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Treatment of a methanolic solution of gallium(lll) nitrate with lithium
hydroxide in the presence of benzilic acid resulted in the
decanuclear cluster [Ga(OMe),{ O,CC(OH)Ph2} 110 (1). The metal
and the organic components have assembled to form a cyclic
molecule that adopts the structure of a wheel. The 10 Ga" ions
are approximately coplanar and are coordinated in a distorted
octahedral manner by six oxygen atoms. The integrity of the
molecular wheel is retained in solution, as evidenced by the
INMR spectrum of 1 in DMSO-ds, while no signal in the "*Ga NMR
could be detected.

The chemistry of Ga(lll) compounds in aqueous solutions
is dominated by their tendency to undergo hydrolysfs.
Several studies on the hydrolytic behavior of Ga(lll) have
shown that the hydrolysis of [Ga(Q}]®* starts from acidic
pH values (i.e., lower than 2), and at pH4, the dominant
species is the water soluble [Ga(QH)%® As the pH rises
from very acidic to the value of 4, the soluble hydrolysis
species that have been observed are the Ga(OH)(agy
Ga(OH)(aq)"* ions, followed by the formation of a gel with
the composition Ga(OH) which transforms to the white
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solid GaO(OH) with further addition of badeA trideca-
nuclear cluster with the composition [Ga&s(OH).4-
(H20)17]"t has been suggested to form just before the
formation of the gef:® Unfortunately, the products of
hydrolysis cannot be readily crystallized.

In organometalic reaction systems, exposure of a dry
reaction solution in organic solvents to air or addition of
small quantities of water are enough to promote hydrolysis
of the Ga(lll) species, producing oxo/hydroxo-bridged&ri-,
tetra-8¢6¢7 hexa-® octa-? nona-i® deca-}' and dodeca-
nucleat? complexes. In contrast, in nonorganometalic reac-
tion systems, addition of a base is usually necessary to
promote hydrolysis. Polynuclear Ga(lll) complexes as prod-
ucts of the hydrolytic process of honorganometalic reaction
systems are rare and only recently have been structurally
characterized. This family of oxo/hydroxo polynuclear Ga-
(Il complexes includes tetra-, octa-, and tridecanuclear
complexes supported by multidentate N,O ligafds
nonanuclear hydroxo cage based on a /biiketonate
ligand* a cucurbit[6]uril co-crystallized 32-metal clustér,
and two ligand unsupported tridecanuclear compléxés.
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A methoxo-bridged hexanuclear Ga(lll) cluster is also known
to form upon treatment of a dry methanolic dibenzoyl-
methane/GaGlsolution with sodium methoxidE.

Herein we present the first example of a new synthetic
route to alkoxide-containing Ga(lll) clusters, which is based
on the alcoholysis of a gallium(lll) salt in the presence of a
carboxylate ligand. We describe the synthesis, crystal
structure, and spectroscopic characterization of the novel
decanuclear Ga(lll) complex [Ga(OMEDP,CC(OH)Ph} ]10°
2MeOH0.5H,0 (1-2MeOH-0.5H,0) that adopts the struc-
ture of a wheel.

A Ga(NG;)3-9H,0 (0.17 g, 0.4 mmol)/benzilic acid [RB-
(OH)CQ,H] (0.092 g, 0.4 mmol)/LIOHH,O (0.042 g, 1.0
mmol) (1:1:2.5 molar ratio) reaction mixture in MeOH (10
mL) resulted in a clear colorless solution from which X-ray
quality colorless crystals df2MeOH0.5H,0 (X-ray crystal
data: GeHi76GauOsz5 fw = 3663.36, triclinic,P1 (No. 2),
a=12.614(7) A,b = 21.78(1) A,c = 21.25(1) A,a =
110.09(2}, B = 105.81(2), y = 109.57(2), V = 4643(4)
A3,Z=1,T=298K,deac= 1. 310 g/cri; R1 [| > 20(1)]
= 0.0648, WRZ gata= 0.2053, GOF= 1.079, Trin/ Tmax =
1.889/0.604.) were grown in a closed vial within a period
of a week in ca. 60% yield. We utilized an excess of LiOH
H,0, aiming at doubly deprotonating the organic ligand,
although hydrolysis and formation of entirely hydroxo or/
and oxo species could not be ruled out. Contrary to our
expectations, the ligand stabilizing the Ga(lll) wheel is the
monoanion of benzilic acid, while instead of hydrolysis
products (OH or @), we found MeO anions in the crystal
structure ofl. Although some of the known Ga(lll) clusters
were prepared in methanolic solutiols$? this is the first
time that alcoholysis took place instead of hydrolysis. The
1:1:1,1:1:1.5, 1:1:2, 1:2:1, and 1:2:2 reaction systems yield
the same decanuclear complex in lower yields, while addition
of more than 2.5 equiv of LIOHH,O per Gd creates a white
turbidity that cannot be isolated by filtration. Compléxs
soluble in many organic solvents (i.e., acetone, chloroform,
dichloromethane, tetrahydrofurane, acetonitrile, nitromethane,
dimethylformamide, and dimethyl sulfoxide), while it is
insoluble in water and alcohols. Compléxhydrolyzes in
moist air, as evidenced by the decrease of its solubility in
the organic solvents mentioned above with time and by IR
spectroscopy.

