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A facile route to N-aminosulfonamides through a palladium-catalyzed coupling reaction of aryl nonaflates, sulfur dioxide,

and hydrazines is reported. This transformation proceeds in the presence of Pd(OAc),/XantPhos, and TBAB in 1,4-dioxane
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at 80 °C, leading to the corresponding N-aminosulfonamides in moderate to good yields. The reaction scope has been

demonstrated, and good functional tolerance is observed. A plausible mechanism is proposed through the insertion of

sulfur dioxide.

Introduction

Palladium-catalyzed cross-coupling reactions are among the
most highly powerful approaches for the efficient construction
of carbon-carbon bonds and carbon-heteroatom bonds."
Among the electrophiles utilized in palladium-catalyzed cross-
coupling reactions, “pseudohalides” are attractive since they
can be readily prepared from aryl alcohols or ketones.” This
development significantly expanded the range of compatible
electrophiles in coupling reactions and further enhanced the
synthetic utility of this approach. Recently, we have involved
the cross-coupling reactions of sulfonates.®> The easy
availability of sulfonates prompted us to expand their further
applications.

Currently, insertion of sulfur dioxide into small molecules
have attracted growing interests in organic synthesis, *7 since
the sulfonyl group can be found in many natural products,
pharmaceuticals, agrochemical molecules, and materials.® For
example, cafenstrole is known as the herbicide, and
bicalutamide is employed for the treatment of prostate
cancer.®. Moreover, this functional group has been utilized
broadly in organic synthesis due to its versatile reactivity.9
Recently, we developed several efficient routes for the
incorporation of sulfur dioxide into small molecules including
transition metal catalyzed sulfonylation and radical process
(Scheme 1).6 For instance, aryl N-aminosulfonamides could be
generated through a reaction of aryldiazonium
tetrafluoroborates, sulfur dioxide, and hydrazines under
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metal-free conditions.’ An alternative route for the synthesis
of aryl N-aminosulfonamides was developed as well via a
palladium-catalyzed three-component reaction of aryl halides,
sulfur dioxide, and hydrazines.sb Consistent with our
continuing
sulfonates and fixation of sulfur dioxide, we concieved that

interest in the cross-coupling reactions of

sulfonates could act as electrophiles as well in the palladium-
catalyzed insertion of sulfur dioxide. Considering the reactivity
and easy availability, aryl nonaflates were chosen as substrates
for reaction development (Scheme 1).
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Scheme 1 Generation of aryl N-aminosulfonamides via insertion of sulfur
dioxide

Due to the disadvantages of gaseous state of sulfur dioxide, the
source of sulfur dioxide includes DABCO-(SO,), (named: DABSO)4
and inorganic metal sulfites was considered. Since the palladium-
catalyzed coupling reaction wusually proceeded under base
conditions and the release of sulfur dioxide from inorganic metal
sulfites should be performed in the presence of an acid, we
therefore selected DABCO-(SO,), as the source of sulfur dioxide
during the transformation. This reagent developed by Willis,® has
been utilized widely due to its stability at bench and easy
availability. Encouraged by these results, we thus started to explore
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the palladium-catalyzed coupling reaction of aryl nonaflates, sulfur
dioxide, and hydrazines.

Results and discussion

A model reaction of phenyl nonaflate 1a, sulfur dioxide, and
morpholin-4-amine 2a was initially investigated (Table 1). At
the outset, the reaction was performed in the presence of
palladium chloride (10 mol %), XPhos (10 mol %) and TBAB (2.0
equiv.) in 1,4-dioxane at 100 °C (Table 1, entry 1). However,
the result was not promising and only a trace amount of
product was detected. A similar result was observed when the
ligand was changed to tricyclohexylphosphine (Table 1, entry
2). To our delight, the reaction proceeded smoothly when
XantPhos was employed as the ligand, leading to the desired
N-aminosulfonamide 3a in 45% yield (Table 1, entry 3). Further
exploration of bases revealed that the yield was lower when
TBAB was replaced by TBAC, TBAI, TEAB, or sodium carbonate
(Table 1, entries 4-7). Gratifyingly, the result was dramatically
improved when palladium acetate was used as the catalyst
(Table 1, entry 8). No better yields were obtained when other
palladium catalysts were screened (Table 1, entries 9 and 10).
Next, we examined other solvents in the reaction (Table 1,
entries 11 and 12). However, 1,4-dioxane was demonstrated
as the best choice. Interestingly, the yield was increased to
70% when the reaction was occurred at 80 °C (Table 1, entry
13). However, the reaction was inert when the temperature
was changed to 60 °C (Table 1, entry 14).

