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Abstract. The first Ni-catalyzed ortho-sulfonylation of 
C(sp2)–H bonds with sodium sulfinates directed by (pyridin-
2-yl)isopropylamine (PIP-amine) is described. This strategy 
exhibits a broad substrate scope and good functional group 
tolerance with high monosulfonylation selectivity. Besides 
arenes and heteroarenes, the reaction can also be extended to 
alkenes, providing diverse diaryl and alkyl-aryl sulfones in 
high yields. Furthermore, a plausible Ni(I)/Ni(III) 
mechanism is outlined based on our experimental results and 
related precedents. 

Keywords: sulfonylation; C–H activation; nickel; sodium 
sulfinates; (pyridin-2-yl)isopropylamine (PIP-amine) 

 

The sulfone moiety is one of the common structural 
units in organic molecules and widely found in 
pharmaceutical compounds and functional materials.[1] 
Sulfones also play important roles in synthetic 
chemistry such as in the classical Ramberg–Backlund 
reaction[2] and Julia olefination.[3] Consequently, the 
synthesis of sulfones has been extensively explored.[4] 
Traditional approaches mainly include oxidation of 
sulfides or sulfoxides, sulfonylation of arenes in the 
presence of strong acids, addition of sulfonyl radical 
precursors to alkenes and alkynes, or cross-coupling 
reaction of sulfinates with prefunctionalized coupling 
partners such as halides, triflates, aryl boronic acids, 
and diaryliodonium salts.[4a] However, these methods 
generally face problems of multi-step 
prefunctionalization, poor regioselectivity and 
functional group compatibility. 

In recent years, transition metal catalyzed C-H 
activation has emerged as a simple and efficient tool 
in organic synthesis.[5] During which, nickel has 
exhibited its priority in terms of abundance, low-cost 
and good catalytic performance.[6,7] Especially, since 
the first report of Ni-catalyzed 2-pyridinylmethyl-
amine-assisted transformation of ortho C-H bonds by 
Chatani and coworkers,[7a] this type of chelation 

assisted C-H functionalizations has emerged as a 
hotspot in chemical research.[7b-f] 

In 2009, Dong and coworkers reported the first 
example of direct C(sp2)-H bond sulfonylation with 
arylsulfonyl chlorides promoted by pyridine under Pd 
catalysis.[8] Since then, extensive efforts have been 
devoted to the selective sulfonylation of C–H bonds 
with sulfonyl chlorides or sulfinate salts catalyzed or 
mediated by various transition metals including Pd,[8,9] 
Rh,[10] Cu[11] and Ru.[12] Despite the impressive 
progress, particularly the use of inexpensive Cu salt as 
the catalyst,[11a,b,d,f-j] C-H sulfonylation catalyzed or 
mediated by the same inexpensive nickel remains 
much less explored. To the best of our knowledge, 
there are only two reports on this subject up to now.[13] 
Furthermore, the achieved results were quite 
unsatisfying with regard to the substrate scope, 
selectivity, and reaction efficiency. As for the two 
reports, one is disclosed by Chatani in 2015 which 
concerned Ni-catalyzed ortho-sulfonylation of C–H 
bonds in aromatic amides with arylsulfonyl chlorides 
employing 5-chloro-8-aminoquinoline as the directing 
group (Scheme 1a).[13a] The utilization of 5-chloro-8-
aminoquinoline instead of 8-aminoquinoline 
successfully avoided the formation of the C-5 
sulfonylated quinolines. However, the narrow 
substrate scope and low reactivity (11 examples, 21-
46% yields except the -naphthalyl substrate), the 
formation of sulfides byproducts (up to 10%) due to 
the use of PPh3 in the catalytic system as well as high 
reaction temperature (160 oC) limited the application 
of this method. The other is reported by Kambe and 
coworkers almost simultaneously which described a 
similar sulfonylation in the presence of 50 mol% of Ni 
with the assistance of 8-aminoquinoline at 140 oC 
(Scheme 1b).[13b] Unfortunately, this methodology also 
gave unsatisfying results: the desired ortho-
sulfonylated products were obtained in only 33-61% 
yields (14 examples), always along with the ortho- and 
C-5 disulfonylated byproducts (<2%). Therefore, the 
development of highly regioselective and efficient 
nickel protocols would still be highly desirable. To this 
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end and also as a continuation of our interest in cheap 
metal-catalyzed bidentate directing group-assisted C-
H functionalization reactions,[14] herein we disclose 
the first nickel-catalyzed ortho-sulfonylation of 
C(sp2)–H bonds with the non-toxic and stable sodium 
sulfinates accelerated by the 2-(pyridine-2-
yl)isopropylamine (PIP-amine) (Scheme 1c). The PIP-
amine has been developed by Shi and demonstrated as 
a powerful directing group for diverse C-H 
functionalizations.[15] Compared with the above two 
methods based on Ni catalyst,[13] it is noteworthy that 
our method exhibits good functional group tolerance 
and high regioselectivity, providing a milder approach 
to diverse diaryl and alkyl-aryl sulfones in modest to 
excellent yields (33 examples, up to 90% yields). 

