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Abstract: Excrtation of CdS in the absence of oxygen rn the presence of 
cyclic derlvatrves of drphenylcyclobutene gave the cation radical of the 
latter which underwent a reversible double bond migration. The structures 
of the product6 were established on the ba616 of spectral data ('H, r5C 
NMR, J4S, W). Test6 were performed to show that the reaction proceeds, at 
least in part, intramolecularly, and, therefore, represents the first 
example of a suprafacral [1,3] slgmatropic hydrogen shift via a radical 
cation. This suprafacial pathway is symmetry forbidden in closed shell 
systems. Oxidation product6 were Isolated when the irradiation was 
performed in an aerated system. The use of excited 9,10-dicyanoanthracene 
as an electron acceptor did not lead to the expected products; instead the 
sensitizer was consumed and two thermally unstable adducts were rsolated. 
Their formation could be quenched by 1,2,4-trimethoxybenzene. 

INTRODUCTION 

The 6UCCe66ful application of 6emlconductor6 t0 photoinduce organic 

reactions has been demonstrated recently. The reaction6 reported, other than 

oxidation and reduction, include: the dimerrzatron of phenyl vinyl ether3p4 and 

N-vinylcarbazole5; the cycloreversron of a cage molecule6, of anthracene3 and of 

qurnolone dimers7, the valence lsomerlzation of hexamethyl Dewar benzene718 and 

the cis-trans lsomerization of olefrnsgrlO. In these reaction6 the lnvolvement 

of radical catrons formed by electron transfer from organic substrates to the 

holes photogenerated in the valence band of 6emlconductor has been demonstrated. 

Theoretical calculations of the reaction pathway for some representative 

pericyclic processes (Diels-Alder, olefin cycloadditron and the Cope rearrange- 

ment) have predicted that prior electron transfer to form radical cations should 

facilitate these reactions by lowering the activation energies for their transl- 

tions statesll. The same conclusion concerning the specific case of electro- 

cyclic reactions has emerged from ma66 spectroscopic 6tUdle612. We report here 

the results of our study concernmg the semiconductor mediated photoreactions of 

diphenylcyclobutenes 1 which, in the absence of oxygen, undergo a reversible 

[1,3] sigmatropic hydrogen shift II. Part of thrs work ha6 been de6cribed15. 

RESULTS AND DISC!USSION 

CdS pbotoinduced reactions. 

Irradiation (A>420 nm) of a degassed suspension of CBS rn CH,Cl, containing 

ClS-fused 7,8-diphenyl brcyclo[4.2.D]oct-7-enel6. la, gave Za as the major 

product (Table). Both light and semiconductor were requrred for reaction. The 
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structure of the product 2a was established on the basis of spectral data (NMB, 

w, MS). Cis stereochemrstry was assigned by a comparrson of chemrcal shifts and 

couplrng constants of the cyclobutene rrng protons in 2a with those of two 

lsomsr1c 7,8-brcyclo(4.2.0]oct-6-enes: 2a (cis) and 3a (trans) obtained by acid 

catalyzed rearrangement of la. Both crs and trans isomers were found to have the 

same elemental composition as the starting material la, but they both lacked the 

characterrstrc W absorption of the stilbene chromophore (see Experimental). 'Ii 

NMR spectra of 2a and 3a showed only a multiplet, corresponding to aromatic 

protons, in the low field region. In the 'H NMB spectrum of 2a a doublet of 

doublets at b 4.39 ppm and a multiplet at ca. 0 2.80 ppm were ascribed to H, and 

H,, respectively. A double resonance experrment revealed that a benzylrc proton 

HS la coupled to vicinal Hr(JH,H, - 5.1Hz) and most probably to H2a by long range 

couplrng (Jh,H,, - 3.0 H2)17. The H, and Hr protons in the trans rsomer 3a grve 

rrse to a broad doubletlg at 0 3.75 ppm and to a multrplet centered at 6 ca. 2.30 

