BRENSpI fo '

cycl ohexane 0.8 . CH[ etr] - CHEELACERH er r] EXAYRLEAB 2997
1-[ (2" - (N-4-car boiiﬂﬂ“ﬂl"ﬂ“ﬂ! !FZ- yl car banoyl ) - ’
bi phenyl - 4-yl ) net AL - 4- spi rocycl8hexane- 2- i m dgdzdli-pr-5—6n

JITC

characterized in that R3 is a linear Cl—cé alkyl group.

5._A compound according to any cne of claims 1 to 4
characterized in that X is oxygen.

6. A compound according to any one of claims 1 to 5
characterized in that z = t = 0.

7. A compound according to_claim 1 characterized in that it is the
2-n-butyl-4-spirocyclopentane-1-( (2'-(tetrazol-5~yl)biphenyl-4-—
yl)methyl)-2~-imidazolin-5-one or one of its salts with acids or
bases.

8. A method of preparing a compound (I) according to
any one of claims 1 to 7, characterized in that:

al) a heterocyc'lic derivative of the formula

Ry
ZC/fliﬂz) lll‘i 2
| _R3
0/\N/_'

1
H

in which z, t, R,, R, and R, are as defined for (I) in
claim 1, is reacted with a (biphenyl-4-yl)methyl deri-
vative of the formula

R'Z R'l

| 3 .
Hal-CHz_\//. \/L__/ A\ 3
in which Hal is a halogen atom and R’, and R’, are res-
pectively either R, and R, or a precursor group of R,

and R,;

bl) if appropriate, the resulting compound of
the formula )

Y AR A




N . COOH _[err] —CRerr]Rlerr] = cycl ohexane, X = 0)

Thi's compound, i s prepared firom the co e TinS 2imn TTREPLKCEMENT SHEET
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Rs
Rs (C\Zﬂz)t
z(CHz) N

OA",'/ILR;- F2 &
L

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4~diphosphetane 2,4-disulfide];

and
cl) the compound obtained in al) or bl), of the
formula
R4
Rs L —(GHa)e
z(CH2) N
,LR ’ t
3 R'2 L |
A
/Ny 2

in which X is an oxygen atom or a sulfur atom, is
treated to give the componnd (I) by conversion of the
groups R’, and/or R‘, to the groups R, - and/or R,
respectively.
9. A method of preparing a compound (I) acéording to
any one of claims 1 to 7, characterized in that

a2) an amino acid of the formula

Ra\ /(Cﬁz)c-.\'HPr

RS’/?CHz)z
COOH

[T,



2- Ami no- 4 et hoxyCar bonyl - 1, 3-t hi azol e is pre- par ed accord ”ﬂEﬁL‘ACE‘."FNT SHEET
PI ouvier et al., J. Heterocycl. Chem, 1989, 26(6), 1646. A
1-[ (N- 4- Car bet hoﬂynssheBtHabB&aREpl&edll acet ari do) -

net hyl ] -.2- n- prop_yl exane- 24i THIS SHEET HAS-BEShe 0 §00AR 9
BOP and 0.14 ni of are added t oRBPLSGIERt i on Of 404 ngy of the
conpound prepared i and 190 ng of ‘thiazole derivative in 4 nl

of DCM and 1 m of DWF. The mxture is stiTr&H for 40

in which z, t, R, and R, are as defined for (I) in
"claim 1, and of which the amine group is protected by
the Pr group, is reacted with a (biphenyl-4-yl)methyl-
amine derivative of the formula

R'2 R'1

Hzn-caz_</+-\\__<i—\\_ 2

/

in which R’, and R’, are respectively either R, and R,
or a precursor group of R, and R,;

b2) after deprotection of the amine, the resul-
ting compound of the formula

th Rll
Ry ) : 0 :
N T
P (CHp)z-C-NH-CHy _f/  \ .</ \

Rs (CH2)e-NH2 _ —

is then treated with an alkyl ortho-ester of the
formula R,C(OR), (10), in which R, is as defined for
(I) in claim 1 and R is a Cc,~C_, alkyl;

c2) if appropriate, the resulting compound of
the formula

R4

re
5/—((:\“2)?.
z(CHz) N

R")
_0 CHg /_4—\ | </_\ *

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-

* [+ L " S *
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phenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide];
and

d2) the compound thus obtained in b2 or c2, of
the formula

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R’, and/or
R, to the groups R, and/or R, respectively.
10. A method of preparing a compound (I) according to
claim 6, characterized in that '

a3) a (biphenyl-4-yl)methyl derivative of the
formula

Hal-cip{/ ' \ { A\ 2

in which Hal is a halogen atom and R‘, and R’, are res-
pectively either R, and R, or a precursor group of R,
and R,, is reacted with an imidazole derivative of the
formula '

R
N\ N
|| A il
Rs R3

AT



hours at roomtenperature and then 7 hours at 50[err]C. TH

S taken up in 50 m of ethyl acetate and washed twice wt

HSO[ err] - KSO er This %‘@ﬁ@tﬂs Rran Regitpeedd t Wi cewith a. saturated s

bi car- bonate and ﬂlj a.satufﬁﬂ%&ﬂébruanﬁEHfL
C

After drying over , the ¢rganiREPHBAGER is ¢
vacuum and t he reS| ue I'S romat ogr aphed on_silica using

ol

sjod
nge
N

acet at e/ t ol uene ntxture as the eluent to g|v3§120 ng of th
product . "~ Mp. = 96-98[err]C. B)

.caeééME%Tnng&ﬁn

n REPLA

Ut 1 on of sodi

U & M 1932,
trated under

m

tryt
expect ed

in which R,, R, and R, are as defined for (I) in claim
1, in the presence of oxygen and UV irradiation and in
a basic medium; o

b3) if appropriate,'the resulting compound of
the formula

is treated with Lawesson’s reagent [2,4~bis(4-methoxy-
phenyl)~-1,3-dithia-2,4~-diphosphetane 2,4-disulfide];
and

the formula

Ré
RsL_N

)\ I.LR3 R'2 R'1
Ny | |

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R’, and/or
R’, to the groups R, and/or R, respectively.

11. A compound of the formula

/=

A

c3) the compound thus obtained in b3 or <3, of




0.5 m of 2 N sodium hydroxide solution is added to 110 ny |oREPEACEMENGRHEET

obtained in the previous step, dissolved in 1 m of nethangl [and 1 nl of
di ox- ane. * After stirring for 35 n BT RS 8 i on msdig@'ﬁgigzgrgjy
diluted with 10 ml of water and 60 mjo eggLA@E@tate nd jt He !ﬁ i
brought to 5 by the addi- tion of 1 N-Ryereenter+e—actd. THe “"ganfb phase

is decanted, washed with a saturated solutlon of sodi um chljori de, dried

over sodlun1sulfate and then concen- trat d8%TRe residue i s—Taken up in

ether, filtered off and dri ed. m = 100 nyg.
- This-Sheet Has Been Replaced : Ei"‘ -
T
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[ 1 g, (1T)
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in which:

- R, is a hydrogen, a C,~C_, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a

- C,-C, alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
alkenyl in which the alkenyl is'cz-cs; said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,-C. halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C_, alkoxy: '

- R, and R, are each independently a C,-Cg alkyl, a
phenyl or a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C_, perfluoro-
alkyl, a hydroxyl and a C,~C, alkoxy:;

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,-C_, alkyl or a phenyl;

- or else R, and R, togéthef are either a group of the
formula (CH_,),, or a group of the formula (CH,)_Y-
(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is c,-C,, or a group N-R_,, in which R, is a
hydrogen, a C,-C_, alkyl, a phenylalkyl in which the
alkyl is c,-c,, a ¢,-C_, alkylcarbonyl, a C,-C_, halo-
genoalkylcarbonyl, a C,-C, polyhalogenocalkylcarbonyl,

O I




‘Nlp; = 145-148[err]C.'- NVR sbectrun1' 8.0 ppm s : 1 BT

posi tion of t thiazole 7.1-7.7%pe?
-aromatic H ‘NCHerr]l-CerrlHerr
H: CHerr]- ? 2- 1. § PHIMSHERT HABBEEN:
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‘'a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and R_,, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane; '
p+a=m

n is an integer between 2 and 11;
- m is an integer between 2 and 5;

X is an oxygen atom or sulfur atom; and

z and t are zero or one is zero and the other is one;
with the limitation that

- if z and t are zero and X is an oxygen atom, R, and

R, are other than '

- a C,-C_ alkyl, a phenyl or a phenylalkyl in which
the alkyl is C,-C,, said alkyl, phenyl and phenyl—-
alkyl groups being unsubstituted or substituted by
one or more halogen atoms or by a group sglected
from a C -C, perfluoroalkyl, a hydroxyl and a C,-C,
alkoxy: :

- or R, and R, together are other than a group N-Rg
in which R_ is a hydrogen, a C,-C, alkyl or a
phenylalkyl in which the alkyl is ¢,~-C,; and

- n is other than 6:;

and : :

- if z = 1 and R, is a phenyl, R, and R, are each

other than a methyl.

12. A compound according to claim 11 of the formula

N
]
W

1
H

in which X is an oxygen atom or a sulfur atom and R, is

* [ L. M S *
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a hydrogen, a C,-C_, alkyl which is unsubstituted or
substituted by one or more halogen atoms, a C_-C_
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in
which the alkyl is C,-C_, or a phenylalkenyl in which
the alkenyl is C_-C,, said phenyl groups being unsub-
stituted or monosubstituted or polysubstituted by a
halogen atom, a C,-C_, alkyl, a C,-C, halogenoalkyl, a
C,-C, polyhalogenoalkyl, a hydroxyl or a C,~C, alkoxy.
13. A compound according to claim 11 of the formula

Rs
Rs xi{
Il » "
R3 (II")
Ny -

in which R,, R,, R, and X are as defined above for (II)
in claim 10.

14. A compound according to claim 11 of the formula

N (III’I)

in which:

- R, is a hydrogen, a c,-C_, alkyl which is unsubsti-
- tuted or substituted by one or more halogen atoms, a
c,-C, alkenyl, a (C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, or a phenyl-
alkenyl in which the alkenyl is C_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,~-C, alkyl, a

-1
|

N L R
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c,-C, halogenoalkyl, a C,-C, polyhalogenocalkyl, a
hydroxYl or a C,-C_, alkoxy:; ‘

- R, and R, are each independently a C,-C_ alkyl, a
phenyl or a phenylalkyl in which the alkyl is C,-C,,
'said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C_, perfluoro-
alkyl, a hydroxyl and a C,-C_, alkoxy:

.= or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,-C_ alkyi or a phenyl;

- or R, and R, together are either a group of the
formula (CH_),, or a group of the formula (CH,) Y-
(CH.),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C_
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,~-C,, or a group N-R,, in which R, is a
hydrogen, a C,-C_ elkyl; a phenylalkyl in which the
alkyl is c¢,-c,, a C,-C, alkylcarbonyl, a C,~C, halo- -
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and R_,, together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane; |

-pt+tqg=

- n is an 1nteger between 2 and 11;

- m is an integer between 2 and 5; and

- X is an oxygen atom or a sulfur atom;
with the limitation that R, is other than a phenyl if
R, and R, are each a methyl. .

15. A method of preparing a compound according to any

one of claims 11 to 14, characterized in that it comprises

reacting a compound of the formula

R,-B 14

%* [ L ] s *




in 20 M of DCM in the presence of 1.8 m of thionyl chloride; a”u L¢
mxture is stlrned_aL_LoonLLenpeLa_.ture for 2 hours. Afte &BH@@E M iSHRET

of the nmedium -th SI |s t k n up i ; : Fe" TS then
concentrat ed agai uct l ﬁfaté ;’ ASIBEENUS e dl.
with 417 ng of dIC H ALE

i e sol ution,
ane and thetglxture IS th n tsti++ed fu. 5
hours. The reactlon nedlun1|s taken up in Wat®r~ and et hyl 4qcetate, '

It * .\lm)%”’.
5 m of~+o—N m _hvdf o
0.5 ni of water

pot assi um carbonate is added and the m xture is then concentratetd—The
resi - due obtained is chromatographed on silica using a DCM

in which R, is as defined above for (II) in claim 10
and B is
- a group C(OR).,
' NH
- a group d¢ ' or
AN
OR
- a group COHal
R being a C,-C, alkyl and Hal denoting a halogen atom,

preferably chlorine, with a compound of the formula

Re (CH2)2C0A
Rs (CH2)cNH2

in which R, and R, are as defined above for (II) in
claim 10 and A is an OH group, an NH_, group or a group
OR’, R’ being hydrbgen or a C,-C, alkyl, and then, if
appropriate, treating the resulting compound with
Lawesson’s reagent (2,4-bis(4-methoxyphenyl)-1,3-di-
thia-2,4-diphosphetane disulfide).

16. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present as the
active principle.

17. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present in
association with a beta-blocking compound.

18. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present in
association with a diuretic. .

19. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present in
association with a non-steroidal antiinflammatory.

20. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present in
association with a calcium antagonist.

O A



net hanol mi xture (95/5; v/iv) as the eluent. 100 ng of the
Mp. = 105[err]C. -EXAVPLE 24.

are isol at ed. =
1-[ (2" - car boxybi phenyl -

4- Benzyl i dene- 2- n- but yl -
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21. A pharmaceutical composition in which a compound
according to any one of claims 1 to 7 is present in

association with a tranquilizer.

_
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N-SUBSTITUTED HE EROCY LIC DERIVATIVES, THEIR PREPARATION
AND CEUTICAL couposn':o is IN WHICH

THEY ARE PRESENT

ABSTRACT OF DISCLOSURE

The invention relates to N-substitued heterocyclic
derivatives, their preparation and the Pharmaceutical
compositions containing them.

The compounds according to the invention are non-
peptide compounds, antagonists of angiotensine II and as
such, are wuseful in the treatment of cardiovascular

diseases, .central nervous system, glaucoma and diabetic
retinopathy. '

_—
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N-SUBSTITIUTED_HETERCYCLE DERIVATIVES, THEIR
PREPARATION, COMPOSITIONS CONTAINING THEM

The present invention relates to N-substituted
heterocyclic derivatives, to their preparation and to
the pharmaceutical compositions in which they are
present.

The compounds according to the invention anta-
gonize the action of angiotensin II, which is a peptide
hormone of the formula

' H-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-OH

Angiotensin II is a potent vasopressor and the
biologically active product of the renin-angiotensin’
system: renin acts on the angiotensinogen of the plasma'.
to produce angiotensin I, which is converted to angio-
tensin II by the action of the angiotensin I converting
enzyme.

The compounds of the present invention are non-
peptide compounds which antagonize angiotensin II. By
inhibiting the action of angiotensin II on its recep-
tors,'the'compounds_according'to the invention prevent
especially the increase in blood pressure produced by
the hormone-receptor interaction; they also have other
physiological actions on the central nervous systenm.

Thus the compounds according to the invention
are useful in the treatment of cardiovascular com-
plaints such as hypertension and heart faiiure, as well
as in the treatment of complaints of the central ner-
vous system and in the ‘treatment of glaucoma and dia-
betic retinopathy.

The present invention relates to compounds of

the formula

I'hls Sheet Has Been Reylaced
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Starting from N Boc-| e}r] -dehydro- (L) - phenyl al a- nine, the REPLACEMENT SHEET_I

N- car boxyanhydri de of a-dehydro-(L)-phenyl- alanine is preparge
et al., Tetrahedron Lett., 1984, 25(26), 2775. p o gn?
-butyl 4-am nonet hyl bi phenyl -2' - carboxyl ate are| a déd %‘

solution of 430 ng of this conmpound in 5 m of THF, the m xtuf et

to R Jacquier
644 ng of tert

for 2 hours at

and the m xture is evaporated to dryness under vacuum w t hout!

coard I nn

roomtenperature, 1 nl ok methyl orthovaleratelis then added

residue is heated for 3 hours at 100[err]C, concentrated under vacuum and

t hen chr omat o-

graphed on silica using a hexane/ ethyl acetate m xture

A

)_w\ﬂz)t
z(CHz)

in which:
- R, and R, are similar or different and are each inde-

pendently hydrogen or a group selected from a C,-C,
alkyl, a C,-C, alkoxy, an amino, an anmninomethyl, a
carboxyl, an alkoxycarbonyl in which the alkoxy is
C,-C,, a cyano, a tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a trifluoromethylsulfonylamino,
a tfifluoromethylsul_fonylaminomethyl, an N-cyano-
carbamoyl, an N-hydroxycarbamoyl an N-(4-carboxy-
1,3-thiazol-2~yl)carbamoyl, @& ureido, a 2-cyano-
guanidinocarbonyl, a 2-cyanoguanidinomethyl, an imi-
dazol-i-ylcarbonyl and a 3-cyano-2-methylisothio-
ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen;

R, is a hydrogen, a C,-C., alkyl which is unsubsti-
‘tuted or substituted' by one or '_more halogen atoms, a
C.-C, alkenyl, a C,-C, 'cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, a phenyl-
alkenyl in which the alkenyl is 'ca-c,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,~C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C, alkoxy:

R, and R, are each independently a cC,-C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is C,-C,,
said - alkyl, phenyl and phenylalkyl groups being

unsubstituted or substituted by one or more halogen

~hRreat-+Rg——Hre—



(4/1; v/iv) as the eluent to give 580 ng of a white solid.
154[err] C. - NWMR spectrum 1.3 ppm s :9 H :tBu 0. 65 ppm:
CH err] (nBu) 2 ppm: t :2 H: CHerr]-CHerr]-CHerr]-CH er
ppm: d : 1 H: CHerr]-NH 6.8 ppm: s : 1 H: CH (=CH(err
4- Benzyl i dene-2-n-butyl -1-[(2' -tert-but oxycarbonyl -

bi phenyl - 4-yl ) nmet hyl ] - 2-i m dazol i n-5- one 440 ng of th
obtained in step A are -3 -

-

REPLAGEMENT SHEET
t]: 3 H:
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Herr]) B)

compound

atoms or by a group selected from a C,~-C, perfluoro-

alkyl, a hydroxyl, 2 Ci1-C. alkoxy;

= or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a

phenyl and R, is a C,-C_, alkyl or a phenyl;

- or else R; and Rs bonded together are either a group of
the formula (CH;), or a group of the formula (CH.) Y-
(CH_.),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R_, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is c,-C,, a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R and Rs, bonded together with the carbon atom to
which they are bonded, form an indane or an adaman-

tane;
-p+g=nm;
- n is an integer between 2 and 11:
- m is an integer between 2 and 5;
- X is an oxygen atom or sulfur atom;.

- 2 and t are zero or one is zero and the 6ther is one:;

and their salts.

If a compound' according to the invention has an
asymmetric carbon, the invention includes the 2 optical

isomers of this compound.

The salts of the compounds of formula (I)
according to the present invention include those with
mineral or organic acids which permit separation or
suitable crystallization of the compounds of formula
(I), such as picric acid, oxalic acid or an optically
active acid, for 'example a mandelic acid or a campho-
sulfonic acid, and acids which form pharmaceutically
acceptable salts such as the hydrochloride, the hydro-



dissolved in 1 nl of acetic acid and heated for 30 minutes aj REFVUABEMENT SHEET
The solution is evaporated to dryness under
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bromide, the sulfate, the hydrogensulfate, the dihydro-
genphosphate, the methanesulfonate, the methylsulfate,
the maleate, the fumarate and the naphthalene-2-sulfo-
nate. . '

The salts of the compounds of formula (I) also
include the salts with organic or mineral bases, for
example the salts of alkali or alkaiine earth metals,
such as the sodium, potassium and calcium salts, the
sodium and potassium salts being preferred, or with a
tertiary amine such as trometamol, or else the salts of
arginine, 1lysine or any physiologically acceptable
amine. '

According to the present description and in the
claims which follow, halogen atom is understood as
meaning a bromine,_chlorine or fluorine atom; N-pro-
tecting group (also designated by Pr) is understood as
meaning a group conventionally used in peptide chemis-
try for affording temporary protection of the amine
group, for example a Boc, Z or Fmoc group or a benzyl
group; esterified carboxyl group is understood as
meaning an ester which is labile under appropriate
conditions, such as, for example, a methyl, ethyl,
benzyl or tert-butyl ester. "Alkyl" denotes linear or
branched saturated aliphatic hydrocarbon radicals.

The compounds of formula (I) in which R, is in
the ortho position and is a carboxyl or tetrazolyl
group and R, is hydrogen are preferred compounds.

The compounds of formula (I) in which R, and R,
bonded together form, with the carbon to which they are
bonded, a cyclopentane or a cyclohexane are preferred
compounds. _ ' .

' Likewise, the compounds of formula (I) in which
R, is a linear C,~-C, alkyl group are preferred com-
pounds. _

The compounds of formula (I) in which X is an



- 68 - vacuum and the residue is chromatographed on silica| REMHCEMENT SHEET

hexane/ ethyl acetate mxture (4/1; v/v) as the eluent to give|l30 ng'ui ttre

expected product in the formof an oil. - NVR spectrum 4. 9 ppmy: 2 SBEC Aoty
CHerr] (NNCHerr]-Cerr]Herr]-) O . ”

oxygen atom are also preferred compounds.

Finally, the compounds of formula (I) in whxch
z = t = 0 are preferred compounds.
The following abbreviations are used in the

description and in the Examples:

Et ¢ ethyl

nBu, tBu : n-butyl, tert-butyl .
DMF : dimethylformamide

THF : tetrahydrofuran

DCcM : dichloromethane

NBS : N-bromosuccinimide

pce : dicyclohexylcarbodiimide
DIPEA : diisopropylethylamine
ether : ethyl ether

TFA : trifluoroacetic acid

Z : benzyloxycarbonyl

Boc : tert-butoxycarbonyl

BOP : benzotriazoiyloxytrisdimethylaminophospho-

nium hexafluorophosphate
Fmoc : fluorenylmethoxycarbonyl
The present invention further relates to the
method of preparing the compounds (I). Said method is characterized

~in that:

al) a heterocyclic derivative of the form_ula
. R .
R§7L4Q§2h:
z(CH2) N 2
] g5
0 .

m—-

in which 2z, t, R,, R, and R, are as defined above for

(I), is reacted with a (biphenyl-4-yl)methyl derivative

of the formula
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100 ng of the conpound obtained in the previous step are disgol '
of DCM 1 m of trifluoro- acetic acid is added and the m xt gr
stirred for 40 minutes at roomtenperature and evaporated unge
residue is taken up several tines in DCM and then evapor at ed.

precipitates on the addition of ethyl wet@er. " m= 101|ny.
Mp. = 85[err]C. - Mass spectrum MH err] : 439 - -NVR specthu
R'2 R'1

in which Hal is a halogen atom and R’, and R’, are res-
pectively e;'.ther R, and R, or a precursor group of R,
and R,; ' -

bl) if_ appropriate, the thus obtained compound
of the formula

Rs
Rs iz
2(CH2) N
! R3 . R'2 R'; 4
0 N
éHg / \

Cvm——

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide];

cl) the compound obtained in al) or bl), of the
formula

Ry
R57L(Cﬁz):
z(CH2)
)—Rs R'2 R'; 5
X/ N ‘ :

L/

—— t—

in which X is an oxygen atom or a sulfur atom, is
treated to give the compound (I) by conversion of the



0.82 ppm: t : 3 H: CHerr] (nBu) 1.3 ppm: sext : 2 H: | REPLACEMENT SHEE
CHerr]-CHerr]- 1.6 ppm:m: 2 H: CHerr]-CHerr]-CHerr]- SR :
t : 2H: CHerr]-CHerr]-CHerr]-CHerr]- 4.82 ppm: s : P H. 2 DEC 1037
CHerr]-Clerr]Herr]- 7.05 ppm: s : 1 H: =CHerr]-Cerr]H ar?] v
7.2-8.2 ppm: m: 13 H: aromatic EXAMPLE 25

4- Benzyl i dene- 1-[ (2' - car boxybi phenyl - 4-yl) -

met hyl ] - 2- phenyl - 2-i m dazol i n- 5- one

7 -

groups R’, and/or R’, to the groups R, and/or R,

respectively.

_ Among the compounds 2, the compounds (II) as

defined below are novel. ' '
Thus the present invention further relates to

the compounds (II) of the formula

Rs

Rs}—(c\ﬂz):
z(CH2) N (II)
)\ Il =,
X N

)

H

in which: _

- R, is a hydrogen, a C,-C, alkyl which is unsubsti-
tuted or substitutf.ed by one or more halogen atoms, a
c,~C, alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, a phenyl-
alkenyl in which the alkenyl is C_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,-C, halogenocalkyl, a c14c4 polyhalogenoalkyl, a
hydroxyl or a C,-C, alkoxy:

- R, and R, are each independently a C,-C, alkyl, a
phenyl, a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a Cc,-C, perfluoro-
alkyl, a hydroxyl, a C,-C, alkoxy:;

- or R, and R, together form a group of the formula
=CR,R,, in which R, 'is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,.-C‘ alkyl or a phenyl:;

- or else R¢ and R; bonded together are either a group of the
formula (CH_). .‘51' a.-_'j_.gggup of the formula (CH,)_ Y-




[err]
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(CH.),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is c¢,-c,, a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R; and Rs, bonded together with the carbon atom to
which they are honded, form an indane or an adaman-
tane;

-p+q=m; .

