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Summary

The crystal structure of [N(CH3) 41 [Al(CH3)3CH3C001 has been
determined from single-crystal X-ray diffraction data collected
by counter methods. Tetramethylammonium acetatotrimethylaluminate
crystallizes in the monoclinic space group P2j3/c with lattice
dimensions a = 6.949(5), b = 22.022(9), ¢ = 9.576(6)A,
8 = 94.40(5)°, and pgaic = 0-93 g cm™3 for 2 = 4. Least-squares
refinement gave a final conventional R value of 0.092 for 729
independent observed reflections. The aluminum atom is coordinated
in a tetrahedral fashion with an Al1-O bond length of 1.83(1)A, and
an average Al-C distance of 2.02(2)3. The C-0-Al bond angle is
137(1)°. -The compound was prepared from [N(CH3)4l} [Al;(CH3)gCH3COO} -

nCegHgCH3.

Introduction

_ Alkali metal halides were initially reportedl to react with
aluminum alkyls to form 1/1, M[AlR3X], and 2/1, M[Al5RgXl1,
compounds. Later, the area was greatly expanded with the formation
gfﬁiﬁi;égougli/lrand 2/1 pseudohalide complexes.2’? Evidence has
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been presented for the existence of the 4/1 complex [N(CH3)4l-
[Al4(CH3)128CN],4 and, more recently, the presence of the 3/1

moiety K[Al3(CH3)9SeCH3] has been verified by a crystal structure
analysis.s The scope of the original work has thus been considerably
broadened by the addition of new stoichiometries and new ligands.

The unusual thermolytic, photolytic, and solution behavior of
the 2/) complexes® has stimulated the production of four X-ray
structural analysess

K[Al,(CoHg) gF1,7  K[ALl,(CH3) F1-CgHg,B

10
K{AL, (CH;) N;1,9 and KIAL,(CH;)gSCN].

Crystallographic studies have been completed on several 1/1 halide
compounds,11¢12 and on threel3-15 1/1 pseudohalide complexes in
which the emphasis has been on the mode of attachment of the ligand.
As part of a continuing search for novel ligand systems, our
group has previously synthesized 1/1 and 2/1 nitrate complexes.s'16
The surprising thermal stability of these substances has led to the
investigation of other high oxygen content anionic organocaluminum
complexes. We report here our preparative results with the acetate

ion, together with the structural parameters of the 1/1 complex of

tetramethylammonium acetate with trimethylaluminum.

Experimental

Tetramethylammonium acetatotrimethylaluminate was prepared by
the reaction of 0.01 mo;e of tetramethylammonium acetate with
0.02 mole of trimethylaluminum in toluene. The formation of the
liquid layering® characteristic of the presence of the 2/1
compound [N(CH3)4][Alz(CH3)6CH3COO] was noted immediately. The
2/1 complex is, however, unstable with respect to the 1/1

omplex g&).and crystals of the latter were formed within 30 min.

[N(CH3) 4] [Al,(CH,) (CH,COO} -axomatic I [N{CH3)4ql-

(1)
{AL {(CH3) 3CH3CTOO] . + AL(CH3) 3 + aromatic. =
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Only with benzene does the equilibrium (1) lie far enough to the
left to permit an nmr assessment of the aromatic/anion ratio in
the more dense liquid layer: [N(CHj3),][Al,(CH3)4CH;C00]1°6.3 C6H6.$
For aromatic solvents (i) lies progressively farther to the right
in the order: benzene < toluene < ethylbenzene < o-xylene < p-—
xylene < m—xylene.

Single crystals of the colorless, air-sensitive compound were
sealed in thin-walled glass capillaries. Final lattice parameters
as determined from a least—-squares refinement of the angular settings
of 15 reflections accurately centered on an Enraf-Nonius CAD-4

diffractometer are given in Table 1.

Table 1. Crystal Data

Mol. formulas [N(CH3)4][CH3COOA1(CH3)3]

Mol. wt.: 205.28

Linear abs. coeff. p: 1.19 cm~1

Calc. density: 0.93 g cm™3

Max. crystal dimensions: 0.15 x 0.20 x 0.60 mm
Space group: monoclinic, P23/c

Molecular/unit cell: 4

6.949(5), b = 22.022(9), c = 9.576(6)&,
94.40(5)°

Cell constants®:

(L1
o

Cell volume: 1461.1R3

@uoRa radiation, A = 0.71069&. Ambient temperature of
24 + 1°C.

