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Ab#ract-The thermal and photochemical fragmentations of a few bisazoalkenes have been investi- 
gated. 2-Phenyl-4, Sdisubstituted- 1,2,3-triazoles were obtained both in the thermolysis and photolysis 
of 1, 2-bisphenylazo-(4, rt’dichforo) stilbene, 1, 2-bisphenylazo(4, 4’-dimethoxy)stiIbene, 1, 2- 
bisphenylazocyclohexene and o-fphenylazo) phenyldiazocyanide. Both 2, 3-bisphenylazo-2-butene 
and 1,2-bisphenylazoethylene failed to undergo either photolysis or thermolysis in the expected man- 
ner. However, 2, 3-bisphenylaz*2-butene underwent an acid-catalysed valence isomerisation to 
anhydro l-phenylimino-2-phenyl-4, Sdimethyl-1,2, ?I-triazolium hydroxide, which on photolysis gave 
2-phenyl-4, Sdimethyl-1, 2, 3-triazole. The same iminotriazolium intermediate gave a cycloadduct, 
2, Gdiphenyl-3, 3adimethyl-4, Sdicarbomethoxypyrazoiino [2.3.cff1.2.3] triazole, on treatment with 
dimethyl acetylenedicarboxytate, whereas treatment with carbon disulphide gave 2-pheny1-4, 5- 
dimethyLL2, 3-tiazole. Both photoiysis and thermolysis of C-biphenylene-N”-(~~orophenyl~N~- 
cyanoazomethine imine gave Muorenone-N- (rlchlorophenyl) anil. Photolysis of 1,2-bisphGnyhX&o- 
acenaphthylene in methanol gave acenaphthenequinone monophenylhy~~one. 

In an earlier paper’ we had reported that the forma- 
tion of 2, 4, 5-triphenyt-1, 2, 3-triazole (3a) in the 
photolysis of N,C-diphenylsydnone is proceeding 
through the intermediate formation of 1, 2- 
bisphenylazostilbene (la), which subsequently un- 
dergoes valence isomerisation to the mesoionic 
anhydro 1 phenylimino- 2,4, 5 - triphenyl - 1,2,3 - 
triazolium hydroxide (Z&. Further photochemical 
fragmentation of 2a has been assumed to be the 
pathway for the formation of the triazole 3a 
(Scheme 1). Our subsequent studies have shown 
that the bisphenylazostilbene (la), formed sepa- 
rately through the oxidation of benzil osazone un- 
dergoes valence isomerisation to the corresponding 
phenyliminotriazolium derivative 2a and that 2a be- 
haves like an azomethine imine, undergoing 1, 3- 
dipolar cycloadditions with different di- 
polarophiles.’ 3 The object of the present investiga- 
tion was to study the photochemical and thermal 
transformations of several bisazoalkenes which are 
capable of undergoing valence isomerisation to the 
corresponding iminotriazolium derivatives. Al- 
though bisazoalkenes are conveniently prepared 
through the oxidation of the corresponding 
bisphenylhydrazones, h has been observed that the 
nature of the products in these oxidations depends 
to a large extent on the structure and 
stereochemistry of the starting bisphenyl- 
hydrazones.’ Also, since only the cis-isomers of 
1,2-bisazoalkenes would be expected to undergo 
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ready valence isomerisation to the cyclic imino- 
triazolium intermediates, we hoped to draw some 
correlation between the photochemical and thermal 
behaviour of different bisazoalkenes, derived from 
various l,‘t-diketone bisphenylhydrazones and the 
structure and stereochemistry of the parent 
bisphenylhydrazones. 

In our preliminary studies, it has been shown that 
the direct heating of 1,2-bispheny~~~ne (la) 
to around 175-W“ gives an 85% yield of the 
triazole @a).’ The same triazole was formed in ap- 
preciable yields when a solution of la was photo- 
tysed in benzene.‘* ’ In the present investigation we 
have examined the photochemical and thermal be- 
haviour of two bisphenylazoalkenes namely, 1, 2- 
bisphenylazo-(4,4’dichloro) stilbene (lb) and 1,2- 
bisphenylazo-(4,4’-dimethoxy) stilbene (Ike). Direct 
heating of lb to around 205-210” for 1 h resulted in 
the formation of a 55% yield of the triazoie 3b. The 
same trhzole was formed in newly the same yield 
when a benzene solution of lb was irradiated for 
1 h. Similarly, the thermolysis and photolysis of le 
resulted in the formation of the corresponding 
triazole 3e in 89% and 60% yields, respectively 
(Schezne 1). 

