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a-Alkylthio-ketones (e-sulphenylated ketones) are useful in-
termediates in organic synthesis’. These compounds are
usually prepared by sulphenylation of enol derivatives such as
metal enolates® or enol silyl ethers®.
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However, in the case of unsymmetrical ketones in which both
possible enolate anions can be generated, these methods can
not always be used to obtain the desired regioisomeric a-al-
kylthio-ketones. For example, to obtain the isomer 2a it
would be necessary to sulphenylate the thermodynamically
less stable enolate anion derived from the ketone 1:
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We have now developed a new method for the synthesis of the
regioisomeric a-alkylthio-ketones of the type 2a using the re-
cently synthesized® diethyl I-methylthioethenephosphonate
(5) as starting material. As we have now found compound 5
can be conveniently prepared on a large scale by the addition
of methanesulphenyl chloride to diethyl ethenephosphonate
(3)¢ and dehydrochlorination of the resultant diethyl 2-chlo-
ro-1-methylthioethanephosphonate (4).
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Using compound § as starting material, the title compounds 9
are prepared either by reaction of 5 with ethanethiol in etha-
nol in the presence of sodium ethoxide to give diethyl 2-ethyl-
thio-1-methylthioethanephosphonate (6) [the phenylthio ana-
log 10 may be prepared in a similar manner], carbonyl olefi-
nation of the benzaldehyde 7 with 6, and hydrolytic cleavage
of the resultant enethiol ether 8, or by reaction of 5 with the
benzaldehyde 7 and sodium methanethiolate to give 8 in a
one-step reaction, followed by cleavage of 8.

The following points are worthy of note: The reaction of §
with thiols is carried out in the presence of only 0.1 mol equiv
of sodium ethoxide; the use of equimolecular amounts of so-
dium ethoxide leads te mixtures of products. In the one-step
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conversion 5-»8, side reactions may be prevented by adding
the sodium methanethiolate portionwise to a boiling solution
of § and 7 in tetrahydrofuran. The mild hydrolysis of 8 using
two equivalents of titanium(IV) chloride renders possible the
selective cleavage of the enethiol ether to give 9 in good yield.
However, the ethylthiomethyl ketones 9a and 9c¢ are always
contaminated by small amounts (up to 6%) of the correspond-
ing methylthiomethyl ketones 9b and 9d, respectively, of un-
known origin; due to this fact, correct microanalyses could
not be obtained.

Mass spectra were recorded on a LKB 2091 mass spectrometer. 'H-
N.M.R. spectra were recorded at 60 MHz using a Perkin-Elmer R-12
instrument. *C- and *'P-N.M.R. spectra were recorded on a FT Jeol
FX-60 instrument. G.L.C. analyses were performed on Varian Aero-
graph 2700, detector FID, carrier gas N,, glass column 2m, 10%
OV 101, temperature programmed from 70 to 290 °C, 10 °C/min.

Diethyl 2-Chloro-1-methylthioethanephosphonate (4):

To a solution of diethylethenephosphonate® (3; 22 g, 0.134 mol) in te-
trachloromethane (60 ml), methanesulphenyl chloride® (11.1 g, 0.134
mol) is added dropwise at room temperature with slight external cool-
ing and the mixture is allowed to stand overnight. The solvent is evap-
orated and the residue is distilled in vacuo to give pure 4; yield: 27.5 g
(83%); b.p. 95-100°C/0.6-0.8 torr: n¥: 1.4812 (Ref.’, b.p. 110-
112°C/2 torr; nX: 1.4810).

Diethyl 1-Methylthioethenephosphonate (5):

To a stirred solution of diethyl 2-chloro-1-methylthioethanephosphon-
ate (43 35 g, 0.142 mol) in ether (200 ml), triethylamine (14.34 g, 0.142
mol) is added dropwise. Stirring is continued for 4 h and the mixture
then allowed to stand overnight. The precipitated triethylamine hy-
drochloride is filtered off and the ether evaporated. The residue is dis-
tilled in vacuo to give pure 5; yield: 25.6 g (86%); b.p. 72-76 °C/0.01-
0.05 torr; nf§: 1.4862.
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'H-N.MLR. (CCL,/TMS,,,): 6=1.32 (t, 6 H); 2.30 (s, 3H); 4.05 (dq,
4H); 5.60 (d, 1H, Jpy=43.3 Hz, trans-C=CH); 6.12 ppm (d, | H,
Jpu=22.7 Hz, cis-C=CH).

