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Abstract: Short-step and scalable transformations from 2,6-dibro-
mopyridine to 6-bromopyridine-2-sulfonamide by means of halo-
gen–metal exchange and subsequent reaction with sulfuryl chloride
followed by amidation are established. Application of the method
for the synthesis of various pyridine sulfonamides is also described.
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Sulfonamide is an important functional group in medici-
nal chemistry as there are many pharmaceutical com-
pounds possessing the functionality as a key structure.1

Recently we found a promising drug candidate 1 for the
treatment of prostate cancer carrying pyridine-2-sulfon-
amide in its molecule that necessitates 6-bromopyridine-
2-sulfonamide 2 as a key building block (Scheme 1).2

Scheme 1

The known methods for such compounds require multiple
steps including oxidation of corresponding mercaptanes
using hazardous chlorine or its equivalent,1a,3 after intro-
ducing a thio group to the pyridine ring. Addition of met-
alated pyridines to sulfur dioxide followed by oxidation
with sulfuryl chloride is also a well-utilized way of syn-
thesizing sulfonyl chlorides.4 Recently Pandya et al. re-
ported an efficient one-pot synthesis of heteroaromatic
sulfonamides by this method.5 But the handling of poison-
ous sulfur dioxide needs special care in the laboratory.
Therefore the discovery of an efficient short-step synthe-
sis of sulfonyl chlorides remains very desirable.

In 1968, Eaborn et al. reported the preparation of arene-
sulfonyl chlorides by the reaction of Grignard reagents
with sulfuryl chloride.6 But the application of the method
has not been widely investigated and the synthesis of het-
eroarenesulfonyl chloride has not been reported.

In response to this situation, we found that the reaction of
metalated pyridine generated from halogen–metal ex-
change of 2,6-dibromopyridine (3a) with sulfuryl chloride
efficiently afforded the corresponding 6-bromopyridine-
2-sulfonyl chloride (5a). Here we wish to report the de-
tails of the results.

Our initial synthesis of the sulfonamide 2 started with 2,6-
dibromopyridine (3a) involving sequential chlorosulfony-
lation by halogen–metal exchange with i-PrMgCl7 and
reaction with sulfuryl chloride, followed by amidation of
the resulting monosulfonyl chloride 5a with di(4-methoxy-
benzyl)amine. Although the halogen–metal exchange pro-
ceeded smoothly, we often encountered low yields of the
product along with a fair amount of 2-bromo-6-chloropy-
ridine (6) as a side product in the chlorosulfonylation step.

In order to find an optimum reagent system, various met-
allation conditions were tried.8 Using the i-PrMgCl·LiCl
developed by Knochel et al.,9 the chlorosulfonylation
reaction afforded irreproducible results in the product ra-NN N

O
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SO2NH2 Br N SO2N(PMB)2

1 2
PMB = p-methoxybenzyl

NC
Table 1 Reagent and Reaction Conditions for 6-Bromo-2-pyridine-
sulfonyl Chloride Synthesisa

Entry Metallation Temp (°C)b Ratio 5a/6c Yield of 5a (%)d

1 i-PrMgCl –10 21:79 16

2e i-PrMgCl·LiCl –10 87:13 –f

3 i-PrMgCl·LiCl –10 31:69 –f

4 n-Bu3MgLi –10 83:17 74

5 n-Bu3MgLi 10 83:17 59

a Reaction conditions: 2,6-dibromopyridine (0.8 mmol) and Grignard 
reagent (0.96 mmol) in THF (0.76 mL) then reacted with SO2Cl2 (1.2 
mmol) at -10 °C.
b Reaction temperature for halogen–metal exchange.
c Molar ratio calculated by HPLC analysis. 
d Yield was determined by 1H NMR analysis using 1,3,5-trimethoxy-
benzene as a standard compound.
e Reaction mixture was homogeneous on halogen–metal exchange.
f Not determined.
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tio (Table 1, entries 2 and 3). The ratio likely depends on
the appearance of the metallic species. Once the precipita-
tion of the metalated pyridine came out, it gave 2-bromo-
6-chloropyridine (6) selectively.10 On the other hand
when n-Bu3MgLi generated by mixing n-Bu2Mg with n-
BuLi, developed independently by Oshima et al. and by
Iida et al., was used for monoselective halogen–metal ex-
change,11 sulfonyl chloride was obtained as a major prod-
uct accompanied by 2-chloride 6 in a ratio of 83:17
reproductively in the reaction with sulfuryl chloride
(Table 1, entry 4). When the chlorosulfonylation reaction
was carried out at 10 °C, the yield decreased to 59% but
the ratio of sulfonyl chloride 5a to chloride 6 remained un-
changed (Table 1, entry 5). The reason for the changeable
result in the case of Grignard reagents is yet unclear, but
chlorine generation caused by oxidation of the chloride
ion, which itself had been generated by the Schlenk equi-
librium of metallic species, and the subsequent reaction of
the chlorine with insoluble metallic species would be one
possibility of how the chloride side product 6 was formed.

