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Summary 

The elimination reaction which takes place in complexes of dimethylisobutyl- 
aluminium or dimethylpropynylaluminium and N-methylaniline, di-n-butyl- 
amine or octylamine was investigated. The abilities of methyl, isobutyl and 
propynyl groups to take part in elimination reactions were different. A radical 

exchange reaction was observed. 
-__ 

Introduction 

The elimination of hydrocarbon molecules from complexes of organoalumi- 
nium compounds with organic bases containing an acidic proton has so far 
been investigated mainly for alcohols [1,2]; these react rapidly at room tem- 
perature. Amine compleses are more stable, however, and usually heating is 
necessary for the reaction to occur. Complexes of organoaluminium compounds 
with primary or secondary amines decompose to yield saturated hydrocarbons 
and the corresponding aluminium amide according to eq. 1. The lower thermal 

n R3A1 : NHR? -+ (R2A1-NR2), + n RH (1) 

(n = 2,3) 

stabilities of aromatic amine complexes compared with those of aliphatic amine 
complexes reflects the higher acidity of the nitrogen bonded protons in arom- 
atic amines [3]. The stability of organoaluminium-amine complexes increases 
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with both the number and the electronegativity of substituents bonded to the 
aluminium atom [ 41. 

Exchange reactions of the substituents have been observed for most. uncom- 
plexed organoaluminium compounds. In most cases these are very fast at room 
temperature [9] but the exchange rate slow down dramatically [lo] when a 
strong organic donor is present in the reaction mixture. 

The aim of this work was to compare the elimination reactions between 
complexes of mised trialkylaluminium and clialkylalkynylaluminium compounds 
with amines, and to find out how the eschange of aluminium substituents 

influences these results. 

Results 

Complexes of isobutylclimethylaluminium with N-methylaniline (l), di-n- 
butylamine (II) and octylamine (III) react with evolution of two component 
gases: methane and isobutane. The rate of reaction and the composition and 
quantity of gases eliminated were observed when the temperature was increased 
at different rates. Fast elimination was oniy observed over some temperat.ure 
ranges. Graphs were plot.ted to show the dependence of the volume of eliminated 
gases upon the temperature under different reaction conditions_ 

In method (a) samples were heated at 3-4 deg/min and the resulting compo- 
sition and amount of gas were measured. In method (b) samples were heated at 
1-2 deg/min and the resulting gas composition and their amounts were measured. 
In method (c) samples were heated up to a little higher than the first elimina- 
tion point. When the gases ceased to evolve the reaction mixture was cooled 
down to room temperature. The samples were kept at 20°C for 2 h and finally 
heated up according to method (a) resulting in similar reaction runs with four 
distinct points of elimination). In method (d) the sample was heated to several 
degrees above the first point of elimination and kept under thermostatically 
controlled conditions for 48 h. Over 90% of the theoretical volume of gases was 
evolved. An increase of temperature to the final point of gas evolution (previously 
detected) caused only a scarcely visible increase in the total volume of gas 
obtained which was equal to that obtained in each of the experiments (a), (b) 
and (c). 
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In Fig. 1, where t.he reaction of complex PhMeNH : Al-i-BuMe? (I) is shown, 
we can see four distinct. point.s of elimination (at 20-25, 79--54, 135--142 and 
lS2-190°C; curves a, b and c). The first and fourth temperature ranges closely 
correspond to the temperatures of elimination from complexes of this amine 
with Me,Al and i-Bu,Al, respectively. 

Very intense gas evolution at 79-S4”C must be att.ributed to the elimination 
reaction of the MezAl-i-Bu complex and the small amount of gas obtained at 
135-142°C can only he espected to he obtained from the complex of Me-i-Bu+l. 
The results are in agreement with the increase in stability of more hindered 
organoaluminium compounds. 

The am0unt.s and the composition of gases obtained va.riecl with the rate of 
heating_ The slower the rise in temperature the greater the volume of gases 
evolved at the first. two reaction points, and the greater the proportion of 
methane in the gases obtained (74.5% for slow heating compared with 71.5% 
for fast heating)_ The total amount of gases obtained under the conditions of 
esperiment (c) is equal to that obtained in experiments (a) and (b), but the 
ratio of methane to isobutane is increased_ If the increase in temperature is 
stopped at 30°C (curve cl), only methane is slowly evolved and after 48 h 
97% of the theoretical yield of gases are collected (calculated according to 
eq. 1). 

Reaction 1 in the presence of 1 mol uncomplesed amine changes the shape 
of the curve of the elimination reaction but does not change the temperature 
regions at which fast elimination of gases occurs. The first point of elimination 
yields a greater quantity of gases than in 1/l compleses whereas at the third 
point evolution is completed (9’7% of gas evolved), and at the highest point 
(lS2-190°C) no rerction occurs. 

