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Summary: A photochemical reaction between CpFe(CO)2SiMe3

and (Me3Si)2NSiH3 in hexane gaVe the silylyne-bridged triiron
complex Cp3Fe3(CO)4SiN(SiMe3)2 (2) and a diiron complex
bridged by a four-membered cyclic silylene, Cp2Fe2(CO)2(µ-
CO)(µ-SiN(SiMe3)2SiMe2CH2) (3). In contrast, the silylene- and
alkyne-bridged triiron complex Cp3Fe3{µ2-SiHN(SiMe3)2}{µ3-
COSiH2N(SiMe3)2}{µ3-η2-C2O2-SiHN(SiMe3)2} (4) was formed
as the main product by a similar reaction in toluene.

The transition-metal-mediated transformation of organosilicon
compounds is an important reaction in organic and organome-
tallic chemistry.1 Oxidative addition of a Si-H bond to an
unsaturated metal center is a key step for the transformation
reactions. A variety of complexes containing metal-silicon
bonds have been synthesized via oxidative addition of hydrosi-
lanes to metal complexes.2-6 Photochemical reactions of iron
complexes CpFe(CO)2R with primary silanes (RSiH3) have been
reported to give hydrosilylene-bridged complexes.4 This type
of compound is attractive, since a reactive Si-H bond remains
on the silylene ligand.3-6 Thus, Kawano et al. synthesized the
donor-stabilized diironµ-silylyne complex [Cp2Fe2(CO)3(µ-Si-
tBu‚Base)]+ from the µ-hydrosilylene complex Cp2Fe2(CO)3-
(µ-SiHtBu), which was prepared by the reaction of CpFe-
(CO)2SiMe3 with tBuSiH3.4,5

In this paper, we report the photochemical reaction between
CpFe(CO)2SiMe3 and (Me3Si)2NSiH3.7,8 This reaction was
expected to afford the amino(hydro)silylene-bridged diiron

complex Cp2Fe2(CO)3{µ-SiHN(SiMe3)2} (1), which would be
a good precursor for a novel donor-free silylyne-bridged diiron
complex, since the bulky amino substituent must stabilize the
electron-deficient silylyne ligand electronically and kinetically.
Contrary to our expectation, the photolytic reaction gave
unprecedented products, the silylyne-bridged triiron complex
Cp3Fe3(CO)4SiN(SiMe3)2 (2), the four-membered cyclic silylene
bridged diiron complex Cp2Fe2(CO)2(µ-CO)(µ-SiN(SiMe3)2-
SiMe2CH2) (3), and the silylene- and alkyne-bridged triiron
complex Cp3Fe3{µ2-SiHN(SiMe3)2}{µ3-COSiH2N(SiMe3)2}{µ3-
η2-C2O2SiHN(SiMe3)2} (4), depending on the reaction condi-
tions.

A yellow hexane solution containing CpFe(CO)2SiMe3 (2
equiv) and (Me3Si)2NSiH3 (1 equiv) was irradiated for 24 h
with a medium-pressure Hg arc lamp (450 W). This reaction
afforded a mixture of a red solution and a black crystalline
precipitate. The black precipitate was isolated by filtration and
was characterized as the silylyne-bridged triiron complex2 (10%
yield, eq 1).9 The red solution was revealed to contain the

silylene-bridged diiron complex3 as a main product and several
unidentified products by NMR investigation. Complex3 was
isolated as red crystals (22% yield) from the solution (eq 1).10

When the reaction was monitored periodically by1H NMR,
a trace singlet signal was observed at 8.63 ppm during the
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photolysis. This signal might be attributable to the Si-H of the
desired amino(hydro)silylene-bridged complex Cp2Fe2(CO)3{µ-
SiHN(SiMe3)2} (1), since hydrosilylene-bridged diiron com-
plexes have been reported to give the Si-H signals at very low
field (7-8 ppm).4b,d,11 However, we have not succeeded in
isolating the product from the reaction mixture.

