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Abstract The meta-photoaddltlons of 1,3-dloxoles to benzene are shown to yield 
predominantly exo-configurated products The mechanism 1s consldered In the light 
of these new results 

Introduction 
The 1,3- or meta-addltlon of oleflns to singlet excited benzene derlvatlves has 
generated much Interest, both from a purely mechanlstlc point of view and as a 
synthetic route to natural products (I-61 Oesplte extentlve lnvestlgatlons, there 
are still open questlons concerning the underlylng mechanism Bryce-Smith and 
Longuet-Higgins made the early suggestion that the reactlon began with 1,3-closure 
of excited singlet benzene to give a biradical 9 171. Gilbert presented experlmental 
support for this hypothesis [81 but Sheridan corrected these results and thus 
weakened the assumotion of a blradlcal A as an Intermediate In the meta-photoaddltlons 
in general (6) In a very recent publication Bryce-Smith and Gilbert [Zcl presented 
lnvestlgatlons which could support their favourite mechanism but still uncertalntles 
remain However, In our lnvestlgatlons we found experlmental evidence of an exciplex 
intermediate B (al by detecting Its long wavelenght emlsslon for the first time 
L'lb,cl and (b5 by measuring ldentlcal quenching constants of both exclplex emI.sslon 
and product formation ('lbl,i e a direct pathway leads from the fluorescent exciplex 
to the meta-adduct Our results are in accordance with Morrisons' (91 and Srlnlvasans' 
[IO) early postulates 

As reported earller [la,bl photoexclted benzene adds to 1,3-dloxole la 
dimethyl-1.3-dloxole 1; under formation of a mixture of ortho-, metal: 
cycloadducts 2 - 2. = 

and 2,2- 
and para- 
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2 and 2 are the main products and their ratlo 
of the olefln (la,bl and the solvent polarity 

chemical subsequent reactlon from 4 Lla.b,lZl 
efflclent as lndlcated by high quantum yields 
IO 50-O 63111bl Our structural assignment of 

a R-t-i -_ 
b R:CHQ 
= 

depends on both the lonlzatlon potential 
1111, whereas 2 1s formed In a photo- 

The ortho- and meta-additions are very 
of the exclplex (131 and product formation 
the meta-adducts or1glnally based on the 

chemical conversion of the endo-meta-adduct of vlnylene carbonate/benzene [I41 to the 
dlmethylketal (la1 We now wish to report a detalled IH- and 13C-NMR-analysis of ? and 
2 which leads to the following results 

Results The 
13 

C-NMR-spectra (table 21 of ?2, ?? and ,3$ conflrm the meta-adduct struc- 

ture, 1.e three cyclopropane carbons ~6=30-40,~J13~_1H~17OHzl, two oleflnlc carbons 

~6=130,1J13C_liic165tiz). and three saturated tertiary carbons As shown by Cornellsse 

et al (31 the coupling constant JS6 In the 
1 

H-NMR-spectra [table II should be large 

for the endo- and nearly zero for the exo-Isomer because of the different dihedral 

angles found In models of these isomers The same reasoning holds for 376 So the lso- 

mer with J,__=O 7 and J76. -0 1 Hz must be the exo- and the other isomer with the large 

coupling constants must be the endo-Isomer. Although it was not possible to determlne 

the lndlvldual coupling constants J56,J57,J66 and J76 for ?a, because of the chemical 

equivalence of H-6 and H-7, It 1s clear from the large sum 3J56+4J57 and 3J76t4J66 

that the three bond coupling constants must be large, as 1s confirmed by the coupling 

constants of endo-1,3-vlnylene carbonate - benzene adduct [table 11 where these sums 

are comparable The large value 4J S7=1 7Hz for the carbonate adduct 1s also In accor- 

dance with the structure since there 1s only a favourable W-pathway for H-5 and H-7 

in the endo-Isomer. The large chemical shift differences In 2” and 2: for H-6 and H-7 

confirm the assignment of the structure since In the exe-Isomer the protons H-6 and 

H-7 are lying above the double bond C3=C4, and thus their signals are shlelded [I61 

with respect to the protons In the exo-posltlon of the endo-Isomer The sterlc hln- 

drance In the endo-Isomer 1s reflected by the Increase of J67 since models show that 

the strain can be released by decreasing the dihedral angle and hence IncreasIng J67 

In the 
13 

C- and ‘H-NM&spectra of the crude reaction mixture of 2; and benzene there 

are signals lndlcatlng that 2; 1s present [Zb 3b=96 41 The 
13 

C-NMR [C6D61 shows 6= 

39 46, 35 95 and 32 97 for C-l, C-2 and C-8, 6=51 52 for C-S, 6=64.06 for C-7 and 

6=92 14 for C-6 In the ‘H-NMR-spectrum (CS21 there are the signals of H-7 at 6=5 02 

and of H-6 at 6-4 80 with J67=6 1, 366-6 2, J76=5 9 and Js7 =I 6 Hz The other signals 
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are covered by the much more lntenslve signals of the other Isomers Because Of 1ts 

thermlcal 1ablllt.y 3b could not be isolated Our chemical structure-proof falled because 

of the geometrical strain ln 3b, __ SO only Zb could be formed wlthout compllcatlon and 

thus we detected It qualltatlvely in the GLC (la1 

Dlscusslon 

Summarlzlng the presented results slnglet excited benzene adds to 1,3-dlcxoles 

predominantly exo in both ortho- and meta-cycloaddltlons This 1s contrary to the - 

meta-addltlon of alkenes (e g cyclopentenel to benzene and Its simple derlvatlves 

12,3,101 However the stereoselectlvlty seems to be weakened for enal ethers (161 

These strlklng effects can be satlsfactorlly ratlonallzed In terms of a type (81 

mechanism lnvolvlng an exclplex lntermedlate i with product-like structure (lb1 

Electron-rich cls-enedlol ethers destabllQ:e the endo-conflguratlon by repulsive effects 

between the oxygen atoms and the partly negatively charged arene as a consequence of 

the CT-character of the exclplex-formatlon (1b.c). Even vlnylene carbonate as an 

acceptor olefln [IP=lO 08 eVl(141 fits Into this concept It can Induce a reverse 

charge transfer resulting In a partly posltlvely charged arene which than will 

stablllze an endo-ConfIguration Electron donating substltuents In posltlon 1 of the 

arene degenerate the intermediate to a zwltterlonic species and thus the stereoselec- 

tlvlty should be the same as for benzene Indeed photoadditlon of 1,3-dloxoles to 

anlsoles yields predominantly exo-meta-products (17) 
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121NMR-Data of 5k in C6D6 are 'H &=I 26[s1,3H,H-11, 6=1.58(s1,3H.H-10, 6=3.60(ml, 
ZH,H-l,H-4, 6=4 02(ml,ZH.H-7,H-8, 6=5 93(ml,2H,H-2,H-3, 6=6.25[mI,ZH.H-5.H-6, 
13C 6=26 45 and 25.73, C-IO and C-II, S=42.57.C-l,C-4, 6=78 95,C-7.C-8, 
6=110 63,C-9, 6=132.16 and 133.61, C-Z,C-3 and C-5,C-6. 

131The efflclency of exclplex-formatlon 1s ca 0 8-1.0 indlcatlng that fluorescence 
[$%O.OOOll and radlatlonless desactlvatlon are the minor processes These 
results ~111 be publlshed soon 
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