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THERMOLYSIS AND PHOTOLYSIS OF 4-DIAZO-1,2,3-TRIAZOLES IN BENZENOID SOLVENTS, SYSTEMS WHICH
REVEAL DECOMPOSITION OF DIAZO COMPOUNDS TO CARBENES TO DIAZO COMPOUNDS TO CARBENES
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Abstract 4-Diazo-1,2,3-triazoles thermolyze and photolyze to 4H-1,2,3-triazolylidenes which (1)
convert benzenes to 4-phenyl-1,2,3-triazoles or/and (2) 1somerize to a-diazonitriles which react
carbenically with benzenes by addition, ring-expansion or substitution processes
Azolylidenes are carbenic derivatives of cyclopentadienylidene containing one or more

nitrogen atoms 1n thelr conjugated 5-membered ring systems Azolylidenes such as 2,5-diphenyl-
3Efpyrroly11dene,la 2§71m1dazoly11denelb and 5—£—butyl—SEfpyrazolylldene,lc’d as generated from
their corresponding diazoazoles, are highly electrophilic and have been of 1interest with respect
to substitution and/or ring-expansion of aromatic substrates We now report synthesis of 4-

a—c

diazo-1,2,3-triazoles }—éz and the reactions of 4H-1,2,3-triazolylidenes 5~8 1n the presence

of various benzenes The present systems reveal that (1) photolysis of 4-diazo-1,2,3-triazoles
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results 1n different behavior than thermolysis, (2) 4H~1,2,3-tr1azolylidenes effect substitution
rather than ring-expansion of benzenoid substrates and, most interestingly, (3) 4H-1,2,3-tri-
azolylidenes (§—§) 1somerize to a-diazonitriles (?—}g) that decompose to a-cyanocarbenes (}g—}é)
which then react with benzenes by addition, ring-expansion and/or substitution processes Upon
use of thermal methods as will be 1llustrated, decomposition of }-é 1n benzenic environments 1s
an effective synthesis of 4-phenyl-1,2,3-triazoles

Drazotriazoles %_QZa—c are prepared by diazotization of their corresponding amines 1in
dilute hydrochloric acid with sodium nitrite at 0°C, neutralization with sodium carbonate,
repeated extractions with dichloromethane, storage over magnesium sulfate and careful removal of
the dichloromethane The diazotriazeles are light-sensitive solids which explode violently at
their melting points but are handleable 1n solution or, with care, 1n suspension 1in various sol-
vents For safety, }—é were transferred as concentrated solutions 1n dichloromethane, the reac-
tion substrate was added and the dichloromethane was totally removed under reduced pressure

Thermolysis of 1 1n suspension in refluxing benzene for >6 hours and chromatography on

silica gel yields 4-phenyl-1l,2,3-triazole (}?, 53%) and a mixture of 1someric cyanocyclohepta-
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trienes (g} and gg, 15%) Photolysis of } suspended 1n benzene occurs smoothly (<3 hours) but
differs significantly in that 19 and 21-22 are formed 1in 26 and 547 yields, respectively 2d Tri-
azole }? 1s 1identical with an authentic sample and 1s presumably formed by thermal and photo-
lytic conversions of % to 4H-1,2,3-triazolylidene (§) which effects substitution of benzene as
in 17-19 Cyanocycloheptatrienes 21-22 are 1dentifiable from their IR and NMR spectra and by

2
comparison with 21-22 as prepared by irradiation of a-diazoacetonitrile (9) in benzene ¢ Forma-
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tion of g}—gg presumably occurs upon conversion of § to ? and then cyanocarbene (%}) which adds
to benzene followed by ring-expansion of 20 and sigmatropic rearrangements of hydrogen Triazole
19 1s thermally and photochemically inert under the above conditions for reactions of 1 with
benzene2f and 9 does not revert photolytically to 5 which then converts benzene to 19 Ze That
irradiation of } in benzene leads to more g%—gg and less }? than 1in thermolysis 1s presently
interpretable on the basis that generation of excited 1 enhances collapse to 9. Sampling of
mixtures of } and benzene at various stages of photolysis reveals weak bands at 2240 and 2100
cm_l assignable to C=N and C=N=N TR absorptions of 9 Conditions were not found however for
preparative conversion of } to ? Collapse of a 4H-1,2,3-tr1azolylidene (?) to an a-diazo-
nitrile (?) 1s a new reaction The new reaction involves cleavage of the azo moiety in § and 1s
analogous to 1somerization of a 3H-pyrazolylidene (gg) via gé to a 2H-azirine (25, Eq 3) le

