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Abstract - New Psubstituted benzo- and naphthofuryl derivatives (5, 6 and 7) of 

o-divinylbenzene, were synthesized and irradiated in order to form annelated bi- 

cyclo[3.2.l]octadienes. While 2-[2-(2-vinylphenyl)ethenyl]benzo[b]furan (5) upon 

irradiation gives the bicyclo[321]octadienederivative (12) in 65% yield, 2-[2-(2- 

vinylphenyl)ethenyI]naphtbo[2,1-blfuran (6) and 2-[2-(2-vinylphenyl)ethenyl]na- 

phtho[l,2-blhran (7), undergo cis-trans-isomerization but not form intramole- 

cular photocycloaddition products. The mechanism of the intramolecular [2+2] 

photocycloaddition is explained via intermediate (17) which was proved by the 

formation of products (18) and (19). by irradiation in methanol and 

deuteromethanol. 

INTRODUCTION 

In one of our previous papers'" on the photochemistly of heteroaromatic stilbene like compounds1 w e  

demonstrated the first example of an intramolecular photocycloaddition in which a 2-hryl Psubstituted 

compound ( la )  gives the bicyclo[3.2.l]octadiene derivative (Za) in contrast to the earlier results with the 

,L-alyl substituted compound ( I C ) , ~  where the main products are bicyclo[2.l.l]hexene derivatives (3) O I ~  

bicyclo[3.1.0]hexene derivatives (4). Further investigations of the 2-hryl derivatives, substituted at the 

position 5 of the furan ring,'' showed the substituent influence on the reaction course. Thus, when the /?- 

"Th article is dedicated lo D.C. Neckers, McMaster Distinguisl~ed Professor, in  gratitude, on the occasion of his sisticlh 
birthday. 
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(5-phenyl-2-furyl)-o-divinylbenzene ( Ib )  was irradiated, a system with extended n delocalization, besides 

cis-tmrrs isomerization and high molecular weight products, just a trace of bicyclo[3.2.l]octadiene 

derivative (Zb) was formed 

Scheme 1 

7 la :  R=2-Fur 
I b  R=S-Ph-2-Fur 

In this paper we  extend the chemistry to the condensed heteroaromatic analogues, styrylbenzohran (5). 

styrylnaphtho[2,1-b]- (6) and styrylnaphtho[l,2-blfurans (7) in order to develop a synthetic pathway to 

annelated bicyclic structures as building blocks for polycyclic compounds. 

RESULTS AND DISCUSSION 

The starting compounds, styrylbenzofuran (5) and styryInaphtho[2,1-b]- (6) and styrylnaphtho[l,2- 

blfurans (7), were prepared by the Wittig reaction according to the described method: from a,a'- 

xylyldi(triphe-nylphosphonium bromide) and the corresponding aldehydes (9-11) (Scheme 2). Each 
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synthesis yielded a mixture of trans- and cis-isomers which were separated by column chromatography 

and identified spectroscopically. 

Scheme 2 

8 5 ,  6. 7 
9: R-2-benzofuryl 

lo:  R=2-naphthoIZ.1- blfuryl 
11: R=2-naphtholl.2- blfuryl 

Irradiation experiments were carried out in diluted benzene or petroleum ether solutions (concentration 

I O ~ ' - I O ~ ~ M )  and under anaerobic conditions. Thus, the irradiation of benzofuran derivative (5) in the 

Rayonet reactor at 300 nm gave exclusively, after a purification on silica gel column, a single crystalline 

bicyclic product (12) (Scheme 3)  in 60.80% yield, as well as traces (- 2%) of electrocyclization product, 

4-vinylbenzo[dJnaphth0[2,1-blfuran (13). 

Scheme 3 

The very good resolved six-proton-pattern in the 'H NMR spectrum of 12 between 2 and 4.2 ppm 

unmistakably pointed to the bicyclic structure. From the 'H and "C NMR spectra, using different 

techniques (COSY, NOESY and HETCOR) combined with the data for dihedral angles obtained from X- 

Ray crystallographic analysis (Figure I) the structure of the bicyclo[3.2.l]octadiene derivative (12) is 

completely assigned. The compound (12) has two chiral carbon atoms C1 and C5. The crystal structure 
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consists of (R,R) and (S,S) pairs of enantiomers. Details concerning the X-Ray analysis are recorded in the 

Experimental Section. 

Figure 1. Perspective view of the X-Ray structure of 12 

Contrary to this result, the irradiation of naphtho[2,1-b]- ( 6 )  and naphtho[1,2-blfuran derivatives (7) gave 

(Scheme 4) primarily cis-trans- and trarzs-cis-isomerization, besides some electrocyclization product, 4- 

vinyldinaphtho[Z, I-b: 1',2'-d]fUran (14) and 4-vinyldinaphtho[2,1-b: 2',1'-d]furan (15), respectively. 

Scheme 4 

No intramolecular addition products were detected. M e r  prolonged irradiation time, along with 

decomposition material, minor amounts of dimeric products3 were observed in the 'H NMR spectra, e\en 
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at the concentration o f  ~ O ~ M .  An explanation for this lack of reactivity of naphthohran derivatives (6 and 

7) in sense of intramolecular cycloaddition, may be ascribed to the fast formation of the excited state 

complex. It has been found4 that excimer formation is widespread among aromatic hydrocarbons and this 

tendency is increasing with their size. 

