Inorg. Chem. 2003, 42, 3274—3284

Chemistr

* Article

[norganic

y
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The uz-silylene-bridged iron complexes [Cp(OC),Fe].SiX, (X = F (2), Br (4), | (5)) have been prepared from the
u2-SiH, functional precursor [Cp(OC),Fe],SiH, (1) by hydrogen/halogen exchange, using HBF,4, CBr4, and CHal,,
respectively. The fluoro- and bromo-substituted derivatives 2 and 4 are converted upon UV irradiation to the carbonyl-
and dihalosilylene-bridged dinuclear complexes [Cp(OC)Fe]z(u2-CO)(u2-SiXz) (X = F (6), Br (7)) via CO elimination.
All new compounds have been characterized spectroscopically, and, in addition, the molecular structure of 2, 4,
and the previously reported chloro derivative [Cp(OC),Fe],SiCl, (3) has been determined by single-crystal X-ray
diffraction methods. For 1-5, the Fourier transform infrared and Raman spectra have been recorded and discussed,
together with density functional theory calculations, which support the experimental results of the structural and
vibrational analysis. The computed geometries, harmonic vibrational wavenumbers, and their corresponding Raman
scattering activities are in good agreement with the experimental data. A significant dependence of the CO and
Fe—Si stretching modes on the X substituents of the wuo-silylene bridge has been observed and discussed.

Introduction A central issue in understanding the mechanistic details
of these catalytic processes is the strength of the metal
silicon bond. Some insight can be gained from structural data
that are available for many transition-metal silyl complexes.
For example, the bond lengths observed gsH Co(CO),

(2.381 Af and RSi—Co(CO), (2.226 AY indicate that the

The chemistry of transition-metal silicon compounds has
been an active field of research ever since the early works
of Chalk and Harrotl on the transition-metal-catalyzed
hydrosilylation of olefins. In the past decades, a huge number
of silyl complexes of almost all transition metals have been
synthesized and characterizeBspecially, some palladium

(2) (a) Corey, J. Y.; Braddock-Wilking, £hem. Re. 1999 99, 175-

and platinum derivatives are encountered as crucial inter-
mediates, not only in hydrosilylation reactiérsut also in

other catalytic processes (e.g., dehydrogenative coupling of

SiH moietie$) or in ring-opening methatesis polymerization
(ROMP) reactions of cyclic disilanés.
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presence of electronegative substituents on the Si atom caruseful tools for obtaining information about the strength of
greatly increase the strength of the metsilicon bond. The the bonds in a molecule, even though the direct assignment
M—Si bond distances in many structurally characterized silyl of observed IR and Raman bands of comparatively complex
complexes IM—SiR; (M = Mn, Fe, Co, Rh, Pt) were found  molecules is fraught with problems. Theoretical calculations
to be up to 0.28 A shorter than those that would be predicted can certainly assist in obtaining a deeper understanding of
on the basis of the covalent atom radilThese short bond  vibrational spectra of larger organometallic arrangements,
distances are generally attributed terdype back-bonding  such as transition-metal silyl complexes. In particular, recent
from the d-orbitals of the transition metal into the antibonding developments in density functional theory (DFT) have shown
0*(Si—R) orbitals of the silyl group-SiRz.2 Consequently, that DFT may become a powerful computational alternative
the M—Si bonds in silyl complexes of’dnetals (TV, Zr'V) to the conventional quantum chemical methods, because DFT
show no significant shortening and closely match the methods are far less computationally demanding and take
predicted covalent valuédn the Méssbauer and IR spectral  account of the effects of electron correlatigri? Methods
investigations of Pannell et al. on Cp(QE&—R (where R based on DFT were successfully used recently to predict the
represents a large range of alkyl and silyl groups), the structural properties and the Raman vibrational modes of new
increase in s-electron density at the metal center for the silyl transition-metal complexes accuratélyéThus, to complete
compounds has been attributed to a superidonation from the previous characterization of [Cp(QE2LSiH, (1)'?* and

the silyl group, as compared with the alkyl group, rather than to obtain a better understanding of the influence of a wide
to significant iror-silicon z-type back-bonding? Important range of SiX% groups on the nature of the £&i and CO
m-type back-bonding effects were only observed for the bonds, Fourier transform infrared and Raman-{fRaman)
Cp(OC)YFe—SiMe;_Ph, complexes. However, valence photo- spectra of complexe$—5 were recorded for the first time
electron spectra that were recorded by Lichtenberger and Rai-and discussed in combination with the results of our DFT
Chaudhuri for the complexes Cp(QE€E-SiR; (R = Me, calculations.

Cl) have confirmed that silyl substituents can act as effective ) )

n-acceptord! In a more recent structural and theoretical EXPerimental Section

study on a series of osmium complexes B OC)(Cl)- General. All manipulations were performed in an inert atmo-
0Os-SiR; (R = F, CI, OH, Me), Roper et al. examined the sphere of purified and dried nitrogen, using standard Schlenk
ionic and covalent contributions to the metailicon bond  techniques. Solvents were appropriately dried and purified, using

in detail® standard procedures. NMR spectra were recorded at room temper-
We have now prepared five homologous complexes of the ature on a JEOL model JNM-LA 300 spectrometer. All chemical
general formula [Cp(OGFeLSiX, (X = H (1), F (2), Cl shifts are in parts per million (ppm) and have been referenced to

- o . . . solvent signalsH and 13C) or to the external standardsPO,

(3), Br (4), I (5)) with the original intention of using these. (3'P) and ?rimetlr{\_;/lsilane (?I'MS)ZQSi). IR spectra were recorded
compounds as . precursors for . the synthesis c_)f the bis- using a Perkir-Elmer model 283 spectrophotometer. Samples were
(metallo)silanediol [Cp(OGFeLSi(OH)?2 or the bis(met- prepared as solutions in a NaCl cell. [Cp(QR3LSiH; (1)12°and
allo)silylene [Cp(OC)FeLSi. Furthermore, the availability [Cp(OC)FeLSIiCl, (3)12c were obtained according to literature
of this series of compounds gave us the opportunity to study, procedures.

in detail, the bonding situation in bismetalated silanes, which  [Cp(OC).Fel,SiF, (2). A solution of [Cp(OC)Fe}LSiH, (1) (280

are among a class of compounds for which a growing numbermg, 0.73 mmol) in benzene (15 mL) was treated &C5with a

of representatives has been prepared in recent yelarshis solution of HBFR (128 mg, 1.46 mmol) in diethyl ether (10 mL).
sense, the experimental research and development hadVhile the solution was stirred, gas evolution @3FH;) was

demonstrated vibrational spectroscopy to be one of the mostPPserved, and the gas was removed from the reaction vessel in a
continuous stream of nitrogen. After 1 h, the solution was filtered

