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The reaction of elemental phosphorus (P4) and sulfur with protonodonor reagents
(alcohols, phenols, and thiols) has been studied in the presence of amines and com-
plexes based on trialkyltrithiophosphites and transition metal halides. A novel ap-
proach to the synthesis of phosphorus sulfur organic compounds has been proposed
on the basis of these reactions.
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INTRODUCTION

Until recently the traditional techniques for the preparation of phos-
phorus and sulfur organic compounds have been based on phosphorus
chlorides and phosphorus sulfides. This reaction was accompanied by
the evolution of hydrogen chloride or hydrogen sulfide.! Therefore, one
of the actual problems of chemistry is the development of new ecologi-
cally pure methods for their preparation.

Our investigations are based on the reaction of elemental phosphorus
(P4) and sulfur and their derivatives as well as on organic and inorganic
reagents.
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The reaction of P4 and sulfur with protonodonor reagents (alcohols,
phenols, and thiols) has been studied in the presence of compounds
of a bidentate character. We have suggested and used amines forming
appropriate complexes on interaction with elemental sulfur or biden-
tate complexes based on trialkyltrithiophosphites and transition metal
halides. These compounds are supposed to promote the phosphorus
tetrahedron cleavage.

RESULTS AND DISCUSSION

It has been established that the reaction of elemental phosphorus and
sulfur with alcohols and phenols in the presence of amines resulted
in the formation of ammonium salts of O,0-dialkyldithiophosphoric
acids.?

S
/ ! /
P, + Sg + 8ROH + 4NE —— 4(RO),P-SH.NL + H, |

R: alkyl G -Cqp, aryl: phenyl, n-cresol, n-nonylphenol
NH3
/ . 1. . 1 ' . -
NT * HpNR'; HNR' 5 NR3 (R':alkylCy ~Cypy)

aromatic amines; heterocyclic amines; ethanolamines

We used either aliphatic alcohols or phenols, or a mixture of alcohol
and substituted phenol and ammonia, aliphatic, aromatic and hetero-
cyclic amines, and ethanolamines as amines.

The reaction was followed by hydrogen evolution in contrast to the re-
action of phosphorus sulfide (P3S5) with alcohols in which the evolution
of hydrogen sulfide was observed. The use of amines makes the method
more suitable and useful both for laboratory practice and industry.

It is well known that dialkyldithiophosphoric acids and their deriva-
tives are used as lubricating oil additives.!

We applied amines for the cleavage of phosphorus tetrahedron in the
reaction of P4 with thiophenol and amines in acetonitrile when heated
with the formation of ammonium salt 2 (62%) and acetamidine salt 3
(47%) of S,S-diphenyldithiophosphoric acid, depending on the nature
of the amine used. (The reactions were carried out in the presence of
oxygen from the air.)

The crystal structure of the obtained acetamidine salt of S,S-
diphenyldithiophosphoric acid 3 was determinated by X-ray diffraction.

Diphenyldisulfide is the second product obtained by us in the pres-
ence of basic reagents.
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P, + CcH5SH + N(C2H5)3J—ﬂ—> (C6H5S)2P OH* N(CpHs); + CgHsSSCgH5 (1)

CH;CN
2
o Il

B+ CeHsSH + HN(Csz)z—EH—f(]:? (céHss)zP—OH-NH:$—CH3 + CgH5SSCeHs5 (2)

N(C»,Hs)
3 28579

The degradation of the tetrahedron of elemental phosphorus in the
interaction of P4, with thiophenol proceeds identically with both the
triethylamine and diethylamine. As a result, intermediate triphenyl-
trithiophosphite is formed. Indeed, the corresponding chemical shift
at 8, 130 ppm was observed in the NMR 3P spectra of the reaction
mixture.

Further, triphenyltrithiophosphite reacts with thiophenol and alky-
lamines to yield the final product—ammonium or acetamidine salts of
S,S-diphenyldithiophosphoric acid.

That triphenyltrithiophosphite is involved in the interaction has
been confirmed by model reactions. Thus, in the interaction of triph-
enyltrithiophosphite with thiophenol, triethylamine or diethylamine
compounds 2, 3 were isolated that were completely identical to the salts
obtained as a result of the Equations (1) and (2).

N(C2Hs)3
CH3CN ~— — — 2
(C¢HsS)3P + CgHsSH [02] N HN(GHs)2 4

It is interesting to note that the use of the catalytic quantity of alky-
lamines gives only triphenyltrithiophosphate in all the reactions.

The method of obtaining ammonium and acetamidine salts of S,S-
diphenyldithiophosphoric acid suggested by us can be employed in bio-
chemical synthesis.?

