10

15

20

25

30

35

i REPLACED SHEETS _) SG
—
TAKEDA CHEMICAL INDUSTRIES, LTD: !E] Descuptwn'*umsdz.»,—twagzed ---------

1-1, Doshomachi 4-chome, Chuc-kL,E]C}nm@) '*BQLEPQEtOpagﬁ .........
Osaka 541 / Japan H:]D awiig(s) @ paged v, to paged .........

i {:] Adstraet pa;,ed ...:....;p,.p.x-gcd .....

b csaihinid: ""-

HETEROCYCLIC COMPOUNDS, THEIR PRODUCT ﬁSE S

{ o Jnii R
g

e P
M T <

ot

FIELD OF THE INVENTION

.This invention relates to novel’ heterocycllc
compounds having excellent pharmacologlcal actions and
lnteﬁpedlates for the synthesis thexeof.

fore specifically, the present invention relates
to cofpounds of the general formula :

_{ L a—-——-'til

[wherein R! is an optionally substituted hydrocarbon

Rl

residue which is optionally bonded through a hetero-
atom; R® is an optionally substituted 5-7 membered
heterbcyclic residue having, as a group capable of
constituting the ring, carbonyl group, thiocarbonyl
group, an optionally oxidized sulfur atom or a group
convertible into them; X is a direct bond or a spacer
having an atomic length of two or less between the ring
Y and the ring W; W and Y are independently an
optionally substituted aromatic hydrocarbon residue
optionally containing a hetero-atom or an optionally
substituted heterocyclic residue; n is an integer of 1
or 2; a and b formlng the heterocyclic residue are
lndependently one or two optlonally substituted carbon
or hetero atoms; ¢ is an optlonally ‘substituted carbon
or hetero atom; and, in the group of the formula

Iy
substituents on adjacent two atoms forming the ring are
optionally bonded to each other to form a 5-6 membered

REPLACED SHEETS SG

,Eﬂ/D scription : paged .. A to paged 3@'

_Z/Cl:a_im(s) : paged WYIO paged 4

[ Drawing(s) : paged £ 7. to paged ..f.'..'.’.'.'.'
Abstract paged '7')&0 paged

- This Sheet Has Been Replaced




10

15

20

25

30

35

ring together with the two atoms forming the ring] or a

salt thereof.

BACKGROUND OF THE INVENTION

The renin-angiotensin system is involved in the
homeostatic function to control systemic-blood
pressure, the volume of body fluid, balance among the
electrolytes, etc., associated with the aldosterone
system. Relation between the renin-angiotensin system
and hypertension has been clarified'by the development

- of angiotensin II (AII) converting enzyme inhibitors

(ACE inhibitor) which produce angiotensin II having a-
strong vasoconstrictive action. Since angiotensin II
constricts blood vessel to eléﬁate blood pfessure via
the angiotensin II receptors on the cellular membranes,
angiotensin II antagonists, like the ACE inhibitors,
can be used for treating hypertension caused by
angiotensin. It has been reported that a number of
angiotensin II analogues such as saralasin, [Sarl,-
IleslAII and the like possess potent angiotgnsin II

antagonist activity. It has, however, been reported

‘that, when peptide antagonists are administered non-

orally, their actions are not prolonged and, when
administered orally, they are ineffective [M. A.
Ondetti and D. W. Cushman, Annual Reports in Medicinal
Chemistry, 13, 82-91 (1978)].

On the other hand, for solving the problems
observed ip;fhesg peptide angiotensin II antagonists,
stﬁdies on non-peptide angiotensin II antagonists have
been”deveioped. In the earliest studies in this field,
imidazole derivatives having angiotensin II antagonist
activity have been disclosed in JPA S56(1981)-71073,
§56(1981)-71074, S57(1982)-98270 and S58(1983)-157768,
USP 4,355,040 and 4,340,598, etc. Later, improved
imidazole derivatives are disclosed in EP-0253310, EP-
0291969, EP-0324377, EP-403158, W0-9100277, JPA
S63(1988)-23868 and JPA H1(1989)-117876; pyrrole,
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pyrazole and triazole derivatives in EP-0323841, EP-
0409332 and JPA H1(1989)-287071; benzimidazole
derivatives in USP 4,880,804, EP-0392317, EP-O399732,
EP-0400835 and JPA H3(1991)-63264; azaindene
derivatives in EP-0399731; pyrimidone derivatives in
EP-0407342; and quinazolinone derivatives in EP-
0411766; as angiotensin II antagonists.

However, in order to become a therapeutically
useful drug, angiotensin II antagonists are required to
have a strong and long-lasting angiotensin II
antagonistic action by oral administration. As shown
in so far known literature references, the preferable
structiral feature as strong angiotensin II antagonist
is considered to have an acid group, for example,
tetrazole group or carboxyl group on the biphenfl side
chain, especially tetrazole group as most preferable
one and clinical test of compounds having the tetrazole
group for anti-hypertension agents is conducted [Y.
Christen, B. Waeber, J. Nussberger, R.J. Lee,
P.B.M.W.M. Timmermans, and H.R. Brunner, Am. J.
Hypertens., 4, 350S (1991)]. However, compounds
having tetrazole ring and azide compounds to be used
for synthesizing them have been known as involving a
danger of explosion, which becomes a serious problem to
the large scale preparation and préduction.

OBJECT OF THE INVENTION

The p;ésenp invention is to provide a novel
cdmpounduﬁaving a heterocyclic residue substitutable
for-tetrazole or carboxylic group which has strong
angiotensin II antagonistic action and anti-
hypertensive action when administered orally and which
becomes a therapeutically useful drug.

The present inventors considered that compounds
blocking renin-angiotensin system as well as being
clinically useful for the treatment of circulatory
diseases such as hypertensive diseases, heart diseases
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(hypercardia, heart failure, cardiac infarction, etc.),
cerebral apoplexy, nephritis, atherosclerosis, etc. are
requifed to have potent angiotensin II receptor
antagonistic activity and to show a strong and long-
lasting angiotensin II antagonistic.and hypotensive
action by oral administration, and they have made
extensive and intensive studies on a compound having
angiotension II antagonistic activity for years.

As a result, the present inventors have found that
novel heterocyclic compounds (I) have a potent
angiotensin II receptor antagonistic activity as well
as strong and long-lasting angiotensin II antagonistic
and anti-hypertensive actions by oral administration.

SUMMARY OF THE INVENTION

More specifically, the present invention relates
to (1) a compound of the formula

I

R ' 2 (I)

i@y x

[wherein R' is an optionally substituted hydrocarbon
residue which is optionally bonded through a hetero-
atom; R® is an optionally substituted 5-7 membered
heterocyclic residue having, as a group capable of
constituting .the ring, carbonyl group, thiocarbonyl

‘group, an bptionally oxidized sulfur atom or a group

convertlbie into them; X is a direct bond or a spacer
having an atomic length of two or less between the ring
Y and the ring W; W and Y are independently an
optionally substituted aromatic_hydfocarbon residue
optionally containing a hetero-atom or an optionally
substituted heterocyclic residue; n is an integer of 1
or 2; a and b.forming the heterocyclic residue are
independently one or two optionally substituted carbon
or hetero atoms; c is an optionally substituted carbon
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or hetero atom; and, in the group of the formula

o
L -

substituents on adjacent two atoms forming the ring are
optionally bonded to each other to form a 5-6 membered

ring together with the two atoms forming the ring] ox a
salt thereof, more preferably,

(2) a compound of the formula

a—>b

[wherein R' is an optionally substituted hydrocarbon
residue which is optionally bonded through a hetero-
atom; R? is an optionally substituted 5-7 membered
heterocyclic residue having, as a group capable of
constituting the ring, carbonyl group, thiocarbonyl
group, an optionally oxidized sulfur atom or a group
convertible into them; X is a direct bond or a spacer
having an atomic length of two or less between the ring
Y and the ring W; W and Y are independently an
optionally substituted aromatic hydrocarbon residue
optionally-eontaining a hetero-atom or an 6ptionally
subs;ituted.heterocyclic résidue; n is an integer of 1
or 2} a and b forming the heterocyclic residue are
independently one or two optionally substituted carbon
or hetero atoms; ¢ is an optionally substituted carbon
or hetero atom; and, when a is an optionally
substituted carbon atom, R' and a may optionally be
bonded to each other to form a group of the formula
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forming a ring] or a salt thereof, or (3)
a compound represented of the formula

e
[t ~ L
LN CROS

‘{wherein R! is an optionally substituted hydrocarbon

)

residue which is optionally bonded through a hetero-
atom; R? is an optionally substituted 5-7 membered
heterocyclic residue having, as a group capable of
constituting the ring, caibonyl group,.thiocarbonyl
group, an optionally oxidized sulfur atom or a group
convertible into them; X is a direct bond or a spacer
having an atomic length of two or less between the ring
Y and the ring W; W and Y are independently an
optionally substituted aromatic hydrocarbon residue
optionally containing a hetero-atom or an optionally
substituted heterocydlic residue; a and e forming the
heterocyclic residue are independently one or two
optionally ‘substituted carbon or hetero atoms; d and f
forming'tﬁé héterocyclic residue are independently one
optionally substituted carbon or hetero atom; b and ¢
are independently one optionally substituted carbon or
nitrogen atom; n denotes an integer of 1 or 2; and,
when a is an optionally substituted carbon atom, R! and
a may optionally be bonded to each other to form a
group of the formula |
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forming a ring] or a salt thereof.
DETAILED DESCRIPTION OF THE INVENTION

Referring to the general formula (I), examples of
the hydrocarbon residue represented by R! include
alkyl, alkenyl, alkynyl, cycloalkyl, aryl and aralkyl
groups. Among them, alkyl, alkenyl and cycloalkyl
groups are preferable. The hydrocarbon residue may be
bonded to the ring through a hetero atom or further
substituted with, for example, an optionally
substituted hydrocarbon residue which may be bonded
through a hetero-atom.

The alkyl group represented by R' is a straight or
branched lower alkyl group having 1 to about 8 carbon
atoms, as exemplified by methyl, ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, t-butyl, pentyl,
i-pentyl, hexyl, heptyl or octyl.

The alkenyl group represented by R' is straight or
branched lower alkenyl group having 2 to about 8 carbon
atoms, as exemplified by vinyl, propenyl, 2-butenyl, 3-
butenyl, isobutenyl or 2-octenyl.

The alkynyl group represented by R' is a stralght
or branched, lower alkynyl group having 2 to about 8
carbon atoms, as exemplified by ethynyl, 2—prop1nyl 2-
butynyl,. 2-pentynyl or 2-octynyl.

" The cycloalkyl group represented by R' is a lower
cycloalkyl group havihg 3 to about 6 carbon atoms, as
exemplified by cyclopropyl, cyclobutyl, cyclopentyl or
cyclohexyl. :

The above-mentioned alkyl, alkényl, alkynyl or
cycloalkyl group may optionally be substituted with,
for example, hydroxyl group, an optionally substituted
amino group [e.g. amino, N-lower (1-4C) alkylamino, or
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N,N-di-lower (1l-4C)alkylamino], halogen, a lower (1-4C)
alkoxy group or a lower (1-4C) alkylthio group.

The aralkyl group represented by R is, for
example, a phenyl-lower (1-4C) alkyl such as benzyl or
phenethyl, and the aryl group represented by r! is, for
example, phenyl. '

The above-mentloned aralkyl or aryl group may
optionally have, on an optional position of its benzene
ring, for example, halogen (e.g. F, Cl or Br), nitro,
an optionally substituted amino group [e.g. amino, N-
lower(1l-4C) alkyl amino, or N,N-di-lower(1-4C)
alkylamino], lower(1-4C) alkoxy (e.g.methoiy, or
ethoxy), lower(1-4C) alkylthio (e.g. methylthio or
ethylthio) or lower(1-4C) alkyl (e.g. methyl or ethyl).

Among the above-exemplified groups represented by
R!, optionally substituted alkyl or alkenyl groups
(e.g. a lower(1-5C) alkyl oxr lower(2-5C) alkenyl group
optionally substituted with hydroxyl group, amino
group, halogen or a 1ower(1-4C) alkoxy group) are
preferable. ,

The above—mentloned R may optionally be bonded
through a hetero-atom [e.g. nitrogen [N(R ) (R stands
for hydrogen or a lower(1-4C) alkyl], oxygen or sulfur
[-S(O)m- (m denotes an integer of 0 to 2)], etc.], and,
among them, optionally substituted alkyl or alkenyl
groups bonded through a hetero-atom (e.g. methylamino,
ethylamino,.propylamino, propenylamino, isopropylamino,
ellylaminp,.butylamino, isobutylamino, dimethylamino,
meth&lethylamino, methoxy, ethoxy, propoxy, isopropoxy,
propenyloxy, allyloxy, butoxy, isobutoxy, sec-butoxy,
t-butoxy, 2-butenyloxy, 3-butenyloxy, isobutenyloxy,
pentoxy, isopentoxy, hexyloxy, methylthio, ethylthie,
propylthie, isopropylthio, allylthio, butylthio,
isobutylthio, sec-butylthio, t-butylthio, 2-
butenylthio, 3-butenylthio, isobutenylthio, pentylthio,
isopentylthio, hexylthio, etc.) are preferable.
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Examples of optionally substituted aromatic
‘hydrocarbon or heterocyclic residues optionally
containing a hetero-atom, which are represented by Y
and W, include aromatic hydrocarbon residues such as
phenyl, and 4- to 7-membered monocyclic or condensed
heterocyclic residues containing one or more of N, S
and O, for example, pyridyl, pyrimidinyl, pyridazinyl,
pyrazinyl, thienyl, furyl, pyrrolyl, imidazolyl,
pyrazolyl, isothiazolyl, isooxazolyl, benzofuranyl,
isobenzofuranyl, indolizinyl, isoindolyl, 3H-indolyl,
indolyl, lH-indazolyl, purinyl, 4H-quinolizinyl,
isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl,
quinoxalinyl, quinazolinyl, cinnolinyl and pteridinyl
(preferably phenyl).

The above-mentioned aromatic hydrocarbon or
heterocyclic residues optionally containing a hetero-
atom, which are represented by Y, have a substituent
represented by R? as exemplified by an optionally
substituted 5- to 7-membered (preferably 5- to 6-

. membered) monocyclic heterocyclic residue containing

one or more of N, S and O (preferably N-containing
heterocyclic residue having hydrogen atom capable of
being protonated) or a group convertible thereinto.
The group represented by R? are shown belows:
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And, besidés.the case -of carbon-carbon linkage as in
the above, a group represented by Rznmy'optionally be
bonded with an optionally substituted aromatic
‘hydrocarbon or heterocyclic residue optionally
containing a'heterq—étom, which is represented by Y, in
the case of g=-NH- in the above formula, through one of
the plural number of existing nitrogen atoms.
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For example,

aana

when R? = }LHFLN , specifically
Yr

N/\kl i -NN)=Z r(N)=z or mq\}kz
. ’ H ? ' » ° I

10

represents that group.

Other examples of R’ bonded through nitrogen atom

” a N;}JZ,:’ . ':IMJ’P ?ﬁﬁnf R s

20 i{ﬂkL .

;"J (0)u
In the above formulae, g=-CH,-, -NR%-, 0 atom or -é—;

25 >=7, >=%Z’' and >=2Z" respectively stand for carbonyl
group, thiocarbonyl group or an optionally oxidized
sulfur atom ‘(e.g. S, S(0), and S(0),) (preferably
carbonyl or thlocarbonyl group, more preferably
carbonyl group), m denotes an integer of 0, 1 or 2, and

30 R’ stands for hydrogen atom or an optionally
substituted lower alkyl group].

Preferable groups represented by R? are, like
oxadiazole or thiadiazole ring, those having -NH or -OH
group as proton-donor and carbonyl group, thiocarbonyl

35 ~group or sulfinyl group as proton aécepfor
simultaneously. And, while the heterocyclic residue
represented by Rznmy'optionally form a condensed ring
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by the linkage of substituents on the ring, preferable
ones are 5- to 6-membered heterocyclic residues, more
preferably 5-membered ones. Among others, aS-Rz, as a
group of the formula:

%N”?

a3

[wherein i is -0- or -S-, j is >=0, >=S or >S(O)m, and
m is of the.same meaning as defined above] is
preferable. In case where Y is, for example, phenyl,
Rznmy'be substituted on any of ortho-, meta- or para-
position, preferably ortho-position.

And, while the above-mentioned heterocyclic
residue (Rz) can exist in tautomeric forms as shown

below, for example, three tautomers, a’, b’ and c’,

Lo
in N}T(NZ When 2 = 0, g =0

HH- - NH
B e o =18
OH 0 0
a’ b’ c’

the hetexocyclic residue represented by the formula
=X
HNYx
A
includes all of the above-mentioned a’, b’ and c’.

And, the above-mentioned heterocyclic residue (R?) may
optionally be substituted with the group represented by
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R'°, as shown below.

P e
=" =\ Y
N\é?’ , R'VN\_&(D 0
a’ . b’ | c.

Examples of the group represented by R' mentioned
above include groups represented by the formula -
CH(Rf)-OCORS [wherein R* stands for hydrogen, a 1-6C
straight-chain or branched lower alkyl group (e.g.
methyl, ethyl;, n-propyl, isopropyl, n-butyl, isobutyl,
t-butyl, n-pentyl, isopentyl, or neopentyl), a 2-6C
straight-chain or branched lower alkenyl group or a 3-

' 8C cycloalkyl group (e.g. cyclopentyl, cyclohexyl or

cycloheptyl);_R5 stands for a 1-6C straight-chain or
branched lower alkyl group (e.g. methyl, ethyl, n-
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, t-
butyl, n-pentyl, isopentyl.or neopentyl), a 2-6C
straight-chain or branched lower alkenyl group, a 3-8C
cycloalkyl group (e.g. cyclopentyl, cyclohéxyl or
cycloheptyl), a 1-3C lower alkyl group substituted with
a 3-8C cycloalkyl group (e.g. cyclopentyl, cyclohexyl
or cycloheptyl) or an optionally substituted aryl group
such as phenyl (e.g. benzyl, p-chlorobenzyl, phenethyl,
cycXpentylmethyl or cyclohexylmethyl), a 2-3C lower
alkenyl group substituted with a 3-8C cycloalkyl or an
optlonally substituted aryl group such as phenyl (e.g.
a group having alkenyl moiety such as vinyl (e.qg.
cinnamyl), propenyl, allyl or isopropenyl), an
optionally substituted aryl group such as phenyl (e.g.
phenyl, p-tolyl or naphthyl), a 1-6C straight-chain or
branched lower alkoxy groﬁp (e.g. methoxy, ethoxy, n-
propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy,
t-butoxy, n-pentyloxy, isopentyloxy or neopentyloxy), a
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2-8C straight-chain or branched lower alkenyloxy group
(e.g. allyloxy, or isobutenyloxy), a 3-8C cycloalkyloxy
group (e.g. cyclopentyloxy, cyclohexyloxy or '
cycloheptyloxy), a 1-3C lower alkoxy group substituted
with a 3-8C cyéloalkyl (e.g. cyclopentyl, cyclohexyl,
or cycloheptyl) or with an optionally substituted aryl
such as phenyl (e.g. a group having alkoxy moiety such
as methoxy, ethoxy, n-propoxy or isopropoxy, €.g.
‘benzyloxy, phenethyloxy, cyclopentylmethyléxy, or
cyclohexylmethyloxy), a 2-3C lower alkenyloxy group
substituted with a 3-8C cycloalkyl (e.g. cyclopentyl,
cyclohexyl, or cycloheptyi) or with an optionally
substituted aryl such as phenyl (e.g. a group having
alkenyloxy hoiety such as vinyldxy (e.g. cinnamyloxy),
propenyloxy, allyloxy or isopropenyloxy), an aryloxy
group including optionally substituted phenoxy (e.g.
phenoxy, p-nitrophenoxy or naphthoxy)], and an
optionally substituted alkyl (e.g. lower (1-4C) alkyl)
or acyl (e.g. lower (2-5C) alkanoyl or optionally
substituted benzoyl). Exampies of RY include methyl,
_ ethyl, propyl, t-butyl, methoxymethyl, triphenylmethyl,
cyandethyl, acetyl, propionyl, pivaloyloxymethyl, 1-
(cyclohexylocharbonyloxy)ethyl, 5-methyl-2-oxo-1,3-
dioxolen-4-ylmethyl, acetoxymethyl, propionyloxymethyl
n-butyryloxymethyl, isobutyryloxymethyl, 1-
'(ethoxycarbonyloxy)ethyl l-acetyloxy)ethyl, 1-
(lsobutyryloxy)ethyl, cyclohexylcarbonyloxymethyl,
benzoyloxywethyl, cinnamyl, and
cyclopentyicarbonyloxymethyl. Such'groups may include
substituents which are capable of easily converting
into the initial heterocyclic residue represented by
the formula |
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either chemically or biologically i.e.under

physiological conditions (for example, in vivo reaction
such as oxidation, reduction or hydrolysis catalyzed by
in vivo enzymes (what is called prodrug).

As the above-mentioned tautomers of heterocyclic
residues (a’, b’ and c’) and the heterocyclic residue
(a", b" and c") substituted with Rm.are included in
the heterocyclic residues represented by the
substituent R® in the present invention, so the
tautomers and their substituted compounds of wvarious
heterocyclic residues described in the foregoing aie,_
as a matter of course, included in the substituent R?

in the present invention. And, the substituent RF:may

have further substituents other than those represented
by R described above, as exemplified by an optionally
substituted alkyl group (e.g. methyl and
triphenylmethyl),'halogen (e.g. F, Cl and Br), nitro,
cyano, lower (1-4C) alkoxy, and an optionally
substituted amino group (e.g. amino, methylamino, and
dimethylamino), among others.

B S G

The aromatic hydrocarbon residue and the
heterocyclié'residue optionally containing one or more
of N, O, and S atom may optionally have substituents as
exemplified by halogen (e.g. F, Cl and Br), nitro,
cyano, lower (1-4C) alkoxy, an optionally substituted
amino group (e.g. amino, methylamiﬁoland
dimethylamino).

X show that the adjacent ring W (e.g. phenylene
group) is bonded to the ring Y (e.g. phenyl group)
directly or through a spacer with an atomic chain of 2
or less (preferably direqt bond). As the spacer, any
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one can be exemplified, so long as it is a divalent
chain in which the number of atoms constituting the
straight chain is 1 or 2; and "it may have a side chain,
more specifically, lower (1-4C) alkylene, -CO-, -0-, -
S-, -NH-, -CO-NH-, -0-CH,-, -S-CH,-, and -CH=CH-.

n denotes an integer of 1 or 2 (preferably 1).

Among the compounds shown by Rz, W, X, Y and

n described above, those shown by the following
formulae, for example, are preferable:

. _ X R?
among —(Cﬂz)n )
compounds shown by formula, e.g.

are preferable.
Typical examples of heterocyclic compounds
represented by the formula

——
-
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are specifically shown as follows. Incidentally, in
the following formulae, R' is of the same meaning as

defined above, and R stands for thé formula:

- @@y x’

Examples of compounds shown by the formula (II),
as compounds shown by formula,

R /LE/C\{ | | (I1°)

include the following, but not limited thereto:
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wherein h is >CH,, >=0, >=§, >S-(0),, -NR’- and -O-
, and m and R’ is defined as ~above; etc., or as

compounds shown by formula

a—b

v R‘&(ﬂl T (11

[
R
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{wherein A stands for an optionally substituted

aromatic hydrocarbon residue, optionally containing a
hetero-atam, or heterocyclic residue (preferably aromatic

 hydrocarbon residue such as phenyl), h and h’ each

shows _
>CH,, >=0, >=§, >S-(0),, -NR’- and -O-

and, m and R’ are of the same meaning as defined above]

are exemplified. These examples may further include

the following:
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formula a-3 ‘may stands for heterocyclic ring, and
RV3

tricyclic heterocyclic compounds as shown below

] |
x |
R . R :
10 E“_;I:]:j gu.{'m
. g ¢ é

R

[wherein R and h are of the same meaning as defined
above, and R'™ stands for an optionally substituted

15 hydrocarbon residue] or bicyclic heterocyclic compounds.
_ | b R_ b b
R'._(IN\F : RH—W Rl-.-(nﬂ} Rla_(\ \
™~ h h
| | | l
R R - ' R . R
20 ' '

[wherein R, b and c are of the same meaning as defined
above, R™ stands for an optionally substituted
.~ hydrocarbon residue and h" stands for -O- or -S-].
The heterocyclic compound represented by the
25 above-mentioned formula II® may optionally be
substituted with, besides the groups represented by R,
R},and-Rhytafgroup represented by R’ capable of forming
an anion or-a group convertible thereinto. The
subsfitufion position of R’ is on the ring adjacent to
30 the ring to which R is bonded, preferably the position
adjacent to R (position of f atom).

Examples of the group R’ capable of forming anion
or a group convertible thereinto include optionally
esterified or amidated carboxyl. tetrazolyl,

35 trifluoromethanesulfonic acid amide (-NHSO,CF;),

phosphoric acid and sulfonic acid. These groups may
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optionally be protected by an optionally substituted
lower alkyl group or acyl group, and may be any one if
only they are capable of forming anion under biological
or physiological conditions (for example, in vivo
reaction such as oxidation, reduction or.hydrolysis by
in vivo enzymes) or chemically.

Examples of optlonally esterified or amldated
carboxyl represented by R’ include groups represented
by the formula -CO-D [wherein D stands for hydroxyl
group, optionally substituted amino (e.g. amino, N-
lower (1-4C) élkylamino, and N,N-di-lower (1-4C)
alkylamino) or optionally substituted alkoxy {e.g. a
lower (1-6C) alkoxy group, whose alkyl moiety is
optionally'substituted with hydroxyl group, optionally
substituted amino (e.g. amino, dimethylamino,
diethylamino, piperidino and morpholino), halogen,
lower (1-6C)alkoxy, lower (1-6C) alkylthié or
optionally substituted dioxolenyl (e.g. 5-methyl-2-oxo-
1,3-dioxolen-4-yl), or groups represented'by the
formula —O-CH(R‘)—OCORS [wherein R' stands for hydrogen,
a 1-6C straight-chain or branched lower alkyl group
(e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl,
isobutyl, t-butyl, n-pentyl, isopentyl and neopentyl),
a 2-6C -straight-chain or branched lower alkenyl group
or a 3-8C cycloalkyl group (e.g. cyclopentyl,
cyclohexyl and cycloheptyl), and_Rs stands for a 1-6C
straightéchain-or branched lower alkyl group (e.g.
metpyl,-ethyl, n-propyl, isopropyl, n-butyl, sec-butyl,
t-butyl; n-pentyl, iéopentyl and neopentyl), a 2-6C
straight-chain or branched lower alkenyl group, a 3-8C
cycloallyl group (e.g. cyclopentyl, cyclohexyl and
cycloheptyl), a 1-3C lower alkyl group substituted with
3-8C cycloalkyl (e.g. cyclopentyl, cyclohexyl and

'cycloheptyl) or an optionally substituted aryl group
such as phenyl (e.qg. bénzyl, p-chlorobenzyl, phenethyl,
cyclopentylmethyl and cyclohexylmethyl), a 2-3C lower |
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alkenyl group optionally substituted with 3-8C

¢ycloalkyl or an optionally'substituted aryl group such

as phenyl (e.g. cinnamyl, etc. having alkenyl moiety
such as vinyl, propenyl, allyl and isopropenyl), an

5 aryl group such as optionally substituted phenyl (e.g.

" phenyl, p-tolyl and naphthyl), a 1-6C straight-chain or
branched lower alkoxy group (e.g. methox¥, ‘ethoxy, n-
propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy,
n-pentyloxy, isopentyloxy and neopentyloxy), a 2-8C

10 straight-chain or branched lower alkenyloxy group (e.g.

- allyloxy and isobutenyloxy), a 3-8C cycloallyloxy group
(e.g. cyclopentyloxy, cyclohexyloxy, and
cycloheptyloxy), a 1-3C lower alkoxy group
substituted with 3-8C cycloalkyl (e.g. cyclopentyl,

15 cyclohexyl and cycloheptyl) or an aryl group such as

optionaily substituted phenyl (e.g. benzyloxy,

phenethyloxy, cyclopentylmethyloxy and
cyclohexylmethyloxy having alkoxy moiety such as
methoxy, ethoxy, n-propoxy and isopropoxy), a 2-3C

20 lower alkenyloxy group substituted with 3-8C cycloalkyl
(e.g. cyclopentyl, cyclohexyl and cycloheptyl) or an

aryl group such as optionally substituted phenyl (e.g.

cinnamyloxy having alkenyloxy moiety such as vinyloxy,

propenyloxy, allyloxy and isopropenyloxy) and an
aryloxy group such as optionally substituted phenoxy

(e.g. phenoxy, p-nitrophenoxy and naphthoxy)]}]. And,

éxampleé of the substituent represented by R’ may also

include a--group capable of forming anion or a group
convértiﬁle thereinto (e.g. tetrazolyl,
trifluoromethanesulfonic acid amide, phosphoric acid or
sulfonic acid optionally protected with alkyl (e.g. a -
lower (1-4C) alkyl) or acyl (e.g. lower (2-5C) alkanoyl
and optionally substituted benzoyl).

Examples of the substituent R’ include -COOH and a
salt thereof, -COOMe, -COOEt, -COOtBu, -COOPr,.

pivaloyloxymethoxycarbonyl, 1-
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(cyclohexyloxycarbonyloxy)ethoxycarbonyl, 5-methyl-2-
oxo-1,3-dioxolen-4-ylmethoxycarbonyl,
acetoxymethyloxycarbonyl, propionyloxymethoxycarbonyl,
n-butyryloxymethoxycarbonyl,

. isobutyryloxymethoxycarbonyl, 1-
(ethoxycarbonyloxy)ethoxycarbonyl, 1-
(acetyloxy)ethoxycarbonyl, 1- §
(isobutyryloxy)ethoxycarbonyl,
cyclohexylcarbonyloxymethoxycarbonyl,
benzoyloxymethoxycarbonyl, cinnamyloxycarbonyl and
cyclopentylcarbonyloxymethoxycarbonyl. As such groups'
as above, any one capable of forming anion (e.g. COO
and its derivatives) or a group convertible thereinto
undex biblogical or physiological conditions (e.g. in
gigg'reaction such as oxidation, reduction or '
hydrolysis catalyzed by in vivo enzymes) or chemically
is mentioned. R may be carboxyl or a prodrug thereof.
R may also be groups convertible into anion in wvivo,
for example, biologically or chemically.

And, a compound, in which R is a group capable of
forming anion or a group convertible thereinto (e.g.
optionally protected carboxyl group, tetrazolyl group,
carBoaldehyde group, and hydroxymethyl group; and cyano
group) chemically (e.g. oxidation, reduction or
hydrolysis), is useful as synthetic intermediate.

Among the groups described as R’, preferable -ones
include carboxyl, esterified carboxyl (e.g. methyl
ester, ethyl ester or an ester formed by bonding of a
group represented by the above-mentioned. formula -O-
CH(R’)—OCOR"to carbonyl) and optionally protected
tetrazolyl, carbaldehyde and hydroxymethyl.

The heterocyclic compound represented-by the
formula II may optionally have, besides the groups
represented by R, R', R and R’, further substituents
as exemplified by halogen (e.g. F, Cl and Br), nitro,
cyano, an optionally substituted amino group [e.g-.
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amino, N-lower (1-4C) alkylamino (e.g. methylamino),

N, N-di-lower (1-4C) alkylamino (e.g. dimethylamino), N-
arylamino (e.g. phenylamino), alicyclic amlno (e.q.
mprphOlan, piperidino, piperazino and N-
PhenylplperaZan)], groups represented by the formula -
U-R® [wherein U stands for a bond, -0-, -§- or -CO-,

and R® stands for hydrogen, an optionally substituted
jower alkyl group (e.g. lower (1-4C) alkyl optionally
substituted with hydroxyl group, an optionally

substituted amino group (e.g. amino), halogen, nitro,

cyano or a lower (1-4C) alkoxy group], groups
represented by the formula -(CH,;),-CO-D” [wherein D’
stands for hydrogen, hydroxyl group, optionally
substituted amino (e.g. amino, N-lower (1-4C)
alkylamino and N-N-di-lower (1-4C) alkylamino), ox
optionally substituted alkoxy (e.g. a lower (1-6C)
alkoxy group whose alkyl moiety is optionally
substituted with hydroxyl group, optionally substituted
amino (e.g. amino, dimethylamino, diethylamino,
piperidino and morpholino), halogen, lower (1-6C)
alkoxy, lower (1-6C) alkylthio, or optionally
substituted dioxolenyl (e.g. 5-methyl-2-oxo-1,3-
dioxolen-4-yl) or groups represented by the formula -
OCH(R-')'OCORa [wherein R’ stands for hydrogen, 1-6C
straight-Chain or branched lower alkyl group (e.g.
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl,
t-butyl, n-pentyl, isopentyl and neopentyl) or a 5-7C

'cycloalkyl group (cyclopentyl cyclohexyl and

cycloheptyl), and R® stands for a 1-6C straight-chain
or branched lower alkyl group (e.g. methyl, ethyl, n-

- propyl, isopropyl, n-butyl isobutyl, sec-butyl, t-

butyl, n-pentyl, isopentyl and neopentyl), a 2-8C lower
alkenyl group (vinyl, propenyl allyl and lsopropenyl),
a 5-7C cycloalkyl group (e.g. cyclopentyl cyclohexyl
and cycloheptyl), a 1-3C lower alkyl group substituted
with a 5-7C cycloalkyl group (e.g. cyclopentyl,
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cyclohexyl and cycloheptyl) or an aiyl group such as
phenyl (e.g. benzyl, p-chlorobenzyl, phenethyl,
cyclopentylmethyl and cyclohexylmethyl), a 2-3C lower
alkenyl group substituted with 5-7C cycloalkyl (e.g.
cyclopentyl, cyclohexyl and cycloheptyl) or an aryl
group such as phenyl (e.g. cinnamyl having alkenyl
moiety such as vinyl, propenyl, allyl or isopropenyl),
an optionally substituted aryl group such as phenyl
(e.g. phenyl, p-tolyl and naphthyl), a 1-6C straight-
chain or branched lower aikoXy group (e.g. methoxy,
ethdxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy,
sec~-butoxy, t—butoxy, n-pentyloxy, isopentyloxy and
neopentyloxy), a 2-8C straight-chain or branched lower
alkenyloxy group (e.g. allyloxy and isobutenyloxy), a
5-7C cycloalkyloxy group (e.g. cyclopentyloxy,
cyclohexyloxy and cycloheptyloxy), a 1-3C lower alkoxy
group substituted with 5-7C cycloalkyl (e.g.
cyclopentyl, cyclohexyl and cycloheptyl) or an aryl
group such as optionally substituted phenyl (e.g.
benzyloxy, phenethyloxy, cyclopentylmethyloxy and
cyclohexylmethyloxy having alkoxy moiety such as
methoxy, ethoxy, n-propoxy and isopropoxy), a 2-3C
alkenyloxy group substituted with 5-7C cycloalkyl (e.g.
cycldpentyl, cyclohexyl and cycloheptyl) or an
optionally substituted aryl group such as phenyl
(e.g.cinnamyloxy having alkenyloxy moiety such as
vinyloxy,.p;bpepyloxy, allyloxy and isopropenyloxy) and
an arylogy'group such as optionally substituted phenoxy
(e.g. phenoxy, p-nitrophenoxy and naphthoxy)], and 1
denotes 0 or 1] or tetrazolyl, trifluoromethanesulfonic
acid amide, phosphoric acid or sulfonic acid, each
optionally protected with alkyl (e.g. lower (1-4C)
alkyl) or adyl (e.g. lower (2-5C) alkanoyl and
optionally substituted benzoyl). .

One or two of these substituents may optionally be
substituted simultaneously on optional positibns of the
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ring. When two or more of these substituents exist,
(preferably the case where two substituents exist on
two ring-forming atoms adjacent to each other in a, b
and c¢ for ring-forming groups), they may be bonded to
each other to form a 5~ to 6-membered optionally
substituted aromatic hydrocarbon residue of a
heterocyclic residue (preferably aromatic ring such as
phenyl) optionally containing hetero atom, taken
together with the two ring-forming atoms. These rings
may further substituted with any of the above-described
substituents. '

among the compounds shown by formula

a—b

N
R ) .+ as condensed heterocyclic ring
. MYV shown by formula

preferable examples are
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;\ [wherein R, Rl,If and h are of the same meaning as

defined above] and as heterocyclic ring represénted by
20 the formula

a—-—l; B
R‘JLN’C )
ﬁJLﬁwI]a

_25 | 0 0 /Ra

Dokl A '
-Rl LR R‘ RVLN)R’ _R! R“ Rl I
SR

'-.. 9. » i
| | R
30 o 3
N
_ R;JLN»O
]
R .
[wherein R, Rl, R’ and R’ are of the same meaning as

35 defined above] ‘are preferable. _
Among the compounds represented by the above-
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mentioned formula (I'), preferable ones are represented

by the formula

[wherein R' stands for optionally substituted lower (1-
5C) alkyl which may be bonded through a hetero-atom
(e.g. O, N(H) and S) (preferably lower (2-4C) alkyl),
R? stands for oxadiazole or thiadiazole optionally
protected with optionally substituted lower (1-4C)
alkyl (e.g. methyl, triphenylmethyl, methoxymethyl,
acetyloxymethyl, methoxycarbonyloxymethyl,
ethoxycarbonyloxymethyl,'cyclohexyloxycarbonyloxyethyl
and pivaloyloxymethyl) or an acyl (e.g. lower (2-5C
alkanoyl and benzoyl), R’ stands for groups represented
by the formula -CO-D" [wherein D" stands for hydroxyl
group, amino, N-lower (1-4C) alkylamino, N,N-di-lower
(1-4C) alkylamino or lower (1-4C) alkoxy whose alkyl
moiety may optionally be substituted with hydroxyl
group, amino, halogen, lower (2-6C) alkanoyloxy (e.g.
acetyloxy and pivaloyloxy), l-lower (1-6C)
alkoxycarbonyl (e.g. methoxycarbonyloxy,
ethoxycarhdnyloxy and cyclohexyloxycérbonyloxy) or
lower (:-4C) alkoxy] or tetrazolyl optionally protected
with léwer (1-4C) alkyl or acyl group (e.g. lower (2-
5C) alkanoyl and benzoyl), and shows
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heterocyclic ring represented by

- a—>b
R;JIY"L““

N VSIL

| Ao u&’ : u._u
RIJLjR RI I RIJ.LHLR;
R ' S
o ﬁl R’mo A @*R’ .
R? | s. R? . R:I '
' | ]
R R R -

Among the compounds represented by the above-
mentioned formula (Ib), preferable ones are represented

by the formula
&—Db-&

R*JJY{"-‘
3

R? ' .
[wherein R' stands for optionally substituted lower (1

5C) alkyl which may be bonded through a hetero-atom
(e.g. O, N(H) and S) (preferably lower (2-4C) alkyl),
R? stands,.oxadiazole or thiadiazole opticnally
protéctea with optionally substituted lower (1-4C)
alkyl (e.g. methyl, triphenylmethyl, methoxymethyl,
acetyloxymethyl, methoxycarbonyloxymethyl,
ethoxycarbonyloxymethyl, cyclohexyloxycarbonyloxyethyl
and pivaloyloxymethyl) or an acyl (e.g. lower (2-5C
alkanoyl and benzoyl), R’ stands for hydrogen, groups
represented by the formula -CO-D" [wherein D" stands
for hydroxyl group, amino, N-lower (1-4C) alkylamino,
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N,N-di-lower (1-4C) alkylamino or lower (1-4C) alkoxy
whese alkyl moiety may optionally be substituted with
hydroxyl group, amino, halogen, lower (2-6C)
alkanoyloxy (e.g. acetyloxy and pivaloyloxy), l-lower
(1-6C) alkoxycarbonyl (e.g. methoxycarbonyioxy,
ethoxycarbonyloxy and cyclohexyloxycarbonyloxy) or
lower (1-4C) alkoxy] or tetrazolyl optionally protected
with lower (1-4C) alkyl or acyl group (e.g. lower (2-
5C) alkanoyl and benzoyl), and the condensed
heterocyclic ring represented by

2 =

'\/WIIb

shows

SO O O T O S
0 1D ) o D

é . R? _é RS i R® é R é R
0 L g0

. é RS ]l?, R3 . é Ra.

‘which may be further substituted with the above-

mentioned substituents in addition to groups of R, R

and Rs]. As a compound of the formula (Ib), compounds

having benzimidazole, thienoimidazole or
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imidazopyridine structure are preferable (more
preferably, benzimidazole or thienoimidazole). And,
compounds represented by the formula (I*) or (Ib)
wherein R? is hydroxyiminocarboxamide (-C(NH,;)=N-OH)
are useful intermediates for synthesizing compounds of
the formula (I') or (I") wherein R’ is oxadiazole or
thiadiazole.

" Production Method _

The compounds represented by the above-mentioned
general formula (I), or (I) ox (I°) can be produced
by, for example, methods as illustrated below.

Reaction (a)

B2
L—(CH,) @ @ a—b _
i'ﬂ_,i aw BT @ e
g : > (CHz)n

1D | 'x,,.

[whe:eiﬁ Rl,lf, W, X, ¥, a, b, ¢ and n are of the same
meaning as defined above, and L stands for halogen
atom]. '

The above-~illustrated reaction (a) is alkylation
using an alkylating agent in the presence of a base.

The alkylation is conducted, emploYing
approximately 1 to 3 moles each of the base and the
alkylatinb'égent relative to one mole of the compound
(III), gSualiy in a solvent such as dimethylformamide,
dimethylacetamide, dimethyl sulfoxide, acetonitrile,
acetone or ethyl methyl ketone.

Examples of the base include sodium hydride,
potassium t-butoxide, potassium carbonate and sodium
carbonate. '

As the alkylating agent, use is made of, for
example, substituted halides (e.g. chlorides, bromides
and iodides) and substituted sulfonic acid esters (e.g.
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toluenésulfonic acid ester).
.. wWhile the reaction conditions vary with the
;ombination of the base and the alkylating agent then
employed, it is preferable to conduct the reaction
asually at 0°C to room temperature for about 1 - 10
hours. : _ '

In the alkylation, a mixture of regioisomers is
obtained depending on the position of the N atom.
. while the production ratio of these compounds varies
" with the reaction conditions then employed and the
substituents on the heterocyclic :ing, these compounds
can be obtained easily as pure products respectively by
conventional isolation and purification means (e.g.
recrystallization and column chromatography).

lsiw' Reaction (b)

' a—b
B Tae — gy —
‘ (CHin CEdn -
” e OO
(1a) (1b)
b
(CHedn i
oo,
(Ie)
30

[wherein Rl, W, X, Y, a, b, c and n are of the same
meaning as defined above]
The above-mentioned reaction (b) is to obtain the
oxadiazole compound (Ic) by converting the cyano
35 compound (Ia) into the amidoxime (Ib) followed by
closing the ring. '
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The reaction for obtaining the compound (Ib) is
conducted by using approximately 2 to 10 moles of
 hydroxylamine relative to 1 mole of the compound (Ia)
usually in an organic solvent.

Examples of the solvent include amides (e.g.
dimethylformamide and dimethylacetamide), sulfoxides
(e.g. dimethyl sulfoxide), alcohols (e.g. methanol and
ethanol), ethers (e.g. dioxane and tetrahydrofuran) and
halogenated hydrocarbons (e.qg. methylene chloride and
chloroform).

When hydroxylamlne is employed the reaction is
conducted in the presence of a suitable base (e.qg.
potassium carbonate, sodium carbonate, sodium
hydroxide, triethylamine, sodium methanolate, sodium
ethanolate and sodium hydride) of about equimolar
amount, in the case of using an inorganic acid salt
(e.g. hydroxylamine hydrochloride or hydrorylamine
sulfate) or an organic acid salt (e.g. hydroxylamine
oxaléte). While the reaction conditions vary with the
reagent or solvent then employed, the reaction is
preferably conducted at about 50°C to about 100°C for
about 2 - 10 hours, after the hydroxylamine
hydrochloride is treated with sodium methoxide in
dimethyl sulfoxide.

The thus-obtained amidoxime (Ib) is allowed to
react with chloroformate (e.g. methyl ester and ethyl
ester) in e oonventional organic solvent (e.g.
chloroform, methylene chloride, dioxane,
tetrahydrofuran, acetonitrile and pyridine) in the
presence of a base (e.g. triethylamine, pyridine,
potassium carbonate and sodium carbonate) to give an o-
acyl compound. |

Preferably, the reaction is usually conducted by
using 2-5 moles of ethyl chloroformate relative to one
mole of the amidoxime (Ib) in the presence of about 2
to 5 moles of triethylamine in tetrahydrofuran at 0°C
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to room temperatures for about 1 to 5 hours.

By heating thus-obtained o-acyl amidoxime in a
conventional organic solvent, the cycllzed compound
(Ic) is easily obtalned.

Examples of the solvent include aromatic
hydrocarbons (e.g. benzéne, toluene and xylene), ethers
(e.g. dioxane and tetrahydrofuran) and halogenated
hydrocarbons (e.g. dichloroethane and chloroform).
Preferably, oxadiazole is prepared by heating the o-
acyl amidoxime compound for about 1 to 3 hours under
reflux ln xylene.

Reaction (c)

e a-—-y > a——b
R““\NA’ R R
; Gmﬂn@ﬁ@ ccn,Jn-@i:f@
(111
CCl,
(10

The reaction (c) is to obtain oxadiazolone (Id) by
hydrolyzing the compound (V) produced by alkylation of
the compound (III) with the alkylating agent obtained
in the reaction (m).

Examples of the organic solvent include ethers
(e.g. dioxane and tetrahydrofuran)'and alcohols (e.g.
methanol and ethanol)

As the alkall, mention is made of sodium
hydroxlde, potassium hydroxide and lithium hydroxide.

- Preferably, the compoﬁnd '8 is reacted at 0°C to
room temperatures for about 0.5 to 2 hours with about
'2-10 moles of 0.5 to 1N sodium hydroxide.

Reaction (d)
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The reaction (d) is to obtain the alcohol compound
(If) by reducing the aldehyde compound (Ie).

The reaction is conducted by using about 2 to 5
moles of a reducing agent relative to one mole of the
compound (Ie) usually in ethers (e.g. tetrahydrofuran
and dioxane) or alcohols (e.g. methanol and ethanol).

As the reducing agent, mention is made of metallic
hydrogen complexes such as sodium borohydride.

Preferably, the reaction is carried out by adding
a reducing agent to a solution of the compound (Ie) in
methanol at 0°C to room temperature and allowing to
proceed for about 0.5 to 2 hours.

Reaction (e)

Rt
o, @

e av .1
¥ l'r:f ' = (Cll,.)n ("

am L ‘—x—@—v

[wherein R', R?, W, X, ¥, a, b, ¢, d, e, £ and n are of

the same meaning as defined above, and L stands for
“halogen atom]

The above reaction (e) is to conduct alkylation by
an alkylating agent in the presence of a base.

The reaction is conducted by using 1 to 3 moles of
the base and 1 to 3 moles of the alkylating agent
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relative to 1 mole of the compound (III) usually in a
solvent such as dimethylformamide, dimethyl acetamide,
dimetyl sulfoxide,'acetonitrile, acetone or ethyl
methyl ketone.

Examples of the base include sodium hydride,
potassium t-butoxide, potassium carbonate and sodium
carbonate. _

_ As the alkylating agent, use is made of
substituted halogenides (e.g. chloride, bromide and
iodide) and substituted sulfonic acid esters (e. g pP-

toluenesulfonic acid ester).

wWhile the reaction conditions vary depending on
combination of the base with the alkylating agent then
employed, it is preferable to conduct the reaction
usually at 0°C to room temperature for about 1 to 10
hours.

By the said alkylation, a mixture of regioisomers
is sometimes obtained depending on the position of the

"N atom to be alkylated. While the production ratio of
the compounds varies with the reaction conditions then
employed. and the substituents on the heterocyclic ring,
the compouhd (Ib) can be easily obtained as pure
product by subjecting the mixture to conventional
isolation and purification means (e.g.
recrystallization and column chromatography).
Reaction (f)
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(an)n (élh)n
N—OH
@'C“ X
X _ @ z
(1%a) (I°b)

(CE2)n.
CraCx4ls
(I*%c)

[wherein Rl, W, X, Y, a, b, ¢, d, e, £ and n are of the
same meaning as defined above]

The reaction (f) is to obtain the oxadiazole
compouﬁd (Ibc) by converting the cyano compound (Iba)
to the amidoxime (Ibb), followed by cyclization.

The reaction for obtaining the compouﬁd (Ibb) is
conducted by'using hydroxylamine in an amount of about
2 to 10 moles relative to 1 mole of the compound (Iba)
in a conventional organic solvent.

.Examples. of the solvent include amides (e.qg.
dimethylformamide and dimethylacetamide), sulfoxides
(e.g. dimethyl sulfoxide), alcohols (e.g. methanol and
ethanol),'ethers (e.g. dioxane and tetrahydrofuran) and
halogenated hydrocarbons (e.g. methylene chloride and
chloroform).

