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Abstract- Aza Wittig-type reactions of bis(iminophuspl~ora~~es) derived 

from 1,2-diaminoimidazole and 1,2-diaminobenzimidazole with isocya- 

nates and aroyl chlorides afforded imidazo[1,2-b]-1,2,4-mazoles or 1,2,4- 

triazolo[l,5-a]benzimidazoles, respectively. 

Recent years have witnessed a significant increase in the utilization of bis(iminophosphoranes) as valuable 

building blocks for the preparation of nitrogen heterocycles.' In spite of the important role of C,C- 

bis(iminophosphoranes) in heterocyclic synthesis the chemistry of the C,N-bis(iminophosphoranes)' has been 

much less investigated; in fact, while relevant examples involving C,C-bis(iminophosphoranes) have been 

reported,' there is only one example describing the synthetic utility of the C,N-bis(iminophosphoranes) in the 

preparation of fused benzomazepines.' to the best of our knowledge. 

As a further extention of this methodology, we studied the behaviour in aza Wittig-type reactions of C,N- 

bis(iminophosphoranes) in which one iminophosphorane group is directly linked to a nitrogen atom of an 

imidazole ring and the other is on a carbon atom of this ring system. 

To this end, bis(iminophosphoranes) (3) and (4) were prepared by treating a benzene solution of 1,2-diamino- 



4-phenyl-1H-imidazole4 (1) or 1.2-diaminobenzimidazole5 (2) with mphenylphosphine dibromide and hiethyl- 

amine at reflux temperature. Compounds (3) and (4) were isolated as bromides; this fact has also been observed 

in the isolation of the bis(iminophosphorane) derived from the 1,8-diamin0naphthaIene.~ 

The "P nmr spectra of compounds (3) and (4) clearly indicate the presence of two different signals at 6 12.3-18.1 

ppm and 6 21.8-22.1 ppm, respectively; these values ax slightly higher than the previously reported values for 

closely related C-heteroaryliminophosphoranes7 and iminophosphoranes derived from N-aminoheterocycles?~' 

This fact is probably due to the protonation effect? All attempts to deprotonation of bis(iminophosphoranes) (3) 

and(4) wereunsuccessful; only theactionofanexcessof aqueoustriethylamineprovidedtheC-iminophosphorane 

(5) and the N-iminophosphorane (6) (Scheme 1). 

Scheme 1 

These compounds have also been obtained by alternative routes. Thus, the C-iminophosphorane (5) was prepared 

by a two-step sequence staning from 2-amino-1-benzylidenamino-4-phenyl-1H-imidazole4 (7): (a) reaction with 

triphenylphosphine dibromide and (b) hydrazinolysis. The N-iminophosphorane (6) was prepared either from 2- 

(4-methylbenzylidene)aminobenzimidazole (9) by: (a) N-amination with hydroxylamine-0 -sulfonic acid, (b) 

reaction with uiphenylphosphine dibromide and (c) hydrazinolysis or from 2 by reaction with mphenyl- 

phosphineldiethyl azodicarboxylate system (Scheme 2). The "P nmr spectra of iminophosphoranes (5) and (6) 

only showed one signal, for the compound (5) appeared at 6,14.9 ppm whereas for compound (6) occurred at 6, 

17.0 ppm. Moreover, "C nmr spectrum for compound (6) clearly showed that C-2 and C-7a carbon atoms are 

coupled with the phosphorous atom. 
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Scheme 2 

Bis(iminophosphorane) (3) reacted with aromatic isocyanates in dry dichloromethane in the presence of 

methylamine at room temperature to afford imidazo[1,2-b]-1,2,4-mazoles (15) in moderate to good yields. 

However, the reaction with aliphatic isocyanates under the same reaction conditionsprovided compounds (16) in 

moderate yields, which were converted into 15a by heating in ethanol. The formation of imidazo[1,2-b]-1,2,4- 

mazoles (15) and (16) can be explained by an initial aza Wittig-type reaction between the N-iminophosphorane 

group andone equivalentof theisocyanate togive carbodiimide (12), whichundergoes cyclization by nucleophilic 

attack of the nitrogen atom of the C-iminophosphorane group on the central carbon atom of the carbodiimide 

moiety9 to give a zwitterionic compound (13). This compound either undergoes hydrolytic cleavage during the 

work-upl=to give 15 orreacts with a second equivalent of aliphatic isocyanate across the negative nitrogen atom 

to give 14 , which by hydrolytic cleavage affords 16 (Scheme 3). This mechanism is in accord with our recent 

results which clearly show that anN-iminophosphorane group is more reactive than an C-iminophosphorane one 

in aza Wittig-type reactions with isocyanates.' 
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Scheme 3 

Support for this mechanism was found for the reaction of C-iminophosphorane (5) with aromatic isocyanates. FOI 

example, thereaction withphenylisocyanatein benzeneatreflux temperatureaffordedthecorrespondingurea(17) 

as a crystalline solid in excellent yield. Attempts to cyclize 17 into the corresponding bicyclic compound (15) 

under a variety of reaction conditions failed (Scheme 4). 

Scheme 4 
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In analogous reaction sequence, the related bis(iminophosphorane) (4) was converted into the bicyclic compounds 

(18)inmoderate togood yields by reaction with twoequivalentsof aliphaticoraromaticisocyanatesunderthesame 

reaction conditions. These compounds by heating lose one equivalent of isocyanate to give the otherwise not 

readily availahle'.1° l,2,4-mazolo[1,5-a]benzimidazoles (19) (Scheme 5) .  

a NyN=pph3 2 R-NCO A 
N __r 

I ,nsr 51-64% 
N=PPh3 N' N-R 

4 H H 
18 19 

Scheme 5 

Having established the reactivity of bis(iminophosphoranes) (3) and (4) in aza Wittig-type reactions with 

isocyanates, we tumedour attention to the behaviourofthis sonofhis(iminophosphoranes) towards acylchlorides. 

Bis(iminophosphorane) (3) reacted with aroyl chlorides in dry dichloromethane in the presence of triethylamine 

at room temperature to give imidazo[l,2-b]-l,2,4-mazoles (23) in moderate yields (Scheme 6). 
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Scheme 6 
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Presumably, the formationof 23 involves initial formation of the imidoyl chloride (20) as an intermediate" which 

clearly undergoes cyclization by nucleophilic attack of the nitrogen atom of the C-iminophosphorane portion and 

subsequent hydrolytic P-N bond cleavage",' to give 22 . which eventually undergoes acylation on one of the 

nitrogenatomsofthe 1.2.4-mawleringtogive 23 .Attemptstoisolate(22)usinganexcessofbis(~nophosphome) 

(3) failed, the reaction product was found to be 23 albeit in low yield. Similarly, the bis(iminophosphorane) (4) 

was converted into 1,2,4-hiazolo[1,5-a]benzimidazoles (24) by reaction with two equivalents of aroyl chloride 

under the same reaction conditions. 

On the other hand, iminophosphorane (25), readily available in almost quantitative yield by reduction with sodium 

borohydride of the aldiminiccarbon-nitrogendouble bondof 11 ,reacted withisocyanates indry tolueneatreflux 

temperature to give 26. in moderate to good yields (Scheme 7). 

Ar 
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25 26 

Scheme 7 

In conclusion, we have developed a simple and highly reliable bis(iminophosphorane)-mediated synthesis of a 

variety of fused 1,2,4-hiazoles with varied substituents at the 1,2,4-mazole ring. These shuctures are assembled 

in a simple one-pot procedure, under mild conditions and from readily available starting materials. This 1,2,4- 

triazolo-annulation reaction significantly expands the scope of the iminophosphorane-methodology for the 

synthesis of five-membered rings. 

EXPERIMENTAL 

Melting points were obtained in a Kofler hot-stage apparatus and are uncorrected. Ir spectra were run using NaCl 

plates on a Nicolet FT-5DX spectrophotometer in Nujol emulsions. 'H Nmr spectra were recordedusing a Varian 

Unity (300 MHz) spectrometer or a Bmker AC-200 (200 MHz) and tetramethylsilane as internal reference. "C 

Nmr spectra, were determined on a Varian Unity (75.4 MHz) or a Bmker AC-200 (50.3 MHz) spectrometer. The 

El-mass spectra were obtained with a Hewlett-Packard 5993 C spectrometer at 70 eV. Elemental analyses were 

performed with a Eager 200 instrument. 
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m a t i o n  of Bisliminooh-. 

To a solution of triphenylphosphine (2.56 g, 9.8 mmol) in dry benzene (30 ml) a solution of bromine (1.56 g, 9.8 

mmol) in the same solvent (20 ml) was added under nitrogen at 0-5'C. The reaction mixture was stirred at this 

temperature for 1 h and then allowed to w m  to room temperature. Then a solution of the corresponding 1,2- 

diamino compound (3) or (4) (4.9mmol) and triethylamine (1.98 g, 19.6 mmol) in dry benzene (20ml) was added. 

The resultant solution was stirred at reflux temperature for 24 h. The precipitated solid was filtered, washed with 

cold ethanol, air-dried, and recrystallized from dichloromethaneln-hexaue. 

4-Phenyl-lJ-bis(triphenylphosphoranylideneamino)-lH-imidazole hydrobromide (3).-Yield: 3.04g (80%) 

yellow prisms; mp 228-229'C. Anal. Calcd for C,,H,,N,P,.HBr: C ,  69.68; H, 4.81; N, 7.22. Found: C, 69.86; H, 

4.96; N, 6 . 9 7 . ~  (cm-')2679,1561,1539,1456,1437,1398,1036,721,692; 6 ('H.200MHz) (CDCJ)7.62 (34H, 

m), 7.18 (2H, t, J = 7.7 Hz), 7.07 (lH, t, J =7.2Hz): 6 ("P) 21.83 (N-P), 12.34 (C-P); m/z (%) 434 (2). 419 (38), 

418 (19), 301 (12). 276 (88). 262 (25), 198 (11). 185 (15), 184 (16), 183 (100). 152 (21), 122 (25). 115 (7), 108 

(29), 107 (25),77 (38). 

