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ABSTRACT: This study describes the utility of Pd(II)-catalyzed C−H
arylation of benzamides for constructing biaryl sulfonamides. Sulfonamides
are known for their promising applications in pharmaceuticals and
agrochemicals. A literature review revealed that biaryl sulfonamides were
generally constructed via the traditional cross-coupling reactions. We report
a progressive method for obtaining biaryl sulfonamides via the Pd(II)-
catalyzed bidentate directing group (8-aminoquinoline or picolinamide)-
assisted cross-coupling of sp2 C−H bonds of aromatic carboxamides with
iodobenzenesulfonamides. After the C−H arylation reactions, we attempted
the removal of the 8-aminoquinoline from the synthesized biaryl scaffolds
possessing the carboxamide and sulfonamide moieties using triflic acid. In
some cases, we observed the occurrence of decarboxylation and Friedel−
Crafts acylation, affording interesting aromatic scaffolds possessing the
sulfonamide moiety. The current work contributes toward developing alternative ways for assembling various biaryl sulfonamides.

■ INTRODUCTION
Since the discovery of medicinally active sulfonamides in the
1930s, sulfa- or sulfonamide-based drugs transformed the
medicines.1−3 Several bioactive sulfonamides gained colossal
importance and are still present today in pharmaceuticals and
agrochemicals, and sulfonamides were found to exhibit a wide
range of bioactivities.1−8

Biaryls are highly regarded scaffolds and of particular
interest, biaryl molecules possessing the sulfonamide unit
have received significant attention in organic and medicinal
chemistry (Figure 1).4−6,9,10 For example, MK-996 and L-
159,894 are angiotensin II antagonists.4a PF-4455242 was
considered for the treatment of bipolar disorder.4b BPBTS is a
sodium channel blocker,4c and BMS-207940 and BMS-187308
are identified as endothelin receptor antagonists.5a,b Valdecoxib
and compound 1f are COX inhibitors.1f,4d G2019SLRRK2 is a
kinase inhibitor,5c and encorafenib (braftovi) is used for the
treatment of melanoma cancer.5d

General routes toward synthesizing primary- or secondary-
or tertiary-sulfonamide subunit-containing molecules are
depicted in Scheme 1. Significant developments have occurred
in the synthesis of a wide range of sulfonamides through C−N
bond formation or N−S bond formation in the presence of
metal catalysts or metal-free conditions (Scheme 1). Various
research groups, including Mondal,3d Rivera,3e Hajra,3h Su,3i

have compiled the available routes toward synthesizing
sulfonamides. At times, primary sulfonamides are used as
substrates for preparing secondary or tertiary sulfonamides.3c

Of particular interest, it may be noted that the construction of
biaryl sulfonamides (viz. the biaryl linkage) was generally

accomplished using the traditional cross-coupling reaction
(Scheme 1).10

In recent years, the transition metal-catalyzed C−H
activation and functionalization have been considered a
powerful variant of classical cross-coupling reactions for
assembling biaryls and functionalized aliphatic molecules.11−20

A limited number of reports revealed the synthesis of biaryl
sulfonamides via the sulfonamide directing group-assisted ortho
C−H bond functionalization (Figure 2).18 You described18d

the Rh-catalyzed sulfonamide-directed oxidative coupling of
C−H bonds affording ortho aryl sulfonamides. Chen,18b,c

Yu,18e and Singh18a independently reported the Pd-catalyzed
sulfonamide-directed ortho C−H arylation affording ortho aryl
sulfonamides (Figure 2). Some other ortho C−H functional-
ization reactions (e.g., acylation, amination, alkenylation,
alkynylation, carbenoid insertion, etc.) of aryl sulfonamides
were also reported.19,20

Given the notable bioactivities, there have been persistent
efforts toward synthesizing sulfonamides. Thus, there is a scope
for developing additional methods for obtaining new biaryl
sulfonamides. In continuation of our lab’s research program on
expanding the application of C−H functionalization, we
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envisaged the assembling of biaryl sulfonamides via the
bidentate directing group-assisted C−H functionalization as
the key transformation.13 Given that the biaryl sulfonamides
(especially, the biaryl linkage in the biaryl sulfonamides) are
generally constructed via classical cross-coupling reac-
tions,4d,5a,b,10 their synthesis through the direct C−H coupling
method is expected to enable rapid assembly of biaryl
sulfonamides (Figure 2). Accordingly, we herein describe
Pd(II)-catalyzed, bidentate directing group 8-aminoquinoline-
or picolinamide-assisted ortho C(sp2)-H arylation of aromatic
carboxamides using iodobenzenesulfonamides as the coupling
partners for the construction of a library of biaryl sulfonamides.

■ RESULTS AND DISCUSSION
First, we attempted the synthesis of biaryl-based 3°
sulfonamide derivative 5a via the Pd(II)-catalyzed 8-amino-
quinoline directing group-assisted coupling of ortho C(sp2)-H
bond of benzamide 3a with iodobenzenesulfonamide (4a).
Accordingly, N,N-dibenzyl-4-iodobenzenesulfonamide (4a)
was synthesized from 4-iodobenzenesulfonyl chloride and
N,N-dibenzylamine. On the other hand, 2-methoxybenzamide
(3a), possessing the 8-aminoquinoline bidentate directing
group (DG), was assembled from 2-methoxybenzoic acid and
8-aminoquinoline under a standard amide coupling procedure.
It is documented that the Pd(II)-catalyzed, 8-aminoquinoline
DG-aided ortho C(sp2)−H functionalization of carboxamides
using aryl iodides as arylating agents, follows a Pd(II)/Pd(IV)
redox catalytic cycle13−17 enabling the activation of the ortho
C−H bond and subsequent arylation of the target molecule.
The usage of an iodide ion scavenging additive (such as
AgOAc, K2CO3, Ag2CO3, etc.) is essential, and this additive

plays a role in restoring the Pd(II) catalyst in the proposed
catalytic cycle.13−17

Optimization of the reaction conditions for the arylation of
the ortho-C(sp2)-H bond of 3a with 4a was conducted by
employing a catalyst and an iodide ion scavenger (Table 1).
The investigation commenced with heating a mixture of 3a, 4a
(4 equiv), Pd(OAc)2 (10 mol %) and AgOAc (2.2 equiv) in
toluene (2 mL) at 110 °C for 6 h. This reaction did not yield
the expected product 5a (entry 1, Table 1). Extending the
reaction time to 12 h afforded the expected biaryl-based 3°
sulfonamide 5a in 25% yield (entry 2, Table 1). Prolonging the
reaction time to 18 and 24 h, 5a was obtained in 60 and 82%
yields, respectively (entries 3 and 4, Table 1). Next, we
performed the same reaction by using 3 or 5 mol % of the
Pd(OAc)2 catalyst. These trials gave 5a in a decreased yield
(50 and 70% respectively, entries 5 and 6, Table 1). The
reaction using Ni(OTf)2 instead of Pd(OAc)2 in the presence
of NaHCO3 as an additive did not afford 5a (entry 7, Table 1).
When we performed Pd(II)-catalyzed arylation of 3a with 4a
by reducing the amounts of AgOAc (1 or 2 equiv), the product
5a was obtained in 60 and 75% yields, respectively (entries 8
and 9, Table 1). Usage of K2CO3 instead of AgOAc gave the
product 5a in 35% yield (entry 10, Table 1). The usage of
Ag2CO3 instead of AgOAc did not give 5a (entry 11, Table 1).
The Pd(II)-catalyzed reaction of 3a with 4a in the presence of
AgOAc in toluene at 60 or 90 °C afforded 5a in 0−30% yields
(entries 12−13, Table 1). Next, the reaction using p-xylene
solvent yielded the expected product 5a in 76% yield (entry 14,
Table 1). The Pd(II)-catalyzed reaction of 3a with 1 or 3 equiv
of 4a gave the product 5a in 48 and 72% yields, respectively
(entries 15 and 16, Table 1).

Figure 1. Representative examples of bioactive biaryl-based sulfonamides.
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Having explored the C−H arylation of benzamides with 8-
AQ as the directing group, attention was paid to using other
bidentate directing groups for the ortho C−H arylation of
carboxamides (Scheme 2). Carboxamides 6a−d were synthe-
sized using 2-(methylthio)aniline (MTA) as the bidentate
directing group. These compounds were subjected to the
Pd(II)-catalyzed C−H arylation reactions with 4a (4 equiv) in
the presence of AgOAc in toluene at 110 °C to afford the
biaryl-based 3° sulfonamides 7a−d in 72−80% yields. Then,
carboxamide 6e possessing 4-amino-2,1,3-benzothiadiazole
(ABTD) as a bidentate directing group was subjected to the
Pd(II)-catalyzed C−H arylation reaction with 4a to afford the
product 7e in 66% yield. We then explored the native
carboxylic acid group-aided C−H arylation reaction of 2-
methoxybenzoic acid. The β−C-H arylation of 2-methoxy
benzoic acid (6f) with 4a using Pd(OAc)2 and AgOAc in
AcOH at 130 °C for 48 h did not yield the expected product
8a. Repeating the reaction in the presence of Pd(OAc)2,
NMe4Cl, and KOAc in AcOH at 130 °C for 48 h did not yield
the expected product 8a. Next, benzamide 3a was subjected to
the Pd(II)-catalyzed C−H arylation reaction with primary
sulfonamide moiety-based iodoaryl compound 9a in the

presence of AgOAc in toluene at 110 °C. This reaction did
not give the expected primary biaryl sulfonamide 8b (Scheme
2).
We then embarked on the synthesis of various biaryl-based

3° sulfonamide scaffolds via Pd(II)-catalyzed 8-aminoquinoline
directing group (DG)-assisted C−H arylation of different
carboxamides (Schemes 3 and 4). Carboxamides 3a−i having
substituents at the ortho- or meta-positions (e.g., OMe, Me,
OEt, OPh, F, Cl, and Br) were treated with 4a in the presence
of Pd(OAc)2 (10 mol %) and AgOAc (2.2 equiv) in toluene at
110 °C. These reactions yielded the corresponding biaryl-
based 3° sulfonamide scaffolds 5a−i in 30−86% yields
(Scheme 3). Then, biaryl carboxamide 3j, naphthyl- and
pyrene- carboxamides 3k,l, and 2,3-dihydrobenzo[b][1,4]-
dioxine-5-carboxamide 3m were treated with 4a in the
presence of Pd(OAc)2 and AgOAc in toluene at 110 °C.
These reactions afforded the corresponding biaryl-based 3°
sulfonamide scaffolds 5j−m in 76−82% yields (Scheme 3).
Next, we intended to perform the Pd(II)-catalyzed DG-

aided C−H arylation of heteroaryl carboxamides such as furan-
2-carboxamide 3n, thiophene-2-carboxamide 3o, pyrrole-2-
carboxamide 3p, benzofuran-2-carboxamide 3q, and benzo-
thiophene-2-carboxamide 3r. Accordingly, substrates 3n−r
were subjected to C−H arylation with 4a in the presence of
Pd(OAc)2 and AgOAc in toluene at 110−130 °C. These

Scheme 1. Methods Enabling the Synthesis of Sulfonamides

Figure 2. Biaryl-based sulfonamides via C−H functionalization.
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reactions afforded the corresponding biaryl-based 3° sulfona-
mide scaffolds (containing heteroaryl−aryl linkage) 5n−r in
74−80% yields (Scheme 3). The Pd(II)-catalyzed, DG-aided
β−C-H arylation of cinnamamide substrate 3s with 4a afforded
the corresponding sulfonamide motif-based cinnamamide
derivative 5s in 72% yield. Similarly, acrylamide substrate 3t
containing the 8-aminoquinoline DG was treated with 4a in
the presence of Pd(OAc)2 and AgOAc in toluene at 110 °C for
24 h. This reaction afforded sulfonamide motif-based
cinnamamide 5t with Z stereochemistry in 76% yield. The Z-
selective arylation and stereochemistry of products 5s and 5t
were proposed based on our earlier report17d dealing with the
Z-selective β−C-H arylation of their parent substrates 3s and
3t, respectively (Scheme 3).
Having explored the mono C−H arylation of various

benzamides (3a−m) and heteroaryl carboxamides (3n−r),
we shifted our focus to perform the 8-aminoquinoline-assisted
double C−H arylation of para-substituted benzamides (10a−
c). Accordingly, the para-substituted benzamides 10a,b
(having OMe and Me substituents), and simple benzamide
10c were treated with 4a (4 equiv) in the presence of
Pd(OAc)2 and AgOAc in toluene at 110 °C. These reactions
resulted in the formation of π-extended biaryl-based 3°
sulfonamide scaffolds 12−14 in 75−82% yields (Scheme 4).
Along this line, we performed the Pd(II)-catalyzed double C−
H arylation of benzamide 11 possessing 4-amino-2,1,3-
benzothiadiazole as the DG with 4a. This reaction afforded
the π-extended biaryl-based 3° sulfonamide 15 in 63% yield
(Scheme 4).

Having successfully introduced sulfonamide motifs at the β-
position of aromatic carboxamides, we then intended to
assemble biaryl-based tertiary sulfonamide motifs by perform-
ing the (ortho) γ-C−H arylation of arylacetamides and
benzylamine derivatives 16/18 (Scheme 4). Various mono-
and bis-substituted arylacetamides 16a−h possessing the 8-
aminoquinoline directing group were assembled. Substrates
16a−h were subjected to the Pd(II)-catalyzed ortho C(sp2)−H
arylation reactions with 4a. These reactions gave the
corresponding biaryl-based tertiary sulfonamide motifs 17a−
h in 50−72% yields. Next, we performed the picolinamide
directing group-assisted Pd(II)-catalyzed (ortho) γ-C(sp2)-H
arylation of benzyl amine or 2-thiophenemethylamine
derivatives 18a,b with 4a in the presence of AgOAc in toluene
at 110 °C. These reactions afforded the corresponding biaryl-
based tertiary sulfonamide motifs 19a,b in 65−70% yields.
Furthermore, the picolinamide DG-assisted double ortho

Table 1. Optimization of Reaction Conditions and Synthesis
of Biaryl-Based Tertiary Sulfonamide 5a via the Coupling of
the Ortho C−H Bond of 3a with Iodobenzenesulfonamide
4a

entry additive (z equiv) T (°C) t (h) 5a: yield (%)a

1 AgOAc (2.2) 110 6 0
2 AgOAc (2.2) 110 12 25
3 AgOAc (2.2) 110 18 60
4 AgOAc (2.2) 110 24 82
5b AgOAc (2.2) 110 24 50
6c AgOAc (2.2) 110 24 70
7d NaHCO3 (2.0) 160 24 0
8e AgOAc (1.0) 110 24 60
9 AgOAc (2.0) 110 24 75
10 K2CO3 (2.0) 110 24 35
11 Ag2CO3 (2.0) 110 24 0
12 AgOAc (2.2) 60 24 0
13 AgOAc (2.2) 90 24 30
14f AgOAc (2.2) 130 24 76
15g AgOAc (2.2) 110 24 48
16h AgOAc (2.2) 110 24 72

aThe reactions were carried out in a sealed tube purged with a
nitrogen atm. bPd(OAc)2 (3 mol %). cPd(OAc)2 (5 mol %).
dNi(OTf)2 (10 mol %). e1 Equiv of AgOAc. fo-Xylene solvent. g1
equiv of 4a. h3 equiv of 4a.

Scheme 2. Optimization of Reaction Conditions and
Screening of Directing Groups for the Coupling of the ortho
C−H Bond of Benzamides with Iodobenzenesulfonamide

aPd(OAc)2 (5 mol %), AgOAc (1.3 equiv). bPd(OAc)2 (10 mol %),
NMe4Cl (2.2 equiv), KOAc (2.8 equiv).
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C(sp2)−H arylation of benzylamine derivative 18c with 4a in
the presence of Pd(OAc)2 and AgOAc in toluene at 110 °C
afforded the corresponding π-extended biaryl-based 3°
sulfonamide 19c in 70% yield (Scheme 4).
Having done the C−H arylation of various carboxamides

with N,N-dibenzyl-4-iodobenzenesulfonamide (4a), we then
desired to expand the generality and substrate scope of this
protocol by using various tertiary and secondary sulfonamides
4b−e as the coupling partners. We treated 2-methoxybenza-
mide (3a) with N-benzyl-N-methyl-4-iodobenzenesulfonamide
4b in the presence of Pd(OAc)2 and AgOAc in toluene at 110
°C for 24 h to afford the corresponding biaryl-based tertiary
sulfonamide 20a in 78% yield (Scheme 5). The treatment of
heteroaryl carboxamides 3n,o with 4b furnished the corre-
sponding biaryl-based tertiary sulfonamide 20b,c in 72−75%
yields, respectively (Scheme 5). Additionally, biaryl-based
tertiary sulfonamides 20d,e were obtained in 79−82% yields

from their corresponding substrates 3a,o and 4-iodobenzene-
sulfonamide 4c (Scheme 5).
Having obtained various biaryl-based tertiary sulfonamide

motifs, we then focused on the synthesis of biaryl-based
secondary sulfonamide motifs via Pd(II)-catalyzed DG-aided
C−H arylation using 4-iodobenzenesulfonamides 4d,e
(Scheme 5). Benzamides 3h,i and heteroaryl carboxamides
3n,o were treated with N-benzyl-4-iodobenzenesulfonamide
4d and N-butyl-4-iodobenzenesulfonamide 4e to obtain the
corresponding biaryl-based secondary sulfonamide motifs
21a−h in 68−81% yields (Scheme 5).
We then shifted our attention to the synthesis of bis

sulfonamide unit containing biaryl motifs via the Pd(II)-
catalyzed, DG-aided coupling of the C−H bonds of
carboxamides with bis sulfonamide unit-based iodoaryls
(Table 2, Scheme 6). Toward this, we assembled bis
sulfonamide-based 4-iodoaniline 4f from 4-iodoaniline and

Scheme 3. Coupling of Carboxamides with Iodobenzenesulfonamide 4a and Synthesis of Biaryl-Based Tertiary Sulfonamide
Motifs 5a−t

aSubstrate (0.15 mmol), 4a (4 equiv), Pd(OAc)2 (10 mol %), AgOAc (2.2 equiv), toluene (2 mL), 110 °C, 24 h, sealed tube purged with a
nitrogen atm. bThe reaction was conducted at 130 °C.
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benzenesulfonyl chloride. Table 2 describes a brief optimiza-
tion of reaction conditions for the arylation of 3a with 4f. A
mixture of benzamide 3a and 4f (1 equiv), Pd(OAc)2 (10 mol
%), and AgOAc (2.2 equiv) was heated in toluene (2 mL) at
110 °C for 24 h. This reaction afforded the desired bis
sulfonamide unit containing biaryl 22a in 52% yield (entry 1,
Table 2). The treatment of 3a with 3 equiv of 4f furnished 22a
in 75% yield (entry 2, Table 2). The Pd(II)-catalyzed C−H
arylation of 3a with 4 equiv of 4f provided 22a with an
improved yield of 88% (entry 3, Table 2). Heating a mixture of

3a and 4f with 3 or 5 mol % of the Pd(OAc)2 catalyst resulted
in the product 22a in 65−72% yields (entries 4 and 5, Table
2). The Pd(II)-catalyzed C−H arylation of 3a with 4f with 1 or
2 equiv of AgOAc gave 22a in 62−80% yield (entries 6 and 7,
Table 2). The reaction using p-xylene solvent instead of
toluene afforded 22a in 82% yield (entry 8, Table 2). Treating
3a with 4f in the presence of Ag2CO3 additive in t-BuOH at 80
°C for 24 h gave 22a in 75% yield (entry 9, Table 2).
Next, we ventured into expanding the substrate scope and

synthesis of bis sulfonamide unit containing biaryls (Scheme
6). We treated various benzamides 3a,b,f,h,i,m and thiophene-

Scheme 4. Coupling of Carboxamides with
Iodobenzenesulfonamide 4a and Synthesis of Biaryl-Based
Tertiary Sulfonamide Motifs 12−15, 17, and 19

aSubstrate (0.15 mmol), 4a (4 equiv), Pd(OAc)2 (10 mol %), AgOAc
(2.2 equiv), toluene (2 mL), 110 °C, 24 h, sealed tube (purged with a
nitrogen atm).

Scheme 5. Coupling of Carboxamides with
Iodobenzenesulfonamides and Synthesis of Biaryl-Based
Tertiary Sulfonamide Motifs 20 and Secondary Sulfonamide
Motifs 21

aSubstrate (0.15 mmol), 4a (4 equiv), Pd(OAc)2 (10 mol %), AgOAc
(2.2 equiv), toluene (2 mL), 110 °C, 24 h, sealed tube (purged with a
nitrogen atm).
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2-carbaxamide 3o containing the 8-aminoquinoline DG with 4f
in the presence of Pd(OAc)2 and AgOAc in toluene (2 mL) at
110 °C for 24 h. These reactions afforded the corresponding
bis sulfonamide unit containing biaryls 22a−g in 78−88%
yields. The Pd(II)-catalyzed ortho C−H arylation reaction of
arylacetamide 16a with 4f furnished bis sulfonamide unit
containing biaryls 23a in 72% yield.
Subsequently, the Pd(II)-catalyzed C−H arylation of

benzamides 3a and 3g with bis sulfonamide-linked 4-iodo-2-
methylaniline 4g or bis sulfonamide-linked 3-iodoaniline 4h
afforded the corresponding tertiary sulfonamide unit contain-
ing biaryls 24a,b in 72−74% yields. Then, the Pd(II)-catalyzed
C−H arylation of benzamides 3a,f,i with bis sulfonamide-
linked 4-iodo-aniline 4i afforded the corresponding tertiary
sulfonamide unit containing biaryls 24c−e in 80−83% yields
(Scheme 6).
We then shifted our focus to employing different secondary

sulfonamide-linked 4-iodoanilines in the Pd(II)-catalyzed C−
H arylation reactions (Scheme 7). Accordingly, we performed
the Pd(II)-catalyzed arylation of various benzamides 3a,d,f,h,i
and furan-2-carboxamide 3n with secondary sulfonamide-
based 4-iodoanilines 4j,k. These reactions afforded the
corresponding secondary sulfonamide unit containing biaryls
25a−k in 68−75% yields (Scheme 7). Subsequently, we
carried out the Pd(II)-catalyzed arylation of various
benzamides 3d,e,f,g,h,i and heteroaryl carboxamides 3n,o
with secondary sulfonamide-based 4-iodoanilines 4l,m (pre-
pared using the corresponding alkylsulfonyl chlorides). These
reactions yielded the corresponding secondary sulfonamide
unit containing biaryls 26a−l in 70−80% yields (Scheme 7).
Having successfully synthesized a diverse range of tertiary as

well as secondary sulfonamide-based biaryls, we then embarked

on the removal of the 8-aminoquinoline (8-AQ) directing
group (DG) (Table 3). At first, the tertiary sulfonamide-based
biaryl carboxamide 5i was subjected to the standard acid-
mediated amide hydrolysis using CF3SO3H (0.2 mL) in a
mixture of toluene/H2O (1:1, 5:1, or 10:1 ratio, 3 mL) at 60−
100 °C for 6−18 h. These reactions did not yield any
carboxamide or sulfonamide hydrolysis products (entries 1−4,
Table 3).
Then, substrate 5i was treated with CF3SO3H (0.1−0.4 mL)

in a mixture of toluene/H2O (10:1 ratio, 3 mL) at 100 °C for
12−24 h. These reactions afforded the primary sulfonamide-

Table 2. Synthesis of Bis Sulfonamide Unit Containing
Biaryl Motif 22a

entry
catalyst
(mol %)

additive
(equiv)

solvent
(2 mL)

T (°
C)

22a: yield
(%)

1a Pd(OAc)2
(10)

AgOAc (2.2) toluene 110 52

2b Pd(OAc)2
(10)

AgOAc (2.2) toluene 110 75

3 Pd(OAc)2
(10)

AgOAc (2.2) toluene 110 88

4 Pd(OAc)2 (3) AgOAc (2.2) toluene 110 65
5 Pd(OAc)2 (5) AgOAc (2.2) toluene 110 72
6 Pd(OAc)2

(10)
AgOAc (1.0) toluene 110 62

7 Pd(OAc)2
(10)

AgOAc (2.0) toluene 110 80

8 Pd(OAc)2
(10)

AgOAc (2.2) p-xylene 130 82

9 Pd(OAc)2
(10)

Ag2CO3
(2.0)

t-BuOH 80 75

a1 equiv of 4f. b3 equiv of 4f.

