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Detailed studies of the synthesis of aminoalanes by the direct reaction of aluminum, hydrogen, and secondary amiines are
reported. Tris- and bis(diethylamino)alanes are prepared in high yield depending on the rea.ctlon conditions and on the

initial amine to aluminum molar ratio.

Reaction of aluminum and diethylamine in molar ratios ranging from 1:1to 2:1 at
150° afforded high yields of bis(diethylamino)alane (HAI[N(CsHs)s]2).

Only low yields of diethylaminoalane (H;AIN(C:H:)z)

were formed in admixture with bis(diethylamino)alane under conditions most suitable for forming only diethylaminoalane.
The reactions of aluminum and hydrogen with dimethyl-, diisopropyl-, and diphenyldamine, pyrrolidine, and piperidine were

also carried out.
dimethylamine, piperidine, and pyrrolidine.

As in the case with diethylamine, predominant formatiori of the bis(dialkylamino)alane was observed with
No reactions were observed with diisopropyl- and diphenylamine.

" Predomi-

nant formation of bis(dialkylamino)alanes in preference to dialkylaminoalanes is attributed to the greater thermodynamic

stability of the former compounds.

Verification of this point was accomplished by dta-tga and solution pyrolysis studies.

Proton magnetic resonance and infrared spectral measurements of tlie aminoalanes are reported and interpreted to yield

valuable analytical and structural information.

Introduction

Aminoalanes (H;_,Al(NR;),, # = 1-3) have been used
as polymerization catalysts,! reducing agents,? and syn-
thetic intermediates;* however more widespread use of
these compounds is limited by the inconvenience of
preparation and high cost of these reagerits. Until now
aminodalanes have beén prepared by the reactions of (1)
alane! or trimethylamine—alane® with secondary amines
(eq 1) and (2) lithium aluminum hydride and dialkyl-

ammonium chlorides® (eq 2).
AlH; + nHNR, —> nH, + H;,AINR,), (n = 1-3) (1)
LiAlH; + ReNH,Cl ——> LiCl 4 2H, + H,AINR, (2)

In 1964 we reported the direct synthesis of an amine~
alane by the reaction of triethylenediamine with alum-
inum and hydrogen in tetrahydrofuran under mild con-
ditions” (eq 3). The reaction of a secondary amine,

Al + ¥%H, + N/\/:\/_\N — HaAl-N\/___\/N (3)

alumihum, and hydrogen was predicted to follow an
analogous path involving intermediate formation of
AlH; followed by complexation of the secondary amine
to form AIH;NR:H. Since dialkylamine-alaries are un-
stable and lose hydrogen well below room temperature,?
the dialkylaminoalane (H,AINR;) should be the first
product capable of being isolated. In the presence of
additional secondary amine, the dialkylaminoalane
should react further to form the bis(dialkylamino)alane
[HAI(NR:):] and in the presence of additional dial-
kylamine, the tris(dialkylamino)alane, [HAI(NR:);],
according to eq 4. We have now made a detailed

R:NH R:NH
Al + Hy —> AlH; ——> AlH;-NR:H —> H;AINR; ——>
—H: —H:

Ro:NH .
HAI(NR;): —? Al(NR,); (4)
- 2

(1) 8. A. Snam, Belgian Patent 654,406 (April 15, 1965).

(2) S. Cesca, M. Santoslasi, W. Marconi, and N. Palladino, Ann. Chim.
(Rome), 88, 704 (1965).

(3) H. Néth and E. Wiberg, Forischr. Chem. Forsch., 8, 323 (1987).

(4) E. Wiberg and A. May, Z. Naturforsch. B, 10, 234 (1955).

() W.Marconi, A. Mazzei, F. Bohati, and M. de Malde, Gazz. Chim. Ital
92; 1062 (1962),

®) J. K. Ruff, J. Amer. Chem. Soc., 88, 2835 (1961).

(7) E. C. Ashby, ibid., 86, 1882 (1904).

study® of the reaction of aluminum, hydrogen, and
secondary amines as a route to aminoalanes and
wish to report the results herein. This reaction repre-
sents such a convenient and economic route to armino-
alanes that further investigation of new uses of amino-
alanes should be encouraged. We are at present
carrying out a detailed evaluation of this class of com-
pounds as selective reducing agents in organic chem-
istry.

Experimental Section

Equipment and Materials.—Manipulation of air-sensitive
materials was accomplished by use of standard bench-top tech-
niques® or employment of a drybox equipped with a recirculating
atmosphere purification system for removal of oxygen and mois-
ture.” - Infrared spectral measurements were obtained using a
Perkin-Elmer 621 automatic grating spectrophotometer.
Samples were prepared for analysis in the drybox. Spectra of
liquid samples were obtained using neat material between KBr
salt plates while spectra of solid samples were obtained as the
Nujol mull. , Proton magnetic resonance spectra were obtained
using a Varian A-60 magnetic resonance spectrometer using the
solvent signal (benzene) as internal standard.

