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Carbanion Character at the a-Position of Tertiary Arnines in the 
Direct Alkylation Reaction 

By ARTHUR R. LEPLEY* 
(Depaihnenzt of Chemistvy, ,l/lnrshall University, Huntington, West Virginzn 25701) 

and W A J I ~  A. KHAN 
(Department of C h e m i s f i ~ j ~ ,  (?ueeTOs Universif 1’ of Belfast, Belfast 9, Novtherii Ivelnnd) 

IN recent papers, the direct cc-alkylation of tertiarj- 
aniines has been des~ribed.l-~ The reaction, 
which occurs on a tertiary aminc such as triethyl- 
aminea with n-butyl-lithium and 1-iodc )butane 
(equation l), apparently does not involvc a nictala- 
tion, i.e., anionic amine, intermediate (equation 
2) 

Et,N.Et + n-C,H,Li + 

Et,NCHLiMe + CpH,, (2) 

However, we have now found evidence for con- 
siderable carbanionic character in the reaction 
transition state a t  the &-position of  the tertiary 
aniine which undergoes alkylation. These observ- 
ations are based on intramolecular competitive 
reactions. 

N-Ethyl-N-methylaniline or iV- (2-bu ty 1) -S- 
methylaniline was treated with n-bu tyl-lithium 
and 1-iodobutane with initial cooling. Each of 
these anilines led to two products as shown in 
equations 3 and 4, respectively. 

Me CHzBun Me 
/ Bu”Li / / 
\ / 
Et Et 

PhN PhN + PhN (3) 
\ 
YHMe 

14.6% 4.4% Bun 

Me CH2Bun Me 

Although separation of the two isomeric materials 
in each reaction was not achieved by gas chromato- 
graphy, i t  was possible to obtain structure con- 
firmations and quantitative analyses by lH n.m.r. 
spectra on preparativc g.1.c. samples. In  par- 
ticular, the N-Me chemical shifts for the isomer 
with highest chain branching, 6 2-58 p.p.ni. 
(equation 3) and 2.65 p.p.in. (equation 4), charac- 
terized the less abundant isomers. Independent 
synthesis of all but the N- [(3-methyl)-3-heptyl] 
isomer aided the interpretation process. 

The immediately apparent CH, > CH, > CH 
reactivity is confirmed by the statistical results, 
based on reduction of the values to ratios per 
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a-hydrogen. These relative rates? of attack nornial- 
ized to  Me, are in the general orders of a-alkyl 
proton acidities in alkylbenzenes. Comparison 
with the results of relative rates, using lithiuinfi-* 
and caesiuniO cyclohexylamide (cha) on the arenes, 
shows a reinarkable similarity with the latter 
results (Table). Since the czsium base is less 
discriminating in proton exchange, i t  would 
appear that  considerable anionic character must 
exist in some stage of the a-alkylation reaction. 
However, rnetallation oi NN-ditnethylaniline with 
n-butyl-lithium is much slower than alkylation 
and takes place on the aromatic ring.4 This 
eliminates the participation of a characteristic 
a-anionic ainine intermediate as a participating 
t herniody naniic s t a  tc. Thus carbanionic 
character at the a-position in tertiary amines, 
while enhanced over alkanes,j is negligible when 
compared to a-proton acidities in the alkylbenzenes 
and must only predominate in an  unstable transi- 
tion state for the a-amine alkylation process. 

The parallel observed between o* and log k/k"  
is in good agreement with an  inductive effect on 
acidities,g and seems t o  confirm a transition state 
with carbanionic character as the rate-controlling 
ii(:ti\l:3tion step in a-alkylation. Since no distinct 

intermediate is involved, the iniportance oi 
structure participation in the tertiary amine 
appears as a fundamental feature of a kinetic 
rather than a thermodynamic state in the reaction 
control process. 

'I'ABLE 

Re/atLiiP t  atc.3 of u-prdoti exchange itL alhylbeuzelir~ u t r d  

k / k "  
reaction iiL tertiary aizi1i.rzt.s 

Group Xlkylbenzenes N-A1kylanilint.s - o*" 
Licha Cschab 

CH, 1 . O C  1.0 1.0 u.00 
0.49 0.45 0.10 

~:~1oage, t  0.138 < 0.16 0.20e*r 

a Calculated by additivity of inductive eltezts neglect- 
ing NPh as a constant, ref. 10; b ref. 9;  C ref 6; d ref. 7 ;  
e value for isopropyl; f s-butyl value may be calculated 
LS 0.003 from the data of rei. 8 assuming the same 
primary effect as in ref. 7 ;  6s-butyl value i.; 0.215 by 
this method, cf., ref. 10. 

We thaiik the National Institute. o f  General 
RIcdical Sciences, US. Public Health Service, for 
slipport of this research. 
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7 Since the reactions were not carried 011  at constant temperature, this is a composite value rather than being 
r:clnivalent to tlie ratios of absolute rates. 
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