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A simple and convenient method for the synthesis of S-aryl
phosphorothioates catalyzed by cesium hydroxide
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A B S T R A C T

In the presence of a catalytic amount of cesium hydroxide, the corresponding S-aryl phosphorothioates

can be obtained by the reactions of dialkyl phosphites with diaryldisulfides in excellent yields at room

temperature, using DMSO as a solvent. The reaction mechanism was discussed. The method provides a

new and expedient path for the preparation of S-aryl phosphorothioates.

� 2013 Xin-Hua Xu. Published by Elsevier B.V. on behalf of Chinese Chemical Society. All rights reserved.
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1. Introduction

Thiophosphoric acid esters containing C–S–P bonds are of
special interest as pesticides and as thioanalogues of naturally
occurring phospholipids with phospholipase-inhibitory, cytostat-
ic, or hypotensive activity [1–11]. They can be prepared by the
reaction of sulfenyl halogenides with trialkyl phosphites [11–13],
the redox reaction of a phosphorous triester with a thiol in the
presence of TeCl4 and tertary amines [14], the reaction of
thiosuccinimides with trialkyphosphines [15,16], the reaction of
disulfides with dialkyl phosphites [(RO)2P(O)H] catalyzed by CuI in
the presence of organic base [17]. But the first two methods
involved extremely labile reagents sulfenyl halogenides (ArSX) and
TeCl4. Moreover, TeCl4 is expensive. The third method had limited
application because of its poor yield. The forth method is an atom-
economical reaction and has excellent yields, but it needs a
stoichiometric amount of organic base.

Cesium hydroxide, which acts as a super inorganic base,
can react with weak acids to give a strongly nucleophilic anion.
The diaryldisulfides are not only nucleophiles but also electro-
philes [18–20]. The P–H bond in dialkyl phosphites [(RO)2P(O)H] is
a polar bond, making it a weak acid, which should react with
cesium hydroxide to form the highly nucleophilic (RO)2P�(O)Cs+.
Therefore, we hypothesized that cesium hydroxide could catalyze
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the reaction of diaryldisulfides with dialkyl phosphites. In this
paper, we report the results.

2. Experimental

Cesium hydroxide (0.2 mmol) was added to a solution of dialkyl
phosphites (1.0 mmol) and diaryldisulfides (0.5 mmol) in DMSO
(5.0 mL) in a round bottomed flask. The reaction mixture was
stirred at room temperature under an air atmosphere for 20 h. The
reaction was monitored by TLC analysis. Then water (15 mL) was
added and the mixture was extracted with ethyl acetate
(15 mL � 3). The combined organic phase was washed with water
(20 mL � 2) and dried over anhydrous Na2SO4, and concentrated
under vacuum. The crude product was purified by column
chromatography on silica gel (petroleum ether: ethyl ace-
tate = 3:1). Compound 3b: 31P NMR (162 MHz, CDCl3): d 22.79.
1H NMR (400 MHz, CDCl3): d 7.57 (dd, 2H, J = 8.8 Hz, J = 1.6 Hz),
7.35–7.33 (m, 3H), 4.24–4.14 (m, 4H), 1.32–1.28 (m, 6H). 13C NMR
(100 MHz, CDCl3): d 134.3, 129.2, 129.0, 126.4, 63.9, 15.9. MS (m/z):
246 (M+).

3. Results and discussion

The experimental results showed that diaryldisulfides reacted
with dialkyl phosphites (RO)2P(O)H efficiently in the presence of
20% cesium hydroxide at room temperature under air atmosphere
in DMSO in 20 h, producing the corresponding S-aryl phosphor-
othioates in excellent yields (Scheme 1). The results were
summarized in Table 1.
alf of Chinese Chemical Society. All rights reserved.
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Scheme 1. The synthesis of O,O-dialkyl-S-arylphosphorothioates.

Table 1
The synthesis of O,O-dialkyl-S-arylphosphorothioates.