- n is an integer between 2 and 11;

- m is an integer between 2 and 5;

- X is an oxygen atom or sulfur atom; and

- z and.t are zero or one is zero and the other is one;
with the limitation that

A/ if z and t are zero and X is oxygen:

1) R, and Rs; are other than a C;-Cs alkyl; a phenyl or

~ a phenylalkyl in which the alkyl is C;-C;, said alkyl,

phenyl and phenylalkyl groups being unsubstituted or

substituted by one or more halogen atoms or by a group

selected from a C;-C; perfluoroalkyl, a hydroxyl, a C;-

Cs alkoxy:; or

2) R; and Rs bonded together are other than a group N-R;
in which R, is a hydrogen, a C,-C, alkyl or a
phenylalkyl in which the alkyl is C,~-C,; or

' 3) Ry and Rg together are different from the group

=CR7Rg when R3 is a hydrogen, a phenyl, a
methylphenyl or a benzyl; -
4) n is different from 6; or else

5) R4 and Rs bonded together are other than a group
(CH2)n in which n is comprised between 3 and 5, when
R3 is a substituted phenyl group;

B/ when z = 1 and R3 is a phenyl, Ry and Rs are each |
other than a methyl;



- 69 - A) 4-Benzyl i dene- 2- phenyl oxazol - 5- one 1 %ELQEEMEQPLSHEH
acid and 0.4 g of potassium bi carbonate are dissolved in 0 '
anhydride, the solution is heated for a few mnutes at 50 eﬂr.%c a§€ t.h,
cooled to roomtenperature and 1.49 g of benz- al dehyde afela d&dt ;\fiﬁggp

hour at roomtenperature, 20 ml of distiTled water are adfed-at-80f e+t~
The solid which precipitates is filtered off, washed w th{water '

o

C/ when z and t are zero and X is sulphur:
1) R4 and R5 are other than a phenyl when R3 is a
methyl, a phenyl, a chlorophenyl, a methoxyphenyl or
_ a methylphenyl; or
2) R4 and R are other than a C;-C3 alkyl when R3 is a
methyl or a phenyl; or
3) Rg and Rs are other than a methoxyphenyl or
chlorophenyl when R3 is phenyl; or
4) R4 and R5 are other than a chlorophenyl when R3 is a

methyl. _
Among the derivatives (II), the compounds in

which z = t = 0 and R, and R,, together with the carbon
to which they are bonded, form a cyclopentane are pre-
ferred compounds. These compounds have the formula

N (I1")

=

N
)
H

in which X is an oxygen atom or a sulfur atom and R, is
a hydrogen, a C,~C, alkyl which is unsubstituted or
substituted by one or more halogen atoms, a c.-C,
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in
which the alkyl is C,-C, a phenylalkenyl in which
the alkenyl is ¢ -c,, saxd phenyl groups being unsub-
stituted or monosubstituted or polysubstituted by a
halogen atom, a C,-C, alkyl, a C,-C, halogenoalkyl, a
C,-C, polyhalogenocalkyl, a hydroxyl or a C,-C, alkoxy.

The compounds (II) ‘in which z = 0 and t = 1, of
the formula

(xx')

in which R,, R‘. R, and X are as def.i.ned above for

(II), are preferred conpounds .
_ Finally, the compounds (II) in whi.ch z =1 and.
t =0, of the £omn1a :



and ethanol and then dried to give 1.24 g of the expected pkd@tict 11
formof a yellow solid. Mp. = 215[err] C. - NWMR spe¢t dum 7.
r st 1 H: -CH(err]Herr] 8.1-8.4 ppm: m: 10 H: aro ' '
Tert- butyl 4-(1-benzoyl am no-1-benzylidenenet hyl - . . o
am donet hyl ) bi phenyl - 2' - car boxyl at e A m xture cont aijni ng 500 ng of

t he conpound obtained in the previous stedp® 870 ng of tert-H -
anm nonet hyl bi phenyl -2' - carboxyl ate and 10 M of pyri- dine is heat ed at

110[err]C for 3 hours. It is evaporated

it Y '_‘*“i_A 4y ' _-“_ +h
W SHR
m

)—R3 (II’"")

in which: ,

- R, is a hydrogen, a C,-C, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
C.-C, alkenyl, a C,-C, cycloalkyl, a phenyl,
phenylalkyl in which the alkyl is C,-C,, a phenyl-
alkenyl in which the alkenyl is C_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C, alkoxy: -

- R, and R, are each independently a C,-C, alkyl, a
phenyl, a phenylalkyl in which the alkj(l is ¢,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl, a C,~C, alkoxy;

= or R, and R, together form a group of the formula
-=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a ¢,~C, alkyl or a phenyl;

- or Ry and Rs bonded together are either a group of the
formula (CH_.), or a group of the formula (CH_) Y-
(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is c,-C,, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is c¢,~Cc,, a C,~C, alkylcarbonyl, a C,-C, halo- -
genoalkylcarbonyl, a C,-C, polyhalogenocalkylcarbonyl,



under vacuum the residue is taken up in chloroformand the
evaporat ed again. The residue is chronmatographed on silica ugj

%PQ&&@E&F%?{EFT

hexane/ et hyl acetate m xture (3/1 then 2/1; v/v) as the el uent |ve 106
nmg of the expected product in the formof a yellow solid. - NF §b HEdn1997
1.1 ppm s :9 H: tBu 4.35ppm: t : 2 H: -CHerr]- 74057 06 ppm :
m: 19 H: aromatic H+ Cerr]Herr]CH= 118.65 ppm: t 1 . NH-CH err]

a benzoyl,

an alpha-aminoacyl or an N-protecting

group, or Ry and R;, bonded together with the carbon atom to

which they are bonded, form an indane or an adaman-
tane;

p+t+qg-=

n is an integer between 2 and 11:

m is an integer between 2 and 5;

X is an oxygen atom or a sulfur atom;

with the limitation that R, is other than a phenyl if
R, and R, are each a methyl;

are preferred compounds.

The derivatives 2 are prepared by known meth-
ods. For example, it is possible to use the method
described by Jacquier et al. (Bull. Soc. Chim. France,
1971, 3, 1040-1051) and by Brunken and Bach (Chem.
Ber., 1956, 89, 1363-1373) and to react an alkyl
imidate with an amino acid or its ester in accordance
with the follbwing reaction scheme:

R4  (CH2)z-CO2R’ NH
N/ Y4
P + R3-C;\ —_—

Rs }Cﬂz)t—Nﬁz OR

5! [
R4
(qyz):
z(CH2) N
3
0 ? 2
H

in which R is a C,-C, alkyl, R’ is hydrogen or a C,-C,
alkyl and R,, R,, R,, 2z and t are as defined above for
(1).



9.9 ppm: s :

obtained in

1 H:NHCH O A mxture of 1.2 g of {herplpCEMENT SHES!T

2 7 DEC 1897
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This reaction is carried out in an acid medium
by heating in an inert solvent such as xylene or
toluene.

According to another procedure, the compound 2
can be prepared by reacting an aminoalkylamide ' (5'!)
with an alkyl ortho-ester (10) in an acid medium in
accordance with the following reaction scheme:

Rs (CH2)2-CONHy

\\ca/ + Ra=C

PN 3-C(0R)3 —> 2
Rs (Cﬂz)t-Nﬂz

32 10

in which R is a Cc,-C_, alkyl.

Using a procedure described by H. Takenaka et
al. (Heterocycles, 1989, 29(6), 1185-89), it is also
possible to prepare the compound 2 by reacting an acid
halide of the formula

R,-CO-Hal 12

in which Hal is a halogen, preferably chlorine, with
the derivative 5.
The reaction is carried out in a basic medium.
More particularly, according to another object
of the present invention, the compound 2 is prepared bf
a method characterized in that a compound of formula

R,-B 14

.-in which B is

- a group C(OR),



- 70 - the previous step and 1.1 g of freshly nelted sodrsmacetd :
refluxed for 6 hours in 5 m of acetic acid. It is left to |cREPLAGRM éﬁi’%%EET :
i nsoluble material i.s then precipitated by the addition of jch uuuorn1 The
fil- trate is evaporated and the residue is chromatographed| oh |Eﬁﬁdﬁﬂ:]
a chl orof orm nmet hanol m xture (98/2; v/v) as the eluent. The $o |d obt ai ned

I's recrystal - ' :
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s

- a group C\oR

or

- = a group COHal
R being a C,~C, alkyl and Hal denroting a halogen atom, .
preferably chlorine, is reacted with a compound of the
formula : ' '

Ry (CH2)2C0A
Rs (CH2) NHp

in which A is an OH group, an NH, group or a group OR’,
R’ being hydrogen or a C,-C, alkyl,

and then if appropriate, the thus cobtained compound is
treated with Lawesson’s reagent (2,4-bis(4-methoxy -
phenyl)-1,3-dithia~-2,4-diphosphetane disulfide).

The (biphenyl-4-yl)methyl derivative (3) is
prepared by a method described in European patent
application 324 377. '

The conversion of a group R, and/or R, to a
group R, and/or R, is effected by methods well known to
those skilled in the art. Thus, if the compound (I) to
be prepared possesses a group R, and/or R, = carboxyl,
R’, and/or R', are an esterified carboxyl group. If
the compound (I) to be prepared possesses a group R,
and/or R, = tetrazolyl, R', and/or R’, can be either a
tetrazolyl protected for example by a trityl group, or
a cyano group which will subsequently be replaced with
a tetrazolyl group protected if necessary by a trityl.
The conversion of the cyanb group to a tetrazolyl can
be effected with an azide, for example tributyltin
azide or sodium azide.;s

It is also. possible to use groups R’, and/or
R’, such as nitro, carboxyl, cyano or acid chloride
groups and then to convert them by reactions well known



c aromatic H+ =CHderr]Herr] EXAMPLES 26 AND 27
2-n-Butyl-1-[(2"-(2-nethyltetrazol -5-yl)bi- 29 BEC %

-4-yl)met hyl ] - 4- spi rocycl opent ane- 2-i m dazol i n-5- one] (Exanpl e 26)
and 2-n-butyl-1-[(2'-(1-nethyltetra-

—

|ized fromethyl ether. m = 692 ngy. Mp. = [ZOTT = M—‘
spect rum 4.95 ppm: s : 2 H: CHerr]-Cerr]Herr]- 7. _FgAQ%MENTrs 3

997

to those skilled in the art to give groups R, and/or R,
as defined for the compound (I).

Thus, if R’, and/or R’', are a carboxyl, they
can be converted to R, and/or R, in the form of an
imidazol-l~ylcarbonyl or else an N-(4-carboxy-1,3-
thiazol-2-yl) carbamoyl.

The group R’, and/or R’_, in the form of an acid
chloride can be converted to R, and/or R_, in the form
of N-hydroxycarbamoyl 7 N-cyanocarbamoyl, ureido or 2-
cyanoguanidinocarbonyl.

The group R’, and/or R’, in the form of a nitro
can be converted to amino, from which R, and/or R, is
prepared in the form of methylsulfonylamino, trifluoro-
methylsulfonylamino or trifluoromethylsulfonylamino-
methyl. : : .
The group R’, and/or R‘, in the form of a cyano
can be converted to aminomethyl, from which a 3-cyano-
2-methylisothioureidomethyl is prepared (according to
C. Gordon et al., J. Org. Chem., 1970, 35(6), 2067~
2069) or a 2-cyanoguanidinomethyl is prepared (accor-
ding to R.W. Turner, Synthesis, 1975, 332).

- Step al) is carried out in an inert solvent
such as DMF, DMSO or THF, in a basic medium, for
example in the presence of potassium hydroxide, a metal
alcoholate, a metal hydride, calcium carbonate or tri-
ethylanine. | _

Step bl) is carried out by heating under
nitrogen in a solvent such as toluene, according to the
method described by M.P. Cava et al., Tetrahedron,
1985, 41, 22, 5061. _

In the description below, the method comprising
steps al, bl and cl is referred to as method 1.

Alternatively, the compounds (I) can be pre-
pared by another method, which is also a subject of the
present invention. Said method is characterized in that:



zol -5-yl ) bi phenyl - 4-yl ) met hyl ] - 4- spi rocycl opent ane- 2- i ni {BRALAGERENESHEET
(Exanpl e 27) In 10 M of DWF, 500 ng of the conpoufd[pré- pared n
Example 5 are nixed with 58 ng of sodium hydride, the m xt{re igspsBECrEH

for 30 mnutes, 179 ng of nmethyl iodide and 2 ml of DWVF ar¢ tlhen added and
the mxture is stirred at roomtenperature for 4 hours. The¢ reactron ned um
Is concentrated and the concentrate is taken up in water agpd then extracted

with ethyl acetate. The extract is dried@ dPer” sodi um sul fate and filtered
and the solvent is evaporated off. The resi- due is chromat ographed on
silica using a hexane/ethyl

a2) an amino acid of the formula
R CH2)r-NHPC
4\ /( 2)¢

o1
Rs (?HZ)z
COCH

in which z, £, R and Rs have the meanings indicated above
for (I), and of which the amine group is protected by the Pr
group, is reacted with a (biphenyl-4-yl)methylamine
derivative of the formula

R'2 R'1

in which R, and R’, are respectively either R, and R,
or a precursor group of R, and R,;}
b2) after deprotection of the amine, the thus cbtained
compound of the fornula
. | _ .
Rs 9

Rs (CH2)¢-NH2

is then treated with an alkyl ortho—-ester of the
formila RC(OR)s (10), in which R; has the meaning indicated
above for (I) and R is a C,-C_, alkyl:

C2) if appropriate, the thus cbtained compound of the
formula |



acetate mxture (6/4; v/iv) as the eluent. 2 fractions are if : R
90 ng of the conpound of Exanple 26 and 184 ng of the comgmﬁ‘ggmg\%n{ﬂ?‘éﬁ
27 _
2 2 BEC 897
- 16 =
Rs

R%;i_(ﬁgz)g

z(CHz) N

)\ I

o N :

!
Cli2

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide];

d2) the compound thus obtained in b2 or c2, of
the formula

R4
Rs L (GHz)e
z(CHz2) N
3 R'2 : R"; 5
X N
-0

is then treated under suitable conditions for preparing
the compound (I) by conversion of the' groups R’ 2 and/or
R’, to the groups R, and/or R, respectively.

The compounds 7 are known or are prepared by
known methods (Chemistry of the Amino Acids, Greenstein
and Winitz, published by John Wiley, 1961, vol. I, p-.
697). _
The compounds 8 are prepared according to Euro-
pean patent application 324 377. Step a2) is carried
out under the usual conditions for the coupling of an
acid with an amine, for example in the presence of BOP
and DIPEA. |

Step b2), which is the cyclization of the com~




- 71 - - NWR spectra: Exanpl e 26 0.7 ppm: t : 3 BEP&‘&E@WEW SHEET

(nBu) 1.2 ppm: sext : 2 H: CHerr]-CHerr]- 1.4 pp quint: 2 H
CH err]-CHerr]-CHerr]- 1.5-1.9 ppm: m: 8 H: cycl opentape BEC a7
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pound 9 in the presence of 10, is carried out according
to Jacquier et al. (Bull. Soc. Chim. France, 1971, (3),
1040-1051) and according to Brunken and Bach (Chem.
Ber., 1956, 89, 1363-1373). '

In the 'description below, the method comprising
steps a2 to d2 is referred to as method 2.

In one variant of method 2, in step b2, it is
possible, if appropriate, to isolate an intermediate 2’
of the formula

R'2 :
R{ : -1
R5-C-(CH2)z-CO-NH-CHy 0 0
(CH2) ¢ -NH-CO-R3

and then to prepare the compouhd 4 by cyclization in an
acid medium.
In another variant of method 2, in order to

prepare a compound (I) in which R,R, is a group =CR, Ry, -
an amino acid of the formula

CHz-(CH2) ¢ -NHCOR3 y al
(CH2)2-COOH

can be reacted. in an acid medium with an aldehyde or a
ketone of the formula '

R,COR,
in wh:.ch R; and Rg have the maam.ngs given above for (I), and

the product is then reacted with the compound 8 to give
a compound of the formula



2.25 ppm: t 2 H: CHerr]-CHerr]-CHerr]-CHerr]- 4 _15. RRRAee i
: N-CH err] 4.6 ppm: s : 2 H: -NCHerr]-CHerr]- 7%05%& SEEET
system: 4 H: CHerr]-Cerr]Herr]- 7.3-7.75 ppm: m:
CHerr]-Clerr]Herr]-Clerr]Herr]- Exanpl e 27 0.7 ppn t :g ﬁELer:
:CH err] (nBu) 1.15 ppm: sext : 2 H: CHerr]-CHerr]- JZ. 8 rﬁ
cquint: 2 H:CHerr]-CHerr]-Cerr]Herr]- 1.5-1.9 ppm|] m=—=8 ::.
cycl opent ane 2.2 ppm: t : 2 H: CHerdB-€Herr]-Cerr]Herr]- 3.35
ppm: s : 3 H: NCHerr]
'
Rmsc-c (cuz)z-c NH-CH» 0 0 'Y
(cnz);-\'ucox_o,

The cyclization of this compound in an acid
medium leads to the compound 4.

In this method, to prepare a compound (I) in
which R, and/or R, are a carboxyl group, the substi-
tuents R’, and/or R’, are preferably a tert-butoxycar-
bonyl group. |

Finally, another alternative for the prepara-
tion of the compounds (I) according to the invention in
which z and t are equal to zero is the photooxidation
method, .which is also a subject of the present inven-
tion. _ '

This last method is characterized in that
a3) a (biphenyl-4-yl)methyl derivative of the

formula
R'2 R";
3
in which Hal is a halogen atom and R’, and R’, are res-

pectively either R, and R, or a precursor group of R,
and R,, is reacted with an imidazole derivative of the
formula



2 H: N-CHerr]-Clerr]Herr] 7 ppm: AX, UBpeayelame AoE

6 ppm: s :
: CH[err] Cerr]Herr]- 7.4-7.8 ppm: m: 4 H
CHerr]-(err]Herr]-Jerr]Herr]- EXAMPLE 28 : .
2-n-Butyl - 6- spi rocycl opent ane-3-[(2' - (tetrazol - 2 2 GEC 97
5-yl) bi phenyl -4-yl)met hyl | - 4(1H) -5, 6-di hydropyrim din- 4-ome A Ethyl
cycl opentyl i deneacet at e 6 g of =84% sodi um hydride @re placed in 40

m of benzene,

and 57.1 m of ethyl triethyl phosphono-

in which R3, R; and Rs have the meanings indicated
above for (I), in the presence of oxygen and UV
irradiation and in a basic medium;

b3) if appropriate, the resulting compound of
the formula

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1l,3-dithia-2,4-diphosphetane 2,4-disulfide]:

c3) the compound thus obtained in b3 or c¢3, of
the formula

J—Rs R'2 R")
H2 / \ / \

Qun
j2

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R‘, and/or
R’, to the groups R, and/or R, respectively.

The imidazole derivative 11 is either commer-
cially available, or known, or is prepared by known
methods indicé.ted above for the preparation of the com-
pounds 2.

Step a3) is carried out in an inert solvent
such as, for example, DMF; to facilitate the reaction,



acetate are added dropw se at a tenperature below 35[err]C. HEFLA(}FEMWT SHEET

roomtenperature, 24.3 m of cyclo- pentanone are added dropw ge-Fhe
m xture is heated at 65[err]C for 15 mnutes and then cool ed tp g(r?orﬁag ng
tenperature and the supernatant |iquor is decanted. 25 nm jof | b&rtzene ar-

added, the m xture is heated at 65[err]C for 15

- 20 =

a photosensitizing product such as methylene blue can
be added.

In the description below, the method comprising
steps a3) to c¢3) is referred to as method 3. '

The compounds (I) according to the invention in
vwhich R; and Rs; bonded together are a group of the formula
(CH,)_ Y(CH,)_, in which Y is an NH group can be prepared
by catalytic hydrogenolysis of a corresponding compound
(I) in which Y is a group N-R_, R, being a benzyl.

The affinity of the products according to the
invention for angiotensin II receptors was studied in a

~test for the binding of angiotensin II, labeled with
iodine 125, to rat 1liver membrane receptors. The
method used is the one described by S. KEPPENS et al.
in Biochem. J., 1982, 208, 809-817. '

The IC_,,, namely the concentration which gives
a 50% displacement of the labeled angiotensin II bound
specifically to the receptor, is measured. The IC._ of
the compounds according to the invention is less than
10~ M. ' i

Also, the effect of the products according to
the invention as angiotensin II antagonists was obser-
ved on different anim_al' species in which the renin-
angiotensin system had been activated beforehand (C.
LACOUR et al., J. Hypertension, 1989, Z (suppl. 2),
S$33-835). ' _

The compounds according to the invention are
active after administration by different routes, espe-
cially after oral administration.

No signs of toxicity are observed with these
compounds at the pharmacologically active doses.

Thus the compounds according to the invention
can be used in the treatment of various cardiovascular
complaints, especially hypertension, heart failure and
venous insufficiency, as well as in the treatment of



- 72 - m nutes, cooled and decanted and the super nat ant 'HEPQF‘PEMENT'QIPEET

recovered. The operation is repeated once. Evaporation of jhgiguors
gives 42 g of the expected product, which is distilled. o 2
C under 11 nm of mercury. : 2% BEC 15.‘?39
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glaucoma, diabetic retinopathy and various complaints
of the central nervous sYstem,' for example anxiety,
depression, memory deficiencies or Alzheimer’'s disease.

The present invention further relates to phar-
maceut:.cal compositions containing an effective dose of
a compound according to the invention, or of a pharma-
ceutically acceptable salt, and suitable excipients.
Said excipients are chosen according to the pharma-
' ceutical form and the desired mode of administration.

In the pharmaceutical compositions of the pre-
sent invention for oral, sublingual, subcutaneous,
intramuscular, intravenous, topical, intratracheal,
intranasal, transdermal or rectal administration, the
active principles of formula I above, or their salts if
approprlate, can be administered to animals and humans
in unit forms of administration, mixed with conven-
tional pharmaceutical carriers, for the prophylaxis or
treatment of the above disorders or diseases. The
appropriate unit forms of administration include forms
for oral 'administration, such as tablets, gelatin cap-
sules, powders, granules and solutions or suSpensions
to be taken orally, forms for sublingual, buccal,
intratracheal or intranasal administration, forms .for
subcutaneous, intramuscular or intravenous administra-
tion and forms for rectal administration. For topical
application, the compounds according to the invention
can be used in creams, ointments or lotions.

To achieve the desired prophylactic or thera-
peutic effect, the dose of active principle can vary
between 0.01 and 50 mg per kg of body weight per day.

Each unit dose can contain from 0.1 to 1000 mg,
preferably 1 to 500 mg, of active ingredients in
combination with a pharmaceutical carrier. This unit
dose can be administered 1 to 5 times a day so as to
administer a daily dosage of 0.5 to 5000 mg, preferably'



m= 22.8 g. B) (1-Am nocycl opentyl)acetam de 150
ammoni a are added to 20 g of the ethyl cyclopentyli deneac
previously and the mxture is heated at 150[err]C for 72
obt ai ned after evaporation is purified by chromatography
DCM et hanol / 20% aqueous anmmoni a m xture (90/10/1; v/v/v)
The product obtained is dissolved in DCM and the sol ution
sodiumsulfate. It is filtered and the DCKFi § evapor at ed
of the expected product.

1 to 2500 mg.

N—of.—gaseeus
ot #EPL ACEMBIEEHEET
hDU . | Ilb pl UU‘UL
on $ l2 al
A0S kefq;j%%n@
S Leet+ed—over

of f togive 7.2 g

When a solid'composition in the form of tablets

is prepared, the main active ingredient is

mixed with a

pharmaceutical vehicle such as gelatin, starch, lac-

tose, magnesium stearate, talc, gum arabic
The tablets can be coated with sucrose,

or the like.
a cellulose

derivative or other appropriate substances, or else
they can be treated so as to have a prolonged or
delayed activity and so as to release a predetermined

amount of active principle continuously.

A preparation in the form of gelatin capsules
is obtained by mixing the active ingredient with a
diluent and pouring the resulting mixture into soft or

hard gelatin capsules.

A preparation in the form of a syrup or elixir

or for administration in the form of drops

can contain

the active ingredient in conjunction with a sweetener,
which is preferably calorie-free, methylparaben and

propylparaben as aptiseptics, as well as
and an appropriate color.
The water—disper51ble granules or

a flavoring

powders can

contain the active ingredient mixed with dispersants or
wetting agents, or suSpending agents such as poly-
vinylpyrrolidone, as well as with sweeteners or taste

correctors.

Rectal administration is effected using sup-
positories prepared with binders which melt at the
rectal temperature, for example cacao butter or poly-

ethylene glycols.

Parenteral administration is effected using
agueous suspen51ons,¢ 1soton1c saline solutions or
sterile and injectable solutions which contain phar-

e g R

macologically compatible dispersants and/or wetting

‘agents,
glycol.




© 2-n-Butyl -

6- spi rocycl opent ane- 4( 1H) - 5, 6- di hydr opyri - m ¢iR=-4-0ne-.

A m xture containing 4.57 g of the (1-am no- cyclopentyl)aceREﬂﬂAﬂfmﬁmﬁngggr

previously, 2
heated at 100

ort hoval er at e,

5 m of nethyl orthoval erate and a few drops ¢f @Eeetiec—aci

the residue is taken up in an ethyl acetatefs

[err]C for 18 hours. After evaporation of the}exX
d%z DEC 1297

bi carbonate m xture, then washed with ah zgjueous sol uti on ¢f ‘sedttn

chloride, dri
graphy on sil

ed t hat sodium sul fate and then purified by chronato-

ica using a DCM et hanol m xture (98/2; v/v) as—the—etuent:

The active principie can also be formulated as
microcapsules, with one or more carriers or additives
if appropriate. |

In addition to the products of formula I above
or one of the pharmaceuﬁically acceptable salts, the
compositions of the present invention can contain other
active principles such as, for example, tranquilizers
or other drugs which can be useful in the treatment of
the disorders or diseases indicated above.