. When hydroxylamine is employed, the reaction is
conducted in the presence of a suitable base (e.g.
potassium carbonate, sodium carbonate, sodium
hydroxide, triethylamine, sodium methanolate, sodium
ethanolate and sodium hydride) of about equimolar
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amount, in the case of using an inorganic acid salt
(e-g- hydroxylamine hydrochloride or hydroxylamine
sulfate) or an organic acid salt (e.g. hydroxylamine
oxalate). While the reaction conditions vary with the
reagent or solvent then employed, the reaction is
preferably conducted at about 50°C to about 100°C for
about 2 to 10 hours, after the hydroxylamine
hydrochloride is treated with sodium methoxide in
dimethyl sulfoxide.

The thus-obtained amidoxime (]?b) is allowed to
react with chloroformic acid ester (e.g. methyl ester
and ethyl ester) in a conventional organic solvent
(e.g. chloroform, methylene chloride, dioxane,
tetrahydrofﬁran, acetonitrile and pyridine) in the
presence of a base (e.g. triethylamine, pyridine,
potassium carbonate and sodium carbonate) to give an o-
acyl compound. _

Preferably, the reaction is usually conducted by
using 2-5 moles of ethyl chloroformate relative to one
mole of the amidoxime compound (Ibb) in the presence of
about 2 to 5 moles of triethylamine in tetrahydrofuran
at 0°C to room temperatures for about 1 to 5 hours.

By heating thus-obtained o-acyl amidoxime compound
in a conventional organic solvent, the cyclized
compound (Ic) is easily obtained.

Examples of the solvent include aromatic
hydrocarbéﬂé (e'g. benzene, toluene and xylene), ethers
(e.qg. didk&né and tetrahydrofuran) and halogenated
hydrocarbons (e.g. dichloroethane and chlorxoform).
Preferable reaction conditions are heating the o-acyl
amidoxime compound for about 1 to 3 hours under reflux
in xylene.

Reaction (g)
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a—-—h—'e - 5 ’
E oo "““;>'R"iw”5*gﬁ
“Hf" O o "
X {§:B k? Eij}‘X-{lll—k3
(1%d) (1%) o

[wheréin Rl, Rz, Rg, W, X, Y, a, b, ¢, d, e and n are of

the same meaning as defined above]

10 The reaction (g) is to obtain the carboxylic acid
(Iﬂe) by alkali hydrolysis of the esterléompound
(1°d).
‘This reaction is conducted by using alkali in an
15 amount of about 1 to 3 moles relative to one mole of
the compound (Iﬂi) usually in a solvent such as aqueous
: alcohols (e.g. methanol, ethanol and methyl
E I cellosolve).
Examples of the alkali 1nclude lithium hydroxlde,
20 sodium hydroxide and potassium hydrox;de

The reaction is conducted at room temperature to
about 100°C for about 1 to 10 hours, preferably at
about the boiling point of the solvent for about 3 to 5
hours.

25 Reaction (h)

. &——b”\ a—-
B! cinsf —_— !
AR CO0H COOR“

: (CH)p  (CE)n
@O OO
(1%e) | (1)

- [wherein R', R}, W, X, Y, a, b, ¢, d, e and n are of
the same meaning as defined above, and R" stands for

35 optlonally substltuted alkyl group shown by the afore-
mentioned R' ]
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The above reaction (h) is alkylation by an
alkylating agent in the presence of a base.

The alkylation is conducted by using 1 to 3 moles
of the base and about 1 to 3 moles of the alkylating
agent relative to 1 mole of the compound (Ibe) usually
in a solvent such as dimethylformamide, |
dimethylacetamide, dimethyl sulfoxide, acetonitrile,
acetone and ethyl methyl ketone. :

Examples of the base include sodium hydride,
potasSium t-butoxide, potassium carbonate and sodium
carbonate. '

'Examples of the alkylating agent include
substituted halides (e.g. chloride, bromide and iodide)
and substituted sulfonic acid esters (e.g. p-
toluenesulfonic acid ester){

While the reaction conditions vary with
combinations of the base and the alkylating agent then
"employed, it is preferable to conduct the reaction at
0°C to room temperatures for about 1 to 10 hours.

And, when chloride or bromide is émployed és the
alkylating agent, it is preferable to add potassium
iodide or sodium iodide to the reaction system to
accelerate the reaction.

Reaction (i)

E——? a—% )ﬂ
vy ey

Cadn. Chs)n o
OO OO

(I%b) - (1bg)

[wherein R', W, X, ¥, a, b, ¢, d, e, £ and n are of the
same meaning as defihed above] -

The reaction (i) is to obtain the oxathiadiazole
'Cﬁg) by cyclization of the aldoxime compound (Iﬁn

-
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obtained by the reaction (f).

The compound (IPg) is obtained by cyclizing
aldoxime (Ibb) with thionyl chloride in a conventional
organic solvent (e.g. dichloromethane, chloroform;
"dioxane and tetrahydrofuran) in the presence of a base
(e.g; pyridine and'triethylamine).

It is preferable to conduct the reaction, adding
about 2 to 10 moles of thionyl chloride to the xeaction
system, under cooling at 0°C to -30°C, in the presence
of about 1 to 3 moles of pyridine to one mole of the
aldoxime compound (be), using dichloromethane as the
solvent, for about 0.5 to 1 hour.

Reaction (3)

02N~bg 0zN-b.e Hz\\h,e Mo,
) —— > 1 \
RI 2—§lé\f/d Rl z-h/c\f,d R Slcsf
o L@ o
oD |
moc)\) ' HzNOC K2 NOC
(VII) (VIID) - (ax
be Nbe _/Nsb»e
Ri<¢ y 1 N N R?
—_— ﬂdié‘fd —> R *%Plffd — ’C‘f
®) @)
@) - JO) O
EtO-Q\‘Vj E0-g( K™~
T NE N OB
.o Xy R?200C" ' 0
(XD) (I%)

The above reaction (j) is to obtain the diamino
derivative (VIII), which comprises subjecting the nitro
derivative (VII) prepared in accordance with the
procedure described in EP-434038 and EP-459136 to
deprotection by a conventional process, then allowing a
- reducing agent (e.g. catalytic reduction using Raney
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Reaction (k)

HZN\II)’efd - . HzN\?ﬁ\ ' Hz_N\B,e\
Hi-c~f  Hos > ENengd >

~ | SN '
o R 200C-0-F=< >

-

N~ HON~ g7
(XI1) (XIII) (XIV)

Nbe N-b€

R—c-" ) == < )
Yo s

o l
12 — ()= N
R* “00C-0-N NE, N
(xv) O\T/NH
: 0
(1Pc)

The reaction (k) comprises leading the nitrile
derivative (XII) synthesized in accordance with the
methods disclosed in EP-434038 and EP-459136 to the
aldoxime derivative (XIII) obtained by the similar
precedure described in the afore-mentioned reaction
(b), followed by allowing the aldoxime derivative
(XIII) to react with about 1 to 2 times as much moles
of chloroformic acid ester (e.g. chloromethyl formate
or chloroeth&l formate) in the présence'of about 1 to 2
times as mﬁph moles of a base (e.g. triethylamine or
pyridinei.in a conventional non-protonic organic
solvent (e.g. behzene, toluene, methylene chloride,
chlofoform, dioxane or pyridine) in substantially the
same manner as in the afore-mentioned reaction (j). In
the case of conducting this reaction in _
tetrahydrofuran, the reaction is allowed to proceed at
0°C to about room temperature to thereby obtain the O-
alkoxycarbonyl derivative (XV) in a good yield.
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- Thus-obtained compound (XV) is allowed to react in
a conventional organic solvent (e.g. methanol, ethanol,
ethyl acetate, benzene, acetonitrile, acetone or N,N-
dimethylformamide) in the presence of a base {e.g.
potassium carbohate, sodium carbonate, sodium hydride,
potassium tert-butoxide or 1,8-
diazabicyclo[5.4.0]Jundec~7~ene (DBU)). This reaction
is conducted preferably at room temperature to the
boiling point of the solvent used for about 1 - 20
hours. When the reaction is allowed to proceed in
.ethyl acetate using DBU at about 50 to 80°C for about 1
- 2 hours, the ring-closed derivative (Ibcy can be
obtained in a good yield.
Reaction (1)

R | f ' RIAN’C\ f,d
(UH2dg (éﬂz)n

i . N-0H N\S
) (Ibc)

The reaction (1) is to obtain the thiadiazole
derivative (Ibc)‘by subjecting the_aldogime (Iﬁ:) to
ring-closure reaction.

This reaction is conducted in a conventional
organic solvent using about 1 to 2 moles of 1,1’-~
thlocarbonyl diimidazole relative to 1 mole of the
compound (I ®b )-

As the solvent, use is made of, for example,
ethers (e.g. dioxane or tetrahydrofuran) or halogenated
hydrocarbons (e.g. methylene chloride or chloroform).

The reaction is preferably conducted by dissolving
the compound (Iﬁn in the above-mentioned solvent,
adding to the solution 1,1’-~thiocarbonyl dimidazole
while stirring at 0°C to room temperature, followed by
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stirring with silica gel in a mixture of methanol and
chloroform for about 30 minutes to 2 hours at room

temperature .

The reaction products obtained as above by the
reactions (a) to (1) can be easily isolated by
conventional isolation and purification methods, for
examplé, column chromatography and recrystallization.

Incidentally, these compounds (I). can-be
converted, by conventional methods, to salts with
physiologically acceptable acids or bases. These salts
include, for example, salts with an inorganic acid such
as hydrochloric acid, sulfuric acid'and nitric acid
and, depending on the compounds, salts with an organic
acid such as acetic acid, nitric acid, succinic-acid

"and maleic acid, salts with an alkali metal such as

sodium and potassium, and salts with an alkaline earth
metal such as calcium.
The starting compounds can be synthesized by the

- methods described as follows.

Reaction (m)

qn
c
- ave e OB
c;3{:\\fo\ﬁ Cls
| —
CHa ' : LCHZ
(I¥e) (Iva)

[wherein L has the same meaning as defined above]
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The reaction (m) is to obtain the compound (IVd),
by converting the cyano compound (IVa) to the aldoxime
compound (IVb) under substantially the same reaction
conditions as in the reaction (b), then subjecting the
aldoxime compound (IVb) to cyclization to give the
oxadiazole compound (IVc), followed by subjecting the
oxadiazole compound (IVc) to halogenization.

A preferable example of the reaction is as
follows. :

The aldoxime compound (IVb) obtained from the
compound (IVa) by the similar procedure described in
the reaction (f) is allowed to react with about 1 to 10
moles of trichlorocacetic anhydride or hexachloroacetone
relative to 1 mole of the aldoxime (IVb) in accordance
with the method described in the literature reference
[F. Eloy, et al., Helv. Chim. Acta, 43, 1430(1966)] to
'give the oxadiazole cbmpound (Ivc), then the compound
(IVc) thus obtained is allowed to react with a
halogenating agent (e.g. N-bromosuccinimide and N-
bromoacetamide) (molar ratio = 1 : about 1 to 1.5) in
halogenated hydrocarbon (e.g. carbon tetrachloride) at
50°C to the boiling point of the solvent for about 1 -
3 hours, in the presence of a catalytic amount of an
initiator (e.g. benzoyl peroxide and
azobisisobutyronitrile). This reaction may be carried
out under irradiation of light.

Reaction.(ﬁ)_
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CH3
(IVe) CooE
-
avp M=
CHs
f
(IVh) OMe
. CHj

R”-—hm/'

0
v qu)

[wherein R stands for the optionally substituted

alkyl group shown by the above-mentioned R (e.qg.
triphenyl methyl, methoxy methyl and cyanoethyl) or t-
butyldimethyl silyl group; and L is of the same meaning
as defined above].

The reaction (n) is to obtain the oxadiazole
compgund'(IVh), which comprises leading carboxylic acid
(IVe) to acyl isothiocyanate by a conventional method,
allowing the latter to react with alcohol to give the
carbonyl thiocarbamate (IVf), subjecting the compound
(IVE) to methylation to give carbonate (IVg), then
allowing the compound (IVg) to react with
hydroxylamine, followed by cyclization under heating.

In the reaction for obtaining carbonyl
thiocarbamate (IVf) from carboxylic acid (IVe), the
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compound (IVe) is allowed to react with a halogenating
agent (e.g. thionyl chloride) (molar ratio.= 1 : about
2 to 5) in halogenated hydrocarbon (e.g. chloroform and
methylene chloride) for about 1 - 5 hours at about 50°C
to the boiling point of the solvent then employed. The’
acid chloride thus obtained is allowed to react with
about 2 - 5 moles of thiocyanate (e.g. sodium salt and
potassium salt) in ether (e.g. dioxane and
tetrahydrofuran) at from about 50°C to the boiling
point of the solvent then employed for about 1 - 3
hours to give isocyanate. It is preferable to subject
the isothiocyanate thus obtained to heating together
with about 2 - 10 moles of alcohol (e.g. methanol and
ethanol) at about 50°C to the boiling point of the
solvent then employed_for about 15 minutes to one hour.

In the reaction for obtaining iminomonothio-
carbonate (IVg) from the compound (IVf), it is
preferable to allow the compound (IVf) to react with
methyl iodide (molar ratio = 1 : 1 to 2) in an organic
solvent (e.g. methanol, ethanol, dimethylformamide
(DMF) and acetonitrile), in the présence of about 1 to
2 moles, relative to one mole of (IVf), of a base (e.qg.
NaOMe, Na,CO; and K,CO;) at room temperature to about
50°C for about 10 - 24 hours.

In the reaction for obtaining the oxadiazole
compound (IVh) from the compound (IVg), it is
.preferable to allow (IVg) to react with.hydroxylamine
(molar:-ratio = 1 : about 1 to 2) in alcohol (e.g. |
methanol and ethanol) at room temperature to 50°C for
about 10 - 20 hours, followed by subjecting the
reaction mixture to heating in an organic solvent (e.g.
toluene and benzene) in the presence of about a
catalytic amount of an acid (e.g.p—tolﬁenesulfonic
~acid) at 50°C to the boiling point of the solvent then
employed for about 1 - 3 hours.

In the reaction for obtaining demethylated
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compound (IVi) from the compound (IVh), it is
preferable to subject an excess amount of pyridine
hydrochloride and (IVh) to fuse under nitrogen
atmosphere at about 150°C to 160°C for about 30 minutes
- one hour. ' -

"In the reaction for obtaining the compound (IVj)
from the compound (IVi), it is preferable to allow the
compound (IVij to react with an alkylating agent (e.g.
triphenylmethyl chloride, methoxymeﬁhyl chloride and
cyanoethyl chloride) (molar ratio = 1 : about 1 to 2)
in'an organic solvent (e.g. chloroform, methylene
chloride, dioxane, tetrahydrofuran and pyridine) in the
presence of about 1 to 2 moles of a base (e.qg.
potassium carbonate, sodium carbonate, triethylamine
and pyridine) at 0°C to room temperature for about 1 -~
3 hours. _ . '

'The reaction for obtaining the compound (IVk) by
halogenating the compound (IVj) can be conducted in
substantially the same manner as in the reaction for
obtaining the compound (IVd) from the compéund (IVe) in
the reaction (m). '

Reaction (o)
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IVe) €ooH CONHNE,
(Iv1)

Me . >
(I¥m)  CONENECONH,

{In) 3
@@ — sz
(IVO) {Ivp)

[wherein R"” and L are of the same meaning as defined
above]

The reaction (o) comprises converting carboxylic
acid (IVe) to semicarbazide (IVm) via hydrazide (IV1l)
by a conventional manner, then subjecting (IVm) to
dehydrocyclization to give oxadiazolone (IVn), followed
by leading (IVn) to the halogeno compound (IVp).

In the reaction for obtaining hydrazide (IV1) from
carboxylic acid (IVe), (IVe) is allowed to react with
about 2 to 5 moles of a halogenating agent (e.g. oxalyl
. chloride and thlonyl chloride) in an organic solvent
(e.g. tetrahydrofuran, chloroform and methylene
chlorlde) at room temperature to the boiling point of
the solvent then employed for about 1 - 20 hours. 1In
this case, it is preferable to add a catalytic amount
of dimethylformamide to accelerate the reaction. The
acid chloride obtained is allowed to react with about 2
to 5 moles of hydrazine hydrate in an organic solvent
(e.g. tetrahydrofuran and dioxane) at room temperature
to about 50°C for about 1 - 10 hours to obtain coﬁpound
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(IV1l). In the reaction for producing semicarbazide
(IVm) from the hydrazide (IVl), it is preferable to
allow (IVe) to react with about 2 - 5 moles of
isocyanate (e.g. sodium or potassium salt) in aqueous
solution in the presence of an acid (e.g. hydrochloric
acid or sulfuric acid) in an amount equal to that of

- the isocyanate employed at 0°C to room temperature for
about 1 - 5 hours.

In the reaction for producihg oxadiazolone (IVn)
from the semicarbazide (IVm), it is preferable to heat
(IVm) in an organic solvent (e.g. benzene and xylene)
at the boiling point of the solvent for about'S - 20
hours. '

The reaction for producing the halogenated
compound (IVp) from the oxadiazolone (IVn) is
preferably conducted in a manner similar to that
described in the reaction (n).

Reaction (p)

COOR | CONH, CONE,
IVe : I¥g _IYr

The reaction (p) is to obtain the amide (IVg) in
substantially the 'same'manner as in the reaction (o).

The carboxylic acid (IVe) is allowed to react with
about 2 - 5 mole of a halogenating agent (e.g. oxalyl
chloride or thlonyl chloride) in an organic solvent
(e.qg: tetrahydrofuran, chloroform or methylene
chloride) at room temperature to the boiling point of
the solvent used for about 1 - 20 hours. It is
preferable to accelerate this reaction by the addition
of a catalytic amount of dimethylformamide. The acid
halide obtained is preferably allowed to react with an
excess amount of aqueous ammonium hydroxide in an
organic solvent (e.g. tetrahydrofuran or dioxane) at

— /’:—_—/

___,4
e

n Replaced

“\\ii\\\\\\\\\\\\\\\\\\\\\




= 53 =

0°C to room temperature for about 1 - 10 hours, so that
the amide derivative (IVq) can be obtained in a good
vield.

The reaction to obtain the halide (IVr) from the
amide derivative (IVq) obtained is preferably conducted
in substantially the same manner as shown by the
reaction (m) or (n).

‘v

The compounds (I) and salts thereof are less
toxic, strongly inhibit the vasoconstrictive and
hypertensive actions of angiotensin II, exert a
hypotensive effect in animals, especially mammals (e.g.
human, dog, rabbit and rat), and therefore they are
useful as therapeutic agents for not only hypertension
but also circuiatory diseases such as heért failure
(hypertrophy of the heart, cardiac insufficiency,
cardiac infarction or the like), cerebral apoplexy and
nephropathy. The compounds (I) also have CNS activity for
treating Alzheimer's disease and senile dementia, and
anxiolytic and antidepressant properties.

For such therapeutic use as above, the compound
(I) and salts thereof can be administered orally, non-
orally, by inhalation, rectally or topically as
pharmaceutical compositions or formulations (e.qg.
powders, granules, tablets, pilis, capsules,
injections,fsyrups, emulsions, elixir, suspensions or
solutionéi} Foﬁprising at least one species of the
compounds of this invention alone or in admixture with
pharmaceutically acceptable carriers, adjuvants, '
vehicles and/or diluents.

Pharmaceutical compositions can be formulated in
accordance with conventional procedures. In the
present Specification, "non-orally" includes
subcutaneous injection, intravenous injection,
intramuscular injection, intraperitoneal injection oxr
instillation. Injectable preparations, for example,

sterile injectable aqueous suspensions or oil
This Sheet Has Been Replaced
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suspensions can be prepared by known procedure in the
fields concerned, using a suitable dispersant or
wetting agent and suspending agent. The sterile
injections may be in the state of, for example, a
solution or a suspension, which is prepared with a non-
toxic diluent administrable non-orally, e.g. an agueous
solution, or with a solvent employable for sterile
injection. Examples of usable vehicles or acceptable
solvents include water, Ringer'’s solution and an
isotonic aqueous saline solution. Further, a sterile
non-volatile oil can usually be employed as solvent or
suspending agent. Any non-volatile oil and a fatty
acid can be sued for this purpose, which includes
natural, synthetic or semi-synthetic fatty oil or fatty
acid and natural or synthetic or semi-synthetic mono-
or di- or tri-glycerides.

Rectal suppositories can be prepared by mixing the
drug with a suitable non-irritable vehicle, for
example, cocoa butter and polyethylene glycol, which is
in the solid state at ordinary temperatures, in the
liquid state at temperatures in intestinal tubes and
melts in rectum to release the drug.

As a solid formulation for oral administration,
mention is made of powders, granules, tablets, pills
and capsules as referred to above. In such
formulations as exemplified above, the active component
compound'CEn be mixed with at least one additive, for
example, sucrose, lactose, cellulose sugar, mannitol,
maltitol, dextrin, starch, agar, alginate, Chltln,
chitosan, pectin, tragacanth gum, gum arabic, gelatin,

- collagen, casein, albumin, synthetie or semi-synthetic
poiymer or glyceride. These formulations can contain
- further additives, for example, an inactive diluent, a
lubricant such as magnesium stearate, a preservative
such as paraben or sorbic acid, an anti-oxidant such as
ascorbic acid, a-tocopherol or cysteine, a
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disintegrator, a binder, a thickening agent, a buffer,
a sweetener, a flavoring agent and a perfuming agent.
Tablets and pills can further be applied with enteric
coating. Examples of liquid preparations for oral
administration include pharmace;utically acceptable
emulsions, syrups, elixirs, suspensions and solution,
which may contain an inactive diluent, for example,
water, which is conventionally employed in the field
concerned.

The dose of a specific patient is decided in
accordance with the age, body weight, general health
conditions, sex, diet, dose interval, administration
routes, excretion rate, combinations of drﬁgs and
conditions of the diseases then treated, while taking
them and any other necessary factors into
consideration. ,

The dose varies with the diseases to be treated,
conditions of such diseases, subject patients and
administration routes, and it is preferable that a
daily dose of 1 to 50 mg for oral administration or 1
to 30 mg for intravenous lnjectlon is given once or
d1v1ded into 2 to 3 administrations when used as an
agent for the therapy of essential hypertension of an
adult human. '

-".'.' _,. \\
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(Working Examples]) .

By the following formulation examples, working
examples, experimental examples and reference examples,
the present invention will be illustrated more
concretely, and it is needless to say that they should
not be construed as limiting the invention thereto.
Formulation Examples

When the compound (I) of the present invention is
used as a thetapeutic agent for circulatory -
disturbances such as hypertension, heart diseases,
cerebral apoplexy and nephritis, it can be used in
accordance with, for example, the following '
formulations.

1. Capsules
(1) 2-ethoxy-1-[[2’-(2,5-dihydro-5-oxo-1,2,4~-
oxadiazol-3-yl)biphenyl-4~-yl]methyl Jbenzimidazole-~

7-carboxylic acid 10 mg -
(2) lactose | | 90 mg
(3) microcrystalline cellulose 70 mg
(4) magnesium stearate 10 mg

: one capsule 180 mg
(1), (2), (3) and a half of (4) are mixed and
granulated. To the granules is added the remainder of
(4), and the whole is filled into gelatin éapsules.
2. Tablets
(1) 2-ethoxy-1-[[2’'-(2,5-dihydro-5-0ox0-1,2,4-
oxag;ézol-3—yl)biphenyl-4—yl]methyl]benzimidazole-

_ 7-carboxylic acid 10 mg
(2) 1lactose 35 mg-
(3) corn starch 150 mg
(4) microcrystalline cellulose 30 mg
(5) magnesium stearate 5 mg
one tablet 230 nmg -

(1), (2), (3), two thirds of (4) and a half of (5)
are mixed and granulated. To the granules are added the
remainders of (4) and (5), followed by subjecting the
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mixture to compression molding.

3. Injections |

(1) 2-ethoxy-1-[[2’'~(2,5-dihydro-5-0x0-1,2,4~
oxadiazol-3-yl)biphenyl-4-yl]methyl]benzimidazole~

5 '-7—carboxylic acid disodium salt 10 mg
(2) 4inositol 100 mg
(3) benzyl alcohol 20 mg
' one ampoule 130 mg
(1), (2) and (3) are dissolved in distilled water
10 for injection to make the whole volume 2 ml, which is
filled into an ampoule. The whole process is conducted
under sterile conditions.
4. Capsules i
(1) 2-butyl-4-chloro-5-hydroxymethyl-1-[[2’-(2,5-
15 dihydro-5-0xo0-1,2,4~oxadiazol~3-yl)biphenyl-4-
_ ylimethyl]limidazole 10 mg
(2) lactose 90 mg
“ (3) microcrystalline cellulose 70 mg
(4) magnesium stearate 10 mg
.20 ' one capsule 180 mg

(1), (2), (3) and a half of (4) are mixed and
granulated. To the granules is added the remainder of
(4), and .the whole is filled into gelatin capsules.
5. Tablets
¥~ "25 (1) 2-butyl-4-chloro-5-hydroxymethyl-1-{[2’'-(2,5~
1 dihydro-5-oxo-1,2,4-oxadiazol- 3-y1)b1phenyl -4~

yl]methylllmldazole 10 mg

(2) lactose 35 mg

(3 coxrn starch _ 150 mg

30 (4) microcrystalline cellulose 30 mg
(5) magnesium stearate ' 5 mg

one tablet 230 mg
(1), (2), (3), two thixds of (4) and a half of (5)
are mixed and granulated. To the granules are added
35 the remainders of (4) and (5), followed by subjecting
the mixture to compression molding.
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6. Injections
(1) 2-butyl-4-chloro-5-hydroxymethyl-1-[[2’'-(2,5-
dihydro-5-oxo-1,2,4-oxadiazol-3-yl)biphenyl~-4-

yllmethyl]imidazole sodium salt = 10 mg
(2) 4inositol 100 mg
(3) benzyl alcohol ' 20 mg

one ampoule 130 mg

(1), (2) and (3) are dissolved in distilled water
for injection to make the whole volume 2 ml, which is
filled into an ampoule. The whole process is conducted
under sterile conditionmns. |
7. Capsules o
(1) 2-ethoxy-1-[[2’'-(2,5-dihydro-5-oxo-1,2,4~

thiadiazol-3-yl)biphenyl~4-yl]methyl]-

bénzimidazole-?-carboxylic acid 10 mg
(2) lactose | 90 mg
(3) microcrystalline cellulose 70 mg
(4) magnesium stearate : 10 mg

one capsule 180 mg
(1), (2), (3) and a half of (4) are mixed and
granulated. To the granules is added the remainder of
(4), and the whole is filled into gelatin capsules.
8. Tablets
(1) 2-ethoxy-1-[{({2’-(2,5-dihydro-5-oxo-1,2,4-
thiadiazol-3-yl)biphenyl-4-yljmethyl]-

benzimidazo;e-7-carboxylic acid © 10 mg
(2) lactose : 35 mg
(3) corh”spafbh ' 150 mg
(4) miérécrystalline cellulose ' 30 mg
(5) magnesium stearate | 5 mg

one tablet 230 mg
(), (2), (3), two thirds of (4) and a half of (5)
are mixed and granulated. To the granules are added the
' remainders of (4) and (5), followed by subjecting the
mixture to compression molding.
9. Injections
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(1) 2-ethoxy-1-[[2?-(2,5-dihydro—5-oxo-
1,2,4-thiadiazol-3~yl)biphenyl-4-
ylimethyl]benzimidazole-7 —carboxyllc

acid disodium salt . _ 10 mg
(2) 4inositol ' : B 100 mg
(3) benzyl alcohol : ' 20 mg

one ampoule 130 mg

(1), (2) and (3) are dissolved in distilled water
for injection to make the whole volume 2 ml, which is
filled into an ampoule. The whole process is conducted
under sterile conditions.
Working Example 1
2-Ethoxy-1- rr2'-(2,5-d1hxdro 5-oxo—1,2.4-oxad1azol -3-
yvl)biphenyl-4-~v]limethyllbenzimidazole-7~carboxylic acid
la) Methyl 3-amino-2-[[2’-cyanobiphenyl-4-yl)methyl
amino ]benzoate : _ :

A mixture of methyl 2-[[2’-cyanobiphenyl-4-

yl)methyl]amino]-3—nitrobeﬂzoate (10 g) synthesized in
accordance with the method described in official
gazette of EP-0425921, FeCl;.6H,0 (0.1 g) and activated
charcoal (1 g) in a mixture of methanol (100 ml) and
THF (50 ml) were heated under reflux for 30 minutes.
To the reaction mixture was added dropwise hydrazine
hydrate (7.2 ml), followed by heating for 14 hours
under reflux. Insoluble materials were filtered off,
and the filtrate was concentrated to dryness. To the
residue was ‘added an aqueous solutlon of sodium
hydrogencarbonate, and the mixture was extracted with
ethyl acetate. The extract was washed with water and
dried, then the solvent was evaporated to dryness,
followed by purifying the residue by column
chromatography on silica gel. Crystals thus obtained

~ were recrystallized from isopropyl ether to afford pale
yellow needles (6.0 g, 64%), m.p. 110-111°C.

'H-NMR (200MHz,CDC1;) &§: 3.81(3H,s), 3.97(2H,br s),
4.23(2H,d), 6.39(1H,t), 6.84-6.93(2H,m), 7.26-

This Sheet Has Been Replaced

EHW




10

15

20

25

30

35

- 60 - e :g.'“.

7.55(8H,m), 7.64(1H,dt), 7.77(1H,dd).
1b) Methyl 1-[(2‘-cyanobiphenyl-4-vl)methyl]-2-ethoxy-
penzimidazole-7-carboxylate

To a solution of methyl 3-amino-2-[[(2'-

cyanobiphenyl-4-yl)methyl]amino]lbenzoate (2.03 g) in
ethyl orthocarbonate (5 ml) was added acetic acid (0.37

g), and the mixture was stirred for one hour at 80°C.

The reaction mixture was concentrated, and the residue
was dissolved in ethyl acetate. The solution was
washed with an aqueous solution of sodium
hydrogencarbonate and water. The solvent was evaporated
to dryness to give crystals. Recrystallization of the
crystals from ethyl acetate -~ hexane afforded colorless
crystals (2.01 g, 86%).

m.p.168.5-169.5°C

Elemental Analysis for C,sH,; N;05:

C(%) H(%) - N(%)
Calcd.: 72.98; 5.14; 10.21
Found : 72.71; 5.12; . 9.97

'H-NMR (200MHz,CDC1;) &§: 1.42(3H,t,J=7.1Hz), 3.71(3H,s),
4.63(2H,9,J=7.1Hz), 5.59(2H,s), 7.09(2H,d,J=8.4Hz),
7.20(1H,t,J=7.9Hz), 7.45-7.59(5H,m), 7.69-7.80(2H,m),
7.92(1H,dd,J=1.4,7.8Hz).

IR(KBr)cm™': 2225, 1725, 1550, 1480, 1430, 1350, 1280,
1250, 1040, 760, 750.

lc) Methyl 2-ethoxy-1-[[2'-
ggroxxcarbamlmldoxl)blghenvl) -4-ylimethylj-1H-

benZLmldgzole— —~carboxylate
To a mixture of hydroxylamine hydrochloride (6.95

g) in dimethyl sulfoxide (DMSO) (80 ml) was added a
-solution of 28% NaOMe in methanol (5.2 g) while

stirring at room temperature. The mixture was stirred
for 10 minutes at room temperature, to which was added
the compound (8.22 g) obtained in Working Example (1b),
and then the mixture was stirred for 4 hours at 90°cC.
To the stirred reaction mixture was added water (50 ml).

__’,____;__——
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at room temperature. Resulting crystalline
precipitates were collected by filtration, washed with
water and dried to give white powder (8.0 g, 90%)
J5-NMR(90MHz,CDCl,) &: 1.43(3H,t), 3.73(3H,s),
4.67(2H,q), 5.63(2H,s), 6.97-7.80(11H,m).
IR(Nujol)em™: 3420, 3320, 1720, 1545, 1430, 1280,
1040, 750. -

1d) Methvl 2—ethoxy-l [[2'=(2,5-dihydro-5-0%x0~1,2,4~

. oxadiazol-3-yl)biphenyl-4-ylimethyllbenzimidazole-7-

carboxvylate
To a stirred suspension of the compound obtained

in Working Example lc) and triethylamine (0.2 g) in
tetrahydrofuran (THF) (30 ml) was added dropwise a
methylene chloride (2 ml) solution of ethyl
chlorocarbonate (0.22 g) under ice-cooling. The
mixture was stirred for two hours at room temperature,
then insolubles were filtered off, and the filtrate was
concentrated to dryness. To the concentrate was added
ethyl acetate (5 ml), then insolubles were filtered
off, and the filtrate was concentrated to dryness. The
mixture of the residue in xylene (10 ml) was heated for
1.5 hour under reflux. To the reaction mixture was
added ethyl acetéte, which was washed with water,
dried, and concentrated to dryness. The residue was
purified by column chromatography on silica gel to give
crude crystals. Recrystallization from ethyl acetate -

_isopropyljethgr afforded colorless prisms (0.22 g,

23%)’ .n‘.lop-lgs-197°Co
Elemental Analysis for C,eH,;,N,Os:

C(%) H(%) N(%)
Calcd.: 66.38; 4.71; 11.91
Found : 66.17; 4.66; 11.84

'H-NMR (90MHz ,CDC1;) &§: 1.43(3H,t), 3.77(3H,s),
4.60(2H,q), 5.63(2H,s), 7.00-7.73(11H,m).
IR(Nujol)em™: 2740, 2670, 1775, 1720, 1545, 1450,
1435, 1275, 1040, 750
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a_xl)bighenxl-4-xl]methvl1benzimidazole—7-carboxxlic

acid

The compound obtained in Working Example 1d)
(0.165 g) was dissolved in methanol (12 ml), to which
was added a 2N aqueous solution of LiOH (1 ml),
followed by heating for 3 hours under reflux. The
reaction was adjusted to pH 3 with 2N HC1l, then the
solvent was evaporatéd to dryness. The residue was
partitioned between water (20 ml) and chloroform (50
ml), then the organic layer was washed with water and
dried. The solvent was evaporated to dryness, and the
crystalline product was crystallized from ethyl acetate
to give colorless prisms (0.135 g, 84%), m.p.156-~157°C.
Elemental Analysis for C,sH,oN,0s. 1/2C‘,H302.1/5H20.-

| C(%) H(%) N(%)
.. Calecd.: 64.33; 4.88; 11.11
-  Found : 64.37; 4.89; 11.04

'H-NMR(90MHz,CDC1;) §: 1.47(3H,t), 4.60(2H,q),
5.67(2H,s), 6.97-7.77(11H,m) |

IR(Nujol)em™: 1775, 1730, 1685, 1540, 1425, 1270,
1030, 750.

Working Example 2

Methvl 2-butyl-1-[[2'-(2-oxo-3H-1,2,3,5-oxathiadiazol—
4-yl)biphenyl Jmethyllbenzimidazole-7-carboxylate

In DMSC (3 ml) were dissolved methyl 2-butyl-1-
[(2’-cyanobiphenyl-4-yl)methyl ]benzimidazole-7-
carpoxy}ate (1.27 g) synthesized in accordance with the
disclosure in a known literature reference (official
gazette of EP-0425921) and hydroxylamine hydrochloride
(0.35 g). To the solution was added a solution of 28%

sodium methoxide in methanol (0.965 g), and the mixture

was stirred for 3 hours at 90-100°C. To the reaction
mixture was added water (20 ml), and then resulting
Precipitates were filtered off. The filtrate was

. concentrated to dryness, and the residue was purified
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py means of a silica gel column chromatography to give
a pale brown powdery product. The product (0.427 g)
and pyridine (0.183 g) were dissolved in methylene
chloride (3 ml). To the solution was added dropwise;
while cooling at -20 to -25°C, thionyl chloride (1.19

g g). The mixture was stirred for a while, to which was
added water (3 ml) dropwise at -5 to -10°C. To the
reaction mixture was added water (15 ml), and the
mixture was extracted with methylene chloride (20 ml).

10 The organic layer was washed with water, dried and

concentrafed to dryness. The residue was purified by

column chromatography on silica gel. Crudé crystals

thus obtained were recrystallized from isopropyl ether

to afford cplorless prisms (0.12 g, 7%); m.p.124-125°C.
15 Elemental Analysis for C;;HyeN,0,S-1/5C¢H;,0-1/5H,0:

C(%) H(%)  N(%)
Caled.:  64.02; 5.56; 10.59
\ Found : 64.11; 5.52; 10.51

lH-NMR(90MHz, CDCl;) &: 0.90(3H,t), 1.20-2.00(4H,m),

20 2.63(2H,t), 3.70(3H,s), 5.63(2H,s), 6.73(2H,d), 7.00-
7.70(8H,m), 7.83-7.93(1H,m) i
IR(Nujol)em™: 1725, 1520, 1435, 1410, 1290, 1180.

MS m/z : 502(M'), 438, 423, 381, 192, 64
Working Example 3
: 25 Methyl 2-ethoxy-1-[[2’-(2-0x0-3H- 1,2,3.5—oxath1ad1azol-
; i 4-ylibiphenyl Imethvlibenzimidazole-7-carboxvylate
. - . To a-solution of the compound (2.0 g) obtained in
WOrklng Example (lc) in THF (100 ml) was added pyridine
(0.711 g) The mixture was added dropwise over a

30 period of 45 minutes, under ice-cooling, to a methylene
chloride (20 ml) solution containing thionyl chloride
(0.536 g). To the mixture was added water (15 ml)
dropwise under ice-cooling. The solvent was evaporated
to dryness. To the residue was added water (50 ml),

35 and the mixture was extracted with chloroform (100 ml).
The extract was concentrated to dryness, and the
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residue was purified by column chromatography.
Resultant crystals were recrystallized from ethyl
acetate to give colorless prisms (0.35 g, 16%),
m.p.109-111°C.

Elemental Analysis for C,sH,,N,0sS-1/5H,0:

C(%) H(%) N(%) S(%)
calcd.: 60.77; 4.53; 11.34; 6.49
Found : 60.76; 4.49; 11.11; 6.48

ly-NMR (90MHz, CDCl;) &: 1.47(3H,t), 3.73(2H,s),
4.53(2H,q), 5.60(2H,s), 6.90-7.93(11H,m).
IR(Nujol)em™: 1720, 1545, 1430, 1280, 1040, 750.
Working Example 4
1-(Cvclohexvyloxycarbonyloxv)ethyl 2-ethoxy-1-[[2'-(2,5-
- dihydro-5-oxo0-1,2,4-oxadiazol-3-yl)biphenyl-4-
yllmethyllbenzimidazole-7-carboxylate

The compound (0.51 g) obtained in Working Example
(le) was dissolved in dimethylformamide (8 ml). To the

solution were added 1l-(cyclohexyloxycarbonyloxy)ethyl
chloride (0.3 g), anhydrous potassium carbonate (0.4 g)
and potassium iodide (0.04 g). The mixture was stirred
for 15 hours at 80°C. The solvent was evaporated to
dryness. To the residue were added chloroform (100
ml), water (5 ml) and ethanol (5 ml), and the mixture
was shaken. The lower layer was concentrated to
dryness under reduced pressure, and the residue was
purified by column chromatography on silica gei.
.Recrystallization from isopropyl ether afforded the
title compébund as colorless prisms (0.2 g, 36%),
m.p.108-109°C.

Elemental Analysis for C;;H,N,04-0.5H,0:

C(%) H(%) N(%)
Calcd.: 64.24; 5.55; 8.81
Found : 64.43; 5.50; 8.79

'H-NMR (90MHz,CDC1;) §: 1.07-2.00(16H,m), 4.03~
4.67(3H,m), 5.63(2H,s), 6.57-7.90(12H,m),
10.57(1H,broad).
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I'R(Nujol)cm'-‘: 1780, 1750, 1545, 1275, 1235, 1070,

1030.
Wworking Example 5

: 2-Ethylthio-4-methyl-1-{[2'-(2,3~dihydro-3-ox0o-1,2, 4~
5 oxadiazol-5-yl)biphenyl-4-vlimethyl]-1H-thieno[3,4-d]
imidazole-6-carboxylic acid
5a) O-methyl (4'—methzlblghenxl 2-vl)carbonylthio-

carbamate

In chloroform (40 ml) was dissolved (4’-
10 methylbiphenyl-2-yl)carboxylic acid (10 g). To the
solution was added thionyl chloride (7 ml), and the

" mixture was heated for 3 hours under reflux. The
reaction mixture was poured into ice-water, then the
organic layer was separated, washed with water and

15 concentrated to dryness to give a syrup, which was
dissolved in dioxane (80 ml). To the solution was
added powdered potassium thiocyanate (9.16 g), and the

"\ ~ mixture was heated for one hour under reflux. The
reaction mixture was allowed to cocl, and then

20 insolubles were filtered off. After addition of
methanol (15 ml) to the filtrate, the solution was
heated for 15 minutes under reflux. The reaction ' : b
solution was concentrated to dryness, and the resulting
crystals were crystallized from isopropyl ether to

25 afford the title compound as white plates (7.4 g, 55%),
m.p.149-150°C. .
H-NMR(ZOOMHz CDCl;) : 2.40(3H,s), 4.01(3H,s), 7.23-
7.34(4H, m),_ ~38-7.60(3H,m), 7.74(1H,dd), 8.37(1H,br '
s). °

30 5b) Dimethyl (4’-methylbiphenyl-2-yl)carbonylimino

monothiocarbonate

To a solution of the compound (7.4 g) obtained in
Working Example (Sa) in methanol (35 ml) were added
methyl iodide (4.0 g) and a solution of 28% sodium
35 methoxide in methanol (5.5 g), and then the mixture was
stirred for 24 hours at room temperature. The reaction
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mlxture was concentrated to dryness, and the residue
-yas extracted with ethyl acetate - water. The organic
¥ jayer was washed with water and concentrated ;o

- dryness. The residue was purified by column
chromatography on silica gel to give a colorless syrup
(4-4 9. 57%).

1g-NMR (200MHz,CDC1;) &: 2.29(3H, s), 3.36(3H,s),
2.37(3H,s), 7.13-7.27(4K,m), 7.32-7.53(3H,m),

7.93(1H,m).
5¢c) 3 -Methoxz-s-(4'—methxlblghenyl =2-y1)-1 L2J4-
oxadiazole

To a solution of potassium hydroxlde (1.1 g) in
methanol (20 ml) was added powdered-hydroxylamine
hydrochloride (1.2 g), and the mixture was shaken well.
The mixture was added to a solution of the compound
(4.4 g) obtained in Working Example (5b) in 95% ethanol
(10 ml), and the resultant mixture was stirred for 18
hours at room temperature. The reaction mixture was
concentrated to dryness, and to the residue was added
chloroform. Insoluble materials were filtered off, and
the filtrate was concentrated to dryness, and the
residue was dissolved in toluene (50 ml). The solution |

was heated for 2 hours under reflux together with a

catalytic amount of p-toluenesulfonic acid, followed by

. .25 concentration to dryness. The residue was purified by
column chromatography on silica gel to afford a
colorlesg's&rup (2.5 g, 64%).
'4-NMR (200MHz,CDC1;) §: 2.38(3H,s), 4.08(3H,s), 7.11-
7.21(4H,m), 7.41-7.62(3H,m), 7.96(1H,dd).

30 5d) 5-(4'-methylbiphenyl-2-y1l)-1,2,4-oxadiazolin-3(2H)-

one

- A mixture of the compound (0.5 g) obtained in
Working Example (5c¢) and pyridinium chloride (5 g) was
heated for 30 minutes at 155°C in nitrogen atmosphere.
35 The reaction mixture was extracted with ethyl acetate -
water. The organic layer was washed with water and -
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concentrated to dryness to give pale yellow prisms (0.5
g, 100%), m.p.145-150°C.

ly-NMR(200MHz, CDCl;) &: 2.36(3H,s), 7.09-7.20(4H,m),
7.44-7.53(2H,m), 7.58-7.67(1H,m), 7.88(1H,dd).
IR(Nujol)cm™: 1605, 1590, 1480, 1340, 815, 750.

5e) 5-(4'-Methylbiphenyl-2-y1)-2-trityl-1,2,4-
oxadiazol-3(2H)-one

' To a solution of the compound (1 g) obtained in
Working Example (5d) and trityl chloride (1.0 g) in
dichloromethane (20 ml) was added dropwise with
stirring. The mixture was then stirred for one hour at

room temperature. The reaction mixture was
concentrated to dryness, and the residue was purified
by column chromatography on silica gel to afford
colorless prisms (0.9 g, 45%), m.p.181-184°C.
'4-NMR ( 200MHz,CDCl;) §: 2.37(3H,s), 7.06(4H,s), 7.16-
7.43(17H,m), 7.52-7.60(1H,m), 7.79(1H,dd).
IR(Nujol)cm“: 1745, 1595, 1580, 1440, 1335, 1160.

5f) 5-(4-Bromomethylbiphenyl-2-yl)-2-trityl-1,2,4-
oxadiazol-3(2H)—6ne

A mixture of the compound (0.9 g) obtained in

Working Example (5e), N-bromosuccinimide (0.3 g) and a
catalytic amount of benzoyl peroxide was heated under
reflux for one hour in carbon tetrachloride (20 ml)
under irradiation of light. The reaction mixture was
allowed to cool, and then precipitates were filtered
off; The filtrate was concentrated to dryness to give
the tltle .compound as pale yellow amorphous powder (1.0
g, 99%)

'H-NMR (200MHz ,CDC1;) &: 4.47(2H, s), 7.06-7.63(22H,m),
7.85(1H,dd).

5g) Methvl 2-ethylthio-4-methyl-1-[[2'-(2,3-dihydro-3-
oxo-2-trityl-1,2 4-oxadiazol-5-yl)biphenyl-4-
zl]methxlj-lH—thieno[B,4-d]imidazole-ﬁ-carboxxlate
_ To a stirred solution of methyl 2-ethylthio-4-
| methyl—iH-thieno[3,4—d]imidazole-s-carboxylate (0.4 g)
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in dimethylformamide (10 ml) was added, in portions,
sodium hydride (60% dispersion in mineral oil; 70 mg)
under ice-cooling. The mixture was stirred for further

30 minutes at room temperature. To the reaction
mixture was added the compound (1 q) obtained in

-5 working Example (5f), and the mixture was stirred for
1.5 hour. The reaction mixture was concentrated to
dryness, and the residue was extracted with ethyl

| acetate - water. The organic layer was washed with
10 water, and then concentrated to dryness. The residue

was purified by column chromatography on silica gel to
afford the title compound as'yellow amorphéus powder
(0.6 g, 51%).

'H-NMR(200MHZz, CDCl,) §: 1.32(3H,t), 2.66(3H,s),

15 3.61(3H,s), 3.25(2H,q), 5.75(2H,s),.7.10(4H,s),
7.19(15H,s), 7.26-7.43(2H,m), 7.52-7.60(1H,m),
7.70(1H,dd). : ,

IR(Nujol)em™: 1740, 1685, 1595, 1330, 1315, 1160, 1080
5h) Methyl 2-ethylthio~-1-{[2'-(2,3-dihydro-3-oxo0-1,2,4~

20 oxadiazol-5-yl)-biphenyl-4- 1]methzl]-4-methzl-1H-

thienof3,4-dlimidazole-6-carboxylate
The compound (0.6 g) obtained in Working Example

(5g) was dissolved in methanol (15 ml) and chloroform
(10 ml1). To the solution was added 1N-HCl (0.9 ml),

25 and the mixture was stirred for one hour at room

b temperature. The reaction mixture was concentrated to
dryness, and the residue was partitioned between
chloroiétm-éater. The organic layer was washed with
water and concentrated to dryness. The resulting

30 residue was purified by column chromatography on silica
gel to afford the title compound as pale yellow
amorphous powder (0.4 g, 95%).

| Elemental Analysis for C,sH,,N,0,S,-2/5CH,CI,:

C(%) H(%) N(%)
35 Calcd.: 56.44; 4,25; 10.36
Found : 56.56; 4.18; 10.26
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| 14 NMR(200MHz,d-DMSO) &3 1.35(3H,t), 2.56(3H,s),

3.70(3H,s), 3.26(2H,s), 5.67(2H,s), 7.12(2H,d),
7.21(2H,d), 7.41-7.68(3H,m), 7.80(1H,d).
IR(Nujol)cm“: 1685, 1590, 1530, 1355, 1315, 1230,
1160, 1085.

5i) 2-Ethylthio-1-[[2‘-(2,3-dihydro-3-0ox0-1,2,4-"
oxadiazol-s-xl)bighenxl-4-xl]methzl]-4-methzl-1H-
thieno[3,4-d]limidazole-6-carboxylic acid

The compound (0.1 g) obtained in Working Example

(5h) was dissolved in tetrahydrofuran (2 ml) and water
(1 ml). To the solution was added lithium hydroxide
monohydrate (25 mg), and the mixture was hgated for 17
hours under reflux. The reaction mixture was
concentrated to dryness, to which was added water, and
then insoluble materials were filtered off. The
filtrate was made acid with 1N-HCl,. and then resulting
precipitates were collected by filtration to obtain the
title compound as pale yellow powder (60 mg, 62%),
m.p.l44-147°C.

