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The first neopentyl-based aminoalanes, [Neo,Al-N(H)Ada}, (I), [Neo,Al-N(H)Ph'], (II), {Neo,Al-N-
(H)Ph(i-Pr),], (IIT), and [Neo,Al-N(H)-t-Bu), (IV), have been prepared by reaction of trineopentylaluminum,
NeozAl (Neo = CH,CMe,), with 1-adamantanamine (H;N-Ada), 2-aminobiphenyl (H,N-Pl’, Ph’ = 2.
biphenyl), 2,6-diisopropylaniline (H,;N-Ph(i-Pr),), and tert-butylamine (H,N-t-Bu), respectively, in toluene.
These dimers, each residing about Al,N, four-membered cores, have been characterized by 'H NMR,
elemental analyses, and single-crystal X-ray diffraction. I crystallizes in the rhombohedral space group
R3¢ (No. 167) with unit cell parameters a = 18.665 (7) A, ¢ = 61.507 (4) A, V = 18538 A%, and D, = 1.03
g em™ for Z = 18. Least-squares refinement based on 878 observed reflections with intensities I > 2¢(J)
in the range 3.5 < 26 < 40.0° converged at R = 0.095 and R,, = 0.099. II crystallizes in the monoclinic
space group P2,/n (No. 14) with unit cell parameters @ = 12.883 (4) A, b = 20.825 (7) A, ¢ = 15.947 (5)

B =94.41(2)°, V = 4266 A3, and D, = 1.05 g cm™ for Z = 4. Least-squares refinement based on 3444
observed reflections with intensities I > 30(J) in the range 3.5 < 26 < 45.0° converged at R = 0.051 and
R, = 0.064. III crystallizes in the monoclinic space group P2,/c (No. 14) with unit cell parameters ¢ =
10.537 (5) A, b = 40.134 (14) A, ¢ = 11.570 (4) A, 8 = 110.51 (3)°, V = 4583 A%, and D, = 1.00 g cm™
for Z = 4. Least-squares refinement based on 2539 observed reflections with intensities I > 34(I) in the
range 3.50 < 26 < 45.0° converged at R = 0.054 and R,, = 0.065. IV crystallizes in the orthorhombic space
group Aba2 (No. 41) with unit cell parameters a = 19.361 (6) A, b =9.745 (3) A, c = 17.972 (5) 4, V =
3391 A%, and D, = 0.95 g cm™ for Z = 4. Least-squares refinement based on 825 observed reflections
with intensities I > 3¢(J) in the range 3.50 < 26 < 45.0° converged at R = 0.075 and R, = 0.091. The Al,N,
cores in I and IV are decidedly nonplanar, having fold angles of 32.7° and 28.9°, respectively, between
the ALLN planes. The Al;N; cores of II and III constitute nearly perfect planes. All four aminoalanes reside
in cis conformations in the solid state. 'H NMR suggests that I undergoes a trans—cis isomerization in

3287

solution (in approximately a 1:3 ratio).

Introduction

The interaction of organoaluminum moieties with
amines has been studied for decades.! As demonstrated
by the seminal studies of Smith et al.,2 aluminum-nitrogen
condensation products possessing extensive Al-N associ-
ation are often obtained from reaction of organoaluminum
species with simple primary or secondary amines. Re-
cently, the utilization of sterically demanding Lewis bases
has been brought to the fore®* as a means by which low
coordination number aluminum complexes may be ac-
cessed. These investigations have endeavored to address,
inter alia, fundamental issues regarding the extent of =-
bonding in Al-E fragments (E = N, P, O, S). It is inter-
esting that the vast majority of studies germane to the
organometallic chemistry of aluminum have generally in-
volved sterically unremarkable, and readily available, or-
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Soc. 1961, 83, 542. (b) Cohen, M.; Gilbert, J. K.; Smith, J. D. J. Chem.
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Sarisaban, 8.; Smith, J. D. J. Chem. Soc., Dalton Trans. 1985, 1928.
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Ed. Engl. 1988, 27, 1699. (b) Power, P. P. J. Organomet. Chem. 1990,
400, 49. (c) Petrie, M. A.; Olmstead, M. M.; Power, P. P. J. Am. Chem.
Soc. 1991, 113, 8704.

(4) (a) Healy, M. D.; Wierda, D. A,; Barron, A. R. Organometallics
1988, 7, 2543. (b) Healy, M. D.; Ziller, J. W.; Barron, A. R. Organo-
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M. D.; Barron, A. R. Organometallics 1981, 10, 609.

Chart I

in v

ganoaluminum reagents such as trimethyl- or triethyl-
aluminum. Indeed, the literature reveals a paucity of
analogous investigations concerning sterically demanding,
and less commonly available, aluminum alkyls.

Herein, we report the syntheses, characterization, and
molecular structures of [Neo,Al-N(H)Adal, (I),
[Neo,AI-N(H)Ph'], (II), [Neo,AI-N(H)Ph(i-Pr),], (III),
and [Neo,Al-N(H)-t-Bu], (IV) (Chart I) isolated from
reaction of the sterically demanding aluminum alkyl
tris(2,2-dimethylpropyl)aluminum, commonly known as
trineopentylaluminum, Neo;Al (Neo = CH,CMey), with
the primary amines 1-adamantanamine (H,N-Ada), 2-
aminobiphenyl (H,N-PL’, Ph’ = 2-biphenyl), 2,6-diiso-
propylaniline (H,N-Ph(i-Pr),;), and tert-butylamine
(H.N-t-Bu), respectively.

These organoaminoalanes, the first such compounds
based on neopentylaluminum which have been structurally
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characterized, are dimeric assuming cis conformations.
The preparation of these aminoalanes is given by eq 1.

