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StructuresofN-boundalane (AlH,) andgallane (GaHs) arereported: thedimethylbenzylamineadductofgall~, [ (FWHz(Me)2NGaHs], 
which is monomeric with four-coordinate Ga, and the first chlorine containing amino complex of alane. [CICH~CH$H~(Me)~NAlH&, 
revealing that hydride bridging is favoured over Al-Cl interaction in Al obtaining a five-coordination environment. Also presented is a 
reinvestigation of the previously poorly defined structural determination of the trimethylamine adduct of gallane. [M@GaHs]. 
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1. Introduction 

Volatile Lewis base adducts of alane ( AlHa) and gallane 
(GaH,) find application in chemical vapour deposition tech- 
nology (CVD) [ 11. The presence of M-H rather than M-C 
bonds in these compounds reduces the degree of carbona- 
ceous contaminant in the deposited material which can ensure 
greater reproducibilty and more consistent electronic prop 
erties [ 21. Such Lewis base adducts are also already known 
to have important applications in organic synthesis as selec- 
tive reducing agents [ 31 and in the preparation of transition 
metal aluminum and gallium hydrides [4,5]. 

In the solid state a number of structural varieties have been 
described for tertiary amine and phosphine adducts of alane 
and gallane. For alane several structural types of these adducts 
have been identified: (a) four-coordinate species, e.g. 
[ (Quinuclidine) AlHJ [ 61, [ R,PAlH,] , R = Bu’ or cyclo- 
hexyl, and related bidentatephosphines [ 7-91; (b) five-coor- 
dinate species. as monomers, e.g. [ (Me,N),AlH,]. and 
poiymers. e.g. [ (L)AlH&. L=TME!DA ( = tetramethyl- 
ethylenediamine) [ IO] and related ligands [ 111; (c) hydride 
bridging species. e.g. [LAIH,],, L = NMe,, NMeCH,Ph. for 
which O-donor analogues are also known [ 12,131; (d) ionic 
complexes. e.g. [ LAlHJ + [Al&] - [ 141. Examples forgal- 
lane are much more rare. as a result of their greater thermal 
instability, but prefer four-coordinate species, e.g. the gal- 
lane-rich bridging TMEDA complex [ (TMEDA) (GaH&] 
and [ (Quinuclidine)GaH,] [ IS]. The only exception is the 
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polymeric structure of [ LGaH,] , L = IV&‘-teaamethylpro- 
pylenediamine, which is only stable at low tempemhues 
[W. 

As part of our on-going interest in such complexes we 
herein present the crystal structures of a dimethylbenzyl- 
amine adduct of gallane, [ (PhCH,(Me)2NGaHXJ (3), a 
novel chlorine containing amino complex of alane, 
[ClCH,~,~,(Me),NAIH,lz (1). and a reinvestigation 
of the previously poorly defined structural determination of 
the trimetbylamine adduct of gallane. [M%NGaHJ (2). 

2. Experimental 

All manipulations were performed using standard Schlenk 
techniques in a dried argon gas atmosphere. All solvents were 
pre-dried over sodium wire prior to reflux over Na-K amal- 
gam under nitrogen gas. Dimethylbenzylamine was distilled 
and dried over molecular sieves 4 A. Both Mea-HCI and 
N,N-PhCH2(Me)2N were purchased from Sigma-Aldrich 
Co. PhCH,(Me),N*HCl was prepared from the reaction of 
the amine and HCl gas in Et,O. The hydmcbloride salts were 
dried in vacua prior to use. 

2.1. Synthesis of [ClCH*CH,CH~~e)~AlH~]~ (1) 

LiiH, (0.45 g, 11.8 mmol) was dissolved in 60 ml of 
Et20 and cooled to - 80°C. Solid ClCH,CH&H~( Me), 
N*HCl ( 1.78 g, 12 mmol) was added slowly. On complete 
addition the reaction mixture was allowed lo warm slowly to 
ambient temperature over 3 h. Gas evolution was visible. 
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Filtration and reduction of the majority of the solvent in vacua 
left a clear solution. Colourless plate-like crystals were 
obtained at -25°C over 24 h. Yield 1.26 g, 83%. Slow 
decomposition at > 10°C. ‘H NMR (200 MHz. C,D,, 298 
K): 64.10 (broad, &AI-H), 2.77 (2H, t,C&CI),2.24 (2H, 
m. NC&), 1.81 (6H, s, NMe), 1.60 (2H, m, CH,). “C 
NMR (SO.3 MHz, C,D,. 283 K): 6 57.4 (Ccl), 44.9 
(NCti,) ,42.4 (NCH*) (27.1 (CI-I,) . Satisfactory elemental 
analysis was not obtained due to sample decomposition. 

