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IMIDAZOPYRIDINE DERIVATIVES AND
PROCESS FOR PREPARATION THEREOF

The present invention relates to novel
imidazopyridine derivatives having a hypotensive activity,
and processes for- preparation thereof.

Prior Art

Angiotensin II is a biologically active peptide
consisting of eight amino acids, which is produced by
specific conversion of angiotensin I by an angioténsin
converting enzyme during circulation mainly in the ‘lung.
.Said.angiotensin.II constricts vascular smooth muscle as
well as promotes the secretion of aldosterone in the adrenal
-‘cortex, by which angiotensin II increases blood'pressure. |
Therefore, it is well known that angiotensin II receptor
antagoﬁists may be useful in the treatment of
hypertension: |

Based on the above-mentioned mechanism of action,
-there have been known some hypotensive agents, for example,
2-n-butyl-4-chloro-5-hydroxymethyl-1-{{2'-(1H-tetrazol-5-
| yl)biphenyl—4—yl}methyl]imidazole,-and the like (cf.
Eurépean'Patent Publication No. 253310A), but these
conventional hypotensive agents are all the compounds having
a-mbnocyclic_nuéleus, i.e. imidazole nucleus.

Brief Description of the Invention

An object of the present invention is to provide
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convgkting enzyne during circulation mainly in the lung. Said angiotensin

I} canstricts vascular snooth nuscle as well .as pronptes. the secretion of
al dodt €rone in‘'the -adrenal cortex, by which angi dtensin 1.1".increases bl ood
presgure. Therefore, it is well known that &ngiotensin |I" receptor

oni sts may be useful in the treatnment of hypertension. Based on the

above: menti oned mechani sm of action, there have been known sone hypot ensi ve

agentjs,

for exanpl e,

novel condensed ring-type imidazopyridine derivatives and
pPharmaceutically acceptable salts thereof, which show potent
angiotensin II inhibitory activities and are useful as a
hypotensive agent. Another object of the invention is to
provide processes for preparing the said imidazopyridine
derivatives.

Detailed Description of the Invention

The present invention relates to imidazopyridine
derivatives of the following formula [I], and
pharmaceutically acceptable salts thereof, and further

relates to processes for preparing the same.

N
N
o ]
N
N | g2
| T,

U

wherein Rl is hydrogen atom or a lower alkyl group; R? is

(1]

hydrogen atom, a lower alkylsulfonyl group or a group of the
A
: 0
formula: -C-R” in which Z is oxygen atom or two hydrogen
atoms, and RO is i) a substituted or unsubstituted lower
alkyl group, ii) a lower alkoxy group, iii) a 5- or 6-

membered heteromonocyclic group, iv) a substituted or

unsubstituted phenyl group, v) hydrogen atom, vi) a
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2-n- hutyl 4- chl or 0- 5- hydroxynethyl -1 -[{2'- (I Htetrazol - 5-

y| ) bi phenyl - 4-yl }net hyl ] i m dazole, and the like (cf. European Patent
Publ i cati on No: 253310A), but these conventional hypotensive agents are al
t he gonpounds having a nmonocyclic nucleus; 3.—e. inidazole nucleus. Brief

Descki ption of the Invention An object of the present invention is to
provrde

substituted or unsubstituted amino group, or vii) a lower

s e can 3kt 9 AL Jun - aa v

alkenyl group; R3 is carboxyl group or a lower alkoxy-

v

carbonyl group; and Ring A is a substituted or unsubstituted
phenyl group.

Preferred examples of the present compounds [I] are
compounds of the formula [I], wherein RO is i) a lower alkyl
; group which may optionally be substituted by 1 to 2 groups
selected from phenyl group, a halogenophenyl group, carboxyl
gfoup, a lower alkoxycarbonyl group, cyano group, benzyloxy-
% carbonyl group, a lower alkylthio group, a lower alkyl-
| carbonylamino group, benzoyl group, and a lower alkyl-
carbonyl group, ii) a lower alkoxy group, iii) a 5- or 6-
membered heterocyclic grodb selected from pyridyl group, .
furyl group and thienyl group, iv) phenyl group, v) hydrogen
atom, vi) a di(lower alkyl)amino group or vii) a lower
g alkenyl group, and Ring .A is a phenyl group substituted by a

; group selected from a protected or unprotected tetrazolyl

e

group, carboxyl group and a lower alkokycarbonyl group.
When Ring A is a protected tetrazolyl-substituted -

phenyl ring, & pfotecting group for tetrazolyl group

v RPAS w elasgss e g e B

includes, for example, trityl group, a tri-lower alkylsilyl
group, a cyano-lower alkyl group, a lower alkoxybenzyl
group, and the like.

Preferred compounds [I] in view of their excellent
pharmacological activity are compounds of the formula [I)

wherein R! is a lower alkyl group; RZ is hydrogen atom, a
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2 noéel condensed ring-type i m dazopyridine derivatives and

phar maceutical |y acceptabl e salts thereof, which show potent angiotensin |
i nhiBitory activities and are useful as a hypotensive agent. Another object
of the invention is to provide processes 105 preparing the said

i m dazopyridi ne derivatives. Detailed Description of the Invention

L2]
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lower alkylcarbonyl group, a carboxy-lower alkylcarbonyl

group, a phenyicarbonyl group or thienylcarbonyl group; Rr3

o rya ey > preat

is carboxyl group or a lower alkoxycarbonyl group; and Ring
A is a phenyl group substituted by a group selected from
tetrazolyl group, carboxyl group and a lower alkoxycarbonyl
group.

More preferred compounds as a medicament are
compounds of the formula-{I] whereiﬁ Rl is a lower alkyl
group; R? is a lower alkylcarbonyl group; §3 is carboxyl
§ group; and Ring A is a tetrazolyl-substituted phenyl
group.

;_ The compounds (I] of the present invention may be
used as a medicament either in the form of a free base or a
: pharmaceutically acceptable salt thereof. The
pharmaceutically acceptable salts are, for example, alkali
metal salts (e.g. sodium salt, potassium salt, etc.).,

alkaline earth metal salts (e.g. calcium salt, magnesium

ne B eIBRYSD M b b Wt dadh & it s e 5 v

salt, etc.), heavy metal salts (e.g. zinc salt, etc.), and
organic amine salts (e.g. ammonium salt, triethylamine salt,
pyrid;ne salt, ethanolamine salt, a.basic amino acid salt,

1 etc.). These salts may easily be prepared by treating the
compounds [I] with the corresponding inorganic or organic
base in an appropriate solvent.

3 The compounds {I) of the present invention may
exist in the form of two optically active isomers due to an

asymmetric carbon atom thereof, and the present invention

Ok & a8 3l e SR S s AL
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The present invention relates to imdazopyridine derivatives of the
f.ollewing fornula [I], and pharmaceutically acceptable salts thereof, and
further relates to processes for preparing the sane. [err] wherein [err] is
hydr ggen atomor a |ower alkyl group; [err]5 i~s hydrogen atom a | ower

al kyl:sul fonyl group or a group of the fornula: [err] in which Z is oxygen
atomjor two hydrogen atons, and [err] is i) a substituted or unsubstituted
Ioweﬁ

PN 25,

also includes these optically active isomers and a mixture

thereof.

[y

The compounds [I] of the present invention and
pharmaceutically acceptable salts thereof may be
administered either orally or parenterally and may also be
used in the form of a pharmaceutical preparation in
admixture with pharmaceutically acceptable excipients
i suitable for oral administration or parenteral
administration. The pharmaceutical prepatations may be in
solid form such as tablets, capsules, powders, etc., or in
liquid form such as solutions, suspensions, emulsions, and
the like. When administered parenterally, it may be used in
the form of an injection preparation.

f ' The daily dose of the compounds [I] of the present
invention and pharmaceutically acceptable salts thereof
varies depending on age, weight, conditions of patients and

severity of diseases, but when administered orally, it is

BT

usually in the range of 0.01 to 10 mg/kg, preferably 0.03 to
5 mg/kg, and when administered parenterally, it is usually

in the range of 0.002 to 1 mg/kg, preferably 0.01 to 0.3

oot e PARSY L S W M

mg/kg.

According to the present invention, the compounds.

ool e o oy

[I) can be prepared by reacting a compound of the formula

(I1):

(TR TIPS PP VU LR T

enst=-Nle
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aIkyF group,

ii) a lower alkoxy group, iii) a 5- or 6- nenbered

hetefonnnocyclic group, iv) a substituted or unsubstituted phenyl group,

hydrégen atom vi) a 3 substituted or unsubstituted am no group, or vii

a Iomer alkenyl group; [err] is carboxyl greup or a |ower al koxy-

[P PN

vee Javes

PRy S L RS 128

2 fradpe Hovinomeas 18
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H

R3

wherein the symbols are the same as defined above, or a salt

thereof with a compound of the formula (III]:

wherein x} is a reactive residue, and Ring A is the same as

defined above, or a salt thereof.

Among the compounds [I]) of the present invention,

the compound of the formula (I-a}:

B
Rt / '
H
N

wherein the symbols are the same as defined above, can be

[I-a])

prepared by reacting a compound of the formula [IV]:
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carbomiyl group; and Ring Ais a substituted or unsubstituted phenyl group.
Prefegred exanples of the present compounds [I] are. conpounds of the
fornufa (I'1, wherein [err] is i) a lower alkyl group which nay. optionally
be substltuted by 1 to 2 groups sel ected frdm-phenyl .group, a
halogenophenyl group, carboxyl group, a |ower al koxycarbonyl group, cyano
group; benzyl oxy- carbonyl group, a lower alkylthio group, a lower alkyl-
carbomylan1no group, benzoyl group, and a | ower alkyl -

4
(T

g

wherein the symbols are the same as defined above, or a salt

ERE B TR Pr R EY TSI T LA
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thereof, with a compound of the formula (V]:
: rR3-crO (V]
wherein R3 is the same as defined above, or a salt thereof.

Moreover, the compound of the formula [(I-b]:

: N
q g2l
3

(I-b]

wherein R2! is a lower alkylsulfonyl group or a group of the

A
I 0
formula: -C-R” in which 2 is oxygen atom or two hydrogen

Anisirin st s fuycr somils® Parkerqainiu mys s

atoms, and RO is i) a substituted or unsubstituted lower
alkyl group, ii) a lower alkoxy group, iii) a 5~ or 6-
membered heteromonocyclic group, iv) a substituted or

unsubstituted phenyl group, v) hydrogen atom, vi) a

W
10
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carbaehyl group, ii) a lower alkoxy group, iii) a 5- or 6- nenbered
heterbcycllc group selected from pyridyl group, furyl group and thienyl
group, i v) phenyl group, v) hydrogen atom VI) a di (I ower al kyl)am no group
or vrg) a | ower al kenyl group, and Ring A i& a phenyl group substituted by
a group sel ected froma protected or unprotected tetrazolyl group, carboxyl
groupi and a | ower al koxycarbonyl group. Wien Ring Ais a protected
tetragol yl -substituted phenyl ring, a protecting group for tetrazolyl group

substituted or unsubstituted amino group or vii) a lower

alkenyl group, and the other symbols afe the same as defined
above, can be prepared by reacting the compound [I-a] or.a

i salt thereof with a compound [VI]:

; x2-r2L 1)

{ wherein X2 is hydroxyl group, and R2l is the same as defined
§ above, a salt or a reactive residue thereof.

The reaction between the compound'[II] and the
compound [IIXI] is carried out in the presence of an alkali
metal hydride or an alkali metal alkoxide, or in the
; presence of an acid acceptor. Suitable examples of.the
reactive residue (Xl).of the compound [II1I]) are, for
example, haiogen atoms, and the like.

When the reaction is carried out in the presence of
an alkali metal hydride or an alkali metal alkoxide, the
alkali metal hydride includes, for example, sodium hydride,
potassium hydride, etc., and the alkali metal alkoxide
includes, for example, sodium methoxzide, sodium ethoxide,
potassium t-butoxide, and the like. The reaction is
preferably carried out in a suitable solvent, under cooling

or heating, for example, at a temperature of -30°C to S50°C,

SR 4 B I 10T S AAADY B s 51 P oty s B LA A M A e AT 0, i S0t

more preferably at a temperature of -10°C to room

temperature. The solvent includes, for example, a di-lower

Py

alkylformamide, a di-lower alkylsulfoxide, a di-lower alkyl-

1 acetamide, a lower alkanol, and the like.

When the reaction is carried out in a presence of
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i ncl udes, for exanple, trityl group, a tri:Iomer al kyl silyl group, a
cyanag-| ower al kyl group, a |ower al koxybenzyl group, and the IiKke.
Preférred conmpounds [I] in view of their excellent pharnmacol ogical activity

are @onpounds of the fornula [I] wherein—RSi s a | ower alkyl group; [err] is
hydrogen atom a

1'

an acid acceptor, the acid acceptor includes, for example,

PRI ORN ¢ S L O

alkali retal carbonates, and the like. The reaction is

carried out in a suitable solvent under cooling or heating,

FIRVSTEIN

for example, at a temperature of -10°C to 100°C. The
solvent includes, for example, acetone, dimethylformamide,
% dimethylsulfoxide, and the like.

In the reaction, the compounds [I] may be obtained'
in the form of a2 mixture of two position isomers, which are
produced by reacting the compound [II] with the compound
[III) at the 1- or 3-position of the imidazopyridine ring of
the compound (II]. 1In this case, the obtained compounds (I]
: in the form of a mixture of the position isomers can be
! separated by a conventional manner such as silica gel column
chromatography and recrystallization.

The reaction between the coméound [IV] and the
compound [V] can be carried out in the presence or absence
i of an acid or a base. The acid includes, for example,
inorganic acids'such as hydrochloric acid, sulfuric.acid,
phosphoric acid, etc., and the base ineludes, for example,
inorganic bases such as alkali metal hydroxides, alkali
metal carbonates, alkali metal hydrogen carbonates, and the
like. The reaction is carried out in a suitable solvent
under cooling or heacing, fpr example, at a temperature of
10°C to 100°C, preferably at a temperature from room
temperature to a boiling point of the solvent to be used.

The solvent includes, for example, water, lower alcohols, or
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4 | gwer al kyl carbonyl group, a carboxy-|ower al kyl carbonyl group, a

.phenyl carbonyl group or thienylcarbonyl group; [err] is carboxyl group or a
| ower al koxycarbonyl group; and Ring Ais a phenyl group substituted by a
groep selected fromtetrazolyl group, carB&xyl group and a | ower

al koxycar bonyl group. Mre preferred conpounds as a nedi canent are
conpounds of the fornmula [I] wherein [err] is a | ower alKkyl

tetrahydrofuran, dioxane, or a mixture of water and one of

e

these other solvents.

The reaction betweén the compound [I-a] and the

compound [VI] can be carried out in a conventional manner.

N

; For example, the reaction is carried out in the presence of

a base or a condensing agent. 1In the reaction, the compound

PR T

: (VI] may also be used in the form of an acid anhydride
; thereof, or a reactive derivative thereof, that is, x2 of
the compound (VI] is a halogen atom, and the like.
Moreover, when R21 of the compound (VI] is acetoacetyl, the
compound [VI] may be in the form of an anhydride thereof,
i.e. diketene.

When the reaction is carried out in the presence of
2 base, the base may be any conventicnal ones, and
preferably includes, for example, organic bases such as tri-
lower alkylamine, pyridine, 4-di-lower alkylaminopyridine,
and the like, or inorganic bases such as alkali metzl
hydrogen carbonates, alkali metal carpbonates, alkali metal
hydroxides, and the like. The reaction is carried out in a

suitable solvent under cocling or heating, for example, at a

b tyrys raraine adler vt ditp WU abied e

temperature of -30°C to 100°C, preferably at a temperature

of -10°C to a boiling point of the solvent to be used. The
solvent includes, for example, methylene chloride,
chloroform, ethyl acetate, tetrahydrofuran, ether, or a

E mixture of one of these solvents and water.

When the reaction is carried out in the presence of
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group; [err] is a lower alkylcarbonyl group; [err] is carboxyl group; and
.Ring:Ais a tetrazolyl-substituted phenyl group. The conpounds [I] of the
present invention may be used as a nedicanment eithef .in the formof a free
basetor a pharmaceutically acceptable saltlthereof. :The pharnaceutically
-acceptable salts are, for exanple, alkali netal salts (e.g. sodiumsalt,
potassiumsalt, etc.), alkaline earth netal salts (e.g. calciumsalt,
magnési um

£

a condensing agent, the condensing agent includes, for

HERepanes 3.5 PR

example, dicyclohexylcarbodiimide, l-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide, benzotriazol-l-yloxytris{dimethyl-

amino)phosphonium hexafluorophosphate, and the like. 1In

T T RN |

addition, a compound such as hydroxybenzotriazole, N-

RN,

hydroxysuccinimide, etc., may be used as a promoter. The
é reaction is carried out.in a suitable solvent under cooling
; or heating, for example, at a temperature of -10°C to 80°C,

preferably at room temperature. The solvent includes, for
2 .example, methylene chloride, chloroform, di-lower alkyl-
formamide, acetonitrile, tetrahydrofuran, and the like.

The compounds (I] obtained above may, if necessary,

be converted tc each other, for exémple, the compound [I]

wherein R? is a carboxy-lower alkylcarbonyl group, i.e. a

compound of the formula: [I-e]:

e
/N T, Sr24
C
O

is a carboxy-lower alkylcarbonyl group, and the

ot nm v

vepm .

R ITS

[I-e]

wherein R24

other symbols are the same as defined above, can be prepared

by subjecting a compound of the formula (I-d):

I

i
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salt, etc.), heavy netal salts (e.g. zinc salt, etc.), and organic am ne
.salts (e.g. ammoniumsalt, triethylanine salt, pyridine salt, ethanolam ne
salt; a basic amno acid salt, etc.). These salts may easily be prepared by
treating the conpounds [I] with the corr@®pondi ng i-norgani c or organi c base
in an appropriate solvent. The conpounds [I] of the present invention may
exist in the formof two optically active isoners due to an asymetric
carbon atom thereof, and the present invention

i
N .
o
N ' \R23
3

o b . e o

(1-d}

wherein R?3 is a lower alkoxycarbonyl-lower alkylcarbonyl
group, and the.other symbols are the same as defined above,
or a salt thereof to hydrolysis.

The hydrolysis of the compound [I-d] may be carried
out by a conventional manner. For example, the reaction is
preferably carried out in a suitable solvent under cooling
'or heating, for example, at a temperature of 0°C to 100°C,

preferably at a temperature of 20°C to S0°C, in the presence

: of a base (e.g. alkali metal hydroxide, etc.). The solvent

includes, for example, a lower alkanol, or a mixture of a

~pra

lower alkanol and water.

In the above mentioned reactions, each starting

Pl g eda yos fes 1w paza vy

compound can be used either in the form of a free base or a

P
2

salt thereof. The salts of the compounds (I-a) and (I-d]
are, for example, alkali metal salts, alkaline earth metal

; salts, heavy metal salts, organic amine salts, inorganic or

P

organic acid salts, and the like. The salts of the compound

i d SHT e

[(II] are, for example, hydrochloride, hydrobromide, oxalate,

and the like. The salts of the compound (IV) are, for

ol oIte Sabld A SRS tA T i LE2
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5 abioﬁincludes these optically active isoners and a m xture thereof. The
.comp@unds [I] of the present invention and pharmaceutically acceptable

saltg thereof nmay be administered either orally or parenterally and nmay
al so ibe . - i3 -

example, hydrochloride, hydrobromide, oxalate, and the
like. The salts of the compound [V] aré, for example,
alkali metal salts, etc., when R3 is carboxyl group. The
salts of the compound (VI] are, for example, hydrochloride,
etc., when R?1 is pyridylcarbonyl group.

When the compound [I] is obtained in the form of a
racemic mixture, the racemic compound [I] may easily be
optically resolved - in a conventional manner.

When the compound [I] is the compound of the
formula (I} wherein Ring A is a protected tetarzolyl-
substituted ‘phenyl group, a protecting group for said

carboxyl group and/or for said tetrazolyl group may easily

SO YR T PR CUNPOUNCTE PR ERYRPVITT WO ¥ IR LR TY PISEUYIRRer WAL TV AL TR SR AP L AP Pl 131000 pore VAR
)

be removed by a conventional manner.

P

The starting compound [II] may be prepared by the
method disclosed in Japanese Patent First Publication
(KOKAI) No. 167687/1986 or Japanese Patent First Publication

(KOKAI) No. 101062/1990.

The starting compound [IV] may be prepared by

reacting a compound ([VII):

Rlﬂéf [VII)
NROR7

wherein Rs_and R7 are each hydrogen atom or a protecting
group for amino group, and R! is the same as defined above,

with the compound {III} under the same conditions as the
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used in the formof a pharmaceutical preparation in adm xture with
.pharmaceutically acceptabl e excipients suitable for oral adm nistration or
parenteral admnistration. The pharnaceutical preparations nay be in solid
formisuch as tablets, capsules, powdersT &fcT, or in liquid formsuch as
sol utions, suspensions, enulsions, and the |ike. Wen adninistered
pareriterally, it may be used in the formof an injection preparation. The

daily dose of the conpounds [I] of the present

= _
reaction between the compound [II] and the compound {III],

PR R

followed by removing the protecting group when r® and/or R’
are a protecting group for amino group.

In the present specification, the lower alkyl group
and the lower alkoxy group mean ones having 1 to 6 carbon
atoms, preferably'l to 4 carbon atoms.

The present invention is illustrated in more detail
by the following Examples and Reference Examples, but should
% not be construéd to be limited thereto.

é Example 1

-Methyl S5-diphenylacetyl-4,5,6,7-tetrahydroimidazo-
[4,5-c]pyridine-4-carboxylate (1.60 g) is dissolved in
dfmethylformamide (20 ml), and thereto is added sodium
hydride (60 % oil-dispersion, 176 mg) under ice-cooling.
¢ The mixture is stirred at 0°C for 20 minutes, and thereto is
added {2'-(l-trityl-1H-tetrazol-5~yl)bipheyl-4-yl]lmethyl
bromide (2.40 g), and the mixture is stirred under ice-
cooling for one hour, and further at room temperature for
one hour. The reaction solution is concentrated under
reduced pressure, and to the residue are added chloroform
and water. The organic layer is dried; and evaporated to
remove Ehe solvent. The resulting residue is purified by
silica gel column chromatography (solvent; chloroform/-
methanol = 100:1) to give methyl S5-diphenylacetyl-3-[2'-(1l-
trityl-1H-tetrazol-5-yl)biphenyl-4-yl]lmethyl-4,5,6,7-

tetrahydroimidazo(4,5-c]pyridine-4-carboxylate (430 mg) as a

~ This Sheet Has Been Re‘ilaced
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invenéion and pharmaceutically acceptable salts thereof varies depending on
age, @eight, conditions of patients and severity of..di seases, but. when

adm ngstered orally, it is usually in the range of "0.°01.to 10 ny/Kg,.’
prefeiably 0.03 to 5 ng/kg, and when adnTn?%téredipanenteralry, it.is
usual By in the range of 0.002 to 1 ng/kg, preferably 0.01 to 0.3 ng/kg.
Accorging to the present invention, the conpounds [I] can be prepared by
react igng a conpound of the formula

i

colorless foam.
FAB-MS (m/z): 852 (M+H), 792, 610, 567, 244
NMR (CDCl3) & : 3.56 (3H, s), 5.12 (2H, ABq)
Subsequently, there is obtained methyl S5-diphenyl-
“acetyl-l-[2'-(1-trityl-1H-tetrazol-5~yl)biphenyl-4-yl]-
methyl-4,5,6,7-tetrahydroimidazo(4,5~-c]lpyridine-4-~ |
carboxylate (1717 g) as a colorless foam. '
FAB-MS (m/z): 852 (M+H), 792, 610, 567, 244
NMR (CDCly) & : 3.79 (3H, s), 4.81 (2H, s)
Example 2
To a mixture of methyl 5-diphenylacetyl-3-{2'—-(1-

trityl-l1H-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-

K

ot Rgi . ARARE AT GRS R TR R AN SN (A e KRG A
y

tetrahydroimidazo[4,5—c]pyridine—4—ca}boxylate (400.mg) and
chloroform (1 ml) is added 18 % hydrochloric acid-methanol.
(5 ml), and the mixture is stirred at room temperature for
30 minutes. After the reaction is completed, the mixture is
evaporated to remove the solvent, and the resulting residue
is dissolved in methanol (5 ml), and the mixture is adjusted
to pH 10-12 with 1 N agqueous sodium hydroxide solution, and
further stirred at room temperature for 3 hours. The
resulting triphenylmeﬁhane is removed by extraction with
ether, and the aqueous layer is evaporated under reduced
pressure. The resulting residue is dissolved in a small
amount of water, and purified by column chromatography of
nonionic adsorbing resin (tradename; HP-20, manufactured by

Mitsubishi Kasei Corporation, Japan) and lyophilized to give

A M AN D RV DI ST o ot KR VA S MO AN AR 0 o By e it =
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6 [err] wherein the synbols are the sane as defined above, or
hereof with a conpound of the formula. [III] Lerr]

_16_

the following compounds.

S-Diphenylacetyl-3-[2'-(1H-tetrazol-5-yl)biphenyl-
4-y1]methyl—4,5,6,7—tetrahydroimidazo[4,5~c]pyridine-4—
carboxylic acid disodium salt (170 mg)

IR (Nujol; cm-l): 1630

.Example 3:

A mixture of 2-n-butyl-4-(2-aminoethyl)-1-[2'-(1H-
tetrazol-5-yl)biphenyl-4-yl]methylimidazole hydrochloride
(8.09 g), glyoxylic acid hydrate (1.73 g), 1 N aqueous
sodium hydroxide solution (53 ml) and dioxane (50 ml) is
stirred at 50°C for two days. The reaction solution is
acidified with hydrochloric acid, and evaporated under
reduced pressure. The residue is dissolved in methanol (100
ml), and the mixtufe is cooled to -30°C, and thereto is
added dropwise thionyl chloride (12.4 g). After addition,
the mixture is stirred at 60°C for two days. The mixture is
evaporated under reduced pressure to remove the solvent.

The mixture is neutralized with aqueous sodium hydrogen
carbonate solution, and extracted with chloroform. The
extract is dried, and evaporated under reduced pressure, and
the resulting oily product is purified by silica gel column
chromatography (solvent; chloroform/methanol = 15:1) to give
methyl 2-n-butyl-3-[2'-(lH-tetrazol-5-yl)biphenyl-4-yl]-
methyl-4,5,6,7-tetrahydroimidazo(4,5,c)pyridine-4-
carboxylate (3.74 g) as a powdgr.

FAB-MS (m/z): 472 (M+H) (base)
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whereid [err] is a reactive residue, and Ring Ais the same as defined
above,§ or a salt thereof. Anobng the conpounds-[1] of the present-invention,
the cditpound of the fornula [1-a]: [err] wherein the synbols are the sane
as deff ned above, can be prepared by reatt}hg-a compound of the formula

(1V]:

H o

NMR (DMSO—dG) § : 0.90 (3H, t), 3.72 (3H, s), 5.20
(2H, s)

Example 4

To a mixture of the compound obtained in Example 3
(296 mg), triethylamine (317 mg) and chloroform (10 ml) is
added dropwise a solution of acetyl chloride (148 mg) in
chloroform (1 ml) under ice-cooling. The mixture is stirred
at room temperature for two hours, and the reaction solution
is washed, dried and evaporated to remove the solvent. The
resulting residue is purified by silica gel column
chromatography (solvent; chloroform/methanol = 30:1) to give

methyl S-acetyl-2-n-butyl-3-[{2'-(lH-tetrazol-5-yl)biphenyl-

R X Rt T S i TR B Gave Fiusor LA by RIS, SRRASH URENT AP RTINS T

4-yl])methyl-4,5,6,7-tetrahydroimidazo[4,5-c]pyridine-4-

PP RER N

carboxylate (158 mg).
- FAB-MS (m/z): S514 (M+H), 119 (base)
NMR (CDCls) & : 0.94.(3H, t), 2.16 (3H, s), 3.78
(3H, s)

Example S

B b fu SAR A Wil ¢ i) AN -,

PR

A mixture of the compound obtained in Example 3
(361 mg), mechylene chloride (10 ml), triethylamine (85 mg),

benzoic acid (103 mg), N-hydrcxybenzotriazole (114 mg) and

Stimdy el vy« 1ioi
& e g

l-ethyl-3~(3-dimethylaminopropyl)carbcdiimide hydrochloride

; (162 mg) is stirred at room temperature overnight. The

b

:%

? reaction solution is washed, dried and evaporated to remove
} the solvent. The resulting oily residue is purified by

3 silica gel column chromatography (solvent; chloroform/

i S ——

.i.

&+

i

eet Has Been Reﬁaced

T

eabbline oy



7 [ert] wherein the synbols are the sane as defined above or a salt
_therepf with a conpound of the formula [V]: [err]. wherein [err].is the
sanme #s defined above, or a salt thereot. ;jbreover,” the conpound of the
formufa [1-b]: [err] ' S :

=

methanol = 20:1) to give methyl 2-butyl-S5-benzoyl-3~-[2'-(1H-
tetrazol-5-yl)biphenyl-4-yl ]methyl-4,5,6,7-tetrahydro-
imidazo[4,5-clpyridine-4-carboxylate (297 mg). .

FAB~MS (m/z): 576 (M+H), 105 (base)

NMR (CDCl3) & : 0.97 (3H, t), 3.79 (3H, s)

Example 6

The compound obtained in Example 3 (483 mg) and
thiophen—-2-carboxylic acid (158 mg) are treated in the same
manner as in Example 5 to give methyl 2-n-butyl-5-(2-
Ehienyl)carbonyl—3—[2“—(1H—tetrazol—5—yl)biphenyl—4-
yl)methyl-4,5,6,7-tetrahydroimidazo(4,5~c]pyridine-4-

carboxylate (306 mg).

N4

FAB-MS (m/z): 582 (M+H), 111 (base)

B R aha s it RS TG Ao s TR YO ISR B R SR R 8 AP0 S L LR RN P € A0t 7

NMR (CDCl,) & : 0.95 (3H, t), 3.73 (3H, s)

Example 7

P
* e

A mixture of the compound obtained in Example 3

(2.98 g), 1N agueous sodium hydroxide solution (14 ml) and
methanol (30 ml) is stirred at room temperature overnight,
and evaporated to remove the solvent.

The residue is recrystallized from aqueous methanol

g
{
3{
]

and collected to give 2-n-butyl-3-[2'-(lH-tetrazol-5-yl)-
biphenyl-4-yl)methyl-4,5,6,7-tetrahydroimidazo(4,5~-c])-
pyridine-4-carboxylic acid (2.11 qg).

m.p. 216 - 217°C (decomposed).

NMR (DMSO—dG) § : 0.97 (3H, t), 4.37 (1H, s), S5.17

(18, 4), 6.01 (1H, d)
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mhefein R21 is a | ower al kyl sulfonyl group or a group of the.i for mul a:
.[err]iln which Z is oxygen atomor two hydrogen at-ons, and [err] is i) a
subst}tuted or unsubstituted | ower alkyl oup, ii) a |ower al koxy group,

iii) @ 5-

or 6- menbered heterononocyclic¢ group, iv) a substituted or

vunsub§t|tuted phenyl group, v) hydrogen atom vi) a

s Ao R B ERT LB i S e R Wi bh SRRy VIR RN RN IR A g

—apta e

Ko oAb iy ramg e s S b o

WP 7 A

Example 8

A mixture of the compound obtained in Example 4
(142 mg), 1 N aqueous sodium hydroxide solution (0.60 ml)
and methanol (5 ml) is stirred at room temperature
overnight, and evaporated under reduced pressure to remove
the solvent. The resulting residue is purified by column
Ehromatography of nonionic adsorbing resin (tradename; HP-
20, manufactured by Mitsubishi Kasei Corporation, Japan),
and lyophilized to give 2-n-butyl-5-acetyl-3-[2'-(1H=
tetrazol-S-yl)biphenyl-4-yl)methyl-4,5,6,7-tetrahydro-
imidazo(4,5-c]lpyridine-4~carboxylic acid disodium salt (100
mg) .

m.p. >265°C

IR (Nujol; ecm }): 1620

Examples 9 - 10

The compounds obtained in Examples 5 - 6 are
treated in the same manner as in Example 8 to give the

following compounds listed in Table 1.

This S heet Has Been Replaced




8 subgtituted or unsubstituted am no group or vii) a | ower al kenyl group,
and tfge other synbols are the sanme as defined above, can be prepared by
reactigng the conpound [l-a] or a salt thereof with a conpound [VI]: [err]
whereign [err] is hydroxyl group, and RZ1 ¥& The same as defined above, a
salt. @ a reactive residue thereof.

Table 1

N
CH3(CHp) g 4 ] |
N ~NR2
e« 2Z2Na salt

COOH

Tet
~
~=

{Tet: l1H-Tetrazol-5-yl group)

EX. RZ IR (Nujol; cm %) m.p. (°C)

9 —CO—<::3> 1620 >200 (decomposed)
—co-z/ \> 1620 >72 (wet)
: S

o AL st B8 G LS A ER At A 1.3 B Ak O B - AR DR AN SR R L R (0 0

w e e

10

oy

Example 11

(1) To a mixture of 2-n-propyl-4-(2-aminocethyl)-1-

s AT 1) SRR R ot

{2'-(l-trityl-1H-tetrazol-S-yl)biphenyl-4-yl]methylimidazole
(3.66 g) and methanol (30 ml) is added 9 % hydrochloric
acid-methanol (50 ml), and the mixture is stirred at room

4 temperature for 40 minutes. The mixture is evaporated under
reduced pressure to remove the solvent, and water is added
to the residue. The mixture is washed with ethyl acetate,
and the aqueous layer is evaporated under reduced pressure

3 and further subjected to azeotrophic distillation with

toluene to give crude 2-n-propyl-4-(2-aminoethyl)-1-[2'-

This Sheet Has Been Re,;ilaced
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The=r§action bet ween the conpound [II] and the conpound [II1l] is carried
out i? the presence of an alkali netal hydride or an al kali metal alkoxide,
or ing&the presence of an acid acceptor. _Suj,tabl e -exanples of the reactive
residge [err] of the conpound [I11] are, f%r -exanple, hal ogen atons, and
the.l Eke. Wien the reaction is carried out in the presence of an al kal

net al ghydride or an al kali netal al koxide, the al kali netal hydride

i ncl uges, for exanple, sodium hydride,

tetrazol—S-yl)biphenyl—4-yi]methylimidazole hydrochloride
(2.68 g)-.

(2) The above compound (2.15 g) is treated in the
same manner as in Example 3 to give methyl 2-n-propyl-3-(2'-
(1H—tetrazol—5—yl)biphenyl—4—yi]methyl—4,5,6,7—tetrahydro—
imidazo(4,5-c]lpyridine—-4—~carboxylate (0.76 g) as a foam.

FAB-MS (m/z): 458 (M+H), 207 (base)

NMR (DMSO—dG) § :+ 0.98 (3H, t), 3.84 (3H, s), 5.06
(2H, ABq)

Example 12 -
2-n-Butyl-4-(2-aminoethyl)-1-(2'-methoxycarbonyl-

biphenyl-4-yl)methylimidazole hydrochloride (1.80 g) is

K4

treated in the same manner as in Example 3 to give crude

methyl 2-n-butyl-3-(2'-methoxycarbonylbiphenyl-4-yl)methyl-

s late i L o g R ARS ARSI S e YRS RRA R RN RN oot A TR ST

b

4,5,6,7-tetrahydroimidazo[4{5-c]pyridine—4-carboxylate (1.70
g). |
Example 13
To a mixture of the compound obtained in Example 12
(1.70 g) and pyridine (20 ml) is added acetic anhydride (5

ml), and the mixture is stirred overnight. The solvent is

%
!
3
i
%

distilled off, and to the resulting residue is added
chloroform, and the mixture is wéshed, dried, and evaporated
to remove the solvent. The residue is purified by silica
gel column chromatography (solvent; chloroform/ethanol =

10:1) to give methyl 2-n-butyl-5-acetyl-3-(2'-methoxy-

carbonylbiphenyl-4-yl)methyl-4,5,6,7-tetrahydroimidazo{4,5-

This Sheet Has Been Reﬂlaced
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pota'siun1hydride, etc., and the alkali netal al koxide inCIudes, for
examgl e, sodi um net hoxi de, sodi um et hoxi de, potassi umt-butoxide, and the

l'ikeg The reaction is preferably carried put_in a suitable solvent, under
cooligng or heating, for exanple, at a tenperature of [err] to [err], nore
prefdrably at a tenperature of [err] to roomtenperature. The sol vent

I ncl ddes, for exanple, a di-lower alkylfornmam de, a di-I|ower

ul foxide, a di-lower alkyl- acetam de, a |lower al kanol, and the |ike.

clpyridine-4-carboxylate (0.47 g) as an oil.

NMR (CDCl;) & : 0.88 (3H, t), 2.21 (3H, s), 3.46
(3H, s)., 3.64 (3H, s), 5.33 (2H, ABQ)

Example 14

A mixture of 2-n-butyl-4-(2-aminoethyl)-1-{2'-(1H-
tetrazol-5-yl)biphenyl-4-yl]methylimidazole hydrochloride
(0.278 g), ethyl glyoxylate (0.179 g) and ethanol (5 ml) is
refluxed for three days. To the mixture is added
chloroform, and the mixture is washed, dried and evaporated
to remove the solvent. The residue is purified by silica
gel column chromaztography (solvent; chloroform/methanol =

10:1) to give ethyl 2-n-butyl-3-[2'-(1lH-tetrazol-5-yl)-

gy e e it O AN SRS Rl RO M SR R LI R SR SR R R RI S

Kd

bipheﬁyl-4-yl]methyl—4,5;6,7—tetrahydroimidazo[4,5—c]—
pyridiﬁe—4-carboxylate (0.136 g) as'a foam.

NMR (CDCl;) & : 0.92 (3H, t), 1.35 (3H, t), 5.08
(2H, ABq)

Example 15

To a mixture of 2-n-butyl-4-(2-t-butoxycarbonyl-

aminoethyl)~1-(2'-methoxycarbonylbiphenyl-4-yl)methyl-

oo
'

it 1 DA e o e e G b b ol ol R N o

imidazole (2.02 g) and chloroform (50 ml) is added

3 trifluorocacetic acid (25 ml), and the mixture is stirred at
: room temperature for 30 minutes. The mixture is evaporated
f under reduced pressure to remove the solvent, and to the

? residue are added tetrahydrofuran (30 ml), water (1 ml) and
: sodium hydrogen carbonate (1.13 g), and the mixture is

stirred. To the mixture is added chloroform, and the

This Sheet Has Been Re(ilaced
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When
-t he .

| i ke.8 The reaction is carried out in a_?ﬁ%tﬁble'Sleent under cooling or
t

ﬁhe reaction is carried out in a presence of 9 an acid acceptor,
heai%uL for exanple, at a tenperature o err] to-ferr]. The

i d acceptor includes, for exanple, alkali netal carbonates, and the

mixture is dried, and evaporated under reduced pressure to

remove the solvent. To the residue are added ethyl
glyoxylate hydrate (0.570 g) and ethanol (40 ml), and the
mixture is refluxed for 15 minutes. The solvent is
distilled off under reduced pressure, and the resulting
residue is purified bf silica gel column chromatography
(solvent; chloroform/eﬁhanol = 20:1) to give ethyl Z;n—
butyl—3—(2'-methoxycarbonylbipheny1—4—yl)methyl—4,5,6/7—
tetrahydroimidazo(4,5~c]pyridine-4-carboxylate (0.551 g) as
a foam.

NMR (CDC13) § : 0.89 (3H, t), 1.23 (3H, t), 3.65

(3H, s), 5.24 (2H, ABQq)

i ke s T RS SRR B 490 S S S DTS IS RN AR AR RS DR SR

1
4

BExamples 16. - 31

The compounds obtained in Examples 3, 11 and 15 are

treated in the same manner as in Example 4 or 5 to give the

3

following compounds listed in Tables 2 and 3.

finbai A e aclebese Sl of DG RE e g 0

a8
o
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I ncl udes, for exanple, acetone, dinethylformam de,

vl sul foxide, and the like. In the reaction, the conpounds (I] nay be
din the formof a m xture of t“Q.QﬁPLIion | soners, which are

produged by reacting the conpound [I1] w th the conpound [III] at the 1- or

3-posigtion of the imidazopyridine ring of the compound [II]. In this case,

t he ol ai ned conpounds [I] in the formof a mxture of the position isoners

& separated by a conventional nmanner such as silica gel colum

g Table 2

: - N

%

g CH4(CH,), / l

3 N

i N ~Rr2
§ coor®

£

1

3

EX. R2 RS r® NMR (CDCly) |FAB-MS (m/z)

1.04 (3H, t)| 500 (M+l)
16 |-COCH4 CHj Tet 2.17 (3H, s)
3.75 (3H, s) 207 (base)

.03 (3H, t) 572 (M+1)
.18 (3H, t)

) 17 |-COCH,COOCH,CH3 | CHj Tet
.73 (3H, s) 207 (base)

VT g, et

W b

Tet: l1H-Tetrazol-5-yl group
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chr egat ography and recrystallization. The reaction between the conpound
gand t he conpound [V] can be carried out in the presence or absence of
i d or a base. The acid includes, fo 5e&anple, i nor gani c. aci ds such as
fchloric acid, sulfuric acid, phosphoric acid, etc., and the base

des, for exanple, inorganic bases such as al kali netal hydroxides,

al kalg metal carbonates, alkali netal hydrogen carbonates, and the |ike.
The reaction is carried out in a suitable solvent

; Table 3

5 N

% CH3(CH2)3“<f I L

] N ~R2

: | 8

ﬁ COOR

Ex.| RZ RS RI NMR (CDCl;) FAB-MS (m/z)

.96 (3H, t) 648 (M+1)

0
18 —COCHZCOOCH2~<::> CHy | Tet 3.59 (2H, s)
: . 3.69 (3H, s) 154 (base)

] 0.97 (3H, t) | 624 (M+l)
N 19 —COCH24<::>»C1 CHy | Tet 3.75 (3H, s)
i : 3.78 (2H, s) 207 (base)

0.95 (3H, t) | 566 (M+1)
20 {/ \B CHy | Tet 3.75 (3H, s)
; —C0-o 6.46-6.48 119 (base)
i (1H, m)
i
: 0.96 (3H, t) | 577 (M+1)
: 21 | ~ CHy | Tet 3.77 (3H, s)
' -CO - 8.58-8.62 207 (base)
(1H, m)

0.96 (3H, t) 528 (M+1)
22 —COCH2CH3 CH3 Tet 1.08 (3H, t)
3.75 (3H, s) 207 (base)

T




§ -
under Eooling or heating, for exanple, at a tenperature of [err] to [err],
prefergbly at a tenperature fromroomtenperature to a boiling point of the
solvent to be used. The solvent includes, for exanple, water, |ower

al cohols, or 10 tetrahydrofuran, dioxaR& —-or a mixture of water and one
of i
i
5
i s .
2 0.96 (3H, t) 586 (M+1)
| 23 | ~COCH,CH,COOCH; | CHj Tet |3.46 (3H, s)
% ) 3.72 (3H, s) 207 (base)
i B 0.85-1.01 577 (M+1)
3 24 | -CO I'\ CHq Tet (3H, m)
] % 3.80 (3H, s) 207 (base)
: N 8.66-8.71
4 (1H, m)
£ 0.96 (3H, t) 542 (M+1)
i 25 | ~COCH(CH3), CH; .| Tet |1.08 (3H, d)
i 1.11 (3H, 4) 207 (base)
E | 0.96 (3H, t) 550 (M+1)
{ 26 | =SO,CH4 CH, Tet 3.00 (3H, s)
% 3.77 (3H, s) 154 (base)
: 0.94 (3H, t) 544 (M+1)
¢ 27 | —~COOCH,CH CH, Tet 1.23 (3H, t)
i 3.69 (3H, s) 207 (base)
L . 0.96 (3H, t) 560 (M+1)
: 28 | —~COCH,SCH, CH, Tet 2.11 (3H, s)
; 3.75 (3H, s) 154 (base)
N 0.84-0.96 . | 590 (M+1)
; 29 | ~COCH,COOCH,CH3 | CH,CH3 | COOCH4 (3H, m)
] 3.57 (2B, s) 225 (base)
0.95 (3H, t)
: 30 | ~COCH,COOCE,CH, | CHj Tet 1.18 (3H, t) 586 (M+1)
; 3.50 (2H, s)
5.28 (2H, ABqg) | 207 (base)
5.40 (1H, s)
; 0.94 (3H, t)
: 31 | ~COCH,CN CH, Tet 3.67 (3H, s) 539 (M+1)
3.75 (3H, s)
5.29 (2H, s)
3

2 Tet: lH-Tetrazol-5-yl group
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t hese §ot her sol vents. The reaction between the conpound [Il-a] and the
ind [VI] can be carried out in a conventional manner. For exanple, the
i#on is carried out in the presence o% a base or a condensing agent. In
¥action, the conpound [VI] may al so ¢ Tsed in the formof an acid
anhydgckathereof or a reactive derivative thereof, that is, [err] of the
nd [VI] is a halogen atom and the |ike. Mreover, when R of the

d [VT] is acetoacetyl, the

Example 32

To a mixture of the compound obtained in Example 3
(0.50 g) and methanol (10 ml) is added diketene (0.20 g),
and the mixture is stirred at room temperature for two
hours. The mixture is evaporated under reduced pressure to
remove the solvent, and to the residue is added
chloroform. The mixture is washed, dried and evaporated

under reduced pressure. The resulting residue is purified

SRR RTINS PRy X RS DT RN SN TE ARy M STy e e

by silica gel column chromatography (solvent; chloroform/

ethyl acetate/methanol = 10.:10:1) to give methyl 2-n-butyl-

PR TPeL PR SN

-

s-acetoacetyl-3-[2'—~(l1H~-tetrazol-5-yl)biphenyl-4-yl}methyl-

e

4,5,6,7-tetrahydroimidazo(4,5-clpyridine-4-carboxylate (0.29
g) as a foam. ‘

FAB-MS (m/z): 556 (M+l), 207 (base)

NMR (CDC13) § : 0.96 (3H, t), 2.22 (3H, s), 3.74
(3H, s)

Example 33

To a mixture of the compound obtained in Example 16
‘(0.131 g) and methanol (2 ml) is added 0.5 M agueous sodium

hydrogen carbonate solution (0.53 ml). Five minutes

v OTPe RESAIE ot} 0 DVANER ST 1 fyg SR P RN DN st e A sy

thereafter, the mixture is evaporated under reduced pressure
to remove the solvent, and the residue is purified by column
chromatography of nonionic adsorbing resin (tradename; HP-
20, manufactured.by Mitsubishi Kasei Corporation, Japan),
and lyophilized to give methyl K 2-n-propyl-S-acetyl-3-[2'-

(1H—tetrazol—5—yl)biphenyl—4—yl]methy1-4,S,6,7—tetrahydro-

This Sheet Has Been Re{i
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.
conpo
‘When t§

may be in the formof an anhydride thereof, i.e. dlketene

e reaction is carried out in the presence of.a basemsmh&}haBem

any co#iventional ones, and preferably |ncI%des f.or ‘exanpl

such as tri-

the.li%

al kal i et al

reacti i

Y s P EY enad

£ R

PEIIES SR Y CANILY JI VATt Y urn,

| ower alkylanlne pyridine; 25471 ower al kyl a nd
I norgani ¢ bases such as al kali netal hydrogen car ona es
carbonates, alkali netal hydroxides, and the |ike. The

nis carried out in a

.imidazo[4,5-c]pyridine—4-carboxylate sodium salt (0.089 g)

as a powder.

m.p. >196°C (decomposed)

NMR (DMSO—ds) § : 0.83-0.92 (3H, m), 1.92 and 2.12
(3H, s), 3.27 and 3.32 (3H, s)

Examples- 34 - 37

The compounds cobtained in Examples 4, 20, 21 and 24
are treated in the same manner as in Example 33 to give the
following compounds listed in Table 4.

Table 4

N
CH3(CH2)3ﬂ<f |
N | ~

COOCH4

(Tet: lH-Tetrazol-5-yl group)

R2
<« Na salt

Ex. r2 NMR (D,0)
0.73 (3H, t)
34 -co—[{ \ 3.10-3.90 (4H, b)
0
X 0.82 (3H, t)
35 ( 3.25 and 3.56 (3H, s)

.69-0.8)1 (3H, m)
.23 and 3.62 (3H, s)

w o

0.71-0.80 (3H, m)
37 ~COCH 3.21 and 3.47 (3H, s)




‘b

sui t-alg e sol vent under cooling or heating, for exanple, at a tenperature of
ferr] 280 [err], preferably at a tenperature of [err] to a boiling point of
the s@ vent to be used. The solvent inclug for exanple, methylene

chl origle, chloroform ethyl acetate, tetra%ydrofuran, ether, or a mxture
of these solvents and water. \Wen the reaction is carried out in the
e of

Examples 38 - 46

The compounds obtained in Examples 13, 16, 20-25

and 27 are treated in the same manner as in Example 8 to

3

give the following compounds listed in Table 5.
%; Table 5
K N-
=00
H N ~
i COOH -« 2Na salt
Z &9
; EX. r! . R? |IR (Nujol; cm™1)
‘ 38 | -(CH,),CHy | ~-COCH; Tet | 1610

' 0 _
XN

:r *
j 42 | -(CH,)4CH3 |~-COCH,CH,COOH | Tet | 1620-1560
't - -CO—"X
1 43 | -(CH,)3CHy | . Tet | 1620
N

*: The compound of Example 42 is trisodium salt.
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a condgnsing agent, the condensing agent includes, for exanple,
dicycL?hexyIcarbodi|n1de 1- et hyl - 3-( 3-di net hyl - anlnopropyl)carbod||n1de
benzotglazol 1-yloxytris(dinmethyl- am no)pfwsphoni um hexaf | uorephosphate,

# like. In addition, a conpound such as hydroxybenzotriazole, N
#succinimde, etc., may be used as a pronoter. The reaction is

d out in a suitable solvent under cooling or heating, for exanple, at
ferature of [err] to [err],

44 | -(CH,)3CH3 | —~COCH(CH5), Tet | 1620
45 | —(CH;)3CH3 | —COOCH,CH, Tet | 1680, 1610

Tet: lH—Tetrazol-S-yl group
Exzmple 47
é (1) To a mixture of methyl 2—n—butyl—5—ethoxy—
;- carbonylaéecyl—3—[2';(lH—tetrazol—S—yl)biphenyl—q-yl]Aethyl_
4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-carboxylate (2.0
g)., trlethy amine (0.69 g) and chloroform (20 ml) is added
trityl chloride (1.43 g), and the mixture is stirred at room
temperature for 30 minutes. The reaction solution is
washed, dried, and evaporated under reduced pressure. The
1 resulting residue is purified by silica gel column
chromatograpny (solvent; ethyl acetate/n-hexane) to give
methyl 2-n-butyl-5-ethoxycarbonylacetyl-3-[2'-(l-trityl-1H~-
tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7~tetrahydro-
imidazo(4,5-c]pyridine-4-carboxylate (1.29 g) as needles.
m.p. 124 - 126°C (decomposed)
(2) The above product is optically resolved by
1 HPLC column chromatography for separation of optically
active isomers (tradenéme; Chiralcel OD, manufactured by

Daicel Chemical Industries, Ltd., Japan) (solvent; n-hexane/
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5
prefe@ably at roomtenperature. The solvent includes, for exanple,
ret hylgene chloride, chloroform di-lower alkyl- formanide, acetonitrile,
tetralfydrofuran, and the like. The conpougqs [1] obtai ned above may, if
necessary, be converted to each other exanpl e, the conpound [1]
wher.eigh [err] is a carboxy-|ower al kylcarbonyl group, i.e. a conpound of

the fgfmula: [l-e]: [err] wherein [err] is a carboxy-|ower alkylcarbonyl
groupﬁ'and t he

ethanol = 7:3) to give the (+)-isomer and the (-)-isomer
separately.

