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mixture was purified by HPLC (EtOAc/hexane, 1:1) to give 13
(28%) as pale yellow crystals: mp 131-132 °C dec; 'H NMR (200
MHz) 5 4.00-4.12 (2 H, m), 5.67-5.70 (1 H, m), 7.11-7.15 (1 H,
m), 7.53-7.88 (3 H, m), 8.02-8.08 (2 H, m); IR (KBr) 2231, 1678,
1327, 1282, 1145 em™!; MS m/z 247 (M*), 183, 105 (100), 77;
HRMS caled for C;,HgNO,S 247.03083, found 247.0306. The purity
of 13 was judged to be 290% by 'H NMR spectral determinations.

3-(Methoxycarbonyl)-2,2-dimethyl-2,5-dihydrothiophene
1,1-Dioxide (14). To a stirred solution of 9a (0.2701 g, 1.42 mmol)
in THF (30 mL) was added n-BulLi (1.68 mL, 1.69 M, 2.84 mmol)
in cyclohexane dropwise at ~105 °C, and the temperature was
raised gradually to -90 °C. CHjlI (0.18 ml, 2.84 mmol) was added,
and the reaction was slowly warmed to -78 °C. The reaction was
quenched with saturated NH,CI, extracted into EtOAc, dried
(MgSO0,), and concentrated. The yellow oil was purified with a
silica gel column (EtOAc/hexane, 1:2) to give 14 (0.2685 g, 92%)
as white crystals: mp 77-78 °C dec: 'H NMR (200 MHz) 6 1.61
(6 H,s),382(3H,s),3.86 (2H,d,J =33 Hz),7.00 1 H,t,J
= 3.3 Hz); IR (KBr) 1708, 1431, 1329, 1291, 1161, 1115 cm™; MS
m/z 173 (M* - 31), 140 (100), 108. Anal. Calcd for CgH,,0,S:
C, 47.04; H, 5.92. Found: C, 47.06; H, 6.15.
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It has been shown that tris(trimethylsilyl)silane is ef-
fective in reducing organic halides by a free-radical
mechanism whereas simple trialkylsilanes are far less ef-
ficient.>* This discovery followed from measurements of
silicon-hydrogen bond dissociation enthalpies® since D-
{(Me4Si)4Si-H} = 79 kcal mol™ as opposed to D(EtySi—H)
= 91 kcal mol™l. This implies that the crucial chain car-
rying step in the reduction, i.e. hydrogen abstraction by
simple alkyl radicals from tris(trimethylsilyl)silane, is
exothermic by roughly 19 kcal mol? whereas for tri-
alkyllsilanes the corresponding figure is only about 7 keal
mol™.

In the course of our investigations on the effects of other
substituents on D(Si-H), we have found that pheny!
groups also induce a weakening of the silicon-hydrogen
bond.® Although the effect is not as dramatic as for the
silyl moieties, D(Si-H) in triphenylsilane is about 7 kcal
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mol™! lower than D(Et,Si-H),%7 suggesting that Ph,SiH
would also be a useful reducing agent at moderate tem-
peratures. Results for the kinetics of reduction of bro-
mohexadecane by several phenyl-substituted silanes are
now reported and confirm that suggestion.

Experimental Section

Triphenylsilane, diphenylmethylsilane, phenyldimethylsilane,
and the remaining materials used in the experiments were com-
mercially available.

In a typical experiment, 11 mg of dibenzoyl peroxide (0.0087
M) were added to 5 mL of a heptane solution of PhySiH (0.067
M), bromohexadecane (0.052 M), and undecane (internal standard;
100 pL). The mixture was kept at 90 £ 2 °C, and the reaction
was followed quantitatively by gas chromatography (Hewlett-
Packard 5890) over a period of about 5 h and to >80% conversion
of the bromide. Products were identified by GC/mass spec-
trometry (Hewlett-Packard 5970A). Both instruments were
equipped with cross-linked methylsilicon columns, and authentic
samples of reagents and products were used for calibration. The
same procedure was used in the competition experiments involving
Ph,SiH and the other silanes. However, the low reactivity of
Ph;MeSiH and PhMe,SiH required an increase of dibenzoyl
peroxide concentration to ca. 0.025 M in the case of PhyMeSiH
and 0.03 M for PhMe,SiH. The relative concentrations of each
pair of silanes were adjusted so as to optimize the experimental
conditions, e.g. [PhgSiH}]:[Ph,MeSiH] = 1:3 and [Ph,SiH]:
[PhMe,SiH] = 1:4.