2.2. Synthesis of [Mejh~GaIfJ] (2) 

This was prepared by a variation of the literature procedure 
[ 171. GaC13 (2.70 g, 15.3 mmol) was dissolved in 10 ml of 
Et20 and cooled to - 80°C. This was added slowly to an Et20 
(45 ml) suspension of LiH ( 1.95 g, 278.6 mmol) at - 80°C. 
The reaction mixture was then allowed to stir and warm 
slowly to ambient temperature over a period of 12 h. Filtration 
gave a clear solution of LiGaH, which was again cooled to 
- 80°C prior to the slow addition of solid (Me) 3N. HCI ( 1.34 

g, 14.0 mmol) which was accompanied by gas evolution. 
This was then allowed to warm slowly to ambient temperature 
where it was stirred for a further 2 h. Filtration and in vacua 

removal of Eta0 resulted in a white powder. Crystals suitable 
for X-ray diffraction were obtained via sublimation over 2 3 
week period at - 25’C. Yield of crystals not optimised. M.p. 
70-71°C. ‘H NMR (200 MHz, &Da. 243 K) : 84.65 (broad, 
s, Ga-H), 1.82 (s, NMe). t3C NMR (SO.3 MHz, C,D,, 243 
K): 645.0 (CH,). Satisfactory elemental analysis wasunable 
to be obtained due to sample decomposition. 

2.3. Synthesis of [(PhCH,(Me),NGaHJ (3) 

LiGaH4 was prepared as described above. To the solution 
of LiGaH~ in Eta0 (80 ml) at - 80°C was added slowly solid 
(PhCHa(Me),N.HCl (2.41 g, 14.1 mmol). The reaction 
mixture was allowed to warm to ambient temperature at 
which point it was stirred for a further 2 h. On warming gas 
evolution was visible. The suspension was filtered and the 
majority of the Eta0 removed in vacua. Crystals were 
obtained over 24 h at - 25°C. Yield 1.57 g. M.p. 39-41”C. 
‘H NMR (200 MHz, C!,D,, 298 K): 6 7.05 (3H, m, Ph), 
6.84 (2H, m. Ph), 5.07 (2H, broad, s, CH,), 3.48 (broad, s, 
Ga-If). 1.93 (6H. s, NMe). t3C NMR (50.3 MHz. C&D,, 
298 K): S 132.9 (C), 131.5 (o-C), 128.4 (m-C), 128.3 (p- 
C). 63.5 (CHa). 45.0 (CH,). IR (Nujol mull): v(Ga-H) 
1835 cm-‘. 

Anal. Calc.: C, 51.98; H, 7.76; N, 6.74. Found C, 51.79; 
H, 7.66; N. 6.89%. 

A single crystal was suspended in oil cooled to - 30°C in 
a stream of cold Na and mounted on a glass tibre. Intensity 
measurements were made on a Nicolet R3m/V diffracto- 

meter. C,H,,NClAI, M= 151.61, T= - 100°C. monoclinic, 
space group P2,/a (No. 14). a= 10.221(6), &=8.629(5), 
c=11.186(6) A, /3=114.64”, V=896.8(9) A3, F(OO0) 
=328, Z=4, D,= 1.123 g cme3, MO Ka, h=0.71069 A, 
p=4.43 cm-‘. A total of 1764 reflections was measured of 
which 1677 were unique; 1170 with I> 30(Z) were used in 
the refinement, 20,,,, = 50”, R = 0.102, R’ = 0.085. The struc- 
ture was solved using direct methods (SIR92) [ 181 and 
expanded using Fourier techniques. The non-hydrogen atoms 
were refined anisotropically. The H atoms in AlH3 were 
refined isotropically. the rest were included in fixed positions. 
While the accuracy of the structure is low it nevertheless 
established the atom connectivity and the hydride bridge. All 
calculations were performed using the teXsan crystallo- 
graphic software [ 191. 

