o IMIDAZOINDOLIZINE DERIVATIVES AND
© PROCESS FOR PREPARATION THEREOF

%
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 5=

[
' @““ﬂh"h'—"—-—-—_
oy
)

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
3,

nucleus, i.e. imidazole nucleus. .
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Brief Descfiption of the Invention

An object of the present invention is to provide
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novel imidazoindolizine derivatives and pharmaceutically

acceptable salts thereof, which show potent ahgiotensin II

'.inhibitory activities and are useful as a hypotensive

agent. - Another object of the ‘invention is to provide &
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 _(CHy) T\ M
| - N
rY ‘ Y r2
(CH,) /
: 2'1-m - (1]

‘wherein Rl is a iower alkyl group, R? is hydrogen atom,
cyano group; a lower alkyi group, a lower alkanoyl group, a
lower alkoxycarbonyi group, a phenyl-lower alkoxycarbonyl
grdﬁp, a lower élkylsulfonyl éroup, a substituted or
_ﬁﬂsubStituted 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.
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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 carbbn 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 subst;tuted 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,
préferably & to 10 carbon atoms in the aryl moiety; or a 5-
or G;membe:ed hitrogen-containing heteromonocyclic group~
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.
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in view of the excellent

Preferred compounds (I}

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 cérboxyphenyl 
group.

More 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 a medicament either in the form of a free base or a

pharmaceutically acceptable salt thereof. The

pharmaceutically acceptable salts are, for example, alkali

metal salts (e.g. sodium salt, potassium salt, etc.),

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

salt, etc.), heavy metal salts (e.g. zinc salt, etc.), and

organic amine salts (e.g. ammonium salt, triethylamine salt,

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.




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 teapi~ A
Segupes
N

OH | [I-a]

(I-b]

- Q
N (CHy )N\ N
rt R2
. /

N (CE2)1-m” L
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
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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
ligquid 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 range of 0.0l 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.

According to the present'invgntion, the compounds
[I] can be prepared by subjecting an imidazopyridine

compound of (the formula [II}:

coor3 [11]
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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,
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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,
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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 present

‘invention are novel compounds, and can be prepared, for

example, by reacting an imidazopyridine compound of the

formula [III]:

(CHL ) m \
2’m NH

) /J\\ [III}]
(CHp)q-— Coor3

m

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
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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 cdmpound [II] can also be prepared by

reacting an imidazole compound of the formula [VII]:

N R4
t’ ’
legé; l - [VII]
- N

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

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

-l

1%
~
N3

indicates the structures of the following formulae:

nt ni
R13</ I OF Rl 2 \ l
S

N3

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. Aftér the réaction is completed, palladium-

carbon is removed by filtration, and the filtrate is
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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
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pressure to remove the solvent, and the resulting residue 1is

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 ;esulting oil is purified by column chromatography of

nonionic adsorbing resin (tradeﬁame; HP-20, manufactured 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-dG) §: 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 carbonate 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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ethyl acetate) to give methyl 2-n-butyl-5-cyanocacetyl-1-{2'-

{1~trityl-lH~tetrazol~5-yl)biphenyl-4-yl}methyl-4,5,6,7~
tetrahydroimidazo[4,5~-c]pyridine-6~carboxylate (0.83 g) as
foam.

NMR (CDClj) &: 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—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 éame manner as in Example 1-(2)
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.
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{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
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tfeated 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 (2H, ABg), 5.40 (1lH, s)

{2) The above produét (O.24lg) 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 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
trityl chloride (1.43 g), and the mixture is stirred at room

temperature for 30 minutes. The reaction solution is
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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'-(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 (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 give methyl (+)-2-n-butyl-
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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 product is treated in the same
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manner as in Example 6-(4) to give (+)-2~n—butyl—8—e£hoxy-
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 Been
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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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{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'-(lH-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.
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NMR (DMSO-dg) 6: 0.81 (3H, t), 4.48 (1H, s)

'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
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(1) Methyl 2-n—propyl~3—{2'-(lH-EetrazolQS—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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(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)
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(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.
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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 hydrochloride
(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
(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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{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 (DZO) §: 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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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 (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
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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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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) &6: 0.86 (3H, t), 5.38 (1H, d), 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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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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(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 1n 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
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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
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(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
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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
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chromatography. That is, firstly, methyl 2—n?butylf5-

benéyloxycarbonyl-l—{z'—(l-trityl—lH-tét:azolésiyl)biphenyl—
4—y1}methyl-4,5,6,7-tetrahydroimidazo[4,5—c]py£idine—6-
'carboxyla;e (14L68 g) [hereinafter referred to és 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. i

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.
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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 minuteg. 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.étirred for 10 minutes,
the regction 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 is'pﬁrified by silica gel
column chromatography (solvent; chloroform/ethyl acetate/
methanol) to give 2-n-butyl-4-{2-(t-butoxycarbonylamino)-
ethyl}-3-methoxyméthYlimidazolé'(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
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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 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-
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-amihoeahyl)-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
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(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
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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
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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 (CDC13) §: 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
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(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
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chromatography (solvent; chloroform/methancl) to give 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-
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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
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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
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t~-butoxide (4.16 g) in tétrahydrofuran (40 mi) at -60°cC.
After removing the cooling bath, the reaction mixture is
stirred for 2.5 hours until the temperatuié 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 tre=ted with a mixture of oxalic acid, ethanol
and ether to give 2-n—propyl 4- (2-phtha11m1dethyl) 1-{2'~(t-
butoxycarbonyl)blphenyl-4—yl}methyllmidazole oxalate (15.6
g)-

m.p. 128 - 131°C.

(2) The above product is treated in the same
manner as in Refereéce Example 4-(5) exéept that the
reaction is carried out overnight to give crﬁde 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 solutidn and brine. The
organic layer is dried and evaporated to rembve 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-
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tetrahydroimidazo[4,5~-c]pyridine-4~carboxylate oxalate.

m.p. 1686 - 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
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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 product (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-

ced -
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~ 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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'-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 (MHY), 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.
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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,
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a lower alkyl group, a lower alkoxy groun, a lower alkoxy-
carbonyl group and carbamoyl group; an arylcarbonyl group;
or a 5~ or 6-membered nitrogen-containing heteromonocyclic

roun-substituted carbonyl group, ané Ring A is a phenyl

[Te]

[Te]
"

oup.which may be optionally be substituted by a group
selected from a protecteé or uﬁprotected 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 |
4 :  This Sheet Hai Ireeilllleﬁiced
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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
CO~-CH,-R
(CHy ) \\N,/ 2

(CH3)y—m cooRr3 (I}

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 converting the product into a
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pharmaceutically acceptable salt thereof.

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.
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