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Abstract 

Substitution by the CF3S group allows for an increase in lipophilicity and electron-

withdrawing properties along with an improvement in the bioavailability of medicinal 

targets; consequently, the late stage introduction of CF3S moieties into medicinal scaffolds 

is a sought-after strategy in synthetic organic chemistry. Different newly-developed 

electrophilic and nucleophilic reagents are used to effect the trifluoromethylthiolation of 

(hetero)aromatic compounds, aliphatic compounds (alkyl, alkenyl, alkynyl substrates), the 

trifluoromethylthiolation at the α- and β-carbonyl positions, and heteroatoms (N- and S-). 

Such reactions can involve homolytic substitutions, or functional-group substitutions (ipso). 

Addition reactions of electrophilic reagents to double and triple bonds followed by ring-

cyclizations will be shown to yield relevant CF3S-substituted heteroaromatic compounds 

with relevant pharmacological action. 

 

Index 

1.-Introduction 

2.-Reagents Used to Introduce CF3S Group in Medicinal Targets 

3.- Direct or Late-stage Trifluoromethylthiolation Methods for Aryl Moieties 

 3.1.- Conversion of CAr-X into CAr-SCF3 Bonds (X = OTf, N2
+
, B(OH)2, Cl, Br, I) 

 3.2.-Conversion of CAr-H into CAr-SCF3 Bonds 

4.- Direct or Late-stage Trifluoromethylthiolation of Heterocycles 

 4.1.- Direct or Late-stage Trifluoromethylthiolation of Nitrogen-containing Heterocycles 

 4.2.- Direct or Late-stage Trifluoromethylthiolation of Oxindole Derivatives 
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 4.3.- Direct or Late-stage Trifluoromethylthiolation of Coumarin and Quinone Derivatives 

5.-Trifluoromethylthiolation of Aliphatic C Atoms 

 

 5.1.- sp
3
 Carbon Atoms 

5.1.2-Trifluoromethylthiolation at the - and -positions of carbonyl compounds 

 5.2.-sp
2
 Carbon Atoms 

 5.3.-sp Carbon Atoms 

6.-Trifluoromethylthiolation of Heteroatoms 

 6.1.-N Atoms 

 6.2.-S Atoms 

7.-Conclusions 

8.-References 

 

1.-Introduction 

 Fluoroalkylthio group substitutions increase the lipophilic properties of medicinal 

targets and compounds in general as revealed by the Hansch constant (i.e.: 1.44 for CF3S 

group, as being the highest Hansch constant).
1
 Also, the strong electron-withdrawing 

properties of CF3S has recently attracted the attention of medicinal chemists worldwide, 

and initiated an active area of research in this field. These sole features (electronegativity 

and lipophilicity) render CF3S substitutions a sought-after strategy in drug design. 

Consequently, there have been recent reports on medicinal targets bearing the CF3S 

group
2,3

 which underscore the relevance of this substitution. 

 There are already several marketed drugs with distinct and potent pharmacological 

action that contain the CF3S functionality. Figure 1 depicts relevant examples. Compound 1 

tifluorex (a stimulant amphetamine derivative), has been employed for the treatment of 

nervous anorexia.
4a,b

 Compound 2 has been employed as an antimalarial and anti-

pneumonia agent. 
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Figure 1. Medicinal compounds containing the CF3S functionality 

 

 Compound 3 has shown antibacterial properties (Figure 1); 4 has antihypertensive 

and anti-arthritis potency, whereas compound 5 is the commercial toltrazuril, one of the 

few active drugs used as a coccidiostatic (antiprotozoal) agent.
4e

 Compound 6 is an anti-

inflammatory agent (Figure 1) and 7 is currently used for the treatment of diabetes mellitus. 

Vaniliprole 8 is an insecticide (acaricide) (Figure 1). The thio analogue of riluzole has been 

tested for its potential biological activities
4f

 (9, Figure 1) in the lateral amyotrophic 

sclerosis. 

This review article intends to present new synthetic methodologies for 

accomplishing late stage trifluoromethylthiolation reactions on molecules (drugs/pro-drugs) 

with pharmacological activity. It is not the aim of this review article to describe or 

enumerate CF3S-containing drugs and their mechanism of action or their de novo synthesis 
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from commodity or readily prepared fluorothioalkyl building blocks. Fluorination, and 

fluoroalkylation strategies will not be considered in this review. 

 

2.-Reagents Used to Introduce CF3S Group in Medicinal Targets 

 Among the known electrophilic trifluoromethylthiolating reagents (Figure 2), 1-

((trifluoromethyl)thio)pyrrolidine-2,5-dione 10 developed by Hass
5
, 2-

(trifluoromethyl)thio)-isoindoline-1,3-dione 11, developed by Munavalli
6
 and exploited by 

Rueping
7
, trifluoromethanesulfenamide 12

8
, ((2-(2-iodophenyl)propan-2-

yl)oxy)(trifluoromethyl)sulfane 13, developed by Lu and Shen
9-11

, reagent 14 developed by 

Shibata
12,13

, ((2-(5-aryl-2-iodophenyl)propan-2-yl)oxy)(trifluoromethyl)sulfane 15, 

developed by Buchwald
14

, and N-(4-dimethyl-N-((trifluoromethyl)thio)benzenesulfonamide 

16, developed by Billard
15

 are commercially available and/or recent CF3S reagents 

employed for late-stage trifluoromethylthiolation reaction.  

 

Figure 2. Electrophilic trifluoromethylthiolating reagents 

 

 Electrophilic reagents  17 and 18 (Figure 2), have also been developed by Shen and 

co-workers and found recent applications.
9-11
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 Recently, Cheng and co-workers
16

 have come up with a quantitative scale for the 

electrophilic trifluoromethylthiolating ability of an array of electrophilic CF3S reagents. 

They
16

 concluded through calculations that the electrophilic transfer of a CF3S group from 

reagent to substrate should not proceed via an SN1-type process involving a free CF3S
+
 

intermediate but rather via an SN2-type mechanism. For the Billard and Langlois reagent 12 

(Figure 2), the ability to transfer the electrophilic CF3S group follows the increasing order 

shown in Figure 3. 

increases the electrophilic SCF3 character

R = Cl > Br > H > F > Me > OMe

R

H
N

SCF3

 

Figure 3. Calculated (6-311++G level) trend for the ability of transferring electrophilic 

reagents bearing CF3S group 

 

 Among the nucleophilic trifluoromethylthiolating reagents, AgSCF3
17,18

, 

Me4NSCF3, CuSCF3, NaSO2CF3/(EtO)2P(O)H
19

, and mixtures of S8 and TMSCF3,
20

 are the 

most widespread and employed.More recent transition metal-SCF3 reagents are used as 

straightforward reagents for the synthesis of trifluoromethylthiolated compounds, such as 

(bpy)Cu(SCF3).
21,22

 

 

3.- Direct or Late-stage Trifluoromethylthiolation Methods for Aryl Moieties 

 3.1.- Conversion of CAr-X into CAr-SCF3 Bonds (X = OTf, N2
+
, B(OH)2, Cl, Br, 

 I) 

 Billard and co-workers have recently reviewed the direct synthetic strategies to 

introduce CF3S group into organic substrates.
23

 Long-established methods to achieve 

conversion of CAr-X into CAr-SCF3 involved harsh reaction conditions, such as the use of 

toxic thiophosgene and a fluoride source 
7
 at very low temperatures. Improved and 
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convenient methods for late-stage conversion of CAr-X into CAr-SCF3 have recently 

attracted the attention of synthetic chemists.  

 Schoebeneck and co-workers have developed the first efficient protocol to 

trifluoromethylthiolate Csp2-O bonds under nickel catalysis, giving the mild and 

operationally simple C-SCF3 coupling of a range of aryl and vinyl triflates and aryl and 

vinyl nonaflates.
24

 The mild reaction of aryl and vinyl triflates and nonaflates with 

(Me4N)SCF3 (1.5 eq.) involves the use of catalytic amounts of Ni(cod)2 (10 mol %) and the 

phosphine ligand dppf (i.e.: 1,1'-bis(diphenylphosphino)ferrocene, 10 mol%), in toluene at 

45 °C during 12 – 15 h. The reaction tolerates a wide range of electron-donor and electron-

acceptor groups attached to the aryl moiety as well as conjugated vinyl derivatives. The 

desired trifluoromethylthiolate derivatives are obtained in good to excellent yields.  

 The triflate derivatives of estrone 19 (an estrogenic hormone), 6-hydroxy flavanone 

20 (a plant secondary metabolite used inter alia as an antioxidant) and -tocopherol 21 

(vitamin E) show an excellent functional group match, containing predominantly ketone 

and benzylic C-O bonds that are less reactive than C-OTf and C-SCF3. Also, 7-triflate 

coumarin 22 is suitable under this new methodology. The trifluoromethylthiolation reaction 

was successfully accomplished in 62 – 96 % yield (products 23-26), highlighting the 

potential of this method for pharmaceutical application (Scheme 1).     
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Scheme 1. Trifluoromethylthiolation of bioactive molecules 

 

 1,3-Benzodioxol-4-yl group is an interesting motif present in racemic N-2-(1,3-

benzodioxol-4-yl)hepty-N’-2,6-diisopropylphenylurea which is a potent ACAT-inhibitor 

(Acetyl Coenzyme A acetyltransferase) and has a strong lowering effect on plasma 

cholesterol-level in hamster and rat models.
25

 Also, its ACAT-catalyzed cholesterol 

esterification is higher than known inhibitors such as CL-283546.
26

 Synthetic preparation 

of racemic inhibitor starts from 1,3-benzodioxyl derivatives as useful building-blocks. 

Introduction of CF3S group in the early-stage of the synthesis warrants that the final drug 

shows enhanced lipophilicity.  

 Silver-mediated trifluoromethylthiolation-iodination of arynes provides in a one-pot 

fashion CF3S-containing useful building blocks.
27

 This mild and convenient reaction 

involves the use of AgSCF3 (3 equiv.) and 1-iodophenylacetylene (2 equiv.) that reacts with 

the aryne precursor in the presence of CsF (4 equiv.) in MeCN at room temperature. The 
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desired products are obtained in good yields and a wide variety of substituents are tolerated. 

Scheme 2 depicts the structure of the ACAT inhibitor and the trifluoromethylthiolation 

reaction of a benzodioxole core derivative 27, affording 66% yield of the 

iodotrifluoromethylthio-substituted derivative 28.  

