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The reaction of acetophenone 1-ureidoethylidenehydrazones 6 with a mixture of triphenylphosphine, carbon tetrachlo
ride, and triethylamine in dichloromethane provides a general route to l-(l-phenylethenyl)-5-(N-substituted amino)」,2,4- 
triazoles 11 via the electrocyclization of the expected azino carbodiimide intermediates 9 to give the resonance stabi
lized azomethine imine 10a followed by a proton abstraction from the methyl group by amide anion. However, the 
same reaction of benzaldehyde 1-ureidoethylidenehydrazones 5 was unsuccessful. Under the same conditions, the 
reactions of benzaldehyde lW-acylureidoethylidenehydrazones 7 or acetophenone IW-acylureidoethylidenehydrazones 
8 afforded 4//-l,2t4-triazolo[l,5<irif3,5]oxadiazines 16 or 17 via 나此 zwitterionic species 15, or a [4+2] intramolecular 
cycloaddition from the carbodiimide intermediates 14, respectively.

Introduction

Recent interest in the electrocyclic reaction of conjugated 
heterocumulenes as a synthetic route to heterocycles? prom
pted us to report on this subject. The previous papers in 
these series have shown that 1,2,4-triazole fused heterocyclic 
compounds with one of its nitrogen atom in a bridgehead 
position such as 5,10-dihydro- l,2f4-triazolo[5,l-/>] quinazolines2 
and 4H-l,2,4-triazolo[ 1,5-c] [ l,3,5]oxadiazines3 can readily be 
prepared from the reactions of benzophenone 1-ureidoethyli
denehydrazones and benzophenone l-2V-acyl-ureidoethylide- 
nehydrazones with a mixture of triphenylphosphine, carbon 
tetrachloride, and triethylamine in dichloromethane by dehy
dration4 and subsequent electrocyclic ring closure of the 
azino carbodiimides. In the case of the reaction of benzophe
none 1-ureidoethylidenehydrazones, either of two phenyl 
groups of benzophenone moiety was always participated in 
the ring closure process.2

With our continued interest in the reactions of azine sub
stituted heterocumulenes to prepare fused triazolo ring sys
tems, we chose to examine the reactions of benzaldehyde 
1-ureidoethylidenehydrazones 5 or acetophenone 1-ureido- 
ethylidenehydrazones 6 with triphenylphosphine, carbon tet
rachloride, and triethylamine to see whether different tria
zole products such as 12 or 13 can be formed, because of 
the possibility of the participation of phenyl group in benzal
dehyde or acetophenone, TV-substituted aromatic group, or 
methyl group in the ring forming step (Scheme 2).

Results and Discussion

The starting compounds, benzaldehyde 1-aminoethylidene-

hydrazone (3) and acetophenone 1-aminoethylidenehydrazone 
(4), were obtained by the reaction of acetamidrazone hydro
chloride (1) with benzaldehydet5 and by the reaction of ace
tophenone hydrazone with S-methylthioacetimidate hydroio
dide (2), respectively. The ureas 5 and 6 were produced 
by the reactions of hydrazones 3 and 4 with isocyanates 
in dichloromethane at room temperature (Scheme 1). Thin 
layer chromatography showed one spot (silica gel, ethyl ace- 
tate-hexane, 1:1), however, 'H NMR showed a mixture of 
two isomers, and the ratios found were 1.7-3.6/1 for the 
ureas 5 and 1.9-3.5/1 for the ureas 6 (Table 1). When the 
reaction of ureas 5 with triphenylphosphine, carbon tetra
chloride, and triethylamine in dichloromethane was heated 
at reflux temperature for 4-5 h, the reaction mixture turned 
brown solution and thin layer chromatography showed the 
disappearance of 5 and the formation of a number of very 
small products along with triphenylphosphine oxide. All at
tempts to separate these complex mixture proved fruitless 
except triphenylphosphine oxide. We presume that although 
the azino carbodiimide intermediate 9 was formed, the elec
trocyclic reaction of 9 to give 12 or 13 did not occurr, but 
decomposed under the reaction conditions. These facts sug
gest that the steric interactions between phenyl and R groups 
push force the ^-aromatic group into a transoid position rel
ative to the triazole-N-substituents to give resonance form 
such as lOe. Thus the resonance forms 10c and 10d are 
not favored to produce 1,2,4-triazoloquinazolines 12 or 13 
(Scheme 2).

