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PHOTOSENSITIZED OXYGENATION OF 2,3-DIPHENYLINDOLE DERIVATIVES

.
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Photosensitized oxygenation of 2,3~diphenylindole (1a) gave 3-
hydroxyindolenine (5) as a majer product, N-Acetyl-2,3-diphenyl-
indole (Ib) yielded 2,3-dihydroxy derivative (10a} whereas N-methy|-
derivative (1c) gave 2,3-bond cleavage product (8¢) and 2, 3-dihydro-

1 ,4=~benzoxazine (11).

It has been reported ] that singlet oxygen reacts with a tertiary enamine to give a
dioxetane as 1,2-cycloaddition product which readily decomposes to carbonyl fragments,
while with enamines having an NH hydrogen the ene reaction takes place to give

[+]
T

hydroperoxides RN = CI:-C]—OOH Y. Available experimental evidences !
recent theoretical investigation 3 have been suggested these reactions procced in steps
via a zwitter fonic intermediate rather than a concerted process.

In our recenf sfudies4, we have shown that tryptophan and tryptamine derivatives
react with singlet oxygen to give 3a-hydroperoxypyrroloindole as the primary product

which was transformed into final products including formylkynurenine derivative, On

the other hand, Saito and Matsuura have reported the photosensitized oxygenation of
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N-=-substituted 1. 2,75,4-fe’rr0hydrocarbczo|es]C. These results led us to study the effect of
N-substituent on the photooxygenation of simple indole.

We wish to report here the photosensitized oxygenation of 2,3-diphenylindole and its
N=derivati--es. | Photooxygenation of 2,3-diphenylindole (1a) 5 in benzene, af 0°,
sensitized by Rose Bengal ( dissolved in a small amounts of methanol } with 250 W halogen
lamp was carried out under a stream of oxygen for 9.5 hr,  Evaporation of the solvent
and subsequent chromatographic separation gave 2,3~dipheny!-3-hydroxyindolenine (5) 6,
mp 190.5-192.5°, 40%, os the main product, together with 2-benzamidobenzophenone

(8a) 6,7

. 11%, $H-dibenzo (a, cj carbazole (6a) 7, mp 191,5-193°, 4.5% and recovered
(1a), 23%. The same reaction in methanol gave a better result giving 5, 58% and 8a, 37%
after 4.5 hr. OFf some interest is that there is virtually no other precedent for direct
formation of 3-hydroxyindolenine us a major product by the reaction of singlet oxygen
with indole derivoﬁvess.
With regard to the mechanism of formation of 5, the first step presumably involves

the formation of the 3~hydroperoxyindolenine {4} via the weli-known ene reaction, foliowed
by ©O-0O bond fission during the reacfion9. On the other hand, the competing cyclic
process of 4 leading to the dioxetane (7) has been occured to give 8a 10. The transformation
of 1a to 6a might be analogous to the reaction involves photochemical dehydrocyclizclﬁcn7.

The irradiation of the N-acetyl derivative (1b) in methunol under the similar conditions
was carried out for 7 hr and the diol (10a)}, mp 206-208.5° ”, was obtained in 54%
yield along with o small amount of 8a, 2%, which probably formed by hydrolysis of 8b
during isolation, whereas in benzene, the reaction offorded only a trace of lObis, mp 194 -

196°, and 8a, and 81% of the starting material was recovered after 7 hr, The reaction of

singlet oxygen with 9-acetyl-tetrahydrocarbozole has been reported fo give the similar
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resuifs]c. The isolated product {10) suggest an intermediacy of the zwitter ion (2) or

the peroxirane (3) followed by addition of the solvent or water and subsequent reduction
to give 10,

A similar reaction of N-methyl derivative (1¢) in methanol, however, produced
2,3=bond cleavage product (B¢), mp 111-113° 7, 59%, as a major product, 2,3-di-

]3']4, 15%, and dibezocarbazole (6c)7,

hydro-1,3-benzoxazine (11}, mp 177-179°
mp 142-143°, 4%. 11X (95% EtOH) 249 (¢ 10800 ), 298 nm ( 5500 ) ; v (KBr)
max max

3550 cm™! (OH) ; 5 (CDCL, ) 2.81 (s, N-Me ), 3.15 (s, O-Me ), 3.62 (s, OH,

3
exchangeable ), 6.60-7.40 (m, aromatic H ) ; m/e 347. Acid hydrolysis of 11 yielded
o-methylaminophenol and benzil quantitatively, Formation of 8¢ seems to involve the

dioxetane intermediate (7¢) produced from 2.  On the other hand, nucleophilic addition
of methanol to 2 or 3 to give ¥ followed by the Baeyer-Villiger type rearrangement 2e4e
is a likely mechanism for formation of 11.  The reason for this pronounced substituent

effect on the photooxygenation of 2,3-diphenylindole, viz,, exclusive formation of 10a

from 1b rather than the ketoamide 8b or 1,4-benzoxazine derivative in contrast with Te,

is not apparenf. Extension of present observation is now in progrss.
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