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Potassium phosphate catalyzed highly efficient synthesis of structurally diverse 
thioethers at ambient temperature 
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Commercially available potassium phosphate has been demonstrated to be a highly efficient catalyst for the synthesis of 
thioethers employing two different routes viz. alkylation of thiols with alkyl/aralkyl halides and by Michael addition of thiols 
to conjugated alkenes. 
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Thioethers have emerged as an important class of 
organic compounds with useful applications as key 
intermediates in organic synthesis as well as bio-
organic, medicinal and heterocyclic chemistry1-3. 

Amongst various available approaches for the 
synthesis of thioethers, base catalyzed nucleophilic 
displacement of halide ion by thiolate anion4-7, 
Michael addition of thiol to conjugated alkenes8-10, are 
the routinely preferred pathways. Additionally, 
deoxygenation of sulfoxides15,16, Indium (I) iodide 
promoted addition of thiolate anion to styrene17, 
intermolecular s-alkylation of thiol with alcohol18,19 
and transition metal catalyzed coupling of aryl halide 
with thiol20,21 are a few other approaches of interest. 
Many of these reported protocols although furnish the 
desired thioethers in acceptable yields, a few of them 
are plagued with the use of expensive catalyst, 
elevated temperature, long reaction times, essentiality 
of non-ecofriendly or high boiling solvent as well as 
the formation of side products such as disulfides, 
sulfonium salts, etc. Although plethora of catalyst are 
available for the synthesis of thioethers, to the best of 
our knowledge there are no reports on the use of a 
single catalyst which could be useful in the synthesis 
of these molecules following two routinely preferred 
approaches4-14. Our interest in the synthesis of 
thioethers stems from the call for structurally diverse 
thioethers useful in our ongoing studies on controlled 
and chemoselective oxidation of thioethers. Such 

thioethers either being very expensive or not being 
available commercially, it was surmised that the 
development of a mild, greener and practically simple 
protocol for the synthesis of thioethers would be in 
tune with our continued interest in the development of 
new synthetic methodologies22-26. 

Result and Discussion 
Over the past few years, commercially available, 

non-toxic and relatively less expensive potassium 
phosphate has emerged as a useful base catalyst27,28. 
We have earlier explored its utility in Knoevenagel as 
well as Claisen-Schmidt condensation29,30, Henry 
reaction31, Michael addition reaction32 and in the 
synthesis of tetrahydrobenzo [b] pyrans33. In 
continuation of these studies herein we report the 
usefulness of potassium phosphate as a highly 
efficient catalyst in synthesis of thioethers following 
two different routes (Figure 1). As regards the first 
route involving the alkylation of thiols, it was 
surmised that, potassium phosphate being basic 
enough to deprotonate a variety of thiols (pKa = 7-
11) 28, the resulting thiolate anion on reaction with
alkyl halide would easily furnish corresponding
thioether by SN pathway. Based upon this
presumption, a model reaction was carried out at
ambient temperature between thiophenol and benzyl
bromide using potassium phosphate as a catalyst and
dimethyl formamide as a dipolar aprotic solvent. The
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desired thioether was obtained in quick time and 
excellent yield (30  min,  93%). With  an  aim  to  turn 
this initial success into a greener protocol, the reaction 
conditions were then optimized with respect to the 
choice of solvent as well as the amount of catalyst 
loading by performing a series of reactions using the 
same substrate combination. The results summarized 
in Table I clearly demonstrate the essentiality of 25 
mol % potassium phosphate as a catalyst and ethanol 
as relatively less expensive and non toxic reaction 
medium for an optimum yield (93%) of benzyl phenyl 
sulfide (Table I). Under the established reaction 
conditions for thiophenol in hand, generality of the 
protocol was then investigated by reacting a series of 
aryl, aralkyl, cycloalkyl and alkyl thiols with a range 
of primary, secondary, allylic as well as propargylic 
bromide. In general, the reactions were smooth and 
furnished corresponding thioethers in high yields as 
well as purity (Table II). It is worth mentioning that, 
potassium phosphate-purged air combination has 
previously been used in oxidation of thiols to 