The formation of the bicyclic product (12) can be explained as follows (Scheme 5): from the singlet state 

of 5 the 1,4-biradical (16) is formed followed by the preferred cyclohexene ring closure to 17, which was 

not isolated but after 1,3-H shift transformed into 12. T o  confirm the reaction mechanism and formation 

of the intermediate (17) irradiation of 5 was performed in methanol solution. The only adduct formed was 

18 and it was formed almost quantitatively. This was clear from the presence of only one signal for the 

methoxy group in the 'H NMR spectrum. The formation of 18  implicates the existence of the double bond 

in compound (17) as presented. The adduct (18) could have been obtained by the addition of methanol to 

the already produced photoproduct (12). Therefore irradiation of 12 was performed under the same 

conditions as irradiation o f  5 in methanol. No reaction was observed in the 'H NMR spectrum. 

Scheme 

H - & \ - 0 

: 0CH3 
- OCH, 
b H 

This result confirms that the addition of methanol took place t o  intermediate (17), moreover regiospecific 

To determine the relative stereochemistry of the aliphatic hydrogens and make complete assignment of  

carbons in compound (18) it was necessary to take the NMR spectra in deuterobenzene and in 

deuterochloroform to avoid the overlapping of the key signals (Figure 2) 
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Figure 2. The aliphatic region of the  'H NMR spectrum for 18 in a) C6D6 and b) CDCl; 

The binding of the methoxy group to the furan carbon nearest to the oxygen in 18 is evident based on the 

existence of two pairs of geminal protons in 'H NMR (C6D6). This is also observed in compound (12).  

Moreover, the 13C NMR spectmm (CDCI,), in addition to a new doublet at 51.94 ppm (C-HA) shows a 

new singlet in much lower field at 109.62 ppm (C-c) which could be a result of the influence of two 

oxygens. The attack of methoxy group from the less hindered site of compound (17). that is opposite ti3 

the methano bridge, was confirmed by NOESY experiments. It can be seen the interaction between HI,- 

and niethoxy-hydrogens, no interaction was observed between HA- and methoxy-hydrogens. Based on the 

interaction of HA- and HF-hydrogens the stereochemistly of HA was established. 

18 19 

Figure 3. Important NOE interactions. 

The other unequivocal evidence for the existence of 17 was the irradiation of 5 in deuterated methanol. 

CHjOD. The only adduct formed 19 is the result of syrl-addition of CH,OD to the intermediate (17) I t  is 

evident from the 'H NbR spectra that the only difference in signals of 19 compared with 18 is the 

disappearance of  the HD-signal and simplification of the Hc-signal, due to the building in of  the deutel-o- 
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atom. The regiospecific and stereospecific addition of the methanol to 17 can be explained by steric reason 

and by the formation of the more stable cyclohexane chair-conformation (Figure 3). 

Irradiation of 5 in benzene in the presence of benzophenone as triplet sensitizer was performed under 

conditions to ensure the excitation of the sensitizer. Energy transfer does not occur but the n-n* triplet 

state of the carbonyl moiety of benzophenone adds to the double bond of 5 via the most stable 1.4- 

biradical and oxetane (20), trans-2-(2-vinylphenyl)-3-(2-benzofUryl)-4,4-diphenyl--oxetane, was isolated 

as the major product. The trans-2-(2-benzofuryI)-3-(2-vinylphenyl)- 4,4-diphenyl-I-oxetane (21) was 

formed in traces only as observed from the 'H NMR spectrum. 

The structure of 20 is based on the spectroscopic data. The orientation of addition of benzofuran 

derivative (5) to the carbonyl group of the benzophenone was determined from the MS spectrum. The 

signal at m/z 296, which is Ph2C=CH-benzofuryl fragment, clearly showed this. (Scheme 3). The t r z r t ~ . ~  

configuration of the oxetane hydrogens s and f was unambiguously determined by NOESY experiment. 

The same coupling constant, J=8.4 Hz, found in the minor product, pointed to the only alternative i,zrru 

structure of 20, product (21). 

We might conclude that the irradiation of furan and amelated, benzofuran derivatives, heterocyclic 

analogues of o-vinylstilbene, together with trapping of the intermediate, opens a simple synthetic pathway 

to polycyclic compounds with the exact stereochemistry 

EXPERIMENTAL SECTION 

General. The 'H NMR and I3C NMR spectra were recorded on a Varian GEMINI 300 spectrometer at 

300 and 75 MHz respectively in CDCI, and where necessary in C6D6 Me& as an internal standard. The 

assignment of the signals is based on 2D-CH correlation and 2D-HH-COSY and NOESY experiments. 

UV spectra were measured on Perkin Elmer LAMBDA 20 Spectrophotometer. HRMS spectra were 

measured on an Auto Spec Q (VG Analytical Manchester, GB). Elemental analyses were carried out ill 
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the Microanalytical Laboratory at The Rugjer Boskovic Institute. Melting points were obtained on a 

capillary melting point apparatus and are uncorrected. 

Benzofurancarboxaldehyde (9) was obtained from commercial source and used without further 

purification. 

Preparation of 2-formylnaphtho[2,1-blfuran (lo). '  This compound was prepared from 2-hydrosy- 

naphthocarboxaldehyde according to the described procedure. 

