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A practical and efficient strategy has been developed for the cross-coupling of N,N-dibenzyl-4-iodobenzenesulfonamide
with nitrogen nucleophiles using 0.5-20 mol% of Cul under ligand-free conditions. A variety of nitrogen nucleophiles
including nitrogen heterocycles, sulfonamides and amides afforded the corresponding products in moderate to good yields
(up to 98%) under the optimized conditions. The application of this catalytic system to the synthesis of Celecoxib
intermedi ate was al so successfully demonstrated.

:\o/©

-N

Oo=w




Graphical Abstract
To create your abstract, type over the instructinriee template box below.
Fonts or abstract dimensions should not be chaogallered.

Efficient copper-catalyzed cross-coupling of Leave this area blank for abstract info.
nitrogen nucleophileswith N,N-dibenzyl-4-
iodobenzenesulfonamide and its application
in the synthesis of Celecoxib intermediate

Fui-Fong Yong, Miskal Azri, Yong-En Darrell Lim antbng-Chua Teo.

Cul (0.5 - 20 mol%)

Cs,CO3 (2 equiv) (H)

S—N

-N DMF @OO L@
130°C, 24 h

A practical and efficient strategy has been dewadofor the cross-coupling &,N-dibenzyl-4-iodobenzenesulfonami
with nitrogen nucleophiles using 0.5-20 mol% of Qurder ligand-free conditions. A variety of nitregaucleophileg
including nitrogen heterocycles, sulfonamides amildas afforded the corresponding products in mdddmgood yields
(up to 98%) under the optimized conditions. The ligppion of this catalytic system to the synthesisCelecoxib

intermediate was also successfully demonstrated.

Cine O

O=n=0




Tetrahedron

journal homepage: www.elsevier.com

Efficient copper-catalyzed cross-coupling of nigagiucleophiles with,N-
dibenzyl-4-iodobenzenesulfonamide and its applbcain the synthesis of Celecoxib

intermediate

Fui-Fong Yong, Miskal Azri, Yong-En Darrell Lim an¢ong-Chua Teo*

Natural Sciences and Science Education, National Institute of Education, Nanyang Technological University, 1 Nanyang Walk, Sngapore 637616, Sngapore

ARTICLE INFO ABSTRACT

Article history:

Received

Received in revised form
Accepted

Available online

Keywords:

Cross coupling
Copper-catalyzed
Ligand-free
N-arylations
Celecoxib

A practical and efficient strategy has been dewediofor the cross-coupling &f,N-dibenzyl-4-
iodobenzenesulfonamide with nitrogen nucleophiagi0.5-20 mol% of Cul under ligaricee
conditions. A variety of nitrogen nucleophiles unding nitrogen heterocles, sulfonamides a
amides afforded the correspondipgpducts in moderate to good yields (up to 98%)eunritie
optimized conditions.
intermediate was also successfully demonstrated.

The application of this cytial system to the synthesis of Celecc

2009 Elsevier Ltd. All rights reserved

The transition metal-catalysed formation of carband
heteroatom bonds has emerged as a powerful tooheémical
synthesis. In particular, heteroaryl derivativeschsuas aryl
pyrazoles are important building blocks in orgasyothesis due
to their biological properties.An example is the 1, 3, 5-
trisubstituted pyrazole structural motif found iomerous drug
targets including the widely used COX-2 inhibitor &€=ixib
(CELEBREX™). Celecoxib (4-(5-p-tolyl-3-(trifluoromethyl)-
1H-pyrazol-1-yl)benzenesulfonamide) is a non-steroidati-
inflammatory drug commonly used for the treatmehtpain,
fever and inflammation in numerous diseases and icaled
conditions such as osteoarthritis, rheumatoid iighacute pain
and primary dysmenorrhéalhe benefits of Celecoxib have led
to increasing studies on the design and synthekisovel
Celecoxib derivatives as more potent anti-inflanonatagents
with fewer side effectd.

The commercial route for the synthesis of Celecamilblves
a condensation reaction between 4-sulfamidophedyétzyne
with a diketone intermediafeThis method lacks regioselectivity,
affording a complex mixture of pyrazole regioisomeCareful
selection of solvents and conditions minimize tbegiocontrol
problems. To overcome the regioselectiveissue, Reddy
described Michael addition of a hydrazine with ayhohe and
subsequently cyclization to afford the desired pgta’ Oh
demonstrated 1,3-dipolar cycloaddition reactiom dfydrozonoyl
sulfonate with an enamine to generate Celecbxib. most
instances, time-consuming multistep procedures torctsire-
limited ring transformation reactions are requireDirect
introduction of an aryl group onto the pyrazole lpus via N-
arylation for Celecoxib synthesis remains limitedthis context,
the application of N-arylation for the synthesis e key

intermediate2a has been reported by Gaulier and co-workers,
using Cul andN,N-dimethylcylcohexylamine ligand at 116 for
50 h in a three linear step synthesis of Celecdxib.
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Cao and co-workers also reported a strategy for Nhe
arylation of 3-trifluoromethylpyrazole with aryl itk using Cul
in the presence df,N-dimethylcylcohexylamine which can be
applied to the synthesis of CelecoxiOur group has developed
protocols for the cross-coupling reactions of mjao
nucleophiles with aryl iodides using ligand-free pep catalytic

systems! Encouraged by these precedents and to expand our

interest in ligand-free copper catalysis, we enwdsathe
application of the catalytic system for the synibeof
intermediate2a and to broaden the substrate scope to other
classes of nitrogen nucleophiles such as nitrogeerbicycles,
sulfonamides, benzamides and pyrrolidinone.

