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Introduction

0,0-bifunctional ligands? and the organoaluminum chemistry
of carboxylate ligands is an extension of this work. We report
here the synthesis and structural characterization of the dimeric
tetranuclear [(AIMg)2(u-O,C),-1,2-GsHy)2 (1) compound de-
rived from MeAl and phthalic acid. To our knowledge, this

is the first examination of the organoaluminum coordination
chemistry of a dicarboxylate ligand. When discussing the
structural aspects of the metal ionarboxylate interaction, we
demonstrate that the anti direction is the most likely location
of the aluminum center relative to the carboxylate group.

Experimental Section

All operations were carried out under nitrogen. Trimethylaluminum
was distilled before use, and phthalic acid was used as supplied.
Solvents were dried and distilled prior to use. NMR spectra were
recorded on a Varian 300 VXL spectrometer. IR spectra were recorded
on a Specord-75IR spectrometer.

Preparation of [(AIMe 2)2(#-0.C),-1,2-GsH4]2 (1). To a solution

Recently, there has been renewed considerable interest ony phihalic acid (4 mmol) in toluene (7 mL) was addeds¥&8 mmol)

the interactions of aluminum alkyls with carboxylic acids. This
is due to the utilization of organoaluminum carboxylates as
precursors of alumina fiber®r aluminum oxidesas well as

to the relevance of aluminum carboxylates to alumoxaagd
aluminum biochemistr§:> Although the carboxylate anion is
a common ligand in the metal coordination chemistry, the
aluminum chemistry of carboxylates remains largely unex-
plored® lonic organoaluminum carboxylatésgarboxylate-
substituted alumoxanésand, very recently, dialkylaluminum

at —78 °C. The reaction mixture was then allowed to warm to room
temperature. After stirring for an additional 1 h, the solution was
evaporated to dryness in vacuo to afford a white solid. Yield: 95%.
Anal. Calcd for G4H3,AI4Og: C, 51.81; H, 5.80. Found: C, 51.7; H,
5.8. H NMR (CD,Cl,): (20°C) 6 —1.42 (s, 6H, Al(CH)), —1.23 (s,
6H, Al(CH3)), —0.64 (s, 12H, AI(CH),), 7.83 (m, 4H, CH), 8.05 (m,
4H, CH); (-70°C) —1.51 (s, 6H, AI(CH)), —1.29 (s, 6H, Al(CH)),
—0.71 (s, 12H, Al(CH)y), 7.82 (m, 4H, CH), 8.04 (m, 4H, CH)?Al
NMR (CeDs, 20 °C): 6 160 Wi = 4600 Hz). IR (CHCly, cnmrl):
1610 (s), 1562 (s), 1504 (s), 1440 (s), 1418 (m), 1196 (m), 908 (w),

carboxylates are the only crystallographically characterized 898 (w), 884 (w), 656 (w), 620 (m).

aluminum carboxylate®? In this respect, the investigation on

X-ray Structure Determination. Crystallographic data are sum-

the synthesis, structure, and reactivity of aluminum derivatives marized in Table 1. Colorless single crystald slitable for diffraction

of carboxylic acids is of both fundamental and practical
importance.

studies were grown from Gi€l, solutions at—15 °C, and one was
mounted in a Lindemann glass capillary under an inert atmosphere.
All diffraction data were collected on a Siemens P3 four-circle

Recent work in our laboratory has focused on the structure instrument at room temperature. An automatic search routine was used

and reactivity of organoaluminum compounds derived from
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to locate up to 22 reflections which were used for the determination
and least-squares refinement of the orientation matrix. Intensity data
were recorded using the—26 scan technique and corrected for Lorentz
and polarization effects. The structure was solved by direct methods
using the SHELXS-86 prograrhand refined by the full-matrix least-
squares method against values with SHELXL-93 program. All

of the non-hydrogen atoms were refined with anisotropic thermal
parameters. Methyl hydrogen atoms were introduced at geometrically
idealized coordinates and refined as disordered groups with two
positions rotated by 60about the A+C vector. The remaining
hydrogen atoms foll. were located from the difference Fourier map
and isotropically refined. The final weighting scheme was = ¢

(Fo)? + (0.055%°)? + 0.4508, whereP = Y3(F,? + 2F2). The largest
positive and negative peaks on the final difference Fourier map have
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in final cycle of refinement were less than 0.001.
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Table 1. Crystallographic Data and Structure Refinement for

[(AIMe 2)2(u-02C)2-1,2-CeHa]2 (1)

Notes

Table 2. Selected Bond Lengths (A) and Angles (deg) for
[(AlMe 2)2(/1-02C)2-1,2-C5H4]2 (1)a

empirical formula GaH32Al 408 Bond Distances

fw 556.44 Al(1)—O(71) 1.8184(13)  Al(2y0O(72) 1.8527(12)

T,°C 20(2) Al(1)—0(81) 1.8241(13)  Al(2)0(82) 1.8704(13)