The (+)—-isomer:

[a]D: +25.2° (c=0.5, chloroform, 25°C)

§E The (—)—isomer:

%: [u]D: -22.8° (c=0.5, chloroform, 25°C)
1 Example 48
1 To a mixture of methyl (+)—-2-n-butyl-5-ethoxy-

carbonylacetyl-3-[2'-(l-trityl-lH-tetrazol-5-yl)biphenyl-4-

7RI N A

g yl]methyl 4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
" carboxylate (395 mg) and tetrahydrofuran (4 ml) is added 90
i % formic acid (8 ml) under ice-cooling, and the mixture is
stirredlat-room temperature for 30 minutes, and evaporated
under reduced pressure to remove the.solvent. The resulting
residue is purified by silica gel column chromatography
(solvent; dhloroform/methanol) to give methyl (+)-2-n-butyl-
i 5-ethoxycarbonylacetyl-3-(2'~(1H-tetrazol-5-yl)biphenyl-4-
yl]methyl—-4,5,6,7-tetrahydroimidazo[4,5-clpyridine-4-
carboxylate (270 mg) as a foam.

[c]D: +70.4° (c=0.5, chlcroform, 20°C)
zﬁ Example 49
Methyl (-)-2-n-butyl-S—ethoxycarbonylacetyl-3-[2'-
i (l—trityl—iH—tetrazol—S—yl)biphenyl-4—yl]methyl—4,5,6,7-
;; tetrahydroimidazo[4,5—c]pyridine—4—carboxylate is treated in
| the same manner as in Example 48 to give methyl (-)-2-n-

butyl-5-ethoxycarbonylacetyl-3-[2'-(1H-tetrazol-5-yl)-
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othebgsynbols are the sane as defined above, can be prepared by subjecting

pound of the formula [I-d]: 12 [err] wherein [err] is a | ower

al koxgcar bonyl - | ower al kyl car bonyl groug,Banq t he ot her synbols are the

s i ,;,-.....:...-.j.-,.uu-.-n.,%i“cﬁ& TR FRE TN " AR DR .'_“

e

biphenyl—4—yljmethyl—4,5,6,7-tetrahydroimidazo[4,s—c]_
pyridine-4-carboxylate as a foam. | .

[a]D: -70.8° (c=0.5, chloroform, 20°C)

Example 50

2—n—Propyl-5-(2—aminoethyl)-3—[é'—(l—trityl-lﬁ_
tetrazol—s—yl)biphenyl—4—y1]methylimidazole (L.01 g) is
dissolved in tetrahydrofuran (10 ml), and thereto is added
ethyl glyoxylate hydrate.(lgs mg), .and the mixture is
stirred at room temperature overnight. The mixture is
heated at 50°C for 30 minutes, and after cooling, 7 %
hydrochloric acid-methanol solution (3 ml) ahd chloroform
(10 ml) are added to the mixture, which is refluxed for 20
minutes.. The mixture is evaporated under reduced pressure
to remove the solvent, and the resulting residue 'is
dissolved in chloroform (30 ml). To the mixture are added
acetic anhydride (290 mg) and & sﬁlutién of sodium hydrogen
carbonate (1.2 g) in water (20 ml), and the mixture is
stirred at room temperature overnight. The mixture is
acidified with citric acid, and extracted with chloroform.
The extract is washed with water, dried, and evaporated. To
the residue are added fumaric acid (100 mg) and ethanol (35
ml), and the mixture is refluxed for 5 hours. Then, the
reaction mixture is evaporated under reduced pressure, and
the residue is recrystallized from methanol/ether to give
ethyl 2—n—propy1—5—acetyl—3—[2'—(lH—tetrazol-S—yl)bipheny;—

4-yl]methyl-4,5,6,7-tetrahydroimidazo(4,5-clpyridine-4-

Sheet Has Been Reﬂlaced

T



or a sg@lt thereof to hydrolysis. The hydrolysis of the conmpound [I-d] may
be cargi ed out by a conventional manner. For exanple, the reaction is
prefergbly carried out in a suitable soly under cooling or heating, for
exanpl & at a tenperature of [err] to [err], preferably at a tenperature of

[err] o [err], in the presence of a base (e.g. alkali netal hydroxide,

etc.). #The solvent includes, for exanple, a |ower al kanol, or a m xture of

a | one@ al kanol and water.
. carboxylate % fumarate (728 mg).
m.p. 184 - 185°C
Yield: 80 %
Example 51
To a mixture of 2—n-propyl—4—(2-aminoethyl)rl;[2'—
(1-trityl-l1H-tetrazol-5-yl)biphenyl-4-yllmethylimidazole
g. (21.95 g) and tetrahydrofuran (200 ml) is added a solution

of ethyl glyoxylate hydrate (4.25 g) in tetrahydrofuran (20

THIIY:

ml) at 5°C. The mixture is stirred overnight at room
temperature and refluxed for 30 minutes. To a mixture is
added a 8 % hydrogen chloride ethanol solution (100 ml) at
room temperature. The reaction mixture is stirred for 30
minutes, then evaporated. The residue is dissolved in
chloroform and washed successively with a saturated sodium
hydrogen carbonate solution and brine. The organic layer is
dried and evaporated. The oxalate is recrystallized from

ethanol to give ethyl 2-n-propyl-3-{2'-(1lH-tetrazol-5-yl)-

Lo o

biphenyl-4-yllmethyl-4,5,6,7-tetrahydroimidazo(4,5-c]-
pyridine-4-carboxylate oxalate (10.84 g).

m.p. 140 - 142°C

NMR (DMSO-dg) & : 0.84 (3H, t), 4.95 (1H, s), 5.29
(2H, brs)

Free carboxylic acid

NMR (CDCly) & : 1.00 (3H, t), 3.98 (1H, s), 5.09

{rilasss aride lad

(2H, q)
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I n thefmbove mentioned reactions, each starting conpound can be used either
tn theggormof a free base or a salt thereof. The salts of the conpounds
[I-a] #&d [I-d] are, for exanple, alkali-mtal salts, alkaline earth netal

salts, $heavy netal salts, organic amine salts, inorganic or organic acid
salt-s, #and the like. The salts of the compound [II1] are, for exanple,
hydr ocld ori de, hydrobrom de, oxal ate, and the |like. The salts of the

CONPOUEE [IV] are, for

Examples 52 - 59

The compound obtained in Example 11l and the
corresponding starting compounds are treated in the saﬁe
manner as in Examplé 4 or 5 to give the following compounds
: listed in Tables 6 and 7.

3 Table 6

X
 CcHy(CHy), / 1B

d NCOR
Y

i COOCHq

Tet

: (Tet: 1H—Tetraiol—5—yl group)

Ex. R NMR FAB-MS (m/z)

i ) 1.01 (3H, t) 552 (M¥+H)
: s2 | _{/ 3.71 (3H, s) | 95 (base)
3 o |
1.00-1.13 (9H)| 528 (MY+m)

53 | ~CH(CH3), 3.70 (3H, s) | 149 (base)

3

r K
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£ hydrochl ori de,
¥ conpound [V] are,
#%| group. The salts of the conpound {4/1] are,
[ i's pyridyl carbonyl

et

c., when R

Table 7

N
CH3(CH2)2”<5
N

hydr obr om de,
for exanple,

al kal i

and the |ike.
salts, etc.
for exanpl.e,

oxal at e,
nmet al

The salts
when R3 is

group. Wen the conpound

(Tet: 1lH-Tetrazol-5-yl group)
Ex. R NMR FAB-MS (m/z)
- 1.03 (3H, t) 528 (M*+H)
54 | —-CH,CH, 5.29 (2H, s)
5.42 {(1H, s) 207 (pase)
1.04 (3H, t) 600 (M¥+H)
55 | -(CH,),CO0C,Hg 5.29 (2H, ABqg)
5.32 (1H, s) 207 (base)
1.00 (3H, t) | 544 (MY+H) (base)
56 | —OCH,CH, 4.95 (1H, s)
5.29 (2H, s) 207
1.01 (3H, t) 543 (MT+H)
57 | -N(CHs3), 5.28 (2H, ABQ)
4.77 (1H, s) 72 (base)
0.99 (3H, t) 539 (MT+H)
58 | ~CH,CN 1.26 (3H, t) :
1.84 (2H, dt) | 207 (base)
5.95 (1H, s)
1.00, 1.03 571 (MT+H)
59 —CH,NHCOCH4 (34, each t)
1.32 (3H, t) 207 (base)
1.94, 1.97
"(3H, each s)
" A




racem cgm xture, tHe racem c conmpound [I] nay easily be optically resol ved
i'n a cofiventional manner. \Wen the conpound [I] is the compound of the
formul o[ 1] wherein Ring Ais a protected tetarzolyl- substituted phenyl
group, @ protecting group for said carbd&yqngoup and/or for said

fetnazqiyl group may easily be renoved by a conventional manner. The
startinj

§ conpound [I1] may be prepared by the method disclosed in Japanese
Patent &irst Publication

Example 60

Ethyl 2—n-propyl-3—[?'-(lH—tetrazol-s-yl)biphenyl_
4_y1]methyl—4,5,6,7—tetrahydroimidazo[4,5—c]pyfidine—4;
carboxylate (1.00 g) is treated in the same manner as in
Example 32 with using ethanol instead of methanol to give
ethyl 2—n—propyl—S—acetoacety1—3—[2'—(lH—tetrazol—S-yl)-

biphenyl—4-yl]methy1—4,S,6,7-tetrahydroimidazo[4,5_c]_

R LR L R LT

pyridine—-4~carboxylate (1.00 g) as a white foam.

NMR (CDCl3) ¢ : 1.03 (3H, t), 2.22 (3H, s), 3.6l

(2H, ABqg), 5.30 (2H, ABg), 5.36 (1lH, s)

Example 61
To a mixture of ethyl 2-n-propyl-5-acetoacetyl-3-

PRTEHEAI EAn T re

£ [2'—(lH—tetrazol—S—yl)biphenyl—4~yl]methyl-4,5,6,7-tetra_
hydroimidazo[4,5-c)pyridine-4-carboxylate (200 mg),
magnesium chloride (34 mg), pyridine (58 ul) and
acetonitrile (2 ml) is added benzoyl chloride (42 ul) under
. 3 ice—cooling. The feaction mixture is stirred overnight at
room temperature, then diluted with chloroform (50 ml). The
4 solution is washed with 10 % hydrochloric acid and brine,
dried, and evaporated to give a crude product (266 mg) as an
oil. The product (260 mg) obtained above is refluxed with
10 % hydrochloric acid (1.0 ml) in ethnaol (5.0 ml) for one
hour. The reaction mixture is diluted with chloroform (30
ml), washed with brine, dried, and then evaporated.
Purification by silica gel column chromatography {(solvent;

chloroform/ethanol) gives ethyl 2-n-propyl-5-benzoylacetyl-
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conp;?nd [VII] [err] wherein [err] and [ rr] are each hydrogen atomor a

protegti ng group for am no group, and ré |s the sane as defined above,

wth #he conpound [I11] under the sanme conditions as the

—[2'-(1lH-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-tetra-
hydroimidazo[4,s—c]pyridine—é—carboxylate (144 mg) as a
white foam.

FAB-MS (m/z): 618 (MHT), 207 (base)

NMR (CDCl,) & : 1.04 (3H, t), 4.00 - 4.28 (5H, m),
5.30 (2H, s). 5.40 (1H, s)

Example 62

To a mixture of-2—n—propyi—4—(2-éminoethyl)—l—[2'—

(t-butoxycarbonyl)biphenyl-4-yl]methylimidazole ﬂl0.0 g) and
-tetrahydrofuran (100 ml) is ‘added a solution of ethyl
-glyoxylate hydrate (2.90 g) in tetrahydrofuran at room
temperature. The reaction mixture is stirred overnight,

refluxed for 30 minutes, and evaporated. The residue is

Latatal el

dissolved in chloroform and the solution is washed with 2 %
hydrochloric acid solution, a saturated sodium hydrogen
carbonate solution and brine. The organic layer is dried
and evaporated. The crude product is crystallized with
oxalic acid from ethanol-ether to give ethyl 2-n-prepyl-3-
[2'-(t-butoxycarbonyl)biphenyl-4-yl]lmethyl-4,5,6,7~-
tetrahydroimicdazo(4,5-c])pyridine-4-carboxylate oxalate (8.45
g)-

m.p. 166 - 168°C

NMR (DMSO-ds) § : 0.87 (3H, t), 1.25 (9H, s), 5.10
(LH, s), 5.20 (2H, s)

Example 63

The compound obtained in Example 62 (1.00 g) is
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tion between the conmpound [I1] and the conmpound [I11], followed by
-renovlng the protecting group when R6 and/or R7 are a. protecting group for
am nofgroup. In the present specificatio t he | ower al kyl group and the
Iomer1élkoxy group mean ones having 1 to carbon atons, preferably 1 to 4

suspended in chloroform. The suspension is washed with a
saturated sodium hydrogen carbonate solution and brine,
dried over magnesium sulfate and‘evaporated. To a mixture
of tﬁe crude substrate (0.75 g), ethoxycarbonylacétic acid
(0.33 g) and ﬁethylene chloride (10 ml) is added l-ethyl-3-
(3—dimethylaminoprbpyl)carbodiimide hydrochloride (0.48 q)
at room temperature. The reaction mixture is stirred for
one hour, and washed with ‘10 % citric acid solution, a
saturated sodium hydrogen carbonate solution and brine. fThe
organic layer is dried and evaporated. The crude product is
purified by silica gel column chromatography (solvent;
chloroform/ethyl acetate) to give ethyl 2-n-propyl-3-[2'-(t-
butoxycarbonyl}biphenyl—4-yl]methyl-S-ethoxycarbonylacetyl—
4 4-carboxylate (0.70 g).

FAB-MS (m/z): 618 (MHT), 211 (base)

NMR (CDC13) § ¢+ 1.12 (3H, t), 1.28 (9H, s), 3.57
(2H, s), S5.37 (2H, ABq)

Example 64
; To a mixture of the compound obtained in Example 62
(1.00 g), sodium hydrogen carbonate (1.41 g), chloroform (20
ml) and water (10 ml) is added acetic anhydfide (516 mg) at
room temperature. The mixturé is stirred overnight. The
organic layer is separated, washed with brine, dried, and
evaporated. Silica gel column chromatography (solvent;
! chloroform/methanol = 20:1) gives ethyl 2-n-propyl-S5-acetyl-

3-{2'-(t-butoxycarbonyl)biphenyl-4-yl]lmethyl-4,5,6,7-tetra-
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—

present invention is illustrated in nore detail by the follow ng

-Exargpl es and Reference Exanpl es, but should not be, construed to be limted
t heteto. Example 1 Methyl 5-di phenyl acetyl-4,5,6, 7-tetrahydroi m dazo--
[4,58-c] pyridine-4-carboxylate (1.60 g)_isgqdissolved in dinethylfornmam de

(20,

m), and thereto is added sodi um hydride (60 % oil -di spersion, 176 np)

undgr ice-cooling. The mxture is stirred at [err] for 20 m nutes, and

t her

el

[ I O T

R

- Ko

!“.‘ "'\""5'5 1

eto i s

hydroimidazo(4,5~c])pyridine-4-carboxylate (0.90 g) as a
white foam. |

FAB-MS (m/z): 546 (MHT), 211 (base)

NMR (CDClz) & : 0.94 (3H, t), 1.28 (9H, s), 5.37
(2H, ABg), 6.02 (1lH, s)
| Example és

The compound obtained in Example 62 (1.0 g) is
treated in the same manner -as.in Example .64 with using
propionyl chloride (0.23 g) instead of acetic anhydride to
give ethyl-é—n-propyl—s—prdpionyL—B-[2‘-(t—butoxycarbonyl)—
biphenyl-4-yl])methyl-4,5,6,7-tetrahydroimidazo(4,5-c]-

pyridine-4-carboxylate (0.82 g) as a white foan.

FAB-MS (m/z): 560 (MHY), 211 (base)

NMR (CDCly) & : 0.94 (3H, t), 1.12 (3H, t), 1.18
(3H, t), 1.29 (9H, s)

Example 66

The compound obtained in Example 62 (1.00 g} 1is
treated in the same ménner as in Example 64 with using ethyl
chloroformate (0.27 g) instead of acetic anhydride to give
ethyl 2-n-propyl-S-ethoxycarbonyl-3-[2'-(t-butoxycarbonyl)-
biphenyl—4-yl]methyl—4,5,6,7—tetrahydroimidazo[4,5—c]—
pyridine-4-carboxylate (0.82 g) as a white foam.

FAB-MS (m/z): 576 (MHY), 211 (base)

NMR (CDCl;) & : 0.95, 0.96 (3H, t), 1.12 - 1.31
(15H, m), 5.22 - 5.60 (3H, m)

Example 67
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4 [2'-(1-trityl-1Htetrazol -5-yl)bi pheyl -4-yl]nethyl bromde (2.40 g),

andf he mixture is stirred under ice- cooling for one hour, and further at
j:tenperature for one hour. The reaction solution:.is concentrated under -

redfced pressure, and to the residue ared4added chl orof orm and water. The

orggnic layer is dried, and evaporated to renove the solvent. The resulting

resigue is purified by silica gel colum chronmat ography (sol vent;

chl g of orm’ - nmethanol = 100:1) to give nethyl 5-diphenylacetyl-3-[2"-(1-

The mixture of ethyl 2-n-propyl-3-[2'-(t-butoxy-

carbonyl)biphenyl-4-yl]methyl-S—-ethoxycarbonylacetyl-

4,5,6,7-tetrahydroimidazo[4,5—c]pyridine—4—carboxylate (657

mg), trifluoroacetic acid (3 ml) and methylene chloride (10

ml) is stirred overnight at room temperature. The reaction

mixture is washed with a saturated sodium hydrogen carbonate

solution and brine, dried, and evaporated. The crude

product is purified by silica gel column chromatography

(solvent; chloroform/methanol) to give ethyl 2-n-propyl-3-
(2'-carboxybiphenyl-4-yl)methyl-S—-ethoxycarbonylacetyl-
4,5,6,7-tetrahydroimidazo[4,5-c]pyridine~4-carboxylate (516

mg).

FAB-MS (m/z): 562 (MH'), 211 (base)
NMR (CDCly) & : 0.76 (3H, t), 3.55 (2H, s), 5.34
(2H, ABq)

Examples 68 ~ 70

The compounds obtained in Examples 64 to 66 are
treated in the same manner as in Example 67 to give the

following compounds listed in Table 8.
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| -1H-tetrazol - 5-yl) bi phenyl -4-yl ] nmethyl -4,5,6, 7-
.t etigFahydr oi m dazo[ 4, 5-cl pyri di ne-4-carboxylate (430 ng) as a 15
colsgrl ess foam FAB-Ms (mz): 852 (M+H), 792, 610, 567, 244 NVR [err]

(3H,

s), 5.12 (2H, ABQ) - 41 -

Table 8
N
A
CH4CH,CH, |
COR
N
o
COOC,Hq

O COOH

Ex. R NMR (CDCls) & DI~-EI-MS (m/z)
0.79 (3H, t) 489 (M%)
68 ~CH, 2.18 (3H, s)
5.93 (1H, s) 416 (base)
0.81 (3H, t) 503 (M%)
69 -C,Hg 1.15 (3H, t)
1.18 (3H, t) 430 (base)
5.91 (1H, s)
0.68, 0.75 (3H, t) 519 (MT)
70 ~0C,Hg 1.13-1.51 (8H, m) _
5.15-5.54 (3H, m) 446 (base)

Example 71

2—Ethyl—4—(2—aminoethyi)—1—[2?—(L—trityl—lH-
tetrazol-5-yl)biphenyl-4-yl]lmethylimidazole (7.48 g) is
dissolved in tetrahydrofuran (60 ml) to which is added ethyl
glyoxylate hydrate (1.56 g). The reaction mixture is
stirred - overnight at room temperature and then refluxed for
one hour. The solution is evaporated and the residue is
purified by silica gel column chromatography (solvent;

chloroform/methanol) to give ethyl 2-ethyl-3-[2'-(l-trityl-
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equently, there is obtained nethyl 5-diphenyl-

lyl -1-[2'-(1-trityl-1Htetrazol -5-yl ] bi phenyl - 4-yl-] - :

iyl -4, 5, 6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne- 4- carboxylate (1. 17 g) as
| orl ess foam FAB-Ms «(nfz): 852 (MrHFZ 792, 610, 567, 244 NMVR [err] :
(3H, s), 4.81 (2H, s) Exanple 2 To a m xture of nethy

difphenyl acetyl -3-[2' - (1-

yl -1 Htetrazol - 5-yl) bi phenyl -4-yl ] et hyl -4,5,6, 7-

lH-tetrazol-5-yl)biphenyl-4-yl]lmethyl-4,5,6,7-tetrahydro-
imidazo(4,5-c)pyridine~4~carboxylate (5.54 g) as a foam,

characterized as its oxalate.

i m.p. 142 - 146°C

NMR (DMSO-dg) & : 4.93 (1H, s), 5.23 (2H, s)

Example 72

A solution of ethyl 2-ethyl-3-{2'-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-yl]lmethyl-4,5,6,7-tetrahydro-
imidazo[4,5—c]pyridine—4-carboxylate (1.94 g), monoethyl
malonate (0.74 g), 1-(3-dimethylaminopropyl)-3-ethyl-
" carbodiimide hydrochloride (0.80 g), triethylamine (1.40 g)
in dichloromethane (20 ml) is stirred overnight at room
temperature. ‘The reaction mixture is washed with water and

- dried over sodium sulfate, and then evaporated. The residue

| is dissolved in ethanol ({30 ml), fumaric acid (2.00 g) is

added, and the solution is refluxed for three hours. The
solvent is evaporated and the residue is treated with a
saturated sodium hydrogen carbonate solution and then |
extracted with chloroform. The organic layer is dried and
evaporated. Purification by silica gel column
chromatography (solvent; chloroform/methanol) gives ethyl 2-
ethyl—3-[2'—(lH—tetrazol;S—yl)biphenyl—4—yl]methyl—s—ethoxy—
carbonylacetyl-4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-4-
carboxylate (1.07 g) as a foam.

NMR (CDC13) § : 5.29 (2H, s), 5.48 (1H, s), 6.92
(2H, d4), 7.10 (2H, 4)

This Sheet Has Been Replaced




rahydr oi m dazo[ 4, 5-c] pyri di ne- 4- carboxyl ate (400 ng) and chloroform (1
I s added 18 % hydrochloric acid-nmethanol (5 m),-and the mxture is
s}lrred at roomtenperature for 30 mnutes. After the reaction is

cgnpl eted, the mixture is evaporated-tadXenove t he sol vent, and the
'sulting residue is dissolved in nmethanol (5 m), and the m xture is

j usted to pH 10-12 with 1 N aqueous sodi um hydroxi de sol ution, and
grther stirred at roomtenperature for 3 hours. The resulting
1fi-phenyl net hane is renoved by extraction with

Example 73

A mixture of ethyl 2-ethyl-3-[2'-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-tetrahydro-
imidazo([4,5-c])pyridine-4-carboxylate (1.51 g), acetic

anhydride (0.44 g), sodium hydrogen carbonate (1.09 g),

chloroform (18 ml) and water (18 ml) is stirred overnight at

o

room temperature. The aqueous layer is extracted with
chloroform, and the combined organic layer is washed with
agueous citric acid solution and brine, dried, and

¥ evaporated. To the residue (1.46 g) is added fumaric acid
(1.2 g) and ethanol (20 ml), and the mixture is refluxed for
four hours,. then evaporated. The residue is treated with a
saturated sodium hydrogen carbonate solution and the;
extracted with chloroform. The organic layer is dried and

evaporated. Purification by silica gel column

chromatography (solvent; chloroform/methanol) gives ethyl 2-
ethyl-5-acetyl-3-{2'-(1lH-tetrazol-5-yl)biphenyl-4-yllmethyl-
4,5,6,7-tetrahydroimidazo(4,5-clpyridine-4-carboxylate (0.76
g) as a white foam.

FAB-MS (m/z): 500 (M+l, base), 207

NMR (CDC13) § : 1.30 (3H, t), 2.16 (3H, s), 5.30
(2H, s), 5.45 (1lH, s)

Example 74
To a solution of 2-ethyl-4-(2-aminoethyl)-1-[2'-(t-

[N IR

[ TR

butoxycarbonyl)biphenyl-4-yllmethylimidazole (5.30 g) in

4

tetrahydrofuran (40 ml) is. added ethyl glyoxylate hydrate

A YRR I 1
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ifer, and the aqueous |ayer is evaporated under reduced pressure. The
gulting residue is dissolved in a small anount of water, and purified by
cogunm chr omat ogr aphy of noni oni ¢ adsorbing resin (tradenane; HP-20,

maguf act ured by M tsubishi Kasei Corporayi on, Japan) and |yophilized to

i ge the foll ow ng conmpounds.

(1.67 g). The reaction mixture is stirred overniéht at room
temperature and then refluxed for two hours. The solvent is
evaporated and the residue is purified by silica gel column
chromatography (solvent; chloroform/methanocl) to give ethyl
2-ethyl-3-(2'~(t-butoxycarbonyl)biphenyl—-4-yllmethyl-
4,5,6,7—tetrahydrdimidazo[4,5-c]pyridine—4—carboxylate.(5.90
4 g) as a yellow oil. .

FAB-MS (m/z):-490- (M+1), 211 (base)

NMR (CDC13) § : 1.22 (3H, t), 1.28 (9H, s), 1.31
(3H, t), 4.36 (1H, s) '

' Example 75

A mixture of ethyl 2-ethyl-3-(2'-(t-butoxy-
;‘ carbonyl)biphenyl-4-yl]lmethyl-4,5,6,7-tetrahydroimidazo[4,5—-
clpyridine-4-carboxylate (2.26 g), acetic anhydride (0.94
L g), sodium hydrogen carbonate (2.33 g), chloroform (18 ml)
’ and water (18 ml) is stirred overnight at room
temperature. The organic layer is separated, washed with
brine, dried, and evaporated. .The residue is purified by
silica gel column chromatography (solvent;
chloroform/methanol) to give ethyl 2-ethyl-S—-acetyl-3-[2'-
(t-butoxycarbonyl)biphenyl-4-yl])methyl-4,5,6,7-tetrahydro-
imidazo([4,5-c)pyridine-4-carboxylate (2.10 g) as a white

foam.

FAB-MS (m/z): 532 (M+l), 211 (base)
NMR (CDCly) & : 1.13 (3H, t), 1.28 (9H, s), 2.22

(3H, s), 6.05 (lH, s)
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I phenyl acetyl -3-[2' - (I H-tetrazol -5-yl)bi phenyl -

]methyl -4,5,6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne-4- carboxylic acid
diumsalt (170 nmg) IR (Nujol; [err]): 1630 Exanﬁle 3-A mxture of
butyl -4-(2-am noethyl)-1-[2"-(I H

azol - 5-yl ) bi phenyl - 4- yI]nethyI|n1da28Ie hydrochlorlde (8 09 9),

xylic acid hydrate (1.73 g), 1 N aqgueous sodi um hydroxi de solution (53
and dioxane (50 m) is

Example 76
A solution of ethyl 2-ethyl-3-[2'~-{t-butoxy-
carbonyl)biphenyl-4-yllmethyl-4,5,6,7-tetrahydroimidazo{4,5-
clpyridine-4-carboxylate (1.72 g), monoethyl malonate (0.94
g), 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (1.02 g), triethylamine (1.78 g) in dichloro-
methane (20 ml) is étirred overnight.at room temperature.
The reaction mixture-is-washed with water-and dried over
sodium sulfate and then evaporated. The residue is purified
by silica gel column chromatography (solvent; chloroform/
methanol) to give ethyl 2-ethyl-3-[2'-(t-butoxycarbonyl)-
bipheny1-4—yl]methyl—S—ethoxyéarbonylacetyl—é,S,6,7—tetra-
hydroimidazo(4,5-c]pyridine-4-carboxylate (1.57 g) as an
o oil. |
NMR (CDClg3) 6 : 1.12 (3H, t), 1.28 (9H, s), 5.35
(2H, g), 6.00 (1H, s)
Example 77
h ’ To a solution of the above product (2.05 g) in
dichloromethane (20 ml) is added trifluoroacetic acid (6
ml). The reaction mixture is stirred at room temperature
overnight, and then evaporated. The residue is dissolved in
chloroform and washed with a saturated sodium hydrogen
carbonate solution. The organic layer is dried over sodium

sulfate and then concentrated to give the crude product

—-——"_’—'——.'—‘-_——’—'—‘_
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gred at [err] for two days. The reaction solution is acidified with
rochloric acid, and evaporated under reduced pressure. The residue is

€ sol ved in nethanol (100 m), and the mixture is ¢ooled to [err], and
fereto is added dropwi se thionyl chloride (12.4 g): After addition, the
Kkture is stirred at [err] for two d§y§5 “The m xture is evaporated under
uced pressure to renove the solvent. The mxture is neutralized with
jBeous sodi um hydrogen carbonate solution, and extracted with chloroform

which is purified by silica gel column chromatography
(solvent; chloroform/ﬁethanol) to give ethyl 2-ethyl-3-(2'-
carboxybiphenyl-4-yl)methyl-5-ethoxycarbonylacetyl-4,5,6,7-

tetrahydroimidazo[4,5-c)pyridine-4-carboxylate (1.17 g) as a

white foam.

NMR (CDCI3) § : 0.98 (3H, t), 2.16 (3H, t), 1.27
(BH, t), 5.33 (24, g), 6.00 (1H, s)

Example 78

The compound obtained in Example 75 (2.05 g) is
treated in the.same manner as in Example 67 to give ethyl 2-
ethyl-5-acetyl-3-(2'-carboxybiphenyl-4-yl)methyl-4,5,6,7-
tetrahydroimidazo[4,5—c]pyridine—4—carboxylate (1.53 g) as a
white Foam.

FAB-MS (m/z): 476 (M+l), 211 (base)

NMR (CDClB) d : 1.00 (3H, t), 2.20 (3H, s), 6.00
(1H, s), 6.95 (2H, d)

Example 79

A mixture of ethyl 2-n-propyl-3-[2'—-(t-butoxy-
carbonyl)biphenyl-4-yl]lmethyl-4,5,6,7-tetrahydroimidazo(4,5-
clpyridine-4-carboxylate (0.20 g), potassium carbonate
(0.082 g), allyl bromide (0.057 g) and tetrahydrofuran (2
ml) is stirred overnight at room temperature. To the
mixture is added chloroform, and the mixture is washed,
dried and evaporated. The residue is purified by silica gel
column chromatography (solvent} chloroform/methanol) to give

ethyl 2-n-propyl-5-allyl-3-(2'-(t-butoxycarbonyl)biphenyl-4-

e
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xtract is dried, and evaporated under reduced pressure, and the resulting
-0i |y product is purified by silica gel colum chronatography (sol vent;
hl or of ormf met hanol = 15:1) to give nethyl

-n-butyl-3-[2"-(1Htetrazol -5-yl) bi phepyl -4-yl]- _
fethyl -4,5,6, 7-tetrahydroi m dazo[ 4, 5, c]pyrldlne 4- carboxylate (3.74 g) as
! pomder. [err]

yl]methyl-4,5,6,7-tetrahydroimidaéo[4,Sfc]pyridine—4—
carboxylate (0.128 g).
FAB-MS (m/2): 544 (M+1l), 211 (base)
NMR (CDCl,) & : 0.96 (3H, t), 1.19 (3H, t), 1.30
(9H, s), 4.25 (1H, s)
Example 80
To a mixture of ethyl 2-n-propyl-3-[2'-(t-butoxy-
carbonyl)biphenyl-4-yl]methyl-4,5,6,7-tetrahydroimidazo{4,5-
* _ clpyridine-4-carboxylate (0.65 g), potassium carbonate
{(0.533 g) and dimethylformamide (6 ml) is added benzyl
-bromidé (0.33 g). The mixture is stirred at room
temperature for one hour, then diluted with ethyl acetate.
The solution is washed with water, dried, and evaporated.
The residue is purified by silica gel column chromatography
(solvent; chloroform/methanol) to give ethyl 2-n-propyl-5-
benzyl-3-[2'~(t-butoxycarbonyl)biphenyl-4-yl Jmethyl-4,5,6,7~-
tetrahydroimidazo(4,5~-c]pyridine-4-carboxylate (0.49 g).
FAB-MS (m/z): 594 (M+1l), 91 (base)
NMR (CDCl3) 6 : 0.96 (3H, t), 1.16 (3H, ;:), 1.28
(9H, s), 4.22 (1H, s)
Example 81
The compound obtained in Example 79 is treated in
the same manner as in Example 67 to give ethyl 2-n-propyl-5-
allyl~3—(2'—carboxybiphenyl~4-yl)methyl—4,5,6,7-£etrahydro—

imidazo(4,5-c]pyridine-4-carboxylate.
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17 NWR [err]: 0.90 (3H t), 3.72 (3H_s), 5. 20 (2H s) Exanple 4 To a

-m xture of the conpound obtained in Exanple 3 (296 ng), triethylanine (317
ng) and chloroform (10 m) is added dropw se a sol ut:i on of’ acetyl chloride
(148 mg) in chloroform (1 m) under ice-ggoling. The m xture is stirred

-

FAB-MS (m/z): 488 (M+l1), 43 (base)
NMR (CDCl3) & : 0.74 (3H, t), 1.18 (3H, t), 4.34
" (1H, s)

Example 82

The compound obtained in Example 80 is treated in

the same manner as in Example 67 to give ethyl 2-n-propyl-5-
benzyl—-3-(2'-carboxybiphenyl-4-yl)methyl-4,5,6,7~tetrahydro-
imidazo[4,5-c]pyridine-4-carboxylate.
' FAB-MS (m/z): 538 (M+l), 91 (base)

'NMR (CDCl) & : 0.77 (3H, t), 1.09 (3H, t), 3.63
(1H, d), 3.76 (1H, d), 4.18 (1H, s)

Example 83

A mixture of 2—n-prppyl—4—(2—aminoethyl)—1-[2'—(l— _
trityl-lH-tetrazol-5-yl)biphenyl-4~yl]lmethylimidazole (6.92
g), ethyl glyoxylate hydrate (1.30 g) and tetrahydrofuran
(70 ml) is stirred overnight at room temperature. The
mixture is evaporated, and the residue is purified by silica
gel column chromatography (solvent; cﬁloroform/ethanol) to
give ethyl 2—n~§ropyl—3—[2‘—(l—trityl—lH—tetrazol—S-yl)—
biphenyl-4-yl)methyl-4,5,6,7-tetrahydroimidazo(4,5-c)-
pyridine-4-carboxylate (5.32 g) as a foam.

FAB-MS (m/z): 714 (M+l), 243 (base)

NMR (CDCls) & : 0.90 (3H, t), 1.21 (3H, t), 1.92

(brs), 4.17 (lH, s), 5.10 (2H, ABq)

Example 84

A mixture of ethyl 2-n-propyl-3-(2'-(l-trityl-1H-

——————
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E; roomtenperature for two hours, and the reaction solution is washed,

dried and evaporated to renove the solvent. ‘The resulting residue is

purlfled by silica gel colum chromatography (solvent; chlorofornf nethanol
30:1) to give nethyl 5-acetyl-2-n-butyB93=[2'-(1H tetrazol-5-yl)biphenyl -

4 yllJmethyl -4,5,6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne-4- carboxyl ate (158

g) . FAB- M5 (niz): 514 (M+H), 119 (base) NVR [err] : 0.94 (3H, t), 2.16
3H, s), 3.78

tetrazol—S—Yl)biphgnyl—4—yl]methyl-4,S,6,7—tetrahydro—
imidazo[4,5~-c]pyridine-4-carboxylate (2.00 g); potassium
carbonate (1.16 g), ethyl bromide (0.61 g) and dimethyl-
formamide (10 ml) is stirred overnight at room
temperature. The mixture is diluted with ethyl acetate, and
the solution is washed with water, dried and evaporated.
The residue is purified by silica gel column chromatography
(solvent; chloréform/methanol) to 'give ethyl S5-ethyl-2-n-
1‘ propyl-3-{2'-(1-trityl-1H-tetrazol-5-yl)biphenyl-4-y1l]-
methy1—4,5,6[7—tetrahydroimidazo[4,5-c]pyridine~4—
‘carboxylate (1.12 g) as é white foam.
FAB-MS (m/z): 742 (M+l), 243 (base)
NMR (CDClg) & : 0.88 (3H, t), 0.97 (3H, t), 1.15
(3H, t), 4.15 (1H, s)
Example 85
A mixture of ethyl 2-n-propyl-3-(2'-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-yl])methyl-4,5,6,7-tetrahydro-
imidazo{4,5-c]pyridine-4-carboxylate (2.00 g), potassium
carbonate (1.16 g), benzyl bromide’(0.72 g) and dimethyl-
formamide (10 ml) is stirred under ice-cooling for two

hours. The mixture is diluted with ethyl acetate, and the

solution is washed with water, dried and evaporated. The
residue is purified by silica gel column chromatography
(solvent; n-hexane/ethyl acetate) to give ethyl S5-benzyl-2-
n-propyl-3-{2'-(l-trityl-lH-tetrazol-5-yl)biphenyl-4-yl]-

methyl-4,5,6,7-tetrahydroimidazo{4,5-c]pyridine-4-
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(SQ[ s) Exanple 5 A mixture of the conpound obtained in Exanple 3 (361 ng),
et fyl ene chloride (10 m ), triethylamne (85 ng),  benzorc—acird (103 Tmy),—
N- hydr oxybenzotri azole (114 ng) and . oL ;

1- el hyl - 3-(3- di met hyl ani nopr opy! ) car bodi 58 de hydr ochl or i U4 geibacm LA
stifred at roomtenperature overnight. The reaction sol utiil‘ m ﬂ IL
dri d and evaporated to renove the solvent. The resulting i

purjfied by
carboxylate (1.50 g) as a white foam.
FAB-MS (m/z): 804 (M+1l), 243 (base)
NMR (CDC13) é§ :0.87 (3H, t), 1.13 (3H, t), 3.64
(15, 4), 3.77 (1H, d), 4.13 (1lH, s)
Example 86
A mixture of ethyl 5—ethyl—2—n;propyl—3—[2‘—(1-
trityl-lH-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-
tetrahydroimidazo(4,5-c]pyridine—-4-carboxylate (lllO g).,
’ fumaric acid (1.2 g) ane ethanol ({20 ml) is refluxed for one

hour. The mixture is evaporated, and the residue is
dissolved in chloroform, and the mixture is washed with a
saturated sodium hydrogen carbonate solution and brine,
dried and evaporated. ' The residue is purified by silica gel
column chromatography (solvent; chloroform/methanol) to give
ethyl 5-ethyl-2-n-propyl-3-[2'-(1H-tetrazol-5-yl)biphenyl-4-
yllmethyl-4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-4-
carboxylate (0.65 g) as a white foam.
’ FAB-MS (m/z): 500 (M+l), 43 (base)

NMR (CDCl3) & : 0.88 (3H, t), 0.99 (3H, t), 1.05
(3H, t), 4.05 (lH, s)

Example 87

The compound obtained in Example 85 is treated in
the same manner as in Example 86° to give ethyl S5-benzyl-2-n-
propyl-3-[2'-(1H-tetrazol-5-yl)biphenyl-4-yl)methyl-4,5,6,7-
tetrahydroimidazo[4,5—c]pyridine—4-carboxyla£e.

FAB-MS (m/z): 562 (M+l), 91 (base)

NMR (CDCl3) 6§ : 0.89 (3H, t), 1.03 (3H, t), 3.54

(14, d), 3.68 (1H, d), 4.02 (1H, s)




‘1ﬁ| tca gel columm chromat ography (sol vent; chloroform 18 nethanol =

'30:1) to glve met hyl 2-butyl -5-benzoyl -3-[2'-(1H -
Qetrazol -yl) bi phenyl -4-yl ] nethyl -4,5,6, 7-tetrahydro- .
ijm dazo[ 4, 5-c] pyri di ne-4-carboxyl ate (294 ng). FAB- , 105
o=se i
Examples 88 - 102
The compounds obtained in Examples 52 to 56, 59, 68
to 70, 73, 78, 81, 82, 86 and 87 are treated in the same
manner as in Example 8 to give the following compounds
listed in Tables 9 to 12.
Table 9
N
CH., (CH,) / |
3 272
* NCOR
: N
COOH = 2Na salt
Tet |
(Tet: 1H-Tetrazol-5-yl group)
Ex. R NMR (D,0) & | FAB-MS (m/z)
0.87 (3H, t) 582 (M+1l)
88 _AT—YB 6.23 (2H, dd) 155 (base)
07
0.89 (3H, ¢t) 558 (M+1)
89 -CH(CH3), 0.44, 0.96, 1.04, 1.14 154 (base)
(6H, 4d)
0.70-1.19 (6H, m) 566 (M+tNa)
90 | -CH,CH4 5.14-5.78 (3H, m) 544 (M+1)
154 (base)
0.76-0.92 (6H, m) 632 (M+Na)
91 —-(CH,) ,COONa 5.18+-5.78 (3H, m) 610 (M+1)
154 (base)
0.82 (3H, t) 582 (M+Na)
92 —OCH,CH; 0.94, 1.26 (3H, t) 560 (M+1)
154 (base)
0.81, 0.93 (3H, each t) 609 (M+Na)
93 —CHZNHCOCH3 4.06, 4.56 (1lH, each dd) | 587 (M+1l)
4.45, 5.68 (1H, each s) 154 (base)




IR

npl e

[err]

i enyl ) car bonyl -

0.97 (3H,

3-[2' -

t),

(I Htetrazol -

2- n but
- 5- ylgblphenyl

met hyl

a
e same manner as in Exanple 5 to give nethyl
i
]

-4,5,6, 7-t et rahydroi m dazo[ 4, 5
B-Ms (n1z):

582 (M+H), 111 (base)

Table 10

CH3(CHjy) 2</
N

-C pyr|d|ne 4

: 3.79 (3H, s) Exanple 6 The conpound obtai ned in
3 (483 ng) and thiophen-2-carboxylic acid (158 ng) are treated in

yl -5 2-

carboxyl ate (306 ng).

COR

» 2Na salt

Ex. R m.p. NMR (D20) 8 FAB-MS (m/z)
0.88, 0.95 528 (M+Na)
94 —CH3 >300°C (3H, each t) 506 (M+1l)
1.72, 2.21 177 (base)
(3H, each s)
0.72, 0.87 542 (M+Na)
95 | -CH,CH, >300°C (3H, each t)
0.97, 1.10 520 (M+1)
(3H, each t)
0.86 (3H, t) 582 (M+Na)
96 -0CH,CH4 >280°C 1.27 (3H, t) 560 (M+1)
177 (base)
This Sheet Has Been Re
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&a& [err] : 0.95 (3H, t), 3.73 (3H, s) Exanple 7 A mi xture of the conpound
bfained in Exanple 3 (2.98 g), 1N aqueous sodi um hydroxide solution (14
n1 and nmethanol (30 m) is stirred at roon1tenperature over ni ght, and
evpporated to renove the solvent. The res3zlue is recrystallized from
agpeous methanol and collected to give 2-n-butyl-3-[2'-(lHtetrazol-5-yl)-
bi phenyl -4-yl ] et hyl -4, 5, 6, 7-t et rahydr oi m dazo[ 4, 5-c] -

+ 2Na salt
Ex.| R® NMR (D,0) & FAB-MS (m/z)
1.06-1.16 (3H, m) 538 (M+Na)
97 Tet 1.71, 2.04 (3H, each s) 516 (M+1)
5.50, 6.01 (1H, each s) 177 (base)
., 1.15 (3H, t) . 514 (M+Na)
98 —COOH 1.75, 2.03 (3H, each s) 492 (M+l)
5.97, 6.31 (1lH, each s) 177 (base)

Tet: 1H-Tetrazol-5-yl group

—_//__
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Example 103

pydi di ne- 4- carboxyllc acid (2.11 g). n1p 216 - [err] (deconposed). NWR
(DYBO-d6) [err] : 0.97 (3H t), 4.37 (1H, s), 5.17 (1H d), 6.01 (1H d)
Exanpl e 8
— 54 —
Table 12
N
CH4 (CH5) /
3 2 2< N-R2
N
+ 2Na salt
Ex.| R? R’ NMR (D,0) FAB-MS (m/z)
0.82 (3H, t) 538 (M+Na)
99 | -CH,CH; Tet 0.99 (3H, t) 516 (M+1)
4.0 (1lH, s) 177 (base)
0.88 (3H, t) 600 (M+Na)
100 —CH24<::> Tet 3.84 (1H, s) 578 (M+1)
4.94 (1H, 4) 177 (base)
0.90 (3H, t) 526 (M+Na)
101 | ~CH,CH=CH, -COOH | 3.99 (1H, s) 504 (M+1)
‘ 7.05 (2H, d) 177 (base)
0.93 (3H, t) 554 (M+1)
102 —CH24<::> ~COOH | 3.52 (1H, d) 177 (base)
3.78 (1H, 4d)
Tet: lﬁ—Tetrazol—S-yl group

To a solution of ethyl 2—n-propyl—5-ace£yl—3—[2'—

(lH-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-tetrahydro-

imidazo[4,5-c)pyridine-4-carboxylate (50.0 g) in methanol

(500 ml) is added 4 N aqueous sodium hydrbxide solution (50

ml) under ice-cooling.

room temperature, then evaporated.

The mixture is stirred overnight at

The residue is
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Alm xture of the conpound obtained in Exanple 4 (142 ng), 1 N aqueous

s@di um hydroxi de solution (0.60 m) and nmethanol (5 m) is stirred at room
t gnperature overni ght, and evaporated under -reduced pressure to renove the
s@l vent. The resulting residue is purifbéd-by col um chronat ography of

ngni oni ¢ adsorbing resin (tradenane; HP- 20, manufactured by.M tsubish
K%sei Cor poration, Japan), and |yophilized to give

24n-butyl -5-acetyl -3-[2"-(1H :

t gt razol - 5-yl) bi phenyl -4-yl ] net hyl -4,5, 6, 7-t et rahydr o-

recrystallized from ethanol to give 2—n—propyl—5—acetyl—3*
[2'-(1B-tetrazol-5-yl)biphenyl-4-yl]lmethyl-4,5,6,7-tetra-
hydroimidazo(4,5-c]pyridine-4-carboxylic acid disodium salt
(44.3 g).

m.p. >300°C

FAB-MS (m/z): 552 (M+Na), S30 (M+l), 177 (base)

NMR (D,0) & : 0.8 -.0.93 (3H, m), 1.67, 2.02 (3H,
each s), 4.53, 5.44 (1H, each s)

Reference Example 1

Methyl 4,5,6,7—tet;ahydroimidazo[4,S—é]pyridine—4—
carboxylate is treated in the same manner as Example 5 to
give methyl 5-diphenylacety1—4,S,6,7-tetrahydrdimidazo[4,5—
clpyridine-4-carboxylate as a pale yellow foam.
| NMR (CDCl3) & : 3.68 (3H, s), 6.07 (1H, s)

Refersnce Example 2

(1) l-t-Butoxycarbonyl-4-[2-(t-butoxycarbonyl-
amino)ethyl]limidazole (78.1 g) is dissolved in acetonitrile
(500 ml), and thereto is added methoxymethyl chloride (22.2
g). The mixture is stirred at room temperature overnight,
and poured intc aqueous 10 % sodium carbonate solution, and
extracted with esthyl acetate. The extract is washed, dried
and evaporated to give S5-[2-(t-butoxycarbonylamino)ethyl]-1-
methoxymethylimidazole (54.4 g) as an oil.

NMR (CDCls) & : 1.43 (9H, s), 3.27 (3H, s), 5.20
(2H, s)

(2) The above compound (55 g) is dissolved in
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I\ dazod[ 4, 5-c] pyridi ne-4-carboxylic acid disodiumsalt (100 ng). [err]
Efanples 9 - 10 The conpounds obtained in Exanples 5 - 6 are treated in the
sqme.manner as in. Exanple 8 to give thgsfollomnng conpounds listed in
Thbl e 1. - = ' :

tetfahydrofuran (1.5 liter), and the mixture is cooled to
-40°C. To the mixture is added dropwise 1.6 M n—-butyl
lithium/n-hexane solution (150 ml), and the mixture is
stirred for 30 minutes. To the mixture is added
hexamethylphosphamide (150 ml), and thereto is further added
n-butyl lithium (137 ml), and n-butyl iodide (37.5 g) is
added.dropwise to the mixture while the temperature thereof
is kept at -30°C. The mixture is stirred for 10 minutes,
‘ and the reaction is quenched with agqueous ammonium chloride
solution. Ethyl acetate is-added to the reaction mixture,
and the organic layer is collected, washed, dried and
evaporated to remove the solvent The resulting oily
residue is purlfled by silica gel column chromatography
(solvent; chloroform/ethyl acetate/methanol = 32:8:1) to
give 5-[2-(t-butoxycarbonylamino)ethyl]-2-n-butyl-l-methoxy-
methylimidazole (44.8 g) as an oil.

NMR (CDCl,) & : 0.94 (3H, t), 1.44 (9H, s), 3.27
* (3H, s}, 5.09 (2H, s)

(3) A mixture of the above compound (80.7 g).,
ethyl chorocarbonate (84.5 g) and chloroform (1.3 liter) is
refluxed for 2.5 hours, and evaporated to remove the
solvent. Ethanol (300 ml) and 10 % aqueous sodium hydroxide
solution (200 ml) are added to the residue, and the mixture
is stirred under ice-cooling for 20 minutes. The solvent is
distilled off, and chloroform and water are added to the

residue. The chloroform layer is dried and evaporated. The
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:TZG - Table 1 [err] Exanple 11 (1) To a m xture of

24n- propyl - 4- (2-am noet hyl ) - 1- : . :

2 -(1-trityl-I1Htetrazol -5-yl)bi phenyl -4-yl].nmethyl i m dazole (3.66 g) and
mft hanol (30 m) is added 9 % hydrochlosizc-aci d-net hanol™ (50 m), and the
m|{xture is stirred at room

resulting residue is recrystallized from isopropyl ether to
give 4—[2—(t-butoxycarbonylamino)ethyl]—2—n—butylimidazole
(50.3 g).

m.p. 118 - 120°C

(4) The above compound is treated in the same
manner as in Example 1 to give 4-[2-(t-butoxycarbonylamino)-
ethyl})-2-n-butyl-1-(2'-(l-trityl-l1H-tetrazol-5-yl)biphenyl-
4-yllmethylimidazole.
' NMR (CDCl3) § : 0.89 (3H, t), 1.43 (9H, s), 4.85
(2H, s) . -

(5) A mixture of the above compound (15.2 g), 10 %
hydrochloric acid (40 ml) and methanol (60 ml) is refluxed
1 for one hour. After the reaction is completéd, the mixture
is evaporated to remove the methanol, and the agqueous layer
is washed and concentrated to dryness under reduced
pressure. The resulting residue is subjected to azeotropic
distillation with dry toluene to give crude 2-n-butyl-4-(2-
. aminoethyl)—l—[Z'—(lH—tetrazol—S—yl)biphenyl—4—yl]methyl-
imidazole hydrochloride (9.7 g) as a caramel.

FAB-MS (m/z): 402 (M+H) (base)

NMR (DMSO—dS) § : 0.84 (3H, t), 1.43 (9H, s), 5.40
(2H, s)

Reference Example 3

(1) 2-Propyl-4-hydroxymethylimidazole (2.61 g) is
added to thionyl chloride (4.5 ml), and the mixture is

heated at 50°C for two hours. The solvent is distilled off,
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tenperature for 40 mnutes. The m xture is evaporated under reduced
pressure to renove the solvent, and water is added to the residue. The

m xture is washed with ethyl acetate, and the adueous | ayer -is evaporat ed
undér reduced pressure and further subj e ed to azeotrophic .distillation
Wi th toluene to give crude 2-n-propyl-4-(2-am noethyl)-1-[2"-

and the residue is dissolved in dimethylformamide (20 ml),
and the mixture is'added dropwise to a solgtion of sodium
cyanide (5.47 g) in dimethylfofmamide (120 ml). The mixture
is stirred at room temperature overnight, and evaporated to
remove the solvent. To the resulting residue is added ethyl
acetate, and the mixture is washed, dried and evaporated.
The residue is purified by silica gel column chromatography
(solvent; ethyl acetate) to give 2—n—propyl—4—cyanoﬁethyl—
'* imidazole (3.08 g) as an oil.

