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The crystal and molecular structure of the adduct (HAlN-i-Pr)&& has 
been determined fiom single-crystal and three dimensional X-ray diffraction 
data collected by counter methods. The cage-type molecular structure consists 
of two six-membered rings, ( AlN),, joined together by four adjacent transverse 
Al-N bonds; the loss of two of these bonds allows the complexation of one 
alane molecule, with five-coordination of the ahnninum (trigonal bipyramidal 
geometry), through two AI-N bonds and two Al-H-Al bridge bonds. The 
AI-N bond lengths range from 1.873 to 1.959 A; the average Al-H bond 
length is 1.50(l) A for the four-coordinated aluminum atoms; the average dis- 
tance of the two apical hydrogens from the five-coordinated aluminum atom is 
1.92( 5) II. Colourless prismatic cr+als of the compound tave the following 
crystal data: trichnic space group Pl; a = 17.13(2); b = 10.78(2); c = 10.20(Z) A 
a = 124.3(4), p= 92.0(4), 7 = 92-l(5); 2 = 2; calculated density 1.157 g/cm3. The 
structure has been refined by block-matrix, least-squares methods using 4358 
independent reflections to a standard unweighted R factor of 4.9%. 

Introduction 

The resolution of the crystal structure of the hesamer (HA1N-i-Pr)6 was 
reported in a previous paper of this series [l] and we now describe the investi- 
gation of the structure of its adduct (HALN-i-Pr)&l&. In the preparation of 
poly(N-alkyliminoalanes), (PLA), evidence was frequently obtained both from 
chemical analyses and spectroscopic (mass and NMR) investigations for tbe 

* Forpartslandtlseere~7and1. 
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existence of adducts between cage molecules of PiA and molecules of alane, but 
attempts to separate and identify such compounds were until recently largely 
unsuccessful. 

A crystalline powder of the titk compound, referred to as PWI-IAL, was 
isolated by one of us (A.B.) during a large-scale preparation of poiy(N-isopropyI- 
iminoalane) from sodium hydride, ahuninum chloride and isopropylamine using 
a mixture of diethyl ether and hexane (l/l) as solvent. Single crystals, suitable 
for X-ray analysis, were obtained from a solution of this powder in heptane at 
room temperature. -4lthougb there are strong indications that other adducts 
exist, some of which are highiy unstable, it is hoped that determination of the 
structure of PIAHAL will give insight into the general features of the bonding 
between the alane molecule and the cage-type structures of PIA. 

Experimental 

Coiourless cryskIs of PLWAL, roughly prismatic in shape, were sealed in 
thin-walled glass capWry under an atmosphere of dry nitrogen and were first 
examined by Weissenberg photographs. fn_tbe absence of any lattice symmetry 
or systematic absences, the space group Pl was assumed. The successful refine- 
ment confirmed this assignment. The unit cell parameters were refined by a 
least-squares fit to the setting angles measured for 23 reflections on the diffrac- 
tometer. The crystal data are summarized in Table 2. 

Intensity data were collected from a crystal of dimensions 0.25 X 0.4 X 
0.75 mm, mounted with the c axis parallel to the axis of a Siemens AED auto- 
mated diffkactometez, using MO-& radiation. Other experimental conditions 
were identical to those described in a previous paper of this series [I]. A total 
of 5430 reflections were collected within an hemisphere up to (sin e)/A = 0.60 
A-‘; 4358 reflections, whose intensities were greater than 2.5 u(f), where o(l) is 
defined as [total counts + (0.005 f)23iiz, were used for the structure 
determination. A standard reflection (6 0 0) measured every 15 reflections, 
monitored the intensity fluctuations, which did not exceed 6%. Intensities were 
corrected for this effect by means of a simple linear interpolation method. No 
absorption correction was applied in view of the low transmission ftietor (pR < 
0.2 for No-&). The intensities were subjected to the usual Lorentz and polari- 
zation corrections and put on an absolute scale by Wilson’s statistical method. 

TABLE 1 

CRYSTAL DAT4 FOR (HAIN-I-P~)+H~ 

Efokcular fom.lula- 

Moleculsur we1ghr: 

Space group: 

Molecufesltit cell: 

CalcuIated deauty: 

cell coastaotsa: 

CM.! volume: 

(HAl%(uoC~H~)1+H~ 

540.5 

Ttwlmic. Pi 
2 

l.lbf gm13 

4 = X7.13(2). b = 10.78(2). c = 10.20(2) 4: 

0. = 12Qz.3(11°. P = 92.0(4)=‘.r = 921(4j0 

1550.7 43 

=Blo-K, radiation. A 0.71069 .A 
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The values obtained were used for the calculation of structure factor amplitudes 
IF I and the normalized structure factor amplitudes I E I. 