Benzene, used as the solvent in the hydrogenation reactions,
was purchased from Fisher Chemical Co. (Certified ACS grade)
and distilled from NaAlH, prior to use. Dimethylamine (an-
hydrous) was purchased from the Matheson Corp. and passed
through a KOH drying tube prior to use. Diethyl-, diisopropyl-,
and diphenylamine, piperidine, and pyrrolidine were purchased
from Eastman Chemical Co. The liquid dialkylamines were
either distilled frém anhydrous KOH or distilled orto active
molecular sieve, Type 4-A, prior to use. Diphenylamine was
used without further purification. Aluminum powder (600
mesh) was obtained from the Alcan Aluminum Corp. Alumi-
num was ‘‘activated’ prior to use by the method described by
Ziegler.!t Ultra pure hydrogen (99.9995%) was obtained from
the Matheson Corp. and used without further purification.

Aralyses.—Aminoalanes are readily hydrolyzed by water and
dilute acids. Analyses were perfotmed by hydrolyzing a tared
sample with a water~acid mixture and determination of the
hydrogen contént by gas evolution analysis. Aluminum in the
same sample was determined by EDTA titration. Amines were

(8) A preliminary report concerning this study has appeared: E. C.
Ashby and R. A. Kovar, J. Organometal, Chem., 32, C34 (1970).

(9) D. F. Shriver, ““The Manipulation of Air Sensitive Compounds,’”’
McGraw-Hill, New York, N. Y., 1969.

(10) T. L. Brown, D. W. Dickerhoof, D. A. Bafus, and G. L. Morgan,
Rev. Sci. Instrum., 88, 491-(1062).

(11) E. C. Ashby, G. J. Brendel, and H. E. Redman, I'norg. Chem., 3,
499 (1963).
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determined by potentiometric titration of the solution obtained
on hydrolysis of a tared sainple after removal of the A1{OH );.
Synthesis.—Hydrogenation reactions were performed using a
300-ml Magnedrive autoclave (Autoclave Engineers, Inc.).
The chamber was usually charged in the drybox. The contents
were then heated under hydrogen for a predetermined period.
After sufficient cooling the chamber was vented and soluble
products were filtered from excess unreacted aluminum in the
drybox. The solvent was then removed from the clear filtrate
under vacuum and the product was analyzed as the neat mate-
rial. Reaction conditions and results for the reactions studied
are reported in Table 1I and elemental analyses of the reaction
products are reported in Table I. The analyses were performed

TaBLE I
ELEMENTAL ANALYSIS OF AMINOALANES
——<Analyses, 7————————
Hydridic
Mol —~=—Al—— ~—~-Amine-— ~—~=hydrogen—

——

Compd wt Caled Found Caled Found Caled Found
Al[N(CHs):ls 159 17.0 18.8 .. ce. ..
HAI[N(CHas):z]2 116 23.3 24.6 . s 0.863 0.93
Al{N(C:2Hs)z]s 243 11.1 12.8 88,9 87.6
HAL[N(C2Hs):z]e 172 15.7 18.0 83.7 84.4 0.582 0.612
H:AIN(C:Hs)s 101 26.7 26.1 71.3 71.9 1.98 1.96
HAKN )) 196 13.8 13.8 85.7 85.6 0.510 0.53

H,AIN ) 113 23.9 24,1 74.

3 741 1.77  1.83
HAKN:]), 168 16.1 15.8 83.3 82.8 0.505 0.590
HEAING 99 27.3 27.2 70.7 68.9 =2.01 1.87
HAI[N(G-CsH»:l: 228 11.8 12,2 87.7 86.7 0.439 0.441
HAING-CsH): 129 20.0 19.8 77.5 77.3 1.55  1.49

on the unpurified reaction product. Further establishment of
the nature of the reaction prodiicts was made by infrared and
nmr comparisons with an authentic sample of the product syn-
thesized by unequivocal means. In every case the spectra were
identical.

Redction of Aluminum, Hydrogen, and Al[N(CH;););.—Tris-
(dimethylamino)alane (0.10 mol from the reaction of 0.1 mol of
trimethylamine-alane and excess dimethylamine), aluminum,
(5 g or 0.15 mol), and benzene (100 ml) were heated at 120°
under 4000 psig of hydrogen for 12 hr. The resulting mixture
was filtered in the drybox yielding a clear filtrate. The filtrate
was diluted to a known volume (120 ml) with benzene and an-
alyzed for hydridic hydrogen and aluminum. Anael. Found:
H, 1.11 M; Al 1.19 M. The hydrogen:aluminum ratio was
0.93:1.00, indicating formation of bis(dimethylamino)alane.
The proton nmr spectrum of the benzene solution matched ex-
actly that of authentic bis(dimethylamino)alane. These an-
alytical data indicate that the yield of bis(dimethylamino)alane
is 0.145 mol.

