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Reactions of Ammonium Alkylene Dithiophosphates with
Phosphorus Trichloride and Thiophosphoryl Chloride*

Chandra S. Sharma

Brajesh K. Jha

Padam N. Nagar

Department of Chemistry, University of Rajasthan, Jaipur, India

Phosphorus trichloride and thiophosphoryl chloride derivatives of alkylene dithio-
phosphates of the type PCl3_,(SePOGO),, and P(S)Cl3_,(SePOGO),, (where G = -
CHyCH3;CHMe-, -CMesCMeg-, -CH;CHsCH5CHo- and -CMesCHy CHMe-,n=1, 2,
3] have been synthesized for the first time by reacting the ammonium salt of alkylene
dithiophosphoric acid with phosphorus trichloride and thiophosphoryl chloride in
different stoichiometric ratios under anhydrous reaction conditions. The newly syn-
thesized derivatives are either colorless liquids or viscous semisolids, hygroscopic
in nature and are soluble in common organic solvents. These are characterized by
elemental analysis, molecular weight determinations and physicochemical studies
IR, NMR (1H and 31P). On the basis of above studies the formation of P-S-P and
S=P-S-P(S) chemical linkages have been established. 2P NMR studies provide
convincing evidence regarding the chemical bonding mode in these derivatives.

Keywords Ammonium alkylene dithiophosphate; phosphorus trichloride; thiophospho-
ryl chloride

INTRODUCTION

0,0’ Dialkyl and alkylene dithiophosphoric acids, the cyclic analo-
gous of dialkyl dithiophosphate, have been described and their metal
and organometal complexes have been studied extensively. In 1983,
Chauhan et al.! first reported the synthesis of alkylene dithiophospho-
ric acids by reacting phosphorus pentasulfide with 1,2 and 1,3-glycols.
Various interesting reactions, as well as spectroscopic characterization
of metal and organometal derivatives of dithiophosphoric acids, have
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been reported during last two decades.?~? More recently, the work has
been extended to synthesis, characterization and biological studies of
organic derivatives of dithioesters.!0~12

A number of single crystal X-ray structures had also been re-
ported in the literature for the metal and organometal derivatives of
dithio ligands.!3~1* The derivatives of the type M[S;POGO],, M = As,
Sb & Bi have wide range of industrial applications such as analytical
reagents, lubricants, and catalytic activities for regeneration of crack-
ing catalysts.? The importance of the work in this research area can be
judged by the National Cancer Research Institute, USA, inviting sam-
ples of the type M[SoPOGO], ; M = Ni, Pd & Pt, for studying their anti-
cancer and anti AIDS activities. Bhasin et al. recently reported the first
approach towards synthesis, properties, catalytic and antimicrobial as-
pects of some Ni (IT) macro cyclic complexes having tetraoxa, tetrathio,
and tetraaza ligands in 14-20'% and 24-28'6 membered rings.

In view of the interesting chemical bonding characteristics, as
well as synthetic and biological applicability of the organophosphorus
compounds,?°~22 a study has been undertaken on the reactions of ammo-
nium alkylene dithiophosphates with phosphorus trichloride and thio-
phosphoryl chloride.

17-19

RESULTS AND DISCUSSION

Reactions of phosphorus trichloride and thiophosphoryl chloride with
the ammonium salt of alkylene d1th10phosphates in different molar ra-
tios yleld the derivatives of the type PCls_ n[SgPOGO]n and P(S)Cls_,

[SQPOGO]n.

1. (A) [OGOP(S)SINH, + PCl; "% [HGOP(S)SIPCl, + NH,C1)

Benzene

(B) 210GO P(S)S]NH4 +PCl; — [(5GOP(S)S]2PCI + 2 NH4C1]

Benzene

(C) 3IOGOP(S)SINH, + PCl; "2%™ [OGOP(S)S];P + 3 NH,Cl|; and
2. (A)[OGOP(S)SINH, + P(S)Cl; P22 [OGOP(S)SIP(S)Cly + NH,Cl|,
(B) 2[0GOP(S)SINH,+ P(S)Cls Benze“e [OGOP(S)S1sP(S) + 2
NH4CI¢
Benzene

(C) 3[OGOP(S)SINH, + P(S)Cls — [OGOP(S)SIsP(S) + 3
NH,Cl}

where G = -CMQQCMez-, -CH2CH20HM€-, -CHQCHchQCHz-, and
-CMe;CH2CH Me-; andn=1,2 & 3.

