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Abstract: The palladium-catalyzed three-component coupling of
aryl iodides, sulfur dioxide, and hydrazines to deliver aryl N-
aminosulfonamides is described. The colorless crystalline solid
DABCO-(S0O,), was used as a convenient source of sulfur
dioxide. The reaction tolerates significant variation of both the
aryl iodide and hydrazine coupling partners.

There is an extensive body of literature documenting the varied
coordination modes between sulfur dioxide and metal centers.*
Despite these numerous reports, applications of sulfur dioxide in
transition-metal -catalyzed processes remain scarce.>* A comparison
with the transition-metal chemistry of carbon monoxideis striking:
catalytic carbonylation processes, such as the palladium-catalyzed
conversion of aryl halides into aryl aldehydes, esters, and amides,
are established transformations routinely employed in synthetic
sequences (eq 1 in Scheme 1). In view of the wide occurrence of
sulfonyl motifs (—SO,—) in useful organic functional groups (e.g.,
sulfones, sulfonates, and sulfonamides) together with the enormous
scale of annual sulfur dioxide production,® a catalytic method to
introduce SO, into simple organic molecules would represent an
attractive technology. By analogy to established carbonylation
chemistry, we were interested in developing palladium-catalyzed
reactions to combine aryl halides, sulfur dioxide, and C, O, or N
nucleophiles (eq 2 in Scheme 1). The documented examples in
which SO, undergoes the required insertions into metal —carbon
bonds suggested that such reactions are viable. 2 In this com-
munication, we report the first examples of the proposed sulfony-
lation chemistry and in doing so describe a palladium-catalyzed
route to N-aminosulfonamides.

Scheme 1. Palladium-Catalyzed Carbonylation and Sulfonylation
Reactions
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X=I,Br,Cl Nu = O-, N-, C-nucleophile

Exploratory reactions employing a variety of nucleophiles and
catalysts in combination with gaseous sulfur dioxide were uniformly
unsuccessful. Reasoning that the multiple binding modes and
amphoteric nature of sulfur dioxide may be the cause of these
difficulties, we explored the possibility of employing an SO,
equivalent and were attracted to the use of amine—SO, charge-
transfer complexes. Amine—SO, adducts have been known since
at least 1900 and have been primarily studied to explore the nature
of their structure and bonding.® Tertiary amine—SO, complexes
have received some attention as organic reagents,” mainly function-
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ing as dehydrating agents,® but as far as we are aware, they have
not been exploited as a source of SO, for catalysis. We chose to
explore the use of the known complex DABCO-(SO,), (1, DABCO
= 1,4-diazabicyclo[2.2.2]octane),® which is an air-stable, colorless
solid, in the proposed coupling chemistry. Given the importance
of sulfonamides in medicinal chemistry, we decided to focus our
initial investigation on the formation of C—S0O,—N linkages.

Using reaction conditions we had previoudy employed in related
palladium-catalyzed aminocarbonylation chemistry,’® we were able
to establish the formation of the key of C—S0O,—N bonds using a
hydrazine nucleophile: the coupling of iodotoluene, DABCO-(SO,),,
and N-aminomorpholine was achieved using a Pd(OAc)./PBus; catalyst
in combination with Cs,CO;3 in toluene a 70 °C, delivering N-
aminosulfonamide 2a in 77% yield (Table 1, entry 1). Although the
original conditions featured the use of Cs,CO;, we found that the
addition of the external base was not required when the solvent was
changed from toluene to dioxane (entries 3 and 4). We next explored
theloading of DABCO-(S0,), needed to maintain an efficient reaction;
reducing the amount to 1.1 equiv resulted in an increased yield of
89% (entry 5). However, employing 0.6 equiv of complex 1 (1.2 equiv
of SO,) reduced this to 64% (entry 6). Reasoning that the process no
longer had sufficient base, we performed an identical reaction including
0.5 equiv of DABCO, which pleasingly resulted in 99% conversion
to sulfonamide 2a (entry 7).