Scheme 6. Coupling of Carboxamides with Bis Sulfonamide-
Based 4-iodoanilines and Synthesis of Bis Sulfonamide Unit
Containing Biaryls 22−24

aSubstrate (0.15 mmol), 4f−i (4 equiv), Pd(OAc)2 (10 mol %),
AgOAc (2.2 equiv), toluene (2 mL), 110 °C, 24 h, sealed tube
(purged with a nitrogen atm).
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based biaryl 27a (20−73% yields) as the major product in
which the 8-aminoquinoline (carboxamide unit) was intact
(entries 5−9, Table 3). The anticipated 8-AQ DG-removed
carboxylic acid 28a′ (in which the tertiary sulfonamide unit is
intact) was not observed. The primary sulfonamide moiety in
compound 27a has been generated via the debenzylation/
deprotection of the dibenzyl group of the tertiary sulfonamide
moiety of 5i in the presence of TfOH via the hydrolysis of the
dibenzylated sulfonamide unit. This observation is in
accordance with the earlier work, which reported the H2SO4-
mediated hydrolysis of the dibenzyl group of the tertiary
sulfonamide moiety as one of the steps in the synthesis of
Celecoxib.5h

Next, substrate 5i was treated with CF3SO3H in a mixture of
toluene/H2O (10:1 ratio, 3 mL) at 100 °C for a prolonged
reaction period of 48−96 h. These trials afforded the two
products 27a and 28a. The product 27a is a primary

sulfonamide-based biaryl motif (obtained in 10−45% yields,
in which the 8-aminoquinoline was intact). The product 28a
(obtained in 20−61% yields, entries 10−12, Table 3) is
derived from the hydrolysis of the carboxamide- and
sulfonamide groups from 5i. Additionally, when 5i was treated
with CF3SO3H in a mixture of toluene/H2O (10:1 ratio, 3 mL)
at a higher temperature (150 °C) for 18 h, the reaction gave
both the products 27a (40% yield) and 28a (15% yield, entry
13, Table 3). These reactions indicated that the ratio of
toluene/H2O solvent mixture, the reaction period, and
temperature have a role in the hydrolysis of the carboxamide
and sulfonamide moieties of 5i. At first, the sulfonamide
moiety undergoes hydrolysis when 5i was treated with
CF3SO3H in a mixture of toluene/H2O (10:1 ratio, 3 mL)
at 100 °C for 18−24 h, affording 27a. Prolonging the reaction
period or increasing the temperature has enabled the
hydrolysis of the carboxamide moiety in 5i (through the 8-
AQ removal), affording 28a (along with 27a due to low
conversion of 27a−28a through the hydrolysis reaction).
Noticeably, when 5i was treated with CF3SO3H in neat

condition or AcOH at 100 °C for 18 h selectively gave 28a in
30−60% yields (entries 14 and 15, Table 3). These reactions
indicated that in the presence of toluene/H2O, the hydrolysis
of the carboxamide and sulfonamide moieties of 5i is slower

Scheme 7. Coupling of Carboxamides with Secondary Sulfonamide-Based 4-Iodoanilines and Synthesis of Secondary
Sulfonamide-Based Biaryls 25 and 26

aSubstrate (0.15 mmol), 4j−m (4 equiv), Pd(OAc)2 (10 mol %), AgOAc (2.2 equiv), toluene (2 mL), 110 °C, 24 h, sealed tube (purged with a
nitrogen atm).
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Table 3. Optimization of Reaction Conditions and Triflic Acid-Mediated Hydrolysis of the Carboxamide (8-AQ Removal) and
Sulfonamide Moieties in 5i

entry substrate CF3SO3H (x mL) solvent (y:z, 3 mL) t (h) 27a: yield (%) 28a: yield (%) 29a: yield (%)

1 5i 0.2 toluene/H2O (1:1) 18 0 0 0
2 5i 0.2 toluene/H2O (5:1) 18 0 0 0
3 5i 0.2 toluene/H2O (10:1) 6 0 0 0
4a 5i 0.2 toluene/H2O (10:1) 18 0 0 0
5 5i 0.2 toluene/H2O (10:1) 12 20 0 0
6 5i 0.2 toluene/H2O (10:1) 18 73 0 0
7 5i 0.1 toluene/H2O (10:1) 18 50 0 0
8 5i 0.4 toluene/H2O (10:1) 18 70 0 0
9 5i 0.2 toluene/H2O (10:1) 24 72 0 0
10 5i 0.2 toluene/H2O (10:1) 48 40 24 0
11 5i 2.0 toluene/H2O (10:1) 48 45 20 0
12 5i 0.2 toluene/H2O (10:1) 96 10 61 0
13b 5i 0.2 toluene/H2O (10:1) 18 40 15 0
14 5i 0.2 neat 18 0 60 0
15 5i 0.2 CH3COOH 18 0 30 0

a60 °C. b150 °C.

Table 4. Optimization of Reaction Conditions and Triflic Acid-Mediated Hydrolysis of the Carboxamide (8-AQ Removal) and
Sulfonamide Moieties in 5a

entry substrate CF3SO3H (x mL) solvent (y:z, 3 mL) t (h) 27b: yield (%) 28b: yield (%) 29b: yield (%)

1 5a 0.2 toluene/H2O (5:1) 12 0 0 00
2 5a 0.2 toluene/H2O (10:1) 6 0 0 20
3 5a 0.2 toluene/H2O (10:1) 12 0 0 64
4 5a 0.2 toluene/H2O (10:1) 24 0 0 63
5 5a 0.2 toluene/H2O (10:1) 48 0 0 60
6 5a 0.2 toluene/H2O (10:1) 96 0 0 56
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when compared to the reactions in neat conditions or without
H2O (entries 14 and 15, Table 3). To corroborate this, we also
performed a control experiment using the primary sulfona-
mide-based biaryl compound 27a in which the 8-aminoquino-
line was intact. Substrate 27a was treated with CF3SO3H in a
mixture of toluene/H2O (10:1 ratio, 3 mL) at 100 °C for 96 h,
which afforded the 8-AQ removed, carboxylic acid product 28a
through the hydrolysis of the carboxamide moiety of 27a in
50% yield (Table 3).
In contrast to the substrate 5i, the tertiary sulfonamide-

based biaryl carboxamide 5a, having an OMe group next to the
carboxamide moiety, behaved differently, affording the product
29b when it was subjected to the CF3SO3H-mediated
hydrolysis conditions. Accordingly, when 5a was treated with
CF3SO3H in a mixture of toluene/H2O (10:1 ratio, 3 mL) at
100 °C for 6−96 h, the product 29b was obtained selectively in
20−64% yields (entries 2−6, Table 4). These reactions
indicated that 5a has presumably undergone the sequential
transformations including; (a) sulfonamide hydrolysis (afford-
ing 27b as the initial product), (b) then the 8-AQ removal via
the hydrolysis of carboxamide moiety in 27b (affording 28b)
and (c) finally the decarboxylation of COOH moiety of 28b
affording 29b. On the other hand, it may be noted that the
decarboxylated product 29a was not observed in character-
izable amounts when the tertiary sulfonamide-based biaryl
carboxamide 5i was treated with CF3SO3H in a mixture of
toluene/H2O (10:1 ratio, 3 mL) at 100 °C for 18−96 h
(entries 4−13, Table 3). It may be noted that the anticipated
8-AQ DG-removed carboxylic acid 28b′ (in which the tertiary
sulfonamide unit is intact) was not observed in any of the trials
involving substrate 5a.
The formation of the decarboxylation product 29b from 28b

may be ascribed via the ring-protonation mechanism proposed
by Kluger21 in substrate 28b possessing an OMe group in
proximity to the COOH group, enabling the decarboxylation
to afford 29b (Table 4). This observation is additionally
supported by the results obtained using a similar substrate 5q
(Table 5). The substrate 5q was treated with CF3SO3H in a
mixture of toluene/H2O (10:1 ratio, 3 mL) at 100 °C for 6−24
h. These trials afforded the primary sulfonamide-based biaryl
27c (10−34% yields) in which the 8-aminoquinoline was
intact and the decarboxylated product 29c (10−50% yields,

entries 1−4, Table 5). Subsequently, substrate 5q was treated
with CF3SO3H in a mixture of toluene/H2O (10:1 ratio, 3 mL)
at 100 °C for a prolonged reaction time of 48−96 h. These
trials afforded selectively the decarboxylated product 29c (56−
58% yields, entries 5 and 6, Table 5).
Accordingly, similar to the substrate 5a, substrate 5q

underwent the sequential transformations including (a)
sulfonamide hydrolysis (affording 27c as the initial product),
(b) then the 8-AQ removal via the hydrolysis of the
carboxamide moiety in 27c (affording 28c) and (b) finally
the decarboxylation of COOH moiety of 28c to afford 29c. It
is believed that the reason for the formation of the
decarboxylation product 29c from 5q may be attributed to
the mechanism proposed by Kluger21 in substate 28c, enabling
a facile decarboxylation to afford 29c.
Having done the optimization trials involving triflic acid-

mediated hydrolysis of biaryl-based sulfonamides obtained via
C−H arylation reaction, our focus shifted toward synthesizing
various biaryl-based primary sulfonamides using the best
optimized conditions (of Tables 3, 4, and 5). Under the
optimized reaction conditions (entry 6, Table 3), the tertiary
sulfonamide-based biaryls 5e,f,h,i, 13, 14, 17c and heteroaryls
5q,n were treated with CF3SO3H (0.2 mL) in toluene/H2O
(10:1, 3 mL) at 100 °C for 12−18 h. These substrates
underwent the selective sulfonamide hydrolysis and yielded
biaryl-based primary sulfonamides 27a, 27c−j in 34−73%
yields (Scheme 8). In the products 27a, 27c−j, the
carboxamide moiety (with 8-AQ DG) is intact, and only the
tertiary sulfonamide moiety of their corresponding substrates
had undergone hydrolysis.
Under the optimized reaction conditions (entries 10−13,

Table 3) established for substrate 5i, the substrates 5d,g,h,
having no OMe group in proximity to the carboxylic group,
were treated with CF3SO3H in a mixture of toluene/H2O
(10:1 ratio, 3 mL) at 100 °C for 12−96 h. These trials afforded
both the carboxamide and sulfonamide moieties hydrolyzed
products 28d−f in 41−65% yields (Scheme 9). Next, under
the optimized reaction conditions (entries 2−6, Table 4)
established for substrate 5a, the substrates 5a,b,m having the
alkoxy group in proximity to the carboxylic group) were
treated with CF3SO3H in a mixture of toluene/H2O (10:1
ratio, 3 mL) at 100 °C for 12−24 h. These trials afforded the

Table 5. Optimization of Reaction Conditions and Triflic Acid-Mediated Hydrolysis of the Carboxamide (8-AQ Removal) and
Sulfonamide Moieties in 5q

entry substrate CF3SO3H (x mL) solvent (y:z, 3 mL) t (h) 27c: yield (%) 28c: yield (%) 29c: yield (%)

1 5q 0.2 toluene/H2O (10:1) 6 25 0 10
2 5q 0.2 toluene/H2O (10:1) 12 34 0 15
3 5q 0.2 toluene/H2O (10:1) 18 25 0 35
4 5q 0.2 toluene/H2O (10:1) 24 10 0 50
5 5q 0.2 toluene/H2O (10:1) 48 0 0 58
6 5q 0.2 toluene/H2O (10:1) 96 0 0 56
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corresponding decarboxylated, primary sulfonamide-based
biaryls 29b,f,h in 61−69% yields (Scheme 9). Similarly,
under the optimized reaction conditions (entries 5 and 6,
Table 5) established for substrate 5q, the heteroaryl substrates
5o,q,r, were treated with CF3SO3H in a mixture of toluene/
H2O (10:1 ratio, 3 mL) at 100 °C for 12−48 h. These trials
afforded the corresponding decarboxylated, primary sulfona-
mide-based biaryls 29c−e in 59−67% yields (Scheme 9).
Additionally, under the optimized reaction conditions (entries
2−6, Table 4) established for substrate 5a, other substrates 5k,
5l, and 12 were treated with CF3SO3H in a mixture of toluene/
H2O (10:1 ratio, 3 mL) at 100 °C for 12−24 h. These trials
afforded the corresponding decarboxylated, primary sulfona-
mide-based biaryls 29g,i,j in 59−63% yields (Scheme 9).
In concurrence with Kluger’s mechanism,21 the ring-

protonation in substrate 28b possessing the OMe group in
proximity to the COOH group presumably generates the
proposed initial species 28ba and then the species 28bb.
Subsequently, the decarboxylation product 29b is generated
from the species 28ba/28bb (Table 4 and Scheme 10). The
positive charge in the ring protonated species 28ba/28bb is
presumably stabilized by the OMe group. The decarboxylation
may be facile in substrates from which a favorable ring
protonation species (e.g., 28ba/28bb) is generated. Accord-

ingly, substrates 5a,b,m having the alkoxy group at the ortho
position (and in proximity to the carboxylic group) afforded
the corresponding decarboxylated, primary sulfonamide-based
biaryls 29b,f,h. On the other hand, it seems that the initial ring
protonation step in substrate 28a having a chloro substituent at
the meta position (with respect to the carboxylic group) is not
a facile process to generate the species 28aa (as the positive
charge in the ring protonated species 28aa is presumably not
stabilized by any substituent). Thus, the corresponding
product 29a was not observed. Accordingly, related products
28a,d,e having substituents at the meta position (with respect
to the carboxylic group) did not undergo decarboxylation. In
addition, while the corresponding carboxylic acids of substrates
27e,f did not form and the carboxylic acid group in substrates
27e,f having the F or Br substituent at the ortho position (with
respect to the carboxylic group) did not undergo decarbox-
ylation under the experimental conditions. While the
electronics due to F or Br substituents at the ortho position
in 27e,f (when compared to 28b, which has the OMe group at
the ortho position) could not be understood at this point.
However, we noted that product 28f, having a methyl
substituent at the ortho position (with respect to the carboxylic
group), also did not undergo decarboxylation. This suggests
that substrates 5a,b,m having only an alkoxy group at the ortho
position (and in proximity to the carboxylic group) undergo a
facile decarboxylation, affording the corresponding decarboxy-
lated, primary sulfonamide-based biaryls 29b,f,h. At this stage,
the formation of the decarboxylation products 29g,i,j may also
be ascribed via a facile ring-protonation of the electronically
rich aromatic rings in respective substrates as described using
substrate 29b in Scheme 10. Overall, the optimization
reactions, substrate scope shown in Tables 3−5, Schemes 8
and 9 indicate that the ratio of toluene/H2O solvent mixture,

Scheme 8. Substrate Scope Investigation and Triflic Acid-
Mediated Hydrolysis of the Tertiary Sulfonamide Moiety in
5e,f,h,i,q,n, 13, 14, and 17c toward Primary Sulfonamide-
Based Biaryls 27

Scheme 9. Substrate Scope Investigation and Triflic Acid-
Mediated Hydrolysis of the Sulfonamide and Carboxamide
Moieties and Decarboxylation Reactions Affording
Sulfonamides 28 or 29
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reaction period, and temperature have a role in the hydrolysis
of the carboxamide and sulfonamide moieties and subsequent
decarboxylation is influenced by the substituents in the
substrate or nature of the substrate.
The structure of product 29b has been confirmed by the X-

ray structure analysis, which ascertained the occurrence of the
hydrolysis of the carboxamide and sulfonamide moieties in 5a.
The occurrence of the Pd(II)-catalyzed 8-aminoquinoline-
assisted ortho C−H arylation of 3a with 4a affording 5a can be
indirectly confirmed from the X-ray structure of the product
29b. Accordingly, in concurrence with the literature reports it
is proposed that Pd(II)-catalyzed, 8-aminoquinoline DG-aided
ortho C(sp2)−H arylation of carboxamide with aryl iodide
undergoes via a Pd(II)/Pd(IV) redox catalytic cycle13−17

enabling the activation of the ortho C−H bond of 3a and
subsequent arylation affording 5a.
We also had some interesting observations when attempting

the triflic acid-mediated hydrolysis of carboxamide (directing
group-removal) and sulfonamide moiety in some specific
substrates 5c, 5j, and 5i (Scheme 11). When substrates 5c and
5j were treated with CF3SO3H in a mixture of toluene/H2O
(10:1 ratio, 3 mL) at 100 °C for 18−20 h, we obtained the
corresponding products 31a and 31b in 60−63% yields. While
the substrates 5c and 5j have undergone the hydrolysis of the
carboxamide and sulfonamide moieties, as expected. But the
presence of an aryl ring in the proximity of the carboxylic
group has led to the intramolecular Friedel−Crafts acylation22

affording the corresponding cyclized products 31a and 31b
(via 31aa/31ab and 31ba/31bb, respectively).
Additionally, when substrate 5i was treated with CF3SO3H

in toluene or o-xylene in the absence of H2O at 100 °C for 18
h, we obtained the corresponding products 30a and 30b in
44−52% yields. While the substrate 5i has undergone the
sulfonamide hydrolysis as expected and the carboxamide group
has undergone the Friedel−Crafts acylation, affording the
corresponding products 30a and 30b (via 30aa−ac,
respectively) under the experimental conditions. It may be
noted that the TfOH-mediated hydrolysis of the sulfonamide
and carboxamide moieties in 5i in the presence of H2O in
toluene did not result in the Friedel−Crafts acylation products

(Table 3). Accordingly, the formation of 30a,b is an additional
result when compared to the results discussed in Table 3 using
the substrate 5i.
Furthermore, having done the amide hydrolysis of substrates

using an acidic condition, we also attempted the NaOH-
mediated selective removal of the 8-aminoquinoline directing
group from representative biaryl sulfonamide motifs obtained
via C−H functionalization. The 8-AQ directing group-linked
carboxamide and secondary sulfonamide moiety containing
biaryl substrates 21b and 26i were treated with NaOH in
EtOH at 130 °C for 24 h. These attempts successfully
furnished the corresponding 8-aminoquinoline DG-removed,
secondary sulfonamide motif-based biaryl carboxylic acids
32a,b in 75−78% yields (Scheme 12).

■ CONCLUSIONS
In summary, we have shown the application of Pd(II)-
catalyzed 8-aminoquinoline directing group-assisted C−H
arylation method for the construction of new biaryl
sulfonamides (biaryl-based primary-, secondary- and tertiary-
sulfonamides). In general, the biaryl sulfonamides were
synthesized using the traditional cross-coupling reactions. We
have shown the Pd(II)-catalyzed ortho coupling of C−H bonds
of aromatic carboxamides with iodobenzenesulfonamide as a
progressive route toward diverse biaryl-based sulfonamides.
After the C−H arylation reactions, we attempted the removal
of the 8-aminoquinoline from the synthesized biaryl scaffolds
possessing carboxamide and sulfonamide moieties. The
attempts comprising triflic acid-mediated hydrolysis have
enabled the 8-aminoquinoline removal from carboxamide
and debenzylation/deprotection of the dibenzyl group of the
tertiary sulfonamide moiety in specific substrates. In some
cases, we noted the occurrence of decarboxylation and Friedel-
Crafts acylation reactions under experimental conditions,
affording interesting biaryl-based sulfonamides. All the
compounds have been characterized by NMR and HRMS
analysis. The structure of a representative product 29b has
been confirmed by the X-ray structure analysis, and the
occurrence of the Pd(II)-catalyzed 8-aminoquinoline-assisted
ortho C−H arylation of 3a with 4a affording 5a was indirectly

Scheme 10. Proposed Mechanism of Decarboxylation of 28b via the Ring-Protonation Process (Based on Kluger’s Report21)
under the Experimental Conditions
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confirmed from the X-ray structure of the product 29b.
Considering the applications of sulfonamides in drug discovery
and medicinal chemistry research areas, the current method is
a contribution toward the development of alternative and
effective methods for assembling new biaryl sulfonamides
(biaryl-based primary-, secondary-, and tertiary- sulfonamides).
We are also in the process of exploring the antiviral properties
(via a high-content screening against influenza A virus
infection and cytotoxicity profile) of the synthesized
compounds, and the results of the investigation will be
reported in the future.

■ EXPERIMENTAL SECTION
General. The 1H, 13C, and 19F NMR spectra of compounds

were recorded (using TMS as an internal standard) in 400,
∼101, and ∼376 MHz NMR spectrometers, respectively. The
HRMS analysis data of samples reported here were obtained
from a QTOF mass analyzer using the electrospray ionization
(ESI) method. IR spectra of samples reported here were
recorded as neat or thin films. Column chromatography

Scheme 11. Synthetic Elaboration and Triflic Acid-Mediated Transformation Involving Friedel-Crafts-Type Reactions on
Sulfonamides 5c,j,i Affording the Corresponding Products 31a,b and 30a,b

Scheme 12. NaOH-Mediated Selective Removal of the 8-
Aminoquinoline Directing Group from Representative
Biaryl Sulfonamide Motifs 21b/26i Affording 32a/32b
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purification was carried out on silica gel (100−200 mesh).
Reactions were conducted in anhydrous solvents in sealed
tubes (filled with ambient air) or sealed tubes purged with a
nitrogen atm. The organic layers obtained after the workup
were dried using anhydrous Na2SO4. Thin layer chromatog-
raphy (TLC) analyses were performed on silica gel or alumina
plates, and components were visualized by observation under
iodine vapor or using a UV lamp. Isolated yields of all the
products are reported, and yields were not optimized. In all the
cases, after the Pd(II)-catalyzed reactions, the respective crude
reaction mixtures were subjected to the column chromato-
graphic purification, and we were focused to isolate the
corresponding main C−H coupled products shown in the
respective Tables/Schemes and any other byproducts were not
obtained in characterizable or demonstrable amounts of yields.
Most of the aromatic and aliphatic carboxamides possessing
the corresponding bidentate directing groups used in this work
are known compounds (see the Supporting Information for the
corresponding references), and they were assembled using
standard amide coupling methods from their corresponding
carboxylic acids/acid chlorides and amines. Iodobenzenesulfo-
namides used in this work were assembled via the standard
amide coupling methods from their corresponding sulfonyl
chloride and amine, and the crude iodobenzenesulfonamides
were used as such after preparation.
Caution! Some of the reactions have been carried out in a

sealed tube under heating conditions above the solvent’s
boiling point. The reaction may be performed in a fume hood,
or use of a safety screen is recommended.
General Procedure for the Preparation of Biaryl-

Based Tertiary and Secondary Sulfonamides 5a−t, 7a−
e, 12−15, 17a−h, 19a−c, 20a−e, and 21a−h via the
Pd(II)-Catalyzed C−H Arylation of Corresponding
Carboxamides. A mixture of an appropriate carboxamide
(0.15 mmol, 1 equiv), Pd(OAc)2 (10 mol %), iodobenzene-
sulfonamide (4 equiv), and AgOAc (2.2 equiv) in anhydrous
toluene (2 mL) was heated at 110 °C for 24 h under a nitrogen
atm. After the reaction period, the reaction mixture was
concentrated in vacuo, and the resulting crude residue was
purified by column chromatography on silica or neutral
alumina gel (eluent = EtOAc/hexane) to furnish the
corresponding biaryls-based tertiary and secondary sulfona-
mide (see the corresponding Table/Scheme for the specific
entry).
General Procedure for the Preparation of Bis and

Mono Sulfonamide Unit Containing Biaryls 22a−g, 23a,
24a−e, 25a−k, and 26a−l via the Pd(II)-Catalyzed C−H
Arylation of Corresponding Carboxamides. A mixture of
an appropriate carboxamide (0.15 mmol, 1 equiv), Pd(OAc)2
(10 mol %), sulfonamide-linked iodoanilines (4 equiv), and
AgOAc (2.2 equiv) in anhydrous toluene (2 mL) was heated at
110 °C for 24 h under a nitrogen atm. After the reaction
period, the reaction mixture was concentrated in vacuo, and
the resulting crude residue was purified by column
chromatography on silica or neutral alumina gel (eluent =
EtOAc/hexane) to furnish the corresponding bis and mono
sulfonamide unit containing biaryl (see the corresponding
Table/Scheme for the specific entry).
Procedure for the Synthesis of Biaryl-Based Primary

Sulfonamides 27a, 27c−j, 28a, 28d−f, 29b−j, 31a,b. A
solution of biaryl-based tertiary and secondary sulfonamide
(0.1 mmol) and CF3SO3H (0.3 mL) in toluene/H2O (10:1, 3
mL) was heated at 100 °C for 12−96 h. After this period, the

reaction mixture was diluted with water and extracted with
EtOAc (2 × 10 mL). The organic layers were dried over
anhydrous Na2SO4 and evaporated under reduced pressure to
afford a crude mixture, which was then purified by column
chromatography on silica gel to afford the corresponding
biaryls-based primary sulfonamide (see the corresponding
Table/Scheme for the specific entry). The compounds 30a and
30b were obtained using only toluene or o-xylene as solvent.
Procedure for the Removal of Directing Group 8-

Aminoquinoline and the Synthesis of Biaryl-Based
Secondary Sulfonamides 32a,b. A solution of biaryl-
based secondary sulfonamide (0.1 mmol, 1 equiv) and
NaOH (1.5 mmol, 15 equiv) in ethanol (2 mL) was heated
in a sealed tube at 130 °C for 24 h. After this period, the
reaction mixture was diluted with water and extracted with
EtOAc (2 × 10 mL). Then, the aqueous layer was acidified
with 1 N HCl and extracted with EtOAc (2 × 10 mL). The
organic layers were dried over anhydrous Na2SO4 and
evaporated under reduced pressure to afford a crude mixture,
which was then purified by column chromatography on silica
gel to afford the corresponding biaryls-based secondary
sulfonamide (see the corresponding Table/Scheme for the
specific entry).

4′-(N,N-Dibenzylsulfamoyl)-3-methoxy-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5a). Following the general
procedure, 5a was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless solid (82%, 76 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.40; mp: 122−124 °C; IR (DCM): 3341, 2928,
1671, 1517, 755 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.98
(1H, br. s), 8.78 (1H, dd, J1 = 5.4 Hz, J2 = 3.6 Hz), 8.69 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.09 (1H, dd, J1 = 8.3 Hz, J2 = 1.5
Hz), 7.72 (2H, d, J = 8.4 Hz), 7.67 (2H, d, J = 8.4 Hz), 7.53−
7.48 (3H, m), 7.38 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.15−
7.12 (6H, m), 7.09 (1H, d, J = 8.3 Hz), 7.05 (1H, d, J = 7.6
Hz), 6.95−6.93 (4H, m), 4.09 (4H, s), 3.92 (3H, s); 13C {1H}
NMR (∼101.0 MHz, CDCl3): δC 165.2, 156.8, 148.1, 144.6,
139.8, 139.1, 138.3, 136.2, 135.4, 134.3, 130.7, 129.3, 128.4,
128.3, 127.8, 127.5, 127.3, 127.0, 126.3, 122.2, 121.8, 121.5,
116.6, 111.0, 56.1, 50.5; HRMS (ESI): m/z (M + H)+ calcd for
C37H32N3O4S: 614.2114; found: 614.2117.