The formation of the triazoles (la-c) in these 
reactions can be rationalized in terms of the ther- 
mal and photochemical fragmentation of the cor- 
responding ~eny~o~~ derivatives, 
(WC), respectively, resulting in the loss of phenyl- 
nitrene. However, our attempts to trap the phenyl- 
nitrene in these reactions have not been successful. 
As, for example, the photolysis of la in presence of 
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SCHEME 1 

either cyctohexene or aniline resulted in the forma- 
tion of the triazole 3a, together with small amounts 
of benzil- 1, 2-bisphenylhydraxone. 

The valence isomerisation of bisphenylazo- 
alkenes to the corresponding iminotriazolium isom- 
ers would be expected to be more feasible in cases 
where the starting bisazoalkenes have the cis- 
geometry. With a view to testing this assumption, 
we have examined the thermal and photochemical 
transformations of a bisphenylazoalkene, which is 
known to have a &-geometry as in the case of 
cis - 1, 2-bisphenylazocyclohexene (4). By direct 
heating of 4 around 125-130” for 1 h, a 14% yield of 
2-phenyl-4,5-tetramethyfene- 1,2,3-triazole (6) was 
obtained. The photolysis of 1, on the other hand, 
gave a mixture of products consisting of a 28% 
yield of the triazole 6 and 5% yield of a product 
identifi& as 1 -an&o-2-phenyI- 1,4,5,6_tetrahydro- 
cyclohexa-[d] [1.2.3] triazole (7). The identity of 7 
was established on the basis of analytical results 
and spectral data. 

The NMR spectrum of 7 showed two multiplets 
centered around 2*156 (4H) and 2*95S (2H) due to 
the methylene protons, a multiplet around 4,356 
(lH), due to the viny1 proton and a broad peak cen- 
tered around 3-758 (1H) due to the NH proton. In 
addition, a compiex multiplet around 7.508 (10H) 
was present in the spectrum, assigued to the phenyl 
protons. Further confirmation of the presence of an 
NH group in 7 was derived from the fact that the 
peak at 3-75 6 disappeared when the spectrum was 
determined in presence of l&O. In addition, the IR 
spectrum of 7 showed an absorption band at 
3325 cm-‘, characteristic of an NH group. A proba- 
ble route to the formation of 7 in the photolysis of 4 
is through the iminotriazolium intermediate 5, 
which can subsequently isomer& through a proto- 
tropic shift (Scheme 2). 

It is interesting to note that when a bis- 
phenylazoalkene like 2, 3-bisphenylazo-2-butene 
(8), which is analogous to 4, as far as substituents 
are concerned, is subjected either to thermolysis or 
photolysis under conditions similar to those em- 
ployed in the case of 4, does not give any triazole. 
It is quite probable that the most stable form of 8 
has a truer-geometry across the C=C bond and 
that the isomerisation of 8 to its iminotriazolium 
analogue (11) may not be taking place readily under 
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SCHEME 2 

these conditions. With a view to observing whether 
the isomerisation of 8 to 11 may be taking place 
under acid-catalysed conditions we have examined 
the NMR spectrum of 8, both in presence of some 
added HCI and also without any acid catalyst. The 
NMR spectrum of 8 showed a sharp singlet at 
2.656 due to the Me protons (SW) and two sets of 
multiplets centered around &6S (MI’) and $0 16 
(4H), due to the phenyl protons. When a drop of 
HC1 was added to the solution of 8, the spectrum 
changed drastically in the region of the phenyl pro- 
tons. The phenyl protons now appeared as a com- 
plex muhipiet spread over the range of 6*86-8* 18. 
The Me protons still appeared as a singlet at 2.556. 
In addition, the spectrum showed a broad singlet 
centered at 8~76, which is assigned to an NH pro- 
ton. The fact that an NH proton signal is observed 
in the spectrum would suggest that 8 may be under- 
going protonation in presence of HCl leading, 
perhaps, to the formation of the protonated imino- 
triazolium derivative 10 (Scheme 3). The exact 
reason for the equivalence of the two Me protons in 
10 is not very clear. ft may, however, imply that the 
structure 10 is in rapid equilibrium with an isomeric 
form which would make the two Me groups equi- 
valent. 

