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ABSTRACT: Photolysis of phenyl cinnamates in aqueous SDS medium results in an 

efficient and high yield synthesis of the corresponding 2'-hydroxy- 

chalcones. 

Micelles as media for chemical reactions present features that are unique in 

comparision to ordinary non-aqueous or aqueous solvent media. A reaction conducted 

in micellar media is influenced by the micellar environmental factors such as com- 

partmentalization, localization, pre-orientational, cage, polarity and counter-ion 

effects. As a result of these effects a high local concentration, longer life time, 

and reduced translational freedom of the reactive species generated in the micellar 

environment can be achieved. This is anticipated to bring about catalysis, effi- 

ciency, 
1 

and selectivity in the reactions being done in micellar environment . 

Light induced transformations of phenyl cinnamates leading to isomerization, 

dimerization, and rearrangement are reported in the literature . The photo-Pries 

rearrangement of phenyl cinnamate has been exploited for the synthesis of 2'-hydroxy, 
2 

chalcones in 20-30 % yield . In general, it is found that the photorearrangement 

of phenyl cinnamate in common organic solvents yield ortho and para migration pro- 

ducts alongwith phenol being the major product. The reaction requires long photo- 

lysis time with low overall conversion of the starting material giving low yields. 

This is apparently because of the fact that the products of the photoreaction, the 

chalcones, act as internal filters absorbing photons in the region of 350-380 run. 

Alternatively, the excited products may quench the reactive triplets of the 

starting cinnamates. 
~_______~__~________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
# Dedicated to Professor Koji Nakanishi, Columbia University, New York, on the 

occasion of his 60th birthday. 
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In this context and because of our recent findings that aryl esters and 

N-aryl amides can neatly be converted to the corresponding hydroxy and amino- 

benzophenones in excellent yields, we undertook the work described in this commu- 

nication. The present work has led us to a novel, efficient, clean, and high 

yield transformation of phenyl cinnamates into the corresponding 2'-hydroxychal- 

cones. Phenyl cinnamates 1-6 were prepared according to the procedures described 

in the literature 
2,4 

. The 10 -4 M micellar solutions of the cinnamates were pre- 

pared by suspending an appropriate ammount of the cinnamntes in lo-2 M sodium do- 

decyl sulfate solution in distilled water followed by stirring for lo-12 hours, 

The clear micellar solutions were then taken in a quartz immersion well and N2 

was bubbled through it for 10 min. It was then irradiated in an Annular Photorea- 

ctor (Applied Photophysics, model APQ 40) having 16 watts low pressure Hg lamp 

which emmits 90 % light at 254 nm. Irradiation was stopped when no starting mate- 

rial could be detected by tic. The reaction could also be monitored by observing 

the disappearence of the ester carbonyl peak at 1725 cm 
-1 

and appearence of keto 

carbonyl peak at 1650 cm -1 in the IR spectra. In all the cases photolysis was over 

within 8 hours. The products were isolated by preparative tic using silica gel 

and 10 46 ethyl acetate-hexane. The characterization of the products rests upon 

the comparision of the physico-chemical data (mp, ir, nmr) of these products with 

that reported in the literature. The results are summarized in scheme I and in 

the subsequent table. 

‘, R,=R2:R3=RL:R5=H 

2, R,=R2=R&=R5=HjR3= Me 

1, R,=R1=R3=R~=H,R~=M@ 

&R,=R3=RL=R5=HyR2= OH 

2,R,=R2=OH,R3=Rb=R5=H 

a R,=Rz=OH , RL =R5 =OM~ ,R3=H 

Schato I 

R5 

L,t_I,R, = Rz=R3 =RL =R5= H 

o,lO,R, = R~=RL = R5=H, R3=k 

;,lA,R, = RI =R3 = R5=H, RL=M~ 

l3,R, = R3=RL = R5=H, R2=OH 

l&R, = R2=OH, R3 =R4=R5=H 

lL,Rj = R2=OH, RL=R5=OMr,R3=H 
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TABLE. Results of Photorearrangement of Cinnamates, l-6. 
-_-_--__----------- ______________-_____-------- __~_________~_~_____~~~~~~~~~~~~~ 

Cinnamate 
Photoproductsa 

Product Time,h> 
Cinnamates P Conversion f Yield hr. 

""""""""';""" _______~__~_____~___~~~~~~~~~~~~~~~~~~~~~~-~~~~~~~~~~~~~ 
1 2 -Hydroxychalcone, 7 90 70 6 

4'-Hydroxychalcone, CJ 15 

2 2-Methyl,2'-hydroxychalcone, 9 90 73 5 

2-Methyl,4*-hydroxychalcone, 11) 15 

2 3-Methyl,2*-hydroxychalcone, 11 90 70 7 
. 

3-Methyl.4.-hydroxychalcone, 1,2, 20 

4 2',4'-Dihydroxychalcone, 13 70 70 6 _- 

5 2*,4',6'-Trihydroxychalcone, 14 75 75 8 _- 

6 3,4-Dimethoxy,2',4',6*-trihydroxy- 75 75 8 

chalcone, 15 __ ____________________--~------~ _____~______________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
a> All the products were homogeneous by tic and gave satisfactory mp, ir, and nmr 

spectral data comparable to those reported in the literature. Yield is based on 

the material consumed, and is an average of three runs. 

These reactions were found to be very clean and required only 5-8 hr of photo- 

lysis time giving excellent yields in contrast to the analogous photoreactions in 

295 
organic solvents . There is no indication for the formation of phenol. These result! 

can be explained by considering the analogous photo-Fries rearrangement where it is 

assumed that the products are formed either from radicals I-III or from intermediates 

IV and V involving concerted symmetry allowed 1,3 or 1,5 sigmatropic shifts5(scheme II: 

0 
8 

Q 
h3 

O- 

0 
8 . *- -0 

d _ d 
Sohro If 

The high yield of the products , short duration of photolysis, and selectivity 

observed is because of the micellar compartmentalization (protection of the excited 

state from quenching), preorientational effect (molecules located in the interface 

region with aromatic group towards the hydrophobic core) and cage effect (restri- 

ctiong the translational freedom of the substrate, thus almost freezing the inter- 

mediates formed, such as IV). 



4128 

The formation of 2*,6'-dihydroxychalcone from cinnamate 4 is expected but no such 

compound could be isolated from the irradiation product. The high conversion of cinna- 

mates is partly because of the use of 254 nm photons where the absorbance by the 

photoproducts is little. Further, the triplet states of the cinnamates are protected 

by micellar super cage from quenching. Substituted 2'-hydroxychalcones serve as bio- 

synthetic precursors to flavonoid and isoflavonoid pigments. Thus this photochemical 

conversion could serve as a possible model for the biological reaction. Besides, this 

reaction is a novel alternative for the acylation of phenolic compounds. The Fridel- 
6 

Craft reaction of phenols with cinnamoyl chloride has been reported to give 2'-hydro- 

xychalcones which were not stable under the reaction conditions. Thus, the work des- 

cribed herein represents an easy entry into 2 -hydroxychalcones, not readily available 

from other methods. The photochemical cis, trans isomerization of olefins is well known 

but we did not isolate any cis compounds as judged by the coupling constant between 

the vinylic protons in the nmr. Further, we did not isolate any dimeric product expec- 

ted to be formed as a result of the 2*2 cycloaddition. 
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