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i . The present invention relates to novel
1m1da201nd01121ne derivatives having a hypotensive activity,

and process for preparation thereof.

Prior Art

Angiotensin II is a biologically active peptide

consisting of eight amino acids, which is produced by

‘specific cenversion of angiotensin I by an angiotensin
eonverting enzyme during circulation mainly in the lung.
Said engiotensin II constricts vascular smooth muscle as
well ae promotes the secretion of aldosterone in the adrenal
cortex, by which angiotensin II increases blood pressure.

‘ Therefore, it is well known that anglotenSLn 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-S—hydroxymethyl—l—{2'—(lH-tetrazol—S—

0400 mtmepmmaitare,
. 22 10 N v,

yl)biphenyl-4-yl}methylimidazole, and the like [cf. European
Patent Publication No. 253310/A), but these conventional

hypotensive agents are all the compounds having a monocyclic

: N o an1 g e g

nucleus, i.e. imidazole nucleus. v

Brief Descfiption of the Invention

.An obiject of the presentlinVention is to prowvide
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Saidfangiaetensin Il constricts vascular snooth nuscle as_well __as_ pronotes
t he pecrét:on *of al dosterone in the adrenal cortex, by which angiotensin I

i ncreases bl ood pressure. Therefore, +t2is well knoWs Sheattl b Répliagi n | |
recept or .ant agoni sts may be useful in the treatnent iifgh. Based
on tjhe.above-nenti oned mechani sm of action, there ha onme
hypdt ensi ve agents, for exanple, 2-n-butyl-4-chloro-5-hydroxynethyl-I-[2
-(E+4tetrazol -5- yl)biphenyl-4-yl}methylimdazole, and the like (cf.

Eur gpean . . : P . . - g . ;
.p novel imidazoindolizine derivatives and pharmaceutically

acceptable_salts thereof, which show pdtent ahgiotensin II

'.inhibitory activities and are useful as a hypotensive
agent. - Anbtﬁef object of the invention is to pfbvide'é
process for preparing the said imidazoindolizine

derivatives.

Detailed Description of the Invention

The present invention relates to imidazoindolizine

derivatives of. the folloq}ng formula [I]; and

pharmaceutically acceptable salts thereof, and further

relates to a'p:ocess for preparing the same.

' 0
N N_ (CHZ)I;I_\ i
. : N
rl ‘ Y Rr?
(CH,) //
: 2'1-m - (1]

‘wherein Rl is a lower alkyl group, R? is hydrogen atom,

cyano group; & lower alkyl group, a lower alkanoyl group, a
lower alkoxycarbonyi group, a phenyl-lower alkoxycarbonyl
grdﬁp, a lower élkylsulfonyl éroup, a substituted or
_ﬁnsubStituted phenyl-group, an-arylcarbonyl group, or a 5-
or 6-membered nitrogen-containing heteromonocyclic group-
substituted carbonfl group, Ring A is é substituted or

unsubstituted phenyl group, and m is 0 or 1.




PateJt Puld i cation No. 253310/ A], but these convent!on“1 hypoten54ve agents

are al|l twe conmpounds having a nnnocycllc nucl eus,, i. et oIe nucl eus.
Brief Description of the Invention An object of the pre cas to
provide . -2-.novel imdazoindolizine derivatives and

/ Preferred examples of the present compounds (I] are
compounds of the above formula [i], wherein R! is an alkyl
group having 1 to 6 carbon atoms, preferably 1 to 4 carbon

atoms, R? is hydrogen” atom; cyano group; an alkyl group

-having 1 to 6 caibon atoms, preferably 1 to 4 carbon atoms;

an alkanoyl group ‘having 2 to 6 carbon atoms, preferably 2

to 4 carbon atoms; an alkoxycarbonyl group having 1 to 6

carbon atoms, é:eferably 1l to 4 carbon atoms in the glkoxy
moiety; an alkoxycarbonyl group having 1 to 6 carbon atoms,
preferably having 1 to 4 carbon atoms in the alkoxy moiety
which is substituted by a phenyl group; an alkylsulfonyl
group having 1 to 6 carbon atoms, preferably 1 to 4 carbon
atoms; a phényl group which may optionally be substituted by
a group selected from a halogen atom, hydroxy group,
caiboxyl groub; an alkyl group having 1 to 6 carbon atoms,

preferab y 1 to 4 carbon atoms, an alkoxy group having 1 to

6 carbon atoms, preferably 1 to 4 carbon atoms, an
alkoxycarbonyl group having 1 to 6 carbon atoms, preferably
1l to 4 carbon atoms in the alkoxy moiety and carbamoyl

group; an arylcarbonyl group having 6 to 15 carbon atoms,

TR ii .

preferably & to 10 carbon atoms in the aryl moiety; or a 5-

or 6-membered hitrogen-containing heteromonocyclic group~

s s a1y

sﬁbstituted.carbonyl group, and Ring A is a phenyl group
which may optionally be substituted by a protected or
unprotected tetraiolyl group, a protected or unprotected
carboxyl group ahd an alkylsulfonylamino groué having 1 to 6

carbon atoms, preferably 1 to 4 carbon atoms.



acceptable salts thereof, which show potent_ anglotenﬂmﬂmaiﬁxﬂhmhk Réey

actiyviti-gs ard are useful as a hypotensive agent Anot the
i nvehtion is to provide a process for preparing the s lizine
der|Vat|ves Det ai |l ed Description of the Invention Th ntion

"relates 'to imdazoi ndolizine derivatives of the follow ng fornula (1], and
pharimaceutical |y acceptabl e salts thereof, and further relates to a process
for.preparlng t he SaBEeferred compounds [I] in view of the excellent

pharmacological activity are compounds of the formula (I}
wherein R is a lower alkyl group, rR? is cyano group; a

lower alkanoyl group; a lower a’koxycarbonyl group; a
pheny’-lower alkoxycarbonyl group, a phenyl group which may
optionally be substituted by a halogen atom; an arylcarbonyl
[ | gfoup, and Ring A'isltetrazolylphenyl group or cérboxypheny1 

group.

Mpfe preférred compounds as a medicament are
compounds of the formula [I] wherein r! is ethyl group, n-

- propyl group or n-butyl group, R? is cyano group, acetyl
group, methoxycarbonyl group, ethoxycarbonyl group, =
benzy1owycarbo 1yl group, chlorophenyl group or benzoyl
group, and Ring A is tetrazolylphenyl group or carboxyphenyl
group.

The compounds [I] of the present invention may be

used as 2 medicament either in the form of a free base or a

pharmaceutically acceptable salt thereof. The
é‘ 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,

pyridine salt, ethanolamine salt, a basic amino acid salt,

P
hind TN LTI

etc.). These salts may easily be prepared by treating the
compounds [I]) with the corresponding inorganic or organic

base in an appropriate solvent.




[err] wherein Ris a |lower alkyl group, [err] is hydrogen atom cyano
group, a-kowel alkyl group, a Iower al kanoyl group, -a | ower -al koxycar bonyl
group, a phenyl -l ower al koxycarbonyl graoup. a | ower. al kyl sul fonyl group, a
substituted or unsubstituted phenyl group, an-arylcarbonyl group, or a 5-

- or 6rnenbered nitrogen-containing heterononocyclic group- substituted

- -carbpnyl ~group, Ring Ais a substituted or unsubstituted phenyl group, and
- misg 0 or 1.

The compounds [I] of the present invention may
exist in the form of two position isomers of the formulae
[I-a] and [I-b], and the present invention also includes

these isomers.

(I-2]

(I-b]

N (cﬂz);‘\\

\ Ve
: ) | NN (e

OH

wherein the;stbbls are the éame as defined above. The
cbmpounds {I] of the present invention also exist in the
form of optically active isomers due to an asymmetric carbon
atom thereof; and the present -invention also includes these
optically active ispmers and a'mixture thereof. |

The compounds [I] of the present invention and

pharmaceutically acceptable salts thereof may be

This Sheet Has
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- 3- P' eferred exanples of the present conpounds (1] are conmpounds of the

above|fo¥mul & (1], wherein [err] is an alkyl group having 1 to 6 carbon
atonms; preferably 1 to 4 carbon atoms, [err] is hydrogen atom cyano group;
an alkyl group having 1 to 6 carbon atong, preferabliy 1 to 4 carbon atons;

an al kanoyl group having 2 to 6 carbon afons, preferably 2 to 4 carbon
at ons, an al koxycar bonyl group having 1 to 6

—

administered either'orally or parenterally and may also be
used in the form of a pharmaceutical preparation in
.admixture with pharmaceutically acceptable excibients
suitable fér oral administration or parenteral
administration. The pharﬁaceutical preparations may be in

| solid form such as tablets, capsules, powders, etc., or in

liquid form such as solutions, suspensions, emulsions,

etc. When'administered parenterally, it may be used'in the
form of injection prepar;;idhs. '

The daily dosé of the compounds (I] of the present
invention and pharmacgutically acceptable salts thereof
varies depending on age, weight, conditions of patients and
severity of diéeases, but when administered orally, it is
usually in the'fange of 0.01 to 10 mg/kg, preferably 0.03 to

- 5 mg/kg, and when administered parenterally, it is usually

in the"fange of 0.002 to l'mg/kg, preferably 0.01 to 0.3

mg/kg.

J. According to the present invention, the compounds

[I] can be prepared by subjecting an imidazopyridine

compound of (the formula [II}:

- —pd

(CH3) 3 f coon3 [11]

@ Thll siflliietiiiilrlileln i{eillalwd




car bon at ons
al koxycarbor
car bon at ong
an al kyl sul f

AP b AAIE TR 1L Dl R

, preferably 1 to 4 carbon-atons in the al koxy noiety; an

yl group having 1 to 6 carbon atons, preferably having 1 to 4
in the al koxy nmoiety which is substituted by a phenyl . group;
onyl group having 1 to 6 carbon atqms, preferably 1 to 4 carbon

atons; a phényl group which may optionally bé ghﬁétituted'by a group
sel ected from a hal ogen atom hydroxy group, carboxyl group, an al kyl group

having 1 to

having 1 to

6 carbon atons, preferably 1 to 4 carbon atons, an al koxy group
6 carbon atons, preferably 1 to 4 carbon atons, an

wherein a group of the formula: -coor? is a protected or
unprotected carboxyl group, Ring A' is a substituted or
unsubstituted phenyl group, and'other_symbols are the same
as defined above, or a salt thereof to intramolecular
cfclization reaction, and when Ring A' is a phenyl group
substituted by a prbtected tetrazolyl group or a protected
carboxyl group, followed by removing the said protecting
group, if nécessary. | -

.In the above intramolecular.cyclization reaction,
the protecting group (R3) for the compound [II] may be any
group which can be easily removed in the form of an alcohol,
and includes, for example, an alkyl group having 1 to 6
carbon atoms, preferably 1 to 4 carbon atoms such as methyl
group, ethyl group, and the like, or an alkyl having 1 to 6
carbon atoms, preferably 1 to 4 carbon atoms which is
substituted by a phenyl group such as benzyl group, and the
like.

The salts of the compounds (II] are, for exampl;,
alkali metal salts and alkaline earth metal salts.

The intramolecular cyclization reaction can
preferably be carried out in the presence of a base in a
suitable solvent. The base includes, for example, alkali
metal hydroxides, alkali metal hydrides, alkali metal
hydrogen carbonates, alkyl-substituted alkali metal amides,
lower alkyl alkali metals, alkali metal alkoxides, and

alkaii metals. 1In case of using an alkali metal as a base,

This Sheet Has Been Replaced
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al koxycar bony

optionally be

| group having 1 to 6 carbon atons, preferably | to 4 carbon
atoms i n~t he @l koxy noi ety and carbanoyl group; an aryl carbonyl group
having 6 to 15 ‘carbon atons, preferably 6 to 10 carbon atons in the aryl
noi ety; or aj5- or 6-nmenbered nitrogen-containigg heteronmnocyclic: group-
substituted darbonyl group, and Ring Ais a phenyl group which may

substituted by a protected or unprotected tetrazolyl group, a

protected or |unprotected carboxyl group and an al kyl sul fonyl am no group

having 1 to

carbon atons, preferably 1 to 4 carbon atons.

the suitable solvent includes, for example, benzene,
toluene, or a mixture thereof, and in case éf using a base
other than alkali metals, the solvent includes, for example,
in addition to thé-above solvents, water, tetrahydrofuran, a
lower alkanol or a mixture thereof. The reaction is |
préferably carried out under cooling or heating, for
example, at a temperature of -30°C to 100°C, preferably at
room teﬁperature. | )

Among the compounds [I] of the present invention,
the compounds wherein Ring A is tetrazolylphenyl groﬁp or
carboxyphenyl group can be prepared by subjecting the
compounds [II] wherein Ring A' is a protected tetrazolyl-
substituted phenyl group or a\protected carboxyl-substituted
phenyl group to the same intraholecular cyclization reaction
as above, followed by removing the said protecting group
simultaneously or after the intramolecular cyclization-
reaction.

The protecting'group may be any conventional ones,
-for example, the protecting group for tetrazolyl group is
trityl, andfthe'like, and the protecting group for carboxyl
group is the same groups as ones for R3 as mentioned
above. The removal of these protecting groups may be
carried out by any conventional method such as hydrolysis,
reduction, and the like, which is selected depending on the
kind of the protecting group to be removed.

The above reactions proceed without racemization,

This Sheet Has Been Replaced
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-4- Preferrdd conpounds [I] in view of the excellent pharnacol ogi cal
activity "arg conpounds of the fornmula (1] wherein [err] is a |ower alkyl

group, [err]
group; a phg
optional ly f

is cyano group; a |ower al kanoyl_gyoup; a | ower alkoxycarbonyl
nyl -1 ower al koxycar bonyl group; a gtenyl group which may -
pe substituted by a hal ogen atom an aryl carbonyl

and hence, the optically active compound [I] can be obtained

by the intramolecular cyclization reaction of the optically

active starting compound [II].

Besides, the starting compoundsl[II] of the present
'inventioa are novel compounds, and can be prepared, for
example, by reacting an imidazopyridine compound of the

formula [III]:

-m

) J\ [III}]
(CHyp)4 CooR3

wherein the symbols are the same as defined above, which is

. prepared by the method disclosed in Japanese Patent First

Publication (KOKAI) No. 167687/1986_or Japanese Patent First
Publication (KOKAI) No. 101062/1990, with a biphenyl

compound of the formula [IV]:

wherein x1 is a halogen atom, and Ring A' is the same as

defined abo&e, in the presence of an acid acceptor (e.g.
sodium hydroxide, potassium t-butoxide, etci); during which
the imino group adjaceﬁt to the carboxyl group of the
compound [III]} is protected, followed by removing the
protecting group for the imino group to give an

imidazopyridine compound of the formula [V]:

This Sheet Has Been Replaced




ing Ais tetrazolyl phenyl group or carboxyphenyl group. Mre

group, and R

preferred cgnpounds as a nedi canent are conpounds of the fornmula [I]

wher ei it [erq] is ethyl group, n- propyl group or n-butyl group, R2 is cyano
group, acetyl group, nethoxycarbonyl group, ethoxycarbonyl: group,

benzyl oxyca
tetrazolylp

pr esent

i nv

bonyl group, chlorophenyl group or nzoyl group, and Ring Ais
henyl group or carboxyphenyl group. The conpounds [I] of the
bnt i on. may be :

N (CH) 7™\ .
N

(CHy)q - /l\\coon3 (v]

m

wherein the symbols are the same as defined above, and

further by feacting the compound [V} or a salt thereof (e.gq.

alkali metal salt, alkaline earth metal salt, etc.) with a
free carboxylic acid compound of the'formula [Vi}]:
HOOCCH,-R? | [vI] |
wherein R? is the same as defined above, in the presence of
# conventional dehydrating agent, or by reacting the
compound {V} or a salt thereof witﬁ a reacti&e derivative of
the cafboxylic acid compound {VI] (e.g..acid halide, active
ester, etc.) in the presence or absence of an acid acceptor

(e.g. triethylamine, etc.). The starting compound [II]

wherein Rz is acetyl group can also be prepared by reacting
the compound [V] with diketene.
The- starting compound [II] can also be prepared by

reacting an imidazole compound of the formula [VII]:

N R4
legé; l - [VII]
SN

wherein 2 is a protecting group for an amino group, rR? is

hydrogen atom or a group of the formula: -COOR3, and Rl and

This Sheet Has Been Replaced
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used as a

phar maceut i @
salts are, f
~salt, etc.),
etc.), heavy

a basic am
treating thg

(e.g. annnn%

di cament either in the formof a free base or a

ally acceptable salt thereof. The pharmaceutically acceptable
or exanple, alkali netal salts (e.g. sodiumsalt, potassium
al kaline earth netal salts (e.g._calciumsalt, magnesiumsalt,

salts (e.g. zinc salt, etc.);y and organic ami ne salts

umsalt, triethylanm ne salt, pyridine salt, ethanolamine salt,
o acid salt, etc.). These salts nay easily be prepared by
conpounds [T] with the correspondi ng i norgani c or organic

the group of the formula: -cooR3 are the same as defined
above, which is prepared accofding to the method disclosed
in European Journal of Medicinal Chemistty, Vol. 10, No. 2,
pp. 129-133 (1975); with the biphenyl compound of the
formula [IV} in the same manners as above, and after

removing the protecting group tZ) for amino group, followed
by |

(i) 1in case that R4.of the product is a group of
the formula: -COOR3, reacting the product with formalin in
the'presenCE_of a mineral acid (e.g. hydrochloric acid,
etc.), or

(ii) in case that R4.of the product is hydrogen
atom, reacting the product with glyoxylic acid or ester of
glyoxylic acid in the presence or absence of a mineral acid
(e.g. hydrochloric acid, etec.) or én alkali (e.g. sodium
hydroxide, etc.), and if necessary, by esterification of the
carboxyl group in a conventional manner, and further by
reacting the obtained imidazopyridine compound with the
compound [VI].or a reactive derivative thereof in the same
manner as ahove.

In the above reaction, the protecting group (2) for
amino group may be any convéntiohal one, and in case that
Ring A' of the compound [IV]-is tetrazolylphenyl group or
carboxyphenyl group, it is'preferable to protect said
tetrazolyllgroup or carboxyl group with a conventional

protectlng group.

———
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base in an
(I'] of .the
of thexfor
t hese i son

appropriate solvent. Dato: . 24 MAY 1997 -5- The conpounds
present invention may exist in the formof two position isoners
tul ae (1-a] and [I-b], and the present invention also includes
Prs. e T

-~ 12 ~

_ The optically active starting compound [(II] may be
prepared, for example, by subjecting the racemic mixture of
the compound [II] to column cﬁromatography for separation of
optically active isomers.

Besides, in the compounds (IXI], [IXII], [V] and

{VII], the partial structure of the formula:

1Y
. ~
N3 )

indicates the structures of the following formulae:

| Nt N
N Rl«“< EE or Rl 2\ l
| N3 : - N3
| l

Examples

The present invention is illustrated by the
following Examples and Reference Examples, but should not be
construed to be limited thereto.

Examele 1

(1), Methyl 2-n-butyl-S-benzyloxycarbonyl-1-{2'-(1-
trityl-lH-tétrazol-S—yl)biphenyl—4—yl}methyl-4,5,6,7-te&ra-
hydroimidazo{4,5-c]pyridine-6-carboxylate (1.26 g) and a
catalytic amount of 10 % palladium—-carbon are added to
methanol (300 ml), and the mixture is stirred under hydrogen

atmosphere. After the reaction is completed, palladium-

carbon is removed by filtration, and the filtrate is

e —
-
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[err] O
-above.
opti cal |
present -
m xture

[I-b] wherein t he synbol s are the sane_as_defined

Fhe compounds (1] of the present invention also exist in the fornlof -
y active isonmers due to an asymmet K[isCc _car bon ‘at.om
i nvention al so includes these optically active .iso

13 ﬁ,
t hereof. The conpounds (1] of the present Inventmﬁm ,Iﬁ"”'”"’
' may be

phar macqutical ly acceptable salts thereof

e e A AU st

hﬂhu.kizl.- .

evaporated under reduced pressure to give methyl 2-n-butyl-

l~{2‘-(l-trityl—lH-:etrazol—S—yl)biphenyl—4—yl}me£hyl—

4,5,6,7-tetrahydroimidézo[4,5-c]pyrid;ne-s-carboxylate (0.94

g) as foam.
NMR (CDC13) §: 0.86 (3H, t), 3.68 (3H, s), 4.86
{2H, s)

(2) The above product (0.96 g) is dissolved in

~ methylene chloride (25 ml), and thereto is added triethyl-

‘amine (0.2 g). To the mixture is added dropwise ethoxy-

carbonylacetyl chloride (0.22 ml) under ice-cooling, and the
mixture is stirred at room temperature for two hours.
Chloroform and water are added to the mixture. The aqueous
layer is extracted with chloroform, and the washings and the
chloroform layer are combined, dried, and then the solvent
is distilled off. The residue is purified by silica gel
column chromatography (solvent; ethyl acetate/chloroform) to
give'methyl 2-n-butyl-5-ethoxycarbonylacetyl-1-{2'-(1-
trityl-1lH~-tetrazol-5-yl)biphenyl—4-yl}methyl-4,5,6,7-
tetrahydroimidazo{4,5~-c]lpyridine~-6—carboxylate (0.74 g) as
colorless oil. . |

NMR (CDCl,) &: 0.86 (3H, t), 4.56 (2H, s), 4.87
(2H, ABQ) '

(3) The above product (0.67 g) is dissolved in
tetrahydrofuran (2 ml), andlthereto is added 90 % formic
acid (5 ml), and the mixture is stirred at room temperature

for four hours. The mixture is evaporated under reduced



admi
as t3
susp

fistration. The pharnmaceuti cal prepqr@t.i ons ‘may b@hﬁmjﬁi

mnistered either orally or parenterally and may al so be used in the
of- a pharmaceutical preparation in adm xture w th_pharmaceutically-
tabl e excipients suitable for oral adm nistration or parenteral

il

pressure to remove the solvent, and the resulting residue 1is

bl et s, capsul es, powders, etc., or in liquid form
ensi ons, enul si ons, '

dissolved in methanol (20 ml), and thereto is added 1N
aqueous sodium hydroxide solution (4.8 ml). The mixture is
stirred_at-room temperature overnight, and the solvent is
distilled off. To the residue are added water and ether.
The aqueous layer 1is evaporated under reduced preséure, and

the resulting o0il is purified by column chromatography of

.

nonionic adsorbing resin (tradeﬁame; HP-20, manufacthred by
Mitsubishi Kasei Corporation) and lyophilized to give 2-n-
butyl-7-ethoxycarbonyl-8-hydroxy-1-{2'-(1H-tetrazol-5-
yl)biphenyl-4-yll}methyl-1l,4,8a,9-tetrahydro-6H-imidazo[4,5~
f]indoliziﬁ-S-one disodium salt (0.39 g) as powder.

NMR (DMSO-dS) §: 0.84 (3H, t), 1.15 (3H, t), 4.02
(24, q), 5.07 (2H, s) | |

Example 2

(1) A mixture of methyl 2-n-butyl-l-{2'-(l-trityl-~
l1H~tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro-
imidazo[4,5—c]pyridine—s-carboxylate (0.81 qg), dicyclohéxyl—
carbodiimide (0;26 g)., l-hydroxybenzotriazole (0.17 g),
cyanoaceticfacid (0.11 g) and acetonitrile (10 ml) is
stirred at room temperature overnight. After the reaction
is completed, ethyl acetate is added to the reaction
mixture, and the mixture is washed with aqueous sodium
hydrogen carb§nate.solution, dried, and the solvent is
distilled off under reduced pressure. The resulting residue

is purified by silica gel column chromatography (solvent;




etc. YwWien administered parenterally, it nmay be used in the form of
injectigon preparations. The daily dose of the conmpounds-(t] -of the present
i nventiijon and pharnmaceutically acceptable salts thereof yarjes.d Bendiqg on
age, ight, conditions of patients and_s %ethy of disgéﬁ ect aced
‘admini §tered orally, it is usually in therange of 0.01 t

preferably 0.03 to 5 ng/ kg, and when adm ni stered parente

usual Iy in the range of 0.002 to 1 ng/kg, preferably 0.01 to 0.3 ng/kg.

ethyl acetate) to give methyl 2-n-butyl-5-cyanocacetyl-1-{2'-
(l-trityl—lH-tetrazol-S-yl)biphenyl—4-yl}methyl~4,5,6,7-
tetrahydroimidazo[4,5~-c]pyridine-6~carboxylate (0.83 g) as
foam.

NMR (CDCl3) &: 0.87 (3H, t), 3.61 (3H, s), 3.63

i (2H, s), 4.88 (2H, ABQ)

{(2) The above product is treated in the same
manner as in Example 1-(3) to give 2—n-butyl—7—cya£o-8—
hydroxy-l—{z'—(lH-tetrazol—S—yl)biphenyl—é—yl}methyl-
1,4,8a,9-tetrahydro-6H-imidazo[4,5-f]lindolizin~6-one
disodium salt.

NMR (DMSO-dg) &: 0.84 (3H, t), 5.06 (2H, s)

Example 3

(1) Methyl 2-n-butyl-S5-benzyloxycarbonyl-3-{2'-(1-
trityl-1B-tetrazol-5~yl)biphenyl-4~yl}methyl-4,5,6,7-tetra-
hydroimidazo[4,5~-c]pyridine~-6~carboxylate is treated in the
same manner as in Example 1-(l1) to give methyl 2-n-butyl-3-
{2'-(i-trityl-1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7~
tetrahydroimidazo(4,5-c]lpyridine-6~carboxylate.

NMR (CDC13) §: 0.87 (3H, t), 3.75 (3H, s), 4.81
(2H, s) |

(2) The above product and methoxycarbonylacetyl

chloride are treated in the same manner as in Example 1-(2)}

SO PT-S [  A

3, to give methyl 2-n-butyl-S-methoxycarbonylacetyl-3-{2'-(1-
trityi-lH-tetrazol-S-yl)biphenyl~4-y1}methyl—4,5,6,7—tetra—-

hydroimidazo[4,5~-clpyridine-6~carboxylate.



0 the present
.an imdazopyridine conpound of the formula (I'lT: [err]

Dat e: 2 4f MAY 1997 7- wherein a group of the formil E}‘InssmgBEeﬁRTaced

or unprotected carboxyl group, .Ring Al is as Tml" ulnzmlﬂ
. 16 -

e e .

i nvention, the conpounds (I] can be prepared by

{3) The above product is treated in the same
manner as in Example 1-(3) to give 2-n-butyl-7~methoxy-
carbonyl—B-hydroxy;B-{Z'—(lH—tetrazol-S—yl)biphenyl-4—yl}—
methyl-1,4,8a,9~tetrahydro-6H-imidazo{4;5-f]indolizin-6-one
disodium salt.

NMR (DMSO-dg) &; 0.84 (3H, t), 5.06 (2H, ABg)

Example 4 o

(1) Methyl 2—n—butyi-3~{2'—(l-trityl-lH-tetrazol-
S-yl)biphenyl-~4~yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]~
pyridine-6~carboxylate and ethoxycarbonylacetyl chloride are
treated in the same manner as in Example 1-(2) to give
methyl 2-n-butyl-S-ethoxycarbonylacetyl-3-{2'-(l-trityl-1H~
tetrazol-5-yl)biphenyl-4-yl}meéthyl-4,5,6,7-tetrahydro—-
imidazo[é;S—c]pyridine-s-carboxyléte.

'NMR (CDC13) §: 0.8 - 0.91 (3H, h), 4.80 (2H, br-s}-

{2) The above product is treated in the same
manner as in Example 1-(3) to give 2-n~butyl-7-ethoxy-
carbonyl-8-hydroxy-3-{2'-(1H~-tetrazol-5-yl)biphenyl-4-yl}-
methyl-l,4,8a,9ftetrahydro-6H—imidazo[4,5—f}indolizin—6—one
disodium salt.

NMR (DMSO-ds) §: 0.84 (3H, t), 1.15 (3H, t), 4.02
(24, q), 5.07 (2H, s)

Example S

(1) Methyl 2-n-butyl~3-{2'-(lH—tetraiol—S—yl)-
biphenyl—4-yl}methy1—4,5,6,7—tetrahydroimidazo[4,5—¢]-

pyridine-4-carboxylate and ethoxycarbonylacetyl chloride are



rndEAge

unsubﬁ!;Lned phenyl group, and other synmbols are the _sanme as deflned

above, br a salt thereof to intramolecular cyclization r reactlon and ‘when
Ring A4is a phenyl group substituted by a protected ek KReQEY % a
prot ected carboxyl group, followed by rermgl.lng t he sal ﬂ Blp,

i f necessary. In the above intranol ecul ar €yclization M,ﬂmﬂlm

pr ot ecti ng group (R3) for the conpound (I1] may be any n be

easily renpved in the formof an aIcohoI and includes, for exanple, an
al kyl g;oup having 1 to 6

et oon i s

treated in the same manner as in Example 1-(2) té give
methyl 2—n-butyl—5—ethoxycarbonylacetyl-B-{2'—(1H~tetrazol—
5~yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]-
: pyridinef4—carboxylate.
%_ | NMR (CHCl;) é: 0.95 (3H, t), 1.18 (3H, t), 3.50
: (2H, s), 5.28 (28, ABq), 5.40 (1H, s)
{2) The above produét (O.24lg) is dissolved in
ethanol (15 ml), and thereto is added sodium hydride (oil-
v  dispersion type) (0.035 g), and the mixture is stirred at
room temperature overnight. The solvent is distilled off
under reduced pressure, and the resulting residue is
purified by column chromatography of nonionic adsorbing
resin (tradename; HP-20, manufactured by Mitsubishi Kasei
Corporation) and lyophilized to give z?n-butyl-é-ethcxy-
carbonyl-9-hydroxy~1-{2'-(1lH~-tetrazol-5-yl)biphenyl-4-yl}-
methyl-1,4,5,9a~tetrahydro-7H~imidazo[4,5-glindolizin-7-one
disodium salt (0.15 g).
NMR (DMSO—dG) §: 0.81 (3H, t), 1.15 (3H, t), 4.41
(l1H, s) |
Exgmnle 6
= (1) To a mixture of methyl 2-n-butyl-S5-ethoxy-
carbonylacetyl-3-{2'-(1H~tetrazol-5-yl)biphenyl-4-yl}methyl-
4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4~-carboxylate (2.0

g). triethylamine {0.69 g) and chloroform {20 ml) is added

Y ¥ R

trityl chloride (1.43 g), and the mixture is stirred at room

temperature for 30 minutes. The reaction solution is



ot b, - oo

carbaaencwm, preferably 1 to 4 carbon atons such as nmethyl group, ethy
group,iand the like, or an alkyl having 1 to 6 carbon atons, preferably 1.
to 4 carbon atons which is substituted by a:phenyl group, s cq s_benzyl

. group,iand the like. The salts of the conpdunds [I1] -arejl{ E Eﬁila""d

al kaliznmetal salts and alkaline earth netal salts. The
cyclization reaction can preferably be carried out in th
base in a suitable solvent. The base includes, for exanple, alkal

washed, dried and evaporated under reduced pressure to
remove the solvent. The resulting residue is purified by
silica gel column chromatography (solvent; ethyl acetate/n-
i hexane) to give methyl 2-n-butyl-S-ethoxycarbonylacetyl-3-
{2'-(l-trityl—lH—tetrazol-s-yl)biphenyl-4-yl}methyl-4,5,6,7—
tetrahydroimidazo[4,5~c]lpyridine-4-carboxylate (1.29 g) as
needles. |

m.p. 124 - 126°C (decomposed)

(2) The above product is resolved by HPLC column
for separation of optically active isomers (tradename;
Chiralcel OD, manufactured by Daicel Chemical Industries,
Ltd.) (solvent; n-hexane/ethanol=7:3) to give (+)-isomer and
(-)-isomer, separately.

{+)—-Isomer:

(e]p: +25.2° (c=0.5, chloroform, 25°C)

(-)~Isomer:

[a]D: -22.8° (c=0.5, chloroform, 25°C)

(3) To a mixture of methyl (+)?2-n—butyi-5—ethoxy—
carbonylacetyl-3-{2'~({l-trityl-1H-tetrazol-5-yl)biphenyl-4~-
yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-clpyridine-4-

| carboxylate'(395 mg) and tetrahydrofuran (4 ml) is added 90
% formic acid f8 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 resulting
residue is purified by silica gel column chromatography:

{solvent; chloroform/methanol) to give methyl (+)-2-n-butyl-



net al
al kyl
nmet al

“base,

PR S

hydr oxi des, al kali netal hydrides, alkali netal hydrogen carbonates,

-substituted alkali nmetal amides, |ower al kyl al kali metals, alkal

af koxi des, and al kali metals. In case of using an alkali nmetal as a

-8-

"the suitable sol vent |ncludgs fpr-exanple benzene, 't ol uene,

‘or a m xture thereof, and I n case of u5|ng a base

Sfethoxycarbénylacetyl—3-{2'—(1H—tetrazol-5-yl)biphenyl-4-
yl}methyl—é,S,6,7-tetrahydroimidazo[4,5—c]pYridine-4-
cafboxylate (270 mg) as foam.

-_[n]D; +70.4° (c=0.5, chloroform, 20°C)

(4) To a mixture of the above product (270 mg),

- ethanol (3.5 ml) and water (1.5 ml) is added sodium hydrogen

carbonate (77 mg), and the mixture is stirred at 60°C for
one hour, and evaporated under reduced pressure to Tremove
the solvent. The resulting residue is purified by column
chromatography of nonionic adsorbing resin (tradenéme; HP-
20, manufactured by Mitsubishi Kasei Corporation) and
lyophilized to give (=)-2-n-butyl-8-ethoxycarbonyl-9-
HYdroxy—l—{Z'—(lE—tetrazol-S—yl)biphenyl~4—yl}methyl—
1,4,5,9a-tetrahydro~7H~imidazo(4,5~-glindolizin~7-one
disodium salt (244 mg) as powdef. |

[a]D: -165° (c=0.42, methanol, 20°C)

Example 7 |

(1) Methyl (-)-Z—n—butyl—S—ethoxycarbonylacétyl—3—
(2'-(l-trityl-lH-tetrazbl-S-yl)biphenyl—4-yl}methyl—4,5,6,7-
tetrahydroimidazo[4,5-c]pyridine-4—¢arboxy1ate is treated in-
the same manner as in Example 6-(3) to give methyl (-)-2-n-
butyl-s—ethoxycarbonylacetyl—B—{2'—(iH—tetrazol-séyl)—
biphenyl—4—yl}methyl—4,5,6,7—tetrahydroimidazo[4,S-c]-
pyridiﬁe—4—carboxylate as foam.

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

(2) The above prcduct is treated in the same

heet Has Been Replaced
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othef than alkali metals, the solvent includes, for exanple, in addition to
the above sol vents, water, tetrahydrofuran, a |lower alkanol or a mxture
t hergof. The reaction is preferably carried out under coollng ‘or heati ng,
for exanple, at a tenperature of -30[&rJC to 100[err]C preferably at room
t enperature. Anobng the conpounds (1] of the present invention, the
conpounds wherein Ring Ais tetrazolyl phenyl group or carboxyphenyl group
can be prepared by subjecting the conpounds (I1] wherein RingA" is a
protected tetrazolyl -

manner as in Example 6-(4) to give (+)-2-n-butyl-8- ethoxy-

carbonyl-9-hydroxy-1-{2'-(1lH-tetrazol-5-yl)biphenyl-4-y1}-
methyl-1,4,5,9a-tetrahydro-7H~imidazo(4,5-glindolizin~7-one _
disodium salt as powder. |

lelp: +162° (c=0.42, methanol, 20°C)

Example 8

(1) A mixture of methyl 2-n-propyl-3-{2'-(1H~-
tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro-
imidazo[4,5-c]pyridiné—s—carquylate hydrochloride (0.53 g),
ethoxycarbonylacetic acid (0.32 g), l-hydroxybenzotriazole
(0.32 g), triethylamine (0.335 ml), l-ethyl-3-+(3-dimethyl-
aminopropyl)carbodiimide hydrochloride (0.46 g) and '
methylene chloride (10 ml) is stirred at room temperature
overnight. The reaction solution is washed, dried, and
evaporated to remove the solvent. The resulting oily
residue is purified by silica gel column chromatography
(solvent; chloroform/methanol) to give methyl 2-n-propyl-5-
ethoxycarbonylacetyl-3-{2'~(1H-tetrazol-5-yl)biphenyl-4-yl}-
methyl-4,5,6,7-tetrahydroimidazo[4,5-c]lpyridine-6-
carboxyla:e;(0.33 g) as colorless foam.

| NMR (CDCl3) &: 0.93 (3H, t), 1.14 - 1.28 (3H, m),

3.43 - 3.50 (2H, m), 3.65 and 3.68 (3H, each s)

(2) The above product is treated in the same
manner as in Example 5-(2) except that the reaction is
carried out for 15 ﬁinutes to give 2-n-propyl-7-ethoxy-

carbonyl-8-hydroxy-3-{2'~(1H-tetrazol-5-yl)biphenyl-4-yl}-

ThlS Sheet Has Bee;
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substi tuted phenyl group or a protected carboxyl -substituted phenyl group
to the Sanme intranol ecul ar cyclization reaction as above, followed by
renovi ng the said protecting group sinultaneously or. after.the,

i ntranad ecul ar cyclization reaction. The g{otectlng group may be any
conventional ones, for exanple, the protecting group for tetrazolyl group
"is trityl, and the like, and the protecting group for carboxyl group is the
sanme groups as ones for R3 as nentioned above. The renoval of these

protecting groups nay be '

methyl-l,4,8a,9—tetrahydr§imidazo[4;5—5]indolizin—s-one
disodium salt as.powder.

NMR (DMSO-dg) 6: 0.90 (3H, t), 5.07 (2H, ABQ)

. Example 9

(1) Methyl 2-n-butyl-3-{2'-{1H-tetrazol-5-yl)-
biphenyl-4—yl}methy1—4,5,6,7-tetrahydroimidazo[4,5-c]4
pyridine-é-carboxylate hydroéhloride and cyanoacetic acid
are treated in the same manner as in Example 8-(1)-to give
methyl 2-n-butyl-S5-cyanocacetyl-3-{2'-(lH-tetrazol-5-yl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5~c]-
pyridine-6-carboxylate.

iR'Nujol

v (em™Y): 1740, 1670
mnax

(2) The above product is treated in the same
manner as in Example 5-(2) except that the reaction is
carried out for 15 minutes to give 2-n-butyl-7-cyano-8-
hydroxy-3-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-
1,4,8a,9-tetrahyéroimidazo{4,5-f}indolizin-6-one disodium
salt as powder. | |

NMR (DMSO-dg) &6: 0.84 (3H, t), 5.06 (2H, s)

Example 10

{1) Methyl 2-n-butyl-3-{2'-({lH-tetrazol-5-yl)-
biphenyl—4—yl}methyl-4,5,6}7—tetrahydroimidazo[4,5—c]—
pyridine-6-carboxylate hydrochloridg and benzyloxycarbbnyl—
acetic acid are freated in the same manner as in Example 8-

(1) to give methyl 2-n-butyl-S-benzyloxycarbonylacetyl-B-

This Sheet Has Been Replaced
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siame

carried qut by any conventional method such as hydrolysis, reductlon
the like, which is selected dependi ng on the kind of rﬁ—‘protectlng group
to be removed. The above reactions proceed without rac Ldt Pl Been Réplacsdind
hence, =the optically active conpound [1] ,Gan be obt ai: ne ﬁ ‘“‘“\“lm |

I ntranol ecul ar cyclization reaction of the optically-

{2'f(1H-tetrazol—5-yl)biphenyl—4—yl}methyl-4,5,6,7*tetra-
hydroimidazo[4,5-c]pyridine—s—cafboxylate.

Ir Nuiol  (cn~ly: 1740, 1660
max .

-'(2) ‘The above product is éreated in the same
manner as in Example 5-(2) except that the reaction is
carried out for 15 minutes to give 2-n—buty1—7—benzyloxyf
carbonyl—B—hydfoxy-3-{2'-(lH—tetrazol-S—yl)biphenyl-§~yl}—
methyl-1,4,8a,9-tetrahydroimidazo[4,5-f]lindolizin-6-one
disodium salt as powder.

NMR (Dmsb-ds) §: 0.84 (3H, t), 5.10 (2H, s)

Example 11

(1) Methyl 2-n-butyl-3-{2'-(1H-tetrazol-5-yl)-
biphenyl—4-yl}methyl—4,5,5,7-tetrahydroimidazo[4,5—c]-
pyridine-4-carboxylate and cyanoacetic acid are treated in
the same manner as in Example 2-(1) to give methyl 2-n-
butyl—s-cyanoacetyl-3-{2'-(letetrazol—S—yl)biphenyl—4fyl}—
methyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4- |
carboxylate.