ppm, respectively. The cyclobutenyl H, is shielded by the adJacent CLS phenyl 

ring and appears at higher field as compared with 2a. Irradiation of the 

multiplet at 8 ca. 2.30 ppm causes the doublet at 6 3.75 ppm to collapse to a 

singlet. First order analysis of the spectrum of 3a gives JH,B, - 2.9 Hz. These 

assignments are rn agreement with those made for 1,3-diphenylcyclobutene,20a 

(cyclobutenyl H cis to phenyl ring 8 = 2.56 ppm; H trans to phenyl ring 0 = 3.22 

PPm, JH,H, cis _ 4.9 HZ, JH,B, trans 5 1.9 Hz), and 3-phenylcyclobutene20b. The 

13C NMB spectrum of 2a fits the assigned structure well, and a DEPT experiment 

showed the presence of the required number of quaternary, tertrary and secondary 

carbons. 

Additional proof for the structure of 2a was obtarned by its thermal 

isomerizatron to a-(cyclohexen-1-yl) stilbene 4. Conrotatory ring openrng of 2a 

is expected to glVe the trans isomer, and a trans stereochemistry of the product 

derived from 2a was indrcated clearly by rH NMB. The chemical Shifts of vinyl 

protons and the appearance of the aromatic proton signal have been reported to be 

of diagnostic value in differentiation of crs and trans isomers of 

1,2-diphenylbutal,3-drene.21 

Irradiation of a CdS suspension in CH,Cl, containrng cis-fused 8,9-diphenyl- 

bicyclo[5.2.0]non-8-ene 16 lb gave 2b as the sole product (Table). The rH NMB 

spectrum of 2b is compatible with the assigned structure. The benzylrc H and the 

remaining cyclobutenyl H appeared at 6 4.27 and 3.05 ppm, respectively, both as 

multiplets. Double resonance again showed the presence of long range coupling 

('JHB and/or 5JH~) with #CH. Irradiation at ca. 3.05 ppm simplified the benzylic 

H signal significantly. when the multiplet at 8 ca. 2.7 ppm was irradrated the 
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#CH signal collapsed to a doublet. The coupling constant thus determined, &JR = 

5.2 Hz, as well as the chemrcal shifts of the cyclobutenyl protons are In 

agreement with a CLS stereochemistry20. 

CdS photocatalyzed reactions of la and lb proceeded with a high degree Of 

stereoselecttvity. Neither for la nor for lb could the trans isomers, 3a and Jb, 

be ssolated from the solutions irradiated in the presence of the semiconductor. 

On the other hand, both 2a and 3a, in the ratio 2:1, (determrned by “H NMR 

spectroscopy by the Integration of @Xi CIS and trans rsomer signals at 6 4.39 and 

3.75 ppm) are formed by acrd catalyzed rearrangement of la. Sxmilarly, the 

doublet at b 3.74 ppm, ascrrked, by an analogy with 3a, to the trans Isomer 3b, 

appeared in the rH NMR spectrhm of the mixture obtarned after treatment of lb 

with 2.6 M trrfluoroacetlc acid. 

The CdS mediated rearrangement 1+2 is, however, an inefficient reaction 

(Table). The ineffic~cncy may, rn part, be attrrbuted to a fast back react&on 

.2+x. Irradkatron of 2a and 2b In the presence of CBS was, indeed. found to 

afford la and lb, respectively. The structures of the products were established 

by a comparrson with authentic samples. The rH NMR spectrum of the product 

obtained from 2a was identical with that reported for cls-fused 7,8-diphenyl 

brcyclo[4.2.0]oct-f-ene (1~01~. As shown rn Table, under comparable cond it ions, 

the initial rate of these rcactrons was faster than the conversron of l-,2. 