NMR (CDCl3) § : 0.95 (3H, t), 3.67 (2H, 4)

(2). The above product (3.08 g) is disgolved in
acetic acid (30 ml), and thereto is added 10 % hydrochloric
acid (10 ml). The migture is subjected to caEalytic
hydrogenation using platinum oxide as a catalyst. After the
1 reaction is completed, platinum oxide is removed by
filtration, and the filtrate is evaporated under reduced

pressure to give 2-n-propylhistamine hydrochloride (4.83

s

phthalic anhydride (3.04 g), sodium acetate (6.10 g) and

(3) A mixture of the above compound (4.83 g},

acetic acid (50 ml) is refluxed for 19 hours. The mixture
is evaporated under reduced pressure, and water is added to
the resulting residue. The mixture is neutralized with
sodium hydrogen carbonate, and extracted with chloroform.
The extract is dried, and evaporated, and the resulting

residue is purified by silica gel column chromatography
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‘['21 - tetrazol -5-yl)bi phenyl -4-yl et hyl i m dazol e hydrochloride (2.68 g).
(2) The above conpound (2.15 g) is treated in the same nmanner as in Exanple
3 to give nethyl 2-n-propyl-3-[2'- : :

(1Htetrazol -5-yl ) bi phenyl - 4-yl ] met hyl - , 6, 7 tetrahydro-

I m dazo[ 4, 5-c] pyri di ne- 4-car boxyl ate (O. % g) as a foam FAB-MS (niz) 458

M+H), 207 (base) NVWVR [err] : 0.98 (3H, t), 3.84 (3H, s), 5.06

(solvent; chloroform/methanol = 20:1) to give 2-n-propyl-4-
(2-phthalimidethyl)imidazole (2.72 q).

m.p. 137 - 139°C

NMR (CDCl3) & : 0.90 (3H, t), 3.95 (2H, t), 7.61-
7.86 (4H, m)

Referenceé Example 4

The compound obtained in Reference Example 3 is
treated in the same manner as-in Example 1 to give 2-n- .
." propyl=4-(2-phthalimidethyl)-1-[(2'-(l-trityl-1H-tetrazol-5-
yl)biphenyl-4-yl]methylimidazole as foam.
NMR (CDCl3) & : 0.86 (33, t), 4.82 (2H, s)
Oxalate
m.p. 112°C (sintered)

Reference Example 5

To a mixture of the compound obtained in Reference
Example 4 (4.11 g) and ethanol (100 ml) is added 10 %
hydrazine hydrate (2 ml), and the mixture is stirred at room
'b temperature for 5 hours. After the reaction is completed,
chloroform is added to the reaction mixture, and the mixture
is washed, dried and evaporated to give crude 2-n-propyl-4-
(2—aminoethyl)—l~[2'—(l—trityl—lH-tetrazol—S—yl)biphenyl—4—
yllmethylimidazole (3.68 g) as an oil.

Reference Example 6

4-[2-(t-Butoxycarbonylamino)ethyl }-2-n-butyl-

imidazole (3.0 g) and methyl 4'-bromomethylbiphenyl-2-

carboxylate (3.75 g) are treated in the same manner as in
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(4H -ABq) Exanple 12 2-n-Butyl-4-(2-am noethyl)-1-(2'-methoxycarbonyl -

by phenyl - 4- yl ) met hyl i m dazol e hydrochloride (1. 80 g) Is treated in the sane
nner as in Exanple 3 to give crude nethyl

24n-butyl - 3- (2' - net hoxycar bony! bi phenyL- gyL) et hyl -

415, 6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne-4-carboxyl ate (1.70 g). Exanple 13

Example 1l to give 2-n-butyl-4-(2-t-butoxycarbonylamino-
ethyl)—l—[Z‘—methoxycarbonylbiphenyl—4~yl]methyliﬁidazole
(2.65 g) as an oil.

EI-MS (m/z): 491 (M%), 225 (base)

NMR (CDCl3) & : 0.91 (3H, t), 3.66 (3H, s), 5.02
(2H, s) '

Reference Example 7

A mixture of the compound obtained in Reference
Example 6, 10 % hydrochloric acid (40 ml) and methanol (60
ml) is refluxed for one hour. After the reaction is
complete, the mixture is evaporated to remove the methanol,
and the aqueous layer is washed and concéntrated to dryness

under reduced pressure. The resulting residue is subjected

to azeotropic distillation with dry toluene to give crude 2-
n—butyl—4—(2—aminoethyl)—l—(2'—methoxycarbonylbiphenyl—4-
yl)methylimidazole hydrochloride.

Reference Example 8

GP (1) n-Butanamidine hydrochloride (5.0 g) and
potassium carbonate (11.4 g) are suspended in acetonitrile
(100 ml), and the mixture is heated at 80°C to 90°C. To the
mixture is added dropwise a solution of l-bromo-4-phthal-
imidbutan-2-one (10.0 g) in acetonitrile (200 ml) with
stirring, and the mixture is heated at the same temperature
for 1.5 hour. The insoluble materials are removed by
filtration, and the filtrate is concentrated. The resulting

residue is dissolved in ethyl acetate, washed with water,
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- n- but yl

O NO = Q) hA_lJ

o.a mxture of the conmpound obtained in Exanple 12 (1.70 g) and pyridine
20 M) is added acetic anhydride (5 m), and the m xture is stirred
verni ght .
dded chloroform and the m xture is mas%gdh dried, and evaporated to
enove the solvent. The residue is purified by silica gel colum

ht omat ogr aphy (sol vent; chlorofornfethanol = 10:1) to give nethyl
-5-acetyl -3-(2'- nethoxy-

ar bonyl bi phenyl - 4-yl ) net hyl - , 6, 7-tetrahydroi m dazo[ 4, 5-

The solvent is distilled off, and to the resulting residue is

dried over sodium sulfate, and evaporated. Fumaric acid is
added to the residue, and the product is recrystallized from
ethanol/ether to give 2-n-propyl-4-(2-phthalimidethyl)-
imidazole % fumarate (9.9 q).

m.p. 185 - 187°C

(2) The above fumarate (13.7 g) is suspended in
ethyl acetate/water, and thereto is added sodium hydrogen
carbonate (5.8 g) to give 2-n-propyl-4-(2-phthalimid-
ethyl)imidazole (9.24 g). To a solution of the product
(9.24 g) and 4-(2'-cyanophenyl)benzyl bromide (9.3 g) in
tetrahydrofuran (150 ml) and dimethylformamide (10 ml) is
added dropwise a solution of potassium t-butoxide (3.84 g)
in tetrahydrofuran (50 ml) at 50°C. The mi;ture is allowed
to warm to 20°C, and stirred for two hours. The reaction is
quenched with aqueous ammonium chloride solution, and the
mixture is extracted with ethyl acetate, and the ethyl
acetate layer is washed with water, and dried over sodium
sulfate, and evaporated to give a colorless oily product
(15.3 g). The product is dissolved in ethanol, and thereto
is added oxalic acid, and the product is recrystallized from
ethanol to give 2-n-propyl-4-(2-phthalimidethyl)-1-(2'-
cyanobiphenyl-4-yl)methylimidazole oxalate (13.44 g).

m.p. 162 - 166°C

NMR (DMSO-ds) 8 : 0.82 (3H, t), 2.60 - 3.10 (4H,
m), 5.34 (2H, s)

(3) A mixture of 2-n-propyl-4-(2-phthalimidethyl)-
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1 (3H,

c¢] pyridi ne-4-carboxylate (0.47 g) as an oil. NVMR [err] : 0.88 (3H, t),
s), 3.46 (3H, s), 3.64 (3H s), 5.33 (2H, ABg) Exanple 14 A

ture of 2-n-butyl-4-(2-am noethyl)-1-[2"-(1H - o - :

: - 62 - _

1-(2'-cyanobiphenyl-4-yl)methylimidazole (0.5 g) and
tributyltin'azide (0.70 g) is heated overnight at 110°C. To
the reaction mixture is added 8 % hydrogen chloride ethanol
solution (5 ml), and the solution is stirped for 30 minutes
at room temperature, then evaporated. The residue is

dissolved in water (30 ml), and the solution is washed with

.ether. The aqueous layer is neutralized with sodium

hydrogen carbbnate,-and extracted with chloroform. The
chloroform solution is dried, and evaporated. To tﬁe
residue (575 mg) are added triphenylchloromethane (0.38 g},
triethylamine (0.20 ml) énd chloroform (5.0 ml). The
solution is stirred for two hours at room temperature, then
washed with a saturated sodium hydrogen carbonate solution
and brine, dried over sodium sulfate, and evaporated. To
the residue is added oxalic acid (0.10 g), and the mixture
is recrystallized from ethanol to give 2-n-propyl-4-(2-
phtalimidethyl)-l—[z'—(l—trityl—lH—tetrézol—S—yl)biphenyl—4—
yl)methylimidazole oxalate (0.70 g).

m.p. l12°C ksintered)

Reference Example 9

To a solution of 1-(diethoxy)methylimidazole (260
g) in tetrahydrofuran (5 liters) is added dropwise 1.6 M
solution of n-butyl lithium in hexane (1 liter) at -45°C.
Thirty minutes thereafter, n-butyl iodide (294 g) is added
dropwise to the mixture at the same temperature. The
reaction mixture is stirred overnight at room temperature

and then evaporated. To the residue is added ether (2

This Sheet Has Been Replaced




t etlrazol - 5-yl ) bi phenyl -4-yl ] met hyl i mi dazol e hydrochl oride (0.278 g), ethyl
‘gl yoxylate (0.179 g) and ethanol (5 m) is refluxed for three days. To the
mfture is added chloroform and the mixture is washed, .dried and
evgporated to renove the solvent. The_rgsidue.is purified by silica gel
colfum chromat ogr aphy (sol vent; chl oroform nethanol = 10:1) to give ethyl
2-p-butyl-3-[2'-(IHtetrazol -5-yl)-
bi phenyl -4-yl ] net hyl -4,5, 6, 7-t et rahydr oi m dazo[ 4, 5-c] -
pyLi di ne- 4-carboxylate (0.136 g) as a foam
liters), and the solution is extracted with 10 %
hydrochloric acid. The aqueous solution is basified with 10
% sodium hydroxide solution, then evaporated with
chloroform. The organic layer is washed, dried and
evaporated. To the crude product (204 g), triethylamine
(170 g) and chloroform (2 liters) is added dropwise a
solution of dimethylsulfamoyl chloride (200 g) in chloroform
(200 ml) under ice-cooling. The mixture-is stirred
overnight at room temperature, washed with brine, dried, and
evaporatea. -The.crude product is .purified by distillation
to give 2-n-butyl-l-dimethylsulfamoylimidazole (249.4 g).

b.p. 124°C (1 mmHg)

Reference Example 10

1-(Diethoxy)methylimidazole and n-propyl lithium
are treated in the same manner as in Reference Example 9 to
give 2-n-propyl-l-dimethylsulfamoylimidazole.

b.p. 141 - 143°C (3 mmHg)

Reference Example 11

To a stirred solution of 2—ethy1imidﬁzole (100 q)
and triethylamine (115 g) in chloroform (800 ml) at 0°C is
added a solution of dimethylsulfamoyl chloride (153 g) in
chloroform (200 ml). The mixture is stirred.overnight at
room temperature. -Water (1.5 liter) is added to the
reaction mixture after which the organic layer is separated
and concentrated. The residue is dissolved in ethyl acetate
(1 liter) and washed with water, and then dried over sodium

sulfate and concentrated. Distillation gives l-dimethyl-
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[err] : 0.92 (3H, t), 1.35 (3H, t), 5.08 (2H, ABq) Exanple 15 To a
ture of 2-n-butyl-4-(2-t-butoxycarbonyl -

jnoet hyl)-1- (2" -met hoxycar bonyl bi phenyl - 4-yl ) met hyl - Thid&H3a 7! Beok B, ecg)
ang- chl oroform (50 m) is added triflugrgacetic acid (2 m&‘l

m xture is stirred at roomtenperature for 30 m nutes. Ilm HH!,
porated under reduced pressure to renove the sol vent

sulfamoyl-z—ethylimidazole (182 g) as a colorless liquid .
b.p. 139 - 142°C (5 mmHg)
NMR (CDCl3) & : 1.37 (3H, t), 2.89 (6H, s), 6.94
(18, 4), 7.23 (1H, 4)

Reference Example 12

To a stirred solution of the above product (53 g)
lin tetrahydrofuran (1 liter) at -78°C is added 1.6 M
solution of n-butyl lithium-in hexane (185 ml).- The
solution is stirred at -78°C for one hour, and thereto is

— added a solution of l-t-butexycarbonylaziridine (52 g) in

tetrahydrofuran (300 ml), and further added thereto boron
trifluoride etherate (147 g). The reaction mixture is
stirred for anbther two hours at ~-78°C after which it is
poured into an ice-cooled saturated aqueous solution of
potassium carbonaté (2 liters). After evaporation of thé
reﬁaining tetrahydrofuran, the aqueous layer is extracted
with ethyl acetate, washed with water and dried over sodium
sulfate, and then concentrated. The residué is purified by
silica gel column chromatography (solvent;
chloroform/methanol) to give l-dimethylsulfamoyl-2-ethyl-5-
[2-(t-butoxycarbonylamino)ethylimidazole (67 g) as a yellow
oil.

NMR (CDC13) § : 1.35 (3H, t), 1.43 (9H, s), 2.87
(6H, s), 6.72 -(1H, s)

Reference Example 13

A solution of the above product (67 g) in 10 %

hydrochloric acid (600 ml) is refluxed for two hours. The




resi due are added tetrahydrofuran (30 m), water (1 nml) and sodi um hydrogen
“carbonate (1.13 g), and the mxture is stirred. To the mxture is added

chl oroform and the 23 mixture is dried, and evaporated under reduced
priessure to renove the solvent. To the-rgsidue.are added et hyl

-

solvent is distilled off under reduced pressure and the
resulting oily black residue is dissolved in acetic acigd
(300 ml). After addition of sodium acetate (62 g) and
phthalic anhydride (34 g), the reaction mixture is refluxed
overnight. The reaction mixture is concentrated under
reduced pressure and the residue is triturated in acetone
(300 ml) to give the crude 2-ethyl-4-(2-phthalimidethyl)-
imidazole (26 g) as-a-white powder. This product is used in
the next reaction without further purification.

" Reference Example 14

To a solution 6f the above product (6.56 g) and 2'-
(l-trityl-1H-tetrazol-5-yl)biphenyl-4-ylmethyl bromide (16.3
i) g) in tetrahydrofuran (100 ml) dimethylformamide*(SO ml) at
-60°C is added potassium t-butoxide (3.0l g). The reaction
mixture is allowed to slowly warm to room temperature in 5
hours and then poured into brine (2 liters), extracted with
ethyl acetate, washed with brine and dried over sodium
sulfate. After concentration, the residue is purified by
silica gel column chromatography (solvent; hexane/ethyl
acetate) to give 2-ethyl-4-(2-phthalimidethyl)-1-[2'~-(1-
trityl-lH-tetrazol-5-yl)biphenyl-4-yl)methylimidazole (10.69
g) as a white foam, characterized as its fumarate.

m.p. 173 - 174°C

NMR (DMSO-dg) 6 : 0.92 (3H, t), 2.35 (2H, q), 2.73
(2H, t), 3.78 (2H, t), 4.99 (2H, s)

Reference Example 15

L_~________~__ To a solution of the above product (10.69 g) in

i




gl yoxyl ate hydrate (0.570-g) and ethanol (40 m), and the m xture is
Tefluxed for 15 mnutes. The solvent is distilled.off under reduced
preessure, and the resulting residue is purified By silica gel colum
chromat ogr aphy (solvent; chloroforniethamgyg -= 20:'1) to give ethyl -2-n-
but yl - 3- (2' - met hoxycar bonyl bi phenyl -4-yl)nmethyl -4,5, 6 ,7-

t et rahydroi m dazo[ 4, 5-c] pyri di ne- 4-carboxyl ate (0.551 g) as a foam NWR
[err] : 0.89 (3H t), 1.23 (3H t), 3.65

ethanol (150 ml) and tetrahydrofuran (90 ml) at 0°C is added
hydrazine hydrate (6.25 g). The reaction mixture is stirred
overnight at room temperaturé, filtered through a celite pad
and evaporated. The residue is treated with 0.5 N sodium
hydroxide solution (300 ml) and extracted with chloroform.
The organic layer is dried over sodium sulfate and
concentrated to give the crude 2-ethyl-4-(2-aminoethyl)-i-
[2'—(l—trityl—lH:tetrazol—Svyl)biphenyl—4fyl]methylimidazole
(7.48 g) as a foam. This product is used without further

purification. ) -

Reference Example 16

To a solution of 2-ethyl-4-(2-phthalimidethyl)-
imidazole (9.00 g) and 2'-(t-butoxycarbonyl)biphenyl-4-yl-
methyl bromide (13.93 g) in tetrahydrofuran (150 ml) and
dimethylformamide (100 ml) at -60°C is added potassium t-
butoxide (4.12 g). The réaction mixture is allowed to
slowly warm to room temperature in four hours and then
poured into water (100 ml). Tetrahydrofuran is removed
under reduced pressure and the aqueous layer is extracted
with ethyl acetate. The organic layer is washed with brine,
dried over sodium sulfate and then evaporated to give an
oily residue. Purification by silica gel column
chromatography (solvent; hexane/ethyl acetate) gives 2-
ethyl—4—(2-phthalimidethyl)—l-[2‘—(thutylcarbonyl)biphenyl-
4-yl)methylimidazole {9.39 g) as an oil.

NMR (CDCl3) & : 1.20 (3H, t), 1.25 (9H, s), 5.02

(2H, s), 6.64 (lH, s)
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(1Ft s), 5.24 (2H, ABq) Exanples 16 - 31 The conpounds obtai ned i n Exanpl es

-3; 11 and 15 are treated in the same manner as in Exanple 4 or 5 to give

the follow ng conpounds listed in Tables 2 and 3.

i
HES

i

Reference Example 17

The compound obtained in Reference Example 16 is
treated in the same manner as in Reference Example 15 to
give 2-ethyl-4-(2-aminoethyl)-1-[2'~(t-butoxycarbonyl)-
biphenyl-4-yl]lmethylimidazole.

FAB-MS (m/z): 406 (M+1l), 211 (base)

NMR (CDCl4) & : 1.26 (9H, s), 1.29 (3H, t), 5.06
(2H, s), 6.60-(1H, s)

Reference Example 18

2-n-Butyl-l-dimethylsulfamoylimidazole (46.0 g) is
treated in the same manner as in Reference Example 12 to
give 2~n—butyl~1—dimethylsulfamoyl—s-[2'-(t—bﬁtoxycarbonyl)—
aminoethyl]imidazole (69 g) as an oil.

NMR (CDCl3) 6 : 0.95 (3H, t), 1.43 (9H, s), 2.86
(6H, s)

Reference Example 19

2-n-Butyl-l-dimethylsulfamoyl-5-(2'~(t—-butoxy-
carbonyl)aminoethyl]limidazole {(115.3 g) is treated in the
same manner as in Reference Example 15 to give 2-n-butyl-4-
(2-phthalimidethyl)imidazole (64 g).

.m.p. 114 -117°C

NMR (CDCls) & : 0.88 (3H, t), 2.66 (2H, t), 2.97
{2, t), 3.95 (2H, t), 6.67 (1lH, s)

Reference Example 20

The compound obtained in Reference Example 19 is
treated in the same manner as in Reference Example 14 to

give 2~-n-butyl-1-[2'-{l-trityl-l1H-tetrazol-5-yl)biphenyl-4-



[(;1] 25 [err] -
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yllmethyl-4-(2-phthalimidethyl)imidazole.

Reference Example 21

A mixture of 2-n-butyl-4-(2-phthalimidethyl)-1-[2'-
(l—trityl—lH—tetrazol—S—yl)biphenyl-4—yl]methYlimidazole
(96.0 g), hydrazine hydrate (44.7 gj and ethanol (1.3 liter)
is stirred overnight at room temperature, then filtered
through a celite pad and-evaporated. The residue is treated
with 5 % sodium hydroxide solution (200 ml) and extracted
with chloroform. The orgamic layer is dried and
concentrated to give the crude 2-n-butyl-4-(2-aminoethyl)-1-
[2'-(l-trityl-lE-tetrazol-5~yl)biphenyl-4-yl)lmethylimidazole
{(84.0 g). Té & solution of the above product (84.0 g) in
methanol is added a 24 % hydrogen chloride methanol solution
(200 ml), and the mixture is evaporated. To the residue is
added water (2 liters), and the mixture is washed with
ether. The aqueous layer is concentrated to give 2-n-butyl-
4-(2-aminoethyl)-1-[2'-(1-tetrazol-5-yl)biphenyl-4-yl}-
methylimidazéle dihydrochloride (52.8 g) as a foam.

NMR (DMSO-dg) & : 0.83 (3H, t), 2.92 (2H, t), 5.41
(2H, s)

Reference Example 22

2-n-Propyl-l-dimethylsulfamoylimidazole (20.0 g) is
treated in the same manner as in Reference Example 12 to

give 2-n-propyl-l-dimethylsulfamoyl—-5-(2-t-butoxycarbonyl-




‘J[err - 27 - Exanple 32 To a mi xture of the conmpound obtained in
Ex nple 3 (0.50 9) and nethanol (10 m) is added di ketene- (0.20 g),

- 69 -~

aminoethyl)imidazole (24.4 g) as an oil.
NMR (CDC13) § : 1.0l (3H, t), 1.43 (9H, s), 2.86
(6H, s), 6.71 (1H, s)

Reference Example 23

The compound obtained in Reference Example 22 is
treated in the same manner as in Reference Example 15 to
give 2—n—propyl—4-(2—phthalimidetbyl)imidazole.

m.p. 137 - 139°C:

NMR (CDCl3) § : 0.90 (3H, t), 3.95 (2H, t), 6.68
(1H, s) -

Reference_Example 24

To a mixture of 2-n-propyl-4-(2-phthalimidethyl)-
imidazole (10.0 g), 2'—(t-butoxycarbonyl)biphen;l—4—ylmethyl
bromide (13.5 g), tetrahydrofuran (150 ml) and dimethyl-
formamide (15 ml) is added a solution of potassium t-
butoxide (4.16 g) in tetrahydrofuran (40 ml) at -60°C. The
mixture is allowed to warm to room temperature, and then
quenched with water. The mixture is extracted with ethyl
acetate, and the organic layer is washed, dried and
evaporated. The crude product is crystallized with oxalic
acid from ethanol/ether to give 2-n-propyl-4-(2-phthalimid-

ethyl)-1-[2'-(t-butoxycarbonyl)biphenyl-4~yl])methylimidazole

5 oxalate (15.6 g).
m.p. 128 - 131°C
NMR (DMSO—ds) 6§ : 0.84 (3H, t), 1.19 (9H, s), 5.30

(2H, s)

Reference Example 25

Sheet Has Been Reﬁaced

TR



and the mxture'is stirred at roomtenperature for two hours. The m xture
I's ‘evapor at ed under reduced.pressure to renove.the solvent, and to the
residue is added chloroform The mixture is washed, dried and evaporated
under reduced pressure. The resulting Legbdue s purified by silica gel
col um chr omat ogr aphy (solvent; chloroform ethyl acetate/nethanol =
10:10:1) to give nethyl 2-n-butyl-
5-acet oacetyl -3-[2'- (|l Htetrazol -5-yl) bi phenyl -4-yl nethyl -
4,5,6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne- 4- car boxyl ate (0.29

To a mixture of 2-—n—propyl—4—(2—phthalimidethyl)-—l—
(2'-(tert-buctoxycarbonyl)bipheyl-4-yllmethylimidazole (15.5
g) and ethanol (150 ml) is added hydrazine hydrate (8.45 g)
at room temperature. The mixture is stirred overnight, and
the precipitate is removed by filtration. The filtrate is
evaporated, and the resulting residue is dissolved in
chloroform and washed with 3 % sodium hydroxide solution and
brine. The organic-layer 'is dried and-evaporated to give
the crude 2-n-propyl-4-aminoethyl-1-[2'—(tert-butoxy-
carbonyl)biphenyl-4-yl]methylimidazole (10.0 g). This
compound is used-in the next step without further

purification.

Effects of the Invention

The imidazopyridine derivatives (I] of the present
invention and pharmaceutically acceptable salts thereof show
excellent angiotensin II antagonistic activities and are
useful in the prophylaxis and/or treatment of
hypertension. For example, when hypotensive activity was
examined by using spontaneously hypertensive rats oraily
administered at a dose of 3 mg/kg of the desired compounds
(I} of the present invention, significant hypotensive
activity was observed as compared with that of the control

group of rats to which purified water is orally

administered. Moreover, the compounds (I] of the present
invention and pharmaceutically acceptable salts thereof show

low toxicity, and hence, they show high safety as a

medicament.

This Sheet Has Been Rerlaced




2.22 (3H, s), 3.74 (3H, s) Exanple 33 To a mixture of the conpound obta
|n Exanpl e 16 (0.131 g) and nethanol (2 ml) is added 0.5 M aqueous sodiu
hydrogen carbonate solution (0.53 n).- Filve m nutes thereafter, the mixture
I's evaporated under reduced pressure

;.!as a foam FAB-M5 (mz): 556 (Mrl), 207 (base) NVR [err] : 0.96 (3H, /E%é)
i

This Sheet Has Been Re

| [

What is claimed is
1. An imidazopyridine derivative of the formula

3

N
R1«<fy'|
. N ~

{1]:

(1)

wherein Rl is hydrogen atom or a lower alkyl group; R? is
hydrogen atom, a lower alkylsulfonyl group or a group of the
pA
i
formula: -C-R? in which 2 is oxygen atom or two hydrogen
atoms, and RO is i) a substituted or unsubstituted lower
alkyl group, ii) a lower alkoxy group, iii) a 5- or 6-
membered heteromonocyclic group, iv) a substituted or
~unsubstituted phenyl group, v) hydrogen atom, vi) a
substituted or unsubstituted amino group or vii) a lower
alkenyl group; R3 is carboxyl group or a lower alkoxy-
carbonyl group; and Ring A is a substituted or unsubstituted
phenyl group,
or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein RO

is i) a lower alkyl group which may optionally be

* [ L M S *




to renove the solvent, and the residue is purified by colum chronmat ography
of noni oni-c_adsorbing resin (tradename; HP- 20, manufactured by M tsubi shi
Kasei COrporatlon Japan) and | yophilized to give nethyl

2- n- propy| - 72 - |
(IH_—tetrazoI ” ﬁl‘ 4-yl 1 methyl -4,5, 6, 7-t et rahydr o- 28

substituted by 1 to 2 groups selected from phenyl group, a

halogenophenyl group, carboxyl group, a lower alkoxycarbonyl
group, cyano group, a benzyloxycarbonyl group, a lower
alkylthio“group, a lower alkylcarbonylamino group, benzoyl
group and a lower alkylcarbonyl group, ii) a lower alkoxy
group, iii) a S- or 6-membered heterocyclic group selected
from pyridyl group, fufyl group and thienyl group, iv)
phenyl group, v) hydrogen atom, vi) a di(lower alkyl)amino
group or vii) a lower alkenyl group; and Ring.A is a phenyl
group stbstituted by a group selected from a protected or
unprotectéd tetrazolyl group, carboxyl group and a lower
alkoxycarbonyl group.

3. The‘compoﬁnd according to any one af claims 1
and 2, wherein Z is oxygen atom; and Ring A is a phenyl
group subscituted by a group selected from tetrazolyl group,
carboxyl group and a lower alkoxycarbonyl group.

4. The compound according to any one of claims 1,
2 and 3, wherein rR! is a lower alkyl group.

5. The compound according to any one of claims 1,
2, 3 and 4, wherein R' is a lower alkyl group; R? is a lower
alkylcarbonyl group; and Ring A is a phenyl group
substituted by & group selected from tetrazolyl group and
carboxyl group.

6. The compound according to claim 5, wherein Ring
A is a tetrazolyl-substituted phenyl group; and R3 is

carboxyl group.

7. 2-n-Propyl-S-acetyl-3-[2'-(1lH-tetrazol-5-yl)-

(M




| m dazo[ 4, 5-c] pyri di ne-4-carboxyl ate sodiumsalt (0.089 g) as a powder.
mp. [err] (deecenpesed—NVR{BVM5Od6) 6 : 0.83-0.92 (3H, n), 1.92 and 2.12

(3H, s), 3.27 apd %;3 (3H, s; %Vanples 34 - 37 The .conpounds obtained in
Exanpl es 4, 20, o r eated Lngghe same manner as in Exanple 33
to give the foll l listed in Table 4.

biphenyl-4~yl|methyl-4,5,6,7-tetrahydroimidazo{4,5-c]-
pyridine-4-carboxylic acid or a pharmaceutically acceptable
salt theréof.

8. 2-n-Butyl-S5-acetyl-3-(2'-(l1H-tetrazol-5-yl)-
biphenyl-4-yl)methyl-4,5,6,7-tetrahydroimidazo(4,5-c]-
pyridine-4-carboxylic acid or a pharmaceutically acceptable
salt thereof.

9. 2—5—8utyl—5—propioﬂyl—3—[2'—(1H—tetrazol—5~yl)-
biphenyl-4-yl ]methyl-4,5,6,7-tetrahydroimidazo([4,5~c]-
pyridinef4—carboxylic acid and a pharmaceutically écceptable
salﬁ tﬁereof.

10. A process for preparing an imidazopyridine

“ derivative of the formula [I]:

N
o]
N NS R2
3 : (1]

wherein R! is hydrogen atom or a lower alkyl group; R? is
hydrogen atom, a lower alkylsulfonyl group or a group of the
Z
l 0
formula: -C-RY in which 2 is oxygen atom or two hydrogen
atoms, and RO is i) a substituted or unsubstituted lower

alkyl group, ii) a lower alkoxy group, iii) a 5- or 6-

membered heteromonocyclic group, iv) a substituted or

N R O 0



Hab Bt ﬁeﬂldaed-rabl e 5.

i o

unsubstituted phenyl group, v) hydrogen atom, vi} a

substituted or unsubstituted amino group or vii) a lower
alkenyl group; R3 is carboxyl group or a lower
alkoxycarbonyl group; and Ring A is a substituted 6r
unsubstituted phenyl group, or a pharmaceutically acceptable
salt thereof, which comprises reacting a compound of the

formula [II]:

N
1 | R1</ |
, N Y g2 (e
rR3
wherein R!, R? and R3 are tﬁe same as defined above, or a

L salt thereof with a compound of the formula [III]:

xl—cm2 (III]

wherein Ring A is the same as defined above and x! a
reactive residue, if necessary, followed by converting the
product into a pharmaceutically acceptable salt thereof.

| 11. A process for preparing an imidazopyridine

derivative of the formula (I-a}:

N

(I-a)

* [ L M H *
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Table 5 [err] N 30 [err]
'cafbonylacetyI-S-[Z'-(IFFtetrazoI-S-yI)biphenyJ-4-yL]nEthyI;

...75...

- (T

wherein RY is hydrogen atom or a lower alkyl group; R3 is

. This Sheet Has Been Reilaced

carboxyl group or a lower alkoxycarbonyl group; and Ring A

is a substituted or unsubstituted phenyl group, or a

pharmaceutically acceptable salt thereof, which comprises

reacting a compound of the formula (IV]:
N
Rlﬂéf |
o NH2

wherein R! and Ring A are the same as defined above, or a

(1v]

salt thereof, with a compound of the formula ([V]:

R3-CHO (V]
wherein R3 is the same as defined above or a salt thereof,
if necessary, followed by converting the product into a
pharmaceutically acceptable salt thereof.

12. A process for preparing an imidazopyridine

derivative of the formula [I-b]:

(I-b}

[

WG M



4,5, 6, 7-tetrahydroi m dazo[ 4, 5- c] pyri di ne- 4- carboxyl ate (2.0 g), .
trlethylanlne (0.69 g) and chloroform (20 m).is added trityl chloride

(1.43 g), andTﬁlpg,emHg;y&gRg csfirred at roomtenperature for 30 minutes.
The Teaction s !ll mmgﬁfed dri ed,~- argl -evapor at ed under reduced

pressure. The r ue.is purlfled by silica gel colum
chronatography acet at e/ n- hexane) to give nethyl
2-n-butyl - 5- et hoxycar bonyl acetyl -3-[2"-(1-trityl-I H

t et razol - 5-yl ) bi phenyl -4-yl ] net hyl -4,5, 6, 7-t et rahydr o-

wherein R! is hydrogen atom or a lower alkyl group; R21 is5 a

Z

- I
lower alkylsulfonyl group or a group of the formula: -c- -rO

in which Z is oxygen atom or two hydrogen atoms, and RO is
i) a substituted o% unsubstituted lower alkyl group, ii) a
lowef alkoxy group, iii) a 5- or 6-membered heteromonocyclic
group, iv) a substituted or unsubstituted phenyl group, v)
hydrogen atom, vi) a substituted or unsubstituted amino
group or vii) a lower alkenyl group; R3 is carboxyl group or
a lower alkoxycarbbnyl group; and Ring A is a substituted or
unsubstituted phenyl grodp, or a pharmaceutically acceptable
salt thereof, which compriées reacting a compound of the

. formula (I-a]:

[I-a]

wherein Rl, R3 and Ring A are the same as defined above, or
a salt thereof with a compound of the formula [VI]:

x2-r21 (V1)
wherein r21 is the same as defined above, and x2 is hydroxyl
group, a salt or a reactive derivative thereof, if

necessary, followed by converting the product into a

R



I m dazo[ 4, 5-c] pyri di ne-4-carboxylate (1.29 g) as needles. mp. 124 - [err]

:(deconposed) (2) The above——product is optically resolved by HPLC col um
chr omat ogr aphy for separatl n of optically active isomers (tradenane;

Chi;ral cel OD, nﬂ‘htﬁiﬂ\ Im" |cel Chem,¢al Industries, Ltd., Japan)

(solvent; n- hexan

pharmaceutically acceptable salt thereof.

13. A process for preparing an imidazopyridine

derivative of the formula [I-e]:

<10,
C
| _

wherein RY is hydrogen atom or a lower alkyl group;

z

[I-e]

R2? is a

carboxy-lower alkylcarbonyl group; R3 is carboxyl group or a

- lower alkoxycarbonyl group; and Ring A is a substiéuted or
unsubstituted phenyl group, or a pharmaceutically acceptable

salt thereof, which comprises subjecting a compound of the

formula {I-d]:

N
r! / :][::\\1
N
. ~g23

R3 (1-4]

&

wherein Rl, R3 and Ring A are the same as defined above, and
R23 is a lower alkoxycarbonyl—-lower alkylcarbonyl group, or
a salt thereof to hydrolysis, if necessary, followed by
converting the product into a pharmaceutically acceptable

salt thereof. T

g



ethanol = 7:3) to give the (+)-isoner and the (-)-isoner separately. -The

(+)*isomer: [err]: [err] (c=0.5, chloroform [err] The (-)-TSoOmer: [err]-
[err] (c=0.5, chloroform [err]) Exanple 48.To a m Xt Urg;sQheelBis®édn Replaced

(+)= 2-n-butyl - 5- et hoxy-
carbonyl acetyl -3-[2' - (1-trityl -1 Htetrazol® 52yl ) bi phenyl H“,I "I""ll l

14. The process according to any one of claims 10,

11, 12 and 13, which comprises, when Ring A is a protected
tetrazolyl—substituted phenyl group, removing a protecting
group for said tetrazolyl group, if necessary, followed by
converting the product into a pharmacehtically acceptable
salt thereof. .

15. A pharmaceutical composition which comprisés a
therapeuticallyneffective amount .of..the. compound as set
forth in claim 1 in admixturel with a conventional

pharmaceﬁtically acceptable carrier or diluent.

16. Use of a compound as claimed in claim 1
~ for the preparation of a hypotensive agent.

* [ L M -] *



R ————
yl]methyl -4,5, 6, 7-tetrahydroi m dazo[ 4, 5- cl pyri di ne-4- carboxyl ate (395 ng)
and” tetrahydrofuran (4 M) is added 90 % formc acid (8 m) under
ice-cooling, and the mxture is stirred at roomtenperature for 30 mn
ands evapor at ed under reduced pressure to-re®ove the solvent. The resul zgg
residue is purified by silica gel colum chromatography (solvent;
chl er of orm net hanol) to give nethyl (+)-2-n-butyl-
S- et hoxycar bonyl acetyl -3-[2'-(1Htetrazol - 5-yl ) bi phenyl -
yl I methyl -4,5,6, 7-tetrahydroi m dazo[ 4, 5-c pyri di ne-4-

Abstract of the Disclosure:

an imidazopyridine derivative of the formula [I]:
Rl*<?
NS

wherein R! is hydrogen or lower alkyl, R? is hydrogen, lower

: Z
. ., “
alkylsulfonyl or a group of the formula: -c-RY (Z is oxygen

-}

atom or two hydrogen, RO is substituted or unsubstituted

[N

lower alkyl, lower alkéxy, 5—- or 6—membered
heteromonocyclic, substituted or unsubstituted phenyl,
hydrogen, substituted or unsubstitued amino or lower
alkenyl), R3 is carboxyl or lower alkoxycarbonyl and Ring A
is substituted or unsubstituted phenyl, and pharmaceutically
acceptable salt thereof, and processes for preparation
thereof, said imidazopyridine derivatives have'excellent
angiotensin II antagonistic activities and are useful in

prophylaxis and treatment of hypertension.

. This Sheet Has Been Repl
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IMIDAZOPYRIDINE DERIVATIVES AND

PROCESS FOR PREPARATION THEREOF

" The preéent invention.relates to novel
imidazopyridine derivatives haviﬁg a hypotensiﬁe activity,
and processes for prepafation thereof.

Prior Art

Angiotenéin II is a. bioclogically active peptide
consisting of eight amino acids, which is produced by
specific conversion of angiotensin I by an aﬁgiotensiﬂ
converting enzyme during circulation mainly in the lung.
said angiotensin II constricts vascular smooth muscle as
well as promotes the secretion of aldosterone in the adrenal
cortex, by which angiotensin II increases blood pressure.
Therefore, it is weil known that angiotensin II receptor
antagonists may be useful in-the treatment of
~hypertension. |

" Based on the above—mehtioned mechanism of action,
. there héve been known some hypotensive-agents, for example,
2fn—butyl-4-chloro-5—hydroxyme;hyl-l—[{2'—(1H—tetrazol—5-
yi)bipheny1—4—yl}methyl]imidazole,_and the like (cf.
European Eaﬁenﬁ Publication No. 253310A), but these
conventional hypotensiﬁe agénts are all the compouﬂds having

a monocyclic nucleus, i.e. imidazole nucleus.

Brief Description of the Invention

An object of -the present invention is to provide

This is the replacément sheet
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32 bi phenyl -4-yl]methyl-4,5,6,7-tetrahydroi m dazo[ 4, 5-c] - _
pyri di ne-4-carboxylate as a foam [err] (c=0.5, chloroform [err]) Exanple
50 ‘% n- Propyl - 5- (2-am noethyl )-3-[2"-(1-trityl-1H

tetrazol -5-yl ) bi phenyl -4-yl ] et hyl i m dazole (1.01 g) is

-
-

2

novel condensed ring-type imidazépyridine derivatives and
pharmaceutically acceptable salts thereof, which show potent'
angiotensin II inhibitory activities and are useful as a
hypotensive agent. Another object of ﬁhe invention is to
provide processes for preparing the said imidaszyridine
defivatives.

The present invention relates to imidaszyridine
derivatives of the following formula [I], and |
pharmaceutically acceptable salts thereof, and further

relates to processes for preparing the same.

(11

wherein R! is hydrogen atom or a lower alkyl group; R2 is
hydrogen atom, a lower alkylsulfonyl group'or a group of the
f
~C=R? |
atoms, and R0 is i) a substituted or unsubstituted lower

formula:: in which Z is oxygen atom or two hydrogen
alkyl group, ii) a lower alkoxy group, iii) a 5- or 6-
membered heteromonocyclic group, iv) a substituted or

unsubstituted phenyl group, v) hydrogen atom, vi) a

This is the replacement sheet
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di ssolved in tetrahydrofuran (10 m), and thereto is added ethyl glyoxylate
hydrate (195 ng), and the mxture is stirred at roomtenperature overnight.
The fixture is heated at [err] for 30 minutes, and after cooling, 7 %

hydr ochl ori ¢ aci d- net hanol solution (3 m) and chloroform (10 m) are added
to the mxture, which is refluxed for 20 mnutes. The mxture is evaporated
undetr reduced pressure to renpve the sojvent, and the resulting residue is

-di ssolved in chloroform (30 mM). To the m xture are added

substituted or unsubstituted amino group, or.vii) a lower
alkenyl group; R3 is carboxyl group or a lower alkoxy-
carbonyi group; and Ring A is a substituted or unsubstituted
phenyl group.

Preferred examples of the present compounds [I] are
compounds of the formula [I], wherein R0 is i) a lower alkyl
group which may optionally be substituted by 1 to 2 groups
selected from phenyl ‘group, a halogenophenylrgroup, carboxyl
group, a 1ower alkoxycarbonyl group, cyano group, benzyloxy-
carbonyl group, a lower alkylthlo group, a lower alkyl-
carbonylamino group, benzoyl group,-and a lower alkyl—
carbonyl group,lii) a lower alkoxy group, iii) a 5- or 6-
membered heterocyclio group selected ﬁrom pyridyl group,
furyl group and thienyl group, iv) phenyl group, v) hydrogen
_atom, vi) a di(lower alkyl)amino group or vii) a 1ower
alkenyl group, and Ring A is a_phenyl group substituted by a
.group selected from a protected or unprotected tetrazolyl
group, carboxyi group and a lower aikoxycarbonyl group.

When Ring A is a protected tetrazolfl—substituted
phenyl ring, a protecting group for'tetrazoyl group

includes, for example, trityl group, a tri-lower alkylsilyl
group, a cyano-lower alkyl group, a lower alkoxybenzyl
group, and the like.

Preferred compounds [I] in view of their excellent
pharmacologlcal activity are compounds of the formula [I]

wherein Rl is a lower alkyl group; R2? is hydrogen atom, a

‘This is the repiaoament sheet
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acetic anhydride (290 ng) and a solution of sodium hydrogen carbonate (1.2
g) inwater (20 mM), and the mxture is stirred at roomtenperature
overhight. The mixture is acidified with citric acid, and extracted wth
chloroform The extract is washed with water, dried, and evaporated. To the
resfdue are added fumaric acid (100 ng) and ethanol (35 m), and the
mxture is refluxed for 5 hours. Then, gsthe reaction nixture is evaporated
under reduced pressure, and the residue is recrystallized from

met hanol / et her to give _

lower alkylcarbonyl group, a carboxy-lower alkylcarbonyl
group, a phenylcarbonyl group or thienylcarbonyl group; R3
is carboxyl group or a lower alkoxycarbonyl group; and Ring
A is a phenyl group substituted by a group selected from
tetrazolyl group, carboxyl group and a lower alkoxycarbonyl
group.
| More preferred comnounds as a meaicément_are
compounds of the formula [I] wherein Rl is a lower alkyl
group; R2 is a lower.alkylcarbon§l group; R3 is carboxyl
group; and Ring A is a tetrazolyl-substituted phenyl
group. -

The compounds [I] of the present invénfion mny be
used as a medicament either in the form of a free base or é
pharmaceutically acceptable salt thereof. The
pharmaceutically acceptable salts are, for example, alkali
metal salts (e.g. sodium salt, potassinm salt, etc.),.
alkaline earth mecal salts (e.g. calcium salt, magnesium
salt, etc.), heavy metal salts (e.g. zinc salt, etc.), énd
organic amine salts (e.q. ammonium salt, triethylamine salc,
pyridine salt, ethanolamine salt, a basic¢ amino acid salt,
etc.). These salts may easily be prepared by treéting the
compounds [I] with the corresponding inorganic or organic
base in an appropriate'solvent.

The compounds [I] of the present invention may
exist in the form of two optically active isomers due to an

asymmetric carbon atom thereof, and the present invention

- This is the replacsment sheet
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et hyl 2-n- propyl 5-acetyl-3-[2'-(1Htetrazol -5-yl) bi phenyl -
4-yl | met hyl - , 6, 7-tetrahydroi m dazo[ 4, 5-c pyridi ne-4- 33 carboxyl ate
[errd funarate (728 ng). mp. 184 - [err] Yield: 80 %

3]

also includes these opticaily-active isomers and a mixture
thereof.

The compounds [I] of the present invention and
pharmaceutically acceptable salts thereof may be
administered either orally orlparenterally and may also bé
used in the forﬁ of a pharmaceutical preparation in
admixture with bharmaceutically'acceptéble excipients
suitable for oral administration pr'parenteral
adminiétration.- The pharmaceutical preparations may beliﬁ
SOlld form such as tablets, capsules, powders, etc., or in
llquld form such as solutlons, suspensions, emulsions, and
the like. When administered parenterally,-it may be used in
the form of an injection preparation.

The daily dose of the compounds [I] of the present
invention apd pharmaceutically acceptable salts thereof
varies depending on age, weight, conditions of patients and |
severity of diseases, but when administered orally, it is
usually in the range df 0.01 to 10 mg/kg, preferably 0.03 to
5 mg/kg, and when administered parenterally, ip is usuélly
in the range of 0.002 to 1 mg/kg, preferably 0.01 to 0.3
mg/kg. '

' According to the present invention, the-cdmpounds

[I] can be prepared by reacting a compound of the formula

[TI]:

-_—
This Sheet Has B
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Exanple 51 To a m xture of 2-n-propyl-4-(2-am noethyl)-1-[2"-
(1-trityl-lHtetrazol -5-yl)bi phenyl -4-yl ] nmethylimdazole (21.95 g) and

tet rahydrofuran (200 m) is added a solution of ethyl glyoxylate hydrate
(4.25 g) in tetrahydrofuran (20 m) at [err]. The mxture is stirred
overnight at roomtenperature and refluxed for 30 mnutes. To a mxture is
added a 8 % hydrogen chloride ethanol golution (100 nl) at room '
tenperature. The reaction mxture is stirred for 30 '

N .
_</
R! . l N [II]
H g2
R3

wherein the symbols are the same as defined above, or a salt

thereof with a compound of the formula [III]:

wherein X! is a reactive residue, and Ring A is the same as
defined above, or a salt .thereof.
Among the compounds [I] of the present invention,

the compound of the formula [I-a]:

(4
Rl-—<N I NH

[I-a]

wherein the symbols are the same as defined above, can be

prepared by reacting a compound of the formuia [Iv]:

- This Sheet Has Been R:ilaced This is the replacament sheet
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m nutes, then evaporated. The residue is dissolved in chloroformand washed
successively with a saturated sodi um hydrogen carbonate sol ution and bri ne.
Thézorganic layer is dried and evaporated. The oxalate is recrystallized
fromethanol to give ethyl 2-n-propyl-3-[2'-(lHtetrazol-5-yl)-

bi phenyl -4-yl ] methyl -4,5, 6, 7- tetrahydr0| m dazol[ 4, 5-c] -

pyridi ne-4-carboxyl ate oxalate (10.84 7). mp. 140 - [err] NWMR (DNBC>d6)
[err] : 0.84 (3H, t), '4.95 (1H, s), 5.29 :

T,
®

- [1IVv]

o

wherein the éymbbls are t;h_e same as defined above, or a salt
t_:hereo'f , with a compound of the formu_la [v]:

' R3-CHo vl
wherein R3 is the same as defined above, or a salt thereof.

Moreover, the ¢ompound of the formula [I-b]:
N~
rRt—¢ |
N N

[I-b]

. wherein R21 is a lower alkylsulfonyl group ér a group of the
formula: —|c|:-R° in which 2 is oxygen atom or two hydrogen
atoms, and RO is i) a substituted or unsubstituted lower
alkyl group, ii) a lower alkoxy group, iii) a;SJ or 6-

membered heteromonocyclic group, "iv) a substituted or

'.u_nsubstituted- phenyl group, v} hydrogen atom, vi) a

‘This is the replacement sheet
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(2H, brs) Free carboxylic acid NWR [err] : 1.00 (3H, t), 3.98 (1H, s), 5.09
(2H q) 34 Exanples 52 - 59

LT

substitﬁted or unsubstituted amino group or Qii) a lower
alkenyl group., and the other symbols are the same as defined
above, can bé prepared by reacting the compoﬁnd [I-a] or a
salt thereof with a compound [Vi]:

X2-R21 " [vI)
wherein X2 is hydroxyl group, and R2l isg the same as defined
above, a salt or a reactive residue thereof.

The reaction between'the compound [II] and the
compound [III] is carried ouf in thelpresence of an alkali
metal hydride or an alkali metal alkoxide, or in the.
presence of an acid acceptor. Suitable examples-of the
reactive residué (X1) of the compound [III] are, fo:
example, halogen atoms, and the like.

When the reaction is carried out in.the presence of

_an alkali metal hydride 6r an alkali metal alkoxide, the
alkali metél hydride includes, for example, sodium.hydride,

'.potassium hydride; etc., and thé alkali metal alkoxide
includes, for example, sodium methoxide, sodium ethoxide,
potassium t-butoxide, and the like. The reaction is
preferably carried out in a_éuitable solvent, under cooling:
or heating, for example, at a temperature of -30°C to 50°C,
more preferably at a,temperétuie'of -10°C to room
temperature. The solvent includes, for example, a di-lower
alkylformamide, a di-lower alkylsulfoxide, a di-lower alkyl-
acetamide, a lower alkanol, and the like.

When the reaction is carried out in the presence of
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The conpound obtained in Exanple 11 and the corresponding starting
conpounds are treated in the sane manner as in Exanple 4 or 5 to give the
fol [ ®&wi ng conpounds listed in Tables 6 and 7. Table 6 [err]

an acid acceptor; the acid acceptor includes, for example,
alkali metal carbonates, and the like. The reaction is
‘carried out in a suitable solvent under cooling or heating,
for example, at a temperature of -10°C to 100°C. The
solvent includes, for example; acetone, dimethylfdrmamide(
dimethylsulfoxide, and the like.

In the reaction, thé compoundslfI] may be obtained
in the form of a mixture of two position isomers,.which are
produced by reacting .the .compound [II] with. the compoﬁnd
[III] at the 1- or 3;pOSition of the imidazopyridine ring of
the compound [(II].  In ﬁhis case, the obtained;éompounds [I]
.in the form of a mixture of the position isomers can be
separated by a conventional manner such as silica gel column
chromatography and recrystallization. |

The reaction betweeﬁ the combound [IV] and the
cdmpound [V] can be carried out in the presence or abéence.
of an acid or a base.  The acid includes, for example,
inorganic acids such as hydfochloric acid, sulfuric acid,
phosphoric acid, etc., and the base includes, for example,
inorganic bases such as alkali metal hydroxides, alkali
meﬁal carbonates, alkali metal hydrogen carbonates, and the
like. The reaction is carried out in a suitable solvent
under cooling or heating, for example, at a temperature of

_10°C to 100°C, preferably at a temperature from room
temperature to a boiling point 6f the soivent to be used.

The solvent includes, for example, water, lower'alcohols, or
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35 Table 7 [err] 36 Exanpl e 60 Ethyl

2-n- propyl

-3-[2'-(1Htetrazol - 5-yl) bi phenyl -

10

_ tetrahydrofuran, dioxane, or a mixture of water and one of

these other solvents.

The reaction between_the compound [I-a] and the

compound {VI] can be carried out in a conventional manner.
For example, the reaction is carried out in the presence of
a.base or a condensing agent. In the reaction, the compound
tVI] may also be used in the form of an acid anhydride
thereof, or a reactive derivatiﬁe thereof, that is, X2 of
the coﬁpound [VI] is a halogen atom, and the like.
Moreover, when R21 of the compound [VI] is acetoacetyl, ghe_
compound [VI] may be in the form of an anhydride thereof,
i.e. diketene.

whenh the reaction is carried out in the presenée of

a base, the base may be any conventional ones, and

preferably includes, for example, organic bases such as tri-

lower alkylamine, pyridine, 4fdi¢lower aikylaminopyridine,
and the like, or inorganic bases such as alkali metal
hydrogen carbonates, alkali metal carbonates, alkali metal
'hydroxides, and the like. Theireaction is carried out in a
suitable solvent under cooling or heating, for example, at a
temperature éf -30°C to 100°C, preferably at a temﬁerature
of ~10°C to a boiling point of the solvent to be used. The
solvent includes, for example, methylene chloride,
chloroform, ethyl acetate, tetrahydrofuran, ether, or a
mixture of one of these solvents and water.

