Communications to the Editor

Trapping of Free Alkyl Radical Intermediates in
the Reaction of Alkyl Bromides with Magnesium
Sir:

Several kinds of evidence have implicated alkyl radicals as
intermediates in the reaction of alkyl halides with magne-
sium.2-3> CIDNP studies have been especially valuable in es-
tablishing that at least some part of the Grignard reagent
product derives from radical precursors.* Detailed mechanistic
interpretation of these CIDNP studies has been difficult be-
cause it has not been clear whether they reflect the major
pathway for formation of Grignard reagent or a minor side
reaction. Here we describe experiments which indicate that
>80% of cyclopentyl bromide (RBr) is converted by reaction
with magnesium into a new species, distinct from and a pre-
cursor to cyclopentylmagnesium bromide (RMgBr), which
reacts with 2,2,6,6-tetramethylpiperidine nitroxyl (TMPO-.)
in what appears to be an unexceptional radical-radical cou-
pling reaction and forms O-cyclopentyl- 2,2,6,6-tetrameth-
ylhydroxylamine (TMPOR). These studies suggest that free
cyclopentyl radicals are precursors of the major fraction of this
representative Grignard reagent.

The principal difficulty in efforts to trap free radicals during
the formation of Grignard reagents has been that these or-
ganometallic species themselves react rapidly with all effective
radical scavengers which are now known (dioxygen, halogens,
nitroxyls, nitrones, and others). We have been able to cir-
cumvent this problem by carrying out the reaction of alkyl
bromides with magnesium in a solution containing both
TMPO- and tert-butyl alcohol (z-BuOH). The reaction of the
Grignard reagent with t-BuOH is sufficiently fast that its re-
action with TMPO- is entirely suppressed (Scheme I).6

Table I summarizes relevant experiments. Reaction of RBr
with magnesium, followed by analysis by titration” and GLC,
yields the products shown in entry 1. Careful analyses of the
yields of hydrocarbons suggest that olefin and dimer are
formed almost exclusively by radical-radical combination and
disproportionation.® Reaction of a solution of Grignard reagent
with 10 equiv of 1-BuOH, 7 equiv of TMPO-, or a mixture of
the two establishes two important facts:? first, in the absence
of t-BuOH, the conversion of RMgBr into TMPOR on reac-
tion with TMPO- is essentially quantitative;'® second, in the
presence of t-BuOH, this coupling reaction is suppressed and
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Scheme I, Reactions Occurring during Reaction of Cyclopentyl
Bromide with Magnesium in an Ether Solution Containing TMPO-
and (CH3);COH¢<
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aExperimental evidence indicates that kg on > ATMpo (see
text).

formation of cyclopentane becomes the major reaction. Entry
4 represents an experiment in which a solution of RMgBr,
prepared at the same concentration as those used in entries 2
and 3, was added to a mixture of -BuOH and TMPO-. under
conditions comparable with those of entries 2 and 3, and over
a period of time roughly comparable with the time required
to carry out the reactions of entries 6-11. The yields reported
in entry 5 (italics) were obtained using slower addition and
better stirring to minimize the effects of local depletion of re-
agents in the volume in which mixing and reaction is taking
place. These yields are calculated based on Grignard reagent.
For comparison, entry 4 also shows in italics yields based on
the concentration of starting Grignard reagent rather than on
alkyl bromide. Inspection of entry 5 suggests that, with good
mixing, RMgBr reacts with -BuOH to the virtual exclusion
of TMPO-, but that with poorer mixing (entry 4) this selectivity
is obscured.

Entries 6-11 summarize experiments in which the initial
reaction of RBr with magnesium is carried out in solutions
containing 7-BuOH and/or TMPO-.'! These reactions yield
insoluble products. The reactions in the presence of 1-BuOH
take approximately twice as long to go to completion as those
in its absence, possibly because of insoluble magnesium(II)
tert-butoxides coating the magnesium surface.'? When reac-
tion is carried out in the presence of TMPO- (entries 7 and 8),
the formation of the olefin and dimer [R{~H) and RR] char-
acteristic of radical-radical reactions is suppressed, and

Table 1. Products of Reaction of Cyclopentylmagnesium Bromide, and of Cyclopentyl Bromide and Magnesium, with rert- Butyl Alcohol

and/or TMPQO.4

yield, % (+2%)¢

entry step 1® step I1# RMgBr RH R(-H) RR TMPOR total
| c-CsHgBr + Mg titration?~GLCe 734 84¢ 4e 8¢ 96
2 cCsHoBr + Mg 10 7-BuOH 82 f 7
3 c-CsHoBr + Mg +7 TMPO-. 11 12 17 59 99
4 c-CsHoBr + Mg 10 ¢-BuOH + 7 TMPO. 60 6 12 17 95
84 2 4 13 103
58 c-CsHgBr + Mg 10 t-BuOH + 7 TMPO. 98 0 0 Tr 98
6 ¢-CsHoBr + Mg + 10 ¢:-BuOH 47 19 35 101
7 ¢-CsHoBr + Mg + 5 TMPO-. 2 6 6 84 98
8  c-CsHoBr + Mg + 7 TMPO. Tr 4 2 96 103
9 c-CsHoBr + Mg + 10 :-BuOH + 7 TMPO-. 15 Tr Tr 84 99
10 c-CsHgoBr + Mg + 10 1-BuOH + 3 TMPO. 16 3 Tr 72 91
11 c-CsHoBr + Mg + 10 ¢-BuOH + 2 TMPO- 28 8 h 52