In our initial study, the C-N cross-coupling of corercially
available 3-(trifluoromethyl)-#-pyrazole and 4-iodobenzene-1-
sulfonyl chloride was first carried out. Despite savefforts, the
cross-coupling reaction afforded the desired prbdocpoor
yield. To facilitate the C-N cross-coupling, a pribeg group
strategy on the sulfonyl chloride functionality ngia selected
dibenzyl amine group was initiatédThe protected sulfonamide
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N,
yield without the need tor column purification. Undigand-iree
conditio™, the cross-coupling of 3-(trifluoromethyl}t
pyrazole (2.0 equiv) with N,N-dibenzyl-4-
iodobenzenesulfonamide (1.5 equiv), 0.5 mol% Cutatslyst,
CsCO; as base in DMF affordedN,N-dibenzyl-4-(3-
(trifluoromethyl)-1H-pyrazol-1-yl)benzenesulfonareid2a, an
important intermediate for the synthesis of Celdzdax excellent

Tetrahedron

, the
scope of ligand-free catalytic protocol was Investegl with
respect toN,N-dibenzyl-4-iodobenzenesulfonamide. As revealed
in Table 1, pyrazole, imidazole, triazole and plgrafforded the
corresponding derivatives in good to excellentdgdlentries 1-2,
4-6). Good to excellent yields were afforded usinghéhyl-
pyrazole, indole, indazole and 7-azaindole with acrdase of
catalyst loading to 1 or 2 mol% (entries 3, 7-9).

Table 1. Cul catalysed N-arylation of nitrogen heterocyaiéth N,N-dibenzyl-4-iodobenzenesulfonamitle.

W

Cul (0.5 mol%)
Cs,CO3( 2 equiv)

2

Qe Ol mem OUTO
1 2a-i
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1 FGC\E'}NH Fact’j‘ % 2a 99
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5 hL?NH NC\N 8 2 77
<\ i C
6 —NH _ Q 2f 70
~ QN@@"L@
BNH
! ~ N4 >—(:S:)—N 2 85§
o) _< >
8 /N\NH N 9 oh 58
@ @OS 85

®Unless otherwise shown, the reaction was carri¢dvith nitrogen heterocycles (0.80 mmai)N-dibenzyl-4-iodobenzenesulfonamide (1.20 mmolxQG

(1.60 mmol), Cul (0.004 mmol) in DMF (0.4 ml) &0d°C for 24 h. [
P|solated yield after column chromatography..
°The reaction was performed with Cul (0.008 mmol).

“The reaction was performed with Cul (0.016 mmol).

To further expand the scope of the ligand-free €alyzed

amination, the reactions of a series of sulfonamiderivatives

In general, the desired amination products were irdxdain
moderate to good yields (Table 2). The neutral erattron-

with N,N-dibenzyl-4-iodobenzenesulfonamide were then studieddonating substituted sulfonamides afforded the esponding
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proi vaiith
effects and electronic etfects on the reactions weméed as the Increase of catalyst loading to 20 mol% (entriesd 5).
reactions of ortho-substituted and electron-withdrawing

Table 2. Cul catalysed N-arylation of various sulfonamieléth N,N-dibenzyl-4-iodobenzenesulfonamides.

Cul (10 mol%)
Cs,CO3( 2 equiv)
o) - -
I

O\\S’NH2 +
5% — )—$-N DMF (0.2 mL)
R o @ 130°C, 24 h
1 3a-g
Entry ArX Product Yield %

S(\\ c
2 @ o} gﬁ;@f&s{\_@ b 61
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#Unless otherwise shown, the reaction was carri¢dvith sulfonamides (0.40 mmol)\,N-dibenzyl-4-iodobenzenesulfonamide (0.60 mmolxGT3 (0.8
mmol), Cul (0.04 mmol) in DMF (0.2 ml) at 13G for 24 h.

Plsolated yield after column chromatography.

°The reaction was performed with Cul (0.08 mmol).

Encouraged by the applicability of the method tdraad the respective arylated product in good yields [@&) entries 1-
substrate scope of both nitrogen heterocycles atidneamides, 4). In addition, the N-arylation of a representaticyclic
the protocol was tested on the N-arylation of amiBemnzamides secondary amide, pyrrolidinone, afforded the prédacgood
with electron-withdrawing and electron-donating subtgs gave vyield (entry 5).
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Table 3. Cul catalysed N-arylation of various amides wWith-dibenzyl-4-iodobenzenesulfonamide.

