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-Imidazolformylarylhydrazine 2 and -[1,2,4]triazolformylarylhydrazine 3 have been syn the sized
through the nucleophilic sub sti tu tion re ac tion of 1 with imidazole and 1,2,4-triazole, re spec tively. 2,2 -
 Diaryl- 2H,2 H-[4,4 ]bi[[1,2,4]-triazolyl]-3,3 -dione 4 was ob tained from the cycloaddition of -chloro-
formyl arylhydrazine hy dro chlo ride 1 with 1,2,4-triazole at 60 C and in ab sence of n-Bu3N. The in duc ing fac-
tor for cycloaddition of 1 with 1,2,4-triazole was as cer tained as hy dro gen ion by the for ma tion of 4 from the
re ac tion of 3 with hy dro chlo ric acid. 4 was also ac quired from the re ac tion of 3 with 1 and this could con firm
the re ac tion route for cycloaddition of 1 with 1,2,4-triazole. Some acylation re agents were ap plied to in duce
the cyclization re ac tion of 2 and 3. 1 pos sess ing chloroformyl group could in duce the cyclization of 2 to give
2-aryl-4-(2-aryl-4-vinyl-semicarbazide-4-yl)-2,4-dihydro-[1,2,4]-triazol-3-one 6. 7 was ob tained from the
cyclization of 2 in duced by some acyl chlo rides. Ace tic acid an hy dride like acetyl chlo ride also could re act
with 2 to pro duce 7D. 5-Substituted-3-aryl-3H-[1,3,4]oxadiazol-2-one 8 was pro duced from the cyclization
re ac tion of 3 in duced by some acyl chlo rides or ace tic acid an hy dride. The 1,2,4-triazole group of 3 played a
role as a leav ing group in the course of cyclization re ac tion. This was con firmed by the same prod uct 8 which
was ac quired from the re ac tion of 1, pos sess ing a better leav ing group: Cl, with some acyl chlo rides or ace tic
acid an hy dride.

IN TRO DUC TION

Al though -chloroformylarylhydrazine hy dro chlo ride
1 pos sesses a chloroformyl group like acyl chlo ride, its chem-
i cal be hav ior is not the same. Pos sessing both ac tive amino
and chloroformyl groups which oc cupy ad van taged sites for
cycloaddition re ac tion, 1 readily pro ceeds to intermolecular
cycloaddition with it self or some other re agents.1,2,3,4 The
syn thetic re ac tions of some de sir able com pounds  through 1
were of ten lim ited to mild con di tions. At higher tem per a ture
or in more ba sic con di tions, 1 was eas ily trans formed into
dimer prod ucts.1 There fore, suc cess ful at tempts to un dergo a
se ries of de riv a tive re ac tions from one func tional group of 1
of ten could not be at tained.

In our past re port,3,4 many N-heterocyclic com pounds
re acted with 1 through cycloaddition to ob tain the deri vates
of 2,4-dihydro-1,2,4-triazol-3-one un der mildly ba sic and
heat ing con di tions. We thought if some N-heterocyclic com -
pounds pos sess a sec ond or der ni tro gen atom which has
stron ger nucleophility, they can go ahead with nucleophilic
sub sti tu tion re ac tion but not cycloaddition with 1 un der the
con trol of re ac tion con di tions. In this pa per, imidazole and
1,2,4-triazole were tried to un dergo sub sti tu tion re ac tion with

1 since they could re act with acyl chlo ride eas ily. It was of
great in ter est to in tro duce a heterocyclic ring into the acyl
group of 1 be cause this work had never been done, and this
kind of prod uct was not ob tained eas ily through the other syn-
thetic re ac tion route. The an tic i pated prod ucts also had not
been  re ported in other pa pers as yet. This fo cused our ef forts
on the study of their de riv a tive re ac tions.

RE SULTS AND DIS CUS SION

Imidazole dis solved in iPrOH was stirred with -
 chloroformyl arylhydrazine hy dro chlo ride 1 in the pres ence
of n-Bu3N at room tem per a ture. When the re ac tion was com -
pleted, the ma jor prod uct was iso lated and iden ti fied as -
 imidazolformylarylhydrazine 2 by x-ray spec trum anal y sis
(Fig. 1). Fol low ing the same step, 1,2,4-triazole was tested to
re act with 1. The prod uct ob tained was as cer tained as -
 [1,2,4]triazolformylarylhydrazine 3 by el e men tal anal y sis,
1H NMR and MASS spec trum anal y sis. The yields of the
above two prod ucts are shown in Ta ble 1. Ac cord ing to the re-
sults of the above two re ac tions (Scheme I), we found imid a-
zole and 1,2,4-triazole un der went nucleophilic sub sti tu tion
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re ac tion with 1.
In one of our pre vi ous pa pers,4 3-amino-1,2,4-triazole

could pro ceed to cycloaddition with 1 at 60 C to ob tain
5-amino-bis(2-aryl-2,4-dihydro-1,2,4-triazol-3-on-4-yl).
This made us be lieve that 1,2,4-triazole could also un dergo
cycloaddition with 1 un der some con di tions. There fore, 1,2,4-
 triazole was at tempted to go ahead with cycloaddition with 1
by chang ing the re ac tion con di tion. We found cycloaddition
prod uct 4 was iso lated from the re ac tion of 1 with 1,2,4-
 triazole at 60 C and in the ab sence of n-Bu3N (Scheme I), but
the yield (Ta ble 2) was low. The struc ture of 4 was as cer-
tained as 2,2 -diaryl-2H,2 H-[4,4 ]bi[[1,2,4]-triazolyl]- 3,3 -
 dione by el e men tal anal y sis, 1H NMR, 13C NMR and MASS

spec trum anal y sis. In or der to study the fac tor in duc ing the
cycloaddition of 1 with 1,2,4-triazole, we de signed that com -
pound 3 was tested to un dergo intramolecular cyclization un-
der three types of con di tions. The first con di tion was at 60 C
and in the pres ence of n-Bu3N; the sec ond one was at 60 C
but in the ab sence of n-Bu3N; and the third one was at 60 C
and with the ad di tion of con cen trated hy dro chlo ric acid. The
re sult (Scheme II) in di cated that un der the third con di tion, 5
and 4 were ob tained and un der the other ones, there was no re-
ac tion tak ing place. 5 was con firmed as 4-amino-2- aryl- 2,4-
 dihydro-3H-1,2,4-triazol-3-one by com par ing their spec trum
in an other pa per.5 The re ac tion route for pro duc tion of 5 and
4, we guessed, is shown in Scheme II. Ac cord ing to these re -
sults, the fac tor in duc ing the cycloaddition of 1 with 1,2,4-
 triazole was as cer tained to be a hy dro gen ion. From the poor
re sult for the cycloaddition of 1 with 1,2,4-triazole, we made
a guess that as 1 could pro vide a hy dro gen ion it self dur ing
the re ac tion, 1 un der went cycloaddition with 1,2,4-triazole in
the ab sence of n-Bu3N, but on this acidic con di tion, the in ter-
me di ate prod uct 3 was not eas ily pro duced, and there fore, the
yield of the fi nal prod uct 4 was low. In or der to con firm our
in fer ence, 3 was tested to re act with 1 at 60 C in the ab sence
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Scheme  I Table 1. The Reactions of 1 with Imidazole (A) and 1,2,4-
Triazole (B) at Room Temperature and in the Presence
of n-Bu3N

Product Ar Yield Reagent

2a C6H5 36 A
2b 4-ClC6H4 52 A
2c 4-CH3C6H4 57 A
3a C6H5 32 B
3b 4-ClC6H4 36 B
3c 4-CH3C6H4 70 B

Fig. 1. Mo lec u lar Struc ture of -Imidazolformyl- 4-
 methylphenyl hydrazine 2c.