NMR (CDCl;) 6: 0.94 (3H, t), 3.67 (28, s), 3.75
(3H, 's), 5. 29 {2H, s)

(2) The above product is treated in the same
manner as in Example 5-(2) to give 2- n—butyl 8-cyano-9-
hydroxy-1-{2'-(1H-tetrazol- S—yl)blphenyl- —yl}methyl-
l,4,5,9a—tetrahydro-7H—imidazo[4,5—g]indolizin—7-one

disodium salt.



activa!starting conmpound (I1]. Besides, the starting conpounds «e+'1he
preseﬁ%’lnventlon are novel conpounds, and can be pr for exanplg
rei

reactifig an im dazopyridine conmpound of the formula (I l]bhee{\{h-gs ﬁ@g
thod

the sygbols are the sanme as defined abavegs which i's pr
NMR (DMSO-dg) 6: 0.81 (3H, t), 4.48 (1H, s)

di scl osed in Japanese Patent First Publication (KCKAI)
Japanese Pat ent First )

'Examnle 12

{1) To a mixture of methyl 2—n-butyl—3~{2'~(lH-
tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro-
imidazo{4,5-clpyridine-4-carboxylate (0.50 gj and methanol
(10 ml) is added diketene (0.20 g), and the mixﬁure is
stirred at room temperature for two hours. Theé solvent is
distilled off under reduced pressure, and to the residue is
added chloroform. The mixture is washed and dried, and
evaporated under reduced pressure to remove the solvent.
The resulting residue is purified by silica gel column
chromatography (solvent; chloroform/ethyl acetate/methanol)
to give methyl 2-n-butyl-S-acetoacetyl-3~{2'~({1H-tetrazol-5-
yl)biphenyl-4—yl}methyl-4,5,6,7-tetrahydrdimidaz§[4,5-c]—
pyridine-4~-carboxylate (0.29 g) as foam.

NMR (CDCl;) &: 0.96 (3H, t), 2.22 (3H, s), 3.74
(3H, s) |

(2) The above product is treated in the same
manner as in Example 5-(2) except that the reaction is
carried out:for 15 minutes to give 2-n—butyl—8-acétyl-9-
hydroxyélf{Z‘-(lH—tetrazol-S-yl)biphenyl-4-yl}methyl—
1,4,5,9a—tetrahydro—7H-imidazo[4,5—g]indolizip—7—one
disodium salt as powder.

NMR (D,0) &: 0.78 (3H, t), 2.26 (3H, s), 4.49 (lE,
s) |

Example 13




| -
Pibl i cation (KOKAI) No. 101062/1990, with a bi phenyl conpound of the

formula (1V]: [err] [1V]~ wherern“ferrf is a hal ogen
atom and Ring A' is the sane as defined above, nee of an acid
agceptor (e.g. sodium hydroxi de, popassiumt- but ang whi ch
the imno group adjacent to the carboxyl group of I III] S
protected, followed by renoving the protecting gro no group to

gi ve an im dazopyridi ne conpound of the formula [V]:

(1) Methyl 2-n-propyl-3-{2'-(1H-tetrazol-5-yl)-
biphenyl—4—y1}methyl-4,5,6,7—tetrahydroimidazo[4,5—c]—
pyridine-4-carboxylate and ethoxycarbonylacetic acid are
treated.ip the same manner as in Example 8-(1) to give’
methyl 2-n-propyl-5-ethoxycarbonylacetyl-3-{2'-(1H-tetrazol-
5-yl)biphenyl~4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5~c]-
pyridine-4-carboxylate.

NMR (CDClj) &: 1.03 (3H, t), 1.18 (3E, t), 3.73 .
(3H, s) '

" (2) The above product is treated in the same
manner as in Example 5-(2) except that the reaction is.‘
carried out for 15 minutes to give 2-n-propyl-8-ethoxy-
carbonyl-S-hydroxy—l-{z'-(lH—tetrazol-S—jl)biphenyl-4—yl}-
methyl—l,é,s,9a-tétrahydro—7H-imidazo[4,S—g]indolizin—?—one
disodium salt as powder.

NMR (DMSO-dg) 6: 0.87 (3H, t), 1.14 (3H, t), 4.41
(1H, s)

Example 14

(1) Methyl 2-n-butyl-3-{2'-(lH-tetrazol—=5-yl)--
biphenyl—4-y1}methyl-4,5,6,7etetrahydroimidazo[4,5-c]—
pyridine-4-carboxylate and (4—chlorophenyl)acetic acid are
treated in the same manner as in Example 8;(1) to give
methyl 2-n-butyl-S5-(4-chlorophenyl)acetyl-3-{2'~(1H-
tetrazol-S—yl)biphenyl—4-yl}methyl-4,S,G,?-tétrahydro—
imidazo[4,S-c]pyridine—4-carboxylate;

NMR (CDCly) &: 0.97 (3H, t), 3.75 (3H, s), 3.78
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- 1™ - [err] wherein the synbols are the same as defined above, and further
by reacting the conpound [V] or a salt thereof (e.g. alkali- netal -salt,

al kaline earth netal salt, etc.) with a free caTboxyTlc aC|d coqggund of
the formula (M): [err] _[QQ]_- " This een Repla

i

(2H, s)
| (2) To a mixture of the above product (304 mg) and
t-butancl (10 ml) is added potassiumlt-butoxide (120 mg),
and the mixture 'is stirred at room temperature for 40
minutes. The mixture is evaporated.ﬁnder reduced pressure
to remove the solvent, and the resulting residue is
acidified with hydrochloric acid. The mixture is ext{acted
Qith'a mixture of chloroform and methanol, and the extract
is washed, dried and evaporated under reduced pressure to
remove the solvent. The resulting residue is purified by
silica gel column chromatography (solvent; chloroform/
methanol) to give 2-n-butyl-8-(4-chlorophenyl)-9-hydroxy-l1l-
{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-1,4,5,%a~tetra~
hydro—?H-imidazo[4,5—g]indolizin-7-oné (lBi mg) as powder.

NMR (DMSO-dg) &: 0.80 (3H, t), 4.54 (1H, s)

(3) To a mixture of the above product (165 mg) and
methénol (20 ml) is added 1N aqueous sodium hydroxide
solution (0.56 ml). The mixture is evaporated under reduced
pressure to remove the solvent; and the feéulting residue is
purified by column chromatography of nonionic adsorbing
resin (tradename; HP-20, manufactured by Mitsubishi Kasei
Corporation), and lyophilized to give 2-n-butyl-8-(4-chloro-
phenyl)-9-hydroxy-1-{2'-(1H-tetrazol-S-yl)biphenyl-4~-yl}-
methyl-1,4,5,9a~tetrahydro-7H-imidazo(4,5~g}indolizin~7-one
disodium salt (99 mg) as powder.

NMR (D,0) 6: 0.77 (3H, t), 4.63 (1H, s)



wher ein [e4ﬁ
conventi ondl

i s the sane as defined above, in the presence of a
dehydrating agent, or by reacting the conpound.[VI._or a salt

t hereof witjh a reactive derivative of the caLbQ%yLic aci d conpound [VI] = ~
(e.g. acidjhalide, active ester, etc.) in the presence offhigliReHeB&h REfaced
acid acceptjor (e.g. triethylamne, etc.). The starting co

wherein R2{is acetyl group can al so be prepared by reacti mﬂngwﬂwym
[VI with diketene. The starting conpound (I1] can also be prep .
reacting ap i m dazol e compound of the forrmula [VII]:

Example 15 o

(1) Ethyl 2-n-butyl-3-(2'-methoxycarbonylbiphenyl-
4-yljmethyl—4,5,6,7-tetrahydroimidazb[4;5-c]pyridine—4—
carboxylate and ethoxycarbonylacetic acid are treated in the
same manner as in Example 8-{(1) to give ethyl 2-n-butyl-S-
ethoxycarbonylacety1-3—(2'—methoxycarbonylbiphényl—4—yl)—
methyl—4;5,6,7—tetrahydroimidazo[4,5-c]pyridine—4—
carboxyléte.

NMR (CDCly) &: 0.84 - 0.96 (3H, m), 3.57 (2H, s)

(2) To a mixture of the above product (409 mg) and
ethanol (4 ml) is added a mixture of sodium hydride (62 %
oil-dispersion type) (30 mg) and ethanol (4 ml), and the
mixture is stirred at room temperature for 10 minutes,
evaporated under reduced pressure to remove the solvent, and

to the resulting residue is added saturated aqueous ammonium

chloride solution, and the mixture is extracted with

chloroform. The extract is dried, and evaporated undef
reduced pressure to give 2-ﬂ-buty1-8¥ethoxycarbonyl—9-
hydroxy-1-(2'-methoxycarbonylbiphenyl-4-~yl)methyl-1,4,5,9a~
tetrahydro~7H-imidazo(4,5-g}indolizin~7-one (372 mg) as
foam.

(3) The above éroduct is treated in the same
manner as in Example 14-(3) to givé 2-n-butyl-8-ethoxy-
carbonyl-9-hydroxy-1-(2'~carboxybiphenyl~4=yl)methyl-

1,4,5,9a-tetrahydro-7H~-imidazo(4,5-g]}indolizin-7-one

disodium salt as powder.



R N wherein Zis a protecting group for an amno group, [err] is hydrogen
atomor a group of the fornula: [err] and [err] and ~— the group of the
formula: .-COOR3 are the sane as defined above, which g §l.8pa0 8L R g |ng

to the nmethod di scl osed in European Journal of NbdlCln
S SRR (]}

NMR (D,0) &: 0.82 (3H, t), 1.27 (3H, t), 4.76 (1H,
s)

Example 16

(1) To a mixture of ethyl 2-n-propyl-3-{2'-~(1H-
tetrazbl—s—yl)biphenyl—4-yl}methyl—4,5,6,7-tetrahydro—
imidazo{4,5~c]pyridine-4~-carboxylate (1.00 g), cyancacetic
-acid (0.36 g) and methylene chloride ({20 ml) is added 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochioride
(0.82 g) at room temperature. The reaction mixture is
stirred overnight at room temperature, and then washed with
2 % agueous hydrochloric acid and brine. The organic layer
is dried and evaporated to remove the solvent. The crude

!\ residue is purified by si;ica gel column chromatography

1 ~ {solvent; chloroform/methanol) to give ethyl 2-n-propyl-3-
(2'-(lH—tetrazol-S—yl)biphenyl-4-yi}methyl—s—cyanoacetyl—
4,5,6,7-tetrahydroimidazo(4,5~-c]pyridine-4~-carboxylate (0.76
g) as white foam.

FAB-MS (m/z): 539 (MHY), 207 (base)

(2) The above product is treated in the same
manner as An Example 5-(2) to give 2-n-propyl-8-cyano-9-
hydroxyél-{z'-(1H—tétrazol—s-yl)biphenyl—4—yl}methyl—
l,4;5,9a-tetrahydro-7H—imidazo[4,5—gjindolizin-7—one
disodium salt.

NMR (DZO).G: 0.80 (3H, t), 4.51 (lﬁ, s); 5.22 (1H,
d), 5.90 (1E, Q) |

Example 17
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pp. 129-133 (1975), with the bi phenyl conpound of the formula [IV] in the
sanme manners as above, and after renpving the protecting group (2) for—
amino group, followed by (i) in case that_ R4 of the;pﬂb‘ﬂbkﬂmﬁsamﬁg
the formula: -COOR3, reacting the product?®%ith formnali : ?
a mneral acid (e.g. hydrochloric acid, etc.), or (ii) {i

of the product is hydrogen atom reacting the product wt [
or ester of

{1) Ethyl 2-n-propyl-3-{2'~(lH-tetrazol-5-yl}-
bibheny1-4—yl}me£hyl—4,5,6,7—tetrahydroimidazo[4,5—c]-
pyridine—4—carb¢xylate is treated in the same manner as in
Example -12-(1) to give ethyl 2-n-propyl-5-acetoacetyl-3-{2'-
(1H;tetrazol-5—yl)biphenyl—4-yl}methyi-4,5,6,7—tetrahydro—
imidazo(4,5-clpyridine-4-carboxylate as white foam.

NMR (CDCl3) 6: 1.03 (3H, t), 2.22 (3H, s), 3.61
(2H, ABq), 5.30 (2H, ABg), 5.36 (1H, s) )

{2) The above product is treated in the same
manner as in Example 5-(2) to give 2-n-propyl-8-acetyl-9-
hydroxy—l-{2f—(lH—tetrazol-S-yl)biphenyl—4—yl}methyl—
l,4,5,9a-tetrahydrq—7H—imidazo[4,5—g]indolizin—7-one
disodium salt.

NMR (D,0) &: 0.80 (3H, t), 4.38 (1H, brs), 5.24
(lH, d), 6.03 (1H, d)

Example 18

(1) To a mixture of ethyl 2-n-propyl-5-—aceto-
acetyl-3~{2'-(1lH-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-
tetrahydroimidazo(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
ice-cooling. The reaction mixture is stirred overnight at
room temperature and diluted with chloroform (50 ml). The
solution is washed with 10 % hydrochloric acid and brine,
dried, and evaporated to remove the solvent to give crude

residue (266 mg) as oil. The residue (260 mg) obtained
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glyoxyluc aci.d in the presence or absence of a mneral acid (e.q. -
hydrochtoric acid, etc.) or an alkali (e.g. sodium hydroxide, etc ) and | f
necessary, by esterification of the carboxyl group-in a

C
manner, and further by reacting the obtai4®d ini dazo ? Q% d mnth
the conpound (VI] or a reactive derivative thereof in r
above. In the above reaction, the protecting group (Z) group nay

be any conventional one, and in case that Ring A\ of the conpound (Irv] is
tetrazol yl phenyl group or

above is refluxed with 10 $ hydrochloric acid (1.0 ml) in
ethanol (5.0 ml) for one hour. The reaction mixture is

o diluted with chloroform (36 ml), washed with brine, driéd,
and_thgn evaporated to remove the.solvent. The resulfing
residue ié purified by silica gel column chromatogfaphy
 (solvent; chlorofdorm/ethanocl) to give ethyl 2-n-propyl-5-
benzoylacetyl-3-{2'-(1H-tetrazol-5-yl)biphenyl}methyl-
4,5,6(7—tétrahydroimidazo[4.5*c]Pyridine-4-carboxyléte {144
mg) as white fcam.

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)

(2) The above product is.treated in the same
manner as in Example 5-(2) to give 2-n-propyl-8-benzoyl-9-
hydroxy-1-{2'-{1H-tetrazol-5-yl)biphenyl-4-yl}methyl-
1,4,5,%9a~tetrahydro-7H-imidazo{4,5-g)indolizin-7-one
disodium salt &s white powder.

" FAB-MS (m/z): 616 (MH'), 115 (base)

NMR (D,0) 6: 0.80 (34, t), 4.57 (1H, s), 5.24 (lH,

d), 5.90 (1H, d) |

Exzmple 19

(1) Ethyl 2-n-propyl-3-{2'-{tert-butoxycarbonyl)-
biphenyl-4-yl}methyl-4,5,6,7~tetrahydroimidazo{4,5-c]-
pyridine-4-carboxylate oxalate (1.00 Q) is suspended in
chloroform. The susﬁension is washed.with saturated sodium

hydrogen carbonate solution and brine, dried over magnesium



P I Y S LN G . [P

car bbxyphenyl group, it is preferable to protect said tetrazolyl _group or

car boxyl group with a conventional protecting group. - 712 - The
optically active starting compound [II] nay be preparqmsmkaﬂhesaﬁn
subj ecting the racem c m xture of the .cofgaund [II] ‘to-
chronatography f or separatlon of (ﬂ"

sulfate, and evaporated to remove the‘solvent; To a mixture
of the crude substrate (0.75 g), ethoxycarbonylacetic acid
(0.33 g) and methylene chloride (10 ml) is added l-ethyl-3-
{3-dimethylaminopropyl)carbodiimide hydrochloride (0.48 g)
at room temperature. The reaction mixture is stifred'for
one hour and washed with 10 % aqueous citric acid solution,
saturated sodium hydrogen carbonate solution and brine. The
organic layer is dried and evaporated to remove the-- _
solvent. The resulting crude residue is purified by silica
gel column chromatography (solvent; chloroform/ethyl
acetate) to give ethyl 2-n-propyl-3-{2'~({tert-butoxy-
carbonyl)biphenyl-4-yl}methyl—S—ethoxycarbonylacetyl—
~ 4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-4-carboxylate (0.70
g).
FAB-MS (m/z): 618 (MHT), 211 (base)
NMR (CDClg) &: 1.12 (3H, t), 1.28 (95, s), 3.57
(2H, s), 5.37 (2H, ABq) |
| (2) The mixture of ethyl é—n—propyl—3-{2'—(tert—

: butoxycarbonyl)biphenyl—4-yl}methyl—S—ethoxycérbonylacetyl-
4,5,6,7—te;rahydroimidazo[4,5—c]pyridine—4-carboxylate (657
mg), trifiuorocacetic acid (3 ml) and methylehe-chloride {10
ml) is stirred overnight at room temperature. The reaction
mixture is washed with saturated sodium hydrogen éarbonate
solution and brine, dried and evaporated to remove the
solvent, The crude residue is purified by silica.gel column

chromatography (solvent; chloroform/methanol) to give ethyl
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optically active isomers. Besides, in the compounds [I1], (Ill1], (VM and
[VII], the partial structure of the fornmula: N3 |nd|cates the strucrures of
the following fornulae: [err] Exanples The present |nveﬂﬁgiii rated

by the followi ng Exanpl es and Reference-BEdanpl es, but sh uﬁ"m'mfm

construed to be limted thereto.
2-n-propyl-3-(2'-carboxybiphenyl-4-yl)methyl-5-ethoxy- |

carbonylacetyl-4,5,6,7~Eetrahydroimidazo[4,5—c]pyridine-4—
carboxylate (516 mg).

"FAB-MS (m/z): 562 (MHT), 211 (base)

NMR (CDC13) é6: 0.76 (3H, t), 3.55 (2H, s), 5.34
(2H, ABQ) |

(3) The above product is treated in the.séme
manner'as in Example 5-(2) to give 2-n-propyl-8-ethoxy-
carbonyl—Q—hydroxy-l-(2'—carboxybiphenyl-4-yl)methyl-
1,4,5,9a-tetrahydro-7H-imidazo[4,5-glindolizin-7-one
disodium salt; |

FAB-MS (m/z): 582 (M+Na), 560 (MH'), 177 (base)

NMR (D,0) &: 0.86 (3H, t), 5.38 (1H, d4), 6.25 (1lH,
d) |

Example 20 -

(1) Ethyl 2-ethyl-3-{2'-(l-trityl-1H-tetrazol-5-
yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5~c]~
pyridine-4-carboxylate (1.94 g), monoethyl malonate (0.74
g). l—ethyl-3—(3-dimethyléminopropyl)carbodiimide
hydrochloride (0.80 g), and triethylamine (1.40 g) are
dissolved in dichloromethane (20 mi). The mixtu;e is
stirred overnight at room temperaturé. The reaction mixture
is washed with water, dried over sodium sulfate, and then
evaporated to remove the solvent. The residue is dissolved
in ethanol (30 ml) and thereto is added fumaric acid (2.00
g). The mixture is refluxed for thfee hours and evaporated

to remove the solvent. The resulting residue is treated
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Exaé;lell (1) Methyl 2-n-butyl*-5-benzyl oxycarbonyl -17{2 - (1- )
trityl-lIHtetrazol -5-yl)bi phenyl -4-yl)net hyl -4, 5, 6, 7-j,gtshet Has Been eplace
hydroi m dazo[ 4, 5- c] pyri di ne- 6- car boxyl e T11.26 g) and*B

R
g) % mount
of 10 % pal | adi um carbon are added to nethanol (300 mi ure is
stirred under hydrogen atnosphere. After the reaction i onpl et ed,

pal | adi um carbon is renoved by filtration, and the filtrate is

with a saturéted sodium hydrogen c&rbonate solution and
extracted with chloroform. The organic layer is dried and
evaporated -0 remove the solvent. The resulting fesidue is
purified by silica gel column chromatography (solvent;
chldroiorm/methandl)'to'give ethyl 2-ethyl43-{2'—(lH—
tetrazol—5~yl)biphenyl—é—yl}methyl-S-ethoxycarbonylacetyl—
4,5,6,7-tetrahydroimidazo(4,5~-c]pyridine-4-carboxylate (1.07
g) as foam. _ |
NMR (CDCl;) §: 5.29 (2H, s), 5.48 (1H, s), 6.92
(22, d), 7.10 (2H, &)

(2) The above product is treated in the same
manner as in Example 5-(2) to give 2-ethyl-8-ethoxycarbonyl-
9-hydroxy-1-{2'—(1lH~-tetrazol-5-yl)biphenyl-4-yl}methyl—
l,4,S,9a—tetrahydrof7H-imidazo{4}S—g]inéolizin—?Fone
disodium salt as white powder.

NMR (DMSO-dg) &§: 1.10 (3H, t), 1.15-(33, t), 4.45
(1H, s), 5.05 (1H, d), 6.45 (1H, d) '

Example 21

(1) Ethyl 2-ethyl-3-{2'~(t-butoxycarbonyl)-
biphenyl~4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]-
pyridine-4=carboxylate is treated in the same manner as in
Example 20-(1) to give ethyl 2-ethy1-3—{2'-(t5butoxy-
carbonyl)biphenyl¥4-yi}methyl-S-ethoxycarbonylacetyl—
4,5;6,7~tetrahydroimidazo[4,5-c]pyridine-4-carboxylate as
oil. | -

NMR {(CDClg) &: 1.12 (3H, t), 1.28 (9H, s), 5.35
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-13 evaporated under reduced pressure to give methyl 2-n-butyt——"""
| -{2'-(I'"-trityl-1Htetrazol - 5-yl) bi phenyl - 4-yl ] net hyl -

4,5,6, 7-tetrahydroi m dazo[ 4, 5-cl pyri di ne- 6-car boxyl ate (Thi ed
NVR (CDC13) 6: 0.86 (3H, t), 3.68 (3H s3,33.86 (2H,; s) (
product (0.96 g) is dissolved in nethylene chl oride (25 n1 S

added triethyl -

(2, q), 6.00 (1H, s)

(2) The above product is treated in the same
manner as in Example 19-(2) to give ethyl 2—e£hyl-3—(2'—
carboxybiphenyl-4-yl)methyl-S-ethoxycarbonylacetyl-4,5,6,7-
tetrahfdroimidazo[4;5-c]pyridine—4-carboxylate as white
foam.

NMR (CDC13) §: 0.98 (3H, t), 1.16 (38, t), 1.27
(35, t), 5.33 (2H, q), 6.00 (1, s) )

(3) The above product is treated in the same
manner as in Example 5-(2) to give 2-ethyl-8-ethoxycarbonyl-
9-hydroxy—l—(2'—carboxybiphenyl-4-yl)methyl—l,4,5,9a—
ﬁetrahydro-7H-imidazo[4,5-g]indolizin-?-one disodium salt as
white foam. _

NMR (DMSO—ds) §: 4.50 (1H, s), 5.17 (iH/ d), 6.36
(1H, 4) ' |

Reference Example 1

(1) 2-n—Butyl44—hydroxymethylimidazolé (33.3 g) is
dissolved in methanol (50 ml), and thereto is added 18 %
hydrogen chloride-methanol solution (160 ml), and the
mixture is-.evaporated under reduced pressure to remove the
solvent. To the resulting residue is added toluene (150
ml), and théreto is added dropwise thionyl chlo:ide {52 ml)
under ice-cooling. The mixture is stirred at 50°C for two
hours, and concentrated to dryness under reduceé pressure to
give 2-n;butyl—4-chléromethyiimidazole hydrochloride (58.3

g) as oil. Separately, diethyl N-acetylaminomalonate (140.8



To%y-garbonytacet yl.
chloride (0.22 m) under ice-cooling, and the mxture is stirred at room
tenperature for two hours. Chloroformand water are added to the m xture.
The aqueous |ayer is extracted with chloroform and the. washings and the
chl orof orm | ayer are conbined, dried, and ggeg the solvent is distjlled
off. The residue is purified by silica gel “Colum chromat ography (sol vent;
et hyl acetate/chloroforn) to give nethyl

2- n- butyl - 5- et hoxycar bonyl acetyl -1 -( 2'-(1-
trityl-1Htetrazol -5-yl)bi phenyl -4-yl)nethyl-4,5,6, 7-

g) is added to a solution of sodium ethylate (44 g) in
ethanoi (500 ml) with ice—cooiing under argon atmosphere,
and the mixture is stirred at 0°C for 15 minutes. To the
"mixture-i; added dropwise a solution of 2-n-butyl-4-chloro-
methylimidazole hydrochloride obtained above in ethanol (250
ml), and the mixture is stirred at room temperature
overniéht. The mixtﬁre is evaporated under reduced pressure
to remove the solvent, and to the resulting residue are
added ethyl acetate (1 liter) and saturated agqueous ammonium
chloride solution (500 ml). The aqueous layer is extracted
with ethyl acetate, and the extract is combined with the
organic layer, and e&aporated. To the resulting residue is
added 10 % hydrochloric écid, and the mixture is neutralized
with sodium hydrogen carbonate, and extracted with ethyl
acetate fo give_2—n~buty1-4-{2-acetylamino—2,2-bis(ethoxy-
carbonyl)ethyl}imidazole (56.8 g) as powder.

m.p. 80 - 92°C

NME (CDClB) éd; 0.91 (3H, t), 1.24 .(6H, t), 2.01
(3H, s)

(2)° The above product is added to 6N hydrochloric
acid (600 ml), and the mixture is refluxed overnight. The
mixture is concentrated to dryness under reduced pressure,
and the resulting residue is dissolved in methanol'(ZOO
m). The oily résidhe is subjected to azeotropic
distillation with toluene to remove water to give 2-n-butyl-

4-{2—amjno—2-(methoxycarbonyl)ethyl}imidazole hydrochloride

This Sheet Has Been Replaced

AR




NNR [err]
(0.67 9)

'dr0|n1dazo[4 SYCIpyrldfne 6- carbdxyfa{e-(o 74 g) as colorless oi
0.86 (3H,
is dissolved in tetrahydrofuran (2 m),

t), 4.56 (2H,- s), 4.87 (2H, ABq) (3) The above product

formc acid (5 mM), and the m xture is stirred at. roon1tenperature for four
hours. The m xture i s evaporated under reduced -

i

(46.0 g) as oil.

NMR (DMSO-dg) &: 0.96 (3H, t), 3.28 (2H, d), 3.73
(3H, s) .

{3) The above product (45 g) is.added to 37 %
aqueous formalin solution (45 ml) and water (600 ml), and
the mixture is refluxed for two hours. The reaction
solution is eVaporated under reduced pressure, and the
resulting crystalline residue is pulverized in acetone, and
collected by filtration to give 2-n-buty1—4,5,6,7—tétra—
hydroimidazo[4,5—c]pyridihe-é—ca:boxylic acid hydrochloride
(50 g).

m.p. 176 - 179°C (decomposéd)

(4) The above product (30 g) is suspénded in
methanol (300 ml), and thereto is added thionyl chloride (30
ml), and the mixture ié refluxed overnight. The reaction
solution is evaporated under reduéed pressure'to give methyl
2-n-butyl-4,5,6,7-tetrahydroimidazo(4,5-c)pyridine-6-
carboxylate hydrochloride (28.3 g) as oil.

NMR (D,0) &§: 0.90 (3H, t), 3.92 (3H, s)

{5) N-Hydroxysuccinimide (0.69 g) and triethyl-
amine (0.6 g) are dissolved in dry dimethylformamide (5 ml),
and thereto is added dropwise benzyloxycarbonyl chloride
{(1.02 g} under icg—cooling. The mixture is stirred for 10
minutes, and thereto is added triethylamine (2.0 g). To the
mixture is further added a solution of methyl 2-n-butyl-

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

and thereto is added 90 %



T2 Ypressure to renove the solvent, and the resulting residue is dissolved
in nmethanol- (20 mM), and thereto is added 1N aqueous sodi um hydr oxi de
solution (4.8 m). The mxture is stirred at room tepnperature _overnight,
and the solvent is distilled off. To the residue are added water and ether.

The aqueous |l ayer is evaporated under reggced pres ip B epl I ting
oil is purified by colum chromatography of nonionid Hﬁ ” f I n
(tradenane; HP-20, manufactured by

hydrochloride (1.55 g) in dimethylformamide (5 ml), and the

- mixture is stirred at room temperature overnight. The
‘reaction solution is concentrated under reduced pressure,
and thereto are added water and chloroform. The agueous
layer is extracted with.chloroform, and the extract is
combined with the chloroform layer, dried, and evaporated
under reduced pressure to remove the solvent. The resulting
oily residue is purified by silica gel column chromatography
(solvent; chloroform/methanol) to give methyl 2-n-bﬁtyl—5-
benzyloxycarbonyl-4,5,6,7-tetrahydroimidazo(4,5~c]lpyridine~-
6-carboxylate (1.21 g) as pale yellow oil.

NMR (CDC13) §: 0.90 (3H, t), 3.63 (3H, s), 5.20
{2H, s) ' ‘

{(6) The above product (12.69 g) is dissolved in
dimethyl)formamide (300 ml), and thereto is added sodium
hydride (80 % oil-dispersion type) (1.83 g) under ice-
cooling, and the mixture is stirred at 0°C for three
hours. To the mixture is added 2'-(l-trityl-lH-tetrazol-5-
yl)biphenyl-4~yimethyl bromide (23.81 g), and the mixture is
stirred uncder ice-cooling for one hour, and fhrthef stirred
at room temperature for one hour. The reaction solution is
concentrated under reduced pressure, and to the residue are
added ethyl acetate and water. The organic layer is dried,
and evaporated under reduced pressure to give yellow foam,

which is further purified and separated by silica gel column



M t subi shi Kasei Corporation) and |yophilized to give 2-n-
butyl - 7- et hoxycar bonyl - 8- hydroxy-1-(2'-(l Htetrazal - -
yl) bi phenyl - 4-yl ) net hyl -1, 4, 8a, 9- tetrahydro 6H—|n]daz%%4 5-

f]1 ndol i zi n- 6- one di sodi um salt (0.393F) —as powder.

0.84 (3H t), 1.15 (3H t), 4.02 (2H q), 5.07 (2H s)

m xture of methyl 2-n-butyl-1-(2'-(l-trityl-

| Htetrazol - 5-yl ) bi phenyl - 4-yl)nethyl -4,5,6, 7- t-etrahydro-

I m dazo[ 4, 5--c] pyri di ne- 6-carboxylate (0.81 g), dlcyclohexyl
chromatography. That is, firstly, methyl 2-n-butyl- 5-
benéyloxycarbonyl-l—{z'—(l-trityl—lH-tet:azolésiyl)biphenyl—
4—y1}methyl-4,5,6,7-tetrahydroimidazo[4,5—c]py£idine—6-
'carboxylate (14L68 g) [hereinafter referred to as Product
(A)]'is obtained as foam from the fractions eluated with
chloroform:ethyl acetate = 3:1, and subsequently methyl 2-n-
butyl—S—benzyloxycarbonyl-B—{2'—(l-trityl—lH-tetrazol—S-
yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5- -
clpyridine-6-carboxylate (8.23 g) [hereinafter referred to
as Product (B)] is obtained as foam from the fractions

eluated with chloroform:ethyl acetate = 2:1.

Product (A):

NMR (CDCl3) &: 0.86 (3H, t), 3.60 (3H, s)

Product (B):

NMR (CDCl3) &: 0.85 (3H, t), 3.58 and 3.63 (3H,
each s) (each singlet comes to 3H in all)

Reference Example 2

(1) 1l-t-Butoxycarbonyl-4- {2-(t- butoxycarbonyl-
amino)ethyl}imidazole (78.1 g) is dissolved 'in acetonitrile
(500 ml), and thereto is added methoxymethyl chloride (22.2
g), and the mixture is stirred at room temperatufe
overnight. The reaction solution is poured into 10 %
aqueous sodium hydroéen carbonate solution, and extracted
with ethyl acetate. The extract is washed, dried, and the
solvent is distilled off to give 4-{2-(t-butoxycarbonyl-

amino)ethyl}-3-methoxymethylimidazole (54.4 g) as oil.



g
(0 11 g) and’ acetonltrlle (10 m) -

ybenzo FraghrE (0 T g)' éféheéeéfidﬁéEFd'

After the reaction is conpleted, ethyl acetate is added,to the reaction -

m xt ure
sol uti on,

The resulting residue is purified by srl
(sol vent; .

and the mxture is washed with aqueous sodium

BeaRgnal e
dried, and the solvent is dlstb Ied of f under re.
a“gel colum

NMR (CDCl3) 6: 1.43 (9H, s), 3.27 (3H, s), 5.20
(2H, s)

(2) The above product (55 g) is dissolved in
tetrahyd;ofurah (1.5 liter), and the mixture is cooled to
-40°C. To the mixture is added dropwise 1l.6M n-butyl
lithium/n-hexane solution (150 ml), and the mixture is
stirred for 30 minutee. To the mixture are added
successively hexamethylphosphoamide (150 ml) and n~butyl
lithium (137 ml), and further n-butyl iodide (37.5 g) is
added dropwise to the mixture during which the mixture is
kept at <30°C. After the mixture is.etirred for 10 minutes,
the reection is quenched by adding aqueous ammonium chloride
solution thereto. Ethyl acetate is added to the mixture,
and the mixture is separated. The organic layer is
collected, washed and aried, and the solvent is distilled
off. The resulting oily residue ie'pﬁrified by silica gel
column chromatography (solvent; chloroform/ethyl acetate/
methanol) to give 2-n-butyl-4-{2-(t-butoxycarbonylamino)-
ethyl}-3-methoxymethYlimidazole'(44.8'g) as oil.

NME (CDCly) &: 0.94 (3H, t), 1.44 (9H, s), 3.27
{3H, s), 5.09 (2H, s) _

. (3) Chloroforﬁ (1.3 liter) is added to the above
?roduct {(80.7 g) and ethyl chlorofoimate {84.5 g), and the
mixture is refluxed for 2.5 hours. The reaction solution is
evaporated under reduced pressure, and to the resultlng

residue are added ethanol (300 ml) and_lO %-aqueous sodium

is stirred at room tenperature overnight.



15 - et hyl acetate) to give nethyl 2-n- butyI 5 cyanoacetyl 1 {2
(1-trityl-lHtetrazol-5-yl)bi phenyl -4-yl)nethyl-4,5,6, 7-

t et rahydroi m dazo[ 4, 5-c] pyri di ne- 6- car boxyl ate (0.83 g) as foam _NMR. -
(CDC13) [err]: 0.87 (3H, t), 3.61 (3H s), 3.63 (2H- Sy, 4.88 (2H ABq) (2)
The above product is treated in the sane qpnner as i.n

R S e

hydroxide solution (200 ml), and the mixture is stirred
~under ice-cooling for 20 minutes. The solvent is distilled
off, and to the residue are added water and chloroform, and
the mixture is separated. The organic layer is dried, and
the solvent 'is distilled off, and_the resulting solid
product is recrystallized from isopropyl ether to give 2-n-
butyl—4—{2—(t-butoxycarbonylamino)ethyl}imidazole (56.3
g). '

m.p. 118 - 120°C

(4) The above product and 2'-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example 1-(6) to give 2-n-butyl-
4-{2-(t-butoxycarbonylamino)ethyl}-1-{2'—(1-trityl-1H~
tetrazol-5-yl)biphenyl-4~yl}methylimidazole.

NMR (CDC13) §: 0.89 (3H, t)., 1.43 (9H, s), 4.85
(2H, s)

(S5) A mixture of the above product (15.2 g), 10 %
hydrochloric acid_(40 ml) and methanol (60 ml) is refluxed
for one hour. After the reaction is coﬁpleted, methanol is
removed by d&stillation, and the aqueous layer is washed
with ethyl acetate and concentrated toé drynese under reduced

- pressure. The resulting residue is subjected to azeotropic
distillation with.dry toluene to give quantatively crude 2-
n-buty1-4—(2-amihoe£hyl)-l—{2'4(lH—tetrazol—S—fl)biphenyl-4—

 yl}methylimidazole hydrochloride (9.7 g) as caramel.

NMR (DMSO-ds) §: 0.84 (3H, t), 1.43 (9H, s), 5.40



hydroxy I-(2' (IHtetrazol - 5- yI)blphenyI 4- yI)nethyI

1, 4, 8a, 9- tetrahydro 6H i m dazo[ 4,5-f]indolizin-6-one disodiumsalt. NWR
(DMSO-d6) [err]: 0.84 (3H, t), 5.06 (2H s): Exanpl.e 3 (1) Met hyl

2- n- but yl

-5-benzyl oxycar bonyl - 3-{2' -
trityl-1Htetrazol -5-yl)bi phenyl -4-yl ) nﬂetqloyL-4 5,6, 7- tet'hﬂgSheetHasBeenRe laced
hydr oi m dazo[ 4, 5-c] pyri di ne-6-carboxylate is treated int
in Exanple 1-(1) to give nmethyl 2-n-butyl-3- 1
(2'-(I-trity|-|F#tetrazoI-S-yI)biphenyl-4-y|)nethy|-4,5,6

(2H, s)

{6) A mixture of the above product (8.09 g),
glyoxylic acid hydrate (1.73 g), 1N aqueous sodium hydroxide
solutioﬁ (53 ml) and dioxane (50 ml) is stirred at about
50°C for 2 days. The reaction solution is acidified with
hydrochloric acid, and evaporated under reduced pressure.
The resulting residue is dissolved in methanol (100 @l), and
cooled to -30°C, and'thereto is added dropwise thionyl
chloridel(12.4 g). After the. mixture is stirred at . about
60°C for 2 days, the solvent is distilled off under reduced
pressure. Water is added to the resulting residue, and the
mixture is neutraiized with aqueous sodium hydrogen'
carbonate solutién, and extracted with chlorofdrm. The
extract is dried and evaporated under reduced pressure, and
the resulting oily product is purified by silica gel column
chromatography (solvent; chloroform/methanol) to give meEhyl
2-n-butyl-3-{2'~(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-
4,5,6,7—tetrahydroimidazo[4,5-c]pyridine-4—carboxylate (4.22
gj as powder.

NMR (DMSO-dg) 6: 0.90 (3H, t), 3.72 (3H, s), 5.20
(2H, s) |

Reference Example 3

(1} 2-n-Propyl-4-hydroxymethylimidazole and
diethyl N-acetylaminomalonate are treated in the same manner
as in Reference Example 1-(l1) to give 2-n-propyl-4-{2-

acetylamino-z,2—bis(ethoxyéarbonyl)ethyl}imidazole as



t et rahydr.oi m dazo[ 4, 5-c] pyri di ne- 6- car boxyl at e. NNR (CDC13) 6 0 87 (3H,
t), 3.75 (3H, s), 4.81 (2H s) (2) The -above product and

met hoxycar bonyl acet yl
1-(2).

trityl-1Htetrazol -5-yl)bi phenyl - 4-yl } reahyk-4 , 5, 6, i’ SReet Has s Been Replaced

e e s et \\\l\\\\\\\\\\\\\l\l\\l\\

powder.

m.p. 94 - 97°C

(2) The above product is treated in the same
manner as in Reférence Example‘l-(Z) to givé 2-n—propy1-4;
{2-amino-2-(methoxycarbonyl)ethyl}imidazole hydrochloride as
oil. |

NMR (DMSO-dg) §: 0.91 (3H, t), 3.28 (2H, 4), 3.73
(3H, s) |

(3) To a mixture of the above product (5.74 g),
triethylamine (6.8l g) and chloroform (200 ml) is added
dropwise a solution of benzyloxycarbonyl chloride (2.87 g)
in chloroform (100 ml) under ice-cooling. The mixture is
stirred at room temperature overnight, washed and dried, and
the solvent is distilled off. The resulting residue is
purified'by silica gel column chromatography (solvent;
chloroform/methanol) to give 2-n-propyl-4-{2-(N-benzyloxy-
carbonyl)amino—z—(methoxyqarbonyl)ethyl]imidazole (3.36 g)
as oil.

| NMR (CDClj) §: 0.92 (3H, t), 3.05 (2H, d), 3.67
(3, s), S. 10 (2H, s) '

(4) The above product and 2'-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example 1-(6) except that the
reaction is carried out overnight to éive 2-n-propyl-1-{2'-
(1-trityl-l1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4-{2-(N-

benzyloxycarbonyl)amino-2-(methoxycarbonyl)ethyl}imidazole

chlori'de are treated in the sane.manner as in-Exanple
to give nethyl 2-n-butyl-5- nethoxycarbonylacetyl 3= (271 -



'(3) Thela;ct)‘\'}i;:|5'r"o'o'u‘c'"""':-'-”"-rea'~

“dWTTthe $afrs ‘manner as in Exanpl e

1 (3) to give 2-n-butyl-7-nethoxy-

car bonyl -

8- hydr oxy-3-{2' - (IFFtetrazoI-S-yI)biphenyl-4-y|)-
nmet hyl -1, 4, 8a, 9-tetrahydro-6H i m dazo[ 4,5

-f]indolizin-6-one disodi.umsalt.

NVR (DMBO-d6) 6; 0.84 (3H, t), 506(2H ABAL Exanple 4 (1) Methyl

2-n- but yl

-3-(2'-(l-trityl-lHtetrazol - i ThszheetHasBeenReﬂlac

KR

NMR (CDClj;) &: 0.89 (3H, t), 3.63 (3H, s), 4.83

as foam.