Cul (10 mol%)
Cs,CO3( 2 equiv)

DMF (0.2 mL)
130°C, 24 h

1 4a-e
Entry Amide Product Yield %
NH, ] i
1 o HN S-N 4a 64
8 Oﬂt@a O
o NH, o
2 HN s-N
s coHg -
NH, o) %
o T
3 b o ”N@g'N@ 4c 60
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) o
4 HN—  )—SN
o 3 \_© 4d 65°
F
F
0
5 0 o] 4e 68

o
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#Unless otherwise shown, the reaction was carri¢avish sulfonamides (0.40 mmol),N-dibenzyl-4-iodobenzenesulfonamide (0.60 mmolxGT3 (0.80

mmol), Cul (0.04 mmol) in DMF (0.2 ml) at 13Q for 24 h.
Plsolated yield after column chromatography.

°The reaction was performed with Cul (0.08 mmol).

In conclusion, we have developed a versatile andtiped
protocol for the synthesis of,N-dibenzyl-4-(3-(trifluoromethyl)-
1H-pyrazol-1-yl)benzenesulfonamide, a key intermedidor
Celecoxib synthesis promoted by ligand-free CulDNIF. In
addition, the copper-catalytic system was extendedhé N-
arylation of various nitrogen nucleophiles incluglimitrogen
heterocycles, benzamides and sulfonamides with NpiErdiyl-
4-ijodobenzenesulfonamide. In most instances, tharyhted
derivatives were obtained in good to excellent eld his
ligand-free catalytic system renders the currenpr@gch an
attractive alternative to access various N-arylatemleties and
will also provide a valuable platform for chemists ovlare
interested in large-scale applications. Overall, ekele that the
catalytic system could serve as a valuable took@mnbinatorial
chemistry involving the synthesis of biological and
pharmaceutical products that contains N-arylatet/aives.

Experimental section
General Methods for the Cross Coupling Reaction. Chemicals

and solvents were purchased from commerical supgplier
Analytical thin layer chromatography (TLC) was penfi@d

using Merck 60 F254 precoated silica gel plate2 (8am
thickness). Subsequent to elution, plates were hé&®ah using
UV radiation (254 nm) on Spectroline Model ENF-24061/
254nm. Flash chromatography was performed using Mlica
gel 60 with AR grade solvents. Proton nuclear magneti
resonance spectraH NMR) were recorded on a Bruker Avance
DPX 400 spectrometer (CDLas solvent). Chemical shifts for
'"H NMR spectra are reported &sin units of parts per million
(ppm) downfield from TMS & 0.0) and relative to the signal of
chloroformd (o 77.03, triplet). All reagents were purchased from
commercial supplier and were used without any paiifr.

N,N-dibenzyl-4-iodobenzenesulfonamide (1). Pipsyl chloride
(2.11 g, 3.67 mmol) was dissolved in anhydrous dicthethane
(6.7 mL). Triethylamine (0.77 mL, 5.53 mmol) was eadd
dropwise to the mixture. Followed by dibenzylaminer8mL,
4.07 mmol) and the mixture was stirred at room tewipee
under N for 24 h. The solvent was removed under reduced
pressure and the residue dissolved in ethyl acétfitenL). The
organic layer was washed with,® (10 mL) and aqueous HCI
(1.0 M, 6.7 mL), dried over N&Q,, filtered and solvent removed
under reduced pressure to generate an off-whitel.sgleld =
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Hz, 2H), 7.51 (dJ = 8.5 Hz, 2H), 7.24 (f) = 3.2 Hz, 6H), 7.07-
7.05 (m, 4H), 4.33 (s, 4H)*C NMR (100 MHz, CDG)): &

140.6, 138.3, 135.3, 128.5, 128.4, 128.3, 127.8.6,950.6.
HRMS Calcd for GHigNO,S [M']: 463.0103. Found:
462.6567.

General Procedure for the Cross Coupling Reaction. The N-
nucleophile (0.4-0.8 mmol), Cul (0.004-0.04 mmaDs,CO;
(0.8-1.6 mmol), N,N-dibenzyl-4-iodobenzenesulfonamide (0.6-
1.2 mmol) and dimethylformami-de (DMF) (0.2-0.4 mugre
added to a reaction vial and a screw cap was fitted. tThe
reaction mixture was stirred under air in a closggiesn at 130°C
for 24 h. After cooling to room temperature, the tmig was
diluted with dichloromethane and filtered througpaal of Celite.
The combined organic extracts were dried with anhysiro

N&SQ, and the solvent was removed under reduced pressur

The crude product was purified by silica-gel column
chromatography to afford the N-arylated producte Titlentity
and purity of the products was confirmed By, **C NMR
spectroscopic analysis and elemental analysis orssma
spectroscopy.