Unequivocal Synthesis of Aminoalanes:—Dialkylamino- and
bis(dialkylamino)alanes were prepared by the reaction of tri-
methylamine—alane and 1 or 2 eguiv of the appropriate second-
ary amine, in benzene solution.® The solutions were usually
stirred for 2 hr after ihitial mixing of the reagents. Products
were isolated by removing the solvent under vacuum. These
compounds were analyzed for hydrogen and aluminum ard the
experimental values were found to agree with the calculated
values to within 57 in dll cases. The following compounds were
synthesized: HzAlN(Csz)z, HAl(N(CzHﬁ)Z)Z; HzAlNCaHlo,
HAI(NC:Hyq)z, HiAINC Hg, HAI(NC Hs)z, HoAIN (2-CiHi)s.

Forcing conditions and additional time were required for the
preparation of bis(diisopropylamino)alane. . The hydrogen and
aluminum ratio of a 2:1 M mixture of diisopropylamine and tri-
methylamine-alane in benzene was found to be 1.8:1.0 after
simple stirring at room temperature for 2 hr. This ratio was
reduced to 1.5:1.0 and 1.05:1.00 after heating at reflux for 24
and 48 hr, respectively.

Tris(dimethylamino)alane was prepared by the reaction of
trimethylamine-alane in benzene solution with excess dimethyl-
amine. (Dimethylamine was allowed to bubble through the
stirred alane solution at room temperature until liberation of
hydrogen at the gas dispersion frit was observed to cease.) At-
tempts to prepare tris(diethylamino)alane by the reaction of

R. A. Kovar anD E. C. AsuBy

equimolar mixtures of bis(diethylamino)alane and diethylamine
by tefluxing these reagents in benzene solution for as long as 12
hr failed as evidenced by the fact that hydridic hydrogen was
found in solution. The reaction could be forced to completion
by the reaction of bis(diethylamirio)alane in diethylamine for
12 hr at reflux temiperature. Tris(piperidino)alane was prepared
in an dnalogous way by the reaction of trimethylamine-alane
and ~10-fold excess piperidine in benzene.

Pyrolysis Studies of Aminoalane Compounds. A. Pyrolysis
of H,AIN;H,, in Refluxing Toluene.—Piperidinoalane (1.08 g
or 9.6 mmol) was dissolved in 30 ml of toluene and hedted at re-
flux with stirring. Aliguot samples (2.0 ml) wete withdrawn at
appropriate intervals with a syringe. Toluene was removed
uiider vacuum and the solid thus obtained was dissolved in 0.5
ml of benzene (toluene was removed since the methyl resonance
of toluene was found to interfere in the proton magnetic resonance
study) and proton magnetic resonance spectra of the samples
were recorded. These spectral data are shown in Figure 1.

=

Figure 1.—Proton magnetic resonance spectral study of the
pyrolysis of H3;AINC;Hye in boiling toluene. Spectra were re-
corded in benzene solution: A, ¢ = 0 spectrum of piperidinoalane;
B, spectrum obtained after heating for 2.5 days; C, after heating
for 6.5 days; D, after heating for 8.5 days.

The spectral changes were complete after heating for 8.5 days.
After this period of heating the aluminum to hydrogen ratio
was found to be 1.0:1.1. A dark gray, metallic precipitate (pre-
sumed to be aluminium) formed during this period.

B. Dta-Tga Analysis of Aminoalanes.—The thermal behav-
ior of H;AINR; and HAI(NR,); compounds (NR; = N(C.Hj),,
NCsHy, NCHs) was studied by simultaneous differential ther-
mal and thermal gravimetric analyses of these compounds using
Mettler Thermoanalyzer II instrumentation. Samples were
loaded into tared platinum crucibles in the drybox and sub-
jected to dta-tga analysis under a steady flow of argon. Repre-
sentative thermal data obtaired for analysis of H,AINCsHio and
HAI(NCsHio); are shown in Figure 2. The bulk of the thermal
properties are summarized in Table IV.

C. Pyrolysis of HAINR; Compounds in Evacuated, Sealed
Tubes.—Piperidinoalane (0.1247 g or 1.107 mmol) was sealed
in an evacuated break-seal bulb of approximately 20-ml volume.
The entire assembly was submerged into a 200° oil bath for 15
min. After cooling, the tube was attached to a vacuum mani-
fold by means of an ‘O’ ring gasket seal and hydrogen (0.755
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Figure 2.—Dta—tga traces of HeAINC;Hjy and HAYNCsHio)s.
A and B are dta and tga traces for HAINC;Hy,, respectively

(sample size 53.0 mg); C and D are dta and tga traces for HAI-
(NCjsHio)e, respectively (53.7 mng).

mmol) was determined by gas evolution analysis after opening
the break-seal with a magnet. Residual solid was dissolved in
benzene and the proton magnetic resonance spectrum of the
resulting solution was recorded. This spectrum was found to be
identical with that of authentic bis(piperidino)alane (Figure 3).