Neo,Al + H,N-R — 1, cis-[Neo,Al-N(H)R], + Neo-H
I-Iv
(1)
R = Ada (1), Ph’ (IT), Ph(i-Pr), (III), ¢-Bu (IV)

Experimental Section

General Comments. Owing to the extreme air and water
sensitivity of the reactants and products, efforts were taken to
exclude oxygen and moisture. Standard Schlenk techniques and
an inert-atmosphere drybox (Vacuum Atmospheres HE-43 Dri-
Lab) were employed. Aluminum bromide, neopentyl chloride,
lithium powder, 1-adamantanamine, 2-aminobiphenyl, 2,6-di-
isopropylaniline, and tert-butylamine, purchased from Aldrich
Chemical Co., were used without further purification. Toluene
and hexane were distilled under an atmosphere of dried nitrogen
over sodium/benzophenone or calcium hydride, respectively, prior
to use. Neopentyllithium was prepared by the method described
by Schrock and Fellmann,’ while trineopentylaluminum was
prepared as described by Beachley and Victoriano.? Elemental
analyses were performed by E+R Microanalytical Laboratories,
Corona, NY. 'H NMR data were recorded on a Bruker AC300
FT-NMR spectrometer. Single-crystal X-ray diffraction studies
were performed on a Nicolet R3mV diffractometer with gra-
phite-monochromated Mo Ka radiation (A = 0.71073 A). Cal-
culations, structure solution, and refinement were performed using
the SHELXTL’ package of computer programs.

Synthesis of [Neo,AlI-N(H)Ada], (I). In the drybox, H,N-
Ada (0.51 g, 3.4 mmol) was added to a reaction vessel containing
25 mL of toluene. Trineopentylaluminum (0.82 g, 3.4 mmol) was
added dropwise into the solution. The reaction vessel was removed
from the drybox and heated in an oil bath for 3 h to 60 °C. Upon
cooling to room temperature, colorless, hexagonal crystals of I
formed in quantitative yield (based on the amine), mp 300 °C.
'H NMR (C¢Dy) § 0.35 (s, 4 H, AICH,, cis isomer), 0.41 (s, 4 H,
AICH,, cis isomer), 0.48 (s, 8 H, AICH,, trans isomer), 0.86 (s, 2
H, NH, cis isomer), 0.95 (s, 2 H, NH, trans isomer), 1.05 (s, 18
H, AICH,(CH,);, cis isomer), 1.07 (s, 18 H, AICH,(CHj),, cis
isomer), 1.09 (s, 36 H, AICH,(CHyg),, trans isomer), 1.62 (s, 12 H,
Ada CH)), 1.93 (dd, 12 H, Ada CH,), 2.09 (bs, 6 H, Ada CH). Anal
Found (Caled) for C,gHq6ALN,: C, 74.24 (75.18); H, 11.82 (11.99).

Synthesis of [Neo,Al-N(H)Ph’], (II). A reaction of vessel
containing 20 mL of freshly distilled toluene was taken into the
drybox where H,N-Ph’ (0.70 g, 4.1 mmol) was added and dis-
solved, producing a slightly purple solution. Trineopentyl-
aluminum (1.0 g, 4.2 mmol) was slowly added dropwise to the
solution. The color of the solution gradually changed upon mixing
to a light brown solution. The reaction vessel was removed from
the drybox and was heated in an oil bath to 80 °C for 3 h. Cooling
to room temperature resulted in the quantitative formation of
colorless, air-sensitive, rectangular crystals, mp 235-236 °C. 'H
NMR (C¢Dg) 6 0.76 (s, 4 H, AICH,), 0.61 (s, 4 H, AICH,), 0.83 (s,
18 H, AICH,(CH,),), 0.97 (s, 18 H, AICH,(CH};),), 4.46 (s, 2 H,
NH), 6.8-7.7 (m, 18 H, PH). Anal. Found (Calcd) for
C.HgALNy: C, 7815 (78.30); H, 9.29 (9.56).

Synthesis of [Neo;Al-N(H)Ph(i-Pr),), (III). Inside the
drybox a stoichiomettic quantity of NeosAl (0.85 g, 3.5 mmol) was
slowly added to a toluene solution (20 mL) of H,N-Ph(:-Pr), (0.66
mL, 3.5 mmol). A light-brown solution resulted. The reaction
vessel was removed from the drybox, and the system was heated
in an oil bath at 80 °C for 3 h. Colorless, rectangular, extremely
air-sensitive, crystals were obtained in quantitative yield (based
on the amine) upon removal of some solvent and subsequent
cooling to —20 °C overnight, mp 140-141 °C. 'H NMR (C;Dg)
5 0.42 (s, 4 H, AICH,), 0.63 (s, 4 H, AICH,), 0.89 (s, 18 H,
AICH,(CHy);), 0.95 (s, 18 H, AICH,(CH,),), 1.23 (d, 24 H,
PhCH(CHS),, 3.47 (sept, 4 H, PA\CH(CH,),), 4.39 (s, 2 H, NH),

(5) Schrock, R. R.; Fellmann, J. D. J. Am. Chem. Soc. 1978, 100, 3359.

(6) Beachley, O. T., Jr.; Victoriano, L. Organometallics 1988, 7, 63

(7) Sheldrick, G. M. SHELXTL, Crystrallographic Computing System
Revision 5.1, 1986; Nicolet Instruments Division, Madison, WL
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Figure 1. Thermal ellipsoid plot of [Neo,Al-N(H)Ada],, I,
showing the atom-labeling scheme. Thermal ellipsoids show 35%
probability levels. Hydrogen atoms, except those bound to ni-
trogen, have been omitted.

