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An easy and handy synthesis of sulfonamides directly from
sulfonic acids or its sodium salts is reported. The reaction is
performed under microwave irradiation, has shown a good
functional group tolerance, and is high yielding.

Sulfonamides are an important category of pharmaceutical
compounds with a broad spectrum of biological activities."

Sulfonamides drugs have broad applications in many areas
of clinical medicine, as good antibacterials, diuretics, anticon-
vulsants, hypoglycemics, and HIV protease inhibitors.?

In recent times, sulfonamides have been found to be powerful
carbonic anhydrase,3 COX-2,*and caspase inhibitors.> A series
of aromatic sulfonamides have been prepared and crystallized
as chiral crystals.® Typically, sulfonamides were prepared by
the reaction of a sulfonyl chloride with ammonia or primary or
secondary amines. However, sulfonyl chlorides have some
disadvantages, as they are not handled easily and are not suitable
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SCHEME 1. Sulfonamides from Sulfonic Acids
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to long-term storage.” Just a few of these compounds are
commercially available because of their instability. Caddick and
co-workers reported a suitable preparation of sulfonamides by
intermolecular radical addition to pentafluorophenyl vinylsul-
fonate and successive aminolysis.® Katritzky and co-workers
proposed a general and efficient synthesis of sulfonamides by
the reaction between sulfonylbenzotriazoles (produced from
sulfinic acid salts with N-chlorobenzotriazole) and various
amines.” Recently the synthesis of heteroaryl sulfonamides via
oxidation of thiols to sulfonyl chlorides or sulfonyl fluorides
has been reported that were then reacted with amines to give
the corresponding sulfonamides.'® The logical way to sulfon-
amides could be the direct synthesis from sulfonic acid. Even
if pharmaceutical compounds containing a sulfonamide group
have numerous significant therapeutic applications, at present
just two methodologies are reported to convert a sulfonic acid
directly to a sulfonamide. The first method permits the synthesis
of sulfonamides from the sulfonic acid pyridine or triethylamine
salts by the use of the activating agent triphenylphosphine
ditriflate."’ The second procedure considers the reaction of a
sulfonic acid with isocyanide at room temperature.'?

Following our interest in the use of 2.4,6-trichloro-[1,3,5]-
triazine (TCT) and [1,3,5]-triazine derivatives in organic syn-
thesis,'* we report here a novel, easy, and convenient method
for the preparation of sulfonamides directly from easily available
sulfonic acid (Scheme 1) or its sodium salt (Scheme 2),
improved by microwave irradiation.

The procedure consists of the addition of 1 equiv of TCT to
a mixture of 1 equiv of sulfonic acid and 1 equiv of trieth-
ylamine in acetone. Even if the reaction can be conducted in
refluxing acetone (20 h), we have preferred to carry out the
reaction under microwave irradiation in a sealed tube (10-mL
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TABLE 1. Sulfonic Acid and Amine Diversity in Sulfonamide
Synthesis

TABLE 2. Synthesis of Sulfonamides from Sulfonic Acid Sodium
Salts
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SCHEME 2. Sulfonamides from Sulfonic Acid Sodium Salts
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pressure-rated reaction vial) in a self-tuning single mode
irradiating synthetizer, operating at 80 °C for 20 min, for
significantly shortening the reaction times and avoiding the
presence of byproducts. After cooling, the precipitate formed
is filtered off on Celite and the solution is added with 1.2 equiv
of NaOH,q, THF, and an amine. The reaction mixture is newly
exposed to microwave irradiation for 10 min at 50 °C in a sealed
tube.'* The reaction mixture is filtered on Celite to eliminate
the formed salts and then diluted with DCM and washed with
water, aqueous Na,COs, diluted HCIl, and brine. The target
product is obtained in pure form, simply by concentration of
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TABLE 3. Comparison of Conventional and Microwave
Procedures for Sulfonamide Synthesis

95

% yield/purity”

microwave-assisted

entry thermal reaction” reaction®
4 80/86 95/95
9 71/85 88/98

“Yields determined at the end of both steps. Average purity
determined by NMR on the crude product. ” Conditions: 20 h, refluxing
acetone, then 5 h, 50 °C. ¢ Conditions: 20 min, 80 °C, 50 W then 10
min, 50 °C, 50 W.

the DCM extracts at reduced pressure. Following an easy
workup, the sulfonamide is obtained in a nearly quantitative
yield.

It has been demonstrated that sulfonic acids, treated with TCT,
in refluxing acetone for 20 h, are converted in the corresponding
sulfonyl chlorides, which are recovered pure by distillation."
Even in our procedure the sulfonic acid (or its sodium salt) is
transformed in the corresponding sulfonyl chloride; however,
its isolation is not necessary as the sulfonyl chloride is directly
transformed in the corresponding sulfonamide in the presence
of an ammine.

As shown in Table 1, a selection of sulfamides were prepared
from an array of sulfonic acids and the yields were satisfactory
in all cases. The methodology is efficient and successful with
aromatic, aliphatic, and heterocyclic sulfonic acids. The reaction
is not limited to primary and secondary amines but works well
with hydrazines and amino acid derivatives. The optical rotation
value of the product 2g (from methyl ester of L-valine) is
comparable with that reported in the literature.'® Also, anilines
(entry 3) are applicable in the reaction.

We should like to extend the applicability of the methodology
to sulfonic acid salts because the majority of sulfonic acids are
commercially available as sodium salts. By the addition of a
catalytic amount of 18-crown-6 to the reaction mixture, the
procedure allows the synthesis of sulfonamides directly from
sulfonic acids sodium salts (Scheme 2).

