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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 1-(1-phenyletheny!)-5-(N-substituted amino)-1,2.4-
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 l-ureidoethylidenehydrazones § was unsuccessful. Under the same conditions, the
reactions of benzaldehyde 1-N-acylureidoethylidenehydrazones 7 or acetophenone 1-N-acylureidoethylidenehydrazones
8 afforded 4#-1,2,4-triazolo[ 1,5¢](1,3,5]oxadiazines 16 or 17 zia the zwitterionic species 18§, 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 1,24-triazole fused heterocyclic
compounds with one of its nitrogen atom in a bridgehead
position such as 5,10-dihydro-1,2,4-triazolof’5,1-b Jquinazolines®
and 4H-1,24-triazolo{ 1,5+1[1,3,5]oxadiazines® can readily be
prepared from the reactions of benzophenone 1-ureidoethyli-
denehydrazones and benzophenone 1-N-acyl-ureidoethylide-
nehydrazones with a mixture of triphenylphosphine, carbon
tetrachloride, and triethylamine in dichloromethane by dehy-
dration* and subsequent electrocyclic ring closure of the
azino carbodiimides. In the case of the reaction of benzophe-
none l-ureidoethylidenehydrazones, either of two phenyl
groups of benzophenone moiety was always participated in
the ring closure process.?

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
l-ureidoethylidenehydrazones § or acetophenone 1l-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 phenyt group in benzal-
dehyde or acetophenone, N-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-
chioride (1) with benzaldehyde’ and by the reaction of ace-
tophenone hydrazone with S-methylthioacetimidate hydroio-
dide (2), respectively. The ureas § and 6 were produced
by the reactions of hydrazones 3 and 4 with isocyanates
in dichioromethane 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 § 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 § 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 phenyt and R groups
push force the N-aromatic group into a transoid position rel-
ative to the triazole-N-substituents to give resonance form
such as 10e. Thus the resonance forms 10¢ and 10d are
not favored to produce 1,24-triazologuinazolines 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-
phenylethenyl)-5-(N-substituted amino)-1,2,4-triazoles 11 pre-
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Table 1. Benzaldehyde 1-Ureidoethylidenehydrazones 5§ and Acetophenone 1-Ureidoethylidenehydrazones 6 Prepared

Com- Reaction Yield® mp (€) 'H NMR (DMSO-ds/TMS) 8, J (H2)

pound’ Time (h} (%) CHs Aromatic? Two NH¢ Others Ratio/
Sa 05 9% 177-178 233 7.03-7.97 (m, 10H) 9.68, 11.80 861 (s, 1H, CH) 1.7/1
(2.42) {944, 992) (8.46)
0.5 94 195-196 233 7.35-797 (m, O9H) 976, 11.88 862 (s, 1H, CH) 1711
(241) (9.45, 9.99) {847)
05 95 202-203 234 7.10-827 (m, 9H) 986, 12.13 842 (s, 1H, CH) 36/1
(2.42) (9.68, 9.73) (8.46)
¥ 80 165166 223 743793 (m, 5H) 9.06 (q, /=44, 1H), 926 847 (s, IH, CH), 2771
2.34) (h), (8.13) (8.39), 2.76 (d, J=46, 3H, NCHy)
(264, d, J=46)
6a 0.5 92  188-189 230 7.02-8.00 (m, 10H) 9.68, 1169 245 (s, 3H, CHy 20/1
2.41) (9.16, 9.80)
6b 05 9%  192-193 229 7338.00 (m, 9H) 9.77, 11.77 244 (s, 3H, CHy) 1.9/1
(2.41) (9.18, 9.95)
6c 0.5 94 183-184 228 7.09-823 (m, 9H) 9.81, 11.60 2.39 (s, 3H, CHy 35/1
(2.44) (9.44, 9.68)
6d ¥ 86 172.173 219 7.34-786 (m, 5H) 9.09 (g, /=45, 1H), 931 231 (s, 3H, CH»), 20/1
(2.37) (h), (8.89) 2.79 (d, /=4.7, 3H, NCH»)

(262, d, Jj=45)

“Satisfactory microanalyses were obtained: C+0.26, H+ 0.20, N+ 028. *Yield of pure isolated product. All singlets. “Values are
both isomers. ¢ All broad singlets, except for 5d and 6d. /Ratios based on 300 MHz 'H NMR of methyl protons. Parentheses values

are minor compounds. fReflux temperature. *Unable to assign.

