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Summary 

The crystal and molecular striucture of the hexamer, (HAlN-i-Pr)6, has been 

solved by direct-methods from &gle crystal three-dimensional X-ray diffraction 
data obt&ed on an automatic diffractometer. The molecule consists of an 
hexagonal cage, formed by two almost planar six-membered rings, (AIN),, join- 
ed together by six transv erse Al-N bonds. The unit cell contains four independ- 
ent molec*des, related to inversion centres, presenting two conformers which a- 
rise from different rotation angles around the N-C bond of the isopropyl 
groups. The main average bond lengths are: Al-N, 1.898 (2) BL in six-membered 
rings and 1.956(2) A in transverse bonds; Al-H, 1.49(l) A and N-C, l-514(2) 
Ii. The hexamer crystallizes as colourless prisms with the following crystal data: 
triclinic space group, Pi; a = 17X3(2), b = 10.68(2), c = 20.09(2) a, Q! = 
123.5(4)“, p = 90.0(5)“, y = 93.5(5)“; 2 = 4; calculated density 1.106 g/cm3. 
The structure has been refined by the block-matrix least-squares method, using 
6491 independent reflections, to an R factor of 5.0%. 

Introduction 

There has been little structural information obtained to date on the stereo- 
chemistry of alane derivatives. To our knowledge, structural data are available 

* FoipartIseeref. 5. 
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only for a stable polymeric form of (AlH& (I) Cl], the adduct All& - 2NMe, 
(II) 121, the complex [AlH3 - (Me2NCH2CH2NMe2)J,., (III) [3], and more recent- 
ly for the trimer (H&lNMe& (IV) 141. The aluminum atom-shows tetrahedral 
coordination only in compound IV, while in the others the coordination is five, 
with trigonal bipyramidal geometry; moreover, the crystal stuctures of II and 
IV are poorly refined. 

A distinct absence of structural works is apparent for the class of poly(iV-al- 
kyliminoalanes), for which the identification of a single compound has turned 
out to be a major problem. Our interest in this field, indicated in a previous 
paper 153, ied us to carry out X-ray structural analyses of various compounds 
of this and closely related classes, which new and improved preparative methods 
yielded in the form of single crystals. As a result of these studies, the crystal 
structures of the following compounds have been solved and refined: (HAlN-i-Pr)6 
(labelled as PIAHEX), HA1N-i-Pr)6 - AlH, (PIAI-IAL), [(HAlN-i-Pr), (H2AlNH-i-Pr)3 ] 
(PIAPEN), [HfHAlN-i-Pr):,AlH2] - LiH/Et?_O, (PIALIH). The use of the isopropyl 
group as alkyl substituent derives from the excellent properties in polymerization, 
and the good solubility and crystallizability that this group confers on many product: 

In the present paper we report the crystal structure of PL4HEX. Among 
the poIy(N-alkyliminoalanes), which are generally obtained as a mixture of com- 
pounds with different degrees of polymerization, hexamers have been found to 
be commonest except when the substituent is excessively bulky, e.g. the tert- 
-butyl group. Recently, syntheses carried out in these laboratories [5], yielded 
poiy(N-isopropyliminoalanes) as the almost pure hexamers and many prepara- 
tions allowed the separation of single crystals in a form suitable for an X-ray 
structural analysis. 

ExperimentaI 

Colourless crystals of PIAHEX, highly sensitive to moisture, crystallize as 
well shaped prisms, elongated along the b axis. Weissenberg photographs showed 
triclinic symmetry; the PI space group was chosen and confirmed subsequently 
by successful refinement. The final cell dimensions were determined by a least- 
squares fit to the setting angles measured for 19 high-angle reflections. A sum- 
mary of the crystal data -% given in Table 1. Three dimensional intensity data 
were collected from a crystal with approximate dimensions 0.35 X 0.45 X 0.9 
mm, sealed in a thin-walled glass capillary, mounted with b axis along the spindIe 
axis of a on-line Siemens AED diffractometer, using Zr-filtered MO-& radiation- 
A total of 9560 reflections were measured [max. (sin 0/X) = 0.58 A-l] following 
t)le 6-20 scan method and “Bve-points” technique [S]; 6491 reflections with 
intensity greater than 2.5 o(1), (o*(1) = [total counts + (0.005 I)‘]) , were 
used for the structure determination. A correction, based on a simple linear 
interpolation, was applied for intensity decay, monitored by a standard reflec- 
tion measured every 15 reflections; the maximum long-term variation was ca. 
6%. 

