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 COz, forming the known n-butoxytrimethylsilane, whose boiling point and ir and nmr properties agreed completely with those of an authentic sample." (11) J. Fertig, W. Gerrard, and H. Herbst, J . Chem. Soc., 1488 (1957).
 
 Registry No.-3, 30,98246-1; 4a, 30852-87-2; 4b, 30882-88-3; dC, 30882-89-4; 4e, 30S82-90-7; sa, 30882-91-8; Sb, 30882-92-9; 5c, 30882-93-0; 5d, 3OS82-94-1; 5e, 30882-9&2; 6,30S82-96-3.
 
 Preparation, Characterization, and Photofragmentation of the Isomeric 1,4-Bis(2,3-diphenyloxiranyl)benzenes NOELIER. BERTONIERE,~~ STANLEY P. ROWLAND, AND GARYW. GRIFFIR'*'~ Southern Regional Research Laboratory,lCATew Orleans, Louisiana 70179, and the Chemistry Departnzent, 1,ouisiana State Universzty in New Orleans, i\'ew Orleans, Louisiana
 
 70122
 
 Received December 5,1970
 
 The preparation and separation of the three isomeric 1,4-bis(l,2-diphenylvinyl)benzenesand their epoxidation to give the six diastereoisomeric 1,4-bis(2,3-diphenyloxiranyljbenxenesare described. One of the dialkenes and the two bisoxiranes derived from it are unambiguously assigned cis-trans geometry on the basis of pmr data, Tentative structural assignments for the remaining cis-cis and trans-t,rans isomers in the alkene and oxirane series are made on the basis of the ult'raviolet spectra of the respective dialkenes. The photofragmentation of the bisoxiranes in solution has been studied and the primary mode of cleavage determined.
 
 Previous st'udies have demonst'rated t'hat arylsubst'ituted oxiranes fragment photochemically yielding aryl carbenes and carbonyl compounds.2-6 Esr and optical spect'ral investigations have provided direct evidence for the formation of diphenylmethylene upon photofragmentation of tri- and tetraphenyloxirane .7 More recently opt'ical spectroscopic evidence for the formation of phenylmethylene upon photolysis of the isomeric 2,3-diphenyloxiranes also has been obtained.6 I n independent studies Trozzolo and coworkers have observed the esr spectra of two dicarbenes, namely mand p-phenylenebis(phenylmethylene), upon irradiation of 1,s-and 1,4-bis(a-diazobenzyl)benzene, respectively, in rigid matrice~.~,9The esr spectra of quintet m-phenylenebis(phenylmethy1ene) was independent'ly reported by Itohlowho oriented t'he diazo precursor in a single cryst'al of benzophenone. The observation that the unsymmetrical oxirane, triphenyloxirane, fragment'spreferentially (85%) to give diphenylmethylene and benzaldehyde6 suggested that the isomeric 1,4-bis(2,3-diphenyloxiranyl)benzenes(1) would fragment in a similar manner and perhaps provide additional precursors for p-phenylenebis(pheny1methylene) (Z), a transient of considerable theoret'ical as well as potential practical interest as tl cross-linking agent for a broad variety of polymers having functionality (1) (a) Taken from the dissertation submitted by N. R. B. in partial fulfillment of the Ph.D. requirements, Louisiana State University in New Orleans, New Orleans, La. (b) Author t o whom inyuiries regarding this communication should be directed, Louisiana. State University in New Orleans. (0) One of the laboratories of the Southern Marketing and Nutrition Research Division, Agricultural Research Service, U. S. Department of Agriculture. (2) H. Kristinnsson and G. 117. Griffin, Angew. Chem., I n t . E d . Enol., 4, 868 (1965). (3) H. Kristinnsson and G. 1%'. Griffin, J . Amer. Chem. Soc., 86, 1579 (1966). (4) H. Kristinnsson, Tetrahedron Lett., 2343 (1966). (5) P. C. Petrellis, H. Dietrich, E. Meyer, and G. W. Griffin, J . Amer. Chem. Soc., 89, 1967 (1967). (6) R. S. Becker, R. 0. Bost, J. Kolo, N.R. Bertoniere. R. L. Smith, and G. W. Griffin, (bid., 92, 1302 (1970). (7) A. M . Trozzolo. JV. A. Yager, G. W. Griffin, H. Kristinnsson, and I. Sarkar, i b i d . , 89, 3357 (1967). (8) A. M. Trozsolo, R. W. Murray, G. Smolinsky, W. A. Yager, and E. Wasserman, ibid., 86, 2526 (1963). (9) E. Wasserman, R. W.Murray, W. A. Yager, A. M. Trozsolo, and G. Smolinsky, ibid., 89, 5076 (1967). (10) K . Itoh, Chem. Phys. Lett., 1, 235 (1967).
 
