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Summary: Diphenyloxetane was synthesized from photocycloaddition of benzaldehyde and 
styrene. The oxetane products, 2,3 trans and 2,3 cis isomers, were observed in a 3:1 ratio. 
Irradiation of 1-phenylpropene and trimethylsilyl cinnamyl ether under the same conditions 
also gave oxetanes. The silyl group resulted in high stereoselectivity for the oxetane 
formation. © 1997 Elsevier Science Ltd. 

The Patemo-Biichi photocycloaddition is a powerful carbon-carbon bond forming 

reaction. It is one of the most synthetically useful photochemical reactions. Recently, much 

attention has been focused on intra- and intermolecular reactions, where regio- and 

stereoselectivity are essential. We have introduced methodology that provides a means for 

controlling the regio- and stereochemistry of the cyclobutane forming [2+2] reaction in 

solution. 1 In our attempt to extend this work to the synthesis of oxetanes, we found that many 

stereochemical aspects of the simple Paterno-Btichi reaction were absent from the literature. 

The use of silicon as a tether for various intramolecular reactions has been explored, 

including radical cyclization reactions 2 and [4 + 2] reactions. 3 One limitation to this approach 

is the desilylation after the tethering group has served its function. The hydrolysis of the 

silicon-oxygen bond is not difficult but this type of tethering requires the extra steps of 

assembly and removal in addition to a required stoichiometric relationship. A more attractive 

application of this methodology would allow catalytic use of a tethering group. In our case, the 

reacting molecules could be coordinated to silicon via a silicon-oxygen expanded sphere 

coordination, which requires no hydrolysis after reaction (see Scheme 1). 

We first examined the use of the silicon in the TMS ether of cinnamyl alcohol as a 

temporary tether with benzaldehyde in the Paterno-Btichi reaction. We were pleased to find 

that the reaction was regioselective as predicted 4 and appeared to be highly stereoselective. We 

hoped that silyl control of the photocycloaddition would give oxetane l a  due to favorable x-r~ 

overlap between the aromatic groups of the styryl and benzaldehyde reagents in the tethered 

complex. 5 However, as we attempted to ascertain the relative stereochemistry of the major 

product from this reaction, we found little premise for the assignment based on data in the 
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literature. In fact, we were unable to distinguish between the possible stereorelationships in 

comparison to the previously reported cis-2,3 and trans-2,3 diphenyloxetane. 6 Therefore, we 

chose to reevaluate the photocycloaddition between styrene and benzaldehyde prior to assigning 

the stereochemical relationships in our cinnamyl studies. 

Irradiation of a styrene:benzaldehyde (10:1) solution (1 M in benzene) gave three 

products that are easily separated by HPLC. 7 These products included two oxetanes and a 

styrene polymeric product (<5%). The yield of isolated oxetanes was 32% based on recovered 

benzaldehyde. The yield is undoubtedly higher, however the volatility of benzaldehyde 

complicates accurate measurement. NMR analysis allowed stereochemical assignment of the 

two oxetane products. Compound 28 is the major isomer (trans-2,3-diphenyloxetane) and has a 

characteristic 9 upfield shift for the C-2 hydrogen. Compound 31° is the minor isomer (cis- 
2,3-diphenyloxetane) and has a lower Rf value on silica gel. The original publication 

describing these oxetanes gave similar ratios (3:1, trans:cis respectively) but did not report the 

NMR data that we have found to allow differentiation of the isomers. 

We also have examined the impact of an alkyl group in the ~ position of the styrene. A 

study of this analogue was necessary in order to accurately assign the stereochemistry of 

oxetane 1. Thus, irradiation of (E)-l-phenylpropene in the presence of benzaldehyde (1:1) 

gave five products in addition to recovered starting material. Separation of the photoproducts 

allowed the following assignments: all trans-2,3-diphenyl-4-methyloxetane (4), cis,trans-2,3- 
diphenyl-4-methyloxetane (5) ,  trans,cis-2,3-diphenyl-4-methyloxetane (6), 2-methyl-3- 

phenylpropiophenone (7), and (Z)-l-phenylpropene (8). NMR analysis (including NOE) and 

comparison to 2,3-diphenyloxetanes 2 and 3 allowed the structural assignment for oxetanes 4- 

6 as shown in Scheme 2.11 Oxetane 4, the major product, was obtained in 25% yield. The 

minor cycloadducts were found in a 5:1 ratio with a combined yield of less than 3%. Ketone 7 

(9%) presumably arises from acyl radical addition to the styrene moiety. 12 Photosensitized 

double bond isomerization results in approximately 10% yield of (Z)-l-phenylpropene (8). 
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With this information, we can now return to the initial silyl coordinated study with the 

ability to ascertain the correct stereochemical relationship in the oxetane 1. It is clear that the 

major product is the all trans oxetane lb  (isolated in ca. 20% yield) as shown in Scheme 3.13 

It is interesting to note that no other cycloadducts are detected (detection limit <1%). The cis 

and trans alkene isomers of the silyl cinnamyl ether are recovered in a 1.6:1 ratio for a 

combined yield of 67%. 
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In conclusion, it can be argued that the Paterno-Btichi photochemical cycloaddition 

between styrene and benzaldehyde has ~-~ overlap which impacts the distribution of products 

because there is cis-2,3-diphenyloxetane obtained from the irradiation. One would not expect 

any cis isomer to be formed if the diradical has sufficient time to relax prior to bond 

formation. This study implicates noncovalent tethering (but not ~-~ overlap) for silylated 

cinnamyl alcohol and benzaldehyde since there is only one stereoisomer obtained and no side- 

reactions (e.g. ketone 7). If tethering is involved, then the phenyl groups must be held in 

opposite directions in the coordinated structure due to steric effects. 
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