The intensities were corrected for Lorentz and polarization effects and 
then scaled by Wilson’s statistical method. The values obtained were used for 
the calculation of structure factor amplitudes i F I and normalized structure 
factors I E 1. Correction for absorption was neglected owing to the low value 
of fl (< 0.2 for MO-K,). 
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TABLE 1 

CRYSTAL DATA FOR (HAM-i-Pr)6 

hlolecular formula: [HAiN(iso-C$-$)&j 
Molecular weight: 510.5 
Sapce group: Triclinic. pi 
Molecules/unit cell: 4 
Calculated density: 1.106 g/cm3 
Cell constants: a = 17.18(2), b = 10.68(2). c = 20.09(2)A: 
(MO&Y radiation, h = 0.71069 i%I Q = 123_5(4)O. fl= 90.0(5)“. y = 93.5(5)” 
cell volume: 3064.8 A3 

Structure determination and refinement 

The structure was solved by direct methods by means of the computer pro- 
gram MULTAN written by Main et al. [7]. In the first computing run, using as 
input data the 500 highest (>1.47) and the 50 lowest LEI values, the program 
stopped after having difficulty in finding origin-defining reflections. It was be- 
lieved that this failure might depend on the systematically higher IEI values of 
the hkl reflections with 2 even, compared with those with I odd. Both sets were 
then scaled independently to <E*> = 1 and a further run was attempted. This 
led successfully to 64 phased sets of IEl, whose 18th set, having the ‘figures of 
merit’ ABS FOM = 1.33 and PSI ZERO = 2012, allowed the solution of the 
structure. 

The starting reflections-were phased as: 405(+),1410(+), l%O(+), fixing 
the origin,_and 2012(-), 112(+), 002(+), 347(t), 11310(-), 136(+). Only the 
phase of 347 was changed in the course of the refinement using a weighted 
tangent formula [7]. From the corresponding E-map all the 12 aluminum and 
12 nitrogen atoms were located. The residual R computed with these coordinat- 
es was 0.33. From the next Fourier synthesis the positions of the 36 independ- 
ent carbon atoms were deduced and the value R = 0.21 was obtained. 

Refinement was then carried out by block-diagonal least-squares methods, 
using isotropic temperature factors. When R was reduced to 0.11 a AF-map was 
computed which gave the location of almost all the hydrogen atoms; in a few 
cases however, with those bonded to carbon atoms, the coordinates were adjust- 
ed following the usual carbon geometry. In the last two cycles the hydrogen 
atoms were refined using isotropic thermal parameters and a ‘damping’ factor 
of 0.5 to reduce the calculated shifts- The final value of R was 0.050. The func- 
tion minimized was Cw(F,--F,)* using Cruickshank’s [S] weighting scheme. The 
atomic scattering factors used, assuming that no atoms are changed, were those 
of Moore [9]. 

Except for the program MULTAN, all other computer programs, which 
were run on an IBM 360 computer, were written by Immirzi [lo]. Positional 
and thermal parameters for non-hydrogen atoms are given in Table 2 and for 
hydrogen atoms in Table 3. A list of structure factors may be obtained from the 
authors on request. 

(COntinUCd OR p. 208) 
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TABLE3 

x Y L 

Ho1ccu1c I 

HCNI) 377212S) 2278149) -1779126) 

HCA12j 4156C28) 8444C54) 499C25j 

HlN3) 673lt26) TlOOE.0) -986126) 

Ii 3cc-4128) 6681153) -71128) 

WCC?) 2022C35j 4724<67j -891135) 

H"lC2) 2389129) 4440156) -233130) 

H".CCz> 2574C32) 3580161j -1061132) 

H'lC3j 2758130) 6059159) -1420131j 

H"CC3) 3299131) 475216Oj -1710131) 

H"'lC3? 3582129j 6507lSG) -1136129) 

Ii(U) 6678127) 8138152) 120127j 

H'lC5) 6302138) 10232173) 709138) 

H"lC5j 6109135) 9916167) 1418135j 

H"'lC5j 5358C35j 9970168) 1008136j 

H'lC6) 6138135) 8933168) -596135) 

H"lC6) 5165131) 8372160) -530131) 

