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HETEROCYCLIC COMPOUNDS, THEIR PRODUC~ION-AND~SE~~(;:)'·_'::~ :i'··· 1 

·~ ·i j~~--····· . ·~·· •. .~;.~.!.:! 

FIELD OF THE INVENTION 
,.; 

. This invention relates to novel ·.:heterocyclic 

. ~~ ... --_,· . 

compounds h_aving excellent pharmacolpgical actions and 

inte~ediat~s for the synthesis the~eof. 
yore specifically, the present ,,invention relates 

to compounds of the general formula :: 

t '· 
.· a b v 11 

;;::x'x~i 
(tHs)n~ @; .. 

[wherein R1 is an optionally substituted hydrocarbon 

residue which is optionally bonded through a hetero­
a tom; R

2 is an optionally substituted 5-7 membered 

·,, heterocyclic residue having, as a group capable of 
qonstituting the ring, carbonyl group, thiocarbonyl 

20 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 

25 optionally containing a hetero-atom or an optionally 
substituted heterocyclic residue; n is an integer of 1 
or 2; a and.j:, forming the heterocyclic residue are . . . . . 
independentlY.. one or two optionally substituted carbon ... . . 

or hetero· atoms; c is an optionally substituted carbon 
30 or hetero atom; and, in the group of the formula 

8 

~ 
. b 

I 
/ 

,·, .. 

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

· 1im1ii1iiinr 
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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 
5 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 

10 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 elevate blood pressure via 
the angiotensin II receptors on the cellular membranes, 

15 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, [Sar1
, · 

Ile8 ]AII and the like possess potent angiotensin II 

20 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 

25 Chemistry, 13, 82-91 (1978)]. 
On the other hand, for solving the problems 

observed i~ .. thes~ peptide angiotensin II antagonists, 
studies o~ ~on-peptide angiotensin II antagonists have 
been·'developed. In the earliest studies in this field, 

30 imidazole derivatives having angiotensin II antagonist 
activity have been disclosed in JPA 556(1981)-71073, 
556(1981)-71074, 557(1982)-98270 and 558(1983)-157768, 
USP 4,355,040 and 4,340,598, etc. Later, improved 
imidazole derivatives are disclosed in EP-0253310, EP-

35 0291969, EP-0324377, EP-403158, W0-9100277, JPA 
563(1988)-23868 and JPA Hl(1989)-117876; pyrrole, 
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pyrazole and triazole derivatives in EP-0323841, EP-
0409332 and JPA Hl(l989)-287071; benzimidazole 
derivatives in USP 4,880,804, -EP-0392317·, ~P-0399732, 
EP-0400835 and JPA H3(1991)-63264; azaindene 

5 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 

10 have a strong and long-lasting angiotensin II 
antagonistic action by oral administration. As shown 
in so far known literature references, the preferable 
structural feature as strong a~giotensin II antagonist 
is considered to have an acid group, for example, 

15 tetrazole group or ca~boxyl group on the biphenyl 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, 

20 P.B.M.W.M. Timmermans, and H.R. Brunner, Am. J. 
Hypertens., ,!, 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 

25 the large scale preparation and production. 
OBJECT OF THE INVENTION . 

The present invention is to provide a novel 
'. . . 

compound,_h~ving a heterocyclic residue substitutable 
for·· tetrazole or carboxylic group which has strong 

30 angiotensin II antagonistic action and anti­
hypertensi ve actipn when administered orally and which 
becomes a therapeutically useful drug. 

The present inventors con~idered that compounds 
blocking renin-angiotensin system as well as being 

·35 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 

required to have potent angiotertsin II receptor 
antagonistic activity and to show a strong and long-

s 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 

10 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 

15 

20 

More specifically, the present invention relates 

to (1) a compound of the formula 

a b v 
11 c&i1)n-@'X~z (I) 

[wherein R1 is an optionally substituted hydrocarbon 

residue which is optionally bonded through a hetero­
atom; R2 is an optionally substituted 5-7 membered 

25 heterocyclic residue having, as a group capable of 
constituting ~he ring, carbonyl group, thiocarbonyl 
group, an optionally oxidized sulfur atom or a group 
convertible-into them; Xis a direct bond or a spacer 
having an atomic length of two or less between the ring 

30 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 forming the heterocyclic residue are 
35 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 

~8R--J 

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, more preferably, 

10 (2) a compound of the formula 

15 

20 

[wherein R1 is an optionally substituted hydrocarbon 

residue which is optionally bonded through a hetero­
atom; R2 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 

25 Y and the ring W; W and Y. are independently an 
optionally .sub_sti tuted aromatic hydrocarbon residue 
optionally·.c·ontaining a hetero-atom or an optionally 
substitut~d-h~terocyclic residue; n is an integer of 1 .. . 
or 2; a and b forming the heterocyclic residue are 

30 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, R1 and a may optionally be 

bonded to each other to form a group of the formula 

11i~i1nr 
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s forming a ring] or a salt thereof, or (3) 

a compound represented of the formula 

10 

15 

20 

[wherein R1 is an optionally substituted hydrocarbon 

residue which is optionally bonded through a hetero­
atom; R2 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 ~etween 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 

25 heterocyclic residue are independently one or two 
optionall¥·substituted carbon or hetero atoms; d and f 

forming tn~ heterocyclic residue are independently one 

option~lly substituted carbon or hetero atom; b and c 
are independently one optionally substituted carbon or 

30 nitrogen atom; n denotes an integer of l or 2; and, 
when a is an optionally substituted carbon atom, R

1 and 

a may optionally be bonded to each other to form a 
group of the formula 



- 7 -

5 forming a ring] or a salt thereof. 
DETAILED DESCRIPTION OF THE INVENTION 

Referring ~o the general formula (I), examples of 

the hydrocarbon residue represented by R1 include 

alkyl, alkenyl, alkynyl, cycloalkyl, aryl and aralkyl 
10 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 

15 through a hetero-atom. 
The alkyl group represented by R1 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, 

20 i-pentyl, hexyl, heptyl or octyl. 
The alkenyl group represented by R1 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. 

25 The alkynyl group represented by R1 is a straight 

or branche~_lower alkynyl group having 2 to about 8 
c~rbon a~oms, as exemplified by ethynyl, 2-propinyl, 2-
butynyl ,,_. 2:-pentynyl or 2-octynyl. 

·· The cycloalkyl group represented by RL is a lower 

30 cycloalkyl group having 3 to about 6 carbon atoms, as 
exemplified by cyclopropyl, cyclobutyl, cyclopentyl or 
cyclohexyl. 

The above-mentioned alkyl, alkenyl, alkynyl or 

cycloalkyl group may optionally be substituted with, 
35 for example, hydroxyl group, an optionally substituted 

amino group [e.g. amino, N-lower (l-4C) alkylamino, or 
---··--·---------·----
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. 
N,N-di-lower (1-4C)alkylamino], halogen, a lower (l-4C) 

alkoxy group or a lower (l-4C) alkylthio group. 

The aralkyl group represented by R1 is, for 

example, a phenyl-lower (l-4C) alkyl such as benzyl or 

phenethyl, and the aryl group represented by R1 is, for 

example, phenyl. 
The above-mentioned 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, 

lO an optionally substituted amino group [e.g. amino, N­

lower(l-4C) alkyl amino, or N,N-di-lower(l-4C) 

alkylamino], lower(l-4C) alkoxy (e.g.methoxy, or 

ethoxy), lower(l-4C) alkylthio (e.g. methylthio or 

ethylthio) or lower(l-4C) alkyl (e.g. methyl or ethyl). 

15 

20 

Among the above-exemplified groups represented by 

R1
, optionally substituted alkyl or alkenyl groups 

(e.g. a lower(l-SC) alkyl or lower(2-5C) alkenyl group 

optionally substituted with hydroxyl group, amino 

group, halogen or a lower(l-4C) alkoxy group) are 

preferable. 
The above-mentioned R1 may optionally be bonded 

through a hetero-atom [e.g. nitrogen [N(R9
) (R9 stands 

for hydrogen or a lower(l-4C) alkyl], oxygen or sulfur 

[-S(O)m- (m denotes an integer of 0 to 2)], etc.], and, 

25 among them, optionally substituted alkyl or alkenyl 

groups bondeQ through a hetero-atom (e.g. methylamino, 

et~ylamino,.propylamino, propenylamino, isopropylam~no, 

allylamino,.butylamino, isobutylamino, dimethylamino, 

methylethylamino, methoxy, ethoxy, propoxy, isopropoxy, 

30 propenyloxy, allyloxy, butoxy, isobutoxy, sec-butoxy, 

t~butoxy, 2-butenyloxy, 3-butenyloxy, isobutenyloxy, 

pentoxy, isopentoxy, hexyloxy, methylthio, ethylth.io, 

propylthio, isopropylthio, allylthio, butylthio, 

isobutylthio, sec-butylthio, t-butylthio, 2-

35 butenylthio, 3-butenylthio, isobutenylthio, pentylt~io, 

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 

5 phenyl, and 4- to 7-mernbered 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, 

10 isobenzofuranyl, indolizinyl, isoindolyl, 3H-indolyl, 
indolyl, lH-indazolyl, purinyl, 4H-quinolizinyl, 
isoquinolyl, quinolyl, phthalazinyl, naphthyridinyl, 
quinoxalinyl, quinazolinyl, cinnolinyl and pteridinyl 
(preferably phenyl). 

15 The above-mentioned aromatic hydrocarbon or 
heterocyclic residues optionally containing a hetero­
a tom, which are represented by Y, have a substituent 

·, represented by R2 as exemplified by an optionally 

substituted 5- to 7-mernbered (preferably 5- to 6-
20 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 R2 are shown below: 

25 

.... 
... 
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/t;!c 
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/;om 
• z 

z. 

t-Q 
ll 

And, ·besides the case -of carbon-carbon linkage as in 
30 the above, a group represented by R2 may optionally be 

bonded with an optionally substituted aromatic 
.hydrocarbon or heterocyclic residue optionally 
containing a heter~-atom, which is represented by Y, in 
the case of g=-NH- in the above formula, through one of 

35 the plural number of existing nitrogen atoms. 
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For example, 

when specifically 

H 

Q=z or 

I 
rv'VV' 

represents that group. 
Other examples of R2 bonded through nitrogen atom 

include 

NQ=z 19 n_Z 

tr/ Nf-~ 
H / • • BN ./ • 

.. ~ z 

6 N~ 

Z' H I , . z'M/ Z't1z .. • 
H (O)m 

I 
In the above formulae, g=-CH2-, -NR9

-, 0 at9m or -S-; 

25 >=Z, >=Z' and >=Z" respectively stand for carbonyl 
group, thiocarbonyl group or an optionally oxidized 
sulfur ato~"(e.g. s, S(O), and S(0) 2 ) (preferably 

carbonyl cir ~hiocarbonyl group, more preferably 
carbortyi'.-·group) , m denotes an integer of 0, 1 or 2, and 

30 R9 stands for hydrogen atom or an optionally 

substituted lower alkyl group]. 
Preferable groups represented by R2 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 acceptor 
simultaneously. And, while the heterocyclic residue 
represented by R2 may opti.onally farm a condensed ring 

---·------·-

This Sheet Has Been Replaced 
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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 R2
, as a 

group of the formula: 

(wherein i is -0- or -s-, j is >=O, >=5 or >S(O)m, and 

10 mis of the same meaning as defined.above] is 

preferable. In case where Y is, for example, phenyl, 

R2 may be substituted on any of ortho-, meta- or para­

position, preferably ortho-position. 

And, while the above-mentioned heterocyclic 

15 residue (R2
) can exist in tautomeric forms as shown 

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

20 

25 

30 

in 
/)d{ 
HNy When Z = O, g = 0 

z 

/)=d! 
< y 

OH 

RK < )r-~ .,. ·-·v ---:> ... NY 
0 0 

a' b' c' 

the hete~qcyclic residue represe~~ed by the formula 

includes all of the above-mentioned a', b' and c'. 

And, the above-mentioned heterocyclic residue (R2
) may 

optionally be substituted with the group represented by 
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Rio, as shown below. 

. " c . 

Examples of the group represented by R10 mentioned 
above include groups represented by the formula -
CH(R4 )-0COR5 (wherein R

4 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 

15 straight-chain or branched lower alkenyl group or a 3-
SC 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-

.. 
20 butyl, n-pentyl, isopentyl_or neopentyl), a 2-6C 

straight-chain or branched lower alkenyl group, a 3-BC 
cycloalkyl group (e.g. cyclopentyl, cyciohexyl or 
cycloheptyl), a 1-3C lower alkyl group substituted with 
a 3-SC cycloalkyl group (e.g. cyclopentyl, cyclohexyl 

25 or cycloheptyl) or an optionally substituted aryl group 
such as phenyl (e.g. benzyl, p-chlorobenzyl, phenethyl, 
cyc]pentylmethyl or cyclohexylmethyl), a 2-3C lower 
alke.nyl g.roup substituted with a 3-BC cycloalkyl or an 

·~ ..... 
30 

optionally substituted aryl group such as phenyl (e.g. 
a group having c;tlkenyl mo.iety such as vinyl (e.g. 
cinnamyl), propenyl, ·ally! 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 group (e.g. methoxy·, ethoxy, n-

35 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-SC cycloalkyloxy 

group (e.g. cyclopentyloxy, cyclohexyloxy or 

cycloheptyloxy), a 1-3C lower. alkoxy group substituted 

5 with a 3-8C cycloalkyl (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, e.g. 

benzyloxy, phenethyloxy, cyclopentylmethyloxy, or 

10 cyclohexylmethyloxy), a 2-3C lower alkenyloxy group 

substituted with a 3-8C cycloalkyl (e.g. cyclopentyl, 

cyclohexyl, or cycloheptyl) or with an optionally 

substituted aryl such as phenyl (e.g. a group having 

alkenyloxy moiety such as vinyloxy (e.g. cinnamyloxy), 

15 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 (l-4C) alkyl) 

or acyl (e.g. lower (2-SC) alkanoyl or optionally 

20 substituted benzoyl) . Examples of R10 include methyl, 

ethyl, propyl, t-butyl, methoxymethyl, triphenylmethyl, 

cyanoethyl, acetyl, propionyl, pivaloyloxymethyl, 1-

(cyclohexyloxycarbonyloxy)ethyl, 5-methyl-~-oxo-1,3-

dioxolen-4-ylmethyl, acetoxymethyl, propionyloxymethyl 

25 n-butyryloxymethyl, isobutyryloxymethyl, 1-

(ethoxycarbonyloxy)ethyl, 1-acetyloxy)ethyl, 1-
-· 

(isobutyryl~~y)etpyl, cyclohexylcarbonyloxyrilethyl, 

benzoylox~e~hyl, cinnamyl, and 

cyclopentylcarbonyloxymethyl. Such groups may include 

30 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). 

10 As the above-mentioned tautomers of heterocyclic 

residues (a', b' and c') and the ·heterocyclic residue 

(a", b" and c") substituted with R10
_ are included in 

the heterocyclic residues represented by the 

substituent R2 in the present invention, so the 

15 tautomers and their substituted compounds of various 

heterocyclic residues described in the foregoing are, 

as a matter of course, included in the substituent R2 

in the present invention. And, the substituent R2 may 

have further subs ti tuents other tha·n those represented 

20 by R10 described above, as exemplified by. an optionally 

substituted alkyl group (e.g. methyl and 

triphenylmethyl), halogen (e.g. F, Cl and Br), nitre, 

cyano, lower (1-4C) alkoxy, and an optionally 

substituted amino group (e.g. amino, methylamino, and 

25 dimethylamino), among others. 
The aromatic hydrocarbon residue and the 

heterocyclle.re~idue 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), nitre, 

30 cyano, lower (l-4C) alkoxy, an optionally substituted 

amino group (e.g. amino, methylamino and 

dimethylamino) . 
X show that the adjacent ring W (e.g. phenylene 

group) is bonded to the ring Y (e.g. phenyl group) 

35 directly or through a. spacer with an atomic chain of 2 

or less (preferably direct bond). As the spacer, any 

---·---·-----

1ii1ii1Di 
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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 (l-4C) alkylene, -CO-, -0-, -

5 S-, -NH-, -CO-NH-, -O-CH2-, -S-CH2-, and -CH=CH-. 

10 

15 

20 

25 

30 

n denotes an integer of 1 or 2 (preferably 1). 
2 Among the compounds shown by R , w, x, Y and 

n described above, those shown by the following 

formulae, for example, are preferable: 

among 

compounds shown by formula, e.g. 

~CHs~ 
~R .. P, 

-CH,~ 
BNyO 

0 

..... .-cs,~ 

~e 

are preferable. 
Typical examples of heterocyclic compounds 

represented by the formula 

This Sheet Has Been Replaced 
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Ri~ /­

N 
I 

f"VVV"\ 
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' ; . . ~ 

(II) 

are specifically shown as follows. Incidentally, in 
the following formulae, R1 is of the same meaning as 
defined above, and R stands for the formula: 

:)C~I 
-(Cll,)n-@) @; 

. 

': .. 

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

include the following, but not limited thereto: 

..... 

.. · 
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R'-Qj Rl-{:C> Ri=OR~ R'¢ 
I I k k I 
R R R 

5 Riw R'~ R'-{:Q R'-ro R•-ro N & 
I I ~ ~ I 
R R R 

10 R'~ R'{j!j R•{r) R~ Rs-co 
I I I · I ' R R R R R 

R~ R'{a R'{V R{:O R•{:c¥ &N 
15 I I I I I 

R R R R R 

R'-<X' R'{:Q R•{:d R~ -{t) -, R' 
I I I I I 

20 
R R R R R 

R'~ R'~ x;o ,¢tj. ~ Rt R1 Ri 
I . I I I ' R R R R R 

.... 
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R~ R1f;C1 ~,,Q:j· RJ;D Rm 
I I I ! ~ R R R R 

R',ca R10' R.ca Rx;a R'-05 
J . I I I I 
R R R ·R R 

R'-{:O R'¢ R1-{!) R'¢R'-<=0 
I I I I I 

· R R R R R 

R'-ro R'i;t) R1-t.t) R'{b R'-tti 
I . I I I I 
R R R R R 

R'-<=0 Ri{:d R{:d R'{:tj _R'{:C 
I I I I I 
R R f\ R R 

R'{tl 
Q 

..... 
wh~Fe~n h is >CH2 , >=O, >=S, >S-(O)., -NR9

- and -0-
, and :m' ~nd R9 is defined as.above; etc., or as 

30 compounds shown by formula 

35 

a-b 

Ri~ 
r 
R 
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R'o I • 
R 

11.0 ' 
I 
I 

• 
' 

~ I !" - , 

h. 
i'""tf-1' I I 

i 

•. t:J l I 

t'P 
11~ I , 

I 

[wherein A stands for an optionally substituted 

20 aromatic hydrocarbon residue, optionally containing a 

hetero--atan, or heterocyclic residue (preferably aromatic 

hydrocarbon residue such as phenyl), hand h' each 

shows 
9 

>CH2 , >=O, >=S, >S-(0) 111 , -NR - and -0-

25 and, m and R9 are of the same meaning as defined above] 

are exemplified. These examples may further include 

the.following: 
.. · 
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formula may stands for heterocyclic ring, and 

tricyclic heterocyclic compounds as shown below 

R'·«o 
' R 

'• 

[wherein R and h are of the same meaning as defined 

above, and R1
a stands for an optionally sub~tituted 

15 hydrocarbon residue] or bicyclic heterocyclic compounds. 

20 
[wherein R, b and c are of the same meaning as defined 

above, R1
a stands for an optionally substituted 

hydrocarbon residue and h" stands for -0- or -5-]. 

The heterocyclic compound represented by the 

25 above-mentioned formula IIb may optionally be 

substituted with, besides the groups represented by R, 

R1 .and· R18
, ·.a· ·group represented by R3 capable of forming 

an anion or·a·group convertible thereinto. The 

substitution position of R3 is on the ring adjacent to 

30 the ring to which R is bonded, preferably the position 

adjacent to R (position off atom). 

Examples of the group R3 capable of forming anion 

or a group convertible thereinto include optionally 

esterified or amidated carboxyl. tetrazolyi, 

35 trifluoromethanesulfonic acid amide (-NHS02CF3 ), 

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 

5 reaction such as oxidation, reduction or hydrolysis by 

in. vivo enzymes) or chemically. 

Examples of optionally est-erif ied or ami~ated 

carboxyl represented by R3 include groups represented 

by the formula -CO-D [wherein D stands for hydroxyl 

10 group, optionally substituted amino (e.g. amino, N­

lower (l-4C) al~ylamino, and N,N-di-lower (1-4C) 

alkylamino) or optionally substituted alkoxy {e.g. a 

lower (l-6C) alkoxy group, whose alkyl moiety is 

optionally substituted with hydroxyl group, optionally 

15 substituted amino (e.g. amino, dimethylamino, 

diethylamino, piperidino and morpholino), halogen, 

lower (l-6C)alkoxy, lower (1-~C) alkylthio or 

optionally substituted dioxolenyl (e.g. 5-methyl-2-oxo-

1,3-dioxolen-4-yl), or groups represented by the 

20 formula -0-CH(R4 )-0COR5 [wherein R4 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 

25 or a 3-BC cycloalkyl group (e.g. cyclopentyl, 

cyclohexyl and cycloheptyl), and R5 stands for a l-6C 

straight~chain·or branched lower alkyl group (e.g. 

methyl, ·ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, 
.• . 

t-butyl, n-pentyl, 1sopentyl and neopentyl), a 2-6C 

30 straight-chain or branched lower alkenyl group, a 3-BC 

cycloallyl group (e.g. cyclopentyl, cyclohexyl and 

cycloheptyl), a l-3C lower alkyl group substituted with 

3-BC cycloalkyl (e.g. cyclopentyl, cyclohexyl and 

cycloheptyl) or an optionally substituted aryl group 

35 such as phenyl (e.g. benzyl, p-chlorobenzyl, phenethyl, 

cyclopentylmethyl and cyclohexylmethyl), a 2-3C lower 
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alkenyl group optionally substituted with 3-SC 
cycloalkyl 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 l-6C straight-chain or 
branched lower alkoxy group (e.g. methoxf, "ethoxy, n­
propoxy, isopropoxy, n-butoxy, isobutoxy, sec-butoxy, 
n-pentyloxy, isopentyloxy and neopentyloxy), a 2-BC 

10 straight-chain or branched lower alkenyloxy group (e.g. 
allyloxy and isobutenyloxy), a 3-SC cycloallyloxy group 
(e.g. cyclopentyloxy, cyclohexyloxy, and 
cycloheptyloxy), a l-3C lower alkoxy group 
substituted with 3-SC cycloalkyl (e.g. cyclopentyl, 

15 cyclohe~yl 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 

20 lower alkenyloxy group substituted with 3-SC 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 

25· aryloxy group such as optionally substituted phenoxy 
(e.g. phenoxy., p-nitrophenoxy and naphthoxy)]}]. And, 
examples of·"the -substituent represented by R3 may also 
include a·:groiip capable of farming anion or a group -· . 
convertible thereinto (e.g. tetrazolyl, 

30 trifluorornethanesulfonic acid amide, phosphoric acid or 
sulfonic acid optionally protected with alkyl (e.g. a -
lower (l-4C) alkyl) or acyl (e.g. lower (2-SC) alkanoyl 
and optionally substituted benzoyl). 

Examples of the substituent R3 include -COOH and a 
35 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 
under biological or physiological conditions (e.g. 1n 
vivo reaction such as oxidation, reduction or 
hydrolysis catalyzed by in vivo enzymes) or chemically 
is mentioned. R3 may be carboxyl or a prodrug thereof. 

R3 may also be groups convertible into anion in vivo, 

for example, biologically or chemically. 
And, a compound, in which R3 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 R3
, preferable-ones 

include carboxyl ~ -~sterif ied carboxyl (e.g. methyl 
ester, ethy1 ester or an ester formed by bonding of a .. . 
group represented by the above-mentioned formula -0-

4 .5 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 
l la d 3 • represented by R, R , R an R , further substi tuents 

35 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 (l-4C) alkylamino (e._g. dimethylamino), N­

arylamino (e.g. phenylamino),- alicyclic am~no (e.g. 

morpholino, piperidino, piperazino and N­

phenylpiperazino)], groups represented by the formula 

u-R' [wherein U stands for a bond, -0-, -s- or -CO-, 

and R' stands for hydrogen, an opti.qna_lly substituted ei 

lower alkyl_group (e.g. lower (l-4C) alkyl optionally 

substituted with hydroxyl group, an optionally 

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

cyano or a lower (1-4C) alkoxy group], groups 

represented ·by the formula -(CH2 ) 1-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 (l-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, 

!20 piperidino and morpholino), halogen, lower (l-6C) 

alkoxy, lower (l-6C) alkylthio, or optionally 

substituted dioxolenyl (e.g. 5-methyl-2~oxo-1,3-

dioxolen-4-yl) or groups represented by the formula -

OCH(R7 )0COR8 [wherein R7 stands for hydrogen, 1-6C 

-25 straight-chain or branched lower alkyl group (e.g. 

methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 

t-buty1,·.n...;pentyl, isopentyl and neopentyl) or a 5-7C. 

·cycloalkyl group (cyclopentyl cyclohexyl and 

cy~loh~ptyl), and R8 stands for a 1-6C straight-chain 

·· 30 or branched lower alkyl group (e.g. methyl, ethyl, n­

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

butyl, n-?entyl, isopentyl and neopentyl), a 2-SC lower 

alkenyl group (vinyl, propenyl allyl and isopropenyl), 

a 5-7C cycloalkyl group (e.g. cyclopentyi cyclohexyl 

35 and cycloheptyl), a l-3C lower alkyl group substituted 

with a 5-7C cycloalkyl group (e.g. cyclopentyl, 
-'-··------·-~·------------
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cyclohexyl and cycloheptyl) or an aryl 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. 

5 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-

10 chain or branched lower alkoxy group (e.g. methoxy, 

ethoxy, n-propoxy, isopropoxy, n-butoxy, isobutoxy, 

sec-butoxy, t-butoxy, n-pentyloxy, isopentyloxy and 

neopentyloxy), a 2-BC straight-chain or branched lower 

alkenyloxy group (e.g. allyloxy and isobutenyloxy), a 

15 5-7C cycloalkyloxy group (e.g. cyclopentyloxy, 

cyclohexyloxy and. cycloheptyloxy), a l-3C lower alkoxy 

group substituted with 5-7C cycloalkyl (e.g. 

·.. cyclopentyl, cyclohexyl and cycloheptyl) or an aryl 

group such as optionally substituted pheny~ (e.g. 

20 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. 

cyclopentyl, cyclohexyl and cycloheptyl) or an 

25 optionally substituted aryl group such as phenyl 

(e.g.cinnamyloxy having alkenyloxy moiety such as 

vinyloxy,_p~openyloxy, allyloxy and isopropenyloxy) and 
. . . 

an arylo~! 9~oup such as optionally substituted phenoxy 

(e.g. phenoxy, p-nitrophenoxy and naphthoxy)], and 1 

30 denotes 0 or l] or tetrazolyl, trifluoromethanesulfonic 

acid amide, phosphoric acid or sulfonic acid, _each 

optionally protected with alkyl (e.g. lower (l-4C) 

alkyl) or acyl (e.g. lower (2-SC) alkanoyl and 

optionally substituted benzoyl). 

35 One or two of these substituents may optionally be 

substituted simultaneously on optional positions 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 or a 

heterocyclic residue (preferably aromatic ring such as 

.phenyl) optionally containing hetero atom, taken 

together with the two ring-forming atoms. These rings 

lO may further substituted with any of the above-described 

15 

20 

substituents. 

among the compounds shown by formula 

a-b 

R~ 
I 

'VV'v 11 
., as condensed heterocyclic ring · 

shown by formula 

preferable examples are 

..... 

,.· 
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R'{=Q 
I R' R 

R'{x? 
I R' 

R1{:Q R1{Q R'W 
I R" I R' I R:s 

R R R R 

R1-?Q R{q R1{Y R'{:q 
I Rs I jp I R' I R' R R R R 

R'W R1{1:> R'~ R'~ 
I R, I Rs I Rs I Rs 
R R R R 

RL~m~ 
I R!S I R:s I R" 
R R . R 

R'-W 
I R:i 
R 

[wherein R, R1
, R3 and hare of the same meaning as 

defined above] and as heterocyclic ring represented by 

20 the formula 

25 

30 

35 

a-b 

R'y 
~.Ila 

hR:1 . r(_Rs 
·R1Y ._ .. ·R1Y 

I ·.. •. - I • 
R . · R 

• ~i 

NT 
R'~ 

1 
R 

, 

t 

. 1 3 9 
[wherein R, R , R and R are of the same meaning as 

defined above] are preferable. 

Among the compounds represented by the above-

• 
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mentioned formula (Ia), preferable ones are represented 
by the formula 

[wherein R1 stands for optionally substituted lower (1-
SC) alkyl which may be bonded through a hetero-atom 
(e.g. O, N(H) and S) (preferably lower (2-4C) alkyl), 
R2 stands for oxadiazole or thiadiazole optionally 
protected with optionally substituted lower (l-4C) 
alkyl (e.g. methyl, triphenylmethyl, methoxymethyl, 
acetyloxymethyl, methoxycarbonyloxymethyl, 
ethoxycarbonyloxymethyl, cyclohexyloxycarbonyloxyethyl 
and pivaloyloxymethyl) or an acyl (e.g. lower (2-SC 
alkanoyl and benzoyl), R3 stands for groups represented 
by the formula -CO-D" [wherein D" stands for hydroxyl 
group, amino, N-lower (l-4C) alkylamino, N,N-di-lower 
(l-4C) alkylamino or lower (l-4C) alkoxy whose alkyl 
moiety may 9ptionally be substituted with hydroxyl 
group, amino, halogen, lower (2-6C) alkanoyloxy (e.g. 

25 acetyloxy and pivaloyloxy), 1-lower (l-6C) 
alkoxycarbonyl (e.g. methoxycarbonyloxy, 
ethoxyca~bonyloxy and cyclohexyloxycarbonyloxy) or 
lower (~-4Cj alkoxy] or tetrazolyl optionally protected .• . 
with lower (l-4C) alkyl or acyl group (e.g. lower (2-

30 SC) alkanoyl and benzoyl), and snows 

_______ ., _____ _ 
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heterocyclic ring represented by 

a.--b 
~ii RI 

~Ila. 

Jtr· R'q• N-H 
RiJLjlRs R' 

I I I ' R R R 

0 Q ~II rXR• R'~~ R'U 
RI 

I R1 
I I I . 
R R R 

Among the compounds represented by the above­
b mentioned formula (I), preferable ones are represented 

by the formula 
~ 

R1~~3 

~ 
[wherein R1 stands for optionally substituted lower (1-
SC) alkyl wh~ch may be bonded through a hetero-atom 
(e_.g. O, N{.H") and 5) (preferably lower (2-4C) alkyl), 
R2 stands._.oxadiazole or thiadiazole optionally 
protected with optionally substituted lower (l-4C) 

30 alkyl (e.g. methyl, triphenylmethyl, methoxymethyl, 
acetyloxymethyl, methoxycarbonyloxymethyl, 
ethoxycarbonyloxymethyl, cyclohexyloxycarbonyloxyethyl 
and pivaloyloxyme~hyl) or an acyl (e.g. lower (2-SC 
alkanoyl and benzoyl), R3 stands for hydrogen, groups 

35 represented by the formula -CO-D" [wherein D" stands 
for hydroxyl group, amino, N-lower (1-4C) alkylamino, 

. -------·---

1iiiliiiir 
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N,N-di-lower (l-4C) alkylamino or lower (l-4C) alkoxy 
whose alkyl moiety may optionally be substituted with 
hydroxyl group, amino, halogen, lower (2-6C) 
alkanoyloxy (e.g. acetyloxy and pivaloyloxy), 1-lower 

5 (l-6C) alkoxycarbonyl (e.g. methoxycarbonyloxy, 
ethoxycarbonyloxy and cyclohexyloxycarbonyloxy) or 
lower (l-4C) alkoxy] or tetrazolyl optionally protected 
with lower (1-4C) alkyl or acyl group (e.g. lower (2-
SC) alkanoyl and benzoyl), and the condensed 
heterocyclic ring represented by 

a--b-C, 

Riv~~ 
I 

'\./V'\.I 1 I b 

shows 

R'{JQR~ 
~ R' ~ R' 

R'{:Y 
· I s R R 

R'-tG 
I R"' R 

R'{r} R~ R1~ R~ Ri=Q 
I R.~ I R' I R" I Rs J R·"' R ._ · R R R R 

-R~rW ~ 
~ IR3~ R R R R R 

which may be further substituted with the above­
mentioned substituents in addition to groups of R, R1 

and R3
]. As a compound of the formula (Ib), c?mpounds 

having benzimidazole, thierioimidazole or 

----------
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imidazopyridine structure are preferable (more 
preferably, benzimidazole or thienoimidazole). And, 
compounds represented by the formula (Ia) or (Ib) 

wherein R2 is hydroxyiminocarboxamide (-C(NH2 )=N-OH) 

are useful intermediates for synthesizing compounds of 
the formula (Ia) or (Ib) wherein R2 is oxadiazole or 

thiadiazole. 
· Production Method 

The compounds represented by the above-mentioned 
lO general f?rmula (I), or (Ia) or (Ib) can be produced 

15 

20 

by, for example, methods as illustrated below. 
;Reaction (a) 

. 1 2 
[wherein R , R , W, X, Y, a, b, c 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. 

25 The alkylation is conducted, employing 
approximately 1 to 3 moles each of the base and the 
alkylating·~gen~ relative to one mole of the compound . 
(II~), ~sually in a solvent such as dimeth~lformamide, 
dimethylacetamide, dimethyl sulfoxide, acetonitrile, 

30 acetone or e~hyl 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 
35 example, substituted halides (e.g. chlorides, bromides 

and iodides) and substituted sulfoni·c acid esters (e.g. 

This Sheet Has Been Replaced 
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.,0:· toluenesulfonic acid ester) • 
~.P- While the reaction conditions vary with the 

_)~:~~~2:'.f combination of ·the base and the alkylating agent then 
·f ··,_.,~'-.. employed, it is preferable to conduct the reaction 

-:·::.:·-· :· :·· 
usually at 0°C to room temperature for about 1 - 10 

.· 5 :~ 
·-· ·.., 

·"I". ~ : •• 

.· .:· .. :.'\; 

10·-. 

15······ 

.... ~ .. - ·. 

20 

30 

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 ring, these compounds 
can be obtained e_asily as pure products respectively by 

conventional isolation and purification means (e.g. 
recrystallization and column chromatography). 

Reaction (b) 

a--b 

a•Y 
·I 
(CB:r)n 

~x-@J--crr 
( I a) 

a--b 

R1Y 
I 

~~)n. .· ~ 
[@f.r~{lo 

Cle) 

> 

[wherein R1
, 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. 

11iiiiiif 
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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.g. methylene chloride and 

chloroform) . 
When hydroxylamine is e~ployed, the reaction is 

conducted in the presence of a suitable base (e.g. 

potassium carbonate, sodium carbonate, sodium 

hydroxide, triethylamine, sodium methanolate, sodium 

15 ethanolate and sodium hydride) of about equimolar· 

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 

20 reagent or solvent then employed, the reaction is 

preferably conducted at about S0°C to about 100°C for 

about 2 - 10 hours, after the hydroxylamine 

hydrochloride is treated with sodium methoxide in 

dimethyl sulfoxide. 

25 The thus-obtained amidoxime (Ib) is allowed to 

react with chloroformate (e.g. methyl ester and ethyl .. 
ester) in. a .. conventional organic sol vent (e.g. . . .. . 
chloroform, methylene chloride, dioxane, .. · . 
tetrahydrofuran, acetonitrile and pyridine) in the 

30 presence of a base (e.g. triethylamine, pyridine, 

potassium carbonate and sodium carbonate) ~o give an o­

acyl compound. 

Preferably, the reaction is usually conducted by 

using 2-5 moles of ethyl chloroformate relative to one 

35 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 cyclized compound 
(IC) is easily obtained. 

Examples of the solvent include aromatic 
hydrocarbons (e.g. benzene, 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-

10 acyl amidoxime compound for about 1 to 3 hours under 
reflux in xylene. 

15 

20 

Reaction (c) 

(V) (Id) 

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). 

25 Examples of the organic solvent include ethers 
(e.g. dioxane and tetrahydrofuran) and alcohols (e.g. 
methanol a~d ethanol). . . . . . 

As the.alkali, mention is made of sodium . ~. . 
hydroxide, potassium hydroxide and lithium hydroxide. 