Table 1. Initial studies for the palladium-catalyzed coupling reaction of
phenyl nonaflate 1a, sulfur dioxide, and morpholin-4-amine 2a.

O, (\O

ligand (10 mol % N

gand ( ) Sy S
base, solvent H

o [Pd] (10 mol %)

ONf HaN—-N
N/
+ 2a

1a DABCO-(SO5;), 100 °oC 3a
Entry [Pd] Ligand Base Solvent Yield
(%)
1 PdCl, XPhos TBAB 1,4-dioxane trace
2 PdCl, PCy; TBAB 1,4-dioxane trace
3 PdCl, XantPhos TBAB 1,4-dioxane 45
4 PdCl, XantPhos TBAC 1,4-dioxane 33
5 PdCl, XantPhos TBAI 1,4-dioxane 33
6 PdCl, XantPhos TEAB 1,4-dioxane 26
7 PdCl, XantPhos Na,CO; 1,4-dioxane trace
8 Pd(OAc), XantPhos TBAB 1,4-dioxane 59
9 Pd(PPhs), XantPhos TBAB 1,4-dioxane 28
10 Pd(CO,CFs), XantPhos TBAB 1,4-dioxane 41
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11 Pd(OAc), XantPhos TBAB NM{%eW Amcle%zmne
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12 Pd(OAc), XantPhos TBAB DMF 40

13° Pd(OAc), XantPhos TBAB 1,4-dioxane 70

14° Pd(OAc), XantPhos TBAB 1,4-dioxane  trace

? Isolated yield based on phenyl nonaflate 1a. ® The reaction was
performed at 80 °C. “ The reaction occurred at 60 °C.

With the optimized conditions in hand, we next explored
the scope of this palladium-catalyzed coupling reaction of aryl
nonaflates 1, sulfur dioxide, and hydrazines 2. The
corresponding results are presented in Table 2. It was found
that all reactions worked smoothly to produce the desired
products in moderate to good vyields. Aryl nonaflates 1
participated successfully in the transformation, including the
substrates substituted by electron-donating and electron-
withdrawing groups. Different functional groups including
methyl, methoxy, fluoro, chloro, and trifluoromethyl groups
attached on the aromatic ring of aryl nonaflates 1 were
tolerated under the standard conditions. For example, 4-
chlorophenyl nonaflate reacted with sulfur dioxide and
morpholin-4-amine 2a gave rise to the corresponding product
3g in 48% vyield. During the transformation, the chloro group
was remained, which was not involved in the reaction. The
reaction was also workable when sterically hindered 2-
methylphenyl nonaflate was employed as the substrate,
affording the expected product 3i in 45% yield. Other
hydrazines were employed in the palladium-catalyzed coupling
reaction of aryl nonaflate 1 and sulfur dioxide in the meantime.
As expected, all reactions proceeded well to afford the
corresponding products. For instance, the coupling reaction of
phenyl nonaflate 1a, dioxide, and 1-ethyl-1-
phenylhydrazine generated the desired N'-ethyl-N'-
phenylbenzenesulfonohydrazide 3m in 51% vyield.

sulfur

Table 2. Scope exploration of palladium-catalyzed coupling reaction of aryl
nonaflates 1, sulfur dioxide, and hydrazines 2°
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3m, 51% yield 3n, 45% yield

? Isolated yield based on aryl nonaflate 1.

A possible mechanism of this palladium-catalyzed coupling
reaction of aryl nonaflates 1, sulfur dioxide, and hydrazines 2 is
provided in Scheme 2. We reasoned that an oxidative addition
of palladium(0) to aryl nonaflate 1 would occur firstly to
generate Pd(ll) species A. Subsequently, the insertion of sulfur
dioxide to Pd(ll) A would happen to produce intermediate B. In
the presence of a base, the nucleophilic attack of hydrazine 2
to Pd(ll) B would afford the corresponding aryl N-
aminosulfonamide 3 with the release of Pd(0), which would
then re-enter the catalytic cycle.