(7) Archer, N. J.; Haszeldine, R. N.; Parish, R.Ghem. Commuri971, through a pad of Celite and condensed in vacuo to 1 mL. Upon the
524-525, addition ofn-pentane (5 mL), a light-yellow solid & precipitated,
(8) (&) Hibler, K.; Hunt, P. A.; Maddock, S. M.; Rickard, C. E. F.; Roper,  which was filtered from the solution, washed twice witpentane

W. R.; Salter, D. M.; Schwerdtfeger, P.; Wright, L GQrganometallics P Al ;
1997 16, 50765083, (b) Lemkg, FR: Ga?at, K Jg Youngs, w. g, (€ach 3 mL), and dried in vacuo. Yield: 150 mg (50%). Light-

Organometallics1999 18, 1419-1429. (c) Freeman, S. T. N.; Lofton, ~ Yellow solid; mp: 178C. *H NMR (300.4 MHz, GDs): 0 = 4.28

L. L.; Lemke, F. R.Organometallics2002 21, 4776-4784. ppm (s, HCs). B3C{*H} NMR (75.5 MHz, GDg): 6 = 84.1 (s,
8 Bt T s £ o, cromana G, 145 7om (, COPFCH) MR (G765 Wz, D o

186 Goo00, oo ong S BN ' = —36.6 ppm (s s = 437 Hz).2Si{H} NMR (59.6 MHz,
(11) Lichtenberger, D. L.; Rai-Chaudhuri, A. Am. Chem. So991, 113 CeDg): 0 = 109.4 ppm (t,%Jsi; = 437 Hz). Anal. Calcd for

2923-2930. CiH10F2F&0,Si (420.01): C, 40.04; H, 2.40. Found: C, 39.54;
(12) (a) Malisch, W.; Vgler, M.; Schumacher, D.; Nieger, MDrgano- Hl42 %)32 &0:Si ( ) G Y ' ’

metallics2002 21, 2891-2897. (b) Malisch, W.; Vgler, M.; K&, y e

H.; Wekel, H.-U.Organometallic2002 21, 2830-2832. (c) Malisch,

W.; Ries, W.Chem. Ber.1979 112 1304-1315. (d) Malisch, W.; (13) Parr, R. G.; Yang, WDensity Functional Theory of Atoms and

Ries, W.Angew. Chem1978 90, 140-141; Angew. Chem., Int. Ed. Molecules Oxford University Press: Oxford, U.K., 1989.

Engl 1978 17, 120-121. (e) Ogino, H.; Tobita, HAdv. Organomet. (14) Seminario, J. M.; Politzer, Rodern Density Functional Theory, A

Chem 1998 42, 223-290. (f) Luh, L. S.; Wen, Y. S.; Tobita, H.; Tool for Chemistry Elsevier Science B. V.. Amsterdam, The

Ogino, H.Bull. Chem. Soc. Jpri997, 70, 2193-2200. (g) Pannell, Netherlands, 1995.

K. H.; Sharma, H.Organometallics1991 10, 954-959. (h) Ueno, (15) (a) Berces, A.; Ziegler, TJ. Phys. Chem1994 98, 13233-13242.

K.; Hamashima, N.; Shimoi, M.; Ogino, HOrganometallics1991, (b) Berces, A.; Ziegler, TTop. Curr. Chem1996 182, 41—85.

10, 959-962. (i) Aylett, B. J.; Colquhoun, H. Ml. Chem. Res. Synop. (16) (a) Jonas, V.; Thiel, WJ. Phys. Chem1995 99, 8474-8484. (b)

1977 1, 148. Jonas, V.; Thiel, WJ. Phys. Chem1996 100, 3636-3648.
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Table 1. Crystallographic Data for Compoun@s-4

Vogler et al.

[Cp(OCYFeLSIF (2) [Cp(OCYFeLSICl; (3) [Cp(OCYFeLSIBr; (4)
empirical formula Q4H10F2F82045i C14HloC|2FegO4Si C14HloBr2FQO4Si
fw 420.01 452.91 541.83
temp 123+ 2K 123+ 2K 123+ 2K
wavelength (Mo ) 0.71073 A 0.71073 A 0.71073 A
cryst syst monoclinic monoclinic monoclinic

space group
unit cell dimensions

P2(1)h (No. 14)

C2/c (No. 15)

C2/c (No. 15)

a 7.7190(1) A 19.0362(6) A 16.429(4) A

b 16.9176(2) A 7.4253(3) A 7.624(2) A

c 11.6193(2) A 13.5488(4) A 14.816(4) A

o 90° 90° 90°

B 98.500(1y £ =120.102(2) 116.91(2)

y 90° 90° 90°
vol (A3) 1500.66(4) & 1656.83(10) A 1654.8(7) B
z 4 4 4
calculated density 1.859 MgAn 1.816 Mg/n? 2.175 Mg/n?
abs coeff 2.050 mmt 2.159 mnm?t 6.668 mnTt
F(000) 840 904 1048
cryst size 0.40 mnx 0.20 mmx 0.10 mm 0.25 mnmx 0.20 mmx 0.15 mm 0.25 mnx 0.08 mmx 0.02 mm
0 range 2.93< 6 < 25.00 3.0 <6 <2829 2,78 < 6 < 25.00
reflns (collected/unique) 28 456/2630 14 631/2047 6252/1455
R (int) 0.0488 0.0453 0.1629
absorption correction empirical empirical empirical
GOF onF? 1.037 1.078 0.983
R1[l > 20(1)] 0.0164 0.0226 0.0597
wR2 (all data) 0.0436 0.0578 0.1326

largest diff. peak and hole 0.2460.249 e/R
[Cp(OC),Fel,SiBr, (4). Tetrabromomethane (180 mg, 0.54
mmol) was added at room temperature to a solution of [Cp-
(OC)FeLSiH; (1) (188 mg, 0.49 mmol) in benzene (10 mL). After
the solution was stirred for 1 h, all volatiles were removed in vacuo
and the remaining yellow-orange residuedofvas washed twice
with 5 mL of cold n-pentane and dried in vacuo. Yield: 240 mg
(93%). Yellow-orange solid; mp: 4%C (dec.).'H NMR (300.4
MHz, C¢Dg): 6 = 4.28 ppm (s, 5Cs). *C{H} NMR (75.5 MHz,
CeDs): 0 = 86.8 (s, GHs), 214.7 ppm (s, CO)?°Si{*H} NMR
(59.6 MHz, GD¢): 6 = 141.4 ppm (s). Anal. Calcd for GH;o-
BroFe,0,Si (541.83): C, 31.03; H, 1.86. Found: C, 30.76; H, 2.04.

