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1. Introduction  

The construction of carbon-sulfur (C−S) bond has always 
been at the core of organic synthesis owing to its occurrence in a 
large variety of molecules of biological and material interest.1 
Amongst various organosulfur compounds, aryl sulfones are 
particularly important due to their distinct medicinal activities 
such as anti-tumour, anti-inflammatory, antifungal, antibacterial, 
etc. (Figure 1).2-5 They have also been explored as potent 
inhibitors of cyclooxygenase-2 (COX-2),6 and HIV-1 strains.7 

 

 

 

 

 

 

 

Figure 1. Bio-active molecules with sulfone motifs. 

 
The transition-metal catalyzed coupling strategies have been 

well established for carbon-nitrogen (C−N) and carbon-oxygen 
(C−O) bond formation, but are much less explored for carbon-
sulfur (C−S) bond creation, as the presence of sulfur causes  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 
Scheme 1. Synthesis of aryl sulfones. 
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liquid as promoter under ambient conditions. The process employs stable and easy to handle 
reacting partners, and is endowed with broad substrate scope. 

2015 Elsevier Ltd. All rights reserved.

 Keywords: 
Aryl sulfones 
Sulfonyl hydrazides 
Aryltriazenes 
Cross-coupling 
Copper-catalysis 
Ionic liquids 
 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Tetrahedron 2

metal-catalyst deactivation even at low concentrations.8 
Besides oxidation of corresponding sulfides,9 recent reports for 
the synthesis of aryl sulfones include sulfonylation of arenes,10 
metal/metal-free cross-coupling between arylsulfonyl 
chlorides/sodium sulfinates with aryl halides/arylboronic acids/ 
aryldiazonium salts,11 and the sulfonylative cross-coupling 
employing SO2 surrogate/external SO2 source12 (Scheme 1).  

Despite their usefulness in creating sulfone moiety, these 
methods, however, suffer from one or another drawback such as 
use of expensive materials, harsh conditions and low product 
yields. Thus, there is enough scope and necessity to develop new 
and convenient protocols to simplify the sulfone-formation. 

Ionic liquids (ILs) have recently emerged as an 
environmentally benign reaction media in organic synthesis. 
Ionic nature, non-volatility, high thermal stability and 
recyclability of ILs have endowed them with enormous 
advantages.13 Acidic ionic liquids (AILs) are especially important 
due to their dual role as catalyst as well as reaction medium.14 
Accordingly some acidic ILs (Figure 2) have been subjected to 
the envisaged reactions. 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Acidic ionic liquids (AILs) examined. 

Aryltriazenes have currently gained huge synthetic interest,15 
due to their easy preparation from arylamines, and identical 
reactivity to that of the corresponding arenediazonium salts. They 
are markedly stable under ambient conditions, which make them 
more useful for practical purposes in comparison to the 
diazonium salts. Further, sulfonyl hydrazides have evolved as an 
excellent synthon,16 owing to their adoptability to act as 
sulfonyl,17 sulphide,18 or aryl source,19 via cleavage of the sulfur-
nitrogen and carbon-sulfur bonds under varying conditions. An 
easy access and stability of sulfonyl hydrazides under air and 
moisture also makes it operationally simple. 

In view of the above, and as a part of our ongoing research 
endeavour,20 it was envisioned to  develop a new and useful 
protocol involving cross-coupling of sulfonyl hydrazides with 
aryltriazenes to afford aryl sulfones at room temperature under 
open air atmosphere (cf. Scheme 1). 

2. Results and discussion 

In order to optimize the reaction conditions, a model reaction 
employing p-toluenesulfonyl hydrazide (1a) and 1-
(phenyldiazenyl)pyrrolidine (2a) was thoroughly investigated by 
varying different parameters such as catalyst, promoter and 
solvent (Table 1). The initial reaction conditions made use of 1a 
(1.0 mmol), 2a (1.0 mmol), CuI (20 mol%) and 1-

methylimidazolium hydrogen sulfate (IL1, 1.0 mmol) in 
acetonitrile at room temperature for 12 h, which gave rise to the 
product 1-methyl-4-(phenylsulfonyl) benzene (3a) in 46% yield 
(Table 1, entry 1). 

