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ADDITION REACTION OF 4-METHYLENE-4H-HOMOCHROMENE DERIVATIVES
WITH TETRACYANOETHYLENE.
POSSIBLE INTERVENTION OF A BENZOHOMOPYRYLIUM ION INTERMEDIATE
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Vinyleyclopropane derivatives could be synthesized with one-pot procedure
from «, B-unsaturated thione (chromothione) derivatives by dimethyloxosulfonium
methylide. Extremely facile addition of tetracyanoethylene with 4-methylene-
4H-homochromenes gave dihydrobenzoxazepine derivatives. The reaction may
be well interpreted with the homoaromatic stabilization of the cationic part in
a zwitterionic intermediate which would be formed at the rate-determining

step.

The [2 + 2] cycloadditions of electron-rich olefins, e.g. p-methoxystyrene, vinyl ethers,
and some vinylcyclopropanes, with tetracyanoethylene (TCNE) have been reported and explained
to proceed through zwitterionic intermediates. 1 In a reaction of TCNE to 1, 1-diphenyl-2-
vinylcyclopropane in 1, 2-dichloroethane at room temperature for 2 months, there was obtained
unexpected product via zwitterionic intermediate by Shimizu, Nishida et al. 2 Now, the
authors wish to report extremely facile formation of a similar sort of products in the reac-
tion of TCNE with 3, 4-benzo-5-methy1ene-2-oxabicyclo[ 4, 1.0] hept-3-ene (4-methylene-4H-
homochromene) derivatives.

The substrates used in this investigation were prepared by the following method.
Chromones were converted by P2853 into corresponding chromothiones (la) [mp 106—108":]
and (;};) [mp 1]7-1193 , which were then treated with excess dimethyloxosulfonium methylide
in dimethyl sulfoxide at room temperature for a few hours. After usual work-up processes
the crude products were subjected to column chromatography on Silica Gel. Using light
petroleum as the eluent both 2a and 2b were isolated as colorless oils4 (10 and 30%, respec-
tively), whose structures were speculated to 4-methylene-4H-homochromenes by the spectral
data. Then, the structure of 2b was confirmed by comparing with the spectral characteristics
and Rf-value on t.1.c. of the sample which was synthesized by Wittig reaction from 1, 6-
dimethyl-3, 4-benzo- 2-oxabicyclo[ 4.1.0 ]hept—3-en-5-one (homochromone). Homochromene
(2b) was readily hydrolyzed quantitatively into a keto-phenol (3) 5Enp 50-51° (from benzene-
hexane)l which was also produced directly by the reaction of ng with the ylide.
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Although it has been reported that thiobenzophenone can be converted into 1, 1-diphenyl-
ethylene via a thiirane with dimethyloxosulfonium methylide, 6 in the present case direct
formation of vinylcyclopropane was accomplished from the @, B-unsaturated thione with the

increment of two methylene groups.
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When 2b was mixed with TCNE in various solvent such as chloroform, benzene,
mesitylene, dioxane, 1, 2-dichloroethane, and acetonitrile, colorless solids [mp 208-209°
(from xylene)] were precipitated instantaneously even at room temperature in almost
quantitative yield. = The product was found to be one to one adduct of 2b and TCNE,
whose structure was deduced as ,[)97 by the spectroscopic data and the hydrolysis to an
enaminoacetate U.7 The reaction of 2a with TCNE analogously gave an adduct 5%a 8
Enp 199-200° (from xylene)] under similar conditions.

Extremely facile formation of 5 may be explained by an initial rate-determining
production of a zwitterionic intermediate, in which a cationic part should be highly stabilized
by homoaromatic conjugation depicted in 4, 9 followed by ring closure at the nitrogen of the
cyano group and then Cope rearrangement as shown in Scheme 2.

For the purpose of comparing with the above addition reaction, some standard vinyl-
cyclopropanes (7a) and (7Tb) were treated with TCNE. Substrates for this investigation

were prepared by the Wittig reaction of the corresponding cyclopropyl Ketones. The ketone
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Scheme 2
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Tb was synthesized from phenyl vinyl ether with diazoacetophenone
in benzene under reflux in the presence of Cu(acac)2 OCOCH3
When Ta [bp 92-93°/25mmHg] was mixed with TCNE in O NH
2

chloroform, colored solution resulted and then the color faded

on standing a few days at room temperature. Evaporation of CH3 ‘ CN
the solvent gave a colorless crystalline adduct [mp 153-154° CH2 (CN)
(from carbon tetrachloride)] in 95% yield.  On the basis of

analytical and spectral data, this material was assigned to be ( ,9, )

a cyclobutane derivative @)11 holding a cyclopropane ring.
The rate of cycloaddition of 7a was obviously

increased in more polar solvent such as
acetonitrile. 12 In contrast to the above Ph Ph
(CN),

results, 1b 13 [mp 36-37° (from light

petroleum)] was recovered intact from the 2 (CN)
reaction mixture even though the reactants (72) : R=H
were heated under reflux in either chloro- ( ;g ) : R =OPh (8)

form or acetonitrile for a few days.

Judging from the high reactivity of 2 toward TCNE, significant contribution of the
dipolar structure 9 may be anticipated in the ground state, however, there was found no
13CMR chemical shifts between

exo-methylene carbons in 1, 1-disubstituted olefins) for 2a,7a, and LQIG in contrast to the

appreciable difference among Ad value (the difference of the

large Ad value (98.6ppm) in the case of 7T-methylenebicyclo[ 2. 2.1 Jhept-2, 5-diene. 14
Accordingly, the extraordinary rate effect of 2a or 2b may be well interpreted in
terms of higher polarizability of f-electrons in the exo-methylene group presumably caused
by homoaromatic stabilization at the cationic part in the transition state (see Scheme 2).

Kinetic studies on these addition reactions are now in progress.

13CI\/[R Chemical Shifts in 1, 1-Disubstituted Olefins
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* These assignments may be reversed each other.
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3 m,/e 204(M+); Found: C, 76.14; H, 8.12%. Calcd for C13H1602: C, 76.44; H, 7.89%; v
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