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ABSTRACT: A convenient synthesis of r-(Z)-alkylidene butenolides 

starting from (Z)-3-bromopropenoic acid was described. 

Selectivity provides a formidable challenge for chemists. Thus new 

synthesis of pure geometrical isomers at a double bond, especially those 

in the thermodynamically unfavorable (Z)-configuration, would be a 

significant advance. Protonanemonin (1, R=H) and its analogs possess 

antiviral and antibiotic activity which have been extensively 

investigated.' Marine metabolites such as fibrolides2 and dihydroxerulin' 

also have the r-alkylidene butenolide skeleton. Although some synthetic 

methods are available 4m 5, more convenient methods are still desired. 

Recently, we reported a one-pot stereoselective synthesis of ynenoic 

acid derivatives via Pd(0) catalyzed reaction from propiolic acid 

derivatives.' It occurred to us that it might be possible to obtain the 

precursor of alkylidene butenolide, 4-yn-(2Z)-enoic acid, using propiolic 

acid as the starting material. When we tried this one-pot reaction, it 

was unsuccessful because of the poor solubility of lithium (Z)-3-bromo- 

propenoate in acetonitrile. Then we isolated (Z)-3-bromopropenoic acid 

and tried its reaction with phenylacetylene under the catalysis of 

P1.C12(PPh3)2. To our surprise, we obtained (Z)-benzylidene butenc.lide 

(la)' instead of the expected product ynenoic acid. Table 1 shows that 

this is a general reaction with good yields and high stereoselectivity. 

The stereochemistry of products (la-h) was assigned on the basis of 

IH-NMR chemical shift of exocyclic olefinic protons. A mixture of Z- and 

E-isomer could be obtained on prolonged reaction time. Chemical shifts at 

lower fields were assigned to the E-isomers due to the deshielding effect 

of the lactone oxygen for the E-isomers.' 

It was reported that phenyl propargylaldehyde and phenyl acetic acid 

could give butenolide under acid condition by heating at 150-C through an 
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intermediate of ynenoic acid.9 Also, a conjugated ynenoic acid could 

cyclize by the catalysis of AgN03.l' In our case, the reaction was 

carried out at rt implying that palladium must take part in the 

cyclization of ynenoic acid. Moreover, Utimoto reported the Pd(I1) 

catalyzed cyclization of 4-alkynoic acids through an alkenyl palladium 

intermediate.l' So the mechanism of this reaction might be speculated as 

follows: 

my3pmz 
*CR. cd. E$N 

El3N’l-l CI- 

[HPdX] represents the active species of Pd(II), which is still not 

certain whether X represents Cl-,Br- or BrCH=CCOO-. 

Pd(0) species is first formed in the presence of an alkyne. The vinyl 

bromide reacts with an alkyne under the catalysis of Pd(0) to produce the 

ynenoic acid 4.6 Pd(0) species is regenerated and easily converted into 

Pd(I1) species in the solution which contains the acid moiety HX ( X 

represents Br-, Cl- or BrC=CCOO-). Ynenoic acid is further transformed 



Table 1 Synthesis of palkplidene butenolide' 

2 3 1 

2 Reaction Product Isolated Z/EC 

R time (h) 1 yield(%)b 

Ph (W 10 la 80 >97/3 

n-C5Hll (2b) 8 lb 60 91/9 

n-C71i15CH(OH) (20) 10 IC 74 >97/3 

PhCIi(OH) (2d) 10 ld 56 >97/3 

THPOCHz G-1 12 le 62 9317 

MezC(OH) (2f) 12 If 86 9416 

HC CCH20CHz (W 10 1g 54 92/8 

MeOCH 2 (2h) 12 lb 62 >97/3 

a. Reactions were carried out at room temperature using 1 (1 mmol) in 

acetonitrile (8 ml) with the molar ratio: 2:3:Et3N:PdC12(PPh3)2:CuI= 

1.5:1:2:0.03:0.03. 

b. All compounds were fully characterized by IR, 'H-NMR, MS spectra and 

elemental analysis. 

c. The ratio was determined by 'H-NMR spectra. 

into the I-alkylidene butenolide by the catalysis of Pd(I1) through the 

o-vinyl-palladium intermediate." The formation of Z-isomer might be 

explained by the trans-addition of the carboxylate anion across the 

carbon-carbon triple bond. On reductive elimination, Pd(0) species will 

be regenerated to yield 1. It is interesting that the reaction is first 

catalyzed by Pd(0) species and then by Pd(I1) species. 

The typical procedure is as follows: A mixture of 2a (153 mg, 1.5 

mmol), 3 (151 mg, 1 mmol), PdC12(PPh3)2(21 mg, 0.03 mmol), CuI(5.7 mg, 

0.03 mmol) , Et3N (202 mg, 2 mmol) and acetonitrile (8 ml) was stirred at 

rt and monitored by TLC. After lOh, the mixture was filtered and 

concentrated. The residue was purified by column chromatography on silica 

gel (petroleum ether : ethyl acetate = 15 : 1) to afford the desired 

product la (137 mg, 80%),mp 85-86-C (Lit.' mp 86-87-C ). 
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In conclusion, the regio- and stereoselective reaction described here 

provides an easy access to y-(Z)-alkylidene butenolides and holds promise 

as a useful and versatile method for the preparation of this class of 

compounds. 
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