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Synthesis and characterization of alkylaluminum imine complexes:
the X-ray crystal structure of [(C H,-2,6{CH,),)CH=NAI(i-C,H,),],
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Abstract

Organoaluminum imine complexes, [RCH=NAIR,],, are formed by the action of dialkylaluminum hydrides on nitriles. The
reaction of HAI(i-C,H), with nitriles, RCN, where R = CH,, (CH,),C, CH,=CHCH,, CH,=C(CH,), C¢H;, C¢H 4-2-CH,, and
C¢H;-2,6-(CH,),, has been conducted and spectroscopic data for the diisobutylaluminum imine products obtained. These
complexes are dimeric both in solution and in the solid state. The X-ray crystal structure of [(C¢H;-2,6-(CH3),)CH=NAI-
(i-C4H,), ], shows an Al,N, core in which the imine moieties bridge aluminum centers: Al - - - Al 2.905(3) A, Al-N 1.946(5) A,
Al-C 1.967(6) A, N=C 1.248(7) A, N-AI-N 80.6(2F, and Al-N—Al 96.5(2. Crystal data for [(C¢H;-2,6-(CH;),)CH=NAI-
(i-C,Hy),);: space group C2/c, monoclinic, a = 21.556(5), b = 9.3020(9), ¢ = 18.705(1) A, B =108.09(1), V= 3565(2) A, Z=4,

Rp=6.4%, R,z =8.3%.

1. Introduction

The reactions of aluminum alkyl reagents with
amines have been extensively reported and a large
body of spectroscopic and structural data exists [1].
Spectroscopic and structural details of alkylaluminum
complexes derived from other nitrogen donor ligands,
such as nitriles, are not as complete. This report de-
scribes a series of alkylaluminum imine complexes,
their synthesis, and structure.

Organoaluminum imines are prepared by treating
nitriles with trialkylaluminum reagents [2] and by the
reduction of nitriles with aluminum hydride reagents
[3]. Such aluminum imine complexes, which typically
are not isolated, are utilized as intermediates in the
preparation of aldehydes [3,4], primary amines [5,6],
Schiff bases [7], and azacyclic compounds [8]. The use
of metallo-imines in organic synthesis has been re-
viewed [1,9]. In addition, organoaluminum imines pro-
vide a useful route to aluminum-containing polymers
which serve as precursors to aluminum nitride ceramics
[10].

! Present address: Lanxide Corporation, 1300 Marrows Road, P.O.
Box 6077, Newark, DE 19714-6077, USA.

This report describes the synthesis and characteriza-
tion of a series of alkylaluminum imine complexes :of
the form [RCH=NAIG-C,Hy),],, where R = CHj,
(CH,),C, CH,=CHCH,, CH,=C(CH,), C¢H,, C,H,-
2-CH,, and C4H;-2,6-(CH;),, prepared by diisobutyl-
aluminum hydride reduction of the corresponding ni-
trile. Proton and carbon NMR spectroscopic data for
these complexes and the X-ray crystal structure of
[(C¢H;-2,6-(CH;),)CH=NAI(-C,H,),],, are reported.

2. Results and discussion

Diisobutylaluminum imine complexes were pre-
pared by slow addition of a toluene solution of di-
isobutylaluminum hydride to the appropriate nitrile
(eqn. (1)):

RC=N + HAI(i-C,H,), —=»
[RCH=NAI(i-C,H,),], (1)

1, R=CHj 2, R=CD; 3, R=(CH;;xC; 4, R=
CH,=CHCH,; 5, R=CH,=((CH,); 6, R=C,H,; 7,
R =C,H,-2-CH;; 8, R = C;H,-2,6-(CH,),. Nitrile re-
duction proceeds cleanly and in quantitative yield. The
reaction products obtained after solvent evaporation
are liquids or low melting solids. Proton NMR spec-
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TABLE 1. Properties of [RCH=NAI (i-C,H,),], complexes

