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DISTINCTIVE STRUCTURE-REACTIVITY SEQUENCES IN THE TYPE I AND TYPE II CYCLOADDITIONS
OF CYCLOPROPYL-SUBSTITUTED ETHYLENE WITH TETRACYANOETHYLENE )

*
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Structure-reactivity sequences of two cycloadditions, distinctive
in pattern, between cyclopropylethylene and tetracyanoethylene were
totally different. In the type I, a bulky group at C2 decreased the
rate of the reaction, whereas, in the type II, bulky alkyls at C2
enhanced the reactivity. The results accommodate to a proposed scheme

involving an electron transfer step.

In the study of the reactions between cyclopropylethylenes &5) and tetracyano-

ethylene (TCNE), we have uncovered the fact that the reaction may take two distinc-

2,3,4) The first course is a

2)
3)

tive courses depending mainly upon the structure of;&.
[72+752] cycloaddition to give a cyclobutane derivative zl(the type I reaction).
The second course is realized in the reactions of certain heavily substitutedli.
The cycloaddition takes place at a C-C bond of the cyclopropyl group ingb and a
vinylcyclopentane derivativelg is produced (the type II reaction). Since the type
II reaction proceeds smoothly at an ambient temperature, it has been of our great
interest to rationalize the necessity of forming such an adduct asla. Recently, we
found that the structure-reactivity sequence of the type II reaction is totally
different from that of the type I reaction. The results may accomodate to a pre-
viously proposed scheme for the type II reaction.3’5)
Olefinsf%e, }Ey and is’produced‘%,exclusively in dichloromethane at 25 °C, where-

6) Thus,

as 1d, le, and 1lf yielded 3 as a sole product under the same conditions.
ANV N A~ ~

the kinetic studies on the reaction of isiig with TCNE were carried out in order to

evaluate the effect of the substituent on the reactivity both in the type I and in

the type II reaction. The rates of the reaction were followed in dichloromethane at

25 °C by observing the amount of’k'by GC at appropriate time intervals.7) In all



1116

D—CR ==CR“R

1

-

U W I 0 o Aw

Chemistry Letters, 1980

1

(CN),
" Type "

(cN),

2.3 2

" Type II n

1_ _ 2 _ 3 _
R™ = cyclo C3H5, R —-C2H5, R =H 3
1 2 3 ~
R™ =R =cyclo—C3 57 R™=H
Rl=cyclo—C3 5 R2=CH(CH3)2, R3=H
Rl = cyclo—C3H5, R2 = R3 = C2H5

(]

— 2_ 3— -
R"=R" =R =cyclo C3H5

! = cyclo-C,Hg, R = 3 = CH(CH.3) 2

Table I

Rate Data for the Reaction of }/ with TCNE at 25 °C in Dichloromethane

Olefin 3-/‘ }=’ jg-
Type I 13 Ab Ac
3 1 -1
10%k, (L, mol7 sec™h) 330 56 0.76
*
Rel. Rate (25 °C) 430 74 1.0
Olefin 3% j{
Type II o le 1f
105k2(L, mol;T sec™l) 2.4 49 5.7
*
Rel. Rate 0.43 8.7 1.0
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runs, a good second order rate plot was obtained up to at least 50% reaction. The
results are summarized in Table I.

The type I reaction is evidently influenced by steric bulk of the substituent
at Cc2. Tricyclopropylethylene @kg) reacted faster than 1,l1-dicyclopropyl-3-methyl-
l-butene (;E), but 1,l1-dicyclopropyl-l-butene gig) did still faster than_ig; In a
contradictory manner, olefins substituted by bulky groups at C2 exhibited rather high
reactivity in the type II reaction. Thus, diisopropyl-substituted }£’reacted faster
than diethyl-substituted %2; Tetracyclopropylethylene Sifg was the most reactive
olefin among them.

A further point to be noted is that symmetrical/&s exhibited the highest reac-
tivity in the type II reaction. This is totally opposite to that observed in the
type I reaction. Namely, cis- and trans-1,2-dicyclopropylethylenes are the least
reactive, whereas unsymmetrical 1,l-dicyclopropylethylene is the most reactive.z)
Vinylcyclopropane shows intermediate reactivity.

The reactivity sequence observed in the type II process suggests that the groups
at C2 exert electronic effects in such a way as they increase the pi electron density

3)

of/i. Thus, as postulated previously, an electron transfer fromli'to TCNE will

5)

be an important step involved in the reaction scheme. The rearrangement of a

radical ion pair’i'tofa will most probably the rate-determining step. In support of
the involvement of the electron transfer step, it should be mentioned that le is now

)

known to have a low ionization potential (IPg=7.25 eV),8 which accounts for the

high reactivity of le.
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