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The addition of bromine toolefins is the prototype electrophilic
reaction which students of organic chemistry first encounter.?
That a cyclic bromonium ion is the key intermediate was the
culmination of intense physical organic investigations,? but the
isolation in Wynberg's laboratory* and subsequent X-ray char-
acterization by Brown and co-workers® of the cyclic bromonium
salt 2 from adamantylideneadamantane, 1 (eq i), was of landmark
significance since it paved the way for further insights into this
“well-known” reaction.>* Thus the question of reversibility of
cyclic bromonium ion formation, long a controversial postulate,’
could be revisited, and elegant kinetics experiments by Brown
and collaborators have now removed the doubt.® Further
refinement by these investigators has revealed the possibility of
direct transfer of Br* from the cyclic bromonium ion 2 to alkene
1, the rate of which (calculated tobe ~2 X 10" M-!s-1at 25 °C)?
approaches the diffusion control limit. Transfer to cyclohexene
was also observed (eq ii).?
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eq(ii) 2 + Olefin 1 + cyclic bromonium ion
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The observations (a) that,in the words of Brown,? the structure
of 1 “absolutely impedes the progress of Br, addition beyond” the
formation of 2 and (b) that 2 is sterically unfavorable could imply
that the process represented in eq ii might be atypical. However,
in this manuscript we show that such transfers occur readily with
unhindered, normal, monosubstituted alkenes at room tempera-
ture. Our results demand the conclusion that transfer of Br*
between alkenes occurs at rates which are competitive with product
formation and, therefore, support the postulates of Brown and
co-workers based on their detailed kinetic experiments.%10
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Table 1. Reaction of the w-Alkenyl Glycosides 3a—d with
N-Bromosuccinimide and Water®

product(s)® TLCe
9a + 10a (6.4:1) 10h 25 min

entry substrate results
i 3a

bromohydrin

il 3b bromohydrin  9b + 10b (2.4:1) 6 h 45 min
iii 3c hydrolysis 11 2 h 20 min
iv u bromohydrin 9d + 10d (2.8:1) 5h 9 min

4 Each w-alkenyl glycoside was accurately weighed (25-50 mg) into
a flask wrapped in aluminum foil. An accurately weighed amount of
NBS (recrystallized from H;0, dried over P;Osunder vacuum) was added
to 1% H,0 in MeCN to make a standard 75 mM solution. A portion
of this solution (40 mL/(mmol of glycoside)) was pipetted into each
flask, and the resulting solution was stirred at room temperature. ® That
the products were the Markovnikoff and anti-Markovnikoff bromohydrins
was established by treatment with sodium hydride in THF. Both gave
the same epoxide quantitatively (albeit at different rates), which was
identical (HPLC) with the material obtained by treating the alkene
precursor with MCPBA. ¢ The progress of the reactions was monitored
(TLC; 4:1 light petroleum/EtOAc). The times shown are for the
disappearance of the starting materials.

Our interest in this problem arose out of our work on n-pentenyl
glycosides (NPGs), 3¢, Scheme 1, in mechanistic and synthetic
studies of glycosyl activation!! by halonium ions generated from
NBS!2or NIS. The question of how other w-alkenyl glycosides
would behave prompted an examination of the homologous series
3a — 3d. The results in Table 1 show that, under the specified
conditions, the NPG 3c is the only substrate that suffers hydrolysis
to 11, bromohydrin mixtures (9a,b,d + 10a,b,d) being obtained
from the other three. Control experiments showed that 9d and
10d are not interconverted, and indeed are completely unaffected,
by independent exposure to the reaction medium.

The trend observed in the TLC times for reaction in Table 1
are in keeping with that found for cyclic oxonium ion intervention
inthe pioneering study by Winstein and Grunwald on neighboring-
group participation in the solvolysis of w-methoxyalkyl brosylates,
ie,3 =4 <5> 6,13 except that, in our case, the three-center
reaction of 3a is very much slower than the four-center reaction
of 3b. This circumstance could be attributed to the negative
inductive effect of the glycosidic, allylic oxygen in 3a, an effect
which should depreciate completely in 3cand 3d. Thus the latter
two substrates were subjected to closer scrutiny.

13
oq (i) 3d +3 + N8BS ——3P» 11 f od+ 10d
not
inktial ratios  0.952 : 1 1 observed
final ratio 23 . 1
24h

We were surprised to find that when equimolar amounts of 3¢
and 3d were allowed to compete for 1 equiv of NBS (eq iii),!4 the
n-pentenyl glycoside 3¢ reacted to give the aldose 11, while the
hexenyl homologue 3¢ was recovered completely with no evidence
for 9d and 10d. Refined rates, rather than the TLC approxi-
mations in Table 1, were therefore warranted, and the pseudo-
first-order rate constants were determined by using a 10-fold
excess of the alkene over NBS and by following the disappearance
of NBS by iodometric titration.!® The rates for 3¢ and 3d were
found to be 2.39 X 10451 (r = 0.994) and 6.3 X 10551 (r =
0.994), respectively. This small difference in rates rules out the
possibility that the high reactivity of 3c arises because the double
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Step 1

3¢

bond enjoys substantial ground-state activation by five-center
interaction with the glycosidic oxygen.

It is virtually certain that step 1 in Scheme 2 is irreversible, ¢
and hence the failure of 4d to proceed to products supports the
notion that 4d transfers its bromonium ion to 3¢ in step 2 to give
4c, which then reacts togive 11 (step 3). Steady-state production
of the pentenyl intermediate de results, its rate of decomposition
being leveraged according to LeChatelier’s principle, leading to
production of 11 and the absence of 9d and 10d.

The data in eq iii show that the ratio of 3d — 3¢ fell from ~1:1
at the start of the reaction to 23:1 at the end. Adjusting for the
changing concentration as the reaction proceeds, the pseudo-
first-order rate constants quoted above predict a final 3d:3¢ ratio
of 2.6:1. Accordingly a series of competition experiments with
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Figure 1, Competition experiment between pentenyl (3c) and hexenyl
(34) for 1 equiv of NBS at increasing dilutions:!4 @, equimolar amounts
of final (hexenyl:pentenyl) ratio.

increasingly dilute solutions ranging from 25 mM to 0.200 mM
is shown on the abscissa of Figure 1. The premise was that the
final 3d:3c ratio after the disappearance of NBS (shown on the
ordinate) should change from 23:1 to 2.6:1 as the concentration
is lowered.

Indeed it is seen that the curve approaches this final value.!?
Thus it can be concluded that, at low concentration, both
substances are reacting in the ratio predicted by their rate
constants, whereas at high concentration, the transfer reaction
shown in step 2 of Scheme 2 is of overwhelming significance.
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