Table 1. Optimization of the reaction conditionsa,b 
 

 

 

Entry Catalyst Promoter      Solvent Yield 
(%)b 

1 CuI IL1     CH3CN 46 

2 CuCl IL1     CH3CN 37 

3 CuBr IL1     CH3CN 33 

4 CuBr2 IL1     CH3CN 43 

5 Cu2O       IL1     CH3CN 25 

6 CuCl2.2H2O       IL1     CH3CN 55 

7 Cu(OAc)2       IL1     CH3CN 74 

8 Cu(OAc)2.H2O       IL1     CH3CN 76 

9 Cu(OAc)2.H2O       IL1     Toluene Trace 

10 Cu(OAc)2.H2O       IL1     Benzene 63 

11 Cu(OAc)2.H2O IL1     DCE 20 

12 Cu(OAc)2.H2O IL1     DMSO 62 
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78 

89 

35 

0 

47 

56 
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42 

18 

0 
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Trace 

aReaction  conditions: 1a  (1.0  mmol),  2a  (1.0  mmol), Catalyst (20 mol%), 
Promoter (1.0 mmol), Solvent (2 mL), rt, 12 h. 
bIsolated yield after column chromatography.  

Thereafter, some other copper salts such as CuBr, CuCl, 
CuBr2, Cu2O, CuCl2.2H2O, Cu(OAc)2 and Cu(OAc)2.H2O were 
screened under identical conditions (entries 2-8), which revealed 
Cu(OAc)2.H2O as the best choice. Maintaining other parameters 
of the entry 8 as such, the effect of different solvents was then 
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examined (entries 9-18), which disclosed ethanol as the top 
option (entry 18) out of all the organic solvents tested. The use of 
H2O as solvent could not make any marked effect (entry 19). 
Notably, no product formation was observed in the absence of 
the ionic liquid (entry 20). Other Brønsted acidic ionic liquids 
like IL2, IL3, IL4 and IL5, when tried, could not provide the 
product in appreciable yields (entries 21-24). The use of Lewis 
acidic ionic liquids IL6 and IL7 rather provided inferior yields 
(entries 25 & 26). Attempt to utilize other metal salts namely 
NiCl2.6H2O, FeCl3 and CoCl2.6H2O also remained futile (entries 
27-29). The molar ratio of the reactants and reaction time were 
also studied in detail, which revealed equivalent quantities of 1a 
and 2a in ethanol at room temperature under open atmosphere for 
12 h as the best fit. 

Table 2. Scope and versatility of the reactiona,b 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
aReaction conditions: 1 (1.0 mmol), 2 (1.0 mmol), Cu(OAc)2.H2O (20 mol%), 
IL1 (1.0 mmol), EtOH (2 mL), rt, 12 h.  
bIsolated yield after column chromatography.  

With the established reaction conditions in hand (entry 18), 
the scope and versatility of the reaction was examined using a 
variety of sulfonyl hydrazides (1) and aryltriazenes (2) with 
different substitution patterns (ortho/meta/para) and the results 
are given in Table 2. Both the reacting partners containing 

different electron-donating as well as electron-withdrawing 
substituent participated nicely in the reaction and offered the 
desired products 3a-3z in reasonably good yields. Marked steric 
influence was observed in the formation of the product 3d (63%), 
as its yield was appreciably diminished involving the reaction of 
1-(o-tolyldiazenyl)pyrrolidine with benzenesulfonyl hydrazide. A 
bicyclic sulfonyl hydrazide viz. naphthalene-2-sulfonohydrazide 
also underwent the reaction affording reasonably high yield of 
the product 3w. An aliphatic sulfonyl hydrazide, i.e. 
octylsulfonyl hydrazide, when subjected to the established 
conditions, also delivered the product 3x in fairly high yield. 
Thiophene-2-sulfonohydrazide also participated nicely in the 
reaction to provide the products 3y (82%) and 3z (87%) in 
excellent yields. However, the reaction of 4-(pyrrolidin-1-
yldiazenyl)benzonitrile and methyl 4-(pyrrolidin-1-
yldiazenyl)benzoate with p-tolylsulfonyl hydrazide under 
standard conditions failed to deliver the desired products. 