N,N-dibenzyl-4-(3-(trifluoromethyl)-1H-pyrazol-1-
yl)benzenesulfonami -de (2a)."" Following the general
procedure using N,N-dibenzyl-4-iodobenzenesulfonamide
(0.556g, 1.20 mmol) and 3-trifluoromethylpyrazol@.109 g,
0.80 mmol) provided 372 mg (99%) of the couplingdarct as
yellow powder after purification by flash chromatgghg (87: 13
hexane/ethyl acetate)d NMR (400 MHz, CDCJ): 5 8.05 (s,
1H), 7.92 (dJ = 8.8 Hz, 2H), 7.85 (d] = 8.9 Hz, 2H), 7.26-7.20
(m, 7H), 7.10-7.08 (m, 4H), 6.80 (d,= 2.5 Hz, 1H), 4.33 (s,
4H). *C NMR (100 MHz, CDC)): 5 145.1, 144.8, 141.9, 139.6,
135.3, 128.8, 128.6, 128.5, 127.8, 119.6, 106.%.81050.6.
Anal. Calcd for GHFNsO,S: C, 61.14; H, 4.28; N, 8.91; S,
6.80. Found: C, 60.28; H, 4.48; N, 8.29; S, 6.40. HR®alcd
for CosH20FsN3O,S [M']: 471.1228. Found: 471.0885.

N,N-dibenzyl-4-(1H-pyrazol-1-yl)benzenesulfonamide  (2b).
Following the general procedure pyrazole (0.054.80 Gnmol)

5
S,
1.172.

N,N-dibenzyl-4-(1H-imidazol-1-yl)benzenesulfonamide (2d).
Following the general procedure imidazole (0.058.80 mmol)
and N,N-dibenzyl-4-iodobenzenesulfonamide ( 0.556 g, 1.20
mmol) provided 261 mg (81% yield) of the couplingguct as
yellow powder after purification by flash chromatgang (80: 20
hexane/ethyl acetate4 NMR (400 MHz, CDCJ): & 7.94-7.90
(m, 3H), 7.51-7.48 (m, 2H), 7.35 (s, 1H), 7.27-7.23 (fHl),
7.11-7.09 (m, 4H), 4.38 (s, 4HYC NMR (100 MHz, CDGJ)): &
140.2, 139.5, 135.3, 135.2, 131.3, 129.1, 128.8.5/2127.8,
121.1, 117.7, 50.6. Anal. Calcd for-H,,N;0,S: C, 68.46; H,
5.25; N, 10.41; S, 7.95. Found: C, 68.25; H, 5.2410l44; S,
7.78.

N,N-dibenzyl-4-(1H-1,2,4-triazol-1-yl)benzenesulfonamide

&e). Following the general procedure triazole (0.055 @00
mmol) andN,N-dibenzyl-4-iodobenzenesulfonamide ( 0.556 g,
1.20 mmol) provided 249 mg (77% yield) of the caougl
product as yellow powder after purification by flash
chromatography (70: 30 hexane/ethyl acetalid).NMR (400
MHz, CDCkL): & 8.67 (s, 1H), 8.16 (s, 1H), 7.94 @= 8.7 Hz,
2H), 7.83 (dJ = 8.8 Hz, 2H), 7.25-7.23 (m, 6H), 7.11-7.08 (m,
4H), 4.37 (s, 4H)™C NMR (100 MHz, CDCJ): 5 153.8, 153.2,
141.1, 140.3, 139.6, 135.2, 129.8, 128.7, 127.9.9150.6.
Anal. Calcd for GH,N,O,S: C, 65.33; H, 4.98; N, 13.85; S,
7.93. Found: C, 65.17; H, 4.98; N, 13.41; S, 7.86.

N,N-dibenzyl-4-(1H-pyrrol-1-yl)benzenesulfonamide (2f).
Following the general procedure pyrrole (0.056 miB00mmol)
and N,N-dibenzyl-4-iodobenzenesulfonamide (0.556 g, 1.20
mmol) provided 224 mg (70% yield) of the couplingguct as
yellow powder after purification by flash chromatqgngt (95: 5
hexane/ethyl acetate4 NMR (400 MHz, CDCJ): 5 7.86-7.84
(m, 2H), 7.47-7.45 (m, 2H), 7.22 = 3.1 Hz, 6H), 7.15 (1 =

2.2 Hz, 2H), 7.09-7.06 (m, 4H), 6.41 Jt= 2.2 Hz, 2H), 4.35 (s,
4H). *C NMR (100 MHz, CDG)): § 143.9, 137.1, 135.4, 128.9,
128.5, 128.4, 127.7, 119.8, 119.0, 111.9, 50.5. AGalcd for
C,H:N,0,S: C, 71.62; H, 5.51; N, 6.96; S, 7.97. Found: C,

and N,N-dibenzyl-4-iodobenzenesulfonamide ( 0.556 g, 1.2071.08; H, 5.36; N, 6.80; S, 7.40.

