Synthesis and molecular structure of an unusual -Ga—Ga—Ga— linked

organometallic

Xiao-Wang Li, Pingrong Wei, Brent C. Beck, Yaoming Xie, Henry F. Schaefer 111, Jianrui Su and

Gregory H. Robinson*

TRy I

Department of Chemistry and the Center for Computational Quantum Chemistry, The University of Georgia, Athens,
GA 30602-2556 USA. E-mail: robinson@sunchem.chem.uga.edu

Received (in Columbia, MO, USA) 24th November 1999, Accepted 5th February 2000,

Published on the Web, 1st March 2000

Reaction of [(2,4,6-Pri;CsH,),CcH3]GaCl, with P(SiMes)s
affords the unusual organometallic = compound
[(2,4,6-Pri3C¢H,),CsH3]Ga{H,PGa(H)PH,}Ga[CsH3(CsH>-
Pri3-2,4,6),] 1 characterized by multinuclear NMR, complete
(C, H, Ga and P) elemental analyses, IR spectroscopy and
single crystal X-ray diffraction; 1 is significant as it contains
a rare Ga-Ga-Ga [2.5145(13) and 2.7778(14) A] linkage
even as its formation is facilitated by the unusual stripping of
the sterically demanding m-terphenyl ligand from the
central gallium atom.

One of the most extensively studied reactions in organo-group
13 chemistry of the past decade has been that of organometallic
moieties with various phosphines.r The preference for tris-
(trimethylsilyl)phosphine, P(SiMez)s, as a phosphorus source
may largely be traced to the considerable steric demands (i.e.
large cone angle) of this compound coupled with the robust
nature of the trimethylsilyl leaving groups.2 Herein, we report
the  synthesis? and molecular structure? of
[(2,4,6-PrizCeH>),CeHa] Ga{ Ho.PGa(H)PH2} Ga CeH3(CoH -

Pris-2,4,6),] 1 isolated from reaction of [(2,4,6-PrizCeH)-.Ce-
H3]GaCl,5 with P(SiMes)s. Compound 1, characterized by
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multinuclear NMR, complete elemental (C, H, Ga and P)
analyses IR spectroscopy, and single crystal X-ray diffraction,
issignificant asit contains arare —-Ga—Ga—Ga— linkage even as
its formation is facilitated by the unusual stripping of the
sterically demanding m-terphenyl ligand from the central
galium atom.

The laboratory has had an interest in the organogallium
chemistry of P(SiMes)s; for some time having previously
reported the synthesis and molecul ar structure of the phosphino-
galane dimer [Me,Ga—P(SiMes),],, isolated from reaction of
GaMes with P(SiMe3)3.6 This compound contained a planar
GayP, four-membered ring with an independent Ga—P bond
distance of 2.456(1) A. Reaction of the Lewis acid-base adduct
MesGa-PMe; [Ga—P 2.455(4) A] with P(SiMes); was shown by
this laboratory to afford [(MesSi).P{Me,Ga} .PMe].- a novel
bicyclic phosphinogallane consisting of two fused GayP; five-
membered rings sharing a common P-P base at a distance of
2.25(3) A with a mean Ga—P bond distance of 2.44(4) A.7
Relativeto sterically demanding ligands the m-terphenyl moiety
(2,4,6-Pri3CgH,),CgHz has been most prominently utilized in
the stabilization of Nay[{(2,4,6-PrizCgH).CeHs}—Ga=Ga—

DOI: 10.1039/a909451b

{CeH3z(CeH2Pris-2,4,6),}], a novel %allyne possessing a short
Ga—Ga bond distance of 2.319(3) A.8-10 Thus, as described
herein, we endeavored to examine the organogal lium chemistry
of thisligand as a function of P(SiMej3)s.

The formation of 1isat once both surprising and interesting.
Although the stripping of alarge organic moiety from agallium
center, aswith the central gallium atom of 1, isnoteworthy, itis
not unprecedented as a Pri3CgH, ligand has been shown to be
stripped from a gallium atom.11 While it may be reasonable to
consider the five hydrogen atoms, two on each of the two
phosphorus atoms and one on the central gallium atom, as
having originated from the stripped m-terphenyl ligand, there
are other possibilities. It is aso possible, for example, that the
ligand stripping may haveinitiated hydride abstraction from the
solvent (or vice versa). It is noteworthy that the title compound
has been repeatedly isolated in this laboratory under a number
of conditions.? The phosphine hydrogen atoms and the gallium
hydride are prominently manifest in IR and NMR spectroscopy.
IR spectroscopic data for 1 indicate the presence of phosphine
hydrogen atoms with bands at 2371 cm—1 [vp_y (m)] and 2337
cm—1 [vpy (m)]. These values compare well to 2314 cm—1
[Vey (M)] for {[Me;Gal4[(u-PH)2(CeHa)l2} 12 and to 2343
cm—1 [vpy (sym)] and 2335 cm—1 [vpyy (asym)] for the
phosphinogallane trimer [But,Ga(u-PH5)]3.13 The gallium hy-
dride IR bands at 1801 cm—1 [vgan (VW)] and 1849 cm—1
[Vea_n (VW)] of 1 are comparableto previously reported gallium
hydride IR bands: MesN-GaH3,14 1829 cm—1 [vgan (VW)];
[(PhCHz(ME)zNGaHg],lS 1835 cm—1 (VGa—H) and (EtzO)le'
[u-As(SiMe3),],GaH,,16 1834 cm—1. Similar to 1 which
exhibitstwo Ga—H IR bands, the organometallic (mono)hydride
K[Ga(H)(CH.SIMe3)s] aso exhibits two Ga—H IR bands at
1915 cm—1 [Vgan (VW)] and 1840 cm~—1 [vgay (VW)].27 It is
important to note that our calculated IR spectrum agrees well
with the experimental results of 1 reported herein.i8 A
theoretical study of the model molecule CH;Ga{ H.PGa(H)-
PH,} GaCH; at the DZP B3LYP level of theory in this
laboratory reveals harmonic vibrational frequencies corre-
sponding to P-H stretches of 2441, 2441, 2418 and 2415 cm—1,
Moreover, the calculated Ga—H IR band appears at 1882 cm—1.
In sum, these theoretical predictions are in good agreement
(within 5%) with the experimentally observed IR spectrum.
Although the Ga—H bond could not be unambiguously assigned
in the TH NMR spectrum, P-H was clearly observed as a
multiplet at 6 3.25; moreover theintegration isindicative of two
hydrogen atoms on each of the two phosphorus atoms.
Consistent with its diamagnetic nature, the title compound did
not prove to be EPR active.

