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Abstract—A convenient synthesis of a variety of substituted N-hydroxysulfamides from chlorosulfonyl isocyanate is reported. Alkyl
groups can be introduced selectively on the N-Boc nitrogen of key intermediates 1a or 1b using the Mitsunobu reaction with alco-
hols. Subsequently the nitrogen carrying the silyloxy group can be alkylated under traditional conditions. Deprotection to the
desired N-hydroxysulfamide can be achieved in high yields. Using this method, a number of structurally diverse N-hydroxysulfa-
mides have been prepared. The usefulness of this methodology has further been demonstrated by the synthesis of more complex
targets such as bis-hydroxysulfamide 5, and cyclic hydroxysulfamides 7 and 8.
� 2007 Elsevier Ltd. All rights reserved.
N-Hydroxysulfamides are a class of compounds that are
structurally similar to N-hydroxyureas,1 N-hydroxysulf-
onamides,2 and sulfamides,3 which exhibit a wide range
of biological activity. However, little research has fo-
cused on the synthesis of N-hydroxysulfamides or their
biological activity. Recently, the synthesis of a few N-al-
kyl, N 0-hydroxysulfamides was published.4 These com-
pounds were shown to be potent inhibitors of several
isozymes of carbonic anhydrase establishing the poten-
tial of N-hydroxysulfamides as pharmacophores.5 Supu-
ran et al.6 have recently obtained the X-ray crystal
structure of N-hydroxysulfamide (NH2SO2NHOH) with
an isozyme of CA, which shows it is bound to the Zn
through the ionized primary amino group. They pro-
pose that incorporation of R groups at the N-hydroxy
position could lead to more effective enzyme inhibitors.
Also, some phenylalanine-based N-hydroxysulfamides
have been shown to be inhibitors of carboxypeptidase
A.7 These results prompt us to report our own synthetic
efforts to develop a convenient synthetic methodology
for this class of molecules.
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N-hydroxysulfamides have been prepared in low yields
by the direct coupling of a sulfamoyl chloride8 or fluo-
ride9 with hydroxylamine. This method is limited by
poor availability of sulfamoyl chlorides and hydroxyl-
amines. The first attempt to prepare some simple N-
hydroxysulfamides from chlorosulfonylisocyanate
(CSI) gave some surprising results. CSI was reacted with
t-BuOH to give the N-Boc-sulfamoyl chloride, which
was then reacted with O-benzylhydroxylamine. How-
ever, attempts to deprotect the N-benzyloxy group using
hydrogenolysis resulted in cleavage of the N–O bond
yielding the corresponding sulfamide and not the desired
N-hydroxysulfamide.10 In one example, direct coupling
with unprotected hydroxylamine did lead to the unsub-
stituted N-hydroxysulfamide. More recently, a limited
study was published that involved the coupling of O-
(t-butyldimethylsilyl)-hydroxylamine with N-Boc sulfa-
moyl chloride.4 Reaction of the resulting sulfamide with
aliphatic alcohols under Mitsunobu conditions gave the
corresponding N-alkyl-N 0-hydroxysulfamides after
deprotection with TFA/water 5%. However, this study
was of limited synthetic scope and needed further expan-
sion. We desired a method for the selective preparation
of disubstituted N-hydroxysulfamides (including cyclic
examples) and bis-N-hydroxysulfamides.

The known N-Boc-sulfamoyl chloride was prepared by
the reaction of t-butanol with CSI and its reaction
with several O-TBDMS protected hydroxylamines was
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investigated (Scheme 1). In general, a dichloromethane
solution of the N-Boc-sulfamoyl chloride (1 equiv, pre-
pared in situ) was added to a dichloromethane solution
of O-TBDMS protected hydroxylamine (1–1.2 equiv,
prepared in situ) in the presence of triethylamine. After
stirring the mixture overnight, the product was isolated
and purified by flash chromatography. Using this proce-
dure it was possible to prepare protected N-hydrox-
ysulfamides, 1a–d, in good yields (Scheme 1).11,12

However, the yield was lower in the coupling of the
hindered t-butyl hydroxylamine to give 1e.

The protected sulfamides 1 provide an excellent starting
material for preparation of derivatives by alkylation. We
first examined the alkylation of the Boc protected nitro-
gen of 1a using Mitsunobu conditions (R1OH, PPh3,
DEAD—method A13). The desired products were ob-
tained in good yields after isolation and purification
Table 1. Alkylation of sulfamides using method A or B

Boc

R1

Method A

Method B
1 or 2

Entry Substrate Product R

1 1a 2a CH3

2 1a 2b CH3

3 1a 2c CH3

4 1a 2d CH3

5 1a 2e CH3

6 1b 2f H

7 1b 2g H

8 1b 2h H
9 1b 2i H

10 1b 2j nBu
11 1b 2k Allyl
12 2g 2l nBu
13 2i 2m Bn

a Method A-1, DEAD, PPh3, R1OH, THF, rt.
b Method B-1, R1X (1.2 equiv), K2CO3, CH3CN, reflux: X = I, except in 2b
c 50:50 Mixture of mono and dialkylated product (based on 1H NMR).
d 40:60 Mixture of mono and dialkylated product (based on 1H NMR).
e 3 equiv of RX.
by silica gel chromatography. The Mitsunobu reaction
proceeded smoothly with selectivity in the case of the
unsubstituted sulfamide 1b, clearly demonstrating the
nitrogen of higher nucleophilicity. The generality of this
method is clearly shown by the examples listed in Table
1.

