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A novel synthesis of poly(ZV-alkyliminoalanes) (PLA) is reported. This involves 
the reaction in hydrocarbon solvents of LiAiH4 or NaAi& with primary 
amines having a nitrogen with (Y- or fi- secondary carbon atoms or with tertc 
butylamine. Compleses of iminoalanes with alkali metal hydrides are obtained 
from linear amines. The same reaction carried out in polar solvents always 
gives compleses of PIA with LiH or NaH and the solvent. This new synthesis 
is simpler and convenient for producing soluble and well characterized PIA, 
some of which are not obtainable by other methods. 

r.ntroduction 

Several routes for the syntheses of poly(N-alkyliminoalanes) (PIA) are 
known which involve the reaction of aluminum hydride with primary amines 
[ 1,2], nitriles, ethylenimin e or of LiAlH4 with amine hydrochloride [ 21. Alu- 
minum alkylamides [3] can be used satisfactorily with LiAlH, or with com- 
plexes of AlH, with Lewis bases for synthesis of PIA. 

More recently, a detaikd structural characterization carried out in our 
laboratories on the products obtained from different routes has shown that 
PIA are oligomers derived from the combination of -AlI-INR- units form- 
ing three-dimensional cages with four or six membered rings [ 4,5] _ The struc- 
ture of the PIA is influenced not only by the nature of the amine employed, 
but also by the method of synthesis. In view of this, the reactions of sodium 
or lithium &mates with primary amines have been investigated as a simpler 
route to PIA. This paper describes these new routes, and shows how the 
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structures of the PIA depend on the nature of the amine, the type of alanate, 
and the solvent used. The advantages of a synthesis according to eqn. 1 over 
the conventional methods based on the AlH3-H,NR or LiAIH4--H?NR - HCl 
reactions are clear. Moreover, taking into account that the metal hydride is 
completely recovered from reaction 1, and can be employed age for the syn- 
thesis of MAlH4 [6] (reaction Z), the combination of the two reactions cor- 
responds to a direct synthesis of PLA (reaction 3). 

MAlHq + RNH2 -, ; (HALNR), + MH + 2H2 (1) 

MH+Al+;H1+MAIHj (2) 

Al + RNH, + ; (HAlNR), + ; H, (3) 

Research work is now in progress in our laboratories on this direct method. 

Results and discussion 

The reaction between lithium or sodium alanate and primary amines leads 
to soluble PIA or to insoluble compleses of PIA with alkali metal hydrides, 
depending on the nature of the amine and the solvent. 

+ (HAUVR), + MH + 2H, 
2pr; (I) 

(la) 
MAlH, + RNH 

; (HALNR), - (MH), + 2Hz (lb) 
(II) 

The addition of the amine to the stirred suspension of the alanate usually 
causes a vigorous reaction with hydrogen evolution at room temperature; the 
reaction is completed at higher temperature, the necessary reaction time vary- 
ing with the amine employed_ An excess of alanate is necessary in some cases. 

The soluble products of type I were easily identified [4] by means of ‘H 
NMR, mass spectrometry and X-ray analysis. The products II obtained from 
reaction lb cannot always be satisfactorily characterized by physico-chemical 
techniques because of their low volatility and insolubility in hydrocarbon sol- 
vents. On the basis of their chemical analyses, they are suggested to be com- 
plexes of PIA with the alkali metal hydride. 

The dependence of the nature of the products on the nature of the amine, 
of the alkali metal alanate and of the solvent is considered in detail below. 

The influence of the amine 
The nature of the hydrocarbon radical of the amine was recently shown 

to affect the structure of PIA obtained from AlH3 - NR3 or AlH, - THF with 
primary amines [4,7]. Such a dependence is also found in the reactions starting 
from NU, and various amines in hydrocarbon medium: in particular (see 
Table 1): 

(i) Soluble PIA (eqn. la) are obtained from amines bearing an 01- or /3- 
secondary carbon atom on the nitrogen atom e.g. iso-CaH7NHz, set-C4HgNHz, 
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C6HIINH2, iso-&H&H2 or a tertiary carbon atom in an a position, such as tert- 
C,H9NH2. 

In the reactions with complexes of AU-I3 with organic bases [4,7] amines 
containing a nitrogen with a- or P-secondary carbon atoms give hesakis(AWkyl- 
iminoalanes), and tert-butylamine gives tetrakis(N-tert-butyliminoalane). 