We chose to examine the reaction of benzenesulfonic acid
sodium salt with a number of common amines. As reported in
Table 2, the reaction is efficient with both primary and secondary
amines and yields are high in all cases.

A comparison between conventional heating (oil bath) and
microwave irradiation was carried out too, demonstrating a better
performance of the MW-assisted process (Table 3).
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In conclusion, we think that the methodology described here
represents a new, convenient, and handy synthesis of sulfon-
amides even in large scale, as it uses friendly reaction conditions
and cheap and commercially available reagents. The methodo-
logy has shown a good functional group tolerance and is high
yielding.

Experimental Section

General Procedure for the Synthesis of Sulfonamides from
Sulfonic Acids (2a-0). N-Allyl-4-methylbenzene-sulfonamide
2e. The procedure for N-allyl-4-methyl-benzenesulfonamide (Table
1, entry 5) is representative for all sulfonamides prepared from
sulfonic acids (see Supporting Information). 2,4,6-Trichloro-[1,3,5]-
triazine (0.09 g, 0.49 mmol) was added at room temperature to a
solution of p-toluenesulfonic acid (0.08 g, 0.49 mmol) in acetone
dry (1 mL), followed by NEt; (0.07 mL, 0.49 mmol) dropwise.
The resulting mixture was irradiated to 80 °C (50 W of MW power)
for 20 min in a sealed tube (10 mL pressure-rated reaction vial) in
a self-tuning single mode irradiating synthesizer. The mixture was
cooled rapidly to room temperature by passing compressed air
through the microwave cavity for 1 min. After cooling to room
temperature, the precipitate was filtered off on Celite and 0.3 mL
of a 2 M solution of NaOH, THF (0.25 mL), and allylamine (0.04
mL, 0.49 mmol) were added to the solution. The reaction mixture
is exposed to microwave irradiation for 10 min at 50 °C (50 W of
power) in a sealed tube and then filtered on Celite to eliminate the
formed salts, diluted with DCM, and washed with water, aqueous
Na,COs;, diluted HCI, and brine. The desired product is recovered
in pure form, simply by concentration of the DCM extracts at
reduced pressure (0.09 g, yield 85%). 'H NMR (300 MHz, CDCl5)
0 =177, J =179 Hz, 2H), 7.31 (d, J = 8.1 Hz, 2H), 5.71 (m,
1H), 5.16 (d, J = 17.1 Hz, 1H), 5.07 (d, J = 10.2 Hz, 1H), 3.57
(m, 2H), 2.42 (s, 3H).° 13C NMR (75 MHz, CDCl;) 6 = 143.3,
136.7, 132.9, 129.6, 126.9, 117.4, 45.6, 21.4. ° mp: 63-66 °C (lit.,°
63-66 °C).

General Procedure for the Synthesis of Sulfonamides from
Sulfonic Acid Sodium Salts (4a-d). N-allylbenzenesulfonamide
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4b. The procedure for N-allyl-4-methylbenzenesulfonamide (Table
2, entry 15) is representative for all sulfonamides prepared from
sulfonic acid sodium salts. 2,4,6-Trichloro-[1,3,5]-triazine (0.09 g,
0.49 mmol) was added at room temperature to a solution of
benzenesulfonic acid sodium salt (0.09 g, 0.49 mmol) in acetone
dry (1 mL) and 18-crown-6 (0.01 g, 0.04 mmol). The resulting
mixture was irradiated to 80 °C (50 W of MW power) for 20 min
in a sealed tube (10 mL pressure-rated reaction vial) in a self-tuning
single mode irradiating synthesizer. The mixture was cooled rapidly
to room temperature by passing compressed air through the
microwave cavity for 1 min. After cooling to room temperature,
the precipitate formed was filtered off on Celite and to the solution
were added 0.3 mL of 2 M solution of NaOH, THF (0.25 mL),
and allylamine (0.04 mL, 0.49 mmol). The reaction mixture is
exposed to microwave irradiation for 10 min at 50 °C (50 W of
power) in a sealed tube. The reaction mixture is filtered on Celite
to eliminate the formed salts, then diluted with DCM and washed
with water, aqueous Na,COs3, diluted HCI, and brine. The desired
product is recovered in pure form (0.8 g, yield 89%), simply by
concentration of the DCM extracts at reduced pressure. 'H NMR
(300 MHz, CDCl3) 6 = 7.89 (m, 2H), 7.56 (m, 3H), 5.61 (m, 1H),
5.13 (m, 2H), 4.67 (bs, 1H), 4.09 (d, J = 7.1 Hz, 2H)."” 3C NMR
(75 MHz, CDCl;) 6 = 140.1, 132.6, 132.4, 129.1, 127.2, 119.3,
49.5."* mp: 3942 °C (lit.,'® 39.5-42.5 °C).

Acknowledgment. This work was financially supported by
the Univeristy of Sassari and MIUR (Rome) within the project
PRIN 2005.

Supporting Information Available: Characterization data
of the sulfonamides. This material is available free of charge
via the Internet at http://pubs.acs.org.

JO800424G

(17) Bower, J. F.; Jumnah, R.; Williams, A. C.; Williams, J. M. J. J. Chem.
Soc. Perkin Trans. 1 1997, 9, 1411.
(18) Gensler, W. J. J. Am. Chem. Soc. 1948, 70, 1843.

J. Org. Chem. Vol. 73, No. 10, 2008 3969



