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Summary

The crystal and molecular structure of the adduct (HAIN-i-Pr),AlH; has
been determined from 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
a2lane molecule, with five-coordination of the aluminum (trigonal bipyramidal
geometry), through two Al—N bonds and two Al—H—AI bridge bonds. The
Al—N bond lengths range from 1.873 to 1.959 A ; the average Al—H bond
length is 1.50(1) 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) A. Colourless prismatic crystals of the compound have the following
crystal data: triclinic space group P1;a = 17.13(2); b = 10.78(2); ¢ = 10.20(2) A
a=124.3(4), 3=92.0(4), vy =92.1(5); Z = 2; calculated density 1.157 g/fcm?>. 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 hexamer (HAIN-i-Pr)¢ was
reported in a previous paper of this series [1] and we now describe the investi-
gation of the structure of its adduct (HAIN-i-Pr)¢AlH;. In the preparation of
poly(N-alkyliminoalanes), (PIA), evidence was frequently obtained both from
chemical analyses and spectroscopic (mass and NMR) investigations for the

® For parts 1 and !l see refs. 7 and 1.
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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 title compound, referred to as PIAHAL, was
isolated by one of us (A.B.) during a large-scale preparation of poly(/N-isopropyl-

iminoalane) from sodium hydride, aluminum chloride and isopropylamine using

a mixture of diethy! ether and hexane (1/1) as solvent. Single crystals, suitable

for X-ray analysis, were obtained from a solution of this powder in heptane at
room itemperature. Although there are strong indications that other adducts
exist, some of which are highly 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

Colourless crystals of PEAHAL, roughly prismatic in shape, were sealed in
thin-walled glass capillary under an atmosphere of dry nitrogen and were first
examined by Weissenberg photographs. In the absence of any lattice symmetry
or systematic absences, the space group P1 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 1.

Intensity data were collected from a crystal of dimensions 0.25 X 0.4 X
0.75 mm, mounted with the ¢ axis parallel to the axis of a Siemens AED auto-
mated diffractometer, using Mo-K,, radiation. Other experimental conditions
were identical to those described in a previous paper of this series [1]. A total
of 5430 reflections were collected within an hemisphere up to (sin 8)/A = 0.60
A™'; 4358 reflections, whose intensities were greater than 2.5 a(f), where a(/) is
defined as [total counts + (0.005 1)*]'/?, 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 factor (uR <
0.2 for Mo-K,;). The intensities were subjected to the usual Lorentz and nolari-
zation corrections and put on an absolute scale by Wilson’s statistical method.

TABLE 1
CRYSTAL DATA FOR (HAIN--Pr)gAlH 5

Molecular foonula“ THAINGso-C3H 7)1 gAlH 3

Molecular werght: 540.5

Space group: Trnclnic, P1

Molecules/unit cell: 2

Calculated density: 1.157 glch

Cell constants® e2=17.13(2), b = 10.78(2), ¢ = 10.20(2) A;
a=124.3(2)° 6 =92.0(4)°. v = 92.1¢4)°

Cell volume: 1550.7 A3

%Mo-K radiation. A 0.71069 A
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The values obtained were used for the calculation of structure factor amplitudes
| F | and the normalized structure factor amplitudes | E|.

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 |E|1> 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 2,24 7, 54 6 fixing the origin and
732,185,642,1122,355,64 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 A F-map was calculated and
the coordinates of all hydrogen atoms (51) were derived. The next five least-
squares cycles, with anisotropic thermal factors for all the atoms excluding the
hydrogen atoms, for which fixed thermal factors were used, led to an R factor
of 0.055. After a few more cycles, with the inclusion of isotronic 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 Zw(F,—F.)*, using Cruickshank’s weighting scheme [3}. The atomic
scattering factors used, assuming that no atoms are charged, were those of
Moore [4]. 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 PTAHAL derives direcily from that of the pre-
viously described hexamer (HAIN-i-Pr), (referred to as PIAHEX). A molecule of
PIAHEX is able to bind to a molecule of AlH,;, with five-coordination of the
aluminum atom, by the opening of two adjacent Al—N bonds, which join the
two six-membered rings, (AlN),, of the hexagonal cage. The distorfion needed
for this bonding affects essentially only one half of the cage, as is schematically
illusirated 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 PIAHEX all these angles average ca. * 8°, here the tor-
sion angles of the three adjacent bonds of the two six-membered rings (i.e. the
pairs of bonds 1, 2 and 3 in Fig. 1b) 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
approximately, 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 10%) AND THERMAL PARAMETERS (X 10% A%) FOR
(HAIN-i-Pr)gAlH3%