1,2-Bis(triphenylphosphoranylideneamino)benzimidazole hydrobromide (4).- Yield: 3.08 g (84%) yellow 

prisms; mp 196-198'C. Anal. Calcd for C&,N$,.HBr: C, 68.90; H, 4.71: N, 7.47. Found: C, 69.18; H, 4.52; N, 

7.20. v (cm-') 2748,2678, 1589, 1514, 1505, 1456, 1439, 1275, 1235, 1184, 11 19, 856,739,721,694; 6 ('H, 

200 MHz) (CDCI,) 7.46 (34H, m); 6 (='P) 22.12 (N-P), 18.14 (C-P); m/z (%) 408 (19), 407 (12), 392 (9). 277 ( 9 ,  

262 (8), 238 (5). 184 (15), 183 (100). 152 (13), 133 (16), 117 (7). 108 (39 ,  107 (22). 91 (7), 77 (19). 

preoaration of 1-Amino-4-ohenvl-2-triohenvlohosph n li -. n 

Method A.- To a solution of bis(iminophosphorane) (3) (0.5 g, 0.6 mmol) in dry benzene (10 ml), triethylamine 

(0.24 g, 2.4 mmol) was added. The mixture was stirred at room temperature for 24 h. The precipitated ammonium 

salts were separated by filtration and the filtrate was concentrated to dryness. The residual material was slumed 

withn-hexaneand the formed solid wascollected by filtration, driedandrecrystallizedfromethanoltogive5 (0.17 

g, 65%). 

Method B.- To a solution of mphenylphosphine (2.17 g, 8.3 mmol) in dry benzene (25 ml), a solution of bromine 

(1.32 g, 8.3 mmol) in the same solvent (15 ml) was addeddropwise under nitrogen at 0-5'C. The resultant mixture 

was stirred at this temperature for 1 hand then allowed to warm to room temperature. Then a solution of 2-amino- 

I-bencylideneamino-4-phenyl-IH-imidazole (7) (2.17 g, 8.3 mmol) and triethylamine (1.67 g, 16.6 mmol) indry 

benzene (25 ml) was added. The resultant solution was stirred at reflux temperature for 13 h. The precipitated 

ammonium salt was separated by filtration and the filtrate was concentrated to dryness. The residue was slumed 

with n-hexane and then chromatographed overa silica gel column with ethyl acetate as eluent and recrystallized 

from benzeneln-hexane to afford 2-benzylideneamino-4-phenyl-2-mphenylphosphoranylideneamino-lH-imi- 
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dazole.@) (3.69 g, 85%) as yellow prisms,mp 193-194'C. Anal. Calcdfor C,H,N,P: C,78.14; H, 5.21; N, 10.72. 

Found:C,78.23;H,5.15;N, 1 0 . 5 8 . ~  ,a,, (cm-') 1647,1607,1566,1528,1485,1449, 1439,1389,1346,1281,1150, 

11 13,1020,754,723,692; 6 ('H, 200 MHz) (CDCI,) 9.05 (IH, s, -CH=N), 7.97 (6H, m), 7.80 (2H, m), 7.68 (2H, 

d,J=7.8Hz),7.50(12H,m),7.30(2H,t,J=7.4Hz),7.16(1H,t,J=7.2Hz);6("C) 149.58(d,J,,=3.1Hz,C- 

2), 148.70(CH=N), 135.42(q), 134.85(q), 134.70(q), 133.10(d,J,,= lO.OHz), 131.82(d,J,,=2.8Hz), 129.96, 

129.74 (d, J,, = 102.1 Hz, q), 128.52, 128.29 (d, J,, = 12.5 Hz), 128.11, 127.53, 125.85, 124.36, 105.04 (12-5); 

6 ("P) 14.99; d z  (%) 522 (M', 3). 419 (6),418 (13), 303 (5). 262 (24), 185 (14), 184 (18), 183 (100). 158 (4), 157 

(5), 152 (13). 133 ( 9 ,  117 (5). 108 (SO), 107 (19). 105 (23). 104 (391, 103 (55), 102 (4), 77 (45). 

To a solution of iminophosphorane (8) (2.95 g, 5.6 mmol) in dry ethanol (25 ml), anhydrous hydrazine (1.25 g, 

39.2 mmol) was added. Themixture wasrefluxedatroom temperature for 3 h, on cooling the solvent was removed 

under reduced pressure and the remaining solid was treated with n-hexane, filtered, air-dried and recrystallized 

from ethanol to give 5 (1.90 g, 78%) as yellow prisms, mp 183-185'C. Anal. Calcd for C, ,H,Np C, 74.64; H, 

5.34; N, 12.90. Found: C, 74.53; H, 5.17; N, 12.77. v,,~ (cm-') 3330.3183, 1603, 1557, 1523, 1484, 1455, 1438, 

1421,1212,1185,1115,1019,997,933,815,713,693; 6 ('H, 200 MHz) (CDCIJ 7.86 (6H, m),7.45 (11H,m), 

7.18(2H, t,J=7.5Hz),7.01 (lH,t,J=7.2Hz),6.96(lH,s.H-5),4.75 (2H,s,NH,);6(13C) 150.53 (d,Jp,=3.8 

Hz, C-2), 136.04 (q), 133.05 (d, J,~, = 10.0 Hz), 132.45 (d, J,, = 0.8 Hz, C-4), 131.79 (d, J,, = 2.8 Hz), 129.66 

(d, I,,= 101.8Hz,q), 128.27 (d, I,,= 12.4Hz), 127.95,124.80,123.72, 111.28 (d, J,, = 1.4Hz, C-5); 6 ("P) 

14.95;m/z(%)434(M+,4),433(14),276(7),262(65), 185 (14), 184(18), 183(100), 152(13), 135(12), 132(10), 

119 (58). 116 (29), 108 (50), 107 (20). 91 (38). 77 (18). 

w t i o n  of 2 - A m i n o - 1 - t r i o h e ~ a n v l i d e n e a m i n o b e n i i d o l e  (61. 

Method A.- To a solution of bis(iminophosphorane) (4) (0.5 g, 0.7 mmol) in benzene (10 ml), triethylamine (0.24 

g, 2.4 mmol) was added. The mixture was stirred at room temperature for 24 h. The precipitated ammonium salt 

was separated by filtration and the filtrate was concentrated to dryness. The residual material was treated with n- 

hexane, filtered, air-dried, and recrystallized from ethanol to give 6 (0.21 g, 75%). 

Method B.- To a mixture of 1.2-diaminobenzimidazole (2) (0.52 g, 3.5 mmol), triphenylphosphine (1.83 g, 7.0 

mmol), and tetrahydrofuran (10 ml), a solution of diethyl azodicarboxylate (0.99 g, 7.0 mmol) in tetrahydrofuran 

(5 ml) was added dropwise. The resultant solution was stirred at room temperature for 12 h, thereafter the solvent 

was removed under reduced pressure. The residual material was chromatographed over a silica gel column with 

ethyl acetateln-hexane (3:l) as eluent and then recrystallized from ethanol to give 6 (1.14 g, 80%). 

Method C.- To a solution of 2-(4-methy1benzylidene)amino- 1-hiphenylphosphoranylideneaminobenzimidazole 

(11) (1.86 g, 3.6mmmol) indry ethanol (25 ml), anhydrous hydrazine (1.25 g, 39.2mmol) was added. Themixture 

was refluxed for 5 h. After cooling, the solvent was removed under reduced pmssure and the residue was washed 



with n-hexane, filtered, air-dried, and recrystallized from ethanol to give6 (1.10g, 75%) as whiteprisms, mp 176- 

17X°C. Anal. CalcdforC,H,,N,P: C,73.52;H, 5.18; N, 13.72.Found: C73.69; H, 5.01; N, 13.48. vmX (cm-')3324, 

1591,1483,1437,1406,1300,1277,1244,1182,1117,1082,1005,851,743,723,693;6('H,200MHz) (CDCI,) 

7.91 (6H,m),7.51 (9H,m),7.34 (1H,m),7.27 (lH,m),7.01 (2H,m),7.01 (2H,m),4.78 (2H, s, NHJ; S("C) 156.37 

(d, J,, = 3.9 Hz, C-2), 139.89 (C-3a). 134.47 (d, J,, = 1.5 Hz, C-7a), 132.88 (d, J,,= 10.1 Hz), 132.09 (d, I,,= 

2.8Hz), 128.96 (d, J,, = 102.2Hz,q), 128.49(d, J ,~ ,=  12.4Hz), 119.69 (C-6), 118.43 (C-5). 115.75 (C-4). 106.77 

(C-7); 8 ("P) 17.00; m/z (%) 408 @I+, 28), 407 (20), 392 (6). 331 (4), 276 (2), 262 (131,183 (100). 165 (lo), 152 

( l l ) ,  133 (5), 118 (5), 117 (8), 108 (381, 107 (23),91 (8). 90 (6), 77 (14). 

J ' r e ~ p a .  

Toamixture of 2-aminohenzimidazole (2.0 g, 15.0mmol),4-tolualdehyde (1.8 g, 15.0mmol). andethanol (50ml) 

conceneated hydrochloric acid (1 ml) was added. The resultant solution was stirred at reflux temperature for 10 

h. On cooling, thesolvent wasremovedunderreducedpressureand theresidue was washed withn-hexane, filtered, 

andrecrystallizedfromdichloromethane/n-hexane (1:l) to give 9 (3.32 g, 94%) as yellow prisms,mp 219-22l0C. 

Anal. CalcdforC,,H,,N,: C,76.57;H, 5.57; N, 17.86.Found: C,76.40;H,5.43; N, 1 8 . 0 6 . ~ ~ ~ ~  (cni1)3364, 1618, 

1605,1570,1526,1449,1427,1348,1312,1287,1235,1211,1042,814,748; S('H, 200MHz) (DMSO-d,) 12.68 

(lH, s, NH), 9.43 (lH, s, CH=N),7.94(2H, d, J =  8.0Hz), 7.51 (ZH, m),7.34 (ZH, d, J =  8.0Hz), 7.17 (2H, m), 

2.35 (3H, s, CH,); S ( IT)  165.14 (CH=N), 155.69 (C-2), 143.17 (q), 138.10 (C-3a= C-7a), 132.60 (q), 129.68, 

129.52, 121.67 (C-5= C-6), 119.38 (C-4), 111.52 (C-7), 21.27 (CH,); m/z (%) 235 (M', 33), 234 (100). 220 (4), 

144 (2), 143 (3), 119 (5), 118 (40), 117 (24), 104 (4), 103 (13). 102 (6). 91 (34), 90 (28),89 (11). 77 (22). 

m r  b. ' f 1-A ' - - -m 

To a solution of 9 (2.79 g, 12.0 mmol) in ethanol (5 ml) a solution of potassium hydroxide (2.69 g, 48.0 mmol) in 

water (15 ml) was added once. To the resultant solution hydroxylamine-0-sulfonic acid (1.48 g, 13.0mmol) was 

added and the mixture was stirred at room temperature for 24 h. The precipitated solid was collected by filtration, 

washed with water, air-dried, and recrystallized from ethanol to give 10 (1.1 1 g, 37%) as yellow prisms, mp 226- 

22X°C. Anal. CalcdforC,,H,,N4:C,71.98;H,5.64;N,22.38. Found: C,71.77;H,5.52;N,22.20.Vma, (cm1)3412, 

1680, 1674, 1642, 1603,1553, 1456,1449, 1368,1286,1246,1150,1113,889,822,754,735; 6 ('H, 200 MHz) 

(DMSO-d,) 9.03 (lH, s, CH=N), 8.02 (2H, d, J = 7.9 Hz), 7.88 (lH,d,  J = 7.6Hz), 7.29 (3H, m), 7.06 (2H, m), 

6.93 (2H, s, NH,), 2.36 (3H, s,CH,); S ("C) 154.33 (C-2), 147.77 (CH=N), 142.26(q), 140.47 (C-3a), 131.50 (q), 

129.40(C-7a), 129.19, 127.87,122.20(C-6). 119.02(C-5), 115.79(C-4), 110.39(C-71.21.08 (CH,);m/z(%)250 

(M*, 26),249 (9), 146 ( l l ) ,  133 (24). 132 (loo), 118 (7). 106 ( 9 ,  105 (34), 104 (6),91 (14), 90(16),78 (lo), 77 

(10). 



