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Here we report an efficient synthesis of sulfamides. 3,5-Lutidine was found to be an optimal solvent and
catalyst for the reaction. The method was developed during our efforts to synthesize a series of novel
FKBP-12 inhibitors in which the known ketoamide linker was replaced with sulfamide.

� 2010 Elsevier Ltd. All rights reserved.
The sulfamide functional group (R2NSO2NR2)1 can be found in a
number of marketed and investigational drugs intended to treat a
wide variety of conditions, examples of which are shown in
Table 1. In recent years, molecules containing sulfamides have also
been investigated as inhibitors of ATP-sensitive potassium chan-
nels,2 carbonic anhydrase,3 carboxypeptidase A,4 c-secretase,5 gly-
cosidase,6 HCV polymerase (NS5B),7 HIV-1 integrase,8 HIV-1
protease,9 histone deacetylase,10 human chymase,11 human leuko-
cyte elastase,12 kinesin spindle protein,13 monoamine reuptake,14

plasma cell membrane protein-1,15 and thrombin;16 as agonists
of androgen receptor,17 b3-andrenergic receptor,18 and PPAR;19

and as antagonists of CXCR2.20

The widespread pharmaceutical use of sulfamides may be
attributed to their unique chemical and structural features, as well
as their ability to confer desirable physical properties. A tetrahe-
dral sulfur atom and multiple vectors for substitution off the nitro-
gen atoms lead to conformational and structural diversity.
Depending on the degree of substitution, the number of hydro-
gen-bond donors and acceptors can be varied, and the lipophilicity
tuned. Sulfamides can be used as a bioisosteres of amides, ureas,
carbamates, ketoamides, esters, sulfonamides, or sulfamates. Like
ureas, sulfamides may be less prone to acidic, basic, or enzyme-cat-
alyzed hydrolysis than other isosteres. Compared to the more com-
monly used sulfonamide, the extra nitrogen of the sulfamide
provides more hydrogen-bonding potential, as well as different
physical properties such as log P and solubility.

Primary sulfamides (R1R2NSO2NH2) can be made from sulfamide
itself, either by heating with an amine23 or by reductive amination of
an aldehyde.21 Amines can also be acylated by unsubstituted sulfa-
moyl chloride, which is often generated in situ by the reaction of
chlorosulfonyl isocyanate with formic acid16 or water.13 BOC- or
CBZ-protected sulfamoyl chlorides can be generated in situ by the
reaction of chlorosulfonyl isocyanate with tert-butyl alcohol24,10 or
benzyl alcohol,4 allowing selective further functionalization, though
ll rights reserved.
these reagents are somewhat unstable. The more stable N-(tert-
butoxycarbonyl)-N-[4-(dimethylazaniumylidene)-1,4-dihydro-
pyridin-1-ylsulfonyl]azanide24 is also employed in the synthesis of
BOC-protected primary sulfamides.

Sulfamides with a higher degree of substitution are commonly
synthesized by the reaction of a substituted sulfamoyl chloride
with an amine in the presence of a base such as triethyl amine or
pyridine.8,18,23 Sterically hindered or less reactive amines, how-
ever, may be sluggish to these conditions, leading to side products
and decomposition of the sulfamoyl chloride. Activating/stabilizing
groups such as oxazolidinone25 and imidazolium triflates26,19 have
been employed to improve the efficiency of difficult reactions. This
Letter describes a difficult sulfamide synthesis we encountered,
and how mechanistic investigation of the side product led to our
use of 3,5-lutidine as a novel solvent/base/activating group.

In our neuroimmunophilin project, we sought to design and
synthesize novel FKBP (FK506 Binding Protein) inhibitors with bet-
ter metabolic stability and physical properties. As a substitute for a
potentially reactive and metabolically unstable ketoamide, a sulf-
amide linker was proposed. The sulfamides with a general struc-
ture 11a/b shown in Scheme 1 were targets of synthetic efforts.
The amine core (8a/b) can be readily synthesized in 2–3 steps.
The alkyl esters (7a/b) of proline and pipecolinic acid were pre-
pared from N-CBz amino acids (6a/b). The CBz group was removed
under standard hydrogenation conditions to give the free amines
(8a/b).