To get an insight into the reaction mechanism, a number of 
control experiments were carried out (Scheme 2). The reaction 
between 1a and 2a under the standard conditions in the presence 
of radical scavengers like TEMPO and BHT remained almost 
unaffected, thereby withholding the possibility of a radical 
pathway. The reaction of a representative diazonium salt, p-
methoxybenzenediazonium tetrafluoroborate (4a) with 1a under 
standard conditions, also gave rise to the corresponding product 
(3r, 86%), suggesting an intermediacy of the arenediazonium 
cation during the course of reaction. 

 

 

 

 

 

Scheme 2. Control experiments. 

Based on existing literature,18a, 21-26 isolation of products and 
control experiments, a plausible mechanism is outlined in Figure 
3. 

 

 

 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

Figure 3. Plausible reaction mechanism. 

Ar1SO2N-N-CuIIOAc
HH

I

Ar1SO2N=NH

II

Ar1SO2CuIIOAc
IIIAr 1SO

2 Cu IIIOAc
IV

Cu
I O
Ac

CuII (OAc)2

V

reductive
elimination

Ar1SO2NHNH2
1 AcOH

HCuOAc

CuII(OAc)2

AcOH, N2

N N
N Ar2

2

IL1 N N
N Ar2

H

NH

Ar1SO2Ar2

3

AcOH, O2

H2O

Ar2 N N

N2

Ar2-N=N

Ar 1
SO

2Cu IIIOAc
Ar 2

S

O

O

S

O

O

S

O

O

S

O

O

Cl

S

O

O

Cl

S

O

O

S

O

O

S

O

O

OMe

S

O

O

S

O

O

OMe

S

O

O

OMe

S

O

O

S

O

O
S

O

O

S

O

O

S

O

O

S

O

O

S

O

O

S

O

O

S

O

O

MeOO2N

3a, 89% 3b, 87% 3c, 92%

3d, 63% 3e, 72% 3f, 75%

3g, 83% 3i, 87%

3j, 85% 3l, 89%

3m, 91% 3n, 93%

3p, 91% 3q, 86% 3r, 89%

3t, 83% 3u, 85%

3x, 75%3w, 70%3v, 69%

F O2N

MeO

n-C7H15

S

S

O

O

3y, 82%

S

O

O

OMe

OMe

S

O

O

F

S

S

O

O

3k, 86%

3o, 94%

3z, 87%

S

O

O

3h, 76%

Cl

S

O

O

3s, 69%

OMe



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Tetrahedron 4

The reaction is assumed to proceed by the coordination of 
sulfonyl hydrazide 1 with copper(II) acetate to give the 
intermediate I, which on sequential removal of hydrogen and 
extrusion of N2 provides the intermediates II and III 
successively. Acidic ionic liquid (IL1)-assisted generation of the 
arenediazonium cation from aryltriazene 2 couples with the 
intermediate III to produce a Cu(III) intermediate IV, which 
further forms intermediate V by extrusion of N2. Intermediate V 
undergoes reductive elimination to afford the desired sulfone 
product 3 and Cu(I) species which undergoes oxidation to 
regenerate the copper(II) acetate by aerial oxygen and AcOH to 
complete the catalytic cycle. 

3. Conclusions 

In summary, an efficient and new approach to aryl sulfones 
has been developed using sulfonyl hydrazides and aryltriazenes 
as coupling partners in the presence of cupric acetate and ionic 
liquid under open air atmosphere at room temperature. The 
protocol employs mild and easy to handle reaction conditions and 
offers broad substrate scope. 