R MP 'HNMR BCNMR IR cis : trans
(°C) 8CH=N 5 CH=N v C=N ratio
CH, (1) liq 7.92 178.5 1669 1:1
CD, (2) liq 792 178.6 1665 1:1
(CH,),C(3) 128 8.22 188.2 1655 1:6
CH,=CHCH,(4) lig 7.99 178.9 1670 1:1
CH,=C(CH,) (5 50 852 177.1 1670  1:5
C4H; (6) lig 8.95 175.0 1680 2:3
CgH,-2-CH; () 45 936 174.6 1635 2:3
C¢H;-2,6-(CH;), (8) 140 8.93 180.9 1655 1:6

troscopy of these products shows no reaction side
products. Infrared and NMR spectroscopic data for
the imine groups and melting point data for the com-
plexes are shown in Table 1. All of the imine com-
plexes show characteristic CH=N stretches in the in-
frared spectrum centering about 1662 cm~'. The CH=N
proton resonances range from 7.9 to 9.3 ppm. Reso-
nances for imine protons in compounds containing aryl
substitution on the imine carbon are shifted downfield,
to 9 ppm, relative to the alkyl substituted imine car-
bons which display proton resonances near 8-ppm. The
imine carbon resonances appear between 174 and 188
ppm in the *C NMR spectra.

The NMR spectra of complexes 1-8 indicate both
cis and trans isomers are present in benzene solution
(eqn. (2)).

Cis and trans isomeric components are easily identi-
fied by the splitting patterns of the imine resonances in
both the proton and carbon NMR spectra since the
imine region is well separated from the rest of the
peaks in the spectrum. The observed isomer ratios are
recorded in Table 1. The reported cis/trans ratios
were obtained from proion NMR integration.

TABLE 2. Crystallographic data for 8

Liquid complexes 1, 2 and 4, are approximately 1:1
isomer mixtures in benzene solution, while 6 shows a
2:3 ratio. Presumably, the dominant isomer in benzene

R\(”:/H
>\A1/N\Al/—< .
>_/ \IIT/ \< v
C
R” H
cis
R\ﬁ/H
>N, <O
>_/ \IIT./ \_<
C
H™ R
trans

solution for complexes 3 and 5-8 is the trans isomer.
This is supported by the solid state structure for com-
pound 8 (see below) that shows a frans geometry. In
solution, complex 8 shows a cis : trans isomer ratio of
1:6. The isomer ratio for the series correlates roughly
with the size of the alkyl- or aryl-imine group. When
the imine carbon is substituted with small alkyl groups
there is no preferred orientation and a 1:1 ratio re-
sults. However, in the more sterically demanding tert-
butyl and 2,6-dimethylphenyl substituted imines, one
geometry is strongly preferred over the other. The
isomer ratios for 1 and 8 do not change over the

a) Crystal parameters

cryst. system monoclinic

space group C2/c (No. 15)

a, A 21.556 (5)

b, A 9.3020 (9)

c, A 18.705 (1)

B, deg 108.09 (1)

b) Data collection

diffractometer Enraf-Nonius CAD4
monochromator graphite

radiation Mo Ko (0.71073A)
s¢an method w-26

26 scan range, deg 4-45

h, k, I limits +23, +10, +20

¢) Refinement

R(F,) 0.064

R (F,) 0.083

cryst. dimens., mm 0.50 < 0.50 x 0.24
VA 4

v, A 3565 (2)
Temp, °C 20

Pcalcs gcnl-3 1.231

rflns. collected 2515

indpt. rflns. 2515

rflns. with I > 3¢ 1359

no. of variables 182

transm. fact. (min, max) 0.60, 1.00

ey cm~! 1.10

final ext. coeff. 4311 x 1077
GOF 2.143
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Fig. 1. orTeP diagram of [(CqH-2,6-(CH3),)CH=NAI (i-C H,),],
(8) showing the atom labeling scheme. Hydrogen atoms are omitted
for clarity.

temperature range —70°C to +70°C as indicated by
proton NMR measurements.

Complexes 1-8 react rapidly with water and alco-
hols forming insoluble inorganic residues. Lewis bases
do not cleave the dimers to form adducts. NMR spec-
tra of samples treated with diethyl ether, tetrahydrofu-
ran, or pyridine (eqn. (3)) do not differ in appearance
from untreated samples. No evidence for monomeric
adducts is observed.

[RCH=NAIG(-C,H,),], +2L —X—
2RCH=NAIG(-C,H,),-L (3)
L = Lewis base
This behavior is in sharp contrast with that of com-
plexes such as the silylamines [i-Bu,AIN(H)SiPh,],

and [Me, AIN(H)SiEt,], which are readily cleaved by
4-methyl-pyridine to form monomeric adducts [11].

