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Perthiophosphonic Acid Anhydrides (PTPA) 
which are known as 1,3-dithia-2,4-diphosphetane 

2,4-disulfides are an important starting material in 
the synthesis of Organo-dithiophosphorus compo-
unds. Some of PTPA can be obtained in the labora-
tory, such as the Ferrocenyl-Lawesson reagent (FcLR) 
[1], as well as commercially available [2], such as the 
Lawesson reagent (LR). LR and FcLR are also among 
the PTFAs commonly used in the synthesis of Orga-
no-dithiophosphorus compounds [3]. These compo-
unds are suitable for use as additives in industry [4,5], 
agriculture [6], biochemistry [7] and metallurgy [8].

Based on the ionic dipolar structure, the phosp-
horus atom has a partial positive charge. The attack of 
various types of nucleophiles to the electrophilic central 
phosphorus identifies the class of Organo-dithiophosp-
horus compound (Figure 2), [9]. If it is to be dithiophosp-
hinic acid, a carbanion [10] as a nucleophile attacks the 
phosphorus atom. As a nucleophile, for example, an 
amine onset to the central atom, in this case, amido-
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dithiophonic acid is formed. [11]. Conversely, if dithiop-
hosphonic acids (DTPOA), the reaction of alcohol with 
PTPA should be preferred. [12]. 

DTPOAs bear two sulfur, one alkoxy and alkyl/aryl 
group that is attached to the phosphorus atom. They 
are malodorous and not stable, formed by the reaction 
of PTPA and alcohol. So, the crude acids are converted 
into odorless derivatives such as salts or complexes. 
Consequently, these derivatives are stable than the acids 
[13]. 

In this study, new dithiophosphonic acids (3-met-
hoxytolyl= (CH3)(OCH3)C6H3- and Xn=alkyl- group, 
HXn; 3-pentyl-, HX1; 2-butyl-, HX2; 2-pentyl-, HX3 
and Fc=Ferrocenyl- and Yn=alkyl- or aryl- group, HYn; 
4-tert-cyclohexyl-, HY1; 2-phenyl-1-propyl-, HY2) were 

A B S T R A C T

In this study, perthiophosphonic acid anhydrides which are previously synthesized 
(2,4-bis(3-methoxytolyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide ([((3-methoxytol-

yl)P(S)S)2], SAV-B1 reagent and 2,4-bis(ferrocenyl)-1,3,2,4-dithiadiphosphetane-2,4-di-
sulfide [((ferrocenyl)P(S)S)2], FcLR, Ferrocenyl Lawesson's Reagent) react with alcohols to 
obtain new dithiophosphonic acids (3-methoxytolyl=(CH3)(OCH3)C6H3- and Xn=Alkyl 
group (R) for SAV-B1, HXn; R1=3-pentyl-, HX1; R2=2-butyl-, HX2; R3=2-pentyl-, HX3 
and Fc=Ferrocenyl- and Yn=Alkyl or aryl group (R') for FcLR, HYn; R'1=4-tert-cyclohex-
yl-, HY1; R'2=2-phenyl-1-propyl-, HY2). These products were later transformed into their 
ammonium salts ([NH4][Xn], [NH4][Yn]). The structures of ammonium salts were char-
acterized by mass, FT-IR, 1H-, 13C- and 31P-NMR spectroscopy and elemental analysis.
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Perthiophosphonic acid anhydrides.

INTRODUCTION 

Figure 1. The proposed structures for 1,3-dithia-2,4-diphosphetane 
2,4-disulfides.

Figure 2. Synthesis reactions of various types of Organo-dithiop-
hosphorus compounds.
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MATERIAL AND METHODS

Reagents

3-methoxytoluene, P4S10, benzene, 3-pentyl alcohol, 
2-butyl alcohol, 2-pentyl alcohol, 2-phenyl-1-propyl al-
cohol and 4-tert-butylcyclohexyl alcohol were supplied
from Sigma-Aldrich and ferrocene, xylene, n-hexane and
diethyl ether were also supplied from Merck. FcLR [2]
and SAV-B1 were synthesized by known procedure [14].