Structure determination and refinement 

The solution of the structure was performed by direct methods, using the 
MULTAN program written by Main et al. [2]. The 400 strongest reflections, 
with I E I > 1.74 and the 50 lowest reflections were used as input data. The pro- 
gram gave 64 solutions, of which that having the ‘figures of merit’ ABS FOM = 
1.195 and PSI ZERO = 3215, led to the correct solution of the structure. The 
set of the starting reflections were: 5 3 2, 2 4 7, 5 ;? 6 fixing the origin and 
7 3 2, 1 8 5,6 4 2, 11 2 2, 3 5 5, 6 4 1 with variable phases. From an E-map all 
the seven aluminum and six nitrogen atoms were located, and a residual R 0.35 
was calculated. The next Fourier synthesis allowed the location of all of the 18 
carbon atoms, reducing the R value to 0.22. After four block-matrix least- 
squares cycles, with thermal isotropic parameters, a &F-map was calculated and 
the coordinates of all hydrogen atoms (51) were derived. The nest five least- 
squares cycles, with anisotropic thermal factors for all the atoms escluding the 
hydrogen atoms, for which tied thermal factors were used, led to an R factor 
of 0.055. After a few more cycles, with the inclusion of isotropic thermal refine- 
ment of the hydrogen atoms (the positional shifts were limited by a ‘damping 
factor’ of 0.5) a final R factor of 0.049 was obtained. The function minimized 
was Cw(F,-F,)‘, using Cruickshank’s weighting scheme [3]. The atomic 
scattering factors used, assuming that no atoms are charged, were those of 
Moore (41. With the exception of the program MULTAN, all the other programs 
were those of Immirzi [5]. 

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

Results and discussion 

The molecular structure of PIAHAL derives directly from that of the pre- 
viously described hexamer (HAIN-i-Pr)b (referred to as PIAHEX). A molecule of 
PIAHEX is able to bind to a molecule of All-la, with five-coordination of the 
aluminum atom, by the opening of two adjacent AI-N bonds, which join the 
two sis-membered rings, (A.&l),, of the hesagonal cage. The distortion needed 
for this bonding affects essentially only one half of the cage, as is schematically 
illustrated in Fig. 1. The partial deformation of the cage molecule of PIAHEX 
is shown by the values of the internal rotation angles around the Al-N bonds 
of the two six-membered rings, reported in Table 3, together with other geomet- 
rical parameters. While in PLAHEX all these angles average ca. + S”, here the tor- 
sion angles of the three adjacent bonds of the two Sk-membered rings (i.e. the 
pairs of bonds 1, 2 and 3 in Fig. lb) average 35.7”, -48.5” and 23.4” respec- 
tively. Individual values of the internal rotation angles can be better discussed 
with the aid of the Fig. 2, which shows a labelled projection of the whole mole- 
cule. From this figure it is apparent also that the molecule possesses, at least 
approrimately, a binary symmetry with a two-fold axis passing through the 
five-coordinated aluminum, [Al(7)], and the centre of the opposite four-mem- 
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TABLE 2 

ATOMIC FRACTIONAL COORDINATES (X IO’) AND THERMAL PARAMETERS (x lo2 .a’) FOR 

(H_kIN-i-R)~H~O 

AZR 

A.I(I) 
A.?(?) 
N(l) 
N(i) 
NljJ 
A3(6) 
A!(7) 
H( I J 
rc(,l 
N(1) 
S(L) 
N(5) 
S(b) 
Cl 11 
C(I) 
cc II 
GIG! 
Cl51 
C(b) 
C(l) 
C(81 
C(9b 
C( 10) 
CflI3 
C(IZ) 
CI!3) 
C(1.53 
C(I5I 
C(I63 
cc 173 
lx181 

MNI! 
H(AIZ) 
H’(N 33 
H”tAl31 
H(NCI 
H’(A:5I 
H”fA35) 
HI.u?bl 
H(Al7) 
H(Cll 
W’(CZ) 
H”(C21 
H”‘(C2I 
H’(ClI 
H”(Cll 
H”‘(C3) 
H(CL! 
H’fC51 
H”(C5J 
ti”‘(CjI 
H’!(a) 
H”(M) 
tl”‘(CbI 
HlC7J 
H’(CBl 
H”(C8I 

3!2O(OI 
1=7(o) 
2231(!! 
2551(O) 
?OU( I J 
35’2( 1 I 
1858(l) 
21?6( I! 
!428( I! 
3!63( !I 
I i88( 11 
2795( 1 J 
slat 1) 
17k3( 2) 
I6?7(2I 
.?2LL(LI 