30 Preferably, the compound (V) is ·reacted at 0°C to 
room temperatures for about 0.5 to 2 hours with about 
2-10 moles of 0.5 to lN 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 

15 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 
20 methanol at 0°C to room temperature and allowing to 

proceed for about 0.5 to 2 hours. 
Reaction (e) 

25 

..... 

30 [wherein R1
, R2

, w, X, Y, a, b, c, d, e, f 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. 

35 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 

10 iodide) and substituted sulfonic acid esters (e.g. p­

toluenesulfonic acid ester). 

While the reaction conditions vary depending on 

combination of the base with the alkylating agent then 
employed, it is preferable to conduct the reaction 

15 usually at 0°C to room temp~rature for about 1 to 10 

hours. 

20 

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 compound (Ib) can be easily obtained as pure 

product by subjecting the mixture to conventional 
isolation and purification means (e.g. 

25 recrystallization and column chromatography). 

Reaction ·( f) 

.... 
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[wherein R1
, W, X, Y,· a, b, c, d, e, f and n are of the 

same meaning as defined above] 

The reaction (f) is to obtain the oxadiazole 
compound (Ibc) by converting the cyano compound (Iba) 

to the amidoxime (Ibb), followed by cyclization. 
• b 

The reaction for obtaining the compound (I b) is 

conduc~ed 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.g. 

dim~thylformamide and dimethylacetamide), sulfoxides 
(e.g. dime.thyr sulfoxide), alcohols (e.g. methanol and .. . 
ethanol), ethers (e.g. dioxane and tetrahydrofuran) and 

30 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 

35 hydroxide, triethylamine, sodium methanolate, sodium. 
ethanolate and sodium hydride) of about eq~imolar 
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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 (Ibb) is allowed to 

react with chloroformic acid ester (e.g. methyl ester 

and ethyl ester) in a conventional organ~~-~olvent 

(e.g. chloroform, methylene chloride, dioxane, 

tetrahydrofuran, acetonitrile and pyridine) in the 

15 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 

20 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 

25 compound (Ic) is easily obtained. 

Examples of ~he solvent include aromatic 

hydrocarbon~ (e:g. benzene, toluene and xylene), ethers 

(e.g. dioxane and tetrahydrofuran) and halogenated 

hydrocarbons (e.g. dichloroethane and chloroform). 

30 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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I R9 
I w x y· b d d f [wherein , , , a, , c, , e an n are o 

the same 
The 

(Ibe) by 

( Ibd). 

meaning as defined above] 
reaction (g) is to obt~in the c~rboxylic acid 
alkali hydrolysis of the ester compound 

This reaction is conducted by using alkali in an 

15 amount of about i· to 3 moles relative to one mole of 
the compound (Ibd) usually in a solvent such as aqueous 

alcohols (e.g. methanol, ethanol and methyl 
·, cellosol ve) • 

Examples of the alkali include lithium hydroxide, 
20 sodium hydroxide and potassium hydroxide. 

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) 

30 

·[wherein R1
, R2

, W, X, Y, a, b, c, d,. e and n are of 
11 . 

the same meaning as defined above, and R stands for 
35 optionally substituted alkyl group shown by the afore­

mentioned R10
] 

i11i1ii1IT!iir 
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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 metnyl ketone. 

Examples of the base include sodium hydride, 

10 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-

15 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. 

20 And, when chloride or bromide is employed as the 

25 

30 

alkylating agent, it is preferable to add potassium 

iodide or sodium iodide to the reaction system to 

accelerate the reaction. 

Reaction (i) 

1 . 
[wherein R, W, X, Y, a, b, c, d, e, f and n are of the 

same meaning as defined above]· 

35 The reaction (i) is to obtain the oxathiadiazole 

(Ibg) by cyclization of the aldoxime compound (Ibb) 

1\iliii~f 
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obtained by the reaction (f). 
The compound ( Ibg) 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 reaction 
system, under cooling at 0°C to -30°C, in the presence 
of about 1 to 3 mole_s of pyridine to one ~ole of the 

aldoxime compound (I~), using dichloromethane as the 

solvent, for about 0.5 to 1 hour. 

Reaction (j) 

(VI) 

.. (XJ 

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 

35 deprotection by a conventional process, then allowing a 

reducing agent (e.g. catalytic reduction using Raney 

This Sheet Has Been Replaced-. -
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Reaction (k) 

H2N-b..e, Hz.N-b--e, H2N,b--e 
N I )d . It ) . = A > H -c--f H~-c-- HN""C"'f 

5 

~ ~ l@ '-' ~ \ .. ~ :© ;91 ).9J 
NC HON""'\.:'\H

2 
R12ooc..:o-N=:: 

~'NH2 
(XII) (XIII) (XIV) 

10 

15 

The reaction (k) comprises leading the nitrile 

20 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 

25 (XIII) to react with about 1 to 2 times as much moles 

of chloroformic acid ester (e.g. chloromethyl formate 

or chloro~~~yl ~ormate) in the presence of about 1 to 2 

times as much moles of a base (e.g. triethylamine or .... 
pyri"dinef in a conventional non-protonic organic 

30 solvent (e.g. benzene, toluene, methylene chloride, 

chloroform, di~xane or pyridine) in substantially the 

same manner as in the afore-mentioned reaction (j). In 

the case of conducting this reaction in 

tetrahydrofuran, the reacti~n is allowed to proceed at 

35 0°C to about room temperature to thereby obtain the 0-

alkoxycarbonyl derivative (XV) in a good yield. 
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Thµs-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. 

5 potassium carbonate, sodium carbonate, sodium hydride, 
potassium tert-butoxide or 1,8-
diazabicyclo[S.4.0]undec-7-ene (DBU)). This reaction 
is conducted preferably at room temperature to the 
boiling point of the solvent used for about 1 - 20 

lO hours. When the reaction is allowed to proceed in 

15 

20 

ethyl acetate using DBU at about 50 to 80°C ·for about 1 
- 2 hours, the ring-closed derivative (Ibcf can be 

obtained in a good yield. 
Reaction (l} 

The reaction (l}. is to obtain the thiadiazole 

aerivative (Ibc) ·by sub3ecting :tile. aldo~ime (Ibb) to 

25 ring-closure reaction. 
This reaction is conducted in a conventional 

organic E;o1vent using about 1 to 2 moles of 1,1'­
thiocarbonyl diimidazole relative to 1 mole of the 
co~pou~d ( Ibb} . 

30 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 (Ibb) in the above-mentioned solvent, 

35 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 (l) can be easily isolated by 
conventional isolation and purification methods, for 
example, 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, i:?alts with an inorganic acid such 
as hydrochloric acid, sulfuric acid.and nitric acid 
and1 depending on the compounds, salts with an organic 

15 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 
20 methods described as follows. 

Reaction (m) 

OH 

' 25 CH1o.b H1N-cf · 
> cu.-6-Q > 

.. . - (IVa) (IVb) 

30 ChYJH 

CH& ~ 

LCH2 

(IVc) (If d) 

35 

(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 

oxadi~_zole compound ( IVc) to halogenization. 

A preferable example of the reaction is as 

follows. 

10 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 trichloroacetic anhydride or hexachloroacetone 

relative to 1 mole of the aldoxime (IVb) in accordance 

15 with the method described in the literature reference 

[F. Eloy, et al., Helv. Chim. Acta, 49, 1430(1966)] to 

give the oxadiazole compound (IVc), then the compound 

(IVc) thus obtained is allowed to react with a 

halogenating agent (e.g. N-bromosuccinimide and N-

20 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 

25 azobisisobutyronitrile). This reaction may be carried 

out under irradiation of light. 

Reaction · (ri) 
.. · 
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C!·?-P ·. 
-~> C!3-0-0 

fT::: ri (IYe) COOK 

ce.-Q-9 
N 

-PMe 
co-~-(Ifg) - SMe 

CB3 

(IVh) OMe 

(Ifj) 

(IVf) CONHCOMe 

>(CH3-r\-A 
'=' f='c(oMe 

r.oN= 
NBOH 

) 

(IVk) 

[wherein R13 stands for the optionally substituted 

alkyl group shown by the above-mentioned R10 (e.g. 

triphenyl_ methyl, methoxy methyl and cyanoethyl) or t­

butyldimethyl silyl group; and L is of the same meaning 

as defined above]. 

The reactioh (n) is to obtain the oxadiazole 

comp9und. '( 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 

(IVf) 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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c6mpoun~ (IVe) is allowed to react with a halogenating 

agent (e.g. thionyl chloride) (molar rati_o. = 1 : about 

2 to S) 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

carbona te (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 presence of about 1 to 

2 moles, relative to one mole of (IVf), of a base (e.g. 

NaOMe, Na2C03 and K2C03 ) at room temperature to about 

50°C for about 10 - 24 hours. 

25 In the reaction for obtaining the oxadiazole 

compound (·IVh) from the compound ( IVg) , it is 

-preferabte ta allow (IVg) to react with hydroxylamine 

(~ola~:·ratlo = 1 : about 1 to 2) in alcohol (e.g. 

methanol and ethanol) at room temperature to 50°C for 

30 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-toluenesulfonic 

acid) at 50°C to the boiling point of the solvent then 

35 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 l60°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 (IVi) to react with an alkylating agent (e.g. 
triphenylmethyl chloride, methoxymethyl 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.g. 
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 compound (IVc) in 
the reaction (m). 
Reaction (o) 

.... 
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Me:9-P > Me-p-0 > 
(IVe) COOR COHJINB1 

(IVl) 

~ > Me > 
(IVm) . XHNBCONB :a 

(IVn) 0 

Me > LCHi 

(!Vp) 

[wherein R13 and L are of the same meaning as defined 

above] 
The reaction (o) comprises converting carboxylic 

acid (IVe) to semicarbazide (IVm) via hydrazide (IVl) 
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 (IV!) from 
25 carboxylic acid (IVe), (IVe) is allowed to react with 

about 2 to 5 moles of a halogenating agent (e.g. oxalyl 
chloride a~d thionyl chloride) in an organic solvent . . . . 
(e.g. tetral].ydrofuran, chloroform and methylene 

... · . 
chloride) at room temperature to the boiling point of 

30 the solvent then employed for about 1 - 20 hours. In 
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 

35 (e.g. tetrahydrofuran and dioxane) at room temperature 

to about 50°C for about 1 - 10 hours to obtain compound 

-------· 
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(IV!) . In the reaction for producing semicarbazide 
(IVm) from the hydrazide (IV!), it is preferable to 
allow (IVe) to react with about 2 - 5 moles of 
isocyanate (e.g. sodium or potassium salt) in aqueous 

5 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 tem~erature for 
about 1 - 5 hours. 

In the reaction for producing oxadiazolone {IVn) 

10 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 5 - 20 

hours. 
The reaction for producing the halogenated 

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

20 

Reaction (p) 

> 11e-Q.)~ 
CO~ll2 

!Ve IVq 

LCB z-<Q)-{l> 
CONH2 

IVr 

The reaction (p) is to obtain the amide (IVq) in 
25 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 tbionyl chloride) in an organic solvent .. · . 
(e.g.; te"trahydrofuran, chlorof orrn or methylene 

30 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 dimethylforrnamide. The acid 

halide obtained is preferably allowed to react with an 
35 excess amount of aqueous ammonium hydroxide in an 

organic solvent (e.g. tetrahydrofuran or dioxane) at 

-----~----
-liiiiif 



, 53 ... 
•• ,.. !. 

' 

~ •" r,,. •. ,,. 

i• I IC .. 
I·•• ... ' 

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

yield. 
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). 

.. 
The compounds (I) and salts thereof are less 

toxic, strongly inhibit the vasoconstrictive and 

hypertensive actions of angiotensin II, exert a 
hif>otensive 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 circulatory diseases such as heart 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 or~lly, non­
orally, by inhalation, rectally or topically as 
pharmaceutical compositions or formulations (e.g. 

powders, granules, tablets, pilis, capsule~, 
injections,·syrups, emulsions, elixir, suspensions or 

solution~)-;. _comprising at least one species of the 

cornpoun$::l-s 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 or 
instillation. Injectable preparations, for example, 

sterile injectable aqueous suspensions or oil· 
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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 aqueous 

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 a~ 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 syn~hetic 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 

25 and capsules as referred to above. In such 

formulations as exemplified above, the active ~omponent . 
compounq.~an ~e mixed with at least one additive, for 

example, sucrose, lactose, cellulose sugar, mannitol, .. · . 
maltit~l,· dextrin, starch, agar, alginate, chitin, 

30 chitosan, pectin, tragacanth gum, gum arabic, gelatin, 

collagen, casein, albumin, synthetic or semi-synthetic 

polymer or glyceride. These formulations can contain 

further additives, for example, an inactive diluent, a 

lubricant such as magnesium stearate, a preservative 

35 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 drugs 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 
20 daily dose of 1 to 50 mg for oral administration or 1 

to 30 mg for intravenous injection is given once or 
. . 

divided 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 therapeutic agent for circulatorj' 
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-l-[[2'-(2,5-dihydro-5-oxo-1,2,4-
oxadiazol-3-yl)biphenyl-4-yl]methyl]benzimidazole-
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 capsules. 
2. Tablets 

(1) 2-ethoxy-l-[[2'-(2,5-dihydro-5-oxo-1,2,4-
oxa~~azo~-3-yl)biphenyl-4-yl]methyl]benzimidazole-

7-~a~boxylic acid 10 mg 
(21 lactose 35 mg 

( 3) corn starch 150 mg 
(4) microcrystalline cellulose 

(5) magnesium stearate 

30 mg 

5 mg 

one tablet 230 mg 

(1), (2), (3), two thi~ds of (4) and a half of (5) 
35 are mixed and granulated. To the granules are added the 

remainders of (4) and (5), followed by subjecting the 

iiiiiMf 
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mixture to compression molding. 

3. Injections 
(1) 2-ethoxy-l-[[2'-(2,S-dihydro-5-oxo-1,2,4-

oxadiazol-3-yl)biphenyl-4-yl]methyl]benzimidazole-

(2) 

(3) 

7-carboxylic acid disodium salt 10 mg 
inositol 100 mg 

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 ~nto an ampoule. The whole process is conducted 

under sterile conditions. 

4. Capsules 
(1) 2-butyl-4-chloro-5-hydroxymethyl-l-[[2'-(2,5-

(2) 

(3) 

( 4) 

dihydro-5-oxo-1,2,4-oxadiazol-3-yl)biphenyl-4-

yl]methyl]imidazole 10 mg 

lactose 9 0 mg 
microcrystalline cellulose 70 mg 

magnesium stearate 10 mg 

_ 20 one capsule 180 mg 

(l),· (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-l-[ [ 2' - ( 2, 5-

dihydro-5-oxo-1, 2, 4-oxadiazol-3-yl )piphenyl-4-

30 

yl]~~~hylJimidazole 10 mg 

( 2) lac:~ose 

( 3 r corn starch 
(4) microcrystalline cellulose 

(5) magnesium stearate 

35 mg 

150 mg 
30 mg 

5 mg 

one tablet 230 mg 

(1), (2), (3), two thirds 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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Injections 

2-butyl-4-chloro-5-hydroxymethyl-l-[[2'-(2,5-
dihydro-5-oxo-1,2,4-oxadiazol-3-yl)biphenyl-4-
yl]methyl]imidazole sodium salt 10 mg 
inositol 100 mg 
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. 

7. Capsules 
(1) 2-ethoxy-1-[[2'-(2,5-dihydro-5-oxo-1,2,4-

thiadiazol-3-yl)biphenyl-4-yl]methyl]-
benzimidazole-7-carboxylic acid 

(2) lactose 
(3) microcrystalline cellulose 
(4) magnesium stearate 

10 mg 
90 mg 
70 mg 
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-l-[[2'-(2,5-dihydro-5-oxo-1,2,4-
25 thiadiazol-3-yl)biphenyl-4-yl)methyl]-

30 

benzimidazo_le-7-carboxylic acid 
(2) lactose 
( 3) corn .. starch 

( 4-~ microcrystalline cellulose 
(5) magnesium stearate 

10 mg 
35 mg 

150 mg 

30 mg 
5 mg 

one tablet 230 mg 

(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 

35 mixture to compression molding. 
9. Injections 

----·-·----·----·---
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(l} 2-ethoxy-l-[[2'-(2,5-dihydro-5-oxo-
1,2,4-thiadiazol-3-yl)biphenyl-4-
yl)methyl]benzimidazole-7-carboxylic 
acid disodium salt 

(2) inositol 

(3) benzyl alcohol 
one ampoule 

10 mg 
100 mg 

20 mg 
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-££2'-£2,5-dihydro-5-oxo-1,2,4-oxadiazol-3-
yllbiphenyl-4-ylJmethylJbenzimidazole-7-carboxylic acid 
la) Methyl 3-amino-2-£(2'-cyanobiphenyl-4-yl)methyl 

aminoJbenzoate 
A mixture of methyl 2-[[2'-cyanobiphenyl-4-

yl}methyl)amino]-3-nitrobenzoate (10 g) synthesized in 
accordance with the method described in official 
gazette of EP-0425921, FeC13 .6H20 (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 hydr~zine 
hydrate (7.2 ml), followed by heating for 14 hours 

25 under reflux. Insoluble materials were filtered off, 
and the filtrate was concentrated to dryness. To the 
residue was _added an aqueous solution of sodium 

30 

35 

. . . .. . 
hydrogencarb9nate, and the mixture was extracted with 

..... 
ethyl a~etate. 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. 
1 H-NMR(200MHz,CDC13 ) S: 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-

---·---------
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7.SS(8H,m), 7.64(1H,dt), 7.77(1H,dd). 
lb) Methyl l-f C2'-cyanobiphenyl-4-yllmethyll-2-ethoxy­
J2_enzimidazole-7-carboxylate 

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

cyanobiphenyl-4-yl)methyl]amino]benzoate (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. 
crystals from ethyl acetate 

crystals (2.01 g, 86%). 
m.p.168.5-169.5°C 

Recrystallization of the 

- hexane afforded colorless 

Elemental Analysis for C25H21N303 : 

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

Calcd.: 72.98; 5.14; 10.21 
Found : 7 2 • 71 ; 5 . 12 ; . 9 . 9 7 
1H-NMR(200MHz,CDC13 ) S: l.42(3H,t,J=7.1Hz), 3.71(3H,s), 

4.63(2H,q,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=l.4,7.8Hz). 

IR(KBr) cm-1
: 2225, 1725, 1550, 1480, 1430, 1350, 1280, 

1250, 1040, 760, 750. 
le) Methyl 2-ethoxy-l-[[2'­
hyd.roxyca"rbamimidoyllbiphenyl)-4-yl]methylJ-lH­
benzimidazole-7-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 (lb), 
and then the mixture was stirred for 4 hours at 90°C. 

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%) 
l . . 
H-NMR(90MHz,CDC13 ) 8: l.43(3H,t), 3.73(3H,s), 

4.67(2H,q), 5.63(2H,s), 6.97-7.SO(llH,m). 
IR(Nujol) cm-1

: 3420, 3320, 11·20, 1545, 1430, 1280, 

1040, 750. 
ld) Methyl 2-ethoxy-1-f f2'-C2.5-dihydro-5-oxo-1,2.4-

. oxadiazol-3-yllbiphenyl-4-ylJmethylJbenzimidazole-7-
carboxylate 

To a stirred suspension of the compound obtained 

in Working Example le) and triethylamine (0.2 g)" in 
tetrahydrofuran (THF) (30 ml) was added dropwise a 

methylene chloride (~ ml) solution of ethy~ 
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 acetate, which was washed with water, 

dried, and concentrated to dryness. The residue was 
purified by column chromatogra~hy on silica gel to give 
crude crys_tals. Recrystallization from ethyl acetate -
isopropyl. ·eth~r afforded colorless prisms ( 0. 22 g, 

23%), ~.p.195-197°C. 
Elemental .1\nalysis for C26H22N40 5 : 

C{%) H(%) N(%) 
Calcd.: 66.38; 4.71; 11.91 
Found : 66.17; 4.66; 11.84 
1H-NMR(90MHz,CDC13 ) S: l.43(3H,t), 3.77(3H,s), 

4.60(2H,q), 5.63(2H,s), 7.00-7.73(11H,m). 
35 IR(Nujol)cm-1

: 2740, 2670, 1775, 1720, 1545, 1450~ 

1435, 1275, 1040, 750 

li1ili1ITIHlf 
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le) 2-Ethoxy-1-CC2'-2,5-dihV-:.....=-o-5-oxo-l,2,4-oxadiazol­
}7vl>biphenyl-4-ylJmethvlJbe~zimidazole-7-carboxylic 
.f-Cig 

The compound obtained in Working Example ld) 
(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 HCl, then the 
solvent was evaporated to dryness. The residue was 

10 partitioned between water (20 ml) and chlorofo:cm (50 
ml), then the organic layer was washed with water and 
dried. The solvent was ev~~orated to dryness, and the 
crystalline product was crystallized from ethyl acetate 
to give colorless prisms (0.135 g, 84%), m.p.156-157°C. 

15 Elemental Analysis for C25H20N405 • l/2C4H802 • l/5H20: 
C(%) H(%) N(%) 

calcd.: 64.33; 4.88; 11.11 ..... 

Found : 6 4 • 3 7 ; 4 • 8 9 ; 11 . 0 4. 
1H-NMR( 9 OMHz, CDC13 ) S: 1. 4 7 ( 3H, t) , 4. 6 0 ( 2H, q) , 

20- S.67(2H,s), 6.97-7.77(11H,m) 

- ~. 

2$ -~· 

.. :;.;.~ .. -
····':-. .. 

:35 
·=·. 

·· .. :. 

:···=· 

: .. ~ ......... '.; 

IR(Nujol)cm-1
: 1775, 1730, 1685, 1540, 1425, 1270, 

1030, 750. 
Working Example 2 
Methyl 2-butyl-l-f f2'-f2-oxo-3H-l,2,3,5-oxathiadiazol-
4-yl)bipheny1Jmethyllbenzimidazole-7-carboxylate 

In DMSO (3 ml) were dissolved methyl 2-butyl-1-
( (2'-cyanobiphenyl-4-yl)methyl]benzimidazole-7-
car~oxylate {1.27 g) synthesized in accordance with the 
disclosure in a known literature reference (official 
gazette of EP-0425921) and hydroxy~amine h~drochloride 
(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 90-1Q0°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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by 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) • The mixture was stirred f·or 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). 

The organic layer was washed with water, dried and 

concentrated to dryness. The residue was purified by 

c::olumn chromatography on silica gel. Crude crystals 
. -

thus obtained were recrystallized from isopropyl ether 

to afford colorless prisms (0.12 g, 7%), m.p.124-125°C. 

15 Elemental Analysis for C27H2,N404S · 1/5C6H140·1/5H20: 

20 

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

Calcd.: 64.02; 5.56; 10.59 

Found : 6 4 . 11 ; 5 • 5 2; 10 . 51 
1H-NMR(90MHz, CDC13 ) S: 0.90(3H,t), l.20-2.00(4H,m), 

2.63(2H,t), 3.70(3H,s), S.63(2H,s), 6.73(2H,d), 7.00-.. 
7.70(8H,m), 7.83-7.93(1H,m) 
IR(Nujol)cm-1

: 1725, 1520, 1435, 1410, 1290, 1180. 

MS m/z : 502(M+), 438, 423, 381, 192, 64 

Working Example 3 
25 Methyl 2-ethoxy-l-CT2'-C2-oxo-3H-1,2,3,5-oxathiadiazol-

4-yllbipheny1Jmethy1Jbenzimidazole-7-carboxylate 

To a· ·s·olution of the compound ( 2. 0 g) obtained in 

Working.,.E:x.alflple (le) 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 (SO ml), 

35 and the mixture was extracted with chlorof9rrn (100 m~)· 

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 C25H22N40 55 · l/5H20: 

C(%} H(%} N(%} 5(%) 

calcd.: 60.77; 4.53; 11.34; 6.49 

Found : 60.76; 4.49; 11.11; 6.48 
1 . 
H-NMR (90MHz, CDC13 ) B: l.47(3H,t), 3.73(2H,s), 

4.53(2H,q), 5.60(2H,s), 6.90-7.93(11H,m). 

IR(Nujol)cm-1
: 1720, 1545, 1430, 1280, 1040, 750. 

working Example 4 
1-CCyclohexyloxycarbonyloxylethyl 2-ethoxy-1-[[2'-(2,5-

. dihydro-5-oxo-1,2,4-oxadiazol-3-yllbiphenyl-4-

ylJmethylJbenzimidazole-7-carboxylate 

The compound (0.51 g) obtained in Working Example 

(le) was dissolved in dimethylformamide (8 ml). To the 

solution were added 1-(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 gel . 

. RecrystaLliza~ion from isopropyl ether afforded the 

title .c;:ompound as colorless prisms (0.2 g, 36%), 
.I ' I 

m.p.108-109°C. 
Elemental Analysis for C34H34N40 8 • 0. 5H20: 

C(%) H(%) N(%) 
Calcd.: 64.24; 5.55; 8.81 

Found . 64.43; 5.50; 8.79 . 
1H-NMR ( 9 OMHz, CDCl3) B: l.07-2.00(16H,m), 4.03-

35 4.67(3H,m), S.63(2H,s), 6.57-7.90(12H,m), 

10.57(1H,broad). 
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IR(Nujol)cm-1
: 1780, 1750, 154·5, 1275, 1235, 1070, 

1030. 
working Example 5 
2-Ethylthio-4-methyl-1-££2'-C2,3-dihydro-3-oxo-l,2,4-
9xadiazol-5-yllbiphenyl-4-ylJmethylJ-1H-thienor3.4-dJ 
imidazole-6-carboxylic acid 
Sa) 0-methyl C4'-methylbiphenyl-2-yllcarbonylthio­

carbamate 
In chloroform (40 ml) was dissolved (4'­

methylbiphenyl-2-yl)carboxylic acid (10 g). To the 
solution was ad~ed 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 
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 cool, and then 

insolubles were filtered off. After addition of 
methanol (15 ml) to the filtrate, the solution was 
heated for 15 minutes under reflux. The reaction 
solution was concentrated to dryness, and the resulting 
crystals were crystallized from isopropyl ether to 
afford the title compound as white plates (7.4 g, 55%), 
m.p.149-150°C. 
l . 
H-~(200~.~ 1 CD~l3 ) : 2.40(3H,s), 4.01(3H,s), 7.23-

7.34(4H,m)., .7.-38-7.60(3H,m), 7.74(1H,dd), 8.37(1H,br 
s). 

Sb) Dimethyl C4'-methylbiphenyl-2-yl)carbonylimino 

rnonothiocarbonate 

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 
methoxide in methanol (5.S g), and then the mixture was 
stirred for 24 hours at room temperature. The reaction 

·" 

1 
' 
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.i.~;(·· ·xture was concentrated to dryness, and the residue 
-- ..... ·Jill. 
::~~>·was extracted with ethyl acetate - water. The organic 

).-::;·:T iayer was washed with water and concentrated to 
· dr}'ness. The residue was purified by column 

chromatography on silica gel to give a colorless syrup 

(4.4 g, 57%). 
lg-NMR( 200MHz ,CDC13 ) S: 2. 29 ( 3H, s),. 3. 36 ( 3H, s), 

2 .37(3H,s), 7.13-7.27(4H,m), 7.32-7.53(3H,m), 

7.93(1H,m). ~ 

Sc) 3-Methoxy-5-(4'-methylbiphenyl-2-yl)-1,2.4-

oxadiazole 
To a solution of potassium hydroxide (1.1 g) in 

methanol (20 ml) was added powdered·hydroxylamine 

hydrochloride (1.2 g), and the mixture was shaken well. 

15 The mixture was added to a solution of the compound 

(4.4 g) obtained in Working Example (Sb) in 95% ethanol 
(10 ml), and the resultant mixture was stirred for 18 
hours at room temperature. The reaction mixture was 

20 

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-toluenesulf onic acid, followed by 

.. 2s concentration to dryness. The residue was purified by 
column chromatography on silica gel to afford a 
colorless s_yrup (2.5 g, 64%). 
l· • . . . • 

H-NMR(200~~,CDC13 ) S: 2.38(3H,s), 4.08(3H,s), 7.ll-

7.21(4H;m), 7.41-7.62(3H,m), 7.96(1H,dd). 

30 5d) 5-(4'-methylbiphenyl-2-yll-l,2,4-oxadiazolin-3C2Hl-

35 

A mixture of the compound (0.5 g) obtained in 
Working Example (Sc) and pyridinium chloride (5 g) was 
heated for 30 mi.nutes at 155°C in nitrogen atmosphere. 
The reaction mixture was extracted with ethyl aceta~e -
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.145-1S0°c. 
1H-NMR(200MHz, CDC13 ) S: 2.36(3H,s), 7.09-7.20(4H,m), 

7.44-7.53(2H,m), 7.58-7.67(1H,m), 7.BB(lH,dd). 

IR(Nujol)cm-1
: 1605, 1590, 1480, 1340, 815, 750. 

Se) 5-(4'-Methylbiphenyl-2-yl)-2-trityl-l,2,4-

oxadiazol-3(2Hl-one 

To a solution of the compound (1 g) obtained in 

working Example (Sd) 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. 
1H-NMR(200MHz,CDC13 ) S: 2.37(3H,s), 7.06(4H,s), 7.16-

7.43(17H,m), 1:52-7.60(1H,m), 7.79(1H,dd). 

IR(Nujol)cm-1
: 1745, 1595, 1580, 1440, 1335, 1160. 

Sf) 5-(4-Bromomethylbiphenyl-2-yl)-2-trityl-1,2,4-

oxadiazol-3C2Hl-one 

A mixture of the compound (0.9 g) obtained in 

Working Example (Se), N-bromosuccinimide (0.3 g) and a 

catalytic amount of benzoyl peroxide was heated under 

reflux for one hour in carbon tetrachlor.ide (20 ml) 

under irradiation of light. The reaction mixture was 

allowed to c~ol, and then precipitates were filtered . 

of~. The ~iltrqte was concentrated to dryness to give 

the ti tl~_.- compound as pale yellow amorphous powder ( 1 . 0 

g, 9·9,) .. 
1 H-NMR(200MHz,CDC13 ) S: 4.47(2H,s), 7.06-7.63(22H,m), 

7.85(1H,dd). 

Sg) Methyl 2-ethylthio-4-methyl-1-f f2'-C2,3-dihydro-3-

oxo-2-trityl-1,2,4-oxadiazol-5-yllbiphenyl-4-

ylJmethylJ-1H-thienof3,4-dJimidazole-6-carboxylate 

To a·stirred solution of methyl 2-ethylthio-4-

methyl-1H-thieno[3,4-d]imidazole-6-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 (l· g) obtained in 
working Example (Sf), 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 
water, and then concentrated to dryness. The residue 

was purified by column chromatography on silica gel to 
afford the title compound as yellow amorphous powder 

(0.6 g, 51%). 
1H-NMR(200MHz, CDC13 ) S: l.32(3H,t), 2.66(3H,s), 

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

: 1740, 1685, 1595, 1330, 1315, 1160, 1080 

Sh) Methyl 2-ethylthio-l-[[2'-C2,3-dihydro-3-oxo-l,2,4-
oxadiazol-5-yll-biphenyl-4-ylJmethylJ-4-methyl-lH­
thieno£3,4-dJimidazole-6-carboxylate 

The compound (0.6 g) obtained in Working Example 
(Sq) was dissolved in methanol (15 ml) and chloroform 
(10 ml). To the solution was added lN-HCl (0.9 ml), 
and the mixture was stirred for one hour at room 
temperature-. The reaction mixture was con<;:entrated to 
dryness, ·and the residue was partitioned between 
chloro~cirm-water. The organic layer was washed with 
water and concentrated to dryness. The resulting 
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 C25H22N40 45 2 • 2/5CH2Cl2 : 

Calcd.: 
Found : 

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

56.44; 
56.56; 

4.25; 
4.18; 

.· 

10.36 
10.26 
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lH-NMR( 200MHz ,d6-DMSO) S: 1. 35 (3H, t) .' 2. S6 ( 3H, s), 
3.70(3H,s), 3.26(2H,s), S.67(2H,s), 7.12(2H,d), 
7.21(2H,d), 7.41-7.68(3H,m), 7.80(1H,d). 
IR(Nujol)cm-1

: 1685, 1590, 1530, 13S5, 1315, 1230, 
1160, 1085. 
Si) 2-Ethylthio-l-[[2'-C2,3-dihydro-3-oxo-1,2,4-
.rucadiazol-S-yllbiphenyl-4-ylJ~ethylJ-4-methyl-1H­
!}lieno[3,4-dlimidazole-6-carboxylic acid 

The compound (0.1 g) obtained in Working Example 

10 (Sh) was dissolved in tetrahydrofuran (2 ml) and water 
(l ml). To the solution was added lithium hydroxide 
monohydrate (25 nig°), and the mixture was heated for 17 
hours under reflux. The reaction mixture was 
concentrated to dryness, to which was added water, and 

15 then insoluble materials were filtered off. The 
filtrate was made acid with lN-HCl,.and then resulting 
precipitates were collected by filtration to obtain the 

, title compound as pale yellow powder (60 mg, 62%), 
m.p.144-147~C. 

20 Elemental Analysis for C24H2oN404S2 : 

C(%) H(%) N(%) 
Calcd.: 58.S2; 4.09; 11.37 
Found: 5·8.47; 4.25; 11.33 
1H-NMR(200MHz,d6-DMSO) S: l.34(3H,t), 2.54(3H,s), 

25 3.25(2H,q), S.70(2H,s), 7.16(2H,d}, 7.20(2H,d), 7.45-
7.73(3H,m), .7.88(1H,d). 
Ill(Nujol }'Cm-·1 : l6SO, 1590, 152S, 1310, 1160, 1085. 
Wor~ing ~xample 6 
2-Butyl-1-[ [ 2 ' -( 2, 3-dihydro-2-oxo-1, 3, 4-oxadia.zol-Syl l-

30 biphenyl-4-ylJmethylJbenzimidazole-7-carboxylic acid 
6a} 4'-methylbiphenyl-2-carbohydrazide 

To a solution of 4'-methylbiphenyl-2-carboxylic 
acid (6.4 g} in tetrahydrofuran (SO ml) were added N,N­
dimethylformamide (two drops) and oxalyl chloride (4.4 

3S g). The mixture was stirred for 16 hours at room 
temperature. The solvent was evaporated to dryness 
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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 
diluted with water, which was extracted with ethyl 
acetate. The extract was washed with water and dried. 
The solvent was evaporated to dryness under reduced 
pressure. The residue was purified-by column 
chromatography on silica gel to give crude crystals. 
Recrystallization from chloroform-isopropyl ether 

·afforded the title compound as colorless needles (4.3 
g, 63%), m.p.98-99°C. 
Elemental Analysis for C14H14N20: 

Calcd.: 
C(%) 
74.31; 

H(%) 
6.24; 

N(%) 
12.38 

Found : 7 4 • 1 7 ; 6 . 1 7 ; 12 • 4 6 

·. 

1H-NMR(200MHz,CDCl3 ) S: 2.39(3H,S), ~-65(2H,br), 

6.52(1H,br), 7.20-7.31(4H,m), 7.35-7.55(3H,m), 
7.67(1H,dd). 
IR(KBr)cm-1

: 3280, 3220, 1670, 1610, 1520, 1320, 1185, 

1100, 820, 755. 
6b) 1-(2-(4'-MethylphenyllbenzoylJsemicarbazide 

To a solution of the compound (4.3 g) obtained in 
Working Example (6a) in lN-HCl (20 ml) was added 

25 dropwise an aqueous solution (20 ml) of sodium 
isocyanate ( l ._7 g) , and the mixture was stirred for 3. 5 
hours. Res~l:ting. crystalline precipitates were 
collected RY.filtration and recrystallized from ethyl . . 
acetate -·methanol to give colorless needles (4.5 g, 

30 87%), m.p.183-184°C (decomp.)." 

35 

Elemental Analysis for C15H15N30 2 • 0. 3H20: 

C(%) H( % ) N(%) . 
Calcd.:· 65.59; 5.72; 15.30 
Found : . 65. 79; 5 ... 61; 15.38 
1H-NMR( 200.MI:Iz, DMSO-d6 ) S: 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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IR(KBr)cm-1
: 3460, 3230, 1700, 1650, 1520, 1305, 820, 

765. 
6c) 2.3-Dihydro-5-C4'-methylbiphenyl-2-yll-l,3,4-

oxadiazol-2C3Hl-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 

10 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°C. 