mmol) provided 298 mg (92% vyield) of the couplingguct as
yellow powder after purification by flash chromatgghg (75: 25
hexane/ethyl acetateHd NMR (400 MHz, CDCJ): 5 8.01 (d,J =
2.5 Hz, 1H), 7.92-7.85 (m, 2H), 7.84-7.82 (m, 2H), 7(@9J =
1.6 Hz, 1H), 7.24-7.19 (m, 6H), 7.11-7.08 (m, 4H), 6(63 =
2.2 Hz, 1H), 4.35 (s, 4HJ°C NMR (100MHz, CDCJ): § 142.9,
142.3, 138.1, 135.4, 128.8, 128.6, 128.6, 127.%.9,2118.8,
108.8, 50.6. Anal. Calcd for,gH,;N30,S: C, 68.46; H, 5.25; N,
10.41; S, 7.95. Found: C, 68.50; H, 5.26; N, 10.288.88.'H
NMR (400 MHz, CDC)): & 7.89-7.86 (m, 3H), 7.79-7.77 (m,
2H), 7.25-7.21 (m, 6H), 7.09-7.07 (m, 4H), 6.32 (s, 1434 (s,
4H), 2.39 (s, 3H)*C NMR (100 MHz, CDCJ): & 151.9, 142.7,
137.4, 135.5, 128.8, 128.6, 128.5, 127.8, 127.4.3,1109.0,
50.5, 13.8. Anal. Calcd for £H,3N3;0,S: C, 69.04; H, 5.55; N,
10.06; S, 7.68. Found: C, 69.07; H, 5.58; N, 9.89,. 7.

N,N-dibenzyl-4-(3-methyl-1H-pyrazol-1-
yl)benzenesulfonamide (2c). Following the general procedure 3-
methylpyrazole (0.064 mL, 0.80 mmol) andN-dibenzyl-4-
iodobenzenesulfonamide ( 0.556 g, 1.20 mmol) pedid00 mg
(55% vyield) of the coupling product as yellow powdster
purification by flash chromatography (84: 16 hexatig/l
acetate)'H NMR (400 MHz, CDC)): & 7.89-7.86 (m, 3H), 7.79-
7.77 (m, 2H), 7.25-7.21 (m, 6H), 7.09-7.07 (m, 4HR26(s, 1H),
4.34 (s, 4H), 2.39 (s, 3H)°C NMR (100 MHz, CDCJ): § 151.9,
142.7, 137.4, 135.5, 128.8, 128.6, 128.5, 127.§,.4,2118.3,
109.0, 50.5, 13.8. Anal. Calcd for,/8,3N30,S: C, 69.04; H,

N,N-dibenzyl-4-(1H-indol-1-yl)benzenesulfonamide (29).
Following the general procedure indole (0.094 g0 0Gr8nol) and
N,N-dibenzyl-4-iodobenzenesulfonamide ( 0.556 g, In&@ol)
provided 320 mg (88% vyield) of the coupling prodastyellow
powder after purification by flash chromatography6:(%4
hexane/ethyl acetated NMR (400 MHz, CDCJ): 5 7.92 (d,J =
8.6 Hz, 2H), 7.70 (d) = 7.7 Hz, 1H), 7.59 () = 7.7 Hz, 3H),
7.34 (d,J = 3.4 Hz, 1H), 7.28-7.21 (m, 8H), 7.11-7.09 (m, 4H),
6.74 (d,J = 3.3 Hz, 1H), 4.40 (s, 4H)}*C NMR (100 MHz,
CDCly): 6 143.2, 138.0, 135.4, 135.3, 129.8, 128.8, 1288,5]
127.8, 127.2, 123.7, 123.1, 121.5, 121.2, 110.%.31050.6.
Anal. Calcd for GgH,,N,0,S: C, 74.31; H, 5.35; N, 6.19; S, 7.09.
Found: C, 74.26; H, 5.38; N, 6.04; S, 6.98.

N,N-dibenzyl-4-(1H-indazol-1-yl)benzenesulfonamide  (2h).
Following the general procedure indazole (0.095.80 Gnmol)
and N,N-dibenzyl-4-iodobenzenesulfonamide ( 0.556 g, 1.20
mmol) provided 211 mg (58% yield) of the couplingguct as
yellow powder after purification by flash chromataung (60: 40
hexane/ethyl acetate)d NMR (400 MHz, CDCJ)): 5 8.26 (s,
1H), 7.98 (dJ = 8.7 Hz, 2H), 7.91 (d] = 8.7 Hz, 2H), 7.83 (J
=9.0 Hz, 2H), 7.51 (1) = 7.7 Hz, 1H), 7.30 (t) = 7.5 Hz, 1H),
7.25-7.22 (m, 6H), 7.12-7.10 (m, 4HYC NMR (100 MHz,
CDCly): 6 143.6, 138.6, 137.9, 136.2, 134.6, 128.6, 12&8,3],
128.0, 127.8, 126.0, 123.1, 121.9, 121.8, 110.4,.5nal. Calcd
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71.35; H, 5.22; N, 9.16; S, 7.09.

