542 Bull. Korean Chem. Soc, Vol. 13, No. 5 1992

Synthesis and Structure of n*-1-Functionally Substituted-2,3,4,5-
Tetraphenyl-1-Silacyclopentadienyl Complexes of Irontricarbonyl.
Crystal Structure of (n*-exo-Cyclopentadienyldicarbonyliron-
endo-1-Methyl-2,3,4,5-Tetraphenyl-1-Silacyclopentadienyl) Tricarbonyliron

dinkook Kang, Jaejung Ko®, Youngkun Kong', Chang Hwan Kim?,
Myong Euy Lee?, and Patrick J. Carroll**

Department of Chemical Education, Korea National University of Education, Chungbuk 363-791
YDepartment of Chemistry, Kyunggi University, Suwon 440-270
¥Department of Chemistry, Yonsei University, Seoul 120-749
**Department of Chemistry, University of Pennsylvania, Philadelphia, Pennsylvania 19104-6323
Received May 8 1992

New silicon-monosubstituted (n*-2,3,4,5-tetraphenyl-1-silacyclopentadiene)transition metal complexes are described. The
new (silole-transition metal complex)Fe(CO); was obtained from the reaction of silole-tansition metal complex and
Fe(CO)s. We have determined the crystal structure of (n*-exo-cyclopentadienyldicarbonyliron-endo-1-methyl-2,3,4,5-te-
traphenyl-1-silacyclopentadienyl)tricarbonyliron by using graphitemonochromated Mo-K, radiation. The compound was
crystallized in the monoclinic space group P2,/c with a=8.925(1), 6=18.689(3), c=19.930(3) A and B=102.02(1)°.
The iron moiety CpFe(CO), on silicon is in an axal position. The (silole-transition metal complex) Fe(CO); was also
prepared through the reaction of (n*-1-chloro-2,3,4,5-tetraphenylsilacyclopentadiene)Fe(CO); and metal complex nucleo-
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phile. The structure configuration was studied by conventional spectroscopy.

Introduction

Transition metal complexes of nonfunctional siloles have
been documented!, and the silole functions as an n*-ligand
in all complexes reported thus far’. Transition-metal com-
plexes of siloles [PhC,Si(C)MLn] draw our attention be-
cause they are presumed to function as a silylene precursor
or as precursors for the generation or detection of an (n’-
silacyclopentadienyl)metal complexes containing transition
metals. In the substitution reaction at coordinated siloles
with use of active hydrogen, numerous studies have been
carried out® Nevertheless, little was known about the chem-
istry accompanying the reaction of transition-metal complexes
of siloles with transition-metal nucleophiles. In such a reac-
tion transition-metal nucleophiles bind to the silicon to give
the silole-bridged heterobimetallic complexes. Because the
product was presumed to be a good candidate for an (n°
-silacyclopentadienyl) metal complex by removing Cl, we
turned to the syntheses of transition-metal-substituted siloles.
We also report the syntheses of (silole-transition metal com-
plex) Fe(CO); by two synthetic approaches: the substitution
reaction of a coordinated (n*-silole) Fe(CO); by metal nucleo-
philes or the reaction of metal carbonyl with silole containing
transition metal complex.

Experimetnal Section

All manipulations of air-sensitive materials were carried
out under an argon atmosphere with use of standard Sch-
lenk or vacuum line technique or a Mebraun MB150 glove-
box. 'H-NMR spectra were recorded on a Bruker WM-250
spectrometer in CDCl;. Chemical shifts were referenced rela-
tive to an internal standard Me,Si. IR spectra were measured
on a Perkin-Elmer 1310 spectrometer by a KBr method.