Elemental Analysis for C1sH12N202: 

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

15 Calcd.: 71.42; 4.79; 11.10 

Found : 71.45; 4.79; 11.05 
1H-NMR( 200MHz ,CDCl3) 6: 2.39(3H,s), 7.19(4H,s), 7.37-

·, 7 • 6 0 ( 3H, s ) , 7 . 7 7 ( lH, dd) , 8 • 8 9 ( lH, br) • 
1 . 

IR(KBr)cm- : 1765, 1600, 1490, 1330, 1240, 1035, 960, 

20 925, 815, 770, 750, 715, 700. 

6d) 2.3-Dihydro-5-C4'-methylbiphenyl-2-yl)-3-triphenyl 
methyl-l,3,4-oxadiazol-2C3Hl-one 

To a solution of the compound (2.0 g) obtained in 

Working Example (6c) in methylene chloride (25 ml) were 

25 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 
dried. ~he solvent was evaporated to dryness under 

reduced pressure, and the r~sidue was purified by 

30 column chromatography on silica gel to afford the title 

compound as colorless amorphous powder (4.0 g, 100%), 

m.p.60-63°C. 

35 

Elemental Analysis for C34H26N202: 

Calcd.: 

Found : 

C(%) 
82.57; 

82.67; 

H(%) 

5. 30 ;. 

5.37; 

N(%) 

5.66 
5.20 

------·-

1 
.. ! 
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1a-NMR(200MHz,CDCl3) S: 2.31(3H,s), 7.00(2H,d), 7.05-

7.54(20H,m), 7.68(1H,dd). 
-1 

IR(KBr)cm : 1780, 1490, 1445, 1335, 1280, 1005, 875, 

820, 770, 755, 740, 700. 

6e) 5-C4'-Bromomethylbiphenyl-2-yl>~2.3-dihydro-3-

triphenylmethyl-1,3,4-oxadiazole-2C3Hl-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 of£, 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%). 
1H-NMR(200MHz,CDC13) S: 4.42(2H,s), 7.10-7.56(22H,m), 

7.72(1H,dd). 

IR(KBr)cm-1
: 1780, 1490, 1440, 1335, 1260, 1215, 1000, 

870, 765, 740, 700. 

6f) Methyl-2-[N-f 2'-C2.3-dihydro-2-oxo-l,3,4-oxadiazol-

5-yllbiphenyl-4-y1Jmethyl-N-valery1Jamino-3~ 

nitrobenzoate 

To a solution of the compound (0.86 g) obtained in 

Working Example (6e) in acetonitrile (10 ml) were added 

methyl 3-ni~ro-2-valerylaminobenzoate (0.42 g) and 

·PC?tassium· .carbonate ( 0. 26 g), and the mixture was 

heated fQr.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 dryness 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. 

Trif luoroacetic acid was evaporated to dryness under 
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reduced pressure. _The residue was dissolved in ethyl 

acetate, which was washed with an a9ueous ~olution 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%). 
1H-NMR(200MHz,CDC13 ) S: 0.85(3H,t), 1.18-l.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-1
: 1815, 1780, 1730, 1660, 1530, 1445, 1390, 

1370, 1340, 1285, 1260, 1230, 750. 

6g) Methyl 2-butyl-1-f f2'-(2,3-dihydro-2-oxo-1,3,4-

oxadiazol-5-yl l biphenyl-4-yl Jmethyl J benzimidazole-.7-

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

Working Example 6f) in methanol (10 ml) were added 

cone. HCl (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 

re!;iidue was· .puri-fied by column chromatography on silica 

gel. Cruc;ie-crystals thus obtained were recrystallized 
.. . 

from ethyl acetate - chloroform to afford the title 

compound as colorless crystals (73 mg, 16%), m.p.204-

2050C. 

Elemental Analysis for C28H26N404: 

Calcd.: 
C(%) 
69.70; 

H( % )_ 

5.43; 
N(%) 
il.61 

Found : 69.43; 5.49; 11.59 
1H-NMR( 200MHz, CDC13 ) S: 0. 94 ( 3H, t), i. 36-1. 55 (-2H,m), 

_ _. 

I 
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::;ti.94(2H,m), 2.94(2H,t), 3.73(3H,s), 5.78(2H,s), 

.i4(2H,d), 7.16(2H,d), 7.21-7.36(2H,m), 7.41-

..• s?(2H,m), 7.64(1H,dd), 7.77(1H,dd), 7.96(1H,dd), 

~~lS(lH,br) • 
~°t-'''<ICBr)cm-1 : 1760, 1710, 1600, 1430, 1405, 1335, 1270, 
0 

To a solution of the compound (30 mg) obtained in 

·· ·· rking Example ( 6g) in methanol ( 1 ml) was added lN­

;aOH ( o. 5 ml) , and the mixture was heated for 1. 5 hour 

·~der reflux. After evaporation of the solvent, the 

:.·residue was diluted with water, which was then adjusted 

'to pH 3-4 with lN-HCl to precipitate crystals. The 

.:ceystals were collected by filtration and 

... ?.recrystallized from ethyl acetate - methanol to afford 

:.'the title compound as colorless needles ( 16 mg, 54%), 

~ni.p.247-248°C. 

Analysis for C27H24N40 4 • 0 . 5H20: 

'tiic..1cd.: ~;~!1; :'.:!; :~~;3 
. :: .. Found : 6 8 • 19 ; 5 . 21 ; 11 . 8 9 

- •'"'\" .. 30 

: ...... 1H-NMR(200MHz,CDC13 ) S: 0.98(3H,t), l.40-l.60(2H,m), 

1.a1-l.97(2H,m), 3.05(2H,t), S.87(2H,s), 6.86(2H,d), 

7.17(2H,d), 7;28(1H,t), 7.3~-7.62(3H,m), 7.67(1H,dd), 

7.83(1H,dd)°;· ·j .99"(1H,dd). 

IR(KB~)~~1 -: 1770 I 1700 I 1600 I 1410' 1230' 740. 

Working Example 7 

2-Ethylthio-1-CC2'-C2,3-dihydro-2-oxo-l,3,4-oxadiazol-

5-yl)biphenyl-4-yllmethylJ-4-methylthienoC3,4-

dlimidazole-6-carboxylic acid 

7a) Methyl 2~ethylthio-l-CC2'-2,3-dihdyro-2-oxo-l.3,4-

oxadiazol-5-yllbiphenyl-4-y1Jmethyll-4-

35 methylthieno[3,4-dJirnidazole-6-carboxylate 

To an ice-cooling solution of methyl 2-ethylthio-
___________ __:__ 
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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 evaporated 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 

l5 in ethyl acetate. The solution was washed with an 
aqueous solution of sodium hydrogencarbonate and dried. 

20 

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 C25H22N40 4S2: 

C(%) H(%) N(%) 
Calcd.: 59.27; 4.38; 11.06 

25 Found: 59.18; 4.50; 10.91 
1H-NMR(200MHz,CDC13 ) S: 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 ~ 3 4-7 • 5 8_ ( 3H., m} , 7 • 7 7 ( lH, dd ) , 8 • 8 3 ( lH, br) • 

·: .:1 
IR(neat)cm : 1770, 1695, 1600, 1530, 1445, 1340, 1320, 

30 1240, 1195, 1165, 1085, 1000, 750 

35 

7b) 2-Ethylthio-l-(£2'-C2.3-dihydro-2-oxo-l,3.4-
oxadiazol-5-yl)biphenyl-4-y1Jmethyll-4-
methylthieno[J,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 

i 
-~ . . . ' 
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rog) in water (3 ml). The mixture was stirred for 60 

minutes at 50-60°C. The solvent was evaporated to 
d.ryness under reduced pressure. The residue was 
diluted with water, and the solution was adjusted to pH 
3-4 with lN-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 C24H20N40 4S2 • 0. 2H20: 

Calcd.: 
C(%) 
58.10; 

H(%) 
4.14; 

N( % ) . 

11.29 

Found : 58.13; 4.22; 11.22 
1H-NMR(200MHz,DMSO-d6 ) S: 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 • 4 0 ( lH, br ) • 
IR(KBr)cm-1

: 1760, 1685, 1600, 1440, 1330, 1185, 1160, 

' 1080, 960, 925, 760, 750. 
·Working Example 8 

20 2-Ethylthio-l-CC2'-C2,5-dihvdro-5-oxo-1,2,4-oxadiazol-
3-yllbiphenyl-4-y1Jmethyll-4-methylthieno(3,4-

dlimidazole-6-carboxylic acid 

Ba) Methyl 2-ethylthio-4-methyl-1-[2'-(5-
trichloromethyl-l,2,4-oxadiazol-3-yl)biphenyl-4-

25 y1JmethylthienoC3,4-dJimidazole-6-carboxylate 

30 

To an.ice-cooling solution of methyl 2-ethylthio­
.4-methylthiens[3,4-d]imidazole-6-carboxylate (3 g) in 
DMF (2Q. mlr was added sodium hydride (60%, oil) (0.56 

·' . 
g), and the mixture was stirred for 10 minutes. To the 

ice-cooling mixture was added (2'-(5-trichloromethyl-
1,2,4-oxadiazol-3-yl)biphenyl-4-yl]methyl 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, 5B%). 
1H-NMR(200MHz,CDC13 ) S: 1.42(3H,t), 2.62(3H,s), 

3.29(2H,q), 3.77(3H,s), 5.11(2H,s), 7.16(4H,s), 7.42-
7.62(3H,m), 7.B3-7.BB(lH,m). ~ 

IR(neat)cm-1
: 1690, 1600, 1450, 1430, 1345, 1330, 1315, 

1230, 1190, 1160, 1090, 840, B20, 800, 755, 730. 
Sb) Methyl 2-ethylthio-1-CC2'-C2.5-dihydro-5-oxo-l,2,4-
oxadiazol-3-yllbiphenyl-4-y1Jmethyl1-4-
methylthienoC3,4-dJimidazole-6-carboxylate 

To a solution of the compound (4.15 g) obtained in 

Working Example (Ba) in MeOH (50 ml) - CHC13 (10 ml) 

was added lN-NaOH (10 ml), and the mixture was stirred 
for 30 minutes at room temperature. The reaction 

mixture was adjusted to pH 4 with lN-HCl, to which was 
added water, followed by extraction with CHC13 • The 

extract was washed with water, dried, and then the 
solvent was evaporated to dryness under reduced 
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 C25H22N404S2: 

.C( % ) 

calcd. : 59. 21; 

Found : ··59. 07; 

H(%) N(%) 
4.3B; 11.06 
4.26; 11.00 

1 • 
H-~ ( ~ OOMHz 1 CDCl3) S: 1.42(3H,t), 2.61(3H,s), 

3.29(2H,q), 3.75(3H,s), 5.74(2H,s), 7.26(4H,s), 
7.42(1H,dt), 7.51(1H,dd), 7.61(1H,dt), 7.85(1H,dd), 
7. 90 ( lH, br s). 

IR(KBr)cm-1
: 1760, 16BO, 1595, 1455, 1450, 1430, 1315, 

1230, 1160, 10B5~ 755. 

Be) 2-Ethylthio-1-[[2'-(2,5-dihydro-5-oxo-1,2,4-
oxadiazol-3-yllbiphenyl-4-yl)methyll-4- . 
methylthieno[3,4-dJimidazole-6-carboxylic acid 

Thiii Sheet Has Been Replaced 
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To a solution of the compound (0.5 g) obtained in 

working Example (Sb) in tetrahydrofuran (THF) (5 ml) -
H20 (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 
the mixture was adjusted to pH 3 with lN-HCl. 
Resultant crystals were collected by filtr~tion and 
recrystallized from chloroform-methanol to give the 
titled compound as colorless needles (0.36 g, 73%), 

m.p.217-219°C (~ecomp.). 
Elemental Analysis for C24H20N404S • 0. 3H20: 

C(%) H( % ) N(%) 
calcd.: 57.89; 4.17; 11.25 
Found : 5 7 . 8 9 ; 4 • 0 2 ; 11 • 0 8 
1H-NMR(200MHz,DMSO-d6 ) S: 1.34(3H,t), 2.S5(3H,s), 

3.24(3H,q), 5.71(2H,s), 7.19(2H,d), 7.28(2H,d), 7.49-
7.72(4H,m). 
IR(KBr)cm-1

: 1750, 1640, 1620, 1585, 1520, 1450, 1305, 

1250, 1235, 1155, 760, 750. 
working Example 9 
2-Methoxy-1-f f2'-C2.5-dihydro-5-oxo-1,2.4-oxadiazol-3-
yllbiphenyl-4-y1Jmethyll-4-methylthienof3,4-
dlimidazole-6-carboxylic acid 
9a) Methyl 2-ethylsulfinyl-1-f f2'-C2.5-dihydro-5-oxo-
1,2,4-oxadiazol-3-yllbiphenyl-4-y1Jmethyll-4-
methylthienof 3,4-d]imidazole-6-carboxylate 

To a .. s.ol ut.ion of the compound ( 3 • 15 g) obtained in 
Working ~ample (Sb) in methylene chloride (100 ml) was 
added m.:.chloro perbenzoate (1.3 g), and the mixture was 
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 c~stals. 

iii~iMliflif 



30 

- 79 -

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 C25H22N40 5S 2 : 

calcd.: 
C(%) 
57.46; 

H(%) 
4.24; 

N(%) 
10.72 

Found : 57.28; 4.27; 10.45 
1H-NMR(200MHz,CDC13) S: 1.27(3H,t), 2.71(3H1 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 

s). 
IR(KBr)cm-1

: 1770, 1685, 1450, 1420,. 1315, 1235, 1090, 

1050, 1040, 1020, 780, 750. 
9b) Methyl 1-[[2'-(2,5-dihydro-5-oxo-1,2,4-oxadiazol-3-
yllbiphenyl-4-ylJmethylJ-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 lN~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 ethy~.acetate - hexane afforded the title compound 
as colori.es.s-needles (0.71 g, 98%), m.p.207-209°C 
(decomp:). 

Elemental Analysis for C24H20N40 5S: 

Calcd.: 
C(%) 
60.49; 

H(%) 
4.23; 

N(%) 
11.76 

Found : 6 0 . 2 3 ; 4 . 2 9 ; 11 . 4 9 
1H-NMR(200MHz,CDCl3) S: 2.37(3H,s), 3.73(3H,s), 

35 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)cm-1
: 1750, 1685, 1610, 1570, 1525,. 1450, 1440, 

1430, 1375, 1330, 1230, 1055, 750. 
9c) l-CC2'-C2,5-Dihydro-5-oxo-1,2,4-oxadiazol~3-
yllbiphenyl-4-yllmethyll-2-methoxy-4-methylthienor3.4-
dlimidazole-6-carboxylic acid 

To a mixture of the compound (0.6 g) obtained in 
working 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 lN-HCl and 
extracted with chloroform. The extract was washed with 
water and dried. The solvent was evaporated to dryness 

. . 
under reduced pressure to give 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 C23H18N40 5S • 0. SAcOEt: 

20 Calcd.: 
C(%) 
59.28; 

H(%) 
4.38; 

N(%) 
11.06 

Found : 58.94; 4.15; 11.18 
1 H-NMR(200MHz,DMSO-d6) S: 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-1

: 1800, 1660, 1650, 1570,· 1450, 1380, 1370, 

25 1330, 1240, 760, 730. 
Working Example 10 

2-Ethoxy-x~E£2'-C2,5-dihydro-5-oxo-l,2,4-oxadiazol-3-

yllbiphenyl-4~y1Jmethyll-4-methylthienor3.4-.. 
dJimidazole-6-carboxylic acid 

30 lOa) Methyl 2-ethoxy-l-CC2'-C2.5-dihydro-5-oxo­
l,2,4-oxadiazol-3-yllbiphenyl-4-y1Jmethyll-4-
methylthieno£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 

35 Example (9a), and the mixture was stirred for 30 
minutes at room temperature. To the reaction mixture 

--- ···----···----· 

.· 1i~f i1ilimii 
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was added water, and the mixture was adjusted to pH 4 

with lN-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 give crystals, which 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 lN-HCl, 

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 

yellow prisms (0.5 g, 76%), m.p.215-217°C (decomp.). 

Elemental Analysis for C25H22N40 5S: 

Calcd.: 
C(%) 
61.21; 

H(%) 
4.52; 

N(%) 
11.42 

Found : 61 . 0 2 ; 4 . 3 2 ; 11 • 2 8 
1H-NMR(200MHz,CDC13 ) S: l.42(3H,t), 2.45(3H,s), 

3.75(3H,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-1
: 1760, 1685, 1610, 1570, 1530, 1460, 1445, 

1435, 1410, 1380, 1330, 1230, 1100, 1060, 760. 

lOb) 2-Ethoxy-1-((2'-C2,5-dihydro-5-oxo-l.2.4-

oxadiazoI~3~yllbiphenyl-4-ylJmethylJ-4-

methylth~enof 3,4-dJimidazole-6-carboxylic acid .. . 
To a suspension of the compound (0.4 g) obtained 

in Working Example (lOa) 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 lN­

HCl. Recrystallization of the resulting crystals ~rom 

ethyl acetate - methanol afforded the title compound as 



- 82 -

colorless prisms (0.31 g, 79%), m.p~206-208°C 

(decomp.). 

Elemental Analysis for C24H20N40 5S: 

calcd.: 

C(%) 

60.49; 

H(%) 

4.23; 

N(%) 

11.76 

Found : 60.27; 4.15; 11.70 
1H-NMR(200MHz,DMSO-d6 ) S: 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-1
: 1760, 1650, 1640, 1600, 1570, 1525, 1460, 

1445, 1330, 1240, 760. 

Working Example 11 

1-£2'-C2,5-Dihydro-5-oxo-l,2,4-oxadiazol-3~yllbiphenyl-

4-yllmethyl-4-methyl-2-n-propoxythienoC3,4-dJimidazole-

6-carboxylic acid 

lla) Methyl 1-C£2'-C2,5-dihydro-5-oxo-l,2,4-

oxadiazol-3-y1Jbiphenyl-4-y1Jmethyl-4-methyl-2-n­

propoxythienoC3,4-dJimidazole-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 lN-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 ~ive crystals. The crystals were suspended, 

in methanof; and to the suspension was added sodium 

methoxid~· (28%, methanol solution) (0.65 g). The .. . 
mixture was heated for 7 hours under reflux. To the 

reaction mixture was added water, ~nd the mixture was 

adjusted to pH 4 with lN 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 give 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 C26H24N405S: 

C(%) H(%) N(%) 
calcd.: £1.89; 4.79; 11.10 

Found : 61 . 7 3 ; 4 . 6 3 ; 10 . 9 3 
1H-NMR(200MHz,CDC13 ) S: 0.98(3H,t), l.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-1

: 1760, 1690, 1615, 1570, 1530, 1460, 1445, 

1430, 1410, 1360, 1330, 1230, 1100, 1060, 755. 

llb) 1-£2'-C2.5-dihydro-5-oxo-l.2.4-oxadiazol-3-
yllbiphenyl-4~y1Jmethyl-4-methyl-2-n-propoxythieno[3.4-

dJimidazole-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 lN­

HCl. Resulting crystals were collected by filtration 

and recrystallized from chloroform-methanol-ether to 

afford the title compound as colorless needles (0.28 

g, 72%), m.p.208-209°C (decamp.). 
Elemental Analysis for C25H22N405S · 0. 3H20: 

c (.%) 

Calcd. : · .6".0. 55.; 

H( % ) 

4.59; 
N(%) 
11.30 

Found:·: 60:58;. 4.43; 11.39 
1 .• . 
H-NMR(200MHz,DMSO-d6 ) S: 0.89(3H,t), l.65-l.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)cm-1
: 1760, 1650, 1645, 1605,· 1570, 1530, 1460, 

1445, 1325, 1240i 760. 
Working Example 12 

2-Ethylamino-1-CC2'-{2.5-dihydro-5-oxo-l,2.4-oxadiazol-

3-yl)biphenyl-4-y1Jmethyll-4-methylthieno£3,4-

·-----------· 
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dlimidazole-6-carboxylic acid 

12a) methyl 2-ethylamino-1-££2'-(2,5-dihydro-5-

oxo-l,2,4-oxadiazol-3-yllbiphenyl-4~y1Jmethyll-4-

methylthieno£3,4-dJimidazole-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 lN-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-

2210C (decomp.). 

Elemental Analysis for C25H23N504S · 0. 5Ac0Et ( 533. 60): 

Calcd.: 
C(%) 
60.78; 

H(%) 
5.10; 

N(%) 
13.12 

Found : 60.52; 5.15; 12.93 
l H-NMR(200MHz,CDC13 ) S: l.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-1
: 3325, 1740, 1690, 1610, 1590, 1540, 1460, 

1435, 1335~·1238, 1090, 765. 

12b) 2-E~hylamino-l-C£2'-(2,5-dihydro-5-oxo-l,2,4-.. . . 
oxadiazol-3-yllbiphenyl-4-ylJmethylJ-4-

methylthienoC3 ,4-dJimidazole-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 lN-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 C24H21N50 4S • 1. OMeOH ( 507. 56): 

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

calcd.: 59.16; 4.96; 13.80 

Found : 59.34; 4.76; 14.00 
1H-NMR(200MHz,DMSO-d6 ) S: l.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). 
-1 IR(KBr)cm : 1770, 1700, 1680, 1670, 1650, 1635, 1560, 

1540, 1510. 
working Example 13 

Acetoxymethyl 1-CC2'-(4-acetoxymethyl-4,5-dihdyro-5-

oxo-4H-1.2,4-oxadiazol-3-yllbiphenyl-4-yllmethyll-2-

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 

condi ti·ons . To the reaction mixture were added 

dichloromethane (40 ml), water (25 ml) and 2N-HC1 (3 

25 ml) , and the mixture was .shaken. The organic layer was 

separated an~ concentrated to dryness under reduced 

pr_essure. · .. The residue was purified by column 

chromato~raphy on silica gel to give crude crystals. 

Recrystallization from ether - isopropyl ether afforded 

30 the title compound as colorless prisms (350 mg, 30%), 

m.p.132-133°C. 

.35 

· •. ·.·. 

Elemental Analysis for C31H28N40 9 : 

Calcd.: 
C(%) 
62.00; 

Found : 6 2 • 0 8; 
1 H-NMR { 9 OMHz , CDC13 ) 

H(%) N(%) 
4.70; 9.33 
4.60; 9.29 

S: 1.47(~H,t), 1.77(3H,s)~ 
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2.10(3H,s), 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-1
: 1790, 1760, 1730, 1200, 1035, 980. 

Working Example 14 

Acetoxymethyl 2-ethoxy-1-££2'-{2,5-dihydro-5-oxo-l,2,4-

oxadiazol-3-yllbiphenyl-4-yllmethylJbenzimidazole-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 C2aH24N407 • l/30C6H140• l/5H20: 

C(%f H(%) N(%) 

Calcd.: 63.24; 4.68; 10.46 .. 
Found : 63.31; 4.64; 10.20 
1H-NMR(90MHz,CDC13) S: l.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-1
: 1780, 1730, 1545. 

Working Example 15 

l-[[2'-C4-Acetoxymethyl-4,5-dihydro-5-oxo-4H-l,2,4-

oxadiazol-3-yl)biphenyl-4-yllmethylJ-2-

ethoxybenzimidazole-7-carboxylate 

The same reaction as in Working Example 13 was 

conducted,. and the reaction mixture was ·purified by 

c·olumn chroJl!Cltography on silica gel to give crude 

crystal..s·, followed by recrystallization from ethyl 

acetate to afford the title compound as colorless 

30 prisms (SO mg, 5%), m.p.177-179°C. 

Elemental Arialysis for C28H24N407 • l/ 3H20: 

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

Calcd.: 62.92; 4.65; 10.48 

Found : 62.86; 4.44; 10.35 

35 1H-NMR(90MHz,CDCl3) S: l.47(3H,t), l.77(3H,s), 

4.70(2H,q), 4.80(2H,s), 5.70(2H,s), 6.97-7.~3(11H,m) 
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!R(Nujol)cm-1
: 1785, 1760, 1690, 1550, 1205, 1035. 

working Example 16 .. 
1-rf2'-(2,5-Dihydro-5-oxo-1,2,4-oxadiazol-3--yllbiphenyl-4-ylJmethylJ-2-propylpyrazolof l,5-

Rl fl ,2,4Jtriazole-7-carboxylic acid 

16a) Ethyl l-££2'-(5-trichloromethyl-l,2,4-oxadiazol-3-

yllbiphenyl-4-ylJmethylJ-2-propylpyrazolofl,5-

bl£1,2,4Jtriazole-7-carboxylate 

To an ice-cooling solution of ethyl 2-propyl-lH-

10 pyrazolo [ 1, 5-b] [ 1, 2, 4] triazole-7-carboxyla te ( 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 

15 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~coolin9, 

then for 3 hours at room temperature. The reaction 

mixture was conc~ntrated to dryness under reduced 

20 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 

25 chromatography on silica gel to afford the title 

compound as.white amorphous powder (0.92 g, 89%). 
1 . • . . . • 

30 

H-NMR(200MH~ 1 CDC13 ) S: 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 • 9 4 ( lH, m ) , 8.00(lH,s). 
-1 IR(KBr)cm : 2970, 1692, 1600, 1538, 1470. 

16b) Ethyl 1-C[2'-C2,5-dihydro-5-oxo-l,2,4~oxadiazol-3-

yllbiphenyl-4-y1Jmethyll-2-propylpyrazolo£1,5-

bJ[l,2,41-triazole-7-carboxylate 

35 To an ice-cooling solution of the compound (0.92 

g) obtained in Working Example (16a) in.a mixture of 
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dioxane (8 ml) and water (2 ml) was added lN-NaOH (1.7 
ml), and the mixture was stirred for 15 minutes under 
ice-cooling. To the reaction mixture were added lN-HCl 
(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 
under reduced pressure. The. residu~ was crystallized 
from ethyl acetate - ether to afford the title compound 
as colorless crystals (Q.666 g, 88%), m.p.227-228°C. 
Elemental Analysis for C25H24N604: 

Calcd.: 
C(%) 
63.55; 

H(%) 
5.12; 

N(%) 
17.79 

Found: 63.53; 5.20; 17.67 
1H-NMR(200MHz,DMSO-d6) S: 0.91(3H,t), 1.16(3H,t), l.54-
l.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.~6{1H,s). 
IR(KBr)cm-1

: 3100, 2980, 1795, 1702, 1602, 1540, 1468. 
16c) 1-[[2'-(2,5-Dihydro-5-oxo-l,2,4-oxadiazol-3-yl)­
biphenyl-4-yllmethylJ-2-propylpyrazoloCl,5-bJCl,2,41-
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 wer~ .. adde:d 2N-HC1 ( 3. O ml) and water, followed ·by 
extraction with ethyl acetate. The organic layer was .. - . 
washed wlth 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 C23H20N604. 0 . 2Ac0Et: 

C(%) H(%) N(%) 
Calcd.: 61.87; 4.71; 18.19 
Found . 61.81; 4.66; 18.28 . 

.... 

1iiilfi1if 
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1H-NMR(200MHz,DMSO-d6 ) S: 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). 
-1 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-yllmethyl-2-propylimi~azoCl,2-bJpyrazole-

7-carboxylic acid 
17a) Ethyl 2-propyl-l-£[2'-(5-trichloromethyl-1.2,4-

oxadiazole-3-yllbiphenyl-4-ylJmethylJimidazoCl,2-bJ­

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-lH­

imidazo[l,2-b]pyrazole-7-carboxylate (0.132 g). 
1H-NMR(200MHz,CDC13 ) S: 0.98(3H,t), l.28(3H,t), l.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) 1 8.0l(lH,s). 

IR(Neat)cm-1
: 2975, 1702, 1690, 1603, 1582, 1562, 1495. 

17b) Ethyl l-CC2'-C2.5-dihydro-5-oxo-l,2,4-oxadiazol-3-

yl)biphenyl-4-ylJmethylJ-2-propylimidazo[l,2-

bJpyrazole-7-carboxylate 

By the similar reaction procedure as in Working 

Example ( 1_6b) , the title compound was obtained as 

colorless··c;rystals (84 mg, 68%), m.p.204-206°C (ethyl . 
acetat~~ether) from the compound obtained in Working 

Example (17a) (0.15 g). 

Elemental Analysis for C26H2sNsO~ • 0. 5H20: 

Calcd.: 
C(%) 
64.99; 

H(%) 
5.45; 

N(%) 
14.57 

Found : 65.27; 5.50; 14.38 
. 

1H-NMR(200MHz,CDC13 ) S: 0.99(3H,t), 1.27(3H,t), 1.53-· 

1.72(2H,m), 2.48(2H,t), 4.18(2H,q), S.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)cm-1
: 3125, 2960, 1780, 1705, 1600, 1587, 1492, 

1470. 

17c) l-CC2'-(2,5-Dihydro-5-oxo-l,2,4-oxadiazol-3-yl)-

5 · biphenyl-4-ylJmethylJ-2-propylimidazoCl.2-bJpyrazole-7-

carboxylic acid .• 
By the similar reaction procedure as in Working 

Example (16c), the title compound was obtained as 

colorles.s crystals (48 mg, 57%), m.p.191-196°C 

(decomp.) (methanol-water), from the compound obtained 

in Working Example (17b) (90 mg). 

Elemental Analysis for C14H11N50 4 : 

Calcd.: 
C(%) 
65.00~ 

H(%) 
4.77; 

N(%) 
15.79 

Found: 65.28; 4.68; 15.72 
1H-NMR(200MHz,DMSO-d6 ) S: 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), 

7.50-7.72(5H,m), ll.87(1H,br s), 12.36(1H,br s). 

IR(KBr) cm-1
: 3025, 2960, l 7·00-2200, 1780, 1643, 1595, 

1580, 1498. .. 
Working E~ample 18 

Ethyl 2-ethyl-4.7-dihydro-7-CC2'-C2.5-dihydro-5-oxo­

l.2,4-oxadiazol-3-yllbiphenyl-4-y1Jmethyll-4-

oxothienoC2.3-bJpyridine-5-carboxyl~te 

18a) Ethyl 7-CC2'-C5-trichloromethyl-l,2,4-oxadiazol-3-

yllbiphenyl-4-y1Jmethy1J-2-ethyl-4,7-dihydro-4-

oxothienoT2~3-bJpyridine-5-carboxylate 

To ~n·ice-cooling solution of ethyl 2-ethyl-4-. . 

hydroxythieno[2,3-b]pyridine-5-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 obtained in Working Example (22c) (0.6 g) in 

35 N,N-dimethylformamide (4 ml), and the mixture was 

stirred for 2 hours at room temperature. The 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 white pqwder (0.5 g, 
83%). 
1H-NMR(200MHz,CDC13 ) S: 1.32(3H,t), l.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(3H,m), 7.93-7.98(1H,m), 8.39(1H,s). 
IR(KBr)cm-1

: 2975, 1672, 1620, 1580, 1493. 
18b) Ethyl 2-ethyl-4,7-dihydro-7-CC2'-(2,5-dihydro-5-
oxo-l,2,4-oxadiazol-3-yllbiphenyl-4-y1Jmethyll-4-· 
oxothienor2.3-bJpyridine-5-carboxylate 

To ,an ice-cooling solution of the compound (0.49 
g) obtained in Working Example (18a) in a mixtur~ of 
dioxane ( 8 ml) , tetrahydrof uran ( THF) · ( 8 ml) and water 
(4 ml) was added lN-NaOH (0.9 ml). After stirring for 
40 minutes under ice-cooling, to the mixture was added 
lN-NaOH (0.4 ml), and the mixture was stirred for 20 
minutes under ice-cooling. To the reaction mixture 
were added lN-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 . . 
evaporat~~ ·.to '!ryness under reduced· pressure. The 
residue was ~rystallized from methanol to afford the .. - . 
titled compound as colorless crystals (0.278 g, 68%), 
m.p.243-235°C. 
Elemental Analysis for C27H23N30~S: 

Calcd.: 
C(%) 
64.66; 

H(%) 
4.62; 

N(%) 
8.38 

Found : 6 4 . 7 0 ; 4 . 7 0 ; 8 . 3 3 
1H-NMR(200MHz,DMSO-d6 ) S: 1.22(3H,t), l.29(3H,t), 

35 2.79(2H,d-q), 4.23(2H,q), 5.50(2H,s), 7.lO(lH,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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s). 
-1 IR(KBr)cm : 3430, 2980, 1782, 1727, 1602 , 1542, 1500 • . 

working Example 19 ·=.····'-'··'· . 

5 

1.-f f2'-C2,5-Dihydro-5-oxo-1,2,4-oxadiazol-J-
yllbiphenyl-4-y1Jmethyll-2-propyl-4C3R)-gui~ 

1 
· 

azo inone 
19a) 3-££2'-CS-Trichloromethyl-l,2.4-oxadiazoi-3_ -

yllbiphenyl-4-y1Jmethyll-2-propyl-4C3Hl-guinazolinone 
To an ice-cooling solution of 2-propy~-4(3R)­

quinazoline (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 30 
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-

15 dimethylformamide (5 ml) and stirred for 4 hours at 
room temperature. The reaction mixture was 

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 

20 

25 

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 title compound as a colorless otl (0.5 g, 

62%). 
l .· 
H-NMR(200MHz,CDC13 ) S: 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,mf; 7.~7-7.92(1H,m), 8.28-8~32(1H,m). 
IR{neat.)-cm-L: 2960, 1668, 1595, 1567. .. . 
19b) 3-f £2'-C2.5-Dihydro-5-oxo-l,2,4-oxadiazol-3-yl)-

30 biphenyl-4-y1Jmethyll-2-propyl-4(3Hl-guinazolinone 

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 lN-NaOH ( 1. O ml) under · 

ice-cooling. The mixture was stirred for 30 minutes 
35 under ice-cooling. To the reaction mixture were added 

lN-HCl (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. .. 

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

Calcd.: 71.22; 5.06; 12.78 

Found : 70.93; 5.04; . 12.72. 
1H-NMR(200MHz,DMSO-d6 ) S: 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-1
: 3120, 2970, 1768, 1638, 1605, 1590. 

Working Example 20 

Methyl 2-butyl-l-[C2'-C4,5-dihydro-5-oxo-6H-1,2,4-

oxadiazin-3-yllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-

carboxylate 

20a) Methyl 2-butyl-1-[[[2'-CO-ethoxycarbonylmethyll­

hydroxycarbamimidoylJbiphenyl-4-ylJmethyll- ~· -~ . 

... 
benzimidazole-7-carboxylate ,, __ : 

... ~~-~-- ·:=-·, .. •:_.'·::::~-.i:~ ': ~. 

A mixture of the compound ( 2. 20 g) ·obtained in . .· ;;.-.;~.:~~C;:~·.:· 

Working Example (le), ethyl bromoacetate ( 0. 84 g) and .-:~~:~~,<~·./,ii:·. 

potass1um c~rbonate (0.67 g) in acetonitrile (20- ml) .·.4-ilffe.;i~:;--­

was stir:J;~<f fo; 15 hours at room temperature. To the·~-~~~~;?~~V> :. 
· • . ·:. , .... c· )N:: .. · 

reactio~_.m:Lx.ture was added a saturated aqueous sali~e :. ~7:\~::;,.._ .. 
solution·, and mixture was extracted with ethyl acet~.1; _,. --~< 

:;·:··. ~;·t_:'!'!-;~ 

The extract was washed with water and dried (MgS04)f 
. ·.>.ti;::~~~ 

then the sol vent was evaporated in vacuo. The re'sidu 
. ..t._'.;::..:-:2'~ .. 

was purified by silica gel (80 g) column chroma~~~a 

to give 1::he title compound ( 1.10 g, 42%) as a~::~i·. 
1 ."•'..::'io""- ·' 

H-NMR( 200MHz, CDC13 ) S: 0. 96 { 3H, t ,J=7. 4Hz), ·. ::{J 

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·~· ... 

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=l.2Hz,7.8Hz). 
IR(Neat)cm-1

: 3480, 3375, 3150, 1750, 1725, 1715, 1635, 

1600. 
20b) Methyl 2-butyl-l-f f2'-C4,5-dihydro-5-oxo-6H-l,2,4-
oxadiazin-3-yl)biphenyl-4-y1Jmethy1Jbenzimidazole-7-

carboxylate 
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 '(MgS04 ), 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 C29H28N404 • l/2H20: 

Calcd.: 
C(%) 
68.90; 

H(%) 
5.78; 

N(%) 
11.08 

Found : 69.06; 5.78; 10.73 
1 ' 
H-NMR(200MHz,DMSO-d6 ) S: 0.90(3H,t,J=7.2Hz), 

' . 
1.40(2H,m), l.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=l.0Hz,8.0Hz), 10.91(1H,br s). 
IR(Nujol)cm4

: 1720, 1710, 1605. 
. . . . 