When the reaction is carried out in the presence of
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4-yl]methyl -4,5,6", 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne-4- carboxyl ate (1.00

g) is treated in the sanme manner as in Exanple 32 with u3|ng et hanol

i nst'ead of nethanol to gi ve et hyl

2-n-propyl -5-acetoacetyl -3-[2' - (I Htetrazol -5-yl)-

bi phenyl -4-yl ] nethyl -4, 5,6, 7-tetrahydroi m dazo[ 4, 5-c] -

pyridi ne-4-carboxylate (1.00 g) as a white foam NVR (CDC13) 6_: 1.03 (3H,

t), 2.22 (3H, s), 3.61 (2H, ABg), 5.30 (2H, ABg), 5.36 (1H, s) Exanple 61
a condensing agent, the condensing agent includes, for
example, dicyclohexylcarbodiimide, l-ethyl-3-(3-dimethyl-
aminopropyl) carbodiimide, benzotriazol-l-yloxytris (dimethyl-
amino)phosphonium hexafluorophosphate, and the like; In
addition, a compound such as hydroxybenzotriazole, N-
hydroxysuccinimide, etc., may be used as a promoter. The
reaction is carried out in a suitable solvent under cooling
or heating, for example, at a temperature of -10°C to 80°C,
preferably et room temperature. The_solvent'includes, for
example, methylene chloride, chloroform, di-ldwer_alkyl—
formamide, acetonitrile, tetrahydrofuran, and the like.

The compounds [I] obtained above may, if necessary,

be converted to each other, for example, the compound [I]
wherein R2? is a carboxy-lower alkylcarbonyl group, i.e. a

compound of the formula: [I-e]:
N
rRt— |
N N.

[I-e]

wherein R24 ig a carboxy—lower alkylcarbonyl group,.and the
'other symbols are the same as defined above, can be prepared

by subjectlng a compound of the formula [I-d]:
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To a m xture of ethyl 2-n-propyl-5-acetoacetyl-3-
[2'-(1Htetrazol -5-yl ) bi phenyl -4-yl ] nmethyl -4,5,6, 7-tetra-

hydr oi m dazo[ 4, 5-c] pyri di ne-4-carboxyl ate (200 ng), magnesi um chloride (34
ng), pyridine (58 [-err]) and acetonitrile (2 m) is added benzoyl chloride
(42=Jerr]) under ice-cooling. The reaction mxture is stirred overni ght at
roomtenperature, then diluted with ch{proform (50 m). The solution is
washed with 10 % hydrochloric acid and brine, dried, and evaporated to give
a crude product (266 ng) as an :

(I-d]

wherein R23 is a lower alkoxycarbonyl-lower alkylcarbonyl
group, and the other symbols are the same as'definéd above;
or a salt thereof to hydrolysis.

.The hydrolysis of the compound [I-d] may be carried
out by a conventional manner. For example, the reaction is_
preferably carried out in a suitable solvent undér qooling
or heating, for example, at a temperature of 0°C to 100°C,
preferably at a temperature of 20°C to 50°C, in the presence
of a base (e.g. alkali metal hydroxide, etc.). The solwvent
includes, for example; a lower alkanol, or a mixture of a
lower alkanol and water. |

In the abo&e mentioned reactions, each starting
compound can be used either in the form of a free base or a
salt thereof. The salts of.the compounds [I-a] and [I-d]
are, for example, alkali metal salts, alkaline earth metal -
salts, heavy metal salts, ofganic amine Salts, inorganic or
organic acid salts, and the like. The salts.cf.the compound
[II] are, for example, hydrochloéide, hydrobromide, oxalate,_

and the like. The salts of the compound [IV] are, for
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oi . The product (260 ng) obtained above is refluxed with 10 % hydrochloric
acid (1.0 M) in ethnaol (5.0 m) for one hour. The reaction mxture is
dilauted with chloroform (30 M), washed with brine, dried, and then
evaporated. Purification by silica gel colum chromatography  (sol vent;
chLoroforniethanoI) gi ves et hyl 2-n-propyl-5-benzoyl acetyl -

13

example, hydrochloride,.hydrobromide, oxalaté, and the
like. The salts of-ﬁhe compound [V] are, for example,
alkali metal salts, etc., when k3 is carboxyl group. The
salts of the compound [VI] are, for example, hydrochloride,
etc., when R2! is pyridyicarbonyl group.

When the compound [I] is obtained in the form of a
rademic_mixture, the racemic compound [I] maf easily be
6ptically resolved in a conventional manner.

Wheﬁ the compound [I] is the compound of the
formula [I] wherein Ring A is a protected tetarzolyl-
substituted phenyl group, a protecting group for'said
carboxyl group ;nd/or said tetrazolyl group may easily
be removed by a conventional ﬁanneru

The starting compound [II] may be prepared by the

_method disclosed in Japanese Patent First Publication
(KOKAI) No. 167687/1986 or Japanese Patent First Publication
. (KOKAI) No. 101062/1980.
The starting compound [IV]_mgy be pfepared by

reacting a compound [VII]:

N - .
R! —<’N mRsRv [VII]
H .

wherein R6 and R7 are each hydrogen atom or a proteéting
group for amino group, and R! is the same as defined above,

with the coumpound [III] under the same conditions as the

- -Thig is the replacement sheet
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37 3-[2'-(1Htetrazol -5-yl ) bi phenyl -4-yl ] nethyl-4,5,6,7-tetra-

hydr oi m dazo[ 4, 5-c] pyri di ne-4-carboxylate (144 ng) as a white foam FAB-MS

(m z»: 618 [err] 207 (base) NVMR [err] : 1.04 (3H, t), 4.00 - 4.28 (5H m,

5.30 (2H, s), 5.40 (1H, s) Exanple 62 To a m xture of

2- n--pr opyl - 4- (2- am noet hyl ) -1-[ 2" -
' . 14

reaction between the compound [II] and the compound [III],
followed by removing the protecting grouplwhen Ré and/or R7
are a protecting group for amino group.

| In the present specification, the lower-alkyi group
and the lower alkoxy group mean ones having 1 to 6 carbon
atoms, preferably 1 to 4 carbon atoms.

The present invention is illustfated in more detail
by the following Exémples and Reference Examples, but should
not be construed to be limited thereto.

Example 1

Methyl SFdiphenyiacetyl—4,5,6,7—tetrahydroimidazo—
[4,5-c]lpyridine-4-carboxylate (1.60 g) is dissolved in
dimethylformamide (20 ml), and thereto is added sodium
hydride (60 % oil-dispersion, 176 mg) under ice-cooling. '
The mixture is stirréd at 0°C for 20 minutes, and thereto is
added [2’—(1-trity1—1ﬁ;tetrazol—5—yl)biphenyl-4—yl]me£hyl
bromide (2.40 g), and the mixture is stirred under ice-
cooling for one hour, and further at room temperature for
one hour. The reaction solution is concentrated under
reduced pressure, and to ;he residue are added chloroform
‘and water. The organic layer is dried, and evaporated to
remove the solvent. .The resulting residue is purified by
silica gel column chromatography (solvent; chloroform/-
methanol = 100:1) to give methyi 5-diphenylacetyl-3-[2’-(1-
trityl-1H-tetrazol-5-yl)biphenyl-4-yl]lmethyl-4,5,6,7-

tetrahYdroimidazo[4.54c]pyridine—4—carboxy1ate'(430 mg) as a
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(t-butoxycarbonyl ) bi phenyl -4-yl ] et hyl i m dazole (10.0 g) and
tetrahydrofuran (100 nml) is added a solution of ethyl glyoxylate hydrate
(2.96 g) in tetrahydrofuran at roomtenperature. The reaction mxture is
stirred overnight, refluxed for 30 m nutes, and evaporated. The residue is
di ssolved in chloroformand the solution is washed with 2 % hydrochloric
acid solution, a saturated sodi um hydrggen carbonate sol ution and brine.
The organic layer is dried and evaporatéd. The crude product is
crystallized with :

colorless foam.

FAB-MS (m/z): 852 (M+H), 792, 610, 567, 244

NMR (CDCl;) & : 3.56 (3H; s), 5.12 (éH, ABq)

Subsequently, there is obtained methyl 5-diphenyl-
acetyl-1-[2’-(l-trityl-1H-tetrazol-5-yl]biphenyl-4-yl]- |
methy1—4,5,6,7—tetrahydroimidazo[4,5—q]pyridihe—4-
carboxylate (1.17 g) as a colorless foam.

FAB-MS (m/z): 852 (M+H), 792, 610, 567, 244

NMR (CDC13) & : 3.79 (3H, s), 4.81 (2H, s)

To a mixture of methyl 5-diphenylacetyl-3—[2;-(1—
trityl—lH—tetrazol-S-yl)biphenyl-4—y11methyl—4,S,6,7-
tetrahydroimidazo[4,5—c]pyfidine—4-carboxy1ate (400 mgi'and
chloroform (1 ml) is addéd 18 % hydrochloric.acid—methanol
(5 ml), and the mixture is stirred at room temperature for

'30 minutes. Afterlthe reaction is completed, thé nixture ié
evaporated to remove the solvent, 'and the resulting residue
is dissolved in methanol (5 ml), and the mixture is adjusted
to pH 10-12 with 1 N agqueous sodium hYdroxide,solution, and.
further stirred at room température for 3 hours. The
resulting triphepylmethane is removed by extraction with
ether, and the aqueous-léyer is evaporéted under reduced
bréssure. .The resulting residue_is dissolved in a small
amount of water, énd purified by column chromatography 6f
nonibnic adéorbing resin (tradename; HP-20, manufactured by

Mitsubishi Kasel Corporation, Japan) and lyophilized to give'

“This Sheet Has Been Reﬁlaced This is the replacement sheet

i .. s wms




oxalic acid fromethanol -ether to give ethyl 2-n-propyl-
[2' - (t-Dbut oxycarbonyl)bi phenyl -4-yl]nethyl-4,5,6, 7-

t etir ahydr oi m dazo[ 4, 5-c] pyri di ne-4-carboxyl ate oxal ate (8.45 Q).

[err]

mp. 166 -

[err]: 0.87 (3H, t), 1.25 (9H, s), 5.10 (1H, s), 5.40 (2H, s) Exanple

' 63.. The compound obtained in Exanple 62 (1.00 g) is

16

the . following compounds. |

5-Diphenylacetyl-3-[2‘'-(1H-tetrazol-5-yl)biphenyl-
4—y1]methyl—4,5,6,7—tetrahydrbimidazo[4,5—c]pyridine¥4—
carboxylic acid disodium salt (170 mg).

IR (Nujol; cm-1): 1630

A mixtu:e‘of 25n—bu£yl—4-(2-aminoethy1)—1-[2’—(1H—
tetrazol—S-yl)biphenyl—4—yl]methylimidazole hydrochloride
(8.09 g), glyoxylic acid.hydrate (1.73 g), 1 N aqueous
sodium hydroxide solution (53 ml) and dioxane (50 ml) is
stirred at 50°C for'two-daysl The reaction solution is
acidified with hydrochléfic_acid, agd evaporéted under
reduced pressure. The residue is dissolved in methanol (160
ml), and the mixture is cooled to -30°C, and thereto is

added dropwise.thionyl chloride (12.4 g). After additionm,

'thé mixture is stirred at 60°C for two days. The mixture is

evaporated under reduced pressure to remove the solvent.

The mixture is neutralized with agqueous sodium hydrogen
carbonate solution, and extracted with chloroform. The
extract is dried, and evaporated under reduced pressure, and
the resulting oily product is purified by siiica gel column
chromatography (solveht; chloroform/methanol = 15:1) to give
methyl 2—n~buty1-3—[2'—(1H—tetrazol—5—yl)bipﬁeﬁylfé—yl]—
methy1—4,5,6,7—tetrahydroimidazo[4,5,c]§Yridine—4—
carboxylate (3.74'g) as a powder.

FAB-MS (m/z): 472 (M+H).(base)
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suspended in chloroform The suspension is washed with a saturated sodi um
hydrogen carbonate solution and brine, dried over magnesium sulfate and
evaperated. To a mi xture of the crude substrate (0.75 g),
et hoxycar bonyl acetic acid (0.33 g) and nethylene chloride (10 m) is added
1-etpyl-3- (3-di met hyl am nopropyl ) car bodi i m de hydrochl oride (0.48 g)
' 17
NMR (DMSO-dg) 8': 0.90 (3H, t), 3.72 (3H, s), 5.20
(2H, s)
Example 4
To a mixture of the compound obtained in Example 3
(296 mg), triethylamine (317 mg) and chloroform (10 ml) is
added dropwise a soiution of acetyl chloride (148 mg) in
chloroform (1 ml) under ice-cooling. The mixture is stirred
at room temperature for two hours, and the reaction solution
"~ is washed, dried and evaporated to remove the solvent. The
resulting residue.is purified by silica gel qolumn
chroﬁatoéraphy.(solvent; chloroform/methanol = 30:1) to give
methyl 5—acetyl—2—ﬁ—butyl-3—12'—(1Hftetrazol—5—y1)biphenyl—
45y11methy1—4,5,6,7-tetrahydroimidazo[4,5—C]pyridine-4— i
carboxylate (15§ ng) .
FAB-MS (m/z): 514 (M+H), 119 (base)
NMR (CDCl3) & : 0.94 (3H, t), 2.16 (3H, s), 3.78
(3H, s)
Exanmple 5
A mixture of tﬁe'compound obtained in Example 3
(361 mg), mgthylene chloride (10 ml), triethylamine (85 mg),
"benzoic acid (103 mé), N—hydroxybenzotriazolg (114 mg) and
l-ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(162 m§) is stirred at room temperature overnight. The
reaction solution is washed, dried and evapo:atéd to remove
the solvent. The resulting oily'residue is purified_by

silica gel column chromatogfaphy (Solvent; chloroform/ .
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at roomtenperature. The reaction m xture is stirred for one hour, and
washed with 10 %citric acid solution, a saturated sodi um hydrogen
carbonate solution and brine. The organic layer is dried and evapor at ed.
The crude product is purified by silica gel colum chromatography (solvent;
chloroformethyl acetate) to give ethyl 2-n-propyl-3-[2'-(t-
but'oxycar bonyl ) bi phenyl - 4-yl ] net hyl - 5t gt hoxycar bonyl acet yl - 4-car boxyl at e
(0.70 g). FAB-M5 (mz): 618 [err], 211 (base)

methanol = 20:1) to give methyl 2—buty1-5—beﬁzoyl—3—[2'-(1H-

tetrazol-5-yl)biphenyl-4-yllmethyl-4,5,6,7-tetrahydro-

imidazo[4,S—c]pyridine—4—carboxylate (297 mg) .

FAB-MS (m/z): 576 (M+H), 105 (base)

NMR (CDCl3) & : 0.97 (3H, t), 3.79 (3H, s)

Example 6 |

The compound obtained in Example 3 (483 mg) and
thiophen-2-carboxylic acid (158 mg) are treated in the same
manner as in Exaﬁple 5 to givé methyl 2-n-butyl-5-(2-
thienyl) caibonyl—é- [2’-(1H-tetrazol-5-yl)biphenyl-4-

' yl]methyl-4,5,6;7—tetrahydroimidazo[4,5—c]pyridiﬁe—4-
carboxylate’(30g ng) .

FAB-MS (m/z): 58§ (M+H) , 111 (base)

NMR (CDCl;) 9 : 0.95 (3&, t), 3.73 (3H, s)

Example 7 |

A mixture of the compound oﬁtained in Example 3
.(2.98 g), 1N agueous sodium hydroxide solution (14 ml) and
methanol (30 ml)'is stirred at room tgﬁperature'overnight,
and evaporated to remove the solvent.

The residue is recrystallized from aqueous methanol
and collected to give 2-n—buty1-3-[23—(iH-tetrazol—5-yl)f
bipheny1—4-y1]methyl-4,5,6,7—tétrahydroimidazo[4,S—C]f
pyridine—4—carboxy1ic aéid (2.11 g). |

m.p. 216 - 217°C (decomposed) .

MR (DMSO-dg) & : 0.97 (3H, t), 4.37 (1H, s), 5.17
(1H, 'd), 6.01 (1H, d)
N .
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NWR [err] 1.12 (3H, t), 1.28 (9H, s), 3.57 (2H, s), 5.37 (2H, ABq) Exanple
64 To a m xture of the conpound obtained in Exanple 62 {1.00 g), sodium
hydregen carbonate (1.41 g), chloroform (20 M) and water (10 ml) is added
acetic anhydride (516 ng) at roomtenperature. The mxture is stirred
over.night. The organic |ayer is separated,” washed with brine, dried, and
evaporated. Silica gel columm chromatogeaphy (sol vent;

Example 8
- A mixture of the compound obtained in Example 4

(142 mg), 1 N aqueous sodium hydroxide solution (0.60 ml)
and methanol (5 ml) is stirred at room temperature
‘overnight, and evaporated under reduced pressure to remove
the solvent. The resulting residue is purified by column
chromatography of'nonidnic adsorbing resih (tradename; HP-
20, manufactured by Mitsubishi Kasei. Corporation, Japan),
and lyophilized to give 2-n-butyl-5-acetyl-3-[2’-(1H-
tétrazol—s-yl)biphen§1—4—y1]methyl—4,5,6,7—tetrahydro—
imidazo[4,5-c]pyridihe—é—cérboxylic acid disodiﬁm salt (100
ng) .

m.p. >265°C

IR (Nujol; cm-1). 1620

Examples 9 - 10

The compounds obtained in Examples 5 - 6 are‘
treated in the same mannér as in Example 8 to give the |

following cdmpounds listed in Table 1.
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chl or of or M net hano

! = 20:1) gives ethyl 2-n- propyl 5-acetyl -
3-[2'-(t-butoxycarbonyl) bi phenyl -4-yl ] net hyl - ,6,7-tetra- - 39 -
hydroi m dazo[ 4, 5- c] pyri di ne- 4- carboxylate (0. 90 g) as a white foam FAB-Ms
(niz) 546 [err], 211 (base)
20
Table 1
N
CH; (CH3) 3 —<' | N
. N
2Na salt
(Tet: 1H—Tetrazol—5—yl grouﬁ)
Ex.’ R2 IR (Nujol; cm-1) m.p. (°C)
9 —CO—Q 1620 > 200 (decomposed)
/ N\
10 -'Co—Q 1620 > 72 (wet)
_EzmalLll

(1)

To a mixture of 2- n—propyl -4-(2- amlnoethyl) -1-

[2’'-(1-trityl-1H- tetrazol 5 yl)blphenyl -4- yl]methyllmldazole

(3.66 g) and methanol (30 ml) is added 9 %_hydrochlorlc

acid-methanol (50 ml), and the mixture is stirred at room

temperature for 40 minutes.

The mixture is evaporated under

reduced pressure to remove the solvent, and water is added

to the residue.

The mixture is washed with ethyl acetate,

and the aqueous layer is evapofaﬁed under reduced pressure

and further subjected to azeotrophic distillation.with

toluene to éive crude 2-n-propyl-4-(2-aminoethyl)-1-[2'-
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NVR (CDC13) 6 : 0.94 (3H t), 1.28 (9H, s), 5.37 (2H ABg), 6.02 (1H s)
Exanpl e 65 The conpound obtained in Exanple 62 (1.0 g) is treated in the

same. nanner as in Exanple 64 with using propionyl chloride (0.23 g) instead
of racetic anhydride to give ethyl

2-n—propy|-5-propiony| 3 [2' - (t-Dbutoxycarbonyl)-
bi phenyl - 4-yl ] met hyl -4, 5, 6, 7-t et r ahydrgj m dazol[ 4, 5-c] -
pyridine-4~carboxy|ate (0 82 g) as a white foam

tetrazol-5-yl)biphenyl-4-yl]lmethylimidazole hydrochloride
(2.68 g).

(2) The above compound (2.15 g) is treated in the
same manner as in Example 3 to give methyl 2-n-proéopyl-3-[2/-
(1H-tetrazol—5-yl)biphényl—4—yl]metﬁyl—4,5,6,7-tetrahydro—
imidazo[4,5—c]pyridine—4—carboxy1ate (0.76 g) as a foam.

FAB-MS (m/z): 458 (M+H), 207 (base)

NMR (DMSO-dg) 8 : 0.98 (3H, t), 3.84 (3H, s), 5.06
(2H, ABQ) |

Example 12

2—n-Butyl—4-(Z—amiﬁéethyl)—l—(2'-methoxycarbonyl—
bipheny1-4;yl)methylimidahole hydrothoride (1.80 g) is
treated in the same manner as in Example 3 to give crude °
methyl 2-n—butyl—3—(2'—methoxycarbonylbiphenyl-4—yl)methyl—
4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-4-carboxylate (1.70
g).

Example 13

To a mixture of the compound obtained in Example 12
{(1.70 g) and pyridine (20 ml) is added acetic ahhydride (5
ml), and the mixture is stirred overnight.. The solvent ié
distilled off, and to the resulting residue is added
‘chloroform, and the mixture is washed, dried, and evaporaﬁed
to remove the'solﬁent. The residue is'burified by.silicé
gel cblumn chromatography (solvent; chloroform/ethanol.=
10:1) to give methyl 2—n~butyl-5-acetyl—3—(2'—methoxy-.

- carbonylbiphenyl-4-yl)methyl-4,5,6,7-tetrahydroimidazo([4,5-
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FAB-M5 (mz): 560 [err], 211 (base) NWR (CDC13) 6 : 0.94 (3H, t), 1.12 (3H
t), 1.18 (3H t), 1.29 (9H s) Exanple 66 The conpound obtai ned i n Exanpl e

62 €1.00 Q)

is treated in the sane manner as in Exanple 64 with using ethyl

chloroformate (0.27 g) instead of acetic anhydride to give ethyl

2-n-propyl
. bi phenyl - 4-

-5- et hoxycar bonyl -3-[2' - (t-but oxycar bonyl) -

yl ] methyl -4,5,6, 7-tetrahydpei m dazo[ 4, 5-cl -

clpyridine-4-carboxylate (0.47 g) as an oil.

NMR (CDCl;) & : 0.88 (3H, t), 2.21 (3H, s), 3.46

(3H, s), 3.64 (3H, s), 5.33 (2H, ABQ)

Example 14

A mixture of 2-n-butyl-4-(2-aminoethyl)-1-[2'-(1H-

tetrazol-5-yl)biphenyl-4-yllmethylimidazole hydrochioride

(0.278 g), ethyl glyoxylate (0.179 g) and ethanol (5 ml) is

refluxed for three days. To the mixture is added

chloroform, and the mixture is washed, dried and evaporated

to remove the solvent. The residue is purified by silica

gel column chromatography (solvent; chloroform/methanol =

10:1) to give ethyl 2-n-butyl-3-[2’-(1H-tetrazol-5-yl)-

biphenyl?4-y1]methyl-4L5,6,7—tétrahydroimidazo[4,5-c]—

pvridine-4-carboxylate (0.136:91 as a foam.

NMR (CDCl3) & : 0.92 (3H, t),l1.35 (3H, t), 5.08

(2H, ABQq)

Example 15

To a mixture of 2—n—buty1-4—(2—t—butoxycarbony1—

aminoethyl) -1-(2’-methoxycarbonylbiphenyl-4-yl)methyl-

imidazole (2.02 g) and chloroform (50 ml) is added

trifluoroacetic acid (25 ml), and the mixture is stirred at

room temperature for 30 minutes. 'The mixture is evaporated

" under reduced pressure to remove the solvent, and to the

residue are added tetrahydrofuran (30 ml), watef (1 ml) and

sodium hydrogen carbonate (1.13 g), and the mixture is

stirred. To the mixture is added chloroform, and the

~ Thig'is the: replacement sheet
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pyri di ne-4-carboxylate (0.82 g) as a white foam FAB-M5 (mz): 576 (M),
211 (base) [err] Exanple 67 40 The m xture of ethyl
2-n-propyl -3-[2"' - (t-but oxy-

23

mixture is dried, and evaporated under reducéd pressure to
remove the solvent.  To the residue are added'ethyl
glyoxylate hydrate (0.570 g) and ethanol (40 ml), and the

- mixture is refluxed for.15 minutes. The solQent is
ldistilled off under reduced pressure, and the resulting
residue is purified by.siliéa gel column chromatography
(solvent; chloroform/ethanol = 20:1) to give ethyl 2-n-butyl-
3—(2'—methoxycarbonflbiphenyl—4-yl)methy1—4,5,6,7—
tetrahydroimidazo[4,5—c]pyridine—4-carboxylate (0.551 g) as
‘a foam. | | |

NMR (CDCl;) & : 0.89 (3H, t), 1.23 (3H, t), 3.65
(3H, s), 5.24 (éH, ABqQ) | )
Examples 16 - 31
The coﬁpounds obtained in Examples 3, 11 and 15 are

_treated in the same manner as in Example 4 or 5 to give the

following compounds listed in Tables 2 and 3.

. This Sheet Has Been Reﬂlaced ‘This is. the replacement sheet
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car bonyl ) bi phenyl - 4-yl ] net hyl - 5- et hoxycar bonyl acet yl -
4,5,6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne- 4-car boxyl ate (657 ng),
trifiuoroacetic acid (3 m) and nethylene chloride (10 M) is stirred
-overni ght at roomtenperature. The reaction mixture is washed with a
saturated sodi um hydrogen carbonate solution and brine, dried, and
evaporated. The crude product is purif2ed by silica gel colum _
chromat ogr aphy (sol vent; chlorofornm nethanol) to give ethyl 2-n-propyl-3-
(2' - car boxybi phenyl - 4-yl ) net hyl - 5- et hoxycar bonyl acet yl - -
Table 2

N
CH3 (CHp) 2, — |

Ex. R? | ®8 | R® | NMMR (cDCl) | FAB-MS (m/z)

. 1.04 (3H, t) |500 (M+1)
16 |-COCH;3 - |cHs |Tet [2.17 (3H, s) B
' - 3.75 (3H, 8) [207 (base)
1.03 (3H, t) |572 (M+1)
17 | -COCH,COOCH,CH; | CHj Tet |1.18 (3H, t)
‘3.73 (3H, s) | 207 (base)

Tet: 1H-Tetrazol-5-yl group

. This ShectHas BeenReplaced -
B et



4,5, 6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne- 4- car boxyl ate (516 ng). FAB-MS
(niz) 562 [err], 211 (base) NWR [err] : 0.76 (3H, t), 3.55 (2H, s), 5.34
(2H,- ABq) Exanples 68 - 70 The conpounds obtained in Exanples 64 to 66 are
treated in the sane manner as in Exanple 67 to give the foll ow ng conmpounds
listed in Table 8.

25

N
CH;3 (CH3) 3 —<, I
N

Ex. | RZ |r8 | RO NMR. (CDCl3) | FAB-MS (m/z)
' : 0.96 (3H, t) 648 (M+1)
18 -COCH2C00CH2—® CH3 Tet |3.59 (2H, s) :
3.69 (3H, s) 154 (base)
~ 10.97 (3H, t) 624 (M+1)
" 19 —COCHz—Q—Cl CH3 Tet |3.75 (3H, s)
3.78 (2H, s) 207 (base)
_ 0.95 (3H, t) |566 (M+1l)
o 1\ 3.75 (3H, s) - .
20 ‘COQ CHy | Tet |6 .46-6.48 1119 (base)
' - (1H, m)
- 0.96 (3H, t) 577 (M+1)
N 3.77 (3H, s) .
21 coll _ CHy |Tet |g 53-8.62 207 (base)
N (1H, m) '
0.96 (3H, t) 528 (M+1)
22 | -COCH,CH3 CH; |Tet |1.08 (3H, t)
: 3.75 (3H, s) 207 (base)
This Sheet Has Been R Thig is the replacement sheet
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41 Table 8 [err] tetrazol -5-yl)bi phenyl -4-yl]methylim dazole (7.48 g) is
di ssolved in tetrahydrofuran (60 nl) to which is added ethyl glyoxylate
hydrate (1.56 g). The reaction mxture is

26
0.96 (3H, t) 586 (M+1)
23 —~COCH,CH,COOCH,y | CHy Tet 3.46 (3H, s)
3.72 (3H, s) 207 (base)
0.85-1.01 577 (M+1)
-~CO N (3H, m) :
24 I ~ CH; Tet 3.80 (3H, s) 207 (base)
N 8.66-8.71 -
(1H, m)
0.96 (3H, t) 542 (M+1)
25 | -COCH(CH3)2 CH, Tet 1.08 (3H, 4)
' 1.11 (3H, 4) | 207 (base)
: 0.96 (3H, t) 550 (M+1)
26 | -SOzCH;3 CH3 Tet 3.00 (3H, s)
3.77 (3H, s) 154 (base)
| _ 0.94 (3H, t) [544 (M+1)
27 | -COOCH3CH, CH, Tet 1.23 (3H, ©)
' ’ 3.69 (3H, s) [207 (base)
. 0.96 (3H, t) 560 (M+1)
28 | -COCH,SCH3 CH3 Tet 2.11 (3H, s) _
' ' 3.75 (3H, s) 154 (base)
0.84-0.96 - |590 (M+1)
29 -COCH3COOCH,CH; | CH2CH3 | COOCH; (3H, m)
3.57 (2H, s) 225 (base)
0.95 (3H, t) |
1.18 (3H, t) 586 (M+1)
30 -COCH,COOCH,CH; | CH3 Tet 3.50 (2H, s)
5.28 (2H,ABq) | 207 (base)
5.40 (1H, s) :
0.94 (3H, t)
3.67 (3H, s)
- M+l
31 COCH;CN CH, Tet 3.95 (3H, s) 539 (M+l)
' 5.29 (2H, s8)
Tet: 1lH-Tetrazol-5-yl group
This is the replaocement sheet
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stirred overnight at roomtenperature and then refluxed for one hour. The
solution is evaporated and the residue is purified by silica gel colum
chromat ogr aphy (sol vent; chloroforn nethanol) to give ethyl

2-ethyl-3-12"-(1-trityl - 42
1Fh}etrazo|-5-y|)biphenyl-4-y|]nethyl-4,5,6,7-tetrahydro-
' 27 '
Example 32

To a mixture of the compound obtained in Example 3
(0.50 g) and methanol (10 ml) is added diketene (0.20 g},
and the mixture is sﬁirred at room temperature for two
hours. The mixture is evaporated under reduced pressure to
remove the solvent, and to the residue is added
chloroform. The mixture is washed, dried and evaporated
under reduced pressure. The resulting residue is purified

i by silica gel column chrematography (solvent; chloroform/

ethyl acetate/methanol = 10:10:1) to give_methyl 2-n-butyl-
5—acetoaéety143—[2'—(1H-tetrazol—5—yl)bipheny1—4—y11methy1-
4,5,6,7—tetrahydroimidazo[4,5—c]pyridine—4-carb02ylate (0.29
g) as a foam. _

FAB-MS (m/z): 556 (M+1), 207 (base)

NMR (CDCl;) & : 0.96 (3H, t), 2.22 (3H, s), 3.74
(34, s) |

Example 33

To a mixture of the compound obtained in Example 16
(0.131 g) and methanol (2 ml)'is added 0.5 M aqueous sodium
hydrogen carbonate solution (0.53 ml). Five minutes
thereafter, the mixture is evaporated under reduced pressure
to remove the solvent, and the residue is purified by column
chromatography of nonidnic adsorbing resin (tradename; HP-
20, manufactured by Mitsubishi Kasei Corporatioﬁ, Japan) ,
and lyophilized to give methyl é—n—propyl—S—écetyl—B—[2’—

(lH-tetrazol—S—yl)biphenyl-4-yl]methyl-4,5,6,7—tetrahydro— |

This s the rapizosment sheet
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I m dazo[ 4, 5-c] pyri di ne-4-carboxylate (5.54 g) as a foam characterized as
its.,oxalate. mp. 142 - 1460C NWVR [err] .: 4.93 (1H, s), 5.23 (2H, s)
Exanple 72 A solution of ethyl 2-ethyl-3-[2"-(1-trityl-IH

tetrazol - 5-yl)bi phenyl - 4-yl ] nethyl -4, 5, 6, 7-tetrahydro- .

i m dazo[ 4, 5-c] pyridi ne-4-carboxylate (1.94 g), nonoethyl malonate (0.74 g),
1- ( 3- di et hyl am nopr opy!| ) 3-ethyl - 28 :

imidazo(4,5-c]pyridine-4-carboxylate sodium éalt {0.'089 g)
as a powder.

m.p. >196°C (decomposed)

- NMR (DMSO-dg) & : 0.83-0.92 (3H, m), 1.92 and 2.12
(3H, s), 3.27 and 3.32 (3H, s)

Examplesg 34 - 37

The'compoundé obtained in Examples 4, 20, 21 and 24.

are treated in the same manrier as in Example 33 to give the

following compounds listed in Table 4.

Table 4
: N
© CH3(CHp)3 = | N
+ Na salt
(Tet: 1H-Tetrazol-5-yl group)
Ex. R2 NMR (D,0)
0.73 (3H, t)
D =D '
3 0o 3.10-3.90 (4H, b)
35 i Xy . |0.82 (3d, t)
~CO P 3.25 and 3.56 (3H, s)
N .
36 -Co i S 0.69-0.81 (3H, m)
p) '3.23 and 3.62 (3H, s)
N :
0.71-0.80 (3H, m)
37 COCH; 3.21 and 3.47 (3H, s)

This Sheet Has Been R laced
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car bodi i m de hydrochloride (0.80 g), triethylamne (1.40 g) in
di chl oronet hane (20 nml) is stirred overnight at roomtenperature. The
reaction mxture is washed with water and dried over sodium sul fate, and
t hen evaporated. The residue is dissolved in ethanol (30 m), fumaric acid
((2.00 g) is added, and the solution is refluxed for three hours. The
sotvent is evaporated and the residue ¢ treated with a saturated sodi um
hydr ogen carbonate solution and then extracted with chloroform The organic
| ayer is dried and _
Examples 38 - 46
The compounds obtained in Examples 13, 16, 20-25
and 27 are treated in the same manner as in Example 8 to
give the following compounds'listed in Table 5.

Table 5

2Na salt
Ex. Rl R2 R® IR (Nujol; cm-1l)
38 | -(CHy) 2CH; | —COCHS; Tet | 1610
o
_ N\ :
40 | -(CHp)aCHy | _ o | Tet 1620
N
41 | -(CHy)3CHy | -COCH,CH3 Tet 1620
" - . -
4z | - (CHz) 3CHy COCH,CH,COOH Tet  |1620-1560
_ -CO | S
43 | -(CH3)3CH3 P Tet 1620
: N
*: The compound of Example 42 is trisodium salt.
This Sheet Has Been R
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evaporated. Purification by silica gel colum chromatography (solvent;
chl or of or m net hanol ) gives ethyl 2- :

ethyI-S-[Z'-(1FFtetrazoI-5-yI)biphenyl-4-y|]néthy|-5-ethoxy§
carbonyl acetyl -4,5, 6, 7-tet rahydr oi m dazo[ 4, 5-c] pyri di ne-4- carboxyl ate
(1:07 g) as a foam NWR [err]: 5.29 (2H, s), 5.48 (1H, s), 6.92 (2H
7.10 (2H, d) _ 30

44 | - (CH;y) 3CH; ~COCH (CH3) 2. Tet 1620

45 | —(CHp)3CH; | ~COOCH,CH; Tet 1680, 1610

46 | —(CHy)3CH3 | -COCH4 ~ COOH 1630-1560

Tet : iH—Tetrazol—S-yl group

Example 47 |

(1) To a mixture of methYl 2-n-butyl-5-ethoxy-
carboﬁylacetyl—3—[2'-(letgtrazoi-S—yl)biphenyl-4—y1]methyl—
4,5,6,7—tetrahydroimidazo[4,5-clpyridine—4—carboxy1ate (2.0
g),_triethylamine (0.69 g) and chloroform (20 ml) is_added
trityl chloride (1.43 g), and the mixture is stirred at room
temperature for 30 minutes. The reaction solution is
washed, dried, and evaporated under reduced pressuret The
resulting residue is purified by silica gel column
chromatography (solvent; ethyl acetate/n-hexane) to give
methyl 2—n—bﬁtyl—5-ethoxycarbonylacety1;3-[2’—(1—trityl-1H—
tetrézol—s—yl)bipheny1—4-y1]methy1—4,5,6,7—tetrahydro—
imidazo[4,5-clpyridine-4-carboxylate (1.29 g) as needles.

m.p. 124 -- 126°C (decpomposed)

(2) The above product is optically resoived_by._
HPLC column chromatography for separation of optically
éctive isomers.(tradename; Chiralcel OD, manufactured by

Daicel Chemical Industries, Ltd., Japan) (solvent; n-hexane/

d),
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43 Exanple 73 A m xture of ethyl 2-ethyl-3-[2'-(1-trityl-

tetrazol - 5-yl)bi phenyl -4-yl Jnethyl -4, 5,6, 7-tetrahydro- .

i m dazo[ 4, 5-c] pyri di ne-4-carboxylate (1.51 g), acetic anhydride (0.44 g),
sodi'um’hydrogen carbonate (1.09 g), chloroform (18 nl) and water (18 nl) is
stirred overnight at roomtenperature. The aqueous |l ayer is extracted with

31

ethanol = 7:3) to give the (+)-isomer and the (-)-isomer
‘'separately. - |
The (+)-isomer:

[@lp: +25.2° (c=0.5, chloroform, 25°C)

[]lp: -22.8° (c=0.5, chloroform, 25°C)

Example 48

To a mixture of methyl (+)-2-n-butyl-5-ethoxy-
carbonylacetyl-B—[Z’—(1—tfityl—1H—tetrazol—5—yl)bipheny1—4— '
yl]methyl—4,5,6,7-tetrahydroimidazo[4,5—c]pyridine—4-
carboxylate (395 mg) and tetfahydrofuran (4 ml) is added 90
% fofmic acid (8 ml) under ice-cooling, and the mixture is
stirred at room temperature for 30 minutes, and evaporated
under reduced pressure to remove the solvent. The resﬁlting
residue is purified by silica gel column chromatography
(solvent; chloroform/methanol) to ine methyl (+)-2-n-butyl-
5-ethoxycarbonylacetyl-3-[2’- (1H-tetrazol-5-yl)biphenyl-4-
yl]lmethyl-4,5,6,7-tetrahydroimidazo([4,5-c]lpyridine-4-

- carboxylate (270 mg) as a foam.

[a]lp: +70.4° (c=0.5, chloroform, 20°C)

Example 49 |

Methyl (-)—2—n—butyl—5;ethoxycarbonylécetyl—3-[2'—
(1—trityl—lH—tetrazol—S-yl)bipheny1-4—y1]methyl-4,5,6,7—
tetrahydroimidazo[4;5—c]pyridine—4-carboxylate is treated in
the same manner as in Example 48 to give methyl (—)-Z—ﬁ—

butyl—5—ethoxycarbonylacety1-3—[2’—(1H—tetrazol-5—yl)—

This is the replacement sheet
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chl oroform and the conbined organic |layer is washed with aqueous citric
acid solution and brine, dried, and evaporated. To the residue (1.46 g) is
added fumaric acid (1.2 g) and ethanol (20 m), and the mixture is refl uxed
for four hours, then evaporated. The residue is'treated with a saturated
sodLun1hydrogen carbonate solution and then extracted with chloroform The
organic layer is dried and evaporated. 3urification by silica gel colum
chromat ography (sol vent; chlorofornmethanol) gives ethyl 2-
biphenyl-4—y1]methyl—4,5,6,7-tetrahydroimidazo[4,5—c];
pyridine-4-carboxylate as a foam. |
foulp: -70.8° (c¢=0.5, chlo;oform, 20°C)
Example 50
2—n~Propy1-5—(2—aminoethyl)-3;[2'—(l-trity1—1H—
tetrazol-5-yl)biphenyl-4-ylimethylimidazole (1.01 g) is
dissolved in tetrahydrofuran (10 ml), and thereto is added
ethyl glyoxylate hydrate (195 mg), and the mixture is
stirred at room temperatu;e overnight. The mixture i;
heated at 50°C for 30 minutes, and after cooling, 7 %
hydrochloric acid-methanol solution (3 ml) and chloroform
(10 ml) afe added to the mixture, which is refiuxed for 20
minutes. The mixture is evaporafed under reduced pressure
to remove the solvent, and the ;esulting residue is
dissolved in chloroform (30 ml). To the mixture are added
acetié anhydride (290 mg) and a solution of sodium hydrogen
carbonate (1.2 g) in water (20 ml), and the mixture is
stirred at room temperature overnight. The mixture is
acidified with citrié acid, and extracted with chloroform.
The extract is washed with water, dried, and evaporated. To
the residue are addéd fumaric acid (100 mg) and ethanol (35
ml), and the mixture is refluxed for 5 hours. Then, the
reactipn mixture is évaporated under reduced pressure, and
the residue is recrystallized from methanol/ethér to give
ethyl-2—n—propy1-5—acetyl-3—[2'-le-tetrazolfS-yl)biphenyl~
4—y1]methyl-4,5,6,7—tetrahYdroimidazo[4,5—c]pyridine—4—

This Sheet Has Bee, : This is the replacement sheet
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ethyl-5-acety|-3-[2'-(1F+tetrazo|-5-y|)biphenyl-4-yl]nethyl-
4,5,6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne-4-car boxylate (0.76 g) as a white
foam FAB-MsS (nmfz): 500 (M+l, base), 207 NVMR [err] : 1.30 (3H, t), 2.16
(3H s), 5.30 (2H, s), 5.45 (1H, s) Exanple 74 To a solution of
2-ethyl -4-(2-am noethyl)-1-[2"-(t-
but oxycar bonyl ) bi phenyl - 4-yl ] net hyl i m gigzole (5.30 g) in
carboxylate 1/2 fumarate (728 mg).
m.p. 184 - 185°C
Yield: 80 %
Example 51
To a mixtﬁre of 2—n—propyl—4—(2-aminoethy1)41—[2'—
(1—trity1-1H-tetra201—5-yl)biphenyl—4—y1]methylimidazole
(21.95 g) and tetrahydrofuran (200 ml) is added a solution
of ethyl glyoxylate hydrate (4.25 g) in tetrahydrofuran (20
ml) at 5°C. The mixture -is stirred overnight at room
temperature and refluxed for 30 minutes. To a mixture is
added a 8 % hydrogen chloride ethanol solution (100 ml) at
room temperature The reactlon mixture is stirred for 30
minutes, then evaporated The residue is dissolved in
chloroform and washed successively with a saturaﬁed sodium
. hydrogen carbonate solution and brine. The organic layer is
dried and evaporated. The oxalate is recrystallized from
. ethanol to give ethyl 2-n-propyl-3-[2’'-(1lH-tetrazol-5-yl)-
biphenyl-4-yllmethyl-4,5,6, 7-—tetrahyd.roimidaz‘o [4,5-c]-
pyridine-4-carboxylate oxalate (10.84 g).
m.p. 140 - 142°C
NMR (DMSO-dg) &: 0.82 (3H, t), 4.95 (1H, s), 5.29
(2H, brs) o ' |
NMR (CDCl3) & : 1.00 (3H, t), 3.98 (1H, s), 5.09

(2H, Q)

_\K‘ ' This is the raplacament sheet
Th:s Sheet Has Bee,

L1



tetrahydrofuran (40 m) is added ethyl glyoxylate hydrate . 44 (1.67 Q).
The reaction mxture is stirred overnight at roomtenperature and then
refl-uxed for two hours. The solvent is evaporated and the residue is

purified by silica gel colum chromatography (solvent; chloroforn methanol)
to give ethyl

34
. Examples 52 - 59
The compound obtained in Example 11 and the
corresponding starting compounds are treated in the same

manner as in Example 4 or 5 to give the following compounds

listed in Tables 6 and 7.

Table 6
_<é
CH; (CH3) 2 7 |
_ N~ NCOR
(Tet: 1H-Tetrazol-5-y1 group)
Ex. R NMR ' FAB-MS (m/z)-
1.01 (3H, t) 552 (M++H)
52 ]\ 3.71 (3H, s) 95_(base)
—4£0> _
R 1.00-1.13 (9H) 528 (M++H)
53 | ~CH(CH3)2 3.70 (3H, s) 149 (base)

. This is the replacement shllet. _
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2-ethyl -3-[2" - (t-butoxycarbonyl ) bi phenyl -4-yl nethyl -

4,5,6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne-4-carboxylate (5.90 g) as a yellow
oil. -FAB-M5 (mz): 490 (Mtl), 211 (base) NVR [err] : 1.22 (3H, t), 1.28
(9H, s), 1.31 (3H, t), 4.36 (1H, s) Exanple 75 A nmixture of e€thyl '
2-ethyl -3-[2"-(t-butoxy- -

car bényl ) bi phenyl -4-yl ] net hyl -4, 5, 6, 7-tsg r ahydr oi m dazo| 4, 5-

Table 7
. N ’
/4
CH3(CH2)2'—<N | Xeor
COOC3Hg
“Iii Tet
(Tet: 1H-Tetrazol-5-yl group)
Ex. |R NMR _ " | FAB-MS (m/z)
1.03 (3H, t) 528 (M*++H)
54 | -CHyCH3 5.29 (2H, s) '
5.42 (1H, s) 1207 (base)
1.04 (3H, t) 600 (M*+H)
55 | - (CH,),CO0C,Hs | 5.29 (2H, ABQ)
5.32 (1H, s) 207 (base)
1.00 (3H, t) | 544 (M*+H) (hase)
56 | -OCH,CH; 4.95 (1H, s) , : :
' 5.29 (2H, s) 207
1.01 (3H, t) 543 (M++H)
57 |-N{(CH3); 15.28 (2H, ABqQ)
4.77 (1H, s) _ 72 (base)
0.99 (3H, t) 539 (M*+H)
. . 1.26 (3H, t) '
58 | -CHCN 1.84 (2H, dt) - |207 (base)
5.95 (1H, s) .
1.00, 1.03 571 (M++H)
. (3H, each t) )
59 .| —CHaNHCOCHj3 1.32 (3H, t) 207 (base)
1.94, 1.97

(3H, each s)
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c] pyridine-4-carboxyl ate (2.26 g), acetic anhydride (0.94 g), sodium
hydrogen carbonate (2.33 g), chloroform (18 n) and water (18 m) is
stirred overnight at roomtenperature. The organic |ayer is separated,
washed with brine, dried, and evaporated. The residue is purified by silica
gel -col um chromat ography (sol vent; chlorofornm nethanol) to give ethyl
2-ethyl -5-acetyl-3-[2'- 36
(t-butoxycarbonyl)bi phenyl -4-yl ] methyl -4, 5,6, 7-tetrahydro-
i m dazo[ 4, 5-c] pyri di ne-4-carboxylate (2.10 g) as a white

- Example 60

Ethyl 2—n—propyl~3—[2'—(1H—tetrazol—5-yljbiphenyl—
4-yllmethyl-4,5,6,7-tetrahydroimidazo[4,5-c]lpyridine-4-
carboxylate (100 g) is treated in the same manner as in
Example 32 with using ethanol instead of methanol to give
ethyl 2—n—propyl—5—acetoacetyl—3—[2'—(1H—tetrazol—5—yl$—
biphenyl-4-yl]lmethyl-4,5,6,7-tetrahydroimidazo[4,5-c]-
pyridine-4-carboxylate (1.00-g) as a white foam.

'NMR (CDCl;) & :-1.03 (3H, t), 2.22 (3H, s), 3.61
(2H, ABq), 5.30 (2H, ABg), 5.36 (1H, s)

Example 61

To a mixture of'ethyl 2-n-propyl-5-acetoacetyl-3-
[2’-(1H-tetrazol-5-yl)biphenyl-4-yllmethyl-4,5,6,7-tetra-
hydroimidazo[4,5-c]pyridine-4-carboxylate (200 mg),
magnesium chloride (34 mg), pyridine (58 pul) and
acetonitrile (2 ml) is added benzoyl chloride (42 ui) under
ice-cooling. The reaction mixture is stirred-overnight at
room temperature, then diluted with chloroform (50 ml). The
solution is washed with 10 % hydrochloric acid and brine,
dried, and evaporated to give a crude product (266 mg) as an
oil. The product (260 mg) ootained above is.refluxed-with
10 % hydrochloric acid (1.0 ml) in ethanol (5.0 ml) for oné
hour. The reaction mixture is diluted with chloroform (30
ml),_washed with brine, dried, and then evaporated.
Purfication by silica gel column chromatography (solveot;

chlorofom/ethanol) goves ethyl 2-n-propyl-5-benzoylacetyl-

ig i th 1 sheet
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foam FAB-M5 (m(z): 532 (M+l), 211 (base) NVMR [err]: 1.13 (3H, t), 1.28
(9H, s), 2.22 (3H, s), 6.05 (1H s) - 45 - Exanple 76

37

3—[2'—(1H—tetrazbl—5—y1)biﬁhenyl—4-yl]methy1-4,5,6,7;tetra—
hydroimidazo[4,5-c]lpyridine-4-carboxylate (144 mg) as a
white foam.

FAB-MS (m/z): 618 (MH+), 207 (base)

NMR (CDCl3) & : 1.04 (3H, t), 4.00 - 4.28 (5H, m),
5.30 (2H, s), 5.40 (1H, s)

'Example 62

To a mixture of 2-n-propyl-4-(2-aminoethyl)-1-(2"’-
(t-butoxycarbonyl)bipheny;—4-y1]methylimidazole (10.0 g) and
tetrahydrofuran (100 ml) is added a solution of ethyl
glyoxylafe hydrate (2.90 g) in tetrahydrofuran at room
temperature. The reaction mixture is stirred overnight,
refluxed for 30 minutes, and evaporated. The residue is
dissolved in chloroform and the solution is washed with 2 % .
hydrochloric acid solution, a saturated sodium hydrogen
carbonate solution and brine. The organic layer is dried
and evaporated. The crude product is crystallized with
oxalic acid from ethanol-ether to give ethyi 2-n-propyl-3-
[2'-(t—bu;oxycarbonyl)biphenyl-4—yl]methy1—4,5,6,7-
tetrahydroimidazo(4,5-c]pyridine-4-carboxylate oxalate (8.45
g). ' |

m.p. 166 - 168°C |

NMR (DMSO-dg) & : 0.87 (3H,.t), 1.25 f9H, s), 5.10
(1H, 8), 5.40 (2H, s) '

Example 63

The compound obtained in Example 62 (1.00 g) is

This Sheet Has Been Reﬂlaced “This is the replacement sheet
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A sol ution of ethyl 2-ethy|-3-[2' (t-butoxy-

car bonyl ) bi phenyl -4-yl ] nethyl -4,5, 6, 7- tetrahydr0|n1dazo[4 5-

c] pyridi ne-4-carboxylate (1.72 g), nonoethyl nalonate (0.94 ),

1- (3-di net hyl am nopr opyl ) - 3- et hyl car bodi i m de hydrochloride (1.02 g),
triethylamne (1.78 g) in dichloro- nethane (20 m) is stirred overnight at
roomtenperature. The reaction mixture 4g-washed with water and dried over
sodi um sul fate and then evaporated. The residue is purlfled by silica gel
col utm chr omat ogr aphy (solvent chl or of or nf

suspended in chloroform. The suspension is washed with a
saturated sodium hydrogen carbonate solution and brine,
dried over magnesium sulfate and evaporated. To a mixture
of the crude substrate (0.75 g), ethoxycarbonylacetic acid
(0.33 g) and methyiene chloride (10 ml) is added l-ethyl-3-
(3—dimethylaminopropyl)carbodiimide hydrochloride (0.48 g)
af room temperature. The reaction mixture is stirred for
one hour, and washed with 10 % citric acid solution, a
saturated sodium hydrogem carbonate solution and brine. The
organic layer is dried and evaporated. The crude product is
purified by silica gel column'chrométography_(soivent;
chloroform/ethyl acetate) to give ethyl 2-n-propyl-3-[2‘'-(t-
butoxycarbonyl)biphenyl-4-yl]lmethyl-5-ethoxycarbonylacetyl-
4-carboxylate (0.70 g). |
_ FAB;MS (m/z): 618 (MH+), 211 (base)
NMR (CDCls) & : 1.12 (3H, t), 1.28 (9H, s), 3.57
- (2H, s), 5.37 (2H, ABQ)

Example 64

To a mixture of the compound obtained in Example 62
(1.00 g), sodium hydrogen carbonate (1.41 Q), chloroform (20
mi) and water (10 ml) is added acetic anhydride (516 mg) at
room temperature. .The mixture is stirred overnight. The
organic layer is saparated, washed with brine, dried, and

_ evaporatéd. Silica gel column chromatography (solvent;

ohlo;oform/methanol = 20:1) gives ethyl 2—n-propy1j5—acetyl—

3-[2"~-(t-butoxycarbonyl) biphenyl-4-yllmethyl-4,5,6,7-tetra-

eolaced ~ Thig is the replacement sheet
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met hanol ) to give ethyl 2-ethyl-3-[2"-(t-butoxycarbonyl)-
bi phenyl - 4-yl ] net hyl - 5- et hoxycar bonyl acetyl -4,5,6, 7-tetra-

hydroi m dazo[ 4, 5- c] pyri di ne- 4-carboxylate (1.57 g) as an oil

NVR [err]:

1.12 (3H, t), 1.28 (9H, s), 5.35 (2H, q), 6.00 (1H s) Example 77 To a
solution of the above product (2.05 g) in dichloronethane (20 M) is added

trifluoroacetic acid (6 39

hydroimidazo[4,5-clpyridine-4-carboxylate (0.90 g) as a

white foam.

