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"he photochemical debromination of acyclic vicinal 
dibromides leads to the rapid formation of two bromine 
atoms. For example, photolysis of 1,a-dibromoethane 
yields ethylene and bromine atoms. The latter are 
formed with a quantum yield of 2.0 within the time 
resolution (e20 ns) of our laser flash photolysis experi- 
ments.1,2 

CH,BrCH,Br 2 Br' + CH,BrCH,' (1) 

CH,BrCH,' Br' + C,H, (2) 

Thus, in this case, k 2  > 5 x lo7 s-'. Attempts to detect 
the intermediate radical CH2BrCH2' by ESR spectroscopy 
have also been unsu~cessful.~ Efficient debromination 
has also been proposed on the basis of product studies 
in the bromination of 1-br~mobutane.~ The bromine 
atoms formed in reactions 1 and 2 cannot be detected 
easily with laser photolysis techniques because they do 
not have any strong absorptions in the spectral region 
normally accessible. We have reported that this 
problem can be easily overcome by adding bromide ions 
to the system so that the bromine atoms will form the 
readily detectable Br2*-.5 This simple technique has 
allowed us to measure many bimolecular rate constants 
involving bromine atoms.' 

Br' + Br- !!. Br;- (3) 

While the j3-cleavage leading to the loss of bromine in 
reaction 2 and related systems proved too fast for 
nanosecond techniques, we reasoned that the reaction 
could be slowed down if j3-cleavage involved a somewhat 
stabilized radical. In the extreme case, McGimpsey et 
a1.6 have shown that P-bromoethyl aryl radicals are 
stabilized to the point that they do not undergo P-bromine 
elimination in the time scale of their experiments. Laser 
flash photolysis (266 nm) of tetrakis(l,2-dibromoethyl)- 
silane7 in the presence of 6 mM tetrabutylammonium 
bromide in acetonitrile at  23 "C led to the trace of Figure 
1 (A and A), consisting of a rapid "jump", followed by a 
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At lower concentrations of bromide, the rate-determin- 
ing step becomes the trapping process of reaction 3; under 
these conditions, a plot of the pseudo-first order rate 
constant for Br2'- growth (ked against bromide concen- 
tration yields ks from the slope. We have measured a 
value of 1.6 x 1O'O M-' scl for 123 in acetonitrile earlier,' 
in line with literature  value^.^ Similar experiments with 

(7) The laser system employed was the same used in earlier work.'S2 
Tetrakis-(1,2-dibromoethyl)silane was prepared as follows: Bromine 
(9.4 g, 58 mmol) in 10 mL of CHzClz was added dropwise to  a solution 
of tetravinylsilane from Aldrich (2.0 g, 14 mmol) in CH2C12 (40 mL) 
while the solution was maintained at  0 "C. After 3 h, the reaction 
mixture was allowed to warm to room temperature and washed (2 x 
20 mL) with a saturated aqueous solution of sodium bisulfite. The 
organic layer was next washed with water (20 mL) and dried over 
MgS04. After filtration, the solvent was removed under vacuum and 
a white solid was obtained. After recrystallization from CHzClz, 7.0 g 
(63.5%) of product (mp 144-146 "C) was obtained: 'H NMR (DMSO- 
&) h 4.15 ( lH,  t), 4.40 (lH, m), 4.62 ( lH,  m). Anal. Calcd for CsH12- 
BrBSi: C, 12.39; H, 1.56; Br, 82.43; Si, 3.62. Found: C, 12.53; H, 1.60; 
Br, 82.55. 

(8) These traces were fitted with a double exponential expression 
fixing one rate constant (Le., MBr-I) to 9.6 x lo7 s-l. This value 
corresponds to the rate of formation of Brz*- from instantaneously 
formed Br' in reactions 1 or 4 in the presence of 0.006 M bromide. 
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(CH,BrCHBr),SiCHBrCH,' + Br- 5 
(CH,BrCHBr),SiCH=CH, + Bra- (6) 

To the best of our knowledge, reaction 6 is unprec- 
edented in bromine atom chemistry. However, @-cleav- 
age of other radicals is known to be accelerated by 
stabilization of the reaction products. For example, the 
P-cleavage of alkoxy1 radicals is accelerated in polar 
solvents that stabilize the carbonyl products.10-12 Reac- 

(10) Avila, D. V.; Brown, C. E.; Ingold, K. U.; Lusztyk, J. J. Am. 

