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SUMMARY 

Dimethylphenoxyaluminium, methylphenoxychloroaluminium and phenoxy- 
dichloroaluminium have been prepared. Their molecular weights have been deter- 
mined and their IR spectra analysed. The NMR spectrum of methylphenoxychloro- 
aluminium has been investigated. 

At room temperature in a hydrocarbon solution the trimer is the stable 
associated form, but at higher temperatures the formation of the dimer is increasingly 
favoured. The occurrence of mixed oxygen-chloride bridges in fairly stable transitional 
forms of trimeric methylphenoxychloroahuninium and phenoxydichloroaluminium 
is proposed. 

INTRODUCTION 

Organoaluminium compounds with one phenoxy substituent have until now 
not been thoroughly investigated. Thus, Lehmkuhl’, while studying the complexing 
ability of organoahnninium compounds with alkaline metal halides, stated that. 
diethylphenoxyaluminium is a slightly weaker Lewis acid than triethylaluminium, 
and monophenoxyaluminium compounds have been obtained as a result of heating 
organoaluminium compounds with anisole 2*3. Mardykin et aL4 have also obtained 
alkylphenoxyaluminium compounds in the reaction of an aluminium-magnesium 
alloy with ethyl bromide in anisole at a temperature of 130”. 

Mole et aZ_’ have carried out structural investigations of dimethylphenoxy- 
aluminium, obtained from trimethylaluminium and phenol. On the basis of NMR 
spectra and ebulliometric molecular weight measurements, they stated that a freshly 
distilled compound has dimeric structure. In a hydrocarbon solution an equilibrium 
is set up between a dimer and a trimer of dimethylphenoxyaluminium. Reaction (l), 
leading to the forming of the trimer from the dimer, is only weakly exothermic. 

3 (dimer) P 2 (trimer) (I) 
A similar exothermic effect for the reassociation reaction of ethylethoxy- 

chloroaluminium resulting in the formation of a trirner from the dimer has been re- 
ported by Scherer and Seyde16 on the basis of IR spectra and molecular weight 
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EtO’ ‘OEt 
I I - 215 kcljmol (2) 

Cl3 

measurements. (Eqn. 2). High temperature favours the reverse of the reassociation 
reaction, with the trimer being converted back to the dimer. A similar behaviour has 
been observed for Et(EtO)AlX, where X=Cl, Br or I, by Takeda and Tarao’ while 
investigating the IR spectra of these compounds. In their analysis of the IR spectra, 
Scherer and Seydel have proposed structure (I) for the dimer of ethylethoxychloro- 
aluminium in which chlorine bridges exist. In contrast, Mole* has suggested structures 
(III) or (IV) for the same dimer, stating that partial or complete ethoxy bridging should 
provide greater stability than structure (I)_ 

In this paper the results of further studies of the reactions of organoaluminium 
compounds with anisole are presented_ The solid reaction mixture obtained in this 
reaction was found to be mainly composed of phenoxy derivatives of organoalumi- 
nium compounds. Qualitative and quantitative determinations of these products were 
however diflicult, and for this reason it was decided to obtain pure monophenoxy- 
aiuminium compounds and to investigate their chemical and physicochemical 
properties. 

RESULTS AND DISCUSSION 

Dimethylphenoxyaluminium, methylphenoxychloroaluminium and phenoxy- 
dichloroaluminium were obtained by the reaction of phenol with the respective 
organoaluminium compound. 

Me&Cl, -,, f PhOH - Me,_,(PhO)AICI,_,+ MeH (3) 
n= 1,2,or3 

After removal of the solvent, cryoscopic measurements indicated that both 
dimethylphenoxyahuninium and phenoxydichloroaluminium have trimeric struc- 
tures, and -it was found that methyiphenoxychloroaluminium was a mixture of the 
dimer and the trimer. In three successive syntheses compounds of molecular weights 
436,481 and 423 were respectively obtained. The values cf these molecular weights 
were found to be influenced by a variety of factors including temperature, time of 
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TABLE 1 

IIiE? MOLECULAR WEIGHTS OF MONOPHENOXYALUMiNIlJM COMWUNDS AS DJ3-FXMlNED CRYOSCOPICAUY LN 

BENZENE 

Compound Molecular weight 

C&d. for Found after aboct“(h) 

Dimer Trimer f 3 S 24 48 

Me,(OPh)Al 300 450 
Not distikd 441 441 
Distilled 320 390 445 

Me(PhO)AlCl 341 511.5 
Not distilled 436 510 
Distiiled 348 394 471 508 508 

(PhO)AlCI, 382 573 
Not distilled 571 571 
Distilled 516 570 

n Tie calculated from the moment of solution. The mean values of at least 4 measurements are given in the 
Table. Measurement error 4%. 

synthesis, speed of removal of the solvent from the reaction mixture, etc. Although 
strict controlofthesefactors wasnot employed,nevertheless the reactant concentration 
has no apparent influence on the degree of association of the resultant methyl- 
phenoxychloroaluminium. 