4′-(N,N-Dibenzylsulfamoyl)-3-ethoxy-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5b). Following the general
procedure, 5b was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 45:65) as a
colorless solid (78%, 74 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.40; mp: 128−130 °C; IR (DCM): 3342, 2927,
1673, 1515, 729 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.15
(1H, br. s), 8.75−8.73 (2H, m), 8.13 (1H, dd, J1 = 8.3 Hz, J2 =
1.6 Hz), 7.75 (2H, d, J = 8.2 Hz), 7.66 (2H, d, J = 8.2 Hz),
7.50−7.45 (3H, m), 7.41 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz),
7.20−7.15 (6H, m), 7.08 (1H, d, J = 8.4 Hz), 7.03 (1H, d, J =
7.6 Hz), 6.98−6.96 (4H, m), 4.20 (2H, q, J = 7.0 Hz), 4.17
(4H, s), 1.37 (3H, t, J = 7.0 Hz); 13C {1H} NMR (∼101.0
MHz, CDCl3): δC 165.2, 156.2, 148.1, 145.1, 140.5, 139.2,
138.4, 136.2, 135.5, 134.5, 130.7, 129.3, 128.5, 128.4, 127.9,
127.5, 127.4, 127.0, 126.4, 122.3, 121.7, 121.6, 116.7, 112.0,
64.6, 50.5, 14.6; HRMS (ESI): m/z (M + H)+ calcd for
C38H34N3O4S: 628.2270; found: 628.2268.

4′-(N,N-Dibenzylsulfamoyl)-3-phenoxy-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5c). Following the general
procedure, 5c was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 50:50) as a
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yellow colored solid (76%, 77 mg, 0.15 mmol); Rf (EtOAc/
hexanes = 30:70) 0.40; mp: 130−132 °C; IR (DCM): 3349,
2930, 1678, 1514, 759 cm−1; 1H NMR (400 MHz, CDCl3): δH
10.19 (1H, br. s), 8.71 (1H, dd, J1 = 6.4 Hz, J2 = 2.6 Hz), 8.68
(1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.07 (1H, dd, J1 = 8.2 Hz, J2
= 1.4 Hz), 7.77 (2H, d, J = 8.4 Hz), 7.71 (2H, d, J = 8.4 Hz),
7.47−7.43 (3H, m), 7.37 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz),
7.34−7.30 (2H, m), 7.20−7.08 (10H, m), 7.01 (1H, d, J = 8.2
Hz), 6.97−6.95 (4H, m), 4.15 (4H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 164.3, 156.3, 155.0, 148.1, 144.3,
140.5, 139.4, 138.2, 136.2, 135.4, 134.1, 130.7, 129.8, 129.3,
128.4, 128.3, 127.8, 127.5, 127.2, 127.0, 124.7, 124.0, 121.8,
121.6, 119.6, 117.9, 116.6, 50.4; HRMS (ESI): m/z (M + H)+
calcd for C42H34N3O4S: 676.2270; found: 676.2274.

4′-(N,N-Dibenzylsulfamoyl)-3-methyl-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5d). Following the general
procedure, 5d was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless solid (30%, 27 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.40; mp: 83−85 °C; IR (DCM): 3339, 3029, 1674,
1520, 749 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.75 (1H,
br. s), 8.83 (1H, d, J = 7.0 Hz), 8.68 (1H, dd, J1 = 4.2 Hz, J2 =
1.6 Hz), 8.10 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.74 (4H, s),
7.57−7.48 (3H, m), 7.41−7.37 (2H, m), 7.35 (1H, d, J = 7.5
Hz), 7.19−7.15 (6H, m), 6.98−6.95 (4H, m), 4.03 (4H, s),
2.61 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
167.5, 148.1, 144.8, 138.7, 138.1, 137.7, 136.6, 136.1, 136.0,
135.3, 133.9, 130.4, 129.4, 129.3, 128.3, 128.1, 127.7, 127.4,
127.3, 127.1, 126.9, 122.0, 121.6, 116.5, 50.6, 19.6; HRMS
(ESI): m/z (M - H)+ calcd for C37H30N3O3S: 596.2008;
found: 596.2007.

4′-(N,N-Dibenzylsulfamoyl)-3-fluoro-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5e). Following the general
procedure, 5e was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless solid (72%, 65 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.60; mp: 124−126 °C; IR (DCM): 3335, 2927,
1672, 1514, 730 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.99
(1H, br. s), 8.77 (1H, dd, J1 = 5.0 Hz, J2 = 4.0 Hz), 8.68 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.10 (1H, dd, J1 = 8.3 Hz, J2 = 1.6
Hz), 7.74 (2H, d, J = 8.4 Hz), 7.66 (2H, d, J = 8.4 Hz), 7.57−
7.50 (3H, m), 7.39 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.29−
7.25 (2H, m), 7.16−7.13 (6H, m), 6.96−6.94 (4H, m), 4.12
(4H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC 162.4,
159.7 (d, JC−F = 251.0 Hz), 148.3, 143.4 (d, JC−F = 2.2 Hz),
140.6 (d, JC−F = 3.2 Hz), 139.8, 138.2, 136.3, 135.3, 133.8,
131.3 (d, JC−F = 9.0 Hz), 129.3, 128.4, 128.3, 127.8, 127.6,
127.2, 127.2, 125.9, 125.9, 125.0 (d, JC−F = 17.7 Hz), 122.3,
121.7, 116.8, 115.9 (d, JC−F = 22.3 Hz), 50.5; 19F {1H} NMR
(∼376 MHz, CDCl3): δF −114.30; HRMS (ESI): m/z (M +
H)+ calcd for C36H29FN3O3S: 602.1914; found: 602.1912.

3-Bromo-4′-(N,N-dibenzylsulfamoyl)-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5f). Following the general
procedure, 5f was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless solid (65%, 65 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.60; mp: 108−110 °C; IR (DCM): 3330, 2927,
1678, 1528, 761 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.85
(1H, br. s), 8.75 (1H, dd, J1 = 6.1 Hz, J2 = 2.9 Hz), 8.69 (1H,
dd, J1 = 4.2 Hz, J2 = 1.5 Hz), 8.10 (1H, dd, J1 = 8.3 Hz, J2 = 1.5
Hz), 7.74−7.66 (5H, m), 7.52−7.49 (2H, m), 7.44−7.38 (3H,
m), 7.13−7.12 (6H, m), 6.93−6.91 (4H, m), 4.07 (4H, s); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 165.3, 148.3, 143.5,

140.0, 139.7, 138.2, 138.0, 136.3, 135.3, 133.7, 132.8, 130.7,
129.3, 129.0, 128.4, 128.3, 127.8, 127.5, 127.2, 127.1, 122.3,
121.7, 120.8, 116.8, 50.5; HRMS (ESI): m/z (M + H)+ calcd
for C36H29BrN3O3S: 662.1113; found: 662.1110.

4′-(N,N-Dibenzylsulfamoyl)-4-methoxy-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5g). Following the general
procedure, 5g was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless solid (86%, 79 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.60; mp: 136−138 °C; IR (DCM): 3335, 2928,
1672, 1513, 725 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.78
(1H, br. s), 8.81−8.79 (1H, m), 8.55 (1H, dd, J1 = 4.2 Hz, J2 =
1.5 Hz), 8.02 (1H, dd, J1 = 8.3 Hz, J2 = 1.4 Hz), 7.71 (2H, d, J
= 8.3 Hz), 7.62 (2H, d, J = 8.3 Hz), 7.52 (1H, t, J = 8.1 Hz),
7.47−7.45 (2H, m), 7.40 (1H, d, J = 8.5 Hz), 7.32 (1H, dd, J1
= 8.3 Hz, J2 = 4.2 Hz), 7.15−7.11 (7H, m), 6.95−6.92 (4H,
m), 4.05 (4H, s), 3.92 (3H, s); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 166.8, 159.7, 148.0, 144.3, 138.8, 138.2, 137.2,
136.1, 135.4, 134.1, 131.8, 130.7, 129.6, 128.4, 128.2, 127.7,
127.5, 127.2, 127.1, 121.9, 121.6, 117.0, 116.3, 114.0, 55.6,
50.5; HRMS (ESI): m/z (M + H)+ calcd for C37H32N3O4S:
614.2114; found: 614.2110.

4′-(N,N-Dibenzylsulfamoyl)-4-methyl-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5h). Following the general
procedure, 5h was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless solid (85%, 76 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.40; mp: 132−134 °C; IR (DCM): 3337, 2928,
1672, 1526, 727 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.77
(1H, br. s), 8.81−8.79 (1H, m), 8.57 (1H, dd, J1 = 4.2 Hz, J2 =
1.6 Hz), 8.03 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.74 (1H, s),
7.73 (2H, d, J = 8.5 Hz), 7.63 (2H, d, J = 8.4 Hz), 7.52 (1H, t,
J = 8.1 Hz), 7.46 (1H, dd, J1 = 8.3 Hz, J2 = 1.3 Hz), 7.42 (1H,
dd, J1 = 7.9 Hz, J2 = 1.2 Hz), 7.37 (1H, d, J = 7.8 Hz), 7.33
(1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.16−7.13 (6H, m), 6.95−
6.93 (4H, m), 4.06 (4H, s), 2.50 (3H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 167.3, 148.0, 144.6, 139.1, 138.7,
138.2, 136.1, 136.1, 135.6, 135.4, 134.2, 131.4, 130.4, 129.7,
129.6, 128.4, 128.3, 127.7, 127.5, 127.2, 121.8, 121.6, 116.3,
50.5, 21.1; HRMS (ESI): m/z (M + H)+ calcd for
C37H32N3O3S: 598.2164; found: 598.2165.

4-Chloro-4′-(N,N-dibenzylsulfamoyl)-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (5i). Following the general
procedure, 5i was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 50:50) as a
colorless solid (75%, 70 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.40; mp: 136−138 °C; IR (DCM): 3330, 2929,
1677, 1532, 729 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.79
(1H, br. s), 8.76 (1H, dd, J1 = 7.3 Hz, J2 = 1.5 Hz), 8.59 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.06 (1H, dd, J1 = 8.3 Hz, J2 = 1.6
Hz), 7.93 (1H, d, J = 2.2 Hz), 7.74 (2H, d, J = 8.4 Hz), 7.62
(2H, d, J = 8.4 Hz), 7.59 (1H, dd, J1 = 8.3 Hz, J2 = 2.2 Hz),
7.55−7.47 (2H, m), 7.42 (1H, d, J = 8.2 Hz), 7.37 (1H, dd, J1
= 8.3 Hz, J2 = 4.2 Hz), 7.18−7.13 (6H, m), 6.96−6.93 (4H,
m), 4.09 (4H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
165.5, 148.1, 143.3, 139.8, 138.1, 137.5, 136.8, 136.2, 135.3,
134.8, 133.8, 131.8, 130.8, 129.5, 129.3, 128.4, 128.3, 127.7,
127.6, 127.3, 127.1, 122.2, 121.7, 116.5, 50.5; HRMS (ESI):
m/z (M + H)+ calcd for C36H29ClN3O3S: 618.1618; found:
618.1620.

4-(N,N-Dibenzylsulfamoyl)-4″-methyl-N-(quinolin-8-yl)-
(1,1′:3′,1″-terphenyl)-2′-carboxamide (5j). Following the
general procedure, 5j was obtained after purification by
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column chromatography on silica gel (EtOAc:hexanes =
40:60) as a colorless solid (82%, 83 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 30:70) 0.50; mp: 174−176 °C; IR (DCM):
3337, 2929, 1677, 1512, 775 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.65 (1H, br. s), 8.59 (1H, dd, J1 = 4.2 Hz, J2 = 1.6
Hz), 8.52 (1H, dd, J1 = 6.4 Hz, J2 = 2.5 Hz), 8.03 (1H, dd, J1 =
8.3 Hz, J2 = 1.6 Hz), 7.72−7.67 (4H, m), 7.60 (1H, t, J = 7.7
Hz), 7.53 (1H, dd, J1 = 7.7 Hz, J2 = 1.0 Hz), 7.45−7.39 (5H,
m), 7.34 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.17−7.14 (6H,
m), 7.08 (2H, d, J = 8.0 Hz), 6.95−6.93 (4H, m), 4.05 (4H, s),
2.21 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
167.0, 147.9, 145.0, 140.8, 139.1, 138.8, 138.2, 137.3, 137.0,
136.0, 135.5, 134.0, 130.3, 129.5, 129.5, 129.0, 128.9, 128.5,
128.3, 127.6, 127.5, 127.2, 127.0, 121.7, 121.5, 116.5, 50.6,
21.0; HRMS (ESI): m/z (M + H)+ calcd for C43H36N3O3S:
674.2477; found: 674.2479.

2-(4-(N,N-Dibenzylsulfamoyl)phenyl)-N-(quinolin-8-yl)-1-
naphthamide (5k). Following the general procedure, 5k was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 50:50) as a colorless solid (81%, 77 mg,
0.15 mmol); Rf (EtOAc/hexanes = 30:70) 0.40; mp: 150−152
°C; IR (DCM): 3336, 2929, 1677, 1517, 765 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.87 (1H, br. s), 8.92 (1H, d, J = 7.5
Hz), 8.56 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.26−8.23 (1H,
m), 8.06 (2H, d, J = 8.4 Hz), 7.97−7.95 (1H, m), 7.80 (2H, d,
J = 8.4 Hz), 7.73 (2H, d, J = 8.4 Hz), 7.60−7.54 (4H, m), 7.50
(1H, dd, J1 = 8.3 Hz, J2 = 1.4 Hz), 7.33 (1H, dd, J1 = 8.3 Hz, J2
= 4.2 Hz), 7.14−7.11 (6H, m), 6.94−6.91 (4H, m), 4.00 (4H,
s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC 167.2, 148.2,
144.8, 139.1, 138.2, 136.2, 135.4, 135.1, 134.2, 132.9, 130.3,
130.1, 129.7, 128.4, 128.3, 128.1, 127.8, 127.8, 127.5, 127.3,
127.2, 127.0, 125.7, 122.2, 121.7, 116.7, 50.7; HRMS (ESI):
m/z (M + H)+ calcd for C40H32N3O3S: 634.2164; found:
634.2166.

5-(4-(N,N-Dibenzylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
pyrene-4-carboxamide (5l). Following the general procedure,
5l was obtained after purification by column chromatography
on silica gel (EtOAc:hexanes = 30:70) as a yellow colored solid
(76%, 81 mg, 0.15 mmol); Rf (EtOAc/hexanes = 30:70) 0.60;
mp: 134−136 °C; IR (DCM): 3338, 2931, 1670, 1513, 721
cm−1; 1H NMR (400 MHz, CDCl3): δH 10.01 (1H, br. s), 8.98
(1H, dd, J1 = 7.5 Hz, J2 = 1.3 Hz), 8.56 (1H, dd, J1 = 4.2 Hz, J2
= 1.6 Hz), 8.49 (1H, d, J = 9.2 Hz), 8.30−8.15 (6H, m), 8.11−
8.07 (2H, m), 7.94 (2H, d, J = 8.4 Hz), 7.79 (2H, d, J = 8.5
Hz), 7.59 (1H, t, J = 8.2 Hz), 7.53 (1H, dd, J1 = 8.4 Hz, J2 =
1.3 Hz), 7.35 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.17−7.15
(6H, m), 6.97−6.94 (4H, m), 4.02 (4H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 167.6, 148.2, 145.3, 139.0, 138.3,
136.2, 135.5, 135.3, 134.3, 132.0, 131.3, 131.2, 130.7, 130.1,
129.4, 129.3, 128.9, 128.5, 128.3, 127.8, 127.5, 127.3, 127.2,
127.0, 126.6, 126.1, 126.0, 125.8, 124.5, 124.2, 122.2, 121.7,
116.7, 50.8; HRMS (ESI): m/z (M + H)+ calcd for
C46H34N3O3S: 708.2321; found: 708.2327.

6-(4-(N,N-Dibenzylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
2,3-dihydrobenzo(b)(1,4)dioxine-5-carboxamide (5m). Fol-
lowing the general procedure, 5m was obtained after
purification by column chromatography on silica gel
(EtOAc:hexanes = 30:70) as a colorless solid (82%, 79 mg,
0.15 mmol); Rf (EtOAc/hexanes = 30:70) 0.60; mp: 162−164
°C; IR (DCM): 3341, 2928, 1678, 1529, 728 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.92 (1H, br. s), 8.80 (1H, dd, J1 = 6.5
Hz, J2 = 2.4 Hz), 8.67 (1H, dd, J1 = 4.2 Hz, J2 = 1.5 Hz), 8.09
(1H, dd, J1 = 8.3 Hz, J2 = 1.5 Hz), 7.69 (2H, d, J = 8.4 Hz),

7.64 (2H, d, J = 8.4 Hz), 7.52−7.47 (2H, m), 7.38 (1H, dd, J1
= 8.3 Hz, J2 = 4.2 Hz), 7.14−7.12 (6H, m), 7.07 (1H, d, J = 8.4
Hz), 6.96 (1H, d, J = 8.4 Hz), 6.94−6.92 (4H, m), 4.36 (4H,
s), 4.06 (4H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
164.5, 148.1, 144.4, 143.9, 141.3, 138.7, 138.2, 136.2, 135.5,
134.1, 131.6, 129.2, 128.4, 128.3, 127.8, 127.5, 127.3, 127.0,
126.2, 122.8, 121.9, 121.6, 118.5, 116.7, 64.6, 64.2, 50.6;
HRMS (ESI): m/z (M + H)+ calcd for C38H32N3O5S:
642.2063; found: 642.2064.

3-(4-(N,N-Dibenzylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
furan-2-carboxamide (5n). Following the general procedure,
5n was obtained after purification by column chromatography
on silica gel (EtOAc:hexanes = 40:60) as a yellow colored solid
(78%, 67 mg, 0.15 mmol); Rf (EtOAc/hexanes = 30:70) 0.40;
mp: 150−152 °C; IR (DCM): 3339, 2926, 1673, 1520, 722
cm−1; 1H NMR (400 MHz, CDCl3): δH 10.88 (1H, br. s), 8.87
(1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.84 (1H, dd, J1 = 5.5 Hz, J2
= 3.5 Hz), 8.17 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.95−7.90
(4H, m), 7.68 (1H, d, J = 1.8 Hz), 7.54−7.53 (2H, m), 7.47
(1H, dd, J1 = 8.2 Hz, J2 = 4.2 Hz), 7.26−7.20 (6H, m), 7.11−
7.08 (4H, m), 6.73 (1H, d, J = 1.8 Hz), 4.37 (4H, s); 13C {1H}
NMR (∼101.0 MHz, CDCl3): δC 156.4, 148.4, 143.6, 142.4,
139.8, 138.6, 136.3, 135.5, 134.1, 130.4, 130.2, 128.6, 128.4,
128.0, 127.6, 127.2, 126.9, 121.9, 121.7, 116.6, 114.6, 114.6,
50.7; HRMS (ESI): m/z (M + H)+ calcd for C34H28N3O4S:
574.1801; found: 574.1804.

3-(4-(N,N-Dibenzylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
thiophene-2-carboxamide (5o). Following the general
procedure, 5o was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 35:65) as a
colorless solid (80%, 71 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.40; mp: 176−178 °C; IR (DCM): 3311, 2926,
1654, 1530, 758 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.95
(1H, br. s), 8.79 (1H, dd, J1 = 7.5 Hz, J2 = 1.2 Hz), 8.44 (1H,
dd, J1 = 4.2 Hz, J2 = 1.4 Hz), 8.01 (1H, d, J = 8.3 Hz), 7.87
(2H, d, J = 8.4 Hz), 7.68 (2H, d, J = 8.3 Hz), 7.59 (1H, d, J =
5.0 Hz), 7.49 (1H, t, J = 8.0 Hz), 7.44 (1H, d, J = 8.2 Hz), 7.31
(1H, dd, J1 = 8.2 Hz, J2 = 4.2 Hz), 7.21−7.16 (6H, m), 7.12
(1H, d, J = 5.0 Hz), 7.05−7.03 (4H, m), 4.31 (4H, s); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 159.9, 148.2, 140.9,
140.5, 139.5, 138.1, 136.5, 135.9, 135.3, 134.0, 130.7, 130.2,
129.7, 128.5, 128.4, 127.7, 127.7, 127.0, 121.8, 121.6, 116.3,
50.5; HRMS (ESI): m/z (M + H)+ calcd for C34H28N3O3S2:
590.1572; found: 590.1570.

3-(4-(N,N-Dibenzylsulfamoyl)phenyl)-1-methyl-N-(quino-
lin-8-yl)-1H-pyrrole-2-carboxamide (5p). Following the gen-
eral procedure, 5p was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 30:70) as a
colorless solid (74%, 65 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.60; mp: 182−184 °C; IR (DCM): 3322, 2928,
1659, 1516, 727 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.78
(1H, br. s), 8.81 (1H, dd, J1 = 7.6 Hz, J2 = 0.7 Hz), 8.32 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.00 (1H, dd, J1 = 8.3 Hz, J2 = 1.6
Hz), 7.70 (2H, d, J = 8.4 Hz), 7.60 (2H, d, J = 8.4 Hz), 7.51
(1H, t, J = 8.1 Hz), 7.43 (1H, dd, J1 = 8.2 Hz, J2 = 1.0 Hz),
7.28 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.18−7.13 (6H, m),
7.01−6.99 (4H, m), 6.85 (1H, d, J = 2.6 Hz), 6.28 (1H, d, J =
2.6 Hz), 4.21 (4H, s), 4.04 (3H, s); 13C {1H} NMR (∼101.0
MHz, CDCl3): δC 159.9, 148.0, 140.3, 138.7, 138.1, 135.9,
135.5, 134.5, 130.1, 128.5, 128.3, 127.8, 127.6, 127.4, 127.2,
127.0, 124.1, 121.6, 121.4, 115.6, 109.2, 50.5, 37.0; HRMS
(ESI): m/z (M + H)+ calcd for C35H31N4O3S: 587.2117;
found: 587.2118.
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3-(4-(N,N-Dibenzylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
benzofuran-2-carboxamide (5q). Following the general
procedure, 5q was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 20:80) as a
colorless solid (79%, 74 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.70; mp: 204−206 °C; IR (DCM): 3335, 2929,
1679, 1535, 762 cm−1; 1H NMR (400 MHz, CDCl3): δH 11.07
(1H, br. s), 8.93−8.92 (1H, m), 8.87 (1H, dd, J1 = 5.4 Hz, J2 =
3.5 Hz), 8.20 (1H, dd, J1 = 8.2 Hz, J2 = 1.4 Hz), 8.01 (2H, d, J
= 8.1 Hz), 7.89 (2H, d, J = 8.2 Hz), 7.79 (1H, d, J = 8.2 Hz),
7.61−7.56 (4H, m), 7.51 (1H, dd, J1 = 8.2 Hz, J2 = 4.2 Hz),
7.40 (1H, t, J = 7.6 Hz), 7.29−7.21 (6H, m), 7.12−7.10 (4H,
m), 4.43 (4H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
156.9, 153.7, 148.6, 143.1, 140.4, 138.7, 136.4, 135.5, 135.4,
134.0, 131.0, 128.6, 128.5, 128.4, 128.0, 127.9, 127.7, 127.3,
127.1, 125.2, 124.2, 122.3, 121.8, 121.4, 117.0, 112.4, 50.6;
HRMS (ESI): m/z (M + H)+ calcd for C38H30N3O4S:
624.1957; found: 624.1960.

3-(4-(N,N-Dibenzylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
benzo(b)thiophene-2-carboxamide (5r). Following the gen-
eral procedure, 5r was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 35:65) as a
yellow colored solid (80%, 77 mg, 0.15 mmol); Rf (EtOAc/
hexanes = 30:70) 0.60; mp: 220−222 °C; IR (DCM): 3302,
2911, 1655, 1532, 725 cm−1; 1H NMR (400 MHz, CDCl3): δH
10.05 (1H, br. s), 8.83 (1H, dd, J1 = 7.5 Hz, J2 = 1.4 Hz), 8.53
(1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.04 (2H, d, J = 8.4 Hz),
8.05−8.03 (1H, m), 7.99 (1H, d, J = 8.1 Hz), 7.74 (2H, d, J =
8.4 Hz), 7.55−7.50 (2H, m), 7.48−7.43 (3H, m), 7.36 (1H,
dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.25−7.21 (6H, m), 7.09−7.06
(4H, m), 4.40 (4H, s); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 160.1, 148.2, 141.5, 140.1, 140.0, 138.1, 138.0,
137.4, 135.9, 135.6, 135.2, 133.9, 131.2, 128.4, 127.9, 127.7,
127.6, 127.0, 126.8, 124.9, 124.0, 122.7, 122.0, 121.7, 116.4,
50.2; HRMS (ESI): m/z (M + H)+ calcd for C38H30N3O3S2:
640.1729; found: 640.1732.

(Z)-3-(4-(N,N-Dibenzylsulfamoyl)phenyl)-3-phenyl-N-(qui-
nolin-8-yl)acrylamide (5s). Following the general procedure,
5s was obtained after purification by column chromatography
on silica gel (EtOAc:hexanes = 30:70) as a colorless solid
(72%, 66 mg, 0.15 mmol); Rf (EtOAc/hexanes = 30:70) 0.60;
mp: 166−168 °C; IR (DCM): 3334, 2926, 1669, 1512, 742
cm−1; 1H NMR (400 MHz, CDCl3): δH 9.80 (1H, br. s), 8.75
(1H, dd, J1 = 6.9 Hz, J2 = 1.8 Hz), 8.68 (1H, dd, J1 = 4.2 Hz, J2
= 1.6 Hz), 8.08 (1H, dd, J1 = 8.3 Hz, J2 = 1.5 Hz), 7.85 (2H, d,
J = 8.3 Hz), 7.52 (2H, d, J = 8.2 Hz), 7.49−7.45 (2H, m),
7.43−7.38 (4H, m), 7.33−7.31 (2H, m), 7.23−7.21 (6H, m),
7.03−7.00 (4H, m), 6.74 (1H, s), 4.27 (4H, s); 13C {1H}
NMR (∼101.0 MHz, CDCl3): δC 163.6, 150.7, 148.1, 143.3,
140.5, 140.2, 138.2, 136.2, 135.4, 134.2, 130.4, 129.5, 128.6,
128.5, 128.4, 128.1, 127.8, 127.6, 127.2, 127.1, 123.3, 121.7,
121.6, 116.4, 50.2; HRMS (ESI): m/z (M + H)+ calcd for
C38H32N3O3S: 610.2164; found: 610.2169.

