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Synthesis of structurally varied B-arylvinyl bromides has been accomplished in an eco-friendly “On-water”
condition through bromodecarboxylation reaction of appropriately substituted cinnamic acids with potassium
bromide using hydrogen peroxide as oxidant and sodium tungstate as catalyst. Salient mechanistic features have

also been highlighted.

Keywords: bromodecarboxylation; water chemistry; reaction mechanism; peroxide

Introduction

Substituted B-arylvinyl bromides act as extremely
versatile precursors for the Pd(0) (/) and Ni(0) (2)
mediated syntheses of various diene and eneyne
systems, o,B-unsaturated aldehydes (3), and o,p-
unsaturated carboxylic acids (4) as well as in Cul-L-
proline-mediated reactions with active methylene
compounds for the synthesis of a-methylene enones
(5), Ullmann reaction with imidazole in ionic liquid
(6), enantioselective synthesis of (+) (S,S)-reboxetine
(7), stereoselective synthesis of vinyl selenide using
catalytic amount of Cul in [bmIm]BF, (8), construc-
tion of furan moiety by Suzuki coupling (9), and
stereocontrolled synthesis of a,a-difluorosubstituted
phenyl butenoate (10). (E)-B-arylvinyl bromides were
classically prepared by Hunsdiecker reaction (//—13).
With time, numerous protocols have been developed,
for example, Pd(0)-mediated coupling of trans-1,2-
bis-(tri-n-butylstannyl)-ethylene with aryl bromides
(14), halodecarboxylation of o,B-unsaturated car-
boxylic acids with a variety of reagents, namely,
N-bromosuccinimide (NBS) and iodosylbenzene (15),
NBS and Mn(Ill)-acetate (/6), NBS in the presence
of tetrabutylammonium trifluoroacetate (/7), potas-
sium bromide-hydrogen peroxide in the presence of
sodium molybdate (/8), LiBr-CAN (19), selectofluor
(20), molybdate-exchanged Mg-Al-LDH (2/), and
diphosphorous tetraiodide in the presence of tetra-
ethylammonium bromide in carbon disulfide (22);

Dedicated to professor Brindaban C. Ranu on his 62nd
birthday.

reductive debromination of gem-dibromides with
indium in the presence of ammonium chloride in
aqueous ethanolic medium (23), microwave-mediated
base-catalyzed reduction of 1,1-dibromoalkenes with
diethyl phosphonate (24a), silver acetate-promoted
dehalodecarboxylation of 3-aryl-2,3-dibromopropa-
noic acid (24b), samarium-mediated reduction of 1,1-
dibromoalkenes (25), and dephosphorylation of «,f-
unsaturated phosphonic acids with bis-collidine-bro-
monium hexafluorophosphate (26). Many of them
involve the use of exotic substrates (23, 24a, 25, 26),
toxic organic solvents (22), expensive reagents
(14,15,17,20-26) often associated with considerable
toxicity (14-17, 22, 24a, 26), drastic reaction condi-
tions, long reaction time (/7,22), and low yield of the
products (15,17,19,20,25), sometimes as a mixture of
two diastereomers (20,25) or contaminated with other
by-products (15,25). Reduction of the use of hazar-
dous chemicals and reagents is one of the most
important challenges (27) in the present scenario to
minimize pollution and the risks associated with the
production and utilization of chemicals. Water is a
promising choice (28-34) as the medium of organic
reactions from the standpoint of sustainability and
chemical safety. From the environmental perspective,
hydrogen peroxide is a good choice as oxidant which
was used for eco-friendly oxidation of olefins, alco-
hols, and sulfides (35), o-bromination of active
methylene compounds with KBr in HCI (36), hydro-
xylation of haloarenes and heterohaloarenes (37), free
radical bromination in aqueous HBr (38), and oxida-
tion of alkenes—arenes to ketones in aqueous HBr
(39). Oxidative property of H,O, can be amplified by
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use of other catalysts in various transformations, e.g.
a-bromination of active methylene compounds using
V,05—NH4Br system (40), epoxidation of unsatu-
rated terpenes with Na,WOy (41), electrophilic bro-
mination across olefin, acetylene, and ring
bromination of aromatic rings using KBr, HBr, and
NH4VO; (42). Inspired by the above literature
precedence, we have ventured to explore the catalytic
activity of relatively less-toxic Na,WO, for the eco-
compatible synthesis of (E)-vinyl bromides in aqu-
eous medium using KBr as a non-toxic brominating
agent and H,O, as an eco-friendly oxidant.

Results and discussion

The o,B-unsaturated carboxylic acids (43,44) were
treated with an aqueous solution of KBr containing
30% H,0, in the presence of catalytic amount of
Na,WO0O4-2H,0, as presented in Scheme 1. Detailed
results have been presented in Table 1.

