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Amyl- and phenyl-potassium, prepared from potassium metal and amyl chloride or anisole, respectively, metdated 
cumene almost exclusively in the alpha position rather than on the nucleus. These results are conorssted with those obtained 
previously in this and other Iaboratnrietx The cation and associated d t a  have a greater influence upon the poaition attacked 
than doea incipient acidity of the hydrocarbon. 

Three different laboratories have obtained dif- 
ferent results in the metalation of cumene, as has 
been noted in a recent review.2 A reason for these 
differences should be understood because one of 
the laboratories3 has  maintained that the inductive 
and field effects of the substituent group determine 
the position attacked. This viewpoint has been 
reaffirmed in the review.2 The differences cannot be 
credited to errors in the identification of the 
products of carbonation because the three labora- 
tories agree about the properties of the respective 
acids. One feature, however, stands out clearly; 
each laboratory has in general prepared its metalat- 
ing agent by a different method. This laboratory 
has used amylsodi~m,*.~ prepared from amyl 
chloride and sodium; it metalated cumene almost 
exclusively on the nucleus. Bryce-Smith,s with one 
exception, used an alkylpotassium reagent which 
wm made from potassium metal and an alkyllithium 
compound; it metalated 81 to 87% on the nucleus 
and the rest at the alpha carbon atom. Gilman and 
co-workers made only two experiments, one with a 
reagent derived from sodium and diethylmercurp 
and the other from potassium and the mercury 
compound7; both caused a large amount of lateral 
metalation with possibly some nuclear displace- 
ment also, although the separation of the acids cor- 
responding to the latter did not occur easily. 

If three different reagents caused three different 
results, another method of preparing a reagent 
might cause a still different result. This thought has, 
indeed, been realized with a preparation of amyl- 
potassium made according to Equation 1 which 
parallels the preparation41s of amylsodium from 
amyl chloride and sodium. This potassium reagent 

CsHlxCl + 2K(or Ns) --+ CJLK + KCl(or NaCl) (1) 
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metalated cumene predominantly at the alpha 
position (2% on the nucleus) whereas Bryce- 
Smith’ss amylpctassium had at.$acked the alpha 
position only 17% and amylsodium prepared as 
indicated in equation 1 had metalated laterally 
only 1%. The nearly exclusive nuclear metslation 
by amylsodium had already been demonstrated 
both here4v6 and in the London) laboratory. Hence 
when the same materials were used for preparing 
the reagent, the results, as far as lateral versus 
nuclear attack was concerned, agreed despite the 
fact that the London laboratory did not use high 
speed stirring; and when unlike materials were 
used, as in the above cases, the results disagreed. 
Very clearly the reagent, rather than the hydro- 
carbon, determined the position attacked. 

The idea of incipient acidity as the determinant 
of orientation is inconsistent also with the position 
attacked by phenylpotassium. That reagent, which 
was prepared in two ways according to Equations 
2 and 3, attacked the alpha position predominantly 

CiHiiC1+ 2K + CJ& + CBi, + KCI + CJiIJC (2) 

(3) CJ&OCHI + 2K + C&IZ + KOCH, 

(85% and possibly higher). According to the values 
for incipient acidity, as determined by Bryce- 
Smith,* nuclear attack should have occurred ap- 
proximately four to one and metalation should 
have been slight because the attacking phenyl 
anion would have to remove a proton from the de- 
activated nucleus in cumene. 

The present results emphasie the importance of 
the cation. When the cation was potassium, and no 
other cation but potassium was present in the as- 
sociated salt, the preferred position of attack was 
at the alpha carbon atom. When sodium cations 
only were present the preferred position was on the 
nucleus. This preference of potassium for the alpha 
position accords also with the results from metals- 
tjon by potassium metals and sodium oxide. The 
sodium cation in the oxide salt did not alter the 
position taken by potassium, and the potassium 
cation remained at the alpha position during months 
of aging.g Incipient acidity had no control in these 
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cases. The frequent failure of incipient acidity as 
a guiding d e  in these reactions has been noted 
earlier. lo 

To chemists who wish to interpret and predict 
all things by a simple anionic concept, which has 
been derived from the reactions of dissolved and 
dissociated reagents, this situation possibly seems 
distressing; but to those who think in terms of 
reactions of complexes and associated salts and 
particularly of reactions at  the surfaces of solids, 
these results are quite in order. Organic compounds 
are adsorbed or chemisorbed on the solids as the 
firat step of reaction and their accessibility to the 
reagent determines the reaction. A change in the 
cation or the association of other solids with the 
reagent changes the number and position of the 
places where adsorption can occur. Consequently 
the degree and sometimes the type of reaction 
change. Already these ideas have been certified in 
five separate fieldspolymerization,” alkylation,12 
metalation,la ether ~leavage,~* and pyrolysis. I5 
The effect was very striking in the polymerization 
of butadiene’l where the association of sodium 
isopropoxide and sodium chloride with allylsodium 
changed the process from the l,2-chain growth, 
universally credited to anionic reagents, to a 1,4- 
growth which became as high as was found in free 
radical polymerization. 