N/ Cj\D

1-ppm

Figure 3.—Representative proton magnetic resonance spectra
of mono- and bis(piperidino)alane in benzene solution.

Hydrogen (1.1 mmol) was isolated in an analogous experi-
ment by heating diethylaminoalane (0.1531 g or 1.516 mmol)
at 180° for 15 min. A dark gray, metallic precipitate (assumed
to be aluminum) formed during each of these pyrolyses.

Results and Discussion

Direct Preparation of Aminoalanes.—The reaction
of aluminum and hydrogen with secondary amines
was studied in most detail with diethylamine and the
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TABLE II
REACTIONS OF ALUMINUM, HYDROGEN,
AND DIETHYLAMINE IN BENZENE SOLVENT®

AP
Al + a/sz + nRzNH —'-> Ha_”AI(NRz)" + nHz

Reaction Al:amine Time, Yield,
no. molar ratio hr Products %
1 1:1 3 HAI(NR;), 92
2 Excess Al 3 HAI(NR;), 98
3 Excess Al 7 HAI(NR;), 86
H;AINR; 9
4 Excess Al 16 HAI(NRy), 91
HAINR, 4
5 Excess Al 28 HAI(NRz), 90
H,AI(NR,) 3
6 Excess Al® 24 HAI(NR,), 78
H,AINR, 15
7 1:4 3 HAI(NR,), 5
AI(NR;)s 88
8 Excess amine 4 Al(NRy); 91

(amine solvent)

¢ R = CyHjs; #n = 1-3; temperature 150°; pressure 30004000
psi. ? Reaction temperature 65°,

results are summarized in Table II. Bis(diethyl-
amino)alane was the only compound formed when
equivalent quantities of aluminum and diethylamine
were heated under hydrogen pressure for 3 hr (reaction
1, Table II). The product from this reaction was iso-
lated and analyzed successfully for HAI(N(C.H;)s)s.
The proton magnetic resonance spectrum (in benzene)
and infrared spectrum were identical with spectra of the
analogous product prepared by unequivocal syn-
thesis. Although bis(diethylamino)alane was formed

2H, + 2Al1 4+ 4HN(C:H;); —>» 2HAI(N(C:Hs):): + 3H: (5)

in high yield, efforts to prepare diethylaminoalane by
increasing the aluminum to diethylamine molar ratio
(reaction 2) and extending reaction times (reactions
3-5) were largely unsuccessful. The hydrogen:alumi-
num ratio in the products obtained in these reactions
was always slightly higher than unity, indicating a low
yield of the diethylaminoalane (yields ranged from 3 to
99,). These results indicate that the reaction of alu-
minum, hydrogen, and bis(diethylamino)alane to form
diethylaminoalane does not occur to any appreciable
extent at 150°. Reaction at 65° produced a material

‘ 150°
2Al + 8H, + 2HAI(N(C;Hs) )y —> 4HRAIN(C,H;):  (6)

which revealed a hydrogen to aluminum ratio of 1.19:
1.0 indicating a ratio of bis(diethylamino)alane to di-
ethylaminoalane of 78:15. Infrared analysis also re-
vealed the product to be a mixture of the mono- and
bis(amino)alane. On the other hand tris(dimethyl-
amino)alane reacted readily and cleanly according to
the equation

AUN(CH)s + Y4Al + 3iH, oS s/ HAIN(CHa)ls  (7)

These data suggest that bis(diethylamino)alane is the
preferred product in this reaction and is thermody-
namically more stable than diethylaminoalane and thus
the former compound is produced in high yield under
conditions predicted to form either. This was verified
by pyrolysis studies of diethylaminoalane (vide infra).

It is interesting to note that even at an aluminum:
amine ratio of 1:4 some (5%) bis(diethylamino)alane
remained in admixture with tris(diethylamino)alane;
however, the latter compound was produced in high
yield (919,) when diethylamine was used as the sol-
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vent, These results suggest that forcing conditions are
required to prepare tris(dialkylamino)alanes, due pre-
sumably to steric crowding in the product. This con-
clusion was substantiated by our attempts to prepare
tris(diethylamino)alane by the reaction of equivalent
molar quantities of bis(diethylamino)alane and di-
ethylamine in benzene solution. The replacement of
all hydridic hydrogen was incomplete even after re-
fluxing for 12 hr. The reaction could only be forced to
completion by using diethylamine as the solvent and re-
fluxing for 12 hr.

The scope of the reaction of aluminum, hydrogen, and
diethylamine was investigated using other secondary
amines. The amines were chosen based on their rela-
tive base strengths as determined by both electronic
and steric factors. These included dimethyl-, diiso-
propyl-, and diphenylamine, piperidine, and pyrrol-
idine. The results of these experiments are summa-
rized in Table I1I.