Table 2. The Reaction of 1 with 1,2,4-Triazole at 60 C and in
the Absence of n-Bu3N

Product Ar Yield

4aa C6H5 15
4bb 4-ClC6H4 13
4cc 4-CH3C6H4 18

Table 3. The Reaction of 3 with Hydrochloric Acid at 60 C

Product 1 Yield Product 2 Yield Ar

4aa 17 5a 48 C6H5
4bb 14 5b 45 4-ClC6H4
4cc 19 5c 42 4-CH3C6H4



of n-Bu3N. The prod uct 4 was also ac quired and the yield
dem on strated in Ta ble 4 was en hanced. This re sult could as -
cer tain the re ac tion route in Scheme I.

2 was also at tempted to ex e cute intramolecular cycliza-
tion by ad di tion of hy dro chlo ric acid, but the an tic i pated re -
sult was not ob tained. An other test for the cycloaddition re ac-
tion of 2 with 1 was done and 2-aryl-4-(2-aryl-4- vinyl-
 semicarbazide-4-yl)-2,4-dihydro-[1,2,4]-triazol-3-one 6 was 

given. Ac cord ing to the struc ture of 6, this re ac tion route
could be sug gested as that in Scheme III. In ves ti gating this
re ac tion route, we guessed that the fac tor in duc ing the
cyclization re ac tion of 2 was the chloroformyl group of 1. In
or der to con firm this in fer ence, some acyl chlo rides were
tested to re act with 2. The re sults shown in Ta ble 5 in di cate
that 2 could un dergo cyclization re ac tion in duced by acyl
chlo ride to ob tain 7. The struc ture of 7Db was iden ti fied as
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Table 4. The Reaction of 3 with 1 at 60 C

Reactant 3 Reactant 1 Product Ar Ar Yield

3a 1a 4aa C6H5 C6H5 46
3a 1b 4ab C6H5 4-ClC6H4 44
3a 1c 4ac C6H5 4-CH3C6H4 48
3b 1a 4ab 4-ClC6H4 C6H5 43
3b 1b 4bb 4-ClC6H4 4-ClC6H4 42
3b 1c 4bc 4-ClC6H4 4-CH3C6H4 45
3c 1a 4ac 4-CH3C6H4 C6H5 48
3c 1b 4bc 4-CH3C6H4 4-ClC6H4 46
3c 1c 4cc 4-CH3C6H4 4-CH3C6H4 52



N-{2-[1-(4-chlorophenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}-acetamide (Fig. 2) by x-ray spec trum anal y sis.

Ace tic acid an hy dride like acyl chlo rides was also
tested to re act with 2; we found the prod uct was the same as
that ob tained from the cyclization re ac tion in duced by acetyl-
chloride. Ac cord ing to the above re sults, we con cluded that 2
could un dergo intramolecular cyclization in duced by some
acylation re agents.

Some acylation re agents were also ap plied to the cy -

cliza tion of 3 and the prod uct ob tained (Ta ble 6) was as cer-
tained as 5-substituted-3-aryl-3H-[1,3,4]oxadiazol-2-one 8
by com par ing their spec trum in other pa pers.1,6,7 This re sult
was dif fer ent from that ob tained through the cyclization re ac-
tion of 3 in duced by hy dro gen ion. Ac cord ing to the struc ture
of 8, the syn thetic re ac tion route of 8 given from 3 could be
shown in Scheme IV and, we thought, the 1,2,4-triazole
group of 3 played a role as a leav ing group in the course of
cyclization re ac tion. In or der to con firm this re ac tion route, 1
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pos sess ing a better leav ing group: Cl was tested to re act with
acyl chlo rides or ace tic acid an hy dride. The prod uct 8 was
also ob tained and the yield is shown in Ta ble 7.

CON CLU SION

2 and 3 have been syn the sized through the nucleophilic
sub sti tu tion re ac tion of 1 with imidazole and 1,2,4-triazole,
re spec tively. 4 was ob tained from the cycloaddition of 1 with
1,2,4-triazole at 60 C and in the ab sence of n-Bu3N. The in -
duc ing fac tor for cycloaddition of 1 with 1,2,4-triazole was
as cer tained as hy dro gen ion by the for ma tion of 4 from the re-
ac tion of 3 with hy dro chlo ric acid. 4 was also ac quired from
the re ac tion of 3 with 1 and this could con firm the re ac tion
route for cycloaddition of 1 with 1,2,4-triazole.

Some acylation re agents were ap plied to in duce the
cyclization re ac tion of 2 and 3. 1 pos sess ing chloroformyl
group could in duce the cyclization of 2 to give 6. 7 was ob -
tained from the cyclization of 2 in duced by some acyl chlo -
rides. Ace tic acid an hy dride like acetyl chlo ride also could
re act with 2 to pro duce 7D.

The re sult from the cyclization re ac tion of 3 in duced by
some acylation re agents was dif fer ent from that in duced by
hy dro gen ion. Some acyl chlo rides or ace tic acid an hy dride
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Table 5. The Reactions of 2 with 1; 4-Nitrobenzoyl Chloride (A); Benzoyl Chloride (B);
Ethoxalyl Chloride (C); Acetyl Chloride (D); Ethoxycarbonyl Chloride (E) and
Acetic Acid Anhydride (F)

Reactant 2 Reagent Product Ar R Yield

2a 1a 6aa C6H5 52
2c 1c 6cc 4-CH3C6H4 67
2b A 7Ab 4-ClC6H4 4-NO2C6H4 84
2c A 7Ac 4-CH3C6H4 4-NO2C6H4 81
2b B 7Bb 4-ClC6H4 C6H5 82
2c B 7Bc 4-CH3C6H4 C6H5 83
2b C 7Cb 4-ClC6H4 COOC2H5 76
2c C 7Cc 4-CH3C6H4 COOC2H5 72
2b D 7Db 4-ClC6H4 CH3 73
2c D 7Dc 4-CH3C6H4 CH3 63
2b E 7Eb 4-ClC6H4 OC2H5 55
2c E 7Ec 4-CH3C6H4 OC2H5 36
2b F 7Db 4-ClC6H4 CH3 73
2c F 7Dc 4-CH3C6H4 CH3 66

Fig. 2. Mo lec u lar Struc ture of N-{2-[1-(4-Chloro-
phenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-4-yl]
vi nyl}acetamide 7Db.

