
10.1021/ol201957n r 2011 American Chemical Society
Published on Web 08/25/2011

ORGANIC
LETTERS

2011
Vol. 13, No. 18
4876–4878

DABCO-Bis(sulfur dioxide),
DABSO, as a Convenient Source
of Sulfur Dioxide for Organic
Synthesis: Utility in Sulfonamide
and Sulfamide Preparation

Holly Woolven, Carlos Gonz�alez-Rodrı́guez, Isabel Marco, Amber L. Thompson, and
Michael C. Willis*

Department of Chemistry, University of Oxford, Chemistry Research Laboratory,
Mansfield Road, Oxford, OX1 3TA, U.K.

michael.willis@chem.ox.ac.uk

Received July 20, 2011

ABSTRACT

The charge-transfer complex generated from the combination of DABCO and sulfur dioxide, DABSO, is a bench-stable colorless solid suitable for
use in organic synthesis as a replacement for gaseous sulfur dioxide. The complex can be combined with Grignard reagents to form sulfinates,
which can then be converted in situ to a series of sulfonamides. Alternatively, reaction with anilines and iodine leads to the formation of a series of
sulfamides. Cheletropic addition between DABSO and 2,3-dimethylbutadiene provides the corresponding sulfolene.

Sulfur dioxide has a long history as a reagent for organic
synthesis.1 It is known to take part in a number of distinct
pericyclic processes, including cheletropic additions to
dienes, hetero-Diels�Alder reactions, and ene processes.2

Sulfur dioxide is also exploited in the synthesis of aromatic
sulfonyl chlorides,3 in copolymerization with alkenes4 and
in alkene isomerization reactions.5 In addition, the electro-
philic nature of sulfur dioxide has seen it utilized in the
synthesis of sulfinates, and related sulfones, from combi-
nation with nucleophilic organometallic species such as

Grignard reagents and organolithiums.6 More recently, it
has found application inmulticomponent systems, leading
to the synthesis of complex polyfunctionalized molecules.7

Despite this varied reactivity profile, and the correspond-
ing range of compounds that can be prepared, the number
of applications of these reactions in synthesis is arguably
lower than would be expected. One reason for this is
presumably the difficulties associated with the handling
and use of a toxic gaseous reagent.8 In this Letter we
demonstrate the utility of DABCO-bis(sulfur dioxide),
which we have abbreviated to DABSO, as a bench-stable
solid reagent that can function as a sulfur dioxide equiva-
lent in a number of processes.
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The combination of sulfur dioxide and an amine can
lead to the formation of charge transfer complexes; exam-
ples have been known since the early twentieth century,
and during the mid-1900s they received attention from a
structure and bonding perspective.9 Olah has exploited
tertiary amine-SO2 complexes as dehydrating agents.10

However, further applications to organic synthesis have
been very limited.11Given the known stability of a number
of amine-SO2 complexes we were interested in whether a
simple complex of this type could be exploited as an SO2

equivalent and ideally replace the gaseous reagent in a
number of transformations. The known DABCO 3 (SO2)2
complex,12 DABSO, is conveniently prepared in quantita-
tive yield from the direct combination ofDABCOand SO2

and is a crystalline bench-stable colorless solid.13 Single
crystal X-ray analysis confirmed the structure was in
agreement with related examples (Figure 1).14

Although we have recently demonstrated the utility of
DABSO in a palladium-catalyzed aminosulfonylation
process15 � an unprecedented transformation using gas-
eous SO2� we wanted to explore DABSO in reactions for
which the use of SO2 has already been established. In 2003,

Barrett reported the one-pot preparation of sulfonamides
from the combination of arylGrignard reagents and sulfur
dioxide gas, followed by treatment with sulfuryl chloride
and an appropriate amine.16 The basic process is shown in
Scheme 1. Given the wide occurrence of sulfonamide
functional groups in a range of bioactive compounds this
transformation seemed an ideal candidate to investigate
with an SO2 equivalent.

Pleasingly, we found that treatment of a THF suspen-
sion of DABSO with p-tolyl magnesium bromide at
�40 �C, followed by addition of sulfuryl chloride and then
afterwarming to room temperature,morpholine, provided
the expected sulfonamide in 67% yield (Table 1, entry 1).
Table 1 documents the scope of the process: Entries 1�6
demonstrate that variation of the amine component is
readily achieved, including primary, secondary, and allylic
examples. The use of a hydrazine nucleophile was less
successful, with the N-aminomorpholine-derived sulfona-
mide being obtained in only 26% yield (entry 7). As well as
aryl Grignard reagents (entries 8�10), it was also possible
to employ benzyl (entry 11), allyl (entry 12), alkyl (entry
13), and heteroaryl examples (entry 14). In all cases the
yields of the sulfonamide products were good (50�80%)
and are comparable with the reactions reported using the
gaseous reagent. The original report includes no examples
of the use of primary amines or of alkenyl or alkyl
Grignard reagents.16

Gaseous SO2 has also been applied to sulfamide pre-
paration: In 2006,Rudkevichdemonstrated that treatment
of anilines with SO2 gas, iodine, and pyridine provided the
corresponding diarylsulfamides.17,18 The authors noted
the need to employ ∼100 equiv of SO2. We found that
DABSO could be used as an effective replacement for
the gaseous reagent in this protocol. For example, N,
N0-diphenylsulfamide was prepared in 63% yield using a
combination of DABSO, aniline, and iodine (Table 2,
entry 1). It should be noted that only 2 equiv of DABSO,
relative to aniline, were employed. Table 2 charts the scope
of the reaction and demonstrates the effective preparation
of a variety of diarylsulfamides.

Figure 1. X-ray crystal structure of DABCO-bis(sulfur dioxide)
adduct, DABSO, with thermal ellipsoids shown at 50% prob-
ability; N...S distances are 2.0958(14) and 2.1732(15) Å.

Scheme 1. One-Pot Preparation of Sulfonamides
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As a final demonstration of the utility of DABSO we
explored the cheletropic addition with 2,3-dimethyl-buta-
diene. Simply heating DABSO with an excess of the diene
at 120 �C in a pressure tube delivered an 80% yield of the
sulfolene product (1, Scheme 2).
In conclusion, we have demonstrated that DABCO-

bis(sulfur dioxide), DABSO, can be used as an effective
replacement for gaseous sulfur dioxide in a number of
established processes, leading to the synthesis of sulfona-

mides, sulfamides, and sulfolenes. The reagent is a bench-
stable colorless solid that should find wide application in
synthesis; further applications are being developed in our
laboratory.
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Table 1. Scope of the One-Pot Preparation of Sulfonamides
Using DABSOa

aReaction conditions: Grignard reagent (1.0 equiv), DABSO
(2.5 equiv), THF, �40 �C, 1 h, then sulfuryl chloride (1.0 equiv), warm
to rt, then amine (10 equiv). b Isolated yields.

Table 2. Sulfamide Preparation Using DABSOa

aReaction conditions: aniline (1.0 equiv), DABSO (2.0 equiv), I2
(1.5 equiv), CH3CN, 0 �C to rt, 15 h. b Isolated yields.

Scheme 2. Cheletropic Addition of DABSO to 2,3-dimethyl-
butadiene


