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Table: Product Distrubution upon Pbotolysis of Ketones L-2 in Faujasites 

Medium Dimethyl I-Methylcyclohexyl I-Methylcyclopentyl 
valerophenone W phenyl ketone (2) phenyl ketone (1) 

Benzene 

A 

23 

B A 

60 32 

Lii 95 5 
NaX 85 1.5 56: 
KX 34 66 
RbX 32 68 
csx 42 58 

43 
34 
59 

LiY 
NaY 
KY 
RbY 
CSY 

94 76 
90 
59 
20 
68 

4 
10 
41 

50 
25 
21 
17 

B A B# 

68 2 98 

35 50 
43 :: 65 

57 39 61 
66 29 71 
41 38 62 

2;: 
43 57 
26 74 

75 11 89 
79 8 92 
83 5 95 

as analyzed by GC at < 20 I conversion. # Yields of benzaldehyde (A) and cyclobutanol (B) 
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Scheme I 

The enhancement of type I products over type II can be due to the influence of the cage 
either on the reactivity of the triplet (increased rate of cx-cleavage, reduced rate of y-hydrogen 
abstraction) or on that of the reactive intermediates (reduced geminal recombination of the 
type I radical pair, enhanced rate of y-hydrogen reversion of the type II 1,4-diradical). Our 

earlier studies5 have shown that the cage effect is much larger in zeolite supercages than in 
isotropic solvents ruling out decrease in geminal recombination of type I radical pair being 
responsible. It has been established6 that Lewis bases and hydrogen bonding solvents favor 
cyclization of the type II 1,4-diradical over reverse hydrogen transfer; supercages possessing 
both these characteristics 7 
the reverse is the case. 

should indeed enhance the type II products over benzene although 

Adsorption and spectral studies have indicated that if the molecules with a x-bond or 
polar functional groups are adsorbed on zeolites, 
cations.8 

they interact strongly with the exchangeable 
The interaction energy depends on the type, radius, and the concentration of the 

exchangeable cations, type of zeolite and structure of adsorbed molecules. Such cations as 
lithium and sodium show stronger interaction than the larger potassium, rubidium and cesium 
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cations.9 We also have noticed the significant influence of the cations on the electronic 
absorption spectra and on the 2H-MAS NMR spectra of aromatics such as naphthalene, 
anthracene, phenanthrene and pyrene.10 Although no clue to such interaction is obtained 
from the absorption spectra of ketones L-9 when included in faujasites, thermogravimetric 
analyses indicate that the temperature required to desorb these ketones from LiX is much 
higher than from CsX; the temperature of desorption decreases in the order Li > Na > K > Rb > Cs. 
For example in the case of l-methylcyclohexyl phenyl ketone1 ’ the temperature at which 
desorption occurs is as follows: LiX 515”, NaX 50S”, KX 492’. RbX 471’. and CsX 464’ C. The 
extent of cation influence on the product distribution also follows the same trend: the extent of 
influence decreases from Li to Cs as cations. We propose that the cations present within the 
supercage interact with the carbonyl chromophore of the ketones L-l and such interaction 
weakens the a-bond (Figure 2). According to this model, the enhanced yield of benzaldehyde is 
a direct consequence of the increased rate of a-cleavage with respect to y-hydrogen 
abstraction. However, the argument that the carbonyl oxygen binds strongly even in the 
triplet state and impede hydrogen abstraction sterically can not be ruled out with the present 
data. 

a-Bond to be broken 

No significant change in product distribution is observed upon irradiation of a,a- 

dimethylvalerophenone in benzene in the presence of H+ (H2SO4) and in tert-butanol in the 
presence of sodium methoxide. Furthermore, irradiation of the above ketone on a silica gel 
surface did not result in increased yield of benzaldehyde. These point out that a constrained 
medium, such as the faujasite supercage. and a cation are required to enhance the a-cleavage. 
The interaction between the cation and the ketone must not be strong enough to effect the a- 
cleavage of valerophenone, cyclohexyl phenyl ketone and cyclopentyl phenyl ketone, the 
ketones which normally do not undergo Norrish type I process in isotropic solvents.4*6 Cations 
present within the supercage of faujasites have earlier been established by us to influence the 
photochemical and photophysical behavior of molecules through ‘labensraum effect’,12 via 
heavy atom effect13 and through controlling the conformations of the included molecules via 
specific interactions.14 Present results clearly attest to the vast and untapped potential of 
zeolites as microenvironments to modify the photochemical and photophysical behavior of 
organic molecules. l5 
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