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Abstract:  A convenient, highly efficient general method for the preparation of highly substituted 
acetates has been developed, making use of reductive alkylation of ~t-cyano esters as a key operation. 
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The most commonly used method for the synthesis of the highly substituted acetates involves sequential 

alkylation of a suitable ester.1 Inevitably, it requires a multistep operation along with the application of a strong 

base which may not be compatible with the existing funtionality. We have developed a new procedure which 

promises to have broad synthetic utility for the construction of highly substituted acetates, especially the fully 

substituted ones containing two identical substituents. The newly developed method, which is operationally 

simple and highly efficient, makes use of the hitherto unknown reductive alkylation of ~-cyano esters as a key 

operation. 

It was observed that ~-cyano esters could be readily reduced (-40 min) 2 with lithium naphthalenide 3 

under mild conditions (-25°C) to give the corresponding ester enolates. When the reduction was followed by 

the addition of an alkylating agent, ~-alkylation was effected resulting in the overall replacement of the cyano 

group with an alkyl group. As a typical example, treatment of ethyl 1-cyano-1-cyclohexanecarboxylate (1) with 

3 equivalents of lithium naphthalenide in tetrahydrofuran at -25°C for 40 min followed by addition of 3.5 

equivalents of allyl bromide and further reaction at the same temperature for 60 min gave rise to the 

corresponding trisubstituted acetate 2 in 82% yield after chromatographic purification. 5 This reductive 

alkylation process proved to be general. 6 An array of disubstituted cyano acetates were subjected to similar 

treatment using a variety of alkylating agents. In each case, the reaction proceeded smoothly, and the desired 

product was formed in synthetically useful yield (67-92%). 7 Results are compiled in Table 1. N~OOEt "~OOEt 
1 2 
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Table 1. Reductive Alkylation of ~-Cyano Acetates with Lithium Naphthalenide (LN) 

R 1 R 2 

NCXCOOEt 
LN (3 eq), THF, 40 min, -25°C R1 R2 

then R3X (3.5 eq), -25°C R 3 COOEt 

Entry (x-Cyano Acetate Alkylating agent Time (min) Product % Yield 

1 1 allyl bromide 60 

2 1 1,3-dibromo- 70 
propane 

3 methyl iodide 70 phf~/"ph 
NC" "COOEt 

4 3 1,3-dibromo- 90 
propane 

N3OOEt 
6 5 

benzyl bromide 70 

1,4-dibromo- 75 
butane 

7 allyl bromide 70 

8 7 ethyl bromo- 75 
acetate 

9 t methyl iodide 60 

9 

3-bromo-1 - 85 
10 propyne 

10 

2 82 

Br(CH2~ OOEt 81 

P h ~ P h  
R ~ "COOEt 

4 

4 ( R =  CH3) 92 

4 ( R = (CH2)3Br) 78 

~ OOEt 

6 

6 (R=CH2Ph)  71 

6 ( R = (CH2)4Br) 67 

8 

8 ( R = CH2CH=CH 2 ) 77 

8 ( R = CH2COOEt ) 67 

~COOEt 80 

. c  

81 
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A / L , , j  COOEt 
11 ~ "T NC/~ Ph ethyl brorno- 60 

acetate 
14 

A COOEt 
12 I ~ _  ._~ 4-b rome- 1 - 60 

butene 

Pht 73 

~ ~ C O O E t  71 

One of the salient features of the current method lies in the ease of introducing the first two substituents 

to the acetate unit, especially when these substituents are identical. Thus, by the modification of the procedure 

developed by Oediger and Moiler 8,9 disubstituted cyano acetates 1, 3 and 5 were easily prepared by treatment 

of ethyl cyanoacetate with an appropriate alkylating agent [ 1,5-dibromopentane (1 eq), benzyl bromide (2.2 eq) 

or 1,4-dibromobutane (1 eq)] in dimethyl formamide at 80°C for ~1 h using 1,8-diazabicyclo[5.4.0]undec-7-ene 

(DBU) (2.2 eq) as a base. Yields were typically in the 90% range. For cyano acetates with two different 

substituents, two procedures were effectively applied. In one procedure, cyano acetate was first subjected to 

alkylation with n-butyl iodide (1 eq) and DBU (1 eq) in benzene 10 at room termperature for 25 h to furnish ethyl 

2-cyanohexanoate (71% yield) which was then treated with ethyl iodide (1.2 eq) and DBU (1.3 eq) in dimethyl 

formamide at room temperature for 17 h to give cyano acetate 7 (93% yield). Compounds 9 and 10 were 

similarly prepared using 2-iodobutane, iodoethane (for 9), iodocyclohexane and iodobutane (for 10). 

Alternatively, the first alkyl group could be introduced via a Knoevenagel condensation followed by 

modification of the product. Thus, condensation of benzaldehyde and ethyl cyanoacetate (2 eq) carried out in 

refluxing benzene (21 h) with water removal in the presence of ammonium acetate (1 eq) and acetic acid (3 eq) 

gave the expected Knoevenagel product 1111 (67% yield) which was converted to compound 12 (72% yield) 

by 1,4-addition reaction (Me2CuLi, Et20, 0°C, 0.5 h) 12 and to compound 13 (89% yield) by reduction 

(NaBH4, EtOH, 20°C, 3 h). 13 These products 12 and 13 were alkylated with benzyl bromide and allyl 

bromide to give the disubstituted compounds 14 and 15, respectively. 

COOEt COOEt COOEt 

11 12 13 

As illustrated above, in conjunction with the known methods for alkylation of ethyl cyanoacetate, the 

reductive alkylation of cyano acetates with lithium naphthalenide provides a useful tool for the synthesis of the 

highly substituted acetates. 14 
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