(Z)-3-(4-(N,N-Dibenzylsulfamoyl)phenyl)-N-(quinolin-8-
yl)acrylamide (5t). Following the general procedure, 5t was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 40:60) as a colorless solid (76%, 61 mg,
0.15 mmol); Rf (EtOAc/hexanes = 30:70) 0.40; mp: 142−144
°C; IR (DCM): 3336, 2925, 1675, 1513, 719 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.91 (1H, br. s), 8.81 (1H, dd, J1 = 6.9
Hz, J2 = 2.0 Hz), 8.66 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.12
(1H, dd, J1 = 8.3 Hz, J2 = 1.5 Hz), 7.78−7.72 (4H, m), 7.56−
7.50 (2H, m), 7.40 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.18−

7.16 (6H, m), 7.03−7.00 (4H, m), 6.98 (1H, d, J = 12.6 Hz),
6.42 (1H, d, J = 12.5 Hz), 4.26 (4H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 163.9, 148.2, 140.1, 139.2, 138.2,
137.1, 136.3, 135.4, 134.0, 130.0, 128.5, 128.3, 127.8, 127.6,
127.2, 127.0, 126.9, 122.0, 121.7, 116.6, 50.5; HRMS (ESI):
m/z (M + H)+ calcd for C32H28N3O3S: 534.1851; found:
534.1848.

4′-(N,N-Dibenzylsulfamoyl)-3-methoxy-N-(2-(methylthio)-
phenyl)-(1,1′-biphenyl)-2-carboxamide (7a). Following the
general procedure, 7a was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
50:50) as a colorless solid (75%, 69 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 30:70) 0.50; mp: 118−120 °C; IR (DCM):
3332, 2923, 1679, 1507, 750 cm−1; 1H NMR (400 MHz,
CDCl3): δH 8.45 (1H, br. s), 8.20 (1H, dd, J1 = 8.2 Hz, J2 = 0.8
Hz), 7.75 (2H, d, J = 8.4 Hz), 7.58 (2H, d, J = 8.4 Hz), 7.43
(1H, t, J = 8.1 Hz), 7.36 (1H, dd, J1 = 7.8 Hz, J2 = 1.3 Hz),
7.18−7.10 (7H, m), 7.01−6.95 (7H, m), 4.20 (4H, s), 3.87
(3H, s), 2.13 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3):
δC 165.1, 156.6, 144.5, 139.8, 139.6, 138.1, 135.5, 133.0, 130.8,
129.3, 128.9, 128.5, 128.4, 127.6, 127.2, 125.9, 125.3, 124.6,
122.4, 120.8, 111.0, 56.1, 50.6, 18.8; HRMS (ESI): m/z (M +
H)+ calcd for C35H33N2O4S2: 609.1882; found: 609.1889.

4′-(N,N-Dibenzylsulfamoyl)-3-ethoxy-N-(2-(methylthio)-
phenyl)-(1,1′-biphenyl)-2-carboxamide (7b). Following the
general procedure, 7b was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
40:60) as a colorless solid (80%, 75 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 30:70) 0.60; mp: 163−165 °C; IR (DCM):
3340, 2929, 1730, 1469, 724 cm−1; 1H NMR (400 MHz,
CDCl3): δH 8.45 (1H, br. s), 8.22 (1H, dd, J1 = 8.2 Hz, J2 = 1.0
Hz), 7.82 (2H, d, J = 8.4 Hz), 7.66 (2H, d, J = 8.4 Hz), 7.47
(1H, t, J = 8.1 Hz), 7.42 (1H, dd, J1 = 7.8 Hz, J2 = 1.4 Hz),
7.24−7.18 (7H, m), 7.07−7.01 (7H, m), 4.28 (4H, s), 4.19
(2H, q, J = 7.0 Hz), 2.23 (3H, s), 1.43 (3H, t, J = 7.0 Hz); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 165.2, 155.9, 144.6,
139.9, 139.5, 137.9, 135.5, 132.5, 130.7, 129.3, 128.6, 128.5,
128.4, 127.6, 127.1, 126.3, 125.6, 124.6, 122.2, 120.9, 112.0,
64.6, 50.5, 18.7, 14.7; HRMS (ESI): m/z (M + H)+ calcd for
C36H35N2O4S2: 623.2038; found: 623.2037.

3-Chloro-4′-(N,N-dibenzylsulfamoyl)-N-(2-(methylthio)-
phenyl)-(1,1′-biphenyl)-2-carboxamide (7c). Following the
general procedure, 7c was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
40:60) as a yellow colored semisolid (72%, 66 mg, 0.15
mmol); Rf (EtOAc/hexanes = 30:70) 0.60; IR (DCM): 3319,
2926, 1677, 1508, 723 cm−1; 1H NMR (400 MHz, CDCl3): δH
8.28 (1H, br. s), 8.20 (1H, d, J = 8.1 Hz), 7.80 (2H, d, J = 8.2
Hz), 7.66 (2H, d, J = 8.2 Hz), 7.52−7.45 (2H, m), 7.39−7.33
(2H, m), 7.25−7.21 (1H, m), 7.17−7.15 (6H, m), 7.07 (1H, t,
J = 7.6 Hz), 7.02−7.00 (4H, m), 4.24 (4H, s), 2.15 (3H, s);
13C {1H} NMR (∼101.0 MHz, CDCl3): δC 164.3, 143.1,
140.0, 139.6, 137.1, 135.7, 135.3, 132.4, 131.7, 130.6, 129.5,
129.3, 128.5, 128.4, 128.3, 127.6, 127.2, 126.2, 125.2, 121.0,
50.6, 18.7; HRMS (ESI): m/z (M + H)+ calcd for
C34H30ClN2O3S2: 613.1386; found: 613.1381.

4′-(N,N-Dibenzylsulfamoyl)-4-methyl-N-(2-(methylthio)-
phenyl)-(1,1′-biphenyl)-2-carboxamide (7d). Following the
general procedure, 7d was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
50:50) as a colorless semisolid (76%, 68 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 30:70) 0.50; IR (DCM): 3338, 2930, 1681,
1514, 761 cm−1; 1H NMR (400 MHz, CDCl3): δH 8.39 (1H,
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d, J = 8.2 Hz), 8.26 (1H, br. s), 7.80 (2H, d, J = 8.2 Hz), 7.63−
7.61 (3H, m), 7.41−7.34 (3H, m), 7.28 (1H, t, J = 7.6 Hz),
7.19−7.17 (6H, m), 7.06−7.03 (5H, m), 4.25 (4H, s), 2.48
(3H, s), 2.12 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3):
δC 167.4, 144.3, 139.2, 138.8, 137.9, 136.0, 135.5, 135.0, 132.6,
131.5, 130.4, 129.4, 129.4, 128.7, 128.5, 128.3, 127.6, 127.4,
125.4, 124.6, 120.1, 50.8, 21.1, 18.9; HRMS (ESI): m/z (M +
H)+ calcd for C35H33N2O3S2: 593.1933; found: 593.1935.

N-(Benzo(c)(1,2,5)thiadiazol-4-yl)-4′-(N,N-dibenzylsulfa-
moyl)-3-ethoxy-(1,1′-biphenyl)-2-carboxamide (7e). Follow-
ing the general procedure, 7e was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
45:55) as a yellow colored solid (66%, 63 mg, 0.15 mmol);
Rf (EtOAc/hexanes = 30:70) 0.50; mp: 130−132 °C; IR
(DCM): 3389, 2924, 1680, 1517, 749 cm−1; 1H NMR (400
MHz, CDCl3): δH 9.05 (1H, br. s), 8.35 (1H, d, J = 7.4 Hz),
7.73 (2H, d, J = 8.3 Hz), 7.60 (1H, d, J = 8.7 Hz), 7.54 (2H, d,
J = 8.3 Hz), 7.47−7.42 (2H, m), 7.15−7.11 (6H, m), 7.01
(1H, d, J = 8.3 Hz), 6.97−6.93 (5H, m), 4.19 (4H, s), 4.15
(2H, q, J = 7.0 Hz), 1.34 (3H, t, J = 7.0 Hz); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 165.1, 156.1, 154.7, 147.7, 145.1,
141.1, 139.5, 135.4, 131.2, 131.1, 129.9, 129.2, 128.5, 128.4,
127.6, 127.0, 124.9, 122.7, 115.8, 115.0, 112.0, 64.8, 50.3, 14.7;
HRMS (ESI): m/z (M + H)+ calcd for C35H31N4O4S2:
635.1787; found: 635.1791.

4,4″-Bis(N,N-dibenzylsulfamoyl)-5′-methoxy-N-(quinolin-
8-yl)-(1,1′:3′,1″-terphenyl)-2′-carboxamide (12). Following
the general procedure, 12 was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
40:60) as a yellow colored solid (75%, 107 mg, 0.15 mmol);
Rf (EtOAc/hexanes = 30:70) 0.40; mp: 170−172 °C; IR
(DCM): 3345, 2930, 1674, 1513, 721 cm−1; 1H NMR (400
MHz, CDCl3): δH 9.61 (1H, br. s), 8.59 (1H, dd, J1 = 4.2 Hz,
J2 = 1.6 Hz), 8.49 (1H, dd, J1 = 7.2 Hz, J2 = 1.7 Hz), 8.00 (1H,
dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.73 (4H, d, J = 8.6 Hz), 7.69
(4H, d, J = 8.6 Hz), 7.42−7.37 (2H, m), 7.33 (1H, dd, J1 = 8.3
Hz, J2 = 4.3 Hz), 7.19−7.15 (12H, m), 7.02 (2H, s), 6.96−6.94
(8H, m), 4.07 (8H, s), 3.97 (3H, s); 13C {1H} NMR (∼101.0
MHz, CDCl3): δC 166.3, 159.9, 148.1, 144.5, 141.0, 139.5,
138.0, 136.2, 135.4, 133.8, 129.3, 129.1, 128.4, 128.3, 127.6,
127.6, 127.2, 127.1, 121.9, 121.7, 116.4, 115.3, 55.7, 50.6;
HRMS (ESI): m/z (M + H)+ calcd for C57H49N4O6S2:
949.3094; found: 949.3127.

4,4″-Bis(N,N-dibenzylsulfamoyl)-5′-methyl-N-(quinolin-8-
yl)-(1,1′:3′,1″-terphenyl)-2′-carboxamide (13). Following the
general procedure, 13 was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
40:60) as a yellow colored solid (76%, 106 mg, 0.15 mmol);
Rf (EtOAc/hexanes = 30:70) 0.40; mp: 168−170 °C; IR
(DCM): 3334, 2927, 1675, 1513, 719 cm−1; 1H NMR (400
MHz, CDCl3): δH 9.65 (1H, br. s), 8.59 (1H, d, J = 4.0 Hz),
8.51 (1H, d, J = 7.2 Hz), 8.00 (1H, d, J = 8.2 Hz), 7.73 (4H, d,
J = 8.3 Hz), 7.69 (4H, d, J = 8.3 Hz), 7.42−7.31 (5H, m),
7.19−7.15 (12H, m), 6.96−6.94 (8H, m), 4.06 (8H, s), 2.55
(3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC 166.5,
148.1, 144.6, 140.0, 139.2, 139.0, 138.0, 136.1, 135.4, 133.7,
133.5, 130.6, 129.4, 128.4, 128.3, 127.6, 127.5, 127.1, 127.0,
122.0, 121.7, 116.4, 50.5, 21.3; HRMS (ESI): m/z (M + H)+
calcd for C57H49N4O5S2: 933.3144; found: 933.3177.

4,4″-Bis(N,N-dibenzylsulfamoyl)-N-(quinolin-8-yl)-
(1,1′:3′,1″-terphenyl)-2′-carboxamide (14). Following the
general procedure, 14 was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =

60:40) as a colorless solid (82%, 113 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 30:70) 0.40; mp: 192−194 °C; IR (DCM):
3334, 2925, 1677, 1511, 711 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.68 (1H, br. s), 8.60 (1H, dd, J1 = 4.2 Hz, J2 = 1.6
Hz), 8.49 (1H, dd, J1 = 7.4 Hz, J2 = 1.3 Hz), 8.02 (1H, dd, J1 =
8.3 Hz, J2 = 1.6 Hz), 7.75−7.66 (9H, m), 7.54 (2H, d, J = 7.7
Hz), 7.43 (1H, dd, J1 = 8.3 Hz, J2 = 1.4 Hz), 7.39 (1H, d, J =
7.6 Hz), 7.34 (1H, dd, J1 = 8.4 Hz, J2 = 4.4 Hz), 7.20−7.15
(12H, m), 6.96−6.94 (8H, m), 4.08 (8H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 166.3, 148.2, 144.4, 139.4, 139.0,
138.0, 136.2, 136.1, 135.4, 133.6, 130.0, 129.9, 129.4, 128.4,
128.3, 127.7, 127.6, 127.1, 127.1, 122.1, 121.7, 116.5, 50.5;
HRMS (ESI): m/z (M + H)+ calcd for C56H47N4O5S2:
919.2988; found: 919.2986.

N-(Benzo(c)(1,2,5)thiadiazol-4-yl)-4,4″-bis(N,N-dibenzyl-
sulfamoyl)-(1,1′:3′,1″-terphenyl)-2′-carboxamide (15). Fol-
lowing the general procedure, 15 was obtained after
purification by column chromatography on silica gel
(EtOAc:hexanes = 50:50) as a yellow colored solid (63%, 87
mg, 0.15 mmol); Rf (EtOAc/hexanes = 30:70) 0.40; mp: 170−
172 °C; IR (DCM): 3338, 2928, 1676, 1508, 745 cm−1; 1H
NMR (400 MHz, CDCl3): δH 8.31 (1H, br. s), 8.20 (1H, d, J =
7.2 Hz), 7.79 (4H, d, J = 8.4 Hz), 7.73−7.67 (5H, m), 7.62
(1H, dd, J1 = 8.8 Hz, J2 = 0.6 Hz), 7.54 (2H, d, J = 7.7 Hz),
7.45−7.41 (1H, m), 7.22−7.17 (12H, m), 7.01−6.97 (8H, m),
4.17 (8H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
166.4, 154.4, 147.2, 144.0, 139.9, 139.0, 135.3, 135.1, 130.7,
130.3, 130.1, 129.3, 128.9, 128.4, 128.4, 127.6, 127.3, 116.5,
115.2, 50.4; HRMS (ESI): m/z (M + H)+ calcd for
C53H44N5O5S3: 926.2505; found: 926.2524.

2-(4′-(N,N-Dibenzylsulfamoyl)-3-fluoro-(1,1′-biphenyl)-2-
yl)-N-(quinolin-8-yl)acetamide (17a). Following the general
procedure, 17a was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless semisolid (56%, 52 mg, 0.15 mmol); Rf (EtOAc/
hexanes = 30:70) 0.50; IR (DCM): 3339, 2927, 1685, 1529,
724 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.78 (1H, br. s),
8.75 (1H, dd, J1 = 4.2 Hz, J2 = 1.7 Hz), 8.72−8.69 (1H, m),
8.15 (1H, dd, J1 = 8.3 Hz, J2 = 1.7 Hz), 7.84 (2H, d, J = 8.4
Hz), 7.52−7.50 (4H, m), 7.44 (1H, dd, J1 = 8.3 Hz, J2 = 4.2
Hz), 7.32−7.27 (2H, m), 7.22−7.17 (6H, m), 7.13 (1H, td, J1
= 8.3 Hz, J2 = 2.6 Hz), 7.06−7.04 (4H, m), 4.34 (4H, s), 3.79
(2H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC 168.3,
162.6 (d, JC−F = 249.3 Hz), 148.3, 144.6, 139.8, 138.2, 136.9
(d, JC−F = 3.3 Hz), 136.3, 135.4, 134.5 (d, JC−F = 8.0 Hz),
134.0, 131.7 (d, JC−F = 8.4 Hz), 130.1, 128.5, 128.4, 127.8,
127.7, 127.3, 121.9, 121.7, 117.7 (d, JC−F = 21.7 Hz), 116.4,
114.7 (d, JC−F = 21.3 Hz), 50.5, 42.3; 19F {1H} NMR (∼376
MHz, CDCl3): δF −113.20; HRMS (ESI): m/z (M + H)+
calcd for C37H31FN3O3S: 616.2070; found: 616.2076.

2-(3-Bromo-4′-(N,N-dibenzylsulfamoyl)-(1,1′-biphenyl)-2-
yl)-N-(quinolin-8-yl)acetamide (17b). Following the general
procedure, 17b was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 50:50) as a
colorless semisolid (65%, 66 mg, 0.15 mmol); Rf (EtOAc/
hexanes = 30:70) 0.40; IR (DCM): 3339, 2928, 1688, 1532,
717 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.88 (1H, br. s),
8.75 (1H, dd, J1 = 6.6 Hz, J2 = 2.4 Hz), 8.72 (1H, dd, J1 = 4.2
Hz, J2 = 1.6 Hz), 8.15 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.81
(2H, d, J = 8.4 Hz), 7.71 (1H, dd, J1 = 6.6 Hz, J2 = 2.7 Hz),
7.56−7.50 (4H, m), 7.43 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz),
7.32−7.27 (2H, m), 7.20−7.15 (6H, m), 7.05−7.03 (4H, m),
4.34 (4H, s), 3.98 (2H, s); 13C {1H} NMR (∼101.0 MHz,
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CDCl3): δC 167.8, 148.2, 145.1, 143.6, 140.1, 138.3, 136.3,
135.4, 134.2, 133.0, 132.4, 129.8, 129.2, 128.7, 128.5, 128.4,
127.9, 127.7, 127.3, 127.1, 127.0, 121.7, 121.6, 116.4, 50.5,
42.9; HRMS (ESI): m/z (M + H)+ calcd for C37H31BrN3O3S:
676.1270; found: 676.1277.

2-(3-Chloro-4′-(N,N-dibenzylsulfamoyl)-(1,1′-biphenyl)-2-
yl)-N-(quinolin-8-yl)acetamide (17c). Following the general
procedure, 17c was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 35:65) as a
colorless semisolid (62%, 59 mg, 0.15 mmol); Rf (EtOAc/
hexanes = 30:70) 0.50; IR (DCM): 2930, 1688, 1523, 1163,
724 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.90 (1H, br. s),
8.75 (1H, dd, J1 = 6.5 Hz, J2 = 2.2 Hz), 8.72−8.71(1H, m),
8.14−8.12 (1H, m), 7.82 (2H, d, J = 8.2 Hz), 7.56 (2H, d, J =
8.2 Hz), 7.53−7.48 (3H, m), 7.42 (1H, dd, J1 = 8.3 Hz, J2 = 4.2
Hz), 7.37 (1H, t, J = 7.8 Hz), 7.25−7.23 (1H, m), 7.20−7.12
(6H, m), 7.05−7.03 (4H, m), 4.34 (4H, s), 3.96 (2H, s); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 167.9, 148.2, 144.9,
143.4, 140.1, 138.2, 136.3, 136.2, 135.4, 134.2, 130.8, 129.8,
129.5, 128.5, 128.4, 128.3, 127.8, 127.6, 127.3, 127.1, 121.7,
121.6, 116.3, 50.5, 40.2; HRMS (ESI): m/z (M + H)+ calcd for
C37H31ClN3O3S: 632.1775; found: 632.1783.

2-(4′-(N,N-Dibenzylsulfamoyl)-4-methoxy-(1,1′-biphenyl)-
2-yl)-N-(quinolin-8-yl)acetamide (17d). Following the general
procedure, 17d was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless semisolid (72%, 68 mg, 0.15 mmol); Rf (EtOAc/
hexanes = 30:70) 0.50; IR (DCM): 2923, 1682, 1526, 1159,
789 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.76 (1H, br. s),
8.73−8.70 (2H, m), 8.13 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz),
7.83 (2H, d, J = 8.3 Hz), 7.54 (2H, d, J = 8.4 Hz), 7.50−7.47
(3H, m), 7.42 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.21−7.17
(6H, m), 7.06−7.01 (5H, m), 6.86 (1H, d, J = 2.6 Hz), 4.34
(4H, s), 3.87 (3H, s), 3.75 (2H, s); 13C {1H} NMR (∼101.0
MHz, CDCl3): δC 169.5, 158.7, 148.2, 145.4, 142.0, 139.6,
138.3, 136.2, 135.4, 134.2, 132.2, 129.9, 128.5, 128.4, 127.8,
127.6, 127.2, 127.1, 124.2, 121.7, 121.6, 116.2, 115.6, 114.2,
55.4, 50.6, 41.6; HRMS (ESI): m/z (M + H)+ calcd for
C38H34N3O4S: 628.2270; found: 628.2273.

2-(4-Bromo-4′-(N,N-dibenzylsulfamoyl)-(1,1′-biphenyl)-2-
yl)-N-(quinolin-8-yl)acetamide (17e). Following the general
procedure, 17e was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 45:55) as a
colorless semisolid (70%, 71 mg, 0.15 mmol); Rf (EtOAc/
hexanes = 30:70) 0.40; IR (DCM): 3335, 2927, 1684, 1527,
721 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.67 (1H, br. s),
8.68 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.63−8.60 (1H, m),
8.07 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.77 (2H, d, J = 8.4
Hz), 7.52 (1H, dd, J1 = 8.2 Hz, J2 = 2.1 Hz), 7.45−7.43 (4H,
m), 7.40−7.36 (3H, m), 7.14−7.10 (6H, m), 6.99−6.97 (4H,
m), 4.26 (4H, s), 3.68 (2H, s); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 168.4, 148.3, 144.0, 142.7, 140.1, 138.2, 136.3,
135.4, 134.0, 132.7, 132.6, 131.6, 131.3, 129.9, 128.5, 128.4,
127.8, 127.7, 127.3, 127.2, 121.9, 121.7, 121.3, 116.3, 50.6,
41.8; HRMS (ESI): m/z (M + H)+ calcd for C37H31BrN3O3S:
676.1270; found: 676.1272.

2-(4-Chloro-4′-(N,N-dibenzylsulfamoyl)-(1,1′-biphenyl)-2-
yl)-N-(quinolin-8-yl)acetamide (17f). Following the general
procedure, 17f was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless semisolid (68%, 65 mg, 0.15 mmol); Rf (EtOAc/
hexanes = 30:70) 0.50; IR (DCM): 3337, 2928, 1684, 1526,
719 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.79 (1H, br. s),

8.75 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.71−8.69 (1H, m),
8.12 (1H, dd, J1 = 8.3 Hz, J2 = 0.8 Hz), 7.84 (2H, d, J = 8.2
Hz), 7.57 (1H, d, J = 2.0 Hz), 7.51−7.49 (4H, m), 7.42 (1H,
dd, J1 = 8.4 Hz, J2 = 4.4 Hz), 7.39 (1H, dd, J1 = 8.3 Hz, J2 = 2.2
Hz), 7.25−7.23 (1H, m), 7.21−7.17 (6H, m), 7.06−7.04 (4H,
m), 4.33 (4H, s), 3.77 (2H, s); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 168.2, 148.3, 144.2, 139.8, 139.3, 138.1, 136.2,
135.3, 134.4, 134.0, 133.9, 131.2, 130.8, 129.9, 128.4, 128.3,
127.8, 127.7, 127.6, 127.2, 127.1, 121.9, 121.7, 116.3, 50.5,
42.0; HRMS (ESI): m/z (M + H)+ calcd for C37H31ClN3O3S:
632.1775; found: 632.1777.

2-(4′-(N,N-Dibenzylsulfamoyl)-4,5-dimethoxy-(1,1′-bi-
phenyl)-2-yl)-N-(quinolin-8-yl)acetamide (17g). Following
the general procedure, 17g was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
35:65) as a colorless semisolid (52%, 51 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 30:70) 0.60; IR (DCM): 3335, 2924, 1681,
1521, 750 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.77 (1H,
br. s), 8.67−8.65 (2H, m), 8.08 (1H, dd, J1 = 8.3 Hz, J2 = 1.4
Hz), 7.78 (2H, d, J = 8.4 Hz), 7.49−7.44 (4H, m), 7.37 (1H,
dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.15−7.10 (6H, m), 7.00−6.98
(5H, m), 6.75 (1H, s), 4.28 (4H, s), 3.90 (3H, s), 3.86 (3H, s),
3.69 (2H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
169.4, 149.2, 148.3, 148.2, 145.4, 139.4, 138.3, 136.3, 135.5,
134.2, 133.3, 130.2, 128.5, 128.4, 127.9, 127.6, 127.3, 127.2,
124.3, 121.8, 121.7, 116.3, 113.4, 113.0, 56.1, 56.0, 50.6, 42.1;
HRMS (ESI): m/z (M + H)+ calcd for C39H36N3O5S:
658.2376; found: 658.2372.

2-(4,5-Dichloro-4′-(N,N-dibenzylsulfamoyl)-(1,1′-biphen-
yl)-2-yl)-N-(quinolin-8-yl)acetamide (17h). Following the
general procedure, 17h was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
40:60) as a colorless semisolid (50%, 50 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 30:70) 0.60; IR (DCM): 3353, 2930, 1690,
1533, 771 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.78 (1H,
br. s), 8.77 (1H, dd, J1 = 4.2 Hz, J2 = 1.5 Hz), 8.69−8.67 (1H,
m), 8.16 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.84 (2H, d, J = 8.2
Hz), 7.68 (1H, s), 7.53−7.49 (4H, m), 7.46 (1H, dd, J1 = 8.3
Hz, J2 = 4.2 Hz), 7.41 (1H, s), 7.21−7.18 (6H, m), 7.06−7.05
(4H, m), 4.33 (4H, s), 3.74 (2H, s); 13C {1H} NMR (∼101.0
MHz, CDCl3): δC 167.9, 148.4, 143.1, 140.6, 140.4, 138.2,
136.4, 135.3, 133.8, 132.7, 132.6, 132.4, 131.5, 131.5, 129.8,
128.5, 128.4, 127.8, 127.7, 127.4, 127.2, 122.0, 121.8, 116.4,
50.6, 41.5; HRMS (ESI): m/z (M + H)+ calcd for
C37H30Cl2N3O3S: 666.1385; found: 666.1381.