Table 6. The Reactions of 3 with 4-Nitrobenzoyl Chloride (A); Benzoyl Chloride (B);
Ethoxalyl Chloride (C); Acetyl Chloride (D) and Acetic Acid Anhydride (E)

Reactant Reagent Product Ar R Yield

3c A 8Ac 4-CH3C6H5 4-NO2C6H4 52
3c B 8Bc 4-CH3C6H4 C6H5 67
3c C 8Cc 4-CH3C6H4 COOC2H5 84
3c D 8Dc 4-CH3C6H4 CH3 81
3c E 8Dc 4-CH3C6H4 CH3 82



could re act with 3 to ob tain 8. The 1,2,4-triazole group of 3
played a role as a leav ing group in the course of cyclization re-
ac tion. This was con firmed by the same prod uct 8 which was
ac quired from the re ac tion of 1, pos sess ing a better leav ing
group: Cl, with some acyl chlo rides or ace tic acid an hy dride.

EX PER I MEN TAL SEC TION

Gen eral
Melting points (Buchi 535 ap pa ra tus) are un cor rected.

IR spec tra were re corded on a Hitachi 270-30 in fra red spec -

tro- photometer. NMR spec tra were mea sured on a Bruker
AMX-200 NMR spec trom e ter with tetramethylsilane as in -
ter nal stan dard. The mass spec tra were reg is tered on a
Finnigan MAT TSQ-46C spec trom e ter at an ion iz ing po ten-
tial of 70 eV. El e men tal anal y ses were per formed on Heraeus
CHN-O-Rapid and Tacussel Coulomax 78 an a lyz ers. X-ray
anal y ses were made with a Nonius CAD-4 diffractometer.
Col umn chro ma tog ra phy was car ried out on sil ica gel
(Kieselgel 100, 70-230 mesh, E. Merck).

Syn the sis of 2 from the re ac tion of 1 with imidazole
Imidazole (0.34 g, 5 mmol) dis solved in iPrOH was
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stirred with 1a (0.517 g, 2.56 mmol) and n-Bu3N (1.5 g) at
room tem per a ture for 2 hours. Af ter the re ac tion, iPrOH was
re moved from the re ac tion mix ture and the res i due was sub -
jected to col umn sep a ra tion (eluent: EtOAc/n-hexane = 4:1)
to give 2a. Ac cord ing to this pro ce dure, the re ac tions of 1b
and1c with imidazole were un der gone, but there was pre cip i-
tate pro duced in the re ac tion mix ture. The pre cip i tate was fil-
tered  and then recrystalized from EtOAc + iPrOH to give 2b,
2c.

-Imidazolformylphenyl hydrazine 2a
mp 99-100 C; IR (KBr) 3316, 3178, 1680 cm-1; 1H
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Table 7. The Reactions of 1 with 4-Nitrobenzoyl Chloride (A); Benzoyl Chloride (B);
Ethoxalyl Chloride (C); Acetyl Chloride (D) and Acetic Acid Anhydride (E)

Reactant Reagent Product Ar R Yield

1c A 8Ac 4-CH3C6H5 4-NO2C6H4 62
1c B 8Bc 4-CH3C6H4 C6H5 79
1c C 8Cc 4-CH3C6H4 COOC2H5 80
1c D 8Dc 4-CH3C6H4 CH3 70
1c E 8Dc 4-CH3C6H4 CH3 72

Table 8. Crystal Data for 2c, 7Db

Compound 2c 7Db

Formula C11H12N4O C12H11ClN4O2
fw 216.24 288.42
cryst system Triclinic Triclinic
space group P-1 P-1
a, Å 11.6071(9) 4.2449(24)
b, Å 5.6841(8) 12.700(5)
c, Å 16.6714(11) 23.933(3)

, deg 90.000(11) 100.333(21)
, deg 103.344(10) 95.080(22)
, deg 89.960(9) 99.54(3)

V, Å3 1070.22(19) 1242.4(9)
Z 2 2
Dcalcd, g cm-3 1.342 1.49

(?Mo-K ), Å 0.70930 0.70930
F000 456.18 595.00
Range, deg 24, 9.84-34.66 24, 12.60-28.26
2 max ,deg 49.9 44.9
scan type -2 -2

/cm-1 0.09 0.31
Reflections measured 2202 3435
Unique reflections 2183 3257
Observed reflections 1029 1827
Refined parameters 249 343
Rf for significant reflections 0.079 0.051
Rw for significant reflections 0.083 0.051
GOF 3.02 2.16

Table 9. Bond Distances/Å of 2c

C(1)-C(2) 1.514(14) C(8)-O(1) 1.202(11)
C(1)-H(1a) 0.955 C(8)-N(1) 1.354(12)
C(1)-H(1b) 0.938 C(8)-N(3) 1.426(14)
C(1)-H(1c) 0.945 C(9)-C(10) 1.270(15)
C(2)-C(3) 1.370(21) C(9)-N(3) 1.378(12)
C(2)-C(7) 1.359(24) C(9)-H(9) 0.962
C(3)-C(4) 1.380(13) C(10)-N(4) 1.369(16)
C(3)-H(3) 0.967 C(10)-H(10) 0.958
C(4)-C(5) 1.358(22) C(11)-N(3) 1.399(14)
C(4)-H(4) 0.952 C(11)-N(4) 1.361(16)
C(5)-C(6) 1.387(18) C(11)-H(11) 0.952
C(5)-N(1) 1.449(11) N(1)-N(2) 1.435(10)
C(6)-C(7) 1.366(14) N(2)-H(n2) 0.957
C(6)-H(6) 0.975 N(2)-H(n21) 0.961
C(7)-H(7) 0.963

Table 10. Bond Angles/deg of 2c

C(2)-C(1)-H(1a) 110.8 C(6)-C(7)-H(7) 120.9
C(2)-C(1)-H(1b) 111.3 O(1)-C(8)-N(1) 125.2(10)
C(2)-C(1)-H(1c) 109.9 O(1)-C(8)-N(3) 118.2(9)
H(1a)-C(1)-H(1b) 108.6 N(1)-C(8)-N(3) 116.6(8)
H(1a)-C(1)-H(1c) 107.8 C(10)-C(9)-N(3) 112.0(9)
H(1b)-C(1)-H(1c) 108.5 C(10)-C(9)-H(9) 125.8
C(1)-C(2)-C(3) 119.4(15) N(3)-C(9)-H(9) 122.1
C(1)-C(2)-C(7) 122.8(14) C(9)-C(10)-N(4) 107.2(9)
C(3)-C(2)-C(7) 117.8(10) C(9)-C(10)-H(10) 128.2
C(2)-C(3)-C(4) 121.9(15) N(4)-C(10)-H(10) 124.4
C(2)-C(3)-H(3) 119.7 N(3)-C(11)-N(4) 105.0(10)
C(4)-C(3)-H(3) 118.1 N(3)-C(11)-H(11) 127.9
C(3)-C(4)-C(5) 119.0(13) N(4)-C(11)-H(11) 127.1
C(3)-C(4)-H(4) 124.5 C(5)-N(1)-C(8) 126.0(8)
C(5)-C(4)-H(4) 116.5 C(5)-N(1)-N(2) 117.9(7)
C(4)-C(5)-C(6) 120.2(9) C(8)-N(1)-N(2) 115.5(6)
C(4)-C(5)-N(1) 121.3(11) N(1)-N(2)-H(n2) 109.6
C(6)-C(5)-N(1) 118.5(13) N(1)-N(2)-H(n21) 109.8
C(5)-C(6)-C(7) 119.0(14) H(n2)-N(2)-H(n21) 108.0
C(5)-C(6)-H(6) 120.2 C(8)-N(3)-C(9) 121.8(9)
C(7)-C(6)-H(6) 120.7 C(8)-N(3)-C(11) 132.5(9)
C(2)-C(7)-C(6) 122.1(13) C(9)-N(3)-C(11) 105.7(8)
C(2)-C(7)-H(7) 117.0 C(10)-N(4)-C(11) 110.1(10)



