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SYNTHESIS PROPERTIES AND CHARACTERIZATION
OF DI CYCLOPENTADIENYL VANADIUM

BIS DIALKYL AND ALKYLENE
DITHIOPHOSPHATE COMPLEXES

Rehab Abu El Komboz, A. A. S. El. Khaldy, O. S. Nasman,
and R. M. Baraka

PO Box 1277, Chemistry Department, Al-Azhar University
Gaza, Palestine

(Received August 20, 2001)

The reaction of dichloro bis cyclopentadienyl vanadium with O,O
dialkyl and alkylene dithiophosphoric acids proceed in 1:2 molar ratio
in refluxing benzene to yield di cyclopentadienyl vanadium bis O,O
dialkyl and alkylene dithiophosphates, [Cp2V(S2P(OR)2)2], where R =
Et, Pri, Prn, Bui, Ph and [Cp2V (S2 POGO)2] where G = CMe2CMe2,
CH2CEt2CH2, CH2CMe2CH2. These complexes are semi solids or solids
soluble in common organic solvents. Elemental analysis, molecular
weight determination, magnetic susceptibility, UV-vis spectrophotome-
ter, IR, 1H, 13C, and 31P NMR spectra indicate a hexa coordinated
octahedral structure.

INTRODUCTION

The cyclopentadienyl group, C5H5, form complexes with all the d-block
transition elements. It can be used as a stablizing ligand for whole
series of complexes Cp MLn (n = 2, 3, or 4); these are referred to as
two, three, or four-legged piano stool, the Cp group being regards as
the seat, and the other ligands as the legs. So, it is important to make
complexes containing cyclopentadienyl groups and, transition metals
with sulfur ligands because of diverse bonding, possibilities associated
with their reactions and applications in homogeneous catalysis,1 oil
additives, pesticides,2 and using as chelating reagents3−5 for the solvent
extraction (soft base). Compared to the few literatures on vanadium
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complexes of dialkyl dithiophosphoric acids,6,7 no work has been done
on the cyclic derivatives of alkylene dithiophosphoric acids and even
in cyclopentadienyl derivatives. In view of the exciting chemistry of
dithio ligands with transition metal8,9 and nontransition metals10−13

it was thought of interest to synthesize a number of cyclopentadienyl
vanadium bis dialkyl and alkylene dithiophosphate derivatives6 and
characterize them by various physicochemical techniques.

RESULT AND DISCUSSION

Di-cyclopentadienyl vanadium bis dialkyl and alkylene dithiophos-
phate derivatives have been synthesized by the reaction of dialkyl
and alkylene dithiophosphoric acids with dichloro bis cyclopentadienyl
vanadium. All these reactions are quite facile and completed by reflux-
ing the reactants in benzene for ∼5–6 h.

(C5H5)2VCl2 + 2HS2P(OR)2 → (C5H5)2V[S2P(OR)2]2 + 2HCl

where R = Et, Pri, Prn, Bui, and Ph

(C5H5)2VCl2 + 2OGOPS2H→ (C5H5)2V[S2POGO]2 + 2HCl

where G = CMe2CMe2 , CH2CEt2CH2 and CH2CMe2CH2
The above complexes (I–V), acyclic ligands are green semisolids. The

complexes of the cyclic ligands are greenish black semisolids except the
complex (VI), which is a greenish black solid. The yields obtained are
in 81–92%. These derivatives are freely soluble in common organic sol-
vents like benzene, chloroform, and dichloromethane. The solubility in
general, however, is markedly decreased on storage of the products for
a few weeks. These complexes appear to be moisture-sensitive. Molecu-
lar weights (Table I), were determined by cryoscopically in benzene, the
monomeric nature of these products. Attempts to crystallize the solid
compounds from benzene/n-hexane mixture were unsuccessful.

IR Spectra

IR spectra of these new derivatives have been recorded in the region
4000–200 cm−1 and tentative assignments have been made on the basis
of earlier reports.14,15 The band shown by the parent acids in the region
2600–2300 cm−1, due to the νS H stretching vibrations, are absent for
vanadium (IV) dithiophosphate derivatives, indicating the formation of
V S bond which appeared as new bands in the regions 370–310 cm−1.
The bands present in the region 1217–1066 cm−1 and 1097–993 cm−1
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TABLE II IR Spectral Data (cm−1) of Di Cyclopentadienyl Vanadium Bis
Dialkyl and Alkylene Dithiophosphates

Comp no. ν ((P) O C) ν (P O (C)) Ring vibration ν (P S) ν (P S) ν (M S)

1 1155.9 s 1020.4 s 630.5 s 540 m 370.9 m
2 1173.1 s 1097.4 s 642.3 s 570 m 340.0 m
3 1215.1 s 993.3 s 659.1 s 585 s 354.0 m
4 1217.0 s 1045.3 s 666.2 s 575 m 320.0 m
5 1180.3 s 1050.2 s 624.9 s 574 m 335.3 m
6 1137.9 s 1010.6 s 960.5 m 669.3 s 569 s 310.0 m
7 1066.6 s 1018.3 s 997.1 m 670.4 s 530 m 342.0 m
8 1070 s 1012.4 s 950.2 650.3 s 528 m 331.4 m

s = sharp; m = medium.

