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Sodium metal reduction of RECl, (E = Ga, In; R = —-C¢H3-
2,6-(2,4,6-i—Pr3C6H2)2) with szHfClz gives szHf(ER)z
compounds, which represent the first Hf-E bonds.

Due to their interesting bonding motifs and potential ap-
plications in various catalytic processes, compounds contain-
ing M-E bonds (M = transition metal; E = main group
metal) have fascinated chemists for some time.'™'? Thus,
considerable effort has been focused on synthesizing com-
pounds containing a variety of M—E bonds.'** Among them,
the group 4-group 13 bonded species are particularly inter-
esting in this regard.?* 27 In 2004, this laboratory reported the
synthesis and molecular structure of Cp,Zr(GaR), (R =
—C¢H3-2,6-(2,4,6-i-Pr;CgH>»)»), the first compound containing
a Zr-Ga bond.”” Subsequently, we reported a series of
Cp2M(ER), compounds (M = Ti, Zr; E = Ga, In) containing
unprecedented Zr—In, Ti-Ga, Ti—In bonds.>> Herein we report
the syntheses and molecular structures of Cp,Hf(ER), (E =
Ga (1), In ( 2); R = —C¢H3-2,6-(2,4,6-i-Pr;C¢H,),). Com-
pounds 1 and 2 are noteworthy as the first compounds
containing Hf—group 13 bonds and join the small group of
compounds containing group 4-group 13 bonds.>* >’

Compounds 1 and 2 were prepared by sodium metal reduc-
tion of RECl, (E = Ga, In) with Cp,HfCl, in Et,O (Scheme 1)
and isolated as dark green and dark purple crystals, respec-
tively. Both compounds exhibit relatively high thermal stabi-
lity, melting or decomposing above 270 °C.§

The reduction of Cp,HfCl, with RECI, has interesting
ramifications for the oxidation states of the respective metals.
It appears that in 1 and 2, the Hf'Y atom in Cp,HfCl, is
converted to Hf', while the group 13 metal in RECL, is
formally reduced from E™ to E'. Indeed, compounds 1 and
2 are quite similar to the 18-electron species hafnocene dicar-
bonyl, Cp,Hf(CO),,%® in that the RE fragments essentially act
as two-electron donating species to the Hf metal.

The crystal structures of 1 and 2 are both isostructural and
isomorphous (Fig. 1), crystallizing in the orthorhombic (Pbcn)
space group.9 Though a molecule of Et,O crystallizes in the
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unit cell, the Cp,Hf(ER), core structure in 1 and 2 possesses a
twofold axis about the central hafnium atom. Selected bond
distances and angles for 1 and 2 are given in Table 1. A
particularly notable feature of the title compounds is the
V-shaped E-Hf-E bonding motif. The E-Hf-E bond angles
in 1 (100.76(6)°) and 2 (95.26(4)°) compare well with the
corresponding bond angles of their respective titanium and
zirconium isostructural analogues, Cp,Zr(ER), (E = Ga,
100.39(4)°; E = 1In, 95.37(2)°), and Cp,Ti(ER), (E = Ga,
98.18(4)°; E = In, 94.16(4)°). However the Ga—Hf-Ga bond
angle in 1 is somewhat larger than the Ga—Zr—Ga angle
(87.70(3)°) in Cp,Zr{Ga[N(Ar)C(H)]}»][Li(THF)4].%® Inter-
estingly, the E-Hf-E bond angles of 1 and 2 are also compar-
able to the analogous bond angle in the group 4-group 12
metal bonded compound, Cp,Zr(ZnR), (Zn—Zr-Zn =
99.12(3)°),” and also to the Sn—Zr-Sn bond angle
(95.06(4)°) of CpyZr(SnR), (R = CH(SiMe;),), a group
4—group 14 trimetallic compound.3®-!