Elemental Analysis for C,H,oN,0,S,:

C(%) H(%) . N(%)
Calcd.: 58.52; 4.09; 11.37
Found : 58.47; 4.25; 11.33

'H-NMR (200MHz ,d¢-DMSO) §: 1.34(3H,t), 2.54(3H,s),
3.25(2H,q), 5.70(2H,s), 7.16(2H,d), 7.20(2H,d), 7.45-
7.73(3H,m), .7.88(1H,d).

IR(Nujol)cm™: 1650, 1590, 1525, 1310, 1160, 1085.
Working Example 6
2-Bﬁty1L1-rrg'-(2.3-dihxdro-2-oxo-1.3,4-oxadiazol-5v1>-

bighenxl-4-yl]methxl]benzimidazole-?-carboleic acid
6a) 4’-methylbiphenyl-2-carbohydrazide

To a solution of 4’'-methylbiphenyl-2-carboxylic
acid (6.4 g) in tetrahydrofuran (50 ml) were added N,N-
dimethylformamide (two drops) and oxalyl chloride (4.4
g). The mixture was stirred for 16 hours at room

temperature. The solvent was evaporated to dryness

KT
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under reduced pressure to give an oil, which was added
dropwise to a solution of hydrazine'monohydrate (7.5 g)
in tetrahydrofuran (50 ml) with stirring, followed by
stirring for further 6 hours. The reaction mixture was
5 diluted with water, which was extracted with_ethyl-
acetate. The extract was washed with water and dried.
3 The solvent was evaporated to dryness under reduced
pressure. The residue was purified by column
chromatography on silica gel to give crude crystals.
10 Recrystallization from chloroform-isopropyl ether
- afforded the title compound as colorless needles (4.3
] g, 63%), m.p.98-99°C.
.;' Elemental Analysis for C4H;N,0:

C($%) H(%) N(%)
15 calcd.:  74.31; 6.24; 12.38
Found : 74.17; 6.17; 12.46
'H-NMR (200MHz,CDC1;) §: 2.39(3H,s), 2.65(2H,br),
N 6.52(1H,br), 7.20-7.31(4H,m), 7.35-7.55(3H,m),
7.67(1H,dd).

& 20 IR(KBr)cm*: 3280, 3220, 1670, 1610, 1520, 1320, 1185,

{ 1100, 820, 755. |

i 6b) 1-[2-(4’-Methylphenvl)benzovllsemicarbazide

To a solution of the compound (4.3 g) obtained in

Working Example (6a) in 1IN-HCl (20 ml) was added

25 dropwise an aqueous solution (20 ml) of sodium
isocyanate (1.7 g), and the mixture was stirred for 3.5
hours. Resulting crystalline precipitates were
collected by filtration and recrystallized from ethyl :
acetate -‘hethanol to give colorless needles (4.5 g, | ii

30 87%), m.p.183-184°C (decomp.). _
Elemental Analysis for C,sH,;sN;O,-0.3H,0: | H

C(%) H(%) N(%)
Calcd.:  65.59; 5.72; 15.30 ;
Found : 65.79; . 5.61; 15.38 |
35 H-NMR(200MH2 DMSO-d¢) 6: 2.33(3H,s), 5.71(2H,br),

7.18(2H,d), 7.33-7.56(6H,m), 7.84(1H,s), 9.84(1H,br).
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R(KBrjcm™: 3460, 3230, 1700, 1650, 1520, 1305, 820
IR( ' '

765. _
6c) 2. -Dlhxdr0—5-(4'-methzlblghenzl 2-y1l)-1,3,4-

oxadiazol-2(3H)-one

The compound (4.0 g) obtained in Working Example
(6b) was suspended in xylene (100 ml), and the mixture
was heated for 18 hours under reflux. The solvent was
evaporated to dryness under reduced pressure, and the
residue was purified by column chromatography on silica
gel to give crude crystals. Recrystallization from
ethyl acetate - hexane afforded the title compound as
colorless needles (2.0 g, 53%), m.p. 130 131°cC.
Elemental Analysis for C;sH|,N,0,:

C(%) H(%) N(%)
Calcd.: 71.42; 4.79; 11.10 -
Found : 71.45; 4.79; 11.05

'H-NMR (200MHz,CDCl,) &: 2.39(3H,s), 7.19(4H,s), 7.37-
7.60(3H, s), 7.77(1H,dd), 8.89(1H,br). '
IR(KBr)cm ': 1765, 1600, 1490, 1330, 1240, 1035 960,
925, 815, 770, 750, 715, 700.
6d) 2,3-Dihydro-5-(4’'-methylbiphenyl-2-yl)-3-triphenyl
methxl-l‘3,4—oxadiazol—2(3H)—oné

To a solution of the compound (2.0 g) obtained in
Working Example (6c) in methylene chloride (25 ml) were
added triethylamine (0.89 g) and triphenylmethyl
chloride (2.5 g), and the mixture was stirred for one

hour. The. reaction mixture was washed with water, then
drled. The solvent was evaporated to dryness under

-reduced pressure, and the residue was purifled by

column chromatography on silica gel to afford the title
compound as colorless amorphous powder (4.0 g, 100%),
m.p.60-63°C.
Elemental Analysis for CjHyN,0,: |

C(%) - H(%) N(%)

Calcd.: 82.57; 5.30; 5.66
Found : 82.67; 5.37; 5.20
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lg-NMR (200MHz,CDC1,) &: 2.31(3H,s), 7.00(2H,d), 7.05-
7.54(20H,m), 7.68(1H,dd).
IR(KBr)em™': 1780, 1490, 1445, 1335, 1280, 1005, 875,
g20, 770, 755, 740, 700.
6e) 5-(4'-Bromomethylbiphenyl-2-y1)-2,3-dihydro-3-
triphenylmethyl-1,3 ,4-oxadiazole-2(3H)-one

To a solution of the compound (4.0 g) obtained in
working Example (6d) in carbon tetrachloride (50 ml)
were added N-bromosuccinimide (1.4 g) and benzoyl

peroxide (19 mg), and the reaction mixture was heated

. for one hour under reflux under irradiation of light.
Insoluble materials were filtered off, and the filtrate
was concentrated under reduced pressure. The resulting
residue was purified by column chromatography on silica
gel to afford the title compound as colorless amorphous
‘powder (4.3 g, 93%). . |
4-NMR (200MHz ,CDC1;) §: 4.42(2H,s), 7.10-7.56(22H,m),
7.72(1H,dd). - )
IR(KBr)cm': 1780, 1490, 1440, 1335, 1260, 1215, 1000,
870, 765, 740, 700. '
6f) Methyl-2-[N-[2’-(2,3-dihydro~2-oxo-1,3,4-oxadiazol-
5-ylibiphenyl-4-vylimethyl-N-valeryljamino-3-
nitrobenzoate

~ To a solution of the compound (0.86 g) obtained in
Working Example (6e) in acetonitrile (10 ml) were added
methyl 3-nitro-2-valerylaminobenzoate (0.42 g) and
potassium- carbonate (0.26 g), and the mixture was
heated for .36 hours under reflux. The reaction mixture
was diluted in water, which was extracted with ethyl
acetate. The extract was washed with water and dried.
The solvent was evaporated to drynéss under reduced
pressure, and the residue was purified by column
chromatography on silica gel. The oily product thus
obtained was dissolved in trifluoroacetic acid (5 ml),
and the solution was stirred for 30 minutes at 60°C.
Trifluoroacetic acid was evaporated to dryness under

Tl
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reduced pressure. The residue was dissolved in ethyl
acetate, which was washed with an aqueous solution of
sodium hydrogencarbonate and dried. The solvent was

evaporated to dryness under reduced pressure, and the

residue was purified by column chromatography on silica-

gel to afford the title compound as.a yellow oily
product (0.50 g, 63%).

4-NMR(200MHz ,CDC1l;) &: 0.85(3H,t), 1.18-1.36(2H,m),
1.58-1.71(2H,m), 2.05-2.15(2H,m), 3.69(3H,s),
4.58(1H,d), 4.95(1H,d), 7.06-7.16(4H,m), 7.34(1H,dd),
7.41-7.54(2H,m), 7.62(1H,t), 7.77(1H,dd), 8.02(1H,dd),
8.17(1H,dd), 8.97(1H,br).

IR(neat)cm™: 1815, 1780, 1730, 1660, 1530, 1445, 1390,
1370, 1340, 1285, 1260, 1230, 750.

6g) Methyl 2-butyl-1-[[2’'-(2,3-dihydro-2-oxo-1,3,4-
oxadiazol-5-vl)biphenyl-4-ylimethylbenzimidazole-7-

carboxylate
To a solution of the compound (0.50 g) obtained in

Working Example 6f) in methanol (10 ml) were added
conc. HC1 (1 ml) and iron powder (0.34 g). The mixture
was heated for 24 hours under reflux. Insoluble
materials were filtered off, and the filtrate was
concentrated to dryness. The residue was diluted with
water and extracted with ethyl acetate. The extract
was washed with water and dried. The solvent was

evaporated ta dryness under reduced pressure, and the

residue was- purified by column chromatography on silica
gel. Crude.ctystals thus obtained were recrystallized
from{ethjl acetate - chloroform to afford the title
compound as colorless crystals (73 mg, 16%), m.p.204-
205°C.

Elemental Analysis for CygH,N,0,:

c(%) . H(%) N(%)
Calcd.: 69.70; 5.43; 11.61
Found : 69.43; 5.49; 11.59

'H-NMR ( 200MHz,CDC1,) §: 0.94(3H,t), 1.36-1.55(2H,m),
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g:1.94(2H/m) s 2.94(2H,t), 3.73(3H,s), 5.78(2H,s),
g(2,d), 7-16(2H, d), 7.21-7.36(2H,m), 7.41-
7(28,m), 7-64(18,4d), 7.77(1H,dd), 7.96(1H,dd),

1600, 1430, 1405, 1335, 1270,

1710,

_ﬂbrklng Example (6g) in methanol (1 ml) was added 1N-
ia0H (0.5 ml), and the mixture was heated for 1.5 hour

ander reflux. After evaporation of the solvent, the

. yesidue was diluted with water, which was then adjusted
o pH 3-4 with 1N-HCl to p:ecipitate crystals. The

= crystals were collected by filtration and

ecrystallized from ethyl acetate - methanol to afford

“+he title compound as colorless needles (16 mg, 54%),

fi.p.247-248°C.

Jemental Analysis for C,;H,N,0,-0.5H;0:
) C(%) H(%) N(%)
.Ccalcd.: 67.91; 5.28; 11.73

Found : 68.19; 5.21; 11.89

~ ly_NMR(200MHz,CDCl,) §: 0.98(3H,t), 1.40-1.60(2H,m),

~ 1.81-1.97(2H,m), 3.05(2H,t), 5.87(2H,s), 6.86(2H,d),

7.17(2H,d), 7.28(1H,t), 7.36-7.62(3H,m), 7.67(1H,dd),
7.83(1H,dd); '7.99(1H,dd).

IR(KBr)em*i 1770, 1700, 1600, 1410, 1230, 740.

Working Example 7 '

30 2-Ethylthio-1-[[2’-(2,3-dihydro-2-ox0-1,3 4-oxadiazol-
5-v1)biphenyl-4-ylimethyl]-4-methylthieno(3,4- -
dlimidazole-6-carboxvlic acid
7a) Methyl 2-ethylthio-1-{[2’=2,3-dihdyro-2-oxo-1,3,4~
oxadiazol-5-yl)biphenyl-4-vyljmethyl]-4-

35 methvlthienof3,4-d]imidazole-6-carboxylate

To an ice-cooling solution of methyl 2-ethylthio-

CamEmn o o et
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4-methylthieno[3,4-d]imidazole-6-carboxylate (0.26 g)
in N,N-dimethyl formamide (2 ml) was added sodium
hydride (60% dispersion in meneral oil; 44 mg), and the
mixture was stirred for 15 minutes, to which was then
added 5-(4’-bromomethylbiphenyl-2-yl)-2,3-dimethyl-3-
triphenylmethyl-1,3,4-oxadiazol-2-one (0.57 g). The
reaction mixture was stirred for 2 hours at room
temperature, which was diluted with water and extracted
with ethyl acetate. The extract was washed with water
and dried. The solvent was évaporated to dryness under
reduced pressure, and the residue was dissolved in
trifluoroacetic acid (5 ml). The solution was stirred
for 30 minutes at 60°C and concentrated to dryness
under reduced pressure, and the residue was dissolved
in ethyl acetate. The solution was washed with an
aqueous solution of sodium hydrogencarbonate and dried.
The solvent was evaporated to dryness under reduced
pressure, and the residue was purified by column
chromatography on silica gel to give crude crystals.
Recrystallization from ethyl acetate afforded the title
compound as yellow prisms (0.17 g, 33%), m.p.220-221°C.
Elemental Analysis for C,sH,,N,0,S,:

C(%) H(%) N(%)
Calcd.: 59.27; 4.38; 11.06
Found : 59.18; 4.50; - 10.91

y: NMR(200MHz CDCl;) &: 1.42(3H,t), 2.62(3H,s),
3.30(2H,q),.3.75(3H,s), 5. 70(2H,s), 7.13-7.23(4H,m),
7.34-7.58(3H,m), 7.77(1H,dd), 8.83(1H,br).
IR(neat)Em“: 1770, 1695, 1600, 1530, 1445, 1340, 1320,
1240, 1195, 1165, 1085, 1000, 750
7b) 2-Ethzlthio-1—F[2'-(2,3-dihxdro-g:9xo-l.3.4-
oxadiazol-5-vl)biphenyl-4-ylimethyl]-4-
methylthieno[3,4-dlimidazole-6-carboxylic acid

To a solution of the compound (0.12 g) obtained in
Working Example (7a) in tetrahydrofuran (6 ml) was
added a solution of lithium hydroxide monohydride (60
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mg) in water (3 ml). The mixture was stirred for 60
minutes at 50-60°C. The solvent was evaporated to
dryness under reduced pressure. The residue was
diluted with water, and the solution was adjusted to pH
3-4 with 1N-HCl to precipitate crystals. The crystals

> were collected by filtration and recrystallized from
ethyl acetate - methanol to afford the title compound
‘as yellow prisms (72 mg, 60%), m.p.195-196°C (decomp.).
Elemental Analysis for C;;HyN;0,S,-0.2H,0:

10 C(%) H(%) N($%)
Calcd.: 58.10; 4.14; 11.29
Found : 58.13; 4.22; 11.22

'H-NMR (200MHz ,DMSO-d¢) 6: 1.34(3H,t), 2.55(3H,s),
3.25(2H,q), 5.72(2H,s), 7.19(2H,d), 7.28(2H,d),
15  7.42(1H,dd), 7.49-7.67(2H,m), 7.76(1H,dd),
12.40(1H,br). | .
IR(XBr)em’: 1760, 1685, 1600, 1440, 1330, 1185, 1160,
A 1080, 960, 925, 760, 750.
‘Working Example 8
20 2-Ethylthio-1-[[2'-(2,5~dihydro-5~0ox0-1,2, 4-oxadiazol-
N 3-vl)biphenyl-4-vl imethyl]-4-methylthieno(3, 64~
; dlimidazole-6-carboxylic acid
f 8a) Methyl 2-ethylthio-4-methyl-1-[2'—(5-
Z ) 'trichloromethxl-l,2,4-oxadiazol-3-v})bighenzl-4-
3 25 ylimethylthienof3,4-djimidazole~6~carboxylate

To an. ice-cooling solution of methyl 2-ethylthio-

4-methylthiene[3,4-d]imidazole-6~-carboxylate (3 g) in
DMF (20- mly was added sodium hydride (60%, oil) (0.56

{ gj, and the mixture was stirred for 10 minutes. To the

% 30 ice-cooling mixture was added [2’~(5-trichloromethyl-

i 1,2,4-oxadiazol-3-yl)biphenyl-4~yl]lmethyl bromide (6.1
g), and the mixture was stirred for two hours at room
temperature. To the reaction mixture was added water,
and  the mixture was extracted with ethyl acetate. The

35 organic layer was washed with a saturated aqueous
saline solution. The solvent was distilled off under
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- reduced pressure, and the residue was purified by
column chromatography on silica gel to afford the title
compound as a pale yellow syrupy product (4.15 g, 58%).
'H-NMR (200MHz,CDC1;) §: 1.42(3H,t), 2.62(3H,s),
s  3.29(2H,q), 3.77(3H,s), 5.71(2H,s), 7.16(4H,s), 7.42-
7.62(3H, m), 7.83-7.88(1H,m). .
IR(neat)cm’ ': 1690, 1600, 1450, 1430, 1345, 1330, 1315,
1230, 1190, 1160, 1090, 840, 820, 800, 755, 730.
8b) Methyl 2-ethylthio-1-{[2’~-(2,5-dihydro-5-ox0o-1,2,4~
10 oxadiazol-3-vl)biphenyl-4-vylimethvylj-4-
methylthienof[3,4-djlimidazole-6-carboxylate
To a solution of the compound (4.15 g) obtained in
Working Example (8a) in MeOH (50 ml) - CHCl; (10 ml)
was added 1N-NaOH (10 ml), and the mixture was stirred
15 for 30 minutes at room temperature. The reaction

mixture was adjusted to pH 4 with 1N-HCl, to which was
added water, followed by extraction with CHCl,. The
~ extract was washed with water, dried, and then the

; solvent was evaporated to dryness under reduced

1 20 pressure to give crude crystals. Recrystallization
from ethyl acetate - methanol - hexane afforded the
title compound as colorless prisms (3.15 g, 91%),
m.p.240-241°C (decomp.).

) Elemental Analysis for C,sH,,N,0,S,:
25 Cc(%)  H(%) N(%)
Caled.:  59.27;  4.38; 11.06
Found : 59.07; 4.26; 11.00

'H-NMR (200MHz,CDC1,) &: 1.42(3H,t), 2.61(3H,s),
3.29(2H,q), 3.75(3H,s), 5.74(2H,s), 7.26(4H,s),

30 7.42(1H,dt), 7.51(1H,dd), 7.61(1H,dt), 7.85(1H, dd),
7.90(1H, br s).
IR(KBr)cm': 1760, 1680, 1595, 1455, 1450, 1430,_1315,
1230, 1160, 1085, 755.
8c) 2-Ethylthio-1-[[2‘'-(2,5-dihydro-5-0ox0-1,2,4~

35  oxadiazol-3-yl)biphenyl-4-ylimethyl]-4-
methxlthieno[3,4—d]imidazole-sécarboxxlic écid
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To a solution of the compound (0.5 g) obtained in
working Example (8b) in tetrahydrofuran (THF) (5 ml) -
H,0 (2.5 ml) was added sodium hydroxide monohydrate
(0.12 g), and the mixture was heated for 7 hours under
reflux. To the reaction mixture was added water, and
+he mixture was adjusted to pH 3 with 1N-HCl.
Resultant crystals were collected by filtration and
recrystallized from chloroform-methanol to give the
titled compound as colorless needles (0.36 g, 73%),
10 m.p.217-219°C (decomp.).

‘Elemental Analysis for C,,H,;,N,0,S-0.3H,0:

(%) H(%) N(%)
calcd.: 57.89; 4.17; 11.25
Found : 57.89; 4.02; 11.08

15  ‘H-NMR(200MHz,DMSO-dg) : 1.34(3H,t), 2.55(3H,s),
3.24(3H,q), 5.71(2H,s), 7.19(2H,d), 7.28(2H,d), 7.49-
7.72(4H,m). '

B IR(KBr)em™: 1750, 1640, 1620, 1585, 1520, 1450, 1305,
1250, 1235, 1155, 760, 750.
20 Working Example 9

yl)biphenyl-4-vl imethyl]-4-methylthieno[3,4-

] dlimidazole-6-carboxylic acid
4 3 9a) Methyl 2-ethvlsulfinyl-1-{[2’-(2,5-dihydro-5-0xo-
25 1,2,4-oxadiazol~3-yl)biphenyl-4-vlmethyl]-4-
methylthieno[3,4-dlimidazole~6-carboxylate
_ To a. solution of the compound (3.15 g) obtained in
Working Example (8b) in methylene chloride (100 ml) was
added m-chloro perbenzoate (1.3 g), and the mixture was
30 stirred for 20 minutes at room temperature. To the
reaction mixture was added a saturated aqueous solution

of sodium hydrogencarbonate, and the mixture was
- extracted with ethyl acetate. The extract was washed
with water and dried. The solvent was evaporated to
35 dryness and the residue was purified by silica gel
column chromatography to give crude crystals.
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RecrYstallization from ethyl acetate - methanol -
hexane afforded the title compound as colorless needles
(2.60 g, 80%), m.p.206-208°C (decomp. ).

Elemental Analysis for C,;H,;N,05S;:

C(%) H(%) N(%)
calcd.: 57.46; 4.24; 10.72
Found : 57.28; 4.27; 10.45

'H-NMR (200MHz,CDCl,) §: 1.27(3H,t), 2.71(3H,s),
3.38(2H,q), 3.82(3H€,s), 5.98(1H,d), 6.40(1H,d),
7.26(4H,m), 7.41-7.64(3H,m), 7.81(1H,dd), 8.75(1H,br
5). _ :
IR(KBr)cm™': 1770, 1685, 1450, 1420,.1315, 1235, 1090,
1050, 1040, 1020, 780, 750.
9b) Methyl 1-[[2’'—(2,5-dihydro-5-0ox0-1,2,4-0oxadiazol-3-
“yl)biphenyl-4-vlimethyl]-2-methoxy-4-methylthieno[3,4-
dlimidazole-6-carboxylate

To a suspension of the compound (0.79 g) obtained
in Working Example (9a)-in methanol (20 ml) was added
sodium methoxide (28%, methanol solution) (0.88 g), and
the mixture was stirred for 30 minutes at room
temperature. To the reaction mixture was added water,
and the mixture was adjusted to pH 4 with 1N-HCl and
extracted with ethyl acetate, followed by washing with
a saturated aqueous saline solution and drying. The
solvent was evaporated to dryness under reduced
pressure to give crude crystals. Recrystallization
from ethyl.acetate - hexane afforded the title compound
as colorless-needles (0.71 g, 98%), m.p.207-209°C
(decomp. ). :
Elemental Analysis for C;H,N,0sS:

C(%) H(%) . ON($%)
Calcd.: 60.49; 4.23;  11.76
Found : 60.23; 4.29; - 11.49

'H-NMR (200MHz ,CDC1l;) &: 2.37(3H,s), 3.73(3H,s),
3.99(3H,s), 5.59(2H,s), 7.25(4H,s), 7.38(1H,dd),
7.50(1H,dt), 7.61(1H,dt), 7.83(1H,dd), 8.79(1H,br s).
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IR(KBr)em™: 1750, 1685, 1610, 1570, 1525,'1450,_1440,
1430, 1375, 1330, 1230, 1055, 750.

9c) 1=[[2'~(2,5-Dihydro-5-ox0-1,2,4-oxadiazol-3~-
yl)biphenyl~4-vylmethyl}-2-methoxy-4-methylthieno[3,4-
dlimidazole-6-carboxylic acid

To a mixture of the compound (0.6 g) obtained in
wWorking Example (9b) in a mixture of THF (10 ml) -
water (5 ml) was added lithium hydroxide monohydrate
(0.16'g). The mixture was heated for 8 hours under
reflux. To the reaction mixture was added water, and
the mixture was adjusted to pH 4 with 1N-HCl and
extracted with chloroform. The extract was washed with
water and dried. The solvent was evaporated to dryness
under reduced pressure tolgive crude crystals.
Recrystallization from ethyl acetate - methanol
afforded the title compound as colorless needles (0.35
g, 54%), m.p.183-186°C (decomp. ).

Elemental Analysis for C,3H;gN,0sS-0.5ACOEt:

C(%) H(%) N(%)
Calcd.: 59.28; 4.38; 11.06
Found : 58.94; 4.15; 11.18

'H-NMR (200MHz ,DMSO-d;) &: 2.48(3H,s), 4.06(3H,s),
5.56(2H,s), 7.21-7.31(4H,m), 7.49-7.72(4H,m).
IR(KBr)cm™': 1800, 1660, 1650, 1570, 1450, 1380, 1370,
1330, 1240, 760, 730. '

Working Example 10

2-Ethoxy-1—[[2'~(2, 5-d1h1dro-5-oxo-l;234-oxad1azol =3-

yl)biphenyl-4-vl Imethyl]-4-methylthieno[3 4~
d]iﬁidazble-s-carboleic acid

10a) Methyl 2-ethoxy-1-[[2’~(2,5-dihydro-5-ox0-~
l.,2,4-oxadiazol-3-vl)biphenyl-4-vlimethyl]-4-
methvlthieno[3,4-dlimidazole-6-carboxylate

To a solution of sodium (0.1 g) in ethanol (20 ml)
was added the compound (0.7 g) obtained in Working
Example (9a), and the mixture was stirred for 30
minutes at room temperature. To the reaction mixture
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was added water, and the mixture was adjusted to pH 4
with 1N-HC1, followed by extraction with ethyl acetate.
The extract was washed with water and dried. The
solvent was evaporated to dryness under reduced
5 pressure to give crystals, whigh were suspended in
methanol. To the suspension was added sodium methoxide
(28%, methanol solution) (0.65 g), and the mixture was
heated for 7 hours under reflux. After addition of
water, the mixture was adjusted to pH 4 with 1N-HC1,
10 followed by extraction with ethyl acetate. The extract
was washed with water and dried, and the solvent was
evaporated to dryness under reduced pressure to give
crude crystals. Recrystallization from ethyl acetate -
methanol - hexane afforded the title compound as pale
15 yellow prisms (0.5 g, 76%), m.p.215~217°C (decomp.).
Elemental Analysis for CpsHN;0sS: -

C(%) H(%) N(%)
Caled.:  61.21; 4.52; 11.42
Found :  61.02; 4.32; 11.28

20.  'H-NMR(200MHz,CDCl,) §: 1.42(3H,t), 2.45(3H,s),
3.75(3H4,s), 4.45(2H,q), 5.59(2H,s), 7.23-7.33(4H,m),
7.38(1H,dd), 7.49(1H,dt), 7.60(1H,dt), 7.84(1H,dd),
8.27(1H,br s). |
IR(KBr)cm': 1760, 1685, 1610, 1570, 1530, 1460, 1445,
25 1435, 1410, 1380, 1330, 1230, 1100, 1060, 760.
10b) 2-Ethoxy-1-[[2’'-(2,5-dihydro~5-0x0=-1,2,4~
oxadiazoI-3-yl)biphenyl-4-ylimethylj-4- )
methylthienol3,4-dlimidazole-6-carboxylic acid

To'a suspension of the compound (0.4 g) obtained
30 in Working Example (10a) in a mixture of THF (10 ml)

and water (5 ml) was added lithium hydroxide
monohydrate (0.1 g), and the mixture was heated for 12
hours under reflux. To the reaction mixture was added
water, and the mixture was adjusted to pH 4 with 1N-
35 HCl. Recrystallization of the resulting crystals from
ethyl acetate - methanol afforded the title compound as
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colorless prisms (0.31 g, 79%), m.p.206-208°C

(decomp. ).
Elemental Analy515 for C,HyoN,0sS:
C(%) H(%) N(%)
calcd.: 60.49; 4.23; 11.76
Found : 60.27; 4.15; 11.70

H-NMR ( 200MHz ,DMSO-dg) §: 1.32(3H,t), 2.46(3H,s),
4.47(2H,q), 5.56(2H,s), 7.27(4H,s), 7.49-7.72(4H,m)
IR(KBr)cm': 1760, 1650, 1640, 1600, 1570, 1525, 1460,
1445, 1330, 1240, 760. |

Working Example 11

4-11]methxl—4-methzl-2-n-gropoxxthieno[3,4-d]imidazole-

g-carboxylic acid
lla) Methyl 1-[[2'-(2,5-dihydro-5-ox0-1,2,4~

oxadiazol-3-yllbiphenyl-4-y]l imethyl~4-methyl-2-n-
propoxythienof3,4-d]limidazole-6-carboxylate
To a solution of sodium (0.1 g) in n-propanol (20

ml) was added the compound (0.7 g) obtained in Working
Example (9a), and the mixture was stirred for 30
minutes at room temperature. To the reaction mixture
was added water, and the reaction mixture was adjusted
to pH 4 with 1N-HCl, followed by extraction with ethyl
acetate. The extract was washed with water and dried.
The solvent was evaporated to dryness under reduced
pressure to.gi#e crystals. The crystals were éuspended;
in methanol, and to the suspension was added sodium
methoxlde (28%, methanol solution) (0.65 g). The
mixture was heated for 7 hours under reflux. To the
reaction mixture was added water, and the mixture was
adjusted to pH 4 with 1N HCl, followed by extraction
with ethyl acetate. The extract was washed with water
and dried. The solvent'was evaporated to dryness under
reduced pressure to glve crude crystals.
Recrystallization from ethyl acetate - methanol -
hexane afforded the title compound as pale yellow
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prisms (0.5 g, 74%), m.p.213-215°C (decomp.).
Elemental Analysis for C,¢H,,N,05S: '

C(%) H(%) N(%)
Calcd.: 61.89; 4.79; 11.10
Found : 61.73; 4.63; 10.93

4-NMR (200MHz,CDC1;) §: 0.98(3H,t), 1.71-1.91(2H,m),
2.47(3H,s), 3.76(3H,s), 4.37(2H,t), 5.59(2H,s), 7.23-
7.34(4H,m), 7.37(1H,dd), 7.49(1H,dt), 7.60(1H,dt),
7.83(1H,dd), 8.22(1H,br s).

IR(KBr)cm™': 1760, 1690, 1615, 1570, 1530, 1460, 1445,
1430, 1410, 1360, 1330, 1230, 1100, 1060, 755.

11b) 1-[2}—(g,S—dihvdro-S-oxo-lLgLA-oxadiazol—3—
yl)biphenyl-4-vlimethyl-4-methyl~2-n-propoxythieno(3,6 4-
dlimidazole-6~-carboxylic acid

To a suspension of the compound (0.4 g) obtained
in Working Example (lla) in a mixture of THF (10 ml)

and water (5 ml) was added lithium hydroxide
monohydrate (0.1 g), and the mixture was heated for 12
hours under reflux. To the reaction mixture was added
water, and the mixture was adjusted to pH 4 with 1N-
HCl. Resulting crystals were collected by filtration
and récrystallized from chloroform-methanol-ether to
afford the title compound as colorless needles (0.28
g, 72%), m.p.208-209°C (decomp.).

Elemental Analysis for C,sH,,N,0sS-0.3H,0:

C(%) H(%) - N(%)
Calcd.: -60.55; 4.59; 11.30
Found : .. 60:58;. 4.43; 11.39

'H-NMR (200MHz , DMSO-d) &: 0.89(3H,t), 1.65-1.82(2H,m),
2.48(3H,s), 4.38(2H,t), 5.59(2H,s), 7.28(4H,s), 7.49-
7.74(4H,m). |

IR(KBr)em™: 1760, 1650, 1645, 1605, 1570, 1530, 1460,

1445, 1325, 1240, 760.

Working Example 12
2-Ethylamino-1-[[2'~(2,5-dihydro-5-oxo-1,2, 4-oxadiazol-
3-v1)biphenyl-4-yllmethyl]-4-methylthieno[3,4—
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.d]imidazole-s-carboleic acid

12a) methyl 2-ethylamino-1-f{[2’-(2,5-dihydro-5-~
ox0-1,2,4-0oxadiazol-3-y1)biphenyl-4-ylimethyl]-4-
methylthieno[3,4-d]limidazole-6-carboxylate

A mixture of the compound (0.60 g) obtained in

Working Example (9a) and a 70% aqueous solution of
ethylamine (10 ml) was heated at 80°C in an autoclave
for two hours. The reaction mixture was concentrated
to dryness and adjusted to pH 4 with 1IN-HCl. The .
mixture was extracted with chloroform, and the extract
was washed with water and dried. The solvent was
evaporated to dryness'under reduced pressure, and the
residue was purified by column chromatography on silica
gel to give crude crystals. Recrystallization from
ethyl acetate - methanol - hexane afforded the title
compound as pale orange needles_(0;28 g, 45%), m.p.219~
221°C (decomp.).

Elemental Analysis for CjsH,3NsO,S-0.5ACOEt (533.60):

C(%) H(%) N(%)
Calcd.: 60.78; 5.10; 13.12
Found : 60.52; 5.15; 12.93

'H-NMR (200MHz,CDC1,) §: 1.26(3H,t), 2.40(3H,s),
3.31(2H,q), 3.67(3H,s), 5.61(2H,s), 7.16(2H,d),
7.23(2H,d), 7.38(1H,dt), 7.47(1H,dd),
7.58(1H,dt),7.72(1H,dd).

IR(KBr)cm™': 3325, 1740, 1690, 1610, 1590, 1540, 1460,
1435, 1335,-1230, 1090, 765.

12b) Z-Ethzlémino-l-rrg'-(g,s—dihzdro-s-oxq—l,2,4-

oxadiazol-3-vl)biphenyl-4-vl]methyl]—-4-

methyvlthieno{3,4-d]imidazole~-6-carboxylic acid

To a suspension of the compound (0.2 g) obtained
in Working Example (12a) in a mixture of THF (5 ml) and
water (2.5 ml) was added lithium hydroxide monohydrate
(51 mg), and the mixture was heated for 24 hours under
reflux. To the reaction mixture was added water, and
the mixture was adjusted to pH 4 with 1N-HCl. Crystals
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precipitated were collected by filtration and

recrystallized from chloroform-methanol to afford the

' title compound as pale yellow crystals (0.12 g, 67%),
m.p-189-192°C (decomp.).

Elemental Analysis for C,H,;Ns0,S-1.0MeOH (507.56):

? C(%) H(%) N(%)
calcd.: 59.16; 4.96; 13.80
pound : 59.34;  4.76; 14.00
E lg-NMR ( 200MHz ,DMSO-dg) §: 1.13(3H,t), 2.34(3H,s),
: . 3.28(2H,q), 5.84(2H,s), 7.06(2H,s), 7.22(2H,d),

7.28(1H,dd), 7.34-7.43(2H,m), 7.47(1H,dd).
IR(KBr)cmdz 1770, 1700, 1680, 1670, 1650, 1635, 1560,
1540, 1510. :
wWorking Example 13
15 Acetoxymethyl 1—r12'-(4-acetoxymethxl-4,5-&ihdxro—5-
oxo-4H-1,2 4-oxadiazol-3-yl)biphenyl-4-ylimethyl]-2-
1 - ethoxybenzimidazole-7-carboxylate |
:;\ To a solution of the compound (1.02 g) obtained in
- Working Example 1 in DMF (4 ml) was added triethylamine
20 (413 mg). To the stirred mixture was added

acetoxymethyl chloride (444 mg) at room temperature,
followed by stirring for 20 hours under the same
conditions. To the reaction mixture were added

_ dichloromethane (40 ml), water (25 ml) and 2N-HCl1l (3

=, 25 ml), and the mixture was shaken. The organic layer was
separated and concentrated to'dryness under reduced

) pressure. -..The residue was purified by column

Q; - chromatography on silica gel to give crude crystals.

3 | Recfystéllization from ether - isopropyl ether afforded

the title compound as colorless prisms (356 mg, 30%),

m.p.132-133°C. |

Elemental Analysis for C;HygN;Og:

C(%) = H(¥) N(%)
Caled.:  62.00; 4.70; 9.33
Found :  62.08; 4.60; 9.29

'H-NMR (90MHz,CDCl,) 6: 1.47(3H,t), 1.77(3H,s),
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2.10(3H,8). 4.67(2H,q), 4.87(2H,s), 5.70(2H,s),
5.87(2H,s), 7.00-7.83(11H,m).
IR(Nujol)cm™: 1790, 1760, 1730, 1200, 1035, 980.
Working Example 14 '
Acetoxymethyl 2-ethoxy-1-{[2'-(2,5-dihydro-5~-ox0-1,2,4~
oxadiazol-3-yl)biphenyl-4-v]imethyl lbenzimidazole~7-
carboxylate

The same reaction as in Working Example 13 was

conducted, and the reaction mixture was purified by

silica gel column chromatography to give crude
crystals. Recrystallization from ethyl acetate -
isopropyl ether afforded the title compound as
colorless prisms (250 mg, 29%), m.p.111-112 °C.
Elemental Analysis for CjgH;N,0;+1/30C¢H;,0:1/5H,0:

C(%) H(%) N(%)
Calcd.: 63.24; 4.68; 10.46 i
Found : 63.31; 4.64; 10.20

'H~NMR (90MHz,CDC1,) &: 1.40(3H,t), 2.00(3H,s),
4.40(2H,q), 5 67(2H,s), 5.70(2H, s), 6.87-7.90(11H,m).
IR(Nujol)cm ¢ 1780, 1730, 1545.
Working Example 15
1-[[2’'~(4-Acetoxymethyl-4,5~-dihydro-5-ox0-4H-1,2,4—
oxadiazol-3-yl)biphenyl-4-vljmethyl]-2-
ethoxybenzimidazole-7-carboxylate

The same reaction as in Working Example 13 was
conducted, and the reaction mixture was purlfled by
column chromatography on silica gel to give crude
crystals, followed by recrystallization from ethyl
acetate to afford the title compound as colorless
prisms (50 mg, 5%), m.p.177-179°C.
Elemental Analysis for C,gH,,N,0;-1/3H,0:

&) H(%) N(%)
Calcd.: 62.92; 4.65; 10.48
'Found : 62.86; 4.44; 10.35,

'H-NMR (90MHz ,CDCl;) §: 1.47(3H,t), 1.77(3H,s),
4.70(2H,q), 4.80(2H,s), 5.70(2H,s), 6.97-7.83(11H,m)
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IR(Nujol)em™: 1785, 1760, 1690, 1550, 1205, 1035.
working Example 16

1-[[2’~(2,5-Dihydro-5-0ox0-1,2,4-oxadiazol- 3-

zl)blghenxl-4-xl]meth21]—z—grogxlgxrazolo[1,5-
blll,2,41triazole-7-carboxylic acid

16a) Ethyl 1-[[2’'-(5-trichloromethyl- 1,2,4—oxad1azol =3=

ylibiphenyl-4-ylmethyl]-2-propylpyrazolo[1l,5-

bjll,2,4)triazole-7-carboxylate
To an ice-cooling solution of ethyl 2-propyl-lH-

pyrazolo{l,5-b][1,2,4])triazole-7-carboxylate (0.4 g) in
N,N-dimethylformamide (7 ml) was added sodium hydride
(60% oil; 72 mg) under nitrogen atmosphere, and the
mixture was stirred for 30 minutes at the same

temperature. To the reaction mixture was added a
solution of the compound (1.15 g) obtained in Working
Example (22c) in N,N-dimethylformamide'(7 ml). The
mixture was stirred for one hour under ice-cooling,
then for 3 hours at room temperature. The reaction
mixture was concentrated to dryness under reduced
pressure. To the residue was added water, and the
mixture was extracted with ethyl acetate. The organic
layer was washed with water and dried, and then the
solvent was evaporated to dryness under reduced
pressure. The residue was purified by column
chromatography on silica gel to afford the title
compound as whlte amorphous powder (0.92 g, 89%).
H-NMR(zooMHg,CDm,) §: 1.01(3H,t), 1.30(3H,t), 1.70-
1. 88(2H,m), 2.67(2H,t), 4.27(2H,q), 5.72(2H,s),
7.14(2H,d), 7.24(2H,d), 7.40-7.60(3H,m), 7.90-
7.94(1H,m), 8.00(1H,s). S
IR(KBr)cm': 2970, 1692, 1600, 1538, 1470.
16b) Ethyl 1-[[2'-(2,5-dihydro-5-ox0-1,2,4=-0xadiazol-3~
yl)biphenyl-4-ylimethylj-2-propylpyrazolof1,5-
b1[1,2,4]-triazole-7-carboxylate _

To an ice-cooling solution of the compound (0.92
g) obtained in Working Example (l6a) in a mixture of
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dioxane (8 ml) and water (2 ml) was added 1N-NaOH (1.7
ml), and the mixture was stirred for 15 minutes under
ice-cooling. To the reaction mixture were added 1N-HC1l
(2.5 ml) and water, and the mixture was extracted with
ethyl acetate. The organic layer was washed with water
and dried, then the solvent was evaporated to dryness
undér reduced preésure. The residue was crystailized
from ethyl acetate - ether to afford the title compound
as colorless crystals (0.666 g, 88%), m.p.227-228°C.
Elemental Analysis for C,sH,,N;0,:

C(%) H(%) - N(%)
Calcd.: 63.55; 5.12; 17.79
Found: 63.53; 5.20; 17.67

'H-NMR (200MHz ,DMSO-dg) &: 0.91(3H,t), 1.16(3H,t), 1.54-
1.73(2H,m), 2.73(2H,t), 4.16(2H,q), 5.75(2H,s),
7.26(2H,d), 7.32(2H,d), 7.48-7.73(4H,m), 7.96(1H,s).
IR(KBr)cm™': 3100, 2980, 1795, 1702, 1602, 1540, 1468.
16c) 1-[[2'-(2,5-Dihydro-5-ox0-1,2,4-oxadiazol-3-yl)-
biphenyl-4-v]l imethyl]-2-propylpyrazolo[l,5-b][1,2,4]~

triazole-7-carboxylic acid :
To a mixture of the compound (0.2 g) obtained in

Working Example (16b) in a mixture of methanol(5 ml),
tetrahydrofuran (5 ml) and water (5 ml) was added 2N-
NaOH (2.1 ml), and the mixture was heated for 3 hours
under reflux. The reaction mixture was cooled, to
which were. édded 2N-HCl (3.0 ml) and water, followed by
extractlon with ethyl acetate. The organlc layer was
washed w1th water and dried, and the solvent was
evaporated .to dryness under reduced pressure. The
residue was recrystallized from ethyl acetate to afford
the title compound as colorless crystals (0.17 g, 90%),
m.p.223-225°C. '

Elemental Analysis for C,3H,oNzO,:0.2ACOEt:

C(%) H(%) N(%)
Calcd.: 61.87; 4.71; 18.19
Found :

61.81; 4.66; 18.28
. : . - This Sheet Has Been Replaced.
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'H-NMR ( 200MHz ,DMSO-d¢) §: 0.90(3H,t), 1.52-1.70(2H,m),
2.71(2H,t), 5.79(2H,s), 7.32(4H,s), 7.50-7.73(4H,m),
7.92(1H,s), 12.35(1H,br s).

IR(KBr)cm™': 3060, 2960, 2700-2200, 1783, 1668, 1590,
1540, 1483. )

Working Example 17

1-{[2'=(2,5-Dihydro-5-oxo-1,2, 4-oxadiazol-3-
yl)biphenyl-4-y]l jmethyl-2-propylimidazo[1l,2-b]pyrazole-
7-carboxylic acid _

17a) Ethyl 2-propyl-1-{[2’—(5-trichloromethyl-1,2,4-
oxadiazole-3-yl)biphenyl-4-vllmethyljimidazo[1,2-b]-

pyrazole-7-carboxylate |

By the similar reaction procedure as in Working
Example (16a), the title compound was obtained as a
pale yellow oil (0.16 g, 47%) from ethyl 2-propyl-1H-
imi&azo[l,2-b]pyrazole-7-carboxylate (0.132 qg).
'H-NMR (200MHz,CDC1;) &: 0.98(3H,t), 1.28(3H,t), 1.53-
1.72(2H,m), 2.46(2H,t), 4.23(2H,q), 5.75(2H,s),
7.05(2H,d), 7.14(1H,s), 7.18(2H,d), 7.41-7.63(3H,m),
7.86-7.91(1H,m), 8.01(1H,s).

IR(Neat)cm™: 2975, 1702, 1690, 1603, 1582, 1562, 1495.

17b) Ethyl 1-{[2‘-(2,5-dihydro-5-ox0-1,2,4~-0oxadiazol-3—
yl)biphenyl-4-ylimethyli]-2-propylimidazofl,2- '
blpyrazole-7-carboxylate

By the similar reaction procedure as in Working
Example (16b), the title compound was obtained as
colorless crystals (84 mg, 68%), m.p.204-206°C (ethyl
acetateiéthér) from the compound obtained in Working
Example (17a) (0.15 qg).
Elemental Analysis for CyH,sNsO,-0.5H,0:

C(%) H(%) N(%)
. Calcd.: 64.99; 5.45; 14.57
Found : 65.27; 5.50; 14.38

'H-NMR (200MHz,CDC1;) &: 0.99(3H,t), 1.27(3H,t), 1.53-

1.72(2H,m), 2.48(2H,t), 4.18(2H,q), 5.74(2H,s),
7.13(2H,d), 7.13(1H,s), 7.27(2H,d), 7.38-7.65(3H,m),
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7.80-7.84(1H,m), 7.92(1H,s), 8.31(1H,br).
IR(KBr)em™': 3125, 2960, 1780, 1705, 1600, 1587, 1492,
1470. -

2 17c) 1-[[2'~(2,5-Dihydro-5-oxo-1,2,4-0oxadiazol-3-yl}~
%i 5 biphenxl-4—zl]methzl]—2-progglimidazo[1,2-b]gzrazole-7-
: carboxvylic acid . '
By the similar reaction procedure as in Working
Qf Example (16c), the title compound was obtained as
E colorless crystals (48 mg, 57%), m.p.191-196°C
2 10 (decomp.) (methanol-water), from thé compound obtained
in Working Example (17b) (90 mg). '
Elemental Analysis for C,H;NsO,;:

C(%) H(%) N(%)
Calcd.: 65.00; 4.77; 15.79
15 Found : 65.28; 4.68; '15.72

'H-NMR (200MHz ,DMSO-dg) 6: 0.89(3H,t), 1.43-1.62(2H,m),

2.43-2.51(2H,m), 5.80(2H,s), 7.18(2H,d), 7.29(2H,d),
N 7.50-7.72(5H,m), 11.87(1H,br s), 12.36(1H,br s).

IR(KBr)em™: 3025, 2960, 1700-2200, 1780, 1643, 1595,
20 1580, 1498.

Working Example 18

Ethyl 2-ethyl-4,7-dihydro-7-[[2'-(2,5-dihydro~5-oxo-

1,2,4-oxadiazol-3-yl)biphenyl-4-ylimethyl]-4-

oxothienol2,3-blpyridine-5-carboxylate

25 18a) Ethyl 7-[[g'-(s—trichloromefhzl-l,2.4-oxadiazol—3-
yl)biphenvl~4-ylimethyli-2-ethvl-4,7-dihydro-4-
oxothiendEZ;3-b]eridine—s-carboxxléte

~ To an-ice-cooling solution of ethyl 2-ethyl-4-
hydroxyfhieno[z,3-b]pyridine-s-carboxylate (0.252 g) in

30 N,N-dimethylformamide (DMF) (7 ml) was added, under
nitrogen atmosphere, sodium hydride (60% in oil; 40
mg), and the mixture was stirred for 30 minutes. To

the reaction mixture was added a solution of the

compound cbtained in Working Example (22c¢) (0.6 g) in
35 N,N-dimethylformamide (4 ml), and the mixture was

stirred for 2 hours at room ﬁemperature. éhe reaction
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mixture was concentrated to dryness under reduced
pressure. To the residue was added water, and the
mixture was extracted with ethyl acetate. The organic
layer was washed with water and dried, and the solvent
was evaporated to dryness under reduced pressure, The

residue was purified by column chromatography on silica
gel to afford the tile compound as whlte powder (0.5 g,
83%).

'H-NMR ( 200MHz ,CDC1,) 52 1.32(3H,t), 1.41(3H,t),
2.82(2H,d-q), 4.40(2H,q), 5.22(2H,s), 7.23-7.33(5H,m),
7.43-7.65(34,m), 7.93-7.98(1H,m), 8.39(1H,s).
IR(KBr)cm™': 2975, 1672, 1620, 1580, 1493.