-ion of 2 - ( 4 - M e t h v l b e n z v l i d e n e ) a m i n o - l - t r i o h e n v l o ~ b e n z i m i d ~ .  

This compound was prepared according to the procedure described for the preparation of the iminophosphorane 

(8). Compound (11) was recrystallizedfromacetonihile. Yield: 0.65 g (64%) yellow prisms; mp 224-226°C. Anal. 

CaIcdforC3,~N$C,77.63:H,5.33; N, 10.97.Found: C,77.40;H,5.40;N, 1 0 . 8 3 . ~  (cm-') 1620,1599,1520, 

1460,1437: 1389,1319,1306,1294,1265,1248,1113,1059,1004,863,742,721,692; S(1H,200MHz) (CDCI,) 

10.17 (lH, s, CH=N),7.82(8H,m),7.44(10H, m),7.24(3H,m),7.00 (2H, m),2.37 (3H, s, CH,); 6 ("C) 153.43 

(d, J,, = 2.5 Hz, C-2), 152.06 (CH=N), 140.18 (q), 139.95 (C-3a), 134.37 (d, I,, = 2.1 Hz, C-7a), 133.02 (d, J, 

,=10.3Hz),l32.83(q),132.17 (d,J,,=2.7Hz),128.87(d,JP.C=102.3Hz,q), 129.37, 128.53(d,JpC=12.4Hz), 

127.26, 120.87 (C-6). 118.98 (C-5), 115.71 (C-4), 108.21 (C-7), 21.47 (CH,); ; S ("P) 17.61; m/2 (%) 510 (M', 

8), 393 (17), 392 (IS), 262 (4), 238 (9), 183 (loo), 157 (4), 152 (13), 133 (7). 118 (6), 117 ( 3 ,  116 (5). 108 (41), 

104 (4), 103 (9),91 (6). 90 ( 9 7 7  (20). 

he Preoa ' General Procedure for t r a t ~ o n  of 2-Alkvl(or a ~ y l ) a m i n o - 5 - ~ l - l ( o r  3)H-im- 

U.2-bl-1.2.4-triazoles (151. 

To a solution of his(iminophosphorane (3) (0.75 g, 0.97 mmol) in dry dichlommethane (20 ml), the appropriate 

aryl isocyanate (0.97 mmol) was added. The reaction mixture was stirred at room temperature for 5 h, then 

methylamine (0.20g. 1.94mmol) was added. Stimngwascontinuedforadditional2 h.?heprecipitatedwhitesolid 

was collected by filtration, washed with cold dichloromethane, air-dried, and recrystallized from ethanol to give 

15. 

2-Methylamino-5-phenyl-l(or 3)H-imidazo[l,2-b]-l,2,4-triazole(15a).-Yield: 0.23 g (55%) white prisms; mp 

268-269'C. Anal. Calcd for C,,H,,N,: C, 61.96; H, 5.20; N, 32.84. Found: C, 61.80; H, 4.98; N, 32.63. v-,, 

(cm.') 3443,3434,1622,1572,1555,1495,1412,1316,1304,1181,1100,997,957,882,814,758,743,691; 6 

('H, 200MHz) (DMSO-d,) 11.98 (lH, s,N,-H),7.90 (lH,s,H-6), 7.65 (2H, d, J=7.7 Hz),7.37 (2H, t,J=7.5Hz), 

7.22 (lH, t, J=7.2Hz),5.89 (lH,q, J =  5.0HqNH-CH,),2.73 (3H,d, I = 5.0Hz.NH-CH,); 6("C) 167.99(C- 

2), 150.26(C-3a), 130.18 (q), 128.85, 127.02 (C-5), 127.91,123.54,103.67 (C-6), 29.45 (CH,); m/z (%)213 (M*, 

69), 212 (7), 184 (34), 183 (6). 158 (7). 131 (7), 129 (19), 117 (34), 116 (15), 107 (19), 105 (13), 104 (100). 103 

(25), 102 (23), 89 ( l l ) ,  77 (42), 57 (25),56 (1 1). 

5-Phenyl-2-phenylamino-l(or3)H-imidazo[lJ-b]-l,2,4-triazole(15b).- Yield: 0.17 g(65%) whiteprisms; mp 

285-286'C. Anal. Calcd for C,,H,,N,: C, 69.80; H, 4.76; N, 25.44. Found: C, 69.59; H, 4.62; N, 25.21. v 

(cm-') 3268,3149,1619,1606,1568, 1500,1484,1440,1352,1299,1248,1180,1016,974,882,750,707,687; 

S('H,200MHz) (DMSO-d,) 12.34(1H, s,N,-H),9,24(1H,s,NH-Ar),8.13(1H, s,H-6),7.76(2H,d,J=7.8Hz), 

7.70 (2H,d, J =  8.3Hz),7.46 (2H, t, J=7.2Hz),7.29 (3H,m),6.84 (lH, t,J=7.1 Hz);6("C) 162.73 (C-2), 149.40 
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(C-3a), 141.99(q), 129.82(q), 128.93, 128.59, 128.04(C-51, 127.32, 123.85, 119.09, 116.05, 103.78(C-6);mIz 

(9%) 275 (M*,64), 184(4), 183 (15). 159 (12). 158 (loo), 144 (20), 131 (25), 129 (22), 119 (lo), 118 (51). 117 (82). 

116 (20), 104 (50), 103 (131, 102 (14). 93 (32), 92 (13), 91 (19), 77 (61). 

2-(4-Methylphenyl)amino-5-phenyl-l(or3)H-imidazo[l,2-b]-l,2,4-triazole (15c).- Yield: 0.18 g (64%) white 

prisms; mp 301-302°C. Anal. Calcdfor C,,H,,N,: C,70.57; H, 5.23; N,20.20.Found: C,70.45; H, 5.06; N, 19.99. 

vmSi,(cm-')3268,3149, 1624,1607,1564,1518,1495,1483,1443,1348,1298,1246,1182,1017,974,909,860, 

837,804,712; S('H,200MHz) (DMSO-d,) 12.28 (lH, s,N,-H),9.01 (lH,s,NH-AT), 8.04(1H,s,H-6),7.69(2H, 

d,J=7.4Hz),7.51(2H,d,J=8.4Hz),7.41(2H,t,J=7.5Hz),7.26(1H,t,J=7.1Hz),7.02(2H,d,J=8.4Hz), 

2.20(3H, s, CH,); S("C) 162.94(C-21,149.46 (C-3a), 139.56 (q), 129.87 (q), 129.07,129.01,127.98 (C-5), 127.73 

(q), 127.38,123.87,116.16,103.81 (C-6),20.31(CHJ; m/z(%) 289 (M+,73), 184(12), 183 (6), 159 (14). 158 (lM)), 

133 (7). 132 (34), 131 (37). 130 (141, 129 (14), 117 (40), 116 (IS), 107 (141, 106 (28). 104(38), 103 (9), 102(8), 

91 (20), 77 (39). 

2-(3-Chlorophenyl)amino-5-phenyl-l(or3)H-imidazo[l,2-b]-l,2,4-triazole (15d).- Yield: 0.21 g (69%) white 

prisms; mp 279-280°C. Anal. CalcdforC,,H,,N,Cl: C, 62.04;H, 3.90;N,22.61.Found: C, 61.84;H, 3.78: N,22.46. 

vmsx. (cm-') 3268,3149,1618,1607,1564,1497,1487,1445,1336,1302,1231,1179,1096,1076,1022,928,912, 

872,835,775,714; S('H,200MHz) (DMSO-d,) 12.35 (lH,s,N,-H),9.49(1H,s,NH-AT), 8.12(1H, s,H-6),7.88 

(lH,s),7.70(2H.d, J=7.6Hz),7.42 (3H,m),7.24(2H,m),6.82 (lH,d, J=7.3Hz); 6 ("C) 162.12 (C-2), 149.29 

(C-3a), 143.38 (q), 133.29 (q), 130.11 (q), 129.71, 128.96, 128.29 (q), 128.29 (C-5). 127.45, 123.88, 118.59, 

115.22,114.64,103.82(C-6);m/z(%)311 (M++2,28),310(M*+l, 17),309(M',80),274(12), 184(10), 183 (33, 

159(13), 158(99), 157(11), 153(7), 152(23), 144 ( l l ) ,  137(14), 131 (28), 129(43), 128(11), 127(35),117(100), 

116 (31), 11 1 (19). 104 (74), 103 (191, 102 (221, 91 (1 l), 77 (39). 

2-(4-Chlorophenyl)amino-5-phenyl-l(or 3)H-imidazo[1,2-b]-1,2,4-triazole (15e).-Yield: 0.11 g (37%) white 

prisms; mp 306-307°C. Anal. Calcd for C,,H,,N,CI: C, 62.04; H, 3.90; N, 22.61. Found: C, 61.96; H, 3.75; N, 

22.53. v ,Bx, (cni') 3268,3138, 1622, 1607, 1564, 1524,1495,1483, 1443, 1346, 1296, 1242, 1179, 1094, 1017, 

974,912,831, 808,708; 6 ('H, 200MHz) (DMSO-d6) 12.31 (lH, s, N,-H), 9.39 (lH, s, NH-AT), 8.08 (lH, s,H- 

6), 7.68 (4H, m), 7.41 (ZH, t, J = 7.5 Hz), 7.26 (3H, m); 6 (13C) 162.34 (C-2), 149.34 (C-3a), 140.91 (q), 129.74 

(4). 128.93, 128.37, 128.20(C-5), 127.39, 123.88,122.50(q), 117.48, 103.77 (C-6);m/z(%)311 (M'+2,20),310 

(M*+l, l l ) ,  309 (M*, 60), 274 (9), 184 (6), 183 (20), 159 (13). 158 (loo), 153 (6), 152 (26), 137 (1 I), 131 (27), 

129 (34), 128 (IS), 127 (27), 117 (83 ), 116 (25), 111 (15), 104 (59). 103 (14). 102 (17). 77 (35). 

