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1H-Azirines as Intermediates in the Photolysis of 1,2,3-Triazoles

Glynn Mitchell and Charles W. Rees

Department of Chemistry, Imperial College of Science and Technology, London SW7 2AY, U.K.

Photolytic conversion of 1-aryl-1,2,3-triazoles (5) and (14) into the ‘rearranged’ indoles {4) and (15), respectively
provides the first evidence for antiaromatic 1H-azirines, e.g. (8), as reactive intermediates in a photochemical

reaction.

Although molecular orbital calculations indicate that the
formally antiaromatic 1H-azirine (1)t is stable relative to the
isomeric imidoyl carbene (2),! little evidence has been
obtained for the participation of these azirines in reactions in
which carbenes of type (2) are generated, and none for such
reactions in solution. Thus 1H-azirines are formed in the flash
vacuum pyrolysis of various substituted 1,2,3-triazoles? as is
1H-benzazirine in the similar decomposition of isatin,* but
azirines were not detected in the gas phase thermolysis or
solution phase photolysis of 1-aryl triazoles and benzotri-
azoles.5-6 We now present evidence for the intermediacy of
dipole-stabilised 1H-azirines in the solution phase photolysis
of substituted 1-aryl-1,2,3-triazoles. 1H-Azirines have previ-
ously been proposed as intermediates in solution, in the
addition of phthalimido-nitrene to alkynes.”

Irradiation of an acetonitrile solution of triazoles (3a—d) at
254 nm gave, with the exception of the ethyl ester (3a),
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t Calculations also indicate a high barrier (35 kcal mol-') for
inversion at nitrogen, and a preferred conformation with the N-H
bond at an angle of 68° to the ring plane, thus reducing overlap
between the nitrogen lone pair orbital and the m-system (ref. 2).

moderate yields of the expected benzindoles (4a—d) as the
only isolable products (0, 47, 76, 48% respectively) (Scheme
1).t§ Similarly, irradiation of the isomeric triazoles (5a—d)
gave the same benzindoles (4a—d) together with smaller
amounts of the expected benzindoles (6a—d) (see Table 1).
Irradiation of benzindole (6a) gave none of the isomerised
product (4a).

A mechanistic interpretation of these results is proposed in
Scheme 2. Imidoyl carbene (7) obtained on photolysis of
triazole (5) undergoes two modes of reaction: direct cycli-
sation to the naphthalene 2-position leading to benzindole (6)
or rearrangement, via the 1H-azirine (8), to the isomeric
carbene (9) which cyclises to benzindole (4). Generation of
carbene (9) however results only in direct cyclisation to
benzindole (4). No traces of indoles (6) were detected on
photolysis of triazoles (3). This indicates that either cyclisation
of carbene (7) to azirine (8) or ring opening of azirine (8) to
carbene (9) is irreversible. Molecular orbital (MNDO) calcu-
lations® on model compounds indicate that azirine (10) is more

t The known triazoles and indoles reported here agreed with
literature descriptions and all the new compounds were fully
characterised.

§ Yields are based on triazole consumed. Starting triazoles were
recovered from incomplete reactions, but in no case was the isomeric
triazole detected (t.l.c.), nor could any be isolated, though they are
well separated on t.l.c. and in column chromatography. Thus
alternative mechanisms involving initial rearrangement of the tri-
azoles were discounted.
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stable than carbenes (11) and (12). However the difference in
energy between azirine (10) and carbene (11) (12.7 kcal
mol-1; 1 cal = 4.184 J) is calculated to be much greater than
between (10) and carbene (12) (1.5 kcal mol—!), and this is
attributed to stabilisation of carbene (12) by the dipolar
structure (12a). 1H-Azirine itself is calculated to be 8.1 kcal
mol—1 more stable than carbene (2) (¢f. ca. 20 kcal mol-!
given by the less refined earlier method!). The larger energy
difference between azirine (10) and carbene (11) than
between azirine (1) and carbene (2) is attributed partly to a
small destabilising effect of the cyano group on carbene (11)
but more to stabilisation of the azirine (10) by the non-
antiaromatic dipolar structure (10a).

