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Summary 

The crystal and molecular structures of the hesamer, (HAlN-n-E+), (I) and 
octamer (HAlN-n-Pr), (II) have been determined by the Patterson procedure and 

_ _ 
by direct methods, respectively, using trldlmensional X-ray diffraction data - 
collected by counter methods. The block-matris least-squares refinement led to 
a final R value of 5.7% for I and 5.8% for II. The molecular framework of I, 
(AlN),, is shaped as a hexagonal prism, while that of II, (AIN)B, may be derived 
from a combination of such a hesameric cage with a square ring of a dimer. The 
main average bond lengths (A) are: Al-N, l-913(11) for I and l-916(2) for II; 
N-C, 1.508(5) and l-516(4); Al-H, 1.53(2) and l-50(2), respectively. Crystal 
data: I, trigonal space group Pg; (I 16.801(2), c 9.647(2) A; 2 = 3; II, triclinic 

space group Pi, u 21.99(l), b 10.58(l), c 9.75(l) A, Q 97.7(5), p 91.9(5), 7 _ 
100.3(5)“; 2 = 2. 

Introduction - 

Structural investigations on poly(N-alkyliminoalanes), (PIA), have previously 
centered on N-isopropylimino derivatives [l-4]. In this paper, we report the 
crystal structure of two N-n-propyliminoalanes, i.e. the hexamer (HAlN-n-Pr),, 
referred to as Hex-ANP and the octamer (HAIN-n-Pr)s (Ott-ANP). 

The principal interest in the former compound stems from the possible 
differences in the. cage structure due to the different alkyl substituent at- nitrogen; 
the major importance of the second compound resides in the possiblity of 
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. . 

elucidating a novel octameric cage structure of the (LUN)~ type’. 
Single crystals of Hex-ANP were obtained from a fraction of a mixture of oli- 

gomers as described in a previous paper [9] of this series. Single crystals of the 
Ott-ANP were obtained by a direct synthesis of poly(N-alkyliminoalanes) 
recently reported by Cucinella et al. [lo]. 

Esperimental 

Crystals of both compounds, colourless and fairly sensitive to moisture, were 
sealed in thin-walled capillaries under dry nitrogen. Preliminary crystal data 
were obtained from rotation and Weissenberg photographs_ Cell dimensions were 
subsequently refined by application of. the least.-squares method to the setting 
angles measured for 20 reflections on the diffractometer. The successful struc- 
ture refinements confvmed the choice of the space groups. Intensity data were 
collected oda Siemens single crystal diffractometer, using Zr-filtered MO-K, 
radiation; other experimental conditions were identical to those described in 
previous papers of this series [ 1,4]. 

A crystal of Hex-_4NP, with approximate dimensions O-39 X 0.45 X 0.72 mm 
was chosen and a total of 5041 reflections were collected within a quadrant up 
to 0 26”; the intensities of 3017 independent reflections were averaged with 
their equivalent reflections; 1593 of these, having Z > 2.50(Z), were used for 
the structure determination_ 

For Ott-ANP a total of 8576 reflections were collected within a hemisphere 
up to 0 26”, from a crystal of dimensions 0.52 X 0.60 X 0.82 mm; 5765 reflec- 
tions, with Z > 3_0a(Z) were used. Correction was applied for intensity decay, 
which at the end of the run was of 7% for Hex-ANP and 9% for Ott-ANP. No 
correction for absorption was applied in view of the low transmission factor 
(pR < 0.2 for both crystals). 

A summary of the crystal data is given in Tab. 1. 

Structure determination and refinement 

The structure of Hex-ANP has been solved by standard Patterson methods 
which allowed the location of the aluminum and the nitrogen atoms. From a 
Fourier map, phased with these atoms, the position of the carbon atoms was 

TABLE 1 

CRYSTAL DATA FOR CHAIN-n-P& AND (HA,N-,I-P~)~ 

bI0lecular formula 

blolrcular weight 
Space grcmp 

Moleculrsfunit cell 
cell constants 
(MO-K, radiation. A 0_71069) 
cell vo,umr 
Calculated density 
Linear absorption coefficient fi 

(HAIN-n-CjH7),j (HAlN-n-C3H7)6 
510.6 680.7 
Ps (No. 147) ri (No. 2) 
3 2 
D 16.801(2); c 9.647(2) i% a 21.99(l). b 10.58(l). c 9.75(l) i 

L197.7<1>. B91.9(1). 7 1oo.3<1>” 
2356.3 A3 2207.6 A3 

1.078 g crnm3 1.024 6 cme3 
233 cm-1 221 em-1 
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determined_ Hydrogen atoms were all located in a difference map and refined 
with’isotropic parameters. For all the other atoms the refinement was performed 
by block-matrix least-squares with anisotropic thermal parameters_ The R fac- 
tor converged to the final value of O-057_ 

The structure of Ott-ANP was solved by direct methods by means of the 
computer program MULTAN written by Main et al. [ 51. From the intensities put 
in approximate absolute scale by Wilson’s method, the lE1 values were computed; 
300 reflections with [El > 2.08 and 50 with [El< 0.5 were used as input data. 
Of 64 phase sets of IEl, that corresponding to the “figures of merit” (ABSFOM = 
1.06, PSIZERO = 3344 and RESID = 17.2) allowed the solution of the struc- 
ture_ From the corresponding E-map all the aluminum and nitrogen atoms were 
located, and from the next Fourier map the position of all the 36 carbon atoms 
was deduced (R = O-20)_ The refinement and the locations of the hydrogen 
atoms progressed in a way similar to that described above ror Hex-ANP, and 
the final R value of 0.058 was calculated_ Atomic structure factors for the neut.ral 
atom were those of Cramer and Man [S ] for Al, N and C, and of Stewart et al. 

