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ABSTRACT: A domino approach of hydrolysis/dehydro-
halogenation/Heck coupling was used to synthesize styrene
sulfonate salts from iodoarenes and chloroethanesulfonyl
chloride in good to excellent yields. Methodology was
applicable for heterocyclic as well as disubstituted iodoar-
enes. Some of the key features of this synthetic methodology
include the use of phosphine free catalytic system, water as
an environmentally friendly solvent, short reaction times,
and absence of additives.

Domino reactions are one of the most elegant approaches
in modern synthetic organic chemistry in which multiple
bond formation reactions take place under identical reaction
conditions where one of the reaction components formed in
the first reaction reacts in the subsequent reaction and so
on.'”* The 2010 Nobel Prize winning palladium catalyzed
cross-coupling Heck reaction is ideal as one of the steps in
domino reactions. As a part of our continuing interest in
developing proton exchange membranes for fuel cell and
material chemistry applications, we were interested in synthe-
sizing styrene sulfonic acid salts in water. Our initial idea was
to synthesize styrene sulfonate salts® '® via traditional Heck
coupling of iodoarene and commercially available sodium
vinyl sulfonate in water. While we were able to synthesize
the corresponding styrene sulfonate salt from a reaction
between iodobenzene and sodium vinyl sulfonate, purification
of the product became daunting because of the impurity
present in the commercial sodium vinyl sulfonate. This
impurity appears to be ethane sulfonate salt (saturated form
of vinyl sulfonate, based on its '"H NMR).

This impurity issue forced us to rethink our strategy of using
Heck coupling to synthesize styrene sulfonate salts. Conven-
tional Heck coupling, which is usually carried out in strongly
basic medium, can also be used to generate in situ alkenes (or
olefins) via dehydrohalogenation of a suitably substituted alkyl
halide. On the basis of this, we envisioned an initial dehydroha-
logenation of a suitably substituted haloalkanesulfonyl halide to
generate the olefin/alkene in situ followed by a Pd-catalyzed
Heck coupling under the identical basic reaction conditions.
Many other combinations of domino processes involving Heck
coupling as one of the step have been reported earlier;'” >
however, examples of a domino process in which an olefin is
made in situ prior to Heck coupling are scarce.”* Herein, we
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report the synthesis of potassium styrene sulfonate salts from
easily accessible iodoarenes (and bromobenzene) and chloro-
ethanesulfonyl chloride via a novel domino, hydrolysis/dehydro-
halogenation/Heck coupling pathway using phosphine free
palladium catalyst in only water with no additives.

To test our hypothesis, we chose iodobenzene as the substrate
and reacted this with 2-chloroethanesulfonyl chloride in water
(solvent) using palladium(II) acetate (2 mol %)% as the pre-
catalyst and potassium carbonate (2 equiv) as a base. To avoid
longer reaction times at high temperatures, microwave heating
(180 °C) was employed (Scheme 1).%~**

Initial reaction under these conditions showed promising
results with the desired product being observed in the NMR of
the crude reaction mixture. While decreasing the equivalents of
base had a detrimental effect on the formation of the Heck-
coupled product, an increase in base equivalents from 2 to 3
equiv showed desired product in over 80% yield by NMR of the
crude reaction mixture indicating that indeed multiple (three)
reactions had taken place under the chosen reaction conditions.
Use of weaker base (NaHCO3) or organic base (triethylamine)
resulted in lower percent conversions of the Heck coupling
(penultimate step of the synthesis). This was confirmed by the
presence of potassium vinyl sulfonate peaks (and complete
absence of 2-chloroethanesulfonyl chloride peaks) in the crude
reaction mixture. Use of sodium carbonate instead of potassium
carbonate gave slightly less yield (69% Na vs 85% K). Bromo-
benzene gave the desired styrene sulfonate salt in only 52% yield,
while chlorobenzene was unreactive under the reaction condi-
tions. Phosphine free palladium catalysts, such as the one used
here (palladium(II) acetate), have been shown to be very reactive
and more efficient for Heck coupling prompting for the mini-
mum catalyst loading in the reaction. However, in the absence
of any ligands, deactivation of the Pd(0) species to generate
ineffective palladium black in the reaction mixture is a well-
known process.”” This could be due to various reasons such as
difference in the reaction rates of the individual steps of the
catalytic cycle, temperature and change in concentration, and
composition of the reaction mixture.”” Indeed, we observed Pd
black in some of our initial reactions. However, addition of fresh
catalyst (1 mol %) to the same reaction mixture followed by
heating in microwave for 10 min at 180 °C was found to be very
useful in overcoming the catalyst deactivation issue to obtain
higher conversions to the desired product, and hence, this
protocol was adopted for further reactions. Importantly, all