On the basis of these calculations, assuming that carbene (9)
can undergo reversible ring closure to azirine (8), the failure of
triazole (3) to afford benzindole (6) indicates that cyclisation
of carbene (7) to (8) is irreversible, and that once formed the
azirine (8) opens exclusively to the dipole-stabilised carbene
(9). Furthermore, the fact that carbene (7) undergoes

View Article Online

J. CHEM. SOC., CHEM. COMMUN., 1986

H CN H. NC<..
7 X X
H NC N H N
H H
(10) (11) (12)
H C4N N\\C
Y ; N+
% \Al\
H N
H H
(10a) (12a)
Me02C N CO,Me
hy
L QK
R N7
Ph NT R
(13) (15)
R R
N hv
" S I + (15)
MeOZC N/
Ph n CO;Me
(14) (16)
a; R=H
b; R = Me
Scheme 3

Table 1. Yields of benzindoles (4) and (6) from the photolysis of
triazoles (5).

% Yield
Triazole (5) Indole (4) Indole (6)
a 19 11
b 36 15
c 39 14
d 37 27

preferential rearrangement to (9) prior to cyclisation onto the
naphthalene ring provides experimental evidence that the
energy difference between these two species is substantial.
The failure of triazole ethyl ester (3a) to give any detectable
amount of the benzindole (4a) is noteworthy; no clean
products could be isolated from this photolysis. The reason for
this is presumably associated with the presence of the ethyl
group (which could, for example, be lost as ethylene from the
intermediate singlet or triplet carbene) since the correspond-
ing methyl ester (3e) does give the expected benzindole (de)
(38%}) on photolysis. The fact that the isomeric triazole ethyl
ester (5a) also gives the rearranged benzindole (4a) suggests
that the intermediate carbene (9) formed directly by photo-
lysis of triazole (3a) is in a different electronic state from that
produced by rearrangement of carbene (7) via 1H-azirine (8).
In view of the rearrangement which accompanies photolysis
of triazoles (5), we investigated the similar decomposition of
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the N-phenyltriazoles (13a,b) and their isomers (14a,b)
(Scheme 3). In line with the above results, irradiation of
(13a,b) gave solely the unrearranged indoles (15a,b) in 20 and
55% yield respectively, whilst irradiation of (14a,b) gave the
rearranged products (15a,b) (5 and 42% respectively)
together with the unrearranged products (16a,b) (25 and 21%
respectively).§ Thus, although no similar rearrangement was
observed in the photolysis of 1,4- and 1,5-diphenyl-1,2,3-
triazoles,5 stabilisation of the intermediates by electron
withdrawing groups may give rise to a fairly general rearrange-
ment of imidoyl carbenes via the formally antiaromatic,
isomeric 1H-azirines.

We thank Dr. H. S. Rzepa for the MO calculations and
valuable discussion and the S.E.R.C. for financial support.

Received, 11th November 1985; Com. 1587

View Article Online

401

References

1 M. J. S. Dewar and C. A. Ramsden, J. Chem. Soc., Chem.
Commun., 1973, 688.

2 D. T. Clark, Theor. Chim. Acta, 1969, 15, 225.

3 T. L. Gilchrist, G. E. Gymer, and C. W. Rees, J. Chem. Soc.,
Perkin Trans. 1, 1973, 555; 1975, 1.

4 C. Thétaz and C. Wentrup, J. Am. Chem. Soc., 1976, 98, 1258.

5 E. M. Burgess, R. Carithers, and L. McCullogh, J. Am. Chem.
Soc., 1968, 90, 1923.

6 C. Wentrup, Helv. Chim. Acta, 1972, 66, 1613; K. Tsujimoto, M.
Ohashi, and T. Yonezawa, Bull. Chem. Soc. Jpn., 1972, 45, 515.

7 D. J. Anderson, T. L. Gilchrist, G. E. Gymer, and C. W. Rees,
J. Chem. Soc., Perkin Trans. 1, 1973, 550; R. S. Atkinson, J.
Fawcett, M. J. Grimshire, and D. R. Russell, J. Chem. Soc., Chem.
Commun., 1985, 544.

8 H. S. Rzepa, Chemistry Department, Imperial College, un-
published results.



http://dx.doi.org/10.1039/c39860000399