N-((3-Chloro-4′-(N,N-dibenzylsulfamoyl)-(1,1′-biphenyl)-
2-yl)methyl)picolinamide (19a). Following the general
procedure, 19a was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless solid (70%, 61 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.60; mp: 149−151 °C; IR (DCM): 3387, 2927,
1676, 1514, 719 cm−1; 1H NMR (400 MHz, CDCl3): δH
8.53−8.51 (1H, m), 8.24−8.22 (1H, m), 8.16 (1H, d, J = 7.8
Hz), 7.86 (2H, d, J = 8.4 Hz), 7.82 (1H, td, J1 = 7.7 Hz, J2 =
1.7 Hz), 7.51−7.46 (3H, m), 7.42−7.39 (1H, m), 7.35 (1H, t,
J = 7.9 Hz), 7.25−7.17 (7H, m), 7.11−7.09 (4H, m), 4.68
(2H, d, J = 5.4 Hz), 4.38 (4H, s); 13C {1H} NMR (∼101.0
MHz, CDCl3): δC 163.4, 149.5, 148.0, 144.3, 143.2, 139.9,
137.3, 136.0, 135.4, 132.7, 129.7, 128.9, 128.7, 128.5, 128.3,
127.6, 127.1, 126.2, 122.1, 50.6, 39.3; HRMS (ESI): m/z (M +
H)+ calcd for C33H29ClN3O3S: 582.1618; found: 582.1622.

N-((3-(4-(N,N-Dibenzylsulfamoyl)phenyl)thiophen-2-yl)-
methyl)picolinamide (19b). Following the general procedure,
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19b was obtained after purification by column chromatography
on silica gel (EtOAc:hexanes = 40:60) as a colorless semisolid
(65%, 54 mg, 0.15 mmol); Rf (EtOAc/hexanes = 30:70) 0.60;
IR (DCM): 3376, 2929, 1674, 1514, 720 cm−1; 1H NMR (400
MHz, CDCl3): δH 8.53 (1H, d, J = 4.6 Hz), 8.44 (1H, br. s),
8.22 (1H, d, J = 7.8 Hz), 7.88 (2H, d, J = 8.2 Hz), 7.85−7.83
(1H, m), 7.55 (2H, d, J = 8.3 Hz), 7.45−7.42 (1H, m), 7.32
(1H, d, J = 5.2 Hz), 7.26−7.21 (6H, m), 7.09−7.07 (5H, m),
4.87 (2H, d, J = 5.8 Hz), 4.37 (4H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 164.0, 149.2, 148.1, 140.1, 139.2,
138.4, 137.4, 137.2, 135.4, 129.2, 128.8, 128.5, 128.3, 127.6,
127.4, 126.4, 124.7, 122.3, 50.5, 37.0; HRMS (ESI): m/z (M +
H)+ calcd for C31H28N3O3S2: 554.1572; found: 554.1580.

N-((4,4″-Bis(N,N-dibenzylsulfamoyl)-(1,1′:3′,1″-terphen-
yl)-2′-yl)methyl)picolinamide (19c). Following the general
procedure, 19c was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 40:60) as a
colorless solid (70%, 93 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 30:70) 0.60; mp: 154−156 °C; IR (DCM): 3381, 2928,
1677, 1513, 749 cm−1; 1H NMR (400 MHz, CDCl3): δH 8.45
(1H, d, J = 4.7 Hz), 7.97 (1H, d, J = 7.8 Hz), 7.83 (4H, d, J =
7.9 Hz), 7.80−7.78 (1H, m), 7.71 (1H, td, J1 = 7.8 Hz, J2 = 1.7
Hz), 7.54 (4H, d, J = 7.9 Hz), 7.49 (1H, t, J = 7.5 Hz), 7.37−
7.32 (3H, m), 7.24−7.19 (12H, m), 7.10−7.08 (8H, m), 4.52
(2H, s), 4.34 (8H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3):
δC 162.8, 149.0, 147.9, 145.2, 142.0, 139.5, 137.2, 135.4, 132.4,
130.2, 129.6, 128.4, 128.3, 127.8, 127.6, 127.1, 126.2, 121.8,
50.7, 38.9; HRMS (ESI): m/z (M + H)+ calcd for
C53H47N4O5S2: 883.2988; found: 883.2953.

4′-(N-Benzyl-N-methylsulfamoyl)-3-methoxy-N-(quinolin-
8-yl)-(1,1′-biphenyl)-2-carboxamide (20a). Following the
general procedure, 20a was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
50:50) as a colorless solid (78%, 63 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.60; mp: 129−131 °C; IR (DCM):
3343, 2926, 1676, 1522, 772 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.84 (1H, br. s), 8.79 (1H, dd, J1 = 7.4 Hz, J2 = 1.4
Hz), 8.66 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.08 (1H, dd, J1 =
8.3 Hz, J2 = 1.5 Hz), 7.73−7.67 (4H, m), 7.54−7.46 (3H, m),
7.37 (1H, dd, J1 = 8.2 Hz, J2 = 4.2 Hz), 7.32−7.26 (3H, m),
7.14−7.07 (4H, m), 3.93 (3H, s), 3.73 (2H, s), 2.16 (3H, s);
13C {1H} NMR (∼101.0 MHz, CDCl3): δC 165.2, 156.9,
148.0, 144.6, 139.7, 138.2, 136.2, 135.7, 135.4, 134.3, 130.8,
129.2, 128.5, 128.2, 127.8, 127.7, 127.4, 127.2, 126.3, 121.9,
121.7, 121.5, 116.5, 111.1, 56.1, 53.8, 33.9; HRMS (ESI): m/z
(M + H)+ calcd for C31H28N3O4S: 538.1801; found: 538.1799.

3-(4-(N-Benzyl-N-methylsulfamoyl)phenyl)-N-(quinolin-8-
yl)furan-2-carboxamide (20b). Following the general proce-
dure, 20b was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 50:50) as a
colorless solid (72%, 54 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 164−166 °C; IR (DCM): 3338, 2924,
1671, 1527, 771 cm−1; 1H NMR (400 MHz, CDCl3): δH 10.91
(1H, br. s), 8.89 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.83 (1H, t,
J = 4.5 Hz), 8.19 (1H, dd, J1 = 8.3 Hz, J2 = 1.5 Hz), 8.00 (2H,
d, J = 8.5 Hz), 7.92 (2H, d, J = 8.4 Hz), 7.71 (1H, d, J = 1.7
Hz), 7.56 (2H, d, J = 4.6 Hz), 7.50 (1H, dd, J1 = 8.3 Hz, J2 =
4.2 Hz), 7.35−7.29 (5H, m), 6.76 (1H, d, J = 1.7 Hz), 4.22
(2H, s), 2.66 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3):
δC 156.5, 148.4, 143.7, 142.3, 138.6, 136.6, 136.4, 136.3, 135.5,
134.0, 130.4, 130.2, 128.6, 128.3, 127.9, 127.8, 127.2, 122.0,
121.7, 116.6, 114.6, 54.0, 34.3; HRMS (ESI): m/z (M + H)+
calcd for C28H24N3O4S: 498.1488; found: 498.1490.

3-(4-(N-Benzyl-N-methylsulfamoyl)phenyl)-N-(quinolin-8-
yl)thiophene-2-carboxamide (20c). Following the general
procedure, 20c was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 60:40) as a
colorless solid (75%, 58 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.50; mp: 199−201 °C; IR (DCM): 3305, 2921,
1642, 1527, 739 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.88
(1H, br. s), 8.73−8.71 (1H, m), 8.39 (1H, dd, J1 = 4.2 Hz, J2 =
1.4 Hz), 7.99 (1H, dd, J1 = 8.3 Hz, J2 = 1.4 Hz), 7.83 (2H, d, J
= 8.3 Hz), 7.69 (2H, d, J = 8.3 Hz), 7.54 (1H, d, J = 5.1 Hz),
7.47−7.39 (2H, m), 7.30−7.19 (6H, m), 7.09 (1H, d, J = 5.0
Hz), 4.07 (2H, s), 2.52 (3H, s); 13C {1H} NMR (∼101.0
MHz, CDCl3): δC 160.0, 148.2, 140.9, 139.8, 138.2, 137.5,
136.6, 136.0, 135.4, 134.1, 130.6, 130.3, 129.7, 128.7, 128.3,
128.0, 128.0, 127.8, 127.2, 121.9, 121.7, 116.4, 54.1, 34.3;
HRMS (ESI): m/z (M + H)+ calcd for C28H24N3O3S2:
514.1259; found: 514.1257.

4′-(N,N-Dimethylsulfamoyl)-3-methoxy-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (20d). Following the general
procedure, 20d was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 50:50) as a
colorless solid (82%, 57 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.60; mp: 207−209 °C; IR (DCM): 3352, 2922,
1670, 1518, 761 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.76
(1H, br. s), 8.77 (1H, dd, J1 = 7.3 Hz, J2 = 1.6 Hz), 8.64 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.10 (1H, dd, J1 = 8.3 Hz, J2 = 1.6
Hz), 7.69−7.67 (2H, m), 7.60−7.58 (2H, m), 7.54−7.44 (3H,
m), 7.38 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.10−7.07 (2H,
m), 3.94 (3H, s), 2.16 (6H, s); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 165.3, 156.9, 148.0, 144.6, 139.7, 138.1, 136.1,
134.3, 133.7, 130.8, 129.1, 127.8, 127.5, 127.4, 126.4, 121.8,
121.6, 121.5, 116.5, 111.1, 56.1, 37.5; HRMS (ESI): m/z (M +
H)+ calcd for C25H24N3O4S: 462.1488; found: 462.1497.

3-(4-(N,N-Dimethylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
thiophene-2-carboxamide (20e). Following the general
procedure, 20e was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 60:40) as a
colorless solid (79%, 52 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.50; mp: 198−200 °C; IR (DCM): 3302, 2922,
1640, 1525, 742 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.91
(1H, br. s), 8.77 (1H, dd, J1 = 7.4 Hz, J2 = 1.5 Hz), 8.41 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.04 (1H, dd, J1 = 8.3 Hz, J2 = 1.6
Hz), 7.84−7.82 (2H, m), 7.74−7.72 (2H, m), 7.60 (1H, d, J =
5.0 Hz), 7.52−7.44 (2H, m), 7.34 (1H, dd, J1 = 8.3 Hz, J2 = 4.2
Hz), 7.14 (1H, d, J = 5.1 Hz), 2.69 (6H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 159.9, 148.1, 140.8, 139.6, 138.1,
136.5, 135.9, 135.4, 133.9, 130.6, 130.1, 129.6, 128.3, 127.7,
127.0, 121.8, 121.6, 116.2, 37.8, 37.8; HRMS (ESI): m/z (M +
H)+ calcd for C22H20N3O3S2: 438.0946; found: 438.0938.

4′-(N-Benzylsulfamoyl)-4-methyl-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (21a). Following the general
procedure, 21a was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 60:40) as a
colorless solid (81%, 62 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.50; mp: 142−144 °C; IR (DCM): 3319, 2924,
1662, 1524, 743 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.63
(1H, br. s), 8.65 (1H, dd, J1 = 7.6 Hz, J2 = 1.0 Hz), 8.41 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 7.84 (1H, dd, J1 = 8.3 Hz, J2 = 1.6
Hz), 7.63 (2H, d, J = 8.3 Hz), 7.64−7.62 (1H, m), 7.48 (2H,
d, J = 8.4 Hz), 7.37 (1H, t, J = 8.0 Hz), 7.31−7.29 (2H, m),
7.23 (1H, d, J = 7.8 Hz), 7.16 (1H, dd, J1 = 8.3 Hz, J2 = 4.2
Hz), 7.07−7.06 (3H, m), 6.88−6.86 (2H, m), 5.08 (1H, t, J =
6.2 Hz), 3.57 (2H, d, J = 6.2 Hz), 2.37 (3H, s); 13C {1H}
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NMR (∼101.0 MHz, CDCl3): δC 167.3, 147.9, 144.5, 138.7,
138.5, 138.1, 136.0, 136.0, 135.8, 135.4, 134.0, 131.5, 130.3,
129.8, 129.6, 128.4, 127.6, 127.5, 127.1, 127.0, 121.8, 121.5,
116.2, 46.7, 21.0; HRMS (ESI): m/z (M + H)+ calcd for
C30H26N3O3S: 508.1695; found: 508.1685.

4′-(N-Benzylsulfamoyl)-4-chloro-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (21b). Following the general
procedure, 21b was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (78%, 62 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 177−179 °C; IR (DCM): 3288, 2923,
1676, 1525, 752 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.14 (1H, br. s), 8.76 (1H, d, J = 4.0 Hz), 8.54 (1H, d, J = 7.4
Hz), 8.32 (1H, d, J = 8.3 Hz), 8.10 (1H, t, J = 6.2 Hz), 7.90
(1H, d, J = 1.6 Hz), 7.77−7.75 (3H, m), 7.69−7.66 (3H, m),
7.59−7.53 (3H, m), 7.26−7.19 (3H, m), 7.07 (2H, d, J = 7.1
Hz), 3.64 (2H, d, J = 6.2 Hz); 13C {1H} NMR (∼101.0 MHz,
DMSO-d6): δC 165.3, 149.0, 142.6, 140.0, 138.2, 137.7, 137.4,
137.1, 136.5, 133.8, 133.2, 132.4, 130.6, 129.4, 128.4, 128.2,
127.7, 127.5, 127.2, 126.9, 126.7, 122.7, 122.2, 117.0, 45.9;
HRMS (ESI): m/z (M + H)+ calcd for C29H23ClN3O3S:
528.1149; found: 528.1141.

3-(4-(N-Benzylsulfamoyl)phenyl)-N-(quinolin-8-yl)furan-
2-carboxamide (21c). Following the general procedure, 21c
was obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 65:35) as a colorless solid (74%,
54 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50:50) 0.40; mp:
171−173 °C; IR (DCM): 3329, 2924, 1669, 1520, 748 cm−1;
1H NMR (400 MHz, DMSO-d6): δH 10.78 (1H, br. s), 8.97−
8.96 (1H, m), 8.71 (1H, d, J = 7.6 Hz), 8.45 (1H, d, J = 8.3
Hz), 8.26 (1H, t, J = 6.3 Hz), 8.17 (1H, s), 8.00 (2H, d, J = 8.2
Hz), 7.88 (2H, d, J = 8.0 Hz), 7.72 (1H, d, J = 8.2 Hz), 7.67
(1H, dd, J1 = 8.3 Hz, J2 = 4.3 Hz), 7.61 (1H, t, J = 8.1 Hz),
7.32−7.23 (5H, m), 7.09 (1H, s), 4.04 (2H, d, J = 6.2 Hz); 13C
{1H} NMR (∼101.0 MHz, CDCl3): δC 156.5, 148.4, 143.7,
142.4, 139.2, 138.7, 136.6, 136.4, 136.2, 134.1, 130.5, 130.3,
128.7, 128.0, 127.9, 127.3, 126.9, 122.0, 121.7, 116.7, 114.6,
47.3; HRMS (ESI): m/z (M + H)+ calcd for C27H22N3O4S:
484.1331; found: 484.1340.

3-(4-(N-Benzylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
thiophene-2-carboxamide (21d). Following the general
procedure, 21d was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (80%, 60 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 178−180 °C; IR (DCM): 3302, 2924,
1643, 1529, 733 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
9.92 (1H, br. s), 8.65 (1H, d, J = 7.5 Hz), 8.47 (1H, d, J = 3.2
Hz), 8.31 (1H, d, J = 8.0 Hz), 8.26 (1H, t, J = 6.3 Hz), 8.00
(1H, d, J = 5.0 Hz), 7.89 (2H, d, J = 8.2 Hz), 7.78 (2H, d, J =
8.2 Hz), 7.64 (1H, d, J = 8.1 Hz), 7.58 (1H, t, J = 8.1 Hz), 7.48
(1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.30−7.20 (4H, m), 7.19−
7.17 (2H, m), 3.91 (2H, d, J = 6.2 Hz); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 160.0, 148.1, 140.9, 139.9, 139.8,
138.2, 138.2, 136.6, 136.0, 136.0, 134.1, 130.7, 130.3, 129.7,
128.7, 128.0, 127.8, 127.7, 127.7, 127.2, 121.9, 121.7, 116.4,
47.3; HRMS (ESI): m/z (M + H)+ calcd for C27H22N3O3S2:
500.1103; found: 500.1104.

4′-(N-Butylsulfamoyl)-4-methyl-N-(quinolin-8-yl)-(1,1′-bi-
phenyl)-2-carboxamide (21e). Following the general proce-
dure, 21e was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (70%, 50 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 147−149 °C; IR (DCM): 3319, 2927,

1664, 1524, 724 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
9.86 (1H, br. s), 8.68 (1H, dd, J1 = 4.1 Hz, J2 = 1.4 Hz), 8.58
(1H, d, J = 7.4 Hz), 8.34 (1H, dd, J1 = 8.3 Hz, J2 = 1.3 Hz),
7.71 (2H, d, J = 8.3 Hz), 7.66−7.63 (4H, m), 7.57−7.53 (2H,
m), 7.49−7.43 (3H, m), 2.44 (3H, s), 2.30−2.25 (2H, m),
1.14−1.00 (4H, m), 0.69 (3H, t, J = 7.2 Hz); 13C {1H} NMR
(∼101.0 MHz, DMSO-d6): δC 166.7, 148.8, 143.6, 139.4,
138.3, 137.8, 136.4, 135.8, 135.4, 133.9, 131.5, 130.5, 129.4,
129.2, 127.6, 126.9, 126.6, 122.2, 116.0, 41.8, 30.9, 20.6, 19.1,
13.4; HRMS (ESI): m/z (M+Na)+ calcd for C27H27N3NaO3S:
496.1671; found: 496.1650.

4′-(N-Butylsulfamoyl)-4-chloro-N-(quinolin-8-yl)-(1,1′-bi-
phenyl)-2-carboxamide (21f). Following the general proce-
dure, 21f was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (72%, 53 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 162−164 °C; IR (DCM): 3306, 2930,
1664, 1525, 792 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.66
(1H, br. s), 8.64 (1H, dd, J1 = 6.7 Hz, J2 = 2.2 Hz), 8.47 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.00 (1H, dd, J1 = 8.3 Hz, J2 = 1.5
Hz), 7.83 (1H, d, J = 2.2 Hz), 7.69 (2H, d, J = 8.3 Hz), 7.54
(2H, d, J = 8.3 Hz), 7.48 (1H, dd, J1 = 8.3 Hz, J2 = 2.2 Hz),
7.44−7.38 (2H, m), 7.32 (1H, d, J = 8.3 Hz), 7.29 (1H, dd, J1
= 8.4 Hz, J2 = 4.4 Hz), 4.51−4.50 (1H, m), 2.50−2.45 (2H,
m), 1.19−1.11 (2H, m), 1.07−0.98 (2H, m), 0.68 (3H, t, J =
7.3 Hz); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC 165.5,
148.1, 143.3, 139.3, 138.1, 137.5, 136.7, 136.1, 134.8, 133.8,
131.8, 130.8, 129.5, 129.3, 127.6, 127.1, 122.1, 121.7, 116.4,
42.6, 31.4, 19.4, 13.4; HRMS (ESI): m/z (M + H)+ calcd for
C26H25ClN3O3S: 494.1305; found: 494.1287.

3-(4-(N-Butylsulfamoyl)phenyl)-N-(quinolin-8-yl)furan-2-
carboxamide (21g). Following the general procedure, 21g was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 80:20) as a colorless solid (68%, 46 mg,
0.15 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp: 188−190
°C; IR (DCM): 3301, 2958, 1645, 1526, 732 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 10.75 (1H, br. s), 8.94−8.93 (1H,
m), 8.68 (1H, d, J = 7.5 Hz), 8.42 (1H, d, J = 8.2 Hz), 8.15
(1H, d, J = 1.4 Hz), 7.99 (2H, d, J = 8.3 Hz), 7.85 (2H, d, J =
8.3 Hz), 7.70−7.65 (3H, m), 7.58 (1H, t, J = 8.0 Hz), 7.08
(1H, d, J = 1.4 Hz), 2.79−2.74 (2H, m), 1.39−1.36 (2H, m),
1.28−1.22 (2H, m), 0.80 (3H, t, J = 7.3 Hz); 13C {1H} NMR
(∼101.0 MHz, DMSO-d6): δC 155.8, 149.2, 145.4, 141.5,
140.1, 137.7, 136.8, 135.2, 133.6, 130.4, 130.2, 127.8, 127.1,
126.2, 122.4, 122.3, 116.0, 114.9, 42.3, 31.2, 19.3, 13.5; HRMS
(ESI): m/z (M + H)+ calcd for C24H24N3O4S: 450.1488;
found: 450.1485.

3-(4-(N-Butylsulfamoyl)phenyl)-N-(quinolin-8-yl)-
thiophene-2-carboxamide (21h). Following the general
procedure, 21h was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 80:20) as a
colorless solid (69%, 48 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.30; mp: 144−146 °C; IR (DCM): 3329, 2927,
1670, 1530, 748 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.95
(1H, br. s), 8.76 (1H, dd, J1 = 7.4 Hz, J2 = 1.4 Hz), 8.42 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.02 (1H, dd, J1 = 8.3 Hz, J2 = 1.5
Hz), 7.92 (2H, d, J = 8.4 Hz), 7.68 (2H, d, J = 8.3 Hz), 7.58
(1H, d, J = 5.0 Hz), 7.50−7.42 (2H, m), 7.32 (1H, dd, J1 = 8.3
Hz, J2 = 4.2 Hz), 7.10 (1H, d, J = 5.0 Hz), 4.95−4.92 (1H, m),
2.91−2.86 (2H, m), 1.43−1.37 (2H, m), 1.27−1.21 (2H, m),
0.81 (3H, t, J = 7.4 Hz); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 160.0, 148.1, 140.9, 139.9, 139.5, 138.1, 136.4,
135.9, 133.9, 130.7, 130.2, 129.7, 127.6, 127.5, 127.0, 121.8,
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121.6, 116.3, 42.9, 31.5, 19.6, 13.4; HRMS (ESI): m/z (M +
H)+ calcd for C24H24N3O3S2: 466.1259; found: 466.1254.

3-Methoxy-4′-(N-(phenylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (22a). Follow-
ing the general procedure, 22a was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
50:50) as a colorless solid (88%, 86 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.60; mp: 226−228 °C; IR (DCM):
3342, 2924, 1677, 1523, 727 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.68 (1H, br. s), 8.77 (1H, d, J = 7.6 Hz), 8.57
(1H, d, J = 3.9 Hz), 7.96 (1H, d, J = 8.1 Hz), 7.52−7.39 (11H,
m), 7.27 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.24−7.18 (4H,
m), 7.01−6.96 (2H, m), 6.75 (2H, d, J = 8.2 Hz), 3.83 (3H, s);
13C {1H} NMR (∼101.0 MHz, CDCl3): δC 165.4, 156.9,
148.3, 142.0, 139.8, 139.1, 138.1, 136.1, 134.4, 133.7, 133.2,
131.3, 130.6, 129.4, 128.8, 128.2, 127.8, 127.1, 126.4, 122.0,
121.7, 121.7, 116.4, 110.8, 56.1; HRMS (ESI): m/z (M + H)+
calcd for C35H28N3O6S2: 650.1420; found: 650.1426.

3-Ethoxy-4′-(N-(phenylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (22b). Follow-
ing the general procedure, 22b was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
70:30) as a colorless solid (80%, 80 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.40; mp: 150−152 °C; IR (DCM):
3331, 2924, 1678, 1522, 725 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.80 (1H, br. s), 8.75 (1H, dd, J1 = 7.6 Hz, J2 = 0.9
Hz), 8.61 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.03−8.01 (1H,
m), 7.54−7.47 (7H, m), 7.44−7.41 (3H, m), 7.39 (1H, t, J =
8.1 Hz), 7.32 (1H, dd, J1 = 8.3 Hz, J2 = 4.3 Hz), 7.29−7.25
(4H, m), 6.99−6.96 (2H, m), 6.77 (2H, d, J = 8.4 Hz), 4.11
(2H, d, J = 7.0 Hz), 1.31 (3H, t, J = 7.0 Hz); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 165.3, 156.2, 148.2, 142.4, 140.2,
139.2, 138.3, 136.1, 134.7, 133.7, 133.1, 131.3, 130.5, 129.4,
128.8, 128.3, 127.9, 127.2, 126.7, 122.0, 121.7, 121.6, 116.4,
111.9, 64.6, 14.7; HRMS (ESI): m/z (M + H)+ calcd for
C36H30N3O6S2: 664.1576; found: 664.1577.

3-Bromo-4′-(N-(phenylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (22c). Follow-
ing the general procedure, 22c was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
60:40) as a colorless solid (84%, 88 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.50; mp: 204−206 °C; IR (DCM):
3331, 2924, 1678, 1522, 725 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.71 (1H, br. s), 8.81 (1H, d, J = 7.6 Hz), 8.67
(1H, d, J = 4.0 Hz), 8.07 (1H, d, J = 8.2 Hz), 7.71 (1H, d, J =
7.6 Hz), 7.61−7.48 (10H, m), 7.45−7.36 (3H, m), 7.32−7.26
(4H, m), 6.84 (2H, d, J = 8.2 Hz); 13C {1H} NMR (∼101.0
MHz, CDCl3): δC 165.4, 148.4, 141.2, 140.3, 139.0, 138.1,
138.0, 136.2, 133.9, 133.8, 133.7, 132.6, 131.4, 130.7, 129.4,
128.8, 128.2, 127.8, 127.1, 122.2, 121.8, 120.9, 116.6; HRMS
(ESI): m/z (M + H)+ calcd for C34H25BrN3O5S2: 698.0419;
found: 698.0437.

