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HYDROALUMINATION OF ALKENES WITH ALKYLALUMINIUM HALIDES

A, Alberola
Department of Organic Chemistry, Faculty of Science,

University of Madrid, Spain

(Received in UK 22 May 1970; accepted for publication 29 July 1970)

Although the reactions of olefins with aluminium-alkyls {(Eq. 1) and alkylaluminium
hydrides (Eq. 2) are well-knownreactions (1), no references have been found concerning hydro-
alumination of ethylenic bonds with aluminium organic compounds which do not have hydrogen

atoms bonded directly with the metal,

n-Pr
e
(n-Pr)3A1 + CH3CH:CH2 —_— (n—Pr)ZAICHZCH\ .o

CHj

RoAIH + CH3CH=CH2 —_— R2A1CH2CH2CH3

Since the alkylaluminiums can act as donors of hydride ions from their alkyl group (2),
the possibilities of diethylaluminium chloride, ethylaluminium dichloride and triethylaluminium
as hydroaluminating agents of alkenes have been studied,

Being one of the most typical examples of this new kind of reaction 1, l-diphenylpropene
(I) adds diethylaluminium chloride in benzene solution at 80°C to form an intermediate (II)
which is transformed by hydrolysis into 1, 1-diphenylpropane (III} and produces 1, 1-diphenyl-
propan-2-ol (IV, 90 per cent) by oxidation with alkaline hydrogen peroxide.

The formation of ethylene in the hydroalumination process has been confirmed by its IR
spectrum and by gas-chromatography. The physical constants of III, b, p. 153°C/20 mm; and
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IV, m.p. 62°C (from pentane; acetate, m.p. 77°C, from methanol) coincide with those

described (3); the IR and NMR spectra confirm their identity as well,

H,0, H*
2 E]
(C4H;5),CHCH,CH; + CH3CH3

111

Clal(CaHs),
——————ei

(C6H5)2C=CHCH3 (C6H5)2|CHCHCH3 + CH2=CH2

1 II ClAIC,Hg
Hp02
(C6H5)2CHCH(OH)CH3 + CH3CH;3
v
Some other examples of this reaction are given in Table I.
Table 1
Conversion of alkenes into alcohols
Olefin Alcohol Temp. (°C) Time (h) Yield (%)

Styrene 2 -Phenylethanol 80 g 70
Propenylbenzene 1-Phenylpropan-2-ol 80 6 75
a -Methylstyrene 2-Phenylpropan-1-ol 80 5 85
1, 1-Diphenylethylene 2,2-Diphenylethanol 80 4 90

The reaction of I with ethylaluminium dichloride takes place in a similar fashion;
however, triethylaluminium adds very slowly (after 30 hours at 80°C the conversion is only
3 or 4 per cent),

In order to establish the direction of the addition reaction and its mechanism, the hydro-

lysis of the organometallic intermediate with heavy water has also been studied.

C¢H.),C=CHCH CIAUCHS)2  cn,cm, + (C¢Hg),CHCHCH D20, (C¢Hz), CHCHCH , + CH; CHpD
(CeHs)p 3 2CHp *+ (CgHs), 3 6H5)2CHC 3+ CHCH
ClAIC,Hy b

I I \% VI
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The position of the deuterium atom on molecule V —which is the same as the position of
the hydroxyl group in IV~ has been determined by analysis of its NMR spectrum which presents
a doublet at T= 9,12 ppm (CH3), a quintuplet centered at t= 8.00 ppm (the gem-proton of the
deuterium atom), a doublet at T = 6,29 ppm (CH) and a signal at t = 2, 87 ppm (aromatic pro-
tons). The identification of VI has been carried out by means of its IR spectrum.,

The reaction of I with the organometallic compounds can be interpreted as an electrophi-
lic attack of the alkylaluminium at the double bond, with the formation of the more stable of the
two possible carbonium ions, followed by the transference of a hydride ion from the carbon atom

in position B with respect to the metallic atom which is now a negative ion,

P
CH— A1(C,H;)Cl
_ ClAL{C2Hs5), + . B
(C¢Hs),C=CHCH,4 (C¢Hg),C CH2—>(CGHS)ZCHcllHAl(CZHS)Cl CH,=CH,
H CHp CH3
1 II

Hydroalumination processes of this kind -—in which the presence of hydrogen atoms
bonded directly with the aluminium is not.necessary— have been observed in numerous reac-
tions of halogenated olefins with trialkylaluminium~— arene systems (4). These observations will

be published shortly.

REFERENCES

1. Coates, G.E., Green, M. L. H. and Wade, K.; Organometallic Compounds, Vol. I,

rd

Methuen & .Co., 3 ed., London, 1967,

Ziegler, K.; Ch., 5 in QOrganometallic Chemistry, ed. H. Zeiss, Reinhold, New York

1960.

Koster, R. and Binger, P.; Adwvances in Inorganic Chemistry and Radiochemistry, 7

263 (1965).

Allen, P.E.M,, Hay, J.N., Jones, G.R. and Roob, J.C.; Trans., Faraday Soc., 6=3




3474

4,.

1636 (1967).

Sanderson, R, T.; U,S. Pat. 2,404,599 (July, 23, 1946).

Gaudemar, M.; Compt. Rend., 243, 1216 (1956).
Groizelau-Miginiac, L.; Ann. Chim. (Paris), 6, 1071 (1961).

Weissermel, K, and Nolken, E.; Makromol, Chem., 68, 140 (1963).

Miller, D,B.; J. Org. Chem., 31, 908 (1966).

Alberola, A,, Delgado, J.A., Fernandez, M2 I., and Lopez Hernando, M2 C.;
An. Quim. (Madrid), 65, 493 (1969).

Alberola, A,, and Fernindez, M2 I.; An, Quim. (Madrid), in press,

Zjegler, K., and Tiemann, P.; Ber., 55, 3412 (1922),

Levy, J., Gallais, P., and Abragam, B.; Bull, Soc. Chim., France, (4), 3_2,

874 (1928).

Alberola, A., Delgado, J.A., and Lopez Hernando, M2 C.; unpublished work.

No.40