2.5. X-ray structural determination of [(Me),NGaH,] (2) 

A single crystal was mounted in a glass capillary and stored 
at - 78°C. Data were collected on an Enraf-Nonius CAD4 
diffractometer. Crystal size 0.2 X 0.32 X 0.3 mm. C3H,,NGa, 
M = 13 1.02, T- - lOO”C, trigonal, hexagonal settings, space 
group R3m (No. 160), a=9.3841(8), c=6.6756(4) A. 
a=p=!w, y=114&#, V=509.1(1) A3, F(OOO)=204, 
Z=3 D,= 1.290 g cme3, MO Ka, h=0.71069 A, p=39.3 
cm-‘. 1>2.5a(I), 20,, = 50”. R = 0.043, R’ = 0.035. The 
structure was solved using direct methods (XTAL 3.0) [ 201. 
The positions of the methyl H atoms were calculated and 
constrained in x, y, I, CJ,,,, with the unique hydride located 
and similarly constrained. 

2.4. X-ray structural determination of 
WhCH2W)WaH31 (3) 

A single crystal of unknown dimensions was mounted on 
a glass fibre in oil. Intensity measurements were made on a 
Nicolet R3m/V diffractometer. C,H,,NGa, M=207.95. 
T= - 100°C. orthorhombic. space group Pbca (No. 61), 
a= 10.678(7), b= 10.699(6). c= 18.649(g) A, V= 

2130(l) A3. F(OOO)=864, Z=8, D,=1.297 g cmv3, 
MO Ka, A=0.71069 A, ~=25.28 cm-‘. A total of 2158 
reflections was measured; 1189 with I > 3a(I) were used in 
the refinement, 26,, = 50”, R = 0.020, R’ = 0.035. The SUUC- 
ture was solved using direct methods (SIR92) and expanded 
using Fourier techniques. The non-hydrogen atoms were 
refined non-isotropically. All H atoms were located and 
refined isotropically. All calculations were performed using 
the teXsan crystallographic software. 

3. ResuIts and discussion 

The synthesis and structural determination of the tri- 
methylamine adduct of gallane, [Me3NGaH3] (2). first 
appeared simultaneously from two independent groups in 
1963 [ 21.221. It was proposed from X-ray powder diffraction 
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studies and from an imprecise X-ray crystal structure deter- 
mination that the complex was monomeric with C,, sym- 
metry. Since the crystals of 2 decompose above 0°C and that 
data collection was hindered by decomposition it is under- 
standable that the structure was poorly defined. In an attempt 
to improve the structural information we grew needle-like 
crystals of 2 very slowly over 3 weeks in a cold box main- 
tained at -25°C. The crystals were mounted and stored at 
-78°C before diffraction data were collected at - 100°C. 

This allowed us to refine the structure down to R=0.035. 
Fig. 1 reveals that the structure is indeedmonomeric with C,, 
symmetry. We have determined the Ga-N distance to be 
2.07(l) A as opposed to the previously reported distance of 
I .97(9) I% The average N-C distance which was reported as 
1.47( 6) A is determined to be I .456( 8) A, the C-N-C angle 
being 109. I (6)” which is a great improvement on the rather 
imprecise 105( 10)“. The HI-t&-N angle is 109.3” while the 
Ga-N-C angles are found to average 109.8(S)‘. Therefore 
the four-coordinate Ga centre and nitrogen are in almost ideal 
tetrahedral environments. The Ga-HI distance is determined 
to be 1.60 A. Gallane is known to form a five-coordinate 
species with Me3N but only at temperatures below -20°C 
giving at slightly higher temperatures the mono-adduct and 
free amine [ 231. Bond distances and angles are given in 
Table I, and atomic parameters in Table 2. 