TaBLE III
REACTIONS OF ALUMINUM, HYDROGEN,
AND SELECTED DIALKYLAMINES IN BENZENE SOLVENT?

AP
Al + 3/21‘12 + nRyNH ——> Ha-nAl(NRz)n ~+ nH,

Reac-
tion Time, Temp, Yield,
no. Amine hr °C Products %%
1 HN(CH,), 4 150  HAI(N(CHs)) 91

2 HN(CH;): 20 110 HAI(N(CHs)s): 72
H,AIN(CHs), 18

3 HN(CH,), 20 60 No reaction
4

Piperidine 5 180 H,AINC:Hyo 0.9
HANNC;Hig)s 83
5 Piperidine 20 110 H,AINC;:Hio 3.5
HAI(NC:Hu): 89
6 Pyrrolidine 12 150 HAI(NC:Hs). 88
7 HN(7-C3Hy), 4 110 No reaction
8 HN(CeHs), 4 140 No reaction

Pressure 3000-4000 psi; aluminum:amine ratio 1.5:1.

As was the case with diethylamine, predominant for-
mation of the bis(dialkylamino)alane was observed by
reaction of aluminum (in excess) with dimethylamine
(reaction 1), piperidine (reaction 4), and pyrrolidine
(reaction 6). Low yields of the corresponding di-
alkylaminoalane were observed when these reactions
were run at lower temperature (reactions 2, 5).

No reaction was observed when the secondary amine
was diisopropylamine or diphenylamine, indicating that
the base strength of the secondary amine is an impor-
tant factor in the direct preparation reaction. It is be-
lieved that AlH; is generated in this reaction but that
further reaction with these secondary amines is not
sufficiently fast nor is the AH; of the amine-alane
sufficiently large to compete with thermal autodecom-
position of the AlH;12 This explanation is supported
by our observations concerning the relative reactivities
of a series of secondary amines with trimethylamine-
alane in benzene. This route to the bis(dialkylamine)~
alanes proceeded rapidly and cleanly in ~2 hr by simple
stirring of the amine-alane with diethylamine, piper-
idine, and pyrrolidine, while forcing conditions and a
reaction time of ~48 hr (see Experimental Section)
were required for the preparation of bis(diisopropyl-
amino)alane.

Thermal Properties of Aminoalanes.—The direct-

(12) E. Wiberg, M. Schmidt, and U. R. Uson, Z. Naturforsch. B, 6, 393
(1951).
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synthesis study suggests that bis(dialkylamino)alanes
are thermodynamically more stable than the corre-
sponding dialkylaminoalanes and thus the former com-
pounds are formed preferentially at the reaction tem-
peratures employed. Unfortunately little information
is available concerning the thermal stabilities of amino-
alanes. Wiberg* reported that dialkylaminoalanes de-
compose upon heating above their melting points with
precipitation of dark flakes. No details concerning the
pyrolysis were reported and the exact products of de-
composition are unknown. N&th?® suggested that the
expected decomposition products might include alumi-
num, hydrogen, HAI(NR;);, or AI(NRy);, etc. On the
other hand, it is known that the corresponding bis(di-
alkylamino)alanes are quite stable thermally. Thus, it
has been reported that bis{(dimethylamino)- and bis-
(diisopropylamino)alane can be heated under normal
pressure with refluxing, without decomposition.?

The thermal decomposition of dialkylaminoalanes has
been studied by quantitative determination of pyrolysis
products under exact pyrolysis conditions. The pyrol-
ysis of piperidinoalane was studied most thoroughly
since this compound can be separated easily from
possible decomposition products by sublimation. In
addition, spectroscopic properties of this compound and
predicted decomposition products are unique and can in
fact be used to follow the pyrolysis reaction. It was
intended that results obtained from a study of this
system could be extended to describe pyrolysis of other
dialkylaminoalanes.

In one pyrolysis experiment, piperidinoalane was
heated at reflux in toluene. Aliquot samples were
withdrawn at appropriate intervals, the solvent was re-
moved under vacuum and replaced by benzene, and the
proton magnetic resonance spectrum of the benzene so-
Iution was recorded. These data are summarized in
Figure 1. The initial ({ = 0) spectrum of piperidino-
alane changed considerably by heating at 110° for 2.5
days. The hydride signal of this compound at 7 5.76 is
broadened and a new signal (triplet at 7 6.80) is present.
The pyrolysis was continued by refluxing for longer
periods. After 6.5 days the signal due the hydridic
proton was no longer present and the triplet at + 6.80
was found to be equal to the area of the signal at = 7.10.
The spectrum at this point is identical with that of bis-
(piperidino)alane (see Figure 3). These spectral data
were found to be insensitive to further heating. The
aluminum:hydrogen ratio was determined for an
aliquot and found to be 1:1. A gray precipitate (as-
sumed to be aluminum) formed during this pyrolysis.
This spectral study of the aminoalane decomposition
does show that the soluble species formed is bis(piper-
idino)alane and that the pyrolysis reaction stops with
formation of this species. We propose the following
pyrolysis reaction to account for these data

