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Summary: Five starlike complexes with terminal
butterfly Fe/S cluster cores, [Fe2(µ-Ph2P)(CO)6]3[(µ-
SCH2CH2)3N] (2), [Fe2(µ-PhS)(CO)6]3[(µ-SCH2CH2)3N]
(3), [Fe2(µ-PhCdNPh)(CO)6)]3[1,3,5-(µ-SCH2)3C6H3] (5),
and [Fe2(µ-RSCdS)(CO)6]3[1,3,5-(µ-SCH2)3 C6H3] (7,
R ) Me; 8, R ) PhCH2), were prepared by a “one pot”
reaction of the trithiol N(CH2CH2SH)3 or 1,3,5-(HSCH2)3-
C6H3 with Fe3(CO)12 and Et3N, followed by treatment of
the intermediate three-µ-CO-containing trianions {[Fe2(µ-
CO)(CO)6]3[(µ-SCH2CH2)3N]}3- (1) and {[Fe2(µ-CO)-
(CO)6]3[1,3,5-(µ-SCH2)3C6H3]}3- (4) with Ph2PCl, PhSBr,
PhC(Cl)dNPh, CS2/MeI, and CS2/PhCH2Br, respective-
ly. These products have been fully characterized by ele-
mental analysis, spectroscopy, and X-ray crystallography.

Transition-metal complexes containing butterfly Fe/S
cluster cores have recently attracted increasing attention,
in view of the novelty and diversity of structures and
reactivities of such complexes1 and, particularly, the
application in bionics as models for the active site of
the iron-only hydrogenases.2-5 Previously, we reported
the type of double-butterfly Fe/S cluster dianion {[Fe2-
(µ-CO)(CO)6]2(µ-SZS-µ)}2-, a dianion that has two µ-CO
ligands capable of reaction with electrophiles to give a
series of linear and macrocyclic butterfly Fe/S cluster
complexes.6 Now, as a new development, we report two
novel triple-butterfly Fe/S cluster trianions, a type of

trianion that has three µ-CO ligands, their formation
and reactions leading to five starlike complexes termi-
nated with butterfly Fe/S cluster cores (Schemes 1 and
2).7,8

As shown in Scheme 1, reaction of the nitrogen-
containing trithiol N(CH2CH2SH)3

9 with Fe3(CO)12 and
Et3N in a 1:3:3 molar ratio at room temperature resulted
in formation of the [Et3NH]+ salt of the three-µ-CO-
containing trianion {[Fe2(µ-CO)(CO)6]3[(µ-SCH2CH2)3-
N]}3- (1). Further treatment of 1 in situ with excess
Ph2PCl, through triple nucleophilic attack of the three
negatively charged Fe atoms in 1 at the P atoms in three
Ph2PCl groups followed by displacement of the three
µ-CO ligands in 1, gave rise to the starlike product [Fe2-
(µ-Ph2P)(CO)6]3[(µ-SCH2CH2)3N] (2) in 32% yield. When
trianion 1 was treated with PhSBr, another starlike
complex 3 was produced in 33% yield via similar
nucleophilic attack of the three negatively charged Fe
atoms at three molecules of PhSBr followed by displace-
ment of the three µ-CO ligands.7
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Similarly, Scheme 2 indicates that reaction of the
benzene-ring-containing trithiol 1,3,5-(HSCH2)3C6H3

10

with Fe3(CO)12 and Et3N in a 1:3:3 molar ratio afforded
the [Et3NH]+ salt of another three-µ-CO-containing
trianion, {[Fe2(µ-CO)(CO)6]3[1,3,5-(µ-SCH2)3C6H3]}3- (4).
Further treatment of 4 with excess PhC(Cl)dNPh in
situ gave the corresponding starlike product [Fe2(µ-
PhCdNPh)(CO)6]3[1,3,5-(µ-SCH2)3C6H3] (5) in 42% yield.
However, when trianion 4 was treated with excess CS2,
the S-centered trianion {[Fe2(µ-CS2)(CO)6]3 [1,3,5-(µ-
SCH2)3C6H3]}3- (6) was formed via triple nucleophilic
attack of the negatively charged Fe atoms in 4 at the C
atoms in three CS2 groups, followed by loss of the three

µ-CO ligands. Further treatment of 6 with excess MeI
or PhCH2Br yielded the final starlike products [Fe2(µ-
RSCdS)(CO)6]3[1,3,5-(µ-SCH2)3C6H3]} (7, R ) Me; 8, R
) PhCH2) in 45% and 35% yields, respectively.8

It is worthy of note that the [Et3NH]+ salts of the
intermediate µ-CO-containing trianions 1 and 4 could
not be isolated, since they are very air-sensitive and
extremely labile during separation and purification.
However, the presence of these two trianions might be
recognized by their in situ IR spectra, which showed an
absorption band at 1742 and 1716 cm-1 typical of the
diiron-bridged µ-CO ligands.3,11 In addition, the well-
studied chemistry of the one-µ-CO-containing monoan-
ions12 and two-µ-CO-containing dianions3 and, particu-
larly, the fully characterized products 2, 3, 5, 7, and 8
by spectroscopy7,8 and X-ray crystallography13 strongly
support the formation of trianions 1 and 4.