Fig. I. Molecolarstmcmte of [(Me),NGaH,I (2). Thermal ellipsoids 20% 

Teble I 
Bond lengths (A) and bond angles (‘) in 2 

Bond distances (A, 
Ga-N 
N-C 
Ga-H(1) 
C-H(2) 

Bood angks (“) 
G&N-C 
C-N-C 
H( I )-h-N 
NC-H(Z) 

2.07( 1) 
1.456( 8) 
1.60 
I.012 

109.8(5) 
109.1(6) 
109.3 
109.4 

Table 2 
Acomic positiooel aed isotropic displacemeot pamese~ for 2 

Atom da y/b de II 

Ga 213 113 0.66666 *0.0612(7) 
N 213 l/3 0.976(2) .0.024(3) 
C 0.7510(6) -x+1 I.oso( 1) l 0.050(5) 
H(t) 0.5741 0.4266 0.5875 0.038 
H(2) 0.8678 0.3062 0.9973 0.072 
H(3) 0.7519 -x+1 1.1973 0.072 

Table 3 
Bondlengths (9 in 3 

Ga( I)-N( I) 
Ga( 1 )-H( 1) 
Ga( 1 )-H(2) 
Ga( 1)-H(3) 
N(i)*:(l) 
N 1kW) 
N( tW(3) 
C(I)-c(II) 
C(l)-H(la) 
C( 1 )-H( lb) 
C(2)-H(2a) 
C(2)-H(2b) 
C(2)-H(2c) 
C(3)-H(k) 

N(l)-Ge( 1)-H(l) 
N( 1 )X+;a( 1 )-H(2) 
N( I)-Ga(l)-H(3) 
H(IWa(lbH(2) 
H( l)-Ga( 1)-H(3) 
H(2)-Ga( 1)-H(3) 
Ga( 1 )-N( 1 )-C( 1) 
G.%(l)-N(l)-C(2) 
Ga(l)-N(l)-C(3) 
C( 1 1-M 1 kW) 
C( 1 I-N( 1 )-C(3) 
C(2)-N( 1 )-C(3) 
N(l)-C(I)-C111) 
N( l)-C( I )-H(la) 
N(l)-C(l)-H(lb) 
C( 11 )-C( I )-H( la) 
C( 11 )-C( 1 )-H( lb) 
H( la)-C(l)-H(lb) 
N(1bWW%~) 
N( 1)-C(2)-H(2b) 
N( 1)-C(2)-H(2c) 
WZa)-W)-WW 
WW-WbH(2d 
H(‘2b)-W)-H(2f) 

2.071(3) 
l&i(4) 
155(4) 
1.58(4) 
1.485(5) 
1.501(4) 
1.481(5) 
1515(5) 
0.84 
1.20 
1.26 
0.94 
1.02 
1.07 

105(l) 
97(l) 

10x1) 
11312) 
131(2) 
103(2) 
108.2(2) 
107.4(2) 
108.012) 
110.8(3) 
110.7(3) 
111.6(3) 
115.0(3) 
112.39 
116.45 
109.41 
110.24 
90.71 

110.44 
107.24 
106.87 
100.67 
122.47 Cill)-C:(t6)-H(t6) 
108.19 C(l5)-C(l6)-H(l6) 

C(3)-H(3a) 1.25 
C(3)-H(3b) 0.91 
C(ll)-C:(l2) 1X7(5) 
C(ll)-C(l6) 1.362(S) 
C( 12)X:( 13) 1.407(5) 
C( 12)~H( 12) 0.86 
c(l3)ql4) 1.358(6) 
C( 13)-H( 13) 0.95 
C(l4)-C(l5) 1.361(5) 
C( 14)-H( 14) 1.10 
C( 15)-C( 16) 1.405(5) 
C(S)-H(l5) 1.10 
C( 16)-H( 16) 0.85 

N( 1 )XX3kH(3c) 
N( 1 )-C(3)-H(3a) 
N(IP33)-HOW 
HW-C(3)-H(3rr) 
WW-WWWJ) 
HUaX(3)-H(3b) 
C( lkC(llkC( 12) 

C(llkC(12)-C(13) 
C( I1 kC( 12)-W 12) 
C( 13X( 12)-H( 12) 
C(l2kC(l3)~(14) 
C( 12X:( 13)~H( 13) 
C( 14)-C( 13)~H( 13) 
C( 13)-q 141-q 15) 
C( 13)-C( 14)-H( 14) 
C( lS)-C( 14)~H( 14) 
C( 14)-C( 15)-C( 16) 
C(l4)-C(lS)-H(l5) 
C(16)-C(lS)-H(15) 
CC I1 )-C( 16)X( 15) 

106.25 
115.42 
110.67 
115.10 
110.09 
99.19 

1212(4\ 
X20.5(4) 
1 l&3(4) 
120.4(4) 
122.59 
116.99 
12o.!i(4) 
l&8.55 
130.89 
119.7(4) 
117.91 
122.34 
1195(4) 
128.59 
111.90 
121.6(4) 
121.80 
115.69 

