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Abstract -- The acid induced rearrangement of aryl- 

hydrazones of N-acylhenzimidazoles has been investigated. An 

initial 6 n  heteroelectrocyclic reaction involving the 

hydrazone side chain and the imidazole moiety, followed by a 

ring opening gave 4-(2-aminopheny1)-1,2,4-triazolium perchlo- 

rate 7 as intermediates. The latter species, depending on the 

substituent present in the triazole moiety, gave the 

2-aryl-1,2,4-triazolo[4,3-alquinoxalinium perchlorates 8 or 9 

as the final rearranged products. Alkaline cleavage of the 

triazolo[4,3-a]quinoxalinium perchlorates 8 and 9 to 

3-(arylformy1hydrazino)guinoxaline derivatives 11 and 13 has 

been pointed out. 

Our previous researcheslz2 have shown that rearrangement reactions of 

heterocyclic compounds, suitably substituted by a hydrazone moiety in the side 

chain, resulted in an efficient method for the synthesis of nitrogen containing 

palycondensed heterocyclic systems. The acid induced rearrangement of 

phenylhydrazones of 3-acylindoles gave directly 2~-pyrazolo[3,4-~lquinoline 

derivatives in good yield,' while the same reaction on phenylhydrazones of 

2-acylindazoles gave 5-(2-aminnphenyl~-l,2,4-triaz01es which were useful 

intermediates for the synthesis Of t r i a z o l o [ l , 5 - f l p h e n a n t h r i d i n e s .  
2 

The acid catalyzed rearrangement has been interpreted as a result of an  initial 

6 n  heteroelectrocyclic reaction involving the hydrazone side chain and the five 

membered heterocycle, followed by ring opening and final ring closure 

processes.' These results prompted us to extend our studies to the acid induced 

rearrangements of arylhydrazones of N-acylbenzimidazoles 3. 



It is well known that 1.3-addition reaction of nitrilimines to heterocyclic 

compounds is a valuable synthetic route to hydrazone d e r i v a t i ~ e s . ~ - ~  In our 

case, arylhydrazones 3a-d were prepared by the reaction of benzirnidazole 1 with 

a OEt C6H5 

b OEt 4-C1-C6H4 

c Me C6H5 

d Me 4-C1-C6H4 
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the nitrilimines 2a-d according to a procedure previously reported for 3a,5 and 

the structures were confirmed by spectral iir, 'H nmr) and analytical data. 

The rearrangement reactions were carried out by addition of perchloric acid to a 

boiling butanol solution of the arylhydrazones 3. Upon this treatment, compounds 

3a-d gave 2-aryl-1,2.4-triazolol4.3-alquinoxalinium perchlorates 8a.b and 9a.b , 

respectively, in high yields depending an the kind of the substituent R. The 

same rearrangement has been also achieved by refluxing compounds 3a-d in ethanol 

containing concentrated hydrochloric acid, af fording the corresponding 

triazolol4,3-alquinoxalinium chlorides8 and 9, but in lower yields. 

The structures of the 2-aryl-1,2,4-triazolol4,3-~lguinoxalinium perchlorates 8 

and 9 are supported by analytical and spectral data. The 'H nmr spectra of 8 and 

9 Showed the C -H proton signal at 6 12.05-12.40. Compounds 9a.b exhibited the 1 - 
methyl proton signal at 6 2.97 and 2.94, downfield with respect to the 

corresponding value of the acetyl protons i 6 2.60 and 2.561 of t h e  starting 

arylhydrazones because of the ring current effect of the triazoloquinoxalinium 

ring. The ir spectra of compounds 9 did not show NH or C=O absorptions, while 

those of compounds 8 exhibited a strong band at 1700 cm-I and weak broad bands 

at 3250-3100 cm-' assignable to the C=O and NH groups, respectively. Moreover, 

bath series of compounds showed the characteristic ir band due to C104 group 

near 1100 cm-l. 

The obtained results can be explained by a rearrangement proceeding through an 

initial 6n heteroelectrocyclic ring closure6 of the protonated form 4 ,  followed 

by prototropic equilibrium and ring opening of the intermediates 6 to 

1.2.4-triazolium salts 7. These intermediates 7, in turn, undergo spontaneous 

ring closure to 8 or 9 by a condensation reaction between the amino group and 

the ester or acetyl substituent at C-3 of the triazole ring. 

In order to obtain further evidence for this mechanism, we recorded 'H nmr 

spectra of compounds 3a-d in DMSO-d6 containing few drops of TFA. At room 

temperature the nmr spectra only showed signals due to the protonated form 4 

(e.g., singlet at 6 9.72-9.88 for C2-5 proton) .7 However, on heating the sample 

tube, signals due to the rearranged compounds 8 or 9 appeared (e.9.. singlet at 

6 12.05-12.40 for C -H proton), while signals due to the unrearranged compounds 1 - 
were decreasing in intensity. 

