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Abstract—Dibromoolefination of lactones was achieved in high yields using bromomethylenetriphenylphosphorane in refluxing
tetrahydrofuran. This reaction is believed to proceed via bromination of the monobromophosphorane from the corresponding
bromomethyltriphenylphosphonium bromide with concomitant formation of methylenetriphenylphosphorane as shown by 3'P
NMR. Transylidation should occur to afford the reactive dibromomethylenetriphenylphosphorane. © 2001 Elsevier Science Ltd.

All rights reserved.

Halogenated olefins proved interesting intermediates
for the synthesis of elaborated compounds. Acetylenics
can be formed easily from dibromo compounds using
the well known Corey—Fuchs method.!? A one-step
variant has also been proposed.® Recently, uses of
dibromoolefins as substrates in the Suzuki* or Stille
reaction® have been described. Numerous methods are
available for the synthesis of dichloro or dibromo
vinylic compounds among which Wittig-type method-
ologies occupy a prominent place.® Esters and lactones
are, in principle, poorly reactive in Wittig olefination.”
However, in the last decade we were able to establish
the usefulness of phosphorus-based reagents for the
olefination of the carbonyl group of esters and lac-
tones.® The dichloroolefins obtained this way under-
went facile epoxidation with m-chloroperbenzoic acid
followed by immediate transposition to afford the cor-
responding acylchloride. Further transformation of the
latter gave an easy access to anomeric azido esters.’
Unexpectedly, the rather hindered and poorly reactive
dichloroolefinic bond undergo facile electrophilic addi-
tion of chlorine to provide the corresponding tetra-
chlorocompounds.'® Transformation of these dichloro-
olefins to acetylenic open-chain alcohols has been also
described.!! Given the observed peculiar reactivity of
these oxygen-substituted dichloroolefinic bonds, we
attempted to widen the scope of these transformations
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by examining the reactivity of the corresponding
dibromo compounds. Formation of the latter was thus
investigated. A direct route to dibromoolefins seemed
the reaction of the lactone with triphenylphosphine and
carbon tetrabromide.®!? Although this reaction is well
documented with carbonyl groups it seemed that the
reactivity of ester carbonyl groups was too poor to
ensure clean transformation. In sharp contrast with our
previously reported results,® heating lactone 1 with
triphenylphosphine and carbon tetrabromide in reflux-
ing THF, gave only minute amounts of the expected
dibromoolefin. In order to obtain the less hindered
monobromoolefins which should also present interest-
ing properties, we investigated the reaction of bro-
momethylenetriphenylphosphorane with lactones.
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Bromomethyltriphenylphosphonium bromide!® 17 was
treated with potassium ferz-butoxide giving the corre-
sponding phosphorane 18, which reacted with lactone
1 in refluxing tetrahydrofuran to provide a single com-
pound. Mass spectrometry undoubtedly established the
structure of this compound which was clearly the dibro-
moolefin 2. Good yields of this compound were
obtained using a fourfold excess of phosphonium salt
17. A series of dibromoolefins was obtained using an
optimized procedure according to the results shown in
Table 1. The results shown here deserve a few com-
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Table 1. Results of dibromoolefinations®

Entry  Substrate Product Reaction time  Yield (%)
()
1 1 2 0.5 87
2 3 4 0.5 69
3 5 6 1 83
4 7 8 2 60
5 9 10 2 52
6 11 12 2 35
7 13 14 1 60
8 15 16 2 32

2 Four molar equivalents of the phosphonium salt 17 and tBuOK
were used.

ments. The yields were excellent with lactones 1, 3 and
5, where only one face of the lactone ring is hindered.
The yields were slightly lower with lactones 7 and 9 and
it should be noted that the acetate group present on
these substrates did not react under these conditions.®
The d-lactone 13 gave also excellent results. This was
not the case with the two lactones 11 and 15 which are
protected with benzyl groups. One may assume that
given the basic conditions, the well-established B-elimi-
nation of a benzyloxy group should take place.!'*
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The most intriguing feature of these results is obviously
the unexpected formation of a dibromoolefin starting
from a monobromophosphonium salt. The formation
of vinylic bromides from ketone and aldehyde carbonyl
groups via Wittig olefination with phosphorane 18 is
well documented. Typically this reaction is performed
at low temperature and gives an excellent yield of
monobromolefins. It seems clear that the reaction
observed with lactones is due to reaction conditions,
especially the high temperature used as compared with
the olefination of ketones and aldehydes. Only a few
examples report on the formation of such dihaloolefins
as by-products,’® in the Wittig olefination with mono-
halomethylenetriphenylphosphorane, but to the best of
our knowledge no preparative use of this reaction has
been reported.

