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Abstract: The oxidation of 2-cyclopropylpropane by dimethyldioxirane (DMD) to 2-cyclopropyl-
propan-2-ol is not a free-radical chain reaction. It is suggested the free-radicai chain observed by Minisci
ct al.8 when alkane / DMD reactions were carried out in the presence of CCl;Br involves H-atom ab-
straction from the alkane by C1;COOe (in air) and by Me,C(O=)OCCI, as well as by the Cl;Ce radical.

The hydroxylation of alkanes by cytochrome P450 and by dimethyldioxirane (DMD) show numerous simi-

larities, most notably that fre«-radicals (i.e., radicals which can diffus

e freely through the solution) do not appear

to be involved. Indeed, it has generally been accepted that the oxidation of alkanes by DMD involves a concerted

oxygen atom insertion into a C-H bond.4

Certainly the involvement of free-radicals appeared unlikely in

view of the stereospecificity of such hydroxylations> until Minisci et al.8 demonstrated that high yields of alkyl
bromides could be produced by the simple expedient of adding relatively low concentrations of CCl3Br to the

normal reaction medium.
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For example, with equal concentrations of DMD (0.1 M) and CCl3Br (0.1 M) in acetone at room tempera-
ture, a reaction with 0.2 M adamantane (68 % conversion based on DMD) yielded 51.2 % adamanty] halides and
48.4 % oxygenated products and a reaction with 0.8 M cyclohexane gave 62.1 % cyclohexyl bromide and 37.9
% oxygenated products. Minisci's results® leave little doubt that free-radicals (R+) can be formed in DMD /
alkane (RH) / CCl3Br reactions and that these radicals can diffuse through the solution where they react with
CCl3Br. It was also concluded that the Re radicals reacted to a minor extent with the DMD since the selectivity
for oxidation was somewhat lower in the presence of CCl3Br. The results were rationalized via a previously
considered but rejected4® free-radical type of "oxygen rebound” mechanism with a radical chain reaction being
initiated by escape from the caged radical pair, see Scheme 1. It was pointed out that the chain-length must be
quite short because hydrogen abstraction by Cl3Ce (reaction 3) is slow and reversible. (The value quotedS for k3
was 3.4 M-1s-1 for toluene at 328 K; this reaction would be very much slower for an alkane at 298 K.) If the
chain-length is short, it necessarily follows from the high yields of alkyl halides that cage escape must be rather
significant relative to cage collapse.

With this last point in mind we have applied the radical clock?® approach to examine further the DMD /
alkane reaction!0. We required a substrate which contained a tertiary hydrogen atom (for relatively easy oxida-
tion by DMD to the corresponding tertiary alcohol with no further oxidation of this product) and which would
yield a radical clock sufficiently "fast" to be suitable for the detection of free-radicals (but too "slow” to undergo
rearrangement while still within a solvent cage!3). These requirements were found to be met by 2-cyclopropyl-

propane:
[ : e I < (ks28%= 53 x 107 g1)!5 \/=< (5)

Reactions were carried out in acetone, under air, at 25°C with the results shown below (percentage yields
are based on DMD):

Expt. (M) (M) (M)
1 0.032 0.033 0.0095 (30 %)
2 0.024 0.26 0.012 (50 %)
3 0.0028 0.24 0.0011 (40 %)

