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A number of reports have appeared concerning the configurational stability
of cyeclopropyl radicals. So far, only =-fluoro-2? and «-chlorocyclopropyl®
radicals have been trapped prior to egquilibration; all others4b’5 have behaved
indistinguishably from planar (although probably rapidly inverting) radicals.

We wish to report evidence for the pre-equilibrative trapping of some x-hydrido-
cyclopropyl radicals.

Our oﬁservations began with the previously reported® reduction of 2 to
give é and 7 (Table I). Data for the reduction of two related dibromides (1
and g) are also included in Table I. Initial stereochemical conclusions are
impossible to draw, since a priori either bromine atom of each dibromide could
be removed. An analogous dilemma does not ensue when monobromides ijg are re-
duced;’ Table II reports the results,

The three syn bromides (4, 6, 8) each undergo smooth reduction in hot
benzene solution to yield primarily inverted product. Contrarlwise, anti
bromides S and 7 do not react under these conditions (72 hr). However, when
the temperature was ralsed enough to overcome the activation barrier of the
chain initiation step, 5 was reduced rapidly. Bromide 7 was reduced at lower
temperature through the use of benzoyl peroxlde as an initiator. Importantly,
both 5 and 7 reduced solely with retention of configuration (within pmr limits).
This makes it seem unlikely that the inversion observed for the syn bromides
(4, 6, 8) was due to blocking of one side by a departing (nBu)aSnBr (as observed
by Altman® in a PhzSnH reduction), but rather is consistent with the stereo-
chemical results obtained in other bicyclo[3.1.0] systems.sa’b

Since the eplmeric bromides 6 and 7 (also 4 and 5) do not give identical
product distributions, the most likely intermediates are pyramidal cyclopropyl
radicale® (egn. 1). The predominance of 12 may be controlled primarily by ké >
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kc, or by the greater stabllity of 11 over 10. 1In order to investigate this
point further, a mixture of monobromides 5 and 7 ([total bromidel=0.56M,
[(nBusSnH1=0.62M, [(PhC02)21=0.008M, 60°) was reduced in benzene solution. The
relative rate of reduction was k7/k6 = 1.5+ 0.3; that 1s, 7 actually reacts
with a tin radical slightly fastér Than él Since RaSn* abstraction of a
bromine atom is a relatively slow process,'® the transitlon state presumably
resembles the resultant alkyl radical, Contrariwise, RsSnH donation of a
hydrogen atom is rapid, whereby the transition state for that process should
resemble the alkyl radical as well, Therefore, the currently most reasonable
explanation for the similar reactivity of § and 7, but the different reactivities
of 10 and 11, is that 7 1s more stable than Q, and 11 more stable than 10 (see
Figure 1).

Why is 11 more stable than 10? Possibly steric interaction between a
half-filled corbital and Hgy is more favorable than the corresponding H-H inter-
action in 10, More intriguing is the possibility that there may be partial
opening of the cyclopropane ring (C;=-Ce bond), an electronic explanation which
may better account for the distinct favoring of 11, Studies are underway to
dissect these factors.
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Figure 1, TFree energy relationships among some cyclopropyl radicals and
transition states.
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Table I. Reduction of Some Dibromides

Product Stereochemistry
Cpd Br syn to 6 ring : Br anti to 6 ring Yield
Br Br
80 : 20 7942
(4) (5)
L
Br_.Br
77 : 23 8a¢®
(6) (7)
2
2 82 : 18 ~80¢°
2° 82 : 18 -
B Br
&) : @) 654°
9
2 —~ =
3 84 : 16 574

a Reaction performed by adding 1 eq. {nBu)s;SnH to neat dibromide at room
temperature. The initlally exothermic reaction was allowed to stir for2-3hr.

b Reaction in benzene soln. ([2]=0.7M) with (nBu)aSnH at 85° for 18 hr.; no
double reduction observed. )

¢ Reaction in benzene {[2]1=0.2M) at 80° for 12 hr., with (nBu)aSnD as reducing
agent; 2% double reduction observed.

d Reaction in benzene ([3]=0.7M) with nBuaSnH at 80° for 20 hr.; no double
reduction observed, The low yield is in part due to a thermal dibromo-
carbene loss suffered by 3.
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Table II. (gBu)sSnD Reduction of Some Cyclopropyl Bromldes in Benzene Solutlion

H._D D H a
Cpd [M] [snD] T(°¢) t(hr) [:::Eff;
12 13
Br. _H
(ﬁ [.78] .78M 85 96 94 - 6
4
H__Br
[:::Eff; [1.3] 3.92M 18P 4P 100 : 0
5
Br
“H. Br
[:::E?i;a [.18] . 38M 60° 20° 100 : 0
7
Br. _H
[.78] .78M 85 96 95 : 5
8

~

a Product data are given as & ratio of saturated hydrocarbons (12/&2),since
pmr analysis was carried out at this stage; when necessary, p¥io¥ hydro-
genation (Pt, Etp0) was effected. D incorporations were >95% (mass spec);
No reaction occurred after 72 hr at g90°, The abrupt temperature dependence
is not surprising for an lnduced chain reaction; c Initlated by 0,017M
benzoyl peroxide.
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