disulfides28 however; we did not observe the 
formation of any disulfide to a detectable extent (tlc). 
This is possibly because, in the absence of purged air, 
rate of nucleophilic displacement of halide ion by 
thiolate anion is much faster than that for its oxidation 
to yield corresponding disulfide. While examining the 
scope of the present protocol it was noticed that, the 
reaction of thiophenol with 1, 2 – dibromoethane and 
that of ethane 1, 2-dithiol with benzyl bromide 
furnished corresponding dithioethers. (Entries h, i, 
Table II) It was further gratifying to note that the 
protocol developed was also applicable in 
chemoselective S vs O or N alkylation with the choice 
of 2-mercaptoethanol (2n) and 2-amino thiophenol 
(2o) or 2-mercatobenzimidazole (2q) as representative 
bifunctional thiols (Table II). Our major aim behind 
the present study was not alone to develop a method 
for the synthesis of simple thioethers but was to 
develop a practically simple protocol for the synthesis 
of thioethers bearing a variety of functional groups 
such as OH, -CN, -CONH2, -COOR, etc. In this 
context, although we were successful in synthesizing 
a few thioethers of such variety (Entry 1c, 1f, 1n, 
Table II), higher cost of starting bromo compounds 
such as, bromoacetonitrile, bromoacetamide, 
bromoester, etc. was the major limiting factor in using 
this new protocol. To circumvent this limitation, it 
was then planned to extend our earlier experience 

 
 

Figure 1 — Synthesis of thioethers following two different routes 
 

Table I — Synthesis of benzyl phenyl sulphide under various 
conditionsa 

Entry Catalyst (mol %) Solvent Yield (%)b, c 

1 − DMF/CH3CN/EtOH 30c 
2 5 DMF 40 c 
3 5 EtOH 35 c 
4 10 DMF 50 c 
5 10 EtOH 45 c 
6 20 DMF 80 c 
7 20 EtOH 76 c 
8 25 DMF 93 d 
9 25 EtOH 91 d 

a Reaction conditions: Thiophenol (2 mmol), benzyl bromide
(2 mmol), catalyst, solvent, RT. b Isolated yield. c Yields after 6 h.
d Yields after 3 h. 

Table II — Potassium phosphate catalyzed synthesis of thioethers 

Entry R1(1) R2(2) Yield  
(%) b 

Ref. 

a Ph PhCH2Br 91 7 
b Ph 4-F-PhCH2Cl 84 − 
c Ph Br-H2CCO2Et 86 11 
d Ph H2C=CHCH2Br 93 6 
e Ph HCCCH2Br 75 d − 
f Ph HOH2CCH2Br 87 52 
g Ph (CH3)2CHI 90 4 
h Phc BrH2CCH2Br 89 52 
i HSH2CCH2SH PhCH2Br 93 52 
j n-C4H9 4-Cl-PhCH2Br 79 7 
k 4-Me Ph PhCH2Br 86 48 
l 4-Cl Ph 4-NO2-PhCH2Br 93 7 

m Cyclohexane PhCH2Br 83 47 
n HSH2CCH2OH 4-F-PhCH2Cl 84 − 
o 2-Aminophenyl PhCH2Br 90 47 
p PhCH2 PhCH2Br 96 48 
q 2-Mercaptobenzimidazole PhCH2Br 98 49 

a Reaction conditions: Thiol (2 mmol), halide (2 mmol), potassium
phosphate(25 mol %), ethanol (3 ml), RT. b Yield refers to pure 
isolated product. c 2 equ. d Solution of propargyl bromide in DCM
was used. e Commercially available. 
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with Michael addition of thiols to enones32, towards 
other Michael acceptors such as conjugated esters, 
amides, nitriles, etc. A survey of literature 
interestingly revealed that a variety of catalysts34-40 
have already been demonstrated to be useful in 
Michael addition of thiols to enones. However, only a 
few of them38-40 have been used in reactions with the 
afore-mentioned Michael acceptors. 