Received:  December 21, 2010
Published: January 26, 2011

2140 dx.doi.org/10.1021/ja111462h | J. Am. Chem. Soc. 2011, 133, 2140-2143



Journal of the American Chemical Society

COMMUNICATION

Scheme 1. Domino Hydrolysis/Dehydrohalogenation/Heck
Coupling Pathway for the Synthesis of Potassium Styrene
Sulfonates

1.2 mol% Pd{OAc),, 3 equiv K,CO3,

SOLCl  water, 180°C, 10 min, mw H SOK
A+ - >=( s
cl 2.1 mol% Pd(OAc),, 180°C, 10 min, A H
mw

Table 1. Substrate Scope of Domino (Hydrolysis/Dehydro-
halogenation/Heck) Coupling Reaction

1. CI/—/SOZCI 1 equiv

2 mol% Pd{OAc),, 3 equiv K,CO3,

Rd Water, 180 °C, 10 min, mw SO_3K+
2.1 mol% Pd(OAc),, 180°C, 10 min =4
mw
entry substrate/product R = % yield
1 CeHs- 85
2 3-NO,—CgH,- 89
3 2-OCH;—C¢Hy- 83
4 3-CH,y—CeH,- 83
S 2-COOH-CgH,- 0*
6 2-CH,—CgH, 85
7 2,6-diMe-CgH;- 61
8 3-NO,4-OCH;—CgHa- 74
9 Naphthyl- 89
10 4-Vinyl-CeH,- 28°
11 2-F-C¢H, 63
12 3-OH-CeH,- 0°
13 4-F-CgH,- 80
14 3-CF3—CgH,- 80
15 3,5-(CF;),-CeHs- 65
16 3-COOH, 4-OH-C4¢H;- 69°
17 2-NH,—CgH,- 20°
18 2-pyridyl- 10°
19 3-pyridyl- 66
20 2-thiophenyl- 38"
21 S-indolyl 47
22 2-pyrazinyl 17

“4 equiv of base used. " NMR conversions. © S equiv of base used.

reactions were carried out in environmentally friendly and
economically cheap solvent, water in the absence of any addi-
tives.

With the optimized conditions in hand, we applied this
method to a variety of iodoarenes with different substituents
on the aromatic ring in order to study the steric and electronic
effects on the outcome of the reaction (Table 1).

Iodobenzene gave desired styrene sulfonate salt in excellent
yield (85%, entry 1). Substituted iodobenzenes, with both elec-
tron withdrawing and electron donating groups are also well toler-
ated in this domino Heck chemistry yielding the corresponding
styrene sulfonate salts in moderate to excellent yields (Table 1).