Preparation of 2-formylnaphtho[l,2-blfuran (11):6 11 was prepared by Vilsmeyer formylation of 

naphtho[l.2-b]furan7 obtained by photochemical ring closure of 3-styrylf~ran.~ 3-Styrylfuran was obtained 

by the Wittig reaction from benzyltriphenylphosphonium bromide and 3-furancarboxaldehyde as described 

for 2-filly1 derivative. The physical data, not found in the literature, for the prepared compounds are 

given bellow: 

cis-3-Styrylfuran: 14% yield; oil; UV (EtOH): L,, (log 6) 225 (3.95), 265 (3.95); I H  NMR (CDCI,) ii 

7.40-7.20 (m, 7H, 5Ha,.2HJ, 6.53 (d. IH, J 12.0 Hz, H,,), 6.36 (d, lH, J 12.0 Hz, H,,), 6.11 (d, IH. ./ I 

Hz, Hr); "C NMR (CDCI;) 6 142.37 (d), 141.92 (d), 137.79 (s), 129.30 (d), 128.53 (d), 128.09 (d). 

126.99 (d), 122.16 (s), 119.96 (d), 110.08 (d); 

trtlns-3-Styrylfurnn: 56% yield; mp 91-92 OC (MeOH); UV (EtOH): A,,,,, (log s) 223 (4.12), 282 (4.34). 

304 (410); 'H NMR (CDCI;) 6 7.60-7.20 (m, 7H, 5H,,.2Hf), 6.97 (d, lH, J 16.3 Hz, HJ, 6.81 (d, IH, .i 

16.3 Hz, H,,); I'c NMR (CDC1;) 6 143.59 (d), 140.82 (d), 137.25 (s), 128.52 (d), 128.30 (d), 127.21 (d). 

126.00 (d), 124.43 (s), 118.28 (d), 107.26 (d); MS ndz (relative intensity) 171 (MH', loo), 170 (M', 34). 

141 (45). 115 (18); HRMS calcd for CIZHIOO 170.072616, found 170.067567; Anal. Calcd for C12HIII0 .  

C, 84 68; H, 5.92 Found: C, 8461;H,  6.09. 

Naphtho[l,2-blfuran: 15% yield; oil; 'H NMR (CDCI;) 68.31 (d, IH, J 8 . 2  Hz, HI,), 7.92 (d, 1H. ./ 8 2 

Hz,H?),7.75 (d, lH. J- 1 H z , H 1 ) , 7 6 5 ( ~ , 2 H , H j , H s ) .  7 5 8 ( d d ,  IH, J 8 2 , 7 0 H z ) ,  747(dd,  1H,.IS.2. 

7.0 Hz), 6.88 (d, IH, J - 1 Hz, H2); 13C NMR (CDCI;) 6 15059 (s, C I ~ ) ,  144. I0 (d, CI), 131.40 (s, Ch) .  

12829(d),  126.28 (d), 125.05 (d), 12338(d) ,  122.90 (s), 121.47(s), 11997(d) ,  119.70(d), 107.53 (d. 

C:). 

Naphtho[l,2-blfuran-2-carboxaldehyde (11): 65% yield; mp 120-121 OC (MeOH); UV (EtOH)- L,,, 

(log 6) 216 (4.25), 242 (4.19), 274 (4.25). 312 (4.12), 356 (3.66); RO(Br): 1675 (C=O), 1630 (C=C) 

cm-'; 'M NMR (CDCI;) 69.91 (s, IH, Hal& 8.47 (dd, IH, J 7 . 2 ,  1.4 Hz, HIO), 7.96 (dd, IH, J 7 . 2 ,  1.4 Hz. 

Hi), 7.75-7.59 (m, 5H, Hz,&,Hs,H~.H~); I3C NMR (CDCI;) 6 17914 (d), 153.42 (s), 152.59 (s), 133 SO 

(s, C6), 128.54 (d, C7). 127.54 (d), 127.17 (d), 125.36 (d, Cs), 122.77 (s), 121.37 (s), 121.23 (d, C,,,). 

120.08 (d, C4), 118.48 (d, C2); MS ndz (relative intensity) 196 (M', 100), 139 (27), 128 (22); HRMS 
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calcd for CI3H8O2 196.0518, found 196.0490. Anal. Calcd for C13Hx02: C, 79.58; H, 4.1 1. Found: C, 

79.72; H, 4.36. 

Preparation of 2-12-(2-vinylphenyl)ethenyl]benzo[b]fnran (S), 2-12-(2-vinylphenyl)ethenyl]naphtho- 

12,l-blfuran (6) and 2-12-(2-vinylphenyl)ethenyl]naphtho[l,2-bjfuran (7) by the Wittig one-pot 

reaction" from diphosphonium salt (8), formaldehyde and corresponding aldehydes (9, 10, 11). To a 

stirred solution of o-xylylenebis(triphenylphosphonium bromide) (8) (4:73 g, 6 mmol) and the 

corresponding aldehyde (6 mmol of 9, 10, 11, resp.) in 150 mL of absolute ethanol a solution of sodium 

ethoxide (150 mg, 6.6 mmol in 10 mL of abs. ethanol) was added dropwise. The stirring was continued at 

rt for 0.5 h. Under the stream of dry nitrogen gaseous formaldehyde (obtained by decomposition of 

paraformaldehyde taken in excess, 0.5 g) was introduced and the next quantity of sodium ethoxide (I38 

mg, 6 mmol in 10 mL. of abs. ethanol) was added dropwise. The reaction mixture was lei? to stand 

overnight. M e r  removal of the solvent the residue was worked up with water and benzene. The benzene 

extracts were dried over anhydrous MgS04 and concentrated. The crude reaction mixture was 

chromatographed on silica gel column with dichloromethane to separate the product (5, 6, and 7). The 

CIA- and trans- isomers were separated and tidy characterised by repeated column chromatography usinx 

petroleum etherlether (9: 1 to 9:3) mixture as an eluens. 