18b) Ethyl 2-ethyl-4,7-dihydro-7-[[2‘-(2,5~-dihydro-5-
0x0-1,2 4-oxadiazol-3-yl)biphenyl-4-vyl Imethyl]-4-
oxothienof2,3-blpyridine-5-carboxylate -

| To .an ice-cooling solution of the compound (0.49

g) obtained in Working Example (18a) in a mixture of
dioxane (8 ml), tetrahydrofuran (THF) (8 ml) and water
(4 ml) was added 1N-NaOH (0.9 ml). After stirring for
40 minutes under ice-cooling, to the mixture was added
1N-NaOH (0.4 ml), and the mixture was stirred for 20
minutes under ice-cooling. To the reaction mixture
were added 1N-HCl (2,0 ml) and water, followed by
extraction with ethyl acetate. The organic layer was
washed with water and dried, then the solvent was
evaporatqd;ﬁo dryness under reduced pressure. The
residue wés crystallized from methanol to afford the
titled ébmpound as colorless crystals (0Q278 g, 68%),
m.p.243-235°C.
Elemental Analysis for C,;H;3N;0.S:

C(%) H($) N($%)
Calcd.: 64.66; 4.62; 8.38
Found : 64.70; 4.70; 8.33

'H-NMR (200MHz,DMSO-ds) §: 1.22(3H,t), 1.29(3H,t),
2.79(2H,d-q), 4.23(2H,q), 5.50(2H,s), 7.10(1H,t), 7.31-
7.40(4H,m), 7.50-7.73(4H,m), 8.77(1H,s), 12.37(1H,br
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5)-
IR(KBr)cm™': 3430, 2980, 1782, 1727,
working Example 19
3—[[2’-(245—Dihvdro—5-oxo—l,242:2§§Qig59l:;:
11)biEhenV1‘4‘YllmethV1]‘Z*Dr°DV1'4‘3H\-Gu;ggzgléagag
19a) 3-[[2’-(5-Trichloromethyl-1,2 4-oxadia201_3_
vl)biphenvl-4—vllmethvl1—z:propvl-4(3H)-quinazolin°ne
To an ice-cooling solution of 2—propyl‘4(3n)-ﬁ—-

1602

guinazoline (0.283 g) in N,N-dimethylformamide (8 ml)
was added sodium hydride (60% in oil; 60 mg) under
nitrogen atmosphere, and the mixture was stirred for 3¢
minutes at the same temperature. To the reaction
mixture was added a solution of the compound (0.78 g)
obtained in Working Example (22c) in N,N-
dimethylformamide (5 ml) and stirred for 4 hours at
room temperature. The reaction mixture was o
concentrated to dryness under reduced pressure, and to
the mixture was added water, followed by extraction
with ethyl acetate. The organic layer was washed with
water and dried, and the solvent was evaporated to
dryness under reduced piessure. The residue was
purified by column chromatography on silica gel to
afford the title compound as a colorless oil (0.5 g,
62%). ' .
'H-NMR (200MHz,CDC1,;) §: 1.02(3H,t), 1.75-1.94(2H,m),.
2.75(2H,t), 5.44(2H,s), 7.16(2H,d), 7.22(2H,d), 7.41-
7.79(6H,n), 7.87-7.92(1H,m), 8.28-8.32(1H,m).
IR(neatjcm™: 2960, 1668, 1595, 1567.
19b) 3;[Lz’-(gJS—Dihvdro-S-oxo-i,gJ4-oxaq;gzol-3—yl}-
biphenyl-4-yljmethyl]-2-propyl-4(3H)-quinazolinone

To a mixture of the compound'(0.42 g) obtained in
Working Example (19a) in a mixture of dioxane (6 ml)
and water (1.5 ml) was added 1N-NaOH (1.0 ml) under -
ice~cooling. The mixture was stirred for 30 minutes

under ice-cooling. To the reaction mixture were added
IN-HC1 (2.0 ml) and water, and the mixture was
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extracted with ethyl acetate. The organic layer was
washed with water and dried, and the solvent was
evaporated to dryness under reduced pressure. The
residue was crystallized from ethyl acetate -~ ether to
afford the title compound as colorless crystals (0.311
g, 91%), m.p.251-253°C.
Elemental Analysis for C,¢HjN;O0;:

‘e

C(%) H(%) N(%)
caled.:  71.22; 5.06; 12.78
Found :  70.93; 5.04; S 12.72 .

'H-NMR ( 200MHz,DMSO-dg) 6: 0.91(3H,t), 1.63-1.82(2H,m),
2.74(2H,t), 5.45(2H,s), 7.24(2H,d), 7.31(2H,d), 7.49-
7.74(6H,m), 7.80-7.88(1H,m), 8.16-8.20(1H,m),
12.38(1H,br s). ,

IR(KBr)cm™': 3120, 2970, 1768, 1638, 1605, 1590.
Working Example 20

' Methvyl 2-butyl-1-[[2’-(4,5~-dihydro-5-0x0-6H-1,2,4~

oxadiazin-3—xl)bighenxl-4-zl]methzl]benzimidazole-?-

carboxylate
20a) Methyl 2-butyl-1-[[[2’-(0O-ethoxycarbonylmethyl)-

hzdroxxcarbamimidozl]biphenvl-4—vl]methzl]-

A mixture of the compound (2.20 g) obtained in
Working Example (1lc), ethyl bromoacetate (0.84 g) and .
potassium carbonate (0.67 g) in acetonitrile (20_ﬁlsl
was stlrred for 15 hours at room temperature. To the
reactlon mlxture was added a saturated aqueous saline
solution, and mixture was extracted with ethyl ac tate
The extract was washed with water and dried (Mgsoﬂ

then the solvent was evaporated in vacuo. The & idue

to give the title compound (1.10 g, 42%) as an oil
'H-NMR (200MHz,CDC1;) §: 0.96(3H,t,J=7.4Hz), .
1.28(3H,t,J=7.2Hz), 1.48(2H,m), 1.89(2H, m),
2.94(2H,t,J=7.6Hz), 3.74(3H,s), 4.20(2H,q,J=7-2Hz
4.45(2H,br s), 4.56(2H,s), 5.77(2H,s),
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6.89(2H,d,J=8.0Hz), 7.19-7.70(8H,m),
7.94(1H,dd,J=1.2Hz,7.8Hz).

IR(Neat)cm™: 3480, 3375, 3150, 1750, 1725, 1715, 1635,
1600. :

20b) Methyl 2-butyl-1-[[2'-(4,5-dihydro-5-ox0-6H-1,2,4~
oxadiazin—3-xl)bighenzl-4-zl]methxl]benzimidazole-7—

carboxvlate
A mixture of the compound (1.10 g) obtained in

working Example (20a) and p-toluenesulfonic acid
chloride (0.1 g) in toluene (20 ml) was heated for 18
hours under reflux. The reaction mixture was

concentrated to dryness, and the residue was extracted
with chloroform. The extract was washed with water and
dried (MgSO,), and the solvent was evaporated in vacuo.

The residue was purified by silica gel (80 g) column
chromatography to give the title compound as colorless
crystals (0.25 g, 25%), m.p.226-227°C.

Elemental Analysis for C,eHyeN,0.-1/ 2H,0:

C(%) H(%) N($%)
Calcd.: 68.90; 5.78; 11.08
Found : 69.06; 5.78; 10.73

'H-NMR ( 200MHz ,DMSO-d¢) &: 0.90(3H,t,J=7.2Hz),
1.40(2H,m), 1.77(2H,m), 2.88(2H,t,J=7.4Hz), 3.65(3H,s),
4.15(2H,s), 5.72(2H,s), 6.89(2H,d,J=8.4Hz), 7.27-
7.64(8H,m), 7.87(1H,dd,J=1.0Hz,8.0Hz), 10.91(1H,br s).
IR(Nujol)em™: 1720, 1710, 1605.

Working Example 21 :
2-Butyl-1-[[2‘=(2,4-dioxothiazolidin-5-yl)biphenyl-4—

" y¥llmethvyl lbenzimidazole

2la) 2-Butyl-1-[[2‘-hydroxymethylbiphenyl-4-vlimethyl]-
benzimidazole

A stirred solution of 2-butyl-l-[(2’-carboxy-
biphenyl-4-yl)methyl]benzimidazole (1.50'g) in benzene
(30 ml) was added dropwise to sodium dihydro-bis(2-
methoxyethoxy)aluminate (70% toluene solution). The
mixture was stirred for one hour at room temperature,
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and then heated for 10 minutes under reflux. The
reaction mixture was cooled and poured into 2N-HC1,

- followed by extraction with dichloromethane. The
‘extract was washed with water and dried (MgSO,), and

the solvent was evaporated in vacuo. The residue was
purified by silica gel (80 g) column chromatography to
give the title compound (0.67 g, 46%) as an oil, which
was crystallized from ethyl acetate - ether to afford
pale yellow prisms, m.p.162-163°C.

Elemental Analysis for C,sH,N,0-1/3H,0:

C(%) H(%) ~  N(%)
Calcd.: 79.75; 7.14; 7.44
Found : 79.75; 7.01; 7.29

'H-NMR ( 200MHz,CDC1,) &: 0.92(3H,t,J=7.2Hz), 1.43(2H,m),
1.83(2H,m), 1.86(1H,s), 2.87(2H,t,J=7.4Hz), 4.57(2H,s),
5.39(2H,s), 7.09(2H,d,J=8.4Hz), 7.19~7.61(9HE,m), 7.72-
7.81(1H,m).
IR(Nujol)cm™: 3170
21b) 2-Butyl-l-[(2’-formylbiphenyl-4-yl)methyl]-—
benzimidazole

A mixture of the alcohol (0.65 g) obtained in
Working Example (2la) and pyridinium dichromate (0.67
g) in dichloromethane (20 ml) was stirred for 15 hours
at room temperature. Insoluble materials were filtered
off, and the filtrate was concentrated to dryness. The
residue.yaé purified by silica gel (60 g) column
bhromatoéiaphﬁ to give the title compound as an oil
(0.52 éﬂ 80%), which was crystallized from isopropyl
ether to afford colorless crystals (0 46 g, 71%),
m.p.117-118°C.
Elemental Analysis for C,sHpN,0-1/5H;0:

C(%) H(%) N(%)
Calcd.: 80.72; 6.61; 7.53
Found : 80.73; 6.55;  7.41

'H-NMR (200MHz,CDC1;) &: 0.94(3H,t,J=7.2Hz), 1.45(2H,m),
1.86(2H,m), 2.88(2H,t,J=7.4Hz), 5.42(2H,s),
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7.14(2H,d,J=7.8Hz), 7.21-7.68(8H,m), 7.76-7.83(1H,m),
8.01(1H,dd,J=1.6Hz,7.6Hz), 9.94(1H,s).
IR(Nujol)em™: 1690, 1655, 1615, 1595.

21c) 2-Butvl-1-{[2’-(2,4 -dloxothlazolln-s xl)blghenxl-
4 yl]methxl]benzlmldazole

To a stirred mixture of the aldehyde (0.44 g)

obtained in Working Example (21b) in ethyl acetate (4
ml) and tetrahydrofurén (4 ml) were added an aqueous
solution (2 ml) of sodium sulfite and an agueous
solution (1.2 ml) of potassium cyanate (0.78 g). The
reaction mixture was stirred for 4 hours at room
temperature and for further one hour at 60°C. The
reaction mixture was concentrated in wvacuo, and to the

residue was added water, followed by extraction with
chloroform. The extract was washed with water and
dried (MgSO;), and the solvent was evaporated in wvacuo. !
The residue was crystallized from ether to give
cyanohydrin (0.43 g, 91%) as colorless crystals. The
product was used for the subsequent reaction without
further purification.
'H-NMR (200MHz,CDCl;) §: 0.78(3H,t,J=7.4Hz), 1.25(2H,m),
1.61(2H,m), 2.69(2H,t,J=7.6Hz), 5.32(2H,s), 5.51(1H,s),
7.03(2H,d,J=8.0Hz), 7.11-7.60(9H,m),
7.92(1H,dd,J=1.8Hz, 7.6Hz).
IR(Nujol;)cm™: 3420, 2230, 1615. S
To a’sblution of the cyanohydrin (0.41 g) obtained
by the qbbve;mentioned reaction in chloroform (2.5 ml)
was added thionyl chloride (0.11 ml). The mixture was
heated for 1.5 hour under reflux with stirring. The
reaction mixture was concentrated to dryness to give an .
oil. The mixture of the oil and thiourea (88 mg) in
ethanol (10 ml) were heated for one hour under reflux.
To the reaction mixture was added 2N-HC1 (10 ml), and
the mixture was heated overnight (16 hours) under
reflux. The reaction mixture was cooled and then
diluted with water, followed by extraction with
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chloroform. The extract was washed with water and
dried (MgSO,), and the solvent was evaporated in vacuo.
The residue was purified by silica gel (70 g) column
chromatography to give crystals. Recrystallization
from ethyl acetate afforded the title compound (0.31 g,
66%) as colorless prisms, m.p.249-250°C.

Elemental Analysis for C,;H,sN;0,S:

C(%) H(%) N(%)
Calcd.: 71.18; 5.53; 9.22.
Found : 70.93; 5.51; 9.09

'H-NMR ( 200MHz , DMSO-d¢) 8: 0.88(3H,t,J=7.4Hz),
1.38(2H,m), 1.74(2H,m), 2.87(2H,t,J=7.4Hz), 5.52(1H,s),
5.56(2H,s), 7 13-7.64(12H,m), 12.20(1H, br). '
IR(Nujol)cm 1690.
Working Example 22
2-Butyl-4-chloro-5-formyl-1-[[2’~(2,5-dihydro-5-0xo~
1,2,4-oxadiazol-3-vl)biphenyl-4-ylimethyllimidazole
22a) 4’'-Methylbiphenyl-2-carboxamidoxime

To a solution of hydroxylamine hydrochloride (17.9
g) in dimethyl sulfoxide (120 ml) was added a methanol
solution of sodium methoxide prepared from metallic
sodium (5.92 g) and anhydrous methanol (50 ml). The
mixture was stirred for 10 minutes at room temperature,
to which was added 2’-cyano-4-methylbiphenyl (10 g).'
The reaction mixture was stirred for 5 hours at 100°C.
The reaction mixture was partitioned betweeén ethyl
acetate and water. The aqueous layer was extracted
with eth?l'aéetate. Organic layers were combined,
washed with water and dried, then the solvent was
evaporated in vacuo. The residue was purified by
column chromatography on silica gel to afford the title

~compound as a white amorphous product (11.2 g, 96%).

'H-NMR (200MHz,CDC1;) §: 2.39(3H,s), 4.42(2H,br s),
7.22(2H,d), 7.31-7.50(5H,m), 7.56-7.60(1H,m).
IR(KBr)cm™': 3490, 3380, 1642, 1575, 1568.

22b) 5-Trichloromethyl-3-(4‘’-methylbiphenyl-2-y1l)-
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1,2,4-oxadiazole

To a solution of the compound (10 g) obtained by
working Example (22a) in benzene (100 ml) was added
dropwise trichloroacetic anhydride (16.4 g), and the
reaction mixture was heated for two hours.under reflux.
The reaction mixture was cooled and concentrated to
dryness. The residue was partitioned between ether and
water. The aqueoﬁs layer was extracted with ether.
organic layers were combined, washed with water and

dried, and the solvent was evaporated under reduced

- pressure. The residue was purified by column

chroﬁatography on silica gel to afford the title
compound as a pale yellow oil (12 g, 77%).
'H-NMR (200MHz,CDC1,) &: 2.38(3H,s), 7.16(4H,s), 7.44-
7.64(3H,m), 7.88~7.93(1H,m).
IR(neat)cm™': 3025, 1600, 1580, 1561, 1508.
22¢c) 3-(4'-~Bromomethylbiphenyl-2-yl)-5~trichloromethyl-
1,2,4-oxadiazole _
To a solution of the compound (24.8 g) obtained in
Working Example (22b) in carbon tetrachloride (300 ml)
were added N-bromosuccinimide (12.5 g) and o,o’-azobis-~
isobutyronitrile (1.15 g), and the mixture was heated
for two hours under'reflux; The reaction mixture was
cooled, and white insoluble materials were filtered
off. The filtrate was diluted with dichloromethane.
The organié'layer was washed with water and dried, and
the solvent was evaporated in vacuo under reduced
preésuré._ The residue was recrystallized from ether-
hexane to afford the title compound as colorless
crystals (23.0 g, 76%), m.p.77-79°C.
Elemental Analysis for C,;H;,N,0BrCl;-0.5H,0:

C(%) . H(%) N(%)
Calcd.: 43.52;  2.51; 6.34
Found : 43 76; 2.33; 6.31

Iy NMR (200MHz,CDCl,) §: 4.52(2H,s), 7.23(2H,d),
7.38(2H,d), 7.44-7.65(3H,m), 7.91-7.95(1H,m).
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IR(KBr)em™: 1600, 1560, 1475, 1428, 1332.

22d) 2-But 1~4-chloro-1-[[2’~(5-trichloromethyl-1,2,4-
oxadiazol-3-yl)biphenyl-4-ylimethyl}-5-formylimidazole

To a cooled solution of metallic sodium (25 mg) in

anhydrous methancl (2 ml) was added dropwise a solution
of 2-butyl-4-chloro-5-formylimidazole (0.2 g) in
methanol (3 ml) under nitrogen atmosphere. The mixture
was stirred for one hour at room temperature and
concentrated to dryness. To a solution of the residue
in N,N-dimethylformamide (2 ml) was added dropwise a
solution of the compound (0.56 g) obtained in Working
Example (22c) in N,N-dimethylformamide (3 ml) under
ice-cooling. The reaction mixture was stirred for 2.5
hours at room temperature and concentrated to dryness
under reduced pressure. Water was added to the
residue, and the mixture was extracted with ethyl
acetate. The organic layer was washed with water and
dried, and the solvent was evaporated under reduced
pressure. The residue was purified by column
chromatography on silica gel to afford the title
compound as a colorless oil (0.44 g, 76%).

'H-NMR (200MHz,CDC1,) §: 0.91(3H,t), 1.28-1.46(2H,m),
1.63-1.78(2H,m), 2.65(2H,t), 5.59(2H,s), 7.05(2H,d),
7.23(2H,d), 7.41-7.65(3H,m), 7.90-7.95(1H,m),
9.77(1H,s).

IR(neat)cm*' 2960, 1670, 1652, 1580, 1565, 1510.

22e) -Butxl 4-chloro 1-{[2'—-(2,5-dihydro~5-0x0~1,2,4~
oxadiazol- -3-ylibiphenyl-4-vlimethvl]-~-5-formylimidazole

To a solution of the compound obtained in Working -
Example (22d) in a mixture of dioxane'(4 ml) and water
(1 ml) was added 1N-NaOH (0.75 ml) under ice-cooling.
The mixture was stirred for 30 minutes under ice-
cooling. To the reaction mixture were added 1N-HC1l (1
ml) and water, followed by extraction with ethyl
acetate. The organic_layef was'washed with water and

dried, and the solvent was evaporated under reduced

-—

This Sheet Has Been Rep

L

10



10

15

20

25

30

35

- 100 -

pressure. The residue was recrystallized from
isopropyl ether - hexane to afford the title compound
as white crystals (0.225 g, 87%), m.p.181-183°C.
Elemental Analysis foxr C,3H,; N,0,Cl-0.2H,0:

C(%) H(%) N(%)
Calcd.: 62.71; 4.90; 12.72
Found : 62.71; 4.79; 12.62

'H-NMR ( 200MHz,CDC1;) &: 0.91(3H,t), 1.29-1.48(2H,m),
1.63-1.79(2H,m), 2.68(2H,t), 5.55(2H,s), 7.10(2H,d),
7.31(2H,d), 7.38-7.67(3H,m), 7.80(1H,dd), 8.50(1H,br),
9.68(1H,s). ' _
IR(KBr)em™: 2960, 1772, 1673, 1522, 1490, 1460.
Working Example 23 . .
2-Butyl-4-chloro-1-{{2’-(2, 6 5~dihydro-5- :
oxo-1,2,4-oxadiazol-3-yl)biphenyl-4-vlimethyl}-5-
hydroxymethylimidazole

To a solution of the compound (0.15 g) obtained in
Working Example (22e) in a mixture of methanol (3 ml)
and tetrahydrofuran (2 ml) was added sodium bqrohydride
(16 mg), and the mixture was stirred for one hour at

room temperature. To the reaction mixture was added
ice-watexr, and the mixture was extracted with ethyl
acetate. The organic léyer was washed with water and
dried, and the solvent was evaporated ;g_vécuo under
reduced pressure. The residue was recrystallized from
ether-hexane to afford the title compound as white '
crystals (67 mg, 45%), m.p.202-205°C.

Elemental Anélysis for C,3H,3N,0;C1-0.1Et,0-0,5H,0:

c(s%) H(%) N(%)
Calcd.: 61.73; . 5.53; 12.30
Found : 61.81; 5.56; 12.07

'H-NMR (200MHz , DMSO~dg) §: 0.80(3H,t), 1.16-1.34(2H,m),
1.40-1.55(2H,m), 2.45-2.52(2H,m), 4.34-4.36(2H,m),
5.25(1H,br), 5.29(2H,s), 7.14(2H,d), 7.30(2H,d), 7.48-
7.72(4H,m).

IR(KBr)cm™': 3470, 2960, 1755, 1501, 1463.

PR
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Working Example 24
S5-Butyl-~3-ethoxycarbonyl-1-[[2’-(2,5-dihydro~5-oxo~
1,2.4-oxadiazol-3-yl)biphenyl-4-vyl imethylpyrazole
24a) 5-Butyl-3-ethoxycarbonyl-l-[[2’~(5~
trichloromethyl-1,2,4-oxadiazol-3~yl)biphenyl-4-
ylimethyl Jpyrazole

To an ice-cooling solution of 3-butyl-5-
ethoxycarbonylpyrazole (0.3 g) and the compound (0.95
g) obtained in Working Example (22c¢) in anhydrous
tetrahydrofuran (10 ml) was added sodium hydride (60%,
61 mg) under nitrogen atmosphere. The mixture was
stirred for 10 minutes at room temperature, and then
heated for 3 hours under reflux. The reaction mixture
was cooled, to which was added water, followed by
extraction with ethyl acetate. The organic layer was
washed with water and dried, and the solvent was
evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel to
afford the title compound as a pale yellow oil (0.29 g,
35%). -
'H-NMR (200MHz,CDC1;) &: 0.89(3H,t), 1.26-1.44(2H,m),
'1.40(3H,t), 1.50-1.68(2H,m), 2.49(2H,t), 4.41(2H,q),
5.41(2H,s), 6.64(1H,s), 7.08(2H,d), 7.20(2H,d), 7.40-
7.63(3H,m), 7.88-7.92(1H,m).

IR(neat)em™: 2950, 1715, 1578, 1565.
24Db) —Butxl 3-ethoxxcarbonvl 1-[[2'=-(2,5-dihydro-~ ~5-
_oxo-1,2,4-oxod1azol -3-vl)biphenyl-4-y1lmethyl Jpyrazole

To a solution of the compound (0.27 g) obtained in
Working'Example (24a) in a mixture of d;oxane (4 ml)
and water (1 ml) was added 1N-NaOH (0.6 ml) under ice-
cooling. The mixture was stirred for 20 minutes under
ice-cooling. To the reaction mixture were added 1N-HCl
(0.9 ml) and water, and the mixture was extracted with
ethyl acetate. The organic layer was washed with _
water, dried, and concentrated to dryness under reduced
preSsure. The residue was recrystallized from
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‘as colorless crystals (0.17g g, 80%) ‘m p.166-168°C.
f 4 - L3

Elemental Analysis for CasHyN,0, :

isopropyl ether - hexane to afforq

C(%) H(%) N(%)
Calcd.: 67.25; | 5.87; 12.55
Found : 66.99; 5.91; 12.45

'H-NMR (200MHz,CDC1,) §: 0.91(3H,t), 1.28-1.46(2H,m),
1.37(3H,t), 1.53-1.68(2H,nm), 2.56(2H,t), 4.35(2H,q),
5;36(23,5), 6.64(1H,s), 7-15(2H,d), 7.30(2H,d), 7.37-
7.65(3H,m), 7.79-7.83(1H,m), 8.49(1H,br).
IR(KBr)cm™': 2960, 1777, 1725, 1600, 1485.
Working Example 25
2-Butyl-4-chloro-1-[[2’-(2,5-dih dro-5-ox0=1,2,4~

oxadiazol-3-xl)bighenzl-4-xl]methxl]imidazole-s-

carboxylic acid

To a solution of the compound (0,27 g) obtained in
Working Example (22e) in pyridine (5 ml) was added an
agqueous solution (2.5 ml) of potassium permanganate
(0.147 qg). ‘The mixture was stirred for 3 hours at room
temperature. The reaction mixture was concentrated to
dryness under reduced pressure. To the residue were
added ethyl acetate and dilute hydrochloric acid. The
resulting suspension was filtrated through celite. fThe
filtrate was extracted with ethyl acetate. The organic
layer was washed with water, dried, and concentrated to
dryness under reduced pressure. The residue was
purified by -silica gel column chromatography and the
product was. crystallized from ethyl acetate - isopropyl
ether to afford the title compound as colorless
crystals (0.17 g, 61%), M.p.188-189°C (decomp.).
Elemental Analysis for CanNALCl-0.1AcOEt-2.9th

C(%) H(%) - N(%) '
Calcd.: 54.69; . 5.41; 10.90
Found : 54.91; 5.17; 10.62

'H-NMR (200MHz , DMSO-d,) &: 0.80(3H,t), 1.16-1.35(2H,m),
1.43-1.58(2H,m), 2.46-2.53(2H,m), 5.80(2H,s),
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6.95(2H,d), 7.25(2H,d), 7.29-7.51(4H,m).

IR(KBr)cmdz 3390, 2960, 1765, 1648, 1590, 1525, 1488.
working Example 26
2-Butyl-4-chloxro-1-[[2'-{2,3~-dihyvdro-2-ox0-1,3,4-
oxadiazol-5-yl)biphenyl-4-v]limethyllimidazole-5-
carbaldehyde

To an ice-cooling solution of 2-butyl-4-
chloroimidazole-5-carbaldehyde (0.19 g) in N,N-
dimethylformamide (1 ml) was added sodium hydride (60%
in oil; 44 mg), and the mixture was stirred for 10
minutes. To the mixture was then added 5-(4'-
bromomethylbiphenyl-2-y1)~2,3-dihydro-3-triphenylmethyl-
1,3,4-oxadiazol~2-one (0.57 g). The reaction mixture
was stirred for 1.5 hour at room temperatures, which
was diluted with water and extracted with ethyl
acetate. The extract was washed with water and dried.
The solvent was evaporated under reduced pressure, and
the residue was purified by column chromatography on
silica gel. The crude product thus obtained was
dissolved in trifluoroacetic acid (4 ml), and the
solution was stirred for 30 minutes at 60°C.
Trifluoroacetic acid was evaporated under reduced
pressure. The residue was dissolved in ethyl acétate,
and the solution was washed with an aqueous solution of
sodium hydrogencarbonate and dried. The solvent was
evaporated -under reduced pressure, and the residue was
purified by column chromatography on silica gel. Crude
crystals thus obtained was recrystallized from
ethylacetate-hexane to afford the title compound as
colorless prisms (0.12 g, 27%), m.p.178-179°C.
Elemental Analysis' for C,3HyN,C10;:

C(%) H(%) N(%)
Calcd.: 63.23; 4.84; 12.82
Found : 63.07; 4.87; 12.69

'H-NMR (200MHz,CDC1,) §: 0.90(3H,t), 1.28-1.46(2H,m),
1.62-1.78(2H,m), 2.68(2H,t), 5.59(2H,s), 7.08(2H,d),
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7.26(2H,d), 7.35(1H,dd), 7.43-7.60(2H,m), 7.79(1H,dd),
8.85(1H,br), 9.76(1H,s).

IR(neat)cmd: 1810, 1775, 1660, 1455, 1340, 1275, 900,
840, 770, 750.

Working Example 27
2-Butyl-4-chloro-1-[[2’-(2,3-dihydro-2-oxo-1,3,4-
oxadiazol-5-ylibiphenyl-4-yl imethyl]-5-

imidazolemethanol

‘ To a solution of the compound (50 mg) obtained in

.;  ; 10 Working Example 26 in methanol (5 ml) was added sodium
borohydride (4 mg), and the mixture was stirred for one
hour at 0°C. The solvent was evaporated under reduced
pressure, and the residue was adjusted to pH 3-4 with
1N-HCl. Crystalline precipitate was collected by

15 filtration and recrystallized from ethyl acetate -
hexane to afford the title compound as colorless prisms
(47 mg, 94%), m.p.163-164°c._
Elemental Analysis for Cj;H,3N,C1l0;:

_ C(%) H(%) N(%)
-3 20 Calcd.: 62.94; 5.28; 12.76
; Found : 62.76; 5.16; 12.54

'H-NMR ( 200MHz,CDC1;) &: 0.88(3H,t), 1.25-1.41(2H, m),
 1.58-1.70(2H,m), 2.62(2H,t), 4.50(2H,s), 5.24(2H,s),
- 7.06(2H,d), 7.27(2H,d), 7.37(1H,dd), 7.43-7.59(2H,m),
25 7.81(1H,dd), 9.93(1H,br).
| IR(KBr)cm™: 3400, 1800, 1775, 1455, 1410, 1340, 1260,
1000, 900, 770, 750. '
- Working Example 28
é' - 2-Butyl-5-ethoxycarbonyl-3- rr2'-{2,5-d1hdxro —5-0x0-
- 4 30 1,2,4-0oxadiazol-3~yl)biphenyl- 4-xl]methxl]-4(3H)-
§ byrimidinone
2 28a) 2-Butvyl-5-ethoxycarbonyl-3-[[2!—(5=
' trichloromethyl-1,2,4-oxadiazol-3~yl)biphenyl-4-

'1i ylimethvl]-4(3H)-pyrimidinone
f 35 To an ice-cooling solution of 2-butyl-5-
E _ ethoxycarbonyl-4-hydroxypyrimidine (0.36 g) in
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anhydrous tetrahydrofuran (8 ml) was added sodium
hydride (60% in oil; 65 mg) under nitrogen atmosphere,
and the mixture was stirred for 15 minutes at room
temperatures. To the reaction mixture was added a
solution of the compound (1.02 g) obtained in Working
Example (22c) in anhydrous tetrahydrofuran (5 ml), and
the mixture was heated for 6 hours under reflux. The
reaction mixture was cooled, to which was added water,
followed by extraction with ethyl acetate. The organic
layer was washed with water and dried, and the solvent
was evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel to
afford the title compound as a colorless oil (0.18 g,
20%).

'H-NMR (200MHz,CDC1,) &: 0.92(3H,t), 1.29-1.47(2H,m),
1.39(3H,t), 1.64-1.79(2H,m), 2.75(2H,t), 4.39(2H,q),
5.38(2H,s), 7.19(2H,d), 7.25(2H,d), 7.41-7.65(3H,m),

7.93(1H,dd), 8.64(1H,s)
1

 IR(neat)em™: 2960, 1748, 1705, 1685, 1580, 1521.

28b) 2-Butyl-5- thoxxcarbonzl 3-[[2'~(2,5~dihydro-5~
oxo-1,2,4-oxadiazol- 3-zl)blghenxl ~4-ylimethyl1~4 (3H)~-
pyrimidinone

The compound (0.18 g) obtained in Working Example
(28a) was dissolved in a mixture of dioxane (4 ml) and
water (1 ml). To the ice-cooling solution was added
1IN-NaOH (0.4 ml), and the reaction solution was stirred
for 30 minytes under ice-cooling. After addition of
IN-HCl (0.6 ml) and water, the reaction mixture was
extracted with ethyl acetéte. The organic layer was
washed with water and dried, and the solveﬁt was
evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel. The
crude product thus obtained was rec;ystalliied from

ethyl acetate - isopropyl ether to afford the title

compound as colorless crystals (62 mg, 42%), m.p.151-
154°C. ' . '
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Elemental Analysis for C;H;sN;Os.0.1H,0:

C(%) H(%) N(%)
calcd.: 65.56; 5.54; 11.76
Found : 65.41; - 5.68; 11.62

5 'H-NMR (200MHz,CDCl;) &: 0.91(3H,t), 1.28-1.48(2H,m),
1.34(3H,t), 1.65-1.80(2H,m), 2.79(2H,t), 4.31(2H,q),
5.30(2H,s), 7.22(2H,d), 7.32(2H,d), 7.37-7.65(3H,m),
7.78(1H,dd), 8.61(1H,s).

IR(KBr)cm*: 3210, 2960, 1795, 1705, 1660, 1523.

10 Working Example 29
1-[[2'-(2,5~-Dihydro-5-ox0-1,2, 4-0oxadiazol~3~
yl)biphenyl-4-ylimethyl ]-6-propoxy-3-propyluracil
29a) 6-Chloro-1- [r2'—(5—trichloromethxl 1,2,4-

) oxadiazol- 3-vl)blgggnvl 4-vl1methvl1 3 progxluracxl

'l 15 To an ice-cooling solution of 6-chloro-3-

: propyluracil (0.2 g) in N,N-dimethylformamide (4 ml)

was added sodium hydride (60% in oil; 43 mg) under
~\ nitrogen atmosphere. The mixture was stirred for 30

minutes at the same temperature. To the reaction
20 mixture was added a solution of the compound (0.64 g)
obtained in Working Example (22c¢) in N,N-
dimethylformamide (4 ml). The mixture was stirred for
2.5 hours at room temperature. The reaction mixture
was concentrated to dryﬁess under reduced pressure, and
25 to the residue was added water, followed by extraction
with ethyl acetate. The organic layer was washed with

. water, dried, and concentrated to dryness under reduced

; pressure.- THe residue was purified by column

( chromatography on silica gel to afford the title

:é 30 compound as a colorless oil (0.43 g, 75%). _

5 'H-NMR (200MHz,CDC1,) §: 0.95(3H,t), 1.56-1.76(2H,m),
3.91(2H,t), 5.29(2H,s), 5.93(1H,s), 7.24(2H,d),
7.31(2H,d), 7.43-7.64(3H,m), 7.89-7.93(1H,m).
IR(neat)cm™': 2960, 1712, 1668, 1608, 1582, 1568, 1508.

35  29b) 1-[[2'=(2,4-Dihydro-5-oxo-1,2,4-oxadiazol-3-yl)-
biphenyl-4-vlimethyl]-6-propoxy-3-propyluracil
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To a solution of the compound (0.42 g) obtained in -
working Example (29a) in a mixture of dioxane (4 ml)
and water (1 ml) was.added 1N-NaOH (1.0 ml) under ice-
cooling. The mixture was stirred for 30 minutes under
jce-cooling, and to the reaction mixture were added 1N-

HC1 (1.5 ml) and water, followed by.extraction with

ethyl acetate. The organic layer was washed with

water, dried, and concentrated to dryness under reduced

pressure. The residue was dissolved in a mixture of

10 propanol (4 ml) and N,N-dimethylformamide (4 ml). To
the ice-cooling solution were added dropwise a solution
of sodium propoxide prepared from metallic sodium (72
mg) and propanol (2 ml), and the solution was heated
for 1.5 hour at 100-110°C. The reaction mixture was

15 cooled, and then concentrated to dryness under reduced
pressure. To the residue was added dilute hydrochloric
acid, and the mixture was extracted with ethyl acetate.
The organic'layer was washed with water, dried, and
evaporated to dryness under reduced pressure. The

20 residue was purified by column chromatography on silica
gel. The crude product thus- obtained was
recrystallized from ethyl acetate - hexane to afford
the title compound as colorless crystals (0.223 g,
63%), m.p.129-132°C.

25 Elemental Analysis for C,sH,;N,Os:

C(%) H(%) N(%)
Calcd.:_ .64 92° 5.67; 12.11
Found : .64 .82; 5.77; 11.91

 'H-NMR(200MHz,CDC1,) §: 0.92(3H,t), 1.00(3H,t), 1.56-

30 1.73(2H,m), 1.74-1.93(2H,m), 3.85(2H,t), 3.98(2H,t),
5.11(2H,s), 5.15(1H,s), 7.28-7.67(7H,m), 7.81-
7.86 (1H, m), 8.15(1H,br s). .
IR(KBr)cm™': 3120, 2970, 1775, 1705, 1638, 1472.
Working Example 30 |

35  1-[[2'-(2,5-Dihydro-5-oxo-1,2,4-oxadiazol-3=
yl)biphenyl-4-yl jmethyl]-2-propylbenzimidazole-7-

—_—
—_— .
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carboxylic acid
30a) Methyl 1—[(2'-czanoblghenxl 4-yl)methxl]-2-gropx

benz;mldazole- -carboxvylate
To a solution of methyl 3-amino-2-[(2’-

cyanobiphenyl-4-yl)methyl]benzoate (1.43 g) in dioxane
(8 ml) was added butyric anhydrlde (950 mg), and the
mixture was stirred for 3 hours at room temperature,
and then for two hours at 110°C. To the reaction
mixture was added conc. HCl (1 ml), and the mixture was
stirred for 15 hours at 80°C. The reaction mixture was
partitioned between ethyl acetate (150 ml) and an
aqueous solution of sodium hydrogencarbonate (70 ml).
The upper layer was washed twice with water (SO ml) and
concentrated under reduced pressure. The crystalline
product was recrystallized from ethyl acetate - ether
to afford the title compound as colorless prisms (1.4
g, 85%), m.p.128-129°C. _
'H-NMR (90MHz,CDC1;) §: 1.10(3H,t), 1.77-2.10(2H,m),
2.87(3H,t), 3.67(3H,s), 5.77(2H,s), 6.93(2H,d), 7.13-
7.77(8H,m), 7.93(1H,d). |
IR(Nujol)em™: 2225, 1710, 1450, 1280, 1270, 1200,
1130, 760. | |
30b) Methyl 1-[(2‘-(hydroxycarbamimidoyl)biphenyl-4-
yl)methyl]-2-propylbenzimidazole-7-carboxylate

To a solution of hydroxylamine hydrochloride (2.78
g) in DMSO (12 ml) was added triethylamine (4.04 g) and
tetrahydrofuran (15 ml), and then the resulting'
crystals were- filtered off. The filtrate was
concéntrated to dryness under reduced pressure. To the
residue were added methyl 1-{(2’'-cyanobiphenyl-4-
yl)methyl]-2-propylbenzimidazole-7-carboxylate (1.6 g)
and triethylamine (1 g). The mixture was stirred for
15 hours at 75°C, which was then dissolved in ethyl
acetate (200 ml). The solution was washed with water
(200 ml and 50 ml x 3), dried and evaporated under
reduced pressure to afford the title compound as a pale
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yellow product (1.57 g, 89%).

'H-NMR (90MHz,CDC1;) &: 1.10(3H,t), 1.73-2.10(2H,m),
2.90(2H,t), 3.70(3H,s), 4.33(2H,broad), 5.73(2H,s),
6.87(2H,d), 7.10-7.67(8H,m), 7.93(1H,d).

IR(Nujol)em™: 1720, 1440, 1380, 1290, 1265.

30c) Methyl 1-[([2'-(2,5-dihydro-5-0ox0-1,2, ,4-0oxadiazol-
3-yl)biphenyl-4-ylimethyl |1-2-propvlbenzimidazol-7-

carboxylate

To a solution of methyl l-[(2'—N-hydroxyamidino—,
biphenyl-4-yl)methyl]-2-propylbenzimidazole-7- '

_carboxylate (1.5 g) in DMF (8 ml) was added pyridine

(240 mg) and chloroformic acid 2-ethylhexyl ester (556
mg) with stirring in an ice-bath. The mixture was
stirred for 0.5 hour under the same coﬁditions, to
which was added methanol (3 ml), and the mixture was
stirred for 0.5 hour at room temperature. The reaction
mixture was dissolved in ethyl acetate (250 ml), and

‘the solution was washed with water (200 ml and 50 ml x

3). Ethyl acetate was evaporated under reduced
pressure. The residue was dissolved in xylene (150

ml), and the solution was heated for 4 hours under

reflux. The reaction mixture was allowed to stand for

' 20 hours at room temperature to give the title compound

as colorless prisms (1.03 g, 58%), m.p.224-226°C.
Elemental An.alys.i.s for C27H24N404'1/2C8H103

C(%) H(%) N($%)
_Calcd.:,_,?l.AG; 5.60; 10.74
~Found : = 71.41; 5.44; 10.53

'H-NMR (90MHz,CDC1,;) 6: 0.90(3H,t), 1.13-1.73(2H,m),
2.43(2H,t), 3 57(3H,s), 5.57(2H, s). 6.50-7. 93(11H m).
IR(Nujol) cm™s 1770, 1720, 1267.
30d) 1-([2'-(2,5-Dihydro-5-ox0~1,2 4-oxadiazol-3-
yl)biphenyl-4-yl]methyl]-2-propylbenzimidazole-7-
carboxylic acid

A mixture of methyl 1-[[2'-(2,5-dihydro—5-oxo-
1l,2,4-oxadiazol-3-yl)biphenyl-4-yl]lmethyl]-2-
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propylbenz.tma.dazole 7-carboxylate (703 mg) in 0. 3N~Naox..
(12 ml) was stirred at 60°C for one hour, and then -

adjusted to pH 3 with 0.1N-HC1. Resulting precip
were extracted with a mixture of Chl°r°f°rm-ethan°1-$
(10:1; 150 ml). The solvent was evaporated under
,educed pressure, and the residue was crystalllzed,fro.
methanol to give the title compound as COlOrless Pris-g
(550 mg, 90%), m.p. 169-171°C.

Elemental Analysis for CyeH,,N, 0,0

C(%) H(%) N(%)
calcd.: 67.38; 5.00; 12.09
Found : 67.39; 4.85; 11.91

l4-NMR ( 9OMHz , DMSOd,-CDC1;) §: 1.03(3H,t), 1.67-
2.10(2H,m), 2.83(2H,t), 5.97(2H,s), 7.00(2H,d), 7.20-
8.03(9H,m). '

IT(Nujol)em™: 1785, 1710, 1500, 1380, 760.

wWorking Example 31
2-Ethyl-1-[[2"-(2,5-dihydro-5-0ox0~1,2 ,4-oxadiazol-3-
v1l)-biphenyl-4-vlimethyllbenzimidazole-7 —carboxxllc

acid

3la) Methyl 1-[(2’-cvanobiphenyl-4-vl)methylj-2~

Methyl 3-amino-2-[(2’-~cyanobiphenyl-4-yl)methyl]-
benzoate (1.79 g) was treated with ﬁropibnic anhydride
(1.04 g) in the similar manner as Working Example
(30a). The product was recrystallized from ethyl
acetate'to-give the title compound as colorless prisms
(1 5 g,.76%), 153-154°C. o
'HINMR (90MHz,CDC1;) §: 1.47(3H,t), 2. 90(2H,q), o
3.73(3H,s), 5.83(2H,s), 6.97(2H,d), 7.30-7.83(8H,m),
7.97(1H,d).

IR(Nujol)cm”: 2225, 1725, 1710, 1480, 1440, 1285,
1250, 1205, 1120.

31b) Methvyl 2-ethyl-1-1(2 (hxdroxxcarbamlmldoxl)—
biphenvyl- 4-vl1methy;]ben21m1dazolgi7—carbq;ylg§g

Methyl 1-[(2’-cyanobiphenyl-4-yl)methyl]-2-

" This Sheet Has Been Repla«.ed




10

15

20

25

30

35

- 111 -

ethylbenzimidazole-7-carboxylate (2g) was subjected to
the similar reaction as in Working Example (30b) to.
give the title compound as a pale yellow resinous
substance (1.85 g, 85%).
'H-NMR (90MHz ,CDC1;) &: 1.43(3H,t), 2.97(2H,q),
3.73(3H,s), 4.40(2H,broad), 5.73(2H,s), 6.90(2H,d),
7.17-7.80(8H,m), 7.97(1H,d).
IR(Nujol)em™: 1720, 1380, 1290, 1265.
Working Example 32
2-Cyclopropyl-1-{[2°~(2,5-dihydro-5-0x0-1,2,4~-
oxadiazol-3-yl)biphenyl-4-ylimethyljbenzimidazole-7-
carboxylic acid | '
32a) Methyl 1-[(2'~cyanobiphenyl-4-vy] )methyl]-2-
cxclogrogzlbenzimidazole—7-carboxziate

Methyl 3-amino-2-[(2’-cyanobiphenyl-4-yl)methyl]
benzoate (1.79 g) was treated with cyclopropane-
carboxylic anhydride (1.3 g) in the similar manner as
in Working Example (30a) to give the title compound as
an orange syrup (1.85 g, 91%). _
'H-NMR (90MHz,CDC1,) §: 1.00-1.40(4H,m), 1.87-
2.23(1H,m), 3.70(3H,s), 5.93(2H,s), 7.00-7:93(11H,m).
IR(Neat)cm™: 2225, 1720, 1710, 1525, 1440, 1285.
32b) Methyl 2-cyclopropyl-1-f(2’-~(hydroxy-
carbamimidoyl )biphenyl-4-yl)methyl ]Jbenzimidazole-7-
carboxylate ' '

Methyl .1-[ (2'-cyanobiphenyl-4~yl)methyl]-2-
cyclopropylbenzimidazole-7-carboxylate (1.8 g) was
subjected to” the similar reaction as in Working Example

(32b) to give the title compound as a pale yellow syrup
(1 75 g, 90%).

'H-NMR ( 90MHz ,CDC1,) 5: 0.97-1. 43(4H,m), 1.80-
2.17(1H,m), 3.70(3H,s), 4.33(2H,broad), 5.87(2H,s),
6.87(2H,d), 7.10-7.63(8H,m), 7.87(1H,d). o
IR(Nujol)em™: 1720, 1440, 1380, 1290, 1265, 760.

32¢c) Methyl 2-cyclopropyl-1-[{2‘-(2,5-dihydro-5-oxo-
1,2,4-oxadiazol-3-yl)biphenyl-4-vylimethyl]-
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penzimidazole-7-carboxylate
Methyl 2-cyclopropyl-l-[(2’-N-hydroxyimino-

carboxamidebiphenyl-4-yl)methyl]benzimidazole-7-
carboxylate (1.7 g) was subjected to the similar
reaction as in Working Example (30c). From the
reaction mixture, xylene was evaporated under reduced
pressure. The residue was recrystallized grom ethyl
acetate to give the title compound as colorless prisms
(780 mg, 48%), m.p.188-130°C.

Elemental Analysis for C,H;N,0,:

C(%) = H(%) N($%)
Calcd.: 69.52; 4.75; 12.01
Found : . 69.52; 4.77; 11.90

'H-NMR (90MHz,CDCl,) &§: 0.87-1.07(4H,m), 1.53-
1.80(1H,m), 3.73(3H,s), 5.87(2H,s), 6.83-7.87(11H,m).
IR(Nujol)cm™: 1778, 1765, 1728, 1716, 1211l.
32d) 2-Cyclopropyl-1-{{2’-(2,5-dihydro~5-0x0-1,2,4-
oxadiazol-3-yl)biphenyl-4-v]limethyl jbenzimidazole-7-~
carboxylic acid _
Methyl 2-cyclopropyl-1-[{[2’~(2,5-dihydro-5-0x0~
1,2,4-oxadiazol-3-yl)biphenyl-4~yl]jmethyl]-
benzimidazole-7-carboxylate (550 mg) was subjected to
the similar reaction as in Working Example (30d). The
product was recrystallized from ethyl acetate to give
" the title compound as colorless prlsms (480 mg, 90%),
m.p.199-200 .°C. ‘
Elemental- Analysis for CygH;oN,0,-1/3H,0:

) .. C(%) H(%). N($%)
Calced.: 68.11; 4.54; 12.22
Found : 68.16; 4.61; 12.03

'H-NMR (90MHz ,DMSO-ds) 6: 0.93-1.30(4H,m), 2.07-
2.40(1H,m), 6.07(2H,s), 7.00-7.83(11H,m),

. 12.27(1H,broad).

IR(Nujol)em™: 1755, 1703, 1699, 1257.

Working Example 33

2-Butyl-1-[[2’-(2,5-dihydro-5-0ox0-1,2 4-oxadiazol-3-

-
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yl)-biphenyl-4-ylimethyllbenzimidazole-7-carhoxylie
acid |

The methyl ester (0.53 g) obtained in Working
Example 2 was subjected to the similar reaction as in
Working Example (30d) to give the title compound as
colorless prisms (0.36 g, 64%), m.p.165-167 °c,
Elemental Analysis for C,;H,;,N,0,+1/3CHCl,: |

c(%) . H(%) N(%)
calcd.:  64.59; 4.83; 11.02
Found : 64.76; 4.95; 10.83

'H-NMR (90MHz,DMSO-d,) §: 0.90(3H,t), 1.13-2.00(4H,m),
2.83(2H,t), 5.93(2H,s), 6.93(2H,d),. 7.13-7.90(9H,m).
IR(Nujol)cm™: 1770, 1700, 1440, 1420, 1250, 765.
Working Example 34

1-[[2’=(2,5-Dihydro-5-0xo-1,2 4-oxadiazol—3-

yl)biphenyl-4-v1imethyl]-2-propylthiobenzimidazole-7-
carboxylic acid _
34a) Methyl 2-(2‘-cyanobiphenyl-4-yl)methylamino-3—
methoxycaxrbonylaminobenzoate

To an ice-cooling solution of the compound (10.0
g) obtained in Working Example (la) in pyridine (50 ml)
was added dropwise methyl chloroformate (9.0 ml), and
the mixture was stirred for 3 hours at room

temperature. The reaction mixture was concentrated to
dryness, and to the residue was added water. After
‘extraction with ethyl acetate, the extract was washed
with water, dried and concentrated to dryness. The
residue was crystallized from ethyl acetate - hexane to
afford péle yellow crystals (10.5 g, 90%), m.p.113-
115°cC.

'H-NMR (200MHz,CDC1,;) §: 3.80(3H,s), 3.83(3H,s),

4.11(2H,d), 6.29(1H,br s), 7.09(1H,t), 7.40-

7.80(10H,m), 8.19(1H,d).