 

Scheme 1. Ni-Catalyzed/Mediated Direct Sulfonylation of 

C(sp2)−H Bonds. 

We commenced our investigation by choosing the 
reaction of benzamide derivative 1a with PhSO2Na as 
a model. First, nickel catalysts were extensively 
screened (see Table S1 in the Supporting Information 
for details). It was found that NiBr2 could afford a 
better yield and the desired monosulfonylated product 
2a was obtained in 35% yield under 10 mol% of NiBr2 
and 2.0 equiv of Ag2CO3 in 1,2-dichloroethane (DCE) 
at 120 oC for 12 h under air (Table 1, entry 1). The 
effect of oxidants was then examined (Table S2 in the 
Supporting Information). Notably, the use of Ag2CO3 

as an oxidant was crucial for this transformation: 
without oxidant or other oxidants such as AgOAc, 
AgTFA, Ag2O, O2, PhI(OAc)2, K2S2O8, BQ, 
Mn(OAc)3

.2H2O, and NMO, led to obviously low 
reactivity. To our delight, the addition of 20 mol% 
PhCOOH significantly improved the yield to 73% 
(entry 2). Encouraged by this, various carboxylate 
ligands were tested but unfortunately, no improvement 
was observed. Other ligands, such as BINOL, BINAP, 
(BnO)2POOH, Xphos, PCy3, and 2,2'-dipyridyl, were 
less effective or totally ineffective (Table S3 in the 
Supporting Information). Finally, a thorough 
screening of solvents (entries 3- 

Table 1. Optimization of the Reaction Conditions[a] 

 

Entry Solvent Yield (%) 

1 DCE 35[b] 

2 DCE 73 

3 MTBE 28 

4 DME trace 

5 THF 24 

6 toluene trace 

7 CH3CN 24 

8 1,4-dioxane 12 

9[c] CHCl3 80 

10 n-BuOH 0 

11 DMAc trace 

12 DMSO 0 

13 DMF 0 
[a] Reaction conditions: 1a (0.2 mmol), PhSO2Na (0.4 mmol), 

NiBr2 (10 mol%), PhCOOH (20 mol%) and Ag2CO3 

(0.4 mmol) in solvent (1.0 mL) at 120 oC for 12 h under 

air. Isolated yields. 
[b]  Without PhCOOH. 
[c]  With 8% disulfonylated product 2a'. 

13) revealed that CHCl3 provided 2a in a maximum 
yield of 80%, along with 8% of the disulfonylated 
product 2a' (entry 9). 

With the optimized conditions in hand, we 
proceeded to investigate the scope of amides (Table 2). 
Generally, both electron-rich (R = Me, OMe and t-Bu) 
and electron-poor (R = CF3, COOMe and SO2Me) 
substituents in the para-position of benzamides were 
well tolerated, giving the corresponding products 2b-g 
in moderate to high yields (55-85%). Reactions of 
benzamides bearing halides including fluoride, 
chloride, bromide and iodide on the para-position of 
the benzene ring with PhSO2Na went quite well (2h-k, 
75-87%), thus making further functionalization 
possible. When meta-substituted benzamides were 
reacted with PhSO2Na, sulfonylation occurred at the 
less sterically hindered position, affording the 
monosulfonylated products 2l-n exclusively (34-76%). 
In the case of ortho-substituted substrates including a 
1-naphth-amide, the desired products were obtained in 
33-70% yields (2o-q). Interestingly, piperonylic acid 
amide participated in this transformation with much 
high efficiency, producing the 2-sulfonylated 
benzamide 2r as the sole product (90%). This was 
presumably due to the potential coordination property 
of the dioxole, which may stabilize the arylnickel 
interme- diates during the catalytic process. 
Heteroaromatic amides such as thiophene and indole 
derivatives were also feasible, albeit with lower yields 
(2s-u, 21-34%). To our delight, the amide scope could 
be extended to alkene substrates to produce the alkyl-
aryl sulfones, although higher temperature and catalyst 
loading    
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Table 2. Scope of Amides[a]

[a]  Reaction conditions: 1 (0.2 mmol), PhSO2Na (0.4 mmol), NiBr2 (10 mol%), PhCOOH (20 mol%) and Ag2CO3 (0.4 mmol) 

in CHCl3 (1.0 mL) at 120 oC for 12 h under air. Isolated yields. 
[b]  To these examples, disulfonylated products were trace or not detected. 
[c]  NiBr2 (20 mol%), PhCOOH (40 mol%).  
[d]  NiBr2 (30 mol%), PhCOOH (60 mol%).  
[e]  140 oC. 

were required to achieve satisfactory conversion rates 
(2v-x, 41-61%). 

