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One-pot Synthesis of a$-Butenolides from Methyl (Z)-3=ChIoroacrylate 
Jose Barluenga," Jose R. Fernandez, and Miguel Yus 
Departamento de Quimica Organica, Facultad de Quimica, Universidad de Oviedo, Oviedo, Spain 

A one-pot synthesis of 4,4-disu bstituted a$-butenolides from methyl (Z)-3-chloroacrylate by successive addition of a 
Grignard reagent, lithiation, and carbonation is described. 

The a$-butenolide ring is present in a large number of 
biologically important natural products. 1 Recently, we repor- 
ted the preparation of different dianionic synthons such as 
(1),* (2),2b (3),ZC and (4)2d by metallation of the correspond- 
ing chlorinated precursors and studied their reactivity toward 
electrophilic reagents. We report here the preparation of a 
new type of dianion (5)  and its application to the synthesis of 
cw,P-butenolides. 

( 5 )  

a$-Butenolides (7) were obtained from (6) [' in turn 
obtained from propargyl alcohol by i, oxidation with chro- 
mium trioxide;3 ii, reaction with copper(1) chloride in hydro- 
chloric acid;4 and iii, methylation with diazomethane] in the 
following way. In a typical procedure a solution of (2)-3- 
chloroacrylate (6) (15 mmol) in tetrahydrofuran (20 ml) was 
added to a diethyl ether solution of a Grignard reagent [30 
mmol or 15 mmol in the case of (7e)] at -20 "C under argon 
and the mixture was stirred for 2 h allowing the temperature to 
rise to 20 "C. Then lithium powder (45 mmol) was added to 
the resulting suspension at 0 "C and it was stirred overnight. 
Carbon dioxide was bubbled through the resulting suspension 
for 3 h at 0 "C and then it was carefully hydrolysed with water, 
extracted with diethyl ether, and the ethereal layer was 
washed with water and dried (Na2S04). The solvents were 
distilled or evaporated (15 mmHg) and the residue condensed 
or distilled at reduced pressure (0.1 mm Hg) to give (7). 

Table 1. a$-Butenolides (7) and deuterioalcohols (9). 

l3C N.m.r. Selected datac 
Entry Compound YO Yielda B.p. "C/mmHgb &=o hc=c (ring) 

37-39/0.1' 172.4 162.4, 118.6 

59-61/0.19 171.6 158.65, 121.3 75d 
5 6f 
5 Id 62-65lO.l 171.75 159.7, 120.8 
61d 63-66/0.1 171.7 159.1, 121.55 

54--57/0.1' 171.9 159.8, 119.6 
-j - 142.6, 111.2k 

74 -1 - 142.1, 112.7' 
80 

1 ( 7 4  
2 ( 7 4  
3 (7b) 
4 (7b) 
5 ( 7 4  
6 ( 7 4  
7 (7e) 
8 (9b) 
9 ( 9 4  

a Isolated yield based on the starting material (6). b Distillation interval. Neat (Me,Si + D 2 0  capillary); recorded on a Varian 
FT-80 spectrometer. d Corresponding to the reaction with carbon dioxide. e Lit.5 b.p. 85-88 "C/lO mmHg. f Corresponding to the reaction with 
ethyl chloroformate. g Lit.5 b.p. 122-124 "C/19 mmHg. h Lit.6 b.p. 128 "C/7 mmHg. Lit.7 b.p. 112-113 "C/1 mmHg. j This compound was 
condensed at room temperature under reduced pressure (0.1 mmHg). k JcD 23.8 Hz. I hC=CD, JcD 23.9 Hz. 
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(6) ( 7 )  

a; R = Me 
b; R = Et 
c; R = Prn 
d; R = ally1 

Scheme 1. Reagents: i ,  2 RMgBr; ii, Li; iii, C 0 2  or CIC02Et; 
iv, H20-HC1. 

I- - 
I Li . - - - OMgBr BrMg--- -OLi  I D OH 

I - I  

The use of ethyl chloroformate instead of carbon dioxide 
afforded the same reaction products (Table 1, entries 2 and 4). 
After lithiation the intermediates (8)/(8') were formed. Thus, 
when the reaction was quenched with deuterium oxide, after 
metallation the corresponding (2)-3-deuterioallylic alcohols 
(9)  were isolated (Table 1, entries 8 and 9). When ethyl 

chloroformate or deuterium oxide were used, the suspension 
resulting from metallation was filtered off and the correspond- 
ing electrophilic agent (15 mmol or 1 ml, respectively) was 
added to the solution, which was stirred for 3 h and then 
hydrolysed and worked up as above. 
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