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The preparation of phenylsodium from chlorobenzene was discovered 
by G. Ehrhart in the years 1929-1931 and is described in patents of the 
IG-Farbenindustrie (1). The method is used in many laboratories 
without, however, being essentially changed. In place of sodium wire 
which was used initially, sodium dispersions were used when they became 
available (2), and these of course react substantially more energetically. 

T o the best of our knowledge, only batch preparations were made and 
found no technical application. The reason lay in the danger factor 
involved in the conversion to large amounts. Phenylsodium suspensions 
tend to spontaneous ignition on being stirred in air or in the presence of 
moisture. I t is understandable that a kettle charged with 50 or 100 kg of 
phenylsodium presents a source of danger. Furthermore the sudden be 
ginning of the strongly exothermic reaction is difficult to control with 
such large amounts and it may boil over and spatter. Therefore a con
tinuous procedure for industry is desirable. 

A procedure will be described in which phenylsodium suspensions can 
be prepared continuously and without danger. The method will be 
demonstrated with two pieces of apparatus of different size. The labora
tory apparatus furnishes about 4 moles of phenylsodium per hour (8). 
The industrial apparatus produces ten times that amount. 

The laboratory apparatus consists essentially of 3 parts (Fig. 1 ) : 
(a) a dosage device, 
(b) two reaction loops, 
(c) a collection vessel or reaction vessel for further reactions. 
Initially the control of the dosage of sodium sand suspension was 

troublesome. The feeders and pumps in use failed to work because 
metallic sodium, on account of its ductility, smeared over or stopped up 
all the valves and movable joints so that it was not certain that a 
regulated addition of sodium sand was made to the reaction loop. Only 
one valveless feeder, developed for this purpose, worked satisfactorily; 
this was constructed like a bucket elevator. 

The scoop mechanism, a cup-like receptacle made out of stainless 
steel, 1, is fastened with a plastic tube (impervious to benzene) to a rod, 

* From an address given at a meeting of the German Chemical Society, held in 
Berlin on October 3, 1957; cf. Angew. Chem. 69, 720 (1957). 
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2, which leads to a cam drive, 3, which moves the scoop up and down in 
a dipping vessel, 4, partially filled with sodium sand suspension. On the 
down-stroke the cup is filled with the sodium suspension. The scoop is so 
designed that in its movement it is tipped over on the side during the 
following up-stroke and can empty its contents into a connecting tube, 
5, which leads to the first reaction loop. 

FIG. 1. Diagram of a laboratory unit for the preparation of phenylsodium. 

The scoop mechanism is connected with the supply flask, 6, for the 
sodium sand suspension. The amount of sodium suspension transferred 
by the scoop is continuously restored from the supply flask as the result 
of automatic pressure equalization. The suspension in the supply flask 
is stirred constantly in order to prevent a settling of the sodium. The 
entire apparatus, including the reaction loops, 7, 8, and the collecting 
flask or reservoir, 9, is kept under nitrogen because of the sensitivity of 
sodium and of phenylsodium to the air. 

The measured addition of chlorobenzene dissolved in a neutral solvent 
is made possible without difficulty with the help of customary dosage 
equipment. In order to make certain, however, that the equivalent 
amount of chlorobenzene is always included in the reaction loop, a 



CONTINUOUS PREPARATION OF PHENYLSODIUM 363 

similar scoop mechanism, 10, was chosen for the purpose on account of 
its simplicity. 

The reaction of the sodium sand with chlorobenzene takes place in 
two similar reaction loops connected in series. 

The first loop, 7 takes care of the main portion of the reaction. The 
second loop, 8, serves solely to make certain the reaction is carried to 
completion. The loops consist of a system of contiguous right-angled, 
self-enclosed glass tubes, 50 or 70 cm high, 30 cm wide, having a capacity 
of 175 or 250 ml. The glass tubes have a diameter of about 12 mm and 
are joined with ball joints. The loops each have an inlet, 11, 12, an over
flow as an outlet 13, 14, a thermometer 15, 16, and a take-off stopcock, 
17, 18. Both vertical tubes are encased in jackets and may be heated or 
cooled. Glycol monomethyl ether is used as the heat exchange liquid for 
safety reasons. In the right vertical tube of each loop a stainless steel 
stirrer, 21, 22, powered by rapid stirring motors, is built in, which permits 
the circulation of the contents of the loops at the rate of about 60 r.p.m. 
The overflow of the first loop, 13, is connected to the inlet of the second, 
12. The phenylsodium suspension leaves the apparatus through the outlet 
of the second loop, 14, and flows into the collecting or reaction flask for 
further reaction. The laboratory apparatus described here permits the 
preparation of about 20 moles of phenylsodium per working day. 

The industrial apparatus is a suitably scaled enlargement of the 
laboratory apparatus (Fig. 2 ) . Only the spatial orientation of the 
reaction loops (diameter of the reaction tubes: 25 mm) was changed in 
order to conserve structural height. 