On the other hand, treatment of ureas 6 with triphenyl
phosphine, carbon tetrachloride, and triethylamine in dichlo- 
romethane at reflux temperature smoothly afforded the 1-(1- 
phenylethenyD-S-C^-substituted amino)-l,2,4-triazoles 11 pre-
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Table 1. Benzaldehyde 1-Ureidoethylidenehydrazones 5 and Acetophenone 1-Ureidoethylidenehydrazones 6 Prepared

Com-

poundtf

Reaction

Time (h)

Yield* mp (M)

(%)

旧 NMR (DMSOMs/TMS) 8, J (Hz)

CH/ Aromatic^ Two NH# Others Rati(/

5a 0.5 96 177-178 2.33
(2.42)

7.03-7.97 (m, 10H) 9.68, 11.80
(9.44, 9.92)

8.61 (s,
(846)

1H, CH) 1.7/1

5b 0.5 94 195-196 2.33 
(2-41)

7.35-7.97 (m, 9H) 9.76, 11.88
(9.45, 9.99)

8.62 (s,
(8.47)

1H, CH) 1.7/1

5c 0.5 95 202-203 2.34
(2.42)

7.10-8.27 (m, 9H) 9.86, 12.13
(9.68, 9.73)

&42 (s,
(8.46)

1H, CH) 3.6/1

5d 手 80 165-166 2.23
(2.34)

7.43-7.93 (m, 5H) 9.06 (q, /=4.4, 1H), 9.26 
(h), (9.13)

8.47 (s, 1H, CH),
(8.39), 2.76 (d, 7=4.6, 3H( NCH3)

2.7/1

(2.64, d, J=4.6)

(2.37) (h), (8.89) 2.79 (d, 7=4.7, 3H, NCH3)
(2.62, d, J=4.5)

6a 0.5 92 188-189 2.30
(2.41)

7.02-8.00 (m, 10H) 9.68, 11.69
(9.16, 9.80)

2.45(!s, 3H, CH3) 2.0/1

6b 0.5 96 192-193 2.29
(2 쇼 1)

7.33-8.00 (m, 9H) 9.77, 11.77
(9.18, 9.95)

2.44(!s, 3H, ch3) 1.9/1

6c 0.5 94 183-184 2.28
(2.44)

7.09-8.23 (m, 9H) 9.81, 11.60
(9.44, 9.68)

2.39(!s, 3H, ch3) 3.5/1

6d 孚 86 172-173 2.19 7.34-7.86 (m, 5H) 9.09 (q, J=4.5, 1H), 9.31 2.31(!s, 3H, ch3), 2.0/1

wSatisfactory microanalyses were obtained: C± 0.26, H± 0.20, N± 0.28. Yield of pure isolated product. CA11 singlets. d Values are 
both isomers. 'All broad singlets, except for 5d and 6d.zRatios based on 300 MHz NMR of methyl protons. Parentheses values 
are minor compounds. Reflux temperature. * Unable to assign.

