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Summary

The reactions of Me,(OMe)AICl,_, (where x =1, 2, 0) with Me, AlCiz_, (¥ =
3, 2, 1) and Et;Al have been investigated. They lead to the formation of alumin-
oxane systems (=Al—0O—Al<),, with the evolution of alkanes and methyl
chloride. The reaction mechanisms are discussed.

Introduction

. We have recently reported on the reactions of alkoxyaluminium dichlorides,
ROAICL,, (where R = Me, Et, n-Pr, i-Pr, n-Bu, t-Bu) with methylaluminium
dichloride [1]. We have observed that the reaction rate depended markedly on
the bulk of the alkoxy group, to be more exact, on the degree of branching at
the C—O carbon atom. The reactions lead to the formation cf aluminoxanes
with the evolution of saturated hydrocarbons. Olefins were also formed but
underwent polymerization under the reaction conditions. Alkyl chlorides could
have reacted with the organoaluminium compounds present and so were not
observed in the gaseous products.

We have found that methoxyaluminum dichloride was the least reactive com-
pound, probably because of its inability to stabilize the CH," cation by proton
abstraction and olefin elimination.

It was interesting to find out how the methoxy compounds reacted and
whether the mechanism proposed for alkoxyaluminium dichlorides is also valid
in this case.

Results and discussion

We have studied the reactions of methoxyaluminium compounds Me,{OMe)-
AICl,_ . (where x = 2, 1, 0) with various other organoaluminium compounds
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Me, AICl;_, (where y = 3, 2, 1) and Et;Al. The reactions were carried out at
~140° C without solvent. They lead to the formation of aluminoxanes, simple
and branched hydrocarbons and methyl chloride (the latter when either of the
substances contained chlorine) (eq. 1).

Me,(OMe)AICI,__, + Me, AlICl;_, > (=AI—0—AIlJ), + MeCl + hydrocarbons

(MeCl is formed whenx =2 ory + 0) C:

Aluminoxanes have not been isolated in these reactions but their formation
was proven by the IR and NMR studies.

The IR spectra of the post reaction mixtures showed an absorption band at
~810 cm ™!, assigned to the vibrations of the AI—O—Al system [2]. The NMR
spectra showed new signals in the region of 7 9.5—10.0. These signals could be
assigned to the hydrocarbons formed in the reaction and/or to the protons of
methyl groups in aluminoxanes. We have found earlier that the methyl group
in mixed methylethylaluminoxanes gives rise to a signal at 7 9.94 [3]. The
spectra of the post reaction mixtures changed after hydrolysis, some of the sig
nals disappeared (Me—Al), others remained (hydrocarbons).

It seems reascnable to assume that these reactions, just like those of alkoxy
aluminium dichlorides proceed with the formation of a complex between the
methoxy compound and the other organoaluminium compound present (I,II).
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The charge distribution in such complex would depend strongly on the
Lewis acidity of the organoaluminium compounds. It was found that the
methoxy compound had no significant influence on the rate of the reaction,
which suggests that the basicity of the oxygen is not an important factor in thi
reaction. But the rate and the yield of the reactions depended markedly on the
other organoaluminium compound present. The rate of the reactions decreasec
in the order of decreasing acidity of these compounds: MeAICl, >> Me,AICl >
Mes Al > Et;Al. MeAlCl, was the only compound that gave a 100% conversion
the methoxy groups after 15 h.

The higher the Lewis acidity of these compounds, the greater electron-with-
drawing effect from the oxygen, thus, the C—O bond would be more polarized
(I1I).
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On the other hand, in such complex the negative charge on the Al substitu-
ents increases, which also facilitates the cleavage of the AI—Cl and Al—C bonds.
Thus the two following reactions may take place:
1. Rearrangement leading to the formation of ethane or methy! chloride and a
corresponding aluminoxane system (Scheme 1).

SCHEME 1
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2. Proton abstraction frem the methoxy group yielding methane and also an
aluminoxane (Scheme 2). We did not observe HCI in the gaseous products but it

SCHEME 2
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might have reacted further giving also methane (eq. 2). The formation of meth-
ane implies the formation of a carbenoid system which can react further iead-
ing to either insertion or polymerization products.

