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A B S T R A C T   

Heptafluoroisopropylthio group (-SCF(CF3)2) has bioactivities in insecticidal molecules, but the protocol for 
direct introduction of -SCF(CF3)2 is under-explored. Described here is a protocol on hepta-
fluoroisopropylthiolation of benzyl halides with a hexafluoropropylene (HFP)/CsF/S8 system. The reaction en-
ables the rapid construction of a range of (CF3)2CFS-containing compounds from readily available materials. This 
protocol may find application in the synthesis of (CF3)2CFS-containing biologically active molecules.   

1. Introduction 

Due to strong electron-withdrawing effect and high lipophilicity, 
fluoroalkyl sulfides are of increasing importance in pharmaceuticals and 
agrichemicals [1]. Recently, CF3S-containing and HCF2S-containing 
compounds, such as Tiflorex (anorectic drug) [2], Toltrazuril (cocci-
diostatic drug) [2], Pyriprole (pesticide) [3], SSH-108 (herbicide)[3] 
have been developed (Fig. 1, top). As the large steric hepta-
fluoroisopropyl group (CF(CF3)2) is also widely found in pharmaceuti-
cals and agrochemicals (Fig. 1, middle) [4], we estimate that 
heptafluoroisopropylthio group (-SCF(CF3)2) may be effective for con-
structing bioactive molecules (Fig. 1, bottom). It is reported that 
(CF3)2CFS-containing phthalimide molecule with no cross-resistance is 
very suitable for the control of lepidopteran pests [5,6]. However, the 
lack of synthetic method is a major obstacle for exploring their appli-
cation in bioactive compounds. 

In 1962, Chambers obtained (CF3)2CFSSCF(CF3)2 by using Me3SiCF 
(CF3)2 and S8 [7]. Subsequently, Rosenberg used SF4 to obtain 
[(CF3)2CF]2SF2 for the heptafluoroisopropylthiolations [8,9]. In the 
early stage, heptafluoroisopropylthio reagents [(CF3)2CFS] were needed 
in heptafluoroisopropylthiolations and thus various reagents, 
C3F7N=SF2 [10–12], (CF3)2CFSCl [13], (CF3)2CFSC(CF3)=CF2 [14,15] 

and (CF3)2CFSSFC(CF3)2 [16–18] were developed (Scheme 1, (a)). 
Another approach to obtain heptafluoroisopropylation product is the 
usage of S-containing [S] substrates (Scheme 1, (b)). In 1981, Thoai 
proceeded heptafluoroisopropylation using benzyl thiocyanide (BnSCN) 
[19]. There are other [S] substrates like PhS− , pH-SH or pH-SS-pH, 
reacting with C3F7I or − C3F7 to build -SCF(CF3)2 [20–24]. It is worth 
noting that Petrov introduced -SCF(CF3)2 into tetracyclo[3.2.0.02,7.04,6] 
heptane in 3.6% yield using hexafluoropropene (HFP), KF and elemental 
sulfur (S8) (Scheme 1, (c)) [25]. Although the hepta-
fluoroisopropylthiolation product is a byproduct, it provides a new 
perspective for heptafluoroisopropylthiolation. While many advances in 
this area have been made, there are ongoing interests to develop effec-
tive heptafluoroisopropylthiolation protocols by using readily available 
and economic reagents. 

2. Results and discussion 

We have been interested in the synthesis of fluoro-containing com-
pounds [26]. Previously, we have described that benzyl halides could 
undergo a trifluoromethylthiolation (-SCF3) to afford CF3S-containing 
molecules using Ph3P+CF2CO2

− as a fluoride and difluorocarbene source 
[27]. Herein we describe the heptafluoroisopropylthiolation of benzyl 
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halides using HFP/CsF/S8 system. The protocol described herein can be 
used for the rapid synthesis of a wide variety of (CF3)2CFS-containing 
compounds in a safe and convenient manner (Scheme 1, (d)). 