We did not observe any oxygenated products arising from the rearranged primary alky! radical (possibly
because of the large number of products which this radical might form). !¢ At low, but roughly equal, concentra-
tions of the reagents (~0.032 M) 30% of the available oxygen in the DMD is accounted for as tertiary alcohol
(Expt. 1). This figure rises to 50% with a ten fold excess of substrate (Expt. 2). Much more importantly, a nine
fold reduction in the concentration of DMD still gave a 40% yield of the tertiary alcohol (Expt. 3). Although
these results do not lend themselves to a quantitative kinetic analysis!” it is clear that a 90% change in the initial
DMD concentration produced only a 10% change in the alcoho! yield / [DMD]jiiial. Most of the alcohel must
therefore be formed by cage collapse (or "oxygen insertion”) and not via reactions 4 and 7.
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Thus, we are faced with a dilemma. Qur results, in agreement with earlier work,%3 indicate that oxy-
genated products are not produced to any significant extent in a radical chain reaction. This implies either that
"oxygen insertion” really occurs (which is improbable) or that very few radicals escape from the solvent cage
(which is eminently reasonable in that the cage contains a singlet pair of radicals with no intervening molecule to
hinder their mutual reaction) and that if radicals escape from the solvent cage they do not induce a long chain re-
action . By way of contrast, Minisci et al.8 found high yields of halides in the presence of relatively low concen-
trations of CCl3Br.18 These compounds must be formed in a radical chain reaction of considerable length in
view of their yield if the number of radicals escaping from the cage is as small as is suggested by our results and
the results of others?. However, a long chain is simply impossible if one step involves hydrogen abstraction
from an alkane by the CI3C radical (reaction 3). This suggested that some other, more reactive H-atom abstract-
ing species might be formed in the presence of CCl3Br. An obvious candidate was the trichloromethylperoxyl
radical since Minisci et al.'s experiments ® (and our own) were run in air and it is well known that C13COO¢
radicals are very much better H-atom abstracting agents than Cl3C+ and alkylperoxyls. Furthermore, Minisci and

RH Re (8)

ChCs + O, Cl,COO-

coworkers20 have very recently demonstrated that Q7 can have a dramatic effect on the nature of the products
formed in the DMD-induced oxidation of several hydrocarbons. To check on the role of O; in a CCl3Br-modu-
lated reaction we reacted cyclohexane (0.925 M), CCl3Br (0.255 M) and DMD (0.008 M). Cyclohexyl bromide
was by far the major product little cyclohexanone and no detectable cyclohexanol. The relative yields of bromide
(and ketone) under O-saturation, normal conditions and deoxygenated conditions were 1 : 0.84 : 0.66 (1 :0.23
: 0.20). Clearly, there is an O effect on bromide yield which we attribute to reaction 8. Equally clearly, there is
also a non-oxygen dependent H-atom abstracting agent which could, of course, be the Cl3Ce radical as originally
proposed.8 However, a more reactive radical is called for and we suggest it is Me;C(O#)OCCI3 formed via reac-
tion 4 (R* = Cl3C») since related radicals have been demonstrated to abstract He from alkanes® and other sub-
strates?!. The low yields of oxygenated products in these experiments (5.5 % ketone based on DMD under nor-
mal conditions) indicates that cage collapse (reaction 1) becomes rather insignificant in the presence of CCl3Br.
Thus, our results imply that CCl3Br can "redirect” the DMD/alkane reaction away from a largely in-cage process
and towards cage escape and a subsequent radical chain process which consumes DMD and thus reduces the
yield of oxygenated alkane products formed via the in-cage collapse reaction.
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We also attempted to probe for the presence of caged radicals using substrates which (by analogy with
those developed by Professor Newcomb)'4 would yield ultrafast radical clocks (k > 1012 s°1), viz., two 9-
fluorenylcyclopropanes substituted in the cyclopropane ring either with four methyl groups or with one
isopropyl group. Unfortunately, neither of these hydrocarbons reacted with DMD.
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Not only will the new radical center yield CH,OH, then CHO, then CO2H but also the double bond

will be subject to facile epoxidation.

The fraction, f, of cage-escaped 2-cyclopropylprop-2-yl radicals which could yield the tertiary alcohol via
reaction 4 (and 7) rather than giving ring-opened products via reaction 5 is given by f= k4 [DMD]mean/ ks.
Even with the unlikely assumption that reaction 4 is diffusion-controlled, i. €., ka~ 109 M-! s°1, f values
are small under our conditions, ¢. g. ~ 0.24 for Expt. 2 and ~ 0.028 for Expt. 3. If ks is < 10° M1 571
virtually no radicals would survive long enough to make any of the tertiary alcohol.

In this connection we note that Curci et al.” found no chlorinated products when
methyl(trifluoromethyl)dioxirane reacted with a variety of hydrocarbons in CH2Cl; / CF3COCH3 (ca. 9:1
v/v) at -21 to 5°C but, of course, CHyCly is a much poorer halogen atom donor than CClsBr. However, it
should also be noted that Minisci et al.19 have demonstrated that at least some R¢ free-radicals are formed
in the DMD oxidation of RH = cyclohexane and adamantane by trapping the R with protonated
heteroaromatic bases.
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