An X-ray crystal structure analysis of2 revealed that the
bridging Si atom in the aminosilylyne ligand SiN(SiMe3)2 is
bound to three Fe atoms, each of which has a Cp ligand (Figure
1).12 The Fe(1) atom was connected to the Fe(2) and Fe(3) atoms
by Fe-Fe single bonds (Fe(1)-Fe(2)) 2.6589(4) Å, Fe(1)-
Fe(3)) 2.6511(4) Å) and bridging carbonyl ligands, but there
is no direct bond between Fe(2) and Fe(3) (Fe(2)‚‚‚Fe(3) )
3.9611(4) Å). Three Fe-Si bond lengths are within the range
of usual Fe-Si single-bond lengths (2.21-2.43 Å);2,4-6,13

however, the Fe(1)-Si(1) bond (2.3544(6) Å) is apparently
longer than the others (Fe(2)-Si(1) ) 2.2741(6) Å and Fe(3)-
Si(1) ) 2.2810(6) Å), suggesting that the bonding character of
Fe(1)-Si(1) is different from the others. The geometry around

the bridging silicon atom Si(1) is extremely distorted from a
regular tetrahedral structure. The bridging silicon Si(1) and the
Fe(2), Fe(3), and N atoms lie on a plane: the sum of the three
bond angles around Si(1) is 357.01(3)°. The remaining Fe(1)
atom is largely displaced from the plane. The entire structure
of 2 has pseudo-Cs symmetry: the Fe(1), Si(1), Si(2), Si(3),
and N atoms form a pseudo mirror plane. The1H NMR spectrum
of 2 showed two Cp signals at 4.58 and 4.43 ppm with a 2:1
intensity ratio and two SiMe3 signals at 0.85 and 0.52 ppm.
The SiMe3 signals remained sharp even at 110°C in toluene-
d8, which indicates that the rotation of the Si-N(SiMe3)2 bond
is prevented by the severe steric repulsion between SiMe3 and
Cp groups on Fe(2) and Fe(3). The interatomic distance between
C(13) and C(22) (3.585(4) Å) is smaller than the sum of van
der Waals radii of Me and C-H of Cp (3.85 Å). The silylyne-
bridged complex2 contains three FeCp fragments, instead of
two, in a molecule. Thus, the yield of complex2 was
considerably increased to 54% in the 3:1 reaction of CpFe-
(CO)2SiMe3 and (Me3Si)2NSiH3 for 72 h.

Complex3 showed two Cp signals in its1H and13C NMR
spectra. Signals arising from the N(SiMe3)2 unit were compli-
cated compared with those of complex2. Three Si-Me signals
were observed at 0.48, 0.47, and 0.21 ppm with 9:3:3 intensities
in the1H NMR spectrum, which are assignable to a SiMe3 group
and a SiMe2 unit with inequivalent Me groups, respectively. In
addition to these Si-Me signals, two doublet signals were
observed at 1.30 and 1.50 ppm, each with 1H intensity. These
results suggest that one of six methyl groups in the reactant
(SiMe3)2NSiH3 is transformed into a methylene group during
the reaction. The structure of complex3 was confirmed by X-ray
crystal structure analysis (Figure 2).14 Complex3 has two FeCp-
(CO) fragments, in which two iron centers are bridged by CO
and a cyclic silylene ligand. The Cp and terminal CO ligands
occupy mutually trans positions with respect to the Fe(1)-Si-
(1)-Fe(2)-C(1) four-membered ring, respectively. The silylene
ligand has an almost planar Si-N-Si-C four-membered ring.
The N(1)-Si(2) bond tilts from the least-squares plane of Si-

(11) Hashimoto, H.; Tobita, H.; Ogino, H.J. Organomet. Chem. 1995,
499, 205-211.

(12) Crystallographic data for2: formula C25H33Fe3NO4Si3, fw ) 663.33,
triclinic, space groupP1h, a ) 10.0782(7) Å,b ) 11.2516(9) Å,c ) 12.1662-
(8) Å, R ) 90.697(3)°, â ) 91.267(3)°, γ ) 100.896(4)°, V ) 1354.21(17)
Å3, Z ) 2, T ) 113(2) K,Fcalcd ) 1.627 g cm-3, µ ) 1.751 mm-1, F(000)
) 684,θ range 1.67-32.16°, 331 variables refined with 6928 independent
reflections to finalR indices (I > 2σ(I)) of R1) 0.0486 and wR2) 0.1300,
GOF ) 1.076.