 lcnoivri to react with carbenes. Observatjon of the dicarbene per se n-ill undoubtedly require lox temperature rigid matrices, a stepwise fragmentation of the bisoxiranes in solution being likely.
 
 1
 
 2
 
 The bisoxiranes 1 in principle may exist in six diastereoisomeric forms and we were also interested in the possibirity that the mode of fragmentation might vary as a function of the stereochemistry of the precursor. Therefore Jve have prepared, separated, and c,haracterized the three isomeric 1,4-bis(l,2-diphenylviny1)benzenes and the six diastereoisomeric 1,4-bis(2,3diphenyloxirany1)berizenes derived from them by peracid oxidation and studied the fragmentation pattern of the latter in methanol.
 
 Results and Discussion 1,4-Bis(1,Z-diphenylvinyl)benzenes.--A mixture of the three isomeric alkenes was prepared from p-dibenzoylbenzene via a Grignard addition-dehydration sequence previously described by Buu-Hoi and coworkers.l1 These authors report the preparation of "a"-distilbenzylbenzene,mp 74", a substance characterized only by elemental analyses. No structural assignment or mention of the other potential isomers was made. Microscopic examination revealed that amorphous materials m r e obtained in our attempts to repeat the earlier work and to crystallize the product from ethanol as described. Neither heating under reflux in ethanol containing a trace of iodine nor in toluene containing p-toluenesulfonic acid converted the mixture to a single, stable isomer. One of the isomers, mp 172-174", eventually crystallized from n-heptane (11) N. P. Buu-Hoi, T. B. Loo, and N. D. Xuong, J . Chem. Soc., 3964 (1957).
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 1,4-BIS(2,3-DIPHENYLOXIRANYL) BENZENES after preliminary purification of the crude reaction mixture by passage through an acidic alumina column with benzene as the eluent. The other two isomers, mp 145-146 and 109-llOo, then deposited in succession in crystalline form from the solution. After the initial crystallizations subsequent batches of solid deposited as mixtures which we found necessary to separate by fractional crystallization from 2-propanol and/or diethyl ether (more an art than a science). In our experience n-heptane remains the only solvent discovered from which a freshly prepared mixture would crystallize. Repeated attempts to separate these isomers using glc, tlc, and column chromatography proved unsuccessful. The gross structural features of the lj4-bis(1,2-diphenylviny1)benzenes were confirmed by the following data. (a) The mass spectra of all three isomers exhibit the expected parent peak at m/e 434 and the combustion analytical data are consistent with the proposed structures. (b) Significant absorption bands at 3050 cm-I with a weak shoulder at 2900 cm-I are apparent and are compatible with a phenyl-substituted ethylenic structure. (0) The pmr spectra of these dienes confirm the presence of 2 vinyl and 24 aromatic protons, although in one case (for example, the cis-trans12 isomer 4) one of the vinyl protons is obscured by the aromatic multiplet. The pmr data for the isomeric 1,4-bis (1,2-diphenylvinyl)benzenes are summarized in Table I. While chemical and spectroscopic data conTABLE
 
 PMRDATAFOR
 
 1
 
 ISOMERIC 1,4L-BIS(1,2-DIPHENYLVINYL)BENZENES THE
 
 M p of isomer, O C
 
 Vinyl protons,
 
 172-174 109-110
 
 2.95 (2 H ) ?, 3.02 (1 H )
 