6.9-7.1 (m, 6 H, CgH;). Anal. Found (Calcd) for C HgoALN,:
C, 75.58 (76.41); H, 11.74 (11.67).

Synthesis of [Neo,Al-N(H)-t-Bu], (IV). IV was prepared
in a manner analogous to that employed for I-III. A quantity
of NeosAl (0.85 g, 3.5 mmol) was added to a reaction vessel
containing toluene (15 mL) inside the drybox. A stoichiometric
quantity of tert-butylamine (0.40 mL, 3.8 mmol) was slowly added
to this solution via syringe. The system was removed from the
drybox and heated in an oil bath (90 °C) for 4 h. Cooling to -20
°C in the freezer overnight afforded colorless, extremely air-
sensitive crystals of IV in high yield, mp 216-218 °C. 'H NMR
(CeDs) 5 0.59 (s, 4 H, AICH,), 0.66 (s, 4 H, AICH,), 1.21 (s, 18 H,
AICH,(CH,)g), 1.27 (s, 18 H, AICH,(CHy)y), 1.11 (8, 2 H, NH), 1.33
(s, 18 H, NC(CH;)s). Anal. Found (Caled) for CogHg Al Ny: C,
69.66 (69.58); H, 13.36 (13.54).

X-ray Structural Solution and Refinement for [NeosAl-
N(H)Ada], (I), [Neo,Al-N(H)Ph'], (II), [Neo,Al-N(H)Ph-
(i-Pr),)s (III), and [Neo,Al-N(H)-£-Bu], (IV). Single crystals
of I-IV, were mounted in thin-walled glass capillaries under an
inert atmosphere of argon. Cell parameters and an orientation
matrix for data collection at 21 °C were obtained from a least-
squares fitting of several carefully centered high-order reflections.
All structures were solved by direct methods and refined by
full-matrix least-squares analysis. For I and IV, the asymmetric
unit consists of one monomer unit situated about a crystallo-
graphic 2-fold axis which generates the remainder of the dimer;
in I and ITI, the entire dimer unit is unique, occupying a general
position in the unit cell. The methyl carbon atoms of one neo-
pentyl group per monomer unit of I and IV were found to be
disordered, with alternate sites related by rotation about the
CH,—CMe; bond. In I the major component atoms (C(3)-C(5))
were assigned 65% occupancy and minor component atoms (C-
(3a)-C(5a)), 35% occupancy, while in IV two sets of half-occu-
pancy atoms (C(8)-C(10a)) were included. In both cases occu-
pancies were determined by optimization of a multiplicity factor
in the latter stages of refinement. For all of the compounds,
full-occupancy non-hydrogen atoms were refined with anisotropic
thermal parameters and partial-occupancy atoms were refined
using isotropic thermal parameters. Hydrogen atoms, other than
those of the disordered methyl groups, were located by standard
difference Fourier techniques and were included in the structure
factor calculation at idealized positions (doy = 0.96 A, dy.y =
0.90 A) and were allowed to ride on the atom to which they were
bonded.

Isotropic group thermal parameters were refined for the hy-
drogen atoms (U, = 0.18 (2) A2 for I; 0.107 (2) A2 for II; 0.108
(4) A? for III). The somewhat higher residuals of I and IV are
due, in part, to the presence of disorder and, for I, a paucity of
observed data. An attempt to determine the absolute structure
of IV (the direction of the polar z axis), which crystallizes in a
polar space group, was inconclusive. Relevant crystallographic



Neopentyl-Based Aminoalanes

Organometallics, Vol. 11, No. 10, 1992 3289

Table 1. Crystal Data for [Neo;Al-N(H)Ada], (I), [Neo,AI-N(H)Pl']; (II), [Neo,Al-N(H)Ph(i-Pr),], (III), and
[Neo,Al-N(H)-t-Bu]; (IV)

1 I I v
chem formula C“HnNQAlg C“H“NgAlz C“HwNzAlz C”H“NgAlz
mol wt 639.02 674.97 691.09 482,79
size, mm 0.10 X 0.32 X 0.32 0.23 x 0.30 X 0.36 0.24 X 0.31 X 0.52 0.16 X 0.14 X 0.37
color; habit colorless; hexagonal plate colorless; parallelepiped colorless; parallelepiped colorless; parallelepiped
space group R3¢ (No. 187) P2,/n (No. 14) P2,/c¢ (No. 14) Aba2 (No. 41)

rhombohedral (hexagonal setting) monoclinic monoclinic orthorhombic
a, A 18.655 (7) 12.883 (4) 10.537 (5) 19.361 (6)
b A 20.825 (7) 40.134 (14) 9.745 (3)
¢, A 61.507 (4) 15.947 (5) 11.570 (4) 17.972 (5)
B, de; 94.41 (2) 110.51 (3)
vol, A3 18538 (18) 4266 (2) 4583 (3) 3391 (2)
18 4 4 4
Dy, g cm™ 1.03 1.05 1.00 0.95
temp, °C 21
reflns coll 5015 6039 6399 1156
reflns unique (R,,) 2233 (0.024) 5564 (0.026) 5903 (0.026) 1156
reflns obsd 878 (I > 20(I) 3444 (I > 3a(D)) 2539 (I > 30(D)) 825 (I > 3¢(D)
20 range, deg 3.5~40.0 3.5-45.0 3.5-45.0 3.5-45.0
R 0.095 0.050 0.054 0.075
R, 0.099 0.064 0.065 0.091

Table II. Atomic Coordinates (xX10*) and Equivalent
Isotropic Thermal Parameters (A2 X 10%) for
[Neo,Al-N(H)Ada], (I)

x y 2 Uleq)®
AlQ1) 3267 (3) 389 (3) 632 (1) 58 (3)
NQ) 4036 (7) 24 (7) 726 (1) 67 (7)