FAB-MS (m/z): 546 (MH+), 211 (base)

NMR (CDCl3) & : 0.94 (3H, t), 1.28 (9H, s),

(2H, ABQ), 6.02 (1H, s)

Example 65

5.37

The compound obtained in EXample 62 (1.0-g) is

treated in the same manner as in EXample 64 with using

propionyl chloride (0.23vg).ins£ead of acetic anhydride to

give ethyl 2-n-propyl-5-propionyl-3-{2’-(t-butoxycarbonyl)-

biphenyl-4-yl]methyl-4,5,6,7-tetrahydroimidazo[4,5-¢c] -

pyridine-4-carboxylate (0.82 g) as a whité foam.

FAB-MS (m/z): 560 (MH+), 211 (base)

NMR (CDCl3) & : 0.94 (3H, t), 1.12 (3H, t),

(3H, t), 1.29 (9H, s)
Example 66

1.18

The compound obtainéd in Example 62 (1.00 Q) is
treated in the same manner as in Example 64 with using ethyl
chloroforﬁate (0.27 g) instead of-acetic anhydride to give
ethyl 2—n-propy1—S-ethoxycarbonyl-B—[2'—(t—butoxycarbényl)—
biphenyl-4-yl]lmethyl-4,5,6,7-tetrahydroimidazo(4,5-c]-
pyridine-4-carboxylate (0.82 g) as a white foam.

FAB-MS (m/z): 576 (MH*), 211 (base)

NMR (CDCl3) & : 0.95, 0.96 (3H, t), 1.12 - 1.31

(15H, m), 5.22-5.60 (3H, m)

Example 67.
ig is th xment sheet
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m). The reaction mxture is stirred at room tenperature overni ght, and
then evaporated. The residue is dissolved in chloroform.and washed with a
sat urated sodi um hydrogen carbonate solution. The organic |ayer is dried
over sodium sulfate and then concentrated to give the crude product - 46

40

The mixture of ethyl 2-n-propyl-3-[2'-(t-butoxy-
carbonyl)biphenyl-4-yllmethyl-5S-~ethoxycarbonylacetyl- -
4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-4-carboxylate (657
nmg), trifluoroacetic acid (3 ml) and methylen chloride (10
ml) is stirred overnight at room temperature. The reactibn
mixture is washed with a saturated sodium hydrogen carbonate
solution and brine, dried, and evaporated. The crude
product is purified by silica gel column chromatography
(solvént; chloroform/methanol) to give-ethyl 2-n-propyl-3-
(2 ~-carboxybiphenyl-4-vl)methyl-5-ethoxycarbonylacetyl-
4,5,6,7-tetrahydroimidazo([4,5-c]pyridine-4~-carboxylate (516
mng) .

FAB-MS (m/z): 562 (MH+), 211 (base)

NMR (CDCl3) & : 0.76 (3H, t), 3.55 (2H, s), 5.34
(2H, ABQ)

8 - 17

The compounds obtained in Examples 64 to 66 are

treated in the .same manner as in Example 67 to give the

following compounds listed in Table 8.
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which is purified by silica gel
chl orof orm net hanol) to give ethyl
carboxybi phenyl
t et rahydr oi m dazol[ 4, 5-
NVR [err]
(1H;

-4-yl) et hyl

0.98 (3H, t), 1.16 (3H

2-ethyl-3-(2'-

- 5- et hoxycar bonyl acet yl
c] pyridi ne-4-carboxylate (1.17 g) as a white foam
5.33 (2H, q),

t), 1.27 (3H,

col um chr omat ogr aphy (sol vent;

-4 ,5,6,7-

t),

s) Exanple 78 The conpound obtaindd in Exanple 75 (2.05 g)

Table 8

CH3CH,CHy — |
N

N
NCOR

COOC3Hs

S

Ex. |R NMR (CDClj3) d DI-EI-MS (m/z)
0.79 (3H, t) 489 (M+)
68 | -cH; 2.18 (3H, s)
5.93 (1H, ) 416 (base)
10.81 (3H, t) 503 (M+)
: 1.15 (3H, t)
63 | ~CaHts 1.18 (3H, t) 430 (base)
5.91 (1H, s) '
0.68, 0.75 (3H, t) |519 (M%)
70 | -OC,Hs 1.13-1.51 (8H, m)
5.15-5.54 (3H, m)} 446 (base)
. Example 71

2-Ethyl-4- (2-aminoethyl) -1-[2’ - (1-trityl-1H-

tetrazol—S;yl)bipheny1—4—y1]methylimidazole (7.48 g) is

6. 00

dissolved in tetrahydrofuran (60 ml) to which is added ethyl

glyoxYlate hydrate (1.56 g).

The reaction mixture is

stirred overnight at room temparature and then refluxed for

one hour.

purified by silica gel column chromatography (solvent;

The solution is evaporated and the residue is

chloroform/methanol) to give ethyl 2-ethyl-3-[2'-(1-trityl-

This Sheet Has Been Reilaced
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This is the replacement sheet

Date:

79 JuL. 1996



treated in t
et hyl - 5- acet

t et r ahydr oi m dazo[ 4, 5-c] pyri di-ne-4-carboxylate (1.53 g) as a white foam

FAB-MS (mz): 476 (M+l), 211 (base) NWMR [err] : 1.00 (3H, t), 2.20 (3H
6.00-(1H, s), 6.95 (2H, d) Exanple 79 A m xture of ethyl '
2-n-propyl -3-[2' - (t-but oxy- 42

he sane manner as in Exanple 67 to give ethyl 2-
yl -3-(2'-carboxybi phenyl -4-yl)nethyl-4,5,6, 7-

1H—tetrazol—5—yl)biphenyl—4-yl]methy1—4,5,6,§—tetrahydro—
imidazo(4,5-clpyridine-4-~carboxylate (5.54 g) as a foam,
charactrized as its oxalate.

m.p. 142 - 146°C

NMR (DMSO-dg) & : 4.93 (1H, s), 5.23 (2H, s)

Example 72

A solution of ethyl 2-ethyl-3-[2-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-yllmethyl-4,5,6,7-tetrahydro-
imidazo[4;5—¢]pyridine—47carboéylate (1.94 gf, monoethyl
maldnate (0.74 g), 1-(3-dimethylaminopropyl)-3-ethyl-
carbodiimide hydrochloride (0.80 g), triethylamine (1.40 g)
in dichlorometﬂane (20 ml) is stirred overnight at room
température{ The reaction mixture is washed with water and
dried over sodium sulfate, and then evaporated. The residue
is dissolved in ethanol (30 ﬁl), fumaric acid (2.00 g) is

added, and the solution is refluxed for three hours. The

. solvent is evaporated and the residue is treated with a

saturated sodium hydrogen carbonate solution and then
extracted with chloroform. The organic layer is dried and

evaporated. Purification by silica gel column

. chromatography (solvent; chloroform/methancl) gives ethyl 2-

ethyl—3-[2'—(1H—tetrazol-5—y15biphenyi—4-yl]methyl—S—ethoxy— :

carbonylacetyl-4,5,6,7-tetrahydroimidazo{4,5-clpyridine-4-
carboxylate (1.07 g) as a foam. |

~ MMR (CDCly) § : 5.29 (2H, s), 5.48 (1H, s), 6.92
(20, d), 7.10 (2H, d) a

s),

This is the replacement sheet
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car bonyl ) bi phenyl -4-yl ] net hyl -4,5, 6, 7-t et rahydr oi m dazo[ 4, 5-

c] pyri di ne-4-carboxyl ate (0.20 g), potassium carbonate (0.082 g), allyl
brom de (0.057 g) and tetrahydrofuran (2 m) is stirred overnight at room
tenperature. To the m xture is added chloroform and the m xture is washed,
dried and evaporated. The residue is purified by silica gel colum

chr omat ogr aphy (sol vent; chl oroform mgihanol ) to give ethyl

2-n-propyl -5-allyl-3-[2"-(t-butoxycarbonyl) bi phenyl -

Example 73

A mixture'df ethyl ?-ethyl—3-[2'-(1-trityl—1H—
tetrazol—S—yl)biphenyl—4—y1]methyl—4}5,6,7ftetrahydro—
imidazo[4,5-clpyridine~4-carboxylate (1.51 g), acetic
anhydride (0.44 g), sodium hydrogén carbonate (1.09 g),
chloroform (18 ml) and water (18 ml) is stirred overnight at
room temperature. The aqueous layer is éxtracted-with |
chloroform, and the combined organic layer is washed with
aqﬁeous citric acid solution and brine, dried, and
evaporated. To the residue (1.46 g) is added fumaric acid
(1.2 g) and ethanol (20 mi), and the mixtufe is refluxed for
_four hours, then evaporated. The residue is treated with a
saturated sodium hydrogen ca;bonaﬁe solution and then
extracted with chloroform. The organic layer is dried'ahd
evaporated. Purification by silica gel column
chromatography (solvent; chloroform/methanol) gives ethyl 2~
ethyl-5-acetyl-3-[2- (1H-tetrazol-5-yl)biphenyl-4-yl]methyl-
4,5,6,7-tetréhydroimidazo[4,S—C]pyridine—4—carboxylate (0.76
g) as a white foam. |

FAB-MS (m/z): 500 (M+1, base), 207

NMR (CDCl;) & : 1.30 (3H, t), 2.16 (3H, s), 5.30
(24, s), 5.45 (1H, s)

Example 74 .

To a solution of 2-ethy1—4—(2—aminoéthyl)-1-[2'—(t4
butoxycarbonyl)biphenyl-4-yl]lmethylimidazole (5.30 g) in

tetrahydrofuran (40 .ml) is added ethyl glyoxylate hydrate

This is the replacement sheet
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47 yl ]l methyl -4,5, 6, 7-t et rahydr oi m dazo[ 4, 5-c] pyri di ne-4- carboxylate (0.128
g). FAB-M5 (nmlz): 544 (Mm+l), 211 (base) NWR [err] : 0.96 (3H, t), 1.19 (3H
t), 1.30 (9H, s), 4.25 (1H, s) Exanple 80

44

(1.67 g). The reaction mixture is stirred overnight a; room
temperature and then refluxed for two hours. The solvént is
evaporated and the residue is purified by silica gel column
chromatography (solvent; chloroform/methanol) to give ethyl
2—ethy1—3—[2'—(t—butoxycarbonyl)bipheny1-4—yl]methyl— |
4,5,6,7;tetrahydroimidazo[4,5—c]pyridine44—carboxy1ate (5.90
g) as a yellow oil. |

FAB-MS (m/z): 490 (M+1l), 211 (base)

NMR (CDCl3) & :.1.22 (3H, t), 1.28 (9H, s), 1.31
(3H, t), 4.36 (lH; s)

Example 75

A mixture of ethyl 2—ethyl-33[2’—(t—butoxyl'
ca:bonyl)biphenyl—4—y1]methyl—4,5,6,7—tetrahydroimidazb[4,5;
c]pyridine—4—carboxyléte (2.26 g), acetic anhydride  (0.94
g), sodium hydrggen carbonate (2.33 g), chloroform (18 ml)
and water (18 ml) is stirred overnight at room |
temperature. The organic layer is separated, washéd with
brine, dried, and evaporated. The residue is burified by
silica gel column chromatography (solwvent; _
chloroform/methanol) to give ethyl 2-ethyl-S-acetyl-3-[2’-
(t-butoxyCarbonyl)biphenyl—4-yl]methyl—4,5,6,7—tétrahydro-
imidazo[4,5—c]pyridine—4—carboxy1ate (2.10 g) as a white
"foam. | _

FAB-MS (m/z): 532 (M+1), 211 (base)

NMR (CDCl3) & : 1.13 (3H, t), 1.28 (9H, s), 2.22

(3H, s), 6.05 (1H, s)
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To a m xture of ethyl 2-n-propyl-3-[2'-(t-butoxy-

carbonyl ) bi phenyl - 4-yl ] nethyl -4, 5, 6, 7- t et r ahydr oi m dazo[ 4, 5-

c] pyr-i di ne- 4-car boxyl ate (0.65 g), potassium carbonate (0.533 g) and

di methyl formam de (6 m) is added benzyl bromide (0.33 g). The mixture is
stirred at roomtenperature for one hour, then diluted with ethyl acetate.
The solution is washed with water, drigd& and evaporated. The residue is

purified by silica gel colunn chronatography (sol vent; chl orof or m net hanol’)
to give ethyl 2-n-propyl-

Ezﬂnp_l_e_lé

A solution of ethyl.Z—ethy1—3—[2'—(t4butoxy—
carbonyl)biphenyl—4—yl]methyl—4,5,6,7-tetrahydroimidazo[4,5—
clpyridine-4-carboxylate (1.72 g), monoethyl malonate (0.94
g),_1—(3-dimethylaminopropy1)—3—ethylcarbodiimide
hydrochloride (1.02 g), triethylamine (1.78 g) in diéhloro-
methane (20 ml) is stirred overnight at room'temperature.
The reaction mixture is washed with water and dried over
sodium sulfate and then evaporéted. The residue is purified
by silica gel column chromatography (solvent;.chloroform/ _.

~methanol) to give ethyl 2-ethyl-3-[2'~-(t-butoxycarbonyl) -

bipheny1?4—yl]methyl—Sfeﬁhoxy¢afbonylacetyl-4,5,6,7—tetra-
hydroimidazo[4,5—c]pYridine—4—carboxylate (1.57 g) as an
oil.

NMR (€DCl3) & : 1.12 (3H, t), 1.28 (9H, s), 5.35
(2H, q), 6.00 (1H, s)

Example 77

To a solution of the above product (2.05 g) in
dichloromethane (20 ml) is added trifluorcacetic acid (6
ml).. The reaction mlxture is stirred at room temperature
overnight, and then evaporated. The re51due is dissolved in
chloroform and washed with a saturated sodium hydrogen
carbonate soiﬁtipn. The organic layer is dried ovér sodium

sulfate and then concentrated to give the crude pfoduct'
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benzyl

-3-[2

- (t-butoxycarbonyl) bi phenyl -4-yl ] nethyl -4,5,6, 7-

t et rahydroi m dazo[ 4, 5-c] pyri di ne-4-carboxylate (0.49 g). FAB-M5 (nfz): 594

(M) ;

91 (base) NMR [err] : 0.96 (3H, t), 1.16 (3H, t), 1.28 (9H s), 4.22

(1H, s) Exanple 81 The conpound obtained in Exanple 79 is treated in the
same qranner as in Exanple 67 to give ethyl 2-n-propyl-
allyl-3-(2'-carboxybi phenyl - 4- yl)nethyl 28, 5.6, 7- tetrahydro-

which is purified by silica Qel column chromatography
(solvent; chloroform/methanol) to give ethyl 2-ethyl-3-(2'-
carboxyblphenyl 4—yl)methyl 5 -ethoxycarbonylacetyl-4,5,6,7~
tetrahydroimidazo(4, 5- c]pyrldlne -4- carboxylate (1.17 g) as a
white foam.

NMR (CDCLy) & : 0.98 (3H, t), 1.16 (3, t), 1.27
(3H, t), 5.33 (2H, q), 6.00 (1H, s)

Example 78 |

The compound obtained in.Example 75 (2.05 g) is
treated in the same manner as in Example 67 to give ethyl 2-
ethyl-5- acetyl -3-(2’'-carboxybiphenyl- 4—yl)methy1 -4,5,6,7-
tetrahydr01m1dazo[4,5—c]pyr1d1ne-4—carboxylate (1.53 g) as a
white foam.

| FAB-MS (m/z): 476 (M+1l), 211 (base) _

| NMR (CDCl;) & : 1.00 (3H, .t), 2.20 (3H, s), 6.00
(1H, s), 6.95 (2H, 4) |

Example 79

A mixture of ethyl 2—n—propji-3—[2'—(t—butoxy—
carbonyl)biphenyl-4-yllmethyl-4,5,6,7-tetrahydroimidazo[4,5-
c]pyridine—4—carboxylate (0.20 g), potassium carbonate
(0.082 g), allyl bromide (0.057 g) and tetrahydrofuran (2

ml) is stirred overnight at room temperature. To the

- mixture is added chloroform, and the mixture is washed,

dried and evaporated. The residue is purified'by silica.gel
column_chromatography (solvent; chloroform/méthanol) to give

ethyl 2—n—propy1—5—allyl-3—[2'—(t—butoxycarbonyl)bipheny1—4—

This is the replacement sheet
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I m dazo[ 4, 5-c pyridi ne-4-carboxyl at e. 48 FAB-MS (m z): 488 (Mtl), 43
(base) NWVR [err] : 0.74 (3H, t), 1.18 (3H, t), 4.34 (1H, s) Exanple 82

47

yl]methyl-4,5,6,7;tetrahydroimidazo[4,5—c]pridine-4-
carbéxylate (0.128 g).
FAB-MS (m/z): 544 (M+1), 211 (base)
NMR (CDCl;) & : 0.96 (3H, t), 1.19 (3H, t), 1.30
(9H, s), 4.25 (1H, s) .
Example 80
To a mixture'of ethyl 2-n-propyl-3-{2‘-{t-butoxy-
carbonyl)biphenyl—4—yl]methyl—4,5,6,7-tetrahydroimida26f4,5—
c]pyridine—4ecarboxylated(0.65 g), potassium carbonate
(0.533 g) and dimethylformamide (6 ml) is added benzyl
bromide (0.33 g). The mixture is stirred at room
temperature fo£ oné hour, then diiuted with efhyl acetaté.
The solution is washed with water, dried, and evaporated.
The residue is purified by silica gel column chromatography
{solvent; chloroform/methanoi) to give ethyl_2—n—prole—5-
benzyl-3-[2’-(t-butoxycarbonyl)biphenyl-4-yl]methyl-4,5,6,7-
. tetrahydroimidazo(4,5-clpyridine-4-carboxylate (0.49 g).
FAB-MS (m/z): 594 (M+1), 91 (base)
NMR (CDCl;) & : 0.96 (3H, t), 1.16 (3H, t), 1.28
(9H, s), 4.22 (1H, s)
Example 81
-The compound'obtained in Ekémple 79 is treated in
the same manner as in Exémple 67.to give ethyl 2—n-propyl—5—
ally1—3—(2'—carbo#ybipheny1;4~yl)methy1—4,5,6,7—tetrahydro—

'imidgzo[4,5-¢]pyridine—4—carboxylaten

Thmisthéremaoemeﬁtshset
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The conpound obtained in Exanple 80 is treated in the sane nmanner as in
Exanpl e 67 to give ethyl 2-n-propyl-
benzyl - 3- (2' - car boxybi phenyl - 4-yl ) net hyl -4, 5, 6, 7-t et rahydr o-
i.m dazo[ 4, 5-c] pyri di ne- 4-carboxyl ate. FAB-M5 (m'z): 538 (Mrl), 91 (base)
NWR Jerr] : 0.77 (3H, t), 1.09 (3H t), 3.63 (1H d), 3.76 (1H d), 4.18
(1H, s) Exanple 83 A m xture of 2-n-prgpyl-4-(2-am noethyl)-1-(2"-(1-
FAB-MS (m/z): 488 (M+1l), 43 (base)
| NMR (CDCl;) & : 0.74 (3H, t), 1.18 (3H, t), 4.34
(1H, s).
Example 82
The compound obtained in Example 80 is treated ip
the same manner as in Example 67 to give ethyl 2-n-propyl-5-
benzyl—3—(2'-carboxybiphenyl—4—yl)methy1;4,5,6,7-tetrahydro—
imidazo[4,5-c]pyridine—4-carboxy1ate.
FAB-MS (m/z): 538 (M+1), 91 (base)
NMR (CDClj3) 6_: 0.77 (3H, t), 1.09 (3H, t); 3.63
(1H, d), 3.76 (1H, d), 4.18 (1H, s)
Example 83 -
A mixture of 2-n-propyl-4-(2-aminoethyl)-1-[2'~(1-
trityl—lH—tetrazol—S—yl)bipheny1—47y1]methylimidazole (6.92
g), ethyl glyoxylate hydraté (1.30 g) and tetrahydrofuran
(70 ml) is stirred overnight at room temperature. 'Tﬁe
mixture is evaporated, and the residue is purified by silica
gel column chromatography (solvent; chloroform/ethanol) to
give ethyl 2—n—propyl—3~[2'—(1—trity1—iH—tetrazol—5—y1)—
biphenyl—4-y1]methyl—4,5,6,7-;etrahydroimidazo[4,5—c];
pyridine-4-carboxylate (5.32 g) as a foam.
FAB-MS (m/z): 714 (M+1), 243 (base)
NMR (CDCl;) & : 0.90 (3H, t), 1.21 (3H, t), 1.92
(brs), 4.17 (1H, s), 5.10 (2H, ABQ)
Example 84 |

A mixture .of ethyl 2—n¥propy1—3f[2'-(1—trityl—1H—
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trityl-lHtetrazol -5-yl)bi phenyl -4-yl] met hylim dazole (6.92 g), ethyl
gl yoxyl ate hydrate (1.30 g) and tetrahydrofuran (70 m) is stirred
overnight at roomtenperature. The m xture is evaporated, and the residue
is purified by silica gel colum chromat ography (sol vent;
chl orof ormf et hanol) to give ethyl
2-n-propyl -3-(2'-(1-trityl-1Htetrazol -pgyl)-
bi phenyl - 4-yl ] net hyl -4,5, 6, 7-tetrahydroi m dazo[ 4, 5-c] - '
pyridi ne-4-carboxylate (5.32 g) as a foam FAB-Ms5 (nfz): 714 (Ml), 243
(base) tetrazol—S—yl)biphenyl—4—yl]methy1—4,5,6,7—tetrahydro-
imidazo[4,5—c]pyridine—4—carboxylaﬁe (2.00 @), potaééium
carbonate (1.16 g); ethyl bromide (0.61 g) and dimethjl—
formamide (10 ml) is stirred overnight at room
temperature. The mixture is diluted with ethyl acetate,.ahd
the solution is washed with water, dried and evaporated.
The residue is purified by silica gel column chromatography
(solvent; chloroform/methanol) to give ethyl 5-ethyl-2-n-

_ propyl-3-{2'—(1—trityl—1H—tetrazol-5—yl)bipheny1—4-yl]—
methyl-4,5,6,7- tetrahydr01m1dazo[4 5- c]pyr1d1ne—4—
carboxylate (1.12 g) as a white foam.

FAB-MS (m/z): 742 (M+1), 243 (base)

NMR (CDCl;) & : 0.88 (3H, t), 0.97 (3H, t), 1.15
(3H, t), 4.15 (1lH, s)

Example 85

‘A mixture of ethYl 2-n-propyl-3-[2/'-(1-trityl-1H-
tetrazol—S—yl)biphenyl-4—yl]methyl—4,5,6,7—tetrahydro-'
imidazo[4,5—c]pyridine-4-carboxyiate (2.00 g), potassium
carbonate (1.16 g), benzyl bromide (0.72 g) and dimethyl-
formamide (10 ml) - is stirred under ice-cooling for two
hours. The mikture is diluted with ethyl acetaté, and the
solution is washed with water, dried and evaporated. The
residue is purified by silica gel column chromatography
- (solvent; n-hexane/ethyl acetate) to give ethyl 5-benzyl-2-
n—propyl—3ﬁ12'—(1—trity1—1H—tetrazol—5—yl)biphenyl-4—y1]—

methy1-4,5,6,7—tetrahydroimidazo[4,5-c]pyridine-4-
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NVR [err] : 0.90 (3H, t), 1.21 (3H, t), 1.92- (brs), 4.17 (1H, s), 5.10
(2H, ABqg) Exanple 84 A mi xture of ethyl 2-n-propyl-3-[2'-(1-trityl-1H
49 tetrazol 5-yl) bi phenyl -4-yl nethyl-4,5,6, 7-tetrahydro-

50

carboxylate (1.50 g) as a white foam.
FAB-MS (m/z): 804 (M+1), 243 (base)
NMR (CDCl;) & :0.87 (3H, t), 1.13 (3H, t), 3.64
(1H, &), 3.77 (1, @), 4.13 (1H, s)
Example 86
A mixture of ethyl 5—ethyl—2—n-propy153-[2'—(1—
trityl—lH—tetrazol-Ble)biphenyl—4—yl]methyl-4,5,6,7-
.tetrahydroimidazo[4,5—c]pyridine—4—carboxy1ate (1.10 @),
fumaric acid (1.2 g) and_etﬁanol (20 ml) is refluxed for one
hour.  The mixture is evéporated,'and the residue is
dissolved in chioroform; and the mixture is washed with a
saturated sodium hydroéen carbonate solution and brine,
dried and evaporated. The residue is purified by silica gel
column chromatography (solvent; chloroform/methanol) to give
ethyl 5—ethyl—2—n-propy1-3-[2'-(1H—tetra201-5—yl)biphenyl—4—
yllmethyl-4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-4-
carboxylate (0.65 g) as a white foam.
FAB-MS (m/z): 500 (M+1), 43 (base)
NMR (CDCl;) & : 0.88 (3H, t), 0.99 (3H, t), 1.05
(3H, t), 4.05 (1H, s) | |
Example 87
The compound obtained in.Example 85 is treated in
the same manner as in Example 86 to give ethyl 5-benzyl-2-n-
propyl- 3 [2’-(1H-tetrazol-5-yl)biphenyl-4-yllmethyl-4,5,6,7-
tetrahydr01m1dazo[4 5-c]lpyridine-4-carboxylate.
FAB-MS (m/z): 562 (M+1), 91 (base)
NMR (CDCl;) & : 0.89 (3H, t), 1.03 (3H, t), 3.54
(1H, d), 3.68 (1H, d), 4.02 (1H, s)
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I m dazo[ 4, 5-c] pyri di ne-4-carboxylate (2.00 g), potassium carbonate (1.16
g), ethyl bromde (0.61 g) and dinethyl- formam de (10 m) is stirred
overni ght at roomtenperature. The m xture is diluted with ethyl acetate,
and the solution is washed with water, dried and evaporated. The residue is
purif.ied by silica gel columm chromatography (solvent; chloroforn nethanol)
to give ethyl 5-ethyl-2-n- '
propyl-3-(2'-(1-trity|-1FFtetrazoI-5-yF¥biphenyl-4-y|]-

met hyl -4, 5, 6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne- 4-

Examples 88 - 102

The compounds obtained in Examples 52 to 56, 59, 68
to 70, 73, 78, 81, 82, 86 and 87 are treated in the same
manner as in Example 8 to give the following compounds

listed in Tables 9 to 12.

Table 9
N
CH3 (CHy) 3 —</
N

- 2Na salt

(Tet: 1H-Tetrazol-5-yl group)

© Ex. R MMR (D0) & | FAB-MS (m/z)
. 0.87 (3H, t) 582 (M+1)
88 __[TT§ 6.23 (2H, dd) 155 (base)
Qo .
o 0.89 (3H, t) 558 (M+1)
89 | -CH(CH3)2 0.44, 0.96, 1.04, 1.14 154 (base)
(64, Q)
0.70-1.19 (6H, m) 566 (M+Na)
90 | -CH,CH; 5.14-5.78 (3H, m) 544 (M+1)
: 154 (base)
.10.76-0.92 (6H, m) 632 (M+Na)
91 | -(CHy)2COO0Na 5.18-5.78 (3H, m) -1 610 (M+1)
_ 154 (base)
0.82 (3H, t) 582 (M+Na)
92 {~OCH,CH; ~10.94, 1.26 (3H, t) 560 (M+1)
- ' 154 (base)
0.81, 0.93 (3H, each t) |609 (M+Na)
93 | -CH,NHCOCH, 4.06, 4.56 (1H, each dd) | 587 (M+1)
"1 4.45, 5.68 (1H, each s) | 154 (base)
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carboxylate (1.12 g) as a white foam FAB-MS (niz): 742 (Mtl), 243 (base)
NVR [err] : 0.88 (3H, t), 0.97 (3H, t), 1.15 (3H, t), 4.15 (1H, s) Exanple
85 A mxture of ethyl 2-n-propyl-3-[2'-(1-trityl-

tetrazol - 5-yl) bi phenyl -4-yl ] net hyl -4,5, 6, 7-t et rahydr o-

I m dazo[ 4, 5-cl pyri di ne-4-carboxyl ate (2.00 g), potassium carbonate (1.16
g), benzyl brom de(0.72 g) and di net hylsz

Table 10
' N
H; (CH ’
- C 3(. 2)2 —'<N| NCOR
cooH . 2Na salt
COOH
Ex. R - m.p. NMR (D20) 3 FAB-MS (m/z)
0.88, 0.95 528 (M+Na)
_ ° (3H, each t) 506 (M+1)
94 | -CHy >300°C |4 92, 2.21 177 (base)
(3H, each s) '
0.72, 0.87 542 (M+Na)
_ ° (3H, each t)
35 | ~CHaCHs > 300 °C 14,97, 1.10 520 (M+1)
(3H, each t)
: 0.86 (3H, t) 582 (M+Na)
96 | ~OCH,CH3 > 280 °C 1.27 (3H, t) 560 (M+1)
. 177 (base)
- This Sheet Has Bee
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formamde (10 m) is stirred under ice-cooling for two hours. The m xture
Is diluted wwth ethyl acetate, and the solution is washed with water,.dried
and evaporated. The residue is purified by silica gel columm chromatography
(solvent; n-hexane/ethyl acetate) to give ethyl 5-benzyl-2-

n-propyl -3-[2'-(1-trityl-1Htetrazol -5-yl)bi phenyl -4-yl]-

nmet hyl -4, 5, 6, 7-t et rahydr oi m dazo[ 4, 5- cpyri di ne- 4-

Table 11
N
/4
CH;CH, _<N I NCOCH;3
- 2Na salt
Ex. R NMR (D,0) & 'FAB-MS (m/z)
1:06-1.16 (3H, m) 538 (M+Na)
- 97 Tet 1.71, 2.04 (3H, each 8) 516 (M+1)
5.50, 6.01 (1H, each s) 177 (base).
{1.15 (38, t) 514 (M+Na)
98 -COQH 1.75, 2.03 (3H, each s) 492 (M+1)
5.97, 6.31 (1H, each s) 177 (base)
Tet: 1H-Tetrazol—5—yl group
This is the replacement sheet
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50 carboxylate (1.50 g) as a white foam FAB-MS (mz): 804 (M+l), 243
(base) NWR [err] :0.87 (3H, t), 1.13 (3H, t), 3.64 (1H d), 3.77 (1H d),
4.13 {1H, s) Exanple 86 A mi xture of ethyl 5-ethyl-2-n-propyl-3-[2'-(l-
trityl-1Htetrazol -5-yl)bi phenyl -4-yl ] nethyl-4,5,6, 7-

54
Table 12
N
(4
CH; (CHz) 2 _<1\i | T
COOH - 2Na salt
¥
Ex. | R2 C RY NMR (D,0) FAB-MS (m/z)
: . . 0.82 (3H; t) 538 (M+Na)
99 | —-CH,CH, Tet 0.99 (3H, t) 516 (M+1)
4.01 (1H, s) 177 (base)
' : 0.88 (3H, t) 600 (M+Na)
100 _'CHZ—Q Tet 3.84 (1H, s) 578 (M+1)
: _ 4.94 (1H, 4) 177 (base)
. 0.90 (3H, t) 526 (M+Na) .
101 | -CH,CH=CH, ~COOH 3.99 (1H, s)  |504 (M+1)
: 7.05 (2H, 4) 177 (base)
- 0.93 (3H, t) 554 (M+1)
102 _CH2_© -COOH  [3.52 (1H, &) 177 (base)
3.78 (1H, Q)

Tet: 1H-Tetrazol-5-yl group
Example 103 |
To a solution of ethyl 2-n-propyl-5-acetyl-3-([2'-
(1H-tetrazol—5—y1)bipheny1-4—yl]methy1—4,5,6,7—tetrahydro—
imidazo[4,5-c]pYridine—4—carboxylate (50.0 g) in methanol
(500 ml) is added 4 N agueous sodium hydroxide solution (50
ml) under ice-cooling. The mixture is stirred overnight at

room temperature, then evaporated.  The residue is

This i3 the replacement sheet
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tetrahydroinidazo[4,5-c]pyridine-4-carboxy|ate (1.10 g), fumaric acid (1.2
g) ane ethanol (20 m) is refluxed for one hour. The mxture is evaporated,
and t'he residue is.dissolved in chloroform and the m xture i's washed with
a saturated sodi um hydrogen carbonate solution and brine, dried and
evaperated. The residue is purified by silica gel colum chromatography
(solvent; chloroform methanol) to givesghyl
5-ethyl -2-n-propyl -3-[2'- (I Htetrazol -5-yl ) bi phenyl - 4- vyl
nmet hyl -4, 5, 6, 7-t et rahydr oi m dazo[ 4, 5-c] pyri di ne- 4-
recrystallized from ethanol to give 2-n-propyl-5-acetyl-3-
[2'—(1H—tetrazol-5—y1)bipheny1—4—yl]methy1—4,S,6,7—tetra—
hydroimidazo([4,5-c]lpyridine-4-carboxylic acid disodium salt
(44.3 g).
m.p. >300°C .
FAB-MS (m/z): 552 (M+Na), 530 (M+1), 177 (base)
| NMR (D;0) 8 : 0.81 - 0.93 (3H, m), 1.67, 2.02 (3H,
each s), 4.53, 5.44 (1H, each s)
Reference Example 1
Methyl 4,5,6,7-tetrahydroimidazo{4,5-c]lpyridine-4-
carboxylate is treaﬁed.in the same manner as Example 5 to_
give methyl 5-diphenylacetyl-4,5,6,7-tetrahydroimidazol[4, 5~
clpyridine-4-carboxylate as a pale yellow foam.
NMR (CDC13) & : 3.68 (3H, s), 6.07 (1H, s)
._B_e_fg:ens_e_ExmLe_a
(1) 1-t-Butoxycarbonyl-4-[2-(t-butoxycarbonyl-
amlno)ethylllmldazole (78.1 g) is dlssolved in acetonltrlle
(500 ml), and the:eto is added methoxymethyl chloride (22.2
g). The mixture is stirred at room temperature overnight,
and poured into aqueous 10 % sodium carbonate solution, and
extracted with ethyl acetate. The extract is washed, dried
and evapo;ated to give 5-[2-(thutoxycarbonylamino)ethyl]-1—
methoxymethylimidazole (54.4 g) as an oil.
NMR (CDCl;) & : 1.43° (9H, s), 3.27 (3H, s), 5.20
© (2H, s) o

(2) The above compound.(55 g) ié dissolved in

This is the replacement sheet
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carboxylate (0.65 g) as a white foam FAB-M5 (mz): 500 (Mtl), 43 (base)
NVR [err] : 0.88 (3H, t), 0.99 (3H t), 1.05 (3H t), 4.05 (1H s) Exanple
87 The conpound obtained in Exanple 85 is treated in the same manner as in
Exanpl e 86-to give ethyl 5-benzyl-2-n- propyl-3-

-(LH-tetrazol - 5-yl) bi phenyl - 4-yl ] met hyl - 4,5, 6, 7- tetrahydroi m dazo[ 4, 5-¢
pyridi ne-4-carboxyl at e. 56

tetrahydrofuran (1.5 liter), and the mixture is cooled to

© -40°C. To the mixture is added dropwise 1.6 M n-butyl
lithium/n-hexane solution (150 ml), and the mixture is
stirred for 30 minutes. To the mixture is added
hexamethylphosphamide (150 ml), and.thereto is further added
n-butyl lithium (137 ml), énd n-butyl iodide (37.5 g) is
added dropwise to the mixture while the temperature thereof
is kept at 430°C. The mixture is stirred for 10 minutes,
and the reaction is quenched with agueous ammonium chloride
solution Ethyl acetate is added to the reaction mlxture,
and the organic layer is collected, washed, dried and
evaporated to remove the solvent. - The resulting oily
residue is purified_by silica gel column chromatography
(solvent; chlb;oform/ethyl acetate/methanol = 32:8:1) to
give 5—[2—(t-butoxycarbonylamino)ethyl]fz—n—butyl—i—methoxy—
methylimidazole (44f8 g) as an oil. |

NMR (CDCl3) & : 0.94 (3H, 't), 1.44 (9H, s), 3.27
(3H, s), 5.09 (2H, s) | |
(3) A mixture of the above compound.(80.7 g).,

ethyl chorocarbonatg (84.5 g) and chloroform (1.3 liter) is
refluxed for 2.5 hours, and evaporated to remove the
solvent. Ethanol (300 ml) andllo % aqueous sodium hydroxide
solution (200 ml) are added to the residue, and the mixture
"is stirred under ice-cooling for 20 minutes.  fhe solvent is
distilled off, and chléroform aﬁd water are added to the

residue.  The chloroform_layer is dried and evaporated;' The

laced - This i3 the replacement sheet
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FAB-M5 (mz): 562 (Mt1l), 91 (base) NVR [err] : 0.89 (3H, t), 1.03 (3H, t),
3.54 (1H, d), 3.68 (1H, d), 4.02 (1H, s) - 51 - Exanples 88 - 102 The
conpounds obtained in Exanples 52 to 56, 59, 68

57

resulting residue is recrystallized from isoﬁropyl ether to
give 4-[2—(t—butoxycarbonylamino)ethyl]—2—n-butyl-imidazole
(50.3 g). | | |

m.p. 118 - 120°C

(4) The above compound is treated in thé same
manner as in Example 1 to give 4—[2—(t-butoxycarbonylamino)—.
ethyl]-2-n-butyl-1-[2'- (1-trityl-1H-tetrazol-5-yl) biphenyl-
4-yllmethylimidazole.

NMR (CDC13) o :.0.89 (3H, t), 1.43 (9H, s),_4.85
(2H, s) |

(5) A mixture of the above compound (15.2 g), 10 %
hydrochloric acid (40 ml) and methanol (60 ml) is réfluxed
for one hour. After the reaction is completed, the mixture
is evaporated to remove the methanol and the aqueous layer'
is washed and concentrated to dryness under reduced
pressure. The resulting residue is Subjected to ézebtropic

- distillation with dry toluene to give crude 2—n—buty1-4—(2-'

aminoethyl)-1-[2'—(1H—tetrazol—5—y1)piphenyl—4¥y1]methylf
imidazble hydrochloride (9.7 g) as a caramel.

FAB-MS (m/z): 402 (M+H) (base)

NMR (DMSO-dg) & : 0.84 (3H, t), 1.43 (9H, s), 5.40
(2H, s)

Reference Example 3

(1) 2—Propyl-4—hydroxymethylimidazole (2.61 g) is
'addgd to thionyl chloride (4.5 ml), and the mixturé is

heated at 50°C for two hours. The solvent is distilled off,
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to 70, 73, 78, 81, 82, 86 and 87 are treated in the same nmanner as in

anp?le 8 to give the follow ng conpounds listed in Tables 9 to 12. Table 9
err 52 ' _ ' '

58

and the residue is dissolved in dimethylformamide (20 ml),
and the mixture is added dropwise to a solution of sodium
cyanide (5.47 g) in dimethylformamide (120 mI); The mixture
is stirred at room temperature overnight, and evaporated to
remove the solvent. To the resulting residue is added ethyl
acetate, and the mixture is washed, dried and evaporated.
The residue is purified by silica gel coiumn chromatbgraphy
(solvent; ethyl acetate) to give 2-n-propyl-4-cyanomethyl-
imidazole (3.08 g) as an-oil.

NMR (CDCl3) & : 0.95 (3H, t), 3.67 (2H, 4)

(2) The above pfoduct (3.08 g) is dissolved in

_acetic acid (30 ml), -and thereto is added 10 % hydrochloric
acid (10 ql).' The mixture is subﬁected fo catalytic
hydrogenation using platinum oxide as a catalyst. After the
reaction is completed, platinum oxide is removed by
filtration, and the filtrate ié evaporated under reduced
pressure to giVe 2-n-propylhistamine hydrochloride (4.83

g).

(3) A mixture of the above compound (4.83 g),
phthalic anhydride (3.04 g), sodium acetate (6.10 g) and
acetic acid (50 ml) is refluxed fof 19 hours. The mixture
is eVaporatéd under reduced pressﬁre, and water is added to
the resulﬁing'residue. The mixture is neutralized with
sodium hydrogen carbonate, and extracted with chloroform.

~The exﬁract is dried, and évaporated, and the resulting‘

residue is purified.by silica gel column chromatography

This is the replacement sheet
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Table 10 {err] - 53 - Table 11 [err]

59

(solvent; chloroform/methanol = 20:1) to giVé 2-n-propyl-4-
(2-phthalimidethyl) imidazole (2.72 g).
m.p. 137 - 139°C

NMR (CDCl3) & :0.90 (3H, t), 3.95 (2H, t), 7.61-
7.86 (4H, m) |

Reference Example 4

The compound obtainéd in Reférence Example 3 is
treated in the same manner as in Example 1 to give 2-n-
propyi—A—(2—phtha1imidethy1)—l-[2’—(1—t:ity1—1H-tetrazol—5—
yl)biphényl—4-yl]methylimidazolé as foam.

NMR (CDCl3) & : 0.86 (3H, t), 4.82 (2H, s)
Oxalate .

 m.p. 112°C (sintered)

Reference Example 5

To a mixture of the compound obtained in Reference
Example 4 (4.11 g) and ethanol (100 ml) is added 10 .% . |
hydrazine hydrate (2 ml), and the mixture is stirred at room
temperature fof S”hours. Aftér the reaction is completed,
chloroform is added to the reaction mixture, and the mixture
is washed, dried and evaporated to give crude 2-n-propyl-4-
(2~ amlnoethyl) -1-[2'-(1-trityl-1H-tetrazol-5- yl)blphenyl -4-
yllmethylimidazole (3.68 g) as an 011

Reference Example 6

4—[2—(t—Butoxycarboanamino)ethyl]-z—n—butyl-_
1m1dazole (3 0 g) and methyl 4'-bromomethy1b1phenyl 2-

carboxylate (3.75 g) are treated in the same manner as in

This is the replacement sheat
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- 54 - Table 12 [err]
(I Htetrazol -5-yl)bi phenyl -4-yl ] methyl -4, 5,6, 7-tetrahydro-
i m dazo[ 4, 5-c] pyri di ne-4-carboxylate (50.0 g) in nmethanol (500 m) is added

_4_N?aqueous sodi um hydr oxi de solution (50 m) under ice-cooling. The
mxtdre is stirred overnight at

60

Example 1 to give 24n—buty1—4—(2—t4butoxycarbony1amino—
ethyl)—l—[2'—methoxycarbonylbiphenyl—4fy1]methylimidazole |
(2.65 g) as an oil. '

EI-MS (m/z): 491 (M*), 225 (base)

NMR (CDCl3) .8 : 0.91 (3H, t), 3.66 (3H, s), 5.02
(2H, s)

Reference Example 7

A mixture of the compound obtained in Reference
Example 6, 10 % hydrochloric acid (40 ml) and methanol (60
ml) is refluxed for one hour. After the reaction is

complete, the mixture is evaporated to_remové the methanol,

ahd the aqueous'léyer ié'washed and concentrated to dryness.
under reduced pressure. The resulﬁing residue is subjected
to azeotropic distillation with dry toluene to give crude 2-
n—butyl—4-(2-amindethy1)fl—(2'—methoxycarbonylbiphenyl—4—
vl)methylimidazole hydrochloride.

&eﬁgr_ens‘@_&a;mls_&.

fl) n-Butanamidine hydrochloride (5.0 g) and
potassium carbonate (11.4 g) are suspended in acetbnitrile
(100 ml), and the mixture is heated at 80 to 90°C. To the
mixture is added dropwise a solution of 1-bfomo—4—phthal4
imidbutan-2-one (10.0 g) in acetoﬁitrile (206 ml) with
stirring, and the mixture is heated at the éame'tehperature
for 1.5 hour. The insoluble materials are removed by
filtration, and the filtrate is concentrated. The'reéulting

residue is dissolved in ethyl acetate, washed with water,
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roomtenperature, then evaporated. The residue is 55 recrystallized from
et hanol to give 2-n-propyl-5-acetyl - 3- _
[2'-(1Htetrazol -5-yl ) bi phenyl -4-yl ] nmethyl -4,5,6, 7-tetra-

hydr oi m dazo[ 4, 5-c] pyri di ne-4-carboxylic acid disodiumsalt (44.3 Q).

61

dried over sodium sulfate, and evaporated. Fumarié acid is
added to the residue, and the pfoduct is recrystallized from
ethanol/ether to give 2-n-propyl-4-(2-phthalimidethyl)-
imidazole 1/2 fumarate (9.9 g).
m.p. 185 - 187°C
(2) The above fumarate (13.7 g) is suspended in
ethyl acetate/water, and thereto is added sodium hydrogen
carbonate (5.8 g) to give 2-n-propyl-4-(2-phthalimid-
ethyl)imidazole (9.24 g): . To a solution of the product -
(9.24 g) and 4—(2’—cyanopheny1)benzy1 bromide (9.3 g) in
tetrahydrofurén (150 ml) and dimetﬁylformamide (10 ml) is
added dropwise a solution of potassium t-butoxide (3.84 g)
in tetrahydrofuran (50 ml) at 50°C. The mixture is allowed
to warm to 20°C, and stirred for tWo hours. The reaction is
quenched with aqueous ammonium chloride solution, and the
mixture'is extracted with éthyl acetate, and the ethyl
acetate layer is washed with water, and dried over sodium
sulfate, and e#aporated to give a colorless oily product
(15.3 g). The prodﬁct is dissolved in ethanol, and thereto
is added oxalic acid, and the product is recrystallized from
ethanol to give 2-n-propyl-4-(2-phthalimidethyl)-1-(2'~
cyanobiphenyl-4-y1)methylimidazole oxalate (13.44 g).
| ‘m.p. 162 - 166°C | |
NMR (DMSOéds) 9 : 0.82 (3H, t), 2;60 —'3.1¢ (4H,
m) 5.34 (2H, s) | |
| (3) A mixture of 2-n-propyl-4-(2-phthalimidethyl)-

. . . -
-_— Thig is the replacement shwet
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nlp [err] FAB-NMS (niz) 552 (M¢Na), 530 (M#l), 177 (base) NMR [err]

0.81

.0.93 (3H m, 1.67, 2.02 (3H, each s), 4.53, 5.44 (1H, each s) Refe}ence

Exanple 1 Methyl 4,5, 6 7- t et rahydr oi m dazol[ 4, 5- c]pyrldlnéh
treated in the same manner as Exanple 5 to give nethyl 'umi

5-di phenyl acetyl -4,5, 6, 7-t et rahydr oi m dazo[ 4, 5- c]pyridin
a pal e yellom/foanl ‘ 62

lfed S

as

1-(2'-cyanobiphenyl-4-yl)methylimidazole (0.5 g) and
tributyltin azide (0.70 g) is heated evernight at 110°C. To
the reaction mixture ie added 8 % hydrogen chloride ethanol
solution (5 ml), and the solution is stirred for 30 minutes
at room temperature, then eVaporated. The residue is
dissolved in water (30 ml), and the selutiOn is washed with
ether. The agueous layer is neutralized with sodium
hydrogen carbonate, and extracted with chloroform. The
chloroform solution is dried{ and evaporated. To the
residue (5?5 mg) are added triphenylchloromethane {(0.38 g),
triethylamine (0.20 ml) and chloroform (5.0 ml). The
solution is stirred for two hours at room temperature, then
washed with a saturated sodium hydrogen carbonete solution
and brine, dried over sodium sulfate, and eveporated. To
the residue is added oxalic acid (d.lo g), and the mixture

is recrystallized from ethanol to give 2-n—propyl44—(2—

. phtalimidethyl)-1-[2‘-(1-trityl-1H-tetrazol-5~-yl)biphenyl-4-

yllmethylimidazole oxalate (0.70 g).
m.p. 112°C
L :
To a solution of 1—(diethoxy)methylimidazole (260
g).in tetrahydrofuran (5 liters) is added dropwise 1.6 M'
solution of n-butyl 1ithium'in hexane (1 liter) at ~45°C.

Thirty minutes thereafter, n- butyl iodide (294 g) is added

'dropw1se to the mlxture at the same temperature The

reaction mixture is stirred overnlght at room temperature

and then evaporated. To the residue is added ether.(2'
This is the replacement sheet -
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NVR [err] : 3.68 (3H, s), 6.07 (1H, s) Reference Exanple 2 (1)
1-t - But oxycar bonyT=4-T2-(t-but oxycar bonyl - am no)ethyl Jim dazole (78.1 g)
i s dissol ved i n @&Qhdidk BbdnRepine® M), and thereto is added met hoxynet hyl

“chloride (22.2 g) is stirred at roomtenperature overnight,
and poured into aB mmlm
et hyl acetate.

di um car bonate sol ution, and extracted wth
5-[2- (t butoxycarbonylan1no)ethyl]

shed %rled and evaporated to give

liters), and the solution is extracted with.lo %
hydrochloric acid. The aqueous solution is basified with 10 -
% sodium hydroxide solution, then evaporated with
chloroform. The organic layer is washed, dried and
evaporated. To‘the crude product'(204 g), triethylamine
(170 g) and'chloroform (2 liters) is added dropwise a
solution of dimethylsulfamoyl chloride (200 g) in'chleroform
(200 ml) under ice-cooling. The mixture is stirred
overnight at room temperature, Qashed with brine, dried, and
evaporated. The crude product is purified by distillation
to give 2-ﬁ—butylJi—dimethylsulfamoylimidaiole.k249.4 g).

b.p. 124°C (1 mmHg)

. .