(28, s), 5.11 (2H, s)

(5) To é;mixture of the above product (5.18 g) and
methanoi (40 ml) is added 9 % hydrogen chloride-methanol
solution (60 ml), and the mixture is stirred at room
temperature for one hour, and evaporated. The resulting
residue is dissolved in methanol (50 ml), and the mixture is
subjected to catalytic reduction by using 16 % palladium~
carbon as a catalyst. After the reaction is completed, the
catalyst is removed by filtration, and the solvent is
distilled off. The resulting oily residue is dissolved in
methanol (50 ml), and tﬁe mixture is refluxed with agueous
formalin solution (4 ml) for one hour. After distillation
of the solvent, the product is pulverized in ethyl acetate,
and collected by filtration to give methyl 2-n-propyl-3-{2'-
(1H—tetrazol-5—yl)biphenyl-4-yl}methyl-4,5,6,7—tetrahydro—
imidazo[é,5-cleridine-G-carboxylate hydrochloride (3.73 g)

"as powder.

NMR (CDCl3) 6: 0.92 (3H, t), 3.71 (3H, s), 4.86
(2H, ABQ) '

Reference Example 4

(1) 2-n-Propyl-4-hydroxymethylimidazole (2.61 g)
is added to thionyl chlqride (4.5 ml), and the mixture is
heated at 50°C for two hours. The solvent is distilled off,

and the resulting residue is dissolved in dimethylformamide



L e e e s IS e il e et e
5-yl) bi phenyl -4-yl)nethyl -4,5,6, 7- tetrahydr0|n1dazo[4 5-cl -
pyri di ne- 6-car boxyl ate and ethoxycarbonylacetyl chlorlde_gig_gjegied in the
sanme manner .as in Exanple 1-(2) to give nethyl . . )
2-n-butyl - 5- et hoxycar bonyl acetyl -3-(2"-(1-trityl:l H 1hwsmmﬂﬂmechla
tetrazol - 5-yl) bi phenyl - 4-yl ] met hyl - 47548, #-t et r ahydr o-
i m dazo(4, 5-c] pyridine-6-carboxylate. NVR (CDC13) [err]: 0 L
m, 4.80 (2H, br-s) (2) The above product is treated in the sane
in Exanple 1-(3) to give 2-n-butyl-7-ethoxy-
car bonyl - 8- hydroxy-3-(2.-(l Htetrazol - 5-yl ) bi phenyl -4-yl) -

(20 ml), and added dropwise to a solution of sodium cyanide

(5.47 g) in dimethylformamide (120 ml). The mixture is
stirred at room temperature overnight, and the solvént is
distilled off. The resulting residue is dissolved in ethyl
acetate, washed, dried and evaporated. The resulting residue
is purified by silica-éel column chromatography (solvent;
ethyl acetate) to give 2—n-propyl—4-cyaﬁomethylimidazo}e
(3.08 g) as.oil.

~ NMR (CDClj) &: 0.95 (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 mi). The mixture is subjected to catalytic
reduction by using piatinum oxide as a catalyst. After the
reaction is completed, the catalyst is removed by
filtration, and the filtrate is evaporated under redﬁced
pressure to give 2-n-propyl-4-(2-aminocethyl)imidazole
hydrochloride (4.83 g), which is used in a subsequent
reaction without further purification.

(3) A mixture of the above product (4.83 q),
phthalic anhydride.(3.04 g), sodium acetate (6.10 g) and
acetic acid (50 ml) is refluxed for 19 hours. The mixture
is evaporated under reduced pressure, and to the residue is
added water. The mixture is neutralized with sodium
hydrogen carbohate,'and extracted with chloroform. The
extract is dried and the solvent is distiiled off, and the

resulting residue is purified by silica gel column



met hyl -1, 4, 8a, 9-tetrahydr o- 6H-i m dazo[ 4, 5-f]i ndol i zi n- 6- one dlsodlun1salt
NVR (DNEC)dG) 6: 0.84 (3H, t), 1.15 (3H, t), 4.02 (2H~—q)~—5 07-(2H; 's)~
Example 5 (1) Methyl 2-n-butyl-3-{2'-(IHtetrazol ~5- yI - Sheet Has Been Replaced

bi phenyl - 4-yl) net hyl -4, 5, 6, 7- tetrahydr0|q)dazo(4 5-¢c] -
pyri di ne-4-carboxyl ate and et hoxycar bonyl acetyl chlori dHlHI‘H““mIm Il

chromatography (solvent; chloroform/methanol) to'éive 2-n-
propyl-4-(2—phthalimidethyl)imidazole (2.72 g) as foam.

NMR (CDCl;) &: 0.90 (3H, t), 3.95 (2H, t), 7.61 -

7.86 (4H, m) | -

(4) The above product and 2'-(l-trityl-lH-
tetrazol-5-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example 1-(6) except that the
reaction is carried out ovérnight to give 2-n-propyl-4-(2-
phthalimidethyl)-1-{2'-(1-trityl-1H-tetrazol-5-yl)biphenyl~-
4-yl)}methylimidazole as foam. | '

NMR (CDCly) &: 0.86 (3H, t), 4.82 (2H, s)

(5) To a mixture of the above product (4.11 g) and
ethanol (100 ml) is added 100 % hydrazine hydrate (2 ml),
and the mixturé is stirred at room temperature for five
hours. After the reaction is completed, chloroform_is added .
to the reaction solution, and the mixture 'is washed, dried,
and evaporated to give crude 2-n-propyl-4-(2-aminoethyl)-1-
(2'-(1- trltyl-lH—tetrazol 5-yl)biphenyl- 4—y1}methy11m1dazole
{3. 68 g) as oil.

(6) The above product is treated in the same
manner as in Reference Example 2-(5) to give 2-n-propyl-4-
(2-aminoethyl)-1-{2'~( m—tetrazgl-s-yl)bipheny1-4—y1)methy1—
imidazole hydrochloride.

(7) The above product and glyoxylic acid hydrate
are treated in the same manner as in Reference Example 2-(6)

to give methyl 2—n—propy1-3—{2}-(lH-tetrazol-S-yl)biphenyl-



treated i,n the same manner as in Exanple 1 (2) to give nethyl
2-n-butyl -5-et hoxycar bonyl acetyl -3-{2 - (IFLtetrazoI

5-yl) bi phenyl - 4-yl } net hyl -4, 5, 6, 7-t et rahydr oi m dazo| 4~h555e]etHasBeenRe laced
pyri di ne- 4-car boxyl ate. NVR (CHC13) [err]: O. 95 (3H,

(2H, "s), 5.28 (2H, ABqg), 5.40 (1H S). (@@ _The above pr

di ssolved in ethanol (15 m), and thereto is added sod

di spersion type) (0.035 g), and the mxture is stirred at

0|I-

4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-clpyridine-4-
carboxylate as foam. | -

NMR (DMSO-dg) &: 0.98 (3H, t); 3.84 (3H, s), 5.06
(25, ABQ) A :

Reference Example 5

(1) 2-n-Butyl-4-{2-(t-butoxycarbonylamino)ethyl}-
imidazole and 2'-(methoxycarbonyl)biphenyl-4-ylmethyl .
bromide are treated in the same manner as in Reference
Example 1-(6) except that the reaction is carried out
overnight to give 2—n—buty;—4—{2—(t-butoxycarbonylamino)-
ethyl}—l—{z'—(methoxycarbonyi)biphenyl-4-y1}methyl—
imidazole;

N&R (CDCly) &: 0.91 (3H, t), 3.66 (3H, s), 5.02
(2H, s)

(2) The above product is treated in the same
manner as in Reference Example 2-(5).to give crude 2-n-
bﬁtyl—4—(2—aminoethyl)-l—{2‘-(methoxycarbonyl)bipheny1—4--
yl}methylimidazole hydrochloride, which is furtherltreated
with glyoxylic acid hydrate in éhe same manner as in
Reference E;ample 2-(6) to give crude methyl 2-n-butyl-3-~
{2'-(methoxycarbonyl)biphenyl-4-yl}methyl-4,5,6,7~tetra~
hydroimidazo(4,5-c]lpyridine—-4-carboxylate.

Reference Example 6

(1) To a mixture of 2-n-propyl-4-(2-aminoéethyl)-1-
{2'-(1-trityl-1E-tetrazol-5-yl)biphenyl-4-yl}methylimidazole

(21.95 g) and tetrahydrofuran (200 ml) is added a solution



roomtenperature overnight. The solvent is distilled off under reduced
pressure and the resulting residue is purified by column. chronatography of
noni oni ¢ adsorbing resin (tradenane; HP-20, nanufactur d by M t subi shi:

Kasei Corporation) and |lyophilized to give 2-n-butyl - SB&mR .
car bonyl - 9- hydr oxy-1-(2' - (I Htetrazol - 5- -ylt}ﬁ)i-phenyl' a°ed
nmethyl -1, 4,5, 9a-tetrahydro-7H i m dazo[ 4,5 g]lndoI|Z|n salt

(0.15 g). NVR (DMSO-d6) 6: 0.81 (3H, t), 1.15 (3H :t), 4. 41

of ethyl glyoxylate hydréte {(4.25 g) in tetrahydrofuran (20
ml) at-5°C. The mixture is stirred overnight at room
temperatura'and refluxed for 30 minutes. To almixture is
 added a 8 3 hydrogen chloride-ethanol solution {100 ml) at
room temperature. The reaction mixture is stirred for 30
minutes, and evaporated to remove the solvent. The residue
is dissolved in chloroform and washed succes;ively_with
saturated sodium hydrogen carbonate solution and brine. The
6rganic layer is dried and evapofated to remove the
solvent. The crude residue is treated with a mixture of
oxalic acid and ethanol to give'ethyl 2-n-propyl-3-{2'-(1H-
tetrazol-S-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro~
imidazo[4,5-c]pyridine~4-carboxylate o#alate (10.84 g).

m.p. 140 - 142°C.

(2y A suspensioh of the above product (4.0 g) in
chloroform (300 ml) is washed with sgturated sodium hydrogen
carbonate solution and brine. The organic layer is dried
and evaporated to remove the solvent to give ethyl 2-n-
pfopyl—3—{2;-(lH—tetrazoi—S-yl)biphenyl—4-yl}methyl-4{5,6,7—
tetrahydroimidazo[4,S-c]pyridine—4—carboxylate (3.69 g) as
white foam. | |

NMR (CDCl3) &: 1.00 (3H, t), 3.98 (lH; s), 5.09
(2H, q)

Reference Example 7

(1) To a mixture of 2-n-propyl-4-(2-phthal-
imidethyl)imidazole (10.0 g), 2'~t-butoxycarbonylbiphenyl-4-
ylmethyl bromide (13.S g), tetrahydrofuran (150 ml) and

dimethylformamide (15 ml) is added a solution of potassium



Example 6 (1), To a m xture of nethyl 2-n-butyl-5-ethoxy-

car bonyl acetyl -3-{2 -(IFLtetrazoI-S-yI)biphenyI 4-yl } met hyT -

4,5, 6, 7-tetrahydroi m dazo[ 4, 5- c] pyri di ne- 4- car boxyl at e (Bidknék Has Been Re; laced
triethylamne (0.69 g) and chloroforn1(20 m_) is added tr

(1.43 g), and the mxture is stirred at roé%terrperature mmlHlmHI

The reaction solution is

t~-butoxide (4.16 g) in tetrahydrofuran (40 mi) at -60°cC.
After removing the cooling bath, the reaction mixture is
stirred for 2.5 hours until the temperatuie thereof becomes
room;temperature. The mixture is quenched_with water, and
extracted with ethyl acetate. The organic layer is washed,
dried and evaporated to remove the solvent. The crude
residue is treeted with a mixture of oxalic acid, ethanol
and ether to give 2-n—propyl 4- (2-phtha11m1dethyl) 1-{2'~(t-
butoxycarbonyl)blphenyl-4—yl}methyllmldazole oxalate (15.6
g)-

m.p. 128 - 131°C.

(2) The above product is treated in the same
manner as in Reference Example 4-(5) except that the
reaction is carried out overnight to give crude 2-n-propyl-
4—aminoethyl—l—{2'-(tert—butoxycarbonyl)biphenyl—4-yl}~
methylimidazole.

_ (3) To a mixture of the above product (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 to remove the
solvent. The residue is dissolved in chloroform and the
solution is washed with 2 % hydrochloric acid, saturated
agueous sodium hydrOgen carbonate solutien and brine. The
organic layer is dried and evaporated to remeve the
éolvent. The crude residue is treated with a mixture of
oxalic acid, etﬁanol and ether to give ethyl 2-n-propyl-3-

{2'-(tert-butoxycarbonyl)biphenyl-4-yl}methyl-4,5,6,7-



- 18 - washed, dried and evaporated under reduced pressure to renove the
solvent. The resulting residue is purified by silica gel colum. .
chromat ography (solvent; ethyl acetate/n- hexane) 1o give nethyl

2-n- but yl - 5- et hoxycar bonyl acet yl - 3- - 48 . Tmsgma}hsBuchl
(2" -(l-trityl-lHtetrazol -5-yl) bi phenyl - 4- yl}nethy

t et rahydr oi m dazo[ 4, 5- c] pyr.i di ne-4-car boxyl ate (1.29 g)

124 - 126[err]C (deconposed) (2) The above product is reso HPLC
col um

tetrahydroimidazo[4,5~-c]pyridine-4~carboxylate oxalate.
| m.p. 166 - 168°C.

Reference Example 8

(1) To a stirred solution of 2-ethylimidazole (100
g) and triethylamine (115 g) in chloroform (800 ml) a£ g°C
is added z solution of dimethylsulfamoyl chloride (153 g) in
chloroform (200 ml). The mixture is stirred overnight at
room temperature. Water (1.5 liter) is added thereto and
the organicllayer is separated therefrom and concentrated.
The residue is dissolved in ethyl acetate (1 liter) and
washed with water.. The solution is dried over sodium
sulfate and concentrated. Distillation gives l-dimethyl-.
sulfamoyl-2-ethylimidazole (182 g) as colorless 1iquidl

| b.p. 139 - 142°C (5 mmHg)

NMR (CDClgz) &: 1.37 (3H, t), 2.89 (6H, s), 6.94
(18, 4), 7.23 (1H, 4) |

(2) To 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 then, N-t-
butoxycarbonyl aziridine (52 g) in tetrahydrofuran (300 ml)
is added therero, and further boron trifluoride etherate
(147 g) is added thereto éuccessively. The reaction mixture
is stirred for two hours at -78°C and then the mixture is
poured intc an ice-cooled saturdted.équeous potassium_
carbonate solution (2 liters). After evaporation of the
remaihing tetrahydrofuran, the aqueous layer is extracted

with ethyl acetate, and the organic layer is washed with



for separation of optically active isoners (tradename; Chiralcel OD,
manuf actured by Daicel Chemi cal |ndustries, Ltd.) (solvent; __ .

n- hexane/ et hanol =7: 3) to give (+)-isoner and (- )-|soner separately """"
(+)-1soner: [a]p +25.20 (c=0.5, chlorofor, 25[err] SmgdﬂaB«m[
-22.8[err] (c=0.S, chloroform 25[err]C) (3) To a. n1xtur
(+)-2-n-butyl -5-et hoxy- ["ﬂ” Rali,l
car bonyl acetyl -3-{2' - (I-trltyI-IF+tetrazoI 5- yI)blphenyI

water, and dried over sodium sulfate and concentrated. The
residue is purified by silica gel column chromatography
fsolvent; chloroform/methanol) to give l-dimethylsulfamoyl-
" 2-ethyl-5-{2-(t-butoxycarbonylamino)ethyl}imidazole (67 g)
as yellow oil. _

NMR (CDCl3) 6: 1.35 (3H, t), 1.43 (9H, s), 2.87
(6H, s), 6.72 (1H, s) _ |

{3) & solution of.the above produ;t (67 g)-in 10 &
hydro;hloric acid (600 ml) is refluxed for two hours. The
solvent is distilled off under reduced pressure and the
resulting oily black residue is dissolved in acetic acid
(300 ml). After addition of a2 mixture of sodium acetate (62
g) and phthalic anhydride (34 g), the ﬁeaction mixtu;e is
treated in the same manner as in Réferenée Example 4-(3) to
give crude 2-ethyl-4-(2-phthalimidethyl)imidazole (26 g) as
white powder.

(4) The above product and 2'-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4~ylmethyl bromide are treated in the
samé manner as in Reference Example 7-(1l) and the resulting
residue is purified by silica gel column chromatography
(solvent; hexane/ethyl acetate) to give 2-ethyl—-4-(2-
phthalimidethyl)—l-{Z‘-(l-trityl-lH—tetrazol-S—yl)bipenyl—4—
yllmethylimidazole as white foam, characterized as its
fumaric acid salt. |

m.p. 173 - 174°C.

(5) The above product is treated in the.same
manner as in Reference Example 4-(5) except that-the

reaction is carried out overnight to give the crude 2-ethyl-



yl }methyl -4, 5,6, 7-tetrahydroi m dazo{4, 5-c] pyri di ne-4- carboxylate (395 ng)
and tetrahydrofuran (4 nml) is added 90 % form c acid-—{(8—+m)—under . . _

ice-cooling, and the mxture is stirred at roomtenperat e for 30 ni nut es,
and evaporated under reduced pressure to renove the sol kadi g
residue is purified by silica gel colunn-cyaonatography ’” ,’

chl orof orm net hanol) to give nethyl (+)-2-n-butyl- I

~ 4-aminoethyl-1-{2'-(l-trityl-lH-tetrazol~-S-yl)biphenyl-4-
yl}methylimidazole as foam.

(6) The above product (7.48 g) 1s dlssolved in
tetrahydroturan (60 ml), to which is added ethyl glyoxylate
hydrate (.56 g). The reactlon mixture is stirred overnight
at room temperature and refluxed for one hbur. The solvent
is evaporated and the residue is purified by Silicq gel
column chromatography (solvent; chloroform/methanol) to give
ethyl 2—ethy1—3—{2'—(l-trityl-lH-tetrazol;S—yl)bipheny1—4-
vl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
carboxylate as foam, chracterized as its oxalic acid salt.

m.p. 142 - 146°C.

Reference Example 9

(1) 2-Ethyl-4-(2-phthalimidethyl)imidazole and 2'-
t-butoxycarbonylbiphenyl-4-ylmethyl bromide are treated in
the same manner as Reference Example 8-(4) to give 2-ethyl-
4-(2-phthalimidethyl)-1-{2'~(t-butoxycarbonyl)biphenyl-4-
yl}methylimidazole as oil. '

NMR (CDél3) §: 1.20 (3H, t), 1.25 (9H, s), S5.02
(2H, s), 6164'(1H, s)

(2) The above product is treated in the same
manner as in Reference Example 4-(5) except that the
reaction is carried out overnight to give the crude 2-ethyl-
4-aminoethyl-1-{2'=(t- butoxycarbonyl)blphenyl 4—yl}methy1—
imidazole as oil.

(3) The above product is treated in the same
manner as in Reference Example 7-(3) to give ethyl 2-ethyl-

3-{2'-(t-butoxycarbonyl)biphenyl-4-yl}methyl-4,5,6,7-tetra-
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- 19 - 5- ethoxycarbonylacetyl 3-{2' - (I Htetrazol -5-yl) bi phenyl -
yl ) et hyl - , 6 , 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne- 4- carboxylate (270. ng)
as foam [a]D +70- 4 (c=0.5, chloroform 20[err]C) (4}“T0 a nlxture of the

above product (270 ng), ethanol (3.5 nl) and water (1. lag@di um
hydr ogen carbonate (77 mg), and theé mi xt-urst i-s stirrec one
hour, and evaporated under reduced pressure to renove tﬂl“ m

resulting residue is purified by col um

'-hydroimidazo[4,5-c]pyridine-4-carboxylate as yellow oil.
NMR (CD¢13) §: 1.22 (3H, t), 1728 (9H, s), 1.31
(3H, t), 4.36 (1lH, s)
" FAB-MS (m/z): 490 (MH¥), 211 (base)

Effects of the invention

The imidazoindolizine derivatives [I] of the
present invention and pharmaceuticallj acceptable salts
thereof show excellent angiotensin II antagonistic
activities, and are useful in the prophylaxis and/or
treatment of hypertension. 'Fﬁr exaﬁple, when hypotensive
aCtivity.was examined by using spontaneocusly hypertenéive
rats orally administered at a dose of 3 mg/kg of the desired
compounds [(I] of the present invention, s%gnificant
hypotensivé activity was observed as compared with that of
the control group of rats to which purified water was orally
administered. Moreover, the compounds [I] of the present
invention and pharmaceutically acceptable salts therebf show

low toxxcxty, and hence, they show high safety as a
medlcament For example, when 2-n-butyl-8-ethoxycarbonyl-9-
hydroxy—l4{2‘-(lH-tetrézol;S—yl)bipheny1—4-yl}methyl—
1,4,5,9a-tetrahydro-7H-imidazo(4,5-glindolizin-7-one
disodium salt was orally administered to mice at a dose of
300 mg/kg, no mouse died one week after the administration

thereof.



chr omat ogr aphy of noni oni ¢ adsorbing resin (tradenanme; HP-

P .-, o R e e,

by M tsubishi Kasei Cbrporatlon) and | yophilized to glve

(-

) -

2-n- but yl - 8- et hoxycar bonyl -

hydroxy-1-{2'-(I Htetrazol -5- yI)blphenyI yl}nethyl

1,4,5,9a-tetrahydro-7Him dazo[ 4, 5-g] i ndo |Z|n 7-one disodiumsalt " (244 ny)
as pomder

2-n- butglfi] 5I-D:et h(l)gicg(r:bgnslzacgﬁilr?nm zoterr] C)”mrm"ﬁm”m””mt v

(I-trityl-IHtetrazol-5-yl)biphenyl -4-yl}nethyl -

(-
(2" -

)

What is claimed is:

1. An imidazoindolizine derivative of the formula

(1]

wherein R! is a lower alkyl group, R? is hydrogen atom,
cyano group, a lower alkyl group, a lower alkanoyl group, a
_lower.alkoxycarbonyl group, a phényl—lower alkoxycarbonyl
group, a lower alkylsulfonyl groué, a substituted or
unsubstituted phenyl group; an arylcarbonyl group, or a 5-
or 6—membered nitrogen-containing heteromonocyclic group-
substituted carbonyl group, Ring A is a substituted or
unsubstituted phenyl group, and m is 0 or 1,

or a pharmaceutically acceptablelsalt thereof.

2. The compound according to claim 1, wherein RZ
is hydrogen atom; cyano group; a lower alkyl group; a lower
alkanoyl group; é lower alkoxycarbonyl group; a phenyl-lower
alkoxycarbonyl group; a lower alkylsulfoﬁyl group; a phenyl
group which may optionally be substituted by a group

selected from a halogen atom, hydroxy group, carboxyl group,

This Sheet Has Been Replaced
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tetrahydrahnhgizo[ﬁ SGC{ggridine 4- carﬁoryzage S treéTéd‘Tn*the—saﬁe——_
manner as in anpl e to give nethy

e renyearbo et 5 2 et gl (NN IRV

pyri di ne-4-carboxylate as foam [a]D. -70.8[err] (c=0.5, chloroforn1 '

20[err]C) (2) The above produqt Is treated in the sane

’

a lower alkyl ;roup, a lower alkoxy group, a lower alkoxy-
.carbonyl group and carbamoyl group; an arylcarbonyl group;
or a 5~ or 6-membered nitrogen-containing heteromonocyclic
groun-substituted carbonyl group, and Ring A is a phenyl
group.which may be optionally be substituted by a group
selected from a protecteé or unprotected tetrazolyl group, a
protected or unprétected carboxyl group and a lower
alkylsuflonylamino group. .

3. The compound according to claim 2, wherein r?2
is cvano group, a lower alkanoyl group, a lower alkoxy-
carbonyl group, a phenyl-lower alkoxycarbonyl group, a
halogenophenyl gréup or benzoyl groub; and Ring A is’
tetrazolylphenyl group or carboxyphenyl group.

4. The cémpound according to claim 3, wherein rl
is ethyl group, n-propyl group or n-butyl group, R? is cyano
group, acetyl group, methoxycarbonyl group, ethoxycarbonyl
group, benzyloxycarbonyl group, chlorophenyl group or
benzoyl group.

S. A process for preparing an'imidazoindolizine

derivative of the formula [I]:

(CEy ) N
el
(CH9)q_ '
2/1-m - (1]
N, ﬁ o
| A |
= Sheet Hai Ireeilllleﬁiced
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- 20 - manner.as in Exanple 6-(4) to give (+)-2-n-buty| 8- ethoxy-

car bonyl - 9- hydroxy-1-(2'-(l Htetrazol -5-yl ) bi phenyl -4-yl }- ) .

met hyl -1% 4,5, 9a-tetrahydro- 7Hi m dazo[ 4, 5-g] i ndol i zi n- 7-one di'sodi um sal t
as powder. [a] D +1620 (c=0.42, nethanol, 20[err] O ‘Exanple 8 (1) A m xture
of methyl 2-n-propyl-3-(2'-(IH - 54 - s

tetrazol -5-yl) bi phenyl -4-yl ] nethyl -4,5, 6, 7-t et rahydr of '!)IL"JUI""I""I,”“",

|n1dazo[4 5- c]pyrldlne 6- car boxyl at e hydrochl ori de (0.

wherein Rl is a lower alkyl group,-R2 is hydrogen atom,
cyano group, a iower alkyl group, a lower alkanoyl group, a
lower aikoxycarbonyl group, a phenyl-lower alkoxycarbonyl
groué}’a lower alkylsﬁlfonyl group, a substituted or
unsubstituted phenyl group, an arylcarbonyl group, or a S-
or 6—membered nitrdgen—containing heteromonocyclic group-
substituted carbonyl group, Ring A is a substituted or
unsubstituted phehyl group, and m is 0 or 1, or a
pharmaceutically acceptable salt thereof,‘

which comprises éubjécting an imidazopyridine compound of

the formula [II]:

. o 2
N CO~-CH,-R
: _ 1 (CHa)m 1\ N/ 2

(CH3)1-m  coor3 (11}

wherein rY, r2 aﬁd m are the same as defined above, Ring A
is a substifufed or unsubstituted phenyl group, and a group
of the formula:l—COOR3 is a protected or unprotected
carboxyl group, or a salt thereof to intramolgcu;ar
cyclization reaction, and when Ring A' is a phenyl group
substituted by a prbtected tetrazolyl group or a protected
carboxyl group, followed by removing said protecting group,

and if necessary, further by convertlng the product into a

This Sheet Has Been R
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et hoxycarbérykacetic acid (0.32 g), |-hydroxybenzotriazole (0.32 g),
triethylamne (0.335 nl), 1-ethyl-3-(3-dinethyl- aninopLopyL}cangdLLnide
hydrochl ori de (0.46 g) and nethylene chlLgoride (10 m) is stirred at room
tenperature overnight. The reaction sol dfi on |s vvashed t“]lﬁlﬂlu;mm II' ull
evaporated to renove the solvent. The resulting oily re by
silica gel colum chromatography (solvent; chloroforninethanol t'o glve
met hyl 2-n-propyl - 5-
et hoxycar bonyl acetyl -3-(2'-(l Htetrazol -5-yl) bi phenyl -4-yl }-

met hyl - 4, 5pafmbebteb¥dl 0y Mhdazpt4oPeChRYt! dhBabt.

6. A pbarmaceutical composition which comprises a
therapeutically effective amount of the compound as set
forth in claim 1 in admixture with a conventional
pharmaceutically accéptable carrier or diluent.

7. Use of the compound as set forth in claim 1 for
preparihg a curing and/or prophylactic medicine for

hypertension.

Has Been Re(laced
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carboxylate (0.33 g) as colorless foam NVR (CDC13) [err]: 0.93 (3H, t),

1.14 - 1.28 (3H m, 3.43 - 3.50 (2H, m, 3.65 and 3.68 (3H each s) (2) é,
The above product is treated in the same-mgner as in Exanple 5- (2) except///
that the reaction is carried out for 15 minutes to give

2- n- propyl - 7- et hoxy-

car bonyl - 8- hydr oxy- 3- {2'-(IFLtetrazoI-S-yI)biphenyl-4-y|)-

Abstract of the Disclosure:

An imidazoindolizine derivative of the formula [I]:

(1]

wherein R! is lower alkyl, R? is hydrogen, cyano, lower
alkyl, lower alkanoyl, lower alkoxycarbonyl, phenyl-lower
alkoxycarbonyl, lower alkylsulfonyl, substituted or
unsubstituted phenyl, arylcarbonyl, or 5- or 6-membered
nitrogen—contéining heteromonocyclic group-substituted
carbbnyl, Ring A is substituted or unsubstituted phenyl, and
mis 0 or 1, or a pharmaceutically acceptable salt thereof,
and process for preparation thereof, said imidazoindolizine
derivatives ané pharmaceutically acceptable salts thereof
show excellent angiotensin II inﬁibitory activities and are

useful in the prophylaxis or treatment of hypertension.
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- 21 - methyl-1,4,8a, 9-tetrahydroi m dazo[ 4, 5-f]indolizi h-6-ene -di-sodi-um - --
salt as powdéf. NWVR (DMSO-d6) 6: 0.90 (3H, t), 5.07 (2H, ABCQ Exanpl e 9 (1)
Met hyl 2-n-but il +3- (2' - (I H-tetrazol -5-yl)- This Sheet Has Been Replaced
bi phenyl - 4-yl ) met hy1- 4, 5. 6, 7- t et r ahydr oi ni dazo[ 4, 5- c) - mmulmuj M II
* pyridine-6-carboxyl ate hydrochl oride and cyanoacetic acid ;
the same manner as in Exanple 8-(1) to give nethyl
2-n-butyl -5-cyanoacetyl -3-(2'-(I Htetrazol -5-yl)- _

IMIDAZOINDQLIZINE DERIVATIVES AND

PROCESS FOR PREPARATION THEREOF

'The present invention relates to novel
imidazoindolizine derivatives having a hypotensive activity,
and process for preparation thereof.

Prior Art

Angiotensin II is a biologically active pepﬁi?e
consisting of eight amino acids, which is produced by
specific conversion of aggioﬁénsin I'by-an angiotensin
Eonverting 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.
Theréfore, it is well known that angiotensin II receﬁtor
antagonists may be useful in thé 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-S-bydroxymethyl-l-(2'—(lH-tetrazol-S-
yl)biphenyll4-yl}methylimidazole, and the like [cf. European
Patent Publication No. 253310/A], but these conventional
hypotensive agents are all'thg_compouﬁds having:a monocyclic

nucleus, i.e. imidazole nucleus.

Brief Descfiption of the Invention

An object of the preseht invention is to provide
REPLACEMENT SHEETS

cséripiion : pag

—_ } sheet Msimle .
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0 Drawing(s) : ¢
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bi phenyl - 4-yl)methyl -4,5, 6, 7-tetrahydroi m dazo[ 4, 5-c] -

pyri di ne-6-carboxylate. IR Nujol [err] ([err]): 1740, 1670 max (2) The
above product is treated in the sane manner as in Exanple 5-(2) except that
the reaction is carried out for 15 nirut®s to give 2-n-butyl -7-cyano- 8-
hydroxy-3-{2'-(l Htetrazol -5-yl ) bi phenyl - 4-yl ) et hyl -

1,4, 8a,9-tetrahydroi m dazo[ 4, 5-f]indolizin-6-one disodiumsalt .as powder.

novel imidazoindolizine derivatives and pharmaceutically
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 a
process for preparing.the said imidazoindolizine
derivatives.

Detailed Description of the Invention

The present invention relates to imidazoindolizine
derivatives of the following formula [I]}, and
pharmaceutically acceptable éalts thereof, and further

relates to a process for preparing the same.

N (CHEN

| R?
AN

(CHZ?I-m

H {1]

wherein R} is a lower alkfl group, R? is hydrogen atom,
cyano group,; a2 lower alkyl grouﬁ, a lower alkanoyl group, a
lower alkoxycarbonyl group, a phenyl—lbﬁer alkoxycarbonyl
group, a lower alkylsulfonyl group, a substituted or
unsubstituted phenyl group, an—arylcarbonyl group, or a 5-
or 6—membered.nitrogén—containing heteromonocyclic group-
substituted carbon§l group, Ring A is a substituted or

unsubstituted phenyl group, and m is 0 or 1.

as Been Reﬁaced - This is the replacement sheet
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NVR (DVBO-d6) [erp]: 0.84 (3H t), 5.06 (2H, s) Exanmple—10-(1) _Methyl
2-n-butyl -3-{2' - (I Htetrazol -5-yl)-

bi phenyi - 4-yl ) net hyl - 4, 5, 6, 7- t et r ahydr oi ni dazo[ 4, 5- c] This SheetHaSBeeﬂReplace_d

pyri di ne- 6- car boxyl at e hydrochl ori de and benzyl oxycar bﬂmlm Hﬂ"lmmm d are
treated in the sane manner as in Exanpl & 8- ~(1) to giv ;

2-n-butyl - 5- benzyl oxycar bonyl acet yl - 3- :

Preferred examples of the present compounds (I] are
compounds of the above formula [i], wherein R! is an alkyl
group having 1 to & carbon atoms, preferably 1 to 4 carbon
atoms, R? is hyd:ogen"atbm:'cyano group; an alkyl group

- having i to & carbon atoms, preférably'l to 4 carbon atoms;
an alkanoyl grbup'having é to 6 carbon atoms, preferably 2
to 4 carbon atbms; an alkoxycarbonyl group having 1 to 6
carbon atoms, preferably ; to 4 carbon atoms in the glkoxy
moiety; an alkoxycarbonyl group having 1 to 6 carbon atoms,
preferably having 1 to 4 carbon atoms in the alkoxy moiety
which is substituted by a phenyl group; an_alkylsulfonyl
group having 1 to 6 carbon atoms, preferably 1 to 4 carbon
atoms; a2 phenyl group wﬁich may optionally be substituted b§
a group selected from a halogen.atom,.hydroxy group,-
carboxyl group, an alkyl group having 1 to 6 carbon atoms,
preferably 1 td 4 carbon atoms, an alkoxy group having 1l to
6 cafbon atoms, preferably 1 to 4 carbon atoms, an

. alkoxycarbonyl group having 1 to 6 carbon atoms, preferzbly
1 t9'4 carbon atoms in the alkoxy moie;y and carbamoyl
group; an'aryicarbonyl group having 6 to 15 carbon atoms,
preferably 6 to 10 carbon atoms in the aryl moiety; or a 5-
or s:memberedlnitrogen-containing heteromonocyclic group--
substituted carbonyl group, and Ring A is a phenyl group
which may oﬁtionally be substituted by a prd:ected ér
unprotected tetraiolyl group, a protectéd or unprotected
carboxyl group and an alkylsulfonylamino group having 1 to 6

carbon atbms,'preferably l to 4 carbon atoms.
- This is the replacement sheet
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- 22 - (2'-(IHtetrazol -5-yl)bi phenyl - 4-yl) et hyl - 4, 5+ﬁ,J.LeLra~—’ﬂ——-—“
hydr oi m dazo¢[ 4, 5- c] pyri di ne- 6- carboxyl ate. IR Nuj ol [err] ([erré mmd
1660 max (2) The above product is treated in the sanme
5-(2) except that the reaction is carri®edéout for 15 m
2-n- butyl - 7- benzyl oxy-

car bonyl - 8- hydroxy-3-{2' - (|l H-tetrazol - 5-yl ) bi phenyl - 4- yI)
nmet hyl - 1, 4, 8a, 9-t et rahydr oi m dazo[ 4, 5-f] i ndol i zi n- 6- one

Preferred compounds [I] in view of the excellent
pharmacological activity are compounds of the formula [I]
wherein RT is a lower alkyl group, R2 is.eyano group; a
lower alkanoyl group; a lower alkoxycarbonyl group; a
éﬁenylflower alkoxycarbonyl grodp; a phenfl greup which ﬁay
optionally be substituted by a halogen atom; an arylcarbonyi
group, and Ring Ais tetrazolylphenyl group or carboxyphenyl
group. | |

More preferred compounds as a medicament are
compoends of the formula [I] wherein r! is ethyl group, n-
propyl group or, n-butyl group, R? is cyano group, acetyl
group, methoxycarbonyl grpup; ethoxycarbonyl group, -
benzyloxycarbonyl group, chlorophenyl group or benzoyl
group, and Ring A is tetrazolylphenyl group'or carboxyphenyl

-group. .

The compouhds [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 edrth metal salts (e.g. calcium salt, magnesium
salt, etc.j, heavy metal salts (e.g. zinc salt, etc.), and
organic amine salts (e.g. ammoaium salt, triethylamine salt,
pyridine 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. |
| This is the replacement shest
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di sodiumsalt as powder. NVR (DVMBO-d6) 6: 0.84 (3H, t), 5.10 (2H, s)
ExamDl e 11 (1) Methyl 2-n-butyl-3-{2'-(lHtetrazol-5-yl)-.

bi phenyl -4-yl }net hyl -4,5,6, 7-tetrahydroi m dazo(4,5-cl- "~ = =« = . .
pyri di ne- 4- carboxyl ate and cyanoacetic acid are treat edm,-s'”ShLJ?ﬁasSg%rre manner

as in Exanmple 2-(1) to give nethyl 2-n-
butyl - 5-cyanoacetyl -3-{2' - (I Htetrazol -5-yl) bi phenyl -4-y ﬂUl”lH””’l
nethyl-4,5,6,7-tetrahydroinidazo[4,5-6]ﬁ§ﬁfdine-4- car bo !

The compounds [I] of the present invention may
exist in the form of two position isomers of the formulae
{I-a)] and [I-b], ‘and the present invention also includes

these isomers.

N _ (CHz)m'_\N ?

OH . | (I-2]
: [I-b]
N - (CE)T\
1 2
R \ l _ ) / R
- N (CH5)3om &

wherein the.symbols are the same as defined above. The
compounds [I] of the present ihvention also exist in the
form of optically active isomers .due to an asymmetric carbon
atom thereof, and ﬁhe present -invention also includes these
optically active ispmers and a mixture thereof.

The compounds [I] of the present invention and

phafmaceutically acceptable salts thereof may be Thisis the replacement sh

pasec 0 8 AUG 139



NVR (CDC13) [err]: 0.94 (3H, t), 3.67 (2H, s), 3.75 (3Fr‘§7“5~29 (2H, s)
(2) The abeve ptoduct is treated in the sanme manner Ie 5-(2) to

gi ve 2-n-butyl -8-cyano- 9- “mRehqm
hydroxy-1-(2'- (1 Htetrazol -5-yl)bi pheryls- 4yl } net hyI M l[/””
1,4,5,9a-tetrahydro-7H i m dazol[ 4, 5- g]lndoI|2|n 7-one di

admiﬁistered éither orally or parenterally and may also be
uséd in the form of a pharmaceutical prepgration in
admixtu:e with pharmaceutically acceptable excipiehts_
suitable for oral administration or parenteral |

. administration. The pharmaceutical preparationé may be in
solid.form such as tablets, capsules, powders, etc. or in
liquid form such as solutions, suspensions, emuisicns,
etc. .;ﬁhen'administered parentefélly,_it may be used in the
form of injection preparations.

. The daily dose of the coﬁpounds {1} of the'preéent
invention and pharmaceutically acceptable salts theteqf
varies depending on age, weight, conditions of patiénts-and
severity of diseases, but when administered orally, it is
usually in the range of 0.01 to 10 mg/kg., preferébly 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
mg/kg. |

| Accordlng to the present invention, the comnouncs
({1} can be prepared by subjecting an lmldazopyrldlne

compound of .the formula (II]:

- n2

‘CH2)1- coon3 | - [I1)

This is the reptacement shut
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23 - NMR (DVBO-d6) 6: 0.81 (3H, t), 4.48 (1H s) Exanple 12 (1) To a
mxture of nmethyl 2-n-butyl-3-(2'-(IH e

tetrazol -

i mi dazol[ 4, 5- ¢] pyri di ne- 4- carboxyl ate (0.50 79y and net hanol’

di ketene (0.20 g), and the mxture is stirred at roon1tenper
hours. The solvent is distilled off under reduced pressure,
residue is added chloroform The mi xture is washed and dried, and

5-yl) bi phenyl -4-yl } et hyl -4,5, 6, 7- tetrahydro- ThlsSheetHasBeenWacgd

yherein a group of the formula: -COOR3 is a protected or

‘unprotected carboxyl group, Ring A' is a substituted or

unsubstituted phenyl group, and other syﬁbols are the same
as defined above, or a salt thereof to intramolecular

cyclization reaction, and when Ring A' is a phenyl group

‘substituted by a pretected tetrazolyl group or a protected

carboxyl groun, followed by removing the said protectlng
group, if necessary

" In the above intramolecular cyclization reaction,
the protecting group (R3) for the compound-[II]'may be any
grou§ which can be easily removed in the form of an alcohol,
and inc;udes, for example, an alkyl group having 1 to 6
carﬁon atoms, preferably 1 to 4 carbon atoms such as methyl
group, ethyl group, and the like, or an alkyl having 1 to 6
carbon atoms, preferably 1 to 4 carbon atoms which is
substituted by a phenyl group such as benzyl group, and the
like. |

The salts of the compounds {II] are, for example,
alkali metal salts and alkaline earth_metal salts.