W*~*lC6) 5775135) 7373167) -1016136) 

HCC7) 5212126) 1254150) -2269126) 

H'CC8) 6456134) 981165) -2760134) 

H"lC8j 6286138) 1054172) -1890138) 

H*“ccs) 6?46<36) 259Oib9) -1916(36) 

H'CC9j 5536C44j 2316C85) -MBlC44j 

H"CC97 5800131j 3896160) -2312132) 

H"'lC9) 4888135) 3286166) -2453135) 

B 

401199) 

267CllSj 

X6(102) 

2941111) 

.6011158) 

4451121) 

5371139) 

4781133) 

49fC133j 

4261119) 

2791112j 

5661181) 

757C158j 

7701162) 

11491162j 

5001132j 

7321161) 

3351104j 

9021152j 

6651175) 

72Ll167) 

76oc221j 

5141137) 

6681158) 

Molecule 11 

HlAlLj 

ElN2) 

HCAl3j 

HlClj 

H'CCZj 

W"1C.7) 

H"'lC2) 

H'CC3j 

H"lC3) 

H'*'(C3j 

Hlc4j 

H'<CS) 

H"lC5) 

W"'lCS) 

H'lC6j 

H"lC6j 

W"(C6j 

H1C7) 

W'lC8) 

H"lcs) 

H"'(C8) 

H'tC9) 

H"lC9) 

H"'(C9) 

899123) 23581444) 1995C23j 149186) 

1444126) -282515lj -1OOZC26j 3711106j 

475126) 2245lSOj -793126) 3211102j 

1616139) -2099175) 339139) 5251187) 

lQ92t39j -1536C75j 16oOli9j 9521187) 

836144) -1516184) 1538144) 13141219j 

1367139) 397175) 1868140) 9961169) 

2799138) -3861723 1043138j 717~17.5~ 

2294132) 805161) llWl32j 5711139j 

2449c31j -332159) 331131) 5151132j 

761124) -379146) -2029124) 233193) 

1268133) -2493163) -2851133) 5491146) 

425134) -294816Sj -26lSlW.j 647115Oj 

1251133) -3106164) --2301134) 6341151) 

2156136) -389169) -1950136) 7211166) 

2110134) -885166) -1366135) iOlllS5) 

1899136: 822169) -10141363 7671167) 

411125) 4365148) 1728125j 223197) 

35Or.34) 5884166) 1274134j 619C157j 

-405<33j 4809163) 965C33) S421145j 

31413Oj 4686158j 442130) 440113oj 

1574134j 5291165) 1491C34j 6501152j 

1542128) 379X53) 572128) 4061114) 

17311291 * 3588155) 1235129) 3731119) 

x Y ‘2 8 

Holecub 7.17. 

HlNl) 962(28) -226OCS3) 

HCALZ) -2009128) -1655153, 

H(N3) 661(27! -1599151) 

Hlco -1S561300) -1972157) 

H'(C2) -46138) -2271172) 

H"1C2) -699135) -1220168j 

H"'lC2) -1047136~ -3093170) 

H'1C3) -1158140) -4079175) 

E'*lcs) -345138) -4341173) 

H"'lC3) -1154137) -4coG71) 

Hlc4j -771C46j -1575188) 

H'lCS) -2076146) -18oll88) 

H"lCS) -1674145) 142185) 

H"'lC5) -2257144) -1506186j 

H'lC6) -1447134j -4000166) 

H"CCSj -1435137) -3661172) 

H"'lC6j -751136) -362117b) 

H;C7j 2031129j -2180(56j 

H'lC8) 2673139) -257517Sj 

H"lC8) 2502(39) -732174) 

H"'lC8) tOOO(39) -1988175) 

lv<C9) 1?24(38) -4681172) 

H"lC9) 952136) -3886169) 

H"'lC9) 996135) -6226166) 

iiolecuIe IV 

HlNlj 4672131) 748116Oj 

ncrunj 3937127) 1543151) 

H1A13) 6989127) 4169lSlj 

HlCl) 3103130) 3581157) 

H'lC2) 2~07140j 5315177) 

H"lC2) 2696136) 6045168) 

Ii"'l~Zj 3262134) 645OC667 

H'lC3) 

H"lC3) 

H"'lC3) 

H(U) 

H'CCS) 

H"lCS) 