(.a) - 

(b) ---___ 

(C)-__ 

Cd) - 

T(T) 
Fig. 1. Gas evolution in the reaction of iMe?-i-BuAl with NHXIePh. (a) on heating at 3-4 deg/min 
(i0 min): (b) on heating at l-2 deg/min (180 min): (c) heating after cooling (see test): (d) after 48 h 

heating at 30°C followed by heating to 200°C. 
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TABLE 2 

Complex 

RIejAI : NHMePh 

i-Bu3Al : NHMePh 

Me3Al : NHBq 
i-Bu3Al I NHBu2 

Xle3.Al : NH,Oct 
i-Bu,Al : NlIlOct 

Reaction 

temp. (“0 

20-25 
186-198 

120-128 

118-156 

65-73 
107-I 15 

~---_-_-_-_..~~ ._. _ 

The complex Me,-i-BuAl : NHBu, (II) is stable up to 115°C: no reaction was 
observed when the complex was heated for 2 h at about 100°C. The elimination 
starts with fast methane evolution at 120-128°C which reaction temperature 
corresponds closely to that of Me3A1 : NHBu,. In a manner similar t.o complex 
I, when the rate of heating is slower complex II releases more gas (methane) 
at the first point of the reaction (Fig. 2, curves a and b). From 137 to 162°C 
fast evolution of gas was observed with a masimum rate of reaction at 139- -140°C 
and a less distinct elimination point at 148--150°C. The end of the reaction 
appears at about 165°C which temperature is a little higher than th-at of elimi- 
nation from the complex i-Bu,Al : NHBu2. The experiment with heating to the 
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Fig. 2. Gas evolution in the reaction of hlez-i-BuAl with NHBu2. <a) on heating at 3-4 deglmin (20-25 
min); (b) on heating at l-3 deglmin (70 min): (c) heating after cooling (see tent); (d) after 48 h 
heating at 130°C followed by heating to 190DC. 
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first reaction point followed by cooling and repeated heating up to 17O’C gave 
similar results to complex I (curve c)_ 

Prolonged heating (48 h) at about 130°C caused evolution of methane con- 
taminated wit.11 1.5% of isobutane in a yield of about 9’7% calculated according 
to eq. 1 (curve d). 

The elimination reaction of the first proton from the complexes of dimethyl- 
isobutylaluminium with octylamine (III) is completed at 130°C. The second 
proton starts to react at about 170°C. The first reaction point, observed at 
65--73”C, corresponds to the reaction of trimethylaluminium wit.h octylamine 
(Table 2). The nest three elimination maxima between 78 and 122°C correspond 
to the reaction of Me?Al-i-Bu : NH,Oct, hleAl-i-Bu : NH,Oct and i-Bu,Al : 
NH,Oct respectively. The esperiments were carried out as described previously 
(method a, b, c and cl respectively). The results are presented in Fig. 3. The 
same types of experiments gave results for complex 111 very similar to those of the 
previously investigated complexes I and II. 

The eliminat.ion of hydrocarbon molecules from the l/l monomeric complex. 
of MezAICZMe with the three amines mentioned proceeded only at very nar- 
row temperature ranges_ The reactivity (temperature of elimination) of amines 
with Me,AlCZMe corresponds to that of Me3A1. The yields of gases in the 
reactions were about 0.9 mol per mol of comples. The molar ratio of methane 
to propyne in the gases obtained was always higher (Table 3) than the ratio of 
the radicals bonded to the aluminium atom, but this composition changed with 

(2) ____ 

[,) ------ 

CC) -.-- 

(C) - 

Fig. 3. Gas evolution in the reaction of Me?_-i-BuAl with NHzOct: (a) on heating at 3-4 deg/snin 

(25-40 min); (b) on heating at 1-2 deglmin (SO-90 min); <c) heating after cooling (see text): (d) after 
48 h heating at 69OC followed by heating to 140°C. 
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t.ime of reaction. The same composition of gases was observed when investigat- 
ing eIimination from the Me,AlCWMe + PhOH system [ll]: the initial amount. 
of methane was about 80% whereas the last 20% of eliminated gases contained 
less than 60% methane. 

The reaction, once started, was fast and it was hardly possible t.o conduct it 
according to the conditions of methods (c) and (cl) in experiments with com- 
plexes of Me,Al-i-Bu. 

The NMR spectra of the reaction products of all complexes were recorded. 
In the spectrum of comples I, peaks of dimeric Me,AlNMePh and i-BulAINMePh 
were found together with peaks of other unidentified compouncls. The other 
spectra were too complicated even to recognise one reaction product. 

Discussion 

Primary and secondary amines usually form well-defined l/l complexes 
which are stable towards elimination reactions at room temperature. The 
temperature of elimination of hydrocarbon molecules depends on electronic 
and steric factors of the complex: compounds with bulky substituents, or at 
least with a greater number of larger substituents are less reactive (Tables 1 and 
2). This is also obvious from the diagrams presented. 