Instruments

Melting points (m.p.) of the compounds in BUCHI M-560 
device; elemental analysis on LECO 932 CHNS-O 

synthesized. These acids were obtained  from direct re-
actions of two perthiophosphonic acid anhydrides which 
is previously known ((2,4-bis(3-methoxytolyl)-1,3-dithia-
2,4-diphosphetane-2,4-disulfide, [((CH3)C6H3(OCH3)
P(S)S)2], SAV-B1, [14] and 2,4-bis(ferrocenyl)-1,3,2,4-
dithiadiphosphetane-2,4-disulfide, [((C5H4)P(S)S)2], FcLR, 
Ferrocenyl Lawesson Reagent, [1]) with various aliphatic/
aromatic alcohols. Crude DTPOAs were converted to the-
ir salts, namely ligands or dithiophosphonates ([NH4][Xn)], 
[NH4][Yn]) with ammonia gases in benzene media (Figure 3).

The structural characterization of five alkyl/aryl am-
monium dithiophosphonates were mass-(ESI) spectroscopy, 
FT-IR, 1H-, 13C- and 31P-NMR spectroscopy as well as eluci-
dated elemental analysis.

Figure 3. Synthesis reaction of the compounds.
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Elemental Analyzer; IR measurements on Perkin Elmer 
brand Spectrum Two FT-IR model device with ATR mo-
dule (4000-400cm−1); mass measurements LC/MS system 
in Waters supplied instrument with a C-18 HPLC column 
and a Waters Micromass ZQ connected to an ESI ionizer; 
NMR measurements (1H-, 13C-, 31P-) on a Varian Mercury 
(Agilent) 400 MHz device were performed.

General Procedure for the ammonium 
dithiophosphonates, [NH4][Ln]

2.3 mmol (1.00 g) of the SAV-B1 reagent was placed into 
with round bottom flask, and onto it, 4.6 mmol of one 
of the alcohols (0.41 g of 3-pentyl alcohol for HX1; 0.34 
g of 2-butyl alcohol for HX2; 0.41 g of 2-pentyl alcohol 
for HX3) was added dropwise. Similarly, 1.78 mmol (1.00 
g) of the FcLR was placed into with round bottom flask,
and onto it, 4.6 mmol of one of the alcohols (0.55 g of
4-tert-cyclohexyl alcohol for HY1 and 0.48 g of 2-phenyl-
1-propyl alcohol for HY2) was mixed dropwise. This mix-
ture was heated until all dissolved (50-60°C) and then co-
oled to 0°C. The oily viscous product (HXn or HYn) was
mixed with 50-60 mL benzene. Through the crude acidic 
solution, dry NH3 gas was bubbled. After the salts were
precipitated as an amorphous solid (a white for [NH4]
[Xn] and white for [NH4][Yn]) were filtered and purified
by washing with benzene. The product is left to dry in a
desiccator.

Ammonium O-3-pentyl (3-methoxytolyl)dithiophosp-
honate, [NH4][X1]: Yield: 1.12 g (75%). White. m.p. 183°C. 
LC/MS, MS: m/z 305,6; [M-NH4]+; 18% , 235,18; [M-(NH4+(-
CH(C2H5)2]+; 100%. Anal. Calced. For: C13H24NO2PS2 
(321.44 g.mol-1): C, 48.58; H, 7.53; S, 19.95; found: C, 48.12; 
H, 7.09; S, 19.63 %.

Ammonium O-2-butyl (3-methoxytolyl) dithiophosp-
honate, [NH4][X2]: Yield: 0.97 g (68%). White. m.p. 177°C. 
LC/MS, MS: m/z 289.7, ([M-NH4]+, 100%). Anal. Calcd. for: 
C12H20NO2PS2 (305.40 g.mol-1): C, 47.20; H, 6.55; S, 21.00; 
found: C, 47.31; H, 6.62; S, 21.12 %. 