The Ga-N bond distance in 2 is directly comparable with 
that of 2.071(3) A found in [FM&(Me)~GaHs] (3), 
which is also a monomeric tertiary amine adduct as shown in 
Fig. 2. Important bond distances and angles are given in 
Table 3, and atomic parameters are given in Table 4. The 
N-C distances are slightly longer, ranging from 1.481(5) to 
1.501(4) A. with the N-C-N a~~gies being slighter more 
obtuse, averaging 111.03 (30) 9 Concomitantly the m 
angles become more acute, averaging 107.8(2). Fortm@ely 
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in this structure the hydrides were located and found to have 
Ga-H distances of 1.44(4), l%(4) and 1.58(4) A which 
are comparable with all other reported distances. 

As stated in Section 1, due to a high degree of thermal 
instability. in comparison with alane. there are very few gal- 
lane complexes which have been structurally authenticated. 
However further comparisons can be made with the mono- 
meric quinuclidine adduct and the gallane-rich bridged 
TMEDA complex, [ GaI-I,N(Me)&H&H,(Me),NGaI-I,] 
[l&16]. As a result of the greater basicity of quinuclidine 
over that of TMEDA the quinuclidine adduct is thermally 
very stable, only decomposing at temperatures > lOO”C, 
while the TMEDA adduct decomposes at u 20°C. An anal- 
ysis of the Ga-N bond lengths illustrates this fact in that in 
the quinuclidine adduct the bond distance is 2.063(4) A and 
in the TMEDA adduct it is 2.094(4) A. Given the Ga-N 
bond distances of 2.07( 1) and 2.071( 3) A in 2 and 3, respec- 
tively, it is then possible to understand their relative stability 
in solution and in the solid state. The only structurally char- 
acter&d stable five-coordinate gallane complex is that of 
((Me,)aN(CH,),N(Me),GaH,], which is polymeric with 
the ligand bridging the GaH, units similar to that found in 
the TMEDA analogue. The greater saturation of the metal 
centre accounts for the much longer Ga-N bond distances 
which average 2.36 A. As is common in related polymeric 
alane systems, such as in the analogous aluminum compound 

[ IS], the hydrides and metal centre become planar in a five- 
coordinate trigonal bipyramidal environment. 

In comparison to the predominance of four-coordinatespe- 
ties in the solid state for gallane, alane shows a greater degree 
of structural variety. Two impcrtant aspects of this are com- 
plexes with five-coordinate bonding environments for Al: (a) 
from Al:ligand ratios of 1: 1 for polydentate ligands and 1:2 
for monodentate ligands and also (b) from the existence of 
hydride bridging which allows for a greater degree of asso- 
ciation and has not yet been observed for gallane adducts, but 
is found in digallane, H,Ga( CL-H)*GaH, [ 241. Thus the anal- 
ogous alane complex of 2 exists at ambient temperature, i.e. 
with one Me3N unit bound to Al but so also does the bis- 
ligated complex, thus giving respectively four- and five-coor- 
dinate monomers, while the analogous complex to 3 reveals 
hydride bridging allowing Al in the 1: I complex to become 
five-coordinate. 

Such hydride bridging also forms an integral part of the 
dimericalanecomplex [C1CH2CH2CH,(Me),NAlH,l, (l), 
the crystal structure of which is shown in Fig. 3. Bond angles 
and bond lengths are given in Table 5, and atomic parameters 
in Table 6. 

It was of interest to us, given that alane will act as a Lewis 
acid towards N, P and to a lesser degree 0 donors, whether 
it was possible to form a dative bond between Al and Cl. One 
aspect which appeared to mitigate in our favour was precisely 



f?C. Andmvs et al. /Inorganica Chimicu Acta 259 (1997) 24%255 253 

Table 4 
Atomic positional and isotropic displacement parameters for 3 

Atom x Y .? 4 

CatI) 0.94773(S) -0.01776(4) 0.28683(2) 3.32( I )  

N(l) 0.9389(3) 0.0192(3) 0.1780(l) 2.32(7) 
C(l) 0.8397(4) 0.1140(4) 0.1658(2) 2.39( IO) 

