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Synopsis. Reactions of benzocyclopropene with furan
and benzofuran afforded [2n+20]-type cycloaddition prod-
ucts, where the furans act as 2zn-components and
benzocyclopropene acts as a 20-component. A similar
reaction with 1,3-diphenylisobenzofuran gave a [4n+20]-
type cycloaddition product using the furan as a 47n-com-
ponent.

It is known that benzocyclopropene (1) is a highly
strained and reactive species, which is likely to behave
as a 6n-donator in [6m+47n]-type cycloaddition
reactions,? except a reaction with butadiene, where 1
reacts as a 2o-donator affording a [27+20]-type
cycloadduct among many product mixtures.1»

While the addition reactions of 1 with various kinds
of olefins have been extensively investigated,!+? only a
few reactions with heterocyclic partners are known.
As one part of our research on the cycloaddition
reactions of heterocyclic compounds, we investigated
cycloaddition reactions of furan derivatives with 1.9
Here, the results of these reactions will be reported.

A chloroform solution of furan 2 and an equimolar
amount of 1 was allowed to stand at room temperature
for 6days. The separation and purification of the
reaction mixture by thin-layer chromatography on
silica gel afforded a [27+20]-type cycloadduct 3 in a
39% yield. The reaction of 1 with benzofuran 4, also
gave [2n+20]-type cycloadducts 5 in a yield of 25%.
On the other hand, the reaction of 1 with 1,3-
diphenylisobenzofuran 6 gave a [4n+20]-type cyclo-
adduct 7 in a 71% yield.
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The structure of 3 was determined on the basis of its
spectral, especially tH NMR spectral properties. The
good resemblance of the 1TH NMR spectral properties
of 3 to those of the analogous compound such as 8
supports the structure of 3.9 The orientation of the
dihydrofuran moiety in 3 was determined on the basis
of the coupling constants in its 1H NMR spectrum as
follows. The coupling pattern of the signal of the
methine proton H. shows that the neighbouring
protons of H. are only two methylene protons (H. and
Hs) and a methine proton (Hc). The structure which
satisfies the above terms is 3. Another possible
structure such as 9 can not explain the NMR spectral
properties. The stereochemistry of 3 was deduced on
the basis of the coupling constants in the TH NMR
spectrum as shown in the figure. The structure of 5
was also determined on the basis of its spectral
properties, comparing them to those of 3.

The molecular ion peak in the high-resolution
Mass spectrum indicates that 7isa 1:1 adduct of 1 and
6. The NMR spectrum shows that 7 is an
unsymmetrical compound that has geminal protons.
The IR spectrum designates that 7 has no carbonyl or
hydroxyl groups, showing that the oxygen atom of 7 is
an ether oxygen. These considerations lead to the
structure shown in the figure.

The reaction is most likely initiated by the cleavage
of a cyclopropene bond in a homolytic fashion to give
a diradical intermediate 10, which attacks the furans
to produce the cycloadducts via a diradical inter-
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mediate 11.1»  The stabilization of 11 by the
delocalization of the radical electron is considered to
determine the orientation of the dihydrofuran moiety
in the final cycloadduct 12. The reaction of 1 with 6 is
also considered to proceed via the diradical inter-
mediate 10, which attacks the 1-position of 6 to
produce the benzyl radical-type intermediate 13. The
cyclization of 13 keeping the benzene structure in the
isobenzofuran moiety, affords 7.

The same type of reactions of 1 with pyrrole
derivatives such as 1-methyl-, 1-phenyl-, and 1-
(methoxycarbonyl)pyrrole resulted in a recovery of the
starting materials.  The ~ difference between the
reactivities of furans and pyrroles are considered to be
attributable to the difference in the degree of the
aromaticity of these two kinds of compounds. It is
known that furans are less aromatic than pyrroles
because of a strong electronegativity of oxygen atom
comparing to that of nitrogen atom.? Thus, it is
cocluded that less aromatic compounds, furans, react
with 1; on the other hand, the more aromatic
compounds, pyrroles, are electronically too stable to
react with 1.

Experimental

NMR spectra were measured with Varian XL 200 or
Hitachi R-20B spectrometers with tetramethylsilane as an
internal standard. IR spectra were measured with DS-701G
spectrometer. Mass spectra were measured with Hitachi M-
52 or JMS-DX300 spectrometers. Wako gel BSF was used for
thin-layer chromatography.