 

 

Scheme 2. Trifluoromethylthiolation-iodination reaction of arynes     

 

 

In 2016 Goossen and co-workers have reported an elegant and mild methodology to 

incorporate a CF3S group to (hetero)aromatic diazonium salts that are building-blocks in 

the preparation of agrochemicals and pharmaceuticals.
28

 Reaction of an aryl diazonium 

tetrafluoroborate (1.0 mmol) with Me4NSCF3 (1.8 mmol) in the presence of catalytic 

amounts of CuSCN (10 mol%) in MeCN for 1 h at room temperature furnished the desired 

trifluoromethylthiolated product in good to excellent yields (Scheme 3).  
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Scheme 3. Scope of the Sandmeyer trifluoromethylthiolation reaction of aryl moieties 

 

 Alternatively, the same authors have proposed another methodology to produce aryl 

(and heteroaryl, vide infra) trifluoromethyl thioethers starting from aryldiazonium 

tetrafluoroborates.
29

 The reaction takes place efficiently with Me4NSCF3 (2 equiv.) as the 

SCF3 source in the presence of CuSCN (0.5 equiv) and Cs2CO3 (2 equiv.) in MeCN at 

room temperature for 12 h. However, this methodology affords the trifluoromethylthiolated 

products in modest to good yields.  

 The mechanism proposed for the transformation is depicted in Scheme 4. 

 

Ar NH2

tBuONO

Ar N2

Me4NSCF3

Cu cat.

Ar SCF3

Ar N2

ET

N2

Ar + CuII SCF3

Cu

M4NSCF3

29

CuI SCF3

Ar N2
+ CuII SCF3

Ar SCF3

 

Scheme 4. Proposed reaction mechanism for the trifluoromethylthiolation of diazonium 

salts 

 

Page 9 of 69 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 0
8 

Ju
ne

 2
01

6.
 D

ow
nl

oa
de

d 
by

 W
es

t V
ir

gi
ni

a 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
 o

n 
19

/0
6/

20
16

 0
7:

59
:0

9.
 

View Article Online
DOI: 10.1039/C6OB00763E

http://dx.doi.org/10.1039/c6ob00763e


 According to the reaction mechanism proposed
28

, an ET reaction takes place 

between the diazonium salt, Me4NSCF3 and the copper catalyst CuSCN (Scheme 4). The 

diazonium salt is reduced and the copper catalyst is oxidized. After loss of nitrogen, aryl 

radicals react with complex 29 (Scheme 4), affording substitution. 

 Aryl boronic acids have been reported to undergo a trifluoromethylthiolation 

reaction through a variety of trifluoromethylthiolating reagents: with TMSCF3 and S8
30a

, 

with the use of Me4NSCF3 mediated by copper
30b

, or the use of the Togni reagent 18 and 

Cu(MeCN)4PF6-bpy
31

, or the use of NaSO2CF3 and S8 in the presence of copper.
20

 The 

trifluoromethylthiolation of aryl boronic acids has also been carried out in the presence of 

reagent 11, CuI, a 2,2´-bipyridyl derivative as ligand, Na2CO3 as base in diglyme as 

solvent.
32-34

 These transformations have been reviewed recently.
23

 

 Shen and co-workers have developed a protocol that allows introduction of CF3S 

group onto (hetero)aromatic compounds (see Scheme 5).
33

 Reaction of arylboronic acids 

with N-(trifluoromethylthio)phthalimide 11 (0.75 mmol) in the presence of CuI (5 mol%) 

and t-Bubpy (5 mol%) and Na2CO3 (0.25 mmol) in diglyme at 60 °C for 15 h provides 

cleanly the desired products in good to excellent yields. This protocol applies satisfactorily 

with a wide variety of substituents and also with heterocyclic compounds such as thiophene 

and pyridine derivatives. 

 

Scheme 5. Trifluoromethylthiolation reaction of (hetero)aryl boronic acids  
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Trifluoromethylthioarenes are interesting building blocks for the synthesis of 

trifluoromethyl aryl sulfoxides
35

 and the trifluoromethanesulfinyl substituent is also present 

in the structure of the potent insecticide Fipronil (Figure 4).
36

 Qing and co-workers have 

reported the copper-catalyzed oxidative trifluoromethylthiolation of aryl boronic acids with 

TMSCF3 and elemental sulfur.
37

 The reaction was conducted with the aryl boronic acid in 

DMF at room temperature. The oxidative trifluoromethylthiolation of aryl boronic acid (0.2 

mmol) with S8 (0.6 mmol) and TMSCF3 (1.0 mmol) in the presence of CuSCN (0.02 

mmol), 1,10-phenanthroline (0.04 mmol), K3PO4 (0.6 mmol), Ag2CO3 (0.4 mmol) and 

molecular sieves (4 Ǻ) in DMF at room temperature for 24 h gives the desired products in 

good yields. This mild reaction conditions apply satisfactorily with aryl boronic acids 

bearing a range of different functional groups (Scheme 6). 

 

 

Scheme 6. Trifluoromethylthiolation of aryl boronic acids 

 

 Aryl halides (predominantly bromides) undergo trifluoromethylthiolation 

substitution in the presence of Na2S2O3, the Langlois reagent (i.e.: Me3SiCF3), Cu(OTf), 

phenanthroline, and K3PO4 as base in DMSO as solvent.
38,39

 

 A variety of biological-active compounds, employed as insecticides, contains in 

their molecules the motif phenoxyphenyloxy which are juvenile hormone analogs (JHAs) 

mimicking insecticide used for control of flies, beetles, midges and mosquitoes in public 
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health applications such as Pyriproxyfen, Teflubenzuron and Fenoxycarb
40

 (Figure 4). Also, 

some of these insecticides are used in agriculture in some countries, e.g. the USA. For 

example, Pyriproxyfen is used against Plutella Xylostella (diamond black moth) because 

affects every life stage of the moth. Anchoring the CF3S group to the aromatic moiety of 

insecticides is expected to increase their lipophilicity, in particular, for those insecticides 

that are used in public health applications.  

N N

NH2

F3C-(O)S

NC

Cl

Cl

CF3

fipronil

 

N O

CH3

O

O
Pyriproxifen

Cl

F

Cl

F

NH C
H
N

O

C

O

F

F
Teflubenzuron

O

O
N
H

O

O

Fenoxycarb
 

  

Figure 4. Structures of Pyriproxyfen, Teflubenzuron and Fenoxycarb 

 

 The synthesis of tiflorex (flutiorex, vide supra Figure 1)
4a,b

 N-alkyl-4-(5H-

dibenzo[a,d]-[7]annulen-5-ylidene)piperidines (being tested as dopamine antagonists,
4c,d

 

toltrazuril
4e

 (Figure 1) and the thio analogue of riluzole (Figure 1)
4f

, such aromatic 

derivatives containing one or more SCF3 substituents can be prepared according to the mild 

and convenient strategy reported in 2016 by Rueping and co-workers.
41

  

 This interesting methodology
41 

was applied to a series of unsymmetrical 

arylmesityliodonium salts where CuSCF3 (1.5 equiv.) was the trifluoromethylthiolating 

source employed in DMF at 70 °C for 1.5 h. The reaction provided the desired products in 

good yields and with total regiocontrol. Scheme 7 shows the trifluoromethylthiolation 

reaction of unsymmetrical aryl(hetero)aryliodonium salts. 
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Scheme 7. Trifluoromethylthiolation of unsymmetrical diaryldiodium salts 

 

 Schoenebeck and co-workers
42

 have been able to synthesize an in situ CF3S-bridged 

Pd
I 
dimer that is capable of trifluoromethylthiolate a variety of aryl iodides and bromides. 

The reaction of reagent 30 (Scheme 8) with the nucleophilic (Me4N)SCF3 reagent and a 

variety of aryl iodides and bromides in toluene as solvent are able to accomplish the 

trifluoromethylthiolation substitution of X (X = I, Br) for SCF3 efficiently, as illustrated in 

Scheme 8. 
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Pd Pd

I

I

P(t-Bu)3(t-Bu)3PX

+   (Me4N)SCF3

toluene, 80 oC, 12-15 h

SCF3

X = Br or I

O2N

SCF3

(X = I, 95%)
Me

SCF3

(X = I, 94%)
N

SCF3

(X = I, 99%)

O

SCF3

OMe SCF3

SCF3

(X = I, 98%)                  (X = I, 96%)                    (X = I, 99%)

O

O

SCF3

CHO

(X = Br, 94%)

SCF3

CHO

SCF3

(X = Br, 89%)               (X = Br, 84%)

30

R R

 

Scheme 8. Selected examples for the trifluoromethylthiolation of aryl iodides and bromides 

 

 The proposed mechanism for the trifluoromethylthiolation of aryl iodides (and 

bromides) with di-palladium (I) catalyst is given in Scheme 9. 
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Pd Pd

I

I

PtBu3Bu3P

Pd Pd

I

S
CF3

PtBu3Bu3P Pd Pd

CF3
S

S
CF3

PtBu3Bu3P
Pd Pd

CF3
S

I
PtBu3BuPt

3

I

R

Ar-I

Ar-SCF3 (Me4N)SCF3

Me4N-I

catalytic competent
species

30

31 32

33

 

 

Scheme 9. Proposed catalytic trifluoromethylthiolation reaction of iodoarenes in the 

presence of (Me4N)SCF3 and di-Pd(I) catalyst 

 

 In the reaction mechanism shown in Scheme 9, the di-palladium (I) di-iodo catalyst 

30 reacts with (Me4N)SCF3 (a good nucleophile capable of replacing an iodine atom for 

SCF3 and stabilize the complex) to yield the catalytic competent species 31 or 32 (Scheme 

9). One of these species (31 or 32) can react with Ar-I (or Ar-Br) to afford intermediate 33, 

a Pd(II) species, which by ligand exchange and reduction affords the Ar-SCF3 product and 

regenerates the di-iodo-di-palladium (I) catalyst 30 (Scheme 9).
42

 

 In order to test the mechanism, and the hypothesis that either 31 or 32 are 

intermediates in the trifluoromethylthiolation of aryl bromides (and aryl iodides), the 

authors
42

 have been able to synthesize a CF3S-bridged Pd
I 

dimer 32 (Scheme 10) that is 

capable of trifluoromethylthiolate a variety of aryl iodides and bromides.  

 Reagent 32 is then synthesized in situ, from the diiodo Pd
I
 dipalladium catalyst, and 

used with the nucleophilic (Me4N)SCF3 reagent, according to Scheme 10. 

Pd(PBu3)2  +  Pd(CF3S)2

THF

rt, 2 h
Pd Pd

S

CF3

S

CF3

P(t-Bu3)(t-Bu)3P

32
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Scheme 10. Synthesis of Pd
I 
dimer 32 

 

 In this manner, reaction of reagent 30 with an aryl iodide and (Me4N)SCF3 (Scheme 

11) affords 95% yield of Ar-SCF3, and produces di-palladium (I) catalyst 32 (Scheme 11). 