1—(Diethdxy)methylimidazole_and n-propyl lithiuﬁ
are treated in the same manner as in Reference Examp;e'Q to
give 2—n—propy1-1—dimethylsulfamoylimidazoleL

b.p. 141 - 143°C (3 mmHg) |

w@_ﬁ_

To a stirred solution of 2—etﬁylimidazole (100 g).
and triethylamine (115 g) in chloroform (800 ml) at 0°C is

| added a solution of dlmethylsulfamoyl chloride (153 g) in

chloroform (200 ml). The mlxture is stlrred overnlght at
‘room temperature. Water (1.5 liter) is added to the
reaction mixture after which tﬁe organic layer is eeparated
and concentrated. The residue is dissolved in ethyl acetate
(1 liter) and washed with water, and then dried over sodium

sulfate and concentrated. Distillation gives 1-dimethyl-

This is the replaoement sheet
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met hoxynet hyl i m dazele—(54—4—¢)—as—an oil. NWR [err] 1.43 (9H, s), 3.27
(3H, s), 5.20 (2H, s aboy compound (55 g) is dissolved in . 56
tetrahydrofuran (1 Ifm e mxture is cooled to

sulfamoyl-2-ethylimidazole (182 g) as a colofless liquid.

b.p. 139 - 142°C (5 mmHg)
NMR (CDCl;) & : 1.37 (3H, t), 2.89 (6H, s), 6.94
(1, d), 7.23 (1H, d)
Reference Example 12
To a stirred solutiqn’of the above product (53 g)
in tetrahydrofuran (1 liter) at —78°C.is added 1.6 M
solution of n-butyl lithium in hexane (185 ml). The
solution is stirred at -78°C for one hour, and thereto is
added a solution of 1—tfbuéoxycarbonylaziridine (52 g) in
tetrahydrofuran (300 ml), and further added thereto borén
trifluoride etherate (147.g), The reaction mixture'is
stirred for another two hours at -78°C after which it is
poured into an ice-cooled saturated'aQueous solution 6f
potassium carbonate (2 litefs). After evaporation of the
' remaining tetrahydrofuran, the aqueous layer is extracted
. with ethyl acetate, washed_with water and dried over sodium
sulfate, and then céncentrated. The residue is purified by
silica gel column chromatography (solvent; .
chloroform/methanol) to give l-dimethylsulfamoyl-2-ethyl-5-
[2- (t-butoxycarbonylamino)ethylimidazole (67 g) és:a yellow_
oil.
NMR (CDCL3) & : 1.35 (3H, t), 1.43 (9H, s), 2.87
_(6H, ), 6.72 (1H, s) | |
R.'er n Ex nple 1
A solution of the above product (67 g).in 10 %

hydrochloric acid (600 ml) is.refluxed for two hours. The

This ig the raplacement sheet: .
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[err]. To the mxture is added dropwise 1.6 Mn-butyl |ithrumn—texame
solution (150 mM), and the m xture is stirred for 30 n1nute een Replaced
m xture is added hexanet hyl phospham de (150 m), and thereto
added n-butyl lithium (137 n), and n-butyl iodide (37.5 g) i %g&ﬂi ﬂl“
dropwi se to the mxture while the tenperature thereof is kept
m xture is stirred for 10 mnutes, and ghe reaction is quenched with
aqueous ammoni um chl oride solution. Ethyl acetate is added to the reaction
mxtare, solvent is distilled off under reduced pressure and the
resulting oily black residue is dissolved in acetic acid
(300 ml). After addition of sodium acetatel(62 g) and
phthalic anhydride (34 g), the reaction mixture is refluxed
overnight. The reaction mixture is concentrated under
reduced pressure and the residue is triturated in acetone
(300 ml) to give the crude 2—ethy1—4;(2—phtha1imidethy1);
imidazole (26 g) as a white powder. This product is used in
the next reaction without further purification.
Reference Example 14
To a_solution.of the above product (6.56 g) and 2;—
(1—trityl—lH-tetrazol—S-yl)biphenyl—4—§1methy1 bromidé (16.3
g) in tetrahydrofuran (100 ml) diméthylformamide (50 ml) at
-60°C is added potassium t-butoxide (3.0i g). The reaction
mixture is allowed to slowly warm to room temperature in 5
hours and then poured into brine (2 liters), extracted with
ethyl acetate, washed with brine and dried over sodium
sulfate. After concentraticn, the residue is purified by
silica gel column chromatography (solvent; hexane/ethyl
acetate) to give 2—ethyl—4-(ijhthalimidethyl)—1-[2;-(1—
-trityl—lH—tetrazol—S—yl)biphenylf4—y1]methyiimidazole (10.69
g) as a white foam, characterized as its fumarate.
m.p. 173 - 174°C |
NMR (DMSO-dg) & : 0.92 (3H, t), 2.35 (2H, q), 2.73
(2H, t), 3.78 (2H, t), 4.99 (2H, s) |

To a solution of the above product (10.69 g) in

This is the replacement sheet
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and the organic layer is collected, washed, dried and eva or t n? 3
the solvent. The resulting oily reS|due Is purified by si £
chromat ography (sol vent; chl orof orni et hyl acetate/nethanol I I

gi ve 5-[2-[t-butoxycarbony|anino)ethyl]-2-n-buty|-1-nethox

met hyl i m dazole (44.8 g) as an oil. NVMR [err]: 0.94 (3H, t), 1.44 (9H, s),
3.27 (3H, s), 5.09 (2H, s) (3) A nixthé%cﬁ t he above conmpound (80.7 g),

ethanol (150 ml) and tetrahydrofuran (90 ml) at 0°C is added
hydrazine hydrate (6.25 g). The reaction mixture is stirred
overnight at room temperature, filtered through é celite pad
and.evaporated. The residue is treated with 0.5 N sodium
hydroxide solution (300 ml) and extracted with chloroform.
The organic layer is dried over sodium sulfate and.
concenfrated to give the crude 2-ethyl-4-(2-aminocethyl)-1- |
[2'—(1—trity1—lH-tetrazol—S;yl)biphenyl—4—yl]methylimidazole
. (7.48 g) as a foam. This.product is used without further
purification. |
Reference Example 16
To a solution of 2-ethyl-4-(2-phthalimidethyl)-
imidazole (9.00 g) and 2’-(t-butoxycarbonyl)biphenyl-4-yl-
methyl bromide (13.93 g) in tetrahydrofuran (150 ml) and
dimethylfdrmamide (100 ml) at -60°C is added potassium t-
Ibutoxide (4.12 g). The reaction mixture is allowed to
slowly warm to room température in four hours and then
poured into water (100 ml). Tetrahydrofuran is removed
‘under reduced pressure and the agqueous layer is extracted
with ethyl acetate. The ofganié layer is washed with brine,
dried ovef sodium sulfate and then evaporated to give an
oily residue. Purificaﬁion by silica gel column
chromatography (solvent; héxane/ethyl acetate) to give 2-
' ethy1—4—(2-phtha1imidethyl)+1-[2'—(t—buﬁylcarbényl)biphenyl—
4—yl]methy1imidazole (9.39 g) ag an oil.
NMR (CDCl3) & : 1.20. (3H, t), 1.25 (9H, s), 5.02

(2H, s), 6.64 (1H, s)

Thhisthsrepmoémen18hoei
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et hyl chorocarbonate (84.5 g) and chloroform (1.3 liter) is refluxed for

2.5.hours, and evaporated to renopve the solvent. Ethanol (300 m) and 10 %

aqueous sodi um hydroxi de solution (200 nl) are added to the residue, and
the mxture is stirred under ice-cooling for 20 m nutes. Th’éhls%ieatEﬁBeleﬁke

distilled off, and chloroformand water are added to the resi fmﬂ”lmml l”",

chloroformlayer is dried and evaporatgd. The

Reference Example 17

The compound obtained in Reference Example 16 is
treated in the same manner as in Reference Example 15 to
give 2—ethyl—4—(aminoéthyl)—1—[2’—(t-butoxycarbonyl)-
bipheny1—4—y1]meth&limidazole. |

FAB-MS (m/z): 406 (M+1), 211 (base)

NMR (CDCls) & : 1.26 (9H, s), 1.29 (3H, t), 5.06
(2H, s), 6.60 (1H, s)

Befg:gngs_E_:gampl_e_;.&

2;ﬁ~Buty1—l—dimethylsulfamoylimidazole (46.0 g) is
treated in the same manner as in.Reference Examble 12 £o
give 2—n—butyl;1—dimethylsu1famoyl—5f[2'-(t4butoxycarbony1)—
aminoethyl]imidazole (69 g) as an'oilf '

NMR (CDCl;) & : 0.95 (3H, t), 1.43 (9H, s), 2.86
(6H, s)

Referenc 1

2-n-Butyl-1-dimethylsulfamoyl-5-[2‘- (t-butoxy-
carbonyl)aminoethyl]imidazble (115.3.g) is treated in the
same manner as in Reference Example 15 to give 2-n-butyl-4-
(2-phthalimidethyl)imidazole (64 g).

m.p. 114 - 117°C

NMR (CDCls) & : 0.88 (3H, t), 2.66 (2H, t), 2.97
(2H, t), 3.95 (2H, t), 6.67 (1H, s)

Reference Example 20

The compound obtained in Reference Example 19 is
treated in the same manner as ih Reference Example 14 to

give 2~n-butyl—1—[2’—(1—tfityl-1H—tetrazol-5<y1)bipheny1—4—

inhig iy tha-rapiaoemem sheet
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57 resulting residue is recrystallized fromisopropyl ether to give
4- (2- (t-butoxycarbonyl am no) et hyl ] - 2-n-butyl i m dazole (5073 g) n1p 118 -

1200C (4) The above conpound is treated in the same manner |§s shed HaX &xd
to give 4-[2-(t-butoxycarbonyl anino)-
et_hyl ]-2-n-butyl-1-[2"-(2-trityl-1Htetrazol - 5-yl ) bi phenyl - ”“ll“l“l

yllmethyl-4-(2-phthalimidethyl)imidazole.
‘NMR (CDCl;) & :'0.84- (3H, t), 4.81 (2H, s)
Reference EX il 21 }

A mixture of 2—n—bu£yl—4—(2-phthalimidethyl)-1—[2’—
(1-trity1—1H—tetrazol—5—y1)bipheny1—4—yl]methylimidazole |
(96.0 g), hydrazine hydrate (44.7 g) and ethanol (1.3 liter)
is'stirred overnight at room temperature; then filtéred
through a celite pad and evaporated. The residue is treated
with 5 % sodium hydroxide solution (200 ml) and extracted
with chloroform. The o;ganic layer is dried and
concentrated to give the érude 2-n-butyl-4—(Z—Qﬁinoethyl)-l—
.[2'—(1—trityl—1H—tetrazol—5-yl)bipheny1—4fyl]methylimidazole
(84.0 g). To a solution of the above product (84.0 g) in
methanol is added a 24 % hydrogen ch;oride,methanol solution
(200 ml), and the mixture is evaporated. To the residue is
added water (2 liters), and the mixture is washed wiéh
ether. The aqueous layer is concentfated to give 2-n-butyl-
4—(2raminoethy1)-1—[2'—(l—tetrazol—s—yl)biphenyl—4—yl]-
methylimidazole dihydrochloride (52.8 g) as a foam.

NMR (DMSO-dg) & : 0.83 (3H, t), 2.92 (2H, t), 5.41
(2H, s) |

Reference Example 22

Z-n-Propfl—1—dimethylsulfamoylimidazole (20.0 g) is.
treated in the same manner as-ih Reﬁerence Example 12 to

give 2—n—propyl—1-dimethylsulfamoyl—5-[2-(t—butoxycarbony1—

“This is the replacement sheet
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4-yl]methylim dazole. NWR [err] : 0.89 (3H t), 1.43 (9H s), 4.85 (2H—s)}—

(5 A mxture of the above conmpound (15.2 g), 10 %hydrOChlﬂ{sgﬁxﬁs T40 ced
N

conpleted, the mxture is evaporated to renove the nethanol,
aquepus | ayer is washed and concentrated to dryness under r
The resulting residue is subjected to ggeotropic

m ) and nmethanol (60 m) is refluxed for one hour. After thjm

aminoethyl]imidazole (24.4 g) as an oil;'
NMR (CDCl3) & : 1.01 (3H, t), 1.43 (9H, s), 2.86
(6H, s), 6.71 (1H, s) |
R ' le 2
The compound obtained in Reference Example 22 is
treated in the same manner as in Reference Example 15 to
give 2—n—propy1—4—(2—phthaiimidethyl)imidazole.
m.p. 137 - 139°c
NMR (CDC1l3) & ::0.90 (3H, t), 3.95 (éH, t), 6.68
(1H, s) _
R ' xample 24
To a mixture of 2-n-propyl-4- (2-phthalimidethyl) -
imidazole (10.0 g), 2'-(t—butoxycarbopyl)biphenyl—4—ylmethyi
. bromide (13.5 g), tetrahjdrofuran (150 ml) and dimethyl- .
formamide (15 ml) is added a solution of.potassium t-
butoxide (4.16 g) in tetrahydrofuran (40 ml) at -60°C. The.
mixture is allowed to warm to room temperature, and then
quenched with water. The mixture is extracted-with ethyl
acetate, and the organic layer is washed, dried and
evaporated. The crude product is crystallized with oxalic
acid from ethanol/ether to give 2-n—propy1-4—(2—§htha1imid—
ethyl)—l-[2’-(t—butoxycarbonyl)bipheny1-4¥y1]methylimidazole
6xa1até (15.6 g). |
m.p. 128 - 131°C _ |
NMR (DMSO-dg) § : 0.84° (3H, t), 1.19 (9H, s), 5.30

(2H, s)
This is the replacement sheet
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distillation with dry toluene to give crude 2-n-butyl-4- 62"‘“"'—_—___ﬂ___——

am noethyl)-1-[2'-(I Htetrazol -5-yl ) bi phenyl - 4-yl ] et hyl - @heBumRTMMﬁ

hydrochloride (9.7 g) as a caranel. FAB-Ms (nfz): 402 (M
[err]: 0.84 (3H t), 1.43 (9H 's), 5.40 (2H s) Reference WM‘
2- Propyl - 4- hydr oxymet hyl i m dazol e (2. 61 Q) |s added to thion

(4.5 M), and the m xture is 70

.To a mixture of 2-n-propyl-4-(2-phthalimidethyl)-1-
[2’-(tert-butoxycarbonyl)biphenyl-4-yllmethylimidazole (15.5
g) and ethanol (150 ml) is added hydrazine hydrate (8.45 g)
at room temperature. The mixture is stirred overnight, and
the precipitate is removed by filtration. The filtrate is
evaporated, and the resulting residue is dissolved in
chloroform and washed with 3 % sodium hydroxide solution and
brine. The organic layer is dried and evaporated to give
the crude 2—n—propyl—4—aminoethyl—1—[2'—(tert-butoxy—
carbonyl)biphenyl-4-yl]lmethylimidazole (10.0 g). This
coumpoud is used in_the next step without further
purification.

The imidazopyridine derivatives [I] of the present
Jinvention and pharmaceutically acceptable salts thereof show
excellent angiotensin II antagonistic activities and are
useful in the prophylaxis ahd/or treatment of |
hypertension. For ekample, when hypotensive activity was
exemined by using spontaneously hypertensive rats orally
administered at a dose of 3 mg/kg of the desired compounds
[I] of the present invention, significant h&potensive
activity was observed as cempared with that of the control
group of rats Eo which purified water is orally
administered. Moreover, ﬁhe compounds [I] of the present
invention and pharmaceutically acceptable salts thereef show
low toxicity, and hence, they show high eafety as a

medicament. .
This i3 the replacement sheet

29 JuL 1996

Datg:



heated at [err] for two hours. The solvent is distilled off, 58 and the
residue is dissolved in dinethylformamde (20 m), and themxture s added—

dropwi se to a solution of sodiumcyanide (5.47 g) in dinethyl. g

f- rgqpi e (120
m). The mixture is stirred at roomtenperature overnight, éﬁ?ﬁﬁ"ﬂﬁ"ﬁl Tii‘ced

to ;

71
What is claimed is:

1. An imidazopyridine derivative of the formula

[I]:

ny
Rl—(’N I 5

~

R2

[T]

wherein R! is hydrogen atom or a lower alkyl groﬁp; R2 is
hydrogen atom, a lower alkylsulfonyl group or a group of the
z .
H
~C-=R
atoms, and RO is i) a substituted or unsubstituted lower

formula: in which Z is oxygen atom or two hydrogen
alkyl group, ii) a lower alkoxy group, iii) a 5- or 6-
membered heteromonocyclic group, iv) a substituted or
unsubstituted phenyl group, v) hydrogen atom, vi) a
substituted or unsubstituted amino group or vii) a lower
alkenyl group; R3 is carboxyl group or a lower alkoxy—.
carbonyl group; and Riﬁg A is a substituted or unsubstituted
phényl group, | |
or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1; wherein RO

is i) a lower alkyl group which may optionally be

This is the re_p!aoem'em sheet
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renpove the solvent. To the resulting residue is added ethyl acetate, and————
the .m xture is washed, dried and evaporated. The residue is purified

silica gel colum chronatography (sol vent; ethyl acetate) ”Ike Re
2-n- propyl - 4-cyanonet hyl - i m dazole (3.08 g) as an oil. u |H
(3H:t), 3.67 (2H, d) (2) The above product (3.08 g) is dIS

acid (30 mM), and thereto is added 10 22 hydrochloric acid (10 m ). The
m xture is subjected to catal ytic

laced

substituted by 1 to 2 groups selected from phenyl group, a
Ihalogenophenyl group, carboxyl group, a lower alkoxycarbonyl
group, c<yano group, a benzyloxycarbonyl gfoup, a lower
alkylthio group, a'lower alkylcarbonylamino group, benzoyl
group and a lower alkylcarbonyl group, ii) a lower aikoxy
group, iii) a 5- or 6-membered heterocyclic group selected
from pyridyl group, furyl group and thienyl group, iv)
phenyl group, V) hydrogen atom, vi) a di{lower alkyl)amino
‘group or vii) a lower alkényl group; and Ring A is a phenyl
group subsﬁituted by a group selected from.a protected or
unprotected tetrazolyl group, carboxyl group and a lower
alkoxycarbonyl‘group.

3. The compound according to any one of claims 1
and 2, wherein Z is oxygen'atom; and Ring A is a phenyl

. group substituted by a group selected from tetrazolyl group,

carboxyl group and a lower alkoxycarbonyl group.

4, The compound according to any one of claims 1,
2 and 3, wherein Rl is a 1owér alkyl group.

5. The compound accordiné to any one of claims 1,
2, 3 and 4, wherein Rl is a lqwér alkyl group; R2 ié a lower
alkylcarbonyl group; and Ring A is a phenyl group
substituted.by a group selecteéed from tetrazolyl group and
carboxyl group.

6. The cdmpouhd according to claim.5, wherein Ring
A'is-a tetrazolyl—Sﬁbstituted phenyl group; and R3 is
carboxyl group.

7. 2—h4Propy1—5—acetyl-3—[2'-(1H—tetrazol—5—y1)—

- e

LT G e

R T
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hydr ogenati on using plati numoxide as a catal yst. After t+he—treaction is

conplLeted, platinumoxide is renoved by filtration, and t f||trate [ —
evapor at ed under reduced pressure to give 2-n-propy|hista s

(4.83 g). (3) A mxture of the above conmpound (4.83 g), ph &%%
(3.04 g), sodiumacetate (6.10 g) and acetic acid (50 nm) i

19 hours. The mixture is evaporated undey reduced pressure, and

added to '

biphenyl—4—yl]methyl—4,5,6,7—tetrahydroimidazo[4,S—Cj—
pyridine—4-carboxy1ic acid or a pharmaceuticélly acceptable
salt thereof.

8. 2—n—Buty1—5-a§etyl—3—[2'—(1H-tetrazol—5—yl)—
biphenyl-4-y1]methyl—4,5,5,7—tétrahydroimidazo[4,5-c]—
pyridine-4-carboxylic acid or a pharmaceutically acceptable
salt thereof. | . |

9. 2-_n—Bu'ty1—5-pro§i¢ny1-3- [27- (1H-tetrazol-5-yl) -
biphenyl—4-yl]methyl’4,5,6,7-tetrahydroimidazo[4,5-c]—
pyridine—4—carbokylic acid and a pharmaceutically acceptable
salt thereof. o

10. .A process for preparing an imidazopyridine

derivative of the formula (I]
N

Rl _</

N

[T]

wherein kl is hydrogen atom or a iower alkyl group; R2 is
hydrogen atdm, a lower alkylsulfonyl group or a group of the
formula: __@_ 0-1n which Z is oxygen atom or two hydrogen
atoms, and R® is i) a substituted or unsubstltuted lower

alkyl group, ii) a lower alkoxy group, iii) a 5- or 6--

membered heteromonocyclic group, iv) a substituted or

This is the replacement sheet -
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the resulting residue. The mxture is neutralized with sodi um hydrogen
carbonate, and extracted with chloroform The extract is drled and

evapbrated, and the resulting residue is purified by silical Re laced
chr omat ogr aphy 59 - (solvent; chloroformnethanol = 20:1) || ll
2- n-propyl - o

74

unsubstituted phenyl grouﬁ, V) hydrégen atom, vi) a
substituted or unsubstituted amino group or vii) a lower
alkenyl group; R3 is carboxyl group or a lower
alkoxycarbonyl group; and Ring A is a substituted or
unsubstituted phenyl group, or a pharmaceutically acceptable

salt thereof, which comprises reacting a compound of the

formula [II]:

[II]

‘wherein R!, R2 and R3 are the same as defined above, .or a

salt thereof, with a compound of the formula [III]:

Xl—CHz C[TIII]

wherein Ring A is the same as defined above and X! a

reactive residue, if necessary, fpllowed by converting the

product into a pharmaceutically acceptable salt.théreof.
11. A'process for preparing an.imidazopyfidine

derivative of the formula (I-a]:
N
RI— |
N~ NH

[I-al
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(2-phthalimdethyl)imdazol e (2.72 g). mp. 137 - 1390C NWR [err] 0.90
(3H, t), 3.95 (2H, t), 7.61- 7.86 (4H, m Reference Exaone‘ﬂ"Tﬁé‘EBﬁﬁBﬁﬁa___

obtai ned i n Reference Exanple 3is treated in the sane manngf,
1 to give 2-n- propyl-4-(2-phthalimdethyl)-1-[2"-(1- trltyI-I
yl ) bi phenyl -4-yl ] net hyl i m dazol e as foam
75
whefein Rl is hydrogen atom or a lower alkyl group; R3 is
carboxyl group or a lower alkoxycarbonyl group; and Ring A
is a substituted or unsubstituted phenyl group, or a

pharmaceutically acceptable salt thereof, which comprises

reacting a compound of the formula [IV]:
N
R1—4? |
N

[IV]

wherein Rl and Ring A are the same as defined above, or a
sait thereof, with a compound of the formula [V]:
..R3—CHO o (vl
wherein R3 is the same as defined above or a salt thereof,
if necesSary, followed by converting the prqduct into a
pharmaceutically acceptable salt thereof.
‘12. A process for preparing an imidazopyridine

derivative of the formula [I-b]:
_ . -
rRI— |
N N

[I-b]

This is the replaoement sheet
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NVR [err]

0.86 (3H, t), 4.82 (2H, s) Oxalate mp. [err]

Ref erence Exanple 5 To a mxture of the conpound obt ai ned in Reference

m), and the mxture is stirred at roomtenperature for 5 h

ExanSpI e 4 (4.11 g0 and ethanol (100 m) is added 10 %hydrmmﬂi’r@ Wﬁ

reaction is conpleted, chloroformis added to the reaction

m xture

76

wherein R! is hydrogen atoﬁ or e lower alkyl group; R21 is a
lower aikylsulfonyl group or a group of the formula: -%-Ro
in which Z is oxygen atom or two hydrogen atoms, and RO is
i) a substituted or unsubstituted lower alkyl group, ii) a
lower alkoxy group; iii) a 5¥ or 6-membered heteromonocyclic
group, iv) a substituted or'unsubstituted phenyl group, V)
hydrogen atom, vi) a substituted or unsubstituted amino
group or vii) a lower alkenyl group; R3 is carboxyl group or
a lower alkoxycarbonyl gédup; and Ring A is a substituted or
unsubstituted ?henyl group, or a pharmaceutically acceptable
salt thereof, which comprises reacting a compound of the

formula [I-al:
N
Rl_(/
. N

[I-a]

wherein Rl, R3 and Ring A are the same as defined above, or
a salt thereof with a compound of the £ormula [vil:

X2-R21 {VI]
wherein R21 is the same as defined above, and X2-is hydroxyl
group, a salt or a reactive derivative thered_f , if

necessary, followed by convertirig the product into a -

* ¢ L M § %
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I s washed, dried and evaporated to give crude 2-n-propyl-4-
(2-am noethyl)-1-[2"-(1-trityl-1Htetrazol -5-yl)bi phenyl -4————""""
yl ] et hyl i m dazole (3.68 g) as an oil. Reference Exanple 6 et

; Replaced
4-2- (- But oxycar bonyl ani no) et hyl -2-n-butyl - imidazol e (3 THSShectHas Do pe™
4' - br ononet hyl bi phenyl - 2- carboxyl ate (3.75 g) are treated i |“ ﬂ ‘ ,
manner as in

77

pharmaceutically acceptable salt thereof.

13. A process for preparing an imidazopyridine
derivative of the formula [I-e]:
N .
rRI—=( |
N N‘ R24

[I-e]

wherein R! is hydrogen'atom or a lower alkyl group; R24 is.a
carboxy-lower alkylcatbonyl group; R3 is carquyl group or a
lower alkoxycarbonyl group; and Ring A is a substituted or

unsubstituted phenyl'group, or a phérmageutically acceptable

salt thereof, which comprises subjecting a compound of the
" formula [I-d]:
N
rR1— |
N M g3

[T-d]

wherein R1, R3? and Ring A are the same as defined above, and
R23 is a lower alkoxycarbonyl-lower alkylcérbonyl group, oOr
a salt thereof to hydrolysis, if necessary, followed by

converting the product into a pharmaceutically acceptable

salt thereof. _
This 8 the ravlsoamery sheet
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. 60 - Exanple 1 to give 2-n-butyl-4-(2-t-butoxycarbonyl am no-
ethyl)-I-[2" -nmethoxycarbonyl bi phenyl -4-yl nethylim dazol e (2-65-¢g)—as—an——
oil? ElI-M5 (mz): 491 (M+), 225 (base) NWR [err] : 0.91 (3H1h%%hm§H£§m&S@

I AT il

78

placed

14; The process accordingnto any one of claims 10,
11, 12 and 13, which comprises, when Ring A is a protected
tetrazolyl-substituted phenyl group, removing a protecting
group for said tetrazolyl group, if necessary, followed by.
converting the product into a pharmaceutically acceptable
salt thereof.

15. A pharmaceutical composition which comprises a
therapeutically effective amount of the éompdund as set
forth in.claim 1 in ;dmixture with a conventional
pharmaceutically acceptabieAcarrier or diluentﬁ'

16. Use of a compound as claimed in claim 1

for the preparation of a hypotensive agent.

This is the replacement sheet
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A m xture of the conpound obtained in Reference ExaapLe_ﬁ——&G—%ﬁ'“““’
hydrochloric acid (40 nl) and nmethanol (60 m) is refluxed for

eplithd -
Affer the reaction is conplete, the mxture is evaporab he
mef hanol , and the aqueous |ayer is washed and concentra u “ under
reduced pressure. The resulting residue is subjected to

di&tillation with dry toluene to give crude 2-

n- butyl - 4- (2-ami noet hyl ) - 1- (2' - met hoxyzxgar bonyl bi phenyl -
yl ) met hyl i m dazol e hydrochl ori de.

IMIDAZOPYRIDINE DERIVATIVES AND

PROCESS .FOR PREPARATION THEREOF

Abstract of the Disclosure:

An imidazopyridine derivative of the formula [1]:

(1]

wherein R! is hydrogen or lower alkyl, R2 is hydrogen, lower.
alkylsulfonyl-or a group of the formula: __ﬁ_Ro (Z is oxygen
atom or two hydrogen, and RO is subétituted or unsubstituted
lower alkyl, lower alkoxy, 5- or 6-membered
heteromonocyclic, substituted or unsubstitutéd'phenyl,
hydrogen, substituted or unsubstituted.amino or lower
alkenyl); R3 is carboxyl or lower alkoxycarbohyl and Ring A
is substituted or unsubstituted phenyl, and pharmaceutically
-acceptable salt thereof,_aﬁd procésses for preparation
Ehereof said 1m1dazopyr1d1ne derivatives have excellent

: angloten51n 1T antagonlstlc activities and are useful in
prophylaxis and tréatment of;hyﬁertension. . .

| | | This s the replacsment sheet
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Reference Exanple 8 (1). n-Butanam di ne hydr och-e+i-de—{-5—6-—

carbonate (11.4 g) are suspended in acetonltrl SEEEAEF ;igggh?26lﬁf«é
éﬁm@‘ﬁ% #eda: ) 7£g

i‘'s 'héated at [err] to [err]. To the mxture

are-pot as;L‘ﬂ

1- br ono- 4- pht hal - i ni dbut an-2-one (10.0 g) in| a&ét,esfm(sa. | epgedoZio) F4ds
stirring, and the mixture is heated at the sareitbﬂpengﬁhrgqﬁdr 1“59ﬁﬁdrﬁ;
The insoluble materials are renpved by fi I t rat{i ¢d1Abstnabt t he pgedt £Atoe paged ..~

concentrated. The resulting

2 4 MAY 1997

DATE OF RECEIPT ...................

Lo e = v -

IMIDAZOPYRIDINE DERIVATIVES AND
PROCESS FOR PREPARATION THEREOF

The present invention relates to novel

imidazopyridine derivatives having a hypotensive activity,

and processes for- preparation thereof.

Prior Art

Angiotensin II is a biologically active peptide

consisting of eight amino acids, which is produced by

specific conversion of angiotensin I by an angiotensin

converting enzyme during circulation mainly in the lung.

Said angiotensin II constricts vascular smooth muscle as

well as promotes the secretion of aldosterone in the adrenal

cortex, by which angiotensin II increases blood'pressure.

Therefore, it is well known that angiotensin II receptor

antagonists may be useful in the treatment of

hypertension.

Based on the above-mentioned mechanism of action,

there have been known some hypotensive agents,

for example,

2-n-butyl-4-chloro-5-hydroxymethyl-1-{{2'~(1H-tetrazol-5-

yl)biphenyl-4-yl}methyl)imidazole, and the like (cf.

European Patent Publication No. 253310A), but these

conventional hypotensive agents are all the compounds having

-a monocyclic nucleus, i.e. imidazole nucleus.

Brief Description of the Invention

An object of the present invention is to prowvide

This s the replacsnient sheet
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residue is dissolved in ethyl acetate, washed with water, 61 dried over
“sodi um sul fate, and evaporated. Fumaric acid is added to the residue, and
‘the product is recrystallized fromethanol/ether to give

-2-n-propyl -4-(2-phthal i m det hyl) - inidazolf-[err] fumarate (9.9 g).

novel condénéed ring-type imidazopyridine derivatives and
pharmaceutical;y acceptable salts thereof, which show potent
angiotensin II inhibitory activities and are useful as a
hypotensive agent. Another object of the invention is to
provide processes for preparing the said imidazopyridine
derivatives.

Detailed Description of the Invention

The present invention relates to imidazopyridine
derivatives of the following formula (I}, and
pharmaceutically acceptable salts thereof, and further

relates to processes for preparing the same.

N
N
(]
| N ~" g2
I,

Y

wherein R is hydrogen atom or a lower alkyl group; R? is

(Il

hydrogen atom, a lower alkylsulfonyl group or a group of the
Z
I 0
formula: -C-R"¥ in which 2 is oxygen atom or two hydrogen
atoms, and RO is i) a substituted or unsubstituted lower
alkyl group, ii) a lower alkoxy group, iiil) a 5- or 6-

membered heteromonocyclic group, iv) a substituted or

unsubstituted phenyl group, v) hydrogen atom, vi) a
Thig is the replacemem sheet
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mp. 185 - [err] (2) The above funmarate (13.7 g) is suspended in ethyl
acetate/water, and thereto is added sodi um hydrogen carbonate (5.8 g) to
give 2-n-propyl-4-(2-phthalimd- ethyl)imdazole (9.24 g). To a solution of
the product (9.24 ¢) and 4-(2'-cyanophenyl)benzyl bromide (9.3 g) in
tetrahydrofuran (150 m) and di nethyl formanfde (10 m ) is added dropw se a
solution of potassiumt-butoxide(3.84 g) in tetrahydrofuran (50 nl) at
[err]. The m xture is allowed

substituted or unsubstituted amino group, or vii) a lower
alkenyl group; R3 is carboxyl group or a lower alkoxy-
carbonyl group; and Ring A is a substituted or unsubstituted
phenyl group. |

Preferred examples of the present compounds {[I1] are
compounds of the formula (I], wherein RO is i) a lower alkyl
group which may optionally be substituted by 1 to 2 groups
selected from phenyl group, a halogenophenyl groﬁp, carboxyl
gfoup, a lower alkoxycarbonyl group, cyano group, benzyloxy-
carbonyl group, a lower alkylthio group, a lower alkyl-
carbonylamino group, benzoyl group, and a lower alkyl-
carbonyl group, ii) a lower alkoxy group, iii) a 5- or 6-
mambered heterocyclic groﬁb selected from pyridyl group,
furyl group and thienyl group, iv) phenyl group, v) hydrogen
atom, vi) a di(lower alkyl)amino group or wvii) a lower
alkenyl group, and Ring A is a phenyl group substituted by a
group selected from a protected or unprotected tetrazolyl
group, carboxyl group and a lower alkoxycarbonyl group.

" When Ring A is a protected tetrazolyl-substituted
phenyl ring, &z protecting group for tetrazolyl group
includes, for example, trityl group, a tri-lower'alkylsilyl
group, a cyano-lower alkyl group, a lower alkoxybenzyl
group, and the like.

Preferred compounds [I] in view of their excellent
pharmacological activity are compounds of the formula [I]

wherein Rl is a lower alkyl group; R? is hydrogen atom, a

This la the raplsosment sheet

Dae: &4 MaY 891



N

}ofmarn1to [err], and stirred for two hours. The reaction is quenched with
aqueous ammoni um chl oride solution, and the m xture is extracted with ethyl
acetate, and the ethyl acetate layer is washed with water, and dried over
sodium sul fate, and evaporated to give a colorless oily product (15.3 g).
The product is dissolved in ethanol, and +hereto is added oxalic acid, and
the product is recrystallized fromethanol to give :
2-n-propyl -4-(2-phthalimdethyl)-1-(2'- cyanobi phenyl -4-yl)nethytimnm dazol e
oxal ate (13.44 g).
lower alkylcarbonyl group, a carboxy-lower alkylcarbonyl
group, a phenylcarbonyl group or thienylcarbonyl group; R3
is'carboxyl groﬁp or a lower alkoxycarbonyl group; and Ring
A is a phenyl group substituted by a group selected from
tetrazolyl group, carboxyl group and a lower alkoxycarbonyl
group. |
More preferred compounds as a medicament are
compounds of the formula-[I) wherein RY is a lower alkyl
group; r2 is a lower alkylcarbonyl group; R3 is carboxyl
group; and Ring A is a tetrazolyi-substituted phenyl
group.
The compounds [I] of the present invention méy be
used as a medicament either in the form of a free base or a
pharmaceutically acceptable salt thereof. The
pharmaceutically acceptable salts are, for example, alkali
metal salts (e.g. sodium salt, potassium salt, etc.),
alkaline earth metal salts (e.g. calcium salt, magnesium
salt, etc.), heavy metal salts (e.g. zinc salt, etc.), and
organic amine salts (e.g. ammonium salt, triethylamine salt,
pyrid;ne salt, ethanolamine salt, a basic amino acid salt,
etc.). These salts may easily be prepared by treating the
compounds [I] with the corresponding inorganic or organic
base in an appropriate solvent. .
The compounds [I] of the present invention may
exist in the form of two optically active isomers due to an
asymmetric carbon atom thereof, and the present invention

This Is the repiacement sheet
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mp. 162 - [err] NWR [err] : 0.82 (3H t), 2.60 - 3.10 (4H, n) 5.34 (2H,
s) (3) A mxture of 2-n-propyl-4-(2-phthalimdethyl)- - 62
1-(2' -cyanobi phenyl -4-yl ) met hyl i m dazole (0.5 g) and :

-5 -

also includes these optiéally active isomers and a mixture
thereof.

The compounds [I} of the present invention and
pharmaceutically acceptable salts thereof may be
administered either orally or parenterally and.méy also be
used in the form of a pharmaceutical preparation in
admixture with pharmaceutically acceptable excipients
suitable for oral administration or parenteral
administration. The pharmaceutical preparations may be in
solid form such as tablets, capsules, powders, etc., or in
liguid form such as ;olutions, suspensions, emulsions, and
the like. When administered parenterally, it may be used in
the form of an injection preparation.

The daily dose of the compounds [I] of the present
invention and pharmaceutically acceptable salts thereof
varies depending on age, weight, conditibns.of patients and
severity of diseases, but when administered orally, it is
usually in the range of 0.01 to 10 mg/kg, preferably 0.03 to
5 mg/kg, and when administered parenterally, it is usuvally
in the range of 0.002 to 1 mg/kg, preferably 0.01 to 0.3
mg/kg.

According to the present invention, the compounds
(I] can be prepared by reacting a compound of the formu}a

{11}:

This is the replacement sheet
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tributyltin azide (0.70 g) is heated overnight at [err]. To the reaction

m xture is added 8 % hydrogen chl oride ethanol solution (5 m), and the
solution is stirred for 30 mnutes at roomtenperature, then evaporated.
The residue is dissolved in water (30 m), d the solution is washed with
ether. The aqueous layer is neutralized with sodi um hydrogen carbonate, and
extracted with chloroform The chloroformsolution is dried, and
evaporated. To the residue (575 ng) are added tri phenyl chl oromet hane (0. 38

9)
. .
R1~</ \[ |
g ' ~ {I1)
H 3

r2

wherein the symbols are the same as defined above, or a salt

thereof with a2 compound of the formula [III]:

wherein X! is a reactive residue, and Ring A is the same as
defined above, or a salt thereof.
Among. the compounds [I] of the present inventioen,

the compound of the formula [I-a):

Rl</ '

R3

wherein the symbols are the same &s defined above, can be

[I-a]

prepared by reacting a compound of the formula {[IV]:

Thig is the replacement sheet
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by

triethylamne (0.20 m) and chloroform (5.0 m). The solution is stirred
for two hours at roomtenperature, then washed with a saturated sodi um
-hydr ogen carbonate solution and brine, dried over sodiumsul fate, and
evaporated. To the residue is added oxalic acid (0.10 g), and the m xture
Is recrystallized fromethanol to give 2-“n-7pr"opyl -4-(2-
phtalimdethyl)-1-(2'-(1-trityl-1Htetrazol -5-yl)bi phenyl - 4-

yl ] met hyl i m dazol e oxalate (0.70 g). mp. [err] (sintered)

<L

e

wherein the symbols are the same as defined above, or a salt

(Iv]

thereof, with a compound of the formula'[V]:
R3-cHO (vl

wherein R3 is the same as defined above, or a salt thereof.

Moreover, the compound of the formula [I-b}:
N

Rlﬁ</\l/\,
N .

rR3

g2l
(I-b]

wherein R?! is a lower alkylsulfonyl group or a group of the

Z

i 0
formula: -C-R"Y in which 2 is oxygen atom or two hydrogen
atoms, and rO is 1) a substituted or unsubstituted lower
alkyl group, ii) a lower alkoxy group, iii) a 5- or 6-
membered heteromonocyclic group, iv) a substituted or

unsubstituted phenyl group, v) hydrogen atom, vi) a

This is the replacement sheet
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Ref erence Exanple 9 To a solution of 1-(diethoxy)nethylimdazole (260 g) in
tetrahydrofuran (5 liters) is added dropwi se 1.6 M sol ution of n-butyl
Fithiumin hexane (1 liter) at [err]. Thirty mnutes thereafter, n-butyl

i odide (294 g) is added dropwi se to the mixfure at the same tenperature.
The reaction mxture is stirred overnight at roomtenperature and then
evaporated. To the residue is added ether (2

substituted or unsubstituted amino group or vii) a lower

alkenyl group, and the other symbols are the same &s defined

above, can be prepared by reacting the compound (I-a] or a

salt thereof with a compound [VI]:

x2-g2! [VI) |
wherein x2 is hydtoxyl group, and R2! is the same as defined
above, a salt or a reactive residue thereof.

.The reaction between the compound [{II] and the
compound [III]} is carried out in the presence of an alkali
metal hydride or an alkali metal alkoxide, or in the
presence of an acid acceptor. Suitablé examples of the
reactive residue (xl) of the compound [III) are, for
example, haiogan atoms, and Ehe like.

When the reaction is carried out in the presence of
an alkali metal hydride or an alkali metal alkoxide, the
alkali metal hydride includes, for example, sodium hydride,
potassium hydride, etc., and the alkali metal alkoxide
includes, for example, sodium methoxide, sodium ethoxide,

- potassium t-butoxide, and the like. The reaction is
preferably carried out in a suitable solvent, under cocling
or heating, for example, at a temperature of -30°C to 50°C,
more preferably at a temperature of -10°C to room
temperature. The solvent includes, for example, a di-lower
alkylformamide, a di-lower alkylsulfoxide, a di-lower alkyl-
acetamide, a lower alkanol, and the like.

When the reaction is carried out in a presence of

This is the replaocement sheet

2 4 WAY 1897

Date:



-~
N

- 63 - liters), and the solution is extracted with 10 % hydrochl ori c aci d.
The aqueous solution is basified with 10 % sodi um hydr oxi de sol ution, then
evaporated with chloroform The organic |ayer is washed, dried and
evaporated. To the crude product (204 g),.tgiethylanine (170 g) and
chloroform (2 liters) is added dropwi se a 7 ~

an acid acceptor, the acid acceptér includes, for example,
alkali netal carbonates, and the like. The rééction is
carried out in a suitable solvent under cooling or heating,
for example, at a cemperature of -10°C to lDd°C. The
solvent includes, for example, acetcne, dimethylformamide,
dimethylsulfoxide, and the like.

In the reaction, the compounds [I] may be obtained
in the form of & mixture of two position isomers, which are
produced by reacting the compound [II] with the compound
[III] at the 1- or 3-position of the imidazopyridine ring of
the compound (II). In this case, the obtained compounds (I]
in the form of a mixture of the position isomers can be
separated by a2 ccnventional manner such as silica gel column
chromatography and recrystallization.

- The reaction between the compound [IV] and tﬁe
compound (V] can be carried out in the presence or absence
of an acid or z base. The acid includes, for example,
inorganic acids such as hydrochloric acid, sulfuric.acid,
phosphoric acid, etc., and the base includes, for example,
inorganic bases such as alkali metal hydroxides, aikali
metal carbonates, alkali metal hydrogen carbonates, and the
like. The reaction is carried out in & suitable solvent
under cooling or heating, for example, at a temperature of
lO°C.to 100°C, preferably at a temperature from room
temperature to a boiling point of the solvent to be used.

The solvent includes, for example, water, lower alcohols, or
This I3 the replacement sheet
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sol ution of dinethylsulfanoyl chloride (200 g) in chloroform (200 m ) under
I ce-cooling. The mxture is stirred overnight at roomtenperature, washed
‘Wi th brine, dried, and evapor at ed. The crude product is purified by
distillation to give 2-n-butyl-1-dinmethyl syl fanoyl i m dazole (249.4 g). b.p.
[err] (1 mHg) Reference Exanple 10 1-([ﬁeﬁ%d&y)nethylinidazole and
n-propyl lithiumare treated in the sanme manner as in Reference Exanple 9
to :

tetrahydrofuran, dioxane, or a mixture of water and one of
these other solvents;

The reaction between the compound [(I-a] and the
compound [VI] can be carried out in & conventional manner.
For example, the reaction is carried out in the presence of
a base or a condensing agent. In the reaction, the compound
(VI] may also be used in the form of azn acid anhydride
thereof, or a reactive derivative thereof, that 1is, x2 of
the compound [VI] is a halogen atom, and the like.

Moreover, when R21 of the compound [VI] is acetoacetyl, the
compound [VI] may be in the form of an anhydride thereof,
i.e. diketene.
‘ When the reaction is carried out in the presence of
a base, the base may be any conventicnal ones, and |
preferably includes, for example, organic bases such as tri-
lower alkylamine, pyridine, 4-di-lower alkylaminopyridine,
and the like, or inorganic bases such as alkali metzl
hydrogen carbonates, alkali metal carbonates, alkali metal

- hydroxides, and the like. The reaction is carried out in a
suitable solvent under cocling or heating, for example, at a
temperature of -30°C to 100°C, preferably at a temperature
of -10°C to a boiling point of the solvent to be used. The
solvent includes, for example, methylsne chloride,

chloroform, ethyl acetate, tetrahydrofuran, ether, or a

mixture of one of these solvents and water.

When the reaction is carried out in the presence of
This is the replacement shieet
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gi ve 2-n-propyl -1-di net hyl sul famoyl i m dazole. b.p. 141 - [err] (3 mHg)

Ref erence Exanple 11 To a stirred solution of 2-ethylimdazole (100 g) and
triethylamne (115 g) in chloroform (800 nl) at [err] is added a solution
of di nmet hyl sul fanmoyl chloride (153 g) in chloroform (200 m). The m xture

Is stirred overnight at room tenperature. At &r (1.5iter) is added to the
reaction mxture after which the organic layer is separated

a condensing agent, the condensing agent includes, for
example, dicyclohexylcarbodiimide, l-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide, benzotriazol-l-yloxytris(dimethyl-
amino)phosphonium hexafluofophosphate, and. the like. 1In
addition, a compound such as hydroxybenzotriazole, N-
hydroxysuccinimide, etc., may be used as a promoter. The
reaction is carried out in a suitable solvent under codling
or heating, for example, at a temperature of -10°C to 80°C,
preferably at room temperature. The solvent includes, for
example, methylene chloride, chloroform, di-lower alkyl-
formamide, acetonitrile, tetrahydrofuran, and the like.

The compounds (I] obtained above may, if necessary,
be converted tc each other, for exémple, the compound [I)
wherein R? is & carboxy-lower alkylcarbonyl group, i.e. a

compound of the formula: [I-e]:

Rl</ m\ 24
YT

Y

wherein R%2? is a carboxy-lower alkylcarbonyl group, and the

(I-e]

other symbols are the same as defined above, can be prepared

by subjecting a compound of the formula [I-d]:

This is the replacement sheet



and concentrated. The residue is dissolved in ethyl acetate (1 liter) and
washed with water, and then dried over sodium sulfate and concentrat ed.
-Distillation gives 1-dinethyl- 64 sul fanoyl -2-ethylim dazole (182 g) as
a colorless liquid b.p. 139 - [err] (5 nntg) :

N
R1</ | |
N . Ng23
R3

(I-4]

wherein R23 is a lower alkoxycarbonyl-lower. alkylcarbonyl
group, and the.other symbols are the same as defined above,
or a salt thereof to hydrolysis.

The hydrolysis of the compound [I-d] may be carried
out by a conventional manner. For example, the reaction'is
preferably carried out in a suitable solvent under cooling
or heating, for example, at a2 temperature of 0°C to 100°C,
preferably at a temperature of 20°C to 50°C, in the presence
of a base (e.g. alkali metal hydroxide, etc.). The solvent
includes, for example, a lbwer alkanol, or a mixture of a
lower alkanol and water.

In the above menctioned reactions, each starting
compound can be used either in the form of 2 free base or a
salt thereof. The salts of the compounds (I-a] and [(I-d]
are, for example, alkali metal salts, alkaline earth metal
salts, heavy metal salts, organic amine salts, inorganic or
organic acid salts, and the like. The salts of the compound
(IX] are, for example, hydrochloride, hydrobromide, oxalate,

and the l;ke. The salts of the compound (IV] are, for

This is the replacement sheet
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NWVR [err]: 1.37 (3H, t), 2.89 (6H, s), 6.94 (1H[err]), 7.23 (1H, d)

Ref erence Exanple 12 To a stirred solution of the above product (53 g) in
tetrahydrofuran (1 liter) at [err] is added 1.6 M solution of n-butyl
lithiumin hexane (185 m ). The solution iis stirred at [err] for one hour,
and thereto is added a sol ution of l-t-bGT@charbonylaziridine (52 g) in
tetrahydrofuran (300 m), and further added thereto boron

example, hydrochloride, hydrobromide, oxalate, and the
like. The salts of the compound [V) are, for example,
alkali metal salts, etc., when R3 is carboxyl group. The
salts of the compound (VI] are, for example, hydrochloride,
etc., when R2! ig pyridylcarbonyl group.

When the compound (I] is obtained in the form of a
racemic mixture, the racemic compound {I] may easily Se
optically resolved in a conventional manner.

When the compound [I] is the compound of the
formula {I] wherein Ring A is a protected tetarzolyl-
substituted ‘phenyl group, a protecting group for said
carboxyl group and/or for said tetrazolyl group may easily
be removed by a conventional manner.

Tﬁe starting compound [II] may be prepared by the
method disclosed in Japanese Patent First Publication
(KOKAI) No. 167687/1986 or Japanese Patent First Publication
(KOKAI) No. 101082/1990. ‘

The starting compound [IV] may be prepared by
reacting a compound (VII]):

. _

Rlﬂéf ’///\\) | (VII]
N
H :

NRER?

wherein R® and R7 are each hydrogen atom or a protecting
group for amino group, and R! is the same as defined above,

with the compound [III) under the same conditions as the
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trifluoride etherate (147 g). The reaction mixture is stirred for another
two hours at [err] after which it is poured into an ice-cool ed saturated
agueous sol ution of potassiumcarbonate (2 liters). After evaporation of
the remaining tetrahydrofuran, the aqueous jayer is extracted with ethyl
acetate, washed with water and dried over sodium sulfate, and then
concentrated. The residue is purified by sili-ca gel columm chromatography
(sol vent; chloroform nmethanol) to give 1-dinethyl sul fanoyl -2-ethyl -5-

reaction between the compound {II] and the compound (III],
followed by removing the protecting group when R® and/or R’
are a protecting group for~amino group.

In the present specification, the lower alkyl grcup
and the lower alkoxy group mean ones having 1 to 6 carbon
atoms, preferably-'l to 4 carbon atoms.

The present invention is illustrated in more detail
by the following Examples and Reference Examples, but should
not be construéd to be limited thereto.

Example 1

Methyl S-diphenylacetyl-4,5,6,7—tetrahydroimidazo-
[4,5-clpyridine-4-carboxylate (1.60 g) is dissolved in
dfmethylformamide (20 ml), and thereto is added sodium
hydride (60 % oil-dispersion, 176 mg) under ice-cooling.

The mixture is stirred at 0°C for 20 minutes, and thereto is
added [2'-(l-trityl-l1H-tetrazol-5-yl)bipheyl-4-yl]methyl
bromide (2.40 g), and the mixture is stirred under ice-
cooling for one hour, and further at room temperature for
one hour; The reaction solution is concentrated under
reduced pressure, and to the residue are added chloroform
and water. The organic layer is dried, and evaporated to
remove the solvent. The resulting residue is purified by
silica gel column chromatography (solvent; chloroform/-
methanol = 100:1) to give methyl S—diphenylacetyl—B—[Z';(l—
trityi-lH—tetrazol—S—yl)biphenyl—4—yl]methyl—4,5,6,7-

tetrahydroimidazo(4,5-clpyridine~d-carboxylate (430 mg) as a
This is the repraoehen‘t sheet
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[ 2- (t - but oxycar bonyl am no) et hyl i m dazole (67 g) as a yellow oil. NVR [err]
1.35 (3H, t), 1.43 (9H, s), 2.87 (6H, s), 6.72 (IH s) Reference Exanple 13
A sol ution of the above product (67 g) in 10 % hydrochloric acid (600 m)
is refluxed for two hours. The - 15 -

colorless foam.

FAB-MS (m/z): 852 (M+ﬁ), 792, 610, 567, 244

NMR (CDCl;) & : 3.56 (3H, s), 5.12 (2H, ABq)

Subsequently, there is obtained methyl 5-diphenyl-
acetyl—l-[z'—(l-trityl-lH—tetrazcl-S-yl]biphenyl—4—ylj#
methyl-4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine~-4-
carboxylate (1.17 g) as a colorless foam.

