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[{(n5-CsMes)Fe},(u-H),J: A Novel Dinuclear
Iron Tetrahydrido Complex**

Yasuhiro Ohki and Hiroharu Suzuki*

Transition metal cluster complexes have attracted attention
because of their potential ability for cooperative and effective
activation of substrates in a multimetallic site.l') We have used
the term “multimetallic activation” to refer to a mode of
activation achieved as a result of cooperative action of many
metal centers. Our research on multimetallic activation began
as an attempt to prepare a cluster with bridging hydrido
ligands. As a result, we synthesized a new class of ruthenium
polyhydrido clusters, 1 and 2, and demonstrated many
examples of multimetallic activation through the reaction with
unsaturated hydrocarbons, silanes, and phosphanes as well as
alkanes.” According to the vertical trends associated with the
transition elements, the metal — metal and metal —ligand bond
enthalpies increase down a column and the complexes
become more substitutionally inert. The iron analogues of
these ruthenium polyhydrido clusters are, therefore, expected
to be much more reactive. So far there have been no examples
of an iron polyhydrido cluster which has only cyclopenta-
dienyl derivatives (3°-CsRs) as ancillary ligands. Here we
report the first synthesis and brief reaction chemistry of the
highly reactive and unstable dinuclear iron tetrahydrido
complex [{(7°-CsMes)Fel,(u-H).] (4).

[{(7-CsMes)Ruly(u-H),] 1
[{(7°-CsMes)Ru}s(u-H)s(u5-H),] 2

[(57-CsMe5)FeCI(NMe,CH,CH,NMe,)] 3

Treatment of 3P with LiAIH, followed by work-up with
H,0O gave the dinuclear iron tetrahydride 4 [Eq. (1)]. The
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tetrahydride 4 was isolated in 41 % yield after purification by
column chromatography on neutral alumina and was charac-
terized on the basis of the 'H and 3*C NMR data. The 'H NMR
of complex 4 in C¢Dy exhibited two resonance signals
attributable to the CsMes group and hydrido ligands at 6 =
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1.96 and 6 = —22.12, respectively. The inversion —recovery T
measurement for the hydrido ligands was performed at
400 MHz at various temperatures. The observed 7; value of
0.63 s at —80°C is deemed to be sufficient to characterize the
complex as a classical metal hydride with no bonding
interaction between the H atoms.™

The molecular structure of 4 was determined by an X-ray
diffraction study (Figure 1).5 The two iron atoms are bridged
by four hydrido ligands. The long H—H distance (av 1.60
(3) A) is consistent with the results obtained based on the T
value. A noteworthy aspect of the structure is the very short

Figure 1. Molecular structure of 4 (thermal ellipsoids at 30 % probability
level). Selected bond lengths [A] and angles [°]: Fel-Fel’ 2.202(2), Fel-Cl1
2.054(2), Fel-C2 2.058(2), Fel-C3 2.059(2), Fel-C4 2.058(2), Fel-CS
2.056(2), Fel-H1 1.57(2), Fel-H2 1.60(2), Fel-H3 1.56(2), H1-H2 1.60(3),
H1-H3 1.60(3); Fel-H1-Fel 88(1), Fel-H2-Fel 86(1), Fel-H3-Fel 89(1).

Fe—Fe distance of 2.202(2) A, which is shorter than those in
any other organometallic iron complexes that have appeared
so far in the Cambridge structural database. Since 4 is a 30-
electron species, the noble gas rule requires a triple bond
between the two iron centers. However, we suggest that there
is no metal —metal bond since a theoretical study of dinuclear
ruthenium tetrahydride 1 performed by Morokuma and Koga
using an ab initio molecular orbital method showed the
absence of a metal —metal bond between the two ruthenium
centers in this molecule.[!

The iron tetrahydride 4 has been shown to undergo
intermolecular ligand exchange between hydrides and added
dihydrogen. Exposure of [D,]-4 to an atmospheric pressure of
dihydrogen in [Dg]THF at room temperature caused a gradual
intensification of the hydrido resonance due to H/D exchange
[Eq. (2)]. This must be an associative process because
tetrahydride 4 is stable enough in solution not to release
dihydrogen even under reduced pressure. The reaction
proceeded much faster than the H/D exchange of the
corresponding ruthenium analogue,?! and was complete after

9 h.
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The iron tetrahydride 4 has proven to be a suitable
precursor of highly reactive dinuclear species. Whereas the
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ruthenium tetrahydride 1 cannot cleave the aromatic C—H
bond, 4 smoothly undergoes C—H bond activation of benzene.
When the reaction of 4 with C,D, was monitored by 'H NMR
spectroscopy at room temperature, a gradual decrease in the
intensity of the hydrido resonance was observed. After 75 h,
the hydrido resonance completely disappeared, leaving
[D.]-4.

