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third factor is important. However, from the point of view of 
catalysis, which is concerned primarily with rates and not the 
component activation parameters, the lesson from Table I1 
and the work of 0 t h e r s ~ ~ 1 ~ ~  is clear. Nonreactive additives have 
a disappointing rate effect on the water reactions of carboxylic 
acid  derivative^.^^ Our data suggest that  hydrolytic enzymes 
do not achieve appreciable rate accelerations by perturbing 
the microscopic environment a t  the active sites.25 
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The metalation of cumene with n-pentylsodium was reinvestigated to assess the effect of N,N,N’,N’- tetrameth- 
ylethylenediamine (TMEDA) on this reaction. It was found that in the presence of TMEDA, cumene was metalated 
by n-pentylsodium giving a 65% yield of a-cumylsodium with an isomeric purity of 95% after a 24-h reaction period. 
In the initial stages of the reaction, a kinetically controlled metalation occurred giving principally 0-, m-, and p-iso- 
propylphenylsodium. A t  longer reaction times, these compounds isomerized to a-cumylsodium in a thermodynami- 
cally controlled process. 

In 1963 Professor Benkeser and co-workers2 reported that 
cumene was metalated by n-pentylsodium in a kinetically 
controlled process to give a mixture of m- and p-isopropyl- 
phenylsodium ( l b  and IC) and trace amounts of a-cumylso- 
dium (2). In the presence of excess cumene, the ring sodium 
compounds l b  and IC slowly converted to the a compound 2 
CH,CHCH, 

i- n-C5Hl1Na - 
Na 

I 
CHSCHCH, CH,-C--CHS 

b 
I I 

\ 
Na 

1 
a, ortho 
b, meta 
c, para 

2 

in a thermodynamically controlled process. The a-sodium 
compound was shown to be unstable and decomposed to a-  
methylstyrene and sodium h ~ d r i d e . ~  

I b + l c  - cumene 2 --P @Y=CH, + NaH 
I 

CH3 

Recently, Trimitsis and co-workers4 reported that the 
presence of N,N,N’N’-tetramethylethylenediamine 
(TMEDA) greatly altered the reactivity of n-pentylsodium 
in metalation reactions. Thus, 1,3-dimethylnaphthalene and 
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m-xylene were quantitatively dimetalated by n-pentylsodium 
in the presence of TMEDA. In the absence of TMEDA, 
monometalation occurred in low yield. This observation is in 
general agreement with several other laboratories who re- 
ported that TMEDA greatly activated organolithium reagents 
in metalation reactions.6 

In view of the rather dramatic effect which TMEDA had 
on the metalation of 1,3-dimethylnaphthalene and m-xylene, 
we were prompted to reinvestigate the metalation of cumene 
by n-pentylsodium in the presence of TMEDA. The general 
objectives of this research were to assess the effect of TMEDA 
on the stability of a-cumyhodium and the kinetic vs. ther- 
modynamic factors operating in the presence of this re- 
agent. 

Results and  Discussion 
When cumene was metalated with n-pentylsodium in the 

presence of TMEDA for 24 h, a-cumylsodium (2) was pro- 
duced in a 65% yield and  with a n  isomeric purity of 95% as 
adjudged by the formation of methyl 2-methyl-2-phenyl- 
propanoate (3) upon carbonation and esterification of the 

COzCHB 
CHqCHCHq I 

3 
reaction. The identity of 3 was proven by comparing its VPC 
retention time and NMR and ir spectra with those of an au- 
thentic sample of this compound. Small quantities of m-iso- 
propylphenylsodium (lb, 3%) and p -isopropylphenylsodium 
(le, 2%) were also formed based on VPC analysis of the methyl 
esters obtained upon carbonation and esterification. Practi- 
cally all of the n-pentylsodium was consumed in the metala- 
tion reaction as adjudged by the relatively small quantity of 
methyl hexanoate observed in the gas chromatogram.6 In 
addition, VPC analysis revealed that only trace amounts of 
a-methylstyrene were produced during the course of the re- 
action indicating that the a-cumylsodium was not decom- 
posing to any ssignificant degree. When this reaction was run 
in the absence of TMEDA, only a 40% yield of metalation 
products was obtained consisting of 55% of the meta com- 
pound lb, 45% of the para compound IC, and none of the a 
compound 2. Additionally, a large quantity of n-pentylsodium 
remained unreacted. 