FAB-MS (m/z): 852 (M+H), 792, 610, 567, 244

NMR (CDC13) § : 3.79 (3H, s), 4.81 (2H, s)

Example 2 '

To a mixture of methyl 5-diphenylacetyl-3~[2'—-(1-
trityl-l1H-tetrazol-5-yl)biphenyl-4-yl)methyl-4,5,6,7- |
tetrahydroimidazo[4,5—c]pyridine—4—ca}boxylate (400 mg) and
chloroform (1 ml) is added. 18 % hydrochloric acid-methanol
(5 ml), and the mixture is stirred at room temperature for
30 minutes. After the reaction is completed, the mixture is
evaporated to remove the solvent, and the resulting residue
is dissolved in methanol (5 ml), and the mixture is adjusted

" to pH 10-12 with 1 N aqueous sodium hydroxide solution, and
further stirred at room temperature for 3 hours. The
resulting triphenylmethane is removed by extraction with
ether, and the agqueous layer is evéporated under reduced
pressure. The resulting residue is dissolved in a small
amount of water, and purified by column chromatography ;E

nonionic adsorbing resin,(tradename; HP-20, manufactured by

Mitsubishi Kasei Corporation, Japan) and lyophilized to give
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- 65 - solvent is distilled off under reduced pressure and the resulting
oily black residue is dissolved in acetic acid (300 m). After addition of
sodi um acetate (62 g) and phthalic anhydride (34 g), the reaction m xture
is refluxed overnight. The reaction m xtaresis concentrated under reduced
" pressure and the residue is triturated in acetone (300 m) to give the
crude 2-ethyl-4-(2-phthalimdethyl)-

the following compounds.
S—Diphenylacetyl-B—[Z‘-(1H—tetraéol—5fyl)biphenyl—
4-yllmethyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
carboxylic acid disodium salt (170 mg)
IR (Nujol; em™1): 1630
Example 3
A mixture of 2-n-butyl-4-(2-aminoethyl)-1-(2'-(1lH-
tetrazol-5-yl)biphenyl-4-yllmethylimidazole hydrochloride
(8.09 g), glyoxylic acid hydrate (1.73 g), 1 N aqueous
sodium hydroxide solution (53 ml) and dioxane (50 ml) is
stirred at 50°C for two days. The reaction solution is
acidified with hydrochloric acid, and evaporated under
reduced pressure. The residue is dissolved in methanol (100
ml), and the mixture is cooled to -30°C, and thereto is
added dropwise thionyl chloride (12.4 g). After addition,
the mixture is stirred at 60°C for two days. The mixture is
evaporated under reduced pressure to remove the solvent.
The mixture is neutralized with agqueous sodium hydrogen
" carbonate solution, and extracted with chloroform. The
extract is dried, and evaporated under reduced pressure, and
the resulting oily product is purified by silica gel coluﬁn
chromatography (solvent; chloroform/methanol = 15:1) to give
methyl 2-n-butyl-3-[2'-(lH-tetrazol-5~yl)biphenyl-4-yl]-
methyl-4,5,6,7-tetrahydroimidazo{4,5,c]lpyridine-4- )
carboxylate (3.74 g) as a powder.

FAB~-MS (m/z): 472 (M+H) (base)
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I m dazole (26. g) as a white powder. This product is used in the next
reaction without further purification. Reference Exanple 14 To a solution
of the above product (6.56 g) and 2'-

(1-trityl-lHtetrazol -5-yl)bi phenyl -4-yl nethyl bromde (16.3 g) in
tetrahydrofuran (100 m) dinethylformanmide t50 m) at [err] is added
potassiumt-butoxide (3.01 g). The reaction mxture is allowed to slowy
warmto roon1tenperature in 5 hours and then poured into brine (2 liters),
extracted with ' ' -

NMR (DMSO—da) § : 0.90 (34, t), 3.72 (3H, s), 5.20
(2H, s)
Example 4
To a mixture of the compound obtained in Example 3
(296 mg), triethylamiﬁe (317 mg) and chloroform (10 ml) is
added dropwisz a solution of acetyl chloride (148 mg) in
chloroform (1 ml) under ice-éooling. The mixture is stirred
at room temperature for two hours, and the reaction solution
is washed, dried and evaporated.to remove the solvent. The
'resulting residue is purified by silica gel column
chromatography (solvent; chloroform/methanol = 30:1) to give
methyl S5-acetyl-2-n-butyl-3-(2'-(lH-tetrazol-5-yl)biphenyl-
4—y11methyl—4,5,6,7—tetrahydroimidazo[4,S-c]pyridine—4—
carboxylate (158 mg).
FAB-MS (m/2): 514 (M+H), llé {base)
NMR (CDC13) § : 0.94 (3H, t), 2.16 (3H, s), 3.78
(3H, s)
Exzmple 5
A mixture of the compound obtained in Example 3
(361 mg), methylene chloride (10 ml), triethylamine (85 mg),
benzoic acid (103 mg), N-hydroxybenzotriazole (114 mg) and
l-ethyl-3-(3-dimethylaminopropyl)carbcdiimide hydrochloride
(162 mg) is stirred at room temperature overnight. The
reaction solution is washed, dried and evaporated to réﬁove

the solvent. The resulting oily residue is purified by

silica gel column chromatography (solvent; chloroform/
This is the replaoefﬁem sheet
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ethyl acetate, washed with brine and dried over sodiumsulfate. After
concentration, the residue is purified by silica gel colum chromatography
(sol vent; hexane/ethyl acetate) to give-

2-ethyl -4-(2-phthalimdethyl)-1-(2'-(1- - 18 - _ .
trityl-1Htetrazol - 5-yl) bi phenyl -4-yl ] et hyl i m dazole (10.69 g) as a white
foam characterized as its funmarate. mp. 173 - [err] NMR [err] : 0.92 (3H
t), 2.35 (2H, q), 2.73 (2H t), 3.78 (2H t), 4.99 (2H, s)

methanol = 20:1) to give methyl 2—butyl—5—benzoyl—3-[2'-(1H—.
tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-tetrahydro-
imidézo[4,5-c]pyridiné—4-carboxylate (297 mg).

FAB-MS (m/z): 576 (M+H), 105 (base)

NMR (CDClj). & : 0.97 (3H, t), 3.79 (3H, s)

- Example 6 . _

The compound obtained in Example 3 (483 mg) and.
thiophen-2-carboxylic acid (158 mg) are treated in the same
manner as in Example 5 to éivé methyl 2-n—bﬁty1-5-(2—
fhienyl)carbonyl—3—[2‘-(lH-tetrazol-S-yl)biphenyl—4-
yllmethyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
carboxylate (306 mg). |

FAB-MS (m/z): 582 (M+H), 111 (base)

NMR (CDCl4) & : 0.95 (3H, t), 3.73 (3H, s)

Example 7

A mixture of the compound obtained in Example 3
(2.98 g), 1N aqueous sodium hydroxide solution (14 ml) aﬁd
methanol (30 ml) is stirred at room temperature overnight,
and evaporated to.remove the solvent.

The residue is recrystallized from aqueous methanol
and collected to give 2—n-butyl—3-f2'-(1H-tetrazol—5-yl)—.
biéhenyl—4-yl]methyl—4,5,6,7—tetrahydroimid§zo[4,5—c]—
pyridine-4-carboxylic acid (2.1l g).

m.p. 216 - 217°C (decomposed).

NMR (Dmso;da) § : 0.97 (38, t), 4.37 (1H, s), 5.17

(1H, d), 6.01 (1lH, 4)
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Ref erence Exanple 15 To a solution of the above product (10.69 g) in 66
et hanol (150 m) and tetrahydrofuran (90 mM) at [err] is added hydrazi ne
hydrate (6.25 g). The reaction m xture is stirred overni ght at room
tenperature, filtered through a celite padig -

Example 8

A mixture of the compound obtained in Example 4
(142 mg), 1 N agueous sodium hydroxide-solﬁtion (0.60 ml)
and methanol (5 ml) is stirred at room temperature
overnight, and evaporated under reduced pressure to remove
the solvent. The resulting residue is purif;ed by coluﬁn
chromatography of nonionic adsorbing resin (tradename; HE—
20, manufactured by Mitsubishi Kasei Corporation, Japan),
and lyophilized to give 2-n-butyl-5-acetyl-3-(2'-(1lH-
tetrazol-5-yl)biphenyl-4-ylmethyl-4,5,6,7-tetrahydro-
imidazo[4,5-c]pyridine?4-carboxylic acid disodium salt (100
mg).

m.p. >265°C

IR (Nujol; cm™Y): 1620

Examples 9 - 10

The compounds obtained in Examples S - 6 are
treated in the same manner as in Example 8 to give the

following compounds listed.in Table 1.
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and evaporated. The residue is treated with 0.5 N sodi um hydroxi de sol ution
(300 mM) and extracted with chloroform The organic |ayer is dried over
sbdi um sul fate and concentrated to give the crude

2-et hyl -4-(2-am noet hyl ) -1 - - 20 <
[2'-(l-trityl-1FLtet-razoI-5-yI)biphenyl-4-y%]nethy|inidazole (7.48 g) as a
foam This product is used without further purification. Reference Exanple
16 To a solution of 2-ethyl-4-(2-phthalinidethyl)-

Table 1

N
/]
N N.\Rz

//// c e 2Na salt

OCH
Tet
~N
' =

(Tet: lH-Tetrazol-5-yl group)

CH3(CH3) 37

Ex. RZ IR (Nujol; em %) .| m.p. (°C)

9 —CO—<:::> : 1620 >200 (decomposed)
—col/ $ 1620 >72 (wet)
S

Example 11

10

(1) To a mixture of 2-n-propyl-4-(2-aminoethyl)-1-
[2'f(l-trityl—lH-tetrazol-S-yl)biphenyl—4—yl]methylimidazole
(3.66 g) and methanol (30 ml) is added 9 % hydrochloric
acid-methanol (50 ml), and the mixture is stirred at room _
temperature for 40 minutes. The mixture is evaporaEed under
reduced pressure to remove the solvent, and water is added
to the residue. The mixture is washed with ethyl acetate,
and Ehe aqueous layer is evaporated under reduced presere

and further subjected to azeotrophic distillation with

toluene to give crude 2-n-propyl-4-(2-aminoethyl)-1-[2'-~
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I m dazole (9.00 g) and 2'-(t-butoxycarbonyl)bi phenyl-4-yl- nethyl brom de
(13.93 g) in tetrahydrofuran (150 m) and di net hyl formam de (100 m ) at
[err] is added potassiumt- butoxide (4.12 g). The reaction m xture is
allowed to slowly warmto room tenperatur- 32in £four hours and then poured
into water (100 ml). Tetrahydrofuran is renoved under reduced pressure and
the aqueous layer is extracted with ethyl acetate. The organic layer is
washed with brine, dried over sodiumsulfate and then evaporated to give an
tetrazol-5-yl)biphenyl-4-yl]methylimidazole hydrochloride
{2.68 g).

(2) The above compound (2.15 g) is treated in the
same manner as in Example 3 to give methyl 2-n-propyl-3-{2'-
(1H-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-tetrahydro-
imidazo[4,S-c]pyridine—4—carboxylate {0.76 g) as a foam.

FAB-MS (m/z): 458 (M+H), 207 (base)

NMR (DMSO-dg) 6 : 0.98 (3H, t), 3.84 (3H, s), 5.06
(2B, ABQ)

Example 12

2-n-Butyl-4-(2-aminoethyl)-1-(2'-methoxycarbonyl-
biphenyl-4-yl)methylimidazole hydrochloride (1180 g) is
treated in the same manner as in Example 3 to give crude
methyl 2-n-butyl-3-(2'-methoxycarbonylbiphenyl-4-yl)methyl-
4,5,6,7-tetrahydroimidazof4,5~-c)pyridine-4-carboxylate (1.70
g). | | | |

Example 13

To a mixture of the compound obtained in Example 12
(1.70 g) and pyridine (20 ml) is added acetic anhydride (5
ml), and the mixture is stirred overnight. The solvent is
distilled off, and to the resulting residue is added
chloroform, and the mixtﬁre is washed, dried, and evaporated
to remove the solvent. The residue is purified by silica
gel column chromatography (solvent; chloroform/ethanol =
10:1) to give methyl 2-n-butyl-5-acetyl-3-(2'-methoxy-

carbonylbiphenyl-4-yl)methyl~4,5,6,7-tetrahydroimidazo(4,5-
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oily residue. Purification by silica gel columm chromatography (solvent;
hexane/ et hyl acetate) gives 2- '

et hyl -4-(2-phthalimdethyl)-1-[2"-(t-butyl carbonyl) bi phenyl -

4-yl ] nethylinidazole (9.39 g) as an oil. NM3 [err] : 1.20 (3H t), 1.25
(9H, s), 5.02 (2H, s), 6.64 (1H, s) '

clpyridine-4-carboxylate (0.47 g) as an oil.

NMR (CDCly) & : 0.88 (3H, t), 2.21 (3H, s), 3.46
(3H, s), 3.64 (3H, s), 5.33 (2H, ABq)

Example 14

A mixture of 2-n-butyl-4-(2-aminoethyl)-1-[2'-(1H-
tetrazol-5-yl)biphenyl-4-yl]lmethylimidazole hydrochloride
(0.278 ¢), ethyl glyoxylate (0.179 g) and ethanol (5 ml) is
refluxed for three days. To the mixture is added
chloroform, and the mixture is washed, dried and evaporated
to remove the solvent. The residue is purified by silica
gel column chromatography (solvent; chloroform/methanol =
10:1) to give ethyl 2-n-butyl-3-(2'-(lH-tetrazol-5-yl)-
bipheﬁyl—4—yl]methyl—4,5;6,7—tetrahydroimidazo[4;5—c]—
pyridine-4-carboxylate (0.136 g) as a foam.

NMR (CDCl4) 6§ : 0.92 (3H, t), 1.35 (3H, t), 5.08
(2H, ABQ)

Example 15

To a2 mixture of 2-n-butyl-4-(2-t-butoxycarbonyl-

" aminoethyl)-1-(2'-methoxycarbonylbiphenyl-4-yl)methyl-
imidazole (2.02 g) and chloroform (50 ml) is added
trifluorocacetic acid (25 ml), and the mixture is stirred at
room temperature for 30 minutes. The mixture is evaporated
under reduced préssure to remove the solvent, and to the
residue are added tetrahydrofuran (30 ml), water (1 ml)-and
sodium hydrogen carbonate (1.13 g), and the mixture is

stirred. To the mixture is added chloroform, and the
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67 Reference Exanple 17 The conpound obtained in Reference Exanple 16 is
treated in the sane nmanner as in Reference Exanple 15 to give
2-ethyl-4-(2-am noethyl)-1-[2"-(t-butoxycarbonyl)- biphenyl-4-yl

met hyl i m dazole. FAB-M5 (mz): 406 (M+l), 231-(base) NVR (CDCl3) 6.: 1.26
(9H, s), 1.29 (3H, t), 5.06 (2H s), 6.60 (1H, s)

mixture is dried, and evaporated under reduced pressure to
remove the solvent. To the residue are added ethyl
glyoxylate hydrate (0.570 g) and ethanol (40 ml), and the
mixture is refluxed for 15 minute;. The solvent is
distilled off under reduced presshre, and the resulting
residue is purified by silica gel column chromatography
(solvent; chloroform/ethanol = 20:1) to give ethyl 2;n—
butyl—3-(2'-methoxycarbonylbiphenyl—4—yi)methyl-4,5,6;7—
tetrahydroimidazo(4,5-c]pyridine-4-carboxylate (0.551 g) as
a foam.

NMR (CDCl3) § : 0.89 (3H, t), 1.23 (3H, t), 3.65
(3H, s), 5.24 (2H, ABq)

Examples 16 - 31

The compounds obtained in Examples 3, 11 and 15 are
treated in the same manner as in Example 4 or 5 to give the

following compounds listed in Tables 2 and 3.
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Ref erence Exanple 18 2-n-Butyl-1-di net h-yl sul fanmoyl i m dazole (46.0 g) is
treated in the sane manner as in Reference Exanple 12 to give

2-n-butyl - 1-di net hyl sul f anoyl -5-[ 2' - (t - but oxycar bonyl ) -

am noet hyl ]i m dazole (69 g) as an oil. NVR [err] : 0.95 (3H, t), 1.43 (9H,
s), 2.86 (6H, s) Reference Exanple 19
2-n-ButyI-1-dinethylsulfanDyI-S-[Z'-(L—Qutgxy-

Table 2

N

CH3(CH2)2<<T ,
N
. -

Ex. R? RS R NMR (CDCl;) |FAB-MS (m/z)

' 1.04 (3H, t) 500 (M+l)
18 -COCH3 CH; Tet 2.17 (3H, s)
3.75 (3H, s) 207 (base)

.03 (34, t) §72 (M+1)
.18 (3H, t)

17 |-COCH,COOCH,CHy | CHj Tat
.73 (3H, s) 207 (base)

W

Tet: 1H-Tetrazol-5-yl group
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carbonyl )am noethyl ]i m dazole (115.3 g) is treated in the sane manner as in
Ref erence Exanple 15 to give 2-n-butyl-4- (2-phthalimdethyl)imdazole (64
g). mp. 114 -1170C NVR [err] : 0.88 (3H, t), 2.66 (2H, t), 2.97 (2H t),
3.95 (2H, t), 6.67 (1H, s) Reference Exanple 20 The conpound obtained in

Ref erence Exanple 19 is treated in the Siame manner as in Reference Exanple
14 to - -

Table 3

N
CH3(CH2)3—<f l
N RN

R2

Ex.| R? RS RS NMR (CDCls) FAB-MS (m/z)
0.96 (3H, t) | 648 (M+1)
18 —cocnzcooc32«<::> CHy | Tet |3.59 (2H, s)
3.69 (3H, s) 154 (base)

.97 (3H, t) 624 (M+1l)
.75 (3H, s)
.78 (2H, s) 207 (base)

19 -COCH2-<::>FC1 CHy | Tet

Wwwo

0.95 (3H, t) | 566 (M+1)
20 [\ CHy | Tet |3.75 (3H, s)
-C-No §.46-6.48 119 (base)
(1H, m)
0.96 (3H, t) | 577 (M+1)
21 | CH; |Tet |3.77 (3H, s)
-co— % 8.58-8.62 207 (base)
(1H, m)

0.96 (3H, t) 528 (M+1)
22 |-COCH,CH4 CH3 | Tet 1.08 (3H, t)
3.75 (3H, s) 207 (base)

This i3 the replacement sheet

2 4 MAY 1997

E SN



give 2-n-butyl-1-[2"-(1-trityl-1Htetrazol - 5-yl ) bi phenyl - 4- - 68 -

yl ] met hyl - 4-(2-pht hal i m det hyl )i m dazole. NVMR [err] : 0.84 (3H t), 4.81
(2H, s) Reference Exanple 21 A m xture of
2-n-butyl-4-(2-phthalimdethyl)-1-[2"-

- 26 -
0.96 (3H, t) S86 (M+1l)
23 | ~COCH,CH,CO0CH; | CH4 Tet 3.46 (3H, s)
_ 3.72 (3H, s} 207 (base)
0.85-1.01 S77 (M+1l)
24| -CO—'S CH,4 Tet (3H, m) .
- 3.80 (3H, s) 207 (base)
N 8.66~8.71
(1H, m)
0.96 (3H, t) 542 (M+1)
25 | —~COCH(CH;), CH, Tet 1.08 (3H, d) : :
1.11 (38, 4) 207 (base)
0.96 (3H, t) 550 (M+1l)
3.77 (3H, s) 154 (base)
0.94 (3H, t) 544 (M+1)
27 -COOCHZCH3 CH, Tet 1.23 (3H, t)
3.69 (3H, s) 207 (base)
. 0.96 (3H, t) S60 (M+1)
28 -COCHZSCH3 CH3 Tet 2.11 (3H, s)
3.75 (3H, s) 154 (base)
0.84-0.96 590 (M+1l)
29 -COCHZCOOCHZCH3 CHZCH3 COOCH3 (3H, m)
3.57 (2H, s) 225 (base)
0.95 (3H, t) ' .
30 | ~COCH,COOCH,CHy | CHq Tet 1.18 (3H, t)  |586 (M+l)
3.50 (2H, s)
5.28 (2H, ABqg) | 207 (base)
5.40 (lH, s)
0.94 (3H, t)
31 | -COCH,CN CH4 Tet 3.67 (3H, s) 539 (M+1l)
3.75 (3H, s)
5.29 (2H, s)

Tet: lH-Tetrazol-5-yl group
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(1-trityl-1Htetrazol -5-yl)bi phenyl -4-yl ] et hyl i m dazole (96.0 Qg),

hydr azi ne hydrate (44.7 g) and ethanol (1.3 liter) is stirred overni ght at
room tenperature, then filtered through a celite pad and evaporated. The
residue is treated with 5 % sodi um hydroxi_dg,sal ution (200 m) and
extracted with chloroform The organic layer is dried and concentrated to
give the crude 2-n-butyl-4-(2-am noethyl)-1I-
[2'-(1-trityl-1Htetrazol -5-yl) bi phenyl -4-yl]nmethylim dazole (84.0 g). To a
solution of the above product (84.0 g) in

Example 32

To a mixture of the compound obtained in Example 3
-(0.50 g) and methanol (10 ml) is added diketene (0.20 g),
and the mixtuie is stirred at room temperature for two |
hours. The mixture is evaporated under reduced pressure to
remove the solvent, and to the residue is added
chloroform. The mixture is washed, dried and evaporated
under reéucéd pressure. The resulting residue is purified
by silica gel column chromatography (solvent; chloroform/
ethyl acetate/methanol = 10.:10:1) to give methyl 2-n-butyl-
5-acetoacetyl-3-[2'-(lH-tetrazol-5-yl)biphenyl-4~yllmethyl-
4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-carboxylate (0.29
g) as a foam.

FAB-MS (m/z): 556 (M+l), 207 (base)

NMR (CDC13) § : 0.96 (3H, t), 2.22 (3H, s), 3.74
(3H, s)

Example 33

To a mixture of the compound obtained in Example 16
(0.131 g) and methanol (2 ml)_is added 0.5 M aqueous sodium
hydrogen carbonate solution (0.53 ml). Five minutes |
thereafter, the mixture is evaporated under reduced pressure
to remove the solvent, and the residue is purified by column
chromatography of nonionic adsorbing resin (tradename; HP-
20, manufactured by Mitsubishi Kasei Corporation, Japaa),
and lyophilized to give methyl 2-n-propyl-5-acetyl-3-[2'-

(lH—tetrazol-S—yl)biphanyl—4—yl]methyl—4,5,6,7—tet;ahydro—
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nmet hanol is added a 24 % hydrogen chl oride methanol solution (200 m), and
the mxture is evaporated. To the residue is added water (2 liters), and
tthe m xture is washed with ether. The aqueous | ayer is concentrated to give
2-n-butyl - 4-(2-am noethyl)-1-[2'-(1-tetrazgs-5-yl)biphenyl-4-yl]-

met hyl i m dazol e di hydrochloride (52.8 g) as a foam NWR [err] : 0.83 (3H

t), 2.92 (2H, t), 5.41 0 (2H, s) '

'imidazo[4,5-c]pyridine-4-carboxy1ate sodium salt (0.089 g)
as a powder.
m.p. >196°C (decomposed)
NMR (DMSO—dG) § : 0.83-0.92 (3H, m), 1.92 and 2.12
(3H, s), 3.27 and 3.32 (3H, s)

Examples- 34 - 37

The compounds obtained in Examples 4, 20, 21 and 24
are treated in the same manner as in Example 33 to give the
following compounds listed in Table 4.

Table 4

T N
CH3(CH2)3«<f ,
N I ~

Rz
« Na salt

(Tet: 1H-Tetrazol-5-yl group)

Ex. R2 NMR (D,0)

0.73 (3H, t)
O

0.82 (3H, t)

35 [ 3.25 and 3.56 (3H, s)
- 0.69-0.81 (3H, m)

36 -co lL;\ : 3.23 and 3.62 (3H, s)
0.71-0.80 (3H, m)

37 —COCH3 3.21 and 3.47 (3H, s)
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Ref er ence Exanpl e 22 2-n-PropyI-P-dinethylsulfanDyIinidazole (20.0 g) is
treated in the sane nmanner as in Reference Exanple 12 to give

2- n- propyl - 1- di met hyl sul f amoyl - 5- ( 2-t - but oxycar bonyl -
am noet hyl )i m dazole (24.4 g) as an oil. - 29 -

Examples 38 - 46

- 69 -

The compounds obtained in Examples 13, 16, 20-25

and 27 are treated in the same manner as in Example 8 to

give the following compounds listed in Table 5.

Table 5

40,

COOH « 2Na salt
RQ
Ex. rl R2 R? [IR (Nujol; cm 1)
38 -(CH,) ,CH; ~COCH4 Tet 1610
39 | -(CH,)3CH, -co—@ Tet | 1620
o]
) ~
_CO N,
*
42 -(CH,)4CHEy | -COCH,CH,COOH | Tet 1620-1560
-CO ~
43 | -(CH,)3CHg [ Tet | 1620
N

*: The compound of Example 42 is trisodium salt.
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NVR [err] : 1.01 (3H, t), 1.43 (9H, s), 2.86 (6H, s), 6.71 (1H, s)

Ref erence Exanpl e 23 The conpound obtained in Reference Exanple 22 is
treated in the sane manner as in Reference Exanple 15 to give

2-n-propyl -4-(2-phthalimdethyl)imdazoles 3p- 137 - [err] NWR (CDCl3) 6
0.90 (3H, t), 3.95 (2H, t), 6.68 (1H s)

44 | -(CHy)3CH3 | -COCH(CH3), Tet | 1620
46 -(CH2)3CH3 . ‘COCHB COOH | 1630~1560

Tet: lE-Tetrazol-5-yl group

Exzmple 47

(1) To a mixture of methyl 2-n-butyl-S5-ethoxy-
carbonylacectyl-3-[2'-(1H-tetrazol-5-yl)biphenyl-4-yl]methyl-
4,5,6,7-tetrzhydroimidazo(4,5-c]pyridine-4-carboxylate (2.0
g)., triethyiamine (0.69 g) and chloroform (20 ml) is added
trityl chloride (1.43 g), and the mixture is stifred.at room
temperature for 30 minutes. The reaction solution is
washed, dried, and evaporated under reduced pressure. The
resulting residue is purified by silica gel column |
chromatography (solvent; ethyl acetate/n—hexane) to give
methyl 2-n-butyl-S-ethoxycarbonylacetyl-3-{2'-(l-trityl-1H-
tetrazol—s-yl5biphenyl—4—yl]methyl-4,5,6,7-tetrahydro-
imidazo(4,5-c)pyridine-4-carboxylate (1.29 g) as needlgs;

m.p. 124 - 126°C (decomposed)

(2) The above product is optically resolved by
HPLC column chromatography for separation of optically‘
active isomers (tradename; Chiralcel OD, manufactured by

Daicel Chemical Industries, Ltd., Japan) (solvent; n-hexane/
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Ref erence Exanple 24 To a m xture of 2-n-propyl-4-(2-phthalimdethyl)-

I mdazole (10.0 g), 2'-(t-butoxycarbonyl)bi phenyl -4-ylnethyl bromde (13.5
g), tetrahydrofuran (150 m) and dinmethyl- formam de (15 m) is added a
sol ution of potassiumt- butoxide (4.16 @) san-tetrahydrofuran (40 m) at
[err]. The mxture is allowed to warmto roomtenperature, and then
quenched with water. The m xture is extracted with ethyl acetate, and the
organic |l ayer is washed, dried and

ethanol = 7:3) to give the (+)—isbmer and the (-)-isomer
separately.

The (+)-isomer:

lalp: +25.2° (c=0.5, chloroform, 25°C)

The (—~)-isomer:

(elp: -22.8° (c=0.5, chloroform, 25°C)

Example 48

To a mixture of methyl'(+)-2-n-butjl-5-ethoxy-
carbonylacetyl-3-(2'~(l-trityl-l1H-tetrazol-5-yl)biphenyl-4-
yl]methyl-4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-4-
carboxylate (395 mg) and tetrahydrofuran (4 ml) is added 90
¢ formic acid (8 ml) under ice-cooling, and the mixture is
stirred at- room temperature fér 30 minutes, and evaporated
under reduced pressure to remove the solvent. The resﬁlting
residue is purified by silica gel column chromatography
(solvent; éhloroform/methanol) to give methyi (+)—-2-n-butyl-
S—ethoxycarbonylacety143-[2'—(lH-tet:azol-S-yl)biphenyl-4—
yllmethyl-4,5,6,7-tetrahydroimidazo(4,5-c)pyridine-4-
carboxylate (270 mg) as a foam.

[u]D: +70.4° (c=0.5, chlcroform, 20°C)

Example 49

Methyl (-)-2—n—butyl-5—ethoxycarbonylacetyl—j—[2’—
(L-trityl-lH-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-
tetrahydroimidazo[4,5-c]pyridine-4-carboxylate is treated in
the same manner as in Example 48 to give methyl (-)-2-n-

butyl-5-ethoxycarbonylacetyl-3-[2'-(1H~-tetrazol-5-yl)-
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evaporated. The crude product is crystallized with oxalic acid from

et hanol /ether to give 2-n-propyl-4-(2-phthalimd-
ethyl)-I1-[2"-(t-butoxycarbonyl)bi phenyl -4-yl nethylimdazol e oxalate (15.6
g). mp. 128 - 1310C NWR [err]: 0.84 (3H, 3tp) -~ 1.19 (9H, s), 5.30 (2H, s)
Ref erence Exanpl e 25 -

bipheny1-4—y1]methy1—4,5,6,7-tet£ahydroimidazo[4,s-c]_
pyridine-4-carboxylate as a foam.

[a]D: -70.8° (c=0.5, chloroform, 20°C)

Example 50 |

2-n-Pfopyl—5-(2-aminoethyl)—3—[2'-(l—trityl-lH_
tetrazol-5-yl)biphenyl-4-yl]methylimidazole (1.01 g) is
dissolved in tetrahydrofuran (10 ml), and thereto is added
ethyl glyoxylate hydrate (195 mg), gnd the mixture is
stirred at room temperature overnight. The mixture is
heated at 50°C for 30 minutes, and after cooling, 7 %
.hydrochloric acid-methanol solution (3.ml) and chloroform
(10 ml) are added to the mixture, which is refluxed for 20
minutes. The mixture is evaporated under reduced pressure
to remove the solvent, and the resulting residue is
dissolved in chloroform (30 ml). To the mixture are added
acetic anhydride (290 mg) and a solution of sodium hydrogen
carbonate (1.2 g) in water {20 ml), and the mixture is
stirred at room temperature overnight. The mixture is
acidified with citric acid, and extracted with chloroform.
The extract is washed with water, dried, and evaporated. -To
the residue are added fumaric acid (100 mg) and ethanol (35
ml), and the mixture is refluxed for 5 hours. Then, the
reaction mixture is evaporated under reduced pressure, and
the residue is recrystallized from methanol/ether to give
ethyl 2-n-propyl-5-acetyl-3-(2'~(lH-tetrazol-5-yl)biphenyl-

4-yl]methyl-4,5,6,7~-tetrahydroimidazo(4,5-c]pyridine-4-
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- 70 - To a mxture of 2-n-propyl-4-(2-phthalimdethyl)-1-
[2'-(tert-butoxycarbonyl)bi pheyl -4-yl met hyl i m dazol-e (15.5 9) and et hanol
{150 m) is added hydrazi ne hydrate (8.45 g) at roomtenperature. The

m xture is stirred overnight, and the precisgitate is renoved by filtration.
The filtrate is evaporated, and the resulting residue is dissolved in

carboxylate % fumarate (728 mg).

m.p. 184 - 18S°C

Yield: 80 %

Example S1

To a mixture of 2-n-propyl-4-(2-aminoethyl)-1-{2'-
(l-trityl-1H-tetrazol-5-yl)biphenyl-4-yllmethylimidazole
(21.95 g) and tetrahydrofuran (200 ml) is added a solution
of ethyl glyoxylate hydrate (4.25 g} in tetrahydrofuran (20
ml) at 5°C. The mixture is stirred overnight at room
temperature and refluxed fotr 30 minutes. To a mixture is
added a 8 % hydrogen chloride ethanol solution (100 ml) at
room temperature. The reaction mixture is stirred for 30
minutes, then evaporéted. The residue is dissolved in
chloroform and washed successively with a saturated sodium
hydrogen carbonate solution and brine. The organic layer is
dried and evaporated. The oxalate is recrystallized from
ethanol to give ethyl 2-n-propyl-3-{2'-(l1H-tetrazol-5-yl)-
biphenyl-4-yl]lmethyl-4,5,6,7—-tetrahydroimidazo[4,5~-c]}~-
pyridine-4-carboxylate oxélate (10.84 qg).

m.p. 140 - 142°C

NMR (DMSO-ds) § : 0.84 (3H, t), 4.95 (1H, s), 5.29
(2H, brs) |

Free carboxvlic acid

NMR (CDCly) & : 1.00 (3H, t), 3.98 (1H, s), 5.09

(2H, q)
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chl orof orm and washed with 3 % sodi um hydroxi de solution and brine. The
organic layer is dried and evaporated to give the crude

2-n-propyl -4-am noethyl -1-[2' - (tert - but oxy-

car bonyl ) bi phenyl - 4-yl ] net hyl i'm dazol e (10.6497. This conpound is used in
the next step without further purification. Effects of the Invention The
I m dazopyridine derivatives [I] of the present invention and
pharmaceutically acceptable salts thereof show

Examples 52 - 59

The compound obtained in Example 1l and the
corresponding starting compounds are treated in ghe same
manner as in Example 4 or 5 to give the following compounds
listed in Tables 6 and 7.

Table 6

N /ﬁ
CH3(CH2)2 /,::D' NCOR
N \\j//

COOCHg

Tet

(Tet: 1H-Tetrazol-5-yl group)

Ex. R NMR FAB-MS (m/z)
\ 1.01 (3H, t) 552 (MT+H)
s2 | _{/ 3.71 (3H, s) 95 (base)

. 1.00-1.13 (9H)| 528 (Mt+H)
53 | -CH(CH3), 3.70 (3H, s) 149 (base)
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excel l ent angiotensin Il antagonistic activities and are useful in the
prophyl axi s and/or treatnent of hypertension. For exanple, when hypotensive
activity was exam ned by using spontaneously hypertensive rats orally

adm nistered at a dose of 3 ng/kg of the desi¥ed conpounds [I] of the
present invention, significant hypotensive activity was observed as
conpared with that of the control group of rats to which purified water is
orally adm nistered. Mreover, the conpounds [I] of the present

Table 7

N
CH3(CH2)2q<f | COR
N

COOC,Hs

(Tet: 1lH-Tetrazol-5-yl group)

Ex.| R NMR FAB-MS (m/z)
1.03 (3H, t) 528 (M*+H)
54 | —CH,CH, 5.29 (2H, s) |
5.42 (1H, s) 207 (base)
1.04 (3H, t) 600 (MT+H)
55 | ~(CH,),C00C,Hg 5.29 (2H, ABqQ) .
: 5.32 (1lH, s) 207 (base)
1.00 (3H, t) S44 (M*+H) (base)
5.29 (2H, s) 207
1.01 (3H, t) 543 (MT+H)
57 | ~N(CH3), 5.28 (2H, ABQg)
4.77 (1H, s) 72 (base)
0.99 (3H, t) 539 (Mt+H)
58 | -CH,CN 1.26 (3H, t)
1.84 (2H, dt) 207 (base)
5.95 (1H, s)
1.00, 1.03 571 (Mt+H)
59 | —CH,NHCOCH;, (3H, each t)
1.32 (3H, t) 207 (base)
1.94, 1.97
(3H, each s)
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I nventi on and pharnmaceutically acceptable salts thereof show |l ow toxicity,

and hence, they show high safety as ‘a nedi canent. 71 The clai nms defining
the invention are as follows: 1. An imdazopyridine derivative of the
~fornul a : - 35 -

Example 60

Ethyl 2-n—prgpyl—3—[2'—(lH—tetrazdl—s—yl)biphenyl_
4-yl]methyl-4,5,6,7-tetrahydroimidazo(4,5-clpyridine-4-
carboxylate (1.00 g) is treated in the same manner as in
Example 32 with using ethanol instead of methanol to give
ethyl 2—n—propyl-S—acetoacetyl—3—[2'-(1H—tetrazol—s-yl)_
biphenyl-4-yl]methyl-4,5,6,7—tetrahydroimidazo[4,s—c]_
pyridine-4-carboxylate (1.00 g) as a white-foam.

NMR (CDCl3) & : 1.03 (3H, t), 2.22 (3H, s), 3.61
(2H, ABq), 5.30 (2H, ABg), $5.36 (1H, s)

Example 61

To a mixture of ethyl 2-n—propyl-S-acetoacetyl~3—
[2'—(lH—tetrazol—S—yl)biphenyl—4—yl]méthyl—4,S,6,7—tetra-
hydroimidazo[4,5-c]pyridine-4-carboxylate (200 mg),
magnesium chloride (34 mg), pyridine (58 ul) and
acetonitrile (2 ml) is added benzoyl chloride (42 yl) under
ice-cooling. The reaction mixture is stirred overnight at
room temperature, then diluted with chloroform (50 ml). The
solution is washed with 10 % hydrochloric acid and brine,
dried, and evaporated to give a crude product (266 mg) as an
oil. The product (260 mg) obtained above is refluxed with
10 % hydrochloric écid (1.0 ml) in ethnaol (5.0 ml) for one
hour. The reaction mixture is diluted with chloroform (30
ml), washea with brine, dried, and then evaporated. '
Purification by silica gel column chromatography (solvent;

chloroform/ethanol) gives ethyl 2-n-propyl-5-benzoylacetyl-
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[1]: [err] wherein [err] is hydrogen atomor a |lower alkyl group; R2 is
hydrogen atom a |ower alkylsulfonyl group or a group of the z fornula:
[err] in which Z is oxygen atomor two hydrogen atons, and [err] is i) a
substituted or unsubstituted |ower alkyl gropp. ii) a [ower al koxy group,
1ii) a 5- or 6- nenbered heterononocyclic group, iv) a substituted or

3-[2'-(lH-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-tetra-
hydroimidazo(4,5-clpyridine-4~-carboxylate (144 mg)'as'a
white foam.
FAB-MS (m/z): 618 (MH'), 207 (base)
NMR (CDC13) § :+ 1.04 (3H, t), 4.00 - 4.28 (5H, m),
5.30 (2H, s), 5.40 (1lH, s)
| Example 62
To a mixture of- 2-n-propyl-4-(2-aminoethyl)-1-[2'-
.kt—butoxycarbonyl)bipheny1—4—yl]methylimidazole (10.0 g) and
‘tetrahydrofuran (100 ml) is ‘added a solution of ethyl
glyoxylate hydrate (2.90 g) in tetrahydrofuran at room
temperature. The reaction mixture is stirred overnight,
refluxed for 30 minutes, and evaporated. The residue is
dissolved in chloroform and the solution is washed with 2 %
hydrochloric acid solution, a saturated sodium hydrogen
carbonate sclution and brine. The organic layer is dried.
and evaporatecé. The crude product is crystallized with
oxalic acid from ethanol-ether to give ethyl 2-n-propyl-3-
 [2'-(t-butoxycarbonyl)biphenyl-4-yl])methyl-4,5,6,7-
tetrahydroimidzzo(4,5-c)pyridine-4-carboxylate oxalate (8.45
g).
m.p. 166 - 168°C
NMR (DMSO—dG) § : 0.87 (3H, t), 1.25 (9H, s}, S.10
(1H, s), 5.40 (2H, s) |

Example 63

The compound obtained in Example 62 (1.00 g) is
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unsubsti tuted phenyl group, v) hydrogen atom vi) a substituted or
unsubstituted am no group or vii) a |lower al kenyl group; R is carboxyl
group or a |lower al koxy- carbonyl group; and Ring Ais a substituted or
unsubstituted phenyl group, or a pharmaceuti{gally acceptable salt thereof.
2. The conpound according to claim1l, wherein [err] is i) a |ower alkyl
group which may optionally be

suspended in chloroform. The suspension is washed with a
saturated sodium hydrogen carbonate solution and brine,
dried over magnesium sulfate and evaporated. To a mixture
of the crude substrate (0.75 g), ethoxycarbonylacétié acid
(0.33 g) and methylene chloride (10 ml) is added l-ethyl-3-
(3-dimethylaminopropyl)carbodiimide hydrochloride (0.48 q)
at room temperature. The reaction mixture is stirred for
one hour, and washed with 10 % citric acid solution, a
sgturated sodium hydrogen carbonate solution and brine. The
qrganic layer_is dried and evaporated. The crude product is
purified by silica gel column chromatogfaphy (solvent;
chloroform/ethyl acetate) to give ethyl 2-n-propyl-3-[2'-(t-
butoxycarbonyl}biphenyl—4—yl]methyl-5—ethoxycarbonylacety1—
4-carboxylate (0.70 g). |
FAB-MS (m/z): 618 (MH'), 211 (base)

. NMR (CDCl4) & : 1.12 (3H, t), 1.28 (9H, s), 3.57

(2H, s), 5.37 (2H, ABq)'
.-Exalee 64
" To a mixture of the compound obtained in Example 62

(1.00 g), sodium hydrogen carbonate (1.41 g), chloroform (20
ml) and water (10 ml) is added acetic anhydride (516 mg) ét
room temperature. The mixture is scirred overnight. The
organic layer is separated, washed with brine, dried, and
evaporated. Silica gel column chromatography (solvent;-
chloroform/methanol = 20:1) gives ethyl 2-n-propyl-5-acetyl-

3-(2'-(t-butoxycarbonyl)biphenyl-4-yl)methyl-4,5,6,7-tetra-
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- 72 - substituted by 1 to 2 groups selected from phenyl group, a

hal ogenophenyl group, carboxyl group, a |ower al koxycarbonyl group, cyano
group, a benzyl oxycarbonyl group, a |ower al kylthio group, a | ower

al kyl car bonyl am no group, benzoyl group and a | ower alkyl carbonyl group,
ii) a lower alkoxy group, iii) a 5- or G- myrbered heterocyclic group

sel ected

hydroimidazo[4,5~c)pyridine—-4-carboxylate (0.90 g) as a
white foam.

FAB-MS (m/z): S46 (M'), 211 (base)

NMR (CDC13) § : 0.94 (3H, t), 1.28 (9H, s), 5.37
(2H, RBg), 6.02 (1H, s)

Examﬁle 55

The compound obtained in Example 62 (1.0 g) is
treated in the same manner -as in Example .64 with using
propionyl chloride (0.23 g) instead of acetic anhydride to
give ethyl~2-n—propyl—5—prdpiony;-B-[2'—(t—butoxycarbonyl)-
biphenyl—4—y1]methyl—4,5,6,7—tetrahydroimidazo[4,S-c]—
pyridine-4-carboxylate (0.82 g) as a white foaq.

FAB-MS (m/z): 560 (MHT), 211 (base)

NMR (CDCl3) § : 0.94 (3H, t), 1.2x2 (3H, t), 1.18
(3H, t), 1.29 (9H, s) |

Example 66

The compound obtained in Example 62 (1.00 g) is
;reated in the same.ménner as in Example 64 with using ethyl
chloroformate (0.27 g) instead of acetic anhydride to give
ethyl 2-n-propyl-S—ethoxycarboﬁyl-B—[2'-(t—butoxycarbonyl)J
biphenyl—4-y1]methyl—4,5,6,7-tetrahydroimidazo[4,S;C]—
pyridine-4-carboxylate (0.82 g) as a white foam.

FAB-MS (m/z): 576 (MHY), 211 (base)

NMR (CDCly) & : 0.95, 0.96 (3H, t), 1.12 - 1.31

(15H, m), 5.22 - 5.60 (3H, m)

Example 67
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frompyridyl group, furyl group and thienyl group, iv) phenyl group, v)

hydr ogen atom vi) a di(lower alkyl)amno group or vii) a |ower alkenyl
group; and Ring Ais a phenyl group substituted by a group selected froma
protected or unprotected tetrazolyl group, carboxyl group and a | ower

al koxycarbonyl group. 3. The conpound accaradi-ng to any one of clainms 1 and
2, wherein Z is oxygen atom and Ring Ais a phenyl group substituted by a-
group selected fromtetrazolyl group,

The mixture of ethyl 2-n-propyl-3-[2'-(t-butoxy-
carbonyl)biphenyl-4-yl]methyl-S-ethoxycarbonylacetyl-
4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-carboxylate (657
mg), trifluoroacetic acid (3 ml) and methylene chloride (10
ml) is stirred overnight at room femperature. The reaction
mixture is washed with a saturated sodium hydrogen carbonate
solution and brine, dried, and evaporated. The crude
product is purified by silica gel column chromatography
(solvent; chloroform/methanol) to give ethyl 2-n-propyl-3-
(2'-carboxybiphenyl~-4-yl)methyl-5-ethoxycarbonylacetyl-
4,5,6,7—tetrahydroimidazo[4,5-c]pyridine-4-carboxylate (516
mg). _

FAB-MS (m/z): 562 (MHT), 211 (base)

NMR (CDC13) § :.0.76 (3H, t), 3.55 (2H, s), 5.34
(2H, ABq)

Examples 68 ~ 70

The compounds obtained in Examples 64 to 66 are
treated in the same manner as in Example 67 to give the

following compounds listed in Table 8.
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car boxyl group and a | ower al koxycarbonyl group. 4. The conpound according
to any one of clainms 1, 2 and 3, wherein [err] is a |lower alkyl group. 5.
-The conmpound according to any one of clainms 1, 2, 3 and 4, wherein [err] is
a lower alkyl group; [err] is a |ower alkylcarbonyl group; and Ring Ais a
phenyl group substituted by a group selediled fromtetrazolyl group and
carboxyl group. 6. The conpound according to claimb5, wherein Ring

Table 8
N
CH4CH,CH, / l

Ex. R NMR (CDClj) & DI-EI-MS (m/2)

0.79 (3H, t) 489 (M%)
68 ~CH, 2.18 (3H, s)

5.93 (l1H, s) 416 (base)

0.81 (3H, t) 503 (M)
69 -C,He 1.15 (3H, t)

1.18 (3H, t) 430 (base)

5.91 (1H, s) .

0.68, 0.75 (3H, t) 519 (M7)
70 -0C,Hg ©1.13-1.51 (8H, m)

5.15-5.54 (3H, m) 446 (base)

Example 71

2-Ethyl—4—(2-aminoethyi)—l-[2'-(l-trityl—lH—
tetrazol-5-yl)biphenyl-4-yllmethylimidazole (7.48 g) is
dissolved in tetrahydrofuran (60 ml) to which is added ethyl
glyoxylate hydrate (1.56 g). The reaction mixture is
stirred overnight at room temperaturé and then refluxed for
one hour. The solution is evaporated and the residue is
‘purified by silica gel column chromatography (solvent;

chloroform/methanol) to givé ethyl 2-ethyl-3-[2'-(l-trityl-
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Ais a tetrazolyl-substituted phenyl group; and R is carboxyl group. 7.
2-n-Propyl -5-acetyl -3-[2'-(1Htetrazol -5-yl)- - 73 -

bi phenyl - 4-yl ] net hyl -4, 5, 6, 7-t et rahydr ot m dazo[ 4, 5-c] -

pyri di ne-4-carboxylic acid or a pharnaceuuiuﬂly accept able

l1H-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-tetrahydro-
imidazo[4,5-c]pyridine-g-carboxylate (5.54 g) as a foam,
characterized as its oxalate.

m.p. 142 - 146°C

NMR (DMSO-dg) & : 4.93 (1H, s), 5.23 (2H, s)

Example 72

A solution of ethyl 2-ethyl-3-[2'-(l-trityl-1E-
tetrazol-s-yl)biphenyl-4—yl]methyl—4,5,6,7—tetrahydro—
imidazo[4,5-c]pyridine—4-carboxylate (1.94 g), monoethyl
malonate (0.74 qg), l-(3—dimethylaminopropyl)—3-ethyl—

"carbodiimide hydrochloride (0.80 g), triethylamine (1.40 g)
in dichlo;omethane (20 ml) is stirred overnight at room
temperature. %The reaction mixture is washed with water and
dried over sodium sulfate, and then evaporated. The residue
is dissolved in ethanol (30 ml), fumaric acid (2.00 g) is
added, and the solution is refluxed for three hours. The
solvent is evaporated and the residue is treated with a
saturated sodium hydrogen carbonate solution and then
extracted with chloroform. The organic layer is dried and
evaporated. Purification by silica gel column
chromatography (solvent; chloroform/methanol) gives ethyl 2-

'ethyl—3-[2'—(lH—tetrazol-S-yl)biphenyl—4—yl]methyl—s—ethoxy—
carbonylacety1—4,S,6,7—tetrahydroimidazo[4,5—c]pyridine—{f
carboxylate (1.07 g) as a foam.

NMR (CDCl3) § : 5.29 (2H, s), 5.48 (1H, s), 6.92
(2H, 4), 7.10 (2H, d)

This is the replacement sheet
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salt thereof. 8. 2-n-Butyl-5-acetyl-3-[2'-(IHtetrazol-5-yl)-

bi phenyl -4-yl ] et hyl -4, 5, 6, 7-t et rahydr oi m dazo[ 4, 5-c] -

pyri di ne-4-carboxylic acid or a pharnmaceutically acceptable salt thereof.
9. 2-n-Butyl-5-propionyl-3-[2'-(IHtetrazol-5-yl)-

bi phenyl - 4-yl ] net hyl - 4, 5, 6, 7- t et r ahydr &i fi3dazo[ 4, 5-c] -

pyri di ne-4-carboxylic acid -and a pharmaceutically acceptable salt thereof.

Example 73

A mixture of ethyl 2-ethyl—3-[2'-(l-tri£yl-1H—
tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7-tetrahydro-
imidazo([4,5-c]pyridine-4-carboxylate (1.51 g), acetic
anhydride (0.44 g), sodium hydrogen carbonate (1.09 g).,
chloroform (18 ml) and water (18 ml) is stirred overnight at
room temperature. The aqueous layer is extracted with
chloroform, and the combined organic layer is washed with
agueous citriclacid solution and brine, driéd, and
evaporated. To the residue (1.46 g) is added fumaric acid
(1.2 g) and ethanol (20 ml), and the mixture is refluxed for
four hours, then evaporated. The residue is treated with a
saturated sodium hydrogen carbonate solution and theﬁ
extracted with chloroform. The organic layer is dried and
evaporated. Purification by silica gel column
chromatography (solvent; chloroform/methanol) gives ethyl 2-
ethyl-5-acetyl-3-[2'-(lH-tetrazol-5-yl)biphenyl-4-yl)methyl-
4,5,6,7-tetrahydroimidazo[4,S—c1pyridine—4—carboxylate (0.76
95 as a white foam.

FAB-MS (m/z): 500 (M+l, base), 207

NMR (CDCl3) & : 1.30 (3H, t), 2.16 (3H, s}, 5.30
(2H, s), 5.45 (1lH, s)

Example 74

To a solution of 2-ethyl-4-(2-aminoethyl)-1-[2'-(t-
butoxycarbonyl)biphenyl-4-yl]methylimidazole (5;30 g) in

tetrahydrofuran (40 ml) is. added ethyl glyoxylate hydrate

This is the replacement sheet



10. A process for preparing an i mdazopyridine derivative of the fornula

[I]: NJerr] wherein-[err] is hydrogen atomor a |ower alkyl group; [err]

bs hydrogen atom a lower alkylsulfonyl group or a group of the z formula:
[err] in which Z is oxygen atom or two hydrogen atons, and [err] is i) a

substituted or unsubstituted | ower - 44

(1.67 g). The reaction mixture is stirred overnight at room
temperature and then refluxed for two hours. The solvent is
evaporated and the residue is purified by silica gel column
chromatography (solvent; chloroform/methanol) to give ethyl
2-ethyl-3-(2'-(t-butoxycarbonyl)biphenyl-4-yl]methyl-
4,5,6,7-tetrahydroimidazo(4,5-c)pyridine-4-carboxylate (5.90
g) as a yellow oil.

FAB-MS (m/z):- 490 - (M+1), 211 (base)

NMR (CDC13) § : 1.22 (3H, t), 1.28 (%9H, s), 1.31
(3H, t), 4.36 (1H, s)

Example 75

A mixture of ethyl 2-ethyl-3-(2'-(t-butoxy-
carbonyl)biphenyl¥4—yl]methyl—4,5,6,7—tetrahydroiﬁidazo[4,S—
c]p}ridine—4¥carboxylate (2.26 g), acetic anhydride (0.94
g), sodium hydrogen carbonate (2.33 g), chloroform (18 ml)
and water (18 ml) is stirred overnight at room
temperature. The organic layer is separated, washed with
brine, dried, and evaporated. .The residue is purified by
gilica gel column chromatography (solvent; |
chloroform/methanol) to give ethyl 2-ethyl-5-acetyl-3-[2'-
(t—butoxycarbonyl)biphehyl-4-yl]methyl—4,5,6,7-tetrahydro-
imidazo[4,5-c)pyridine~4~-carboxylate (2.10 g).as a white
foam.

