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—_—
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90-100°C. DMPHPC

Me
X =1, 0.5-5 mol % Cul & DMPHPC, Q
n-50 °C. CR\\N
NH

Abstract

The amide derived from 4-hydroxy-L-proline and 2,6-dimethylaniline is a
powerful ligand for Cu-catalyzed coupling of (hetero)aryl halides with sulfinic acid
salts, allowing the formation of a wide range of (hetero)aryl sulfones from the
corresponding (hetero)aryl halides at considerably low catalytic loadings. The
coupling of (hetero)aryl iodides and sodium methanesulfinate proceeds at room
temperature with only 0.5 mol % Cul and ligand, representing the first example for

Cu-catalyzed arylation at both low catalytic loading and room temperature.
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Introduction
Aryl sulfone has been one of the top 5 most frequently used scaffolds in drug
structure on the basis of 6932 FDA-approved drugs and experimental drugs.' The
prominent drugs containing aryl sulfone unit include two recently approved
anti-tumor drugs Ceritinib> (Figure 1) and Vismodegib;® antipsychotic drug
Amisulpride,” Intepirdine’ in phase III clinical trials for treatment Alzheimer's disease,

and Xiidra® for the treatment of signs and symptoms of dry eye disease.
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Figure 1. Structures of some pharmaceutically important (hetero)aryl sulfones

The classical method for preparing aryl sulfones is direct sulfonylation of arenes.
This approach is not favorable for late-stage manipulation in medicinal chemistry
because of its unsatisfactory regioselectivity and poor functional group tolerance.’
During the past decades, considerable efforts have been attempted to develop new

methods for preparing aryl sulfones.”"

Among emerging methods, Cu or
Pd-catalyzed arylation of sulfinic acid salts has received more and more attention and

has been applied in the assembly of designed aryl sulfones.®'? Several aromatic

electrophiles have been demonstrated as suitable substrates in this transformation,
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which include (hetero)aryl halides,** aryl boronic acids,'® arenediazonium salts'' and
nitroarenes. ' Although the progress in this area is significant, further improvements
are still needed. For example, aryl chlorides as the cheapest and most abundant
aromatic electrophiles are difficult substrates for either Cu- or Pd-catalyzed coupling
reaction,” while higher catalytic loadings (>10 mol % for both copper salt and ligand)
are required for Cu-catalyzed coupling with aryl iodides and bromides.® Additionally,
limited reaction scope was seen in case of aryl bromides as the coupling partners.
Recently, we reported the first metal-catalyzed coupling reaction of (hetero)aryl
chlorides with sodium methanesulfinate by combining Cul and a new class of amide
ligands with hybrid structures of 4-hydroxy-L-proline and oxalic diamides (Figure
2)." During our studies on copper salts/oxalic diamides catalyzed coupling
reactions,”” we found that when ligands that were suitable for Cu-catalyzed coupling
reactions with (hetero)aryl chlorides, were applied for coupling reactions with more
reactive (hetero)aryl bromides and iodides, both catalytic loadings and reaction
temperatures could be greatly reduced. Accordingly, we explored the possibility if a
more practical method for preparing aryl sulfones could be discovered by using these

newly-developed amide ligands.
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proline-based oxalic diamides pyrrolidine-2-
ligands carboxamides
10 mol% Cul
10 mol% pyrrolidine-2-
carboxamide
(hetero)ArCl + MeSO,Na KaPO,, DMSO (hetero)ArSO,Me
120°C
This work
0.5-5 mol% Cul
0.5-5 mol% pyrrolidine-2-
carboxamide
(hetero)ArX + RSO,Na (hetero)ArSO,R
K3PO4, DMSO
X=1,Br rt-100 °C

Figure 2. Cul/pyrrolidine-2-carboxamide-catalyzed coupling reactions of (hetero)aryl

halides with sulfinic acid salts

Results and Discussions

Because Cul/L-proline could not efficiently catalyze the coupling of (hetero)aryl
bromides and relatively bulky sodium benzenesulfinate,* we chose the coupling of
4-bromoanisole with sodium benzenesulfinate as a model reaction to screen suitable
ligands, and the results are summarized in Table 1. Initially, we examined
(2S,4R)-4-hydroxy-N-(2-methylnaphthalen-1-yl)pyrrolidine-2-carboxamide (L1,
HMNPC),'* the best ligand for Cu-catalyzed coupling reaction of (hetero)aryl
chlorides and sodium methanesulfinate. It was found that under the action of 2 mol %
Cul and L1, the reaction completed after 24 h at 100 °C to afford
1-methoxy-4-(phenylsulfonyl)benzene (2a) in 99% yield (entry 1). The hydroxyl
group in this ligand seemed to play an important role, as evident from that the yield

decreased dramatically in case of L2 as the ligand (entry 2). The similar trend was
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seen when aniline part was changed to naphthalene-1-yl or 2,6-dimethylphenyl
(entries 3-6). When benzylamine-derived ligand L7 was used, a poor yield was
observed (entry 7), indicating that the aromatic amides are better ligands than
aliphatic ones. Almost no conversion was observed in case of L-proline, implying that
the amido moiety in the ligands is essential for this transformation. We also examined
two oxalic diamides that showed excellent activity in Cu-catalyzed amination of aryl

1 15a15
chlorides, "¢

and found that they are less powerful than proline-derived
mono-amides (entries 9 and 10). Since L1 and L6 ((2S,4R)-N-(2,6-dimethylphenyl)-
4-hydroxypyrrolidine-2-carboxamide, DMPHPC) gave the almost same results and
2,6-dimethylaniline is much cheaper than (2-methylnaphthalen-1-yl)amine, we
decided to use L6 as the ligand for subsequent reaction scope study. The excellent
performance displayed by L1 and L6 might partially result from the better solubility
of the corresponding copper salts. Among the solvents examined, DMSO gave the

best result, --BuOH or 2-methoxyethanol could serve as the alternative solvents

(entries 11 and 12), while DMF or dioxane gave no conversion (entries 13 and 14).
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Table 1. Cul/Ligand-Catalyzed Coupling of 4-Bromoanisole and Sodium

Benzenesulfinate®
Br 2 mol % Cul SO,Ph
2 mol % ligand
+ PhSO,Na—1> 7 1980d /©/
KsPO4, DMSO 105
100°C, 24 h 2a
NHBn
ﬁ
O wmé
L1: R = OH, R Fte 5R=
(HMNPC) 6 R= H (DMPHPC)
L2: R = H, R = Me (MNPC)
L3: R=R'=H

L4 R=0OH R =H

OH
W
H o

MeO OMe Me
0 Oy
\@[N/qa H)HrN\Bn
OMe H Me (e]
L9 L10

L8
Entry Ligand Yield (%)” Entry Ligand Yield (%)”
1 L1 99 8 L8 trace
2 L2 48 9 L9 18
3 L3 36 10 L10 13
4 L4 94 11 L6 82¢
5 L5 42 12 L6 74
6 L6 99 13 L6 0°
7 L7 27 14 L6 o’

“Reaction conditions: 1a (5 mmol), PhSO,Na (6.5 mmol), Cul (0.1 mmol), ligand (0.1

mmol), KsPO, (5 mmol), DMSO (2.5 mL), 100 °C, 24 h. "Determined by 'H NMR

analysis of the crude product using CH,Br;, as the internal standard. “In +-BuOH. “In

2-methoxyethanol. “In DMF. In 1,4-dioxane.
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By employing L6 as the ligands, we examined the coupling reaction with a series
of (hetero)aryl bromides and sulfinic acid salts. As illustrated in Table 2, under the
catalysis of 2 mol % Cul and L6, coupling reaction completed at 100 °C in most cases
to afford the corresponding diaryl sulfones 2a-21 in 62-98% yields. The substrates
with coordination ability such as amino (2k) and amido (2e) moieties required higher
catalytic loadings (5 mol %) to ensure a complete conversion. Additionally, a variety
of heteroaryl bromides were applicable under these conditions to afford the
corresponding heteroaryl sulfones 2m-2s. Using sodium isopropylsulfinate as a
coupling partner, 2-(isopropylsulfonyl)aniline 3a was obtained in 70% yield. In this
case complete conversion was observed at 90 °C. Similarly, a large number of
substituted aryl and heteroaryl bromides coupled smoothly with sodium
methanesulfinate at 90 °C, delivering (hetero)aryl methylsulfones 4a-40 and 4q-4z in
good to excellent yields. However, coupling reaction of 2-methylbromobenzene was
quite sluggish, and only 29% yield of 4p was obtained even using 5 mol % Cul and
L6. This result indicated that the present coupling was very sensitive to steric

hindrance.
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Table 2. Cul/L6 Catalyzed Coupling of (Hetero)aryl Bromides with Sulfinic Acid

“Raection condition: (hetero)aryl bromide (5 mmol), RSO,Na (6.5 mmol), K5POy (5
mmol), Cul (0.1 mmol), L6 (0.1 mmol), DMSO (3 mL), 100 °C (for producing 2), or
90 °C (for producing 3 and 4), 24 h. *5 mol % Cul and L6 were used. 10 mmol of

K;3PO,4 was used.

The Journal of Organic Chemistry

RSO,Na HO"

Salts”
2-5 mol % Cul !
(Hetero)ArBr 5 5 o ";) L6 (Het )A so R: Q
+ ————————(Hetero)Ar- !
KsPO,, DMSO s

90-100 °C, 24 h

Y @

2a: Y = OMe, 98% OCH; o (72% )b 21 (04%)
2b:Y = SMe, 95% 2 (96"/)
2c: Y =t-Bu, 95% ‘ SO,Ph
2d: Y = t-BuO, 88% 7 \
2e1Y = NHCOMe, 68%° MO SO,Ph
2f:Y = Ph, 95% 2m (82%)" 2n (84%)
2g: Y = COMe, 81% SO,Ph N SO,Ph
2h: Y = CF5, 74% C©/
2i:Y = CN, 62% N
20 (80%) 2p (92%)
m SO,Ph SOLPr-i

™" X

2q:Y=H, 87% NH,

2r: Y = CO,Et 85% 2s (94%) 3a (70%)°

/©/802Me SO,Me SOzMe

4a: Y = OMe, 98% 4p: Y = Me, 29%”

4b: Y = t-BuO, 94% am:Y = OMe 92% 4q: Y = NH,, 71%”

4c: Y = NHCOMe, 75%> 41 Y = NH;, 90%  4r: Y = NHCOMe, 72%”
4d: Y = OH, 91%be 40: Y = Me, 94%

Hy
4e:Y = SMe, 94% SO,Me N SO,Me
4f.Y = CH,OH, 82% ‘ = \ »
4g: Y = CH,CO,Me, 87% N

4h: Y = Ph, 95% 4s (62%)° 4u (78%)
4i: Y = CF3, 78% N SO,Me SO,Me
4j: Y = COMe, 80% ‘
4k: Y = NO,, 62% =N
4L: Y = CO,Me, 84%P 4t (85%)" 4y (31%)b
\
N~ MeO,S Me0,S
4w (85%) 4x: Y = H, 94% 4z (93%)

4y: Y = COEt, 92%
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Since earlier report on Cu/ligand-catalyzed coupling reactions of aryl iodides and
sulfinic acid salts required more than 10 mol % copper salts and ligands with reaction
temperature at 90-110 °C,®> we next investigated whether the catalytic system of
Cul/L6 could lead to milder reaction conditions. To our delight, under the catalysis of
0.5 mol % Cul and L6, the coupling reaction of 4-iodoanisole with sodium
methanesulfinate proceeded at room temperature to afford 4a in 98% yield (Table 3).
Further studies illustrated that a wide range of 4-substituted aryl iodides are
compatible with these reaction conditions, providing the corresponding aryl
methylsulfones in good to excellent yields. Generally, electron-poor aryl iodides are
less reactive than electron-rich ones, and therefore in some cases increased catalytic
loadings and reaction temperatures were required to get complete conversion (4ab,
4j-41, 4ac). Some 3-substituted aryl iodides also worked well at rt-50 °C to give the
related coupling products in good yields. The coupling of several heteroaryl iodides
could also run at room temperature, leading to the formation of 4ah-4aj and 4x in
62-91% yields. The 2-amino-5-iodopyridine was less reactive than other heteroaryl
iodides, presumably because the aminopyridine moiety could coordinate with Cu and
therefore reduce the activity of the present catalytic system.

When more bulky sulfinic acid salts were used, the coupling reaction turned out
to be slow. But they gave satisfactory results when the coupling reaction was
conducted at rt-50 °C with the employment of 1-5 mol % Cul and L6 as the catalysts.

Noteworthy is that sodium benzenesulfinate and sodium pyridine-3-sulfinate were
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workable under these conditions, providing a variety of diaryl (2a, 2f and 2g),

aryl-heteroaryl (2n, 2t and 5a) and diheteroaryl sulfones (5b).

oNOYTULT D WN =

Table 3. Cul/L6 Catalyzed Coupling of (Hetero)aryl Iodides with Sulfinic Acid Salts®

Me
0.5-5 mol % Cul ' 0
(Hetero)Arl g 5. 5'mol o L6 (Hetero)Ar-S0 . Q
——————— > (Hetero)Ar- !
KsPO,, DMSO o N
tHO" NH

.

