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The use of aminoalanes as polymerization catalysts’ , reducing agents* and as 
synthetic intermediates3 has been reported; however more widespread use of these 
compounds is limited by the inconvenience of preparation and high cost of the reagents. 
Until now aminoalanes have been prepared by the reaction of (1) alane or amine-alanes 
with secondary amine? and (2) lithium aluminum hydride and dialkylammonium 
chloride@ _ 

We wish now to report the convenient and economical synthesis of aminoalanes 
in high yield by the reaction of aluminum, hydrogen, and a secondary amine at moderate 
temperature and pressure_ We believe that this method of preparation should make this 
class of compounds readily available and inexpensive, thus encouraging exploration as 
hydroaluminating agents, selective reducing agents, etc. 

Al + ;Hz +IzR*NH Ap 
Benzene 

, H3-)IAl(NEt2)n + rzHz (1) 

where ?I = I,2 and 3 
The reaction is believed to proceed through the intermediate formation of AM3 followed 
by complexation of the secondary amine to form AM3 -NR2H. Since secondary 
amine-alanes are unstable and lose hydrogen below room temperature, the 
dialkylaminoalane is the first product that can be isolated. In the presence of additional 
secondary amine the dialkylaminoalane reacts to form the bis(diaikylamino)alane and 
finally in the presence of additional dialkylamine, the tris(dialkylamino)alane is formed. 

Al+Hz+AM3 
RZNH * AM3NR2H - 

R2NH 

R2 NH 
-H* 

H2 AlNR2 
-HP 

HAWRz 12 
-Hz 

+ AKNR2 )3 
(2) 

When the secondary amine was piperidine, the predominant product was the 
bis(amino)alane when equivalent quantities of aluminum and amine were present as well 
as when the aluminum to amine ratio was greater than unity. 
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Al+H,+ N + HAl(-N (3) 
H 

In a typical experiment, 5 g (0.18 mol) of activated’ aluminum powder, 100 ml benzene 
and 9.9 ml piperidine (0.10 moi) were heated for 4 h at 110” under 4000 psig hydrogen 
pressure. The chamber was cooled, vented, and the benzene soluble product separated 
from unreacted aluminum by filtration. Solvent was stripped under vacuum yielding 9.1 g 
of a white pyrophoric solid. Analysis revealed a hydrogen and aluminum ratio of I_ l/ l-0, 
indicating predominant formation of the bis(amino)alane. A small amount (0.4 g yield, 
3..S%p of HzA1NC5HIo was sublimed when the hydrogenation product was heated at 
65”/ 1 mm. The remainder of the product (8.7 g) was found to be HAl(N& I$ 1D )a (89% 
yield). Analysis for hydrogen was by gas evolution and aluminum by EDTA titration. 
Nitrogen was determined by potentiometric titration of the solution obtained on 
hydrolysis of a tared sample after removal of the AI( _ (Anal. : Found: H, 1.6; Al, 

21.9; N, 77.5. HaAlNCsHra Calcd.: H, 1.8;Al, 23_9;N, 74.3. Found: H, 0.53;Al, 13.8; 
N, 85.8. HAl(NCsH 1. )a Calcd.: H, 0.5 1; Al, 13.8; N, 85.7.) 

Proton magnetic resonance spectra of these products in benzene solution and 
infrared spectra of the solids were found to be identical to spectra of the corresponding 
aminoalane prepared by the reaction of trimethylamine alane and either one or two 
equivalents of piperidine’. 

The reaction of aluminum and hydrogen with a secondary amine has been 
studied in more detail with diethylamine. By adjustment of the aluminum/amine ratio, 
attempts were made to prepare Hz AlNEt*, HAl(NEtz)z and Al(NEt,), . 

Al + Hz + l&NH + H,AINEt, EtzNH + HA1(NEt2),Et’NH > AI(NEt,), 

Reference to Table 1 shows that HAl(NEt,), appears to be more thermodynamically 
stable than H,AiNEta and thus the former compound is produced in high yield (98%) 
under conditions predicted to form either HaAlNEt, or HAiNEta _ However when 
aluminum was used in excess and reaction times extended, mixtures of HAI(NEt,), and 
Ha AlNEt, (78/ 15) were produced. It is interesting that even at a ratio of aluminum to 
amine of l/4 some (5%) of HAl(NEt,)a remained in admixture with Al(NE ta)s ; however, 
AI(NEt2)s was produced in high yield (91%) when the secondary amine was used as 
solvent_ 

We are currently evaluating the general applicability of reaction (1) by 
characterizing the reaction of aluminum, hydrogen, and a variety of secondary amines 
and by determining conditions which favor the exclusive formation of mono-, bis- and 
tris-(amino)alanes. Elucidation of the solution composition (as determined by physical 
and spectral measurements) and investigation of these compounds as stereospecific 
reducing agents are in progress_ 

*Yields are based on initial quantity of secondary amine. 
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TABLE 1 

REACTIONS OsF ALUMINUM, HYDROGEN AND DlETHYLAMINE IN BENZENE SOLVENT 

Al+;H2+nEtzNH~e,ef$o~e& HwzWNEtzh +nH2 
wheren=1,2and3 

MoIv ratio 
Al/amine 

Excess Al 
Excess Al 

Excess Al 

l/l 
l/4 

Excess amine 
(Amine solvent) 

(Hz) Reaction Qmp. Products Yield (%)= 

(Psig) time(h) (C) 

4000 :: 150 HAI(NEt& 98 
3000 150 HAI(NEt2)2 86 

HzAK=tzz) 9 
4000 24 65 HAl(NEt2)2 18 

&AKNEtd 
4000 150 
3000 3’ 

HAl(NEt2)2 
1so AKNEt,), 

jg 
h HAKNEW -. \ 
)’ 

3000 4 150 Al(NEt& 9: 

a Yield based on limiting reactant 
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