2-[2-(2-Vinylphenyl)ethenyllbenz0[blf~ra (5): 1.2 g, 81% yield; a mixture of 44% cis- and 56% trmrr- 

5. cis- 5: colorless oil; UV (EtOH): k, (log E) 308 (4.21), 300 (4.17, sh), 232 (4.25); 'H NMR (CDCI2) 

6 7 6 6 ( d ,  lH,J8.0Hz,H,,),7.46-7.14(m,7H,H,,),6.96(dd, IH,J17 .5 ,  11.0Hz,H3),6.85(d, IH, . /  

12.3 Hz, Hp), 6.68 (d, IH, J 12.3 Hz, HIO), 6.32 (s, lH, Hy), 5.75 (dd, lH, J 17.5, 1.1 HZ, HI), 5.30 (dd, 

lH, .I 11.0, 1.1 Hz, Hz); I3C NMR (CDCI,) S 154.13 (s) and 153.80 (s, CIIJCI~).  135.95 (s) and 135.87 (s. 

CjlCx), 134.69 (d, Cz), 130.76 (d, C9). 129.18 (d), 128.67 (s; Cn), 127.95 (d), 127.59 (d), 125.42 (d). 

124.37 (d), 122.66 (d), 120.83 (d), 119.89 (d, C,,), 115.62 (t, C,), 110.92 (d, Cis), 105.70 (d, CI2); 

trans-5: colorless oil; UV (EtOH): L, (log E) 355 (4.07, sh), 332 (4.32). 262 (3.86, sh), 230 (4.06): 'H 

NMR (CDCI,) S 7.61 (d, lH, J 16.1 Hz, Hg), 7.58-7.45 (m, 4H, H,,), 7.32-716 (m, 4H, H,,), 7. I6 (dd, 

IH, J17.3,  l lOHz ,  H,), 688(d ,  lH, J16 .1  Hz,H10),6.65 (s, lH,Hr), 5.67(dd, lH, J17.3,  13Hr .  HI), 

5 40 (dd, IH, J 11.0, 1.3 Hz, Hz); I3c NMR (CDCb) S 155.10 (s) and 154.90 (s, CI I ICI~) ,  136.75 (s) and 

134.54 (s. CdCx). 134.70 (d, C2), 129.03 (s, Clj), 128.06 (d). 127.81 (d), 127.61 (d, Cp), 126.68 (d). 

125.83 (d), 124.60(d), 122.82(d), 120.78(d), 118.34(d, Clo), 11682(t,  CI), 110.85 (d,Cls), 105.29 (d, 

CU); MS mh (relative intensity) 246 (M', 22). 146 (34). 131 (100); HRMS for ClxH140 246.1044, found 

246.1026. Anal. Calcd for CIXHI~O:  C, 87.77; H, 5.73. Found: C, 87.78; H, 5:93. 
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2-12-(2-Vinylphenyl)ethenyljnaphtho[2,1-burn (6): 0.94 g, 53% yield; an 1: l  mixture of cis- and 

1x111s-6. cis-6: mp 63-64 OC (MeOH); UV (EtOH): L, (log E) 210 (4.59). 236 (4.44), 314 (4.12). 344 

(4.35); 'H NMR (CDCI;) 67 .90  (d, J- 7 Hz, H19), 7.88 (d, IH, J- 7 Hz, H22), 7.68-7.62 (m, 2H). 

7 54-7.26 (m, 6H), 6.95 (dd, I H ,  J 17.4, 10.8 Hz, H3), 6.81 (d, IH, J 12.3 Hz, Hg), 6.77 (s, IH, HI?),  

6 72 (d, lH, J 12.3 Hz, Hlo), 5.72 (dd, IH, J 17.40, 1.20 Hz, HI), 5.26 (dd, IH, J 10.80, 1.20 Hz, H:): 

"C NMR (CDCIj) 6153.39 (s), 151.68 (s), 136.01 (s), 135.98 (s), 134.75 (d, C2), 130.24 (5, Clx), 129 70 

(d, C9), 129.23 (d), 328.66 (d, C22), 127.99 (d). 127.63 (d), 127.37 (s, C I ~ ) ,  126.1 1 (d), 125.48 (d). 

125.37 (d), 124.45 (d), 124.00(s, C I ~ ) ,  123.34 (d, Cw), 119.84 (d, Clo), 115.63 (t, CI), 112.09 (d C I ~ ) .  

104.81 (d. CIZ); MS m/z (relative intensity) 296 (M', 100). 281 (16), 265 (17). 252 (17), 181 (80). l6S  

(17), 152 (IS), I I5 (18); HRMS calcd for Cz2HI60 296.1195, found296.1246. 

Irrms-6 mp 96-98 OC (MeOH); UV (EtOH): L,, (log 8) 212 (4.66), 246 (4.34). 324 (4.28), 362 (4.61): 

'H NMR (CDCI,) 68 .1  1 (d, IH, J 8 . 1  Hz, Hw), 7.93 (d, IH, J 8.1 Hz, HZ>), 7.75-7.44 (m, 7H), 7.29 (d. 

IH,J7.2Hz).  726(d.  IH, J 16.0Hz. H9), 7.23 (dd, IH, J17.4, 10.9Hz,H,), 7.17 (s, 1H,Ht2). 7.00 (d. 

Il l ,  J 16.0 Hz, HI,), 5.70 (dd, IH, J 17.4, 1.2 Hz, HI), 5.45 (dd, IH, J 10.9, 1.2 Hz, H2); "C NhlR 

(CDCI;) 6 154.74 (s), 152.45 (s), 136.78 (s), 134.84 (d, C2), 134.77 (s), 130.37 (s, CS), 128.78 (d, CX). 