The wide variety of results obtained because the 
reagents were prepared differently must not obscure 
the fact that broadly the conclusions and opinions 
are the same when the separate factors are meas- 
ured. For instance the two laboratories which have 
studied the effect of some variables agree that the 
anion has no appreciable influence on orientation; 
tbis laboratory because amyl- and phenyl-potassium 
behaved alike in metalating cumme at the alpha 
psition and the London laboratorya because ethyl-, 
propyl-, and amyl-potassium gave the same me&/ 
para ratio in metalation at  the nucleus. Also both 
laboratories agree that the cation does have an 
Influence; the former because amyl-sodium and 
-potassium metslated primarily at the nucleus 
and side chain, respectively, and the latter3 be- 
cause amyl-sodium and -potassium gave d8erent 
meta/pars ratios in metalation at the nucleus. 
However, Bryce-Smith3 did not think that the dif- 
ference was great enough to alter his opinion about 
the mechanism being anionic with the position of 

attack controlled by the incipient acidity of the 
hydrogen atoms. Unfortunately his comparison of 
cation influence was with two reagents prepared 
by different methods. When the comparison was 
with two reagents made by the same method, as 
has been observed with tbe amylsodium and -PO- 
tassium reported in this paper, the difference is too 
large to ignore. 

The real disagreement between the two labora- 
tories is concerned with the influence of associated 
salts upon metalation. This feature is new and is not 
recognized generally. Indeed, the recent reviewers2 
of this field have given considerable weight to the 
adverse opinion of Bryce-Smith6 and have sug- 
gested that still more evidence is required.Ib 
Actually the difference is one of fact versus opinion. 
Over many years this laboratory has shown that 
associated salts can exert an influen~e~~-1~ in a 
variety of reactions and specifically has shown that 
a lithium alkoxide can affect the orientation in the 
dimetalation of benzene.” Bryce-Smith3 stated 
that any effect by an alboxide was “unlikely” but 
made no tests. In a previous paper1* he had ar- 
knowledged that his potassium reagent probably con- 
tained a lithium compound (3973 and had sug- 
gested a composition of the type (RLi),(RK),. 
Apparently an inactive salt, such as an alkoxide or 
alkyllithium compound, which could not itself 
metalate a hydrocarbon, was supposed to be in- 
capable of affecting the action of the metalating 
agent. Hence no control test was made of metala- 
tion in the absence of such a compound. The experi- 
ments reported in this paper show that in the ab- 
sence of a lithium compound, metahtion by a potas- 
sium reagent is chiefly lateral rather than nuclear. 

Special attention is directed to the method of 
analysis of the products of metalation. Infrared 
mea~urements’~ of phenyl-sodium and -potassium, 
of benzyl-sodium and -potassium, of p-tolylpotas- 
sium, and of cumenylsodium and phenylisopropyl- 
potassium show distinctive absorption for the aryl 
ions at 1210 cm.+ and for the benzyl type ions at 
1165 cm.-’ The two absorptions are sharply char- 
acteristic. The method has proven unusually valu- 
able in following chemical changes, for instance in 
the metalation of cumene by phenylpotassium. 
It is superior to the usual carbonation process he- 
cause any secondary changes during carhonation 
cannot become involved. For example some car- 
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boxyl might be introduced into the nucleus during 
carbonation of phenylisopropylpotassium because 
of a rapid change of one radical (or ion) into the 
other during carbonation as shcwn in Equation 4. 

CfiC(CH&. + *C&CH(CH& (4) 

For this reason the testd by oxidation of the crude 
acid product by chromic acid or permanganate can 
be open to some question although that method 
was used twice in the present work and gave roughly 
confirmtory results. 