A Mo Ka (0.710 73) Al(1)—C(12) 1.927(2) Al(2)y-C(21) 1.940(2)

crystal system monoclinic Al(1)—C(11) 1.933(2) Al(2)-C(22) 1.943(2)

space group C2/c (No. 15) C(7)-0(72) 1.254(2) C(8y0(82) 1.261(2)

a, 19.046(3) C(7)-0(71) 1.258(2) C(8Y0(81) 1.258(2)

b, A 12.024(2) C(7-C(1) 1.500(2) C(8YC(2) 1.488(2)

c A 14.139(2)

B, deg 109.946(12) Bond Angles

volume, & 3043.8(8) O(71)-Al(1)—0O(81) 92.64(6) O(73—Al(2)—0(82) 100.74(5)

z 2 O(71)-Al(1)—C(12) 112.14(10) O(72-Al(2)—C(21) 112.34(9)

Deaca g €T3 1214 O(81)-Al(1)—C(12) 110.38(9) O(82)AI(2)—C(21) 105.36(8)

M{,i‘,fo Ko, ot 193 O(71)-Al(1)—C(11) 108.79(9) O(72—Al(2)—C(22) 103.59(8)

F(000) 1168 O(81)-Al(1)—C(11) 105.48(9) O(82AI(2)—C(22) 110.02(9)

crystal size, mm 0.5 0.42x 0.26 C(121-Al(1)—C(11) 122.98(11) C(2BAI(2)—C(22) 122.72(10)

26 range, deg 4610501 C(7)-O(71)-Al(1) 134.70(11) C()—O(72)—Al(2) 130.29(11)

index ranges & h=<220<kx14, C(8)-O(81)-Al(1) 135.72(11) C(8)-O(82)-Al(2)  125.61(10)

_16<1 <15 O(72-C(7)-0(71) 121.0(2) O(8BHC(8)-0(82) 119.9(2)

O(72-C(7)-C(1) 116.0(2) O(82)C(8)-C(2) 117.46(14

no. of reficns collcd 2170 oE71)tcE7g—c§1g 123.0%2; ogaﬁc&ﬁ—c&% 122.64%14;

no. of independent rflcns

2678 = 0.0149)

full-matrix least-squaresrn
2675/0/191
1.041

refinement method
no. of data/restraints/parameters
goodness-of-fit o2
final Rindices | > 20(1)], %2 R1 = 0.0323, viR2 = 0.0859
Rindices (all data), % R1 = 0.0414, vR2 = 0.0952
Oma Prmin, € A3 0.171+0.161

ARL = 3 [|Fol = |Fell/X|Fol, WR2 = [FW(Fo* — FA)3 (Fo)7">

aSymmetry transformations used to generate equivalent atoms
denoted by primeY, — x, Y, — vy, —z

Results and Discussion

The addition of 2 molar equiv of M@l to phthalic acid in
toluene resulted in the formation of the tetranuclear adduct
in nearly quantitative yields (eq 1). Compouhdk stable as a

4Me,Al + 2C.H,-1,2-(COOH), &
O——Al
o, o
Al/
o —° (M
N
o] o]
\AI—O
/l Figure 1. ORTEP plot of the crystal structure of [(AIMp(u-O,C).-
1 1,2-GH4]2 (1) with thermal ellipsoids drawn at the 30% probability

level. Hydrogen atoms are omitted for clarity.

solid and in solution under an inert atmosphere. However, it o ) )
is oxygen and moisture sensitive. The molecular structure of Meémbered heterocycle rings; these two bridgehead aluminum

1 has been determined by X-ray crystallography, and the solution _atoms I_ie in positions opposite the central mac_:rocycle ring. Thus,
structure has been confirmed by NMR and IR spectroscopy. In the title adduct each carboxylate group displays a-symti

The molecular structure df and the atom-numbering scheme conformation (Chart 1).

are shown in Figure 1. Selected bond lengths and anglels for ~ The mean ©-C—O angle in the coordinated carboxylate is
are presented in Table 2. The crystal structuré veals that 120.5 and corresponds to the related bond angle in a free acid
the molecule is a centrosymmetric tetranuclear adduct with a (123.29(8)).* The aluminum atoms deviate from the planes
skeleton framework consisting of three fused distorted hetero- of both carboxylate groupsfor the C(7) group in the same
cycle rings and one sixteen- and two seven-membered rings.direction (0.179(1) and 0.451(1) A) and for the plane of
The four carboxylate groups occur as bidentate ligands and actthe second C(8) group in opposite direction (0.299(1) and
as a three-center bridge between the four dimethylaluminum 0.036(1) A), which may be attributed to the sterically encum-
units, which results in the formation of the highly distorted bered nature of the phthalate ligand. Both carboxylate groups
sixteen-membered AOCO), ring. The two aluminum atoms,  are rotated about the-&C bond relative to the plane defined
Al(2) and Al(2), join symmetrically the two dicarboxylate by the aromatic ring with corresponding dihedral angles 42.2-
ligands being bonded in the syn direction to one oxygen atom (1) and 31.4(1)for the group bonded to C(1) and C(2) atoms,
of each ligand. The remaining aluminum atoms, Al(1) and respectively. It is reasonable to assume that the significant
Al(1), bridge between the carboxylate groups within the different arrangement of carboxylate groups in relation to the
phthalate ligands (being bonded in the anti direction of the
carboxylate ligand) with the formation of additional two seven- (13) Ermer, OHelv. Chim. Actal981 6, 1902.