02 Pd(0) O ONf
R3 R¢ ¥z
R‘l
1
\w Pl
I \ Pd” c R X
Z A
base
\\//
d”
HoN— N My S0,
B
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Scheme 2. A plausible mechanism for the palladium—catalgzed co%olin
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reaction of aryl nonaflates 1, sulfur dioxide, and hydvazinesH29/C50B02514A

Conclusions

In conclusion, we have developed a convenient route to N-
aminosulfonamides through a palladium-catalyzed coupling
reaction of aryl nonaflates, sulfur dioxide, and hydrazines. This
transformation proceeds in the presence of
Pd(OAc),/XantPhos (10 mol %), and TBAB in 1,4-dioxane at
80 °C, leading to the corresponding N-aminosulfonamides in
moderate to good vyields. The reaction scope has been
demonstrated, and good functional tolerance is observed. The
easy availability of substrates and mild reaction conditions of
this approach would enable this protocol to be attractive for
further applications.

Experimental Section
General experimental methods

Unless otherwise stated, all commercial reagents were
used as received. All solvents were dried and distilled
according to  standard procedures. Flash
chromatography was performed using silica gel (60-A pore size,
32-63um, grade). Analytical thin—layer
chromatography was performed using glass plates pre-coated
with 0.25 mm 230-400 mesh silica gel impregnated with a
fluorescent indicator (254 nm). Thin layer chromatography
plates were visualized by exposure to ultraviolet light. Organic

column

standard

solutions were concentrated on rotary evaporators at ~20 Torr
at 25-35°C. Nuclear magnetic resonance (NMR) spectra are
recorded in parts per million from internal tetramethylsilane
on the & scale. 'H and >C NMR spectra were recorded in CDCl3
on a Bruker DRX-400 spectrometer operating at 400 MHz and
100 MHz, respectively. All chemical shift values are quoted in
ppm and coupling constants quoted in Hz. High resolution
mass spectrometry (HRMS) spectra were obtained on a
micrOTOF Il Instrument.

General experimental procedure for the palladium-catalyzed
coupling reaction of aryl nonaflates 1, sulfur dioxide, and
hydrazines 2

Aryl nonaflate 1 (0.3 mmol) and hydrazine 2 (0.6 mmol, 2
equiv.) was added to a solution of DABCO#(SO,), (0.3 mmol, 1
equiv.), Pd(OAc), (0.03 mmol, 10 mol %), XantPhos (0.03
mmol, 10 mol %), and TBAB (0.6 mmol, 2 equiv.) in 1,4-dioxane
(2.5 mL) under N, atmosphere. The mixture was stirred at
80 °C for 8-10 hours. After completion of the reaction as
indicated by TLC, the solvent was evaporated and the residue
chromatograph

desired  N-

was purified directly by flash column
(EaOAc/n-hexane, 1: 2) to give the
aminosulfonamide 3.