Azom x b4 = Bt B2 533 By2 B3 Ba3
AL 3120¢0) 938(1) €02s(1L) 1333} 2530 )) 270(3) 27(3) aryn 151(3)
AL(2) 1357(0) 1637(1) 5126(1) 293(3) 223(3) 263(3) 23(2) 17(2) 119(3)
A(]) 2231(1) 3925(1) 3719(1) 403(4) 3J13(4) 272(3) 37(3) 37D 120(1)
Al(3) 2551(0) 464(1) 1267(1) 3e(3) 229(2) 219(3) 43(3) 28(2) 106(3)
Al(5) 2094(1) 3789(1)  L211(1) &79(5) 221¢3) 3172(%) 15(3) EEATE )] 193(2)
AL(6) 3522(1) 3581(1) 6135(1) 351(%) 257(3) 277(3) 4(3) =7(3) 139(3)
Al(7) 1858(1) 5255(1) 7305(1) %30(4%) 237(3) 392(4&) 65(3) 38 133(3)
N(1) 2126¢1) 301(2) 491X 2) 33a(10) 2053(8) 25009) 20(7) 5¢(7) 118(7)
K(2) 1528(1) 3517(2) T122(3) 330( 10} 257(9) 307¢10) 63(8) 361 8) 111(8)
N(3) 3163(1) 304a7(2) 77380(2) Juz2(10) 260(9) 226(8) 20(7) -26(1) 110(7)
N(4) 1:88(1) 1801(2) 3L78()) 322(10) 253(9) 263(9) 19(7) -2%(2) 1%2(8)
N(5) 2795(1) L735(2) 6110(3) 191¢11) 205(9) 109(10) 19(3) 10(8) 130(8)
N(6) 3738(1) 1236(2) 4590()) 1 10) 265(9) 233(9) SN &3(2) 150(8)
cn 1743(2) -1116¢3) 265XM%) 4L7(1%) 265(11) L17¢ %) =19¢10/ =25¢11)  217011)
c(2) 1627(2) -925(%)  6107(5) 588(19) “57(17) 554¢18) 313¢1%) 122(15) 366(15)
c(1) 2211(2) -2430(%) 3574(5) 730(22) 270(13) 521(13) $3¢13) 86(16) 205¢13)
c(a) 669( 2} I15a1(3) 7992(4) 38 (14) 329(13) 406(13) 95(11) 125¢11) ws(12)
Ci5) 36(2) 42510 5) 7120(5) Q1017 528119) 695(22) 154(14) 83(15) 302(18)
c(e) 354(2) 271%2(%) 8250(%) 475(18) 510(18) 465(17) 56(14) 153(1%) 215¢15)
c(?) 3808(2) 324(%) 0591 %) 373(13) %26(15%) 306(12) 20(11) -%4(10) 137¢11)
c(8) 31925(2) 5125(4) 10304(%) 519(17) 4%2(16) 335¢14) -%4(13} =110v13) 111¢13)
c(9 3671(3) 2592(5) 9819(5) 676(22) 6%3(21) 436(12) -6(17) -71(13) 377¢17)
c(10) 1227(2) 1036(%) 1930(&) L61(15) 356(13) 331(11) =L -E17(11) 181(11)
c(r) 516(2) 1946(5) 2259(%) 471(17) 63C(21) 568(19) 69(15) -131(13) 338(17)
C(12) 1621(3) 1371(%) 537(4) 701(22) 509(186) 353(1%) -2i(16) =33(1%) 236¢1%)
ct13) 3146(2) 61 5(1) 6325(%) &73(16) 284(12) 481(16) -3901D) =2(12) 229(12)
c{1a) 3776(2) 5269(4) 5200(5) 664(22) L18(16) 559(19) =73(195) 23(16) 307(15)
Cc{13) W57¢1) 7347(4) 8045(5) 676(22) 332(15) 513(13) -87(1%) 21(16) 156(1%)
c(16) &237¢2) 1058(4%) 3779(4%) 305¢12) adh(1a) 372¢13) 72(10) 85(10) 20512}
c(17) 4266(2) 1842(5) 355%4(5) 620(21) 613{20) 500(18) 50(16) 187(15) L8(12)
c(18) 4369(2) -602(4) 3005(5) 477(17) Li6(17) 567(18) 205(1%) 192(14) 230(13)
At oc = ¥ z B AL oc x v z B
H(AL1l) 3561(20) ~66(33) 62.0(%1) 250(7%) H "' (C8) L347(25) $292(49) 10925%(52) £25(103)
H(AI2) 56C(21) 862(%1) S€43(a3) 282(80) H'(CI) 3189(26) 2932(51) 10354(53) 467(108)
H'(AL3) 199%(25)  3315{37) 10052(50) 190(95) H' ' (CN 3595(25) 1%520(4%)  9102(52)  &51(106)
H''(AL13)  2351(21) 56&86(42) 918i(34) 265(79) H"''(C9) 4150(27) 2793(54) 10431(57)  S512(112)
HiA1L) 2621(20) -863(%0) 1659(42) 242(75) H(C10) 1030(20) 5(19) 17252{L2) 219(73)
H'(A1S5) 2299(27) 4102(52) 1980(57) $5%(113)  H'(Ct1) 245(2e) 2159(27) I03L(L9) 356(9%)
H''(A15) 1£17(26) 4730(46) 5233(30) 3L6(95) H''(C11) 720(23) 2852(49) 2375(51) &21(101)
H(A16) 4350(22) 4279(wd) 6800(45) 328(33) Hr i) 107(25) 1306(%6) 1358(50)  402(97)
H(AL7) 1478(23) 6838(44) Bl74(47) 311(87) H'(C12) 2121(26) 277(50) 347(53) %70(107)
H(C1) 1232(19) -1320(37) 4161(%0) 176(70) H''(C12) 1768(2%) 1750(07) 827(50) 383(96)
H'(C2) 2075(23) -7L6(%%) £752(47) 111(89) H'''(C12) 1236(30) 813(58) 296(62) 672(119)
H''(C2) 1292(2%) -229(48) 676(52) 449(102) H(C13) 2725(20) 6525(19) 6068(42) 215(73)
H'""(c)) 1355(27) -1805(5%) 59123(57) 523¢118) H'(CIL) 4226022 5601(4&5) L56(48) 354(92)
H'(C) 2722(2%) -22£2(L8) 39.0(51) L19(160)  H'"(Cl&) 31581(24) 5195(%5)  %200(%8) 327(93)

