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Fe2(CO)9 and R2P(S)P(S)R2 (R¼Et, n-Pr, n-Bu, Ph) react to form two types of cluster
complexes Fe3(CO)9(�3-S)2 (1), Fe2(CO)6(�-SPR2)2 (2A)–(2D), [2A, R¼Et; 2B, R¼ n-Pr; 2C,
R¼ n-Bu; 2D, R¼Ph]. The complexes result from phosphorus–phosphorus bond scission; in
the former sulfur abstraction has also occurred. The complexes have been characterized by
elemental analyses, FT-IR and 31P-[1H]-NMR spectroscopy and mass spectrometry.
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1. Introduction

Sulphido carbonyl clusters continue to attract considerable attention not only because
of their fascinating structural chemistry, but also because of their ability to act as
electron reservoirs and their potential in catalysis [1]. Since the preparation of the first
tetraalkyldiphosphine disulfide complexes in 1965, such compounds have continued to
attract attention in part because of the different possible coordination modes which the
ligand may adopt [2–4]. In most cases the ligand is presumed to adopt the expected
chelate bidentate coordination, [M(CO)4R2P(S)P(S)R2] (M¼Mo and W; R¼Me, Et,
n-Pr, n-Bu) [5]. However, in certain cases, the ligand forms a bridge between two metals,
[M2(CO)l0(R2P(S)P(S)R2)] (M¼Mo and W; R¼Me, Et, n-Pr, n-Bu) [6]. The series of
complexes [M(CO)4R2P(S)P(S)R2] and [M2(CO)l0(R2P(S)P(S)R2)] (M¼Mo and W;
R¼Me, Et, n-Pr, n-Bu) were prepared by the photochemical reaction of M(CO)6
with R2P(S)P(S)R2 [5, 6]. It has been reported that the photochemical reaction of
Mn2(CO)10 and Me4P2S2 forms the dimethylditihiophosphinate derivative
[Mn(CO)4(S2PMe2)] [7, 8].

The reaction between Co2(CO)8 and Me4P2S2 was first described in 1972 and two
clusters were reported [9]. Several structures were suggested based on their
mass spectra but later the X-ray diffraction analysis of Co4(CO)9(�3-S)(�-PMe2)2,
and the disubstituted triphenylphosphine derivative of Co3(CO)7(�3-S)(SPMe2)
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were reported [10]. We repeated the reaction using different methods with
Me2P(S)P(S)Me2 and also investigated with different alkyl groups of ligand such as
(R¼Et, n-Pr, n-Bu) [11]. According to two published articles [2, 3] the products,
Co4(CO)9(�3-S)(�-PMe2)2 and Co3(CO)7(�3-S)(SPMe2), were reported but we observed
another product, Co2(�-CO)(�4-S)(CO)42, which was also obtained from the reaction
of Co2(CO)8 with elemental sulfur [12].

Some years ago it was found that the mononuclear metal carbonyl Fe(CO)5 reacts
photochemically with Me2P(S)P(S)Me2 to cleave the P–P bond and form the complex
[(CO)3Fe(MePS)]2, in which each sulfur atom bridges two Fe centres [13]. In this article
we obtained Fe3(CO)9(�3-S)2 (1) [14], Fe2(CO)6(�-SPR2)2 (2A)–(2D), 2A, R¼Et; 2B,
R¼ n-Pr; 2C, R¼ n-Bu; 2D, R¼Ph by reaction of Fe2(CO)9 with R2P(S)P(S)R2

(R¼Et, n-Pr, n-Bu, Ph). The complexes were characterized by elemental analyses,
FAB-Mass spectrometry, FT-IR and 31P-NMR spectroscopy.

2. Experimental

2.1. Measurements

All preparations were carried out under dry nitrogen using Schlenk techniques.
All solvents used in the syntheses were deoxygenated. The elemental analyses were
carried out using a Carlo Erba Strummentaione Model 1106 by the Technical and
Scientific Research Council of Turkey, TUB_ITAK. IR spectra were recorded on
samples in KBr discs at Ege University using a Mattson 1000 Fourier Transform
spectrophotometer. NMR spectra were recorded in CD2C12 solutions at the University
of Bristol using a Jeol GX270 spectrometer. The electron-impact spectrum was
recorded on a VO-Autospec instrument.

2.2. Materials

Pentane, benzene, hexane, dichloromethane, acetone, and silica gel were purchased
from Merck, Fe2(CO)9 from Aldrich. These reagents were used as supplied. The
tetraalkyldiphosphine disulfides [15, 16] were prepared by literature methods.

2.3. Preparation of complexes

Complexes 1 and 2A–2D, were prepared by reactions of Fe2(CO)9 and R2P(S)P(S)R2

(R¼Et, n-Pr, n-Bu, Ph) and obtained in 35–45% yield by similar methods of which the
following is typical.

Fe2(CO)9 (0.342 g, 1mmol) and Et4P2S2 (0.186 g, 1mmol) were dissolved in diethyl-
ether (30mL) and the reaction mixture was stirred under nitrogen overnight. At the end
of the reactions, unreacted Fe2(CO)9 was not detected by FTIR. The solution was then
evaporated to dryness in vacuo, producing a dark brown-orange mixture. The solids
were dissolved in CH2Cl2 and separated chromatographically through a column packed
with silica-gel using light petroleum (b.p. 40–60�C) as eluent. The chromatographic
separation resulted in two different bands. The first band is red, 1, the yield is 0.087 g
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30%, the second band is dark yellow-orange, 2A, the yield is 0.2247 g 35%. The
complexes have been charaterized by using microanalyses, FTIR, NMR and mass
spectroscopy.