NMR (DMSO-d6) 8.35 (s, 1H), 7.63 (d, J = 2.1 Hz, 1H),
7.21-7.62 (m, 5H), 6.94 (d, J = 2.1 Hz, 1H), 5.7 (s, 2H); EIMS
(70 eV) m/z: 202 (M+, 100), 175 (84), 135 (69), 119 (51), 107
(90), 77 (86), 68 (40), 64 (28). Anal. Calcd for C10H10N4O: C,
59.41; H, 4.95; N, 27.72. Found: C, 59.64; H, 5.01; N, 27.56.

-Imidazolformyl-4-chlorophenyl hydrazine 2b
mp 115-116 C; IR (KBr) 3364, 3280, 3172, 1680 cm-1;

1H NMR (DMSO-d6) 8.38 (s, 1H), 7.68 (d, J = 2.2 Hz, 1H),
7.58 (d, J = 9.0 Hz, 2H), 7.46 (d, J = 9.0 Hz, 2H), 6.96 (d, J =
2.2 Hz, 1H), 5.71 (s, 2H); EIMS (70 eV) m/z: 238 (M++2, 31),
236 (M+, 72), 209 (46), 169 (26), 153 (57), 141 (96), 77 (100),
68 (72), 63 (33). Anal. Calcd for C10H10ClN4O: C, 50.75; H,
3.83; N, 23.67; Cl, 14.98. Found: C, 50.64; H, 3.89; N, 23.63;
Cl, 15.00.

-Imidazolformyl-4-methylphenyl hydrazine 2c
mp 135-136 C; IR (KBr) 3334, 3292, 3190, 3136,

1725, 1692 cm-1; 1H NMR (DMSO-d6) 8.32 (s, 1H), 7.60 (d,
J = 0.8 Hz, 1H), 7.39 (d, J = 8.5 Hz, 2H), 7.19 (d, J = 8.5 Hz,
2H), 6.93 (d, J = 0.8 Hz, 1H), 5.63 (s, 2H), 2.31 (s, 3H); EIMS
(70 eV) m/z: 216 (M+, 100), 189 (12), 149 (13), 133 (20), 121
(57), 77 (45), 68 (72), 63 (10). Anal. Calcd for C11H12N4O: C,
61.11; H, 5.56; N, 25.93. Found: C, 61.19; H, 5.50; N, 25.73.

Syn the sis of 3 from the re ac tion of 1 with 1,2,4-triazole
1,2,4-Triazole (0.69 g, 10 mmol) dis solved in iPrOH

was stirred with 1a (0.517 g, 2.56 mmol) and n-Bu3N (1.5 g)
at room tem per a ture for 2 hours. Af ter the re ac tion, iPrOH
was re moved from the re ac tion mix ture and the res i due was
sub jected to col umn sep a ra tion (eluent: EtOAc/n-hexane =
6:1) to give 3a. Ac cord ing to this pro ce dure, the re ac tions of
var i ous 1 with 1,2,4-triazole were achieved.

-[1,2,4]-triazolformylphenylhydrazine 3a
mp 124-125 C; IR (KBr) 3352, 3220, 3166, 3106,

1695 cm-1; 1H NMR (DMSO-d6)   9.14 (s, 1H), 8.12 (s, 1H),
7.20-7.49 (m, 5H), 5.75 (s, 2H); EIMS (70 eV) m/z: 203 (M+,
47), 146 (67), 107 (59), 91 (23), 77 (100), 70 (60), 64 (17).
Anal. Calcd for C9H9N5O: C, 53.20; H, 4.43; N, 34.48.
Found: C, 53.24; H, 4.37; N, 34.69.

-[1,2,4]-triazolformyl-4-chlorophenylhydrazine 3b
mp 141-142 C; IR (KBr) 3304, 3238, 3184, 3130,

1740, 1704 cm-1; 1H NMR (DMSO-d6)   9.17 (s, 1H), 8.14 (s,
1H), 7.48 (d, J = 8.5 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 5.78 (s,
2H); EIMS (70 eV) m/z: 239 (M++2, 10), 237 (M+, 36), 180
(92), 141 (83), 111 (47), 77 (100), 70 (77). Anal. Calcd for
C9H8ClN5O: C, 45.57; H, 3.38; N, 29.54; Cl, 14.77. Found: C,
45.65; H, 3.43; N, 29.48; Cl, 14.84.

-[1,2,4]-triazolformyl-4-methylphenylhydrazine 3c
mp 161-162 C; IR (KBr) 3340, 3220, 3172, 3106,

1680 cm-1; 1H NMR (DMSO-d6)   9.11 (s, 1H), 8.11 (s, 1H),
7.35 (d, J = 8.3 Hz, 2H), 7.16 (d, J = 8.3 Hz, 2H), 5.69 (s, 2H),
2.29 (s, 3H); EIMS (70 eV) m/z: 217 (M+, 73), 160 (100), 121
(91), 91 (95), 77 (47), 70 (27). Anal. Calcd for C10H11N5O: C,
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Table 11. Bond Distances/Å of 7Db

C(1)-C(2) 1.366(8) C(8)-N(1) 1.359(8)
C(1)-C(6) 1.385(10) C(8)-N(3) 1.397(8)
C(1)-H(1) 0.961 C(9)-C(10) 1.311(10)
C(2)-C(3) 1.384(9) C(9)-N(3) 1.394(9)
C(2)-N(1) 1.425(8) C(9)-H(9) 0.953
C(3)-C(4) 1.367(9) C(10)-N(4) 1.394(9)
C(3)-H(3) 0.957 C(10)-H(10) 0.947
C(4)-C(5) 1.356(9) C(11)-C(12) 1.506(10)
C(4)-H(4) 0.981 C(11)-O(2) 1.207(8)
C(5)-C(6) 1.380(10) C(11)-N(4) 1.353(9)
C(5)-C(1) 1.733(6) C(12)-H(12a) 0.954(6)
C(6)-H(6) 0.941 C(12)-H(12b) 0.961(7)
C(7)-N(2) 1.273(9) C(12)-H(12c) 0.941(6)
C(7)-N(3) 1.355(8) N(1)-N(2) 1.389(7)
C(7)-H(7) 0.978(7) N(4)-H(n4) 0.952
C(8)-O(1) 1.224(8)