HUY(CW 2252(25) -2601(47) 258L(50) L04(53) H'*'(C14)  33.%(28) 6257(5%) 5283(58) 536(113)
H""*(C)) 192.426; -3310(51) 3~3%(5%) 491(110) H"(C15) 3917¢21) 6968(4%) 8274(57) 3132(90)

H(ce? 825(19) 4895(137) 9070(19) 165(68) H''(C15) 3054(26) 7589(%9) 1.8(53) &73(106)
H'{(C5) -91(24)  Lr1(L6)  612L(59) 367(96) H''"(C15) 13549(29) 821515%) 8061(60) 611(131)
H""(CS) 239(25) 4891(%9) 6852452) 422(102)  H{C!6) 4648¢ 23) 1652444 6573(4?) 3132(38)

H*"(C5) -388(28) Zo18(55) 7312(538) 525(1i9) H'(C17) 4718(27) 1170(52)  2162(57)  L86(115)
H'(CH) 740(26) 2600(50) B8783(%% 472(108)  H''(C17)  4223(27) 2550(32) 3156(55)  <91(110)
H""(Cd) 204(23) 18136(4&48)  7174(4%8) 316(S0} H'""(C17) 3838.2%) 759(48) 1665(51) &ta(1ot)
H*"*(Co) -188(28) 3031(536) 8907(60) 367¢(126) H'(C13) LO11{(25) -1234(4B) 2168(51) 413(101)
H(C7) 4285(20) 3167¢39) 8535(L1) 202(73) H'"(C18)  £345(7%) -861(47) 3702(50) 384196)

H'(C8) L082(22) 5662(44) 9824(47) 331(89) H''"(C18) 4&850129) -768(58) 2569(62) &08(131)

H**(Cca) 3480(23) 5358(54) 10875(47) J138s)

@ Anisotropic thermal factor defined by expl—[Bje*2h? + B22b*2k2 + B33c%*212 4 2B a*b*hk +
28 3a¥c*hl + 2B23b*c*k1)]. Standard deviations in parentheses in this and following tables, refer to the
last digit quoted.

bered ring, [N(1)—Al(1)—N(6)—Al(4)]. It should be noted that an important
effect on the hexameric cage, arising from the complexation of the molecule of
alane, is the change in the Al—N bond distances in the six-membered rings, which
in PIAHEX average uniformly 1.898(3) A. In PIAHAL, short Al—N bond dis-
tances alternate with long ones, the two average lengths being 1.923(6) and