HCl + CHaal ~ Clal + CH, (2)

The composition of the gaseous products is given in Table 1. It can be seen
that it also depends mainly on the other organoaluminium compound and less
on the methoxyaluminium compound used. Me;Al yields mainly methane,
while Me,AICI and MeAlCl,, besides methane, ethane and methyl chloride, also
yield propane, isobutane, neopentane, 2,2-dimethylbutane and even higher
alkanes which we have not identified.

When deuterated methoxy compounds, CD,0OAl, were used, CH,D, CH,CD,
and CD,Cl were formed, strongly supporting the proposed reaction schemes.
The higher alkanes were also highly deuterated but the exact amount of deute-
rium in these compounds could not be established as the molecular ions were



292

(fow) paonpoajuf sdnoad Axoyowt

= 5dnoad AXoyjow 9y} JO UOSIIAUO0D Y], a ‘A1 1030039p tutw/1w g ‘N 0,081 'L, 8/1/,9
(jowr) s3onpoxd snoased

‘SO 00 T/08 ‘D Mrderod !(vaie yead jo Jua01ed uy) SSA[UUE DD WOIJ PIJYNI[ED AXIM BIUP [V ‘asutjd pinbyl 943 uj pUNO} OSE IIIM 5U0QIBDOIPAY JYIIH

q'1 L' L2 9'9 (A Y9 0'1% 001 YOIVaN +
£3001) £'81 a'0 L've - a°q 0'1v g'oe 10TV %ol +
- - - 201 - - 8'68 'L IVEOl + L10IV 09N
- 90 $'0 £'%% L0 0'vL 9'1 00T UOIVOR +
8'8 9'9 e'1e 6°LE L'0 Ty 9'61 L'BT  IOIViN +
- - - 8T - 9T L'Y6 a'g vEaIN + ID1V(ANO)IN
- 0'e Qv gL - 6'9¥ £'98 001 LIV +
- - - 0'9 - 81 2'76 9'6 [DIvZal +
- - - - - - 001 9'p IVEI + INOIVEal
auwng aprroTYo (%)
—>S_~OE_Q.N.N auvjuag-oau ucauﬂﬁé ;_.SQE ocuo—os E.::.SE m_::—ao—)_ q PRIX uo§3owdy

(12 'g = OOV N HLIM (01 *7 = %) *TOIVEN0) ¥l 10 SNOLLOVEAY NI , SLONAOUd SA0ASVD NIVIN FHL 40 NOILISOdNOD THL
1974VL



293

not present. What was significant though was the similarity of deuterium con-
tent in the C, fragmentation ions of neopentane and 2,2-dimethylbutane
(Table 2). It implies that both compounds were formed according to the same
mechanism, or that even neopentane could have been a precursor of 2,2-
dimethylbutane. The higher alkanes could result from the carbene insertion to
the C—H bond of the CH;—Al group.

The reactions of diazomethane (a source of carbene) with organoaluminium
compounds are well known. In these reactions the evolving carbene undergoes
insertion into the Al—C bond in R,Al [4,5], to the Al—X bond in chlorides,
bromides and iodines [5,6,7,8], Al—H bond in hydrides [4] and Al—O bond in
some more polarized alkoxy compounds, e.g. AI(OCH,CCl;); [9]. In the pres-
ence of fluoro derivatives [8] and other alkoxy compounds e.g. A1JOCH,C-
(CH3)s] 3 [9] the carbene undergoes polymerization. The halomethylderivatives
Al—CH,—X formed are unstable and give further reactions yielding higher
alkylsubstituted organoaluminium compounds [6] (eq. 2).

al—CH,—X + al—CH, - al—CH,CH, + alX (3)

The insertion into the Al—C bond leads to the formation of straight chain
alkanes. But the reactions with diazomethane were carried out at low tempera-
tures. On the other hand some cracking and isomerization reactions may take
place under other reaction conditions (high temperatures, AI—O—Al systems
formed).

