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The monoalkylation of enolates is always accompanied by di- and polyalkylation (I). 

These side reactions are due, in the absence of excess of base, to equilibration of 

the starting enolate with the monoalkylation product: 

OM 0 0 OM 

Several solutions have been proposed in the past to overcome this problem (2). 

and, quite recently, the use of lithium enolates generated from trialkylsilyl 

enol ethers (3) and more special methods, such as the alkylation of a-bromo ketones 

with boranes, have been suggested (4). 

It is known (5) that the rate of the above-mentioned equilibration decreases as 

the metal is changed from K to Li, i.e. with increasing cova.lent character of 

the metal oxygen bond. 

It seemed reasonable to ask whether it would be possible to find other metal 

enolates which could be alkylated faster than they become equilibrated. 

Only few cases of alkylation of enolates other than those of Li, Na, K (6,7,8) 

have been reported and there are no comparative data for any case. 

A systematic study in this direction was started, based on the possibility of 

producing enolates (or complexes) according to the following scheme: 

(*) Present address: lstituto di Chimica Organica dell’Universita di Roma, Italy 
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R ’ + M ’ X --.+ R&RI +MX 

OM OM’ 

R’ + M’Rx - 

Results are summarized in Tables I and II and show tha + 

equivalent of Bu3SnCl (as M’X, scheme A) or Et3AI )as M’Rx 

A 

B 

the addition of one 

scheme B) to Li (or K) 

enolates gives, in a number of instances, monoalkylation in good yields. 

The lower reaction rates of the tin and aluminum complexes necessitates the 

addition of some hexamathylphosphoramide (HM?) to the usual solvent - I,2-dimethoxy- 

ethane COME) - in order to achieve reaction in a reasonable time. It is our con- 

elusion that Et3AI is more generally useful as an additive to lithium enolates and 

allows simpler work-up of reaction mixtures than Bu3SnCl. 

Many other metal halides were examined (according scheme A) but gave monoalkyla- 

tion to the same extent as, or less than did Li enolates. 

The author is grateful to Prof. Gilbert Stork for helpful discussions, and for 

suggesting the investigation of triethylaluminum; and to Consiglio.Nazionale delle 

Ricerche for a NATO fellowship. 
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TABLE I 

Ketone or Enol ate Alkylation 
derivative format ion conditions 

Alkylation products 
distribution (1) 

mono- % di- $ 

Cvclohexanone MeLi DME 89 3 
trimethylsi lyl 
enol ether (2) 

CH3 I 2 moles 
00, Ih 

II 

A 

11 

MeLi .Bu3SnCI (3) 

MeLi ,Et3AI 

MeL 

MeL ,Et3AI 

DME :HF.IP = 8:3 

CH31 2 moles 

00. 45 h 

DME 
nBu I IO moles 
r.t., 2.5 h (5) 

DME:HMP = IO:1 
nBu I IO moles 
r.t., 1.5 h (5) 

MeLi,Bu3SnCI DME:HMP = IO:1 
nBul 2 moles 
r.t., 2 h 

MeLi DME:HMP = lO:I 
iPrl 2 moles 
r.t., 20 h 

MeLi ,Bu3SnCI 

93 (4) 

94 

65 8 

78 2 

63 6 

54 5 

50 

Notes 
I) by VPC analysis, unless otherwise stated 

2) The cleavage was performed (cf. ref. - 3) in presence of d3CH as indicator 

3) After addition of Bu3SnCl (or Et3AI) the reaction mixture was stirred 
15-25 minutes at r.t. 

4) 83% by distillation. 

5) The enolate was dropped (50-60 minutes) into the alkylating mixture: 
in all other cases the reverse order of addition was used. 
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TABLE I I 

Ketone or En0 I ate Alkylation 
derivative format ion conditions 

Alkylation prodl,ct 
distribution (1) 

mono- % di-b 

Cyclopentanone 

Cholestanone 

IO-Methyl-decal- 
2-one (trans) 

B3CK DME:H>lP = 6:l 
CH3 I 2 moles 
r.t., I h 

47 33 

II 03CK,13u3SnCl II 54 5 

03CLi DME 
CH I IO moles 

;! r. ., 0.5 h 
51 24 

03CLi, Et3AI DME:HillP = 20:i 
CH31 IO moles 67 14 
r. t ., 1.2 h (5) 

03CLi,Bu3,SnCI DME :H:.?P = IO: I 
CH3l 2.5 moles 32 (6) 2 
r.t., I h 

03CLi, Et3AI DME :H’.lP = IO: I 

CH3 I I2 moles 76 (6) 8 
r.t., 25 h 

03CLi DME 

CH3i, I2 moles 
r-t., I h 

69 (6) I6 

Notes 

6) From the mass spectrum (weighted mixtures of Cholestanone and 
2-Methylcholestanone gave parent peaks in the right ratio!. 


