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Summary: The syntheses, structures, and reactions of 
organoaluminum amide and imide complexes have been 
the subject o f  ongoing investigation.’-1° Recently, we 
synthesized the novel organoaluminum amide [Al- 
(CH~)~~A~[CH~C(CH~NH)~~Z, tris(dimethylalumini0)- 
aluminum bis(ethylidynetris(methanamide)), the first 
example involving a tripodal ligand1lJZ of an organoalu- 
minum compound. The complex crystallized in the 
tetragonal space group P41212, with cell parameters a = 
10.235(3) and c = 24.45(1) A, V = 2562(2) A3, Dcale = 1.106 
glcm3, Z = 4, and R = 0.045. The molecular symmetry 
of the complex is CZ. Both four- and six-coordinated A1 
atoms were observed in these complexes, with the tripodal 
NHgroups serving as both chelating and bridging ligands. 
The four aluminum atoms of the complex all lie in a 
plane, with three aluminum atoms forming an equilateral 
triangle around the fourth central aluminum atom. The 
central AlNe unit of the complex has an octahedral 
symmetry, and the other three A1 atoms are in a 
tetrahedral environment. The central A1 atom is con- 
nected to the terminal A1 atom by two bridging nitrogen 
atoms of the tripodal ligand, forming three four-mem- 
bered rings. 

Introduction 

Prior studies showed that the organoaluminum amides 
of the general formula RZAlNR’R”, where NR’R” is a 
simple, monofunctional amide group, occur as cyclic or 
oligomeric species with either four- or six-membered 
(AIN), rings.l-lOJ4 In these structures, both N and A1 are 
typically four-coordinate in a distorted tetrahedral geo- 
metry analogous to that found in crystalline A1N. On the 
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other hand, with multidentate amines, more complicated 
structures are formed in which the coordination number 
of A1 is 4,5, or 6.1518 Beachley and RacettelBinvestigated 
the steric effect affecting the formation of chelated 
monomeric or unchelated dimeric organoaluminum- 
nitrogen compounds. The tripodal ligand l,l,l-tris- 
(aminomethy1)ethane is a tridentate ligand and is often 
used to coordinate to transition metals, e.g. Fe, Co, Ni, 
Cu, and Zn.11J9v20 Because of intramolecular bonds in the 
N3 tripodal ligand, the three nitrogen atoms always occupy 
adjacent positions around the metal ion. Herein we report 
a novel, highly symmetric organoaluminum compound 
with a tripodal ligand. 

Experimental Section 
Apparatus and Materials. All manipulations were carried 

out in a N2-flushed glovebag, drybox, or vacuum system. Solventa 
were distilled and degassed prior to use. All ‘H, 13C, and nAI 
NMR spectra were measured on a Varian VXR-300 spectrometer. 
Chemical shifta are referenced relative to either TMS (1H) or 
benzene-de (lH, 6 7.15; l3CI1H), 6 128.00), while nAINMRspectra 
were referenced relative to A1(Hz0)63+. Mass spectral data were 
obtained on a VG-7025 GCIMSIMS spectrometer. IR spectra 
were recorded as Nujol mulls between KBr disks on a FT-IR 
spectrometer. 

Preparation of [Al(CH~)2]~Al[CH&(CH~NH)~]2, Tris- 
(dimethyla1uminio)aluminum Bis(ethylidynetris(methan- 
amide)). The title complex was prepared in high yield (90%) 
by the reaction of [A12(NEtz)2Med13 with an excess of 1,lJ- 
ethylidynetris(methanamine) in ether at 22 “C for 2 h under 
nitrogen (eq 1). Sublimation of the reaction mixture at 120 OC 
in a vacuum line gave the pure desired complex, which was 
resublimed at 188 OC. MS: characteristic fragmentation ions 
occur at mlz (EI, 30 eV, assignment in parentheses) 425 (M - 
H)+, 411 (M - Me)+, 395 (M - (2Me + H))+, 379 (M - (3Me + 
2H))+, 339 (M - (AlMe2 + 2Me))+, 310 (M - ((AlMe2)~ + 2H)+, 
225 (Al(CH3C(CH2NH)3)+, 241 (AI(CH&(CH~NH)S) -Me + HI+, 
198 (Al(CH3C(CH2NH)S)AlMe2)+, 182 (AI(CH&(CH2NH)&UMe 
- HI+, 57 (AlMe2)+. 

Crystallographic Measurements. A suitable single crystal 
of ~A~(CH~)~I~A~~CHSC(CH~NH)~I~ was chosen for thestructural 
analysis. Intensity data were collected on a CAD4 diffractometer. 
Relevant crystallographic data are given in Table 1. Atomic 
parameters of non-hydrogen atoms are listed in Table 2. 

