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Metal Reductions of Malonates and Oxalates. A 'Covenient Decarboxylation 
Route for Disubstituted Malonates and Synthesis of Keten Acetals' 

By YU-NENG Kuo, FRANCIS CHEN, and C .  AINSWORTH* 
(Department of Chemistry, Colorado State College, Fort Collim, Colorado 8052 1) 

and JORDAN J. BLOOMFIELD* 
(Central Research Department, Monsanto Company, St. Louis, Missouri 63 166) 

Summary Alkali-metal reduction of disubstituted malo- 
nates or treatment of esters with base in the presence of 
trimethylchlorosilane gives high yields of the reactive 
disubstituted keten alkyl trimethylsilyl acetals, while 
diethyl oxalate, under similar conditions is reduced to 
1,2-diethyl-l,2-bis(trimethylsilyloxy)ethylene. 

THE alkali-metal reduction of esters (acyloin condensation) 
in the presence of trimethylchlorosilane (Me,ClSi) has been 
shown to lead to 1,2-bis(trimethylsiloxy) 01efins.~ The 
reaction produces high yields of cyclic products from ring 
sizes of four carbons and greater.2b*c In an attempt to 
produce cyclopropene derivatives by acyloin-type reduc- 
tion of disubstituted malonic esters? we have discovered a 
high yield process that leads initially to keten alkyl silyl 
acetals and an equivalent amount of carbon monoxide 
(reaction 1). The keten acetals are readily hydrolysed to 
the ester (reaction 2) (which thus provides a very convenient 
and mild dealkoxycarbonylation procedure for disubsti- 
tuted malonic esters)3 or can be used as intermediates, e.g., 
acylation (reaction 3).* Table 1 lists malonates reduced in 
this way. 

R1R2C(CO,Me), + Na R1R2C=C(OMe)OSiMe3 Me ClSi 
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After initial electron transfer from the metal there axe at 
least two possible routes for the subsequent fragmentation 
(see Scheme)s 

TABLE 1 

R1R2C(C0,R3), +- Rl-R2C=C(OR3)OSiMe, 
Yield 

Rl- Ra R3 (%) 
Me Me Me 87 
Me Me Et 86 
Et  E t  Et 88 

ph Ph Ph Me 85 
+Ha) 3 - E t  60 

E t  Et 908 

a Mixtures of isomers. 

The synthesis of compounds like (I) can also be accom- 
plished by silylation of substituted acetate a-anions.6*7 
Compounds (I) are mixed keten acetals (alkyl, silyl). The 
keten bis-silyl acetals, (111), can be prepared (see Table 2) 
by either Method A or B. 

TABLE 2 

Preparation of keten bis-silyl acetals R1R2C=C(OSiMe3), (111) 
Yield& 

Rl- R2 Method (yo) 
H H AandB 25, 30 
H Me AandB 50, 63 
H But B 61 
H Ph B 71 
Me Me B 70 
Me Ph B 83 
Ph Ph B 85 
-(CH2) 4- B 50 

a Single runs only. 

R1R2CHC02SiMe3 Me3C1S1, LiN(?')2 THF 3 (111) (Method A) 

- 78" R1R2CHC0,H + 2LiN(Pri), ---+ [R1R2eC02-] 

(111) (Method B) 

Selective solvolysis of keten acetals (111) is easily attained 
(reaction 4). With one equivalent of methanol, trimethyl- 
silyl acetates are formed, whereas, with an excess of meth- 
anol at room temperature for 1 h the corresponding acid 
was produced quantitatively. 

RIR*C=C(OSiMe,), ~ R1R2CHC0,SiMe3 - 
MeOH+ 

R1R2CHC02H (4) 

Cyclopropanecarboxylic acid by Method B formed the 
C-silylated product (IV) [n.m.r. 6 0.0 (CSiMe,) and 0.22 
(OSiMe,)] rather than the isomeric compound of type (111). 

t Monosubstituted malonates do not reduce but produce the silylated enol. 



CHEMICAL COMMUNICATIONS, 1971 137 

On hydrolysis (IV) formed the acid (V) [n.m.r. 6 0.06 
(CSiMe,)]. 

Si Me3 

COZSiMe3 CO2H 
HsiMe3 + HzO + D( 

Iu) 

When acyloin reduction conditions are applied to diethyl 
oxalate a cis-trans mixture of 1,2-diethoxy-l, 2-bis(tri- 
methylsily1oxy)ethylene (VI) is obtained in 64% yield. 
Di-isopropyl oxalate behaved in a similar fashion but we 
have not yet been successful in attempts to reduce dimethyl 
oxalate. The method constitutes a new synthesis of tetra- 
alkoxyethylenes. 

Analytical, i.r., ms., and n.m.r. data are in agreement 
with the structural assignments of the compounds des- 
cribed. The stereochemistry of compounds of type (I) is 
reported in the following communication. 
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