The intramolecular c&clization reaction can
preferably beucarried.dﬁt in the presence of a base in a
suitable solvent. The base includes, for example,_alkali
metal hydroxides, alkali metal hydrides, alkali metal
hydrogen carbonates, alkyi—substituted alkali metal amides,
lower alkyl alkali metals, alkali metal alkoxides, and

alkaii metals. 1In case of using an alkali metal as a base,

This is the replacement_ shest
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evapor at ed under ,reduced pressure to remove the solvent. The resultlng
residue is purlfled by silica gel columm chromatography (sol vent:

chl orof ornf et hyl acetate/ nethanol) to give nethyl, TMs&ma}hsB%nRe
2-n-butyl -5-acetoacetyl-3-(2'-(I Htetrazol -

yl) bi phenyl -4-yl }nethyl -4,5,6, 7-t et rahydro:\g dazo[ 4,5-c] - "muu,u "ﬁu
pyri di ne-4-carboxylate (0.29 g) as foam N (CDC13) [err]:

2.22 (3H, s), 3.74 (3H, s) (2) The above product is treated in the sane
manner as in Exanple 5-(2) except that the reaction is

the suitable solvent includes, for example, benzene,
toluene, or a mixture thereof, and in case éf using a2 base
other than alkali metals, the solvent in;ludes,:for example,
in addition to the above solvents, water, tetrahydrofuran, a
lower alkanol or a mixture thereof. The reaction is |
preferably carried out under cooling or heating, for
example,.at a temperature of -30°C to 100°C, preferably at
room temperature.

Among the compounds [I] of the present invention,
the compounds wherein Ring A is tetrazolylphenyl group cr
carboxyphenyl group can be prepgred by subjecting the
compounds [II] wherein Ring A' is a protected tetrazolyl—
substituted phenyl group or é’protected carboxyl-substituted
phenyl group to the same intramolecular cyclization reaction
.és above, followed by removing the said protepting group
Simultanéously or after the intramolecular cyclization
reaction.

The protecting group may be any conventional ones,

- -for example; the p:oteciing group for tetrazolyl gfoup is
trityl, and the like, and the protecting group for_ca:bcxyl
.group is the same groups as ones for R3 as mentioned
above. The removal 6f these protecting groups may be
carried out by any conventional method'such'as hydrolys;s,
reduction, and the like, wbich'is selected depending on the
kind of the protecting group to be removed.

The above reactlons proceed without racemization,
This is the rep!acement shat
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carried out for 15 mnutes to give 2-n-butyl-8-acetyl- 9-

hydroxy-1-(2'-(l Htetrazol -5-yl)bi phenyl -4-yl }methyl - — -
1,4,5,9a-tetrahydro-7H i m dazo[ 4, 5-g}i ndol i zi n-7-one dlqﬂ m alt as

- powder. NMR (D20) 6: 0.78 (3H, t), 2.26 (3H, s), 4.49 (1 "’7}, lﬁTlaréH

_9..
and hence, the optically active compound [I] can be obtained
by the intramolecular cyclization reéctien of the optically
active starting compound [II]. |
Besides, the starting compounds'[IIj of the present
invehtioé are novel cdmpounds, and can be prepared, for
examéle, by reacting an imidazopyridine compound of the

formula [III]:

N (CH, )7\
1 /7 20 N |
R | . /J\\ | - {III)
CENY (CHy);_y” ~COOR3

wherein the symbols are the same as defined above, which is
prepared by the method disclosed in Japanese Pateht Pirst
Publication (KOKAI) No. 167687/1956 or Jap#nese Patent First
Publication (KOKAI) No. 101062/1990, with a Eiphenyl

. compound of the formula [IV]:

wherein X! is a halogen atom, and Ring A' is the same as
defined above, in the presence of an acid acceptor (e.g.
sodium hydro#ide, potassium t-butoxide, eﬁc;), during which
the imino group adjacent to-the carboxyl group of the
 compound [II1) is protected, followed by removing the
protecting group for the imino group to give an

imidazopYridine compound of the formula [V]:
: This is the replacement sheet
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24 (1) Methyl 2-n-propyl-3-{2'-(lHtetrazol-5-yl)-
bi phenyl - 4-yl } et hyl - 4,5, 6, 7-t et rahydr oi m dazol[ 4, 5-cl -
pyridi ne-4-carboxyl ate and et hoxycarbonyl acetic acid ar@mgggggﬁgB&HR{nﬁ

sanme manner as in Exanple 8-(1) to give -matghw
2-n-propyl - 5-et hoxycar bonyl acetyl -3-(2' - (I H-tetrazol - J‘“ll'”"l"" lll
5-yl) bi phenyl - 4-yl } net hyl -4, 5, 6, 7-t et rahydr oi m dazo[ 4, 5-

pyri di ne-4-car boxyl ate. NWVR (CDC13) 6: 1.03 (3H, t), 1.18 (3H, t), 3.73
(3H, s)

N (CHz)E—w\NH

(CHy)q_g7 “COOR? (V]

whe:ein the symbols are the same as defined above, and
further by feacting'the compound [V] or a salt theréof (e.g.
alkéli metal salt,'alkaline earth metal salt, etc.) with a
free carboxylic acid compound of the formula EVI]
HOOCCH,-R? (vil

wherein R? is the same as defined above, in the presence of
a conventional dehydrating agént, or by reacting the
compound [V] or a salt thereof wiéh'a reactive derivative of
the carboxylic acid compqund [VI] (e.g. acid halide, active
ester, etc.) in the presence or absence of an acid acceptor
(e.g. triethylamine, etc.). The starting compound [II]
wherein R? is acetyl group can also be prepared by reacting
the compound (V] with.diketene._ | i '

| The starting compound [II) can also be prepared by

reacting an imidazole compound of the formula (VII]:

N _ r4 |
R;jgg; | - (VII]
< NHZ
BTN

wherein Z is a protecting group for an amino group, rRY is

hydroéen atom or a group of the formula: -C00R3, and Rl and

This is the replacement sheet
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(2) The above product is treated in the same manner as in Exanple 5-(2)__
except that the reaction is carried out for 15 m nutes—to give

2- n- propyl - 8- et hoxy- s Sheet Has Been Re laced
car bonyl - 9- hydr oxy-1 - (2' - (I Ht etrazol - 5-yl ) bi phenyl - 4- y|5‘
met hyl -1, 4,5, 9a-tetrahydro- 7H- i m dazo[ 4, 5- §}i Adol i zi n- N‘MHHH“&\““
as powder. NMVR (DVBSO-d6) 6: 0.87 (3H, t), 1.14 (3H, t)

Exanple 14 (1) Methyl 2-n-butyl-3-(2'-(IHtetrazol-5-yl)-

the group of the formula: ~COOR3 are the same as defined
above, which is prepared according to the method disclosed
in European Journal of Medicinal Chemistry, Vol. 10, No. 2,
pp. 129-133 (1975); with the biphenyl compound of the
~formula [IV] in the same manners as above, and after
removing the protecting group tZ) for amino group, followed
by

(1) in case that R4 of the product is a group of

"~ the formula: -COOR3, reacting ﬁhe product with formal;n in

the presence of a mineral acid (e.g. hydrochloric acid,
ete.), or

(ii) in case that R4 of the product is hydrdgen
atom, reacting the product with glyoxylic acid or ‘ester of'
'glyoxylic acid in the presenéé or absence of a mineral acid
(e.g. hydrochloric acid, etc.) or an alkali (e.g. sodium
hydroxide, etc.), and if necessary, by esterification of the
carboxyl group in a conventional manner, and furthef by
reacting the obtained iﬁidazopyridine compound with the
compound [VI).or a reactive derivative thereof in the same
manner as ahove.

In the above_reaction, the protecting group (Z) for
‘amino group may be any convent;oﬁal one, and in case that
Ring A' of the compound (IV] iﬁ tetrazolylphenyi group oOr
carboxyphenyl group, it is preferable to protect said
tetrazolyl group or carboxyl group with a conQentional

protecting group. .
This is the replacement sheet
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bi phenyl -
pyridine-4-carboxyl ate and (4-chlorophenyl)acetic acid are ffQalf asin e

4-yl.}met hyl -4,5, 6, 7-tetrahydroi m dazo[ 4, 5-c] -

sanme manner as in Exanple 8-(1) to glve nmet hyl

e TR i

I m dazol[ 4, 5-c] pyri di ne- 4- carboxylate NNR (CDC13) [err]: 0.97 (3H, t),
(3H, :

tetrazol

s),

3.78

The opticzlly active startiﬁg compound [Ii] méy be
prepared, for example, by subjecting the racemic mixture of
the compound [II] to column cﬁromatogréphy for separatidn of
optically active iscnmers. o

Besides,.in the comﬁounds fxr), (111}, [V} and.

(viz], the partial structure of the formula:

o Nl
/ _
r1 %" i

LS

N3

indicates the structures of the following formulae:

Nl o , l,l
al-%/ I or Rl<\
E N3

Examples

The present invention is illustrated by the
following Exampies and Reference Examples, but should not be
construed to be limiteé thereto.

Examale 1

(1), Methyl ZFn-butyl-S—benzyloxycarEonYl?l-{2‘-(l-

tfityl-lﬁ-tetrazol-s-yl)biphenyl*é-yl}methyl-4,5,6,7-tetra-

' hydroimidazo(4,5-clpyridine-g-carboxylate (1.26 g) and a

catalytic amount of 10 % pallaéium—carbon are added to
methanol (300 ml), and the'mixture'is stirred under hydiogen
atmosphere. After the reaction is completed, pailadium- _

carbon is removed by filtration, and the filtrate is

3.75

This is the replacement sheet
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- 25 - (2H s) (2) To a mxture of the above product (304 ng) and t-butanol
(10 M) is added potassiumt-butoxide (120 ng), and the mxture s stirred
at roomtenperature for 40 mnutes. The m xture is evapg_ iil

eq nder reduced

pressure to renove the solvent, and the resulting resid ’Eﬂﬁi, E‘Wth
m

|r uced

hydrochloric acid. The mixture is extragted with a m xtur
and net hanol, and the extract is washed, dried and evapor
pressure to
evaporated under reduced pressure to give methyl 2-n-butyl-

1-{2'~(l~trityl-1E-tetrazol-5-yl)biphenyl-4-yl}methyl-
4,5,6,7-tetrahydroimidazot4,5-c]pyrid;ne-ﬁ-carboxylate (0.94
'g) as fpag.

NMR (CDCl3) &: 0.86 (3H, t), 3.68 (3H, s), 4.86
(2B, s) . _

(2) The above product (0.96 g) is dissolved in
ﬁethylene chloride (25 ml), and thereto is added triethyl-
amine (0.2 g). To the mixture is added dropwise ethoxy-
carbonylacétyl chloride (0.22 ml) undef ice-cooling, and the
mixture is stirred at room teméerature for two hours.
Chloroform and water are added'to the mixture. The agueous
layer is extracted with chloroform, and the washings and the
chloroform layef are combined, dried, and then the solwvent
is distilled off. The residue is purified by silica gel
column chromatography (solvent; ethyl acetate/chloroform) to
give methyl 2-n-butyl-S-ethoxycarbonylacetyl-1-{2'-(1-
trityl-lH-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-
tetrahydroimidazo(4,5~c]pyridine-6~carboxylate (0.74 g) as
colorless oil. . |

NMR (CDCly) é: 0.86 (3H, t), 4.56 (2H, s), 4.87
(2H, ABQ) |

(3) The above product (0.67 g) is dissalved in
tetrahydrofuran (2 ml), and thereéo is added 90 % formic
acid (5 ml), and the mix:ure is stit:éd at room temperature

for four hours. The mixture is evaporated under reduced
This is the replac_:ement shest
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renpug~t he solvent. The resulting residue is purified by silica gel colum
chr omat ogr aphy (solvent; chloroforni nethanol) to give

2-n-butyl - 8- (4-chl orophenyl ) -9- hydr oxy-1 - R
(2'-(IHtetrazol -5-yl)bi phenyl -4-yl)nethyl-1,4,5,9a-tetra-

hydr o- 7H i mi dazo[ 4, 5-g] i ndol i zi n- 7- one (4314ng) as powderthisShadt ceds.
0.80 (3H, t), 4.54 (1H, s) (3) To a m xture of the above_pu )
and nmethanol (20 m) is added | N aqueous sodi um hydr oxi de

m). The m xture is evaporated under reduced pressure to renove the
solvent, and the resulting residue is '

pressure to remove the sol&ent, and the resulting residue is
dissolved in methanol (20 ml), and thereto is added 1N
aqueous sodium hydroxide solution (4.8 ml). The mixtﬁre is
stirred at room temperature overnight, and the solvent is
distilled off. To the residue are added water and ether.
The aqueous layer is evaporated under reduced pressure, and
the ¥esulting oil is pufified by column chromatography of
nonionic adsorbing resin (tradeﬁame; HP-20, manufacthred by
Mitsubishi Kasei Corporation) and lyophilized to give 2-n-
butyl—7-ethoxycarbonyl-S-hydroxy—l—{2'é(lH-teérazol-S-
- yl)biphenyl-4-yl}methyl-1,4,82a,9-tetrahydro-6H-imidazo{4,5-
| fJindoliziﬁ-S-one disodium salt (0.39 g) as ﬁowder.
NMR (DMSO-dg) §: 0.84 (3H, t), 1.15 (3H, t), 4.02
(2H, g), 5.07 (2H, s) '
Example 2
(1) A mixture of methyl 2-n-butyl-1-{2'~-(l-trityl-
lH-tetrazoi-S-yl)biphenyl-4-yl}metnyl-4,5,6,7-tetrahydro-
imidazol4,5-clpyridine-6-carboxylate (0.81 g), dicyclohexyl-
carbodiimide (0.26 g), l-hydroxybenzotriazole (0.17 g),
cyanoacetic;acid (0.11 g) and acetonitrile (10 ml) is
stirred at room teméerature'overnight. After the_reaction
is completed, ethyl acetate is added to the reaction
mixture, and the mixture is washed with agueous sodium
 hydrogen carbonate solution, dried, and the solvght is
distilled off under reduced pressure. The resulting residue
'is_purified by silica gel column chromatography (solvent;
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purified by col um chromat ography of nonionic adsorbing"esrnmftfadenane.“
HP- 20; manufactured by M tsubi shi Kasei Corporation), aqgls ¥9 |I|zed to
gi ve 2-n-butyl -8-(4-chl oro-

as Been Replaced
phenyl)-9-hydroxy-1-(2' - (|l Htetrazol - 5~yI)Siphenyl - 4-yl }ﬂum“,"m”” :
met.hyl -1, 4, 5, 9a-t et rahydro- 7H-i mi dazo(4, 5-g] i ndol i zi n- 7- l t
(99 ng) as powder. NWR [err] 6: 0.77 (3H, t), 4.63 (1H, s)

ethyl acetate) to give methyl 2-n-butyl-5-cyanoacetyl-1-{2'-
(l-tritfl-lH—tetrazcl-S-yl)bipheny1-4-y1}meth§l-4,5,6,7—
tetrahydroimidazo[4,5-c]pyridine—ﬁ-carbox&iate (0.83 g) as
foam.

NMR (CDCls) &: 0.87 (3H, t), 3.61 (3H, s), 3.63
(2, s), 4.88 (2H, ABg) ' -

(2) The above product is treated in thé same
manner as in Example-l-(3) to give 2—n-buty1-7-cya;o—8-
hydréxy-l-{z'—(lH-tetrazol-S-yl)biphenyl—4-yl}methyl—
1,4,8a,9-tetfahydro—6H-imidazo[4,5¥f]indolizin16—one
disodium salt. '
| NMR (DMSO-dg) &: 0.84 (3H, t), 5.06 (2H, s)

Example 3

(1) Methyl 2-n;butylf$-bénzyloxfcarbonyl-3-{2f—(l—
trityl-lH—tetrazol-S-yl)biphenyl-4-y1}methyl-4,5,6,7—tetra-

| hydrqimidazo[4,5-c]pyridiﬁé-s-carboxylate is treated in the
same manner as in Example 1-(1) to give methyl 2-n;butyl434
{2'—(l-trityl-lﬂ—tetrazolfs—yl)biphenyl-4—yl}methy1-4,5,6,7-
tetrahydroimidazo(4,5-clpyridine~6-carboxylate.

NMR (CDCl,) é: 0.87 (38, t), 3.75 (33, s), 4.81
(2H, s) |

(2) The above ptoduct_and methokycérbonylacetyl
chloride are treated in the éame'manner as in Example 1-(2)
to givé methyl’2-n~butyl-s—methokycarbonylacetyl-3-{2'-(l-
trityl-lH-tetrazol-S-yl)biphenyl-4-yl}methyl-4,5,6,7-tétra—

.hydroimidazo[4,5-c]pyridine-ﬁ-carboxylate.
This is the _re‘placement sheet
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- 26 - Exanple 15,(1) Ethyl 2-n-butyl-3-(2 -nethoxycarbenyl-biphenyl-- -
4-yl)methyl -4,5,6, 7-tetrahydroi m dazo[ 4, 5-c] pyri di ne- 4- arbox | at e and

et hoxycar bonyl acetic acid are treat ed in the sane manner 'ﬁﬁm mmi\ﬁlﬂced

8-(1) to give ethyl 2-n-butyl-
ethoxycarbonylacetyl-3-(2'-nethoxycarbouyhglphenyl 4-yl)

met hyl -4, 5, 6, 7-t et rahydr oi m dazo[ 4, 5-c] pyri di ne- 4- carboxylate NMVR ( CDC13)
[err]: 0.84 - 0.96 (3H, m, 3.57 (2H, s)

(3) The above product is treated in the sahe
manner as in Example 1-(3) to éive 2-n-butyl-7-methoxy-
carbonyl-8-hydroxy-3-{2'-(1E-tetrazol-5~-yl)biphenyl-4-yl}-
methyl-1,4,82,9-tetrahydro-6B-imidazo[4;5-f]indolizin-6-one
disodium salt.

NMR (DMSO-dg) &; 0.84 (3E, t), 5.06 (2E, ABq)

Example & | i

(1) Methyl 2-n-butyl-3-{2'~-(1l-trityl-1H-tetrazol-
S-yl)biphepyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5—c]-
pyridine-6-carboxylate and éthoxycarbonylacetyl chloride are
treated in the same manner as in Example 1-(2) to give
methyl 2-n-butyl-S-ethoxycarbonylacetyl-3-{2'~-(l-trityl-1E-
tetrazol—s-yl)biphenyl-4-yl}méthy1-4,5,6,7-tetrahyaro-
imidazo(4,5~-c]lpyridine-6-carboxylate. |

NMR'(CDC13) §: 0.81 - 0.91 (3H, m), 4.80 (28, br-s)-

(2) The zbove product is treated in the same
manner as in Example 1-(3) to give 2-n-butyl-7-ethoxy-
carbonyl-8~hydroxy=~3-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}-
meth?l-l,4,8a,thetrahydro—sa-imidazo[4,Sef]indolizin-s-one_
disodium salt.

NMR (DM SO-c y 6: 0. 84 (3B, t), 1. 15 (32, t), 4.02
(28, q), 5.07 (28, s)

Example S

(1) Methyl 2-n-butyl-3-{2'-(1H-tetrazol-5-yl)-
biphenyl-4~-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]-

pyridine-4-catboxylate and ethoxycarbonylacetyl chloride are
This is the replacement sho_ot
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(2) To a m xture .of the above product (409 ng) and ethanol (4 m) is added
a mxture of sodium hydride (62 % oil-di spersion type)-—30. ng)—and et hanol
(4 n), and the mixture is stirred at roomtenperature for 10 i utﬁs1 4
evaporated under reduced pressure to renove the sol vent Jispiget SF eplace
resulting residue is added saturated aquéouds’ anmoni um chl H HH Iuﬂh
and the mixture is extracted with chloroform The extract

evapor at ed under reduced pressure to give 2-n-butyl-8-ethoxycarbonyl - 9-
hydr oxy-1- (2" - net hoxycar bonyl bi phenyl - 4-yl) net hyl -1, 4, 5, 9a- C

treated in the same manner as in Example 1-(2) to give
methyl 2—n-butyl—s-ethoxycarbonylacetyl—3f{2'—(lH-tetrazol—
5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]~
pyridine-4-carboxylate. | _

NMR (CECl3) 6: 0.95 (3E, t), 1.18 (3H, t), 3.50
(28, s), 5.28 (28, A3q), 5.40 (1H, s) |

~ (2) The above product (0.24 g) is dissolved in

ethanol (15 ml), and thereto is added sodium hydr£d§ (oil-
dispersion type) (0.035 g), and the mixture is stirred at
room temperature ove:nighﬁ. The solvent is distilled off
under reduced pressure; and the resulting residue is
purified by column chromatography of nonionic adsorbing
resin (tradename; EP-20, manufactured by Mitsubishi Kasei
Corporation) and lyophilized to give 2—n-5utyl-8-ethoxy-
carbonyl-s-hydroxy-l-{z'-(lH-tetrazol—S-yijbiphenylr4—yl}-
methyl-1,4,5,9a-tetrahydro-78-imidazo(4,5-glindolizin-7-one
disodium salt (0.1l5 g).

NMR (DMSO-dg) 6: 0.81 (33, t), 1.15 (3%, &), 4.4l
(12, s} - '

Exgmnle 6 _

(1) To a mixture of methyl 2-n-butyl-5S-ethoxy-

_ carbonylacetyl—B-{z'-(IH-tetrazol-sfyl)biphenyl-A-y;}methyl—
'4,5,6,7-tetrahydroimidazo[4,S-C]pyridine-4—c#rboxy1;te (2.0
g), triethylamine (0.69 g) and chloroform (20 ml) is added
trityl chloride (1.43 g), and the mixture is stirréd at room
temperature for 30 minutes. The-ieacticniﬁclution is
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'tetrahydro 7Himdazo[4,5-g]indolizin-7-one (372 ny) as foam (3) The above
product is treated in the sane nmanner as in Exanple 14-(3) to give-.

2-n-butyl - 8- et hoxy- carbonyl - 9- hydroxy-1-(2 -carboxyblphen I -yl nethyl
1, 4,5, 9a-tetrahydro-7Hi m dazo[ 4, 5-g] i nddi8 zt n- 7- one di SOdI ﬂi ’I ”’,I

pomder

washed, dried and evaporated under reduced pressure to
remove the solvent. The resulting residue is purified by
silica gel column chromatography_(sol?ent} ethyl acetate/n-
hexane) to give methyl 2-n-butyl-S-ethoxycarbonylacetyl-3-
{2'-(l-trityl-1E-tetrazol-S-yl)biphenyl-4-yl}methyl-4,5,6,7-
‘tetrahydroimidazo[4,5-c]pyridine-4-carboxylate (1.29 g) as
needles. '

m.p. 124 - 126°C (decomposed)

(2) The above pfoduct is resolved by EPLC column
for separation of optically active isomers (tradename;
Chiralcel OD, manufactured by Daicel Chemical Industries,
Ltd.) (solvent; n-hexane/ethanol=7:3) to give (+)-isomer and
(-)-isomer, separately.

(+)-Isomer:

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

t

(-)-Isomer{

(elp: -22.8° (c=0.5, chloroform, 25°C)

(3) To a mixture of methyl (+)-2-n-butyl-S-ethoxy-
carbonylacetyl-3-{2'-(l-trityl-1B~tetrazol-5-yl)biphenyl-4-
yl}methyl-4.5,6,7-tétiahydroimidazo[4,5—c]pyridine-4-
carbcxylate.(395 mg) and tetrahydrofuran (4 ml) is aéddad S0
% formic 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 resulting
.residue is purified by silica gel column chromatography

‘(solvent; chloroform/methanol) to glve methyl (+)=-2-n-butyl-
| This is the replacement sheet
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-27 NWR (D20) [erx]: 0.82 (3H, t), 1.27 (3H t), 4.76 (1H S) Exanple 16
(1) To a mxture of ethyl 2-n-propy|-3-{2'-( 1H
tetrazol - 5-yl) bi phenyl - 4-yl ) net hyl - , 6, 7-tetrahydro- '
i m dazo(4, 5-c] pyridi ne-4- carboxylate (1 00 g) cyanoacetlcnﬂgmq,tﬁgE%en ced
and nethylene chloride (20 M) is added-119 -

et hyl - 3- ( 3-di net hyl am nopr opyl ) car bodi i m de hydrochl ori de ( ,M”H,”H”,”,ﬂ

t enper at ur e. The reaction mxture is

Sfethoxycarbonylacetyl—B-{2'—(lH-tetrazol-S-yl)biphenyl-4-
yl}methyl-4,5,6,7-tetrahydroimidazo[4,5-clpyridine-4-
carboxylate (270 mg) és foam.

',I°]D: +70.4° (¢=0.5, chloroform, 20°C)

(4) To a mixture of the above product (270 mg),

. ethanol (3.5 ml) and water (1.5 ml) is added‘sodium hydrogen
carbonate (77 mg), and Ehe mixture is stirred at 60°C for
one hour, and evaporated under reduced pressure to Temove
the solvent. The resulting residue is Qurified by column
chromatography of nonionic adsorbing resin (trédename; HP-

- ' 20, manufactured by Mitsubishi Kasei Corporation) and
iyophilized to give (-)-2-n-butyl-8-ethoxycarbonyl-9-
h}droxy-l—{z'-(lH-tet:azol-S-yl)biphenyl-4-yl)methyl-

_ l,4,5,9a-tetrahydro-7H-imidazo[4,$—g]indolizin—?—oné
disodium salt (244 mg) as powder.

(elp: -165° (c=0.42, methanol, 20°C)

Example 7 ' _

(1) Methyl (-)-2-n-butyl-S5-ethoxycarbonylacetyl-3-
{2'—(l-trityl-lH-tetrazol-S-Yl)biphenyl-4—y1}me;hyl—4,5,6,7-
tetrahydroimidazo[4,Sjc]pyridine—4;carboxylate is treated in
the same manner as in Example 6-(3) to give methyl (-)}-2-n-
butyl-S-ethoxycarbonylacetyl-3-{2'-(1lE-tetrazol-5-yl)-
biphenyl-4—yl}methyl-4,5,6,7-tetrahy5roimidazo[4,5-c]-
pyfidine-4-carboxylate as foam. _

[o]p: =70.8° (c=0.5, chloroform, 20°C)

(2) The above product is treated in the same
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stirred overpight,at roomtenperature, and then washed with 2 % aqueous_

hydrochl oric acid and brine. The organic layer is dried and evaporated to
renove «t he solvent. The crude residue is purified. by Shik Biear HaSBeesi REplI¥Rd

chromatogr aphy (sol vent; chl oroforn net ol) to glve | - 3-
(2'-(I &tetrazol -5-yl)bi phenyl - 4-yl) met -5- cyanoacet mum "[’! m
4,5,6, 7-tetrahydroi m dazo[ 4, 5-c) pyri di ne- 4- car boxyl ate ite

foam FAB-Ms (mz): 539 (M), 207 (base) (2) The above product is treated
in the sane -

manner as in Example 6-(4) to give (+)-2-n-butyl-8-ethoxy-
carbonyl-9-hydroxy-1-{2'~({1H-tetrazol-5-yl)biphenyl=-4~-yl}-
methyl-1,4,5,9a-tetrahydro-7E-imidazo(4,5~-g]indolizin-7-one
= disédium'salt as powder. | |
(elp: +162° (c=0.42, m;thanol, 20°C)
Example 8
(1) A mixture of methyl 2-n-propyl-3-{2'~(1E-
tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro- _
imidazo[4,5-c]pyridiﬁe-sjcarboxylate hydrochloride (0.53 g),
ethoxycarbonylacetic aciﬁ i0.32 g, l-hydroxybgﬁzotriazole
(0;32 g), triethylamine (0.335 ml}), 1-ethyl-3-(3;diméthyl-
aminopropyl)cérboéiimide hydrochloride (0.46 g) and
methylene chlorids (10 ml) is stirréﬁ at rocm temperaturs
overhight. The reaction solution is Qashed, dried, and
evapdrateé to remove the solvent. The resulting oilf
residue is purified by silica gel column chromatogréphy
(solvent; chloroform/methanol) to give methyl 2-n-propyl-5-
ethocha:bonylacetyl-3-{2'-(1H-tet£azol-5—yl)biphenyl-é—yl}-
methyl—G,S,6,7-tetrahydroimidazd[4;$-c]pyridine;6-
carboxylabe 40 33 g) as colorless foam.
| NMR (CDCl,) é: 0.3 (3H, t), 1.14 - 1.28 (3E, m),
3.43 - 3.50 (28, m), 3.65 and 3.68 (3, each s)
(2) The.above prpduct'is trgated in the same
manner as in Example 5-(2) except that the reaction is -
ca:riedlout for 15 minutes to give 29n-propyl-7—ethoxy-

¢arbonyl-8-hydroxy-3-{2'-(1E-tetrazol-5-yl)biphenyl-4-yl}-
This is the replacement sheet
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manner as in,Exanple 5-(2) to give 2-n-propyl-8-cyano-9-
hydroxy-1-{2'-(l Htetrazol -5-yl)bi phenyl -4-yl}methyl - — ... o
1, 4,579a-tetrahydro-7Him dazo[ 4, 5-g indolizin-7- one dlsodlun1salt CNVR

(EﬁO)f[err] 0.80 (3H, t), 4.51 (1H, s), 5.22 (1H, H7
1T .

17

- - 21 -

methyl-1l,4,8a,9~-tetrahydroimidazo[4,5-£]indolizin-6-one
disodium salt as powder. | ”

NMR (DMSO-dg) &: 0.90 (3H, t), 5.07 (2H, ABqQ)

. ;Examnle 9

(1) Methyl 2-n-butyl-3-{2'-(lH-tetrazol-S-yl)-
. biphenyl-4-yl}methy1-4,5,6,7-tetrahydroimidazo[4,s-c]-
| pyridine-g~carboxylate hydrochlofide apd cyanoacetic acid
are treated in the same madper as in Example 8—(1)-to give
methyl 2-n-butyl-S-cyanocacetyl-3-{2'-(lH-tetrazol-5-yl)-
biphenyl-4-yl}methyl-4,5,6,7~tetrahydroimidazo(4,5-¢cl-

pyridine-6-carboxylate.

1g Nujol

v {cm
max

~ly: 1740, 1670

(2) The above product is treated in the same
manner as in Example 5-(2) except that the réaétion.is
carried out for 15 minutes to give 2-n-butyl-7-cyano-8-
hydroxy-3-{2'-({1lE-tetrazol-5-yl)biphenyl-4-yl}methyl-
1,4,8a,9-tetrahyéroimidazo(4,S-E]indolizin—sfoné disodium
salt as powder. | _.

NMR (DMSO-ds) é: 0;84 (32, t), 5.06 (2H, s)

Example 10

(1) Methyl 2-n-butyl-3-{2'-(1lE-tetrazol-S-yl)-
biphenyl-44yl}methyl-4,5,6,7;tetrahydroimidazo[4,5-c]-
pyridine-6-carboxylate hydrochloride and benzyloxycarbonyl-
acetic acid are treated in the same mannef aé'in Example 8-
(1) to.give methyl 2-n-butyl-$?benéyloxycarbonY1acetyl-3-

This is the replacement shp.t
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-28- (1) Ethyl 2-n-propyl-3-(2'-(lHtetrazol-5-yl)-
bi phenyl - 4-yl } nethyl -4, 5, 6, 7- t et r ahydr oi m dazo[ 4, 5- cI

to give ethyl 2-n- propyl - 5-acet oacetyl -3-{2' - mwa}hsBanglmxd'

(IH—terrazoI 5-yl) bi phenyl - 4-yl) met hyl ~4,23 6, 7-tetrahy

I m dazo[ 4, 5-c] pyri di ne- 4-car boxyl ate as white foam NM{JM‘U“‘ 1.03

(3H, t), 2.22 (3H, s), 3.61 (2H, ABg), 5.30 (2H, ABQ) 2) Th

above product is treated in the same
{2'-({1E-tetrazol~5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetra~

hvdroimidazo(4,5-c]pyridine-6-carboxylate.-

1r Nujol | (con~ly: 1740, 1660
max )

"(2) The above product is éreated in the same
manner as in Example 5-(2) except that_the reaction is
carried out for 15 minutes to give ﬁ-n-butyl-?-beﬁzyloxy-
carbonyl-S-hydrpxy-3-{2'-(-E-tatrazol-s-y;)biphenyl-g-yl}-
methyl-l,4,8a,9-tetf§hydroimidazo[4;5—f]indolizin-6-one
éisodium salt as powds:.

NMR (DMSO—ds) §: 0.84 (32, t), 5.10 (2H, s)

Example 11

(1) Methyl 2-n-butyl-3-{2'-{1E-tetrazol~5-yl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5-c]-
py:idine-4-carboxylate'aﬂd cyanoacetic acid are treated in
the same manner as in Example 2-(1) to give methyl 2-n-
butyl-s-cyanoacety1-3-{2'-(lﬁ-tetrazol-s-yl)bipheny1-4—yl}—
methyl-4,5,6,7-tetrahydroinidazo(4,5-c]pyridine-4-
carboxylate. -

NMR (CDC13) §: 0. 94 (3:, t), 3.87 (2E, s), 3.75
(32, s), 5. 29 (24, s)
| (2) The 2bove product is treated in the same
manner as in Example 5-{2) to give.2-n-butyl-8~cyano-9-
hyd;oxy-l-{z'-(ls-tetrazpi-sfyl)biphenyl-4-yl}methyl4
1,4,5,9a—tetrahyd}o-75-imidazo[4,Sngindolizin-7-one
disodium salt. |

This is the replacement sheet
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manner as in:Exanple 5-(2) to give 2-n-propyl-8-acetyl-9-_
hydr oxy-1-(2'- (Il Htetrazol -5-yl)bi phenyl - 4-yl } net hyl -
1,4,5,9a-tetrahydro-7H i m dazo[ 4, 5-g] i ndol i zi n-7- one dlsodhummaah&BaN
~(D20) [err]: 0.80 (3H, t), 4.38 (1H, brgp,=-5.24 (1H, d),
Exanple 18 (1) To a m xture of ethyl 2-n- propyl 5- acet o-

acetyl-3-(2'-(l Htetrazol - 5- yI)blphen | -4-yl ] methyl-4,5, 6,

t et rahydroi mi dazo(4, 5-c] pyri di ne-4 carboxylate (200 ny) ,

NMR (DMSO—da) §: 0.81 (3H, t), 4.48 (1H, s)

Exzmple 12 |

(1) To a mixture of methyl 2—n-bﬁtyl-3-(2'—(l£—
tetrazo;-s-yl)biphenyl-4—yl}methyl-4,S,G,?-tetrahydro-
imidazo{4,5-c]pyridine-4-carboxylate (0.50 g) énd methanol
(10 ml) is added diketene (0.20 g), and the mixture is
stirred at room'temperature for two hours. ?he solvent is
‘distilled off under reduced pressuré, and to the residue is’
added chloroform. The mixtﬁre is washed and dried, and
evaporated under réduced pressure to remove the solwvent.
The resulting residue is purified by silicz gel column
chromatograpﬁy (solvent; chloroform/ethyl acetate/methanol)
to give methyl 2-n-butyl-S-acetcacetyl-3-{2'-(1Z-tetrazol-5-"
yl)biphenyl-4-yl}methyl-4,5,6,7-£etrahydroimidazo[4,5-c]-
pyridine-4-carboxylate (0.29 g) aslfoam. |

NMR (CDClj) &: 0.96 (3H, t), 2.22 (3E, s), 3.74
(38, &)

-(2) The above prbduct is treated in the sams
manner as in Example 5-(2) except fhat the reaction is
carried out-for'ls minutes to give 2-n—butyl—8—acetyl—9-
hydroxy-l-{z‘-(lH-tetrazol-é-yl)biphenyl-4—yl)methyl-
1,4,5,92a-tetrahydro-75-imidazo{4,5-glindolizin-7~one
dlSOdle salt as powder.

NMR (D50) &: 0.78 (3E, t), 2.26 (3H, -s), 4.49 (1lH,
- 8) o '

Example 13
| This is the replacement sheet
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magnesi um chloride (34 ng), pyridine (58 [err]) and acetonitrile (2 m) is

added benzoyl chl.oride (42 [err]) under ice-cooling. The reaCrFOﬁ-nixture S

is stirred overnight at roomtenperature and diluted with %LOfﬁ
m). The solution is washed with 10 % hydrochloric acid an = h%d
and evaporated to renove the solvent 4 @4i-ve crude residue (

The residue (260 ng) obtained This is the replacenent shot

(1) Methyl 2-n-propyl-3-{2'~(1H-tetrazol-5-yl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-cl-
pyridine-4-carboxylate and ethoxycarbonylacetic aéid are
treated. in the same manner as in Example 8-(1) to give
methyl 2-n-propyl—5-ethoxycarbonylaﬁetyl-B-{2'-(;H4tetrazol-
S-yl)biphenyl-4-yl}methyl-4,5,6,7-tetréhydroimidazo[4,Sfc]-
pyridiné-4-carboxylate;

NMR (CDCl,) 6: 1.03 (3H, t), 1.18 (3, t), 3.73
(3B, s)

(2) The above product is treated in the same

- manner as in Example 5-(2) except that the reaction is.
carried out for 15 minutes to give Z-n-propyl-s—ethéxy—
catbong}-s-hydroxy4l-(2'-(lH-tetrazol—S-fl)bipheny144-yl}-
methyl-l,4,5,9a-tétrahydro-7H-imidazo[4,5-g]indolizin-7-one
disodium salt as powder. |

NMR (DMSO-dg) &§: 0.87 (3H, t), 1.14 (3H, t), 4.41
(1, s)

Example 14

(1) .Methyl 2-n-butyl-3—(2'-(lH-tetfazol—Sfyl)--
biphenyl-Q-yl}methyl-4,S,6;7-tetrahydroimidazo[4,5-c]—
-pyridine-4-carboxylate and (4-cﬁldrophenyl)acetic a;id are
treated in the same manner &s in Example 8-(1) to give
methyl z—n-butyl-s—(4-chlorophenyl)écety1-3-{2'-(1H-
teérazcl-s-yl)biphenyl-4—yl}methyl-4 5,6,7-tetrahydro-
1mldazo[4 5-c]nyrldlne-4-carboxylate.

| This is the _repiacement sheet
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- 29 - above.is refluxed with 10 % hydrochloric acid (1.0 m) in ethanol
(5.0 M) for one hour. The reaction mxture is diluted with chloroform (30
m ), washed with brine, dried, and then evaporated to renove the solvent.
The resulting residue is purified by-skbica gel columm chronat ography

(sol vent; chloroformethanol) to give ethyl 2-n-propyl-5-

benzoyl acetyl -3-(2' - (I Htetrazol - 5-yl) bi phenyl } net hyl -

4,5, 6, 7-tetrahydroi m dazo[ 4, 5- c] pyri di ne- 4- car boxyl ate (144

(2E, s)

| (2) To 2 mixture of the above product (304 mg) and
t-butanol (10 ml) is added potassium t-butoxide (120 mg),.
and the_gixture'is stirred at room temperature for 40
minutes. The mixture is evaporated under reduced pressure
to remove the solvent, and the resulting residue is
acidified with hydrochloric acid. The mixture is extracted
Qith a mixture of chloroform and methanol, and the extract
is washed, dried and evaporated under reduced pressure to
remove the solvent. The resulting residue is purified by
silica gel column chromatography (solvent; chloroform/
methanol) to give 2—n-butyl-8—(4-chlorophenyl)-9—hy&roxy—l—
[2'-(1H—tetrazol—5—yl)biphenyl-4—yl}methyl-l}4,5,9a—tetra-
hydro-7E-imidazo([4,5-g]lindolizin-7-one (131 mg) as powder.

NMR (DMSO—ds) §: 0.80 (3H, t), 4.54 (1E, s)

(3} To a mixture of the above product (165 mg) and
methanol (20 ml) is added 1N aqueous sodium hydroxide
solution (0.56 ml). The mixture is evaporated under reduced
pressure to remove the solvent;.and the resulting residue is
purified by column chromatography of nonionic adsorbing
resin (tradename; EP-20, manufactured by Mitsubishi Kaseil
Corpcration), and lyophilized to give 2-n-butyl-8-(4-chloro-
phenyl)-Q-hydroxy—l-{z'-(lH—tetr;zol—S-yl)biphenyl-4-yl}-
methyl—l;4,5,9a—tetrahydro-7H-imidazo[4,5-g]ihdolizin—7-one
disodium salt (99 mg) as powder. |

NMR (D,0) &: 0.77 (3H, t), 4.63 (1H, s)

This is the replacement sheet
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ng) as white, foam FAB-MS (mz): 618 (M+H), 207 (base)'NNR”(CIKES) ferr}- .
1.04 (3H t), 4.00 - 4.28 (5H, m, 5.30 (2H s), 5.40 ( ¥hissk 2 The above

product is treated in the same nanner as in Exanple 5- (2)

2- n- propyl - 8. benzoyl - 9- _ - 26 - "I,”’”ﬂ ["
hydroxy-1-{2'-(l Htetrazol -5-yl ) bi phenyl -4-yl } net hyl -

1,4,5, 9a-tetrahydro-7H i m dazo[ 4, 5-g] i ndol i zi n-7-one di sodi um sal t as white
powder. FAB-M5 (nfz): 616 (M), 119 (base)

Example 15

(1) Ethyl 2-n—buty1—3-(2'-methoxycarbonylbiphenyl—
4—yl)methyl-4,5/6,7—tetrahydroimidazo[4,5;c]pyridine-4-
carboxylate and ethoxycarbonylacetic écid aré treated in the
same manner as in Example 8-(1) to'give ethyl 2-n—butyl—5-
ethoxycarbonylacet§1-3—(2'—methoxycarbonylbiphenyl-4—yl)—
methyl-4,5,6,7-tetrahydroimidazo[4,5~c]pyridine-4-
carboxyléte. _ _ ‘ . .

