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CFBSA: A Novel and Practical Chlorinating Reagent 
Zehai Lu,a Qingwei Li,a Minghua Tang,a Panpan Jiang,a Hao Zheng*b and Xianjin Yang*ac 

A structurally simple, highly reactive chlorinating reagent, 
N-chloro-N-fluorobenzenesulfonylamine (CFBSA), was 
conveniently prepared from inexpensive Chloramine B in high 
yield. A wide range of substrates were chlorinated with it in good 
to high yields and proper selectivity. 

Chlorine exists widely in biologically active pesticides, 
pharmaceuticals and natural products, such as Tidopidine, 
Hakquino, Azintamide, Axinellamine, etc1 (Figure 1). It also plays a 
great role in organic synthesis, since the introduction of chlorine 
confers molecules with functionalizability, especially in 
cross-coupling chemistry.2 It is also reported that chlorination is a 
useful method to modulate conjugated polymers.3 Accordingly, high 
effective chlorination attracts increasing interests of chemists in 
relevant areas.4 However, the research pace for new chlorinating 
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Fig 1. Classical chlorine-containing medicines and pesticides. 

reagents is rather slow and practical chlorinating reagents were 
rarely reported. 

The reactivity and practicality of traditional chlorinating reagent 
such as N-chlorosuccinimide (NCS), Cl2, SO2Cl2, HCl, POCl3, 
1,3-dichloro-5,5-dimethylhydantoin (DCDMH) and t-BuOCl were 
discussed below. NCS5 and DCDMH6 have high stability and good 
operating convenience, but their reactivity is not satisfying and 
substrates scope is limited. SO2Cl2

7 and Cl2
8 are not stable in storage 

and their reactivity is too aggressive, which result in their severe 
operating conditions and low selectivity. Although t-BuOCl9 has 
moderate reactivity and operating convenience, the substrates are 
limited to aromatic compounds and it is too sensitive for its storage. 
In spite of its lowest cost, HCl10 has limited substrate scope and low 
chlorinating reactivity. POCl3

11 has satisfying reactivity and 
substrate scope, but the high toxicity limited its further application. 

Thus, a practical chlorinating reagent is worthy for further 
exploration. In this communication, we report a novel chlorinating 
reagent, N-chloro-N-fluorobenzenesulfonylamide (CFBSA), which 
has characters of simple structure, high reactivity, easy availability, 
wide substrate range and stable storage. 
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Scheme 1. The preparation of CFBSA. 
 

As showed in Scheme 1, CFBSA can be easily prepared from the 
inexpensive Chloroamine B (one normal industrial disinfectant) by 
the reaction with Selectfluor or 20% F2/N2 gas in 95% and 60% yield, 
respectively. Both synthetic routes of CFBSA can be used in 
laboratory or industry. 
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Table 1. The chlorination of carbonyl compounds 

a The reaction conditions were as follows: 3-aryl-2-oxindoles or 
1,3-dicarbonyl compounds (1.0 equiv), CFBSA (1.2 equiv) and K2CO3 (1.5 
equiv) for the formation of compounds (2a~6a), or CFBSA (2.4 equiv) and 
K2CO3 (2.5 equiv) for the formation of compounds (7a~10a), CH3CN (3 mL), 
r.t., overnight. b Isolated yields based on carbonyl compounds. c 
Deacetylated product from 3-oxo-N-phenylbutanamide. 

 
In our lab, we found that the N-F bond in 

N-fluorobenzenesulfonylamide is very strong and hard to 
cleavage,12a thus we speculated that, with the existence of 
electron-withdrawing N-sulfonyl groups, the introduced N-Cl bond  
in CFBSA would be more reactive than the N-F bond and would 
result in chlorination occurrence. 

The chlorination was verified by the reaction of 
N-Boc-5-fluoro-3-(p-tolyl)-2-oxoindole (2)12 with CFBSA. In this 
reaction, chlorinated product 2a was surprisingly afforded in 87% 
yield, and no fluorinated product was detected. Through further 
investigation, the optimal reaction conditions were determined as 
follows: CFBSA (1.2 equiv), potassium carbonate (1.5 equiv, if 
needed to accelerate reaction rate), acetonitrile and room 
temperature, etc. 