A representative reaction was then carried out 
between thiophenol, 1a and methyl acrylate, 4a, 
employing the reaction conditions established earlier 
for the preparation of benzyl phenyl sulfide. The 
desired thia-Michael addition product, 5aa, resulted 
very quickly (3-4 min) in almost quantitative yield. 
Further studies regarding the optimization of yield with 
respect to the catalyst loading revealed that, only 10 
mol % potassium phosphate was sufficient to drive the 
reaction to completion under solvent-free condition 
with only a slight compromise in time (8–10 min vs. 3-
4 min). So as to demonstrate the versatility of the 
protocol, representative alkyl, 1j, cycloalkyl, 1m and 
aralkyl thiol, 1p, were initially scrutinized with methyl 
acrylate and following success to these reactions, the 
protocol was extended towards addition of these thiols 
to other Michael acceptors (Table III). In all the cases 
studied, the resultant product in excellent yield (>95%) 
and purity (NMR) was isolated by simply stirring the 
reaction mixture with dichloromethane followed by 
filtration of concentrated organic extract through a 
short column of silica gel. 

From a comparison view point, it is worthy to note 
that, synthesis of thioethers by SN pathway required 
slightly longer time (2-3 h) while the same following 
thia Michael pathways required very short reaction 
times. In context of the remarkable rate acceleration, 
on the basis of our earlier experience32 we propose 
that, the primary role potassium phosphate in these 
C-S bond formation reactions is to deprotonate thiol 
to corresponding thiolate ion. In addition, due the 
presence of strong electron withdrawing counter 
anion viz. [(PO4)

−3]), K+ ion in potassium phosphate is 
sufficiently oxophilic and can form a strong 
coordinate bond with oxygen atom in enones as well 
as other Michael acceptors (Figure 2). Consequently, 
C-β in conjugated alkenes becomes enough 
electrophilic to accelerate the addition of thiolate 
anion (thia-Michael pathway). 
 
Experimental Section 

All chemicals were obtained from Lancaster or 
Aldrich Chemical Corporation and were used without 

purification. IR spectra were recorded on a Perkin-
Elmer-793 instrument. 1H and 13C NMR spectra were 
recorded as CDCl3 solutions on a Bruker Avance 
spectrometer at 300 and 75.4 MHz, respectively, 
using TMS as an internal standard. Chemical shifts 
are expressed in δ units. Elemental analysis was 
carried out using EURO EA analyzer. 
 

Representative procedure 
(a) Preparation of thioether by alkylation of thiol 

To 0.55 g thiophenol (5 mmol) in 5 cm3 ethanol 
was added 0. 26 g (25 mol %) of potassium 

Table III — Synthesis of thioethers by thia-Michael reaction 

Entry Thiol (1) R = Alkene (4) Product  
(5) 

Yield 
(%)Ref 

1 Ph  
Ia 

 
4a 

5aa 94 38 

2 n-Bu 
Ij 

 
4a 

5aj 98 37 

3 Cyclohexyl 
Im 

 
4a 

5am 94 

4 PhCH2 

Ip 
4b 

 

5bp 96 

5 Ph 
Ia 

 
4c 

5ca 95 38 

6 n-Bu 
Ij 

 
4c 

5cj 97 

7 Cyclohexyl 
Im 

 
4c 

5cm 93 

8 Ph 
Ia 

 
4d 

5da 96 38 

9 n-Bu 
Ij 

 
4d 

5dj 94 37 

10 Cyclohexyl 
Im 

 
4d 

5dm 92 

11 PhCH2 

Ip 
 

4d 
5dp 92 

Reaction conditions: Thiol (2 mmol), alpha beta unsaturated
compound (2 mmol), potassium phosphate(25 mol %), RT, neat. 
 

 
 

Figure 2 — Formation of coordinate bond between potassium ion 
and oxygen 
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phosphate. After stirring the mixture for about 10 
min, 0.60 g (5 mmol) allyl bromide was added. The 
stirring was continued and on completion of the 
reaction (tlc) water (20 cm3) was added. The reaction 
mixture was extracted with 3×20 cm3 of diethyl ether. 
The ether extract was washed with water (3×15 cm3) 
and dried over anhydrous sodium sulfate. The 
removal of solvent followed by filtration of the 
resultant oil through a short column of silica gel 
afforded 0.730 g (93%) 2d as an oil. 
 