[Cp(OC)Fel.Sil, (5). A solution of [Cp(OC)FeLSiH, (1) (410

0.356,—0.355 e/

0.829,—1.054 e/R

CeHg): 0 = 58.1 ppm (s). Anal. Calcd for gHigFFe0sSi
(392.00): C, 39.83; H, 2.57. Found: C, 39.41; H, 3.01.
[Cp(OC)Fel,Si(e-CO)(u-SiBry) (7). Using a procedure similar
to that used to synthesife [Cp(OC)FelLSiBr; (4) (120 mg, 0.22
mmol) in 5 mL of benzene was irradiated with UV light (quartz
lamp model TQ 718, 700 W, Hanau) for 3 h. A dark-red solid of
7 precipitated when 3 mL of cold-pentane was added; this
precipitate was filtered from the solution, washed twice with
n-pentane (each 1 mL), and dried in vacuo. Yield: 88 mg (76%).
Dark-red solid; IR (cyclohexane)r(CO) = 1996 (vs), 1951 (s);
1787 (s) cm?. Cis-isomer {a): 'H NMR (300.4 MHz, GDg): 6
= 4.06 ppm (s, BCs). 3C{1H} NMR (75.5 MHz, GD¢): 0 =

mg, 1.07 mmol) in 10 mL of benzene was treated with an excess 86.8 (s, GHs), 213.3 ppm (s, CO)?*Si{'H} NMR (59.6 MHz,

of CHal, (2.70 g, 10.1 mmol). After the solution was stirred for 8
h at 50°C, all volatiles were removed in vacuo and the remaining
residue of5 was washed twice with cold-pentane (each 5 mL)
and then dried in vacuo. Yield: 598 mg (88%). Yellow solid; mp:
92 °C (dec.).*H NMR (300.4 MHz, GDg): 6 = 4.27 (s, HCs).
13C{1H} NMR (75.5 MHz, GDg): 6 = 88.2 (s, GHs), 215.7 ppm

(s, CO).2°Si{TH} NMR (59.6 MHz, GDg): 6 = 105.0 ppm (s).
Anal. Calcd for G4HioFel,0,Si (635.81): C, 26.45; H, 1.59.
Found: C, 26.71; H, 1.84.

[Cp(OC)Fel.Si(u-CO)(u-SiF,) (6). A solution of [Cp(OC)Fel-
Sik, (2) (69 mg, 0.16 mmol) in 3 mL of benzene was irradiated
with UV light (quartz lamp model TQ 150, 150 W, Hanau) and
the reaction mixture was monitored By NMR. After 0.5 h, all
insoluble material was removed by filtration through a pad of Celite
and the filtrate was condensed in vacuo to 1 mL. A dark-red solid
of 6 precipitated when 2 mL of cola-pentane was added; this
precipitate was filtered from the solution, washed twice with
n-pentane (each 0.5 mL), and dried in vacuo. Yield: 35 mg (54%).
Dark-red solid; mp: 148C. IR (cyclohexane)»(CO) = 2031(m),
1999 (w), 1988 (s), 1961 (vs); 1794 (vs) thnCis-isomer 6a):

IH NMR (100 MHz, GHe): 6 = 4.13 ppm (s, BCs). 1%F{1H}

NMR (94.1 MHz, GHeg): 6 = 57.0 (d,2Jesie = 85.1 Hz), 59.6
ppm (d,2Jksie = 85.1 Hz). Trans-isome6p): H NMR (100 MHz,
CeHe): 0 = 4.33 ppm (s, BCs). °F{'H} NMR (94.1 MHz,

3276 Inorganic Chemistry, Vol. 42, No. 10, 2003

CeDg): 0 = 181.1 ppm (s). Trans-isomerl): H NMR (300.4
MHz, CsD¢): 0 = 4.25 ppm (s, BCs). 3C{*H} NMR (75.5 MHz,
CeDg): 60 = 87.7 (s, GHs), 210.3 ppm (s, CO). Anal. Calcd for
Ci3H10BraFe05Si (513.90): C, 30.39; H, 1.96. Found: C, 30.75;
H, 2.48.

X-ray Crystal Structure Determination. Crystallographic data
are summarized in Table 1. Suitable single crystal2-of were
obtained by the slow evaporation of a saturated solution of the
respective compound in diethyl ether. The intensities were measured
with a Nonius-Kappa CCD diffractometer (Mo « radiation, 1
= 0.71073 A; graphite monochromator) Bit= 123 + 2 K. The
structure was solved by the Patterson method (SHELXS“@atd
refined by least-squares methods based=dmvith all measured
reflections (SHELXL-97) (full-matrix least-squares B8).17° Non-
hydrogen atoms were refined anisotropically; H atoms were
calculated according to the ideal geometry. An empirical absorption
correction was applied. Additional crystallographic data are given
in the Supporting Information.

Computational Details. The DFT calculations were performed
using the Gaussian 98 program pack&ég@ecke’s 1988 exchange

(17) (a) Sheldrick, G. MActa Crystallogr., Sect. A: Found. Crystallogr.
199Q A46, 467—473. (b) Sheldrick, G. MSHELXL-97 University
of Gattingen: Gadtingen, Germany, 1997.
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functional® in combination with the PerdewWang 91 correlation Scheme 1

functional (BPW91Y° was employed in the calculation. The H H
6-311G(d) Pople split valence basis set implemented in the Gaussian ﬂ 4 ﬁ
98 program® was chosen in the geometry optimization and normal Fe/SI\Fe
mode calculations af—4, taking into account that results obtained

with a split valence set are a significant improvement on those =~ ©C co CO CO

X X
B LR
i - Fe I\SFe ™)

oC to CO CO

obtained with a minimal basis s&tBecause of the presence of | 1 ) -
atoms in comple), the calculations were performed in this case
using the 3-21G(d) basis &for the | atoms and the 6-311G(d) X|F B |

basis set for the other atoms. DFT calculations on harmonic )

vibrational modes and Raman scattering activity of each band were :I)) :é;BF_“'Cﬂzérz BFs

performed using the fully optimized molecular geometry without i) +20,ﬁ‘|’2|2' _220,33,