In turn, the reaction of this di-palladium (I) (SCF3) catalyst 32 (prepared by the independent 

route according to Scheme 10) with Ar-I in the presence of (Me4N)SCF3, affords 88% yield 

of Ar-SCF3, regenerating catalyst 30 (Scheme 11). This methodology turned out to be quite 

convenient, since the re-generation of di-palladium (I) catalyst is attained with high 

efficiency. 

Pd Pd

I

I

P(t-Bu)3(t-Bu)3P
(Me4N)SCF3

Ar-I Ar-SCF3

Pd Pd

S

CF3

S

CF3

P(t-Bu)3(t-Bu)3P

Ar-I

Ar-SCF3

toluene, 60 oC

(Me4N)SCF3

toluene, 60 oCPd Pd

I

I

P(t-Bu)3(t-Bu)3P

30 32

30

95%

88%

 

Scheme 11. Demonstration of recyclability of Pd(I)-dimer catalyst 

 

 3.2.-Conversion of CAr-H into CAr-SCF3 Bonds 

 Jereb and Gosak have studied the metal-free acid-promoted electrophilic aromatic 

ring trifluoromethylthiolaton reaction of various substituted phenols using  PhNHSCF3, in 

the presence of 1.2 – 4 equiv. of TfOH or BF3
.
OEt2 as the acid promoters in CH2Cl2 at room 

temperature for 14 h.
43

 The functionalization was highly selective and the products were 

obtained in good to excellent yields. Furthermore, the authors have tested this selective 

methodology with some biologically relevant molecules possessing a phenolic functionality 

(Scheme 12). 
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Scheme 12. The reactivity of some biologically active phenols with PhNHSCF3    

 

 3,4-(Methylenedioxy)phenol as a highly reactive substance afforded selectively the 

corresponding 6-SCF3 34, derivative as the sole product. 6-Hydroxy-1,3-benzoxathiol-2-

one was successfully converted into its 5-SCF3 derivative 35, in spite of the acid-sensitive 

oxathiolone functional group, demonstrating that the acidic reaction system is also 

compatible with sensitive functionalities. Thymol (Scheme 12), a biologically active 

molecule, was also transformed to the desired product 36 in high yield (98 %). Estrone (Y 

= O, Scheme 12) and estradiol (Y = OH, Scheme 12) are important steroid hormones 

bearing a phenolic functionality and were regioselectively converted to the corresponding 

o-SCF3 analogues 37 and 38. However, the selectivity of trifluoromethylthiolation reaction 

was higher in the case of estradiol. 

 

4.- Direct or Late-stage Trifluoromethylthiolation of Heterocycles 

 4.1.-Direct or Late-stage Trifluoromethylthiolation of Nitrogen-containing 

 Heterocycles 
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 Development of new methods for functionalization of indole is of great current 

interest. Several groups have investigated the trifluoromethylthiolation of indole 

derivatives, as being this core a structural privileged motif in biological systems and 

biologically active natural products such as aminoacids and alkaloids. In this regard, Shen 

and co-workers have reported an efficient Brønsted acid-catalyzed electrophilic 

trifluoromethylthiolation of indoles under mild conditions.
9
 Reaction of indoles with the 

trifluoromethylthiolation reagent 13 in the presence of camphorsulfonic acid (CSA, 10 

mol%) proceeds efficiently in 1,2-dichloroethane at 40 °C for 24 – 48 h. The desired 

products are obtained in good to excellent yields(Scheme 13).   

 

 

Scheme 13. Trifluoromethylthiolation reaction of indole derivatives 

 

 The proposed reaction mechanism for this transformation is depicted in Scheme 14. 
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Scheme 14. Proposed reaction mechanism for the trifluoromethylthiolation of indoles 

 

 In the proposed reaction mechanism (Scheme 14) reagent 13 is protonated in the 

presence of camphor sulfonic acid (CSA) affording intermediate 41. Upon electrophilic 

attack on indole, adduct 42 is formed, which on deprotonation affords product (Scheme 14). 

 Billard and co-workers have studied the trifluoromethylthiolation reaction of some 

heterocyclic compounds by using the second commercial generation of 

trifluoromethanesulfenamide reagent.
44

 The reaction involves a two-step procedure: (1) 

selective deprotonation of the heteroarene with TMP-MgCl.LiCl (i.e.: the Hauser base, 

2,2,6,6-tetramethylpiperidin-1-ide-MgCl-LiCl salt, 1.2 equiv.); (2) selective 

trifluoromethylthiolation of the formed anion with N-methyl-N-tosyl 

trifluoromethanesulfenamide 16 (1.2 equiv.). Interestingly, this method allows the synthesis 

of CF3S-heterocycles bearing a bromine atom. Such compounds constitute valuable 

building-blocks for further synthesis of more elaborated molecules. Some selected 

trifluoromethylthiolated bromo heteroarenes are depicted in Scheme 15.  
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Scheme 15. Selective trifluoromethythiolation reaction of heteroarenes.  

 

 Thus, 3-bromopyridine, 3-bromoquinoline, and 3-bromo-1-phenylsulfonyl-1H-

indole afford the corresponding CF3S-substituted compounds vicinal to the bromine atom 

(43-45, Scheme 15). 

 Recently, Yi, Zhang and co-workers have reported the direct 

trifluoromethylthiolation of indoles and pyrroles, with sodium trifluoromethanesulfinate in 

the presence of CuCl.
45a

 The optimized methodology involves the use of sodium 

trifluoromethanesulfinate
45b

 (NaSO2CF3, 2.0 equiv.), (EtO)2P(O)H (2.0 equiv.), DMSO (3 

equiv.), and CuCl (1 equiv.) in toluene at 110 °C for 12 h and provides the 

trifluoromethylthiolated indoles (46-48, 50, 51 Scheme 16) and pyrrols (49, 52, Scheme 16) 

in good to excellent yields. In the case of indoles, a noticeable selectivity of the reaction is 

observed and trifluoromethylthiolation takes place on the 3-position of indoles. This 

methodology tolerates a wide variety of functional groups. Enamines, important building 

blocks for a variety of biologically and synthetically interesting nitrogen-containing 

heterocycles,
46

 are also used, enlarging the scope of this practical methodology. Some 

selected examples and the general reaction are shown in Scheme 16.    
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Scheme 16. Trifluoromethylthiolation of indoles and pyrrols  

 

   

 A metal-free trifluoromethylthiolation methodology has been developed and applied 

satisfactorily to pyrroles, indoles and N-heteroarene derivatives.
47

 N-

trifluoromethylthiophthalimide (11, Scheme 17) was chosen as the electrophilic reagent
48

 

that easily delivers the trifluoromethylthio group onto heteroarenes. The reaction is 

straightforward.
49

 Alkali chlorides and tetrabutylammonium chloride are the most active 

Lewis base catalysts to promote the activation of the electrophilic reagent 11. Also, 

palladium(II) chloride and gold(III) chloride both display high catalytic activities. Scheme 

17 shows some selected examples. This method is operationally simple, exhibits high 

functional group tolerance, and the N-heteroarenes do not require protecting groups. 
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Scheme 17. Trifluoromethylthiolation of indole and pyrrol derivatives 

 

 The trifluoromethylthiolation protocol was also performed on important classes of 

bioactive compounds such as 7-azaindole and an indolizine derivative
50

 providing the 

desired products in excellent yields (see Scheme 18). Furthermore, this metal-free 

methodology was applied successfully on imidazo[1,2a]pyridine, which represents an 

important class of drugs acting as GABAA receptor agonists
51

, rendering the product 53 in 

86 % yield. The trifluoromethylthiolation reaction was carried out with ethyl-3-indole-

acetate and the desired product 54 was obtained in 58 % yield using PdCl2 as the catalyst 

instead of NaCl. This 3-substituted indole represents a derivative of indole-3-acetic acid 

(IAA), a naturally occurring phytohormone that, along with its derivatives, is used in the 

agrochemical field.
50
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Scheme 18. Trifluoromethylthiolation of different important classes of bioactive 

compounds 

 

 Difluoromethylthio group (−SCF2H) which is generally considered as a highly 

lipophilic weak hydrogen bonding donor, is of great current interest.
52

 Examples of drugs 

and agrochemicals bearing a difluoromethylthio unit include β-lactamase-resistant 

oxcephalosporin antibiotic Flomoxef sodium,
53

 pesticide Pyriprole
54

, broad-spectrum paddy 

herbicide Pyrimisulfan
55

 and herbicide Thiazopyr.
56

 These examples are shown in Figure 5. 
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Figure 5. Drugs and agrochemicals containing a difluoromethylthio group 

 

 Therefore, selected methods for the late stage introduction of SCF2H moiety is a 

subject of current interest. On the other hand, indole-3-acetic acids (IAAs) show widespread 

uses as agrochemicals, particularly as selective herbicides.57 Substituted indole-3-acetic acids 

are also found as potent and selective CRTH2 (chemoattractant receptor-homologous 

molecule expressed on Th2 cells) antagonists that possess good oral bioavailability.58 The 

compounds may serve as novel starting points for the development of treatments of 

inflammatory diseases such as asthma, allergic rhinitis, and atopic dermatitis. For example, 

Indomethacin 55 (Figure 6) is a nonsteroidal anti-inflammatory drug (NSAID) that achieves 

analgesic and antipyretic activity through the inhibition of cylcooxygenases. 

Figure 6. Structure of indomethacin 55 

 

 Billard and co-workers
59

 have recently informed a protocol for the introduction of 

difluoromethylthio moiety into indole-3-acetic acid derivatives. The authors
59

 have 

developed a difluoromethylthiolation reagent that combines the lipophilic properties of 

CF3S group (Hansch parameter R = 1.44) and the phenylsulfonyl group PhSO2, 

characterized by the high electronic parameters (m = 0.62, and p =0.68) and low 

lipophilicity (R = 0.27). The synthesis of this reagent is depicted in Scheme 19. 

Ph
S

CF2SiMe3

O O

1) DAST, THF, 
    rt, 1 h

2) PhNH2, rt,
    overnight

Ph
S

F2
C N

H

O O

56, 60%  

Scheme 19. Synthesis of (benzenesulfonyl)difluoromethanesulfenamide 56 
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 With reagent 56 in hand (Scheme 19), the authors proceeded to accomplish the 

difluoromethylthiophenylsulfonylation of (hetero)aromatic substrates
59

 in the presence of p-

toluensulfonic acid, TsOH, in CH2Cl2 as solvent at 50 
o
C. The 

difluoromethylthiophenylsulfonylated products can be reduced to the 

difluoromethylthiolated products in the presence of Mg. Some examples are depicted in 

Scheme 20 for the difluoromethylthiolation of one selected indole-3-acetic acid and pyrrols. 