4. Experimental Section 

General procedure for the synthesis of Aryl sulfones: 

A mixture of sulfonyl hydrazide 1 (1.0 mmol), aryltriazene 2 
(1.0 mmol), Cu(OAc)2.H2O (20 mol%), IL1 (1.0 mmol) and 
EtOH,  placed in a 10-mL borosilicate vial, was stirred under 
open atmosphere at room temperature for 12 h. After completion 
of the reaction (monitored through TLC), ethanol was removed 
under reduced pressure, and the resulting mixture was worked-up 
using water-ethyl acetate. The organic phase was then dried over 
anhydrous Na2SO4, filtered and concentrated under reduced 
pressure. The resulting crude product was finally purified by 
silica gel column chromatography using n-hexane and ethyl 
acetate as eluent. 

5. Spectral Data 

5.1. 1-Methyl-4-(phenylsulfonyl)benzene (3a)12c:  

White Solid; Yield (89%, 207 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.94 (d, J = 7.0 Hz, 2H), 7.84 (d, J = 8.0 Hz, 2H), 
7.56–7.47 (m, 3H), 7.30 (d, J = 8.0 Hz, 2H), 2.39 (s, 3H); 13C 
NMR (126 MHz, CDCl3) δ: 144.3, 142.1, 138.8, 133.1, 130.0, 
129.3, 127.8, 127.6, 21.7. 

5.2. Sulfonyldibenzene (3b)12c:  

White Solid; Yield (87%, 190 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.96 (d, J = 8.0 Hz, 4H), 7.57–7.48 (m, 6H); 13C NMR 
(126 MHz, CDCl3) δ: 141.7, 133.3, 129.4, 127.8. 

5.3. 4,4'-Sulfonylbis(methylbenzene) (3c)12c:  

White Solid; Yield (92%, 227 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.82 (d, J = 8.0 Hz, 4H), 7.29 (d, J = 8.5 Hz, 4H), 2.38 
(s, 6H); 13C NMR (126 MHz, CDCl3) δ: 144.0, 139.2, 130.0, 
127.7, 21.7. 

5.4. 1-Methyl-2-(phenylsulfonyl)benzene (3d)27:  

Colorless oil; Yield (63%, 146 mg); 1H NMR (500 MHz, 
CDCl3) δ: 8.22 (d, J = 7.5 Hz, 1H), 7.87 (d, J = 8.0 Hz, 2H), 
7.59–7.38 (m, 5H), 7.24 (d, J = 7.5 Hz, 1H), 2.44 (s, 3H); 13C 
NMR (126 MHz, CDCl3) δ: 141.4, 138.9, 138.1, 133.8, 133.2, 
132.8, 129.5, 129.2, 127.8, 126.6, 20.3. 

5.5. 1-Methyl-3-(phenylsulfonyl)benzene (3e):  

White Solid; Yield (72%, 168 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.94 (t, J = 7.5 Hz, 2H), 7.74 (d, J = 7.5 Hz, 2H), 
7.53–7.45 (m, 3H), 7.37–7.31 (m, 2H), 2.35 (s, 3H); 13C NMR 
(126 MHz, CDCl3) δ: 141.7, 141.4, 139.6, 134.0, 133.1, 129.3, 
129.2, 127.9, 127.6, 124.8, 21.3; HRMS: calcd. For C13H13O2S 
(M+H)+: 233.0631; Found: 233.0618. 

5.6. 1-Methyl-3-tosylbenzene (3f)28:  

White Solid; Yield (75%, 185 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.83 (d, J = 8.0 Hz, 2H), 7.73 (d, J = 7.0 Hz, 2H), 
7.38–7.32 (m, 2H), 7.29 (d, J = 8.5 Hz, 2H), 2.38 (s, 6H); 13C 
NMR (126 MHz, CDCl3) δ: 144.2, 141.9, 139.6, 138.9, 133.9, 
130.0, 129.2, 127.9, 127.8, 124.8, 21.7, 21.4. 