66412) 
lbt21 

Y&t 2) 
3803~ 2 I 
3925123 
367!( 1) 
122:t 2) 
5lbfZ) 

16211 3) 
ll’b(21 
3776(?! 
3b57( 3) 
i137(‘1 
0266( 1) 
L369121 

-_ 

3563tZOJ 
56ClZll 

19JLlZSI 
2351~211 
262!(?0! 
2?99( 273 
ILl7(.?0) 
&35O(?‘J 
!078(23I 
l232119I 
2075t 23) 
129?(25I 
!355(?7I 
212212&I 
2252( 25) 
19&t 26; 

825119J 
-91(X! 
?391?5) 

- 3Sd( ?a J 
7iOl2bJ 
204~23) 

-188(28J 
i?.s:lzoI 
LOd?(Z?I 
3uOt 23) 

Y 

sast i I 
1637(I) 
39w I I 
Lb&(I) 

3789( I1 
35alt II 
5255( I) 
301(Z) 

3517(Z) 
Y);I(Il 
IbOl(?l 
L73L.(2J 
l~?b(?I 

-1116~31 
-925(C) 

-24:0(&I 
35rI( IJ 
b251\5I 
2752(G) 
3&?O,Z., 
5125(A) 
259?(i) 
1016(L) 
19;6(5) 

737(i) 
61 i(3) 
5969th) 
73&7(L) 
1038(&I 
lcL?(5I 
-bOZ(LI 

Y 

-66(341 
86ZlLlJ 

3a15t-:3 
5686(423 
-86XLOI 
LlO~(571 
LIMiLII 
&279,-3I 
68ZBtW.1 

-!320( 373 
-:‘btLI 
-2?9(L8! 

-18JL(55J 
-??4Z(i8J 
-2bOItLIJ 
-3310(51) 

iR95( 37) 
IL! I(L6I 

499Ili9I 
LcIld(55J 
‘6OOt 50) 
IBlbtCCI 
3OdlljCJ 
3167139) 
5662lLOJ 
5358tibI 

L 

to251 !I 
51?6(1) 
d719( 1) 
3267~11 
L?Il(I! 
6X’t II . 
7305(I) 
5913t’) 
7122( 3i 
77d0(2! 
3A78( 3) 
6!10(3! 
&590( 3) 
;643(5J 
b?Oi(5! 
>5;c(E.J 
799’14) 
7!20(5! 
8:col’l 
5059(-I 

lOlW(LJ 
9839(5! 
1980(L! 
2Zi9(5J 

537(O) 
6325(L) 
5xlO(5) 
80&5(51 
3779(L) 
255’(5) 
3005(5) 

L 

6?LO(‘I 1 
it53tc13 

IO032( 50) 
91a-(~.) 
!659(L2) 
‘?9R0157! 
5225150) 
bmOIL5J 
817i(L7) 
Olbl(iOI 
4752tL7) 

6;6(52J 
5913(57) 
39LOlj!I 
15di( 50) 
3LW55I 
=lO70( 19) 
6l?L(‘9J 
bd5?!51J 
:dl2f 583 
8;.9a(:Ll 
717;iGaI 
8907t60) 
.9535(Ll b 
9dX(L7J 

‘08’5(C7) 

%I 

333( j? 
?9=J( I! 
503(L) 
X’(l) . 
41915) 
351(G) 
43OlGl 
33-L;( 10) 
llO( IO! 
YA?( IO) 
33?( 101 
391(!!3 
3cl( IO! 
C&7( 1-J 
588( 19) 
73Oo(ZJ 
36A;( ICJ 
01;(17J 
:7011dJ 
373I13J 
519( I73 
676(?2J 
L61(15J 
671( 17) 
7011221 
L73t lb) 
bbL( 221 
676(22) 
305( 12) 
620(1!! 
S77(17! 

B 

250( 7Ll 
2821803 
390(953 
2656 791 
2L?( 15) 
545(1131 
X6(45) 
3’dldlJ 
331(87J 
Ilbf 70) 
331189J 
CL91 102) 
523111.9J 
&I91 IWI 
LO&(W) 
091~11OJ 
14L(b8J 
367(96! 
LL?( JO?! 
525,119, 
c/11 1081 
33bt9OJ 
56?(126J 
.‘0?173J 
331189I 
313(863 

ZLl( 1) 
2x.( 3) 
31 l(4) 
229( 31 
271(3J 
Z&7( 3) 
237( 3) 
?Oj(Bl 
25;(9J 
26019) 
2W93 
205(9J 
?65(9) 
265tIlJ 
A47( l?J 
1:0t13, 
329( 13) 
5281191 
510118) 
526( JCJ 
A:.?1 161 
LLJ(ZIJ 
356( 13) 
&x121) 
509116J 
?8AI 12) 
L18(161 
33.,( 15) 
i34( ILJ 
bIl(20J 
&;6I 1;) 