(b)Preparation of thioether by thia-Michael 
reaction 

To a mixture of 0.55 g thiophenol (5 mmol) and 
0.11g (10 mol %) potassium phosphate, 0.430 g  
(5 mmol) methyl acrylate was added. The reaction 
mixture was stirred till completion of the reaction. 
(tlc, 8-10 min). The resultant product was extracted 
with 3×15 cm3 dichloromethane. The organic extract 
was concentrated under vacuum and the resultant 
residue upon filtration through a short column of 
silica-gel furnished 1.39 g (94%) 4a as an oil. 
 

Spectral data of the representative compounds 
(Prop-2-ynylsulfanylmethyl) benzene, 3e (C9H8S): 

IR (Neat): 3010, 2221, 1447, 763, 699 cm−1; 1H NMR 
(300 MHz, CDCl3): δ 2.32 (t, J = 2.4 Hz, 1H), 3.09 (d, 
J = 2.4 Hz, 2H), 3.89 (s, 2H), 7.24-7.36 (m, 5H); 
13C NMR (75 MHz, CDCl3): δ 35.24 (SCH2), 71.33 
(CH), 79.86 (C), 127.21 (ArCH), 128.58 (ArCH), 
129.04 (ArCH) , 137. 45 (ArC). Anal. Calcd for C9H8S: 
C 72.93, H 5.44. Found: C 72.19, H 5.12%. 

2-[(4-Fluorobenzyl)sulfanyl] ethanol, 3n 
(C9H11OFS): IR (Neat): 3420, 2963, 1455, 804 cm−1; 
1H NMR (300 MHz, CDCl3): δ 2.43 (br s, OH, 1H), 2.60 
(t, J = 6.0 Hz, 2H), 3.67 (t, J = 5.7 Hz, 2H), 3.69 (s, 2H), 
6.99 (t, J = 8.7 Hz, 2H), 7.24-7.29 (m, 2H); 13C NMR 
(75 MHz, CDCl3): δ 34.22 (SCH2), 35.05 (SCH2), 60.34 
(OCH2), 115.29 (ArCH), 115.58 (ArCH), 130.32 
(ArCH), 130.42 (ArCH), 133.76 (ArCH), 133.80 (ArC) , 
161.91 (ArC, 1JCF = 22.4 Hz). Anal. Calcd for 
C9H11OFS: C 58.04, H 5.95. Found: C 57.85, H 5.47%. 

Methyl 3-(cyclohexylsulfanyl) propanoate, 5am 
(C10H18O2S): IR (Neat): 2930, 1741, 1436, 1244 cm−1; 
1H NMR (300 MHz, CDCl3): δ 1.10-1.40 (m, 5H), 
1.60-162 (m, 1H), 1.71-1.77 (m, 2H ), 1.91-1.98 (m, 
2H ), 2.58 (t,, J = 7.5 Hz, 2H ), 2.59-2.69 (m, 1H), 
2.79 (t, J = 7.5 Hz, 2H), 3.68 (s, 3H); 13C NMR  
(75 MHz, CDCl3): δ 24.96 (CH2), 25.76 (CH2), 26.04 
(CH2), 35.03 (SCH2), 43.56 (CH2), 51.74 (OCH2), 
172.49 (CO). Anal. Calcd for C10H18O2S: C 59.37,  
H 8.97. Found: C 58.87, H 8.14%. 

Methyl-3-(benzylsulfanyl)-2-methylpropanoate, 
5bp (C12H16O2S): IR (Neat): 3028, 1738, 1455, 701 cm−1 

1H NMR (300 MHz, CDCl3) : δ 1.21 (d, J = 6.9 Hz, 3H), 
2.47 (dd, J = 12.6 & 6.3 Hz, 1H), 2.65 (sextet, J = 6.9Hz, 
1H), 2.76 (dd, J = 12.6 & 7.2 Hz, 1H), 3.69 (s, 3H), 3.72 
(s, 2H), 7.31-7.33 (brs, 5H); 13C NMR (75 MHz, 
CDCl3): δ 16.85 (CH3), 34.55 (CH2), 36.62 (SCH2), 
39.82 (CH2), 51.79 (OCH3), 127.06 (ArCH), 128.48 
(ArCH), 128.51(ArCH), 138.13(ArC), 175.55 (CO)). 
Anal. Calcd for C12H16O2S: C 64.25, H 7.19. Found:  
C 63.86, H 6.97%. 