Dimethylphenoxyaluminium, freshly distilled at a temperature of about 110” 
under a pressure of 10 -’ mm, was found to be dimeric, and the same was also true for 
methyIphenoxychloroaIuminium distilled at a temperature of about 140” under a 
pressure of lob2 mm. When di.stilIed at a temperature of about 170° under a pressure 
of 10e3 mm, phenoxydichloroaluminium was found to be a mixture of a dimer and a 
trimer, the latter being the main constituent. These products were all crystalline sub- 
stances. 

In 2% benzene solution at a temperature of about 5” all the products obtained 
after distillation reassociated ‘to trimers. After 48 h all the investigated compounds 
were trimeric and no further increase in molecular weight was observed (Table 1). 

On the basis of these data it appears that the trimer is the stable form of the 
above compounds when these are present in solution. If elevated temperatures are 
used during the distillation process, the equilibrium depicted in Eqn. (1) is shifted to 
the left, which results in an increase in the dimer concentration in the system. 

The IR spectra of the above compounds have been investigated over the spec- 
tral range 400-1400 cm-‘. The characteristic bands, ascribed to the stretching fre- 
quencies of C-O-AI bonds, are presented in Table 2. 

The IR spectrum ofdimethylphenoxyahuninium contains a singIe very strong 
and broad band corresponding.to C-O-Al at 1225 cm-‘. Since both the dimer and 
de trimer of dimethylphenoxyaluminium involve only coordiriation -via -oxygen 
atoms and since terminal phenoxy groups are apparently absent from thekstrktures, 
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TABLE 2 

IR STRETCHING FREQUENCY BANDS’= (c-0-M) OF PH?ZNOXYALUMINIUM COMPOUNDS IN 3 o/e BENZENE SOLUTIONS 

Compound Time from v(C-O-AI) v(C-O-AI) 
dissolving terminal bridging 

(h) (cm- ‘) (cm- ‘Y 

MezAIOPh ’ 
Not distilled 05 1223 vs (br) 
Distilled 0.5 1223 vs (br) 

24 1227 vs (br) 

Me(PhO)AICI 
Not distilled 
Distilled 

0.5 116Om 1206 s 
0.5 1160s 1212 ms 

24 116Ow 1206 s 
48 120.5 vs 

(PhO)AICI, 
Not distilled 0.5 1140s 1192 ms 

48 1113IIl 1192 s 
140 1192 vs 

* Intensity signs :v very; s strong; m medium; w weak; (br) broad b A medium strong band corresponding 
to 6(CHJ exists for dimethylaluminium phenoxide and methylphenoxychloroaluminium in the same spec- 
tral ranSee. 

TABLE 3 

CHE?&ICAL SHEIS (ppm) OF Al-CH,. PROTONS OF PURE Me(PhO)AICI UPFIELD REIAWE To THE CHs 
PROTONS OF TOLUJZNE 

Peak intensity is given in brackets as the percentage of its area to the total area of the group of CHsAI peaks. 

Method of Preparation 

Not distilled Distilled Residue 

4 ha lh +h 48 h 3h 
25” loo” 25” 25” 2P 

2.47(12) 2.49 (42) 2.48 (77p 2.47(14) 2.47(15) 
2.61(12) X6(18) 2.61(10) 2.59 (22) 
274(44) 281(15) 2.74( 14) 2.71(48) 2.71(37) 
296(7) 2.98(7) 2.91(5) 2.93 (8) 292(10) 
3.04(20) 3.09 (7) 3_04(4) 3.03(21) 3.03(16) 

o Period of time between dissolution and measuremen:. ’ Shoulder at 2.52 ppm. 

the 1225 cm-’ band has been ascribed to the stretching frequency of the bridging 
C-O-Al bonds (Fig. la). The dimer and trimer of methylphenoxychloroaluminium 
can, however, involve coordination by chlorine as well as by oxygen atoms, and the 
spectrum of this compound after distillation exhibits two characteristic bands at 1160 
and 1212 cm- ‘, ascribed to the stretching frequency of C-O-AI bonds (Fig. lb). 
When conversion from dimer to trimer occurs in the system a corresponding decrease 
of intensity.of the 1160 cm - ’ band is observed (Fig. lc). Since coordination via the 
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b) 
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d) 

Fig. 1. The IR spectra of monophenoxyah.uninium compounds in the 1100-1300 cm-’ region. Solution in 
benzene. (Fig. a,b,d: after solution for 0.5 h; Fig. c,e,f: after solution for 2 days) 

Fig. 2.60 MHz NMR spectra of methylphenoxyaluminium chloride in benzene. Internal standard CHs of 
toluene. Only the CH&l resonances are shown. (a), Compound after synthesis, spectrum recorded at room 
temperature after solution for 0.5 h ; (b), the same spectrum at a temperature of 100” after heating the com- 
pound in toluene for 0.5 h; (c), distilled compound, spectrum recorded at room temperature after solution 
for 0.5 h; (d), the same spectrum taken after solution for 24 h; (e), residue after distillation, spectrum re- 
corded at room temperature after solution for 0.5 h. 