21. X-ray crystal structure of [(C4Hy2,6-(CH,),)-
CH=NAl(i-C,H,), ], (8)

The molecular structure of [(CqH;-2,6-(CH,),)-
CH=NAI(i-C,H,),], is illustrated in Fig. 1. Single crys-
tals were obtained by cooling saturated diethyl ether
solutions to —20°C. Crystal data are given in Table 2,
while final atomic parameters and important bond
lengths and angles are given in Tables 3 and 4. The
structure shows that the molecule has an Al,N, core
with the 2,6-dimethylphenyl substituted imine groups
in a trans orientation. The molecule resides on a
crystallographic 2-fold axis. .

The Al--- Al contact at 2.905 A is significantly
longer than the 2.66 A distance reported for the Al-Al
single bond in ([((CH,);Si),CH], AlI-Al[CH(Si-
(CH,),),], [12], and is also slightly longer than that
typically found in dimeric alumipumamide complexes.
For example, values of 2.81 A and 2.859 A were

TABLE 3. Positional parameters and estimated standard deviations
for 8

Atom  «x y z B (A?)
Al 0.07087(7) 0.168%2) 0.2769%(8) 4.02(3)
N(10) 0.0019(2) 0.1360(4)  0.1834(2) 3.8(1)
(10) —0.0003(2) 0.0851(6) 0.1210(3) 4.8(1)
C(11) 0.0571(2) 0.0442(7) 0.0965(3) 5.1Q1)
Cc(12) 0.0878(3) 0.1521(8)  0.0670(3) 6.3(2)
Cc(13) 0.1409(3) 0.112(1) 0.0436(3) 9.2(2)
Cc(14) 0.1611(3) —0.026(1) 0.0486(4) 10.1(3)
C(15) 0.1317(3) —0.1297(9) 0.0767(4) 9.0(2)
Q(16) 0.0774(3) —0.0957(7) 0.1003(3) 6.7(2)
Cc(21) 0.1369(3) 0.0206(7) 0.3144(3) 5.2(1)
C(22) 0.2077(3) 0.0563(8) 0.3303(4) 7.2(2)
C(23) 0.2535(3) —0.0581(9)  0.373%(5) 9.9(3)
C(24) 0.2236(3) 0.101(1) 0.2630(5) 11.93)
c@31) 0.0939(3) 0.3761(6) 0.2813(3) 5.3(2)
C(32) 0.0943(6) 0.452(1) 0.3510(6) 6.0(3)
C(35) 0.139%(7) 0.439(1) 0.3583(7) 7.6(4)
C(33) 0.1348(5) 0.3876(9) 0.4243(4) 10.6(3)
C(34) 0.1311(5) 0.6090(8) 0.3506(5) 12.33)
C(121) 0.0665(3) 0.3034(9) 0.0618(4) 8.6(2)
C(161) 0.043%(4) -0.2097(8) 0.1318(4) 9.6(3)

reported for [Me,AINMe,], [13] and trans-[Me,-
AINH-1-adamantyl], [14], respectively. The N-AI-N—-
Al torsion angle in complex 8 is 18°. .

The average Al-N bond distance of 1.946(5) A is
comparable to the bonq lengths reported for aluminum
ketimide species: 1.96 A in (‘BuC(Me)=NAilMe,), [15],
1.916 A in (BrC4H C(Ph)=NAIPh,), - 2C¢H, [16], and
1.941 A in the heterobimetallic complex [(Me;P);H ;-
W(u-H), AI(HXu-N=CHCH )], [17]. The Al-N dis-
tance appears at the high end of the 1.88-1.94 A range
typical for Al-N bonds. It is significantly longer than
the 1.78 A distance reported for the AI-N bonds in the
trimer [MeAIN(2,6-'Pr,C¢H,)l;, in which multiple
bond character between Al and N has been suggested
[18]. :

The N=C bond length of 1.248(7) A observed in
complex 8 is slightly shorter than the imine distance

TABLE 4. Selected bond distances (A) and bond angles () for
[(CsH3-2,6-(CH ;),)CH=NAI(-C, H,), ], (8)

Bond distances

Al--- Al 2.905(3) Al-C(31) 1.986(6)
Al-N(10) 1.937(5) NQ10)-C(10) 1.248(7)
Al-N(10) 1.955(5) C(10)-C(11) 1.495(8)
Al-C(21) 1.949%(6) .
Bond angles