Mass spectra were measured on a high resolution VG 70-
VSEG spectrometry. Elemental analyses were carried out
at the Basic Science Research Center. Reagent grade tetrah-
ydrofuran (THF) and toluene were distilled under argon
from ketyl. The Ph,C,SiCL* PhC,SiMeCl®, Ph,C,SiMeCpFe
(CO)f were prepared according to literature methods. The
[CpFe(CO).1,, Fe(CO)s, COACO)s, and [CpRu(CO),1> (Strem
Chemicals) reagents were used without further purification.
(1-Chloro-2,3,4,5-tetraphenyl-1-silacyclopentadienyl)-
cyclopentadienyldicarbonyliron (I). A 025 g of [CpFe
(CO),); in 15 ml of THF was stirred with sodium amalgam
prepared from 1 m/ of Hg and 0.12 g of Na. After 2 hr,
this solution was transferred to a stirred THF (10 m/) solu-
tion of 1,1-dichloro-2,3,4,5-tetraphenylsilacyclopentadiene (0.6
g, 1.32 mmol). The solution was stirred for 3 hr. The solution
was filtered and evaporated to the dryness. The pale yellow
powder was crystallized from a toluene and hexane (5 m//25
ml) mixture. The yield was 37%. mp. 206C . "H-NMR (CDCl,)
8 7.4-66 (m, 20H), 465 (s, 5H); IR (on kBr pellet; cm™")
v(CO) 1998, 1956; mass spectrum, m/e (relative intensity)
597 (M*, 34), 541 (M*-2CO, 82), 420 (M*-FeCp(CO), 26),
385 (M*-FeCp(CO),-Cl, 14). Anal. Calcd. for CzsClFeHys0:F,:
C, 69.96; H, 4.16. Found: C, 70.62; H, 4.29.
(n*-exo-Cyclopentadienyldicarbonyliron-endo-1-me-
thyl-2,3,4,5-tetraphenyl-1-silacyclopentadienyl)tricar-
bonyliron (IV). To a stirred toluene (30 mJ) solution of
(silole)methyl FeCp(CO); (0.3 g 052 mmol) was added
Fe(CO)s (0.8 ml). The solution was refluxed for 48 hr and
evaporated to dryness. The orangish-red solution was obtain-
ed by extraction of hexane (30 m/) and the volume was re-
duced to ca. 6 ml. The orange crystals were obtained by
leaving the solution in a refrigerator at 0T . the yield was
12%. mp. 176C. 'H-NMR (CDCl;) & 7.4-6.7 (m, 20H, aroma-
tic), 4.52 (s, 5H, CsHs), 1.28 (s, 3H, CH3); IR (on KBr pellet;
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cm™Y) v(CO) 2040, 1995, 1980, 1945. W(C=C) 1594; mass spe-
ctrum, m/e (relative intensity) 716 (M*, 16), 632 (M*-3CO,
62), 576 (M*-2CO, 54). Anal. Calcd. for CiHzs0sFe;Si: C,
65.38; H, 391. Found: C, 65.86; H, 4.06.
(1-Methyl-2,3,4,5-tetraphenyl-1-silacyclopentadienyl)-
cyclopentadienyldicarbonylruthenium (II). The same
procedure was taken as described in the preparation of L
The yield was 28%. mp. 208C. 'H-NMR (CDCL;) § 7.4-6.7
(m, 20H), 4.48 (s, 5H), 1.16 (s, 3H); IR (on KBr pellet; cm™)
v(CO) 1992, 1943; mass spectrum, m/e (relative intensity)
621 (M™*, 22), 565 (M*-2CO, 64), 399 (M*-RuCp(CO),, 17).
Anal. Calcd. for C4Hz0,SiRu: C, 69.53; H, 4.51. Found: C,
68.71; H, 4.29.
(1-Chloro-2,3,4,5-tetraphenyl-1-silacyclopentadienyl)-
cyclopentadienyldicarbonylruthenium (III). The same