Complex 1-2MeOH0.5H,0 crystallizes in the triclinic
space groupPl. A perspective view of the molecular
structure ofl is shown in Figure 1. Ten @Gaions, 10
benzilatet-1) ligands, and 20 MeOanions have assembled
to form a cyclic molecule that adopts the structure of a whee
Although there are few other cyclic Ga(lll) complexéd?

1 is the only “carbon copy” of Lippard’s molecular ferric
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Figure 1. Perspective view of-2MeOH0.5H,0. Hydrogen atoms, most

of the benzilate atoms, and the solvate MeOH molecules have been omitted
for clarity. Selected interatomic distances (A) and angles (deg):—@42
1.944(4), Ga202 1.938(4), Ga203 1.941(4), Ga204 1.932(4), Ga2

012 2.038(5), Ga2021 2.010(5), O+Ga2-021 167.9(2), O2Ga2-

04 176.6(2), 03 Ga2-012 167.0(2), GatO1-Ga2 98.6(2), Gat0O2—
Ga298.9(2) (i 1-x,1—vy,2— 2.

wheel!® and joins a very small family of cyclic decanuclear
wheels of the same typ&2° Complex1 is the first Ga(lll)
member in this family. Table 1 summarizes the most
important structural parameters of representative members

The molecular wheel ofl is placed on a center of
inversion. The 10 G4 ions are nearly coplanar, with an
average deviation of ca. 0.0165 A from the best least-squares
plane passing through them. This coplanarity has been also
observed in the known Fe(lIF,295-201 \/(111), 2%2 Cr(ll1),20P
and Cr(ll)/Mn(l11)?% decanuclear wheels. The closest
Ga--Ga distances are almost identical, ranging from 2.953
to 2.963 A. The Ga-Ga--Ga angles range from 142.6
147.0, averaging 14%4 which is the ideal value required
by ring-closure considerations for a planar 10-membered ring.
The diameter of the wheel calculated by averaging the
distance between Maions on opposite sides of the ring is
9.569 A.

Each G4 ion adopts a distorted octahedral geometry with
four methoxo and two carboxylato oxygen atoms from two
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Table 1. Average Interatomic Distances (A) and Angles (deg) in ligand. This observation suggests that the benzilate anion is
[M(OR)2(O,CR)Lo Complexes coordinated to G4 ions in solution. The fact that no other
parameter Yo? Crio® Fewo®© Gayo ! peaks were observed, suggesting more than one species in
M---M 3.014 2.989 3.028 2.958 solution, let us conclude that the structure of thes@8muster
MMM 51-103055 21-?121;9 van va is retained in the DMSO solution. The pattern of tReNMR
14397  143.98 spectrum remains unchanged for a period of a week, and
M—Oro 1.97% 1.964 1.97% 1.941 after that, a white cloudiness appears suggesting hydrolysis
fg?if i-gggef 1.98%  1.942 of the Gay in solution. Attempts to obtain thEGa NMR
19969 19649 spectrum in DMSQds at ca. 25°C and at ca. 80C and in
M—0Orcoo 2.036 1.986 2.057 2.023 CDCl; at ca. 25°C were unsuccessful, probably due to line
2.02¢ 1.90# width broadening which is influenced by the quadrupolar
M—0gro—M 99.46 99.17 100.08  99.3 ium fh
97 69 09 16 0927 991 moment and the symmetry at the gallium foh.
99.421  99.34f Complex1 is the second molecular wheel based on the
o 97.849  99.199 benzilate anion. The Fe(lll) analogue, namely, [Fe(OMe)
deviation from best 0.1266 0.0150 0.0088 0.0165 22 . A
M1omean plane 00266 0.0196 {O.,CC(OH)PR} 12?2 (2), is known to form under similar
ring diameter 9.735 9.671 9.979 9.569 conditions with those used for the preparatiorioSurpris-
9.73% 9.67F ingly, 1 is decanuclear whilg is dodecanuclear, despite the
a[V(OMe)x(0,CMe)lio, ref 20a. [Cr(OMe)(O.CMe)lio, ref 20b. striking similarities between Fe(lll) and Ga(lll), i.e., ionic
°[Fi((zl\T/le)z(OzCCﬂlzCI)]mhref”19;“CEGa(OC’lV'e)z{OZCIC((IJEH)PH}]HlohfhjS radii, coordination preferences, etc. Both wheels are planar,
o Crystallographically independent moleculsdnner” RQ™ with similar M---M distances but not M-M-+-M angles. The