If the protonation of 8 is leading to an imino- 
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SCHEME 3 

triazolium derivative such as 10, then it would be 
reasonable to assume that cycloadditions charac- 
teristic of the azomethine imine 11, would take 
place, if the reaction of 8 with any dipolarophile is 
carried out in presence of an acid catalyst. Thus, 
when dry HCI gas was passed through an equimolar 
mixture of 8 and dimethyl acetylenedicarboxylate 
in dry benzene, for 5 min, a 62% yield of a product 
identified as 1, 6diphenyE3, 3adimethyId, Sdi- 
carbomethoxypyrazolino (2.3.~) [ 1.2.33 triazole (12) 
was formed. Similarly, passing dry HCI gas, 
through a mixture of 8 and carbon disul@tide for 
5 min resulted in the formation of a 60% yield of 
2-phenyl-4, Sdimethyl-1,2,3-triazole (14). In addi- 
tion, a 76% yield of elemental sulphur was also iso- 
lated from this reaction. The formation of the cyc- 
loadduct 12, and the tkiazole 14 in the reactions of 8 
with dimethyl acetylenedicarboxylate and carbon 

disufphide, respectively can be rationalized in 
terms of the azomethine imine intermediate 11, 
formed through the protonated species 10 (Scheme 
3). The triazole 14 is assumed to be formed through 
the fragmentation of the initially formed adduct 13 
and the isolation of elemental sulphur in this reac- 
tion is in support of this view. A similar fragmenta- 
tion of an adduct formed in the reaction of la with 
carbon disuiphide has been reported by us earlier.” 

Having shown the existence of a dipolar species 
like anhydro l-phenylimino-Z-phenyl4,Sdimethyl- 
1,2,3-triazolium hydroxide (11) in a solution 
of 8, in presence of an acid catalyst, we then 
subjected such a solution to photolysis. Irradiation 
for neariy 5 min gave a 709G yield of the triazole. It 
was shown, in a blank experiment, that merely 
keeping a solution of 8 in presence of HCI for even 
30 min, no appreciable yield of the triazole is 
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formed. However, it has been observed that by re- 
fluxing a solution of 8 with aqueous HCl for 30 min, 
ieads to the formation of 74% of the triazole 14.~ In 
this connection, it might be mentioned that the gen- 
erally observed reaction of the acid-catalysed con- 
version of bisazoalkenes to triazoles may in fact be 
proceeding through a protonated species like IO. 

It is interesting to note that a bisphenylazoalkene 
such as 1,2-bisphenylazoethylene failed to undergo 
either cycloaddition reactions, or photolysis to give 
the expected 2-phenyl-1, 2, 3-triazole, even when 
these reactions were carried out in presence of 
HCI. It would be reasonable to assume that in this 
case the intermediate azomethine imine may not be 
formed in any appreciable yields. 

In continuation of our studies we have examined 
the thermal and phot~he~c~ fragmentations of 
o-(phenylazo) phenyldiazocyanide (15) and an 
azomethine imine like C - biphenylene - N” - (4 - 
chlorophenyl)-N8-cyanoazomethine imine (18). Ir- 
radiation of a benzene solution of 15 for 2 h re- 
sulted in the formation of a 55% yield of the benzo- 
triazole 17. The same product was obtained in a 
47% yield when 15 was heated alone to around 150- 
160” for 3 h. Similarly, the photolysis of 18 in ben- 
zene for 2 h gave a 32% yield of 9-fluorenone- 
(tihlorophenyl) anil (19), as the only isolable pro- 
duct. Direct heating of 18 to around 200-210”, for 
1 h, on the other hand, gave a mixture of products 
consisting of 19 (11%) and fluorenone (12%) 
(Scheme 4). It appears that azomethine imines like 
15 and 18 undergo thermal and photochemical 
transformations, similar to those observed in the 
case of azomethine imines, derived from bis- 
phenylazoalkenes. It is interesting to note, how- 
ever, that azomethine imines like the I- 
i~nop~~nium betaines have been reported to 
undergo ring-expansion reactions, leading to the 
formation of diazepines.” 

In our studies we have observed that a bis- 
phenylazoalkene like 1,2-bisphenylazoacenaph- 
thylene (20) does not yield any triazole, either 
under photochemical or thermal conditions. How- 
ever, when 20 was photolysed in a 1: 1 mixture of 
methanol and methylene dichloride, a 17% yield 
of acenaphthenequinone monophenylhydrazone 
was obtained (Scheme 5). The exact mechanism of 
this transformation is not very clear. 

ph, ,H z 
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SCHEME 5 

AtI m.ps are uncorrected. Irradiation exneriments were 
carried out using a Hanovia, medium pressure, mercury 
lamp (45OW). NMR spectra were recorded on a Varian 
A-6OD NMR spectrometer and IR spectra, on a Perkin- 
Elmer, Model 521, Infrared Spectrometer. 