4-Methyl-4′-(N-(phenylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (22d). Follow-
ing the general procedure, 22d was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
70:30) as a colorless solid (82%, 78 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.40; mp: 174−176 °C; IR (DCM):
3329, 2923, 1668, 1523, 722 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.67 (1H, br. s), 8.79 (1H, d, J = 7.4 Hz), 8.51
(1H, d, J = 3.1 Hz), 7.92 (1H, d, J = 8.1 Hz), 7.62 (1H, s),
7.52 (1H, t, J = 7.9 Hz), 7.45−7.39 (5H, m), 7.31−7.29 (6H,
m), 7.23 (1H, dd, J1 = 8.0 Hz, J2 = 3.8 Hz), 7.17−7.12 (4H,

m), 6.76 (2H, d, J = 8.0 Hz), 2.38 (3H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 167.7, 148.7, 142.1, 139.0, 138.4,
137.9, 136.2, 136.0, 135.5, 134.3, 133.7, 133.2, 131.5, 131.4,
130.3, 129.9, 129.7, 128.7, 128.1, 127.6, 127.1, 121.9, 121.6,
115.8, 21.0; HRMS (ESI): m/z (M + H)+ calcd for
C35H28N3O5S2: 634.1470; found: 634.1466.

4-Chloro-4′-(N-(phenylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (22e). Follow-
ing the general procedure, 22e was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
60:40) as a colorless solid (83%, 82 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.50; mp: 201−203 °C; IR (DCM):
3323, 2924, 1670, 1525, 722 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.76 (1H, br. s), 8.83 (1H, d, J = 7.6 Hz), 8.61
(1H, dd, J1 = 4.2 Hz, J2 = 1.5 Hz), 8.01 (1H, dd, J1 = 8.3 Hz, J2
= 1.2 Hz), 7.88 (1H, d, J = 2.1 Hz), 7.59 (1H, t, J = 8.0 Hz),
7.56−7.49 (6H, m), 7.43 (1H, d, J = 8.3 Hz), 7.39−7.37 (4H,
m), 7.33 (1H, dd, J1 = 8.2 Hz, J2 = 4.2 Hz), 7.25−7.20 (4H,
m), 6.87 (2H, d, J = 8.3 Hz); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 165.9, 148.8, 140.9, 139.0, 137.9, 137.7, 136.7,
135.9, 134.6, 134.0, 133.8, 133.7, 131.7, 130.6, 129.6, 129.4,
128.7, 128.1, 127.6, 127.0, 122.0, 121.9, 115.9; HRMS (ESI):
m/z (M + H)+ calcd for C34H25ClN3O5S2: 654.0924; found:
654.0939.

6-(4-(N-(Phenylsulfonyl)phenylsulfonamido)phenyl)-N-
(quinolin-8-yl)-2,3-dihydrobenzo(b)(1,4)dioxine-5-carboxa-
mide (22f). Following the general procedure, 22f was obtained
after purification by column chromatography on silica gel
(EtOAc:hexanes = 60:40) as a colorless solid (78%, 79 mg,
0.15 mmol); Rf (EtOAc/hexanes = 50:50) 0.50; mp: 210−212
°C; IR (DCM): 3338, 2924, 1675, 1521, 726 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.67 (1H, br. s), 8.78 (1H, d, J = 7.3
Hz), 8.56 (1H, br. s), 7.96 (1H, d, J = 8.0 Hz), 7.51−7.38
(10H, m), 7.27 (1H, dd, J1 = 7.9 Hz, J2 = 3.4 Hz), 7.22−7.18
(4H, m), 6.97 (1H, d, J = 8.3 Hz), 6.90 (1H, d, J = 8.4 Hz),
6.72 (2H, d, J = 8.0 Hz), 4.27 (4H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 164.7, 148.3, 143.6, 141.9, 141.4,
139.1, 138.0, 136.1, 134.2, 133.7, 132.9, 131.7, 131.3, 129.3,
128.7, 128.4, 128.2, 127.8, 127.1, 126.2, 122.5, 121.8, 121.7,
118.5, 116.4, 64.6, 64.2; HRMS (ESI): m/z (M + H)+ calcd for
C36H28N3O7S2: 678.1369; found: 678.1387.

3-(4-(N-(Phenylsulfonyl)phenylsulfonamido)phenyl)-N-
(quinolin-8-yl)thiophene-2-carboxamide (22g). Following
the general procedure, 22g was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
60:40) as a colorless solid (80%, 75 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.50; mp: 200−202 °C; IR (DCM):
3317, 2924, 1656, 1526, 725 cm−1; 1H NMR (400 MHz,
CDCl3): δH 10.08 (1H, br. s), 8.81 (1H, d, J = 7.5 Hz), 8.62
(1H, dd, J1 = 4.1 Hz, J2 = 1.2 Hz), 8.04 (1H, dd, J1 = 8.3 Hz, J2
= 1.1 Hz), 7.61−7.50 (11H, m), 7.30 (1H, dd, J1 = 8.3 Hz, J2 =
4.3 Hz), 7.27−7.23 (4H, m), 7.15 (1H, d, J = 5.0 Hz), 6.99
(2H, d, J = 8.3 Hz); 13C {1H} NMR (∼101.0 MHz, CDCl3):
δC 160.6, 149.1, 141.3, 139.0, 138.0, 137.2, 135.9, 135.7, 134.1,
134.0, 133.8, 131.8, 130.6, 130.2, 129.0, 128.7, 128.2, 127.6,
127.2, 121.8, 121.7, 116.3; HRMS (ESI): m/z (M + H)+ calcd
for C32H24N3O5S3: 626.0878; found: 626.0895.

2-(4-Fluoro-4′-(N-(phenylsulfonyl)phenylsulfonamido)-
(1,1′-biphenyl)-2-yl)-N-(quinolin-8-yl)acetamide (23a). Fol-
lowing the general procedure, 23a was obtained after
purification by column chromatography on silica gel
(EtOAc:hexanes = 60:40) as a colorless solid (72%, 70 mg,
0.15 mmol); Rf (EtOAc/hexanes = 50:50) 0.50; mp: 182−184
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°C; IR (DCM): 3339, 2924, 1685, 1526, 722 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.73 (1H, br. s), 8.64−8.61 (2H, m),
8.06 (1H, dd, J1 = 8.3 Hz, J2 = 1.6 Hz), 7.84−7.82 (4H, m),
7.54−7.51 (2H, m), 7.47−7.37 (6H, m), 7.33 (1H, dd, J1 = 8.3
Hz, J2 = 4.3 Hz), 7.30 (2H, d, J = 8.4 Hz), 7.26−7.18 (2H, m),
7.02 (1H, td, J1 = 8.3 Hz, J2 = 2.6 Hz), 6.97 (2H, d, J = 8.3
Hz), 3.74 (2H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
168.6, 162.4 (d, JC−F = 248.7 Hz), 148.3, 142.2, 139.3, 138.3,
137.2 (d, JC−F = 3.0 Hz), 136.3, 134.4 (d, JC−F = 7.9 Hz),
134.1, 133.9, 133.4, 131.8 (d, JC−F = 8.3 Hz), 131.5, 130.3,
129.0, 128.5, 127.8, 127.3, 121.8, 121.7, 117.5 (d, JC−F = 21.8
Hz), 116.4, 114.5 (d, JC−F = 21.2 Hz), 42.4; 19F {1H} NMR
(∼376 MHz, CDCl3): δF −113.75; HRMS (ESI): m/z (M +
H)+ calcd for C35H27FN3O5S2: 652.1376; found: 652.1373.

3 -Methoxy -3 ′ -me thy l - 4 ′ - (N - (pheny l su l fony l ) -
phenylsulfonamido)-N-(quinolin-8-yl)-(1,1′-biphenyl)-2-car-
boxamide (24a). Following the general procedure, 24a was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 60:40) as a colorless solid (74%, 74 mg,
0.15 mmol); Rf (EtOAc/hexanes = 50:50) 0.60; mp: 242−244
°C; IR (DCM): 3338, 2923, 1679, 1522, 726 cm−1; 1H NMR
(400 MHz, CDCl3): δH 9.74 (1H, br. s), 8.86−8.84 (1H, m),
8.65 (1H, dd, J1 = 4.2 Hz, J2 = 1.5 Hz), 8.04 (1H, dd, J1 = 8.3
Hz, J2 = 1.5 Hz), 7.59−7.46 (9H, m), 7.41 (1H, d, J = 1.7 Hz),
7.35 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.30−7.26 (5H, m),
7.08 (1H, d, J = 7.6 Hz), 7.04 (1H, d, J = 8.3 Hz), 6.63 (1H, d,
J = 8.2 Hz), 3.91 (3H, s), 1.76 (3H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 165.4, 156.9, 148.3, 141.9, 140.5,
140.0, 139.1, 138.1, 136.1, 134.5, 133.7, 132.3, 131.8, 131.7,
130.5, 128.7, 128.5, 127.8, 127.1, 126.5, 126.4, 121.9, 121.7,
116.3, 110.6, 56.1, 17.9; HRMS (ESI): m/z (M + H)+ calcd for
C36H30N3O6S2: 664.1576; found: 664.1552.

4-Methoxy-3′-(N-(phenylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (24b). Follow-
ing the general procedure, 24b was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
50:50) as a colorless solid (72%, 70 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.40; mp: 161−163 °C; IR (DCM):
3329, 2925, 1667, 1522, 721 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.73 (1H, br. s), 8.79 (1H, d, J = 7.3 Hz), 8.49
(1H, d, J = 3.4 Hz), 7.97 (1H, d, J = 8.0 Hz), 7.59 (4H, d, J =
7.7 Hz), 7.56 (1H, d, J = 7.7 Hz), 7.47 (2H, t, J = 7.4 Hz), 7.40
(1H, t, J = 7.8 Hz), 7.36−7.34 (2H, m), 7.31−7.27 (4H, m),
7.23 (1H, dd, J1 = 8.1 Hz, J2 = 4.0 Hz), 7.19−7.16 (3H, m),
6.99 (1H, dd, J1 = 8.5 Hz, J2 = 2.4 Hz), 6.63−6.61 (1H, m),
3.81 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
167.0, 159.3, 148.0, 141.1, 139.2, 138.2, 137.0, 136.0, 134.2,
134.2, 133.7, 132.0, 131.9, 130.9, 130.5, 130.3, 128.8, 128.8,
128.3, 127.6, 127.1, 121.7, 121.4, 116.9, 116.5, 113.8, 55.6;
HRMS (ESI): m/z (M + H)+ calcd for C35H28N3O6S2:
650.1420; found: 650.1422.

3-Methoxy-4′-(N-(methylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (24c). Follow-
ing the general procedure, 24c was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
70:30) as a colorless solid (81%, 71 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.40; mp: 205−207 °C; IR (DCM):
3343, 2924, 1675, 1522, 729 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.78 (1H, br. s), 8.82 (1H, dd, J1 = 7.6 Hz, J2 = 1.2
Hz), 8.67 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.08 (1H, dd, J1 =
8.3 Hz, J2 = 1.6 Hz), 7.59−7.48 (6H, m), 7.38 (1H, dd, J1 = 8.3
Hz, J2 = 4.2 Hz), 7.30−7.27 (2H, m), 7.18−7.14 (2H, m), 7.06
(2H, d, J = 8.1 Hz), 6.95 (2H, d, J = 8.4 Hz), 3.92 (3H, s),

3.35 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
165.4, 156.9, 148.2, 142.1, 139.8, 138.2, 137.7, 136.1, 134.4,
133.9, 132.7, 130.9, 130.6, 129.5, 128.6, 128.4, 127.8, 127.2,
126.4, 122.0, 121.7, 121.6, 116.5, 110.8, 56.1, 43.8; HRMS
(ESI): m/z (M + H)+ calcd for C30H26N3O6S2: 588.1263;
found: 588.1268.

3-Bromo-4′-(N-(methylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (24d). Follow-
ing the general procedure, 24d was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
75:25) as a colorless solid (80%, 76 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.30; mp: 248−250 °C; IR (DCM):
3331, 2924, 1677, 1522, 728 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.72 (1H, br. s), 8.78 (1H, dd, J1 = 7.6 Hz, J2 = 1.3
Hz), 8.69 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.10 (1H, dd, J1 =
8.3 Hz, J2 = 1.6 Hz), 7.72 (1H, dd, J1 = 6.7 Hz, J2 = 2.5 Hz),
7.58 (1H, t, J = 8.2 Hz), 7.54−7.51 (3H, m), 7.50−7.46 (1H,
m), 7.43−7.38 (3H, m), 7.27−7.25 (2H, m), 7.17−7.13 (2H,
m), 6.96 (2H, d, J = 8.2 Hz), 3.34 (3H, s); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 165.4, 148.4, 141.3, 140.2, 138.2,
138.0, 137.6, 136.2, 133.9, 133.9, 133.2, 132.6, 131.0, 130.7,
129.6, 128.8, 128.7, 128.4, 127.8, 127.1, 122.2, 121.8, 120.8,
116.7, 43.8; HRMS (ESI): m/z (M + H)+ calcd for
C29H23BrN3O5S2: 636.0262; found: 636.0272.

4-Chloro-4′-(N-(methylsulfonyl)phenylsulfonamido)-N-
(quinolin-8-yl)-(1,1′-biphenyl)-2-carboxamide (24e). Follow-
ing the general procedure, 24e was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
80:20) as a colorless solid (83%, 74 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.30; mp: 186−188 °C; IR (DCM):
3323, 2927, 1669, 1524, 730 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.69 (1H, br. s), 8.73 (1H, d, J = 7.5 Hz), 8.55
(1H, dd, J1 = 4.2 Hz, J2 = 1.4 Hz), 7.96 (1H, dd, J1 = 8.3 Hz, J2
= 1.2 Hz), 7.79 (1H, d, J = 2.1 Hz), 7.51−7.41 (5H, m), 7.37−
7.34 (1H, m), 7.32 (1H, d, J = 8.3 Hz), 7.28 (1H, dd, J1 = 8.3
Hz, J2 = 4.2 Hz), 6.97−6.88 (6H, m), 3.27 (3H, s); 13C {1H}
NMR (∼101.0 MHz, CDCl3): δC 165.8, 148.7, 141.0, 137.9,
137.6, 137.4, 136.7, 136.0, 134.5, 133.9, 133.9, 133.2, 131.7,
131.3, 130.6, 129.7, 129.3, 128.5, 128.2, 127.6, 127.0, 121.9,
121.9, 116.0, 43.9; HRMS (ESI): m/z (M + H)+ calcd for
C29H23ClN3O5S2: 592.0768; found: 592.0769.

3-Methoxy-4′-(phenylsulfonamido)-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (25a). Following the general
procedure, 25a was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (72%, 55 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 184−186 °C; IR (DCM): 3334, 2923,
1672, 1522, 759 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.28 (1H, br. s), 9.90 (1H, br. s), 8.80 (1H, dd, J1 = 4.1 Hz, J2
= 1.4 Hz), 8.49 (1H, d, J = 7.6 Hz), 8.41 (1H, dd, J1 = 8.3 Hz,
J2 = 1.2 Hz), 7.71−7.69 (1H, m), 7.63−7.56 (4H, m), 7.51−
7.43 (2H, m), 7.34−7.29 (4H, m), 7.17 (1H, d, J = 8.4 Hz),
6.99−6.96 (3H, m), 3.81 (3H, s); 13C {1H} NMR (∼101.0
MHz, DMSO-d6): δC 165.0, 156.1, 149.0, 139.7, 139.4, 137.7,
137.0, 136.7, 135.3, 134.0, 132.8, 130.6, 129.1, 129.1, 127.8,
127.0, 126.5, 125.8, 122.3, 122.1, 122.0, 119.5, 116.1, 110.7,
56.0; HRMS (ESI): m/z (M + H)+ calcd for C29H24N3O4S:
510.1488; found: 510.1480.

4′-((4-Chlorophenyl)sulfonamido)-3-methoxy-N-(quino-
lin-8-yl)-(1,1′-biphenyl)-2-carboxamide (25b). Following the
general procedure, 25b was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
65:35) as a colorless solid (75%, 61 mg, 0.15 mmol); Rf

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.4c10558
ACS Omega 2025, 10, 17361−17393

17383

http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c10558?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


(EtOAc/hexanes = 50:50) 0.50; mp: 187−189 °C; IR (DCM):
3336, 2923, 1671, 1523, 757 cm−1; 1H NMR (400 MHz,
DMSO-d6): δH 10.38 (1H, br. s), 9.93 (1H, br. s), 8.80 (1H, d,
J = 3.3 Hz), 8.51 (1H, d, J = 7.6 Hz), 8.40 (1H, d, J = 8.3 Hz),
7.69 (1H, d, J = 8.2 Hz), 7.62−7.56 (4H, m), 7.49 (1H, t, J =
8.1 Hz), 7.38−7.35 (4H, m), 7.17 (1H, d, J = 8.4 Hz), 7.01−
6.96 (3H, m), 3.81 (3H, s); 13C {1H} NMR (∼101.0 MHz,
DMSO-d6): δC 165.0, 156.1, 149.0, 139.7, 138.2, 137.8, 137.7,
136.7, 135.7, 134.1, 130.6, 129.3, 129.2, 128.4, 127.8, 127.0,
125.8, 122.3, 122.2, 122.0, 119.9, 116.1, 110.7, 56.0; HRMS
(ESI): m/z (M + H)+ calcd for C29H23ClN3O4S: 544.1098;
found: 544.1095.

3-Methyl-4′-(phenylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (25c). Following the general
procedure, 25c was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 80:20) as a
colorless solid (70%, 52 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.30; mp: 178−180 °C; IR (DCM): 3336, 2924,
1671, 1522, 756 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.24 (1H, br. s), 9.81 (1H, br. s), 8.74 (1H, dd, J1 = 4.1 Hz, J2
= 1.4 Hz), 8.44 (1H, d, J = 7.6 Hz), 8.40−8.38 (1H, m), 7.71
(1H, d, J = 8.2 Hz), 7.60−7.55 (4H, m), 7.44−7.40 (2H, m),
7.36 (2H, d, J = 8.5 Hz), 7.32 (1H, d, J = 7.6 Hz), 7.27−7.20
(3H, m), 6.98 (2H, d, J = 8.5 Hz), 2.38 (3H, s); 13C {1H}
NMR (∼101.0 MHz, DMSO-d6): δC 167.4, 149.0, 139.4,
138.2, 138.0, 136.9, 136.6, 135.7, 134.9, 133.8, 132.7, 129.2,
129.2, 129.0, 127.8, 127.3, 126.9, 126.4, 122.6, 122.2, 119.7,
116.9, 19.2; HRMS (ESI): m/z (M + H)+ calcd for
C29H24N3O3S: 494.1538; found: 494.1547.

3-Bromo-4′-(phenylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (25d). Following the general
procedure, 25d was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (68%, 57 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 120−122 °C; IR (DCM): 3332, 2924,
1675, 1522, 792 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.32 (1H, br. s), 10.21 (1H, br. s), 8.82 (1H, dd, J1 = 4.1 Hz,
J2 = 1.4 Hz), 8.43−8.41 (2H, m), 7.75−7.71 (2H, m), 7.63−
7.57 (4H, m), 7.47−7.38 (5H, m), 7.33−7.29 (2H, m), 7.00
(2H, d, J = 8.6 Hz); 13C {1H} NMR (∼101.0 MHz, DMSO-
d6): δC 165.4, 149.1, 140.5, 139.3, 138.3, 137.8, 137.4, 136.6,
134.5, 133.7, 132.8, 131.3, 130.8, 129.3, 129.1, 129.0, 127.8,
126.8, 126.4, 122.8, 122.2, 119.7, 119.4, 117.4; HRMS (ESI):
m/z (M + H)+ calcd for C28H21BrN3O3S: 558.0487; found:
558.0488.

3-Bromo-4′-((4-chlorophenyl)sulfonamido)-N-(quinolin-
8-yl)-(1,1′-biphenyl)-2-carboxamide (25e). Following the
general procedure, 25e was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
70:30) as a colorless solid (70%, 62 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.40; mp: 141−143 °C; IR (DCM):
3332, 2924, 1676, 1521, 756 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.68 (1H, br. s), 8.68−8.65 (1H, m), 8.63 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.09 (1H, dd, J1 = 8.2 Hz, J2 = 1.5
Hz), 7.60 (1H, dd, J1 = 6.7 Hz, J2 = 2.4 Hz), 7.49−7.48 (2H,
m), 7.38−7.35 (3H, m), 7.32−7.19 (4H, m), 6.95 (2H, d, J =
8.6 Hz), 6.89 (2H, d, J = 8.5 Hz), 6.37 (1H, br. s); 13C {1H}
NMR (∼101.0 MHz, CDCl3): δC 165.7, 148.4, 140.6, 139.4,
138.3, 138.0, 137.2, 136.9, 136.3, 135.7, 133.9, 132.1, 130.5,
129.8, 129.1, 129.0, 128.3, 127.9, 127.4, 122.3, 122.0, 121.8,
120.6, 116.8; HRMS (ESI): m/z (M + H)+ calcd for
C28H20BrClN3O3S: 592.0097; found: 592.0095.

4-Methyl-4′-(phenylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (25f). Following the general
procedure, 25f was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 75:25) as a
colorless solid (72%, 53 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.30; mp: 222−224 °C; IR (DCM): 3318, 2923,
1664, 1522, 755 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.74
(1H, br. s), 8.74 (1H, dd, J1 = 7.3 Hz, J2 = 1.6 Hz), 8.54 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.05 (1H, dd, J1 = 8.3 Hz, J2 = 1.6
Hz), 7.66 (1H, br. s), 7.52−7.44 (4H, m), 7.35−7.30 (5H, m),
7.27 (1H, d, J = 8.7 Hz), 7.09−7.05 (3H, m), 6.95 (2H, d, J =
8.5 Hz), 2.43 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3):
δC 167.1, 148.7, 139.5, 137.7, 137.2, 137.1, 136.5, 135.9, 135.5,
135.2, 134.0, 132.8, 131.3, 130.3, 129.4, 129.1, 129.0, 127.6,
126.9, 126.5, 122.2, 122.1, 119.8, 115.9, 20.5; HRMS (ESI):
m/z (M + H)+ calcd for C29H24N3O3S: 494.1538; found:
494.1537.

4′-((4-Chlorophenyl)sulfonamido)-4-methyl-N-(quinolin-
8-yl)-(1,1′-biphenyl)-2-carboxamide (25g). Following the
general procedure, 25g was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
70:30) as a colorless solid (74%, 59 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.40; mp: 195−197 °C; IR (DCM):
3317, 2923, 1652, 1523, 754 cm−1; 1H NMR (400 MHz,
CDCl3): δH 9.79 (1H, br. s), 8.74 (1H, dd, J1 = 7.0 Hz, J2 = 1.9
Hz), 8.57 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.07 (1H, dd, J1 =
8.3 Hz, J2 = 1.4 Hz), 7.65 (1H, s), 7.53−7.47 (2H, m), 7.36−
7.26 (7H, m), 7.17 (1H, br. s), 6.98−6.93 (4H, m), 2.44 (3H,
s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC 168.1, 148.1,
139.1, 138.2, 137.8, 137.5, 137.4, 136.2, 136.1, 135.8, 135.5,
134.3, 131.3, 130.4, 129.8, 129.5, 128.9, 128.3, 127.7, 127.3,
122.2, 121.8, 121.7, 116.3, 21.0; HRMS (ESI): m/z (M + H)+
calcd for C29H23ClN3O3S: 528.1149; found: 528.1141.

4-Chloro-4′-(phenylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (25h). Following the general
procedure, 25h was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 80:20) as a
colorless solid (74%, 57 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.20; mp: 201−203 °C; IR (DCM): 3303, 2924,
1664, 1526, 756 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.36 (1H, br. s), 9.99 (1H, br. s), 8.68 (1H, d, J = 4.0 Hz),
8.53 (1H, d, J = 7.5 Hz), 8.40 (1H, d, J1 = 8.2 Hz), 7.81 (1H,
d, J = 1.8 Hz), 7.72 (1H, d, J = 8.2 Hz), 7.66−7.59 (5H, m),
7.52 (1H, t, J = 7.4 Hz), 7.46 (1H, d, J = 8.2 Hz), 7.40−7.36
(4H, m), 7.06 (2H, d, J = 8.3 Hz); 13C {1H} NMR (∼101.0
MHz, DMSO-d6): δC 165.6, 148.8, 139.5, 138.0, 137.6, 137.3,
136.5, 133.9, 133.8, 132.8, 132.2, 130.3, 129.4, 129.1, 128.2,
127.7, 126.8, 126.4, 122.5, 122.2, 119.6, 116.7; HRMS (ESI):
m/z (M + H)+ calcd for C28H21ClN3O3S: 514.0992; found:
514.0991.

4-Chloro-4′-((4-chlorophenyl)sulfonamido)-N-(quinolin-
8-yl)-(1,1′-biphenyl)-2-carboxamide (25i). Following the
general procedure, 25i was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
60:40) as a colorless solid (72%, 59 mg, 0.15 mmol); Rf
(EtOAc/hexanes = 50:50) 0.50; mp: 210−212 °C; IR (DCM):
3317, 2923, 1668, 1524, 755 cm−1; 1H NMR (400 MHz,
DMSO-d6): δH 10.44 (1H, br. s), 9.96 (1H, br. s), 8.64 (1H,
dd, J1 = 4.1 Hz, J2 = 1.3 Hz), 8.54 (1H, d, J = 7.4 Hz), 8.35−
8.33 (1H, m), 7.79 (1H, d, J = 2.0 Hz), 7.66 (1H, d, J = 7.9
Hz), 7.62−7.52 (5H, m), 7.42−7.36 (5H, m), 7.07 (2H, d, J =
8.5 Hz); 13C {1H} NMR (∼101.0 MHz, DMSO-d6): δC 165.5,
148.7, 138.3, 138.0, 137.8, 137.6, 137.3, 137.3, 136.4, 134.3,
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133.9, 132.4, 132.2, 130.3, 129.6, 129.3, 128.4, 128.3, 127.6,
126.9, 122.5, 122.2, 119.9, 116.6; HRMS (ESI): m/z (M + H)+
calcd for C28H20Cl2N3O3S: 548.0602; found: 548.0605.