2-(4-Methoxyphenyl)amino-5-phenyl-l(or 3)H-imidazo[l,2-b]-1,2,4-triazole (150.- Yield: 0.18 g (62%) 

white prisms; mp 269-270°C. Anal. Calcd for C,,H,,N,O: C, 66.87; H, 4.95; N, 22.94. Found: C, 66.73; H, 4.81; 

N,22.79.v ,',, (cm-')3268,3149,1628, 1609,1576,1566,1514,1486,1445,1346,1298,1235, 1181,1044,1015, 

974,912, 833, 801,712; S ('H, 200MHz) (DMSO-dJ 12.23 (IH, s, N,-H), 8.89 (lH, s, NH-Ar), 8.03 (lH, s,H- 
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General Procedure for the Preoaration of 2-(N-Alkvlcarbamovl)alkvlamino-5-ohenvl-l(or 3IH-imidaao- 

11.2-bl-1.2.4-triazoles (161. 

To a solution of bis(iminophosphorane) (3) (0.75 g, 0.97 mmol) in dry dichoromethane (15 ml), the appropriate 

alkyl isocyanate (1.94 mmol) was added. The reaction mixture was stirred at room temperature for 10 h, then 

methylamine (0.20 g, 1.94 mmol) was added and stirring was continued for additional 5 h. The solvent was 

removed under reduced pressure and the oil material was chromatographed over a silica gel column with ethyl 

acetateln-hexane (1:l) as eluent to give 16 which were recrystallized from dichloromethaneln-hexane. 

2-(N-Methylcarbamoyl)methylamino-5-phenyl-l(or3)H-imidazo[l,2-bl-l,2,4-triazole (16a).- Yield: 0.09 g 

(37%) white prisms; mp 260-262°C. Anal. Calcd for C,,H,,N,O: C, 57.77; H, 5.22; N, 31.09. Found: C ,  57.89: H, 

5.03;N,32.90.vmSr (cm1)3368,3314, 1723,1634,1607,1573,1526, 1462,1414,1335,1225,833,747,718,691; 

8 ('H, 200 MHz) (DMSO-d,) 7.79 (IH, q, J = 3.8 Hz, CH,-NH-CO), 7.74 (2H, d, J = 7.3 Hz), 7.53 (lH, s, H-6), 

7.40(2H,d,J=7.5Hz),7.22(1H,t,J=7.3Hz),6.94(1H,q,J=4.9Hz,NH-C~),3.02(6H,t,J=4.6Hz,2xCH,); 

6 (I3C) 153.93 (C-3a). 150.23 (C-2), 140.30 (C=O), 140.07 (C-5), 134.35 (q), 128.49,126.60,124.44,104.42 (C- 

6L28.73 (CH,-NH), 26.67 (CH,-NH-CO); m/z (%) 270 (M*, 16), 214 (13), 213 (loo), 212 (91, 184 (18), 158 (8), 

117 (3, 116 (4), 104 (lo), 103 (lo), 102 (4), 77 (4), 58 (13), 57 (3). 

2-(N-Benzylcarbamoyl)benzylamino-5-phenylor 3)H-imidazo[l,2-bl-l,2,4-triazole (16b).- Yield: 0.14 g 

(35%) white prisms; mp 131-133°C. Anal. Calcdfor C,H,,N,O: C, 71.07; H, 5.25; N, 19.89. Found: C,70.90; H, 

5.11;N. 1 9 . 6 7 . ~ ~ ~ ~  (cm1)3362,3298, 1717,1626,1605,1589,1573,1553,1516,1456,1364,1335,1304,1217, 

1028,822,746,725,712,696; 6 ('H, 200 MHz) (DMSO-d6) 8.46 (IH, t, J = 5.9 Hz, -CY-NH-CO), 7.70 (ZH, d, 

J=7.7  Hz), 7.41 (lH, s, H-6). 7.25 (15H, m), 4.58 (2H, d, J = 5.9 Hz, -CY-), 4.50 (2H, d, J = 5.9Hz, -CH,-); 6 

(13C) 152.96 (C-3a), 149.74 (C-2), 140.17 ( G O ) ,  140.15 (C-5). 137.17 (q), 137.08 (q), 134.26, 128.70, 128.64, 

128.44,127.64, 127.54,127.24,126.58,124.42,104.48 (C-6),46.30 (-CHiNH),43.91 (-CHiNH-CO). A tertiary 

carbon atom is not observed; m/z (%) 290 (4). 289 (M'-RNCO, 18), 185 (14), 184 (77), 183 ( l l ) ,  159 ( l l ) ,  131 

(S), 129 (lo), 117 (20), 116 (17), 106 (46), 104 (40), 102 (17), 91 (100). 77 (26). 

Premration of4-Phenvl-1-~N-ohenvlcarbamovl)-2-tri~henvlohoTpharanvlideneamino-1H-imidazole (171. 

Phenyl isocyanate (0.27 g, 2.3 mmol) was added to a solution of iminophosphorane (5) (1.0 g, 2.3 mmo1)in dry 
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toluene (15 ml). The resultant solution was stirred at reflux temperature for 3 h. After cooling, the solvent was 

removed under reduced pressure and the residue was treated with n-hexane. The solid formed was filtered, air- 

dried, and recrystallized from ethanol to give 17 (0.99 g, 78%) as white prisms, mp 196-197'C. Anal. Calcd for 

C,H,,N,OP: C,73.77;H,5.10;N, 12.65.Found: C,73.46;H,4.91;N, 1 2 . 3 9 . ~  ,ax, (cm-'13381, 1733, 1603,1563, 

1547,1520,1501,1485,1458,1439,1343,1316,1229,1181,1115,1044,756,723,692; 6 ('H,200MHz)(DMSO- 

d,) 9.18 (lH, s,  NH) ,  9.08 (1H, s,  NH), 7.87 (6H, m), 7.52 (13H,m), 7.26(4H, m), 7.01 (2H, m); 6(l3C) 150.30 

(C=O),150.94(d,Jp,=4.5Hz,C-2),139,58(q), 135.64(q),132.79(d,J,,=10.1Hz),132.12(d,J,,=1.3Hz), 

129.82(d,J,,=103.8Hz,q), 129.81,128.76,128.44(d,JP,=12.3Hz), 128.15, 125.05, 123.47, 118.74,113.08; 

6 ("P) 15.98; m/z(%)434 (8), 303 (26). 262 (21). 184 (19). 183 (loo), 152 (46), 119 (691,116 (23). 108 (79), 107 

(28), 92 (22). 77 (43). 

-1 Procedure for the Pre~ara t ion  of 2-IN-AlkvUor arvl)carbamovllalkvl(or arvl)amino-](or 3)H- 

1.2.4-triazoloI1.5-alhenzimidazoles (18). 

To a solution of bis(iminophosphorane (4) (1.50 g, 2.0 mmol) in dry dichoromethane (15 ml), the appropriate 

isocyanate (2.0 mmol) was added. The reaction mixture was stirred at room temperature for 10 h. Then, 

Triethylamine (0.20 g, 2.0 mmol) was added and the stirring was continued for additional 5 h. The solvent was 

removed under reduced pressure and the residual material was either recrystallized from ethanol (for aromatic 

isocyanates) or chromntogmphedovera silica gel column with ethyl acetateln-hexane (1:l) as eluent (for aliphatic 

isocyanates) to give 18. 

2-(N-Methylcarbamoyl)methylamino-l(or3)H-1,2,4-triazolo[l,5-albenzimidazole(18a).-Yield: 0.26g (53%) 

white pnsms; mp 176-178'C. Anal. CalcdforC,,H,,N,O: C, 54.09; H, 4.95; N, 34.41. Found: C, 53.98; H, 5.13; 

N . 3 4 . 2 2 . ~ ~ ~ ~  (crn1)3341,3290, 1719,1619,1586,1559,1514,1454,1443,1435,1406,1312,1288,1275,1236, 

1188, 1177, 1123,963,748,725,700; S ('H, 200MHz) (CDCI,) 8.36(1H,m,H-8),7.55 (lH,m,H-5),7.29 (2H, 

m), 4.53 (lH, q, J = 5.1 Hz, NH-CH,), 3.04 (6H, m, 2xCHJ; S ("C) 167.42 (C-2), 150.08 (C-3a), 149.94 (C=O), 

130.76 (C-4a), 125.35 (C-8a), 123.93 (C-7), 123.54 (C-61, 116.46 (C-5), 109.17 (C-8), 29.97 (CH,-NH), 26.88 

(CH,-NH-CO); m/z (%) 244 (M', 17). 188 (12), 187 (loo), 186(19), 159 (13). 158 (43), 157 (3). 144 (3 ,133  (8), 

132 (IS), 131 (15). 118 (8), 117 (X), 105 (9), 104 (16). 102 ( I l ) ,  90 (20), 77 (14), 58 (18),57 (6). 

2-(N-Benzylcarbamoyl)benzylamino-l(or3)H-1,2,4-tri~~olo[l,5-albenzimidazole(18b).- Yield: 0.41 g (51%) 

white prisms; mp 151-153°C. Anal. CalcdforC,,H,,N,O: C, 69.68; H,5.08; N,21.20. Found: C, 69.57;H, 5.01; 

N,21.45.vmmX (cm-') 3347,3268,1726,1715,1615,1589,1557,1501,1476,1456,1433,1345,1310,1279,1236, 

986,963,747,727,700: S('H,200MHz) (UMSO-d6)E.18(2H,m), 7.36(14H, m),4.60(2H.d, J=5.8  Hz, -CH,- 
NH-CO), 4.42 (2H, d, J = 6.3 Hz, -CH,-NH); S ("C) 166.70 (C-2), 149.86 (C=O), 149.13 (C-3a), 140.14 (q), 138.27 

(q), 130.46 (C-4a), 128.55, 128.13, 127.33, 127.29, 127.22, 126.62, 125.06 (C-8a), 124.06 (C-7), 123.21 (C-6). 
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115.82 (C-5). 109.08 (C-8), 45.97 (-CT-NH), 43.43 (-CHiNH-CO); m/z (%) 396 (M', 5), 264 (6). 263 (32), 262 

(lo), 159(10), 158(40), 144(2), 134(5), 133(24), 132(12), 131 (6), 117(5), 106(27), 105(11), 104(10),91(100), 

90 (1 l), 77 (9). 

