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SUMMARY 

The reaction of triethylaluminium with benzonitrile has been investigated. 
At SO”, benzonitrile is simultaneously alkylated and reduced. The yields of the reac- 
tion products vary with the reactant mole ratio. As the triethylaluminium : benzo- 
nitrile ratio is increased, the yield of reduction product decreases and that of addition 
product rises. The reaction mechanism is discussed. 

The reactions of methylaluminium compounds and triphenylaluminium with 
benzonitrile have already been investigated I-’ The structures of the complexes of _ 
the organoaluminium compounds with nitriles were established in terms of IR4 and 
heat-of-formation studie?. 

In this investigation the reaction between triethylaluminium (I) and benzo- 
nitrile (II) was examined. It was found to proceed in two directions to yield products 
of reduction and addition, viz., 

reduction C,H, 1 H’o CsH5. 

.I -+ 
H, C=N-Al (C&L,), -I- CH,=CH, - H,c=o 

(1) + (11) 

The results are summarized in Table 1 and presented graphically in Fig. I_ As the 
(I)/(II) reactant mole ratio is raised, the yield of the reduction product decreases and 
that of the addition product increases. The reaction time was 4 h. 

When benzonitrile is used in large excess ((I)/(II)+ l), the reduction is the 
predominant reaction; at a (I)/(II) mole ratio of 0.179, the aldehyde and the ketone 
yields were 43% and as low as 7%, respectively_ When triethylaluminium is used in 
large excess ((I)/(II) b I), the addition reaction predominates; at a (I)/(H) mole ratio 
of 4.18, the aldehyde and the ketone yields were 5.9% and 66%, respectively. The 
ratio of the reduction/addition yields in relation to the reactant mole ratio are pre- 
sented in Fig.2. 

* Preliminary communication: Zzu. Akud. Nauk SSSR, Otd. Khim. N&c, (1965) 1118. 
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TABLE 1 TABLE 2 

THE ALDEHYDE AND KEFOh’E YELD OI THE TOTAL ALDEHYDE Ah?) KETONE YIELD AT 

RELATION TO THE REAcrkn MOLE RATIO VARIOUS REACTION TEMPERATURFS 

Molar ratio 
(&H&Al: 
C,H,CN 

Temp. 
(“C) 

Yields 
(%) 

Molar ratio 
(GH &Al : 
C,H, CN 

0.179 
0.500 
9.645 
0.900 
I_200 
1.540 
1.65 
2.80 
3.65 
4.18 

Yields Yields 
aldehyde ketone 

K) (%) 

43.0 7.1 
37.5 72 
34.5 9.8 
25.0 18.2 
19.0 31.5 
15.5 40.7 
14.0 47.5 
7.5 59.5 
6.0 63.0 
5.9 66.0 

1.82 110 36 
I.84 130 57.0 
1.78 150 61.5 
1.78 165 38.0 

Molcr t-cino t&bl,,,Al : C&C” Molar ratio tC&+,Ai 1 C&CN 

Fig 1. Aldehyde and ketone yields as a function of the reactant molar ratio. 
Fig_ 2. The ratio of the reduction/addition yields as a function of the reactant mole ratio. 

100 110 130 150 Temp (=Cl 

Fig_ 3. The total aldehyde and ketone yield as a function of the reaction temperature_ 
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The total yield of the overall process including both addition and reduction 
was examined as a function of temperature (Table 2, Fig. 3). 

At a (I)/(II) mole ratio of 1.8 and a reaction time of 4 h, the highest aldehyde 
and ketone yields were obtained at 150”. Above and below 150”, the overall yield 
diminishes. 

DISCUSSION 

At a reactant mole ratio of 1: 1, the reaction of triethylaluminium with benzo- 
nitrile gives the following complex: 

(i) (-) 
C6H S-C=N-A1 (C2H & 

;I) 

Its structure at room temperature was discussed in an earlier paper*,‘. The 
complex (III) is not reactive because the nitrile carbon atom does not have a well- 
deiined positive charge and, owing to the linear structure of the complex, is far away 
from the ethyl group. 

At temperatures elevated by energy supplied from outside, the charge distribu- 
tion and the structure of the complex may become affected. 

In this complex (IV) the nitrile carbon atom has acquired a positive charge and its 
distance from the ethyl group has become much shorter than that in the complex (III). 
The fundamental conditions necessary for the reactivity of complex (IV) are satisfied 
and it can react to give either a reduction (I) or an addition product (2). 