H”‘(Cdl 
tt’lC?I 
n* ‘(C31 
H”‘(C91 
JJ(ClO) 
H’lCIIJ 
H”(CII) 
Y”‘(CIII 
H’(ClZI 
H”(CIZJ 
H”‘(CI2I 
hlCl3l 
H’lCILl 
H”(ClL1 
H”‘(CIOI 
H’(CI5I 
H”lCl51 
H”‘(Cl5) 
HlC!bl 
H’ICIIJ 
H”tCJ 7) 
H”‘(CI7) 
H’(CldJ 
H”(Cl8: 
H”‘lCI8l 

s33 

2iot 33 
26X 3) 
27211) 
219( 3) 
372(L) 
277( 3) 
392lLI 
XOlJJ 
307( IOJ 
2’618) 
263191 
309110J 
zadt9J 
&I it 141 
55&t 191 
521, IdJ 
4Obt 1%) 
643( 22) 
LbS( 17) 
)c)b( 12) 

335t I&J 
L361 17) 
331(1lI 
5L8119) 
35at 151 
LBl(l6J 
559( 191 
513tldl 
372r1lJ 
5OOt 181 
jLI(lB3 

I 

CY.7(25) 
3189(26I 
3595t ‘5) 
L150(271 
103O(?OI 

IL5(?LJ 
720(25! 
1071111 

2121124I 
:768(ZLl 
IZ36( 30) 
272512OJ 
L??b(?l~ 
35SI(?‘l 
35;9( 28) 
391?t23! 
)05&l ‘6) 
1509( ?9! 
46&E{ ?3J 
47!6(27I 
b??d( 27) 
3Bddl25) 
LolIt25) 
&1;51?;) 
Ld50t 29) 

i7f 3J 
Z9( ?) 
37(3! 
53(l) 
IS(l) 
L(3) 

65( 3) 
204 7) 
6ildJ 
2017) 
1917J 
19(d) 
57( 71 

-391 JO, 
391 IL! 
53(13, 
55(11J 

ISk(liI 
561 JSJ 
?O(IIl 

-s;( 13’ 
-b(llJ 

-Z(IIJ 
69( 15) 

-2itlbJ 
- 33( 11 I 
-7x 151 
-87( 143 

721103 
50( 163 

2031 lC1 

” 

5292(591 
29d21511 
15ZOli9J 
2793(5il 

5( 39) 
2159(L7! 
28L?(L93 
!106(ibI 

277150) 
1750(07I 

83( 58) 
6525( 19) 
5bOltLiJ 
5145lL5J 
6757(5&l 
6468(&L) 

7589(i9) 

8?15155I 
165ZtLLJ 
II70(5?J 
?550(>?) 

7>9(A8! 
-l?Y.(L8J 

-86!(57J 
- 768( 58 J 

%I 

8( 31 
Ii(Z) 
37( 3) 
?8(2! 

-:I( 1) 
-I( 3) 
39(3J 

5( 7) 
IbrBJ 

-26( 7) 
-Zi( 7) 

10181 
Ll( 7) 

-Zj(llI 
lIZ( 15) 

Bb( 14, 
!25(llI 

831131 
ii1I I’J 
-Xl IO) 

-1!0,!3I 
-71115) 

-117(1!! 
-1lllI5) 

-3911’) 
-?( I?) 
28(?61 
Zl(Ib1 
851101 

187(15I 
15211b3 

L 

109LL( 5’1 
1035Ll5;J 

YIOZ(5’I 
10531(57! 

1752(L?) 
3C3L(L9! 
?375(5!) 
l29Bi 50) 

347(53J 
d17(50J 
296t621 

6048(42) 
5LL6(OdJ 
LXUXLAI 
5?83(58J 
827:(573 
87Lal53J 
8061(60! 
b57llCIJ 
11L1157J 
3!5b(55! 
16Gt5lJ 
716865lI 
370115OJ 
25b9(6?1 

!5!( 33 
119( I) 
!20( 31 
IOh( 1) 
1931 I! 
I39( 3) 
Ill( 3) 
!!8(7J 
llll8l 
110171 
I5l(dJ 
!300(8! 
150(d) 
?IltllI 
366( 15) 
20,t 131 

9Glli) 
103 lb) 
215t 15) 
147lllI 
lIlll3J 
377<1:1 
181(113 
338117) 
234t Ii) 
229( 123 
307(15! 
156(1&b 
205112I 
3;8(!7! 
ZM(l51 