To form the sulfamide moiety, several known protocols for sul-
famoyl chloride formation were tested. At room temperature, the
mixture of sulfuryl chloride and the amine (8a/b) showed no
reaction even with addition of Lewis acids. Higher temperatures
only led to decomposition. The more reactive thionyl chloride
was proposed as a substitute for sulfuryl chloride, though the
products would require oxidation at a later stage. Unfortunately,
the addition of amines (NH2R) to thionyl chloride gave a complex
mixture. Next we decided to test sulfamide formation via substi-
tuted sulfamoyl chloride prepared from the amine (8a/b). The
amine (8a/b) was treated with chlorosulfonic acid and triethyl-

http://dx.doi.org/10.1016/j.tetlet.2010.03.106
mailto:alex.guo@pfizer.com
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


N COOR

Cbz

n

SOCl 2

MeOH

N COOH

Cbz

n H2/Pd-C

N
H

COOR
n

n=1 6a
n=2 6b

1) SO 2Cl2

2) HNR1R2

No Reaction
(first step)

1) ClSO2OH, -30oC
2) PCl5, benzene, reflux

N COOR
n

SO2Cl

HNR1R2

Et3N, CHCl 3

Sulfamide 11a/b 
Not observed

~90%
90-95%

70-85%

Imidazole

N COOR
n

SO2

N

N

HNR1R2
No Reaction

~65%

or ROH/EDC/DIEA

N COOR
n

SO2

7a/b 8a/b

9a/b

10a/b

N
R1 R2

Scheme 1.

Table 1
Examples of sulfamide-containing drugs
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JNJ-26990990 (3) Broad-spectrum Anticonvulsant Ph I21 Johnson & Johnson
Macitentan (4) Pulmonary arterial hypertension Ph III22 Actelion
Famotidine (5) Gastroesophageal reflux disease On market Johnson & Johnson/Merck
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amine at �30 �C to give a sulfamoic acid, which was heated with
phosphorous pentachloride to give the sulfamoyl chloride (9a/b)
in good isolated yield (50–90%).27 However, our attempts to dis-
place the chlorine of the sulfamoyl chloride (9a/b) by amines in
the presence of triethylamine gave none of the desired sulfamide
(11a/b). At low temperature (�78 �C to �30 �C) as suggested in
N COOMe
n

SO2Cl

RNH2
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N CO
n

SO2 1
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Scheme
the literature, no reaction was observed. Heating at ambient or
higher temperatures (25–50 �C) resulted in decomposition. To in-
crease stability, the sulfamoyl chloride was converted to sulfa-
moyl imidazole (10a/b), but this intermediate was not reactive
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Table 2
Sulfamides prepared by following above-mentioned general procedure

XSO2Cl + Y (amine)
(3,5-lutidine)
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Table 2 (continued)

Compound X Y Isolated yield (%)
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To investigate the reaction between the sulfamoyl chloride (9a/
b) and the amines, we screened a number of solvent (CH2Cl2,
CHCl3, benzene, THF, Et2O, DMF) and base (Et3N, DIEA, morpholine)
combinations (Scheme 2), but found that only pyridine as both
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solvent and base gave the desired product sulfamides (11)
although in a very low yield (5–25%). A detailed characterization
of the side products in the reaction mixture revealed that the pri-
mary sulfamide (12) was the main product formed (50–60%). The
finding is surprising because there is no ammonia or its equivalent
in the reaction.

To identify the source of the terminal NH2 and to understand
the mechanism that produced this side product (12), 15N-labeled
aniline and 15N-labeled pyridine were used in two different runs
of this reaction (Scheme 3). When 15N-labeled aniline was used,
the primary sulfamide (14) was isolated without measurable
enrichment of 15N.28 With 15N-labeled pyridine as a solvent, 15N-
labeled 15 was isolated.29 These results suggested that the termi-
nal NH2 of 12 came from pyridine. We propose a reaction mecha-
nism (Scheme 3) in which the sulfamoyl chloride is first activated
by the formation of pyridinium salt. Nucleophilic addition of ani-
line to the sulfone, with pyridine as a leaving group, leads to the
desired sulfamide product 18. Alternatively, nucleophilic attack
of the aniline on the activated ortho or para positions of the pyrid-
inium ring,30 followed by ring opening hydrolysis results in the
undesired primary sulfamide side product 21. Based on the ob-
served product ratio, pathway II is favored under our reaction
conditions.