symmetry restrictions, and the analytical harmonic vibrational

wavenumbers for all structures confirmed that local minima on the for the generation of the fluoro-substituted derivatives, as
potential energy surface had been found. The partial charges (giverwvell as for the generation of the yet unknown bromo- and
in units of e) situated on selected atoms bf5 were then iodo-substituted derivatives. This is due to the extreme
determined by the natural population analysis (\#2A4j the same activation of the Si-H functions by the two transition-metal
level of theory. To obtain further information regarding the fragments, with respect to SH/Si—Hal exchange, which
electronic structures, NBO .(natural bond orbital) analysgs were alsocan pe deduced from the very loiy absorption (2037
performec?®26 The essential feature of NBO analysis is that the cm1).12° This value is even ca. 55 crhlower than that in

electron density is represented, as far as possible, by localized cor : 27 . }
orbitals, bonds, and lone pairs. These orbitals comprise Lewiseﬁggoscii:i;?:gr(iogcg enm’)* and indicates a very electron

structures corresponding precisely to the chemist’s view of mol- hi is obtained by the fluorination of
ecules built from atoms connected by localized two-electron bonds. In this context,2 is _O taine _y the fluorination a_lt
However, for conjugated systems, ideal Lewis structures are '0OM temperature, using HB#h diethyl ether. The reaction

obviously not adequate. Deviations from idealized Lewis struc- Proceeds with the elimination of-and BF; and produces
tures due to conjugation are shown in NBO analysis as orbital [CP(OC)FeLSiF; (2) after 1 h in 50%yield (Scheme 1).
interactions between localized bonds and antibonds and between The dibromosilylene complex [Cp(O&eLSiBr, (4) is

lone pairs and antibonds. The energetic contributions from these generated fromi after 1 h atroom temperature, using a slight
interactions can be quantified with the help of second-order excess of tetrabromomethane in benzene. The formation of
perturbation theory. 4, which can be isolated in excellent yield (93%), could be
easily followed using IR and NMR spectroscopy by the
disappearance of the SiH signals.

|. Preparative Results. In the series of dihalosilylene- ~Attempts to generate [Cp(OfFeLSilz (5) in an analogous
bridged dinuclear iron complexes [Cp(QERLSiX,, only manner, by treatment df with Cl,, leads predommantly_to
the fluoro- and chloro-substituted representat®éx = F) the formation of Cp(OGFe-I by cleavage of the FeSi

and3 (X = CI) have been prepared until now via chlorination ©ond. However, when the milder iodination reagent.cH

of [Cp(OCYFelLSi(C)H with CCL, to give 3, which, on was employed (in 10-fold excess at 80), a controlled H/I
treatment with AgBF at 70°C, is transformed t@.12¢ exchange could be achieved, leadingstafter 8 h in 88%

We now have found that the Sitéubstituted bis(ferrio)- ~ Y€%:

. . i : : Compound2, 4, and5 are isolated as light-yellow2( 5)
I CF H, (1)1%> luabl I
silane [Cp(OC)elSik (1)is a valuable starting materia and yellow-orange 4) solids, which show good solubility

(18) Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Rohb, in benzene, diethyl ether, and tetrahydrofgran. PEeNMR
M. A.; Cheeseman, J. R.; Zakrzewski, V. G.; Montgomery, J. A, Jr.. Spectra of2, 4, and5 clearly reveal the influence of two

itrfgminr&,_ R-KE-:N Bugétmt_. J. ’\(Ai-:CDaF;prilfh, Sc-; Mﬁlam. J- gﬂ-:ganieby silicon-bonded Cp(OGlre fragments. The paramagnetic term
. D In, K. N.; rain, M. C.; Farkas, O.; Tomasl, J.; barone, .
v COSSL;, M.: Cammi, R.: Mennucci, B.: Pomelli, C.. Adamo, C.. Of the metal fragments leads #Si NMR resonances

Clifford, S.; Ochterski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q;; downfield of 100 ppm in the following order of decreasing

Morokuma, K.; Malick, D. K.; Rabuck, A. D.; Raghavachari, K.; . — > — -
Foresman, J. B.; Cioslowski, J.; Ortiz, J. V.; Stefanov, B. B.; Liu, G.; ppm values:3 (146.2, X= Cl) 4(141.2, X= B 2
Liashenko, A.; Piskorz, P.; Komaromi, I.; Gomperts, R.; Martin, R. (109.4, X=F) > 5(105.0, X=I).

L.; Fox, D. J. Keith, T.; Al-Laham, M. A.. Peng, C. V., Nanayakkara, A characteristic feature of the dihalosilylene complexes
A.; Gonzalez, C.; Challacombe, M.; Gill, P. M. W.; Johnson, B. G; . . L .

Chen, W.; Wong, M. W.; Andres, J. L.; Head-Gordon, M.; Replogle, 29 S their extreme sensitivity toward light. Wh&mand3

E. Sb; Pﬁple, J.gééGaussian 98 revision A.7; Gaussian, Inc..  are exposed to light, slow decomposition is observed, leading
Pittsburgh, PA, 1 . . . . .
(19) Becke, A. DPhys. Re. A 198§ 38, 3098-3100, predominantly to [Cp(OGlre}L with extrusion of the silylene

(20) Perdew, J. P.; Wang, Phys. Re. B 1992 B45 13244-13249. “SiXy" (X = F, CI), giving rise to the formation of an

(21) Yamguchi, Y.; Frisch, M. J.; Gaw, J.; Schaefer, H. F.; Binkley].S. i 8 i it
Chem. Phys1986 84, 2262.2278. insoluble product® For 4 and5, the major decomposition

Results and Discussion

(22) Reed, A. E.; Weinstock, R. B.; Weinhold, . Chem. Phys1985 product is Cp(OGFe-X (X = Br, 1), as a result of the
- 8R3, 7d3t‘Z7é§.C iss. L A Weinhold. Eherm. Re. 1988 86 899 relatively weak S+Br and Si-| bonds (343 and 339 kJ/
@ go6, " ouries: T A WEINNOId, Enem. Fe. 888 mol, respectivelyy?

(24) Foster, J. P.; Weinhold, B. Am. Chem. Sod98Q 102, 7211-7218.

(25) Reed, A. E.; Weinhold, Rl. Chem. Phys1985 83, 1736-1740. (27) Malisch, W.; Mdler, S.; Fey, O.; Wekel, H.-U.; Pikl, R.; Posset, U.;
(26) Salzner, U.; Kiziltepe, TJ. Org. Chem1999 64, 764—-769. Kiefer, W. J. Organomet. Chenl996 507, 117-124.
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Figure 1. (a) ORTEP view of [Cp(OGFeLSiF (2). Ellipsoids are at the 50% probability level. (b) View along the 81l axis of [Cp(OC)FeLSiBr,

4.