5 

LZS( 103) 
567( 108) 
ijl(!Obl 
512(1173 
219(73) 
156(9’J 
i21( 101) 
&0?(97! 
0701107~ 
383(56J 
6721 I39) 
215173) 
35Lf 92) 
I-;(911 
536(Ildl 
ldZ(901 
i731 106) 
611~131~ 
31?(dbJ 
‘86lIlSJ 
c9l(lloJ 
;!a( 1011 
Lld(lOl, 
XL!96J 
6Ob( 131 J 

= Atiotropm Lbermal hctor de6ned by exp[-‘AIBI ,ar2h2 + B22b**k* + B~~cf21Z + 2Bl@*b*hk + 
261)a*c*hl+ 2B~3b*c*kl)j. Standard deviations in parentheses ia this and loUowing Cables. refer to the 

lart d&it quoted. 

bered tig, [N( 1 j-Al(l)-N(6)-AI(4)]. It should be noted that an important 
effect on the hexameric cage, arising from the complexation of the molecule of 
akne, is the change in the Al-N bond distances in the six-membered rings, which 
in PIAHEX average uniformly l-898(3) A. In PIAHAJL, short AI-N bond dis- 
tances alternate with long ones, the two average lengths being 1.923(6) and 

(continued on p. 40) 
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4 bl d 
FIN 1. Diagrammatic rcpresentatmn of fotma~ion of (H.-UN-I-P~)&H~ from the hexagonal cage molecule 

OF (HMN-i-Pr)6. (This diagram is not meant to unply any chemical mechamzm ior the formatloo oi the 

adduct.) Forclantv. onJr the four-membered ring mvolved m the formation of the sdduct is represented 
complete wilb its substituentr 

TABLE 3 

GEOhlETRlCAL P.*RtiIETERS FOR (H.-UN-I.P~)&IHI. 

.- 

Bond lengths (I% 

Al(l) - N(1) 
Al(Z) - N(1) 
Al(2) - N(2) 
Al(3) - Y(2) 
Al(3) - H(3) 
AL(I) - N(3) 
Al(l) - N(6) 
Al(6) - N(3) 
Al(7) - N(2) 

N(1) - C(l) 

N(2) - C(4) 
N(3) - C(7) 

C(I) - C(2) 
C(1) - CO) 

C(S) - C(5) 

C(L) - C(6) 

C(7) - C(8) 
C( 7) - C(9> 

AI(l) - H(AlI) 

Al(2) - H(h12) 
A!(3) - H’(A13) 
Al(3) - H”(A13) 
Al(7) - H”(Al3) 

Al(7) - H(Al7) 

bond angles (0) 

N(1) - Al(l) - N(3) 

N(1) - Al(Z) - N(2; 

N( 2) - Al(3) - N(3) 

N(1) - Al(l) - N(6) 

N(1) - Al(O) - N(L) 

N(I) - Al(2) - h(4) 

N(2) - Al(2) - N(4) 

N(2) - Al(7) - N(5) 

Al(l) - K(1) - Al(Z) 

AI(l) - N(1) - Al(b) 

~$0; - N(l) - Al(&) 

- N(1) - C(1) 

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

Al(4) - N(I) - C(1) 

Al(2) - N(2) - Al(3) 

Al(?) - N(2) - Al(7) 

Al - N(2) - Al(7) 
_--_- 

1.689(2) 

1.9?5( 3) 

l.b9L(L) 
1.932( 3) 

l.abzJ( 3? 

1.90d(L) 

1.338( 3) 
1.959( 3) 

1.933( 3) 

1.:06(i) 

1.533(6) 
1.536(j) 

l.j11(7i 
1.515(8) 
1.5&O(5) 
1.529(6) 
1.531!9) 
1.514(j) 
1.50(4) 
1.47(4) 
1.50(5) 
1.6d(i) 
1.8d(4) 
1.55(6) 

ll?.i(I) 

1?3.6( 1) 

111.0(l) 
90.4( 1) 
92.iCll 
91.7(l) 

111.2(l) 

107.0( 1) 

123.1(Z) 

88.5( 1) 

d7.8( 1) 

117.3(2) 

110.9(l) 

125.0( 2) 

lZO.l( I) 

120.2(l) 

86.E( 1) - 

Al(O) - N(6) 
Al(b) - N(6) 
Al(6) - N(5) 
Mu(j) - N(5i 
Al(5) - S(4) 
Al(i) - N(4) 

Al(4) - N(1) 

Al(Z) - X16) 
Al(7) - N(5) 

h(6) - C(16) 