Entry R Ar Product Mp Yield (%)

1 Me Ph (MeO)2P(O)SPh (3a) [9] Oil 91

2 Et Ph (EtO)2P(O)SPh (3b) [9] Oil 92

3 n-Bu Ph (n-BuO)2P(O)SPh (3c) [9] Oil 92

4 Me p-ClC6H4 (MeO)2P(O)SC6H4Cl-p (3d) [13] Oil 85

5 Et p-ClC6H4 (EtO)2P(O)SC6H4Cl-p (3e) [13] Oil 86

6 n-Bu p-ClC6H4 (n-BuO)2P(O)SC6H4Cl-p (3f) [13] Oil 83

7 Me p-CH3C6H4 (MeO)2P(O)SC6H4 CH3-p (3g) [17] Oil 95

8 Et p-CH3C6H4 (EtO)2P(O)SC6H4 CH3-p (3h) [17] Oil 93

9 n-Bu p-CH3C6H4 (n-BuO)2P(O)SC6H4CH3-p (3i) [17] Oil 94

Table 3
Influence of catalyst amount on the reaction for dimethyl phosphites with diphenyl

disulfides.

CsOH (mol%) Yields (%)

5 60

10 71

15 85

20 93

25 93

Table 4
Influence of various bases on the reaction for dimethyl phosphites with diphenyl

disulfides.

Entry

1 2 3 4 5

Base LiOH NaOH KOH RbOH CsOH
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Inspection of Table 1 revealed that the reactions worked
extremely well for a variety of diaryldisulfides and dialkyl
phosphites. The results also showed that the functional groups
present in the phenyl group of diaryldisulfides did not affect the
reaction yields significantly. Substrates containing both electron
donating and electron withdrawing groups led to the correspond-
ing thiophosphoric acid esters in high yields. Thus, this method
could be widely used in the synthesis of a variety of thiophosphoric
acid esters.

We studied the solvent effects on the reaction by using
compound 3a as a model substrate. We found that the reactions
can hardly occur in dichloromethane or toluene even with a
prolonged reaction time. When THF or DMF was used as the
solvent, the reactions afforded compound 3a in 69% and 75%
yield, respectively in 20 h (Table 1, entry 8 and 10). The highest
yield was obtained in DMSO, which is considered the best solvent
for the reaction (Table 2, entry 12). This surprising result
together with the lack of reactivity in other solvents suggests
that DMSO acts not only as the solvent, but also as an oxidant in
the reaction [21,22].

To investigate the influence of the catalyst loading on the
reaction, different amount of catalyst was used for the reaction
(Table 3). We found that increasing the catalyst from 5% to 20% had
noticeable impact on the yield. Interestingly, when 25% of catalyst
was added, there was no further increase of the yield of compound
3a. It appears that 20% amount of catalyst is sufficient to produce a
high yield of compound 3b.
Table 2
Influence of solvents on the reaction for dimethyl phosphites with diphenyl

disulfides.

Entry Solvent T (h) Yield (%)

1 CH2Cl2 10 Trace

2 CH2Cl2 20 9

3 Toluene 10 Trace

4 Toluene 20 16

5 EtOH 10 18

6 EtOH 20 46

7 THF 10 35

8 THF 20 69

9 DMF 10 40

10 DMF 20 75

11 DMSO 10 52

12 DMSO 20 91
In order to assess the catalytic ability of cesium hydroxide in
catalyzing S–P bond formation, we evaluated several common
bases including lithium hydroxide, sodium hydroxide, potassium
hydroxide and rubidium (Table 4). The results showed that cesium
hydroxide was most efficient in catalyzing the S–P bond formation
under the same conditions.

A possible reaction mechanism for the reaction of diaryldi-
sulfides and dialkyl phosphites to O,O-dialkyl-S-arylphosphor-
othioates in the present of cesium hydroxide is depicted in
Scheme 2.