NMR (CDCly) §: 0.84-- 0.96 (3H, m), 3.57 (24, s)

(2) To a mixture of the above product (409 mg) and

. ethanol (4 ml) is added a mixture of sodium hydride (62 %
oil-dispersion type) (30 mg) and ethanol (4 ml), and the
mixture is stirred at room temperature for 10 minu;es,
evaporated under reduced pressure to remove the solvent, and
to the resulting residue is added saturated aqueous ammcnium
chloride solﬁtion, and the mixture is extracted wifh
chloroform. The extract is drieé, and evaporated under
reduced pressu?e to give 2-n—butyl—B-ethoxyéérbbnyl—Q-
hydroxy-l-(Z'-methoxycarbonylbipheny144—yl5méthy1-1,4,5,9a—
tetrahydrofﬂH-imidazo[4,S-g]indolizin-?—oné:f372 mg) as
foam. '

(3} The above product is-tfgated in the same
manner as in Example 14~-(3) to giVe.?-n-butyl-B—ethoxy-
carbonyl—Q-hydroxy-l-(z'-carboxybipﬁényl—4-yl)méthyl-
1,4,5.9a—£etrahydro~7n-imidazo[4,5-g]indolizin-7~one
disodium salt as powder.

This is the replacement sheet
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NWVR (D20) [err]: ,0.80 (3H, t), 4.57 (1H, s), 5.24 (1H d), 5.90 (1H d)
Exanple 19 (1) Ethyl 2-n-propyl-3-{2'-(tert-butoxycarbonyl)-

bi phenyl - 4-yl }net hyl -4, 5, 6, 7-t et rahydr oi m dazo [ 4, 5-c] -

pyridi ne-4-carboxyl ate oxalate (1.00 g) is suspended in chloroform The
suspension is washed with saturated sodlun1hydrogen carbonate sol ution and
brine, dried over nmagnesium 27

NMR (D,0) é: 0.82 (3H, t), 1.27 (3H, t), 4.76 (1lH,
s) '

Example 16

(1) To a mixﬁure of ethyl 2-n-propyl-3-{2'-(1lH-
tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7~tetrahydro- |
imidazo[4,s-c]pyridine-4-carboky1ate {(1.00 g), cyanoacetic
acid (0.36 g) and methylene chloride (20 ml) is added 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochidride
{0.82 g) at room temperature.. The reaction mixture is
stirred overnight at room temperature, and then washed with
2 % agueous hydrochloric acid and brine. The organic layer
is dried and évaporated to remove the s§lvent. The crude
residue is purified by éi;ica gel column chromatograéhy
(solvent; chloroform/methanql) to give ethyl 2-n-propyl-3-
{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-5-cyanoacetyl-
4,5, 6 7-tetrahydroimidazo[4, 5-c]pyrldlne— -carboxylate (0.76
g) as white foam. .

'FAB-MS (m/z): 539 (MH'), 207 (base)

(2) The above product is treated in the same
manner as 4n Example 5-(2) to give 2-n-propyl-8-cyano-9-
hydroxy-l-{Z'-(lH—tetrazol-S-yl)biphenyl-4-yl}methyl-
l,4;5,9a-tetrahydro-7H-imidazo[4,5-g]indolizin-7-one
disodium salt. | |

NMR (D,0) é: 0.80 (3H, t), 4.51 (lH, s), 5.22 (1H,

d) R 5;90 (lH, d) T T e
. This Sheet Has
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sul fate, and evaporated to renove the solvent. To a m xture-of.the crude
substrate (0.75 g), ethoxycarbonylacetic acid (0.33 g) and nethyl ene

chloride (10 m) is added 1-ethyl-3- (3-dinethylam nopro ien RepRed
hydrochl ori de (0.48 g) at roomtenperature,_ The reactiaon i red
for one hour and washed with 10 % aqueous %@t?ic acid sol d
sodi um hydrogen carbonate solution and brine. The organic layer is dried

and evaporated to renove the solvent. The resulting-crude residue is
purified by silica

(1) Ethyl 2-n-propyl-3-{2'~(lH-tetrazol-5-yl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5~c]~
pyridine-4-carboxylate is treated in the same mahner as in
Example 12-(1) to give ethyl 2-n-propyl-5-acetoacetyl-3-{2'-
(lH—tetrazol-S-yl)biphenyl—4-yl}methji-4,5,6,74tetrahydro-
imidazo[4,5-¢}pyr;dine-4-carboxy1é€e as white foam.

NMR (CDCls) é: 1.03 (3H, t), 2.22 (33, s), 3.61
(28, ABq), 5.30 (2B, ABq), 5.36 (1H, s)

(2) The abové product is treated in the same
manner as in Example 5-(2) to give idn-propyl-S;acetyl»B-
hydroxy=-1~{2'-(1E-tetrazel-5~yl)biphenyl-4~yl}methyl-
1,4,5,Qa-tetrahydrq-7ﬁ-imidazo[4,5—g]indolizin-7-one
disodium salt. | o

NMR (D,0) &: 0.80 (3H, t), 4.38 (1H, brs), 5.24
(L, 4), 6.03 (1E, 4)

Example 18

(1) To a mixture of ethyl 2-n-prop91-5-aceto-
acetyl—3-(2'-(lH-tetrazol-s—yl)biphenyl-4-yl}methyl-4,5,6,7-
tetrahydroimidazo[4,5-clpyridine-4-carboxylate (200 ng),
magnesium ;hloridel(34 ng), pyfidine {58 l) énd
acetonitriie (2 ml) is added benzéyl chloriée.(42 pl) under
icefcooling; The reaction mixtqre is stirred overnight at
room temperature and diluted with chlorofofm (So'ml). The
solution is washed with 10 % hfdrochloric acid and brine,
éried, and evaporated to remove the sélvent to give crude
residue (266 mg) as 0il. The residue (260 mg) obtained

This is the replacement shest
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gel colum chromat ography (solvent; chlorofornfethyl acetate) to give ethyl
2-n-propyl -3-{2'-(tert-but oxy-

carbonyl)bipnenyl 4-yl ) met hyl - 5- et hoxycar bonyl acet yl -

4,5, 6, 7-tetrahydroi m dazo[ 4, 5- c]pyrldlne2 -carboxylate (0.70 g). FAB-Ms
(mz): 618 (M#), 211 (base) NWR (CDC13)“6: 1.12 (3H, t), 1.28 (9H, s),
3.57 (2H, s), 5.37 (2H, ABq) (2) The m xture of ethyl
2-n-propyl-3-(2'-(tert-

but oxycar bonyl ) bi phenyl - 4-yl ) net hyl - 5- et hoxycar bonyl acetyl -

above is fefluxed with 10 % hydrochloric acid (1.0 ml) in
ethanol (5.6 ml) for one hour. The reaction mixture is
diluted with chloroform (30 ml), washed with brine, dried,
and then evaporated to remove the solvent. The resulting
residue ié purified by silica gel coluﬁn chromatography
(solvent; chloroform/ethanol) to give ethyl 2-n-propyl-5-

 benzoylacetyl-3-{2'-(1H-tetrazol-5-yl)biphenyl}methyl-
4,5,6,7—tétrahydroimidazo[4,5—c]pyridine-4-carboxyléte (144
mg) as white focam.

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

NMR (CDCly) é: 1.04 (3H, t), 4.00 - 4.28 (SE, m),

. 5.30 (2H, s), S5.40 (1lH, s)

(2) The above product is treated in the same
manner as in Example 5-(2) to giée 2-n-propyl-8-benzoyl-9-
hydroxy-1-{2'~{1lH-tetrazol-5-yl)biphenyl-4-yl}methyl—-
1,4,5,9a~tetrahydro-7H-imidazo[4,5-g]indolizin-7~one
disodium salt &s white powder.

AB-MS (m/z): 616 (MHT), 119.(base)

NMR (Dp0) é: 0.80 (3H, t), 4.57 (1H, s), 5.24 (1H,
d), s.éo (1H, 4) '

Example 19

(1) Ethyl 2-n~-propyl-3- {2'—(tert -butoxycarbonyl)-
blphenvl 4-yllmethyl-4,5, 6, 7= tetrahydrozmldazo[4 S-c]-
pyridine-4-carboxylate oxalate (1.00 g) is suspended in
chloréform. ‘The suspensioh is washed with saturatéd sodium

' hydrogen Carbonate solutlon and brine, drled over magnesxun

This Sheet Has Been R. This is the replacement sheet
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4,5,6, 7-tetrahydroi m dazo[ 4, 5-cl pyri di ne-4-carboxyl ate (657 ng),
trifluoroacetic acid (3 m) and nethylene chloride (10 m) is stirred
overnight at roomtenperature. The reaction mxture is washed with

sat urat ed sodi um hydrogen carbonate soltut3®n~and brine, dried and
evaporated to renove the solvent. The crude residue is purified by silica
gel colum chromat ography (solvent; chlorofornm nethanol) to give ethyl

sulfate, and evaporated to remove the solvent. To a mixture
of the crude substrate (0.75 g), ethoxycarbonylacetic acid
(0.33 g) and methylene chloride (10 ml) ié added l;ethyl-3-
(3-dimethylaminopropyl)carbodiimide- hydrochloride (0.48 g)
at room temperature. The reaction mixture is stirred for
one hour and washéd with 10 % aqueous citric acid solution,
saturated sodium hydrogen carbonate solution and brine. The
organic layer is dried and eéaporated to remove the
solvent. The resulting crude residue is purified by silica
gel column chromatography -(solvent; chloroform/ethyl
acetate) to give ethyl 2-n-§ropyl-3-{2'—(tert—butoxyf
Carbéﬁyl)bipheny144-yl}methyl-s—ethoxycarbonylacetyl-
4,5,6;7-tetrahydroimidazdl4,5-c]pyridine-4-carboxylate {(0.70
g). | '

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

NMR (CDClj) &: 1.12 (3H, t), 1.28 (98, s), 3.57
(2H, s), 5.37 (2H, ABqg)

{2) The mixture of ethyl 2-n-propyl-3-{2'-(tert-

.'butoxycarbonyl)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 tempefaﬁure. The reaction
mixture is washed with saturated sodium hydrogen carbonate
solution and brine, dried and evaporated to remove the
solvent. The crude residue is purified by silica gél column

chromatography (solvent; chloroform/methanol) to give ethyl

This Sheet Has Been Re'ilaced This is the replacement sheet
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- 31 - 2-n-propyl «3-(2'-carboxybi phenyl -4-yl ) et hyl -5-ethoxy—oo___ =
carbonyl acetyl -4, 5, 6, 7-t et rahydr oi mi dazo[ 4, 5-c] pyri di ne-4-_ carboxyl ate (516"

ng). FAB-M5 (mz): 562 (M#), 211 (base) NWVR (CDCl3) 6: 0.7 S asBeen Rdpladaq -
(2H, s), 5.34 (2H, ABqg) (3) The above prodyct is treated i I er
as in Exanple 5-(2) to give 2-n-propyl-8-ethoxy- carbonyl -

- car boxybi phenyl - 4-yl ) net hyl -

2-n-pr6py1-3-(2'#carboxybiphenyl-4-yl)methyl-s—éthoxy-
carbonylacetyl-4,5,6,7—tetrahydroimidazo(4,5—c]pyridine-4-
carboxylate (516 mg). |

" 'FAB-MS (m/z): 562 (MHT), 211 (base) |

NMR (CDCls) 8: 0.76 (3E, t), 3.55 (2H, s), 5.34
(2H, ABQ) ' '

(3) The above product is treated in_the same
mannet as in Example 5-(2) to givé 2-n-propyl-8-ethoxy-
carbonyl-s-hydroxy-l-(i‘-cérboxybiphenyl-4-yl)methyl-
l,4,5,Sa-tetrahydro-?H-imidazo[4,5-g]indolizin-?-oﬁe
disodium salt; _

FAB-MS (m/z): 582 (M+Na), 560 (MH*), 177 (base)

NMR (D,0) &: 0.86 (3H, t), 5.38 (1H, d), é.zs (1H,
d)

Example 20

(1) Ethyl 2-ethyl-3-{2'-(l-trityl-1H-tetrazol-5-
yl)biphenyl-4-yl}methyl-4,S,6,7-tetrahydroimidazot4,5-c]—
pyridine-4-carboxylate (1.94 q), monbethyl maionate (0.74
g): l-ethy1-3-(3-§imethylaminopropy1)carbodiimide
hydrochlor?de (0.80 g), and triethylamine (1.40 g) are
dissolved in dichloromethane (20 ml). The mixture is
stirred overnight at room temperaturé. The reaction mixture
is washed with water, dried over sodium sulfate, and then
evaporated to remové the solvent. The residue is dissolved
in ethanol f30 ml) and thereto is added fumarie acid (2.00
g). The mixture is refluxed for three hours and evaporated

to remove the solvent. The resulting residue is treated
This is the replacement sheet
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1,4,5,9a-tetrahydro-7H i m dazo[ 4, 5-g] i ndolizin-7-one disodiumsalt. FAB-MS
(mz): 582 (M:Na), 560 (MH+), 177 (base) NVR [err] [err]: 0.86 (3H, t),
5.38 (1H, d), 6.25 (1H, d) Exanple 20 (1) Ethyl

2-ethyl-3-{2' -(1-trityl-IHtetrazo

yl ) bi phenyl -4-yl }nethyl -4,5, 6, 7- tetrahy5r0|n1dazo[4 5-cl -

pyridi ne-4-carboxylate (1.94 g), nonoethyl nmalonate (0.74 g),

1- et hyl - 3- (3-di net hyl am nopr opyl ) car bodi i m de

with a saturatedé sodium hydrogen carbonate'solution and

extracted with chloroform. The organic léye; is dried and

evaporated to remove the solvent. The resultin§ resicdue is

purified by silica gel column chromatography (solvent;
chlo:oﬁorm/methanol)'tofgive ethyl 2+ethyl?3-{2'-(lH—
tetrazol-S-yl)biphenyl-4-yllmethyl~5-ethoxycarbonylacetyl-
4,5,5,7-tetzahydréimi&azo[4,5-¢]pyridine-4—carboxylate (1.07
g) as foan.

NMR (CDClg) &: 5.29 (2, s), 5.48 (1H, s), 6.92
(28, &), 7.10 (28, &)

{(2) The above product is treated in the same
manner as in Example 5-(2) to give 2~éthyl-a-ethoxycarbonyl—
9-hydroxy-1-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-
1l,4,5,9%9a-tetrahydro-7H-imidazol4,5-glindolizin~7-one
disodium salt as white powdér.

NMR (DMSO-dg) &: 1.10 (3H, t), 1.15 (3E, t), 4.45
(18, s), 5.05 (1E, d), 6.45 (1H, d) '

Example 21

{1y Ethyl 2-ethyl-3-{2'~(t-butoxycarbonyl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5-c]-
pyridine-4~-carboxylate is treated in the same manner as in
Example 20-(1) to give gthyl 2-ethyl-3-{2'-(t-butoxy-
carbonyl)biphenyl-4-yl}methyl-S-ethoxyca;bonylacetyl-
4,5,6,7—tetrahydroimidazo[4,5—c]pyridine-4-carboxy1ate as
oil.

_NMR (CDCl,) 6: 1.12 (3H, t), 1.28 (9, s), 5.35
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hydrochl oride (0.80 g), and triethylamne (1.40 g) are dissolved in

di chl oronethane (20 m). The m xture is stirred overnight at room
tenperature. The reaction m xture is washed with water, dried over sodi um
sul f-ate, and then evaporated to renove the solvent. The residue is

di ssolved in ethanol (30 m) and thereto i33 atlded fumaric acid (2.00 g).
The m xture is refluxed for three hours and evaporated to renove the
solvent. The resulting residue is treated This is the replacenent shot

(2H, q), 6.00 (1H, s)

{2) The above product is treated in the same
manner as in Example 19-(2) to give ethyl 2-ethyl-3-(2'-
carboxybiphenyl-4—yl)methyl-5-ethoxycafbonylacetyl-4,5,6,7-
tetrahfdroimidazo[4,5-c]pyridiné-4-carboxylate as white
foam.

_ NMR (CDCl;) &: 0.98 (3H, t), 1.16 (3H, t), 1.27
(35, t), 5.33 (2H, q), 6.00 (1H, s) '

(3) The above product is treéted in the same
manner és in Example 5-(2) to give 2-ethyl-8-ethoxycarbonyl-
9-hydroxy—l-(2'—carboxybipﬁenyl-4-yl)methyl-l,4,5,9a-
tetrahydro-7H-imidazo[4,5-g]indolizin-7-one disodium salt as
white foam.

NMR (DMSO-dg) é: 4.50 (1H, s), 5.17 (1H, d), 6.36
(1H, 4)

Reference Example 1

(1) 2-n-Butyl-4-hydroxymethylimidazole (33.3 g) is

dissolved in methanol (50 ml), and thereto is added 18 %
~hydrogen chloride-methanol solution (160 ml), and the
mixture is.evaporated under reduced pressure to remove the
solvent. To the resulting residue is added toluene (150
ml), and thereto is added dropwise thionyl chloride (52 ml)
under ice-cooling. The mixture is stirred at.50°c for two
hours, and concentrated to dryﬁess undér reducea pressure to
give 2—n;buty1-4-Chloromethylimidazole hydrochloride (58.3
g) as oil. Separately, diethyi N-acetylaminomalonate (140.8

This Sheet Has Been RTac This is the replacement sheet
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Wi th a saturated sodi um hydrogen carbonate solution and extracted with

chloroform The organic layer is dried and evaporated to renove the

solvent. The resulting residue is purified by silica gel colum

chromat ography (sol vent; chlorofornm methayol) to give ethyl

2-ethyl -3-{2'- (I H

tetrazol -5-yl) bi Dhenyl - 4-yl } et hyl - 5- et hoxycar bonyl acet yl -

4,5,6,7-tetrahydroi m dazo[ 4, 5- c] pyri di ne- 4- car boxyl at e (1.07 g) as foam
. g) is 'added to a solution of sodium ethylate (44 g) in
_ethanol (500 ml) with ice-cooling under argon atmosphere,
and the mixture is stirred at 0°C for 15 minutes. To the

mixture.is added dropwise a éolution of 2-n-butyl-4-chloro-

methylimidazole hydrochloride obtained above in ethanol (250
ml), and the mixture is stirred at room temperature
overnight. The mixtﬁre is evaporated'uhder reduceé pressure
to remové the solvent, and to the resulting residue are
added ethyl Sce;ate (1 liter) and saturated aquedus ammonium
chloride solution (500 ml). The agqueous layer is extracted
with ethyl acetdte, and the extract is combined with the
organicllayer, and evaporated. To the resulting residue is
added 10 % hydrochloric écid, and the mixture is neutralized
with sodium hydrogen carbonate, and extracted with ethyl
acetate to give‘2~n-butyl-4-{2-acetylamino—2,2—bis(ethoxy-
carbonyl)ethyl}imidazole (56,8 g) as powder.
' | m.p. 80 - 92°C

NMR (CDC13) §; 0.91 (3H, t:),'l.24 (6H, t), 2.01
(3H, s)

(2) The above product‘is'added to 6N hydrochloric
aéid (600 ml), and the mixture.is refluxed overnight. The
mixture is concentrated to dryness under reduced pressure,
and the resulting residue is dissolved in methanoll(zoo
m). The oily.résidﬁe is subjected to azeotropic
distillation with toluene to remove water to give 2;n-butyl-

4-{2-amino-2-(methoxycarbonyl)ethyl}imidazble hydrochloride

This Sheet Has Been Replaced ' | _ This is the replacement shest
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NVR [err] [err]: 5.29 (2H, s), 5.48 (1H s), 6.92 (2H d), 7.10 (2H d) (2)
The above product is treated in the sane nanner as in Exanple 5-(2) to give
2- et hyl - 8- et hoxycar bonyl - 9- hydroxy-1-{2

-(IH-tetrazol -5-yl) bi phenyl -4-yl ) et hyl -

1, 4, 5, 9a-t et rahydr o- 7H-i mi dazo[ 4, 5- g] i nd®¥i zi n- 7-one di sodi:umsalt as white
powder. NWVR (DVSO-d6) [err]: 1.10 (3H, t), 1.15 (3H, t), 4.45 (1H, s), 5.05
(1H, d), 6.45 (1H, d) Exanple 21

(46.0 g) as oil.
NMR (DMSO-ds) §: 0.96 (3H, t), 3.28 (2H, d), 3.73
(38, s)

- (3) The above product (45 g) is added to 37 %
aqueous formalin solution (45 ml) and water (600 ml), and
the mixture is refluxed for two hours. The reaction
solution is evaporated undér reduced pressufe, and ths
resulting crystalline-residue is'pulverized in acetohe, and

collected by filtration to give 2-n-butYl-4,5,6,7-tetra-

11

hydroimidazo[4,S5-clpyridine~6~carboxvlic acid hfd:échlo:id
(50 g). _
| _m.p. 176 - 179°C (decomposed)
(4) The above product (30 g) is suspended in
methanol (300 ml), and thereto is added thionyl chloride (30
ml), and the mixture is refluxed overnight. The reaction
solution is evaporated under reduced pressure to giﬁa methyl
2-n-butyl-4,5,6,7-tetrahydroimidazo(4,5-clpyridine-6-
carboxylate hydrochloride (28.3 g) as oil.

NMR (D,0) §: 0.90 (3H, t), 3.92 (3H, s)

(§) N-Hydroxysuccinimide (0.69 g) and triethyl-
amine (0.6 g) are dissolved in dry dimethylformamide (5 ml),
and thereto is added dropwise benzyloxycarbonyl chloride
(1.02 gj under ice-cooling. The mixture is stirred for 10
minutes, and thereto is added triethylamine (2.0 g). To the
ﬁixture is further added a solution of methyl 2-n¥butyl-

_5153511:;§L1ahydroimidazor4,5-c]pyridine—s-carboxylate

as Been Replaced ' This is the replacement shest
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(1) Ethyl 2-ethyl:3-(2"-(t-butoxycarbonyl)-

bi phenyl - 4-yl } et hyl - 4,5, 6, 7-t et rahydr oi m dazo[ 4, 5-c] -

pyri di ne-4-carboxylate is treated in the same manner as in Exanple 20-(I)
to give ethyl 2-ethyl-3-(2"-(t-butoxy-

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 dime®&-—ctarboxyl ate as oil. NVR [err]
lerr]: 1.12 (3H t), 1.28 (9H, s), 5.35

hydrochloride (1.55 g) in dimethylformamide (5 ml), and ﬁhe
mixture is stirred at room temperature'ovefﬁight. The
reaction solution is concentrated under reduced preséure,
and thereto are added water and chloroform. The équeous
layer is extracted with chloroform, and the extract is
combined with the chloroform layer, dried, and evaporatedl
under reduced pressure to remove the solvent. The resulting
oily residue is purified by'silica gel column chromatography
(solvent; chloroform/methanol) to give methyl 2-n-butyl-S-
benzyloxycarbonyl-4,5,6)7-tetrahydroimidazo[4,5-c]py;idine-
6¥carboxylate (1.21 g) as pale yellow oil.

NMR (CDClg3) &: 0.90 (3H, t), 3.63 (3H, s), 5.20

" (2H, s) ' '

{(6) The above product (12.69 g) is dissolved in
dimethy]fo:mamide (300 ml), and thereto is added sodium’
hydride (60 % oil-dispersion tYpe).(l.SB g} under ice-
cooling, and the mixture is stirred at 0°C for three
hours. To the mixture is added 2'~(l-trityl-lH-tetrazol-5-
yl)biphenyl-4-ylmethyl bromide (23.81 g), and the mixture is
stirred under ice-cooling for one hour, and further stirred
at room temperature for one hour. The reaction solution is
concentrated under reduced pressufé, and to the residue are
added ethyl acetate and water. The orgaﬁic layer is dried,
and evaporatgﬁ under reduced pressure to give yellow foam,

which is further purified and separated by silica gel column.
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-33- (2H, q), 6.00 (1H s) (2) The above product is treated in the sane
manner as in Exanple 19-(2) to give ethyl 2-ethyl-3-(2'-

car boxybi phenyl - 4-yl ) net hyl - 5- et hoxycar bonyl acet.yl -4,5,6, 7- - - -
tetrahydr0|n1dazo[4 5-c] pyri di ne-4-carbo ate as whi't e foan1 NVR ( CDC13)
6: 0.98 (3H, t), 1.16 (3H t), 1.27 (3H ¥¥% 5.33 (2H, q), 6.00 (1H, s)

chromatography. fhat is, firstly, methyl 2-n-butyl-5-
benzyloxycarbonyl-1-{2'-(l-trityl-1H-tetrazol-5-yl)biphenyl-
4-yl)}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-6-
-earboxyla;e (l4l68 g) [hereinafter referred to as Product
{(A)] is obtained as foam from the fractions eluated with
chloroform:ethyl acetate = 3:1, and subsequently,ﬁethyl 2-n-
butyl-S-benzyloxycarbony1-3-{2'-(l-tritylflﬂ-tetrazol—s-
yl)biphenyl;4-yl}methy1-4,5,6,7-tetrahydroimidazo[4,5- .
clpyridine-6-carboxylate (8.23 g) [hereinafter referred to
as Product (B)] is obtained as foam from the fractions
eluated with chloroform:ethyl acetate = 2:1. |

Product {A):

NMR (CDCl4) &: 0.86 (3H, t), 3.60 (3H, s)

Product (B):

NMR (CDClz) &: 0.85 (3H, t), 3.58 and 3.63 (3H,
each s) (each singlet comes to 3H in all)

Reference Example 2

(1) 1-t-Butoxycarbonyl-4-{2=({t-butoxycarbonyl-
amino)ethyl}imidazole (78.1 g).is dissolved in acetonitrile
(500 ml), and thereto is added methoxymethyl chloride (22.2
g), and the mixture is stirred at reom temperature
overnight. The reaction solution is poured into 10 %
aqueous sodium hydrogen carbonate ebiution, and extracted
with ethyl acetate. The extract is washed, dried, and the

solvent is distilled off to give 4-{2-(t-butoxycarbonyl-

‘amlno)ethyl} 3-methoxymethy11m1dazole (54.4 g) as oil,

This is the replacement sheet
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(3) The above product is treated in the sane manner as in Exanple 5-(2) to
gi ve 2-ethyl - 8- et hoxycar bonyl -

9- hydr oxy-1-(2'-carboxybi phenyl -4-yl)methyl -1, 4,5, 9a-

t et rahydro- 7H i mi dazo[ 4, 5-g] i ndol i zi n- 7-or8 di sodium salt as white foam
NVR [err] [err]: 4.50 (1H, s), 5.17 (1H, d), 6.36 (1H, d) Reference Exanple
1 (1) 2-n-Butyl-4-hydroxynethylinidazole (33.3 g) is dissolved in nethanol
(50 m), and thereto is added 18 %

NMR (CDCl3) é: 1.43 (9H, s), 3.27 (3H, s), 5.20
(2H, s)

(2) The above product (55 g) is dissolved in
tetrahyd;ofuran (1.5 liter), and the mixture is cooled to
-40°C. To the mixture-is added dropwise 1.6M n—-butyl
lithium/n~hexane solution (150 ml), and the mixture is
stirred for 30 minuteg. To the mixture are added
successively hexamethylphosphoamide (150 ml) and n-butyl
lithium (137 ml), and fufther.n-butyl iodide (37.5 g) is
added dropwise to the mixture during which the mixture is
kept at +30°C; After the m;xture is stirred for 10 minﬁtes,
the reaction is quenchéd by adding aqueous émmonium chloride
solution thereto. Ethyl acetate is added to the mixture,
and the mixture is separated. "The organic layer is
collected, washed and dried, and the solvent is distilled
off. The resulting oily residue is purified by silica gel
column chrématography (solvent; chloroform/ethyl acetate/

_methanol) to give 2—n-buty1-4—{2—(t-butoxycarbonylamino)-
ethyl}-3-methoxymethylimidazole (44.8 g) as oil.

NME (CDCl,) §: 0.94 (3H, t), 1.44 (9H, s), 3.27
(38, s), 5.09 (2K, s) |

{3) Chloroform (1.3 liter) is added to the above
product (80.7 g) and ethyl chloroformate (84.5 g), and the
mixture is refluxea for 2.5 hours. The reaction solution is
evaporated under reduced pressure, and to the resulting |

residue are addeq ethanol (300 ml) and 10 % aqueous sodium

is Sheet Has Been Re[i'aced ' This is the replacement sheet
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hydrogen chl ori de-net hanol solution (160 nl), and the m xture is evaporated
under reduced pressure to renove the solvent. To the resulting residue is
added toluene (150 m), and thereto is added dropw se th+ﬂnyl -chl ori de (52
m) under ice-cooling. The mxture is stirred at S0[err] \r tmo hour s,

and concentrated to dryness under reduced pressure to gi a hest Has Been

bty e oot s et 5o 3 5 YN

Separately, diethyl Nacetylam nonal onate (140.8

hydroxide solution (200 ml), and the mixture is stirred
under ice-cooling for 20 minutes. The soivent is distilled
off, and to the residue are added water and chloroform, and
the mlxture is separated The organic layer is dried, and
the solvent is distilled off, and the resulting solid |
product is recrystallized from isopropyl ether to give 2-n-
buty1-4-{2-(t—butoxycarbonylamino)ethyl}imidazole (590.3

g).

m.p. 118 - 120°C _

(4) The above product and 2';(1-trityl-1H-
tetrazol-s-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example.l—(S) to give 2-n-butyl-
4-{2-(t—butoxycarbonylemino)ethyl}-l—{z'-(l-trityl—lH-
.tetrazol-s-yl)biphenyl-4-yl}methylimidazoie.

NMR (CDCly) &: 0.89 (3H, t), 1.43 (9H, s), 4.85
‘(ZH, s) |

(5) A mixture of the above'?roduct (15.2 g), 10 %
hydrochloric acid (40 ml) and methanol (SQ ml) is refluxed
for one_hour. After the reaction is coﬁpleted, methanol is
removed by dlstillation, and the aqueous layer is washed
with ethyl acetate and concentreted_to'dryness under reduced
pressure. The resulting residue is subjected to azeotropic
distillation with_dry toluene to give quentatively crude 2-
n-bu§y1-4-(2—amiooethyl)—le{2'-(lH-teEraZOliS—fl)biphenyl-é-
yl}methylimidazole hYdroch}oride (9.7.gj as caramel.

NMR (DMSO-dg) &: 0.84 (3H, t), 1.43 (9H, s), 5.40

This is the replacement sheet
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- 34 - g) is added to a solution of sodiumethylate (44 g) in ethanol (500
m) wth ice-cooling under argon atnosphere, and the mxture is stirred at
[err]C for 15 nminutes. To the mixture is added dropw se a sol ution of
2-n-but yl - 4-chl or o- met hyl i mi dazol e hydrochl ori de obt ai nethisshex Has BrertRedphacsd|
(250 mM), and the nmixture is stirred at roomtenperature onmmm "Hlmn

m xture is evaporated under reduced presséf e to renove the
the resulting residue are

(24, s) |

(6) A mixture of the above prodﬁct (8.09 qg),
glyoxylic'acid hydrate (1.73 g), 1N agueous sodium hydrokide
soiutioﬁ (53 ml) and dioxane (50 ml) is stirred at about
50°C for 2 days. The reaction solution is acidified with
hydrochloric acid, and evaporated under reduced éressure.
The resulting residue is dissolved in methanol (100 @l), and
cooled to -30°C, and“thereto is a2dded dropwise thionyl
chloride (12.4 g). After the mixture is stirred at about
60°C for 2 days, the solvent is distilléd off under reduced
‘pressure. Water is added to the resulting residue, and the
mixture is neutralized with aqueous sodium hydrogen R
carbonate solution, and e&tracted 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) to give methyl
2-n-butyl-3—(2'—(1E-tetrazol-5—yl)bipheny1-4-§1}methylf
4,S,6,7-tetrahydroimidazo[4,5-c]pyridine44-carboxylatel(4(22'
g) as powder. |

NMR (DMSO-dg) §é: 0.90 (38, t), 3.72 (3H, s), 5.20
(28, s)

Reference_Examnle 3

'(1) 2-n—Propyl-4—hydroxymethylimidazole and
diethyl N-acetylaminomalonate are treated in the sa&e manner
as in Reference Example i-(l) to give 2-n-propyl-4-{2-

acetylaﬁino-2,2—bis(ethoxycarbonyl)ethyl}imidazole-as
This is the replacement sheet
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added ethyl acetate (1 liter) and saturated aqueous ammoni um chl ori de
solution (500 m ). The aqueous layer is extracted with ethyl acetate, and
the extract is conbined with the organic |ayer, and evaporated. To the
resulting residue is added 10 % hydrochloric acid, and the m xture is
neutralized with sodi um hydrogen carborrat4d, =and extracted wth ethyl
acetate to give 2-n-butyl-4-{2-acetyl am no-2, 2-bi s(et hoxy-
carbonyl)ethyl }im dazole (56.8 g) as powder. mp. 80 - 920C NVR [err]
[err]; 0.91 (3H, t), 1.24 (6H, t), 2.01

powder.

m.p. 94 - 97°C

(2) The ‘above product is treated in the same
manner as in Reference Example l-(2) to nge 2-n-propyl- 4-
{z—amino-z—(methoxycarbonyl)ethyl}imioazole hydrochloride as
0il. |

NMR (DMSO—ds) §: 0.91 (3H, t), 3.28 (2H, 4), 3.73
(3H, 55 _

| (3) To a mixture of the above product (5.74 g),
triethylamine (6.81 g) and chloroform {200 ml) is added
dropwise a solution of benzyloxycarbonyl chloride (2.87 g)
in chloroform (100 ml) under ice-cooling. The mixture is
stirred at room temperature overnight, washed and dried, and
the solvent is distilled off. The resulting residue is
purified by silica gel column chromatography (solvent;
chloroform/methanol) to give 2-n-propyl-4-{2-(N-benzyloxy-
carbonyl)amin012—(methoxyoarbonyl)ethyl}imidazole (3.36 g)
as oil.

| NMR (CDCly) &: 0.92 (3H, t), 3.05 (2H, d), 3.67
(32, s), 5. 10 (24, s)

(4) The above producr'and 2'-(l-trityl-l1H-
:tétrazol-s-yl)biphenyi-4-ylmethy} bromide are treated in the
same manner as in Reference Example 1-(6) except that the
reaction is_carriéd out overnight to give 2-n-propyl-1-{2'-

(l—trityl—lH-tetrazol—S-yl)bipheny1-4-yl}methyl?4-(2—(N-

uognzy;oxycarboqyl)amino—ze(methoxycarbonyl)ethyl}imidgzole

This Sheet Has Been This is the replacement sheet -
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(3H s) (2) The above product is added to 6N hydrochloric acid (600 nl),
and the mxture is refluxed overnight. The mXxture is concentTated fo
dryness under reduced pressure, and the resulting re5|duqhg§h ggﬁqgmﬂﬁu
met hanol (200 m. The oily residue is subjected to azeotr on
with toluene to renove water to give 2-n=b&2yt- !I
4-(2-anino-2-(nethoxycarbony|)ethyl)inidazole_hydrochlon

repl acenent shot Dat e: 2 4 MAY 1997

as foam.

NMR (CDCl3) &: 0.89 (3H, t), 3.63 (3H, s), 4.83
(2B, s), 5.11 (2H, s) '

(S) To a mixture of the above product (5.18 g) and
methanol (40 ml) ié added 9 % hydrogen chloride-methanol
solution (60 ml), and the mixture is stirred at room
témperature for one hour, and evaporated. The resulting
residue is dissolved in methanol (50 ml), and.the mixture is
subjected to catalytic reduction by using 10 % palladium-
carbon as a catalyst. After the reaction is completed, the
catalyst is removed by filtration,.and the solvent is
distilled off. The resulting oily residue is dissolved in
methanol (S0 ml), and tﬁe mixture is refluxed with agueous
formalih solution (4 mly'for one hour. After distillation
of the solvent, the product is pulverized in ethyl acetate,
and collected by filtration to give methyl 2-n-propyl-3-{2'-
(lH-tetrazol—S-yl)biphenylf4-yl}meﬁhyl—4,576,7—tetrahydro-
imidazo[4,5—c1pyridine-6-carb6xylate hydrochloride (3.73 g)

"as powder.

NMR (CDCl3) &: 0.92 (3H, t), 3.71 (3H, s), 4.85

(2H, A3q)

Reference Example 4

(1) 2-n-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,

and the resulting residue is dissolved in dimethylformamice

This is the replacement sheet
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35 - (46.0 g) as.oil. NWR [err] [err]: 0.96 (3H t), 3.28 (2H, d), 3.73
(3H, s) (3) The above product (45 g) is added to 37 % aqueous formalin
solution (45 m) and water (600 m), and the m xture is refluxed for two
hours. The reaction _ - 43 -

(20 ml), and added dropwise to a solution of sodium cyanide
(5.47 g) in dimethylformamide (120 ml). Thg mixture is
stirred at room temperéture overnight, and the solvent is
distilled off. The resulting residue is dissolved in ethyl
acetate, washed, dried and evaporated. The resulting residue
is purified by silica -gel column chromatography (solvent;
ethyl acetate) to give 2-n—propy1-4-cyanomethylimidazq}e
(3.08 g) as oil.

NMR (CDCls) &: 0.95.(3H, t), 3.67 (28, d)

{2) The above product (3.68 g) is dissolved in
acetic acid (30 ml), and thereto is added 10 § hydrochloric
acid (10 ml). The mixture is subjected to catalytic
reduction by using piatinum oxide as a catalyst. ' After the
reaction is completed, the cataly§t is removed by |
filtration, and the filtrate is evaporated under reduced
pressure to give 2-n-propyl-4-(2-aminoethyl)imidazole
hydrochloride.(4.83 g)., which is used in a subsequeht
reaction without further purification.

(3) A mixture of the above product (4.83 g),
phthalic anhydride.(3.04 g),-sodium acetate (6.10 g) and
acetic acid (50 ml) is refluxed for 19 hours. The mixture
is evaporated under reduced pressu:e,'and to the residue is
added water. The mixture is neutralized with sodium |
hydrogen carbonate,:and extracted with chloroform. The
extract is driéd and the solvent is distilled off, and the

.resulting residue is purified by silica gel column
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solution is evaporated under reduced pressure, and the resulting
crystalline residue is pulverized in acetone, and collected by filtration
to give 2-n-butyl-4,5,6,7-tetra- hydroin dazo[ 4, 5-c] pyri di ne- 6-car boxylic
acid hydrochloride (50 g). mp. 176 - ¥ 90CHdeconposed) (4) The above
product (30 g) is suspended in nmethanol (300 m), and thereto is added
thionyl chloride (30 mM), and the mxture is refluxed overnight. The
reaction solution is evaporated under reduced pressure to give nethyl
chromatography (solvent; chloroform/methanol) to give 2-n-
propyl-4-(2-phthalimidethyl)imidazole (2.72 g) as foam.
NMR (CDCl,;) &: 0.90 (3H, t), 3.95 (2€, t), 7.61 -
.7,35 (43; o _ 1 e

(4) The above product and 2'-(l-trityl-lH-
tetrazol-5-yl)biphenyl-4-ylmethyl bromide are treated in the'
same manner as in Reference Example 1-(6) except that the
reaction is carried 6u£ overnight to give 2-n-propyl-4-(2-
phthalimidethyl)-1-{2'-(1-trityl-1H-tetrazol-5-yl)biphenyl-
4-yl}methylimidazole as foam. | |

~ NMR (CDCly) &: 0.86 (3H, t), 4.82 (2H, s)

(5) To a mixtufelcf the above product (4.11 g) and
ethanol (100 ml) is added 100 % hydrézine hydrate (2 ml),
and the mixture is stirred at room temperature'for five
hours. After the reaction is completed, chloroform is added .
to the reaction solution, and the mixture ié washed, dried,
and evaporated to give crude 2-n-propyl-4-(2-aminocethyl)-1-
(2'-(1-trityl-l1H-tetrazol- S-yl)blohenyl 4-yl}methy11m1cazole
(3. 68 g) as oil.

(6) The above producf is treated in the same
manner as in Réference Example_z-(S) to give 2-n-propyl-4-
(2-aminoethyl)—l-{2'-(1H-tet:azgl-5—yl)biphenyl-4-yl}methyl-
imidazole hydrochloride.