C(2) 0.9072(4) -0.1012(4) 0.1408(2) 3.7( I )  
C(3) l&526(4) 0.0675(4) 0.1551(2) 3.6( 1)  

all) 0.8178(4) 0.1485(4) 0.0880(2) 2.14( IO) 

C(W 0.7290(4) 0.0889(4) 0.0478(2) 3.7(I) 
C(13) 0.7121(4) 0.1201(5) -0.0248(2) 4.2( 1)  

cc 14)  0.7819(4) 0.2117(J) -0.0556(2) 3.3( I )  
C( 15)  0.8706(4) 0.2718(4) -0.0162(2) 3.7( 1)  
Ct 16) 0.8875(4) 0.23%(4) 0.0562( 2)  3.4( 1)  
H( la) 0.7709 0.0937 0.1849 5.0978 
W lb) 0.8446 0.2067 0.2022 5.0978 

H(l) 1.058(4) -0.094(3) 0.296(2) 5.9( IO) 
WW 0.8085 -0.1472 0.1665 5.0978 
Wb) 0.9667 -0.1613 0.1557 5.0978 
WC) 0.9189 -  0.0863 0.0873 5.0978 

H(2) 0.824(3) -0.093(3) 0.292(2) 6(l) 
H(3c) 1.0589 0.0751 0.0981 5.0978 
H(3a) I .0993 0.1637 0.1871 5.0978 
H(3b) 1.1249 0.0139 0.1683 5.0978 

H(3) 0.911(3) 0.113(3) 0.320(2) 5(l) 
W 12) 0.6804 0.0319 0.0653 5.0978 
H( 13)  0.6457 0.0711 -  0.0435 5.0978 
W 14) 0.7671 0.2311 -0.1127 5.0978 
W 15) 0.9356 0.3459 -  0.0332 5.0978 
H(W 0.9336 0.28% 0.0805 5.0978 

T&k 5 
Bondkagths (A, 

cKlbc(3) 
Al( I)-Al( I) 
Al( I)-N( I) 
Al( I)-H( 1)  
Al{ 1 )-H(2) 
AM 1)-H(3) 

Al(l)-Al(I)-N(1) 
At( 1 )-Al( 11-H: I )  
Alf I)-Alf 1)-H(2) 
AI(l)-AI(l)-H(2) 
Al( I)-Al( 1)-H(2)’ 
N( I)-AU I)-H( 1)  
N( I)-Al( 1)-H(2) 
N( I)-Al(t)-H(3) 
N( I)-Al( 1)-H(2)’ 
H(I)-Al(I)-H(2)’ 
H( I)-Al( 1)-H(3) 
H( 1 )-AU I )-H(2) 
H(2)-Al(l)-H(3) 

1.73(l) 
2.881(4) 
2.068(6) 
1.20(7) 
1x4(3) 
1.40(6) 

139.7(2) 
10513) 
107(  1)  
3812) 
26(2) 
97(3)  
95(l) 

lOl(2) 
1W2) 
112(3)  
123(3)  

890)  
120(  3)  

At( 1)-H(2)’ 

N(lW(1) 
Nt 1 )-C(4) 
N! 1 )-C(5) 
C( 1 bw9 
cwc(3) 

H(2)-Al( 1)-H(3) 
H(3)-Al(l)-H(3) 
Al( I)-H(3)-Al( I)’ 
Al( I)-N( I)-C( 1)  
MI)-N(l)-C(4) 
A1(1kN(I)-C15) 
‘3 1 )-NC I )-C(4) 
CC I )-NC I X(5) 
C(4)-N( 1)-C(S) 

NC 1 )-C( 11-W) 
CC 1 bCC9-W) 
(31 bW)-W) 

1.99(S) 
1.485(9) 
l.43( 1)  
1.459(9) 
1.47(l) 
1.51( 1)  

94m 
65(3)  

116(s) 
112.5(S) 
1092(4)  
lo&s(S) 
111.9(6) 
106.7(S) 
107.9(7) 
115.6(6) 
1132(6)  
114.3(6) 

the tendency of Al to become five-coordinate. Thusreactions 
were carried out with the chlorinated 
(Me)2N(CH2),CI (n=2 and 3) using the. I 
salt elimination reaction of LiiH, with the 
salt of the ligand. When n = 2 only an oil is formed even at 
temperatures below - 25°C. However when R = 3 plate-lie 
crystals are obtainable overnight at -25°C. These crystals 