3-(Cyclohexylsulfanyl) propanenitrile, 5cm 
(C9H15NS): IR (Neat): 2930, 2250, 1449, 1265, 740 
cm−1, 1H NMR (300 MHz, CDCl3): δ 1.2-1.4 (m, 5H), 
1.60-1.63 (m, 1H), 1.75-1.77 (m, 2H), 1.94-1.98 (m, 
2H), 2.61 (t, J = 6.9 Hz, 2H), 2.67-2.75 (m, 1H),  
2.79 (t, J = 6.9 Hz, 2H); 13C NMR (75 MHz, CDCl3): 
δ 19.26 (CH2) , 25.58 (CH2), 25.64 (CH2), 25.92 
(CH2), 33.49 (SCH2), 43.76 (CH2), 118.45 (CN). 
Anal. Calcd for C9H15NS: C 63.85, H 8.93, N 8.27. 
Found: C 63.16, H 8.27, N 7.87%. 

3-(Butylsulfanyl)propanamide, 5dj (C7H15NOS): 
Solid, M.P.106 0C; IR (KBr):ν = 3358, 3185, 1657, 
1423, 682 cm−1; 1H NMR (300 MHz, CDCl3): δ 0.90  
( t, J = 7.2 Hz, 3H), 1.38 (sextet, J = 7.2 Hz, 2H), 1.57 
(quintet, J = 7.5 Hz, 2H), 1.98 (brs, 2H), 2.49  
(t, J = 7.8 Hz, 2H), 2.54 (t, J = 7.2 Hz, 2H), 2.80  
(t, J = 7.2 Hz, 2H); 13C NMR (75 MHz, CDCl3):  
δ 13.66 (CH3), 21.95 (CH2), 27.44 (CH2), 31.61 
(CH2), 32.03 (CH2), 35.99 (SCH2), 173.87 (CO). 
Anal. Calcd for C7H15NOS: C 52.14, H 9.38, N 8.69. 
Found: C 52.06, H 9.18, N 8.37%. 

3-(Cyclohexylsulfanyl) propanamide, 5dm 
(C9H17NOS): Solid, M. P. 79 0C; IR (KBr): 3356, 
3187, 1654, 1420, 1303, 682 cm−1; 1H NMR (300 
MHz, CDCl3): δ 1.21–1.31 (m, 5H), 1.5-1.6 (m, 1H), 
1.73-1.74 (m, 2H), 1.92-2.0 (m, 2H), 2.47 (t, J = 7.5 
Hz, 2H), 2.60-2.67 (m, 1H), 2.79 (t, J = 7.2Hz, 2H), 
6.0 (brs, 2H); 13C NMR (75 MHz, CDCl3): δ 25.47 
(CH2), 25.73 (CH2), 26.02 (CH2), 33.57 (CH2), 36.26 
(SCH2), 43.82 (CH2), 174.21(CO). Anal. Calcd for 
C9H17NOS: C 57.71, H 9.15, N 7.48. Found: C 57.27, 
H 8.93, N 7.13%. 

3-(Benzylsulfanyl) propanamide, 5dp 
(C10H13NOS): Solid, M. P. 101 0C; IR (KBr): ν: 3354, 
3182, 1634, 1413, 702 cm−1, 1H NMR (300 MHz, 
CDCl3): δ 2.41 (t, J = 7.2 Hz, 2H), 2.73 (t, J = 7.2 Hz, 
2H), 3.75 (s, 2H), 5.72 (brs, 2H), 7.30-7.33 (m, 5H); 
13C NMR (75 MHz, CDCl3): δ 26.95 (CH2), 36.57 
(SCH2), 36.69 (CH2), 127.15 (ArCH), 128.59 (ArCH), 
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128.84 (ArCH), 138.21(ArC), 173.59 (CO). Anal. 
Calcd for C10H13NOS: C 61.15, H 6.71, N 7.17. 
Found: C 61.03, H 6.49, N 6.87%. 
 