 145-146
 
 2.95 (2 H )
 
 7
 
 Aromatic protons (major peaks), T
 
 * 2.88, 2.67 (24 H ) 2.94, 2.90, 2.87, 2.78, 2.74, 2.68 (25 H ) 2.96, 2.77, 2.69 (24 H)
 
 firm the gross structural features of 3, 4, and 5 , no distinction between the cis-cis and trans-trans isomers 3 and 5 , respectively, could be made by pmr spec-
 
 0 "
 
 0
 
 4
 
 3
 
 5
 
 protons of 4 with one of the nonequivalent vinyl protons renders the assignment of structure solely by pmr tenuous even in this case. That the 1,4-bis(lj2-diplienylviny1)benzene isomer melting at 109-1 10" does indeed possess the cis-trans geometry is apparent from the pmr spectra of the pair of bisoxiranes derived from 4 which also exhibit two singlet signals for the oxiranyl hydrogens (vide infra). The ultraviolet absorption spectral data for the three isomeric 1,4-bis(l,2-diphenylviny1)benzenesproved useful and are summarized in Chart I along with data for several related systems. The structural feature of primary significance in determining the position of the long wavelength band in the ultraviolet spectra of these systems is the extent of coplanarity which may be achieved along the linear molecular skeleton. Structural features, such as cis double bonds and branching phenyl groups, which cause deviations from planarity result in the expected hypsochromic shifts.I3 The absorption at longer wavelengths observed in the 1,4bis(2-phenylviny1)benzenes (p-distyrylbenzenes) relative to the 1,4-bis(l,2-diphenylvinyl)benzenesystem is therefore expected. A priori one would predict that, in either series, the isomer with the longest trans linear backbone should absorb at the longest wavelength. A study of molecular models reveals that a completely planar conformation is not possible in the case of the three isomeric 1,4-bis(l,2-diphenylvinyl)benzenes. However, it is apparent that maximum conjugation and thus minimum steric interaction is achieved in the case of the cis-cis isomer if the 1- and 1'-phenyl substituents are rotated perpendicular to the plane of the trans,trans-l,4-bis(2-phenylvinyl) benzene chromophore present in conformer 6. The corresponding conformation 7 for the trans-trans isomer is inaccessible because of the interference encountered between the ortho hydrogens of the cis coplanar phenyl groups. A more stable conformation 8 for this isomer possesses two planar trans stilbene-like structures rotated slightly with respect to the phenylene group in such a manner that the adverse steric interactions existing in 7 are reduced at the expense of coplanarity.
 
 .
 
 troscopy since the vinyl protons in each isomer are equivalent. The fortuitous overlap of the aromatic (12) This and subsequent designations of this type refer t o the relationship of the monosubstituted phenyl groups to each other in the respective stilbenyl substituents.
 
 6
 
 7
 
 8
 
 On the basis of these considerations the following structural assignments are proposed. That isomer melting 333 nm) is assigned structure 3 at 172-174" (A, while that isomer of melting point 145-146' (A, (13) R. N. Jones, J . Amer. Chem. Soc., 66, 1818 (1943).
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 ULTRAVIOLET
 
 BERTONIERE, ROWLAND, AND GRIFFIN
 
 CHARTI ABSORPTIONMAXIMA OF THIC ISOMERIC 1,4-BIS( 1,2-DIPHENYLVlNYL)BENZENICS AND RELATED SYSTEMS
 
 mp 172-174": X,,,:,,333 nm ( e 35,500) (benzene)
 
 mp 109-110"; k,i.3x 330 nm ( e 24,000) 301 (33,000) (hexane)
 
 mP 145-146"; A,,,.,, 295 nm ( t 36,000) (hexane)
 
 A,,,,,, 295 nm ( e 27,000)fJ
 
 05 H
 
 H A,,,,
 
 H+
 
 A,,
 
 280 nm ( e 10,450)"
 
 0
 
 A,,,.,, 299 nm ( e 18,200)
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