RSO,Na 2- Ho Me

2 r-50 °C, 24 h s Le
SO,Me SO,Me SO,Me
K @
4a: Y = OMe, 98% Y CHO
4e: Y = SMe, 90% 4m: Y = OMe, 82% OH
4f: Y = CH,0H, 86% 4ad: Y = Br, 42%, 78%°" dag (88%)°19
4aa: Y = NH,, 86% 4ae: Y = CF,, 76%°"
4h: Y = Ph, 96% 4af: Y = COMe, 80%” - S02Me
4ab: Y = Cl, 74%, 84%" @ \
4 Y = COMe, 67%, 83%° N >~SOMe N~ N
4k Y = NOy, 46%”, 79%°"  4ap (909p)b 4ai (62%)
41: Y = CO,Me, 64%, 82%” '
4ac: Y = CN, 49%P, 80%5" g SO2FPr
/ i-Pr02$ =
/ NS
N MeO,S Nb
0

4aj (70%, 91%) ax (820> OMe 3c (84%)

3b (87%)°

SO,Ph SO,Ph
/©/ @Sozph (U
S pZ
Y N

o 2t (67%)?
2a: Y = OMe, 92% 2n (85%)%"
2f: Y = Ph, 84%¢ , . o 0 0. 0
LY = 0 0,6, V& R
2g: Y = COMe, 52%,% 77% LN N S
L P
MeO N N N
5a (82%)%' 5b (64%)°>"

“Reaction condition: (hetero)aryl iodide (5 mmol), RSO,Na (6.5 mmol), K;PO4 (5
mmol), Cul (0.025 mmol), L6 (0.025 mmol), DMSO (4 mL), rt, 24 h. ®1 mol % Cul
and L6 were used. 2 mol % Cul and L6 were used. “3 mol % Cul and L6 were used.

¢5 mol % Cul and L6 were used. “At 50 °C. 10 mmol of K5PO, was used.
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It is notable that several coupling products in the present study are valuable
building blocks for assembling bioactive agents. For example, 4g16 and 4j17 have been
used for preparing COX-2 inhibitors, respectively, while 3a is a key intermediate for
the synthesis of antitumor drug Ceritinib.”> To further demonstrate the usage of this
method, we attempted to prepare RIP2 kinase inhibitor GSK214'" and
anti-Alzheimer's disease drug Intepirdine.’ As shown in Scheme 1, nucleophilic
replacement of 6-bromo-4-chloroquinoline 7 with 5-fluoro-1H-indazol-3-amine 6 in
refluxed MeCN provided bromide 8, which was coupled with sodium
i-propane-2-sulfinate under the catalysis of 2 mol % Cul and L6 to deliver GSK 214
in 92% vyield. In a parallel procedure, Cul/Lé-catalyzed coupling of
8-fluoro-3-iodoquinoline 9 with sodium benzenesulfinate proceeded smoothly at 70
°C to afford sulfone 10 in 73% yield, which was subjected to a nucleophilic
replacement reaction with piperazine to furnish Intepirdine in 86% yield.

/(:l( \©\)j _ KCO,
“MeCN, reflux, 12h oM, 12

i-PrSO,Na
2 mol % Cul

N-NH
|
HN
~
N

E K3PO4 DMSO

90°C, 24 h
8 92% GSK- 214
[ SO,Ph
Y Phso,Na, 5 mol % Cul, 5 mol % L6 Ny
N KsPOy, DMSO, 70 °C, 24 h N
73%
F o ’ Fto
~S02Ph
—
piperazine N

DMF, 110 °C, 8 h, 86% [N]

H Intepirdine

Scheme 1. Synthesis of GSK-214 and Intepirdine
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A possible mechanism for our reaction is depicted in Scheme 2. After reaction with
K3POy,, ligand L6 could give a deprotonated salt, which would react with Cul to
deliver Cu(I) complex A. Oxidative addition of A to (hetero)aryl halides could
provide Cu(IIl) complex B, which would undergo ligand exchange to afford complex
C. Reductive elimination of C would produce (hetero)aryl sulfones and regenerate the

catalytic species A.

HO,
KsPO,4
Cul+L6 —— 0
/
H | _NAr
ArSO,R Cu ArX
RN
HO, HO,
o)
s © /N
H |l __NAr H ‘U/NAr
u AN
TN INg X
A", SOR B
NaSO,R

Scheme 2. Possible catalytic cycle

In conclusion, we have demonstrated a superior method for promoting the
coupling of (hetero)aryl halides and sulfinic acid salts by employing the combination
of Cul and DMPHPC as the catalytic system, which allows the coupling with
(hetero)aryl iodides and bromides to proceed at low catalytic loadings. Notably, the
coupling of (hetero)aryl iodides occurs at room temperature with a broad reaction
scope. This applicability for preparing various aryl or alkyl sulfones from aryl
bromides and iodides, together with that the extraordinary broad range of functional
group compatibility (such as alcohol, amine, aldehyde, ketone, ester, nitro, nitrile,
chloro and bromo) make the present method very attractive for a diverse set of

aryl/heteroaryl sulfones. Additionally, the excellent performance displayed by
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pyrrolidine-2-carboxamide ligands will stimulate further ligand design for greater

applicability of Cu-catalyzed coupling reactions.

Experimental

General procedure for ligand preparation. To a solution of N-(tert-butoxycarbonyl)-
L-proline (6456 g, 30 mmol) or (25,4R)-1-(tert-butoxycarbonyl)-4-
hydroxypyrrolidine-2-carboxylic acid (6.933 g, 30 mmol) in CH,Cl, (100 mL) were
sequentially added Et;N (3.939 g, 39 mmol, 1.3 equiv) and iso-butyl chloroformate
(4914 g, 36 mmol, 1.2 equiv) at 0 °C. The resulting mixture was stirred at room
temperature for 1 h before aryl amine (36 mmol, 1.2 equiv) added. The solution was
stirred overnight at room temperature, and then trifluoroacetic acid (20 g) was added.
After the mixture was stirred at room temperature for another 5 h, it was concentrated
in vacuo. The residue was added into saturated sodium bicarbonate (30 mL) and the
mixture was stirred to give a precipitate, which was collected and purified by flash
chromatography (eluting with 25:1-20:1 dichloromethane/methanol) to afford the
ligand.

(2S,4R)-4-Hydroxy-N-(2-methylnaphthalen-1-yl)pyrrolidine-2-carboxamide ~ (L1). 14
White solid (6.244 g, 77% yield); mp 163-165 °C; 'H NMR (500 MHz, CD;0D) &
7.84 (dd, J = 8.3, 2.7 Hz, 2H), 7.75 (d, J = 8.4 Hz, 1H), 7.50 (t, /= 7.1 Hz, 1H), 7.45
(t,J =7.0Hz, 1H), 7.39 (d, J = 8.4 Hz, 1H), 4.49 (t, /] = 4.4 Hz, 1H), 4.27 (t,J = 8.4
Hz, 1H), 3.20 (dd, J = 12.0, 4.1 Hz, 1H), 3.03 (dt,J = 12.0, 1.6 Hz, 1H), 2.41-2.37 (m,

1H), 2.36 (s, 3H), 2.13-2.06 (m, 1H); °C NMR (125 MHz, CD;0D) § 176.1, 134.2,
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134.2, 131.9, 131.0, 129.7, 129.0, 128.5, 127.5, 126.3, 123.3, 73.5, 61.0, 56.2, 41.3,
18.6; ESI-MS m/z 271 [M + H]"; HRMS (ESI-TOF) Calcd. for C;sH;9O,N, [M + H]"
271.1441, found 271.1440.
(S)-N-(2-Methylnaphthalen-1-yl)pyrrolidine-2-carboxamide (L2)."* White solid
(5.951 g, 78% yield); mp 94-95 °C; "H NMR (500 MHz, CD;0D) & 7.86 (s, 1H), 7.83
(d,J=8.0Hz, 1), 7.75 (d, J = 8.5 Hz, 1H), 7.53-7.47 (m, 1H), 7.44 (t, J=7.1 Hz, 1H),
7.36 (d, J = 8.5 Hz, 1H), 4.68 (t, J = 7.8 Hz, 1H), 3.38-3.30 (m, 2H), 2.70-2.59 (m,
1H), 2.35 (s, 3H), 2.31-2.21 (m, 1H), 2.15-2.00 (m, 2H); >C NMR (100 MHz, CDCls)
o 174.1, 132.8, 132.5, 130.4, 130.1, 128.9, 128.1, 127.0, 126.4, 125.2, 122.3, 61.0,
47.6, 31.2, 26.5, 18.8; ESI-MS m/z 255 [M + H]"; HRMS (ESI-TOF) Calcd. for
C16H19ON, [M + H]" 255.1492, found 255.1492.
(S)-N-(Naphthalen-1-yl)pyrrolidine-2-carboxamide (L3).14 White solid (5.983 g, 83%
yield); mp 117-119 °C; "H NMR (500 MHz, DMSO-d6) & 10.62 (s, 1H), 8.10-8.04 (m,
1H), 8.00-7.95 (m, 1H), 7.84 (d, J = 8.2 Hz, 1H), 7.68 (d, J = 7.2 Hz, 1H), 7.62-7.50
(m, 3H), 4.63 (t, J= 7.8 Hz, 1H), 3.38 (s, 1H), 3.37-3.27 (m, 2H), 2.58-2.51 (m, 1H),
2.18-2.10 (m, 1H), 2.04-1.98 (m, 2H); C NMR (125 MHz, DMSO-d6) & 168.3,
134.2, 132.8, 128.7, 128.2, 126.7, 126.6, 126.6, 126.0, 123.0, 122.6, 60.1, 46.2, 30.3,
24.1; ESI-MS m/z 241 [M + H]"; HRMS (ESI-TOF) Calcd. for C;sH;70N, [M + H]"
241.1335, found 241.1335.
(28,4R)-4-Hydroxy-N-(naphthalen-1-yl)pyrrolidine-2-carboxamide ~ (L4)."*  White
solid (5.459 g, 71% yield); mp 151-153 °C; "H NMR (500 MHz, CD;0D) & 7.93 (d, J

= 8.3 Hz, 1H), 7.91-7.85 (m, 2H), 7.74 (d, J = 8.2 Hz, 1H), 7.58-7.51 (m, 2H),
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7.51-7.45 (m, 1H), 4.45 (s, 1H), 4.22 (t, /= 8.4 Hz, 1H), 3.15-3.04 (m, 2H), 2.39-2.32
(m, 1H), 2.08-2.01 (m, 1H); "C NMR (125 MHz, CD;0D) & 176.0, 135.6, 133.5,
129.6, 128.8, 127.4, 127.1, 126.9, 126.6, 122.2, 121.5, 73.8, 61.5, 56.0, 40.8; ESI-MS
m/z 257 [M + H]"; HRMS (ESI-TOF) Calcd. for C;sH;;0,N, [M + H]™ 257.1285,
found 257.1282.

(S)-N-(2,6-Dimethylphenyl)pyrrolidine-2-carboxamide (L5)."* White solid (5.370 g,
82% yield); mp 126-127 °C; "H NMR (500 MHz, DMSO-d6) & 9.39 (s, 1H), 7.05 (s,
3H), 3.73 (dd, J = 8.8 Hz, 5.4 Hz, 1H), 2.92 (t, J = 6.6 Hz, 2H), 2.12 (s, 6H),
2.09-2.01 (m, 1H), 1.87-1.78 (m, 1H), 1.74-1.65 (m, 2H); °C NMR (125 MHz,
DMSO0-d6) & 172.9, 135.1, 134.9, 127.6, 126.1, 60.4, 46.8, 30.7, 25.8, 18.0; ESI-MS
m/z 219 [M + H]'; HRMS (ESI-TOF) Calcd. for C;3H;9ON; [M + H]" 219.1492,
found 219.1491.
(2S,4R)-N-(2,6-dimethylphenyl)-4-hydroxypyrrolidine-2-carboxamide  (1.6). White
solid (6.255 g, 89% yield); mp 164-166 °C; '"H NMR (500 MHz, DMSO-d6) § 9.92 (s,
1H), 9.01 (s, 1H), 7.14-7.07 (m, 3H), 5.55 (s, 1H), 4.55-4.46 (m, 2H), 3.36 (dd, J =
12.1, 3.9, 1H), 3.11 (d, J = 12.1, 1H), 2.43 (dd, J = 13.0, 7.1, 1H), 2.14 (s, 6H),
2.07-2.00 (m, 1H); °C NMR (125 MHz, DMSO-d6) & 166.5, 135.0, 133.8, 127.8,
126.9, 69.1, 58.1, 53.2, 39.0, 18.0; ESI-MS m/z 235 [M + H]" HRMS (ESI-TOF)
Calcd. for Cj3H90,N, [M + H]" 235.1441, found 235.1445.
(2S,4R)-N-Benzyl-4-hydroxypyrrolidine-2-carboxamide (L7). Yellow solid (5.155 g,
78% yield); mp 105-107 °C; 'H NMR (500 MHz, CD;0D) & 7.37-7.24 (m, 5H), 4.41

(s, 2H), 4.39-4.36 (m, 1H), 3.95 (t, J = 8.3, 1H), 3.02 (dd, J = 12.0, 4.1, 1H), 2.91 (dt,
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J =120, 1.8, 1H), 2.22-2.16 (m, 1H), 1.91-1.84 (m, 1H); °C NMR (125 MHz,
CD;0D) & 176.9, 139.9, 129.5, 128.4, 128.2, 73.5, 60.7, 56.0, 43.7, 41.0; ESI-MS m/z
221 [M + H]"; HRMS (ESI-TOF) Calcd. for C;,H;70,N, [M + H]" 221.1285, found
221.1285.