Scheme 2
2,4
hvl-CO
Z 3 % 3x R
C NX \ WX
Fe<_ />Fe + Fe<  /2Fe (2
/TSN % Si” \
oC \ CO \, CO
X X
a (cis) b (trans)
6 7
X F Br

We also performed controlled UV irradiation experiments
of 2, 4, and5, to determine if a cyclization process under
CO elimination is possible, analogous to the formation of
[Cp(OC)Fe}(uz-SiHy) (u-CO) from 120 or [Cp(OC)Fe}[us-
Si(Me)(SiMe&)](12-CO) from [Cp(OC)Fe-SiMe],.129" In-
deed, in the case of the difluoro derivati2ea mixture of
the CO-bridged complex [Cp(OC)R&}.-SiF,)(u2-CO) (6),
[Cp(OCYFelL, and other byproducts is formed after UV
irradiation for 0.5 h in benzene; from this mixtugcan be
isolated, in 54% yield, as a dark-red solid (Scheme 2).

Irradiation of the dibromosilylene complekin benzene
proceeds more selectively and, after 3 h, leads to the
formation of 7, which is isolated, after removal of the
byproduct Cp(OGFe-Br, in a yield of 76%. Compounds
and7 form mixtures of cig(6a/7a) and trang6b/7b) isomers,
with the cis-isomer presumably dominating in both cases,
as previously observed fdr'?® Isomer ratios (cis:trans) of
57:43 @) and 89:117), respectively, can be determined from

(28) (a) Koe, J. R.; Powell, D. R.; Hayase, S.; Buffy, J. J.; WesAigew.
Chem.1998 110, 1514-1515; Angew. Chem., Int. Ed. Engl998
37, 1441-1442. (b) Hengge, E.; Kovar, [Z. Anorg. Allg. Chem.
1979 458 163-167.

(29) (a) Gaydon, A. GDissociation Energies and Spectra of Diatomic
Molecules 3rd ed.; Chapman and Hall: London, 1968. (b) Kondratiev,
V. N. Bond Dissociation Energies, lonization Potentials and Electron
Affinities Mauka Publishing House: Moscow, 1974.
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the intensity of the two Cp signals in thl NMR spectrum.
Moreover, in the case & a*F{'H} NMR spectrum clearly
proves the stereochemistry, with the cis-isomer showing an
AB spectrum with resonances at 57.0 and 59.6 pflsif

= 85.1 Hz), and the trans-isomer showing a singlet at 58.1

ppm.
UV irradiation of the iodo derivativé does not lead to
the formation of au-CO-bridged diiodo iron complex that
is analogous t@ and7. In this case, only the decomposition
product Cp(OGCye-l is formed almost quantitatively.
Il. X-ray Analyses of [Cp(OC) Fel,SiX, (X = F (2), Cl
(3), Br (4)). The most characteristic feature of all three solid-
state structures d¥—4 is the coordination geometry of the
central Si atom, which deviates significantly from the ideal
tetrahedral form, as shown for the example of the fluoro
derivative2 (Figure 1a). For the FeSi—Fe angle, values
of 125.3 (2), 125.2 (3), and 122.2 (4) are found, in
accordance with Bent's rule, which predicts an enlargement
of the angles including the two most electropositive silicon
substituents. Consequently, the-®i—X angles between the
electronegative halogen substituents are considerably smaller
(98.7—-99.3).

In the solid state2—4 showC, symmetry. The view along
one of the Fe-Si bonds, as shown in Figure 1b for the ex-
ample of the bromo derivativg reveals a distorted staggered
conformation of the substituents in the bis(metallo)silanes
2—4, with the following pairs adopting a mutually trans
position: Cp/X, CO/X, and CO/Fe.

The Fe-Si bond distances in the bismetalated silahed
(2.2924-2.342 A) are longer than those in comparable
mono(ferrio)silanes Cp(Oghe-SiR (2.20-2.29 A) 1127 This
is probably the result of a much lower +8i -type back-
bonding in the bis(ferrio)silanes, which is due to the
competition of two electron-releasing Cp(QE#2 fragments
on the same Si atom. Similar observations have been made
for two other structurally characterized bis(ferrio)silanes:
[Cp(OCKFeLSiH; (2.34 A}?* and [Cp(OC)FeLSi(H)OH
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Table 2. Selected Experimental Crystal Structure Data of [Cp#B€ERSIX, with X = H (1), F (2), Cl (3), and Br(4), in Comparison with the
Calculated Structural Parameterslof5

1(X =H) 2(X=F) 3(X=Cl) 4(X =Br)
exp cal® exp calé exp calé exp calé 5(X =1), calc
Bond Lengths (pm)
Si(1)-Fe(1) 234.2 234.0  229.24(4) 2293  230.48(3) 2317  230.21(19)  233.9 233.4
Si(1)-Fe(2) 234.0 237.2  229.55(4) 2322  230.48(3) 2346  230.21(19)  233.9 233.4
Si(1)-X(1) 151.7  164.12(8) 166.9  213.66(4) 2172  231.8(2) 234.0 260.5
Si(1)-X(2) 151.3  163.23(9) 166.9  213.66(4) 2165  231.8(2) 234.0 260.5
Fe(1)-C(1A) 174.2(5) 1740  175.65(16) 1745  175.78(15) 175.1  175.8(10) 175.3 175.4
Fe(1)-C(1B) 175.5(4) 1741  175.34(15) 174.4  175.12(15) 174.8  173.9(9) 174.0 174.1
C(1A)—O(1A) 113.6(5) 116.4  115.21(19) 116.1  114.23(18) 115.9  115.6(10) 115.9 115.8
C(1B)-0(1B) 114.5(7) 116.4  115.28(19) 116.2  114.64(18) 116.1  116.0(9) 116.5 116.5
Fe(1)-Z(Cp) 172.3(6) 172.9(1) 172.85(7) 173.3
Bond Angles (degrees)

X(2)—Si(1)-X(1) 104.00 102.6 99.22(5) 101.9 99.31(3) 101.2 98.74(12)  100.3 101.0
Fe(1)-Si(1)-Fe(2) 123.48(6)  124.8  125.269(18)  126.8  125.44(2) 125.8  122.16(14)  122.6 122.8
Fe(1)-Si(1)-X(1) 103.78 107.6  108.45(3) 107.9  108.606(11)  107.4  108.25(5) 105.8 105.2
C(1B)-Fe(1)-C(1A) 94.0(2) 92.9 95.99(7) 93.0 93.80(7) 93.4 95.0(4) 93.9 94.1
O(1A)-C(1A)-Fe(l)  178.1(4) 177.6  177.16(14) 176.3  177.61(13) 175.3  178.3(7) 174.5 174.1
O(1B)-C(1B)-Fe(1)  178.1(5) 178.3  178.55(14) 177.3  178.10(14) 176.1  178.5(7) 175.9 175.5

aData taken from a previous wotR? P Calculated with BPW91/6-311G(d); fdr and 4, symmetry transformations were used to generate equivalent
atoms. #1-x+1y,—z+1/2 and #1—x+1,y,—z+1/2. ¢ Calculated using two basis sets: BPW91/3-21G(d) for the | atoms, and 6-311G(d) for the other atoms.

