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Summaty

The compound [(HAIN-i-Pr),(H.AINH-i-Pr);] has been prepared and the
crystal and molecular structure determined by an X-ray analysis, carried out
with three-dimensional data collected on a diffractometer. The molecule is
made up of a cyclohexane-type ring, {(HAIN-i-Pr).(H, AINH-i-Pr)], in skew-
boat conformation, on each side of which is bonded an —H, AINH-i-Pr— bridging
unit between a nitrogen atom and an aluminum atom of the ring. The mole-
cule lies on a binary axis of the crystal, but this symmetry is fulfilled only by a
statistical orientation of the asymmetric molecular units (the statistical model
is not however completely defined). The Al—N bond lengths range from 1.901
to 1.985 A ; the average N—C bond length is 1.527(9) &. Main crystal data are:
monoclinic space group C2/c;a = 10.15(2), b = 21.64(3), c = 12.84(2) A, =
111.9(5)°; Z = 4; calculated density 1.095 g/em?. The structure was solved by
direct methods and block-matrix least-squares converged to an R value of 5.6%.

Introduction

The synthesis and structural resolution of the title compound, subsequent-
ly referred to as PIAPEN, have been carried out as part of our study of poly-
(N-alkyliminoalanes), (PIA) [1—4]. Probably the formation of a true per:itakis-
(N-alkyliminoalane), (HAIN-i-Pr);, is very difficult or impossible, if tetracoor-
dination on aluminum and nitrogen atoms is to be preserved; therefore, although
PIAPEN contains N-isopropylaminoalane groups, —H,AINH-i-Pr—, we prefer to
consider this compound as the pentameric form of PIA.

* Forparts I—IV see refs. 1—4.
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Experimental

Synthesis

The title compound was separated from a mixture of products from the
reaction between AlH; and i-C;H;NH, (AlH; was synthesized in situ via NaAlH.
A solution of AICl; (348 mmol) in diethyl ether (150 ml) was added dropwise
to a stirred suspension of NaH (1045 mmol) in boiling diethyl ether/hexane
(300 ml, in volume ratio 60/40) containing small amounts of AlEt; (10 mmol).
The mixture was initially heated, but subsequently the boiling temperature was
maintained by regulation of the AICl; addition. The AICI; solution was added
in two stages: after addition of the amount corresponding to the formation of
NaAlH;, the reaction mixture was stirred for 1 h at the boiling temperature, and
then the remaining AlCl; was added. Finally the reaction was completed, as
confirmed by the disappearance of chlorine in the solution, by further refluxing
for 2 h. Isopropylamine (325 mmol) in diethyl ether (560 ml) was then added
dropwise; hydrogen was evolved and the reaction mixture was refluxed for 8 h.
The mixture was filtered and the solvent was evapcrated from the solution in
vacuo and replaced by diethyl ether. The ether solution was cooled to about 5°.
After 50 h the crystals which formed were separated by decantation, dried, and
analyzed (the yvield was 4.5 g). (Found: Al, 29.80; N, 15.89; H_,,.., 18.40.
CysHyeNsAls caled.: Al, 31.25; N, 16.22; H_45.., 18.55%.)

X-ray analysis

Crystals of PIAPEN, colourless and prismatic in shape, were sealed in thin-
walled glass eapillaries under dry nitrogen because of their instability to mois-
ture. From Weissenberg photographs, the monoclinic space groups C2/c¢ or Cc
were deduced; the former was confirmed by subsequent successful refinement.

Accurate cell dimensions were determined by least-squares refinement of
18 carefully centered reflections on the diffractometer; they are given with
other pertinent data in Table 1.

Intensity data were collected from a crystal of approximate dimensions
0.4 X 0.5 X 0.75 mm, mounted with the a axis parallel to the spindle axis of a
computer-operated Siemens AED diffractometer. Intensities were measured
using Zr-filtered Mo-K, radiation by a procedure described in a previous paper
[2]. A total of 2718 independent reflections up to (sin 8/A) 0.62 A™' were col-
lected, of which 1826 with intensities greater than 2.50(f) where 0*(/) = [total
counts + (0.005 I)?] were used in the structure determination. The variation of

TABLE 1
CRYSTAL DATA FOR [(HAIN-i-Pr)a(H2AINH +-Pr) 31

Molecular formula: [HAINGso-C3H 7)) 2[H2AINH((iso-C3H )13
Motlecular weight: 131.5

Space group: monochmc, C2/c

AMolecules /unit cell 4

Calculsted density: 1.095 g/em?

Cell canstants: a=10.15(2), b= 21.64(3). c=12.84( A,
{(Mo-K, radiation, A = 0.71069 A) 8=111.9(5)°

Cell volume: 2615.9 A3
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the intensity of a selected standard reflection, measured every 15 reflections,
reached a maximum of 8% during the experiment; the scale factor was adjusted
on the assumption that all other intensities varied at the same rate. A correction
for Lorentz and polarization factors was applied, but the absorption effect was
neglected owing to the low value of the transmission factor (u R < 0.2). Struc-
ture amplitudes were put on an absolute scale by Wilson’s statistical method,
and |E| values were computed.

Structure determination and refinement

The structure was solved by application of direct methods, using the pro-
gram MULTAN written by Main et al. {5]. The greatest 200 { E| values (> 1.6)
and the smallest 50 were used, assuming the acentric Cc space group. The
starting reflections chosen by the program were: 3 13 2 and 4 6 T fixing the
origin, 10 12 4 fixing the enantiomorph; those, with variable phases were
1012 4,8 23 and 5 7 7. The program gave 32 independent solutions, of
which the 32nd, having ‘figures of merit’ ABS FOM = 1.225 and PSI ZERO =
2561, led to correct solution of the structure.