2-(N-Phenylcarbamoyl)phenylamino-l(or3)H-l,2,4-triazolo[l,S-albenzimidazole(1&).-Yield:0.42g(58%) 

white prisms; mp 335-336°C. Anal. Calcdfor C,,H,,N,O: C, 68.47; H, 4.38; N, 22.81. Found: C, 68.33; H, 4.26; 

N,23.03.v ,,,, (crn-')3330,3290,1725,1625,1608,1585, 1563,1500,1472,1455,1381,1325,1308,1291,1257, 

1014,889,747,685; 6('H,20OMHz) (DMSO-dd9.37 (lH, s,NH), 8.66(1H, s, NH-CO),7.66 (3H,rn),7.47 (3H, 

m), 7.25 (6H. m), 6.91 (2H, m); 6 ("C) 163.14 (C-2). 152.55 (C=O), 152.07 (C-3a), 141 .58 (q), 139.70 (q), 132.90 

(C-4a), 128.77,128.65,124.42(C-8a), 122.33 (C-7), 121.82(C-6). 119.51, 118.22,116.26,112.47 (C-5), 109.03 

(C-8); m/z (%) 368 (M*, l), 250 (18), 249 (loo), 209 (3), 158 (9). 144 (6), 133 (7),.132 (80), 119 (79), 118 (17), 

117 ( 3 ,  105 (181, 104 (8), 92 (12), 91 (49), 90 (22), 77 (28). 

2-[N-(4-Methylphenyl)carbamoyl](4-methylphenyl)amino-l(or 3)H-1,2,4-triazolo[l,5-a]henzimidazole 

(18dI.- Yield: 0.51 g (64%) white prisms; mp 330-331°C. Anal. Calcdfor C,,%,N,O: C, 69.68; H, 5.08; N, 21.20. 

Found:C,69.50;H,5.32;N,21.45.vmx,(cm-')3314,3287, 1723,1624,1617,1605,1584,1566,1520,1507,1472, 

1453,1393,1323,1304,1291,1258,1188,1123,1011,808,741; 6('H,200MHz) (DMSO-d6)9.22(1H, s,NH), 

8.49 (lH, s,NH-CO),7.61 (3H,m),7.45 (lH,m),7,34(2H,d, J=8.3Hz),7.22(2H,m),7.07 (4H,rn), 2.22 (6H, 

s, 2xCHJ; 6 ("C) 163.35 (C-2), 152.65 (C=O), 152.11 (C-3a), 139.18 (q), 137.24 (q), 132.89 (C-4a), 130.50 (q), 

129.12, 129.04,128.05 (q), 124.46 (C-8a), 122.19 (C-7). 121.12 (C-6), 118.25, 116.34, 112.41 (C-3,108.95 (C- 

8). 20.29 (CH,); mlz (%) 396 (M', I), 264 (4). 263 (21), 262 (3). 158 (3), 134 (9), 133 (loo), 132 (73,  131 (5), 

105 (19), 104 (28). 91 (15). 90 (6), 77 (15). 

2-~N-(4-Chlorophenyl)carbamoyll(4-chlorophenyl)amino-l(or 3)H-1,2,4-triazoIo[l,S-albenzimidazole 

(18e).- Yield: 0.49 g (56%) white prisms; mp 341-343'C. Anal. Calcd for C,,H,,N60CI,: C, 57.68; H, 3.23; N, 

19.22. Found: C, 57.43; H, 3.09; N, 18.98. v-,, (cm-') 3324,3279,1725,1622,1609,1582,1574,1568,1557,1497, 

1472,1453,1308,1289,1250,1194,1090,1009,824,747,696: S ('H, 200 MHz) (DMSO-d,) 9.62 (lH, s, NH), 

8.91 (lH, s, NH-CO), 7.70 (3H, rn), 7.50 (3H, m), 7.30 (6H, m); 6 (13C) 162.74 (C-2). 152.31 (C=O), 151.90 (C- 

3a), 140.50 (q), 138.53 (q), 132.86 (C-4a), 128.56,128.42, 125.48 (q), 124.31 (C-8a), 122.88 (q), 122.40 (C-7), 

121.19 (C-6), 119.79,117.65,112.48 (C-5), 109.05 (C-8); m/z (%) 285 (32), 284(19), 283 (M'-ArNCO, loo), 248 

(14), 158 ( l l ) ,  154 (4), 153 (7). 133 (9), 132 (87), 127 (8), 126 (lo), 125 (8), 117 (5), 111 (9), 105 (21), 104 (8), 

90 (29), 77 (4). 

2-[N-(4-MethoxyphenyI)carbamoyl](4-methoxyphenyl)amino-l(or3)H-1,2,4-triazolo[1,S-albenzimidnzole 

(18f).- Yield: 0.52 g (60%) white prisms; mp 308-309'C. Anal. CalcdforC,,H,,N,O,: C, 64.48; H, 4.71; N, 19.61. 

Found: C,64.66:H,4.89;N, 19.40.~ ,ax. (cm-') 3330,3290,1721,1630,1615,1584,1574,1572,1518,1474,1456, 

1391,1319,1304,1246,1181,1044, 1009,839,822,8O8,748,707;6(1H,200MHz)(DMSO-d,)9.12(1H,s,NH), 



HETEROCYUES. Vd. 37, No. 2,1994 lon 

8.36 (lH, s,NH-COL7.59 (3H,m),7.44(1H,m),7.33 (2H,d, J=8.0Hz),7.24 (2H,m), 6.86 (4H,m), 3.69 (6H, 

s, 2xCH,O); S ('C) 163.52 (C-2), 154.34 (q), 152.95 (C=O), 152.89 (q), 152.11 (C-3a), 135.13 (q), 132.91 (q), 

132.83 (C-4a), 124.43 (C-8a). 122.13 (C-7), 121.12 (C-6), 119.92,117.57,114.00,113.95,112.38 (C-5), 108.86 

(C-8), 55.33 (CH,O); m/z (%) 280 (18), 279 (M*-ArNCO, 100), 265 (14). 264 (81), 158 (18), 157 (29), 148 (8), 

144 ( 0 ,  133 (24), 132 (56), 122 (7), 118 (6), 117 (6), 108 (lo), 106 (4). 104 (8), 90 (25),77 (8). 

for the P r e  of 2-AlkrUpy arv w r a l  Procedure 1)amino-1H-1.2.4-triazololl.5-albenzimidazoles 

m. 
A solution of compound (18) (2.0 mmol) in ethanol (15 ml) was refluxed with stirring for 24 h. After cooling, the 

solvent was removed under reduced pressure and the residue was recrystallized from ethanol to give 19. 

2-Methylamino-1H-1,2,4-triazolo[l,5-a]benzimidazole (19a).- Yield: 0.20 g (52%) white prisms; mp 288- 

290°C. Anal. Calcdfor C9H9N,: C, 57.74; H, 4.85; N, 37.41. Found: C, 57.62; H, 4.66; N, 37.59. v ,,", (cm-') 3285, 

3200,1634,1624,1497,1483,1456,1395,1329,1229,1173,1109,1036,1009,986,845,747,733; S ('Hz 2Cil 

MHz) (DMSO-d,) 11.42 (lH, s, N,-H), 7.04 (lH, m, H-8), 6.92 (lH, m, H-5),6.71 (2H, m, H-6, H-7). 5.60 (lH, 

q, J = 4.2 Hz, NH-CH,), 2.40 (3H, d, J = 4.2 Hz, CH,-NH); 6 (IT) 168.32 (C-2), 152.87 (C-3a), 132.49 (C-4a), 

124.52 (C-8a). 121.23 (C-7). 120.56 (C-6), 111.95 (C-5), 108.26 (C-8), 29.28 (CH,); mlz (%) 187 (M*, 

100). 186 (24). 159 (18), 158 (82), 157 ( l l ) ,  145 (8). 144 (10). 133 (9), 132(14), 131 (12), 118 ( 9 ,  117 (7), 105 

( 9 ,  104 (6). 90 (13), 55 (4). 

2-Benzylamino-UI-lJ,4-triazolo[v-albenziidazoe (19b).- Yield: 0.26 g (52%) white prisms; mp 257- 

25X°C. Anal. CalcdforC,,H,,N,: C,68.43;H,4.98; N, 26.60.Found: C,68.50:H,4.81; N,26.41. vm_ (cm-') 3273, 

3200,1634,1621,1589,1580,1495,1456,1445,1364,1314,1231,1171,1040,1009,847,748,731,696;6(1H, 

200 MHz) (DMSO-d,) 12.02 (lH, s, N,-H), 7.39 (9H, m), 6.88 (IH, t, J = 6.1 Hz, NH-CH;), 4.44 (2H, d, J = 6.1 

Hz, -CH,-NH); 6 ("C) 167.65 (C-2). 152.92 (C-3a), 140.74 (q), 132.57 (C-4a). 128.00, 127.07, 126.37, 124.49 

(C-8a), 121.59 (C-7), 120.85 (C-6), 112.18 (C-5),108.51 (C-8), 46.03 (CHJ; m / ~  (%) 263 (M', 47), 262 (9). 234 

(4), 186 (16), 172 (lo), 160 ( 9 ,  159 (18), 157 (4). 133 (21). 132 (7), 131 (7), 118 (7), 117 (9), 116 (6), 106 (38). 

105 (I l), 104 (lo), 102 (9). 91 (loo), 90 (24), 77 (11). 