procedure was taken as described in the preparation of L
The yield was 34%. mp. 212C, 'H-NMR (CDCl) § 7.3-6.6
(m, 20H), 4.68 (s, 5H); IR (on KBr pellet; cm™%) w(CO) 2004,
1954; mass spectrum, m/e (relative intensity) 641 (M*, 24),
585 (M*-2CO, 72), 445 (M*-RuCp(CO),, 54). Anal. Calcd. for
CisHisCIOSiRu: C, 65.44; H, 3.90. Found: C, 64.72; H, 3.62.
(n*-exo-Cyclopentadienyldicarbonylruthenium endo
-1-methyl-2,3,4,5-tetraphenyl-1-silacyclopentadienyl)
tricarbonyliron (VI). The same procedure was taken as
described in the preparation of IV. The yield was 14%. mp.
180T . '"H-NMR (CDCl,) & 7.3-6.7 (m, 20H), 448 (s, 5H), 1.22
(s, 3H); IR (on KBr pellet; cm™) w(CO) 2037, 1990, 1982,
1940. Anal. Caled. for CyHpsOsFeRuSi: C, 61.52; H, 3.68.
Found: C, 6049; H, 3.49.
(n*-exo-Cyclopentadienyldicarbonyliron-endo-1-ch-
loro-2,3,4,5-tetraphenyl-1-silacyclopentadienyl)tricar-
bonyliron (V). The same procedure was taken as descri-
bed in the preparation of IV. The yield was 18%. mp. 180T .
H-NMR (CDCly) § 7.3-6.6 (m, 20H), 4.69 (s, 5H); IR (on
KBr pellet; cm™!) w(CO) 2035, 1998, 1978, 1951; mass spec-
trum, m/e (relative intensity) 736 (M*, 24), 652 (M*-3CO,
72), 596 (M*-5CO, 48); Anal. Calcd. for C3ClFe;Hps05Si: C,
61.93; H, 3.39. Found: C, 62.74; H, 3.49.
(n*-exo-Tetracarbonylcobalt-endo-1-methyl-2,3,4,5-
tetraphenyl-1-silacyclopentadienyl)tricarbonyliron
(VII). A 0.15 g (044 mmol) of Cox(CO)s in 20 m! of THF
was stirred with sodium amalgam prepared from 1 m/ of
Hg and 0.1 g of Na. After 1 h, this solution was transferred
to a stirred THF (15 m/) solution of IV (0.15 g, 0.88 mmol).
The solution was stirred for 4 h and evaporated to dryness.
The brownish residue was extracted with hexane (40 mi).
The volume was reduced to ca. 30 m/. Brown crystals were
obtained at 0C overnight. The yield was 22%. mp. 148C.
'H-NMR (CDCl;) & 7.4-6.6 (m, 20H), 4.58 (s, 5H); IR (on
KBr pellet; cm™") v(CO) 2045, 2005, 1990, 1951; mass spec-
trum, m/e (relative intensity) 710 (M*, 18), 628 (M*-3CO,
72), 514 M*-7CO, 82); Anal. Calcd. for CsFeHy05CoFe: C,
60.83; H, 3.24. Found: C, 59.72; H, 3.04.
(n*-exo-Chloro-endo-1-methyl-2,3,4,5-tetraphenyl-1-
silacyclopentadienyl)tricarbonyliron (VIII). To stirred
toluene (30 m{) solution of n*-exo-methyl-endo-1-chloro-2,3,4,
5-tetraphenyl-1-silacyclopentadienyl (0.5 g 115 mmol) was
added Fe(CO)s (2 mi). The solution was refluxed for 72 h.
The greenish yellow solution was evaporated to dryness. The
residue was extracted by hexane (60 m/). The yield was
48%. mp. 162C. 'H-NMR (CDCl;) & 7.5-6.8 (m, 20H), 1.26
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(s, 3H); IR (on KBr pellet; cm™!) w(CO) 2038, 1982; mass
spectrum, m/e (relative intensity) 575 (M*, 14), 491 (M~
-3CO, 72); Anal. Calcd for C;ClFeH20,Si: C, 66.87; H, 4.00.
Found: C, 6591; H, 3.84.