According to the proposed mechanism, pyridine plays three key
roles in the reaction—(1) co-solvent with a favorable dipole envi-
ronment; (2) catalyst to activate the sulfamoyl chloride; (3) base.
To facilitate the formation of desired sulfamide via pathway I, luti-
dines were substituted for pyridine as base/co-solvent. The steric
bulk of the extra methyl groups might impede nucleophilic addi-
tion to the pyridinium ring, thus disfavoring pathway II. The reac-
tion in 2,6-lutidine was found to be sluggish. Almost 95% of the
sulfamoyl chloride remained even after 24 h. The basic nitrogen
of 2,6-lutidine may be too hindered to activate the sulfonyl chlo-
ride via formation of a pyridinium salt, which seems to be critical
for the reaction. On the other hand, the reaction was faster and
cleaner with 3,5-lutidine as the base, affording the desired sulfam-
ide in a substantially improved yield (up to 90% yield). Only a min-
imal amount (<5%) of the primary sulfamide side product was
observed. 3,5-Lutidine not only provides the desirable dipole envi-
ronment, base, and catalytic effect of pyridine but also minimizes
the formation of the undesired side product by slowing down
nucleophilic addition of the amine to the pyridinium ring. Using
3,5-lutidine as the solvent/base, a large number of sulfamides with
diverse structures were prepared, as shown in Table 2.31

Typical conditions for sulfamide formation: To a 3,5-lutidine
solution (1 mL) of 3,4,5-trimethoxyaniline (176 mg, 0.96 mmol)
was added (S)-methyl 1-(chlorosulfonyl)piperidine-2-carboxylate
(compound 25X, 116 mg, 0.481 mmol) in CH2Cl2 (1 mL) at 25 �C.
After 20 hours, the mixture was diluted with EtOAc (40 mL) and
washed with 5% HCl solution (ice-cold, 25 mL) and brine (25 mL).
The organic layer was dried over MgSO4 and concentrated. The res-
idue was purified by column chromatography (25–30% EtOAc in
hexanes) to provide 165 mg (88%) of sulfamide 25 as a white solid.

In summary, new sulfamide formation conditions have been
established by studying the mechanism of the side product forma-
tion. As a result, we were able to synthesize a new class of FKBP inhib-
itors. The new sulfamide formation protocol provides medicinal
chemists an additional effective method for synthesizing sulfamides,
which potentially have more favorable pharmaceutical properties.

Supplementary data

Supplementary data (analytical data (spectroscopic and physical
characterization) for new sulfamides reported in this work is in-
cluded as Supplementary data) associated with this article can be
found, in the online version, at doi:10.1016/j.tetlet.2010.03.106.
References and notes

1. This functional group is occasionally referred to as a ‘sulfonylurea’ (see Refs.
2,26), though care should be taken not to confuse it with the sulfonylurea class
of antidiabetic drugs having the structure ArSO2NHCONHR.

2. Knieps, S.; Englert, H. C.; Gerlach, U.; Goegelein, H.; Heitsch, H.
‘Piperidinesulfonylureas and Thioureas, Their Preparation, Their Use and
Pharmaceutical Compositions Comprising Them’ WO 2006/063722 A1.

3. Casini, A.; Winum, J.-Y.; Montero, J.-L.; Scozzafava, A.; Supuran, C. T. Bioorg.
Med. Chem. Lett. 2003, 13, 837–840. doi:10.1016/S0960-894X(03)00028-3.

4. Park, J. D.; Kim, D. H.; Kim, S.-J.; Woo, J.-R. J. Med. Chem. 2002, 45, 5295.
doi:10.1021/jm020258v.

5. Sparey, T.; Beher, D.; Best, J.; Biba, M.; Castro, J. L.; Clarke, E.; Hannam, J.; Harrison,
T.; Lewis, H.; Madin, A.; Shearman, M.; Sohal, B.; Tsou, N.; Welch, C.; Wrigley, J.
Bioorg. Med. Chem. Lett. 2005, 15, 4212–4216. doi:10.1016/j.bmcl.2005.06.084.

6. Benltifa, M.; Garcia Moreno, M. I.; Ortiz Mellet, C.; Garcia Fernandez, J. M.;
Wadouachi, A. Bioorg. Med. Chem. Lett. 2008, 18, 2805. doi:10.1016/
j.bmcl.2008.04.004.