Thus the present invention relates to pharma-
ceutical compositions containing several active prin-
ciples in associatiop, one being a compound  according
to the invention and it being possible for the other or
others to be a beta-blocking compound, a calcium anta-
gonist, a diuretic, a non-steroidal antiinflammatory or
a tranquilizer.

The following Examples illustrate the invention
without however implying a limitation. The following
abbreviations are used in these Examples: d denotes
density, RT denotes room temperature, KHSO, -K_ SO,
denotes an aqueous solution containing 16.6 g of
potassium bisulfate and 33.3 g of potassium sulfate per
liter.

The melting points (m.p.) are given in degrees
Celsius; unless indicated otherwise, they were measured
without recrystallization of the product.

The purity of the products is checked by thin
layer chromatography (TLC) or HPLC. The products are
characterized by their NMR spectra run at 200 MHz in
deuterated DMSO with tetramethylsilane as the internal
reference. '

' The following abbreviations are used in the
interpretation of the NMR spectra: '

s singlet _

sb broad singlet




m= 5 g. - NWR spectrum 0.75 ppm: t : 3 H: CHerr] (nBu 1.2 ppm..
sext : 2 H: CHerr]-CJerr]Herr]- 1.3-1.8 ppm: m: 10 REPLACEMENT SHEET
CH err]-CHerr]-CHerr] and cycl opent ane 2 ppm t :2 H
:CHerr]Herr]-CHerr]-Cerr]Herr]- 29 DEC 1997
- 24 -

d : doublet

t : triplet

q ¢ quadruplet

quint : quintuplet

sext : sextuplet .

m : unresolved signals or multiplet

In addition, im denotes imidazole.
Conventionally, the hydrogen atoms are numbered
on the biphenylyl as shown in the following formula:

R4
Rs;'-(c\ﬂz)t
z(CH2) N

X
(D)

In the following compounds, z and t are 2zero
except where the compound prepared is a pyrimidinone.

EXAMPLE 1 . .
2-n-Butyl-4-spirocyclopentane-1-[ (2'~tert-
butoxycarbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one
and 2-n-butyl-1-[ (2’'-carboxybiphenyl-4~yl)methyl]~4-
spirocyclopentane-2-imidazolin-5-one trifluorcacetate -
Method 2 | o

A) 1-N-Fmoc-aminocyclopentanecarboxylic acid is pre-
pared according to the method described by CHI-DEU
CHANG et al. (Int. J. Peptide Protein Res., 1980, 1S5,
‘59-66). M.p. = 89-91°C.



- 73 - 2.15 ppm: s : 2 H: CHerr]-CO 9.95 ppm: [SBce ENTNEHEET
This conmpound is the one obtained in Exanple 10, step " EPL&GQM

99 DEC B9
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B) N-(2'-Tert-butoxycarbonylbiphenyl-4-ylmethyl)-1-(N=-
Fmoc-amino)cyclopentane-l~carboxamide

700 mg of the product prepared in the previous
step are dissolved in 8 ml of DMF, and 576 mg of 4-
aminomethyl-2’~tert-butoxycarbonylbiphenyl, 970 mg of
BOP and a sufficient amount of DIPEA to bring the pH to
6 are added successively.

After stirring for 1 hour, the reaction mediun
is diluted with 100 ml of ethyl acetate and 20 ml of
water; theﬂbrganic phase is washed successively with a
saturated solution of sodium bicarbonate, then with a
KHSO,-K_,SO, solution and finally with a saturated
solution of sodium chloride. After drying over sodium
sulfate, the solution is evaporated to dryness to give
an oil. m= 1.2 gq.

C) N-(2'-Tert-butoxycarbonylbiphenyl-4-ylmethyl)-1-
aminocyclopentane-l-carboxamide

The'product obtained in the previous step is
dissolved in 10 ml of DMF, 1 ml of diethylamine is then
added and the mixture is stirred for 1 hour ‘15 minutes
at RT. The reaction medium is taken up in 100 ml of
ethyl acetate and 20 ml of water and the organic phase
is then washed once with water and once with a satura-
ted solution of sodium chloride and then dried over
sodium sulfate and evaporated to dryness. |

The residue  is chromatographed on silica gel
using an ethyl acetate/méethanol/30% aqueous ammonia
mixture (99/1/0.5; v/v/v) as the eluent to give 600 mg
of the expected product.

- IR (CHCl,): -
3350 cm—* : H (amide'and amine)
1700 cm—-* : C=0 (CO,tBu) |
1650 cm~* : C=0O (CONH)

- NMR spectrum:
l1.25 ppm : s : 9 H : tBu



D) 2-n-Butyl-4-spirocycl opentane-1-[(2'-(triphenyl -

net hyl t etrazol - 5-yl ) bi phenyl - 4-yl ) met hyl ] pyri m di n-6- one REPLACEMENTGHOEET
80% sodi um hydride in 30 mMl of DVMF are m xed for 30 m nuteg u i
with 1.5 g of the pyrimdinone prepared previously, and 5. 347 d?5 £ an
ddiedt A
e

brononet hyl -2' - (tri phenyl net hyl tetrazol - 5-yl ) bi phenyl are g ey =
stirring for 4 hours at roomtenpera- ture, the solvents ar at-ed—of+
and the residue is taken up in ethyl acetafe~and water, driled over sodi um

sul fate and concentrated. The product obtained is purified-by
chromat ography on silica using an ethyl

. 2.15-1.40 ppm : m : 10 H ':(c,H,, 'NH,)
4.40 ppm : d : 2 H : CH,~NH
7.15-7.75 ppm : m ¢ 8 H : biphenyl
8.60 : £ :1H : NH-CH,

D) 2-n-Butyl-4-spirocyclopentane-1-{ (2’-tert-butoxy-

carbonylbiphenyl-4~yl)methyl]-2~imidazolin~-5-one

394 mg of the product prepared in the previous

step and 250 mg of ethyl orthovalerate are mixed in 2

ml of DCM. 1 drop of acetic acid is added and the mix-

ture is then heated at 90°C with the DCM being allowed

to evaporate off. After 1 hour 15 minutes, the reac-

tion medium is taken up in 50 ml of ethyl acetate, 10

ml of water and 1 ml of a saturated solution of sodium

bicarbonate. The organic phase is then washed with a

saturated solution of sodium chloride and subsequently

dried over sodium sulfate and evaporated to dryness.

The residue is chromatographed on silica gel using an

ethyl acetate/toluene mixture,(llzi v/v) as the eluent

to give 390 mg of the expected product, which crystal-
lizes. M.p. = 63-65°C. ' -

- IR (CHCl,): - |
1710-1720 cm—> : C=0, C=0 (ester and imidazoline)
1625 cm—* : C=N '

- NMR spectrum:
0.88 ppm : t : 3 H : CH, (nBu)

1.20 ppm S : 9H : tBu

1.35 ppm : sext : 2 H : CH,-CH_.~ _
1.58 ppm : quint ¢ 2 H : CH,~-CH_-CH_-
1.95-1.65 ppm : m : 8 H : cyclopentane
- 2.42 ppm : t 2 H: CH,-CH_,-CH_-CH_-
4.78 ppm : s : 2 H : CH,-C,H -
7.20~7.80 ppm : m : 8 H : aromatic 4

~ Mass spectrum: |
MH+ : 461.



acet at e/ hexane m xture (3/7; v/v) as the eluent. "m= 3.2 qg.
3 g of the conpound obtained in the previous step are plaCﬁqyﬁﬂﬁ&ﬁﬂ OgyEEF

met hanol, the mxture is cooled in a water/ice bath, 2.2

added and the m xture is stirred for 5 hours at roomtenpefad ture, After

evapor at i on,

the residue is taken up in ethyl acetate and \ateQ ?ahhbsaa?u

hydroxi de solution is then added to give 32.})a_si c pH (pH 11). { . The m xture
is left to decant and the aqueous phase i s washed with ethyl ether and

tol uene and then ether again. This

E) 2-n-Butyl-1-[(2'~carboxybiphenyl-4-yl)methyl]-4-
spirocyc1opentane-2-imidazolin-5-one trifluoroacetate
180 mg of the product prepared in the previous

step are treated with 3 ml of DCM and 4 ml of TFA for
45 minutes. After evaporatlon under vacuum, the resi-
due is taken up in ether to give a white solid, which
is filtered off, washed with ether and then dried under
vacuum. m = 155 mg. M.p. = 176-178°C.
- NMR spectrum:

0.78 ppm ¢ t : 3 H : CH, (nBu)

1.25 ppm : sext : 2 H : CH,~-CH,

1.50 ppm : quint : 2 H : CH,~CH_~CH,

1.75-2.00 : m : 8 H : cyclopentane

2.65 ppm : 2H : CH,-CH_~-CH_-CH_~-

4.83 ppm ¢ s : 2 H: CH,-C_,H -

7.20-7.75 ppm :m : 8 H : aromatic

ot

- Mass spectrum:
MH+ : 405

EXAMPLE 2

2-n-Butyl-1-[ ( 2'-carboxybiphenyl~4-yl)methyl ]-
4JSpirocyclopentane-2-imidazolin—5-one trifluoroacetate
- Method 1
a) 2-n-Butyl-4-splrocyclopentane-z-imldazolln-s-one

The ethyl ester of l-aminocyclopentanecarboxy-
lic acid is prepared according to ADKINS and BILLICA
(J. Amer. Chem. Soc., 1948, 270, 3121).

Ethyl valerimidate is prepared according to Mac
ELVAIN (J. Amer. Chem. Soc., 1942, 64, 1825-1827) and
then freed from its hydrochloride by reaction with
potassium carbonate and extraction with DCM.

. The ethyl ester.of 1l-aminocyclopentanecarboxy-
1lic acid (1.57 g) and ethyl valerimidate (1.56 g) are
dissolved in 12 ml of xylene containing 6 drops of
acetic acid. After refluxing for 6 and a half hours,



aqueous phase is brought to pH 5 by the addition of dilutg Qyar
acid and is then extracted with ethyl acetate and the ext a@éﬁﬂggﬂﬁP dgghgr

concentra- ted. The product obtained is purified on silica%35|ng a

DCM net hanol mixture (95/5; v/v) as the eluent to give 80C o e 957
expect ed product.

the reaction medium is concentrated under wvacuum and
the residue is then chromatographed on silica gel using
a chloroform/methanol/acetic acid mixture (94/4/2;
v/v/v) as the eluent. The fraction containing the
expected product is evaporated several times in the
presence of xylene and then benzene in order to remove
the acetic acid. 1.91 g of product are obtained in the
form of a thick oil. :
- IR (CHC1l,):
1720 cm-*> : C=0
1635 cm~* : C=N
Note: The fact that there is no visible band between
1500 and 1600 cm—* indicates that, in chloroform
solution, the product is an imidazolin~5-one.
- NMR spectrum:
0.92 ppm ¢ t : 3 H : CH, (nBu)
1.35 ppm ¢ sext : 2 H ¢ CH,~-CH_-
1.50-1.93 ppm : m : 10 H : CH,-CH_-CH_, and cyclo-
pentane
2.33 ppm : t : 2 H : CH,~-CH,-CH_-CH_~-
10.7 ppm : m : NH
- Mass spectrum:
MH*> : 195
The 2-n-butyl-4-spirocyclopentane-2-imidazolin-
5-one prepared in step A can also be obtained by
another procedure described below, using cyclopentanone
as the starting product.
a) l-Aminocyclopentanenltrxle
This step is carried out according to A.
Strecker (Org. Synth., 1955, 3). ' |
1.97 g of sodium cyanide are dissolved in 3.9
ml of water in a round-bottomed flask and a solution
containing 2.33 g of ammonium chloride in 5.9 ml of
water and 3.5 ml of 20% agqueous ammonia is added;
finally, 3 g of cyclopentanone in 3.8 ml of methanol



- 74 - NVR spectrum ~0.85 ppm': t: 3 H:CHerr] (nBe——=3-:-36- e
sext : 2 H: CHerr]-CHerr] 1.40-1.95 ppm: m: 10 H : |cRePioidhéidtie Santl
CHerr]-CHerr]-CHerr]-CHerr]
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are added to the flask. After stirring for 1 and a
half hours, the mixture is heated at 60°C for 45
minutes, heating is then stopped, stirring is continued
for 45 minutes and the mixture is then cooled to 25°C.
It is extracted several times with methylene chloride.
'The extracts are dried over sodium sulfate, filtered
and concentrated under vacuum to give 4 g of the
expected product in the form of an oil.

The l-aminocyclopentanenitrile  obtained is
dissolved in 300 ml of acetone, and a solution of
2.25 g of oxalic acid dihydrate in 200 ml of acetone is
added, with stirring. . The precipitate formed is fil-
tered off, washed with acetone and then dried.

m=4.71 g.

M.p. = 220°C.

This compound is l-aminocyclopentanenitrile
hemioxalate.

b) 1-Aminocyclopentanecarboxamide

This step is carried out according to J.
Zabicky (The Chemistry of Amides, Intersciencej, New
York, 1970, 119). _

5.1 g of the oxalate obtained in the previous
step are treated with 7.65 ml of concentrated sulfuric
acid (@ = 1.84) over 45 minutes, with stirring. The
evolution of a gas is observed and the temperature
rises to 100°C. The mixture is cooled to about 35°C
and poured into a mixture of ice and concentrated
aqueous ammonia (10 g/2.8 ml). The suspension formed

- is extracted 6 times in succession with chloroform con-
taining 5% of methanol. 3 ml of aqueous ammonia (d =
0.92) are added to the aqueous phase and the mixture is
extracted again with chloroform containing methanol
(1/0.5; v/v). The combined organic phases are dried
over sodium su:l_.fate', filtered and concentrated. The -
expected product is obtained in the form of a white



2.30 ppm: t : 2 H: CHerr]-CHerr]-CHerr]-CHerr] 2.5
- CHerr]-CO 4.95 ppm: s : 2 H: NCHerr]-CJerr]Herr]-
4 H: CHerr]-Cerr]Herr]- 7.55-7.82 ppm: m: 4 H:
CHerr]-Clerr]Herr]-Clerr]Herr]- EXAMPLE 29

2-n-Butyl -3-[(2' - car boxybi phenyl - 4-yl ) et hyl |-

5-spirocycl opent ane-5(1H) -5, 6- dlhydropyr|n1d|n 4-one trifl
Et hyl 1-cyanocycl opent anecar boxyl ate =

P S

2 9 GEC 1997

lor oacetate A)

solid.

m= 3.79 g.

M.p. = 95°C.

The structure can be confirmed by the results -
of analysis and the IR spectrum.

¢) 2-n-Butyl-4-spirocyclopentane-2-imidazolin-
5-one '

This step is carried out according to H.
Takenaka et al., Heterocycles, 1989, 29(6), 1185-89.

3 g of the compoﬁnd prepared in the previous
step are placed in 70 ml of anhydrous THF and 3.3 ml of
triethylamine, and 3 ml of valeryl chloride in 10 ml of
anhydrous THF are added, with stirring. A white sus-
pension is formed. The intermediate which is formed,
but not isolated, is 1-(N-valeryl)aminocyclopentane-
carboxamide. 6 g of potassium hydroxide pellets, 7 ml
of water and 16 ml of methanol are added. The mixture
is refluxed for 2 and a half hours and 9 g of ammonium
chloride are then added. After stirring for 15 min-
utes, the mixture is concentrated under vacuum. The
residue obtained is taken up in 40 ml of water and
extracted with 10 ml of ethyl acetate and then twice
with 5 ml of ethyl acetate. The combined organic
phases are dried over sodium sulfate and filtered. The
filtrate is concentrated to dryness to give 4.85 g of .
the expected product. The NMR spectrum is similar to
that described previously. The hydrochloride of this
compound can be prepared by the addition of concentra-
ted hydrochloric acid. The hydrochloride melts at
240°C with sublimation. '

B) 2-n-Butyl-4-spirocyclopentane-1i-[(2'-tert-butoxy-
_carbonylbipheny1-4-y1)methyl]-2-imidﬁzolin—5-one

970 mg of the product obtained in step A) are
dissolved in 10 ml of DMF. 270 mg of sodium methylate
are added and the mixture is stirred for 15 minutes at



This conmpound is prepared according to Helv. Chim Acta, 1
9.2 g of sodium are dissolved in 200 cnferr] of absolute e

solution of sodiumethylate formed is poured into a funnel 24. 88 L
ethyl cyanoacetate are added to the remaining half and the|nix2uée 1-3§ %7
brought to the reflux point. 43. 19 of 1,4-di bronpbitane are

poured into another funnel and the sol utT oT sodi um et hy
4-di br onobut ane are sinmultaneously added dropwise to the r

93?&9@%@’2{ ‘)Fr‘ Ul 2@1 f?ﬂFl-_ T

When the addition is conplete, reflux is maintained for 2 hours. The
m xture i s eva- -
RT. 2.08 g of 4-bromomethyl-2’'-tert-butoxycarbonyl-

ate and the 1,
eaction pedium i

biphenyl are added to the suspension and then, after 30
minutes, the mixture is heated at 40°C for 3 and a half
hours under nitrogen. The reaction medium is taken up
in a mixture containing 100 ml of ethyl acetéte, 10 ml
of water and 1 ml of a saturated solution of sodium
bicarbonate. The organic phase is washed with a
saturated solution of sodium chloride and then dried
over sodium sulfate and evaporated to dryness. The
residue is chromatographed on silica gel using an ethyl
acetate/toluene mixture (1/2; v/v) as the eluent to
give 1.25 g of the expected product, which crystal-
lizes. M.p. = 63-66°C.

'The IR and NMR spectra and the mass spectrum,
as well as the Rf, are identical to those obta:.ned in
step D) of Example 1.

C) 2-n-Butyl-l1~[(2’-carboxybiphenyl=-4-yl)methyl]-4~
spirocyclopentane-2-imidazolin-5-one trifluoroacetate

1.22 g of the product obtained in the previous
step are stirred for 40 minutes in a solution con-
taining 6 ml of DCM and 8 ml of TFA. After concen~
tration under vacuum, the residue is taken up in ethyl
ether; the white precipitate formed is filtered off,
washed with ether and then dried under vacuum to give
~1.15 g of the expected product. M.p. = 176-178°C.

The IR and NMR spectra and the mass spectrum
are identical to those obtained in Example 1E; like-
wise, the Rf observed in TLC is identical.

EXAMPLE 3

2-n-Butyl-l1-[ (2’-carboxybiphenyl-4-yl)methyl ]~
4-spirocyclopentane-2-imidazolin-5-one trifluoroacetate
~ Method 3 ; - |
A) 2-n-Butylbenzimidazole is prepared according to W.O.
POOL (J. Amer. Chem. Soc., 1937, 59, 178) and 2-n-



- porated and the residue is taken up in an ethyl ether/ water m xture,

‘washed with a saturated sol ution of sodiumchloride and th pﬁg%&%mé@ﬂesﬁgﬂ

product obtained distils at 115-120[err] C under 11 nm of ne

= 24 g. B) Ethyl |-am nonethyl cycl opentanecar boxyl at e Thi s C
I's prepared by the catalytic 22 U

%n?ﬁ% nd

butyl-4,5,6,7-tetrahydrobenzimidazole is then prepared
according to M. HARTMANN and L. PANIZZON (Helv. Chim.
Acta, 1938, 21, 1692-1694). M.p. = 145°C.
- NMR spectrum: '

0.82 ppm : t : 3 H : CH, (nBu)

1.23 ppm : sext : 2H: CH,~CH,-

1.50 ppm : quint : 2 H : CH,-CH_-CH_~

l.65ppm : s : 4 H : H,, H, (tetrahydrobenzimidazole)
2.35 ppm : s : 4 H : H,, H, (tetrahydrobenzimidazole)
2.45 ppm : t : 2 H : CH,~CH_,~-CH_-CH_~-
11.1 ppm : m : NH
- Mass spectrum:
M+ : 178

B) 2-n-Butyl-4-spirocyclopentane-1-[(2'~tert-butoxy-
carbonylbiphenyl-4~yl)methyl ]-2-imidazolin-5-one

1 g of the product prepared in the previous
step is dissolved in 45 ml of DMF with 303 mg of sodium
- methylate and a few mg of methylene blue. Oxygen is
bubbled into the reaction medium, which is illuminated
with a UV lamp. After 15 minutes, 2.14 g of 4-bromo-
methyl-2/~tert-butoxycarbonylbiphenyl are added and
then, after 1 hour, the reaction medium is taken up in
300 ml of ethyl acetate to which 50 ml of water and 5
ml of a saturated solution of sodium bicarbonate have
been added. The organic phase is then washed with a
saturated solution of sodium chloride and subsequently
dried over sodium sulfate and evaporated to dryness.
The residue is chromatographed on silica gel using an
ethyl acetate/toluene mixture (1/2; v/v) as the eluent
to give 610 mg of the expected product, which crystal-
11.zes. ‘M.p. = 62-65°C.

The IR and NMR spectra and the mass spectrunm,
as well as the Rf, are identical to those obtained
previously for the same compound.




- 75 - hydrogenation of ethyl 1-cyanocyclopentanecarboxy| REPLACFMENT SHEET
g of ethyl 1-cyanocycl opentanecarboxyl ate are placed in 200} mM—of—a-10% 0y

solution of ammopnia in
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C) 2-n-Butyl-1-[(2’-carboxybiphenyl-4-yl)methyl]-4-
spirocyclopentane-z-imidazolin-s'-one trifluoroacetate
This compound is obtained by treatment in an
acid medium as described in the last step of Example 1
and Example 2. The physicochemical data are identical
. to those obtained for the same compound prepared by
method 1 or 2. '

EXAMPLE 4
2-n-Butyl-4,4~dimethyl-1~{ (2'~tert-butoxy-
carbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one and 2-
n-butyl-1-{(2’'~carboxybiphenyl-4-yl)methyl }-4,4~-di-
methyl-2-imidazolin-5-one -trifluoroacetate - Method 1
A) 2-n-Butyl-4,4~-dimethyl-2-imidazolin-5-one
N . The ethyl ester of alpha-aminoisobutyric acid

is prepared according to R. Jacquier et al. (Bull. Soc.
Chim., France, 1971, (3), 1040-1051). 650 mg of this
compound and 780 mg of ethyl valerimidate are dissolved
in 8 ml of xylene containing 4 drops of acetic acid and
the solution is refluxed for 7 hours. The reaction
medium is then concentrated under vacuum and the resi-
due is chromatographed. on silica gel using a chloro-
form/methanol/acetic acid mixture (95/5/2; v/v/v) as
the eluent. After several evaporations with xyléne and
then benzene to remove the acetic acid, 560 mg of the
expected product are obtained, which crystallizes.
M.p. = 35-38°C.
- IR (CHCl,):

1725 cm—* : C=0

1635 cm—2> : C=N

Note: The absence of a signal between 1500 and 1600

Cm=* confirms that the compound present in the chloroform

solution is a 2-imidazolin-5-one.
- NMR spectrum: | '

0.92 ppm : t : 3 H : CH, (nBu)



et hanol and hydrogenated at 60[err]C under a pressure of 1 bat i;;{ y
presence of rhodiumon-alumna for 72 hours. After f||tra?ﬁgﬁﬁbﬁgﬁﬁﬂg?5ﬂEEr

cellite[err] and evapora- tion, the residue is chronatopr phed.gp%’
silica using a DCM net hanol / 20% aqueous anmoni a ni xture (98{ 24045 BEY A7
as the eluent. m= 12.8 g. O _ o
2-n-ButyI-5-spirocyclopentane-4(1kb-5,_ﬁ-ngﬁdropyr|7 m di ny4-ore A
m xture containing 13.12 g of the conpouﬁ obtained in the previous step

and 13.5 g of ethyl valerimdate in 100 ml of xylene contai MMy a few drops

1.20 ppm : s : 6 H : C(CH,),
1.38 ppm : sext : 2 H : CH,-CH,

1.63 ppm : quint : 2 H : CH,-CH,-CH_-
2.38ppm : £t : 2 H: CH,-CH,-CH_-CH_~
10.7 ppm : m : 1 H : N-H

- Mass spectrum:

MH+ : 169
B) 2-n-Butyl-4,4-dimethyl-1-[ (2’-tert-butoxycarbonyl-
biphenyl-4~yl)methyl ]-2-imidazolin-5-one

520 mg of the product prepared in the previous

step are dissolved in 10 ml of DMF. 167 mg of sodium
methylate are added and the mixture is stirred under
nitrogen for 15 minutes. 1.25 g of 4-bromomethyl-2'-
tert-butoxycarbonylbiphenyl are then added and the mix-
ture is stirred at 40°C for 3 and a half hours. The
reaction medium is taken up in 150 ml of ethyl acetate
and then 20 ml of water and 2 ml of a saturated solu-
tion of sodium bicarbonate. The organic phase is
washed with a saturated solution of sodium chloride, .
dried over sodium sulfate and evaporated to dryness.
The residue is chromatographed on silica gel using an
ethyl acetate/toluene mixture (1.2/2; v/v) as the
eluent to give 570 mg of the expected product, which
crystallizes. M.p. = 98-100°C.
- IR (CHCl,): |

1710-1720 cm—* : C=0, C=O (imidazolinone, ester)

1625 cm—* : C=N
= NMR spectrum:

0.78 ppm : t : 3 H : CH, (nBu)

1.08 ppm : s : 9 H : C(CH,),

1.15 ppm : s : C(CH,).

