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The photocyclization of 1,3-diphenylpropene to cis- and trans-1.2- - 

diphenylcyclopropane was recently reported (1). This cyclization is 

necessarily accompanied by either phenyl or hydrogen migration or both. 

The scope of this reaction is being defined, with emphasis on systems in 

which the identity of the migrating group may be deduced from the 

structure of the photoproduct. 

In this paper, we report the photocyclization of five additional 

phcnyl-substituted propenes to cyclopropanes, demonstrating that the re- 

action is reasonably general; fur k ermore, cyclization is clearly as- 

sociated with phenyl migration in three cases and with hydrogen mi- 

gration in another. 

““Benjamin Franklin Senior High School, New Orleans, 
Louisiana. 
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3,3,3-Triphenylpropene (I), (2,3), m.p. 75’; vz,“i (cm.-I) 1190. 

1036, loo!), 902, 753, 699, 676, 637, and 565, was irradiated with 

2537 8 light in a degassed benzene solution (O.lM) (4) for 50 hours. 

The major product, isolated by gas chnmatography at 200’ (5). was 

IV V VI VII 

1,1,2-triphenylcyclopropane (II), the result of cyclization and con- 

comitant phenyl migration. In addition considerable starting material 

and a number of unidentified minor products were observed. The structure 

of II follows from the identity of its g.c. retention time and n.m.r. and 

I.R. spectra with those of a sample prepared (51%) by heating diphenyl- 

diazomethane with styrene (3), m.p. 49.5-50.0’; !, ziz (cm.-‘) 1138, 1078, 

1037, 777, 762, 747, 735, 698, 694, 575, and 550. 

As anticipated II was also obtained in satisfactory yield by ir- 

radiation (17 hours) of 1,1,3-triphenylpropene (III) (6); the reaction 

mixture contained two additional minor products and starting olefin. 

Upon irradiation for 5 hours, 1,3,3,3-tetraphenylpropene (IV) (2,3), 
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m.p. 114.5-115°; A EtoH 220, 253 mu (F 23,400, 16,500); V “’ -1 
max max (cm. 1 

1190, 1160, 1090, 1040, 915, 905, 767, 750, 700, 621, and 555, was 

transformed into 1,1,2,3-tetraphenylcyclopropane (V) in excellent 

yield; no starting material survived. Longer irradiation (24 hours) 

gave a most complex mixture, which included small amounts of V and ole- 

fins VI and VII, isolated by g.c. at 270°. 

fiotocyclization to V in good yield also occurred upon irradiation 

(24 hours) of 1,1,3,3-tetraphenylpropene (VIII) (3,7), in another case of 

cyclization with a phenyl shift. The reaction mixture appeared to con- 

tain little else with the exception of some starting material; it was 

analyzed by both gas (270’) and elution chromatography. Neither cis- - 

1,1,2,3-tetraphenylcyclopropropane (IX) (8) “or 1.1,2,2-tetraphenylcyclopro- 

pane (X) was detected. Since X, the product expected from cyclization with 

hydrogen migration, was not found, it is likely although not certain (9) 

that hydrogen migration was negligible (10). 

The structure of V, m.p. 130-131°; x ;;; 
csz 

227 mu; v max (cm.“) 

3100, 3080, 3030, 1070, 1030, 910, 773, 752, 740, 695, 570, 550; n.m.r., 

T 6.58 (2 H singlet), 7 2.75-3.18 (20 H) (3), was painstakingly estab- 

lished by degradation and by two independent syntheses. Chromic acid 

oxidation in acetic acid at 60’ gave both benzophenone and benzoic acid. 

Ozonolysis in 95% acetic acid (oxidative work up) (11) followed by 

esterification with diazomethane afforded trans-1,1,2,3-tetracarbometh- 

oxycyclopropa”e, identified by the correspondence of its I.R. spectrum 

and retention time with those of authentic material (12). The trans _ 

cyclopropane V was synthesized quantitatively from its cis isomer IX (8) - 

by heeting to 260° for 6 minutes as well as by passing it through a gas 

chromatograph at 270’. Decomposition of diphenyldiazomethane in the 
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presence of cis-stilbene also gave V (13). 
- 

The identity of V iron] the 

photochemical reactions with that from the other syntheses was con- 

firmed by mixture melting points and by comparing their I.R. spectra and 

retention times. 