Some other N-Boc-3-aryl-2-oxindoles were tested with the 
optimal conditions, the corresponding chlorination products were 
obtained in good to high yields (Table 1, 2a~4a). Under similar 
conditions, some 1,3-dicarbonyl compounds were also tested. For 
2-carboxyl-substituted 1-oxoindanes, 5a and 6a were afforded in 
89% and 83% yields, respectively. Notably, as the 1,3-diketone 
activated methylene substrate, it can be dichlorinated when 
adequate CFBSA was used, 2.4 equiv of CFBSA and 2.5 equiv of base 
were essential in order to ensure a rapid and complete 
dichlorination. For example, 7a, 8a, 10a were obtained in good to 
high yields. As for 3-oxo-N-phenylbutanamide, the dichlorinated  

Table 2. The chlorination of nitrogen-containing aromatic heterocyclic 
compounds. 

a The reaction conditions were as follows: heterocycle (1.0 equiv), CFBSA 
( 1.2 equiv), CH3CN (3 mL), room temperature, overnight. b Isolated yields 
were based on starting material. c CFBSA (2.4 equiv) for the formation of 
single dichlorinated products. 

 
product was further deacetylated to afford 9a in 80% yield, which is 
reported to have great academic and industrial significance and this 
kind motifs exist in many biologically active compounds.13 

Recently, Baran’s group2a reported a guanidine-based 
chlorinating reagent, CBMG, with good chlorinating reactivity and 
monochlorinated selectivity to nitrogen-containing aromatic 
heterocyclic compounds and others. As a comparison, we studied 
the chlorination reaction of CFBSA with various nitrogen-containing 
aromatic heterocyclic compounds, the results were showed in Table 
2. CFBSA has almost identical reactivity and selectivity as CBMG 
when 1.2equiv CFBSA was used, the reaction showed good 
regioselectivity and monochlorinated products 11a, 13a, 16a, 17a, 
18a, 19a, 20a and 22a were obtained in good yields respectively. 
For some more reactive substrates, the use of more than 2.0 equiv 
chlorinating reagent would lead to dichlorination. The chlorination 
of N-Boc-protected indole gave 2,3-dichlorinated product 
N-Boc-2,3-dichloroindole 12a in 75% yield, while CBMG gave 
N-Boc-3-chloroindole in 73% yield as reported.2a 

For N-Ts-protected pyrrole, 2,5-dichlorinated product 14a was 
afforded in 86% yield with 2.4 equiv of CFBSA, while 60% yield was 
afforded with 2.2 equiv CBMG in anhydrous chloroform as 
reported.2a For the cases of 12a, 14a, 15a and 21a, with 2.4 equiv 
CFBSA, single dichlorinated product was formed without observati- 
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Table 3. Chlorination of anilines and N-alkyl-anilines. 
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a The reaction conditions: N-alkyl aniline (1.0 equiv), CFBSA (2.4 equiv for 
the formation of the compounds 24a, 25a, 28a, 30a and 3.6 equiv for the 
formation of the compounds 23a, 26a, 27a, 29a), CH3CN (3 mL), room 
temperature, overnight. b Isolated yields were based on the substrates. c 
Reaction temperature at 0 0C. 

 
-on of monochlorinated product, while, with 2.2 equiv of CBMG, a 
mixture of mono- and dichlorinated and products were usually 
obtained as reported.2a So, we can conclude that CFBSA is more 
reactive chlorinating reagent than CBMG in some cases. 

Although the chlorination of aniline was widely reported,14, 5e 
rare reports were found for the direct chlorination of N-alkylaniline, 
possibly for the latter high reactivity leads to the difficulty of 
selective chlorination. Our investigation in the chlorination reaction 
of anilines and N-alkylanilines with CFBSA gave much better results, 
majorly affording trichlorinated or o, p-dichlorinated products in 
high yields (Table 3).  

