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Summary 

The compound [H(HAlN-i-Pr)&H,]-LiH/Et,O has been prepared, and its 
crystal and molecular structure has been determined from single-crystal, three- 
dimensional X-ray diffractometer data. The molecular structure is a pseudo- 
hexameric cage, consisting of a five-membered fragment, Al-N-Al-N-Al, 
crosslink@ to a six-membered cyclohexane type ring, (A_lN), . The hydrogen 
atom of LiH is indistinguishable from the other hydridic hydrogens, so that the 
ZV-isopropyliminoalane part of the molecule may be considered as an anion with 
a formal charge of -1. The lithium cation is linked to two adjacent molecules 
through three Li--H--A1 bridges, the fourth position of its tetrahedral coordina- 
tion being occupied by the oxygen of diethyl ether. Large distortions of the 
tetrahedral valence angies occur, both on the aluminum atoms and on the nitro- 
gen atoms, together with a noticeable spread of the AI-N bond lengths, aver- 
aging 1.919(4) A. Colourless crystals of the compound have the following crys- 
tal data: orthorhombic space group Pna2,;a = 19.76(2), b = 10.38(l), c = 
16.60(2) A; 2 = 4; calculated density 1.048 g/cm3. The structure has been re- 
fined by block-matrix least-squares methods, using 2487 independent reflec- 
tions, to an usual R factor of 5.9%. 

Lntroduction 

As part of our research program on the stereochemistry of poly(N-alhTl- 
iminoalanes), abbreviated PIA, an X-ray structural analysis of the title compound, 

l Forparts I.11 and IlI.see refs.9.1and6. 
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refened to as PIALM, was undertaken, with the aim of clarifying the mode of 
bonding in complexes formed by the cage molecule of PiA with alkaline hy- 
drides. Chemical analysis indicated a pseudo-heuameric cage (consisting of 6 Al 
and 5 N atoms), plus one molecule of LiH and one molecule of diethyl ether. 
Because LiH is a component of the reaction miuture, the compound was believ- 
ed to be a precursor of the hexameric cage moIecule (HAlN-i-Pr),, previously 
studied [1]. Therefore, it was hoped that knowledge of its structure would &ve 
some indication of the mechanism of formation of PIA. 

tiperimental 

Synthesis 
A molar excess of LiH suspended in diethyl ether was treated with .4JC1s- 

Et,0 (Li/Al = 4) during 1 h at room temperature. To the suspension of AI.& 
polymer thus folmed, ~opropyi~~ne was added during 30 min, in 2 molar 

ratio H,N-i-PrfAlH, 0.87. The mixture was stirred for 6 h at room temperature 
and solid material filtered off. The residue remaining after removal of &ethyl 
ether from the filtrate was washed with anhydrous heptane and then dissolved 
in a mixture of diethyl ether and hexane. This solution, was set aside for 2 day, 
and the crystals were removed, dried and analyzed. (Found: C, 42.5; N, 12.8; 
Al, 29.8; Li, 1.6%; Hariire /Al, 1.52. HSN5A16(iso-C3H7)S - LiH/EtzO calcd.: C, 
42.46; N, 13.03; Al, 30.12; Li, 1.29%; Hadl,JAl, 1.5.) 

X-ray analysis 
Single crystaSs of PIALIH are colourfess, and roughly prismatic. The space 

group and preliminary lattice constants were determined from Weissenberg 
photographs. From the systematic absences and presumed density, the space 
group PnaZt was assigned, and subsequently confirmed by successful refir!ement. 
More accurate unit cell parameters were obtained from measurements of the 
setting angles of 22 reflections on the diffractometer. Crystal data are summa- 
rized in Table 1. 

Intensities were coliected on a computer-operated Siemens AED diffracto- 
meter by a procedure described in a previous paper [ll, using %-filtered MO-& 
radiation. A crystal, with approsimate dimensions 0.5 X 0.7 X 0.8 mm, was 
sealed in a thin-walled glass capillary under nitrogen and was aligned with the c 
a-nis along the Q avis of the diffractometer. A total of 3443 reflections having 

TABLE 1 

CRYSTAL DATA FOR [H(?iiUN-t-Pr)p4!~~~~ Ld-f/m2D 

Malecuhr formula: 
Molecular weight: 
Space group: 
hlo!~GxxLIes~uruf eeLI: 

Cabxhted deusily: 

Cel_icoIlsbntsz 
wo-R, adiatioa. h = 0.71669 A) 
Ce.R volme: 

EHIH~N(i4a63W,,15AM1)‘~,(C2Hg)20 
537.5 

Pm21 
4 

1.048 @zxn3 

0 = 16.76(2). b = 113.38W. c = 16.60<2) A 

3404.0 43 

f 
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(sin 0)/X < 0.62 A--’ were collected, and of these, 2487 having intensities above 
2.5 o (I), cr’ (I) = [total counts + (0.005 I)‘], were utilized throughout. A stan- 
dard reflection (6 0 0), checked every 15 reflections, showed a 5% decay in in- 
tensity during the data collection run; a correction factor varying continuously 
from 1.0 to 1.05 was therefore applied to the measured intensities. The absorp- 
tion correction was disregarded (pFrR < 0.2 for MO-& radiation). 