Tab18 
CdS mediated photoreactronsa of 1 and 2 

Substrate Condition irr. time conver5 ton 
([cl x 102H) fh) (f) 
_--I. -- .-- 

la (0.77) degassed 4.5 3 
2a (0.77) degassed 4.5 21 
lb (0.88) degassed 7 11 
Zb (0.36) degassed 5.5 29 
lc (2.30) degassed 11 (1 
lc (2.30) arr 4.5 17 
Id (3.10) degassed 30 0 
Id (3.10) air 17.5 30 

aall irradiation at A>420 nm. 
bCC determined, calcd. on the basis of reacted substrate 

product 
(yield %)b 

2a (80) 
la (90) 
2b (92) 
lb (70) 

not ident if ied 

5 (65) + 6 (35) 

Essentially no reaction was observed when degassed samples Ic and ld were 

irradiated in the presence of CdS for 11 h and 30 h respectively. The lack of 

observed chemistry In the absence of oxygen may be attributed to the rapid 

quenching of the initially formed radical cation8 by photogenerated electrons in 

the conduction band of semiconductor. Oxygen is known to prevent this process by 

capturing electrons to produce surface-bound 0% 5 and possibly by modificatron of 

band bend ing4. When lc and ld were subjected to CdS photocatalyzed reaction in 

the presence of atmospheric air the substrates disappeared faster (Table), but 
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the isomeric cyclobutens (e.g. Zc) were not isolated. The mixture of products 

obtained from lc after SiO, chromatography showed In the IR spectrum (CCL,) 

intense carbonyl stretching bands in the 1750-1660 cm-’ region. The mere 

presence of cyclohexanone and/or cyclobutanone (vco )1715 cm-l) suggests that 

double bond migration In lc may have occurred. Electron transfer oxldatlon of lc 

should lead, by analogy with stllbene,22 to 2,3-dibenzoyl-3,4,5,6-tetrahydro-ZH 

pyran (vco - 1685, 1670 cm-1)16. No indication of double bond migration was 

found, however, In the case of 1,2-diphenylcyclobutene ld. Here two oxidation 

products: 1,2-dlbenzoylethane Sz3 and 1-phenylcyclopropyl phenyl ketone 624, in 

the ratio 2:l. (CC determined) were formed. They were separated by Si02 

chromatography and identified by a comparison with authentic, syntheslted 

samples. The structure of the products are as expected for oxidation of stllbene 

derivatives22. Product 6 is presumably formed from 1,2-dlphenylcyclobutane 

epoxide: cyclobutane epoxides are known to undergo thermal ring contraction25. 

The CdS mediated formation of 2a could be quenched by 1,2,4-trlmcthoxybenzenc 

(EOX _ 
l/2 

1.12 v vs. sc~)26 and the plot of #'/I$ (relative quantum yields without 

and with the quencher present) vs. conccntratlon of the quencher IS presented In 

Fig. 1. 
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Quenching of the reactlon by an electron donor having lower oxtdatlon potential 

than that of lz7 suggests the rnvolvement of the radical cation of the latter. 

Pig. 1 Quenching of 2a 
formatlon by 1.2,4-t.ri- 
methoxybenzene. 

[la1 = 2.3 x 1O'2 M: CdS 
(lOOmg)/ln CH,Cl, (5mL.j; 
degassed sample. 

The curved nature of the quenching plot suggests the involvement of two 

quenching processes, as has been noted elsewheregd. Radical cation l? may be 

formed by donatlon of an electron to the hole generated in the lrradlated 

semiconductor. Hydrogen shift may then occur in a concerted or stepwise 

process. The possibility exlsted that the radical cation l? underwent 

deprotonation forming the uncharged radical 2'. This could be followed by H 

abstraction e.g. from the solvent. This possibility was excluded. CdS mediated 

photoreaction of lb performed in CD,Cl, afforded 2b with no slgnlficant (cd. 