The olefins VI and VII were identified by the conformity of their 

retention times and 1.R. spectra with those of authentic samples (vldc 

infix). 
EtOH 

1,1,2,3-Tctraphenylpropene (VI), m.p. 139.5-140° (14); h ,~ax 227, 

270 mu (F 20,000, 11,600); v ;“; (cm.-‘) 1078, 1033, 962, 914, 795, 775, 763, 

727, 699, 630, 620, 610, 580, and 540; n.m.r., T 6.i8 (2 H singlet), 2.60- 

3.15 (20 H), was obtained by iodine-catalyzed dehydration of 

phenylpropanol (XI) (li), in refluxing benzene. 

When XI or VI IS heated with Iodine in refluxkng xylene 

1,1,2,3-tetrs- 

the product 1s 

trans-1,2,3,3-tetraphenylpropene (VII), m.p. 131.5-133° (141, 1 EtoH lliix 220, 

305 mu (6 21,800, 14,200), v 1$1;; (cm.-‘) 1075, 1031, 903, 833, 767, 770, 758, 

746, 738, 697, 630, 600, 588, 522, and 495; n.m.r., - 4.93 (1 H slnglct), 

2.50-3.15 (21 H). 

Ph / )/\ hv Ph 

+ 

Ph 
t 

Ph 
)/\ \ 

Ph 
Ph 

XII XIII XIV 

After irradiating a solution of l,l-diphenvlpropene (XII) for 30 

hours, the products isolated by gas chromatography (5) included l,l-dlphenyl- 

cyclopropane (XIII), v CSa n’3x (cm.-‘) 1325, 1130, 1050, 1055, 1025, 936, 821, 715, 

and 698, and 3,3-diphenylpropenc (XIV), v i,,“z (cm.-‘) 1025, 990, 912, 75>, 

734, 698, and 530. Thr renctlon “lixturc also conLalned star~,ng :.Jtiri:jl 

and a number of unidentified compounds. The cycloprnpane XIII was .di‘,,~~_ 

fied by comparison (I.R., rctfntlon time) with a sample Tddc bv Bu?lgardncr 
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(16a). The structure of the olefin XIV was confirmed by its I.R. and n.m.r. 

spectra, which agreed with published values (16b,17) and by direct comparison 

of its retention time and I.R. spectrum with tllose of a sample prepared by 

reaction of 3,3-diphcnylpropyltrirr!ethylanmoniu~ iudide (16a) with sodium 

hydride. 

The conversion of XII tc XIII appeiir-s ti’ be the first clear case of 

photocyclization of an olefin to a cyclopropanc in solution in which 9- 

drogen migration is required. The formation of the olefin XIV from XII 

is notable in that two successive 1,2-hydrogen migrations (or an even less 

likely 1,3-hydrogen shift) are apparently needed, even if XIII is an inter- 

mediate. 

--1,2,3_T;iphenylpropene (XV), m.p. 62-63’; U max cs2 3110, 3080, 3000, 

1070, 1027, 915, 775, 745. 718, 690, 640, 610, 545, 520, and 505, (16) and 

1,1.2,3-tetraphenylpropene (VI), which possess stilbene chromophores. fail 

to undergo photocyclization to cyclopropanes. Perhaps trace amounts of 

phenanthrenes, known to be formed from such systems. quench cyclopropane 

formation (19). After irradiation of solutions of VI for 144 hours, nothing 

but unchanged VI was detected by gas chromatography. Irradiation of XV 

apparently resulted only in partial conversion to the cis isomer which was - 

csz separated by gas chromatography, V max (cm.-‘) 3110, 3080, 3000, 1060, 1017, 

905, 763, 745, 715, 690, 553, 530, and 505. The structures of XV and its cis - 

EtOH 
isomer were assigned an the basis of U.V. data (trans. x max 275 mu; cis 

A EtOH 
max 

220, 260 mu) using cis- and trans- stilbene and their a-methyl analogs - 

as models (20). 

A discussion of the mechanisms of these reactions will be deferred until 

the results of labeling, kinetic, and quenching experiments currently in 

progress my be reported. Cyclization with alkyl migration is also under 

investigation. 
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