C() 3710 (12) 1358 (11) 426 (2) 113 (15)
C(2 4570 (11) 2176 (10) 406 (3) 83 (11)
C(3) 4805 (20) 2736 (17) 611 (§) 103 (20)
C(4) 4579 (19) 2740 (18) 223 (4) 121 (22)
C(5) 5264 (15) 1959 (18) 347 (6) 126 (21)
C(3a) 4871 (38) 2305 (35) 624 (10) 85 (21)
C(4a) 4179 (33) 2769 (34) 383 (9) 111 (21)
C(5a) 4812 (50) 2027 (51) 192 (13) 182 (32)
C(6) 2157 (8) -617 (8) 567 (2) 82 (11)
C(n) 1556 (11) —-694 (12) 378 (2) 93 (13)
C(®) 1977 (11) -644 (11) 156 (2) 133 (15)
C(9) 1268 (13) -68 (12) 396 (3) 147 (16)
C(10) 776 (11)  -1607 (11) 391 (3) 129 (12)
C(11) 4278 (9) -494 (10) 601 (2) 51 (9)

C(12) 4174 (10) -453 (10) 352 (2) 87 (12)
C(13) 5206 (11) -172 (10) 640 (2) 95 (12)
C(14) 3811(11) -1389(10) 671 (3) 98 (11)
C(15) 4475 (12) -963 (11) 230 (2) 82 (13)
C(16) 5647 (12) -691 (14) 523 (3) 113 (15)
C(17) 4078 (14) -1919 (11) 540 (3) 106 (15)
C(18) 5401 (12) -600 (11) 273 (3) 102 (13)
C(19) 4997 (16)  -16056 (14) 595 (3) 120 (19)
C(20) 3984 (11) -1861 (11) 301 (3) 110 (14)

s Equivalent isotropic U defined as one-third of the trace of the
orthogonalized Uj; tensor.

data are given in Table I. Final fractional atomic coordinates
are given in Tables II and IV-VI while selected bond distances
and angles are given in Table III. Molecular structures of the
title compounds are given in Figures 1-4.

Results and Discussion

As evidenced by the preparation of a series of interesting
five-*10 and six-coordinate!!"' organoaluminum complexes,
the organometallic coordination chemistry of aluminum
progressed greatly in the last decade. These studies have

685(8) Robinson, G. H.; Sangokoya, S. A. J. Am. Chem. Soc. 1987, 109,

(9) Robinson, G. H,; Snngokoya, 8. A,; Moise, F.; Pennington, W. T.
Organometallics 1988, 7 1887.
s ](;2)9 Robinson, G. H.; Mowe, F.; Pennington, W. T. Polyhedron 1989,
" (11) Healy, M. D.; Barron, A. R. J. Am. Chem. Soc. 1989, 111, 398,
(12) Leman, J. T.; Barron, A. R. Organometallics 1989, 8, 1828.

Figure 2. Thermal ellipsoid plot of [Neo,Al-N(H)Ph’'],, II,
showing the atom-labeling scheme. Thermal ellipsoids show 35%
probability levels. Hydrogen atoms, except those bound to ni-
trogen, have been omitted.

ci8)
Cl44)
ci31 C(32) C“;@
N N ' @
cho) Ci30) - ¥ WCi42)

Figure 3. Thermal ellipsoid plot of [Neo;Al-N(H)Ph(i-Pr),],,
I11, showing the atom-labeling scheme. Thermal ellipsoids show
35% probability levels. Hydrogen atoms, except those bound to
nitrogen, have been omitted.

often employed sterically unremarkable organcaluminum
moieties (i.e., Me;Al, Et;Al). Corresponding studies uti-
lizing sterically demanding aluminum alkyls are note-
worthy in their absence.
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Table I1I. Selected Bond Lengths (A) and Angles (deg)

Al(1)-N(1)
Al(1)-C(6)
Al(1)-N(1A)
N(1)-Al(1A)
C(6)-C(7)

N(1)-Al(1)-C(1)
C(1)-Al(1)-C(8)
C(1)-Al(1)-N(1A)
Al(1)-N@1)-C(11)
C(11)-N(1)-Al(1A)
Al(1)-C(8)-C(7)
N(@)-C(11)-C(12)

Al(1)-N(2)
Al(1)-C(6)
Al(2)-N(2)
Al(2)-C(16)
N(2)-C(33)
C)-C(7)
C(16)-C(17

N(1)-Al(1)-N(2)

1.979 (3)
1.980 (4)
1.996 (3)
1.980 (4)
1.456 (4)
1.532 (6)
1.537 (5)

87.1 (1)

[Neo,Al-N(H)Ada], (I)
1.956 (16)
2.022 (12)
1.971 (10)
1.971 (10)
1.570 (23)

116.9 (8)
118.5 (7)
113.9 (6)
126.6 (8)
128.5 (10)
125.9 (10)
113.3 (16)

{Neo,AI-N(H)Ph'], (ID

Al(1)-C(1)
N@®-C(11)
C(1)-C(2)
Al(1)--Al(1A)

N(@1)-AK1)-C(6)
N(1)-Al(1)-N(1A)
C(6)-Al(1)-N(1A)

Al(1)-N(1)-Al(1A)

Al(1)-C(1)-C(2)
N(1)-C(11)-C(13)
N(1)-C(11)~-C(14)

Al(1)-N(1)
Al(1)-C(1)
Al(2)-N(1)
Al(2)-C(11)
N(1)-C(21)
C(1)~C(2)
C(11)-C(12)
Al(1)--Al(2)

N(1)-Al(1)-C(1)

