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Crystallographic analysis of the bromo-b-lactones obtained
by addition of bromine to aqueous solutions of disodium
2,3-dimethylmaleate and 2,3-dimethylfumarate reveals ster-
eochemistries opposite to those originally assigned and
suggests that the first-formed intermediate in each case is an
a-lactone.

It is widely accepted that the addition of halogens to an alkene
occurs in two stages and in an anti manner.1 In 1937, Tarbell
and Bartlett2 found that the disodium salts of 2,3-dimethylma-
leic acid and 2,3-dimethylfumaric acid (1 and 2) reacted
stereospecifically with aqueous bromine, each yielding a single
crystalline bromo-b-lactone; similar results were obtained with
chlorine. The stereospecific nature of the reaction implied that
the addition of the two components to the alkene was concerted.
The authors proposed that the addition of bromine to give a
carbocation was followed ‘in the quickest possible succession’
by attack of the carboxylate group leading directly to a b-
lactone. The structures of the lactones (3 and 4, respectively)
were assigned on this basis, corresponding to anti addition at the
double bond. This work shortly predated the important paper by
Roberts and Kimball3 proposing cyclic halonium ion inter-
mediates for halogen addition to alkenes. In Scheme 1 we have
illustrated the two possible interpretations given at that
time.2,4

We suspected that the reaction might be more complex than
had been supposed, and have therefore prepared the two
bromolactones from 1 and 2 by the published method2 and
established their structures by X-ray crystallography. The
structures found (4 from 1,† and 3 from 2,‡ Fig. 1) correspond
to overall syn addition to the alkene. This unequivocal result is
in contrast to the anti addition supposed by the Tarbell and
Bartlett mechanism or arising from direct attack by carboxylate
anion on a cyclic bromonium ion intermediate.4,5 We believe
that the most satisfactory explanation of our results (Scheme 2)
involves formation of an a-lactone intermediate6 (5 and 6) as
the first step in the decomposition of the bromonium ion.
Subsequently the other carboxylate group attacks the a-lactone,
with a second inversion of configuration, to give the b-lactone.
This scheme accounts simply and satisfactorily for the overall

stereochemical outcome. Furthermore, both of the individual
steps, the formation of the a-lactone from the bromonium ion
followed by formation of the b-lactone, are favoured exo
processses in the Baldwin sense.7–10 It is known that b-lactones
are formed as kinetically controlled products in halolactonisa-
tion of salts of b,g-unsaturated acids,11,12 involving ring
opening of the halonium intermediate in an exo manner.13

Scission of the bromonium ion derived from a salt of an a,b-
unsaturated monocarboxylic acid to give a b-lactone directly
has been recognised as a relatively unfavourable pathway,7,12–14

and can only be achieved under certain conditions.13–16

In support of our proposed mechanism, it is known that
halogenation of certain allylic alcohols leads to epoxides by
rearrangement of the halonium ion.17–22 More pertinent is the
behaviour of maleic acid and fumaric acid towards halogens;
bromine in ether converts the free acids into the dibromides
expected from anti addition.23 On the other hand, treatment of
disodium maleate with aqueous chlorine affords the erythro
chlorohydrin24 or, in the presence of an excess of chloride ions,
the erythro (meso) dichloro compound,25 the products of overall
syn addition; disodium fumarate reacts via both anti and syn
addition (80+20).24,26 During the course of this work we became
aware of the suggestion by Badea,27 without experimental
evidence, that an a-lactone intermediate might account for the
syn addition.
a-Lactones are known to undergo intramolecular nucleo-

philic attack under aqueous conditions. Reaction of 2-amino-
2-deoxy-D-gluconic acid with nitrous acid affords 2,5-anhydro-
D-gluconic acid by double inversion via an a-lactone
intermediate.28 Similar reactions of L-glutamic acid and L-

Scheme 1

Fig. 1 X-Ray crystallographic structures for bromo-b-lactones: (a) com-
pound 4 from disodium 2,3-dimethylmaleate; (b) compound 3 from
disodium 2,3-dimethylfumarate.

Scheme 2
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glutamine result in the g-lactone of L-a-hydroxyglutaric
acid.29,30 It appears that in the system we have studied ring
closures are facilitated by alkyl substitution (the ‘Thorpe–
Ingold’ effect);31 there is no evidence for b-lactone formation
during the chlorination of disodium maleate,24–26 nor in the
deamination of L-asparagine.30

Despite their high instability,32 a-lactones may be more
prevalent as reaction intermediates than has generally been
imagined. Computational studies are in progress to evaluate
structural and energetic aspects of the alternative mechanisms in
Schemes 1 and 2 in order to elucidate the factors determining
the preferred course of reactivity via the a-lactone inter-
mediate.

Notes and references
† 4, [3S(3R),4S(4R)]-3-Bromo-4-carboxy-3,4-dimethyloxetan-2-one, mp
92–94 °C (lit.,2 95–96 °C); dH [400 MHz, (CD3)2SO] 1.81 (s, 3H, Me), 1.93
(s, 3H, Me); dC [100 MHz, (CD3)2SO] 22.9 (Me), 23.1 (Me), 64.4 (C-3),
83.6 (C-4), 166.5 (CNO), 168.2 (CNO). Crystal data: C6H7BrO4, M =
223.03, monoclinic, a = 10.4057(9), b = 6.4044(4), c = 12.0468(11) Å, b
= 92.812(4)°, U = 801.86(11) Å3, T = 170(2) K, space group P21/c, Z =
4, m(Mo-Ka) = 5.090 mm21, 8001 reflections (Rint = 0.0514), R1 =
0.0364 and wR2 = 0.1021 based on 1328 F2 data with Fo > 4s(Fo).
Software used SHELXS,33 SHELXL34 and ORTEX.35 CCDC 149760. See
http://www.rsc.org/suppdata/cc/b1/b100335f/ for crystallographic data in
.cif or other electronic format.
‡ 3, [3R(3S),4S(4R)]-3-Bromo-4-carboxy-3,4-dimethyloxetan-2-one, mp
148 °C (lit.,2 148–150 °C); dH [400 MHz, (CD3)2SO] 1.77 (s, 3H, Me), 1.99
(s, 3H, Me); dC [100 MHz, (CD3)2SO] 18.3 (Me), 21.0 (Me), 61.4 (C-3),
85.0 (C-4), 166.7 (CNO), 168.9 (CNO). Crystal data: C6H7BrO4, M =
223.03, triclinic, a = 6.0820(4), b = 6.3270(4), c = 11.6600(8) Å, a =
81.416(4), b = 88.333(5), g = 62.060(4)°, U = 391.52(4) Å3, T = 170(2)
K, space group P1̄ (No. 2), Z = 2, m(Mo-Ka) = 5.212 mm21, 4102
reflections (Rint = 0.0675) R1 = 0.0330 and wR2 = 0.0918 based on 1469
F2 data with Fo > 4s(Fo). Software used SHELXS,33 SHELXL34 and
ORTEX.35 CCDC 149759. See http://www.rsc.org/suppdata/cc/b1/
b100335f/ for crystallographic data in .cif or other electronic format.
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