Data were collected on the diffractometer with graphite

crystal monochromated molybdenum radiation. The diffracted in-

tensities were collected by the w-28 scan technigue with a take-

# - - - -

The composition was deduced from N.M.R. integrations. A satisfactory
elemental analysis was obtained for - [N(CH )4][al(cn3)2gn3codk
Pound: C, 51.0; H, 10.5; N, 6.2; Al, 13.3.% Calcd: . 252.7
B,;l},S:-K,;G.B: Al, 13.1. -
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off angle of 3.5°. The scan rate was variable and was determined
by a fast 20° min—1 prescan. Calculated speeds for the slow scan
(based on the net intensity gathered in the prescan) ranged from
7 to 0.4° min~l. Moving-crystal moving-counter backgrounds were
collected for 25% of the total scan width at each end of the
scan range. For each intensity the scan width was determined by
the equation, scan range = A + B tan 6, where A = 0.9° and
B = 0.25°. Aperture settings were determined in a like manner
with A = 4 mm and B = 4 mm. Other diffractometer parameters and
the method of estimation of standard deviations have been described
previously.17 As a check on the stability of the instrument and
crystal, two reflections were measured after every 30 reflections:
no significant variation was noted.

one independent quadrant of data was measured out to
28 = 50°; a slow scan was performed on a total of 729 out of 1327
possible unique reflections. Since these data were scanned at a
speed which would yield a net count of 4000, the calculated standard
deviations were all very nearly equal. No reflection was subjected
to a slow scan unless a net count of 20 was obtained in the prescan.
Based on these considerations, the data set of 729 reflections
{used in the subsequent structure determination and refinement) was
considered cobserved, and consisted in the main of those for which
I > 30(X). The intensities were corrected for Lorentz and
polarization effects, but not for absorption (the crystal was
mounted with the needle axis parallel to the ¢ axis of the
goniometer, and the path lengths within the crystal were very
nearly equal for all reflections).

Fourier calculations were made with the FOURIER program.l8
The full-matrix least-squares refinement was carried out using
the Busing and Levy program ORFLS.1% The function w(]Fo] - |Fc])?
was minimized. No corrections were made for extinction or .

ancmalous dispersion. Neutral atom scattering factors were taken
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from the compilations of Cromer and Waberzo for Al, O, N, and C.
Final bond distances, angles, and errors were computed with the
Busing, Martin, and Levy ORFFE program. Crystal structure illustra

tions were obtained with the program ORTEP. 22

Solution and Refinement of Structure

The crystal structure was solved by the application of the
direct methods program MULTAN. 23 Least-squares refinement with
isotropic temperature factors afforded a reliability index of
Ry = L(|Fo} - |Fel|)/L}Fo] = 0.147. Conversion to anisotropic
temperature parameters together with further refinement ied to
final values of Ry = 0.092 and Ry = [Ew(|Fo] - [Fc])2/E|Foi?1% =
0.096. Although there were several peaks of ~-0.7e—/23 on the
difference Fourier map, no attempt was made to locate the hydrogen
atoms. The weighting scheme was based on unit weights, and un-—
observed reflections were not inlcuded. The largest parameter

shifts in the final cycle of refinement were less than 0.01 of

their estimated standard deviations. The final value of the
standard deviation of an observation of unit weight was 0.01.
The final values of the positional and thermal parameters are

given in Table 2.*

Discussion

Two factors govern the preparation and stability of
M{A} (CH3) CH3CO0] -aromatic: the lattice energy of MCH3COO

and the nature of the aromatic substance. The 2/1 tetramethyl-

*The table of structure factors has been deposited as NAPS
Document, No. 02924, with National Auxilliary Publications
Service, -¢/o Microfiche Publications, 440 Park Ave. 50., New
York, New York 10016. A copy may be secured by citing the
document and remitting $1.50 for microfiche or $5.00 for photo-
copies. -Advance payment is required. Make checks payable is
required.- -Make checks-payable to Microfiche Publications.
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ammonium compound is thermally stable ihdefinitely at room
temperature, but slowly decomposes at 60°C. (The decomposition
products have not been identified; the color changes, from

clear to yellow to deep red, are characteristic of other processes
involving oxygen-containing anions.) It has not been possible to
prepare alkali metal derivatives from the reaction of MCH3COO
with Al(CH3) 3 because the lattice energy of the Group I acetates
cannot be overcome below 60°. At 90° reaction occurs, but leads
directly to decomposition products.

It is significant to note the effect of the aromatic on the
stability of the 2/1 complexes. As was mentioned in the Experi-
mental section, equilibrium (1) governs the conversion of the 2/1
into the 1/1 compound. Thus, the 2/1 liguid complex of -
benzene is completely stable at room temperature, while that of
m-xylene does not exist.

Nuclear magnetic resonance studies of the 2/1 complexes also
illustrate the stability of the substances. For the room
temperature preparation of [N(CH3)41[Al,(CH3)gCH4C00]-6.3 Cgilg,
the Al-CHj resonance occurs at —-0.468 (relative to the internal
CgHg assumed to be at 7.376). There is also a small peak at
-0.298. An identical preparation except for a 12h period of
heating at 50° shows, however, three major Al-CH3 resonances at
-0.19, -0.30, and -0.385. The solution shows no visible sign
of decomposition under the mild conditions. The presence of the
new peaks may therefore be indicative of either the formation of
new linkage isomers of (A), such as (B), or stable intermediates
in the decomposition process. Studies aimed at the isolaticn and
identification of these compounds are in progress.