Working Example 21 .. · . 
2-Butyl~l-Cf2'-C2.4-dioxothiazolidin-5-yllbiphenyl-4-

y1Jmethy1Jbenzimidazole 
2la) 2-Butyl-1-f f2'-hydroxymethylbiphenyl-4~y1Jmethyll­
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 (Mg504 ), 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 C25H26N20· 1/3H20: 

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

.• 

1H-NMR ( 200MHz, CDC13) S: 0. 9 2 ( 3H, t, J=7. 2Hz), 1. 43 (.2H,m) , 

lS 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(9H,m), 7.72-
7.Sl(lH,m). 

·, IR(Nujol) cm-1
: 3170 

21b) 2-Butyl-l-CC2'-formylbiphenyl-4-yllmethylJ-
20 benzimidazole 

A mixture of the alcohol (0.65 g) obtained in 
Working Example (21a) and pyridinium dichromate (0.67 
g) in dichloromethane (20 ml) was stirred for 15 hours 
at room temperature. Insoluble materials were filtered 

25 off, and the filtrate was concentrated to dryness. The 
residue :'1as purified by silica gel (60 g) column 
chromatography to give the title compound as· an oil .. · . 
( O·. 52 g·, 80%), which was crystallized from isopropyl 
ether to afford colorless crystals (0.46 g, 71%), 

30 m.p.117-118°C. 

35 

Elemental Analysis for C25H24N20• l/5H20: 

C(%) 
Calcd.: 80.72; 
Found : 80.73; 
1H-NMR(200MHz,CDCl3) 

H(%) N(%) 
6.61; 7.53 
6.55; 7.41 
6: 0.94(3H,t,J=7.2Hz), 1.45(2H,m), 

l.86(2H,m), 2.88(2H,t,J=7.4Hz), 5.42(2H,s), 
-·-·--··-··-····-·---·-····---
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7.14(2H,d,J=7.8Mz), 7.21-7.68(8H,m), 7.76-7.83(1H,m), 
a.Ol(lH,dd,J=l.6Hzi7.6Hz), 9.94(1H,s). 
IR(Nujol )cm-1

: 1690, 1655, 1615, 1595. 
21c) 2-Butyl-l-CC2'-C2,4-dioxothiazolin-5-yllbiphenyl-
.!:- ylJmethylJbenzimidazole 

To a stirred mixture of the aldehyde (0.44 g) 
obtained in Working Example (2lb) in ethyl acetate (4 
ml) and tetrahydrofuran (4 ml) were added an aqueous 
solution (2 ml) of sodium sulfite and an aqueous 
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 vacuo, and to the 
residue was added water, followed by extraction with 

15 chloroform. The extract was washed with water and 
dried (MgS04 ), and the solvent was evaporated in vacuo. 
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 

20 further purification. 
1H-NMR(200MHz,CDC13 ) S: 0.78(3H,t,J=7.4Hz), 1.25(2H,m), 
l.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.ll-7.60(9H,m), 
7.92(1H,dd,J=l.8Hz, 7.6Hz). 

25 IR(Nujol; )cm:'1 : 3420, 2230, 1615. 

30 

35 

To a"s6"lutlon of the .cyanohydrin (0.41 g) obtained 
by t,he ~bove~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 

·------

liiU1iiU 
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chloroform. The extract'was washed with water and 
dried (MgS04 ), 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 C27H25N302S: 

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

calcd.: 71.18; 5.53; 9.22 
Found : 70.93; 5.51; 9.09 
1H-NMR(200MHz,DMSO-d6 ) S: 0.88(3H,t,J=7.4Hz), 
l.38(2H,m), l.74(2H,m), 2.87(2H,t,J=7.4Hz), 5.52(1H,s), 
S.56(2H,s), 7.13-7.64(12H,m), 12.20(1H,br). 
IR(Nujol) cm-1

: 1690. 

working Example 22 · 
2-Butyl-4-chloro-5-formyl-l-[[2'-(2,5-dihydro-5-oxo-
1,2,4-oxadiazol-3~yllbiphenyl-4-y1Jmethy1Jimidazole 

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 reacti~n mixture was partitioned between ethyl 
acetate artd.wa~er. The aqueous layer was extracted 
witp et~yl·acetate. 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%). 
1 H-NMR(200MHz,CDC13 ) S: 2.39(3H,s), 4.42(2H,br s), 
7.22(2H,d), 7.31-7.SO(SH,m), 7.56-7.60(1H,m). 
IR(KBr) cm-1

: 3490, 3380, 1642, 1575, 1568. 
22b) 5-Trichloromethyl-3-(4'-methylbiphenyl-2-yl)-

--·---·---------

iii ii Di 
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1,2,4-oxadiazole -- To a solution of the compound (10 g) obtained by 
working Example (22a) ~n 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 aqueous 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 
chromatography on silica gel to afford the.title 
compound as a pale yellow oil ( 12 g, 7·7 % ) • 
1 ., . 
H-NMR(200MHz,CDC13 ) S: 2.38(3H,s), 7.16(4H,s), 7.44-

7.64(3H,m), 7.88-7.93(1H,m) .• 
·l IR(neat}cm : 3025, 1600, 1580, 1561., 1508. 

22c) 3-(4'-Bromomethylbiphenyl-2-yl)-5-trichloromethyl-
' 1,2,4-oxadiazole 

To a solution of the compound (24.8 g) obtained in 
20 working Example (22b) in carbon tetrachloride (300 ml) 

were added N-bromosuccinim.ide (12.5 g) and a,a'-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 

25 off. The filtrate was diluted with dichloromethane. 
The organic.layer was washed with water and dried, and 
the solvent was evaporated in vacuo under reduced .. 
pressure. The residue was recrystallized from ether-
hexane to afford the title compound as colorless 

30 crystals (23.0 g, 76%), m.p.77-79°C. 
Elemental Analysis for C16H10N20BrC13 ··O. 5H20: 

C(%) H(%) N(%) 
Calcd.: 43.52; 2.51; 6.34 
Found : 4 3 . 7 6 ; 2 . 3 3 ; 6 • 31 

35 1H-NMR(200MHz,CDC13 ) S: 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)cm-1
: 1600, 1560, 14 75, 1428, 1332. 

22d) 2-Butyl-4-chloro-1-((2'-C5-trichloromethyl-l.2,4-
0xadiazol~3-yllbiphenyl-4-ylJmethylJ-5-formylimidazole - To a cooled solution of metallic sodium (25 mg) in 

anhydrous methanol (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%). 
1H-NMR(200MHz,CDC13 ) S: 0.91(3H,t), 1.28-1.46(2H,m), 

1.63-1.78(2H,m), 2.65(2H,t), S.59(2H,s), 7.05(2H,d), 
7.23(2H,d), 7.41-7.65(3H,rn), 7.90-7.95(1H,rn), 
9.77(1H,s). 

i · IR(neat)cm~ .: 2960, 1670, 1652, 1580, 1565, 1510. . . . . 
i2e) 2-Butyl-4-chloro-l-C(2'-(2,5-dihydro-5-oxo-l,2,4-
oxadiazo1-3-yllbiphenyl-4-y1Jmethyll-5-formylirnidazole 

To a solution of the compound obtained in Working 

Example {22d) in a mixture of dioxane (4 ml) and water 
{l ml) was added lN-NaOH (0.75 ml) under ice-cooling. 
The mixture was stirred for 30 minutes under ice­
cooling. To the reaction mixture were added lN-HCl {l 

ml) and water, followed by extraction with ethyl 
acetate. The organic layer was washed with water and 
dried, and the solvent was evaporated under.reduced 
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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 for C23H21N40 3Cl·0.2H20: 

Calcd.: 
C(%) 
62.71; 

H(%) 
4.90; 

N(%) 
12.72 

Found : 62.71; 4.79; 12.62 
1H-NMR(200MHz,CDC13 ) S: 0.91(3H,t), l.29-l.48(2H,m), 

l.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). 
-1 IR(KBr)cm : 2960, 1772, 1673, 1522, 1490, 1460. 

Working Example 23 
2-Butyl-4-chloro-l-CC2'-C2,5-dihydro-5-
oxo-l,2,4-oxadiazol-3-yllbiphenyl-4-ylJmethylJ-5-
hydroxvmethylimidazole 

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 borohydride 
{16 mg), and the mixture was stirred for one hour at 
room temperature. To the reaction mixture was added 
ice-water, and the mixture was extracted with ethyl 
acetate. The organic layer was washed with water and .. 
dried, and the solvent was evaporated in vacuo under 
reduced pressure. The residue was recrystallized from 
ether-hexane to afford the title compound as white 
crystals 

0

("67 mg·, 45%), m.p.202-205°~ . . 
El0J!lent~l Analysis for C23H23N403Cl · 0 .1Et20 • 0, 5H20: 

Calcd.: 
C(%) 
61.73; 

H(%) 
5.53; 

N(%) 
12.30 

Found : 61.Bl; 5.56; 12.07 
1 H-NMR(200MHz,DMSO-d6 ) S: 0.80(3H,t), l.16-l.34(2H,m), 

1.40-1.55(2H,m), 2.45-2.52(2H,m), 4.34-4.36(2H,m), 
S.25(1H,br), 5.29(2H,s), 7.14(2H,d), 7.30(2H,d), 7.48-
7.72(4H,m). 
IR(KBr)cm-1

: 3470, 2960, 1755, 1501, 1463. 
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Working Example 24 
5-Butyl-3-ethoxycarbonyl-1-f [2'-C2,5-dihydro-5-oxo­
l,2,4-oxadiazol-3-yllbiphenyl-4-y1Jmethylpyrazole 
24a) 5-Butyl-3-ethoxycarbonyl-l-f C2'-C5-
trichloromethyl-l,2,4-oxadiazol-3-yllbiphenyl-4-
ylJmethylJpyrazole 

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 

10 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 

15 

20 

·25 

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%). 
1H-NMR(200MHz,CDC13 ) S: 0.99(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). 

-1 IR(neat)cm : 2950, 1715, 1578, 1565. .• 
24b) 5-Butyl-3-ethoxycarbonyi-1~[[2'-(2,5-dihydro-5-
oxo-1,2,4-oxodiazol-3-yllbiphenyl-4-ylJmethylJpyrazole 

• • I 

To !":. ~elution of the compound ( 0. 27 g) obtained in 
Working·Example (24a) in a mixture of dioxane (4 ml) 

· 30 and water ( 1 ml) was added lN-NaOH { 0. 6 ml) under ice-

. ·"': 

cooling. The mixture was stirred for 20 minutes under 
ice-cooling. To the reaction mixture were added lN-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 

iiiiiiUf 
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isopropyl ether - hexane to afford the title compound 
as colorless crystals (0.176 g, 80%),·m.p.l66-168°C. 
Elemental Analysis for C2sH26N404 : 

C(%) H(%) N(%) 
Calcd.: 67.25; 5.87; 12.55 
Found : 66.99; 5.91; 12.45 
1H-NMR(200MHz,CDC13) S: 0.91(3H,t), l.28-l.46(2H,m), 
1.37(3H,t), l.53-l.68(2H,m), 2.56(2H,t), 4.35(2H,q), 
5•36(2H,s), 6.64(1H,s), 7.15(2H,d), 7.30(2H,d), 7.~7-
7.65(3H,m), 7.79-7.83(1H,m), 8.49(1H,br). 

-1 IR(KBr)cm : 2960, 1777, 1725, 1600, 1485 •. 
Working Example 25 
2-Butyl~4-chloro-l-CC2'-(2,5-dihydro-5-oxo-l,2,4-
oxadiazol-3-yl)biphenyl-4-y1Jmethy1Jimidazole-5-
carboxylic acid 

To a solution of the compound (0.27 g) obtained in 
Working Example (22e) in pyridine (5 ml) was added an 
aqueous solution (2.5 ml) of potassium permanganate 
(0.147 g). 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. The 
filtrate was extracted with ethyl acetate. The organic 
layer was washed with water, dried, and concentrated to 
dryness under reduced pressure. The residue was 
pu_rified by· ·silica gel column chromatography and the 
product ~as· crystallized from ethyl acetate - isopropyl .• . 
ether to afford the title compound as colorless 
crystals (0.17 g, 61%), m.p~l88-189°C (decamp.). 
Elemental Analysis for C23H21N40 4Cl • 0. lAcOEt • 2. 9H20: 

C(%) H(%) N(%) 
Calcd.: 54.69; 5.41; 10.90 
Found : 54.91; 5.17; 10.62 
1H-NMR(200MHz,DMSO-d6) S: 0.80(3H,t), l.16-l.35(2H,m), 
l.43-l.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(4~,m). 
IR(KBr)cm-1

: 3390, 2960, 1765, 1648, 1590, 1525, 1488. 

working Example 26 
l-Butyl-4-chloro-l-f f2'-C2,3-dihydro-2-oxo-l.3,4-
QXadiazol-5-yllbiphenyl-4-ylJmethyllimidazole-5-
garbaldehyde 

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-yl)-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. 
Trif luoroacetic acid was evaporated under reduced 
pressure. The residue was dissolved iri ethyl acetate, 
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 co-lumn chromatography on silic~ gel. Crude 
crystals thus obtained was recrystallized from .. . 
ethylacetate-hexane t~ afford the title compound as 
colorless prisms (0.12 g, 27%), m.p.178-179°C. 
Elemental Analysis for C23H21N4Cl03 : 

Calcd.: 
C(%) 
63.23; 

H(%) 
4.84; 

N(%) 
12.82 

Found : 63.07; 4.87; 12.69 
1H-NMR(200MHz,CDCl3) 6: 0.90(3H,t), l.28-l.46(2H,m), 
l.62-l.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)cm-1

: 1810, 1775, 1660, 1455, 1340, 1275, 900, 
840, 770, 750. 
working Example 27 
2-Butyl-4-chloro-l-CC2'-(2,3-dihydro-2-oxo-l,3,4-
oxadiazol-5-y1Jbiphenyl-4-y1Jmethyll-5-
imidazolemethanol 

To a solution of the compound (50 mg) obtained in 
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 
lN-HCl. Crystalline precipitate was collected by 
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 C23H23N4Cl03 : 

Calcd.: 
C(%) 
62.94; 

H(%) 
5.28; 

N(%) 
12.76 

Found : 62.76; 5.16; 12.54 
1H-NMR(200MHz,CDC13 ) 6: 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), 
7.Bl(lH,dd), 9.93(1H,br). 
IR(KBr)cm-1

: 3400, 1800, 1775, 1455, 1410, 1340, 1260, 
1000 I 900_, ___ 7701. 750 • 
working Example 28 .... 
2-Bntyl-5-ethoxycarbonyl-3-[[2;-(2,5-dihdyro-5-oxo-
1,2,4-oxadiazol-3-yllbiphenyl-4-ylJmethylJ-4(3Hl­
pyrimidinone 
28a) 2-Butyl-5-ethoxycarbonyl-3-Cf2~-(5-
trichloromethyl-l,2,4-oxadiazol-3-yllbiphenyl-4-
ylJmethylJ-4C3H)~pyrimidinone 

To an ice-cooling solution of 2-butyl-5-
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 (Q.18 g, 
20%). 
1H-NMR(200MHz,CDC13 ) S: 0.92(3H1 t), l.29-l.47(2H,m), 

1.39(3~,t), l.64-l.79{2H,m), 2.75(2H,t), 4.39(2H,q), 
S.38(2H,s), 7.19(2H,d), 7.25(2H,d), 7.41-7.65(3H,m), 
7.93(1H,dd), B.64(1H,s) 

1 . . 
IR(neat)cm-: 2960, 1748, 1705, 1685, 1580, 1521. 

28b) 2-Butyl-5-ethoxycarbonyl-3-CC2'-(2,5-dihydro-5-
oxo-l,2,4-oxadiazol-3-yllbiphenyl-4-ylJmethylJ-4C3Hl­
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 
lN-NaOH (O.~ ml), and the react.ion solution was stirred 
for 30 m~~tes .under ice-cooling. After add.ition of 
lN-HCl (.().9 ml) and water, the reaction 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. The 
crude product thus obtained was rec~ystallized from 
ethyl acetate - isopropyl ether to afford the title 
compound as colorles·s crystals (62 mg, 42%), m.p.151-
1540C. 
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C(%) H(%) N(%) 
calcd.: 65.56; 5.54; 11.76 
Found : 65.41; 5.68; 11.62 
1H-NMR(200MHz,CDC13 ) S: 0.91(3H,t), l.28-1.48(2H,m), 

1.34(3H,t), 1.65-1.80(2H,m), 2.79(2H,t), 4.31(2H,g), 
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-1

: 3210, 2960, 1795, 1705, 1660, 1523. 

working Example 29 
1-££2'-{2,5-Dihydro-5-oxo-l,2,4-oxadiazol-3-
yllbiphenyl-4-yllmethyll-6-propoxy-3-propyluracil 
29a) 6-Chloro-l-££2'-C5-trichloromethyl-l.2,4-
oxadiazol-3-yllbiphenyl-4-ylJmethylJ-3-propyluracil 

To an ice-cooling solution of 6-chloro-3-

propyl uracil (0.2 g) in N,N-dimethylforrnamide (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 
mixture was added a solution of the compound (0.64 g) 
obtained in Working Example (22c) in N,N­
dimethylforrnamide (4 ml). The mixture was stirred for 
2.5 hours at room temperature. The reaction mixture 

was concentrated to dryness under reduced pressure, and 
to the residue was added water, followed by extraction 
with ethyl acetate. The organic layer was washed with 

wa,ter, dried:, and concentrated to dryness under reduced 
pressure._.. -Tlie residue was purified by column .. . 
chromatography on silica gel to afford the title 
compound as a colorless oil (0.43 g, 75%). 
1 • 
H-NMR(200MHz,CDC13 ) S: 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). 
I~~neat)cm-1 : 2960, 1712, 1668, 1608., 1582, 1568, 1508. 

29b) 1-££2'-(2,4-Dihydro-5-oxo-l,2,4-oxadiazol-3-yll­
biphenyl-4-ylJmethylJ-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 lN-NaOH (1.0 ml) under ice­
cooling. The mixture was stirred for 30 minutes under 
ice-cooling, and to ~he reaction mixture were added lN­
HCl (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 
propanol (4 ml) and N,N-dimethylformamide (4 nil). 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 l00-110°C. The reaction mixture was 
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 
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. 
Elemental Analysis for C25H26N405 : 

C(%) H( % ) N(%) . 
Calcd.: 64.92; . . . . . 5.67; 12.11 
Found : . 64 •. 82; 5.77; 11.91 
1 .... . 

. H-NMR(200MHz,CDC13 ) S: 0.92(3H,t), 1.00(3H,t), 1.56-
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-1
: 3120, 2970, 1775, 1705, 1638, 1472. 

Working Example 30 
1-CC2'-C2,5-Dihydro-5-oxo-l,2,4-oxadiazol-3-
yl)biphenyl-4-y1Jmethyll-2-propylbenzimidazole-7-
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grboxylic acid 
3Qa) Methyl 1-£(2'-cyanobiphenyl-4-yllmethyll-2-propyl 
benzimidazole-7-carboxylate 

.• 

To a solution of methyl 3-amino-2-[(2'­
cyanobiphenyl-4-yl}rnethyl]benzoate (1.43 g) in dioxane 

·ca ml) was added butyric anh?'dride ~.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 cone. 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 (50 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. 
l ~ 
H-NMR(90MHz,CDC13 ) S: l.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)cm-1

: 2225, 1710, 1450, 128p, 1270, 1200, 

1130, 760. 
30b) Methyl i-£(2'-(hydroxycarbamimidoyllbiphenyl-4-
yllmethylJ-2-propylbenzimidazole-7-carboxylate 

To a solution of hydroxylamine hydrochloride (2.78 
g) in DMSO (~2 ml) was added triethylamine (~.04 g) and 
tetrahydr~~ran .(15 ml), and then the resulting 
crystals ~e~e-filtered off. The filtrate was 
concentrated to dryness under reduced pressure. To the 

residue were added methyl l-[(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 

---· -·-------

ililiim~r 
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yellow product (1.57 g, 89%). 
1H-NMR(90MHz,CDC13 ) S: 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,rn), 7.93(1H,d). ~ 

IR(Nujol)crn-1
: 1720, 1440, 1380, 1290, 1265. 

30c) Methyl 1-CC2'-C2,5-dihydro-5-oxo-1.2.4-oxadiazol­
~-yllbiphenyl-4-ylJmethylJ-2-propylbenzimidazol-7-

_garboxylate 
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 conditions, to 

> 15 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 
' 20 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. 

_C(%) 
Calcd. : .... · 71 .. 46; 

H(%) 
5.60; 

N(%) 
10.74 

Found . ~ . 11 . 41 ; 5 . 4 4 ; 10 . 5 3 
1H-NMR(. 90MHz ,CDC13 ) S: 0. 90 ( 3H, t), 1.13-1. 7 3 ( 2H,m), 

30 2.43(2H,t), 3.57(3H,s), 5.57(2H,s), 6.50-7.93(11H,m). 
. -1 . 

IR(Nujol) cm : 1770, 1720, 1267. 

30d) 1-CC2'-(2.5-Dihydro-5-oxo-l,2.4-oxadiazol-3-
yllbiphenyl~4-ylJmethylJ-2-propylbenzirnidazole-7-

carboxylic acid 

35 A mixture of methyl l-[[2'-(2,5-dihydro-5-oxo-
1,2,4-oxadiazol-3-yl)biphenyl-4-yl]methyl]-2-

---·-··~-···-·- ---
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propylbenzimidazole-7-carboxylate (703 mg) in 

(l2 ml) was stirred at 60°C for one hour, and then ... _ ~ 
adjusted to pH 3 with O.lN-HCl. Resulting preciptti~? 
"'ere extracted with a mixture of chlorof orm-ethano£':::.~: 
(lO:l; 150 ml). The solvent was evaporated under '~t[:-~ 

reduced pressure, and the residue was crystallized f > ... 

Jl\ethanol to give the title compound as colorless pri;;., . 
(550 mg, 90%), m.p.169-171°C. -
Elemental Analysis for C26H22N40 4 : 

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

calcd.: 67.38; 5.00; 12.09 

Found : 67.39; 4.85; 11.91 

lH-NMR ( 9 OMHz , DMSOd5-CDC13 ) 8: 1 • 0 3 ( 3H I t ) I 1.67-

2.10(2H,m), 2.83(2H,t), 5.97(2H,s), 7.00(2H,d), 7.20-
s.03(9H,m). 
IT(Nujol)cm-1

: 1785, 1710, 1500, 1380, 760. 

working Example 31 
2-Ethyl-1-f f2'-C2,5-dihydro-5-oxo-l,2,4-oxadiazol-3-
yll-biphenyl-4-yllmethy1Jbenzimidazole-7-carboxylic 

2o acid 

3la) Methyl l-CC2'-cyanobiphenyl-4-yl)methylJ-2-
ethylbenzimidazole-7-carboxylate 

Methyl 3-amino-2-((2'-cyanobiphenyl-4-yl)methyl]­
benzoate (1.79 g) was ~reated with propionic anhydride 

25 (1.04 g) in the similar manner as Working Example 
(30a). Th~ produc~ was recrystallized from ethyl 
acetate ~o. ·giv.e the title compound as colorless prisms 
(1.5 g,._76%}, 153-154°C. 
1 .• ' 
H-NMR(90MHz,CDCl3 ) S: 1.47(3H,t), 2.90(2H,q), 

30 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-1

: 2225, 1725, 1710, 1480, 1440, 1285, 

1250, 1205, 1120. 
31b) Methyl 2-ethyl-l-[(2'-(hydroxycarbami~idoyll-

35 biphenyl-4-yl)methylJbenzimidazole-7-carboxylate 

Methyl l-[(2'-cyanobiphenyl-4-yl)methyl]-2-
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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%). 
1H-NMR(90MHz,CDC13 ) S: l.43(3H,t), 2.97(2H,q), 

3.73(3H,s), 4.40(2H,broad), 5.73(2H,s), 6.~0(2H,d), 
7.17-7.BO(SH,m), 7.97(1H,d). 

1 ... 
IR(Nujol) cm- : 1720, 1380, 1290, 1265. 

Working Example 32 
2-Cyclopropyl-l-CC2'-(2,5-dihydro-5-oxo-l,2,4-
oxadiazol-3-yllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-
carboxylic acid 
32a) Methyl l-CC2'-cyanobiphenyl-4-yl)methyll-2-
cyclopropylbenzimidazole-7-carboxylate 

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%). 
1H-NMR(90MHz,CDC13 ) S: 1.00-1.40(4H,m), 1.87-

2.23(1H,m), 3.70(3H,s), S.93(2H,s), 7.00-7~93(11H,m). 
IR(Neat)cm-1

: 222s, 1720, 1710, 1525, 1440, 1285. 

32b) Methyl 2-cyclopropyl-l-[(2'~Chydroxy­
carbamimidoyllbiphenyl-4-yllmethy1Jbenzimidazole-7-
carboxylate 

Methyl.l-[(2'-cyanobiphenyl-4-yl)methyl]-2-
cyclopropylbenaimidazole-7-carboxylate (1.8 g) was 
subject~ to-the similar reaction as in Working Example 

.• . 
(32b) to give the title compound as a pale yellow syrup 

(1.75 g, 90%). 
1 H-NMR(90MHz,CDC13 ) S: 0.97-1.43(4H,m), l.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). 
IR(Nujol)cm-1

: 1720, 1440, 1380, 1290, 1265, 760. 

32c) Methyl 2-cyclopropyl-l-CC2'-(2,5-dihydro-5-oxo-
. '• 

1,2,4-oxadiazol-3-yllbiphenyl-4-ylJmethyll-
--- -----------·-

iliiii~r 
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oenzimidazole-7-carboxylate 
~ 

Methyl 2-cyclopropyl-1-((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 ~rom ethyl 
acetate to give the title compound as colorless prisms 

(780 mg, 48%), m.p.188-190°C. 
Elemental Analysis for C27H22N404: 

C(%) H(%) N(%) 
Calcd.: 69.52; 4.75; 12.01 

Found : 69.52; 4.77; 11.90 
1H-NMR ( 9 OMHz, CDCl3) S: 0.87-l.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-1

: 1778, 1765, 1728, 1716, 1211. 

32d) 2-Cyclopropyl-l-CC2'-C2.5-dihydro-5-oxo-l,2,4-
oxadiazol-3-yllbiphenyl-4-y1Jmethyl]benzimidazole-7-
carboxylic acid 

Methyl 2-cyclopropyl-l-[[2'-(2,5-dihydro-5-oxo-
1,2,4-oxadiazol-3-yl)biphenyl-4-yl]methyl]­
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 prisms (480 mg, 90%), 
m.p.199-200 .°C. 
Elemental·.~alysis for C28H20N404 · l/3H20: 

C(%) H(%) N(%) 
Calcd.~ 68.11; 4.54; 12.22 

30 Found : 68.16; 4.61; 12.03 
l H-NMR(90MHz,DMSO-d6 ) S: 0.93-l.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)cm-1

: 1755, 1703, 1699, 1257. 

35 Working Example 33 
2-Butyl-l-[[2'-(2,5-dihydro-5-oxo-1,2,4-oxadiazol-3-

-· ------------
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y,ll-biphenyl-4-ylJmethylJbenzimidazole-7-carboxylic 
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 C21H24N404 • l/ 3CHC13 : 

C(%) H(%) N(%) .. 
calcd.: 64.59; 4.83; 11.02 
Found : 64.76; 4.95; 10.83 
1H-NMR(90MHz,DMSO-d6 ) 5: 0.90(3H,t), l.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-1

: 1770, 1700, 1440, 1420, 1250, 765. 

Working Example 34 

1-rr2'-C2,5-Dihydro-5-oxo-1.2,4-oxadiazol-3-
yl)biphenyl-4-ylJmethylJ-2-propylthiobenzimidazole-7-
carboxylic acid 

34a) Methyl 2-C2'-cyanobiphenyl-4-yllmethylamino-3-
methoxycarbonylaminobenzoate 

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 roo~ 
temperature. The reaction mixture was concentrated to 
dryness, and to the residue was added water. After 
extraction ~ith ethyl acetate, the extract was washed 
with watex:: 1 .dri~d and concentrated to dryness. The 
residue ~a~ Grystallized from ethyl acetate - hexane to 
afford pale yellow crystals (10.5 g, 90%), m.p.113-
1150C. 
1 . 
H-NMR(200MHz,CDC13 ) S: 3.80(3H,s), 3.83(3H,s), 

4.11(2H,d), 6.29(lH,br s), 7.09(lH,t), 7.40-
7.SO(lOH,m), 8.19(1H,d). 
34b) Methyl 1-[(2'-cyanobiphenyl-4-yl)methylJ-2,3-
dihydro-2-oxobenzimidazole-7-carboxylate 

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 metho~ide in methanol (10 g). 
The mixture was heated for 21 hours- under reflux. The 
reaction mixture was adjusted to pH 3 with lN-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 
give colorless needles (8.7 g, 90%), m.p.250-253°C. 
1 ~ H-NMR(200MHz,DMSO-d6 ) 5: 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-1

: 2210, 1720, 1690, 1635,.1430, 1390, 1270, 

1255, 760i 750, 730, 690. 
34c) Methyl l-CC2'-cyanobiphenyl-4-yl}methylJ2-
propylthiobenzimidazole-7-carboxylate 

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'­
cyanobiphenyl-4-yl)methylbenzimidazole-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 (~.4 g). The 
mixture was stirred for 1.5 hour at room temperature. 
The reaction.mixture was concentrated to dryness under 
re_duced pressure. The residue was partitioned between 
ethyl ace.tate- ( 300 ml) and water ( 150 ml), and then the 
uppe.r 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. 
1H-NMR( 90MHz,CDC13 ) 5: 1. 07 ( 3H,t), l. 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)cm-1
: 222q, 1725, 1280. 

34d) Methyl 1-£(2'-Chydroxycarbamimidoyllbiphenyl-4-

yllmethylJ-2-propylthiobenzimidazole-7-carboxylate 

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%). 
1H-NMR(90MHz,CDC13 ) S: 1.07(3H,t), 1.63-2.03(2H,m), 

3.40(2H,t), 3.73(3H,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)cm-1
: 1720, 1645, 1280, 755. 

34e) Methyl 1-·££2'-{2,5-dihydro-5-oxo-1,2,4-oxadiazol-

3-yllbiphenyl-4-ylJmethylJ-2-propylthiobenzimidazole-7-
carboxylate -

To a stirred solution of the c~mpound (13.0 g) 
obtained in Working Example ( 34d) i.n 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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i)etween ethyl acetate (250 ml) and water (250 ml). The 

~pper layer was washed with water (150 ml x 3) and 

·concentrated to dryness under reduced pressure. The 

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

_ ·>_:'. solution was stirred for 70 minutes on a bath of 160°C. 

:~-~he solution was concentrated to dryness under reduced 

pJ:essure.. To the residue was added methanol (70 ml) to 

give the title compound as pale yellow prisms (7.16 g, 

S?%), m.p.220-221°C. 

s1emental Analysis for C27H24N40 4S: 

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

calcd.: 64.78; 4.83; 11.19 

Found : 6 4 • 5 4 ; 4 . 9 2 ; 10 • 8 9 

lg-NMR(90MHz,CDC13 ) S: 1.03(3H,t), l.60-2.00(2H,m), 

J.27(2H,t), 3.73(3H,s), 5.73(2H,s), 6.90-7.87(11H,m). 

IR(Nujol)cm-1
: 1760, 1720, 1280, 1260. 

34f) 1-[[2'-(2,5-Dihydro-5-oxo-1.2,4-oxadiazol-3-yll­

biphenyl-4-ylJmethylJ-2-propylthiobenzimidazole-7-

carboxylic acid 

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

working Example (34e) in tetrahydrofuran (10 ml) were 

added 2N-NaOH (2 ml) and methanol (5 ml). The mixture 

was stirred for 3 hours at 80°C. The reaction mixture 

was concentrated under reduced pressure. To the 

25 residue was added water (20 ml), and the aqueous 

solution w~s adjusted to pH 3 with 2N-HC1. 

30 

Precipitates then formed were collected by·filtration 

an4 re9rystallized from ethyl acetate to give colorless 

prisms (0.19 g, 65%), m.p.228-229°C. 

Elemental Analysis for C26H22N404S: 

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

Calcd.: 64.18; 4.56; 11.52 

Found . 64.15; 4.62; 11.56 . 
1 H-NMR(90MHz,CDC13-CD30D) S: 1. 07 ( 3H, t) I 1.63-

35 2.03(2H,m), 3.37(2H,t), 5.87(2H,s), 6.97-7.90(11H,m). 

IR(Nujol)cm-1
: 1795, 1700, 1455, 1280, 1240, 755. 

1iiii0 
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Working Example 35 
l-CC2'-(2.5-Dihydro-5-oxo-l,2,4-oxadiazol-3-
yllbiphenyl-4-ylJmethylJ-2-methoxybenzimidazole-7-
carboxylic acid 
35a) Methyl 1-££2'-(2,5-dihydro-5-oxo-l,2,4-oxadiazol-
3-yl) biphenyl-4-yl Jmethyl J-2~propyl~_ulfinyl­
benzimidazole-7-carboxylate 

To a stirred solution of the compound (2.5 g) 
obtained in Working Example (34e) in dichloromethane 
(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 (SO 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 (2.58 g, 100%). 
1H-NMR(90MHz,CDC13 ) S: l.03(3H,t), 1.57-2.00(2H,m), 

3.13-3.63(2H,m), 3.77(3H,s), 6.07(1H,d), 6.l7(1H,d), 
6.93(2H,d), 7.17-8.03(9H,m). 
IR(Nujol)cm-1

: 1780, 1720, 1285, 1260, 755. 

35b) Methyl 1-££2'-(2,5-dihydro-5-oxo-l.2,4-oxadiazol-
3-yllbiphenyl-4-ylJmethylJ-2-methoxybenzimidazole-7~ 

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

Working E~~~le. (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
HC1 to adjust to pH 3, and the mixture was concentrated 
under reduced pressure. The residue was p9rtitioned 

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 C25H20N405 · 0. lH20: 

Calcd.: 

C(%) 

65.53; 

H(%) 

4.44; 

N(%) 

12.23 

Found : 6 5 . 3 8 ; 4 • 5 6 ; 12 . 12 

......... ---·~--.............. omm.._._ ____ J_tfll'rliil*B 

.• 

1H-NMR(90MHz,DMSO-d6 ) S: 3.73(3H,s), 4.27(3H,s), 

5.63(2H,s), 7.03(2H,d), 7.20-7.77(9H,rn). 

IR(Nujol)cm-1
: 1760, 1720, 1560, 143S, 1405, 1285, 

1250, 1040, 740. 

35c) 1-[[2'-(2,5-Dihydro-5-oxo-1,2.4-oxadiazol-3-yl) 

biphenyl-4-ylJmethylJ-2-methoxybenzimidazole-7-

carboxylic acid 

The compound (228 mg) obtained in Working Example 

(35b) was subjected to the similar reaction as in 

working Example (34£), and the product was 

recrystallized from ethyl acetate to give the title 

compound as colorless prisms (133 mg, 60%), m.p.189-

1900C. 
·. 

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

Calcd.: 63.22; 4.31; 12.29 

Found : 63.50; 4.28; 12.03. 
1H-NMR(90MHz,DMSO-d6 ) S: 4.20(3H,s), 5.73(2H,s), 7.03-

7.73(11H,s), 12.17(1H,broad), 12.93(1H,broad). 

IR(Nujol)cm-1
: 1780, 1705, 1560, 1415, 1250, 1040. 

Working Examp~e 36 

l-[_C2'-C2.5_;Dihydro-5-oxo-l,2,4-oxadiazol-3-

yllbiphenyl~4~y1Jmethyll-2-propoxybenzimidazole-7-

carboxylic acid 

36a) Methyl l-f [2'-C2,5-dihydro-5-oxo-l,2,4-oxadiazol-

3-yl)biphenyl-4-yllmethylJ-2-propoxybenzimidazole-7-

carboxylate 

A solution of 28% sodium methoxide in .. methanol 

(710 mg) was concentrated to dryness und~r 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-HC1 and 
concentrated to dryness under. reduc.ed pressure. The 
residue was dissolved in methanol (15 ml), .. and to the 
solution was added a solution of 28% sodium methoxide 
in methanol (710 mg). The mixture was allowed to stand 
for 15 hours at ro~m temperature and adjusted to pH 3 
with 2N-HC1, followed by concentration under reduced 

10 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-

15 174°C. 

