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Oxiranylcarbinyl radicals 1 undergo rapid C—O bond
cleavage to afford allyloxy radicals 2 (Scheme 1). Spec-
troscopic studies! have placed a lower limit of 108 s~ for
the forward reaction (k,3) while a competitive fragmenta-
tion against a cyclopropylcarbinyl radical clock has
provided a lower limit estimate of 101 8~1.2 Eviderice for
the back reaction (2 — 1) exists. Allyloxy radicals
generated from allyl hypoiodites have been trapped on
carbon as iodo epoxides®® and an allyl nitrite has
afforded an oxime epoxide.® In these instances, the
carbon substituted product is more stable than the
starting material under the reaction conditions.” On the
contrary, epoxides are not formed from oxiranylcarbinyl
radicals in the presence of stannane donors because the
bimolecular rate constant kg (108 M~! g71)8% is ap-
proximately 102 times greater than k510 If ko is sig-
nificantly less than k;,, the reaction is additionally biased
in favor of allylic alcohol 8 at the expense of epoxide 5.1

Products of carbon-carbon bond fragmentation (1 — 4)
are observed when the resultant carbon-centered radical
is stabilized (R, = Ph, vinyl, or acyl).!2-15 Murphy has
examined the fragmentation of a series of oxiranylcarbi-
nyl radicals 1 (R; = Me, R, =Ph; R;, R, =Ph; R, =H, R,
= a-naphthyl) that were generated from the chlorides
and bromides in the presence of n-BuzSnH. In these
cases, only carbon—carbon bond cleavage occurred to give
a mixture of vinyl ethers 6. Only in the fragmentation
of trans-cinnamyl bromide epoxide 7 (Scheme 2) was a
mixture of C—0 and C—C bond cleavage products ob-
tained (allylic alcohol 11 and vinyl ether 12, respectively).

In spite of the different conditions employed to gener-
ate primary oxiranylcarbinyl radical 9 compared with the
three examples cited earlier, we suspected that allyloxy
radical 8 was being formed reversibly from the oxiranyl-
carbinyl radical in these experiments. Herein we provide
evidence for this equilibrium as described in Scheme 2.
Furthermore, a rate constant for k_; has been obtained.
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Table 1
entry [H] R,
1 0.058 0.050
3 0.116 0.080
5 0.175 0.130
7 0.233 0.180
9 0.465 0.370
11 0.930 0.750
13 1.240 0.870
15 1.860 1.220
17 3.100 1.820
19 3.720 1.940

The ratio (R,) of allylic alcohol 11 to vinyl ether 12 was
measured as a function of n-BusSnH concentration ([H])
under pseudo-first order conditions [0.02 M in substrate;
0.05 to 3.7 M (neat) in stannane; 0.5 h reaction time] at
70 °C in benzene (19 data points; Table 1).1¢ At high
concentrations of stannane, addition of tri-n-butylstannyl
radical to the alcohol 11 and vinyl ether 12 occurred to
produce adducts 13 and 14, respectively.}” These adducts
were included in the mass balance and in the refined
value of R,. Ratios at high stannane concentration were
obtained by thermal gas chromatography after chromato-
graphic removal of excess stannane; at low stannane
concentration ratios were measured by direct injection.
The products were synthesized independently and their
response factors were determined. In one run, R, was
shown to be invariant with time. Mass recovery was
greater than 95% as monitored by gas chromatography
using an internal standard (3-phenylpropanol).
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A steady state analysis for the partitioning of oxira-
nylcarbinyl radical 9 between alcohol 11 and vinyl ether

(16) A complete list of data is available in the supplementary
material.
(17) Alcohol 18 and ether 14 were formed in 8.5 and 14% yields,
respectively, in neat n-BuzSnH.
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12 provides eq 1 for R, as a function of stannane
concentration. A lower limit value for £_; can be ex-

_[1]_ kikg(k_y + R [HI)
° [12] kyky(k_, + ky[H])

1)

tracted from this equation. Under kinetic conditions,
where the stannane concentration is high, R, approaches
Ry (eq 2).

k
R, = e 2)
2

At low hydrogen atom donor concentration, thermo-
dynamic control will prevail wherein R, approaches R;
(eq 3).

ke,
Be=iri, @)

Substituting eq 2 into eq 3, solving for k-, and
substituting the resulting value for k_; into eq 1 gives
eq 4 solved for k_;.

(Rk - Ro)ka[H]

R.—R, @

k_l =

Assuming that R, is small relative to the experimental
values for R,, then eq 4 can be expressed as a Line-
weaver—Burk (double reciprocal) plot of 1/IR,] vs 1/[H]
(eq 5). The linear plot satisfies the equation 1/[R,] =
1.192 (1/[H]) + 0.2374 (R? = 0.986). The value of Ry (4.2),
which demonstrates that C~O cleavage is about four
times faster than C—C cleavage, can be extracted from
the y-intercept. The rate constant k3 for the reaction 8
— 11 may be estimated from known values for the
reaction of fert-butoxy radical with n-BusSnH (2.2 x 108
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M-iglat25°C;fand 4 x 108 M1s71 at 80 °C?). A value
of 2 x 10% 571 for k_; at 70 °C can be obtained from the
slope.

1 k—l(l) 1 5)

R, kR \[HI " R,

Our results are in accord with recent high level
calculations that demonstrate a kinetic preference for
C—0 (AH*= 4.8 kcal/mol) over C—C cleavage (AH*=11.5
kcal/mol) in oxiranylcarbinyl radical itself. (Vinyloxy)-
methyl radical was shown to be 1.6 kcal/mol (AH°) and
allyloxy radical 0.6 kcal/mol more stable than oxiranyl-
carbinyl radical.1819

The results of these experiments suggest that the
products of fragmentation of radicals 1 (R; = Me, R, =
Ph; R,, R; = Ph; R; = H, R; = a-naphthyl) may well be
formed under thermodynamic conditions. The use of
kinetic conditions in these experiments would be expected
to afford products resulting from carbon—oxygen bond
cleavage.
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Supplementary Material Available: Experimental de-
tails for the preparation of compounds 13 and 14, copies of
their 'H and 3C NMR spectra, and a complete table (19
entries) of [H] vs R, are provided (7 pages).
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