2H,AINC;Hyp —> HAINC:Hio): + 3/2HaT + AlT  (8)

Attempts were made to obtain quantitative char-
acterization of this conversion by employing simul-
taneous gravimetric and differential therrnal analysis.
Dta~tga data obtained for mono- and bis(piperidino)-
alanes are shown in Figure 2. The dta of piperidino-
alane exhibited three endothermic effects at 60, 195, and
310°. The first is assigned to melting and corresponds
to the reported melting point of 58°. The effect at
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195° is tentatively assigned to the decomposition of
piperidinoalane to bis(piperidino)alane, aluminum, and
hydrogen ; however, the weight loss at this point (curve
B) was always found to be greater (by ~509%) than
that predicted on the basis of the proposed pyrolysis
reaction. Some material, however, was always found
to “blow’’ out of the crucible and observed to collect on
the inner surface of the furnace assembly. It was
found that this extraneous weight loss could be dimin-
ished by using a crucible cover and heating at a slower
rate, but it could never be eliminated completely. The
last endotherm (310°) is assigned to decomposition of
bis(piperidino)alane. This assignment is verified by
the thermogram obtained for bis(piperidino)alane (C)
which exhibited, in addition to endothermic melting at
100°, a similar decomposition endotherm at 310°.
(The tga trace (D) indicates only one weight loss for bis-
(piperidino)alane which most logically corresponds to
the endotherm at 310°.)

A sealed-tube pyrolysis experiment was performed in
order to gain more information about the endothermic
transition at ~200°. Hydrogen (0.755 mmol) was ob-
tained when piperidinoalane (1.10 mmol) was heated at
200° for 15 min in a sealed tube. This is 909, of the
calculated amount based on eq 8. The proton mag-
netic resonance spectrum of the benzene-soluble pyrol-
ysate was found to be identical with that of authentic
bis(piperidino)alane. These data are taken as verifi-
cation of the proposed pyrolysis.

The conversion of dialkylaminoalanes to the corre-
sponding bis(dialkylamino)alane appears to be a per-
fectly general reaction as evidenced by dta-tga stud-
ies of diethylamino- and pyrrolidinoalane (Table IV).

TaBLE IV

THERMAL PROPERTIES OF AMINOALANES AS
DETERMINED BY DTA-TGA ANALYSIS
Temp of dta
effect (endo-
Compd therm), °C ————
H,AIN(C,H;5), 30 Melting
180 Formn of HAI(N(C;Hj)e)., Al, and H,
240 Decompn of HAI(N(C2H5)2)2
HAI( N( C2H5)2)2 240 Decompn of HAl( N(CgHs)z)z
HzAlNC4Hs 90 Melting
150 Formn of HAI(NC,Hs);, + Al + H;
305 Decompn of HAI(NCHs).
HAI(NC,H;), 300 Decompn of HAI(NC,Hs),
H,AINCsHyo 60 Melting
195 Formn of HAI(NCsHy)z, Al, and H,
310 Decompn of HAI(NC;Hi)s
HAI(NC:sHi)2 100 Melting
310 Decompn of HAI(NC:;Hyp)s

Assignment——-——a——

The dta trace of diethylaminoalane showed endo-
thermic effects at 30, 180, and 240° (Table IV). These
effects are assigned to melting of the starting material,
thermal decomposition according to eq 8, and decom-
position of bis(diethylamino)alane, respectively. Ver-
ification of the assignment of the effect occurring at
240° was obtained from dta-tga analysis of bis(diethyl-
amino)alane which showed a similar decomposition
endotherm at 240°. The weight loss accompanying the
effect occurring at 180° was always greater than that
predicted on the basis of eq 8 This we believe is due
to extraneous weight loss due to excessive ‘“‘bumping”’
of the material which was mentioned earlier. Quan-
titative characterization of this reaction was obtained
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by heating diethylaminoalane in an evacuated, sealed
tube at 180° followed by analysis for hydrogen. Hy-
drogen (0.965 mmol) was obtained from 1.52 mmol of
diethylaminoalane under these conditions. This is
909, of the calculated amount based on eq 8. Pyr-
rolidinoalane decomposes in an analogous fashion.
Three endothermic effects (Table IV) at 90, 150, and
305° were observed. These are assigned to melting of
the reagent, decomposition according to eq 8, and de-
composition of bis(pyrrolidino)alane, respectively. Bis-
(pyrrolidino)alane exhibited a similar decomposition
endotherm at 300°.

These pyrolyses confirm conclusions based on our
studies of the direct synthesis of aminoalanes and in
particular on our inability to prepare the dialkylamino-
alanes in high yield. Dialkylaminoalanes have been
shown to decompose according to reaction 8 slowly by
refluxing in hydrocarbon solvent and rapidly by heating
the neat material at the decomposition temperature.