General procedure for the Cul-catalyzed coupling of (hetero)aryl bromides with
sulfinic acid salts. A 25 mL resealable screw-cap test tube equipped with a
Teflon-coated magnetic stir bar was charged with Cul (0.1-0.25 mmol), L6 (0.1-0.25
mmol), (hetero)aryl bromide (if solid) (5.0 mmol), RSO,Na (6.5 mmol) and K3POj4 (5
mmol). The tube was then evacuated and backfilled with argon, and (hetero)aryl
bromide (if liquid) (5.0 mmol) and solvent (3 mL, DMSO) were then added into the
tube via syringe. The reaction mixture was stirred at 90-100°C in an oil bath for 24 h.
After cooling to room temperature, the crude product was diluted with ethyl acetate,
and filtrated through silica gel and kieselguhr. Then the filtrate was concentrated in
vacuo. The residue was purified by flash chromatography (eluting with ethyl
acetate/hexanes or dichloromethane/methanol) to afford the corresponding aryl
sulfone.

General procedure for the Cul-catalyzed coupling of (hetero)aryl iodides with
sulfinic acid salts. A 25 mL resealable screw-cap test tube equipped with a
Teflon-coated magnetic stir bar was charged with Cul (0.025-0.25 mmol), L6
(0.025-0.25 mmol), (hetero)aryl iodide (if solid) (5.0 mmol), RSO,Na (6.5 mmol) and
K3;PO4 (5 mmol). The tube was then evacuated and backfilled with argon, and

(hetero)aryl iodide (if liquid) (5.0 mmol) and solvent (4 mL, DMSQO) were then added
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into the tube via syringe. The reaction mixture was stirred at rt-50 °C in an oil bath for
24 h. After cooling to room temperature, the crude product was diluted with ethyl
acetate, and filtrated through silica gel and kieselguhr. Then the filtrate was
concentrated in vacuo. The residue was purified by flash chromatography (eluting with
1:10-1:3 ethyl acetate/hexanes) to afford the corresponding aryl sulfone.
[-Methoxy-4-(phenylsulfonyl)benzene (2a).% Yield (1.214 g, 98% for aryl bromide;
1.140 g, 92% for aryl iodide); Physical appearance: White solid; mp 90-91 °C; 'H
NMR (500 MHz, CDCl3) 8 7.93-7.90 (m, 2H), 7.88 (d, J = 9.0 Hz, 2H), 7.56-7.51 (m,
1H), 7.51-7.46 (m, 2H), 6.96 (d, J = 9.0 Hz, 2H), 3.84 (s, 3H); °C NMR (125 MHz,
CDCl3) 6 163.5, 142.5, 133.3, 133.0, 130.0, 129.3, 127.4, 114.6, 55.8; EI-MS m/z 248
M.

Methyl(4-(phenylsulfonyl)phenyl)sulfane (2b)."** Yield (1.250 g, 95% for aryl
bromide); Physical appearance: White solid; mp 106-108 °C; 'H NMR (500 MHz,
DMSO-d6) 6 7.93 (d, J = 7.6 Hz, 2H), 7.83 (d, J = 8.5 Hz, 2H), 7.65 (t, J = 7.3 Hz,
1H), 7.59 (t, J = 7.6 Hz, 2H), 7.42 (d, J = 8.5 Hz, 2H), 2.49 (s, 3H); °C NMR (125
MHz, DMSO-d6) 6 146.6, 141.4, 136.5, 133.5, 129.7, 127.7, 127.1, 125.6, 13.8;
ESI-MS m/z 265 [M + H]"; HRMS (ESI-TOF) Calcd. for C;3H;2Na0,S,[M + H]
287.0171, found 287.0179.

1-(tert-Butyl)-4-(phenylsulfonyl)benzene (2¢)."" Yield (1.301 g, 95% for aryl
bromide); Physical appearance: White solid; mp 129-131 °C; 'H NMR (500 MHz,
CDCl3) 6 7.95 (d, J=17.2,2H), 7.86 (d, J = 8.4, 2H), 7.56-7.52 (m, 1H), 7.52-7.47 (m,

4H), 1.30 (s, 9H); '*C NMR (125 MHz, CDCLy) & 157.2, 142.1, 138.7, 133.1, 129.3,
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127.7, 127.6, 126.4, 35.3, 31.6, 31.1; ESI-MS m/z 275 [M + H]"; HRMS (ESI-TOF)
Calcd. for C;6H90,S [M + H]" 275.1100, found 275.1103.
1-(tert-Butoxy)-4-(phenylsulfonyl)benzene (2d). Yield (1.276 g, 88% for aryl bromide);
Physical appearance: White solid; mp 78-79 °C; '"H NMR (500 MHz, DMSO-d6) &
7.95-7.92 (m, 2H), 7.87-7.83 (m, 2H), 7.69-7.64 (m, 1H), 7.63-7.58 (m, 2H),
7.18-7.14 (m, 2H), 1.36 (s, 9H); *C NMR (125 MHz, DMSO-d6) & 160.0, 141.7,
133.8, 133.4, 129.7, 129.1, 127.1, 122.0, 79.8, 28.3; ESI-MS m/z 291 [M + H]’;
HRMS (ESI-TOF) Calcd. for C1sH;003S [M + H]" 291.1049, found 291.1048.
N-(4-(Phenylsulfonyl)phenyl)acetamide (2¢).5 Yield (0.935 g, 68% for aryl bromide);
Physical appearance: Yellow solid; mp 191-193 °C; 'H NMR (500 MHz, CDCl;) &
8.00 (s, 1H), 7.89 (d, J=7.2, 2H), 7.83 (d, J = 8.8, 2H), 7.65 (d, J = 8.8, 2H), 7.55 (t,
J="1.4, 1H), 7.48 (t, J=17.5, 2H), 2.16 (s, 3H). °C NMR (125 MHz, CDCl3) § 169.0,
142.7, 141.7, 135.8, 133.2, 129.3, 128.9, 127.4, 119.6, 24.6; ESI-MS m/z 274 [M —
H]"; HRMS (ESI-TOF) Calcd. for C14H ;03NS [M + H]™ 276.0689, found 276.0691.
4-(Phenylsulfonyl)-1,1'-biphenyl (2£).*" Yield (1.398 g, 95% for aryl bromide; 1.230 g,
84% for aryl iodide); Physical appearance: White solid; mp 150-151 °C; 'H NMR
(500 MHz, CDCls) 6 8.03-7.97 (m, 4H), 7.70 (d, J = 8.5 Hz, 2H), 7.60-7.55 (m, 3H),
7.52 (t, J = 7.5 Hz, 2H), 7.46 (t, J = 7.4 Hz, 2H), 7.43-7.38 (m, 1H); °C NMR (125
MHz, CDCl;) 6 146.3, 141.9, 140.2, 139.3, 133.3, 129.4, 129.2, 128.7, 128.3, 128.1,
127.8, 127.5; EI-MS m/z 294 (M"); HRMS (EI-TOF) Calcd. for C;sH40,S (M)

294.0715, found 294.0718.
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[-(4-(Phenylsulfonyl)phenyl)ethan-1-one (2g).* Yield (1.060 g, 81% for aryl bromide;
0.997 g, 77% for aryl iodide); Physical appearance: White solid; mp 132-134 °C; 'H
NMR (500 MHz, CDCl3) & 8.06-8.01 (m, 4H), 7.95 (d, J = 7.8 Hz, 2H), 7.61-7.57 (m,
1H), 7.54-7.50 (m, 2H), 2.61 (s, 3H); °C NMR (125 MHz, CDCl;) & 196.8, 145.5,
140.9, 140.4, 133.8, 129.6, 129.2, 128.1, 128.0, 27.0; EI-MS m/z 260 (M"); HRMS
(EI-TOF) Calcd. for C14H205S (M) 260.0507, found 260.0513.
1-(Phenylsulfonyl)-4-(trifluoromethyl) benzene (2h).19a Yield (1.139, 74% for aryl
bromide); Physical appearance: White solid; mp 90-92 °C; 'H NMR (500 MHz,
CDCl3) 6 8.07 (d, J= 8.2, 2H), 7.96 (d, J = 7.5, 2H), 7.76 (d, J = 8.4, 2H), 7.60 (t, J =
7.4, 1H), 7.53 (t, J = 7.6, 2H); C NMR (125 MHz, CDCls) & 145.33 (s), 140.7 (s),
134.9 (q, J = 33.1), 133.9 (s), 129.6 (s), 128.3 (s), 128.0 (s), 126.6 (q, J = 3.7), 123.2
(q, J = 273.1); ESI-MS m/z 309 [M + Na]; HRMS (ESI-TOF) Calcd. for
C13HoO,F3SNa [M + Na]" 309.0168, found 309.0169.

4-(Phenylsulfonyl)benzonitrile (2i).% Yield (0.821 g, 62% for aryl bromide); Physical
appearance: Yellow solid; mp 125-127 °C; "H NMR (500 MHz, CDCls) & 8.04 (d, J =
8.6, 2H), 7.94 (d, J = 7.3, 2H), 7.79 (d, J = 8.7, 2H), 7.64-7.59 (m, 1H), 7.53 (t, J =
7.7, 2H); °C NMR (125 MHz, CDCls) & 145.9, 140.2, 134.1, 133.2, 129.7, 128.3,
128.0, 117.2, 117.0; ESI-MS m/z 266 [M + Na]"; HRMS (ESI-TOF) Calcd. for
C13HoO,NSNa [M + H]" 266.0246, found 266.0252.
[-Methoxy-3-(phenylsulfonyl)benzene (2j)."** Yield (1.190 g, 96% for aryl bromide);
Physical appearance: White solid; mp 89-91 °C; '"H NMR (500 MHz, DMSO-d6) &

8.02-7.96 (m, 2H), 7.71-7.65 (m, 1H), 7.64-7.59 (m, 2H), 7.56-7.48 (m, 2H),
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7.45-7.43 (m, 1H), 7.27-7.21 (m, 1H), 3.82 (s, 3H); °C NMR (125 MHz, DMSO-d6)
o 159.7, 142.3, 141.0, 133.7, 131.0, 129.7, 127.4, 119.5, 119.4, 112.1, 55.7; EI-MS
m/z 248 (M.

2-(Phenylsulfonyl)aniline (2K)." Yield (0.839 g, 72% for aryl bromide); Physical
appearance: Yellow solid; mp 117-118 °C; '"H NMR (500 MHz, CDCls) & 7.93 (d, J =
7.7, 2H), 7.84 (dd, J = 8.0, 1.0, 1H), 7.56 (t, J = 7.4, 1H), 7.48 (t, J = 7.7, 2H),
7.31-7.27 (m, 1H), 6.79 (t, J = 7.6, 1H), 6.65 (d, J = 8.2, 1H), 5.13 (s, 2H); °C NMR
(125 MHz, CDCl;) & 146.4, 142.0, 135.1, 133.2, 130.1, 129.1, 127.0, 122.0, 118.0,
117.8; ESI-MS m/z 234 [M + H]"; HRMS (ESI-TOF) Calcd. for Cj,H;0,NS [M +
H]" 234.0583, found 234.0584.