1.20 ppm : sext : CH,~CH,- } 8 H

1.45 ppm : quint : 2 H : CH,-CH_,~-CH_-

2.30 ppm : t : 2 H : CH,~CH_~CH_~-CH_~-

'4.65ppm ¢ s : 2 H: CH,-C_H_ -



of acetic acid is refluxed for 13 hours. The reaction nediu WEﬁFﬁh';ﬁy
and the residue is taken up in ethyl acetate and a 10% sol ut]i g

carbonate and then dried and concentr at ed. m =14 q. ~M.p, =

89-91[err]C. - NMR spectrum  0.80 ppm: t : 3 H: CHerr] (jsqaz AN

1.10-1.80 ppm: m: 12 H: CHerr]-CHerr]-Cerr]Herr]- ang clo-

pent ane 2.05 ppm: t : 2 H: CH[err]-(Eﬂggrl-CH[err]-C[err]H[err]- 3.20
ppm: s :

2 H: CHerr] (pyrimdinone)

7.15-7.65 ppm : m : 8 H : aromatic H
An NOE (Nuclear Overhauser Effect) study confirms the
~position of the S5-one and 4 ,4-dimethyl substitutions
on the imidazolinone. .
- Mass spectrum:
MH+ : 435
C) 2-n-Butyl-1l1l-[(2’'-carboxybiphenyl-4-yl)methyl]l-4,4-
dimethyl-z-imidazolinQS-one trifluorocacetate
460 mg of the product prepared in the previous
step are treated with 3 ml of DCM and 4 ml of TFA for
45 mninutes. After concentration under vacuum, the
residue is taken up in ether and the precipitate formed
is filtered off, washed with ether and then dried under
vacuum to give 450 mg of the expected product in the
form of a white solid. M.p. = 168-171°C.
- NMR spectrum: )
0.82 ppm : t : 3 H : CH, (nBu)
1.30 ppm : sext : CH,~-CH_-
1.35 ppm ¢ s : C(CH,) .- } 8 H
1.55 ppm : quint : 2 H : CH,~CH_~-CH_~
2.62ppm : t : 2 H : CH,-CH_-CH_~CH,-
4.82 ppm ¢ s : 2 H : CH,-C_H_ -
7.20~7.75 : m : 8 aromatic H
- Mass spectrum:
MH* : 379

EXAMPLE 5
1-[ (2’~-Cyanobiphenyl-4-yl)methyl ]-2-n-butyl-4~-
spirocyclopentané-2-imidazolin-5-one and 2-n-butyl-4-
spirocyclopentane-1~[ (2'-~(tetrazol-5-yl)biphenyl-4-yl)-
methyl ]-2-imidazolin~-5~-one - Method 1
A) 1-[(2'-Cyanobiphenyl-4-yl)methyl]-2-n-butyl-4-spiro-
cyclopentane-2-imidazolin-5-one :
A mixture containing 250 mg of sodium hydride
(as an 80% dispersion in mineral oil) and 5 ml of DMF
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10 ppm: 1 H: s : NHCO D

2-n-Butyl -5-spirocycl opentane-3-[(2' -tert-but oxy-

car bonyl bi pheny! - 4-yl ) met hyl ] - 4(1H) - 5, 6- di hydr opyri ni - di nf 4: one® wci 1897
500 ng of the product obtained in the previous step are plhcgd in 40 ni
DME in the presence of 115 ng of an 80%.diygpersion of sodi ym™hydride in
oil, under argon, and stirred at roomtenperature for halfjan

P

is prepared under a nitrogen atmosphere and a solution
containing 0.97 g of 2-n-butyl-4-spirocyclopentane-2-
imidazolin-5-one (prepared in Example 2, step A) in 10
ml of DMF is added dropwise. The mixture is stirred
for 30 minutes at RT and a solution of 1.5 g of 4-
bromomethyl-2/~-cyanobiphenyl in 10 ml of DMF is then
added. After stirring for 1 hour at RT, the DMF is
evaporated off under reduced pressure, the residue is
then taken up with ethyl acetate and the organic phase
is washed with water and then dried over sodium sul-
fate, filtered and evaporated. The residue is chroma-
tographed on silica gel using a DCM/ethyl acetate mix-
ture (9/1; v/v) as the eluent. 1.68 g of the expected
product are recovered. M.p. = 92-93°C.
B) 2-n-Buty1-4—spirbcyclopentane-l- [(2'-(triphenyl~-
methyltetrazol-5-yl)biphenyl-4-yl)methyl ]-2-imidazolin-
5=-one

1.56 g of the previous product, 2.6 g of tri-
butyltin azide and 30 ml of xylene are refluxed for 66
hours. The xylene is then evaporated off and the resi-
due is dissolved in 20 ml of DCM and 5 ml of THF with
the addition of 0.8 ml of 10 N sodium hydroxide solu-
tion and, after stirring- for 30 minutes, 2.5 g of tri-
tyl chloride, and the mixture is stirred for 26 hours.
After evaporation of the solvents, the residue is taken
up in ethyl acetate and washed with water by means of a
3% solution of potassium bisulfate and water. It is
dried and evaporated. The residue is chromatographead
on alumina using a hexane/ethyl acetate mixture (9/1;
v/v) as the eluent to give 1.97 g of the expected
product. M.p. = 150-152°C. :
C) 2-n-Butyl-4-spirocyclopentane-1-[(2'-(tetrazol-5-
y¥1l)biphenyl-4-yl)methyl ]-2-im’idazblin-5-one

1.96 g of the product prepared in the previous
stép are dissolved in 10 ml of methanol and 10 ml of
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hour. 1.08 g of 4-bromomethyl-2'-tert-butoxycar bgau
' REPLACEMENT SHEET

22 BEC 1397

THF. After the reaction medium has been cooled to 5°C,
1.5 nl of 4 N hydrochloric acid are added and the mix-
ture is stirred for 3 hours at RT and 1 hour at 30°C.
After evaporation of the solvents, the residue is taken
up in water and the pH is brought to 12 by the addition
of 10 N sodium hydroxide solution. The aqueous phase
is extracted with ether, toluene and ether again. The
aqueous phase is acidified to pH 2 by the addition of
1N hydrochloric .acid and then extracted with ethyl
acetate and the extract is dried and evaporated. The
white solid obtained is dried at 50°C under 0.05 mm of
mercury.to give 840 mg of the expected product. M.p. =
180-181°C. ‘
= NMR spectrum:

~0.75 ppm t : 3H : CH, (nBu)

1.10 ppm : sext : 2 H : CH,~CH_~-

1.20 ppm : quint : 2 H : CH,~-CH_,~CH_-

1.5-2 ppm : m : 8 H : ~C.H,
2.2 ppm : t : 2 H : CH,-CH_-CH_-CH_-
4.6 ppm : s : 2 H : CH,~-C,H, -

7ppm ¢ S : 4 H: CH,~-CH, -

7.35-7.7 ppm : m: 4 H : aromatic Hiy, 4r.87,6°

An NOE study confirms the position of the 5-one sub-

stitution on the imidazole.
D) Potassium salt of 2-n-butyl-4-spirocyclopentane-i-
[(2'~(tetrazol-5-yl)biphenyl-4-yl)methyl]-2-imidazolin-
5-one

970 mg of the compound obtained in the previous

step are dissolved in 40 ml of an isopropanol/methanol
mixture (1/1; v/v) and the pH is adjustéd to 12 by the
addition of an 85% solution of potassium hydroxide in a
methénol/water mixture (20/1; v/v). The reaction
medium is evaporated, the residue is taken up in iso-
propanol and the medium is evaporated again. The resi-
due is dissolved in 20 ml of isopropanol, with gentle




bi phenyl are added and the mxture is stirred for 2 hours. Alter

evaporation, the residue is taken up in an ethyl acetate/wd

t REPIACEMERE, SHEET

washed with a saturated solution of sodiumchloride and thdn g~ees
concentra- ted and chronmat ographed on silica using an ethyl cej at ?‘fj{r;e@ e
m xture (3/7; v/v) as the eluent. - 95 280 ny. E) 250 m "o
the tert-butyl ester prepared in the previOdus step are disqolvweetn—t6t

of DCM The solu- tion is cooled in a bath of iced water, {5 m of cold

trifluoroaceti

c acid are then added and the nixture is
heating, and then left to return to room temperature.
The mixture is left to decant, the filtrate is evapora-
ted and the residue is then taken up in heptane. After
trituration, the product solidifies; it is filtered off
and then washed again with heptane and dried under'
vacuum to give 945 mg of the expected potassium salt.
‘M.p. = 142-144°C.
- Elemental analysis: C,H,, KN_O.H,O

calc. ¥ C : 61.95 H : 6.03 N : 17.34

found % 62.02 6.13 17.14

 EXAMPLE 6

2-n-Butyl-1-[ (2’-carboxybiphenyl-4-yl)methyl ]~
4-(4~-spirotetrahydropyran)-2-imidazol in-5-one tri-
fluoroacetate and 2-n-buty1-4-(4¥-spirotetrahydrop§rran)-
1-[ (2'=tert~butoxycarbonylbiphenyl-4-yl)methyl]-2-
imidazolin-5-one - Method 2
A) 4-Aminotetrahydropyran-4-carboxylic acid is prepared
from tetrahydropyran-4-one by the method described in
German patent DE 2 215 721. '

B) 4-(N-Benzyloxycarbonylamino) -4-carboxytei:rahydro-
pyran

1.015 g of the compound of step A are placed in
12 ml of water and treated at 10°C with 1.22 ml of di-
isopropylethylamine and then 3.33 g of N-(benzyloxy-
carbonyloxy)succinimide dissolved in 12 ml of aceto-
nitrile. After 1 hour 15 minutes, the reaction medium
is diluted with 70 ml of ethyl acetate and 10 ml of
water and the pH is brought to 2 with a saturated
solution of potassium bisulfate.

After decantation, the organic phase is washed
with a saturated solution of sodium chloride, dried
over sodium sulfate and then evaporated under vacuum.
The residue is diluted with 60 ml of ether, after which
7 mmol of dicyclohexylamine are added. The precipitate



stirred for one hour in the cold and then 1 hour at roomtenperature. It is

evaporated under reduced pres- sure. The residue is taken up in ethyl ether
and then evaporated. The operation is repeated 3 tines, t

Dptaggacit e

residue is then taken up in hexane and tri- turated and thg
decanted. The product is taken up in ethyl ether and the p
fil- tered off. m = 190 ny. M p. = 153-155
spectrum 0.85 ppm: t : 3 H: CH[errr ?HBU)

e¢
e
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formed is filtered off and washed with ether; it is
then dissolved in an ethyl acetate/water mixture and
the pH is brought to 1.5 with a saturated solution of
potassium bisulfate. The organic phase is decanted,
washed with a saturated solution of sodium chloride and
evaporated under vacuum to give 1.9 g of a white solid.

M.p. = 110-115°C.

C) N-(2'-Pert-butoxycarbonylbiphenyl-4-ylmethyl)-4=~(N-
benzyloxycarbonylamino)tetrahydropyran-4-carboxaﬁide
850 mg of the compound prepared in step B are
dissolved in 15 ml of DMF, and equimolar amounts of 4-
DIPEA and
then BOP (10% excess) are added. After 40 minutes, the
medium is taken up in 200 ml of ethyl acetate and 200
ml of water. The organic phase is decanted and then
washed twice with a saturated solution of sodium bi-
carbonate, twice with a 5% solution of sodium bisulfate
and then once with a saturated solution of sodium
chloride. After drying over sodium 'sulfate, the
organic phase is evaporated under vacuum to give 1.8 g

aminomethyl-2’~tert-butdxycarbonylbiphenyl,

of the expected product.

D) N-(2ﬁﬂrert-butoxycarbonylbiphenyl-4—ylmethyl)-4-

aminotetrahydropyran-4-carboxamide

The product obtained in step C is dissolved in

30 ml of methanol. 400 mg of 10% pallad1um-on—charcoal

~are added and the mixture is hydrogenated at atmos-
pheric pressure. After 1 hour, the catalyst is fil-

tered off and the filtrate is then concentrated under

vacuum. The residue is chromatographed on silica using

an ethyl acetate/methanol/33% aqueous ammonia mixture

(99/1/0.5; v/v/v) as the eluent to give 0.93 g of the

expected product in the form of a white solid. H;p. =

128-127°C.
- NMR spectrum:
8.50 ppm : t : 1'H : amide H



1.35 ppm: sext : 2 H: CHerr]-Clerr]Herr]- 1.45-2.20 ppm: m: 10 H

CHerr]-CHerr]-CH err]- and cycl o- prane
2.80 ppm: t : 2 H: CHerr]-CHerr]-CHerr]-CHerr]- 3.80 % éﬁ&iféﬁgﬁﬁﬁfT
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7.60-7.05 ppm : m : 8 H : aromatic H
4.25 ppm : d : 2 H : CH,~C_H,~-
3.70-3.50 ppm : m : 4 H : CH_, in the 2 and 6 posi-
tions of the tetrahydro-
pyran
2.00-1.80 ppm : m : 4 H : CH, in the 3 and 5 posi-
tions of the tetrahydro-
pyran
1.05ppm : s : 9 H : tBu
E) 2-n-Butyl-4-(4-spirotetrahydropyran)-1-[(2'-tert-
butoxycarbonylbiphenyl=-4~yl)methyl J-2-imidazolin~-5-one
A mixture containing 0.9 g of the compound
- obtained in step D, 327 mg of methyl orthovalerate and
2 drops of acetic acid is heated for 3 hours at 110°C.
The reaction medium is taken up in 100 ml of ethyl
acetate, then washed with a saturated solution of
sodium bicarbonate and a saturated solution of sodium
chloride and then dried over sodium sulfate and the
ethyl acetate is evaporated off. The residue obtained
is chromatographed on silica using an ethyl acetate/
toluene mixture (2/1: v/v) as the eluent to give 550 mg
of the expected product in the form of a wax. '
= NMR spectrum: .
7.05-7.60 ppm : m : 8 H : aromatic H
4.63 ppm : s : 2 H: CH,~C,H -~
3.85-3.55 ppm : m : 4 H : CH, in the 2 and 6 posi-
tions of the tetrahydro-
_ pyran
2.30 ppm : t : 2 H : CH.-C,H.,
1.05-1.80 ppm : m : 8 H : CH,~CH_-CH_-CH, and CH_ in
. the 3 and 5 positions of
the tetrahydropyran

l1.03 ppm : s : 9 H :'tBu
0.7 ppm : £t : 3 H : (CH_),-CH,
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- IR (CHCl,):

1710-1720 cm—* : C=0, C=0

1625 cm—* : C=N '
F) 2-n-Buty1-4-(4-spirotetrahydropyran)-1-[(zﬁ-tert-
butoxycarbonylbiphenyl-4-yl)methyl]-2-imidazolin-5-one

530 mg of the product obtained in the previous
step are treated with 4 ml of dichloromethane and 5 ml |
of TFA for 45 minutes. After evaporation under vacuum,
the residue is taken up in ether and the precipitate
formed is filtered off, washed with ether and then
dried under vacuum to give 510 mg of the expected pro-
duct. M.p. = 159-162°C.

- NMR spectrum:
7.80-7.10 ppm : m : 8 H : aromatic H
4.80 ppm ¢ s : 2 H : CH,-C_H_ -
4.00-3.75 ppm : m : 4 H : CH_, in the 2 and 6 posi-
tions of the tetrahydro-
. : , pyran
2.60 ppm : t : 2 H : CH,-C,H, _ ,
1.45-2.00 ppm : m : 6 H : CH,~-CH_,-CH_-CH, and CH, in
the 3 and 5 positions of
the tetrahydropyran

1.30 ppm : sext : 2 H : CH_~CH_~CH,-CH,
0.80 ppm : t : 3 H : (CH_),-CH, '
EXAMPLE 7

2-n-Buty1-1-[(ZLACafboxybipheny1-4fyl)methyl]-
4-[spiro(l-benzyl-4-piperidine)]-2-imidazolin-5-one

. trifluoroacetate and 2-n-butyl-4-[spiro(l-benzyl-4-

piperidine) ]~-1-[ (2'~tert-butoxycarbonylbiphenyl-4-yl)-
methyl]-2-imidazolin-5-one - Method 1

A) 4-Amino-l-benzylpiperidine-4-carboxylic acid is pre-
pared from N-benzylpiperidin-4-one by the method
described in German patent DE 2 215 721. :



(Ex.) Rl err] Rl err] ' CRlerr]R err] Sed-+

MP.[err]C (30) Cqerr]H n-Clerr]H err] cycI)HﬁﬁiﬂﬁﬁhL%TH&EET
2 172-174  (31) Cerr]CHerr] n-Clerr]Herr] cyc| opemtare
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B) Ethyl 4-amino-l-benzylpiperidine-4-carboxylate
3.80 g of the compound prepared in step A are
added to a solution of 13 g of hydrochloric acid in 50
ml of ethanol at 0°C and the mixture is then refluxed -
fdr' 5 hours. After concentration under vacuum, the
residue is washed with ether and then dissolved in an
ether/water mixture,. to which a saturated solution of
potassium carbonate is added to bring the pH to 9. The
ether phase is decanted, washed with a saturated solu-
tion of sodium chloride, dried over sodium sulfate and
then evaporated to dryness to give 3.50 g of the
expected product in the form of an oil.
- NMR spectrum:
7.20-7.40 ppm : m : 5 H : aromatic H
4.10 ppm : g : 2 H : CH,~-CH,
3.45ppm ¢t 8 : 2 H CH, of the benzyl
2.25-2.60 ppm : m : 4 H : CH, in the 2 and 6 posi-
; tions of the piperidine
1.80-2.05 ppm : m : 2 H ) CH, in the 3 and S posi-
1.20-1.40 ppm : m : 2 H ) tions of the piperidine
1:12 ppm ¢ t : 3 H : CH,-CH
C) 2fn-Butyl-4-[spiro(1-benzyl—4-piperidine)]-z-imiv
dazolin-5-one
, Ethyl valerimidate is prepared as in Example 2,
step A. 2.06 g of ethyl valerimidate, 3.40 g of the
compound prepared in step B and 8 drops of acetic acid
are mixed in 15 ml of xylene and the mixture is re-
fluxed for 6 hours. After concentration under vacuum,
the residue is chromatographed on silica gel using a
chloroform/methanol/acetic acid mixture (82/15/3;
v/v/v) as the eluent. 2.80 g of the expected product
are obtained after extraction with chloroform at pH 9
to remove the acetic acid. M. p. = 170-172°C.
- IR (chloroform):
1725 cm~* : C=0



(32)*
55- 60
TFA
TFA
163- 164

178 (37)

160- 162

CJerr]H

h-C[err]H[err]

CXC}{err])C[err]H[err] TFA
Cderr]H n-Cerr]Herr] - C(Cerr]H Lc;.
(34) c err]H n-Cerr]Herr] T ééé lASEMEATeSHEET
(35) (**) ‘n-Cerr]Herr] cycl ofemtame
CJerr]H Cerr]Herr] - cycl opgnfaney [jifAagy
CJerr]H n-Clerr]Herrd 43 = cycl ohept ape ”?%A i

1640 cm~* : C=
= NMR spectrum:
7.10-7.30 ppm : m : 5 H : aromatic H
3.45ppm : s : 2 H: -CH,-C,H,
1.10-2.75 ppm : 5 m : 14 H : CH, in the 2, 3, 5 and
6 positions of the
piperidine and
(CH,) ,~CH,
0.80 ppm : t ¢: 3 H : (CH,),~CH
D) 2-n-Buty1—4—{spiro(1-benzy1—4-p1per1d1ne)] 1-[(2'~
tert—butoxycarbonylb1phenyl-4-y1)methyl]-z-imidazolln-
5-one
513 mg of sodium methylate and, after 15
minutes, 4.16 g of 4-bromomethyl-2'-tert-butoxycar-
bonylbiphenyl are added to a solution of 2.78 g of the
compound cbtained in step C in 25 ml of DMF. The reac-
tion medium is heated at 40°C for 5 hours and then
taken up in 300 ml of ethyl acetate, 50 ml of water and

'S ml of a saturated solution of sodium bicarbonate.

The ofganic phase is decanted, washed once more with a
saturated solution of sodium chloride, dried over
sodium sulfate and evaporated under vacuum. The resi-
due is chromatographed on silica using an ethyl ace-
tate/methanol mixture (95/5; v/v) as the eluent to give
0.98 g of the expected product. M.p. = 103-106°C.
~ IR (CHCl,): |

1710-1725 cm~* : C=0, C=0 (imidazoline, ester)

1630 cm-*> : C=N

.= NMR spectrum:

7.70-7.10 ppm : m : 13 H : aromatic H
4.70 ppm ¢ 8 : 2 H i CH,~C.H .~
3.55 ppm : s : 2 H : CH,-CH,
1.20-2.75 ppm ¢ 5m ¢ 14 H : CH, in the 2, 3, 5 and 6
' positions of the piperi-
dine and (CH,),-CH,



(38) CJerr]H CH err] cycl opent ane 'TFA 140 (39)

Cderr]H n-Clerr]H err] cycl opr opane - )
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1.15 ppm : s : 9 H : tBu

0.85 ppm : t : 3 H : (CH_),~CH,

E) 2-n-Butyl-1-[(2'-carboxybiphenyl=-4~-yl)methyl]-4-
[spiro(l-benzyl-4-piperidine)}-2-<imidazolin-5-one
trifluoroacetate _

350 mg of the compound obtained in step D are
dissolved in 4 ml of dichloromethane and 5 ml of TFA.
After 45 minutes, the medium is concentrated under
vacuum, the residue is then taken up in an ether/
hexane mixture and the precipitate formed is filtered
off, washed with ether and dried under vacuum to give
350 mg of the expected product. M.p. = 198-200°C.

- NMR spectrum: '

7.05-7.75 ppm : m : 13 H : aromatic H

4.75 ppm s : 2H : CH,-C,H, -

4.40 ppm : s 2 H: CH,~-C,H_

3.20-3.60 ppm : m : 4 H : CH, in the 2 and 6 posi-

tions of the piperidine

2,35 ppm : £t : 2 H: CH,~-CH_ ~CH_,-CH,

'2.20-1.40 ppm : 3 unresolved signals : CH, in the 3
and 5 posi-
tions of the
piperidine and
CH,—-CH,-CH.~-
CH,

1.25 ppm : sext : 2 H : CH,-CH_,-CH_~-CH,

0.80 ppm : £t : 3 H : (CH,),~CH,

EXAMPLE 8 .

2-n-Butyl-1-[ (2’~carboxybiphenyl-4~yl)methyl ]-
4-(4-spiropiperidine)~-2-imidazolin-5-one ditrifluoro-
acetate and 2-butyl-4-(4-spiropiperidine)-1~-[(2'~tert-
‘butoxycarbonylbiphenyl~4-yl)methyl ]-2-imidazolin-5-one




5-yl  (43) CJerr]H cycl o- cycl opentane  TFA— 82-.88

pentyl (44) Cderr]H n-Clerr]Herr] - cycl opent qnBREPLAUENENT SHEET
151 (45) CJerr]H CH err]-Clerr]H err] cycl opent gre——+FA

88 (46) CJerr]H H cycl opent ane - 2 22@93 ‘E(?'/H)
CJerr]H n-Clerr]Herr] cycl obupgne TFA 198 i

A) 2-n-Butyl-4-(4-spiropiperidine)-1-[(2'~tert-butoxy-
carbonylbipheny1-4-yl)methyl]-2-imidazoiin-5-one
300 mg of the compound of Example 7, step D,

are dissolved in 10 ml of methanol. 180 mg of 10%
palladium-on-charcoal are added and the mixture is
_hydrogenated for 3 hours at atmospheric pressure. The
catalyst is filtered off and the filtrate is concentra-
ted under vacuum to give 200 mg of the expected pro-
duct. ' '
- NMR spectrum:

7.20-7.75 ppm : m ¢ 8 H : aromatic H

4.75 ppm : s : 2 H : CH,~C_H,~

3.00-1.70 ppm : 3 unresolved signals for the 4 CH,_

' of the piperidine

2.40 ppm : t : 2 H : CH,~-CH_-CH_-CH,

1.60 ppm : quint : 2 H : CH_~-CH_-CH_~CH,

1.35 ppm : sext : 2 H : CH_~CH_-CH_-CH_

1.20 ppm ¢ s : 9 H : tBu

0.90 ppm : t : 3 H : (CH,),-CH, .
B) 2-n-Buty1-1-[(2'-carboxybipheny1-4—yl)methyl]-4-(4-
spiropiperidine)-2-imidazolin-5-one ditrifluoroacetate

160 mg of the product obtained in step A are

stirred for 45 minutes in 3 ml of dichloromethane and 4
ml of trifluoroacetic acid. The mixture is concentra-
ted under vacuum and the residue is taken up in ether
to give a gum and then a foam after drying under vacuum
(150 mg). M.p. = 80-85°C.
= NMR spectrum: _

' 7.15-7.80 ppm : m : 8 H-: aromatic H'

4.7 ppm : s : 2 H : CH,-C_H -

3.20-1.60 ppm : 3 unresolved signals : 4 CH_, of the

o 'piperidine

2.40 ppm : t : 2 H : CH,~CH,-CH,~CH,
1.50 ppm : quint : 2 H : CH_~CH_,-CH_-CH,
1.30 ppm : sext : 2 H ¢ CH_ -CH_-CH_-CH,
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0.80 ppm : t : 3 H : (CH,),-CH,

EXAMPLE 9 .