N@-AI(1)-C(1) 1113 (2 N(1)-Al(1)-C(6)
N(2)-Al1)-C(6) 1118 (1) C(1)-Al(1)-C(6)
N(1)-Al(2)-N(2) 87.1(1) N(1)-Al(2)-C(11)
N(2)-Al(2)-C(11) 1152 (2) N(1)-Al(2)-C(16)
N(2)-Al(2)-C(16) 102.7 (1) C(11)-Al(2)-C(16)
Al(1)-N(1)-Al(2) 92.8(1) Al(1)-N(1)-C(21)
Al(2)-N(1)-C(21) 1226 (2) Al(1)-N(2)-Al(2)
Al(1)-N(2)-C(33) 123.3 (2) Al(2)-N(2)-C(33)
Al1)-C(1)-C(2) 1247 (3) Al(1)-C(6)-C(7)
Al(2)-C(11)-C(12) 124.8 (3) Al(2)-C(16)-C(17)
N@1)-C(21)-C(22) 119.3 (8) N(1)-C(21)-C(26)
N(2)-C(33)-C(38) 121.9 (3) N(2)-C(33)-C(34)
{Neo,AI-N(H)Ph(-Pr),], (IIT)
Al(1)-N(1) 2,013 (5) Al(1)-N(2)
Al(1)-C(1) 1.964 (7) Al(1)-C(86)
Al(2)-N(1) 2.011 (5) Al(2)-N(2)
Al(2)-C(11) 1.969 (8) Al(2)-C(16)
N(2)-C(33) 1.478 (8) N(1)-C(21)
Al(1)--Al(2)
N@)-Al(1)-N(2) 86.0 (2) N(1)-Al(1)-C(1)

N(2)-Al(1)-C(1)  112.3 (3) N(1)-Al(1)-C(6)
N(2)-Al(1)-C6)  102.7 (2) C(1)-Al(1)-C(6)
N(1)-Al(2)-N(2) 854 (2) N(1)-Al(2)-C(11)
N(2)-Al1(2)-C(11) 120.3 (3) N(1)-Al(2)-C(16)
N(2)-Al(2)-C(16) 105.1 (3) C(11)-Al(2)-C(16)
Al(1)-N(1)-Al(2) 984.5 (2) Al(1)-N(1)-C(21)
Al(2)-N(1)-C(21) 125.3 (4) ANK1)-N(2)-Al2)
Al(1)-N(2)-C(33) 118.9(3) Al(2)-N(2)-C(33)
Al(1)-C(1)-C(2) 126.7 (6) AN1)-C(6)-C(T)
Al(2)-C(11)-C(12) 124.8 (6) Al(2)-C(16)-C(17)
N(1)-C(21)-C(22) 121.2(6) N(1)-C(21)-C(26)
N(2)-C(33)-C(34) 121.9 (6) N(2)-C(33)-C(38)
[Neo,Al-N(H)-t-Bu], (IV)
Al(D)-N(@) 1.870 (7) AK1)-N(1A)
N(1)-Al(1A) 1.983 (7) Al(1)-C(6)
Al(1)-C(1) 2.018 (11) C(1)-C(2)
N(1)-C(11) 1.502 (11) Al(1)--Al(1A)
C6)-C(7) 1.577 (19)
Al(1)-N(1)-Al(1A) 93.1(3) N(1)-AK1)-N(1A)

C(1)-Al(1)-C(6)
N(1A)-Al(1)-C(1)
N(1A)-Al(1)-C(6)
Al(1A)-N(1)-C(11)
Al(1)-C(6)-C(7)
N(1)-C(11)-C(13)

Although preparations of triphenylaluminum!®!4 have
been known for decades, synthetic procedures for other

114.7 (6)
109.5 (4)
116.9 (4)
129.0 (6)
131.1 (9)
110.3 (10)

N(@1)-Al(1)-C(1)
N(1)-Al(1)-C(6)
Al(1)-N(1)-C(11)
Al(1)-C(1)-C(2)
N(1)-C(11)-C(12)
N(1)-C(11)-C(14)

2.016 (16)
1.469 (24)
1.571 (21)
2.877 (9)

108.9 (6)
81.6 (6)
111.3 (5)
94.2 (6)
132.9 (13)
108.5 (11)
112.4 (12)

1.999 (3)
1.986 (4)
1.980 (3)
1.975 (4
1.448 (5)
1.530 (5)
1.532 (6)
2.881 (2)

103.7 (1)
114.3 (1)
122.7 (2)
109.7 (2)
112.4 (2)
123.6 (2)
121.9 (2)
92.9 (1)

123.3 (2)
123.9 (8)
126.2 (3)
121.7 (8)
118.2 (8)

2.007 (5)
1.989 (8)
2.030 (5)
1.994 (7)
1.457 (8)
2.954 (3)

117.0 (2)
104.2 (3)
126.5 (3)
118.0 (3)
102.7 (3)
119.4 (3)
135.2 (3)
94.1 (2)

138.9 (4)
126.3 (5)
126.0 (5)
119.4 (6)
118.7 (8)

1.983 (7)
1.955 (12)
1.536 (16)
2.870 (5)

83.5 (3)
109.4 (4)
118.7 (4)
128.9 (6)
126.6 (8)
107.5 (11)
110.2 (11)
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Table IV. Atomic Coordinates (X10¢) and Equivalent
Isotropic Thermal Parameters (A? X 10%) for
[Neo,AlI-N(H)PNK'], (II)

x y z Uleq)

(13) Pfohl, W. Justus Liebigs Ann. Chem. 1960, 629, 104.