Results and Discussion 
Tris (dimet hyla1uminio)aluminum bis (et hylidyne- 

tris(methanamide)) was produced by reacting [Alz- 
(NEt2)2Me4I13 with excess l,l,l-ethylidynetris(methan- 
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Table 1. Crystallographic Data Refinement Details for 
[AIMe21JAI[CH3C(CH2NH)312 

formula 
fw 
diffractometer used 
space group 
cryst syst 
a, A 
C, A v, A3 
Z 
&,IC, MPM-' 
X(Mo Ka), A 
F(OO0) 
unit cell detn: no.; 28 range, deg 
scan type 
28 scan width, deg 
28 range, deg 
p(Mo Ka), cm-l 
cryst size, mm 
temp, K 
no. of rflns measured 
no. of unique rflns 
no. of rflns 10 > 2.0410) 
no. of refined params 
R* 
R, Rw" 
minimized function 
weighting scheme 
104g (second ext coeff) 
transm factors (min, max) 

(A/P)nux.min, e Am3 
GoF 

( A / L x  

Ci6&N.& 
426.47 
CAD4 

tetragonal 
10.235(3) 
24.45( 1) 
2562(1) 
4 
1.106 
0.710 73 
928 

P41212 

25; 16.72-20.32 
8/28 
2(0.65 + 0.35 tan 8) 

1.89 
0.50 X 0.63 X 0.73 
298 
2567 
1379 
1052 
120 
0.038 
0.045,0.049 

2-50 

EwllFd - PcIl2 
1/[.2(F0)2 + 0.0001F02] 
0.32 
0.96, 1.00 
0.0116 
-0.210,0.200 
2.27 

computation program NRCVAXb 

' R = [E(IFoI - IFcI)/Fol; Rw = [Xw(IFoI - I ~ C I ) ~ / E W ( I ~ O I ~ ) I ~ ~ ~ ~  v2(Fo) 
fromcounting statistics. b NRCVAX: Gabe, E. J.; Le Page, Y .; Charland, 
J. P.; Lee, F. L.; White, P. S. J. Appl. Crystallogr. 1989, 22, 384. 

Table 2. Atomic Parameters x, y, z, and 
X Y z Bb,  A2 

A l l  0.06658(13)b 0.06658 0 2.81(6) 
A12 -0.13040(14) -0.13040 0 3.42(7) 
A13 0.24929(16) 0.08184(15) 0.08769(6) 3.97(7) 
N1 -0.0787(3) 0.0077(3) 0.04934( 14) 3.18( 17) 
N2 0.1243(4) 0.2003(3) 0.05539( 14) 3.19( 17) 
N3 -0,.0518(4) 0.1974(4) -0.03609( 14) 3.30( 17) 
C1 -0.0986(6) -0.3067(5) 0.02938(23) 5.6(3) 
C2 0.4288(6) 0.1444(6) 0.07428(23) 5.9(3) 
C3 0.2017(7) 0.0340(6) 0.16284(22) 6.6(3) 
C4 -0).1167(5) 0.2507(4) 0.06189(19) 3.64(22) 
CS -0).1720(5) 0.11 19(5) 0.06546(21) 4.43(24) 
C6 0.0175(5) 0.2595(4) 0.08786(19) 4.19(24) 
C7 -0.1099(5) 0.2956(5) 0.00184(22) 4.39(24) 
C8 -0.2092(6) 0.3431(5) 0.09228(24) 5.5(3) 

a Bhis  the mean of the principal axes of the thermal ellipsoid. Values 
in parentheses are the error of standard deviation. 

amine). The structure of [A~(CH~)ZI~A~[CH~C(CHZNH)~IZ 
was determined by X-ray diffraction and is consistent with 
the data obtained from lH, 13C, and 27Al NMR and mass 
spectra. The overall reaction is given in eq 1. 

2AlZ(NEt2)Me, + 2CH3C(CH2NH2), - 
Al[(CH3C(CH2NH)3)z(A1Mez)31 + 

4EtzNH + 2MeH (1) 

Crystallographic Data. The molecular and crystal 
structures of the complex were determined by X-ray 
crystallography. The exact molecular symmetry is C2 with 
the 2-fold axis passing through Al(1) and Al(2). This axis 
coincides with the crystallographic 2-fold symmetry along 
[1101. There are two tripodal ligands coordinated to the 
four aluminum atoms (see Figure 1). 

I '  

2 

Figure 1. Molecular structure of [A~(CHSC(CH~NH)~)~(A~- 
(CH3)2)31. 