Table 2. Benzaldehyde IW-Acylureidoethylidenehydrazones 7 and Acetophenone l-N-Acylureidoethylidenehydrazones 8 Prepared

Com- 

pounda

Yield*

(%)

mp (t) 】H NMR (DMSCWTMS) 8

CH/ Aromatic Two NHe Others^

7a 79 220-221 2.48 7.47-8.05 (m, 10H) 11.16, 12.52 8.51 (IK CH)
7b 94 203-204 2.50 7.49-8.06 (m, 9H) 11.25, 12.46 8.51 (1H, CH)

7c 79 223-224 2.48 7.49-8.38 (m, 9H) 11.53, 1239 8.53 (1H, CH)

7d 77 202-203 2.47 7.34-8.04 (m, 9H) 11.06, 12.54 8.50 (1H, CH), 2.39 (3H, CH3)
7e 90 194-196 2.49 7.07-8.08 (m, 9H) 11.01, 12.59 8.50 (1H, CH), 3.86 (3H, OCH3)

8a 79 211-212 2.45 7.45-8.20 (m, 10H) 11.16, 12.33 2.51 (3H, CH3)

8b 86 207-208 2.45 7.46-8.19 (m, 9H) 11.23, 12.27 2.50 (3H, CH3)

8c 81 190-191 2.45 7.45-8.36 (m, 9H) 11.43, 12.16 2.51 (3H, CH3)

8d 94 204-205 2.44 7.34-8.19 (m, 9H) 11.02, 12.33 2.50 (3H, CHj, 2.39 (3H, CH3)

8e 89 192-193 2.44 7.05-8.19 (m, 9H) 10.98, 12.41 2.50 (3H, CH3), 3.34 (3H, OCH3)

a Satisfactory microanalyses were obtained: C+ 0.19, H± 0.13, N± 0.24. b Yield of pure is이ated product. CA11 singlets.

sumably via a proton abstraction from the methyl group6 
by amide ion in the resonance structure 10a, but no 1,2, 
4-triazoloquinazolines 12 or 13 were found to form (Table 
3). A reasonable mechanistic pathway for these transforma
tion was shown in Scheme 2.

In a similar manner, the reactions of 7 and 8, which were 
readily obtainable by the reaction of the corresponding hy
drazones 3 and 4 with acyl isocyanates (Scheme 1, Table 
2),7 with triphenylphosphine, carbon tetrachloride, and trieth
ylamine in dichloromethane at reflux temperature gave the 
expected 4H-l,2,4-triazolo[l,5-c][l,3,5]oxadiazines3 16 or 17 
in good yields via the zwitterionic species 15 or a [4+2] 
intramolecular cycloaddition from the carbodiimide interme

diates 14 (Scheme 3, Table 4). In the case of the reaction 
of & no triazole compound 18 involving a methyl proton 
abstraction was formed.

Experimental

Carbon tetrachloride and dichloromethane were dried and 
distilled from phosphwus pentoxide. Triethylamine was 
dried and distilled from sodium metal. Silica gel EM 7747 
for column chromatography was used throughout for product 
separation. Melting points were taken using an Electrother
mal melting point apparatus and are uncorrected. Microanal
yses were obtained using a Perkin-Elmer 240 DS element
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Table 3. 3-Methyl-l-(l-phenylethenyl)-5-(N-substituted amino)-l,2,4-triazoles 11 Prepared

Com

pound0

Reaction Yield4 mp (t)1 lH NMR (CDC0TMS) 8 Selected l3C NMR (CDC13) 8

Time (h) (%) cw = CH『 NHC Aromatic Others C3 C5 C3-CH3 Nl-C = CH2 (Xhers

Ila 3 73 119-120 2.40 5.58, 6.04 6.97-6.99 (m, 1H), 159.5 152.0 15.0 134.9 112.1
5.73 7.01-7.44 (m, 9H)

lib 3 77 111-112 238 5.56, 6.07 7.18-7.44 (m, 9H) 159.4 151.6 15.0 134.7 112.2
5.73

11c 3 75 94-95 2.40 5.58, 6.38 6.88-7.43 (m, 8H), 159.5 151.3 15.0 134.7 112.0
5.72 8.33-8.40 (m, 1H)

lid 6 49 86-87 2.29 5.40, 3.97 7.31-7.50 (m, 5H) 2.93 (s, 3H, 159.1 156.9 14.8 135.0 110.9 31.0
5.56 NCH3) (NCH3)

a Satisfactory microanalyses were obtained: C± 0.25, H± 0.18, N±0.23. ”Yi가d of pure isolated product. CA11 singlets.

