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Abstract:. The Pd(II)- or Ag(1)-catalyzed lactonization of easily available (E)-4-(l-alkynyl)-2- 
bromopropenoic acids provides (Z)-3-bromo-5-ylidene-SH-furan-2-ones, 5. These compounds, which 
represent an unpreviously reported class of (Z)-alkylidenebutanolides, are able to undergo Pd-catalyzed 
cross-coupling reactions with arylzinc halides, tetraalkylstannanes or alkenylstannanes to provide the 
correslxmding 3-substituted (Z)-5-ylidene-5H-furan-2-ones, 1. The new procedure for the preparation of 
compounds 1 has been employed in a new synthesis of the butter flavour component bovolide. 
© 1998 Elsevier Science Ltd. All rights reserved. 

3-Substituted and 3,4-disubstituted (Z)-5-ylidene-5H-furan-2-ones, 1, are synthetic targets for which there 

is a continuous interest because they include a number of natural products which display a wide range of 

biological activities. 1 Very simple examples of these naturally-occurring substances include tetrenolin, which 

displays antibiotic activity, 2 the furanosesquiterpenoid freelingyne, 3 the butter flavour component bovolide, 4 

and nostoclides I and II, which display cytotoxic activity. 5 

R 2 R 1 

1 

Since most of the methods developed earlier for the synthesis of compounds I produce Z and E mixtures, 6 

in recent years several highly selective organometallic methods have been developed, la Among these those 

which have proven to be very synthetically useful are based either on the Ag- ot the Pd-catalyzed lactonization 

of suitable substituted (Z)-2-en-4-ynoic acids, 2, 7 or a tandem process involving a Pd-catalyzed cross-coupling 

between 1-alkynes, 3, and suitable substituted (Z)-3-halopropenoic acids, 4, under the Sonogashira conditions, 8 

and a subsequent Pd-catalyzed lactunization of the resulting (Z)-2-en-4-ynoic acids (Scheme 1). 9 Obviously, 

these synthetic strategies afford compounds I characterized by a number of carbon atoms identical to that of 
compounds 2 which are used as starting materials or are formed in situ from ;3 and 4. 
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Unfortunately, in the case of compounds 1 characterized by a functionalized carbon chain in their 3-position 
(e.g. the (E)-3-hydroxy-l-propenyl unit), these strategies require the use of not easily available starting 
materials. 

Scheme I 

R 2 F ~  1 R 2 

"~'3 ~ " C O  I1 "; ~ 0 ~ 0 " H - - R 3  + x ~ R 1  
R OH R ~ COOH 

2 1 3 4 (X =Br, I) 

We surmised that a solution to this problem might be represented by a convenient synthesis of (Z)-3- 
bromo-5-ylidene-5H-furan-2-ones, 5, and the subsequent use of these new derivatives as electrophiles in Pd- 
catalyzed reactions with alkenyl-, aryl or alkylmetal derivatives which could contain a functional group 
(Scheme 2). We now wish to report some preliminary results obtained in the study on the synthesis of 
compounds 5 and the reactions of these versatile new reagents. 

Scheme 2 

Pd cat 

5 6 1 
F:I a (R 1 = aryl, alkyl, alkenyl; FI a 

M = ZnC1, SnR3) 

Thus, according to a general procedure which we had previously developed for the regioselective and 
stereospecific monoarylation, monoalkynylation and monoalkylation of stereodefined 2,3-dibromo-2- 
alkenoates, 10 we prepared stereoisomerically pure compounds 9a, 9b, 9c and 9d in 64, 68, 80 and 49 % yield, 
respectively, by reaction of the corresponding (E)-2,3-dibromo-2-alkenoates, 7a 10b and 7b 10c, respectively, 
with 1.3 equiv of 6a, 6b and 6c, respectively, in THF at 0-20 °C for 24-36 h in the presence of 5 mol % 
Pd(PPh3)4. (Scheme 3). 

Compounds 9a.d were then converted into the desired (Z)-3-bromo-5-ylidene-5H-furan-2-ones, 5a-d, by 
saponification with 1N LiOH in THF at 20 °C followed by acidification and lactonization of the crude 
carboxylic acids so obtained by heating their deareated toluene solutions under argon at 110 °C for 16-24 h in 
the presence of 5 mol % trans-di(~t-acetato)-bis[(di-o-tolylphosphino)benzyl]dipalladium(II). 11 Compounds 5a, 
5b, 5c and 5d were so obtained in 45, 36, 50 and 25 % yield, respectively (Scheme 3). 12 It is interesting to note 
that, analogously to what observed by Kotora and Negishi 7b for the synthesis of ~alkylidenebutenolides by 
lactonization of 3-aryl substituted (Z)-2-en-4-ynoic acids in the presence of Pd(PPh3)4, the new protocol that we 
used for the cyclization of the crude (E)-2-bromo-2-en-4-ynoic acids which derived from 9a-c, afforded 
compounds 5a-c contaminated by ca. 3-6 % of the corresponding 3-bromo-2H-pyran-2-ones, 10a-e. However, 
quite surprisingly, the cyclization of the crude carboxylic acid derived from 9d provided a mixture of 5d and 
10d in a 38.5 : 61.5 ratio, respectively. Purification of this mixture by MPLC on silica gel allowed to isolate 5d 
and 10d in 25 and 45 % yield, respectively. Nevertheless, when the crude carboxylic acid derived from 9d was 
reacted in acetone at 20 °C for 6 h in the presence of 20 mol % AgNO3, a mixture of 5d and 10d in a ca. 79 : 21 
ratio, respectively, was obtained and pure 5d could be isolated in 52 % yield (Scheme 3). 
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Scheme 3 