N,N-dibenzyl-4-(1H-pyrrolo[2,3-b]pyridin-1-

[ 4-
methoxybenzenesulionamide (75 mg, 0.40 mmol) ahN-
dibenzyl-4-iodobenzenesulfonamide (278 mg, 0.60 Hmo
provided 162 mg (77% vyield) of the coupling prodasta off-
white solid after purification by flash chromatogngp(70:30
hexane/ethyl acetate¢H NMR (400 MHz, CDCJ) 5 7.80 (d,J =
8.9 Hz, 2H), 7.69 (dJ = 8.7 Hz, 2H), 7.18-7.20 (m, 8H), 7.00-

yl)benzenesulfonamide (2i). Following the general procedure 7- 5 43 (m, 4H), 6.90 (d] = 8.9 Hz, 2H), 4.28 (s, 4H), 3.84 (s, 3H).

azaindole (0.095 g, 0.80 mmol) and,N-dibenzyl-4-
iodobenzenesulfonamide ( 0.556 g, 1.20 mmol) pedigd00 mg
(55% vyield) of the coupling product as yellow powdster
purification by flash chromatography (84: 16 hexatigy/l
acetate)'H NMR (400 MHz, CDCJ): & 8.42 (d,J = 4.7 Hz, 1H),
8.06 (d,J = 8.9 Hz, 2H), 7.99 (1] = 8.9 Hz, 3H), 7.59 (d] = 3.7
Hz, 1H), 7.24-7.18 (m, 7H), 7.12-7.10 (m, 4H), 6.72J¢; 3.8
Hz, 1H), 4.37 (s, 4H)*C NMR (100 MHz, CDCJ): & 147.5,
143.7, 141.9, 137.0, 135.5, 129.4, 128.6, 128.4,.6,2126.7,
122.8, 122.1, 117.4, 110.9, 103.4, 50.6. Anal. Cafod
Co,Hx3N30,S: C, 71.50; H, 5.11; N, 9.26; S, 7.07. Found:
71.46; H,5.21; N, 9.00; S, 6.97.

N,N-dibenzyl-4-(phenylsulfonamido)benzenesulfonamide

(3a). Following the general procedure using benzenesuifiaa
(63 mg, 0.40 mmol) and N,N-dibenzyl-4-
iodobenzenesulfonamide (278 mg, 0.60 mmol) provitieél mg
(61% vyield) of the coupling product as a yellow doéfter
purification by flash chromatography (75:25 hexattgyl
acetate) of the crude ofHH NMR (400 MHz, CDCJ) & 7.87 (d,J
= 7.5 Hz, 2H), 7.67 (d] = 8.7 Hz, 2H), 7.58 () = 7.4 Hz, 1H),
7.45-7.49 (m, 2H), 7.15-7.23 (m, 8H), 7.01 Jds 9.1 Hz, 4H),

3¢ NMR (100 MHz, CDGCJ) & 163.6, 140.8, 136.2, 135.4, 130.0,
129.5, 128.8, 128.5, 128.4, 127.7, 119.2, 114.6/,59.4. Anal.
Calcd for G/H,N,OsS,: C, 62.05; H, 5.01; N, 5.36; S, 12.27.
Found: C, 62.12; H, 5.03; N, 5.33; S, 12.78.

N,N-dibenzyl-4-(4-

(trifluor omethyl)phenylsulfonamido)benzenesulfon-amide

(3e). Following the general procedure using 4-
(trifluoromethyl)benzenesulfonamide (90 mg, 0.40 efjmand
N,N-dibenzyl-4-iodobenzenesulfonamide (278 mg, 0.600Hhm

C,provided 140 mg (62% yield) of the coupling prodasta yellow

solid after purification by flash chromatography 0{&0
hexane/ethyl acetateH NMR (400 MHz, CDCJ) 7.97 (d,J =
8.4 Hz, 2H), 7.75 (dJ = 8.0 Hz, 2H), 7.72 (d) = 7.2 Hz, 2H),
7.22 — 7.18 (m, 8H), 7.04 — 7.02 (m, 4H), 4.31 (s,.4%) NMR
(100 MHz, CDC}): 6 159.8, 136.9. 135.3, 131.4, 128.9, 128.5,
127.8, 127.8, 127.0, 126.6, 124.2, 119.7, 118.4.9,150.4.
HRMS Calcd for GHysF:N,0O,S, [M+]: 560.1051. Found:
559.9877.

N-(4-(N,N-dibenzylsulfamoyl)phenyl)naphthalene-2-
sulfonamide (3f). Following the general procedure using

4.28 (s, 4H)*C NMR (100 MHz, CDG)) 5 141.0, 138.9, 136.4, naphathalene (83 mg, 0.40 mmol) and,N-dibenzyl-4-

135.7, 133.9, 129.7, 129.0, 128.8, 128.8, 128.0,.5,2119.7,

50.8. HRMS Calcd for gH,/N,0,S, [M*]: 492.1177. Found:

492.0862.