N
H

SCF2H

N
H

SCF2H

N
H

MeO
CO2H

SCF2H

Het-H +
Ph

S

F2
C N

H

O O

TsOH

CH2Cl2, 50 oC

15 h

Het-SCF2SO2Ph Het-SCF2H

Mg

I2, MeOH
rt

82% (from 
Het-SCF2SO2Ph)

86% (from
Het-SCF2SO2Ph)

95% (from 
Het-SCF2SO2Ph)

56

 

Scheme 20. Electrophilic difluoromethylthiophenylsulfonylation and ulterior reduction 

(Mg) towards the synthesis of difluoromethyl-substituted (hetero)aryl compounds, inter 

alia, 3-indole-acetic acid 

 

 As observed with other electrophilic CF3S reagents, the reactivity of CF2HS is 

limited to electron-rich arenes. The authors observed that for less electron-rich 

(hetero)arenes, a stronger acid such as triflic acid is necessary to enhance the 

electrophilicity of 56. An interesting observation, unprotected indoles and pyrrols can be 

difluoromethylthiophenylsulphonylated in high yields.
59

 The reaction is also compatible 

with the presence of carboxylic acid moiety (Scheme 20), and free amino acid. An 

application to a biological relevant compound is the difluoromethylthiophenylsulfonylation 

of tryptophane 57, which can be synthesized in good yields (58, Scheme 21). 
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Ph
S

F F
N

H

O O

N
H

MeO

H

56

TsOH (2.5 equiv)

CH2Cl2, 50 oC, 15h
N
H

MeO

SCF2SO2Ph

58, 99%

CO2H

NH2

CO2H

NH2

57  

Scheme 21. Difluoromethylthiophenylsulfonylation of tryptophane 

 

  

 In 2016 Goossen and co-workers have reported the incorporation of a CF3S group to 

heteroaromatic diazonium salts that are building-blocks in the preparation of agrochemicals 

and pharmaceuticals.
28

 Reaction of an heteroaryl diazonium tetrafluoroborate (1.0 mmol) 

with Me4NSCF3 (1.8 mmol) in the presence of catalytic amounts of CuSCN (10 mol%) in 

MeCN for 1 h at room temperature gives the desired trifluoromethylthiolated product in 

good to excellent yields. Some representative examples are depicted in Scheme 22.   

+ Me4NSCF3

CuSCN

MeCN; r.t.

S

SCF3

O

OMe

68 %

N

Et

SCF3

83%

N N

SCF3 SCF3

85%                            86%

N

SCF3

78%

Het

N2
+

Het

SCF3

 

Scheme 22. Trifluoromethylthiolation of heterodiazonium salts 

  

 The mechanism for this transformation has been discussed in Scheme 4 (vide 

supra). 

 

 4.2.- Direct or Late-stage Trifluoromethylthiolation of Oxindole Derivatives 
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Oxindole is among one of the privileged structural motifs in biological systems and 

biologically active natural products.
60

 Chitosenine 59 (Figure 7) exhibits short-live 

inhibitory activity of ganglionic transmission in vivo in rats and rabbits.
61

 Strychnofoline 60 

(Figure 7) inhibits mitosis in a number of cell lines including mouse melanoma B16, 

Ehrlich, and Hepatom HW165.
62

 The spirotryprostatins A (61) and B (62) (Figure 7) were 

isolated from the fermentation broth of Aspergillus fumigatus and have been shown to 

completely inhibit the G2/M progression of mammalian tsFT210 cells at concentrations in 

excess of 12.5 mg.mL
-1

.
63 

The oxindole derivatives with biological properties are shown in 

Figure 7. 

 

N

OMe

OMe

MeO

H O

N
OH

OH

59,Chitosenine

N

HO

H O

60, Strychnofoline

N

MeN
H

H H
N

N

O

HMeO

N

N
O

O

H

H

61, Spirotryprostatin A

N

O

HMeO

N

N
O

O

H

62, Spirotryprostatin B  

Figure 7. Oxindole derivatives with pharmacological activity 

 

Recently, Lu, Shen and co-workers have reported a cinchona alkaloid-catalyzed 

enantioselective trifluoromethylthiolation of 3-aryl and 3-alkyloxindoles.
64

 The reaction is 

carried out with 3-alkyl and 3-aryloxindoles and trifluoromethylthioperoxide 13 as the 

CF3S reagent in the presence of quinine (20 mol%) in diethylether at 35 °C for 36 – 60 h. 

The trifluoromethylthiolated products from 3-alkyloxindoles were obtained in excellent 

enantiomeric excess and yield, however, the enantiomeric excess diminishes significantly 
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when 3-aryloxindoles are used (see Scheme 23). The absolute S configuration of the 

stereogenic center was determined by X-ray crystallographic analysis.   

 

 

Scheme 23. Enantioselective trifluoromethylthiolation of 3-aklyl and 3-aryloxindoles 

 

 Rueping and co-workers have also reported an organocatalytic enantioselective 

trifluoromethylthiolation of oxindoles with N-(trifluoromethyl)thiophthalimide 11 as the 

CF3S source.
65

 The reaction was carried out in the presence of (DHQD)2Pyr (i.e.: 

hydroquinidine-2,5-diphenyl-4,6-pyrimidinediyl diether) as the chiral organocatalyst in 

Et2O at – 10 °C and the optically active products with a quaternary stereogenic center 

bearing a CF3S-group were obtained in good yields and with good to excellent 

enantioselectivities. The absolute S configuration of the stereogenic centre for all the 

products obtained was assigned by crystallographic analysis.  

 Shen and co-workers
66

 have accomplished the direct difluoromethylthiolation of 

oxindole derivatives in the presence of N-difluoromethylthiophthalimide 63, a shelf-stable 

electrophilic reagent, under mild conditions, in 70% yield, according to Scheme 24. 

 

Scheme 24. Difluoromethylthiolation of oxindole derivative 
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 4.3.- Direct or Late-stage Trifluoromethylthiolation of Coumarin and Quinone 

 Derivatives 

 Schoebeneck and co-workers have been able to trifluoromethylthiolate 

hydroxycoumarins.
24

 In the case of 4-hydroxycoumarin, only low yield of product was 

observed, whatever the amount of Me3SiCl. Because of Me3SiCl is quenched by the 

hydroxyl group disfavoring the efficient activation of 16, addition of catalytic amounts of 

NH4Cl precludes the OH-ClSiMe3 interaction. In this way, a good yield of 

trifluoromethylthiolation is observed (Scheme 25). 

 

Scheme 25. Trifluoromethylthiolation of coumarin 

 

 Shen and co-workers
66

 have accomplished the difluoromethylthiolation of boronic 

acid derivatives from coumarin cores with N-difluoromethylthiophthalimide 63 (structure 

in Scheme 26) in the presence of CuI (5 mol%), bpy (5 mol%) and Li2CO3 in diglyme at 60 

°C from their corresponding boryl acids in good yields (See Scheme 26). Thus, the copper-

catalyzed method for the formation of difluoromethylthiolated arenes provides a 

complementary method for the introduction of the difluoromethylthio group into the 

medicinally important arene subunit. 
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Scheme 26. Difluoromethylthiolation of coumarin 

 

 Quinone motifs are prevalent in a number of naturally occurring biologically active 

compounds.
67

 Many natural or synthetic quinones exhibit a wide range of pharmacological 

properties.
68

 Recently, Qing and co-workers have developed a novel copper-mediated 

oxidative trifluoromethylthiolation of quinones.
69

 The optimized protocol for this reaction 

involves the use of AgSCF3 (0.6 mmol) as the CF3S source, Cu2(OH)2CO3.H2O (0.3 mmol) 

as the base and K2S2O8 (0.6 mmol) as the oxidant, in MeCN at 65 °C under Ar atmosphere. 

The desired products are obtained in moderate to good isolated yields. Common functional 

groups including ethers, amines, and esters are well tolerated in this transformation. 

Notably, substrates bearing chloro- and bromo- substituents are compatible with the 

reaction conditions, thus providing opportunities for additional transformations. Some 

selected examples of the trifluoromethylthiolation reaction are depicted in Scheme 27.  

 

 

Scheme 27. Copper-mediated oxidative trifluoromethylthiolation of quinones  
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 In the case of quinones bearing electron-donating groups, however, excess amounts 

of AgSCF3, base and oxidant were necessary to achieve high yields of substitution. 

Noteworthy, selective mono- and bistrifluoromethylthiolation was accomplished by 

controlling the amounts of reagents. Naphthoquinone, a model substrate, was subjected to 

react with 2 equiv. of AgSCF3 and K2S2O8 providing the mono-SCF3 derivative in only 46 

% yield; however part of naphthoquinone was not fully consumed. On the other hand, using 

5 equiv. of AgSCF3 and K2S2O8, the starting material was totally consumed to give the 

bistrifluoromethylthiolated product in 65 % yield (see Scheme 28). 

 

 

Scheme 28. Selective trifluoromethylthiolation of naphthoquinone 

 

5.-Trifluoromethylthiolation of Aliphatic C Atoms 

 

 5.1.- sp
3
 Carbon Atoms 

Chen, Liu and co-workers have developed a direct trifluoromethylthiolation reaction 

of unactivated C(sp
3
)-H bond of a wide variety of saturated hydrocarbons with AgSCF3 (1 

equiv.) in the presence of K2S2O8 (2 equiv.) as the oxidant in MeCN at 60 °C.
70

 The 

potential of this reaction in the late-stage synthetic planning of (+)-sclareolide 64 (Scheme 

29), a terpenoid natural product with antifungal and cytotoxic properties, is shown in 

Scheme 29. Although the terpenoid contains 16 aliphatic C(sp
3
)-H bonds, the C-2-
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equatorial trifluoromethylthiolated product 65 is isolated as the major product in 48 % yield 

with minor amounts of product 66 as a 1:1 molar ratio of diasteromers  and .  

  

 

Scheme 29. Direct trifluoromethylthiolation reaction of (+)-sclareolide with K2S2O8 and 

AgSCF3 

 

  

 

 5α-Androstane-3β,17β-diol 67 (Scheme30) afforded the trifluoromethylthiolated 

product 68 in 53% yield (Scheme30). A derivative of the anticancer drug taxol 69 provided 

the corresponding trifluoromethylthiolated product 70 in 36% yield (Scheme30). 