Dialkyl phosphites reacted with cesium hydroxide to give
(RO)2P�(O)Cs+, which underwent nucleophilic attack on ArSSAr to
give S-aryl phosphoroselenoates and ArS�Cs+. The latter was
oxidized in the presence of water to form diaryldisulfides and the
cesium hydroxide catalyst [23].
Yield (%) 0 21 29 70 91

ArSSAr

CsOH (RO)2P(O)H

H2O

(RO)2P (O)Cs

(RO)2P(O)SAr

ArS Cs

H2O

[O]

Scheme 2. Proposed mechanism for the synthesis of O,O-dialkyl-S-

arylphosphorothioates catalyzed by CsOH.
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4. Conclusion

In summary, we have developed a highly efficient and simple
method for the preparation of S-aryl phosphoroselenoates. It has
many merits such as mild reaction conditions, convenient
operation, non-anhydrous solvents, using catalytic amount of
cesium hydroxide and high yields.
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[4] A. Blaskó, C.A. Bunton, A. Kumar, Oxidative hydrolysis of phosphorus (V) esters of
thiols by peroxymonosulfate ion. Reactions of peroxymonosulfate ion with
phosphorus (V) esters of thiols, J. Phys. Org. Chem. 10 (1997) 427–434.

[5] C.E. Müller, H.J. Roth, A new synthesis of thiophosphoric acid esters with a C–S–P
bond, Tetrahedron Lett. 31 (1990) 501–502.

[6] A. Gautier, G. Garipova, O. Dubert, H. Oulyadi,S.R. Piettre, Efficientand practicalaerobic
radical addition of thiophosphites to alkenes, Tetrahedron Lett. 42 (2001) 5673–5676.

[7] T.F. Herpin, W.B. Motherwell, B.P. Roberts, S. Roland, J.M. Weibel, Free radical chain
reactions for the preparation of novel anomeric carbohydrate difluoromethylene-
phosphonates and -phosphonothioates, Tetrahedron 53 (1997) 15085–15100.

[8] C. Lopin, G. Gouhier, A. Gautier, S.R. Piettre, Phosphonyl, phosphonothioyl, phos-
phonodithioyl, and phosphonotrithioyl radicals: generation and study of their
addition onto alkenes, J. Org. Chem. 68 (2003) 9916–9923.
[9] Q. Xu, C.G. Liang, X. Huang, Free radical reaction of dialkyl phosphites and organic
dichalcogenides: a new facile and convenient preparation of arylselenopho-
sphates, Synth. Commun. 33 (2003) 2777–2785.

[10] G. Maryam, S. Soheil, A novel and efficient synthesis of alkyl thiocyanates from
alkyl halides in water using phase transfer catalysts, Chin. Chem. Lett. 22 (2011)
659–662.

[11] W. Hong, J. Dowden, Facile synthesis of N-6 adenosine modified analogue toward
S-adenosyl methionine derived probe for protein arginine methyltransferases,
Chin. Chem. Lett. 22 (2011) 1439–1442.

[12] N.M. Yousif, K.Z. Gadalla, S.M. Yassin, Synthesis of O,O-dialkyl S-phenyl phos-
phorothiolates- and dithiolates, Phosphorus Sulfur Silicon Relat. Elem. 60 (1991)
261–263.

[13] D.D. Liu, D.W. Chen, Z.C. Chen, Hypervalent iodine in synthesis. XII. A new and
convenient method for preparation of O,O-dialkyl S-aryl phosphoro thiolates,
Synth. Commun. 22 (1992) 2903–2908.

[14] Y. Watanabe, S. Inoue, T. Yamamoto, S. Ozaki, Phosphorothioate synthesis based
on the redox reaction of phosphite with tellurium(IV) chloride, Synthesis (1995)
1243–1244.

[15] S. Masson, J.F. Saint-Clair, M. Saquet, Two methods for the synthesis of (2-
mercaptophenyl) phosphonic acid, Synthesis (1993) 485–486.

[16] R.G. Harvey, H.I. Jacobson, E.V. Jensen, Phosphonic acids. VI. The reaction of
trivalent phosphorus esters with organic disulfides, J. Am. Chem. Soc. 85
(1963) 1618–1623.

[17] Y.X. Gao, G. Tang, Y.F. Zhao, A novel and general method for the formation of S-
aryl, Se-aryl, and Te-aryl phosphorochalcogenoates, Synthesis (2009) 1081.

[18] Y.H. Li, J.P. Li, X. Xia, et al., A new synthesis of alkynyl tellurides promoted by CsOH
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