N,N-dibenzyl-4-(2-
methylphenylsulfonamido)benzenesulfonamide (3b).

iodobenzenesulfonamide (278 mg, 0.60 mmol) provitiédl mg
(81% vyield) of the coupling product as a off-whitelid after
purification by flash chromatography (75:25 hexattgyl
acetate)'H NMR (400 MHz, CDCJ) 58.50 (s, 1H), 7.91-7.89
(m, 4H), 7.67-7.63 (m, 4H), 7.24 (d,= 8.6 Hz, 3H), 7.11-7.08
(m, 6H), 6.98-6.96 (m, 4H), 4.24 (s, 4HJC NMR (100 MHz,

Following the general procedure usiogoluenesulfonamide (68 CDCl) & 140.8, 136.2, 135.5, 135.4, 135.1, 132.0, 1299,4,
mg, 0.40 mmol) and\,N-dibenzyl-4-iodobenzenesulfonamide 129.2, 128.8, 128.5, 128.4, 128.0, 127.9, 127.7,92119.3,

(278 mg, 0.60 mmol) provided 123 mg (61% yield) tbe
coupling product as a yellow solid after purificati by flash
chromatography (80:20 hexanelethyl acetate). NMR (400
MHz, CDCk) 6 7.66 (d,J = 8.8 Hz, 2H), 7.33 (1] = 8.0 Hz, 2H),
7.21 — 7.17 (m, 7H), 7.11 — 7.09 (m, 3H), 7.03 — @0 4H),
4.34 (s, 4H), 2.68 (s, 3H}*C NMR (100 MHz, CDCJ) 5 140.3,
136.9, 136.6, 135.7, 135.1, 133.4, 132.6, 129.8.5,2128.2,
128.1, 127.4, 126.3, 118.1, 50.2, 20.0. Anal. Cafcd

50.5. Anal. Calcd for gH,¢N,O,S,: C, 66.40; H, 4.83; N, 5.16;
S, 11.82. Found: C, 66.88; H, 4.99; N, 4.95; S, 11.85

N,N-dibenzyl-4-(methylsulfonamido)benzenesulfonamide

(3g). Following the general procedure using methanesufiiia
(38 mg, 0.40 mmol) and N,N-dibenzyl-4-
iodobenzenesulfonamide (278 mg, 0.60 mmol) proviteéd mg
(58% yield) of the coupling product as a yellow doéfter
purification by flash chromatography (70:30 hexatteyl

CotaeN:0,S;: C, 64.01; H, 5.17; N, 5.53; S, 12.66. Found: C,5cetate)'H NMR (400 MHz, CDCJ) 3 7.78 (d,J = 8.8 Hz, 2H),

64.63; H, 5.30; N, 5.42; S, 12.14.

N,N-dibenzyl-4-(4-
methylphenylsulfonamido)benzenesulfonamide (3c).

Following the general procedure using
methylbenzenesulfonamide (69 mg, 0.40 mmol) aXgN-

dibenzyl-4-iodobenzenesulfonamide (278 mg, 0.60 Hmo N-(4-(N,N-dibenzylsulfamoyl)phenyl)benzamide
provided 147 mg (73% yield) of the coupling prodasta yellow

solid after purification by flash chromatography 030
hexane/ethyl acetatéd NMR (400 MHz, CDCJ) & 7.73 (d,J =

7.30 (d,J = 8.7 Hz, 2H), 7.23-7.21 (m, 6H), 7.09-7.06 (m, 4H),
4.33 (s, 4H), 3.09 (s, 3H)°C NMR (100 MHz, CDCJ) & 141.0,
136.3, 135.4, 129.1, 128.6, 128.5, 127.8, 118.8,5®.0. Anal.
Calcd for GjH»:N,O,S,: C, 58.58; H, 5.15; N, 6.51; S, 14.90.

4- Found: C, 58.92; H, 5.06; N, 6.30; S, 14.88.

(4a).
Following the general procedure using benzamiden(g9 0.40
mmol) and N,N-dibenzyl-4-iodobenzenesulfonamide (278 mg,
0.60 mmol) provided 117 mg (64% vyield) of the caougl

8.4 Hz, 2H), 7.69 (d) = 8.8 Hz, 2H), 7.29 (s, 1H), 7.21-7.15 (m, Product as a yellow solid after purificaton by fias

10H), 7.03-7.01 (m, 4H), 4.29 (s, 4H), 2.41 (s, 35¢ NMR

chromatography (80:20 hexane/ethyl acetate). NMR (400

(100 MHz, CDC}) & 144.7, 140.8, 136.2, 135.6, 135.4, 130.0,MHz, CDCk) 88.17 (s, 1H), 7.90 (d) = 7.6 Hz, 2H), 7.80 (s,

128.8, 128.5, 128.4, 127.8, 127.3, 119.3, 50.4.24nal. Calcd

4H), 7.59 (dJ = 6.4 Hz, 1H), 7.50 (t) = 6.9 Hz, 2H), 7.23-7.22

for CyHeN,0,S,: C, 64.01: H, 5.17; N, 5.53: S, 12.66. Found: C,(M, 6H), 7.09-7.07 (m, 4H), 4.32 (s, 4HJC NMR (100 MHz,

63.91; H, 5.22; N, 5.20; S, 11.55.

N,N-dibenzyl-4-(4-

methoxyphenylsulfonamido)benzenesulfonamide (3d).