(ii) Insoluble products (eqn. Ib) are obtained from amines having -CHz- 
groups a or fl to the nitrogen, e.g. CzHsNHz, n-C3H7NH2, n-C4H9NH,. In the 
reactions with A.lH3 complexes [ 4,7 ] these amines give a mixture of PIA oli- 
gomers. 

When iso-C3H,NH2 is treated with NaAIHJ in benzene a quantitative yield 
of hexa-(ALisopropylimioalane), ( HA~N-~so-C~H~)~ is obtained, the product has 
the characteristic cage structure (III) previously reported [5]. The same reaction 

carried out in n-heptane gives a PIA which has a slightly different crystalline 
structure, now under investigation, but its ‘H NMR spectrum is similar to that 
already reported [ 41. 

PIA hexamers are also formed from set-C4H9NH2 and iso-C4H9NH2 in 
quantitative yield. C6HI iNH2 also gives soluble (J3AINC6HI 1)6; its yield is lower 
because of the low solubility of this compound in both diethyl ether [4] and 
hydrocarbon solvents. 

For (HAlN-set-C,H,), and (HAiN-iso-C,H,), , the X-ray powder pattern 
shows the same structural features as the compounds obtained from AlHB - NR3 
and amine [4]; some different features were found for (HAWK&HI 1)6. 
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The reaction between NaAIH4 and tert-C4HgNHz gives a closed tetramer 
(HAlN-terl+C4H9)4 for which a cubic structure has been previously suggested 
[ 41. Linear primary amines such as &H,NH,, n-&H,NH, and n-GH,NH, in 
non polar solvents always give a quantitative yield of insoluble products. On 
the basis of the experimental information available at present, the formation 
of complexes of imino derivatives with NaH (eqn. lb) is suggested. The pre- 
sence of NaA1H, or Na3AlH6, evidenced by X-ray powder analysis, also sug- 
gests the presence of derivatives with three aluminum-nitrogen bonds. 

The influence of alkali metal hydride 
The use of LiAIHq instead of NaAIHJ (Table 2) leads to considerable 

structural modifications for the PLA obtained in hydrocarbon media from 
amines having a nitrogen with a secondary WC atom. 

From iso-C~H,NHz,sec-C4H&H2 and C6H, ,NH? the tetrakis(N-alkylimino- 
alane) is formed along with hexaki.s(N-alkyliminoalane). The formation of these 
novel tetramers has been demonstrated by massspectrometry, which shows the pre- 
sence of abundant ions at m/e 325, [fiZ-CHJ]*, for (HAlN-iso-C3H7).r; at m/e 
367, [IV-Et]‘, for (HALN-see-C,Hg); and at m/e 500, IW’, for (i-IAINCBHI 1)4. 

The ‘H NMR spectrum in benzene of the PIA from LiAiH, and iso-C,H,- 
NH1 shows, besides the typical doublet (7 8.49) and septet (7 6.29) assigned to 
(HA~N-~~o-C~H,)~ [ 41, a new doublet at r 8.68 and a new septet at T 6.70. 
These new signals are due to the equivalent CH3 and CH protons of (HAlN-iso- 

C3H,)J, and indicate that this compound has a symmetrical structure. The 

formation of a cubic structure (IV) is very probable, as was previously shown 
for (HAW-tert-C4Hg).r [4]. The ‘H NMR spectrum also indicates that the molar 
ratio hexamer/tetramer in the product is ca. 2/l. The isolation of pure crystals 
of the tetramer was achieved by sublimation at 3 low3 Torr at room temperature. 
The determination of the molecular structure by X-ray diffraction on a single 
crystal is now in progress. 