Tadble 2. Benzaldehyde 1-N-Acylureidoethylidenehydrazones 7 and Acetophenone 1-N-Acylureidoethylidenehydrazones 8 Prepared

Com- Yield mp (€} 'H NMR (DMSO-dy/TMS) §

pound’ (%) CHy Aromatic Two NH* Others”

Ta 79 220-221 248 747-805 (m, 10H) 11.16, 1252 851 (1H, CH)

b 94 203-204 2.50 7.49-8.06 (m, 9H) 11.25, 1246 851 (1H, CH)

Te 79 223-224 248 749-838 (m, 9H) 1153, 1239 853 (1H, CH)

gL 77 202-203 247 7.34-8.04 (m, 9H) 11.06, 1254 850 (1H, CH), 239 (3H, CHy
Te 90 194-196 249 7.07-808 (m, 9H) 1101, 1259 850 (1H, CH), 3.86 (3H, OCHy)
$a ;] 211212 245 745820 (m, 10H) 1116, 1233 251 (3H, CHy)

8b 86 207-208 245 7.46-8.19 (m, 9H) 1123, 1227 250 (3H, CH,)

8c 81 190-191 245 745836 (m, 9H) 1143, 1216 251 (3H, CHy)

84 94 204-205 244 7.34-8.1¢ (m, SH) 1102, 1233 250 (3H, CHy), 239 (3H, CHy)
8e 89 192-193 244 705-8.19 (m, SH) 1098, 1241 250 (3H, CH,), 3.34 (3H, OCHs}
°Satisfactory microanalyses were obtained: C+0.19, H+ 0.13, N+0.24. *Yield of pure isolated product. “All singlets.

sumably #ig a proton abstraction from the methyl group®
by amide ion in the resonance structure 10s, but no 12,
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-1,2 4-triazolo[1,5-][1,3,5]oxadiazines® 16 or 17
in good yields viz 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 8 no triazole compound 18 involving a methyl proton
abstraction was formed.

Experimental

Carbon tetrachloride and dichloromethane were dried and
distilled from phosphorus 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-1-(1-phenylethenyl)-5-(N-substituted amino)-1,24-triazoles 1} Prepared

Kee-Jung Lee et al.

Com- Reaction Yield* mp (€) 'H NMR (CDCl/TMS) 8 Selected “C NMR (CDCly) §
pound®* Time (h) (%) CHf =CHf NH° Aromatic Others C3 €5 C3-CH3 N1-C =CH, Others
1la 3 73 119-120 240 558, 604 697699 (m, 1H), 1595 1520 150 1349 1121
573 7.01-744 (m, 9H)
11b 3 77 111-112 238 556, 607 7.18-744 (m, 9H) 1594 1516 150 1347 1122
5.73
| [\ 3 75 9495 240 558 638 6.88-743 (m, 8H), 1595 1513 150 1347 1120
5.72 8.33-840 (m, 1H)
11d 6 49 86-87 229 540, 397 731750 (m, 5H) 293(s,3H. 159.1 1569 148 1350 1109 310
5.56 NCH3) (NCH3)

