
Published: December 28, 2010

r 2010 American Chemical Society 777 dx.doi.org/10.1021/ja1106223 | J. Am. Chem. Soc. 2011, 133, 777–779

COMMUNICATION

pubs.acs.org/JACS

Stabilization of the Heavy Methylene Analogues, GeH2 and SnH2,
within the Coordination Sphere of a Transition Metal
S. M. Ibrahim Al-Rafia, Adam C. Malcolm, Sean K. Liew, Michael J. Ferguson, and Eric Rivard*

Department of Chemistry, University of Alberta, 11227 Saskatchewan Drive, Edmonton, Alberta, Canada T6G 2G2

bS Supporting Information

ABSTRACT: The heavy group 14 methylene analogues,
EH2, (E = Ge and Sn) have been stabilized via efficient
methods, thus enabling the chemistry of these novel inor-
ganic hydrides to be explored in depth.

Chemical exploration of the heavy group 14 elements (E =
Si-Pb) is largely motivated by a desire to compare their

reactivity to that exhibited by the lightest congener, carbon.1 In
many instances, experimental verification of important bonding
and reactivity patterns within this group are uncovered as a direct
result of new advances in synthetic methodology. For example,
the preparation of stable heavy element alkyne analogues, ArEEAr,
relied upon the development of extremely bulky aryl ligands
(Ar),2 while the isolation of novel main group entities such
as disilene :SidSi:,3a,3b silanones (R2SidO)3c dihalosilylenes
(:SiX2),

3d,3e and the dinitrogen analogues, P2
3f and PN,3g were

recently achieved with the use of strongly donating N-hetero-
cyclic carbenes (NHCs) as ligands.4

The highly reactive low oxidation state (þ2) group 14
dihydrides, EH2 (E = Si-Pb), have attracted considerable atten-
tion due to their potential role as intermediates in semiconductor
syntheses5 and metal-mediated bond-forming reactions;6 more-
over, these species represent direct chemical analogues to carbenes
(CR2).

7 The lightest member of this series, methylene, can be
stabilized via M = CH2 coordination (M = transition metal), and
participates in many useful C-C bond-forming processes ran-
ging from olefin metathesis7b,7d to carbonyl methylenations.8

Due to a lack of suitable synthetic methods, illustrative coordina-
tion chemistry of the remaining heavy element parent dihydrides,
EH2, has been limited.6b,9,10 In this communication we present
efficient synthetic routes to stabilize the heavy group 14 hydrides,
GeH2 and SnH2, in the presence of transition metals; this
discovery should greatly facilitate the widespread study of these
unusual main group hydrides.

We recently demonstrated that the highly reactive entity,
germanium(II) dihydride, GeH2, could be isolated at room
temperature in the form of a carbene-borane bisadduct,
IPr 3GeH2 3BH3 (1; IPr = [(HCNAr0)2C:]; Ar0 =2,6-

iPr2C6H3).
11,12

However attempts to isolate SnH2 using our initial method were
unsuccessful, presumably due to the instability of the tin hydride,
IPr 3 SnH2 3BH3.

On the basis of recent theoretical studies,13 it was hoped that
replacement of the Lewis acidic BH3 group with the stronger
electron acceptor W(CO)5 would lead to the formation of more

stable adducts, thus increasing the number of reactive species that
could be intercepted and studied. To test the validity of this
approach, we targeted the preparation of a stable complex of
SnH2. In general, tin(II) hydrides are highly unstable in the
absence of very bulky anionic ligands,14 and free stannylene,
SnH2, has only been identified in product mixtures SnxHy via
matrix isolation (<10 K).10b Starting from the readily available
precursor, (THF)2SnCl2 3W(CO)5,

15 the target hydride,
IPr 3 SnH2 3W(CO)5 (3), was synthesized in two high-yielding
steps (Scheme 1).16 Complex 3 represents the first stable
transition-metal complex involving the heavy methylene con-
gener, SnH2, as a ligand.

As shown in Figure 1, IPr 3 SnH2 3W(CO)5 (3) features a
central SnH2 moiety flanked by electron-donating IPr and
electron-accepting W(CO)5 groups. The respective Sn-CIPr

and Sn-W bond lengths are 2.230(6) and 2.7703(9) Å, and the
latter distance is shorter than the Sn-CIPr distance in IPr 3 SnCl2
[2.341(8) Å],11 suggesting the presence of a stronger CIPr-Sn
donor/acceptor interaction in 3. In addition, the Sn-W-COtrans

unit is nearly linear with an observed Sn-W-C(1) angle
of 176.1(2)�. The Sn-W distance in 3 is slightly elongated
(∼0.05 Å) in relation to the dative Sn-W bond lengths found
within the dianionic cluster {Sn6[W(CO)5]6}

2- and the tin(II)
alkoxide adduct {[(tBuO)2Sn]2} 3W(CO)5.

