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An aryl ester (I), depending on its particular structure, gives rise to one or more of a 

variety of reaction products when irradiated with ultraviolet light. Although Fries rearrange- 

ment products are most commonly encountered 2,3 several examples of decarboxylation 4'5 and 

decarbonylation5btC-7 have been obsenred. In addition, solvolysis reactions laJ8 &.g., when 

ethanol is used as solvent) as well as other processes leading to the corresponding phenol 

4,9 or to the carboxylic acid are known. Finally, a special case of aryl-oxygen cleavage has 

also been reported. lo These transformations are summarized in Figure 1. 

o-and E-hydroxyketones (Fries rearrangement) 

RC02Ar 

I 
RC02C2H5 (solvolysis) 

(R may be alkyl or aryl) 

HAr 

FIG. 1 -- 

We have been interested particularly in the decarboxylation process5 and have sought 

means by which the product distribution could be controlled to preparative advantage. After 

initial unsuccessful attempts to exert such control by employing filters or sensitizers, we 

discovered that dramatic differences in product distribution could be observed by the simple 

expedient of changing the solvent. In Table I are collected gas chrometographic composition 

data for the reaction mixhures obtained after three hours irradiation of solutions of 3,5-di- 

t-butylphenyl benzoate (II) in various solvents. The reaction, which is outlined in Equation 
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TABLBI -- 

Irradiatim of 3,5-Di-t-butylphenyl Bensoate:a Solvent Effect on the Product Distribution. 

Comnosfition of Reaction Mixtureb 

Solvent 
Starting 3,5-Di-&- 
Bster butylphenol 

Hydroxy- 
ketone 

Total Biaryl 
jratio 3,5/2,5) 

ethanol 22 
2-propanol 29 
dimethylformamide 35 
g-hexane 10 
tetrahydrofuran 6 
glyme 2 
dioxane 9 
ether -- 
ether-ethanol(9:l) 8 

30 
34 
51 
55 

:; 
42 

E 

48 
37d 
9e 
8 
12 
5 
2 
-- 
34 

__ 
15 (0.5) 
28 (0.65) 
51 (0.70) 
48 (0;60) 
44 (0.52) 
15 (0.67) 

a) A 450 watt, medium pressure mercury lamp housed in a double-walled quartz isrsersion well 

was used. 

b) The reactions were followed by gas chromatographic analysis and the figures listed repre- 

sent the weight percentages after three hours reaction time. 

c) The initial concentration of starting ester was 0.021M. 

d) This figure increased to 52% after 6 hours. After 17 hours, it had decreased to 162, 

suggesting that the Fries product undergoes further change. 

e) This figure had reached its maximum value (16%) after 1 hour. After 4 hours, the Fries 

product was no longer detected and a new product having a longer retention time was 

present instead. 
- 

of a 7:7:3 mixture of c-, m-, and R-di-t-butylbensenes was then effected by chromatography 

on an alumina column. 

An additional example will suffice to illustrate this solvent effect. Irradiation of an 

ethanol solution of 4-&-butylphenyl benzoate (Equation 3, R = t-Butyl) for 10 hours provided 

a reaction mixture consisting of a 3:l mixture of the Fries rearrangement product and the 

corresponding phenol as the sole products detected by gas chromatography. This reaction had 

been studied previously by Kobsa; 12 however, we now find that when ether is used as the solvent, 

the decarboxylation product, 4-t-butylbiphenyl, m.p. 50-51' (lit. 
II 

m.p. 52.2') is formed in 
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5a 
1, (R = t-Butyl) has been described previously excepting that the 2,5-di-t-butylbiphenyl 

II III IV V 

(V), a product of secondary photochemical change, 5a,b had not been detected, The results in 

Table I indicate that in polar solvents such as ethanol , the decarboxylation process is mini- 

mized while the formation of the Fries rearrangement product is enhanced. The reverse appears 

to be true when the non-polar, ethereal solvents are used. In addition, the reaction proceeds 

at a greater rate in these latter solvents as judged by the relative amounts of starting mater- 

ial remaining at the end of the arbitrarily chosen three hour reaction period. The final 

entry in the Table shows that the use of a mixed solvent system provided results consistent 

with the demonstrated effect. 

To illustrate the preparative utflity of this discovery, the crude mixture obtained after 

irradiation of an ethanol solution of II was chromatographed on an alumine column thus allow- 

ing the isolation of the Fries product, III, in 51% yield. Similar work-up of the mixture 

obtained after irradiation of a glyme solution of II led to the isolation in 41% yield of a 

3:7 mixture of the biaryls IV and V. The propert-les of pure IV have been recorded earlier5" 

and the identification of V (which eluted first from the alumina column and was recrystallizer! 

from methanol) followed from its melting point, 93.5' (lit," m.p. 94.2'), infrared bsnds at 

889 and 826 cm" (1,2,4_trisubstituted pattern), ultraviolet maximum at 254 w, ~859 (es- 

substituted biphenyl), and its 100 mc nmr spectrum which revealed the uniquely shiclCe(J ortho 

proton (3.02~) to be a doublet with J=2.3 cps. The use of a Corex filter, while slowing the 

reaction down, serves to suppress the secondary rearrangement of IV to V without influencing 

the overall product distribution. 

An interesting use of the photo-decerboxylation reaction was made in the preparation of 

hindered alkylbenzenes such as c-di-t-butylbenzene and t-butylmesitylene by the irradiation of 

the appropriate aryl pivaloate. 5b We reported, for example, that o-di-t-butylbenzene could be 

prepared and isolated 

photolysis of benzene 

reaction has now been 

chromatography showed 

in 1% yield (along with lesser amounts of its mete and para isomers) by 

solutions of o-t-butylphenyl pivaloate (Equation 2, R = t-Butyl). This -- 

repeated using dioxane as a solvent and after 23 hours irradiation, gas 

the formation of the dialkylbenaenes in 17% yield! Isolation in 11% yield 
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122 yield along with the other products. 

In conclusion, we suggest that 

rather than to the hydrogen-bonding 

the presently observed effects are due to solvent polarity 

abilityU or viscoeity14 of the solvent. 
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