° Satisfactory microanalyses were obtained: C+0.25, H+ 0.18, N+ 0.23. *Yield of pure isolated product. “All singlets.
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Table 4. 4/-1,24-Triazolo[1,5¢][1,3,5]oxadiazines 16 and 17 Prepared
Com-  Reaction Yield mp (€) 'H NMR (CDCL/TMS) §
pound® Time (h) (%) CHyY Aromatic Others®
16a 4 84 144-145 240 7.37-760 (m, 8H), 8.14-8.17 (m, 2H) 7.24 (1H, CH)
16b 5 67 164-165 240 741.7.50 (m, 7H), 8.06-8.09 (m, 2H) 723 (1H, CH)
16¢ 6 54 200-201 243 740-753 (m, 5H), 8.28-8.35 (m, 4H) 727 (1H, CH)
16d 5 70 138-139 240 7.24-747 (m, 7H), 803806 (m, 2H) 721 (1H, CH), 241 (3H, CHy)
16e 5 72 183-184 240 6.92-6.95 (m, 2H), 740-748 (m, 5H) 7.19 (1H, CH), 3.87 (3H, OCH»
808-8.12 (m, 2H)

7 3 89 137-138 238 7.27-7.50 (m, 8H), 8.19-8,22 (m, 2H) 248-(3H, C4-CHy)
) ) 3 78 158-159 236 7.23-743 (m, 7H), 8.10-8.13 (m, 2H) 246 (3H, C4-CHy)
17¢ 4 60 165-166 242 7.21-7.36 (m, 5H), 8.29-8.38 (m, 4H) 249 (3H, C4-CHj)
17d 3 69 169-171 236 7.26-7.30 (m, 7H), 8.08-8.11 (m, 2H) 247 (3H, C4-CH,), 242 (3H, CHy)
17e 3 76 173-174 232 689726 (m, 7H), 8.11-8.14 (m, 2H) 244 H, C4-CHa), 3.79 (3H, OCHs)

*Satisfactory microanalyses were obtained: C+0.23, H+ 0.15,

N+0.26. *Yield of pure isolated product. <Al singlets.
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analyzer. 'H and “C NMR spectra were measured on a Var-
ian Gemini 300 spectrometer.

The acetamidrazone hydrochloride (1), S-methylthioaceti-
midate hydroiodide (2),° acetophenone hydrazone,® and acyl
isocyanates!! 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 dichtoromethane (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 residuat
material was chromatographed (silica gel; ethyl acetate-he-
xane, 2:1) to give 3 as a white solid after crystallization
from petroleum ether; yield 258 g (40%); mp 86-88 C.

'H NMR (CDCly/TMS) : §=2.07 (s, 3H, CH,), 545 (br s,
2H, NHg), 7.27-740 (m, 3 Hyom). 7.71-7.75 (m, 2 Huom), 8.37
(s, tH, CH).

Anal, Caled. for CHyNjy: 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-methylthicacetimidate 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
dissotved 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; yield 557 g (79%); mp 76-77 C.

'H NMR (CDCI/TMS): §=2.10 (s, 3H, CHy), 240 (s, 3H,
CHy), 529 (br s, 2H, NH,), 7.27-7.46 (m, 3 H,.w), 7.80-7.87
(m, 2 Hyon)

Anal. Caled. for Cmle,Na: C, 82.25; H, 748; N, 23.98.
Found: C, 82.11; H, 742; N, 23.83.

Benzaldehyde 1-Ureldoethylidenehydrazones 5 and
Acetophenone 1-Ureidcethylidenehydrazones 6;
General Procedure. To a stirred solution of benzalde-
hyde 1-aminoethylidenehydrazone (3) (161 g 10 mmol) or
acetophenone l-aminoethylidenehydrazone (#) (175 g 10
mmol) 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 vacue
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 l-aminoethylidenehydrazone (3) (080 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).
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Table 5. Microanalytical Data®