Al-N(10)-AV 96.5(2) N(10)-AI-C(31) 107.6(2)
Al-N(10)-C(10) 134.5(4) N(10)' -Al-C(31) 110.9(2)
Al'-NQ0®)-C(10)  127.8(4) O(21)-Al-C(31) 121.8(3)
N(10)-Al-N(10)’ 80.6(2) C(10)-C(11)-C(12)  118.3(7)
N(10)-A1-C(21) 118.9%(2) C(10)-C(11)-C(16)  120.5(7)
N(10) -Al-C(21) 109.6(2) C(10)-C(11)-C(121)  122.1(7)

N(10)-0(10)-C(11) 126.0(5)  C(10)-C(11)-C(161) 120.5(7)
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recorded for the aluminumo ketimide complexes:
(‘BuC(Me)=NAlMe,),, 127 A [15]; (BrC¢H ,C(Ph)=
NAIPh,), - 2C¢H,, 1.282 A [16]; and [(Me,P);H ,W(u-
H),Al(H) (u-N=CHCH)],, 1.260 A [17]. The C-N
bond distance does not vary significantly for RC(H)=N
substituted complexes, such as 8, compared to RR'C=N
substituted ketimide complexes.

The coordination geometry around the aluminum
atom is distorted from tetrahedral. The internal N-
Al-N angles at 80.6° and Al-N-Al angles at 96.5° are
in the range observed for dimeric aminoalanes and the
dimeric aluminum ketimide complexes (‘BuC(Me)=
NAIMe,), [15] and (BrC,H ,C(Ph)=NAIPh,), - 2C,H
[16]. The angle at aluminum in the latter is 82.9° and
the angle at nitrogen is 97.1°.

2.2. Concluding remarks

A series of alkylaluminum imine dimers has been
prepared by the reduction of nitriles with diisobutylalu-
minum hydride. Cis/trans isomer mixtures for all of
the [RCH=NAI(i-C,H,),], compounds 1-8 are ob-
served. The solution cis/trans ratios at room tempera-
ture range from 1:1 for small R groups to 1:6 for
sterically bulky R groups. While both cis and trans
dimeric isomers are evident in solution, the solid state
structure of 8 shows the imine groups oriented in a
trans geometry. '

3. Experimental section

All manipulations were carried out using standard
vacuum line and dry box techniques under inert atmo-
spheres or vacuum. Solvents were dried using standard
techniques [19]. The reagents diisobutylaluminum hy-
dride (Aldrich, 1.0 M in toluene), acetonitrile (Al-
drich), acetonitrile-d, (Aldrich), benzonitrile (Aldrich),
butenenitrile (Aldrich), methacrylonitrile (Aldrich),
trimethylacetonitrile (Aldrich), 2-methylbenzonitrile
(Lancaster), and 2,6-dimethylbenzonitrile (Lancaster)
were used as received. 'H and *C NMR spectra were
recorded on a Bruker AMX 300 or AM 500 spectrome-
ter. Chemical shifts are reported in & units (positive
shifts to high frequency) relative to TMS. Chemical
shifts for the major isomer are reported. The IR spec-
tra were recorded on a Perkin-Elmer 597 either neat or
as Nujol mulls. Melting points were recorded in sealed
capillaries under argon on a Thomas-Hoover Capillary
Melting Point Apparatus. Elemental analyses on se-
lected compounds were performed by Galbraith Labo-
ratories, Knoxville, TN.

3.1. Preparation of [CH;CH=NAI'Bu,], (1)
A 250 m! Schlenk round bottom flask was fitted with
a pressure equalized dropping addition funnel and