Results and Discussion

A kinetic description of the radical chain mechanism
reactions 1-5 was formulated by applying the steady-state
approximation to [R’*] and by assuming that the con-
sumption of silane in reaction 2 was negligible. Since
halogen abstraction by silyl radicals is extremely rapid,’®
reaction 4 must represent the rate determining propagation
step. The result is given in eq 6. Plots of In {[R;SiH]/

(PhCO), — PhCO,* — Ph* + CO, 1)
PhCO,"/Ph* + RySiH —% R,Si* + PhCO,H/PhH (2)
R.Si* + R'Br —= R* + R,SiBr ®)

R + R,SiH — R,Si* + R'H @)

R* + R* — R'R 5)

In ([R4SiH],/[RsSiH],) =
{2k 2[(PhCO,),)o/ kiksl(e™ /2 - 1) (6)

[R3SiH],) versus e™**/2 (Figure 1) led to values for 2k,2/
kiks. For triphenylsilane (R = Ph), we found k, = (3.0 +
0.3) X 10* M g1 at 90 °C in heptane by applying literature
data'®!! for k, (5.9 X 10 s7!) and k; (1.3 X 101 M1 57}),

The error quoted for &, does not include uncertainties
associated with k, and k;. However, its order of magnitude
confirms the thermochemically based suggestion that
Ph;SiH is a useful reducing agent.!? Moreover, the value
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In([Ph3SiH)[Ph3SiHo)

exp(-kt/2)

Figure 1. Plot of In ([Ph,SiH]/[Ph,SiH],) versus ¢**#/2 for the
benzoyl peroxide initiated reduction of bromohexadecane in
heptane solvent at 90 °C.

found for &, is close to the average of values (2 X 10¢ M
57! at 50 °C in benzene) reported by Newcomb and Park!3
who used a competition technique to estimate the rate
constant.

From a practical perspective, the GC results indicated
that 50% of bromohexadecane was reduced after 1.4 h and
that the yield of the reaction was over 80% after 4 h. The
chain length at the start of the experiment was 18, which
is respectable for applications in synthesis.

The competition experiments involving Ph,MeSiH or
PhMe,SiH led to more reliable results since the ratio of
the rate constants k,/k’,, eq 7, did not depend on data for
k, and ks. The values obtained, 1.60 £ 0.03 and 2.63 + 0.14
for RySiH = Ph,MeSiH and PhMe,SiH, respectively, show
a noticeable decrease of the reaction rate when the number
of phenyl groups bonded to the silicon atom decreases.
The values obtained in the competition experiments can
be combined with that for k4 to give &’y = (1.9 £ 0.25) X
10* M1 7! (Ph,MeSiH) and (1.1 £+ 0.15) X 104 M ! s}
(PhMe,SiH). For R;SiH = Et;SiH, no significant reduc-
tion of bromohexadecane was observed under the same
experimental conditions. The results indicate that
Ph,MeSiH and PhMe,SiH are probably impractical agents
because reaction chain lengths would be unacceptably
small.

In ([PhgSiH]/[PhgSiH],) a ky
In ([R,SiH]/[ReSiH]y) k',

In radical-based reductions of alkyl halides, rapidity of
hydrogen transfer is not necessarily a virtue. If the syn-
thesis requires that a radical rearrangement takes place
before the transfer step, then slowness may be a desirable
characteristic given the limitation that the reactions must
proceed with reasonable chain length to give decent yields.
It has been suggested'*%5 that tributylgermane is a suitable
reagent for this purpose, although its high cost tends to
make this application unattractive. The above results
suggest that triphenylsilane may be a good alternative
when primary alkyl radicals are involved in hydrogen ab-
straction at the Si-H bond.

Registry No. Ph;SiH, 789-25-3; Ph,MeSiH, 776-76-1;
PhMe,SiH, 766-77-8; bromohexadecane, 112-82-3.
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Introduction

Since their introduction by Barton et al., chain reactions
of N-hydroxypyridine-2-thione esters have been extensively
used for synthetic purposes.*> The reaction (Scheme I)
is initiated by addition of a radical, generated thermally
or photochemically, to the thione’s sulfur center. Nor-
mally, the RCO,* radical decarboxylates rapidly leading
to R*, which either propagates the chain by adding to the
thione, or undergoes other reactions (e.g. rearrangements,
hydrogen abstraction, etc.), ultimately leading to a chain
carrier radical.

Competitive studies have led to rate constants of 2 X
108 (50 °C) and 4.6 % 10° M1 st (30 °C) for the addition
of primary and tertiary carbon radicals to their precursor,
respectively.®” The kinetics with which carbon-centered
radicals react with their precursors are important when
N-hydroxypyridine-2-thione esters are used for synthetic
purposes, since this reaction will determine whether the
chain carrier will give the desired product or not.

Little is known about the primary photochemistry of
N-hydroxypyridine-2-thione esters, although it has been
established that extensive cleavage of the N-O bond takes
place. The esters are excellent precursors for free radicals
for EPR work,? but an earlier attempt to monitor the
radicals by laser flash photolysis was unsuccessful as a
result of interference by the strong UV-visible absorption
of the starting esters.

This study was undertaken in an attempt to learn some
of the details of the primary photochemistry of these
compounds. The compounds in Scheme II were selected
for study, since upon N-O cleavage they are expected to
yield radicals with very different kinetic and spectroscopic
characteristics. For the diphenylacetic acid derivative (I)
we expect rapid decarboxylation of Ph,CHCO,* to yield
the readily detectable diphenylmethyl radical® with a very
strong absorption band at 330 nm. Cleavage of the p-
methoxybenzoic acid derivative (II) should lead to p-
CH,0C¢H,CO," radicals with a characteristic absorption
band at A > 600 nm and lifetimes of several microseconds
in solvents such as carbon tetrachloride, acetonitrile, and
Freon-113.1 Finally, the 2,2-dimethylvaleric acid deriv-
ative (III) was used as a control in laser experiments, since
the 2-methyl-2-pentyl radical is not expected to show
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