The involvement of an intermediary 7 in the overall rearrangement of 3 into 8 or 

9 has been confirmed by the fact that the triazolium perchlorates 7e was 



isolated from the hydrazone 3e having no carbonyl group. Moreover, in this case 

the rearrangement reaction was shown to be a reversible process, since the 

perchlorate 7e, upon treatment with aqueous sodium carbonate, gave the 

phenylhydrazone 3e. The structure of the 4-(2-aminopheny1)-l,3-diphenyl- 

1.2.4-triazolium perchlorate 7e was supported by the appearance of the C5-j!  

proton signal at6 11.28 and the NH2 proton signal at 6 4.80 in the nmr spectrum 

Treatment of 1,2.4-triazolo[4,3-giquinoxalinium perchlorates 8a.b and 9a.b with 

a base afforded the arylformylhydrazino derivatives lla,b and 13a,b, 

respectively, as a result of the ring opening of the l,2.4-triazole moiety, 

as  well as the ring cleavage of 1,2,4-triazolo[4,3-gpyridinium, 

1,2,4-triazolo[4,3-~Iquinolinium, 1,2,4-triazolo[3,4-~ii~oq~inolini~m, and 

1,2,4-triazolo[4,3-flphenanthridinium salts.' The reaction is a reversible 
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process. In fact, the obtained formylhydrazino derivatives, upon treatment with 

aqueous perchloric acid, could be converted into the original triazola 

[4,3-a]guinoxalinium - salts 8 and 9 quantitatively, presumable % the pseudo 

bases 10 and 12 as intermediates. 

CHO N H A r  C H O  NHAI 
I I I I 

The ir spectra of both series of the formylhydrazino derivatives 11 and 13 

exhibited the NH and CHO bands at 3320-3285 cm'l and at 1680-1660 cm-l, 

respectively. The 'H nmr spectra of compounds 11 and 13 in DMSO-d6 showed two 

sets of signals due to N-l! and C-l! protons of the formylhydrazino group, 

suggesting a slow exchange process between two forms, due to the hindered 

rotation about the N-CHO bond.' Isomeric hydrazone structures 14 and 15, arising 

from a different triazoline ring opening, were excluded on the basis of the 

aromatic proton pattern in the 'H nmr spectra. In fact, compounds 11 and 13 

showed the aromatic proton signals as one-grouped multiplets at 6 6.9-7.9, 

whereas structures of type 14 or 15 would exhibit the C5-H signal downfield from 

the other aromatic protons, due to anisotropic effect of the adjacent -CHO 

group.1° Also 13c nmr data are in agreement with the assigned structures. In the 

13c nmr spectra of 1la.b and 13a.b two different signals (one for each 

conformer) can be detected for CHO, C-3, C-5, C-9, C-10, methyl, and N-aryl 

carbon atoms of the two conformers and their chemical shift difference is a 

further evidence for the restricted rotation of the N-CHO bond. 10.11 A 

comparison of the spectra of 11 and 13 indicates that, in the deshielded 

aromatic carbons region (110-123 ppm), besides the signals for *-N-aryl 

carbons (119,91-122.91 ppm) is only present the signal for C-8 (--amino 

carbon atom) of lla and llb at 115,44 and 115.50 ppm, respectively. This 

observation would be considered the most diagnostic in supporting the assigned 

ltuctures 11.13 and excluding both isomeric and tautomeric structures. 
13 



EXPERIMENTAL 

Melting points were determined with a Kofler hot-stage apparatus; ic spectra 

(nujol mull) were recorded on a Perkin-Elmer infrared spectrophotometer (model 

297); uv spectra (ethanol) were determined with a Varian Superscan 3 

spectrophotometer; 'H nmr spectra were recorded on a Varian EM 360 spectrometer; 

13c nmr spectra were recorded on a Varian Gemini 200 spectrometer. Chemical 

shifts are reported as 6 values (ppm) relative to TMS as internal standard. 

General Method for the Preparation of the Arylhydrazones 3a-e. 