(13) (a) Anema, S. G.; Mackay, K. M.; Nicholson, B. K.; Van Tiel, M.
Organometallics1990, 9, 2436-2442. (b) Ueno, K.; Hamashima, N.;
Shimoi, M.; Ogino, H.Organometallics1991, 10, 959-962. (c) Kawano,
Y.; Tobita, H.; Ogino, H.Angew. Chem., Int. Ed. Engl.1991, 30, 843-
844. (d) Hashimoto, H.; Tobita, H.; Ogino, H.J. Organomet. Chem.1995,
499, 205-211. (e) Tobita, H.; Izumi, H.; Ohnuki, S.; Ellerby, M. C.;
Kikuchi, M.; Inomata, S.; Ogino, H.J. Am. Chem. Soc.1995, 117, 7013-
7014. (f) Malisch, W.; Vo¨gler, M.; Käb, H.; Wekel, H.-U.Organometallics
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Figure 1. ORTEP drawing of2 (thermal ellipsoids at the 50%
probability level). Hydrogen atoms are omitted for clarity. Selected
interatomic distances (Å) and angles (deg): Fe(1)-Fe(2)) 2.6589-
(4), Fe(1)-Fe(3)) 2.6511(4), Fe(1)-Si(1) ) 2.3544(6), Fe(2)-
Si(1) ) 2.2741(6), Fe(3)-Si(1) ) 2.2810(6), Si(1)-N(1) )
1.7566(18); Fe(1)-Si(1)-Fe(2) ) 70.099(19), Fe(1)-Si(1)-Fe-
(3) ) 69.748(18), Fe(2)-Si(1)-Fe(3)) 120.83(3), N(1)-Si(1)-
Fe(1)) 151.53(7), N(1)-Si(1)-Fe(2)) 118.72(6), N(1)-Si(1)-
Fe(3)) 117.46(6).

Figure 2. ORTEP drawing of3 (thermal ellipsoids at the 50%
probability level). Hydrogen atoms are omitted for clarity. Selected
interatomic distances (Å) and angles (deg): Fe(1)-Fe(2)) 2.6320-
(4), Fe(1)-Si(1) ) 2.2919(5), Fe(2)-Si(1) ) 2.2771(5), Si(1)-
N(1) ) 1.7681(15), Si(1)-C(4) ) 1.9108(18); Fe(1)-Si(1)-Fe(2)
) 70.347(16), N(1)-Si(1)-C(4) ) 89.24(7).
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(1), N(1), Si(3), and C(4) by 17.9(1)°. This deviation would be
caused by the steric repulsion between the SiMe3 group and a
Cp ligand. Indeed, the interatomic distances between C(6) and
C(10) (3.696(3) Å) and C(6) and C(14) (3.717(3) Å) are smaller
than the sum of the van der Waals radii of Me and C-H of Cp
(3.85 Å). The Fe-Fe distance of 2.6320(4) Å indicates the Fe-
Fe single-bond character. The Fe-Si bonds (2.2771(5) and
2.2919(5) Å) are within the range of usual Fe-Si single bonds
found in the known silylene-bridged diiron complexes (2.25-
2.36 Å).2,4-6,13

A possible formation mechanism of complexes2 and 3 is
depicted in Scheme 1. In step i, the photochemical reaction of
CpFe(CO)2SiMe3 and (SiMe3)2NSiH3 generates the silylene-
bridged diiron complex1 via a mechanism similar to that
reported previously.4a,b Complex1 is quite reactive under the
reaction conditions, probably due to the electronic influence of
the amino substituent on the silylene ligand. Thus, in step ii
complex1 reacts with the 16-electron intermediate CpFe(CO)-
SiMe3, generated by photochemical elimination of a carbonyl
group from CpFe(CO)2SiMe3 to form the triiron intermediate
A. (iii) Reductive elimination of HSiMe3 from A followed by
bridging of CO affords complex2. Complex3 was formed via
photochemical elimination of a carbonyl group from1 followed
by 1,2-migration of H to give silylyne-bridged intermediateB
(step iv), addition of a C-H bond in a methyl group of SiN-
(SiMe3)2 to the FedSi bond to form intermediateC (step v),
and reductive elimination of H2 and recombination of CO (step
vi). 1,2-Migration of hydrogen from silicon to metal, found in
step iv, has been established as an important route for the

formation of silylene complexes.15 To the best of our knowledge,
addition of an alkyl C-H bond to a MdSi bond such as in
step v has not been reported, though activation of an aromatic
C-H bond by silylene complexes was proposed as a key step
for the formation of M-Si-C-C-P five-membered-ring
metallacycle complexes.16