1.4%) incorporation of deuterium. However, the radical 2' might instead be 

reduced by back transfer of an electron from the semiconductor conduction band to 

give the anion which, in the next step, could be neutralrzed by protonation28. 
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To test this possibility CdS was washed several times with Da0 (99.7 atom X D) 

and dried under vacuum at room temperature for 12 h. D,O saturated methylene 

chloridu (water content 0.12% by weight, K. Fischer determination) was employed 

as a solvent. Irradiation of the above sample of semiconductor in the presence 

of lb gave 2b, again with no significant incorporation of deuterium (1.3X), in 

agreement with the postulate that the reaction be intramolecular. Thus, the 

interconversion 1 + 2 is, at least in part (see below) a [1,3] sigmatropic H 

shift. Ground state [1,3] sigmatropic migrations of hydrogen are unknown to us 

although a few examples are known which involve the excited state. Only the 

antarafacial pathway is allowed by the orbital symmetry rules2g but is 

geometrically impossible. The observed stereoselectivity of the CdS mediated 

interconversion is in favour of a concerted process and the stereochemistry of 

the products is evidence that the H migration proceeds auprafacially, i.e. 

through the pathway forbidden for thermal [1,3] H rearrangements of closed shell 

molecules. 

However, the rate of the reaction lb --B 2b induced by irradiation of DtO 

pretreated CdS sample was reduced considerably (ca. 20 times). We have observed 

that the rates of many CdS mediated reactions are altered by water treatment of 

CdS however pure the cormnercial sample may be. The possibility that another 

pathway might be operative when untreated semiconductor was used cannot be, 

therefore, excluded. The conclusion is, nonetheless, valid for the material 

produced via the treated CdS. 

9,10-Dicyanoanthracene sensitized reaction of la. 

There are several methods to produce radical cation of organic substrates, 

the generation of which on illuminated semiconductor surface being comparatively 

recent3-10p30. One route, which has been extensively employed, is the electron 

transfer to an excited, electron deficient sensitizer, e.g. 9,10-dicyano- 

anthracene (DCA)31. The feasibility of photochemical electron transfer in polar 

solvents can be predicted on the basis of the Weller equation: 

AC - (Er - Eied) - EA* - ei/aE 

Calculation of the free energy change, AC, using the known values for the 

reduction potential of the acceptor (Ered - -0.09 V vs. SCE31), the oxidation 

potential of the donor (Eox = 1.58 v vs SCENT), the excitation energy of the 

acceptor (E* - 2.88 eV)31, and the energy gained by bringing the two radical ions 

to the encounter distance (a) in a solvent of dielectric constant Q, (ea/ac ca. 

0.06 eV in CH,CW)22; has shown that the electron transfer process from 

cyclobutene la donor to DCA* acceptor molecule is exothermic by 8 kcal/mol. 

Irradiation (1>400 run) of a suspension of DCA in CH,CW containing la led to a 

rapid consumption of the sensitizer and formation of two isomeric adducts, 7a 

(cis) and 7b (trans), in the ratio 1.8:1 (determined by 'H NMR spectroscopy. 

7a (cis) 

7b (tr==) 
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The product5 were unstable and underwent thermal decomposition as well as 

oxidative cleavage upon 5tatIding on a SiOa plate. DCA could be detected amongst 

the decomposition product5 in both cases in addition to some other products 

derived from the q econd component. Despite thermal instability a low intensity 

molecular ion was recorded by MS spectroscopy and precise mass determination 

confirmed the elemental composition (Experimental). Spectral data for 7a and 7b 

are compatible with the 5Ugg55t5d structures. As indicated by molecular models 

the stilbene chromophore is distorted because of overcrowding. The loss of 

coplanarity may account for reduction in intensity of the CJV absorption band of 

7b. The same steric reason could explain the unusual high field location of the 

vinyl proton32 which appears in rH NMR of 7b as a broad (Avg - 3Hz) singlet at 6 

5.43 ppm. The vinyl proton signal in the cis adduct 7a is additionally shielded 

(br. singlet, Au+ = 3H2, 0 4.60 ppm). A molecular model shows that it is now 

located over the benzene ring of the anthracene moiety. 