3-(4-(Phenylsulfonamido)phenyl)-N-(quinolin-8-yl)furan-
2-carboxamide (25j). Following the general procedure, 25j
was obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 70:30) as a colorless solid (68%,
48 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50:50) 0.40; mp:
162−164 °C; IR (DCM): 3331, 2924, 1674, 1529, 756 cm−1;
1H NMR (400 MHz, DMSO-d6): δH 10.71 (1H, br. s), 10.55
(1H, br. s), 8.91 (1H, d, J = 4.0 Hz), 8.69 (1H, d, J = 7.6 Hz),
8.44 (1H, d, J1 = 8.2 Hz), 8.07 (1H, s), 7.85 (2H, d, J = 7.2
Hz), 7.73−7.70 (3H, m), 7.67 (1H, dd, J1 = 8.4 Hz, J2 = 4.2
Hz), 7.64−7.57 (4H, m), 7.17 (2H, d, J = 8.5 Hz), 6.96 (1H,
s); 13C {1H} NMR (∼101.0 MHz, DMSO-d6): δC 156.1,
149.1, 145.1, 140.6, 139.7, 137.8, 137.7, 136.8, 133.7, 133.1,
131.3, 130.4, 129.4, 127.8, 127.1, 126.7, 126.6, 122.4, 122.1,
118.9, 115.8, 114.7; HRMS (ESI): m/z (M + H)+ calcd for
C26H20N3O4S: 470.1175; found: 470.1169.

3-(4-((4-Chlorophenyl)sulfonamido)phenyl)-N-(quinolin-
8-yl)furan-2-carboxamide (25k). Following the general
procedure, 25k was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 50:50) as a
colorless solid (69%, 52 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.60; mp: 120−122 °C; IR (DCM): 3330, 2924,
1675, 1526, 754 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.70 (1H, br. s), 10.64 (1H, br. s), 8.90 (1H, d, J = 3.8 Hz),
8.68 (1H, d, J = 7.6 Hz), 8.41 (1H, d, J = 8.0 Hz), 8.06 (1H,
s), 7.84 (2H, d, J = 8.5 Hz), 7.74 (2H, d, J = 8.5 Hz), 7.69−
7.62 (4H, m), 7.58 (1H, t, J = 7.8 Hz), 7.18 (2H, d, J = 8.5
Hz), 6.95 (1H, s); 13C {1H} NMR (∼101.0 MHz, DMSO-d6):
δC 156.0, 149.1, 145.0, 140.6, 138.5, 138.0, 137.7, 137.4, 136.8,
133.7, 131.2, 130.5, 129.6, 128.6, 127.8, 127.1, 127.0, 122.4,
122.1, 119.2, 115.8, 114.7; HRMS (ESI): m/z (M + H)+ calcd
for C26H19ClN3O4S: 504.0785; found: 504.0786.

3-Methyl-4′-(methylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (26a). Following the general
procedure, 26a was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (70%, 47 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 178−180 °C; IR (DCM): 3347, 2923,
1662, 1465, 760 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.54
(1H, br. s), 8.65 (1H, dd, J1 = 7.4 Hz, J2 = 1.2 Hz), 8.52 (1H,
dd, J1 = 4.2 Hz, J2 = 1.5 Hz), 7.95 (1H, d, J = 8.3 Hz), 7.40−
7.30 (5H, m), 7.25 (1H, dd, J1 = 8.2 Hz, J2 = 4.2 Hz), 7.20−
7.16 (2H, m), 7.06−6.94 (1H, m), 6.95 (2H, d, J = 8.5 Hz),
2.42 (3H, s), 2.34 (3H, s); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 168.2, 148.1, 138.6, 138.1, 137.3, 136.6, 136.0,
136.0, 134.0, 129.8, 129.7, 129.3, 127.7, 127.3, 127.2, 121.8,
121.6, 120.2, 116.5, 38.3, 19.7; HRMS (ESI): m/z (M + H)+
calcd for C24H22N3O3S: 432.1382; found: 432.1383.

4′-(Butylsulfonamido)-3-methyl-N-(quinolin-8-yl)-(1,1′-bi-
phenyl)-2-carboxamide (26b). Following the general proce-
dure, 26b was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 60:40) as a
colorless solid (72%, 51 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.50; mp: 224−226 °C; IR (DCM): 3356, 2924,
1671, 1517, 790 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.62
(1H, br. s), 8.76 (1H, dd, J1 = 7.4 Hz, J2 = 1.6 Hz), 8.63 (1H,
dd, J1 = 4.2 Hz, J2 = 1.7 Hz), 8.08 (1H, dd, J1 = 8.3 Hz, J2 = 1.6
Hz), 7.52−7.47 (4H, m), 7.45−7.37 (2H, m), 7.31−7.26 (2H,
m), 7.05 (2H, d, J = 8.6 Hz), 6.54 (1H, s), 2.69−2.65 (2H, m),
2.52 (3H, s), 1.58−1.50 (2H, m), 1.16−1.07 (2H, m), 0.74

(3H, t, J = 7.4 Hz); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
168.2, 148.1, 138.5, 138.2, 137.3, 136.7, 136.1, 136.0, 135.9,
134.2, 129.9, 129.7, 129.3, 127.7, 127.4, 127.2, 121.8, 121.6,
120.1, 116.4, 50.6, 25.2, 21.1, 19.7, 13.4; HRMS (ESI): m/z
(M + H)+ calcd for C27H28N3O3S: 474.1851; found: 474.1854.

3-Fluoro-4′-(methylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (26c). Following the general
procedure, 26c was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 60:40) as a
colorless solid (75%, 49 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.50; mp: 176−178 °C; IR (DCM): 3321, 2924,
1662, 1526, 761 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.84
(1H, br. s), 8.70−8.68 (1H, m), 8.60 (1H, d, J = 3.8 Hz), 8.05
(1H, d, J = 8.2 Hz), 7.47−7.40 (5H, m), 7.34 (1H, dd, J1 = 8.2
Hz, J2 = 4.2 Hz), 7.19−7.11 (2H, m), 7.02 (2H, d, J = 8.3 Hz),
6.70 (1H, br. s), 2.58 (3H, s); 13C {1H} NMR (∼101.0 MHz,
CDCl3): δC 163.2, 159.8 (d, JC−F = 250.8 Hz), 148.1, 141.2 (d,
JC−F = 3.0 Hz), 138.0, 136.6, 136.4, 135.9 (d, JC−F = 1.9 Hz),
133.9, 131.2 (d, JC−F = 9.0 Hz), 129.9, 127.8, 127.4, 125.7 (d,
JC−F = 2.9 Hz), 124.8 (d, JC−F = 17.3 Hz), 122.1, 121.7, 120.2,
116.9, 115.1 (d, JC−F = 22.0 Hz), 38.9; 19F {1H} NMR (∼376
MHz, CDCl3): δF −114.85; HRMS (ESI): m/z (M + H)+
calcd for C23H19FN3O3S: 436.1131; found: 436.1141.

3-Bromo-4′-(methylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (26d). Following the general
procedure, 26d was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (79%, 59 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 224−226 °C; IR (DCM): 3327, 2925,
1675, 1520, 762 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.25 (1H, br. s), 9.78 (1H, br. s), 8.83−8.82 (1H, m), 8.48
(1H, d, J = 7.6 Hz), 8.38 (1H, d, J = 8.3 Hz), 7.74 (1H, d, J =
7.4 Hz), 7.70 (1H, d, J = 8.2 Hz), 7.61−7.56 (2H, m), 7.51−
7.45 (4H, m), 7.12 (2H, d, J = 8.5 Hz), 2.79 (3H, s); 13C {1H}
NMR (∼101.0 MHz, CDCl3): δC 165.9, 148.1, 140.8, 137.9,
136.5, 136.1, 133.8, 132.1, 130.6, 129.9, 128.9, 127.8, 127.4,
122.2, 121.7, 120.7, 120.1, 117.0, 38.9; HRMS (ESI): m/z (M
+ H)+ calcd for C23H19BrN3O3S 496.0330; found: 496.0331.

3-Bromo-4′-(butylsulfonamido)-N-(quinolin-8-yl)-(1,1′-bi-
phenyl)-2-carboxamide (26e). Following the general proce-
dure, 26e was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 50:50) as a
colorless solid (78%, 63 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.60; mp: 198−200 °C; IR (DCM): 3327, 2923,
1664, 1523, 761 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.19 (1H, br. s), 9.79 (1H, br. s), 8.82 (1H, dd, J1 = 4.1 Hz, J2
= 1.4 Hz), 8.47 (1H, d, J = 7.6 Hz), 8.39 (1H, dd, J1 = 8.3 Hz,
J2 = 1.2 Hz), 7.74 (1H, dd, J1 = 7.6 Hz, J2 = 1.2 Hz), 7.70 (1H,
d, J = 7.6 Hz), 7.61−7.55 (2H, m), 7.52−7.45 (4H, m), 7.11
(2H, d, J = 8.5 Hz), 2.84−2.80 (2H, m), 1.47−1.40 (2H, m),
1.11−1.06 (2H, m), 0.65 (3H, t, J = 7.4 Hz); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 165.9, 148.3, 140.8, 138.3, 137.9,
136.6, 136.2, 135.8, 133.9, 132.0, 130.6, 129.9, 129.0, 127.8,
127.2, 122.1, 121.7, 120.7, 119.8, 116.8, 51.0, 25.2, 21.2, 13.4;
HRMS (ESI): m/z (M + H)+ calcd for C26H25BrN3O3S:
538.0800; found: 538.0792.

4-Methoxy-4′-(methylsulfonamido)-N-(quinolin-8-yl)-
(1,1′-biphenyl)-2-carboxamide (26f). Following the general
procedure, 26f was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 60:40) as a
colorless solid (76%, 51 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.50; mp: 185−187 °C; IR (DCM): 3315, 2926,
1662, 1524, 757 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.75
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(1H, br. s), 8.78 (1H, d, J = 7.4 Hz), 8.55 (1H, d, J = 3.2 Hz),
8.04 (1H, d, J = 8.2 Hz), 7.50 (1H, t, J = 8.2 Hz), 7.44−7.42
(4H, m), 7.37−7.32 (2H, m), 7.12−7.02 (4H, m), 3.90 (3H,
s), 2.50 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
167.6, 159.2, 148.1, 138.2, 137.0, 136.8, 136.2, 136.0, 134.3,
131.7, 131.6, 130.3, 127.7, 127.3, 121.7, 121.6, 120.6, 117.2,
116.3, 113.9, 55.6, 38.5; HRMS (ESI): m/z (M + H)+ calcd for
C24H22N3O4S: 448.1331; found: 448.1335.

4-Methyl-4′-(methylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (26g). Following the general
procedure, 26g was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (78%, 50 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 174−176 °C; IR (DCM): 3306, 2924,
1642, 1524, 757 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.67
(1H, br. s), 8.69 (1H, dd, J1 = 7.6 Hz, J2 = 1.2 Hz), 8.47 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 7.94 (1H, d, J = 8.1 Hz), 7.60
(1H, s), 7.39 (1H, t, J = 8.0 Hz), 7.35−7.32 (3H, m), 7.28−
7.22 (3H, m), 7.03−7.01 (3H, m), 2.41 (3H, s), 2.36 (3H, s);
13C {1H} NMR (∼101.0 MHz, CDCl3): δC 168.0, 148.0,
138.1, 137.7, 136.9, 136.2, 135.9, 135.7, 134.2, 131.4, 130.3,
130.1, 129.7, 127.6, 127.2, 121.6, 121.5, 120.4, 116.2, 38.4,
21.0; HRMS (ESI): m/z (M + H)+ calcd for C24H22N3O3S:
432.1382; found: 432.1385.

4′-(Butylsulfonamido)-4-methyl-N-(quinolin-8-yl)-(1,1′-bi-
phenyl)-2-carboxamide (26h). Following the general proce-
dure, 26h was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (75%, 53 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 140−142 °C; IR (DCM): 3245, 2929,
1661, 1521, 757 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.68
(1H, br. s), 8.69 (1H, d, J = 7.2 Hz), 8.47 (1H, br. s), 7.95
(1H, d, J = 7.6 Hz), 7.60 (1H, s), 7.42−7.35 (4H, m), 7.28−
7.23 (3H, m), 7.10−7.00 (3H, m), 2.59−2.56 (2H, m), 2.36
(3H, s), 1.49−1.44 (2H, m), 1.03−0.98 (2H, m), 0.64 (3H, t, J
= 7.3 Hz); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC 167.9,
147.9, 138.1, 137.7, 136.6, 136.3, 136.3, 136.0, 135.7, 134.2,
131.3, 130.3, 130.1, 129.7, 127.6, 127.2, 121.5, 121.5, 120.3,
116.3, 50.7, 25.1, 21.1, 21.0, 13.3; HRMS (ESI): m/z (M - H)+
calcd for C27H26N3O3S: 472.1695; found: 472.1680.

4-Chloro-4′-(methylsulfonamido)-N-(quinolin-8-yl)-(1,1′-
biphenyl)-2-carboxamide (26i). Following the general
procedure, 26i was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 65:35) as a
colorless solid (78%, 53 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 168−170 °C; IR (DCM): 3294, 2923,
1645, 1525, 757 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.69
(1H, br. s), 8.64 (1H, dd, J1 = 7.2 Hz, J2 = 1.6 Hz), 8.47 (1H,
dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 7.94 (1H, dd, J1 = 8.3 Hz, J2 = 1.5
Hz), 7.76 (1H, d, J = 2.2 Hz), 7.42−7.35 (3H, m), 7.32 (2H,
d, J = 8.4 Hz), 7.27−7.22 (3H, m), 7.03 (2H, d, J = 8.5 Hz),
2.43 (3H, s); 13C {1H} NMR (∼101.0 MHz, CDCl3): δC
166.2, 148.1, 138.0, 137.5, 137.1, 136.8, 136.0, 135.5, 133.8,
131.7, 130.6, 130.0, 129.1, 127.5, 127.1, 121.9, 121.6, 120.3,
116.4, 38.5; HRMS (ESI): m/z (M + H)+ calcd for
C23H19ClN3O3S: 452.0836; found: 452.0834.

4′-(Butylsulfonamido)-4-chloro-N-(quinolin-8-yl)-(1,1′-bi-
phenyl)-2-carboxamide (26j). Following the general proce-
dure, 26j was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 60:40) as a
colorless solid (76%, 56 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.50; mp: 137−139 °C; IR (DCM): 3247, 2930,
1663, 1525, 758 cm−1; 1H NMR (400 MHz, CDCl3): δH 9.78

(1H, br. s), 8.75 (1H, d, J = 7.0 Hz), 8.58 (1H, s), 8.07 (1H, d,
J = 7.9 Hz), 7.87 (1H, s), 7.53−7.37 (7H, m), 7.13 (2H, d, J =
7.4 Hz), 6.88 (1H, s), 2.73−2.69 (2H, m), 1.59−1.56 (2H, m),
1.16−1.11 (2H, m), 0.75 (3H, t, J = 7.3 Hz); 13C {1H} NMR
(∼101.0 MHz, CDCl3): δC 166.2, 148.1, 138.1, 137.5, 137.2,
136.9, 136.0, 135.3, 133.9, 133.8, 131.8, 130.6, 130.0, 129.2,
127.6, 127.2, 121.9, 121.6, 120.1, 116.4, 50.8, 25.1, 21.1, 13.3;
HRMS (ESI): m/z (M + H)+ calcd for C26H25ClN3O3S:
494.1305; found: 494.1310.

3-(4-(Methylsulfonamido)phenyl)-N-(quinolin-8-yl)furan-
2-carboxamide (26k). Following the general procedure, 26k
was obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 50:50) as a colorless solid (74%,
45 mg, 0.15 mmol); Rf (EtOAc/hexanes = 50:50) 0.60; mp:
190−192 °C; IR (DCM): 3320, 2923, 1662, 1531, 759 cm−1;
1H NMR (400 MHz, DMSO-d6): δH 10.73 (1H, br. s), 9.96
(1H, br. s), 8.94 (1H, d, J = 3.8 Hz), 8.71 (1H, d, J = 7.6 Hz),
8.44 (1H, d, J = 8.2 Hz), 8.10 (1H, d, J = 1.1 Hz), 7.81 (2H, d,
J = 8.5 Hz), 7.71−7.65 (2H, m), 7.60 (1H, t, J = 8.0 Hz), 7.28
(2H, d, J = 8.5 Hz), 7.01 (1H, d, J = 1.2 Hz), 3.06 (3H, s); 13C
{1H} NMR (∼101.0 MHz, DMSO-d6): δC 156.1, 149.1, 145.1,
140.6, 138.5, 137.8, 136.8, 133.8, 131.5, 130.5, 127.8, 127.1,
126.5, 122.4, 122.1, 118.9, 115.8, 114.8; HRMS (ESI): m/z
(M + H)+ calcd for C21H18N3O4S: 408.1018; found: 408.1017.

3-(4-(Butylsulfonamido)phenyl)-N-(quinolin-8-yl)-
thiophene-2-carboxamide (26l). Following the general
procedure, 26l was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (80%, 56 mg, 0.15 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 190−192 °C; IR (DCM): 3271, 2924,
1624, 1530, 738 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.05 (1H, br. s), 10.00 (1H, br. s), 8.66−8.64 (1H, m), 8.47
(1H, dd, J1 = 4.1 Hz, J2 = 1.4 Hz), 8.32−8.30 (1H, m), 7.91
(1H, d, J = 5.0 Hz), 7.61 (1H, d, J = 7.4 Hz), 7.57−7.51 (4H,
m), 7.31 (2H, d, J = 8.4 Hz), 7.20 (1H, d, J = 5.0 Hz), 3.03−
3.00 (2H, m), 1.64−1.58 (2H, m), 1.27−1.20 (2H, m), 0.74
(3H, t, J = 7.4 Hz); 13C {1H} NMR (∼101.0 MHz, DMSO-
d6): δC 159.8, 148.2, 142.6, 139.0, 137.5, 136.4, 134.4, 133.8,
131.6, 130.7, 130.4, 129.4, 127.6, 127.0, 122.0, 121.9, 119.5,
115.7, 50.6, 25.1, 20.6, 13.4; HRMS (ESI): m/z (M + H)+
calcd for C24H24N3O3S2: 466.1259; found: 466.1260.

4-Chloro-N-(quinolin-8-yl)-4′-sulfamoyl-(1,1′-biphenyl)-2-
carboxamide (27a). Following the general procedure, 27a was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 60:40) as a colorless solid (73%, 32 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.50; mp: 134−136
°C; IR (DCM): 2932, 1667, 1328, 1162, 736 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 10.32 (1H, br. s), 8.81−8.80 (1H,
m), 8.50 (1H, d, J = 7.5 Hz), 8.38 (1H, d, J = 8.3 Hz), 7.89
(1H, d, J = 2.1 Hz), 7.81 (2H, d, J = 8.2 Hz), 7.74−7.67 (4H,
m), 7.60−7.54 (3H, m), 7.38 (2H, br. s); 13C {1H} NMR
(∼101.0 MHz, DMSO-d6): δC 165.6, 149.2, 143.4, 142.3,
138.5, 137.8, 137.3, 136.6, 134.0, 133.1, 132.5, 130.5, 129.2,
128.2, 127.9, 126.9, 125.9, 123.0, 122.3, 117.4; HRMS (ESI):
m/z (M + H)+ calcd for C22H17ClN3O3S: 438.0679; found:
438.0682.

N-(Quinolin-8-yl)-3-(4-sulfamoylphenyl)benzofuran-2-
carboxamide (27c). Following the general procedure, 27c was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 80:20) as a colorless solid (34%, 15 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.20; mp: 222−224
°C; IR (DCM): 2923, 1657, 1326, 1156, 748 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 10.91 (1H, br. s), 8.97 (1H, dd, J1
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= 4.2 Hz, J2 = 1.6 Hz), 8.72−8.70 (1H, m), 8.46 (1H, dd, J1 =
8.3 Hz, J2 = 1.5 Hz), 7.99 (2H, d, J = 8.4 Hz), 7.94−7.90 (3H,
m), 7.76−7.74 (1H, m), 7.69 (1H, dd, J1 = 8.3 Hz, J2 = 4.2
Hz), 7.67−7.59 (3H, m), 7.55 (2H, br. s), 7.47−7.43 (1H, m);
13C {1H} NMR (∼101.0 MHz, DMSO-d6): δC 174.7, 156.2,
153.2, 149.4, 144.0, 142.7, 137.8, 136.9, 133.7, 133.5, 130.8,
128.5, 127.9, 127.8, 127.2, 125.8, 125.0, 124.7, 122.7, 122.6,
121.5, 116.4, 112.4; HRMS (ESI): m/z (M + H)+ calcd for
C24H18N3O4S: 444.1018; found: 444.1016.

N-(Quinolin-8-yl)-3-(4-sulfamoylphenyl)furan-2-carboxa-
mide (27d). Following the general procedure, 27d was
obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 70:30) as a colorless solid (61%,
24 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp:
216−218 °C; IR (DCM): 2930, 1730, 1325, 1173, 727 cm−1;
1H NMR (400 MHz, DMSO-d6): δH 10.77 (1H, br. s), 8.96
(1H, d, J = 4.1 Hz), 8.70 (1H, d, J = 7.6 Hz), 8.45 (1H, d, J =
8.2 Hz), 8.16 (1H, d, J = 1.4 Hz), 7.97 (2H, d, J = 8.3 Hz),
7.90 (2H, d, J = 8.3 Hz), 7.71 (1H, d, J = 8.2 Hz), 7.67 (1H,
dd, J1 = 8.3 Hz, J2 = 4.3 Hz), 7.60 (1H, t, J = 8.0 Hz), 7.47
(2H, br. s), 7.08 (1H, d, J = 1.3 Hz); 13C {1H} NMR (∼101.0
MHz, DMSO-d6): δC 155.8, 149.2, 145.4, 143.6, 141.4, 137.8,
136.8, 134.8, 133.6, 130.6, 130.0, 127.8, 127.1, 125.4, 122.5,
122.3, 115.9, 114.9; HRMS (ESI): m/z (M + H)+ calcd for
C20H16N3O4S: 394.0862; found: 394.0866.

3-Fluoro-N-(quinolin-8-yl)-4′-sulfamoyl-(1,1′-biphenyl)-2-
carboxamide (27e). Following the general procedure, 27e was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 80:20) as a colorless solid (64%, 27 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp: 241−243
°C; IR (DCM): 2928, 1657, 1309, 1012, 746 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 10.70 (1H, br. s), 8.89 (1H, dd, J1
= 4.2 Hz, J2 = 1.6 Hz), 8.45 (1H, dd, J1 = 8.0 Hz, J2 = 1.2 Hz),
8.41 (1H, dd, J1 = 8.3 Hz, J2 = 1.5 Hz), 7.79−7.73 (5H, m),
7.69−7.57 (3H, m), 7.46 (1H, t, J = 8.7 Hz), 7.38−7.37 (1H,
m), 7.37 (2H, br. s); 13C {1H} NMR (∼101.0 MHz, DMSO-
d6): δC 162.7, 158.9 (d, JC−F = 246.4), 149.4, 143.4, 142.4 (d,
JC−F = 2.0 Hz), 140.3 (d, JC−F = 3.4 Hz), 138.6, 136.7, 133.9,
131.6 (d, JC−F = 9.1 Hz), 129.1, 128.0, 126.9, 126.2 (d, JC−F =
1.7 Hz), 125.8, 125.1 (d, JC−F = 18.9 Hz), 123.3, 122.4, 118.1,
115.5 (d, JC−F = 22.1 Hz); 19F {1H} NMR (∼376 MHz,
CDCl3): δF −116.04; HRMS (ESI): m/z (M + H)+ calcd for
C22H17FN3O3S: 422.0975; found: 422.0969.

3-Bromo-N-(quinolin-8-yl)-4′-sulfamoyl-(1,1′-biphenyl)-2-
carboxamide (27f). Following the general procedure, 27f was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 80:20) as a colorless solid (68%, 33 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp: 242−244
°C; IR (DCM): 2928, 1666, 1166, 1021, 759 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 10.58 (1H, br. s), 8.88 (1H, dd, J1
= 4.2 Hz, J2 = 1.7 Hz), 8.44−8.40 (2H, m), 7.81 (1H, dd, J1 =
7.7 Hz, J2 = 1.4 Hz), 7.75 (4H, s), 7.73 (1H, dd, J1 = 8.4 Hz, J2
= 1.2 Hz), 7.64−7.58 (2H, m), 7.54 (1H, t, J = 7.7 Hz), 7.50
(1H, dd, J1 = 7.7 Hz, J2 = 1.4 Hz), 7.35 (2H, br. s); 13C {1H}
NMR (∼101.0 MHz, DMSO-d6): δC 165.4, 149.2, 143.4,
142.5, 139.9, 138.7, 138.0, 136.6, 133.8, 132.1, 131.0, 129.4,
129.2, 128.2, 127.9, 126.8, 125.6, 123.1, 122.3, 119.9, 118.0;
HRMS (ESI): m/z (M + H)+ calcd for C22H17BrN3O3S:
482.0174; found: 482.0174.