(ml- 
C-N\(_l 
_-.,*‘W3 2 

w5, 

C=N + 

/ \ 
H *KqH,,, 

- i--N \ 
fxtc$kJ, 

CH~=CH~ II I 

(21 

At 150” and a (Q/(11) mole ratio of 1‘: 4, reduction (1) proceeds with a yield of 
about 40%. Under the same conditions, the yield of the addition (2) is about 7%. 
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Ar&.Bx+By * [By . ..Ar.Al_._ Bx] * Ar&l-By+Bx (6) 

Mechanisms (5) and (6) are analogous to S,l and SN2 mechanisms, respectively. 
At room temperature, mechanism (6) is more iikely to occur. 

In the present case, a similar replacement of base takes place (eqn. (4)), Le., 
the complexed benzonitriie is converted into free benzonitrile, whereby Bx =By = 

ArCN. At 150”, the replacement of base may proceed by mechanism’ (5). As the 
result of the considerable amount of energy supplied from outside, the complex (III) 
molecule may decompose to yield triethylaluminium and benzonitrile molecules (7). 

ArCN -Al (C2H& = ArCNf (C,H,)&l (7) 
(III) 

The free triethylaluminium molecuIe reacts immediateIy with the first molecule 
encountered_ If this is a benzonitrile molecule, the starting complex (III) will be 
re-formed, but if it is a complex (IV) molecule, reaction (3) may follow and an addition 
product will be formed. 

The above reaction scheme explains satisfactorily the relationship between the 
addition and reduction yields and the reactant mole ratio. The higher the benzonitrile 
concentration in the reaction medium, the more likely is the formation of complex 
(III) from the triethylaluminium afforded by reaction (7), and the more probable is 
reduction (1). On the other hand, at low benzonitrile concentrations, the reaction of 
the free triethylaluminium molecule with complex (IV), and thus addition (3), becomes 
more probable_ Reaction (2) also must be taken into account, but, as demonstrated 
above, it proceeds much more slowly than reaction (3). 

At a reactant mole ratio of 1: 1, reaction (1) rate increases as the temperature 
is raised. At SO”, reduction is not noticeable6, but at 150” it proceeds with 20% yield, 
and at still higher temperatures (190-200”) it becomes the predominant reaction’. 

Wade et a1.*- lo established the structure of the final products of reduction (1) 
and addition (2) : ArCH : NAl(C ZH ) 5 Z and Ar(C,H5)C :NAl(C,H&_ When isolated 
in the pure state these compounds occur in the form of dimers (V): 

R-l_ /R 
Al 

;C=N/ ’ \ ,“=C:! 

Al 

The structure of complexes which may be 
organoaluminium compound used in excess 

formed with benzonitrile or 
have not yet been reported. 

with an 

EXPERIMENTAL 

i. Reactants 

Triethylaluminium was prepared by the method described earlier’ ‘*l’. Benzo- 
nitrile (Xenon, L&k!, Poland) was dried over anhydrous magnesium sulphate, distilled 
twice in a nitrogen atmosphere and stored over type 4A molecular sieves. 
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2. Method 
Reactions were carried out in an atmosphere of dried deoxygenated nitrogen. 

A measured amount of triethylaluminium was placed in a round-bottomed double- 
necked flask (25 ml) equipped with an efficient reflux condenser connected to a brine 
bottle. The bottle was used to collect the gases evolving during the reactions. The 
botto_m outlet from the bottle was connected through a controlled hydraulic seal to 
a measuring cylinder in which the brine dispIaced by the gases from the bottle was col- 
lected and measured. The flask was cooled to -60” and an appropriate amount of 
benzonitrile was introduced by means of a hypodermic syringe. After the benzonitrile 
had been added dropwise, the flask was maintained for 15 mm at room temperature 
and then placed in a heated thermostat_ The reaction was continued for 4 h at a 
constant temperature (+O.l”). The flask was then cooled to 0” and the products 
siowly hydrolyzed with a 5% sodium hydroxide solution in ethanol-water (80:20). 
The hydrolyzate was transferred to a measuring flask (250 ml) and made up to the 
mark with the solution used for hydrolysis. The aldehyde and ketone formed were 
determined together by the gravimetric method using 2$-dinitrophenylhydrazone. 
Aldehyde was determined indirectly by measuring the volume of ethylene contained 
in the reaction gases. The ketone yield was calculated as I 

ketone (T/o) = 
1000 (N/n)m -286x 

314 

where m is the hydrazone weight, 
n is the weight of reactant (I) or (II) used in an insufficient amount, 

N is molecular weight of this reactant, 
x is aldehyde yield (%), 

286 is molecular weight of aldehyde hydrazone, 
314 is molecular weight of ketone hydrazone. 
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