5.7. 1-Chloro-4-tosylbenzene (3g)12c:   

White Solid; Yield (83%, 221 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.87 (d, J = 8.5 Hz, 2H), 7.82, (d, J = 8.0 Hz, 2H), 
7.47 (d, J = 8.0 Hz, 2H), 7.31 (d, J = 8.0 Hz, 2H), 2.40 (s, 3H); 

13C NMR (126 MHz, CDCl3) δ: 144.7, 140.6, 139.8, 138.3, 
130.2, 129.7, 129.1, 127.8, 21.7. 

5.8. 1-Chloro-3-tosylbenzene (3h)29: 

White Solid; Yield (76%, 202 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.90–7.80 (m, 4H), 7.51–7.41 (m, 2H), 7.33 (d, J = 8.0 
Hz, 2H), 2.41 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 144.8, 
143.9, 138.0, 135.5, 133.3, 130.7, 130.2, 128.0, 127.7, 125.7, 
21.7. 

5.9. 1-(tert-Butyl)-4-((4-chlorophenyl)sulfonyl)benzene (3i)30: 

White Solid; Yield (87%, 268 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.89 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H) 7.52 
(d, J = 9.0 Hz, 2H), 7.47 (d, J = 8.5 Hz, 2H), 1.31 (s, 9H); 13C 
NMR (126 MHz, CDCl3) δ: 157.6, 140.7, 139.8, 138.3, 129.7, 
129.2, 127.7, 126.6, 35.4, 31.2. 

5.10. 1-Fluoro-4-(phenylsulfonyl)benzene (3j)12c:   

White Solid; Yield (85%, 201 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.97–7.91 (m, 4H), 7.58 (t, J = 8.0 Hz, 1H), 7.52 (t, J 
= 8.0 Hz, 2H), 7.18 (t, J = 8.5 Hz, 2H); 13C NMR (126 MHz, 
CDCl3) δ: 166.5 (d, J =256.4 Hz), 141.5, 137.8 (d, J =3.0 Hz), 
133.4, 130.6 (d, J =9.6 Hz), 129.5, 127.7, 116.8 (d, J =22.8 Hz). 

5.11. 1-Fluoro-4-tosylbenzene (3k)12c:  

White Solid; Yield (86%, 215 mg); 1H NMR (500 MHz, 
CDCl3) δ: 1H NMR (500 MHz, ) δ 7.96–7.93 (m, 2H), 7.82 (d, J 
=8.0 Hz, 2H), 7.31 (d, J =8.0 Hz, 2H), 7.18 (t, J = 8.5 Hz, 2H), 
2.40 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 166.4 (d, J =256.3 
Hz), 144.49, 138.6 (d, J =54.8 Hz), 130.4 (d, J =9.6 Hz), 130.13, 
127.73, 116.7 (d, J =23.0 Hz), 21.67. 

5.12. 1-Nitro-4-(phenylsulfonyl)benzene (3l)27:  

Light Yellow Solid; Yield (89%, 234 mg); 1H NMR (500 
MHz, CDCl3) δ: 8.34–8.32 (m, 2H), 8.14–8.12 (m, 2H), 7.97 (d, 
J = 8.0 Hz, 2H), 7.65 (t, J = 7.0 Hz, 1H), 7.57–7.54 (m, 2H); 13C 
NMR (126 MHz, CDCl3) δ: 150.5, 147.5, 140.1, 134.2, 129.8, 
129.1, 128.1, 124.6. 

5.13. 1-Methyl-4-((4-nitrophenyl)sulfonyl)benzene (3m)31:   

Light Yellow Solid; Yield (91%, 252 mg); 1H NMR (500 
MHz, CDCl3+DMSO) δ: 8.37 (d, J = 7.5 Hz, 2H), 8.16 (d, J = 
8.0 Hz, 2H), 7.87 (d, J = 7.5 Hz, 2H), 7.39 (d, J = 7.0 Hz, 2H), 
2.44 (s, 3H); 13C NMR (126 MHz, CDCl3+DMSO) δ: 149.6, 
147.0, 144.9, 136.3, 129.8, 128.3, 127.5, 124.0, 21.0. 