2-Phenylamino-1H-1,2,4-triazolo[l,5-a]benzimidazole (19c).- Yield: 0.26 g (53%) white prisms; mp 332- 

333OC. Anal. CalcdforC,P,,N,: C,67.46; H,4.45; N, 28.09. Found: C,67.25; H.4.29: N, 27.84. vm_ (cm-') 3268, 

3202,1632,1609,1600,1574,1568,1493,1474,1456,1368,1298,1235,1175,1042,893,837,741,694; S('H, 

200MHz)(DMSO-d,) 12.16(1H,s,N,-H),9.42(1H,s,NH),7.72(2H,d,J=8.2Hz),7.69(1H,m,H-8),7.47(1H, 

m, H-5),7.27 (4H, m), 6.84 (lH, t, J = 7.2 Hz); S ("C) 163.15 (C-2), 152.08 (C-3a), 141.60 (q), 132.90 (C-4a), 

128.66, 124.42 (C-8a), 122.31 (C-7), 121.18 (C-6), 119.51, 116.27,112.47 (C-5). 109.02 (C-8); m/z(%) 249 (M*, 

loo), 248 (9), 208 (8), 158 ( 3 ,  157 (2). 132 (32). 124 (7), 118 (8), 105 (9). 91 (5) ,  90 (9), 77 (9). 
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2-(4-Methylphenyl)amino-1H-1,2,4-triazolo[l,S-albenzimidazole (19d).- Yield: 0.31 g (59%) white prisms; 

mp 331-332°C. Anal. Calcd for C,,H,,N,: C, 68.43; H, 4.98; N, 26.60. Found: C, 68.50; H, 4.78; N, 26.78. vmx, 

(cm-') 3270,3200,1630,1622,1617,1601,1568,1559,1520,1472,1454,1360,1336,1296, 1237,1171,1044, 

1013,907,816,743; S('H, 200MHz) @MSO-dJ 12.24(1H,s,N,-HL9.33 (lH, s, NH), 7.67 (3H,m),7.51 (IH, 

m,H-5), 7.28 (2H, mL7.13 (2H,d, J=7.8 Hz), 2.28 (3H, s, CH,); S ("C) 163.38 (C-2), 152.14 (C-3a), 139.20(q), 

132.92 (C-4a), 129.09, 128.10 (q), 124.49 (C-8a), 122.23 (C-7). 121.16 (C-6), 116.38, 112.45 (C-5), 108.98 (C- 

8L20.31 (CH,);m/z(%) 263 (M', loo), 262 (181,248 (21,222 (41, 158 (9), 132 (51), 131 ( l l ) ,  117 (3), 116 (4), 

106 (8), 105 (18), 104 (lo), 91 (16), 90 (17), 77 (21). 

2-(4-Chlorophenyl)amino-M-1,2,4-triazolol-ulbenzimidazole (19e).- Yield: 0.29 g (51%) white prisms: 

mp 335-336'C. Anal. CalcdforC,,H,,N,Cl: C, 59.27;H. 3.55; N, 24.68. Found: C, 59.14: H, 3.36; N, 2 4 . 4 4 . ~ ~ ~ ~  

(cm-') 3268,3187,1624,1605,1566,1559,1495,1472,1454,1362,1335,1296,1235,1173,1098,1042,1013, 

905,847,824,741; 6 ('H, 200 MHz) (DMSO-dJ 12.24 (lH, s, N,-H), 9.64 (IH, s, NH), 7.76 (2H, d, J =  8.9 Hz), 

7.70 (lH, m, H-8), 7.52 (IH, m, H-5),7.36 (2H, d, J = 8.9 Hz), 7.29 (2H, m); S ("C) 162.78 (C-2), 152.03 (C-3a), 

140.53 (q), 132.89 (C-4a), 128.48, 124.35 (C-8a), 122.94 (q), 122.44 (.C-7). 121.24 (C-6), 117.70, 112.54 (C-5), 

109.10 (C-8); m/z (%) 285 (M'+2,33), 283 (M', loo), 282 (6), 248 (16), 207 (4), 158 (7), 157 (2), 152 (6), 125 

(3), 132 (32). 111 (4). 105 (7), 90 (10). 

2-(4-Methoxyphenyl)amino-1H-1,2,4-triazolo[l,5-ubenzidazole (190.- Yield: 0.31 g (57%) white prisms; 

mp 293-294'C. Anal. CalcdforC,,H,,N,O: C, 64.51; H, 4.69; N, 25.07. Found: C, 64.77; H, 4.48; N, 25.25. vmaz 

(cm~') 3252,3117,1630,1622,1607,1570,1559,1516,1491,1476,1456,1337,1282,1260,1237,1179,1117, 

1046, 1036, 1019,912, 851, 831,793,739,710; 6('H,200MHz) (DMSO-dJ 12.15 (lH, s, N,-H), 9.11 (lH, s, 

NH), 7.62 (3H, m), 7.44 (lH, m, H-5),7.23 (2H, m), 6.88 (2H, d, J = 8.4Hz), 3.70 (3H, s, CH,O); 6 ("C) 163.57 

(C-2), 152.94 (q), 152.15 (C-3a), 135.17 (q), 132.86 (C-4a), 124.47 (C-8a). 122.14 (C-7), 121.14 (C-61, 117.64, 

114.04, 112.40 (C-5), 108.88 (C-8), 55.19 (CH,O); m/z (%) 279 (M+, loo), 278 (5), 265 ( l l ) ,  264 (61), 158 (4), 

157 (6), 148 (2), 133 (6), 132 (18), 122 (2), 105 (6), 90 (6). 

General Procedure for the Pre~arat ion vf l f o r  3)-Acvl-2-arvl-5-~envl-lfor 3)H-imidazoll.2-bl-1.2.4: 

f r ' z l  la o es ( 2 3) a n d 2-A rvl - l (o  r 3) - arovl-](or 3)H-1.2.4-triazolol1.5-ulbenzimidazoles (24). 

To a solutionof bis(iminophosphorane) (3) or (4) (1.0 mmol) in  dry dichloromethane (20 ml), the appropriate acyl 

chloride (2 mmol) was added. The mixture was stirred at room temperature for 10 h. Then, uiethylamine (0.4 g, 

2.0mmol) was addedand thestirring was continuedat this temperature for additional5 h. Thesolventwas removed 

under reducedpressure and the residue was washed with ethanol, filtered, air-dried, andrecrystallizedfromethanol 

(compounds (23)) or acetonitrile (compounds (24)). 

l(or 3)-Benaoyl-2,s-diphenyl-l(or 3)H-imidazo[l,2-b]-l,2,4-triazole (23a).- Yield: 0.13 g (38%) whiteprisms; 
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mp 177-179'C. Anal. CalcdforC,,H,,N,O: C,75.81; H,4.43; N, 15.37.Found: C,75.67; H,4.25; N, 15.11.~ msx, 

(cm~')1711,1617,1601,1549,1449,1427,1336,1289,1273,1215,1123,1115,930,829,760,694; 6 ('H, 200 

MHz) (CDCI,) 8.01 (4H, m), 7.67 (IH, t, J = 7.3 Hz), 7.45 (1 lH, m); S ("C) 165.56 (C-2), 165.03 (C=O), 151.73 

(C-3a), 134.43, 133.19(q), 131.30(q), 131.25(q), 131.07.129.32, 128.90(C-5), 128.81,128.62,128.39,128.39, 

127.79, 126.47, 109.39 (C-6); mlz (%) 364 (M', 30), 260 (lo), 259 (8), 129 (6), 106 (8). 105 (100). 104 (3), 103 

(5), 102 (4), 77 (29). 

l(or3)-(4-Methylbenzoyl)-2-(4-methylphenyl)-5-phenyl-l(or3)H-imidazo[l,2-bl-l,2,4-triazole(23b).-Yield: 

0.17 g (44%) white prisms; mp 226-228'C. Anal. Calcd for C,,H,,N,O: C, 76.51; H, 5.14: N, 14.28. Found: C, 

76.36; H, 5.02; N, 14.46. v (cm-') 1703, 1609, 1576, 1553, 1460, 1429, 1330, 1271, 1182, 1119, 1109, 1020, 

972, 828,735,698; 6 ('H, 200 MHz) (DMSO-d,) 8.35 (IH, s, H-6), 8.09 (2H, d, J = 8.1 Hz), 7.92 (ZH, d, J = 7.8 

HzL7.52 (7H,m),7.35 (2H,d, J =8.1 Hz),2.57 (3H, s,CH,),2.45 (3H, s,CH,); S ( I T )  165.13 (C-2), 163.65 (C=O), 

151.39 (C-3a), 145.28 (q), 138.67 (q), 132.34 (q), 130.92, 129.01, 128.99, 128.87 (C-5), 128.43 (q), 128.39 (q), 

128.24, 128.16,127.42,125.73,110.04(C-6),21.17(CH3),20.71 (CH,);m/z(%)392(M+,6),129(3),119(100), 

117 (2), 116 (4), 103 (2), 102 (3), 91 (34). 89 ( 5 ) .  77 (4). 

l(or3)-(4-Bromobenzoyl)-2-(4-bromophenyl)-5-phenyll(or3)H-imidaao[l,2-bJ-l,2,4-triazole(23c).-Yield: 

0.17 g (35%) white prisms; mp 258-259°C. Anal. Calcd for C,,H,,N,OBr,: C, 52.90; H, 2.70; N, 10.73. Found: C, 

53.15; H, 2.88; N, 10.60. v ,.,, (cm-') 1711, 1605, 1584, 1574, 1545, 1460, 1449, 1427, 1334, 1265, 1179, 1107, 

1067, 1011,922,841,750,729; S('H,200MHz) (CDCI,/CF,COOH) 8.01 (4H, mL7.67 (lH, t, J=7.3Hz),7.45 

(11H,m); 6(13C) 172.87 (q), 155.15 (q), 140.46(q), 136.06 (q), 133.06 (q), 133.26,132.38,132.02,131.00,130.59 

(q), 129.80, 128.45, 128.35 (q); 127.02 (q), 126.03, 122.63 (q), 105.35 (C-6). A quaternary carbon atom is not 

observed: m/z (%) 524(M++2,4), 522 (M+,4), 186 (7), 185 (99), 184 (8). 183 (loo), 157 (28), 155 (28), 129 (14), 

116 (5), 104 (1 I), 103 (6), 102 (la), 102 (18). 77 (17). 76 (23). 

l(or3)-(4-Chlorobenzoyl)-2-(4-Chlorophenyl)--phenyl-I(or 3)H-imidzo[l,2-bJ-1,2,4-triazole(23d).-Yield: 

0.19 g (46%) white prisms; mp 243-244'C. Anal. Calcd for C,,H,,N,OCI,: C, 63.76; H, 3.26; N, 12.93. Found: C, 

63.61; H, 3.18; N, 12.80. v (cm-') 1715, 1605, 1588, 1578, 1547, 1487, 1456, 1447, 1427, 1404, 1333, 1265, 

1209,1179,1111,1090,1017,924,878,847,729,696; S('H,200MHz) (DMSO-d,) 8.22(1H, s,H-6), 8.04(2H, 

d, J=8.5Hz),7.93(2H,d, J=8.5Hz),7.76(2H.d, J=7.4Hz),7.44(7H,m);6("C) 166.45(C-2), 162.38(C=O), 

151.61 (q), 137.81 (q), 133.42(q), 131.29 (q), 131.12, 129.64 (q), 129.35 (C-5), 128.99, 128.69, 128.69, 128.10 

(q), 127.48 (q), 124.44, 103.54 (C-6). A quaternary carbon atom is not observed: m/z (%) 434(M++2,3), 432 (M+, 

9). 293 (I), 141 (32). 139 (loo), 137 (2), 129 (3), 116 (lo), 113 (17), 111 (21). 104 (2), 77 (4), 75 (6). 