Starting rnutwiak Compounds lb, m.p. 205”, Ic, m.p. 
175’, 8, m.p. 15F and 1,2-bisphenylazoethylene, m.p. 149” 
were prepared by the oxidation of the corresponding 1,2- 
diketone bisphenylhydrazones thro& the nickel perox- 
ide oxidation, as reported.’ Compounds 15p m.p. 158”, and 
18, “*” m.p. M-195*, were prepared by known proce- 
dures. 

Prepamtiun of 1, 2-~is~~~~uzoc~c~~~~ (4). A 
mixture of c yciohexane- 1, 2dione bisphenylhydrazone 
(4g; 0*013 moI) and nickel peroxide (12 g) in 200 ml ben- 
zene was stirred at room temn for 4 h. Removal of the 
inorganic material and solvent bve a viscous mass which 
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was recrystallized from a mixture (I : 1) of light petroleum 
(b.p. 60-80’) and benzene to give 3.2 g (82%) of 1, t-bis- 
phenylazocyclohexene, m.p. 127-128”. (Found: G, 74.61; 
H, 6-29; N, 19~57. &H,,N. requires: C, 7448; H, 6.2I, N, 
19*31%). 

T/ten&&s of 1, 2-bisaxoalkenes. In a typical experi- 
ment, the bisazoalkene (O-5 mmol) was heated around its 
m.p. in an oil-bath and the product was chromatographed 
over alumina. Elution with Iight petroleum (b.p. 60-80”) 
gave the triazole in each case. 

Heating lb for 1 h around 205-210” gave a 55% yield of 
3h, m.p. 155” (m.m.p.). A 60% yield of 3e, m.p. 134” 
(m.m.p.) was obtained on heating lc around 170-180” for 
1 h. 

Thermolysis of 4 gave a 14% yield of 6, m.p. 90’. after 
recrystallization from a mixture (2: 1) of light petroleum 
(b.p. 60-80”) and benzene. (Found: C, 72.24: H, 6. I ; N, 
20+75; MoI wt., 199 (Mass spectrometry). C,?H,,N, re- 
quires; C, 72.36; H, 6.53; N, 21.12%; Mol. wt., 199). The 
NMR spectrum (CDCI,) showed multiplets around 1 +OS 
(4H) and 2.816 (4H) due to the methylene protons and at 
7.456 (SH) due to the phenyl protons. 

On heating 15 for 3 h around 150-160” gave a 47% yield 
of 17, m.p. 110” (m.m.p.). 

Photoiysis of 1,2- bisazoaikenes. In a representative run, 
the bisazoalkene (0.5 mmol) was irradiated in 175 ml dry 
benzene tilt the intense deep violet colour of the soln 
changed to light yellow. On removal of the sofvent under 
vacuum, the mixture was chromatographed over alumina 
using solvents like light petroleum and benzene to give the 
products. 

Irradiation of lb for 1 h gave 3b in 55% yield, m.p. 155” 
(m.m.p.). 

Photolysis of lc in benzene for 2 h gave a 89% yieId of 
3e, m.p. 134” (m.m.p.) and a 17% yield of biphenyl, m.p. 
70” (m.m.p.). 

When a solution of 4 was photolysed for 8 h, a 28% 
yield of 6, m.p. 90“ (m.m.p.) and a 10% yield of biphenyl, 
m.p. 70” (m.m.p.) were obtained. In addition, 5% of 7, m.p. 
136” after recrystatlization from a mixture (1: 1) of ben- 
zene and light petroleum (b.p. 60-80”) was also obtained. 
(Found: C, 74.70; H, 5*9; N, 19+3; Mol. wt., 290 (Mass 
spectrometry). C,,H,,N, requires: C, 7448; H, 6.20; N, 
19*17%; Mol. wt., 290). The NMR spectrum (CDCI,) of 7 
showed multiplets around 2.156 (4H) and 2.958 (2H) due 
to the methylene protons, 4*356 (IH) due to the vinylic 
proton and 7*5OS (10H) due to the phenyl protons. A 
broad signal was observed around 3.758 (1H) due to the 
NH proton which disappeared on D20 exchange. 