17

The presence of a stable tin(II) dihydride group in 3 was
further supported by NMR spectroscopy. Namely, the SnH2

moiety was detected at 5.56 ppm in the 1HNMR spectrum, while
a triplet at-309 ppm was observed in the proton-coupled 119Sn
NMR spectrum (1JSn-H = 1158 Hz) along with additional
satellite resonances due to coupling with tungsten (1JSn-W =
828 Hz; see Figure S3a, Supporting Information).18 The

Scheme 1. Synthesis of the Tin(II) Dihydride,
IPr 3 SnH2 3W(CO)5 3
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deutero analogue IPr 3 SnD2 3W(CO)5, 3D, was also prepared
and gave a diagnostic quintet resonance in the 119Sn{1H}
NMR spectrum (1JSn-D = 179 Hz; Figure S3b, Supporting
Information).18 A weak Sn-H band was detected at 1786
cm-1 in the IR spectrum of 3, and assignment of this band in
the presence of proximal carbonyl vibrations was achieved using
a combination of deuterium labeling and theoretical work.18 For
comparison, the Fe(II) stannane complex, [Fe{PPh(OEt)2}4-
(SnH3)2], exhibits a Sn-H vibration at 1755 cm-1,19 while
the terminal Sn-H bonds in the asymmetric tin hydride,
Ar00SnSn(H)2Ar00 (Ar00 = C6H-2,6(C6H2-2,4,6-

iPr3)2-3,5-
iPr2)

were located at 1783 and 1810 cm-1.20 Congruent with the
stabilizing influence of the IPr and W(CO)5 groups in 3, this
complex is stable to 141 �C under a nitrogen atmosphere; however,
complete decomposition of 3 occurred in hot toluene (100 �C,
1.5 days) to give an insoluble black precipitate, along with IPr,
IPr 3W(CO)5, and the dihydroimidazole [(HCNAr)2CH2] as
soluble products.18

The related germanium complex, IPr 3GeH2 3W(CO)5 (5),
was prepared by two distinct routes as summarized in Scheme 2;
the latter route, BH3/W(CO)5 metathesis, proceeded in a higher
yield starting from the readily available carbene-borane bisad-
duct 1.11 The GeH2 transfer chemistry outlined in Path B is
noteworthy as it could represent a general method to install
reactive GeH2 groups onto a variety of metal centers.

6 Compound 5
has an overall structure that is analogous to the tin hydride
analogue 3 (Figure S1, Supporting Information)16,18 with
Ge-CIPr and Ge-H distances [2.0151(18) and 1.42(3) Å] that

are similar to the values found in IPr 3GeH2 3BH3, 1.
11 The

corresponding Ge-W distance in 5 [2.6318(2) Å] is signifi-
cantly longer than the Ge-W distance [2.4289(8) Å] within the
hydrogermylene, Cp*(CO)2(H)W = Ge(H)[C(SiMe3)3],

21a

and is in the range typically observed for W-Ge single
bonds (2.50-2.75 Å).21b The long W-Ge distance, in conjunc-
tion with our theoretical calculations,18 support the lack of appreci-
able W-Ge π-bonding in 5.

TheGeH2 group in IPr 3GeH2 3W(CO)5 (5) was detected as a
singlet in the 1H NMR spectrum at 4.23 ppm, while the
associated Ge-H vibration was located at 1981 cm-1 in the IR
spectrum, and both values are in the range expected for low oxidation
state Ge(II) hydrides;22 for spectral comparison the deutero
complex, IPr 3GeD2 3W(CO)5 5D, was also prepared.

18 Complex
5 is a colorless solid that is highly moisture sensitive; however, this
species displays enhanced thermal stability relative to that of the
tin analogue 3 and was found to be entirely stable for extended
periods of time in hot toluene (100 �C, 16 h).

The bonding in 3 and 5 was further examined by theoretical
methods (B3LYP/cc-pVDZ-pp)18 using the model complexes,
[(HCNMe)2C] 3 EH2 3W(CO)5 (E = Ge and Sn). In both cases,
polar dative Cδ--Eδþ bonding was observed, while theW-E inter-
actions were dominated by donation of a :EH2 lone pair into
empty W-C σ* orbitals to give linear E-W-Ctrans arrays
(W-E Wiberg bond index = 0.42 and 0.43; for E = Ge and Sn,
respectively). As anticipated on the basis of electronegativities,23 the
hydrogen atoms within the EH2 units were calculated to be hydridic.
This prediction was borne out in the observed reactivity of the
Sn-H linkages in 3 with the electrophile, benzaldehyde. As
shown in Scheme 3, the racemic insertion product 6 was isolated
as the sole tin-containing species in 46% yield (Figure S2, Supporting
Information).16,18 Although the exact mechanism for this process
is under investigation, the related hydrostannylation of ketones
by Sn(II) hydrides has been reported;24 despite the presence of
stabilizing IPr and W(CO)5 groups in 3, functional chemistry
involving the encapsulated SnH2 unit is still possible.

In conclusion, the first transition-metal complexes of the
heavy methylenes, GeH2 and SnH2, have been prepared. The
facile and general nature of the reported donor/acceptor syn-
thetic strategy should lead to a wider chemical exploration of reactive
main group hydrides, especially within the context of con-
trolled cluster and nanoparticle synthesis,25 and the develop-
ment of viable reduction pathways such as C-F bond
hydrodefluorination.26
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Figure 1. Thermal ellipsoid (30%) plot of IPr 3 SnH2 3W(CO)5 (3).
Carbon-bound hydrogen atoms and hexane solvate have been omitted
for clarity. Selected bond lengths (Å) and angles (deg): Sn-W
2.7703(9), Sn-C(6) 2.230(6), Sn-H1.81(11) and 1.67(10),W-C(1)
1.961(7), W-C(2-5) 2.006(9) to 2.042(8); C(6)-Sn-W 120.06(14),
Sn-W-C(1) 176.1(2), Sn-W-C(2-5) 84.6(2) to 91.7(2).

Scheme 2. Parallel Synthetic Routes to IPr 3GeH2 3W(CO)5 5

Scheme 3. Hydrostannylation/Insertion Reaction Involving
Benzaldehyde and 3
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