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AbrbPct: The palladium-catalyzed ryrkation of 2-propar& I .3-dirnrhonyl rotv~~nds with vinyiir or aryl 

iriflntes or halides in the presence of potnrriKln marlnvtale prodnrrs 2,3,5-wisrth~mtis in good yield. 

Furans represent one of the most common of the five-membered oxygen-containing heterocyclic ring 
systems and can be found in a large number of natural substancest and in important pharmaceuticals? 
Furthermore, polysubstituted furans are useful building blocks in organic synthesis? Our interest in developing 
new general procedures for the synthesis of five-membered oxygen heterocycled and the successful pqaration 
of (E)bsubstituted-y-methylene-y-butyrolactone.@ and 23-disubstituted indole from functionalixed alkynes 
and vinyl triflates or aryl halides prompted us to investigate the possible extension of this methodology to the 
preparation of 2,3,5trisubstituted furans. 2,3,5Trisubstituted furans may be in fact valuable intermediates for 
the preparation of complex molecules. For example, strategies for the total synthesis of pseudopterolide and 
allied pseudopteran& and furanocembranolide~d based on the elaboration of suitable 2,5disubstituted-3- 
carbomethoxy-furans have been recently presented. 

Easily available6 3-acetyl-ihexyn-2-one 1~ and ethyl 2-acetyl4pentynoate lbhave been selected as the 
functionalized alkynes. Herein we report that the reaction of 1 with vinylic or aryl triflates or halides in the 
presence of tetrakis(triphenylphosphine)palladium(O) and KzCO3 provides a general route to the synthesis of 
2JStrisubstituted furans 3. Our results are summarized in the Table. 

la: R, = Me 
lb: R, = Et0 
X = 1. Br, OTf 
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Scheme 1 
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Table. Palladium-Catalysed Synthesis of 2,3,5Trisubstituted Furans 3 from 2-Propargyl-l&dicarbonyl 
compounds 1.a.u 

entry starting organic triflate maction yield % 
a&re or halide 2 time(h) 3 

CYrf 
a la 

& 
‘I ’ 

1.5 66 

MeO’ 

b la 

la 
i la 

PhCH=CHBIC 

e la 
4MeODC-C&-I !.; $ 

f la 
4Cl-c&4-I 
Phl 6’ 9(25)d 

g la 62e 

entry starting organic ttiflate maction yield % 
alkyne or halide 2 time(h) 3 

1 

la 

0 

la aP Tfo” 
2.5 

lb 

\ OTf 
la \ 0 ccy ‘I 2.5 

lb 1, 7 

67 

56 

75 

71 

55 

a Unless otherwise stated, tractions were carried out at 60 T in DMF in the Presence ol’ an excess ol’ K$OJ under a nitrogen 

atmosphere using the following molar ratios: 1: vinylic or aryl halide: Pd(PPh3)4:KzC03 = 1: 2: 0.02: 5 or I: vinylic or aryl 

trillate: Pd(PPh3)41 K$X& = 1.3: I: O.OL?z 5. b Yields refer to single runs, atz given for pure isolated products, and are baaed on 

either 1 (in the reactions of vinylic or aryl halides) or on the vinylic or uryl trillate. c A commercially available E/Z mixture of fL 

bromostytzne was used. Only the product containing the E-stytyl moiety wns isolated. d In the presence of W(OAck(PPh3)2. 

e90Oc. 