2-(Phenylsulfonylnaphthalene (21)."* Yield (1.261 g, 94% for aryl bromide);
Physical appearance: White solid; mp 119-121 °C; 'H NMR (500 MHz, CDCls) & 8.58
(s, 1H), 8.03-7.99 (m, 2H), 7.97 (d, J = 7.9, 1H), 7.92 (d, J = 8.7, 1H), 7.88-7.83 (m,
2H), 7.64-7.57 (m, 2H), 7.54 (t, J = 7.3, 1H), 7.49 (t, J = 7.4, 2H); °C NMR (125
MHz, CDCl;) 6 141.7, 138.5, 135.1, 133.3, 132.3, 129.8, 129.5, 129.4, 129.2, 129.2,
128.0, 127.8, 127.7, 122.8; ESI-MS m/z 269 [M + H]"; HRMS (ESI-TOF) Calcd. for
Ci6H130,8 [M + H]" 269.0631, found 269.0636.
2-Methoxy-6-(phenylsulfonyl)pyridine (2m)."* Yield (1.011 g, 82% for aryl bromide);
Physical appearance: Yellow solid; mp 74-76 °C; '"H NMR (500 MHz, DMSO-d6) &
8.03-7.95 (m, 3H), 7.77 (d, J = 7.3 Hz, 1H), 7.73 (t, J/ = 7.4 Hz, 1H), 7.65 (t, J = 7.8

Hz, 2H), 7.08 (d, J = 8.4 Hz, 1H), 3.77 (s, 3H); °C NMR (125 MHz, DMSO-d6) &
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163.5, 154.9, 141.2, 138.4, 134.1, 129.4, 128.5, 115.6, 115.1, 53.7; ESI-MS m/z 250

[M+H]".

oNOYTULT D WN =

6-(Phenylsulfonyl)quinolone (2n). Yield (1.124 g, 84% for aryl bromide; 1.141 g, 85%
11 for aryl iodide); Physical appearance: Yellow solid; mp 125-127 °C; 'H NMR (500
13 MHz, CDCl3) § 9.04 (dd, J = 4.2, 1.7 Hz, 1H), 8.58 (d, J = 2.0 Hz, 1H), 8.30 (d, J =
16 8.4 Hz, 1H), 8.19 (d, J = 8.9 Hz, 1H), 8.09 (dd, J = 8.9, 2.1 Hz, 1H), 8.03-8.00 (m,
18 2H), 7.59-7.56 (m, 1H), 7.54-7.50 (m, 3H); "C NMR (125 MHz, CDCl;) & 153.5,
21 149.6, 141.2, 139.4, 137.5, 133.6, 131.5, 129.6, 129.2, 128.0, 127.5, 126.6, 122.8;
23 EI-MS m/z 269 (M"); HRMS (EI-TOF) Calcd. for C;sH;;NO,S (M") 269.0511, found
269.0521.

28 6-(Phenylsulfonyl)isoquinoline (20). Yield (1.070 g, 80% for aryl bromide); Physical
appearance: Yellow solid; mp 184-186 °C; "H NMR (500 MHz, DMSO-d6) 6 9.42 (s,
33 1H), 8.77 (s, 1H), 8.64 (d, J = 5.7 Hz, 1H), 8.30 (d, J = 8.7 Hz, 1H), 8.12-8.01 (m,
35 4H), 7.68 (t, J = 7.3 Hz, 1H), 7.62 (t, J = 7.5 Hz, 2H); °C NMR (125 MHz,
38 DMSO-d6) & 152.6, 144.5, 142.2, 140.3, 134.3, 134.0, 130.0, 129.8, 128.9, 127.6,
40 127.3, 123.9, 121.3; ESI-MS m/z 270 [M + H]"; HRMS (ESI-TOF) Calcd. for
43 Ci5H1,0,SN [M + H]" 270.0583, found 270.0581.

45 2-Methyl-6-(phenylsulfonyl)quinoline (2p). Yield (1.3 g, 92% for aryl bromide);
Physical appearance: Yellow solid; mp 157-158 °C; '"H NMR (500 MHz, DMSO-d6) &
50 8.73 (d, J=1.7 Hz, 1H), 8.51 (d, /= 8.5 Hz, 1H), 8.11-8.05 (m, 2H), 8.03 (d, J="7.3
Hz, 2H), 7.69 (t, J = 6.8 Hz, 1H), 7.63 (t, J = 7.7 Hz, 2H), 7.57 (d, J = 8.5 Hz, 1H);

55 2.68 (s, 3H); °C NMR (125 MHz, DMSO-d6) & 162.7, 148.6, 140.9, 137.6, 137.5,
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133.8, 130.2, 129.8, 129.1, 127.4, 126.1, 125.4, 123.8, 25.1; ESI-MS m/z 284 [M +
H]"; HRMS (ESI-TOF) Calcd. for C;sH;40,SN [M + H]" 284.0740, found 284.0738.
1-Benzyl-5-(phenylsulfonyl)-1H-indole (2q). Yield (1.507 g, 87% for aryl bromide);
Physical appearance: Yellow solid; mp 105-106 °C; '"H NMR (500 MHz, DMSO-d6) &
8.29 (d, J = 1.2 Hz, 1H), 7.96-7.91 (m, 2H), 7.72 (d, J = 3.2 Hz, 1H), 7.70-7.63 (m,
2H), 7.61-7.50 (m, 3H), 7.29-7.25 (m, 2H), 7.24-7.16 (m, 3H), 6.74 (d, J = 3.7 Hz,
1H), 5.47 (s, 2H); °C NMR (125 MHz, DMSO-d6) & 142.6, 137.6, 137.5, 132.9,
132.1, 131.6, 129.5, 128.6, 127.8, 127.5, 127.0, 126.9, 121.4, 119.8, 111.2, 103.0,
49.3; ESI-MS m/z 348 [M + H]"; HRMS (ESI-TOF) Calcd. for C;;H;30,SN [M + H]"
348.1053, found 348.1052.

Ethyl 1-benzyl-5-(phenylsulfonyl)-1H-indole-2-carboxylate (2r). Yield (1.782 g, 85%
for aryl bromide); Physical appearance: Yellow solid; mp 123-125 °C; 'H NMR (500
MHz, CDCls) 6 8.43 (d, /= 1.5, 1H), 7.97 (d, J=7.1, 2H), 7.78 (dd, J = 8.9, 1.7, 1H),
7.53-7.44 (m, 4H), 7.42 (d, J = 8.9, 1H), 7.26-7.18 (m, 3H), 7.02 (d, /= 7.1, 2H), 5.84
(s, 2H), 4.35 (q, J = 7.1, 2H), 1.36 (t, J = 7.1, 3H); '*C NMR (125 MHz, CDCl;) &
161.3, 142.5, 141.0, 137.3, 133.9, 132.9, 130.4, 129.2, 128.8, 127.6, 127.5, 126.3,
125.6, 124.1, 123.6, 112.1, 111.9, 61.2, 48.3, 14.3; ESI-MS m/z 420 [M + H]"; HRMS
(ESI-TOF) Calcd. for C,4H,04NS [M + H]™ 420.1264, found 420.1267.
5-(Phenylsulfonyl)benzo[b]thiophene (2s). Yield (1.284 g, 94% for aryl bromide);
Physical appearance: White solid; mp 126-128 °C; '"H NMR (500 MHz, DMSO-d6) &
8.60 (s, 1H), 8.24 (d, J = 8.5 Hz, 1H), 8.00 (d, J = 7.9 Hz, 2H), 7.96 (d, J = 5.5 Hz,

1H), 7.86 (d, J = 8.6 Hz, 1H), 7.68-7.61 (m, 2H), 7.59 (t, J = 7.6 Hz, 2H); °*C NMR
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(125 MHz, DMSO-d6) 6 143.9, 141.5, 139.4, 137.3, 133.5, 130.7, 129.6, 127.2, 124.5,
124.1, 123.3, 121.8; ESI-MS m/z 275 [M + H]; HRMS (ESI-TOF) Calcd. for
Ci4H110,8; [M + H]" 275.0195, found 275.0193.

2-(Phenylsulfonyl)thiophene (2t).* Yield (0.705 g, 67% for aryl iodide); Physical
appearance: White solid; mp 119-121 °C; '"H NMR (500 MHz, CDCl3) & 7.98 (d, J =
7.6 Hz, 2H), 7.69 (d, J = 3.7 Hz, 1H), 7.63 (d, J = 4.9 Hz, 1H), 7.57 (t, J = 7.3 Hz,
1H), 7.51 (t, J = 7.6 Hz, 2H), 7.07 (t, J = 4.5 Hz, 1H); °C NMR (125 MHz, CDCl;) &
143.1, 142.2, 134.0, 133.5, 133.4, 129.4, 128.0, 127.4; EI-MS m/z 224 (M"); HRMS
(EI-TOF) Calcd. for C;oHg0,S; (M ") 223.9966, found 223.9967.
2-(iso-Propylsulfonyl)aniline (3a)."® Yield (0.701 g, 70% for aryl bromide); Physical
appearance: Yellow solid; mp 83-84 °C; "H NMR (500 MHz, CDCls) & 7.61 (dd, J =
8.0 Hz, 1.5 Hz, 1H), 7.34-7.30 (m, 1H), 6.78-6.74 (m, 1H), 6.71 (dd, J = 8.3 Hz, 0.8,
1H), 5.09 (br s, 2H), 3.31 (hept, J = 6.9 Hz, 1H), 1.28 (d, J = 6.9 Hz, 6H); °C NMR
(125 MHz, CDCly) 6 147.3, 135.1, 131.3, 118.1, 117.6, 117.5, 54.2, 15.3; ESI-MS m/z
200 [M + H]".

[-(iso-Propylsulfonyl)-4-methoxybenzene (3b)."" Yield (0.926 g, 87% for aryl iodide);
Physical appearance: White solid; mp 125-126 °C; 'H NMR (500 MHz, CDCls) &
7.79 (d, J = 8.9 Hz, 2H), 7.01 (d, J = 8.9 Hz, 2H), 3.89 (s, 3H), 3.19-3.11 (m, 1H),
1.27 (d, J = 6.9 Hz, 6H); >C NMR (125 MHz, CDCl3) & 163.8, 131.3, 128.5, 114.4,
55.9, 55.8. 16.0; EI-MS m/z 214 (M"); HRMS (EI-TOF) Calcd. for C1oH1405S (M")

214.0664, found 214.0657.
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6-(iso-Propylsulfonyl)quinolone (3¢). Yield (0.986 g, 84% for aryl iodide); Physical
appearance: Yellow solid; mp 115-117 °C; 'H NMR (500 MHz, CDCl3) & 9.06-9.01
(m, 1H), 8.43 (d, J = 1.7 Hz, 1H), 8.29 (d, J = 8.1 Hz, 1H), 8.21 (d, J = 8.8 Hz, 1H),
8.05 (dd, /=8.8, 1.9 Hz, 1H), 7.52 (dd, /= 8.3, 4.2 Hz, 1H), 3.33-3.21 (m, 1H), 1.29
(d, J = 6.9 Hz, 6H); >C NMR (125 MHz, CDCl;) § 153.5, 149.7, 137.0, 134.8, 131.0,
131.0, 127.4, 127.2, 122.7, 55.7, 15.7; EI-MS m/z 235 (M"); HRMS (EI-TOF) Calcd.
for C1,H;3NO,S(M ") 235.0667, found 235.0663.
1-Methoxy-4-(methylsulfonyl)benzene (4a).* Yield (0.911 g, 98% for aryl bromide;
0.914 g, 98% for aryl iodide); Physical appearance: White solid; mp 118-120 °C; 'H
NMR (500 MHz, CDCls) 6 7.87 (d, J = 8.9 Hz, 2H), 7.02 (d, J = 8.9 Hz, 2H), 3.89 (s,
3H), 3.03 (s, 3H); °C NMR (125 MHz, CDCl3) § 163.7, 132.3, 129.5, 114.5, 55.7,
44.8; EI-MS m/z 186 (M").

1-(tert-Butoxy)-4-(methylsulfonyl)benzene (4b). Yield (1.073 g, 94% for aryl bromide);
Physical appearance: White solid; mp 93-95 °C; 'H NMR (500 MHz, CDCl;) & = 7.81
(d, J= 8.8, 2H), 7.09 (d, J = 8.8, 2H), 3.03 (s, 3H), 1.41 (s, 9H). °C NMR (125 MHz,
CDCl3) 6 160.8, 133.9, 128.9, 122.8, 80.3, 77.4, 77.2, 76.9, 44.8, 28.9; ESI-MS m/z
251 [M + Na]"; HRMS (ESI-TOF) Calcd. for C;;H;705S [M + H]" 229.0893, found
229.0899.

N-(4-(Methylsulfonyl)phenyl)acetamide (4¢).* Yield (0.801 g, 75% for aryl bromide);
Physical appearance: White solid; mp 185-187 °C; '"H NMR (500 MHz, DMSO-d6) &
10.37 (s, 1H), 7.86-7.79 (m, 4H), 3.15 (s, 3H), 2.10 (s, 3H); °C NMR (125 MHz,

DMSO0-d6) § 169.1, 143.8, 134.4, 128.2, 118.6, 43.8, 24.2; EI-MS m/z 213 [M + H] .
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4-(Methylsulfonyl)phenol (4d).*® Yield (0.783 g, 91% for aryl bromide); Physical
appearance: White solid; mp 94-96 °C; '"H NMR (500 MHz, DMSO-d6) & 10.56 (s,
1H), 7.73 (d, J = 8.8 Hz, 2H), 6.95 (d, J = 8.8 Hz, 2H), 3.10 (s, 3H); °C NMR (125
MHz, DMSO-d6) 6 161.9, 130.9, 129.4, 115.7, 44.1; EI-MS m/z 172 [M + H]".
Methyl (4-(methylsulfonyl)phenyl)sulfane (4¢).* Yield (0.950 g, 94% for aryl bromide;
0.946 g, 90% for aryl iodide); Physical appearance: White solid; mp 97-99 °C; 'H
NMR (500 MHz, CDCls) 6 7.82 (d, J = 8.5 Hz, 2H), 7.35 (d, J = 8.5 Hz, 2H), 3.03 (s,
3H), 2.53 (s, 3H); °C NMR (125 MHz, CDCl3) & 147.3, 136.4, 127.8, 125.6, 44.8,
14.9; EI-MS m/z 202 (M").