In the product from LiARi and set-C,HgNHZ, the ‘H NMR shows the 
known signais of (HAIN-sec-C4H9)6 (a triplet due to the CH3 y to nitrogen at 
r 9.04, a doublet due to the CH3 p to the nitrogen at r 8.40, and two multiple& 
at r 8.06 and r 6.54 due to the CH? and CH groups respectively) and other sig- 
nals assignable to equivalent hydrocarbon radicals of (HAlN-see-C,H,), , i.e., a 
doublet at 7 8.63 (due to CH3 P to the nitrogen), a multiplet at 7 8.27 (CH2 
protons), and a multiplet at 7 6.88 (CH protons). The resonance due to the CHa 
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7 to the nitrogen is not influenced by the structural modification of the PIA; 
the corresponding signal occurs at r 9.04 for the tetramer also. Jn this case a cubic 
structure (IV) is also very probable. It has not been possible to separate pure 
tetramer from the reaction product by sublimation or by crystallization; on 
crystahixation in diethyl ether, pure crystals of hexamer are the first to separate- 

Because of the broad signals in its ‘H NMR spectrum [4], no detailed dis- 
cussion is possible for the PIA obtained from C6HI lNHl. In this case pure cry- 
stals of (HAlN&H, I)J have been separated by crystallization in benzene from 
its mixture with hexamer. 

As far as the reaction of LiAIH4 with linear amines is concerned, insoluble 
imino derivatives have also been obtained from C2HSNH2 and n-C1H7NH2. How- 
ever, the product from n-C4H9NH2 is soluble. The physical evidence is in favour 
of the formation of complexes of poly(N-n-butyliminoakme) with LiH. The 
mass spectrum exhibits the typical fragments of a mixture of oligomers of the 
corresponding PI A [4], probably derived from decomposition of these com- 
plexes. The formation of PIA species is also indicated by the ‘H NMR spectrum. 

Finally, LiAIHj reacts with aniline to give an insoluble product for which 
the formula i(HAlNPh), - LiH is suggested in view of the increased acidity of 
the aluminum resulting from the electron withdrawal by the aniline group. 

Reactions in polar solvents 
With diethyl ether or tetrahydrofuran as the reaction medium, the course 

of the reaction between alkali metal alanate and a primary amine is more com- 
plex (Table 3). For example, the reaction between LiAIHJ and iso-C3H,NH2 in 
diethyl ether gives a mixture of soluble PIA consisting of tetramer, heuamer, 
traces of heptamer and some products of higher molecular weight whose chem- 
ical analyses show them to contain complexed LiH and (C2HS)20. Mass spec- 
trometry shows the presence of ions corresponding to the heptamer at m/e 
580, [iil-CH3] ‘, together with ions characteristic of tetramer and heramer [ 41. 
These ions would arise from thermal decomposition of the complexes. 

For the soluble product obtained in the reaction between NtiH4 and iso- 
C3H7NH, in diethyl ether, there is some indication of the formation of a com- 
plex of hexameric PL4 with NaH and (C,H,),O, and mass spectroscopic analysis 
shows the presence of a hexamer. 

A complex of hexameric PIA with NaH and THF is also formed from Na- 
AlH, and C,H, ,NH1. Starting from linear primary amines, insoluble products 
are formed in diethyl ether, while soluble complexes are obtained in tetrahydro 
furan. The low active hydrogen content in PIA obtained in THF may be due to 
the cleavage of C-O bonds of the solvent by the hydridic hydrogens. 

Hypothesis on the reaction mechanism 
The reaction between LiA.l& or NaAIHq and iso-C3H,NH2 in hydrocarbon 

solvents has been studied in more detail. The results are shown in Table 4. The 
addition of the amine to a stirred suspension of NaA!H4 at room temperature 
gives an insoluble product containing practically all the amine. The mass spec- 
trum of this solid shows the formation of tetrameric and hexameric PIA, while 
X-ray powder analysis suggests the presence of unreacted NaA1H4 and does not 
show the presence of crystalline PLA. We think it likely that the formation of 
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the PIA revealed by mass spectrometry is due to a thermal decomposition of 
more complex products. On heating the reaction mixture to its boiling point, 
some compounds having an atomic ratio N/Al equal to ca. 1.5 go into solution; 
they contain only very small amount of sodium. The mass spectrum of this sol- 
uble species shows ions at m/e 338, 395,452, 509 and 568 (i.e. at intervals of 
57 mass unit&, invoking loss of a NR radical) together with the typical ions of 
the hexameric PIA. These ions show the intermediate formation of a tetrameric 
compound (iso-C,H,NH-~-iso-C,H,), (mol. wt. 568) probably with a struc- 
ture of type IV in which hydridic hydrogens are substituted by NHR groups. 
The ‘H NMR spectrum of the reaction solution exhibits signals due to tetra- 
and herakis(N-isopropyliminoalane) together with other unidentified signals. The 
presence of NaAIHJ and of small amounts of NasAIH6 in the insoluble species 
are suggested by X-ray analysis. 