128.02 (d), 127.91 (d, C9), 127.45 (s, C17), 126.91 (d), 126.77 (d), 126.29 (d), 125.85 (d), 325.63 (d). 

124.57 (d), 124.45 (s, Cl,), 123.43 (d, C I ~ ) ,  118.51 (d, Clo), 116.87 (t, CI), 112.07 (d, CIS), 104.35 (d. 

C12); Anal. Calcd for C22H160: C, 89.16; H, 5.44. Found: C, 89.12; H, 5.68. 

2-[2-(2-\'inylphenyl)ethenyl]naphtho[1,2-b]fu1.an (7): 1.3 g, 74% yield; an 1:l mixture of c1.s- and 

I,zr~~.s-7. cis-7: oil; UV (EtOH): La, (log 8) 240 (4.46) 322 (4.16), 352 (4.02); IH NMR (CDCI,) 6 7 97 

(d, l H , . I 8 0 H z ,  Hz>), 7.85 (d, lH,J8.0Hz,H19),7.66(d,  IH , J7 .8Hz) ,  7.55 (d, l H , J 8 7 H z ,  HIS). 

7.53-7.27 (m, 6H), 6.96 (dd, IH, J 17.4, 11.1 Hz, H,), 6.80 (d, IH, J 12.3 HZ, Hp), 6.72 (d, IH, .J 12 3 

HZ, Hlo), 6.48 (s, IH, Hn), 5.70 (dd, IH, J 17.4, 1.2 Hz, HI), 5.23 (dd, IH, J 11.1, 1.2 Hz, H2): I.'c 

NMR (CDCI;) 6 153.44 (s). 149.84 (s), 136.29 (s), 135.95 (s), 134.84 (d, Cz), 13 1.49 (d, C16). 129.37 

(d), 129.26 (d, C,), 128.22 (d, C19). 127.83 (d), 127.51 (d), 126.22 (d), 125.31 (d), 125.06 (d), 124.09 (s, 

CI,), 123.39 (d, CI,), 121.07 (s, CI,), 120.00 (d. C22). 119.76 (d, Clo), 119.39 (d), 115.42 (t, CI), 107 00 

(d, c121, 

trrrns-7: mp 110-1 1 I OC (MeOH); UV (EtOH): L,,, (log E) 244 (4.14), 286 (4.00), 356 (417); 'H NMR 

(CDCI;) 88 .40  (d, IH, J 8 .  I Hz, H22). 7.92 (d, IH, J 8 . 1  Hz, H19), 7.70 (d, IH, J 16.1 Hz, H9), 7.67-7.45 

(ln,6H),7.33-7.27(m,2H),7.23 (dd, IH,J17.4, 10.8Hz,Hj),6.98(d, 1H.J l6 .1  =,HI,), 6.82(s, 11-1. 

H12). 5.72 (dd, IH, J 17.4, 1.4 Hz, HI), 5.46 (dd, IH, J 10.8, 1.4 Hz, H2); I3C NMR (CDCI,) 6 154.73 

(s), 150.44 (s), 136.75 (s), 134.87 (d, Cz), 131.71 (s), 128.42 (d, C19), 127.98 (d), 127.91 (d), 126.91 (d. 
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Cs), 126.78 (d), 126.31 (d), 125.97 (d), 125.97 (s, CK,), 125.16 (d), 124.69 (s, CU), 123.60 (d), 121.16 (5, 

C,;), 12019 (d, C22), 119.39 (d), 118.70 (d, Clo), 116.84 (t, CI), 106.27 (d, C I ~ ) ;  MS m/z (relative 

intensity) 296 (M', loo), 281 (25), 265 (22), 252 (21). 181 (88), 168 (13), 152 (15). 115 (15); Anal 

Calcd for Cl2Hl6O: C, 89.16; H, 5.44.Found: C, 89.26; H, 5.65. 

Irradiation experiments. A solution of light petroleum ether (3x10" M) of 5, 6 or 7 was irradiated under 

argon for 30 h in Rayonet (8 lamps) at 300 (5) and 350 nm (6,7) at rt, respectively, in a quartz tube. The 

solvent was removed in vacuum and the residue was chromatographed on the silica gel column using 

petroleum ether- ether (9: 1 to 9:3) as the eluent 

Irradiation of 2-12-(2-vinylphenyl)ethenyl]benzo[b]furan (5). 13 was isolated in the first fractions 

followed by 12: 

4-Vinylbenzo[dJnaphtho[2,1-blfuran (13) (9.2 mg. 2.5 %): colorless crystals, mp 68-70 OC: U V  

(EtOH): L,,, (log &) 219 (4.36), 235 (4.33), 242 (4.44, sh), 247 (4.48), 270 (3.63, sh), 3 17 (4.08) 328 

(3.97, sh), 335 (3.93, sh), 342 (3.95); 'HNMR (CDCI;) 68.60 (dd, IH, J7 .4 ,  1.7 Hz, HA, 8.40 (dd, IH. 