Ammonium O-2-pentyl (3-methoxytolyl)dithiophosp-
honate, [NH4][X3]: Yield: 1.05 g (70%). White. m.p. 175-
176°C. LC/MS, MS (m/z): 303,8, ([M-NH4]+, 84%), 608,1, 
([2(M-NH4)]+, 100%). Anal. Calcd.for: C13H24NO2PS2 (321.44 
g.mol-1): C, 48.58; H, 7.53; S, 19.95; found: C, 48.68; H, 7.64; 
S, 20.06 %.

Ammonium O-4-tert-butylcyclohexyl (ferrocenyl)dit-
hiophosphonate, [NH4][Y1]: Yield: 1.18 g (73%). Yellow. m.p. 
170-172°C. LC/MS, MS: m/z 437,7; [M-NH4]+; 28%, 283,5; 
[M-(NH4+(-O(C3H5)2(C4H9]+; 100%, 421,7; [M-(NH4+CH3)]; 
100%. Anal. Calcd.for: C20H32FeNOPS2 (453.42 g.mol-1): C, 

52.98 ; H, 7.11; S, 14,14; found: C, 53.06; H, 7,19; S, 14,21 %.

Ammonium O-2-phenyl-1-propyl (ferrocenyl) dithiop-
hosphonate, [NH4][Y2]: Yield: 1.11 g (72%). Yellow. m.p. 165-
167°C. LC/MS, MS: m/z 416,8; [M-NH₄]+; 100%. Anal. Calcd.
for: C19H24FeNOPS2 (433.35 g.mol-1): C, 52.66; H, 5.58; S, 
14,80; found: C, 52.72; H, 5.64; S, 14,89 %.

RESULTS AND DISCUSSION

Spectroscopic studies

IR spectra of the [NH4[Xn] and [NH4][Yn]

The IR data of the compounds are presented in Table 1.

The characteristic ν(N-H) stretching bands of the 
[NH4][Xn] show up at 2926-2965 cm-1; for [NH4][Yn] appear 
2880 cm-1 and 2940 cm-1 on IR. Symmetric and asymmet-
ric phosphorus-sulfur stretching vibrations (ν(PS)sym and 
ν(PS)asym) are other important peaks. These peaks are 
shown up at 591-557 cm-1 for ν(PS)sym and 720-652 cm-1 
ν(PS)asym of the compounds. Data on IR reported for simi-
lar compounds are consistent with our findings [15,16].
Mass spectra of the [NH4][Xn] and [NH4][Yn]

Mass spectra of the compounds are given in Figures 4-8. 
The reason why the peaks in the mass spectrum are dif-
ferent from expected is because of the different masses 
phosphorus and sulfur isotopes [17-20].

In the mass spectrum of the [NH4][X1], it is seen that 

Compound νN-H ν(PS)sym ν(PS)asym

[NH4][X1] 2965 591 720

[NH4][X2] 2926 557 656

[NH4][X3] 2956 560 652

[NH4][Y1] 2940 579 669

[NH4][Y2] 2880 583 667

Table 1. Some of the characteristic IR bands (cm-1) of the compounds.

Figure 4. MS spectrum of the [NH4][X1].
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the principle peak is formed by the removal of the 3-pentyl 
group from the structure of the molecule, ([M-(NH4+(-
CH(C2H5)2]+). [NH4][X2] molecular ion peak appeared as 
the principle peak at 100% relative abundance ([M-NH4]+). 
Although the molecular ion peak of the [NH4][X2] was noti-
ceable ([M-NH4]+; 84%), it was not the main peak.

In the ionization process, different groups can be se-
parated from the molecule, as well as the leaving groups of 
the molecule can be attached to each other [21-23]. For this 
reason, during the ionization process, two [NH4L3] combi-
ned with each other ([(M-NH4)2]+). Another possible result 
of such combining in the ionization process for [NH4L3] 
compound is that [(NaPS2O)]+ which is shown up as prin-
ciple peak.