2-n-Butyl-1~[ (2’-carboxybiphenyl-4-yl)methyl]-
4 ,4-diphenyl-2-imidazolin-5-one trifluorocacetate and 2-
n-butyl-4,4-diphenyl-1-[ (2’~tert~-butoxycarbonylbi-
phenyl-4-yl)methyl]-2-imidazolin-5-one -~ Method 1
A) Valeramidine hydrochloride

6 g of ethyl valerimidate hydrochloride are
added to a solution of 6.75 g of ammonia in 80 ml of
methanol at 0°C. After 18 h, the reaction medium is
concentrated under vacuum to give the ekpected product
in the form of a white solid.
B) 2-n-Butyl-4,4-diphenyl-2-imidazolin-5-one

.This compound is prepared according to the pro-
cedure described by J. NYITRAI and K. LEMPERT in Tetra-

“hedron, 1969, 25, 4265-4275, from benzil and valerami-

dine hydrochloride. M.p. = 135°C.
- IR (CHCl,): '

1725 cm—> C=0

1640 cm—2> C=N
- NMR spectrum: _ :

7.20-7.50 ppm : m : 10 H : aromatic H

2.50 ppm : t : 2 H : CH_~CH,-CH_-CH,

1.65 ppm ¢ quint : 2 H : CH_,-CH_-CH_,-CH,

1.35 ppm 't sext : 2 H : CH_ ~CH_-CH_,-CH,

0.90 ppm : t : 3 H : CH,~-CH, -CH_,-CH,

11 ppm : sb : NH _
C) 2-n-Butyl-4,4-diphenyl-1-[(2'~tert-butoxycarbonylbi-
phenyl-4-yl)methyl ]-2~-imidazolin-5-one '

This compound is prepared according to the

usual method by reacting 4-bromomethyl-2‘-tert-butoxy-

carbonylbiphenyl with the compound prepared in step B,

in the presence of sodium methylate in DMF.
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- IR (CHCl,):

1715-1725 cm—* : C=0, C=0 (ester, imidazolinone)

1635 cm~* : C=N
- NMR spectrum:

7.25-7.80 ppm : m : 18 H : aromatic H

4.85 ppm : s : 2 H : N-CH_,-C_H_ ~

2.60ppm : £t : 2 H : CH,-CH_~-CH_,~CH,,

1.75 ppm : quint : 2 H : CH_-CH,-CH_-CH,

1.40 ppm : sext : 2 H : CH_~CH_,-CH_-CH,

1.15 ppm : s : 9 H : tBu _

0.90 ppm : t : 3 H : CH, of the n-butyl
D) 2-n-Butyl-l-{(2/-carboxybiphenyl-4-yl)methyl]-4,4~
diphenyl-2-imidazolin-5-one trifluoroacetate
' 500 mg of the product prepared in step C are
treated. with 2.5 ml of dichloromethane and 2.5 ml of
trifluoroacetic acid at 20°C for 40 minutes. After
concentration under vacuum, the residue is taken up in
an ether/hexane mixture and the precipitate formed is
filtered off, washed with hexane and dried to give'440
ng of the expected product. M.p. = 55-60°C.
= NMR spectrum:

7.15-7.80 ppm : m : 18 H : aromatic g

4.85 ppm : s : 2 H : N-CH,-C_H_ -

2.60ppm : t : 2 H : CH,~CH,~CH_,~CH,

1.70 ppm : quint ¢ 2 H ¢ CH,~-CH_-CH_-CH,

1.40 ppm : sext : 2 H : CH,-CH,-CH,-CH,

0.90 ppm : t : 3 H : CH, of the butyl

EXAMPLE 10
2-n=-Butyl-3-[ ( 2’~carboxybiphenyl-4-yl)methyl ]~

6-spirocyéldpentane-5,6-dihydro-1H-pyrimidin—44one

trifluoroacetate

A) (l1-Aminocyclopentyl)acetic acid _
Cyclopentylideneacetic acid is prepared accor-

ding to G.A.R. KON and R.P. LINSTEAD, J. Chem. Soc.,
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1925, 127, 616. 740 mg of this acid and 5 ml of 20%
aqueous ammonia are placed in an autoclave and the mix-
ture is heated at 150°C for 24 hours. After evapora-
tion of the solvents; the residue is chromatographed on
a silica column using a DCM/methanol/20% aqueous
ammonia solution mixture (70/30/1; v/v/v) as the eluent
to give 330 mg of the expected acid.

B) Ethyl (1-aminocyclopentyl)acetate |

330 mg of the acid are dissolved in 10 ml of
ethanol. The solution is cooled in an ice bath and
saturated with gaseous hydrochloric acid. After 24
hours . under reflux, the reaction medium is evaporated,
the residue is taken up in a solution of sodium car-
bonate and extracted with ethyl acetate and the extract
is then. dried over sodium sulfate, filtered and eva-
porated to give 312 mg of the expected ester.

C) 2-n-Butyl-6-spirocyclopentane-5,6-dihydro-1H-pyri-
midin~-4-one ' - o

A mixture containing 310 mg of the compound
obtained in step B, 348 mg of éthyl valerimidéte, 10 ml
of xylene and 6 drops'of acetic acid is brought to the
reflux point.. After 2 hours and 18 hours, a further
348 mg of ethyl valerimidate are added and, after a
total reflux time of 24 hours, the reaction medium is
evaporated and then chromatographed on silica using a
DCM/methanol mixture (97/3:; v/v) as the eluent to give
153 mg of the expected product.

D)  2-n-butyl-6-spirocyclopentane-3-[ (2'-ter-butoxycarbonylbi-
phenyl-4-yl) -methyl] -5, 6-dihydro-1H-pyrimidin-4-cne -

A mixture of 10 ml of DMF and 40 mg of sodium
hydride as an 80% dispersion in oil is prepared under a
nitrogen atmosphere. 144 mg of the compound prepared
in step C, dissolved in 5 ml of DMF, are added dropwise
at room temperature. After stirring for 30 minutes, a
solution of 288 mg of 4-bromomethyl-2/~tert-butoxy-
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carbonylbiphenyl in 5 ml of DMF is added. The mixture
is stirred for 2 hours and then evaporated and the
residue is taken up in water and extracted with ethyl
acetate. The extract is dried over sodium sulfate,
filtered, evaporated and then purified by column chro-
matography using a hexane/ethyl acetate mixture (85/5;
v/v) as the eluent to give 174 mg of the expected pro-
duct. :

E)

10 ml of trifluoroacetic acid are cooled in a
bath of iced water and 161 mg of the compound prepared
in step D are added. The mixture is stirred for 30
minutes and then evaporated. The residue is taken up
in ethyl ether and the mixture is then evaporated
again. This operation is repeated and the residue is
then dried under vacuum to give 140 mg of the expected
compound in the form of an amorphous powder. M.p. =
108-115°C.

- NMR spectrum:
0.9 ppm : t : 3 H : (CH_,),-CH,
1.1 to 2.1 ppm : m : 12 H : cyclopentane and CH_.-CH.-

. CH.,-CH,
2.7ppm : t : 2 H : CH,-CH_-CH_-CH,
3.1 ppm ¢t s : 2 H : -CH,-CO
5.1 ppm : s : 2 H : N~CH_-C_H,

7.2 to 7.8 ppm : m : 8 H : aromatic H

EXAMPLE 11 ‘

| 2-n-Butyl-4-spirocyclopentane-i-{[ (2/~tert-
butoxycarbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-
thione and 2~n-buty1-1-[(2'-carb6xybipheny1-4-y1)-
methyl J-4-spirocyclopentane-2-imidazolin-5-thione tri-
fluoroacetate '
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aA) 2-n-Butyl-4-spirocyclopentane-1-[ (2’'~tert-butoxy-

‘carbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-thione

5.63 g of the compound prepared in Example 1,
step D, are dissolved in 40 ml of anhydrous toluene and
treated with 3 g of Lawesson’s reagent at 80°C under
nitrogen. After 6 hours, the reaction is fil-
tered and concentrated. The concentrate is chromato-
graphed on silica using a DCM/ethyl acetate mixture
(95/5; v/v) as the eluent to give the expected product
in the form of an o0il, which crystallizes in the cold.
m=4.5g. M.p. = 77-79°C.
= NMR spectrum:

0.90 ppm : t : 3 H : CH, (nBu)

1.20 ppm : s : 9 H : tBu

1.35 ppm : sext : 2 H : CH,-CH_ -

1.60 ppm : quint : 2 H : CH,-CH_-CH_,~

1.80-2.10 ppm : m ¢ 8 H : cyclopentane

2.60 ppm : t : 2 H : CH,~CH,~CH_-CH_

5.35 ppm : s : 2 H : CH,-C_H,-

7.25-7.80 ppm : m : 8 H : aromatic H
B) 2-n-Butyl-1-{[(2’-carboxybiphenyl-4-yl)methyl]-4-
spirocyclopentane-2-imidazolin-5-thione trifluoro-
acetate

225 mg of the conipound obtained in step A are
treated with 5 ml of DCM and 5 ml of TFA for 30 min-
utes. After concentration, the residue is taken up in
ether. The expected compound is obtained in the form
of a yellow powder, which is filtered off and then
rinsed with hexane. m = 160 mg. M.p. = 185-190°C.
- Mass spectrum:

MH* : 421
- NMR spectrum:
0.78 ppm : £t : 3 H : CH, (nBu)

1.20 ppm : sext : 2 H : CH,~CH,
1.50 ppm : quint ¢: 2 H ¢ CH,~CH_-CH.~
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1.75-2.00 ppm : m : 8 H : cyclopentane
2.40 ppm : t : 2 H : CH,-CH_-CH_,-C},
5.20 ppm : s : 2 H : CH,-C,H - '
7.00-7.65 ppm : m : 8 H : aromatic H

EXAMPLE 12
2-n-Butyl-4-(2-spiroindane)~1-{ (2'-tert-butoxy-

carbonylbiphenyl-4-yl)inethyl]-2-imidazolin-5-'-one and 2-
n-butyl-1-[ (2’-carboxybiphenyl-4~yl)methyl ]-4-( 2-sp:.ro-
indane)-2-imidazolin-5-one - Method 1

A) 2-Aminoindane-2-carboxylic acid is prepared accor-
ding to R.M. Pinder, J. Med. Chem., 1971, 14, 9, 892,
and the corresponding ethyl ester is then prepared
according to Adkins (ref. cited in Example 2a).

B) 2-n-Butyl-4-(2-spiroindane)-2-imidazolin-5-one

2.78 g of the ethyl ester prepared in step A

and 2.5 g of ethyl valerimidate are dissolved in 20 ml
of xylene in the presence of 60 pl of acetic acid and
‘refluxed for 3 hours. A further 500 mg of ethyl valer-
imidate are added and reflux is maintained for a
further 3 hours. The reaction medium is concentrated
and then chromatographed on silica using a hexane/
ethyl acetate/acetic acid mixture (3/8/0.3; v/v/v) as
the eluent. The pure fractions are combined and eva-
- porated with toluene to give 3.07 g of the expected
product in the form of a white solid. M.p. = 148-
150°C.

- NMR pectrum: _

0.90 ppm : t : 3 H : CH; (nBu)

1.2~1.7 ppm : m ¢ 4 H ¢ CH_-CH_ -CH,
2.4 ppm : t : 2 H : CH,~-(CH_)_ ~CH,
2.8-3.2 ppm : g : 4 H : 2CH, (indane)

4.90 ppm : s : 2 H : CH,~C,H ~
7.2 ppm : m : 4 H : aromatic H
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C) 2-n-Buty1-4-(2-spirbindane)-1-[(2'—tert-butoxy-
carbonylbiphenyl-4-yl)methyl]-z-imidazolin-s-one
The compound obtained in the previous step is

dissolved in 20 ml of anhydrous DMF and treated with
450 mg of sodium methylate under nitrogen. After 20
minutes at room temperature, 3.6 g of 4-bromomethyl-2'-
tert-butoxycarbonylbiphenyl are added and the mixture
is stirred at 40°C for 6 hours. The reaction medium is
concentrated, .the usual washes are then carried out and
the expected compound in the form of a foam is
chromatographed on silica using dichloromethane/ethyl
acetate (95/5; v/v) as the eluent
(m = 1.84 g).
- NMR spectrum:

0.80 ppm : t 3 H: CH, (nBu)

1.20 ppm s 9 H : tBu

1.20-1.60 ppm : m : 4 H : CH_ -CH,-CH,

2.40 ppm : t : 2 H : CH,-(CH_,)_.-CH,

2.9-3.3 ppm : g : 4 H : 2CH, (indane)

4.80 ppm : s : 2 H : N-CH,-C,H_ -

7.20-7.80 ppm : m : 12 H : aromatic H
D) z-n-Butyi-l-[(2'-carboxybipheny1-4—yl)methyl]-4-(2-

spiroindane)-2-imidazolin-5-one

1.71 of the compound obtained in the
previous step are dissolved in 15 ml of DCM and treated
with 20 ml of TFA. After 30 minutes, the reaction
medium is concentrated and then taken up in ether.
After trituration, the solid obtained is filtered off,
rinsed with ether and dried to give 1.42 g of the
expected product. M.p. = 217-218°C.

- NMR spectrunm:
0.70 ppm : t : 3 H : CH, (nBu)
1.10-1.50 ppm : m : 4 H : CH,-CH,-CH,
2.30 ppm : £t : 2 H : CH_ ~-(CH,),-CH,
2.8-3.3 ppm :'q : 4 H : 2CH, (indane)



in which: -

Cerr]-Cerr] al koxy, an am no, an-am nonethyl, a carboxy
al koxycar bonyl in which the al koxy is Clerr]-Cferr], a cyang,

tetrazol yl,

Rlerr] and Rlerr] are simlar or different and are each inde- .
pendently hydrogen or a group selected froma Cferr]-Clerr] R@IJF%\%EMEQT

SHEET

a nethyltetrazolyl, a methylsulfonylanino, a ) 2 BEC 387

al

trifluoromethyl sul fonyl am no, a triflu #)rr_l_et hyl sul f onyl afi rorret hyl .

N- cyano-
1, 3-t hi azol

car banoyl ,- an N-hydroxycar bano an N-(4-carbgpxy-

a

-2-yl)carbanmoyl, a wureido, a 2-cyano- guanildi nocarhaonyl

- 2-cyanoguani di nonet hyl , an im -

4.70 ppm : s : 2 H : N-CH_-C_H -
7.1-7.7 ppm : m : 12 H : aromatic H
Other compounds according to the invention were
prepared by one of the methods described above. They -
are collated in Table 1. The structure of each of
these compounds is consistent with the analysis of
their NMR spectra.

EXAMPLE 13

2-n-Butyl-l-[ (2’-(imidazol-1-ylcarbonyl)bi-
phenyl-4-yl)methyl]-4 -spirocyclopentane-z-imidazol in-5-
one '

C_R‘R, = cyclopentane, X = 0)

A mixture containing 404 mg of the compound
prepared in Example 1, step E, 15 ml of THF and 260 mg
of carbonyldiimidazole is stirred at room temperature
for 72 hours. The reaction medium is evaporated, the
residue is taken up in ethyl acetate and the mixture is
washed with water and then with a solution of sodium
chloride to give 420 mg of product, which are purified
by chromatography on silica using a DCM/ethyl acetate
mixture (70/30; v/v) as the eluent to give the expected
compound .

= 230 mg.
M.p. = 120°C.




unsubsti -

- 1-yl carbonyl, a 3-cyano-2-nethylisothio-  ureidanoethy]

wi th

the proviso that at |east one of the substituents Rlerr] drREPEAGi
ot her than hydrogen; -Rerr] is a hydrogen, a Clerr]-Cerr] [al kd

SHEET
IS

tuted or substituted by one or nore hal ogen atons, T
-Clerr] alkenyl, a ({derr]-Cerr] cycloalkyl, a phﬁnsgz“é"“*ﬁ?
phenyl al kyl .
which the alkenyl is (Jerr]-Clerr], said phenyl groups beilng
unsubstituted or nonosubstituted or pol ysubstituted by a F
-Cerr] alkyl, a Cerr]-Cerr] halogenoalkyl, a (err]-Clerr]
pol yhal ogenoal ExAMPLE 14hydroxyl or a (Jerr]-(err] al koxy;

in which the alkyl is (errl-g,err], a phenyl}-

2-n-Butyl-1~-[(2'=(3~cyano-2-methylisothio-
ureidomethyl)biphenyl-4-y1)methyl]-4-spirocyclopentane-
‘2=-imidazolin-5-one

SCH,
(I: R, = -CH_,-NH-C=N-CN, R, = H, R, = n-C_H_,
CR,R,; = cyclopentane, X = 0)

a) 1-[(2!-Amlnomethylblpheny1-4-yl)methyl]-2-n-buty1-4-
spirocyclopentane-2-imidazolin-5-one

This compound is obtained by hydrogenation of
the compound prepared in Example 5.

1 g of the compound prepared in Example 5, step
A, is placed in 15 ml of absolute methanol and 2.3 ml
of ethanol in the presence of 0.5 g of 5% palladium-on-
charcoal and the mixture is hydrogenated at room tem-
perature for 24 hours. After treatment, 730 mg of the
expected product are obtained 1n the form of an oil.
B) :

A mixture containing 300 mg of the compound

prepared in the previous step and 113 mg of N-cyan-
imidd-s,s—dimethyldiﬁhiocarbonate in 3 ml of ethanol is
refluxed for 24 hours. After the usual treatment, the
reaction medium is purified by chromatography on silica
using a DCM/ethyl acetate mixture (50/50; v/v) as the
eluent. The expected product is isolated in the form
of a white solid.

m = 307 mg.

M.p. = 83°C.

EXAMPLE 15 _

' - 2=n-Butyl-1-[ (2'~(2-cyanoguanidinomethyl )bi-
phenyl-4-yl)methyl ]-4-spirocyclopentane~2-imidazolin-5-
one -

—al-kenyl..in |
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_ _ NH_
(I: R, = CH_~-NH-C=N-CN, R, = H, R, = n-C_H,,
CR,R, = cyclopentane, X = 0)

This compound is obtained from the compound
prepared in the previous Example. 200 mg of the com-
pound are placed in 10 ml of ‘absolute ethanol and the
mixture is saturated with ammonia at about 10°C and
then heated at 80°C in an autoclave overnight. After
concentration of the reaction medium to dryness, the
residue is chromatographed on silica using a DCM/
metl'_xanol mixture (95/5; v/v) as the eluent to give 130
mg of the expected product.

M.p. = 100°C.

EXAMPLE 16

2-n-Butyl-4-spirocyclopentane-1-[ (2’-trifluoro-
methylsulfonylaminobiphenyl-4-yl)methyl }-2-imidazolin-
S5-one trifluoromethylsulfonate

(I: R, = -NHSO_CF,, R, = H, R, = n-C_H_,
CR,R_, = cyclopentane, X = 0)

A) 4-Methyl-2'-nitrobiphenyl

11.2 g of 2-nitrobromobenzene are mixed with
15 g of 4-iodotoluene and the mixture is heated to
195°C and stirred at this temperature for 3 and a half
hours. After returning to room temperature, it is
taken up in DCM and heated to the reflux point, the hot
solution is filtered on Celite® and the DCM is then
evaporated off. ' |

m=6.54g.
. B.p. = 80-120°C'under 0.2 mm Hg, n 2+ = 1.6042.
B) 4-Bromomethyl-2’-nitrobiphenyl

A mnixture containing 6.5 g of 4-methyl-2'-



- Rlerr] and Rlerr] are each independently a CJerr]-Clerr] alkyl. _a

phenyl , a phenylal kyl in which the alkyl is (Jerr]-Cerr], RBP@AQEMEKWSHE‘:T
phenyl and phenyl al kyl groups bei ng unsubstituted or subst by._one

or nore hal ogen atons or by a group selected froma C[err]-C e J ;-pes.,
perfl uoro- al kyl , a hydroxyl, a Cerr]-(err] al koxy; - of é?[ nﬂ
Rlerr] together forma group of the forrul>® = =CRlerr]Rerr]} +a ‘"h"‘h

Rlerr] is hydrogen, a (Jerr]-Cerr] alkyl or a phenyl and ﬂerr] is a
Cerr]-Cerr] alkyl or a phenyl; - or else R err] and R err]|“~benrded

toget her are either grou of _the
nJ.trobJ.p enyl, 5.42 g of NBS, 118 mg of azo-bis-iso-

butyronitrile and 500 ml of carbon tetrachloride is
refluxed for 5 hours. It is cooled to 0°C and filtered
and the filtrate is concentrated to give 9 g of an oily
product, which ié used as such in the next step.

C) 2-n-Butyl-1-[(2’'-nitrobiphenyl-4-yl)methyl]-4-spiro-
cyclopentane-z-imidazoiin-s-one

A mixture containing 260 mg of 80% sodium
hydride in 5 ml of DMF is prepared and 500 mg of 2-n-
butyl-4-spirocyclopentane-2-~imidazolin-5-one, prepared
in Example 2, step A, are added at room temperature
under nitrogen. After stirring for 15 minutes, 901 mng
of 4-bromomethyl-2’-nitrobiphenyl in 5 ml of DMF are
added and stirring is continued for 24 hours. The
reaction medium is concentrated to dryness and the
residue is taken up in a water/ethyl acetate mixture.
The orgahic phase is decanted, dried over sodium sul-
fate and filtered and the ethyl acetate is then eva-
porated off. The product obtained is chromatographed
on silica using a DCM/ethyl acetate mixture (9/1; v/v)
as the eluent to give 500 mg of the expected product.
D) 1-[(2'-Aminobiphenyl-4-yl)methyl]-2-n-butyl=-4-spiro- |
cyclopentane-2-imidazolin~5-one

450 mg of the product obtained in the previous
step are placed in 10 ml of methanol in the presence of
5% palladium~on-charcoal, at room temperature, for
hydrogenation. After filtration of the catalyst and
evaporation, 240 mg of the expected product are ob-
tained.

E) _

In 4 ml of DCM, 225 mg of the product obtained
in the previous step are mixed with 0.1 ml of tri-
ethylamine, 0.2 ml of trifluoromethylsulfonic anhydride
is added under argon at -78°C and the mixture is then
left to return to room temperature. The reaction



atomto

formula (CH err])[err] or a group of the formula (CHerr])[err]Y-
(CH err])[err], in which Y is either an oxygen atom or a

or a carbon atom substituted by a (Jerr]-Cerr] al kyl group

r\I"J"
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a phenyl al kyl in which the al kyl is CJerr]-Clerr], or a gropp
in which Rerr] is a hydrogen, a Clerr]-(err] al kyl, a phepy
whi ch the alkyl is (Jerr]-Clerr], a Clegq <(err] alkylcarb n

Cerr]-Cerr] halo- - genoalkylcarbonyl a (err]-derr]
pol yhal ogenoal kyl car bonyl , a benzoyl, an al pha-am noacyl

orj an

N- protecting group, or R[err] and R[err],
whi chetiien diss washed, withmwitddand @ svlweibdmnof soditm

bicarbonate and then dried and concentrated to give 150
ng of an amorphous white solid.
- NMR spectrum:
0.4-1.3 ppm
1.4-2.3 ppm :

: 7 H {
10 H :

CH,~CH,~-CH.-
CH,-CH,-CH,~-CH, and cyclo-
pentane

bonded t oget her wrtirthe—carben

4-4.8 ppm :
7-7.6 ppm
8.3 ppm @
10 ppm ¢

s
sb

AB system : 2 H : N~-CH_~-C_H -
m: 8 H: aromatic H.

¢t 1 H: ~NH

: 1 H: CF,S0,H

EXAMPLE 17
2-n—Buty1-4-spirocyc1opentane-l-[(zﬂ-trlfluoro-
methylsulfonylamlnomethylbxphenyl-4-y1)methyl]—z—lml-
dazolin-5-one trifluoromethylsulfonate
(I: R, = CH_NHSO_CF,, R,
CR. R,

= H, R, = n=-C_H,,
0)

= cyclopentane, X =

The preparation is effected starting from the
1~[ (2'-aminomethylbiphenyl-4-yl)methyl ]-2-n-butyl-4-
spirocyclopentane-2-imidazolin-5~one prepared in Exam-
‘ple 14, step A. 322 mg of this compound and 0.122 ml
of triethylamine are'placgd in 3.4 ml of DCM at -70°C
and 0.294 ml of trifluoromethylsulfonic anhydride is
added. The mixture is left to return to room tempera-
ture, poured into dilute acetic acid and extracted with
DCM, the extract is dried over sodium sulfate and
filtered and the DCM is evaporated off. The residue is
chromatographed twice on silica using DCM/ethyl acetate
(95/5; v/v, then 99.5/0.5; v/v) as the eluent.

This gives m = 90 mg.

M.p. = 90°C.



+ g= .- nis an integer between 2 and 11; - nmis an inte '
bnd 8. - X is an oxygen a are b REPLACENNT; SHEET

and 5; - X is an oxygen atomor sulfur atom - z and t are

zero and the other

is one; and its salts. 2. A conpound accrding to clarlm

1, characterized in that Rlerr] is in the ortho position ang iis 2ap cBEBAg§7

or tetrazolyl

group and R2 is hydrogen. 3. A conmpound accorging to any one

of claims 1 and 2,characterized in that Rgerr] and Rlerr] ferma
b

cycl opent ane or cycl ohexane with the car

B ro which they aje bonded.

- NMR spectrum:
0.4-1.2 ppm : m : 7 H : -CH_-CH.~CH.
1.3-2.45 ppm : m': 10 H : CH,~-CH_-CH_-CH, and cyclo-
' pentane

4.1-5ppm : m : 4 H : N-CH,-C_,H - and NH-CH_-C_H_ -
7.1-7.7 ppm : m : 8 H : aromatic g
8.4 ppm ¢: s : 1 H: NH

EXAMPLE 18 |
2-n-Butyl-1-~[(2'-(N-hydroxy carbamoyl)biphenyl-
4-yl)methyl ]-4-spirocyclopentane-2-imidazolin-5-one

(I: R, = -CO-NHOH, R, = H, R, = n-C_H_,
CR_,R, = cyclopentane, X = 0) .