O1B with the H2 atom (Figure 3a). In addition, hydrogen
bridges between the cyclopentadienyl hydrogen atom (H3)
and the carbonyl groups (O1A) cross-link the chain8 of

a plane (Figure 3b).

The solid-state structure of [Cp(O£eLSIF; (2) is more
complex. Two molecules are linked, via hydrogen bridges
between a cyclopentadienyl hydrogen atom (H2) and a
carbonyl oxygen atom (O2B), to a “dimer”. Each dimer is
connected to other dimers via strong hydrogen bridges
between the fluoro substituents and the cyclopentadienyl
hydrogen atoms (H3, H8), with each fluoro atom forming
two hydrogen bonds to different molecules, resulting in a
three-dimensional network (Figure 4).

The variety in the solid-state structures f4 can be
explained by the different strength of the-HK hydrogen
bonds, which is greatest f@; because of the small and hard
F atoms, and decreases in the following ord2r> 3 > 4.
This can also be deduced from the fact that, in the case of
2, every F atom forms two hydrogen bonds to cyclopenta-
dienyl hydrogen atoms. Recently, weak hydrogen bonding
has also been studied by theoretical calculati8ns.

Figure 2. Hydrogen bridges BriH4 (3.20 A) and O1B-H5 (2.56 A) Ill. Vibrational Spectroscopy and DFT Calculations.
forming the chain structure of. The most-significant calculated and experimental fundamen-

Loare ) tal vibrational modes, together with their Raman scattering
(2.34 A)*#21tis also remarkable that the F&i bond length activities, are summarized in Table 3. As one can notice,

in 2—4 s almost invariant, with respect to the type of halogen e calculated values agree well with the experimental data;
substituent on the silylene bridge, which means that no poyever, some deviations were observed for the vibrations
significant shortening of the F&Si bond is observed as the involving lone-pair atoms and the Sikfibrations in1, for
electronegativity of the substituents increases (Table 2).  \yhich anharmonicity is large. The results were then scaled

As expected, all three halogen-substituted bis(ferrio)silanestg petter approach the experimental spectra in these regions
2—4 form intermolecular hydrogen bonds. In the case of (Taple 3). All other calculated wavenumbers were in very
[Cp(OC)FeLSiBr, (4), a simple chain structure can be good agreement with the experimental values and should not
observed. The two strongest hydrogen bridges are foundpe scaled. The best conformity between calculation and
between the cyclopentadienyl hydrogens (H4, H5) and the experimental data was observed for the cyclopentadienyl ring
Br or O1B atoms, respectively (Figure 2). breathing andv(CC) modes, for which the maximum

A similar arrangement is found for [Cp(O£ELSICL; (3), deviations were only 4 and 6 crh respectively (Table 3).
which involves the interaction of the Cl substituents with

the H1 atom and the interaction of the carbonyl oxygen atom (30) Calhorda, M. JChem. Commur200Q 801—809.
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Figure 3. (a) View along the hydrogen-bridged chains3afith Cl1—H1 (2.88 A) and O1B-H2 (2.58 A). (b) View onto the cross-linked chains3ivith

O1A—H3 (2.56 A).

Figure 4. Segment of the three-dimensional networkoOnly the three
strongest hydrogen bonds are shown: G2 (2.50 A), F2-H3 (2.42
A), and F2-H8 (2.42 A).

The FT-Raman spectra df—4 in the CO spectral region

could be measured for [Cp(O£FeLSil; (5), because of its
decomposition under the laser light.

A closer examination of the 216850 cnm! spectral
region in the FFRaman spectra ofi—4 indicates the
presence of two or more symmetrical and asymmetrical CO
vibrational modes (Table 3, Figure 5). More exac8yand
4 show only twov(CQO) vibrations, whereas more than two
bands can be observed fbrand2 (Table 3, Figure 5). In
the Raman spectrum df the bands at 2074 and 2043 ctm
were assigned to symmetrical SiH stretching modes. For the
other peaks at 2028, 1987, 1978, and 1928 ‘¢cnthe
theoretical calculations and literature indicate CO stretching
modes strongly mixed with symmetrical and asymmetrical
SiH, stretching vibrationg?33For 2—4, these vibrations are
“pure” CO stretchings and no other internal coordinates are
involved3?-37 As expected, the DFT calculations, which were
performed without any symmetry restriction, led to more than
two v(CO) modes in each caské«(5) (Table 3). Taking into
account that the X-ray structure determination indicated a

(31) Shillady, D. D.; Craig, J.; Rutan, S.; Rao, Igt. J. Quantum Chem.
2002 90, 1414-1420.

(32) Malisch, W.; Jehle, H.; Mter, S.; Thum, G.; Reising, J.; Gbureck,
A.; Nagel, V.; Fickert, C.; Kiefer, W.; Nieger, MEur. J. Inorg. Chem.
1999 15971605.

(33) Nagel, V.; Fickert, C.; Hofmann, M.; \gber, M.; Malisch, W.; Kiefer,
W. J. Mol. Struct.1999 480-481, 511-514.

(34) (a) Jetz, W.; Graham, W. A. @. Am. Chem. S0d.967, 89, 2773~
2775. (b) Malisch, W.; Kuhn, MChem. Ber1974 107, 2835-2851.
(c) Malisch, W.; Panster, RChem. Ber1975 108 2554-2573.

(35) Dalton, J.; Paul, I.; Stone, F. G. A. Chem. Soc. A969 2744-
2749.