The products formed are generally colorless liquids, hygroscopic in
nature and are soluble in common organic solvents. The above reactions
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are exothermic; therefore, we preferred a slow dropwise addition of re-
actants. The tricovalent phosphorus derivatives are sensitive towards
atmospheric moisture and to atmospheric oxygen on exposure for 48 h.
These compounds show the tendency to convert into pentavalent phos-
phorus atom. These compounds also exhibit the tendency of polymer-
ization on storage at ambient condition.

IR Spectra

IR spectra of phosphorus (IIT) and phosphorus (V) derivatives are com-
parable to those of the corresponding free alkylene dithiophosphoric
acid and its various metal derivatives. All assignments have been
made on the basis of literature.!~® The bands present in the region
1020-1125 cm~! and 915-790 cm~! have been assigned to v(P)—0—C
and vP—0O—(C) modes, respectively. The absorption bands due to the
ring vibrations of the dioxaphospholanes and phosphorinanes may be
assigned in the region 990-945 cm~!. The absorption (sharp) bands in
the region 650—625 cm~! for compounds 1-9, whereas for compounds
9-18 are in the region 652—-625 cm~! may be attributed to vP=S.23 It
has been observed that in most of the cases, the vp = s band shows
shifting towards higher wave numbers. However, for compounds 7, 8,
9, the tris (alkylene dithiophosphate) phosphorus (III), shifting (20-10
cm™ 1) towards lower wave number is observed.

Similar variations have also been observed in the IR spectra of mono,
bis and tris (alkylene dithiophosphate) derivatives of the thiophospho-
ryl chloride. The prominent feature of IR spectra of above derivatives is
the shifting in vP—Cl vibrations. It is in 525-510 cm~! for mono (alky-
lene dithiophosphate) phosphorus (III) with a negative shift with re-
spect to vP—Cl vibration in the IR spectra of PCl3(~580 cm 1), whereas
for compounds 4-6, it appeared in the range 520-500 cm ™!, and it com-
pletely disappeared for PL3 (L. = alkylene dithiophosphato) derivatives
(Table I).

1H NMR Spectra

The 'H NMR spectra show the characteristic resonance signals in ac-
cordance with their structure. Signals due to protons present on the
a-carbon of the P—O—C skeleton of the alkylene chain appeared as
doublet or multiplets in some cases due to coupling with 3'P nucleus.
The coupling constant, 2JpocH, has been observed in the range of 16—
18 Hz for this type of coupling with magnetically active phosphorus
atom.
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31p NMR Spectra

3P NMR spectra were recorded in benzene and are tabulated in
Table II. The two signals for each compound (1-9) indicate the pres-
ence of two types of chemically non-equivalent phosphorus atoms. The
chemical shift range between § 75-98 is assigned for the phospho-
rus atom of the pentavalent dithiophosphate moiety. Gradual shield-
ing has also been recorded for trivalent phosphorus atom.?* A compar-
ison may be setup for mono, bis and tris (alkylene dithiophosphate)
phosphorus compounds 1-9 that the respective shifts are in the range
of § 190-198, § 181-187 and § 167.5-169.5. Shielding is observed to
the extent of about § 40-50 from its position in phosphorus trichlo-
ride (3P = § 221). On the basis of the above discussion a phosphate-
phosphite type structure has been proposed for P(III) derivatives of
dithiophosphates.