An electron withdrawing group (e.g. phenyl) bonded to the nitrogen at,om 
increases the reactivity of the comples: conversely electron withdrawing substi- 
tuents bonded to the aluminium atom increase the stability of the comples 
(e.g. phenyl, Cl). The propynyl group in Me,AlC-CMe slightly stabilises the 
a-nine complex when compared with the Me& adduct. ,4s the steric hindrance 
should he greater for a methyl than a propynyl group it seems that the alkynyl 
group is acting here as a weak electron withdrawing substituent. 

While the complexes under discussion are stable towards elimination reactions 
at room temperature they do undergo exchange reactions of the aluminium 
substituents. An equilibrium is not observed in NMR for Me,Al-i-Bu complexes 
probably because of lack of chemical shift differences, but the points of fast 
elimination are strong evidence for an exchange process taking place leading 
to equilibrium between the four possible complexes. The time dependent 
experiments (Figs. 1-3 curve c) lead us to conclude that such an equilibrium 
is attained in less than 2 h at room temperature. 
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The olxerved eschange of groups can be explained according to Scheme 1. 

Scheme 1 

R3 Al R3A.1:DH 

\Jr Jr 

R2R’AI 1 . xl-- 
R2Al-D 

0 + DH c 
R2Y-DH +- 

RR’AI-D + RH + R’H 

RR;Al 

Jr 
RRiy:DH II--= 

R; AI-D 

R;Al R;AI:DH 

mcl eq. 2 in which slow exchange between complexes and amines takes place. 

MeZAl-i-Bu : DH + MeZAl--D -‘ hle3Al : DH + hIe-i-BuAl-D + 

RleZAl-D + Me-i-BuAl-D + iLleH (2) 

This reaction rationalises nearly 100% elimination of methane in all esperiments 
conducted according to method (cl). The lack of exchange (2) between suh- 
strates and R2A1--D, only allows the formaCon of a maximum of 66% methane 
in experiment (cl). 

Me,Al-i-Bu : DH = Z/3-Me&l : DH + l/3 i-Bu3 : DH - 

Z/3 h’Ie,Al--D + l/3 i-BuzAl--D + 2/3 MeH + l/3 i-BuH (3) 

The path of the exchange is not known but the most probable is the proposal 
put forward by Mole [ 121 which involves formation of t.he intermediates 11 and III 

R\ F’\ /R’ 
DH - Al 

R 
/ \RP’\ 

R’ 

( II ) 

R\ /RI\ /R’ 
DE-----t Al 

R/ \*/A\ 
- DH 

R’ - 

c III 1 

which each have at least one five-coordinated aluminium atom and can cleave to 
form exchange products. 

In the reactions of dimethylpropynylaluminium with amines we observed 
only one point of reaction but this does not exclude exchange reactions from 
proceeding. The variation of the composition of gases wit,h time suggests that 
an equilibrium exists between the groups_ The most probable way for this to 
occur is by the exchange between substrates and RR’Al-D formed according 
to the eq. 2. 

Experimental 

All operations were carried out under dry, oxygen-free nitrogen. Solvents 
were dried using 4A molecular sieves followed by distillation from benzophenone/ 
potassium_ 

Trimethylaluminium and triisobutylaluminium were pilrified by vacuum 



transfer. Dimethylisobutylaluminium was prepared by mising 13.90 mmol 
(10-O g) of trimethylaluminium and 6.95 mmol (13.‘i g) of triisobutylalumil~- 
ium. 

Dimethylpropynylaluminium was prepared from climethylaluminium chloride 
and propynylsodium. To a 100 ml two-necked flask equipped with a dry ice 
condenser containing a vigorously stirred dispersion of 161 mmol (10 g) of 
propynylsoclium in 25 ml isopentane, 146 mmol (13.5 g) of climethylalun~in- 
ium chloride in .15 ml of isopentane was added dropwise. After 20 h the dimethyl- 
propynylaluminium prepared was purified by vacuum clist.illat.ion (5 X 10m3 
mmHg)_ Yield about 78%. 

N-methylaniline, di-n-butylamine and octylamine were clriecl over 4-4 molec- 
ular sieves and distilled at atmospheric pressure from zinc powder. 

Complexes were prepared at dry ice temperature. A stoichiometric amount 
of amine was added dropwise to a 10% solution of the aluminium compouncl in 
isopentane. Mixtures were stirred by magnetic stirrer. Aft.er complesat.ion the 
solvent was removed under vacuum. 

Both solvent-free complexes and approsimat.ely 20% solutions of all com- 
plexes in cyclohexane and toluene were heated in an oil bath with rates of 
increasing temp-rature of either 1-Z or 3-4 deg/min. Neit.her the temperature 
nor the rate of gas elimination were affected by the presence of solvents in 
heated samples. Gases evolvecl during t.he reaction were collected in a gas 
burette system and analysecl using gas chromatography_ 
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