20 

Calcd.: 
C(%) 
66.44; 

H(%) 
5.04; 

N(%) 
11.48 

Found : 66.57; 5.01; 11.55 
1 -H-NMR(90MHz,CDC13 ) S: l.00(3H,t), l.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-1

: 1780, 1720, 1550, 1440, 1280, 755. 

36b) l-£Cf2'-C2,5-Dihydro-5-oxo-l,2r4-oxadiazol-3-yll­
biphenyl-4-y1Jmethyll-2-propoxybenzimidazole-7-

. 25 carboxylic acid 
The compound (194 mg) obtained in Working Example 

(36a) was .. ~~bje~ted to the similar reaction as in 
Working ~x~mple (34f), and the product was 

·recrystallized from ethyl acetate to give the title 
compound as colorless prisms (132 mg, 70%), m.p.170-
1720C. 

Elemental Analysis for C26H22N405 • H20: 

Calcd.: 
C(%) 
63.93; 

H(%) 
4.95; 

N(%) 
11.47 

Found : 63.82; 4.65; 11.41 
1 ~/ 

H-NMR(90MHz,CDC13-CD30D) S: 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)cm-1

: 1765, 1725, 1550, 1430. 

working Example 37 
l,-Ethylthio-l-CC2'-C2.5-dihydro-5-oxo-1.2.4-oxadiazol-
3-vllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-carboxylic 
acid 
~ 

.. 
37a) _Methyl 2-ethyl thio-1-C r 2' - C 2, 5-dihydro-5-oxo-
1. 2, 4-oxadiazol-3-yl l biphenyl-4-yl Jmethyl J-
benzimidazole-7-carboxylate 

To a solution of the compound (517 mg) obtained in 
working Exampl,.e •. (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 vacuo~ 
After addition of water (20 ml) to the residue, the 
mixture was adjusted to pH 3 with 2N-HC1. 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-
2110C. 

Elemental Analysis for C26H22N40 4S: 

C(%) H( % ) N(%) 
Calcd. 64.18; 4.56; 11.52 
Found : 6 4 . 0 6 ; 4 . 5 8 ; 11 • 4 0 
1H-NMR(90NH2.,CDCl3) S: l.40(3H,t), 3.27(2H,q), 

3.7Q(3H(s); 5.70(2H,s), 6.87-7.87(11H,m). 
IR(Nujol)cm-1

: 1760, 1720, 1280, 1260. 

37b) 2-Ethylthio-l-CC2'--C2.5-dihydro-5-oxo-l,2,4-
oxadiazol-3-yllbiphenyl-4-y1Jmethyllbenzimidazole-7-
carboxylic acid 

The compound (260 mg) obtained in Working Example 
(37a) was subjected to the similar reaction as in 
Working Example (34£), 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-
1480C. 

ElementalAnalysis for C25H20N404S: 
C(%) 

Calcd.: 63.55; 
Found : 63.28; 
1H-NMR ( 9 OMHz, CDCl3) 

H(%) N(%) 
4.27; 11.86 
4.37; 11.59 

S: 1.43(3H,t), 3.40(2H,q), 
5.70(2H,s), 6.90-7.87(11H,m). 
IR(Nujol)cm-1

: 1785, 1765, 1700, 1350, 760. 
10 Working Example 38 

l-[[2'-(2,5-Dihydro-5-oxo-1,2.4-oxadiazol-3-
yllbiphenyl-4-ylJmethyll-2-methylthiobenzimidazole-7-
carboxylic acid 
38a) Methyl l-CC2'-C2.5-dihydro-5-oxo-1.2,4-oxadiazol-

15 3-yl)biphenyl-4-ylJmethylJ-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 

20 recrystallized from methanol to afford the title 
compound as colorless prisms (460 mg, 73%), m.p.231-

25 

2320C. ~ 

Elemental Analysis for C25H20N404S: 

Calcd.: 
C(%) 
63.55; 

H(%) 
4.27; 

N(%) 
11.86 

Found : 6 3 ~ 3 6 ; 4 . 3 3 ; 11 • 7 6 
1 . . H-:-NMR( 90ME;z.1DMSO-d6 ) S: 2. 77 ( 3H, s), 3. 7 3 ( 3H, s), 
5.73(2H,s),.7~00-7.93(11H,m), 12.33(1H,broad). 
IR(Nujol'lcm-1

: 1760, 1110, 1430, 1270, 1250, 760. 
30 38b) 1-CC2'-(2,5-Dihydro-5-oxo-l,2,4-oxadiazol-3-yll­

biphenyl-4-y1Jmethyll-2-methylthiobenzimidazole-7-
carboxylic acid 

The compound (360 mg) obtained in Working Example 
(38a) was subjected to the similar reaction as in 

35 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-

2230C. 

Elemental Analysis for C24H18N45 · 0. 8H20: 

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

Calcd.: 60.95; 4.18; 11.85 

Found : 60.83; 4.40; 11.58 
1H-NMR(90MHz,DMSO-d6 ) S: 2.77(3H,s), 5.83(2H,s), 7.00-

7.77(11H,m), 12.60(2H,broad). 

IR(Nujol)cm-1
: 1760, 1270, 760. 

Working Example 39 

.. 

Dipotassium salt of 2-Ethoxy-1-CC2'-C5-oxide-

1,2,4-oxadiazol-3-yllbiphenyl-4-

-ylJmethylJbenzimidazole-7-carboxylic 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 C25H18N40 5K2 ·3/2H20: 

C(%) H( % ) 

Calcd.: 5~.65; 3.78; 

Found: .. 5-3.77; 3.63; 

N(%) 
10.01 

9. 93. 
1. . 
H-NMR( 9,QMl:lz·, DMSO-d6 ) S: 1. 40 ( 3H, t), 4. 53 ( 2H,q), 

5.B3(2H,s), 6.90-7.70(11H,m). 

IR(Nujol)cm-1
: 3370, 1660, 1610, 1570, 1540, 1385. 

Working Example 40 

Disodium salt of 2-ethoxy-l-CC2'-C5-oxide-l,2,4-

oxadiazol-3-yllbiphenyl-4-yl]methy1Jbenzimidazole-7-

carboxylic acid 

In ethanol (500 ml) was dissolved a solution of 

28% sodium methoxide in methanol (43.7 g), and the 

1Ui1ili1ii1ilf · · . 
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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-oxo-·l, 2, 4-oxadiazol-

3-yl )biphenyl-4-yl ]methyl] benzirnidazole-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 t~perature to afford 

the titled compound as colorless prisms (42.34 g, 61%), 

m.p.294-297°C. 

Elemental Analysis for C25H18N405Na2 • 5. 5H20: 

. Calcd.: 
C(%) 
50.09 

H(%) 
4.88; 

N(%) 
9.35 

Found : 50.32; 4.71; 9.21 
l . 
H-NMR(90MHz,DMSO-d6 ) S: l.43(3H,t), 4.57(2H,q), 

S.80(2H,s), 6.87-7.63(11H,m). 

IR(Nujol)cm-1
: 3375, 1655, i61S, 1410, 1350, 1280, 

1040, 770. 

Working Example 41 .. 

25 Methyl 2-ethoxy-1-CC2'-(2,5-dihydro-5-oxo-l,2,4-ox­

adiazol-3-yl.l biphenyl-4-yl Jmethyl J-4-methyl thieno r 3, 4-
. ~ . . . 

30 

35 

d J imidaz<;>_le.-6-carboxyla te 

4laJ Methyl l,3-dihydro-4-methyl-2-oxo-thienoC3.4-

dJirnidazole-6-carboxylate 

Methyl 3, 4-di.amino-5-methyl thiophene-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 oil; 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-HC1. 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. 
1H-NMR(200MHz,DMSO-d6 ) S: 2.32(3H,s), 3.73(3H,s), 
10.71(1H,bs), 11.06(1H,bs). 
IR(KBr)cm-1

: 3300, 1735, 1675, 1585, 1440. 
41b) Methyl 2-ethoxy-4-methylthienoC3,4-dJimidazole-6-
carboxylate 

.The compound (1.0 g) obtained in Working Example 
(41a) was suspended in a mixture of dioxane (10 ml) and 
dichloromethane (20 ml). To the suspension was added 
an excess amount of triethyl oxonium tetraf luoroborate 
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 layers 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 p9wder, m.p.209-210°C. . . . . 
:Eiement~_l :Analysis for C10H12N20 3S • 0. 2H20: 

Calcd.: 
C(%) 
49.25; 

H(%) 
5.12; 

N(%) . 
11.49 

Found : 49.42; 4.95; 11.29 
1H-NMR(200MHz,CDC13 ) S: 1.44(3H,t), 2.57(3H,s), 
3.87(3H,s), 4.54(2H,q), 9.03(1H,bs). 
IR(KBr)cm-1

: 3250, 1670, 1640, 1580, 1540. 
4lc) Methyl 2-ethoxy-l-CC2'-C5-trichloromethyl-l,2,4-
oxadiazol-3-yllbiphenyl-4-y1Jmethyll-4-

---· 
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methylthienor3.4-dJimidazole-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 

lS minutes under ice-cooling, then for one hour at room 

temperature. The reaction mixture was diluted with 

10 ethyl acetate, and the solution was washed with dilute 

hydrochloric 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 

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

20 

pale yellow oil. 
1H-NMR(200MHz,CDC13 ) 6: 1.42(3H,t), 2.55(3H,s), 

3.79(3H,s), 4.52(2H,q), S.57(2H,s), 7.15(2H,d), 

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

IR(neat)cm-1
: 1690, 1615, 1570, 1535. 

4ld) Methyl 2-ethoxy-l-((2'-{2,5-dihydro-5-oxo-1.2,4-

oxadiazol-3-yl)biphenyl-4-ylJmethylJ-4-

methylthienof 3,4-dJimidazole-6-carboxylate 

The compound (120 mg) obtained in Working Example 

25 (41c) was dissolved in a mixture of dioxane (4 ml) and 

water (1 ml}. To the ice-cooling solution was added 

lN-NaOH (·0 ... 26 ml), and the mixture was stirred for 50 

minutes ~t.the same temperature. The reaction mixture 

was·· made acid with 2N-HC1 and extracted with ethyl 

30 acetate. The extract was washed with water and dried, 

and then the solvent was evaporated under reduced 

pressure. The residue was purified by silica gel 

column chromatography 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 C2sH22N40sS: 

C(%) H(%) N(%) 
calcd.: 61.21; 4.52; 11.42 
round : 60.98; 4.55; 11.27 
1H-NMR(200MHz,CDC13 ) S: 1.42(3H,t), 2.42(3H,s), 

J.74(3H,s), 4.42(2H,q), S.58(2H,s), 7.2-7.7(7H,m), 
7.82(1H,dd), 7.68(1H,bs). 
IR(KBr) cm-1

: 1760, 1700, 1620, 1580, 1535. 

working Example 42 
Disodium salt of 1-([2'-(2,5-Dihydro-5-oxo-1.2,4-
oxadiazol-3-yllbiphenyl-4-ylJmethylJ-2-methoxy-4-
methylthieno f 3,4-dlimidazole-6-carboxylic acid 

The compound (0.5 g)_ obtained in Working Example 9 

was suspended in methanol (10 ml). To the~suspen_sion 
was added an aqueous 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-
2660C (decamp.). 
Elemental Analysis 

weight 524.46): 
C(%) H(%) N(%) 

Calcd.: 52.67; 3.46; 10.68 
Found : 52.88; 3.43; 10.45 
1 
H~NMR(200MHz,DMSO-d6) S: 2.37(3H,s), 4.00(3H,s), 

5.80(2H,s:), · T.16-7 .SO(SH,m). 
. . 1 

IR(KBr)cm- : 1680, 1620, 1575, 1545, 1460, 1395, 1360. 

Working Example 43 
2-Ethylthio-l-CC3'-C2,5-dihydro-5-oxo-1.2.4-oxadiazol-
3-yllbiphenyl-4-ylJmethylJ-4-methylthienor3,4-
dlimidazole-6-carboxylic acid 
43a) 4'-Methyl-3-cyanobiphenyl 

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 
1H-NMR(200MHz,CDC13 ) S: 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). 
-1 0 IR(KBr)cm: 2230, 1475, 825, 80. 

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 mixture 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 af f9rd colorless 

crystals (1.30 g, 76.6%), m.p.134-136°C. . 
1H-NMR(200MHz,CDC13 ) S: 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-1

: 3495,. 3385, 1660, 1585, 1440, 1375, 940, 

925, 900, 795. 
43c) 5-Trichloromethyl-3-(4'-methylbiphenyl-3-yll-

1,2,4-oxadiazole 
To a-.suspension of the compound ( 1. 30 g) obtained 

in Worki~g .Example (43b) in toluene (30 ml) was added 
trichloroacetic anhydride (2.13 g). The mixture was 

stirred for 30 minutes at 80°C. The react;on mixture 

was concentrated to dryness, and the residue was 

partitioned between ethyl acetate and water. The 

organic layer was dried over.Na2S04 and concentrated to 

dryness. The residue was purified by column 

35 chromatography on silica gel to afford a colorless oil 

(2.09 g, quantitatively). 
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1H-NMR(200MHz,CDC13 ) S: 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)cm-1

: 1570, 1515, 1460, 1355, 1335, 850, 825, 

5 800, 745, 690. 
43d) 3-C4'-Bromomethylbiphenyl-3-yl)-5-trichloromethyl­
l .2.4-oxadiazole 

To a solution of the compound (2.09 g) obtained in 
Working Example (43c) in CC14 (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 dryness. The residue 
was purified by colwnn chromatography on silica gel 

15 (Merck Art.9385 (80 g), AcOEt:nHex=l:lO) to afford a 
colorless syrup (2.40 g, 60%). 
1 . ~ 

H-NMR(200MHz,CDC13 ) 8: 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-CC3'-(2,5-dihydro-5-

20 oxo-l,2,4-oxadiazol-3~yl)biphenyl-4-ylJmethylJ-4-

methylthieno-r3,4-dJimidazole-6-carboxylate 
To a solution of methyl 2-ethylthio-4-methyl-lH­

thieno[ 3, 4-d] imidazole-6-carboxylate (0.80 g) in DMF 
(10 ml) was added sodium hydride (60% in oil; 0.14 g) 

25 under ice-cooling. The mixture was stirred for 10 
minutes, to ~hich was added a solution of the compound 
( 1 .• 5 3 g) ol;>.tained in Working Example ( 4 3d) in DMF ( 10 
ml) under..ice~cooling. The mixture was stirred for one 
hour·· at room temperature. The reaction mixture was 

30 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 purified by silica gel 
column chromatography to give colorless crystals. To a 

35 solution of the crystals in chloroform (10 ml) -
methanol (10 ml) was added lN 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 lN HCl. The mixture was partitioned 

between CHC13 and water. The organic layer was dried 

5 over Na2S04 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 C25H22N404S2 • 0. 5H20: 

Calcd.: 
C(%) 
58.24; 

H(%) 

4.50; 

N(%) 

10.87 

Found : 58.24; 4.38; 10.77 
1H-NMR(200MHz,CDC13 ) S: 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-

15 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. 

43£) 2-Ethylthio-l-CC3'-(2,5-dihydro-S-oxo:1,2,4-
oxadiazol-3-yllbiphenyl-4-yllmethyll-4-

20 methylthienof 3,4-dlimidazole-6-carboxylic acid 

The compound (0.60 g) o~tained_in Working Example 

(43e) was suspended in tetrahydrofuran (20 ml) - H20 

(20 ml). To the suspension was added lithium hydride 

(0.25 g : 5.96 mmol), and mixture was heated for 15 

25 hours under reflux. The reaction mixture was 
concentrated~ and aqueous residue was adjusted to pH 3 

with lN-Hel~ Crystals then precipitated were collected 
by filtr~tion and dried. The crystals were 
reccystallized to afford colorless crystals (0.33 g, 

30 56.7%), m.p.177-179°C (decamp.). 

35 

Elemental Analysis for C24H20N404S2 • 0. 5H20: 

Calcd.: 
C(%) 
57.47; 

H(%) 
4.22; 

N(%) 
11.17 

Found: 57.63; 4.04; 11.17 

.• 

1H-NMR(200MHz,DMSO-d6 ) S: 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)cm-1

: 1770, 1755, 1650, 1530, 1460, 1165, 765. 
working Example 44 
2-Ethylthio-1-CC4'-C2,5-dihydro-5-oxo-l,2.~­

oxadiazol-3-yl)biphenyl-4-y1Jmethyll-4-methyl­
thieno[3,4-dJ-imidazole-6-carboxylic acid 
44a) 4'-Methyl-4-cyanobiphenyl 

This compound was synthesized in the similar 
procedure as in Working Example (43a), m.p.108-109 °c. 
1H-NMR(200MHz,CDC13 ) S: 2.42(3H,s), 7.29(2H,d), 
7.50(2H,d), 7.64-J.75(4H,m). 
IR(KBr) cm-1

: 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)-5-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%. 
1H-NMR(200MHz,CDC13 ) S: 2.42(3H,s), 7.29(2H,d), 
7.55(2H,d), 7.72(2H,d), 8.17(2H,d). 
IR(KBr)cm-1

: 1610, 1585, 1540, 1470,· 1420, 1345, 905, 
855, 845, 825, 810, 755, 725. 
44d) 3-C4'-Bromomethylbiphenyl-4-yl)-trichloromethyl-
1,2,4-oxadiazole 

The title compound was obtained as colorless 
needles (71%) from the compound obtained in Working 
Example.(44c) in the similar manner as in working 
Example (43d), m.p. 113-116°C. 
1H-NMR(200MHz,CDC13 ) S_: 4.56 (2H,s), 7.51(2H,d), 

7.64(2H,d), 7.73(2H,d), 8.20(2H,d). 
-1 IR(KBr) cm 

725. 

: 1475, 1400, 1350, 845, 830, 80~, 760, .. 

35 44e) Methyl 2-ethylthio-l-CC4'-C2,5-dihydro-5-oxo-
1.2.4-oxadiazole-3-yllbiphenyl-4-yll-4-

·. tt1iiii11r · 
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methylthienof 3.4-dJimidazole-6-carboxylate 
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 

5 as in Working Example (43e), m.p. 251-255°C (decomp.) • 

Calcd.: 
C{%) 
58.85; 

H(%) 
4.43; 

Found : 58.89; 4.35; 

N(%) 
10.98 
10.81 

.. 

l.36(3H,t), 2.57(3H,s), 

5.70(2H,s), 7.22(2H,d), 

1H-NMR(200MHz,DMSO-d6) 6: 

3.27(2H,q), 3.70(3H,s), 
7.72(2H,d) 1 7.87(4H,s). 
IR(KBr)cm-1

: 1760,1690, 1460, 

1160, 1090, 760. 

1320, 1305, 1255, 1240, 

44f) 2-Ethylthio-l-f f4'-C2,5~dihydro~5-oxo-1,2,4-
oxadiazole-3-yl)biphenyl-4-y1Jmethyll-4-
methylthienof 3,4-dlimidazole-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 s~milar manner 
as in Working Example (43f), m.p. 202-204°C (decomp.). 
Elemental Analysis for C24H20N404S2 

Calcd.: 
C(%) 
57.68; 

H(%) 
4.19; 

N(%) 
11.21· 

Found : 57.83; 4.48; 11.39 
1H-NMR( 200MHz_, DMSO-d6) 6: 1. 35 ( 3H, t}, 2. 56 ( 3H, s), 

3 . ~ 6 ( 2H I q )·, .. s . 7 2. ( 2H' s ) I 7 . 2 4 ( 2H, d) I 7 • 7 2 ( 2H Id) , 
7.87(4H,s.) •. · 
IR(KBr) cm-1

: 1760 I 1640, 1610, 1600, 1535 I 1460 I 1165 I 

770. 
Working Example 45 
2-Ethylthio-l-CC2'-C2,5-dihydro-5-oxo-l,2,4-
oxadiazol-3-yllmethylbiphenyl-4-ylJmethylJ-4~methyl­

thienof 3,4-dJimidazole-6-carboxylic acid 
4Sa) 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. To the 

5 reaction mixture were added ethyl acetate (10 ml) and 
water (50 ml), and insoluble materials were removed by 
filtration through celite. The filtrate was 
concentrated to dryness, and the residue was dissolved 
in ethyl acetate. The solution was washed ~ith a 

10 saturated 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 to afford the title 
compound as colorless syrup (3.95 q, 84%). 

15 1H-NMR(200MHz,CDC13 ) 6: 2.41(3H,s), 4.62(2H,s), 7.20-
7.41(7H,m), 7.51-7.56(1H,m). 
IR(Neat)cm-1

: 3350, 3020, 2920, 1480, 1440, 1030, 1000, 
820, 755. 
45b) 4'-Methyl-2-chloromethylbiphenyl 

20 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 

25 hour under reflux. The reaction mi~ture was 
concentrateq to dryness, and the residue was suspended 
with a sa~urat~d aqueous solution of sodium hydrogen 
carbonat~ and extracted with ethyl acetate. ·The 
extract'was washed with water and dried, and the 

30 

35 

solvent was evaporated under reduced pressure to afford 
the title compound as a pale yellow oil (4.15 g, 96%). 
1H-NMR(200MHz,CDC13 ) 6: 2.41(3H,s), 4.53(2H,s), 7.23-
7.41(7H,m), 7.50-7.56(1H,m). 
IR(Neat)cm-1

: 1480, 1440, 1260, 1000, 825, 820, 755, 
690, 665. 
45c) 4'-Methyl-2-cyanomethylbiphenyl .• 

------------
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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 (O.S 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 pressure, 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%). 
1H-NMR(200MHz,CDCl3 ) S: 2.41(3H,s), J.62(2H,s), 7.14-

7.39(7H,m) ~ 7.50-7.SS(lH,m). 
IR(Neat )cm-1

: 2240 I 1480 I a2·0 I 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 ~as evaporated under re~uced pressure.· The 
residue w~. ,puri.fied by column chromatography on silica 
gel to af~o~d-the title compound as colorless crystals 
(0.92 g,·79%), m.p.127-128°C. 
1H-NMR(200MHz,CDC13 ) S:2.40(3H,s), 3.46(2H,s), 

4.33(2H,br s), 7.18-7.43(8H,m). 
IR(KBr)cm-1

: 3450, 3350, 1670, is90, 1480, 1380, 940, 

820, 760. 
45e) 3-C4'-Methylbiphenyl-2-yllmethyl-5-
trichloromethyl-l,2,4-oxadiazole 

The compound obtained in Working Example 45d) 
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(0.92 g) was suspended in toiuene (20 ml). To the 
suspension was added trichloroacetic anhydride (1.42 
g), and the mixture was stirred for one hour at 80-
900C. The reaction mixture was concentrated to 

5 dryness, 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%). 
1H-NMR(200MHz,CDC13 ) S: 2.40(3H,s), 4.11(2H,s), 7.19-
7.42(8H,m). 
IR(Neat) cm-1

: 1580, 1490, 1355, 1050-, 860, 820, BOO, 

760, 735, 705. 
45f) 3-C4'-Bromomethylbiphenyl-2-yllmethyl-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 a,a'-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 ~o 
dryness. The residue was purified by column 
chromatography on silica gel to afford a pale yellow 
syrup (0.91 g, 60 %). 
1H-NMR(200MHz,CDC13 ) S:· 4.10(2H,s), 4.55(2H,s), 7.23-
7.47(8H,m.) ... 

. · -
4Sg) Methyl 2-ethylthio-1-[[2'-(2,5-dihydro-5-•... 
oxo~l.2;4-oxadiazol-3-yllmethylbiphenyl-4-

ylJmethyllthienor3,4-dJimidazole-4-methyl-6-carboxylate 
To an ice-cooling solution of .methyl 2-ethylthio-

4-methylthieno-[3,4-d]imidazole~6-carboxylate (0.75 g) 
in dimethylforrnamide (5 ml) was added sodium hydride 
(60% in oil; 0.13 g), and the mixture was stirred for 

35 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 

5 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), 

10 and to the solution was added lN-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 lN~HCl and extracted with 

15 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 -

20 

25 

30 

35 

methanol to afford the title compound as pale yellow 
needles (0.31 g, 20%), m.p.172-173°C (decamp.). 
Elemental Analysis for C26H24N404S2 (Molecular weight 

520.63): 
C(%) H(%) N(%) .. 

Ca led.: 59.98; 4.65; 10.76 
Found : 59.78; 4.55; 10.41 
1 . 
H-NMR(200MHz,CDC13 ) S: l.41(3H,t), 2.61(3H,s), . . . . . 
3.28(2H,q), 3.7q(3H,s), 3.83{2H,s),_5.72(2H,s), 7.16-
7.39(8H,m), ·a.68(1H,br s). 
IR(KBr)cm-1

: 1765, 1695, 1685, 1600, 1540, 1460, 1430, 

1320, 1240, 1170, 1090, 760. 
45h) 2-Ethylthio-l-CC2'-(2~5-dihydro-5-oxo-l,2.4-
oxadiazol-3-yllmethylbiphenyl-4-y1Jmethyllthieno[3,4-
dlimidazole-4-methyl-6-carboxylic acid 

To a solution of the compound (0.25 g) obtained in 
Working Example (45g) in.tetrahydrofuran (10 ml) 

;: 
' 

'·, 
'. 

..· 

~ . .. 
i· 
' ;: 
t 
; 
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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 
lN-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 C25H22N40452 (molecular weight 

506.61) : 
C{%) H( % ) N( % ) 

Calcd.: 59.27; 4.38; 11.06 

Found : 59.10; 4.22; 10.91 
1H-NMR( 200MHz, DMSO-d6 ) S: 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,rn). 
-1 IR(KBr)cm : 1810, 1790, 1650, 1535, 1460, 1325, 1170, 

760. 
Working Example 46 

2-Ethylthio-l-[£2'-Cl,4-dihydro-3-trifluorornethyl-5-

oxo-l,2,4-triazol-4-yllbiphenyl-4-ylJmethyllthienoC3,4-
dJimidazole-4-methyl-6-carboxylic acid 
46a) 4-C4'-Methylbiphenyl-2~yllsernicarbazide 

To an ice-cooling solution of (4'-methylbiphenyl-
2-yl)carboxylic acid (3.0 g) and triethylamine (2.2 ml) 
in N,N"".'dimet:hylformarnide ( 10 ml) was added .. DPPA ( 3. 4 

ml) under-.nitro.qen atmosphere, and the mixture was 
stirred ;for 4 hours at the same temperature. To the 
reaction mixture was added water, and the mixture was 

30 extracted with ethyl acetate. The organic 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 isocyanate solution "thus prepared was 
35 added dropwise to a solution of hydrazine (2.0 ml) in 

benzene (SO ml) heated at 70°C during the period of 90 

-----------------·--
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minutes. The powdery product obtai~ed 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. 

5 Elemental Analysis for C14H15N30• 0 .5H20: 

20 

C(%) 
Calcd.: 68.66; 
Found : 6 8 • 8 0 ; 
1H-NMR ( 2 0 OMHz, CDCl3) 

H(%) N(%) 
6.33; 17.16 
6.34; 17.18 
S: 2.40(3H,s), 3.55(2H,bs), 

6.ll(lH,bs), 7.0-7.4(7H,m), 8.21(1H,d), 8.32(1H,bs). 
IR(KBr}cm-1

: 1690, 1615, 1580, 1520. 
46b) 3-Trifluoromethyl-4-C4'-methylbiphenyl-2-yl)­
l,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 trifluoroacetic 
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 25 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 dissalved in 
ethyl acet~te J30 ml). The solution was washed with water. and. ·an· aqueous saline solution, and the solution . . 30 was concentrated to dryness under reduced pressure • 

35 

The residue was purified by colwnn chromatography on 
silica ge~ to afford the title compound as a pale brown oil (620 mg, 66%). 
1H-NMR(200MHz,CDC13) S: 2.42(3H,s), 7.1-7.5(7H,m), 
8.17(1H,d). 

-1 IR(KBr)cm : 1620, 1590, 1520, 1510. 
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46c) 4-C4'-Methylbiphenyl-2-yll-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 pressure. 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 re~idue· was 
purified by column chromatography on silica gel to 
afford the title compound as a pale yellow oil (395 mg, 
57%). 
1H-NMR(200MHz,CDC13 ) S: 2.34(3H,s), 3.40(3H,s), 

4.91(2H,s), 7.0-7.5(8H,m). 
IR(Neat) cm-1

: 1620, 1600, 1580, 1520. 

46d) 4-{4'-Bromomethylbiphenyl-2-yll-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) 
were added N-bromosuccimide (230 mg) and a,a'­

azobisisobutyronitrile (20 mg). The mixture was 
stirred ~~~- 4.~ hours at 80°C. The reaction mixture 
was diluted ..with chloroform, and the solution was . . . . 
was'hed 'With an aqueous solution of sodium 
hydrogencarbonate and dried. The solvent was 
evaporated under reduced pressure. The residue was 
purified by silica gel column chromatography to afford 
the title compound (380 mg, 80%) as a pale yellow oil. 
1H-NMR(200MHz,CDC13 ) S: 3.39(3H,s), 4.48(2H,s), 
4.94(2H,s), 7.2-7.6(8H,m) 
IR(Neat)cm-1

: 1615, 1600, 1575. 
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46e) Methoxymethyl 2-ethylthio-4-rnethylthienof 3,4-dJ 
irnidazole-6-carboxylate 

A mixture of methyl 2-ethylthio-4-methylthieno-
[ 3 ,4-d]imidazole-6-carboxylate (2.15 g) in a mixture of 

5 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 lN-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 colwnn chromatography on silica 
gel to afford the title compound (445 mg, 19%) as white 
powder, rn.p.128-130°C. 
Elemental Analysis for C11H14N20 3S 2 : 

Calcd.: 
C(%) 
46.14; 

H(%) 
4.93; 
4.93; 

N(%) 
9.78 
9.56 Found : 4 5 • 9 0 ; 

l H-NMR(200MHz,CDC13 ) 6: l.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-1

: 1640, 1620, 1540 • . 
46£) 2-Ethylthio-l-f f2'-Cl,4-dihydro-3-trifluorornethyl-. . .. . 
5-oxo-l.~_.4~triazol-4-yl)biphenyl]methyl]thienof 3,4-
d]imidazole-4-methyl-6-carboxylic acid .. 

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 

5 purified by silica gel column chromatography to give a 
yellow 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. 

30 

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 for C25H20N503S2F3 • 0. 5H20: 

C(%) H(%) N(%) 
Calcd.: 52.81; 3.72; 12.32 
Found : 52.83; 3.54; 12.20 
1H-NMR(200MHz,CDC13 ) S: l.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)cm-1

: 1655, 1620, 1595, 1580, 1530. 
Working Example 47 
Methyl 2-ethylthio-l-CC2'-Cl,4-dihvdro-3-methyl-5-oxo-.. 
l,2,4-triazol-4-ylJbiphenyl-4-ylJmethyllthieno[3,4-
dJimidazole-4-methyl-6-carboxylate 
47a) l-Acetyl-4~(4'-methylbiphenyl-2-yllsemicarbazide 

To a.solution of the compound (300 mg) obtained in .·. .. 
Working Exampie {31a) in dichloromethane (5 ml) were 
added ace.tic 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 

35 to afford the title compound (320 mg, 90%) as white 
powder, m.p.203-205°C. 
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Elemental Analysis for C16H17N30z: 

C(%) H(%) N(%) 
Calcd.: 67.83; 6.05; 14.83 
Found : 67.53; 5.90; 14.84 
1H-NMR ( 2 0 OMHz, DMSO-d6) S: l.75(3H,s), 2.37(3H,s), 

· 7.4(7H,m), 7.55(1H,s), 7.94(1H,d), 8.33(1H,s), 
9.59(1H,s). 
IR(KBr) cm-1

: 1660, 1615, 1595, 1540. 

7.0-

47b) 3-Methyl-4-{4'-methylbiphenyl-2-yl)-l,2,4-triazol-
5C4Hl-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 C16H15N30: 

Calcd.: 
C(%) 
72.43; 

H(%) 
5.70; 

N(%) 
15.84 

Found : 72.37; 5.68; 15.95 
25 1H-NMR(200MHz,CDCl3 ) S: 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-l.:· ·1640, 1575, 1530. 

47c) 3-Me<thyl:4-C4'-methylbiphenyl-2-yll-l­
methoxymethyl-l,2,4-triazol-5C4Hl-one 

30 To an ice-cooling solution of the compound (250 

35 

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. 
reduced pressure. 

The solvent was evaporated under 
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. 
1H-NMR(200MHz,CDC13 ) S: 2.09(3H,s), 2.34(3H,s), 
3.28(3H,s), 4.95(2H,s), 7.0-7.4(8H,m). 

5 IR(Neat)cm-1
: 1715, 1640, 1590, 1570, 1515. 

47d) Methyl 2-ethylthio-l-CC2'-Cl,4-dihydro-1-
methoxymethyl~3-methyl-5-oxo-1.2,4-triazol-4-

yllbiphenyl-4~ylJmethyllthienoC3,4-dlimidazole-4-

methyl-6-carboxylate 

10 To a solution of the compound obtained in Working 
Example (3lc)·in carbon tetrachloride (5 ml) were added 
N-bromosu.ccinimide (48 mg) and a,a'-azobis­
isobutyroni~rile (5 mg). The mixture was stirred for 5 
hours at 80°C. The reaction mixture was poured into an 

15 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 

20 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 oil; 5 mg) 
under nitrogen atmosphere. The mixture was stirred 

25 overnight at room temperature and concentrated to 

30 

drynes under reduced pressure. The residue was diluted 
with ethyl acetate, and the solution was washed with . . . . . 
water and an.aqueous saline sQlution, 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. 
1H-NMR(200MHz,CDC13 ) S: l.42(3H,t), 2.05(3H,d), 
2.62(3H,s), 3.18(~H,s)~ 3.30(2H,q), 3.77(3H,s), 

35 4.91(2H,d), 5.69(2H,s), 7.0-7.4(8H,m). 
IR(Neat) cm·1

: 1720, 1_695, 1645, 1605, 1540. 

-----­·-----------
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47e) Methyl 2-ethylthio-1-[(2'-Cl.4~dihydro-3-methyl-5-
oxo-l,2,4-triazol-4-ylJbiphenyl-4-ylJmethyllthienoC3,4-
dJimidazole-4-methyl-6-carb~xylate 

The compound (42 mg) obtained in Working Example 
(3ld) 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 ge~ 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 C26H25N50 3S2 • 0. 4CHC13 : 

C(%) H(%) N{%) . 
Calcd.: 55.88; 4~51; 12.34 
Found: 55.73; 4.49; 12.57 
1H-NMR(200MHz,CDC13 ) S: l.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-1

: 1685, 1630, 1600, 1570, 1535, 1520. 

Working Example 48 
l-C[2'-C2.4-Dihydro-4-methyl-3-oxo-1.2.4-triazol-5-
yl)biphenyl-4-ylJmethylJ~2-ethylthio-4-

methylthieno[3,4-dJimidazole-6-carboxylic acid 
48a) 4-Methyl-l~r2-(4-phenyllbenzoy1Jsemicarbazide 

To q_ sol~tion 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 recrystallized 
from chloroform-methanol to afford colorless needlee 
(0.86 g, 31%), m.p.181-182°C. 
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Elemental Analysis for C16H17N302: 

C(%) H(%) N(%) 
Calcd.: 67.83; 6.05; 14.83 
Found : 67.65; 6.90; 14.85 
1H-NMR( 200MHz ,DMSO-d6) 6: 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-1: 3380, 3250, 3220, 1690, 1645, 1540, 820, 

. 760. 

48b) 2,4-Dihydro-5-(4'-methylbiphenyl-2-yll-4-methyl-
1,2,4-triazol-3-one 

The compound (0.86 g) obtained in Working Example 
(48a) was dissolved in lN-NaOH (8 ml), and the solution . .. 
was heated for 15 hours under reflux. The reaction 
mixture was adjusted to pH 3-4 with lN-HCl 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 C16H15N30: 

Calcd.: 
C( % ) . 

