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Abstract 4-Dlazo-1,2,3-trlazoles thermolyze and photolyze to 4H-1,2,3-trlazolylldenes which (1) 
convert benzenes to 4-phenyl-1,2,3-trlazoles or/and (2) lsomerl;e to a-dlazonltrlles whxh react 
carbenlcally with benzenes by addltlon, ring-expansion or substltutlon processes 

Azolylldenes are carbenlc derlvatlves of cyclopentadlenylldene contalnlng one or more 

nitrogen atoms In their conjugated 5-membered ring systems Azolylldenes such as 2,5-dlphenyl- 
la 

3H-pyrrolylldene, _ 2H-unldazolylldene 
lb 

_ and 5-t-butyl-3H-pyrazolylldene, 
lc,d 

_ _ as generated from 

their corresponding dlazoazoles, are highly electrophllx and have been of Interest with respect 

to substltutlon and/or ring-expansion of aromatlc substrates We now report synthesx of 4- 

dxazo-1,2,3-triazoles l-4 
2a-c 

1 I and the reactlons of 4H-1,2,3-trlazolylldenes 5-8 In the presence _ 5 _ 

of various benzenes The present systems reveal that (1) photolysls of 4-dlazo-1,2,3-trlazoles 

N2 

Z&EN Z-*&EN 

l,Z=H ?JZ=H z,Z=H lJ,Z=H 

2, Z = C02C2H5 g,Z= C02C2H5 12, Z = C02GH5 12, Z = C02C2H5 

&Z=CN I,Z=CN It, Z=CN 12, Z=CN 

$Z=CsHs f3, Z=C6H5 12,Z=C6H5 I$, Z = C6H5 

results In different behavior than thermolysls, (2) 4H-1,2,3-trlazolylldenes effect substltutlon _ 

rather than ring-expansion of benzenoid substrates and, most interestingly, (3) 4H-1,2,3-trl- _ 

azolylldenes (5-8) lsomerlze to a-dlazonltrlles (9-12) that decompose to a-cyanocarbenes (13-16) -I _ ._ __ __ 

which then react with benzenes by addltlon, ring-expansion and/or substltutlon processes Upon 

use of thermal methods as ~111 be illustrated, decomposition of l-4 in benzenlc envxonments is 
_. 

an effective synthesis of 4-phenyl-1,2,3-trlazoles 

Dlazotrlazoles l-4 
2a-c 

I I are prepared by dlazotlzatlon of their corresponding amlnes In 

dilute hydrochlorx acid with sodium nitrlte at O"C, neutralxatlon with sodium carbonate, 

repeated extractlons with dxhloromethane, storage over magnesium sulfate and careful removal of 

the dlchloromethane The diazotrlazoles are light-sensltlve sollds whxh explode violently at 

their melting points but are handleable in solution or, with care, *n suspension In various sol- 

vents For safety, 1-4 were transferred as concentrated solutions In dxhloromethane, the reac- 
I - 

tion substrate was added and the dxhloromethane was totally removed under reduced pressure 

Thernolysls of 1 ln suspension In refluxlng benzene for >6 hours and chromatography on 

sllxa gel yields 4-phenyl-1,2,3-trlazole (19 __' 53%) and a mixture of lsomerx cyanocyclohepta- 
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trlenes (21 and 22, 15%) Photolysls of 1 suspenaed m benzene occurs smoothly (~3 hours) but ^I- I- 

differs SlEnlflcantly In that 1;z and '22-22 are formed In '25 and 54% yields, respectively 
2d 

Tri- 

azole 19 1s ldentlcal with an authentic sample and 1s presumably formed by thermal and photo- -I 

lytlc conversIons of 1 to 4H-1,2,3_trlazolylldene (5) which effects substltutlon of benzene as _ 

In 17-19 _I II Cyanocycloheptatrlenes 21-22 are ldentlflable from thex IR and NMR spectra and by II _I 

comparxon with 21-22 as prepared by lrradlatlon of a-dlazoacetonltrlle (9) ln benzene 

2e 

Forma- I_ -I 

tlon of 21-22 presumably occurs upon conversion of 5 to 9 and then cyanocarbene (13) which adds 
_I -I I _ __ 

to benzene followed by ring-expansion of 20 and slgmatroplc rearrangements of hydrogen Trlazole I_ 

A_9 1s thermally and photochemlcally Inert under the above condltlons for reactlons of 1 with 
ie 

benzene 
2f 

and 2 does not revert photolytlcally to _5 which then converts benzene to 1_9 That 

lrradlatlon of 1 In benzene leads to more 21-22 and less 19 than In thermolysls 1s presently 
_ II __ .I 

