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Abstract

Treatment of the iron polysulfanes (m-Sx)[CpFe(CO)2]2 (x=3, 4) with sulfonyl chlorides RSO2Cl (R=CF3 (1), CCl3 (2), C6F5

(3)) gave the corresponding iron thiosulfonato complexes CpFe(CO)2SS(O)2R in good yields. Crystal structure for 2: P21/c,
a=6.704(2), b=8.933(2), c=22.603(5) A, , a=90, b=92.82(2), g=90°, V=1352.0(6) A, 3 and Z=4. © 2001 Elsevier Science
B.V. All rights reserved.
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1. Introduction

Sulfur in fossil fuels and natural gas must be re-
moved to reduce air pollution. Sulfur is removed from
petroleum by hydrodesulfurization (HDS) to give H2S
[1]. The H2S is converted to elemental sulfur and water
via the Claus process [2], the mechanism of which is
poorly understood. Sulfur–sulfur bond formation and
oxygen atom transfer are fundamental steps in this
mechanism.

Conceptually, this heterogeneous reaction can be de-
scribed by three models. Model A depicts the reaction
of H2S with adsorbed SO2, model B involves the reac-
tion of SO2 with adsorbed H2S and in model C both
adsorbed gases react.

Organometallic analogs of these models are known
[3]. As a simulation of model A, we reported the
reaction of (PPh3)3PtSO2 with the alkylthiophthalimides
to form trans-(PPh3)2Pt(phth)S(O)2SR (phth=phthal-
imide), complexes that contain the SO2SR moiety [4].
Reactions of metal thiolato [3] and hydrosulfido [5]
complexes with SO2 have been investigated as examples
of model B. Accordingly, treatment of cis-
(PPh3)2Pt(SH)2 with SO2 gave (PPh3)2PtS3O and H2O
(Eq. (1)) [5]. No organometallic analog for model C has
been reported. The demonstration that cis-
(PPh3)2Pt(SH)2 is the first homogeneous catalyst of
Claus chemistry has heightened our interest in model B.
The product of Eq. (1) is also a catalyst and an
intermediate in this Claus chemistry. It contains an
oxygenated polysulfur ligand which is implicated in the
sulfur–sulfur bond formation and oxygen transfer. The
reaction of (m-Sx)[CpFe(CO)2]2 with sulfonyl chlorides,
RSO2Cl, gave complexes containing the type of oxo-
polysulfur ligand expected from model B.

(1)
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2. Experimental

All experiments were performed under dinitrogen
atmosphere using Schlenk techniques [6]. Benzene, di-
ethylether and hexanes were distilled over sodium/ben-
zophenone under nitrogen prior to use. Methylene
chloride was distilled over phosphorus pentoxide. The
reagents [CpFe(CO)2]2, elemental sulfur and sulfonyl
chlorides (Aldrich) were used as received. Iron sulfanes
(m-Sx)[CpFe(CO)2]2 were prepared as described [7].

Nuclear magnetic resonance (NMR) spectra were
recorded on a JEOL-270 spectrophotometer. Samples
were prepared under nitrogen. Chemical shifts are in
ppm relative to TMS at 0 ppm. Infrared spectra were
recorded on a Nicolet 410 Impact FT-spectrophotome-
ter. Elemental analyses were performed by Laboratoire
d’Analyse Elémentaire, Université de Montréal, Mon-
treal, QC, Canada. Melting points were measured on a
Thomas Hoover Capillary melting point apparatus and
are uncorrected.

2.1. General procedure for the preparation of
CpFe(CO)2SS(O)2R

A 100 ml Schlenk flask was charged with the iron
sulfanes (m-Sx)[CpFe(CO)2]2 (0.45 g, 1.00 mmol) and 50
ml of diethylether. The sulfonyl chloride (1.20 mmol)
was added by a syringe. The resulting mixture was
stirred overnight. The solvent was removed under vac-
uum and the residue dissolved in a minimum amount of
methylene chloride. This solution was introduced to a
silica gel column and elution with hexanes removed any
unreacted sulfonyl chloride. Elution with methylene
chloride gave an orange band which was collected and
identified as CpFe(CO)2SS(O)2R, followed by a red
band which was also collected and identified as
CpFe(CO)2Cl [7]. The CpFe(CO)2SS(O)2R was recrys-
tallized from CH2Cl2–hexanes.

CpFe(CO)2SSO2CCl3 (1). Brown crystals. Yield 87%.
M.p. 116–117°C. 1H-NMR (CDCl3): d 5.26 ppm. IR
(KBr): n(CO) 2062 (s), 1997 (s) cm−1; n(SO) 1122 (m),
1057 (m) cm−1. Anal. Calc. for C8H5Cl3FeO4S2: C,
24.35; H, 1.29; S, 16.38. Found: C, 24.70; H, 1.03; S,
16.38%.

CpFe(CO)2SSO2CF3 (2). Yellow crystals. Yield 80%.
M.p. 82–83°C. 1H-NMR (CDCl3): d 5.21 ppm. IR
(KBr): n(CO) 2064 (s), 1998 (s) cm−1; n(SO) 1180 (m),
1095 (m) cm−1. Anal. Calc. for C8H5F3FeO4S2: C,
28.09; H, 1.47; S, 18.75. Found: C, 28.44; H, 1.32; S,
19.32%.

