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Inthediyl trapping reaction, an alkene, alkyne, or heteroatom-
containing unsaturated unit intercepts a trimethylenemethane-
like (TMM) diradical in an inter- or an intramolecular [3 + 2]
cycloaddition.2 This process has proven useful in the construction
of a variety of ring systems, particularly that of the linearly fused
tricyclopentanoid skeleton.? Many different solvents have been
utilized, including acetonitrile, THF, 2-methyltetrahydrofuran,
methanol, and ethylene glycol.2? In no instance has hydrogen
atom abstraction from solvent been documented. That TMM
diyls are capable of engaging in such a process was recently
demonstrated by Adam and Finzel.4 They reported that, in the
presence of 0.1 M 1,4-cyclohexadiene as a hydrogen atom donor,
diyl 1is converted to products resulting from hydrogenabstraction
in 28% yield.

At the time of their report, we were examining the process
portrayed in eq 1. QOur idea was to explore atom transfer in a
setting designed so that, following intramolecular transfer,® the
new radical center would be stabilized by the substituents X and
Z and be positioned to engage in carbon—carbon bond formation
leading t0 9. The geometry portrayed in 7 (n = 1) is very similar
tothat often associated with the transition-state structure for the
intramolecular diyl trapping reaction;235¢ it appears ideally suited
for atom transfer. The overall process illustrated in eq 1 could
be of synthetic utility as it is easy to imagine the conversion of
9 or related materials to a variety of natural products.
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Table 1
diazene X Z radical BDE(C-H),? keal/mol
2 OH H *CH,OH 94.0
3 H CN *CH,CN 92,9
4 OMe OMe °CH(OH), 91.9
5 OH CO;Me °*CH(OH)COH 84.8
[*CH(OH)CHO] [79.1]
6 OTMS CN *CH(OH)CN 82.6

a Calculated for formation of the radical indicated.

The need to use care in the selection of X and Z was dictated
by the realization that abstraction results in a loss of TMM
delocalization energy (compare 7 with 8), particularly so if a
planar triplet is involved (see below). The plan was to choose
substituents which might compensate for the loss and allow atom
transfer to compete with diyl dimerization. We are pleased to
report the results of studies establishing the viability of atom
transfer within the context of TMM chemistry.

Diyl precursors 2-6 and 13 (see later) were examined. In
choosing these systems, we were guided by the C-H bond
dissociation energy values of Leroy [BDE(C-H)]% and by the
desire that the substituents ultimately be of synthetic utility.
Salient BDE values are presented in Table 1.

Neither one or two electron-donating groups (compounds 2
and 4) nor one electron-withdrawing unit (diazene 3) is sufficient
to facilitate atom transfer. Thus, we found that the diyls derived
from diazenes 2, 3, and 4 do not engage in atom transfer. Diyl
dimerization occurs instead, even when the diazene is added by
syringe pump to a solution of refluxing solvent to minimize the
diyl concentration. From the information presented in the table,
we suggest that when BDE(CH) = 90 kcal/mol, atom transfer
to a TMM diyl will not occur.

We turned our attention to systems bearing both an electron-
withdrawing and an electron-donating substituent. The thought
was that since such systems lead to a captodative radical,” the
resulting stabilization might be sufficient to reduce the kinetic
barrier and permit the desired transformation to occur. The first
positive indication arose upon investigation of the trimethylsilyl
cyanohydrin 6. Thus, the syringe pump addition of 6 at a
standardized rate of 2 X 105 mol/h to refluxing THF afforded
a mixture of diastereomeric adducts 10 in yields ranging from
38% to 46%.%° Treatment of the crude reaction mixture with
potassium fluoride in methanol resulted in near quantitative
conversiontoketone 11. Theappearance of aninfrared absorption
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at 1705 cm™! confirmed the presence of a carbonyl in the seven-
membered ring. That the absorption did not correspond to a
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conjugated ketone was confirmed by the presence of a single
vinyl proton in the 1H NMR spectrum, and by observation of the
expected number and type of carbon signalsin the APT 3C NMR
spectrum.

A similar yield of a 1;1 mixture of diastereomeric atom transfer
derived adducts 12 was obtained when hydroxy ester § was
subjected to the same conditions (40-45% 12, ~40%diyl dimer).t2

OH
CO,Me
H
COMe
refluxing solvent Ho b LiAIH,
9 (63%, not optimized) " @)
N ii, NalOy4 (94%)

N

12 (40-45%, THF,
5 (add via syringe pump) ¢ . )

(73-83%, PhMe)

The a-hydroxy ester functionality in 12 was conveniently converted
to a carbonyl unit in the manner illustrated (not optimized). A
dramaticimprovement was observed when the reaction of hydroxy
ester 5 was conducted in refluxing toluene; yields of 73-83%
were obtained consistently (~ 10% diyl dimers). Note eq 3.

When the dinitrile diazene 13 was added by syringe pump to
refluxing toluene, a 53% yield of the [6.3.0] adduct 14 was
obtained; in refluxing THF, the yield dropped to 38%. Theability
of the atom-transfer process to generate an eight-membered ring
via a 1,6-hydrogen transfer is noteworthy and may prove of
synthetic utility.10

(CH2)aCH(CN),
‘ NG CN
refluxing solvent
ettt
6 (4
N [BDE(C-H) ~ 81]
13 14 (38%, THF; 53%, PhMe)

(syringe pump addition)

We suggest that the temperature effect observed in both of
these cases may simply indicate that the rate of atom transfer
changes faster with temperature than does the rate of diyl
dimerization.1l12 Indeed, it is generally accepted that the rate
constants for radical-radical combination have only a small
temperature dependence.l? That the effect is due to temperature

(10) Huang, X. L.; Dannenberg, J. J. J. Org. Chem. 1991, 56, 5421.
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diazene is ~0.6 h at 65 °C and ~11 s at 110 °C.

(12) Giese, B. Radicals in Organic Synthesis: Formation of Carbon-
Carbon Bonds;, Pergamon: Oxford, 1986; p 12.
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and is not associated with the possibility that toluene is an atom-
transfer agent was clarified by conducting the conversion of § to
12 in n-octane (bp 126 °C) under otherwise identical reaction
conditions. While octane is not a good hydrogen atom donating
solvent, the same products were obtained and within experimental
error, in the same yields.13:14 &

We believe that the triplet diyl is the reactive species in the
atom-transfer process. While trimethylenemethane singlets are
generally thought to be bisected and therefore potentially more
reactive than the planar, fully delocalized triplet diyl, it is unlikely
that the singlet survives long enough to play a role.!315 The
lifetime of the initially formed singlet is limited by the rate of
intersystem crossing (S — T), a process which for the dimethyl
diyl 15-S is ca. 108 s-1,13%15 That we are able to obtain atom-
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15-8 (singlet)

transfer products only when the reaction conditions also favor
dimerization, coupled with the realization that dimerization occurs
via the combination of two triplets, suggests that atom transfer
is also triplet derived.

In summary, we have described the first examples of intramo-
lecular hydrogen atom transfer by a TMM diradical. The
sequence quickly assembles the [5.3.0] and [6.3.0] ring systems.
It holds promise as a potential route to natural products, and it
awaits mechanistic exploration. Efforts to do so are in progress.
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