The crystal molecular structures of 2 and 7 are
presented in Figures 1 and 2, respectively. As can be
seen in Figure 1, complex 2 contains three identical
Fe2SP butterfly cluster cores, in which each of the P
atoms is attached to two phenyl groups and each of the
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Scheme 2

Figure 1. Structure of 2 with ellipsoids drawn at the 30%
probability level. Selected bond lengths (Å) and angles
(deg): Fe(1)-Fe(2) ) 2.5550(19), Fe(1)-S(2) ) 2.268(3),
Fe(2)-S(2) ) 2.262(2), Fe(1)-P(3) ) 2.216(2), Fe(2)-P(3)
) 2.225(2), N(1)-C(1) ) 1.435(8), N(1)-C(21) ) 1.425(10);
S(2)-Fe(1)-Fe(2) ) 55.54(7), S(2)-Fe(2)-Fe(1) ) 55.78(8),
P(3)-Fe(2)-Fe(1) ) 54.73(7), P(3)-Fe(2)-S(2) ) 76.32(8),
P(3)-Fe(1)-Fe(2) ) 55.03(6), C(1)-N-C(21) ) 116.4(7).
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Fe atoms is attached to three terminal CO ligands.
Therefore, this is consistent with their 31P NMR and
IR spectra, which displayed respectively one singlet at
142.45 ppm and several absorption bands at ca. 2000
cm-1. Also, it can be seen that the three butterfly Fe2SP
cluster cores in 2 are connected through their S atoms
to three â-C atoms of the triethyleneamine structural
unit by three equatorial bonds. In fact, this is necessary
to avoid the strong axial-axial repulsions between the
axially bonded bulky phenyl groups at P atoms and the
central part of this complex.14

Figure 2 shows that 7 has another three identical
butterfly Fe2S2C cluster cores, in which the C atom is
bound to the methylthio group and each of the Fe atoms
is bonded to three terminal carbonyls, consistent with
its 1H NMR and IR spectra displaying one singlet at
2.53 ppm and several absorption bands at ca. 2000 cm-1.
It is noteworthy that the CdS double bonds in the

butterfly Fe2S2C cluster cores of 7, for example, the
double bond C(28)dS(4), is extended to 1.654(12) Å due
to its coordination in comparison with the CdS double
bond in free CS2 (1.554 Å),15 but it is still shorter than
its single bonds C(28)-S(5) (1.695(10) Å), S(5)-C(29),
(1.818(11) Å) and S(1)-C(25) (1.826(9) Å). The double
bond C(28)dS(4) is bridged to Fe(1) via a σ bond (Fe(1)-
C(28) ) 1.988(10) Å) and to Fe(2) via the donation of
an unshared electron pair from S(4) (Fe(2)-S(4) )
2.276(3) Å). In fact, such a coordination mode of the CdS
double bonds in 7 has been found in other µ-CS2
complexes.6,16 In addition, as can be seen in Figure 2,
the three identical cluster cores in 7 are joined together
by connecting their S atoms with three benzylic C atoms
of the planar trimethylene benzene ring structural
moiety also via three equatorial bonds.14

In summary, we have synthesized and structurally
characterized five starlike complexes, namely 2, 3, 5,
7, and 8, each containing three terminal butterfly Fe2S2
or Fe2S2C cluster cores radiating from a pyramidal N
atom or a planar benzene ring. The “one pot” reactions
for synthesizing such starlike complexes involve two
new intermediates of the three-µ-CO-containing trian-
ions 1 and 4 that were generated from Fe3(CO)12, Et3N,
and the trithiol N(CH2CH2SH)3 or 1,3,5-(HSCH2)C6H3.
In view of the easy availability of trianions 1 and 4, as
well as their high nucleophilicity, they could become an
important class of building blocks in transition-metal
chemistry. Investigations to make new trianions by
using other trithiols and to synthesize new starlike
complexes terminated with other Fe/S cluster cores are
underway in this laboratory.
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Figure 2. Structure of 7 with ellipsoids drawn at 30%
probability. Selected bond lengths (Å) and angles (deg):
Fe(1)-Fe(2) ) 2.618(2), Fe(1)-S(1) ) 2.265(3), Fe(2)-S(4)
) 2.276(3), Fe(1)-C(28) ) 1.988(10), Fe(2)-S(1) ) 2.253(3),
S(1)-C(25) ) 1.826(9); S(1)-Fe(1)-Fe(2) ) 54.36(8), S(1)-
Fe(2)-S(4) ) 82.41(12), Fe(2)-S(1)-Fe(1) ) 70.83(9), S(1)-
Fe(2)-Fe(1) ) 54.80(8), C(28)-Fe(1)-S(1) ) 81.4(4), S(4)-
Fe(2)-Fe(1) ) 77.89(10).
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