5.14. 4,4'-Sulfonylbis(methoxybenzene) (3n)12c : 
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White Solid; Yield (93%, 259 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.84 (d, J = 8.5 Hz, 4H), 6.94 (d, J = 8.5 Hz, 4H), 
3.81; 13C NMR (126 MHz, CDCl3) δ: 163.2, 134.0, 129.6, 114.5, 
55.7.  

5.15. 1,2-Dimethoxy-4-tosylbenzene (3o)12c:   

White Solid; Yield (94%, 275 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.81 (d, J = 8.5 Hz, 2H), 7.56 (d, J = 8.5 Hz, 1H), 7.38 
(s, 1H), 7.29 (d, J = 8.0 Hz, 2H), 6.93 (d, J = 8.5 Hz, 1H), 3.91 
(s, 6H), 2.39 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 153.0, 
149.3, 144.0, 139.4, 133.6, 123.0, 127.4, 121.8, 111.0, 110.0, 
56.3, 56.2, 21.6. 

5.16. 1-(tert-Butyl)-4-((4-methoxyphenyl)sulfonyl)benzene (3p):  

White Solid; Yield (91%, 277 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.89–7.87 (m, 2H), 7.84–7.81 (m, 2H), 7.49–7.47 (m, 
2H), 6.97–6.94 (m, 2H), 3.83 (s, 3H), 1.30 (s, 9H); 13C NMR 
(126 MHz, CDCl3) δ: 163.4, 156.8, 139.5, 133.7, 129.9, 127.3, 
126.3, 114.6, 55.7, 35.3, 31.2. HRMS: calcd. For C17H21O3S 
(M+H)+: 305.1206; Found: 305.1181.  

5.17. 1-Methoxy-4-(phenylsulfonyl)benzene (3q)27:   

White Solid; Yield (86%, 214 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.91–7.86 (m, 4H), 7.52–7.45 (m, 3H), 6.96 (d, J = 8.5 
Hz, 2H), 3.82 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 163.5, 
142.4, 133.1, 132.9, 129.9, 129.3, 127.4, 114.6, 55.7. 

5.18. 1-Methoxy-4-tosylbenzene (3r)31: 

White Solid; Yield (89%, 233 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.87 (d, J = 9.0 Hz, 2H), 7.80 (d, J = 8.5 Hz, 2H), 7.28 
(d, J = 8.5 Hz, 2H), 6.96 (d, J = 9.0 Hz, 2H), 3.83 (s, 3H), 2.38 
(s, 3H); 13C NMR (126 MHz, CDCl3) δ: 163.3, 143.9, 139.6, 
133.7, 130.0, 129.8, 127.5, 114.6, 55.7, 21.6. 

5.19. 1-(tert-Butyl)-4-(phenylsulfonyl)benzene (3s)32:   

White Solid; Yield (83%, 228 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.96–7.94 (m, 2H), 7.87 (d, J = 8.5 Hz, 2H), 7.55–7.48 
(m, 5H), 1.30 (s, 9H); 13C NMR (126 MHz, CDCl3) δ: 157.2, 
142.1, 138.7, 133.1, 129.3, 127.6, 127.7, 126.4, 35.3, 31.2. 

5.20. 1-Methoxy-3-tosylbenzene (3t)27: 

White Solid; Yield (69%, 181 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.83 (d, J = 8.0 Hz, 2H), 7.50 (d, J = 7.5 Hz, 1H), 7.44 
(s, 1H), 7.40 (t, J = 8.0 Hz, 1H), 7.30 (d, J = 8.0 Hz, 2H), 7.07 (d, 
J = 8.0 Hz, 1H), 3.83 (s, 3H), 2.39 (s, 3H); 13C NMR (126 MHz, 
CDCl3) δ: 160.1, 144.3, 143.2, 138.7, 130.4, 130.0, 127.8, 119.9, 
119.5, 112.2, 55.8, 21.7. 