Conclusions 
In conclusion, we have demonstrated the 

usefulness of potassium phosphate as a highly 
efficient catalyst for the synthesis of a variety of 
thioethers following two different routes. The 
operational simplicity, substrate compatibility, 
chemoselectivity, very high regioselectivity, excellent 
yields and easy work up procedures are a few other 
noteworthy features of the developed protocols to 
have general applicability. 
 

Acknowledgements 
The authors (UVD, MAK) thank UGC, New Delhi 

for financial assistance and Junior Research 
Fellowship, respectively. 
 

References 
1 Cremlyn R J, An Introduction to Organosulfur Chemistry 

(Wiley, New York), 210 (1996). 
2 Oae S, Organic Sulfur Chemistry, Bio-chemical Aspects, 

edited by Okuyama T (CRC Press, Boca Raton, FL) (1992). 
3 McReynolds M D, Doughtery J M & Hanson P R, Chem 

Rev, 104 (2004) 2239. https://pubs.acs.org/doi/ 
10.1021/cr020109k 

4 Salvatore R N, Smith R A, Nischwitz A K & Gavin T, 
Tetrahedron Lett, 46 (2005) 8931. https://doi.org/10.1016/j. 
tetlet.2005.10.062 

5 Shah S T A, Khan K M, Heinrich A M & Voelter W, 
Tetrahedron Lett, 43 (2002) 8281. https://doi.org/10.1016/ 
S0040-4039(02)02028-2 

6 Vijaikumar S & Pitchumani K, J Mol Catal A Chem, 217 
(2004) 117. https://doi.org/10.1016/j.molcata.2004.03.002 

7 Movassagh B & Beigi M S, Monatsh Chem, 140 (2009) 409. 
DOI: 10.1007/s00706-008-0043-0 

8 Movassagh B & Shaygan P, ARKIVOK, VII (2006) 130. 
https://doi.org/10.3998/ark.5550190.0007.c15 

9 Yadav J S, Reddy B V S & Baishya G, J Org Chem,  
68 (2003) 7098. https://doi.org/10.1021/jo034335l 

10 Ranu B C, Dey S S & Hajra A, Tetrahedron, 59 (2003) 2417. 
https://doi.org/10.1016/S0040-4020(03)00289-8 

11 Wu J & Xia H G, Green Chem, 7 (2005) 708. 
https://doi.org/10.1039/B509288D 

12 Yang M H, Yan G B & Zheng Y F, Tetrahedron Lett,  
49 (2008) 6471. https://doi.org/10.1016/j.tetlet.2008.08.109 

13 Fan R-H & Hou X-L, J Org Chem, 68 (2003) 726. 
https://doi.org/10.1021/jo025983s 

14 Gao P, Xu P F & Zhai H, Tetrahedron Lett, 49 (2008) 6536. 
https://doi.org/10.1016/j.tetlet.2008.09.004 

15 Karimi B & Zareyee D, Synthesis, 1875 (2003). DOI: 
10.1055/s-2003-40981 

16 Meshram H M, Ganesh Y S S, Ramesh Babu K, Eishwaraiah 
B & Yadav J S, Indian J Chem, 44B (2005) 193. 
http://nopr.niscair.res.in/handle/123456789/8930 

 

17 Ranu B C & Mandal T, Tetrahedron Lett, 47 (2006) 6911. 
https://doi.org/10.1016/j.tetlet.2006.07.017 

18 Zaragoza F, Tetrahedron, 57 (2001) 5451. https://doi.org/ 
10.1016/S0040-4020(01)00447-1 

19 Firouzabadi H, Iranpoor N & Maasoumeh J, Tetrahedron Lett, 
47 (2006) 93. https://doi.org/10.1016/ j.tetlet.2005.10.137 