The compound prepared in Example 2 is freed
from its trifluoroacetic acid salt by taking up this
compound in an ethyl acetate/water mixture and bringing
the solution to pH 6 by the addition of a saturated
solution of sodiumjbiéarbonate. The organié phase is
washed with a saturated solution of sodium chloride,
dried over sodium sulfate, filtered and concentrated to
give the free base in the form of a white solid.

450 mg of this compound are dissolved in
chloroform, 860 ml of thionyl chloride are added at 0°C
and the mixture is stirred at room temperature for 2
hours. The solution is concentrated and the traces of
thionyl chloride are removed by azeotropic distillation
with toluene. The acid chloride thus obtained is added
dropwise in DMF solution to a solution containing 200
mg of hydroxylamine hydrochloride and 700 zl1 of DIPEA
in 10 ml of DMF. - After 2 hours at 0°C, the reaction
medium is concentrated and the concentrate is taken up
in 100 ml1 of DCM and 50 ml of water. The mixture is
brought to pH 7 and the organic phase is extracted and
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then dried over sodium sulfate. After filtration, the
solution is concentrated. The product obtained is
recrystallized from an ethyl acetate/ethyl ether/hexane
mixture.

m = 360 mg.

M.p. = 85°C.

EXAMPLE 19
2-n-Butyl-4-spirocyclopentane-1i-[ (2'~ureido-
biphenyl-4-yl)methyl ]-2~imidazolin-5-one

(I: R, = NHCONH,, R, = H, R, = n-C_H,,
CR_,R, = cyclopentane, X = 0)

- _This compound is prepared using the method des-
cribed by B.B. Kobu et al. in Org. Synth., 1957, 37,
52, starting from the 1~-[(2/-aminobiphenyl-4-yl)-
methyl ]-2-n-butyl-4-spirocyclopentane-2-imidazolin-5-
one prepared in Example 14, step A.

1 g of the latter is dissolved in 50 ml of 6 N
hydrochloric acid and treated with potassium isocyanate
for 1 hour at 5°C. The reaction medium is concentra-
ted, the concentrate is taken up in ethyl acetate and
the mixture is washed with sodium bicarbonate and then
with a saturated solgtion of sodium chloride. After
drying over sodium sulfate and filtration, the solution
is concentrated and the oil obtained is purified by
chromatography on silica using a DCM/methanol mixture
(8/1; v/v) as the eluent. . -

' m = 600 mg.

- NMR spectrum:
0.85 ppm : t : 3 H : CH_~CH,
1.35 ppm : sext H : CH,-CH,
1.6 ppm : quint : H : CH, ~CH,-CH,
1.7-2 ppm : m : 8 ¢ cyclopentane

2
2
H




characterized in that Rlerr] is a linear CJerr]-Clerr] alky
conpound according to any one of clainms 1 to 4 characterizefd FI%I? EEMEDKT&'!EET

oxygen. 6. A conpound according to any one of clains 1 to 5 gharactertzed
inthat z =t = 0. 7. A conpound according to claim1, charfc e4i qu}*,g ¢ ma7
that it is the 2-n-butyl-4-spirocycl opentane-1-( : )
(2'-(tetrazol -5-yl)bi phenyl -4- yl)net hyt) 68- =m dazol i n-5- one or—ome—of~T1ts
salts with acids or : :

2.45 ppm : t : 2 H : CH,~CH,~CH_~CH,
4.8 ppm : s : 2 H : -CH,-C_H_ -

6.05 ppm : s : 2 H : NH,

7-8 ppm : m ¢ 9 H : 8 aromatic H + NHCO

EXAMPLES 20 AND 21 _
1-[ (2’=-Carboxybiphenyl-4-yl)methyl ]~2-n-propyl-
4-spirocyclohexane-2-imidazolin-5-one and 1-[(2’-N-
sy énocarbamoylbiphenyl,-.;-Yl )methyl }-2-n-propyl-4-
spirocyclohexane-2-imidazolin-5-one

(I: R, = CO-NH-CN, R, = H, R, = n~C_H,,
CR_R_, = cyclohexane, X = 0)

A) Ethyl butyrimidate hydrochloride

INH
CH3 - CHz - CHp - C\ . HC1
0C2Hs

This compound is prepared according to Mc
Elvain (J. Amer. Chemn. Soc., 1942, 64, 1825-1827).

23 ml of butyronitrile are added at 0°C to a
solution of 10.6 g of gaseous hydrochloric acid in 20
ml of anhydrous ethanol and then, after the reaction
medium has been left to stand for 4 days at 0°c, it is
poured into 200 ml of anhydrous ether at 0°C, with
stirring; the precipitate formed is filtered off,
washed with ether and then dried under vacuum to give
25.8 g of the expected product.

B) Ethyl butyrimidate

16 g of the imidate obta:.ned in step A are
dissolved in 100 ml of dichloromethane and 50 ml of
water, and 15 g of potassium carbonate are added.
After decantation, the dichloromethane is dried over
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potassium carbonate and then evaporated off to dryness
without heating.
C) Ethyl ester of l-aminocyclohexane acid
l1-aminocyclohexanecarboxylic acid is commer-
cially available. 15 g of this amino acid are added at
0°C to a solution of 23 g of gaseous hydrochloric acid .
in 150 ml of anhydrous ethanol. The reaction medium is
refluxed for 5 hours and then concentrated to dryness
and the residue is' taken up in ether. The white solid
obtained is filtered off, washed with ether and then
dissolved in a mixture of 300 ml of ether and 100 ml of
water. The pH is brought to 9 by the addition of a
solution of potassium carbonate. The organic phase is
decanted, washed with a saturated solution of sodium
chloride, dried over sodium sulfate and then evaporated
to dryness to give 14 g of the expected product in the
form of an oil.
D) 2-n~Propyl-4-spirocyclohexane-2-imidazolin-5-one
14 g of the product obtained in step C are
dissolved in 200 ml of xylene containing 0.6 ml of
acetic acid. Half the imidate obtained in step B is
added and the mixture is heated to the reflux point.
After 1 and a half hours, half the remaining imidate is
added and the last quarter is then added after 4 hours.
After a total reflux time of 7 hours, the medium is
evaporated to dryness. The solid obtained is taken up
~ in hexane, filtered off, washed with ether and then
dried. '
This gives 10.3 ‘g of the expected imidazoli-
none. o '
M.p. = 124-125°C.
- IR (CHCl,):
1715 _cm"’- : C=0
1635 cm~* : C=N
Note: The compound present in solution is indeed an
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imidazolin-5-one according to the values of the IR

bands.
E) 2-n-Propyl-4-spirocyclohexane-1-[(2'-tert—butoxy—
carbonylbiphenyl-4-yl)methyl ]-2-imidazolin-5-one

970 mg of the imidazolinone obtained in step D

are added to 0.24 g of sodium hydride as an 80% disper-
sion in oil, suspended in 10 ml of dimethylformamide.
After stirring for 20 minutes under nitrogen, 1.91 g of
4-bromomethyl-2‘~tert-butoxycarbonylbiphenyl, prepared
according to European patent application 324 377, are
added over 5 minutes. After stirring for 1 hour, the
medium is concentrated to half its volume under vacuum
and taken up in 100 ml of ethyl acetate and then in 20
ml of water. The organic phase is decanted, washed
with a saturated solution of sodium chloride, dried
over sodium sulfate and then concentrated under vacuum.
The residue is chromatographed on silica using an ethyl
acetate/toluene mixture as the eluent to give 2. 10 g of
the expected product in the form of a wax.
- IR (CHCl1,):

1705-1715 cm—> :$ C=0, C=0 (ester, imidazolinone)

1635 cm-* : C=N |

Analysis of the NMR spectrum confirms the structure.
F) 1-[(2'-Carboxybiphenyl-4—yl)methyl]-2-n-propy1-4-
spirocyclohexane-2-imidazolin-5-one (Example 20)

| 1.25 g of the tert-butyl ester obtained in step
E are stirred for 45 minutes in a mixture of 11 ml of
dichloromethane and 15 ml of trifluoroacetic acid.
After concentration under vacuum, the residue is taken
up in ether. The solid formed is filtered off, washed
with ether and then dried to give 1.04 g of a white
solid. | _

M.p. = 170-172°C.

= NMR spectrum: |

7.10-7.80 ppm : m : 8 H : aromatic



in which Hal is a halogen atomand R [err] and R[err] are res- pectively

either Rerr] and Rlerr] or a precursor group of R err] and . )
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4.90 ppm : s : 2 H : N-CH_~-C,H -
2.45ppm : £t : 2 H : CH,-CH,~-CH_.~-
1.40-1.80 ppm : m : 12 H : spirocyclohexane + CH, -
CH.,-CH_,~

0.90 ppm : £ : 3 H : CH,~-CH_ ~-CH_~-

_ 1.60 g of the trifluoroacetate obtained pre-
viously are dissolved in 150 ml of ethyl acetate and 20
ml of water. 1 N sodium hydroxide solution is added to
bring the pH to 5.0. The organic phase is decanted,
washed with a saturated solution of sodium chloride,
dried over sodium sulfate and then evaporated to dry-
ness. The solid residue is taken up 1n ethyl ether,
filtered off and dried.

m=1.14 g.

M.p. = 208-210°C.

G) 1-[(2ﬂ—N-cyanocarbarmoylthhenyl-—4-y1)methyl]-2-
propyl-4-spirocyclopentane-2-1m1dazolln—5-one
(Example 21)

0.54 ml of thibnyl chloride is added to 300 mg
of the compound prepared in the previous step, suspen-
ded in 5 ml of DCM. After 1 and a half hours, the
reaction medium is concentrated under vacuum and then
evéporated twice with benzene. The acid chloride thus
obtained is dissolved in 2 ml of dioxane and added to a
solution of 42 mg of cyanamide in 1 ml of dioxane con-
taining 0.2 ml of 10 N sodium hydroxide solution.
After 1 and a half hours, the reaction medium is dilu-
ted with 150 ml of ethyl acetate and 20 ml of water,
the pH is brought to 5 with acetic acid and the organic
phase is decanted, washed with a saturated solution of
'sodium chloride, dried over sodium sulfate and then
evapdrated to'dryness.' The residue is chromatographed
on silica using a chloroform/methanol/acetic acid mix-
ture (90/8/2; v/v) as the eluent to give 160 mg of the
expected product in the form of a solid.
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- IR (KBr):
2150 cm—*> : C=N
- Mass spectrum:
MH+ : 429
- NMR spectrum:
7.20-7.70 ppm : m : 8 H : aromatic
4.75 ppm ¢ s : 2 H: N-CH,-C,H -
2.40 ppm : t : 2 H : CH,~-CH_-CH_~-
1.30-1.80 ppm : m : 12 H : CH,-CH,-CH.~ and spiro-
cyclohexane
0.85 ppm : t : 3 H : CH,-CH,-CH,,

EXAMPLE 22 ' o

1-[ (2'-(N-4-carboxy-1,3~-thiazol-2-ylcarbamoyl}-
biphenyl-4-yl)methyl ]-2-n-propyl-4-spirocyclohexane-2-
imidazolin-5-one

~
oo ]
x
H
]

N COOH
-CONH-Q\ ' ,R_ = H, R, = n-C_H,_,
< :] _

CR,R_, = cyclohexane, X = 0)

This compound is prepared from the compound
obtained in Example 20. _

2-Amino-4-ethoxyca:bonyl-l,3-thiazolé is pre-
pared according to B. Plouvier et al., J. Heterocycl.
Chem., 1989, 26(6), 1646.

A) 1-[(N-4-Carbethoxy-1,3-thiazol-2-ylacetamido)-
methyl ]-2~-n-propyl-4-spirocyclohexane-2-imidazolin-5-
one '

500 mg of BOP and 0.14 ml of triethylamine are
added to a solution of 404 mg of the compound prepared
in Example 20 and 190 mg of thiazole derivative in 4 ml
of DCM and 1 ml of DMF. The mixture is stirred for 40
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hours at room temperature and then 7 hours at 50°C.
The reaction medium is taken up in 50 ml of ethyl
acetate and washed  twice with a KHSO_-K_ SO, solution,
then twice with a saturated solution of sodium bicar-
bonate and then once with a saturated solution of
sodium chloride. After drying over sodium sulfate, the
organic phase is concentrated under vacuum and the
residue is chromatographed on silica using an ethyl
acetate/toluene mixture as the eluent to give 120 mg of
the expected product.

M.p. = 96-98°C.

B)

0.5 ml of 2 N sodium hydroxide solution is
added to 110 mg of the product obtained in the previous
step, dissolved in 1 ml of methanol and 1 ml of diox-
ane. After stirring for 35 minutes, the reaction
medium is diluted with 10 ml of water and 60 ml of
ethyl acetate and the pH is brought to 5 by the addi-
tion of 1 N hydrochloric acid. The organic phase is
decanted, washed with a saturated solution of sodium
chloride, dried over sodium sulfate and then concen-
trated. The residue is taken up in ether, filtered off
and dried.

m = 100 mg.

M.p. = 145-148°C.

- NMR spectrum: :

8.0ppm : s : 1 H : H in the 5 position of the

thiazole
: 8 H : aromatic H

4.7 ppm : s : H : N-CH_ -C_H_ -
2.25 ppm : t : 2 H ¢ CH_ -CH_-CH,
1.2~1.8 ppm : m : 12 H : cyclohexane and CH_~CH,~-CH,
0.85 ppm : t : 3 H : CH,~CH_~CH,

7.1-7.7 ppm m
2

L 4
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EXAMPLE 23

2-n-Butyl-1l-[(2’-(2~-cyanoguanidinocarbonyl)-
biphenyl-4-~yl)methyl ]-4-spirocyclopentane-2-imidazolin~
5-one

N,
(I: R, = CONH-C=N-CN, R,
CR,R, = cyclopentane, X

H, R, = n-C_H_,
0)

The acid chloride of the compound obtained in
Example 2 is prepared. 1 g of this compound is placed
in 20 ml of DCM, in the presence of 1.8 ml of thionyl
chloride, and the mixture is stirred at room tempera-
ture for 2 hours. After concentration of the medium,
the residue is taken up in benzene and the mixture is
then concentrated again. The crude product isolated is
then used. It is mixed with 417 mg of dicyanodiamide,
0.5 ml of 10 N sodium hydroxide solution, 0.5 ml of
water and 10 ml of dioxane and the mixture is then
stirred for 5 hours. The reaction medium is taken up
- in water and ethyl acetate, potassium carbonate is
added and the mixture is then concentrated. The resi-
due obtained is chromatographed on silica using a DCM/
methanol mixture (95/5:'v/v) as the eluent. 100 mg of
the expected product are isolated.
M.p. = 105°C.

EXAMPLE 24
' 4-Benzylidene-2-n-butyl-1-[ (2’-carboxybiphenyl-
4-yl)methyl]-2-imidazolin-5~one trifluoroacetate

(I: R, = CO_H, R, = H, R, = n-C_H,, R.R, =
=CH-C_H,, X = 0)
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A) Tert-butyl 4-(;-bénzylidene-lfvalerylaminomethyl-
amidomethyl )biphenyl-2-carboxylate

CO2tBu

n~C4Hg~CO-NH-C~CO-NH~Cli2-CHa 7 N\
|
_CH-CgHs -

, Starting from 'N-Boc-c—dehydro- (L)-phenylala-
nine, the N-carboxyanhydride of a-dehydro-(L)-phenyl-
alanine is prepared according to R. Jacquier et al.,
Tetrahedron Lett., 1984, 25(26), 2775. p. . 644
ng of tert-butyl 4-aminomethylbiphenyl-2/-carboxylate
are added to a solution of 430 mg of this compound in 5
ml of THF, the mixture is stirred for 2 hours at room
temperéture, 1 ml of methyl orthovalerate is then added
and the mixture is evaporated to dryness under vacuum
without heating. The residue is heated for 3 hours at
100°C, concentrated under vacuum and then chromato-
graphed on silica using a hexane/ethyl acetate mixture
(4/1; v/v) as the eluent to give 580 mg of a white
solid.
' M.p. = 154°C.

= NMR spectrum:

1.3 ppm : s : 9 H : tBu

0.65 ppm : t : 3 H : CH, (nBu)

2ppm : t : 2 H : CH,~CH_-CH_-CH_-CO

4.4 ppnm d :1H : CH,~NH

6.8 ppm : s ¢: 1 H : CH (=CH~C_,H,)
B) 4-Benzylidene-2-n-butyl-1-{( 2'/~tert-butoxycarbonyl-
biphenyl-4-yl)methyl ]-2-imidazolin-5~one

440 mg of the compound obtained in step A are
dissolved in 1 ml of acetic acid and heated for 30
minutes at 100°C. _
The solution is evaporated to dryness under
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vacuum and the residue is chromatographed on silica
using a hexane/ethyl acetate mixture (4/1; v/v) as the
eluent to give 130 mg of the expected product in the .
form of an oil. '
- NMR spectrum:

4.9 ppm : s : 2 H : CH, (N-CH,-C.H_~)
C) '

100 mg of the compound obtained in the previous
step are dissolved in 1 ml of DCM, 1 ml of trifluoro-
acetic acid is added and the mixture is then stirred
for 40 minutes at room temperature and evaporated under
vacuum. The residue is taken up several times in DCM
and then evaporated. A white solid precipitates on the
addition of ethyl ether.

~m = 101 mg.
M.p. = 85°C.
- Mass spectrum:
MH+ : 439
- NMR spectrum:
0.82 ppm : £t : 3 H : CH, (nBu)
1.3 ppm : sext : 2 H : CH,~-CH_~-
1.6 ppm : m : 2 H : CH,-CH_~CH,-
2.6 ppm : £t : 2 H : CH,~-CH_-CH_-CH_-
4.82 ppm ¢ s : 2 H : CH,~C,H, -
7.05 ppm : s : 1 H : =CH-C_H,_
7.2-8.2 ppm : m : 13 H : aromatic

EXAMPLE 25 _
4-Benzylidene-1-[ (2'-carboxybiphenyl-4-yl)-
methyl ]-2-phenyl-2-imidazolin-5-one

(I: R, = CO_H, R, = H, R, = C_H_, R,R, =
=CH-C_H,, X = 0)
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A) 4-Benzylidene-2-phenyloxazol-5-one
1.8 g of hippuric acid and 0.4 g of potassium
bicarbonate are dissolved in 4 ml of acetic anhydride,
the solution is heated for a few minutes at 50°C and
then cooled to room temperature and 1.49 g of benz-
aldehyde are added. After 1 hour at room temperature,
20 ml of distilled water are added at 80°C. The solid
which precipitates is filtered off, washed with water
and ethanol and then dried to give 1.24 g of the
expected product in the form of a yellow solid.
M.p. = 215°C.
- NMR spectrum:
7.4 ppm : s l1H : =CH-C,H,
8.1-8.4 ppm : m : 10 H : aromatic _
B) Pert-butyl 4-(l-benzoylamino-l-benzylidenemethyl-
amidométhyl)biphenyl-zﬁ-carboxylate
A mixture containing 500 mg of the compound
obtained in the previous step, 570 mg of tert-butyl 4-
aminomethylbiphenyl-2‘~carboxylate and 10 ml of pyri-
dine is heated at 110°C for 3 hours. It is evaporated
under vacuum, the residue is taken up in chloroform and
the mixture is then evaporated again. The residue is
chroﬁatographed on silica using a hexane/ethyl acetate
mixture (3/1 then 2/1; v/v) as the eluent to give 106
mg of the expected product in the form of a yellow
solid.
- NMR spectrum: _
l.1 ppm ¢ s : 9 H: tBu
4.35 ppm : t : 2 H : -CH_~-NH
7.05-7.06 ppm : m : 19 H : aromatic H + CeHs=CH=

8.65 ppm : t ¢: 1 H : NH-CH_
9.9 ppm : 8 : 1 H : NH-CH=
c) | '
A mixture of 1.2 g of the compound obtained in
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the previous step and 1.1 g of freshly melted sodium
acetate is refluxed for 6 hours in 5 ml of acetic acid.
It is left to cool and an insoluble material is then
precipitated by the addition of chloroform. The fil-
trate is evaporated and the residue is chromatographed
on silica using a chloroform/methanol mixture (98/2;
v/v) as the eluent. The solid obtained is recrystal-
lized from ethyl ether. '
= 692 mg. |
M.p. = 120°C.

- NMR spectrum:

4.95 ppm : s : 2 H : CH,-C_H -

7.1-8.3 ppm : m : 19 H : aromatic H + =CH-C_H,

EXAMPLES 26 AND 27

2-n-Butyl-1-[(2'~( 2-methy1tetrazol-5-y1 Ybi-
phenyl-4-yl)methyl ]-4-spirocyclopentane-2-imidazolin-5-
one (Example '26) and 2-n-butyl-i-[(2'-(1-methyltetra-
20l=-5~-yl)biphenyl-4-yl)methyl ]-4-spirocyclopentane-2-
imidazolin-5-one (Example 27) '

In 10 ml of DMF, 500 mg of the compound pre-
pared in Example 5 are mixed with 58 mg of sodium
hydridé, the mixture is stirred for 30 minutes, 179 mg
of methyl iodide and 2 ml of DMF are then added and the
mixture is stirred at room temperature for 4 hours.
The reaction medium is concentrated and the concentrate
is taken up in water and then’ exffacte_d with ethyl
acetate. The extract is dried over sodium sulfate and
filtered and the solvent is evaporated off. The resi-
due is chromatographed on silica using a hexane/ethyl
acetate mixture (6/4. v/v) as the eluent. 2 fractions
are isolated: |

90 mg of the compound of Example 26

and 184 mg of the compound of Example 27
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- NMR spectra:

Example 26

0.7 ppm : t : 3 H : CH,- (nBu)

1.2 ppm : sext : 2 H : CH,-CH_-

1.4 ppm : quint: 2 H : CH,-CH_ -CH_-

1.5-1.9ppm : m : 8 H : cyclopentane

2.25ppm : t : 2 H: CH,~-CH_ ~-CH_ ~CH_~

4.15 ppm : s : 3 H : N-CH,

4.6 ppm : s : 2 H : -N-CH,-C_H,-

7 ppm : AA’, BB’ system : 4 H : CH,~-C_H,~-

7.3-7.75 ppm : m ¢ 4 H : CH,-C_H -C_H, -

Example 27

0.7 ppm : £t : 3 H : CH, (nBu)

1.15 ppm : sext : 2 H : CH,~-CH_.-

1.38 ppm : quint : 2 H : CH,-CH_~CH_-

1.5-1.9 ppm : m ¢ 8 H : cyclopentane

2.2 pfm ¢t t:2H: CH,~CH_-CH_~CH_~-

3.35 ppm ¢: s : 3 H : N-CH,

2 H: N-CH_ -C.H,
4 H : N-CHz-CGH‘-"
CH,-CH, -C.H,~

4.6 ppm : S
7 ppm : AA’, BB’ system :
7.4=7.8 ppm : m : 4 H :

EXAMPLE 28

2-n-Butyl~6~-spirocyclopentane-3-{(2’~(tetrazol-
5-yl)biphenyl-4-yl )methyl ]~4(1H)~5 6-d1hydropyr1m1d1n-
4-one
A) Ethyl cyclopentylideneacetate

6 g of 80% sodium hydride are placed in 40 ml
of benzene, and 57.1 ml- of ethyl triethylphosphono-
acetate are added dropwise at a temberature' below 35°C.
After 1 hour at room temperature, 24.3 ml of cyclo-
pentanone are added dropwise. The mixture is heated at
65°C for 15 minutes and then ‘cooled to room temperature
and the supernatant liquor is decanted. 25 ml of
benzene are added, the nixture is heated at 65°C for 15
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minutes, cooled and decanted and the supernatant liquor
is then recovered. The operation is repeated once.
Evaporation of the liquors gives 42 g of the expected
product, which is distilled. '
" B.p. = 102°C under 11 mm of mercury.
m= 22.8 g.
B) (l1-Aminocyclopentyl) acetam.de
150 ml of gaseous ammonia are added to 20 g of
the ethyl cyclopentylideneacetate prepared previously
and the mixture is heated at 150°C for 72 hours. The
product obtained after evaporation is purified by
chromatography on silica using a DCM/methanol/20%
aqueous ammonia mixture (90/10/1; v/v/v) as the eluent.
The product obtained is dissolved in DCM and the
solution is dried over sodium sulfate. It is filtered
and the DCM is evaporated off to give 7.2 g of the
expected product.
C) 2-n-Butyl-~6-spirocyclopentane-~4(1H)-5,6-dihydropyri-
midin-4-one
) A mixture containing 4.57 g of the (1-am1no-'
cyc10pentyl)acetam1de prepared previously, 25 ml of
methyl orthovalerate and a few drops of acetic acid is
heated at 100°C for 18 hours. After evaporation of the
excess orthovalerate, the residue is taken up in an
ethyl acetate/sodium bicarbonate mixture, then washed
with an aqueous solution of sodium chloride, dried that
' sodium sulfate and then purified by chromato-
graphy on silica using a DCM/methancl mixture (98/2;
v/v) as the eluent.
=5 g.
- NMR spectrum:
0.75 ppm : t : 3 H : CH, (nBu)
1.2 ppm : sext : 2 H : CH,-CH_~-
1.3-1.8 ppm : m : 10 H : CH,~CH_, -CH_, and cyclopentane
2ppm : t : 2 H : CH,~CH_,-CH_~CH_-
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2.15ppm : s : 2 H : CH,-CO

9.95 ppm sb : 1 H: NH _

This compound is the one obtained in Example 10, step

C. ' .
D) 2-n-Butyl-4-spirocyclopentane-1-[(2’-(triphenyl-
methyltetrazol-5-yl)biphenyl-4-yl)methyl Jpyrimidin-6-
one

327 mg of 80% sodium hydride in 30 ml of DMF
are mixed for 30 minutes under nitrogen with 1.5 g of
the pyrimidinone prepared previously, and 5.27 g of 4-
bromomethyl~2’~(triphenylmethyltetrazol-5-yl)biphenyl
are added. After stirring for 4 hours at room tempera-
ture, the solvents are evaporated off and the residue
is taken up in ethyl acetate and water, dried over
sodium sulfate and concentrated. The product obtained
is purified by chromatography on silica using an ethyl
acetate/hexane mixture (3/7; v/v) as the eluent.

m= 3.2 g.