As seen in the mass spectrum at 283.53 (m/z) of the 
[NH4][Y1] compound is relating to the leaving of the 4-tert-
butylcyclohexanol group from the molecule. On the other 
hand, the peak observed at 421.70 (m/z) of the same com-
pound belongs to the separation of methyl groups from the 
molecule. The principle peak of the [NH4][Y2] is observed in 
the spectrum as the molecular ion peak.

NMR spectra of the [NH4][Xn] and [NH4][Yn] 

Atom numbering of the compounds for NMR is de-
picted on the NMR spectra. The 1H-NMR, 13C-NMR and 

31P-NMR data of the compounds are given in Table 2, Table 
3 and Table 4, respectively. On the other hand, the NMR 
spectra are given in Figures at the end of their NMR com-
ments (Figure 9-13 for 1H-NMR, Figure 14-18 for 13C-NMR 
and Figure 19-23 for 31P-NMR). D2O was used as the solvent 
in the NMR spectrum analysis of ligands. 13C- and 31P-NMR 
measurements were done as decoupled. The chemical shift 
values “δ” and the splitting constant “J” are given in ppm and 
Hz, respectively (s: single; d: doublet; dd: doublet of the do-
ublet; m: multiplet).

The chemical shift values of the C2-H; C3-H and C5-H 

Figure 5. MS spectrum of the [NH4][X2].

Figure 6. MS spectrum of the [NH4][X3].

Figure 7. MS spectrum of the [NH4][Y1].

Figure 8. MS spectrum of the [NH4][Y2]. Figure 9. 1H NMR spectrum of [NH4][X1].
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in the aromatic ring in the 1H-NMR spectrum of the [NH4]
[Xn] series are in the range of 7.8-8.1 ppm; 7.7-7.8 ppm and 
5.9-6.0 ppm, respectively. The C2-H proton in the 3-met-
hoxytolyl ring appears as a doublet of doublets due to split-
tings by the phosphorous (3JPH= 17.1-17.2 Hz). C2-H and C3-H 
protons display a three-bond coupling to each other in the 
range of 3JHH= 7.7-7.8 Hz for [NH4][Xn]. Although the C3-H 

and C2-H protons have adjacent protons to each other, C3-H 
proton could not display a four-bond coupling to phospho-
rus. It can be concluded that phosphorus atom is substituted 
in its ortho-position (C8-H) relative to the methyl group in 
the aromatic ring.

As for ferrocene-containing salts ([NH4][Yn]), The che-

[NH4][X1] [NH4][X2] [NH4][X3] [NH4][Y1] [NH4][Y2]

C2-H
8.1 (dd, H) 

3JPH= 17.1 
3JHH= 7.8

8.0 (dd, H)
3JPH= 17.2
3JHH= 7.8

7.9 (dd, H)
3JPH= 17.2
3JHH= 7.8

4.6 (s, 2H) subs-Fc-C2H, -C2'H 4.6 (s, 2H)

C3-H 6.9 (d, H) 
3JHH= 7.8

6.8 (d, H)
3JHH= 7.7

6.8 (d, H)
3JHH= 7.8 - subs-Fc-C3H, -C3'H 4.4 (s, 2H)

C5-H 6.9 (d, H)
4JPH= 6.0

6.9 (d, H)
4JPH= 5.9

6.8 (d, H)
4JPH= 5.9 4.3 (m, 7H) uns-Fc

subs-Fc-C3H, -C3'H 4.3 (m, 7H)

C7-H 3.9 (s, 3H) 3.8 (s, 3H) 3.7 (s, 3H) - unsubs-Fc 4.3 (s, 5H)

C8-H 2.4 (s, 3H) 2.3 (s, 3H) 2.2 (s, 3H) 4.5 (d, H)
3JPH= 13.5 C9-H 4.0 (m, 2H)