N(5) - Ci13) 

h(4) - C(lcli 

C(16) - C(17) 

C( 16) - C(lb) 

C(13) - C(l5) 

C(13) - C(l4) 
C(lO) - C(lli 

C( 10) - C(12) 

Al(C) - II(AlL) 

Al(6) - H(A16) 

Alt5) - H’(X15) 

A:(5) - H”(A15) 

AI(~) - H”!AlS) 

~(4) - ,uu(4) - k(6) 
N(5) - Al(6) - N(6) 
N(4) - Al(5) - N(5) 

N(I) - Al(4) - K(6) 

N(3) - Al(l) - N(6) 
N( 3) - Al(6) - N(b) 
N(3) - AI(~) - N(5) 

~(4) - K:(6) - Al(b) 
Al(I) - N(b) - Al(4) 
Al(l) - N(6) - A116) 

Al(r) - N(6) - C(16) 

Al(6) - N(6) - C(l6) 

Al(l) - ~(6) - C(16) 

~(5) - N(5) - M(6) 
Al(b) - N(5) - M(7) 

AI(~) - h(5) - AI(7) 
-- 

1.901( 3) 
1.426(4) 
l.b92(3) 
1.940(5) 
1.873(3) 
1.906( 3) 
1.945( 3) 
1.959( 3) 
I.scra(4) 

1.509(S) 

1.537(5) 

1.536(S) 
1.515(6) 

1.5?5(8) 
1.532(a) 

1.507(b) 

1.525( 7) 
1.506t 7) 

1.46(6) 
1.51(4I 

1.52(6) 

’ 1.56(6) 

1.96(b) 

112.6(l) 

114.2(l) 
111.3(l) 
90.4( 1) 
92.6( 1) 
91.4(l) 

111.2(l) 

122.7( 1) 
R8.4( 1) 
8&.1(l) 

116.1(2) 
112.2(2) 
125.1(2) 
119.8(l) 
115.7(l) 

86.7( 1) 

(Table Lo be contmued) 
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TABLE 3 (continued) 

Bond ang?es (‘) 

Al(Z) - N(2) - C(4) 
M(3) - N(2) - C(4) 
AIt71 - N(Z) - C(4) 

AI(l) - N(3) - M(3) 

AI(l) - N(3) - AI(6) 
.Al(3) - M(3) - M(6) 

Al(l) - N(3) - Ci7) 

AlO) - N(3) - C(7) 
Al(Z) - !d(4) - C(IO) 

pi(l) - C(1) - C(2) 

K(l) - C(I) - C(3) 

C(Z) - C(l) - C(3) 

h(2) - C(4) - C(5) 
N(2) - C(G) - C(b) 
C(5) - C(4) - C(6) 

N( 3) - C(7) - C(8) 

X(3) - C(7) - C(9) 

C(8) - C(7) - C(9) 

N(l) - M(1) - H(A!l) 

N(6) - Al(l) - Ii 

h’(3) - Al(l) - H(All) 

N(l) - Al(Z) - H(.Z2) 

N(2) I .Ui2; - HtA!Z) 
S(4) - H(Al2) 

h’(2) - A!(3) - H’(M)) 

N(3) - A!(3) - H’(Al3) 

N(2) - AI(J) - ti”(AlJ) 

N(3) - AlC3) - H”(AI3) 

H’(A!3) - M(3) - H”iAl3) 

N(2) - K(7) - H”(Pl5) 

h’(2) - M(7) - H(AI7) 

h’(5) - M(7) - H”(Al5) 

F!“(A13) - A!(7) - H(Al7) 
h”(A!3} - tU(7) - H”(Al(51 

Al(!) - h’(L) - C(l) - C(2) 

AI(l) - Kc:) - C(L) - C(3) 

M(2) 

Al(Z) 
- N(l) I a;; :a;; 

- N(1) 
Al(O) - ::t!) - C(1) - C(2) 

Al(L) - N(:) - C(l) - C(3) 

Al(2) - X;(2) - C(4) - C(6) 
a(2) - s(2) - C!4) - C(5) 

A.!(3) - h(2) - C(4) - C(5) 
~(3) - N(2) - C(4) - C(6) 

Al(i) - N(2) - C(4) - C(5) 

Al - h(2) - C(4) - C(b) 

d(3) - U(3) - C(7) - c(8) 

x1(3) - N(3) - C(7) - C(9) 
xl(l) - N(3) - C(7) - C(8) 

A!(l) - N(3) - C(7) - C(9) 

AIt61 - N(3) - C(7) - c(8) 

Al(6) - N(3) - C(7) - c(9) 
a(!! - N(l) - Al(Z) - N(Z) 

N(l) - AI(Z) - N(2) - A!(l) 

Al(2) - N(2) - x1(3) - NO) 

h’(Z) - AI(3) - h’(3) - Al(I) 
Al(J) - S(3) - Al(I) - S(l) 

N(3) - Al(l) - N(l) - AI(2) 
S(4) - Al(2) - h’(2) - AIt 

Al - N(2) - Al(7) - N(5) 

N(2) - Al(7) - N(5) - iU(5) 

~.!(7) - N(5) - M(5) - N(4) 
N(5) - Al(j) - N(4) - Al(?) 

