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Phosphine, generated from elemental phosphorus in the system KOH-toluene-
Hy0, reacts with vinyl sulfides under free radical conditions (AIBN,
dioxane, 65-70°C, atmospheric pressure) to form regiospecifically tris(2-
(organylthio)ethyl|phosphines, which are readily oxidized in air to corresponding
tris[2-(organylthio)ethyl]phosphine oxides.

Keywords Addition; phosphine; radical reactions; tris[2-(organylthio)ethyllphosphine
oxides; vinyl sulfides

The development of a convenient method for generation of phosphine
from elemental phosphorus and potassium hydroxide in aqueous or-
ganic systems has opened new opportunities for synthetic utilization
of this efficient phosphorylating agent! and allowed to carry out atom-
economic syntheses of primary, secondary, and tertiary phosphines (in-
cluding functional and unsaturated), based on the nucleophilic addition
of phosphine to aryl'? and hetarylalkenes! and acetylenes.!:22-b-4

To expand the synthetic potential of phosphine and synthesize
new prospective polyfunctional sulfur-containing organophosphorus
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compounds based thereon, we have investigated the reaction of phos-
phine with available organyl vinyl sulfides.>%

RESULTS AND DISCUSSION

We have found that phosphine reacts readily with vinyl sulfides 1a-d
under free-radical conditions to give regiospecifically anti-Markovnikov
adducts. The reaction proceeds upon passing phosphine, generated as a
phosphine-hydrogen mixture from red phosphorus and potassium hy-
droxide in aqueous toluene medium, through a solution of vinyl sulfide
1 in dioxane heated to 65—-70°C in the presence of AIBN. To achieve
the complete organylsulfenylethylation of phosphine, vinyl sulfide is
introduced into the reaction vessel by two portions: the first one (three
fourth) is placed into the flask at the initial reaction stage, while the
remaining portion is added after the phosphine feeding is stopped. Un-
der these conditions, the major reaction products are the corresponding
tris[2-(organylthio)ethyllphosphines (identified in the reaction mixture
by 3P NMR peaks at —27 +~ —28 ppm), which are readily oxidized by air
oxygen during their isolation and purification on AlyOg3 to give tris[2-
(organylthio)ethyl]phosphine oxides 2a-d in 56—-83% yield (Scheme 1).

R RS RS
> . 0
= AIBN air N )
PH; + X P SR —> P” R
65-70°C ( e [ v
SR SR
la-d 2a-d

R =Et (a), n-Pr (b), n-Bu (c), Ph (d)

SCHEME 1

The reaction mixture also contained trace amounts of the cor-
responding primary and secondary phosphines: peaks at —138 -
—139 ppm (Jg_p_p, ~ 192 Hz) and —70 +~ —71 ppm (Jy_p, 194-195 Hz),
respectively.

Moderate yield of phosphine oxides 2a,b (56 and 61%, respectively)
as compared to the yield of phosphine oxides 2¢,d (74-83%) can be ac-
counted for by the higher volatility of the starting ethyl and n-propyl
vinyl sulfides, which therefore may be carried out of the reaction mix-
ture with the flow of phosphine.

Structures of the synthesized compounds 2 were confirmed by their
NMR and IR spectral characteristics (Tables I and II).

Thus, the reaction of phosphine with vinyl sulfides represents a con-
venient approach to the atom-economic synthesis of tertiary phosphine
oxides with a sulfide moiety, potentially capable of metal chelating and,
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TABLE II IR Spectra of Compounds 2a-d

Compound Infrared Spectra (em—1)e

2a 2965 vas (CHy), 2925 v (CHa), 2870 v (CHg), 1452 8, (CHj), 1424 § (CHy),
1375 8 (CHs), 1293, 1263, 1211 sh, 1199 5 (CHy), 1159 v (P=0), 1053 5
(CHj), 1008, 971, 916 § (CH), 830 § (CH,), 785, 763 v (C—S), 477 § (OPC),
451 5 (PCC)

2b 2960 vas (CHy), 2928 v (CHy), 2871 v (CHj), 1458 8, (CHj), 1420 § (CHy),
1377 55 (CH3), 1337, 1289, 1239, 1198 § (CHy), 1160 v (P=0), 1050 &
(CHj), 1011, 920, 896 § (CH), 830 § (CH,), 783, 741 v (C—S), 477 § (OPC),
452 5 (PCC)

2¢ 2957 vas (CHy), 2929 v (CHa), 2871 v (CHj), 1464 8, (CHj), 1437, 1420 §
(CHy), 1379 8 (CHy), 1290, 1273, 1214, 1198 5 (CHy), 1159 v (P=0),
1055 § (CHj), 1034, 1011, 916, 896 5 (CH), 830, 814 5 (CH,), 786, 745 v
(C—S), 474 5 (OPC), 449 5 (PCC)

