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a b s t r a c t

The N-hydroxybenzotriazole (HOBt) sulfonate esters undergo amidation under ambient conditions in the
presence of di-isopropylethyl amine. This method can be applied to varieties of amines including steri-
cally hindered amino acid esters in less time with reasonably good yields.

HOBt ester of sulfonic acids can be a replacement for pentafluorophenyl and trichlorophenyl ester as
well as chloride moiety of sulfonyl chloride for amidation.

� 2011 Elsevier Ltd. All rights reserved.
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Sulfonamide unit has drawn attention of synthetic organic chem-
ists because of its diversified applications in medicinal chemistry1 as
anticancer, antiinflammatory, antimicrobial, anticonvulsant, and
antiviral agents.2 Another important property of sulfonamides is
its crystalline nature, which renders easier handling, purification,
and characterization. Furthermore, sulfonamides are very impor-
tant catalysts in asymmetric synthesis.3 Moreover, tosylated
derivatives are the reactive intermediates to synthesize various
molecules including heterocycles containing N, O atoms.4 Therefore,
finding out novel routes for their synthesis is important.

Although, there are many protocols for the synthesis of sulfon-
amides from sulfonyl chlorides,5 these methods are associated
with many drawbacks, as sulfonyl chlorides are very reactive and
difficult to handle. Therefore, it is important to develop a method
in which sulfonic acids are activated by a better leaving group so
that amidation is facilitated under ambient conditions. In this con-
nection, Stephen group has contributed remarkably in replacing
sulfonyl chlorides by activating sulfonic acids as corresponding
pentaflurophenyl sulfonates6 and trichlorophenyl sulfonates.7

However, green chemistry practice restricts not to use polyhalo-
genated compounds, since they are perceived to be toxic and
expensive. Moreover, said methods are associated with bases such
as DBU, LHMDS, and NMP along with heating condition. In another
report, benzotriazole (Bt) activation is described in which long
reaction time and heating conditions are necessary.8
ll rights reserved.
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Our group is interested in converting amino acid esters into sul-
fonamides under milder conditions. Therefore, we wanted to find
out an alternative to pentaflurophenyl sulfonates and trichlorophe-
nyl sulfonates for synthesizing sulfonamides at ambient conditions
without using any strong bases in order to address the limitations
of earlier reported methods while retaining the benefits of acti-
vated sulfonate esters. We chose N-hydroxybenzotriazole (HOBt)
ester of p-toluene sulfonic acid which is also as stable as pentaflur-
ophenyl sulfonates and trichlorophenyl sulfonates. HOBt is largely
used in peptide synthesis 9 as it acts as racemization suppressant.10

Moreover �OBt group acts as a better leaving group for aminolysis.
Preparation of HOBt ester of sulfonic acid (3) was achieved by

the reaction of sulfonyl chloride and HOBt, in the presence of DI-
PEA (Scheme 1) following a reported protocol.11 Resulting white
crystalline stable product in high yield inspired us for further
investigation on aminolysis of this ester.
2
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Scheme 1. Synthesis of various sulfonate esters.

http://dx.doi.org/10.1016/j.tetlet.2011.10.107
mailto:bmandal@iitg.ernet.in
http://dx.doi.org/10.1016/j.tetlet.2011.10.107
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Table 1
Synthesis of sulfonamides from N-hydroxybenzotriazole esters of sulfonic acids

Entry Sulfonate ester Amine Timeb (h) Isolated yielda (%)

1 R1 = CH3

X = H
Benzylamine 1.5 75

2 R1 = CH3

X = H
n-Butyl amine 2.5 60

3 R1 = CH3

X = H
a-Methyl benzyl amine 2 84

4 R1 = CH3

X = H
Piperidine 2 91

5 R1 = CH3

X = H
Cyclohexyl amine 2.5 80

6 R1 = H
X = H

Cyclohexyl amine 1 84

7 R1 = NO2

X = H
Cyclohexyl amine 1 90

8 R1 = CH3

X = H
NH2-Phe-OMe — —

9 R1 = H
X = H

NH2-Phe-OMe 7 34

10 R1 = NO2

X = H
NH2-Phe-OMec 2.5 47

11 R1 = CH3

X = H
NH2-Gly-OMe 2 71

12 R1 = NO2

X = H
NH2-Gly-OMe 1.5 82

13 R1 = H
X = NO2

NH2-Gly-OMe 1.5 79

14 R1 = CH3

X = H
NH2-Ala-OMe 2.5 65

15 R1 = NO2

X = H
NH2-Ala-OMe 2.5 76

16 R1 = H
X = NO2

NH2-Ala-OMe 2.5 67

a Yield after purification by passing through a short silica gel column.
b TLC is checked for every 30 min.
c Conversion was 60% only and few unidentified products were noticed.
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Scheme 2. Synthesis of sulfonamides from TsOBt.