Crystal structure of II. The Crystal of II was grown
from hexane at —20C . The crystallized compound II posses-
sed in the monoclinic space group P2,/c (systematic absences
0k0: 2=odd and A0l:1=o0dd) with a=8.925 (1), b=18.689
3), c=19.930 (3), &, B=102.02 (1)°, V=3251(1) A% Z=4 and
dewre=1463 g/cm3. The cell constants were determined from
a least square fit of the setting angles for 25 accurately cen-
tered reflections. X-ray intensity data were collected on an
Enraf-Nonius CAD4 diffractometer employing graphite-mono-
chromated Mo-K, radiation (A=0.71073 A) and using the
@-20 scan technique. A total of 8177 reflections were measu-
red over the ranges: 4<20<55°, 0<Sh<11, —24<k<0, —25
<I<25. Three standard reflections measured every 3500 sec
of X-ray exposure showed no intensity decay over the course
of data collection.

The intensity data were corrected for Lorentz and polari-
zation effects and an empirical absorption correction was ap-
plied. Of the reflections measured a total of 5267 unique
reflection with F2<3c (F®) were used during subsequent st-
ructure refinement.

The structure was solved by standard heavy atom Patter-
son Techniques followed by weighted Fourier syntheses. Re-
finement was done by full-matrix least squares techniques
based on F to minimixed the quantity Zw(|F,|—|F.|)* with
w=1/c*F). Non-hydrogen atoms were refined anisotropically
and hydrogen atoms were included as constant contributions
to the structure factors and were not refined. Refinement
converged to R;=0.034 and R,=0.045.

Results and Discussion
The silicon-monosubstituted (n*-2,3,4,5-tetraphenyl-1-sila-

cyclopentadieny)transition metal complexes have been pre-
pared according to Eq. (1).

MCp(CO),
Ph Ph Ph s
Ph—U Ph + NaMCp(CO), THE PHR 1)
. at room Ph S
R;\Cl temperature o

a R=C(l M=Fe I
b R=CH; M=Ru i
¢ R=C(Cl M=Ru I

The reaction of silole with NaFeCp(CO), at room tempera-
ture gave a pale yellow solution. The iron-silole complex
was isolated as air-stable pale yellow solid in 37% yield.
The structure of compound I was deduced from its 'H-NMR,
IR and mass spectra. The chloro adduct I had the similar
spectral characterisitics (H-NMR and IR spectra) to the
known methyl authentic material® The compound I was ro-
bust enough to give the expected molecular ion of m/e (597)
in its electron impact (70 eV) mass spectrum. The spectral
data of both the compounds II and III were quite similar
to those of compound L

The (n*-exo-cyclopentadienyldicarbonyliron (or ruthenium)-
endo-1-methyl(or chloro)-2,3,4,5-tetraphenylsilacyclopentadi-
enyDtricarbonyliron complexes have been prepared according
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to Eq. (2).
CpM(COY, CPM(CO),
Ph s m o
Ph X ' Ph X
oluenc ——
+ Fe(CO) —— ! @)
Ph ref} PR
Ph |§e Ph
(CO)y
d M=Fe X=Me v
e M=Fe X=_Cl \%
f M=Ru X=Me VI

A toluene (30 m/) solution of Fe(CO)s and compound d
was refluxed under Ar for 48 h, and then dried. The dark
powder was extracted with hexane (40 m/). The red solution
was reduced to ca. 10 m/. Slow cooling of the solution gave
red, air-stable crystal of IV, which was characterized by its
'H-NMR, IR, mass spectra, and elemental analysis. The 'H-
NMR spectrum of IV exhibits resonances of Cp at § 4.52
and CH; at 1.28, which are shifted to downfield compared
with those of (1-methyl-2,34,5-tetraphenyl-1-silacyclopenta-
dienyl)cyclopentadienyldicarbonyliron. The infrared spectrum
of IV clearly indicates the presence of two moieties of CpFe
(CO); and Fe(CO);. Two peaks at 1995 and 1945 cm™! are
CO stretching frequencies in CpFe(CO). moiety, as found
in the complex CpFe(CO),SiMe;y”. Two peaks at 2040 and
1980 cm?! are assigned to the CO stretching mode in Fe(CO);
moiety, which are quite similar to those (2052 and 1985 cm™)
of the diene complex (C,PhyCO)Fe(CO):8, The CO stretching
frequencies of IV are compared to those of the thiophene-
bridged Cp*(CO):Re(u-SCH,)Fe(CO);* and [n*-exo-1-{dicar-
bonyl(n®-cyclopentadienyl)ferrio} -endo-1-methyl-2,5-diphenyl-
siole]tricarbonyliron'®. The spectral patterns of compounds
V and VI are quite similar to that of IV. Althought these
data support their formulation as complexes with the silole-
bridged CpFe(CO),(PhyC,SiX)Fe(CQO),, the iron moiety CpFe
(CO); on silicon center is not certain as to whether it is
located in an exo or endo-position. Thus, the crystal struc-
ture of IV was determined, and it was found that the bulky
iron moiety was in an exo position as expected (see crystal-
lographic work).