Trifluoromethylthiolation occurred selectively at the methine position on the side chain 

owing to steric hindrance and the deactivation of the available tertiary C-H bonds on the 

rings of these substrates (67, 69), Scheme30.
18
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Scheme30. Trifluoromethylthiolation of 5α-androstane-3β,17β-diol 67 and anticancer drug 

taxol 69 

 

AgISCF3
+ S2O8

2- AgIISCF3
+ SO4

2- +   SO4

AgIISCF3
+ CF3SSCF3

R1

H
R3

R2 R1

R3

R2
R1

F3CS
R3

R2

SO4 HSO4
AgIISCF3

or

CF3SSCF3

AgI

or

SCF3

71 72 73

2  AgI

 

Scheme31. Proposed reaction mechanism for the trifluoromethylthiolation 

 

 The trifluoromethylthiolation does not take place at either of the two ring methine 

positions because of steric impediment; instead, selective trifluoromethylthiolation is 

observed at the C2 methine position, which is less sterically demanding.
18

 

 The mechanism for the transformation is depicted in Scheme31.
18

 It is known
71

 that 

peroxydisulfate anion disproportionate into sulfate dianion and sulfate radical anion in the 

presence of silver(I) salts. The authors
18

 hypothesized that carbon radical 72 is formed by 

oxidation with a sulfate radical anion. Ag
II
SCF3 or CF3SSCF3, which may be formed from 

Ag
II
SCF3 through electron transfer,

72
 can then react with the generated carbon radical 72 to 

provide the desired trifluoromethylthiolated product 73.
73

 

 Jiang, Wang and co-workers have studied the nucleophilic trifluoromethylthiolation 

reaction of benzyl bromides using (bpy)Cu(SCF3) (0.25 mmol) that provide the desired 

benzyl trifluoromethylsulfides in good to excellent yields.
74

 Noteworthy, the authors have 

applied this methodology to the trifluoromethylthiolation of 4-bromomethyl-7-

methoxycoumarin, a biologically active molecule, and the 4-trifluoroethylthio-7-

methoxycoumarin is obtained in 98 % yield (Scheme32). 

 

Page 33 of 69 Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 0
8 

Ju
ne

 2
01

6.
 D

ow
nl

oa
de

d 
by

 W
es

t V
ir

gi
ni

a 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
 o

n 
19

/0
6/

20
16

 0
7:

59
:0

9.
 

View Article Online
DOI: 10.1039/C6OB00763E

http://dx.doi.org/10.1039/c6ob00763e


 

Scheme32. Trifluoromethylthiolation of 4-bromomethyl-7-methoxy coumarin 

 

 Alkylation of 4-methyl-7-hydroxycoumarin with alkyl halides provides 7-alkyloxy 

coumarin derivatives that are useful components in sun-screen with topical application in 

human skin.
75,76

 Enhanced lipophilicity of these coumarin derivatives can be achieved by 

introduction of the CF3S group to the aliphatic pendant chain. 

 Weng and co-workers
77

 have accomplished the trifluoromethylthiolation of alkyl 

bromides of relevant biological substrates, employing (bpy)Cu(SCF3), KF, in MeCN as 

solvent, as depicted in Scheme33. Treatment of 7-(3-bromobutyryloxy)-4-methyl coumarin 

74 with (bpy)CuSCF3 in the presence of KF (2 equiv.) in MeCN at 110 °C for 15 h gives 

the expected SCF3-derivative  in modest yield
75,76

 (Scheme33). 

 

 

Scheme33. Trifluoromethylthiolation of 7-(3-bromobutoxy)-4-methyl-2H-chromen-2-one 

 

 The authors
77

 concluded by a series of experiments that there are no radicals 

involved in the reaction by attempting to react bromomethyl cyclopropyl with 

(bpy)Cu(SCF3), KF, in MeCN as solvent, at 110 
o
C, as no ring opening product from the 

cyclopropyl moiety was observed. 

 Xiao, Liang and collaborators
78

 have attempted the trifluoromethylthiolation 

substitution of iodides utilizing difluoromethylene phosphobetaine (Ph3P
+
CF2CO2

-
, PDFA) 

as an efficient difluorocarbene reagent which can produce difluorocarbene in situ after 

decarboxylation of the phosphonium ylide Ph3P
+
CF2

79
 under neutral conditions without the 

addition of any other additive or base. The addition of S8, CsF as additives in DMF as 

solvent at 70 
o
C are the optimized reaction conditions. They

78
 applied the strategy to 

pharmacologically active compounds such as iodosteroid 76 as shown in Scheme34, 

affording 51% yield of 77 with no evidence of epimerization. 
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Scheme34. Trifluoromethylthiolation of iodosteroid 76 

 

 The authors
78

 proposed the reaction mechanism illustrated in Scheme35. The 

reaction may proceed through decarboxylation of PDFA, which releases PPh3 and generates 

difluorocarbene in situ. Difluorocarbene is readily trapped by CsF to produce the 

trifluoromethyl anion 78, followed by the formation of the trifluoromethylthio anion 79 in 

the presence of elemental sulfur. The nucleophilic substitution between 79 and an alkyl 

electrophile furnishes the final product. The final step for the reaction between 79 and the 

electrophile should proceed by direct nucleophilic substitution without the occurrence of 

quaternization of PPh3 (Scheme35). 

 

Ph3P+CF2CO2
-

-CO2, -PPh3
CF2

CsF
CF3

-Cs+
S8

CF3S-Cs+
R-I

R-SCF3

78 79  

Scheme35. Proposed reaction mechanism for the trifluoromethylthiolation of alkyl iodides 

 

 Qing and co-workers
80

 have investigated the dehydroxytrifluoromethylthiolation 

reaction of alcohols. The authors found that the optimal reaction conditions involve the use 

of AgSCF3, toluene as solvent, n-Bu4NI as activator, at 80 
o
C. The authors apply the 

optimized reaction conditions to a series of primary alcohols, and the scope of the reaction 

is summarized in Scheme 36. 
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Scheme 36. Scope of the trifluoromethylthiolation of primary alcohols 

 

 The authors
80

 have also applied the strategy to compounds of medicinal interest. 

When epiandrosterone (80), a steroid hormone with weak androgenic activity, is submitted 

to the optimal reaction conditions the desired product 81 is obtained in 50% yield with 16:9 

diastereoselectivity (Scheme 37). The reaction of galantamine (82), a drug used to treat 

Alzheimer´s disease and dementia, proceeds well and affords the trifluoromethylthiolated 

product 83 in 80% yield with 1:1 diastereoselectivity (Scheme 37). The above results show 

that this protocol might be applicable to late-stage dehydroxytrifluoromethylthiolation of 

some medicinally relevant compounds. 
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R1R2CHOH  +  AgSCF3

n-Bu4N-I, KI

toluene, 120 oC
R1R2CH-SCF3

F3CS
H

H

H

H

O

81, 50%, d.r.= 16:9

O

NMe

SCF3

MeO

83, 80 d.r. = 1:1

SCF3-galantamineSCF3-epiandrosterone
 

Scheme 37. Synthesis of CF3S-epiandrosterone and CF3S-galantamine 

 

 The proposed reaction mechanism is illustrated in Scheme 38. The activation of 

AgSCF3 (with n-Bu4N-I) affords the more active trifluoromethanethiolate, which 

subsequently decomposes into carbonothioic difluoride 84 and fluoride anion. Then the 

alcohol reacts with in situ generated carbonothioic difluoride 84 to produce the 

carbonofluoridothioate intermediate 85, which subsequently undergoes nucleophilic 

substitution by trifluoromethanethiolate to provide the trifluoromethylthiolated compound 

(Scheme 38). 

 

AgSCF3

n-Bu4I
CF3S

F F

S

R-OH
R

O

S

F
F-

R-SCF3

84

85  

Scheme 38. Proposed reaction mechanism for the trifluoromethylthiolation of alcohols 

 

 Allylic trifluoromethylthioethers are of particular significance due to a high 

hydrophobicity which makes them attractive for their potential applications in 

agrochemicals and pharmaceuticals. In fact, allylic trifluoromethylthioethers are highly 

versatile synthons in the preparation of biologically active compounds. Hang, Weng and 

co-workers have developed an expeditious synthetic protocol for the preparation of allylic 
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and propargylic trifluoromethyl thioethers with broad substrate scope by using air- and 

moisture-stable copper reagents.
81

 This reaction provides the formation of a new Csp3-SCF3 

bond from commercially available allyl halides. The methodology involves the use of 

CF3SiMe3 (3 equiv.) and S8 (3 equiv.) in the presence of catalytic amounts of CuI (20 

mol%) and of ligand bpy (20 mol%), KF (3 equiv.), a 18-crown-6 ether (2 equiv) in 

dioxane at 50 °C under N2 during 16 h. In general, the desired products are obtained in 

moderate to good yields. In the case of propargyl chlorides, the catalytic amounts of Cu and 

the ligand are raised to 50 mol% and the optimal solvent is DMF. The products are formed 

in good yields. 

Alkyl trifluoromethyl sulfides have been involved in numerous synthetic 

applications, mainly devoted to the synthesis of bioactive molecules. Examples include 

trifluoromethylthioacetic acid and its derivatives, which serve as useful intermediates in the 

synthesis of the cephalosporin antibiotic cefazaflur 86
82

 (Figure 8). Cephalosporin belongs 

to the -lactam antibiotics and shows outstanding antibacterial properties in vitro and in 

vivo. In particular, one derivative, 7-trifluoromethylthioacetamido-3-(1-methyl-lH-tetrazol-

5-ylthiomethyl)-3-cephem-4-carboxylic acid (SK&F 59962, cefazaflur 86), was found to 

have outstanding antibacterial activity in vitro and in vivo. Noteworthy, the presence of a 

trifluoromethylthioacetamido group attached to the cephalosporanic acids and 

cephalosporins also have in vitro activity essentially equal to that of the unfluorinated 

analog cephalotin 87 (cefalotin). Figure 8 shows representative structures of some 

cephalosporin derivatives. 
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Figure 8. Representative structures of some cephalosporin derivatives 

 

A synthetic strategy for the preparation of cephalosporin derivatives implies the 

condensation of trifluoromethylthioacetic acids and their derivatives with the amino group 

of the -lactam moiety. Wang and co-workers have developed an efficient method to 

introduce the trifluoromethylthio group through the Cu(I)-promoted reaction of -

diazoarylacetates in the presence of nucleophilic AgSCF3 as a trifluoromethythiolation 

reagent.
83

 Various -diazo arylacetates were smoothly converted under mild conditions to 

form the C(sp
3
)–SCF3 bond providing the expected products in good yields. The optimal 

protocol involves the reaction of methyl α-diazoarylacetate (1 equiv.) with AgSCF3 (1.5 

equiv.) in the presence of 1.0 equivalent of CuI and H2O, respectively, in MeCN. 

Generally, this protocol applies satisfactorily with a series of -diazoarylacetates bearing 

either electron-donating or electron-withdrawing groups. Some selected examples of the 

trifluoromethylthiolation reaction are shown in Scheme 39. 
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Scheme 39. Trifluoromethythiolation of some methyl -diazoarylacetates 

 

 Rueping and co-workers have developed a practical protocol for 

hydrotrifluoromethylthiolation of -diazo esters in combination with a nucleophilic SCF3 

source that provides access to valuable trifluoromethylthiolated compounds.
84

 The 

methodology involves the use of CuSCF3 (1.2 equiv.) in the presence of H2O as an additive 

in MeCN as solvent at 0 °C to room temperature for 6 h. Noteworthy, the additive was 

added to the reaction mixture after 3 h of reaction time. The desired products are obtained 

in good yields and the method is applicable in the presence of a wide range of functional 

groups (Scheme 40). 