In agreement with their expected genesis route the formation of the adducts 7 

was quenched by 1,2,4-trimethoxybenxene (RIB) to give a linear Stern-Volmer plot 

(Pig. 2). 

Pig. 2 Quenching of adducts 7 
formation by 1,2,4_trimethoxy- 
benzene. [la] - 2.3 x 10-l M; 
DCA (15.5 mg) in CH5CN (5 mL); 
degassed sample. Slope = 25 x 
lO'M_1; r - 0.992. 

[Ql x IO4 M 

The value of the slope indicates that TMS quenches species other than the excited 

singlet state of DIL!A~~. The formation of the adducts, 7, requires at least two 

steps, and the detailed mechanism is presently unclear. However, the presence of 

the #C - C#H fragment in 7 can be rationalized assuming an initial [1,3] hydrogen 

shift. 

wNausIcus 

The interconversion 1 + 2, mediated by irradiated suspension5 of cadmium 

sulfide, represents the first example of [1,3] sigmatropic hydrogen shift via a 

radical cation. No example of such rearrangement proceeding thermally in closed 

shell molecules is known2g. Its occurrence through the radical cation is in 

agreement with theoretical predictions. Calculation5 for some pericyclic 

processes have previously shown that ionization should lower the activation 

energy and therefore facilitate the reactionll. A comparison of CdS and DCA 

photosensitized reactions of la is interesting. Although both involve radical 
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cations, as shown by the quenching of the reaction by an appropriate electron 

donor, the overall outcome of these reactions is different. At least one 

additional route exists in the homogeneous system: the formation of sensitixer- 

substrate adducts. 

Instrumentation. 

All the irradiations were performed using a 1 kW PRA Xenon lamp Operating as 

previously described4. Corning glass filters 3-72 and 3-73 were used to cut off 

the irradiation below 420 nm (for the CdS mediated photoreactions) and 400 rim 

(for the DCA senstized reaction) respectively. Reaction mixtures were analyzed 

on a Varian 3700 gas chromatograph (CC) equipped with a Hewlett-Packard 3390A 

integrator. Analyses were made on a 2m x 21mn column packed with OV-101 (10%) on 

Chromosorb W 80/100. Eicosane was added as internal standard when quantitative 

GC analyses were performed. DCA sensitized reactions were analyzed by Varian 

Vista 5500 HPLC with absorbance (Varian W-200) detector on C18-RP column (Varian 

Micro-Pak MCH-10). A mixture of acetonitrile-water was used as the solvent 

system. Adducts 7a and 7b were not separated under these conditions and their 

formation and quenching were quantitatively analyzed together. NWR spectra were 

taken in CDClr solution using a Varian XL-200 (iH WWR) and Varian XL-300 

(i3C NMR) spectrometer and are calibrated in parts per million (6) from 

tetramethylsilane as an internal standard. I&9 spectra were recorded on Pinigen 

MAT 8230 spectrometer at 70 eV. UV absorption spectra were obtained on Cary 219 

spectrophotometer. 

Uaterials. 

Spectrograde dichloromethane, acetonitrile (Baker or BDH) and 

dichloromethane-dl (99.8 atom X D, l&D Isotopes) were used as solvents. In all 

experiments high purity cadmium sulfide (Strem, ultrapure > 99.99%) was used. 

9,10-Dicyanoanthracene (Kodak) was crystallized twice from pyridine. 