The stability of the a-cumylsodium and the increased re- 
activity of the 1%-pentylsodium observed under our reaction 
conditions apparently result from complex formation between 
TMEDA and the organosodium compounds. In the case of 

R = n-pentyl or a-cumyl 
a-cumylsodium one could speculate that this complex is re- 
sponsible for increasing the ionic character of the benzylic 
carbon-sodium bond, thus permitting benzylic resonance to 
play a more significant role in stabilizing the a-cumyl carb- 
anion. In a similar manner, complex formation between 
TMEDA and n-pentylsodium may increase the ionic char- 
acter and thus the basicity of the n-pentylsodium. This would 
be reflected in a more reactive metalating reagent and hence 
higher yields of product. Alternately, it  could be argued that 

Table I. Metalation of Cumene by n-Pentylsodium in the 
Presence of TMEDA as a Function of Timea 

Time, 
h la,% lb, % IC, % 29% 

1 3(3P  57 (57) 33 (34) 7 (6) 
2 3  42 26 29 
4 0  11 9 80 
6 0 (0) 2 (5 )  2 (5) 96 (90) 

12 0 (0) 2 (2) 1(2)  97 (96) 
18 (0) (1.5) (0.5) (98) 
24 0 (0) 2 (1) 1(1)  97 (98) 

a The values reported in this table were obtained by remov- 
ing aliquots from the reaction at the stated times. Aliquots 
were not removed from the first experiment at 18 h and from 
the second experiment at 2 and 4 h. Numbers in parentheses 
represent the results of a second experiment. 

the TMEDA breaks down the highly associated n-pentylso- 
dium into smaller, more reactive aggregates. These arguments 
parallel those used by Trimitsis4 and Benkeser7 in explaining 
their observations in the organosodium reactions which they 
studied. 

The metalation of cumene by n-pentylsodium in the pres- 
ence of TMEDA was also studied as a function of time by re- 
moving aliquots from the reaction. Table I shows that after 
a 1-h reaction period, metalation occurred principally on the 
ring giving the ortho, meta, and para sodium compounds la, 
lb; and 1c.8 In addition analysis of the 1-h aliquot showed that 
practically all of the n-pentylsodium was consumed based on 
the small quantity of methyl hexanoate observed in the gas 
chromatogram. At longer reaction times, the a-sodium com- 
pound 2 predominated. Since practically all of the n-pentyl- 
sodium was consumed in the early stages of this reaction 
metalation must have occurred initially on the aromatic ring 
of cumene in a kinetically controlled process. In the presence 
of TMEDA, the ring compounds la, lb,  and IC rapidly re- 
verted to the more thermodynamically stable a-cumylsodium 
(2) presumably via a transmetalation sequence involving ex- 
cess cumene. 

These results are in sharp contrast to those of Broaddus? 
who did not observe the ring to side chain isomerization in the 
metalation of a series of alkylbenzenes including cumene with 
n-butyllithium in the presence of TMEDA. The lack of 
isomerization in these reactions is most likely due to the lower 
reactivity of organolithium reagents compared to the corre- 
sponding sodium compounds. I t  is also of interest to note that 
the kinetically controlled product distribution which was 
observed in our metalation reaction after 1 h was very close 
to the kinetically controlled product distribution observed by 
Broaddus. 

In summary, we have found that cumene is metalated by 
n-pentylsodium in the presence of TMEDA to give a-  
cumylsodium in high yield and isomeric purity. This meta- 
lation occurred initially in a kinetically controlled process on 
the aromatic ring of cumene followed by an isomerization of 
the sodium to the benzylic position of cumene in a thermo- 
dynamically controlled process. 

Experimental Section 
Organosodium reactions were run under a positive nitrogen pres- 

sure in a Morton flask fitted with a Stir-0-Vac (La Pine Scientific Co.) 
high-speed stirring apparatus. All glassware employed in these re- 
actions was dried in an oven at 110 "C and flushed with nitrogen be- 
fore use. Octane, l-chloropentane, and cumene were purified by 
standard techniques and shown to be VPC pure. TMEDA was dis- 
tilled from BaO or CaHz immediately before use.l0 NMR spectra were 
obtained on a Hitachi Perkin-Elmer R20-A spectrometer and ir 
spectra on a Perkin-Elmer 457 spectrometer. 