purged with nitrogen. Acetonitrile (25 mi, 479 mmol)
was added to the flask. The funnel was charged with
diisobutylaluminum hydride (100 ml, 100 mmol) and
the flask was cooled to 0°C. The DIBAL-H was added
dropwise over 30 minutes and stirred at 0°C for an
additional hour. The flask was warmed to room tem-
perature and the colorless solution was stirred
overnight. After about 12 h a yellow color developed.
The solvent was removed under vacuum, leaving 18.5 g
(100%) [CH ;CH=NAI'Bu,},. The product can be vac-
uum distilled at 87°C/0.35 mm Hg. 'H NMR (CD,
500 MHz) of the 1:1 isomer mixture: 6 7.92 (m, 1H,
HC=N), 1.98 (t of septets, 2H, CH), 1.57 (d of d, 3H,
CH,C=N), 1.12 (m, 12H, CH,;-CH), 0.25 (m, 4H,
CH,AD. BC{*H}NMR (C,D, 75 MHz): 8 178.5 (C=N),
28.6 (CH,C=N), 28.5 (Al-C-C-CH,), 26.6 (Al-C-C),
22.6 (AlI-CH,) ppm. IR (neat, KBr): 3345w, 3070vw,
2965sh, 2950s, 2925s, 2895s, 2865s, 2845sh, 2790sh,
2775m, 2750sh, 2725w, 2615w, 1685sh, 1669s [C=N],
1655sh, 1590m, 1462s, 1432s, 1400m, 1378m, 1362s,
1320m, 1263w, 1205w, 1180s, 1163m, 1123m, 1067s,
1018m, 970w, 950w, 825m, 685s br, 585sh, 512sh, 485m,
460m, 410w cm ™.

3.2. Preparation of [CD;CH=NAI'Bu,], (2)

Compound 2 was obtained from acetonitrile-d, (5.0
g, 113.7 mmol) and DIBAL-H (100 ml, 100 mmol) in a
manner analogous to the preparation of 1. The solvent
was removed under vacuum leaving 18.3 g (98%) of
yellow liquid 2, [CD;CH=NAI'Bu,},. '"H NMR (C,D;,
300 MHz) of the 1:1 isomer mixture: § 7.91 (d, 1H,
CH=N), 1.99 (m, 2H, CH), 1.10 (m, 12H, CH,), 0.26
(m, 4H, AICH,) ppm. ®*C{!H} NMR (C,D,, 75 MHz):
8 178.6 (C=N), 27.9 (CD,C=N), 27.7 (Al-C-C-CH,),
26.6 (Al-C-C), 22.6 (Al-CH,) ppm. IR (neat, KBr):
2940s, 2860s, 2760w, 2600w, 1665s [C=N], 1455m,
1390m, 1370m, 1355m, 1315m, 1255w, 1200w, 1170m,
1150w, 1130m, 1055m, 1030m, 1010m, 970m, 940w,
810m, 620s, 500w, 450m cm %,

3.3. Preparation of [(CH,;);CCH=NAI'Bu,], (3)
Compound 3 was obtained from trimethylacetoni-
trile (7 ml, 63.3 mmol) and DIBAL-H (63 ml, 63 mmol)
in a manner analogous to the preparation of 1. The
solvent was removed under vacuum leaving 13.3 g
(93%) of white solid [(CH,);CCH=NAI'Bu,),. The
compound is readily soluble in aprotic organic solvents.
It can be crysiallized from diethyl ether, hexane,
toluene, and acetonitrile. 'H NMR (C4Ds, 300 MHz):
8 8.22 (s, 1H, CH=N), 1.99 (sept, 2H, CH), 1.14 (d,
12H, Al-C-C-CH,), 0.91 (s, 9H, CCH ;) 0.36 (m, 4H,
AICH,) ppm. *C{*H} NMR(C4H,, 75 MHz): & 188.3
(S, CH=N), 40.6 (S, (CH3)3C), 28.7 (S, (CH3)3C), 26.6
(s, AI-C-C), 25.4 (s, AI-C-C-CH,), 24.3 (s, AICH,)
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ppm. IR (Nujol, KBr): 1680sh, 1655s [C=N], 1320w,
1270m, 1210w, 1180w, 1100w br, 1060m, 1030m, 900w,
820m, 800m, 780m, 730w, 690m, 530m, 460m cm ™"