N-Morpholinobenzenesulfonamide (3a).% Yield: 70%, yellow
solid; *H NMR (400 MHz, CDCls) & 2.62 (t, J = 4.6 Hz, 4H), 3.60
(t, J = 4.6 Hz, 4H), 3.84 (s, 1H), 7.53 (t, J = 7.5 Hz), 7.61 (t, J =
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7.4 Hz), 7.99 (d, J = 7.2 Hz); *C NMR (100 MHz, CDCl;) 6 56.6,
66.6, 128.1, 128.8, 133.1, 138.6.
3-Methyl-N-morpholinobenzenesulfonamide (3b).° Yield: 47%,
yellow solid; "H NMR (400 MHz, CDCl5) 6 2.44 (s, 3H), 2.62 (t, J
= 4.4 Hz, 4H), 3.61 (t, J = 4.4 Hz, 4H), 5.58 (s, 1H), 7.41(d, J = 4.8
Hz, 2H), 7.77-7.79 (m, 2H); *C NMR (100 MHz, CDCl5) & 21.3,
56.7, 66.6, 125.2, 128.4, 128.7, 133.9, 138.4, 139.0; HRMS (ESI)
calcd for Cy1H16N,05S: 279.0774 (M + Na¥), found: 279.0775.
3-Methoxy-N-morpholinobenzenesulfonamide (3¢).5°  Yield:
72%, yellow solid; "H NMR (400 MHz, CDCls) & 2.64 (t, J = 4.6
Hz, 4H), 3.62 (t, J = 4.6 Hz, 4H), 3.87 (s, 3H), 5.86 (s, 1H), 7.12-
7.15(m, 1H), 7.43 (t, J = 8.0 Hz, 1H), 7.49 (t, J = 2.0 Hz,
1H) , 7.56 (d, J= 7.8 Hz, 1H); *C NMR(100 MHz, CDCls) & 55.7,
56.6, 66.6, 112.6, 119.6, 120.2, 129.9, 139.8, 159.7.
4-Methoxy-N-morpholinobenzenesulfonamide (3d).%°  Yield:
63%, yellow solid; "H NMR (400 MHz, CDCls) & 2.63 (t, J = 4.4
Hz, 4H), 3.62 (t, J = 4.3 Hz, 4H), 3.89 (s, 3H), 5.56 (s, 1H), 6.99 (d,
J = 8.9 Hz, 2H), 7.90 (d, J = 8.8 Hz, 2H); *C NMR (100 MHz,
CDCl3) 8 55.6, 56.7, 114.0, 128.8, 130.3, 163.2.

4-(tert-Butyl)-N-morpholinobenzenesulfonamide (3e).6C Yield:
67%, brown solid; 'H NMR (400 MHz, CDCl3) 6 1.35 (s, 9H),
2.64 (t,J= 4.6 Hz, 4H), 3.61 (t, J = 4.6 Hz, 4H), 5.75 (s, 1H), 7.53
(d, J = 8.6 Hz), 7.89 (d, J = 8.6 Hz); *C NMR (100 MHz, CDCls) &
31.0, 35.2,56.7, 66.6, 125.8, 128.0, 135.6, 157.0.

4-Chloro-N-morpholinobenzenesulfonamide (3f).6C Yield: 48%,
yellow solid; *H NMR (400 MHz, CDCls) & 2.65 (t, J = 4.5 Hz, 4H),
3.62 (t, J = 4.6 Hz, 4H), 5.53 (s, 1H), 7.50(d, J = 8.6 Hz, 2H), 7.91
(d, J = 8.6 Hz, 2H); *C NMR (100 MHz, CDCls) & 56.7, 66.6,
125.8,127.9, 129.1, 129.6.

4-Fluoro-N-morpholinobenzenesulfonamide (3g).GC Yield: 36%,
brown solid; *H NMR (400 MHz, CDCls) 6 2.64 (t, J = 4.5 Hz, 4H),
3.62 (t, J = 4.4 Hz, 4H), 5.52 (s, 1H), 7.21(t, J = 8.5 Hz, 2H), 7.98-
8.01 (m, 2H); *C NMR (100 MHz, CD;0D) & 56.3, 66.4, 116.7 (d,
Jp=22.9 Hz), 131.1 (d, Jf = 9.5 Hz), 136.1, 164.9 (d, J; = 250.7
Hz).

N-Morpholino-4-(trifluoromethyl)benzenesulfonamide (3h).6C
Yield: 40%, brown solid; "H NMR (400 MHz, CDCl;) 6 2.66 (t, J =
4.5 Hz, 4H), 3.63 (t, J = 4.5 Hz, 4H), 5.61 (s, 1H), 7.80 (d, J = 8.2
Hz, 2H), 8.11 (d, J = 8.2 Hz, 2H); “3C NMR (100 MHz, CDCls)
142.3, 134.9 (q, J = 33.4 Hz), 128.6, 126.0 (d, J = 3.1 Hz), 124.5,
66.5, 56.8.

2-Methyl-N-morpholinobenzenesulfonamide (3).%° Yield: 45%,
yellow solid; *H NMR (400 MHz, CDCls) & 2.66 (t, J = 4.6 Hz, 4H),
2.70 (s, 3H), 3.58 (t, J = 4.5 Hz, 4H), 5.52 (s, 1H), 7.30-7.36 (m,
2H), 7.47-7.50 (m, 1H), 8.07 (d, J = 7.4 Hz, 1H); *C NMR (100
MHz, CDCl;) & 20.6, 56.7, 66.5, 126.1, 131.0, 132.3, 133.2,
136.4, 138.0.