From the E-map, all the aluminum and nitrogen atoms were located, and
from the next Fourier synthesis the positions of all the carbon atoms were de-
duced; the R residual was 0.21. Thus far, the image of the molecule shown by
the Fourier map gave very strong evidence of a binary axis, suggesting C2/c as
the correct space group. Refinements carried out at the beginning for both Ce
and C2/c¢ space groups indicated that the former was to be definitely rejected.
After five block-diagonal least-squares cycles with isotropic thermal parameters,
the R factor was reduced to 0.12. A AF-map was then computed, which allow-
ed the location cf almost all the hydrogen atoms. However for those bonded to
Al(1), N(1), C(1) and C(2), which occupy two sets of nearby positions, only
mean positions were found. After four cycles with anisotropic thermal param-
eters and fixed contributions of the hydrogen atoms, the R factor dropped to
0.059. Three more cycles in which the hydrogen atoms were isotropically re-
fined led to a final R value of 0.056.

Atomic scattering factors are those of Moore [6], for neutral atoms. All
computer programs, with the exception of MULTAN, were those written by
Immirzi [7]. The final values of positional and thermal parameters are reported
in Table 2. A list of structure factors is obtainable from the authors on request.

Results and discussion

Bond lengths and angles, including torsion angles, are reported in Table 3.
A skeletal picture of the molecular structure, showing the statistical positions of
some of the atoms, is given in Fig. 1. A perspective view of the molecule is
shown in Fig. 2.

The molecule is essentially built up of a six-membered ring,
[(HAIN-i-Pr),(H,AINH-i-Pr)], crossed on either side by a bridging unit
—H,AINH-i-Pr—, each one giving rise to two more secondary six-membered rings,
(AIN);. The molecule possesses only a pseudo-binary axis, passing approximate-
ly through Al{1) and N(1). However, as may be seen in Fig. 3, the molecules in

(conlinued on p. 59)
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C (o) Cta

, c(2)
C (2)

Fig. 1. A skeletal picture of the molecular structure of [(HAJN-i-Pr):(H:AlNH-:-Pr);]. The sphitting of the

positions of Al(1). N(1) and C(1) anses from the two orientations of the molecwle tn the crystal, as requir-
ed by the two-fold axis.

Fig 2. A perspective view of the molecule of [(BHAIN-i-Pr)2(Hz AINH-i-Pr);].
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Fig. 3. A representation of the packing of [(HAIN-i-Pr)>(H2AINH-i-Pr)3]; projection along the ¢ axis.

the crystal actually lie on a two-fold axis of the space group. The rigerous binary
symmetry thus required is achieved by splitting of the positions of Al(1), N(1)
and C(1) and of the related hydrogen atoms, as shown in Fig. 1. This statistical
occupancy is possible because it does not affect the positions of the methyl
groups, which determine the packing in the crystal. Although the quality of the
refinement leaves no doubt about the existence of this splitting, some difficulties
do arise for the interpretation of the true molecular structure. From Fig. 1 it
will be seen that the connection of N(1) with C(1) and consequently of N(1)'
with C(1)" is directly imposed by the requirement of a C—N bond distance close
to 1.5 A [N(1)—C(1) and N(1)=—C(1)’, 1.5633(8) A ]. The crucial point is now to
connect one of these positions [i.e. N(1), C(1) or N(1)’, C(1)'] to those related
to Al(1) and Al(1)". These two positions of the aluminum atom, both unaffected
by any steric constraints of the packing, should be equally probable, so that
even a dynamic-statistical occupancy must be considered. Such a model would,
however, produce important changes in bond lengths (about 0.05 ) and bond
angles (about 6°), and would thus probably involve a considerable activation
energy. Therefore, we have preferred to choose a definite structural model, as
sketched in Fig. 1, which occupies statistically the crystallographic sites accord-
ing to the two orientations required by the two-fold axis. The choice of this
model has been made on the basis of the greatest possible altemation of short
and long Al—N bond distances on the six-membered ring. Unfortunately true
alternation of these bond distances is not possible because of the identity of the
two bonds Al(3)—N(2) and Al(3)'—N(2)'. The question therefore remains largely
unsettled. This uncertainty precludes very detailed consideration of the geomet-
rical parameters of the molecule, expecially with regard to the Al—N bond dis-
tances. It is noteworthy, however, that the shortest AI—N bond distance, 1.901
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A, is observed for the Al(3)—N(2) bond, the only one involving aluminum and
nitrogen atoms, linked respectively to three nitrogen and three aluminum atoms,
while the longest, 1.985(5) A, is found for the Al(3)—N(1) bond. All other mean
bond distances are in good agreement with the values found in the structures of
the analogous compounds previously studied [2—4] [Al—H, 1.48(2); N—C,
1.527(9); C—C, 1.516(9) A ].

Only six-membered rings (AIN); are present in the compound, and here too
the rule established for previous structures [2—4] of this series concerning the
Al—N—Al and the N—Al—N bond angles is obeyed: i.e. in four-membered rings
(AIN),, AI—-N—AIl bond angles are a little smaller than the N—AI—N angles,
whereas in six-membered rings the opposite order is found. In the present case
Al—N—Al bond angles average 109.2(16)° and N—Al—N ones average 103.9(23)°.

The packing, a view of which is given in Fig. 3, is established by methyl—
methyl contacts, the shortest distance being 3.68 A.

The structure of PIAPEN gives further insight into possible mechanisms of
formation of poly(/N-alkyliminoalanes) under various conditions; in this case,
the formation of cyclohexane-type rings, (AlN);, in an intermediate product is
demonstrated. This finding is significant, because most of the evidence collected
so far for other conditions of preparation [8] favours formation of dimers and
tetramers as intermediates.
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