Figure 1. ORTEP diagram of TsOBt with 50% ellipsoid (CCDC # 834974).
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We noticed that when TsOBt was treated with benzyl amine at
room temperature in the presence of 1 equiv of DIPEA, N-benzyl
sulfonamide of p-toluene sulfonic acid (entry 1, Table 1) was pro-
duced in good yield (Scheme 2), as white crystalline solid after
usual acid base work-up and column chromatography. The present
method is compatible with primary (entries 1–3 and 5–7), and sec-
ondary amines (entry 4) with comparable efficiency to that dem-
onstrated in the previously reported methods.6,7 All the reactions
went to completion within 1–2.5 h except for entry 9.

Amino acid esters also showed similar reactivity except for ste-
rically hindered methyl ester of phenylalanine. Reaction of 3a with
methyl ester of phenylalanine did not progress at all (entry 8).
However, removal of the electron donating methyl group on ben-
zene ring of the sulfonyl chloride showed better reactivity by yield-
ing at least 34% although the reaction took longer time (7 h, entry
9). On the other hand, insertion of an electron withdrawing group
increases the yield further (47%) and reduces the reaction time as
well (2.5 h, entry 10). Difference in reactivity was also observed
when cyclohexyl amine was used with variation of the substitution
at para position of 3. When electron donating methyl group was
present the reaction was slower (2.5 h, entry 5), the reaction time
was reduced to 1 h when methyl group was removed (entry 6) and
an electron withdrawing group was inserted (entry 7). Sequential
increment of the reaction yield was also observed (entry 5–7). Such
substituent effect also can be observed by comparing the percent-
age yield in entries 11 versus 12, and 14 versus 15, although the
differences are not much but consistent. Variation of the position
of the nitro group also influences the reaction yield which is clear
from the comparison of the same in the entries 12 versus 13 and 15
versus 16. Therefore, in general, the scheme is influenced by the
electronic factors on benzene ring of the sulfonate esters of
N-hydroxy benzotriazole (3).

All the products that were new were characterized by 1H NMR,
13C NMR, IR, and ESI-MS and the reported products and activated
esters were characterized by 1H NMR, IR, and ESI-MS. The data is
matched with reported data. TsOBt (3a) is also characterized by
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single crystal XRD (Fig. 1, characterization data of all the reaction
products including crystallographic data are provided in the
Supplementary data in detail).

In terms of reactivity, these activated HOBt esters undergo ami-
dation at ambient conditions as it works for sulfonyl chlorides. This
methodology eliminates the use of expensive solvents; rather DCM
was used in most of the cases. However, sometimes sonication and
addition of DMF were necessary for better solubility. This method
offers many advantages over the existing methods for the synthe-
sis of sulfonamides: (a) the harsh bases, for example, NMM, DBU
were replaced with milder DIPEA, (b) long reaction times were re-
duced to 1–3 h, and (c) required reaction temperature was reduced
to the ambient temperature. Moreover, the current method is free
from the production of HCl, which enables it to be applicable to
those substrates in which acid labile groups such as, Boc are pres-
ent. Furthermore, as the base being used is milder, it can also be
applied to those substrates in which base labile groups like Fmoc
are present. In addition to the above advantages, N-hydroxy benzo-
triazole can be easily removed from the reaction mixture at the end
by mere washing with water.

Thus, in this letter we have shown that N-hydroxy benzotria-
zole sulfonate motif is a potential replacement for the chloride unit
of sulfonyl chloride for the synthesis of sulfonamides. Unlike the
previous activation methods in which pentaflurophenyl and tri-
chlorophenyl esters of sulfonic acids were used, current activation
undergoes amidation quite easily without the use of solvents like
NMP, high temperatures and harsh bases, retaining decent yields
even in case of complicated amines, such as, hindered amino acid
esters. Regarding the issue of cost, N-hydroxybenzotriazole is
cheaper than pentafluorophenol, while comparable to trichloro-
phenol. Therefore, these properties enable N-hydroxy benzotria-
zole sulfonate to be a good synthetic auxiliary for sulfonamide
synthesis.
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