pgp, ecu, b3n/ 더Kh
_ q Kftix 3-7h7 or 8 — —_

54 - 89%

Table 4. 4H-l,2,4-Triazolo[l,5-c]El,3F5]oxadiazines 16 and 17 Prepared

Com

pound0

Reaction Yield》 mp CO NMR (CDCI3/TMS) 5

Time (h) (%) 6時 Aromatic Others^

16a 4 84 144-145 2.40 7.37-7.60 (m, 8H), 8.14-8.17 (m, 2H) 7.24 (1H, CH)
16b 5 67 164-165 2.40 7.41-7.50 (m, 7H), 8.06-8.09 (m, 2H) 7.23 (1H, CH)
16c 6 54 200-201 2.43 7*40-7.53 (m, 5H), 8.28-835 (m, 4H) 727 (1H, CH)
16d 5 70 138-139 2.40 7.24-7.47 (m, 7H), 8.03-8.06 (m, 2H) 721 (1H, CH), 2.41 (3H, CH3)
16e 5 72 183-184 2.40 6.92-6.95 (m, 2H)( 7.40-7.48 (m, 5H) 7.19 (1H, CH), 3.87 (3H, OCH3)

8.08-8.12 (m, 2H)
17a 3 89 137-138 2.38 7.27-7.50 (m, 8H), 8.19-8.22 (m, 2H) 2.48 (3H, C4-CH3)
17b 3 78 158-159 2.36 7.23-7.43 (m, 7H), 8.10-8.13 (m, 2H) 2.46 (3H( C4-CH3)

17c 4 60 165-166 2.42 7,21-7.36 (m, 5H), 829-8.38 (m, 4H) 2.49 (3H, C4-CH3)
17d 3 69 169-171 236 726-7.30 (m, 7H), 8.08-8.11 (m, 2H) 2.47 (3H, C4-CH3), 2.42 (3H, CHQ
17e 3 76 173-174 2.32 639-726 (m, 7H), 8.11-8.14 (m, 2H) 2.44 (3H, C4-CH3), 3.79 (3H, OCHj

11 Satisfactory microanalyses were obtained: C± 0.23, H± 0.15, N±0.26. d Yield of pure isolated product. CA11 singlets.
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analyzer.and 13C NMR spectra were measured on a Var- 
ian Gemini 300 spectrometer.

The acetamidrazone hydrochloride (I),8 S-methyIthioaceti- 
midate hydroiodide (2),9 acetophenone hydrazone,10 and acyl 
isocyanates11 were prepared following the literature proce
dures.

Benzaldehyde 1 -Aminoethylidenehydrazone (3).
To a solution of acetamidrazone hydrochloride (1) (4.38 g, 
40 mmol) in methanol (30 mL) was added benzaldehyde (4.24
g, 40 mmol) and this solution was stirred at 35 t for 4
h. The solution was concentrated to dryness, and the resid
ual material was dissolved in dichloromethane (100 mL) and 
washed with 10% sodium hydrogen carbonate solution (30 
mL). The organic layer was separated, dried with magnesium 
sulfate, concentrated under reduced pressure. The residual 
material was chromatographed (silica gel; ethyl acetate-he- 
xane, 2 : 1) to give 3 as a white solid after crystallization 
from petroleum ether; yi이d 2.58 g (40%); mp 86-88 t.

】H NMR (CDCI3/TMS): 8=2.07 (s, 3H, CH3), 5.45 (br s, 
2H, NH2), 7.27-7.40 (m, 3 Harom), 7.71-7.75 (m, 2 Harom), 837 
(s, 1H, CH).

Anal. Calcd. for C9H11N3： C, 67.06： H, 6.86; N, 26.07. 
Found: C, 66.82; H, 6.79; N, 25.78.