Structure amplitudes were put on an absolute scale by Wilson’s statistical 
method and normalized structure factors IEl were calculated. 

Structure determination and refinement 

The structure was solved by means of direct methods, using the program 
MULTAN by Main et al. (21. The 442 largest and the 50 smallest IEI values 
were used as input data. The program selected a starting set composed of 6 re- 
flections, three fixing the origin (13 3 0, 0 1 7, 2 5 6) and three with variable 
phse (1 4 0 with restricted phase, 8 1 3 and 19 3 4 with general phase). A total 
of 32 combinations of initial phases were processed and after phase refinement 
by means of a weighted tangent formula [ 21, the third most probable combina- 
tion (on the basis of the ‘figures of merit’ ABS FOM = 1.64 and PSI ZERO = 
1265) was found to be correct. 

All the aluminum atoms were located from an E-map, and after three 
cycles of Fourier synthesis, phased by structure factor calculations, the position 
of the nitrogen, osygen and carbon atoms were determined. The residual R over 
all observed reflections was 0.31 with the alruninum atoms only and 0.1s in- 
cluding all the other atoms mentioned above. The coordinates of these 31 atoms 
were refined by blockdiagonal least-squares methods, using isotropic thermal 
parameters. The function minimized was CW(F,,-_~)‘, using Cruickshank’s 
weighting scheme [ 31. After five cycles the residual R was reduced to 0.12. The 
ljthium atom and most of the hydrogen atoms bonded to aluminum were then 
located from a A F-map; for some of the hydrogens, however, the coordinates 
were adjusted slightly in order to maintain the tetrahedral geometry of alumi- 
num and a value of 1.5 a for the AI-H bond length [I]. The hydrogen peaks of 
the isopropyl groups were so broad and weak that they were placed in calculated 
tetrahedral positions (C-H, 1.1 a). The hydrogen atoms of the ether molecule 
were disregarded owing to the large thermal motions of the ether carbon atoms. 
In the later least-squares cycles the hydrogen positional and (isotropic) thermal 
parameters were refined, but with the reduction of the calculated shifts by a 
‘damping factor’ of 0.2. The final R value was 0.059. The atomic scattering fac- 
tors used throughout were calculated from the regression formula suggested by 
V. Vand et al., using Moore’s numerical values [ 4 1. All the calculations were 
performed on a IBM 360 computer using programs written by one of us (A. I.) 
[51- 

The final positional and thermal parameters are given in Table 2. A list of 
structure factors may be obtained from the authors on request. 

Results and discussion 

The molecular structure of PIALM can be regarded as derived from that of 
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FINAL ATOMIC FRACTiONAL COORDINATES (X 10”) AND THERMAL PARmETERS (x 30’ 4’) 
FOR [H(HA’UN-I-P~);ALH~]~ LiH/Et@. 

Nfl’ 
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pi(Z) 
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c*hl + 2B23b*c*kl)]. Standard debuhons m parentheses, III Uus and followmg tables, refer to tie last dwt. 

the heuamer, (HAlN-i-Pr)6, previously designated as PIAHEX, by replacing one 
SN-i-Pr group with two hydrogen atoms and by adding a molecule of LiH. It 
may be seen from Fig. 1 that in the LiH derivative, only one of the two six-mem- 
bered cyclohexane-Iike rings, (AIN),, which form the cage of PIAHJ3X. is fully 
preserved; the second, broken by the loss of a nitrogen atom, is reduced to the 
fragment AI(4)-N(4)-AI(5)-N(5)-A1(6). This fragment is joined to the six- 
membered ring in a special way: in contrast with the situation for the hexameric 



Fig. 1. Perspective blew and 13belling scheme for the molecule of II.I(HAIN-I-P~)~AIH~J.LIHIE~~O. 

cage molecule, the N(4) atom is bonded not to Al(6) in the adjacent position on 
the ring but rather to AI(5), which is located on the opposite side of the ring 
from N(4). The conformation of the six-membered ring is cIea.rly of the skew- 
boat type (see in Table 3 the internal rotation angles). The largest displacements 
from the mean plane towards the other part of the molecule occur for the N(l) 
(0.5’7 a) and Al(3) (0.42 a) atoms, which form part of the central bridge 
N( l)-Al( 5)-N( 4)-Al( 3). 