We have obtained some unexpected products (tetraphosphetane
salts) from the reaction of elemental phosphorus with thiol and alky-
lamines in the presence of elemental sulfur (ratio 1:1:1:2) in contrast to
a similar reaction of P4 with alcohols and amines in the presence of sul-
fur, which leads to the formation of ammonium salts of dithiophoshoric
acids.

Thus, we have found that, in the interaction of P, with sulfur, 3-
methyl-1-butanethiol and alkylamines at 15-30°C for 1-1.5 h pre-
cipitates of tetra(alkylammonium) salts 1,2,3,4-tetramercapto-1,2,3,4-
tetrathioxotetraphosphetanes 5a-c are formed.
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P, + S, + 4 (CH,),CH(CH,),SH + 4R'NR) ——>
S S
T I
R/R'NH s—P—P—S HNRR,
AU Y I 2[(CH3)2CH(CH2)2] S,
R5R 'NH S—ﬁ—ﬁ—s HNR'R, 2
S S
5a-c
a R'=R%Et; b R'=H, R%=Et; € R'=HR?=-CH)s

Previously unknown tetraphosphetane salts 5a-¢ were light yel-
low crystalline compounds. The yields were 18 (5a), 20 (5b), and 22%
(5¢). 31P signals were observed at 122, 125.1, and 123.4 ppm, respec-
tively. The crystals are soluble in polar solvents. They are stable in
the air and water at the temperatures up to 45°C. The crystal struc-
ture of the obtained tetrakis(triethylammonium) salt 1,2,3,4-tetra-
mercapto-1,2,3,4-tetrathioxotetraphosphetane 5a was determined by
X-ray diffraction. The asymmetric part of the unit cell contains
two triethylamine molecules and half of the tetraphosphetane moi-
ety located in the center of symmetry (Figure 1). Selected bond
lengths (A) and angles(deg): P(1)-S(2) 1.969(1), P(1)-S(1) 1.990(1),
P(1)-P(2) 2.305(1), P(1)-P(2)(—x + 2, -y — 1, —z + 1) 2.311(1), P(2)-S(3)

Cc3B

FIGURE 1 Crystal structure of compound 5a.
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1.978(1), P(2)-S(4) 1.993(1), N(1B)-C(2B) 1.473(8), N(1B)-C(4B)
1.490(6), N(1B)-C(6B) 1.533(7), N(1A)-C(2A) 1.477(7), N(1A)-C(4A)
1.493(7), N(1A)-C(6A) 1.539(7), S(2)P(1)S(1) 117.05(6), S(2)P(1)P(2)
114.53(5), S(LHP(1)P(2) 109.78(6), S(2)P(L)P(2) (—x+2, —-y-—1,
—z+1) 112.18(5), S(LHP(LHP2)(—x+2, —y—1, —z+1) 110.20(6),
PPLP2)(—x+2, —y—1, —z+ 1) 89.89(5), S(3)P(2)S(4) 117.42(6),
S(3)P(2)P(1) 110.90(6), S(4)P(2)P(1) 112.77(5), S(3)P(2)P (1)(—x+
2, —y—1, —z+1) 111.98(6), S(4)P2)P(1)(—x+2, -y—1, —z+1)
110.45(6), P(HP2)P(1)(—x+ 2, —y — 1, —z + 1) 90.11(5)

It is well known that reactions of P, with disulfides result in
the formation of trialkyltrithiophosphites, which can be used as
original materials for the synthesis of various organophosphorus
compounds.*?

Earlier we established® that trialkyltrithiophosphites, (RS)3P, in
which R = Et, Pr, Bu, react with Cu(I) and Cu(Il) to form infinite poly-
meric chains of regular structure with the bidentate type of coordination
phosphorus and sulfur atoms of trithiophosphite ligand.

Organic complexes have been studied as catalysts promoting the
opening of the molecule of elemental phosphorus.

We have studied the reaction of P4 with mercaptanes in the presence
of metal complexes on the basis of thioesters phosphorus, R, P-SR-CuBr,
in which R = Et, Bu; R’ = Ph, SEt.

It has been established that the main products of the reaction of P,
and sulfur with mercaptanes are the appropriate tetrathiophosphates.

Crystallographic data (excluding structure factors) for the structure
5a reported in this paper have been deposited at the Cambridge Crys-
tallographic Data Centre and allocated the deposition number CCDC
243023. Copies of the data can be obtained, free of charge, on applica-
tion to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax: +44(0)
1223-336033 or e-mail: deposit@ccdc.cam.ac.uk].
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