J6 .6 ,  2.4Hz,H,,), 8.23 (d, lH, J9.2Hz,Ha,),  7.79(d, lH, J 9 . 2 H z , H 3 ,  7.73-7.63 (m, 2H,H,,), 7.56 

(dd, l H , J  17.3, 10.9Hz, H,), 7.53-7.43 (m, 3H, H,,), 5.84 (dd, IH, J 17.3, 1.5 Hz, HI), 5.55 (dd, IH,./ 

10.9, 1.5 Hz, H2); 13c NMR (CDCI;) 6 155.81 (s), 154.06 (s), 152.03 (s), 136.96 (s), 134.88 (d), 129.29 

(s), 127.88 (s), 126.92 (d), 125.85 (d), 124.83 (s), 124.27 (d), 123.25 (d), 123.03 (d), 122.46(d), 121.90 

(d), 117.72 (t), 112.47 (d), 111.79 (d); MS m/z (relative intensity) 244 (M', 100); HRMS calcd for 

C18H120 244.0882, found244.0900. 

11,12-Dihydro-6,11-methann-6H-benzo[4,5]cyclnhepta[l,2-b]benzo[~furan (12) (240 mg, 65%) 

colorless crystals, mp 85-87 OC (ptroleum ether); UV (EtOH): Lo, (log E) 256 (3.86), 265 (3.74. sh). 273 

(3.64, sh), 278 (3.48, sh), 286 (3.25); I H M  (CDCI;) 67 .56  (dd, IH, J 7.3, 1.3 Hz, H,,), 7.36-7.00 (m. 

7H, Ha,), 4.13 (d, IH, JAE 4.5 HZ, HA), 3.72 (dt, IH, JBC,BE 5.1 Hz; JBD 1.5 HZ, HB), 3.30 (dd, lH, . l i . ~ i  

17.0 HZ; Jac 5.1 HZ, Hc), 2.75 (dd, IH, Jco 17.0 HZ; JBD 1.5 HZ, HD), 2.54 (ddd, IH, JEF 10.4 HZ; JBI: 5.1 

Hz; JAE 4.5 Hz, HE), 2.15 (d, lH, JEF 10.4 HZ, HF); 13C NMR (CDCI;) S 154.47 (s), 151.62 (s), 150 36 

(s), 144.93 (s), 126.96 (2s), 126.78 (d), 126.56 (d), 124.13 (d), 123.00 (d), 122.52 (d), 120.82 (d). 

118.06 (d), l11.18 (d), 42.79 (t, &), 40.27 (d, Ce), 37.63 (d, CA), 31.19 (t, CC,~); MS (El) m!z (relative 

intensity) 246 (Mi, loo), 231 (40), 218 (88); HRMS calcd for CI8HldO 2461044, found 246.1021. Anal 

Calcd for Cl~H1.0 C, 87.77; H, 5.73. Found: C, 87.52; H, 6.00. 

X-Ray Crystallographic Analysis of the Structure of 12. 

Crystals suitable for X-Ray analysis were grown by slow evaporation at rt from petroleum ether solution 

The crystal data for 12: C18H140, Mr = 246.3, orthorhombic, space group Pccii (No. 56), n = 19.288(5) 
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19, h = 16.393(5) A, c = 8.276(3) A, V =  2617(1) A" Z =  8, L),,I~ = 1.250 g cm". 

The intensities were collected at 293(2) K on a Philips PW1100 diffractometer updated by stoell using 

graphite-monochromated CuKa radiation (h  = 1.54186 A). The structure was solved by a direct method 

( S H E L X S ~ ~ ) . ' ~  The non-hydrogen atoms were refined anisotropically ( S H E L X L ~ ~ ) . "  All hydrogen 

atoms were located from difference Fourier maps and included in the refinement with individual isotropic 

displacement. The final R- ,wR- and S factors after full-matrix least-squares refinements were 0.042, 0.124 

and 1.06 for 1637 observed reflections with I>20m. Additional clystallographic data are available as 

supplementary materials.14 

Irradiation of 2-12-(2-vinylphenyl)ethenyllnaphtho[2,1-ban (6). From the irradiation mixture of 6 

only one photoproduct was isolated: 4-vi11yldinaphtho[2,l-b:1',2'-d]furan (14) (7mg, 1.5 %): colorless 

crystals, mp 54-56 "C; UV (EtOH): La, (log E) 212 (4.58), 223 (4.55). 239 (4.50). 250 (4.35, sh), 259 

(4.31, sh), 303 (3.94), 330 (4.02), 344 (4.29), 360 (4.38); I H  NMR (CDCI,) 69.12 (m, 2H, H-1,H-12). 

S27(dd,  IH, J 9 . 0 ,  -1 Hz), 8.07(dd, lH, J8 .1 ,  -1 Hz), 797(dd,  IH, J9 .0 , - I  Hz), 7.89-7.82(m,2H). 

7.78-7.70 (m, 3H). 7.65-7.54 (m, 2H), 5.86 (dd, IH, J 17.4, 1.5 Hz, HI), 5.57 (dd, IH, J 10.8, 1.5 Hz. 

Hz); 13C h'MR (CDCI,) 6 154.46 (s), 154.19 (s), 137.16 (s), 135.38 (d), 131.21 (s), 129.46 (d), 128.86 

(s), 128.69 (s), 128.57 (s), 128.45 (d), 126.16 (d), 125.82 (d), 125.52 (d), 124.57 (d), 124.39 (d), 124.00 

(d), 122.68 (d), 119.76 (s), 119.31 (s), 117.88 (t), 112.67 (d), 112.45 (d); MS n h  (relative intensity) 294 

(M-, 100); HRMS calcd for C22Hla0 294,1039, found294.1088. 