Al(5) - N(4) - AI(2) - N(2) 

1!5.3(2) 

104.7(1! 

106.9( 1) 

!!9.5( 1) 

Sd.O( 1) 

113.2(l) 

!12.5(2) 

l!G.7(!) 

111.0(2) 

!!0.8(2) 

!11.7(2) 

!l!.C(?) 

1!!.4(2) 
!!3.0(2) 

!09.6( 1) 

1!1.3(2) 
113.0(l) 

111.2(l) 

lld.3( IO) 

ll9.7( 10) 

!!7.2(10) 

1?0.8( 10) 

I!‘. 7( IO) 
!!2.7(!0) 

!!7.7(!0) 
1?6.6(10) 

88.4( IO) 
104.!( 10) 

!15.0( 10) 

95.L( 10) 

!24.:(!0) 

7F.i( IO) 

93.4( 10) 

174.3(10) 

AL(b) - N(5) - C(13) 

AI(5) - N(5) - c(l3) 

AI(~) - h(5) - C(l3) 

.91!4) - N(4) - Al(j) 

Al - N(4) - Al(4) 

Al(2) - S(4) - A!(5) 

AI(4) - N(4) - C(l0) 

A!(S) - N(4) - C(lO) 
M(6) - N(3) - C(7) 

h’(b) - ~(16) - C(17) 

~(6) - C(l6) - C(l8) 

~(17) - C(l6) - C(18) 

h’(5) - C(I3) - C(15) 

S(5) - C(13) - C(14) 

C(Il) - C(13) - C(l5) 

X’(4) - C(!O) - C(l1) 

h(4) - C(l0) - c(12) 

C(l!)- C(lO) - C(l2) 

K(6) - A!(4) - HtAl4) 

S(l) - AI(&) - H(A!4) 

h’(L) - Xl(-) - h(rU4) 

~(6) - Al - H(Al6) 

;:5’, - AI(b) - h’(rU6) 

’ - k!(6) - H(M6) 

S(5) - Alu(5) - H’(AI5) 

S(4) - A!(5) - ki’(Al5) 

h’(5) - XL(S) - H”(iu5) 
S(4) - A.!(5) - H”(A!5) 

H’(Al5) - Al(5) - H”(AI5) 

S(5) - A!(7) - H”(Al3) 

S(5) - A!(7) - H(Al7) 
S(2) - AI(~) - H”(Al3) 

HttfA15) - A!(7) - H(.U7) 

115.2(l) 
105.li2) 

!06.2( 1) 

120.3(l) 

87.9(I) 

112.811) 

llO.jtl) 

1!2.1(2) 

111.2(l) 

1!0.3i?) 

1!2.4(2) 

1!0.4(2) 

111.9(?! 

lIZ.i\Zf 

110.3(Z) 

111.4(Z) 

!!2.9(2) 

!09.9( 2) 

118.9( 10) 

121.5( IO) 

!!5.8( 10) 

!!1.8(10) 

114.1(!0) 

!!2.0( 10) 

116.4( IO) 
!!7.6( 10) 

90.4( 10) 

!04.8(10) 

!12.4( 10) 
95.8( 10) 

128.3( 10) 
82.9( 10) 

92.1( IO) 

50.0 rut41 - ~(6) - C(16) - 1X17) 63.7 
293.2 AI(L) - S(6) - C(lb) - C(18) 300.0 

271.5 A!(b) - S(6) - C(l6) - C(17) 275. i 

146.7 Alu(6) - ~(6) - C(l6) - C(18) 151.9 
!69.0 ,U(!) - N(6) - C(16) - C(li) 171.5 

44.2 Al(l) - S(6) - C(!bl - C(l8) 47.8 
56.0 Ai(6) - h(5) - C(l3) - c(14) 57.1 

292.1 AI(6) - S(5) - C(l3) - C(lj) 292.2 

158.5 AI(5) - N(5) - C(l3) - C(15) 158.1 
282.6 Al(j) - x(5) - C(13) - C(lL) 282.9 

67.6 Alu(7) - N(5) - C(13) - C(I5) 67.3 
191.5 ru(7) - h’(5) - C(13) - C(l4) 192.1 
306.6 AI(j) - h’(4) - C(!O) - Cfl!) 305.1 