34b) Methyl 1-[(2’'-cyvanobiphenyl-4-vlimethyl]-2, 6 3-

dihzdro—2-030benzimidazole-7—carboxvlate | .
To a suspension of the compound (10.5 g) obtained
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in Working Example (34a) in methanol (100 ml) was added
a solution of 28% sodium methoxide in methanol (10 g).
The mixture was heated for 21 hours under reflux. The
reaction mixture was adjusted to pH 3 with 1N-HCl and
concentrated to dryness. After addition of water to
the residue, the mixture was extracted with chloroform.
The extract was dried and concentrated to dryness. The
residue was crystallized from chloroform-methanol to
Igive colorless needles (8.7 g, 90%), m.p.250-253°C.
'H-NMR ( 200MHz ,DMSO-d,) 8: 3.65(3H,s), 5.35(2H,s), 7.04-
7.16(3H,m), 7.24-7.28(2H,m), 7.48-7.59(4H,m),
7.76(1H,dt), 7.92(1H,dd).
IR(KBr)cm*: 2210, 1720, 1690, 1635, 1430, 1390, 1270,
1255, 760, 750, 730, 690.
34c) Methyl 1-[{(2’-cvanobiphenyl-4-ylimethyl}2-
ptogylthiobenzimidazole-7-carbogxlate

A mixture of the compound (11 g) obtained in
Working Example (34b) in phosphorus oxychloride (90 g)
was heated for 10 hours under reflux, followed by
conventional workup to give methyl 2-chloro-1-(2’-
cyancbiphenyl-4-y1)methflbenzimidazole-7-carboxylate
(11.37 g). To a solution of the compound in dioxane
(100 ml) was added propyl mercaptane (2.4 g) and a 28%.
solution of sodium methoxide in methanol (6.4 g). The
mixture was stirred for 1.5 hour at room temperature.
The reaction.mixture was concentrated to dryness under
reduced pressure. The residue was partitioned between
ethyl acetate (300 ml) and water (150 ml), and then the
upper layer was washed with water (50 ml x 1). Ethyl
acetate was evaporated under reduced pressure. After
addition of methanol (50 ml) to the residue, the
resulting crystalline precipitate was collected by
filtration, washed with methanol and dried to afford
the title compound as pale yellow prisms (10 g, 80%),
m.p.107-108°C. '
'H-NMR (90MHz,CDC1,) §: 1.07(3H,t), 1.63-2.03(2H,m),
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3.40(2H,t), 3.73(3H,s), 5.80(2H,s), 7.00-7.93(11H,m).
IR(Nujol)em™: 2220, 1725, 1280.
34d) Methyl 1-[(2’-(hydroxycarbamimidoyl)biphenyl-4-

zl)methzl]-2—Qrogzlthiobenzimidazole-7-carboxxlate
To a solution of hydroxylamine hydrochloride

(20.85 g) in DMSO (200 ml) was added triethylamine (3.9

g) and the mixture was stirred for 30 minutes at room
temperatures. To the reaction mixture was added the
compound (16 g) obtained in Example (34c), and the
mixture was stirred for 60 hours at 70°C. To the
resultant mixture was added tetrahydrofuran (100 ml).
After removal of crystalline precipitate by filtration,
the filtrate was concentrated to dryness. The residue
was partitioned between water (1.2 liter) and ethyl
acetate (350 ml), and the upper layer was washed with
water (70 ml x 3). Ethyl acetate was evaporated under
reduced pressure, and to the residue was added methanol
(70 ml). Resulting crystalline precipitate was
filtered off. The filtrate was concentrated to dryness
under reduced pressure to give the title compound as a
pale yellow syrup (13.0 g, 76%).

- 'H-NMR (90MHz ,CDC1;) &: 1.07(3H,t), 1.63-2.03(2H,m),

3.40(2H,t), 3.73(3H4,s), 4.37(2H,broad), 5.13(1H,broad),
5.73(2H,s), 6.97(2H,d), 7.10-7.60(8H,m), 7.87(2H,d).
IR(Nujol)em™: 1720, 1645, 1280, 755.

34e) Methyl 1-[[2'~(2,5-dihvdro-5-oxo-1,2 ,4-oxadiazol-
3-yl)biphenyl-4-yllmethyl]-2-propylthiobenzimidazole-7-
carboxz;ate— :

" To a stirred solution of the cqmpbuﬂd (13.0 g)
obtained in Working Example (34d) in DMF (20 ml) were
added pyridine (2.2 g) and 2-ethylhexyl chloroformate
(4.83 g) successively under cooling with an ice-bath.
The mixture was stirred for 30 minutes under the same
conditions, to which was added methanol (5 ml),
followed by stirring for 30 minutes at room

temperatures. The reaction mixture was partitioned
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petween ethyl acetate (250 ml) and water (250 ml). The
‘;pper layer was washed with water (150 ml x 3) and
?boncentrated to dryness under reduced pressure. The

;esidue was dissolved in xylene (180 ml), and the

golution was stirred for 70 minutes on a bath of 160°C.
che 501ution was concentrated to dryness under reduced

'pressure-. To the residue was added methanol (70 ml) to
give the title compound as pale yellow prisms (7.16 g,

57%) m.p.220-221°C.

E]_emental AnalYSis for C27H24N404S:

C(%) H(%) N(%)
calcd.: 64.78; 4.83; 11.19
Found : 64.54; 4.92; 10.89

14-NMR (90MHz,CDC1;) §: 1.03(3H,t), 1.60-2.00(2H,m),
3.27(2H,t), 3.73(3H,s), 5.73(2H,s), 6.90-7.87(11H,m).
IR(Nujol)em™: 1760, 1720, 1280, 1260.

34f) 1-[[2'-(2,5-Dihydro-5-oxo-1,2 4-oxadiazol-3-yl)-
bighenzl-4—zl]methxl]—2-progxlthiobenzimidazole—7—
carboxylic acid

To a solution of the compound (0.3 g) obtained in

Working Example (34e) in tetrahydrofu:an (10 ml) werxe
: added 2N-NaOH (2 ml) and methanol (5 ml). The mixture
3 was stirred for 3 hours at 80°C. The reaction mixture
:, was.concentrated under reduced pressure. To the

f 25 residue was added water (20 ml), and the aqueous
solution was adjusted to pH 3 with 2N-HC1.
Precipitates then formed were collected by-filtration

and rengStéllized from ethyl acetate to give colorless

prisms (0.19 g, 65%), m.p.228-229°C.
30 Elemental Analysis for C,gHy;NO4S:

. C(%) H(%) N(%)
Calcd.: 64.18; - 4.56; 11.52
Found : 64.15; 4.62; 11.56

1 'H-NMR ( 90MHz ,CDC1,-CD,0D) &: 1.07(3H,t), 1.63~
y?' 35 2.03(2H,m), 3.37(2H,t), 5.87(2H,s), 6.97-7.90(11H,m).
: IR(Nujol)cmd: 1795, 1700, 1455, 1280, 1240, 755.
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Working Example 35

1-1f2'-(2,5-Dihydro-5-ox0-1,2,4~oxadiazol-3-
yl)biphenyl-4-yl imethyl]-2-methoxybenzimidazole-7-

carboxylic acid
35a) Methvl 1-[[2’~(2,5~-dihydro~5-0x0-1,2 4-oxadiazol-
3-yl)biphenyl-4-vlimethyl]-2-propylsulfinyl- |
benzinidazole-7-carboxylate .

To a stirred solution of the compound (2.5 g)
obtained in Working Example (34e) in dichlorome;hane
{60 ml) was added metachloroperbenzoic acid (1.1 g) in

portions under cooling with an ice-bath. The mixture

was stirred for one hour under the same conditions,

which was washed with a solution of sodium .
hydrogencarbonate (500 mg) in water (50 ml). The
organic layer was washed with water (30 ml x 1) and
dried over anhydrous magnesium sulfate. The solvent
was evaporated under reduced pressure to afford the
title compound as a pale yellow syrup (2.55 g, 100%).
'H-NMR (90MHz,CDCl,) §: 1.03(3H,t), 1.57-2.00(2H,m),
3.13-3.63(2H,m), 3.77(3H,s), 6.07(1H,d), 6.17(1H,d),
6.93(2H,d), 7.17-8.03(9H,m). _

IR(Nujol)cmdz 1780, 1720, 1285, 1260, 755.

35b) Methvyl 1-([2’~(2,5-dihydro-5-oxo0-1,2,4~oxadiazol-
3—11)bighenv1-4-vl1methv11—2-methoxxbenzimidazole-7r
carboxylate '

To a solution of the compound (517 mg) obtained in
Working Egamblg_(35a) in methanol (5 ml) was added a
solution of_28% sodium methoxide in methanol solution
(579 mg);'and the mixture was allowed to stand for one
hour at room temperature. To the mixture was added 2N-
HCl to adjust to pH 3, and the mixture was concentrated
under reduced pressure. .The residue was partitioned
between water (20 ml) and dichloromethane (50 ml). The
organic layer was concentrated to dryness under reduced

- pressure, and the residue was crystallized from

methanol to afford the title compound as prisms (308
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mg, 68%), m.p.215-216°C.
Elemental AnalYSiS for C25H2°N405 -0. 1H,0:

C(%) H(%) N(%)
calcd.: 65.53; 4.44; 12.23 .
Found : 65.38; 4.56; 12.12

'H-NMR(90MHz ,DMSO-d,) 8: 3.73(3H,s), 4.27(3H,s),
5.63(2H,s), 7.03(2H,d), 7.20-7.77(9H,m).
IR(Nujol)em™: 1760, 1720, 1560, 1435, 1405, 1285,
1250, 1040, 740.

35c) 1=[[2’=(2,5-Dihydro-5-oxo-1,2,4-oxadiazol-3-yl)
biphenyl-4-vl imethyl}-2-methoxybenzimidazole-7-

The compound (228 mg) obtained in Working Example
(35b) was subjected to the similar reaction as in
Working Example (34f), and the product was
recrystallized from ethyl acetate to give the title
compound as colorless prisms (133 mg, 60%), m.p.189-
190°C. .

Elemental Analysis for C,;H;gN,0s-0.75H,0:

C(%) H(%) N(%)
- Caled.: 63.22; 4.31; 12.29
Found : 63.50; 4.28; 12.03.

'H-NMR (90MHz , DMSO-d¢) §: 4.20(3H,s), 5.73(2H,s), 7.03-
7.73(11H,s), 12.17(1H,broad), 12.93(1lE,broad).
IR(Nujol)em™: 1780, 1705, 1560, 1415, 1250, 1040.
Working Example 36 '
l-[[2'-(2;54Dihxdro—5-oxo-l,2,4-oxadiazol-3-

carboxylic acid |
- 36a) Methyl 1-[[2'-(2,5-dihydro-5-0ox0-1,2,4-oxadiazol~

3-yl)biphenyl-4-ylmethyl]-2- Qrogoxxbenzlmldazole-7-
carboxvlate

A solution of 28% sodium methoxide in,methanol
(710 mg) was concentrated to dryness undex reduced
pressure, and the residue was dissolved in propanol .(10
ml). In the solution was dissolved the compound (517
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mg) obtained in Working Example (35a), and the solution
was allowed to stand for two hours at room temperature.
The solution was adjusted to pH 3 with 2N-HC1l and
concentrated to dryness under.reduced'pressure. The
residue was dissolved in methanol (15 ml),-and to the
solution was added a solutlon of 28% sodium methoxlde
in methanol (710 mg). The mixture was allowed to stand
for 15 hours at room temperature and adjusted to pH 3
with 2N-HCl, followed by concentration under reduced
pressure. The residue was partitioned between water
(25 ml) and dichloromethane (25 ml). The organic layer
was concentrated to dryness under reduced pressure.

The residue was crystallized from methanol to give the
title compound colorless prisms (310 mg, 64%), m.p.172-

174°C.

‘Elemental Analysis for C,;H,N,0s-0.2H,0:
C(%) H(%) N(%)

calcd.: 66.44;  5.04; 11.48

Found : 66.57;  5.01; 11.55

'H-NMR (90MHz,CDC1;) &: 1.00(3H,t), 1.60-2.00(2H,m),
3.63(3H,s), 4.23(2H,t), 5.60(2H,s), 6.80-7.93(11H,m).
IR(Nujol)cm™: 1780, 1720, 1550, 1440, 1280, 755.
36b) 1-[[[2'-(2,5-Dihydro-5-oxo-1,2,4-0oxadiazol-3-vyl)-
Q;gggnvl-4—v;1m§thvl1-2-grogoxzbenzimidazole-?—
carboxvylic acid

The compound (194 mg) obtained in Working Example
(36a) wasnsﬁbjepted to the similar reaction as in
Wérking Example (34f), and the product was |

'recrystailized from ethyl acetate to give the title

compound as colorless prisms (132 mg, 70%), m.p.170-
172°C. | '

Elemental Analysis for C,H,,N,05:H,0:

C(%) H(%) = N(%)
Calcd.: 63.93; 4.95; 11.47
Found : 63.82; 4. 65, 11.41

'H-NMR (9 0MHzZ, CDC1;-CD,0D) §: 1. 00(3H, t), 1.67-
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2.07(2H,m), 4.50(2H,t), 5.67(2H,s), 7.00-7.80(11H,m).
IR(Nujol)em™: 1765, 1725, 1550, 1430.

working Example 37
2-Ethylthio-1-{[2’-(2,5-dihydro-5-0ox0-1,2,4-0oxadiazol-
3-xl]bighenyl-4-xl]methxl]benzimidazole-7-carboleic
acid | | -

37a) Methyl 2-ethylthio-1-[[2'-(2, 5~dihydro-5-0x0-
1,2,4-oxadiazol-3-yl)biphenyl-4-ylimethylj-

benzimidazole-7-carboxylate
To a solution of the compound (517 mg) obtained in

Working Example:.(35a) in methanol (3 ml) were added
triethylamine (404 mg) and ethyl mercaptan (186 mg).
The mixture was allowed to stand for 60 hours at room

temperature and concentrated to dryness in yacuo.

After addition of water (20 ml) to the residue, the
mixture was adjusted to pH 3 with 2N-HCl. The solution
was extracted with ethyl acetate (60 ml). The upper
layer was washed with water (10 ml x 3), and then
concentrated to dryness in vacuo. The residue was
crystallized from ethyl acetate to give the title
compound as colorless prisms (370 mg, 76%); m.p.210-
211°cC.

Elemental Analysis for C,H,;N,0,S:

C(%) H(%) N(%)
Calcd. 64.18; 4.56; - 11.52°
Found : 64.06; 4.58; 11.40

'H-NMR (90MHz ,CDCL;) §: 1.40(3H,t), 3.27(2H,q),
3.70(3H,s); 5.70(2H,s), 6.87-7.87(11H,m).
IR(Nujol)em™: 1760, 1720, 1280, 1260.

~ 37b) 2-Ethylthio-1-[[2’~(2,5-dihydro-5-0x0-1,2,4~

oxadiazol-3-vy]l)biphenyl-4-vylimethyl jbenzimidazole~7-
carbdxxlic acid | :

| The compound (260 mg) obtained in Working Example
(37a) was subjected to the similar reaction as in
Working'Example (34f), and the product was
recrystallized from methanol-water to afford the title
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compound as colorless needles (160 mg, 63%), m.p.146-
148°C.
ElementalAnalysis for C,sH,,N,0,S:

C(%) H(%) N(%)
Calcd.: 63.55;  4.27; 11.86
Found : 63.28; 4.37; 11.59

'H-NMR (90MHz,CDC1,) §: 1.43(3H,t), 3.40(2H,q),
5.70(2H,s), 6.90-7.87(11H,m).

IR(Nujol)cm™': 1785, 1765, 1700, 1350, 760.

Working Example 38 -
1-T[2'=(2,5-Dihydro-5-0x0-1,2,4-oxadiazol~3—
yl)biphenyl-4-ylimethyl]-2-methylthiobenzimidazole-7~
carboxylic acid

38a) Methyl 1-[[2°-(2,5-dihydro-5-oxo-1,2,4-oxadiazol—
3-yl)biphenyl-4-vy]imethyl]-2-methylthiobenzimidazole~7-
carboxylate -

The compound (690 mg) obtained in Working Example
(35a) was subjected to the similar reaction as in
Working Example (37a), and the product was |
recrystallizéd from methanol to afford the title
compound as colorless prisms (460 mg, 73%), m.p.231-
232°C. ;

Elemental Analysis for C,sH,N,0,S:

C(%) H(%) N(%)
Calcd.: 63.55; 4.27; 11.86
Found : 63.36; 4.33; 11.76°

'H-NMR (90MHz,DMSO-dg) §: 2.77(3H,s), 3.73(3H,s),
5.73(2H,s}), 7.00-7.93(11H,m), 12.33(1H,broad).

IR(Nujol)em™: 1760, 1710, 1430, 1270, 1250, 760.

38b) 1-{[2°-(2,5-Dihydro-5-0x0-~1,2,4-0oxadiazol~3-vl)-
biphenyl-4-ylimethyl]-2-methylthiobenzimidazole-7-
carboxylic acid

' The compound (360 mg) obtained in Working Example
(38a) was subjected to the similar reaction as in
Working Example (34f), and the product was '

- recrystallized from methanol to afford the title
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compound as colorless prisms (270 mg, 77%), m.p.222-
223°C. |
Elemental Analysis for C,H;gN;S-0.8H,0:

C(%) CH(%) N(%)
Found : 60.83; 4.40; 11.58

IH-NMR ( 9OMHz ,DMSO-d) §: 2.77(3H,s), 5.83(2H,s), 7.00-
7.77(11H,m), 12.60(2H,broad).

-

‘IR(Nujol)em™: 1760, 1270, 760.

Working Example 39

Dipotassium salt of 2-Ethoxy-1- [IZ'-{S oxide-
1,2,4-oxadiazol-3-yl)biphenyl-4-

xl]methxl]benzimidazole-7-carboxxlic acid

A solution of 2-ethoxy-1-[[2’-(2,5-dihydro-5-oxo-
1,2,4-oxadiazol-3-yl)biphenyl-4-yl]methyl]-
benzimidazole-7-carboxylic acid (456 mg) in 0.2N-KOH
(10 ml) was concentrated to dryness under reduced
pressure. To the residue was added acetone (30 ml),
and the mixture was stirred for three days at room
temperature. Crystals then precipitated were collected
by filtration and dried (120°C, 1.5 hour) to give the
title compound as colorless needles (470 mg, 89%),
m.p.245-247°C. - '
Elemental Analysis for C,sH;gN,0sK;-3/2H,0:

C(%) H(%) N(%)
Calcd.: 53.65; 3.78; 10.01
Found : ..53.77; 3.63; 9.93°

'H-NMR (90MHz,DMSO-d,) §: 1.40(3H,t), 4. 53(2H,q),
5.83(2H,s), 6.90-7.70(11H,m).

IR(Nujol)em™: 3370, 1660, 1610, 1570, 1540, 1385.
Working Example 40 |

Disodium salt of 2-ethoxy-1-[{[2’'~(5-oxide-1,2,4-

oxadiazol-3—vl)biphenvl-4-vl]methxl]benzimidazole-?-

‘carboxylic acid

~ In ethanol (500 ml) was dissolved a solution of
28% sodium methoxide in methanol (43.7 g), and the

This Sheet Has- Been Repl

L I



e T i Ao b R

10

15

20

25

30

35

- 123 -

solution was concentrated to dryness under reduced
pressure. To the residue were added ethanol (500 ml)
and 2-ethoxy-1-[{[2'-(2,5-dihydro-5-0x0-1,2,4~-0xadiazol~
3-yl)biphenyl-4-yl]methyl ]benzimidazole-7-carboxylic
acid (52.5 g), and the mixture was dissolved. The
solution was concentrated to dryness under reduced
pressure. The residue was dissolved in ethanol (250
ml) by heating, and then the solution was allowed to
stand for 40 hours at room temperature. Crystals then
precipitated were collected by filtration, washed with
ethanol (30 ml) and dried (140°C, 2 hours) to give
colorless prisms (35.5 g), which were allowed to stand
for three days in the air at room temperature to afford
the titled compound as colorless prisms (42.34 g, 61%),
m.p.294-297°C.

Eléinental Analysis for C25H18N405Na2-5.5H20:

C(%) H(%) N(%)
. Calcd.: 50.09 4.88; = 9.35
Found : 50.32; 4.71; 9.21

'H-NMR (90MHz ,DMSO-ds) &: 1.43(3H,t), 4.57(2H,q),
5.80(2H,s), 6.87-7.63(11H,m).

IR(Nujol)em™: 3375, 1655, 1615, 1410, 1350, 1280,
1040, 770.

Working Example 41 .
Methyl 2-ethoxy-1-[[2'-(2,5-dihydro-5~0ox0~1,2,4-0x~
adiazol-3-yl)biphenyl-4-ylimethyl]-4-methylthienof3,4-

dlimidazole-6-carboxylate

4la) Methyl 1,3-dihydro-4-methyl-2-oxo-thienol3,4~

dlimidazole-6-carboxylate
Methyl 3,4-diamino-5-methylthiophene-~2-carboxylate
(3.0 g) was dissolved in a mixture of N,N-dimethyl
formamide (5 ml) and dichloromethane (15 ml). To the
solution was added triphosgene (2.4 g) in portions.
The mixture was stirred for two days at room '
temperature, and precipitates were collected'by
filtration, washed with dichloromethane and dried.
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Resultant white powder (2.4 g) was suspended in N,N-
dimethylformamide (25 ml). To the suspension was added
sodium hydride (60% in o0il; 0.55 g), and the mixture
was stirred for three days at room temperature. The
solvent was evaporated under reduced pressure. To the
residue was added 2N-HCl. Resulting precipitates were
collected by filtration, washed with water, ether and
methanol successively, followed by drying to afford the
title compound (82 g, 53%) as pale brown powder.
H-NMR(200MHz DMSO-d,) &: 2.32(3H,s), 3. 73(3H S),
10.71(1H, bs), 11.06(1H,bs).

IR(KBr)cm ¢+ 3300, 1735, 1675, 1585, 1440.

41b) Methyl 2-ethoxy-4-methylthienof3, 4-d]1m1dazole-6-

carboxylate
. The compound (1.0 g) obtained in Working Example

(4la) was suspended in a mixture of dioxane (10 ml)'and
dichloromethane (20 ml). To the suspension was added
an excess amount of triethyl oxonium tetrafluoroborate
at room temperatures in nitrogen atmosphere, and the
mixture was stirred for 19 hours. The reaction mixture
was poured into ice-water, and the mixture was

extracted four times with a mixture of chloroform and
ethanol. Organic layérs were combined, dried, and |
concentrated to dryness under reduced pressure. The
residue was purified by column chromatography on silica
gel to afford the title compound (945 mg, 75%) as pale
yellow powder, m.p.209-210°C.

Elemental Analys:.s for C;oH;N;05S-0. 2H20.

C(%) H(%) N(%)
Calcd.:  49.25; 5.12;  11.49
Found : 49.42; 4.95; 11.29

'H-NMR (200MHz,CDC1;) &: 1.44(3H,t), 2.57(3H,s),
3.87(3H,s), 4.54(2H,q), 9.03(1H,bs). '

IR(KBr)cm™': 3250, 1670, 1640, 1580, 1540.

41c) Methyl 2-ethoxy-1-[[2'-(5-trichloromethyl-1,2,4-
oxadiazol-3-yl)biphenyl-4-yl]methyl]-4-

—_—
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methylthienof3,4-dlimidazole~-6-carboxylate
The compound (100 mg) obtained in Working Example

(41b) and 4’-bromomethyl-2-(5-trichloromethyl-1,2,4-
oxadiazol-3-yl)biphenyl (193 mg) were dissolved in N,N-
dimethyl formamide (3.5 ml). To the ice-cooling
solution was added sodium hydride (60% in oil; 18 mg)
under nitrogen atmosphere. The mixture was stirred for

temperature. The reaction mixture was diluted with

ethyl acetate, and the solution was washed with dilute

hydrochlorid acid, water and an aqueous saline _'

solution, successively, followed by drying: The

' solvent was evaporated under reduced pressure. The -
residue was purified by column chromatography on silica

| gel to afford the title compound (121 mg, 55%) as a

pale yellow oil.

ly-NMR(200MHz,CDCl,) 8: 1.42(3H,t), 2.55(3H, s),

3.79(3H,s), 4.52(2H,q), 5.57(2H,s), 7.15(2H,d),

7.23(2H,d), 7.86(1H,d).

IR(neat)cm™: 1690, 1615, 1570, 1535.

41d) Methyl 2-ethoxy-1-[[2'=(2,5-dihydro-5-0x0-1,2,4~

oxadiazol-3-yl)biphenyl-4-ylimethyl]~4-—

methylthieno[3,4-dlimidazole~6-carboxylate
The compound (120 mg) obtained in Working Example

(41c) was dissolved in a mixture of dioxane (4 ml) and
water (1 ml). To the ice-cooling solution was added
IN-NaOH (0..26 ml), and the mixture was stirred for 50
minutes at.the same temperature. The reaction mixture
was made acid with 2N-HCl and extracted with ethyl
acetate. The extract was washed wiph water and dried,

and then the solvent was evaporated under reduced
pressure. The residue was purified by silica gel
column chromatdg:aphy to give a yellow oil. The
product was crystallized from ether and hexane to

35 afford the title compound (81 mg, 77%) as pale yellow
crystals, m.p.208-210°C.
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Elemental Analysis for C,sH;,N,0sS:

C(%)  H(%) N(%)
caled.:  61.21; 4.52;  11.42
Found 60.98; 4.55; 11.27

'H-NMR (200MHz,CDC1,) 8: 1.42(3H,t), 2.42(3H,s),
3.74(3H4,s), 4.42(24,q), 5.58(2H,s8), 7.2-7.7(7H,m),
7.82(1H,dd), 7.68(1H,bs).
: : IR(KBr)cm™*: 1760, 1700, 1620, 1580, 1535.
F Working Example 42
] 4 Disodium salt of 1-[[2'-(2,5-Dihydro~5-ox0-1,2,4-
oxadiazol-3-v1)biphenyl-4-ylimethyl]-2-methoxy-4-
methylthieno [3,4-d]imidazole-6-carboxylic acid
The compound (0.5 g) obtained in Working Example 9
- was suspended in methanol (10 ml). To thebsuspension
was added an agqueous solution (5 ml) of sodium
hydroxide (90 mg), and the mixture was stirred for 10
minutes at room temperature. The reaction solution was
concentrated to dryness to give crude crystals.
Recrystallization from ethanol-ether afforded the title
compound as pale yellow crystals (0.28 g, 49%), 263~
266°C (decomp.).
Elemental Analys'is for C,3H;¢N,OsSNa,-1.0H,0 (molecular
‘weight 524.46):

C(%) H(%) N(%)
Calcd.: 52.67; 3.46; 10.68
Found : 52.88; 3.43; 10.45

'H-NMR ( 200MHz , DMSO-d¢) 8: 2.37(3H,s), 4.00(3H,s),

5. 80(2H,s), 7.16-7.50(8H,m). _

IR(KBr)cm : 1680, 1620, 1575, 1545, 1460, 1395, 1360.
30 Working Example 43

2-Ethylthio-1-[[3’-(2,5-dihydro-5-ox0-1,2, 6 4-0oxadiazol -

3-yl)biphenyl- 4-xl]methzl]-4-methzlth1eno[3,4-

dlimidazole-6-carboxylic acid

43a) 4'-Methyl-3-cvanobiphenyl
35 This compound was synthesized according to the
' procedure described in the literature (Y. Hamana, S.
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Fukushima & T. Hiyama, Chem. Lett., 1989, 1711).
M.p.71-73°C
'H-NMR (200MHz,CDC1;) §: 2.41(3H,s), 7.28(2H,d),
7.46(2H,d), 7.51(1H,t), 7.60(1H,td), 7.79(1H,td),
7.84 (1H,t). o '
IR(KBr)em's 2230, 1475, 825, 800.
43b) 4’-Methylbiphenyl-3-carboxamide oxime
To a solution of hydroxylamine hydrochloride (2.61

g) in DMSO (20 ml) was added a solution of 28% NaOMe in
methanol (7.25 g), and the mixture was stirred for 10
minutes at room temperature. To the reaction mixture
was added the solution of the compound (1.45 g)
obtained in Working Example (43a) in DMSO (10 ml). The
mixture was stirred for one hour at 100°C. To the
reaction mixture was added water, and the mlxture was
extracted with ethyl acetate. The extract was washed
with water and dried. The solvent was evaporated in
vacuo, and the residue was purified by column
chromatography on silica gel to afford colorless
crystals (1.30 g, 76.6%), m.p.134-136°C.
H-NMR(ZOOMHZ CDCl;) &: 2.39(3H,s), 4.93(2H,br s),
7.25(2H,d), 7.41-7.66(5H,m), 7.85(1H,t).
IR(KBr)cmdz 3495, 3385, 1660, 1585, 1440, 1375, 940,
925, 900, 795.
' 43c) 5-Trichloromethyl-3- (4'-methxlblghenxl 3-yl)-
1,2,4-oxadiazole

_ To a-suspension of the compound (1.30 g) obtained
in Working Example (43b) in toluene (30 ml) was added
trichloroacetic anhydride (2.13 g). The mixture was
stirred for 30 minutes at 80°C. The reéction nmixture
was concentrated to dryness, and the residue was
partitioned between ethyl acetate and water. The
orxganic layer was dried over Na,SO, and concentrated to
dryness. The residue was purified by column
chromatography on silica gel to afford a colorless oil
(2.09 g, quantitatively).
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'H-NMR (200MHz,CDC1,) §: 2.41(3H,s), 7.28(2H,d),
7.55(2H,d), 7.56(1H,t), 7.76(1H,td), 8.07(1H,td),
8.32(1H,t).

IR(Neat)em™: 1570, 1515, 1460, 1355, 1335, 850, 825,
800, 745, 690.

43d) 3-(4'-Bromomethylbiphenyl- 3-1 )~5-trichloromethyl-

1,2,4-oxadiazole
To a solution of the compound (2.09 g) obtained in

Working Example (43c) in CCl, (50 ml) were added NBS
(1.10 g) and BPO (0.20 g). The mixture was irradiated
by light. The reaction mixture was cooled to room
temperature, and insoluble materials were filtered off.
The filtrate was concentrated to drynéés. The residue
was purified by column chromatography on silica gel

‘(Merck Art.9385 (80 g), AcOEt:nHex=1:10) to afford a

colorless syrup (2.40 g, 60%).

H—NMR(200MHz CDCl,) &: 4.57(2H,s), 7.49-7. 68(5H m),
7.75-7.79(1H,m), 8.09-8.17(1H,m), 8.33(1H,m).

43e) Methyl 2-ethylthio-1-[[3’-(2,5~-dihydro-5-
oxo-1,2,4-oxadiazol-3-yl)biphenyl-4-vy] imethyl}-4-

methylthieno-{3,4-dlimidazole-6-carboxylate
To a solution of methyl 2-ethylthio-4-methyl-1H-

thieno[3,4-djimidazole~6~carboxylate (0.80 g) in DMF
(10 ml) was added sodium hydride (60% in oil; 0.14 g) =
under ice-cooling. The mixture was stirred for 10

minutes, to which was added a solution of the compound
(1.53 g) obtained in Working Example (43d) in DMF (10

ml) under, ice-cooling. The mixture was stirred for one

hour” at room temperature. :The reaction mixture was
partitioned between water and ethyl acetate. The
organic layer was washed with a saturated aqueous
saline solution and dried. The solvent was evaporated
in vacuo, and the residue was pufified by silica gel
column chromatography to give colorless crystals. To a
solution of the crystals in chloroform (10 ml) -
methanol (10 ml) was added 1N NaOH (3 ml), and the
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mixture was stirred for one hour at room temperature.
The reaction mixture was concentrated and adjusted to
pH 3-4 with 1IN HCl. The mixture was partitioned
between CHCl, and water. The 'organic layer was dried
over Na,SO, and concentrated to dryness to give crude
crystals. Recrystallization from methanol - ethyl
acetate afforded colorless crystal (0.74 g, 84%),

~m.p.248-151°C (decomp.)..

Elemental Analysis for C25H22N404Sz-0.5H§0=

C(%) H(%) N(%)
Calcd.: 58.24; 4.50; - 10.87
Found : 58.24; 4.38; 10.77

'H-NMR (200MHz,CDC1;) &: 1.41(3H,t), 2.63(3H,s),

3.30(2H,q), 3.78(3H,s), 5.75(2H,s), 7.27(2H,d), 7.51-
7.60(3H,m), 7.69-7.78(2H,m), 7.98(1H,t).

IR(KBr)cm'1= 1780, 1755, 1690, 1460, 1320, 1170, 1090,

760.

43f) 2-Ethylthio-1-[[3'-(2,5-dihydro-5-0x0-1,2,4-
oxadiazol-3~yl)biphenyl-4-vyl imethvl)-4-
methylthieno[3,4-d]imidazole-6~carboxylic acid

The compound (0.60 g) obtained in Working Example
(43e) was suspended in tetrahydrofuran (20 ml) - H,0 _

(20 ml). To the suspension was added lithium hydride
(0.25 g ¢ 5.96 mmol), and mixture was heated for 15
hours under reflux. The reaction mixture was
concentrated, and agqueous residue was adjusted to pH 3
with 1N-HCl. Crystals then precipitated were collected
by filtratior and dried. The crystals were

recrystallized to afford colorless crystals (0.33 g,

56.7%), m.p.177-179°C (decomp.).
Elemental Analysis for CyH;oN;0,S;¢0.5H;0:

- C(%) H(%) N(%) )
Calcd.: 57.47; 4.22; : 11.17
Found : 57.63; 4.04; 11.17

'H-NMR ( 200MHz ,DMSO-d;) &: 1.35(3H,t), 2.56(3H,s),
3.26(2H,q), 5.73(2H,s), 7.26(2H,d),-7.65(1H,t),
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7.69(2H,d), 7.81(1H,td), 7.90(1H,td), 8.08(1H,t).
IR(KBr)em™': 1770, 1755, 1650, 1530, 1460, 1165, 765.
Working Example 44
2-Ethylthio-1-[[4’'~(2,5-dihydro-5-0ox0-1,2,4~
oxadiazol-3-vl)biphenyl-4-ylimethyl]-4-methyl-
thieno{3,4-d]-imidazole-6-carboxylic acid
44a) 4'-Me;hvl-4-cianobighenxl

This compound was synthesized in the similar
procedure as in Working Example (43a), m.p.108-109 °C.
'H~NMR (200MHz,CDC1,) &: 2.42(3H,s), 7.29(2H,d),
7.50(2H,d), 7.64-7.75(4H,m).
IR(KBr)cm': 2225, 1495, 815.
44b) 4'-Methylbiphenyl-4-carboxamide oxime

This compound was synthesized by the similar
procedure as in Working Example (43b).

44c) 3-(4'-Methylbiphenyl-4-yl)-S5-trichloromethyl-

1,2,4-oxadiazole
This compound was synthesized by the similar

procedure as in Working Example (43c), m.p.126-127 °C.
The yield was 75%.

'H-NMR (200MHz,CDC1;) §: 2.42(3H,s), 7.29(2H,d),
7.55(2H,d), 7.72(2H,d), 8.17(2H,d).

IR(KBr)em™: 1610, 1585, 1540, 1470, 1420, 1345, 905,
855, 845, 825, 810, 755, 725.

44d) 3-(4'-Bromomethvlbiphenvl-4-vl)-_!ichlbromethzl—

1,2,4-oxadiazole
The title compound was obtained as colorless

needles (71%) from the compound obtained in Working
Exaﬁple'(44c) in the similar manner as in Working
Example (43d), m.p. 113-116°C. .
'H-NMR ( 200MHz,CDC1,) §: 4.56 (2H,s), 7.51(2H,d),
7.64(2H,d), 7.73(2H,d), 8.20(2H,d).
IR(KBr) cm™ : 1475, 1400, 1350, 845, 830, 800, 760,
725. | . ) -
44e) Methyl 2-ethylthio-1-[[4’~(2,5-dihydro-5-0x0-
1,2,4-oxadiazole~-3-yl)biphenyl-4-yl]-4-
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methylthieno[3,4-d]imidazole-6~carboxvlate

The title compound was obtained as pale yellow
crystals (0.4 g, 25%) from the compound (1.53 g)
obtained in Working Example (44d) in the similar manner
as in Working Example (43e), m.p. 251-255°C (decomp. ).
Elemental Analysis for C,sH,;N,0.S; ;

C(%) H(%) N(%)
calcd.: 58.85; 4.43; . 10.98
Found : 58.89; 4.35; ~10.81

'H-NMR (200MHz , DMSO-d;) §: 1.36(3H,t), 2.57(3H,s),
3.27(2H,q), 3.70(3H,s), 5.70(2H,s), 7.22(2H,d),
7.72(2H,d), 7.87(4H,s).
IR(KBr)cm™: 1760,1690, 1460, 1320, 1305, 1255, 1240,
1160, 1090, 760.
44f) 2-Ethylthio-1-[[4’~(2,5-dihydro-5-0x0~1,2,4-
oxadiazole-3-yl)biphenyl-4-ylImethyl]-4-
methylthieno[3,4-d)imidazole-6~-carboxylic acid

The title compound was obtained as colorless
crystals (0.29 g, 90%) from the compound (0.33 g)
obtained in Working Example (44e) in the similar manner
as in Working Example (43f), m.p. 202-204°C (decomp.).
Elemental Analysis for C,HyoN,0,S:

- C(%) H(%) N($%)
Calcd.: 57.68; 4.19; 11.21-
Found : 57.83; 4.48; 11.39

'H-NMR(200MHz,DMSO-dg) 6: 1.35(3H,t), 2.56(3H,s),
3. 26(2H,q},-5 72(2H,s), 7.24(2H,d), 7.72(2H,d),
7.87(4H, s) : _
IR(KBr)cm : 1760, 1640 1610, 1600, 1535, 1460, 1165,
770.
Working Example 45
2-Ethylthio-1-[[2'~(2,5-dihydro-5-0x0=-1,2,4~
oxadiazol-3-yl)imethylbiphenyl-4-ylimethyl]~4-methyl-
thieno[{3.4-d}imidazole-6-carboxylic acid
45a) 4'-Methyl-2-hydroxymethylbiphenyl .

To an ice-cooling suspension of lithium aluminium
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hydride (1.79 g) in tetrahydrofuran (50 ml) was added
dropwise a solution of 4’-methylbiphenyl-2-carboxylic
acid (5.0 g) in tetrahydrofuran (30 ml). The mixture
was stirred for 17 hours at room temperature. Td the
reaction mixture were added ethyl acetate (10 ml) and
water (50 ml), and insoluble materials were removed by
filtration thrbugh celite. The filtrate was
concentrated to dryness, and the residue was dissolved
in ethyl acetate. The solution was washed with a
saturated aqueous solution of sodium hydrogencarbonate
and dried. The solvent was évaporafed under reduced
pressure, and the residue was purified by column |
chromatography on silica gel to afford the title
compound as colorless syrup (3.95 g, 84%).

'H-NMR (200MHz,CDCl;) §: 2.41(3H,s), 4.62(2H,s), 7.20-
7.41(7H,m), 7.51-7.56(1H,m).

‘IR(Neat)cm™': 3350, 3020, 2920, 1480, 1440, 1030, 1000,

820, 755. _
45b) 4'-Methyl-2-chloromethylbiphenyl .

To an ice-cooling solution of the compound (3.95
g) obtained in Working Example (45a) in chloroform (50
ml) was added dropwise thionyl chloride_(3:56 g). To
the mixture was further added one drop of
dimethylformamide, and the mixture was heated for one
hour under reflux. The reaction mixture was |
concentrated to dryness, and the residue was suspended
with a saturated aqueous solution of sodium hydrogen.
cérbonatg and extracted with ethyl acetate. The
extract was washed with water and dried, and the
solvent was evaporated under reduced pressure to afford
the title compound as a pale yellow oil (4.15 g, 96%).
'H-NMR(200MHz,CDCL;) §: 2.41(3H,s), 4.53(2H,s), 7.23-
7.41(7H,m), 7.50-7.56(1H,m).
IR(Neat)cm™': 1480, 1440, 1260, 1000, 825, 820, 755,
690, 665. :
45c) 4'-Methyl-2-cvanomethylbiphenyl
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~ To a solution of the compound (4.15 g) obtained in
Working Example (45b) in acetonitrile (50 ml) were

added potassium cyanide (2.5 g) and 18-crown-6 (0.5 g).

The mixture was heated for 10 hours under reflux.
Insoluble materials were filtered off, and the filtrate
was concentrated to dryness. The residue was dissolved
in ethyl acetate, washed with water and dried. The
solvent was evaporated under reduced pressiire, and the
residue was purified by column chromatography on silica
gel to afford the title compound as a pale yellow oil
(3.71 g, 93%). _

'H-NMR (200MHz,CDC1;) &: 2.41(3H,s), 3.62(2H,s), 7.14-

7.39(7H,m), 7.50-7.55(1H,m).

IR(Neat)cm™: 2240, 1480, 820, 760.
45d) 4’-Methylbiphenyl-2-acetamidoxime .

To a solution of hydroxylamine hydrochloride (1.68
g) in dimethyl-sulfoxide (10 ml) was added a solution
of 28% sodium methoxide in methanol solution (4.65 g),
and the mixture was stirred for 20 minutes at room
temperature. To this mixture was added a solution of
the compound obtained in Working Example (45c) in
dimethyl sulfoxide (3 ml), and the mixture was stirred
for 1.5 hour at 100°C. The reaction mixture was
partitioned between water and ethyl acetate. The
organic layer was washed with water and dried, and then
the solvent was evaporated under reduced pressure.’ The

- residue was purified by column chromatography on silica

gel to afford-the title compound as colorless crystals
(0.92 g, 79%), m.p.127-128°C.
'H-NMR (200MHz,CDC1;) §:2.40(3H,s), 3.46(2H,s),
4.33(2H,br s), 7.18-7.43(8H,m).
IR(KBr)cmdz 3450, 3350, 1670, 1590, 1480, 1380, 940,
820, 760. _' o
45e) 3-(4'-Methylbiphenyl-2-vlimethyl-5-
trichloromethxl—l,z,4—oxadiazoie

The compound obtained in Working Example 45d)
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(0.92 g) was suspended in toluene (20 ml). To the
suspension was added trichloroacetic anhydride (1.42
g); and the mixture was stirred for one hour at 80-
90°C. The reaction mixture was concentrated to.
dfyness, and the residue was dissolved in ethyl
acetate, followed by washing with water and dried. The
solvent was evaporated under reduced pressure. The
residue was purified by column chromatography on silica
gel to afford the title compound as a colorless oil
(1.25 g, 88%).

'H-NMR (200MHz,CDCl,) &: 2.40(3H,s), 4.11(2H,s), 7.19-
7.42(8H,m).

IR(Neat)cm™': 1580, 1490, 1355, 1050, 860, 820, 800,

760, 735, 705.

45f) 3-(4’'-Bromomethylbiphenyl-2-vy])methyl-5-
trichloromethyl-1,2,4-oxadiazole
To a solution of the compound (1.25 g) obtained in

Working Example (45e) in carbon tetrachloride (20 ml)
were added N-bromosuccinimide (0.67 g) and «,x’-azobis
isobutyronitrile (0.1 g), and the mixture was heated
for one hour under reflux. Insoluble materials were
filtered off, and the filtrate was concentrated to
dryness. The residue was purified by column
chromatography on silica gel to afford a pdle yellow
syrup (0.91 g, 60 %).

H-NMR(200MHz CDCl;) 8: 4. 10(2H s), 4.55(2H,s), 7. 23-
7.47(8H, m).

4Sg) Methzl 2-ethxlthlo-1 [f2:-(2, 5- ihydro-5-
oxo~1,2,4—oxad1azol 3-vlimethylbiphenyl-4-
zl]methxl]thieno[3,4-d]imidazole-4-methxl-6-carboxxlate

To an ice-cooling solution of methyl 2-ethylthio-
4-methylthieno-[3,4~-d]imidazole-6-carboxylate (0.75 g)
in dimethylformamide (5 ml) was added sodium hydride
(60% in oil; 0.13 g), and the mixture was stirred for
10 minutes. To the ice-cooling mixture was added
dropwise a solution of the compound (0.91 g) obtained
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in Working Example (45f) in dimethylformamide (5 ml),
followed by stirring for one hour at room temperature.
To the reaction mixture was added water, and the |
mixture was extracted with ethyl acetate. The extract
was washed with a saturated aqueous saline. solution and
dried. The solvent was evaporated in vacuo, and the
residue was purified by silica gel column
chromatography to'give a pale yellow syrup. The syrup
was dissolved in chloroform (5 ml) - methanol (10 ml),
and to the solution was added 1N-NaOH (2 ml), followed
by stirring for 30 minutes at room temperature. The
reaction mixture was concentrated to dryness, and the
residue was diluted with water. ' The aqueous solution
was adjusted to pH 3 with 1N-HCl and extracted with
chloroform. The extract was washed with water and
dried, and the solvent was evaporated under reduced
pressure. The residue was purified by column
chromatography on silica gel. Crude crystals thus
obtained were recrystallized from ethyl acetate -
methanol to afford the title compound as pale yellow
needles (0.31 g, 20%), m.p.172-173°C (decomp.).
Elemental Analysis for C,;H;N,0,S; (Molecular weight

520.63):
C(%) H(%) N(%)
Ccalcd.: 59.98; 4.65;  10.76
Found : 59.78; 4.55; 10.41

'H-NMR ( 200MHz, CDCly) &: 1.41(3H,t), 2.61(3H,s),
3.28(2H,q), 3.76(3H,s), 3.83(2H,s), 5.72(2H,s), 7.16-
7.39(8H,m), 8.68(1H,br s).

IR(KBr)cm™': 1765, 1695, 1685, 1600, 1540, 1460, 1430,
1320, 1240, 1170, 1090, 760.

45h) 2-Ethylthio-1-{[2’'-(2,5-dihydro-5 -oxo-1,2,4-
oxadiazol-~3-yl)methylbiphenyl-4-vlimethylithieno(3,4~
d]imidazble—4:mg§hvl—6- arboxylic acid

To a solution of the compound (0.25 g) obtained in
Working Example (45g) in tetrahydrofuran (10 ml) -
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water (5 ml) was added lithium hydroxide monohydrate
(0.10 g), and the mixture was heated for 30 hours under
reflux. The reaction mixture was adjusted to PH 3 with
1N-HCl and extracted with chloroform. The extract was
washed with water and dried, and the solvent was
evaporated under reduced pressure to give crude
crystals. Recrystallization from ethyl acetate -
methanol-hexane afforded the title compound as pale
yellow needles (0.18 g, 74%), m.p.184-186°C (decomp. ).
Elemental Analysis for C,sH,;,N,0,S, (molecular weight

506.61) :
C(%) H(%) N(%)
Ccalcd.: 59.27; 4.38; 11.06
Found : 59.10; 4.22; 10.91

'H-NMR (200MHz ,DMSO-d,) §: 1.35(3H,t), 2.55(3H,s),
3.26(2H,q), 3.80(2H,s), 5.73(2H,s), 7.20-7.40(8H,m).
IR(KBr)ch: 1810, 1790, 1650, 1535, 1460, 1325, 1170,
760.
Working Example 46
2-Ethylthio-1-[[2'~(1,4~dihydro-3-trifluoromethyl-5-
oxo-1,2,4-triazol-4~v1l)biphenyl-4-vljmethyl]thieno[3,4-
dlimidazole-4-methyl-6-carboxylic acid
46a) 4-(4'-Methylbiphenyl-2-yl)semicarbazide

" To an ice-cooling solution of (4’'-methylbiphenyl-
2-yl)carboxylic acid (3.0 g) and triethylamine (2.2 ml)
in N,N-dimethylformamide (10 ml) was added DPPA (3.4

ml) under- nitrogen atmosphere, and the mixture was

stirred for 4 hours at the same temperature. To the
reaction mixture was added water, and'the mixture was
extracted with'ethyl acetate. The 6rganic layer was
washed with water and dried. The solution was added
dropwise to benzene (150 ml) heated at 80°C. The |
mixture was then stirred for 20 minutes at the same
temperature. The lsocyanate solutlon ‘thus prepared was
added dropwise to a solution of hydrazxne (2.0 ml) in
benzene (50 ml) heated at 70°C during the period of 90
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minutes. The powdery product obtained by evaporating
the solvent under reduced pressure was washed with
ethyl acetate and dried to afford the title compound as
white power (2.9 g, 85%), m.p.148-151 °C.

Elemental Analysis for C14H15N50-0.5H20:

C(%) H(%) N(%)
Calcd.: 68.66; 6.33; 17.16
Found : 68.80; 6.34; 17.18

'H-NMR ( 200MHz,CDC1,) §: 2.40(3H,s), 3.55(2H,bs),

6-11(1H,bs), 7.0-7.4(7H,m), 8.21(1H,d), 8.32(1H,bs).
IR(KBr)cm : 1690, 1615, 1580, 1520.