We used 4-phenylbenzyl bromide 1a to establish the optimal reac-
tion conditions. At initial, based on previous result [25], treatment of 1a 
with 10 eq. HFP and 0.25eq S8 in the presence of 1 eq. KF in 2 mL DMF at 
80 ◦C for 12 h led to the desired heptafluoroisopropylthiolation product 
2a in 41% yield (Table 1, entry 1). In crude 19F NMR spectrum, several 
signals were observed in the range of -C-CF3 group, indicating the ex-
istence of side reactions. From GC–MS analysis, an ion peak at m/z =
429.2 suggest the probable produce of Ph-Bn-SCBr(CF3)2 by in-situ 
generated Br− reacting with HFP. However, after chromatography, only 
2a was obtained. Then, our efforts have been devoted to improve the 
yield of 2a by screening different variables. When CsF was screened, the 
yield was prompted to 56% (Table 1, entry 2). With CsF as the F− source, 
a brief survey of the reaction solvents (Table 1, entry 3–7) revealed that 
DMF was a superior solvent (Table 1, entry 2). Changing the concen-
tration of the reaction only gave the decrease in the yield (Table 1, entry 
8,9). The screening of different loadings of S8 and CsF respectively 
(Table 1, entry 10–14) revealed that a combination of 1 eq. S8 and 1.7 
eq. CsF led to an improvement in the product yield to above 99% 
(Table 1, entry 13). This may be because excessive CsF and S8 would be 
reacted rapidly with HFP to generate -SCF(CF3)2 species with high 
efficiency. 

With the optimized reaction conditions (Table 1, entry 13), the 
substrate scope for the heptafluoroisopropylthiolation was examined 
(Scheme 2). Electron-deficient, -neutral, -rich benzyl bromides could all 
be well converted into the desired products in 24 to 93% yields (2a-2p). 
Interestingly, a wide range of functional groups could be tolerated, such 
as ester, cyanide, alkene, aryl halides and heteroarenes. We next 
extended this protocol to heptafluoroisopropylthiolations of benzyl 
chlorides. Although the electrophilicity of benzyl chlorides is relatively 

weaker than benzyl bromides, the heptafluoroisopropylthiolation of 
benzyl chlorides could also proceed smoothly (2a, 2c, 2 m, 2o). Inter-
estingly, different from 2a and 2c, 2 m and 2n were obtained in better 
yields from corresponding benzyl chlorides than benzyl bromides. 
Referring to crude 19F NMR, when benzyl bromides 1 m and 1n were 
used as substrates, more side products were observed, which may be due 
to the higher reactivities of the corresponding benzyl bromides. It is 
worth noting that when propargyl bromide was used as substrate, the 
heptafluoroisopropylthiolation took place at the optimized reaction 
condition leading to corresponding heptafluoroisopropylthiolation 
products in a low yield (detected by 19F NMR and GC–MS). Other sub-
strates, such as secondary, alkyl, and allyl bromides, were not effective. 
This protocol was also demonstrated to be suitable for gram-scale syn-
thesis as 2a obtained in 81% yield at ten times magnification. 

On the basis of the above results and previous report [14], we pro-
pose the plausible reaction mechanism as shown in Scheme 3. HFP 
combines with F− anion to generate (CF3)2FC− anion, the latter reacts 
with S8 to give S = C(CF3)2, which combines with F− anion to form 
(CF3)2CFS− anion. The (CF3)2CFS− anion reacts with benzylic halides in a 
nucleophilic manner to give the desired product. 

3. Conclusion 

In summary, we have described the heptafluoroisopropylthiolation 
of benzyl halides by using HFP/CsF/S8 system. The hepta-
fluoroisopropylthiolation process occurred smoothly with electron- 
deficient, -neutral, -rich substrates under mild conditions. Since HFP is 
a readily available and economic industrial material, this protocol may 
find application in the synthesis of (CF3)2CFS-containing biologically 
active molecules. 

Fig. 1. Selected fluoroalkyl sulfides containing and heptafluoroisopropylated biologically active molecules.  
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Table 1 

The optimization of the reaction conditions.a .  

Entry S8 (eq.) Fluoride salt (eq.) Solvent Yield (%)b 

1 0.25 KF (1) DMF 41 
2 0.25 CsF (1) DMF 56 
3 0.25 CsF (1) DMSO N. D.c 

4 0.25 CsF (1) 1,4-dioxane N. D. c 

5 0.25 CsF (1) CH3CN 18 
6 0.25 CsF (1) EtOAc N. D. c 

7 0.25 CsF (1) THF N. D. c 

8d 0.25 CsF (1) DMF 42 
9e 0.25 CsF (1) DMF 37 
10 1 CsF (1) DMF 63 
11 1 CsF (1.1) DMF 74 
12 1 CsF (1.3) DMF 79 
13 1 CsF (1.7) DMF > 99 
14 1 CsF (2) DMF > 99  

a Reaction conditions: 1a: HFP = 1:10, 80 ◦C, 12 h, 8 atm 
b Determined by 19F NMR with trifluoromethoxybenzene as internal standard 
c N. D. = no desired product. 
d 1 mL DMF. 
e 3 mL DMF. 

Scheme 1. Heptafluoroisopropylthiolation strategies.  
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