Another synthetic approach to the silole-bridged heterobi-
metallic complexes may be achieved by the substitution reac-
tion of coordinated n'-silole by metal-complex nucleophiles.
Indeed, the (n'-exo-metalcarbonyl-endo-chloro-2,3,4,5-tetra-
phenylsilacyclo pentadienyl) tricarbonyliron complexes have
been prepared according to Eq. (3). For this purpose, the
reaction of silole Ph,C,Si(CH;)Cl with Fe(CO); was examined
and the results are summarized in Scheme 1. The treatment
of silole 1 (0.97 mmol) with 10 equiv. of Fe(CO)s in toluene
(30 m/) under refluxing condition gave a good yield (68%)
of a 60:40 mixture of the exo-methy! complex 2 and exo-
chlorine comples 3. In the purpose of raising the yield of
the reaction between silole and metal-complex nucleophile,
the compound 2 was completely converted to the complex
3, the mixture 2 and 3 was refluxed in toluene under pro-
longed reaction time (48 h), where interestingly, the com-
pound 2 was completely converted to the compounds. The
greenish yellow solution was evaporated to dryness and the
residue was extracted in hexane. The geometrical isomer
of the methyl group on silicon, ie., endo or exo with respect
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Ph Ph i-Cl Pk Ph i—C1 Ph Ph i—~CH,
= Fe(CO)s —— —
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h Ph h % h h h
1 Fe(CO) Fe(CO)

2 3
/’c(CO)ﬂoluetﬂﬂhr

ph Pn _yi—CH,

R
=
h -" Ph
Na.FeCp(CO){I‘l-V Fe(CO), wcqco)m
3

CoFe(C\O)z Co(C\O)4
ph Pn yi—CH, Pk Ph _Ji—CH,

h % Ph %\ Ph
Fe(CO); Fe(CO),
v viI
Scheme 1.

to the Fe(CO); moiety was able to be unequivocally assigned
by the 'H-NMR spectroscopy.

a M(CO
\ \(, n

— Me . Me
\‘. + NaM(CO), —— H &)

Fe Fe

(CO), (CO)4

g M=CpFe n=2 v

A M=Co n=4 Vil

The reaction of Fe(Ph,C,S5iMeC(CO); with NaCpFe(CO) in
tetrahydrofuran at room temperature proceeds to give the
complex IV. The product was purified by chromatography
on silica gel. The 'H-NMR and IR spectra were exactly iden-
tical to the complex IV obtained from the previous different
synthetic method. Similary, the reaction of compound 3 and
NaCo(CO), in THF gave a brown solution. After the removal
of solvent, the brownish residue was extracted with hexane.
Brown crystals formed once the solution was cooled. The
IR spectrum of compound VII was exactly identical to the
authentic silole-cobalt complex prepared by the reaction of
(n*-exo-1-hydro-endo-methyl-2,5-diphenylsilacyclopentadienyl)-
tricarbonyliron and Cox(CO)s®. In order to extend the syn-
theses of other transition metal complex-siloles, the reactions
of compound 3 with transition metal nucleophiles such as
NaRe(CO)s, NaCpMo(CO);, and NaMn(CO); was examined.
Unfortunately, dimer and several unidentified products
which could not be seperated by conventional method were
obtained.

Crystallographic Work. To get a geometrical informa-
tion of the complex IV in the solid state, X-ray diffraction
work was carried out. The structure and atom labelling of
the (n*-exo-cyclopentadienyldicarbonyliron-endo-1-methyl-2,3,
4,5-tetraphenyl-1-silacyclopentadienyl)tricarbonyliron are shown
in Figure 1. Selected interatomic distances and bond angles
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Figure 1. View of the structure of IV with the atomic numbering

scheme.

are listed in Table 1 and 2, respectively. The four carbon
atoms C2, C3, C4, and C5 constituting the diene portion of
the five-membered ring containing the silicon atom are al-
most coplanar. The C4SiC25 butadiene dihydral angle has

Table 2. Bond Angles (deg)
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Table 1. Bond Distances (A)
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Fel-Sil
Fel-C6
Fel-C7
Fel-C61
Fel-C62
Fel-C63
Fel-C64
Fel-C65
Fe2-C2
Fe2-C3
Fe2-C4
Fe2-C5
Fe2-C8
Fe2-C9
Fe2-C10
Si1-C2
Si1-C5
Si1-C11
C2-C3
C2-C21

2.357 (1)
1.735 (3)
1736 (3)
2114 (4
2,088 (3)
2.096 (3)
2.090 (3)
21214
2.195(2)
2.081(2)
2.082(2)
2.134(2)
1794 (3)
1.785(2)
1791 (3)
1.902 (2)
1.877 (2)
1.880(3)
1441 3)
1492 3)