72.3 Al(5) - N(4) - C(!O) - C(l2) 69.4 
liO.1 A!(4) - K(4) - c(!O) - ct!!) 168.0 
395.8 AI(4) - A(4) - C(l0) - C(l2) 292.4 

73.3 AI(2) - b(4) - C(!O) - al!) 72.1 
199.0 AI(2) - N(4) - C(lO) - C(l2) 196.5 
332.3 N(5) - rU(6) - h(6) - Al(4) 332.9 

359.3 Al(S) - N(5) - Alu(6) - N(6) 359.7 

36.2 N(4) - Al(5) - N(5) - G(6) 35.1 

311.0 A!(4) - N(4) - A!(5) - N(5) 312.0 
21.6 ~(6) -’ A!(4) - K(4) - A.!(5) 23.3 
16.7 Al - N(6) - A!(4) - N(4) lb.2 

2.8 Al(7) - N(5) - AI(6) - N(3) 2.4 
315.1 ~(2) - A!(7) - K;(5) - Al(6) 314.8 

77.6 A!(3) - N(2) - Al(7) - N(5) 78.3 
272.5 h’(3) - A?(3) - N(2) - d(7) 272.8 

53.5 AI(6) - NO) - Alu(3) - N(2) 52.4 
354.5 N(5) - Al(b) - N(3) - Alu(3) 355.2 
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l-889(4) A respectively. A simple explanation of this could be the 10~s of planar- 
ity of the rings, with a consequent reduction, from a VB point of view, of a res- 
onance effect between the extreme models of a pure covalent Al-N bond and 
of a pure semipolar AI-N bond. In contrast the average Iength of the transverse 
Al-N bond distance of l-950(6) .S is in good agreement with that of 1.956(2) A 
found in the heramer. The difference between the two Al(7)-N bond lengths 
[1.933(3) and l-948(4) A ] is difficult to explain, it should be noted that there 
is a relatively large dispersion of all the geometrical parameters of this deformed 
structure. 

Two distinct values must be considered for the N-C bond distance: the 
first, involving N(1) and N(6) averages l-508(2) W and is comparable with the 
average found in PIAHEX [l-514(2) X 1; the second involving all other nitrogen 
atoms is a little greater averaging 1.536(l) X. If the sum of the three C-N-Al 
bond angles is considered as an index of the s character used in the hybridized 
sp’ C-N bond, it is of interest to note that in the first case this sum averages 
353.3(2)” (i.e. more s character and a shorter bond length) and in the second 
330.1( 50)“. 

The average AI-H bond distance for the four-coordinated aluminum atoms 
is 1.50(l) 4 which is in good agreement with the average of 1.49(1 j # found in 
PIAHEX. The value of l-55(5) A found for the equatorial A](7)-H cannot be 
regarded as significantly different. The two bridging hydrogen atoms at the api- 
cal positions of the trigonal bipyramidal arrangement around Al(7) average 
1.92(5) X from the central atom and 1.62(8) A from the two four-coordinate 
aluminum atoms, Al(5) and Al(3); the AI-H-Al bond angles average 97.3(10)“. 
These values can be compared with those of 1.715 A and 141.2” found in poly- 
meric aluminum hydride structure [6 1, where the aluminum is hexacoordinate. 
The geometry around Al(7) is rather irregular: the N(2)-Al(7 )-N(5) bond angle 
is only 107.0(l)” and the H,-M-Hi, bond angle is a little bent (ca. 174”) inward 
toward the centre of the cage. 

The other bond angles of the four-coordinate aluminum and nitrogen 
atoms, although more variable, are in line with the trends observed in PIAHEX: 
thus, in six-membered rings, (MN) 3, the AI-N- -Al bond angles are larger than 
the N-Al-N angles, ranging from 119.5” to 123.1” and from 112.0” to 114.2” 
respectively; and vice versa, in four-membered rings, ( AlNL, they fall in the 
range 86.8 to 88.5” and 90.4 to 92.7” respectively. 

The isopropyl groups attached to the nitrogen atoms are angled with stag- 
gered conformations around the N-C bonds, in such a way as to fulfill the 
binary symmetry mentioned above and to give methyl-methyl intramolecular 
contacts greater than 4.0 A. 

The packing, which is shown in Fig. 3, is determined essentially by methyl- 
methyl interactions, the shortest distance being 3.71 A. 

We believe that the structural characteristics established for the attachement 
of an alane molecule to the cage molecule in PIAHEX, will be found also for 
alane molecules complexed to many of the PIA cage molecules. 
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