20 Itoh T & Mase T, Org Lett, 6 (2004) 4587. https://doi.org/ 
10.1021/ol047996t 

21 Varala R, Ranu E, Alam M M & Adapa S R, Chem Lett, 33 
(2004) 1614. https://doi.org/10.1246/cl.2004.1614 

22 Thopate T S, Desai U V, Pore D M & Wadgaonkar P P, 
Catal Commun, 7 (2006) 508. https://doi.org/ 
10.1016/j.catcom.2005.12.028 

23 Mitragotri S D, Pore D M, Desai U V & Wadgaonkar P P, 
Catal Commun, 9 (2008) 1822. https://doi.org/ 
10.1016/j.catcom.2008.02.011 

24 Desai U V, Mitragotri S D, Thopate T S, Pore D M & 
Wadgaonkar P P, Monatsh Chem, 138 (2007) 759. 
https://doi.org/10.1007/s00706-007-0675-5 

25 Pore D M, Desai U V, Thopate T S & Wadgaonkar P P, Aust 
J Chem, 60 (2007) 435. https://doi.org/10.1071/CH07097 

26 Desai U V, Pore D M, Tamhankar B V, Jadhav S A & 
Wadgaonkar P P, Tetrahedron Lett, 47 (2006) 8559. 
https://doi.org/10.1016/j.tetlet.2006.09.138 

27 Chen Z-G, Wang Y, Wei J-F, Zhao P-F & Shi X-Y, J Org 
Chem, 75 (2010) 2085. https://doi.org/10.1021/jo9026879 

28 Joshi A V, Bhusare S, Baidossi M, Qafisheh N & Sasson Y, 
Tetrahedron Lett, 46 (2005) 3583. https://doi.org/ 
10.1016/j.tetlet.2005.03.040 

29 Desai U V, Pore D M, Solabannavar S B, Mane R B & 
Wadgaonkar P P, Synth Commun, 34 (2004) 25. 
https://doi.org/10.1081/SCC-120027234 

30 Pore D M, Desai U V, Thopate T S & Wadgaonkar P P, Russ 
J Org Chem, 43 (2007) 1088. https://doi.org/ 
10.1134/S107042800707024X 

31 Desai U V, Pore D M, Mane R B, Solabannavar S B & 
Wadgaonkar P P, Synth Commun, 34 (2004) 19. 
https://doi.org/10.1081/SCC-120015763 

32 Pore D M, Soudagar M S, Desai U V, Thopate T S & 
Wadagaonkar P P, Tetrahedron Lett, 47 (2006) 9325. 
https://doi.org/10.1016/j.tetlet.2006.10.114 

33 Pore D M, Desai U V, Dongare B B & Undale K R, Catal Lett, 
1 (2009) 104. https://doi.org/10.1007/s10562-009-0074-0. 

34 Moghaddam F M, Bardajee G R & Veranlou R O C, Synth 
Commun, 35 (2005) 2427. DOI: 10.1080/00397910500189783 

35 Sharma G, Kumar R & Chakraborti A K, J Mol Catal A 
Chem, 263 (2007) 143. https://doi.org/10.1016/j. 
molcata.2006.08.021 

36 Ranu B C & Dey S S, Tetrahedron, 60 (2004) 4183. 
https://doi.org/10.1016/j.tet.2004.03.052 

37 Moghaddam F M, Bardajee G R, Oftadeh R & Veranlou  
R O C, Synth Commun, 35 (2005) 2427. 
https://doi.org/10.1081/SCC-120006015 

38 Khan A T, Ghosh S & Choudhury L H, Eur J Org Chem,  
12 (2006) 2226. https://doi.org/10.1002/ejoc.200600006 

39 Hussain S, Bhardwaj S K, Chaudhuri M K & Kalita H, Eur J 
Org Chem, 13 (2007) 374. https://doi.org/10.1002/ 
ejoc.200600691 

40 Chen X, She J, Shang Z, Wu J & Zhang P, Synthesis, 3931 
(2008). DOI: 10.1055/s-0028-1083254 

 