@ Reactions were carried out at 34 °C in diethyl ether, using [RBr]o = 0.09 M. For all entries, 10 7-BuOH (e.g., 10 equiv of) corresponds
to a concentration of ~0.8 M and 7 TMPO- (e.g., 7 equiv of) to a concentration of ~0.5 M. ¢ In entries 2-4, RMgBr was prepared and added
slowly (30 min) to an ether solution containing the reagents listed under step IT; in entries 611, t-BuOH and/or TMPO- were present during
the reaction of ¢-CsHoBr with magnesium. ¢ Yields were estimated by GLC following treatment with concentrated brine solution (0 °C).
Tr (trace) means that the compound was detected by GLC, but that the yield was <2%. Yields are based on starting RBr, except for the italicized
yields in entries 4 and 5, which are based on RMgBr. ¢ Yields were determined by the method of Watson and Eastham.” ¢ Yields were measured
by GLC using internal standard techniques. / R(~H) was obscured by 1-BuOH in the GLC trace. € The values in entry 5 were obtained by
slow (30 min) addition to a very vigorously stirred solution of TMPO. and ¢-BuOH, and were thus carried out under conditions which result

in better mixing than those used in entries 2-4. # Not determined.
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TMPOR is the major product formed. The crucial experiment
is that in entry 9. The major product of reaction of RBr with
magnesium in the presence of both t-BuOH and TMPO-. is
TMPOR, even though entries 4 and 5 indicate that RMgBr,
if formed, would react preferentially with the -BuOH under
these conditions and yield RH. We rationalize this observation
by Scheme [, in which intermediate cyclopentyl radicals are
trapped by TMPO. before they can be converted into cyclo-
pentylmagnesium bromide.

We draw four conclusions from the data of Table I. First,
reaction of RMgBr is faster with 7-BuOH than with TMPO.
(apparently by a factor of ~10). Second, when the reaction of
RBr with magnesium is carried out in the presence of 7-BuOH
and TMPO.—conditions in which the Grignard reagent
formed would be expected to be converted predominantly into
RH—TMPOR is the major product observed. This observa-
tion is compatible with a mechanism {Scheme I) in which RBr
is converted into R. on reaction with magnesium, and those
radicals are trapped by reaction with TMPO- more rapidly
than they are converted into RMgBr. Third, accepting Scheme
[ as a correct description of the mechanism of formation of
TMPOR, the fact that the yield of TMPOR is >80% estab-
lishes that at least this fraction of the starting RBr is converted
into radicals.'? Fourth, the intermolecular trapping reported
here,!* the characteristic intramolecular rearrangements of
5-hexenyl,? and the CIDNP observed for Grignard products*
are all compatible with free (as opposed to “surface-bound”)
alkyl radicals.'?
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Photochemical and Thermal Decomposition

of HCo(CO),4!. Evidence for a Radical Pathway
Involving Cox(CO)s

Sir:

Hydridotetracarbonylcobalt(I), HCo(CO), is presumed
to be an active intermediate in several organic reactions cat-
alyzed by cobalt carbonyl compounds. The mechanisms
commonly written for these processes embody the well-known
16-18 electron rule.2-* However, evidence has accumulated
in recent years that substitution, addition to olefins, oxidative
addition, and electron-transfer processes may proceed through,
or lead to, 17-electron radical species.3-® We report here upon
a study of the thermal and photochemical decomposition re-
actions of HCo(CO), in hexane solution:

2HCo(CO)4 — Hz + Cox(CO)g N

The results are consistent with a radical as opposed to an
even-electron mechanistic scheme.

Hexane solutions of HCo(CO)4 were prepared as described
elsewhere.? The HCo(CO)4 formed was condensed in hexane
as solvent. The hexane solutions were vacuum distilled and
stored in sealed tubes at liquid nitrogen temperature until used.
Careful procedures result in solutions containing very little {but
always some) Co,(CO)s. [Very small amounts of HCo(CO),4
may decompose during distillation via a wall reaction.] Solu-
tions with HCo(CO)4 concentrations up to 0.1 M typically
contain concentrations of Co(CQ)g as low as 6 X 10~4 M, as
estimated from IR absorbance values. However, solutions of
even the lowest concentrations prepared exhibit absorbances
>>1 at 366 nm with the path lengths employed in the photo-
chemical studies.

Our observations regarding the thermal reaction are similar
to those reported by others.!0.! The rate has been described
as second order in HCo(CO),. However, as noted by Clark et
al.,!' there is a dependence on [Co,(CO)s]; the initial rate of
decomposition increased with increasing initial Co2(CO)s
concentration. In addition, we observe that a second-order plot
for disappearance of HCo(CO)y4 is curved upward (Figure 1a),
reflecting an increasing reaction rate as Co3(CO)g is formed.
This highly reproducible behavior is observed only when the
initial Co,(CO)g concentrations are low and the reaction is
followed for ~2 half-lives or longer. We observe also, in
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Figure 1. (a) A second-order plot for disappearance of HCo(CO)4 in the
thermal decomposition: [HCo(CO)4]o = 5.9 X 10~ M; [Co2(CO)glo ~
1.3 X 103 M. (b) Graph of rate data shown in part a, assuming that the
rate of HCo(CO)4 decomposition increases as [Coy(CO)s]!/2 (eq 8).
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