Compounds 3 were prepared by the procedure previously described for 3a. 
5 

To a solution of benzimidazole 1 (25 mmol) and hydrazidoyl ~ h l o r i d e ~ - ~  (25 mmol) 

in anhydrous THF (100 ml) was added a threefold excess of triethylamine. After 

standing at room temperature Eor three days, the resulting triethylamine 

hydrochloride was filtered off and the filtrate was evaporated under reduced 

pressure. The solid residue was recrystallized from ethanol to give 

Compound 3a (R = OEt, Ar = C H ) (yield 71%). mp 208-C (lit.5 mp 205'Cl; ir: 6-5- 
1 3170 cm-l (NH), 1720 cm-' (COI; H nmr (DMSO-d6) 6: 1.26 (t,J=7 Hz,3H,0CH2CH3), 

4.22 (q,J=7 Hz,2H,0CH2CH3), 6.7-7.9 (m,9H,ArH), 8.35 (s,lH.E-2), 10.69 

(s.lH.NN). 

Compound 3b (R = OEt, Ar = 4-C1-C H ) yellow needles (yield 76%), mp 208'C; ir: 6-4- 

3140 cm-I (NH), 1720 cm-' (CO); 'H nmr (DMSO-d6) 6 :  1.23 (t,J=7 Hz,3H.0CH2CH3), 

4.23 (q,J=7 Hz,2H,0CH2CH3), 7.1-7.9 (m,8H,ArH), 8.33 (s,lH,H-2), 10.68 

(s,lH,Ng). Anal. Calcd for C17H15C1N402: C ,  59.57; H. 4.41; N, 16.34. Pound: C, 

59.72; H I  4.38; N. 16.45. 

Compound 3c (R = ~ e ,  Ar = C6H51 yellow needles (yield 85%). mp 244°C; ir: 3160 

- 1 1 crn (NHI, 1670 cm-I (CO); H nmr (DMSO-d6) 6 : 2.60 (s,3H,CH3), 6.8-8.0 

Im.9H.ArK). 8.33 (s.1H.H-2). 10.98 (s,lH,N!). Anal. Calcd for C16H14N40: C, 

69.05; H, 5.07; N, 20.13. Found: C, 68.90; H, 4.98; N ,  20.45. 

Compound 3d ( R  = Me, Ar = 4-C1-C H I yellow needles (yield 8281, mp 240'C; ir: 
6-4- 

3135 cm-' (NH), 1670 cm-I (CO); nmr (DMSO-d6) 6 : 2.56 (s,3H,Cg3), 6.9-7.9 

(m.8H.Arg). 8.20 (s,lH,H-2). 10.82 (s,lH,Ng). Anal Calcd for C16H13C1N40: C, 

61.45; H, 4.19; N, 17.91. Found: C, 61.58; H, 4.22; N ,  17.85. 
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Compound 3e (yield 65%). mp 235'C (lit.14 mp 235'C); ir: 3205 cm-' (NH); 'H nmr 

(DMSO-d ) 6: 6.7-7.9 (m,l4H,ArH), 8.42 (s,lH,H-Z), 9.95 (s,lH,NH). 
6 

Rearranqement Reactions of the Arylhydrazones 3a-d - Synthesis of 2-Aryl- 

4,5-dihydro-4-oxo-l,2,4-tria~o1ol4,3-alqinoxaliium Perchlorates 8a.b and 

y 

To a solution of 3a-d (5 mmol) in boiling n-butanol (60 ml) was added perchloric 

acid (60%. 0.6 ml). Cooling down to room temperature precipitated crystals, 

which were collected and recrystallized Erom ethanol. 

Compound 8.3 (Ar = C6E5j colourless powder (yield 72%), mp>330'C; ir: 3250, 3180 

- 1 cm (NH), 1700 cm-' (CO), 1140-1070 cm-' (C10 ) ;  'H nmr (DMSO-d6) 6 : 7.2-7.9 4 

(rn.6H.ArH). 7.9-8.4 (mr3H,ortho-lj of 2-phenyl + H-9). 12.05 (s.1H.H-I), 13.0 

(broad s ,  lH,NH). Anal. Calcd for C15H11C1N 0 . C, 49.67; H. 3.06; N, 15.45. 4 5' 

Found: C, 49.34; H, 3.07: N, 15.31. 

Compound 8b (Ar = 4-C1-C6H4L colourless powder (yield 70%), mp>33O0C; i r :  

3200-3110 cm-' (NH), 1700 cm-I (CO), 1100 cm-' (C104); 'H nmr (DMSO-d6) 6 : 

7.4-8.0 (m,5H,ArH), 8.0-8.3 (m,3H,ortho-H of 2-p-C1-phenyl + g-9), 12.10 

(s,lH,H-1). 12.9 (broad s ,  1H.NX). Anal. Calcd for C15H10C12N405: C, 45.36: H, 

2.54; N, 14.11. Found: C, 45.12; H ,  2.67; N, 13.92. 