CDCly) 6 165.9, 141.9, 135.6, 135.5, 134.2, 132.4, 1298,6],
128.5, 128.5, 127.7, 127.2, 119.9, 50.6. Anal. Cafod
C,H2NO5S: C, 71.03; H, 5.30; N, 6.14; S, 7.02. Found: C,
71.58; H, 5.32; N, 5.91; S, 7.63.



N-(¢

(4b). Following the general procedure usipgoluamide (54 mg,
0.40 mmol) andN,N-dibenzyl-4-iodobenzenesulfonamide (278
mg, 0.60 mmol) provided 117 mg (62% yield) of thmugling
product as a vyellow solid after
chromatography (80:20 hexanelethyl acetate). NMR (400
MHz, CDCk) 6 7.99 (s, 1H), 7.81 (1 = 6.4 Hz, 5H), 7.32 (d] =
8.2 Hz, 2H), 7.24-7.21 (m, 7H), 7.09-7.07 (m, 4H), 4834H),
2.45 (s, 3H)®C NMR (100 MHz, CDGJ) 5 165.8, 143.1, 142.0, 1.
135.6, 135.5, 131.3, 129.6, 129.0, 128.6, 128.5,712127.2,

119.7, 50.6, 21.6. Anal. Calcd for,d8,6N,0:S: C, 71.46; H,

5.57: N, 5.95; S, 6.81. Found: C, 71.47; H, 5.79%5185; S, 7.11.

4-chloro-N-(4-(N,N-dibenzylsulfamoyl)phenyl)benzamide

(4c). Following the general procedure using 4-chloroberidam
(62 mg, 0.40 mmol) and N,N-dibenzyl-4-
iodobenzenesulfonamide (278 mg, 0.60 mmol) provitie® mg
(60% vyield) of the coupling product as a off-whitelid after
purification by flash chromatography (80:20 hexattgyl
acetate)'H NMR (400 MHz, CDCJ) 5 8.20 (s, 1H), 7.84 (dl =
8.5 Hz, 2H), 7.78 (s, 4H), 7.45 (d,= 8.4 Hz, 2H), 7.22 () =
3.1 Hz, 6H), 7.08-7.06 (m, 4H), 4.31(s, 4HjC NMR (100
MHz, CDCkL) 6 164.9, 141.7, 138.8, 135.8, 135.5, 132.6, 129.2, 4.
128.7, 128.6, 128.5, 127.8, 120.0, 116.3, 50.6. A@alcd for
C,;H,sCIN,O,S: C, 66.05; H, 4.72; N, 5.71; S, 6.53. Found: C,
66.43; H, 4.85; N, 567; S, 6.71. HRMS Calcd for
C,7H,35CIN,O5S [M+]: 490.1118. Found: 490.2506.

N-(4-(N,N-dibenzylsulfamoyl)phenyl)-3-fluor obenzamide

(4d). Following the general procedure using 3-fluoroberidam

(56 mg, 0.40 mmol) and N,N-dibenzyl-4- 5.
iodobenzenesulfonamide (278 mg, 0.60 mmol) provitiad mg
(65% yield) of the coupling product as a yellow doéfter
purification by flash chromatography (80:20 hexattgyl 7.
acetate)'H NMR (400 MHz, CDCJ) 5 8.27 (s, 1H), 7.79 (s, 4H),
7.68-7.62 (m, 2H), 7.46-7.45 (m, 1H), 7.27-7.19 (H),87.08-
7.05 (m, 4H), 4.31 (s, 4H}*C NMR (100 MHz, CDCJ) 5 168.4,
165.0, 164.4, 161.9, 141.9, 136.1, 135.8, 131.@.92128.7,
128.1, 123.0, 120.4, 115.2, 114.9, 50.9. Anal. Cafod 11
C,7H,sFNLO5S: C, 68.34; H, 4.89; N, 5.90; S, 6.76. Found: C,
68.93; H, 4.87; N, 5.77; S, 7.36.

N,N-dibenzyl-4-(2-oxopyrrolidin-1-yl)benzenesulfonamide
(4e). Following the general procedure using pyrrolidio8# ing,
0.40 mmol) andN,N-dibenzyl-4-iodobenzenesulfonamide (278
mg, 0.60 mmol) provided 114 mg (68% yield) of thmugling

n

w

o

©w

product as a yellow oil after purification by flashromatography 12.

(80:20 hexane/ethyl acetatéf NMR (400 MHz, CDCJ) 57.85
—7.79 (M, 4H), 7.23 — 7.20 (m, 6H), 7.08 — 7.064ht), 4.31 (s,
4H), 3.93 — 3.90 (m, 2H), 2.70 — 2.66 (M, 2H), 2.22.17 (m,
2H). *C NMR (100MHz, CDCJ) & 175.1, 143.3, 135.9, 135.6,
128.9, 128.7, 128.4, 128.0, 119.4, 50.92, 48.71,3138.08. Anal.
Calcd for GH,uN,O5S: C, 68.55; H, 5.75; N, 6.66; S, 7.63.
Found: C, 69.13; H, 5.73; N, 6.43; S, 8.10.
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