N-Morpholinobenzo[d][1,3]dioxole-5-sulfonamide (3j). Yield:
40%, white solid; "H NMR (400 MHz, CDCl3) § 2.66 (t, J = 4.6 Hz,
4H), 3.64 (t, J = 4.6 Hz, 4H), 5.42 (s, 1H), 6.10 (s, 2H), 6.90 (d, J
= 8.2 Hz, 1H), 7.38 (d, J = 1.6 Hz, 1H), 7.54 (dd, J; = 1.7 Hz, J, =
8.2 Hz); *C NMR (100 MHz, CDCls) & 56.8, 66.6, 102.3, 108.1,
108.3, 116.2, 124.0, 156.0, 156.6; HRMS (ESI) calcd for
C11H14N,05S: 287.0696 (M + H*), found: 287.0694.

4 | J. Name., 2012, 00, 1-3

N-Morpholino-[1,1'-biphenyl]-4-sulfonamide (3k).\‘}fe\)gi,g|gl'e6q%
yellow solid; *H NMR (400 MHz, CDCl3) 5 296 2Q€. 0B G50 RRAH),
3.63 (t, J = 4.6 Hz, 4H), 5.70 (s, 1H), 7.41-7.45 (m, 1H), 7.47-
7.51 (m, 2H), 7.62-7.64 (m, 2H), 7.74 (d, J = 8.6 Hz, 2H), 8.04 (d,
J = 8.5 Hz, 2H); 3C NMR (100 MHz, CDCl5) & 56.8, 66.6, 127.3,
127.4,128.6, 128.6, 129.1, 137.2, 139.1, 146.0.

N'-Methyl-N'"-phenylbenzenesulfonohydrazide (31).5 Yield: 50%,
brown solid; *"H NMR (400 MHz, CDCl3) 6 2.94 (s, 3H), 6.36 (s,
1H), 6.84 (dd, J, = 8.0 Hz, J, = 11.0 Hz, 3H), 7.15 (t, J = 8.3 Hz,
2H) 7.48 (t, J = 7.7 Hz, 2H), 7.58 (t, J = 7.4 Hz, 1H), 7.95 (d, J =
7.4 Hz, 2H); *C NMR (100 MHz, CDCl5) & 42.7, 114.4, 120.9,
128.1,128.9, 129.1, 133.3, 138.5, 149.6.

N'-Ethyl-N'-phenylbenzenesulfonohydrazide (3m).* Yield: 51%,
yellow solid; *H NMR (400 MHz, CDCl3) § 1.00 (t, J = 7.1 Hz, 3H),
3.41-3.49 (m, 2H), 6.67 (s, 1H), 6.80 (dd, J; = 7.6 Hz, J, = 12.6
Hz, 3H), 7.12 (t, J = 8.0 Hz, 2H), 7.44 (t, J = 7.7 Hz, 2H), 7.53 (t, J
= 7.4 Hz, 1H), 7.92 (d, J = 7.3 Hz, 2H); *C NMR (100 MHz, CDCl3)
5 9.5, 49.2, 113.6, 115.1, 120.8, 128.1, 128.9, 133.2, 138.7,
147.6.

N'-Benzyl-N'"-phenylbenzenesulfonohydrazide (3n).%°  Yield:
45%, yellow solid; "H NMR (400 MHz, CDCly) & 4.56 (s, 2H),
6.36 (s, 1H), 6.85-6.93 (m, 3H), 7.04-7.06 (m, 2H), 7.16 (t, J =
8.3 Hz, 2H), 7.27 (t, J = 3.3 Hz, 3H), 7.47 (t, J = 7.6 Hz, 2H), 7.57
(t, J = 7.4 Hz, 1H), 7.94 (d, J = 7.3 Hz, 2H); >C NMR (100 MHz,
CDCl;) 6 58.1, 115.3, 121.0, 128.0, 128.0, 128.3, 128.6, 128.8,
129.0, 133.3, 134.4, 138.8, 148.6.
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