Table 3. Selected Bond Lengths and Angles for 
TAIMe21JAUCH3C(CH2NH)312 

Bond Lengths (A) 
Al( 1)-N( 1) 2.007 (4) ~ 1 ( 3 ) - ~ ( 2 )  1.973(6) 
Al( 1 )-N( 2) 2.01 4(4) A W - C W  1.963(6) 
Al(1)-N(3) 2.010(4) N(l)-C(5) 1.485(6) 
AI( 2)-N ( 1 ) 1.932(4) C(4)-C(5) 1.532(6) 
AW-C(1)  1.969(5) C(4)-C(6) 1 .S 17( 7) 
AI( 3)-N( 2) 1.93 l(4) C(4)-C(7) 1.540(7) 
Al( 3)-N( 3) 1.935(4) C(41-W) 1.530(7) 

Bond Angles (deg) 
N(1)-Al(1)-N(1') 85.2(2) Al(l)-N(3)-Al(3) 92.5(2) 
N(l)-Al(l)-N(2) 91.0(1) N(2)-A1(3)-N(3) 89.7(2) 
~ ( i  j - ~ i ( i  j - ~ ( 2 3  i74.6(2) Al(i)-N(i j-cisj i14.9(3j 
N(1)-Al(1)-N(3) 91.0(2) N(l)-A1(2)-C(l) 11 1.0(2) 
N(  1)-Al( 1)-N(3') 92.8(2) C(S)-C(4)-C(7) 110.3(4) 
Al( 1 )-N( 1 )-Al( 2) 92.7( 2) C( 5)-C(4)-C( 8) 108.5( 4) 
Al( l)-N(2)-A1(3) 92.5(2) 

The four aluminum atoms lie on a plane, with three 
aluminum atoms forming an equilateral triangle around 
the fourth central aluminum atom. The central aluminum 
atom, Al(l), is in an octahedrally coordinated geometry, 
whereas the other three aluminum atoms, A1(2), A1(3), 
and A1(3'), appear to be in tetrahedral geometries. The 
central Al(1) atom is bonded to each of the other three A1 
atoms through two N atoms of the tripodal ligand, thus 
forming the central AlNs unit. The other three A1 atoms 
are in AlNzCz units. Three AlzNz four-membered ring 
fragments are characteristic of such a complex and are all 
planar with a typical A1-N-A1 angle of 92O and N-A1-N 
of 85 and 90°, respectively, around the central Al(1) and 
the other terminal A1 atom. Selected bond distances and 
angles are listed in Table 3. It is apparent that there are 
two kinds of A1 atoms, one which is six-coordinate and 
another which is four-coordinate. This was confirmed by 
27Al NMR data. In six-coordinate Al(1) moiety the A1-N 
bond distance is 0.07 A longer and the N-A1-N angle is 
5O smaller than the analogous values of the four-coordinate 
A1 moiety. These geometric differences may result from 
steric effects and the degree of electron donation from the 
alkyl groups. These results are similar to that of Inter- 
ranteZ1 but different from that of RobinsonqZ2 

Spectroscopic Data. The FT-IR spectrum of the 
complex showed three sharp peaks in the N-H stretching 
region (3325, 3345, 3360 cm-'1, which were attributed to 
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Table 4. 'H, W, and "AI NMR Spectra of 
[AUM~~IJAI[CH~C(CHZNH)~IZ [a, P P ~  (Cad1  

LH L'C 2 7 ~ 1  

A [ L ~ ( A ~ M ~ Z ) I ~ ~  7 

CHIC(CH~NH)~  33.337 

A1(CHsL -0.465 (s, 18H) -9.956,-9.988 160 

mC(CH2NH)s  0.012 (s, 6H) 22.510 

CHIC(&NH)~ 2.102 (b, 6H) 52.645 

CHsC(CH2cW3 0.553 (b, 6H) 
2.616 (ddd, 6H) 52.645 

a L = CHs(CH2NH)s. 

the stretching vibrations of six N-H groups. The lH, 13C, 
and 27Al NMR spectra of the complex are listed in Table 
4. We assigned the 'H NMR chemical shifts a t  2.102 and 
2.612 ppm to the two protons of the methylene group by 
using the 2D NMR-HETCOR (heteronuclear correlation) 
experiment. The explanation is reasonable for methylene 
carbon atoms, which should be further downfield than 
others and is also in accord with the NMR-DEPT 
technique. The direct proton decoupling NMR experi- 
ment gave interesting results. The low-frequency H-H 
coupling constants 4J, 3J, and 2J of the methylene were 
2 (W coupling), 8 (N-H coupling), and 14 (gem-coupling) 
Hz, respectively. The other one was complicated by the 
nuclear electric quadrupole moment of the aluminum 
atoms and the nitrogen atoms, as well as the coupling 

Notes 

constrants of the NH group. The 27Al NMR spectrum of 
the organoaluminum complex showed two distinct peaks 
a t  160 and 7 ppm. The 160 ppm peak is characteristic of 
four-coordinate A1 atoms when compared with the shift 
of four-coordinate A1 atoms in complexes of [R2AlR'l, (R 
= Me, Et; R' = NEt2, OMez, OEh,  et^.).^^ The 7 ppm 
resonance is assigned to the six-coordinate Al(1). It is 
apparent that the 27Al NMR spectra for the six-coordinate 
A1 atoms in the AlNs moieties have chemical shifts of 0-10 
ppm.24126 
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