According to the Table 1, several o,p-unsaturated
carboxylic acids with varied substituents in the
aromatic ring underwent clean bromodecarboxyla-
tion through operationally simple procedure using
easily accessible and eco-friendly reagents to the
corresponding (E)-B-arylvinyl bromides in good
yields without formation of side products. The
desired product was obtained in almost pure form
within short reaction time and well characterized by
spectroscopic techniques. The conversion of unsatu-
rated acid to the corresponding vinyl bromides was
ascertained by the appearance of two characteristic
doublets at 6 6.78 and & 7.12 having J =nearly 14.0
Hz indicating trans configuration the olefinic double
bond. It has been found that reactions of cinnamic
acids bearing electron-donating groups (Entries 2, 4,
and 5) are more rapid and give high yield of products
than those bearing electron-withdrawing groups (En-
try 3). Cinnamic acid with an electron-donating
group at para-position is more susceptible to react
with KBr than at ortho position (Entry 6 versus
Entry 4). Acid-labile methylenedioxy moiety survived
under the said reaction condition (Entry 5). It has
been observed that the cinnamic acids having a strong
electron-withdrawing substituent remained totally
unaffected in the present reaction condition (Entries
8-10). Like a,B-enoic acid, o,B-yneoic acid produced
arylalkynyl bromide (Entry 11). Introduction of a
substituent at a-carbon led to the formation of the

KB, 30% H,0,

corresponding B-bromostyrene with a satisfactory
yield (Entries 14 and 15). However, y-aryl y-keto-
o,B-unsaturated acid (bearing a keto group exerting
both —R and I effects between the aromatic ring and
the double bond) did not produce the desired vinyl
bromide even after a prolonged time (Entry 12) and it
was recovered unchanged.

Interestingly,  2-cinnamyledenemalonic  acid
(Entry 13) furnished 2-bromo-2-cinnamyledene acetic
acid where the carboxylic group cis with respect to
diene moiety underwent decarboxylation remaining
the other COOH intact, as evident from the singlet at
O 3.87 due to carbomethoxy protons in its methyl
ester. Z-configuration of the C =C linkage between
C-2 and C-3 has been established by 2D nOe
experiments (done in 500 MHz NMR using mixing
time 0.3 seconds at 27°C). The cross-peaks correlate
between 6 7.84 and 6 3.87, the distance between C-3H
and carbomethoxy protons has been estimated to be
<5 A. The nOe between C-3H and methyl ester
protons is not very strong, because these protons are
not always very close due to conformational equili-
brium (Figure 1).

The present bromodecarboxylation reaction takes
place in water which is the most eco-compatible
medium. Cinnamic acid, being sparingly soluble in
water (solubility in water is 3.34 x 10 mol L),
remains mainly as a suspension in the aqueous
reaction mixture with only 1.34% being in solution.
Therefore, the present bromodecarboxylation reac-
tion definitely takes place under “On-water” (29)
condition. The said reactions were carried out using
water-miscible organic co-solvents as additives to
increase the miscibility of the sparingly soluble
organic substrate, namely, cinnamic acid, with
aqueous reaction mixture (Table 2). As evident
in Table 2, increased miscibility has been found
detrimental for the extent of conversion. Therefore,
the efficacy of the present “On-water” protocol has
been firmly established.

HsC
s ot 9 H O

2 CH
NN 10 XN 1o
4 ——

Br Br

Figure 1. Conformational equilibrium of methyl Z-2-
bromo-5-phenylpent-2, 4-dienoate.

.~ COoH
G J—
Na,WO, . 2H,0 (cat)

AN Br
> Gf

Water, rt, stirring

Scheme 1. “On-water” synthesis of E-vinyl bromides from B-aryl-o, B-eneoic acids.
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Table 1. Synthesis of (E)-vinyl bromides from aromatic a,B-eneoic acids.

Entry Substrate Time (h) Product Yield (%)*
1 @\/\ 0.5 @\/\ 80 (15-17, 22)
A COOH A\ Br
2 Mx©\/\ 0.5 MB\©\/\ 85 (16, 17, 22, 23, 47)
2~ COOH A \Br
3 CI\©\/\ 1 CI\©\/\ 82 (15, 16, 18, 23)
™\ COOH \Br
4 MEO\@\/\ 0.5 MeO 87 (15, 16, 23, 24b)
A\ COOH \©\/\Br
5 1 85 (17, 22, 48)
A\ COOH A Br
6 o 2 o e
A COOH AN Br
7 1O "’ 1O e
MeO 2\ COOH MeO "
8 @(N/Oz\ 5 No reaction -
™ COOH
9 NO, 5 No reaction -
©\/\COOH
10 OzN\©\/\ 5 No reaction -
N COOH
11 <: :>7: COOH I <: :>7: Br 80 (26)
12 ] 5 No reaction -
@/‘K/\COOH
13 NN~ COOH 2 N~ COOH 75
COOH ©/\/\g
14 M 2 70 (17, 21)

.