AlQ1) 2211 (1) 4882 (1) 3166 (1) 40 (1)
Al(2) 3071 (1) 3888 (1) 2172 (1) 42 (1)
NQ) 3133 (2) 4837 (1) 2215 (2) 42 (1)
N@) 2206 (2) 3932 (1) 3156 (2) 40 (1)

C(1) 885 (3) 5234 (2) 2637 (2) 47 (1)
C(2) -197 (3) 5070 (2) 2911 (3) 56 (2)
C(3) -945 (4) 5586 (3) 2661 (5) 161 (4)
C4) -174 (4) 4955 (4) 3832 (3) 122 (3)
C(5) -581 (4) 4464 (3) 2473 (4) 115 (3)

C(6) 2896 (3) 5228 (2) 4225 (2) 51 (1)
C(7) 2962 (3) 5945 (2) 4438 (2) 51 (1)
C(8) 3684 (5) 6042 (3) 5233 (3) 95 (2)
C©) 3390 (4) 6324 (2) 3725 (3) 72 (2)
C(10) 1910 (4) 6216 (2) 4595 (3) 76 (2)
Cc(11) 4482 (3) 3529 (2) 2412 (3) 55 (2)
Cc(12) 4770 (3) 2821 (2) 2309 (3) 55 (2)
C(13) 4666 (4) 2637 (3) 1379 (3) 94 (2)
C(14) 4064 (4) 2394 (2) 2778 (3) 92 (2)
C(15) 5889 (4) 2707 (3) 2633 (4) 94 (2)
C(16) 2070 (3) 3570 (2) 1262 (2) 54 (2)
cam 1990 (4) 3794 (2) 341 (2) 64 (2)
C(18) 1425 (6) 3291 (3) -212 (3) 124 (3)
C(19) 3050 (5) 3920 (3) 52 (3) 122 (8)
C(20) 1370 (4) 4404 (3) 248 (3) 91 (2)
C(21) 4104 (3) 5189 (2) 2228 (2) 44 (1)
C(22) 4891 (3) 50565 (2) 2852 (3) 53 (2)
C(23) 5822 (3) 5378 (2) 2893 (3) 65 (2)
C(24) 5988 (3) 5845 (3) 2309 (4) 82 (2)
C(25) 5227 (3) 5983 (2) 1691 (8) 72 (2)
C(26) 4276 (3) 5656 (2) 1626 (2) 52 (1)
C@27n 3458 (3) 5826 (2) 932 (3) 58 (2)
C(28) 3713 (5) 5729 (3) 89 (3) 85 (2)
C(29) 2964 (7) 5896 (3) -553 (3) 105 (3)
C(30) 2038 (6) 6140 (3) -385 (4) 103 (3)
C(31) 1805 (4) 6244 (3) 430 (3) 91 (2)
C(32) 2541 (3) 6086 (2) 1077 (3) 64 (2)
C(33) 2406 (3) 3543 (2) 3910 (2) 40 (1)
C(34) 33186 (3) 3856 (2) 4414 (2) 52 (2)
C(35) 3519 (3) 3318 (2) 5157 (3) 67 (2)
C(36) 2837 (4) 2866 (3) 5388 (3) 83 (2)
C@37) 1939 (4) 2744 (2) 4883 (3) 69 (2)
C(38) 1711 (3) 3080 (2) 4139 (2) 45 (1)
C(39) 732 (3) 2921 (2) 3628 (2) 47 (1)
C40) 733 (3) 2689 (2) 2810 (2) 55 (2)
C(41) -193 (3) 2542 (2) 2344 (3) 68 (2)
C(42) -1125 (3) 2619 (2) 2690 (3) 71 (2)
C(43) -1134 (3) 2834 (3) 3502 (3) 73 (2)
C44) =221 (3) 2980 (2) 3967 (3) 64 (2)

sterically demanding aluminum alkyls have generally not
been forthcoming. The literature of late, however, reveals
imaginative synthetic procedures for some sterically de-
manding aluminum alkyls. Indeed, the syntheses and
molecular structures of Mes;Al,'> Mes;Ga,!® and Mes;In!’
(Mes = mesityl) were recently reported. Each of these
products were shown to be monomeric with the metal
atoms residing in nearly idealized trigonal planar geome-
tries. With regard to neopentyl derivatives of group 13
metals, the preparations of Neo;Al® Neo;Ga,'® and
NeosIn'? have also been reported.

As an extension of earlier aminoalane studies performed
by this laboratory,?®2 and in an attempt to explore the

(14) Neely, T. A.; Schwartz, W. W. Org. Synth. 1965, 45, 107.

(15)Jenua,J Js Hahn J. M Rahman, A.F.M. M;; Mols 0.; Nlsley,

W. H.; Oliver, J. P Organometalhcs 1986, 5, 1812,

(16) Beachley, O. T., Jr.; Churchill, M. R,; Pazik, J. C.; Ziller, J. W,
Organometallws 1986, 5 1814

(17) Leman, J. T.; Bmon, A. R. Organometallics 1989, 8, 2214.

(18) Beachley, 0. T Jr.; Pazik, J. C. Organometallics 1988, 7, 1516

(19) Beachley, O. T., Jr.; Splegel E. F,; Kopasz, J. P.; Rogors, . D.
Organometallics 1989, 8. 1915.
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Table VI. Atomic Coordinates (%X10*) and Equivalent
Isotropic Thermal Parameters (A? X 10%) for
[Neo,Al-N(H)-¢-Bu], (IV)

x y 2z Uleq)