H"'(C3.j 

H'lC6) 

H"lC6) 

H"'lC6) 

ntc7j 

H'lCSj 

H"lC8j 

H""lC8) 

H'lC9j 

H"(C9j 

H"'lC9) 

3367136) 

3955139) 

4128138) 

5213127) 

6508137) 

6883133) 

6368136) 

6108C37) 

5478136) 

6352130) 

5166136) 

?377(41j 

709314oj 

7390137) 

6801161j 

6640137) 

5831140) 

3458169) 

4789174) 

2970172) 

432CSlj 

-213170) 

1604165) 

1034169) 

880172) 

1579169) 

2035159) 

8107170) 

8227179) 

8234176) 

6442172) 

6764179) 

513417;) 

5713(??) 

5496C28) 356C112) 

4612C28) 3251114) 

29871271 346C106 

S84OC30) 481C125) 

6319138) 7751176j 

6751136) 738C162) 

6353(37) 6601170) 

5551140) 9531190) 

46671381 8281179) 

4333138) 7851172) 

2718147) 5481232) 

2475(47) 13791232) 

3355144) 13531223) 

3512144) lZSZ(217) 

2256134) 64X152) 

3096C38) 8631174) 

2661136? 8191171) 

4589C30) 3981122) 

3520139) 7331184) 

4111139) Ycs(l84? 

3197(39) 8231180) 

3269136) 79511761 

30651361 7001165) 

3783(35) 657(153) 

7135132) 3101135) 

4470127) 5531104) 

5167127) 274(‘106) 

5620130) 3771126: 

6764C40) 918C192) 

6202136) .6301163) 

7035C35) 63X155) 

6726137) 7131167) 

6915139) 76iC181) 

6172138) 7251177) 

3736127) 729ClOS) 

3442137) 979Cl73) 

3955134) 8641150) 

321X(36) 823(166) 

4513138) 1088C175) 

5300136) 783C161) 

.5269f31j YtWc129) 

7201137~ 1981163) 

7201141) 82112Wj 

6362140) 634t188) 

6209138) 656117b) 

7624142) 723(200) 

6669137) 6961174) 

7144140) 43OC191) 
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Results and discussion 

‘LC’he~moIecuIar structure’of PIAHEX consists essentially of an hexagonal 
cage as shown in Fig. 1, which is built up from two six-membered (MN), rings 
joined together by six transverse Al-N bonds, forming six four-membered 
(AIN jz rings. Each aluminum atom is tetrahedrally bonded to three nitrogen atoms 
and vice versa. The hydridic hydrogens and isopropyl groups point away from 
the cage, giving the molecule a somewhat spherical shape. In the crystal there 
are four independent molecules lying on centres of symmetry. Three of them 
(indicated I, II, III in the tables) have a nearly identical conformation which is 

Fig. 1. A perspective view of a cage molecule of CHAIN-i-PO6 with a scheme for IabeIIing_ The independent 

moIecuIar unit I is represented. 
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Fig. 2. Schematic diagram of the conformers found in the crystal of (HAIN-i-Pr)6. Only one half of the 
molecule is shown. the second half being related by a centre of symmetry_ The conformer of the type A -- 
shows a pseudo-symmetry 3<3 axis passes through the centres of the six-membered riw&. wbicb di.=~- 
pears in the conformer of type B. 

related, although not rigorously, to a 3 symmetry. The conformation of the 
fourth molecule (IV) derives from the former by a rotation of 120” around the 
N-C bond of one of the isopropyl groups. These two conformers are schematic- 
ally illustrated in Fig. 2. The presence in the crystal of these conformers does 
not seem to be required by any particular constraint of packing, but, as will be 
discussed later, it is a consequence of their similar potential energies. The pack- 
ing, of which a diagrammatic view is shown in Fig. 8, is essentially determined 
by methyl-methyl contacts, most of which are longer than 3.8 A, the shortest 
being 3.65 A. 