Z ™ COOH

QL
= Br
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Table 1 (Continued)

Entry Substrate Time (h)

Product Yield (%)*

15 @ COOH 2
O

72 (15, 17, 26)

@ Br
O

%Yields refer to that of isolated pure products fully characterized spectroscopically; literature references of the known products have been
furnished in parenthesis after the observed yield of the respective product.

Use of sodium tungstate (which is practically safe
(45) bearing very little toxicity) in catalytic amount
along with hydrogen peroxide as an eco-friendly
oxidant (by-product is water), potassium bromide as
a non-toxic brominating agent in the most environ-
mentally accepted medium, namely water, altogether
makes the present protocol a greener and more
sustainable alternative to many of the existing meth-
ods for the synthesis of B-arylvinyl bromides. In this
protocol, waste production is extremely small. Ethyl
acetate, used for extraction, is a relatively eco-compa-
tible organic solvent (46) and can be recycled. There-
fore, the present “On-water” protocol minimizes the
dispersal of harmful chemicals in the environment and
maximizes the use of renewable resource.

Cinnamic acid remained totally unaffected in the
presence of aqueous KBr and 30% H,O, in the
absence of Na,WOQO,-2H,O clearly demonstrating a
crucial role of Na,WOy in this bromodecarboxylation
reaction. Aliphatic o,f-unsaturated carboxylic acid
(e.g. crotonic acid) remained unaffected, which
proved the necessity of aromatic ring. Phenylacetic
acid was recovered unchanged which eliminates the
possibility of the radical pathway (which is the most
accepted pathway for the classical Hunsdiecker reac-
tion involving silver carboxylate). The solution of
Na,WOy4 (0.3 mmol) and KBr (2 mmol) in 2 mL
water is basic in nature (pH 11.70). Addition of solid
cinnamic acid (1 mmol) changed the pH to 7.92.
When H,0O, (2 mL) was added, the pH became 5.99.
The pH of the medium became 7.74 at the end of the
reaction. Sodium salt of cinnamic acid remained

unaffected and did not afford vinyl bromide, indicat-
ing the necessity of the acidic hydrogen in the COOH
moiety. Again, cinnamic acid and ethyl cinnamate, on
reaction with HBr, Na,WO,-2H,0, and 30% H,0,
in aqueous medium-furnished dibromocinnamic acid
and ethyl dibromocinnamate, respectively. But ethyl
cinnamate remained unchanged on treatment with
aqueous KBr, Na,WO4-2H,0, and 30% H>O,. So,
the requirement of COOH moiety for this transfor-
mation was further substantiated.

From the above observations, it is very clear that
acidity is a crucial factor for this reaction and only a
trace amount of acid is required for bromodecarbox-
ylation reaction, where the weakly acidic COOH
group of the substrate acts as the proton source. In
the medium of higher acidity, considerable amount of
molecular bromine might be generated (evident from
dark-yellow coloration) for normal electrophilic ad-
dition reaction. In the presence of a weak organic
acid, KBr, 30% H»0,, and catalytic amount of
Na,WO,-2H,0, the concentration of bromine is not
sufficient to produce molecular bromine to be utilized
in the addition of Br, across double bond of cinnamic
acid or cinnamate ester. This was supported by the
fact that anisole remained totally unaffected on
treatment with aqueous KBr, 30% H,0,, and cata-
lytic amount of Na,WO,4-2H,O, but furnished a
mixture of 4-bromo and 2,4-dibromo anisole on
treatment with 30% H»>O, in the presence of HBr in
place of KBr (in the presence as well as in the absence
of Na,WOQO,). Therefore, the amount of electrophilic
brominating agent was insufficient in the medium of

Table 2. Sodium tungstate-catalyzed bromodecarboxylation of cinnamic acid in aqueous medium in the presence of water-

miscible co-solvents.

Amount of 30% Amount of water Amount of co-solvent Reaction time" Isolated yield
Entry H,0, (mL) (mL) Co-solvent (mL) (min) (%)
1 2 2 NIL NIL 30 80
2 2 0.5 Methanol 1.5 60 45
3 2 0.5 Acetone 1.5 60 40
4 2 0.5 DMF 1.5 60 5

#All the reactions were carried out using cinnamic acid (1 mmol), KBr (2 mmol), and NaWO,-2H,0 (0.3 mmol) at room temperature.
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Figure 2. Catalytic role of sodium tetraperoxotungstate.

lower acidity to promote any electrophilic substitu-
tion reaction, but in the medium of higher acidity
substantial amount of “‘electrophilic Br” has been
generated to promote normal bromination reaction,
depending on the nature of the substrates. On the
basis of the aforesaid observations, a plausible
mechanism has been proposed in Figure 2.