Transformation of 1 to 13 1s also doubly delightful in that conversion of a diazo compound 1

to a carbene (5) to a diazo compound (9) to a carbene (}9) 1s 1nvolved
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Decomposition of 2 and 3 in benzenoid environments was then 1nvestigated Irradiation of
2 1n suspension 1n benzene gives 7-carbethoxy-7-cyanonorcaradienes 26 and 27 exclusively Chro-
matography on silica gel results 1in extensive 1somerization of the gé and gz and final 1solation
of 26-27 and ethyl a-phenylcyancacetate (28) 1n 23 and 58% yields, respectively In behavior

resembling 2, photolysis of 3 suspended 1n benzene and chromatography yield 7,7-dicyanonorcara-
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diene (29, 28%) and phenylmalononitrile (30, 43%). Norcaradiemes 26-27 are assigned from their

spectra and by NMR comparison with the product from methyl diazocyancacetate and benzene.2g
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Cyano ester 28, norcaradiene gQZg and dinitrile 30 are 1dentical with established products
Irradiation of 2 and 3 1n benzene thus apparently indicates that 5-carbethoxy-4H-1,2,3-triazoly-
lidene (§) and 5-cyano-4H-1,2,3-triazolylidene (7) rearrange faster to 10 and 11, respectively,
than they attack the aromatic solvent

It was then of 1interest to see 1f 7, as generated thermally from 3, could be intercepted
Indeed, heating § 1n anisole at 65°C for 5 hours and chromatographic separation yields 4-cyano-
5-(2-methoxyphenyl)-1,2,3-tr1azole (96, 28%), 4~cyano-4-(4-methoxyphenyl)-1,2,3-triazole (35,
21%), 4-cyano-5-phenoxy-1,2,3-triazole (gg, 12%) and 1intractables Products from %% are not
observed Assignments of §§—§§ are based on elemental, mass spectral, IR and NMR analyses and
literature data h Capture of 7 as a highly electrophilic singlet by anisole, substituent-
controlled collapse of spironorcaradienes 31 and hydrogen migration in 32 and 33 account for

2
34 and 35 Formation of 4-cyano-5-phenoxy-1,2,3-triazole (36) has precedent * and may 1involve

oxygen ylide §Z The demethylation process however has not yet been established 21
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Of additional mechanistic significance 1s that photolysis of 4-diazo-S5-phenyl-1,2,3-tri-
azole (4) 1in benzene for 3 hours and chromatography results in 4,5-diphenyl-1,2,3-triazole (38),
1someric /-cyano-7-phenylnorcaradienes (§9 40), 28 benzoyl cyanide azines (4]1), 2 (E)-9,10-da-
cyano-9,10-di1hydrophenanthrene (42) 2k, 1 and 9,10-dicyanophenanthrene (43) Zk,1 in 13, 38, 5, 8
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2
and 117 yields, respectively, ™ Substitution of benzene by 8 and addition of 16 to benzene
account for 3§ and for 9?—69, respectively Strong support for 12 as a reaction intermediate 1s
1solation of 4}. Also, 4? and 43 are known photo- and photo-oxidation products of (Z) and (E)-

2n,0
’ Further, decomposition of

dicyanostilbenes (fé—??), an olefinic mixture derivable from 12
é in refluxing benzene for 60 hours results in an 1increased yield of 38 (>28%) and an additiomal
product, }? (117 The thermal behavior of 4 thus parallels that of }—3 in that carbenic car-
benic substitution of benzene by a 4§fl,2,3—;rlazoly11dene (8) 1s more ;ronounced upon thermal
than upon photolytic generation Formation of }? in the the;moly51s experiment also raises the

question as to the role of triplet 8 in the mechanistic series
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Study of the roles of photosensitizers, light energy, solubility and medium effects on the
reactions of 1-4 with varied substituted benzenes 1s in progress.ZP
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