C3-C4 1442(3
C3-C31 1502(3)
C4C5 1445(3)
C4-C41 1496(3)
C5-C51 1496 (3)
C6-06 1146 (4)
C7-07 1152(4)
C8-08 1140(4)
C9-09 1138(3)
C10-010 1.137 (3)
C21-C22 1.388 (4)
C21-C26 1391 (4)
C22-C23 1.380 4)
C23-C24 1370 (4)
C24-C25 1.369 (4)
C25-C26 1.387 (4)
C31-C32 1.398 (3)
C31-C36 1.386(3)
C32-C33 1.379 4
C33-C34 1.372(4)

C34-C35
C35-C36
C41-C42
C41-C46
C42-C43

:C43-C44

C44-C45
C45-C46
C51-C52
C51-C56
C52-C53
C53-C54
C54-C55
C55-C56
C61-C62
C61-C65
C62-C63
C63-C64
C64-C65

1.374 (4)
1.385(4)
1379 (3)
1.385(4)
1.390 (4)
1.356 (5)
1375 4)
1383 4)
1392 (3)
1378 (4)
1.376 4)
1.373 (5)
1.368 (4)
1.384 (4)
1411 (5)
1.387 (5)
1.385(4)
1.388 (5)
1.405 (5)

opened up to 46.8°, so that the silicon atoms is out of the
diene plane by 0.943 & This value is relatively large compar-

Sil-Fel-C6
Sil-Fel-C7
Sil-Fel-C61
Sil-Fel-C62
Si1-Fel-C63
Sil-Fel-C64
Sil-Fel-C65
C6-Fel-C7
C6-Fel-C61
Cé6-Fel-C62
C6-Fel-C63
C6-Fel-Cod
C6-Fel-C65
C7-Fel-C61
C7-Fel-C62
C7-Fel-C63
C7-Fel-Cé64
C7-Fel-C65
C61-Fel-C62
C61-Fel-C63
C61-Fel-C64
C61-Fel-C65
C62-Fel-C63
C62-Fel-C64
C62-Fel-C65
C63-Fe1-Co4
C63-Fel-C65
C64-Fel-C65

87.8(1)
83.1(1)
134.8 (1)
98.5 ()
91.3(D)
1199 (1)
156.4 (1)
916 (1)
1373 (2)
158.8 (1)
121.5 (1)
946 (1)
1023 (1)
95.7 (1)
109.2 (1)
146.2 (1)
156.3 (1)
1174 (1)
39.2(1)
65.2 (1)
64.7 (1)
382
387(1)
64.7(1)
65.0 (1)
3871
65.2 (1)
39.0 (1)

C5-Fe2-C9
C5-Fe2-C10
C8-Fe2-C9
C8-Fe2-C10
C9-Fe2-C10
Fel-Sil1-C2
Fel-Si1-C5
Fel-Si1-C11
C2-Si1-C5
C2-Sil-C11
C5-Si1-Cl11
Fe2-C2-Sil
Fe2-C2-C3
Fe2-C2-C21
Si1-C2-C3
Si1-C2-C21
C3-C2-C21
Fe2-C3-C2
Fe2-C3-C4
Fe2-C3-C31
C2-C3-C4
C2-C3-C31
C4-C3-C31
Fe2-C4-C3
Fe2-C4-C5
Fe2-C4-C41
C3-C4-C5
C3-C4-C41

92.7(1)
157.5 (1)
94.5 (1)
93.5 (1)
90.1 (1)
120.5 (1)
114.5(1)
107.9 (1)
851(Q1)
113.7 (1)
114.0(1)
89.6 (1)
66.1 (1)
125.3 (1)
108.6 (2)
125.2 (2)
1232 (2)
74.6 (1)
69.8 (1)
125.9 (2)
112.8 (2)
125.8 (2)
121.3 (2)
69.7 (1)
7191
1339@2)
1125 (2)
121.2 (2)