7. Bender, J. A.; Ding, M.; Gentles, R. G.; Hewawasam, P. ‘Cyclopropyl Fused
Indolobenzazepine HCV NS5B Inhibitors’, WO2009/067108 A1.

8. Muraglia, E.; Kinzel, O.; Gardelli, C.; Crescenzi, B.; Donghi, M.; Ferrara, M.; Nizi,
E.; Orvieto, F.; Pescatore, G.; Laufer, R.; Gonzalez-Paz, O.; Di Marco, A.; Fiore, F.;
Monteagudo, E.; Fonsi, M.; Felock, P. J.; Rowley, M.; Summa, V. J. Med. Chem.
2008, 51, 861. doi:10.1021/jm701164t.

9. Hulten, J.; Andersson, H. O.; Schaal, W.; Danielson, H. U.; Classon, B.;
Kvarnstrom, I.; Karlen, A.; Unge, T.; Samulesson, B.; Hallberg, A. J. Med. Chem.
1999, 42, 4054–4061. doi:10.1021/jm991054q.

10. Manku, S.; Allan, M.; Nguyen, N.; Ajamian, A.; Rodrigue, J.; Therrien, E.; Wang,
J.; Guo, T.; Rahil, J.; Petschner, A. J.; Nicolescu, A.; Lefebvre, S.; Li, Z.; Fournel,
M.; Besterman, J. M.; Deziel, R.; Wahhab, A. Bioorg. Med. Chem. Lett. 2009, 19,
1866–1870. doi:10.1016/j.bmcl.2009.02.075.

11. Groutas, W. C.; Schechter, N. M.; He, S.; Yu, H.; Huan, P.; Tu, J. Bioorg. Med.
Chem. Lett. 1999, 9, 2199–2204. doi:10.1016/S0960-894X(99)00377-7.

12. Zhong, J.; Gan, X.; Alliston, K. R.; Groutas, W. C. Bioorg. Med. Chem. 2004, 12,
589–593. doi:10.1016/j.bmc.2003.10.059.

13. Parrish, C. A. et al J. Med. Chem. 2007, 50, 4939. doi:10.1021/jm070435y.
14. Goldberg, J.; Fensome, A.; McComas, C. C.; Zhang, P. ‘Substituted

Benzothiadiazinedioxide Derivatives and Methods of Their Use’ WO2008/
073958 A2.

15. Patel, S. D.; Habeski, W. M.; Cheng, A. C.; de la Cruz, E.; Loh, C.; Kablaoui, N. M.
Bioorg. Med. Chem. Lett. 2009, 19, 3339. doi:10.1016/j.bmcl.2009.04.006.

16. Lee, K.; Park, C. W.; Jung, W.-H.; Park, H. D.; Lee, S. H.; Chung, K. H.; Park, S. K.;
Kwon, O. H.; Kang, M.; Park, D.-H.; Lee, S. K.; Kim, E. E.; Yoon, S. K.; Kim, A. J.
Med. Chem. 2003, 46, 3612–3622. doi:10.1021/jm030025j.

17. Manfredi, M. C.; Bi, Y.; Nirschl, A. A.; Sutton, J. C.; Seethala, R.; Golla, R.; Beehler,
B. C.; Sleph, P. G.; Grover, G. J.; Ostrowski, J.; Hamann, L. G. Bioorg. Med. Chem.
Lett. 2007, 17, 4487. doi:10.1016/j.bmcl.2007.06.007.

18. Dow, R. L.; Paight, E. S.; Schneider, S. R.; Hadcock, J. R.; Hargrove, D. M.; Martin,
K. A.; Maurer, T. S.; Mardone, N. A.; Tess, D. A.; DaSilva-Jardine, P. Bioorg. Med.
Chem. Lett. 2004, 14, 3235. doi:10.1016/j.bmcl.2004.03.089.

19. Lee, H. K.; Bang, M.; Pak, C. S. Tetrahedron Lett. 2005, 46, 7139–7142.
doi:10.1016/j.tetlet.2005.08.092.

20. Cheshire, D. R.; Cox, R. J.; Meghani, P. ‘Pyrimidine Sulphonamide Derivatives as
Chemokine Receptor Modulators’ WO2006/024823 A1.