Al(1) 2354 (2) 1004 (1) 1922 (2) 40 (1)
Al(2) 4483 (2) 1481 (1) 3290 (2) - 38 (1)
N(1) 2449 (6) 1458 (1) 2685 (5) 39 (2)
N@) 4380 (5) 1031 (1) 2460 (4) 38 (2)
C(1) 1491 (8) 973 (2) 121 (6) 57 (3)
C(2) 1003 (8) 650 (2) -654 (7) 56 (3)
C(3) -312 (9) 531 (2) ~5561 (8) 98 (6)
C4) 737 (11) 719 (2)  -2004 (7) 123 (6)
C(5) 2049 (9) 378 (2) -229 (9) 122 (5)
C(6) 2076 (7) 696 (2) 3159 (7) 63 (4)
C(n 744 (T) 642 (2) 3404 (7) 49 (3)
C(® 995 (9) 681 (2) 4764 (7) 93 (6)
C(9) 231 (9) 286 (2) 3023 (9) 98 (5)
C(10) -364 (D) 888 (2) 2683 (7) 70 (4)
C(11) 5323 (7) 1864 (2) 2771 (6) 54 (3)
C(12) 5591 (1) 2212 (2) 3428 (7) 52 (3)
C(13) 6101 (9) 2452 (2) 2659 (8) 96 (5)
C(14) 6667 (8) 2184 (2) 47086 (7) 93 (5)
C(15) 4315 (8) 2357 (2) 3537 (8) 89 (5)
C(16) 4995 (7) 1380 (2) 5082 (5) 51 (3)
C(17) 6328 (D) 1217 (2) 5907 (6) 52 (3)
C(18) 6938 (8) 1418 (2) 7085 (7) 95 (4)
C(19) 7316 () 1197 (2) 5227 (7) 81 (4)
C(20) 6034 (8) 869 (2) 6282 (7) 80 (4)
C(21) 1541 (6) 1743 (2) 2473 (8) 37 (8)
C(22) 1141 (6) 1922 (2) 1341 (7) 43 (3)
C(23) 267 (8) 2195 (2) 1193 (7) 64 (4)
C(24) -184(8) 2301 (2) 2111 (9) 76 (4)
C(26) 230 (8) 2130 (2) 3214 (8) 67 (4)
C(26) 1083 (6) 1852 (2) 3432 (7) 46 (3)
C(27) 1514 () 1827 (2) 222 (7) 52 (3)
C(28) 255 (8) 17560 (2) -914 (7) 87 (4)
C(29) 2308 (8) 2104 (2) ~129 (7) 75 (4)
C(30) 1492 (7) 1697 (2) 4717 (7) 53 (3)
C(31) 266 (9) 1597 (2) 5066 (8) 90 (5)
C(32) 2424 (8) 1928 (2) 5713 (7) 71 (4
C(33) 5080 (6) 847 (2) 1754 (6) 37 (3)
C(34) 5292 (D) 987 (2) 711 (6) 46 (3)

C(35) 5841 (8) 792 (2) 22 (7 60 (4)

C(36) 6234 (8) 464 (2) 333 (8) 66 (4)
C(37) 6067 (7) 334 (2) 1373 (7) 58 (4)
C(38) 5493 () 517 (2) 2099 (6) 46 (3)
C(39) 4993 (8) 1347 (2) 305 (7) 60 (4)
C40) 4112 (9) 1391 (2)  -1085 (7) 87 (5)
C(41) 6358 (9) 1530 (2) 561 (8) 93 (5)
C(42) 5422 (7) 333 (2) 3242 (6) 52 (3)

C(43) 4614 (9) 8(2)
C(44) 6846 (8) 259 (2)

2012 (8) 80 (4)
4163 (7) 77 (4)

organoaluminum chemistry of sterically demanding alu-
minum alkyls, we endeavored to examine the reaction of
NeosAl with sterically demanding primary amines. Herein
we report the syntheses, characterization, and molecular
structures of the neopentyl-based aminoalanes [Neo,Al-
N(H)Ada], (I), [Neo,AI-N(H)Ph’], (II), [Neo,Al-N(H)-
Ph(i-Pr),], (III), and [Neo,Al-N(H)-¢-Bu], (IV).

A number of points are worthy of note regarding
structure and bonding in these aminoalanes. All four
compounds have cis confirmations, with both aza hydrogen
atoms oriented toward the same side of the Al,N, ring.
Within experimental error, the bonding to aluminum is
equivalent in all four compounds, with Al-N bonds ranging
from 1.96 (2) to 2.013 (5) A and Al-C bonds ranging from

(20) Sangokoya, S. A.; Moise, F.; Pennington, W. T.,; Self, M. F.;
Robinson, G. H. Organometallics 1989, 8, 2584.

(21) Moise, F.; Sangokoya, S. A.; Pennington, W. T.; Robinson, G. H.
J. Coord. Chem. 1990, 21, 129,

(22) Self, M. F'; Pennington, W. T'.; Robinson, G. H. Inorg. Chim. Acta
1990, 175, 151.

(23) Robinson, G. H.; Pennington, W. T.; Lee, B.; Self, M. F.; Hmcir,
D. C. Inorg. Chem. 1991, 30, 808.

x y z Uleq)
Al(1) 5573 (1) 933(3) 5000 4 (1)
N(1) 5434 (3)  -1039(7) 4811 (4) 45 (3)

C(1) 67569 (5) 1231 (11) 6098 (6) 59 (4)
C(2) 6347 (7) 2080 (13) 6432 (D) 62 (5)
C@®) 6287 (7) 1992 (15) 7314 (7) 92 (6)
C(4) 7042 (6) 1351 (21) 6234 (11) 130 (8)
C(5) 6337 (12) 3516 (16) 6214 (10) 149 (10)
C(6) 6173 (6) 1973 (12) 4331 (7) 69 (5)
C(7) 6225 (7) 1995.(17) 3455 (8) 69 (5)
C(8) 6833 (22) 2821 (43) 3174 (26) 120 (16)
C(9) 5549 (14) 2767 (27) 31560 (16) 81 (7
C(10) 6235 (22) 623 (42) 3067 (23) 136 (13)
C(8A) 6614 (20) 3289 (39) 3222 (22) 99 (11)
C(8A) 5551 (22) 1505 (456) 3076 (25) 146 (13)
C(10A) 6777 (21) 714 (37) 3271(22) 122 (12)
C(11) 5922 (5) -2211 (9) 4949 (9) 59 (3)
C(12) 5985 (9) -2400 (20) 5811 (9) 122 (7)
C(13) 6636 (7) -1830 (18) 4714 (11) 137 (8)
C@4) 5629 (10) -3492 (18) 4660 (14) 189 (13)