have been assigned to ν[(P) O C] and ν[P O (C)] stretching vibra-
tions respectively. A band in the region 971–950 cm−1 is most probably
due to dioxaphospholane and dioxaphorinane rings.16,17 A sharp bands
present in the region 670–624 cm−1 are due to ν (P S), which show
shifting of 27–14 cm−1 toward lower wave numbers. This shifting is
probably due to comparatively strong bidentate chelation in vanadium
complexes. The band of medium intensities in the region 575–528 cm−1

may be attributed to ν (P S) asymmetric and symmetric vibrations. A
sharp band present in the region 756–825 cm−1 is due to ν Cp V asym-
metric or symmetric vibrations, which is attributed to trans position of
C5H5

18. Details regarding the individual peaks have been included in
Table II.

1H NMR Spectra

The 1H NMR spectra of di cyclopentadienyl vanadium bis dialkyl and
alkylene dithiophosphates recorded in CDCl3, show the expected char-
acteristic resonance due to alkoxy and glycoxy groups (Table III). The
cyclopentadienyl protons attached to vanadium appear as singlet in the
range 2.4–1.55 ppm. The singlet peak observed at 3.1–3.5 ppm in the
parent dithiophosphoric acids have been assigned for SH proton,19 and
are absent in the spectra of vanadium dithiophosphate derivatives, indi-
cating the deprotonation of SH group and formation of V S bonds.20,21

13C NMR Spectra

13C NMR spectra of these complexes recorded in CDCl3 (Table IV)
show very small chemical shifts to those obtained for the parent dithio-
phosphoric acids and indicate no substantial change in structural
features.
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TABLE III 1H and 31P NMR Spectral Data δ ppm of Di Cyclopentadienyl
Vanadium Bis Dialkyl and Alkylene Dithiophosphates

31P chemical
shift in δ ppm

Comp 1H chemical shift in CDCl3
no. Compound in δ ppm in CDCl3 (parent acids)

1 Cp2V[S2P(OEt)2]2 1.15–1.60, t, (J = 6 Hz), 12H (Me) 86.03
4.23–4.45, m, 8H (CH2O) (86.3)
2.01–2.23, s, 10H (C5H5)

2 Cp2V[S2P(OPri)2]2 1.16–1.70, s, 24H (Me) 82.3
2.25–2.16, s, 10H (C5H5) (85.5)
4.88–5.10, m, 2H (CHO)

3 Cp2V[S2P(OPrn)2]2 0.85, t, (J = 7 Hz), 12H (Me) 1.7, 85.87
s, 10H (C5H5) 2.01, (86.3)
m, 8H (CH2)
4.3, m, 8H (CH2O)

4 Cp2V[S2P(OBui)2]2 1.6, d, (J = 6 Hz), 24H (Me) 1.73, 86.18
s, 10H (C5H5) 2.3, (85.7)
m, 4H (CH) 4.4,
m, 8H (CH2O)

5 Cp2V[S2P(OPh)2]2 7.2, m, 10H (PhO) 2.4, 78.6
s, 10H (C5H5) (78.2)

6 Cp2V[S2POCMe2CMe2O]2 1.95, m, 24H (Me) 2.02, 101.12
m, 10(C5H5) (93.3)

7 Cp2V[S2POCH2CEt2CH2O]2 0.90, t, (J = 7 Hz), 12H (Me) 82.98
1.97, s, 10H (C5H5) 1.8, (78.7)
m, 8H (CH2) 4.32,
qd, 8H (CH2O)

8 Cp2V[S2POCH2CMe2CH2O]2 1.1, s, 12H (Me) 1.55, 81.02
s, 10H (C5H5) (77.3)
4.45, qd, 8H (CH2O)

TABLE IV 13C NMR Spectral Data of Some Representative Derivatives of Di
Cyclopentadienyl Vanadium Bis Dialkyl and Alkylene
Dithiophosphates (cm−1)

13C chemical shift, in ppm
Comp

no. CH3 CH2 C OC C5H5

1 15.7 s 64.90, d, 129.4
2 10.5 s (J = 6.1) Hz 71.16, d, (J = 7.3) Hz 129.3
3 12.1 s 25.57, d, 70.6, d, (J = 6.1) Hz 128.7
6 25.2, d, (J = 6.1) Hz 23.6, d, (J = 6.1) Hz 127.5

(J = 6.1) Hz
7 7.26, d, 23.1, d, 23.6, d, (J = 7.3) Hz 37.8 s 123 s

(J = 6.1) Hz (J = 6.1) Hz
8 27.58 s 28.91, d, (J = 6.1) Hz 39.24 s 85.88 s

d = doublet; t = triplet; m = multiplet.
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31P NMR Spectra

31P NMR spectra of di cyclopentadienyl vanadium bis dialkyl and alky-
lene dithiophosphates (Table III) show that compounds give a single
peak when freshly prepared. The 31P shifts for dialkyl dithiophosphate
complexes are almost in the same range as those for the parent acids
and gave very small shift (2.3–0.27 ppm).