Comoound 9a (Ar = C6g5L colourless powder (yield 9081, mp>330-C; ir: 1100 cm-' 

(C104): 'H nmr (DMSO-d6) 6 : 2.97 (s,3H,Cg3), 6.9-8.3 (m,8H,ArH), 8.47 

(m.1H.X-9). 12.40 (s.1H.X-1). Anal. Calcd for C16H13C1N404: C, 53.27: H, 3.63; 

N, 15.53. Found: C, 53.43: H, 3.84; N, 15.70. 

Compound 96 (Ar = 4-C1-C6f14) colourless powder (yield 84%). mp>330'C; ir: 1100 

-1 1 cm (C104); H nmr (DMSO-d6) 6 : 2.94 (s,3H,CH3), 7.7-8.3 (m,7H,ArH), 8.45 

(m,lH,H-9). 12.30 (s,lH,H-1). Anal. Calcd for C16H12C12N404: C, 48.63; H, 3.06; 

N, 14.18. Found: C. 48.41; H, 3.04; N, 14.18. 

Alkaline Cleavaqe of Triazolol4,3-alquino~a1ini~m Perchlorates 8a.b and 9a.b to 

1,2-Dihvdro-3-(8-aryl- 8 -formylhvdrazino)quinoxalin-2-one 1la.b and 2-Methyl- 

3-(B-aryl-8-formylhydrazino)quinoxaline 13a.b. 

The perchlorates 8a.b or 9a.b (2 mmol) were dissolved in hot aqueous ethanol 

(66%. 100 ml). The solution was made alkaline with aqueous sodium carbonate ( Z M .  



1.4 ml) and cooled down to room temperature. The resulting precipitates were 

collected by filtration to give 1la.b or 13a,b. 

Compound lla (Ar = C6H5L colaurless needles from benzene:cyclohenane (1:l) 

(yield 77%), mp 283'C; ir: 3285, 3180 cm-' (broad) (NH), 1690 and 1665 cm-' 

1 
(CO); uv Amax nm (log E : 235s(4.27), 316(4.05), 328(4.12), 342(3.93); H nmr 

(DMSO-d6) 6 : two conformers, 6.9-7.9 (m,9H,ArX), 8.43 and 8.95 (2s. 

[0.45+0.551H,Cp), 10.20 and 10.90 (broad signals,lH,Ng), 12.50 (broad s ,  

lH,NK); 13c nmr (DMSO-d ) 6 : two conformeCs, 115.44 (C-8). 120.09 and 121.37 6 

(C-ortho of N-phenyl), 123.84 (C-6). 125.50 and 125.81 (C-5). 125.74 (C-7 or 

C-para of N-phenyl), 125.93 (C-para of N-phenyl or C-7). 129.00 and 129.60 - 

(2-meta of N-phenyl), 129.42 and 129.52 (C-9 or C-10). 132.24 and 132.33 (C-10 

or C-9), 140.44 and 141.60 (C-ips0 of N-phenyl), 148.91 and 150.02 (C-3). 150.92 

(C-2). 160.19 and 165.36 (CHO). Anal. Calcd for C15H12N402: C, 64.28; H, 4.32; 

N, 19.99. Found: C, 64,05; H, 4.28; N, 20.13. 

Compound llb (Ar = 4-C1-C H colourless needles from ethanol (yield 77%), mp 6-4- 

310'C; ir: 3320, 3180 cm-I (broad) (NH), 1690 and 1660 cm-' (CO); uv h,,, nm 

1 
(log E )  : 239s(4.24), 315(4.10), 327(4.18), 34314.00); H nmr (DMSO-d ) 6 :  two 6 

conformers, 6.9-7.8 (m,HH,ArH), 8.30 and 8.85 (2~,[0.6+0.4lH.C~), 10.10 and 

10.70 (broad signals, 1H.NX). 12.50 (broad s, lH,NH); 13c nmr (DMSO-d6) 6 : two 

conformers, 115.50 (C-8) , 121.71 and 122.91 (g-ortho of N-p-C1-phenyl). 123.82 

(C-6). 125.66 and 126,Ol (C-5). 125.86 (C-7). 129.00 and 129.53 (C-meta of 

N-p-C1-phenyl). 129.17 and 129.35 (C-9 or C-10). 132.18 and 132.25 (C-10 or 

C-9). 139.33 and 140.61 (C-ips0 of N-p-Cl-phenyl), 148.83 and 149.91 (C-3). - 

150.91 (c-2), 160.15 and 165.50 (CHO), C-Cl no" detected owing to overlap. 

Anal. Calcd for C15H11C1N402: C, 57.24; H, 3.52; N, 17.80. Found: C, 57.45; H, - 
3.80; N, 17.87. 