3. Results and discussion

Reaction of Fe2(CO)9 in diethylether with R2P(S)P(S)R2 (R¼Et, n-Pr, n-Bu, Ph) at
room temperature, produced a number of compounds as shown in figure 1. Two were
seperated by column chromatography, recrystallized and isolated pure in yields which
varied from 27–37%. The compound [Fe3(CO)9(�3-S)2] (1), has often been described
in the literature [17]. The chemical composition of the air stable compounds
[Fe2(CO)6(�-SPR2)2] (2A)–(2D), were determined by elemental analysis and spectro-
scopic methods. Analysis data of (2A)–(2D) are given in table 1.

1 was previously reported by Hieber and Gruber [14], who allowed HFeðCOÞ�4 to
react with sulfite ion to obtain a diamagnetic red-black crystalline compound. The
compound contains the relatively common Fe3(�3-S)2 core [18], 1 usually obtained from
reaction between Fe2(CO)9 or Fe(CO)5 and various ligands which contain sulfur donors
[17]. 1 contains a seven-coordinate metal and has a distorted trigonalbipyramidal
geometry [18]. The infrared spectrum possessed bands characteristic of only terminal
carbonyl groups [18].

Selected infrared spectral data of 2A–2D are presented in table 2. The �(CO) IR data
give no indication of the presence of bridging carbonyl. The IR spectral data in KBr for

S

Fe(CO)3 Fe(CO)3
Fe(CO)3

S

Fe2(CO)9  + R2P(S)P(S)R2 + Fe Fe

S

OC

OC

OC

CO

CO

CO

S
R

R R

RP P

(1) (2A)–(2D)

Figure 1. The reactions between Fe2(CO)9 and R2P(S)P(S)R2 (R¼Et, n-Pr, n-Bu, Ph).

Table 1. Elemental analysis results and yields of 2A–2D.

Found (Calcd) (%)

Complexesa Yield (%) C H S

2A 35 32.10 (32.21) 3.77 (3.86) 12.68 (12.28)
2B 37 37.31 (37.39) 4.68 (4.88) 11.23 (11.09)
2C 27 41.75 (41.66) 5.68 (5.72) 10.07 (10.11)
2D 27 51.01 (50.45) 2.53 (2.82) 8.77 (8.98)

aOrange.
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2A–2D showed six bands. The idealized C2v symmetry of the molecule requires six C–O

modes to be active. The ‘butterfly’ geometry rather than a planar configuration

is supported by IR spectra [19]. Cleavage of the phosphorus–phosphorus

bond via oxidative addition to the binuclear centre gave Fe2(CO)6(�-SPR2)2
(R¼Et, n-Pr, n-Bu, Ph).

The mass spectral data of 2A–2D are given in table 3. FAB-mass spectra show

fragmentation via successive loss of CO and fragmentation of the organic ligands.
Symmetrical bond cleavage of the phosphorus–phosphorus, R2P(S)P(S)R2 (R¼Et,

n-Pr, n-Bu, Ph), bond via oxidative-addition to the binuclear centre gave complexes

2A–2D.
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Table 3. The mass spectral data of 2A–2D.

Complex MW Relative intensities of the ions m/e and assignmenta

2A 522 522(5) [Mþ]; 494(7) [Mþ� (CO)]; 466(8) [Mþ� (2CO)]; 410(10)
[Mþ� (4CO)]; 354(15) [Mþ� (6CO)]; 325(10) [Mþ� (6COþEt)];
296(15) [Mþ� (6COþ 2Et)]; 265(15) [Mþ� (6COþ 2EtþP)];
233(40) [Mþ� (6COþ 2EtþPþ S)]; 144(70)
[Mþ� (6COþ 4Etþ 2Pþ S)].

2B 578 578(9) [Mþ]; 550(17) [Mþ� (CO)]; 522(12) [Mþ� (2CO)]; 494(10)
[Mþ� (3CO)]; 466(10) [Mþ� (4CO)]; 438(15) [Mþ� (5CO)];
410(10) [Mþ� (6CO)]; 324(15) [Mþ� (6COþ 2Pr)]; 261(10)
[Mþ� (6COþ 2PrþPþ S)].

2C 634 634(15) [Mþ]; 606(20) [Mþ� (CO)]; 550(15) [Mþ� (3CO)]; 522(10)
[Mþ� (4CO)]; 466(15) [Mþ� (6CO)]; 352(15) [Mþ� (6COþ 2Bu)];
289(11) [Mþ� (6COþ 2BuþPþS)].

2D 715 715(18) [Mþ]; 687(13) [Mþ� (CO)]; 659(12) [Mþ� (2CO)]; 631(11)
[Mþ� (3CO)]; 603(15) [Mþ� (4CO)]; 575(15) [Mþ� (5CO)];
547(10) [Mþ� (6CO)]; 330(10) [Mþ� (6COþ 2PhþPþ S)].

aFor the mass spectral data relative intensities are given in parentheses; probable assignments in square brackets. For all
assignments the most abundant isotope of Fe has been selected (56Fe, 91.75%, abundant).

Table 2. Selected infrared spectral bands (cm�1) and 31P-{1H}-NMR of 2A–2D.

Complex �(CO) �P(ppm)

2A 2064m, 2026vs, 2000s, 1991w, 1968m, 1961w 65
2B 2063m, 2026vs, 1999s, 1990w, 1967m, 1961w 59
2C 2063m, 2025vs, 1998s, 1990w, 1967m, 1961w 60
2D 2067m, 2028vs, 1997s, 1990w, 1967m, 1960w 48

The 31P-{1H}-NMR spectra data of CD2Cl2 solutions of 2A–2D, collected in table 2, show one broad signal.
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