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Abstract: The solid-supported fluoroboric acid (SiO2-HBF4) was found to be a mild and highly 
effective catalyst for s-alkylation of thiols with alcohols under solvent free condition.  
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Introduction 
Thioether is an important synthetic intermediate in both bioorganic and organic chemistry. 
Cyclic analogues of acyclic polypeptides prepared from thioether linkage restrict their 
conformational mobility and thus to increase their biological activity and stability against 
biodegradation1-4. Thioethers are also used as hetero atomic functional groups in organic 
synthesis, such as, oxidation of thioethers, chiral sulfoxides generated can be used as 
auxiliaries, in asymmetric synthesis5-8. Sulfones have been employed for stabilizing                     
α-radicals and α-anions9 can act as cationic synthons10 and also for the formation of C-C 
bonds11.    
 Various protocols are available for the synthesis of thioethers such as, deoxygenating of 
sulfoxides12, displacement of leaving groups with sulfur nucleophiles13, addition of thiols to 
carbonyl compounds followed by in situ reduction of the generated intermediate thionium 
ion14, anti-Markovnikov addition of alkene and alkane-thiols to alkenes15, Mitsunobu type 
reactions16, metal-mediated cross-coupling process17 and metal catalyzed hydrothiolation of 
alkynes18.  
 In most of the cases, thioethers have been prepared using expensive and commercially 
unavailable materials, hazardous and corrosive compounds such as, alkylating agents, strong 
reducing agents, harsh reaction conditions and involve tedious work-up procedures19. 
Additionally, some of the reported methods can not be used for the preparation of different 
structurally and electronically  diverse  thioethers. For example, by applying modified  
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Mitsunobu conditions using liquid trimethylphosphine combined with 1,1’-(azodicarbonyl)-
dipiperidine in the presence of imidazole, aliphatic thiols react only with primary alcohols to 
give thioethers, other types of thiols and alcohols did not gives any reaction. 
 As part of our research to develop an efficient and environmentally benign application 
of silica supported fluoroboric acid to minimize the amount of harmful organic solvents used 
in chemical processes, much attention has been devoted to the use of an alternatives reaction 
media. Besides the use of supercritical fluids, water, ionic liquids and the possibly 
performing chemical processes under solvent free conditions has been received more 
attention. Since organic sulfur compounds have become increasingly useful and important in 
organic synthesis, the developments of convenient and efficient protocol for the preparation 
of appropriate sulfides, which carry other functional group, are in high demand. The leading 
contender for an environmentally acceptable alternative is supported reagent which have 
good thermal and mechanical stabilities can be easily handled as they are invariable low 
toxic, non corrosive free flowing powders, less costly and easily separated from the reaction 
mixture. Consequently the solvent less protocol with supported reagents provides an 
excellent tool for achieving environmentally friendly economical organic synthesis. Interest 
in developing true catalyst using inexpensive and non-polluting reagent, we wish to report 
SiO2-HBF4  promoted S-alkylation of alcohol with thiols at room temperature under solvent 
free conditions (Scheme 1). 
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Scheme 1. S-Alkylation of thiols with alcohols 

Experimental 
All chemicals were purchased from Sigma-Aldrich chemical companies. The progress of the 
reactions was followed by TLC using silica gel Merck 60 F254 plates. Melting points were 
recorded on open capillaries and are uncorrected. The 1H NMR spectra were recorded on a 
varian 300 MHz spectrometer using CDCl3 as solvent. The mass spectra were scanned on a 
Shimadzu LCMS-2010 EV instrument at 70 eV. 

General procedure for S-alkylation of thiols 
To a mixture of thiols (1.1 mmol), alcohols (1 mmol) and freshly prepared silica gel 
supported fluoroboric acid in catalytic amount was added (2 mol %) and the reaction 
mixture was stirred at room temperature for appropriate time (Table 1). After 
completion of reaction indicated by thin layer chromatography (pet ether : ethyl acetate 
9:1 ), the solvent was evaporated and residue was dissolved in 25 mL water and 100 mL 
ethyl acetate, the organic layer was dried over Na2SO4 and evaporated under reduced 
pressure to give the corresponding S-alkylated product which was purified by triturating 
with ether.  