The observed dibromoolefination can obviously be
explained by two different mechanisms. On the one
hand, dibromomethylenetriphenylphosphorane 22
should be formed from 18 under the reaction condi-
tions and reacts with the lactone. Thus, according to
Scheme 1, deprotonation of 17 with tBuOK leads to
phosphorane 18 in equilibrium with 17 as shown by
NMR. Thus, ylide 18 could react with the phospho-
nium salt 17 to give the dibromomethylenephospho-
nium bromide 20 and the phosphorane 19. Subsequent
transylidation between 19 and 20 or deprotonation of
the latter by tBuOK, would afford the phosphorane 22
and then the dibromoolefin.!® On the other hand, the
expected monobromoolefin would be formed and
undergo electrophilic bromination and subsequent elim-
ination to afford the dibromoolefin.

Attempts were made to shed light on the reaction
mechanism by following the course of the reaction of
bromomethyltriphenylphosphonium bromide 17 with
tBuOK. The experiments were thus carried out in THF
although the different species are poorly soluble.!” The
reaction of 17 with tBuOK in the absence of lactone
was followed by NMR and showed the pattern A in
Fig. 1 after 2 h.
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Scheme 1. Possible mechanism for dibromethylenation.
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Figure 1. 3'P NMR spectra in THF of: (A) 17+:BuOK; (B)
21+:BuOK; (C) PPh,—CBr,.

Five main phosphorylated species were detected. The
starting salt 17 was still present, in equilibrium with the
corresponding phosphorane 18 (12.5 ppm) (Table 2).
Evidence for the formation of methyltriphenylphospho-
nium salt 21 (22.5 ppm) was obtained by examining the
reaction of this species with tBuOK (B, Fig. 1). It is
clear that the phosphorane 19 (18 ppm) is in equi-
librium with 21. No traces of phosphorane 19 was
detected in the first experiment (A) confirming a rapid
ylide exchange which favor the formation of bromi-
nated phosphorane at the expense of methylenephos-
phorane 19. The presence of triphenylphosphine oxide
(21.6 ppm) in the reaction (A) was established by
adding pure material. In order to identify the fifth
signal (26.6 ppm) the reaction of triphenylphosphine
and carbon tetrabromide was next examined. Previous
studies by Appel showed the complexity of the reaction
of triphenylphosphine and carbon tetrahalide.'® The
reaction of triphenylphosphine with carbon tetra-
bromide allowed the isolation of a solid which is
believed to contain the dibromo-olefinating species.!
However, the NMR spectrum of this solid (C, Fig. 1)
exhibited three peaks (37, 26.6 and 21.6 ppm). Two

Table 2. 3'P chemical shifts of phosphorylated species in
THF?

Substrate Chemical shift (0)
17 14

18 12.5

19 18

20 26.7

21 22.5

22 37

231p NMR chemical shifts were measured in ppm relative to external
85% H;PO,.

peaks were attributed, respectively, to triphenylphos-
phine oxide (21.6 ppm) and to the dibromomethylphos-
phonium salt 20 on the basis of its C NMR
spectrum.® The third peak (37 ppm) disappeared upon
addition of tBuOK in the NMR sample C leading to
rapid formation of triphenylphosphine oxide,!® and was
attributed to the phosphorane 22. Although no spectral
evidence of the presence of 22 in this reaction was
obtained, the existence of phosphonium salt 20 could
be considered as an indirect proof of the formation of
phosphorane 22 in the reaction medium, which explain
the observed dibromoolefination of lactone.

In conclusion the reaction of monobromomethyl-
triphenylphosphorane with lactone gave only the corre-
sponding dibromoolefins. NMR studies provided
strong evidence for the formation of dibromomethyl-
phosphonium salt suggesting the transient formation of
dibromomethylenephosphorane. This unusual reaction
opens the way to a novel series of C-glycosylidene
compounds which cannot be prepared using the
triphenylphosphine/carbon tetrabromide reagent.
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