(36) Hdler, M.; Scheuren, J.; Spilker, OJ. Org. Chem1975 40, 205~
211.

are presented in Figure 5. Unfortunately, no Raman spectrum(37) Thum, G.; Malisch, WJ. Organomet. Cheni984 264, C5—C9.
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Table 4. Partial ChargésSituated on Selected Atoms of
[Cp(OCYFeLSiX, with X = H, F, Cl, Br, and | {—5), Determined by
the Natural Population Analysis

[CP(OC),Fe],SiX,

1948

2006

—

atom 1b 20 3P 4b 5¢
/ X=Br X —0.063 —0.402 —0.336 —0.265 —0.128
S 5 Si -0.076  +0.676  +0.167  +0.100  —0.330
@ - Fe +0.740 +0.698 +0.767 +0.766 +0.805
& A C —0.026 —0.036 —0.020 +0.011 +0.034
/ \ (e} —0.196 —0.186 —0.175 —0.162 —0.159
\

aGiven in units of e? Calculated with BPW91/6-311G(d) Calculated
using two basis sets: BPW91/3-21G(d) for the | atoms, and 6-311G(d) for
the other atoms.

1999(>
- 1931 /7
n
Q

1956

& o 3| atom in2 still bears the highest electron density. The reasons

g / | € I %; \ for these observations can be rationalized assumindyae

= w’ \/\J Al L x=F bonding from the nonbonding halogen valence electrons to

g & the unoccupied d(Si) as*(Fe—Si) orbitals. Such a-type

o g ﬁ overlap is more efficient for smaller orbitals (e.g., in F) than
r}\ for the more diffuse orbitals of the larger halogen substituents

—
1987
1978

and might therefore overcompensate the opposite ionic

| ‘»\ contributions to the FeSi bond.

074
2043

Nju// \\}\WJ __ XH] For a better understanding of thetype bonding from the
2100 2050 2000 1950 1900 1850 nonbonding halogen valence electrons to the unoccupied
Wavenumber / cm” d(Si) oro*(Fe—Si) orbitals, we performed an NBO analysis
Figure 5. FT—Raman spectra df—4in the CO spectral region. Excitation ~ fOr quantitative information regarding these second-order
line is located at 1064 nm. interactions. Table 5 shows the occupancy of the lone-pair

orbitalsny at the halogen atoms and that of th&Fe—Si)

Cz symmetry for all complexes, we believe that the appear- grpjtals. As one can notice, the ionic contribution decreases
ance of more than two bands in the CO spectral regidh of i the order F> CI > Br > |, as indicated by the presence
(1999, 1983, 1956, 1944, and 1931 Cinis mostly due to  of four lone-pair orbitals of the fluoro and chloro derivatives
the existence of different conformers, as previously reported (2 and 3); the most electronegative compouBgresents a
for similar compound$" higher occupancy. As we have already mentioned, the NPA

For complexef—4, thev(CO) vibration is coupled only  analysis indicates that the Fe atom 2nhas the highest
with otherv(CO) vibrations; therefore, the wavenumber shift electron density, in comparison wi+5 (Table 4), which
can be taken as a direct measure of bond strength. As ones further substantiated by the NBO results (Table 5) that
can notice (Figure 5, Table 3), the sequential replacementshow a decrease in the population of th&Fe—Si) orbitals
of the H atoms with either F, CI, or Br atoms on the Si atom when going from2 to 5. The NBO analysis reveals that
causes they(CO) values to increase. Furthermore, the g *(Fe—Si) orbitals are a mixture of Fe- and Si-centered
magnitude of this effect depends on the substituents in thehybrids, which have sd form at the Fe atom and sp form at
following order: F< CI < Br (i.e., 1999, 2003, 2006 cth the Si atom. In contrast to thisi,*(Fe—Si) orbitals have
and 1931, 1941, 1948 crf). The same trend was observed almost pure Si character (Table 5). Moreover, a lone-pair
in the IR spectra and confirmed by the DFT calculations (F orbital—composed of a hybrid of a high p-character and an
< CI < Br = I), although the experimental values differ in  occupancy of 0.63 and 0.59 e, respectively (Tabtedi)the
this case by almost 30 crhfrom the experimental data  Sj atom was detected only f& and 3. We would like to
(Table 3). However, when scaled by 0.9827 in this spectral mention that the possible discrepancies in the calculated
region? the calculated CO stretching modes come very close values of complexs (in comparison with the other com-
to the experimental values (Table 3). This is a very surprising plexes, 2—4) may be caused by the different basis set
result, because it is contrary to the tendency observed foremployed in this case for the halogen atom (3-21G(d) for
other homologous silyl complexes (OGM-SiRs,'* where  the | atoms and 6-311G(d) for the other atoms).
the »(CO) values decreased as the electronegativity of the Table 6 presents the strengths of the perturbative denor
silyl substituent decreased. acceptor interactions, which involve occupied and formally

This unexpected shift of the carbonyl stretching mode to unoccupied NBOs. A closer examination of the stabilization
higher wavenumbers could be explained by an increase ofenergies in Table 6 reveals strongetype back-bonding
the electron density on the metal available for-tiype back- for 2 and 3, showing slightly higher energy values for the
bonding to ther*(CO) orbitals. The NPA (Table 4) actually  chlorine compoun@ (417.35 kJ/mol) and very small values
reveals that the Fe atoms1n-5 are positively charged, with  for the other derivativegi(and5). However, for thes,*(Fe—
the lowest formal charge being found for the fluorine Si) orbital, the highest stabilization energy (120.88 kJ/mol)
derivative2 (+0.698) and significantly higher charges being was found in the fluorine compouri@l In addition, in the
observed for the other halogen derivatiess. Despite the case of the fluoro derivativg, we also observed a strong
undoubtedly higher electronegativity of the Sifit, the Fe nsi— o*(Fe—Si) interaction (929.27 kJ/mol) that should lead
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Table 5. Orbital Occupancy (e) and Contributions of Atomic Orbitals (%) for [Cp(8€)SiX, with X = F, Cl, Br, and | g—5)

2a 32 4a 5b
o1*(Fe—Si) 0.46858 e (stf7, sP-2d) 0.40984/0.38207 e (363 spt29 0.38570/0.36686 e (38, sp>2) 0.34184 e (st sp-2Y)
Fe 52.30% 56.56% 55.78% 47.25%
Si 47.70% 43.44% 44.22% 52.75%
0*(Fe—Si) 0.54904/0.38657 e (d, p) 0.46016 e (d, p) 0.48267/0.90064 e (d, p)
Fe 4.84% 4.83% 4.24%
Si 95.16% 95.17% 95.76%
Nsi 0.62590 e (sp5? 0.58662 e (sp*)
Ny (1) 1.97890 e ($4F1 1.97684 e (sh®) 1.97774 e (sh?)) 1.98099 e (sht?)
N (2) 1.93219 e (p) 1.94419 e (p) 1.93461 e (p) 1.93833 e (p)
Ny (3) 1.92907 e (p) 1.93430 e (p) 1.92902 e (p) 1.93250 e (p)
Ny (4) 1.79020 e (sp*9) 1.57587 e (sp9)

a Calculated with BPW91/6-311G(d).Calculated using two basis sets: BPW91/3-21G(d) for the | atoms, and 6-311G(d) for the other atoms.