In addition to carbonyl compounds, heteroarenes and anilines, 
other compounds, such as methoxybenzene, alkylamine, thiazole, 
naphthol, pyridine, pyrimidine can also be chlorinated in moderate 
to good yields by CFBSA under mild reaction conditions (31a~35a, 
Table 3). The reaction showed good o- or p-site selectivity 
consistent with expectations to give one major product, which 
brings convenience for its separation. These results indicated that 
CFBSA was a versatile and effective chlorinating reagent. 
As for the chlorination mechanism, from the o- or p-site selectivity 
of electron-rich aromatic substrates, it is reasonable to suppose 
that the reaction proceeds via electrophilic process similar to other 
kinds of N-chloro chlorinating reagents. In the presence of radical 
inhibitors butylated hydroxyl toluene (BHT) and 
2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO), chlorination of 
carbonyl compounds 6 gave 6a in 80% and 84% yields respectively  
(Scheme 2), which indicated that the chlorination may not go 
through a radical process. 

Under our reaction conditions, various chlorinating reagents 
were chosen to chlorinate carbonyl compounds 
1,3-dimethylbarbituric acid (10) and aniline (26), the results are  

Table 4. Chlorinationof other kind of substrates. a,b 

a Products obtained with standard procedure. b 1.2 equiv CFBSA for the 
formation of 33a and 34a, 2.4equiv for the formation of 31a, 32a and 35a.  

 

 

Scheme 2. The mechanism exploration. 
 

listed in Table 5. For trichloroisocyanuric acid gave 10a in 90% yields 
and gave 26a in 36% yield (Entry 1 in Table 5). What’s more, for 
1,3-dichloro-5,5-dimethylhydantoin and t-BuOCl, 10a and 26a were  
formed in moderate yields, respectively (Entries 2 and 5 in Table 5).  
With cyanuric chloride and N-chlorosuccinimide as chlorinating 
reagent, zero or very low yields were obtained (Entries 3 and 4 in 
Table 5). When CBMG was used in the reaction, mixtures of 
products were got with 10a and 26a in lower yields (Entry 6 in Table 
5). As for CFBSA, it gave 10a and 26a in 75% and 86% yields, 
respectively (Entry 7 in Table 5). 

 

Table 5. The test of chlorinating reagents on 1,3-dimethylbarbituric acid (10) 
and aniline (26). 

Entry a Chlorinating reagents 10a 26a 

1 Trichloroisocyanuric acid   90% b 36% 

2 1,3-Dichloro-5,5-dimethylhydantoin 69% 71% 

3 Cyanuric chloride 0% 0% 

4 N-Chlorosuccinimide 8% 7% 

5 t-BuOCl 32% 62% 

6 CBMG 27% 19% 

7 CFBSA 75% 86% 
a The reaction conditions are as follows: compounds 10 and 26 (1.0 equiv), 
various chlorinating reagents (2.4 equiv for 10 and 3.6 equiv for 26), CH3CN, 
room temperature, 5 hrs. b The yields were obtained from 1H NMR with 
1,2,4-trimethylbenzene as the internal standard. 

 
The stability of CFBSA was examined by some experiments. 

CFBSA is pale yellow liquid at room temperature. The 
TLC-monitoring experiment confirmed that no decomposition 
occurred by exposing it to air for several months or heating it to 100 
0C overnight. DSC experiment indicated that there was no thermal 
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event below 130 0C with a maximum exotherm temperature at 192 
0C (100 0C for CBMG as reported). 2a 

In conclusion, a novel chlorinating reagent CFBSA was developed. 
It has properties of high reactivity, easy availability, wide substrate 
range and stable storage in comparison of the classical chlorinating 
reagents, such as NCS, chlorine gas, etc. Chlorination with CFBSA 
can selectively give single monochlorinated, dichlorinated or 
trichlorinated products in terms of the substrates and prevent the 
formation of mixtures of various chlorinated products by controlling 
reaction conditions. Simple availability from Selectfluor and 
Chloromine B in water means eco-friendliness and its low-cost 
preparation from fluorine gas make it to be a potential industrial 
material. In addition, the reagent has been patented by us, and 
further study on the synthetic application of CFBSA is underway in 
our laboratory. 

We are grateful to the National Natural Science Foundation of 
China (NSFC) (grant number 21372077) for financial support. 
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