Notes

Chart 1. Schematic Representation of the Observed
Coordination Modes in (a) [(AIMg2(u-02C)2-1,2-GsH4) 2
(1), (b) [(ELAI) 2(u-02C)CeHa-2-u-0l5,° (c)

[(Me3Al) ,0,CCHg] ™ and (d) [MAIOCCHg]~ 2

(a) \/ (b)
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MeszAl molecules are located in the anti positions, although
authors suggested that it is favored primarily due to packing
consid erationg? as well as with the observed coordination
mode in the monodentate [M&O,CCH;z] anion’@ It should

be noted that similar differentiation between the-&l,,; and
Al—QOgyn distances to that i we recently found in the related
tetranuclear compound derived from the hydroxy carboxylic
acid, salicylic acifl (Chart 1).

The NMR and IR spectra of the title compound are consistent
with the structure found in the solid state. Thd NMR
spectrum ofl shows three ACHjs resonances. One singlet
corresponds to the equivalent protons in dimethylaluminum units
joining the two dicarboxylate ligands, and the remaining two
singlets are attributed to the equivalent in pairs methyl groups
of the bridgehead dimethylaluminum moieties; one methyl group
is situated toward and the second one away from the central
macrocycle ring. It is interesting to note that thé NMR
spectrum patterns are similar at low temperatur@(°C). The
27Al NMR spectrum of1 shows one broad resonance at 160
ppm, indicative of four-coordinated aluminum atotAsThe

aromatic ring plane would affect the bond delocalization in the | spectrum ofl in CH,Cl, solution shows bands at 1610 and
conjugated bond system within the ligand and cause nonequiva-1562 cnrt in the range of €O stretching vibrations, which

lence of those groups associated with the C(1) and C(2) atoms

In fact, the C(1)-C(7) distance (1.500(2) A) to the carboxylate

group with more extended corresponding dihedral angles is

longer than the related C@LC(8) distance (1.488(2) A).

Furthermore, nonequivalence of both carboxylate groups is

reflected by the observed differences in the correspondirgAl
distances; the mean AD distances to the oxygen atoms

associated with C(7) and C(8) atoms are 1.836 and 1.847 A

respectively:

The AI-0 distances to the bridgehead Al(1) atom are shorter

(average AtOgani bond length is 1.821 A) than those to the
bridging Al(2) atom (average AlOsn, 1.862 A). This indicates
that for aluminum carboxylates the AD bond in the anti
position is stronger than that in syn position.

It is notable that structural aspects of the metal-on

carboxylate interaction are of biological interest, and with respect
to this numerous attempts are undertaken in order to determine Supporting Information Available:

which lone pair of oxygen atoms of the carboxylate group is
preferred for metal ion bindind. The structure ofl contains
similar aluminum moieties bound to the oxygen atoms in-syn
syn and antianti direction with respect to the carboxylate

-are characteristic for bidentate carboxylate grotig$.

Whereas the reaction of trialkylaluminum with dicarboxylic
acid leads to the tetranuclear compound with all bidentate
carboxylate groups, that of aluminum(lll) gives the different
type complexes. It is worth nothing that structurally character-
ized aluminum(lll) complexes derived from dicarboxylic acids
are also quite rare, and only two solid-state structures have been

'reported to date, the trischelate oxalate [Al@%) complex?

and the bischelate malonate [Al(mai@),0),] - complex8 In
both cases fully deprotonated carboxylic acids form chelate
complexes via monodentate carboxylate groups.

Acknowledgment. Financial support for this work was
provided by the State Committee for Scientific Research (Grant
3 TO9A 108 12).

A listing of X-ray experi-
mental details and crystallographic data, all atomic coordinates,
anisotropic thermal parameters, and complete bond distances and angles
for the crystal structure df (4 pages). Ordering information is given

on any current masthead page.

groups, respectively, and afford a direct comparison of basicity 1C9713846

of the electrons lone pairs on carboxylate oxygen atoms. The

results obtained indicate that the anti direction is the most likely (15) Benn, R.: Rufiska, A.; Lehmkuhl, H.; Janssen, E.; Kruger ABgew.

location of the aluminum center relative to the carboxylate
group. This conclusion is consistent with the conformation
found for the bidentate [(M&l),0,CCH;s] anion where both
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