Table 12. Bond Angles/deg of 7Db

C(2)-C(1)-C(6) 120.1(6) C(10)-C(9)-H(9) 114.2
C(2)-C(1)-H(1) 119.9 N(3)-C(9)-H(9) 116.1
C(6)-C(1)-H(1) 120.0 C(9)-C(10)-N(4) 127.5(6)
C(1)-C(2)-C(3) 120.2(6) C(9)-C(10)-H(10) 116.7
C(1)-C(2)-N(1) 118.8(5) N(4)-C(10)-H(10) 115.8
C(3)-C(2)-N(1) 121.0(5) C(12)-C(11)-O(2) 121.5(6)
C(2)-C(3)-C(4) 119.2(5) C(12)-C(11)-N(4) 115.3(6)
C(2)-C(3)-H(3) 120.1 O(2)-C(11)-N(4) 123.3(6)
C(4)-C(3)-H(3) 120.7 C(11)-C(12)-H(12a) 111.6
C(3)-C(4)-C(5) 121.0(6) C(11)-C(12)-H(12b) 110.8
C(3)-C(4)-H(4) 119.9 C(11)-C(12)-H(12c) 111.8
C(5)-C(4)-H(4) 119.1 H(12a)-C(12)-H(12b) 105.9
C(4)-C(5)-C(6) 120.3(6) H(12a)-C(12)-H(12c) 107.7
C(4)-C(5)-C(1) 120.7(5) H(12b)-C(12)-H(12c) 108.9
C(6)-C(5)-C(1) 119.0(5) C(2)-N(1)-C(8) 128.8(5)
C(1)-C(6)-C(5) 119.1(5) C(2)-N(1)-N(2) 118.6(5)
C(1)-C(6)-H(6) 120.8 C(8)-N(1)-N(2) 112.4(5)
C(5)-C(6)-H(6) 120.1 C(7)-N(2)-N(1) 103.0(5)
N(2)-C(7)-N(3) 115.2(6) C(7)-N(3)-C(8) 105.7(5)
N(2)-C(7)-H(7) 121.6 C(7)-N(3)-C(9) 125.4(5)
N(3)-C(7)-H(7) 123.2 C(8)-N(3)-C(9) 128.8(5)
O(1)-C(8)-N(1) 129.8(6) C(10)-N(4)-C(11) 121.2(5)
O(1)-C(8)-N(3) 126.5(6) C(10)-N(4)-H(n4) 117.5
N(1)-C(8)-N(3) 103.7(5) C(11)-N(4)-H(n4) 121.3
C(10)-C(9)-N(3) 129.6(6)



55.30; H, 5.07; N, 32.26. Found: C, 55.25; H, 4.89; N, 32.09.

The re ac tion of 1 with 1,2,4-triazole in the ab sence of
n-Bu3N

[1,2,4]-Triazole (0.86 g, 12.5 mmol) dis solved in
iPrOH (10 mL) was stirred with 1a (0.517 g, 2.56 mmol) at 60
C for thirty min utes. Af ter the re ac tion, the white pre cip i tate

was fil tered to ob tain 4aa. Ac cord ing to this pro ce dure, the
re ac tions of var i ous 1 with 1,2,4-triazole were achieved.

2,2 -Di phen yl-2H,2 H-[4,4 ]bi[[1,2,4]-triazolyl]-3,3 -dione
(4aa)

mp > 250 C; IR (KBr) 3142, 3088, 1728, 1704 cm-1; 1H
NMR (DMSO-d6))  8.80 (s, 2H), 7.33-7.86 (m, 10H); 13C
NMR (DMSO-d6))  147.85, 137.15, 136.91, 129.48, 126.31,
118.31; EIMS (70 eV) m/z: 321 (M++1, 18), 320 (M+, 85), 260
(31), 132 (12), 119 (13),104 (22), 91 (32), 77 (100), 64 (13).
Anal. Calcd for C16H12N6O2: C, 60.00; H, 3.78; N, 26.24.
Found: C, 59.87; H, 3.69; N, 26.18.

2,2 -Bis(4-chlorophenyl)-2H,2 H-[4,4 ]bi[[1,2,4]-triazolyl]-
3,3 -dione (4bb)

mp > 250 C; IR (KBr) 3130, 3082, 1728, 1704 cm-1; 1H
NMR (DMSO-d6)  8.79 (s, 2H), 7.89 (d, J = 8.9 Hz, 4H),
7.59 (d, J = 8.9 Hz, 4H); 13C NMR (DMSO-d6)  147.81,
135.78, 131.54, 129.01, 127.11, 118.34; EIMS (70 eV) m/z:
392 (M++4, 10) 390 (M++2, 15), 388 (M+, 22), 194 (25), 138
(25), 125 (28), 111 (100), 89 (29), 75 (37), 63 (21). Anal.
Calcd for C16H10Cl2N6O2: C, 49.38; H, 2.59; N, 21.59; Cl,
18.22. Found: C, 49.20; H, 2.50; N, 21.48; Cl, 18.00.

2,2 -Di-p-tolyl-2H,2 H-[4,4 ]bi[[1,2,4]-triazolyl]-3,3 -dione
(4cc)

mp > 250 C; IR (KBr) 3136, 3088, 1728, 1704, 1515,
1386 cm-1; 1H NMR (DMSO-d6)  8.77 (s, 2H), 7.76 (d, J =
8.6 Hz, 4H), 7.35 (d, J = 8.6 Hz, 4H), 2.34 (s, 6H); 13C NMR
(DMSO-d6)  147.77, 136.93, 135.63, 134.56, 129.82, 118.35,
20.54; EIMS (70 eV) m/z: 349 (M++1, 22), 348 (M+, 100),
174 (27), 146 (8), 132 (8), 118 (12), 105 (12), 91 (51), 73
(10), 65 (12). Anal. Calcd for C18H16N6O2: C, 62.06; H, 4.63;
N, 24.12. Found: C, 62.00; H, 4.58; N, 23.98.

The re ac tion of 3 with hy dro chlo ric acid
3c (0.217 g, 1 mmol) dis solved in iPrOH (8 mL) was

stirred with con cen trated hy dro chlo ric acid (5 mL) at 60 C
for 2 hours. Af ter the re ac tion, the pre cip i tate was fil tered to
ob tain 4c. iPrOH was re moved from the fil trate and the res i-
due was sub jected to col umn sep a ra tion (eluent: EtOAc/n-

 hexane = 3:2) to give 5c. Ac cord ing to this pro ce dure, the re-
ac tions of var i ous 3 with hy dro chlo ric acid were achieved.