Selected spectral data of thioethers  
Benzyl (p-tolyl) sulfane (Table 1, entry 1): 1H NMR (CDCl3, 300 MHz): δ 2.26 (s, 3H), 4.15 
(s, 2H), 7.12–7.68 (m, 9H); MS (m/e): 214 [M]+; Anal. Calcd for (C14H14S): C, 78.46; H, 
6.58. Found: C,78.45;  H, 6.60.  
 Benzyl (cyclohexyl) sulfane (Table 1, entry 5): 1H NMR (CDCl3, 300 MHz): δ 0.84         
(m, 6H), 1.34 (m, 4H), 1.52 (m, 1H), 4.20 (s, 2H); MS (m/e): 206 [M]+; Anal. Calcd for 
(C13H18S): C, 75.67; H, 8.79. Found: C, 75.65; H, 8.81. 
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 (2-(Biphenyl-4-yl) propan-2-yl) (p-tolyl) sulfane (Table 1, entry 9): 1H NMR (CDCl3, 
300 MHz): δ 1.66 (s, 6H), 2.27 (s, 3H) 6.94–7.66 (m, 13H); MS (m/e): 318 [M]+; Anal. 
Calcd for (C22H22S): C, 82.97; H, 6.96. Found: C, 82.96; H, 6.98. 
  Benzhydryl (p-tolyl) sulfane (Table 1, entry 10): 1H NMR (CDCl3, 300 MHz): δ 2.26  
(s, 3H), 5.49 (s, 1H), 7.15–7.49 (m, 14H); MS (m/e): 290 [M]+; Anal. Calcd for (C20H18S): 
C, 82.71; H, 6.25. Found: C, 82.73; H, 6.28.  
 (Table 1, entry 16): 1H NMR (CDCl3, 300 MHz): δ 1.41–1.99 (m, 15H), 2.39 (s, 3H), 
7.08 (d, 2H), 7.39 (d, 2H); MS (m/e): 258 [M]+; Anal. Calcd for (C17H22S): C, 79.01; H, 
8.58. Found: C, 79.03; H, 8.61. 

Results and Discussion 
Initial studies were carried out by condensation of benzyl alcohol with 4-methylthiophenol 
as a model reaction in the presence of SiO2-HBF4. We observed that a sticky reaction 
mixture was obtained with the formation of corresponding thioether around 50-60% yield. 
Increasing the reaction time did not affect the yield of the product. We found that using 
benzyl alcohol (1 mmol), 4-methylthiophenol (1.1 mmol) and SiO2-HBF4 (2 mol%) in the 
absence of solvent, the reaction proceed very cleanly at room temperature and corresponding 
thioether was isolated in 92% yield.  
 The present method is applicable for the synthesis of thioethers from the reaction of 
cinnamyl alcohol, adamantanol structurally and electronically diverse benzyl alcohols with 
aromatic or aliphatic thiols and also with dithiols. An electronic factor plays a significant 
role in these S-alkylation reactions. Aromatic alcohols with electron donating groups reacted 
faster than those substituted with electron withdrawing groups and also provided the 
thioethers in higher yields (Table 1, entries 6-9). This method is helpful for the preparation 
of dithioether using dithiols (Table 1, entry 21 and 22). The method is also used for the 
efficient preparation of dithioethers (Table 1 and entry 23), which could be used as 
precursors for the preparation of macro cyclic or polymeric sulfur containing compounds.  
 In addition the reaction of 2-(4-biphenyl-4-yl)-2-propanol [Table 1, entry 9] was not 
accompanied by the production of it’s corresponding olefin as an elimination byproduct. The 
low yield and slow rate of reaction involving 4-nitrobenzyl alcohol is an indication of the 
generation of an unstable partially positively charged intermediate (Table 1, entry 8). 

Table 1. S-Alkylation of thiols using SiO2-HBF4 under solvent free conditions 

Entry Alcohols Thiols Products Time,  
min 

Yield, 
%a 

1. OH

 

SH

 
S

 
5 92 

2. OH

 

SH

 
S

 
10 84 

3. OH

 
SH

 

S

 
30 58 

4. OH

 
SH  

S

 
25 70 

Contd… 
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5. OH

 
SH

 
S

 
15 87 

6. OH

MeO  
SH

 
S

MeO  
5 93 

7. 
OH

Cl  

SH

 
S

Cl  
20 92 

8. 
OH

O2N  

SH

 
S

O2N  
45 55 

9. OH

Ph  

SH

 
S

Ph  
5 90 

10. 
OH

 

SH

 S

 
4 91 

11. OH

 
SH

 
S

 
6 93 

12. OH

 

SH

 
S

 
12 91 

13. OH

 
SH  

S

 8 95 

14. OH

 
SH

 
S

 
5 94 

15. OH
 

SH

 

S

 
12 83 

16. OH
 

SH

 S
 

8 93 

17. OH
 

SH

 
S

 
15 96 

18. OH
 

SH

 
S

 
35 92 

19. OH
 

SH  S
 

12 90 

20. OH
 

SH

 
S

 
10 91 

21. OH
 

HS
SH  S

S

 
20 93 

22. OH

MeO  HS
SH  S

S

MeO

OMe

 
15 94 

23. OH
HO  HS

SH  
S

S

SH

HS  
25 92 

aIsolated yield 
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Conclusion 
In summary, we report an environmentally friendly, simple and highly efficient method for 
the regioselective s-alkylation using thiols with alcohols under solvent free conditions using 
an inexpensive and novel catalyst. The salient features of the present protocol are mild 
reaction conditions, greater regioselectivity, cleaner reaction profile, excellent yield with 
experimental simplicity, which makes it potentially useful for the industrial applications. 
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