46Db) 3-Trifluoromethvl-4-{4'-methxlbighenxl-z—xl)-
1.2,4-tiazol-5-one
To an ice-cooling solution of  the compound (700

mg) obtained in Working Example (46a) in
dichloromethane (10 ml) were added trifluorcacetic
anhydride (0.43 ml) and pyridine (0.32 ml) under
nitrogen atmosphere. The mixture was stirred for one
hour under ice-cooling, and then for 20 hours at room
temperature. To the reaction mixture was added water,
and the mixture was extracted with chloroform. The
extract was dried and the solvent was evaporated under
reduced'pressure. The residue was dissolved in benzene
(8 ml), and to the solution was added phosphorus
oxychloride (1.5 ml). The mixture was stirred for 4
hours at 80°C. The solvent was evaporated under
reduced pressure, and the residue was dissolved in
ethyl acetéﬁé 136 ml). The solution was washed with
water-andfén.aqueous saline solution, and the solution
was concentrated to dryness under reduced pressure.
The residue was purified by column ¢hromatography on
siiica gel to afford the title compound as a pale brown
oil (620 mg, 66%). _ |
'H-NMR ( 200MHz ,CDC1,) §: 2.42(3H,s), 7.1-7.5(7H4,m),
8.17(1H,d). |
IR(KBr)cm™': 1620, 1590, 1520, 1510.
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46c) 4-(4'-Methylbiphenyl-2-yl)-3-methoxymethoxy-5-
trifluoromethyl-1,2,4~-triazole

To an ice-cooling solution of the compound (600
mg) obtained in Working Example (46b) and triethylamine
(0.34 ml) in dichloromethane (12 ml) was added
chloromethyl ether (0.17 ml) under nitrogen atmosphere.
The mixture was stirred for 9 hours, and to the mixture
were added triethylamine (0.15 ml) and chloromethyl
ether (0.17 ml). The mixture was stirred for 13 hours
under ice-cooling. The solvent was evaporated under
reduced pressuré. To the residue was added dilute

hydrochloric acid, and the mixture was extracted with
ethyl acetate. The extract was dried and concentrated
to dryness under reduced pressure. The residue was

-3 | 15 purified by column chromatography on silica gel to
i afford the title compound as a pale yellow oil (395 mg,
57%)

'H-NMR ( 200MHz ,CDC1;) &§: 2. 34(3H s), 3 40(3H,s),
4.91(2H,s), 7.0-7.5(8H,m).
20 IR(Neat)em™: 1620, 1600, 1580, 1520.
46d) 4-(4'-Bromomethylbiphenyl-2-yl)-3-methoxymethoxy-5
trifluoromethyl-1,2,4-triazole
To a solution of the compound (390 mg) obtained in
working Example (46c) in carbon tetrachloride (15 ml)
25 were added N-bromosuccimide (230 mg) and o,c’-
azobisisobutyronitrile (20 mg). The mixture was
stirred fq;f4.§ hours at 80°C. The reaction mixture
was diluted with chloroform, and the solution was
washed with an aqueous solution of sodium

2 30 hydrogencarbonate and dried. The solvent was
& _ evaporated under reduced pressure. The residue was
ié purified by silica gel column chromatography to afford

S the title compound (380 mg, 80%) as a pale yellow oil.
2 'H-NMR (200MHz,CDC1;) §: 3.39(3H,s), 4.48(2H,s),

35 4.94(2H,s), 7.2-7.6(8H,m)

' IR(Neat)cm™': 1615, 1600, 1575.
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46e) Methoxymethyl 2-ethylthio-4-methylthieno[3,4-d]
imidazole-6-carboxylate
A mixture of methyl 2-ethylthio-4-methylthieno-

[3,4-d}imidazole-6-carboxylate (2.15 g) in a mixture of
4N-LiOH (8 ml) and methanol (25 ml) was stirred for 60
hours at 70°C. Methanol was evaporated under reduced
pressure. To the residue was added 1N-HCl. Resulting
precipitates were collected by filtration, washed with
chloroform and dried. The brownish powder (560 mg)
thus obtained was suspended in dichloromethane (10 ml).
To the suspension were added triethylamine (0.35 ml)
and chloromethyl methyl ether (0.19 ml). The mixture
was stirred for two hours. To the reaction mixture was
added dilute hydrochloric acid, and the mixture was
extracted with chloroform. The extract was dried and
concentrated to dryness under reduced pressure. The
residue was purified by column chromatography on silica
gel to afford the title compound (445 mg, 19%) as white
powder, m.p.128-130°C. . .

Elemental Analysis for C;,H;,N,05S,:

C(%) H(%) N(%)
Calcd.: 46.14; 4.93; 9.78
~Found : 45.90; 4.93; 9.56

'H-NMR (200MHz,CDC1;) &: 1.45(3H,t), 2.64(3H,s),
3.31(2H,q), 3.53(3H,s), 5.43(2H,s), 9.29(1H,bs).
IR(KBr)cm™': 1640, 1620, 1540. |
46f£) 2 -Ethxlfhio—l—[[Z'-(l 4-dihydro-3-trifluoromethyl-
—oxo-1,2,4-tr1azol 4-yl)biphenyl lmethyl]jthieno[3,4~
dlimidazole-4-methyl-6-carboxylic ac;d .
' The compound (280 mg) obtained in Working Example
(46e) and the compound (450 mg) obtained in Working
Example (46d) were dissolved in N,N-dimethylformamide
(12 ml). To the ice-cooling solution was added sodium
hydride (60% in oil; 47 mg) under nitrogen atmosphere.
The mixture was stirred for two hours at the same

temperature. To the reaction mixture was added dilute
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hydrochloric acid, and the mixture was extracted with
ethyl acetate. The extract was washed with water and
an aqueous saline solution and dried. The solvent was
evaporated under reduced pressure. The residue was
purified by silica gel column chromatography to give a
vellow oil (464 mg). The oil was dissolved in a
mixture of trifluroacetic acid (4 ml) and chloroform (5
ml). The solution was stirred for 5 hours at 70°C.
The reaction mixture was diluted with chloroform,
washed with water and dried, and the solvent was
evaporated under reduced pressure. The residue was
purified by column chromatography on silica gel to
afford the title compound (60 mg, 10%) as pale brown
powder, m.p.178-180°C (decomp.). '
Elemental Analysis foxr C,sH,oN;0;S,F3-0.5H,0:

C(%) H(%) N(%)
Caled.: 52.81; 3.72;  12.32
Found : 52.83; 3.54; 12.20

'H-NMR (200MHz,CDC1;) 6: 1.41(3H,t), 2.60(3H,s), |
3.30(2H,q), 5.67(2H,s), 7.0-7.5(7H,m), 8.06(1H,d).
IR(KBr)em': 1655, 1620, 1595, 1580, 1530.
Working Example 47
Methyl 2-ethylthio-1-[[2’-[1,4- dlhxdro-B-methvl 5-0x0-
1,2,4-triazol-4-yl]biphenyl- 4-xl]meth11]th1eno[3,4-
dlimidazole-4-methyl-6-carboxylate
47a) l-Acetvl-4-(4’'-methvlbiphenyl-2-vl)semicarbazide
To a soiution of the compound (300 mg) obtained in
Working Example (31a) in dichloromethane (5 ml) were
added acetic anhydride (0.12 ml) and pyridine (0.10
ml). The mixture was stirred for 15 hours at room
temperature. The reaction mixture was poured into ice-
water and extracted with a mixture of chloroform and
ethanol. The extract was washed with water and dried,
and the solvent was evaporated under reduced pressure
to afford the title compound (320 mg, 90%) as white
powder, m.p.203-205°C.
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Elemental Analysis for C,(H,;N30,:

C(%) H(%) N(%)
Calcd.: 67.83; 6.05; 14.83
Found : 67.53; 5.90; 14.84

'H-NMR ( 200MHz ,DMSO-d¢) §: 1.75(3H,s), 2.37(3H,s), 7.0-

7-4(7H,m)’ 7.55(1H,S), 7-94(1H’d)’ 8.33(1H,S),

9.59(1H,s).

IR(KBr)cm™: 1660, 1615, 1595, 1540.

47b) 3-Methvl-4-(4'-methylbiphenyl-2-y1)-1,2,4-triazol-
5(4H)-one : .

To a solution of the compound (950 mg) obtained in
Working Example (3la) in benzene (20 ml) was -added
phosphorus oxychloride (1.2 ml), and the mixture was
stirred for 20 hours at 90°C. The solvent was
evaporated under reduced pressure, and the residue was
diluted with ethyl acetate, washed with water and

dried. The solvent was evaporated under reduced
pressure. The residue was purified by column
chromatography on silica gel to afford the title
compound (460 mg, 51%) as white powder, m.p.102-104°C.
Elemental Analysis for C;4H;sN,O: '

C(%) H(%) N(%)
Calcd.: 72.43; 5.70; 15.84
Found : 72.37; 5.68; 15.95

'H-NMR (200MHz,CDC1,) §: 2.40(3H,s), 2.42(3H,s),
6.83(1H,bs), .7.0-7.5(7H,m), 8.20(1H,d).
IR(KBr)cm™‘: 16406, 1575, 1530.
47c) 3-MethylZ4-(4’-methylbiphenyl-2-vy1)-1-
methbxyméthxl-l,2,4-triazol-5(4H)-one

To an ice-cooling solution of the compbund (250
ml) obtained in Working Example (31b) in _
dichloromethane (8 ml) were added chloromethyl ether
(0.18 ml) and triethylamine (0.20 ml) under nitrogen
atmosphere. The mixture was stirred for 23 hours at
room temperature. The solvent was evéporated under

reduced pressure. The residue was purified by column
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chromatography on silica gel to afford the title
compound (75 mg, 25%) as a pale yellow oil.

'H-NMR (200MHz,CDC1,) &: 2.09(3H,s), 2.34(34,s),
3.28(3H,s), 4.95(2H,s), 7.0-7.4(8H,m).
IR(Neat)cm™: 1715, 1640, 1590, 1570, 1515.

47d) Methyl 2-ethylthio-1-[[2’'=[1,4-dihydro-1-
methoxymethyl=-3-methyl-5-0x0-1,2,4-triazol-4-
ylibiphenyl-4-yljmethylithieno[3,4~d]imidazole-4-

methyl-6-carboxylate

To a solution of the compound obtained in Working

Example (31c)-in carbon tetrachloride (5 ml) were added
N-bromosuccinimide (48 mg) and o,c’-azobis-
lsobutyronltrlle (5 mg). The mixture was stirred for 5
hours at 80°C. The reaction mixture was poured into an
aqueous solution of sodium hydrogencarbonate and
extracted with chloroform. The extract was dried and
concentrated to dryness'under reduced pressure. The
residue was purified by column chromatography on silica
gel to give a pale yellow oil (34 mg). This oil (34
mg) and methyl 2-ethylthio-4-methylthieno[3,4-
d]imidazole-6-carboxylate (30 mg) were dissolved in
N,N-dimethylformamide (4 ml). To the ice-cooling
solution was added sodium hYdride (60% in o0il; 5 mg)
under nitrogen atmosphere. The mixture was stirred
o#ernight at room temperature and concentrated to
drynes under reduced pressure. The residue was diluted
with ethyl aoetate, and the solution was washed with
water and an .agqueous saline solution, and then dried.
The - solvent was evaporated under reduced pressure. The
residue was purified by column chromatography on silica
gel to afford the title compound (42 mg, 85%) as a pale
yellow oil.
'H-NMR (200MHz,CDC1;) §: 1.42(3H,t), 2.05(3H,d),
2.62(3H,s), 3.18(3H,s), 3.30(2H,q), 3.77(3H,s),
4.91(2H,d), 5.69(2H,s), 7.0-7.4(8H,m).
IR(Neat)cm™: 1720, 1695, 1645, 1605, 1540.
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47e) Methyl 2-ethylthio-1-[[2'~-[1,4-dihyvdro-3-methyl-5-
oxo-1,2,4~-triazol-4-yl]biphenyl-4-yl]jmethyljthieno[3,4~
dlimidazole-4-methyl-6-carboxylate

The compound (42 mg) obtained in Working Example
(31d) was dissolved in a mixture of trifluoroacetic
acid (1 ml) and chloroform (1.5 ml), and the solution
was stirred for 12 hours at 60°C. The reaction mixture
was diluted with chloroform, and the solution was
washed with water, dried and concentrated to dryness
under reduced pressure. The residue was purified by
column chromatography on silica gel to give a pale
yellow oil. Crystallization from chloroform and ether
afforded the title compound (34 mg, 87%) as pale yellow
crystals, m.p.204-206°C.
Elemental Analysis for C,gH;sNs03S;-0.4CHCl,:

C(%) - H(%) . N(%)
Calcd.: 55.88; 4.51; 12.34
Found : 55.73; 4.49; = 12.57

‘H-NMR (200MHz ,CDC1;) §: 1.44(3H,t), 2.41(3H,s),
2.63(3H,s), 3.33(2H,q), 3.80(3H,s), 5.77(2H,s),
6.83(1H,bs), 7.0-7.6(7H,m), 8.18(1H,t).
IR(KBr)cm™': 1685, 1630, 1600, 1570, 1535, 1520.
Working Example 48
1-1r27-(2,4-Dihydro-4-methyl- 3-oxo-1.2,4-trlazol 5~
yl)biphenyl-4-vlimethyl]-2-ethylthio-4-~
methylthienof3,4-dlimidazole-6-carboxylic acid
48a) 4-Methyl-1-[2-(4-phenyl)benzoyl]semicarbazide

To g-solution of 4’'-methylbiphenyl-2-~carbonyl
hydrazide (2.3 'g) in chloroform (20 ml) was added
methyl isocyanate (10 ml), and the mixture was stirred
for one hour at room temperature. The resulting
crystalline precipitate was collected by filtration,
which was purified by column chromatography on silica
gel. Crude crystals thus obtained were recfystallized
from chloroform-methanol to afford colorless needles
(0.86 g, 31%), m.p.181-182°C.
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Elemental Analysis for C,¢H;;N;0,:

C(%) H(%) N(%)
Ccaled.: 67.83; 6.05; 14.83
"Found : 67.65; 6.90; 14.85

'H-NMR ( 200MHz ,DMSO-d) §: 2.34(3H,s), 3.30(3H,d),
5.55(1H,br), 7.21(2H,d), 7.32-7.56(6H,m), 7.85(1H,s),
9.79(1H,s). |

IR(KBr)cm™: 3380, 3250, 3220, 1690, 1645, 1540, 820,

'760.

48b) 2, -Dlhxdro-s—(4’-methxlblphenyl 2-211 —4-methyl-~

1,2,4-triazol-3-one

The compound (0.86 g) obtained in Working Example
(48a) was dissolved in 1N-NaOH (8 ml), and the solution
was heated for 15 hours under reflux. The.reaction
mixture was adjusted to pH 3-4 with 1N-HC1l and
extracted with ethyl acetate. The extract was washed
with water and dried. The solvent was evaporated under
reduced pressure, The residue was purified by column
chromatography on silica gel to give crude crystals.
Recrystallization from ethyl acetate - hexane afforded
the title compound as colorless needles (0.60 g, 74%),
m.p.181-182°C.

Elemental Analysis for C;zH;sN;0:

C(%) H(%) N(%)
Calcd.: 72.43; = 5.70; 15.84
FPound : 72.54; 5.74; 15.95

H-NMR(ZOOMHz CDCl;) &: 2.37(3H,s), 2.55(3H,s),
7,16(2th), 1.22(2H,d), 7.42-7.65(4H,m), 9.72(1H,s).
IR(KBr)cm4: 3180, 3060, 1700, 1490} 1465, 1330, 1080,
1040, 960. 820, 800, 780, 760, 750, 700, 650.

48c) 2,4-Dihzdro-Z—methoxymgthxl-s-(4'—methxlbighenzl-

2-yl)-4-methyl-l,2,4-triazol-3-one

To an ice-cooling solution of the compound (0.40
g) obtained in Werking Example (48b) in DMF (1 ml) was
added sodium hydride (60% in oil; 72 mg). The mixture
was stirred for 30 miﬁutes, and to the reaction mixture
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was added chloromethyl methyl'ether (0.14 g). The
reaction mixture was stirred for further 1.5 hour at
0°C and diluted with water, followed by extraction with
acetic acid. The extract was washed with water and
dried. The solvent was removed under reduced pressure.
The residue was purified by column chromatography on
silica gel to afford the title compound as a colorless
oil (0.40 g, 87%).

'H-NMR (200MHz,CDC1;) §: 2.35(3H,s), 2.55(3H,s),
3.43(3H,s), 5.20(2H,s), 7.14(2H,d), 7.21(2H,d), 7.40-
7.64(4H,m). ' _

IR(Neat)cmdz 1720, 1490, 1460, 1440, 1395, 1380, 1330,
1295, 1175, 1095, 1040, 920, 820, 785, 760.

48d) 5-(4’'-Bromomethvlbiphenyl-2-yl)-4,5-dihydro-1-
methoxymethyl-4-methyl-1,2,4~-triazol-3—one"”

The compound (0.40 g) obtained in Working Example
(48c), NBS(0.23 g) and benzoyl peroxide (17 mg) were
added to carbon tetrachloride (10 ml). The mixture was
refluxed under irradiation of light.for one hour.
Insoluble materials were filtered off, and the filtrate
was concentrated under reduced pressure. The residue
was purified by silica gel column chromatography to
give crude crystals. Recrystallization from ethyl
acetate - hexane afforded the title compound as
colorless prisms (0.38 g, 73%), m.p.137-138°C.
Elemental Analysis for C;gH;¢N;Br0,-0.5H,0:

. . C(%) - H(%) N(%)
Calcd.: .- 54.42; 4.82; 10.58
Found : 54.50; 4.66; 10.51

'H-NMR (200MHz,CDC1;) §: 2.60(3H,s), 3.41(3H,s),

 4.49(2H,s), 5.19(2H,s), 7.29(2H,d), 7.38(2H,d), 7.45-

7.67(4H,m).
IR(KBr)cm': 1710, 1490, 1470, 1455, 1440, 1375, 1330,

1295, 1235, 1180, 1090, 915, 860, 855, 790, 765, 755,
610.

48e) Methyl 1-[[2'-(2,4-dihydro-2-methoxymethyl-4-
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methyl-3-ox0-1,2,4-triazol-5~-vl)biphenyl-4-vylimethyl]-

2-ethylthio-4-methylthienof[3.4-d]imidazole=6=
carboxylate

To an ice-cooling solution of methyl ‘2-ethylthio-
4-methylthieno-{3,4-d}imidazole~6-carboxylate (0.26 g)
in DMF (1 ml) was added sodium hydride (60% in oil; 48
mg). The mixture was stirred for 20 minutes. To the
reaction mixture was added the compound (0.38 g)
obtained in Working Example (36d), and the reaction
mixture was stirred for further 1.5 hour at room
temperature. The reaction mixture was diluted with
water and extracted with ethyl acetaté. The extract
solution was washed with water and dried. The solvent
was removed under reduced pressure. The residue was
purified by column chromatography on silica gel to
afford the title compound as a colorless oil (0.30 g,
55%). - |
'H-NMR (200MHz,CDC1,) §: 1.42(3H,s), 2.55(3H,s),
2.63(3H4,s), 3.30(2H,q), 3.37(3H,s), 3.77(3H,s),
5.18(2H4,s), 5.71(2H,s), 7.19(2H,d), 7.25(2H,d), 7.42-
7.64(4H,m). ' :
IR(Neat)cm™: 1705, 1605, 1540, 1460, 1440, 1320, 1240,
1170, 1095, 755.

48f) Methyl 2-ethxlthlo—1-[[2'-(2,4-d1h1dr ~4-methyl—-3-

oxo-1,2,4-triazol-5-yl)biphenyl-4-yl jmethyl]-4-
methzlthieno[3,4—d]imidazole-G-carboxxlate
The,qqﬁpoqnd (0.30 g) obtained in Working Example
(48e) was dissolved in a mixture of trifluoroacetic
acid (2 ml) and chloroform (2 ml). The solution was
stirred for 5.5 days at 60°C. The reaction mixture was
concentrated under reduced pressure. The fesidue was
purified'by column chromatography on silica gel to
afford the title compound as a colorless oil (0.27 g,
96%). '
'H-NMR (200MHz,CDC1l,) &: 1.42(3H,t), 2.53(3H,s),
2.63(3H,s), 3.30(2H,q), 3.77(3H,s), 5.71(2H,s),

_‘____’______,___,__

Sheet Has Been Replaced :

\\Illlll ELE



10

15

20

25

30

35

- 147 -

7.15(2H,d), 7.23(2H,d), 7.42-7.65(4H,m).

IR(Neat)em™': 1700, 1600, 1540, 1460, 1435, 1320, 1240,
1195, 1170, 1095, 750. "

48g) 2-Ethylthio-1-[[2’-(2 4-dihydro-4-methyl-3-oxo-
1,2,4-triazol-5~-yl)biphenyl-4-ylimethyl]-4-

methyvlthienof3,4-dlimidazole-6-carboxylic acid
The compound (0.27 g) obtained in Working Example

(48£f) and lithium hydroxide monohydrate (0.11 g) were
dissolved in a mixture of THF (2 ml) and water (2 ml),
and the solution was stirred for 8 hours at 60-70 °C.

The reaction mixture was diluted with water, and
insoluble materials were filtered off, and the filtrate
was adjusted to pH 3-4 with 1N-HC1. Crystalline
precipitate was collected by filtration and purified by
silica gel column chromatography to give crude
crystals. Recrystallization from chloroform-methanol
afforded the title compound as pale yellow prisms (70
mng, 27%), m.p.228-229°C (decomp.). ’

Elemental Analysis for C,sH,3Ns0,S,:5H,0:

C(%) H(%) N(%)
Calcd.: 58.35; 4.70; . 13.61,
Found : 58.64;  4.59; 13.71

'H-NMR (200MHz,CDC1,) &: 1.46(3H,t), 2.44(3H,s),
2.63(3H,s), 3.35(2H,q), 5.61(2H,s), 7.10(2H,d),
7.20(2H,d), 7.46-7.64(4H,m).

IR(KBr)cm™': 1690, 1605, 1540, 1490, 1460, 1415, 1315,
1240, 1200,..117Q, 1100, 940, 805, 780, 760.

- Working Example 49

2-Ethylthio-1-[[2’-(5-hydroxy-2-methyl-1,2,4-triazol-3-
yl)biphenyl-4-ylimethyl]-4-methylthieno[3, 4~
dlimidazole-6-carboxylic acid
49a) l-Methyl-1-(4’-methylbiphenyl-2-carbonyl)hydrazide
To a solution of 4‘-methylbiphenyl-2-carboxylic
acid (3.2 g) and DMF (one drop) in THF (35 ml) was
added dropwise oxalyl chloride (2.9 g), and the mixture
was stirred for further 18 hours. The reaction mixture
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was concentrated under reduced pressuré. The residue
was added dropwise to a solution of monomethyl
hydrazine (6.9 g) in THF (80 ml). The reaction mixture
was stirred for one hour at room temperature and
concentrated to dryness under reduced pressure. The
residue was partitioned between water and ethyl
acetate. The ethyl acetate layer was separated, washed
with water and dried. The solvent was evaporated under
reduced preséure. The residue was purified by column
chromatography on silica gel to afford the title
compound as a yellow oil (3.6 g, 100%).
'H-NMR (200MHz ,CDC1;) &§: 2.39(3H,s), 2.62(3H,s),
4.39(2H,bxr), 7.19-7.47(8H,m).
IR(Neat)cm™: 3300, 3200, 1630.
49b) l-Methyl-1-[2-(4 -methylghenzl)benzoxl]-
semicarbazide

To a solution of the compound (3.6 g) obtained in
Working Example (49a) in 1N-HCl (37 ml) was added
dropwise an aqueous solution (30 ml) of sodium
isocyanate (2.6 g), and the mixture was stirred for 3
hours at room temperature. . Crystalline precipitate was
collected by filtration and recrystalllzed from

methanol - ethyl acetate to afford the title compound

as colorless prisms (3.1 g, 74%), m.p.217-218°C.
Elemental Analysis for C,;¢H;;N3;0,:

C(%) H(%) N(%)
Calcd.: -.67.83; 6.05; 14.83
Found : .. 67.99; 6.02; 15.03

'H-NMR (200MHz ,DMSO-d¢) &: 2.34(3H,s), 3.00(3H,s),
6.08(1H,br), 7.19(2H,d), 7.24-7.50(6H,m), 8.15(1H,s).
IR(KBr)cm': 3470, 3330, 1680, 1645, 1610, 1520, 1460,
1390, 1340, 825, 755.

49c) l-Methyl-5-(4'-methylbiphenyl-2-v1)-3-hydroxy-

1,2,4 trlazole

According to the procedure descrlbed in Working
Example (48b), the title compound was obtained as
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colorless prisms (2.7 g, 93%) from the compound (3.1 g)
prepared in Working Example (49b).

M.p.271-172°C

Elemental Analysis for C,¢H,;N;O:

C(%) H(%) N(%) .
Calcd.: 72.43; 5.70; 15.84
Found : 72.30; 5.74; 15.79

'H-NMR(200MHz, DMSO-dg) §: 2.31(3H,s), 2.95(3H,s),
7-06(2H,d), 7.18(2H,d), 7.51-7.68(4H,m), 10.84(1H,s).
IR(KBr)cm™: 1580, 1510, 1490, 1440, 1400, 1325, 1275,
890, 880, 840, 820, 760, 620.

49d) 3—Ethoxxcarbonxloxz—l-methvl-S-(4'-methxlbighenxl-
2-v1)-1,2,4-triazole

To a suspension of the compound (0.65 g) obtained
in Working Example (495) and triethylamine (0.29 g) in
methylene chloride (10 ml) was added ethyl
chloroformate (0.31 g), and the mixture was stirred for
3 hours at room temperature. The reaction mixture was
washed with water and dried. The solvent was removed
under reduced pressure, and the residue was purified by
column chromatography on silica gel to afford the title
compound as a colorless oil (0.55 g, 68%).
'H-NMR ( 200MHz ,CDC1,) §: 1.40(3H,t), 2.34(3H,s),
3.02(3H,s), 4.37(2H,q), 7.09(2H,d), 7.16(2H,d), 7.41-
7.64(4H,m). o
IR(Neat)cm™:.1780, 1505, 1360, 1230.

49e) 5-(4-Bromomethylbiphenyl-2-y1)-3-
etho;xcarbonzioxx—l-methxl-1,2,4-triazole

According to the procedure described in Working
Example (48d), the title compound was obtained as a
colorless oil (0.63 g, 94%) from the compound (0.55 g)
obtained in Working Example (49d). |
'H-NMR (200MHz,CDC1,) §: 1,41(3H,t), 3.05(3H,s),
4.37(2H,q), 4.48(2H,s), 7.19(2H,d), 7.38(2H,d), 7.45-
7.66(4H,m). | T |
IR(Neat)em™: 1770, 1500, 1470, 1435, 1400, 1360, 1230,
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760.

49f) Methyl 1-[[2’-(3-ethoxycarbonyloxy-l-methyl-1,2,4~
triazol-5-yl)biphenyl-4-ylimethyl]-2-ethylthio~4-
methylthienof3,4-djimidazole-6~carboxylate

According to the procedure described in Working
Example (48e),'the title compound was obta%ned as a

- colorless oil (0.22 g, 25%) from the compound (0.63 g)

obtained in Working Example (49e).

'H-NMR(200MHz,CDC1;) : 1.40(3H,t), 1.41(3H,t),
2.63(3H,s), 2.97(3H,s), 3.29(2H,q),.3.76(3H,s),
4.36(2H,q), 5.69(2H,s), 7.14(4H,s), 7.42-7.64(4H,m).
IR(Neat)ch: 1786, 1690, 1605, 1540, 1510, 1460, 1440,
1365, 1320, 1240, 1170, 1090, 760. |

49g) 2-Ethylthio-1-[({2'~(3~hydroxy-l-methyl-1,2,4~
triazol-5-yl)biphenyl-4-vlimethyvl]-4-methylthienof3, 4~
d]-imidazole-6-carboxylic acid '

- According to the procedure described in Working
Example (48g), the title compound was obtained as
colorless prisms (40 mg, 21%) from the compound (0.22
g) obtained in Working Example (49e).
M.p.236-237°C. |
Elemental Analysis for C,sH,3Ns03;S,-0.2H,0:

C(%) H(%) N(%)
Calcd.: 58.97; 4.63; 13.75
Found : 59.00; 4.76; - 13.68

'H-NMR ( 200MHz ,DMSO-d,) §: 1.33(3H,t), 2.55(3H,s),
2.92(3H,s), 3.24(2H,q), 5.69(2H,s), 7. 12(4H s-like),
7.50-7. 68(4H m) .

IR(KBr)cm': 1690, 1640, 1600, 1585, 1540, 1460, 1415,
1370, 1305, 1270, 1235, 1200, 1170, 1095, 935, 775,
765. |

Working Example 50

1-{[2'-(2,4-Dihydro-3-0oxo-~1,2,4-triazol-5-v1)biphenyl-

4-y]limethyl]-2-ethylthio-4-methylthieno{3,4-
dlimidazole-6-carboxylic acid

50a) 2,5-Dihydro~5-(4’'-methylbiphenyl-2-y1j-1,2,4-
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triazol-3~one
l1-[2-(4-Methylphenyl)benzoyl]semicarbazide (4.6 g)
and phosphorus oxychloride (10.3 g) were suspended in
benzene (100 ml), and the suspension'was heated for 3
hours under reflux. The reaction mixture was
concentrated to dryness under reduced pressure. To the
residue was added water, and résulting crystalline
precipitate was collected by filtration.
Recrystallization from methanol afforded the tltle
compound as colorless needles (3.4 g, 79%), m.p.245-246
°C (decomp.). '
Elemental Analysis for C,;H;;N;O:

C(%) H(%) N(%)
caled.:  71.70; 5.21; 16.72
Found : 71.37; = 5.42; 16.72

'H-NMR (200MHz,CDC1,) &: 2.39(3H,s), 4.84(2H,br s),
7.17(4H,s), 7.39-7.58(3H,m), 7.85-7.89(1H,m).
IR(KBr)cm™': 3260, 3080, 1670, 1655, 1605, 1580, 1025,
820, 765, 750.

50b) 1,2-(& 2,4-)Dihydro-1,2-(& 2,4-)bis-

(methoxymethyl)-~-3-(4’'-methylbiphenyl-2-v13)-1,2,4-
triazol-3-one

Accoding to the procedure described in Working
Example (48¢), a mixture of the isomers (1:2) of the
title compound was obtained as a colorless oil (1.6 g,
73%) from the compound (1.6 g) obtained in Working
Example (50a).

H-NMR(ZQQMHZVCDCI,) §: 2.38(3H,s), 3.09(3H,s),

3.30(1H,s), 3.40(2H,s), 4.30(2H,s), 4.56(2H,s), 7.20-

7.30(4H,m), 7.39-7.54(4H,m).

IR(Neat)cm™': 2220, 1685, 1480, 1440, 1360, 1290, 1240,
1190, 1090, 915, 820, 760. |

50c) 3-(4’-Bromomethylbiphenyl-2-vy1)-1,2-(& 2,4-

)dihydro-1,2-(& 2,4-)bis(methoxymethyl)~-1,2,4-triazol—

3-one |

According fo the procedure described in Working
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Example (48d), a mixture of the isomers (1:2) of the
title compound was obtained as a colorless oil (2.0 g,

100%) from the compound (1.6 g) obtained in Working
Example (50b).

5 'H-NMR (200MHz,CDC1,) &§: 3.10(3H,s), 3.23(1H,s),
3.41(2H,s), 4.31(2H,s), 4.51(2H,s), 4.54(2H,s), 7.35-
7.65(8H,m).

IR(Neat)cm™': 2210, 1680, 1440, 1360, 1285, 1240, 1230,
1190, 1090, 915, 760. .

10 50d) Methyl 2-ethylthio-1-1[2’-(1,2-(& 2,4-)dihvdro-
1,2-(& 2,4- bis-methoxymethyl)-5-oxo0-1,2,4-triazol-3-

yl)biphenyl-4-vlimethylj-4-methylthieno[3,4-

dlimidazole-6-carboxylate ' '

; According to the procedure described in Working
'? - 15 Example (48e), a mixture of the isomers of the title
: compound was obtained as a pale yellow oil (0.65 g,
43%) from the compound (1.0 g) obtained in Wérking
~ Examplé (50c). ' :
3 'H~-NMR (200MHz,CDCL,) §: 1.42(3H,t), 2.62(3H,s),
4 20  3.05(3H,s), 3.16(1H,s), 3.30(2H,q), 3.36(2/3H,s),
= ' 3.77(3H,s), 4.22(2H,s), 4.42(2H,s), 5.72(2H,s), 7.21-
7.57(8H,m).
IR(Neat)cm™: 2220, 1690, 1600, 1540, 1460, 1430, 1360,
& 1320, 1285, 1240, 1195, 1165, 1090, 755. _
B 25 50e) Methyl 2-ethylthio-1-[[2'=(4,5-dihydro-5-oxo-
- 1,2,4-triazol-3-yl)biphenyl-4-vylimethyl]-4-
methylthieno[3,4-d]imidazole~6-carboxylate
According to the procedure described in Working
Exaﬁple'(48f), the title compound was obtained as
30 yellow prisms (0.28 g, 50%) from the'compound (0.65 g)
s obtained in Working Example (504).
i; M.p.272-273°C (decomp.)
{ﬁ Elemental Analysis for C,sH,;Ns0,S,:

i c(e) H(Y)  N(¥)
& 35 Caled.: 59.39; 4.58; 13.85
4 Found : 59.17; 4.74; 13.81
cct Has Been Replaced
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'H-NMR (200MHz ,DMSO-ds) §: 1.36(3H,t), 2.56(3H,s),
3.26(2H,q), 3.70(3H,s), 5.66(2H,s), 6.96(2H,br s),
7.12(2H,d), 7.22(2H,d), 7.41-7.63(3H,m), 7.69(1H,dd).
IR(KBr)em: 3275, 3100, 1680, 1660, 1535, 1450, 1430,
1320, 1235, 1160, 1090, 755. |

50f) 2-Ethylthio-1-[[2'~-(4,5-dihydro-5-0ox0-1,2,4~
triazol-3-11)bighengl—4;xl]methxl]—4-me£hxlthieno[3,4-
dlimidazole-6-carboxylic acid |

According to the procedure described in Working
Example (48g), the title compound was obtained as
colorless needles (0.17 g, 65%) from the compound (0.27
g) obtained in Working Example (50e).

M.p.205-207°C (decomp.)
Elemental Analysis for C,;H;;Ns0:S,:

C(%) H($%) N(%)
Calcd.: 58.64; 4.31; 14.25
Found : 58.30;  4.16; 14.12

'H-NMR (200MHz,DMSO-dg) §: 1.35(3H,t), 2.54(3H,s),

3.24(2H,q), 5.70(2H,s), 6.95(2H,s), 7.15(2H,d),

7.22(2H,d), 7.41-7.63(3H,m), 7.69(1H,dd).

IR(KBr)cqu 1660, 1650, 1595, 1535, 1450, 1305, 1240,

1160. '

Working Example 51

Methyl 2-n-butyl-1-[[2’—(2 ,4-dioxoimidazolidin-1-

ylibiphenyl-4-vljmethylibenzimidazole-7~-carboxylate

5la) Methyl 2-n-butyl-1-{[2’-(t-butoxycarbonylamino)-

biphenyl-4-yl]methyl]benzimidazole-7-carboxylate
Methyl -2-butyl-1-[[2’-(t-butoxycarbonyl )biphenyl-

4-ylimethyl]benzimidazole-7-carboxyiate (600 mg) and

triethylamine (0.2 ml) were dissolved in N,N-
dimethylformamide (3 ml). To the ice-cooling solution
was added dropwise diphenyl phosphoryl azide (DPPA)
(0.32 ml) under nitrogen atmosphere. The mixture was
stirred for 4.5 hours at the same temperature. The
reaction mixture was diluted with ethyl acetate, washed
with water three times, and dried. The solution thus
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obtained was concentrated under reduced pressure to a
volume of 20 ml. The concentrate was added dropwise to
toluene (25 ml) with stirring at 80°C. The mixture was
stirred for further 20 minutes at the same temperature.
To the reaction mixture was added t-butanol (15 ml),
and -the mixture was stirred for 17 hours. The solvent
was evaporated under reduced pressure, and the residue
was purified by column chromatography on-silica gei to
afford the title compound (510 mg, 73%) as a pale
yellow oil.

51b) Methyl 2-n—butxl 1-[(2'-am1noblphenxl —4-

vl)methyl)-benzimidazole-7-carboxylate _
The compound (510 mg) obtained in Working'Example

(51la) was dissolved in conc. HCl (0.8'ml).and methanol
(10 ml), and the solution was stirred for 70 minutes at
80°C. The solvent was removed under reduced pressure.
To the residue was added an aqueous solution of sodium
hydrogencarbonate, and the mixture was extracted with
ethyl acetate. The extract was washed with water and
dried. The solvent was evaporated under reduced
pressure to give a pale yellow oil, which was

. cxrystallized from ether to afford the title compound

(370 mg, 90%) as white crystals, m.p.97-99°C.
Elemental Analysis for C,ysH,;N;0;:

C(%) H(%) N(%)
Caled.:  75.52; 6.58; 1 10.16 _
Found :  75.27; 6.81; 9.99

"H-NMR (200MHz,CDC1;) §: 0.95(3H,t), 1.4-1.6(2H,m), 1.8-
2.0(2H,m), 2.92(2H,t), 3.65(2H,bs), 3.73(3H,s),
5.79(2H,s), 6.7-7.5(9H,m), 7.64(1H,dd), 7.95(1H,dd).
IR(KBr)cm™': 1720, 1630, 1600, 1575, 1520. -
51c) Methyl 2-n-butvyl-1-[[2’-(ethoxycarbonylmethyl-
amino)biphenyl-4-yl imethylibenzimidazole-7-carboxylate
The compound-(408 mg) obtained in Working Example
(51b) and ethyl bromoacetate (0.13 ml) were dissolved
in N,N-dimethylformamide (12 ml), and to the solution
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was added potassium carbonate (150 mg) at room
temperature. The mixture was stirred for 63 hours at
room temperature, then the solvent was removed under
reduced pressure. The residue was partitioned between
water and ethyl acetate. The organic layer was dried
and concentrated to dryness under reduced pressure.
The residue was purified by column chromatography on
silica gel to afford the title compound (139 mg, 28%)
as a pale yellow oil.

'H-NMR(200MHz,CDC1;) §: 0.96(3H,t), 1.24(3H,t), 1.4-
l1.6(2H,m), 1.8-2.0(2H,m), 2.93(2H,t), 3.73(3H,s),
3.85(2H,d), 4.17(2H,q), 4.51(1H,bt), 5.79(2H,s),
6.55(1H,d), 6.7-7.5(8H,m), 7.64(1H,dd), 7.95(1H,dd).
IR(Neat)cm™: 1745, 1720, 1600, 1580, 1520, 1505.

51d) Methyl 2-n-butyl-1-[[2’-[(N-chlorocacetyl-

carbamoxl)-(N-ethoxxcarbonxl-methxl)amino]bighenxl-4-
ylimethyllbenzimidazole-7~-carboxylate

To an ice-cooling solution of the com?ound (260
mg) obtained in Working Example (51c) in
dichloromethane (10 ml) was added dropwise chloroacetyl
isocyanate (80 micro 1) under nitrogen atmosphere. The
mixture was stirred for two hours at the same
temperature and concentrated to dryness. The residue
was purlfled by column chromatography on silica gel to
afford the title compound (193 mg, 60%) as white
powder, m.p.149-151°C.

Elemental Analysis for 'C33H;sN;,04CL-0.2H,0:

) C(%) H(%) N(%)
Calcd.: 63.65; 5.73; 9.00
Found : 63.46; 5.65; 8.72

'H-NMR(200MHz,CDC1;) §: 0.98(3H,t), 1.25(3H,t), 1.3-
1.6(2H,m), 1.7-2.0(2H,m), 2.91(2H,t), 3.32(1H,d),
3.75(3H,s), 4.0-4.3(2H,m), 4.38(1H,d), 4.40(1H,d),
4.58(1H,d), 5.79(2H,s), 6.91(2H,d), 7.11(2H,d), 7.2-
7.7(6H,m), 7.95(1H,d).

IR(KBr)em™: 1750, 1720, 1690, 1520.

e
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5le) Methyl 2-n-butyl-1-[[2’'-(2,4-dioxoimidazolidin-1-
yl)biphenyl-4-vlimethyljbenzimidazole-7-carboxylate

The compound (180 mg) obtained in Working Example
(51d) was dissolved in a mixture of methanol (10 ml)
and chloroform (3 ml). To the solution was added
sodium N-methyldithiocarbamate (48'mg) at room
temperature under nitrogen atmosphere. The mixture was
stirred for 5 hours at room temperature, and the

solvent was removed under reduced pressure. The

residue was purified by column chromatography on silica
gel to give a colorless oil (137 mg). To an ice-
cooling solution of the oil in N,N-dimethylformamide (3
ml) was added sodium hydride (60% in oil; 13 mg) under
nitrogen atmosphere. The mixture was stirred for two
hours under ice-cooling, then 4 hours at room

- temperature. After evaporation of the solvent, the

residue was diluted with chloroform, and the solution
was washed with dilute hydrochloric acid and dried.

The solvent was removed under reduced pressure, and the

residue was purified by column chromatography on silica
gel to give a yellow oil. This product was
crystallized from chloroform and ether to afford the
title compound (40 mg, 32%) as pale yellow powder,

m.p.175-178°C.

Elemental Analysis for C,9HpgN,0,- 0. 3H,0:

C(%) H(%) . N(8%)
Calcd.: .69.39; ~ 5.74; 11.16
Found : . 69.47;  5.83; 10.98

'H-NMR (200MHz ,CDC1,) §: 0.95(3H,t), 1.3-1.6(2H,m),
2.95(2H,t), 3.68(2H,s), 3.71(3H,s), 5.79(2H,s),
6.89(2H,d), 7.1-7.5(7H,m), 7.63(1H,d), 7.97(1H,dd),
8.14(1H,bs). | -

IR(KBr)cm™: 3450, 2960, 2740, 1770, 1730, 1610, 1525.
Working Example 52

Methyl 2-butyl-1-{[2’-(2,4-dioxo-3H-thiazolidin-5-y1)
biphenyl-4-ylmethylbenzimidazole-7-carboxylate
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52a) Methyl 2-[{N-(2’'-tert-butoxycarbonylbiphenyl-4-vy1)

methyl-N-valervyl jamino-3-nitrobenzoate
To a solution of methyl 3-nitro-2-valerylamino-

benzoate (2.79 g) in DMF (20 ml) was added sodium
hydride (60% in oil; 0.40 g) with stirring under ice-
cooling. After stirring for fifteen minutes, 2/-tert-
butoxycarbonyl biphenyl methyl bromide (4.51 g, 13
mmol) was added to the mixture. The reaction mixture
was stirred for two hours at 70°C and extracted with
ethyl acetate. The extract was washed with water and
dried (MgSO;), and the solvent was evaporated in vacuo.
The residue was purified by column chromatography on
silica gel to give crude crystals. Recrystallization
from isopropyl ether afforded the title compdund (4.41
g, 81%) as colorless crystals, m.p.127-128°C.
Elemental Analysis for C;,H3N;0;: '

C(%) H(%) N(%)
Calcd.: 68.12; 6.27; 5.12
Found : 68.27; 6.27; 4.85

'H-NMR ( 200MHz,CDC1;) §: 0.80(3H,t), 1.20(2H,m),
1.23(9H,s), 1.53(2H,m), 2.05(2H,t), 3.62(3H,s), 4.56
and 4.77(2H,each d), 7.05(2H,d), 7.13(2H,d), 7.27-
7.83(5H,m), 8.12(1H,dd), 8.23(1H,dd).
IR(Nujol)em™: 1740, 1710, 1675, 1600.
52b) Methyl 2-butyl-1-[2’-tert-butoxycarbonylbiphenyl-~
4-vlimethylbenzimidazole-7-carboxvlate

Iron powder® (1.35 g) was added to a mixture of the
compgund'(3;26 g) obtained in Working Example (52a) in
a mixture of conc. HC1 (0.5 ml) and methanol (30 ml).
The mixture was heated for 1.5 hour under reflux.
Insoluble materials were filtered off through celite.
The filtrate was concentrated to dryness, and to the
residue were added conc. HCl (0.5 ml) and methanol (50
ml). The mixture was heated for 1.5 hour under reflux
and cbncentrated to dryness. The residue was
partitioned between water and chloroform. The organic
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layer was dried and concentrated to dryness. The
residue was purified by column chromatography on silica
gel to afford the title compound (2.38 g, 82%) as an
oil.

Elemental Analysis for CsHiN,0,-1/2H,0:

C(%) H(%) N(%)
Calcd.: 73.35; 6.95; 5.52
Found : 73.42; 6.98; 5.45

'H-NMR(200MHz,CDC1;) §: 0.97(3H,t), 1.19(9H,s),
1.48(2H,m), 2.93(2H,t), 3.76(3H,s), 5.83(2H,s),
6.87(2H,d), 7.16-7.51(6H,m), 7.64-7.77(2H,m),
7.95(1H,dd). .

IR(Neat)cm™: 1715, 1700, 1595.

52c) Methyl 2-butyl- 1-[2'-carboleblghenzl 4-zl]methzl-
benzimidazole-7-carboxylate

Trifluoroacetic acid (10 ml) was added to a
solution of the compound (2.35 g) obtained in Working
Example (52b) in dichloromethane (8 ml). The mixture
was stirred for one hour at room temperature, diluted
with water and extracted with chloroform. The extract
was washed with water and dried (MgS0O,), and the
solvent was evaporated in vacuo. The residue was
purified by column'chromatography on silica gel to give
crystals. Recrystallization from diethyl ether
afforded the title compound (2.04 g, 98%) as colorless
prisms, m.p.192-194 °C.
'H-NMR ( 200MHz, DMSO-d,) §: 0.90(3H,t), 1.40(2H,m),
1.78(2H,m), 2.94(2H,t), 3.65(3H,s), 3.84(1H,br),
5.73(2H,s), 6.87(2H,d), 7.22-7.57(7H,m), 7.70(1H,dd),
~7.88(1H,dd). _
IR(Nujol)em™: 3420, 1725, 1690, 1600.

52d) Methyl 2-butyl-i- '-hvdroxxmethzlblghenxl 4-vli
methylbenzimidazole-7-carboxylate

A mixture of methyl 2-butyl-1-[2’-carboxybiphenyl-
4-y1]methylbenzimidazole-?-carboxyléte (0.44 g) and '
thionyl chloride (0.15 ml) in chloroform (4 ml) was
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heated for 30 minutes under reflux with stirring. The:
reaction mixture was concentrated, and the resulting
product was used for the subsequent reaction without
purification. A stirred solution of the above product
in tetrahydrofuran (6 ml) was added dropwise to a
suspension of aluminium lithium hydride (40 mg) in
tetrahydrofuran (6 ml) under ice-cooling. The reaction
nixture was stirred for one minute at the same
temperature, and to the mixture were added 2N-HCl and,
then water, followed by extraction with chloroform.

The extract was washed with water and dried (MgSO;),
and the solvent was evaporated in vacuo. The residue
was purified by column chromatography on silica gel to
give an oil., Crystallization of this product from
isopropyl ether afforded colorless prisms (0.13 g,
31%), m.p.126-127°C.

Elemental Analysis for C,;HygN,0,:

C($%) H(%) CN(%)
Calcd.: 75.68; 6.59; 6.54
Found : 75.20; 6.66; 6.55

52e) Methyl 2-butyl-1-[2’-formylbiphenyl-4-vy1limethyl.

benzimidazole-7~carboxylate
A mixture of the compound (0.73 g) obtained in

Working Example (52d), pyridinium dichromate (0.75 gq)

and dichloromethane (20 ml) was stirred for 15 hours at
room temperature. Insoluble materials were filtered
off through celite, and the filtrate was concentrated
to dryness.’ ﬁhe residue was purified by column
chromatography on silica gel to give crude crystals.
Recrystallization from ethyl acetate - diethyl ether
afforded colorless prisms (0.62 g, 85%), m.p.103-104°c.-

Elemental Analysis for C,;H,sN,05:

C(%) - H(%) N(%)
Calcd.: 76.03; 6.14; 6.57
Found: 75.95; 6.07; 6.56

'H~NMR (200MHz,CDC1;) 8§: 0.96(3H,t), 1.48(2H,m),
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1.89(2H,m), 2.93(2H,t), 3.74(3H,s), 5.84(2H,s),
6.96(2H,d), 7.22-7.72(7H,m), 7.94-8.06(2H,m),
9.91(1H,s). o |

IR(Nujol)em™': 1720, 1695, 1595.