Spectroscopic Studies of Aminoalanes.—Aminoalanes
are associated in hydrocarbon solution. Dialkylamino-
alanes are trimeric in benzene while the corresponding
bis(dialkylamino)alanes are mainly dimeric.® The
smaller degree of association of the bis(dialkylamino)-
alanes is undoubtedly a result of greater steric crowding
in the more highly substituted alane derivatives. Tris-
(dimethylamino)alane is the only known tris(amino)-
alane which is associated in benzene, that being as a
dimer. Aminoalanes could conceivably associate with
formation of NR; or H bridges; the latter is improbable
since dimerization through coordinatively bonded
amino groups is considerably more favored thermody-
namically over an Al-H-Al three-centered bridge bond.
The most logical structures for the aminoalanes based
on these general considerations are I-III, In addition,
these structures are consistent with those which have
been demonstrated for homologous aminoboranes!? and
proposed for alkoxyalanes!* on the basis of X-ray, nmr,
infrared, and dipole moment studies.

H\ /H
RN R,
H\I L 1 H
/ \ v AN
R, H
I
dialkylaminoalane
R gz
RN / \ H RzN\AI/’ N
Rz R,
II 111

bis(dialkylamino)alane tris(dialkylamino)alane

The expected range for the Al-H stretching vibra-
tion!® is 1600-1900 cm~!, with a bridging hydride
showing a relatively broad band around 1600 em™!,
An increase in coordination on the aluminum atom nor-
mally shifts the Al-H bands to lower frequency. Sub-

(13) L. M. Trefonas and W. N. Lipscomb, J. Amer. Chem. Soc., 81, 4435
(1950).

(14) H. Néth and H. Suchy, Z. Anorg. Allg. Chem., 388, 44 (1968).

(156) H. M. Alpatova, T. N. Dymova, Yu. M. Kessler, and Om. R. Osipov,
Russ. Chem, Rev., 37, 99 (1968).
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stitution of hydride hydrogen atoms by electronegative
substituents strengthens the Al-H bond as a comnse-
quence of inductive effects.

The Al-H stretching vibration for the dialkylamino-
alanes (neat or in solution) occurs at ~1830 cm—!

(Table V). The Al-H deformation frequencies ranged
TABLE V
INFRARED SPECTRAL DATA OF AMINOALANES

AlH  Al-H Al-H  AI-N

str def str def

freq, freq, freq, freq,

Compd cm 1 cm ~1 Compd cm ™1 cm "~
HAI(N (CH3)s)2 1824 e HAI(NC4Hs): 1824 895
HAIN(C:Hs)2 1820 734 H:AINCsHu 1828 725
HAI(N(C:Hs)2)2 1822 692 HAI(NCsH)2 1825 688

H:AINCqHs 1832 729

from 725 to 735 cm~!. The position of these bands
suggests a tetravalent aluminum with hydrogen atoms
bonded in termincl positions, in support of the amino-
bridged structure (I). The proton magnetic resonance
spectral data are also in support of this structure. The
dialkylaminoalanes exhibited only one kind of hydridic
hydrogen and dialkylamino environment (Table VI).

R. A. Kovar AND E. C. AsHBY

ening by the relatively large electric quadrupole mo-
ment associated with the Al nucleus.

The Al-H stretching frequencies of the bis(dialkyl-
amino)alanes (neat or in solution) occur in the range
1822-1830 cm~! (Table V). Absorption in this region
is indicative of four-coordinate aluminum with Al-H
bonds in terminal positions, in accord with structure II,
The proton magnetic resonance spectra of the bis(di-
alkylamino)alanes showed only one hydridic environ-
ment (when this could be observed) and two non-
equivalent dialkylamino environments of equal inten-
sity. These data are also consistent with structure II.
Specifically, bis(dimethylamino)alane exhibited proton
signals at 7 6.17, 7.19, and 7.67 of relative areas 1.6:
6.0:6.0 (Figure 4). These are assigned to hydridic
hydrogen, terminal, and bridging dimethylamino en-
vironments, respectively. The dimethylamino reso-
nances were assigned by reference to the spectrum of
dimeric tris(dimethylamino)alane (Figure 4) in benzene
which shows terminal and bridging dimethylamino
signals at 7 7.23 and 7.51, respectively (relative area
ratios 2.0:1.0, respectively). The spectral assignment
for bis(piperidino)alane is a bit more complex owing to