The products for the photoinduced reaction of CpFe-
(CO)2SiMe3 and (Me3Si)2NSiH3 depend on the solvent used.
Photolysis of CpFe(CO)2SiMe3 (1 equiv) in the presence of
(Me3Si)2NSiH3 (1 equiv) in toluenefor 72 h caused reduction
of CO by hydrosilane and C-C coupling to give the novel
silylene- and alkyne-bridged triiron complex Cp3Fe3{µ2-SiHN-
(SiMe3)2}{µ3-COSiH2N(SiMe3)2}{µ3-η2-C2O2SiHN(SiMe3)2} (4)
in addition to a small amount of2 (eq 2).17 Complex4 was

isolated as brown crystals in 22% yield and fully characterized,
including X-ray analysis (Figure 3).18 Three FeCp units with a
trigonal structure are linked byµ3-COSiH2N(SiMe3)2 and µ3-
η2-C2O2SiHN(SiMe3)2 ligands. Two of the three iron atoms are
further bridged by a hydrosilylene ligand, HSiN(SiMe3)2. The
Fe-Si bond lengths (2.2830(6) and 2.2889(6) Å) in4 are within
the range of usual Fe-Si bond lengths found in silylene-bridged
diiron complexes (2.25-2.36 Å).2,4-6,13The C(1)-C(2) distance
(1.410(3) Å) is comparable to those of alkyne-bridged triiron
complexes: Fe3(CO)9(PPh3)(µ3-η2-CH3CCOC2H5) (1.399(5)
Å)19 and [Fe3(CO)9(µ3-η2-EtOCCPMePh2)]- (1.393(5) Å).20 To
our knowledge, this is the first example of the coupling of two
carbon monoxide molecules by the reaction with hydrosilane
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to give an alkyne molecule. Interestingly, hydrosilane-induced
reductive coupling of carbon monoxide has been reported to

form 1,2-ethanedioxy groups.21 Furthermore, Murai et al. have
reported the Rh-catalyzed reductive oligomerization of CO with
hydrosilanes and the Ru-catalyzed synthesis of catechols from
two CO’s, HSiR3, and 1,6-diynes, in which a dioxyacetylene-
metal complex has been proposed as a key intermediate.22 The
formation mechanism of4 and the relevance to the transition-
metal-catalyzed reactions of CO are under investigation.

Acknowledgment. This work was supported by Grants-in-
Aid for Scientific Research (Nos. 17655022 and 15350030) from
the Ministry of Education, Culture, Sports, Science and Tech-
nology of Japan.

Supporting Information Available: Text giving complete
experimental details, including synthesis and characterization data
for all new compounds and tables giving crystal structure data (PDF)
and an X-ray crystallographic file (CIF). This material is available
free of charge via the Internet at http://pubs.acs.org.

OM070185J

(21) Kaplan, L.Organometallics1982, 1, 1102-1104.
(22) (a) Chatani, N.; Shinohara, M.; Ikeda, S.; Murai, S.J. Am. Chem.

Soc.1997, 119, 4303-4304. (b) Chatani, N.; Fukumoto, Y.; Ida, T.; Murai,
S. J. Am. Chem. Soc.1993, 115, 11614-11615.

Figure 3. ORTEP drawing of4 (thermal ellipsoids at the 50%
probability level). Hydrogen atoms are omitted for clarity. Selected
interatomic distances (Å) and angles (deg): Fe(1)-Fe(2)) 2.6608-
(4), Fe(1)-Fe(3)) 2.4997(4), Fe(2)-Fe(3)) 2.4966(4), Fe(1)-
Si(1) ) 2.2830(6), Fe(2)-Si(1) ) 2.2889(6), C(1)-C(2) )
1.410(2); Fe(1)-Si(1)-Fe(2)) 71.182(17).
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