(4-(Methylsulfonyl)phenyl)methanol (4f)."* Yield (0.761 g, 82% for aryl bromide;
0.801 g, 86% for aryl iodide); Physical appearance: White solid; mp 82-84 °C; 'H
NMR (500 MHz, CDCls) 6 7.83 (d, J = 8.4 Hz, 2H), 7.51 (d, J = 8.4 Hz, 2H), 4.77 (s,
2H), 3.01 (s, 3H), 2.64 (br s, 1H); °C NMR (125 MHz, CDCl3) § 147.4, 139.4, 127.7,
127.3, 64.2, 44.7; EI-MS m/z 186 (M"); HRMS (EI-TOF) Calcd. for CgH;03S (M")
186.0351, found 186.0347.

Methyl 2-(4-(methylsulfonyl)phenyl)acetate (4g)."® Yield (0.992 g, 87% for aryl
bromide); Physical appearance: White solid; 84-85 °C; '"H NMR (500 MHz,
DMSO-d6) 6 7.89 (d, J = 8.0 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 3.85 (s, 2H), 3.63 (s,
3H), 3.21 (s, 3H); >C NMR (125 MHz, DMSO-d6) & 171.4, 140.8, 139.9, 130.9,
127.4, 52.4, 44.0, 40.2; ESI-MS m/z 228 [M + H]".

4-(Methylsulfonyl)-1,1'-biphenyl (4h).* Yield (1.105 g, 95% for aryl bromide; 1.116 g,

96% for aryl iodide); Physical appearance: White solid; mp 139-141 °C; 'H NMR
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(500 MHz, CDCls) & 8.01 (d, J = 8.4 Hz, 2H), 7.78 (d, J = 8.4 Hz, 2H), 7.61 (d, J =
7.2 Hz, 2H), 7.49 (t, J = 7.4 Hz, 2H), 7.44 (t, J = 7.3 Hz, 1H), 3.10 (s, 3H); °C NMR
(125 MHz, CDCl3) 6 146.9, 139.3, 139.2, 129.2, 128.8, 128.1, 128.0, 127.5, 44.8;
EI-MS m/z 232 (M").

[-(Methylsulfonyl)-4-(trifluoromethyl)benzene (4i).* Yield (0.873 g, 78% for aryl
bromide); Physical appearance: Yellow solid; mp 109-110 °C; 'H NMR (500 MHz,
DMSO-d6) & 8.17 (d, J = 8.2 Hz, 2H), 8.05 (d, J = 8.3 Hz, 2H), 3.32 (s, 3H); °C
NMR (125 MHz, DMSO-d6) & 144.6, 133.2 (q, J = 32.3 Hz), 128.1, 126.6 (q, J = 3.8
Hz), 123.4 (q, J = 273.0 Hz), 43.1; EI-MS m/z 224 (M").
1-(4-(Methylsulfonyl)phenyl)ethan-1-one (4j).% Yield (0.793 g, 80% for aryl bromide;
0.823 g, 83% for aryl iodide); Physical appearance: White solid; mp 125-127 °C; 'H
NMR (500 MHz, CDCls) & 8.13 (d, J = 8.5 Hz, 2H), 8.05 (d, J = 8.5 Hz, 2H), 3.08 (s,
3H), 2.67 (s, 3H); °C NMR (125 MHz, CDCl3) 3 196.8, 144.3, 141.0, 129.3, 128.0,
44.5,27.1; EI-MS m/z 198 (M").

[-(Methylsulfonyl)-4-nitrobenzene (4K).*" Yield (0.624 g, 62% for aryl bromide; 0.792
g, 79% for aryl iodide); Physical appearance: Yellow solid; mp 125-126 °C; '"H NMR
(500 MHz, CDCI13) 6 8.41 (d, J= 8.9 Hz, 2H), 8.15 (d, J = 8.9 Hz, 2H), 3.12 (s, 3H);
C NMR (125 MHz, CDCl3) § 151.0, 146.1, 129.1, 124.8, 44.4; EI-MS m/z 201 (M").
Methyl 4-(methylsulfonyl)benzoate (41).% Yield (0.900 g, 84% for aryl bromide; 0.877
g, 82% for aryl iodide); Physical appearance: White solid; mp 120-121 °C; 'H NMR

(500 MHz, CDCly) 8 8.23 (d, J = 8.5 Hz, 2H), 8.03 (d, J = 8.5 Hz, 2H), 3.98 (s, 3H),
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3.08 (s, 3H); °C NMR (125 MHz, CDCly) 8 165.5, 144.4, 135.0, 130.7, 127.6, 52.9,
44 4; EI-MS m/z 214 (M").

1-Methoxy-3-(methylsulfonyl)benzene (4m)."™ Yield (0.0.856 g, 92% for aryl bromide;
0.763 g, 82% for aryl iodide); Physical appearance: White solid; mp 47-48 °C; 'H
NMR (500 MHz, CDCl3) & 7.53-7.50 (m, 1H), 7.47 (t, J = 7.9 Hz, 1H), 7.44-7.43 (m,
1H), 7.18-7.15 (m, 1H), 3.87 (s, 3H), 3.05 (s, 3H); °C NMR (125 MHz, CDCl;) &
160.2, 141.9, 130.6, 120.3, 119.6, 112.0, 55.9, 44.6; EI-MS m/z 186 (M"); HRMS
(EI-TOF) Calcd. for CgH;o03S (M) 186.0351, found 186.0347.
3-(Methylsulfonyl)aniline (4n)."™™ Yield (0.770 g, 90% for aryl bromide); Physical
appearance: Yellow solid; mp 165-167 °C; 'H NMR (500 MHz, DMSO-d6) 6 7.25 (t,
J =79 Hz, 1H), 7.08 (t, J = 2.0 Hz, 1H), 7.02-6.96 (m, 1H), 6.87-6.81 (m, 1H), 5.65
(s, 2H), 3.10 (s, 3H); °C NMR (125 MHz, DMSO-d6) & 150.0, 141.8, 130.3, 118.6,
113.8, 111.4, 44.1; ESI-MS m/z 171 [M + HJ".

1-Methyl-3-(methylsulfonyl)benzene (40)."" Yield (0.798 g, 94% for aryl bromide);
Physical appearance: Yellow oil; '"H NMR (500 MHz, CDCLs) & 7.71-7.66 (m, 2H),
7.41-7.39 (m, 2H), 2.99 (s, 3H), 2.39 (s, 3H); °C NMR (125 MHz, CDCl3) & 140.4,
139.6, 134.4, 129.2, 127.6, 124.4, 44.4, 21.3; ESI-MS m/z 171 [M + H]"; HRMS
(ESI-TOF) Calcd. for CgH;p0,SNa [M + Na]" 193.0294, found 193.0293.
1-Methyl-2-(methylsulfonyl)benzene (4p).* Yield (0.246 g, 29% for aryl bromide);
Physical appearance: Yellow oil; "H NMR (500 MHz, CDCI3)  8.02 (dd, J=7.9, 1.4

Hz, 1H), 7.51 (td, J= 7.5, 1.4 Hz, 1H), 7.36 (t, J = 7.7 Hz, 1H), 7.33 (d, J = 7.6 Hz,
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1H), 3.06 (s, 3H), 2.70 (s, 3H); °C NMR (125 MHz, CDCl3) & 138.8, 137.6, 133.8,
132.8, 129.3, 126.8, 43.8, 20.4; EI-MS m/z 170 (M").

2-(Methylsulfonyl)aniline (4q).'” Yield (0.608 g, 71% for aryl bromide); Physical
appearance: Yellow solid; mp 84-85 °C; "H NMR (500 MHz, DMSO-d6) & 7.53 (dd, J
= 8.0 Hz, 1.5 Hz, 1H), 7.37-7.32 (m, 1H), 6.89 (dd, J = 8.3 Hz, 0.9 Hz, 1H),
6.72-6.67 (m, 1H), 6.03 (s, 2H), 3.09 (s, 3H); C NMR (125 MHz, DMSO-d6) &
147.2,134.7, 128.6, 120.4, 117.2, 115.8, 41.9; ESI-MS m/z 172 [M + H]".
N-(2-(Methylsulfonyl)phenyl)acetamide (4r)." Yield (0.770 g, 72% for aryl bromide);
Physical appearance: Yellow solid; mp 145-147 °C; '"H NMR (500 MHz, DMSO-d6) &
9.57 (s, 1H), 7.99 (d, J = 8.2 Hz, 1H), 7.90 (dd, J = 7.9 Hz, 1.4 Hz, 1H), 7.74-7.68 (m,
1H), 7.44-7.38 (m, 1H), 3.26 (s, 3H), 2.13 (s, 3H); °C NMR (125 MHz, DMSO-d6) &
168.9, 136.5, 134.7, 130.9, 129.2, 125.6, 125.2, 43.4, 24.1; ESI-MS m/z 214 [M +
H]'.

3-(Methylsulfonyl)pyridine (4s).* Yield (0.487 g, 62% for aryl bromide); Physical
appearance: Yellow solid; mp 52-54 °C; "H NMR (500 MHz, CDCl;) § =9.12 (d, J =
1.2, 1H), 8.85 (d, J = 4.1, 1H), 8.21 (td, J = 8.0, 1.8, 1H), 7.51 (dd, J = 8.0, 4.9, 1H),
3.09 (s, 3H). °C NMR (125 MHz, CDCls) & 154.4, 148.6, 137.0, 135.3, 124.0, 44.9;
ESI-MS m/z 158 [M + H]"; HRMS (ESI-TOF) Calcd. for C¢HsO,NS [M + H]
158.0270, found 158.0274.

2-(Methylsulfonyl)pyridine (4t)."" Yield (0.667 g, 85% for aryl bromide); Physical
appearance: Yellow solid; mp 120-121 oC; 'H NMR (500 MHz, DMSO-d6) &

8.80-8.77 (m, 1H), 8.16 (td, J = 7.7 Hz, 1.7 Hz, 1H), 8.06 (d, J = 7.9 Hz, 1H),
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7.78-7.70 (m, 1H), 3.30 (s, 3H); *C NMR (125 MHz, DMSO-d6) & 157.7, 150.1,
139.1, 127.9, 120.7, 39.8; ESI-MS m/z 157 [M + H]".
6-(Methylsulfonyl)quinolin-4-amine (4u)."” Yield (0.866 g, 78% for aryl bromide);
Physical appearance: Yellow solid; mp 238-240 °C; 'H NMR (500 MHz, CD;0D) &
8.83 (d,J=2.0, 1H), 8.38 (d, /= 5.7, 1H), 8.10 (dd, J = 8.9, 2.0, 1H), 7.95 (d, J = 8.9,
1H), 6.74 (d, J= 5.7, 1H), 3.21 (s, 3H); *C NMR (125 MHz, CD;0D) § 156.3, 152.4,
150.4, 137.4, 129.4, 128.0, 125.2, 118.7, 104.8, 44.5; ESI-MS m/z 223 [M + H]";
HRMS (ESI-TOF) Calcd. for CoH;;0,N,S [M + H]" 223.0536, found 223.0537.
3-(Methylsulfonyl)quinoline (4v).""' Yield (0.838 g, 81% for aryl bromide); Physical
appearance: Yellow solid; mp 139-140 °C; "H NMR (500 MHz, CDCl3) & 9.28 (d, J =
2.2, 1H), 8.76 (d, J = 1.9, 1H), 8.17 (d, J = 8.5, 1H), 7.95 (d, J = 8.1, 1H), 7.90-7.85
(m, 1H), 7.70-7.64 (m, 1H), 3.17 (s, 3H). >C NMR (125 MHz, CDCls) § 149.8, 146.6,
137.3, 133.5, 133.0, 129.7, 129.3, 128.6, 126.2, 77.4, 45.1; ESI-MS m/z 208 [M + H]';
HRMS (ESI-TOF) Calcd. for C;oH;00,NS [M + H]" 208.0427, found 208.0426.
6-(Methylsulfonyl)isoquinoline (4w). Yield (0.880 g, 85% for aryl bromide); Physical
appearance: White solid; mp 134-136 °C; '"H NMR (500 MHz, DMSO-d6) & 9.47 (s,
1H), 8.67 (d, J = 5.7 Hz, 1H), 8.65 (s, 1H), 8.36 (d, J = 8.6 Hz, 1H), 8.13 (dd, J = 8.6
Hz, 1.6 Hz, 1H), 8.07 (d, J = 5.7 Hz, 1H), 3.37 (s, 3H); "C NMR (125 MHz,
DMSO-d6) § 152.6, 144.4, 142.0, 134.2, 129.6, 129.1, 126.8, 123.8, 121.4, 43.2;
ESI-MS m/z 208 [M + H]'; HRMS (ESI-TOF) Calcd. for C;oH;(NO,S[M + H]"

208.0427, found 208.0425.
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[-Benzyl-5-(methylsulfonyl)-1H-indole (4x)."* Yield (1.339 g, 94% for aryl bromide);
Physical appearance: Yellow solid; mp 110-112 °C; 'H NMR (500 MHz, DMSO-d6)
6 8.78 (d, J = 2.1 Hz, 1H), 8.56 (d, J = 2.1 Hz, 1H), 7.89 (d, J = 3.5 Hz, 1H),
7.34-7.28 (m, 2H), 7.28-7.22 (m, 3H), 6.77 (d, J = 3.5 Hz, 1H), 5.57 (s, 2H), 3.28 (s,
3H); *C NMR (125 MHz, CDCLs) & 138.4, 136.5, 131.6, 131.1, 129.0, 128.3, 128.0,
126.8, 121.8, 120.2, 110.5, 103.5, 50.5, 45.2; ESI-MS m/z 286 [M + H]"; HRMS
(ESI-TOF) Calcd. for C16HsNO>S [M + H]" 286.0896, found 286.0895.