 

R1 COOEt

N2

CuSCF3 (1.2 equiv.)
MeCN; 0 ºC; 3 h

H2O (10 equiv.)
rt; 3 h

R1 COOEt

H SCF3

H
N

O

Me

COOMe

H SCF3

78 %

MeO

COOEt

H SCF3

61 %

MeO

N

N N

N

O

O

Me

Me

Me

SCF3H

COOMe

52 %

COO
Et

H SCF3

55 %

S

N
Ph

 

Scheme 40. Scope of the reaction using different aryldiazoacetic esters      

 

 The authors have also studied the full potential of diazo compounds and addition of 

an electrophilic CF3S source to the reaction mixture in the absence of water that provided 

the formation of dithiolated products in good yield. N-Trifluoromethylthiophthalimide 11 

was selected as the electrophilic CF3S source. The method involves mixing of diazo ester 
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with 11 (1.2 equiv) in dry MeCN and, after 2 minutes, CuSCF3 (1.1 equiv.) was added. 

Then, the yellow solution was stirred for 16 h at room temperature (Scheme 41). The 

dithiolated products were characterized by 
19

F NMR.  

 

 

Scheme 41. Double trifluoromethythiolation of -diazo esters 

 

 Incorporation of the SCF3 group is known to increase a molecule’s lipophilicity and 

metabolic stability.
85

 In addition, the CF2HS group has recently been found to be a highly 

lipophilic hydrogen bond donor, and is a potential lipophilic OH or NH surrogate.
86

 

Therefore, the development of mild and straightforward methodologies, capable of 

tolerating a wide range of functional groups, for the incorporation of SCF2X (where X = H 

or F) moieties would be highly desirable. Furthermore, incorporation of CF3S can be done 

selectively on alkyl-pendant chains instead of aryl moieties (vide supra). Alkyl carboxylic 

acids are desirable starting materials for the synthesis of valuable biologically compounds. 

In addition, their decarboxylation, which yields the traceless by-product CO2, is an 

excellent method for accessing alkyl radicals, which can be readily functionalized. Glorius 

and co-workers have reported in 2016 an interesting methodology involving a visible light-

promoted decarboxylative di- and trifluoromethylthiolation of alkyl carboxylic acids.
87

 

Reaction of the alkyl carboxylic acid with 11 (2 equiv.) in the presence of cesium benzoate 

(0.2 equiv) and the photocatalyst [Ir(dF(CF3)ppy)2(dtbbpy)]PF6 (i.e.: [4,4′-Bis(1,1-

dimethylethyl)-2,2′-bipyridine-N1,N1′]bis[3,5-difluoro-2-[5-(trifluoromethyl)-2-pyridinyl-

N]phenyl-C]Iridium(III) hexafluorophosphate, PC (I), 2 mol%) in fluorobenzene as solvent 

under irradiation with blue LEDs (λmax=455 nm). Addition of a sacrificial hydrogen atom 

donor, mesitylene or 3-methyltoluate (2 equiv.) is also required. The desired products are 

formed in good yields and a variety of different substituents are also tolerated. Some 

selected examples are depicted in Scheme 42. The metal-free trifluoromethylthiolation 
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reaction of carboxylic acids was also achieved employing the strongly oxidizing organic 

dye 9-mesityl-10-methylacridinium perchlorate (PC (II), 5 mol%- photocatalyst II).  

 

 

Scheme 42. Trifluoromethylthiolation reaction of alkyl carboxylic acids 

 

Shen and co-workers reported the silver(I)-catalyzed decarboxylative 

trifluoromethylthiolation of alkyl carboxylic acids using AgNO3 (30 mol%) and K2S2O8 (1 

equiv.) as oxidant.
88

 While Shen’s method was effective for the synthesis of secondary and 

tertiary alkyl products, it was found to be inefficient for the preparation of primary alkyl-

SCF3 species. 

 

5.1.2-Trifluoromethylthiolation at the - and -positions of carbonyl 

compounds 

 Billard and co-workers have studied the -trifluoromethylthiolation of ketones and 

aldehydes with N-trifluoromethylthiosulfonamide (16) in catalytic soft acidic conditions to 

provide selectively the mono-trifluoromethylthiolated products in good to excellent 

yields.
89

 The optimal conditions of the reaction involve the use of Me3SiCl (30 mol%) as 

the Lewis acid catalyst and dry MeCN as the solvent. The reaction proceeds efficiently at 

90 °C. The methodology is also useful for carbonyl compounds that are biologically active 

such as the one depicted in Scheme 43. Treatment of cholestanone 88 with 16 in the 

presence of catalytic amounts of Me3SiCl gives the -trifluoromethylthiolate derivatives 89 

in 75 % yield with a diastereoselective ratio of 9:1. However, when Me3SiCl is rose to 1.0 

equiv. the yield is enhanced to 85 % with the same dr.  
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Scheme 43. -Trifluoromethylthiolation of a biologically active ketone cholestanone 

 

 Other biological interesting carbonyl compounds can be trifluoromethylthiolated in 

the presence of reagent 16 and Me3SiCl, as illustrated in Figure 9. Acetate is one of the 

most fundamental building blocks in nature and organic synthesis, from which numerous 

natural products and medicinally important compounds, such as polyketides and statins are 

formed. Therefore, the incorporation of a CF3S functionality into such a building block is 

of current interest. The trifluoromethylthiolation of ethyl-3-oxo-3-phenylpropanoate, 

affords product 91 in 55% yield. 

 

Figure 9. Trifluoromethylthiolation employing reagent 16 and Me3SiCl as Lewis acid 

Tetralones bearing different oxygen functional groups on the aromatic ring are 

important intermediates for the synthesis of a wide variety of compounds, many of which 

are useful as chemotherapeutic agents.
90

 For example, tetralones are building-blocks in the 

preparation of 3,4-dihydronaphthalene systems, bearing an aryl substituent at the 1-

position, which show inhibition of tubulin assembly. Compounds such as E-2-benzylidene-

1-indanones, -tetralones and –benzosuberones show in vitro antitumor activity. 

Furthermore, among them, E-2-(4’-methoxybenzylidene)-1-benzosuberone (Figure 10) 

shows the most outstanding in vitro antitumor (cytotoxic) activities.
91

 -Lactam fused 
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spiroisoxazolidine tetralones, which is an example of chiral tetralones, showed higher 

inhibition activity against P. vulgaris than the standard drug tetracycline but equally 

activity against P. mirabilis which are human pathogen bacteria.
92

 Racemic and chiral 2-(4-

pyridilmethyl)-1-tetralones were found to show inhibition of human placental aromatase.
93

 

On the other hand, 1-tetralone-derived -ketoesters bearing stereogenic centers are valuable 

building blocks in the synthesis of hamigeran A (Figure 10) and the precursor of antibiotic 

daunomycin (Figure 10).
94

  

 

Figure 10. Structures of Hamigeran A and daunomycin 

 

Enantioselective incorporation of CF3S group in indanone, tetralone and suberone 

derivatives may have beneficial effects on the pharmacokinetics of those drugs that contain 

such motifs. Shen and co-workers have reported the enantioselective electrophilic 

trifluoromethylthiolation of -keto esters using an electrophilic trifluoromethylthiolated 

hypervalent iodine reagent 18, which is stable in the most common solvents even at 80 °C, 

and in the presence of quinine as the chiral catalyst that induced excellent 

enantioselectivity.
95

  

The trifluoromethylthiolation reaction of indanone-derived -keto esters (0.20 

mmol) with the hypervalent iodine reagent 18 (0.024 mmol) in the presence of quinine (20 

mol%) in toluene at 40 °C during 36 h provides the desired products in high yields and 

excellent enantioselectivities (86 – 94 % ee), regardless of the nature and position of the 
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substituents on the -ketoester derivatives (see Scheme 44). Interestingly, when more-

enolizable tetralone- or 1-benzosuberone-derived -ketoesters were subjected to the 

optimized reaction conditions, less than 5% of the -ketoesters were converted to the 

corresponding trifluoromethylthiolated compounds after 36 h at 40 °C. However, the 

reactions of these substrates mediated by cinchona alkaloid-based chiral phase-transfer 

catalysts (PTC) gave the desired products in high yields and good enantioselectivities and 

with total consumption of the starting material. The reaction conditions involve the use of 

cinchona alkaloid (20 mol%), K2CO3 (0.4 mmol) in EtOH/H2O (1:2) at 0 °C for 36 h. Some 

selected examples are depicted in Scheme 44. 
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Scheme 44. Some selected examples of the trifluoromethylthiolation reaction of -ketoester 

derivatives. 

 

 Shen and co-workers
66

 have been able to introduce a CF2HS group into soft 

nucleophiles such as β-ketoesters. The reaction of such nucleophiles with N-

difluoromethylthiophthalimide 63 provides the CF2HS-substituted β-ketoesters in good 

yields. Thus, various β-ketoesters derived from indanone or tetralone react with the 

difluoromethylthio reagent 63 in CH2Cl2 smoothly at room temperature to afford the 

desired difluoromethylthiolated products in good to excellent yields when K2CO3 was used 

as the base (see Scheme 45). 

 

Scheme 45. Difluoromethylthiolation of tetralone derivative 

 

 5.2.-sp
2
 Carbon Atoms 

Isoquinoline is a privileged scaffold present in a broad range of natural products and 

pharmaceuticals. Drug molecules bearing the isoquinoline core often show remarkable 

biological activities.
96

 For example, PK11195 (Figure 11), an antagonist derived from 

isoquinoline, is active against Plasmodium falciparum inhibiting the parasite growth in 

vitro. Also, the potent activity of PK11195 was effective against toxoplasma gondii. 

Lamellarin (Figure 11) derivatives have the isoquinoline core and are found to inhibit 

topoisomerase I (Top I). 
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Figure 11. Structure of Lamellarin D and PK-11195 

 

Among the N-heterocycles, fluorinated isoquinolines have served as building blocks 

for the design and synthesis of biologically active compounds, including antiproliferative 

drugs, myosin inhibitors, and agents for reducing intraocular pressure.
97

 Introduction of a 

CF3S group in building-blocks of small molecules with biological activity containing the 

isoquinoline core has flourished as a result of the attractive intrinsic properties of the CF3S 

group such as the high lipophilicity and electronegativity. Ding, Wu and co-workers have 

successfully developed a method that provides the preparation of 1-[(trifluoromethyl)thio] 

isoquinolines using AgSCF3 as the trifluoromethylthiolating reagent.
98

 The protocol 

involves the use of 2-alkynylbenzaldoxime (0.2 mmol) and AgSCF3 (0.3 mmol) in the 

presence of AgOTf (10 mol%) as the catalyst, a base such as K3PO4 (0.9 mmol) and p-

methoxybenzensulfonyl chloride (0.3 mmol) as the activator in dimethylacetamide as 

solvent at 25 °C. The reaction tolerates a wide range of substituents in both the alkynyl and 

phenyl moieties furnishing the desired 1-[(trifluoromethyl)thio] isoquinoline derivatives in 

good to excellent yields. The general reaction and some selected examples are depicted in 

Scheme 46. 