The m-terphenyl ligands dwarf the Cp ligands and provide
substantial steric protection for the core of labile metal
centres. The most intriguing structural feature of the title
compounds, however, is the Hf-E bonds (Hf(1)-Ga(l) =
2.6198(13) A; Hf(1)-In(1) = 2.7667(10) A). The literature
reveals a paucity of compounds containing Hf-group 13 metal
bonds. As opposed to the cases of Cp,Zr(ZnR),” and
Cp,Zr{Ga[N(Ar)C(H)],},][Li(THF),],® where the experimen-
tal Zr-Zn (2.7721(7) A) and Zr-Ga (2.738 A) bond distances
are marginally longer than the corresponding sums of the
covalent radii (Zr-Zn, 2.70 10\; Zr—Ga, 2.72 A, respectively),
the Hf-E bonds distances in 1 and 2 are considerably shorter
than the sum of their covalent radii (Hf-Ga = 2.76 A; Hf-In
=294 10\). This is consistent with other Cpo,M(ER), (M = Ti,
Zr; E = Ga, In; R = —C¢H3-2,6-(2,4,6-i-Pr;CgH5),) com-
pounds, which showed that the M «: E bond is augmented by
M — E m-back-bonding. The two-coordinate, almost linear,
geometry of the group 13 atoms in 1 and 2 (Hf(1)-Ga(1)-C(1)

R
\ Cl 6Na \ \E—
2 RECL, + Hfan ) Hf o
2 % | T 6NaCl % \E\R
E=Ga(1),In(2) R = -CgH3-2,6-(2,4,6-i-PryCgH,),

Scheme 1
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Fig. 1 Molecular structure of 1. Thermal ellipsoids are shown at 30%
probability levels and hydrogen atoms are omitted for clarity. Sub-
stituting In for Ga, compound 2 has the same numbering scheme as 1.

171.7(3)°; Hf(1)-In(1)-C(1) 171.3(3)°, respectively) perhaps
enhances such back-bonding.

As expected,* the Hf(1)-Ga(1) bond distances (2.6198(13)
A) in 1 are 0.0152 A shorter than the Zr-Ga bonds distance
(2.6350(8) A) in Cp,Zr(GaR),. Furthermore, the Hf-In bond
distance (2.7667(10) 1&) in 2is 0.0249 A shorter than the Zr-In
bond length (2.7916(5) A) in Cp,Zr(InR),. An insightful
comparison of the Hf(1)-Ga(l) bond distance in 1 with the
Zr-Ga bond distances (2.7457(9) and 2.8796(9) A) in
(CioH)(ZrCp)o(p-H)(p-Cl)(p-GaR), (R = 2,6-(-CeH3-4-1-
BuC6H4)2),24 is difficult to assess.

Interestingly, the nature of the M—E bond has minimal effect
on the E-C bond distance. For example, the Ga—C (2.021(10)
A) bond distance in 1 is very similar to the Ga—C bond
distances (M = Ti, 2.025(3) A; M = Zr, 2.003(5) A) in the
CpoM(GaR), compounds. Similarly, the In-C bond distance
(2.194(13) A) in 2 coincides with the In—-C bond distances (M
= Ti, 2.209(4) A; M = Zr, 2.204(4) A) of the Cp,M(InR),
compounds. Finally, the group 13 elements in 1 and 2 are well
separated (Ga---Ga = 4.036 A, In---In = 4.088 A, respec-
tively), eliminating the possibility of an E-E bond.

In conclusion, we have prepared the first compounds con-
taining Hf~Ga and Hf-In bonds. We are continuing to study
this fascinating chemistry at the main group—transition metal
interface.

Table 1 Selected bond distances (A) and angles (°) for compounds 1
and 2

Bonds lengths and bond angles 1(E = Ga) 2 (E = In)
E-Hf 2.6198(13) 2.7667(10)
E-C 2.021(10) 2.194(13)
E---E 4.036 4.088
E-Hf-E 100.76(6) 95.26(4)
Hf-E-C 171.7(3) 171.3(3)
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