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Reaction of Dialkali Salts of Benzoylacetone 

RIechanism in Heteroaromatic 
Nucleophilic Substitution' 

with 2-Chloroquinoline. Evidence for an SRNl 

Suninzayy: Dialkali metal salts of benzoylacetone have 
been found to  react with 2-chloroquinoline in liquid 
ammonia to produce l-phenyl-4-(2-quinolyl)-1,3- 
butanedione by a radical-chain mechanism. 

Sir: In view of recent  report^^-^ concerning the 
newly discovered SRsl  mechanism for carboaromatic 
nucleophilic substitution, n-e wish to describe the 
present results, which provide strong evidence that a 
similar mechanism can operate in heteroaromatic sub- 
stitution. 

Recently,j we examined the reaction of disodio- 
benzoylacetone (1, 11 = S a )  11-ith 2-chloroquinoline in 
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liquid ammonia as a rout'e to p diketone 2 and as a 
previously unreported type of reaction involving 1,3 
dianions such as 1. Hon.ever, exposure of 2-chloro- 
quinoline to  1 ( A 1  = Xa or K) a t  -33" afforded only 
modest yields of diketone 2 in spite of the established 
nucleophilicity of such dianions6 and the propensit'y of 
2-chloroquinoline toward halogen displacement by 
carbanionic species.' On the assumption that these re- 
actions were proceeding by a classical SlvAr2 mech- 
anism,* we extended our study to include dilit'hio- 
benzoylacetone (1, AI = Li), in the hope that the more 
effective coordinating porrer of lithium would lead to  
appreciable cationizations of the ring nitrogen. It 
seemed t'hat the desired displacement reaction might 
then be facilitated by delivery of the terminal carban- 
ion site of 1 to the electrophilic 2 position of the hetero- 
cyclic nucleus through a cyclic transition state such as 
3.819 To assess this potential metallic cation effect, 
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2-chloroquinoline was allowed to react with 2 mol equiv 
of dialliali salts 1 (11 = I<, Na, and Li) in liquid am- 
monia a t  -33" for 1 hr under a nitrogen atmosphere to 
afford ketone 2 in yields of 17, 30, and 71%) respec- 
tivcly.'O The dramatic increase in the yield of 2 with 1 
(AI = Li) lent support to the hypothesis presented 
above. l1 Hoivever, on closer examination, i t  became 
evident that these reactions were markedly retarded by 
radical inhibitors. Thus, when 2-chloroquinoline was 
al lowd to react with 1 ( A i  = Li) for 1 hr in the presence 
of 0.1 equiv of tetraphenylhydrazine or p -  
dinitrobenzene (DKB),12 yields of 2 dropped to  7 or 2%, 
respectively. Catalytic amounts of oxygenI2 decreased 
the yield of 2 to <1%. Yields of 2 obtained with 1 
(11 = Xa or I<) were also lowered to <l% by DKB. 

The inhibitory action of TPH, DNB, and oxygen, 
coupled with the observation that catalytic amounts 
of DNB do not destroy 1 (11 = I<) in the absence of 2- 
chloroquinoline, indicates that  the present reactions 
occur through a radical-chain mechanism in which 
inhibition takes place by a chain breaking process. 
On the basis of this evidence and precedents cited by 
other in~es t iga tors ,*-~ , '~  we propose that the substitu- 
tions involving dialkali salts 1 occur vzu the mech- 
anism s h o w  in Scheme I. The enhanced reactivity 

SCHEME I a  

2-ClQ + BAc2- --+ 2-ClQ.- + BAc. -  

2-ClQ.- + Q.  + C1- 

Q .  + BAca- --+ QBAcs2- 

QBAp.2- + 2-C1Q --+ QBAc- + 2-ClQ.- 
a 2-ClQ := 2-chloroquinoline; BAc2- = benzoylacetone di- 

anion. 

of 1 (11 = Li) may indeed result from coordination 
of the lithium cation with the ring nitrogen, which 
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facilitates electron transfer14 from dianion 1 and initia- 
tion of the radical-chain reaction. Apparently such 
complexation is less pronounced with 1 (M = E a  or K), 

(14) (a) Quaternization of aromatic azines markedly increases their ease 
of electrochemical reduction: K. B.  Wilberg and T. P. Lewis, J. Amer. 
Chem. Sac., 98, 7154 (1970). (b) Although the electron-donor properties 
of 1 ,3  dianions have not been extensively investigated, electron transfer 
does occur with diaryliodonium salts; see K .  G. Hampton, T. M. Harris, 
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COMMUNICATIONS 

Studies designed to test the generality of the prevent 
radical substitution mechanism with other halogenated 
heterocycles and carbanions are in progress. 
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