72.43; 
H(%) 
5.70; 

N(%) 
15.84 

Found : 7 2 • 5 4 ; 5 . 7 4 ; 15 . 9 5 
1 . 
H-NMR(209MHz,CDC13) 6: 2.37(3H,s), 2.55(3H,s), .·. .. 
7.16(2H~~), l.22(2H,d), 7.42-7.65(4H,m), 9.72(1H,s). 
IR(KBr)ci1C1: 3180, 3060, 1700, 1490, 1465, 1330, 1080, 
1040, 960. 820, 800, 780, 760, 750, 700, 650. 
48c) 2,4-Dihydro-2-methoxymethyl-5-(4'-methylbiphenyl-
2-yll-4-rnethyl-1,2.4-triazol-3-one · 

To an ice-cooling solution of the compound (0.40 
g) obtained in Working Example (48b) in DMF (1 ml) was 
added sodium hydride (60% in oil; 72 mg). The mixture 
was stirred for 30 minutes, 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 colwnn chromatography on 
silica gel to afford the title compound as a colorless 
oil (0.40 g, 87%). 
1H-NMR(200MHz,CDC13 ) S: 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)cm-1

: 1720, 1490, 1460, 1440, 1395, 1380, 1330, 

1295, 1175, 1095, 1040, 920, 820, 785, 760. 
48d) 5-C4'-Bromomethylbiphenyl-2-yll-4.5-dihydro-l­
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 colwnn 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 C18H18N3Br02 • 0. 5H20: 

·.·(!(%) • 

Calcd.: ·: 54·. 42; .. 
Found : 54.50; 
1H-NMR ( 200MHz, CDC13 ) 

H(%) N(%) 
4.82; 10.58 
4.66; 10.51 .• 
S: 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-1

: 1710, 1490, 1470, 1455,. 1440, 1375, 1330, 

1295, 1235, 1180, 1090, 915, 860, 855, 790, 765, 755, 
610. 

48e) Methyl l-[[2'-(2,4-dihydro-2-methoxymethyl-4-
-- --------·-
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methyl-3-oxo-l,2,4-triazol-5-yllbiphenyl-4-ylJmethylJ-
2-ethylthio-4-methylthienor3.4-dJimidazole-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 acetate. 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%}. 
1H-NMR(200MHz,CDC13 ) S: l.42(3H,s), 2.55(3H,s), 

2.63(3H,s), 3.30(2H,q), 3.37(3H,s), 3.77(3H,s), 
5.18(2H,s), 5.71(2H,s), 7.19(2H,d),·7.25(2H,d), 7.42-
7 • 6 4 ( 4H, m) • 

IR(Neat)cm-1
: 1705, 1605, 1540, 1460, 1440, 1320, 1240, 

1170, 1095, 755. 
48£) Methyl 2-ethylthio-l-CC2'-(2,4-dihydro-4-methyl-3-
oxo-l,2,4-triazol-5-yllbiphenyl-4-ylJmethylJ-4-
methylthieno[J,4-dJimidazole-6-carboxylate 

The.compound (0.30 g) obtained in Working Example . . . . 
(48e) w~~ ~issolved in a mixture of trifluoroacetic 
acitl (2' ml) and chloroform (2 ml). The solution was 

30 stirred for 5.5 days at 60°C. The reaction mixture was 
concentrated under reduced pressure. The residue was 
purified by column chromatography on silica gel to 
afford the title compound as a colorless oil (0.27 g, 
96%). 

. 35 1 . 
H-NMR(200MHz,CDC13 ) S: l.42(3H,t), 2.53(3H,s), 

2.63(3H,s), 3.30(2H,q), 3.77(3H,s), S.71(2H,s), 
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7.15(2H,d), 7.23(2H,d), 7.42-7.65(4H,m). 
IR(Neat)cm-1

: 1700, 1600, 1540, 1460, 1435, 1320, 1240, .. 
1195, 1170, 1095, 750. 
48g) 2-Ethylthio-1-££2'-{2,4-dihydro-4-methyl-3-oxo­
l,2,4-triazol-5-yllbiphenyl-4-ylJmethylJ-4-
methylthienor3.4-dJimidazole-6-carboxylic acid 

The compound (0.27 g} obtained in Working Example 
(48£} 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 lN-HCl. 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 .. 
mg, 27%), m.p.228-229°C (decamp.). 
Elemental Analysis for C25H23N50 3S2 • 5H20: 

C(%) H(%) N(%) 
Calcd.: 58.35; 4.70; 13.61 
Found : 5 8 . 6 4 ; 4 . 5 9 ; 13 • 71 
1H-NMR(200MHz,CDC13 } S: l.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-1

: ~690, 1605, 1540, 1490, 1460, 1415, 1315, 

1240, 1200., .. 117Q, 1100, 940, 805, 780, 760. 
_ Working E;~ampie 49 

2-Ethylthio-l-CC2'-C5-hydroxy-2-methyl-l,2.4-triazol-3-
yllbiphenyl-4-ylJmethylJ-4-methylthienoC3.4-
dJimidazole-6-carboxylic acid 
49a) l-Methyl-l-C4'-methylbiphenyl-2-carbonyllhydrazide 

To a solution of 4'-methylbiphenyl-2-carboxylic 
acid (3.2 g) and DMF (one drop) in THF (35 ml) was 

35 added dropwise oxalyl chloride (2.9 g), and the mixture 
was stirred for further 18 hours. The reaction mi~ture 

1ii~~iU 
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was concentrated under reduced pressure. 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 

5 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 pressure. The residue was purified by column 
chromatography on silica gel to afford the title 
compound as a yellow oil (3.6 g, 100%). 
1 H-NMR(200MHz,CDCl3 ) S: 2.39(3H,s), 2.62(3H,s), 
4.39(2H,br), 7.19-7.47(8H,m). 
IR(Neat)cm-1

: 3300, 3200, 1630. 

49b) l-Methyl-l-£2-C4-methylphenyl)benzoyll­
semicarbazide 

To a solution of the compound (3.6 g) obtained in 
Working Example (49a) in lN-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 •. C~stalline precipitate was 
collected by filtration and recrystallized from· 
methanol - ethyl acetate to afford the title compound 
as colorless prisms (3.1 g, 74%), m.p.217-218°C. 
Elemental Analysis for C16H17N30 2 : 

C(.%) H(%) N(%) 
C~lcd.: ·.67.83-; 6.05; 14.83 
Found:._. 67-.99; 6.02; 15.03 
1 .. . 
H-NMR(200MHz,DMSO-d6 ) S: 2.34(3H,s), 3.00(3H,s), 
6.08(1H,br), 7.19(2H,d), 7.24-7.50(6H,m), 8.lS(lH,s). 

1 . . 
IR(KBr)cm- : 3470, 3330, 1680, 1645, 1610, 1520, 1460, 
1390, 1340, 825, 755. 
49c) 1-Methyl-5-C4'-methylbiphenyl-2-yll-3-hydroxy-

·' 
1,2,4-triazole 

According to the procedure described 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 { 4 9b) • 
M.p.271-172°C 
Elemental Analysis for C16H15N30: 

C(%) H(%) N(%) .. 
Calcd.: 72.43; 5.70; 15.84 
Found : 72.30; 5.74; 15.79 
1H-NMR(200MHz,DMSO-d6 ) S: 2.31(3H,s), 2.95(3H,s), 
7.06(2H,d), 7.18(2H,d), 7.~1-7.68(4H,m), 10.84(1H,s). 

10 IR(KBr)cm-1
: 1580, 1510, 1490, 1440, 1400, 1325, 1275, 

890, 880, 840, 820, 760, 620. 
49d) 3-Ethoxycarbonyloxy-l-methyl-5-C4'-methylbiphenyl-
2-yll-l,2,4-triazole 

To a suspension of the compound (0.65 g) obtained 
15 in Working Example (49c) and triethylamine (0.29 g) in 

methylene chloride (10 ml) was added ethyl 

20 

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%). 
1H-NMR(200MHz,CDC13) S: l.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-

25 7.64(4H,m). 

30 

35 

IR{Neat)cm-1 :-1780, 1505, 1360, 1230. 
49e) 5-C4-Bromomethylbiphenyl-2-yll-3-
etho~ycarbonyioxy-l-methyl-l, 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). 
1H-NMR(200MHz,CDC13) S: l,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). 
IR(Neat)cm-1

: 1770, 1500, 1470, 1435, 1400, 1360, 1230, 
------------------



- 150 -

760. 
49£) Methyl 1-CC2'-C3-ethoxycarbonyloxy-1-methyl-l,2,4-
triazol-5-yllbiphenyl-4-ylJmethylJ-2-ethylthio-4-
methylthieno[3,4-dJimidazole-6-carboxylate 

5 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). 
1H-NMR(200MHz,CDC13 ) : 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)cm-1

: 1780, 1690, 1605, 1540, 1510, 1460, 1440, 

1365, 1320, 1240, 1170, 1090, 760. 
49g) 2-Ethylthio-1-CC2'-C3-hydroxy-1-methyl-1.2,4-

15 triazol-5-yllbiphenyl-4-ylJmethylJ-4-methylthienoC3,4-

20 

dJ-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 C25H23N50 3S2 • 0. 2H20: 

C(%) H(%) N(%) 
Calcd.: 58.97; 4.63; 13.75 

25 Found : 59.00; 4.76; 13.68· 
1H-NMR(;200MHz,DMSO-d6 ) S: 1.33(3H,t), 2.55(3H,s), 

2.92(3H,s), ~.24(2H,q), 5.69(2H,s), 7.12(4H,s-like), 
7 .50-7 .68(4il,_m): 
IR(KBr)cm~1 :· 1690, 1640, 1600, 1585, 1540, 1460, 1415, 

30 1370, 1305, 1270, 1235, 1200, 1170, 1095, 935, 775, 
765. 
Working Example 50 
1-[C2'-(2,4-Dihydro-3-oxo-1.2,4~triazol-5-yl\biphenyl-

4-ylJmethyll-2-ethylthio-4-methylthienoC3.4-
35 dJimidazole-6-carboxylic acid 

SOa) 2,5-Dihydro-5-C4'-methylbiphenyl-2-yll-l,2,4-
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triazol-3-one 
l-[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 

s hours under reflux. The reaction mixture was 
concentrated to dryness under reduced pressure. To the 
residue was added water, and resulting crystalline 
precipitate was collected by filtration. 

.. 

Recrystallization from methanol afforded the title 
10 compound as colorless needles. (3.4 g, 79%), m.p.245-246 

°C (decamp.). 
Elemental Analysis for C1,H13N30: 

Calcd.: 
C(%) 
71.70; 

H(%) 
5.21; 

N(%) 
16.72 

15 Found : 71.37; 5.42; 16.72 
1H-NMR(200MHz,CDC13 ) S: 2.39(3H,s), 4.84(2H,b~ s), 

7.17(4H,s), 7.39-7.58(3H,m), 7.85-7.89(1H,m). 
IR(KBr}cm-1

: 3260, 3080, 1670, 1655, 1605, 1580, 1025, 

820, 765, 750. 
20 50b) 1,2-C& 2,4-lDihydro-1,2-C& 2.4-lbis-

25 

30 

35 

(methoxymethyll-3-{4'-methylbiphenyl-2-yll-l,2,4-
.triazol-3-one .• 

Accoding to the procedure described in Working 
Example (48c), a mixture of the isomers (1:2) of the 
title compound was· obtained as a colorless oil (1.6 g, 
73%) from th~ compound (1.6 g) obtained in Working 
Example ( S_Oii) • . 
1H~NMR(2Q9~z-,CDC13 ) S: 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-1

: 2220, 1685, 1480, 1440, 1360, 1290, 1240, 

1190, 1090, 915, 820, 760. 
SOc) 3-C4'-Bromomethylbiphenyl-2-yl)-1,2-C& 2,4-
ldihydro-l,2-C& 2,4-lbisCmethoxymethyll-1,2,4-triazol-
3-one 

According to the procedure described in Working 
-----···-··------· ·--· 

I 
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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 1H-NMR(200MHz,CDC13 } S: 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-1

: 2210, 1680, 1440, 1360, 1285, 1240, 1230, 
1190, 1090, 915, 760. .. 

10 50d) ·Methyl 2-ethylthio-l-CC2'-Cl.2-C& 2.4-ldihydro-
1.2-(& 2.4-lbi~-methoxymethyll-5-oxo-1.2.4-triazol-3-
yl)biphenyl-4-ylJmethylJ-4-methylthienoC3,4-
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 c·ompound ( 1. 0 g} obtained in Working 
Example (50c). 
1H-NMR(200MHz,CDC13 ) S: l.42(3H,t), 2.62(3H,s), 

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-1

: 2220, 1690, 1600, 1540, 1460, 1430, 1360, .. 
1320, 1285, 1240, 1195, 1165, 1090, 755. 

25 SOe) Methyl 2-ethylthio-l-CC2'-C4,5-dihydro-5-oxo­
l.2,4-triazoi-3-yllbiphenyl-4-ylJmethylJ-4-
methylthienoC3.4-dJimidazole-6-carboxylate 

Accqrding to the procedure described in Working .. . 
Example (48£), the title compound was obtained as 

30 yellow prisms (0.28 g, 50%) from the compound (0.65 g) 
obtained in Working Example ( 50d). 
M.p.272-273°C (decamp.) 
Elemental Analysis for C25H23N50 3S2 : 

C(%) H(%) N(%) 
35 Calcd.: 59.39; 4.58; 13.85 

Found : 59.17; 4.74; 13.81 
-------

11ii[i~f 
.. 
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1H-NMR( 200MHz, DMSO-d6 ) 6: 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)cm-1

: 3275, 3100, 1680, 1660, 1535, 1450, 1430, 

1320, 1235, 1160, 1090, 755. 
50£) 2-Ethylthio-1-££2'-(4,5-dihydro-5-oxo-l,2,4-
triazol-3-yl)biphenyl-4-ylJmethylJ-4-methylthienor3,4-

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 {SOe). 

M.p.205-207°C (decomp.) 

Elemental Analysis for C24H21N503Sz: 

C(%) H(%) N(%) 
Calcd.: 58.64; 4.31; 14.25 

Found : 5 8 • 3 0 ; 4 . 16; 14 • 12 
1H-NMR(200MHz,DMSO~d6 ) 6: l.35(3H,t), 2.54(3H,s), 

3.24(2H,q), S.70(2H,s), 6.95(2H,s), 7.15(2H,d), 

20 7.22(2H,d), 7.41-7.63(3H,m), 7.69(1H,dd). 
IR(KBr)cm-1

: 1660, 1650, 1595, 1535, 1450, 1305, 1240~ 

1160. 

Working Example 51 

Methyl 2-n-butyl-l-££2'-(2,4-dioxoimidazolidin-1-

25 yllbiphenyl-4-ylJmethylJbenzimidazole-7-carboxylate 
Sla} Methyl 2-n-butyl-1-£(2'-Ct-butoxycarbonylaminol-· 
biphenyl-4~yllmethy1Jbenzimidazole-7-carboxylate 

Methyl·2~butyl-l-[[2'-(t-butoxycarbonyl)biphenyl-.. . . 
4-yl]methyl]benzimidazole-7-carboxylate (600 mg) and 

30 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 sam_e temperature. The 

35 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. 

5 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 gel to 

afford the title compound (510 mg, 73%) as a pale 

10 yellow oil. 
5lb) Methyl 2-n-butyl-l-[(2'-aminobiphenyl-4-

yllmethylJ-benzimidazole-7-carboxylate 

The compound (510 mg) obtained in Working.Example 

(5la) was dissolved in cone. HCl (0.8 ml) and methanol 

15 (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 

20 dried. The solvent was evaporated under reduced 

pressure to give a pale yellow oil, which was 

crystallized from ether to afford the title compound 

(370 mg, 90%) as white crystals, m.p.97-99°C. 

Elemental Analysis for C26H27N302: 

25 .C(%) H(%) N(%) 
Calcd.: 75.52; 6.58; 10.16 

Found : .7 5 ·• 2 7 ; 6 . 81 ; 9 • 9 9 
1H~NMR(209~~,CO~l3 ) 6: 0.95(3H,t), l.4-1.6(2H,m), 1.8-

2.0(2H,m), 2.92(2H,t), 3.65(2H,bs), 3.73(3H,s), 

30 5.79(2H,s), 6.7-7.5(9H,m), 7.64(1H,~d), 7.95(1H,dd). 

IR(KBr)cm-1
: 1720, 1630, 1600, 1575,· 1520. 

5lc) Methyl 2-n-butyl-l-[[2'-Cethoxycarbonylmethyl­

aminolbiphenyl-4-ylJmethylJbenzimidazole-7-carboxylate 

The compound (408 mg) obtained in Working Example 

35 (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 

5 ~ater 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. 

10 1H-NMR(200MHz,CDC13 ) ~: 0~96(3H,t), l.24(3H,t), l.4-
1.6(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-1

: 1745, 1720, 1600, 1580, 1520, 1505. 
15 5ld) Methyl 2-n-butyl-l-CC2'-CCN-chloroacetyl­

carbamoyll-CN-ethoxycarbonyl-methyllaminoJbiphenyl-4-
ylJmethylJbenzimidazole-7-carboxylate 

To an ice-cooling solution of the compound (260 
mg) obtained in Working Example (5lc) in 

20 dichloromethane (10 ml) was added dropwise chloroacetyl 
isocyanate (80 micro l) under nitrogen atmosphere. The 
mixture was stirred for two hours at the same 
temperature and concentrated to dryness~ The residue 
was purified by column chromatography on silica gel to 

25 afford the title compound (193 mg, 60%) as white 
powder, m.p.149-151°C. 
Ele.mental Analysis for C33H35N40 6Cl•0.2H20: 

Calcd.: 
·.C(%) 

63.65; 
H(%) 
5.73; 

N(%) 
9.00 

30 Found : 63.46; 5.65; 8.72 
1H-NMR(200MHz,CDC13 ) S: 0.98(3H,t), 1.25(3H,t), 1.3-
l.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-

35 7.7(6H,m), 7.95(1H,d). 
IR(KBr)cm-1

: 1750, 1720, 1690, 1520. 
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Sle) Methyl 2-n-butyl-l-CC2'-C2,4-dioxoimidazolidin-1-
yllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-carboxylate 

The compound (180 mg) obtained in Working Example 
(Sld) was dissolved in a mixture of methanol (10 ml) 

5 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 

10 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 

15 hours under ice-cooling, then 4 hours at room 
· temperature. After evaporation of the solvent, the 
~esidue was diluted with chloroform, and the solution 
was washed with dilute hydrochloric acid and dried. 
The solvent was removed under reduced pressure, and the 

20 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. 

25 El_emental Analysis for C29H28N40 4 • 0. 3H20: 

H(%) . N(%) 
5.74; 11.16 
5.83; 10.98 

C(~) 

Calcd.: -~9-.39; 

Found : . . . 6 9 . ·4 7 ; 
1H-NMR(200MHz,CDCl3) 6: 0.95(3H,t), l.3-l.6(2H,m), 

30 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-1

: 3450, 2960, 2740, 1770, 1730, 1610, 1525. 

Working Example 52 
35 Methyl 2-butyl-l-f £2'-C2.4-dioxo-3H-thiazolidin-5-yll . 

biphenyl-4-ylJmethylJbenzimidazole-7-carboxylate 
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52a) Methyl 2-CN-C2'-tert-butoxycarbonylbiphenyl-4-yll 
methyl-N-valerylJamino-3-nitrobenzoate 

To a solution of methyl 3-nitro-2-valerylamino­

benzoate (2.79 g) in DMF (20 ml) was added sodium 
5 hydride (60% in oil; 0.40 g) with stirring under ice­

cooling. After stirring for fifteen minutes, 2'-tert­

butoxycarbonyl biphenyl methyl bromide (4.~1 g, 13 
mmol) was added to the mixture. The_ reaction mixture 

was stirred for two hours at 70°C and extracted with 
10 ethyl acetate. The extract was washed with water and 

dried (MgS04), 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 compound (4.41 

15 g, 81%) as colorless crystals, m.p.127-128°C. 

20 

25 

30 

35 

Elemental Analysis for C31H34N207: 

C(%} H(%} N(%) 
Calcd.: 68.12; 6.27; s.12 
Found . 68.27; 6.27; 4.85 . 
1H-NMR ( 200MHz, CDCl3) S: 0.80(3H,t), l.20(2H,m), 

l.23(9H,s), l.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}cm-1

: 1740, 1710, 1675, 1600. 

52b) ~ethyl 2-butyl-1-(2'-tert-butoxycarbonylbiphenyl-
4-ylJmethylbenzimidazole-7-carboxylate 

Iron powder' (1.35 g) was added to a mixture of the 
compound {"3;20 g) obtained in Working Example (52a) in 

·' . . 

a mixture of cone. HCl (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 cone. HCl (0.5 ml) and methanol (50 
ml). The mixture was heated for 1.5 hour under reflux 
and concentrated 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 
g.el to afford the title compound (2.38 g, 82%) as an 
oil. 

5 Elemental Analysis for C31H34N204 • l/2H20: 
C(%) H(%) .N(%) 

Calcd.: 73.35; 6.95; 5.52 
Found : 7 3 . 4 2 ; 6 • 9 8 ; 5 • 4 5 .. 1H-NMR(200MHz,CDC13 ) S: 0.97(3H,t), l.19(9H,s), 

10 l.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 -l : 1 715 , 170 0 , 15 9 5 • 
52c) Methyl 2-butyl-l-f 2'-carboxylbiphenyl-4-ylJmethyl-

15 benzimidazole-7-carboxylate 
Trifluoroacetic acid (10 ml) was added to a 

solution of the compound (2.35 g) ob:tained in Working 
Example (52b) in dichloromethane (8 ml). The mixture 
was stirred for one hour at room temperature, diluted 

20 with water and extracted with chloroform. The extract 
was washed with water and dried (MgS04 ), and the 
solvent was evaporated in vacuo. The residue was 
purified by column chromatography on silica gel to give 

25 

30 

crystals. Recrystallization from diethyl ether 
afforded the title compound (2.04 g, 98%) as colorless 
prisms, m.p.192-194 °C. 
1 • . . . • 
H-NMR( 200MHz, ?MSO-d6 ) S: 0. 90 ( 3H, t )', 1. 40 ( 2H,m), 
1.78(~H,mj~ ~.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)cm-1

: 3420, 1725, 1690, 1600. 
52d) Methyl 2-butyl-1-f 2'-hydroxymethylbiphenyl-4-yll 
methylbenzimidazole-7-carboxylate 

A mixture of methyl 2-butyl-l-[2'-carboxybiphenyl-
35 4.-yl ]methylbenzimidazole-7-carboxylate ( 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 conc~ntrated, and.the resulting 
product was used for the subsequent reaction without 

purification. A stirred solution of the above product 

s 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 
mixture was stirred for one minute at the same 
temperature, and to the mixture were added 2N-HC1 and, 

10 then w~ter, followed by extraction with chloroform. 

The extract was washed with water and dried (MgS04 ), 

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 

15 isopropyl ether afforded colorless prisms (0.13 g, 

31%), m.p.126-127°C. 
Elemental Analysis for C21H2aN203 : 

C(%) H(%) N(%) 
Calcd.: 75.68; 6.59; 6.54 

20 Found : 75.20; 6.66; 6.55 
52e) Methyl 2-butyl-l-[2'-form.ylbiphenyl-4-ylJmethyl 
benzimidazole-7-carboxylate 

I 

A mixture of the compound (0.73 g) obtained in 
Working Example (52d), pyridinium dichroma~e (0.75 g) 

25 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 d~egs.· The residue was purified by column 
.• . . 

chromatography on silica gel to give crude crystals. 
30 Recrystallization from ethyl acetate - diethyl ether 

afforded colorless prisms (0.62 g, 85%), m.p.103-104°C. 
Elemental Analysis for C27H26N203 : 

35 
Calcd.: 

C(%) 
76.03; 

Found: 75.95; 
1H-NMR(200MEiz,CDC13) 

H(%) N(%) 
6.14; 6.57 

6.07; 6.56 

6: 0. 9 6 ( 3H It) I 
-----·-· -- ----~----------- .. 

1iiffiii 
l. 48 ( 2H,m) .t 
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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). 
IR(Nujol) cm-1

: 17 20, 1695, 1595. 

5 52£) Methyl 2-butyl-1-f 2'-cyanohydroxymethylbiphenyl-4-
ylJmethylbenzimidazole-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 

10 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 

15 extract was washed with water and dried (Mg504 ) and 

concentrated to dryness. The residue was purified by 
coltimn chromatography on silica gel to afford the title 
compound (0.61 g, 94%) as a syrup. 
1H-NMR(200MHz,CDCl3) 6: 0.87(.3H,t), 1.36(2H,m), 

20 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-1

: 3420, 2360, 1720, 1605. 

52g) Methyl 2-butyl-1-f 2'-C2,4-dioxothiazolidin-5-yll­
biphenyl-4-y1Jmethylbenzimidazole-7-carboxylate 

25 Thionyl chloride (0.15 ml, 2.1 mmol) was added to 

30 

. 
a solution ~f the compound (0.60 g) obtained in Working 
Example ( 5·2f) in chloroform ( 6 ml) • The solution was 
heated for ·one hour under reflux. The reaction mixture 
was concentrated, and the residue w~s used in the 
subsequent reaction without purification. 

A mixture of the compound obtained above and 

thiourea (0.11 g) in methanol (10 ml) was heated for 
one hour under reflux. After addition of 2N-HC1 (13 
ml), the reaction mixture was heated for 12 hours under 

35 reflux. The·reaction cixture was diluted with water 

and extracted with chloroform. The extract was washed 
----------------
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with water and dried (MgS04), 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 

5 afforded the title compound (0.40 g, 59%) as colorless 
prisms, m.p.241-142°C. 
Elemental Analysis for C29H27N304S: 

Calcd.: 
C(%) 
67.82; 

H(%) 
5.30; 

N(%) 
8.18 

10 Found : 67.71; 5.62; 8.14 
l H-NMR(200MHz,DMSO-d6 ) S: 0.89(3H,t), 1.40(2H,m), 
l.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). 

15 IR(Nujol)cm-1
: 1745, 1725, 1700, 1605. 

Working Example 53 
2-Ethylthio-1-[[3'-(2,5-dihydro-5-oxo-1,2,4-oxadiazol-
3-yl)biphenyl-4-ylJmethylJthienof 3 ,4-dlimidazole-4-
methyl-6-carboxylic acid 

20 53a) Methyl 4'-methylbiphenyl-3-carboxylate 

25 

30 

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 180-190°C. The mixture was then stirred 
for 6 hours at 200-210°C. The reaction mixture was 
cooled to room temperature, to·which was added toluene. 
Insoluble mate~ials were filtered off, and the filtrate 
was concentrated to dryness. The residue was purified 
by column .. chromatography on silica gel to afford the 
title compound as a colorless oil (6.61 g, 29%). 
1 H-NMR(200MHz,CDC13 ) S: 2.40(3H,s), 3.94(3H,s), 
7.26(2H,d), 7.49(1H,t), 7.S2(2H,d)~ 7.77(1H,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 
35 Working Example (53a) in tetrahydrofuran (20 ml) -

water (10 ml) was added lithium hydroxide monohydrate 

liii1ii~i1f 
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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 lN-HCl. 

5 Crystalline.precipitate was collected by filtration and 

dried to afford the title compound as colorless needles 

(1.73 g, 78%), m.p.182-187°C. 
1H-NMR(200MHz,COC13 ) S: 2.41(3H,s), 7.28(2H,d), 

7.54(1H,t), 7.54(2H,d), 7.83(1H,m), 8.08(1H,td), 
10 8.35(1H,t). 

IR(KBr)cm-1
: 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 
15 in Working Example (53b) in chloroform (25 ml) were 

ad~ed 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 

20 mixture was again concentrated to dryness. This 
procedure was repeated four times to give a pale yellow 
oil, which was added dropwise to 25% aqueous ammonia 
(20 ml) under ice-cooling. The mixture was stirred for 
30 minutes at room temperature. Crystalline 

25 precipitate then formed was collected by filtration and 
dried to af~ord the title compound as colorless 
crystals .p .. 73 _g, quantitatively), m.p. 200-205°C. 

30 

1 H-NMR(2pOMHz,DMSO-d6 ) S: 2.36(3H,s), 7.30(2H,d), 

7.4l(1H~br s), 7.Sl(lH,t), 7.63(2H,d), 7.76-7.86(2H,m), 
8.lO(lH,br s), 8.14(1H,t). 
IR(KBr)cm-1

: 3300, 3150, 1670, 1630, 1605, 1580, 1450 1 

1410, 1390, 1125, 800, 685. 
53d) 4'-Methyl-3~cyanobiphenyl 

A mixture of the compound (1.70 g) obtained in 
35. 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 dryn~ss and to the residue 
was added toluene. The mixture was again concentrated 
to dryness. This procedure was repeated three times, 
then the residue was purified by column chromatography 

s on silica gel to afford the title compound as colorless 
crystals (1.50 g, 96%), m.p.71-73°C. 
1H-NMR(200MHz,CDC13 ) S: 2.41(3H,s), 7.28(2H,d), 
7.46(2H~d), 7.Sl(lH,t), 7.60(1H,td), 7.79(1H,td), 
7.84(1H,t). .. 

10 IR(KBr) cm-1
: 2230, 14 75, 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 

15 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 1qo 0 c, and water was added to the 

20 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 

25 g, 76%), m.p.134-136°C. 
1H-NMR(200MHz#CDC13 ) 6: 2.39(3H,s), 4.93(2H,br s), 
7.~5(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. 

30 53f) 3-C4'-Methylbiphenyl-3-yl)-5-trichloromethyl­
l, 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 

35 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, 

5 quantitatively). 

10 

1H-NMR(200MHz,COC13 ) S: 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)cm-1

: 1570, 1515, 1460, 1355, 1335, 850, 825, 
BOO, 745, 690. .. 
53g) 3-C4'-Bromomethylbiphenyl-3-yl)-5-trichloromethyl­
l,2,4-oxadiazole 

To a solution of the compound (2.09 g) obtained in 
Working Example (53f) in carbon tetrachloride (50 ml) 

15 were added N-bromosuccinimide (NBS) (1.10 g) and 
benzoyl peroxide (BPO) (0.20 g). The mixture was 
refluxed under irradiation of light for one hour. The 

20 

25 

30 

35 

reaction mixture was cooled to room temperature, and 
insoluble materials were filtered off. The filtrate 
was concentrated to dryness, and the residue was 
purified by column chromatography on silica gel to 
afford the title compound as a colorless oil (2.40 g, 
59%). 
1 H-NMR(200MHz,COC13 ) : 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,rn). 
53h) Methyl 2-ethylthio-1-[[3'-C2,5-dihydro-5-oxo-
1,2,4-oxadiazol-3-yl)biphenyl-4-yllmethyllthienor3,4-. . 
dlimidaz~le-4-methyl-6-carboxylate 

To an ice-cooling solution of methyl 2-ethylthio-4-
methylthieno[ 3, 4-d]imidazole-6-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 ~n 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 

----------

1iiiiiii .. 
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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 

5 chromatography on si1ica gel to give a colorless 
crystalline product. To a solution of the crystals in 
a mixture of chloroform (10 ml) - methanol (10 ml) was 
added lN-NaOH (3 ml), and the mixture was stirred for 
one hour at room temperature. The reaction mixture was 

10 concentrated and.adjusted to pH 3-4 with lN HCl. The 
aqueous mixture 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 

15 afforded the title compound as colo~less needles (0.74 
g, 83%), m.p.248-251°C (decomp.). 
Elemental Analysis for C25H22N4S2 • 0. 5H20: 

Calcd.: 
C(%) 
58.24; 

H(%) 
4.50; 

N(%) 
10.87 

20 Found : 58.24; 4.38; 10.77 
1H-NMR(200MHz,CDC13 ) : l.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, 

25 760. 

35 

53i) 2-Ethylthio-l-f f3'-C2.5-dihydro-5-oxo~l.2,4-
oxadiazol-3~yllbiphenyl-4-y1Jmethy1Jthienof3.4-

dlimidazole-~-methyl-6-carboxylic acid 
·To a suspension of the compound (0.60 g) obtained 

in Working Example (53h) in a mixture of 
tetrahydrofuran (20 ml) - water (20 ml) was added 
lithium hydroxide monohydrate (0.25 g). The mixture 
was heated for 15 hours under reflux. The reaction 
mixture was concentrated, and the aqueous residue was 
adjusted to pH 3 with lN-HCl. Crystalline precipit~te 
was recrystallized to afford colorless needles (0.33 g, 
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56%), m.p.177-179 C (decomp.). 
Elemental Analysis for . C24H20N404S2 • 0. SHzO: 

C(%) H(%) N(%) 
Calcd.: 57.47; 4.22; 11.17 

5 Found : 57. 6 3; 4. 04; 11.17 
1H-NMR(200MHz,DMSO-d6 ) S: l.35(3H,t), 2.56(3H,s), 

3.26(2H,q), 5.73(2H,s), 7.26(2H,d), 7.65(1H,t), 
7.69(2H,d) 1 7.81(1H,td), 7.90(1H,td), 8.08(1H,t). 
IR(KBr)cm-1

: 1770, 1755, 1650, 1530, 1460, 1165, 765. 

Working Example 54 
2-Ethoxy-l-[[2'-{2,5-dihydro-5-oxo-1,2,4-oxadiazol-3-
yllbiphenyl-4-ylJmethylJbenzimidazole-7-carboxylic acid .. 
54a) 4'-bromomethylbiphenyl-2-carboxamide 

A mixture of 4'-methylbiphenyl-2-carboxamide (2.1 
g), N-bromo-succinimide (2.S_g) and azobisisobutyro­
nitrate (AIBN; 82 mg) in ben~ene (29 ml) was stirred 
for 20 hours at 60 to 70°C. Resulting crystalline 
precipitates 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 C14H12BrNO: 

C(.%) H(%) N(%) 

Calcd.: .. sJ.95.; 4.17; 4.83 .• 
Found : .. 57 .as; 4 .16; 4. 77 
1H-NMR ("2.00MHz, DMSO-d6)S: 4.75(2H,s), 7.31-

7.69(10H,m) . 
IR(KBr)cm-1

: 3150, 3000, 1570, 1520,· 1500, 1300, 665. 

54bl Methyl 2-CN-tert-butoxycarbonyl-N-{2'­
carbamoylbiphenyl-4-yl)methylaminoJ-3-nitrobenzoate 

A mixture of methyl 2-(N-tert-butoxycarbonyl­
amino)-3-nitrobenzoate (1.8 g),· 4'-bromomethylbiphenyl-
2-carboxamide (1.8 g) and K2C03 (0.86 g) in 
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acetonitrile (25 ml) 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 MgS04. 

5 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%). 
1H-NMR (200MHz, CDC13)S : l.35(9H,s), 3.83(3H,s), 

4.48(1H,d), 4.92(1H,d), 5.29(1H,brs), 5.56~1H,brs), 

10 7.13-7.54(8H,m), 7.80-7.91(2H,m), 8.06(1H,dd). 

IR(neat)cm-1
: 1740-1660, 1600, 1535, 1480, 1450, 1160, 

~130, 860, 830, 7~0. 

54cl Methyl 2-(2'-carbamoylbiphenyl-4-yllmethylamino-3-

nitrobenzoate 

15 A mixture of the compound (2.8 g) obtained in 

Example (54b) in methanol (15 ml) and lN-HCl (6 ml) was 

heated for 2 hours under reflux. After removal of the 

solvent, the residue was made alkaline with an aqueous 

solution of NaHC03, and the mixture was extracted with 

20 ethyl acetate. The extract was washed with water, 

dried over Mg504 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%). 

25 
1
H-NMR (200MHz, CDCl3)S : 3.90(3H,s), 4.25(2H,s), 

5.20(1H,brst, S.46(1H,brs), 6.73(1H,t), 7.32-

7 • 5 4 ( 7H, m} ~ · 7 • 7l3 ( lH, dd ) , 7 . 9 7 ( lH, dd ) , 8 • 12 ( lH, dd ) • 

IR(~Br)~M-1 : .3470, 3330, 1695, 1670, 1605,~1580, 1530, 

1500, 1450, 1350, 1260, 1120, 1110, 765, 

30 745. 

35 

54dl Methyl 3-amino-2-(2'-carbamoylbiphenyl-4-

yllmethyl-aminobenzoate 

To a suspension of nickel chloride (4 mg) in 

methanol (20 ml) was added a small amount of NaBH4 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 
NaBH4 (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 

5 ethyl acetate. The organic layer was washed with water 
and dried over MgS04 • The sol vent was removed in 

vacuo, and the residue was purified by column 
chromatography on silica gel to afford a colorless 
syrup (0.84 g, 76%). 

10 1H-NMR (200MHz, CDC13 )S : 3.80(3H,s), 4.25(2H,s), 

5.12(1H,brs), 5.42(1H,brs), 6.8B-6.94(2H,m), 7.20-
7.56(8H,m), 7.78-7.83(1H,m). 
IR(neat)cm-1

: 3450, 3350, 3180, 1700-1660, 1610, 1470, 

1380, 1290, 1200, 760. 
15 54el Methyl 1-CC2'-carbamoylbiphenyl-4-yll~ethylJ-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 

20 for 6 hours at 80-90°C. The solvent was removed in 
vacuo, and the residue was purified by column 
chromatography on silica gel. Recrystallization from 
ethyl acetate - hexane afforded colorless needles (0.61 
g, 64%), m.p. 198-199°C. 

