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Abstract

A stereoselective and effective method for the synthesis of vinyl thioethers has been developed. This method is based on the

Michael addition of ethanethiol to various alkynyl ketones using 10 mol% of tributylphosphine as catalyst. Most of alkynyl ketones

react with ethanethiol in this system to yield mainly Z-isomer of vinyl thioether adducts, only in one case mainly E-isomer of vinyl

thioether adducts was observed.
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Organocatalysis is emerging as a rapidly growing field of organic chemistry due to the advantages of efficiency,

operational simplicity, mild reaction conditions and environmentally benign nature compared with metal complex-

catalysis [1]. Among them nucleophilic catalysis via conjugate addition of N- and P-nucleophile displays an important

subset of organocatalytic reactions, such as the Morita–Baylis–Hillman condensation [2], isomerization of alkynyl

ketones [3], nucleophilic additions to a,b-unsaturated systems [4], [3 + 2] cycloadditions [5], [4 + 2] cycloadditions

[6], dehydrogenative coupling reaction of carboxylic acids with silanes [7], ring-opening reaction of epoxides and

aziridines [8], allylic amination [9].

Sulfur-containing compounds are both important intermediates in organic synthesis [10] and exhibit a wide range

of pharmaceutical uses. For example, the dihydrobenzoxanthiin is a selective estrogen receptor modulator [11], and

diltiazem is used as a calcium channel blocker in the treatment of hypertension [12]. Thus, many ways have been

developed for the synthesis of organosulfur compounds. These include metal-catalyzed coupling reaction [13], acids-

catalyzed or promoted reaction [14], electrochemical reaction [15]. Michael addition of thiols to electron-deficient

alkynes represents an attractive route for the direct synthesis of vinyl thioethers [16]. However, even though there have

been several reports on the regioselective synthesis of vinyl thioethers in the presence of N-catalyst or inorganic base,

few examples of synthesis of vinyl thioethers in the presence of phosphine Lewis base have been reported, to the best
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of our knowledge, in literature [17]. Here, we wish to report a facile method for the synthesis of vinyl thioethers

through the Michael addition of thiols to electron-deficient alkynes by use of tributylphosphine as catalyst with good to

excellent chemical yields and regioselectivity (Scheme 1).

We first chose 1,3-diphenylprop-2-yn-1-one (1a) and ethanethiol as the standard substrate to search for potential

catalyst and suitable reaction conditions and the results are shown in Table 1. It was observed that poor yield was

obtained when PPh3 (10 mol%) was applied as a nucleophilic promoter and the reaction was carried for 96 h at room

temperature in dichloromethane solution. A diastereomeric ratio of 73:27 was observed in favor of the Z-isomer. The

configuration of the double bond of carbon and carbon in 2a was determined by its 1H-NOESY NMR spectrum, from

which no NOE effect was found between the signals of vinyl proton and methylene protons in Z-isomer, whereas NOE

effect was observed between the signals of vinyl proton and methylene protons in E-isomer. However, the yield and the

degree of diastereoselective induction increased greatly from 17 to 99% and 75:25 to 85:15 when tributylphosphine

((n-Bu)3P) was used as a catalyst. At lower temperature (0 8C), better diastereoselectivity was observed. Then we

tested amines such as triethylamine and pyridine; triethylamine could effectively catalyze the action, but pyridine was

not adapted to the above reaction. Moreover, among the solvents we examined, CH2Cl2 was proved to be the optimum

solvent, and the yield of product decreased significantly when another solvent such as THF or MeOH was used.

Therefore, it seems to us that the best reaction condition is to carry out this reaction in CH2Cl2 with (n-Bu)3P as a

catalyst at room temperature [18].