](or 3)-(4-Methoxybenzoyl)-2-(4-methoxyphenyl)-5-phenyl-l(or 3)H-imidazo[l,2-bJ-l,2,4-triazole (234.- 

Yield: 0.13 g (39%) white prisms; mp 227-229'C. Anal. Calcd for C,H,N,O,: C, 70.34; H, 4.75; N, 13.20. Found: 

C,70.47;H,4.60:N, 1 3 . 1 0 . ~  ,sx, (cm-') 1701,1607,1580, 1555, 1534, 1470,1456, 1429,1339,1252,1175,1117, 
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1105, 1036,924, 843,747,698; 6 ('H, 200 MHz) (CDCIJCF,COOH) 7.91 (2H, d, J = 8.7 Hz), 7.74 (2H, d, J = 

8.7 Hz), 7.65 (IH, s, H-6). 7.35 (5H, m), 6.98 (2H, d, J = 8.7 Hz), 6.82 (2H, d, J = 8.7 Hz), 3.84 (3H, s, CH,O), 

3.82 (3H, s, CH,O); 6 ("C) 165.69 (C-2), 162.87 (C=O), 162.50 (q), 159.62 (q), 144.69 (q), 134.95 (q), 133.57, 

129.94 (q), 128.95, 128.95, 128.43, 126.68 (C-5). 121.38 (q), 118.10 (q), 114.69, 114.54, 108.40 (C-6). 55.63 

(CH,O), 55.40 (-0); m/z (%) 424 (M', 18), 290 (7), 289 (12), 186 (a), 135 (100). 133 (4), 129 (3). 107 (7), 103 

(3),92 (8), 77 (9). 

l(or 3)-Benzoyl-2-phenyl-l(or 3)H-1,2,4-triazolo[l,5-albenzimidazole (24a).- Yield: 0.13 g (39%) white 

prisms;mp 215-216'C. Anal. CalcdforC,,H,,N,O: C,74.54;H,4.17; N, 16.56.Found: C.74.43; H,4.05; N, 16.78. 

v ,*,. (cm-'1 1700, 1605,1597,1557,1520,1495,1472, 1456,1449,1429,1390, 1316,1271,1221, 1186,1157, 

1109, 1073,1026,968,943,858,779,756,698: 6 ('H, 200 MHz) (CDCl&F,COOH) 8.10 (IH, dd, J =7.5, 1.8 

HzL7.91 (5H,m),7.73 (lH,d,.J=7.4Hz),7.50(7H,m);6("C) 166.22(C-2), 164.78(C=O), 151.59(C-3a). 133.99 

(q), 132.70 (C-4a), 131.56 (q), 130.28 (q), 129.92, 129.70 (q), 128.68, 128.53, 126.82, 125.91 (C-7). 125.65 (C- 

61,125.18 (C-8a), 117.38 (C-5), 11 1.05 (C-8); d z  (92) 338 (M', 4), 130 (2), 106 (8). 105 (loo), 104 (I), 103 

(3), 102 (8), 77 (32). 

l(or 3)-(4-Melhy1benzoyl)-2-(4-methylpheny1)-or 3)H-1~,4-triazolo[l,5-albenzimidazole (24b).- Yield: 

0.18 g (48%) white prisms; mp 237-238'C. Anal. Calcd for C,,H,,N,O: C, 75.39; H, 4.95; N, 15.29. Found: C, 

75.14; H,4.77; N, 15 .10 .~  ,ax, (cm-') 1699, 1615, 1601, 1559, 1534, 1495, 1472, 1456, 1429, 1395, 1316, 1271, 

1225,1186,1179,1107,1076,1022,966,941,868,822,789,756,721; 6('H,200MHz) (CDCIJ 8.31 (lH,d, J 

=6.9Hz),7.90(4H,m),7.81 (lH,d, J=6.9Hz),7.37 (4H,m),7.19 (2H,d, J=7.6Hz), 2.51 (3H, s,CHJ,2.36 

(3H, s, CH,); 6 (13C) 166.46 (C-2), 165.49 (C=O), 152.52 (C-3a), 144.45 (q), 139.63 (q), 133.03 (C-4a), 131.94 

(q), 130.38, 129.14, 128.77.128.27 (q), 126.55, 125.67 (C-8a), 125.18 (C-7), 125.14(C-6), 117.74(C-5), 110.58 

(C-8),21.86 (CH,),21,4O(CH,)m/z(%) 366(M+, 17),247 (2), 130(7), 120 (9), 119 (loo), 117 (6), 116(9), 103 

(3), 102 (30), 91 (48), 90 (lo), 89 (ll) ,  76 (5). 

l(or 3)-(4-Bromobenzoy1)-2-(4-bromopheny1)-l(or 3)H-1,2,4-triazolo[l~a]benzimidazole (24c).- Yield: 

0.17 g (34%) white prisms; mp 314-315'C. Anal. Calcdfor C,,H,,N,OBr,: C, 50.84; H, 2.44; N, 11.29. Found: C, 

50.67; H, 2.26; N, 11.16. v (cm-') 1703, 1595, 1578, 1555, 1514, 1489, 1470, 1449, 1424, 1389, 1312, 1109, 

1074, 1007,829,766,747; 6 ('H, 200MHz) (CDClJCF,COOH) 8.08 (lH, d, J =7.7Hz),7.96(2H.d, J =  8.6Hz), 

7.73 (7H,m),7.56 (lH,m),7.35 (lH,d, J =  8.4Hz); 6 ("C) 164.42 (C-2), 158.39 (C=O), 145.97 (C-3a), 133.11, 

132.98,131.61 (C-4a), 131.47 (q), 131.35,128.79,128.47 (q), 128.08 (C-7), 128.03 (q), 127.4O(C-6), 124.35 (q), 

123.37 (C-8a), 116.42 (C-5), 112.66 (C-8); d z  (%) 498 (M++2,3), 496 (M*, 3), 186 (7). 185 (loo), 184 (7), 183 

(99), 181 (2), 157 (231, 155 (281, 130 (8). 104 (13 ), 103 (51, 102 (47), 76 (24). 

l(or 3)-(4-Chlorobenzoyl)-2-(4-chloropheny1)-1 3)H-1,2,4-triazoIo[l,5-albenzimidazole (24d).- Yield: 

0.19 g (46%) whiteprisms; mp 309-310°C. Anal. Calcd forC,,H,,N,OCl,: C, 61.93; H, 2.97; N, 13.76. Found: C, 
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62.08; H,2.16; N, 1 3 . 5 1 . ~  ,ax, (cm-') 1705, 1620, 1595, 1582, 1559, 1518, 1489, 1472, 1456, 1427, 1381, 1309, 

1267, 1221, 1186, 1090, 1071, 1017,939, 862, 837,758; 6 ('H, 200 MHz) (DMSO-d,) 8.15 (2H, d, J = 8.2 Hz), 

7.97 (2H, d, J =7.9 Hz), 7.86 (lH,d, J =7.4Hz), 7.44 (7H, m); 6(13C) 166.37 (C-2). 163.15 (C=O), 153.96 (C- 

3a). 137.77 (q), 134.12 (q), 133.84(C-4a). 131.07, 130.66 (q), 129.56 (q), 128.74,128.65, 127.72.124.05 (C-7), 

123.66 (C-8a), 121.32 (C-6), 112.96 (C-5), 110.41 (C-8); m/z (%) 408 (M'+2,3), 406 (M+, 9), 141 (33), 140 (81, 

139 (loo), 137 (3). 130 (2), 113 (lo), 111 (30), 103 (2). 102 (16), 75 (14). 

l(or3)-(4-Methoxybenzoyl)-2-(4-methoxyphenyl)-l(or 3)H-1,2,4-triazolo[l,5-albenzimidazole(24e).-Yield: 

0.25 g (63%) white prisms; mp 217-21X°C. Anal. Calcd for C,H,,N,O,: C, 69.34; H, 4.55; N, 14.06. Found: C, 

69.53; H,4.78; N, 1 3 . 7 8 . ~  ,*,, (cm-') 1690, 1607, 1588, 1561, 1534, 1516, 1495, 1474, 1447, 1426, 1389, 1310, 

1268,1250, 1192,1177,1111,1073, 1032,964, 871,841,791,721,619; 6 ('H, 200 MHz) (CDClJCF,COOH) 

8.10 (lH,m),7.92(4H,m),7.81 (lH, m),7.43 (2H,m),7.00(2H, d, J=9.0Hz),6.90 (2H,d, J = 8 . 8  Hz), 3.92 

(3H, s, CH,O), 3.81 (3H, s, CH,O); 6 (I3C) 165.30 (C-2), 164.65 (C=O), 164.49 (q), 161.30 (q), 151.68 (C-3a), 

132.96 (C-4a), 132.48 (q), 128.47, 125.56 (C-7). 125.26 (C-6), 123.50 (C-8a), 122.44 (q), 117.30, 114.12.113.87 

(C-5), 1 10.88 (C-8), 55.57 (CH,O), 55.29 (CH,O): mJz (%) 398 (M*, 21). 264 (2), 263 (3). 136 (9), 135 (100). 133 

(2), 130 (2). 107 (3), 103 (I), 102 (7), 92 (5), 77 (3). 

l (or  3)-Cinnamoyl-2-styryl-l(or 3)H-1,2,4-triazolo[l,5-a]benzimidazole (249.- Yield: 0.19 g (48%) white 

prisms; mp 198-199°C. Anal. CalcdforC,H,,N40: C,76.91;H,4.65;N, 14.35.Found: C,76.68: H.4.78; N, 14.06. 

vm.i. (cm~') 1701,1624,1597,1526,1456,1443,1356,1327,1285,1275,1260,1194,1142,1109,964,758,739, 
698; 6 ('H, 200 MHz) (CDCI,) 8.53 (lH, m), 8.46 (IH, d, J = 15.6Hz), 8.03 (IH, d, J =  15.6Hz), 7.69 (4H, m), 

7.55 (2H, d, J = 6.7 Hz), 7.37 (8H, m), 7.11 (2H, d, J = 15.6Hz); 8 ("C) 164.95 (C-2), 162.87 (C=O), 151.79 (C- 

3a),147.87,136.11 (q),135.20,134.40(q),132.41(C-4a),131.00,128.96,128.92,128.70,128.60,127.09,125.45 

(C-7). 125.30 (C-8a), 125.22 (C-6a), 118.28 (C-5). 117.90, 117.55, 110.28 (C-8); m/z (%) 390 (M*, 2). 267 (7), 

259 (5), 132 (lo), 131 (100). 129 (3). 128 (4), 104 ( 9 ,  103 (36). 102 (13), 101 (2). 77 (17). 

. . 
-ration of 2 - ( 4 - M e t h v l b e n z v l ~ a m i n o - l - t r i o h e n v l o h o s o h o r a n v l i d e n e a m ~ .  