Bond distances and angles are reported in Table 4 and corresponding mean 
values in Table 5. The mean N-C bond distance [1_514(2)A] is in good agree- 

Fig. 3. A rewesentation of the jacking of ~HAlN+Pr)6_ Projection alolrg the b b_ 
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TABLE4 

GEO&¶ETRICALPARAhiETERSFOR(HAlN-i-P06 

UOlecule I 

Bond an&x (') 

C(2) - C(1) - C(3) 112.X2) 
C(5) - CC41 - C(6) 112.3(4) 

C(8) - C(7) - C(9) 111.9(2) 
N(l) - C(l) - C(2) 111.9<2) 
N(1) - c(lj - C(3) 
H(2) - C(4) - C(S) 
M2) - C(4) - C(6) .~. 
~(3) - c(7j - cisj 
N(3) - C(7) - C(Q) 
N(1) - AZ(l) - Hull) 
N(3j - Al(l) - H<All) 
N(2)' - Al(l) - H(AI1) 

5::: 12:;; 1:::;; 

N(3)' - Am) - Hum 
N(2) - Al(3) - H(Al3) 
N(3) Cal - H(Al3) 
N(l)' - Al<31 - H(N3) 

NCl) - N(l) - C(1) - aa 
N(l) - N(1) - C(l) - C(3) 
Al(2) - &J(l) - C(1) - C(2) 
N(2) - N(1) - C(1) - C(3) 
N(3)' - ti<l~ - C(1) - C(2) 
Al(3)' - N(1) - C(1) - C(3) 
AL(2) - N(2) - C(4) - c(S) 
N(2) - N(2) - C(4) - C(6) 
N(3) - N(2) - C(4) - C(5) 
N(3) - N(2) - C(4) - C(6) 
Al(l)' I m; - C(4) - C(5) 
N(l)' - C(4) - C(6) 
Al(3) - N(3) - C(7) - C(8) 
N(3) - N(3) - C(7) - C(9) 
Al(l) - N(3) - C(7) - C(8) 
N(1) - N(3) - C(7) - c(9) 

’ - N(3) - C(7) - C(8) 
* - N(3) - C(7) - C(9) 

110.5(2) 
111.5(3) 
10?.5(2) 

::I?;::; 
117:6(30) 
113.7(19) 
122.0(25) 
111.8(22) 
118.3(21) 
123.X22) 
118.2(28) 
112.6(M) 
122.8(24) 

60.0 
293.9 
209.1 
82.9 

311.1 
184.9 
57.7 

292.8 
2C5.9 
El.0 

KS.7 
lE3.9 
58.2 

251.8 
207.5 
El.3 

3c9.8 
l&3.4 

11 III 

115.6(3) 
111.8(3) 
111.0(2) 
114.2(3) 
110.4(Z) 
112.8(3) 
lo9.8C2) 
112.8(2) 
110.3(3) 
117.6(25) 
115.3<16) 
119.2(20) 
113.3(26) 
118.1(20> 
121.4(23) 
112.2(18) 
118.7(20) 
123.3(19) 

110.8(3) 
115.0(3) 
111.4(3) 
116.1(3) 
lo-&l(3) 
114.1(3) 
110.6(3) 

Ill&:; 

118:8(19) 
113.1(17) 
121.0(18) 
115.0(16) 
118.0<21> 
118.8(19) 
115.6(25) 
116.3(22) 
122.2(23) 

64.5 54.3 
292.2 290.5 
212.3 203.8 
So;0 80.0 

316.0 305.3 
183.8 181.5 
57.1 65.9 

291.6 294.5 
207.2 213.5 
81.7 82.1 

3c9.2 318.0 
183.7 186.6 
52.2 55.7 

287.4 291.6 
203.2 205.3 
78.4 01.2 

303.7 306.6 
178.9 182.5 

IV 

112.1(3) 
112.1(4) 
113.0(3) 
112.9(3) 
110.1(2> 
112.8(6) 
lOQ.2(3) 
111.4(3) 
110.4(2? 
121.5(30) * 
110.3(24) 
122.0(27) 
115.6(31) 
115.OC22) 
120.4i26j 
117.6(17) 
114.3(23) 
122.9(20) 

56.1 
290.1 
204.7 
78.7 

307.2 
181.2 
151.3 
276.6 
299.4 
64.8 
48.9 

174;; 
59.3 

292.9 
208.6 
82.1 

311.0 
164.5 

. 