Interpretable on the basis that generatlon of excited 1 enhances collapse to 9. Sampling of 

mixtures of 1 and benzene at various stages of photolysls reveals weak bands at 2240 and 2100 
-1 

cm assignable to CzN and C=N=N IR absorptlons of 9 Condltlons were not found however for 

preparative conversIon of 1 to 9 Collapse of a 4!-1,2,3-trlazolylldene (5) to an a-diazo- 
. - 

nltrlle (9) 1s a new reactlon The new reactlon involves cleavage of the azo moiety in 5 and 1s 

analogous to lsomerlzatlon of a 3E-pyrazolylldene (22) vu 24 to a 2lJ-azlrlne (22, Eq 3) 
lc 

Transformation of 1 to 13 1s also doubly delightful In that conversIon of a dlazo compound (1) 
I_ 

to a carbene (5) to a dlazo compound (9) to a carbene (13) 1s involved _- 

R2 
R2 

Decomposltlon of 2 and 3 in benzenold environments was then lnvestlgated Irradlatlon of 

2 In suspension In benzene gives 7-carbethoxy-7-cyanonorcaradlenes _2_6 and '22 exclusively Chro- 

matography on slllca gel results In extensive lsomeruatlon of the 26 and 27 and flnal lsolatlon __ I_ 

of 26-27 and ethyl a-phenylcyanoacetate (28) in 23 and 58% yields, respectively In behavior I- _I II __ 

resembling 2, photolysls of 3 suspended In benzene and chromatography yield 7,7-dlcyanonorcara- 
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dlene (2_?, 28%) and phenylmalononltrlle (30, 43%). Norcaradlenes 26-27 are asslgned from their _I 

spectra and by NMR comparison with the product from methyl dlazocyanoacetate and benzene. 21: 

(5) 

Cyano ester 28, norcaradlene 29 2g II __ and dlnltrlle 20 are ldentxal with establlshed products 

Irradiation of 2 and 3 in benzene thus apparently Indicates that 5-carbethoxy-4IJ-1,2,3-trlazoly- 

lidene (6) and 5-cyano-4H-1,2,3_trlazolylldene (II) rearrange faster to A0 and iI_, respectively, - 

than they attack the aromatic solvent 

It was then of interest to see If z, as generated thermally from 2, could be intercepted 

Indeed, heating 3 ln anlsole at 65°C for 5 hours and chromatographw separation yields 4-cyano- 

5-(2-methoxyphenyl)-1,2,3-trlazole (34, 28%), 4-cyano-4-(4-methoxyphenyl)-1,2,3-triazole (35, __ II 

21%), 4-cyano-5-phenoxy-1,2,3-trlazole (36, 12%) and lntractables Products from 11 are not _I __ 
observed Assignments of 35-36 are based on elemental, mass spectral, IR and NMR analyses and 

2h 
__ I- 

literature data Capture of 7 as a highly electrophlllc slnglet by anisole, substituent- 

controlled collapse of splronorcaradlenes 31 and hydrogen mlgratlon in 32 and 33 account for 
I_ __ 

34 and 25 Formation of 4-cyano-5-phenoxy-1,2,3-trlazole (36) has precedent 
21-- 

and may involve __ 

oxygen yllde 37 The demethylatlon process however has not yet been establxhed 21 
II 

CN CN CN 

h+ 
a- 2 

C6H50CH3 
c 

-N2 

,CN 

Of addltlonal mechanlstx slgniflcance 1s that photolysls of 4-dlazo-5-phenyl-1,2,3-trl- 

azole (4) m benzene for 3 hours and chromatography results XI 4,5-dlphenyl-1,2,3-trlazole (38), 

xxnnerx 7-cyano-7-phenylnorcaradlenes (39-40),2g 
-_ __ benzoyl cyanide azlnes ($L),2J 

__ 

(E)-9,10-dl- 

cyano-9,10-dlhydrophenanthrene (42) 2k'1 and 9,10-dlcyanophenanthrene ($2) 2k,l in 13, 38, 5, 8 



5118 

and 11% yields, respectively. 
2m 

Substltutlon of benzene by 

account for 18 and for 39-40, respectively Strong support _I I- II 

8 and addltlon of 16 to benzene II 

for 1_2 as a reactlon intermedlate 1s 

lsolatlon of 41. 
-- Also, ff_2 and 4_3 are known photo- and photo-oxldatlon products of (2) and (E)- 

dlcyanostilbenes (44-45), an olefmlc mixture derivable from 12 
2n,o 

Further, decomposltlon of _- -.. I- 

4 In refluxing benzene for 60 hours results In an Increased yield of 28 (>28%) and an additional 

product, 19 (11%) The thermal behavior of 4 thus parallels that of l-3 In that carbenlc car- 
__ I I 

benlc substitution of benzene by a 4&I-1,2,3-triazolylidene (8) 1s more pronounced upon thermal 

than upon photolytlc generatlon FormatIon of 19 In the thermolysls experiment also raises the _I 

questlon as to the role of trlplet 8 In the mechanlstlc series 

Study of the roles of photosensltlzers, light energy, solubllltv and medium effects on the 

reactions of l-4 with varied substituted benzenes 1s In progress. 2P I_ 
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