FAB-MS (m/z): 532 (M+l), 211 (base)

NMR (CDC13) § : 1.13 (3H, t), 1;28 (9H, s), 2.22

(3H, s), 6.05 (1H, s)
. This is the replacement sheet
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al kyl group, ii) a lower alkoxy group, iii) a 5- or 6- menbered
“heterononocyclic group, iv) a substituted or - 74 - unsubstituted phenyl
group, Vv) hydrogen atom vi) a substituted or unsubstituted am no group or
vii) a lower al kenyl group; R3 is carboxyl group or a | ower

_45_

Example 76

A solution of ethyl 2-ethyl-3-[2'-(t-butoxy-
carbonyl)biphenyl-4-yl]lmethyl-4,5,6,7-tetrahydroimidazo[4,5-
clpyridine-d4-carboxylate (1.72 g), monoethyl malonate (0.94
g}, l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (1.02 gj, triethylamine (1.78 g) in dichloro-
methane (20 ml) is stirred overnight at room temperature.
The reaction mixture-is-washed with water-and dried over
sodium sulfate and then evaporated. The residue is purified
by silica gel column chromatography (solvent; chloroform/
methanol) to give ethyl 2-ethyl-3-[2'-{t-butoxycarbonyl}-
biphenyl-é-yl]methyl—5-ethoxycarbony1acetyl—4,S,6,7—tetra—
hydroimidazo[4,5-c]pyridine-4-carboxylate {1.57 g) as an

. oil.

NMR (CDC13) § : 1.12 (3H, t), 1.28 (9H, s), 5.35
(2H, g), 6.00 (1lH, s)

Example 77

To a solution of the above product (2.05 g) in
dichloromethane (20 ml) is added trifluorocacetic acid (6
ml). The reaction mixture is stirred at room temperature
overnight, and then evaporated. The residue is dissolved in
chloroform and washed with a saturated sodium hydrogen
carbonate solution. The organic layer is dried over sodium

sulfate and then concentrated to give the crude product

This is the replacement sheet
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"al koxycarbonyl group; and Ring Ais a substituted or unsubstituted phenyl
group, or a pharnmaceutically acceptable salt thereof, which conprises
.reacting a conmpound of the forrmula [Il]: [err] wherein [err] and [err] are
the sane as defined above, or a salt thereof with a conpound of the fornula
[111]: [err] wherein Ring Ais the sang_afsdgfined above and [err] a

which is purified by silica gel célumn chromatography
(solvent; chloroform/methanol) to give ethyl 2-ethyl—3—é2'—
carboxybiphenyl-4-yl)methyl-5~ethoxycarbonylacetyl-4,5,6,7-
tetrahydroimidazo[4,5-c]pyridine-4-carboxylate (1.17 g) as a
white foam.

NMR (CDCI3) § : 0.98 (3H, t), 1.16 (3H, t), 1.27
(3H, t), 5.33 (24, q), 6.00 (1H, s)

Example 78

The compound obtained in Example 75 (2.05 g) is
treated in the.same manner as in Example 67 to give ethyl 2-
ethyl-S-acetyl-3-(2'-carboxybiphenyl-4-yl)methyl-4,5,6,7-
tetrahydroimidazo{4,5-c]lpyridine-4-carboxylate (1.53 g) as a
white Eoam.

FAB-MS (m/z): 476 (M+l), 211 (base)

NMR (CDC13) § : 1.00 (3H, t), 2.20 (3H, s), 6.00
{1H, s), 6.95 (28, d4)

Example 79
. A mixture of ethyl 2—n—propyl—3—[2'—(t—butoxy—.
carbonyl)biphenyl-4-yl)methyl-4,5,6,7-tetrahydroimidazo(4,5~
c]pyridine—4-carboxylate (0.20 g), potassium'carbonate -
(0.082 g), allyl bromide (0.057 g) and tetrahydrofuran (2
ml) is stirred overnight at room temperature. To the
mixture is added chloroform,fand the mixture is washed,
dried and evaporated. The residue is pufified by silica gel
coiumn chromatography (soivent; chloroform/methanol) to give

ethyl 2-n-propyl-5-allyl-3-{2'~(t-butoxycarbonyl)biphenyl-4-
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reactive residue, if necessary, followed by converting the product into a
pharmaceutical |y acceptable salt thereof. 11. A process for preparing an
b m dazopyridine derivative of the fornmula [I1-a]: [err] - 75 -

...4‘7_

yl)methyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
carboxylate (0.128 g}.

FAB-MS (m/z): 544 (M+l), 211 (base)

NMR (CDClj) & : 0.96 (3H, t), 1.19 (3H, t), 1.30
(9H, s), 4.25 (lH, s) |

Example §0

To a2 mixture of ethyl 2-n-propyl-3-(2'-(t-butoxy-
carbonyl)biphenyl-4-yl)methyl-4,5,6,7-tetrahydroimidazo(4,5-
c]pyridine~4-carboxyiate.(0.65 g), potassium carbonate
{0.533 g) and dimethylformamide (6 ml) is added benzyl
bromide (0.33 g). The mixture is stirred at room.
temperature for one hour, then diluted with ethyl acetate.
The solution is washed with water, dried, and evaporated.
The residue is purified by silica gel column chromatography
(solvent; chloroform/methanol) to give ethyl 2-n-propyl-5-
benzyl-3-{2'~(t-butoxycarbonyl)biphenyl-4-yl]lmethyl~4,5,6,7-
tetrahydroimidazo{4,5-c]pyridine-4-carboxylate (0.49 g).

FAB-MS (m/z): 594 (M+l), 91 (base)

NMR (CDC13) § : 0.96 (3H, t), 1.16 (3H, t), 1.28
(9H, s), 4.22 (1lH, s)

Example 81

The compound obtained in Example 79 is treated in
the same manner as in Examplé 67 to give ethyl 2-n-prcpyl-5-
allyl-3-(2'-carboxybiphenyl-4-yl)methyl-4,5,6,7-tetrahydro-

imidazo([4,5-c)pyridine-4-carboxylate.

This is the reptacement sheet
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\;\,herei n [err] is hydrogen atomor a |ower alkyl group; R3 is carboxyl group
or a | ower al koxycarbonyl group; and Ring Ais a substituted or
unsubstituted phenyl group, or a pharmaceutically acceptable salt thereof,

whi ch conprises reacting a conpound of the fornul a[IV]: [err] wher ei n
[err] and Ring A are the sane as defined agove, or a salt thereof, with a

compound of the forrmula [VI: [err]

FAB-MS (m/z): 488 (M+l), 43 (base)
NMR (CDC13) § + 0.74 (3H, t), 1.18 (3H, t), 4.34
(1H, s)
Example 82
The compound obtained in Exampie 80 is treated in
the same manner as in Example 67 to give ethyl 2-n-propyl-5-
benzyl—3—(2'-carboxybiphenyl—4-yl)methyl-4,5,6,7—tetrahydro—
imidazo[4,5-c]pyridine-4-carboxylate.
FAB-MS (m/z): 538 (M+l), 91 (base)
.NMR (CDC13) § ¢ 0.77 (3H, t), 1.09 (3H, t), 3.63
(1H, d), 3.76 (1H, d4), 4.18 (1lH, s)
Example 83
A mixture of 2-n-propyl-4-(2-aminocethyl)-1-[2'-(1-
trityl—lH—tetrazol—S;yl)biphenyl-4—yl]methylimidazole (6.92
- g), ethyl glyoxylate hydrate (1.30 g) and tetrahydrofuran .
(70 ml) is stirred overnight at room temperature. The
mixture is evaporated, and the residue is purified by silica
gel column chromatography (solvent;.cﬁloroform/ethanol) to
give ethyl 2—n-ptopyl-3—[2'-(l—trityl—lH-tetrazol-S—yl)—
biphenyl-4-yl]methyl-4,5,6,7-tetrahydroimidazo(4,5-¢)-
pyridine-4—carboxylate (5.32 g) as a foam.
FAB-MS (m/z): 714 (M+l), 243 (base)
NMR (CDCl4) & : 0.90 (3H, t), 1.21 (3H, t), 1.92.
(brs), 4.17 (1H, s), 5.10 (2H, ABqQ)
- Example 84

A mixture of ethyl 2—n-propyl-3—(2'—(1—trityl—lH-
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wherein [err] is the same as defined above or a salt thereof, if necessary,
foll owed by converting the product into a pharmaceutically acceptable salt
thereof. 12. A process for preparing an. im dazopyridine derivative of the
formula [1-b]: [err] 49

tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7~tetrahydro-
imidazo(4,5-c)pyridine-4-carboxylate (2.00 g), potassium
carbonate (1.16 g), ethyl bromide (0.61 g) and dimethyl-
formamide (10 ml) is stirred overnight at room
temperature. The mixture is diluted with ethyl acetate, and
the solution is washed with water, dried and evaporated.
The residue is purified by silica'gel column chromatography
(solvent; chloroform/methanol) to 'give ethyl 5-ethyl-2-n-
propyl-3-(2'-({l-trityl-lH~tetrazol-5-yl)biphenyl-4-yl]-
methyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine—-4-
‘carboxylate (1.12 g) as a white foam.

- PAB-MS (m/z): 742 (M+l), 243 (base)

NMR (CDClj) & : 0.88 (3H, t), 0.97 (3H, t), 1.15
(3H, t), 4.15 (1H, s)

Example 85

A mixture of ethyl 2-n-propyl-3-[2'-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-yl])methyl-4,5,6,7-tetrahydro-
imidazo(4,5-c]lpyridine-4~carboxylate (2.00 g), potassium
éarbonate (1.16 g), benzyl bromide (0.72 g) and dimethyl-
formamide (10 ml) is stirred under ice-cooling for two
hours. The mixture is diluted with ethyl acetate, and the
solution is washed with water, dried and evaporated. ' The
residue is purified by silica gel column chromaﬁography
(solvent; n-hexane/ethyl acetate) to give ethyl 5-benzyl-2-
'n—propyl—B—[Z'—(l—trityl—lH-tetrazol—S—yl)biphenyl—4—yl]-

methyl-4,5,6,7-tetrahydroimidazo(4,5~c]pyridine-4-~

This is the replacement sheet

‘ﬂ‘.

T4 MAY 1997

Date:



- 76 - wherein [err] is hydrogen atomor a |lower alkyl group; R2Z1 is a z
| oner al kyl sul fonyl group or a group of the fornmula: [err] in which Zis
oxygen atom or two hydrogen atonms, and [err] is i) a substituted or
unsubstituted lower alkyl group, ii) a |lower alkoxy group, iii) a 5- or
6- menber ed het erononocyclic group, iv) a s\Wostituted or unsubstituted
phenyl group, v) hydrogen atom vi) a substituted or unsubstituted am no

carboxylate (1.50 g) as a white foam.

FAB-MS (m/z): 804 (M+l), 243 (base)

NMR (CDCl3) § :0.87 (3H, t), 1.13 (3H, t), 3.64
(1H, 4), 3.77 (1H, d4), 4.13 (1lH, s)

Example 86

A mixturé of ethyl S-—ethyl-2-n-propyl-3-[2'-(1-
trityl-l1H-tetrazol-5-yl)biphenyl-4-yl]methyl-4,5,6,7~
tetrahydroimidazo(4,5-c]pyridine-4—-carboxylate (l;lO g),
fumaric acid (1.2 g) ane ethahol (20 ml) is refluxed for one
hour. The mixture is evaporated, and the residue is
dissolved in chloroform, and the mixture-is washed with a
saturated sodium hydrogen carbonate solution and brine,
dried and evaporated. The residue is purified by silica gel
column chromatography (solvent; chloroform/methanol) to give
ethyl 5-ethyl-2-n-propyl-3-[2'~(lH~tetrazol-5-yl)biphenyl-4-
yl]methyl—4,5,6,7—tetrahydroimidazo[4,S-c]pyridine—4-
carboxylate (0.65 g) as a white foam.

FAB-MS (m/z): 500 (M+l1), 43 (base)

NMR (CDCl;) 6 : 0.88 (3H, t), 0.99 (3H, t), 1.05
(3H, t)}, 4.05 (1lH, s)

Example 87

The compound obtained in Example 85 is treated in
the same manner as in Example 86 to give ethyl 5-benzyl-2-n-
propyl-3-[2'-(1H-tetrazol-5-yl)biphenyl-4-yl)methyl-4,5,6,7-
tetrahydroimidazo{4,5~c])pyridine-4-carboxylate.

FAB-MS (m/z): 562 (M+l), 91 (base)

NMR (CDCl3) & : 0.89 (3H, t), 1.03 (3H, t), 3.54

1H, d), 3.68 (lH, d), 4.02 (1H, |
( ) ( ) ( s) This is the replacement sheet
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group or vii) a |lower al kenyl group; R3 is carboxyl group or a |ower

al koxycarbonyl group; and Ring Ais a substituted or unsubstituted phenyl
group, or a pharnaceutically acceptable salt thereof, which conprises
reacting a conpound of the formula [1-a]: [err] wherein [err] and Ring A
are the sanme as defined above, or a sal+ $hereof wth a conmpound of the
formula [VI]: [err]

Examples 88 - 102

The compounds obtained in Examples 52 to 56, 59, 68
to 70, 73, 78, 81, 82, 86 and 87 are treated in the same
manner as in Example 8 to give the following compounds

listed in Tables 9 to 12.

Table 9
N
CH;(CH,) / ‘
NCOR
N (
COOH » 2Na salt
Tet
(Tet: 1H-Tetrazol-5-yl group)
Ex. R NMR (D20) § FAB—-MS (m/2)
0.87 (3H, t) 582 (M+1l)
88 / \ 6.23 (2H, dd) 155 (base)
o] _
0.89 (3H, t) ' 558 (M+1)
89 —CH(CH3)2 0.44, 0.96, 1.04, 1.14 154 (base)
(6H, d)
0.70-1.19 (6H, m) 566 (M+Na)
90 ~-CH,CH4 5.14-5.78 (3H, m) 544 (M+1)
154 (base)
_ 0.76-0.92 (6H, m) 632 (M+Na)
91 -{CH,),COO0Na 5.18-5.78 (3H, m) 610 (M+1).
- 154 (base)
0.82 (3H, t) 582 (M+Na)
92 —~OCH,CH4 0.94, 1.26 (3H, t) 560 (M+1l)
154 (base)
0.81, 0.93 (3H, each t) 609 (M+Na)
93 -CH,NHCOCH 4.06, 4.56 (lH, each dd) | 587 (M+1)
4.45, 5.68 (1lH, each s) 154 (base)
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wherein R21 is the sanme as defined above, and [err] is hydroxyl group, a
salt or a reactive derivative thereof, if necessary, followed by converting
t-he product into a 77 pharnmaceutically acceptable salt thereof. 13. A
process for preparing an im dazopyridi ne
_ - 52 ~

Table 10

N
CH3(CH2)2*<? I | COR
_ N r/’

e 2Na salt
Ex.| R | m.p.. NMR (D,0) § FAB-MS (m/z)
_ ' : 0.88, 0.95 528 (M+Na)
94 -CHq >300°C (3H, each t) 506 (M+1)
1.72, 2.21 177 (base)
(3H, each s)
: i 0.72, 0.87 542 (M+Na)
95 —CHZCH3 >300°C | (3H, each t)
0.97, 1.10 : 520 (M+1)
(3H, each t)
- 0.86 (3H, t) 582 (M+Na)
96 | —-OCH,CH3 | >280°C | 1.27 (3H, t) 560 (M+1)
177 (base)

" This is the replacement sheet

Date: 24 MAY 1991



derivative of the fornula [I1-e]: [err] wherein [err] is hydrogen atomor a
| ower al kyl group; R24 is a carboxy-|ower al kylcarbonyl group; R3 is

car boxyl group or a | ower al koxycarbonyl group; and Ring Ais a substituted
or unsubstituted phenyl group, or a pharmaceutically acceptable salt

t hereof, which conprises subjecting a conpd®iingd of the forrmula [I-d]: [err]

Table 11

' N
cHqcH,<” |
- NCOCHj
T

e 2Na salt
Ex.| R NMR (D,0) & FAB-MS (m/z)
1.06-1.16 (3H, m) 538 (M+Na)
97 Tet 1.71, 2.04 (3H, each s) 516 (M+1)
5.50, 6.01 (1H, each s) : 177 (base)
1.15 (3H, t) : 514 (M+Na)
98 -COCH 1.75, 2.03 (3H, each s) 492 (M+1)
5.97, 6.31 {1H, each s) 177 (base)

Tet: lH-Tetrazol-5-yl group

Thhistheremadémentshoet
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wherein [err] and Ring A are the same as defined above,and R23 is a | ower
al koxycar bonyl -1 ower al kyl carbonyl group, or a salt thereof to hydrolysis,
i f necessary, followed by converting the ‘product into a pharmaceutically

acceptabl e salt thereof. - 78 -
...54...

Table 12

N
/
CH3(CH2)2“<1 ] | a2
A

* 2Na salt
Ex.| R? RY NMR (D,0) FAB-MS (m/z)
0.82 (3H, t) | 538 (M+Na)
99 | -CH,CH,4 Tet - | 0.99 (3H, t) | 516 (M+1)

' 4.01 (1H, s) 177 (base)
| 0.88 (3H, t) | 600 (M+Na)
100 -CH24<::> Tet 3.84 (1H, s) | 578 (M+¥l)

4.94 (1H, d) | 177 (base)
0.90 (3H, t) | 526 (M+Na)
101 | -CH,CE=CH, -COOH | 3.99 (1H, s) [ 504 (M+1)
- 7.05 (2H, d) | 177 (base)
0.93 (3H, t) | 554 (M+l)
102 -CH2«<::> -COOH | 3.52 (1H, d) 177 (base)
3.78 (1H, d)

Tet: lH-Tetrazol-5-~yl group

Example 103

To a solution of ethyl 2-n-propyl-5-acetyl~-3-(2'-
(lH—tetrazol—S-yl)biphenyl—4—yl]methyl—4,S,6,7-tet;ahydro~
imidazo(4,5-clpyridine~4-carboxylate (50.0 g) in methanol
(500 ml) is édded 4 N aqueous sodium hydroxide solution (50
ml) under ice-cooling. The mixture is stirred overnight at

room temperature, then evaporated. The residue is

Thig is the replacament sheet
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14. The process according to any one of clains 10, 11, 12 and 13, which
conprises, when Ring Ais a protected tetrazol yl-substituted phenyl group,
renoving a protecting group for said tetrazolyl group, if necessary,

foll owed by converting the product into a pharmaceutically acceptable salt
thereof. 15. A pharnmaceutical conpositt dt® vhich conprises a therapeutically
effective anobunt of the conpound as set forth in claiml in adm xture with
a conventi onal

recrystallized from ethanol to give 2—n-propyl-54acetyl-3—
[2'-(lH-tetrazol—S—yl)biphenyl-4—§l]methyl-4,5,6,7—tetra—
hydroimidazc({4,5-clpyridine—~4-carboxylic acid disodium salt
{44.3 g}.

m.p. >300°C

FAB-MS (m/z): 552 (M+Na), 530 (M+l), 177 (base)

HMR (D5,0) § : 0.81 -.0.93 (3H, m), 1.67, 2.02 (3H,
each s), 4.53, 5.44 (1H, each s) |

Reference Example 1

Methyl 4,5,6,7~-tetrahydroimidazo(4,5-clpyridine-4-
carboxylate is treated in the same manner as Example S to
giVe methyl S—dipﬁenylacetyl—4,5,6,7—tetfahydroimidazo[4,5—
c]pyridine-é—carbbxylate as a pale yellow foam.

NMR (CDCl3) & : 3.68 (3H, s), 6.07 (1H, s)

Reference Example 2

(1) 1-t-Butoxycarbonyl-4-{2-(t-butoxycarbonyl~
amino)ethyllimidazzole (78.1 g) is dissolved in acetonitrile
(500 ml), and thereto is added methoxymethyl chloride (22.2
g). The mixture is stirred at room temperature overnight,
and poured intc aqueous 10 % sodium carbonate solution, and'
extracted with athyl acetate. The extract is washed, driéd
and evaporated to give 5-{2-(t-butoxycarbonylamino)ethyl}-1-
methoxymethylimidazole (54.4 g) as an oil.

NMR (CDCl,) & : 1.43 (9H, s), 3.27 (3H, s), 5.20
(2H, s) B

(2) The above compound (55 g) is dissolved in
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tetrahydrofuran (1.5 liter), and the mixture is cooled to
-40°C. To the mixture is added dropwise 1.6 M n-butyl
lithium/n-hexane solution (150 ml), and the mixture is
stirred for 30 minutes. To the mixture is added
hexamethylphosphamide (150 ml), and thereto is further added
n-butyl lithium (137 ml), and n~butyl iodide (37.5 g) is
added dropwise to the mixture while the temperature thereof
is kept at -30°C. The mixture is stirred for 10 minutes,
and the reaction is quenched with agqueous ammonium chloride
solution. Ethyl acetate is-added to the reaction mixture,
and the organic layer is collected, washea, dried and
evaporated to remove the.solvent. The resulting oily
residue ié.purified by silica gel column chromatography
(solvent; chloroform/ethyl acetate/methanol = 32:8:1) to
give 5-{2-(t-butoxycarbonylamino)ethyl]-2~n-butyl-l-methoxy-
methylimidazole (44.8 g) as an oil.

NMR (CDCi3) § :+ 0.94 (3H, t), 1.44 (S9H, s), 3.27
(3H, s), 5.09 (2H, s)

(3) A mixture of the above compound (80.7 qg),
ethyl chorocarbonate {(84.5 g) and chloroform (1.3 liter) is
refluxed for 2.5 hours, and evaporated to remove the | |
solvent. Ethanol (300 ml) and 10 % aqueous sodium hydroxide
solution (200 ml) are added to the residue, and the mixture
is stirred under ice-cooling for 20 minutes. The solvené is
distilled off, and chloroform and water are added to the

residue. The chloroform layer is dried and evaporated. The
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resulting residue is recrystéllized from isopropyl ether to
give 4-(2-(t-butoxycarbonylamino)ethyl]-2-n-butylimidazole
(50.3 g).

m.p. 118 - 120°C

(4) The above compound is treated in the same
‘manner as in Example 1l to give 4-[2-(t-butoxycarbonylamino)-
ethyl)-2-n-butyl-1-[2'-(1l-trityl-1H-tetrazol-5-yl)biphenyl-
4-yl)methylimidazole.

NMR (CDC13) § : 0.89 (3H, t), 1.43 (9H, s), 4.85
(2H, s)

(5) A mixture of the above compound (15.2 g), 10 %
hydrochloric acid (40 ml) and methanol (60 ml) is refluxed
for one hour. After the reaction is compleféd, the mixture
is evaporated to remove the methanol, and the aqueous layer
is washed and concentrated to dryness under reduced
pressure. The resulting residue is subjected tb azeotropic
distillation with dry toluene to give crude 2-n-butyl-4-(2-
aminoethyl)-1-({2'-(1H-tetrazol-S-yl)biphenyl-4~yl]lmethyl-
imidazole hydfochloride (9.7 g) as a caramel.

FAB-MS (m/z): 402 (M+H) (base)

NMR (DMSO-ds) § : 0.84 (3H, t), 1.43 (9H, s), 5.40
(2H, s) |

Reference Example 3

(1) 2—Propyl-4-hydroxymethylimidazoie (2.61 g) is
added to thionyl chloride (4.5 ml), and the mixture is

heated azt 50°C for two hours. The solvent is distilled off,
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and the residue is dissolved in dimethylformamide (20 ml),
and the mixture is added dropwise to a solution of sodium
cyanide (5.47 g) in dimethylformamide (120 ml). The mixture
is stirred at room temperature overnight, and evaporated to
remove the solvent. To the resulting residue is added ethyl
acetate, and the mixture is washed, dried and evaporated.
The residue is purified by silica gel column chromatography
(solvent; ethyl acetate) to give 2-n-propyl-4-cyanomethyl-
imidazole (3.08 g) as an oil.

NMR (CDCl3) & : 0.85 (3H, t), 3.67 (2H, d)

(2) The above product (3.08 g) is dissolved in
acetic acid (30 ml), and thereto is added 10 %.hydrochloric
acid (10 ml). The mixture is subjected to catalytic
hydrogenation using platinum 6xide as a catalyst. &after the
reaction is.completed, platinum oxide is removed by
filtration, and the filtrate is evaporated under reduced
pressure to give 2-n-propylhistamine hydrochloride (4.83
9)-

| (3) A mixture of the above compound (4.83 g).
phthalic anhydride (3.04 g), sodium acetate (6.10 g) and
acetic acid (50 ml) is refluxed for 19 hours. The m;xture
is evaporated under reduced pressure, and water is added to
the resulting residue. The mixture is neutralized with
sodium hydrogen carbonate, and extracted with chloroform.
The extract is dried, and evaporated, and the resulting

residue is purified by silica gel column chromatography
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(solvent; chloroform/methanol = 20:1) to give 2-n-propyl-4-
(2-phthalimidethyl)imidazole (2.72 g).

m.p. 137 - 139°C

NMR (CDCl;) & : 0.90 (3H, t), 3.95 (2H, t), 7.61-
7.86 (4H, m)

Reference Example 4

The compound obtained in Reference Exahple 3 is
treated in the same manner as in Example 1 to give 2-n-
propyl-4-(2-phthalimidethyl)-1-[2'-(1-trityl-1H-tetrazol-5-
yl)biphenyl-4-yl]lmethylimidazole as foam.
NMR (CDC13) § : 0.86 (3H, t), 4.82 (2H, s)
Oxalate
‘m.p. 112°C (sintered)

Reference Example S

To a mixture of the compound obtained in Reference
Example 4 (4.11 g) and ethanol (100 ml) is added 10 %
hydrazine hydrate (2 ml), and the mixture is stirred at room
temperature for 5 hours. After the reaction is completed,
chloroform is added to the reaction mixture, and the mixture
is washed, dried and evaporated to give crude 2-n-propyl-4--
(2-aminoethyl)=-1-[2'-(1l-trityl~1H-tetrazol-5-yl)biphenyl-4-
yl]méthylimidazole (3.68 g) as an oil.

Reference Example 6 _ -

4-[{2-(t-Butoxycarbonylamino)ethyl}-2-n-butyl-
imidazole (3.0 g) and methyl 4'-bromomethylbiphenyl-2-

carboxylate (3.75 g) are treated in the same manner as in
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Example 1 to give 2-n-butyl-4-(2-t-butoxycarbonylamino-
ethyl)-1-[2'-methoxycarbonylbiphenyl-4-yl]methylimidazole
(2.65 g) as an oil.

EI-MS (m/z): 491 (MV), 225 (base)

NMR (CDC13) § ¢+ 0.91 (3H, t), 3.66 (3H, s), 5.02
(2H, s) '

Reference Example 7

A mixture of the compound obtained in Reference
Example 6, 10 % hydrochloric acid (40 ml) and methanol (60
ml) is refluxed for one hour. After the reaction is
complete, the mixture is evaporated to remove the methanol,
and the agqueous layer is washed and concentrated to dryness
under reduéed pressure. The resulting residue is subjected
to azeotropic distillation with dry toluene to give crude 2-
n-butyl-4-(2-aminoethyl)-1-(2'-methoxycarbonylbiphenyl-4-
yl)methylimidazole hydrochloride.

Reference Example 8

(1) n-Butanamidine hydrochloride (5.0 g) and
potassium carbonate (11.4 g) are suspended in acetonitrile
(100 ml), and the mixture is heated at 80°C to 90°C. To the
mixﬁure is added dropwise a solution of l-bromo-4-phthal-
imidbutan-2-one (10.0 g) in acetonitrile (200 ml) with
stirring, and the mixture is heated at the same temperature
for 1.5 hour. The insoluble materials are removed by
filtration, and the filtrate is concentrated. The resulting

residue is dissolved in ethyl acetate, washed with water,
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dried over sodium sulfate, and evaporated. Fumaric acid is
added to the residue, and the product is recrystallized from
ethanol/ether to give 2-n-propyl-4-(2-phthalimidethyl)-
imidazole % fumarate (9.9 g).

m.p. 185 - 187°C

{2) The'above_fumarate (13.7 g) is suspended in
ethyl acetate/water, and thereto is added sodium hydrogen
carbonate (5.8 g) to give 2-n-propyl-4-(2-phthalimid-
ethyl)imidazole (9.24 g). To a soluﬁion of the product
(9.24 g) and 4-(2'-cyanophenyl)benzyl bromide (9.3 g) in
tetrahydrofuran (150 ml) and dimethylformamide (10 ml) is
added dropwise a solution of potassium t-butoxide (3.84 g)
in tetrahydrofuran (50 ml) at 50°C. The mixture is allowed
to warm to 20°C, and stirred for two hours. The reaction is
quenched with agueous ammonium chloride solution, and the
mixture is extracted with ethyl acetate, and the ethyl
acetate layer is washed with water, and dried over sodium
sulfate, and evaporated to give a colorless oily product
(15.3 g). The product is dissolved in ethanol, and thereto
is added oxalic acid, and the product is recrystallized from
ethanol to give 2-n-propyl-4-(2-phthalimidethyl)-1-(2'-
cyanobiphenyl-4-yl)methylimidazole oxalate (13.44 g).

m.p. 162 - 156°C .

NMR (DMSO—ds) 6§ :+ 0.82 (3H, t), 2.60 - 3.10 (4H,
m), 5.34 (2H, s)

(3) A mixture of 2-n-propyl-4-(2-phthalimidethyl)-
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1—(2'—cyanobiphenyl-4-yl)methylimidazole (0.5 g) and
tributyltin azide (0.70 g) is heated overnight at 110°C. To
the reaction mixture is added 8 % hydrogen chloride ethanol
solution (S ml), and the solution is stirred for 30 minutes
at room temperature, then evaporated. The residue is
dissolved in water (30 ml), and the solution is washed with
.ether. The aqueous layer is neutralized with sodium |
hydrogen carbonate,;and extracted with chloroform. The
chloroform solution is dried, and evaporated. To the
residue (575 mg) are added triphenylchlofomethane (0.38 g),
triethylamine (0.20 ml) and chloroform (5.0 ml). The
solution is stirred for two hours at room temperature, then
washed with a saturated sodium hydrogen carbonate solution
and brine, dried over sodium sulfate, and evaporated. To
the residue is added oxalic acid (0.10 g), and the mixture
is recrystallized from ethanol to give 2-n-propyl-4-(2-
phtalimidethyl)-1-(2'—-(l~trityl-lH-tetrazol-5-yl)biphenyl-4-
yi]methylimidazole oxalate (0.70 g).

m.p. 1l12°C ksintered)

Reference Example 9

To a solution of l-(diethoxy)methylimidazole (260
g) in tetrahydrofuran (5 liters) is added dropwise 1.6 M
solution of n-butyl lithium in hexane (1 liter) at -45°C.
Thirty minutes thereafter, n-butyl iodide (294 g) is added
dropwise to the mixture at the same temperature. The
reaction mixture is stirred overnight at room temperature

and then evaporated. To the residue is added ether (2
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liters), and the solution is extracted with 10 %
hydrochloric acid. The agueous solution is basified with 10
% sodium hydroxide solution, then evaporated with
chloroform. The organic layer is washed, dried and
evaporated. To the crude product (204 g), triethylamine
(170 g) and chloroform (2 liters) is added dropwise a
solution of dimethylsulfamoyl chloride (200 g) in chloroform
(200 ml) under ice-cooling. The mixture is stirred
overnight at room temperature, washed with brine, dried, and
-evaporated. .The.crude product is .purified by distillation
to give 2-n—buty1—l—dimethylsulfamoylimidazole (249.4 g).
b.p. 124°C (1 mmHg)

Reference Example 10

1-(Diethoxy)methylimidazole and n-propyl lithium
are treated in Ehé.éame manner as in Reference Example 9 to
give 2-n-propyl-l-dimethylsulfamoylimidazole.

b.p. 141 - 143°C (3 mmHg)

Reference Example 11

To a stirred solution of 2-ethylimidazole (100 g)
and triethylamine (115 g) in chloroform (800 ml) at 0°C is
added a solution of dimethylsulfamoyl chloride (153 g) in
chloroform (200 ml). The mixture is stirred-overnight at
room temperature. -Water (1.5 liter) is added to the -
reaction mixture after which the organic layer is separated
and concentrated. The residue is dissolved in ethyl acetate
(1 liter) and washed with water, and then dried over sodium

sulfate and concentrated. Distillation gives l-dimethyl-
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sulfamoyl-2-ethylimidazole (182 g) as a éolorless liquid .
b.p. 139 - 142°C (5 mmHg)
NMR (CDCl3) ¢ : 1.37 (3H, t), 2.89 (6H, s), 6.94
(1H, d), 7.23 (1H, 4)

Reference Example 12

Té a stirred solution of the above product (53 g)
in tetrahydrofuran (1 liter) at -78°C is added 1.6 M
solution of n-butyl lithium-in hexane (185 ml).- The
solution is stirred at -78°C for one hour, and thereto is
added a solution of l-t-butexycarbonylaziridine (52 g) in
tetrahydrofuran (300 ml), and further added thereto boron
trifluoride etherate (147 g). The reaction mixture is
stirred for anéther two hours at -78°C after which it is
poured into an ice-cooled saturated agueous solution of
potaésium carbonaté (2 liters). After evaporation of the
_reﬁaining tetrahydrofuran, the aqueous layer is extracted
with ethyl acetate, washed with water and dried over sodium
sulfate, and then concentrated. The residué is purified by
silica gel column chromatography (solvent;
chloroform/methanol) to give l-dimethylsulfamoyl-2-ethyl-5-
[2-(t—butoxycarbonylamino)ethylimidazole (67 g) as a yellow
oil.

‘-NMR (CDC13) § : 1.35 (3H, t), 1.43 (QH; s), 2.87
(6H, s), 6.72 (1H, s) |

Reference Exampie 13

A solution of the above product (67 g) in 10 %

hydrochloric acid (600 ml) is refluxed for two hours. The
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solvent is distilled off under reduced pressure and the
resulting oily black residue is dissolved in acetic acid
(300 ml). After addition of sodium acetate (62 g) and
phthalic anhydride (34 g), the reaction mixture is refluxed
overnight. The reaction mixture is concentrated under
reduced pressure and the residue is triturated in acetone
(300 ml) to give the crude 2-ethyl-4-(2-phthalimidethyl)-
imidazole (26 g) as a white powder.  This product is used. in
the next reaction without further purification.

Reference Example 14

To a solution of the above product (6.56 g) and 2'-
(l-trityl-1H-tetrazol-5-yl)biphenyl-4-ylmethyl bromide (16.3
g) in tetrahydrofuran (100 ml) dimethylformamide.(SO ml) at
-60°C is added potassium t-butoxide (3.0l g). The reaction
mixture is allowed to slowly warm to room temperature in 5
hours and then poured into brine (2 liters), extracted with
ethyl acetate, washed with brine and dried over sodium
sulfate. After concentration, the residue is purified by
.silica gel column chromatography (solvent; hexane/ethyl
acetate) to give 2-ethyl-4-(2-phthalimidethyl)-1-[{2'-(1-
trityl-1H-tetrazol-5-yl)biphenyl-4-yl]lmethylimidazole (10.69
g) as a white foam, characterized as its fumarate.

m.p. 173 - 174°C .

NMR (DMSO—dG) § : 0.92 (3H, t), 2.35 (2H, gq), 2.73
(2H, t), 3.78 (28, t), 4.99 (2H, s)

Reference Example 15

To a solution of the above product (10.69 g) in
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ethanol (150 ml) and tetrahydrofuran (90 ml) at 0°C is added
hydrazine hydrate (6.25 g). The reaction mixture is stirred
overnight at room temperature, filtered through a celite pad
and evaporated. The residue is treated with 0.5 N sodium
hydroxide solution (300 ml) and extracted with chloroform.
The organic layer is dried over sodium sulfate and
concentrated to give the crude 2—ethyl—4—(2-aminoethyl)-l-
[2'-(1-trityl—letetrazol—S—yl)biphenyl-4ey11methylimidazole
(7.48 g) as a foam. This product is used without further
purification.

Reference Example 16

To a solution of 2—ethyl—4—(2-phthalimidethy1)—.
imidazole (9.00 g) and 2'~-(t-butoxycarbonyl)biphenyl-4-yl=
methyl bromide (13.93 g) in tetrahydrofuran (150 ml) and
dimethylformamide (100 ml) at -60°C is added potassium t-
butoxide (4.12 g). The reaction mixture is allowed to
slowly warm to room temperature in four hours and then
poured into water (100 ml). Tetraﬂydrofuran is removed
under reduced pressure and the aqueous layer is extracted
with ethyl acetate. The organic layer is washed with brine,
dried over éodium sulfate and then evaporated to givé an
oily residue. Purification by silica gel column
chromatography (solvent; hexane/ethyl acetate) gives 2- -
ethy1—4-(2-phthélimidethyl)—l—[2'—(t—butylcarbonyl)biphenyl—
4-yl]methylimidazole (9.39 g) as an oil.

NMR (CDC13) § : 1.20 (3H, t), 1.25 (9H, s), 5.02
(2H, s), 6.64 (1H, s)
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Reference Example 17

The compound obtained in Reference Example 16 is
treated in the same manner as in Reference Example 15 to
give 2—ethy1—4—(2—aminoéthyl)—l—[2'—(t—butoxycarbonyl)—
biphenyl-4-yllmethylimidazole.

| FAB-MS (m/z): 406 (M+l), 211 (base)

NMR (CDCl3) & : 1.26 (9H, s), 1.29 (3H, t), 5.06

(2H, s), 6.60-(1H, s)

Reference Example 18

2-n—Butyl-l-dimethylsulfamoylimidazole (46.0 g) 1is
treated in the same manner as in Reference Example 12 to
give 2—n-butyl¥l—dimethylsulfamoyl—s—[2'—(t-butocharbonyl)—
aminoethyllimidazole (69 g) as an oil.

NMR (CDClg) § : 0.95 (3H, t), 1.43 (9H, s), 2.86
(6H, s)

Reference Example 19

2-n-Butyl-l-dimethylsulfamoyl-5-[2'-(t-butoxy-
carbonyl)aminoéthyl]imidazole (115.3 g) is treated in the
same manner as in Reference Example 15 to give 2-n-butyl-4-
{2-phthalimidethyl)imidazole (64 g).

m.p. 114 -117°C

NMR (CDC13) § : 0.88 (3H, t), 2.66 (2H, t), 2.97
(2H, t), 3.95 (2H, t), 6.67 (lH, s)

Reference Example 20

The compound obtained in Reference Example 19 is
treated in the same manner as in Reference Example 14 to
give 2-n-butyl-1-[2'-(l-trityl-lH-tetrazol-5-yl)biphenyl-4-
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yllmethyl-4-(2-phthalimidethyl)imidazole.
NMR (CDC13)_6 . 0.84 (3H, t), 4.81 (2H, s)

Reference Example 21

A mixture of 2-n-butyl-4-(2-phthalimidethyl)-1-(2'-
(l—trityl—lH-tetrazol-S-yl)biphenyl-4~y1]methylimidazole
(96.0 g), hydrazine hydrate (44.7 g) and ethanol (1.3 liter)
is stirred overnight at room temperature, then filtered
through a celite pad and-evaporated. The residue is treated
with 5 % sodium hydrokide solution (200 ml) and extracted
with chloroform. The organic layer is dried and
concentrated to give the crude 2-n-butyl-4-(2-aminoethyl)-1-
[2'-(l-trityl-1E-tetrazol-5-yl)biphenyl-4-yl]methylimidazole
(84.0 g). Té z solution of the above product (84.0 g) in
methanol is added a 24 % hydrogen chloride methanol solution
(200 ml), and the mixture is evaporated. To the residue is
added water (2 liters), and the mixture is washed with
ether. The agueous layer is concentrated to give 2-n-butyl-
_4—(2-aminoethyl)—1-[2'—(l—tetrazol—s—yl)biphenyl—4—yl]-
methylimidazéle dihydrochloride (52.8 g) as a foam.

NMR (DMSO—da) § : 0.83 (3H, t), 2.92 (2H, t), 5.4
(2H, s) |

Reference Example 22

2-n—Propyl-l-dimethylsulfamoyiimidazole (20.0 g) is
treated in the same manner as in Reference Example 12 to

give 2—n—propyl-l-dimethylsulfémoyl—s-(2—t—butoxycarbony1—
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aminoethyl)imidazole (24.4 g) as an oil.
NMR (CDClg) & : 1.01 (3H, t), 1.43 (9H, s), 2.86
(6H, s), 6.71 (lH, s)

Reference Example 23

The compound obtained in Reference Example 22 is
treated in the same manner as in Reference Example 15 to
give 2-n-propyl-4-(2-phthalimidethyl)imidazole.

m.p. 137 - 139°C

NMR (CDCly) 6 : 0.90 (3H, t), 3.95 (2H, t), 6.68
{1H, s)

Reference Example 24

To 2 mixture of 2-n-propyl-4-(2-phthalimidethyl)-
imidazole (10.0 g), 2'-(t—butoxycarbonyl)biphen&l—4—ylmethy1
bromide (13.5 g), tetrahydrofuran (150 ml) and dimethyl-
formamide (15 ml) is added a solution of potassium t-
butoxide (4.16 g) in tetrahydrofuran (40 ml) at -60°C. The
mixture is allowed to warm to room temperature, and then
guenched with water. The mixture is extracted with ethyl
acetate, and the organic layer is washed, dried and
evaporated. The crude product is crystallized with oxalic -
acid from ethanol/ether to give 2-n-propyl-4-(2-phthalimid-
ethyl)-1-[2'~-{t-butoxycarbonyl)biphenyl-4-yl]lmethylimidazole
oxalate (15.86 g);

m.p. 128 - 131°C

NMR (DMSO—dG) § : 0.84 (3H, t), 1.19 (9H, s), 5.30
(2H, s)

Reference Example 25
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To a mixture of 2-n-propyl-4-(2-phthalimidethyl)-1-
[2'—(tert-bucoxycarbonyl)bipheyl-4—yl]methylimidazole (15.5
g) and ethanol (150 ml) is added hydrazine hydrate (8.45 g)
at room temperature. The mixture is stirred overnight, and
the precipitate is removed by filtration. The filtrate is
evaporated, and the resulting residue is dissolved in
chloroform and washed with 3 % sodium hydroxide solution and
brine. The organic -layer is dried and-evaporated to give
the crude 2-n-propyl-4-aminoethyl-l-[2'~(tert-butoxy-
carbonyl)biphenyl-4-yl]lmethylimidazole (10.0 g). This
compound is used'iﬁ the next step without further

purification.

Effects of the Invention

The imidazopyridine derivatives [I) of the present
invention ané pharmaceutically acceptable salts thereof show
excellent angiotensin II antagonistic activities and are
useful in the prophylaxis and/or treatment of
hypertension. For example, when hypotensive activity was
"examined by using spontaneously hypertensive rats orally
administered at a dose of 3 mg/kg of the desired compounds
(I] of the present invention, significant hypotensive |
activity was observed as compared with that of the control
group of rats to which purified water is orally
administered. Moreover, the compounds [I] of the present
invention and pharmaceutically acceptable salts thereof show
low toxicity, and hence, they show high safety as a
medicament. |
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The claims defining the invention are as follows:

1. An imidazopyridine derivative of the formula

N
Rl</'|
~
N
83

[I]:

R2
(1l

wherein R is hydrogen atom or a lower alkyl group; R? is
hydrogen atom, a lower alkylsulfonyl group or a group of the
A
: 1
formula: -C-RO in which Z is oxygen atom or two hydrogen
atoms, and RO is i) a substituted or unsubstituted lower
alkyl group, ii) a lower alkoxy group, iii) a S- or 6-
membered heteromonoéyclic group, iv) a substituted or
'unsubstituted.phenyl group, v) hydrogen atom, vi}) a
substituted or unsubstituted amino group or vii) a lower
alkenyl group; R3 is carboxyl group or a lower alkoxy-
carbonyl group; and Ring A is a substituted or unsubstituted
phenyl group,
or a pharmaceutically acceptable salt thereof.

2. The compound according to claim 1, wherein rO

is i) a lower alkyl group which may optionally be
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substituted by 1 to 2 groups selected from phenyl group, a
halogenophenyl group, carboxyl group, a lower alkoxycarbonyl
group, cyano group, & bénzyloxycarbonyl group, a lower
alkylthio group, & lower alkylcarbonylamino group, benzoyl
group and a lower alkylcarbonyl group, ii) a lower alkoxy
group, iii) a 5- or 6-membered heterocyclic group selected
from pyridyl group, furyl group and thienyl group, iv)
phenyl group, v) hydrogen atom,'vi) a di(lower alkyl)amino
group ér vii) & lower alkenyl group; and Ring'A is a phenyl
group svbstituted by a group selected from a protected or
unprotected tetrazolyl group, carbeyl group and a lower
alkdxycarbonyl group.

3. The-compound according to any one éf claims 1
and 2,.wherein Z is oxygen étom; and Ring A is a phenyl
group Subscituted by a group selected from tetrazolyl group,
carboxyl group and a lower alkoxycarbonyl group. '

4. The compound according to any one of claims l}
2 and 3, wherein r! is a lower alkyl group.

5. The compound according to any one of claims 1,
2, 3 and 4, wherein R is a lower alkyl group;'R2 is a lower
alkylcarbonyl group; and Ring & is a phenyl group '
substituted by & group selected from tetrazolyl group and
carboxyl group. '

§. The compound accofdihg to claim 5, wherein ﬁing
A is a tetiazolyl—substituted phenyl group; and R3 is
carboxyl group. |

7. 2-n-Propyl-S5-acetyl-3-[2'-(lH-tetrazol-5-yl)-

-

D
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biphenyl-4-yl)methyl-4,5,6,7-tetrahydroimidazo(4,5-¢c]-
pyridine-4-carboxylic acid or a pharmaceutically acceptable
salt thereof.

8. 2-n-Butyl-5-acetyl-3-(2'-(lH-tetrazol-5-yl)-
biphenyl-4-yl]methyl-4,5,6,7-tetrahydroimidazo(4,5-c]~-
pyridine-4-carboxylic acid or a pharmaceutically acceptable
salt thereof.

9. 2-n-Butyl-S-propioryl-3-(2'-(lH-tetrazol-5-yl)-
biphenyl-4-yl])methyl-4,5,6,7-tetrahydroimidazo[4,5-¢c]~-
pyridine-4-carboxylic acid and a pharmaceutically acceptable
salt thereof.

10. 2 process for preparing an imidazopyridine

derivative of the formula (I]):

N
=@ |
N N~ R?
3 (1]

wherein Rl is hydrogen atom or a lower alkyl group; rR? is
hydrogen atom, a lower alkylsulfonyl group or a group of the
2
I 0 _ .
formula: -C-R” in which 2 is oxygen atom or two hydrogen
atoms, and RO is i) a substituted or unsubstituted lower

alkyl group, ii) a lower alkoxy group, iii) a 5- or 6-

membered heteromonocyclic group, iv) a substituted or
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unsubstituted phenyl group, v) hydrogén atom, vi) a
substituted or unsubstitutgd amino group or vii) a lower
alkenyl group; R3 is carboxyl group or a lower
alkoxycarbonyl group; and Ring A is a substituted or
unsubstituted phenyl group, or a pharméceutically acceptable
salt thereof, which comprises reacting a compound of the

formula [II]:

. |
< ]
N (I1]
N | Y

R3

2

wherein Rl, R“ and r3 are the same as defined above, or a

salt thereof with a compound of the formula [III]):

xt-ca,«/ \ @ [111)

wherein Ring A is the same as defined above and x! a

reactive residue, if necessary, followed by converting the

product into a pharmaceutically acceptable salt thereof.
1l. A process for preparing an imidazopyridine

derivative of the formula [I-a]:

N

[I-a]
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wherein R} is hydrogen atom or a lower alkyl group: R3 is
carboxyl group or a lower alkoxycarbonyl group; and Ring A
is a substituted or unsubstituted phenyl group, or a
pharmaceutically acceptable salt thereof, which comprises

reacting a' compound of the formula [(1IV]:

rl /N I

Y

wherein R! and Ring A are the same as defined above, or a

NH,

[IV]

salt thereof, with a compound of the formula [V]:

R3-CHO (V]
wherein R is the same as defined above or a salt thereof,
if necessary, followed by converting the product into a
pharmaceutically acceptable salt thereof.
| 12. A process for preparing an imidazopyridine

derivative of the formula [I-b]:

(I-b]

—_—

Y
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wherein R is hydrogen atom or a lower alkyl group: r2l js a

Z

I
lower alkylsulfonyl group or a group of the formula: ~c-RrO

in which Z is oxygen atom or two hydrogen atoms, and RO is
i) a substituted of unsubstituted lower alkyl group, ii) a
lower élkoxy group, iii) a 5- or G—mehbered heteromonocyclic
group, iv) a substituted or unsubstituted phenyl group, v)
hydrogen atom, vi) a substituted or unsubstituted amino
group or vii) a lower alkenyl group; R3 is carboxyl group or
a lower alkoxycarbonyl group; and Ring A is a substituted or
unsubstituted phenyl group, or a pharmaceutically acceptable
salt thereof, which compriées reacting a compound of the

formula [I-a]):

[I-a]

3

wherein R!, R and Ring A are the same as defined above, or
a salt thereof with a compound of the formula [VI]:

x2-r21 (V1]
wherein R21 is the same as defined above, and x? is hydroxyl

group, a salt or a reactive derivative thereof, if

necessary, followed by converting the product into a

This is the replacement sheet
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pharmaceutically acceptable salt thereof.
13. A process for preparing an imidazopyridine

derivative of the formula [I-e]:

N
o)
N

ac)

wherein RY is hydrogen atom or a lower alkyl group;

[I-e]

R%24 is a
carboxy-lower alkylcarbonyl group; R3 is carboxyl group or a
lower alkoxycarbonyl group; and Ring A is a substiéuted or

unsubstituted phenyl group, or a pharmaceutically acceptable

salt thereof, which comprises subjecting a compound of the

formula {I-d}:

N
ri</ I\\
N (N\R23
R3
wherein R, R3 and Ring A are the same as defined above,-and
Rr23

(I-4]

is a lower alkoxycarboﬁyl—lower alkylcarbonyl group, or
a salt thereof to hydrolysis, if necessary, followed by

converting the product into a pharmaceutically acceptable

salt thereof.
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l4. The process according to any one of claims 10,
11, 12 and 13, which comﬁrises, when Ring A is a protected
tetraiolyl-substituted phenyl group, removing a protécting.
group for said tetrazolyl group, if necessary, followed by
- converting the product into a pharmaceutically acceptable
salt thereof. .

15. A pharmaceuticai composition which comprises a
therapeutically effective amount ofqthe.compouﬁd as set
forth in claim 1 in admixture with a conventional

pharmaceutically acceptable carrier or diluent.

i16. An imidazopyridine derivative according to c¢laim 1
. substantially as hereinbefore described with reference to the

examples.
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IMIDAZOPYRIDINE DERIVATIVES AND
PROCESS FOR PREPARARION THEREOF

Abstract of the Disclosure:

An imidazopyridine derivative of the formula [I]é

N
N
< 1
N\
N [

o)

wherein R! is hydrogen or lower alkyl, RZ is hydrogén, lower

r2
(1]

2
alkylsulfonyl or a group of the formula: -g—Ro (Z is oxygen
atom or two hydrogen, RO is substituted or unsubstituted
lower alkyl, lower alkoxy, 5- or 6-membered
heteromonocyclic, substituted or unsubstituted phenyl,
hydrogen, substituted or unsubstitued amino or lower
alkenyl),'R3 is carboxyl or lower alkoxycafbonyl and Ring A
is substituted or unsubstituted phenyl, and pharmaceutically-

acceptable salt thereof, and processes for preparation

thereof, said imidazopyridine derivatives have excellent

"‘angiotensin II antagonistic activities and are useful in .

prophylaxis and treatment of hypertension.
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