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Summary

The complex of tetragthylaluminoxane with benzonitrile was found to form
complexes with Et, AlCl and EtAlCl,. The structure of these complexes was
investigated. The electronegativity of aluminium atoms in these complexes was
calculated from the Dailey—Shoolery equation.

Introduction

It was previously reported that in nonpolar solvents, tetraethylaluminoxane
is a-cyclic trimer associated through the oxygen atoms [1]. It forms a monom-
eric complex with benzoniirile in the 1 : 1 molar ratio [2] (I)
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In this complex the non-bridging oxygen atom may exhibit donor properties
toward Lewis acids. We tried to prove this possibility by showing the existence
ofa donor—acceptor interaction between complex I and the organometallic
compounds.



“ Results and discussion :

:}f prov_ed the formatmn of complexes Ir and TIL i in the reactlon of I w1th organo- i
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- In the low. temperature PMR spectra of complexes II and III, changes in the
chemlcal shifts and internal chemical shifts of the protons of the ethyl groups
were observed (Table 1). A decrease ‘of the internal chemical shifts of protons
of the Al ethyl groups from 1.10 to 0.99 in the case of complex IT and from
1.10 to 0.94 in the case of complex III was observed. The internal chemical
shifts of protons of the Al ethyl groups increased at the same time in these com-

TABLE1 - --

PMR SPECTRA CHEMICAL SHIFTS (7, ppm) OF PROTONS OF THE ETHYL GROUPS OF INVESTI-
GATED SPECIES. Toluene as internal standard at r 7.66 ppm, temperature —70°C.

a)

CH3 CH, €D
EtAICL; : 8.81 9.72 0.91
EtzAICL . B.50 9.52 1.02
EtzAl : 846 = 9.61 1.15

complex I . 8.00 . 9.10 ’ 1.10

b) The triple complexes Il and III

Acceptor EtAICl, Et,AlC1 Et3Al

CH3 CH» S(Et) CH3 "CH» 8(Et) CH3 = CH 5(Et)
?rotoﬁs of ethyl
groups bonded : ; . o i
to AL T 8.367- 0 9.38 - 097 8.37 - 9.48 1.11 8.47 - 9.61 1.14 -
vProtons ofethy].r T B - C .. . Lo
groups bonded

oAl - 813 903 - 094 809 906 099 799 908 109
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TABLE 2, )

THE ELECTRONEGATIVITIES OF ALUMINIUM ATOMS: Al ALUMINIUM ATOM OF THE
'ALUMINOXANE IN THE TRIPLE COMPLEX II| AIFALUMINIUM ATOM OF THE ACCEPTOR
Et:AlCl3_x (x=1,2, 3) IN THE TRIPLE COMPLEXES II AND III, AND AlI'-ALUMINIUM ATOM OF
THE FREE ACCEPTOR. THE ELECTRONEGATIVITY OF THE ALUMINIUM ATOM Al IN CONIPLEX
1 EQUAL 1.36 .

Acceptor = EtAIC;  EtpAlC 'Ef.3A1
Al 1.49 1.46 1.39
Al 1.47 1.38 1.36
AY 1.50 1.44 1.36

plexes. The signals of protons of the ethyl groups of free aluminoxane were
not observed, which shows that the exchange of benzonitrile between complex

I and Et AlCl3 . (x = 1, 2) does not take place.
(Et,Al1),0 - PhCN + Et AlCl; , ~ (Et,Al1),O + Bt AlCl; , - PhCN

The electronegativities of aluminium atoms in the triple complexes II and
III were calculated according to the modified Dailey—Shoolery equation [4,5]
(Table 2). An increase in the Al electronegativity with increasing acidity of
organoaluminium compounds added was found. Simultaneously a decrease in
the Al electronegativity in complexes II and III occurrred (Table 2). The
changes in electronegativities observed were caused by the donor effect of the
oxygen atom towards the Al atoms. The Al atoms became more acidic, and this
was confirmed by IR spectra. In the IR spectra of I the band at 2270 cm™" was
assigned to the vibrations of the C=N groups of complexed benzonitrile. The
addition of Et,AlCl or EtAlCl, to the solution of I with a 1 : 1 molar ratio
caused a shift of the C=N band to higher frequencies: by 4 cm™' and 6 cm™
respectively. When Et;Al was added such a shift was not observed. Since the
PMR spectra excluded the formation of a complex between Et, AICl;_, (x =
1, 2) and benzonitrile in these conditions (see equation), the shift of the C=N
band was caused by the formation of the triple complexes II and III (Table 3).
An increase of the molecular weight in the mixture of I and the organoalumi-
nium compound was observed, which is possible only when II abd III are formed
In the case of Et,Zn and Me,Zn such an increase was not observed. The mole-
cular weight was an average between that of the organozinc compound and I.

The aluminoxane oxygen atom in the systems investigated exhibits donor
properties only towards the acceptor metal atoms, the acidity of which is higher

1

TABLE 3

CRYOSCOPIC MOLECULAR WEIGHT MEASUREMENTS OF THE MIXTURE OF 1 WITH AN
ACCEPTOR (MOLAR RATIO 1 : 1) IN BENZENE AS SOLVENT. MOLECULAR WEIGHT OF
COMPLEX I EQUALS 289

Acceptor Me,Zn EtzZn  EtzAl  EtjAlCl EtAICl,

Molecular weight 190 210 336 340 360
Molar participation of the triple complex o 0 0.80 0.80 0.85




T?:s1mxlax to that in'T and is too weak o’cause the electron transfer along the Al—O
-bond: The aC1d1ty of the alumlmum atom in EtzAlCl or. EtAlClz is’ hlgher than in
‘:I and 1s sufficxent to cause the electron transfer along the’ Al—-O bond. '
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