The phosphorus atom in cyclic derivatives is more shielded (7.82–
3.72 ppm). The phosphorus chemical shifts of various metal dithiophos-
phate compounds have been reported in recent years and an attempt
has also been made by Glidewell21 who suggested that phosphorus
deshielding increase in the order monodentate attachment < biden-
tate attachment < anion complexes. Our attempts to correlate the
same in metal dialkyl and alkylene dithiphosphates in this article
with Glidewell have been successful. The dithio ligand behaves as
bidentate.

MAGNETIC MOMENTS

The complex Cp2V[S2POCMe2CMe2O]2 is paramagnetic with magnetic
moment value 1.05 b.m., which is lower than the theoretically calcu-
lated value 1.73 b.m., for one unpaired electron. The value correspond
to one electron anticipated for octahedral geometry of vanadium (IV)
complexes.22

ELECTRONIC SPECTRA

The electronic spectra of these derivatives have been recorded in CHCl3
solution as shown in Table V. All the di cyclopentadienyl bis dialkyl and
alkylene dithiophosphates absorb strongly in the region 512–378 nm,
corresponding to π → π∗ transition. Other rather weak absorption’s

TABLE V UV Spectral Data for Some Representative Derivatives of Di
Cyclopentadienyl Vanadium Bis Dialkyl and Alkylene Dithiophosphate (cm−1)

Compound Abs λmax

Cp2V[S2P(OPrn)2]2 0.0005 512
3.52 215

Cp2V[S2P(OBui)2]2 3.6 249
5 230.5

Cp2V[S2POCMe2CMe2O]2 5 233.5
0.63 378

Cp2V[S2POCH2CEt2CH2O]2 3.43 246
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1 2

FIGURES 1 and 2 Octahedral geometry for di cyclopentadienyl vanadium bis
dialkyl and alkylene dithiophosphates. R = Me, Et, Pri, Prn, Bui, and Ph and
Cp2V[S2POGO]2 where G = CMe2CMe2, CH2CEt2CH2 and CH2CMe2CH2.

occur at 249–215 nm, which may be due to n→ π∗ transition. The di-
alkyl dithiophosphoric acids also absorb in these regions.

STRUCTURAL ELUCIDATION

Our observations based on spectral studies, such as IR, NMR (1H, 13C,
and 31P), magnetic susceptibility studies, molecular weight determi-
nations, and UV spectrophotometer indicate the bidentate behavior of
ligand and monomeric nature of these complexes. According to this,
an trans-octahedral geometry’s (Figures 1 and 2) can be suggested for
vanadium (IV) dialkyl and alkylene dithiophosphate complexes because
in IR spectra one stretching have been obtain in the range 850–756, but
cis-octahedral have two stretching vibrations.18

EXPERIMENTAL

Stringent precautions were taken to exclude moisture from the experi-
mental set up. Solvents (benzene, chloroform, and n-hexane) were dried
by standard methods. Alcohols and glycols were purified by distillation
before use. Cp2VCl2 (Aldrich) was used as such. The dialkyl dithiophos-
phoric acids were prepared using literature method.18 Vanadium was
estimated gravimetrically as metal penta oxide, and sulfur was esti-
mated as barium sulfate20 (Messenger’s method). Molecular weights
were determined cryoscopically in benzene.

Magnetic susceptibility measurements were carried out using a
Faraday balance MSB-1 Ltd. IR spectra were recorded as KBr discs
or Nujol mulls on Shimadzu FTIR-8201 PC Spectrophotometer. NMR
spectra were recorded in CDCl3 using a Jeol JNM-L A 300-NMR spec-
trophotometer with TMS as an internal reference for 1H, 13C. 31P NMR
spectra were recorded in CDCl3 using 85% H3PO4 as external reference
on the same instrument.
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Reaction of Dichloro Bis Cyclopentadienyl Vanadium (IV)
with Diethyl Dithiophosphoric Acids

Diethyl dithiophosphoric acids (0.24 g, 1.3 mmol) in benzene (20 ml) was
added dropwise with constant stirring to dichloro bis cyclopentadienyl
vanadium(IV) (0.16 g, 0.64 mmol) in (20 ml) benzene. The mixture was
refluxed for ∼6 h until liberation of hydrogen chloride gas ceased. Sol-
vent was removed under reduced pressure, the desired product was
purified by washing several times with n-hexane, and dried under
vacuum.

Reaction of Dichloro Bis Cyclopentadienyl Vanadium
with Neopentylene Dithiophosphoric Acids

To benzene (20 ml) solution of neopentylene dithiophosphoric acids
(0.47 g, 0.19 mmol) was added dropwise with constant stirring an
equivalent amount of dichloro bis cyclopentadienyl vanadium (0.22 g,
0.87 mmol) in (20 ml) benzene. The mixture was refluxed for ∼6 h until
liberation of hydrogen chloride gas ceased. The benzene solution dried
under reduced pressure, the desired products was purified by washing
several times with n-hexane and dried under vacuum.
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