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Effective Control of Two Elimination Processes from a Hydridobis(silyl)iron(lV) Complex
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A novel hydridobis(silyl)iron(1V) complex Cp* (CO)Fe(H)-
{SIMe,0(2-CsH,N)}, (1) (Cp*=n°>-CsMe;) was synthesized in
high yield. Two elimination processes from 1 were effectively
controlled by the reaction conditions: HSiMe,O(2-CsH,4N) is
eliminated on heating or UV-irradiation, whereas HO(2-
CsHyN) is eliminated in the presence of Et;Al. The latter reac-
tion was applied to a“silylene introduction” toward a silyl com-
plex producing a silyl(silylene) complex.

The reactivity of transition metal complexes containing
metal—silicon bonds is attracting much attention. One of the
reasonsisthat it could give grounds for the mechanisms of vari-
ous transition-metal-mediated transformation of organosilicon
compounds.! Among them, hydridobis(silyl) complex
L,MH(SIR,X), is considered as an important species because it
is easily formed by the oxidative addition of hydrosilanes to a
coordinatively unsaturated silyl complex, and is regarded as a
key intermediate of the transition-metal-catalyzed polymerization
of hydrosilanes? Severa different reaction patterns have been
reported separately for this species, but, to our knowledge, there
is no report on the attempt to control the reaction pathway by
changing the reaction conditions. We report here a quantitative
preparation of a stable hydridobis(2-pyridyloxysilyl)iron(1V)
complex from a 2-pyridyloxy-bridged bis(silylene)iron complex,3
and effective control of two elimination processes from this
species, reductive elimination of hydrosilane and 1,2-elimination
of 2-hydroxypyridine.

A hydridobis(2-pyridyloxysilyl)iron(1V) complex 14 was
prepared quantitatively by addition of 2-hydroxypyridine to an
internal -base-stabilized bis(silylene)iron complex 23 (eq 1).
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The addition appears to occur selectively to the Fe-Si bond on
the N-side, athough another route; i.e., addition to the Fe-Si
bond on the O-side followed by 1,3-shift of Si from N to O,
cannot be ruled out.

The 2Si NMR spectrum of 1 shows only one signal at & =
64.2 ppm, which is consistent with the geometry in which two
silyl groups are mutualy trans. It was further confirmed by X-
ray crystal structure analysis (Figure 1).5

The lengths of two Fe-Si bonds are 2.3206(6) A and
2.3178(6) A, which are both in the range of normal single
bonds (2.32-2.37 A).12 The distance between a hydride
attached to Fe and a nitrogen atom of one of pyridyloxy groups

was 2.58(3) A, which is slightly shorter than the sum of the van
der Waals radii of the two atoms, 2.70 A.6 There may be weak
hydrogen bonding between a polarized Fe®—H?% bond and a
negatively polarized nitrogen, though we could not find any
examples of the hydrogen bonding of the type M—H-:N in the
database of the Cambridge Crystallographic Data Centre.

Figure 1. Molecular structure of 1 with 50% thermal ellipsoids.
Selected atomic distances (A) and angles (°): Fe-H1 1.46(3), Fe-C15
1.721(2), C15-03 1.162(3), Fe-Sil 2.3206(6), Fe-Si2 2.3178(6), Sil-O1
1.700(2), Si2-02 1.711(2), O1-C5 1.344(3), 02-C10 1.350(3), C5-Nl
1.326(3), C10-N2 1.327(3), N1-HI1 2.58(3), Fe-C15-03 176.7(2), Sil-Fe-
C15 81.94(7), Si2-Fe-C15 81.37(8), Sil-Fe-H1 57(1), Si2-Fe-H1 61(1),
Sil-Fe-Si2 107.41(2), Fe-H1-N1 154(1).

Complex 1 is stable at room temperature in hydrocarbon
solvents, while it undergoes reductive elimination of hydrosi-
lane HSIMe,0(2-CsH,N) (3)7 on heating or UV-irradiation to
afford a chelate complex 4 (eq 2).8
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The reductive elimination in eq 2 proceeds irreversibly: 1
was not observed even when 4 was heated or irradiated in the
presence of excess hydrosilane 3. This means that the equilibri-
um of the reaction in eq 2 lies far to the right and the irre-
versibility is apparently due to the chelate effect. The detailed
structure and reactivity of 4 will be reported elsewhere.

When 1 was treated with a small excess of Et;Al (2 equiv)
at room temperature, a bis(silylene) complex 2 was formed
slowly as a main product by formal elimination of 2-hydroxy-
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pyridine together with a small amount of reductive elimination
product 4 (eq 3).
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Generation of a significant amount of ethane was observed
by ™H NMR during the reaction. Therefore, the actual counter-
parts of the elimination reaction giving 2 in eq 3 are probably
ethane and Et,AlO(2-C5H,N), although the latter has not been
identified yet.

There are at least two possible roles conceivable for Et;Al.
The one is to enhance the ability of the 2-pyridyloxy group as a
leaving group by coordination to either N or O. This may
accelerate the 1,2-elimination of 2-hydroxypyridine. The other
is to change the elimination product 2-hydroxypyridine, which
has been aready demonstrated to be very reactive toward 2 to
give 1 as shown in eq 1, to inactive Et,AlO(2-CsH,N) and
ethane. This makes the 1,2-elimination irreversible. The 1,2-
elimination reaction also proceeds more slowly by treatment of
1 with PhgB (2 equiv) instead of EtzAl to give 2 in 82% on con-
version of 89% of 1 after 2 weeks at room temperature.
Formation of a reasonable amount of benzene was observed in
this reaction.

When 4 was combined with 3 (3 equiv) and Et;Al (1
equiv), and heated up to 120 °C, slow formation of 2 was
observed. After heating at 150 °C for 4 days, 4 mostly disap-
peared and 2 was obtained in 45% yield. A possible mecha-
nism of this “silylene introduction” reaction is illustrated in
Scheme 1. First, from 4 the unsaturated metal center is ther-
mally generated above 120 °C by the cleavage of the Fe-N
coordinate bond. Second, hydrosilane 3 undergoes oxidative
addition to the unsaturated Fe center to give 1. Finaly, 1,2-
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Scheme 1.

855

elimination of 2-hydroxypyridine from 1 occurs in the presence
of EtzAl to afford 2. This sequenceis anovel route to introduce
a silylene fragment to a metal center by means of a
hydro(alkoxy)silane, although Roper et al. reported a similar
reaction with use of aminohydrosilanes.® This “oxidative addi-
tion—1,2-elimination” sequence utilizing alkoxy-functionalized
hydrosilane could be applied to the preparation of a wide vari-
ety of alkoxy-stabilized silylene complexes.
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