(7) The above product and glyoxylic acid hydrate
are freated in the same manner as in Reference Example 2-(6)

to give methyl 2- n-propyl 3 (2'-(lH-tetrazol 5-y1)b1phenyl-
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2-n-butyl-4,5, 6, 3-tetrahydroi m dazo[ 4, 5-c] pyri di ne- 6- carboxyl ate

hydrochl oride (28.3 g) as oil. NVMR [err] [err]: 0.90 (3H, t), 3.92 (3H, s)
(5) N-Hydroxysuccininmde (0.69 g) and triethyl- amne (0.6 g) are dissolved
in dry dinethylformam de (5 m), and thereto is added dropw se -

benzyl oxycar bonyl chloride (1.02 g) un#®r=ice-cooling. The nixture is
stirred for 10 mnutes, and thereto is added triethylamne (2.0 g). To the
m xture is further added a sol ution of nethyl 2-n-butyl-

4,5, 6, 7-tetrahydroi m dazo[ 4, 5- c] pyri di ne- 6- car boxyl at e

4¥yl}methyl-4,5,6,7-tetrahydroimidazo[4,5—c]pyridine—4-
carboxylate_as foam.

NMR (DMSO-dg) &: 0.98 (3H, t), 3.84 (3H, s), 5.06
(28, ABq) A _ .

Reference Example 5

(1) 2-n-Butyl-4-{2-(t-butoxycarbonylaminoc)ethyl}-
imidazole and 2’-(methoxycarbonyl)biphenyl-4-ylmethyl
bromide are treated in the same manner as in Reference .
Example 1-(6) except tﬁat the reaction is carried out
overnight to give 2-n-but§l-§-{2-(t-butdxycarbonyiaﬁino)—
ethyl}-1-{2'-(methoxycarbonyl)biphenyl-4-yl}methyl-
imidazole.

NMR (CDCl3) 8: 0.91 (3H, t), 3.66 (3H, s), 5.02
{28, s) '

(2) The above product is treated in .the same'
manner as in Reference Example 2-(5) to give crude 2-n-
buﬁylr4r(2-aminoethyl)-l-[2'—(mefhoxycarbonyl)biphenyl-4—
yllmethylimidazole hydrochloride, which is further treated
with glyoxylic acid hydréte in the Samg manner as in
Reference Example 2-(6) to give crude methyl 2-n-butyl=-3-
{2'-(methoxycarbonyl)biphenyl-4~yl}methyl-4,5,6,7-tetra-
hydroimiéazo[4,5-c]pYridine-4-carboxylate.

Reference Example 6

(1) To a ﬁixture of 2-n—piopyl-4-(2-aminqethyl)~l-
{2'-(1-trityl-1HE-tetrazol-5-yl)biphenyl-4-yl}methylimidazole
' _~;13;{95_g)hépqﬂggtrahydrofuran (200 ml) is added a solution
' This is the reptacemeht sheet
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- 36 - hydrochlortde (1.55 9) in dinmethylformamde (5.m.), and.the.mxture
Is stirred at roomtenperature overnight. The reaction solution is _
concentrat ed under reduced pressure, and_t heret o ar e Thd bﬁﬂﬁaBamRa gred
chl orof orm The aqueous | ayer is extracted mnth chlor Ilextract

Is conbined with the chloroformlayer, dried, and eva
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
aédded 2 8 % hydrogen chloride-ethﬁnol solut@on (1ob ml) ét
room temperature. The reaction mixtura is stifred for 30
minutes, and evapdérated to remove the solvent. .The residue
is dissolved in chloroform and'washed successively with
saturated sodium hydrogen carbonate solution and brine. The
orgenzc layer is dried and evaporated to remove the
solvent. The crude residue is treated with a mixture of
oxalic acid and ethanol to give'ethyl 2—n;propyl-3-{2'-(lH-
tetrazol-s—yl)biphenyl—4-yl}methyl—4,S,E,7-tetrahy&ro-
imidazo[4,S-c]pyridine-4-carboxylate oxalate (10.84 g).

m.p. 140 - 142°C.

(2) & §uspension of the above product (4.0 g) in
chloroform (300 ml) is washed with sgturatéd sodium, hyérogsn
carbonate solution and brine. Thé_organic-layer is dried
and evaporated to remove the solvent to give ethyl 2-n-
prooyl-3-{2'-(IH-tettazoi-S-yl)biphenyl-4fyl}methyl-4;5,6,7-
tet nydrc*n iazo(4,5-¢c]pyridine~-4~carboxylats (3.69 g) as
white foam.

NMR (CDC13) §: 1.00 (3H, t), 3.98 (1lE, s), 5.09
(2%, q)

Pafarence Example 7

(l) To a mixture of 2-n-pronyl 4-(2-phthal-
lmldﬂthyl)lmxdazole (10.0 g), 2'-t-butoxycarbonylbiphenyl-4-
ylxm ethyl bromide (13.5 g), tetrahvdroburan {150 ml) andé
dime:hylfc:namide (15 ml) is added a solution of potassium

. This is the replacement sheet

0 8 AUG 1996

Date:



purified by silica gel colunn chromat ogr aphy (sol vent; hol )
to give nethyl 2-n-butyl-

benzyl oxycar bonyl -4, 5, 6, 7- tetrahydroiq}ﬂazo[4,5-c]pyrid

(1.21 g) as pale yeIIow oi I . NWR [err] [err] 0.90 (3H, t), 3.63 (3H s)

5.20 (2H, s) ( e above pro uct di ssol ve
di met hy] f or mdm °("3(f€e 1 10%1 td’% § &b |% drartde 8Q5& -
oi | - di spersi 9& é/rpq)en(o]v 8r?’g geheunéi .L'ncge bath, the reaction mixture is

stirred for 2.5 hours until the temperature thereof becomes

under reduced pressure to renove the solvent.: The resulrtr ﬁim%/ resi due S

room-temperature. The mixture is quenched with water, and
extracted with ethyl acetate. The organic layer is washed,
éried and evaporated to remove the solvent. The crude
residue is treated with a2 mixture of oxalic acid, ethanol

and ether-to give 2-n-progyl-4-(Z-phthalimidethyl);l-(z'-(t- '
butoxycarbcnyl)biphenyl-4-yl}methyliﬁidazcle oxalate (15.6
5)- |

m.p. 128 - 131°C.

(2) The above product is treated in the szame
manner as in Reference Example 4-(S) except that the
reaction is carried out overnight to give crude 2-n-propyi-
4—aminoethyl-l-{2f-(tert-buto#ycarbonyl)biphenyl-4-yl}-
methylimidazole.

(3) To a2 mixture of the above pfoduct (10:0 g) and

_tetrahydrefuran (100 ml) is added a solution of ethyl
glyoxylate hydrate (2.90 g) in tetrahydrofuran at room
tamperature. The reaction mixture is stirred overnight,
refluxed for 30 minutes end evaporated to remove the
solvent. The residue is dissolved in chlorofo;m and the
solution is washed with 2 % hydrochioric acid, eaturated
agueous sodium hydrogen carbonate solution and brine. The
organic layer is dried and evaporated to remove the
solvent. The crude residue is treated with a mixture of
cxalic acid, ethanol ané ether to give ethyl 2-n-propyl-3-
{2'-{terc-butcxycarbonyl)biphenyl-4~yl}methyl-4,5,6,7-
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cooling, and,the wmxture is stirred at [err]C for three hours: -To- the }
mxture i s added 2'- (I-trityl-lHtetrazol-5- yl)biphenyl -4- ylnet

(23.81 g), and the mxture is stirred under ice-cooling ﬂ

further stirred at roomtenperature for ongghour. The rea |s
concentrated under reduced pressure, and to the residue ar

acetate and water. The organic |layer is dried, and evaporated under reduced
pressure to give Ze||Ole0aW] which is further purified and separated by
silica gel coF&kA #ﬁ@EO%%lﬂﬁéofépﬁa@bﬂ%ﬁ%dSMQE%‘Carboxylate oxalate.

m.p. 166 - 168°C.

Reference Example 8

(1) To a stirred solution of 2;ethylimidazole (100
g) and triethylamine (115 g) in chloroform (800 ml) at 0°C
is added z solutién of dimethylsulfamoyl chloride (153 g) in
chloroform (200 ml). The mixture is stirred overnight at
room temperature. Water (1.5 liter) is added thereto and
the organic layer is separated therefrom and concentrated.
The residue is dissolved in ethyl acetate (1 liter) and |
washed with water. The solution is dried over sodium
sulfate and concentrated. Distillation gives l-dimethyl-
sulfemoyl-2-ethylimidazole (182 g) as colorless liquid:
b.p. 139 -~ 142°C (5 mmHg)
NMR (CDCl3) &: 1.37 (3H, t), 2.89 (6H, s), 6.94
(1H, 4), 7.23 (1E, 4)
(2) To 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 lithiqm in hexane (185 ml). The
solution is stirred at -78°C for one hour, and then, N-t-
butoxycarbonyl aziridine (52 g) ih tetrahydrofuran (300 mlr
is added thereto, and further boron trifluoride etherate
(147 g) is added thereto successively. The reaction mixture
is stirred for two hours at -78°C and then.the.mixture is
- poured into an ice-cooled saturated'aqueous_potassium
carbonate solution (2 liters). After evaporation of the
remaining tetrahydrofuran. the aqueous layer is extracted

with ethyl acecate, and the organic layer is washed with
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- 37. - chromat ography. That is, firstly, nmethyl 2-n-butyhb-5+-
benzyl oxycarbonyl -1-(2 '-(l-trityl-IHtetrazol -5-yl)bi phenyl.- ¢ Has Been Replaced
4-yl)methyl -4,5, 6, 7-t et rahydr oi m dazo[ 4, 5-c] pyri di ne- 6- akﬁﬁj‘r;g

g) (hereinafter referred to as Product (A)] is obtained as
water, and dried over sodium sulfate and concentrated. The

fractions eluated with chloroformethyl ac&ate = 3:1, and
met hyl 2-n- o

residue is purified by silica gel cdlumn chromatography
{solvent; chloroform/methanol) to give l-dimethylsulfamofl-

' 2-ethyl—5-{2-(t-butoxycarbonylémino)ethyl}imidazoia (67 g)
as yellow oil.

NMR (CDCly) &: 1.35 (3H, t), 1.43 (9H, s), 2.87
(6H, é), 6.72 (1H, s)

(3) & solution of the above product (67 g)-in 10 %
hydrochloric acid (600 ml) is refluxed for two hours. The
solvent is distilled off under reduced pressure and the
resulting oily black residue is dissolved in acetic acid
(300 ml). After addition of a mixtqre of sodium acetate (62
g) and phthalic anhydride (34 g), the reaction mixture is
treated in the same manner as in Réference Example 4-(3) to
give crude 2-ethyl-4-(2-phthalimidethyl)imidazole (26 g) as
white powder. ‘

(4) The above product and 2'-(l-trityl-lH-
tetrazol-5-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example 7-(1) and the resulting
residue is- purified by silica gel'célumn chromatography
(solvent; hexane/ethyl acetate) to give 2-e€hyl—4-(2—,
phthalimidethyl)-1-{2'-(l-trityl-1H-tetrazol-5-yl)bipenyl-4-
yllmethylimidazole as white foam, cha:acterized as its
fumaric acid salt. |

m.p. 173 - 174°C.

(5) The abové product is treated in the same
manner as in Reference Example 4-(S) except that the
reaction is carried out overnight to give the crude 2-ethyl-
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butyl - 5-benzyl oxycarbonyl -3-{2' - (I -trityl-1Htetrazol -
yl) bi phenyl - 4-yl } net hyl -4, 5, 6, 7-t et rahydr oi m dazo[ 4, 5- Thsmma

c] pyridine-6-carboxyl ate (8.23 g) [hereinafter referred @%]
Is obtained as foamfromthe fractions eluated with chlo
acetate = 2:1. Product (A): NWR (CDCl13) 6: ®p86 (3H, t),

Product (B): NWR [err] [err]: 0.85 (3H, t), 3.58 and 3. 63 (3H each s)
(each singlet cones to 3Hin all) '

4-aminoethyl-1- {2'-(1-trityl-1H-tetrazol-5-yl)biphenyl-4-
yl}methylimidazole as foam.

(6) The above prodﬁct (7.48 g).;e dissolved in
tetrahydrofuzan (60 ml), to which is added ethyl glyoxylate
hydrate (1.56 g). The reactiqﬁ mixture is stirred'overnigh;
at room temperature and refluxed for one hour. The solvent
is evaporated and the residue is purified by silica gel
column chromatography (solvent; chloroform/methanol) to give
ethyl 2-ethyl-3-{2'-({l-trityl-1HE-tetrazol-5-yl)biphenyl-4-
yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-clpyridine-4-
carboxylate as foam, chracterized as its oxalic acid salt.

m.p. 142 - 146°C. |

Reference Example 9

(1) 2-Ethyl-4-(2-phthalimidethyl)imidazole and 2'-
t-butoxycarbonylbiphenyl-4-ylmethyl bromide are treated in
the same manner as Reference Example 8-(4) to give 2-ethyl-
4-(2-phthalimidethyl)—l—{2'-(t-butoxycarbonyl)bipﬁenyl-é—
yl}methylimidazole as oil. '

NMR .(CDC.213) §: 1.20 (3H, t), 1.25 (9H, s), 5.02
(2H, s), 6.64 (1H, s) | '

| (2) The above product is treated in the same
manner as in Reference Example 4-(5) except that the
_reaction is earried out overnight to give the crude 2-ethyl-
4-aminoethyl-l-(2'—(t—butoxycetbonyl)biphenyl-4-yl}methyl-
imidazole as oil. ' |

(3) The above product is treated in the same

manner as in Reference Example 7-(3) to give ethyl 2-ethyl-

3~ {2'—(t -butoxycarbonyl)biphenyl-4-yl}methyl-4,5,6,7-tetra-
This is the replacement sheet
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Ref erence Exanphe»2 (1) 1-t-Butoxycarbonyl-4-{2-(t-butoxycarbonyl -

am no)ethyl }imdazole (78.1 g) is dissolved in acetonitrile (500 m), and
thereto is added net hoxynet hyl chloride (22.2. g), and the mxture is
stirred at roomtenperature overnight. The reaction solution is poured into
10 % aqueous sodi um hydrogen carbonate sol ution, and extracted wth ethyl
acetate. The extract is washed, dried, and the solvent is distilled off to
gi ve 4-(2-(t-butoxycarbony|-_anino)ethyl);ngelhoxynethylinidazole (54.4 9)
as oil .

hydroimidazo[4,5-c]pyridine-4-ca:boxylaie as yellow oil.
NMR (CDCly) &: 1.22 (3%, t), 1.28 (9K, s), 1.31
(38, t), 4.36 (18, s)
FAB-MS (m/z): 490 (ME¥), 211 (base)

Effects of the invention

The imidézoindoliéine derivatives {I] of the
present invention and pharmaceuticaily accepéable salts
thereof show-excellent angiotensin II antagonistic
activities, and are useful in th prcphvlaxis and/or
treatment of hypertension. " For example, when hypotensive
activity.was examined by using'SPQntaneously hypertensive:
rats orally administered at a dose of 3 mg/kg of the desirad
compounds [I] of the present invention, significant
hypotensive activity was observed as compared with that of
the contfol group of rats to which purified water was orally
administered. Moreover, the compounds [I] of the present
invention and pharmaceutically acceptazble szlts there2of show
low toxicity, and: hence, they show high safety as a
medicament. For example, when 2—n25gtyl-3—ethoxycarbbny1—9-
hydroxy-l;{Z'-(lH-tetrazol-S-yl)biphenyl-4-yl}methyl-
1,4,5,9a-tetrahydr§-75-imidazo[4,5-g]indolizin-7—one
disodium salt was é:ally administered to mice at a dose of
300 mg/kg, no mouse died one week after the administration

thereof. _h_u_"_;_ﬂ___”mrw
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-38 NHR [err] «[err}: 1.43 (9H, s), 3.27 (3H, s), 5.20 (2H, s) (2) The
above product (55 g) is dissolved in tetrahydrofuran-(1:5 |tter),~and the

m)l;t'tjrle :_s ﬁpolmed ':10 -40[er|r]C: T(()légemn;xturg iﬁ added drmwmi me :
n- but y i t hi um n- hexane sol ution , and the m
¥ . w07 e AT

[

eet Has Been Reﬁaccd

| (1}

1. An imidazoindolizine derivative of the formula

(I]:

(11

wherein Rl is a lower alkyl groﬁg, R? is hydrogen atom,
cyano group, a lowgr alkyl grbup,'a lower alkanoyl group, a
' lﬁwer alkoxycarbonyl group, a phenyl-lower alkoxycarbonyl
group, a lowef glkylsulfonyl group, a substituted or
. unsubstitutéd phenyl group, an arylcarbonyl group, or & 5-
or 6-membered nitrogen-containing heteromecnocyclic groug-~
substituted éarbonyl group, Ring A is a substituted or
unsubstituted phenyl group, and m is 0 or 1,
or a pharmaceutically accept;ble salt thereof.

2. ‘The compound according to claim 1, wherein 2
is hydfbgen atom; cyano group; allower alkyl group; a lower
alkanoyl group; a lower alkokycarbonyl group; a phenyl-lower
alkoxycarbonyl 916UP; a lower alkylsulfonyl group; a phenyl
group which may optionally be substituted by a2 group

selected from a halogen atom, hydroxy group, carboxyl group,
This is the replacement sheet
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stirred for 30.m nutes. To the m xture are added successively
hexamet hyl phosphoam de (150 m) and n-butyl Iithium (37 —nt)—and further.

n-butyl iodide (37.5 g) is added dropw se go_the m Xt ur rj i ch the
mxture is kept at -30[err]C. After the nPXtlre is stldﬂ,’iﬂﬂ"ﬂmﬁﬁ tﬂllles
the reaction is quenched by addi ng aqueous anmoni um chl' @ .
thereto. Ethyl acetate is added to the mxture, and the mxture is

separated. The organic |ayer is collected, washed and dried, and the
solvent is distilled off. The resulting oily residue is purified by sili-ca

gel | a lower alkyl group, a lower alkoxy group, a lower alkoxy-
.carbonyl group and carbamoyl group: an arylcarbonyl group:;
or 2 5- or 6-membered nitrogen-containing heteromonocyclic
group-substituted carbonyl group, and Ring A is 2 phenyl
groué which may-be optionally be substituted by a group
selected from a protected or unprotected tetrazolyl group, a2
protected or unprétected carboxyl group and a lower
alkylsuflonylamino group.

3. The compound according to claim 2, wherein 32
is cyano group, a lower alkanoyl group, a lower alkoxy-
carbonyllgroup, a ?henyl—lower alkoxycarbonyl-group, a
-halogenophenyl group or benzoyl groué; and Ring A is
tetrazolylphenyl group or carboxyphenyl group.

4. The compound according to claim 3, wherein r!

1

s ethyl group, n-propyl group or n-butyl group, R2 i§ cvano
group, acetyl group, methoiycarbonyl group, ethoxycarbonyl
group, benzyloxycarbonyl group) chlorophenyl group or
benzoyl group.

5. A process for preparing an ;midazqindolizine.

derivative of the formula (I]:

N (CE ) g\
‘ N

!
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col um chr omat ogr aphy (solvent; chloroformethyl acetate/ nethanol) to give
2-n-butyl -4-{2-(t-but oxycar bonyl ani no) - et hyl }- 3- net hoxymethytmdazolre

(44.8 g) as oil. NMR [err] [err]: 0.94 (3H, t), 1.44 (9H, s s),
5.09 (2H, s) (3) Chloroform(1.3. liter) is added to thi\lm Mmg ﬁméo 7
g) and ethyl chloroformate (84.5 g), and Qe_nixture'i ol " :

hours. The reaction solution is evaporated under reduced pressure, and to
the resulting residue are added ethanol (300 ml) and 10 % aqueous sodi um

wherein R! is a lower alkyl group, RZ is hydrogén atoﬁ,
cyano group, a lower alkyl group, a lower alkanoyl group, a
‘lower alkoxycarﬁonyl group, a phenyi-lower alkoxycarbonyl
groué}’a lower alkyiéﬁlfonyl group, a substituted or
unsubstituted phenyl group, an arylcarbonyl group, or a S5-
or 6-membered nitrogen~containing heteromono;yclic group-
substituted carbonyl group, Ring A is a substituted or
unsubStituted phenyl group, and m is O.or 1, or a
pharmaceutically acceptable salt thereof,

which comprisés_subjecting an imidazopyridine compound of

the formula {[II]:

: ) 2
CO-CH,-R
CATAND

(CE3)1-m  coor3 [1I]

whefein r, R2 and m are the same as defined above, Ring A'
is a substiiuﬁéd or unsubstituted phenyl group, and a group
of the formula::-COOR3 is a protec;ed or unprotected
éarboxyl group,'orEa salt thereof to.intramolecular
cyclization'reaétion, and when Ring A' is a phenyl group
substituted-by.a prdtected tetrazolyl group or a protected
carboxyl group, foilowed by removing said protecting group,

and if necessary, further by converting the product into a
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- 39 - hydroxide'solution (200 M), and the m xture is stirred under
ice-cooling for 20 mnutes. The solvent is distilled_oth.and to-the-
resi due are added water and chloroform and the m xture is srﬁirate

organic layer is dried, and the solvent is distilled Hmulmu ’“:HIHH“’I t| ng

solid product is recrystalllzed fron1|sopropyl ether

- §§ -

pharmaceutically acceptable salt thereof.

6. A pharmaceutical composition which comprises a
therapeutically;effectiye amount of the compound as set
forth in claim 1 in admixture with a conventional
pharmaceutically acceptable carrier or diluent.

7. Usé of the compound as set forth in claim 1 for
preparing a curing and/or.prophylactic medicine for

hypertension.

-

e ——
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Hbutyl 4-{2- (t-butoxycarbonyl am no)ethyl )i m dazole (50.3 g). mp. 118 -
:1200C (4) The above product and 2'-(l-trityl-IH )
tetrazo¥r5—yf7b|phenyl -4-ylmethyl bromide are treated in the same manner
i n Ref erence—Exarmpie 1I-(6) to give 2-n-butyl -

4-{2-(t-butoxycarbonylam no)ethyl}-1-(2"-(l-trityl-IH

tetrazol

1.43 (9H,

-54¥I)biphenyl-4-y|}nethy|inidazoue. NVR [err] [err]: 0.89 (3H, t
S),

4.85 (2H, s)

IMIDAZOINDOLIZINE DERIVATIVES AND
PROCESS FOR PREPARATION THEREOF

‘The present invention relates to novel
imidazoindolizine derivatives having a hypotensive activity,
and process for preparation thereof.

Prior Art

Angiotensin II is a biologically active peptide
;onsisting of eight amino acids, which is produced by

specific conversion of angiotensin I by an angiotensin

éonverting.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.
Theréfore, it is well known that angiotensin II receptbr
antagonists may be useful in the treatment of

hypertension.

Based on the above-mentioned mechanism of action,
there have been known some hypoéensive agents, for example,
2-n-butyl-4-chloro-5~hydroxymethyl-1-{2'~(1H-tetrazol-5-
yl)biphenyl-44y1}methylimidazole, and the like [cf. Europ=2an

Patent Publication No. 253310/A), but these conventional

as

)

hypotensive agents are all the compounds having a monocyclic

nucleus, i.e. imidazole nucleus.

Brief Desciiption of the'Invention

An object of the present invention is “to provide
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(5) A nmixture -efthe above product (15.2 g), 10 % hydrochloric acid (40 m)
and net hanol (60 m)—+s—reftuXed for one hour. After the reaction is
conpl eted, methanol is renoved by distillation, and the aqueous |ayer is
washed with ethyl acetate and concentrate% to dryness under reduced
pressure. The resulting residue is subjécted to azeotropic distillation
with dry toluene to give quantatively crude 2-
n-butyl -4-(2-am noethyl)-1-(2"-(l Htetrazol -S-yl) bi phenyl -.
yl }met hyl i mi dazol e hydrochloride (9.7 g) as caranel NVR (DVSO-d6) 6: 0.84
(3H, t), 1.43 (9H, s), 5.40

novel imidazoindolizine derivatives and pharmaceutically

acceptable salts thereof, which show potent angiotensin II
inhibitory activities and are useful as a hypotensive
agent. Anbther object of the invention is.to provide a
process for preparing the said imidazoindolizine
derivatives.

Detailed Description of the Invention

The present invention relates to imidazoindolizine
derivatives of the follow}ng formula [I], and
pharmaceutically acceptable salts thereof, and further

relates to a process for preparing the same.

NN

(CH5) 5.
2’1-m - (1]

.wherein Rl is a lower alkyl group, R? is hydrogen atom,
cyano group, a.lower alkyl group, a lowef alkanoyl group, a
lower alkoxycarbonyl group, a phenyl-lower alkoxycarbonyl
group, a lower alkylsulfonyl group, a substituted or
unsubstituted phenyl group, an-arylcarbonyl group, or a St
or 6-membered'nitrogen—containing heteromonocyclic group-
substituted carbonyl group,‘Ring A is a substituted or

unsubstituted phenyl group, and m is 0 or 1.
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a

40 - (2H, s) (6) A mxture of the above product (8.09 g), gl'yoxylic acid
hydrate (1.73 g), 1N aqueous sodi um hydroxi de sol uti on (53 m ) anddi-oxane
(50 M) is stirred at about 500C for 2 days. The reaction-solution is
acidified with hydrochloric acid, and ewapotated under reduced pressure.

Preferred examples of the present compounds [I]) are
compounds of the above formula [I], wherein Rl is an alkyl
group having 1 to 6 carbbn atoms, preferably 1 to 4 carbon
atoms, R? is hydrogen atom; cyano group;'an alkyl group
having i'to 6 carbon atoms, preferably 1 to 4 carbon atoms;
an alkanoyl group having 2 to 6 carbon atoms, preferably 2
to 4 carbon atoms; an alkoxycarbonyl group having 1 to 6
carbon atoms, preferably 1 to 4 carbon atoms in the alkoxy
moiety; an alkoxycarbonyl group having 1 to 6 carbon atoms,
preferably having 1 to 4 carbon atoms in the alkoxy moiety
which is subsctituted by a phenyl group; an alkylsulfonyl
group having 1 to 6 carbon atoms, preferably 1 to 4 carbon
atoms; a phenyl group which may optionally be substituted by
a group selected from a halogen atom, hydroxy group,
carboxyi group, an alkyl group having 1 to 6 carbon atoms,
preferably 1 to 4 carbon atoms, an alkoxy group having 1 to
6 carbon atoms, preferably 1 to 4 carbon atoms, an |
alkoxycafbonyl group having 1 to 6 carbon atoms, preferably
l-to 4 carbon atoms in the alkoxy moiety and carbamoyl
group; an arylcarbonyl group having 6 to 15 carbon atoms,
preferably 6 to 10 carbon atoms in the aryl moiety; or a 5-
or GFmembered nitrogen-containing heteromonocyclic group-
substituted cafbonyl group, and Ring A is a phenyl group
which may optionally be substituted by a protected or
unprotected tetrazolyl group, a protected or unprotected
carboxyl group and an alkylsulfonylamino group having 1 to 6
carbon atoms, preferably 1 to 4 carbon atoms.
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The resulting residue is dissolved in methanol (100 m), and cooled to
-30[err]C, and thereto is added dropw se thionyl chloride (12.4 g). After
the m xture is stirred at about 600C for 2 days, the solvent is distilled

of f under reduced pressure. Water is angp to the resulting resLdue, and
the mixture is neutralized with aqueous sodi um hydrogen carbonate sol ution,

and extracted with chloroform The extract is dried and evaporated under
reduced pressure, and the resulting oily product is purified by silica gel
col um chromat ogr aphy (sol vent; chl orofornm nmethanol) to give nethyl

Preferred compounds [I] in view of the excellent
pharmacological activity are compounds of the formula (1)
wherein Rl is a lower alkyl group, R? is cyano group; a
lower alkanoyl group; a lower alkoxycarbonyl group; a
phenyl-lower alkoxycarbonyl group; a phenyl group which may
optionally be substituted by a halogen atom; an arylcarbonyl
group, and Ring A is tetrazolylphenyl group or carboxyphenyl
group.

Moré preferred compounds as a medicament are
compounds of the formula [I] wherein rl is ethyl group, n-
propyl group or n-butyl group, rR? is cyano group, acetyl
group, methoxycarbonyl group, ethoxycarbonyl group, -
benzyloxycarbonyl group, chlorophenyl group or benzoyl
group, and Ring A is tetrazolylphenyl group or carboxyphenyl
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.¢. 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 salF,
pyridine salt, ethanolamine salt, a basic amino acid salt,
etc.). These sél“s may easily be prepared by treating the
compounds [I] with the corresponding inorganic or organic
base in an appropriate solvent.
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2-n-butyl -3-f2-=(1'H1 oF—5-yl) bi phenyl - 4-yl } met hyl - :
4,5,6,7-tg%%§§yﬂ£5?ﬁ$§%;%%4,5;c]pyridine-4-carboxy|ate (4.22 g) as powder.
NVR (DMSO-terr]) [err]: 0.90 (3H, t), 3.72 (3H, s), 5.20 (2H, s) Reference
Exampl e 3 (1) 2-n-Propyl-4-hydroxynet hyli m dazol e and di et hyl
N-acetyl ami nomal onate are treated in the 2afe manner as in Reference

Exanple 1-(l) to give 2-n-propyl-4-{2-
acetyl am no- 2, 2- bi s(et hoxycar bonyl )ethyl }i m dazol e as

The compounds [I] of the present invention may
exist in the form of two position isomers of the formulae

(I-a) and (I-b], and the present invention also includes

these isomers.

OH [I-a]

< Q (I-b]
N (CHZN_ N
r! | 1
\ |
N

Ve

(CH5)4 .
2’1-m ox

wherein the symbols are the same as defined above. The

compounds [I] of the present invention also exist in the

form of optically active isomers due to an asymmetric carbon

atom thereof, and the present -invention also includes these

optically active isomers and a mixture thereof. '
The compounds [I] of the preéent invention and

pharmaceutically acceptable salts thereof may be
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- 41 - powder. mp. 94 - 97[err]C (2) The above product is treated in the
sane manner—as—i-n—-Reference Exanple 1-(2) to give 2-n-propyl-4-
(2- am no- 2- (net-hexyearbonyT)et hyl }i mi dazol e hydrochl ori de as oil

administered either orally or parenterally and may also be
used in the form'ofia pharmaceutical preparation in
admixture with.pharmaceutically acceptable excipients
suitable for oral administration or parenteral
administration. The pharmaceutical preparations may be in
solid férm such as tablets, capsules, powders, etc., or in
liquid form such as solutions, suspeﬁsions, emulsions,

etc. When'administered parenterally, it may be used in the
form of injection preparations.

"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
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
mg/kg.

According to the present invention, the compounds
[I) can be prepared by subjecting an imidazopyridine

compound of the formula [II]:

| o
'NI (CHZ)RN/CO CHy~R
N (CHz)l_m/kCOOR3 [1I]

This is the replacement sheet

Date: 24 MAY 1997



NVR (DMSO-[err]) [err]: 0.91 (3H t), 3.28 (2H, d),.3.73 (3H s) (3) To a
m xture of the above product (5.74 g), triethylamne (6.81 g) and -
chloroforn1(200 m) is added dropwi se a sol ution of beﬁEYTbxycafben¥lm
chloride (2.87 g) in chloroform (100 m ) under ice- cooling The m xture is

stirred .at

room tenperature overni ght, washed and dri'ed: and the sol vent

distilled off. The resulting residue is purified by S|I|ca gel col um
chr omat ogr aphy (sol vent; chloroform nmethanol) to give

2- n- propyl

-4-{2- (N-benzyl oxy-

wherein a group of the formula: -coor3 is a protected or
unprotected carboxyl group, Ring A' is a substituted or
unsubstituted phenyl group, and other symbols are the same
as defined above, or a salt thereof to intramolecular
cyclization reaction, and when Ring A' is a phenyl group
substituted by a protected tetrazolyl group or a protected
carboxyl group, followed by removing the said protecting
group, if necessary.

In the above intramolecular cyclization reaction,
the protecting group (R3) for the compound (II] may be any
group which can be easily'removed in the form of an alcohol,
and includes, for example, an alkyl group having 1 to 6
carbon atoms, preferably 1 to 4 carbon atoms such as methyl
group, ethyl group, and the like, or an alkyl having 1 to 6
carbon atoms, preferably 1 to 4 carbon atoms which is
substituted by a phenyl group such as benzyl group, and the
like.

The salts of the compounds [II] are, for exémple,
‘alkali metal salts and alkaline earth metal salts.

The intrameolecular cyclization reaction can
.preferably be carried out in the presence of a base in a
suitable solvent. The base includes, for example, alkali
metal hydroxides, alkali metal hydfides, alkali metal .
hydrogen carbonates, alkyl-substituted alkali metal amides,
lower alkyl alkali metalé, alkali metal alkoxides, and

alkali metals. 1In case of using an alkali metal as a base,
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car bonyl ) am no- 2- (met hoxycar bonyl )et hyl )i m dazole (3.36 g) as oil. NWR
(CDC13) 6: 0.92 (3H, t), 3.05 (2H, d), 3.67 (3H, s),—5.40 (2H, -s) (4) The
above product and 2'-(1-trityl-1H tetrazol-5-yl)biphenyl-4-ylnethyl . =_
brom de are treated in the same manner as in Reference Exanple 1-(6) except
that the reaction is carried out overnight8to give 2-n- propyl 1-{2'-
(1-trityl-lHtetrazol -5- yI)blphenyI 4-yl)met hyl - 4- (2- (N P

"~ benzyl oxycar bonyl ) am no- 2- ( net hoxycar bonyl ) et hyl }i mi dazol e

the suitable solvent includes, for example, benzene,
toluene, or a mixture thereof, and in case of using a base
other than alkali metals, the solvent includés, for example,
in addition to the above solvents, water; tetrahydrofuran, a
lower alkanol or a mixture thereof. The reaction is
preferably carried out under cooling or heating, for
example, at a temperature of -30°C to 100°C, preferably at
room temperature.

Among the compounds (I] of the present invention,
the compounds wherein Ring A is tetrazolylphenyl group or
carboxyphenyl group can be prepared by subjecting the
compohnds [II] wherein Ring A' is a protected tetrazolyl-
substituted phenyl group or a proﬁected carboxyl-substituted
phenyl group to the same intramoclecular cyclization reaction
as above, followed by removing the said protecting group
simultaneously or after the intramolecular cyclization
reaction.

. The protecting group may be any conventional ones,
for example, the protecting group for tetrazolyl group is
trityl, and the like, and the protecting group for carboxyl .
group is the same groups as ones for R3 as mentioned’

above. The removal of these protecting groups may be
carried out by any conventional method such as hydrolysis,
reduction, and the like, which is selected depending on the
kind of the protecting group to be removed.

The above reactions proceed without racemization,
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- 42 - as foam NMR-(-CDC13)76: 0.89 (3H, t), 3.63 (3H, s), 4.83 (2H, s),

5.11 (2H, s} (5) To a-ntxtire of the above product (5.18 g) and net hanol
(40 m) is—addéd 9 @6hydrogen chl ori de-met hanol solution (60 m), and the
mxture is stirred at room -9 -

. e—"

~and hence, the optically active compound [I] can be obtained
by the intramolecular cyclization reaction of the optically
active starting compound [II].
Besides, the starting compounds [II] of the pfesent
invention are novel compounds, and can be prepared, for
example, by reacting an imidazopyridine compound of the

formula (IXI}]:

(T g
% I J\ [III)
“(CHp) 1 g coor3

wherein the symbols are the same as defined above, which is
prepared by the method disclesed in Japanese Patent.First
Publication (KOKAI) No. 167687/1986 or Japanese Patent First
Publication (KOKAI) No. 101062/193%0, with a biphenyl

compound of the formula [IV]:

wherein x! is a'halogen atom, and Ring A' is the same as
defined above, in the presence of an acid acceptor (e.g.
sodium hyd;oxidé, éotassium t-butoxide, etc.), during which
the imino group adjacent to the carboxyl group of the
compound [III] is protected, followed by removing the
protecting group for the imino group to give an

imidazopyridine compound of the formula [V]:
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e e e
tenperature—ief*vﬁé’ﬁour and evaporated. The resulting residue is
dissolved in pethanol (50 ml), and the m xture is subjected to catalytic
reduction by using 10 % pal | adi um carbon as a catalyst. After the reaction
is conpleted, the catalyst is renoved by filtration, and the solvent is
distilled off. The resulting oily residuelPs- di ssol ved in met hanol (50 m),
and the mxture is refluxed with aqueous formalin solution (4 m) for one
hour. After distillation of the solvent, the product is pulverized in ethyl
acetate, and collected by filtration to give nethyl 2-n-propyl-3-{2'-

(CHE\,
© I )\
(CHy)y g “COOR3 (v)

wherein the symbols are the same as defined above, and
further by reacting the compound (V] or a salt thereof (e.g.
alkali metal salt, alkaline earth metal salt, etc.) with a.
free carboxylic acid compound of the formula (VI]:

HOOCCH ,-R? (vI]
wherein R? is the same as defined above, in the presence of
a conventional dehydrating agent, or by reacting the
compound [V) or a salt thereof with a reactive derivative of
the carboxylic acid compound [VI] (e.g. acid halide, active
ester, etc.) in the presence or absence of an acid acceptor
(e.g. triethylamine, etc.). The starting compound [II}
yherein R? is acetyl group can also be prepared by reacting
the -compound [V] with diketene.

The starting compound {II] can also be prepared by.

reacting an imidazole compound of the formula [VII]:

N rY
RI~(Y | - (vrz)
1 XK NHZ .
N

wherein 2 is a protecting group for an amino group, R4 is

hydrogen atom or a group of the formula: -coor3, and R! and
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(I Htetrazol -5-yl)bi phenyl -4-yl }nethyl -4, 5, 6, 7-t et rahydr o-

I m dazo(4, 5-cl pyridine-6-carboxyl ate hydrochloride (3.73 g) as powder. NWR
[err] [err]: 0.92 (3H, t), 3.71 (3H, s), 4.86 (2H, ABq) Reference-Exanple 4
(1) 2-n-Propyl -4-hydroxymnet hyli m dazole (2.61 g) is added te-thionyl __.
chloride (4.5 m), and the mxture is heatéd-at 500C for two hours. The
solvent is distilled off, and the resulting residue is.dissolved in '

di net hyl for mam de SR

the group of the formula: -cooR3 are the same as defined
above, which is prepared according to the method disclosed
in European Journal of Medicinal Chemistry, Vol. 10, No. 2,
pp. 129-133 (1975), with the biphenyl compound of the
formula [IV] in the same manners as above, and after
removing the protecting group (Z) for amino group, followed
by

(i) in case that R4 of the product is a group of
the formula: -COOR3, reacting the product with formalin in
the presence of a mineral acid (e.g. hydrochloric acid,
etc.), or _ |

(ii) in case that R4 of the product is hydrogen
atom, reacting the product with glyoxylic acid or ester of
glyoxylic acid in the presence or absence of a mineral acid
(e.g. hydrochloric acid, etc.) or an alkali.(e.g. sodium
hydroxide, etc.), and if necessary, by esﬁerification of the
carboxyl group in a conventional manner, and further by
reacting the obtaihed imidazopyridine compound with the
compound [VI] or a reactive derivative thereof in the same
manner as above.

In the above reaction, the protecting group (2) for
amino group may be any conventional one, and in case that
Ring A' of the compound [IV] is tetfazolylphenyl group or .
carboxyphenyl group, it is preferable to protect said
tetrazolyl group or carboxyl group with a conventional

protecting group.
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- 43 - (20 m), and added dropwi se to a solution of sodium cyanide (5.47. Q)
in dimethyl formam de (120 m ). The mxture is stirredat roomtenperature
overnight, and the solvent is distilled off. The resulfbhg residue is.

di ssolved in ethyl acetate, washed, dried 2nd evapor at ed.:, The resultlng
residue is purified by silica-gel col urm ¢ ronatography (Qolvent

The optically active starting compound (II] may be
prepared, for example, by subjecting the racemic mixture of
the compound (II] to column chromatography for separation of
optically active isomers.

Besides, in the compounds [II]l, [III], [V] and

[(VII), the partial structure of the formula:

Nl
N3

indicates the structures of the following formulae:

nd 1!11
R1—2</ ]i or RI-Z \ !
T3 | N3

Examples

The present invention is illustrated by the
following Examples and Reference Examples, but should not be
construed to be limited thereto.
| Example 1

(1) Methyl 2-n-butyl-5-benzyloxycarbonyl-1-{2'-(1-
trityl-l1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetra-
hydroimidazo[4,5-c]pyridine-6~carboxylate (}.26 g) and a
catalytic amount of 10 % palladium-carbon are added to .
methanol (300 ml), and the mixture is stirred under hydrogen

atmosphere. After the reaction is completed, palladium~

carbon is removed by filtration, and the filtrate is
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et hyl

NVR (CDC13) 6: 0.95.(3H t), 3.67 (2H d) (2) The above product (3.08 g)
di ssol ved in acetlc aC|d m), and thereto is added 10 % hydrochloric
acid (10 nml).
platlnun1OX|de

i s renoved by f

acetate) to give 2-n-propyl-4-cyanonmet hylini dazole (3.08 g) as oi

'subjected to_catal ytic reduction by using

A _,ét
tion, and the filtrate is evaporated under reduced

pressure to -give 27n-propyl 4- (-:2-am noet hyl )i m dazol e

evaéorated-under.rgduced pressure to give methyl 2-n-butyl-
1-{2'—(1—trityiélﬂ-tetrazol-s;yl)bipheny1-4-y1}methy1-
4,5,6,7~tetrahydroimidazo(4,5-c]lpyridine-6-carboxylate (0.94
g) as foam.