Table 2. Synthesis of Disulfonate Salts

1. CI/_/SOZCI 2 equiv
4 mol% Pd(OAc),, 6 equiv K,CO;, R 5 &

X5 6
Water, 180 °C, 30 min, mw
4 1 | 4 1 R'
3 2 2. 2 mol% Pd(OAc),, 180 °C, 30 min 3 2

R
mw R
SOK"
R.,R' = 7 3
entry  substrate/product R = X= R” % yield
23 H 21 2-R’ 75¢
24 H 31 3R’ 68
25 H 4(4'Todo-CeH,) R'-CgH, 29
26 2,3,5,6-Tetra-F 4-1 4R 41
27 2,3,5,6-Tetra-Me 41 4.R" 59

“Percent conversion based on potassium vinylsulfonate (product of
hydrolysis and dehydrohalogenation), 1:2.5 ratio of bis/monosubsti-
tuted product.

2-Aminoiodobenzene does not seem to work well because of
the poisoning of the Pd catalyst by the electron rich amine
nitrogen. Same could be true in the case of 2-iodobenzoic acid,
which completely fails to react. 2,6-Dimethyl iodobenzene also
gave inferior yields, probably because of the steric hindrance of
two methyl groups during or after the palladium insertion into
the aryl—I bond and subsequent coordination of the palladium
species to vinyl sulfonate. On the other hand, iodonaphthalene
produced the desired sulfonate salt in excellent yield (89%,
entry 9). Heterocyclic sulfonate salts were also synthesized using
this method albeit, in lower yields. 2-Iodopyridine (entry 18),
2-iodopyrazine (entry 22), and 2-iodothiophene (entry 20) gave
complex mixtures and were difficult to purify. Again, in all these
cases, low yields could be due to catalyst poisoning because of
presence of heteroatom at the ortho position of C—Ibond. Both,
3-iodopyridine (entry 19) and S-iodoindole (entry 21), where
the heteroatom is present farther away from the C—I bond, gave
desired product in moderate yields.

We also extended this methodology to disubstituted iodoben-
zenes and the results are shown in Table 2. While 1,2-diiodo-
benzene gave a mixture of the desired disulfonate salt and
monosulfonate product, 1,3-diiodobenzene gave the correspond-
ing product in good yield (entry 24). In the case of 1,2-diiodo-
benzene, formation of two simultaneous palladium insertion
complexes at the 1 and 2 positions could be sterically demanding.
Because of this steric hindrance, both Pd o-complexes cannot
undergo 3-hydride elimination, which probably results in a side reac-
tion to produce the monosubstituted product.

Surprisingly, biphenyl system (entry 25) gave the desired
product only in 29% yield. Substituted diiodobenzenes such as
2,3,5,6-tetrafluoro- (entry 26) and 2,3,5,6-tetramethyl-1,4-diio-
dobenzene (entry 27) gave corresponding products in moderate
to good yields. However, for all the diiodo substrates, longer
reaction times (30 min) were required to obtain better conversions.
Unfortunately, 2-bromo-4,5-dichloroimidazole and S-chloro-8-
hydroxy-7-iodoquinoline did not react.

Mechanistically, it is reasonable to understand that hydrolysis
of the sulfonyl chloride to the sulfonate salt would be an initial
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step under aqueous basic conditions. This is followed by the base
induced elimination (dehydrohalogenation) of corresponding
chlorosulfonate at higher temperatures to generate vinyl sulfo-
nate in situ, which would be inserted into the well-known Heck
coupling catalytic cycle to give the desired Heck-coupled product
in an overall three-step reaction.*

To make proton exchange membranes/electrolytes for fuel
cell and battery applications, we intend to synthesize ethane
sulfonate salts, which can be accessed by hydrogenation of the
styrene sulfonate salts obtained in Table 1. We were able to hydro-
genate46 compounds 1, 11, and 14 (see Supporting Information) to
obtain the corresponding ethanesulfonate salts in excellent
yields.*” Further application of this novel Heck coupling method
to synthesize polymeric materials containing ethanesulfonate
salts is underway.

In summary, we have shown that various styrenesulfonates can
be synthesized by a novel domino approach, where the alkene is
made in situ prior to Heck coupling. This synthetic protocol is
quite environmentally friendly as it involves phosphine free
catalysis, water as a solvent, and it does not require addition of
any additives.
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