Irradiation of 2-[2-(2-vinylphenyl)ethenyl]naphtho[1,2-blfuran (7). In I H  NMR spectrum of the 

irradiation mixture of 7 only one photoproduct was observed, 4-vinyldinaphtho[Z,l-b:2',1'-dJfulan (IS) 

( - l%) : ' ~NMR(CDCl ; )6870(dd ,  I H , J 7 2 , 2 7 H z ) , 8 5 3 ( d ,  I H , J 8 . 1  Hz),8.47(d, I H , J 9 0 H z ) .  

8.23 (d, 1H , J9 .0Hz) ,  8 0 4 ( d ,  IH, J 8 . 1  Hz), 7.72-7.38 (m, 4H), 7.34-7.17 (m, 3H), 5.85 (dd, l H . /  

17.4. 1.4 Hz, HI), 5.56 (dd, lH, J 10.8, 1.4 Hz, H2); MS m/z (relative intensity) 294 (M-, 100). 

lrradiation of 5 in methanol. A solution of 10 mg of 5 in 10 mL of methanol (4x10.' M) was purged 

with argon and irradiated at 300 nm for 2 h at rt. The solvent was removed and the product 18 isolated 

(7.3 mg, 65%) on TLC plate eluting with petroleum etherlether (9:l):  mp 68-69 OC; UV (EtOH): L,,, 

(log 6) 215 (4.05, sh), 267 (3.44). 273 (3.51). 282 (3.44); 'H NMR (CDCI;) 67.29 (d, IH, J7 .2  Hz, HI'). 

715(d ,  1H,J7 .2Hz,Hl) ,7 .04( t ,  1H,J7.2Hz,H2).7.01 (dd, 1H,J8 .1 ,7 .2Hz,H3 ' ) ,6 .91( t ,1H,J72 

Hz,H2') ,669(t ,  lH,J7 .2Hz,H;) ,6 .39(d ,  I H , J 8 . 1  Hz.H4'),6.14(d, l H , J 7 . 2 H z , H . ~ ) , 3 . 3 5 ( d , 2 H .  

,/a 4.5 Hz, HA, HG under the signal of HA), 3.26 (t, IH, ,JAR =JBi 4.5 Hz, Hs), 3.21 (s, 3H, OCHr), 2 56 

(dd, IH, Jcu 13.5 Hz, JDG -I 8 Hz, HD), 2.36 (m, IH, HE), 2.27 (dd, IH, J ~ D  13.5 Hz, JCG 4.5 Hz, Hc.), 
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1.96 (d, IH, JEF 10.8 HZ, HF); I H N M R ( C ~ D ~ )  67.10-6.95 (m, 3H, H13,HI,H2), 6.88 (dt, IH, J7 .5 ,  - 1  

Hz,H2'), 6.83 (t, IH, J ~ . O H Z , H ~ ' ) ,  6.69(dt, IH, J7 .0 , -1  Hz,Hz),6.43 (d, IH, J7 .8Hz ,  b ' ) , 6 . 2 6  (d. 

lH, J 7.5 HZ, b ) ,  3.26 (d, lH, JAB 4.5 HZ, HA), 3.06 (s, 3H, OCHI), 2.96 (ddd, lH, JGE-5 HZ, JGC 4 2 

HZ, Jco-22, Hc), 2.89 (dd, lH, JBE 5.0 HZ, JBA 4.5 Hz, He), 2.40 (dd, lH, Jco 13.5 HZ, Jot -2 HZ, HI,). 

2.06 (dddd, lH, JEF 10.8 HZ JEB 5 HZ, JEG -5 HZ, JED -2 HZ, HE), 1.97 (dd, Jco 13.5 HZ, Jcc 4.2 HZ, Hc). 

1.60 (d, IH, JEF 10.8 HZ, HF); I3c NMR (CDCI,) 6 157.77 (s, C-a), 146.16 (s), 142.66 (s), 130.61 (s, C- 

b), 127.91 (d, C-H3'), 126.88 (d, C-HZ), 125.43 (d, C-H3), 123.89 (d, C -h ) ,  123.80 (d, C-HI'), 121.96 

(d. C-HI). 120.79 (d, C-H2'), 109.82 (s, C-c). 109.44 (d, C-b ' ) ,  51.94 (d, C-Hc), 48.36 (q, OCH:). 

45.36 (d, C-HB), 40.18 (t, C-HE,HF), 38.95 (d, C-HA), 37.69 (t, C-Hc,Ho); I3c-NMR (C&) 6 159. l l (s,  

C-a), 146.90 (s), 143.50 (s), 131.80 (s, C-b), 128.08 (d, C-HZ'), 127.46 (d, C-H2), 126.14 (d, C-H:). 

124.62 (d, C-HA), 124.26 (d, C-HI'), 122.82 (d, CHI ) ,  121.13 (d, C-H.I'), 110.22 (d, C-h ' ) ,  110.22 ( s .  

C-c), 52.66 (d, C-HA), 48.48 (q, OCH,), 45.96 (d, C-HB), 40.86 (t, C-HE,HF), 39.73 (d, C-HG), 38.55 (1. 

C-Hc,Ho); MS (EI) m/z (relative intensity) 278 (M', loo%), 246 (M'-CH30H, 3 9 ,  163 (58), 149 (87) 

I3 l (2-benzofurylmethyl, 99). 129 (indenylmethyl, 54), 115 (indenyl, 76). 

