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Abstract The meta-photoadditions of 1,3-dioxoles to benzene are shown to yield
predominantly exo-configurated products The mechanism 1s considered in the light
of these new results

Introduction

The 1,3- or meta-addition of alefins to singlet excited benzene derivatives has
generated much interest, both from a purely mechanistic point of view and as a
synthetic route to natural products (1-6) Despite extentive investigations, there
are still open questions concerning the underlying mechanism Bryce-Smith and
Longuet-Higgins made the early suggestion that the reaction began with 1,3-closure

of excited singlet benzene to give a biradical A (7). Gilbert presented experimental
support for this hypothesis (B8) but Sheridan corrected these results and thus
weakened the assumption of a biradical A as an intermediate in the meta-photoadditions
in general (6) In a very recent publication Bryce-Smith and Gilbert (2c) presented
investigations which could support their favourite mechanism but still uncertsinties
remain However, 1n our investigations we found experimental evidence of an exciplex
intermediate B ( Q) by detecting 1ts long wavelenght emission for the first time

(1b,c) and (b} by measuring identical quenching constants of both exciplex emssion
and product formation (1b],1 e a direct pathway leads from the fluorescent exciplex
to the meta-adduct Our results are in accordance with Morrisons' (9) and Srinivasans'
(10) early postulates F}
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As reported earlier (1a,b) photoexcited benzene adds to 1,3-dioxole la and 2,2~

dimethyl-1,3-dioxole 1b under formation of a mixture of ortho-, meta-, and para-
cycloadducts 2 - 5.

4919



4920

R:
R:CH5

%

h~ X

o e

4 R 5

2 and 4 are the main products and their ratic depends on both the 1onization potential
of the olefin (1a,b) and the solvent polarity (11), whereas 5 1s formed in a photo-
chemical subsequent reaction from 4 (1a,b,12) The ortho- and meta-additions are very
efficient as indicated by high quantum yields of the exciplex (13) and product formation
(0 50-0 63)(1b) Our structural assignment of the meta-adducts originally based on the
chemical conversion of the endo-meta-adduct of vinylene carbonate/benzene (14) to the
dimethylketal (1a) We now wish to report a detailed H- and 13C-NMR-analysis of 2 and
3 which leads to the following results -
Results The 13C—NMR-spectra (table 2) of 2a, 2b and 3a confirm the meta-adduct struc-
= 170Hz), two olefinic carbons

[62:130.1J13C_ H%5185Hz], and three saturated tertiary carbons As shown by Cornelisse

et al (3) the coupling constant J58 in the 1H—NP’IR—spectra (table 1) should be large

for the endo- and nearly zero for the exc-isomer because of the different dihedral

ture, 1.e three cyclopropane carbons [6=30—4U.1J13C

angles found in models of these 1somers The same reasoning holds for J7B So the 1so-

mer with J5E=O 7 and J7BS 0 1 Hz must be the exo- and the other i1somer with the large

coupling constants must be the endo-isomer. Although 1t was not possible to determine
the 1ndividual coupling constants J__.,J_,,J and J for 3a, because of the chemical
56°757°768 78 == 4 5 4
- - +
equivalence of H-6 and H-7, 1t is clear from the large sum JSB 357 and J78+ JBB
that the three bond coupling constants must be large, as 1s confarmed by the coupling
constants of endo-1,3-vinylene carbonate - benzene adduct (table 1) where these sums

are comparable The large value # =1 7z for the carbonate adduct 1s also in accor-

J57
dance with the structure since there 1s only a favourable W-pathway for H-5 and H-7
1n the endo-isomer. The large chemical shift differences in 2a and 3a for H-6 and H-7
confirm the assignment of the structure since i1in the exo-isomer the protons H~6 and
H-7 are lying above the double bond C3=C4, and thus their signals are shielded (15)
wlth respect to the protons in the exoc-position of the endo-isomer The steric hin-

drance 1n the endo-isomer 1s reflected by the increase of J since models show that