A number of points are noteworthy relative to structure (Fig.
1) and bonding in the title compound. Compound 1 may be
considered as a GagP, trigonal bipyramidal core bridging the
two m-terphenyl ligands. The Ga—C bondsin 1 of 1.969(6) and
1.982(6) A are longer than the value reported for
[(2,4,6-PrizCgH,),CsH3] GaCl, [1.949(8) A] and yet are con-
siderably shorter than that reported for the Na[{(2,4,6-
PrisCeH2),CeHs} —-Ga=GaA{ CeHa(CsHoPris-2,4,6),}]  gallyne
(2.06 A). The angles about the { -P-Ga—P-} core connecting the
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Fig. 1 Molecular structure of 1 (all hydrogen atoms, including that on Ga(3)
and the two each on P(1) and P(2), have been omitted for clarity and only
one position for each disordered phosphorus atoms is shown. Ellipsoids are
shown at the 30% probability level): Bond distances (A) and angles (°):
Ga(1)-C(37) 1.969(6), Ga(2)—C(1) 1.982(6), Ga(1)-P(2) 2.564(5), Ga(1)—
P(1) 2.660(6), Ga(1)-Ga(3) 2.5145(13), Ga(2)-P(1) 2.449(5), Ga(2)—P(2)
2.455(4), Ga(2)-Ga(3) 2.7778(14), Ga(l)---Ga(2) 3.031, Ga(3)---P(1)
3327, Ga3)---P(2) 3.314, P(1)---P(2) 3930, C(37)-Ga(1)-P(2)
129.98(19), C(37)-Ga(1)-P(1) 130.3(2), P(2)-Ga(1)-P(1) 97.58(10),
C(37)-Ga(1)-Ga(3) 115.97(18), P(2)-Ga(1)-Ga(3) 81.48(15), P(1)-
Ga(1)-Ga(3) 79.96(18), C(1)-Ga(2-P(1) 124.0(2), C(1)-Ga(2)-P(2)
128.1(2), P(1)-Ga(2)—P(2) 106.5(3), C(1)-Ga(2)-Ga(3) 119.69(18), P(1)—
Ga(2)-Ga(3) 78.78(15), P(2)-Ga(2)-Ga(3) 78.33(13), Ga(1)-Ga(3)-Ga(2)
69.68(4), Ga(2)—-P(1)-Ga(1) 72.65(17), Ga(2)—P(2)-Ga(1) 74.27(14).

two [(2,4,6-PrisCgH.),CeHs]Ga fragments are particularly
acute at angles of 69.68(4), 72.65 and 74.27° for Ga(1)-Ga(3)—
Ga(2), Ga(1)-P(1)-Ga(2) and Ga(1)-P(2)-Ga(2), respectively.
The Ga(1)-Ga(3)-Ga(2) linkage is asymmetric at distances of
2.5145(13) and 2.7778(14) A for Ga(1)-Ga(3) and Ga(2)—
Ga(3), respectively. It should be noted, however, that compound
1 is not governed by a plane of symmetry or a twofold axis
which would demand a symmetricadl -Ga-Ga—Ga— linkage.
Even though these Ga—Ga distances in 1 are rather long, they
compare with a Ga-Ga range of 2.678-2.702 A for the Gay-
tetrahedral based [Ga{ C(SiMe3)s}]4.1° Indeed, the Ga—Gabond
distances of 1 compare favorably with the Ga—Ga distances of
2.440(1) and 2.790(1) A for the recently reported ‘silicon-
capped’ Ga,Si trigonal bipyramidal anion.20

The mean Ga-P distance in 1 is 2.461 A. With Ga--P
contacts of 3.327 and 3.314 A for Ga(3)---P(1) and
Ga(3)---P(2), respectively, the possibility of meaningful gal-
lium—phosphorus interactions would appear to be remote.
Likewise, the P(1)---P(2) approach of 3.930 A isfar beyond the
realm of a phosphorus—phosphorus bond as typical P-P single
bond distances are normally in the range 2.25(3)-2.35 A .2t
Lastly, the Ga(1)---Ga(2) approach of 3.031 A virtually rules
out significant metal—-metal interaction.
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