Physico-chemical measurements showed that as the reaction proceeds, there 
is progressive formation of the PIA hexamer (the molar ratio N/Al decreases in 
solution), and at the end of the reaction this is the sole product. The insoluble 
material becames gradually richer in NaH. Similar behaviour has been found for 
the reaction of Li.AIHJ and iso-C,H,NH,, except that. a mixture of tetramer and 
hexamer is the final product. 

The following mechanism can be proposed: 1st step 

-RN, 
MAlH4 + RNHl -, Rk--;UH - MH + -RN-Al - MH 

-RN ’ 
(4) 

W) WI) 

Ln this step insoluble products, which are likely to be comple_ucs of PIA 
and amide derivatives with MH, are formed. This step would be independent. of 
the nature of the amine. 2nd step 

v + VT 3 f (HAlNR), + ~::+NR- 

WI) (VIII) 

In this step the complexes of type V and VI slowly decompose on heat- 
ing with formation of soluble products, viz. PIA and compounds containing 
amide groups (VIII). 

3rd step. 

VIII + MAIH, + MH + ~(HAINR), 

(5) 

In this step the amide intermediates react with the remaining MAEI4 giv- 
ing soluble PIA. With Iinear primary amines the higher stability of the initial 
complexes with MH would prevent the final formation of free PIA. 

Experimental 

(6) 

Reagents and solvents 
Commercially pure LiAll$ and NaAlH, (both Metalgeselkchaft) were 

used. Commerciai samples of pure amines were dried by distillation from Na 
or KOH. AU solvents were purified and dried by standard methods and all 
syntheses were carried out under nitrogen. 
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Chemical analyses and physico-chemical measurements 
These measurements were carried as previously described [ 41. 

Reaction conditions 
Typical reactions are the following: 
(a) Reaction between LiAlH, and iso-C,H-JVH, in heptane. A solution 

of isopropylamine (105 mmol) in heptane (30 ml) was added dropwise to a 
stirred suspension of LiAlH, (115 mmol) in heptane (120 ml), maintained at 
0”. Hydrogen evolution took place immediately. The mixture was stirred at 

its boiling point and the N/Al atomic ratio in the solution was monitored_ 
When this ratio reached a value of 1, the mbture was filtered and the filtrate 
evaporated to near dryness in vacua at room temperature. The white solid 
residue was further dried (10 h, room temperature, 5 10m3 Ton-) and analyzed 
(found: Al, 30.52; Li, 0.003; N, 16.17%; H,,ti,,/Al. 1_06.(HAlNC~H,), calcd.: 
Al, 31.71; N, 16.46%; Hachve /Al, 1). The yield was ca. 9 g. Additional infor- 
mation is reported in Table 2. 

(6) Reaction between NaAIH1 and iso-CxH,NH, in diethyl ether. A sol- 
ution of isopropylamine (110 mmol) in diethyl ether (50 ml) was added slowly 
to a stirred suspension of NaAIHJ (110 mmol) in diethyl ether (100 ml) main- 
tained at -10”. The mixture was stirred at its boiling point until the atomic 
ratio N/Al in the solution was ca. 1. The mixture was then filtered and the 
filtrate was evaporated in vacua. The white solid residue was dried (10 h, 5 
10m3 Torr, room temperature) and analyzed (found: Al, 26.72; N, 14.20; Na, 
4.08%; H active/Al 1.29. (HAlN&H,) - 0.2 NaH - 0.2 (CzH5)20 calcd.: Al, 25.91; 
N, 13.45; Na, 4.40%; Hachve /Al 1.2). Further information is reported in Table 3. 

(c) Reaction between LiAlH, and n-C3H,NH, in benzene. A solution 
of n-propylamine (105 mmol) in benzene (50 ml) was added dropwise to a 
suspension of LiAIHA (105 mmol) in benzene (100 ml) at 10”. The mixture 
was stirred at its boiling point for 80 h, after which nitrogen, aluminum and 
lithium were practically absent in the solution. The insoluble product was re- 
covered by filtration, dried (10 h, 10m3 Torr, room temperature) end analyzed 
(found: Al, 26.35; Li. 7.38: N, 14.10%; HaEbve/Alr 2.07). 
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