C9-H 4.4 (m, H) 4.4 (m, H) 4.5 (m, H) 2.0 (m, 4H) C10-H 3.0 (m, H)

C10-H 1.6 (m, 4H) 1.5 (m, 2H) 1.4 (m, 2H) 1.2 (m, 4H) C11-H 1.2 (d, 3H)
3JHH= 6.9

C11-H 0.9 (d, 6H)
3JHH= 7.5

1.1 (d, 3H)
3JHH= 6.3 1.2 (m, 2H) 0.9 (s, H)

3JHH= 6.2 C12-H -

C12-H - 0.8 (t, 3H)
3JHH= 7.5

1.1 (d, 3H)
3JHH= 6.3 0.9 (s, 9H) C14-H -

C13-H - - 0.7 (t, 3H)
3JHH= 7.4 - Arom-CH 7.4 (m, 5H)

Table 2. 1H-NMR data of the compounds.

Figure 10. 1H NMR spectrum of [NH4][X2].

Figure 11. 1H NMR spectrum of [NH4][X3].

Figure 12. 1H NMR spectrum of [NH4][Y1].

Figure 13. 1H NMR spectrum of [NH4][Y2].
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mical shift values of the subs-Fc C2-H and C2'-H protons in the ferrocene ring are 4.6 ppm. As seen in Table 2, the un-

Figure 14. 13C NMR spectrum of [NH₄][X1].

Figure 15. 13C NMR spectrum of [NH₄][X2].

Figure 16. 13C NMR spectrum of [NH₄][X3].

[NH4][X1] [NH4][X2] [NH4][X3] [NH4][Y1] [NH4][Y2]

C1 126.5 
JPC= 111.1

126.5 
JPC= 111.1

125.9 
JPC= 110.4 70.3 subs-Fc-C2  –C2́

subs-Fc-C2; 71.6 2JPC= 15.0

subs-Fc-C2´ 72.0, 2JPC= 15.3

C2 133.0 
2JPC= 11.0

133.0 
2JPC= 11.7

133.0 
2JPC= 11.7 - subs-Fc-C3 –C3́

subs-Fc-C3; 70.8 3JPC= 11.6

subs-Fc-C3´ 70.9, 2JPC= 11.3

C3 120.4 
3JPC= 14.5

120.3 
3JPC= 14.5

120.3 
3JPC= 14.4 70.4 uns-Fc&Subs-Fc-C3 –C3́ -

C4 159.6 159.4 
⁴JPC= 2.6

159.4 
⁴JPC= 2.8 - unsubs-Fc 70.5

C5 112.8 
3JPC= 6.4

112.7 
3JPC= 7.4

112.6 
3JPC= 7.4 70.0 C9 69.3, 2JPC= 7.9

C6 144.4 144.5 
2JPC= 2.6

144.4 
2JPC= 2.6 47.0 C10 40.3 3JPC= 8.2

C7 55.2 55.0 55.0 32.3 C11 18.5

C8 20.8 20.7 20.6 27.6 C12 -

C9 80.2 
2JPC= 7.8

75.4 
2JPC= 7.7

74.1 
2JPC= 7.8 27.6 C13 -

C10 26.3 30.0 
3JPC= 4.7

39.3 
3JPC= 4.7 25.7 C14 -

C11 8.59 8.9 20.7 
⁴JPC= 3.2 - Arom-C 127.9

C12 - 20.1 
3JPC= 3.1 17.9 - - -

C13 - - 13.3 - - -

Table 3. 13C-NMR data of the dithiophosphonates.

Figure 17. 13C NMR spectrum of [NH₄][Y1].E.
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substituted cyclopentadienyl ring (C3H, uns-Fc) and subs-Fc 
C3-H and C3'-H protons overlap each other in the ferrocenyl 
ring in the compound [NH4][Y1] whereas the same protons 
signals are resonated as different chemical shift values (wit-
hout overlapping) in [NH4][Y2].