C22-C23-C24
C23-C24-C25
C24-C25-C26
C21-C26-C25
C3-C31-C32

C3-C31-C36

C32-C31-C36
C31-C32-C33
C32-C33-C34
C33-C34-C35
C34-C35-C36
C31-C36-C35
C4-C41-C42

C4-C41-C46

C42-C41-C46
C41-C42-C43
C42-C43-C44
C43-C44-C45
C44-C45-C46
C41-C46-C45
C5-C51-C52

C5-C51-C56

C52-C51-C56
C51-C52-C53
C52-C53-C54
C53-C54-C55
C54-C55-C56
C51-C56-C55

1206 3)
1188 @3)
1209 3)
121.2(2)
121.0(2)
120.6 (2)
1181(2)
120.4 (2)
120.8 (3)
119513
1204 2)
120.8 (2)
124.2 (2)
117.3 (2
1185 (2)
120.1 (2)
120.7 (2)
120.0 (3)
119.6 (3)
121.0(2)
120.9 (2)
121.8 (2)
117.2(2)
12103
120.6 (3)
1192 (3)
120.1(3)
1216 (2)
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C2-Fe2-C3 3931 C5-C4-C41
C2-Fe2-C4 682(Q1) Fe2-C5-Sil
C2-Fe2-C5 723(1) Fe2-C5-C4
C2-Fe2-C8 939 (1) Fe2-C5-C51
C2-Fe2-C9 164.5 (1) Si1-C5-C4
C2-Fe2-C10 1023 (1) Si1-C5-C51
C3-Fe2-C4 40.5(1) C4-C5-C51
C3-Fe2-C5 69.4 (1) Fel-C6-06
C3-Fe2-C8 132.8(1) Fel-C7-07
C3-Fe2-C9 1322 (1) Fe2-C8-08
C3-Fe2-C10 924 (1) Fe2-C9-09
C4-Fe2-C5 40.1 (1 Fe2-C10-010
C4-Fe2-C8 1465 (1) C2-C21-C22
C4-Fe2-C9 979(1) C2-C21-C26
C4-Fe2-C10  1174(1) C22-C21-C26
C5-Fe2-C8 1085 (1) C21-C22-C23

Jinkook Kang et al.

125.6 (2) Fel-C61-C62  69.4(2)
922(1) Fel-C61-C65 71.1(2)
68.1(1) C62-C61-C65 107.8(3)

1254 (2) Fel-C62-C61 714(2)

108.5(1) Fel-C62-C63  71.0(2)

1254 (2) C61-C62-C63 1084 (3)

121.0(2) Fel-C63-C62 704 (2)

1783 (3) Fel-C63-C64 704 (2)

176.8 (3) C62-C63-C64  107.5(3)

1725@3) Fel-C64-C63 709 (2)

176.8 (2) Fel-C64-C65  71.7(2)

178.1(2) C63-C64-C65 1089 (3)

124.7 (2) Fel-C65-C61 706 (2)

1187 (2) Fel-C65-C64  69.3(2)

1166 (2) C61-Cé5-C64  107.3(3)

121.9(2)

ed with those of the complexes Ru(C,Ph:HSiMeXCO);",
[Co(C.Me;H,SiMeXPMey)s]* 2 and (n*-exo-phenyl-endo-chloro
-2,3,4,5-tetraphenyl-1-silacyclopentadienyl)tricarbonyliron®,
where the dihedral angle is 32°, 41.3°, and 41.8°, respecti-
vely. The difference may be attributable to the steric bulki-
ness of the iron moiety.’®"! The iron moiety on silicon is
in an axial position. The carbon-carbon distances in the five-
membered ring on the silole show considerable conjugation,
the formally sigle C-C bond (1.462 A) being only slightly
longer than common double carbon-carbon bond (1.440 A).
The Fe2-C2 and Fe2-C5 distances (2.195 and 2.134 A, respec-
tively) are longer than Fe2-C3 and Fe2-C4 distances (2.081
and 2.082 .&, respectively). This is consistent with a similar
observation of Mills and Robinson™. The significant differ-
ence of Fe2-C2 and Fe2-C5 distances compared with the Fe2-
C3 and Fe2-C4 distances may be attributable to the ineffective
overlap of p-d orbitals due to the title of p orbital on C2
and C5. The coordination geometry around the iron atom
seems to be in a distorted tetrahedron if the centroid of
the four carbon diene moiety is taken as the fourth ligand
site for the Fe atom, the other three sites being the carbons
of the three carbonyls.
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