TaBLE VI
PrOTON MAGNETIC RESONANCE SPECTRAL PARAMETERS OF AMINOALANES IN BENZENE

Compd H T Multiplicity Rel area
H,AIN(CH,), 2.9 4.2 Singlet . Al-H
5.9 Singlet e
HAIN(CH;), 2.4 6.17  Singlet 1.0 Al-H
7.19  Singlet 6.0
7.67  Singlet 6.0
AI(N(CH;)s)s 2.2 7.23  Singlet 2.0
7.51  Singlet 1.0
H;AINC;Hy 2.4 5.76  Singlet 1.0 AlI-H
7.13  Triplet 1.1
, 8.63  Multiplet 3.2
HAINC;Hi): 2.2 6.80  Triplet 1.0
7.10  Triplet 2,0
8.43  Multiplet 3.0
H,AINCHg 3.0 6.79  Triplet 1.0
8.32  Triplet 1.0
6.99  Triplet 1.0
8.29  Multiplet 2.0
HAl( N( Csz)z)g ~6.9 Multiplet 2.0
~8.8 Multiplet 3.0
HLAIN(CH;), 2.1 6.83 Quartet 2.0
8.84  Triplet 3.0
H;AIN(CH,;), 1.4 5.80  Singlet 1.0 Al-H
7.96  Singlet 3.0

The proton magnetic resonance spectrum of piperid-
inoalane is shown in Figure 3. The signals at = 5.76
(singlet), 7.13 (triplet), and 8.63 (multiplet) of relative
intensities 1.0:2.1:3.2 are assigned to hydridic hy-
drogen, bridging nitrogen «-methylene, and superim-
position of bridging nitrogen 8- and y-methylene pro-
tons, respectively. It occurred to us that the hydride
resonance appears at an abnormally low chemical shift
for a main group metal hydride; however, the com-
pounds R,AIH® and H,;AIN(CH;); were found to ex-
hibit hydride signals at 7 6.3 and 5.8, respectively.
Proton magnetic resonance spectra of the remaining
dialkylaminoalanes (Table VI) are also consistent with
structure I; although a hydride resonance was not ob-
served for all of these. The absence of a visible hy-
dride resonance is probably due to the extensive broad-

(16) E. G. Hoffmann, Z. Anal. Chem., 170, 177 (1959).

Assighment

Nitrogen methyl

Terminal dimethylamino
Bridging dimethylamino
Terminal dimethylamino
Bridging dimethylamino

Bridging nitrogen a-methylene proton

Bridging nitrogen 8- and v-methylene protons
Terminal nitrogen «-methylene proton

Bridging nitrogen a-methylene proton
Superimposition of terminal and bridging nitrogen 3- and y-methylene protons
Bridging nitrogen o-methylene proton

Bridging nitrogen 3-methylene proton

Terminal nitrogen «-methylene proton

Bridging nitrogen a-methylene proton

Terminal and bridging nitrogen S-methylene proton
Ethyl-methylene

Ethyl-methyl

Ethyl-methylene

Ethyl-methyl

Nitrogen methyl

the presence of nitrogen a-, 8-, and y-methylene en-
vironments. The spectrum of this compound in ben-
zene solution consisted of signals at = 6.80 (triplet), 7.10
(triplet), and 8.43 (complex multiplet) of relative areas
1.0:1.0:3.0, respectively (Figure 3). These are as-
signed to terminal nitrogen a-methylene, bridging ni-
trogen a-methylene, and superimposition of both ter-
minal and bridging nitrogen 8- and y-methylene protons,
respectively. Resonance of the hydridic proton was
not observed.

The proton magnetic resonance spectrum of bis-
(diethylamino)alane was the most complex and re-
quires detailed explanation (Figure 5). The spectrum
is consistent with a dimer of structure II but is com-
plicated by fortuitous overlap of bridging and terminal
nitrogen methylene quartets and methyl triplets. Two
fairly distinct methylene quartets of approximately
equal area are resolved; however, the signals for the
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Figure 4.-—Proton magnetic resonance spectra of bis- and
tris(dimethylamino)alane in benzene solution.

methyl groups appear as a 1:4:4:1 quartet. This is
presumably due to overlapping of both the central- and
high-field components of one methyl triplet with the
central- and low-field components of the other. A
1:4:4:1 quartet is predicted if the two triplet sighals
which overlap are each present in equal intensity.

In summary, this work provides a reasonably de-
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Ty

P A

Figure 5.—Expanded-scale proton magnetic resonance spec-
trum of bis(diethylamino)alane in benzene solution: A, methylene
quartet at = 6.80; B, miethylene quartet at = 6.93; C, methyl
triplet at  8.77; D, methyl triplet at r 8.91.

tailed study of the direct synthesis of atninocalanes by
the reaction of aluminum, hydrogen, and secondary
amines. Although bis- and tris(dialkylamino)alanes
were synthesized in high yields, dialkylaminoalanes
could be prepared only in miodest yield du¢ to the
thermal instability- of these compounds. Spectro-
scopic data (infrared and proton nmr) were compiled for
these compounds and used to (1) characterize reaction
products, (2) monitor pyrolysis reactions, and (3) pro-
vide structural information.
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