CpFe(CO)2SSO2C6F5 (3). Yellowish-brown crystals.
Yield 76%. M.p. 92–93°C. 1H-NMR (CDCl3): d 5.28
ppm. IR (KBr): n(CO) 2047 (s), 1991 (s) cm−1; n(SO)
1131 (m), 1091 (m) cm−1. Anal. Calc. for
C13H5F5FeO4S2: C, 35.47; H, 1.14; S, 14.57. Found: C,
34.88; H, 1.09; S, 14.48%.

2.2. Crystallographic analysis

Single crystals of 2 suitable for X-ray analysis were
obtained by recrystallization from CH2Cl2–hexanes.
The crystallographic data and structure refinement are
as follows: empirical formula C8H5Cl3FeO4S2, formula
weight 391.44, monoclinic space group P21/c with a=
6.704(2), b=8.933(2), c=22.603(5) A, , a=90, b=
92.82(2), g=90°, V=1352.0(6) A, 3, Dcalc=1.923 g
cm−3, Z=4, m=2.016 mm−1. The measurements were
at 293(2) K on a Rigaku AFC65 diffractometer. An
v–2u data-collection method was used and a scan
range of 13B2uB17.5° was employed. There were
2657 independent reflections with 2085 observed reflec-
tions (I\2s(I)). The structure was solved by direct
method using SHELXS-96 [8]. All non-hydrogen atoms
are anisotropic except minor orientation of disordered
CCl3 group. Hydrogen atoms are isotropic. The refine-
ment coverged at R1=0.0429 (for significant reflec-
tions) and wR1=0.0624 (for all reflections)..

3. Results and discussion

Treatment of the iron sulfanes (m-Sx)[CpFe(CO)2]2
(x=3, 4) [7] with sulfonyl chlorides RSO2Cl, where
R=CF3, CCl3 and C6F5, in diethylether at room tem-
perature, gave the iron thiosulfonato complexes
CpFe(CO)2SS(O)2R (R=CF3, (1) CCl3 (2), C6F5 (3)) in
good yields (76–87%) and CpFe(CO)2Cl (Eq. (2)).
These products were separated by column
chromatography.

(2)
The thiosulfonato complexes 1–3 are air stable as

solids and air sensitive in solution. They are soluble in
common organic solvents but insoluble in hexanes.
They were characterized by IR, NMR spectroscopy and
elemental analysis. Their IR spectra contain the ex-
pected [9] two strong bands in the ranges 2030–2064
and 1991–1998 cm−1 corresponding to the stretching
frequencies of the two terminal carbonyl ligands. They
contain two bands for the thiosulfonato ligand in the
ranges 1122–1180 and 1057–1096 cm−1. These SO
bands are similar to those obtained for complexes
containing the sulfinato (RSO2) group [10]. The 1H-
NMR spectra of 1–3 show a singlet due to the cy-
clopentadienyl ligand protons in the range 5.21–5.28
ppm, the same range observed for the analogous thio-
carboxylate complexes CpFe(CO)2SC(O)R [11].

The reactivity of the metal sulfanes toward sulfonyl
chlorides may be attributed to the presence of electron-
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Fig. 1. An ORTEP view of 2 (major orientation). Ellipsoids are drawn at 40% probability level and the hydrogen atoms are omitted for clarity.
Selected bond lengths (A, ) and angles (°) are: Fe–S 2.2803(13), Fe–C(6) 1.777(5), Fe–C(7) 1.783(4), S–S 2.022(2), S–O(4) 1.423(4), S–O(3)
1.432(4), C(6)–Fe–C(7) 94.4(2), S–S–Fe 109.43(6), O(4)–S–O(3) 119.5(3).

rich sulfur atoms in the sulfide bridge. Sulfonyl chlo-
rides with no electron-withdrawing groups (R=CH3,
C6H5, C6H4CH3) or even with moderate electron with-
drawing groups (2,5-(NO2)2C6H3, 4-NO2C6H4) did not
react with the sulfanes. This may be due to the weak
electrophilic behavior of the sulfonyl chlorides.

The structure of 2 was determined and is shown in
Fig. 1. This compound has a Fe–S bond length of
2.2803(13) A, which is longer than that observed for
CpFe(CO)2SC(O)-2-NO2C6H4 (2.266(1) A, ) [11]. The S–
S bond length (2.022(2) A, ) and the S–O bond lengths
(1.432(4) and 1.432(4) A, ) are similar to those observed
in complexes of the type CpRu(PPh3)(CO)E where
E=SS(O)CH2Ph, SS(O)CHMe2 and SS(O)2-4-C6H4Me
[12].

While complexes containing sulfonato ligands, RSO2
−

, are well known [13], thiosulfonato ligands are rare.
We are aware of only one example, namely
CpRu(PPh3)(CO)SS(O)2R, which was the product of an
oxygen atom disproportionation reaction of
CpRu(PPh3)(CO)SS(O)R [12b]. The reaction reported
here is the first direct synthesis of this class of ligands.
The mechanism of this reaction is probably similar to
that proposed for the preparation of CpFe(CO)2SCOR
[11].

4. Supplementary material

Crystallographic data for 2 have been deposited with
the Cambridge Crystallographic Data Center, CCDC
no. 147214. Copies of the information can be obtained
free of charge from The Director, CCDC, 12 Union
Road, Cambridge, CB2 1EZ, UK (Fax: +44-1223-
336033; e-mail: deposit@ccdc.cam.ac.uk or www: http:
//www.ccdc.cam.ac.uk).
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