N
OH

R2

R1 N
R1

SCF3

R2

+ AgSCF3

AgOTf (10 mol%)
K3PO4 (0.9 mmol)

MeO SO2Cl

(0.3 mmol)

DMA; 25 ºC

N

SCF3

Ph

N

SCF3

87

R

R Yield (%)

H

Me

OMe

Cl

82

90

62

N

SCF3

23 %

N

SCF3

Ph

MeO

MeO

F

80 % 76 %  

Scheme 46. Trifluoromethylthiolation of 2-alkynylbenzaldoxime. 

 

 5.3.-sp Carbon Atoms  

 Among all the efficient methods of trifluoromethylthiolation, the construction of 

Csp-SCF3 bond, has, to date, been rarely described
99

 despite the fact that alkynes constitute 
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very valuable building blocks for the synthesis of various molecules, in particular, in 

medicinal chemistry.
100,7

 Billard and co-workers have developed a novel methodology that 

allows preparing easily and in only 1 min of reaction time a set of trifluoromethylthio 

alkynyl derivatives.
101

 Reaction of terminal aryl alkynes with N-methyl-N-phenyl 

trifluoromethanesulfenamide 12 in the presence of base (10 mol%) such as n-BuLi or 

LiHMDS in THF at 0 °C during 1 min afforded the desired product in good yields. A wide 

range of functional groups is compatible with the reaction conditions, even ones which are 

base-sensitive. Aromatic and aliphatic alkynes afford similar results. Scheme 47 illustrates 

the high potential of the CF3S products as interesting building-blocks in the preparation of 

heterocyclic and bicyclic cores that are present in biologically active compounds. These 

two examples (92a and 92b, Scheme 47) gave rise to satisfactory, but not optimized yields 

of triazoles.       

 

MeO

H

MeO

SCF3

Ph
N

SCF3

Me

LiHMDS
(10 mol%)
THF; 0 ºC

NaN3 
(1.5 equiv.)

DMF; 60 ºC; 4 h MeO

NH

NN

SCF3

92a, 54 %75 %

I

H Ph
N

SCF3

Me

LiHMDS
(20 mol%)
THF; 0 ºC

I

SCF3

71 %

NaN3 
(1.5 equiv.)

CuI (10 mol%)
DIPEA (2 equiv.)
DMF; 60 ºC; 24 h

N
N

N

SCF3

92b, 49 %  

Scheme 47. [3+2] Cycloaddition with trifluoromethylthioalkynes  

 

The mechanism of the reaction is depicted in Scheme 48. 

R H

LiHDMS

R Li
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Scheme 48. Proposed reaction mechanism for the trifluoromethylthiolation of terminal 

alkynes 

 

In the proposed reaction mechanism (Scheme 48) the lithiated terminal alkyne 

reacts with 12 to afford the substituted terminal CF3S adduct. This method could be 

employed for the preparation of CF3S-substituted triazoles of medicinal importance, such as 

those depicted in Figure 12. The triazoles in clinical use, terconazole 93, fluconazole 94, 

cyproconazole 95, and triazolam 96 (Figure 12) are the most representative candidates for 

late stage trifluoromethylthiolation reaction.
102

 

 

 

Figure 12. Triazoles already in clinical use 

 

Rueping and co-workers have reported the catalytic trifluoromethylthiolation of 

alkynes employing electrophilic shelf-stable N-(trifluoromethylthio)phthalimide 11.
103

 The 

protocol of the trifluoromethylthiolation reaction of terminal alkynes involves the use of the 

electrophilic CF3S reagent (1.2 equiv.) in the presence of CuI (10 mol%) and bpy (20 

mol%) and Cs2CO3 (2 equiv.) in dichloroethane at 80 °C for 15 h (see Scheme 49). The 

desired products are obtained in good yields and a wide tolerance of electron donor and 
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electron withdrawing substituents is observed. This method is interesting because offers the 

opportunity for further modifications. For example, quinoline is a structural motif present 

in furo[2,3b]quinolines and furo[3,4b]quinolines that show biological activity.
104

 Thus, 

reaction of quinoline carbaldehydes ortho-substituted by alkynyl moieties under base 

catalysis provide a wide variety of furo[3,4b]quinoline derivatives. These pharmacophores 

are useful antihypertensive agents and exhibit antimicrobial activity against a number of 

microorganisms, such as bacteria, fungi, mycobacteria and protozoa.
105

 Further, chemical 

modification of these heterocyclic compounds yields spiroketal and heterospirocyclic 

structures under [3+2] and [4+2] cycloaddition reactions and are of interest for their 

biological relevance, since a number of them can be found in natural products. 

 

SCF3H

+ N

O

O

SCF3

CuI (10 mol%)
bpy (20 mol%)

Cs2CO3 (2 equiv.)
DCE, 80 ºC, 15 h

R R

69 - 95 %
R = H; n-pentyl; NMe2; COOMe; NO2; Bz; etc.

N N

O

OR1

R2

H

N

SCF3CuI (10 mol%)
bpy (20 mol%)

Cs2CO3 (2 equiv.)
DCE, 80 ºC, 15 h

81 %
furo[3,4b]quinoline derivatives

11

11
 

Scheme 49. Trifluoromethylthiolation of terminal alkynes and pharmacophore target 

structure 

 

Recently, Wang and co-workers have developed a mild and convenient oxidative 

radical cyclization of aryl alkynoate esters using AgSCF3 as the CF3S-radical source for the 

synthesis of 3-trifluoromethylthiolated coumarins.
106,107

 The reaction requires the use of 

K2S2O8 (4.0 equiv.) as an oxidant and takes place efficiently in DMSO at 30 °C under 

argon atmosphere for 15 h. The use of other oxidants such as Oxone (potassium 

peroxymonosulfate), Cu(OAc)2.H2O or PhI(OAc) did not furnish the coumarin products. 

This protocol is characterized by readily available starting esters, wide functional group 

tolerance and general good yields of the desired products observed. Some selected 

examples of the application of this methodology are depicted in Scheme 50.  
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Scheme 50. Trifluoromethylthiolation of aryl alkynoate esters 

 

Isocoumarine and its derivatives can be found in many natural products and 

pharmaceuticals that show a wide range of physiological and biological activities, such as 

antibacterial, anti-inflammatory, and anticancer activities, or as protease inhibitors or 

weedkillers.
108

 However, the direct synthesis of trifluoromethylthiolated isocoumarins had 

not been reported. Ding, Li and co-workers have developed a novel one-pot 

trifluoromethylthiolation/cyclization protocol for the synthesis of 4-[(trifluoromethyl)thio]-

(1H)isochromen-1-one derivatives through reaction of 2-(2-alkynyl)-benzoates with 

trifluoromethanesulfanylamide as the CF3S reagent under mild conditions.
109

 The reaction 

was performed in the presence of both BiCl3 (1.1 equiv.) and BF3.OEt2 (1.5 equiv.) in 

toluene at room temperature. The products were obtained in good to excellent yields and a 

wide variety of functional groups were tolerated under the optimized conditions. Selected 

examples of trifluoromethylthiolated isocoumarin derivatives are depicted in Scheme 51.     
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Scheme 51. Synthesis of some selected 4-[(trifluoromethyl)thio]-1Hisochromen-1-one 

derivatives 

 

 Wu and co-workers have studied the palladium(II)-catalyzed reaction of 2-

alkynylaniline derivatives with trifluoromethanesulfanyl amides in the presence of BiCl3, as 

a Lewis acid additive, providing indole derivatives in good yields.
110,111

 The reaction was 

carried out with catalytic amounts of Pd(OAc)2 (10 mol%) in the presence of BiCl3 (1.0 

equiv) in DCE at 80 °C and a good tolerance of a wide electron-withdrawing and electron-

donor groups was observed. The scope of the reaction and some examples are depicted in 

Scheme 52.   

 

NMe2

R2

R1

Pd(OAc)2 (10 mol%)
BiCl3 (1.0 equiv.)

DCE; 80 ºC
PhNHSCF3

+
N
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R2

Me

N

SCF3

Ph

Me

N

SCF3

Ph

Me

Cl

N

SCF3

Ph

Me

Me

N

SCF3

Ph

Me

EtOOC

80 % 78 % 71 % 85 %

N

SCF3

Ph

Me

45 %

N

SCF3

Ph

Et

92 %

N

SCF3

Ph

H

65 %
 

Scheme 52. Synthesis of 3-((trifluoromethyl)thio)indoles 
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 The proposed reaction mechanism for this transformation is illustrated in Scheme 

53. 

 

R1

NMe2

R2

Pd (cat.) N

Me Me

SCF3

Cl

N

Me

SCF3

R2

R2

Ph

H
N

SCF3

BiCl3

98

99

100
97

 

Scheme 53. Proposed reaction mechanism for the trifluoromethylthiolation of alkynes 

 

 An intramolecular cyclization of N,N-dimethyl-2-alkynylaniline 97 will produce 

intermediate 98 (Scheme 53). Subsequently, the methyl group of intermediate 98 is 

removed by attack of the chloride from bismuth(III) chloride. In the meantime, the 

trifluoromethanesulfanyl cation (CF3S
+
) is formed via an activation of 

trifluoromethanesulfanylamide 100 by bismuth(III) chloride, which reacts with the in situ 

generated indole to produce the 3-((trifluoromethyl)thio)indole 99.
111

 

 Benzofuran and benzothiophene are ubiquitous structural motifs found in a large 

number of biologically important natural products and pharmaceuticals (vide supra). 

Molecules with these core structures usually have a broad range of biological activities.
112

 

Wu and co-workers have reported the reaction of trifluoromethanesulfanylamide 100 with 

1-methoxy-2-alkynylbenzenes or methyl(2-alkynylphenyl)sulfanes promoted by BiCl3 

which proceeded smoothly with broad functional group tolerance providing the desired 

heterocyclic compounds in good yields.
113 

The optimized reaction conditions involve the 

use of BiCl3 (2 equiv.) in DCE at 85 °C under air atmosphere and some selected examples 

are shown in Scheme 54.         
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Ph
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O
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O
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100

 

Scheme 54. Synthesis of 3-trifluormethylthiobenzofuran and benzothiophene derivatives 

 

 The authors
113

 proposed the mechanism shown in Scheme 55. 