Acetophenone 1 -Aminoethylidenehydrazone (4).
To a solution of S-methylthioacetimidate hydroiodide (2) (9. 
55 g, 44 mmol) in methanol (150 mL) was added acetophe
none hydrazone (5.53 g, 40 mmol) and this solution was stir
red at reflux temperature for 1 h. After cooling, the solution 
was concentrated to dryness, and the residual material was 
dissolved in dichloromethane (300 mL) and washed with 10% 
sodium hydrogen carbonate solution (200 mL). The organic 
layer was separated, dried with magnesium sulfate, concen
trated to dryness, and crystallized from petroleum ether to 
give the product 4; yi아d 5.57 g (79%); mp 76-77

E NMR (CDCI3/TMS): 8=2.10 (s, 3H, CH3), 2.40 (s, 3H, 
CHQ, 5.29 (br s, 2H, NH2)t 7.27-7.46 (m, 3 Harom)t 7.80-7.87 
(m, 2 Harom).

Anal. Calcd. for C10H12N3： C, 82.25; H, 7.48; N, 23.98. 
Found: C, 82.11; H, 7,42; N, 23.83.

Benzaldehyde 1 -Ureidoethylidenehydrazones 5 and 
Acetophenone 1-Ureidoethylidenehydrazones 6; 
General Procedure. To a stirred solution of benzalde
hyde 1-aminoethylidenehydrazone (3) (1.61 g, 10 mmol) or 
acetophenone 1-aminoethylidenehydrazone (4) (1.75 g, 10 
mm이) in dichloromethane (30 mL) was added isocyanate 
(11 mmol) at room temperature. After stirring for the time 
indicated in Table 1 at ambient temperature, the reaction 
mixture was concentrated and the resulting solid was tritu
rated with ether, separated by filtration, and dried in vacuo 
to give 5 or 6 as white solid, respectively (Table 1).

Benzaldehyde 1 -N-acylureidoethylidenehydrazones 
7 and Acetophenone 1 -N-acylureidoethylidenehydra- 
zones 8; General procedure. To a stirred solution of 
benzaldehyde 1-aminoethylidenehydrazone (3) (0.80 g, 5 
mmol) or acetophenone 1-aminoethylidenehydrazone (4) (0.87 
g, 5 mmol) in dichloromethane (15 mL) was added acyl iso
cyanate (6 mmol) at room temperature. The pale yellow solid 
was precipitated as soon as addition was completed. After 
stirring for 0.5 h at room temperature, the precipitated solid 
was separated by filtration, washed with ether and dried 
in vacuo to give 7 or 8 (Table 2).

Ta비e 5. Microanalytical Data0

Com
pounds

Molecular
Formula

Analyses (%) 
C

Calcd./(Found)
H N

5a c16h16n4o 68.54 5.75 19.98
(28033) (68.34) (5.71) (19.87)

5b C16H15C1N4O 61.05 4.80 17.80
(314.77) (60.88) (4.75) (17.58)

5c C16H15FN4O 64.42 5.09 18.78
(298.32) (64.27) (4.89) (18.70)

5d CuH14N4O 60.53 6.47 25.67
(218.26) (60.41) (6.32) (25.39)

6a c17h16n4o 69.37 6.16 19.03
(29436) (69.18) (6.02) (18.77)

6b Ci7H17C1N4O 62.10 5.21 17.04
(328.80) (61.85) (5.19) (16.81)

6c G7H17FN4O 65.37 5.49 17.94
(312.35) (65.18) (5.37) (17.81)

6d c12h18n4o 62.08 6.95 24.13
(234.30) (61.82) (6.84) (23.87)

7a C17H1&N4O2 66.22 5.23 18.17
(30834) (66.09) (5.18) (18.02)

7b C17H15C1N4O2 59.57 4.41 16.34
(342.78) (59.73) (4.53) (16.50)