52f) Methyl 2-butyl-1-[2’-cvanohydroxymethylbiphenyl-4-

vlimethylbenzimidazole-7-carboxylate
To a solution of the compound (0.61 g) obtained in

Working Example (52e) in ethyl acetate (6 ml) were
added an aqueous solution (1.5 ml) of sodium
hydrogensulfate (0.74 g) and an aqueous solution (1.5
ml) of potassium cyanide (0.47 g). The reaction
mixture was stirred for two hours at room temperature,
and then for one hour at 60°C. The mixture was diluted
with water and extracted with ethyl acetate. The
extract was washed with water and dried (MgSO,) and
concentrated to dryness. The residue was purified by
column chromatography on silica gel to afford the title
compound (0.61 g, 94%) as a syrup.
'H-NMR (200MHz,CDC1,) 6: 0.87(3H,t), 1.36(2H,m),
1.71(2H,m), 2.80(2H,t), 3.74(3H,s), 5.47(1H,s),
5.75(2H,s), 6.85(2H,d), 7.16-7.93(9H,m).
IR(Neat)cm™: 3420, 2360, 1720, 1605.
52g) Methyl 2-butvl-1-[2°-(2,4-dioxothiazolidin-5~y1)-
biphenvl-4-v]limethvlbenzimidazole-7-carboxylate

Thionyl chloride (0.15 ml, 2.1 mmol) was added to.
a solution of the compound (0.60 g).obtainéd in Working
Example (52f) in chloroform (6 ml). The solution was
heated ﬁor'oﬁe hour under reflux. The reaction mixture

was concentrated, and the residue was used in the
subsequent reaction without purification.

A mixture of the compound obtained above and
thiourea (0.11 g) i@ methanol (10 ml) was heated for
one hour under reflux. After addition of 2N-HC1l (13
ml), the reaction mixture was heated for 12 hours under
reflux. The reaction mixture was diluted with water
and extracted with chloroform. The extract was washed

—
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with water and dried (MgsQ,), and the solvent was
evaporated in vacuo. The residue was purified by'
column chromatography on silica'gel to give crystals.
Recrystallization from dichloromethane - ethyl acetate
afforded the title compound (0.40 g, 59%) as colorless
prisms, m.p.241-142°C

" Elemental Analysis for C,H;;N;0,S:

C(%) H(%) N(%)
‘Calcd.: 67.82; 5.30; 8.18
Found : 67.71; 5.62; 8.14

'H~NMR ( 200MHz ,DMSO-dg) §: 0.89(3H,t), 1.40(2H,m),
1.78(2H,m), 2.91(2H,t), 3.69(3H,s), 5.46(1H,s),
5.76(2H,s), 6.93(2H,d), 7.15-7.61(8H,m), 7.87(1H,d),
12.28(1H,br).

IR(Nujol)cmd 1745, 1725, 1700, 1605.

Working Example 53
2-Ethylthio-1-{[(3’'-(2,5~-dihvdro-5-ox0-1,2,4-oxadiazol-
3-vl)biphenyl-4-ylimethyljthieno[3,4-d]imidazole~4-
methyl-6-carboxylic acid

53a) Methyl 4’'-methvlbiphenyl-3-carboxvylate
To a mixture of methyl 3-iodobenzoate (26.1 g) in

4-iodotoluene (21.9 g) was added copper powder (31.8 g)
gradually at 180-130°C. The mixture was then stirred
for 6 hours at 200-210‘0. The reaction mixture was

cooled to room temperature, to which was added toluene.
Insoluble materials were filtered off, and the filtrate
was concentrated to dryness. The residue was purified
by columnﬂéh;ométography on silica gel to afford the
title compound as a colorless oil (6.61 g, 29%).
'H-NMR ( 200MHz,CDC1,) §: 2.40(3H,s), 3.94(3H,s),
7.26(2H,d), 7.49(1H,t), 7.52(2H,d), 7.77(1lH,m),
7.99(1H,td), 8.26(1H,t). '
53b) 4’-Methylbiphenyl-3-carboxylic acid

To a solution of the compound (2.36 g) obtained in
Working Example (53a) in tetrahydrofuran (20 ml) -

- water (10 ml) was added lithium hydroxide monohydrate
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(1.31 g). The mixture was stirred for 3 hours at room
temperature. The reaction mixture was concentrated,
diluted with water and washed with ethyl acetate. The
aqueous layer was adjusted to pH 3 with 1N-HC1.
Crystalline precipitate was collected by filtration and
dried to afford the title compound as colorless needles

) (1.73 g’ 78%)’ mop0182-187°c.

'H-NMR (200MHz,CDC1,) &: 2.41(3H,s), 7.28(2H,d),
7.54(1H,t), 7.54(2H,d), 7.83(1H,m), 8.08(1H,td),
8.35(1H,t). ’

IR(KBr)em ': 1700, 1450, 1415, 1310, 1300, 1270, 1260,
810, 755, 720. |

53c) 4’-Methylbiphenyl-3-carboxamide .

To a suspension of the compound (1.73 g) obtained
in Working Example (53b) in chloroform (25 ml) were
added thionyl chloride (1.94 g) and dimethylformamide
(two drops). The mixture was heated for 4 hours under
reflux. The reaction mixture was concentrated to
dryness and to the residue was added toluene. The
mixture was again concentrated to dryness. This
procedure was repeated four times to give a pale yellow
oil, which was added dropwise to 25% agqueous ammonia
(20 ml) under ice-cooling. The mixture was stirred for
30 minutes at room temperature. Crystalline
precipitate then formed was collected by filtration and
dried to afford the title compound as coloxless
crystals .(1.73 g, quantitatively), m.p.200-205°C.

'H-NMR (200MHz ,DMSO-d) &: 2.36(3H,s), 7.30(2H,d),
7.41(1H,br s), 7.51(1H,t), 7.63(2H,d), 7.76-7.86(2H,m),
8.10(1H,br s), 8.14(1H,t). |

IR(KBr)cmdz 3300, 3150, 1670, 1630, 1605, 1580, 1450,
1410, 1390, 1125, 800, 685. '

53d) 4'-Methyl-3-cvanobiphenvyl

A mixture of the compound (1.70 g) obtained in
Working Example (53c) in thionyl chloride (10 ml) was
heated for 4.5 hours under reflux. The reaction
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mixture was concentrated to dryness and to the residue
was added toluene. The ﬁixture was again concentrated
to dryness. This procedure was repeated three times,
then the residue was purified by column chromatography
on silica gel to afford the title compound as colorless
crystals (1.50 g, 96%), m.p.71-73°C.
'H-NMR ( 200MHz,CDC1,) 6: 2.41(3H,s), 7.28(2H,d),
7.46(2H,d), 7.51(1H,t), 7.60(1H,td), 7.79(1H,td),
7.84(1H,t). .

IR(KBr)cm™: 2230, 1475, 825, 800.

53e) 4'-Methylbiphenyl-3-carboxyamidoxime

_ To a solution of hydroxylamine hydrochloride (2.61
g) in dimethyl sulfoxide (20°ml) was added a solution
of 28% sodium methoxide in methanol (7.25 g). The
mixture was then stirred for 10 minutes at room
temperature, to which was added a solution of the
compound (1.45 g) obtained in Working Example (53d) in
-dimethyl sulfoxide (10 ml). The mixture was stirred
for one hour at 100°C, and water was added to the
mixture. The mixture was extracted with ethyl acetate.
The extract was washed with water, dried and
concentrated to dryness in vacuo. The residue was
purified by column chromatography on silica gel to
afford the title compound as colorless crystals (1.30
g, 76%), m.p.134-136°C.

'H-NMR ( 200MHz,CDC1;) §: 2.39(3H,s), 4.93(2H,br s),
7.25(2H,d), 7.41-7.66(5H,m), 7.85(1H,t).
IR(KBr)cm:': - 3495, 3385, 1660, 1585, 1440, 1375, 940,
925, 900, 795.

53f) 3-(4’-Methylbiphenyl-3-yl)-5-trichloromethyl-

1,2 ,4-oxadiazole

' To a suspension of the compound (1.30 g) obtained
in Working Example (53e) in toluene (30 ml) was added
trichloroacetic anhydride (2.13 g), and the mixture was
stirred for 30 minutes at 80°C. - The reaction mixture
was concentrated to dryness and dissolved in ethyl
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acetate. The solution was washed with water, dried and
concentrated to dryness in vacuo. The residue was
purified by column chromatography on silica gel to
afford the title compound as an oil (2.09 g,
quantitatively).

_IH-NMR(ZOOMHZ CDCl,) &: 2.41(3H,s), 7.28(2H,d),
7.55(2H,d), 7. 56(1H t), 7.76(1H,td), 8.07(1H,td),
8.32(1H, t), _ |
IR(Neat)em™: 1570, 1515, 1460, 1355, 1335, 850, 825,
800, 745, 690.

53q) 3-(4'-Bromomethzlbiphenxl-3-xl)-S-trichloromethxl-

1.2,4-oxadiazole
To a solution of the compound (2.09 g) obtained in

Working Example (53f) in carbon tetrachloride (50 ml)
were added N-bromosuccinimide (NBS) (1.10 g) and
benzoyl peroxide (BPO) (0.20 g). The mixture was
refluxed under irradiation of iight for one hour. The
reaction mixture was cooled to room temperature, and
insoluble materials were filtered off. The filtrate
was concentrated to dryness, and the residue was
pﬁrified by column chromatography on silica gel to

- afford the title compound as a colorless oil (2.40 g,
59%).

'H-NMR (200MHz,CDCl;) : 4.57(2H,s), 7.49-7.68(5H,m),
7.75-7.79(1H,m), 8.09-8.17(1H,m), 8.33(1H,m).

53h) Methyl 2-ethylthio-1- [[3'—(2, 5-d;gig;g;_;g§g;
1,2,4-oxad1azol -3-vl)biphenyl- 4-xl]methxl]th1eno[3.4-
d]lmldazole-4-methvl 6-carboxylate

To an lce-coollng solution of methyl 2-ethylthio-4-
methylthieno[3,4-d]imidazole—s-carboxylate (0.80 g) in
'dimethylformamide (10 ml) was added sodium hydride (60%
in oil; 0.14 g). After stirring for 10 minutes, a
solution of the compound (1.53 g) obtained in Working
Example (53g) in dimethylformamide (10 ml) was added to
the mixture under ice~cooling,. followed by stirring for

one hour at room temperature. To the reaction mixture

. This Sheet Has Been Replaced

A




- 165 -

was added water, and the mixture was extracted with
ethyl acetate. . The extract was washed with a saturated
aqueous saline solution, dried and concentrated to
dryness. The residue was purified by column
chromatography on silica gel to give a colorless
crystalline product. To a solution of the ctystals in
a mixture of chloroform (10 ml) - methanol (10 ml) was
added 1N-NaOH (3 ml), and the mixture was stirred for -
one hour at room temperature. The reaction mixture was
concentrated and.adiusted to pH'3-4 with 1N HCl. The
aqueous nmixture was partitioned between chloroform and
water. The organic layer was dried and the solvent was
removed in vacuo to give crude crystals.

Recrystallization from methanol - ethyl acetate
afforded the title compound as colorless needles (0.74
g, 83%), m.p.248-251°C (decomp.).

Elemental Analysis for C,sH;,N,S;:0.5H,0:

C(%) H(%) N(%)
Calcd.:  58.24; 4.50; 10.87
Found : 58.24; 4.38; 10.77

'H-NMR (200MHz,CDCl;) : 1.41(3H,t), 2.63(3H,s),
3.30(2H,q), 3.78(3H,s), 5.75(2H,s), 7.27(2H,d), 7.51-
7.60(3H,m), 7.69-7.78(2H,m), 7.98(1H,t).

IR(KBr)cm™': 1780, 1755, 1690, 1460, 1320, 1170, 1090,
760.

53i) 2-Ethylthio-1-[[3’-(2,5-dihydro-5-0x0-1,2 .4~
oxadiazol-~3-yl)biphenyl-4-vlimethylithieno[3, 4~

_ d]imidaque-&-methzl-6-carboxxlic acid

" To a suspension of the compound (0.60 g) obtained

in Workiné Example (53h) in a mixture of
tetrahydrofuran (20 ml) - water (20 ml) was added
lithium hydroxide monchydrate (0.25 g). The mixture
was heated for 15 hours under reflux. The reaction
mixture was concehtrated, and the agqueous residue was
adjusted to pH 3 with 1N-HCl. Crystalline precipitate
was recrystallized to afford colorless needles (0.33 g,
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Elemental Analysis for CjH,oN,0:S;-0.5H,0:

C(3) H(%) N(%)
Calcd.: 57.47; 4.22; 11.17
Found : 57.63; 4.04; 11.17

'H-NMR ( 200MHz , DMSO~ds) §: 1.35(3H,t), 2.56(3H,s),
3.26(2H,q9), 5.73(2H,s), 7.26(2H,d), 7.65(1H,t),
7.69(2H,d), 7.81(1H,td), 7.90(1H,td), 8.08(1H,t).
IR(KBr)cmA: 1770, 1755, 1650, 1530, 1460, 1165, 765.
Working Example 54
2-Ethoxy-1-[[2'~(2,5-dihydro-5-0x0-1,2,4-oxadiazol-3~
yl)biphenyl-4-ylimethyl lbenzimidazole~7 —carboxylic acid

54a) 4'-bromomethylbiphenyl-2-carboxamide
A mixture of 4’-methylbiphenyl-2-carboxamide (2.1

g), N-bromo-succinimide (2.5 g) and azobisisobutyro-
nitrate (AIBN; 82 mg) in benzene (20 ml) was stirred
for 20 hours at 60 to 70°C. Resulting crystalline
preéipitates were collected by filtration, washed with
isopropylether and suspended in water. The suspension
was stirred for 30 minutes, and insoluble materials
were collected by filtration and dried to give crude
crystals. Recrystallization from ethyl acetate -
methanol afforded colorless needles (1.6 g, 55%), m.p.
220~ 221°C(decomp ).

Elemental Analysis for C,;H,,BrNO:

C(%) H(%) = N(%)
Ca_lcd. s .57.95; 4.17; 4.83 .
Found : .. 27:85; 4.16; 4.77

'H-NMR (200MHz, DMSO-ds)§ : 4.75(2H,s), 7.31-
7.69(10H,m) | | ,

IR(KBr)cm™: 3150, 3000, 1570, 1520,- 1500, 1300, 665.
34b) Methyl 2-[N-tert-butoxycarbonyl-N-(2’-

carbamoylbiphenyl-4-yl)methylamino]-3-nitrobenzoate
A mixture of methyl 2-(N-tert-butoxycarbonyl-

_amlno) -3-nitrobenzoate (1.8 g), 4'-bromomethylbiphenyl-

2-carboxamide (1.8 g) and K,CO; (0.86 g) in
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acetonitrile (25 mlj was heated for 6 hours under
reflux. To the reaction mixture was added water, and
the mixture was extracted with ethyl acetate. The
extract was washed with water and dried over MgSO,.

The solvent was removed in vacuo, and the residue was

- purified by column chromatography on silica gel to
~afford a yellow syrup (2.3 g, 90%).

'H-NMR (200MHz, CDC1,)§ : 1.35(9H,s), 3.83(3H,s),

4.48(1H,d), 4.92(1H,d), 5.29(1H,brs), 5.56(1H,brs),

7.13-7.54(8H,m), 7.80-7.91(2H,m), 8.06(1H,dd).

IR(neat)cm™: 1740-1660, 1600, 1535, 1480, 1450, 1160,
1130, 860, 830, 760.

‘54c) Methyl 2-(2’-carbamoylbiphenyl-4-yl)methylamino-3-

nitrobenzoate
A mixture of the compound (2.8 g) obtained in _
Example (54b) in methanol (15 ml) and 1N-HCl (6 ml) was
heated for 2 hours under reflux. After removal of the
solvent, the residue was madé alkaline with an aqueous
solution of NaHCO,;, and the mixture was extracted with
ethyl acetate. The extract was washed with water,
dried over MgSO, and concentrated to dryness. The
residue was purified by column chromatography on silica
gel, and the product was recrystallized from ethyl
acetate - hexane to afford yellow needles (1.6 g, 73%).
'H-NMR (200MHz, CDC1;)6 : 3.90(3H,s), 4.25(2H,s),
5.20(1H,brs), 5.46(1H,brs), 6.73(1H,t), 7.32-
7.54(7H,mYy, 7.78(1H,dd), 7.97(1H,dd), 8.12(1H,dd). |
IR(KBr)cm™': 3470, 3330, 1695, 1670, 1605, 1580, 1530,
1500, 1450, 1350, 1260, 1120, 1110, 765,
745.

54d) Methvyl 3—amino—g:L_'-carbamoxlbighenzl-4¥
yvl)methvl-aminobenzoate

To a suspension of nickel chloride (4 mg) in
methanol (20 ml) was added a small amount of NaBH, was

added the compound (1.2 g) obtained in Example (54c)
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(1.2 g). To the ice-cooling reaction mixture was added
NaBH, (0.45 g) in portions during a period of 30
minutes. After stirring for further 30 minutes, the
reaction mixture was partitioned between water and
ethyl acetate. The organic layer was washed with water
and dried over MgSO,. The solvent was removed in
vacuo, and the residue was purified by column
chromatography on silica gel to afford a colorless
syrup (0.84 g, 76%).
'H-NMR (200MHz, CDCl;)§ : 3.80(3H,s), 4.25(2H,s),
5.12(1H,brs), 5.42(1H,brs), 6.88-6.94(2H,m), 7.20-
7.56(8H,m), 7.78-7.83(1H,m).
IR(neat)cm™: 3450, 3350, 3180, 1700-1660, 1610, 1470,
1380, 1290, 1200, 760.

S54e) Methyl 1-[(2’-carbamoylbiphenyl-4-vyl)methyl]-2-
ethoxybenzimidazole-7-carboxylate

To dioxane (2 ml) were added the compound (0.84 g)
obtained in Example (54d), tetraethoxymethane (0.63 g)
and acetic acid (0.13 g), and.the mixture was stirred
for 6 hours at 80-90°C. The solvent was removed in
vacuo, and the residue was purified by column

chromatography on silica gel. Recrystailization from

ethyl acetate - hexane afforded colorless needles (0.61
g' 64%), mopo lga-lggoc-
Elemental Analysis for C,sH;3N30,:

C(%) H(%) N(%)
Calcd.: 69.92; " 5.40; 9.78
Found : -69. 96; 5.68; 9.81

'H-NMR (200MHz,CDC1,)§ : 1.52(3H,t), 3. 78(3H, s),
4.73(2H,q), 5.14(1H,brs), 5.39(1H,brs), 5.66(2H,s),
7.03(2H,d), 7.20(1H,t), 7.30-7.56(6H,m), 7.73-
7.81(2H,m). :
IR(KBr)cm™: 3400, 3200, 1720, 1660, 1620, 1540, 1475,
- 1430, 1380, 1350, 1280, 1250, 1040,
755, 740. ' :
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| 54f Methyl 2-ethoxy-1-[(2’'-[ethox carboim@do 11-

biphenyl-4-y] ymethyl jbenzimidazole-7-carboxylate
To methylene chloride (50 ml) were added the

compound (4.3 g). obtained in Example (54e) and triethyl
tetrafluoroborate (2.8 g). The mixture was stirred for
one hour at room temperature. The reaction mixture was
washed with a saturated aqueous solution of NaHCO; and
dried over MgSO,. The solvent was removed in vacuo,
and the residue was purified by column chromatography
on silica gel. Recrystallization from isopropylether
afforded colorless prisms (3.6 g, 78%), m.p. 105-106°C.
Elemental Analysis for CjHyN;O,:

C(%) H(%) N(%)
Calcd.: 70.88; 5.95; 9.18
Found : 70.66; 5.96; 9.16

'H-NMR (200MHz, CDC1,;)§ : 0.92(3H,t), 1.50(3H,t),

3.79(3H,s), 4.01(2H,q), 4.67(2H,q), 5.66(2H,s),

7.02(2H,d), 7.13-7.58(8H,m), 7.73(1H,dd).

IR(KBr)em™: 3310, 1715, 1640, 1620, 1550, 1480, 1460,
1430, 1390, 1375, 1350, 1330, 1280, 1250,
1220, 1170, 1130, 1110, 1080, 1040, 1005,
870, 760, 750, 740.

§£g) MethvlAgzgthoxv-l-rfZ’-LJN-methoxzcarbonxl)ethoxx-
carboimidoyllbiphenvyl-4-yl methyllbenzimidazole-7-
carboxvylate .

_ To toluene. (10 ml) were added the compound (1.5 g)
obtained. in Example (54f), ethyl chloroformate (0.41 g)
and’2,64dimethylpyridine (0.46 g), and the mixture was
stirred for 3 hours at 80-90°C. The reaction mixture
was diluted with ethyl acetate, washed with a saturated
aqueous solution of NaHCO, and dried over MgSO,. The

solvent was removed in vacuo, and the residue was
recrystallized from ethyl acetate to afford colorless
prisms (1.5 g, 88%), m.p. 157-158°C.
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C(%) H(%) N(%)
Calcd.: 67.56; 5.67; .8.15
Found : 67.43; 5.70; 8.10

'H-NMR (200MHz, cDC1;)6 : 0.68(3H,t), 1.50(3H,t),

3.57(3H,s), 3.81(3H,s), 3.87(2H,q), 4.67(2H,q),

5.67(2H,s), 7.04(2H,d), 7.15(1H,t), 7.23-7.50(6H,m),

7.55(1H,dd), 7.72(1H,dd).

IR(KBr)em™: 1710, 1650, 1615, 1550, 1475, 1455, 1445,
1430, 1410, 1390, 1375, 1350, 1320, 1270,
1240, 1220, 1140, 1120, 1040, 1010, 800,
765, 755. -

'54h) Methyl 2-ethoxy-1-[[2’'-(2,5~-dihydro-5-0x0-1,2,4~

oxadiazol-3-vyl)biphenyl-4-ylimethyl lbenzimidazole~7-
carboxylate .
To methanol (15 ml) were added the compound (1.0

g) obtained in Example (54q), hydroxylaminé
hydrochloride (0.28 g) and MeONa (0.22 g). The mixture
was heated for 6 hours under reflux. To the reaction
mixture was added water. Resulting_crystalliﬁe
precipitates were collected by filtration and
recrystallized from ethyl acetate - hexane to afford
colorless prisms (0.7 g, 77%), m.p.186-187°C.
'H-NMR (200MHz, CDCl;)6 : 1.43(3H,t), 3.46(3H,s),
4.39(24,q), 5.62(2H,s), 6.88-7.01(4H,m), 7.09(2H,d),
7.26-7.30(1H,m), 7.45(1H,dd), 7.54-7.60(2H,m), 7.85-
7.89(1H,m), 10.25(1H,brs).
IR(KBr)cqu.l780, 1720, 1610, 1550, 1490, 1470, 1435,

- 1410, 1390, 1350, 1280, 1250, 1220, 1130,

1040, 755.

54i) Methyl 2-ethoxy-1-[[2-(2,5-dihydro-5-oxo-1,2,4=
oxadiazol-3-vyl)biphenyl-4-ylimethylibenzimidazole-7-
carboxylate

A mixture of the compound (0.23 g) obtained in
Example (54g), methyl chloroformate (66 mg) and 2,4;6—

23
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trimethylpyridiﬁe (85 mg) in toluene (1 ml) was stirred
for 16 hours at 80-90°C. Precipitates were filtered
off, and the solvent was removed in vacuo.* The residue
was added to a mixture of hydroxylamine hydrochloride
(42 mg) and NaOMe (32 mg) in methanol (2 ml). The
mixture was heated for 5.5 hours under reflux. The
reaction mixture was concentrated to dryness, and the
residue was dissolved in ethyl acetate, washed with
dilute hydrochloric acid and dried over MgSO,. The

solvent was evaporated in vacuo, and the residue was
crystallized from ethyl acetate - methanol to afford
colorless prisms (0.13 g, 55%).

544) 2-Ethoxy=-1—[[2’=(2,5-dihydro-5-oxo-1,2,4-
oxadiazol-3-vyl)biphenyl-4- xl]methxl]benz;m1dazole—7-

carboxylic_acid
A mixture of the compound (0.47 g) obtained in

Example (54h) and 1N NaOH (3 ml) in methandl (3 ml) was
heated for 30 minutes under reflux. The reaction
mixture was adjusted to pH 3-4 with 1N HCl. Resulting
crystalline precipitates wexe collected by filtration
and recrystallized from ethyl acetate - hexane. The
crystals were suspended in water (2 ml), and the
suspension was stirred for 2 hours at 60°C. Insoluble
materials were collected by filtration and dried to
afford colorless crystals (0.25 g, 54%). This product
was in ag;eémeq; with that obtained in Example 1.
'H-NMR (200MHz, DMSO-d¢)s : 1.38(3H,t), 4.58(2H,q),
5.68(2H;s) 7.04(2H,d), 7.13-7.25(3H,m), 7.45-
7.69(6H,m).
Example 55
2=Bthyl-3-[[2'-(2,5= dlhgdro-s-oxo-l,z.4-oxad1azol 3-
yl)biphenyl-— -4-vy1imethyl }-5, 7-d1methzllm1dazo[4,5—
blpyridine

To a solution of 5,7-dimethyl-2-ethylimidazo[4,5-
b)pyridine (0.7 g) synthesized in accordance with
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Eurcpean Patent EP 0400974 A2 in dimethylformamide (10
ml) was added sodium hydride (60% in oil; 0.18 g) under
ice-cooiing,'and the mixture was stirred for 10
minutes. To the ice-cooling reaction mixture was added
the compound {2.10 g) obtained in Example (22c), and
the mixture was stirred for 30 minutes at room

'temperature. The reaction mixture was partitioned

between water and ethyl acetate. The organic layer was
washed with water, dried and concentrated to dryness.
The residue was purified by column chromatography on
silica gel to give a brown syrup. To a solution of the
product in methanol (10 ml) was added an agqueous
solution of 1N NaOH (2 ml), and the solution was
stirred for 30 minutes at room temperature. The
reaction mixture was adjusted to pH 3-4 with 1N HCl and
extracted with chloroform. The extract was dried, and
the solvent was removed under reduced pressure. The
residue was purified by chromatography on silica gel.
Crude crystals thus obtained were recrystallized from
ethyl acetate - hexane to afford the title compound as
colorless crystals (0.35 g, 20%), m.p.149-152°C.
Elemental Analysis for CpsHysNsOze0.1H,0(427.29):

C(%) H(%) N(%)
Calcd.: 70.27; 5.47; 16.39
Found : 70.24; 5.42; 16.40

'H-NMR (200MHz, CDCl;)§ : 1.24(3H,t), 2.42(3H,s),

7.05(2H,d), 7.17(2H,d), 7.29-7.34(1H,m), 7.48(1H,dt),

7.57(1H,dt), 7.75-7.80(1H,m).

IR(KBr)cm™': 1780, 1610, 1595, 1505, 1495, 1465, 1455,
1425, 1390, 765.

Example 56 '

2-Ethyl~3-(({2’'-(2,5-dihydro-5-0x0-1,2,4-oxadiazol-3-

yl)biphenyl-4-vlimethyl]-7-methylimidazo(4,5-

_b]gxridine-s—carboxxlic acid

56a) 4-Methyl-2-nitraminepyridine
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‘2-Amino-4-methylpyridine (25 g) was added
graduaily to conc. sulfuric acid (150 ml) under ice-
cooling. To the mixture was added dropwise a
previously ice-cooled mixture of conc. nitric acid (26
ml) and conc. sulfuric acid (19 ml), maintaining at
0°C. The mixture was then stirred for 2.5 hours. The

' reaction mixture was poured into 300 g of ice, and the
- mixture was neutralized with aqueous ammonia under ice-

cooling. Insoluble materials were filtered off, and
the filtrate was concentrated. Resulting crystalline
precipitates were collected by filtfation and dried to
afford the title compound as yéllow needles (26.3 g,
74%), m.p.185-187°C.
'H-NMR (200MHz, DMSO-d¢)§ : 2.40(3H,s), 7.02(1H,dd),
7.47(1H,s), 8.05(1H,d). '
IR(KBr)cmdi 1625, 1600, 1520, 1415, 1375, 1365, 1320,
1295, 1260, 1215, 1165.
56b) 2-Amino-4-methyl-3(and 5)-nitropyridine
4-Methyl-2-nitraminepyridine (34.1 g) was added to
conc. sulfuric acid (170 ml), maintaining at 0°C. The
mixture was stirred for 24 hours at room temperature

‘and poured into ice (500 g), followed by neutralization

with agqueous ammonium hydroxide under ice-cooling. The
reaction mixture was cooled to give-a crystalline
product. The crystals were collected by filtration and

~dried to give a mixture of 3-nitro derivative and 5-

nitro derivative as yellow crystals (23,5 g, 3-nitro
derivative .: ‘5-nitro derivative = 1:1.7).
3-Nitro derivative: 'H-NMR (200MHz,DMSO-d¢)8 :
2.36(3H,s), 6.60(1H,d), 7.09(2H,brs), 8.07(1H,d).
5-Nitro derivative: 'H-NMR (200MHz,DMSO-dg¢)8 :
2.46(3H,s), 6.32(1H,s), 7.30(2H,brs), 8.76(1H,s).
56c) 2-Ethyl-7-methylimidazo(4,5-b]lpyridine

A suspension of the compound (23.4 g) obtained in
Example (56b) and 5%Pd-C.(13 g) in methanol (500 ml)
was stirred under hydrogen atmosphere. Insoluble
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materials were filtered off, and the filtrate was
concentrated to dryness to give a brown syrup. The
syrup was mixed in polyphosphoric acid (240 g) ‘and
propionic acid (40 g), and the mixture was stirred for
20 minutes at 100°C. The reaction mixture was poured
into ice-water and neutralized with aqueous ammonium
hydroxide. Resulting crystalline prec1p1tates were
collected by filtration and recrystallized from
chloroform. Resulting crystalline precipitates (by-
product) were collected by filtration. The filtrate
and the mother liquor were combined and concentrated,
then resulting érYstalline precipitates were collected
by filtration and washed with chloroform. The
filtrates were combined and concentrated to dryness,
which was purified by chromatography on silica gei.
Crude crystals thus obtained were recrystallized form
ethyl acetate - hexane afforded the title compound as
pale yellow crystals (4.55 g), m.p.117-119°C.
'H-NMR (200MHz,CDC1;)86 : 1.56(3H,t), 2.70(3H,s),
3.11(2H,q), 7.05(1H,d), 8.19(1H,d).
IR(KBr)em': 1630, 1540, 1445, 1375, 1365, 890, 820.
56d) 2-Ethyl-7-methylimidazo[4,5-b idin-4N-oxide
To an ice-cooling solution of the compound (2.0 g)
obtained in Example (56c) in chloroform (30 ml) was
added m-chlorobenzoic acid (2.78 g). The mixture was
stirred for-10 minutes and then heated for one hour

under reflux. "The reaction mixture was concentrated to
drypess;undei reduced pressure. The concentrate was
purified by chromatography on silica gel to give crude
crystals. Recrystallization from ethyl acetate -
methanol afforded the title compound as colorless
needles (1.92 g, 85%), m.p.189-191°C.

Elemental Analysis for CgH;;N;0+0.2H,0(180.81):

C(%) H(%) N(%)
Caled.: 59.79; 6.36; -  23.24
Found : 59.94; 6.61; 23.23
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'H-NMR (200MHz,CDC1,)§ : 1.33(3H,t), 2.46(3H,s),
2.86(2H,q), 6.96(1H,d), 8.00(1H,d).
IR(KBr)cm™: 1480, 1420, 1280, 1250, 1230, 1170, 765.
56e) S5-Cyano-2-ethyl-7-methylimidazo[4,5-blpyridine
To a suspension of the compound (2.0 g) obtained
in Example (56d) in acetonitrile (30 ml) were added
trimethylsilyl cyanide (4.5 g) and triethylamine (1.15
g), and the mixture was heated for 16 hours under
reflux. The reaction mixture was concentrated to
dryness under reduced pressure. The residue was
purified by chromatography on silica gel. Crude
crystals thus obtained were recrystallized from ethyl
acetate to afford the title compéund as pale yellow
needles (1.40 g, 66%), m.p.216-218°C (decomp.).
Elemental Analysis for C,oH,oN,(186.22):

C(%) H(%) N(%)
Calcd.: 64.50; 5.41; 30.09
Found : 64.26; 5.45; 29. 87

'H-NMR (200MHz,CDCl;)8 : 1.54(3H,t), 2. 75(3H,s),

3. 22(2H,q), 7.50(1H,s).

IR(KBr)cm : 2225, 1615, 1600, 1515, 1415, 1395, 1375,
1295, 1270, 785. . :

56f) Methzl 2 —ethyl-7-methylimidazo[4,5-b]pyridine-5-

carboxvylate _ :

The compound (1.3 g) obtained in Example (56e) was
suspended in‘9N—hyd;ogen chloride in methanol soluﬁion
(30 ml). The sispension wds heated for 3 hours under
reflux._*The-reaction mixture was concentrated under
reduced pressure, and the pH was adjusted to 5 with a
saturated aqueous solution of sodium hydrogencarbonate,
followed by extraction with chloroform. The extract
was dried, and the solvent was removed under reduced

- pressure to give crude crystals. Recrystallization

from ethyl acetate - methanol afforded the title
compound as colorless prlsms (1.33 g, 86%), m.p.208-
210°C
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Elemental Analysis for C,;H;3N;0,(219.24):

- C(®) H(%) N(%)
Calcd.: 60.26; 5.98; 19.17
Found : 60.14; 5.99; 19.07

'H-NMR (200MHz,CDC1,)§ : 1.41(3H,t), 2.74(3H,s),
3.14(2H,q), 4.03(3H,s), 7.92(1H,s).
IR(KBr)cmA:'324O, 1730, 1615, 1510, 1435,'1405, 1385,
1300, 1250, 1200, 750. '

56g) Methyl 2-ethyl-3-{[2‘~(2 5-dihydro-5-6x0-1,2,4-
oxadiazol-3-yl)biphenyl-4-ylimethyl]-7-
methylimidazo[4,5-blpyridine-5-carboxvlate

To a solution of the compound (1.0 g) obtained in
Example (SGf) in dimethylformamide klO ml) was added
sodium hydride (60% in oil; 0.21 g) at room '
temperature. The mixture was stirred for 5 minutes,

and to the mixture was added the compound (2.27 g)
obtained in Example (22c); followed by stirring for one
hour at room temperatures. The reaction mixture was
partitioned between water and ethyl acétate. The
organic layer was washed with a saturated aqueous
saline solution and dried. The solvent was removed
under reduced pressure, and the residue was pﬁrified by
chromatography on silica gel to give colorless
crystals. The crystals were dissolved in
chloroform(7.5 ml)-methanol (15 ml). To the solution
was added an aqueous solution of 1N sodium hydroxide
(3.5 ml), and the mixture was stirrgd for 20 minutes at
roém tempgrature. To the reaction mixture was added
IN-HC1 t6 adjust the pH to 3 to 4, followed by
extraction with chloroform. The extract was dried, and
the solvent was removed under reduced pressure to give
crude crystals. Recrystallization from ethyl acetate -
methanol afforded the title compound as colorless
prisms (1.07 g, 58%), m.p.246-248°C (decomp.).
Elemental Analysis for C,H,3Ns0,(469.50):

(%) H(%) N(%)
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Caled.: 66.51; 4.94; 14.92

Found :  66.37; 4.97; 14.84

'H-NMR (200MHz,CDC1,)§ : 1.31(3H,t), 2.63(3H,s),

2.80(2H,q), 3.93(3H,s), 5.52(2H,s), 7.14(2H,d),

7.23(2H,d), 7.35(1H,dd), 7.43-7.63(2H,m), 7.76(1H,dd),

7.92(1H,s), 9.15(1H,brs).

IR(KBr)cm™': 1780, 1705, 1485, 1465, 1435, 1275, 1220,
760.

56h) 2-Ethyl-3-[[2’-(2,5-dihydro-5-0oxo-~1,2,4~0oxadiazol-
3-v1)biphenyl-4-ylmethyl]-7-methylimidazo[4,5-b]-
pyridine-5-carboxylic acid

' 'To a suspension of the compound (0.9 g) obtained
in Example (56g) in methanol (20 ml) was added 1N
aqueous solution of sodium hydroxide (4.5 ml), and the
mixture was stirred for 3 hours at 60°C. To the
reaction mixture was added 1N HCl to adjust the pH to

3-4. Resulting crystalline precipitates were collected
by filtration and dried. Crude crystals tﬁus obtained
were recrystallized from ethyl acetate - methanol
afforded the title compound as colorless crystals (0.61
g, 69%), m.p.261-164°C (decomp.). ' '
Elemental Analysis for C,sHy;NsO,(455.47):

C(%) H(%) = N(%)
Calcd.: 65.93; 4.65; 15.38
Found : 65.63; ' 4.67; - 15.15

'H-NMR (200MHz,DMSO-d4)5 : 1.25(3H,t), 2.64(3H,s),
2.86(2H,q), ‘5.62(2H,s), 7.22(24,d), 7.29(2H,d), 7.48-
7.72(4H,m), 7.88(1lH,s).

IR(KBr)em™: 1790, 1695, 1285, 1270.

Example 57

Methyl 2-ethoxy-1-[[2’-~(2,5-dihydro-5-0ox0-1,2 4~
oxadiazol—3;xl)bighenxl-4-zl]methxl]benzimidazole-?—
- carboxylate '

57a) Methvl 3~amino-2-[[2’-(ethoxxdarbonxloxx—

e ——
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carbamimidoyl)biphenyl-4-ylimethylamino]benzoate

To a suspension of the compound (7.1 g) obtained
in Example (la) in methanol (120 ml) were added
hydro#ylamine hydrochloride (5.56 g) and triethylamine
(6.06 g). The mixture was stirred for 3 days at 70°C
under nitrogen atmosphere.' Methanol was removed in
vacuo. The residue was partitioned between ethyl
acetate (200 ml) and water (50 ml). The organic layer
was washed with water, dried and concentrated to
dryness under reduced pressure. To a solution of the
residue in tetrahydrbfuran (100 ml) was added
triethylamine (2 g) under ice-cooling. To the mixture
was added dropwise a solution of ethyl chlorocarbonate
(1.4 g) in tetrahydrofuran (20 ml). The reaction
mixture was stirred for one hour at the same
temperature, and the solvent was removed in vacuo. The
residue was partitioned between ethyl acetate - water.
The organic layer was washed with water, dried and
concentrated to dryness to give a pale yellow syrup
(8.6 g). : | :
'H-NMR (200MHz,CDC1;)8 : 1.35(3H,t), 3.80(3H,s),
4.20(2H,s), 4.32(2H,q), 4.57(2H,br s), 6.83-6.93(2H,m),
7.27-7.54(8H,m), 7.64-7.70(1H,m).

- IR(CHCl;)em*:3520, 3415, 3350, 1765, 1700, 1635.

57b) Methyl 2-ethoxx-1-[[2'-(ethoxzcarbonxloxx—
carbamimidovl)biphenyl-4-ylimethyl ]benzimidazole-7—
carboxvlate: |

' The pale brown syrup (8.58 g) obtained in Example
(57a) was dissolved in dioxane (20 ml). To the
solution were.added tetraethoxymethane (8.64 g) and
acetic acid (1.56 g).  The mixture was stirred for 2
hours at 100°C. The reaction mixture was concentrated
to dryness. The residue was crystallized from ethyl
acetate (50 ml). Resulting crystalline prec;pltates
were collected by filtration to obtain the title
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compound

'H-NMR ( 200MHz,CDC1,)8 : 1.50(3H,t), 3.77(3H, s),
4.31(2H,q), 4.69(2H,q), 5.64(2H,s), 7.01(2H,d),
7.17(1H,t), 7.26-7.55(6H,m), 7.72(1H,d).
IR(CHCl,)cm™': 3520, 3410, 1765, 1710, 1635, 1545.

oxadiazol- 3-11)bighenxl—4-xl]methxl]benzimidazole-7-

carboxylate
The crude crystals (4.0 g) obtained in Example

(57b) was dissolved in ethyl acetate (50 ml). To the
solution was added 1,8-diazabicyclo[5.4.0]undec-7-ene

(DBU, 3.2 g), and the mixture was stirred for 2 hours
at 80°C. The reaction mixture was partitioned between
ethyl acetate (50 ml) and 1IN HCl (20 ml). The organic
layer was washed with water, dried and concentrated to
dryness. The residue was crystallized from chloroform-
ethyl acetate to afford the title compound as colorless
prisms (2.1 g, 45%), which was in agreement with that
obtained in Example (1d).

Example 58
Methyl 2—ethoxv- [r2'-(2,5-d1hzdro-5-oxo-1,2,4-
oxad1azol-3-xl)blnhenxl-4-zl]methxl]benz;m;dazole—?-

carboxylate
The crude crystals (4.0 g) obtained in Example

(57)were dissolved in ethyl acetate (50 ml). To the
solution was added potassium carbonate (3 g) (in place

of DBU), and the mixture was stirred for 18 hours at
90°C. Resulting crystalline precipitates were
collected by filtration and suspended in water (30 ml).
The pH of the suspension was adjusted to 3-4 with 2N-
HCl. Resulting crystals were collected by filtration
and dried to obtain the title compound as colorless
crystals (1.81 g, 38%), which were in agreement w1th
those obtained in Example (57).

—
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Example 59

1)-biphenyl-4-vl)imethyl benz1m1dazole-7-carbox lic

ac1d

The compound (3.2 g) obtained according to the
similar manner as in Example (1ld) was suspended in 0.5N
NaOH (50 ml). The suspension was stirred for 3 hours
at 60°C. The reaction mixture was adjusted to pH 3 to
4 with 2N-HCl. Resulting crystals were collected by
filtration and washed with water. The crystals thus
obtained were stirred in ethanol (45 ml) for one hour
to afford colorless prisms (2.9 g, 94%), m.p.212-214°C.
Elemental Analysis for C,sH;oN;0,:

C(%) H(%) N(%)
Calcd.: 65.78; 4.42; 12.27
Found : 65.72; 4.67; 12.28

'H-NMR (200MHz,CDC1;)8 : 1.47(3H,t), 4.67(2H,q),

~ IR(Nujol)em™: 1780, 1700, 1555, 1470, 1440, 1290,

1050, 765.

Example 60
Methyl 2-ethoxx-1 rr2'-(2 5-dihydro-5-oxo0-1,2,4-
thiadiazol-3-yl)bi iphenyl-4-v1lImethyl ]benzimidazole-7-

carboxylate _
The compound obtained in Example (1lc) (0.89 g) was

added to tetrahydrofuran (15 ml), to which was added
1,1’~thiocarbonyl diimidazole (0.36 g) while stirring
at foom.temperatures. After stirring for 30 minutes,
the reaction mixture was concentrated to dryness. The
concentrate was dissolved in ethyl acetate, and the
solution was washed with dilute hydrochloric acid and
water, and then dried. To a solution of the residue in

chloroform-methanol (5:1, 150 ml) was added silica gel

(7 g), and the mixture was stirred for 48 hours at room
temperature. Insoluble materials were filtered off,
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and the filtrate was concentrated to dryness to give a
syrup. The product was purified by column
chromatography on silica gel to give crystals.
Recrystallization from ethyl acetate afforded colorless
prisms (0.33 g, 34%), m.p.211-212°C.

Elemental Analysis for C;¢H;N,0,S:

c(%) H(%) N(%) - S(%)
Calcd.: 64.18; 4.56; 11.52; 6.59
Found :  64.44; 4.56; 11.44; 6.42

'H-NMR (90MHz,CDC1,)8 : 1.43(3H,t), 3.70(3H,s),
4.57(2H,q), 5.67(2H,s), 6.93-7.60(10H,m), 7.77-
7.90(1H,m), 9.43(1H, brs). .
IR(Nujol)em™: 1715, 1665, 1550, 1440, 1430, 1285,
1250, 1040.

Example 61

yl)biphenyl-4-yl]methyl ]benzimidazole-7-carboxylate -

The compound (0.68 g) obtained in Example (60a)
was suspended in a 0.2N agueous solution of NaOH (10
ml). The suspension was stirred for 20 hours at 60°C,
and then the pH-was'adjusted to 3-4 with 1N-HCl.
Resulting crystals were collected by filtration and
recrystallized from methanol to afford colorless prisms
(0.29 g, 44%), m.p.210-211°C. '

Elemental Analysis for C,sH,;oN,0,S:

. ~C(%) - . H(%) N(%) S(%)
caled.:. 63.55; 4.27; 11.86; 6.79
Found :  63.26; 4.32; 11.84;  6.59

'H-NMR (90MHz,CDCl,)§ : 1.49(3H,t), 4.64(2H,q),
5.76(2H,s), 7.06-7.70(11H,m), 12.13(1H,brs).
IR(Nujol)em™: 1720, 1670, 1550, 1425, 1280, 1035.

Working Example 62
Methvyl 2-ethoxy-1-[[2'-~(2,5-dihydro- S-thloxo— 1,2,4-
oxadiazol-3-yl)biphenyl-4-yl]imethyl ]benzimidazole-7-
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carboxylate

A mixture of methyl 2-ethoxy-1-[(2'-
hydroxycarbamimidoyl )biphenyl-4-
yllmethyl]benzimidazole-7-carboxylate (0.66 g) obtained
in Working Example (lc), thiocarbonyldiimidazole (0.3
g) and 1,5-di§zabicyclo[4.3;0]non—5-ene (0.56 g) in
écetonitrile'(ls m¢) was stirred at room temperature
for 20 hours. After evaporation of the solvent, the
residue was dissolved in water and the pH of the
solution was adjusted to pH 4-5, followed by extraction
with ethylacetate. The extract was dried and
concentrated to dryness and the residue was purified by
silica gel column chromatography to give crystals.
Recrystallization from ethyl acetate-MeOH gave
colorless crystals (0.2 g, 20%).
'H-NMR (200MHz,DMSO-d¢)§ : 1.41(3H,t), 3.68(3H,s),
4.61(2H,q), 5.49(2H,s), 6.89(2H,d), 7.15(2H,d),
7.18(1H,t), 7.25-7.61(5H,m), 7.68(1H,dd), 8.81(1lH,s)

Working Example 63

Methvyl 2-butyl-1-[[2’~(2,5-dihydro-5-thioxo-1,2,4~
oxad1azol-3—zl)blghenzl-4-zl]methxl]benZLmldazol-7—
carboxgiate
63a) Methyl 1-[[2’—(N-acetoxycarbamimidoyl)biphenvyl-4-
yvl]lmethyl]-2-butylbenzimidazole-7-carboxylate
To a splutién of methyl 2-butyl-1-[[2’-
(hydroxychbamimidoyl)biphenyl—4- ’
Yl]methy;]bezimidazole-?—carboxylate (.83 g) in
dichloromethane (20 m¢) was added triethylamine (0.46
g) and acetic anhydride (0.46 é), and the reaction
mixture was stirred at room temperafure for 2 hours.

After evaporation of the solvent, the residue was
partitioned.between ethylacetate and water and the
organic layer was washed with an aqueous solution of
NaHCO; and water. The solution was dried and

concentrated to dryness to give a pale yellow solid
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- (1.99 g, quant.)
'H-NMR (200MHz,CDCe3)§ : 0.96(3H,t), 1.38-1.56(2H,m),
1.80-1.95(2H,m), 2.14(3H,s), 2.93(2H,t), 3.74(3H,s),
4.60(2H,brs), 5.76(2H,s), 6.87(2H,d), 7.20-7.50(6H,m),
7.55-7.65(2H,m), 7.93(1H,d) '
IR(Nujol)em™: 3325, 3170, 1750, 1720, 1630, 1280

This compound was used to the next reaction
without any purification. -
63b)_Methyl 2-butyl-1-[f2‘-(2.5-dihydro-5 -thloxo-l,2,4—
oxadlazol-3-zl)blghenxl-4-zl]methzl]benzlmldazol-7-

carboxylate :
o To a mixture of methyl 2-butyl-1-[[2’'-
(acetoxycarbamimidoyl )biphenyl-4-

yl)methyl]benzimidazole~-7-carboxylate (2.0 g) and CS,
(1.5 g) in DMF (12 ml) was added sodium hydride (60% in
oil, 0.56 g) during a period of 10 minutes and the
reaction mixture was stirred at room temperature for 2
hours. The reaction mixture was poured into ice-water
and the pH of the solution was adjusted to 3. The
mixture was extracted with ethylacetate and the extract
was washed with water, dried, and concentrated to
dryness. The residue was crystallized from chloroform-
methanol to afford pale yellow prisms (0.64 g, 32 %).
m.p. 180-181°C

Elemental Analysis for C,gH,N,0,S:

| (%) H(%)  N(%)
. Caled.: .67.45; 5.26; 11.24

Found : _ 67:14; . 5.05; 10.97

'H-NMR (200MHz,DMSO-d¢)8 : 0.90(3H,t), 1.30-1.50

(2H,m), 1.69-1.84(2H,m), 2.90(2H,t), 3.65(3H,S),
5.73(2H,S), 6.89 (2H,d), 7.19 (2H,d), 7.28(1lH,t), 7.44-
7.72(5H,m), 7.87(2H,d)

IR(Mujol)em™: 1720, 1430, 1285, 1265, 755.