NMR (CDCl,) 6: 0.86 (3H, t), 3.68 (3H, s), 4.86
(2H, s) |

(2) The above product (0.96 g) is dissolved in
methylene chloride (25 ml), and thereto is added triethyl-
amine (0.2 g). To the mixture is added dropwise ethoxy-
carbonylacetyl:chloride (0.22 ml) under ice-cooling, and the
mixture is stirred at room temperature for two hours.
Chloroform and water are added to the mixture. The aqQueous
layer is extracted with chloroform, and the washings and the
chlqroform layér are combined, dried, and then the solvent
is distilled off. The residue is purified by silica gel
column chromatography (solvent; ethyl acetate/chloroform) to
give methyl 2-n;butyl-S—ethoxycarbonylacetyl—l-{2'-(l-
trityl—lH-tetrazol-S-yl)biphenyl—4-yl}methyl-4,5,6,7—
tetrahydroimidazo[4,5-c]pyridine-6-carboxylate (0.74 g) as
colorless oil. |

NMR _(CDC13) §: 0.86 (3H, t), 4.56 (2H, s), 4.87
(2H, ABq)

(3) The above product (0 67 g) is dissolved in
tetrahydrofuran (2 ml), and thereto is added 90 % formic
acid (5 ml), and the mixture is stirred at room temperature

for four hours. The mixture is evaporated under reduced

S

After th& tdattion is conpleted, the catal yst
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hydrochl oride (4.83 g), which is used in a subsequent reaction without
further purification. (3) A mxture of the above product (4.83 g), phthalic
anhydri de (3. 04 g);—sediumacetate (6.10 g) and acetic acid (50 m) is
refluxed for +9-hedrs.. -The ym xture i s evaporated under reduced pressure,
and to the residue is added water. The hib& ure is neutralized with sodium
hydr ogen carbonate, and extracted.with chloroform The extract is dried and
the solvent is distilled off, and the resulting residue is purified by
silica gel colum :

pressure to remove the solvent, and the resulting residue is
dissolved in methanol (20 ml), and.thereto is added 1N
aqueous sodium hydroxide solution (4.8 ml). The mixture is
stirred at room_température overnight, and the solvent is
distilled off. To the residue are added water and ether.
The aqueous layer is evaporated under reduced pressure, and
the resulting oil is purified by column chromatography of
nonionic adsorbing resin (tradename; HP-20, manufactured by
Mitsubishi Kasei Corporation) and lyophilized to give 2-n-
butyl—?-ethoxycarbonyl-8—hydroxy-l-{2'—(lH—tetrazol-S—
yl)biphenyl-4-yl}methyl-1,4,8a,9-tetrahydro-6H-imidazo(4,5-
flindolizin-6-one disodium salt (0.39 g) as powder.

NMR (DMSO—dG) 6: 0.84 (3H, t), 1.15 (3H, t), 4.02
(2H, gq), 5.07 (2H, s)

Example 2

(1) A mixture of methyl 2-n-butyl-1-{2'-(l-trityl-
1H-tetrazol-5-yl)biphenyl-4~-yl}methyl-4,5,6,7-tetrahydro-
imidazo[4,S—c]pyridine—G-carboxylate (0.81 g), dicy&lohexyl—
‘carbodiimide (0.26 g), l-hydroxybenzotriazole (0.17 g),
cyanoacetic acid (0.11 g) and acetonitrile (10 ml) is
stirred at room temperature overnight. After the reaction
is completed, ethyl acetate is added to the reaction
mixture, and the-mixture is washed with aqueous sodium
hydrogen carboﬁate solution, dried, and the solvent is
distilled off# under reduced pressure. The resulting residue

is purified by silica gel column chromatography (solvent;
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-44- chromat ography (sol vent; chl oroforn nmethanol) “to-gi.ve 2-n-

propyl - 4- (2-pht hal i mi det hyl )i mi dazole (2.72 9) as foam- NVR [€érr]-{err]:
0.90 (3H, t), 3.95 (2H, t), 7.61 - 7.86 (4H, m (4) The above product_and
2'-(l-trityl-IH tetrazol -5-yl)bi phenyl -4-yl nethyl brom de are treated in
the - 15 - T

ethyl acetate) to give methyl 2-n-butyl-5-cyanoacetyl-l-{2"
(L-trityl-1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-
tetrahydroimidazo[4,5-c]pyridine-6-carboxylate (0.83 g) as
foam.

NMR (CDC13) §: 0.87 (3H, t), 3.61 (3H, s), 3.63
(2H, s), 4.88 (2H, ABq)

(2) The above product is treated in the same
manner as in Example 1-(3) to give 2~n-butyl-7-cyano-8-
nydroxy-1-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-
1,4,8a,9-tetrahydro-6H-imidazo[4,5-f}indolizin-6-one
disodium salt.

-NMR (DMSO-ds) §: 0.84 (3H, t), 5.06 (2H, s)

Example 3

(1) Methyl 2-n-butyl-5-benzyloxycarbonyl-3-{2'—(1-
trityl-1H~tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetra-
hydroimidazo[4,5~-c]pyridine-6-carboxylate is treated in the’
same manner as in Example 1-(1) to give methyl 2-n-butyl-3-
{2'-(1-trityl-1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-
.tetrahydroimidazo(4,5-c]pyridine-6-carboxylate.

NMR (CDCl3) §: 0.87 (3H, t), 3.75 (3H, s), 4.81
(2H, s)

(2) The above product and methoxycarbonylacetyl
chloride are treated in the §ame manner as in Example 1-(2).
to give methyl 2-n-butyl-5-methoxycarbonylacetyl-3-{2'—-(1l-
trityl-1H-tetrazol-S-yl)biphenyl-4-yl}methyl~-4,5,6,7-tetra-

hydroimidazo[4,5-c]pyridine-6-carboxylate.
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same manner as in Reference Exanple 1-(6) except that the reaction is
carried out—overni-ght-to_gi ve 2-n-propyl -4-(2-

pht hal i mi dethyt-)—f- {2.=(l-trityl-1Htetrazol -5-yl)bi phenyl -
4-yl}met hyl i m dazol e as foam™ NVR (CDC13) 6 0.86 (3H, t), 4.82 (2H, s) (5)
To a mi xture of the above product (4.117) %nd et hanol (100 m) is added
100 % hydr-azi ne hydrate (2 m), and the m xture is stirred at room
tenperature for five hours. After the reaction i's conpleted, chloroformis
added to the reaction solution, and the mixture is washed, dried,

(3) The above product is treated in the same
manner as in Example 1-(3) to give 2-n-butyl-~7-methoxy-
carbonyl-8-hydroxy-3-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}-
methyl-1,4,8a,9-tetrahydro-6H-imidazo[4,5-f}indolizin-6-one
disodium salt.

NMR (DMSO—ds) §; 0.84 (3H; t), 5.06 (2H, ABqg)

Example 4

(1) Methyl 2-n-butyl-3-{2'~(l-trityl-lH-tetrazol-
S~yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c}-
pyridine—s-carboxylate and ethoxycarbonylacetyl chloride are
treated in the same manner as in Example 1-(2) to give
methyl 2-n—butyl—S—ethoxycarbonylacetyl—3—{2'—(l-trityl-lH—
tetrazol-5-yl)biphenyl-4-yl}methyl~4,5,6,7-tetrahydro-
imidazo[4,5-c]pyridine-6-~carboxylate.

NMR (CDCl3) §: 0.81 - 0;91 (34, m), 4.80 (2K, br-s)

(2) The above product is treated in the same
manner as in Example 1-(3) to givelz-n-butyl-7—ethoxy—
‘carbonyl—é—hydroxy—B—(Z'—(lH-tetrazol-S-yl)biphenyl—4-yl}-
-methyl-1,4,8a,9-tetrahydro~6H-imidazo{4,5-f]indolizin-6-one
disodium salt. '

NMR (DMSO-dG) éd: 0.84 (3H, t), 1.15 (3H, t), 4.02
(2H, q), 5.07 (2H, s)

Example 5

(1) Methyl 2-n—butyl—3-{2'-(lH-tetraZOl-S-yl)-.
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo{4,5-c]-

pyridine-4-carboxylate and ethoxycarbonylacetyl chloride are
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and evapor at ed-t-e—give—er-ude 2-n=propyl - 4- (2- am noet hyl ) -1 -
(2"-(21-trityl +Htetrazot=5=yl ybi phenyl - 4-yl } met hyl i m dazole (3.68 g) as
oil. (6) The above product is treated in the same manner as in Reference
Exampl e 2-(5) to give 2-n-propyl -4-
(2-aminoet hyl )-1-{2"-(l H-tetrazol - 5-yl ) bi glenyl - 4-yl ) met hyl - i mi dazol e
hydrochl oride. (7) The above product and gl yoxylic acid hydrate are treated
in the sane manner as in Reference Exanple 2-(6) to give nethyl
2-n-propyl-3-(2'-(l Htetrazol -5-yl) bi phenyl -
tieated in the same manner as in Example 1-(2) to give
methyl 2-n—butylfsfethoxycarbonylacetyl—3-{2'—(lH-tetrazol-
5-yl)biphenyl-4-yl}methyl-4,5,6,7~tetrahydroimidazo(4,5~¢c])-
pyridine-4-carboxylate. | '

NMR (CHClg) §¢: 0.95 (3H, t), 1.18 (3H, t), 3.50
(24, s), 5.28 (2H, ABg), 5.40 (1lH, s)

(2) The above product (0.24 g) is dissolved in
ethanol (15 ml), and thereto is added sodium hydride (oil-
dispersion type) (0.035 g), and the mixture is stirred at
room temperature overnight. The solvent ;s distilled off
under reduced pressure, and the resulting residue is
purified by column chromatography 6f nonionic adsorbing
fesin (tradename; HP-20, manufactured by Mitsubishi Kasei
Corporation) and lyophilized to give 2-n-butyl-8-ethoxy-
carbonyl—Q-hydroxy-l-{2'-(lH-tetrazol—S—yl)biphenyl—é—yl}—
methyl-l,4,5,9a-tetrahydro—7H—imidazo[4,S—g]indolizin—7-one
disodium salt (0.15 g). '

NMR (DMSO-dg) 6: 0.8l (3H, t), 1.15 (3K, t), 4.41

“(1H, s)

Example 6

(1) To a mixture of methyl 2-n-butyl-5-ethoxy-
carbonylacetyl—B-{Z'—{1H—tetrazol-5—§1)biphenyl—4—y1}methyl-
4,5,6,7-tetrahydroimidazo(4,S~clpyridine-4-carboxylate (2.0
g), triethylaminé (0.69 g) and chloroform (20 ml) is adéed

trityl chloride (1.43 g), and the mixture is stirred at room

temperature for 30 minutes. The reaction solution is
This is the replacement shest



45 - 4-y|}nethy|-4,5,6,7-tetfahydroinidazo[4,5-c pyri di ne-4- carboxyl ate as
foam NWR (DVBO-d6) 6: 0.98 (3H, t), 3.84 (3H s), 5.06 (2H, ABq) Reference
Exanpl e 5 (1) 2-n-Butyl-4-{2-(t-butoxycarbonyl am no)ethyl}-=—" " "= =

- 18 -~

washed, dried and evaporated under reduced pressure to
remove the solvent. 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'-(1~trityl-l1H-tetrazol-5-yl)biphenyl~4-yl}methyl~4,5,6,7-
tetrahydroimidazo[4,5-c)pyridine~4~carboxylate (1.29 g) as
needles.

m.p. 124 - 126°C (décomposedi

{2) The above product is resolved by HPLC column
for separation of optically active isomers (tradename;
Chiralcel OD, manufactured by Daicel Chemical Industries,
Ltd.)} (solvent; n;hexane/ethanol=7:3) to give (+)—-isomer and
(-)-isomer, separately.

{+)-Isomer:

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

(-)—-Isomer:

[u]D: -22.8° (¢=0.5, chloroform, 25°C)

{3) To a mixture of methyl (+)-2-n-butyl-S5-ethoxy-
.catbonylacetyl-3—{2'-(1-trityl-lH-tetrazol-S-yl)biphenyl—4-
yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine~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 for 30 minutes, and evaporatg@
under reduced pressure to remove the solvent. The resulting
residue is purified by silica gel column chromatography

(solvent; chloroform/methanol) to give methyl (+)-2-n-butyl-
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i m dazol e and 2' - (et hoxycar bonyl ) bi phenyl -4-yl met hyl brom de are treated
in the same manner as in Reference Exanple 1-(6) except that the reaction
i's carried out overnight to give 2-n-butyl-4-{2-(t-butoxycarbonytam-no)-
ethyl}-1-2 ' -(met hoxycar bonyl ) bi phenyl -4-yl }met hyl -: i m dazole. NVMR [err]
[err]: 0.91 (3H, t), 3.66 (3H, s), 5. 02 (PH,~s) (2)' The above product is
treated in the sane nmanner as in Reference Exanple 2-(5) to give crude 2-n-

5-ethoxycarbonylacetyl-3-{2'-(1lH-tetrazol-5-yl)biphenyl=-4-
yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
carboxylate (270 mg) as foam.

(alp: +70.4° (c=0.5, chloroform, 20°C)

(4) To a mixture of the above product (270 mg),
ethanol (3.5 ml) and water (1.5 ml) is added sodium_hydrogen
carbonate (77 mg), and the mixture is stirred at 60°C for
one hour, and evaporated under reduced pressure to remove
the solvent. The resulting residue is purified by column
chromatography of nonionic adsorbing resin (tradename;'HP-
20, manufactured by Mitsubishi Kasei Corporation) and
lyophilized to give (-)=-2-n-butyl-8-ethoxycarbonyl-9-
hydroxy-1-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-
1,4,5,9a-tetrahydro~7H-imidazo{4,5-g]lindolizin-7-one
disodium salt (244 mg) as powder.

(alp: -165° (c=0.42, methanol, 20°C)

Example 7

(1) Methyl (-)-2-n-butyl-5~ethoxycarbonylacetyl-3-
'{2'—(1—trityl—lH-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 Examplehs—(3) to give methyl (-)-2-n-
butyl-5-ethoxycarbonylacetyl-3-{2'-(1H-tetrazol-5-yl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5~¢c]~-
pyridine-4-carboxylate as foam.

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

(2) The above product is treated in the same
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butyl - 4-(2-am noethyl)-1-(2'-(nmethoxycarbonyl ) bi phenyl - 4-
yl}met hyli m.dazol e_hydrochl oride, which is further treated *with glyoxylic
acid hydrate—n—the same manner as in Reference Exanple 2-(6) to give crude
met hyl 2-n-butyl - 3- -
(2' - (met hoxycar bonyl ) bi phenyl - 4-yl }methy$8 475, 6, 7-tetra-
hydr oi m dazo[ 4, 5-c] pyri di ne-4-car boxyl ate. Reference Exanple 6 (1) To a
m xture of 2-n-propyl-4-(2-am noethyl)-I- _
{2'-(l-trityl-1Htetrazol -5-yl)bi phenyl -4-yl } net hyl i m dazol e (21.95 g) and
tetrahydrofuran (200 m) is added a solution

manner as in Example 6-(4) to give (+)-2-n-butyl-8-ethoxy-

carbonyl-9-hydroxy-1-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}-
methyl-l,4,5,9a—tetrahydro-7H-imidazo[4,5-g]indolizin—7-oné
disodium salt as powder.

(alp: +162° (c=0.42, methanol, 20°C)

Example 8 °

(1) A mixture of methyl 2-n-propyl-3-{2'-(1H-
tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro-
imidazo[4,5-c]pyridine-6-carboxylate hydrochloride (0.53 g),
ethoxycarbonylacetic acid (0.32 g), l-hydroxybenzotriazole
(0.32 g), triethylamine (0.335 ml), l-ethyl-3-(3-dimethyl-
aminopropyl)carbodiimide hydrochloride (0.46 g) and
methylene chloride (10 ml) is stirred at room temperature-
overnight. The reaction solution is washed, dried, and
evaporated to remove the solvent. The resulting oily
residue is purified Ey silica gel column chromatography
(solvent; chloroform/methanol) té give methyl 2-n-propyl-5-
ethoxycarbonylacetyl-3-{2'-(1H~-tetrazol-5-yl)biphenyl-4-yl}-
méthyl-4,5,6,7-tetrahydroimidazo£4,5-c]pyridine—6—
carboxylate (0.33 g) as colorless foam.

NMR (CbCl3) §: 0.93 (3H, t), 1.14 - 1.28 (3H, m),
3.43 - 3.50 (2H, m), 3.65 and 3.68 (3H, each s)

(2) Tﬁe above product is treated in the same
manner as in Example 5-(2) except that the reaction is
carried out for 15 minutes to give 2-n-propyl-7-ethoxy-

carbonyl-8-hydroxy-3-{2'-(1H~tetrazol-5-yl)biphenyl-4-yl}-
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- 46 - of ethyl glyoxylate hydrate (4.25 g) in tetrahydrofuran (20 nl) at
5C. The mixture Ts stirred overnight at roomtenperature and refluxed for
30 minutes. -Fo-amXxture is added a 8 % hydrogen chl ori de-et hanol sol ution
(100 M) at room tenperature. The reaction mixture is stirred for 30

m nut es, and evapor at ed tqgﬁennve t he sel ggnt. The resi due

methyl-1,4,8a,9-tetrahydroimidazo(4,5-f)indolizin-6-one

disodium salc as powder.:

NMR (DMSO-dg) &: 0.90 (3H, t), 5.07 (2H, ABq)

Example 9

(1) Methyl 2-n-butyl-3-{2'-(lH-tetrazol-5-yl)-

biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5-c]~-

pyridine-é-carboxylate hydrochloride and cyanoacetic acid

are treated in the same manner as in Example 8-(1l) to give

methyl 2-n-butyl-S5-cyanocacetyl-3-{2'-(lH-tetrazol-5-yl)-

biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]-

pyridine-g-carboxylate.

iz Nujol

v (em™Ly): 1740, 1670
max

(2) The above product is treated in the same

manner as in Example 5-(2) except that the reaction is

carried out for 15 minutes to give 2-n-butyl-7-cyano-8-

hydroxy-3-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-

1,4,8a,9-tetrahydroimidazo[4,5~-f]indolizin-6-one disodium

salt as powder.

NMR (DMSO-dg) &: 0.84 (3H, t), 5.06 (2H, s)

Example 10

(1) Methyl 2-n-butyi-3-{2'-(lH—tetrazol-S-yl)—

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

pyridine-6-carboxylate hydrochloride and benzyloxycarbonyl-

acetic acid are treated in the same manner as in Example 8-

(1) to give methyl 2-n-butyl-5-benzyloxycarbonylacetyl-3-
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I s dissolved in chloroformand washed successively with saturated sodi um
hydr ogen carbonate sol ution and brine. The organic layer is dried and
evaporated.LQHLQHQYe“Thé“Sofvent. The crude residue is treated with a

m xture of oxalic acid and-ethanol to give ethyl 2-n-propyl-3-(2'-(IH

t etrazol - 5-yl ) bi phenyl - 4-yl ) net hyl -4, 5,6, Z2tet r ahydr o-

I m dazo[ 4, 5-c] pyri di ne-4-car boxyl ate oxal ate (10.84 g). mp. 140 -
142[err]C. (2) A suspension of the above product (4.0 g) in chloroform (300
m) is washed with saturated sodi um hydrogen

{2'-(1B-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetra-
hydroimidazo(4,5-c]lpyridine-6-carboxylate.

Ir Nujol | (em=1y: 1740, 1660
max

(2) The above product is treated in the same
manner as in Examplg 5-(2) except that the rea;tion is
carried out for 15 minutes to give 2-n-butyl-7-benzyloxy-
carbonyl-s—hydroxy—3-{2'—(lH—ﬁetrazol-S-yl)biphenyl-4-yl}-
methyl-1,4,8a,9-tetrahydroimidazo[4,5-f)indolizin-6~one
disodium salt as powder.

NMR (DMSO-dg) 6: 0.84 (3H, t), 5.10 (2H, s)

Example 11 _

(1) Methyl 2-n~butyl-3-{2'-(1H-tetrazol-5-yl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo{4,5-c]-
pyridine-4-carboxylate and cyanoacetic acid are treated in
the same manner as in Example 2-(1) to give methyl 2-n-
butyl-5-cyanocacetyl-3-{2'~(1lH-tetrazol-5-yl)biphenyl-4-yl}-
methyl-4,5,6,7-tetrahydroimidazo(4,5-c]lpyridine-4-
.carboxylate.

NMR (CDC13) §: 0.94 (3H, t), 3.67 (2H, s), 3.75
(3H, s), 5.29 (2H, s)

(2) The above product is treated in the same
manner as in Example 5-(2) to give 2-n-butyl-8-cyano-9-
hydroxy-1-{2'~(1H~tetrazol-5-yl)biphenyl-4-yl}methyl-
1,4,5,9a-tetrahydro-7H-imidazo[4,5~-g)indolizin-7-one

disodium salt.
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carbonate solution and brine. The organic |layer is drled and evaporated to
renove the solvent to give ethyl 2-n-
propyl 3-{2'-(I Htetrazol -5-yl) bi phenyl - 4- yl}nethyl 4Tv,wj.

t et r ahydr oi mi dazo[ 4, 5- ¢c] pyri di ne- 4- car boxyl ate (3. 69 g) as.white foan1 NVR
[err] [err]: 1.00 (3H, t), 3.98 (1H, 5y 23.69 (2H, q) Reference Exanple 7
(1) To a mxture of 2-n-propyl-4-(2-phthal - |n1dethyl)|n1dazole (10.0 9),

2' -t-but oxycar bonyl bi phenyl -

NMR (DMSO-dG) §: 0.81 (3H, t), 4.48 (1lH, s)

Example 12

(1) To a mixture of methyl 2-n-butyl-3-{2'-(lH-
tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro-
imidazo(4,5-c]pyridine-4-carboxylate (0.50 g) and methanol
(lo.ml) is added diketene (0.20 g), and the mixture is
stirred at room temperature for two hours. The solvent is
distilled off under reduced pressure, and to Ehe residue is
added chloroform. The mixture is washed and dried, and
evaporated under reduced pressure to remove the solvent.
The resulting residue is purified by silica gel column
chromatography (solvent; chloroform/ethyl acetate/methanol)
to give methyl 2-n-butyl-5-acetoacetyl-3-{2'-(1H-tetrazol-5-
yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5-c]-
pyridine-4-carboxylate (0.29 g) as foam.

NMR (CDCl3) §: 0.96 (3H, t), 2.22 (3H, s), 3.74
(3H, s) | |

(2) The above product is treated in the eame
manner as in Example 5-(2) except that the reaction is
carried out for 15 hinutes to give 2-n-butyl-8-acetyl-9-
hydroxy-1-{2'-(1H-tetrazol-5~yl)biphenyl-4-yl}methyl—-
1,4,5,%9a-tetrahydro-7H-imidazo(4,5~g)lindolizin-7-one
disodium salt as powder. .

NMR (DZO) §: 0.78 (3H, t), 2.26 (3H, s), 4.49 (1lH,
s) |

Example 13
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yl methyl brom de (13.5-g), tetrahydrofuran (150 m) and di nethyl f or mam de

(15 m) is added a solution of potassium - 47 - t-butoxide (4.16 g) in
tetrahydro%uraﬁ“(ZQﬁﬁTy%zﬁ -60[err]C. After renoving the cooling bath, the
reaction mxture is*stirred for 2.5 hours until the tenperature thereof
becomes room t enperat ure: *The nixture'i§4qGEnched with water, and

{1) Methyl 2-n-propyl-3-{2'-(1H-tetrazol-5-yl)-
.biphenyl-4-yl}methyl—4,5,6,7-tetrahydroimidazo[4,5-c]-
pyridine-4-carboxylate and ethoxycarbonylacetic acid are
treated in the same manner as in Example 8-(1) to give
methyl 2-n-propyl-S5-ethoxycarbonylacetyl-3-{2'-(lH-tetrazol-
S5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5~c]-
pyridine-4-carboxylate.

NMR (CDél3) §: 1.03 (3H, t), 1.18 (3H, t), 3.73
(3H, s)

(2) The above product is treated in the same
manner as in Example S5-(2) except that the reaction is
carried out for 15 minutes to give 2-n-propyl-8-ethoxy-
carbonyl-9-hydroxy-1-{2'-(1H~tetrazol-5-yl)biphenyl-4-yl}-
methyl-1,4,5,9a-tetrahydro-7H~-imidazo[4,5~glindolizin~7-one
disodium salt as powder.

NMR (DMSO-dg) &: 0.87 (3H, t), 1.14 (3H, t), 4.41
(1H, s)

Example 14

{1) 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 and (4-chlorophenyl)acetic acid are
treated in the same manner as in Example 8-(1) to give
methyl 2-n-butyl-5-(4-chlorophenyl)acetyl-3-{2'-(1H- .
tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro-
imidazo[4,5-c]pyfidine-4-carboxylate.

NMR (CDCl,) 6: 0.97 (3H, t), 3.75 (3H, s), 3.78
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extracted with ethyl acetate. The organic |layer is washed, dried and
evaporated to renpve the solvent. The crude residue is treated with a

m xt ure of oxatiT acid, ethanol and ether to give

2-n-propyl -4-(2-phthalimdethyl)-1-{2"-(t-
butoxycarbonyl)biphenyl-4ayl)nethylinidaZéIe oxal ate (15.6 mp. 128 -
131[err]C. (2). The above product is treated in the same nanner as in

Ref erence Exanple 4-(5) except that the reaction is carried out overnight
to give crude 2-n-propyl -

4- am noet hyl -1-{2'-(tert-but oxycarbonyl ) bi phenyl -4-yl }-

(2H, s)

{2) To a mixture of the above product (304 mg) and
t-butanol (10 ml) is added potassium t-butoxide (120 mg),
and the mixture is stirred at room temperature for 40
minutes. The mixture is evaporated under reduced pressure
to remove the solvent, and the resulting residue is
acidified with hydrochleoric acid. The mixture is extracted
with a mixture of chloroform and methanol, and the extract
is washed, dried and evaporated under reduced pressure to
remove .the solvent. The resulting residue is purified by
silica gel column chromatography (solvent; chloroform/
methanol) to give 2-n-butyl—8—(4—chlorophenyl)—9—hydroxy-lf
{2'-(1H~tetrazol-5-yl)biphenyl-4-yl)}methyl~1,4,5,9a-tetra-
hydro-7H-imidazo[4,5-glindolizin~7-one (131 mg) as powder.

NMR (DMSO—dS) §: 0.80 (3H, t), 4.54 (lH, s)

(3) To a mixture of the above product (165 mg) and
methanol (20 ml) is added 1N aqueous sodium hydroxide
solution (0.56 ml). The mixture is evaporated under reduced
pressure to remove the solvent, and the resulting residue is
purified by column chromatography of nonionic adsorbing
resin (tradename; HP-20, manufactured by Mitsubishi Kasei
Corporation), and lyophilized to give 2-n-butyl-8-(4-chloro-
phenyl)-9-hydroxy~1-{2'-(1lH-tetrazol-5~-yl)biphenyl-4-yl}- |,
methyl-1l,4,5,%a~tetrahydro-7H-imidazo(4,5~g)indolizin-7-one
disodium salt (99 mg) as powder.

NMR (D,0) &: 0.77 (3H, t), 4.63 (lH, s)
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met hyl i m dazole. (3) To a m xture of the above product (10.0 g) and
tetrahydrofuran (100 ml) is added a solution of ethyl glyoxylatée hydrate
(2.90 g) in tetrahydrofuran at roomtenperature. The reaction fxture—+s- -
stirred overnight, refluxed for 30 m nutes_and evaporated to renove the

sol vent. The residue is dissolved in chTof®formand the solution is washed
with 2 % hydrochloric acid, saturated agueous sodi um hydrogen carbonate
solution and brine. The organic layer is dried and evaporated to renove the

Example 15

(1) Ethyl 2-n~butyl-3-(2'-methoxycarbonylbiphenyl-
4-yl)methy1—4,5,6,7—tetrahydroimidazo[4,S-CJpYridine—d-
carboxylate and ethoxycarbonylacetic acid are treated in the
same manner as in Example 8-(1l) to give ethyl 2-n-butyl-5-
ethoxycarbonylacetyi-B-(2'-methoxycarbonylbiphenyl-4;yl)-
methyl-4,5,6,7—tetrahydroimidazo[4,S-c]pyridiﬁe—4-
carboxylate.

NMR (CDC13) §: 0.84-- 0.96 (3H, m), 3.57 (2H, s)

(2) To a mixture of the above product (409 mg) and
ethanol (4 ml) is added a mixture of sodium hydride (62 %
oil-~dispersion type) (30 mg) and ethanol (4 ml), and the
mixture is stirred at room temperature for 10 minutes,
evaporated under reduced pressure to remove the solvent, and
to the resulting residue is added saturated aqueous ammonium
chloride solution, and the mixture is extracted with
chloroform. The extract is dried, and evaporated under
reduced pressure to give 2-n-butyl-~8-ethoxycarbonyl-9-
"hydroxy-1-(2'-methoxycarbonylbiphenyl-4-yl)methyl-1,4,5,9a-~
tetrahydro-7H~imidazo[4,5-g)indolizin-7-one (372 mg) as
foam.

(3) The above product is treated in the same
manner as in Example 14~-(3) to give 2-n-butyl-8-ethoxy-
carbonyl-9-hydroxy-1-(2'-carboxybiphenyl-4-yl)methyl-
1,4,5,9a-tetrahydro—?H-imidazb[4,S-g]indolizin-?—one

disodium salc as powder.
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sol vent. The crude residue is treated with a n1xture‘of—exal|c aC|d

et hanol and ether to give ethyl 2-n-propyl- —— R
(2'-(tert-butoxycarbonyl) bi phenyl - 4- yl)nethyl 4,5,6,7- This is the ———
repl acenment shot - 48 - tetrahydr0|n1dazo(4 5- c]pyrld}’e-4 carboxylate

oxal ate. mp. 166 - 168[err]C.

NMR (D,0) é: 0.82 (3H, t), 1.27 (3H, t), 4.76 (1H,
s)

Example 16

(1) To a mixture of ethyl 2-n-propyl-3-{2'-(1lH-
tetrazol-5-yl)biphenyl~4-yl}methyl-4,5,6,7-tetrahydro-

limidazo[4,5-c]pyridine—4-carboxylate (1.00 g), cyanocacetic
acid (0.36 g) and methylene chloride (20 ml) is added 1-
ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride
(0.82 g) at room temperature. The reaction mixture is
stirred overnight at room temperature, and then washed with
2 % aqueous hydrochloric acid and brine. The organic layer
is dried and evaporated to remove the solvent. The crude
residue is purified by si;ica gel column chromatography
(solvent; chloroform/methanol) to give ethyl 2—n—propyl-3¥
{2'-(1H-tetrazo0l-5-yl)biphenyl-4-yl}methyl-5-cyanoacetyl-
4,5,6,7-tetrahydroimidazo(4,5-c)pyridine-4-carboxylate (0.76
g) as white foam. .

FAB-MS (m/z): 539 (MH'), 207 (base)

(2) The above product is treated in the same
manner as in Example 5-(2) to give 2-n-propyl-8-cyano-9-
hydroxy-1-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-
l,4,5,9a-tetrahydro-7H-imidazo(4,5-glindolizin-7-one
disodium salt. | | ' .

NMR (D,0) &: 0.80 (3H, t), 4.51 (1H, s), 5.22 (1H,
d), 5.90 (1H, 4)

Example 17
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Reference ExanDle 8 (1) To a stirred solution of 2- ethyI|n1dazoIe (100 09)
and triethylamne (115 g) in chloroform (800 m) at-Oferrj€i's added a
sol ution of dinethylsulfanoyl chloride (153 g) in chieroferm (200 m ). The
m xture is-stirred overnight at roomtenperature. vater (1.5 liter) is.
added thereto and the organic layer is-sZparated therefron1and
concentrated. The residue is dissolved in ethyl acetate (1:liter) ‘and
washed with water. The solution is dried over sodium sulfate and
concentrated. Distillation gives 1-dinethyl -

(1) Ethyl 2-n-propyl-3-{2'—(1H—tetrazol-5-yl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-¢cl-
pyridine-4-carboxylate is treated in the same manner as in
Example 12-(1l) to give ethyl 2-n—propyl-S-acetoacetyl~3-{2'-
(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro-
imidazo(4,5-c]pyridine~4-carboxylate as white foam.

NMR (CDCls) &: 1.03 (3H, t), 2.22 (3H, s), 3.61
(2H, ABg), 5.30 (2H, ABg), 5.36 (lH, s)

(2) The above product is treated in the same
manner as in Example 5-(2) to give 2-n-propyl-8-acetyl-9-
hydroxy-1-{2'-(lH~tetrazol-5-yl)biphenyl-4-ylimethyl-
1,4,5,9a-tetrahydro-7H-imidazo[4,5-glindolizin~7-one
disodium salt.

NMR (D,0) &: 0.80 (3H, t), 4.38 (1H, brs), 5.24
(1H, 4), 6.03 (1H, 4)

Example 18

(1) To a mixture of ethyl 2-n-propyl-5-aceto-
acetyl-3-{2'—(1H-tetrazol-5—yl)biphenyl-4—yl}methyl—4,5,6,7—
tetrahydroimidazo(4,5~c]pyridine-4-carboxylate (200 mg),
magnesium chloride (34 mg), pyridine (58 pl) and
acetonitrile (2 ml) is added benzoyl chloride (42 ul) under
ice-cooling. The reaction mixture is stirred overnight.at
room temperature and diluted with chloroform (50 ml). The
solution is washed with 10 % hydrochloric acid and brine,

dried, and evaporated to remove the solvent to give crude

residue (266 mg) as oil. The residue (260 mg) obtained
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sul fanmoyl - 2-et hyl i m dazole (182 g) as colorless liquid. b.p. 139 - 1420C (5
mrHg) NVR [err] [err]: 1.37 (3H, t), 2.89 (6H s), 6.94 (IH HT‘*7~23 (.LH,
d) -(2) To a stirred solution of the above product (53 g) TAm ———-___
tetrahydrofuran (1 liter) at -78[err]Cis gdded 1.6 M sol'ution of n- butyI
lithiumin hexane (185 m). The sol ution #¢ Stirred. at -78[err] C for orie™
hour, and then, N-t- butoxycarbonyl aziridine (52 g) in tetrahydrofuran
(300 M) is added thereto, and further boron trifluoride etherate

above is refluxed with 10 % hydrochloric acid (1.0 ml) in
ethanol (5.0 ml) for one hour. The reaction mixture is
diluted with chloroform.(30 ml), washed with brine, dried,
and then evaporated to remove the solvent. The resulting
residue is purified by silica gel column chromatography
(solvent; chloroform/ethanol) to give ethyl 2—n—propyl-5-
benzoylacetyl-3-{2'~(1lH-tetrazol-5-yl)biphenyl}methyl-
4,5,6,7-tetrahydroimidazo(4,5-c)pyridine-4-carboxylate (144
mg) as white foam.

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

NMR (CDC13) 8: 1.04 (3H, t), 4.00 - 4.28 (5H, m),
5.30 (2H, s), 5.40 (1lH, s)

(2) The above product is treated in the same
manner as in Example 5-(2) to giVe 2-n-propyl-8-benzoyl-9-
hydroxy-1-{2'-(lH~tetrazol-S-yl)biphenyl-4-yl}methyl-
1,4,5,9a~tetrahydro-7H-imidazo[4,5-g)indolizin-7-one
disodium salt as white powder.

FAB-MS (m/z): 616 (MHY), 119 (base)

NMR (D,0) é: 0.80 (3H, t), 4.57 (lH, s), 5.24 (1lH,
d), 5.90 (1H, d)

Example 19

(1) Ethyl 2-n-propyl-3-{2'-(tert-butoxycarbonyl)-
biphenyl-4—yl}methyl—4,5,6,7—tetrahydroimidazo’[4,5—c]-—
pyridine-4-carboxylate oxalate (1.00 g) is suspended in
chloroform. The suspension is washed with saturated sodium

hydrogen carbonate solution and brine, dried over magnesium
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(147 g) is added.thereto successively. The reaction mxture is stirred for

two hours at

-78[err]C and then the m xture is poured into an ice-cool ed

sat urated agueous pota55|un1carbeﬁate solution (2 liters). After
evapor ation of the remai ning - tetrahydroféran, the aqueous | ayer

extracted w

is
th et hyl acetg&e and the organic layer is washed with - 49-

sulfate, and evaporated to remove the solvent. To a mixture
of the crude substrate (0.75 g), ethoxycarbonylacetic acid
(0.33 g) and methylene chloride (10 ml) is added l-ethyl-3-
(3-dimethylaminopropyl)carbodiimide hydrochloride (0.48 g)
at room temperature. The reaction mixture is stirred for
one hour and washed with 10 % aqueous citric acid solution,
saturated sodium hydrogen carbonate solution and brine. The
organic layer is dried and evaporated to remove the
solvent. The resulting crude residue is purified by silica
gel column chromatography (solvent; chloroform/ethyl
acetate) to give ethyl 2-n-propyl-3-{2'-(tert-butoxy-
Carbonyl)biphenyl-4—yl}methyl-s-etﬁoxycarbonylacetyl-
4,5,6,7-tetrahydroimidazo(4,5-c)pyridine-4-carboxylate (0.70
g).

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

NMR (CDCl4) &: 1.12 (3H, t), 1.28 (9H, s), 3.57
(2H, s), 5.37 (2H, ABq) |
| (2) The mixture of ethyl 2-n-propyl-3-{2'-(tert-
butoxycarbonyl)biphény1-4-yl}methyl-s-ethoxycarbonylacetyl-
4,5,6,7-tetrahydroimidazo[4,5-c]pyridine—4-carboxylate (657 .
mg), trifiuoroacetic acid (3 ml) and methylene chloride (10
ml) is stirred overnight at room temperature. The reaction
mixture is washed with saturated sodium hydrogen carbonate
solution and brine, dried and evaporated to remove the
solvent. The crude residue is purified by silica gel column

chromatography (solvent; chloroform/methanol) to give ethyl

Tris s wie ropacement shest

Daec 24 MAY 1997



wat er, and dried over sodiumsulfate and concentrated. The residue is.
purified by silica gel colum chromatography (solvent; chi'orofornt-rethanol)

—_—

to give 1-dinethyl sul fanoyl - ———
2-ethyl -5-(2-(t-butoxycarbonyl am no)ethyl)imdazole (67 g) as yellow oil.
NVR [err] [err]: 1.35 (3H, t), 1.43 (9H 83},-2.87 (6H, s), :6.72 (IH, s) (3)
A sol ution of the above product (67 g) in 10 % hydrochloric acid (600 nl)
is refluxed for two hours. The solvent is distilled off under reduced
pressure and the -

2-n-propy1-3-(2'-carboxybiphenyl-4-yl)methyl-s;ethoxy—
carbonylacetyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
carboxylate (516 mg).

FAB-MS (m/z): 562 (MHT), 211 (base)

NMR (CDCl3) §: 0.76 (3H, t), 3.55 (2H, s), 5.34
(2H, ABqQ) |

(3) The above product is treated in the same
manner as in Example 5-(2) to give 2-n-propyl-8~-ethoxy-
carbonyl-9~-hydroxy-1-(2'-carboxybiphenyl~4~-yl)methyl-
1,4,5,9a-tetrahydro-7H-imidazo[4,5-glindolizin-7-one
disodium salt.

FAB-MS (m/z): 582 (M+Na), 560 (MH'), 177 (base)

NMR (DZO) §: 0.86 (3H, t), 5.38 (1H, d), 6.25 (1H,
d)

Example 20

(1) Ethyl 2-ethyl-3-{2'-(l-trityl-lH-tetrazol-5-
yl)biphenyl-4-yl}methyl—4,5;6,7-tetrahydroimidazo[4,s-c]-
pyridine—4-carboxylate (1.94 g), monoethyl malonate (0.74
g): l-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.80 g), and triethylamine (1.40 g) are
dissclved in dichloromethane (20 ml). The mixture is
stirred overnight at room temperature. The reaction mixture
is washed with water, dried over sodium sulfate, and then
evaporated to remove the solvent. The residue is dissolved
in ethanol (30 ml) and thereto is added fumaric acid (2.00
g). The mixture is refluxed for three hours and evaporated

to remove the solvent. The resulting residue is treated
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resulting oily black residue.is dissolved in acetic acid (300 m). After
addi tion of a~nmixXture of sodium acetate (62 g) and phthalic anhydride (34
g), the reactiommxture .S treated in the same manner as in Reference
Exanpl e 4-(3) tojgive crude:2-ethyl-4-(2-phthalinidethyl)imdazole (26 g)
as white powder.:(4) The abeVve product and 2'-(l-trityl-IH

tetrazol - 5-yl) bi phenyl -4-yl nethyl bromide are treated in the same nanner as
in Reference Exanple 7-(1) and the resulting residue is purified by silica

gel col um chr omat ogr aphy

with a saturated,sddium hydrogen carbonate solution and
extracted with chloroform. The organic layer is dried and
evaporated to remove the solvent. The resulting residue is
purified by siJica gel column chromatography (solvent;
chloroform/methanol) to give ethyl 2-ethyl-3-{2'-(1H-
tetrazol—s-yijbiphenyl-4—yl}methyl-S—ethoxycarbonylacetyl—
4,5,6,7-tetrahydréimidazo{4,5—c]pyridine—4—carboxylate (1.07
g) as £foan.

