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Reactions of carbocations and radical cation of 1-phenyl 3,4-dihydronaphthalene have been 
investigated within Ca Y. Copyright © 1996 Elsevier Science Ltd 

Phenyl substituted acyclic olefins (stilbenes, styrenes, 1,1-diarylethylenes), upon introduction 
into activated zeolite Ca Y, undergo spontaneous reduction to yield the corresponding aryl 
substituted hydrocarbons in near quantitative yield. 1 In this Letter we show that the behavior of aryl 
substituted cyclic olefin is slightly different from that of acyclic olefins reported earlier. The main 
difference between the cyclic and acyclic olefins is in the source of the hydride ion that completes the 
reduction process; in the cyclic systems the reactant itself serves as the hydride ion source and in 
acyclic systems the solvent is the hydride ion source. 

Ca Y, prepared from Na Y by an exchange process, was used in this study. The normal activation 
procedure involved baking about 300 mg of Ca Y at 500 °C in an oven under aerated conditions for 
about 12 h. When such activated Ca Y, after cooling to room temperature, was dropped into a hexane 
solution of 1-phenyl 3,4-dihydronaphthalene (1, 20 mg/3 mL; 1 molecule per supercage) a bright 
yellow color developed which persisted for several hours. Extraction of the hexane-zeolite slurry 
with methylene chloride gave 1-phenyltetralin (2) and 1-phenylnaphthalene (3) in equal amounts; 
none of 1 was left unreacted (Scheme 1). 2 A surprising result was obtained at low loading levels of 1 
within Ca Y (<1 molecule per 100 supercages). At low loading levels, the product 3 was obtained as 
the major product (-92%) along with minor amounts (<3%) of 4. The product distributions obtained 
at various loading levels of 1 included in Ca Y are presented in Figure 1. It is important to note that 
when the loading level is above one molecule per two supercages both 2 and 3 were obtained in equal 
amounts; at lower loading levels, 3 is the major product. The unusual dependence of product 
distribution on the loading level prompted us to explore this reaction in some detail. 
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F i g u r e  1: D e p e n d e n c e  of p r o d u c t  d i s t r i bu t i on  on the l o a d i n g  level  

d ihydronaphthalene  within Ca Y (activated at 500°C under  aerated conditions. 

of 1 -phenyl  3,4- 

The diffuse reflectance spectrum of the bright  yel low solid obtained upon  stirring Ca Y with 1 

showed two maxima at 435 and 540 nm. Both these absorptions d isappeared  upon  extraction of the 

zeolite with methylene  chloride indicating that the intermediate(s) responsible for these transitions 

react wi th  the solvent methylene chloride. Based on the literature reports, the two maxima observed 

in diffuse reflectance spectrum are at tr ibuted to the carbocations 5 and 6 (Scheme 2). Although,  the 

spectra of the carbocations 5 and 6 have not been reported,  those for closely analogous Ph2C+CH3 

and PhCH=CHCH2 + are reported to have maxima at 425 and 500 nm, respectively. 3 
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It has been established previously that activation of Ca Y in the temperature range 200 to 500°C 

generates Bronsted acid sites. 4 We suggest that Brensted acid sites generated within Ca Y during the 
activation process described above are responsible for the formation of the carbocation 5. The 
proposed mechanism for the formation of the products 2 and 3 is outlined in Scheme 2. As per this 
mechanism, the carbocation 5 abstracts a hydride ion from the reactant 1, instead of from the solvent. 
The final step involves the return of the proton by the carbocation 6 to the zeolite. In this overall 
process the zeolite serves as a true catalyst. Consistent with this postulate, when Ca Y exchanged 
with D20 was used as the catalyst and the products were extracted with C6D12/CD2C12 mixture, the 

product 2 contained only one deuterium. Had the solvent been the hydride source, two deuteriums 
should have been incorporated. 

The mechanism proposed in Scheme 2 demands that 2 and 3 be formed in equal amounts. But, 
at low loading levels of 1, 3 is the major product. We believe that under such conditions the 
predominant pathway leading to products is not a proton transfer but an electron transfer process. 

At low loading levels, carbocation 5 is unlikely to react with another molecule of I and therefore the 
equilibrium shown in Scheme 1 may not lead to any permanent products. The diffuse reflectance 

spectrum of the yellow solid obtained upon stirring Ca Y with 1 did not contain any absorption 
corresponding to the cation radical. However, this solid showed a strong ESR signal with a g-value 
of 2.0019. The ESR spectrum was broad and structureless. We attribute the observed ESR signal to 
the radical cation of 1. An indication of what might be important in this oxidation process came 
when the zeolite activated under nitrogen atmosphere was used. When Ca Y activated under 
nitrogen atmosphere was used, for the same loading level of 1, the yield of 3, reduced by an order of 
magnitude compared to that of Ca Y activated under aerated conditions. Based on this, we believe 

that oxygen is critical in the cation radical formation of I within Ca Y. A proposed mechanism is 
outlined in Scheme 3. The radical ion pair formed between 1 and oxygen collapses either by 
superoxide anion abstracting a hydrogen radical (or H +) from the allylic position or by adding to the 
double bond. The latter pathway, we believe, leads to product 4. This must only be a minor pathway 
since the relative ratio of 3:4 is > 20:1. The former one leads to 3 via several steps not elaborated here. 
The mechanism provided above serves as a good working hypothesis to plan further experiments 
and should not be considered to be final. We are in the process of establishing the role of oxygen in 

the electron transfer process within zeolites. 
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Scheme 3 

Generation of radical cation within zeolite has been known for some time. 5 But its mechanistic 
origin has been under debate for a decade. 6 During the last few years, the stabilization of charge 
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transfer complexes within zeolites has been reported by several groups. 7 The high electric field 
generated by cations is suggested to be responsible for this phenomenon. 8 Recently, Frei and co- 
workers have exploited the unique feature of divalent cation exchanged zeolites to stabilize charge 
transfer complexes between hydrocarbons and oxygen. 9 In these systems, electron transfer is 
achieved by activation of the charge transfer complex with light. Since the oxidation potential of I is 
expected to be much lower than that of the hydrocarbons used by Frei and co-workers, occurrence of 
spontaneous electron transfer is not surprising. Such reaction does not occur in isotropic solution. 
The role of dication exchanged Y zeolite must not be underestimated in this process. 

We have shown above that reactions within Ca Y can be triggered by either H + or e-  transfer. 
The desired process can be achieved by properly activating the zeolite. The process described here is 
unique to divalent cation exchanged Y zeolite. Neither monovalent cation exchanged X and Y 
zeolites nor divalent cation exchanged X zeolites are active for the purposes described in this letter. 
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