H3 
Hl 

Fig. 3. Molecular stmctme of [ClCH,CH~CH,(Me)~NAiH,]~ (1). 
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Table 6 
Atomic positional and isotropic displacement pammeters for 1 

- 
Atom x Y 2 4 - 

WI) 0.7970( 3) 0.9153(3) 0.4405(2) 6.18(7) 
Al(l) 0.6211(3) O&449(3) 0.1143(2) 3.4X5) 
N(1) 0.8391(6) 0.4864(6) 0.2166(5) 2.Y( I) 
C(1) 0.8691(8) 0.6299(g) 0.2968(7) 4.2(2) 
C(2) 0.8006(9) 0.7720(9) 0.2247(7) 4.8(2) 
C(3) 0.8444(g) 0.9158(9) 0.3086(E) 4.7(2) 
C(4) 0.9050(9) 0.4892( IO) 0.1266(S) 4.7(2) 
C(5) 0.9023( 10) 0.3586( 10) 0.3081(8) 5.4(2) 
H(1) 0.630(7) 0.309(E) 0.093(6) 4(l) 
H(1.Q 0.9702 0.6458 0.3357 5.0849 
W lb) 0.8364 0.6144 0.3640 5.0849 
H(2) 0.578(3) 0.474(4) 0.257(3) -2.5(6) 
HCW 0.6992 0.7607 0.1919 5.7348 
HO) 0.8269 0.7844 0.1532 5.7348 
H(3) 0.583(6) 0.558(7) 0.016(6) 3(l) 
HCW 0.9460 0.9259 0.3420 5.6544 
H(3b) 0.7998 I .0025 0.2546 5.6544 
H(4a) I .0059 0.5026 0.1737 5.6640 
W4b) 0.8665 0.5726 0.0666 5.6640 
H(k) 0.8863 0.3942 0.0794 5.6640 
Wa) 1.0028 0.3753 0.3551 6.4574 
H(5b) 0.8863 0.2641 0.2606 6.4574 
H(5c) 0.8587 0.3532 0.3683 6.4574 

though arc not stable above 0°C and will decompose with gas 
evolution. Therefore a single crystal was mounted with dif- 
ficulty at - 30°C using a low temperature device utilising a 
cold N2 stream obtained by the resistive heating of liquid N> 
The crystal was covered in oil at this temperature, cut to size, 
cooled to - 80°C and mounted on the diffractometer, where 
data were collected at .- 100°C. One major difficulty proved 
to be in centring the crystal in the X-ray beam due to the 
opaque nature of the mineral oil at such low temperatures. 
However data were collected and refined to an R value of 
0.105. 

As is clear from the crystal structure there is no interaction 
between the Al centre and the Cl atom. In gaining a five- 
coordination environment the Al centre will preferentially 
form the dimer via hydride bridges, whi& at first seems 
surprising given the availability of electrons on Cl as opposed 
to the weak electrostatic interaction offered by HS-. One 
alternative outcome may have been chlorine-hydride 
exchange which was witnessed recently in the formation of 
a polymeric species from 2-chloroethylmorpholine hydro- 
chloride and LiAlH, [ 121. That this exchange occurs at all 
means that intimate contact between Al and Cl at some time 
is possible. This may also give a clue as to the elusiveness of 
the species where n = 2. If with achloroethyl group exchange 
is favoured then the mother liquor most likely contains a 
mixture of compounds. 

The structural features are in agreement with those found 
in other unsymmetrically bridged hydride complexes, i.e. 
[(H,Al(p-H),L)] L=NMe,, PhCH*(Me)*N and l-meth- 

yltetrahydropyridine. The terminally bound hydrides have 
distances of 1.20(7) and 1.40(4) 8, with the Al-bridging H 
distance extending to 1.84 I% The distance from Al( 1) to the 
bridging hydride intimately bound with the second Al centre 
(H3’) becomes even greater, being 1.99(5) A. The AI-N 
distance of 2.068(6) A is comparable with the distance of 
2.063(8) A found in [Me3NAIHJ2 although the thermal 
stabilities differ significantly. One explanation for this could 
be that a nucleophilic attack on the Al centre by Cl is ther- 
mally promoted. The free ligand is known to cyclise by this 
method at temperatures above 30°C. 
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