Deviation of atoms from their lest-squares planes (t 
(Planes thm~h N(l), N(l), Al(Z), N(2), Al<31 and N(3)) 

mlecule N(1) N(1) N(2) N(2) N(3) N(3) 

I 0.041 - o.wo 0.037 - 0.036 0.038 - 0.060 
II 0.040 -0.042 o.cb41 - 0.039 0.037 - 0.038 
III 0.040 -0.043 0.042 - 0.039 0.037 - 0.038 
IV 0.038 -0.043 0.045 -0.042 0.036 - 0.035 

ment with the values observed, e.g., in complexes of organoaluminum com- 
pounds fll]. The values observed in this structure for the Al-H single bond 
distance, although inherently of low accuracy, could represent the first reliable 
experimental date for this bond: the average length, over twelve bond distances, 
is 1.49(l) A with individual values ranging from 1.47 to 1.52 A. A value of 1.50 
BL has been calculated 1123 from the tetrahedral covalent radius of aluminum 
and the covalent radius of hydrogen with Pauling’s revised version of the Scho- 
maker-Stevenson rule. There is a significant difference between the average 
Al-N bond distances in the six-membered ring and in the transverse bonds 
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joining these rings (belonging therefore to four-membered rings). In the former 
case the average of 1.898(Z) A is somewhat smaller than the average of 1.956(Z) 
observed in the latter. This difference may be simply explained by the geometry 
of the molecule which forces three bond angles of nitrogen to open up with 
respect to ideal tetrahedral sp3 hybridization: this causes more s character to be 
used in these bonds, which are shorter, and more p character to be left in the 
fourth, which is longer. 

Other important differences occur in the Al-N-Al and N-Al-N bond 
angles in the two types of rings: in the six-membered rings, the average N-Al-N 
bond angle is 116.4(2)” which is smaller than the average Al-N-Al bond angle 
of 123.2(2)“, while in four-membered rings the former is 91.4(l)“, which is 
slightly greater than the latter of 88.5(l)“. The six-membered rings are little 
puckered and their chair shape is apparent from the deviations of the atomic 
positions from their mean planes(see Table 4): these deviations are 0.04 w away 
from the cage for the three nitrogen atoms, and 0.04 A toward the centre of 
the cage for the three aluminum atoms (these figures are identical for all the 
four molecules). 

The Al-N-C bond angles, quite similar for all four molecules, are divided to 
three types, By referring to Fig_ 1, type I may be exemplified by M(2)‘-N(3)- 
C(7), type II by Al(3)-N(3)-C(7) and type III by the Al(l)-N(3)-C(7) bond 
angle_ The angles of type I, averaging 123.8(3)“, are most responsible for allow- 
ing good contacts between the methyls of isopropyl groups at opposite comers 
of the four-membered rings. The angles of type II are larger than those of type 
III, averaging 117.2(2)” and 110.5(2)” respectively, and this difference clearly 
results from the lengthetig of the distance between the methyl group [C(S) in 
the example] and the hydrogen at the nearest aluminum atom [A&3)]. In this 
way, the hydridic hydrogens are spaced out from the nearest carbon atoms by 
distances which fall in the range 3.0 to 3.5 A. 

The distinction between the two type of conformers, A and B has been 
neglected because, as is seen in Table 4, they do not present any significant dif- 
ferences both as regards bond lengths and bond angles. The same close similarity 
is found for the non-bonded distances, the comparatively shorter methyl-me- 
thyl contacts (but greater than 4.0 a) being scarcely relevant in conformer B. 
It is therefore believed that the potential energy of the more symmetrical con- 
former A is only slightly lower than that of conformer B. Consequently, the 
presence in the crystal of the two conformers could be attributed to entropic 
factors. Many other conformers, obtainable by arranging the alkyl groups in 
staggered conformations about the N-C bond, could possess potential energies 
equal to or higher than that of conformer B. On the basis of the molecular 
structure observed in the solid state we find it difficult to believe that in solution 
free rotation around the N-C bonds occurs, as is suggested by NMR spectros- 
copy. It is certain that large oscillations around conformation equilibria take 
place quite readily. Whether or not these rotations occur freely, the volume 
swept out by the alkyl-groups seems large enough to determine the so-called 
‘front strain’ 1131, which accounts for the high solubility of the compound even 
in non polar solvents. That the corresponding methyl derivative is quite in- 
soluble in these solvents supports this hypothesis. Nevertheless this effect does 
not minimize the space around the hydridic hydrogens *here there is room 
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enough, especially on the side of ‘six-membered rings, so that a small molecule 
or an external functional group of a big molecule, might approach the hydrogen 
and aluminum atoms and react with them. 
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