3.4. Preparation of [CH,=CHCH,CH=NAI'Bu,], (4)

Compound 4 was obtained from 3-butenenitrile (2.4
ml, 29.8 mmol) and DIBAL-H (29.8 ml, 29.8 mmol) in
a manner analogous to the preparation of 1. The
solvent was removed under vacuum leaving 5.7 g (92%)
of the yellow liquid [CH,=CHCH,-CH=NAI'Bu,],.
'H NMR (C¢Dq, 300 MHz) of the 1:1 mixture: § 8.03
(d of t, 1H, CH=N), 5.56 (m, 1H, CH,=CH), 5.00 (m,
2H, CH,=CH), 2.73 (m, 2H, =CHCH,), 1.85 (m, 2H,
Al-C-CH), 1.04 (m, 12H, CH,), 0.18 (m, 4H, AICH,)
ppm. BC'HINMR (C¢Dg, 75 MHz): & 178.9 (C=N),
129.8 (C=0), 119.6 (C=C), 46.6 (=CHCH,CH=), 28.6
and 28.4 (AlI-C-C-CH,), 26.4 (AlI-C-C), 224 (Al-
CH,) ppm. IR (neat, KBr): 3100w, 3000sh, 2960s,
2880s, 2780m, 2620w, 1850w, 1650s [C=N], 1620s [C=C],
1460m, 1430m, 1400m, 1380m, 1360m, 1320m, 1260w,
1200w, 1180m, 1160m, 1060m, 1020m, 995m, 930m,
820m, 680s, 500m, 460m cm™ 1.

3.5. Preparation of [CH,=C(CH;)CH=NAI'Bu,], (5)

Compound 5 was obtained from methacrylonitrile
(2.5 ml, 29.8 mmol) and DIBAL-H (29.8 ml, 29.8 mmol)
in a manner analogous to the preparation of 1. The
solvent was removed under vacuum leaving 5.7 g (92%)
of the light green, waxy solid [CH,=C(CH,)-
CH=NAI'Bu,],. Mp: 50°C. '"H NMR (C4Dj, 300 MHz):
8 8.52 (s, 1H, CH=N), 5.37 (s, 1H, CH=C), 5.19 (s, 1H,
CH=C), 2.0 (m, 2H, Al-C-CH), 1.87 (s, 3H, =CCH,),
1.13 (m, 12H, Al-C-C-CH,), 0.37 (m, 4H, AICH,)
ppm. BC{*H} NMR (C(Dy, 75 MHz): § 177.1 (C=N),
144.7, 131.7 (C=C), 28.6 and 28.5 (AlI-C-C-CH,), 26.6
(Al-C-C), 24.1 (AICH,), 164 (=CCH;) ppm. IR
(Nujol, KBr): 3100w, 2780w, 2620w, 1870w, 1670m,
1630m, 1370m, 1320m, 1270m, 1180m, 1100sh br,
1080m, 1020m, 940w, 870w, 840w, 820m, 805m, 730m,
680m, 540w, 480w, 460w cm 1.

3.6. Preparation of [C4H;CH=NAI'Bu,], (6)
Compound 6 was obtained from benzonitrile (19.4 g,
188.1 mmol) and DIBAL-H (188 ml, 188 mmol) in a
manner analogous to the preparation of 1. Removal of
the solvent gave 45 g (97%) of yellow liquid 6,
[C4<H,CH=NAI'Bu,],. 'H NMR (C4D,, 300 MHz): §
8.95 (s, 1H, CH=N), 7.55 and 7.07 (m, 5H, C4H), 2.07
(t of septets, 2H, CH), 1.15 (d of d, 12H, CH,), 0.55
(m, 4H, CH,), ppm. BC{'H} NMR (C,D;, 75 MHz): &
175.0 (C=N), 137.2, 132.7, 129.6, 129.4, 129.0, 128.9
(C¢H,), 28.4 and 28.1 (Al-C-C-CH,), 26.7 (Al1-C-C),
232 (AICH,) ppm. IR (neat, KBr): 3200w, 3060w,
3020w, 2950s, 2860s, 2780m, 2600w, 2200w, 1940w,

1850w, 1810w, 1680m, 1640s, 1590s, 1570s, 1460m,
1390m, 1370m, 1350m, 1310m, 1280w, 1260w, 1190m,
1170m, 1150m, 1050m, 1000m, 970w, 930w, 900w, 840s,
800m, 740s, 700s, 670s, 610sh, 510m, 460m, 440m cm ™.