Table 1. Effect of the Amount of DABCO-(S0O,), and Base on the
Preparation of Aminosulfonamide 2a®

LN o PH(OAG), PBuy 00 ©
2 7/ base \)
Me + >

S. NE N
solvent, 70 °C /©/ H
(DABCO)-(SO), Me

2a
entry base (equiv) equiv of DABCO - (SO,), solvent yield (%)°
1 Cs,CO; (2.2) 2.2 toluene e
2 - 22 toluene 12
3 Cs,CO; (2.2) 2.2 dioxane 17
4 - 22 dioxane 83
5 - 1.1 dioxane 89
6 - 0.6 dioxane 64
7 DABCO (0.5) 0.6 dioxane 99°

@ Conditions: iodotoluene (1.0 equiv), hydrazine (1.5 equiv),
DABCO-(S0y); (as indicated), Pd(OAC), (10 mol %), PBuz-HBF, (20
mol %), solvent, 70 °C, 16 h. ® Determined by 'H NMR spectroscopy.
¢ Corresponding to a 93% isolated yield.

Table 2 documents the scope of the developed aminosulfony-
lation chemistry. We first evaluated arange of aryl iodide coupling
partners and were able to introduce a variety of electron-donating
substituents using the optimized conditions (products 2b—d).
However, athough both p- and mriodoanisole were effective
substrates, the use of the ortho isomer resulted in only moderate
yields. For slow-reacting substrates, we found that the use of 1.1
equiv of DABCO-(SO,), without the addition of extra DABCO
was more efficient; under these conditions o-iodoanisole was
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Table 2. Scope of Pd-Catalyzed Coupling of Aryl lodides,
DABCO*(S0,),, and Hydrazines®®

I &R
HoN - N Pd(OAc),, PBu, 0. 2

N DABCO _
[DABCO]-[SOQ)Q dioxane, 70 °C

Me 2b, 87% 2¢, 93%
0.0 9 o2 (%
MeoUs.N. o SN
H H
2d, 86% 2e° s%
Me g 0 (7O ‘.
8L NG
H
21, 79% 2g.= 90%

N
H
HO
2hF 86% 2i, 85%
0.0 o
>
J@’
2j,°77% (e} 2Kk.° B0%

\“f K\O (9] [0} |/\O

>

q C'MS-H-N\)

21,6 76% 2m,° 74%
o. "0 O I/\N Me
S.\-N N
H N
Me 2n, 87% Me 20, 75%
0 0 Ne ‘,
oo o,
H
Me
Me 2p, 84% 2q,957%

aConditions: aryl halide (1.0 equiv), hydrazine (1.5 equiv),
DABCO-(S0O,), (0.6 equiv), DABCO (0.5 equiv), Pd(OAc), (10 mol
%), PBus* HBF4 (20 mol %), 1,4-dioxane, 70 °C, 16 h. ° Isolated yields.
°DABCO-(S0,),; (1.1 equiv.) was used, and no DABCO was added.
9 With 95% conversion.

coupled in 76% yield (2€). With the use of either set of conditions
as appropriate, substrates featuring a variety of functional groups,
including free hydroxyl (2i), electron-withdrawing trifluoromethyl
(2)) and methyl ester (2k), and 3-thienyl (2I), were smoothly
coupled. An E-configured akenyl iodide was aso employed,
alowing the ready preparation of alkenyl aminosulfonamide 2m.
Although aryl iodides were the most efficient substrates, the

corresponding aryl bromides could be employed, albeit to deliver
products in reduced yields. For example, sulfonamide 2a was
isolated in 93% yield when iodotoluene was used but only 56%
yield when bromotoluene was employed and the reaction was
performed at the increased temperature of 90 °C. Several alternative
hydrazine coupling partners were also utilized successfully
(2n—q).** Finally, a preparative-scale reaction employing 500 mg
of iodotoluene (2.29 mmol) using the standard reaction conditions
delivered aminosulfonamide 2a in 92% isolated yield.

In conclusion, we have shown for the first time that it is possible
to prepare C—SO,—N linkages using a palladium-catalyzed ami-
nosulfonylation process. Key to the success of the chemistry was
the use of solid DABCO-(S0,), as an easy to handle equivalent of
sulfur dioxide. With this reagent, it was possible to achieve efficient
aminosulfonylation reactions between a range of aryl iodides and
N,N-diakylhydrazines, providing aryl N-aminosulfonamidesin good
to excellent yields. The reactions are operationally simple and
employ only a slight excess (1.2 equiv) of sulfur dioxide. Studies
aimed at elucidating the mechanism of the process and developing
related transformations are underway.
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