7c C17H15N5O4 57.79 4.23 19.82
(35334) (57.65) (4.11) (19.58)

7d C18H18N4O2 67.07 5.63 1738
(32237) (66.88) (5.60) (17.22)

7e C18H18N4O3 63.89 5.36 16.56
(338.37) (63.78) (5.28) (16.41)

8a C1BH17N4O2 67.07 5.63 17.38
(321.36) (66.95) (5.57) (17.25)

8b C18H17C1N4O2 60.59 4.80 15.70
(356.81) (60.47) (4.69) (15.48)

8c C18H17N5O4 58.85 4.66 19.06
(367.36) (58.75) (4.55) (18.88)

8d C19H20N4O2 70.35 6.21 17.27
(336.39) (70.19) (6.18) (17.15)

8e C19H20N4O3 67.05 5.92 16.46
(352.39) (66.87) (5.79) (16.28)

Ila c17h16n4 73.89 5.84 20.07
(276.34) (73.81) (5.80) (19.84)

Ub C17H15C1N4 65.70 4.86 18.03
(310.79) (65.49) (4.68) (17.83)

11c c17h15fn4 69.37 5.14 19.04
(294.33) (69.21) (5.08) (1&82)

lid G2HMN4 62.27 6.59 26.15
(214.27) (62.02) (6.48) (25.92)

16a c17h14n4o 70.33 4.86 1930
(29032) (70.15) (4.80) (19.15)

16b C17H13C1N4O 62.87 4.03 17.25
(324.77) (62.79) (3.88) (17.10)

16c C18H16N5O3 60.89 3.91 2089
(33532) (60.79) (3.90) (20.68)

16d c18h16n4o 71.04 5.30 18.41
(30435) (70.85) (5・21) (1830)
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16e CiaHigN^C^
(320.35)

67.49
(67.33)

5.03
(5.12)

17.49
(17.25)

17a Ci8Hl6N4O 71.04 5.30 18.41
(304.35) (70.81) (5.25) (18.30)

17b C18H15C1N4O 63.81 4.46 16.54
(338.80) (63.70) (4.44) (16.31)

17c C18H15N5O3 61.89 433 20.25

(34935) (61.78) (4.28) (20.13)
17d GWLO 71.68 5.70 17.60

(318.38) (71.71) (5.65) (17.41)

17e C19H18N4O2 68.25 5.43 17.76

(33438) (68.22) (5.33) (17.50)

a Obtained using a Perkin-Elmer 240 DS element analyzer.

3-Methyl-l-(l-phenylethenyl)-5-(N-substituted 
amino)-l ^,4-triazoles 11; General Procedure. To a 
stirred suspension of the urea 6 (3.0 mmol) in dichloro
methane (30 mL) was added triphenylphosphine (1.18 g, 4.5 
mmol), carbon tetrachloride (1.16 mL, 12 mmol), triethyla
mine (0.63 mL, 4.5 mmol) at room temperature. The mixture 
was heated at reflux temperature for 3-6 h, and the resulting 
solution was concentrated to dryness. The residual material 
was chromatographed (silica gel; ethyl acetate-hexane, 1:3) 
to give 11 as a white solid after cryst시lization from petro
leum ether (Table 3).

7-Methyl-4H-l ^,4-triazlo[l,5-c] El,3t5]oxadiazines 16 
and 17; General Procedure. To a stirred suspension of the 
urea 7 or 8 (3 mmol) in dichloromethane (30 mL) was added 
triphenylphosphine (1.18 g, 4.5 mmol), carbon tetrachloride 
(1.16 mL, 12 mmol), triethylamine (0.63 mL, 4.5 mmol) at 
room temperature. The mixture was heated at reflux temper
ature for the time indicated in Table 4, and the resulting 
reddish solution was concentrated under reduced pressure. 
The residual material was chromatographed (silica gel; ethyl 
acetate-hexane, 1:3) to give 16 or 17 as a white solid after 
crystallization from ether (Table 4).
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