4-Amino-2-phenyl-2,4-dihydro-3H-1,2,4-triazol-3-one 5a
mp 161-162 C; IR (KBr) 3322, 3280, 3214, 1716 cm-1;

1H NMR (DMSO-d6)  8.23 (s, 1H), 7.89 (d, J = 8.4 Hz, 2H),
7.45 (t, J = 8.4 Hz, 2H), 7.22 (t, J = 8.4 Hz, 1H), 5.55 (s, 2H);
FABMS m/z: 177 (M++1, 100), 176 (M+, 52), 136 (19). Anal.
Calcd for C8H8N4O: C, 54.54; H, 4.58; N, 31.80. Found: C,
54.58; H, 4.65; N, 31.78.

4-Amino-2-(4-chlorophenyl)-2,4-dihydro-3H-1,2,4-triazol-
3-one 5b

mp 184-185 C; IR (KBr) 3334, 3226, 1710 cm-1; 1H
NMR (DMSO-d6)  8.26 (s, 1H), 7.92 (d, J = 8.8 Hz, 2H),
7.51 (d, J = 8.8 Hz, 2H), 5.55 (s, 2H); FABMS m/z: 211
(M++1, 100), 210 (M+, 62). Anal. Calcd for C8H7ClN4O: C,
45.62; H, 3.35; N, 26.60. Found: C, 45.53; H, 3.35; N, 26.66.

4-Amino-2-(4-methylphenyl)-2,4-dihydro-3H-1,2,4-triazol-
3-one 5c

mp 163-164 C; IR (KBr) 3340, 3298, 3232, 1698 cm-1;
1H NMR (DMSO-d6)  8.19 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H),
7.25 (d, J = 8.4 Hz, 2H), 5.52 (s, 2H), 2.29 (s, 3H); FABMS
m/z: 191 (M++1, 100), 190 (M+, 66), 154 (19). Anal. Calcd for
C9H10N4O: C, 56.83; H, 5.30; N, 29.50. Found: C, 56.83; H,
5.37; N, 29.63.

The re ac tion of 3 with 1
3a (0.203 g, 1 mmol) dis solved in iPrOH (10 mL) was

stirred with 1a (0.207 g, 1 mmol) at 60 C for 30 min utes. Af-
ter the re ac tion, the pre cip i tate was fil tered to ob tain 4aa. Ac-
cord ing to this pro ce dure, the re ac tions of var i ous 3 with var i-
ous 1 were achieved.

2-Phenyl-2 -(4-chlorophenyl)-2H,2 H-[4,4 ]bi[[1,2,4]-
triazolyl]-3,3 -dione (4ab)

mp > 250 C; IR (KBr) 3136, 3088, 1728, 1704 cm-1; 1H
NMR (DMSO-d6)  8.82 (s, 1H), 8.81 (s, 1H), 7.29-7.93 (m,
9H); EIMS (70 eV) m/z: 356 (M++2, 32), 354 (M+, 100), 320
(37), 194 (17), 160 (25),125 (11), 111 (25), 91 (24), 77 (63),
63 (9). Anal. Calcd for C16H11ClN6O2: C, 54.17; H, 3.13; N,
23.69; Cl, 9.99. Found: C, 54.01; H, 3.03; N, 23.41; Cl, 9.84.

2-Phenyl-2 -p-tolyl-2H,2 H-[4,4 ]bi[[1,2,4]-triazolyl]-3,3 -
dione (4ac)

mp > 250 C; IR (KBr) 3133, 3084, 1730, 1704 cm-1; 1H
NMR (DMSO-d6)  8.80 (s, 1H), 8.77 (s, 1H), 7.89 (d, J = 8.8
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Hz, 2H), 7.74 (d, J = 8.4 Hz, 2H), 7.54 (t, J = 8.8 Hz, 2H), 7.33
(m, 3H), 2.3 (s, 3H); EIMS (70 eV) m/z: 335 (M++1, 22), 334
(M+, 100), 174 (33), 160 (25), 105 (11), 91 (33), 77 (65).
Anal. Calcd for C17H14N6O2: C, 61.07; H, 4.22; N, 25.14.
Found: C, 60.98; H, 4.20; N, 25.09.

2-(4-Chlorophenyl)-2 -p-tolyl-2H,2 H-[4,4 ]bi[[1,2,4]-
triazolyl]-3,3 -dione (4bc)

mp > 250 C; IR (KBr) 3448, 3136, 3084, 1726, 1707
cm-1; 1H NMR (DMSO-d6)  8.79 (s, 1H), 8.76 (s, 1H), 7.89
(d, J = 8.9 Hz, 2H), 7.75 (d, J = 8.6 Hz, 2H), 7.59 (d, J = 8.9
Hz, 2H), 7.35 (d, J = 8.6 Hz, 2H), 2.3 (s, 3H); EIMS (70 eV)
m/z: 370 (M++2, 33), 368 (M+, 100), 348 (82), 194 (7), 174
(38),146 (17), 111 (26), 91 (90), 65 (17). Anal. Calcd for
C17H13ClN6O2: C, 55.37; H, 3.55; N, 22.79; Cl, 9.61. Found:
C, 55.24; H, 3.45; N, 22.63; Cl, 9.52.

The re ac tion of 2 with 1
2a (0.202 g, 1 mmol) was dis solved in iPrOH (10 mL)

and then stirred with 1a (0.517 g, 2.5 mmol) at 60 C for 30
min utes. Af ter the re ac tion, iPrOH was re moved from the re-
ac tion mix ture and the res i due was sub jected to col umn sep a-
ra tion (eluent: EtOAc/n-hexane = 1:3) to give 6aa. Ac cord-
ing to this pro ce dure, the re ac tion of 2c with 1c was achieved.

2-Phenyl-4-(2-phenyl-4-vinylsemicarbazide-4-yl)-2,4-
dihydro-[1,2,4]triazol-3-one 6aa

mp 193-194 C; IR (KBr) 3328, 3262, 3208, 3100,
2926, 1713, 1692, 1656 cm-1; 1H NMR (DMSO-d6)  10.11
(d, J = 10.8 Hz, 1H), 8.34 (s, 1H), 7.87-7.08 (m, 10H), 6.63
(dd, J = 10.8, 7.4 Hz, 1H), 5.78 (d, J = 7.4 Hz, 1H), 5.44 (s,
2H); EIMS (70 eV) m/z: 336 (M+, 6), 293 (48), 229 (43), 161
(19), 133 (19), 119 (23), 108 (100), 91 (62), 77 (92), 65 (33).
Anal. Calcd for C17H16N6O2: C, 60.70; H, 4.80; N, 25.00.
Found: C, 60.73; H, 4.86; N, 24.88.

2-(4-Methylphenyl)-4-(2-(4-methylphenyl)-4-vinylsemi-
carbazide-4-yl)-2,4-dihydro-[1,2,4]triazol-3-one 6cc

mp 213-214 C; IR (KBr) 3328, 3274, 3208, 3100,
2920, 1713, 1692, 1653, 1635 cm-1; 1H NMR (DMSO-d6)
10.07 (d, J = 10.8 Hz, 1H), 8.31 (s, 1H), 7.75 (d, J = 8.5 Hz,
2H), 7.42 (d, J = 8.5 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 7.11 (d,
J = 8.5 Hz, 2H), 6.63 (dd, J = 10.8, 7.4 Hz, 1H), 5.76 (d, J =
7.4 Hz, 1H), 5.34 (s, 2H), 2.32 (s, 3H), 2.26 (s, 3H); EIMS (70
eV) m/z: 364 (M+, 6), 321 (16), 243 (41), 175 (14), 133 (13),
122 (100), 105 (27), 91 (41), 77 (20), 65 (12). Anal. Calcd for
C19H20N6O2: C, 62.65; H, 5.50; N, 23.10. Found: C, 62.43; H,
5.44; N, 22.82.