Having established acceptable conditions for the transfor-
mation of the dibromide 3a into the monosulfonyl chlo-
ride 5a, we next attempted its transformation into the
amide 2 required for the synthesis of drug candidate 1 on
a large scale. Thus, 700 grams of the dibromide 3a was
first treated with 0.4 equivalents of n-Bu3MgLi in THF at
–11 °C to carry out the halogen–metal exchange, and then
the resulting metalated product was added to 1.5 equiva-
lents of sulfuryl chloride in toluene at the same tempera-
ture to give the crude sulfonyl chloride 5a accompanied
by the side product 6. Without further purification, the
crude product was treated with 0.8 equivalents of di(4-
methoxybenzyl)amine in EtOAc in the presence of 1
equivalent of triethylamine to give rise to the pure sul-
fonamide 2 in 64% overall yield after a single recrystalli-
zation of the crude product from aqueous EtOH
(Scheme 2).12

Scheme 2

Very impressed by the established method allowing a fac-
ile introduction of chlorosulfonyl functionality on the
pyridine ring, we next investigated the applicability of this
method to other halogenated pyridine derivatives whose
sulfonylation was presumed not to be an easy task. For
convenience, we evaluated the reaction after conversion
of the initially produced pyridinesulfonyl chloride 5 into
the corresponding N,N-diethylsulfonamide 7 by treating

the crude products with diethylamine to remove the un-
avoidable chloropyridine side products 6 in the chlorosul-
fonylation step.13 n-Bu3MgLi was used for halogen–metal
exchange as a standard method but, if the halogen–metal
exchange was unsuccessful with n-Bu3MgLi, it was con-
ducted with i-PrMgCl.

NBr Br NBr SO2Cl

NBr SO2N(PMB)2
HN(PMB)2

Et3N

n-BuLi
n-Bu2Mg

then SO2Cl2

3a 5a

2
(855.8 g, 64%)

Table 2 Transformation of Halopyridines into Sulfonamidesa 

Entry Halopyridine Product Yield (%)b
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In the reaction of monobromopyridines, each regioisomer
afforded the pyridine sulfonamides in good yield
(Table 2, entries 1–3). In the case of 3-bromopyridine
(3c), since the use of n-Bu3MgLi afforded non-transfer-
able precipitate of the metalated pyridine, i-PrMgCl was
used for halogen–metal exchange giving the sulfonamide
7c as a major product by the usual chlorosulfonylation and
amidation sequence (entry 2). Various dibromopyridines
reacted in the same manner via monoselective halogen–
metal exchange affording the bromo-substituted sulfona-
mides in good yield, which are versatile intermediates for
further modification (entries 4–6).8 In the case of 2,5-di-
bromopyridine (3f), halogen–metal exchange occurred
regioselectively8 giving the corresponding sulfonamide,
whereas the regioisomer of 7f was selectively synthesized
by 2-iodo-5-bromopyridine (3g). Although chemoselec-
tive halogen–metal exchange of 2-iodo-5-bromopyridine
(3g) with n-Bu3MgLi was not performed, the use of i-

PrMgCl selectively afforded the desired product by the
same reaction sequence (entry 7).14 Fluorine-substituted
sulfonamide 7k was also obtained in moderate yield be-
cause nucleophilic substitution of Et2NH with a fluoro
group in the amidation step proceeded to some extent (en-
try 11). We also examined the transformations with func-
tionalized pyridine derivatives other than halogen-
substituted pyridines. A methoxy group was tolerated af-
fording the desired product (entry 12), but an ester group
did not survive the standard conditions, as methyl 5-bro-
mopyridine-2-carboxylate did not afford the desired prod-
uct at all. Under the same reaction conditions bicyclic
heteroaromatic compounds, 4-bromoisoquinoline (3m)
and 3-bromoquinoline (3n) were also efficiently convert-
ed into the corresponding sulfonamide (entries 13 and 14).

In summary, we have developed an efficient synthetic
procedure for large-scale preparation of 6-bromopyridine-
2-sulfonyl chlorides. This method was proved to be appli-
cable to the synthesis of functionalized sulfonyl chlorides
and sulfonamides which are versatile intermediates for
drug discovery.

Supporting Information for this article is available online at
http://www.thieme-connect.com/ejournals/toc/synlett.
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