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We wish to report the conversion of vinyl esters of benzoic acid tod-benzoyl- 

ketones by irradiation with ultraviolet light. However cyclohexen-l-y1 benzoate 

photolysis resulted in ring cleavage as well as in benzoyl migration. 

The irradiations were performed in cyclohexane solution under nitrogen with a 

low pressure mercury immersion lamp (main emission line at 254 my). The progress 

of the reactions was followed spectroscopically by the disappearance of the Z25- 

230 m)Labsorpti.on band of the starting material and the appearance of the 305-315 mp 

band of the product. The&-benzoylketones were isolated in lo-30% yields, either 

through copper chelates or by chromatographic separations. 

The photolysis of isopropenyl benzoate2 for 1.5 hrs. yieldedd-benzoylacetone. 

when cyclohexen-l-y1 benzoate I c b.p. 12O-122o/1 nun.; e , 1.5385],3 prepared by 

refluxing benzoyl chloride and cyclohexanone in ligroin (b.p. lOC-1200), was irrad- 

iated for 2 hrs., the product proved to be 1-benzoylhex-5-en-2-one 
r II, b.p. l23- 

1 Presented in part at: (a) the 30th Meeting of Israeli Chm. sot Jerusalem 
April 1962, Bull. Research Council Israel UA, 43 (1962); (b)':he 2nd D-,t&- 
national Sgmposium of the Chemistry of Natu??Frodu&s, Fragus, 
(Abstract of Communications, p. 115). 
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Young F.C. Frostick, J.J. Sanderson and C.R. Hauser, J. Am. Chem. Sot. & 
(1950) - 

Nemeyanov and W.K. Kochetkov, C.A. I& 722se (1950). - 
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=4o/l mm.; $0 , 1.5845; A_. 246 and 313.5 mr_ (E, 5700 and l3,800)] .4 The 

structure of II was indicated by Its infrared and n.m.r. spectra [bands at 10,9u_ and 

10.08~; two multiplets centered atT= 4.85 anddci= 4.05 (assigned to a 

vinyl group) snd a sharp signal atT= 3.8 (assigned to a vinylic hydrogen of the 

enolic form of thca ,p-diketone systemjl .5 The structure of II was definitely es- 

tablished by its synthesis from methyl pent-4-enoate and acetophenone with sodium 

amide in ether. Cyclohexene ring cleavage was also observed when 6-methylcyclo- 

hexen-1-y$benzoate 
E III, b.p. 109-1100/0.4 uun.; nD 1.5380) was irradiated for 6 hrs. 

Ester III was prel~red from 2-methylcyclohexanone either by boiling with benzoyl 

chloride in ligro:.n (b.p. 100-I-20') or with isopropsnyl benzoate and sulfuric acid. 687 

The isolated diketone was identified as l-benzoyl-3_methyl-hex-5-en-2-one 
[ 
IV, b.p. 

lo2-lo4°/o.6 am.; $0 1.5612; h_, 247 and 309 mp(&, 6000 and 16500flby its in- 

frared and n.m.r. spectra (i) bands at 10.88 and 10.07~ and two multiplets c 

centered atT= 4.S andT= 4.05, indicating a vinyl group; (ii) a sharp signal at 

't= 3.78 pointing to a vinylic proton of the enolic form of the -diketone system; 
8 

(iii) a doublet due to 3 protons of the secondary methyl group centered atT= 9.0 

(5'6.5 c/s,1. Thef-diketone IV was synthesized by sodium amide condensation of 

methyl 2-methyl-pent-&enoate and acetophenone in ether. 

4 Ultraviolet spectra were taken in ethanol; the infrared spectra and optical rot- 
ations were measced in chloroform and the n.m.r. spectra in deuteriochloroform. 
All new substances gave analytical results in accord with the assigned structures* 

5 qhis and all otherr-benzoylketones mentioned in this paper exist mainly in one of 
their enolic forms whose structure is based on their n.m.r. spectra; to be Pub- 
lished at a later date. 

6 me structure of III was determined by its n.m.r. spectrum, which showed signals 
due to 3 protons of a secondary methyl - doublet centered at%= 8.96 (5-6.5 c/s)* 
'fhe signal due to a vinylic methyl group of the alternate enol form was missing. 
It follows that the direction of enolizaticn is strongly influenced by steric 
factors (2. M.F. Hartshorn and E.R.H. Jones, J Chem. Sot. 1962. 1312; De Derkoz, 
E.P. Chavez and C. Djerassi, ibid. && 1323y -- 

7 A vinyl-benzoate prepared previously has apparently the structur 
meyanov, I.F. Lutsenko and S.N. Ananchenko, u. & 3S36 

Nes- 



No. 6 Photolysis of vinyl benzoates 371 

I R-H II R-u 

III R-CH3 
IV R-CH3 

No rbg cleavage was observed when steroidal vihyl benzoates were irradiated. 