1,2,4-Trimethoxybenxene (97X, Aldrich) was used without further purification 

7,8-Diphenylbicyclo[4.2.O]oct-7-ene(la), 8,9-diphenylbicyclo[5.2.O]non-8-ene 

(lb), 7,8-diphenyl-2-oxa-bicyclo[4.2.O]oct-7-ene (lc)l6 and 1,2-diphenyl- 

cyclobutene38 were synthesized according to the reported procedures. Merck 

silica gel: 60-80 mesh (column), GPpsr (preparative layer) and plates 60 Prr, 

(thin layer) were used in separation procedures. Hydrocarbon solvents 

(cyclohexane, pentane) were used as eluents in the case of la-c; Za,b; 3a; and 

pentane - CHrCl, (2:l) mixture to separate oxidation products 5 and 6 obtained 

from Id. 

General procedure for CdS -fated photoreactions. 

All reactions were performed in a Pyrex tube using 5 xL of 3.10-0.36 x 10-U 

solutions of cyclobutenes 1, I? in methylene chloride and 100 mg of CdS. Prior to 

irradiation the suspensions were sonicated for 10 min. degas&d by the 

freeze-thaw method up to a residual pressure < 2 x 10m5 IMI Hg, and sealed. In 

some cases where noted samples were open to the atmosphere via a reflux 

condenser. The samples were constantly stirred during the irradiation. After 

the irradiation the semiconductor was filtered off and the sample analyzed by 

CC. In preparative experiments the collected irradiated samples were separated 

using SiO, plates. 

Products la, 2a were identified by isolation and a comparison of their iH 

NWR, WS, and IJV spectral data with those of authentic samples. The identity of 

lb was established by a comparison of its CC retention time, TLC Rf value, and W 

spectrum with those of 8,9-diphenylbicyclo(5.Z.O]non-8-ene16. Spectral data for 
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2b are presented below. Dibenzoylethane, 5, and 1-phenylcyclopropyl phenyl 

ketone, 6, were isolated and characterized spectroscopically. The data are in 

full agreement with those reportedz3tz4. Identified products and yields are 

presented in the Table. For all reactions reported appropriate control 

experiments indicated that both CBS and light were required. 

Preparation of cis (Za) and trans (3a) 7,sdiphenylbicyclo[4.2.0loct-6-~es. 

900 mg (3.46 nxaol) of la were dissolved in 15 mL of 2.6 M solution of 

trifluoroacetic acid in benzene. The solution was kept under a nitrogen 

atmosphere at room temperature for 3.5 h. TLC and CC analyses revealed the 

presence of three products. The benzene solution was washed with water and dried 

over CaCll. Flash chromatography (cyclohexane) gave 592 mg of unreacted starting 

material and 112 mg (36% yield, based on material reacted) of the mixture of cis 

and trans isomers (in the ratio cis/trans = 2:l by rH NbG%). The mixture was 

separated by preparative thin layer SiOr chromatography (pentane, multiple 

runs), Pure cis, Za, and trans, 3a, isomers were obtained as colorless oils. 

2a: W(cyclohexane) Amax 268 nm (18.600); rH NMR: 7.28-7.12 (m, 10, aromatic 

H), 4.41-4.37 (dd, 1, H.,, J - 5.1 Hz and 3.0 Hz), 2.96-2.87 (m, 1, C-C-CH), 

2.83-2.74 (m, 1, Hr), 2.50-0.70 (m, 7, CH1); 'Jc NMR: 147.8 (C,), 140.5 (C,), 

135.4 (Cl'), 132.4 (C,"), 128.5 (C,' and CC'), 128.2 (C,' and Cs'), 127.8 (c,'), 

126.2 (C," and C,@'), 126.1 (C,' and Cs=), 125.7 (c,'), 49.09 (c,), 43.9 (c,), 

27.7, 27.4, 27.1 and 24.6 (Cr-C,); MS m/e (rel. int.): K! +l 261 (22), M? 260 

(100)~ 245(5), 232 (a), 231 (ll), 217 (13), 203 (6), 202 (7), 191 (6), 178 (33), 

169 (13). Precise mass: Calcd. for CasHas: 260.15650, found: 260.15626. 