Working Example 64

—
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11)bigheﬁzl-4—xljméthil]benzimidazole-7-carboxxlic acid
A solution of methyl ester (0.42g) obtained in
Working Example 63 in an aqueous solution of 0.3 N NaOH

(8.2 ml) was stirred at 50°C for 1.5 hours.
the reaction solution was adjusted to 3 with 2N HCl1l and

.The pH of

the solution was extracted with ethylacetate (40 ml).

The organic layer was washed with water and

concentrated to dryness.

recrystallized from ethanol-ethylacetate to afford

colorless prisms (0.25 g, 61%).
m.p. 178-180°C
Elemental Ana.lysis for C,;H;N,05S:

C(%) H(%) N(%)
Caled.: 66.92; 4.99; 11.56
Found : 66.72; 4.95; 11.72

'H-NMR (200MHz,DMSO-d¢)§ :

The resulting crystals were

0.88(3H,t), 1.28-1.47(2H,m),

1.65-1.80(2H,m), 2.85(2H,t), 5.90(2H,S), 6,90(2H,d),
7017(2H'd)' 7.26(1H't)' 7.42-7069(5H’m), 7-85(1H,d).

IR(Nujol)cm™:

Working Example 65

3400, 1700, 1430, 1410, 1335, 1230.

Methyl 2-butyl-l- rrz'—(z, ~dihydro-5-oxo-1,2,4-
thiadiazol- 3-x1]blghenxl 4—xl]methzl]ben21m1dazole-7-

carboxylate )

The tile compound (0.22g) was prepared in 44%

yleld by the -similar procedure described in Working
Exanmple '60 from the hydroxycarbamimidoyl derivative
(0.46 g) obtained in Working Example 2.

mopo 178-179°C
Elemental Analysis for C,gH,N,0,S:

C(%)  H(%) N(%)
Calcd.: 67.45; 5.26; 11.24
Found : 67.31; 5.27; 11.25

'H-NMR (200MHz,CDCl;)6 :

0-92(3H’t), 1-30-1050(2H'm)'
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1.60-1.73(2H,m), 3.62(3H,s), 5.69(2H,s), 6:72(2H,d),

6.98-7.27(5H,m), 7.53-7.80(3H,m), 7.80-7.89(1H,m),

11.35(1H,brs)

IR(Nujol)em™: 1720, 1700, 1660, 1435, 1290, 1280,
5 1265, 1125, 760, 750 '

R g

Working Example 66
2-Butyl-1-[[{2’-(2, 5-dihydro-5-ox0-1,2,4-thiadiazol-3-
yllbiphenyl-4-vlmethylibenzimidazole-7-carboxvylic acid

10 The title compound (0.16 g) was prepared in 82%
yield by the similar procedure for Working Example 61

= from the compound (0.2g) obtained in Working Example

E 65.
m.p. 238-239°C (dec)

15 Elemental Analysis for C,H;N,0;S-1/3 H,0:

o - c(%) H(%) N(%)
. Calcd.: 66.11; 5.07; 11.42
e I Found :  66.29; 4.98; 11.58

'H-NMR (200MHz,DMSO-ds)6 : 0.88(3H,t), 1.27-1.45(2H,m),

20 1.65-1.80(2H,m), 2.83(2H,t), 5.88(2H,s), 6.87(2H,s),
7.14(2H,d), 7.24(1H,t), 7.41-7.64(5H,m), 7.83(2H,d)
IR(Nujol)em™: 3255, 1675, 1450, 1420, 1240, 1230,
1205, 755

25 Working Example 67 :
Methyl 2-ethyl-1-[[2'-(2,5-dihydro-5-0ox0-1,2,4~
thiadiazol-3-vyilbiphenyl-4-vllmethyl]benzimidazole-7-
carboxxlate |
The title compound (0.17g) was prepared in .38%
30 yield by the similar procedure for Worklng Example 60
from the compound (0.4g) obtained in Working Example
31.
m.p. 203-205°C
Elemental Analysis for CyH,,N,0;S-0.5H,0:
35 C(%)  OH(%) N(%)
Caled.: 65.12; 4.83; 11.68
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Found : 65.30 4.54; 11.63;

'H-NMR (200MHz,CDC1,)s : 1.13(3H,t), 2.64(2H,q),
3.53(3H,s), 5.62(2H,s), 6.59(2H,d), 6.8-7.9(7H,m)
IR(KBr)em™': 1715, 1690, 1600, 1520

Working Example 68

yllbiphenyl-4-yl]methyl Ibenzimidazole-7-carboxylic acid
The title compound (0.4g) was prepared in 58%

yvield by the similar procedure for Working Example 61
from the ester (0.7g) obtained in Working Example 67.
'H-NMR (200MHz,DMSO-d¢)8 : 1.30(3H,t), 2.86(2H,q),
5.89(24,s), 6.90(2H,d), 7.15(2H,d), 7.27(1H,t), 7.4~
7.7(5H,m), 7.86(1H,d)

IR(KBr)em™': 1700, 1655, 1570

Working Example 69

Methyl 2-ethyl-1-[[{2’-(2,5~-dihydro-5-thioxo-1,2,4—
oxadiazol-3-yl)biphenyl-4-ylimethyllbenzimidazole-7-
carboxylate . .

The title compound (0.12g) was prepared in 22%
yield) by the similar procedure for Working Example'62
from the compound (0.45 g) obtained in Working Example
31. | _

'H-NMR (200MHz,CDC1,)§ : 1.23(3H,t), 2.78(2H,q),
3.76(3H,s), 5.52(2H,s), 6.91(2H,d), 7.10(2H,d), 7.1-
7.7(6H,m);.-7.93(1H,d)

Working Example 70

zl)bighenzl-4-xl]metzl]-2-gropzlbehzimidaque—7-
carboxylate
70a)_Mgthvl 1-[[2'~(N-acetoxycarbamimidoyl }biphenyl—4-

yvlimethyl]2-propylbenzimidazole~-7-carboxylate
The title compound (0.95g) was. prepared in 86%

yield by the similar procedure described in Working
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Example 63 from the hydrocarbamimidoyl derivative (1 g)
obtained in Working Example 30.

m.p. 177-178°C | .

Elemental Analysis for C,gHgN,0.,S-0.1H,0 (486.36):

C(%) H(%) N(%)
Calcd.: 69.15; 5.84; 11.52
Found : 68.93; 5.80; ° 11.54;

'H-NMR (200MHz,CDC1,)6 : 1.07(3H,t), 1.84-2.03(2H,m),
2.15(3H,s), 2.91(2H,t), 3.74(3H,s), 4.57(2H,brs),
5.76(2H,s), 6.87(2H,d), 7.21-7.52(6H,m), 7.59-
7.64(2H,m), 7.94(1H,dd)

IR(KBr)cm'': 3495, 3365, 1745, 1720, 1620, 1285, 1275,
1260, 1230, 1205 '

. 70b) Methyl 1-[[2’-(2,5-dihydro-5-thioxo-1,2,64-
oxodiazol-3-vl)biphenyl-4-vlimethyl]-2-

propylbenzimidazole-~7-carboxvlate _
The title compound (0.14g) was prepared in 28%

yield by the similar procedure described in Working
Example (63b) from the N—acetbxycarbamimidoyl
derivative (0.5 g) obtained in Worklng Example (70a).
m.p. 206-209°C (decomp.)

Elemental Analysis for CuHuNJ%S-O.éHg)(488.18)=

C(%) H(%) N(%)
Calcd.:  66.43; 5.04; 11.48
Found : 66.42; 5.14; 11.51

'H-NMR (200MHz,DMSO-d¢)6 : 0.98(3H,t), 1.71-1.90(2H,m),
2.88(2H,t), 3.65(3H,s), 5.73(2H,s), 6.89(2H,d),
7.21(2H,d), 7.28(1H,t), 7.44-7.72(5H,m), 7.88(1H,dd)
IR(KBr)em™: 1725, 1450, 1435, 1410, 1335, 1325, 1285,
1270, 1210, 1125, 770, 760

Working Example 71 - . _
Methyl 1-{[2’'-(2,5-dihydro-5-0x0-1,2,4-thiadiazol-3-
yl)biphenyl- 4—v11methvl]-2-2rogzlbenzxm1dazole-7-

- carboxylate
The title compound (0.16g) was.prepared in 25%
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yield by the similar procedure described in Working
Example 60 from the hydroxycarbamimidoyl derivative
(0.58 g) obtained in Working Example 30.

m.p. 225-227°C (decomp.)

Elemental Analysis for C,;;H,;N,03;S-0.2H,0

C(%) H(%) N(%)
Calcd: 66.43; 5.04; . 11.48
-Found: 66.64; 5.16; - 11.26

'H-NMR (200MHz, CDCl;)§ : 1.01(3H,t), 1.60-1.80(2H,m),
2.70(3H,t), 3.60(3H,s), 5.69(3H,s), 6,71(2H,d), 6.96-
7.05(4H,m), 7.22-7.26(1H,m) 7.50-7.59(3H,m), 7.83-
7.87(1H,m), 11.40(1H,brs)

'IR(KBr)em™': 1720, 1700, 1685, 1460, 1435, 1410, 1290,
1270, 1125, 755.

The following compounds are prepared according to
the similar procedure described in Working Examples 1-
71. .
Working Example 72
1-[[2’~(2,5-dihydro-5-0ox0-1,2,4
yl)biphenyl-4-v] Imethyl]-2-methoxvbenzimidazole-7-
carboxvylic acid |

'Worklng Example 73
[[2'—(2,5-d1hzdro 5-oxo-1,2 4-th1ad1azol 3-
xljblghenzl.4-xl]methxl]-2-grogoxxben21m1dazole—7—

carbogxlic acid

Working Example 74
- 1-[[27’-(2,5-dihydro-5~0%0-1,2,4-thiadiazol-3-
yl)biphenyl- 4-xl]methzl]—2-lsogrogoxzbenZLmldazole-7—

carboxylic acid _ .

Working Example 75

2-butoxy-1-[[2'-(2,5-dihydr =3-0x0-1,2,4-thiadiazol-3-
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xl)bighenil-ﬁ-xl]methxl]benzimidazolea7—carboxxlic acid

Working Example 76

1-{{2'-(2 ,5-dihydro-5-oxo-1,2.,4-thiadiazol-3-
zl)bighenxl-4~zl]methxl]-2—methxlthiobenzimidazole-7-
carboxylic acid - |

Working Example 77
1-[[2’~(2,5-dihydro-5-ox0-1,2 ,4-thiadiazol -3~
carboxylic acid |

Working Example 78

'yl)biphenyl-4-vlimethyl]-2-propylthiobenzimidazole-7-

carboxylic acid

Working'Ekample 79
1-[f2'-(2,5-dihydro-5-oxo0-1,2,4~thiadiazol~-3-
yl)biphenyl-4-ylimethyl]-2-isopropylthichenzimidazole-7-

- carboxvlic acid

Working Example 80 _ .
1-f{2'=(2,5-dihydro-S5-ox0-1,2,4-thiadiazol-3-

yl)biphenyl-4-yl jmethyl}-2-methyvlaminobenzimidazole-7-

carboxylic acid

_ Wbrking'Ekample 81

1-[12’-{2,5-dihvdro-5-ox0-1,2 ,4-thiadiazol-3-

xl)blghenzl -4-vlim ethvl] 2-ethzlam1nobenz1m1dazole-7-
carboxylic acid

wdrking Example 82 .
1-[[2’~(2,5-dihydro-5-0x0-1,2,4~-thiadiazol-3-
xl)bighenvl-4-vl]methvl1—2—Qrogzlaminobenzimidazole-?-
carboxylic acid
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Working Example 83 _
1-[[2'~(2,5-dihydro-5-0ox0-1,2,4-thiadiazol-3-
y1)biphenyl-4-ylimethyl]-2-methylbenzimidazole-7-
carboxylic acid ]

Working Example 84
2-cyclopropyl-1-[[2'~(2,5-dihydro-5-0x0-1,2,4~
thiadiazol-3-yl)biphenyl-4-vl jmethyllbenzimidazole-7-
carboxylic acid

/

Worklng Example 85

[[2'-(2,5-d1hzdro —-5-0x0-1,2 4-thiadiazol- 3-
yl)biphenvl-4-vlimethyl]-2,4~dimethvithienof3, 4~
d]imidazole-G-carboleic acid

Working Example 86

1- [[2'-(2,5—d1hxdro-5-oxo-1,2,4-th1ad1azol -3-
11}blghenzl—4-xl]methxl]-2-ethzl—4—methxlt@1eno[3,4—-
d]imidazole-s-carboxz}ic acid

' Working Example 87

1-112'=-({2,5-dihydro~5-oxo0-1,2,4-thiadiazol~3-
yllbiphenvyl-4-ylimethylij-4-methyl-2-propylthienof{3, 4~
dlimidazole-6-carboxvylic acid

Working Example 88
-cxclogropvl -1- rtzig(2,5—d1hzdro-5-oxo-1 2,4~
hladlazgl.Bexl)blghenzl ~4-yl imethyl}-4-
methylthieno[3,4-d}imidazole-6-carboxylic acid

Working Example 89

1~[[2’~(2,5-dihydro-5-0ox0-~1,2 4-thiadiazol-3-
yl)biphenyl-4-y1imethyl ]-2-methoxy-4-methylthieno[3,4-
dlimidazole-6-carboxylic acid '

Working Example 90

e
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1-1[2'~(2,5-dihydro-5-oxo-1,2.4=thiadiazol-3~-
xl)biphenxl—4-zl]methzl]-2-ethoxz-4-methzlthieno[3,4-

dlimidazole-6-carboxylic acid

Working Example 91 ’
1-[[(2'-(2,5-dihydro-5-oxo-1,2,4-thiadiazol-3-
zl)bighenxi-4-¥1]meth11];4-methzl-2-grogoxz§hieno[3,4-
d]imidazole-sécarboxxlic acid

' Working Example 92
1-1[27~(2,5-dihydro-5-oxo~1,2,4-thiadiazol-3-
yl)biphenyl-4-ylimethylj-4-methyl-2-
methylthiothienof[3,4-d]limidazole-6-carboxylic acid

Working Example 93
1-[12'-(2,5-dihydro-5-0ox0-1,2,4-thiadiazol-3-
yl)biphenyl-4-ylimethyl]-2-ethylthio—-4-
methylthieno[3,4~-dJimidazole-6-carboxylic_acid

Working Example 94
1-[[2'~(2,5-dihydro-5-0x0-1,2,4~-thiadiazol-3—-
yl)biphenyl-4-vlimethylj-4-methyl-2-
methzlaminothienor3.4—d]imidazole—sfcarboxXIic acid

25 Working Example 95
1-1[2°-(2,5~dihyvdro-5-ox0-1,2,4-thiadiazol-3~

xl)blghenxl 4-ylimethyl]-2-ethylamino-4-
methylthienof3,4-dlimidazole-6-carboxylic acid

30 Working Example 96
1-[[2'~(2,5-dihydro-5-thioxo-1,2,4-oxadiazol-3~
xl)bighenxl-4-zl]méthxl]-2-methoxxbenzimidazole-7-
carboxylic acid

35 Working Example 97
1-[[27-(2,5-dihydro-5 -thloxo-1,2,4-oxad1azol 3-
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yl)biphenyl-4-v] Jmethyl]-2-propoxybenzimidazole-7-

carboxylic acid

Working Example 98

1-([2'-(2,5~-dihydro-5-thioxo-1,2 4~0oxadiazol-3-
yl)biphenyl-4-v1imethyl]-2-isopropoxybenzimidazole-7-
carboxylic acid . o

Working Example 99
2-butoxy-1-[[2’-(2,5-dihyvdro-5-thioxo-1,2,4-oxadiazol-

3-vl)biphenvyl- ~-4-v] imethyl ibenzimidazole-7 -carboxxllc

acid

Working'Example 100
1-{f2'-{2,5-dihydro~5-thioxo-1,2,4-oxadiazol-3-

yl)biphenyl- 4-11]methzl]-2—methzlthlobenz1m1dazole-7-

carboxvlic acid

Worklng Example 101

' [[2'—(2,5-d1hxdro S-thloxo-_L_.4—oxad1azol 3-

~ath lthlobenZLmldazole-7-

carboxylic acid

Working Example 102

1-[[2'-(2,5-dihydro-5-thioxo-1,2,4-0xadiazol-3-

yl)biphenyl-4-v1l imethyl]- 2-grogzlthlobenz1m1dazole—7—
carboxxllc ac1d

Workingfﬁxémple 103 : |
1-[[2'~(2,5-dihvdro-5-thioxo-1,2,4-oxadiazol-3-
yl)biphenyl-4-yl Imethyl ]-2-isopropylthicbenzimidazole-7—
carboxvlic acid

Working'Example 104
1-[[2'-(2,5~-dihydro-5-thioxo-1,2,4-0oxadiazol-3~

yl)biphenyl-4-y]l imethyl]-2-methylaminobenzimidazole-7-
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carboxylic acid

Working Example 105
1=[[2’'-(2,5-dihydro-5-thioxo-1,2,4-oxadiazol-3-
xl)bighenzl-4-zl]methxl]-2-ethzlaminobenzimidazole-7-
carboxylic acid

Working Example 106

1l— [[2'-(2,5~-dihydxro-5- -thioxo- 1,2,4-oxad1azol 3-
yl1l)biphenyl- 4-x1]methxl]-Z—Qropxlamlnobenz1m1dazole-7-
carboxylic acid - ' '

Working Example 107 _
1-[[2'-(2,5-dihydro-5-thioxo-1,2,4-oxadiazol-3-
yl)biphenyl-4-v]l imethyll-2-methylbenzimidazole-7-
carboxylic acid

Working Example 108
2-cyclopropyl-1-~[f2’~(2,5-dihydro-5-thioxo-1,2,4-

oxadiazol- =3-yl)biphenyl- 4-11]methxl]benZLmldazole-7-
carboxxllc acid

Working Example 109
1-[[2’'=(2,5-dihydro-5-thioxo-1,2,4~oxadiazol -3~
yl)biphenyl-4-ylimethyl]-2,4-dimethylthieno[3, 4~
djimidazole-6-carboxylic acid '

Working Example 110
1-[{2’'-(2,5-dihvdro- 5-thioxo-1,2 4-oxad1azol 3~

yl)biphenyl-4-ylimethyl]-2-ethyl- 4-methxlth1eno[3,4-
dlimidazole-6~carboxylic acid

Working Example 111
l1-1[(2'-(2,5-dihydro-5-thioxo-1,2,4-oxadiazol -3~

yl)biphenyl-4-vyl lmethyl ]~-4-methyl-2-propylthieno[3, 4~
d]imidazole-s-carboxvlic acid
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Working Example 112
2-cyclopropyl-1-f[2’~(2,5-dihydro-5-thioxo-1,2,4~
oxadiazol-3-yl)biphenyl-4-ylimethyl]-4-
methylthienof3,4-d}imidazole-6~-carboxylic acid

Working Example 113

xl)biphenxl-4-xl]methxl]-2-methoxx-4-methzlthieno[3.4—
dlimidazole-6-carboxylic acid '

Working Example 114
1-[[2'-(2,5~-dihydro-5~-thioxo-1,2,4-0oxadiazol-3-
yl)biphenyl-4-vy]limethyl]-2-ethoxy-4-methylthieno[3,4-
dlimidazole-6-carboxylic acid

Working Example 115
1-1f2'-(2,5-dihydro-5-thioxo-1,2,4-oxadiazol-3-
yl)biphenyl-4-ylimethyl]-4-methyl-2-propoxythieno[3, 4~
dlimidazole-6-carboxylic acid

Working Example 116
1-[[2’=(2,5-dihydro~-5-thioxo-1,2,4~0oxadiazol-3—
yl)biphenyl-4-vlimethylj-4-methyl-2-
methylthiothienol3,4-dlimidazole-6~carboxylic acid

Working Example 117 _
1-[[2’~(2,5-dihydro-5-thioxo-1,2,4-oxadiazol-3-
yl)biphenyl=4-viimethyl]-2-ethylthio-4-
meﬁhxlthieno[B;4—d]imidazole-s-carboleic acid

Working Example 118
1-[[2'~-(2,5-dihydro~5-thioxo-1,2, 4-0xadiazol~3-
yl)biphenyl-4-ylimethyl]-4-methyl-2-
methylaminothieno[3,4~d]limidazole~-6~carboxylic acid
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1)bi henyl-4-v1imethyl]-2-eth lamino-4- :
methylthieno[3,4-d]imidazole-6-carboxylic acid

Working Example 120
1-1[2'-(2,5-dihydro-5-thioxo-1,2,4~thiadiazol-3-

Zl)biphenxl-4-11]methzl]-2-methoxxbenzimidazole-7-
carboxxlic'acid

Working Example 121
1-[[27-(2,5-dihydro-5-thioxo-1,2,4-thiadiazol-3-

yl)biphenyl-4-vlimethyl]-2-ethoxvbenzimidazole-7-
- carboxvlic acid

Working Example 122

3-y1)biphenyl-4-v]jmethyl]benzimidazole-7-carboxylic

acid

Working Example 123

1-[{[27~-(2,5- ihxdro-s-thioxo-l,2,4-thiadiazol-3f
_xl)bighenzl-4-xl]methzl]-2-ethxlthiobenzimidazole-7-
garboleic acid

Working Example 124
1-[[2'~(2,5-dihydro-5-thioxo-1,2,4-thiadiazol-3-
yl)biphenyl-4-vlimethyl]-2-methoxy-4-methylthieno[3,4-
dlimidazole-6-carboxylic acid

Working Example 125
1-[[2'-(2,5-dihydro-5-thioxo-1,2,4-thiadiazol~3~
yl)biphenyl- 4-xl]methvll 2-ethoxv-4-methzlth1eno[3,4-
dlimidazole-6-carboxylic acid

Working Example 126

- N
————
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2-butzl-1-[[2’;(2,5-dihxdro-5-thioxo-1,2,4-thiédiazol-
3-21]bighenzl—4-zl]methxl]-4—methzlthieno[3,4—
dlimidazole-6-carboxylic acid

Working Example 127
1-1[{2’=(2,5-dihydro-5-thioxo-1,2,4~thiadiazol~3~
vl)biphenyl-4-ylimethyll-2-~ethylthio~-4- _
methylthieno[3,4-dJimidazole~-6~carboxylic acid

Working Example 128
2-ethyl-3-[[2'=(2,5-dihydro-5-oxo-1,2,4-thiadiazol-3-
yl)biphenyl-4-y] jmethyl}-5,7-dimethylimidazof4,5~-
blpyridine

Working Example 129

2-propyl-3-{[2’-(2,5-dihydro~5-0%x0-1,2,4-thiadiazol-3-
yl)biphenyl-4-ylimethyl]-5 7-dimethylimidazof4,5~
blpyridine

Working Example 130 :
2-butyl-3-[[{2’-(2,5-dihydro-5-0x0-1,2,4~thiadiazol-3-
yl)biphenyl-4-vlimethyl]-5,7-dimethylimidazo[4,5-
bipyridine

25  Working Example 131 ]
2’-(2,5-dihydro-5-0x0-1,2 4-thiadiazol~3-
yl)biphenyl-4-vl Imethyl]=5,7-dimethylimidazo[4, 5~
blpyridine .

meethox -3

30 Working Example 132 | :
2-ethoxv-3 [r2:r- 2,5-d1hzdro-5-oxo-1 2,4-thiadiazol-3-
zl)blghenzl 4-ylimethyl]-5,7-dimethylimidazo[4,5~
blpyridine :

35 Working Example 133
2-Qropoxv—3 -[[2’-(2,5~- 1hzdro-5-oxo-1,2,4-th1ad1azol -3-
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yl)biphenyl-4~ylimethyl]=5,7~ imethxlimidazo[4,5-

blpyridine

Working Example 134
thiadiazol-3-vl)biphenyl-4-vlimethyli-5,7~
dimethylimidazo[4,5-blpyridine

Working Example 135 _
2-ethyl-3-[[{2/-(2,5-dihydro-5-thioxo-1,2,4-0oxadiazol-3~
yl)biphenyl-4-y]imethyl]~5,7-dimethylimidazo[4,5~
blpyridine '

Working Example 136
2-propyl-3-[[2’-(2,5~dihydro~5-thioxo-1,2,4-oxadiazol~
3-yl)ibiphenyl- 4-vl]methxl]-5,7-d1methzllm1dazo[4,5-
blpyridine

Working Example 137
2-butyl-3-{[(2’-(2,5-dihydro~5-thioxo~1,2,4-oxadiazol~-3-
yl)biphenyl-4-vlimethyl]-5,7~-dimethylimidazol4, 5~
blpyridine

Working Example 138
2-methoxy-3-[[2'-(2,5-dihydro-5-thioxo-1,2,4-oxadiazol~
3-vl)biphenyl-4-ylimethyl]-5,7-dimethylimidazof4 5~
blpyridine | -

Working Example 139

3-yvl)biphenyl- 4-xl]methzl]-5,7-d1methzllm1dazo[4,5-
blpyridine

Working Example 140
2-propox: —3-[[2'-{245 dlhzdro—s-thloxo—l‘2,4-oxad1azol—

‘3-yl)biphenyl- 4-zl]methxl]-5,7-d1methxllm1dazo[415-
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blpyridine

Working Example 141
2-cyclopropyl=3-[{[2°-(2,5-dihydro-5~thioxo-1,2,4~-
oxadiazol-3-yl)biphenyl-4-ylimethyl]-5,7~
dimethyvlimidazof4,.5-blpyridine

Wbrking Example 142

‘3-vl)biphenyl-4-vlImethyl]-5,7~dimethylimidazo[4,5~

bipyridine

Working Example 143

2-ethyl-3-[[2'-(2,5 -dlhzdro-s-thloxo-l.z,4-th1ad1azol-
xl)blghenxl -4-vlimethyli]-5, 7—d1meth111m1dazo[4,5-

blpyridine

' Working Example 144

2-cvclopropyl-3-[[2’-(2,5-dihydro-5-thioxo-1,2,4~
thiadiazol-3—xl)biphenxl-4—zl]methzl]f5,7—
dimethylimidazo[4,5-blpyridine

Working Example 145
2-ethoxy-3-[[2'-{2,5-dihydro-5-thioxo-1,2,4-thiadiazol-

3-vl)biphenyl-4-vylimethyl]-5, 7—d1methzllm1dazo[4,5-
blpyridine

_ Experlmental Example 1

Inhlbltory Effect of Binding of Ang;otens;n-II to
Angiotensin Receptor
[Method}

' An experiment of inhibition on the binding of
angiotensin II (A-II) receptor was conducted by
modifying the method of Douglas et al. [Endocrinology,
102, 685-696 (1978)]. An A-II receptor membrane
fraction was prepared from bovine adrenal cortex.
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-The compeund of the present invention (10™°M or
107M and '*1-angiotensin II (‘*1-AII) (1.85kBq/50
microliter) were added to the receptor membrane
fractlon, and the mixture was incubated at room
temperature for one hour. The receptor-bound and free
P1-AII1 were separated through a filter (Whatman GF/B
filter), and the radioactivity of '*I-AII bound to the
receptor was determined. |
[Results]

The results relating to the compounds of the
present invention are shown in [Table 1].

Experimental Example 2

Inhibitory Effect of the Compound of the Present
Invention on Pressor Action of AII

[Method ]

Jcl: SD rat (9 week old, male) were employed. On
the previous day of the experiment, these animals were
applied with cannulation into the femoral artery and
vein under anesthesia with pentobarbital Na. These

animals were fasted but allowed to acess freely to
drinking water until the experiment was started. Just
on the day of conducting the experiment, the artery
cannula was connected with a blood-pressure transducer,
and the average blood pressure was recorded by means of
polygraph. Before administration of the drug, the
pressor actlon due to intravenous administration of A—
II (100 ng/kg) as the control was determined. The
drugs were orally administered, then, at each point of
the determination, A-II was administered intravenously,
ahd the pressor action was similarly.deterﬁined. By
comparing the pressor action before and after
administration of the drug, the percent inhibition by
the drug on A-II-induced pressor action was evaluated.
[Results] '

The results relating to the compounds of the
present invention are shown in [Table I].
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Table "1
: : Radiore TP )
N T -l W
. | . g inhibitiom Img/kg I;mé Trs
1 79 (10~ ¢m)
34 (107 7mM) ++ + % 443
N ]
3 75 (107°M)
33 (107 7m) | -
.. Ne
g Me0-{
o 55 (107°¢m)
"19 A0~ m) ++ 4 N

— e ——————

a) +++ > 709% >..+'+.2 50% > +
. ] Sheet Has Been Replaced -
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o Radioreceptor| Pressor Response ]
Example Chemical Formula assay o A II (p.0.) -1
No. { ¢ dnhibiciond ;o /ke - 3mg/kg

Eto-qz:@ -
" Coocroto (O |
4 44€107°1) +++
1710770
8 20001 | +++
8C10°7K) '
Me
| Et0<¢
10 COOH 51¢10-°K) | ++-+
O 17¢10-7H)
N Q |
- ONNE
-0
11 411078 .| +-++
10€10°7H)
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T .-~ .|Radioreceptor -__Pressor Response
Example| Chemical Formula 282y Lo ATL (p.0.)
No. _ % inhibitiof lmg/kg. |. 3mg/kg
. Me
EtNE-¢ IS
12 COOH 78(10-°H) +
O 4610"7H) |
;‘L_
WNH
0
: EtO'(NN:@ 0
CO0CH,0CCH3 |
13 @ 69C10-°H) | +++
O 31C107%1) |
;q_ ) _
0\"/NH
N
Pr-%t@
_ ' CcooH : :
30 O CTIC0) | +++
© 3510 7H)
;L'\ '
: NH
. 0O
5 JO
S COOH |
31 @ 79(107%X) +++
N— © 410070
N AH
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i




- 203 -

. Radi P
Ex;:ple Chemical Formula azs:;receptor 'tzezs;; I({;f‘.sgc.n)ise
A : _ . g -inhibition| 1mg/kg 3mg/kg
32c 79(10-°1) +++
40(10°"H)
32 151070 | +++
2710771
33 0000 | ++
23(10°71D
35 7910°%) | +++
38(10°"1)
is Sheet Has Been Replaced
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« ... _ Radioreceptor | Pressor Reéponse
Example Chemical Formula |assay . ‘to A II (p.o.)
No. "¢ " inhibition “Img/kg | 3mg/kg-
36 60C10°°H) | +++
118C10°"1D
56 94 (10-°M) | +++
80 (10-7M)
60 a0 | f ¥
43(10°"1D

- ‘This Sheet Has Been Replaced

[T




- R .

) O O l\'\!ll s B

What is claimed is:
1. - A compound of the formula

i
Rl

L
1 | @

wherein R' is an optionally substituted hydrocarbon

< '~ residue whlch is optionally bonded through a hetero-
atom; R is an optionally substituted 5-7 membered
heterocyclic residue having, as a group capable of
constituting the ring, carbonyl group, thiocarbonyl
L3 group, an optionally oxidized sulfur atom or a group °

R

convertible into them; X is a direct bond or a spacer
having an atomic length of two or less between the ring
Y and the ring W; Wand Y are'independently an
optionally substituted aromatic hydrocarbon residue
optionally éontaining a hetero atom or an optionally
substituted heterocyclic residue; n is an integer of 1
or 2; a and b forming the heterocyclic residue are
independently one or two optionally substituted carbon
or hetero atoms; ¢ is an optionally substituted carbon
or hetero atom; and,

in the group of the formula

. a—b

L
substituents on adjacent two atoms forming the ring are
optionally bonded to each other to form a 5-6 membered
ring together with the two atoms forming the ring or a

- salt thereof. ,
2. A compound of the formula

his Sheet Has Been Replaced
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wherein R' is an optionally substituted hydrocarbon
-residue which is optionally bonded through a hetero-
atom; R’ is an optionally substituted 5-7 membered
heterocycllc residue having, as a group capable of
constituting the ring, carbonyl group, thiocarbonyl
~group, an optionally oxidized sulfur atom or a group
- convertible into them; X is a direct bond or a spacer
having an atomic length of two or less between the rlng
Y and the ring W; W and Y are 1ndependently an
optlonally substituted aromatic hydrocarbon residue
~optionally containing a hetero atom or an optionally
substituted heterocyclic residue; n is an integer of 1
or 2; a and b forming the heterocyclic residue are
independently one or two optionally substituted carbon
or hetero-atoms; c is an optionally substituted carbon
or hetero atom; and, when a is an optionally
substituted carbon atom, R' and a may optionally be
bonded to each other to form a group of the formula

| (Ia—

. R[/L :
forming a 5- to 8-membered ring or. a salt thereof.
3. A compound of the formula

Thls Sheet Has Been Replaced
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wherein R is an optionally substituted hydrocarbon
residue which is optionally bonded through a hetero-
atom; R’ is an optionally substituted 5-7 membered
heterocyclic residue having, as a group capable of
constituting .the ring, cérbonyl group, thiocarbonyl
group, an optlonally oxidized sulfur atom or a group
convertible lnto them; X is a direct bond or a spacer
having an atomic length of two or less between the ring
Y and the ring W; W and Y are independently an
optionally substituted aromatic hydrocarbon residue
optionally containing a hetero atom or an optionally
substituted heterocyclic residue; a and e forming the
heterocyclic residue are independently one or two
optionally substituted carbon or hetero atoms; d and £
forming the heterocyclic residue are independently one
optionally substituted carbon or hetero atom; b and c
are independently one optionally substituted carbon or
nitrogen atom; n is an integer of 1 or 2; and, when a
is an optionally substituted carbon atom, R' and a nay

optionally be bonded to each other to form.a group of
the formula

forming a 5- to 8-membered ring or a salt thereof.
4, A compound'according to claim 1, wherein R' is

“alkyl, alkenyl, alkynyl or cycloalkyl which may be

bound through a group of the formula: -N(R?)- wherein
R’ is hydrogen or lower (C,,) alkyl, -O- or -S(0),-

This Sheet Has’ Been Replaced
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'wherein m is an integer of 0 to 2 and which may be
substituted with hydroxy, optionall& substituted amino,
halogen, lower (C,.;) alkoxy or lower (C;,) alkylthio.
5. A compound according to claim 1, wherein R! is
aryl or aralkyl which may be bound through a group of
the formula: -N(R?)- wherein R’ is hydrogen or lower
(Cis) alkyl, -O- or -S(0),~ wherein m is an integer of
0 to 2 and which may be substituted with halogen,
nitro, optionally substituted amino, lower (C,.)
alkoxy, lower (C,.,) alkylthio or lower (C,,) alkyl.

6. A compound according to claim 1, wherein R! is
lower (C;.3) alkyl or lower (C,;) alkenyl which may be
bound through a group of the formula: —N(R’)- wherein
R’ is hydrogen or lower (C,.) alkyl, -O- or -S(O),-
wherein m is an integer of 0 to 2 and which may be
substituted with hydroxy, amino, N-lower (Cys)
alkylamino, N,N-dilower (C;,) alkylamino, halogen,
lower (C,.,) alkoxy or lower (C,,) alkylthio.

7. A compound according to claim 1, wherein R! is
lower (C,.;) alkyl or lower (C,s) alkenyl which may be
bound through a group of the formula: -N(R’)- wherein
R’ is hydrogen or lowexr (C;.;) alkjl, =0~ or -S(0).—
wherein m is an integer of 0 to 2 and which may be
substituted with hydroxy, émino, halogen or lower (Cis)
alkoxy. |

8. A éémpound according to claim 1, wherein R? is an
optionqlly“éubstituted 5~7 membered N-containing
heterocyclic residue having, as a group capable of
constituting the ring, carbonyl group, thiocarbonyl
~group, an optionally oxidized sulfur atom or a group

convertible thereinto, and having hydrogen atom capable
of being protonated.

9. A compouﬁd according to claim 1, wherein R? is a
group selected from the class consisting of

" This Sheet Has Been Replaced
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wherein g is -CH,-, -NR’- (R9 is hydrogen or lower (CLJ)

alkyl, -O- or -S(0O),- (m is an integer of 0 to 2), and
>=Z, >=2' and >=Z’' are independently carbonyl group,
thiocarbonyl group, an optionally oxidized sulfur atom
'j or a group convertible thereinto.
10. A compound according to claim 1, wherein R? is a
group of the formula: .

et

33

wherein i is -O- or -S- and j is carbonyl group,
thiocarbonyl group, an optiohally oxidized sulfur atom
.or a group convertible thereinto.
11. A compound according to claim 1, wherein R’ is
2,5-dihydro-5-oxo0-1,2,4-oxadiazol-3-yl group.
12. A compound according to claim 1, wherein R? is
2,S-dihjdro-5-oxo-l,2,4—thiadiazol-3-yl group.
13. A compound according to claim 1, wherein R? is
2,5-dihydro-5-thioxo-1,2,4~oxadiazol-3-yl group.
14. A compound according to claim 1, wherein W and Y
are independently phenyl, pyridyl, pyrimidinyl,
‘pyrazinyl, thienyl, furyl, pyrrolyl, imidagolyl,
pyrazolyl, isothiazolyl, isooxazolyl, benzofuranyl,
isobenzofuranyl, indolizinyl, isoindolyl, 1lH-indazolyl,
purinyl, 4H-quinolizinyl, isoquinolyl, gquinolyl,
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phthalazinyl, naphthyridinyl, quinoxalinyl,
quinazolinyi, cinnolinyl or pterdinyl, which may be
substituted with halogen, nitro, cyano, lower (C;.)
alkoxy or optionally substituted amino.

15. A compound according to claim 1, wherein W is
phenylene group.

16. A compound according to claim 1, wherein Y is
phenyl group.

17. A compound according to claim 1, wherein X is a
direct bond, lower (C,.,) alkylene, -CO-, -0O-, =S-, -NH-~
+ -CO-NH-, -O-CHp—, -S-CH,- or -CH=CH-.

18. A compound accorﬁing to claim 1, wherein X is a
direct bond.

19. A compound according to claim 1, wherein n is an
integer of 1. o

20. A compound according to claim 3, wherein the group
of the formula:

B! J\r\f’

in which R is a group of the formula:

| e @ @

is a grodp'éelécted from the class consisting of
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wherein h is >CH,, >=0, >=S, >5-(0), (m is an integer
of 0 to 2), ~NR’~ (R’ is hydrogen or lower (C,.,) alkyl)
or. ~0-; sdid group being optionally substituted in
add:.t:.on -to' the groups R and R'.
21. A compound according to claim 2, _where:l.n the group
of the formula: '

a—b

' R
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in which R is a group of the formula:

o RO

is a group selected from the class consisting of

i B X R '. § i
Rl[l;l"' B! g—h’ le]‘. xx N‘h 31[;3
K

wherein A is an optionally substituted aromatic
hydrocarbon residue optionally containing a hetero-
atom, or heterocyclic residue, and h and h’ are
independently >CH,, >=0, >=§5, >5~(0), (m is an integer
of 0 to 2), “NR’- (R? is hydrogen or. lower (C;.,) alkyl)
or -O- " said group optionally substituted in addition
to the groups R and R'. |

22. A compound according to claim 3, wherein the group
of the formula:

e
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in which R is a group of the formula:

NESNC) x:

is a group selected from the class consisting of
Rl-{I;ﬂ R‘—m Rl‘m k‘—m R‘-{]@
SO e
St
B T SR L S T

See¥nsiueo)

ﬁhereinvh.is >CH,;, >=0, >=§, >S-(0), (m is an integer
of 0 to 2), -NR’-~ (R’ is hydrogen or lower (C,,) alkyl)
or -0- and R’ is a group capable of forming an anion or
a group convertible thereinto.

- 23. A compound accordlng to claim 2, wherein the group
of the formula: '

———
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in which R is a group of the formula:

~ @@ x‘

is a group selected from the class consisting of

t
R i
R

wherein R is a group capable of forming an anion or a
group convertible thereinto.

24. A compound according to claim 3, wherein the group
of the formula(II ): ' '

xl /Li,/c\(

in which R is a group of the formula:

—(cu,)n-./ \./'k
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is benzimidazole, thienoimidazole or imidazopyridine
structure.

25. A compound according to claim 24, wherein the
group of the formula (IIb) is benzimidazole or

thienoimidazole structure.

26. A compound according to claim 22 or 23, wherein R’

is optionally esterified or amidated carboxyl,

tetrazolyl, trifluoromethanesulfonic amide, phosphoric

acid or sulfonic acid, which may be protected with

optionally substituted lower alkyl or acyl. ,

27. A compound according to claim 26, wherein i'-._-R%f__‘_..-i-_s_-'-al L

‘ groﬁp of the formula: -CO-D wherein D is hydroky,
optionally substituted amino or optionally substituted
alkoxy.
28. A compound according to claim 27, wherein the
optionally substituted alkoxy is lower (C;,) alkoxy
whose alkyl moiety may be substituted by hydroxy,
optionally substituted amino, halogen, lower (Cbg)
alkoxy, lower (C,.¢) alkylthio or optionally substituted
dioxolenyl, or a group of the formula: ;O-CH(Rf)-OCORé
wherein R® is hydrogen, lower (C,,) alkyl, lower (C,,)
alkenyl or lower (Cs.g) Cycldalkyl; and R’ is lower (C;. '
¢) alkyl, lower (C,,) alkenyl, lower (C,;) cycloalkyl,
lower (C,.;) alkyl substituted with lower (C,,) |
cycloalkyl or aryl, lower (C,;) alkenyl optionally
substituted'with lower (C;,) cycloalkyl or aryl, aryl,
lower (€,4) alkoxy, lower (C,.s) alkenyloxy, lower (Cj;_g)
cYéloaikyloxy, lower (C,;) alkoxy substituted with
lower (C,;.3) cycloalkyl or aryl, lower (Cbg)'alkenyloxy
substituted with lower (Cs.s) cycloalkyl or aryl, or

- aryloxy. - '

. 29. A compound -according to claim 27, wherein R is
optionally esterified carboxy.
30. A compound of the formula:

e g S st
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wherein
R' is lower (C,.s) alkyl which may be bound through <0-,
-NH- or -S- and which may be substituted with hydroxy,
amino, N-lower (C,.,) alkylamino, N,N-di-lower (Ci-s)
alkylamino, halogen, lower (C;.) alkoxy oxr lower (C,;.,)
alkylthio;
R? is oxadiazole or thiadiazole optionally protected
with optionally substituted lower (C,,) alkyl or acyl,
or hydroxyiminocarboxamide; '
R is a group of the formula: -CO-D" wherein D" is
hydroxy, amino, N-lower (C,,) alkylamino, N,N-di-lower
(Ci;) alkylamino or lower (C,.) alkoxy whose alkyl
moiety may be substituted by hydroxy, amino, halogen,
- lower (C,s) alkanoyloxy, l-lower (C,) alkoxycarbonyl
or lower (C,,) alkoxy, or tetrazolyl optionally
protected with lower (C;.,) alkyl or acyl; and the group

2 g
pde

i “ .

of the formula:

is a group selected from the class consisting of
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31. A compound of the formula:

8—b-8

I,y
el o,

RI
wherein
R' is lower (C1-s) alkyl which may be bound through -0-,
-NH~ or -S- and which may be substituted with hydroxy,
amino, N-lower (C, ;) alkylamino, N,N-di-lower (Ci-4)
alkylamino, halogen, lower (C,,) alkoxy or lower (C;.,)
alkylthio;
R is oxadiazole orx thiadiazole optionally protected
with optionally substituted lower (C,,) alkyl or acyl,
or hydroxyiminocarboxamide;
R’ is a group of the formula: -CO-D" wherein D* is
hydroxy, amino, N-lower (C,.;) alkylamino, N,N-di-lower
(Cis) alkylamlno or lower (C,.,) alkoxy whose alkyl
mo;ety may be substxtuted by hydroxy, amino, halogen,
lower (CLG) alkanoyloxy, l-lower (C,) alkoxycarbonyl
or lower (C,,;) alkoxy, or tetrazolyl optionally
protected with lower (Chk) alkyl or acyl; and the group
of the formula: |

b
el i

is a group selected from the class consisting of
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N 32. A compound according to claim 30 or 31, wherein R

is lower (C,.;).alkyl which may be bound through -O-; -
NH- or -S-. ' | | .
33. a compound according to claim 30 or 31, wherein R®
is optionally esterified carboxy.

34. A compound according to claim 1, which is 2-
ethoxy-1-[[2'-(2,5~dihydro-5-oxo-1,2,4~oxadiazol-3~
yl)blphenyl 4-yl]methyl]benZLmldazole- -carboxylic
acid. '

35. A compound according to claim 1, whlch is 2-
ethoxy-1-[[2’'~-(2,5-dihydro-5-oxo-1,2, 4-thiadiazol- 3-
yl)biphenyl-4-yl]methyl)benzimidazole-7~-carboxylic
acid. N

36. A compound according to claim 1, which is 2-ethfl-
3-[[2'-(2,5~dihydro-5-0x0-1,2,4-0xadiazol-3-
yl)biphenyl-4-yl]methyl}-5,7-dimethylimidazo[4.5~
blpyridine. '

37. A compound according to claim 1, which is 2-
methoxy-1-[[2’~(2,5~dihydro-5~-0x0-1,2,4~-0oxadiazol-3-
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_forming the ring, carbonyl group, thiocarbonyl group,

T

yl)biphenyl- 4-yl]methyl]th1eno[3 4-d}jimidazole~6-
carboxylic acid.

38. A compound according to claim 1, which is 2-
cyclopropyl-l-[[2’-(2,5—dihydro-5-oxo-1,2,4-oxadiazol—.
3-yl)biphenyl-4-ylmethyl]benzimidazole-7-carboxylic
acid.- -

39. A pharmaceutical composition for antagonizing
angiotensin II which comprises a therapeutically
effective amount of a compound according to claim 1 ‘or
a pharmaceutically acceptable salt thereof in admixture
with a pharmaceutical acceptable carrier, excipient or
diluent.

40. A pharmaceutical composition according to Claim
39, which comprises a therapeutically effective amount
of a compound to claim 2 or 3 or a pharmaceutically
acceptéble salt thereof in admixture with a
pharmaceutical acceptable carrier, excipient or
diluent.-

41. A use of a compound according to claim 1 or a
pharmaceutically acceptable salt thereof for the
manufacture of a medicament for antagonizing
angiotensin II. .

42. A method for producing a compound of the formula

a——1b

l

RI JI\N/A . p2 _ |
Eo@ |

wherein R' is an optionally substituted hydrocarbon
residue which is optionally bonded ﬁhrbugh a hetero-
atom; R? is an optionally substituted 5-7 membered
heterocyclic residue having, as a group capable of

an optionally oxidized sulfur atom or a group
convertible into them; X is a direct bond or a spacer
having.an atomic length of two or less between the ring
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Y and the ring W; W and Y are independently an
optionally substituted aromatic hydrocarbon residue
optionally containing a hetero atom or an optionally
substituted heterocyclic residue; n is an integer of 1
or 2; a and b constituting the heterocyclic residue are
independently one or two optionally substituted carbon
or hetero atoms; c is an optionally substituted carbon
~ or hetero atom; and, |
in the group of the formula

i

N
substituents on adjacent two atoms forming the ring are
optionally bonded to each other to form a 5-6 mémbered
ring together with the two atoms forming the ring or a
salt thereof, ’
which comprises

(i) alkylating a compound of the formula (XIII) by the
following scheme:

L- Uﬂh)nq‘l'{xw‘lirxz

RII\E’C. > (an)n

am - | @xx.

w@eréin Rl[!f, W, X, Y, a, b, ¢ and n are of the same

meaning as defined above, and L stands for halogen, or
(ii) oxadiazole ring-forming reaction represented by
the following schemes:

PR
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{CHs)n (CHs)n X—OH
x-1§:§}—cx --||||-4:(Nl
(la) (1b)
a—b
éi“ M,
- (le)
b) .
ozN;¢pe ozh~¢>e th\b_e l
Ri2goid T prag b —> NH* A B N,of

i

ol %%
YD C

HzVOCJ::: Ilgl‘lOC’j::j HoNOC

- (VID (VIID) 1% :
/N \bf RI_//N\b’e\
1 1 —_—
—> R ﬂﬂkl d — R N'é~fd - \$t~fd
Eto-c& EtO-C{ i ;‘.:p
M . )3 - ONAR
9] | R?200C” 0
o (XI) (Ibc)
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e HON—@ B 2ooc-o-H§
2

Y P . !
(XII) - (XIID (XI¥)

Nb£ > p N~ b'e\

C~f N1>fd

S @

R?200C-0-N N @
NH,

(xm). o\ A

wherein Rl,‘W,'X, Y, a, b, ¢ and n are of the same
meaning as defined above, e is one or two optionally
substituted carbon or nitrogen atoms, d and f are

~ independently one optionally substituted carbon or

nitrogen atom, and R'? is lower (Ci.;) alkyl, and, if
desired; -converting a product obtained by the above
processes (i) to (ii) into a compound of the formula
(I). by ﬁydrdiysis, reduction, halogenation, 0-, N- or
S- alkylation, nucleophilic reaction, rihg closure,
acylation, esterification, oxidation and/or
deprotection, and, if desired, converting a compound of

the formula (I) into a pharmaceutically acceptable salt

thereof.

_—
—_—

————
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