25 Elemental Analysis for C15H13N30 4 : 

C(%) H(%) N(%) 
Calcd. : 59· ~ 9 2; · 5 . 4 0; 9 • 7 8 
Found : ·6 9 • 9 6 ; 5 • 6 8 ; 9 • 81 
1 . . 
H-NMR (200MHz,CDC13 )S : l.52(3H,t), 3.78(3H,s), .• 

30 4.73(2H,q), S.14(1H,brs), 5.39(1H,brs), 5.66(2H,s), 

35 

7.03(2H,d), 7.20(1H,t), 7.30-7.56(6H,m), 7.73-
7.81(2H,m). 
IR(KBr)cm-1

: 3400, 3200, 1720_, 1660,. 1620, 154.0, 1475, 

1430, 1380, 1350, 1280, 1250, 1040, 
755, 740. 

----- --------
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54fl Methyl 2-ethoxy-1-[(2'-[ethoxycarboim~doylJ­
biphenyl-4-yllmethylJbenzimidazole-7-carboxylate 

To methylene chloride (50 ml) were added the 
compound (4.3 g).obtained in Example (54e) and triethyl 

5 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 NaHC03 and 

dried over MgS04 • The solvent was removed in vacuo, 

and the residue was purified by column chromatography 
10 on silica gel. Recrystallization from isopropylether 

afforded colorless prisms _(3.6 g, 78%), m.p. 105-106°C. 
Elemental Analysis for C2,H27N304 : 

C(%) H(%) N(%) 
Calcd.: 70.88; 5.95; 9.18 

15 Found : 70.66; 5.96; 9.16 
1 . 
H-NMR {200MHz, CDC13 )S : 0.92(3H,t), l.SO(lH,t), 

3.79(3H,s), 4.01(2H,q), 4.67(2H,q), 5.66(2H,s), 
7 . 0 2 ( 2H Id ) , 7.13-7.58(8H,m), 7.73(1H,dd). 
IR(KBr)cm-1

: 3310, 1715, 1640, 1620, 1550, 1480, 1460, 

20 1430, 1390, 1375~' 1350,"1330, 1280, 1250, 
1220, 1170, 1130, 1110, 1080, 1040, 1005, 
870, 760, 750, 740. 

54gl Methyl 2-ethoxy-l-[[2'-[CN-methoxycarbonyllethoxy-
25 carboimidoylJbiphenyl-4-ylJmethylJbenzimidazole-7-

30 

carboxylate 
To tqluene. ( 10 ml ) were added the compound ( 1 . 5 g) 

obtained._.in Example ( 54f) , ethyl chloroformate ( 0. 41 g) 
and·2,6.:.dimethylpyridine (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 NaHC03 and dried over Mg504 • The 

solvent was remo~ed in vacuo, and the residue was 
recrystallized from ethyl acetate to afford colorless 

35 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 
l H-NMR (200MHz, CDC13 )S : 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(?H,d), 7.15.(lH,t), ··7.23-7.50(6H,m), 
7.55(1H,dd), 7.72(1H,dd). 
IR(KBr)cm-1

: 1710, 1650, 1615, 1550, 1475, 1455, 1445, 

1430, 1410, 1390, 1375, 1350, 1320, 1270, 
1240, 1220, 1140, 1120, 1040, 1010, BOO, 
765, 755 •. 

54hl Methyl 2-ethoxy-l-CC2'-(2,5-dihydro-5-oxo-1,2,4-
oxadiazol-3-yllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-
carboxylate 

To methanol (15 ml) were added the compound (1.0 
g) obtained in Example (54g), hydroxylamine 
hydrochloride (0.28 g) and MeONa (0.22 g). The mixture 
was heated for 6 hours under reflux. To the reaction 

20 mixture was added water. Re~ulting crystalline 
precipitates were collected by filtration and 
recrystallized from ethyl acetate - hexane to afford 
colorless prisms (0.7 g, 77%), m.p.186-187°C. 
1H-NMR (200MHz, CDC13 )S : 1.43(3H,t), 3.46(3H,s), 

25 4.39(2H,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,rn), 7.85-
7.89(1H,ml, 10.25(1H,brs). 

30 

IR.(KBr)c~~i"~.· 1780, 1720, 1610, 1550, 1490, 1470, 1435, 

1410, 1390, 1350, 1280, 1250, 1220, 1130, 
1040, 755. 

.. 
54il Methyl 2-ethoxy-l-((2'-(2,5-dihydro-5-oxo-1,2,4-
oxadiazol-3-yllbiphenyl-4-yllrnethyllbenzimidazole-7-
carboxylate 

35 A mixture of the compound (0.23 g) obtained in 
Example (54g), methyl chloroformate (66 mg) and 2,4,6-

1iii1i(, 
.. · .. fr:.:.;·_·· . 

. ; .. 
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trimethylpyridine (85 mg) in toluene (1 ml) was stirred 
for 16 hours at so-9ooc. Precipitates were filtered 
off, and the solvent was removed in vacuo.~ The residue 

was added to a mixture of hydroxylamine hydrochloride 

5 (42 mg) and NaOMe (32 mg) in methanol (2 ml)~ The 
mixture was ·heated for S.5 hours under reflux. The 

reaction mixture was concentrated to d:J:yness, and the 
residue was dissolved in ethyl acetate, washed with 
dilute hydrochloric acid and dried over MgS04 • The 

10 solvent was evaporated in vacuo, and the residue was 

crystallized from ethyl acetate - methanol to afford 

colorless prisms (0.13 g, 55%). 

54j) 2-Ethoxy-1-££2'-(2,5-dihydro-5-oxo-1,2,4-

15 oxadiazol-3-yllbiphenyl-4-ylJmethylJbenzimidazole-7-

carboxylic acid 

A mixture of the compound (0.47 g) obtained in 

Example (54h) and lN NaOH (3 ml) in methanol (3 ml) was 
heated for 30 minutes under reflux. The reaction 

20 mixture was adjusted to pH 3-4 with lN HCl. Resulting 
crystalline precipitates were collected by filtration 

25 

30 

35 

. . 
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~~eme~t with that obtained in Example 1. 
1 . . . 
H-NMR (~~OMHz, DMSO-d6 )6 : l.38(3H,t), 4.58(2H,q), 

S.6B(2H;s) 7.04(2H,d), 7.13-7.25(3H,m), 7.45-

7.69(6H,m). 
Example 55 

2~Ethyl-3-CC2'-C2,5-dihydro-5-oxo-l.2,4-oxadiazol-3-. 
yllbiphenyl-4-yllmethylJ-5,7-dimethylimidazoC4,5-

blovridine 

To a solution of 5,7-dimethyl-2-ethylimidazo[4,5-

b]pyridine (0.7 g) synthesized in a9cordance with 

---- ··-··------.--
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European Patent EP 0400974 A2 in dimethylformamide (10 
ml) was added sodium hydride (60% in oil; 0.18 g) under 
ice-cooling, and the mixture was stirred for 10 
minutes. To the ice-cooling reaction mixture was added 

5 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. 

10 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 aqueous 
solution of lN NaOH (2 ml), and the solution was 
stirred for 30.minutes at room temperature. The 

15 reaction mixture was adjusted to.pH 3-4 with lN 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 

20 ethyl acetate - hexane to afford the title compound as 
colorless crystals (0.35 g, 20%), m.p.149-152°C. 
Elemental Analysis for C25H23N50 2 • 0 .1H20( 427. 29): 

C(%) H(%) N(%) . 
Calcd.: 70.27; 5.47; 16.39 

25 Found: 70.24; ·5.42; 16.40 
1 H-NMR (200~z, CDC13 )6 : l.24(3H,t), 2.42(3H,s), 

2~51(3H,s-).,. 2.6.4(2H,q), 5.39(2H,s), 6.83(1H,s), 
7.05(2H,~)~ 7.17(2H,d), 7.29-7.34(1H,m), 7.48(1H,dt), 
7.57(1H;dt), 7.75-7.BO(lH,m) • 

. 30 IR(KBr)cm-1
: 1780, 1610, 1595, 1505, 1495, 1465, 1455, 

35 

1425, 1390, 765. 
Example 56 
2-Ethyl-3-CC2'-C2.5-dihydro-5-oxo-1.2.4-oxadiazol-3-
yllbiphenyl-4-ylJmethylJ-7-methylimidazor4;5-
bJpyridine-5-carboxylic acid 
56al 4-Methyl-2-nitraminepyridine 

-------------

. :~ 
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2-Amino-4-methylpyridine (25 g) was added 
gradually to cone. sulfuric acid (150 ml) under ice­
cooling. To the mixture was added dropwise a 
previously ice-cooled mixture of cone. nitric acid (26 

5 ml) and cone. sulfuric acid (19 ml), maint~ining 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 

10 the filtrate was concentrated. Resulting crystalline 
precipitates were collected by filtration and dried to 
afford the title compound as yellow needles (26.3 g, 

74%), m.p.185-187°C. 
1 H-NMR (200MHz, DMSO-d6 )S : 2.40(3H,s), 7.02(1H,dd), 

15 7.47(1H,s), 8.0S(lH,d). 
IR(KBr)cm-1

: 1625, 1600, 1520, 1415, 1375, 1365, 1320, 

1295, 1260, 1215, 1165. 
56bl' 2-Amino-4-methyl-3(and Sl-nitroovridine 

4-Methyl-2-nitraminepyridine (34.1 g) was added to 
20 cone. 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 aqueous ammonium hydroxide under ice-cooling_. The 
reaction mixture was cooled to give·a crystalline 

25 product. The crystals were collected by filtration and 
.dried to give a mixture of ·3-nitro derivative and 5-
n~tro derivative as yellow crystals (23,5 g, 3-nitro 
derivative.: -5-nitro derivative= 1:1.7). 
3-Nitro 'derivative: 1H-NMR (200MHz,DMSO-d6 )6 : 

30 2.36(3H,s), 6.60(1H,d), 7.09(2H,brs), 8.07(1H,d). 
5-Nitro derivative: 1H-NMR (200MHz,DMSO~d6 )6 : 

2.46(3H,s), 6.32(1H,s), 7.30(2H,brs); 8.76(1H,s). 
56cl 2-Ethyl-7-methylimidazo[4,5-bJpyridine 

A suspension of the compound (23.4 g) obtained in 
35 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 

5 20 minutes at 100°C. The reaction mixture was poured 
into ice-water and neutralized with aqueous ammonium .. 
hydroxide. Resulting crystalline precipitates were 
collected by filtration and recrystallized from 
chloroform. Resulting crystalline precipitates (by-

10 product) were collected by filtration. The filtrate 
and the mother liquor were combined and concentrated, 
then resulting cx-Ystalline precipitates were collected 
by filtration and washed with chloroform. The 
filtrates were combined and concentrated to dryness, 

15 which was purified by chromatography on silica gel. 
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. 
1H-NMR (200MHz,CDC13 )S : 1.56(3H,t), 2.70(3H,s), 

20 3.11(2H,q), 7.05(1H,d), 8.19(1H,d). 
IR(KBr)cm-1

: 1630, 1540, 1445, 1375, 1365, 890, 820 . .. 
56d) 2-Ethyl-7-methylimidazo[4,5-blpyridin-4N-oxide 

To an ice-cooling solution of the compound (2.0 g) 
obtained in Example (56c) in chloroform (30 ml) was 

25 added m-chlorobenzoic acid (2.78 g). The mixture was 
stirred for·lO minutes and then heated for one hour 
under reflux. "The reaction mixture was concentrated to 
dryness ·under reduced pressure. The concentrate was 

.• . 
purified by chromatography on silica gel _to give crude 

30 crystals. Recrystallization from ethyl acetate -
methanol afforded the title compound as colorless 
needles (1.92 g, 85%), m.p;l89-191°C. 

35 

Elemental Analysis for C9H11N30•0. 2H20(180. 81): 

C(%) H(%) N(%) 
Calcd.: 59.79; 
Found : 59.94; 

6.36; 
6.61; 

23.24 
23.23 .• 

·---···---·--·----
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1H-NMR (200MHz,CDC13 )S : l.33(3H,t), 2.46{3H,s), 
2.86(2H,q), 6.96(1H,d), 8.00(lH,d). 
IR{KBr) cm-1

: 1480, 1420, 1280, 1250, 1230, 1170, 765. 
56e) 5-Cyano-2-ethyl-7-methylimidazo£4,5-bJpyridine 

5 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 

10 dryness under reduced pressure. The residue was 
purified by chromatography o~ silic~ gel. Crude 
crystals thus obtained were recrystallized from ethyl 
acetate to afford the title compound as pale yellow 
needles (1.40 g, 66%), m.p.216-218°C (decomp.). 

15 Elemental Analysis for C10H10N4 ( 186. 22): 
C{%) H(%) N(%) 

Calcd.: 64.50; 5.41; 30.09 
Found : 64.26; 5.45; 29.87 
1H-NMR (200MHz,CDC13 )S : l.54(3H,t), 2.75(3H,s), 

20 3.22(2H,q), 7.50(1H,s). 

25 

IR(KBr)cm-1
: 2225, 1615, 1600, 1515, 1415, 1395, 1375, 

1295, 1270, 785. .. 
56f) Methyl 2-ethyl-7-methylimidazo£4,5-blpyridine-5-
carboxylate 

The compound ·( 1 • 3 g) obtained in Example ( 5 6e) was 
suspended irr 9N-hydrogen chloride in methanol solution 
(30 ml) .. The suspension was heated for 3 hours under . 
refJ,ux. ··The reaction mixture was concentrated under . . 

reduced pressure, and the pH was adjusted to 5 with a 
30 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 

35 compound as colorless prisms (1.33 g, 86%), m.p.208:.. 
210°c. 
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Elemental Analysis for C11H13N30 2 ( 219. 24): 

C(%) H(%) N(%) 
Calcd.: 60.26; 5.98; 19.17 
Found : 60.14; 5.99; 19.07 

5 1H-NMR (200MHz,COC13 )S : 1.41(3H,t), 2.74(3H,s), 

3.14(2H,q), 4.03(3H,s), 7.92(1H,s). 
IR(KBr)cm-1

: 3240, 1730, 1615, 1510, 1435, 1405, 1385, 

1300, 1250, 1200, 750. 
56ql Methyl 2-ethyl-3-rr2'-C2,5-dihydro-5-oxo-l,2,4-

10 oxadiazol-3-yllbipheny1-4-ylJmethylJ-7-
methylimidazor4 ,5-bJpyridine-5-carboxylate 

To a solution of the compound (1.0 g) obtained in 
Example (56f) in dimethylformamide (10 ml) was added 
sodium hydride (60% in oil; 0.21 g) at room 

15 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 acetate. The 

20 organic layer was washed with a saturated aqueous 
saline solution and dried. The solvent was removed 
under reduced pressure, and the.residue was purified by 
chromatography on silica gel to give colorless 
crystals. The crystals were dissolved in 

25 chloroform(7.5 ml)-methanol(l5 ml). To the solution 
was added an.aqueous solution of lN sodium hydroxide 
(3.5 ml), ~n~ th..e mixture was stirr~d for 20 minutes at 
room temp~r~tare. To the reaction mixture was added 
lN-HCl to adjust the pH to 3 to 4, followed by 

30 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 (decamp.). 

35 Elemental Analysis for C26H23Ns04 (469.SO): 

C(%) H(%) N(%) 
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Calcd.: 66.51; 4.94; 14.92 

Found : 66. 37; 4. 97; . 14. 84 
1H-NMR (200MHz,CDC13 )S : l.31(3H,t), 2.63(3H,s), 

2.80(2H,q), 3.93(3H,s), S.52(2H,s), 7.14(2H,d), 
5 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-1

: 1780, 1705, 1485, 1465, 1435, ~275, 1220, 

760. 

10 56h) 2-Ethyl-3-f C2'-C2,5-dihydro-5-oxo-l,2,4-oxadiazol-
3-yllbiphenyl-4-ylJmethyll-7-methylimidazoC4.5-bJ­

pyridine-5-carboxylic acid 
'To a suspension of the compound (0.9 g) obtained 

in Example (56g) in methanol (20 ml) was added lN 
15 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 lN HCl to adjust the pH to 

·, 3-4 • Resulting crystalline precipitates were collected .• 
by filtration and dried. Crude crystals thus obtained 

20 were recrystallized from ethyl acetate - methanol 
afforded the title compound as colorless crystals (0.61 
g, 69%), m.p.261-164°C (decomp.). 

25 

Elemental Analysis for C25H21N50 4 ( 455. 4 7) : 

C(%) H(%) N(%) 
Calcd.: 65.93; 4.65; 15.38 
Found : 65.n3; 4.67; 15.15 
1H-.NMR (200MHz,DMSO-d6 )S : 1.25(3H,t), 2.64(3H,s), 

2.86~2H,qt, ·5:62(2H,s), 7.22(2H,d), 7.29(2H,d), 7.48-
7.72(4H,m), 7.88(1H,s). 

30 IR(KBr) cm·1
: 1790, 1695, 1285, 1270. 

35 

Example 57 

Methyl 2-ethoxy-l-CC2'-r2,S-dihydro-5-oxo-l.2,4-
oxadiazol-3-yllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-
carboxylate 

57al Methyl 3-amino-2-£[2'-Cethoxycarbonyloxy-
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carbamimidoyllbiphenyl-4-ylJmethylaminoJbenzoate 
To a suspension of the compound (7.1 g) obtained 

in Example (la) in methanol (120 ml) were added 
hydroxylamine hydrochloride (5.56 g) and triethylamine 

s ( 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 

10 dryness under reduced pressure. To a solution of the 
residue in tetrahydrofuran (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 

15 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 

20 ( 8. 6 g). " 

25 

1H-NMR (200MHz,CDC13 )6 : 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(BH,m), 7.64-7.70(1H,m). 
IR(CHC13 )cm-1 :3520, 3415, 3350, 1765; 1700, 1635. 

57b) Methyl 2-ethoxy-1-[[2'-Cethoxycarbonyloxy­
carbamimidoyllbiphenyl-4-ylJmethylJbenzimidazole-7-
carboxylate· -

The pale brown syrup (8.58 g) obtained in Example 
30 (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 mixt~re was concentrated 
to dryness. The residue was crystallized from ethyl .• . 

35 acetate (50 ml). Resulting crystalline precipitates 
were collected by filtration to obtain the title 
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compound. 
1H-NMR(200MHz,CDC13 )S : 1.50{3H,t), 3.77(3H,s), 

4.31(2H,q), 4.69(2H,q), S.64(2H,s), 7.01(2H,d), 
7.17(1H,t), 7.26-7.55(6H,m), 7.72(1H,d). 

5 IR(CHCl,)cm-1
: 3520, 3410, 1765, 1710, 1635, 1545 • 

.. 
. . 

··.··1 

57cl Methyl 2-ethoxy-1-££2'-{2,5-dihydro-5-oxo-l.2.4-
oxadiazol-3-yllbiphenyl-4-ylJmethylJbenzimidazole-7-
carboxylate 

The crude crystals (4.0 g) obtained in Example 
(57b) was dissolved in ethyl acetate (50 ml). To the 
soluti·on was added 1, 8-diazabicyclo[5. 4. O]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 lN HCl (20 ml). The organic 
layer was washed with water, dried and concentrated to 
dryness. The residue was crystall~zed 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 (ld). 

Example 58 
Methyl 2-ethoxy-1-C C 2' -.( 2. 5-dihydro-5-oxo-l, 2. 4-
oxadiazol-3-yl lbiohenyl-4-yl Jmethyl ]benzimidazole-7-
carboxylate 

The crude crystals (4.0 g) obtained in Example 
(S?)Were dissol~ed in ethyl acetate (50 ml). To the 
solution ~as 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
HC1. Resulting crystals were collected by filtration 
and dried to obtain the title compound as colorless 
crystals (1.81 g, 3·8%), which were in agreement with 
those obtained in Example (57). 
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Example 59 
2-Ethoxy-l-f f2'-C2,5-dihydro-5-oxo-1.2.4-oxadiazol-3-
yl l-biphenyl-4-yl) Jmethyl J benzimidazo_le-7-carboxylic 
acid 

5 The compound (3.2 g) obtained according to the 
similar manner as in Example (ld) was suspended in 0.5N 
NaOH (50 ml). The suspension was stirred ;or 3 hours 
at 60°C. The reaction mixture was adjusted to pH 3 to 
4 with 2N-HC1. Resulting crystals were collected by 

10 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 .C25H20N404: 

C(%) H(%) N(%) 
15 Calcd.: 65.78; 4.42; 12.27 

20 

Found : 65.72; 4.67; 12.28 
1H-NMR (200MHz,CDC13 )S : 1.47(3H.,t), 4.·67{2H,q), 
5.77(2H,s), 7.07-7.70{11H,m), 13.0(lH,br s) 
IR(Nujol)cm-1

: 1780, 1700, 1555, 1470, 1440, 1290, 
1050, 765. 

Example 60 .• 
Methyl 2-ethoxy-1-[[2'-(2,5-dihydro-5-oxo-1,2,4-
thiadiazol-3-yllbiphenyl-4-ylJmethylJbenzimidazole-7-

25 carboxylate 
The compound obtained in Example (le) (0.89 g) was 

added to tetrahydrofuran (15 ml), to which was added 
1,1~-thi~carbonyl diimidazole (0.36 g)- while stirring 
at room temperatures. After stirring for 30 minutes, 

·;;. 30 the reaction mixture was concentrated.to dryness. The 
concentrate was dissolved in ethyl acetate, and the 
solution was washed with dilute hydrochloric acid and 

35 
... :.. 

.. :::. 

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 crystais. 
Recrystallization from ethyl acetate afforded colorless 

5 prisms (0.33 g, 34%), m.p.211-212°C. 
Elemental Analysis for C25H22N404S: 

C(%) H(%) N(%) 8(%) 
Calcd.: 64.18; 4.56; 11.52; 6.59 
Found : 64.44; 4.56; 11.44; 6.42 

10 1H-NMR(90MHz,CDC13 )S : l .• 43(3H,.t), 3.70(3H,s), 

4.57(2H,q), S.67(2H,s), 6~93-7.60(10H,m), 7.77-

7.90(1H,m), 9.43(1H, brs). 

·15 

IR(Nujol)cm-1
: 1715, 1665, 1550, 1440, 1430, 1285, 

1250, 1040. 

Example 61 
2-Ethoxy-1-CC2'-(2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-
yllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-carboxylate 

The compound (0.68 g) obtained in Exainple (60a) 
20 was suspended in a 0.2N aqueous 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 lN-HCl. 
Resulting crystals were collected by filtration and 
recrystallized from methanol to afford colorless prisms 

25 (0.29 g, 44%), m.p.210-211°C. 
Elemental ~alysis for C25H20N404S: 

·.{!(%). H(%) N(%) 5(%) 
Calcd.: ·: 63'.55; 4.27; 11.86; 6.79 
Found : 63.26; 4.32; 11.84; ·6.59 

30 1H-NMR (90MHz,CDC13 )6: 1.49(3H,t),. 4.64(2H,q), 

S.76(2H,s), 7.06-7.70(11H,m), 12.13(1H,brs). 
IR(Nujol)cm-1

: 1720, 1670, 1550, 1425, 1280, 1035. 

Working Example 62 
35 Methyl 2-ethoxy-1-f £2'-(2,5-dihydro-5-thioxo-1.2,4-

oxadiazol-3-yllbiphenyl-4-ylJmethylJbenzimidazole-7-
·---------------------·-
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carboxylate 
A mixture of methyl 2-ethoxy-1-((2'­

hydroxycarbamimidoyl)biphenyl-4-
yl]methyl]benzimidazole-7-carboxylate (0.66 g) obtained 

5 in Working Example (le), thiocarbonyldiimidazole (0.3 
g) and 1,5-diazabicyclo[4.3.0)non-5-ene (0.56 g) in 
acetonitrile (15 mt) was stirred at room temperature 
for 20 hours. After evaporation of the solvent, the 
residue was dissolved in water and the pH of the 

10 solution was adjusted.to pH 4-5, followed by extraction 
with ethylacetate. ~he 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 

15 colorless crystals (0.2 g, 20%). 
1H-NMR (200MHz,DMSO-d6 )6 : l.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(1H,s) 

20 Working Example 63 
Methyl 2-butyl-l-CC2'-C2,5-dihydro-5-thioxo-1,2,4-
oxadiazol-3-yllbiphenyl-4-y1Jmethyl]benzimidazol-7-
carboxylate 
63a) Methyl l-[£2'-(N-acetoxycarbamimidoyllbiphenyl-4-

25 ylJmethylJ-2-butylbenzimidazole-7-carboxylate 
To a s?lution of methyl 2-butyl-l-[[2'­

(hydroxyc~~bam~midoyl)biphenyl-4-

yl]meth¥~]pezimidazole-7-carboxylate (1.83 g) in 
dichloromethane (20 me) was added triethylamine (0.46 

30 g) and acetic anhydride (0.46 g), and the reaction 
mixture was stirred at room temperature 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 

35 NaHC03 and water. The solution was dried and 

concentrated to dryness to give a pale yellow solid 
--···---···------·--··---
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( 1. 99 g, quant .. ) 
1H-NMR (200MHz,CDCf 3 )S : 0.96(3H,t),· l.38-l.56(2H,m), 
l.80-l.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), 

5 7.55-7.65(2H,m), 7.93(1H,d) 
IR(Nujol)cm-1

: 3325, 3170, 1750, 1720, 1630, 1280 
This compound was used to the next reaction 

without any purification. · 
63b) Methyl 2-butyl-l-f C2'-(2.5-dihydro-5-thioxo-l,2,4-

10 oxadiazol-3-yl)biphenyl-4-ylJmethylJbenzimidazol-7-
carboxylate 

To a mixture of methyl 2-butyl-l-[[2'­
(acetoxycarbamimidoyl)biphenyl-4-
yl)methyl)benzimidazole-7-carboxylate (2.0 g) and CS2 

15 (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 

20 mixture was extracted_with ethyiacetate 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 

--~ 25 Elemental Analysis for C2aH26N403S: 

30 

35 

C(.%) ~(%) N(%) 
Calcd.: .. 6.7. 45.; 5.26; 11.24 
Found . ~7.14; 5.05; 10.97 . . . 
1 H-NMR (200MHz,DMSO-d6)S : 0.90(3H,t), 1.30-1.50 
(2H,m), l.69-l.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(1H,t), 7.44-
7.72(5H,m), 7.87(2H,d) 
IR(Nujol)crn-1

: 1720, 1430, 1285, 1265, 755. 

Working Example 64 
-··------------·--
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2-Butyl-l-r r 2, .... c 2, 5-dihvdro-5-thioxo-l. 2, 4_-oxadiazol-3-
yl lbiphenyl-4-yl Jm~thylJbenzimidazole-7-carboxylic acid 

A solution of methyl ester (0.42g) obtained in 
Working Example 63 in an aqueous solution of 0.3 N NaOH 

5 (8.2 ml) was stirred at 50°c for 1.5 hours •. The pH of 
the reaction solution was adjusted to 3 with 2N HCl and 
the solution was extracted with ethylacetate (40 ml). 
The organic layer was washed with water and 
concentrated to dryness. The resulting crystals were 

10 recrystallized from ethanol-ethylacetate to afford 
colorless prisms (0.25 g, 61%). 
m.p. 178-180°C 
Elemental Analysis for C21H24N403S: 

C(%) H(%) N(%) 
15 Calcd.: 66.92; 4.99; 11.56 

Found . 66.72; 4.9~; 11.72 . 
1 H-NMR (200MHz,DMSO-d6 )S : 0.88(3H,t), l.28-l.47(2H,m), 
l.65-l.80(2H,m), 2.85(2H,t), 5.90(2H,S), 6,90(2H,d), 

20 7.17(2H,d), 7.26(1H,t), 7.42-7.69(5H,m), 7.BS(lH,d). 

25 

30 

35 

IR(Nujol)cm-1
: 3400, 1700, 1430, 1410, 1335, 1230. 

Working Example 65 
Methyl 2-butyl-l-CC2'-C2,5~dihydro-5-oxo-l,2,4-
thiadiazol-3-yllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-
carboxylate 

The t~le c9mpound (0.22g) was prepared in 44% 
yield by. _th.e -similar procedure described iI?- Working 
Example ·60 from the hydroxycarbamimidoyl derivative 
(0.46 g) obtained in Working Example 2. 
m.p. 178-179°C 
Elemental Analysis for C28H26N403S: 

Calcd.: 
C(%) 
67.45; 

H(%) 
5.26; 

N(%) 
11.24 

Found : 67.31; 5.27; 11.25 
1 H-NMR (200MHz,CDC13 )S : 0.92(3H,t), l.30-l.50(2H,m), 

iliiniirlf 

.. 

• i 
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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)cm-1
: 1720, 1700, 1660, 1435, 1290, 1280, 

5 1265, 1125, 760, 750 

Working Example 66 

2-Butyl-l-CC2'-(2.5-dihydro-5-oxo-l,2,4-thiadiazol-3-
y1Jbiphenyl-4-y1Jmethy1Jbenzimidazole-7-carboxylic 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 
65. 

m.p. 238-239°C (dee} 

15 Elemental Analysis for C27H24N403S • 1/3 H20: 

20 

C(%) H(%) N(%) 
Calcd.: 66.11; 5.07; 11.42 
Found : 66.29; 4.98; 11.58 
1 
H-NMR (200MHz,DMSO-d6)6 : o .. 88(3H,t.) I 1.27-1.45(2H,m) I 
l.65-l.8~(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)cm-1

: 3255, 1675, 1450, 1420, 1240, 1230, 

1205, 755 

25 Working Example 67 

Methyl 2-ethyl-l-CC2'-(2,5-dihydro-5-oxo-l,2,4-
thiadiazol~3-yiJbiphenyl-4-ylJmethylJbenzimidazole-7-

carboxylate· 

The title compound (0.17g) was prepared in.38% 
30 yield by the similar procedure for Working.Example 60 

from the compound (0.4g) obtained in Working Example 
31. 

35 

m.p. 203-205°C 

Elemental Analysis for C26H22N40 3S • 0. 5H20: 

Calcd.: 

C(%) 
65.12; 

H(%) 

4.83; 

N(%) 

11.68 
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Found : 65.30 4.54; 11.63; 
1H-NMR (200MHz,CDC13 )S : l.l3(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)cm-1

: 1715, 1690, 1600, 1520 

Working Example 68 
2-Ethyl-l-CC2'-(2,5-dihydro-5-oxo-1,2,4-thiadiazol-3-
ylJbiphenyl-4-ylJmethylJbenzimidazole-7-carboxylic acid 

The.title compound (0.4g) was prepared in 58% 
10 yield by the similar procedure for Working Example 61 

from the ester (0.7g) obtained in working Example 67. 
1H-NMR (200MHz,DMSO-d6 )6 : l.30(3H,t), 2.86(2H,q), 

5.89(2H,s), 6.90(2H,d), 7.15(2H,d), 7.27(1H,t), 7.4-
7.7(5H,m), 7.86{1H,d) 

15 IR(KBr)cm-1
: 1700, 1655, 1570 

20 

25 

30 

Working Example 69 
. . 

Methyl 2-ethyl-l-[[2'-(2,5-dihydro-5-thioxo-1,2.4-
oxadiazol-3-yllbiphenyl-4-ylJmethylJbenzimidazole-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. 
1H-NMR (200MHz,CDC13 )6 : l.23(3H,t), 2.78(2H,q), 

3.76(3H,s), S.52(2H,s), 6.91(2H,d), 7.10(2H,d), 7.1-
7 . 7 ( 6H, m) ; . · 7 • 9 3 ( lH, d) 

.• 

Working Example 70 
Methyl 1-f f2'-C2,5-dihydro-5-thioxo~l.2,4-oxadiazol-3-
yllbiphenyl-4-ylJmetylJ-2-propylbenzimidazole-7-
carboxylate 
70a) Methyl 1-f [2'-CN-acetoxycarbamimidoyllbiphenyl-4-
ylJmethylJ2-propylbenzimidazole-7-carboxylate 

35 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 C28H28N404S • 0. lH20 ( 486 · 36): 

5 C(%) H(%) N(%) 
Calcd.: 69.15; 5.84; 11.52 
Found : 68.93; 5.80; 11.54; 
1H-NMR (200MHz,CDCl3 )S : 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), 

10 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-1 

: 3 4 9 5 , 3 3 6 5 , 174 5 , 172 0 , 16 2 0 , 12 8 5 , 12 7 5 , 
1260, 1230, 1205 
70b) Methyl 1-[[2'-(2,5-dihydro-5-thioxo-1,2,4-

15 oxodiazol-3-yllbiphenyl-4-ylJmethylJ-2-

20 

propylbenzimidazole-7-carboxylate 
The title compound (0.14g) was prepared in 28% 

yield by the similar procedure described in Working 
Example (63b) from the N-acetoxycarbamimidoyl 
derivative (0.5 g) obtained in Working Example (70a). 
m.p. 206-209°C (decomp.) 
Elemental Analysis for C27H24N40 3S • 0. 2H20 ( 488 .18): 

Calcd.: 
C(%) 
66.43; 

H(%) 
5.04; 

N(%) 
11.48 

25 Found : 66.42; 5.14; 11.51 
1H-NMR (200MHz,DMSO-d6 )S 0.98(3H,t), 1.71-1.90(2H,m), 
2~88(2H,f}·; 3.65(3H,s), 5.73(2H,s), 6.89(2H,d), 
7.2~(2Hjd)~ ~.28(1H,t), 7.44-7.72(5H,m), 7.88(1H,dd) 

. -1 
IR(KBr)cm : 1725, 1450, 1435, 1410, 1335, 1325, 1285, 

30 1270, 1210, 1125, 770, 760 

Working Example 71 
Methyl 1-C r 2 '-c 2·, 5-dihvdro-5-oxo-l, 2, 4-thiadiazol-3-
yl )biphenyl-4-yl Jmethyl J-2-propylbenzimidazole-7-

35 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.) · 

5 Elemental Analysis for C27H24~403S • 0. 2H20 

10 

15 

Calcd: 
C(%) 
66.43; 

H(%) 
5.04; 

N(%) 
11.48 

·Found: 66.64; 5.16; 11.26 
1H-NMR(200MHz, CDC13)S : 1.01(3H,t), 1.60-1.80(2H,m), 
2.70(3H,t), 
7. 05 ( 4H,m), 
7. 87 ( lH,m), 

-1 ·IR(KBr)cm : 

1270, 112,5, 

3.60(3H,s~, 5.69(3H,s), 6,71(2H,d), 6.96-
7.22-7.26(1H,m) 7.50-7.59(3H,m), 7.83-
11.40(1H,brs) 

1720, 1700, 1685, 1460, 1435, 1410, 1290, 
755. 

The following compounds are prepared according to 
the similar procedure described in Working Examples 1-
71. .. 