SIP.N.M.R. (CCly/H3POy.y,): 6=12.8 ppm.

Addition of Thiols to Compound 5:

Diethyl 2-Ethylthio-1-methylthioethanephosphonate (6): Sodium (~ 0.1
g) is dissolved in ethanol (60 ml) under a nitrogen atmosphere and
ethanethiol (2.709 g, 0.0436 mol) is added. After a few minutes, diethyl
I-methylthioethenephosphonate (53 9.15 g, 0.0436 mol) is added with
stirring and the mixture is allowed to stand at room temperature over-
night. Water (90 ml) and ether (60 ml) are added and the layers are
separated. The aqueous layer is extracted with ether (3 x 15 ml), the
combined organic layers are washed with saturated sodium chloride
solution (10 ml), dried with magnesium sulphate, and evaporated to
give crude 6; yield: 11.7 g (98%). Product 6 is purified by distillation
in vacuo; yield: 9 g (76%); b.p. ~100°C/0.001 torr.

CyH,,04PS, calc. C 39.71 H 7.72 P 1140  S23.53
(272.35) found 39.90 7.50 11.64 23.05
M.S.: m/e=272 (6%), 225 (100), 165 (66).

'H-N.M.R. (CCly/HMDSO;,): § = 1.2 (t, 3H); 1.3 (t, 6 H); 2.2 (s, 3 H):
2.25-3.0 (m, 5H); 3.75-4.35 ppm (m, 4H).

Diethyl 1-Methylthio-2-phenyithioethanephosphonate (10): Prepared in
a similar manner from thiophenol (2.2 g, 0.02 mol) and diethyl [-me-
thylthioethenephosphonate (5; 4.2 g, 0.02 mol) in ethanol (50 ml) con-
taining sodium ethoxide (from ~ 0.08 g of sodium); yield of crude 10:
6.84 g (86%); yield of distilled 10: 58 g (73%): b.p. ~115°C/0.2
torr.

CaH2,0:PS; cale. C4873 H661 P9.67

(320.4) found 48.88 6.40 9.42

M.S.: m/e=320 (11%), 273 (100), 211 (25).

'H-N.M.R. (CDCI3/TMS;,,): §=1.31 (t, 6H); 2.22 (s, 3H); 2.25-3.8
(m, 3H); 3.9-4.45 (m, 4H); 7.2-7.6 ppm (m, SH).

YP-N.M.R. (CDCl3/H;PO,.,): 6 =22.36 ppm.

3-Ethylthio-2-methylthio-1-phenylpropene (8a):

Sodium hydride (0.12 g, 5 mmol) is added to a stirred solution of di-
ethyl 2-ethylthio-1-methylthioethanephosphonate (6; 1.36 g, 5 mmol)
and benzaldehyde (7, X=H; 0.53 g, 5 mmol) in tetrahydrofuran (20
ml) under nitrogen. Stirring and refluxing are continued for 1 h;
G.L.C. analysis then shows that the reaction is complete. Water (15
ml) and ether (75 ml) are added and the layers are separated. The
aqueous layer is extracted with ether (3 x 5 ml); the combined organic
layers are washed with saturated sodium chloride solution (10 ml),
dried with magnesium sulphate, and evaporated to give crude 8a;
yield: 0.913 g (81%). The product is column-chromatographed on sil-
ica gel using benzene as eluent to give 8a as an E/Z mixture; yield:
0.751 g (67%).

M.S.: m/e =224 (44%), 164 (49), 163 (15), 115 (100).

'H-N.M.R. (CCl,/HMDSO,): §=1.2 (t, 3H); 2.2, 2.25 (25, E/Z,
3H); 2.45 (q, 2H); 3.3, 3.36 (2s, E/Z, 2H); 6.2, 6.5 (2s, E/Z, 1H);
7.05-7.65 ppm (m, 5H).