3a: W(cyclohexane): Amax 262 nm; rH NMR: 7.27-7.12 (m, 10, aromatic H), 

3.76-3.74 (m, 1, Ha), 2.94-2.85 (m, 1, C-C-CH), 2.40-2.18 (m,3, HI and CH1), 

l-92-1.75 (m, 2, CHa), 1.40-1.32 (m, 3, CH1); MS m/e (rel. int.): M? 260 (loo), 

218 (3)~ 217 (42), 141 (6), 86 (30). Precise mass: Calcd. for CloHlo: 

260.15650: found: 260.15572. 

Thermolysis of 2a 

10 mg of 2a were heated in a sealed tube at 16O'C (oil bath) for 3 h and then 

the rH NMR spectrum was taken: 7.45 (6, 10, aromatic H); 6.66 (6, 1, #CH); 5.58 

(m, 1, C-CH), 2.20-1.50 (m, 8, CHa). 

Spectral data for 2b 

The product was obtained by CdS photocatalyzed reaction of lb. Separation on 

preparative SiOI plates gave 2b as a colorless oil. 

W(hexanes) Amax 266 nm; rH NMR: 7.30-7.04 (m, 10, aromatic H), 4.30-4.24 (m, 1, 

NH), 3.14-2.96 (m, 1, cyclobutyl H), 2.92-2.50 (m, 2, C-C-CH and Hza), 2.08-1.72 

(m, 3, CH,), 1.64-1.00 (m, 4, CHr), O-80-0.60 (m, 1, CH,); MS m/e (rel. int.): Mt 

+ 1 275 (18), M? 274 (76), 232 (lo), 231 (34)r 219 (16), 218 (46), 217 (loo), 216 

(22)r 215 (27), 205 (ZZ), 204 (14), 203 (14), 202 (32), 183 (119), 179 (14), 178 

(22). Precise mass: Calcd. for CIrHaa: 274.17226, found: 274.17206. 

DCA sensitized reaction of la 

A stirred suspension of DCA (27 mg, 0.12 nxnol) in 12 mL of acetonitrile 

containing la (67 mg, 0.26 tmnol) was irradiated in a Pyrex tube at A>400 fun. 

High purity argon was bubbled through the solution 30 min. before and during the 

irradiation: the temperature of the sample was kept at 20' f 1-C. After 2 h of 

irradiation almost all the DCA was consumed. The solvent was evaporated under 

reduced pressure, the residue dissolved in 1 mL of acetonitrile and filtered from 

small amount of unreacted DCA. The filtrate was evaporated to dryness. 
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Fractional crystallization of the residue (benzone-pentane, 5-C) gave pure cis 7a 

(30 mg) and trans 7b (10 m.g) adducts. 

7a: UV(CHJOH): Am 292 run (9.200); 1H NMR: 8.00-6.82 (m, 18, aromatic H), 4.60 

(br. s, Avk - 3 Hz, 1, C-CH), 3.66 (m, 1, -CH), 2.21-1.01 (m, 8, CH,); MS m/e 

(rel. int.): N? 488 (O-l), 461 (O-2), 261 (43), 260 (61), 229 (23), 228 (loo), 

218 (23), 203 (8), 202 (9), 201 (8), 178 (13), 158 (7). Precise mass: Calcd. 

for Ca6HarN1: 488.22525, found: 488.22272. 

7b: UV (CHJOH): Ama 290 run (13.000); lH NMR: 7.85-6.82 (m, 18, aromatic H), 

5.43 (br. 8, AYL - 3 Hz, 1, C-CH), 3.68 (m, 1, -CH), 2.14-1.00 (m, 8, CH1); MS 

m/e (rel. int.): Mt 488 (O-l), 461 (0.2), 261 (12), 260 (57), 229 (35), 228 

(loo), 218 (16), 203 (14)r 202 (18), 201 (ll), 179 (5), 178 (25), 158 (14). 

Precise mass: Calcd for CJIH1,N1: 488.22525, found 488.22272. 
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