At the outset, sodium tungstate (I) reacts with
H,0, to form tetraperoxotungstate (II) (49). Protona-
tion by cinnamic acid and subsequent cleavage of the
one of the peroxo rings by concomitant nucleophilic
attack of Br~ produces III, where Br  is formally
oxidized to an equivalent of the Br™ species. This is
why the presence of COOH moiety is essential and
COO  fails to react. III is converted to IV by
nucleophilic attack of the double bond of the cinna-
mate anion on the electrophilic “Br” of III. As a result,
cyclic bromonium ion is transiently formed and rapidly
converted to a carbocationic species V, where the + ve
charge is best accommodated on the carbon bearing
aromatic ring. Low yield for 2-methoxycinnamic acid
might be due to steric crowding causing increase of
steric strain in the bromonium ion. As a discrete
carbocationic intermediate is presumably involved in
this reaction, therefore, stabilization through conjuga-
tion with the adjacent benzene ring becomes a crucial
factor for its formation and subsequent reactions.
Presence of an eclectron-withdrawing group in
the aromatic ring (Entries 8, 9 and 10) as well on the
carbon bearing + ve charge (Entry 12) destabilizes the
intermediate carbocation, so the reactions, in these
cases, do not take place. Il is regenerated from IV with
H>0, (49) and enters the catalytic cycle again.

Br
H CO0"
E—
i
P

Ph

\%

The carbocationic intermediate V then undergoes
rotation about C—C bond to form VI, where the COO™
moiety is antiperiplanar with respect to the vacant p-
orbital on the cationic center satisfying the stereoelec-
tronic requirement for decarboxylative elimination.
As a consequence, the geometry of the newly formed
olefinic linkage has been found trans (Figure 3).

In case of 2-cinnamylidenemalonic acid (Entry 13
in Table 1), that COOH is preferentially deproto-
nated and subsequently decarboxylated (VII-VIII)
which, in order to satisfy the stereoelectronic require-
ment, needs to overcome lower rotational barrier
putting the bulky substituents (namely, cinnamyli-
dene and carboxylic acid) away from each other
around the incipient double bond (Figure 4).

Experimental

General procedure for preparation of (E)-p-arylvinyl
bromides

A suspension of a,B-unsaturated aromatic carboxylic
acids (2 mmol) was stirred with a solution of
potassium bromide (4 mmol, SRL, India) and sodium
tungstate dihydrate (0.6 mmol, E. Merck, India) in
water (4 mL). Then 30% hydrogen peroxide (4 mL,
sd-Fine-Chemicals Private Limited, India) was added
dropwise to it at room temperature with vigorous
stirring. A rapid reaction took place and the tem-
perature rose to 60°C. The reaction mixture was
allowed to cool to room temperature and vigorously
stirred till completion of reaction (monitored by thin
layer chromatography on pre-coated silica gel plates,
E. Merck, Germany) and the product was extracted

Br Co,

? H
o%r; IBr
Ph

VI

H

Figure 3. Mechanistic explanation for the trans-stereoselectivity of bromodecarboxylation.
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- Br
\_\—<COOH HOOC Br Ph
— HOOC Coo- Br
— —— —_— ~ _—
COOH H N\ H%’ \—\—<
+ Ph + Ph
Vi

VI COOH

Figure 4. Preferred decarboxylation of 2-cinnamylidenemalonic acid.

from aqueous layer using ethyl acetate (3 x 10 mL).
The combined organic layer was washed successively
with water, aqueous NaHCO3;, and brine; dried over
anhydrous sodium sulfate and the solvent was
evaporated under reduced pressure to get the vinyl
bromide as the product in practically pure form. The
product was further purified by filtration chromato-
graphy on a short column of silica gel, if needed.

Conclusion

A simple and efficient method for oxidative bromo-
decarboxylation of o,B-unsaturated aromatic car-
boxylic acids have been developed using aqueous
KBr and 30% H»O, mediated by Na,WO,4-2H,0.
There are significant improvements offered by the
present method over existing procedures which in-
clude: (a) no undesired side reaction; (b) mild condi-
tions to tolerate several sensitive moieties; (¢) good
stereoselectivity; (d) high yields; and (e¢) environmen-
tal friendly reaction conditions by using water as
reaction medium and comparatively eco-compatible
reagents and organic solvent. This present protocol
not only demonstrates the efficacy of “On-water”
reactions from the preparative standpoints, but also
provides a practical, greener, and more sustainable
alternative to the existing methodologies for the
stereoselective synthesis of FE-B-arylvinyl bromides
from easily accessible substrates in an eco-friendly
condition using reagents of extremely little toxicity.
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