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Preparation, Stereoisomerism, and Dynamic Properties of
[(n°-CgH,),Fe,(CO),(u-CO) (u-8iXBu®)] (X = C1, Br, I, and Me)
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Replacement of a hydrogen on the silylene bridge of [szFe2
(COo) (u CO) (u- SiHBu® Y] (Cp = n —C ) by a bulkier group (Cl, Br,
I, or Me) caused the proportion of the trans isomer to increase
from O to 7 - 387%. Dynamic 1H NMR study for the methyl derivative
revealed that the AG¢362 K values of the process cis isomer - trans
+

isomer and of the reversed process were 83.1 *+ 1.0 and 81.7 £ 1.0

kJ mol—l, respectively.

We have recently reported the photochemical one-step synthesis of silylene-
bridged diiron complexes [szFez(CO)z(u-CO)(U—SiHR)] (la: R = t-Bu; 1b: R =
(CMeZ)ZH)’ and the X-ray crystal structure of la.l) For these complexes, only
cis(H) isomer exists either in solution or in the solid state. This has been
tentatively explained by an enormous difference of steric hindrance between a t-

butyl or thexyl group and a hydrogen on the silylene bridge.
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We now report that when the hydrogen on the silylene bridge is replaced by a
bulkier halogen or alkyl group, the trans isomer turns out to be observed and
trans-to-cis(X) ratio in [szFez(CO)z(u—CO)(u—SiXBut)] increases correlating to
both the size and Fe-X distance of the group X. We also report the free energies
of activation for the interconversion between cis(X) and trans isomers.

The substitution reaction of the hydrogen at the silylene bridge of la by
halogen proceeds smoothly at or below room temperature (Scheme 1). Thus, reaction
of la with CC142) at room temperature completed after 17.5 h to give red, micro-
crystalline 23) in 957 yield. Similarly, bromination and iodination of la are
achieved by reactions with CHBr3 at room temperature and by treatment with iodine
in dichloromethane at O °C,4) respectively, to afford 35) (65%) and 46) (237).

Nucleophilic substitution of chlorine on the silicon atom of 2 was attempted
with several nucleophiles. Methyllithium reacted with 2 in ether at room
temperature to give 57) in 707 yield. 1In contrast, the reaction of 2 with

ethyllithium or t-butyllithium afforded only an unidentified, intractable black
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Scheme 1.

0oil. Treatment of 2 with p—CH3C6H4MgCI or Na[FeCp(CO)z] caused no reaction.
1H NMR data and the relative abundance of cis and trans isomers of five
complexes la - 5 are shown in Table 1. The values of relative abundance in Table
1 denote that steric interaction between the X group and Cp rings is an important
factor to determine the relative stability of trans isomer to cis one. For
complex la, the distances between X(= H) and hydrogens of Cp rings are longer than
2.6 K.l) Since the effective van der Waals radius of hydrogen is 1.20 2,8) the
steric interaction between them are negligible and therefore la adopts only cis(H)
form. On the other hand, when X is Cl, Br, I, or Me with effective van der Waals
radii of 1.80, 1.95, 2.15, and 2.0 Z, respectively,s) the steric interaction
between X and Cp rings is considered no longer negligible and, as a result, lets
an appreciable amount of trans isomer exist. Interestingly, the proportion of
trans isomer does not increase markedly when X is changed from Cl to bulkier Br or
I, This is rationalized by longer Si-X bond lengths for X in the later rows
(typical bond lengths: Si-Cl 2.02, Si-Br 2.16, and Si-I 2.46 Z).g) In fact,
though the van der Waals radius of Me is smaller than that of iodine (vide supra),
5 has the highest proportion of trans isomer among the prepared complexes perhaps
by virtue of very short Si-Me bond length (typical Si—Calkyl 1.87 K).g)

The IR spectrum of 5 in the solid state (KBr disk) exhibits four terminal and

Table 1. 1H NMR Chemical Shifts and the Relative Abundance of cis and
trans Isomers of [Cp,Fe,(C0),(u-CO)(u-SiXBu®)] (X = H, C1, Br,

I, and Me) in C6D6 Solution at Room Temperature

Complex X 1H NMR Chemical Shiftsa) Rel. Abundance
cis(X) trans pA

t-Bu Cp X t-Bu Cp X cis(X) trans
lab) H 1.32 4,50 7.23 100 0
2 C1l 1.55 4,24 1.46 4.36, 4.38 93 7
3 Br 1.55 4,24 1.47 4.34, 4.40 93 7
4 I 1.56 4,24 1.46 4.33, 4.40 92 8
5 Me 1.42 4.08 1.00 1.31 4,25, 4,44 1.15 62 38

a) 6§/ppm. b) Data in cs, solution.lo)
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two bridging Veo bands.
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7 This offers an indirect evidence that 5 also exists as

a mixture of cis and trans isomers in the solid state.

1H NMR investigation of 5 was

Dynamic
carried out in toluene—d8 to evaluate the
barrier of cis-trans isomerization. On heating,
the two t-Bu singlets (v _._ - Vv = 5,61

cis trans
0.10 Hz on the 90 MHz NMR apparatus) coalesced
at 362 + 4 K (Fig. 1).

cyclopentadienyls did not coalesce at this

The signals of Si-Me and
temperature. The application of the usual

coalescence approximationll) leads to the value
of AG¥5g, ¢ = 83.1 £ 1.0 kJ mol™" for k

cis~trans
and AG¥ 1

= 81.7 £ 1.0 kJ mol = for

These values are close to the

362 K

k . .
trans+cis
activation energy of the cis-to-trans isomer-

ization of [szFe2(00)2(u—CO)(u-GeMe2)] (Ea =
85.8 kJ mo1l~1),12)

slow cis-trans isomerization of [szFez(CO)z—

and are consistent with the

(u-C0)(u-SiHMe)] at room temperature.

We propose a possible mechanism for this
dynamic process in 5 and presumably in other
complexes la - 4 which involves concerted bridge
openings and internal rotation (Scheme 2).
Similar mechanisms have been proposed for the
carbon and germanium analogues, namely
[Cp,Fe,(CO),(u-C0) (u-ChMe) ™) and [Cp,Fe,(CO),-
(u—CO)(u—GeMez)].lz) It is reasonable to
postulate terminal silylene complexes as
intermediates in this mechanism, since their
mononuclear analogues have been recently

5)

the barrier for cis-trans isomerization of 5 is

isolated as donor-stabilized forms.1 However,

significantly higher than that of Cp2Fe2(C0)4
(< 30 kJ mol—l).16)

368 K

1.4 12 s 1.0
ppm

Fig. 1. The

the methyl region of 5 in

H NMR spectra of

toluene—-d8 at various

temperatures.

This can be interpreted to be a result of the instability of

terminal silylene ligands in comparison with carbonyl ligands.

rE T e =
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Scheme 2.
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