For the three duminum atoms Al(l), Al(4) and Al(6), each of which is 
linked to two nitrogen atoms only, the tetrahedral coordination is completed 
by a pair of hydrogen atoms. Since one of these must be furnished by the LiH 
molecule, the distorted cage may be considered as an anion with a formal charge 
of -1. In “Lhe crystal, the lithium cation is linked through three hydrogen bridges 
with AI(l), Al(4) and AI(6)’ (the latter atom belonging to an adjacent molecule); 
the fourth position of its tetrahedral coordination is occupied by the oxygen of 
diethyl ether. Thus, as shown in Fig. 2, the crystal structure of PIALIH is built 

(continued on p_ 50) 
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Fig 2 .A representation of the packing of [ H(HAlN-i-Pr)+UH21- L~HHIELzO; projection along the c axis. 

up of chains of molecules held together by these hydrogen bridges and running 
approximately along the a axis. This feature accounts for the insolubility of the 
compound in non-polar solvent s. The lateral packing of the chains is controlled 
by methyl-methyl contacts of the alkyl substituents, all of which are greater 
than 3.78 A. 

Owing to the multiple ring configuration large distortions of the tetrahedral 
valenct angles occur for both the aluminum and nitrogen atoms, together with 
a noticeable spread of AI-N bond lengths, although the e.s.d.‘s derived for the 
bond lengths from the least-squares refinement are in many cases too large to 
allow detailed comparisons. The overall average Al-N bond distance is 1.919(4) 
A, with single values falling in the range 1.886 to 1.953 8,. It is interesting to 
note however that the largest distances, averaging l-936(6) A, occur for the Al-N 
bonds joining the she-membered ring to the five atom fragment as described 
above. This feature is quite analogous to those observed and discussed previously 
for the structure of PIAHEX [l] and its adduct, (HAlN-i-Pr)&lHp (PIAHAL) [63. 

The Al-N-Al bond angles range from 85.1” to 122.5” and N-Al-N bond 
angles from 86.2” to 116.7”. Here too, the trend of these angles is similar to that 
remarked in the above cited structures: thus, in spite of a few outlying single 
values, in the six-membered ring the average AI-N-AI bond angle is a little 
larger than the average N-Al-N bond angle j112.2(9)” and 110.0(40)” respec- 
tively] whereas in the four-membered rings the corresponding angles average 
87.3(6)” and 89.1(14)“. The average AI-H bond distance is 1.54(3) A, slightly 
larger than the average observed in PLAHEX [1.49(l) A ] and in PIAHAL 
[1.51(l) A]; h owever the e.s.d. of the mean indicates the difference to be scarce- 
ly significant. The average Li-Hb bond distance is l-92(4) A, a value compara- 
ble to the 2.04 .9 found in LiH, where the metal is hexacoordinated [7]; the 
corresponding AI-H, average is 1.56(3) A. The spread of the values of the bond 
lengths is also observed for the N-C and C-C bonds, for which the resulting 
averages are l-525(6) and l-503(15) A respectively. The torsion angles about the 
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Ft% 3. A ~ch~~~e~roposed for the mrchamsm of formattoo of ~~(~AlN-I-~r)j~~j LiH/EtzO (u.&.c) and 
rbe bexamer. (&f?UN-i-f%)& (d,e.n. I.&&urn atoms Lo ahxh dreth~l eLber motecuk?s are attached are en- 
closed in parentheses. Hydridic hydrogens are tndxated wrtb black filled circles. hydrogen atoms bonded 
LO nitrogen atoms with sm$J open circles and alkyl P;roUQS wtb large open Circk% 

N-C bonds, unlike those in the parent cage structures, do not in general eone- 
spond to staggered conformations. This can probably be ascribed to the presence 
in this structure of the intermolecular hydrogen bridges, which constrain some 
isopropyl groups to be bent away from the staggered coronation jn order to 
achieve betier distances between the methyl groups of adjacent molecules. For 
esample, the C(5) and C(6) methyls which beiong to an almost eclipsed iso- 
propyl group, display some of the shortest methyl--methyl contacts (3.85 and 
3.88 X respectively). 

One of the major interests of this structure resides in the i~fo~a~io~ it 
may provide about the mechanism of formation of cage molecule of poly(N- 
~~l~~o~anes). Cucinella et al. have recently found that in the synthesis of 
PiA by a new method [ 81, tetramers are formed: these oligomers can be con- 
verted into more stable hexamers such as PIAHEX when i~opropyI~~e and 
AU-I, are added to their solution. Thus, since dimers are quite probable preeur- 
sors of tetramers, we suggest the scheme shown in Fig. 3 as a possible mecha- 
nism of formation of PIALIH as weU of the hexameric cage molecules. Xt is 
hoped that additions 
now in progress. 
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