The structures of both the tetramethylammonium cation and
the a:nagniﬁmxhjuuumﬁgme anion are shown in Figure 1. The
coordination about the aluminum atom is tetrahedral, and the

Al-C distances of 2.01(l), 2.01(1), and 2.05(1)X (Table 3) are
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(CH3) 3A1 A1 (CH3) 3 (CH3) 331 Al (CH3) 3
\\0<§\ /;¢O/, \\O//
T oxe”
|
CH3 CH3
a) (B)
ca £)C5

Figure 1. Structure of tetramethylammonium acetatotrimethyl-
aluminate with the atoms displayed as their 40%
probability ellipsoids for thermal motion.

Table 3. Interatomic Distances (i) and Angles (Deg) for
[N(CH3) 4] [CE;COOAL(CH3) 3] .

Bond Distance

Al-02 1.83(1) aAl-C4 2.05(1)
Al1-C3 2.01(1) . Al-C5 2.01(1)
Cl-~02 1.32(2) C1l-01 1.23(2)
ci-Cc2 1.52(2) N -C6 1.56(2)
N -C7 1.52(2) N -C8 1.51(2)
N ~-C9 1.46(2)

Bond Angle

02-Al1-C3 105.6 (6) 02-A1-C4 103.0(5)
02-A1-~-C5 110.4(7) C3-Al—-C4 111.5{9)
C3-Al1-CS 115.7(8) C4-A1-C5 110..4(7)
a1-02-Cl 137.4(1.1) 01-C1-02 117.1(1.8)
0l1-Cl-c2 124.2(1.6) c2-C1-02 218.7(1.6)
Cc6~N -C7 107.9(1.2) C6-N -C8 107.50..1)

Cc7~N -C9 109.1(1.4) c8~-N ~C9 112.7(1.%)
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normal for the situation in which the methyl hydrogen atoms have
not been located.? The al-o0 length of 1.83(1)3 is compared with
others from organometallic structures in Table 4. In most cases
the value is near that found in the present study. Exceptions
are noted for complexes with neutral donor ligands such as
dioxane24 and coordinated CO,25 and for five-coordinate aluminum.Z26

Here, the Al-O lengths are close to 2.0A.

Table 4. Comparison of Aluminum-Oxygen Bond Distances in
Organometallic Compounds-

Coordination
Compound Nuraber Distance Ref.
Al O (A)
[(Cﬂa)zAlOC(CGHS)N(CGHS)]2 4 2 1.805(6) a
{ (CH,) 5A1lO0C(C-H-)N(C-H:)]"ON(CH,)} 4 2 1.771(7) b
372 65 65 3’3 1.815(8)
Cl3A1-0C(CgHg)CL 4 2 1.819(5) c
[N(CH3)4][Al(CH3)3C33C00] 4 2 1.83(1) this
study
Fey (n5-CgHg) 5 (CO) 5 [CO-AL(CyHg) 3] 5 4 2 2.00(2) 25
[ (CH3) 35i0A1Br,1} 4 3 1.79(Q1) a
373 212 1.80(1)
Mg [AL (OCH4) 5 (CH3) 2¥5-C4HgO 4 3 1.80(2) e
372 372-2"%44%8Y2 1.86(1)
[(CH3)2AlGCH3]3 4 3 1.851(3) £
[Al (CH3)3]2’C4H802 4 3 2.02(2) 24
[{CH4) ,A10C(C-H-)N(C-H-) CH,CHO] S 3 1.868(6) 26
3’2 65 65 3 2 1.966(6)
2 2.047(7)

ay. Kai, N. Yasuoka, N. Kasai, and M. Kakudo, J. Organometal. Chem.,
32 (1971) 165.

by. Rai, N. Yasuoka, N. Kasai, M. Kakudo, H. Yasuda, and H. Tani, Chem.
Commun. (1971) 940.

Cs. E. Rasmussen and N. C. Broch, Acta Chem. Scand., 20 (1966) 1351.

dM. Bonamico and G. Dessy, J. Chem. Soc. (A}, (1967) 1786.

€J. L. Atwood and G..D. Stucky, J. Organometal. Chem., 13 (1968) 53.

-£p. A. Drew,.A. Haaland, and J. Weidlein, Z. Anorg. Allg. Chem., 398=
.7 (1973) 2410 ] =
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The structural parameters of the acetate portion of the anion
are similar to those found in organic acetates, R-O—ée——CH3. The
Cc-0 single bond length (Table 3) of 1.32(2)R may be compared with
1.364(6)A in juncusol diacetate,?? and the C=0 length of 1.23(2)A
with 1.200(8)A.

The unit cell packing, shown in Fiqure 2, is typical of a
compound of this type. The closest approach of the anion to the

nitrogen atom of the cation is the N-Ol separation of 3.77(2)3.

SoRd S
Pigure 2. Stereoscopic view of the unit cell packing for
[N(CH3) 41 [A1 (CH3) 3CH3COO] -
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