The re ac tion of 2 with acyl chlo ride or ace tic acid an hy -
dride

2 (1 mmol) dis solved in iPrOH (10 mL) was stirred with
var i ous acyl chlo rides or ace tic acid an hy dride (2 mmol) at 50
C for 2 hours. Af ter the re ac tion, if there was pre cip i tate pro-

duced in the re ac tion mix ture, the pre cip i tate was fil tered to
ob tain 7; if there was no pre cip i tate in the re ac tion mix ture,
iPrOH was re moved from the fil trate and the res i due was sub-
jected to col umn sep a ra tion (eluent: EtOAc/n-hexane = 1:3)
to give 7.

N-{2-[1-(4-Chlorophenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}-4-nitrobenzamide 7Ab

mp 249-250 C; IR (KBr) 3112, 1713, 1680, 1605 cm-1;
1H NMR (DMSO-d6)  10.71 (d, J = 10.0 Hz, 1H), 8.45 (s,
1H), 8.37 (d, J = 8.9 Hz, 2H), 8.12 (d, J = 8.9 Hz, 2H), 7.95 (d,
J = 8.9 Hz, 2H), 7.56 (d, J = 8.9 Hz, 2H), 6.98 (dd, J = 10.0,
7.2 Hz, 1H), 6.00 (d, J = 7.2 Hz, 1H); EIMS (70 eV) m/z: 387
(M++2, 11), 385 (M+, 32), 150 (100), 120 (9), 104 (27), 76
(10). Anal. Calcd for C17H12ClN5O4: C, 52.99; H, 3.12; N,
18.18; Cl, 9.09. Found: C, 52.88; H, 3.25; N, 18.06; Cl, 9.14.

N-{2-[1-(4-Methylphenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}-4-nitrobenzamide 7Ac

mp 189-190 C; IR (KBr) 3094, 1710, 1671, 1605 cm-1;
1H NMR (DMSO-d6)  10.86 (d, J = 10.1 Hz, 1H), 8.40 (s,
1H), 8.36 (d, J = 8.5 Hz, 2H), 8.11 (d, J = 8.5 Hz, 2H), 7.80 (d,
J = 8.5 Hz, 2H), 7.29 (d, J = 8.5 Hz, 2H), 6.93 (dd, J = 10.1,
7.3 Hz, 1H), 6.02 (d, J = 7.3 Hz, 1H); EIMS (70 eV) m/z: 366
(M++1, 16), 365 (M+, 84), 336 (11), 263 (32), 175 (20), 150
(100), 133 (28), 120 (29), 104 (63), 91 (33), 76 (34), 65 (19).
Anal. Calcd for C18H15N5O4: C, 59.18; H, 4.11; N, 19.18.
Found: C, 59.07; H, 4.21; N, 19.04.

N-{2-[1-(4-Chlorophenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}benzamide 7Bb

mp 206-207 C; IR (KBr) 3166, 3088, 1713, 1680,
1659 cm-1; 1H NMR (DMSO-d6)  10.50 (d, J = 10.1 Hz, 1H),
8.41 (s, 1H), 7.91-7.57 (m, 9H), 6.97 (dd, J = 10.1, 7.3 Hz,
1H), 5.93 (d, J = 7.3 Hz, 1H); EIMS (70 eV) m/z: 342 (M++2,
8), 340 (M+, 23), 153 (5), 125 (7), 105 (100), 77 (53). Anal.
Calcd for C17H13ClN4O2: C, 60.00; H, 3.82; N, 16.47; Cl,
10.3. Found: C, 59.90; H, 3.82; N, 16.41; Cl, 10.40.

N-{2-[1-(4-Methylphenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}benzamide 7Bc

mp 199-200 C; IR (KBr) 3424, 3148, 3088, 2962,
1713, 1674, 1605 cm-1; 1H NMR (DMSO-d6)  10.68 (d, J =
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10.0 Hz, 1H), 8.36 (s, 1H), 7.89-7.56 (m, 9H), 6.92 (dd, J =
10.0, 7.3 Hz, 1H), 5.95 (d, J = 7.3 Hz, 1H), 2.32 (s, 3H); EIMS
(70 eV) m/z: 321 (M++1, 24), 320 (M+, 75), 133 (12), 105
(100), 91 (17), 77 (78). Anal. Calcd for C18H16N4O2: C,
67.50; H, 5.00; N, 17.50. Found: C, 67.47; H, 5.12; N, 17.45.

N-{2-[1-(4-Chlorophenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}oxalamic acid ethyl es ter 7Cb

mp 146-147 C; IR (KBr) 3100, 3064, 2986, 1761,
1713, 1683 cm-1; 1H NMR (DMSO-d6)  11.23 (d, J = 10.2
Hz, 1H), 8.39 (s, 1H), 7.90 (d, J = 8.9 Hz, 2H), 7.56 (d, J = 8.9
Hz, 2H), 6.64 (dd, J = 10.2, 7.7 Hz, 1H), 6.06 (d, J = 7.7 Hz,
1H), 4.26 (q, J = 7.0 Hz, 2H), 1.25 (t, J = 7.0 Hz, 3H); EIMS
(70 eV) m/z: 338 (M++2, 10), 336 (M+, 32), 263 (100), 153
(14), 125 (21), 111 (12), 75 (7). Anal. Calcd for
C14H13ClN4O4: C, 50.00; H, 3.87; N, 16.67; Cl, 10.42. Found:
C, 49.91; H, 3.90; N, 16.72; Cl, 10.34.

N-{2-[1-(4-Methylphenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}oxalamic acid ethyl es ter 7Cc

mp 195-196 C; IR (KBr) 3136, 3064, 2986, 1755,
1701, 1680 cm-1; 1H NMR (DMSO-d6)  11.36 (d, J = 10.2
Hz, 1H), 8.35 (s, 1H), 7.75 (d, J = 8.4 Hz, 2H), 7.29 (d, J = 8.4
Hz, 2H), 6.61 (dd, J = 10.2, 7.7 Hz, 1H), 6.08 (d, J = 7.7 Hz,
1H), 4.26 (q, J = 7.0 Hz, 2H), 2.32 (s, 3H), 1.27 (t, J = 7.0 Hz,
3H); EIMS (70 eV) m/z: 316 (M+, 33), 243 (100), 133 (12),
105 (15), 91 (16), 55 (11). Anal. Calcd for C15H16N4O4: C,
56.96; H, 5.06; N, 17.72. Found: C, 56.76; H, 5.08; N, 17.71.