While studying the reactions of alkoxyaluminium dichlorides with methyl-
aluminium dichloride {1] we have observed an “initiation’’ time needed for the
reactions to start vigorously. The same phenomenon was observed in these
reactions though it was not so pronounced. Mole [11], who observed the same
in his C-methylation reactions suggested that either aluminoxanes, or more prob-
ably hydroxyaluminium compounds, catalyze the reaction. We have carried
out the reaction of Me, AlIOMe with Et;Al in the presence of tetraethylalumin-
oxane, Et;Al,0, and without it. No influence of the aluminoxane on the reac-
tion yield was observed.

It can be expected that methyl, or chlorine, exchange reactions should
take place in the studied reaction mixtures. If they were fast, mixtures which
would have equal amounts of methyl or chlorine groups should give the same
NMR spectra and the same reaction products. This is not the case. The reac-
tions lead to different gaseous products, the reactivity of the system is differ-
ent and the NMR spectra of the mixtures also differ.

TABLE 2
MASS SPECTRA CHARACTERISTICS OF DEUTERATED HYDROCARBONS

Cs Cs Cs Cs
C4Hg 8.2 8.7 C4H4D3 5.9 0.9
CgHgD, 2.3 6.2 CaqH3Dg 33.5 30.1
C4H7D, 4.2 12.5 C4H2D7 0.8
C4HgD3 35.4 32.4 C4H;Dg 0.8

C4HsDg 3.9 8.8 C4Do 5.0
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Equimolar mixtures of Me,AIOMe/MeAICl, and of Me(OMe)AICl/Me,AICI
gave very similar spectra though some of the signals differed in intensities (Fig.
1a, b). The same was observed in case of MeOAICl,/Me, AICl and Me(OMe)AICI-
MeAlCig.

Me;Al behaves somewhat differently. The equimolar mixture of MeOAICl,/
MeAl gave a completely different spectrum to that of Me,A10Me/MeAICl, or
Me(OMe)AICl/Me, AICl and Me(OMe)AICl/Me;Al differed from Me,A1OMe/
Me,AlClI (Fig. 1c, d).

o—Me Al—Me
6.57 10.22 10.35
a)
6.85
V74
10.22
&) 6.69
10.42
o M
Vs
1021
c)
6.73 10 43
6.70
1013
593 o1
665
V24
10 27
1030
|es7
g) 6.67 H
674) 1080
1676
6.55 H 1054
/7

Fig. 1. The 100 MHz 1 H NMR spectra of equimolar mixtures of (a) Mes Al10Me : MeAIlCl,, (b) Me/OMe}
AICI : Mej AlCI, (c) Me(OMe)AICI : Mes Al (d) Mes A10Me : Me, AICI, 270 Hz, room temp., toluene as a st.
dard (7.66 ppm).
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The spectrum of the equimolar mixture of Me;Al/Me, AlIOMe showed that
no exchange reaction had taken place. The spectra of the studied systems also
differed after the reaction.

The distillate obtained under normal pressure from an equimolar mixture of
Me,Al/MeOAICI, contained methoxy groups as well as chlorine but there was
2.5 times more chlorine atoms than methoxy groups. The mixture of Et;Al/
Me(OMe)AIC1 after prior heating was worked up under vacuum. The distillate
contained methoxy groups and methyl groups but there was 5 times more
methyl groups than methoxy groups. These experiments show clearly that te
some extent both alkyl—alkyl and alkyl-—chlorine exchange reactions do take
place. The presence of methoxy groups in the distillates suggests that associates
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Fig. 2. The 100 MHz 1H NMR spectra of () Me(OMe)AICl, (b,c,d) equimolar mixture of Me(OMe)AICl-
Me, AICL 1080 Hz, toluene as a standard (7.66 ppm).
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through mixed bridges might have been formed. Such associates (I1) might also
be formed at high temperatures in the reaction mixtures.

As has been mentioned in our previous paper [1] associates through mixed
bridges are known for many highly branched alkoxy compounds e.g.
Me,AlOt-Bu - MeAlMe, [12] and Me,AlO-i-Pr - BrAlMe, [13], but they are not
known for methoxycompounds, which have stronger bridges and are trimeric.