E) .

3 g of the compound obtained in the previous
step are placed in 15 ml of methanol, the mixture is
cooled in a water/ice bath, 2.2 ml of 4 N HCl are added
and the mixture is stirred for 5 hours at room tempera-
ture. After evaporation, the residue is taken up in
ethyl acetate and water, and sodium hydroxide solution
is then added to give a basic pH (pH 11). The mixture

 is left to decant and the aqueous phase is washed with
ethyl ether and toluene and then ether again. This
aqueous phase is brought to pH 5 by the addition of
dilute hydrochloric acid and is then extracted with
ethyl acetate and the extract is dried and concentra-
ted. The product obtained is purified on silica using
a DCM/methanol mixture (95/5; v/v) as the eluent to
give 800 mg of the expected product.
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~ NMR spectrum:
0.85 ppm : t : 3 H : CH, (nBu)
1.30 ppm : sext : 2 H : CH,~-CH,
1.40-1.95 ppm : m : 10 H : cyclopentane and

CH_~CH_-CH_-CH,
2.30ppm ¢ £t : 2 H : CH,~CH_~-CH_ ~CH,
2.55 ppm ¢ s : 2 H : CH,~CO
4.95ppm : s : 2 H : N-CH,-C_H_ -
7.05ppm : m : 4 H : CH,~C_H -

7.55-7.82 ppm : m ¢ 4 H : CH,~-C,H ~C_H, -

EXAMPLE 29 :

2-n-Butyl-3-[ ( 2’~carboxybiphenyl-4-yl)methyl ]~
S-spirocyclopentane-~5(1H)~-5,6~dihydropyrimidin~4-one
trifluorocacetate
A) Ethyl  l1-cyanocyclopentanecarboxylate _

This compound is prepared according to Helv.
Chim. Acta, 1952, 35(7), 2561.

9.2 g of sodium are dissolved in 200 cm*® of
absolute ethanol. Half the solution of sodium ethylate
formed is poured into a funnel.  24.88 g' of ethyl
cyanoacetate are added to the remaining half and the
mixture is brought to the reflux point.

43.19 g of 1,4-dibromobutane are poured into
another funnel and the solution of sodium ethylate and
the 1,4-dibromobutane are simultaneously added dropwise
to the reaction medium. When the addition is complete,
reflux is maintained for 2 hours. The mixture is eva-

- porated and the residue is taken up in an ethyl ether/
water mixture, washed with a saturated solution of
sodium chloride and then dried. The product obtained
distils at 115-120°C under 11 mm of mercury.

m = 24 g. _ .

B) Ethyl l-aminomethylcyclopentanecarboxylate
This compound is prepared by the catalytic
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hydrogenation of ethyl l-cyanocyclopentanecarboxylate.
20 g of ethyl 1-cyanocyclopentanecarboxylate
are placed in 200 ml of a 10% solution of ammonia in
ethanol and hydrogenated at 60°C under a pressure of
100 bar in the presence of rhodium-on-alumina for 72
hours. After filtration on cellite® - . and evapora-
tion, the residue is chromatographed on silica using a
DCM/methanol/20% aqueous ammonia mixture (98/2/0.5;
v/v/v) as the eluent.
m=12.8 g. ' .
C) 2-n-Butyl-S-spirocyclopentane-4(1H)-5,6-dihydropyri-
midin-4-one
A mixture containing 13.12 g of the compound
obtained in the previous step. and 13.5 g of ethyl
valerimidate in 100 ml of xylene containing a few drops
of acetic acid is refluxed for 13 hours. The reaction .
medium is evaporated and the residue is taken up in
ethyi acetate and a 10% solution of sodium carbonate
and then dried and concentrated.
m= 14 g.
M.p. = 89-91°C.
- NMR spectrum: '
0.80 ppm : £t ¢ 3 H : CH, (nBu)
1.10-1.80 ppm : m 3 12 H : CH,~CH,-CH.- and cyclo-
' _ pentane
2.05ppm : £t : 2 H : CH,-CH_-CH_~CH_~
3.20ppm : s : 2 H : CH, (pyrimidinone)
ioppm ¢t 1 H: s.: NH-CO
D) 2-n-Butyl-5-spirocyclopentane-3-{ (2/~tert-butoxy-
carbonylbiphenyl—4-y1)methyl]-4(1H)-5,6—dihydropyrimi-
din-4-one | _ _
. 500 mg of the product obtained in the. previous
step are placed in 40 ml of DMF in the presence of 115
mg of an 80% dispersion of sodium hydride in oil, under
érgon, and stirred at room temperature for half an
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hour. 1.08 g of 4-bromomethyl-2'-tert-butoxycarbonyl-
biphenyl are added and the mixture is stirred for 2
hours. After evaporation, the residue is taken up in
an ethyl acetate/water mixture, washed with a saturated
solution of sodium chloride and then dried, concentra-
ted and chromatographed on silica using an ethyl
acetate/hexane mixture (3/7; v/v) as the eluent.
m = 280 mg. :
E) : _
250 ml of the tert-butyl ester prepared in the
previous step are dissolved in 10 ml of DCM. The solu-
tion is cooled in a bath of iced water, 5 ml of cold
trifluorocacetic acid are then added and the mixture is
stirred for one hour in the cold and then 1 hour at
room temperature. It is evapdrated under reduced pres-
sure. The residue is taken up in ethyl ether and then
evaporated. The operation is repeated 3 times, the
evaporation residue is then taken up in hexane and tri-
turated and the hexéne is then decanted. The product
is taken up in ethyl ether and the precipitéte is fil-
tered off. o
m = 190 mg.
M.p. = 153-~155°C.
- NMR spectrum:
0.85 ppm : t : 3 H : CH, (nBu)
1.35 ppm : sext : 2 H : CH,-CH_,-
1.45-2.20 ppm : m : 10 H : CH,~CH_-CH_~- and cyclo-
pentane

2.80ppm : t : 2 H : CH;-CH,-CH_~CH,-
3.80 ppm : s : 2 H : CH, (pyrimidinone)
5.15 ppm : s : 2 H : N-CH_, -

n

8 H : aromatic

7.25 ppm
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Table 1

H (or R2) Rj
AN

€9

CHz J \&A <i:::3>

(Ex.) R, R, . CRRg salt | M.p. °C

(30) | co | n-c.H, cyclohexsne | TFA | 172-174
! (31) CO,CH, | n-C Hy cyclopentane - 86-87

(32)* | CO.H n-C Hy C(CH,)CgH, TFA 55-60

(33) | COH | n-C.Hg C(CoHg) 2 TFA | 82-84

(34) CO_H n-C,H, cyclopentane | TFA 164 .

(35) | (*%) n-C Hy cyclopentane - 163-164

(36) CO_H Cellg cyclopentane | TFA 178

(37) Co_H n-C Hy cycloheptane | TFA 160-162

(38) COH CH, cyclopentane | TFA 140

(39) COH n-CHy cyclopropane - 204-205

(40) |tetrazol-| -CH,-CH,- cyclopentane - 110

5-yl CH=CH,

(41) |[tetrazol-} n-C,Hy cyclohexane - 130

: 5-yl

(42) |[tetrazol-| n-C,H, cyclohexane - 141

5-yl.
(43) CO_H cyclo- cyclopentane | TFA 82-88
pentyl

(44)- COH n-CgH,, cyclopentane | TFA 151

(45) COH CHZ-C,Hs cyclopeﬁtane TFA 88

(46) CO_H " H cyclopentane - 230

(47) CoH n-C Hg _cyclobutane TFA 178




- 85 - in which Rerr], Rerr] and Rlerr] are as defined for—{t)r—+s
claim1, in the presence of oxygen and UV irradiation and in ﬁEBLééEVIENT SHEET
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(48) | CO,H n-CHy cyclododecane| TFA 130-135
(49) CO,H n-C,Hy ~ 2-adamantane | TFA 164-166
(50) COH n-C Hy 4-phenyl - " TFA 155-157
cyclohexane
(51) COH n-CHy 4-methyl - TFA | 198-200
cyclohexane :
(52) COH n-CHy N-acetyl-4- TFA 90-95
piperidine .
(53) COH C,F, cyclopentane - 141-143
(56)* | COH | n-C,H, ?OCF 3.1 - | 207-209
CH3z \—
(55)% | co,H CLH c‘</_\\cl TFA 105
n- . ,
2 e éH3 :://
'//-\\N co l
(56) CO_H n-C Hy 5 TFA 95-105
N\ gy
_ . <-\ N-CO-CH-NH2 ' {25.135
(57) COH n-C.Hy _/ Ci-Cais TFA -
CH3
(58) CO_H n-CH ' TFA 85-90
2 Ho <—\"°F°
_/ CeHs

** R, = H and R, = COH
* These compounds have an asymmetric carbon and are isolated in
the form of a mixture of optical isomers. :
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Ciaims for the contracting states: AT, BE, CH, bE, DK,
FR, GB, IT, LI, LU, NL, SE

1. A compound of the formula

R4
)—(SHZ):
z(CHz) N

/\ /L RZ " Rl' (1)

Cﬂz .___.< </
in which:

- R, and R, are similar or different and are each inde-
pendently hydrogen or a group selected from a C,-C,
alkyl, a C,-C, alkoxy, an amino, an aminomethyl, a
carboxyl, an alkoxycarbonyl in which the alkoxy is
C,-C,, a cyano, a tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a tr_i.fluoromethylsulfonylamino,
a trifluoromethylsulfonylaminomethyl, an N-cyano-
carbamoyl, an N-hydroxycarbamoyl, an N-(4-carboxy-
1,3-thiazol-2-yl)carbamoyl, a ureido, a 2-cyano-
guanidinocarbonyl, a 2-cyanoguanidinomethyl, an imi-
dazol-1-ylcarbonyl, a 3-cyano-2-methylisothio-
ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen:

- R, is a hydrogen, a C,~-C_, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
c.,-C, alkenyl, a cC,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is c,-c,, a phenyl-
alkenyl in which the alkenyl is Cc_,-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a

hydroxyl or a C,-C, glkoxy;_
) ) A




is treated vm_u]_Lamassgn_s_Leagent [ 2, 4- bi s(4- et hoxy- . o
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- R, and R, are each independently a C,-C, alkyl, a
phenyll a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
~alkyl, a hydroxyl, a C,~-C, alkoxy;

- or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,~C_, alkyl or a phenyl;

= or else R;and Rs bonded together are either a group of the
formula (CH_.),, or a group of the formula (CH,) Y-
(CH,),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R_,, in which R, is a
hydrogen, a C,~-C, alkyl, a phenylalkyl in which the
alkyl is c,-c,, a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,~-C_, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or Ry and Rs, bonded together with the carbon atom to
which they are bonded, form an indane or an adaman-
tane; '

-p+g=

- n is an integer between 2 and 11;

- m is an integer between 2 and S5;

- X is an oxygen atom or sulfur atom;

- z and t are zero or one is zero and the other is one;

and its salts.

2. A compound according to claim 1, characterized in that R, is in the

ortho position and is a carboxyl or tetrazolyl group

and R, is hydrogen.

3. a compound according to any one of claims 1 and

2,characterized in that R, an_d Rs form a cyclopentane

or cyclohexane with the carbon to which they are bonded.
4. A compound according to any one of claims 1 to 3,

) O A




I's then treated under suitable conditions for preparing the gom ol
conversion of the—greups—R{errj—and/or Rerr] to the groups ﬁﬁm:i\@r éf/%%ﬁEET
R2 respecti vel y'rhlwgﬂe&rhaéﬁeeﬁﬁ Efhc possi bl y [crang axEet HASt EEmNE Of I[TS sal};g_si.
] IIIIHIII Sl Rt
- .81 -

characterized in that R3 is a linear C].--C6 alkyl group.

5. A compound according to any one of claims 1 to 4)
characterized in that X is oxygen. '

6. A compound according to any one of claims 1 to 5
characterized in that z = t = (.

7. A compound according to claim 1) characterized in that it is the
2-n-butyl-4-spirocyclopentane~1-( (2'~-(tetrazol-5-yl)biphenyl-4-
yl)methyl)-2-imidazolin-5-one or one of its salts with acids or
bases. |

8. A method of preparing a compound (I) according to
any one of claims 1 to 7, characterized in that:

al) a heterocyclic derivative of the formula

in which z, ¢, R3, Ry and Rs; have the meanings_
indicated._ for (I) in elaim 1, is reacted with a
(biphenyl~-4-yl)methyl derivative of the formula

R'z R'I

wen N

in which Hal is a halogen atom and R’, and R’, are res-
pectively either R, and R, or a precursor group of R,
and R,: | ' _

bl) if appropriate, the thus obtained compound
of the formula '

A I
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R4
Rs-l.(guz)c
2(CH2) N

Ko g e
CH2_</ \__<——\/

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2,4~-diphosphetane 2,4-disulfide]:

cl) the compound obtained in al) or bi) , Oof the

foi'mula
R
Rs,L(GHa)e
z(jiz)ll"‘-
R3 sz R'l
x/ N/ 2
S

in which X is an oxygen atom or a sulfur atom, is
treated to prepare the compound (I) by conversion of the
groups R’, and/or R‘, to the groups R, and/or R,
respectively, which is then possibly converted into

one of its salts.
9. A method of preparing a compound (I) according to

any one of claims 1 to 7, characterized in that
a2) an amino acid of the formula

Re 7 (Cffz):f,\'apr

' 1 L
RSI/Z?HZJz."
COOH

* 4 L M S *



in which X is—amoxygen atomor a sulfur atomand Rlerr] is REPLACEM'*'NT%HEET

hydrogen, a CgiyshectimBedn Reblaged whi ch i b RS -

substituted by ogen atong; a %ﬁﬂi}-ﬁ:ﬁ;rr] e .

al kenyl, a Jer !1 ] al kyl, a M kyl{ip 22 UGEC 1997
whi ch the al kyl err], a-plasny al kenyl in which |

the alkenyl is (Jerr]-(err], saii d phenyl groups being unsub} stituted or
nonosubstituted or pol ysubstituted by a hal ogen ktaom a

C[err]-C[errlnalegél a C[err] C err] hal ogenoal kyl, a

and Rs have the meanings indicated
for (I) in cla:un 1, and of which the amine group is
protected by the Pr group, is reacted with a
(biphenyl-4-yl)methyl-amine derivative of the formula

in which R’, and R’, are respectively either R, and R,
or a precursor group of R, and R,;

b2) after deprotection of the amine, the thus
obtained compound of the formula

Rs N 9
/C- (CHz)z-C NH- CHz >__
Rs (CH2)¢-NH2

is then treated with an alkyl ortho-esteér of the .
formula RsC(OR)s (10), in which R; has the meaning
indicated for (I) in claim 1 and R is a C;-C; alkyl;

c2) if appropr:.ate, the thus obtained compound
of the formula

Rs .
RSL—(CHz)t

is treated with Lawesson's reagent [2,4-b'is(4-methoxy-

* C L M S *



Clerr] - err]—polyhalegeneatkyts a hydroxyl or_a (err]-d er ] RERUASEMENT SHEET

with the provi.go leg Ot her thpmHE $HEEMVHAORS t-trat

IS substitut edFlsln Srh!%? S!ﬂe&rl{elﬂa&iﬁ; k&mﬁﬁzmnp%i\md dcd o;zd' ngeL£0ag7

claim 11, chara . mlwmr : t hat, 1n formota~tt" , [ X]i xygen

and Rlerr] is n g 1 +n84hat it is the )

2-n-butyl -4-spirocycl opent ane- 2- ;- I m dazol i n- 5- ong.

13. 2-n-Butyl -4-spirocycl opent ane-2-in dazolin-5-one -

hydr ochl ori de. .14, . A conpound of the formula .
phenyl)-1,3-dithia-2,4~-diphosphetane 2,4-disulfide];

and

d2) the compound thus obtained in b2 or c2, of
the formula

Rs;—-(gﬁz):

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R’, and/or
R'; to the groups R; and/or R, respectively which is
then possibly converted into one of its salts.
10. A method of preparing a compound (I) accordihg to
claim 6, characterized in that

a3) a (biphenyl-4~-yl)methyl derivative of the
formula

R'2 R"1

. ]
Hal-CHo A

in which Hal is a halogen atom and R’, and R’, are res-
pectively either R, and R, or a precursor group of R,
and R,, is reacted with an imidazole derivative of the

formula
R4 .
i I‘f 1
Rs lf/klh | .
i .

* c L M H *
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i n which: - Rerr] is a hy er@MCEMENT SHEET

C[err]—-—e[—eHL]——'a-I—ky'l‘Wm‘C‘ﬁ is unsubsti - tuted or S

one or
2 i

a phenyl, fta REPLACED phEn | Iky
\“ﬂ“ﬂlm rr] a phenyl =

THIS SuERT BhSBEEN Rl Kenyla @EL : 1397,

in which R,, R, and R, are as defined for (I) in claim
1, in the presence of oxygen and UV irradiation and in

a basic medium;
b3) if appropriate, the thus ocbtained compound

of the formula

Ry :
RS N |
o//l\w I %5 lli'z R}
P T YL 4’
CH2 / \ / \\

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-

phenyl)-1,3-dithia-2,4~diphosphetane  2,4-disulfide];
and
c3) the compound thus obtained in b3 or c3, of

the formula

R4
R 5\ N

l!_123 R 2 R';

ca,__< D . =

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R', and/or

R'; to the groups R, and/or R; respectively, ‘which is
then possibly converted into one of its salts.
11. A compound of the formula

* (4 L ] S *



al kenyl
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in which the al kenyl is CJerr]-Jerr], sai d-phenyl HEPLACEMEMT

. SHEET

—groups—being—unsubsti tuted or _WMTH thetituted o pgl Bttt
by a hal ofg ghe%h?a%eé’ﬁk lggeﬁ] C[err] al kyl I§ REPLACED 2 2 Utb bg?

i -

| gy (11)

in which: _
- R, is a hydrogen, a C,-C, alkyl which is unsubsti-

tuted or substituted by one or more halogen atoms, a
c,~C, alkenyl, a C,-C, cycloalkyl, a phenyl ,' a
phenylalkyl in which the alkyl is C,-C,, a phenyl-
alkenyl in which the alkenyl' is c,-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,~-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a

hydroxyl or a Ci-C, alkoxy; R and Rs are -

each independently a C;-Cs alkyl, a phenyl, a
phenylalkyl in which the alkyl is C,;-C;,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,~C, perfluoro-
alkyl, a hydroxyl a C,~-C, alkoxy;

or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,~-C, alkyl or a
phenyl and R, is a C,-C, alkyl or a phenyl;

or else R, and R, together are either a group of the
formula (CH ) or a group of the formula (CH, ) Y-
(CH,),, in wh:.ch Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,_-_'c,", ‘or a group NéR,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is C,_-(':'3 , a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl; a.C,-C, polyhalogencalkylcarbonyl,

* [ L M S *




] 1LY Lmivileigd) whilL i |
derr]- C[e'rhﬁShm ¢, a derr]- C[nrrl pol.yhal ogenoal kyl ,
hydr oxyl err] aI koxy; |FIH8 SHEERRA SR ] fr¢ @ %;éﬁ‘ 1997
|ndependent err] alkyl, a henyIREPa,ACEphenyI I Kyl in which
the al kyl i r err , sai d aI kyl , _ghenyl and—phenyl al kyl groups
bei ng unsubstltut ed or substituted by o?r or nore hal ogen lL.atons—or by .3

group sel ected ar denedyls r anC] arlphap-amﬂ]mcyl oxl ken, N-pyeteqting aJ
Clerr]-Clerr] ; ,]orRR[gﬁv%]Ran 51-_1& rt E?hEﬁefEEEbéngéﬁéﬁ 8b the
'S r

formula =CR[e err ogen e err]
al kyl or a plﬂlhwhahl!em[ are] honde ef‘r’l}'mCPBr ﬂP@ﬂ@yl"’bg‘A B @%T‘" or
el se Rlerr] andeff&sr] bonded together are either a group of the

-p+q=m; |

- n is an integer between 2 and 11:;

- m is an integer between 2 and 5;

- X is an oxygen atom or sulfur atom;

- z and t are zero or one is zero and the other is one;
with the limitation that

A/ if z and t are zero and X is oxygen:

1) R, and Rs are other than a C;-C¢ alkyl, a phenyl, a
phenylalkyl in which the alkyl is C;-C;, said alkyl,
phenyl and phenylalkyl groups being unsubstituted or
substituted by one or more halogen atoms or by a
group .selected from a C;-C perfluorocalkyl, a
hydroxyl, a C;-C; alkoxy; or

2) Ry and Rs bonded together are other than a group N-R¢
in wh:r.ch Rs is a hydrogen a C;-C; alkyl, a phenylalkyl
in which the alkyl is C;-C3; or :

3) R4 and Rg together are different from the group
=CR7Rg when R3 is a hydrogen, a phenyl, a
methylphenyl or a benzyl; :

4) n is different from 6; or else

5) R4 and Rs bonded together are  other than a group

(CH2)n in which n is comprised between 3 and 5, when
R3 is a substituted phenyl group:;

B/ when z = 1 and R3 is a phenyl, R4 and Rg are each
- other than a methyl;

C/ when z and t are zero and X is sulphur:

1) Ry and Rs are other than a phenyl when R3 is a
methyl, a phenyl, a chlorophenyl, a methoxyphenyl or
a methylphenyl, or

2) Ry and Rs are other than a Cl-C3 alkyl when R3 is a
methyl or a phenyl; or =

3) R4 and Rs are other: than ‘a’ methoxyphenyl or
chlorophenyl when R3 is phenyl; or

4) R4 and Rg are other than' a chlorophenyl when R3 is a

methyl.
[HHI IIIIII || IIIII || |III
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formul a A (CH err L lentl of eH%L SRk h&m a group of th _ | { erpeF
(CH err] Y is either an]jo b a %%ZWﬁtw% off
a carbon ed by a (ferr]- ] aTarathi B ;

phenylalk alkyl is (JeLrgg (Ierr] “or a gr gup—-Rer+i—i
which Rerr] is a hydrogen a (Jerr]- C[err] aIkyI a phe yIaIkyI i n which

(D

Q)

t he alkyl is (Jerr]-Cerr], a Jerr]-(err] alkylcarbony
Jerr]-derr] 123l & conpound ledcording Ito =@ 11 Gterthe formula

pol yhal ogenoal kyl car bonyl , a benzoyl, an al pha-am noacyl or an
N- protecting group, or R[err] and/R[srr], bonded together with the carbon
atomto  which they aré bonded, f i ndane or an adanan- t ane;

N (II')

in which X is an oxygen atom or a sulfur atom and R, 1S

a hydrogen, a C,-C, alkyl which is unsubstituted or
substituted by one or more halogen atoms; a C_,-C.
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in
which the alkyl is C;-Ci, a phenylalkenyl in which
the alkenyl is C_-C,, said phenyl groups being unsub—
stituted or monosubstituted or polysubstituted by a
halogen atom, a C,-C, alkyl, a C,-C, halogenocalkyl, a
C,-C, polyhalogenoalkyl, a hydroxyl or a C,~-C, alkoxy;
with the proviso that R; is other than a phenyl group
that is substituted when X is oxygen.

13. A compound according to claim 12, characterized in
that, in formula II', X is oxygen and R3 is n-butyl and
in that it is the 2-n-butyl-4-spirocyclopentane-2-
imidazolin-5~one.

14. 2—n—Buty1-4—splrocyclopentane—z zmidazolln-s-one

hydrochloride.
15. A compound according to claim 11 of the formula
. R |
Rs |N - '
' R (IT'")
AN

I
H

in which R3, R, Rs and X have the meanlngs given above
for (II) in cla;m 11.

16. A compound according to claim 11 of the formula
R4 Rs

N (IIII')
lLR3

/

___————‘—_————— .
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R, is a hydrogen, a C,-C, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
c,-C, alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is c,-C,, a phenyl-
alkenyl in which the alkenyl is C_,-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,~C, alkyl, a
c,-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C,-C, alkoxy: -

R, and R, are each independently a C,-C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is c,-c,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl, a C,-C, alkoxy: .

or R, and R, together form a group of the formula

=CR,R,, in which R, is hydrogen, a C,-C_, alkyl or a

phenyl and R, is a C,-C, alkyl or a phenyl;

or R, and R, together are either a group of the
formula (CH,),, or a group of the formula (CH,)_ Y-
(CH.),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is Cc,-C,, or a group N-R,, in which R, is a

hydrogen, a C,-C, alkyl, a phenylalkyl in which the

alkyl is ¢,-C,, a C,-C_, alkylcarbonyl, a C,-C, halo-
genoalkylcarbon?l, ac,-C, polyhalogenoaikylcarbonyl,
a benzoyl, an alpha-aminoacyl or an N-protecting
group, or R, and Ry, together with the carbon atom to

- which they are bonded, form an indane or an adaman-

tane;

p+qg=m

n is an integer between 2 and 11;

m is an integer between 2 and S5; and

X is an oxygen atom or a sulfur atonm;

with the limitation that R, is other than a phenyl if
R, and R, are each a methyl.