Irradiation of 5 in deuteromethanol. A solution of 5 (16 mg, 0.065 mmol) in 13 mL of CH30D (5x10-< 

M) was irradiated at 300 nm for 2 h at rt. The solvent was removed and the product 19 isolated on TLC 

plate (13 mg, 72%) as colorless oil, eluting with petroleumlether (9:l): 'H NMR (CDCI3) 67.29 (d, IH. .I 

7 2 H z .  HI'), 7.15 (d, I H , J 7 2 H z ,  HI), 7.04 (dt, IH, J 7 . 2 ,  1.2Hr, H2), 7.01 (ddd, lH, J7 .8 ,  7.2, 1.2 

Hz, Hj'), 6.91 (dt, IH, J7 .2 ,  1.2Hz, H27, 6.69 (dt, IH, J7.2,  1.2Hz, H,), 6.39 (d, IH, J 7 . 8  Hz, H,'). 

6.14 (d, lH, J 7.2 Hz, a), 3.35 (d, 2H, JAB 4.5 HZ, HA; HG under the signal of HA), 3.26 (dd, IH, Jm 4 5 

HZ, Jn~5.4Hz,He) ,3 .21  (~,3H,OCH;),2.36(dt, lH,  JEF I l l  HZ, J E B J E G S . ~ H Z , H E ) , ~ . ~ ~  (d, IH,.I , , ,  

3.9 Hz, Hc), 1.96 (d, lH, JEF 11.1 HZ, HF); I3C-NMR (CDC13) 6 158.02 (s, C-a), 146.41 (s), 142.92 (5). 

130.86 (s, C-b), 12817 (d, C-H;'), 127.13 (d, C-H2), 125.68 (d, C-H3), 124.14 (d, C-H4), 124.07 (d, C- 

HI'), 122.21 (d, C-HI), 121.04 (d, C-H;), 109.84 (s, C-c), 109.70 (d, C-h ' ) ,  52.18 (d, C-HA), 48.61 ((1. 

OCH;), 45.63 (d, C-HB), 40.38 (t, C-HE,HF), 39.1 l (dl C-HG), 37.58 (C-HcD); MS (EI) m/z: 279 (Id . 
100%). 247(M'-CH,OH, 22), 149 (25), 132 (2-benzofuryl-CHD, 27). 115 (indenyl, 14). HRMS calcd for 

C19DH1,02 279.136, found 279.126. 

Irradiation of 12 in methanol. A solution of 10 mg of 12 (4x10.~ M) was purged with argon and 

irradiated at 250 nm for 2 h at rt. The solvent was removed and in the residue some traces of 18 were 

observed in IH NMR spectrum. M e r  prolonged irradiation the decomposition of 12 was observed. 

Irradiation of 5 in the presence of benzophenone. To a solution of 80 mg (0.3 mmol) of 5 in 100 mL of 

benzene, 250 mg (1.4 mmol) of benzophenone was added, purged with argon and irradiated at 350 nm (8 
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lamps) for 20 h at rt. The solvent was removed in vacuum and the residue chromatographed on TLC silica 

gel plate with petroleum ether-CH2C12 (7:3) as eluens. The main product, tmns-2-(2-vinylpheny1)-3-(2- 

benzofury1)-4,4-diphenyl-1-oxetane (20), was isolated in 24% yield (31 mg): colorless crystals, mp 51- 

52 "C: UV (EtOH): L, (log 6) 206 (4.82), 208 (4.81, sh), 248 (4.43), 278 (3.70), 286 (3.47); 'H NMR 

(CDCI;) 67 .76  (dd, IH, J7 .0 ,  2.1 Hz, Ha,), 7.66 (d, 2H. J 7 . 2  Hz, H,,), 7.51-713 (m, ISH, H,,), 6.80 

(dd. 1H.J l7 .4 ,  10.8Hz,H3'),6.45(d, IH, J 8 . 4 H z .  H-s), 6.43 (s, IH,Hr), 554(dd,  lH, J17.4,-1 Hz. 

HI'). 5.1 1 (dd, lH, J 10.8, -1 Hz, HZ'), 4.95 (d, IH, J 8.4 Hz, H-f); I3c NMR (CDCI,) 6 154.99 (s). 

lS3S5 (s), 147.04 (s), 14218 (s), 138.48 (s), 135.78 (s), 133.92 (d, C-H2'), 128.57 (2d), 128.36 (d). 

1283O(d), 128.10(2d), 12744(d), 127.17(d), 12607(d),  12602(d), 125.80(2d), 125.11 (2d), 12418 

(d), 122.78 (d), 120.95 (d), 117.04 (1, C-H13,H2'), 11 1-12 (d, C-4), 105.86 (d, C-H3, 88.64 (s, Cp), 77.92 

(d, C-s), 53.71 (d, C-f); MS (FAB) mi' (relative intensity) 428 (M', <I), 296 (Ph2C=CH-henzofuryl, 25). 

246 (M'-P~zCO, 90), 132 (o-vinylbenzaldehyde, 35), 13 1 (benzofurylmethyl, 70), 105 (PhCO', 47). Anal. 

Calcd for CjlH2.,02: C, 86.89; H, 5.65. Found: C, 86.81; H, 5.62. 

tr~ns-2-(2-BenzofuryI)-3-(2-vinylphenyl)-4,4-iphenyl-l-oxene (21). minor product (cn. 2%) seen 

only in 'H NMR (CDCI?) 6 7.80-6.80 (m, 19H. H,,+H3'), 6.80 (s, IH, Hf), 6.01 (d, lH, J 8.4 Hz, H-f). 

560(dd,  lH, J 16.8,-1 Hz,Hl'), 5.55 (d, IH, J8.4Hz,H-s) ,  5.26(dd, IH, J8 .4Hz,HZi) .  
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