Because of the time consuming and more difficult isola-
tion of the products from the Mitsunobu reaction, we
also examined the reactions of N-hydroxysulfamides 1
with alkyl halides using standard alkylation conditions
(R1X, K2CO3, CH3CN, reflux-method B14). In the case
of sulfamide 1a, N-alkylation using method B gave good
yields of the desired products, 2a–d, (Table 1, entries 1–
4) after isolation and purification by silica gel chroma-
tography. Alkylation using the more hindered 2-iodo-
propane (Table 1, entry 5) gave a lower yield of the
desired product 2e.

Alkylation of 1b (R = H) with 1 equiv of ethyl iodide or
benzyl bromide using method B was more complex and
gave mixtures of mono (alkylation at the Boc protected
nitrogen) and dialkylated products (Table 1, entries 6
and 7). It was not possible to selectively effect this alkyl-
ation by variation of the reaction conditions. Though N-
alkylation of the more acidic Boc protected nitrogen was
the faster process, it was somewhat surprising that alkyl-
ation on the hydroxylamine nitrogen also occurred read-
ily. This led us to take advantage of this observation and
exploit it for the one pot preparation of symmetrical
N S

O

O

N

OTBDMS

R

2

R1 Method Yield (%)

CH3CH2 Aa 74
Bb 75

Bn A 77
B 74

Allyl A 66
B 77

Ot-Bu A 74

i-Pr A 73
B 29

CH3CH2 A 78
B Mixturec

Bn A 75
B Mixtured

Allyl A 68
i-Pr A 77
nBu Be 79
Allyl Be 76
Bn B 77
i-Pr B 73

, 2c, 2k, and 2g where X = Br.



Table 2. Preparation of N-hydroxysulfamides 3
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1 or 2 1. TFA, CH2Cl2, rt

2. 15% HCl/MeOH, rt

Entry Substrate Product R R1 Yielda (%)

1 1c 3a Bn H 93
2 1d 3b c-Hexyl H 90
3 2a 3c CH3 CH3CH2 97

4 2d 3d CH3 Ot-Bu 85

a Two-step yield.
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dialkylated sulfamides. For example, 2j and 2k were
prepared in good yields using method B with 3 equiv
of butyl iodide or allyl bromide.

Introduction of different alkyl groups on the two nitro-
gens of 1b was accomplished by a two-step procedure
(Table 1, entries 12 and 13).15 In one example, sulfamide
1b was first reacted with benzyl alcohol under Mitsun-
obu conditions (method A) to give the monoalkylated
product 2g. Subsequent alkylation of 2g using butyl
iodide (method B) gave the unsymmetrical dialkylated
sulfamide 2l. The two-step approach clearly demon-
strates the potential to incorporate the desired alkyl
group at the appropriate nitrogen of 1b.

Representative sulfamides were deprotected to yield the
corresponding N-hydroxysulfamides 3a–d (Table 2).
The Boc group was first removed by treatment of the
sulfamide with 10% trifluoroacetic acid in dichlorometh-
ane at room temperature. Subsequent removal of the
TBDMS group was accomplished using 15% HCl in
methanol.16

It is exciting to note that this methodology can be ex-
tended to prepare new classes of previously unreported
N-hydroxysulfamide ligand systems. Treatment of a,a 0-
dibromo-m-xylene with 2 equiv of sulfamide 1a in the
presence of potassium carbonate in refluxing acetonitrile
gave the protected sulfamide 4 in 79% yield after purifi-
cation. Removal of the Boc protecting groups with 10%
TFA in dichloromethane followed by treatment with
15% HCl in methanol gave bis-N-hydroxysulfamide 5
in 78% yield (Scheme 2).

This methodology is also useful for the synthesis of cyc-
lic N-hydroxysulfamides (Scheme 3). Alkylation of 1,3-
dibromopropane with 1 equiv of 1b in the presence of
potassium carbonate in refluxing acetonitrile followed
by removal of the Boc protecting group using 10%
TFA in dichloromethane gave the cyclic sulfamide 6.
Removal of the TBDMS protecting group using stan-
dard methods gave the cyclic N-hydroxysulfamide 7 in
excellent yield. Alternatively, sulfamide 6 could be alkyl-
ated with methyl iodide followed by removal of the
TBDMS protecting group to give the cyclic N-methyl,
N 0-hydroxysulfamide 8. Cyclic sulfamides have been
shown to inhibit a variety of enzymes.1b
In conclusion, we have developed a versatile synthetic
method for the preparation of a wide array of N-
hydroxysulfamides. Further, the methodology has been
shown to be useful for the synthesis of bis-N-hydroxy-
sulfamides as well as cyclic N-hydroxysulfamides. The
present study increases the availability of diverse
substrates for evaluation by researchers in the field of
carbonic anhydrase inhibition, an area of much
biomedical interest.
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1.5 h. The solvent was removed under reduced pressure to
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