The start of the reaction calls for some attention. Both loops are filled 
with toluene or benzene and heated to about 40° . Then about one-fifth of 
the volume is drained out of the first loop and it is then filled again with 
the help of the scoop mechanisms with sodium sand suspensions and 
chlorobenzene solution. After a short time, discoloration accompanied by 
a rise in temperature sets in the mixing zone. This indicates the start of 
the reaction. The stirrer and the scoop mechanisms are started again 
and additional sodium and chlorobenzene are added continuously. With 
external conditions remaining constant a definite reaction temperature 
is established after a short time, which remains quite constant to the 
end. I t may be easily regulated b y altering the rate of flow, b y regu
lating the temperature of the heat exchanger, or, to a limited extent, by 
changing the rate of agitation. 

The dark phenylsodium suspension collected in the collecting flask 
may be continuously used in further reactions. Its average yield runs at 
least 7 4 % , determined by the weight of the corresponding amount of 
benzoic acid (formed by addition of C 0 2 ) . I f the phenylsodium is used 
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for the metallation of acidic methylene groups, then it is possible to add 
the starting material directly to the chlorobenzene solution as described 
on p. 365 for benzyldiethylacetonitrile (exactly as in the discontinuous 
procedure, see reference (1) German Patent 622,875—Example 7 ) . 

Motor 

FIG. 2. Diagram of a technical apparatus for the preparation of phenylsodium. 
In building the apparatus care must be taken that the overflows in the left and 
right part show a suitable difference in elevation so that a constant flow of the 
phenylsodium suspension is assured. 

Hitherto phenylsodium has found significant application in the 
metallation of substances with acidic methylene groups, in the intro
duction of phenyl groups as in a Grignard reaction, in the preparation 
of phenylmalonic acid ( # ) , etc. Its importance as a synthetic agent seems 
to be heightened by the fact that in some cases it can replace the more 
expensive phenyllithium. If fluorobenzene is allowed to react with 
phenylsodium in the presence of triethylamine according to the method 
described by Wittig for the reaction of fluorobenzene with phenyllithium 
( 4 ) , it is possible to obtain diethylaniline in over 5 0 % yield. This reac
tion leads one to the conclusion that phenylsodium may replace phenyl
lithium in reactions which go via the dehydrobenzene. For practical 
purposes this fact could be of considerable importance. An extension of 
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the range of application of phenylsodium for preparative chemistry could 
well result. 

E x a m p l e s 

Benzoic A c i d 

I N THE LABORATORY APPARATUS 

With the help of the scoop mechanism 900 ml of a solution containing 
226 gm of chlorobenzene (2 moles) in benzene and 900 ml of a suspension 
of 92 gm of sodium metal (4 moles) in benzene are brought together in 
the reaction loops at the same time over a period of 1 hr in the manner 
described above. The temperature of the heating mantle is regulated in 
such a manner that the temperature of the reaction chamber comes to 
35 -40° . A strong stream of carbon dioxide is introduced with vigorous 
stirring into the phenylsodium suspension. The resulting benzoic acid is 
isolated by extraction of the benzene phase with water, acidification, 
and crystallization. The total yield amounts to 184 gm (75 .5% of theory) 
m.p. 120-121°. 

I N THE INDUSTRIAL APPARATUS 

Over a period of 1 hr 9 liters of sodium suspension in benzene, con
taining 900 gm of sodium (36 moles plus 1 0 % excess), is allowed to 
react with 9 liters of a solution containing 2.034 kg of chlorobenzene 
(18 moles) in benzene. The reaction temperature in the first loop comes 
to 40-45° and in the second loop to 35-40° . Carbon dioxide is introduced 
into the phenylsodium suspension at 20° until saturated. Water is added 
to the reaction solution; the aqueous phase is separated and acidified 
with hydrochloric acid. The precipitated benzoic acid is filtered, washed, 
and dried. Yie ld : 1.625 kg (74 .6% of theory) of m.p. 120-121°. 

Benzyldiethylacetonitr i le 

With the help of the scoop mechanism 900 ml of a solution contain
ing 226 gm of chlorobenzene (2 moles) and 194 gm of diethylacetonitrile 
(2 moles) in benzene is brought together in the reaction loops with 900 
ml of a suspension of 92 gm of sodium powder (4 moles) in benzene 
simultaneously over a period of 1 hr. The temperature is regulated to 
35-40° . The metallated nitrile which flows off continuously is collected 
in a flask equipped with a stirrer, dropping funnel, inlet tube for nitrogen, 
gas delivery tube, and thermometer. T o this suspension is added drop-
wise 252 gm of benzyl chloride (2 moles ) , during which time the tem
perature should not exceed 60° , and the reaction is allowed to proceed 
at that temperature for 30 min. After cooling, washing with water, con-
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centrating, distilling, and fractionating, 325 gm of benzyldiethylaceto-
nitrile ( 8 7 % of theory) is obtained having a b.p. 157-159° /10 mm. 
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