5.21. 1-(tert-Butyl)-4-tosylbenzene (3u)30:  

White Solid; Yield (85%, 245 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.83–7.81 (m, 4H), 7.49–7.46 (m, 2H), 7.28 (d, J = 8.0 
Hz, 2H), 2.37 (s, 3H), 1.28 (s, 9H); 13C NMR (126 MHz, CDCl3) 
δ: 157.0, 144.0, 139.1, 130.0, 127.8, 127.5, 126.4, 35.3, 31.2, 
21.7. 

5.22. 1,3,5-Trimethyl-2-(phenylsulfonyl)benzene (3v)27:   

Yellow oil; Yield (69%, 180 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.80–7.78 (m, 2H), 7.56–7.53 (m, 1H), 7.49–7.46 (m, 
2H), 6.95 (s, 2H), 2.60 (s, 6H), 2.30 (s, 3H); 13C NMR (126 
MHz, CDCl3) δ: 143.7, 143.5, 140.3, 133.9, 132.7, 132.3, 129.0, 
126.4, 23.0, 21.2. 

5.23. 2-Tosylnaphthalene (3w)29: 

White Solid; Yield (70%, 198 mg); 1H NMR (500 MHz, 
CDCl3) δ: 8.56 (s, 1H), 7.98–7.83 (m, 6H), 7.64–7.58 (m, 2H), 
7.30 (d, J = 8.0 Hz, 2H), 2.38 (s, 3H); 13C NMR (126 MHz, 
CDCl3) δ: 144.3, 138.9, 138.8, 135.1, 132.4, 130.1, 129.7, 129.5, 
129.2, 129.0, 128.0, 127.9, 127.7, 122.8, 21.7. 

5.24. 1-Methyl-4-(octylsulfonyl)benzene (3x)33:  

Colorless oil; Yield (75%, 201 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.79 (d, J = 8.5 Hz, 2H), 7.36 (d, J = 8.0 Hz, 2H), 3.08 
(t, J = 8.5 Hz, 2H), 2.44 (s, 3H), 1.72–1.66 (m, 2H), 1.35–1.22 
(m, 10H), 0.87 (t, J = 8.0 Hz, 3H); 13C NMR (126 MHz, CDCl3) 
δ: 144.6, 136.2, 129.9, 128.0, 56.4, 31.6, 28.9, 28.9, 28.2, 22.7, 
22.6, 21.6, 14.0. 

5.25. 2-(Phenylsulfonyl)thiophene (3y)34:  

White Solid; Yield (82%, 184 mg); 1H NMR (500 MHz, 
CDCl3) δ: 8.00 (d, J = 8.0 Hz, 2H), 7.70 (d, J = 4.0 Hz, 1H), 7.65 
(d, J = 4.5 Hz, 1H), 7.59–7.50 (m, 3H), 7.09 (t, J = 4.5 Hz, 1H); 
13C NMR (126 MHz, CDCl3) δ: 143.1, 142.1, 134.0, 133.5, 
133.4, 129.4, 127.9, 127.7, 127.4. 

5.26. 2-Tosylthiophene (3z)35:  

White Solid; Yield (87%, 207 mg); 1H NMR (500 MHz, 
CDCl3) δ: 7.88 (d, J = 8.0 Hz, 2H), 7.67 (d, J = 3.0 Hz, 1H), 7.62 
(d, J = 4.5 Hz, 1H), 7.32 (d, J = 7.5 Hz, 2H), 7.07 (t, J = 4.0 Hz, 
1H), 2.41 (s, 3H); 13C NMR (126 MHz, CDCl3) δ: 144.5, 143.6, 
139.3, 133.7, 133.2, 130.1, 127.9, 127.5, 21.7. 
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