Photolysis of 15 in benzene soln for 2 h gave a 55% 
yield of 17, m.p. 110 (m.m,p.), 

Reaction of 2,3-bispb~ylazo-2-buf~e (8) with di- 
methyl acetylenedicarboxylate in presence of dry hydnogen 
chloride gas. Dry HCI gas was passed into a mixture of 8 
(0026g; 1 mmol) and dimethyl acetylenedicarboxylate 
(0.14 g; 1 mmol) in 10 ml dry benzene for 5 min, until the 
intense deep violet colour of the soln had finally disap- 
peared. The soln was washed free of HCI with water and 
removal of the solvent from the organic layer gave a 
product which was recrystallized from a mixture (1: 1) 
of light petroleum (b.p. 60-W’) and benzene to give 
0.25 g (62%) of 2$-diphenyl-3,3a-dimethyl-d,S-diceu- 
bomethoxypyrazolino [2.3c] [I .2.3]-triazole, m.p. 136”. 
(Found: C, 65.11; H, 5.45; N, 13.74. CuH,N,O, requires: 
C, 65.08; H, 5+42; N, 13*79%), IR spectrum (KBr) showed 
peaks at 1745 (Cd), 1690 (C=O), 1575,1565,1490,1460, 
1405, 1370, 1345, 1322, 1250, 1215, 1170, 1095, 1050,980, 
760, 740, 695, and 677 cm ‘. NMR spectrum (CDCI,) 

Tetra-Vol. 30. No. 3-F 

showed the following signals at: 1.558 (3H, s) and 1.908 
(3H, s) due to the Me protons, 3.756 (3H, s) and 3.8515 
(3H, s) due to the Me protons and 7.506 (lOH, m) due to 
the phenyl protons. 

Reaction of 2,3-bisphenylazo-tbutene (8) with carbon 
disufphide in presence of dry hydrogen chloride gas. Into a 
mixture of 8 (0.52 g; 2 mmol) in freshly distilled CS, (3 ml) 
was passed a stream of dry HCI gas for 5 min. The un- 
changed CS, was removed under vacuum and the residue 
was treated with a mixture (1: 1) of light petroleum (b,p. 
60-800) and benzene to remove the organic fractions. The 
residue (50 mg) was identified as elemental sulphur (76%) 
through comparison with an authentic sampIe. 

From the filtrate, the solvent was removed under vac- 
uum and the residue was digested with dil WC1 for 30 min 
to remove the phenyl isothiocyanate, present as one of the 
constituents and the mixture was then repeatedly ex- 
tracted with ether. Removal of the solvent from the ether 
extract under vacuum gave 0.21 g (60%) of 14, m.p. 35” 
(b.p. 162” (60 mm)), identified through a comparison of its 
IR spectntm with that of an authentic sample.’ 

Photolysis of 2,3-bisphenylazo-Zbutene (8) in presence 
of dry hydrogen chloride. A soln of 8 (O-268; 1 mmol) in 
175 ml dry benzene was irradiated for 10 min while a 
continuous stream of dry HCI gas was passed through the 
soln, until the intense colour of the solution disappeared 
completely. The soln was washed free of HCI with water 
and after removdl of the solvent, the residue was 
chromatographed over alumina. Elution with light pet- 
roleum (b.p. 60-80~ gave 0.11 g (60%) of 14, b.p. 160” 
(60 mm), identified by comparison of its IR spectrum with 
that of an authentic sample.6 

Phofolysis of C - biphenyle~ - N” - (4 - chlorophenyi) - 
Nd - cyanoazomethine imine (18). A soln of 18 (0*15g, 
0.45 mmol) in 175 ml benzene was irradiated for 2 h. Re- 
moval of the solvent under vacuum gave a dark material 
which was repeatedly extracted with hot benzene. Re- 
moval of the solvent from the benzene-extract under vac- 
uum gave a product which was chromatographed over 
alumina. Elution with light petroleum (b.p. 60-800) gave 
42 mg (32%) of 19, m.p. 150 (m.m.p.1, after recrystalliza- 
tion from benzene. 

Thermoiysis of C-biphenylene-Na-(~chlorophenyl)- 
NB-cyanoazomethine imine (18). Heating 18 (0.15 g; 
0.45 mmol) around 200-2100 for 1 h followed by chroma- 
tography of the product mixture over alumina using light 
petroleum (b.p. 60-80”) gave 15 mg (11%) of 19, m.p. 150” 
(m.m.p.). 

Continued elution of the column with a mixture (1: 1) of 
benzene and light petroleum (b.p. 60-80”) gave 1Omg 
(12%) of Pfluorenone, m.p. 83-84” (m.m.p.). 

Photoiysis of 9,l~bisph~y~azoce~ph~hyf~ (20). A 
soln of 28 (044 g; 1~33 mmol) in 175 ml of a mixture (1: 1) 
of CHIClt and MeOH was irradiated for 6 h. Removal of 
the solvent gave a viscous material which was chromato- 
graphed over alumina to give 55 mg (17%) of 9,10-ace- 
naphthenequinone monophenylhydrazone, m.p. 179-180” 
(m.m.p.), after recrystallization from MeOH. 
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