Thus cholest-2-an-3-yl benzoate V6 after 16 hrs. irradiation yielded P-benzoyl- 

cholestsn-3-one VI, m.p. -122'; 
c MD -53.5O$ A _. 245 ad 313 my&, 5220 

and 10,700j. With diazomethane VI was converted to P-benzoyl-3-methoxy-cholest-2- 

ene [VII, m.p. 130-131'; cd.-] D +24.5'; 'x,. 250 and 287 m)L(& 9700 snd wlooj], 

which was reduced with sodium borohydride and then treated with hydrochloric acid9 

to yield the known 2-bsnzylidene-cholestan-3-one lo [VIII; m.p. 122-l.23°;[i_YJD -103.5' 

A _. 292.5.my.(&, 15,6OOj]. Androst-l6_en-*,17Pdiol 3-acetate 17 benzoate 

[IX; m.p. 152-154';[d_]D +40°; A_. 23lmp(&, l2,75Oj], prepared from androstan- 

3$-ol-17-one acetate X by boiling with isopropenyl benzoate and df~ric acid, WBS 

photolized for 2 hrs. to give lb-benzoylandrostan-q-al-17-one acetate c II; &p. 

160-162';/+]D -64'; h,. 246 and 31.4.5 my (&, 8,400 and l&500)]. The diketone 

XI was oxidized with chromic acid in acetic acid and then hydrolized to the known 

~-hydroxy+?tioallobilianic acid XII, 
ll 

thus establishing structure nff. 

8 L. Ruzicka and W.H. Fischer, Helv. Chim. Acta, I& I.371 (1936). 
- 

9 Cf. R.D. Campbell and H.M. Gllow, J. Am. Chem. Sot. 6& 2389 (1960). 

% .W. Goldberg and H. Kirchensteiner, Helv. Chim. Acta & 286 (1943); D*R*R*-Ra+ 
ton, A.J. Head and P.J. Way, J. Chem, Sot. 1957, 935. 

%. Hirschmann, J. Mol. &em. & 363 (1943). 
- 
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The light-induced rearrangements of vinylic benzoates involve two distinct 

processes. One is the formation of benzoyl radicals, which combine with the 

radical formed on tie neighboring olefinic carbon. Analogous benzoyl and acetyl 

migration were recently described in the photolysis of phenyl esters. 
12 

The accompanying process which occurs when I and III are irradiated involves 

a 1,3 hydrogen shift. A reasonable scheme for this transformation can be pictured 

as follows: 

+ oi-c,w5 

12 
J. C. Anderson and C. B. Reese, Proc. Chem. Sot. (London) 217 (1960); 

J. Ors. Chem. a, 2293 (1962). 
H. Kobsa, 

- 
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It is assumed that the excited state of the vinylic ester undergoes this 

hydrogen shift, hydrogen being abstracted from C4, followed by the cleavage 

of the C2-C3 bond. Only then does the excited system dissociate into a 

radical pair, which on recombination gives rise to the a-benzoyl ketone. 13 

In the cases where ring opening was not observed (V and IX), the primary 

excited state apparently decomposes directly into a radical pair, which 

then recombines to give the cyclic diketone. 

Acyl and benzoyl migration of aliphatic vinylic esters are known to 

occur when the esters are treated with boron trifluoride 2 and also when they 

are pyrolyzed at 500 0 2,14 . 

It is important to note that the pyrolysis of cyclohen-1-yl-benzoates 

results in a-benzoyl-cyclohexanone 2,14 thus pointing to a major difference 

between the thermic and photochemical reaction of vinylic esters. 

Work is in progress on the irradiation of vinyl acetates, where similar 

acyl migrations occur. 

The authors wish to thank Dr. Yuval Shvo for the n.m.r. determinations. 

The work was supported by a research grant AM-05327-02 of the U.S. 

Public Health Service. 

13 It should be stressed that no. II could be isolated when a-benzoylcyclo- 
hexanone was irradiated. This eliminates the possibility that a cyclic p- 
diketone is an intermediate in these ring cleavages. 

l4 R. J. P. Allen, J. McGee and P. D. Ritchie, J. Chem. Sot. 1912, 4701 and 
references cited therein. 