[7] for H. Computer programs written by Immini [S] were used throughout_ 
The final values of positional and thermal parameters are reported in Tab_ 2 

for Hex-ANP and in Tab_ 3 for Ott-ANP. The lists of structure factors are 
obtainable from the authors on request. 

Results and discussion 

The molecular structure of Hex-ANP contains a cage framework, ( AlN)6, quite 
similar to that of its iso-propyl analogue, (PIA-Hex): i.e. a hexagonal prism 
formed by two flat six-membered rings, (AIN)3, linked together by six transverse 
Al-N bonds_ A view of the molecule, with a labelling scheme, is given in Fig. 1. 
The unit cell contains three mo;, stiles but the number of independent atomic 

Fig l_ A ~mspeetive view and labdlimg scheme for the molecule of UUilNePrh5. 
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parameters is correspondingly highly reduced. A molecule, indicated “l”, lies 
on 3 axis, hence l/6 of it is independent _ The other two molecules are located 
on ternary axes and related by a symmetry centre: of these molecules a part 
corresponding to l/3 of a molecule (and indicated as molecule “2”) is indepen- 
dent. It should be noticed that even these last molecules preserve a symmetry 
very close to that required in the molecule “1” by a 3 axis. 

The main geometrical parameters of the molecules of Hex-ANP are reported 
in Tab. 4. There are no significant differences between the mean bond lengths 
and angles of this compound and the corresponding values for PIA-Hex [ 11. The 
spatial arrangement of the n-propyl groups is quite similar in the three indepen- 
dent cases according to the molecular symmetry mentioned above. The Al-N-C- 
C rotation angles, where Al-N is a transverse bond, are close to 180”, indicat- 
ing a trans conformation: as a consequence. the two e-hydrogen atoms point 
toward the centres of two contiguous square rings (AIN)z_ More complex is the 
cage structure of Ott-ANP, whose perspective view is shown in Fig. 2. The cage 
may be formally derived by addition of two cubic-shaped tetrameric cages, 
each one with two open bonds on a face, or conversely by combining a hexa- 
merit cage with the square ring of a dimer, (AlN)*. The octameric cage is thus 
composed of four six-membered rings, (AIN)S, and of six four-membered rings, 
(AlN)*. This configuration constrains the hexagonal rings to assume a “boat” 
conformation, as may be noted from the deviation of the atoms from their 
least-squares planes (see Tab. 4, the minus sign indicates a displacement toward 
the centre of the cage). The mean values of the torsion angles are ?4.6(3)” and 
?31.2(7)“, indicating that the rings are flatter than a “boat” form of the cyclo- 
hexane molecule (where the corresponding angles are 0” and 60”): this is mainly 
due to the large values (considerably greater than 110”) of the bond angles on Al 
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and N atoms. Considerable flatness is shown by the four-membered rings, (AlN),. 
While in both cited hexamers the AI-N bonds are shorter in hexagonal rings 

and longer in transverse bonds, this clearly is not the case for Ott-ANP, where 
more complex configurations arise from the arrangement of six- and four-mem- 
bered rings. Thus, if the longest Al-N bonds are those common to the two 
square rings, an alternation of shorter and longer bonds is observed along the 
hexagonal rings, depending on whether the bond is shared by two hexagonal 
or by one hexagonal and one square ring. It may also be noted that the nitrogen 
(or aluminum) atoms do not display an equivalent geometry with respect to 
bond angles: this is because half of the atoms (i.e. N(l), N(2), N(5) and N(6)) 
are common to one hexagonal and two square rings, while the other half to 
one square and two hexagonal rings. In spite of the scattering of Al-N bond 
lengths (Tab_ 4), it must be pointed out that the overall mean of this bond, 
l-916(2) A, does not differ significantly from the corresponding distance in 
the aforementioned hexamers. Moreover, in all these molecules the overall mean 
is exactly equal to every average of three bonds converging to the same nitrogen 
(or aluminum): this fact is particularly remarkable for the octamer because of 
the previously discussed non equivalence of the nitrogen atoms. However, this 
mean does not represent the true value of a specific Al-N bond; it indicates 
that in equivalent coordinative configurations, as in these cage molecules, there 
is a sort of electronic compensative effect on the three bonds to each N or Al 
atom_ The Al-H and C-C mean bond distances are also consistent with those 
observed in the other structures of the series. The alkyl substituents are arranged 
apart from some differences in Al-N-C bond angles, in such a way that 
one a-hydrogen points toward the centre of a hexagonal ring, (AlN),, and the 
other one toward the centre of a square ring, (AIN),_ In both compounds the 
packing is consistent with Van der Waals interactions. 
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