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Summary 

Complexes of two dialkylalkenylaluminium compounds with organic donors 
were investigated. It was found that stable complexes are formed only with 
strong donors, but not with very weak ones like anisole, because of the strong 
donor properties of the alkenyl group. The donors with reactive bonds as _: 
in R@N undergo rearrangement reactions after several hours. 

Dialkylalkenylaluminium compounds were synthesized first by Wilke and 
Miiller from trialkylaluminium and acetylene [l]. We repeated the synthesis of 
Et,AlCH=CHEt (I) according to this procedure and obtained a new compound 
i-Bu,AlCH=CH-i-I3u (II). We have found that I is dimeric in agreement with 
Wilke but II is monomeric in diluted benzene solution. 

There is a difference in the stability of compounds bridged by n-alkyl and 
alkenyl groups. The heat of complex formation with organic donors is lower 
for I than for Et&l (III) (e.g. with EbO it is 7.5 kcal/mol and 11 .kcal/mol 
respectively) [2,3]_ The v(eN) value in complexes of I and III with benzonitrile 
[4] is the same, which indicates similar acidity of the aluminium center. These 
data show that the heat of complex formation is lower with I because of the 
stronger bridging bond which has to be broken. Zweifel and Clark [2] explain- 
ed the high stability (compared with R&l) of the bridge, by two effects; (1) 
overlap of the carbon sp* orbitals of the vinyl groups with the sp3 orbitals of 
the aluminium atom and (2) additional overlap of the carbon-carbon n-orbital 
of the vinyl group with the non-bonding orbitals of the aluminium atom, but 
not by an increase in acceptor ability of aluminium owing to the presence 
of the alkenyl substituent. 

In this work we investigated compounds I and II and their complexes with 
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various organic donors. The degree of association, IR v(C=C) band position and 
chemical shifts of olefinic protons in uncomplexed and complexed I and II are 
collected in Table 1. 

Despite differences in association of I and II the Y(C=C) IR bands of both 
compounds have the same value and the chemical shifts of the protons of 
LUCH=CHR are very similar. This indicates only a small influence of bridging 
on the electronic environment of aluminium and on the double bond in the 
alkenyl group. There are big changes in the IR v(C=C) frequency as well as in 
the chemical shift of the RCH= proton, when complexes with a strong base are 
formed. These are caused by a large increase in electron density on the aluminium 
atom. The changes of v(C=C) towards higher frequencies (of about 30 cm-‘) and 
of the olefinic protons upfield (about 1.4 ppm) are in agreement with the 
decreasing acceptor properties of aluminium. Nearly the same frequencies for 
the IR band of the double bond and similar chemical shifts of the olefinic protons 
in all complexes indicate similar electron distribution in the carbon-carbon 
double bond. 

The stability of the complexes is related to the donor ability and the reactivi- 
ty of the used bases. The strong but unreactive donors like pyridine form 1 : 1 
complexes with I and II as indicated by the results of molecular weight measure- 
ments. Benzonltrile (with a reactive triple bond) is also a strong electron donor 
[4]. Some trialkylaluminium compounds undergo, after complexation, alkyla- 
tion or reduction reactions forming derivatives of aldoimine or ketimine. These 
products have a very strong tendency towards association w&any organoalu- 
minium compound (eq. 1). 

PheN + R,Al * PhGN : 4- + Phy=N-Al:+ association (1) 

<Iv) W) 

The IR spectrum obtained after several hours of preparation of a 1 : 1 com- 
plex with I shows the presence of rearrangement products. A broad weak band 
of Y(C=N) at 1638 cm-‘, which appears to increase in intensity with time, 
indicates slow formation of V. Also the disappearance of the strong v(eN) band 
(2278 cm-‘), after 5 hours of heating at 5O”C, indicates reaction 1. In the latter 
spectrum one can see the appearance of a medium v(EN) band at 2235 cm-’ 
due to free benzonitrile, which was hardly visible in the spectrum recorded before 
heating. This suggests dissociation of PhCN : Al(CH=CHEt)Et, because of usage 
of I in the formation of a mixed dimer with the rearrangement product V, 
-similar to that proposed by Jeffery [ 51. A 1 : 1 mixture of benzonitrile and II 
has a much lower molecular weight than calculated (the complex of I has a 
higher molecular weight than calculated). This is explained by the presence of 
isobutylene, formed in the rearrangement reaction 161, which was found in 
large amounts in the reaction mixture. The IR spectra of complexed II obtain- 
ed after preparation (similar to that of I) reveals three bands: a strong band at 
1638 cm-‘, a medium band at 2235 cm-’ and a very strong band at 2278 cm-‘. 
This pattern of bands shows that reaction 1 proceeds faster for II than for I. It 
was observed earlier, in agreement with our results, that whereas PhCN : E&Al is 
reasonably stable, PhCN : Al(i-Bu), undergoes rapid rearrangement and no 
complex was observed at room temperature. 
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One can expect that weaker unreactive donors~:like ethers forr&&&pIexes 
in equilibrium with the substrates. This was ‘observed m the&se of-Et&l and 
,anisole [7] but not for E&Al and E&O. Wilke [2].stated-that from the mixture 
of ether.with I it is possible to distill off the etherThis indica&s the presence 
of a visible dissociation in solution. Molecular weight measurements of both 
complexes of I and II with ether agree with. the existence of the equilibrium 
shown in eq. 2. 

R+lCH=CHR + E&O =+ R;(RCH=CH)Al : OEt, (2) 

We have at present no explanation for the existence of only one v(C=C) band. 
at 1585 cm-’ in the complex but not at 1556 cm-’ in the free compound. The 
presence of only one doublet of the Al--C!IJ= proton in PMR spectra, even 
at -70°C can be explained by the shift of equilibrium 2 towards complex forma- 
tion. The splitting of both peaks of the doublet of I at r 4.4 ppm into doublets 
of nearly the same intensity at -70°C and of complexation with ether, even 
at ambient temperatures, is an open question. 

Anisole does not form a complex with either I or II. It is still a problem why 
the R-CIJ= peak disappears in this mixture, The shape of the aromatic proton 
peaks of anisole (5 protons) and of its mixture with I and II is the same, so a 
tentative explanation of the presence at this position of R-C& (1 proton) is 
hardly possible. 
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