The results for sulfonylation of benzamide 1a with 
various sodium sulfinates were summarized in Table 3. 
It was found that arylsulfinates bearing both electron-
donating and -withdrawing group could react 

smoothly with 1a to afford the corresponding 2-
arylsulfonyl benzamides in moderate to good yields 
(3a-g, 50-82%). Halides (F, Cl and Br) were well 
tolerated in the reactions (3d-g), which could be used 
for further elaboration. In addition, coupling of 2-
naphthylsulfinic acid sodium salt proceeded well,

Table 3. Scope of Sodium Sulfinates[a] 

 

[a] Reaction conditions: 1a (0.2 mmol), RSO2Na (0.4 mmol), NiBr2 (10 mol%), PhCOOH (20 mol%) and Ag2CO3 (0.4 mmol) 

in CHCl3 (1.0 mL) at 120 oC for 12 h under air. Isolated yields. Disulfonylated products were not detected.
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furnishing the desired product 3h in 42% yield. Finally, 
we were pleased to find that aliphatic sodium sulfinate 
such as sodium methanesulfinate was also reactive to 
give the desired alkyl-aryl sulfone product 3i, albeit in 
only 20% yield (see Table S5 in the Supporting 
Information for additional results on this reaction). 
The outcome was probably due to the low reactivity of 
sodium methanesulfinate or the thermal instability of 
the methylsulfonyl radical under the stated reaction 
conditions.[11d,13b,16] 

Finally, the PIP directing group can be removed 
efficiently via the known three-step sequence,[11d] 
affording the corresponding sulfonylated carboxylic 
acids.  

To shed light on the plausible reaction mechanism, 
various control experiments were performed (Scheme 
2). Firstly, we noted that benzenesulfinic 
benzenesulfonic anhydride 4 was formed in the 
reaction of amide 1a and PhSO2Na, which could also 
be observed in the absence of either Ag2CO3 or NiBr2 
under standard conditions (see the Supporting 
Information). In addition, the reaction of 1a and (p-
Cl)PhSO2Na was completely inhibited when TEMPO 
(2,2,6,6-tetramethyl-1-piperidinyloxy) was added. 
The addition of BHT (2,6-di-tert-butyl-4-methyl-
phenol) and 1,1-diphenylethylene also decreased the 
yield significantly (Scheme 2a). More importantly, a 
sulfonyl radical was trapped by 1,1-diphenylethylene 
in the presence or absence of amide 1a (Scheme 2a). 
The results suggested the probable involvement of 
radicals in the reaction. Furthermore, kinetic isotope 
effect (KIE) experiments were conducted (Scheme 2b). 
The reaction of 1a and [D5]-1a with PhSO2Na gave a 
significant KIE of 4.0. Likewise, the KIE value of two 
parallel reactions was calculated to be 2.9. These 
results indicated that C-H cleavage of benzamide was 
involved in the rate-determining step. 

Scheme 2. Control Experiments. 

On the basis of the observations above and literature 
precedents,[7c-e,17] especially the related work of 
Chatani and Ge,[7c-e] a plausible Ni(I)/Ni(III) 
mechanism was proposed in Scheme 3. First 
complexation of benzamide 1a with a NiII species 
affords the NiII intermediate A. Next C–H bond 

activation occurs to form the Ar-NiII intermediate 
B.[17a] Simultaneously, the single-electron oxidation of 
sodium sulfinate leads to the formation of sulfonyl 
radical,[17b,c] which reacts with B to generate the NiIII 
complex C.[17d,e] Subsequent C−SO2Ph reductive 
elimination of C leads to the formation of the NiI 
species D. The sulfonylated product 2a can be 
obtained after protonation of D. Finally, the generated 
NiI species is re-oxidized into the NiII species by 
Ag2CO3 to complete the catalytic cycle. However, at 
the current stage, the Ni(II)/Ni(IV) pathway could not 
be excluded. 

 

Scheme 3. Proposed Mechanism. 

In summary, we have developed a Ni-catalyzed 
auxiliary-assisted sulfonylation of C(sp2)–H bonds 
with sodium sulfinates to afford various diaryl and 
alkyl-aryl sulfones in modest to excellent yields. This 
strategy has the advantages of using inexpensive Ni as 
the catalyst and safe, air and moisture stable sodium 
sulfinates as the sulfonylating agent, high 
regioselectivity as well as broad substrate scope. 
What’s more, based on our experimental results and 
related precedents, a plausible mechanism for the 
current sulfonylation is proposed. 

Experimental Section 

Typical Procedure 

To a 35 mL pressure Schlenk tube were added 1a (48.1 mg, 
0.2 mmol), NiBr2 (4.4 mg, 0.02 mmol), PhCOOH (4.9 mg, 
0.04 mmol), PhSO2Na (65.7 mg, 0.4 mmol), Ag2CO3 (110.3 
mg, 0.4 mmol) and CHCl3 (1.0 mL). The reaction was 
stirred at 120 °C for 12 hours under air. Then the mixture 
was cooled to room temperature, diluted with EtOAc and 
filtered through a pad of celite, which was washed with 
EtOAc. Evaporation of the organic solvent and purified by 
preparative TLC on silica gel plates using petroleum 
ether/EtOAc = 3:1 as the eluent to give the desired product 
2a as a white foam (60.9 mg) in 80% yield. 
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