17. A method of propa:ing a compound according to any
one of claims 11 to 16, characterized in that a

compound of the formula

R,-B 14

UL
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Is a hydrogen err al kyl whi UW%S@%E% ted or
substi t ut ed aI ogen at ons Clerr]] Al zen)ﬁi:{,

Cerr]- C[err] phenyl a phenyl al kyI in ich_the al kyI
is Clerr]- C[e alke_n-ylgon-v\hrchthe al kentyl is

rﬁE"LACﬁtf ENT SHEE e

Cerr]-Cerr], sai d phenyl gro’ups being unsubstituted
monosubstituted or S

in which R; has the definition :.nd:.cated in cla.:.ms 11
to 14 and B is
= a group C(OR),
y; H
- a group c\ § or
OR
- a group COHal -
R being a C,-C_, alkyl and Hal denoting a halogen atom,

preferably chlorine, is reacted with a compound of the
formula

R4 (Ci2)2C04
Rs (CHZ)cNHZ
in which R; and R; are as defined above for (II) in
claim 11, A is an OH group, an NH; group or a group
OR', R' being hydrogen or a C;-C¢ alkyl,
and then if appropriate, "the thus obtained compound is
treated with Lawesson’s reagent (2,4-bis(4-methoxy -
Phenyl)-1,3-dithia~-2,4-diphosphetane disulfide).
18. A pharmaceutical composition containing a compound
according to any one of claims 1 to 7 as.the active
principle. | '
19. A pharmaceutical compos:.t:.on conta:.n:.ng a compound
according to any one of claims 1 to 7 in association
with a beta-blocking compound. _
20. A pharmaceutical composition containing a compound .
according to any one of claims 1 to 7 in association
with a diuretic.
21. A pharmaceutical compoéition containing a compound
according to any one of claims 1 to 7 in association
with a non-steroidal anti-inflammatory. )
22, 'A_ pharmaceutical composition containing a compound
according to any one of claims 1 to 7 in association
" with a calcium antagonist.
23. A pharmaceutical composition containing a compound
according to any one of claims 1 to 7 in associati.bn_
with a tranquilizer. |

| A ll.lslll U]
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polsysubsti t ut gy @;Eﬁ ogen atom a {J
~Cerr]-Cerr] “hal ogenbad kyl , a C[err] err:l ﬁg{ﬂdgﬁ g(ra oal X@EMENT SHEET
nhnnvl ar p enylalkyl i n which

hydroxyl or a Clerr]-Clerr] alkoxy;
;|ndependently a derr]-err] alkyl,
the alkyl is (Jerr]-Cerr], said a phenyl and phenyl al kyl groups
ogen atons or by
rfluoro- al kyl , a hydroxyl, a

bei ng unsubstituted or substituted
a group selected froma Cerr]-Clerr]~
Cerr]-Clerr] alkoxy; -or Rerr] and R err] together forma group of t he
formila  =ORer il et figen hEvehBEFdLe bRt vhr sy HiRorerARE A ) - CLer 1]
al kyl or a ph yl;

' _ COMPOSITIONS CONTAINING THEM :

The present invention relates to N-substituted
heterocyclic derivatives, to their preparation and to
the pharmaceutical ~compositions in which they are
present. -

The compounds according to the invention anta-
gonize the action of angiotensin II, which is a peptide
hormone of the formula _

H-Asp-Arg-Val-Tyr-Ile-His-Pro-Phe-OH

Angiotensin II is a potent vasopressor and the
bJ.ologJ.cally active product of the renin-angiotensin
system: renin acts on the angiotensinogen of the plasma
to produce angiotensin I, which is converted to angio-
tensin II by the action of the angiotensin I converting
enzyme. :

pe

kyl,

.The compounds of the present invention are non-
peptide compounds which antagonize angiotensin II. By
inhibiting the action of angiotensin II on its recep-
tors, the cbmpounds according to the invention prevent
especially the increase in blood pressure produced by
the hormone-receptor interaction; they also have other
physiological actions on the central nervous system.

Thus the compounds according to the invention
are useful in the treatment of cardiovascular com-
plaints such as hypertension and heart failuré, as well
as in the treatment of complaints of the central ner-
vous system and in the treatment of glaucoma and dia-
betic retinopathy. '

The present invention relates to compounds of
the formula '
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REPLACEMENT SHEET

together w t@jafgscarbon atomto whi ch they are bonded, form an indane or

an adanan-

~ hydroxyl or a C,-C_, alkoxy:

1. A compound of the formula

FA
R%;—-(gﬂz):
z(CH2) N

| fl
7N\ //—33 fz ?1 (1)

X N
ciiz _</_'—\\_/ A

in which: :
- R, and R, are similar or different and are each inde-

pendently hydrogen or a group selected from a C,~Cg
alkyl, a C,-C, alkoxy, an amino, an aminomethyl, a
carboxyl, an alkoxycarbonyl in which the alkoxy is
C,-C,, a cyano, a tetrazolyl, a methyltetrazolyl, a
methylsulfonylamino, a 'trifluoromethylsqlfonylamino,
a trifluoromethylsulfonylaminomethyl, an N-cyano-
carbamoyl, an N-hydroxycarbamoyl, an N-(4-carboxy-
1,3-thiazol-2~yl)carbamoyl, a ureido, a 2-cyano-
guanidinocarbonyl, a 2-cyanoguanidinomethy1, an imi-
dazol-l-ylcarbonyl, a 3-cyano-2-metpylisothio—
ureidomethyl, with the proviso that at least one of
the substituents R, or R, is other than hydrogen;

R, is a hydrogen, a C,-C_, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
c.-C, alkenyl, a C,-C, cycloalkyi, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, a phenyl-
alkenyl in which the alkenyl is C_,-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,~-C, alkyl, a
C,-C, halogenocalkyl, a C,-C, polyhalogenocalkyl, a

NN
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tape; - p+gq=m - nis an integer bet REPLQCEMgNll n{is an integer
u
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- R, and R, are each independently a C,-C, alkyl, a
phenyll a phenylalkyl in which the alkyl is C,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,-C, perfluoro-
alkyl, a hydroxyl, a C,~C_, alkoxy:

- or R, and R, together form a group of the formula
=CR_R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,~-C, alkyl or a phenyl; '

- or else R;and R; bonded together are either a group of the

formula (CH,), or a group of the formula (CH,)_¥-

(CH,)., in which Y is either an oxygen atom, or a

sulfur atom, or a carbon atom substituted by a C,-C,

alkyl group, a phenyl or a phenylalkyl in which the

alkyl is c,-Cc,, or a group N-R,, in which R, is a

hydrogen, a C,-C_, alkyl, a phenylalkyl in which the

alkyl is ¢,-c,, a ¢,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,-C, polyhalogenoalkylcarbonyl,

a benzoyl, an alpha-aminoacyl or an N-protecting

group, or &'énd Rs, bonded together with the carbon atom to

which they are bonded, form an indane or an adaman-
tane:;

P+qg=mn;

n is an integer between 2 and 11;

- m is an integer between 2 and 5;
X
z

is an oxygen atom or sulfur atom;
- and t are zero or one is zero and the other is one;

and its salts.

2. A compound according to claim l, characcerized in that Rl is in the
ortho position and is a carboxyl or tetrazolyl group

and R, is hydrogen.

3. A compound according to any one of claims 1 and
2,characterized in that R; and Rs form a cyclopentane

or cyclohexane with the carbon to which they are bonded.

4. A compound according to any one of claims 1 to 3,

I
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characterized in that 33 is a linear Cl--C6 alky; group.

5. A compound according to any one of claims 1 to 4)
characterized in that X is oxygen.

6. A compound according to any one of claims 1 ‘to 5,
characterized in that z = t = 0.

7. A compound accordlng to claim 1 characterized in that it is the
2-n-buty1-4-spirocyclopentane-1 -( (2'-(tetrazol—S-yl)bzphenyl-a-
yl)methyl)-2-imidazolin-5-one or one of its salts with acids or
bases.

8. A method of preparing a compound (I) according to
any one of claims 1 to 7, characterized in that:
al) a heterocyclic derivative of the formula

in which 2z, t, Rs3, R¢ and Rs have the meanings
indicated for (I) in claim 1, is reacted with a
(biphenyl-4—y1)methyl derivative of the formula

-

2 F'1
\ 77\
\__/ __/

:

Hal-Ci

in which Hal is a halogen atom and R’, and R’, are res-
pectively either R, and R, or a precursor group of R,
and R,/

bl) if appropriate, the thus obtained compound
of the formula

|G van
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in which Rlerr] has the definition indijcag®en er=RS-11] t O an IS
- a group C(OR)[err] r?aa REPEAGEMENT SHEET
"CHal "R being a CJerr]-Cerr] alkyl anc denotl a thgdl ogen at om _
preferably chlorine; is reacted with a "'u- 0 e~ f qr nul a
- 82 =
R4
I
RS/——-(SHZ)t
z(CH2) N
‘LR ' [
A 3R R') 4
o7 N/ |

1 i ‘ —'L'\
CHZ —_// \_ // I \

\__/ \—/
is treated with Lawesson’'s reagent [2,4-bis(4~-methoxy-
phenyl)-l,a-dithia-z,4-diphosphetane 2,4-disulfide];

cl) the compound obtained in al) or bl), of the
formula

Ry
Rs.L_
57 (Qﬁz):
z(CH2) N

~R3 Ry R"
}\N/ , 5

b TV M
f‘\__/

in which X is an oxygen atom or a sulfur atom, is
treated to prepare the compound (I) by conversion of the

groups R’, and/or R’, to the groups R, and/or R,

respectively, which is then pPossibly converted into
one of its salts.

9. A method of preparing a compound ( I)' according to
any one of claims 1 to 7, characterized in that

a2) an amino acid of the formula

R4 N . s (CH2) ¢ ~NHPr

i
Rs’/ZCHz)z
N
COOH
/.

NAL 0



[err] in which Rlerr] and Rlerr] are atsREinﬁﬁOﬁ&ftEﬁﬁbﬁkﬁéﬂc (reey, (e
and (111"") claims 11, 14 and 15, A is an GH-gretp;—an—NH ¢rREPLNCEMENIIS
‘group*OR, R being hydrogen or a (err]- C[er,,r}abkgl oﬁarhd then if

appropri ate t he thus obtai ned conpound i{s |t r-edted w f)?] avesson's reagent
(2, 4- bi s(4- met hoxy- phenyl) -1, 3-dithia- 2, 4-d1~phosp+retane dijsulfide). 17. A
phar maceuti cal conposition cont aining a corrpound

- 83 =

in which z, t, R; and Rs have the meanings indicated
for (I) in claim 1, and of which the amine group is
protected by the Pr group, is reacted with a
(biphenyl-4-yl)methyl-amine derivative of the formula

in which R’, and R’_, are respectively either R, and R,
or a precursor group of R, and R,; '

b2) after deprotection of the amine, the thus
obtained compound of the formula

' l

R4

N

,/C- (CHg)--C NH-CH2z }-—-—-
R5 (CH2)e-NH2

is then treated with an alkyl ortho-ester of the
formula R,C(OR); (10), in which Rs; has the meaning
indicated for (I) in claim 1 and R is a C;-C, alkyl;

c2) if appropriate, the thus obtained compound
of the formula

R4
Rs,Lcchade
z(CH2) N

K re
"

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-

* c L L] S *
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O'UDQUWCa!QSB”
| ocki ng conp

corpoun

according to any one of claim 1 to 7
phar maceuti cal conposition containing

purjd
phar maceuti cal conposition containing
claims 1 to 7 in association with a di
conposition containing a conpound according to any one
association with a non-steroidal anti-inflanmatory.

18. A

I 1o mpmasmem SHEET

|rg to any one of
c- 20. A pharraceutica
claims 1 to 7 in

phenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide]’
and .
d2) the compound thus obtained in b2 or c2, of
the formula

’ (CP‘)):
z(CHo) h

| _
4;\\ //i_R3 R'2
Ny
CHY e ,

is then treated under suitable conditions for preparing
the compound (1) by conversion of the groups R, and/or
R'; to the groups R; and/or R; respectively which is
then possibly converted into one of its salts.
10. A method of preparing a compound (I) according to
claim 6, characterized in that

a3) a (biphenyl-4-yl)methyl derivative of the
formula

-~
N

]
-

3
Hal-CH2 \ > :

in which Hal is a halogen atom and R’, and R’, are res-
pectively either R, and R, or a precursor group of R,

T

and R,, is reacted with an imidazole derivative of the
formula

| | 11
Rs/q/\ R3

1
H IlllllllI"Illlllll"lllllllll
* € L M s *
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21. A pharmaceutical conposition
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in which R,, R, and R, are as defined for (I) in claim
1, in the presence of oxygen and UV irradiation and in
a basic medium;

b3) if appropriate,
of the formula

the thus obtained compound

is treated with Lawesson’s reagent [2,4-bis(4-methoxy-
phenyl)-1,3-dithia-2, 4~diphosphetane 2,4~disulfide];

and
c3) the compound thus obtained in b3 or c3, of

the formula

Ry
RS\l N
“ R * ]
~R3 R'2 R'1
N\ |
) S

I ’
&Hz }-T_“ ”’i‘“ o

=/ =/

is then treated under suitable conditions for preparing
the compound (I) by conversion of the groups R’', and/or
R'; to the grou?s R; and/or R; respectively, which is
then possibly converted into one of its salts.

*x ¢ L M § x
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1. A compound according to claim 10 of the formula
i (19
3
4
Ny
"

in which X is an oxygen atom or a sulfur atom and R, 1S
a hydrogen, a C,~C, alkyl which is unsubstituted or
substituted by one or more halogen atoms; a C_-C,
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in
which the alkyl is C:~Ca, a phenylalkenyl in which
the alkenyl is C_-C,, said phenyl groups being unsub-
stituted or monosubstituted or polysubstituted by a
halogen atom, a C,~C, alkyl, a C,-C, halogenoalkyl, a
C,-C, polyhalogenoalkyl, a hydroxyl or a C,~C, alkoxy;

with the proviso that R; is other than a phenyl group
that is substituted when X is oxygen.

12. A compound according to claim 11, characterized in
that, in formula II', X is oxygen and R3 is n-butyl and
in that it is the 2-n-butyl-4-spirocyclopentane-2-
imidazolin-5-one.

13. 2-n-Butyl- 4-sp;rocyclopentane-z-.uu:.dazolzn-s-one

hydrochloride.
14. A compound according to cla:un 10 of the formula

Ra

Rg }‘(

ILr : (II")
3
4
X N/_

{
H

in which R;, R, Rs and X have the meanings given above

for (II) in claim 10.
15. A compound according to claim 10 of the formula
R4 Rs

(II**")

)\ /"'R’

- l
* c L ] S *
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in which:

cet Has Been Replaced REPLACEMENT SHEET

tuted or substituted by one or more halogen atoms, a
c,-C, alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is C,-C,, a phenyl-
alkenyl in which the alkenyl is C_-C,, said phenyl
groups being unsubstituted or monosubstituted or
polysubstituted by a halogen atom, a C,-C, alkyl, a
C,-C, halogenoalkyl, a ¢,-C, polyhalogenocalkyl, a
hydroxyl or a C,-C_, alkoxy:

R, and R, are each independently a C,-C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is c,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C,~C_, perfluoro-
alkyl, a hydroxyl, a C,-C, alkoxy: :

or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,~-C_ alkyl or a phenyl;

or R, and R, together are either a grohp of the
formula (CH;), or a group of the formula (CH,) Y-
(CH_),, in which Y is either an oxygen atdm, or a
sulfur atom, or a carbon atom substituted by a C,-C,
alkyl gfoup, a phenyl or a phenylalkyl in which the

alkyl is ¢,~C,, or a group N-R,, in which R, is a

hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is ¢,-c,, a C,-C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,-C_, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha4aminoacyl or an N-protecting
group, or R, and R,, together with the carbon atom to
which they are bdnded, form an indane or an adaman-
tane; ’

Pp+qg=m

n is an integer between 2 and 11;

m is an integer between 2 and.5; and

X is an oxygen atom or a sulfur atom;

with the limitation that R, is other than a phenyl if
R, and R, are each a methyl.

16. A method of preparing a compound according to any
one of claims 10 to 15, characterized in that a
compound of the formula

R,-B

* 4 L M S *
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- R, is a hydrogen, a C,-C, alkyl which is unsubsti-
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in which R; has the definition indicated in claims 10
to 13 and B is
= a group C(OR),
NH
7
- a group C or
- N
' OR
- a group COHal

R being a C,-C_, alkyl and Hal denoting a halogen atom,

preferably chlorine, is reacted with a compound of the

formula

R4 (CH2)C0A
i3

Rs (CH2)£NH2
in which R, and Rs are as defined above for (II) in
claim 10, A is an OE group, an NH; group Oor a group
OR', R' being hydrogen or a C;-C, alkyl,
and then if appropriate, ‘the thus cbtained compound is
treated with Lawesson’s ‘reagent (2,4-bis(4-methoxy ~
phenyl)-1,3-dithia-2,4-diphosphetane disulfide).

17. A pharmaceutical composition containing a compound

according to any one of claims 1 to 7 as the active
principle.

18. A pharmaceutical compoéition containing a compound

according to any one of claims 1 to 7 in association
with a beta-blocking compound.

;EL A pharmaceutical composition containing a compound
according to any one of claims 1 to 7 in association
with a diuretic. ) _

20. A pharmaceutical composition containing a compound
=::Zording to any one of claims 1 to 7 in association
with a non-steroidal anti-inflammatory.

_21. A pharmaceutical composition containing a compound
according to any one of claims 1 to 7 in association
with a calcium antagonist. :
_22. A pharﬁaceutical composition containing a compound

according to any one of claims 1 to 7 in association

with a tranquilizer.
* [ L M S *
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N-SUBITUTED HETEROCYCLE DERIVATIVES, THEIR PREPARATION,
COMPOSITIONS CONTAINING THEM

ABSTRACT OF DISCLOSURE

The invention relates to N-substitued heterocyclic
derivatives, their preparation and the pharmaceutical
compositions containing them.

The compounds according to the invention are non-
~ peptide compounds, antagonists of angiotensine II and as
such, are wuseful in the treatment of cardiovascular
diseases,. <central nervous. system, glaucoma and -diabetic
retinopai;hy:'.,. SERERUERE RS ..

heet Has Been Replaced
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11. A compound of the formula :

N
T
W

in which X is an oxygen atom or a Su
a hydrogen, a C,-C, alkyl which is unsubstituted or

substituted by one or more halogen atoms; a C_-C,
alkenyl, a C,-C, cycloalkyl, a phenyl, a phenylalkyl in
which the alkyl is C;-Cj;, a phenylalkenyl in which
the alkenyl is C_,-C,, said phenyl groups being unsub-
stituted or monosubstituted or polysubstituted by a
halogen atom, a C,-C, alkyl, a C,-C, halogenoalkyl, a
C,~C, polyhalogenoalkyl, a hydroxyl or a C,-C_ alkoxy;

with the proviso that R; is other than a phenyl ‘group

that is substituted when X is oxygen. _
12. A compound according to claim 11, characterized in

that, in formula II', X is oxygen and R3 is n-butyl and
in that it is the 2-n-butyl-4-spirocyclopentane-2-
imidazolin-5-one. T '

13. 2-n-Butyl-4-spirocyclopentane-2-imidazolin-5-one
hydrochloride. i

14. A compound of the formula

(II')

1fur atom and R, is

Ra

stT o _

' (III!)

/KN/' " o
] .

’

¢
=

-

in which: , _

- R; is a hydrogen, a c;-c, alkyl which is unsubsti-
tuted or substituted by one or more halogen atoms, a
Cc,~C, alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is ¢,-C_, a phenyl-
alkenyl in which the alkenyl is c_,-c,, said phenyl

R
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groups being unsubstituted or monosubstituted oOr
polysubstituted by a halogen atom, a C,-C, alkyl, a
c,-C, halogenoalkyl, a C,-C, polyhalogenoalkyl, a
hydroxyl or a C;-C, alkoxy; Ry and Rs are
each independently a C;-C¢ alkyl, a phenyl, a
phenylalkyl -in which the alkyl is C;-C;,

said  alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen

atoms or by a group selected from a C,-C, perfluoro-
-alkyl, a hydroxyl, a C,-C, alkoxy:;

or R, and R, together form a group of the formula
=CR,R,, in which R, is hydrogen, a C,-C, alkyl or a
phenyl and R, is a C,~C, alkyl or a phenyl:;

- or else R, and R, bonded together are either a group of the

formula (CH_,), or a group of the formula (CH.)_ Y-
(CH.),, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,~-C,
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C.-C,, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
aikyl is ¢,-Cc,, a C,~C, alkylcarbonyl, a C,-C, halo-
genoalkylcarbonyl, a C,~C, polyhalogenoalkylcarbonyl,
a benzoyl, an alpha-anxnoacyl or an N-protecting
group, or R, and R,, bonded uzxaimz'wzth the carbon atom to
which they are bonded, form an indane or an adaman~
tane;

P+q=

n is an integer between 2 and 11:;

m is an integer between 2 and 5;

X is an oxygen atom or sulfur atom.

15 A compound of the formula

Ry Rs ~

TIRY
N (II_ )

e —

#

X

* C L M s x
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in whieh: _

- R, is a hydrogen, a C,-C, alkyl which is unsubsti-
tuted or substituted by one or more halcgen atoms, 3
c,-C, alkenyl, a C,-C, cycloalkyl, a phenyl, a
phenylalkyl in which the alkyl is ¢,-C,, a phenyl-
alkenyl in which the alkenyl is C,-C,, said phenyl
groups being unsubstituted or monosubstituted or
poelysubstituted by a halogen atom, a C,~C, alkyl, a
C,-C, halogencalkyl, a C,-C, polyhalogencalkyl, a
hydroxyl or a C,-C, alkoxy:

- R, and R, are each independently a C,-C, alkyl, a
phenyl or a phenylalkyl in which the alkyl is ¢,-C,,
said alkyl, phenyl and phenylalkyl groups being
unsubstituted or substituted by one or more halogen
atoms or by a group selected from a C -C, perfluoro-
alkyl, a hydroxyl, a C,-C, alkoxy:

- or R, and R, together form a group of the formula
=CR_R,, in which R, is hydrogen, a C,~C_, alkyl or a
phenyl and R, is a C,-C_, alkyl or a phenyl:

- or R, and R_, together are either a group of the
formula (CH_),, or a group of the formula (CH,) Y-
(CH.)g, in which Y is either an oxygen atom, or a
sulfur atom, or a carbon atom substituted by a C,-C,_
alkyl group, a phenyl or a phenylalkyl in which the
alkyl is C,-C,, or a group N-R,, in which R, is a
hydrogen, a C,-C, alkyl, a phenylalkyl in which the
alkyl is ¢,-c,, a C,-C, alkylcarbonyl, a C,-C, halo-
gendalkylcarbonyl, ac,-C, polyhalogenoalk?lcarbonyl,

_a benzoyl, an alpha-aminoacyl or an N-protecting

~group, or R, and R,, bonded together with the carbon atom to

" which they are bonded, form an indane ur an adaman-
tane;

- P+ Qq=m; _

n is an integer between 2 and 11;

m is an integer'betwe_en 2 and 5; and

X is an oxygen atom or a sulfur atom:

with the limitation that R, is other than a phenyl if

A
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16. A method of Preparing a compound according to | any

cne of -<laims 11to 15 charactarized ia .that a
compound of the formula
: R,~-B 14

in which R; has the definition indicatad in claims .]_.l :
o 15 and B is B
- a qroui: C(OR),
2
= agroup C Qr
\OR
= a group COHal _
R being a C,=C, alkyl and Hal denoting a halogen atom,

preferably chlorine, is reacted with a compound of the
formula -

'Rq - (CHz),C04
_ i3
Rs™ - (CHz)eNH;
in which R, and R are as defined above for (II'), (I*) and

(") claims 11, 14 and 15, A is an OH group, an NH, group or

a group OR’, R’ being hydrogen or a C,-C ,alkyl,

and then if appiop:iatn, ‘the thus obtained compound is
treated with Lawesson's -réagent (2,4-bis(4-nethoxy -
Phenyl)-1,3-dithia-2,4~diphosphetane disulfide).
17. A pharmaceutical composition containing a compound
according to any one of claims 1 to 7 as the active
principle. _ \
18. A .pharmaceutical composition containing a compound
;co:ding to any one of claims 1 to 7 in association
“with a beta-blocking compound. .

19. a ﬁhamaceutical compesition containing a compound
according to any one of claims 1 to 7 in association
with a diuretic. '

20. A pharmaceutical composition containing a compound
-;.-c-;.o:ding to any one of claims 1 to 7 in associatiou
with a non-steroidal anti-inflammatory. .

I
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2l. A pharmaceutical composition containing a compound

according to any one of claims 1 to 7 in association
with a calcium antagonist.

22. A pha:maceutical_composition containing a cempound

according to any one of claims 1 to 7 in associatien
with a tranquilizer. ]
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N-SUBITUTED HETEROCYCLE DERIVATIVES, THEIR PREPARATION,

COMPOSITIONS CONTAINING THEM

ABSTRACT OF DISCLOSURE

The invention relates to N-substitued heterocyclic
derivatives, their preparation and the pharmaceutical
compositions containing them.

The compounds according to the invention are non-
peptide compounds, antagonists of angiotensine II and as
-such, are useful in the treatment of cardiovascular
diseases, .central nexvous. system, glauccma and .diabeti
retinopathy.. o o ) )