R1

X

R2

X

SCF3

R2

Me

F3CS

X

Me

SCF3

Cl

PhNH-SCF3

BiCl3 [SCF3 ] BiCl2

X = O, S

R1 R1
R2

 

Scheme 55. Proposed mechanism for the trifluoromethylthiolation of benzofurans and 

benzothiophenes 

 

 The mechanism is in agreement with that proposed by Wu and co-workers
111

 in 

Scheme 53 for the case of indoles. 

  

6.-Trifluoromethylthiolation of Heteroatoms 

 

Page 54 of 69Organic & Biomolecular Chemistry

O
rg

an
ic

&
B

io
m

ol
ec

ul
ar

C
he

m
is

tr
y

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 0
8 

Ju
ne

 2
01

6.
 D

ow
nl

oa
de

d 
by

 W
es

t V
ir

gi
ni

a 
U

ni
ve

rs
ity

 L
ib

ra
ri

es
 o

n 
19

/0
6/

20
16

 0
7:

59
:0

9.
 

View Article Online
DOI: 10.1039/C6OB00763E

http://dx.doi.org/10.1039/c6ob00763e


 6.1.-N Atoms 

 Billard and co-workers have developed an interesting trifluoromethylthiolation 

reaction with N-methyl-N-phenyl trifluoromethanesulfenamide 12 that involves a 

transamination with secondary amines providing a new CF3S-N bond.
114

 The optimization 

of the reaction was performed with phenylpiperazine, a secondary amine, and reaction of 

this amine with 12 (1.0 equiv.) in the presence of n-BuLi (1.1 equiv.) in THF at 0 °C for 15 

minutes afforded the expected CF3S-N product in 86 % yield (Scheme 56). The reaction 

gives, in general, good yields with secondary amines. Also, primary amines such as aniline, 

affords the desired product in 68 % yield. Imines as well as amino alcohols and bis-amines 

were also trifluoromethylthiolated, with the most nucleophilic atom as the target, affording 

the desired products in good yields. 

 

 

Scheme 56. Transamination of N-methyl-N-phenyl trifluoromethanesulfenamide with 

amines  

 

 This new method was applied to synthesize a trifluoromethylthio analog of the well-

known tricyclic antidepressant imipramine (Scheme 56). The product was obtained in 45 % 

isolated yield. 
114
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 Shen and co-workers
66

 have developed a protocol for the difluoromethylthiolation 

of secondary amines employing N-difluoromethylthiophthalimide 63 that takes place 

efficiently without the addition of any catalyst in toluene at 80 °C for 16 – 24 h. Notably, 

1,2,3,4-tetrahydroisoquinoline provided the desired product in 80 % yield (see Scheme 57). 

 

Scheme 57. Difluoromethylthiolation of a secondary amine 

 

 Compounds based on the 1,2,3,4-tetrahydroisoquinoline (THIQ) nucleus have been 

found to be some of the most potent inhibitors of human PNMT (hPNMT, human 

phenylethanolamine N-methyltransferase) yet reported.
115

 The addition of hydrophilic or 

lipophilic electron-withdrawing substituents to the 7-position of THIQs leads to enhanced 

hPNMT inhibitory potency. However, THIQs bearing lipophilic 7-substituents are less 

selective than THIQs bearing hydrophilic 7-substituents due to significant affinity for the 

2-adrenoceptor. 

 

6.2.-S Atoms  

 Recently, Jereb and co-workers have studied the highly selective acid-promoted 

trifluoromethylthiolation reaction of thiols to the corresponding trifluoromethyl 

disulfides.
116

 PhNHSCF3 100 is an easy-to-handle electrophilic CF3S reagent that was 

developed by Billard, Langlois and co-workers.
117

 This reagent promotes the 

trifluoromethylthiolation of a wide variety of aryl, benzyl and alkyl thiols in the presence of 

trifluoromethanesulfonic acid (1.2 equiv.) or methanesulfonic acid (1.3 equiv.) depending 

on both the nucleophilicity of the thiols and the strength of the promoter. The optimal 

solvent is dichloromethane and the reaction proceeds efficiently at room temperature during 

12 h. Generally, the trifluoromethyl disulfides are obtained in good-to-excellent yields. 

 This methodology was also carried out with structurally diverse, acid-sensitive and 

biologically important thiols shown in Scheme 58. It is known that the camphor skeleton 
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could undergo an acid-catalyzed rearrangement; however, (-)-7,7-dimethyl-1-

(mercaptomethyl)bicyclo[2.2.1]heptan-2-one yielded the expected trifluoromethyl disulfide 

101 in 69 % isolated yield in the presence of TfOH, and no rearrangement was noted. Also, 

7-mercapto coumarin was converted to the corresponding trifluoromethyl disulfide 102 in 

the presence of TfOH regardless of the presence of the acid-labile lactone group. The 

protected cysteine derivative and 1-thioglucose derivative, both biologically relevant thiols, 

were subjected to the trifluoromethylthiolation reaction. The functionalization of cysteine 

derivative proceeded completely in the presence of 1.2 equiv. of methanesulfonic acid 

rendering 58 % yield of the desired disulfide 103. The reaction of 1-thioglucose in the 

presence of 1.2 equiv. of methanesulfonic acid took place smoothly, however, 

epimerization was observed in the 
1
H NMR spectrum of the mixture. Interestingly, when 

1.2 equiv. of TfOH was used no epimerization took place and a single stereoisomer 104 was 

furnished in 69 % yield.  

 

Scheme 58. Functionalization of the acid-sensitive and biologically important thiols 

 

  

  

 

7.-Future Perspective and Conclusions 
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Trifluoromethylthiolation strategies for organic compounds are expanding and growing at 

almost the same pace as fluorination methods. Thus, this parallel growth dictates the trends 

in one and the other area of research. 

Although there are some examples of regioselective and enantioselective 

trifluoromethylthiolations (for example Scheme 44), there are still a lot of challenges in this 

field, and further research is required. Homolytic substitution reactions of less electron rich 

nuclei such as pyridine derivatives with the SCF3 group, should be further studied, in order 

to provide better substitution yields in electron-deficient systems, probably through radical 

reactions. In general, the (hetero)aromatic homolytic substitutions with the SCF3 group lack 

in regioselectivity, and this point should be given special attention to. For instance, 

attempts could be made at employing anchimeric assisting groups which could enable 

ortho-substitution in (hetero)aromatic compounds, thus achieving good ortho-

regioselective substitutions.  

Attempts at the fluoroalkylthiolation of allylic and bis-allylic positions of organic 

compounds without the intermediacy of transition metals should be considered, in the 

context of the relevance that these functionalities have in unsaturated fatty acids. Other 

areas which should be devoted attention to are: (i) the trifluoromethylthiolation of sugars 

and nucleobase derivatives (ii) improved photocatalytic methods that allow for chain 

reactions capable of generating SCF3 radicals that effect substitution and addition reactions 

efficiently and (iii) conversion /substitution of functional groups such as aliphatic OH, and 

its derivatives into SCF3 functionality. 

 

Table 1 summarizes the different applications of both electrophilic and nucleophilic 

reagents for the trifluoromethylthiolation of different families of organic compounds. In red 
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is the atom or group to be substituted by the CF3S group, or position of addition of the 

CF3S moiety. As opposed to the reactions illustrated in the text above, Table 1 classifies the 

transformations according to trifluoromethylthiolating reagent for a quick reference guide 

to reagent applications. 

 

Table 1. Different fluorination strategies most commonly employed for medicinal targets. 

In red is the group/atom to be replaced by the CF3S group or site of addition of the CF3S 

moiety 

CF3S reagent Organic family Additive Conditions Substrate Ref. 

11 

(hetero)aryl boronic 

acids 

t-Bu(bpy), CuI 

Na2CO3 

Diglyme, 60 
o
C 

 

33 

11 

indoles, pyrroles, 

azaindoles 

NaCl DMF, 90 
o
C 

 

47, 50 

11 

α-diazoesters CuSCF3 MeCN, RT 

 

84 

11 

alkyl carboxylic 

acids 

CsOBz, 

mesitylene or 3-

methyltoluate-

blue LED (455 

nm) 

C6H5F 

 

87 

PhNHSCF3, 100 Phenols TfOH CH2Cl2, RT 

 

43 

PhNHSCF3, 100 internal alkynes-

(i.e.:2-(2-alkynyl)-

benzoates 

BiCl3, BF3.OEt2 Toluene, RT 

 

109 

PhNHSCF3, 100 internal alkynes-

(i.e.:2-(2-alkynyl)-

anilines 

BiCl3, Pd(OAc)2 DCE, 80 
o
C 

 

111 

PhNMeSCF3, 12 terminal alkynes LiHMDS, -78 
o
C 

THF, 0 
o
C 

 

99,100,1

01,105 
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PhNMeSCF3, 12 nitrogen atoms in 

piperidines 

n-BuLi THF, 0 
o
C 

 

114 

PhNMeSCF3, 12 sulfur atoms in thiols - CH2Cl2, RT RSH 116,117 

16 

heteroaromatic 

compounds 

TMPMgCl.LiCl THF 

 

44 

16 

coumarins Me3SiCl MeCN, 90 
o
C 

 

24,89 

16 

α-carbonyl positions Me3SiCl MeCN, 90 
o
C 

 

89 

13 

indole derivatives CSA ClCH2CH2Cl, 

40 
o
C 

 

9 

13 

oxindole derivative quinine C2H5OC2H5, 

35 
o
C 

 

64 

18 

indanone-derived 

-keto esters 

quinine Toluene, 40 
o
C 

 

95 

CuSCF3 α-diazoesters H2O MeCN 

 

84 

(bpy)CuSCF3 alkyl bromides KF MeCN, 110 
o
C 

 

77 

(Me4N)SCF3 aryl and vinyl 

triflates 

Ni(cod)2, dppf Toluene,45 
o
C 

 

24 

(Me4N)SCF3 (hetero)aromatic 

diazonium salts 

CuSCN MeCN, RT 

 

28 

AgSCF3 quinones Cu2(OH)2CO3, 

K2S2O8 

MeCN, 65 
o
C 

 

69 

AgSCF3 alkyl groups K2S2O8 MeCN, 60 
o
C 

 

70 

AgSCF3 alkyl groups Na2S2O8 MeCN/H2O/ 

DCE, 30 
o
C 

 

18 
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AgSCF3 diazoaryl acetates CuI, H2O MeCN,-25 
o
C-

RT 
 

83 

AgSCF3 sp
2
 carbons from 

oximes 

AgOTf, K3PO4 

 

DMA, 25 
o
C 

 

98 

AgSCF3 sp carbon atoms 

from alkynoates 

K2S2O8 DMSO 

 

107 
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