(continued on p. 40)



a)

TABLE 3
GEOMETRICAL PARAMETERS FOR (HAIN-1-Pr)gAtHa.

b)

c)
Fig. 1. Dlagrammatic representation of formation af (HAIN-1-Pr),AlH 3 irom the hexagonal cage molecule
of (HAIN-i-Pr)g. (This diagram is not meant to imply any chemical mechanism for the forrmation of the
adduct.) Forclanty, only the four-membered ring tnvolved 1n the formation of the adduct is represented
complete with its substituents.
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Bond lengths

Al(1)
Al(2)
AL(2)
Al (3)
AL{3)
AL(1)
Al(1)

N(1)
N(1)
N(2)
N(2)
N(3)
N(3)
N(6)

AL(6) - N(3)
AL(7) - N(2)

N(1) - Cil)
N(2) - C(%)
N(3) - c(7)
c(t) - c(2)
c(1Y - ¢c{3)
c(a) - ()
c(4) - c(6)
C(7) - L(8)
c(7) - (9}

Al(1l) - H(AL1)
AL(2) - H(AL2)
AlL(3) - H'(ALD)
Al(3) - H''(Al3)
AlL(7) - H''(ALlD)
Al(7) - H(ALZ7)

(A)

Bbond angles (°)

- Al{(1) - N(3)

N(1)

N(1) - Al(2)
N(2) -~ Al(3)
N(1) -~ Al(1)
N(1) -~ A1(4)
N({1) -~ A1(2)
N(2) ~ Aa1(2)
N(2) ~ Al(7)
AL(1) - N(1)
AL(1) - N(1)
Al(2) - N(1)
AL(1) - N(1)
AL(2) - N(1)
AlL(4) - N(1)
A1(2) - N(2)
A1(2) - N(2)
Al(3) - N(2)

- a(D

N(2)
N( 1)
N(6)
N(4)
n(a)
N(4)
N(5)
AL(2)
Al(&)
Al(4)
c(1)
c(1)
c(1)
AL(3)
A1(7)

1.889(2)
1.925(3)
1.894(&)
1.932(3)
1.885(23)
1.908(4)
1.938(3)
1.953(3)
1.933(3)
1.506(5)
1.533(6)
1.536(5)
1.511(7)
1.515(8)
1.540(5)
1.529(6)
1.532(8)
1.514(5)
1.50(4)

1.47(4)

1.50(5)

1.68(5)

1.88(4)

1.55(6)

112.7C1)
113.6(1)
111.0(1)
90.9(1)
92.7(1)
91.7(1)
111.2¢1)
107.0(1)
123.1(2)
88.5(1)
87.8(1)
117.3(2)
110.9(1)
125.0(2)
120.1(1)
120.2(1)
86.E(1)

Al(4)
AlL(6)
Al(6)
AL(S)
AL(D)
Al(3)
al(s)
AL(2)
AlL(7)
N(6)

N(5)

N&)

Cc(16)
C(16)
c(13)
c(13)
c(10)
c(10)
AlL(L)
AL(6)
Al(5)
ALLD)
AV(T)

N(4)
N(5)
N(4)
N(D)
N(2)
N(3)
N(3)

AL(4)
Al(1)
AlL(1)
Al(a)
AlL(6)
Alc(1)
AlL(5)
Al(6)
AL(S)

N(6)

N(6)

N(5)

N(5)

N(L)

N(4%)

N(1)

N(&)

N(5Y
Cc(16)

C{13)
C(10}

c(17)

c(18)

c(13)

Cc(14)

c(1i1)

C(12)

h(AlL)

H(ALG)

H'(ALS)

H''(ALS)

H' ' (ALS)
AL(4) - N(K)
AL(6) - N(6)
AL(5) - Nu5)
Al(4) - N(&)
AL(1) ~ N(6)
Al(6) -~ N(&)
Al(6) -~ N(5)

N(6) ~ AlL(6)

N(&) ~ Al(4)

N(6) ~ AL(6)

N(6) ~ C(16)

N(6) ~ c(16)

N(6) - C(16)

N(5) - Al(6)

N(3) - AL(7)

N(3) - AL(7)

1,901(3)
1.926(4)
1.892(3)
1.940(3)
1.873(3)
1.906(3)
1.945(3)
1.959(3)
1.9%8(4)
1.509(5)
1.537(5)
1.536(5)
1.525(6)
1.525(8)
1.532¢8)
1.507(8)
1.525(7)
1.506(7)
1.46(6)
1.5114)Y
1.52(6)
* 1.56(6)
1,.96(6)

