Tetrahedron Letters No. 6, pp. 365-368, 1963. Pergamon Press Ltd.
Printed in Great Britain.

AN ANALOGUE OF THE PHOTO-FRIES REARRANGEMENT;
THE PHOTOLYSIS OF VINYL BENZOATE,
R. A, Finnegan and A. W. Hagen1
Department of Chemistry, The Ohio State University,

Columbus 10, Ohio, U.S.A.
(Received 7 December 1962)

The classical Fries rearrangement, 2 a well known acid~
catalyzed process illustrated in equation 1, can be effected in

the absence of acid catalysts by means of ultraviolet light,
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Esters successfully rearranged by the photo-Fries reaction in-

COR

clude phenyl acetate3 (equation 1, R =CHj3) and catechol acetate, 3
the para-tert-butylphenyl esters of a number of aromatic acids,
phenyl benzoate, 5 a number of variously substituted phenyl
benzoate derivatives4’5 and phenyl ferrocene carboxylate. 5 The

structures of the prc'duc:t:sz'-6 indicate predominate, if not ex-
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clusive, migration of the acyl group to ortho and/or para posii:ions7'8
as in the acid-catalyzed process. 2 The results of mixed irradiation

experiments support the suggestion3 that the reaction is intra-
molecular and it has been proposed6 that the initial step is the
photo-dissociation of the ester to a radical pair which undergoes
subsequent reaction within a solvent cage.

Formal structural considerations suggest that the reaction
need not be limited to the case of phenyl esters. For example,
the bond undexrgoing cleavage might involve atoms other than
carbon and oxygen, and furthermore, a phenyl ring may not be
uniquely required to furnish the site of the migration terminus,

A simple analogue of the photo-rearrangement of phenyl benzoate
to ortho- and pg,r_a._-hydroxybenzophenones5 (Equation 1, R =C¢Hjs)
would be the rearrangement of vinyl esters I to f-dicarbonyl

compounds II (Equation 2).

{2) RCO,CRP=CR,#®  ——-coc-o- » RCOCR,YCORt

I II

Migration of the acyl group to both the ortho and para positions
of the phenol moiety seems to be the rule when these positions
are unsubstituted, An interesting exception to this behavior
is the rearrangement of phenyl ferrocene carboxylate to para-
hydroxybenzoylferrocene.~ None of the ortho isomer was
detected, and furthermore, since the ortho isomer was stable
under the reaction conditions it could not have been an inter-
mediate. A specific role for the iron atom in this re-
arrangement would seem to be indicated.

The reluctance of aryl esters to rearrange to meta-hydroxy-
ketones is emphasized by the failure of 3,4-benzocoumarin to
provide 4-hydroxyfluorenone in ar‘x;y detectable amount under
similar conditions of irradiation,’ Such a rearrangement

in this case would require the phenol ring to be substituted

in the meta position by the benzoyl moiety.
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This analogy derives close support from the results of thermal
rearrangement of vinyl esters; 10 for example, the conversion of
vinyl benzoate (I, R =CgHy, R®=R" =H) to benzoylacetaldehyde
(11, R =CgHs, R*=R¥ =H) accompanied by the formation of aceto-
phenone (by decarbonylation of II) as well as benzoic acid and
other products. o, 11
We wish to make a preliminary report of observations which
indicate that the irradiation of vinyl benzoate provides products
in parallel with the thermal reaction, and indeed, that the reaction
constitutes an analogy to the photo-Fries rearrangement as
suggested above. Thus, when~19 solutions of vinyl benzcaa.te12 in
dioxane or Skelly-solve B were irradiated for 50-150 hours at
room temperature with a 100 watt medium pressure mercury arc
lamp, acetophenone and benzoic acid were readily identified as
reaction products. Acetophenone (2 - 49, conversion) was
identified by infrared spectroscopy and by gas chromatography
while the benzoic acid (10 - 15% conversion, crude) was identified
by mixed melting point and infrared comparisons with an authentic
speciman. When a similar irradiation was carried out using ben-
zene as the solvent only traces of acetophenone were detected,
however, an oil was obtained (6%, conversion, crude) whose in-
frared spectrum showed it to be benzoylacetaldehyde by com-
parison with that of an independently prepared sample. 10 The

identity of the product with benzoylacetaldehyde, the presumed

10 R, J. P. Allan, R. L. Forman, and P, D, Ritchie, J. Chem,

Soc, 2717 (1955), and references contained therein.
11 g, B. Rashbrook and G. W. Taylor, Chem. and Ind, 215
(1962).
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precursor ol acetophenone, B was also supported by infrared
comparisons of their respective copper salts, In addition, other
as yet unidentified products as well as polymers were obtained.

The appzrent solvent effect would seem to require some comment.
The photolytic decarbonylation of aldehydes in the gas phase is well
establishedlé and it is considered to be a primary process in the
liquid phase as well, although less extensively studied. b Since
one of the processes for aldehyde decarbonylation requires light
of shorter wavelengthm-lé it is possible that in benzene solution
decarbonylation is suppressed by the filtering or absorption of the
requisite light by the solvent, Thus, in benzene benzoylacetaldehyde
is preserved as a primary rearrangement product in contrast to the
results in the transparent solvents, dioxane and Skelly-solve B,
where its decarbonylation product acetophenone is found.

Finally we suggest that the formation of benzoylacetaldehyde
from vinyl benzoate and the photo-Fries reaction are examples of
a general class of photochemical rearrangements which may be
represented >y the expression X—ABC — 4 ABC-X where X
contains a chromophore capable of excitation and ABC is a triad

capable of stabilizing a radical by resonance delocalization:

*A-B=C &——9y AB-C*

13 Vide infra.
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