687
the strain can be released by decrsasing the dihedral angle and hence increasing J67
In the 13C- and 1H~NMR—5pectra of the crude reaction mixture of 1p and benzene there
13

are signals 1ndicating that 3B 1s present (25 30=96 4) The C-NMR (C6D6) shows &=
38 46, 35 95 and 32 87 for C-1, C-2 and C-8, 6=51 52 for C-5, 6=84.08 for C-7 and
§=92 14 for C-6 1In the 1H—NMR-5pectrum (CSZ] there are the signals of H-7 at §=5 02

and of H-6 at §-4 80 wath J._=8 1, J5

87 =6 2, J B=5 3 and J57=1 8 Hz The other signals
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are covered by the much more intensive signals of the other isomers Because of 1ts
thermical lability 3b could not be 1solated Dur chemical structure-proof failed because
of the geometrical strain in 3b, so only 2b could be formed without complication and

thus we detected 1t qualitatively in the GLC (1a)

Discussion

Summarizing the presented results singlet excited benzene adds to 1,3-dioxoles
predominantly exo i1n both ortho- and meta-cycloadditions This 1s contrary to the
meta-addition of alkenes (e g cyclopentene) to benzene and 1ts simple derivatives
(2,3,10) However the sterecselectivity seems to be weakened for enol ethers (16)
These striking effects can be satisfactorily rationalized i1n terms of a type (B)
mechanism 1nvolving an exciplex intermediate B with product-like structure (1)
Electron-rich cis-enedicl ethers destabil¥e the endo-configuration by repulsive gffects
between the oxygen atoms and the partly negatively charged arene as a conseguence of
the CT-character of the exciplex-formation (1b,c). Even vinylene carbonate as an
acceptor olefin (IP=10 08 eV)(14) fits into this concept It can induce a reverse
charge transfer resulting in a partly positively charged arene which than will
stabilize an endo-configuration Electron donating substituents in position 1 of the
arene degenerate the intermediate to a zwitterionic species and thus the stereoselec-
tivity should be the same as for benzene Indeed photoaddition of 1,3-dioxoles to
anisoles yields predominantly exc-meta-products (17)
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table 1 1H—NMR‘suectmscupic data of 28 2b and 3a
a)
8 H H, Hy My Hg Hg My Mg Mo Ha4
22 248 |191| 557 [532[330 {3902 |a26]169] 470|502
3a | 262 |190 | 567 {547 {311 |483|4a83| 159 a8 503
b } 249 J183)553 529|322 a1t fazm| 171]117] 13
3 3 3 3 3 3 3 3 4 3 4 3 4 a 5 5 2
Thzr | Pz | Ms L s | Y23 | Jae | Y3 | Tas | s | Y57 | Je7 [ Tes | Pre | Pa | T2a] Yzs | as | Y1014

22 6 5 5 4 6 4 23 78 55 24 07 0B 40 0s 31|07 07 07 09 (]

b) 7 4 54 24 L=7 BC] 8 4° L= 5 Zd) 07 06} <02 08 13

o7 07 50 06 <0207 07 07 a7 [s} ]
(a) &{ppm), solvent C5, 90 Mz (varian EM-330)

(b) coupling constants are determined using CBD6 as solvent (c) since H-6 and H-7 are chemicsl equivalent only the sum of
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of JSS and J could be measured In case of the 1 3-endo-benzene vinylene carbonate adduct these values are JSS’ 6

57
and J57= 1 7 Hz (£=8 2Hz)1(d) sum of JEB and ‘]78 (see note c) for the carbonate [see note c) these values are JEB=D 5
and J7B-B 0 Hz (L=6 SHz);{e} Jg7= 8 6Hz for the carbonate (see note ¢)

table 2 13C—NrR-5pect"Dscopic data of 25 29 and 3a
2 22 2
— r
T stom) 3, Mzl s (opm) Y, tHe) | stpem 1, 1(“2’
c-H C-H C-H
1 34 84 178 39 62 180 34 87 180
2 30 72 169 32 g4 170 31 29 168
3v) 129 87 166 131 83 165 129 82 165
4b) | 130 44 166 133 76 165 129 91 165
5 52 72 144 51 95 144 52 67 148
6 90 76 154 92 89 155 90 51 152
7 80 94 157 84 88 150 81 29 156
8 34 81 169 27 56 170 35 98 168
9 95 50 165 101 25 166 110 14 -
10 25 92 126
11 27 87 126

a) solvent ESZ/CSDS=S/1 (v/v) 20 MHz (varian CFT-20)

b) the assignment of C-3 and C-4 may be reversed
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