With these results in hand, a variety of alkynyl ketones were first submitted to the reaction; the results are

summarized in Table 2. It was observed that all of electron-deficient internal alkynes react with ethanethiol in this

system to yield mainly Z-isomer of vinyl thioether adducts and afford the corresponding products with good to

excellent yields under the optimized condition. The substituents on the phenyl ring of the electron-deficient internal

alkynes have obvious effect on the yields of the reaction. For example, the reaction of 1-(4-nitrophenyl)-3-phenylprop-

2-yn-1-one or 1,3-diphenylprop-2-yn-1-one, under the conditions described, gave the corresponding products 2e and

2a in 97% and 99% yields, respectively. However, the substituents on the phenyl ring of the electron-deficient internal
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Scheme 1.

Table 1

Reaction of 1,3-diphenylprop-2-yn-1-one (1a) and ethanethiol under various conditions.

Entry Base (mol%) Solvent Time (h) Z/E selectivity (%)a Yield of 2a (%)b,c

1 Ph3P (10) CH2Cl2 96 73/27 17

2 (n-Bu)3P (10) CH2Cl2 0.25 68/32 99

3 (n-Bu)3P (10) CH2Cl2 1.5 87/13 99d

4 Et3N (10) CH2Cl2 48 86/14 96

5 Pyridine (10) CH2Cl2 96 – Trace

6 (n-Bu)3P (10) Et2O 96 85/15 79

7 (n-Bu)3P (10) THF 96 64/36 20

8 (n-Bu)3P (10) Toluene 3 87/13 89

9 (n-Bu)3P (10) EA 2.5 82/18 95

10 (n-Bu)3P (10) Acetone 2.5 85/15 99

11 (n-Bu)3P (10) MeOH 24 88/12 59

12 (n-Bu)3P (10) CH3CN 96 – Trace

a Z/E selectivity was estimated by crude 1H NMR determination.
b Yield after purification by silica gel column chromatography.
c Unless otherwise noted, reactions were carried out at room temperature.
d Reaction was carried out at 0 8C.



alkynes only have slightly effect on the stereoselectivity. Electron-deficient terminal alkynes with ethanethiol also

proceeded smoothly to generate the corresponding products with good yields (Table 2, entries 12–13). For example,

when 1-phenylprop-2-yn-1-one was tested in the conditions described, the product of vinyl thioether was formed in

90% yield with a Z/E selectivity ratio of 81:19, which was based on crude 1H NMR analysis.

A proposed mechanism for this reaction was outlined in Scheme 2 based on the previous investigation. Initially,

tributylphosphine act as nucleophilic promoter to initiate the reaction and produces a zwitterionic intermediate 3,

which then deprotonates ethanethiol to form the corresponding intermediates 4 and 5. Subsequent Michael addition of

4 to 5 give intermediate 6, which then eliminate tributylphosphine to afford the final product.

In summary, we have developed a stereoselective and effective method for the synthesis of vinyl thioethers through

the conjugate addition of thiols to alkynyl ketones catalyzed by tributylphosphine in mild condition.
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Table 2

Reaction of Alkynyl ketones 1 with ethanethiol [TD$INLINE]

EtSH
O

R1

R2

EtS

R1

R2
O

10 mol% (n-Bu)3P
CH2Cl2, r.t

1
2

Entry R1 R2 Time (minute) Product Z/E selectivity (%)a Yield of 2 (%)b

1 Ph Ph 15 2a 67/33 99

2 Ph p-F-Ph 15 2b 67/33 99

3 Ph p-Cl-Ph 15 2c 87/13 99

4 Ph p-Br-Ph 40 2d 71/29 99

5 Ph p-NO2-Ph 15 2e 79/21 97

6 Ph m-NO2-Ph 20 2f 71/29 80

7 Ph p-MeO-Ph 60 2g 68/32 96

8 Ph p-MeS-Ph 60 2h 74/26 96

9 Ph 3,4-(MeO)2-Ph 90 2i 73/27 99

10 Ph 2,3,4-(MeO)3-Ph 60 2j 85/15 88

11 Ph 4-pyridine 10 2k 69/31 99

12 H Ph 35 2l 81/19 90

13 H o-Cl-Ph 15 2m 18/82 76

a Z/E selectivity was estimated by crude 1H NMR determination.
b Yield after purification by silica gel column chromatography.
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