2d 3073, 3054, 3018, 3000 v (=CH), 2952, 2922, 2902, 2853 v (CHy), 1583,
1572 sh, 1480, 1438 v (C=C), 1415, 1294, 1219, 1200 § (CHy), 1150 v
(P=0), 1095, 1023, 1009, 938, 890 § (CH), 842 5 (CH,), 780, 761 sh, 747
sh v (C—S), 732, 690 § (=CH), 493 § (OPC), 465 § (PCC)

%Spectra of compounds 2a-c were taken in microlayer, spectra of products 2d were
run in KBr.

therefore, representing prospective polydentate (hemilabile) ligands for
the design of metal complex catalysts.” These compounds are also re-
active building blocks for organic synthesis and convenient models for
solving important theoretical problems, for example: which one of two
heteroatomic functions better stabilizes the carbanion generated in vic-
inal RoP(O)CH,CH,S moiety under the action of a strong base?®

Experimental

1H, 13C, and 3'P NMR spectra were taken on a Bruker DPX 400 (400.13,
101.61, and 161.98 MHz, respectively) spectrometer in CDCl3 solutions
and referenced to internal HMDS and external 85% H3PQOy, respec-
tively. IR spectra were measured on a Bruker IFS 25 instrument in
microlayer and in KBr. Mass spectrum was obtained on a LKB-2091
GC/MS spectrometer at the ionizing voltage of 70 eV.

Synthesis of Tris[2-(organylthio)ethyl]phosphine Oxides 2c-d

General Procedure

A solution of AIBN (0.06 g) in dioxane (25 mL) was blown with ar-
gon and saturated with phosphine-hydrogen mixture, generated in a
separate flask by addition of 50% aqueous solution of KOH (200 g) to
a mixture of red phosphorus (20 g) in 70 mL of toluene at 70-75°C.
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To the solution obtained, vinyl sulfide 1 (9.3 mmol) in 6 mL of diox-
ane was added dropwise over 1 h at 65-70°C, while bubbling phos-
phine at a rate of 45-50 bubbles/min, with the following heating of the
reaction mixture for additional 2 h (65-70°C) upon vigorous passing
phosphine. The phosphine feeding was then stopped, the system was
blown with argon, and a solution of vinyl sulfide (3.2 mmol) in 3 mL
of dioxane was introduced into the reaction mixture, which was then
heated at 65—70°C for additional 1.5 h. The system was cooled and
analyzed by 3'P NMR, §, ppm. The major reaction products were tris[2-
(organylthio)ethyl [phosphines (peaks at —27 ~ —28 ppm). The reaction
mixture also contained trace amounts of the tertiary phosphine oxide
2, as well as the corresponding primary and secondary phosphines:
peaks at —138 ~ —139 ppm (Jy_p_u, ~192 Hz) and —70 - —71 ppm
(fa_p, 194-195 Hz), respectively. The solvent was removed under re-
duced pressure, and the residue was purified by column chromatogra-
phy (Al;Og3, activity level II, eluent: ethanol) to give phosphine oxides
2a-c. Phosphine oxide 2d was purified by recrystallization from hexane.

Tris[2-(ethylthio)ethyllphosphine oxide (2a). Light-yellow oil, 56%
yield.

Anal. Calcd. for C19Ho7OPS3: C, 45.83; H, 8.65; P, 9.85; S, 30.59.
Found: C, 45.48; H, 8.59; P, 9.46; S, 29.99.

Tris[2-(propylthio)ethyl]phosphine oxide (2b). Light-yellow oil, 61%
yield.

Anal. Caled. for C15H330PS3: C, 50.52; H, 9.33; P, 8.69; S, 26.98
Found: C, 50.39; H, 9.28; P, 7.99; S, 26.70.

Tris[2-(butylthio)ethyllphosphine oxide (2¢). Light-yellow oil, 74%
yield.

Anal. Calced. for C;gH39OPS3: C, 54.23; H, 9.86; P, 7.77; S, 24.13.
Found: C, 54.39; H, 9.79; P, 7.68; S, 23.97.

Tris[2-(phenylthio)ethyl]phosphine oxide (2d). White powder, m.p.
84-86°C (from hexane), 83% yield.

Anal. Calcd. for Co4Ho7OPS3: C, 62.85; H, 5.93; P, 6.75; S, 20.97.
Found: C, 62.58; H, 5.91; P, 6.79; S, 20.81.
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