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THE PHOTO-INDUCED ALCOHOLYSIS OF BENZOTRICHLORIDE

Tatsuzo ISHIGAMI, Yasunori KINOSHITA, and Akira SUGIMORI

Department of Chemistry, Sophia University, Chiyoda, Tokyo 102

Benzotrichloride undergoes a photochemical solvolysis reaction
in alcohol forming alkyl benzoate. The reaction is greatly
accelerated in the presence of oxygen. It is suspected the
involvement of the normally forbidden Sy - T: transition in

the course of the reaction.

Photo-induced solvolysis, which was first reported by Havinga, De Jongh and
Dorst,l is an interesting and important branch of photochemistry. Recently the
photochemical hydrolysis of monosubstituted benzotrifluorides2 and trifluoromethyl
naphthols3 has been reported. We wish now to report that benzotrichloride also
undergoes the photochemical alcoholysis forming alkyl benzoate, especially in the
presence of oxygen. As exemplified in Table I, this photolysis is applicable to a
wide variety of alcohols4 including tert-butyl alcohol, which is unreactive toward
the thermal alcoholysis of benzotrihalides in concentrated sulfuric acid.5 The
general execution of the present alcoholysis is illustrated for the conversion of
benzotrichloride to ethyl benzoate. An aerated or oxygenated solution of
benzotrichloride (%) (1.0 mmol) in ethanol (40 ml) was irradiated with a 16 watt

low-pressure mercury lamp through a water cooled quartz probe. After irradiation

ROH, (032)
CCls — CO2R
254 nm
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Table I. Photo-induced alcoholysis of benzotrichloride in the presence

of oxygeni

c
b Ester—= . d
Alcohol= Ph—CO,R Yield, %—

Methyl alcohol® R = Methyl 58
Ethyl alcohol® R = Ethyl 52
n-Propyl alcohol R = n-Propyl 19
iso-Propyl alcohol R = iso-Propyl 24
n-Butyl alcohol R = n-Butyl 37
iso-Butyl alcohol R = iso-Butyl 33
sec-Butyl alcohol R = sec-Butyl 42
tert-Butyl alcohol R = tert-Butyl 10
Cyclohexyl alcohol R = Cyclohexyl 10

2 aAll irradiations were carried out in a quartz tube at 25 °C for
18 hr. b Unless otherwise stated, non-degassed mixtures of alcohol and
ethyl acetate (1:3 v/v) were used. € The remainder consisted mainly of
the starting material. d Determined by glpc. € Absolute alcohol was

used as solvent.

for 18 hr ethyl benzoate (g) was obtained in 52% yield. The identitykof 2 was
confirmed by comparison with an authentic specimen.6 But when a carefully
degassed solution of } in ethanol was irradiated, the solvolysis of } was
greatly suppressed and g was obtained in only 10% yield. The remainder of the
reaction mixture mainly consisted of unreacted starting material.7 When the
irradiation was carried out in 0.03 mol/l ethanolic sodium hydroxide in the
presence of oxygen for 3 hr, g was obtained in 45% yield, whilst a nonalkaline
solution afforded 27% of 2 in 3 hr.

The photo-induced alcoholysis reaction described above possesses the
following three characteristics: (1) the formation of 2 from 1 is proportional
to the concentration of ethanol, and a mixture of ethanol and ethyl acetate
(1:3 v/v) can be used instead of absolute ethanol; (2) the photoreaction can
be sensitized by acetone or triphenylene in the degassed solution by a factor

of at least three; (3) the addition of a radical scavenger such as cyclohexene
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or hydroquinone has no effect on the reaction.

In connection with the acceleration of the reaction by oxygen, we have
examined the uv absorption spectra of benzotrichloride in the presence and the
absence of oxygen. Oxygen-saturated benzotrichloride shows a contact charge
transfer spectrum8 with oxygen in uv region (<360 nm), which disappears on
degassing (Fig I). This suggests the involvement of the normally forbidden
S¢»+T;: transition due to the benzotrichloride-oxygen charge transfer complex.9
Hence, it is possible to ekXcite benzotrichloride to triplet state directly.

+ Careful examination by.glpc revealed that ethyl chloride and intermediary
benzoyl chloride was produced during the reaction of } both in the presence
and the absence of oxygen. No trace of diethyl ether could be detected in this
reaction. From these observations, the formation of alkyl benzoate is rationalized
in terms of nucleophilic attack of alcohol onto the excited trichloromethyl

0 followed by the thermal alcoholysis of intermediary

carbon (triplet state)1
benzoyl chloride (Scheme I).

An analogous reaction occurred in the irradiation of benzal chloride in
ethanol for 3 hr, the major product being benzaldehyde in 14% yield. The
irradiation of benzyl chloride gave benzyl ethyl ether in 8% yield under similar
conditions. But no reactions were observed when benzotrifluoride was used as

substrate. The reactivity toward the alcoholysis reaction seems to be in

accordance with the order of electrophilicity of the benzylic carbon.

Absorbance

250 nm

Fig I. Absorption bands induced by saturation with oxygen.
a) ethanol saturated with oxygen; b) benzotrichloride saturated

with nitrogen; c) benzotrichloride saturated with oxygen.
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Scheme I
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