4-Methyl-N-(quinolin-8-yl)-4′-sulfamoyl-(1,1′-biphenyl)-
2-carboxamide (27g). Following the general procedure, 27g
was obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 80:20) as a colorless solid (60%,

25 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp:
180−182 °C; IR (DCM): 2928, 1667, 1322, 1161, 766 cm−1;
1H NMR (400 MHz, DMSO-d6): δH 10.09 (1H, br. s), 8.77
(1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.55 (1H, d, J = 7.5 Hz),
8.38 (1H, dd, J1 = 8.3 Hz, J2 = 1.4 Hz), 7.77 (2H, d, J = 8.2
Hz), 7.70−7.56 (6H, m), 7.49 (1H, d, J = 8.0 Hz), 7.43 (1H,
d, J = 7.8 Hz), 7.33 (2H, br. s), 2.45 (3H, s); 13C {1H} NMR
(∼101.0 MHz, DMSO-d6): δC 166.9, 149.1, 143.3, 142.9,
138.1, 138.0, 136.6, 135.9, 135.7, 134.1, 131.4, 130.7, 129.1,
128.8, 127.8, 126.9, 125.7, 122.4, 122.3, 116.5, 20.6; HRMS
(ESI): m/z (M + H)+ calcd for C23H20N3O3S: 418.1225;
found: 418.1216.

5′-Methyl-N-(quinolin-8-yl)-4,4″-disulfamoyl-(1,1′:3′,1″-
terphenyl)-2′-carboxamide (27h). Following the general
procedure, 27h was obtained after purification by column
chromatography on silica gel (EtOAc:hexanes = 70:30) as a
colorless solid (65%, 37 mg, 0.10 mmol); Rf (EtOAc/hexanes
= 50:50) 0.40; mp: 230−232 °C; IR (DCM): 2928, 1726,
1288, 1016, 760 cm−1; 1H NMR (400 MHz, DMSO-d6): δH
10.14 (1H, br. s), 8.76 (1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.32
(1H, dd, J1 = 8.4 Hz, J2 = 1.6 Hz), 8.07 (1H, dd, J1 = 7.6 Hz, J2
= 0.9 Hz), 7.73 (8H, s), 7.64 (1H, dd, J1 = 8.3 Hz, J2 = 1.0
Hz), 7.55 (1H, dd, J1 = 8.3 Hz, J2 = 4.2 Hz), 7.47 (1H, t, J =
8.0 Hz), 7.38 (2H, s), 7.32 (4H, br. s), 2.49 (3H, s); 13C {1H}
NMR (∼101.0 MHz, DMSO-d6): δC 166.6, 149.2, 143.5,
143.1, 139.5, 138.8, 138.5, 136.5, 133.6, 133.3, 130.5, 129.2,
127.8, 126.7, 125.5, 123.1, 122.2, 118.2, 20.9; HRMS (ESI):
m/z (M - H)+ calcd for C29H23N4O5S2: 571.1110; found:
571.1086.

N-(Quinolin-8-yl)-4,4″-disulfamoyl-(1,1′:3′,1″-terphenyl)-
2′-carboxamide (27i). Following the general procedure, 27i
was obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 80:20) as a colorless solid (68%,
38 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp:
150−152 °C; IR (DCM): 2932, 1661, 1167, 1021, 754 cm−1;
1H NMR (400 MHz, DMSO-d6): δH 10.31 (1H, br. s), 8.79
(1H, d, J = 2.8 Hz), 8.35−8.33 (1H, m), 8.04 (1H, d, J = 7.3
Hz), 7.79−7.74 (8H, m), 7.71 (1H, d, J = 7.7 Hz), 7.66 (1H,
d, J = 8.1 Hz), 7.57−7.55 (3H, m), 7.49 (1H, t, J = 7.9 Hz),
7.34 (4H, br. s); 13C {1H} NMR (∼101.0 MHz, DMSO-d6):
δC 166.5, 149.3, 143.4, 143.1, 139.0, 138.5, 136.5, 135.9, 133.6,
130.0, 129.8, 129.2, 127.9, 126.7, 125.6, 123.3, 122.2, 118.7;
HRMS (ESI): m/z (M + H)+ calcd for C28H23N4O5S2:
559.1110; found: 559.1113.

2-(3-Chloro-4′-sulfamoyl-(1,1′-biphenyl)-2-yl)-N-(quino-
lin-8-yl)acetamide (27j). Following the general procedure, 27j
was obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 70:30) as a colorless solid (68%,
31 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.40; mp:
136−138 °C; IR (DCM): 2930, 1665, 1162, 1019, 740 cm−1;
1H NMR (400 MHz, DMSO-d6): δH 10.31 (1H, br. s), 8.89
(1H, dd, J1 = 4.2 Hz, J2 = 1.6 Hz), 8.58−8.56 (1H, m), 8.40
(1H, dd, J1 = 8.4 Hz, J2 = 1.6 Hz), 7.88 (2H, d, J = 8.4 Hz),
7.68 (1H, dd, J1 = 8.3 Hz, J2 = 1.2 Hz), 7.64−7.55 (5H, m),
7.45 (1H, t, J = 7.9 Hz), 7.39 (2H, br. s), 7.32 (1H, dd, J1 = 7.7
Hz, J2 = 1.2 Hz), 3.99 (2H, s); 13C {1H} NMR (∼101.0 MHz,
DMSO-d6): δC 168.6, 149.0, 143.7, 143.5, 143.4, 138.2, 136.7,
135.3, 134.4, 131.4, 129.5, 129.1, 128.8, 128.7, 127.9, 127.0,
125.9, 122.2, 122.2, 117.0, 40.1; HRMS (ESI): m/z (M + H)+
calcd for C23H19ClN3O3S: 452.0836; found: 452.0833.

4-Chloro-4′-sulfamoyl-(1,1′-biphenyl)-2-carboxylic Acid
(28a). Following the general procedure, 28a was obtained
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after purification by column chromatography on silica gel
(EtOAc:hexanes = 80:20) as a colorless semisolid (61%, 19
mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; IR
(DCM): 2925, 2256, 1657, 1271, 1023, 762 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 7.85−81 (3H, m), 7.68 (1H, dd, J1
= 8.2 Hz, J2 = 2.0 Hz), 7.51 (2H, d, J = 8.2 Hz), 7.44−7.43
(3H, m); (The proton signal of COOH is not clearly
identified); 13C NMR (∼101.0 MHz, DMSO-d6): δC 167.7,
143.2, 143.1, 138.8, 133.7, 132.8, 132.6, 131.0, 129.1, 128.9,
125.5; HRMS (ESI): m/z (M - H)+ calcd for C13H9ClNO4S:
309.9941; found: 309.9948.

4-Methoxy-4′-sulfamoyl-(1,1′-biphenyl)-2-carboxylic Acid
(28d). Following the general procedure, 28d was obtained after
purification by column chromatography on silica gel
(EtOAc:hexanes = 90:10) as a colorless semisolid (62%, 19
mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.20; IR
(DCM): 2922, 1716, 1280, 1162, 824 cm−1; 1H NMR (400
MHz, DMSO-d6): δH 7.81 (2H, d, J = 8.4 Hz), 7.46 (2H, d, J =
8.4 Hz), 7.39 (2H, br. s), 7.32 (1H, d, J = 8.5 Hz), 7.29 (1H, d,
J = 2.8 Hz), 7.17 (1H, dd, J1 = 8.5 Hz, J2 = 2.8 Hz), 3.83 (3H,
s); (The proton signal of COOH is not clearly identified); 13C
NMR (∼101.0 MHz, DMSO-d6): δC 169.0, 158.8, 144.3,
142.4, 133.2, 132.3, 132.1, 129.0, 125.5, 117.0, 114.6, 55.6;
HRMS (ESI): m/z (M - H)+ calcd for C14H12NO5S: 306.0436;
found: 306.0422.

4-Methyl-4′-sulfamoyl-(1,1′-biphenyl)-2-carboxylic Acid
(28e). Following the general procedure, 28e was obtained
after purification by column chromatography on silica gel
(EtOAc:hexanes = 90:10) as a colorless semisolid (41%, 12
mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.20; IR
(DCM): 2929, 1707, 1271, 1012, 739 cm−1; 1H NMR (400
MHz, DMSO-d6): δH 7.82 (2H, d, J = 8.0 Hz), 7.61 (1H, s),
7.47−40 (5H, m), 7.28 (1H, d, J = 7.8 Hz), 2.39 (3H, s); (The
proton signal of COOH is not clearly identified); 13C NMR
(∼101.0 MHz, DMSO-d6): δC 169.2, 144.5, 142.6, 137.7,
137.2, 131.9, 131.8, 130.6, 130.0, 128.9, 125.4, 20.5; HRMS
(ESI): m/z (M - H)+ calcd for C14H12NO4S: 290.0487; found:
290.0490.

3-Methyl-4′-sulfamoyl-(1,1′-biphenyl)-2-carboxylic Acid
(28f). Following the general procedure, 28f was obtained
after purification by column chromatography on silica gel
(EtOAc:hexanes = 95:05) as a colorless semisolid (65%, 19
mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.10; IR
(DCM): 2924, 1660, 1163, 1024, 763 cm−1; 1H NMR (400
MHz, DMSO-d6): δH 7.83 (2H, d, J = 8.4 Hz), 7.60 (2H, d, J =
8.4 Hz), 7.42 (2H, br. s), 7.33 (1H, t, J = 7.6 Hz), 7.26 (1H, d,
J = 7.3 Hz), 7.18 (1H, d, J = 7.4 Hz), 2.31 (3H, s); (The
proton signal of COOH is not clearly identified); 13C NMR
(∼101.0 MHz, DMSO-d6): δC 172.6, 145.3, 142.3, 135.3,
133.3, 129.3, 128.9, 126.7, 125.5, 19.7; Carbon count: 10 (2
peak missing); HRMS (ESI): m/z (M+Na)+ calcd for
C14H13NNaO4S: 314.0463; found: 314.0461.

3′-Methoxy-(1,1′-biphenyl)-4-sulfonamide (29b). Follow-
ing the general procedure, 29b was obtained after purification
by column chromatography on silica gel (EtOAc:hexanes =
50:50) as a colorless solid (64%, 17 mg, 0.10 mmol); Rf
(EtOAc/hexanes = 50:50) 0.40; mp: 130−132 °C; IR (DCM):
2934, 1586, 1316, 1162, 764 cm−1; 1H NMR (400 MHz,
DMSO-d6): δH 7.90 (2H, d, J = 8.2 Hz), 7.86 (2H, d, J = 8.3
Hz), 7.43 (2H, br. s), 7.43−7.39 (1H, m), 7.28 (1H, d, J = 7.7
Hz), 7.24 (1H, s), 6.99 (1H, d, J = 8.0 Hz), 3.82 (3H, s); 13C
{1H} NMR (∼101.0 MHz, DMSO-d6): δC 160.0, 143.5, 143.1,
140.4, 130.4, 127.5, 126.4, 119.5, 114.1, 112.6, 55.4; HRMS

(ESI): m/z (M+Na)+ calcd for C13H13NNaO3S: 286.0514;
found: 286.0518.

4-(Benzofuran-3-yl)benzenesulfonamide (29c). Following
the general procedure, 29c was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
60:40) as a colorless solid (58%, 16 mg, 0.10 mmol); Rf
(EtOAc/hexanes = 50:50) 0.60; mp: 146−148 °C; IR (DCM):
2932, 1597, 1329, 1163, 754 cm−1; 1H NMR (400 MHz,
DMSO-d6): δH 8.52 (1H, br. s), 8.00−7.93 (4H, m), 7.70 (1H,
dd, J1 = 7.5 Hz, J2 = 1.2 Hz), 7.44−7.37 (4H, m); 13C {1H}
NMR (∼101.0 MHz, DMSO-d6): δC 155.3, 144.1, 142.8,
135.0, 127.3, 126.5, 125.1, 123.7, 120.5, 120.1, 112.0; HRMS
(ESI): m/z (M - H)+ calcd for C14H10NO3S: 272.0382; found:
272.0374.

4-(Benzo(b)thiophen-3-yl)benzenesulfonamide (29d).
Following the general procedure, 29d was obtained after
purification by column chromatography on silica gel
(EtOAc:hexanes = 80:20) as a colorless solid (59%, 17 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp: 192−194
°C; IR (DCM): 2929, 2345, 1329, 1156, 745 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 8.12−8.09 (1H, m), 7.98−7.96
(3H, m), 7.93−7.91 (1H, m), 7.84−7.79 (2H, m), 7.49−7.45
(3H, m); 13C NMR (∼101.0 MHz, DMSO-d6): δC 143.1,
140.2, 138.6, 136.8, 135.7, 128.8, 126.4, 125.0, 124.9, 123.4,
122.3; HRMS (ESI): m/z (M - H)+ calcd for C14H10NO2S2:
288.0153; found: 288.0142.

4-(Thiophen-3-yl)benzenesulfonamide (29e). Following
the general procedure, 29e was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
70:30) as a colorless solid (67%, 16 mg, 0.10 mmol); Rf
(EtOAc/hexanes = 50:50) 0.50; mp: 218−220 °C; IR (DCM):
2924, 1530, 1284, 1160, 760 cm−1; 1H NMR (400 MHz,
DMSO-d6): δH 8.05 (1H, dd, J1 = 2.8 Hz, J2 = 1.3 Hz), 7.92
(2H, d, J = 8.5 Hz), 7.84 (2H, d, J = 8.5 Hz), 7.69 (1H, dd, J1
= 5.0 Hz, J2 = 2.9 Hz), 7.64 (1H, dd, J1 = 5.0 Hz, J2 = 1.3 Hz),
7.38 (2H, br. s); 13C {1H} NMR (∼101.0 MHz, DMSO-d6):
δC 142.4, 140.0, 138.2, 127.7, 126.4, 126.3, 126.3, 123.0;
HRMS (ESI): m/z (M - H)+ calcd for C10H8NO2S2: 237.9997;
found: 237.9984.

3′-Ethoxy-(1,1′-biphenyl)-4-sulfonamide (29f). Following
the general procedure, 29f was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
60:40) as a colorless solid (61%, 17 mg, 0.10 mmol); Rf
(EtOAc/hexanes = 50:50) 0.40; mp: 112−114 °C; IR (DCM):
2927, 1584, 1320, 1161, 762 cm−1; 1H NMR (400 MHz,
DMSO-d6): δH 7.91−7.85 (4H, m), 7.43 (2H, br. s), 7.40 (1H,
t, J = 8.0 Hz), 7.27 (1H, d, J = 8.0 Hz), 7.24−7.23 (1H, m),
6.98 (1H, dd, J1 = 8.2 Hz, J2 = 2.0 Hz), 4.10 (2H, q, J = 7.0
Hz), 1.35 (3H, t, J = 7.0 Hz); 13C {1H} NMR (∼101.0 MHz,
DMSO-d6): δC 159.2, 143.4, 143.1, 140.2, 130.3, 127.4, 126.3,
119.3, 114.4, 113.1, 63.2, 14.8; HRMS (ESI): m/z (M - H)+
calcd for C14H14NO3S: 276.0695; found: 276.0683.

4-(Naphthalen-2-yl)benzenesulfonamide (29g). Following
the general procedure, 29g was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
90:10) as a colorless solid (63%, 18 mg, 0.10 mmol); Rf
(EtOAc/hexanes = 50:50) 0.10; mp: 130−132 °C; IR (DCM):
2929, 1726, 1283, 1158, 757 cm−1; 1H NMR (400 MHz,
DMSO-d6): δH 8.32 (1H, s), 8.06−8.02 (4H, m), 7.98−7.89
(4H, m), 7.58−7.55 (2H, m), 7.44 (2H, br. s); 13C {1H} NMR
(∼101.0 MHz, DMSO-d6): δC 143.2, 143.0, 136.0, 133.2,
132.6, 128.7, 128.4, 127.6, 127.5, 126.7, 126.4, 126.1, 125.0;
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HRMS (ESI): m/z (M - H)+ calcd for C16H12NO2S: 282.0589;
found: 282.0576.

4 - ( 2 , 3 - D i h y d r o b e n z o ( b ) ( 1 , 4 ) d i o x i n - 6 - y l ) -
benzenesulfonamide (29h). Following the general procedure,
29h was obtained after purification by column chromatography
on silica gel (EtOAc:hexanes = 70:30) as a colorless solid
(69%, 20 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30;
mp: 213−215 °C; IR (DCM): 2928, 1726, 1309, 1160, 715
cm−1; 1H NMR (400 MHz, DMSO-d6): δH 7.84 (2H, d, J =
8.6 Hz), 7.79 (2H, d, J = 8.5 Hz), 7.37 (2H, br. s), 7.25 (1H, d,
J = 2.2 Hz), 7.21 (1H, dd, J1 = 8.4 Hz, J2 = 2.2 Hz), 6.97 (1H,
d, J = 8.4 Hz), 4.29 (4H, s); 13C {1H} NMR (∼101.0 MHz,
DMSO-d6): δC 143.9, 143.8, 142.8, 142.3, 131.9, 126.6, 126.2,
119.9, 117.7, 115.5, 64.2, 64.1; HRMS (ESI): m/z (M+Na)+
calcd for C14H13NNaO4S: 314.0463; found: 314.0451.

4-(Pyren-2-yl)benzenesulfonamide (29i). Following the
general procedure, 29i was obtained after purification by
column chromatography on silica gel (EtOAc:hexanes =
80:20) as a colorless solid (59%, 21 mg, 0.10 mmol); Rf
(EtOAc/hexanes = 50:50) 0.20; mp: 248−250 °C; IR (DCM):
3396, 1654, 1292, 1153, 763 cm−1; 1H NMR (400 MHz,
DMSO-d6): δH 8.69 (2H, s), 8.33 (2H, d, J = 7.7 Hz), 8.30−
8.21 (6H, m), 8.10 (1H, t, J = 7.7 Hz), 8.03 (2H, d, J = 8.4
Hz), 7.49 (2H, br. s); 13C {1H} NMR (∼101.0 MHz, DMSO-
d6): δC 143.6, 143.2, 136.5, 131.3, 130.8, 128.2, 128.1, 127.6,
126.7, 126.6, 125.5, 123.6, 123.5, 123.5; HRMS (ESI): m/z
(M)+ calcd for C22H15NO2S: 357.0823; found: 357.0818.

5′-Methoxy-(1,1′:3′,1″-terphenyl)-4,4″-disulfonamide
(29j). Following the general procedure, 29j was obtained after
purification by column chromatography on silica gel
(EtOAc:hexanes = 70:30) as a colorless solid (60%, 25 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp: 222−224
°C; IR (DCM): 2922, 1733, 1328, 1153, 821 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 8.01−7.99 (4H, m), 7.92−7.90
(4H, m), 7.62 (1H, t, J = 1.4 Hz), 7.44 (4H, br. s), 7.33 (2H,
d, J = 1.4 Hz), 3.92 (3H, s); 13C {1H} NMR (∼101.0 MHz,
DMSO-d6): δC 160.5, 143.3, 143.1, 141.0, 127.7, 126.2, 118.4,
112.6, 55.6; HRMS (ESI): m/z (M - H)+ calcd for
C19H17N2O5S2: 417.0579; found: 417.0570.

4′-Chloro-2′-(4-methylbenzoyl)-(1,1′-biphenyl)-4-sulfona-
mide (30a). Following the general procedure, 30a was
obtained after purification by column chromatography on
silica gel (EtOAc:hexanes = 50:50) as a colorless solid (44%,
17 mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.60; mp:
160−162 °C; IR (DCM): 3401, 2256, 1658, 1162, 762 cm−1;
1H NMR (400 MHz, DMSO-d6): δH 7.75−7.71 (3H, m),
7.60−7.56 (4H, m), 7.41 (2H, d, J = 8.2 Hz), 7.38 (2H, br. s),
7.26 (2H, d, J = 8.0 Hz), 2.33 (3H, s); 13C {1H} NMR
(∼101.0 MHz, DMSO-d6): δC 195.2, 144.7, 143.2, 142.0,
140.4, 137.5, 133.6, 132.9, 132.2, 130.4, 129.9, 129.5, 129.1,
127.9, 125.8, 21.3; HRMS (ESI): m/z (M + H)+ calcd for
C20H17ClNO3S: 386.0618; found: 386.0618.

4′-Chloro-2′-(3,4-dimethylbenzoyl)-(1,1′-biphenyl)-4-sul-
fonamide (30b). Following the general procedure, 30b was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 50:50) as a colorless solid (52%, 21 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.50; mp: 186−188
°C; IR (DCM): 2924, 2256, 1660, 1163, 762 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 7.75−7.73 (1H, m), 7.71 (2H, d, J
= 8.3 Hz), 7.58 (1H, d, J = 8.4 Hz), 7.53 (1H, d, J = 2.1 Hz),
7.48 (1H, br. s), 7.41−7.36 (5H, m), 7.22 (1H, d, J = 7.9 Hz),
2.25 (3H, s), 2.21 (3H, s); 13C {1H} NMR (∼101.0 MHz,
DMSO-d6): δC 195.2, 143.6, 143.2, 142.1, 140.5, 137.6, 137.0,

133.9, 132.8, 132.2, 130.4, 130.3, 129.9, 129.1, 127.9, 127.8,
125.7, 19.7, 19.3; HRMS (ESI): m/z (M - H)+ calcd for
C21H17ClNO3S: 398.0618; found: 398.0621.

4-(9-Oxo-9H-xanthen-1-yl)benzenesulfonamide (31a).
Following the general procedure, 31a was obtained after
purification by column chromatography on silica gel
(EtOAc:hexanes = 70:30) as a colorless solid (63%, 22 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.50; mp: 270−272
°C; IR (DCM): 2928, 1729, 1333, 1167, 744 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 8.01 (1H, dd, J1 = 8.0 Hz, J2 = 1.5
Hz), 7.90−7.83 (4H, m), 7.73 (1H, dd, J1 = 8.4 Hz, J2 = 1.0
Hz), 7.67 (1H, d, J = 8.0 Hz), 7.51−7.49 (2H, m), 7.45−7.41
(3H, m), 7.21 (1H, dd, J1 = 7.4 Hz, J2 = 1.1 Hz); 13C {1H}
NMR (∼101.0 MHz, DMSO-d6): δC 175.9, 156.7, 154.9,
145.2, 142.5, 141.8, 135.5, 134.5, 129.2, 127.3, 126.2, 124.9,
124.4, 122.0, 118.6, 118.6, 117.8; HRMS (ESI): m/z (M - H)+

calcd for C19H12NO4S: 350.0487; found: 350.0478.
4-(7-Methyl-9-oxo-9H-fluoren-1-yl)benzenesulfonamide

(31b). Following the general procedure, 31b was obtained after
purification by column chromatography on silica gel
(EtOAc:hexanes = 80:20) as a yellow colored solid (60%, 21
mg, 0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.30; mp: 220−
222 °C; IR (DCM): 2928, 1712, 1286, 1025, 740 cm−1; 1H
NMR (400 MHz, DMSO-d6): δH 7.88 (2H, d, J = 8.3 Hz),
7.77 (1H, d, J = 7.4 Hz), 7.70−7.68 (3H, m), 7.62 (1H, t, J =
7.6 Hz), 7.48 (2H, br. s), 7.41 (1H, d, J = 7.6 Hz), 7.32 (1H,
s), 7.23 (1H, d, J = 7.5 Hz), 2.33 (3H, s); 13C {1H} NMR
(∼101.0 MHz, DMSO-d6): δC 192.4, 145.3, 143.6, 140.6,
140.4, 139.7, 139.6, 135.6, 135.1, 133.6, 131.0, 129.7, 129.2,
125.2, 124.3, 120.9, 120.5, 21.0; HRMS (ESI): m/z (M + H)+

calcd for C20H16NO3S: 350.0851; found: 350.0842.
4′-(N-Benzylsulfamoyl)-4-chloro-(1,1′-biphenyl)-2-car-

boxylic acid (32a). Following the general procedure, 32a was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 90:10) as a colorless solid (75%, 30 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.20; mp: 118−120
°C; IR (DCM): 3273, 2924, 1715, 1459, 701 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 8.24 (1H, t, J = 6.3 Hz), 7.82−7.80
(3H, m), 7.69 (1H, dd, J1 = 8.3 Hz, J2 = 2.2 Hz), 7.50 (2H, d, J
= 8.2 Hz), 7.43 (1H, d, J = 8.2 Hz), 7.30−7.22 (5H, m), 4.02
(2H, d, J = 6.2 Hz); (The proton signal of COOH is not
clearly identified); 13C {1H} NMR (∼101.0 MHz, DMSO-d6):
δC 167.9, 143.9, 139.8, 138.8, 137.7, 134.0, 133.0, 132.7, 131.2,
129.3, 129.2, 128.5, 127.8, 127.4, 126.5, 46.3; HRMS (ESI):
m/z (M - H)+ calcd for C20H15ClNO4S: 400.0411; found:
400.0404.

4-Chloro-4′-(methylsulfonamido)-(1,1′-biphenyl)-2-car-
boxylic acid (32b). Following the general procedure, 32b was
obtained after purification by column chromatography on silica
gel (EtOAc:hexanes = 90:10) as a colorless solid (77%, 25 mg,
0.10 mmol); Rf (EtOAc/hexanes = 50:50) 0.20; mp: 122−124
°C; IR (DCM): 3310, 2924, 1663, 1526, 759 cm−1; 1H NMR
(400 MHz, DMSO-d6): δH 9.88 (1H, br. s), 7.72 (1H, d, J =
2.2 Hz), 7.62 (1H, dd, J1 = 8.3 Hz, J2 = 2.2 Hz), 7.40 (1H, d, J
= 8.3 Hz), 7.29 (2H, d, J = 8.5 Hz), 7.23 (2H, d, J = 8.5 Hz),
3.03 (3H, s); (The proton signal of COOH is not clearly
identified); 13C {1H} NMR (∼101.0 MHz, DMSO-d6): δC
168.4, 139.1, 137.9, 134.9, 134.1, 132.3, 131.9, 130.7, 129.3,
128.6, 119.2, 40.1; HRMS (ESI): m/z (M+Na)+ calcd for
C14H12ClNNaO4S: 348.0073; found: 348.0059.
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