Toamixture ofiminophosphorane (11) (1.86 g, 3.6mmol), dry tetrahydrofuran (20ml), methanol (10 ml), sodium 

borohydride (0.41 g, 10.9 mmol) was added. The resultant solution was refluxed and stirred for 4 h. Aftercooling, 

separated solid was washed with water (2x10 ml), n-hexane (2x15 ml), air-dried, and recrystallized from ethanol 

to give 25 (1.83 g, 99%) as white prisms; mp 221-22Z°C. Anal. Calcd for C,,%N,P: C, 77.33; H, 5.70; N. 10.93. 

Found: C,77.20;H,5.61;N, 11.05.v (cni1)3202, 1620, 1591, 1522, 1458,1437, 1368,1306,1275, 1115,1078, 

1005,912,801,735,721,692; 6('H,200MHz) (DMSO-dJ7.87 (6H,m,J,,= 12.3Hz,J=7.3,1.5Hz),7.61 (9H, 

m),7.30(2H,d,J=7.9Hz),7.06(3H,m),6.97 (lH, s,H-5), 6.79(2H,m),6.31 (lH, t, J=5.2Hz,NH),4.33 (2H, 

d, J = 5.2 Hz, CHJ, 2.30 (3H, s, CH,); S ( T )  155.83 (C-2), 139.57 (C-3a), 136.21 (q), 134.98 (q), 134.03 (d, 
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J,=1.5Hz,C-7a),132.72(d,J,,=10.1Hz),132.39(d,J,=1.9Hz),129.11,128.74(d,J,=101.6Hz,q),128.74 

(d, J,,= 11.3 Hz), 128.62, 119.32(C-6), 118.02 (C-51, 114.94(C-4). 106.95 (C-7). 53.86 (CHJ,20.71 (CH,); 6 

("PI 19.62: m/z(%)512 (h4+,4),408 (71,407 (27), 392(9), 262 (6), 183 (loo), 152(11), 133 (9 ,118 (9), 117 (54). 

108 (51), 107 (19), 105 (52). 91 (74). 77 (19). 

General Procedure for the Prenarat~on of 2-AlkvNor arvllam1no-3-(4-methvlbenzvl~-3H-1.2.4-triazolo- 

11.5-albenzimidazoles (26L 

Toa solutionofiminophosphorane (25) (0.4g, 0.78 mmol) in dry toluene (15 ml), theappropriate isocyanate (0.78 

mmol) was added. The reaction mixture was refluxed for 35 h. After cooling, the separated solid was collected by 

filtration washed with cold toluene (2x5 ml), air-dried, and recrystallized from toluene to give 26. 

2-Benzylamino-3-(4-methylbenzyl)-3H-1,2,4-triazolo[l,5-albenzimidazole (26a).- Yield: 0.17 g (61%) white 

prisms;mp211-212oC.Anal.CalcdforC,,H,,N,:C,75.18;H,5.76;N, 19.06.Found:C,75.01;H,5.98;N,19.26. 

v,," (cm-') 3395,1647,1620,1584,1563,1505,1478,1402,1381,1362,1306,1240,1221,1040,806,752,735, 

698; 6 ('H, 200 MHz) (DMSO-d,) 8.86 (lH, t, J = 4.9 Hz, NH), 7.37 (6H, m), 7.04 (7H, m),5.42 (2H, s, N3-CH,- 

Ar),4.66 (2H, d, J=4.9Hz, NH-CH,-Ph), 2.19(3H, s, CH,); 6(13C) 165.47 (C-2), 160.83 (C-3a), 145.72 (C-4a), 

138.44 (q), 137.76(q), 131.12 (q), 129.19, 128.34, 128.19 (C-8a), 128.02, 127.66, 127.22, 121.10 (C-7), 118.83 

(C-6), 118.03 (C-5), 108.07 (C-8), 52.72 (N,-CqAr), 46.02 (NH-CH,-Ph), 20.61 (CHJ; m/z (%) 367 (M', 8), 365 

(3). 263 (8), 262 (7), 159 (20). 158 (23), 157 (3), 118 (7), 117 (7). 106 (20). 105 (loo), 104 (9), 103 (10). 91 (74), 

77 (16). 

3-(4-Methylbenzyl)-2-phenylamino-3H-1,2,4-triazolo[l~-albenzimidazole (26b).-Yield: 0.13 g (47%) white 

prisms; mp257-25X°C. Anal. CalcdforC,,H,,N,: C,74.77; H,5.42; N, 19.82. Found: C,74.60; H, 5.31; N, 19.55. 

v,~, (cm-') 3202, 1630,1617, 1605,1572, 1512,1499, 1476,1408,1381,810,752,735,692: S('H, 200MHz) 

(DMSO-d,) 10.36 (lH, s, NH), 7.77 (ZH, d, J = 8.0 Hz), 7.55 (lH, d, J = 7.4 Hz, H-8). 7.45 (3H, m), 7.15 (7H, 

m), 5.59 (2H, s, CH,), 2.17 (3H, s, CH,); 6 ("C) 161.65 (C-21, 159.73 (C-3a), 145.50 (C-4a), 138.53 (q), 137.90 

(q),130.90(q), 129.33, 128.98, 127.79,127.64(C-8a), 123.20,121.40(C-7), 119.20,119.20(C-6), 118.43(C-5). 

108.43 (C-8), 53.35 (CH,), 20.56 (CH,); m/z (%) 353 (M', 13), 249 (9), 248 (31, 132 (4), 118 (151, 117 (3), 106 

(7), 105 (loo), 104 (S), 103 (lo), 102 (6), 91 (7), 77 (18). 

3-(4-Methylbenzyl)-2-(4methylphenyl)amino-3H-l,2,4-triazolo[lalbenzimidazole (26~1.- Yield: 0.13 g 

(47%) white prisms; mp 262-263°C. Anal. Calcd for C,$i,,N,: C, 75.18; H, 5.06; N, 19.06. Found: C, 75.37; H, 

5.59; N, 18.82. vmsx (cm-') 3254, 1634, 1613, 1572, 1549, 1508, 1476, 1381, 1339, 1248, 1121,810,756,733; 6 

('H, 200MHz) (DMSO-d,) 10.29 (lH, s, NH), 7.65 (2H,d, J = 8.2Hz), 7.56 (lH, d, J=7.4Hz, H-8), 7.45 (lH, 

d, J=7.6Hz,H-5),7.21 (2H,d, J=8.3Hz),7.08 (6H,m),5.57 (2H, s,CH,), 2.29(3H, s,CH3),2.16(3H, s,CH3); 

6 ("C) 161.91 (C-2), 159.92 (C-3a), 145.55 (C-4a), 137.89 ((11,135.97 (q), 132.30 (q), 130.91 (q), 129.37.129.32, 
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127.84,127.73 (C-8a), 121.35 (C-7), 119.31,119.19 (C-6), 118.39 (C-5). 108.37 (C-8), 53.41 (CHJ, 20.57 (CH,), 

20.36 (CH,); m/z (%) 367 (M*, 7). 263 (X), 262 (2), 248 (4), 235 (7), 133 (6), 132 (IS), 131 (X), 118 (I]), 117 

(91, 116 (51, 107 (6), 105 (100). 104 (9), 103 (12),91 (26x77 (23). 

2 - ( 4 - F l u o r o p h e n y l ) a m i n o - 3 - ( 4 - m e t h y l b e n a y  (26d).- Yield: 0.13 g 

(45%) whiteprisms; mp265-266'C. Anal. Calcdfor C,,H,,N,F: C, 71.14; H, 4.88; N, 18.86. Found: C,71.02; H, 

4.61; N, 1 8 . 6 2 . ~  ,=". (cm~') 3218, 1622, 1595, 1578, 1549, 1516, 1505, 1478, 1431, 1381, 1337, 1219, 831, 812, 

795,756,735; 6('H,200MHz) (DMSO-d,) 10.37 (IH, s,NH), 7.80(2H, dd, I =  8.9Hz,J,,=4.8Hz),7.54 (IH, 

d, J=7.5Hz,H-8),7.46(1H,d, 1=7.6Hz,H-5),7.15(8H,m),5.58(2H,~,CH,),2.17(3H,s,CH,);6('~C) 161.74 

(C-2). 159.71 (C-3a), 158.12 (d, J,, = 240.1 Hz, q), 145.48 (C-4a), 137.92 (q), 135.92 (q), 130.92 (q), 129.34, 

127.80, 127.67(C-Xa), 121.41 (C-7), 121.12(d,1,,=8.0Hz), 119.25(C-6), 118.41 (C-5), 115.58(d,J,,=22.4 

Hz), 108.42 (C-8). 53.34 (CHJ, 20.56 (CH,); mlz (%) 371 (M', 12), 267 (3 ,136  (3). 132 (31,121 (4), 117 (3). 106 

(9), 105 (loo), 103 (6), 102 (4), 95 (4), 91 (3). 77 (9). 

3-(4-Methylbenzyl)-2-(4-metboxyphenyl)amino3H-l,2,4-triazolo[l,S-albenzimidazole (26e).-Yield: 0.13 g 

(45%) white prisms; mp 238-239% Anal. Calcd for C,,H,,N,O: C, 72.04; H, 5.52; N, 18.26. Found: C, 71.85; H, 

5.36:N, 1 8 . 0 1 . ~  (cnr1)3252, 1617, 1576, 1546, 1512,1478, 1339, 1238, l040,831,756,737;6('H,200MHz) 

(DMSO-dJ 10.25 (lH, s, NH), 7.66 (2H, d, J = 9.0 Hz), 7.54 (lH, d, I =7.3 Hz, H-X), 7.44 (lH, d, 1 =7.6 Hz, 

H-5),7.11 (6H, m), 6.99 (2H,d, J=9.0Hz),5.54 (2H, s,CH,), 3.75 (3H, s, CH,O), 2.17 (3H, s,CH,); 6(13C) 162.31 

(C-2), 160.12 (C-3a), 155.53 (q), 145.58 (C-4a), 137.94(q), 131.51 (q), 130.96(q), 129.35,127.93,127.84(C-Xa), 

121.36(C-7), 121.17,119.20(C-6). 118.36(C-5),114.23,108.35(C-8),55.26(CH,O),53.45(CH,),20.61 (CH,); 

m/z (%) 383 (M', 3 , 2 7 9  (18), 264 (15). 225 (5), 21 1 (3 ,210  (61, 159 (4), 158 (6), 157 (9). 139 (7), 133 (4), 132 

(24), 123 (13). 122 (6), 119 (11). 118 (21), 106 (12). 105 (loo), 104 (7), 103 (lo),  102 (7), 91 (14), 77 (17). 
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