Ethyl 1-benzyl-5-(methylsulfonyl)-1H-indole-2-carboxylate (4y)."* Yield (1.642 g, 92%
for aryl bromide); Physical appearance: Yellow solid; mp 145-147 °C; "H NMR (500
MHz, DMSO-d6) & 8.40 (d, J = 0.9 Hz, 1H), 7.89-7.78 (m, 2H), 7.61 (s, 1H), 7.27 (t,
J =7.4Hz, 2H), 7.21 (t, J = 7.3 Hz, 1H), 7.04 (d, J = 7.2 Hz, 2H), 5.93 (s, 2H), 4.31
(q, J = 7.1 Hz, 2H), 3.21 (s, 3H), 1.29 (t, J = 7.1 Hz, 3H); °C NMR (125 MHz,
DMSO-d6) & 160.7, 140.6, 137.8, 133.4, 129.7, 128.6, 127.2, 126.2, 124.8, 123.2,
122.9, 112.4, 112.0, 60.9, 47.5, 44.1, 14.0; ESI-MS m/z 358 [M + H]"; HRMS
(ESI-TOF) Calcd. for C19H2NO4S [M + H]" 358.1108, found 358.1110.
5-(Methylsulfonyl)benzo[b] thiophene (4z)."* Yield (0.980 g, 93% for aryl bromide);
Physical appearance: White solid; mp 105-107 °C; 'H NMR (500 MHz, DMSO-d6) &
8.50 (d, /= 1.5, 1H), 8.29 (d, /= 8.4 Hz, 1H), 8.00 (d, /= 5.4 Hz, 1H), 7.87 (dd, J =
8.5 Hz, 1.6 Hz, 1H), 7.69 (d, J = 5.4 Hz, 1H), 3.27 (s, 3H); °C NMR (125 MHz,
DMSO-d6) 5 144.3, 139.6, 137.6, 131.0, 125.0, 124.2, 123.4, 122.0, 44.4; ESI-MS
m/z 212 [M + H]'; HRMS (ESI-TOF) Calcd. for CoHsNaO,S, [M + H]" 234.9858,

found 234.9860.
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4-(Methylsulfonyl)aniline (4aa).*® Yield (0.735 g, 86% for aryl iodide); Physical
appearance: Yellow solid; mp 135-137 °C; "H NMR (500 MHz, CDCl3) 6 7.69 (d, J =
8.7 Hz, 2H), 6.71 (d, J = 8.7 Hz, 2H), 4.19 (br s, 2H), 3.00 (s, 3H); C NMR (125
MHz, CDCl;) § 151.6, 129.5, 129.8, 114.2, 45.1; EI-MS m/z 171 (M").
1-Chloro-4-(methylsulfonyl)benzene (4ab).*® Yield (0.798 g, 84% for aryl iodide);
Physical appearance: White solid; mp 91-93 °C; 'H NMR (500 MHz, CDCl3) & 7.89
(d, J = 8.6 Hz, 2H), 7.56 (d, J = 8.7 Hz, 2H), 3.05 (s, 3H); °C NMR (125 MHz,
CDCl3) & 140.4, 139.1, 129.7, 129.0, 44.6; EI-MS m/z 190 (M").
4-(Methylsulfonyl)benzonitrile (4ac).* Yield (0.727 g, 80% for aryl iodide); Physical
appearance: White solid; mp 143-145 °C; "H NMR (500 MHz, CDCl3) & 8.06 (d, J =
8.4 Hz, 2H), 7.88 (d, J = 8.6 Hz, 2H), 3.08 (s, 3H); *C NMR (125 MHz, CDCl;) &
144.5,133.3, 128.2, 117.6, 117.1, 44.2; EI-MS m/z 181 (M").
1-Bromo-3-(methylsulfonyl)benzene (4ad).'™ Yield (0.912 g, 78% for aryl iodide);
Physical appearance: White solid; mp 100-102 °C; 'H NMR (500 MHz, CDCls) &
8.08 (t, /= 1.9 Hz, 1H), 7.88-7.86 (m, 1H), 7.79-7.77 (m, 1H), 7.45 (t, J = 7.9 Hz,
1H), 3.06 (s, 3H); *C NMR (125 MHz, CDCls) & 142.5, 136.9, 131.1, 130.5, 126.1,
123.5, 44.6; EI-MS m/z 234, 236 (M"); HRMS (EI-TOF) Calcd. for C;H;0,SBr (M")
233.9350, found 233.9344.

I-(Methylsulfonyl)-3-(trifluoromethyl)benzene (4ae).* Yield (0.850 g, 76% for aryl
iodide); Physical appearance: White solid; mp 58-60 °C; 'H NMR (500 MHz, CDCls)
0 8.20 (s, 1H), 8.14 (d, J= 7.7 Hz, 1H), 7.91 (d, J = 7.8 Hz, 1H), 7.74 (t, J = 7.8 Hz,

1H), 3.09 (s, 3H); °C NMR (125 MHz, CDCl) § 141.8, 132.2 (q, J = 33.6 Hz), 130.9
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(q, /= 0.8 Hz), 130.5 (q, J = 3.5 Hz), 130.4, 124.7 (q, / = 3.8 Hz), 123.2 (q, J =272.9
Hz), 44.5; EI-MS m/z 225 [M + H]".

1-(3-(Methylsulfonyl)phenyl)ethan-1-one (4af)."”™ Yield (0.793 g, 80% for aryl
iodide); Physical appearance: White solid; mp 103-105 °C; '"H NMR (500 MHz,
CDCl3) & 8.46 (s, 1H), 8.21 (d, J= 7.6 Hz, 1H), 8.12 (d, J= 7.6 Hz, 1H), 7.69 (t, J =
7.7 Hz, 1H), 3.08 (s, 3H), 2.65 (s, 3H); °C NMR (125 MHz, CDCl;) & 196.2, 141.5,
138.2,133.2, 131.5, 130.1, 127.3, 44.5, 26.9; EI-MS m/z 198 (M").
2-Hydroxy-5-(methylsulfonyl)benzaldehyde (4ag). Yield (0.882 g, 88% for aryl
iodide); Physical appearance: Yellow solid; mp 121-123 °C; '"H NMR (500 MHz,
CDCl3) 6 11.48 (s, 1H), 9.96 (s, 1H), 8.23 (d, J = 2.3 Hz, 1H), 8.02 (dd, J = 8.8, 2.3
Hz, 1H), 7.14 (d, J = 8.8 Hz, 1H), 3.06 (s, 3H); *C NMR (125 MHz, CDCL;)  195.9,
165.4, 135.3, 134.1, 132.3, 120.1, 119.4, 44.8; EI-MS m/z 200 (M"); HRMS (EI-TOF)
Calcd. for CgHgO4S (M") 200.0143, found 200.0146.

2-(Methylsulfonyl)thiophene (4ah).*® Yield (0.729 g, 90% for aryl iodide); Physical
appearance: Yellow oil; "H NMR (500 MHz, CDCls) & 7.71-7.68 (m, 2H), 7.15-7.12
(m, 1H), 3.17 (s, 3H); *C NMR (125 MHz, CDCl3) & 141.8, 133.8, 133.6, 128.0, 46.2;
EI-MS m/z 162 (M"); HRMS (EI-TOF) Calcd. for CsHs0,S,(M") 161.9809, found
161.9806.

5-(Methylsulfonyl)pyridin-2-amine (4ai). Yield (0.533 g, 62% for aryl iodide);
Physical appearance: Yellow solid; mp 132-134 °C; 'H NMR (500 MHz, DMSO-d6) &
8.35 (s, 1H), 7.75 (d, J = 8.7 Hz, 1H), 6.99 (s, 2H), 6.52 (d, J = 8.9 Hz, 1H), 3.11 (s,

3H); >C NMR (125 MHz, DMSO-d6) & 162.5, 148.7, 135.8, 123.8, 107.2, 44.5;
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EI-MS m/z 172 (M"); HRMS (EI-TOF) Calcd. for CsHgN,0,S (M) 172.0306, found
172.0312.

6-(Methylsulfonyl)quinoline (4aj)."" Yield (0.942 g, 91% for aryl iodide); Physical
appearance: White solid; mp 128-130 °C; "H NMR (500 MHz, DMSO-d6) 6 9.08 (dd,
J=4.2 Hz, 1.6 Hz, 1H), 8.69 (d, J = 1.8 Hz, 1H), 8.64 (dd, J = 8.3 Hz, 1.0 Hz, 1H),
8.24 (d, J = 8.9 Hz, 1H), 8.20 (dd, J = 8.9 Hz, 2.0 Hz, 1H), 7.70 (dd, J = 8.3 Hz, 4.2
Hz, 1H), 3.35 (s, 3H); °C NMR (125 MHz, CDCl3) & 153.7, 149.9, 138.3, 137.5,
131.6, 129.4, 127.4, 126.0, 122.9, 44.6; EI-MS m/z 207 [M + H]".
3-((4-Methoxyphenyl)sulfonyl)pyridine (5a). Yield (1.020 g, 82% for aryl bromide);
mp 135-137 °C; "H NMR (500 MHz, CDCl3) § 9.09 (d, J = 1.9, 1H), 8.73 (dd, J = 4.8,
1.6, 1H), 8.18-8.14 (m, 1H), 7.9-7.85 (m, 2H), 7.43-7.39 (m, 1H), 7.00-6.95 (m, 2H),
3.83 (s, 3H); "C NMR (125 MHz, CDCl;) & 163.9, 153.4, 148.5, 139.1, 135.0, 132.2,
130.1, 123.9, 114.9, 55.83; ESI-MS m/z 250 [M + H]"; HRMS (ESI-TOF) Calcd. for
C1,H ;03NS [M + H]" 250.0532, found 250.0536.

6-(Pyridin-3-ylsulfonyl)quinolone (5b). Yield (0.864 g, 64% for aryl iodide); Physical
appearance: Yellow solid; mp 166-168 °C; "H NMR (500 MHz, CDCl3) & 9.19 (d, J =
2.3 Hz, 1H), 9.03 (d, J = 2.8 Hz, 1H), 8.76 (d, J = 3.8 Hz, 1H), 8.58 (d, J = 1.3 Hz,
1H), 8.29 (d, J = 8.3 Hz, 1H), 8.25 (d, /= 8.0 Hz, 1H), 8.19 (d, J = 8.9 Hz, 1H), 8.07
(dd, J=8.9, 1.7 Hz, 1H), 7.52 (dd, J = 8.3, 4.2 Hz, 1H), 7.44 (dd, J = 8.1, 4.8 Hz, 1H);
3C NMR (125 MHz, CDCl3) & 154.0, 153.8, 149.7, 148.9, 138.4, 137.9, 137.4, 135.5,
131.8, 129.6, 127.4, 126.2, 124.0, 122.9; EI-MS m/z 270 (M"); HRMS (EI-TOF)

Caled. for C14HoN,O,S (M") 270.0463, found 270.0466.
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6-Bromo-N-(5-fluoro-1H-indazol-3-yl)quinolin-4-amine (8). To a solution of
6-bromo-4-chloroquinoline (5 mmol) in MeCN (10 mL) were added
5-fluoro-1H-indazol-3-amine (5.5 mmol) and K3PO4 (6.5 mmol). The mixture was
stirred and refluxed overnight. After cooling to room temperature the residue was
partitioned between ethyl acetate and water. The organic layer was separated and the
aqueous layer was extracted with EtOAc. The combined organic layers were washed
with brine, dried over Na,SO4 and concentrated. The residue was purified by flash
chromatography (eluting with 1:2 ethyl acetate/hexanes) to afford 1.104 g of 8 (62%)
as brown solid. mp 232-234 °C; "H NMR (500 MHz, DMSO-d6) ¢ 8.93 (d, J=4.8 Hz,
1H), 8.74 (d, J = 2.2 Hz, 1H), 8.02 (d, J = 9.0 Hz, 1H), 7.92 (dd, J =9.0, 2.3 Hz, 1H),
7.75 (dd, J = 8.7, 2.5 Hz, 1H), 7.64 (d, J= 4.8 Hz, 1H), 7.62 (dd, /= 9.1, 4.0 Hz, 1H),
7.34 (td, J = 9.0, 2.5 Hz, 1H), 6.28 (s, 2H); °C NMR (125 MHz, DMSO-d6) & 156.9
(d, J = 236.6 Hz), 152.2 (d, J = 4.5 Hz), 151.3, 148.4, 142.4, 137.6, 132.8, 131.5,
127.5,123.6, 119.4, 118.0 (d, J=9.7 Hz), 117.0 (d, J = 26.7 Hz), 114.3, 112.2 (d, J =
9.3 Hz), 105.9 (d, J = 24.2 Hz); ESI-MS m/z 357 (Br), 359 (*'Br) [M + H]"; HRMS
(ESI-TOF) Calcd. for CsH;1N4FBr (M") 357.0146, found 357.0150.