a 2 

B r ~ l / B r  

COOEt 

7 a :  R 2 = H 

7 b : R 2 =  CH 3 

4. R a - -  ZnCI 

8 a :  R 3= C6H5 
8 b : R  3= 4-CH3C6H4 
8c: R 3= C4H9 

Pd(PPh3)4, THF 

0 o. 20 °C 

1) 1N LiOH, THF, 20 °C 

2) H30 +, 0 °C 

3) palladacycle, toluene, 110 °C 

16-24 h 
or (for 8d) 

AgNO3, acetone, 20 °C, 6 h 

y r + 

O 

5a : R 2 = H; R 3 = C6H 5 
5b : R 2 = H; R 3 = 4-CH3C6H4 
5c : R 2 = H; R 3 = C4H9 
5d : R 2 = CH3; R 3 = C4H9 

a 2 

9a : R 2 = H; R 3 = C6H 5 
9b : R 2 = H; R 3 = 4-CH3C6H4 
9c : R 2 = H; R 3 = C4H9 
9d : R 2 = CH3; R 3 = C4H9 

R 2 

10a : R 2 = H; R 3 = C6H5 
10b : R E = H; R 3 = 4-CH3C6H4 
10c : R 2 = H; R 3 = C4H 9 
10d : R 2 = CH3; R 3 = C4H9 

With compounds 5 now readily available on a multigram scale, some their uses as synthetic equivalents 

for incorporation of a (Z)-5-ylidene-5H-furan-2-one unit were investigated, It was so found that reaction of 5a 

with 1.5 equiv of 4-fluorophenylzinc chloride, 6a, in THF at 65 °C for 6h provided l a  in 67 % yield (entry 1, 

Table). 

Table. Palladium-catalyzed cross-coupling reaction between compounds 5 and organometallic reagents. 

+ RI_M Pd cat 

R" 0 R / ~ 0 / ~ O  
5 6 1 

Entr~ Compound 

5 

58  

5b 

5c 

5d 

Organometallic 

reagent 

6 

4-F-C6H4ZnC1 
6a 

i Bu3 SnJ .~ . . , . . /OH 

6b 

Me4Sn 
6c 

Me4Sn 

6c 

Catalyst Solvent Reaction 

system conditions 

(h / °C) 
Pd(PPh3)4 THF 6 / 65 

PdC12(PhCN); NMP 40 / 70 

AsPh 3, CuI 

PdC12(PhCN)2[ NMP 23 / 80 

AsPh 3, CuI 

PdC12(PhCN)~ NMP 72/80 

AsPh 3, CuI 

Product 

1 R 1 R 2 R 3 

l a  4-F-C6H4 H C6H5 

lh  /-..,...~-..../OIq H C4H9 

lc CH3 H CH3 

l d  CH3 CH3 C4I-I9 

~'iek 
(%) 

67 

36 

92 

54 

Moreover, treatment of 5b with 1.5 equiv of (E)-3-hydroxy-l-propenyltributyltin, 6b, in NMP at 70 °C 

for 40 h, in the presence of 5 mol % PdC12(PhCN)2, 10 mol % AsPh3 and 10 mol % CuI provided l b  in 36 % 
yield (entry 2, Table). Interestingly, a much better yield into the desired cross-coupled product was obtained in 

a similar Pd-catalyzed reaction between 5c and 3 equiv of tetramethyltin, 6c. In fact, this reaction provided lc 

in 92 % yield (entry 3, Table). Finally, treatment of 5d with 6c under experimental conditions simlar to those 
employed for the synthesis of lc, allowed to obtain bovolide, ld,  14 in 54 % yield (entry 4, Table). 
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In conclusion, it has been shown that the Pd(II)- or Ag(I)-catalyzed lactonization of easily available (E)-4- 
(1-alkynyl)-2-bromopropenoic acids provides (Z)-3-bromo-5-ylidene-5H-furan-2-ones, 5. These compounds, 
which represent an unpreviously reported class of (Z)-q,-ylidenebutenolides, have been shown to be able to 
undergo Pd-catalyzed cross-coupling reactions with organozinc or organotin derivatives to provide 3-aryl, 3-(l- 
alkenyl) and 3-methyl substituted (Z)-5-ylidene-5H-furan-2-ones, 1. Moreover, the new procedure for the 
synthesis of compounds I has been used in a new synthesis of bovolide. 
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