Table 6. Results of the NBO Analysis for [Cp(O&eLSiX, with X =
H (1), F (2), Cl (3), Br (4), and | )

2a 3 4a &b
ny — o2*(Fe—Si)
E(2) (kJ/moly 271.29 417.35 72.59
() — €(i) (a.u.) 0.74 0.38 1.11
F(, j) (a.u.) 0.205 0.174 0.141
nx — o2*(Fe—Si)
E(2) (kJ/mol} 92.88 106.60 73.97
() — €(i) (a.u.) 0.81 0.75 0.05
FG, ) (a.u.) 0.133 0.140 0.031
ny — or*(Fe—Si)
E(2) (kd/moly 120.88 2151 25.94 2.26
€(j) — €(i) (a.u.) 0.80 0.56 0.24 0.36
F, ) (a.u.) 0.146 0.049 0.036 0.013
nsi — o2*(Fe—Si)
E(2) (kd/mol) 929.27
e() — €(i) (a.u.) 0.01
G, j) (a.u.) 0.059
Ngj — 01*(Fe—Si)
E(2) (kd/mol) 245.60 38.28
e() — €(i) (a.u.) 0.12 0.20
G, j) (a.u.) 0.101 0.054

a Calculated with BPW91/6-311G(d) Calculated with BPW91/3-21G(d)
for the | atoms and 6-311G(d) for the other atomBor each lone pair,
only the donor-acceptor interactions with the highgs{2) values have
been taken into consideratioB(2) = q[F(i,j)%(¢j — €)], whereE(2) is the
second-order perturbational energy stabilizatie(i,j) is the Fock matrix
element between an occupied orbitand an unoccupied orbitalF(i,j) is
proportional to the overlap between orbitabndj. €(j) — «(i) is the energy
difference between orbitalsandj, andgq; is the occupancy of donor orbital
i. Thus, NBO analysis can be used to examine conjugation effects in
m-conjugated systems quantitativéfy26

to a significantr-stabilization of2. This effect is negligible
for the other three compound3—<5).
The introduction of halogen atoms at the Si site can be
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Figure 6. FT—Raman spectra df—4 between wavenumbers of 1600 and
200 cntl, Excitation line is located at 1064 nm.

(symmetricalv(Fe—Si)), and in that oR, as a medium-strong
peak at 350 cmt (asymmetricab(Fe—Si)) (Table 3, Figure

6). The visualization of these vibrations shows a strong
coupling with the symmetrical and asymmetrical-F&p
stretching mode, respectively. Hence, these motions should
be better ascribed to a symmetrical and asymmetrical
v(SiFeCp) mode (Table 3). Nevertheless, the calculated
values are consistent with the assumed weakening of the Fe
Si bond, because of the-type bonding of the nonbonding
halogen valence electrons with the unoccupied d(Sy*er
(Fe—Si) orbitals. More exactly, the asymmetricgBiFeCp)
modes of2—5 were found to decrease in the order F, Cl,
Br, and I (385, 379, 376, and 370 ci). A similar tendency

monitored in a straightforward manner by the disappearanceiS present in the symmetrica(SiFeCp) modes, which were

of the SiH stretching modes df at 2074 and 2043 cm

theoretically determined at 361, 350, 344, and 342'cim

and the simultaneous formation of new bands in the IR and 2—5.

Raman spectra oR—5, which is characteristic to the
symmetrical and asymmetrical SiXtretching vibrations

Because of its relative intensity and characteristic wave-
number (1110+ 10 cnY), the ring breathing mode of the

(Table 3, Figures 5 and 6). One can notice that, upon cyclopentadienyl ring can be considered to be the most

substitution of the H atom with either a F, Br, or Cl atom
on the Si atom, the(SiX;) modes are shifted significantly

evident vibration of the group (Figure 6). As also indicated
by the calculated harmonic vibrational wavenumbers, the

to lower wavenumbers, because of mass effects. Moreovercyclopentadienyl ring breathing mode 45 does not

they strongly mix with other vibrations. Consequently, the
wavenumber shift cannot give us any further information.
Unfortunately, the very interesting symmetrical and asym-
metrical Fe-Si stretching modes can be observed only in
the Raman spectrum df as a medium signal at 390 cfn

change substantially upon the substitution of X (Table 3,
Figure 6). A similar behavior is present in the CC stretching

vibrations of the cyclopentadienyl ring, which strongly couple

with the CH in-plane deformations and give rise to the peaks
at 1435-1360 cm! in the Raman spectra df-5 (Figure
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6, Table 3). So, we can conclude that the changes in thefollowing order: F< Cl < Br < I. It must be assumed that
electronic density on the metal have no influence on thesethe z-type back-bonding of the nonbonding orbitals of the
bonds. halogen substituent X into unoccupieti(Fe—Si) orbitals
is responsible for this effect. All observed structural and
vibrational properties are clearly indicating a strong electron-
This paper describes the synthesis and characterization ofdonating influence of the iron fragments on the silylene unit.
bis(ferrio)silanes of the type [Cp(O&)eLSiX, (X = F, ClI, This transition-metal effect previously has been invoked to
Br, 1). The availability of a full series of homologous rationalize some unusual characteristics and reactivities of
compounds gave us the opportunity to perform a systematicmono- and bis(ferrio)silanes, e.g., the stabilization of Si(OH)
study of the bonding situation in these complexes using X-ray units toward condensation or the activation of SiH moieties
crystallography, vibrational spectroscopy, and density func- for halogenation and oxygenation reactions.

tional theory calculations. In this context, the nature of the  Fyrther studies concerning the reactivity of this interesting
Fe—Si bond and the |nﬂue|:]ce of the-Va“OUS substituents H, C|ass Of Compounds are Current'y in progress and are focused
F, Cl, Br, and | on the silylene bridge seemed to be of on the preparation of unusual metailicon species, such

particular interest. as bismetalated silylenes [Cp(QE§LSi and silanones
The Fe-Si distance can be taken as a measure of the bondicp(oC)Fe],Si=0.

strength in these complexes. The experimental and calculate

Fe—Si bond distances ih—5 are generally larger than those Acknowledgment. We gratefully acknowledge financial
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