1-(4-Bromophenyl)-3-ethylthio-1-methylthiopropene (8c):

Prepared in the same manner as 8a from diethyl 2-ethylthio- I-methyl-
thioethanephosphonate (6; 1.0526 g, 3.87 mmol) and 4-bromobenzal-
dehyde (7, X=Br; 0.7159 g, 3.87 mmol); yield of chromatographed 8¢
as an E/Z mixture: 0.722 g (62%).

M.S.: m/e=302, 304 (11, 12%), 193/195 (9/11), 164 (11), 162 (84), 115
(100).

'H-N.M.R. (CCL,/HMDSO;,,): §=1.25 (double t, 3H); 2.2 (s, 3H);
2.4 (q, 2H): 3.3 (br s, 2H); 6.0, 6.3 (25, E/Z, 1H); 7.05-7.5 ppm (m,
4H).

2,3-Bis|methylthiol-1-phenylpropene (8b):

To a stirred, boiling solution of diethyl 1-methylthioethenephosphon-
ate (5; 1.05 g, 5 mmol) and benzaldehyde (7, X=H; 0.53 g, 5 mmol)
in tetrahydrofuran (15 ml), sodium methanethiolate (0.35 g, 5 mmol) is
added portionwise under nitrogen. Refluxing is continued for 30 min
and the progress of the reaction is monitored by G.L.C. analysis. Wa-
ter (10 ml) and ether (10 ml) are added and the layers are separated.
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The aqueous layer is extracted with ether (3 x 5 ml); the combined or-
ganic layers are washed with saturated sodium chloride solution (10
ml), dried with magnesium sulphate, and evaporated to give crude 8b;
yield: 0.94 g. The product is column-chromatographed on silica gel us-
ing benzene as eluent to give 8b as an E/Z mixture; yield: 0.713 g
(7T0%).

M.S.: m/e=210 (33%), 164 (14), 115 (100).

'"H-N.M.R. (CCl,/HMDSO;,): 6=1.9 (s, 3H); 2.1 (s, 3H); 3.25,3.33
(2s, E/Z, 2H). 6.12, 6.38 (2s, E/Z, 1H); 6.91-7.6 ppm (m, SH).
BC-N.M.R. (CDCl3/TMS;,): 6=12.47, 12.73, 13.12, 13.90 (2 S—CH3;,
E/Z); 33.52, 39.24 (CH, group, E/Z); 121.50, 124.62, 125.0, 126.05,
126.44, 127.22, 131.25, 134.24, 134.89, 135.53 ppm (Cyiefin + Curom)-

1-(4-Bromophenyl)-2,3-bis[methylthio]-propene (8d):

Prepared in the same manner as 8b from diethyl 1-methylthioethene-
phosphonate (5; 1.05 g, 5 mmol), 4-bromobenzaldehyde (7, X=Br;
0.925 g, S mmol), and sodium methanethiolate (0.35 g, 5 mmol): yield
of chromatographed 8d as an E/Z mixture: 0.933 g (64%).

M.S.: m/e =288, 290 (41, 31%), 162 (100), 147 (25), 115 (67).
'H-N.M.R. (CCL/HMDSO;,): 5=193, 2.00 (2s, E/Z, 3H); 2.22 (s,
3H); 3.31 (s, 2H): 6.1, 6.38 (2s. E/Z, 1 H); 7.0-7.6 ppm (m, 4H).