N-{2-[1-(4-Chlorophenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}acetamide 7Db

mp 181-182 C; IR (KBr) 3184, 3106, 1719, 1680 cm-1;
1H NMR (DMSO-d6)  9.88 (d, J = 10.6 Hz, 1H), 8.28 (s, 1H),
7.94 (d, J = 9.0 Hz, 2H), 7.54 (d, J = 9.0 Hz, 2H), 6.87 (dd, J =
10.6, 6.9 Hz, 1H), 5.65 (d, J = 6.9 Hz, 1H), 1.97 (s, 3H); EIMS
(70 eV) m/z: 280 (M++2, 38), 278 (M+, 97), 236 (100), 153
(29), 125 (58), 111 (20), 85 (86), 75 (18), 69 (20), 63 (20),
56(38). Anal. Calcd for C12H11ClN4O2: C, 51.80; H, 3.96; N,
20.14; Cl, 12.59. Found: C, 51.75; H, 4.04; N, 20.22; Cl,
12.55.

N-{2-[1-(4-Methylphenyl)-5-oxo-1,5-dihydro-[1,2,4]triazol-
4-yl]vi nyl}acetamide 7Dc

mp 168-169 C; IR (KBr) 3274, 3208, 3130, 3076,
3034, 1707, 1662 cm-1; 1H NMR (DMSO-d6)  9.88 (d, J =
10.6 Hz, 1H), 8.23 (s, 1H), 7.77 (d, J = 8.5 Hz, 2H), 7.27 (d, J
= 8.5 Hz, 2H), 6.83 (dd, J = 10.6, 6.9 Hz, 1H), 5.66 (d, J = 6.9
Hz, 1H), 2.31 (s, 3H) 1.97 (s, 3H); EIMS (70 eV) m/z: 259
(M++1, 28), 258 (M+, 100), 153 (22), 133 (29), 125 (60), 105

(12), 91 (32). Anal. Calcd for C13H14N4O2: C, 60.47; H, 5.43;
N, 21.71. Found: C, 60.38; H, 5.47; N, 21.62.

2-(4-Chlorophenyl)-4-(ethyl-N-vinylcarbamate)-2,4-
dihydro-[1,2,4]triazol-3-one 7Eb

mp 233-234 C; IR (KBr) 3454, 3184, 3100, 2986,
1725, 1713, 1695 cm-1; 1H NMR (DMSO-d6)  9.62 (d, J =
10.6 Hz, 1H), 8.19 (s, 1H), 7.91 (d, J = 8.9 Hz, 2H), 7.53 (d, J
= 8.9 Hz, 2H), 6.65 (dd, J = 10.6, 6.8 Hz, 1H), 5.58 (d, J = 6.8
Hz, 1H), 4.09 (q, J = 7.0 Hz, 2H), 1.19 (t, J = 7.0 Hz, 3H);
EIMS (70 eV) m/z: 310 (M++2, 39), 308 (M+, 100), 262 (39),
153 (37), 125 (62), 111 (28), 85 (59), 75 (17), 69 (30), 63 (19),
56 (27). Anal. Calcd for C13H13ClN4O3: C, 50.56; H, 4.22; N,
18.18; Cl, 11.36. Found: C, 50.45; H, 4.23; N, 18.13; Cl,
11.51.

2-(4-Methylphenyl)-4-(ethyl-N-vinylcarbamate)-2,4-
dihydro-[1,2,4]triazol-3-one 7Ec

mp 164-165 C; IR (KBr) 3304, 3088, 2980, 1722,
1710, 1698 cm-1; 1H NMR (DMSO-d6)  9.60 (d, J = 10.2 Hz,
1H), 8.10 (s, 1H), 7.73 (d, J = 8.5 Hz, 2H), 7.58 (d, J = 8.5 Hz,
2H), 6.61 (dd, J = 10.2, 7.3 Hz, 1H), 5.23 (d, J = 7.3 Hz, 1H),
3.94 (q, J = 7.0 Hz, 2H), 2.30 (s, 3H), 1.11 (t, J = 7.0 Hz, 3H);
EIMS (70 eV) m/z: 288 (M+, 6), 189 (100), 133 (8), 117 (9),
105 (6), 89 (6). Anal. Calcd for C14H16N4O3: C, 58.33; H,
5.59; N, 19.43. Found: C, 58.20; H, 5.45; N, 19.40.

The re ac tion of 3 with acyl chlo ride or ace tic acid an hy -
dride

3c (0.217 g, 1 mmol) dis solved in iPrOH (10 mL) was
stirred with var i ous acyl chlo rides or ace tic acid an hy dride (2
mmol) at 70 C for 2 hours. Af ter the re ac tion, the pre cip i tate
was fil tered and then recrystalized from EtOAc + iPrOH to
ob tain 8.

5-(4-Nitrophenyl)-3-p-tolyl-3H-[1,3,4]oxadiazol-2-one 8Ac
mp 203-204 C; IR (KBr) 3106, 3070, 3034, 2920,

1782 cm-1; 1H NMR (DMSO-d6)  8.40 (d, J = 9.2 Hz, 2H),
8.14 (d, J = 9.2 Hz, 2H), 7.73 (d, J = 8.5 Hz, 2H), 7.35 (d, J =
8.5 Hz, 2H), 2.34 (s, 3H); EIMS (70 eV) m/z: 297 (M+, 30),
105 (100), 78 (13), 65 (5). Anal. Calcd for C15H11N3O4: C,
60.60; H, 3.70; N, 14.10. Found: C, 60.53; H, 3.76; N, 14.15.

5-Phenyl-3-p-tolyl-3H-[1,3,4]oxadiazol-2-one 8Bc
mp 165-166 C; IR (KBr) 3133, 3084, 2920, 1776 cm-1;

1H NMR (DMSO-d6)  7.90 (m, 2H), 7.71 (d, J = 8.5 Hz, 2H),
7.61 (m, 3H), 7.33 (d, J = 8.5 Hz, 2H), 2.34 (s, 3H); EIMS (70
eV) m/z: 252 (M+, 56), 105 (100), 77 (13), 65 (5). Anal. Calcd
for C15H12N2O2: C, 71.40; H, 4.80; N, 11.10. Found: C, 71.25;
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H, 4.78; N, 11.15.

5-Oxo-4-p-tolyl-4,5-dihydro-[1,3,4]oxadiazol-2-carboxylic
acid ethyl es ter 8Cc

The spec trum of 8Cc was the same as that re ported in
an other pa per.7

5-Methyl-3-p-tolyl-3H-[1,3,4]oxadiazol-2-one 8Dc
The spec trum of 8Dc was the same as that re ported in

an other pa per.1,6

The re ac tion of 1 with acyl chlo ride or ace tic acid an hy -
dride

1c (0.217 g, 1 mmol) sus pended in THF (5 mL) was
stirred with var i ous acyl chlo ride or ace tic acid an hy dride (2
mmol) at room tem per a ture for 2 hours. Af ter the re ac tion,
THF was re moved from the re ac tion mix ture and then the res-
i due was stirred with cold iPrOH for 30 min utes. The pre cip i-
tate was fil tered to ob tain 8.
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