Reference Compounds. Methyl p-isopropylbenzoate and methyl 
2-methyl-2-phenylpropanoate were obtained by esterifying p-iso- 
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propylbenzoic acid (Eastman Kodak Co.) and a,a-dimethyl-a-phe- 
nylacetic acid (K and K Laboratories, Inc.) with diazomethane.ll 
Methyl o- and m-isopropylbenzoate were prepared by treating o- and 
m-bromocumene with magnesium followed by carbonation and es- 
terification with diazomethane. The o- and m-bromocumene com- 
pounds were prepared by adaptations of standard literature meth- 
ods.12 

Analytical Method. Metalation reactions were analyzed by car- 
bonating the reaction mixtures and esterifying the resulting carboxylic 
acids with dia~0methane.l~ The resulting methyl esters were analyzed 
on a F and M Model 720 gas chromatograph equipped with a 6-ft 15% 
diisodecyl phthalate column a t  170 "C with a helium flow rate of 60 
ml/min. The validity of this technique was demonstrated by the 
analysis of an authentic sample as follows: 

Ester Synthetic mixture, % VPC analysis, % 

a 
0- 
m- 
P- 

31 
9 

30 
30 

31 
8 

31 
30 

The yield of cumene methyl esters was obtained employing quan- 
titative VPC analysis using ethyl benzoate as an internal standard. 
Analysis of a synthetic mixture of the four isomeric cumene methyl 
esters showed this technique to be reliable to within 5%. 

n-Pentylsodium. To a vigorously stirred 9.2-g (0.40 mol) sodium 
dispersion14 in 125 ml of octane maintained a t  -10 to -20 "C was 
added 16 g (0.15 mol) of 1-chloropentane in 25 ml of octane over 1.5 
h. After the addition of the 1-chloropentane, the mixture was stirred 
for an additional 0.5 h at  -10 to -20 "C to ensure complete reaction. 

Metalation of Cumene with n-Pentylsodium in the Presence 
of TMEDA. To a n-pentylsodium sample in 150 ml of octane was 
added 36 g (0.30 mol) of cumene and 13.9 g (0.12 mol) of TMEDA, The 
mixture was vigorously stirred for 24 h before being poured onto a dry 
ice-ether slurry. After the mixture warmed to room temperature, 
hydrolysis was effected15 followed by separation of the organic and 
aqueous layers. The organic layer was washed three times with water 
and these washings were added to the aqueous layer. The combined 
aqueous layer was extracted three times with ether and these extracts 
combined with the original organic layer. The combined organic layer 
containing the neutral compounds was dried over Drierite before 
solvent was removed on a rotary evaporator. Analysis of the residue 
on a silicone gum rubber column at 100 "C revealed that only a trace 
of a-methylstyrene was produced. The combined aqueous layer was 
acidified with concentrated HC1 and the resulting mixture was ex- 
tracted five times with ether. The combined ether extracts which 
contained the acidic compounds were esterified with diazomethane 
and dried over Drierite, and solvent was removed on a rotary evapo- 
rator. VPC analysis of the resulting methyl esters showed that a 65% 
yield16 of cumene methyl esters was obtained con_sisting of 95% methyl 
2-methyl-2-phenylpropanoate (3), 3% methyl m-isopropyl benzoate 
(lb),  and 2% methyl p-isopropylbenzoate (IC). Additionally, VPC 
analysis showed that only a small quantity of methyl hexanoate was 
present. Distillation of the methyl esters gave a sample of methyl 
2-methyl-2-phenylpropanoate boiling at 92-94 "C (8 mm) which had 
an ir and NMR spectra superimposable with the ir and NMR spectra 
of an authentic sample of this compound. 

Metalation of Cumene with n-Pentylsodium in the Absence 
of TMEDA. Cumene was metalated by n-pentylsodium in the ab- 

sence of TMEDA using the above procedure. VPC analysis of the 
methyl esters showed that a 40% yield of cumene methyl esters was 
obtained consisting of 55% methyl m-isopropylbenzoate (lb) and 45% 
methyl p 4sopropylbenzoate (IC). VPC analysis also revealed that 
large quantities of methyl hexanoate were present. 

Metalation of Cumene with n-Pentylsodium in the Preseilce 
of TMEDA as a Function of Time. To a n-pentylsodium sample in 
150 ml of octane was added 36 g (0.30 mol) of cumene and 13.9 g (0.12 
mol) of TMEDA. Aliquots (20 ml) were removed and carbonated a t  
various time intervals (see Table I) and after 24 h the reaction was 
carbonated. Workup, esterification, and analysis of the samples were 
performed in the usual manner. The results appear in Table I. Ad- 
ditionally, only trace amounts of methyl hexanoate were observed in 
the gas chromatogram in the 1-h aliquot. 

Registry No.-2,15544-84-0; TMEDA, 110-18-9; cumene, 98-82-8; 
n-pentylsodium, 1822-71-5. 
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