Reaction of 1 with 2. A mixture of 1 (90 mg, 1 mmol)

and 2 (70 mg, 1 mmol) in chloroform (0.3 ml) was allowed to
stand at room temperature for 6 days. The reaction mixture
was separated by thin-layer chromatography on silica gel
using benzene as a developing solvent to give an oil 3
(65 mg, 39%, R=0.70).
3: Found: m/z 158.0711. Calcd for C11H100: M, 158.0732.
MS m/z (rel intensity) 158 (M+, 87), 129 (100), 83 (87). IR
(neat) 3050, 2920, 1615, 1480 cm~1. 1H NMR (CDCls) 6=3.16
(dd, Ha.), 3.37 (dd, Hs), 4.36 (ddd, Hc), 5.09 (dd, Ha), 5.31
(ddd, H.), 6.24 (dd, Hy), 7.2 (m, 4H). Coupling constants in
Hz: ]Eb=18} ]ac=2, ]be=7, ]cd__-g; ]ce=10; ]cF2, ]d(=3

Reaction of 1 with 4. A mixture of 1 (50 mg, 0.6 mmol)
and 4 (71 mg, 0.6 mmol) in chloroform (0.3 ml) was heated
at 50°C for 40 h. The reaction mixture was separated by
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thin-layer chromatography on silica gel using petroleum
ether (bp 35—60 °C)-chloroform 1 : 4 as a developing solvent
to give an oil 5 (30 mg, 25%, R=0.75).

5: Found: m/z 208.0873. Calcd for C1sH120: M, 208.0888.
MS m/z (rel intensity) 208 (M*, 100), 189 (10), 179 (17), 115
(10). IR (neat) 3050, 2920, 1593, 1480cm~!. 'H NMR
(CDCls) 6=3.34 (dd, H.), 3.49 (dd, H.), 4.82 (d, H¢), 5.61 (ddd,
H,), 6.8—7.6 (m, 8H). Coupling constants in Hz: J»,=18,
J2a=2, Joa=6, Jca=9.

Reaction of 1 with 6. A mixture of 1 (45 mg, 0.5 mmol)

and 6 (130 mg, 0.5mmol) in chloroform (0.3 ml) was
allowed to stand at room temperature for 7days. The
reaction mixture was separated by thin-layer chromatog-
raphy on silica gel using petroleum ether (bp 35—
60 °C)-benzene 1:4 as a developing solvent to give an oil 7
(120 mg, 71%, R=0.70).
7: Found: m/z 360.1502. Calcd for Cz27H200: M, 360.1514.
MS m/z (rel intensity) 360 (M*, 1), 120 (2), 83 (100). IR
(neat): 3050, 2920, 1593, 1480cm-l. HNMR (CDCls)
6=3.17 (d, 1H, J=17 Hz), 3.75 (d, 1H, J=17 Hz), 7.0—7.8 (m,
18H).

References

1) a) E. Vogel, W. Grimme, and H. Gunther, Angew.
Chem., 80, 279 (1968); b) Korte, Ph. D. Thesis, University of
Koln, 1968; c) B. Halton, Chem. Rev., 73, 113 (1973); d) W. E.
Billups, Acc. Chem. Res., 11, 245 (1978); e) H. Kato and S.
Toda, J. Chem. Soc., Chem. Commun., 1982, 510; f) J. C.
Martin and J. M. Muchowski, J. Org. Chem., 49, 1040 (1984).

2) R. Anetand F. A. L. Anet, J. Am. Chem. Soc., 86, 525
(1964); E. Vogel, W. Grimme, and S. Karte, Tetrahedron Lett.,
1965, 3625; W. E. Billups, A. J. Blakeny, and W. Y. Chow, J.
Chem. Soc., Chem. Commun., 1971, 1461; idem., Org. Synth.,
55, 12 (1976).

3) K. Saito and K. Takahashi, Heterocycles, 12, 263
(1979); K. Saito, S. Iida, and T. Mukai, ¢bid., 19, 1197 (1982);
K. Saito, H. Kojima, T. Okudaira, and K. Takahashi, Bull.
Chem. Soc. Jpn., 56, 175 (1983); K. Saito, S. Iida, and T.
Mukai, ibid., 57, 3483 (1984); K. Saito and Y. Horie,
Heterocycles, 24, 579 (1986); K. Saito, T. Mukai, and S. Iida,
Bull. Chem. Soc. Jpn., 59, 2485 (1986).

4) W. M. Horspool, J. M. Tedder, and Z. U. Din, J.
Chem. Soc. C, 1969, 1694.

5) D. S. Sappenfeld and M. Kreevoy, Tetrahedron, 19,
1957 (1963); D. T. Klark, ibid., 24, 3285, 4689 (1968); G.
M. Marino, J. Heterocycl. Chem., 9, 817 (1972); T. J. Thomas,
R. W. Roth, and J. G. Verkade, J. Am. Chem. Soc., 94, 8854
(1972); R. M. Acheson, “An Introduction to the Heterocyclic
Compounds,” John Willey and Sons, Inc. (1976), Chap. 3.