The 1H-NMR chemical shift and coupling constants 

values of the dithiophosphonates are good agree well with 
the literature reports for similar compounds [14,21,22].

In the 13C-NMR spectrum of the [NH4][Xn] compo-
unds, ipso carbon atom (C1) coupling constant values are 
between 110.4 Hz  and 111.1 Hz. In the same compounds, 
the phosphorus atom could not split the carbon atom C8 
three bond coupling, but C3 and C5 are split three bond co-
upling by the phosphorus as doublet of doublet.

Unlike [NH4][Xn] series, ipso carbon peak (C1) in the 
[NH4][Yn] series could not be observed due to the fact that 
it was below the solvent peaks. In the [NH4][Y1], subs-Fc 

Figure 18. 13C NMR spectrum of [NH₄][Y2].

SAV-B1 δ (ppm) FcLR

[NH4][X1] 100.08 103.30 [NH4][Y1]

[NH4][X2] 100.16 106.07 [NH4][Y2]

[NH4][X3] 100.09

Table 4. 31P-NMR data of compounds.

Figure 19. 31P NMR spectrum of [NH₄][X1].

Figure 20. 31P NMR spectrum of [NH₄][X2].

Figure 21. 31P NMR spectrum of [NH₄][X3].

Figure 22. 31P NMR spectrum of [NH₄][Y1].

Figure 23. 31P NMR spectrum of [NH₄][Y2].
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C2-H and C2'-H appeared as a single peak (70.3 ppm) in the 
spectrum, while the same carbons [NH4][Y2] resonated in 
different chemical shift values. Moreover, subs-Fc C2-H 
and C2'-H carbon atoms in the [NH4][Y2] are split two bond 
coupling by the phosphorus atom ( 2JPC= 15.0 Hz for subs-
Fc-C2; 2JPC= 15.3 Hz for subs-Fc-C2'). Similar trends are ob-
served in the subs-Fc-C3 and C3'. The 13C-NMR chemical 
shift data and coupling constants values of ammonium salts 
are in agreement with similar structures [8, 25].

Since there is only one type of phosphorus atom in the 
structure of the compounds, the phosphorus peak appeared 
as a single peak in the proton-decoupled 31P NMR spectra. 
The 31P-NMR chemical shifts of the dithiophosphonates are 
located in the range 100.08-106.07 ppm. All the 31P-NMR 
chemical shift values compare well with the literature re-
ports for similar structures [14,21,22].

CONCLUSIONS 

In this study, five new dithiophosphonate salts from 
perthiophosphonic acid anhydrides (SAV-B1 and FcLR) 
were studied. The structures of these compounds were 
characterized by different spectroscopies (mass spectro-
metry, FT-IR, 1H-NMR, 13C-NMR, 31P-NMR, elemental 
analysis).

Symmetrical PS bond (ν(PS)sym) and asymmetrical PS 
bond (ν(PS)asym) stretching vibration bands were shown 
up as expected in the IR spectrum [15,16]. Moreover, the 
suggested structures of the compounds were supported 
by mass spectroscopic method.

In the [NH4][Y1] salt, subs-Fc C2-H and C2'-H showed 
up as a single peak (70.3 ppm) in the spectrum, but not for 
[NH4][Y2] as the same carbon atoms. Furthermore, subs-
Fc C2-H and C2'-H carbon atoms in the [NH4][Y2] are split 
two bond coupling by the phosphorus atom as a doublet of 
doublet peaks in the spectrum while the same situation is 
observed for the subs-Fc C3-H and C3'-H carbon atoms in 
the [NH4][Y2].

In addition, 1H-NMR and 13C-NMR spectra indicated 
that methyl- moiety in 3-methoxytolyl in the compounds 
is positioned in the m-position to the phosphorus whereas 
the methoxy group in 3-methoxytolyl- in the compounds 
is located in the p-position to phosphorus in the [NH4][Xn] 
series.
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