N-(5-Fluoro-1H-indazol-3-yl)-6-(iso-propylsulfonyl) quinolin-4-amine (GSK214)."® A
25 mL resealable screw-cap test tube equipped with a Teflon-coated magnetic stir bar
was charged with Cul (9.5 mg, 0.05 mmol), L6 (11.7 mg, 0,05 mmol), 8 (892.5 mg,
2.5 mmol), (CH3),CHSO;Na (429.0 mg, 3.3 mmol) and K3PO4 (530.6 mg, 2.5 mmol).
The tube was evacuated and back filled with argon, and DMSO (3 mL) was then added

into the tube via syringe. The reaction mixture was stirred at 90 °C in an oil bath for 24
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h. After cooling to room temperature, the crude product was diluted with ethyl acetate,
and filtrated through silica gel and kieselguhr. Then the filtrate was concentrated in
vacuo and the residue was purified by flash chromatography (eluting with 40:1
dichloromethane/methanol) to afford 0.882 g (92%) of GSK-214 as yellow solid. mp
268-270 °C; "H NMR (500 MHz, DMSO-d6) & 9.11 (d, J = 1.9 Hz, 1H), 9.07 (d, J =
4.9 Hz, 1H), 8.29 (d, /= 8.9 Hz, 1H), 8.14 (dd, J= 8.9, 2.1 Hz, 1H), 7.78 (dd, J = 8.7,
2.4 Hz, 1H), 7.75 (d, J = 4.9 Hz, 1H), 7.64 (dd, J=9.1, 4.0 Hz, 1H), 7.35 (td, /= 9.0,
2.5 Hz, 1H), 6.29 (s, 2H), 3.55-3.45 (m, 1H), 1.19 (d, J = 6.8 Hz, 6H); °C NMR (125
MHz, DMSO-d6) 6 157.1 (d, J=237.2 Hz), 153.9, 152.6 (d, /= 4.4 Hz), 151.2, 144.5,
137.7, 134.0, 130.8, 128.6, 127.4, 121.4, 118.5 (d, J = 9.8 Hz), 117.0 (d, J = 26.5 Hz),
114.6, 112.5 (d, J= 9.3 Hz), 106.0 (d, J = 24.2 Hz), 54.3, 15.2; ESI-MS m/z 385 [M +
H]'.

8-Fluoro-3-(phenylsulfonyl)quinolone (10)."” A 25 mL resealable screw-cap test tube
equipped with a Teflon-coated magnetic stir bar was charged with Cul (19.0 mg, 0.1
mmol), L6 (23.4 mg, 0.1 mmol), 8-fluoro-3-iodoquinoline (0.546 g, 2.0 mmol),
PhSO;,Na (0.427 g, 2.6 mmol) and K3PO4 (0.424 g, 2 mmol). The tube was evacuated
and back filled with argon, and DMSO (2 mL) was then added into the tube via syringe.
After the reaction mixture was stirred at 70 °C in an oil bath for 24 h, it was cooled to
room temperature, and diluted with ethyl acetate. The mixture was filtrated through
silica gel and kieselguhr, and then the filtrate was concentrated in vacuo. The residue
was purified by flash chromatography (eluting with 1:3 ethyl acetate/hexanes) to

afford 0.419 g of 10 (73%) as yellow solid. mp 166-168 °C; 'H NMR (500 MHz,
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CDCl3) 6 9.30 (d, J= 2.1 Hz, 1H), 8.87-8.83 (m, 1H), 8.05-8.01 (m, 2H), 7.77 (d, J =
8.2 Hz, 1H), 7.66-7.59 (m, 2H), 7.59-7.53 (m, 3H); °C NMR (125 MHz, CDCl;) &
158.0 (d, J=259.4 Hz), 147.5 (d, J = 1.5 Hz), 140.7, 139.5 (d, /= 11.8 Hz), 136.7 (d,
J=2.8 Hz), 136.1, 134.1, 129.8, 128.6 (d, J = 7.9 Hz), 128.1 (d, J = 1.7 Hz), 128.0,
125.0 (d, J = 4.9 Hz), 117.0 (d, J = 18.9 Hz); ESI-MS m/z 288 [M + H]".

3-(Phenylsulfonyl)-8-(piperazin-1-yl)quinoline  (Intepirdine, SB-742457).°® To a
solution of 12 (0.287 g, 1 mmol) in DMF (5 mL) were added piperazine (0.258 g, 3
mmol) and K3PO4(0.276 g, 1.3 mmol). The resultant mixture was stirred at 110 °C for
8 h. After the cooled solution was partitioned between methylene chloride and water,
the organic layer was separated and the aqueous layer was extracted with methylene
chloride. The combined organic layers were washed with brine, dried over Na;SOy, and
concentrated. The residue was purified by flash chromatography (eluting with 50:1
dichloromethane/methanol) to afford 0.304 g of Intepirdine (86%) as yellow solid. mp
183-185 °C; '"H NMR (500 MHz, DMSO0-d6) & 9.23 (d, J = 2.3 Hz, 1H), 9.05 (d, J =
2.3 Hz, 1H), 8.09 (d, J = 7.9 Hz, 2H), 7.77 (d, J = 8.1 Hz, 1H), 7.71 (t, J = 7.0 Hz,
1H), 7.67-7.59 (m, 3H), 7.30 (d, J = 7.7 Hz, 1H), 4.41 (br s, 1H), 3.29 (s, 4H), 3.01 (s,
4H); C NMR (125 MHz, DMSO-d6) & 149.0, 143.8, 142.6, 140.7, 137.6, 134.1,
133.8, 129.9, 128.9, 127.6, 127.6, 122.3, 119.2, 51.5, 45.0; ESI-MS m/z 354 [M +

H]'.

Supporting Information. Copies of 'H and “C NMR spectra of the products. This

material is available free of charge via the Internet at http://pubs.acs.org.

ACS Paragon Plus Environment

Page 36 of 45



Page 37 of 45

oNOYTULT D WN =

The Journal of Organic Chemistry

ACKNOWLEDGMENT. The authors are grateful to Chinese Academy of Sciences
(sup-ported by the Strategic Priority Research Program, grant XDB20020200 &
QYZDJ-SSW-SLH029) and the National Natural Science Foundation of China (grant

21621002) for their financial support.

References

1. Wang, J.; Hou, T. Drug and drug candidate building block analysis. J. Chem. Inf.
Model. 2010, 50, 55-67.

2. Marsilje, T. H.; Pei, W.; Chen, B.; Lu, W.; Uno, T.; Jin, Y.; Jiang, T.; Kim, S.; Li,
N.; Warmuth, M.; Sarkisova, Y.; Sun, F.; Steffy, A.; Pferdekamper, A. C.; Li, A.
G.; Joseph, S. B.; Kim, Y.; Liu, B.; Tuntland, T.; Cui, X.; Gray, N. S.; Steensma,
R.; Wan, Y.; Jiang, J.; Chopiuk, G.; Li, J.; Gordon, W. P.; Richmond, W.; Johnson,
K.; Chang, J.; Groessl, T.; He, Y.-Q.; Phimister, A.; Aycinena, A.; Lee, C. C.;
Bursulaya, B.; Karanewsky, D. S.; Seidel, H. M.; Harris, J. L.; Michellys, P-Y.
Synthesis, structure-activity relationships, and in vivo efficacy of the novel potent
and selective anaplastic lymphoma  kinase (ALK) inhibitor
5-chloro-N2-(2-isopropoxy-5-methyl-4-(piperidin-4-yl)phenyl)-N4-(2-(isopropyl
sulfonyl)phenyl)pyrimidine-2,4-diamine (LDK378) currently in phase 1 and
phase 2 clinical trials. J. Med. Chem. 2013, 56, 5675-5690.

3. Angelaud, R.; Reynolds, M.; Venkatramani, C.; Savage, S.; Trafelet, H.;

Landmesser, T.; Denel, P.; Levis, M.; Ruha, O.; Ruechert, B.; Jaeggi, H.

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

Manufacturing development and genotoxic impurity control strategy of the
hedgehog pathway inhibitor vismodegib. Org. Process Res. Dev. 2016, 20,
1509-1519.

Noble, S.; Benfield, P. Amisulpride. CNS Drugs 1999, 12, 471-482.

Codony, X.; Vela, J. M.; Ramirez, M. J. 5-HT¢ receptor and cognition. Curr. Opin.

Pharmacol. 2011, 11, 94-100.

Zhong, M.; Gadek, T. R.; Bui, M.; Shen, W.; Burnier, J.; Barr, K. J.; Hanan, E. J.;
Oslob, J. D.; Yu, C. H.; Zhu, J.; Arkin, M. R.; Evanchik, M. J.; Flanagan, W. M_;
Hoch, U.; Hyde, J.; Prabhu, S.; Silverman, J. A.; Wright, J. Discovery and
development of potent LFA-1/ICAM-1 antagonist SAR 1118 as an ophthalmic
solution for treating dry eye. ACS Med. Chem. Lett. 2012, 3, 203-206.

For reviews, see: (a) Liu, N. -W.; Liang, S.; Manolikakes, G. Recent advances in

the synthesis of sulfones. Synthesis 2016, 48 1939-1973. (b) G. Liu, C. Fan, J. Wu.

Fixation of sulfur dioxide into small molecules. Org. Biomol. Chem. 2015, 13,

1592-1599.

For Cu-catalyzed coupling reactions with aryl halides, see: (a) Suzuki, H.; Abe, H.

Copper-assisted displacement reaction of nonactivated lodoarenes with
arenesulfinates. Convenient alternative synthesis of unsymmetrical diaryl
sulfones. Tetrahedron Lett. 1995, 36, 6239-6242. (b) Baskin, J. M.; Wang, Z. An
efficient copper catalyst for the formation of sulfones from sulfinic acid salts and
aryl iodides. Org. Lett. 2002, 4, 4423-4425. (c) Zhu, W.; Ma, D. Synthesis of aryl

sulfones via L-proline-promoted Cul-ctalyzed coupling reaction of aryl halides

ACS Paragon Plus Environment

Page 38 of 45



Page 39 of 45

oNOYTULT D WN =

The Journal of Organic Chemistry

with sulfinic acid salts. J. Org. Chem. 2005, 70, 2696-2700. (d) Bian, M.; Xu, F.;
Ma, C. Anion-functionalized ionic liquids enhance the Cul-catalyzed cross-
coupling reaction of sulfinic acid salts with aryl halides and vinyl bromides.
Synthesis 2007, 19, 2951-2956. (e) Yuan, Y. Q.; Guo, S. R. A mild and efficient
synthesis of aryl sulfones from aryl chlorides and sulfinic acid salts using
microwave heating. Synlett 2011, 18, 2750-2756. (f) Srinivas, B. T. V.; Rawat, V.
S.; Konda, K.; Sreedhar, B. Magnetically separable copper ferrite
nanoparticles-catalyzed synthesis of diaryl, alkyl/aryl sulfones from arylsulfinic
acid salts and organohalides/boronic acids. Adv. Synth. Catal. 2014, 356, 805-817.
(g) Ma, D.; Cai, Q. Copper/amino acid catalyzed cross-couplings of aryl and
vinyl halides with nucleophiles. Acc. Chem. Res. 2008, 41, 1450-1460. (h) Evano,
G.; Blanchard, N.; Toumi, M. Copper-mediated coupling reactions and their
applications in natural products and designed biomolecules synthesis. Chem. Rev.
2008, 708, 3054-3131. (i) Bhunia, S.; Pawar, G. G.; Kumar, S. V.; Jiang, Y.; Ma,
D. Selected copper-based reactions for C-N, C-O, C-S, and C-C bond formation.
Angew. Chem. Int. Ed. 2017, 56, 16136-16179.

For Pd-catalyzed coupling reactions with aryl halides and triflates, see: (a) Cacchi,
S.; Fabrizi, G.; Goggiamani, A.; Parisi, L. M. Unsymmetrical diaryl sulfones
through palladium-catalyzed coupling of aryl iodides and arenesulfinates. Org.
Lett. 2002, 4, 4719-4721. (b) Emmett, E. J.; Hayter, B. R.; Willis, M. C.
Palladium-catalyzed three-component diaryl sulfone synthesis exploiting the

sulfur dioxide surrogate DABSO. Angew. Chem., Int. Ed. 2013, 125,

ACS Paragon Plus Environment



oNOYTULT D WN =

10.

11.

The Journal of Organic Chemistry

12911-12915. (¢) Emmett, E. J.; Hayter, B. R.; Willis, M. C. Palladium-catalyzed
synthesis of ammonium sulfinates from aryl halides and a sulfur dioxide
surrogate: a gas- and reductant-free process. Angew. Chem. Int. Ed. 2014, 53,
10204-10208. (d) Smyth, L.; Phillips, E.; Chen, V.; Napolitana, J.; Henry, R.;
Shekhar, S. Pd-catalyzed synthesis of aryl and heteroaryl triflones from reactions
of sodium triflinate with aryl (heteroaryl) triflates. J. Org. Chem. 2016, 81,
1285-1294.