NMR (CDCl3) §: 5.29 (2H, s), 5.48 (1lH, s), 6.92
(22, d), 7.10 (2H, d) |

| (2) The above product is treated in the same

manner as in Examplé 5-(2) to give 2-ethyl-8-ethoxycarbonyl-
9—hydroxy—l—{f'—(lH—tetrazol-S-yl)biphenyl-4fyl}methyl-
l,4,5,Qaftetrahydrb—7H—imidazo{4,5-g]indolizin—7—one
disodium salt as white powder.

NMR (DMSO—dG) §: 1.10 (3H, t), 1.15 (3H, t), 4.45
(1H, s), 5.05 (14, d), 6.45 (1H, 4)

Example 21

(1) Ethyl 2-ethyl-3-{2'-(t-butoxycarbonyl)-
biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5-c]-
pyridine-4-carboxylate is treated in the same manner as in
Example 20-(1) to give ethyl 2-ethyl-3-{2‘-(t-butoxy-
carbonyl)biphenyl-4-yl}methyl-S-ethoxycarbonylacetyl-
4,5,6,7-tetrahydroimidazo[4,S—c]pyridine-4-carboxylate as‘
oil.

NMR (CDCl) 6: 1.12 (3H, t), 1.28 (9H, s), 5.35
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(solvent; hexane/ethyl acetate) to give 2-ethyl-4-(2- _ __ = .
phthalimdethyl)-1-(2"-(l-trityl-1Htetrazol-5-yl)bipenyl -4- o

yl)met hylim dazole as white foam characterized as its fumaric acid salt.
mp. 173 - 174[err]C. (5) The above product is treated in the same nmanner
as in Reference Exanple 4-(5) except that jthe reaction i-s carried out
overnight to give the crude 2-ethyl- Thisi's the replacenent shot ~

(2H, g), 6.00 (lH, s)

(2) The above product is treated in the same
manner as in Exémple 19-(2) to give ethyl 2-ethyl-3-(2'-
carboxybiphenyl—4—yl)methyl-S—ethoxycarbonylacetyl-4,5,6,7-
tetrahydroimidazo[4,5-c]pyridine-4-carboxylate as white
foam.

NMR (CDCl3) 6: 0.98 (3H, t), 1.16 (3H, t), 1.27
(3H, t), 5.33 (2H, q), 6.00 (1H, s) '

(3) The above product is treated in the same
manner as in Example 5-(2) to give 2¥ethyl—8-éthoxycarbonyl—
S9-hydroxy-1-(2'-carboxybiphenyl-4-yl)methyl-1,4,5,%a-
tetrahydro-7H-imidazo[4,5-glindolizin-7-one disodium salt és
white foam.

NMR (DMSO-ds) §: 4.50 (1lH, s), 5.17 (1H, d), 6.36
(1H, d) |

Reference Example 1

(1) 2-n-Butyl-4-hydroxymethylimidazole (33.3 g) is
dissolved in methanol (50 ml), and thereto is added 18 %
hydrogen chloride-methanol solution (160 ml), and the
mixture is evaporated under reduced pressure to remove the
solvent. To the resulting residue is added toluene (150
ml), and thereto is added dropwise thionyl chloride (52 ml)
under ice-cooling. The mixture is stirred at 50°C for twe
hours, and concentrated to dryness under reduced pressure to
give 2—n—butyl—4-chloromethylimidazole hydrochloride (58.3

g) as oil. Separately, diethyl N-acetylaminomalonate (140.8
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- 50 - 4-amnoethyl-1-{2'-(l-trityl-lHtetrazol -5-yl)bi phenyl - 4-

yl } met hyl immdazot e as—foam -(6) The above product (7.48 g) is dissolved in
t etrahydr ofuran—{(60 - ), to_which is added ethyl glyoxylate hydrate (1.56
g). The reaction: mxture is stirred overmjght at room tenperature and
refluxed for oné hour. The solvent is evaporated and the residue is
purified by sitica gel

g) is added to a solution of sodium ethylate (44 g) in
ethanol (500 ml) with ice-cooling under argon atmosphere,
and the mixture is stirred at 0°C for 15 minutes. To the
mixture is addéd dropwise a solution of 2-n-butyl-4-chloro-
methylimidazole hydrochloride obtained above in ethanol (250
ml), and the mixture is stirred at room temperature
overnight. The mixture is evaporated under reduced pressure
to remove the.solvent, and to the resulting residue are
added ethyl acetate (1 liter) and.saturated agueous ammonium
chloride solution (500 ml). The aqueous laye; is extracted
with ethyl acetate, and the extract is combined with the
organic layer, and evaporated.. To the resulting residue is
added 10 % hydrochloric acid, and the mixture is neutralized
with sodium hydrogen carbonate, and extracted with ethyl
acetate to give 2-n-butyl-4-{2-acetylamino-2,2-bis(ethoxy-
carbonyl)ethyl}imidazole (56.8 g) as powder.

m.p. 80 - 92°C _

NMR (CDClg) §; 0.91 (3H, t), 1.24 (6H, t), 2.01
(3H, s)
| (2) The above product is added to 6N hydrochloric
acid (600 ml), and the mixture is refluxed overnight. The
mixture is concentrated to dryness under reduced pressure,
and the resulting residue is dissolved in methanol (200
m). The oily residue is subjected to azeotropic
distillation with toluene to remove water to give Z;n-butyl-

4-{2-amino-2-(methoxycarbonyl)ethyl}imidazole hydrochloride
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col um chr omat ogr aphy (sol vent; chloroforninethanol) to glve ethyl
2-ethyl-3-(2'-(l-trityl-IHtetrazol -5-yl)bi phenyl - -
yl)Ynmethyl -4,5, 6, 7-t et rahydr oi m dazo[ 4, 5- c]pyrldlne 4 carboxytate as-ﬁoanl
chracterized as its oxalic acid salt. mp. 142 - 146[err] C* Ref-erence
Exanple 9 (1) 2-Ethyl-4-(2-phthalimdethyd5i-m dazole-and 2'-
t - but oxycar bonyl bi phenyl -4-yl nethyl brom de are treated in the sane nmanner
as Reference Exanple 8-(4) to give 2-ethyl-
4- (2-phthalimdethyl)-I1-{2" -(t-butoxycarbonyl)bi phenyl -

(46.0 g) as oil.

NMR (DMSO-ds) §: 0.96 (3H, t), 3.28 (2H, 4), 3.73
(3H, s)

(3) The above product (45 g) is added to 37 %
agqueous formalin solution (45 ml) and water (600 ml), and
the mixture is refluxed for two hours. The reaction
solution is evaporated under reduced pressure, and the
resulting crystalline residue is pulverized in acetone, and
collected by filtration to give 2-n-butyl-4,5,6,7-tetra-
hydroimidazo(4,5-clpyridine-6~carboxylic acid hydrochloride
(50 g).

m.p. 176 - 179°C (decomposed)

(4) The above product (30 g) is suspended in
methanol (300 ml), and thereto is added thionyl chloride (30
ml), and the mixture is refluxed overnight. The reaction
solution is evaporated under reduced pressure to give methyl
2—h—buty1—4,5,6,7-tetrahydroimidazo[4,5—c]pYridine-6—
carboxylate hydrochloride (28.3 g) as oil.

NMR (D,0) &: 0.90 (3H, t), 3.92 (3H, s)

(5) N-Hydroxysuccinimide (0.69 g) and triethyl-
amine (0.6 g) are dissolved in dry dimethylformamidg (S ml),
and thereto is added dropwise benzyloxycarbonyl chloride
(1.02 g} under ice-cooling. The mixture is stirred for 10
minutes, and thereto is added triethylamine (2.0 g). To the

mixture is further added a solution of méthyl 2-n-butyl-

4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-6-carboxylate
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yl)methylim dazole as oil. NWR [err] [err]: 1.20 (3H t), 1.25 (9H s),
5.02 (2H, s), 6.64 (1H ) (2) The above product is treated in the sane

manner as i ReferenceExanpte 4-(5) except that the reaction is carried
out overnight to give the erude 2-ethyl -

4- ani noet hyl - | - { 2" - (t - but oxycar bonyl ) bi phdRyT- 4-yI } net hyl - i m dazol e as
oil. (3) The above product "is treated in the sane manner as in Reference
Exanple 7-(3) to give ethyl 2-ethyl-

hydrochloride (1.55 g) in dimethylformamide (5 ml), and the
mixture is stirred at room temperature overnight. The
reaction solution is concentrated under reduced pressure,
and thereto are added water and chloroform. The agueous
layer is extracted with chloroform, and the extract is
combined with the chloroform layer, dried, and evaporated
under reduced pressure to remove the solvent. The resulting
©ily residue is purified by silica gel column chromatography
(solvent; chloroform/methanol) to give methyl 2-n-butyl-5-
benzyloxycarbonyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-
6-carboxylate (1.21 g) as pale yellow oil.

NMR (CDCl,) &: 0.90 (3H, t), 3.63 (3H, s), 5.20
(2H,.s) |

(6) The above product (12.69 g) is dissolved in
diméthy]formamide (300 ml), and thereto is édaéd sodium
hydride (60 % oil-dispersion type) (1.83 g) under ice-
cooling, and the mixture is stirred at 0°C for three
hours. To the mixture is added 2'-(l-trityl-lH-tetrazol-5-

" yl)biphenyl-4-ylmethyl bromide (23.81 g), and the mixture is

stirred under ice-cooling for one hour, and further stirred.
at room temperature for one hour. The reaction solution is
concentrated under reduced pressure, and to the residue are
added ethyl acetate and water. The organic layer is dried,
and evaporated under reduced pressure to give yellow foam,

which is further purified and separated by silica gel column
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3-(2' - (t-buroxycarbonyl)bi phenyl -4-yl}nethyl -4,5,6,7-tetra---Fhis_is the

repl acenent shtt - 51 - hydroi m dazo(4, 5-c] pyri di ne=4-—earboxyl ate as _
yellow oil. NWMR (CDC13) 6: 1.22 (3H t), 1.28 (9H, s), 1.31 (3H t), 4.36
(1H, s) FAB-MS (niz): 490 (MH), 211 (basg% . R

chromatography. That is, firstly, methyl 2-n-butyl-5-
benzyloxycarbonyl—l-{z'—(l—trityl-lH-tetrazol—S-yl)biphenyl-
4-yl}methyl-4,5,6,7-tetrahydroimidazo[4,5-c]pyridine-6-~
carboxylate (14.68 g) [hereinafter referred to as Product
(A)) is obtained as foam from the fractions eluated with
chloroform:ethyl acetate = 3:1, and subsequently methyl 2-n-
butyl-5-benzyloxycarbonyl-3-{2'-(1-trityl-1H-tetrazol-5-
yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydroimidazol[4,5-
clpyridine-6-carboxylate (8.23 g) [hereinafter referred to
as Product (B)] is obtained as foam from the fractions
eluated with chloroform:ethyl acetate = 2:1.

Product (&):

NMR (CDCl,y) &: 0.86 (3H, t), 3.60 (3H, s)

Product (B):

NMR (CDCl,) -6: 0.85 (3H, t), 3.58 and 3.63 (3H,
each s) (esach singlet comes to 3H in all)

Reference Example 2

(1) 1-t-Butoxycarbonyl-4-{2-(t-butoxycarbonyl-
amino)ethyl}imidazole (78.1 g) is dissolved in acetonitrile
(500 ml), and thereto is added methoxymethyl chloride (22.2.
g), and the mixture is stirred at room temperature ’
overnight. The reaction solution is poured into 10 %
aqueous sodium hydrogen carbonate solution, and extracted
with ethyl acetate. The extract is washed, dried, and the
solvent is distilled off to give 4-{2-(t-butoxycarbonyl-

amino)ethyl}-3-methoxymethylimidazole (54.4 g) as oil.
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Ef fects of the—nventi-on The i m dazoi ndolizine derivatives (I] of the
present inventich—and—pharmaceutically acceptable salts thereof show
excel l ent angiotensin Il antagonistic activities, and are useful in the
prophyl axi s and/ or treatméfnt of hypertension. For exanple, when hypotensive
activity was exan ned by usisng spontaneoud y- hypertensive rats orally
adm ni stered at a dose of 3 ng/kg of the desired conpounds [I] of the
present invention, significant hypotensive activity was observed as
conpared with that of '

NMR (CDCly) 6: 1.43 (9H, s), 3.27 (3H, s), 5.20
(2H, s) _

(2) The above product (55 g) is dissolved in
tetrahydrofuran (1.5 liter), and the mixture is cooled to
-40°C. To thé ﬁixture is added dropwise 1.6M n-butyl
lithium/n-hexane solution (150 ml), and the mixture is
stirred for 30 minutes. To the mixture are added
successively hexamethylphosphoamide (150 ml) and n-butyl
lithium (137 ml), and further n-butyl iodide (37.5 g) is
added dropwise to the mixture during which the mixture is
kept at -30°C. After the mixture is stirred for 10 minutes[
the reaction is qﬁenched by adding agqueous ammonium chloride
solution thereto. Ethyl acetate is added to the mixture,
and the mixture is separated. The organic layer is
collected, washed and dried, and the solvent is distilled
off. The resulting oily residue is purified by silica gel
-column chromatography (solvent; chloroform/ethyl acetate/
methanol) to give 2—n—butyl-4-{2-(t-butoxycarbonylamino)—
‘ethyl}-3-methoxymethylimidazole (44.8 g) as oil.

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

(3). Chloroform (1.3 liter) is added to the above
product (80.7 g) and ethyl chloroformate (84.5 g), and the
mixture is refluxed for 2.5 hours. The reaction solution is
evaporated under reduced pressure, and to the resulting

residue are added ethanol (300 ml) and 10 % aqueous sodium
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the control group of rats to which purified water was oral ly adm ni stered.
Moreover, the conpounds [I] of the present invention and pharnmaceutically
acceptable salts thereof show |ow toxicity, and hernce; they show high
safety as a nmedi canent. For exanple, whengs2-n-butyl - 8~ethoxycarbonyl 9-
hydroxy-1-(2'-(l Htetrazol -5- yI)blphenyI 2 yl ) net hyl - :
1,4,5,9a-tetrahydro-7Him dazo[ 4, 5-g] i ndol i zi n-7- one dlsodlunlsalt ‘was
orally adm nistered to mce at a dose of 300 ng/ kg, no nouse di ed one week
after the adm nistration thereof.

hydroxide solution (200 ml), and the mixture is stirred
under ice—cboling for 20 minutes. The solvent is distilled
off, and to the residue are added water and chloroform, and
the mixture is separated. The organic layer is dried, and
the solvent is distilled off, and the resulting solid
product is recrystallized from isopropyl ether to give 2-n-
butyl-4-{2-(t-butoxycarbonylamino)ethyl}imidazole ({50.3

g).

m.p. 118 - 120°C

(4) The above product and 2'-~(l-trityl-1H~- |
tetrazol-5-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example l-(6) to give 2-n-butyl-
4-{2-(t-butoxycarbonylamino)ethyl}-1-{2'~(l-trityl-1H-
tetrazol~5-yl)biphenyl-4-yl}methylimidazole.

NMR (CDCl3) §: 0.59 (3, t), 1.43 (9H, s), 4.85
(2H, s)

(5) A mixture of the above product (15.2 g), 10 %
hydrochloric acid (40 ml) and methanol (60 ml) is refluxed
for one hour. After the reaction is completed, methanol is
removed by distillation, and the aqueous layer is washed
with ethyl acetate and concentrated to dryness under reduced
pressure. The resulting residue is subjected to azeotropic
distillation with dry toluene to give quantatively crude 2-
n-butyl-4-(2-aminoethyl)-1-{2'-(1H-tetrazol-S5-yl)biphenyl-4-
yl}methylimidazole hydrochloride (9.7 g) as caramel.
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- 52 - The claims-defining the invention are as follows: 1. An

i m dazoi ndol i zine.derivative of the fornula [I]: [err] wherein RL is a
| ower al kyl group; R2 is hydrogen atom cyano group, a |lower al'kyl group, a
| ower al kanoyl group, a = & - 40 -

(2H, s)

(6) A mixture of the above product (8.09 g},
glyoxylic acid hydrate (1.73 g), 1N aqueous sodium hydroxide
solution (53 ml) and dioxane (50 ml) is stirred at about
50°C for 2 days. The reaction solution is acidified with
hydrochloric acid, and evaporated under reduced pressure.
The resulting residue is dissolved in methanol (100 ml), and
cooled to -30°C, and thereto is added dropwise thionyl
chloride (12.4 g). After the mixture is stirred at about
60°C for 2 days, the solvent is distilled off under reduced
pressure. Water is added to the resulting residue, and 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) to give methyl
2-n-butyl-3-{2'~(1H~-tetrazol-5-yl)biphenyl-4-yl}methyl-
4,5,6,7-tetrahydroimidazo{4,5-c]pyridine-4-carboxylate (4.22
gj as powder.

NMR (DMSO—d5) §: 0.90 (3H, t), 3.72 (3H, s), 5.20
(2H, s) |

Reference Example 3

(1) 2-n-Propyl-4-hydroxymethylimidazole and
diethyl N-acefylaminomalonate are treated in the same manner
as in Reference Example 1-(l1) to give 2-n-propyl-4-{2-

acetylamino-2,2-bis(ethoxycarbonyl)ethyl}imidazole as
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| oner al koxycarbonyl group, a phenyl -1l ower al koxycarbonyl group, a |ower
al kyl sul fonyl group, a substituted or unsubstituted phenyl._group, an
aryl carbonyl group, or a 5- or 6-nenbered nitrogen-containing =
het er onbnocyclic group- substituted carbonyl group, Ring Ais a substituted
or unsubstituted phenyl group, and mis 9 or 1, or a pharmaceutically
acceptabl e salt thereof. 2. The conpound according to claim1l, wherein R2
i s hydrogen atom cyano group; a |ower al kyl group; a |ower al kanoyl group;
a | ower al koxycarbonyl group; a phenyl-I ower

powder.

m.p. 94 - 97°C

(2) The above product is treated in the same
manner as in Reference Example 1-(2) to give 2-n-propyl-4-
{z-amino-z-(methoxycarbonyl)ethyl}imidazole hydrochloride as
oil.

NMR (DMSO-dg) &: 0.91 (3H, t), 3.28 (2K, d), 3.73
{3H, s) _

(3) To a mixture of the above product (5.74 g),
triethylamine (6.81 g) and chloroform (200 ml) is added
dropwise a solution of benzyloxycarbonyl chloride (2.87 g)
in chloroform (100 ml) under ice-cooling. The mixture is
stirred at room temperature overnight, washed and dried, and
the solvent is distilled off. The resulting residue is
purified by silica gel column chromatography (solvent;
chloroform/methanol) to give 2-n~propyl-4-{2-(N-benzyloxy-
carbonyl)amino-z—(methoxyqarbonyl)ethyl}imidazole (3.36 g)
as oil.

NMR (CDCls) &: 0.92 (3H, t), 3.05 (2H, d), 3.67
(3H, s), 5.10 (2H, s)

(4) The above product and 2'-(l-trityl-1H-
tetrazol—s-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example i-(G) except that the
reaction is carried out overnight to give 2-n-propyl-1-{2'-
(l-trityl-1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4-{2-(N-

benzyloxycarbonyl)amino-2~(methoxycarbonyl)ethyl}imidazole
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al koxycar bonyl group; a |ower alkyl sul fonyl group; a phenyl group which may
optionally be substituted by a group selected froma hal ogen atom hydroxy
group, carboxyl group, a | ower al kyl group, a |ower alLkoxy group, a

| ower al koxy- carbonyl group and carbanoyl group; an aryl carbonyl group; or
a 5- or 6-nenbered nitrogen-containing he#@rononocyclic group-substituted
carbonyl group, and Ring Ais a phenyl

as foam.

NMR (CDCly) &: 0.89 (3H, t), 3.63 (3H, s), 4.83
(2H, s), 5.11 (2H, s)

(5) To a mixture of the above product (5.18 g) and
methanol (40 ml) is added 9 % hydrogen chloride-methanol
solution (Solml),'and the mixture is stirred at room
temperature for one hour, and evaporated. The resulting
residue is dissolved in methanol (50 ml), and the mixture is
subjected to cataiytic reduction by using 10 % palladium-
carbon as a catalyst. After the reaction is completed, the
catalyst is removed by filtration, and the solvent is
distilled off. The resulting oily residue is dissolved in
methanol (50 ml), and the mixture is refluxed with agueous
formalin solution (4 ml) for one hour. After distillation
of the solvent, the product is pulverized in ethyl acetate,
and collected by filtration to give methyl 2-n-propyl-3-{2'-
{1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7-tetrahydro-
;midazo[4,S-é]pyridine—s—carboxylate hydrochloride (3.73 g)
as powder. _
| NMR (CDc13j §: 0.92 (3H, t), 3.71 (3H, s), 4.86
(2H, ABQ)

Reference Example 4

(1) 2-n-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,

and the resulting residue is dissolved in dimethylformamide
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group which may be optionally be substituted by a group selected froma_.
protected or unprotected tetrazolyl group, a protected or unprotected . _

carboxyl group and a | ower al kyl sufl onyl ami no group. 37 The conpound
according to claim2, wherein R2 is cyanoggroup, a |ower alkanoyl group, a
| ower al koxy- carbonyl group, a phenyl-Iower al koxycarbonyl group, a
hal ogenophenyl group or benzoyl group, and Ring A is tetrazolyl phenyl group
or carboxyphenyl group. 4. The compound according to claim3, wherein [err]

(20 ml), and added dropwise to a solution of sodium cyanide
(5.47 g) in 'dimethylformamide (120 ml). The mixture is
stirred at room temperature overnight, and the solvent is
distilled off. The resulting residue is dissolved in ethyl
acetate, washed, dried and evaporated. The resulting residue
is purified by silica-gel column chromatography (solvent;
ethyl acetate) to give 2-n-propyl-4-cyanomethylimidazole
(3.08 g) as oil.

NMR (CDC13) §: 0.95 (3H, t), 3.67 (2H, d4)

(2) The above product (3.68 g) is dissolved in
acetic acid (30 ml), and thereto is added 10 % hydrochloric
acid (10 ml). The mixture is subjected to catalytic
reduction'by using platinum oxide as a catalyst. After the
reaction is completed, the catalyst is removed by
filtration, and the filtrate is evaporated under reduced
pressure to give 2-n-propyl-4-(2-aminoethyl)imidazole
hydrochloride (4.83 g), which is used in a subsequent
reaction without further purification.

(3) A mixture of the above product (4.83 g),
phthalic anhydride (3.04 g), sodium acetate (6.10 g) and
acetic acid (50 ml) is refluxed for 19 hours. The mixture
is evaporated under reduced pressure, and to the residue is
added water. The mixture is neutralized with sodium
hydrogen carbonate, and extracted with chloroform. The
extract is dried and the solvent is distilled off, and the

resulting residue is purified by silica gel column
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Is ethyl group,_n-propyl. group.or n-butyl group, R2 is cyano group, acetyl
group, nethoxycarbonyl group, ethoxycarbonyl group, benzyl oxycarbonyl
group, chl orophenyl - group or benzoyl group. 5. A process for preparing an
i mi dazoi ndol i zi ne:deri vatiyessof the fornyla [1]: wherein [err] is a

| ower al kyl group, R2.is hydr@gen atom

chromatography (solQEnt; chloroform/methanol) to give 2-n-
propyl-4-(2-phtha1imidethyl)imidazole (2.72 g) as foam.

NMR (CDClj) 6: 0.90 (3H, t), 3.95 (2H, t), 7.61 -
7.86 (4E, m)

(4) The above product and 2'-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example 1-(6) except that the
reaction is carried out overnight to give 2-n-propyl-4-(2-
phthalimidethyl)—l—{z'4(l-trityl-lH?tetrazol-S-yl)biphenyl-
4-yl}methylimidazole'és foam.

NMR (CDCl,) &6: 0.86 (3H, t), 4.82 (2H, s)

(5) To a mixture of the above product (4.11 g) and
ethanol (100 ml)-is added 100 % hydrazine hydrate (2 ml),
and the mixtu;e_is stirred at room temperature for five
hours. After the reaction is completed, chloroform is added
to the reaction solutidn, and the mixture is washed, dried,
and evaporated to give crude 2-n-propyl-4-(2-aminocethyl)-1l-
(2'—(1 trityl-1H- tetrazol -5-yl)biphenyl- 4—yl}methyllm1dazole
-(3 68 g) as oil.

(6) The above product is treated in the same
manner as in Reférence Example 2~(5) to give 2-n-propyl-4-
(2-aminoethyl)-1-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl)}methyl-
imidazole hydrochlofide. .

(7) The above product and glyoxylic acid hydrate
are treated in the_same manner as in Reference Example 2-(6)

to give methyl 2—n-pr6pyl—3-[2'#(lH-tetrazol—S-yl)biphenyl-
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cyano group, a lower alkyl group, a |lower al kanoyl group, a | ower

al koxycar benyl- -group, _a phenyl -1 ower al koxycar bonyl group, a | ower

al kyl sul fonyl _group, a substituted or unsubstituted phenyl group, an

aryl carbonyl group, or a 5- or 6-nenbered nitrogen-containing

het er ononocycl i'c group- substituted carbomM3 -group, Ring Ais a substituted
or unsubstituted phenyl group, and mis O or 1, or a pharmaceutically
acceptabl e salt thereof, which conprises subjecting an im dazopyridine
conmpound of the forrmula [I1]:

4-yl}methyl-4,5,6,7-tetrahydroimidazo(4,5-c]pyridine-4-
carboxylate as foam.

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

Reference Example 5

(1) 2-n-Butyl-4-{2-(t-butoxycarbonylamino)ethyl}-
imidazole and 2'-(methoxycarbonyl)biphenyl-4-ylmethyl
bromide are treated in the same manner as in Reference
Example 1-(6) except that the reaction is carried out
overnight to give 2-n-butyl—4f{2f(t-butoxycarbonylamino)—
ethyl}-1-{2'~(methoxycarbonyl)biphenyl-4-yl}methyl-

imidazole.

NMR (CDCl;) &: 0.91 (3H, t), 3.66 (3H, s), 5.02
{2H, s)

(2) The above product is treated in the same
manner as in Reference Example 2-(5) to give crude 2-n-
butyl-4-(2-aminocethyl)-1-{2'-(methoxycarbonyl)biphenyl-4-
yl}lmethylimidazole hydrochloride, thch is further treated

-with glyoxylic acid hydrate in the same manner as in
Reference Example 2-(6) to give crude methyl 2-n-butyl-3-
{2'-(methoxycarbonyl)biphenyl-4-yl}methyl-4,5,6,7~tetra-
hydroimidazo(4,5-c]pyridine-4-carboxylate.

Reference Example 6

(1) To a mixture of 2-n-propyl-4-(2-aminoethyl)-1l-
{2'-(1-trityl—lH-tetrazol-S—yl)biphenyl-4—yl}methylimidazole

(21.95 g) and tetrahydrofuran (200 ml) is added a solution
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[err] wherein [err] and mare the sane as defined above, Ring A' is a )
substituted or unsubstituted phenyl group, and a group-of--the formutai
-COOR3 is a protected or unprotected carboxyl group, or a salt thereof to
i ntranol ecul ar cyclization reaction, and when Ring A is a phenyl group
substituted by a protected tetrazolyl grqup or a protected carboxyl group,
foll owed by renoving said protecting grodp, and if necessary, further by
converting the product into a

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-etﬁanol solution (100 ml) at
room temperature. The reaction mixture is stirred for 30
minutes, and evapérated to remove the solvent. The residue
is dissolved in chloroform and washed successively with
saturated sodium hydrogen carbonate solution and brine. The
organic layer is dried and evaporated to remove the
solvent. The crude residue is treated with a mixture of
oxaiic acid and ethanol to give ethyl 2-n-propyl-3-{2'-(1H-
tetrazol-5-yl)biphenyl~4-yl}methyl-4,5,6,7-tetrahydro-
imidazo(4,5-c]pyridine-4~carboxylate oxalate (10.84 g).

m.p. 140 -~ 142°C. |

(2) A suspension of the above product (4.0 g) in
chloroform (300 ml) is washed with saturated sodium hydrogen
carbonate solution and brine. The organic layer is dried
and evaporatéd-to remove the solvent to give ethyl 2-n-
propyl-3-{2'~(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-4,5,6,7~
ﬁetrahydroimidazo[4,S-c]pyridine-4—carboxylate (3.69 g) as
white foam.

NMR (CDCly) &: 1.00 (3H, t), 3.98 (1H, s), 5.09
(2H, q) ' |

Reference Example 7

(1) To a mixture of 2-n-propyl-4-(2-phthal-
imidethyl)imidazole (10.0 g), 2'-t~butoxycarbonylbiphenyl-4-
ylmethyl bromide (13.5 g), tetrahydrofuran (150 ml) and

dimethylformamide (15 ml) is added a solution of potassium
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55

pharmaceutically acceptable salt thereof. 6. A pharnaceutical - -

conposi tion which conprises a therapeutically effective anount—of -the. .__
conpound as set forth in claiml in adnmxture with a conventional..

pharmaceutically acceptable carrier or diluent. 7. Use of the conpound as
set forth in claim1l for preparing a curh%g and/ or prophyl actic medicine

for

t-butoxide (4.16 g) in tetrahydrofuran (40 ml) at -60°C.
After removing the cooling bath, the reaction mixture is
stirred for 2.5 hours until the temperature thereof becomes
room temperature. The mixture is qgenched with water, and
extracted with ethyl acetate. The organic layer is washed,
dried and evaporated to remove the solvent. The crude
residue is treated with a mixture of oxalic acid, ethanol
and ether to give 2-n-propyl-4-(2-phthalimidethyl)-1-{2'-(t-
butoxycarbonyl)biphenyl-4—yl}methylimidazole oxalate (15.6
g).

m.p. 128 - 131°C.

(2) The above product is treatéd in the same
manner as in Reference Example 4-(5) except that the
reaction is carried out overnight to give crude 2-n-propyl-
4-aminoethyl-1-{2'-(tert-butoxycarbonyl)biphenyl-4-yl}-
methylimidazole.

(3) To a mixture of the above product (10.0 g) and
tetrahydrofuran (100 ml) is added a solution of ethyl
glyoxylate hydrate (2.90 g) in tetrahydrofuran at room
femperature. The reaction mixture is stirred overnight,
refluxed for 30 minutes énd evaporated to remove the
solvent. The residue ié dissolved in chloroform and the
solution is washed with 2 % hydrochloric acid, saturated
aqueous sodium hydrogen carbonate solution and brine. The
organic layer is dried and evaporated to remove the ]
solvent. The crude residue is treated with a mixture of
oxalic acid, ethanol and éther to give ethyl 2-n-propyl-3-

{2'-(tert-butoxycarbonyl)biphenyl-4-yl}methyl-4,5,6,7~
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hypertension. 8. An im dazoindolizine derivative accorgyng;ﬁglbLaim 1 —-
substantially as herei nbefore described with reference to the exanpl es.

- 48 -

tetrahydroimidazo(4,5~c]pyridine-4-carboxylate oxalate.
m.p. 166 - 168°C.

Referance Example 8

(1) 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 ié stirred overnight at
room temperature. Water (1.5 liter) is added thereto and
the -organic layer is separated therefrom and concentrated.
The residue is dissolved in ethyl acetate (1 liter) and
washed with water. The solution is dried over sodium
sulfate and cohcéntrated. Distillation gives l-dimethyl-
sulfamoyl-2-ethylimidazole (182 g) as colorless liquid.

b.p. 139 - 142°C (5 mmHg)

NMR (CDCl3) §: 1.37 (3H, t), 2.89 (6H, s), 6.94
(1, d4), 7.23 (1H, 4)

‘(2) To 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 then, N-t-
butoxycarbonyl aziridine (52 g) in tetrahydrofuran (300 ml)
is added theretoc, and further boron trifluoride etherate
(147 g) is added thereto successively. The reaction mixture
is stirred for two hours at -78°C and then the mixture is
poured into an ice-cooled saturated agueous potassium -
carbonate solution (2 liters). After evaporation of the
remaining tetrahydrofuran, the agqueous layer is extracted

with ethyl acetate, and the organic layer is washed with
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- 49 -

water, and dried over sodium sulfate and concentrated. The
residue is purified by silica gel column chromatography
(solvent; chloreoform/methanol) fo give l-dimethylsulfamoyl-
2-ethyl-5-{2—(t-butoxycarbonylamino)eﬁhyl}imidazole (67 g)
as yellow oil. |

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

(3) A solution of the abové product (6? g) in 10 %
hydrochloric acid (600 ml) is refluxed for two hours. The
solvent is distilled off under reduced pressure and the
resulting oily black tesidue is dissolved in acetic acid
(300 ml). After addition of a mixture of sodium acetate (62
g) and phthalic anhydride (34 g), the reaction mixture is
treated in the same manner as in Reference Example 4-(3) to
give crude 2-ethyl-4-(2-phthalimidethyl)imidazole (26 g) as
white powder.

(4) The above product and 2'—-(l-trityl-1H-
tetrazol-5-yl)biphenyl-4-ylmethyl bromide are treated in the
same manner as in Reference Example 7-(1) and the resulting
fesidue_is purified.by silica gel column chromatography
(solvent; hexane/ethyl acetate) to give 2-ethyl-4-(2-
phthalimidethyl)—l—{z'-(l-trityl—lH4tetrazoi—5-yl)bipenyl-4—
yl}methylimidazole as white foam, characterized as its
fumaric acid salt. |

m.p. 173 - 174°C.

(5) The above product is treated in the same
manner as in Referencé Example 4-(5) except that the

reaction is carried out overnight to give the crude 2-ethyl-
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- 50 -

4-aminoethyl-l-[2'—(l-trityl-lH-tetrazolfs-yl)Biphenyl—4-
yi}methylimidazole as foam.

(6) The above product (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 refluxed for one hour. The solvent
is evaporated and the residue is purified by silica gel
column chromatography (solvent; chloroform/methanol) to give
ethyl 2-ethyl—3-{2'-(1—trityl—lH—tetrézol-S—Yl)biphenyl-4—
yl}methyl-4,5,6,7-tetrahydrbimidazo[4;5—c)pyridine-4—
carboxylate as foam} chracterized as its oxalic acid salt.

m.p. 142 - 146°C. |

Referance Example 9

(1) 2-Ethyl-4-(2-phthalimidethyl)imidazole and 2'f'
t-butoxycarbonylbiphenyl-4~ylmethyl bromide are treated in
the same manner as Reference Example 8-(4) to give 2-ethyl-
4-(2-phthalimidethyl)-1-{2'~(t-butoxycarbonyl)biphenyl-4-
yllmethylimidazole as oil.

NMR (CDCls) &: 1.20 (3H, t), 1.25 (9H, s), 5.02
(2H, s), .64 (1H, s) |

| (2) The above product is treated in the same
manner as in Reference Example 4-(5) except that the
reaction is carried out overnight to give the crude Zfethyl—
4-aminoethyl-1-{2'-(t-butoxycarbonyl)biphenyl-4-yl}methyl-
imidazole as oil.

(3) The above product is treated in the same
manner as in Reference Example 7—(3)'to give ethyl 2-ethyl-

3-{2'-(t-butoxycarbonyl)biphenyl-4-yl}methyl-4,5,6,7-tetra-
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- 51 -

hydroimidazo[4,5-c]pyridine-4-carboxylate as yellow oil.
NMR (CDCl3) &: 1.22 (3H, t), 1.28 (9H, s), 1.31
(3H, t), 4.36 (lH, s)
FAB-MS (m/z): 490 (MH'), 211 (base)

Effects of the invention

The imidazoindolizine 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 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 was orally
administered. Moreover, the compounds [I] of the present
invention and pharmaceutically acceptable salts thereof show
low toxicity, and hence, they show ﬁigh safety as a
medicament. For example, when 2-n-butyl-8-ethoxycarbonyl-9-
hydroxy-1-{2'-(1H-tetrazol-5-yl)biphenyl-4-yl}methyl-
1,4,5,9a-tetrahydro-7H-imidazo[4,5-g)indolizin-7-one
disodium salt was orally administered to mice at a dose of
300 mg/kg, no mouse died one week after the administration

thereof.
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IR AT
The claims defining the invention are as follows:

1. An imidazoindolizine derivative of the formula

{1]:

(1]

wherein R is a lower alkyl group, R? is hydrogen atom,
cyano group, a lower alkyl group, a lower alkanoyl group, a
lower alkoxycarbonyl group, a phenyl-lower alkoxycarbonyl
group, a lower alkylsulfonyl group, a substituted or
unsubstituted phenyl group, an arylcarbonyl group, or a 5-
or 6-membered nitrogen-containing heteromonocyclic group-
snbstituted carbonyl.group, Ring A is a substituted or

- unsubstituted phenyl group, and m is 0 or 1,
or a pharméceutically acceptable salt thereof.

2. The compound according to claim 1, wherein R
is hydrogen atom; cyano group; a lower alkyl group; a lower
alkanoyl group; a lower alkoxycarbonyl group; a phenyl-lower
alkoxycarbonyl group; a lower alkylsulfonyl group; a phenyl
group which may optionally be substituted by a group

selected from a halogen atom, hydroxy group, carboxyl group.,

——

i e

e
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R

a lower alkyl group, a lower alkoxy group, a lower alkoxy-
carbonyl group and carbamoyl group; an arylcarbonyl group:
or a S- or 6-membered nitrogen-contain;ng heteromonocyclic
group-substituted carbonyl group, and Ring A is a phenyl
group which may be optionally be substituted by a group
selected from a protected or unprotected tetrazolyl group, a
protected or unprétected carboxyl group and a lower
alkylsuflonylamino group.

3. The compound according to claim 2, wherein r2
is cyvano group, a lower alkanoyl group, a lower alkoxy-
carbonyl group, a phenyl-lower alkoxycarbonyl group, a
halogeﬁophenyl group or benzoyl group, and Ring A is
tetrazolylphenyl group or carboxyphenyl group.

4. The compound according to claim 3, wherein r:
is ethyl group, n-propyl groﬁp or n-butyl group, R? is cyano
group, acetyl group, methoxycarbonyl group, ethoxycarbonyl
group, benzyloxycarbonyl group, chlorophenyl group or
benzoyl group;

5. A process for preparing an imidazoindolizine

derivative of the formula [I]:

(Il
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-se- HIIIIIIIIIIIIIIIHHIIIII IIII_

wherein R1 is a lower alkyl group, R? is hydrogen atom,
cyano group, a lower alkyl group, a lower alkanoyl group, a
lower alkoxyéarbonyl group, a phenyl-lower alkoxycarbonyl
group, a lower alkylsulfonyl group, a substituted or
unsubstituted phenyl group, an arylcarbonyl group, or a 5-
or 6-membered nitrogen-containing heteromonocyclic group-
substituted carbonyl group, Ring A is a substituted or
unsubstituted.phenyl group, and m is 0 or 1, or a
pharmaceutically acceptable salt thereof,

which comprises subjecting an imidazopyridine compound of

the formula [II]:

_ _ne
(CHZ)K /CO Cdz R
| (CHz)l-m COOR3 [11]

"wherein Rl, R? and m are the same as defined above, Ring A'

is a substituted or unsubstituted phenyl group, and a group"
of the formula: -COOR3 is a protected or unprotected
carboxyl group, or a salt thereof to intramolecular
cyclization reaction, and when Ring A' is a phenyl group .
substituted by a protected tetrazolyl group or a protected
carboxyl group, followed by removing said protecting group,

and if necessary, further by converting the product into a

This is the replacement shast
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pharmaceutically acceptable salt thereof.

6. A pharmaceutical composition which comprises a
therapeutically effective amount of the compound as set
forth in claim 1 in admixture with a conventional
pharmaceutically acceptable carrier or diluent.

7. Use of the compound as set forth in claim 1 for
preparing a curing and/orlprophylactic medicine for

hypertension.

8. An imidazoindolizine derivative according to claim 1

substantially as hereinbefore described with reference to the examples.

This is the replacement sheet
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IMIDAZOPYRIDINE-DERIVATIVES AND
PROCESS FOR PREPARARION THEREOF

Abstract of the Disclosure:

An imidazoindolizine derivative of the formula {I]:

(1]

wherein R is lower alkyl, R? is hydrogen, cyano, lower
alkyl; lower alkanoyl, lower alkoxycarbonyl, phenyl-lower
alkoxycarbonyl, lower alkylsulfonyl, substituted or
unsubstituted phenyl, arylcarbonyl, or 5- or 6-membered
nitroéen—containing heteromonocyclic group-substituted
carbonyl, Ring A is substituted or unsubstituted phenyl, and
m is'D.dr-l} or a pharméceutically acceptable salt thereof,

reparation thereof, said imidazoindolizine

o)

and process for

derivatives and pharmaceutically acceptable salts thereof

- show excellent angiotensin II inhibitory activities and are

useful in the prophylaxis or treatment of hypertension.

| ~ Thig is the replacement sheet
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