Figure 4. Thermal ellipsoid plot of [Neo,Al-N(H)-t-Bul,, IV,
showing the atom-labeling scheme. Thermal ellipsoids show 35%
probability levels. Hydrogen atoms, except those bound to ni-
trogen, have been omitted.

1.964 (7) t0 2.02 (2) A. Significant distortion from an ideal
tetrahedral geometry is observed for all of the atoms in
the constrained four-membered rings; ring angles at alu-
minum range from 81.6 (6) to 87.1 (1)° and at nitrogen
from 92.8 (1) to 94.5 (2)°.

A significant structural feature of these neopentyl-based
aminoalanes, the planarity of the Al;N, four-membered
ring, appears to be related to the steric requirements of
the group bound to nitrogen. For I and IV, the steric bulk
of the amine substituent is limited to one side of the ring
plane. The neopentyl groups bound to aluminum in both
compounds assume a similar conformation, in which the
CMe; portion of the neopentyl groups on the same side
(as N-R) of the ALLN, ring are oriented away from the
center of the ring while those on the opposite side of the
ring are oriented in toward the center of the ring. This
conformation brings the latter neopentyl groups into close
proximity. So as to minimize this interaction, the ring
becomes puckered, affording an ALLN plane fold angle of
32.7° for I and 28.9° for IV. For II and III, the steric bulk
of the amine substituents extends over both sides of the
ALN; plane. In both of these compounds, the neopentyl
groups on either side of the Al,N, plane assume an in-
termediate conformation relative to the extremes found
for I and IV. This more symmetrical orientation of neo-
pentyl groups results in a planar ALLN, ring (mean devia-
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tion is 0.022 A for II and 0.019 A for III).

The relative positioning of the a-carbon atoms and as-
sociated tert-butyl fragments of the neopentyl groups is
also interesting and may best be illustrated by considering
the Al--Al approach as a “bond” and then examining the
resulting Al-+Al-C, “bond angles”. In I and IV, the a-
carbon atoms cis to the N~H groups are directed away
from the central cavity at angles of 139.1 (5) and 142.0 (4)°,
respectively, while the tert-butyl fragments are oriented
back toward the central cavity. Alternatively, the a-carbon
atoms trans to the N-H groups are directed in toward the
central cavity (Al«Al-C, angles of 102.4 (4) and 103.2 (3)°,
respectively) and the tert-butyl fragments are turned away
from the center. In II and III, the opposite positioning is
seen. The a-carbon atoms cis to N-H are oriented into
the cavity (AlAl-C, angles of 112.8 (1) and 112.7 (1)° for
II and 107.1 (2) and 107.6 (2)° for III), while those in the
trans position are oriented away (Al-~Al-C, angles of 124.5
(1) and 123.5 (1)° for II and 126.2 (2) and 132.9 (2)° for
III). The tert-butyl fragments in II and III are rotated to
positions intermediate to the two extremes seen in I and
IV; a pseudo-C, axis normal to the Al,N, ring relates the
two Neo,Al groups.

An appreciation of some of the ramifications of the
sterically demanding neopentyl substituent as to cis or
trans conformations may be realized by examining other
organoaminoalanes. The dimethylaluminum analog of I,
[Me,Al-N(H)Ada], (V),4% provides an informative com-
parison as it resides in a trans conformation about a planar
AL N, four-membered ring. It is important to note that
the 'H NMR spectrum of I clearly indicates the presences
of both cis and trans isomers in approximately a 3:1 ratio.
The trans isomers of II-IV were not observed. The fact
that V assumed a trans conformation while the seemingly

(24) Waggoner, K. M.; Power, P. P. J. Am. Chem. Soc. 1991, 113, 3385,
(25) 91699, B;; Pennington, W. T.; Robinson, G. H. Inorg. Chim. Acta
1991, 190, 173.
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more sterically demanding I resides in a cis conformation
is intriguing. A similar phenomenon is observed with the
methylaluminum derivative of II, [Me,AlI-N(H)Ph’),
(VI).?® However, the isobutyl derivative of II, [(i-
Bu),Al-N(H)Ph’), (VII),” resides in a cis conformation.
The dimethylaluminum derivative of III, [Me,Al-N(H)-
Ph(i-Pr),], (VIH),? resides in a trans conformation. It is
also interesting that the Al,N, ring of VIII was found to
be decidely nonplanar, having a fold angle of 22.7° between
the ALN planes.

The fact that each of the four aminoalanes reported
herein reside in cis conformations is noteworthy. The
available data suggest that cis conformations are preferred
in cases in which sterically demanding aluminum alkyls
have been employed, whereas trans conformations are
often observed when sterically less-demanding aluminum
alkyls are involved. Isobutyl appears to possess the min-
imum steric requirements to afford cis conformations.
Relative to core planarity, the steric bulk of the amine
appears to be a more substantive factor than the steric bulk
of the aluminum alkyl in determining the planarity of the
ALN, ring of the given aminoalane. Additional studies
concerning the ramifications of sterically demanding alu-
minum alkyls are forthcoming from this laboratory.
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