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Intramolecular Aromatic ipso-Substitution in the Photolysis of
2-Iodoazobenzenes

By Luisa BENATL* PIERO SPAGNOLO, ANTONIO TUNDO,* and GIUSEPPE ZANARDI
(Istituto di Chimica Organica dell’Universitd, Viale Risorgimento 4, 40136 Bologna, Italy)

Summary Photolysis of 2-iodoazobenzene (2a) and 4'-
chloro-2-iodoazobenzene (2b) affords the corresponding
2-arylazophenyl radicals which undergo hydrogen abstrac-
tion to give the azobenzenes (5a,b), intramolecular
1,6-cyclization to give the benzo[c]cinnolines (6a,b), and
intramolecular ipso-substitution leading ultimately to the
biphenyls (7a,b); photolysis of 2-(c-iodophenylazo)bi-
phenyl (2; R! = Ph, R? = H) affords 2-(phenylazo)bi-

phenyl (5; R! = Ph, R? = H) and triphenylene (8) as the
only identifiable products.

RECENTLY we have reported examples of addition of aryl
radicals to the azo-group; we have observed that 2-arylazo-
biphenyl-2-yl radicals lead to the formation of N-(carbazol-
9-yl)arylaminyls by intramolecular 1,5-addition to the
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azo-group.! In arylazo systems homolytic displacement
of the azo function is an additional possibility. Although
several examples of homolytic aromatic ipso-attack by
carbon radicals, leading to displacement of a variety of
groups, have been observed,? the only report of azo function
displacement appears to be that of the reaction of phenyl
radicals withy-(p-nitrophenylazo)-y-valerolactone (1) afford-

$-0,NC,H,N=NCMeCH,CH,C(: 0)0
1)

ing p-nitroazobenzene as the major product.®! Herein we
present preliminary results of a study of the photolysis of
the 2-iodoazobenzenes (2), which appears to provide an
additional example of azo function displacement by
aryl radicals.
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Irradiation of a degassed solution of 2-iodoazobenzene
(2a) in cyclohexane (ca. 0-01 M) with a 100 W high-pressure
mercury lamp for 48 h gave unchanged (2a) (109,), bi-
phenyl (7a) (329%),t azobenzene (5a) (249),f and benzo-
[c]cinnoline (6a) (119%)1 as well as trace amounts of azoxy-
benzene and 2-hydroxyazobenzene as the only identifiable
products after column chromatography. The formation of
these photolysis products could be most reasonably ration-
alized by assuming photochemical #rans—cis isomerization
of (2a) and homolytic fission of the carbon-iodine bond*
affording the aryl radicals (3a) and (4a); hydrogen abstrac-
tion by (3a) and (4a) would lead to (5a) and products (6a)
and (7a) would arise by intramolecular 1,6-cyclization and
ipso 1,5-substitution of radical (3a) respectively (Scheme 1).

The presence of trace amounts of azoxybenzene and
2-hydroxyazobenzene appears to be due to a photochemical
reaction of (5a) [or (2a)] with oxygen, affording azoxy-
benzene, from which 2-hydroxyazobenzene can be formed
by photorearrangement.® Control experiments showed that
irradiation of azobenzene (5a) under the same conditions as
employed in the photolysis of (2a) brought about trans—cis
isomerization of (5a) as well as formation of traces of
azoxybenzene and 2-hydroxyazobenzene. These two latter
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compounds were formed in greater amounts on irradiation
of (5a) in the presence of oxygen.

Analogous results were obtained from photolysis of
4’-chloro-2-iodoazobenzene} (2b). Chromatography gave
the starting material (2b) (5%), 4-chlorobiphenyl (7b)
(29%).t 4-chloroazobenzene (5b) (319,),t and 2-chloro-
benzo[c]cinnoline® (6b) (16%).1

Finally, photolysis of 2-(o-iodophenylazo)biphenyl} (2;
R! = Ph, R? = H) for 48 h afforded unchanged (2; R! =
Ph, R?=H) (509%), triphenylene’ (8) (46%),t and 2-
(phenylazo)biphenyl® (5; R! = Ph, R? = H) (24%)t to-
gether with a complex mixture from which no evidence of
formation of 2-phenylbenzo{c]cinnoline (6; R! = Ph,
R? = H) could be obtained. Attempts to prepare the
unknown 2-phenylbenzo[c]cinnoline (6; R! = Ph, R2? = H)
by photocyclization of 2-(phenylazo)biphenyl (5; R =
R? = H) in an acidic medium® were unsuccessful.
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Formation of triphenylene (8) can be most reasonably
attributed to intramolecular homolytic substitution of the
aryl radical (9) derived from intramolecular ipso 1,5-
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substitution of the radical (3; R! = Ph, R2? = H) and
subsequent loss of nitrogen (path a). Triphenylene (8)
could be also formed by photocyclodehydrogenation? of

t Yields are based on consumed (2a), (2b), and (2; R! = Ph, R? = H) respectively.

1 All new compounds gave satisfactory spectral data and elemental analysis.



J.C.S. Caem. Comum., 1979 143

o-terphenyl (7; R! = Ph, R? = H) arising from the radical evidence for the presence of o-terphenyl (7; R! = Ph,
(9) by hydrogen abstraction (path b). However, no R2? = H) was obtained (Scheme 2).
(Received, 9th October 1978; Com. 10717.)

1 L. Benati, G. Placucci, P. Spagnolo, A. Tundo, and G. Zanardi, J.C.S. Perkin I, 1977, 1684; L. Benati, P. Spagnolo, A. Tundo, and
G. Zanardi, ibid., in the press.

2 L. Benati, P. C. Montevecchi, and A. Tundo, J.C.S. Chem. Comm., 1978, 530; W. N. Speckamp and J. J. Kohler, ibid., 1978,
p. 166; L. Testaferri, M. Tiecco and M. Tingoli, ibid., p. 93 and references cited therein; B, M. Vittinberga, F. Minisci, and S. Morrochi,
J. Amer. Chem. Soc., 1975, 97, 4397.

3 H. Lui and J. Warkentin, Canad. J. Chem., 1973, 51, 1148.

4 R. K. Sharma and N. Kharash, Angew. Chem. Internat. Edn., 1968, 7, 36.

5G. G. Spence, E. C. Taylor, and O. Buchardt, Chem. Rev., 1970, 70, 231.

8 G. M. Badger, R. J. Drewer, and G. E. Lewis, Austral. J. Chem., 1964, 17, 1036.

7 N. Kharash, T. G. Alston, H. B. Lewis, and W. Wolf, Ckem. Comm., 1965, 242; T. Sato, Y. Goto, and K. Hata, Bull. Chem. Soc.
Japan, 1967, 40, 1994.

8 A. Risaliti and A. Stener, Ann. Chim. (Italy), 1967, 57, 3.

9 J. Griffiths, Ckem. Soc. Rev., 1972, 1, 481.