Some evidence for the existence of such mixed bridged species at higher tem
peratures can be found in the NMR spectra.

The mixture of Me,AlCl/Me(OMe)AIC1 gives a much more simple spectrum
than the sum of both compounds (Fig. 2b). The spectrum does not change
much upon heating. The signals broaden, the intensity of the signal at 7 7.02
increases and at 116° C two broad signals of O—Me groups of equal intensity are
observed. When cooled to room temperature the mixture gives the same initial
spectrum. When cooled further to —30°C the signal at 7 7.02 disappears and all
signals of the individual compounds are observed. The spectra of pure
Me(OMe)AICI recorded at various temperatures were reported earlier [14] and
showed none of the above changes. The intensity of the signal at 7 7.02 also
depends on the ratio of Me,AlCl/Me(OMe)AICL. It is higher when more
Me,AlCl1 is present. It is quite possible that this signal corresponds to a
methoxy group in an associate with mixed bridges, though no further proof
for it could be obtained. Cryometrical measurements in benzene of this mix-
ture gave an average molecular weight of both compounds, but one has to
remember that the intensity of the 7 7.02 signal decreased with temperature.
Ebuliometrical measuremenis in benzene could not be carried out because of
the volatility of Me,AlCI.

Conclusion

1. Exchange reactions take place but they are not fast and do not lead to
full averaging of the studied systems.

2. The yield and the products of the reactions depended strongly on the
methylaluminium compound and less on the methoxyaluminium compound
used.

3. The yield of the reactions decreased in the order of decreasing acidity of
the organoaluminium compounds: MeAICl, >> Me,AICl > Me;Al > Etz;Al

4. The reactions lead to the formation of aluminoxanes with the evolution of
gases.

5. The gaseous products consist of the expected ethane and methyl chloride
but also of methane and higher hydrocarbons.

6. A reaction scheme postulating the formation of a carbenoid system is
proposed to explain the formation of methane and higher hydrocarbons.

Experimental

Compounds of the type Me, AlCl;_, (where y = 3, 2, 1) were obtained in our
laboratory according to the literature [15] and purified by distillation. Et;Al
{(Fluka) was distilled before use. Tetraethylaluminoxane was obtained in our
laboratory according to a published procedure [16]. Compounds of the type
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Me, (OMe)AICL,_, (where x = 2, 1, 0) were obtained by reactions of 30% solu-
tions of organoaluminium compounds Me, AICl3__, in hexane, with equimolar
amounts of MeOH suspensed in hexane. The alcoholysis reactions were carried
out at —10°C. The temperature was then raised to room temperature and the
mixture was mixed vigorously for 2 h. The solvent was removed by vacuum dis-
tillation. Me,AlOMe and Me(OMe)AICl were purified correspondingly by distil-
lation and sublimation at 60 and 90° C under pressure of the order of 107%
mmHg. MeOAIC!, was crystallized from hexeane.

Reactions of Me..(OMe)AICl,_, with Me,AICl;_,

Equimolar mixtures of the above compounds were heated at 135—140°C,
for 45 h (only mixtures of MeAIlCl, were heated for 15—25 h) without solvent.
To the vessel was attached a condenser, though all mixtures were below their
boiling points and distilled only when heated to 160—170° C. The condenser
was connected to a gas burette through a U tube containing a drying agent. The
amount of gas evolved was measured and from it the conversion of the
methoxy groups calculated.

NMR spectra were measured on a INM-100-H(JEOL, Tokyo) spectrometer
using 10% solutions in toluene or benzene. IR spectra were recorded over the
range 400—1400 cm ™" on a Zeiss UR-10 instrument and a Perkin—Elmer Model
527 spectrometer. The gaseous products were analyzed by means of a Varian
Model 2868 gas chromatograph and LKB 2891 mass spectrometer directly
combined to PDP 11/05 computer, ionization energy was 70 eV (the samples
were introduced via a GC column (2.7 m) filled with Porapak @, 80—100

mesh).
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