(11) Davies, A. G.; Roberts, B. P.; Scaiano, J. C. J. Organomet. Chem. 
Chem. SOC. 1993, 125, 466. 

1972, 42, C27. 

tion 6 is somewhat analogous to the well-known synthesis 
of alkenes by reaction of vicinal dibromides with iodide.I3 

We assume that reaction 6 involves a bridged inter- 
mediate or transition state, probably the same species 
as in the attack of Brz'- on olefins. Unfortunately, while 
numerous rate constants are available for Br2*-, these 
studies tend to exclude alkenes and concentrate on water 
soluble substrates, reflecting the fact that most data 
originate from pulse radi01ysis.l~ 

The "true" rate constant for reaction 5 can be obtained 
by extrapolation of the high-concentration data to zero 
bromide concentration, where reaction 6 does not influ- 
ence the kinetics. This analysis leads to k5 = 1.71 x lo7 
s-l, corresponding to a lifetime of 58 ns for I, in aceto- 
nitrile at  23 "C. 

Neighboring group participation in the formation of 
radicals has received considerable a t t e n t i ~ n . ~ J ~ - ~ ~  Sta- 
bilization of radicals has been observed for compounds 
having, for example, a @ - ~ i l y l , ~ ~ - ~ ~  a @ - b r o m ~ , ~ ~ - ~ ~  and a 
@ - ~ h l o r o ~ J ~ ~ ~ ~  group. In all cases, it is observed that the 
most effective stabilization occurs when the neighboring 
group eclipses the newly formed radical center, suggest- 
ing that the neighboring group bridges to the radical 
center. Walsh reports the @-stabilizing effect of silicon 
as -12 kJ/mol,21 and Skell and Traynham report the 
@-stabilizing effect of bromine also as -12 kJ/m01.~~ 
These stabilizing effects may explain why the radical of 
tetrakis(l,2-dibromoethyl)silane is moderately long lived, 
but it does not unambiguously establish which bromine 
atom leaves first. The @-bromine will leave upon pho- 
tolysis if the @-directing effects of the geminal silicon and 
bromine are additive (they would not be expected to be 
100% additive since both groups could not simultaneously 
eclipse the developing radical center). The @-bromine will 
also leave if silicon bridges more readily than bromine. 
If bromine bridges preferentially, then the a-bromine 
would cleave because it is on the more substituted carbon. 
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Notes 

Unfortunately, the lifetime is too short to attempt trap- 
ping experiments. 

No aliphatic vicinal dibromide, until now, had produced 
a detectable ,!?-bromo radical upon photolysis; therefore, 
bromine bridging is not sufficient. Stabilization due to 
silicon bridging is comparable to that of bromine; there- 
fore, it too would not be sufficient. The ,!?-effects of silicon 
and bromine must be at least partially additive; there- 
fore, we tentatively assign the nascent radical to the 
P-position. 

Observation of the resolved growth of Br2'- at a 
bromide concentration high enough to trap instanta- 
neously (< 10 ns) all bromine atoms implies that the 
,!?-bromo radicals are decaying at a resolvable rate. It 
was expected that oxygen would quench these radicals, 
thus influencing the growth kinetics and decreasing the 
yield of bromine atoms. This was not observed. In our 
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earlier studies of 1,2-dibromoethane, the yields of Brz' 
were also insensitive to oxygen. McGimpsey et al.6 made 
similar observations for their dibromoethyl aryl systems. 
The unusual properties of ,!?-bromo radicals have been 
attributed to bridging of the bromine atom to both the 
a- and the ,!?-carbons.24 

In conclusion, our results provide the first reliable 
value for the rate of bromine atom elimination from a 
P-bromoalkyl radical (Ab), further evidence for bromine 
bridging, and mechanistic and kinetic data for the 
assisted debromination of reaction 6. 
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