For Cu-catalyzed coupling reactions with aryl boronic acids, see: (a) Beaulieu, C.;
Guay, D.; Wang, Z.; Evans, D. A. A mild and efficient new synthesis of aryl
sulfones from boronic acids and sulfinic acid salts. Tetrahedron Lett. 2004, 45,
3233-3236. (b) Kir, A.; Sayyed, I. A.; Lo, W. F,; Kaiser, H. M.; Beller, M.; Tse, M.
K. A general copper-catalyzed sulfonylation of arylboronic acids. Org. Lett. 2007,
9, 3405-3408. (c) Huang, F.; Batey, R. A. Cross-coupling of organoboronic acids
and sulfinate salts using catalytic copper(Il) acetate and 1,10-phenanthroline:
synthesis of aryl and alkenylsulfones. Tetrahedron 2007, 63, 7667-7672. (d) Yang,
H.; Li, Y.; Jiang, M.; Wang, J.; Fu, H. General copper-catalyzed transformations
of functional groups from arylboronic acids in water. Chem. Eur. J. 2011, 17,
5652-5660.

For Cu-catalyzed coupling reactions with arenediazonium salts, see: (a) Gund, S.
H.; Shelkar, R. S.; Nagarkar, J. M. Copper catalyzed synthesis of unsymmetrical
diaryl sulfones from an arenediazonium salt and sodium p-toluenesulfinate. RSC

Adv. 2015, 5, 62926-62930. (b) Zhang, K.; Xu, X. H.; Qing, F. L.

ACS Paragon Plus Environment

Page 40 of 45



Page 41 of 45

oNOYTULT D WN =

12.

13.

The Journal of Organic Chemistry

Copper-promoted trifluoromethanesulfonylation and trifluoromethylation of
arenediazonium tetrafluoroborates with NaSO,CFs. J. Org. Chem. 2015, 80,
7658-7665.

For a Pd-catalyzed coupling reaction with nitroarenes, see: Tian, H.; Cao, A
Qiao, L.; Yu, A.; Chang, J.; Wu, Y. First palladium-catalyzed denitrated coupling
of nitroarenes with sulfinates. Tetrahedron 2014, 70, 9107-9112.

For other related studies, see: (a) Zhao, X.; Dimitrijevic, E.; Dong, V. M.
Palladium-catalyzed C-H bond functionalization with arylsulfonyl chlorides. J.
Am. Chem. Soc. 2009, 131, 3466-3467. (b) Zhao, X.; Dong, V. M. Carbon-sulfur
reductive elimination from palladium(IV) sulfinate complexes. Angew. Chem. Int.
Ed. 2011, 50, 932-934. (¢) Saidi, Q.; Marafie, J.; Ledger, A. E.; Liu, P. M.; Mahon,
M. F.; Kociok-Ko6hn, G.; Whittlesey, M. K.; Frost, C. G. Ruthenium-catalyzed
meta sulfonation of 2-phenylpyridines. J. Am. Chem. Soc. 2011, 133,
19298-19301. (d) Yuan, G.; Zheng, J.; Gao, X.; Li, X.; Huang, L.; Chen, H.; Jiang,
H. Copper-catalyzed aerobic oxidation and cleavage/formation of C-S bond: a
novel synthesis of aryl methyl sulfones from aryl halides and DMSO. Chem.
Commun. 2012, 48, 7513-7515. (e) Liang, S.; Zhang, R.-Y.; Xi, L.-Y.; Chen, S.-Y.;
Yu, X.-Q. Sulfonylation of five-membered heterocycles via an SyAr reaction. J.
Org. Chem. 2013, 78, 11874-11880. (f) Wu, Z.; Song, H.; Cui, X.; Pi, C.; Du, W.;
Wu, Y. Sulfonylation of quinoline N-oxides with aryl sulfonyl chlorides via
copper-catalyzed C-H bonds activation. Org. Lett. 2013, 15, 1270-1273. (g)

Johnson, M. W.; Bagley, S. W.; Mankad, N. P.; Bergman, R. G.; Mascitti, V;

ACS Paragon Plus Environment



oNOYTULT D WN =

14.

15.

The Journal of Organic Chemistry

Toste, F. D. Application of fundamental organometallic chemistry to the
development of a gold-catalyzed synthesis of sulfinate derivatives. Angew. Chem.,
Int. Ed. 2014, 53, 4404-4407. (h) Du, B.; Qian, P.; Wang, Y.; Mei, H.; Han, J.;
Pan, Y. Cu-catalyzed deoxygenative C2-sulfonylation reaction of quinoline
N-oxides with sodium sulfinate. Org. Lett. 2016, 18, 4144-4147.

Ma, D.; Niu, S.; Zhao, J.; Jiang, X.; Jiang, Y.; Zhang, X.; Sun, T. A new class of
amide ligands enable Cu-catalyzed coupling of sodium methanesulfinate with
(hetero)aryl chlorides. Chin. J. Chem. 2017, 35, 1661-1664.

(a) Zhou, W.; Fan, M.; Yin, J.; Jiang, Y.; Ma, D. Cul/oxalic diamide catalyzed
coupling reaction of (hetero)aryl chlorides and amines. J. Am. Chem. Soc. 2015,
137, 11942-11945. (b) Fan, M.; Zhou, W.; Jiang, Y.; Ma, D. Assembly of primary
(hetero)arylamines via Cul/oxalic diamide-catalyzed coupling of aryl chlorides
and ammonia. Org. Lett. 2015, 17, 5934-5937. (c¢) Fan, M.; Zhou, W.; Jiang, Y.;
Ma, D. Cul/oxalamide catalyzed couplings of (hetero)aryl chlorides and phenols
for diaryl ether formation. Angew. Chem. Int. Ed. 2016, 48, 6211-6215. (d) Xia, S.;
Gan, L.; Wang, K.; Li, Z.; Ma, D. Copper-catalyzed hydroxylation of (hetero)aryl
halides under mild conditions. J. Am. Chem. Soc. 2016, 138, 13493-13496. (e)
Zhai, Y.; Chen, X.; Zhou, W.; Fan, M.; Lai, Y.; Ma, D. Copper-catalyzed diaryl
ether formation from (hetero)aryl halides at low catalytic loadings. J. Org. Chem.
2017, 82, 4964-4969. (f) Gao, J.; Bhunia, S.; Wang, K.; Gan, L.; Xia, S.; Ma, D.
Discovery of N-(naphthalen-1-yl)-N'-alkyl oxalamide ligands enables

Cu-catalyzed aryl amination with high turnovers. Org. Lett. 2017, 19, 2809-2812.

ACS Paragon Plus Environment

Page 42 of 45



Page 43 of 45

oNOYTULT D WN =

16.

17.

18.

19.

The Journal of Organic Chemistry

Whitchead, A. J.; Ward, R. A.; Jones, M. F. Efficient synthesis of the selective
COX-2 inhibitor GW406381X. Cheminform 2007, 48, 911-913.

Bai, P; Guo, Z.; Hu, W.; Shen, F.; Cheng, G. Design, synthesis and in vitro
evaluation of a mnew class of mnovel cyclooxygenase-2 inhibitors:
3,4-diaryl-3-pyrrolin-2-ones. Chin. Chem. Lett. 2001, 12, 775-778.

Haile, P. A.; Votta, B. J.; Marquis, R. W.; Bury, M. J.; Mehlmann, J. F.; Singhaus
Jr., R.; Charnley, A. K.; Lakdawala, A. S.; Convery, M. A.; Lipshutz, D. B.; Desai,
B. M.; Swift, B.; Capriotti, C. A.; Berger, S. B.; Mahajan, M. K_; Reilly, M. A_;
Rivera, E. J.; Sun, H. H.; Nagilla, R.; Beal, A. M.; Finger, J. N.; Cook, M. N.;
King, B. W.; Ouellette, M. T.; Totoritis, R. D.; Pierdomenico, M.; Negroni, A.;
Stronati, L.; Cucchiara, S.; Ziotkowski, B.; Vossenkdmper, A.; MacDonald, T. T.;
Gough, P. J.; Bertin, J.; Casillas, L. N. The identification and pharmacological
characterization of 6-(tert-butylsulfonyl)-N-(5-fluoro-1H-indazol-3-yl)quinolin-
4-amine (GSK583), a highly potent and selective inhibitor of RIP2 kinase. J. Med.
Chem. 2016, 59, 4867-4880.

For the references of known aryl sulfones products, see: (a) Chen, Y.; Willis, M.
C. Copper(I)-catalyzed sulfonylative Suzuki-Miyaura cross-coupling. Chem. Sci.
2017, 8, 3249-3253. (b) Yang, X.; Shi, L.; Fu, H. Copper-mediated cascade
synthesis of diaryl sulfones via the Sandmeyer reaction. Synlett 2014, 25,
847-852. (c) Ivachtchenko, A.; Golovina, E.; Kadieva, M.; Mitkin, O.; Tkachenko,
S.; Okun, 1. Synthesis of substituted diphenyl sulfones and their structure-activity

relationship with the antagonism of 5-HT¢ receptors. Bioorg. Med. Chem. 2013,

ACS Paragon Plus Environment



oNOYTULT D WN =

The Journal of Organic Chemistry

21, 4614-4627. (d) Margraf, N.; Manolikakes, G. One-pot synthesis of aryl
sulfones from organometallic reagents and iodonium salts. J. Org. Chem. 2015,
80, 2582-2600. (e) Courtin, A.; Tobel, H. R.; Auerbach, G. Notizen zur synthese
von 2-aminophenylsulfonen. Helv. Chem. Acta 1980, 63, 1412-1419. (f) Meyers,
C. Y.; Chan-Yu-King, R.; Hua, D. H.; Kolb, V. M. Unexpected differences in the
a-halogenation and related reactivity of sulfones with perhaloalkanes in
KOH-t-BuOH. J. Org. Chem. 2003, 68, 500-511. (g) Hutchby, M.; Houlden, C. E.;
Haddow, M. F.; Tyler, S. N. G.; Lloyd-Jones, G. C.; Booker-Milburn, K. 1.
Switching pathways: room-temperature neutral solvolysis and substitution of
amides. Angew. Chem. Int. Ed. 2012, 51, 548-551. (h) Khanfar, M. A.; Quinti, L.;
Wang H.; Choi, S. H.; Kazantsev, A. G.; Silverman, R. B. Development and
characterization of 3-(benzylsulfonamido)benzamides as potent and selective
SIRT2 inhibitors. Eur. J. Med. Chem. 2014, 76, 414-426. (i) Shavnya, A.; Coftey,
S. B.; Smith, A. C.; Mascitti, V. Palladium-catalyzed sulfination of aryl and
heteroaryl halides: direct access to sulfones and sulfonamides. Org. Lett. 2013, 15,
6226-6229. (j) Andersen, K. K.; Chumpradit, S.; Mcintyre, D. J. Endocyclic
nucleophilic substitution at tetracoordinate sulfur(VI). J. Org. Chem. 1988, 53,
4667-4675. (k) Bury, M. J.; Casillas, L. N.; Charnley, A. K.; Demartino, M. P,
Dong, X.; Haile, P. A.; Harris, P. A.; Lakdawala, S. A.; King, B. W.; Marquis, R.
W.; Mehlmann, J. F.; Romano, J. J.; Sehon, C. A.; Eidam, P. Amino-quinolines as
kinase inhibitors. W0O2011140442(A1), November 10, 2011. (1) Boussad, N.;

Trefouel, T.; Dupas, G.; Bourguignon, J.; Queguiner, G. Synthesis and behaviour

ACS Paragon Plus Environment

Page 44 of 45



Page 45 of 45 The Journal of Organic Chemistry

of NADH models bearing a chiral sulfoxide. Phosphorus, Sulfur, and Silicon

1992, 66, 127-137. (m) Karlstrom, S.; Nordvall, G.; Sohn, D.; Hettman, A.;

oNOYTULT D WN =

Turek, D.; Ahlin, K.; Kers, A.; Claesson, M.; Slivo, C.; Lo-Alfredsson, Y.;
11 Petersson, C.; Bessidskaia, G.; Svensson, P. H.; Rein, T.; Jerning, E.; Malmberg,
13 A.; Ahlgen, C.; Ray, C.; Vares, L.; Ivanov, V.; Johansson, R. Substituted
16 7-amino-5-thio-thiazolo[4,5-d|pyrimidines as potent and selective antagonists of
18 the fractalkine receptor (CX3CR1). J. Med. Chem. 2013, 56, 3177-3190. (n)
21 Johnson, C. N. G.; Stemp, G. G.; Thompson, M. G.; Witty, D. G. R.
23 3-Arylsulfonyl-quinolines as 5-HT¢ receptor antagonists for the treatment of CNS

disorders. W0O2005113539(A1), December 9, 2005.

60 ACS Paragon Plus Environment