3.7. Preparation of [(C4H 2-(CH,))CH=NAI'Bu,], (7)

Compound 7 was obtained from 2-methylbenzo-
nitrile (2.0 g, 17.1 mmol) and DIBAL-H (17.1 mi, 17.1
mmol) in a manner analogous to the preparation of 1.
The solvent was removed under vacuum leaving pale
yellow solid [(C4H ,-2-(CH,))CH=NAI'Bu,}, (7). Yield
42 g (94%). Mp: 45°C. Elemental analysis for
CsHxNAL: Caled: C, 74.0; H, 10.1; N, 5.4; Al, 104.
Found: C, 72.7; H, 10.1; N, 4.7; Al, 9.8%. '"H NMR
(C¢Ds, 300 MHz): 6 9.37 (s, 1H, CH=N), 8.1, 7.3 and
7.0 (m, 4H, C¢H,), 2.13 (s, 3H, C,CH,), 2.02 (t of
septets, 2H, CH), 1.12 (m, 12H, Al-C-C-CH,), 0.50
(m, 4H, AICH,), ppm. *C{'H} NMR (C,D;, 75 MHz):
5 174.6 (CH=N), 138.8, 136.9, 132.3, 131.3, 126.6, 126.4
(C¢H,), 28.7 (AlI-C-C-CH,), 28.3 (Al-C-C-CH,),
26.8 (Al-C-CH), 23.6 (AICH ,), 18.6 (C{H,CH ;) ppm.
IR (Nujol, KBr): 1630s, 1600m, 1590m, 1320w, 1290w,
1220w, 1180w, 1060w, 1020w, 970w, 940w, 850w, 800w,
750m, 720w, 530w, 460w cm .

3.8. Preparation of [(C4H;-2,6-(CH,),)CH=NAI'Bu,],
(8)

Compound 8 was obtained from 2,6-dimethylbenzo-
nitrile (2.0 g, 15.2 mmol) and DIBAL-H (15.2 ml, 15.2
mmol) in a manner analogous to the preparation of -1.
The solvent was removed under vacuum leaving an
off-white solid. The solid residue was extracted with
diethyl ether, filtered, concentrated, and cooled to
—20°C to yield 3.0 g (73%) of white prisms. Mp: 140°C.’
Elemental analysis for C,;H,34NAl: Calcd; C, 74.7; H,
10.3; N, 5.1; A}, 9.9. Found; C, 75.2; H, 10.0; N, 4.6; Al,
8.6%. 1H NMR (C.Dg, 300 MHz): & 894 (s, 1H,
CH=N), 6.9 and 6.7 (m, 3H, C,H,), 2.17 (s, 6H,

C¢CH,), 1.87 (sept, 2H, CH), 1.05 (m, 12H, Al-C-C-
CH,), 0.19 (m, 4H, AICH,), ppm. C{'H} NMR (C¢D,
75 MHz): & 180.9 (C=N), 140.2, 134.2, 129.2 (C,), 28.8
(AlI-C-C-CH,), 284 (Al-C-C-CH,), 26.7 (Al-C-
CH), 22.3 (Al-CH,), 19.8, 19.7 (C;H,CH ;) ppm.

3.9. Crystallographic study

Colorless single crystals of [(C4H;-2,6-(CH;),)-
CH=NAI(-C,H,),], were grown from diethyl ether at
—20°C and were sealed in glass capillaries. Cell con-
stants and an orientation matrix for data collection
were obtained from least-squares refinement, using the
setting angles of 25 reflections in the range 13 < 8 < 18°.
Lorentz and polarization corrections were applied to
the data. Empirical absorption [20] and secondary ex-
tinction corrections [21] were applied. The structure
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was solved using direct methods sHELx-86 [22]. Hydro-
gen atoms were located and added to the structure
factor calculations but their positions were not refined.
The structure was refined in full-matrix least-squares
where the function minimized was L, (| F,|—|F,|)?
and the weight w is defined as per the Killean and
Lawrence method with terms of 0.020 and 1.0 [23]. The
final cycle of refinement gave unweighted and weighted
agreement factors of R(F,))=ZX|F,—F_|/LF, = 0.064
and R, (F,)=[ow(F, - F,)?/LwF2]'/2=0.083. The
highest peak in Ehe final difference Fourier had a
height of 0.30 e/A® with an estimated error based on
8F of 0.05 [24]. All calculations were performed on a
VAX computer using MOLEN [25].

4. Suppiementary material available

A listing of the anisotropic thermal parameters,
atomic coordinates for the hydrogen atoms, complete
listings of bond distances, bond angles, and torsion
angles (7 pages), and listings of observed and calcu-
lated structure factors (6 pages) are available for com-
plex 8 from the Cambridge Crystallographic Data Cen-
tre.
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