Com- Molecular Analyses (%} Caled./(Found)
pounds  Formula C H N
Sa CicHisN,O 68.54 5.75 19.98
(280.33) (68.34) (5.71) (19.87)
Sb CisHisCIN,O 61.05 480 17.80
(314.77) (60.88) (4.75) (17.58)
Sc CisHisFN.O 64.42 5.09 18.78
(298.32) (64.27) (4.89) (18.70)
5d CuHuNO 60.53 6.47 2567
(218.26) (60.41) (6.32) 25.39)
6a C]:HWN.;O 69.37 6.16 19.03
(294.36) (69.18) (6.02) (18.77)
6b Ci:Hi/CIN,O 62.10 521 17.04
(328.80) {61.85) (5.19) (16.81)
6c CiyHyFN,O 65.37 549 17.94
(312.35) (65.18) (537 (17.81)
6d CizHwN,O 62.08 6.95 2413
(234.30) (61.82) (6.84) (23.87)
Ta C]‘;H]sN.;Oz 66.22 523 18.17
(308.34) (66.09) (5.18) (18.02)
7b CiHisCIN, O, 59.57 441 16.34
(342.78) (59.73) (4.53) (16.50)
Tc CrHisNsO, 57.79 423 19.82
(353.34) (57.65) (4.11) (19.58)
7d CieHisN(O; 67.07 5.63 17.38
(322.37) {66.88) (5.60) 17.22)
Te CisHiNOs 63.89 5.36 16.56
(338.37) (63.78) (5.28) (16.41)
8a C]sHuN;Og 67.07 5.63 17.38
(321.36) {66.95) (5.57) (17.25)
8b CieH(;CIN,O, 60.59 4.80 15.70
(356.81) (60.47) (4.69) (15.48)
8c CigHysNsO, 58.85 466 19.06
(367.36) (58.75) (4.55) (18.88)
8d CioH2NO, 7035 6.21 17.27
(336.39) (70.19) (6.18) (17.15)
8e CisHxN.O, 67.05 5.92 16.46
(352.39) (66.87) (5.79) 16.28)
11a CiHisNy 73.89 5.84 2007
(276.34) (73.81) (580} (19.84)
11b Cy7HisCIN, 65.70 4.86 18.03
(310.79) {65.49) (4.68) (17.83)
11¢ CnH]sFN.; 69.37 5.14 19.04
(294.33) {69.21) (5.08) (18.82)
114 CizHiN, 62.27 6.59 26.15
(214.27) (62.02) (648) (25.92)
16a CrHuNC 70.33 486 19.30
(290.32) (70.15) (4.80) (19.15)
16b CHiCINO 62.87 403 17.25
(324.77) 62.79) (3.88) 17.10)
16c CisHisNsO 60.89 391 2089
(335.32) 60.79) (3.90) (20.68)
16d CisHieN,O 71.04 5.30 18.41
(304.35) {(70.85) (5.21) (18.30)
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16e CiHiN©O, 67.49 5.03 17.49
(320.35) 67.33) (5.12) (17.25)
17a CiaHyNO 71.04 5.30 1841
(304.35) {70.81) (6.25) (18.30)
17b CuaHisCIN,O 63.81 446 16.54
(338.80) (63.70) 4.44) {16.31)
17¢ CisHisN:Oy 61.89 433 20.25
(349.35) (61.78) (4.28) (20.13)
17d CoHpNO 7168 5.70 17.60
(318.38) (717D (5.65) (1741)
17e CioHisN/O2 68.25 543 17.76
(334.38) (6822) (5.33) {17.50)

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

3-Methyl-1-(1-phenylethenyl}-5-(N-substituted
amino)-1,2,4-triazoles 11; General Procedure. To a
stirred suspension of the urea 6 (3.0 mmol) in dichloro-
methane (30 mlL) 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 b, and the resuiting
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 crystallization from petro-
leum ether (Table 3).

7-Methyl-4H-1,2 4-triazlo[ 1,5-¢1[1,3 5]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 (L.18 g 4.5 mmol), carbon tetrachloride
(1.16 mL, 12 mmol), triethylamine (0.63 mL, 45 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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