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[4+2] Cycloaddition of 3-Cyanocyclopropene with Anthracenes
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The thermal reactions of 3-cyanocyclopropene with 9-
substituted anthracenes afforded [4+2] cycloadducts. The
relative rate ratio of the reaction correlated well with the

substituent constants.

Cyclopropenes have been applied as efficient dienophiles to Diels-Alder
reaction; however, cyclopropenes with functional group at the 3-position seem to
have been limitedly employed and their detailed mechanistic studies have been

1 We investigated the addition reaction of 3-cyanocyclopropene

rarely reported.
(2) with 9-substituted anthracenes (3) to clarify the mechanistic aspects through
substituent effects. Here the results are discussed.
The generation and cycloaddition of 2 was carried out as follows;z)

A mixture of | and 'three—molar equivalents of anthracene (3a) was heated at 200°C
for 24 h to give colorless crystals 4a in 55% yield. The similar reactions using
9-methyl- (3b), 9-chloro- (3¢g), 9-p-methylbenzoyloxy- (3d), and 9-cyanoanthra-
cene (3g) afforded the corresponding adducts 4b, 4c, 44, and 4g, in 52, 43, 40,
and 10% yields, respectively (Scheme 1).

The IR and NMR spectral data of the cycloadducts are as follows:

4a: mp 259 °C; IR (KBr) 2250 cm™'; 'H NMR (CDCls) § 0.61 (t, Hy), 2.15 (m, Hy,
H.), 4.54 (d, Hg), 7.1-7.4 (m, 8H); Jyp=3.1 Hz, Jpg=4.4 Hz.

4b: mp 122 °C; IR (KBr) 2230 cm™'; 'H NMR (CDClj) § 0.54 (t, H), 1.80 (dd, Hg),
1.98 (s, 3H), 2.14 (m, Hy), 4.46 (d, Hg), 7.0-7.3 (m, 8H); J p= J,.=3.1 Hz,
ch=8.0 Hz, de=4.4 Hz.

4c: mp 197 °C; IR (KBr) 2240 cm”™'; 'H NMR (CDClj) § 0.84 (t, Hg), 2.32 (m, Hp),
2.51 (dd, H.), 4.57 (d, Hg), 7.1-7.8 (m, 8H); J, p=J,,=3.1 Hz, Jp,=8.0 Hz,
Jpg=4.4 Hz.

4d: mp 282 °C; IR (KBr) 2255 cm™'; 'H NMR (CDCl3) & 1.14 (t, H,), 2.40 (m, Hy),
2.50 (s, CH3), 2.57 (dd, H.), 4.60 (d Hgq), 7.1-8.2 (m, 12H); J,p=J,,=3.1 Hz,
ch=8.0 Hz, de=4.4 Hz.

4¢: mp 208 °C; IR (KBr) 2240 cm™'; 'H NMR (cDCljy) § 0.82 (t, H,), 2.32 (m, Hy),

2.52 (dd, H.), 4.64 (d, Hg), 7.2-7.7 (m, 8H); J,p=J,,=3.1 Hz, J,,=8.0 Hz,
de=4.4 Hz.

The structures of 4 were determined on the basis of their spectral proper-
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ties and confirmed by resemblance of the NMR spectra with those of the analogous
compounds.3) The coupling constant values (3.1 Hz) between vicinal protons H,
and Hb/Hc on the cyclopropane ring show trans relation of the protons.4) The
anti-configuration of the cyano group is evidenced by the fact that the chemical
shifts of H, are influenced by the substituents on the anthracene moieties.

The relative rate ratios (kx/kH) of the reaction of’% with the anthracenes
-3¢ were measured in similar way to our previous method.s) The ratios of
.00:2.81:0.62:0.37:0.17 for ;g:;@:%gzggzgg show a fairly good linear relation of
their logarisms (log kX/kH) against Hammet's sigma values ( Zp) (Fig. 1L6) The
result suggests that zladds to anthracenes synchronously with high stereofacial

selectivity. The negative,f -value (-1.41) of the reaction is considered to

reflects the interaction between LUMO of 3-cyanocyclopropene and HOMO of anthra-

cenes. 7)
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Fig. 1. Correlation of relative rate
Scheme 1. ratio with Hammet's 3%
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