Compound 13a (Ar = C H ) colourless needles from benzene:cyclohexane (1:l) 6-5- 

(yield 76%). mp 136-C; ir: 3320 cm-' (NH). 1675 cm-' (CO); uv hmax nm (log s )  : 

243s(4.47), 339(3.87) ; 'H nmr ( D M S O - ~ ~ )  6 : two conformers, 2.70 ( S , ~ H , C ~ ~ ) ,  

7.0-7.9 (m,9H,ArH), 8.47 and 9.02 (Zs,[0.4+0.61H.C~), 9.85 and 10.26 

(2s. [0.6+0.4]H.NX); 13c nmr (DMSO-d6) 6 : two conformers. 21.11 and 21.17 (CH3), 

119.91 and 121.13 (C-ortho of N-phenyl). 125.57 and 125.65 (C-5). 125.81 (C-para 

of N-phenyl), 126.53 (C-8 or C-6), 128.02 (C-6 or C-8), 129.24 and 129.34 (C-7), 

129.00 and 129.62 (C-meta of N-phenyl), 137.91 and 137.97 (C-10 or C-9). 140.09 
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and 140.24 (C-9 or C-lo), 140.63 and 141.82 (C-ips0 of N-phenyl), 145.08 (g-2), 

149.63 and 150.54 (g-3), 160.50 and 165.73 (gHO). Rnal. Calcd for C16H14N40: C, 

69.05; H, 5.07; N, 20.13. Found: C, 69.17; H, 5.03; N, 20.28. 

Compound 13b (Ar = 4-C1-C6H41 colourless needles from ethanol (yield 80%), mp 

145-C; ir: 3310 cm-I (NH), 1680 cm-l (CO); uv h m a x  nm (log E ) : 2435(4.41), 

1 345(3.81); H nmr (DMSO-d ) 6 :  two conformers, 2.70 (s,3H,CH3), 7.0-7.9 (m, 
6 

8H,ArE), 8.45 and 8.72 (2s,[0.4+0.6lH,CHO), 9.50 and 10.45 (2s,[0.4+0.61HrN5); 

13c nmr (DMSO-d6)G : two conformers, 21.10 and 21.17 (gH3), 121.41 and 122.61 

(g-ortho of N-p-C1-phenyl), 125.77 and 125.92 (C-5). 126.55 (C-8 or C-6). 128.00 

(C-6 or C-8), 129.31 and 129,38 (g-7). 128.93 and 129.49 (C-meta of 

N-p-C1-phenyl), 137.90 and 137.96 (g-10 or C-9). 139.51 and 140.80 (g-ips0 of 

N-P-C1-phenyl), 139.96 and 140.10 (g-9 or g-101, 145.11 (g-2), 149.42 and 150.30 

(g-3). 160.41 and 165.83 (CHO), C-C1 "on detected owing to overlap. Anal. Calcd 

for C16H13C1N40: C .  61.45; H. 4.19; N, 17.91. Found: C, 61.53; H, 4.20; N, 

17.95. 

The 3-(arylformy1hydrazino)quinoxaline derivatives 1la.b and 13a.b were 

dissolved in ethanol and then treated with equimolar amount of perchloric acid 

gave to the triazolo[4,3-~lquinoxalinium perchlorates 8a.b and 9a,b, 

respectively, in quantitative yields. 

Rearrangement Reaction of the Phenylhydrazone 3e to 4-(2-Amino~heny1)-1.3- 

diphenyl-1.2.4-t~iazolium Perchlorate 7e. 

Perchloric acid (608, 0.4 ml) was added to a solution of 3e (1 g) in boiling 

butanol (30 mi). The reaction mixture was cooled to room temperature, and then 

the perchlorate 7e was collected and recrystallized Eram ethanol (colourless 

needles, yield 80%), mp 217'C; ir: 3450, 3370 cm-I (NH2), 1640, 1605 cm" (C=N), 

1115-1070 cmF1 (C104); 'H nmr (DMSO-d6) 6 : 4.80 (broad,2H,NF12). 6.4-7.9 

(m,lZH,ArE), 8.05 (m,2H,ortho-kj of i-phenyl), 11.28 (s,lH,H-5). Anal. Calcd for 

CZOHl7C1N4O4: C, 58.19; H, 4.15; N, 13.57. Found: C, 58.34; H, 4.18; N, 13.51. 

The perchlorate 7e (0.6 g) was dissolved in hot aqueous ethanol (50%. 50 ml) and 

the solution was made alkaline with aqueous sodium carbonate (2M. 1 ml). The 

phenylhydrazone 3e was obtained in quantitative yield. 
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