TABLE II ' H and 3! P NMR Spectral Data for the Compounds

Compound H 31P (s ppm)
no. (8 ppm) P=S (P)
1 1.40,s,12 H (CHgy) 95.8 (194)
2 1.35, d, 3H (CHjy); 1.65-1.80, m, 2H (CH,); 4.30—4.70, m, 75.6 (197.8)
3H (OCHy)
3 1.80-2.05, m, 4H (CHy); 3.95-4.15, m, 4H (OCH,) 83.5(190.4)
4 1.36, d, 6H(CHs); 1.48-1.54, m, 4H(CH,); 4.28-4.50, m, 79.2 (182.5)
6H (OCH,)
5 1.52, m, SH(CHy); 3.88-4.12, m, SH(OCH,) 85.6 (181.4)
6 1.34-2.15, m 18H(CHgy); 4.78, s(broad) 2H (CHO) 88.25 (186.6)
7 1.35, d, 9H(CH,); 1.65-1.80, m, 6H(CHy); 4.30—4.70, 81.5 (169.5)
9H(OCHy)
8 1.56, m, 12H(CH,); 3.80—4.25, m 12 (OCHy) 89.0 (168.7)
9 1.42-2.24, m, 27TH(CHj3); 4.88, s, 3H (CHO) 91.5 (167.5)
10 1.35, s, 12H (CHjs) 104 (47.58)
11 1.35, d,3H (CHj3); 1.58-1.75, m, 2H(CHy); 4.30-4.75, m, 86.68 (47.00)
3H (OCHy)
12 1.43, m, 4H (CH,); 3.75-4.15, m, 4H(CHy) 83.00 (48.50)
13 1.25, d, 6H (CHs); 1.45-1.62, m, 4H(CHy); 4.21-4.36, m 85.56 (54.55)
6H (OCHy)
14 1.52, m, 8H (CHy); 3.78-4.05, m, 8H (OCHy) 82.00 (58.61)
15 1.25-1.95, s, 12H(CH3); 4.80, m, 2H(CH30); 1.15,d,6H 95.00 (56.26)
(CHjy)
16 1.28, d, 9H(CHj3); 1.65-1.80, m, 6H(CHs); 4.30—4.75m, 83.50 (55.95)
9H(OCH,)
17 1.58, m, 12H(CHy); 3.68—4.18, m, 12H(OCHy) 80.23 (63.59)

18 4.75, m, 3H(CHO); 1.25, d, 9H(CH;) 91.78 (61.25)
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31P NMR studies of P(S)Cl; derivatives (10-18) indicate remarkable
changes in chemical shift values for both the phosphorus atoms bearing
sulfur atoms. 3!'P signals for P(S)S phosphorus atom show downfield
shift (§ 15-30) in comparison to ammonium dithiophosphates, while
S=PCl;_, phosphorus atom show down field shift (§ 35) in compari-
son to its position in thiophosphoryl chloride (83'P = 29). All the 3P
spectra recorded are completely proton or phosphorus decoupled so
couplings between these nuclei have not been recorded. The presence
of two 31 P signals indicates presence of two different types of nonequiv-
alent phosphorus atoms (§ 47-63.59). Although both the phosphorus
atoms bear the sulfur atom in thiophosphoryl (P=S) form, there is a re-
markable difference in the chemical shift values of both the phosphorus
atoms.

On the basis of the above a thiophosphoryl-thiophosphate ester type
structure (S)P-S-P(S)X3_,, has been proposed for the above derivatives.

EXPERIMENTAL

Stringent precautions were taken to exclude moisture during exper-
imental work. O,0’-Alkylene dithiophosphoric acids have been pre-
pared by the method reported in the literature and have been purified
by vaccum distillation. Sulfur was estimated gravimetrically as bar-
ium sulphate,?* while chlorine was estimated by Vohlard’s method.2®
Infrared spectra were recorded on a Shimadzu FTIR8400 spectropho-
tometer and 'H and >'P NMR spectra on a JEOL FX300MHz FTNMR
spectrometer using TMS as internal reference (for 'H) and H3PO,
(for 31P) as external reference.

Reaction between Ammonium Alkylene Dithiophosphate and
Phosphorus Trichloride in Different Molar Ratios

A dropwise addition of a benzene solution of phosphorus trichloride
to the ammonium salt of alkylene dithiophosphate taken in benzene
was carried out with simultaneous stirring of the reaction mixture.
After complete addition of phosphorus trichloride solution, the reaction
mixture had been refluxed for 4—6 h. The ammonium chloride thus
precipitated during the course of reaction was filtered off and finally
the filtrate was evaporated under reduced pressure. Relevant data are
tabulated in Table III.

Reaction between Ammonium Alkylene Dithiophosphate and
Thiophosphoryl Chloride in Different Molar Ratios

A benzene solution of thiophosphoryl chloride was added dropwise
to a suspension of ammonium alkylene dithiophosphate in benzene.
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After complete addition (1-2 h) of the benzene solution of thiophos-
phoryl chloride, the contents were refluxed (8—12 h). The precipitated
ammonium chloride was filtered off; stripping off the solvent under vac-
cum has given the products. Relevant data are tabulated in Table III.
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