3-Alkylthio-1-aryl-2-propanenes (9); General Procedure:
Titanium(1V) chloride (0.456 g, 2.4 mmol) is added dropwise to a stir-
red, cooled (— 15 °C) solution of a 2,3-bis[alkylthio]-1-arylpropene (8;
1.2 mmol) in acetonitrile (10-15 ml). After the addition is complete the
stirred mixture is allowed to reach room temperature. After 20 min,
water (86.4 mg, 4.8 mmol) is added and stirring is continued until
G.L.C. analysis reveals completion of the reaction (usually after 2-3
h). Ether (10 ml) and a cold saturated ammonium chloride solution (15
ml) are added and the layers are separated. The aqueous layer is ex-
tracted with ether (4 x 5 ml); the combined organic layers are washed
with saturated sodium chloride solution (5 ml), dried with magnesium
sulphate, and evaporated. The crude product 9 is purified by prepara-
tive layer chromatography on silica gel using benzene as eluent;
Ry ~0.22-0.26.
3-Ethylthio-I-phenyl-2-propanone (9a); yield: 78%; purity: 97%
(G.L.C.); the product is contaminated with 3% of 9b.
M.S.: m/e=194 (36%), 118 (11), 91 (100), 75 (81).
'H-N.M.R. (CCl,/HMDSO;,,): =11 (t, 3H); 2.33 (q, 2H): 3.0 (s,
2H): 3.71 (s, 2H); 7.05-7.3 ppm (m, 5 H).
3-Methylthio-1-phenyl-2-propanone (9b); yield: 73%; purity: >99.5%
(G.L.C.).
CoH,,08 calc. C66.63 H671 S17.79
(180.3) found 66.27 6.72 17.77
M.S.: m/e =180 (35%), 91 (100), 61 (67).
'H-N.M.R. (CCly/HMDSO;,,): §=19 (s, 3H); 3.02 (s, 2H): 3.8 (s,
2H); 7.3-7.5 ppm (m, 5H).
1-(4-Bromophenyl)-3-ethylthio-2-propanone (9¢); yield: 72%. purity:
94% (G.L.C.); the product is contaminated with 6% of 9d.
M.S.: m/e=272, 274 (6, 6%), 212, 214 (6, 6), 197, 199 (2, 2), 169, 171
(29, 27y, 75 (100).
"H-N.M.R. (CCl/HMDSO;,,): §=1.1 (t, 3H); 2.34 (q, 2H): 3.04 (s,
2H); 3.7 ¢s, 2H); 7.0, 7.38 ppm (AA’BB’, 4 H).
1-{4-Bromophenyl)-3-methylthio-2-propanone (9d); yield: 80%: purity:
>99% (G.L.C.).
CioH, BrOS cale. C4634 H428 S1237
(259.2) found 46.34 435 1216
M.S.: m/e=258, 260 (21, 22%), 169, 171 (40, 39), 61 (100).
'H-N.M.R. (CCl,/HMDSO,,): =19 (s, 3H); 2.98 (s, 2H); 3.7 (s,
2H): 7.0, 7.38 ppm (AA’BB’, 4H).

Received: October 27, 1982

* Address for correspondence.

' Part XXXII of the series: Organosulphur Compounds, Part XXX1; J.
Drabowicz, P. Lyzwa, M. Mikotajczyk, paper submitted to Phospho-
rus Sulfur.

% ). March, Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure; 2nd Edn., McGraw-Hill Kogakusha, Ltd., 1977, p. 545,
933.

Downloaded by: University of lllinois. Copyrighted material.



334 Communications SYNTHESIS

3

w

B. M. Trost, Organic Sulphur Chemistry, C. J. M. Stirling, Ed., But-
terworths, London, 1975, p. 237.

B. M. Trost, Chem. Rev. 78, 363 (1978).

S. Murai, Y. Kuroki, K. Hasegawa, S. Tsatsumi, J. Chem. Soc.
Chem. Commun. 1972, 946.

M. Mikotajczyk, S. Grzejszezak, K. Korbacz, Tetrahedron Lett. 22
3097 (1981).

S. Z. lvin, W. K. Promonenkov, B. 1. Tetelbaum, Zh. Obshch. Khim.
37, 486 (1967).

T. Mukaiyama, K. Kaimo, S. Kobayashi, H. Takei, Bull. Chem. Soc.
Jpn. 45, 3723 (1972).

K. Sasse, in: Houben-Weyl, Methoden der Organischen Chemie, 4th
Edn., E. Miiller, Ed., Vol. 12/1, Georg Thieme Verlag, Stuttgart,
1963, p. 439, 505.

H. Brintzinger, K. Pfannstiel, H. Koddebusch, K. E. Kling, Chem.
Ber. 83, 87 (1950).

kd

Downloaded by: University of lllinois. Copyrighted material.