oxygen atom is more energetically advantageous in the trimer6*’ it is probable 
that the 1212 cm- ’ band is related to the bridging phenoxy groups and the 1160 cm- ’ 
band to terminal groups of OPh. Since the observed decrease of the band intensity 
at 1160 cm-’ is slower than the change of molecular weight (the spectrum of the tri- 
merit compound still contains this particular band) the conversion from a dimer to a 
trimer which occurs in a hydrocarbon solution of methylphenoxychloroaluminium 
must proceed via a fairly stable trimer structure containing mixed bridges [structure 

wwl- . 
Two strong bands at 1140 and 1192 cm- ’ have also been observed in the 

spectrum of trimeric phenoxydichloroaluminium (Fig. Id), and these have be&n 
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ascribed respectively to the C-O-Al stretching frequencies of the terminal and 
bridging phenoxy groups. The intensity of these bands also gradually decreased in a 
similar fashion to that described above for the 1160 and 1212 cm-’ bands of methyl- 
phenoxychloroaluminium. Complete disappearance of the 1140 cm- 1 band, however, 
only occurred after 5 days. When the molecular weight of the compound approximates 
to that of a trimer, the IR spectrum of +he latter contains an intense band at 1140 cm- ‘, 
thus confirming the suggestion that trimeric phenoxydichloroaluminium has a 
structure containing mixed bridges similar to that shown in (VI%). 

The NMR spectrum of methylphenoxychloroaluminium consists of five peaks 
with chemical shifts of the magnitude expected for CH3-Al protons. These chemical 
shifts and their intensities are shown in Table 3 and Fig. 2. 

The intensity of the CH3-Al peaks in the NMR spectra-of methylphenoxy- 
chloroaluminium depends on the method of preparation of the compound and of the 
temperature of measurement, (the slight positional change of these peaks is well 
within the limits of errors for these measurements). 

According to Moleg, the internal or intermolecular change of methyl groups is 
very slow in organoaluminium compounds containing oxygen atoms. For this reason 
it was, therefore, concluded that the presence of a large number of peaks in the spec- 
trum may be connected with the occurrence ofvarious dimer and trimer isomers in the 
system. Thus, for methylphenoxychloroaluminium, even excluding structural isomers 
the posribility of geometric and even conformational isomers cannot be ignored. 

Ph Ph 

Ph 

PI& ,bPh 

d-x& 

Ph 

I 
=I\ 0 

Me-A,l'+:Ph 

P hC+Q 

Cl/ ‘Me 

(ZIb) (FiXa) 

The spectmm of the l/l complex of Me(PhO)AlCl with picoline” contains 
only one, fairly wide peak corresponding to CH3-Al protons, with a chemical shift 
2.24 ppm upfield relative to that of the toluene methyl resonance. This observation 
confii the assumption that methylphenoxychloroaluminium is present in solution 
as a mixture of isomers. 

In the spectrum of the undistilled compound at elevated temperature the peak 
intensity at 2.48 ppm increases from 12 to 42% (Fig. 2b). Again, according to Mole’ 
the equilibrium depicted in Eqn. (1) shifts to the left when the temperature is raised. 
The spectrum of the distilled compound which contains a large amount of dimer 
possesses a very strong peak at 2.48 ppm (77%) (Fig. 2c), the intensity of which de- 
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creases after 48 h (Fig. 2d). Over the same period of time the intensities of two peaks at 
2.74 and 3.04 ppm increases (the intensity ratio of these two peaks in all spectra Was 
found to be ca. 2/l). From these data the peak at 2.48 ppm may be related to the 
presence of the dimer of Me(PhO)AlCl, whilst the peaks at 2.74 and 3.04 ppm are 
related to the trimer. 

EXPERIMENTAL 

(I). Compounds of Me,,(PhO)AlC12_, type with n=O, 1,2 were obtained by 
adding a 30% solution of phenol in benzene to an equimolar quantity of the organo- 
aluminium compound in heptaue (concentration 20%). The reaction was carried out 
below - 10". After reaction, immediate removal of solvent resulted in the formation of 
a white crystalline solid. 

(II). Me(PhO)AlCl was obtained as above in a 4% solution of MezAICl in 
heptane at a temperature of -20”. No changes in the degree of association of the 
products were observed. (Analysis of Me(PhO)AlCl : Found: Al, 15.7 ; Cl, 20.7. 
C,HsAlClO calcd. : Al, 15.8 ; Cl, 20.8%. Analysis of (PhO)AlC12 : Found : Al, 14.2 ; 
Cl, 37.2. CeH&lClz calcd.: Al, 14.0; Cl, 37.1%). 

The NMR spectra were recorded on a JEOL-INM-C-60H spectrometer. The 
spectra were recorded for 10% solutions of the compounds in a hydrocarbon mixture 
(10% toluene + 90% benzene). 

The IR spectra of 3% benzene solutions of the compounds were recorded 
within the range 400-1400 cm- ’ on a Zeiss-UP-10 spectrophotometer, using a liquid 
cell of 0.15 mm thickness. 

Molecular weights were measured cryoscopically in benzene using a standard 
freezing point depression apparatus modified so as to enable the measurements to be 
made in an atmosphere of nitrogen_ 
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