EXPERIMENTS 

f i red  detenniMtion of the mdoldim, produd by infmrd 
abswption. Nujol mullale were prepared from 5ml. samples 
of each suspension aa obtained from a reaction mixture. 
Exmm solvent was removed by evaporation undw vacuum. 
The greadike residue of Nujol and organometallic com- 
pound was smeared between salt plate under dry box condi- 
tions. The film waa adjusted to proper thickness. Excellent. 
spectra were obtained in theae casea. The bands were sharp 
with strong absorption at  numerous positions aa would be 
expected for aromatic compounds. All preparations used in 
establishing the facta that the aryl ion absorbed at 1210 
cm-1 and the benzyl-type ion absorbed at 1165 m-1 were 
carried out by methods which have been shown by carbona- 
tion to give primarily or exclusively the type of acid cor- 
responding to the c a b  anion in question. 

Amylpotussium and cumene. Amyl chloride (30 ml. or 0.25 
mole) was added dropwise during 1 hr. at. -10" to a SUE- 
pension of 19.5 g. (0.5 atom) of potaeaium sand in heptane 
which Contained 60 g. (0.5 mole) of cumene. The conditions 
were in general similar to those regularly used in the prep- 
aration of amylsodium." The product showed no band at  
1255 em.-' characterktic for an aryl ion but absorbed 
strongly at  1165 em.-' aa is typical for phenylisopropyl- 
potassium. In order to determine traces of nuclear metalation 
the crude solid, low melting, water-eoluble phenyliaobutyric 
acid (2.5 g.) from a 1OO-ml. aliquot of the reaction mixture 
was oxidized by chromic acid.' By this procedure an aromatic 
acid (any m- or p-cuminic acid) would be oxidized to an 
isophthalic or terephthalic acid which would be insoluble 
in water. The yield of insoluble acid thereby obtained was 
53 mg. corresponding to only 2% of the total product. 

(20) A. A. Morton, F. D. Marsh, R. D. Coombs, A. L. 
Lyons, S. E. Penner, A. E. Ramden, V. B. Baker, E. L. 
Little, Jr., and R. L. Letsinger, J. Am. Chem. Sa., 72,3785 
(1950). 

Phen&mlaesivm from amgi chbride and benzene. In a 
typical preparation potassium (39 g., 1 mole) waa added to 
400 ml. of heptane and 150 ml. of benzene, both liquids 
having been dried over d u m  hydride. The temperature 
waa rakxf to  95" and the mixture stirred a t  5OOO r.p.m. 
in the high speed stirring apparatus commonly used in 
preparations of organoalkali metal reagents in this labora- 
tory. The mixture waa cooled to -10". Amyl chloride 
(61 ml., 0.5 mole) waa added dropwk to the potassium 
sand during 1 hr. The infrared absorption at 1205 cm.-1 
was strong. The carbonated product waa solely benzoic 
acid (m.p. 121-122") and the yield waa 34 g., or 55% based 
upon the amyl chloride. 

Phenylpdassivm from anisde. Potassium sand (19.5 g., 
0.5 atom) waa prepared in 500 ml. of heptane at  95" in the 
high speed stirring apparatus. The addition of 0.5 ml. of 
anieole at this time often facilitated dispersion of the metal 
and gave a finer sand. The mixture waa allowed to cool to 
room temperature. Ankle (27 g. or 0.25 mole) was added 
dropwise over a period of 1 hr. while the mixture waa stirred 
at 5ooo r.p.m. The temperature waa maintained at 25-30'. 
The infrared absorption from a sample of this preparation 
showed strong absorption at 1210 cm-1 typical for the 
phenyl ion. Carbonation by forcing the light colored sua- 
pension onto solid carbon dioxide yielded benzoic acid (m.p. 
122-123") in a yield of 60%. 

PhenylpotaPsivm and nunene. To 1Wml. suspension of 
phenylpotaasium prepsred from amyl chloride, benzene, and 
potassium waa added 150 ml. (1 mole) of cumene which 
previously had been dried over sodium hydride. During 
five days at room temperature the infrared absorption at 
1210 em.-' gradually disappeared while strong absorption 
developed at 1165 cm-1 The yield of crude acid was 6.7 g. 
(75%). The crystals from hot water melted at 77-78", close 
to that recorded*' (80-81") for phenylisobutyric acid and 
identical with a sample from a previous preparationlo in thia 
laboratory. 

A preparation of phenylpatassium made from potassium 
metal and anieole showed a similar change in infrared 
absorption when cumene was added. 

The crude carbonated product from this metalation was 
oxidized by pemmnganate according to the method of 
Bryce-Smith.' The yield of 0.55 g. (m.p. 77-18') from 
0.65 g. of crude acid corresponded to 85% phenylisobutyric 
acid according to the procedure preacribed.5 
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