The iron tetrahydride 4 readily reacted with Ph,SiH, in
THF below 0°C to give a u-silylene complex 5 by way of Si—H
bond activation (Scheme 1). Complex 5 was concluded to be a
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Scheme 1.

u-silylene complex based on the observation of a #Si
resonance signal at 0 =293. The molecular structure of §
was determined by X-ray diffraction and the results confirm
the presence of a diiron framework bridged by the u-silylene
ligand (Figure 2).[ The Fe—Si bond lengths of 2.2582(2) and
2.2549(6) A are comparable to those for the o bond observed
in silyl and silylene complexes of iron.!®! The Fe-Si-Fe angle is
fairly acute (58.91(2)°) compared with that observed in [{(7-
CsMes)Ru},(u-H),(1-SiPh,),] (68.70(3)°)?! due to the short
distance between the iron centers (2.2193(5) A).

Figure 2. Molecular structure of 5 (thermal ellipsoids at 30 % probability
level). Selected bond lengths [A] and angles [°]: Fel-Fe2 2.2193(5), Fel-Sil
2.2582(8), Fe2-Sil 2.2549(8), Fel-H1 1.66(3), Fel-H2 1.62(3), Fe2-H1
1.66(3), Fe2-H2 1.63(3), Sil-C1 1.884(3), Sil-C7 1.883(3); Fel-Sil-Fe2
58.91(2), Fe2-Fel-Sil 60.47(2), Fel-Fe2-Sil 60.62(2), Fel-Si1-C1 118.86(9),
Fel-Sil-C7 123.51(9), Fe2-Si1-C1 123.95(10), Fe2-Si1-C7 117.67(9).
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Complex 4 also reacted with PPh,H below 0°C to yield the
bis-u-phosphido complex 6 (Scheme 1). The molecular struc-
ture of 6 was confirmed by an X-ray diffraction study
(Figure 3).”! One of the two hydrido ligands was located at
the terminal position and the other bridged two iron atoms.
This was consistent with the observation that the resonance
signals for the hydrido ligands of 6 were inequivalent in the
'H NMR spectrum. The four Fe—P distances are almost
identical and are within the range of those reported for
dinuclear iron u-PPh, complexes.['"]

Q<

Figure 3. Molecular structure of 6 (thermal ellipsoids at 30 % probability
level). Selected bond lengths [A] and angles [°]: Fel-Fel’ 2.6697(6), Fel-P1
2.1935(6), Fel’-P1 2.1989(6), Fel-H1 1.67(2), Fel-H2 1.40(6), P1-Cl
1.838(2), P1-C7 1.843(2); Fel-P1-Fel’ 74.86(2), Fel-Fel-P1 52.66(2),
Fel’-Fel-P1 52.48(2), Fel-P1-C1 122.03(7), Fel-P1-C7 117.84(7), Fel'-P1-
C1 121.21(6), Fel’-P1-C7 121.46(7).

The two hydrido ligands in 6 exchange coordination sites
with each other [Eq. (3)]; this process was monitored by
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variable-temperature 'H NMR spectroscopy. Two resonance
signals attributed to magnetically inequivalent CsMes groups
coalesced at 15°C. The hydrido resonance signals which
appeared at 0 =—9.72 and —16.40 at —50°C broadened at
room temperature.['!

We have prepared a novel dinuclear iron tetrahydrido
complex that is more reactive than the ruthenium analogue
and effectively activates C—H, Si—H, and P—H bonds under
mild conditions. This type of carbonyl-free low-valent cluster
is still rare, and the reactivity study on complex 4 provides
valuable insight for organometallic chemistry.
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Asymmetric Alkylation of Nitroalkanes**

Barry M. Trost* and Jean-Philippe Surivet

The utility of nitro compounds as synthetic intermediates
stems from the versatility of the reactivity of the nitro group.!!
One feature arises from the ease of formation of nitronate
anions; however, their low reactivity generally limits the
reactions they undergo to carbonyl and conjugate addition.?
Alkylations do not normally proceed well. On the other hand,
Pd-catalyzed allylic alkylations have had some success.P! This
success stimulates the search for an asymmetric allylic
alkylation (AAA) which has had good results in only one
case (the 1,3-diphenylallyl system) and when nitromethane
was used as solvent.! We here report that the Pd-catalyzed
AAA reactionl of nitroalkanes with cyclic allyl esters can
proceed in high yields and enantioselectivities and provide a
short asymmetric synthesis of a carbanucleoside.

Our initial studies focused on desymmetrization of meso
diesters [Eq. (1)].1) Our earlier results suggested the diben-
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