methoxo and benzilato ligands adopt the same coordination
benzilato ligands in a cis arrangement. The edge-sharingmodes in both complexes, while both metals are octahedral.
octahedral nearest neighboring'Gians are bridged by two ~ The base used to promote alcoholysis in both reaction
uz-methoxo oxygen atoms, which define the common edge, systems was the same (LiGH:O), thus excluding the
and oneuz-benzilato ligand acting in a 1,3-syn,syn fashion. possibility of templating effects that could had differentiated
The benzilate ligands are alternatively arranged above andthe nuclearity of the two wheels. The Ga(lll) and Fe(lll)
below the metal ring with an average deviation of 1.045 A wheels crystallize in different crystal systems and space
(ring mean plane-Ocaroxyiate). The methoxo ligands are  groups (triclinic,P1, and monoclinicP2i/c, for Ga and Fe,
divided into two sets: one set pointing above and one respectively), in addition to the difference of the dimensions
pointing below the metal ring (average ring mean plane  of their unit cells. Those discrepancies indicate that Fe
Onetnoo1.057 A). Each of the two sets of the methoxo ligands doping within G4 crystald” might not always work as
is subdivided into two other sets: one pointing inward and expected. Preliminary results on doping with Fe(lll) the Ga-
one directed outward the metal ring. Therefore, there are five (I 1 wheel show that a yellowish crystal [the color indicates
methoxo ligands in each side of the metal ring that point the presence of Fe(lll)] made from the 1:1:2:5 (Fe(lll)/Ga-
inward creating a small cavity where a water molecule is (l11)/benzilic acid/LiOH-H,0) has the unit cell of the parent
trapped (Ow1, with 50% occupancy, closest OWH methoxo wheel (Gay).

3.466 A). Complexi joins a handful of methoxo-bridged In conclusion, we presented here the synthesis, crystal
Ga(lll) complexeg’-2t structure, and spectroscopic characterization of the first Ga-
In the IR spectrum ofl in KBr, the va{CO0), v{(COO0), (1) molecular wheel. The initial results presented in this
andv(OMe) modes appear at 1570, 1411, and 1057%¢m  work illustrate the value of methanolysis reactions of a Ga-
respectively. The IR spectrum tfthat has been exposed to  (l1) salt in the presence of carboxylate groups as a means
moist air for a period of a month exhibits a decrease in the to prepare polynuclear complexes and suggest that a rich
intensity of thev(OMe) band, suggesting hydrolysis. The source of such clusters might await discovery. We are
'H NMR of the free benzilatef1) ion (in the form of its  currently exploring the possibility of synthesizing analogous
sodium salt) in DMSGQds exhibits two distinct groups of  molecular wheels of other trivalent metal ions and lanthanides

resonances in the 3.5 ppm region corresponding to the  with benzilic acid, as well as utilizing other-hydroxy acids
phenyl protons. In théH NMR of 1 in DMSO-ds, the 10 and amino acids for the construction of such species. We
phenyl protons of the benzilate anion resonate at 7.7 (doublet,also plan alcoholysis reactions of preformed small nuclearity
1H), 7.5 (doublet, 3H), and 7.2 ppm (multiplet, 6H), while Gg, clusters.

the CH— protons of the methoxo ligands appear as a broad
band (two overlapping singlets) at 3.2 ppm. The difference
of the two spectra in the aromatic region suggests that the
phenyl protons of the benzilate anion inare in a quite

diferent chemical environment as compared with the free
IC060997S

Supporting Information Available: X-ray crystallographic data
(CIF), specroscopic data (IR NMR), and preparative details of
1 (PDF). This material is available free of charge via the Internet
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