21. Parker, M. H.; Smith-Swintosky, V. L.; McComsey, D. F.; Huang, Y.; Brenneman,
D.; Klein, B.; Malatynska, E.; White, H. S.; Milewski, M.; Herb, M.; Finley, M. F. A.;
Liu, Y.; Lubin, M. L.; Qin, N.; Iannucci, R.; Leclercq, L.; Cuyckens, F.; Reitz, A. B.;
Maryanoff, B. E. J. Med. Chem. 2009, 52, 7528–7536. doi:10.1021%2Fjm801432r.

22. Human Phase III trial on-going according clinicaltrials.gov, http://
clinicaltrials.gov/ct2/show/NCT00903331?term = Macitentan&rank = 1.

23. Cano, C.; Paez, J. A.; Goya, P.; Serrano, A.; Pavon, J.; Rodriguez de Fonseca, F.;
Suardiaz, M.; Martin, M. I. Eur. J. Med. Chem. 2009, 4889. doi:10.1016/
j.ejmech.2009.08.003.

24. Winum, J.-Y.; Toupet, L.; Barragan, V.; Dewynter, G.; Montero, J.-L. Org. Lett.
2001, 3, 2241. doi:10.1021/ol0161312.

25. Ducry, L.; Reinelt, S.; Seiler, P.; Diederich, F.; Bolin, D. R.; Campbell, R. M.; Olson,
G. L. Helv. Chim. Acta 1999, 82, 2432. doi:10.1002/(SICI)1522-
2675(19991215)82:12<2432::AID-HLCA2432>3.0.CO;2-H.

26. Beaudoin, S.; Kinsey, K. E.; Burns, J. F. J. Org. Chem. 2003, 68, 115. doi:10.1021/
jo026505k.

27. Preparation of various sulfamoyl chlorides have been previously reported in
following patent publication. Guo, C.; Dong, L.; Hou, X.; Vanderpool, D. L.;
Villafranca, J. E. PCT Int. Appl. WO 01/40185 A1, 2001.

28. Compound 14 was found to have a parent MS ion [MS(M+H+): 223] and 1H
NMR (broad singlet on peak for NH2 in deuterated DMSO) consistent with
unlabeled product.

29. Compound 15 was found to have a parent MS ion [MS(M+H+): 224], 1H NMR
(doublet peak for NH2 in deuterated DMSO) and 15N NMR (triplet peak for NH2)
consistent with 15N-labeled product.

30. Nucleophilic addition to either ortho or para position of the pyridinium ring can
lead to the same terminal sulfamide side product (21). Ortho addition is shown
as an example in the proposed mechanism.

31. Synthetic procedure and analytical data of all compounds listed herein have been
previously reported in following patent publication. Guo, C.; Dong, L.; Hou, X.;
Vanderpool, D. L.; Villafranca, J. E. PCT Int. Appl. WO 01/40185 A1, 2001.

http://dx.doi.org/10.1016/j.tetlet.2010.03.106
http://dx.doi.org/10.1016/S0960-894X(03)00028-3
http://dx.doi.org/10.1021/jm020258v
http://dx.doi.org/10.1016/j.bmcl.2005.06.084
http://dx.doi.org/10.1016/j.bmcl.2008.04.004
http://dx.doi.org/10.1016/j.bmcl.2008.04.004
http://dx.doi.org/10.1021/jm701164t
http://dx.doi.org/10.1021/jm991054q
http://dx.doi.org/10.1016/j.bmcl.2009.02.075
http://dx.doi.org/10.1016/S0960-894X(99)00377-7
http://dx.doi.org/10.1016/j.bmc.2003.10.059
http://dx.doi.org/10.1021/jm070435y
http://dx.doi.org/10.1016/j.bmcl.2009.04.006
http://dx.doi.org/10.1021/jm030025j
http://dx.doi.org/10.1016/j.bmcl.2007.06.007
http://dx.doi.org/10.1016/j.bmcl.2004.03.089
http://dx.doi.org/10.1016/j.tetlet.2005.08.092
http://www.clinicaltrials.gov/ct2/show/NCT00903331
http://www.clinicaltrials.gov/ct2/show/NCT00903331
http://dx.doi.org/10.1016/j.ejmech.2009.08.003
http://dx.doi.org/10.1016/j.ejmech.2009.08.003
http://dx.doi.org/10.1021/ol0161312
http://dx.doi.org/10.1021/jo026505k
http://dx.doi.org/10.1021/jo026505k

	An efficient synthesis of sulfamides
	Supplementary data
	References and notes