112.6(1)
114.2(1)
111.3(1)
90.4(1)
92.6(1)
91.4(1)
111,2(1)

122.7(1)
88.4(1)
83.1(1)

116.1(2)

112.2(2)

125.1(2)

119.8(1)

119.7(1)
86.7(1)

(Table to be continued)
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TABLE 3 (continued)

Bond angles (°}

Al(2) - N(2)
Al(3) - N(2)
AL(7) - N(2)
Al(1) - N(D)
AL(1) - K(3)
Al(3) - H(3)
ar{1) - M(3)
Al(3) - N(3)
AL(2) - N(&)
N(1) - C(1)
N(l) - C(1)
c(2) - c(1)
N(2) - C(4&)
N(2) - c(4)
C(5) - c(a)
N(3) - C(7)
N(3) - C(7)
c(8) - c(7)
N(1) - &1(1)
N(6) - Al(1) -
N(3) - AX()1)
N(1) - Al(2)
N(2) - AL(2)
N(a) - A1(2)
N(2) ~ Al(3)
N(3) - A1¢2)
N(2) - AL(3)
N(3) - A1(3)

c(4)
c(s)
c(s)
Al(3)
Al(6)
Al(6)
ci{7)
C(7)
¢(10)
c(2)
c(3)
c(3)
c(5)
c(s)
c(6)
c(8)
Cc(9)
c(9)
H(Al1l)
H(AL1)
H(ALL)
H(AL2)
H(A12)
H(AL2)
H'(AL3)
H'(AL3)
H"'(AL3)
H'"(AL3)

H'(A13) - A1(3) - H''(AL])
N(2) - A1(7) - H'"(ALl3)
N(2) - AL(7) - H(AL7)

N(5) - AL(7) - H'"(ALS)
H'*(A13) - AI(7) - H(AL7)

h'"(AL3) - AL(7) - H''(AL(5)

internal roration angles (°)

AI(1) - N(1) - ¢(1) - C(2)

ar(i) - nN(:)
Al(2) - N(1)
al(2) - N(1)
AL(4) - N(1)
Al(4) - N(1)
AL(2) - N(2)
Al(2) - N(2)
AL(3) - N(2)
Al1(3) - N(2)
Al(7) - N(2)
AL(7) - M(2)
Al(3) - N(3)
Al(3) - N(3)
AI(1) - N(3)
Al(1) - N(3)
Al(6) - N(3)

Al(6) - N(3)
AI(1) - N(1)
N(1) - Al(2)
Al(2) - N(2)
N(2) - Al(3)
AL(3) - N(3)
N(3) - al(1)
N(4) - Al(2)
Al(2) - N(2)

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

AL(5) - N(&)

c(1) - ¢(3)
c(1) - C€(2)
Cc(1) - c(3)
c(1) - c(2)
c(1) - c(3)
c(4) - c(e6)
c{4) - C(5)
Cc(&) - C(5)
c(4) - C(6)
C(4) - C(5)
c(4) - c(6)
c(7) - c(8)
c(7) - c(9)
c(?7) - c(8)
c(7) - c(9)
c(7) - c(8)
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Fig. 2. A perspective view of a cage molecule of (HAIN-1-PrjgAlH 3.
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Fig 3. A representation of the packing of (HAIN-i-Pr)gAlH 3. Projection along the b axis,
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1.889(4) A respectively. A simple explanation of this could be the loss 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 AlI—N bond and
of a pure semipolar Al—N bond. In contrast the average length of the transverse
Al—N bond distance of 1.950(6) A is in good agreement with that of 1.956(2) A
found in the hexamer. The difference between the two Al(7)—N bond lengths
[1.933(3) and 1.948(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 1.508(2) A and is comparable with the
average found in PIAHEX [1.514(2) A ]; the second involving all other nitrogen
atoms is a little greater averaging 1.536(1) A. 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 Al—H bond distance for the four-coordinated aluminum atoms
is 1.50(1) A which is in good agreement with the average of 1.49(1) A found in
PIAHEX. The value of 1.55(5) A found for the equatorial Al(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) A from the central atom and 1.62(8) A from the two four-coordinate
aluminum atoms, Al(5) and Al(3); the AI—H—AI 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], 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(1)° and the H,—Al—H,, 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, (AIN);, the AI—N--Al bond angles are larger than
the N—AI—N angles, ranging from 119.5° to 123.1° and from 112.0° to 114.2°
respectively; and vice versa, in four-membered rings, (AIN),, 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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