20 Working Example 72 
l-CC2'-(2,5-dihydro-5-oxo-l,2.4-thiadiazol-3-
yllbiphenyl-4-ylJmethylJ-2-methoxybenzimidazole-7-
carboxylic acid 

25 · Working Example 7 3 
1-([2'-C2.5-dihydro-5-oxo-l,2.4-thiadiazol-3-
yllbiphenyl~4-y1Jmethyll-2-propoxybenzimidazole-7-

carboxylic acid 

30 Working Example 74 
1-££2'-(2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-
yllbiphenyl-4-ylJmethylJ-2-isopropoxybenzimidazole-7-
carboxylic acid 

35 working Example 75 
2-butoxy-1-[[2'-(-2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-

------!'-------·-·-----
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yllbiphenyl-4-y1Jmethy1Jbenzimidazole~7-carboxylic acid 

Working Example 76 
1-f f2'-C2,5-dihydro-S~oxo-l.2,4-thiadiazol-3-

5 yllbiphenyl-4-ylJrnethylJ-2-methylthiobenzimidazole-7-

carboxylic acid 

Working Example 77 
l-[[2'-(2,5-dihydro-5-oxo-l,2.4-thiadiazol-3-

10 yllbiphenyl-4-ylJmethylJ-2-ethylthiobenzimidazole-7-

carboxylic acid 

Working Example 78 
l-f [2'-C2,5-dihydro-5-oxo-l,2.4-thiadiazol-3-

15 yllbiphenyl-4-yiJmethylJ-2-propylthiobenzirnidazole-7-
carboxylic acid 

·, Working ·Example 7 9 
l-f £.2'-(2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-

20 yllbiphenyl-4-ylJmethylJ-2-isopropyltm::t>enzimidazole-7-
carboxylic acid 

Working Example 80 

1-CC2'-C2,5~dihydro-5-oxo-l,2,4-thiadiazol-3-

25 yllbiphenyl-4-ylJrnethylJ-2-methylaminobenzimidazole-7-
carboxylic acid 

Working .~x~mple 81 
1-CJ 2' -t 2, 5-dihydro-5-oxo-1. 2, 4-thiadiazol-3-

30 yllbiphenyl-4-ylJmethylJ-2-ethylaminobenzimidazole-7-
carboxylic acid 

Working Example 82 
1-f f2'-C2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-

35 yllbiphenyl-4-ylJmethylJ-2-propylaminobenzimidazole-7-
carboxylic .acid 
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Working Example 83 
1-££2'-(2,5-dihydro-5-oxo-1.2,4-thiadiazol-3-
yllbiphenyl-4-ylJmethylJ-2-methylbenzimidazole-7-
carboxylic acid 

Working Example 84 
2-cyclopropyl-1-[f2'-C2,5-dihydro-5~oxo-l,2,4-

thiadiazol-3-yllbiphenyl-4-ylJmethylJbenzimidazole-7-
carboxylic acid 

,. 
Working Example 85 
1-[f2'-(2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-
yl)biphenyl-4-ylJmethylJ-2,4-dimethylthienoC3,4-
dJimidazole-6-carboxylic acid 

Working ~xample 86 
1-[£2'-(2,5-dihydro-5-oxo-1,2.4-thiadiazol-3-

' yllbiphenyl-4-ylJmethylJ-2-ethyl-4-methylt~ienor3.4-

20 

25 

30 

35 

dJimidazole-6-carboxylic acid 

Working Example 87 
1-[[2'-(2,5-dihydro-5-oxo-1,2,4-thiadiazol-3-
yllbiphenyl-4-ylJmethylJ-4-methyl-2-propylthienor3,4-
dJimidazole-6-carboxylic acid 

Working Example 88 
2-cyclopropyl-1-[[2'-(2,5-dihydro-5-oxo-l,2,4-

. • a 

thiadiazol-3~yllbiphenyl-4-y1Jmethyll-4-. . . . 

methylthienof 3,4-dJimidazole-6-carboxylic acid 

Working Example 89 

l-[C2'-(2,5~dihydro-S-oxo-l,2,4-thiadiazol-3-

yllbiphenyl-4-y1Jmethyll-2-methoxy-4-methylthienor3,4-
dJimidazole-6-carboxylic acid 

Working Example 90 
------ --------

. 
! 
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1-f f2'-C2.5-dihydro-5-oxo-l.2.4-thiadiazol-3-
yllbiphenyl-4-y1Jmethyll-2-ethoxy-4-methylthienof3,4-

dJimidazole-6-carboxylic acid 

.. 
5 Working Example 91 

l-££2'-C2.S-dihydro-5-oxo-l,2,4-thiadiazol-3-
yllbiphenyl-4-yllmethyll-4-rnethyl-2-propoxythienor3,4-
dlimidazole-6-carboxylic acid 

10 Working Example 92 

l-££2'-C2,5-dihydro-5-oxo-1,2,4-thiadiazol-3-
yllbiphenyl-4-y1Jmethyll-4-methyl-2-
methylthiothienof 3,4-dJimidazole-6-carboxylic acid 

15 Working Example 93 

l-f C2'-C2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-
yllbiphenyl-4-ylJmethyll-2-ethylthio-4-
methylthienof3,4-dlimidazole-6-carboxylic acid 

20 Working Example 94 

l-CC2'-C2.5-dihydro-5-oxo-l,2,4-thiadiazol-3-
yllbiphenyl-4-y1Jmethyll-4-methyl-2-
rnethylaminothienoC3,4-dlimidazole-6~carboxylic acid 

25 Working Example 95 

1-£C2'-C2,5-dihydro-5-oxo-l,2;4-thiadiazol-3-
yllbipheny~-4-x1Jrnethyll-2-ethylarnino-4-

methylt~~e~oJ3.4-dJirnidazole-6-carboxylic acid 

30 Working Example 96 

1-rr2'-C2,5-dihydro-5-thioxo-1,2,4-oxadiazol-3-
yllbiphenyl-4-y1Jrnethyll-2-methoxybenzimidazole-7-
carboxylic acid 

35 Working Example 97 

l-CC2'-(2,5-dihydro-5-thioxo-l,2,4-oxadiazol-3-
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yllbiphenyl-4-ylJmethylJ-2-propoxybenzimidazole-7-
carboxylic acid 

Working Example 98 

' ~ ... 

5 l-f f2'-C2.5-dihydro-5-thioxo-l.2.4-oxadiazol-3-
yllbiphenyl-4-y1Jmethyll-2-isopropoxybenzimidazole-7-
carboxylic acid 

Working Example 99 
10 2-butoxy-l-f [2'-C2.5-dihydro-5-thioxo-l,2.4-oxadiazol-

3-yllbiphenyl-4-yllmethyllbenzimidazole-7-carboxylic 
acid 

Working Example 100 
15 l-CC2'-C2,5-dihydro;..5-thioxo-1,2.4-oxadiazol-3-

yllbiphenyl-4-y1Jmethyll-2-methylthiobenzimidazole-7-
carboxylic acid 

Working Example 101 
20 1-CC2'-{2,5-dihydro-5-thioxo-l,2,4-oxadiazol-3-

yl l biphenyl-4--yl ]methyl J-2-ethyl thiobenzimidazole-7-
carboxylic acid 

Working Example 102 
25 1-CC2'-C2.5-dihydro-5-thioxo-l,2,4-oxadiazol-3-

yllbiphenyl-4-ylJmethylJ-2-propylthiobenzimidazole-7-

3 0 

. 
carboxylic acid 

Working· Example 103 
1-f f2'-C2.5-dihydro-5-thioxo-1,2,4-oxadiazol-3-
yllbiphenyl-4-y1Jmethyll-2-isopropylth:bbenzimidazole-7-
carboxylic acid 

Working Example 104 
35 l-f C2'-C2,5-dihydro-5-thioxo-l,2.4-oxadiazol-3-

yllbiphenyl-4-y1Jmethyll-2-methylaminobenzimidazole-7-

--------------
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carboxylic acid 

Working Example 105 
l-CC2'-C2,5-dihydro-5-thioxo-l.2,4-oxadiazol-3-

: . 

5 yllbiphenyl-4-ylJmethylJ-2-ethylaminobenzimidazole-7-
carboxylic acid 

.. 
Working Example 106 
l-CC2'-C2.5-dihydro-5-thioxo-l,2,4-oxadiazol-3-

10 yllbiphenyl-4-ylJmethylJ-2-propylaminobenzimidazole-7-

15 

carboxylic acid 

Working Example 107 
l-C£2'-C2.5-dihydro-5-thioxo-l,2,4-oxadiazol-3-
yllbiphenyl-4-y1Jmethyll-2-methylbenzimidazole-7-
carboxylic acid 

Working Example 108 
2-cyclopropyl-l-CC2'-C2,5-dihydro-5-thioxo-l,2,4-

20 oxadiazol-3-yllbiphenyl-4-ylJmethylJbenzimidazole-7-
carboxylic acid 

Wor~ing Example 109 
l-CC2'-(2,5-dihydro-5-thioxo-l,2.4-oxadiazol-3-

25 yllbiphenyl-4-ylJmethylJ-2,4-dimethylthienoC3,4-

30 

dlimidazole-6-carboxylic acid 

.. ~ . 
Working Example 110 
1-r .r 2, -.{2, s-dihydro-5-thioxo-1, 2. 4-oxadiazol-3-
vl>biphenyl-4-y11methy11-2-ethyl-4-methylthienor 3, 4-
dlimidazole-6-carboxylic acid 

Working Example 111 
1-CC2'-(2,5-dihydro-5-thioxo-1.2.4-oxadiazol-3-

35 yllbiphenyl-4-ylJmethylJ-4-methyl-2-propylthienoC3,4-
dJimidazole-6-carboxylic acid 
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Working Example 112 
2-cyclopropyl-1-££2'-(2,5-dihydro-5-thioxo-l,2,4-

oxadiazol-3-yllbiphenyl-4-yllmethyll-4-
methylthienoC3.4-dJimidazole-6-carboxylic acid 

Working Example 113 
l-Cf2'-C2.5-dihydro-5-thioxo-l,2,4-oxadiazol-3-
yl)biphenyl-4-ylJmethylJ-2-methoxy-4-methylthienor3,4-
dJimidazole-6-carboxylic acid 

Working Example 114 
l~f f2'-(2,5-dihydro-5-thioxo-l,2,4-oxadiazol-3-
yllbiphenyl-4-ylJmethylJ-2-ethoxy-4-methylthienof3,4-
dlimidazole-6-carboxylic acid 

Working Example 115 

1-f £2'-C2,5-dihydro-5-thioxo-1,2,4-oxadiazol-3-
·,, yl ) biphenyl-4-yl J methyl J -4-methyl-2-propoxythieno r 3 , 4-

d J imida zole-6-carboxylic acid 
20 

25 

30 

35 

Working Example 116 
1-f f2'-(2,5-dihydro-5-thioxo-l,2.4-oxadiazol-3-
yllbiphenyl-4-yllmethy1J-4-methyl-2- ~ 

methylthiothienof 3,4-dJimidazole-6-carboxylic acid 

Working Exa~ple 117 
1-££2'-(2,5-dihydro-5-thioxo-l,2,4-oxadiazol-3-
yllbiphenvl .... 4-ylJmethylJ-2-ethylthio-4-
methylthienoC3,4-dlimidazole-6-carboxylic acid 

Working Example 118 
1~££2'-(2,5-dihydro-5-thioxo-1,2,4-oxadiazol-3-

yllbiphenyl-4-ylJmethylJ-4-methyl-2-
methylaminothieno[3,4-dJimidazole-6-carboxylic acid 

Working Example 119 
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l-f f2'-C2,S-dihydro-5-thioxo-1,2,4-oxadiazol-3-
yllbiphenyl-4-y1Jmethyll-2-ethylamino-4-
methylthienof 3,4-dlimidazole-6-carboxylic acid 

5 Working Example 120 
l-C£2'-C2,5-dihydro-5-thioxo-1,2,4-thiadiazol-3-
yl l biphenyl-4-yl Jme.thyl J-2-methoxybenzimidazole-7-
carboxylic acid 

.. 
10 Working Example 121 

1-f f2'-C2.5-dihydro-5-thioxo-l,2,4-thiadiazol-3-
yllbiphenyl-4-ylJmethylJ-2-ethoxybenzimidazole-7-
carboxylic acid 

15 Working Example 122 

20 

25 

30 

35 

2-butyl-1-f f2'-C2,5-dihydro-5-thioxo-l,2,4-thiadiazol-
3-yllbiphenyl-4-y1Jmethy1Jbenzimidazole-7-carboxylic 
acid 

Working Example 123 
l-ff 2'-C2.5-dihydro-5-thioxo-l,2.4-thiadiazol-3-
yllbiphenyl-4-ylJmethylJ-2-ethylthiobenzimidazole-7-
carboxylic acid 

Working Exam~le 124 
1-( ( 2 I -( 2 ,_5-dihydro-5-thiOXO-l r 2 r 4-thiadiazol-3-
yl )biphenyl-4-yl Jmethyl J-2-methoxy-4-methylthieno( 3, 4-•· 
dlimidazole-6-carboxylic acid 

Working Example 125 
l-CC2'-C2,5-dihydro-5-thioxo-l,2,4-thiadiazol-3-
yllbiphenyl-4-ylJmethylJ-2-ethoxy-4-methylthienof3,4-
dlimidazole-6-carboxylic acid 

Working Example 126 

----
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2-butyl-1-[[2'-C2,5-dihydro-5-thioxo-l,2,4-thiadiazol-
3-yllbiphenyl-4-yllmethyll-4-methylthienof3,4-

dlimidazole-6-carboxylic acid 

5 Working Example 127 
l-CC2'-C2.5-dihydro-5-thioxo-l,2,4-thiadiazol-3-
yl)biphenyl-4-ylJmethylJ-2-ethylthio-4-
methylthienof 3,4-dlimidazole-6-carboxylic acid 

10 Working Example 128 

15 

2-ethyl-3-f C2'-C2.5-dihydro-5-oxo-l,2,4-thiadiazol-3-
yl)biphenyl-4-ylJmethylJ-5,7-dimethylimidazof4,5-
bl pyridine 

Working Example 129 
2-propyl-3-CC2'-C2,5-dihydro-5-oxo-l.2,4-thiadiazol-3-
yllbiphenyl-4-ylJmethylJ-5,7-dimethylimidazoC4,5-
bl pyridine 

20 Working Example 130 
2-butyl-3-CC2'-C2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-
yllbiphenyl-4-yllmethylJ-5,7-dimethylimidazo[4,5-
bl pyridine 

25 Working Example 131 
2-methoxy-3-£[2'-C2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-

. .. . 

yllbiphenyl-4-yiJmethylJ-5,7-dimethylimidazof4,5-
bJpyridine. · 

30 Working Example 132 
2-ethoxy-3-[[2'-C2.5-dihydro-5-oxo-l,2,4-thiadiazol-3-
yl)biphenyl-4-ylJmethylJ-5,7-dimethylimidazoC4,5-
bl pyridine 

35 Working Example 133 
2-propoxy-3-££2'-(2,5-dihydro-5-oxo-l,2,4-thiadiazol-3-
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yllbiphenyl-4-ylJmethylJ-5,7-dimethylimidazo[4,5-

bJpyridine 

Working Example 134 
5 2-cyclopropyl-3-r£2'-C2,5-dihydro-5-oxo-l,2.4-

thiadiazol-3-yl)biphenyl-4-ylJmethylJ-5,7-
dimethylimidazor4.5-blpyridine 

Working Example 135 

10 2-ethyl-3-££2'-C2.5-dihydro-5-thioxo-l,2,4-oxadiazol-3-

ts 

yllbiphenyl-4-y1Jmethyll-5,7-dimethylimidazor4,5-
bJovridine -

Working Example 136 
2-propyl-3-CC2'-C2,5-dihydro-5-thioxo-l,2,4-oxadiazol-
3-yllbiphenyl-4-ylJmethylJ-5,7-dimethylimidazoC4,5-
bl pyridine 

Working Example 137 

20 2-butyl-3-CC2'-C2,5-dihydro-5-thioxo-l,2,4-oxadiazol-3-
yllbiphenyl-4-ylJmethylJ-5,7-dimethylimidazof4,5-
bl pyridine 

Working Example 138 
25 2-methoxy-3-££2'-C2,5-dihydro-5-thioxo-l,2,4-oxadiazol-

3-yllbiphenyl~4-ylJmethylJ-5,7-dimethylimidazor4,5-

}?Jpyridine. 

Working Example 139 

30 2-ethoxy-3-£C2'-C2,5-dihydro-5-thioxo-l,2,4-oxadiazol-

3-yllbiphenyl-4-y1Jmethy1J-5,7-dimethylimidazor4,5-
bl pyridine 

Working Example 140 
35 2-propoxy-3-CC2'-C2.5-dihydro-5-thioxo-l,2.4-oxadiazol-

3;..yllbiphenyl-4-ylJmethylJ-5,7-dimethylimidazoC4.5-

----------·---------

iiiliiliU 
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bl pyridine 

working Example 141 
2-cyclopropyl-3-CC2'-C2,5-dihydro-5-thioxo-1,2,4-

5 oxadiazol-3-yllbiphenyl-4-ylJmethylJ-5,7-
dimethylimidazof4,5-bJpyridine 

Working Example 142 
2-methyl-3-CC2'-C2,5-dihydro-5-thioxo-l,2,4-thiadiazol-

10 3-yllbiphenyl-4-ylJmethylJ-5,7-dimethylimidazof4,5-
bJpyridine 

Working Example 143 
2-ethyl-3-CC2'-C2,5-dihydro-5-thioxo-l,2,4-thiadiazol-

15 3-yllbiphenyl-4-ylJinethylJ.,;.5,7-dimethylimidazof4,5-
bJpyridine 

·, Working Example 144 

2-cyclopropyl-3-CC2'-C2,5-dihydro-5-thioxo-l,2,4-
20 thiadiazol-3-yllbiphenyl-4-ylJmethylJ-5,7-

dimethylimidazof4,5-bJpyridine 

Working Example 145 
2-ethoxy-3-CT2'-(2.5-dihydro-5-thioxo-1,2,4-thiadiazol-

25 3-yllbiphenyl-4-ylJmethylJ-5,7-dimethylimidazof4,5-
bJpyridine 

·.·. 
Experimental Example 1 .. . 
Inhibitory Effect of Binding of Angiotensin-II to 

30 Angiotensin Receptor 
[Method] 

35 

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 compound of the present invention (10-6M or 
10-7M and 125I-angiotensin II (125I-AII) (l.85kBq/50 
microliter) were added to the receptor membrane 
fraction, and the mixture was incubated at room 

5 temperature for one hour. The receptor-bound and free 
125I-AII were separated through a filter (Whatman GF/B 
filter), and the radioactivity of 1251-AII bound to the 
receptor was determined. 

10 
[Results] 

The results relating to the compounds of the 
present invention are shown in (Table l]. 
Experimental Example 2 
Inhibitory Effect of the Compound of the Present 
Invention on Pressor Action of AII .. 

15 (Method] 

20 

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 

25 polygraph. Before administration of the drug, the 
presser action due to intravenous administration of A­
II (100 ~g/~gf as the control was determined. The 
drugs were orally administered, then, at each point of 
the determination, A-II was administered i~travenously, 

30 and the pressor action was similarly determined. By 
comparing the presser action before and after 
administration of the drug, the percent inhibition by 
the drug on A-II-induced presser action was evaluated. 
(Results] 

35 The results relating to the compounds of the 
present invention are shown in (Table I]. 
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Tab1e·1 

R adioreceptor 
Example Chemi_cal. Form~la a ssa 

Pressor Response 
to A II (p.o.) 

.. 

.. .... 

No. . % inhibition lmg/kg 

1 Et~ 79 (10- 6 M) 
COOH 

34 (10-_:1MJ +++ 

\-ff 
0. 

. 
3 Et~. 75 (10-&M} 

COO lie 
33 (lo- ~:M> 

9 55 (10-' 6 M) 

· 19 Clo-.' 11t +++ 

·.-:: 

> ++ ~ 5 0% > + a) +++ :::: 10% 

3mg/kg 

+++a) 

+++ 

+++ 

iiiifllf 
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Chemical Formula 

Me 

Ets-;:qs. 
COOH 

Ale 

.Eto~X)s 
COOH 

·.·. 

Ye 
Pro-;:J¢s 

. COOR 

Radioreceptor Pressor Respons~. . 
assa · co A II (p.o.) ···. 

% inhibitio lmg/kg - Jmg/kg 

44(1Q- 6M) 

17(10-7M) 

40(10 ... 6 1) 

8(10- 711) 

51(10- 610 
11c10-1M) 

41(1Q- 6M) 

1000- 1M) 

+++ 

+++ 

+++ 

+++ 
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Example· Chemical Formula 
No. 

12 

13 

30 

31 

. Me 
EtNH Ji~ 

\N~· 
COOR 

Pr-;J9J 

·~ o· 
0 

~-, 
°'(NH 

0 

~t~~ 
COOH 

This Sheet Has Been Replaced 

111111111111111111· 1111111 

. Radioreceptor I. l'ressor Response 
assay =to A II .o. 

% inhibitio lmg/kg. . Jmg/kg 

78(10- 61) 

46(10- 71) 

69(10~01d) 

31(10-'iJ.I) 

77(10- 611) 

35(1Q- 71d) 

79(1Q- 6Y) 

41(10"" 7M) 

+ 

+++ 

+++ 

+++ 
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Radioreceptor 
Chemical Formula assa 

.. - -... 

r>{J9J 
COO Ye 

·n_ 
I 

fryNH 
0 

·--c;{Q 
COOH 

- . 

Bu-{J9J 
COOH 

Me~~-
COOH 

. 

4 % • inhibition 
- -·-

79(10- 6ll) 

40(10-TM) 

75(10- 6M) 

27.(lO-'IJil) 

70(10-61il) 

23(10-'IJiI) 

79(10- 6M) 

38(1Q- 7M) 

111mir 

Pressor Response 
'to A II ( .o.) 

.1'!11~/kg. 3mg/kg 

+++ 

+++ 

++ 

+++ 
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No. 

36 

Chemical Formula 

Pr~~ 
COOH 

N_ 
I 

DyNH 
0 
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lRadioreceptor Presser Response 
assay ·to A II (p.o.) 
- - . • . I • ---r-=---"""---f 

• % inhibition :"img/kg. 3mg/kg:· 

60(10- 610 

18(10- 71') 

+++ 

i-------i'-'----·=·-·--,-Me·=======-_.,.i..... ____ -=-=-...J----=....._-1--------J 

Et~Me 
56 

Et~ 
COOH 

60 

iii1iiinr 

94 (l0- 6 M} +++ 
80 (l0- 7 M) 

84(10-sio 

43(10- 71) 

+ + + 
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What is claimed is: 
1. A compound of the formula 

a b 

wherein R1 is an optionally substituted hydrocarbon 

residue which is optionally bonded through a hetero-
a tom; R2 is an optionally substituted 5-7 ~embered 
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 ~f 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 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, 
in the group of the formula 

8 b 

-~) 

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 

. : :=.:._-·· ·---

ilii~ii~Ui 

~-
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wherein R1 is an optionally substituted hydrocarbon 
residue which is optionally bonded through a hetero­
atom; R2 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 independentl~ 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 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, R1 and a may optionally be 
bonded to each other to form a group of the formula 

C
a­

·.···~ 
.. . . Rt 

forming a 5- to 8-membered ring or a salt thereof. 
3. A compound of the formula 
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a b--~\ 
If l d 

Rt~-( . 
l f2<'x~1 

(CHz)n"®J @ 

..... ,. .. 

wherein R1 is an optionally substituted hydrocarbon 

residue which is optionally bonded through a hetero­
a tom; R2 is an optionally substituted 5-7 membered 

heterocyclic residue having, as a group capable of . 
constituting .the ring, carbonyl group, thi~carbonyl 

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 a~omatic 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 f 
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, R1 and a may 

optionally be bonded to each other to form.a group of 
the f orm,;"ia 

(J 
forining a 5- to 8-membered ring or a salt thereof. 
4. A compound according to claim 1, wherein R1 is 

alkyl, alkenyl, alkynyl or cycloalkyl which may be 

bound through a group of the formula: -N(R9
)- wherein 

R9 is hydrogen or lower (C1_4 ) alkyl, -0- or -5(0) 111-
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wherein m is an integer of 0 to 2 a~d which may be 
substituted with hydroxy, optionally substituted amino, 
halogen, lo:wer ( C1_4 } alkoxy or lower ( C1_4 ) alkyl thio. 

s. A compound according to claim 1, wherein R1 is 

aryl or aralkyl which may be bound through a group of 
the formula: -N(R9

)- wherein R9 is hydrogen or lower 

(C1_4 ) alkyl, -o- or -5(0) 111- wherein m is an integer of 

O to 2 and which may be substituted with halogen, 
ni tro, optionally substituted amino, lower ( C1_4 } 

alkoxy, lower ( C1_4 ) alkylthio or lower ( C1_4 ) alkyl. 

6. A compound according to claim 1, wherein R1 is 

lower ( C1_8 ) alkyl or lower ( C2_8 } alkenyl which may be 

bound through a group of the formula: -N(R9
)- wherein 

9 . 
R is hydrogen or lowe~ (C1_4 ) alkyl, -a~ or -5(0) 111-

wherein m is an integer of 0 to 2 and which may be 
substituted with hydroxy, amino, N-lower ( C1_4 ) 

·, alkylamino, N,N-dilower (C1_4 ) alkylamino, halogen, 

lower ( C1_4 ) alkoxy or lower ( C1• 4 ) alkyl thio. 

7. A compound according to claim 1, wherein R1 is 

lower (C1•5 ) alkyl or lower (C2_5 ) alkenyl which may be 

bound through a group of the formula: -N(R9
)- wherein 

R9 is hydrogen or lower (C1_4 ) alkyl, -0- or -S(0) 111-

wherein m is an intege.r of 0 to 2 and which may be 
substituted with hydroxy, amino, halogen or lower ( C1_4 ) 

alkoxy. 
8. A compound. according to claim 1, wherein R2 is an 

op~iona_lly· substituted 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 compound according to claim 1, wherein R2 is a 

group selected from.the class consisting of 

---··------

1i1i11ii~ied 
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z rlz N';fz Q z·9h· Nf-r1 
H / • HZ/ • HN ./ .. 

6 N~ z 
N~ 

z'tJ/ Z'11z' Z' H I ' 

wherein g is -CH2-, -NR9 
- (R9 is hydrogen or lower ( C1_4 ) 

alkyl, -0- or -S(O).- (mis an integer of 0 to 2), and 

>=Z, >=Z' and >=Z'' are independently carbonyl group, 
thiocarbonyl group, an optionally oxidized sulfur atom 
or a group convertible thereinto. 
10. A compound according to claim 1, wherein R2 is a 

group of the formula: 

wherein i is -0- or -s- and j is carbonyl group, 
. . 

thiocarbonyl group, an optionally oxidized sulfur atom 
.or a group convertible thereinto. 
11. A· compound according to claim 1, wherein R2 is 

2,5-dih~~o-S~oxo-1,2,4-oxadiazol-3-yl group. 
12. A.~o~pound according to claim 1, wherein R2 is 

2,S-dihydro-5-oxo-1,2,4-thiadiazol-3-yl group. 
13. A compound according to claim 1, wherein R2 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, fury!, pyrrolyl, imida~ol~l, 
pyrazolyl, isothiazolyl, isooxazolyl, benzofurany~, 
isobenzofuranyl, indolizinyl, isoindolyl, lH-indazolyl, 
purinyl, 4H-quinolizinyl, isoquinolyl, quinolyl, 

---·--·-------
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phthalazinyl, naphthyridinyl, quinoxalinyl, 
quinazolinyl, cinnolinyl or pterdinyl, which may be 
substituted with halogen, ni tro, cyano, lower ( C1• 4 ) 

alkoxy or optionally substituted amino. 
15. A compound according to claim 1, wherein W is 

phenylene group. 
16. A compound according to claim 1, wher~in Y is 

phenyl group. 
17. A compound according to claim 1, wherein Xis a 
direct bond, lower ( C1_4 ) alkylene, -CO-, -0-, -S-, -NH-

·' -CO-NH-, -0-CHr, -S-CHr or -CH=CH-. 

18. A compound according to claim 1, wherein X is a 
direct bond. 
19. A compound according to claim 1, wherein n is an 
integer of 1. 
2 0 . A compound accord_ing to claim 3, wherein the group 

of the formula: 

a-b--~\ 
II I d 

11~~--( 

-~ 

in which R is a group of the fo.onula: 

x~z 
-_(CH,)n-@) \© 

.. 

is a group·selected from the class consisting of 

1ii1iiU 
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R1J~R'-{:b R'W 
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,. 
R 

R·{XJ_R'~ 
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R R 

wherein h is >CH21 >=O, >=S, >S-(O). (m is a:n integer 

of 0 to 2), PNR
9
- (R

9 is hydrogen or lower (C1_4 ) alkyl) 

or. -0-; said group being optionally substituted in 
addi.tion ·.to· the groups R and R1

• 

21. A compound according to claim 2, wherein the group 
of the formula: 

a-b 
JJ. _! 

Ri'~ 

~ 
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in which R is a group of the formula: 

~ - R2 
-(CJ!,)n-@)" '@f. I 

is a group selected from the class consisting of 

0 .~ ..o n N-N 

11~l 1J4) R' i I 11 ~ I • 
~ . 1· t I ' i I • 

I I i 

N-h 0 "N--K 

110 •. t:l R•o -1 1~Ai1 R' i'J.lff-'~ . I t t I I ~ 
' I i . l . I i I . 

~N hN 1'8. 41 ~ R''° Rt~ I'~ 11Jl.tth I'~ 
. ~ . I • t . I I ~ t 

I I 

i I I 

.. ¢ 110 110 t8 ,,,¢! i~ ~ 
* . t . I ' I • j R I 

wherein A is an optionally substituted aro~atic 
hydrocarbon residue optionally containing a hetero-
a tom, or heterocyclic residue, and h and h' are 
i~dependently ~CHZt >=O, >=S, >S- ( O )11 (m is an integer 

of 0 "to .2) ; :..NR9 
- ( R9 is hydrogen or. lower ( C1_4 ) alkyl) 

or -0-; said group optionally substituted in addition 
to the groups R and R1

• 

22. A compound according to claim 3, wherein the group 
of the formula: 
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in which Risa group of the.formula: 

is a group selected from the class consisting of 

R1~ R'{xi R'{Q 
I R' I . R' · 1 R' 
R R R 

R1{:Q R{Q t{lj R{:Q 
I Rs I R' I R' I R' R R R R 

R'{:q R'~ R'~ 
I R' I R' I Rs R R R 

R'{:Q 
I R:s 
R 

wherein ... h .is >CH21 >=O, >=S, >S-(O). (m is an integer 
. . 9 9 of 0 to 2) , -NR - ( R is hydrogen or lower ( C1_4 ) alkyl) 

or -0- and R3 is a group capable of forming an anion or 
a group convertible thereinto. 

23. A compound according to claim 2, wherein the group 
of the formula: 
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a-b 
ll ...!. Ri" "lr" 

~ 

in which R is a group of the formula: 

:Je~I 
-(CH,)n-@' \@ 

is a group selected from the class consisting of 

hRi 
R1Y 

I . 
R • 

N-N 
Ri~i 

I 
R • t . 

wherein R3 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(-IIb): 

a-b--~\ · 
rl I d 

·R·~~( 

i 
in which R is a group of the formula: 

,------

.· .. ~ ·~~iiliiimf 

-~. 
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is benzim~dazole, 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 ~2 or 23, wherein R3 

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 .R.}~.-is a 
group of the formula: -CO-D wherein D is hydroxy, 
optionally substituted amino or optionally substituted 
alkoxy. 
28. A compound according to claim 27, wherein the 
optionally substituted_ alkoxy is lower ( C1_6 ) alkoxy 
whose alkyl moiety may be substituted by hydroxy, 
optionally substituted amino, halogen, lower ( C1_6 ) 

alkoxy, lower ( C1.;.6 ) alkyl thio or optionally substituted 
dioxolenyl, or a group of the formula: -0-CH(R4 )-0COR5 

wherein R4 is hydrogen, lower ( C1_6 ) ·alkyl, lower ( C2_6 ) 

alkenyl or lower ( C3_8 ) cycloalkyl; and R5 is lower ( C1_ 

6 ) alkyl, lower ( C2_6 ) alkenyl, lower ( C3_8 ) cycloalkyl, 
lower (C1_3 ) alkyl substituted with lower (C3_8 ) 

cycloalkyl pr aryl, lower ( C2_3 ) alkenyl optionally . . 
substituted with lower (C3_8 ) cycloalkyl or aryl, aryl, 
lo~er (_C1_6-)" ·alkoxy, lower (C2_8 ) alkenyloxy, lower (C3_8 ) 

cycloalkyloxy '· lower ( C1_3 ) alkoxy substituted with 
lower ( C3_8 ) cycloalkyl or aryl, lower ( C2_3 ) alkenyloxy 
substituted with lower (C3_8 ) cycloalkyl or aryl, or 
aryloxy. 
29. A compound according to claim 27, wherein R3 is 
optionally esterified carboxy. 
30. A c~mpound of the formula: 
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wherein 

R1 is lower (C1_5 ) alkyl which may be bound through "':'0-, 

-NH- or -s- and which·may be substituted with hydroxy, 

amino, N-lower (C1_4 ) alkylamino, .N,N-di-lower (C1_4 ) 

alkylamino, halogen, lower (C1_4 ) alkoxy or lower (C1_4 ) 

alkylthio; 

R2 is oxadiazole or thiadiazoie optionally protected 

with optionally substituted lower (C1_4 ) alkyl or acyl, 

or hydroxyiminocarboxamide; 

R3 is a group of the formula~ -CO-D". ·wherein D" is 

hydroxy, amino, N-lower ( C1_4 ) alkylamino, N, N-di-lower 

( C1_4 ) alkylamino or lower ( C1_4 ) alkoxy whose alkyl 

moiety may be substituted by hydroxy, amino, halogen, 

lower ( C2_6 ) alkanoyloxy, 1-lower ( C1_6 ) alkoxycarbonyl 

or lower ( C1_4 ) alkoxy, or tetrazolyl optionally 

protected with lower ( C1_4 ) alkyl or acyl; and the group 

of the formula: 

~is 
R'~ 

' 
is a group selected from the class consisting of 
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31. A compound of the formula: 

a-bA, 

i1~1 

~ 
wherein 

R1 is lower ( C1_5 ) alkyl which may be bound through -0-, 
-NH- or -s- and which may be substituted with hydroxy, 

-, amino, N-lower ( C1• 4 ) alkylamino, N, N-di-lower ( C1_4 ) 

alkylamino, halogen, lower (C1• 4 ) alkoxy or lower (C1• 4 ) 

alkylthio; 
R2 is oxadiazole or thiadiazole optionally protected 
with optionally substituted lower (C1• 4 ) alkyl or acyl, 
or hydroxyiminocarboxamide; 
R3 is a group of the formula: -CO-D" wherein D" is 
hydroxy, amino, N-lower (C1• 4 ) alkylamino, N,N-di-lower 

' (C1_4 ) alkylamino or lower (C1_4 ) alkoxy whose alkyl ... 
moiety may ~e substituted by hydroxy, amino, halogen, 
lower (C~_6 ) alkanoyloxy, 1-lower (C1_6 ) al~oxycarbonyl 
or lower ( C1_4 ) alkoxy, or tetrazolyl optionally 
protected with lower (C1_4 ) alkyl or acyl; and the group 
of the formula: 

is a group selected from the class consisting of 
---····-----
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32. A compound according to claim 30 or 31, wherein R1 

is lower ( C2• 4 ) . alkyl which may be bound through -0-, -

NH- or -s-. 
33. A compound according to claim 30 or 31, wherein R3 

is optionally esterified carboxy. 
34. A compound according to claim 1, which is·2-

ethoxy-l-((2'-(2,5-dihydro-5-oxo-l,2,4-oxadiazol-3-
yl)biphenyl-4-yl]methyl]benzimidazole-7-carboxylic 

acid. 
35. A c~mp~und according to claim 1, which is 2-

etboxy~l-[(2'-(2,5-dihydro-5-oxo-1,2,4-thiadiazol-3-

yl)biphenyl-4-yl]methyl]benzimidazole-7-carboxylic 

acid. 
36. A compound according to claim 1, which is 2~ethyl-

3-([2'-(2,5-dihydro-5-oxo-l,2,4-oxadiazol-3-

yl)biphenyl-4-yl]methyl]-5,7-dimethylimidazo[4.5-

b]pyridine. 
37. A compound according to claim 1, whicn is 2-

methoxy-l-[[2'-(2,5-dihydro-5-oxo-1,2,4-oxadiazol-3-
------------------·---
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yl)biphenyl-4-yl]methyl]thieno[3,4-d]imidazole-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-yl]methyl]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 ca~rier, 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 
acceptable 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 b 

-_11Y ~~, 
. . . . cbis)n-@) \® 

wherein R1 is an optionally substituted hydrocarbon 
residue which is optionally bonded through a hetero­
atom; R2 is an optionally substitute~ 5-7 membered 
heterocyclic residue having, as a group capable of 
forming 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 

---·--·---·'--
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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 

Jl-a-J 
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, 
which_ comprises 
(i) alkylating a compound of the formula (III) by the 
following scheme: 

L- (CJfs) d'fil"is a-b· 
a-b ~ ~ RLY 11Y _____ (_I_V) __ ~ I 

11 · (CB2)n 

(III) ~x-@-1• 
wherein R1 

,· R2
, W, X, Y, a, b, c 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: 
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wherein R1
, w,·x, Y, a, b, c 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 R12 is lower (C1_4 ) alkyl, and, if . 
desired; -··converting a product obtained by the above 
processes·· ( i) t.o (ii) into a compound of the formula 
(I). by pydrolysis, reduction, halogenation, o-, N- or 
5- alkylation, nucleophilic reactio~, ring closure, 
acylation, esterification, oxidation and/or 
deprotection, and, if desired, converting a compound of 
the formula (I) into a pharmaceutically acceptable salt 
thereof. 

------