A typical procedure is as follows: to a solution of la (0.261 g, 1.89 mmol) in DMF (4 ml), methyl 4- 

iodobenzoate 2d (0.991 g, 3.78 mmol), potassium carbonate (1.3 g, 9.45 mmol), and 
tetrakis(tripbenylphospbine)pailadium(O) (0.042 g, 0.038 mmol) were added. The reaction mixture was gently 
purged with nitrogen and stirred at 60 “C for 3.5 h under a nitrogen atmosphere. Then, diethyl ether and 0.1 N 
HCI were added: the organic layer was separated, washed with water, dried (NazS04), and concentrated at 
reduced pressure. The residue was purified by flash chromatography eluting with a 95/5 n-hexanelEtOAc 
mixture to give 3d (0.290 g, 56% yield): mp = 69-70 “C (CH~Cl&etroleum ether): IR (KBr) 1710, 1650, 
1265, 845, 735, 695 cm-); tH NMR (CD(&) 8 8.00-7.% (m, 2 H), 7.31-7.27 (m, 2 H), 6.24 (s, I H), 3.94 
(s, 2 H), 3.88 (s, 3 H), 2.51 (s, 3 H), 2.33 (s, 3 H); t3C NMR (CDC13) 6 193.9, 166.7, 157.6, 151.4, 142.7, 
128.9, 128.8, 107.3, 52.0, 34.1. 29.0, 14.3; MS mle : 272 (M+), 241. 

Mechanistically, as suggested for a variety of cyclizations of alkynes containing carbon,’ oxygen,4b,8 and 
nitrogens-o nucleophiles near the carbon-carbon triple bond, the present reaction may proceed through (I) 
formation of the x-palladium complex 4, (2) generation of the a-vinylpalladium complex 5 via regioselective 
trans addition of the oxygen and palladium across the carbon-carbon triple bond (em-dig process), (3) 
reductive elimination of Pd(0) to give 6, and (4) isomerization of 6 to 3 (Scheme 2). 
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Scheme 2 

Isolation of the deuterio derivative 8 (47% yield) from the reaction of ddeuterio-3-acetyl-Shexyn-2-one 
710 with methyl 4iodobenzoate rules out possible formation of the furan ring through a mechanism involving 
cleavage of the C&-H bond. 

7D 
1 D 

8 
Scheme 3 

However, available data do not allow us to exclude the generation of 3 through (1) syn addition of the o- 
vinylic- or a-arylpalladium complex to the carbon-carbon triple bond, (2) nucleophilic attack of the oxygen on 
the palladium atom to give a six-membered ring, oxygen-containing palladacycle, (3) Pd(0) reductive 
elimination, and (4) isomerization.ll 

The nature of the base strongly affects the reaction course. When la was reacted with methyl 4- 
iodobenzoate as usual, in the presence of triethylamine instead of potassium carbonate, the coupling product 9 
was isolated in 55% yield, while the furan derivative was formed in only trace amounts. 

55% ‘CooMe 

FII(PP~~)+cuI. H2NII. I&IF, 
mom tcmpmwc. 24 h Scheme 4 

Assuming that the scomplex 4 represents an intermediate common both to the pathway producing furan 
derivatives and to the one producing coupling productst~ and that changing from potassium carbonate to 
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triethylamine does not significantly change the nature of this complex (in the region covering the carbon-carbon 
triple bond, the palladium atom, the counterion, and the ligands), the coupling/cyclization balance should be 
primarily affected by the strength of the nucleophile near the multiple bond. In practice, in the presence of a 
strong nucleophile, the x-complex 4 tends to undergo preferentially an intramolecular cyclization reaction 
whereas in the presence of a weak nucleophile the carbon-carbon triple bond in the x-complex is activated 
towards basic attack on the terminal hydrogen. In this last case, the formation of coupling products isfavoumd. 
If this reasoning is correct, it can be inferred that with potassium carbonate, a stronger nucleophile. quite 
probably an enolate anion generated before coordination, is responsible for the cyclization reaction, while with 
triethylamine, most of the nucleophile is in the unionized form and the formation of the coupling derivative 
prevails. 

Compound 9 has been successfully employed in the cyclization to the furan derivative 10 (Scheme 4). It 
is worth noting that the reaction of IS with methyl 4iodobenzoate in the presence of Pd(PPh& (0.02 equiv), 
CuI(O.01 equiv), and EtzNH produced 9 in only 41% yield, together with 2,5-dimethyl-3-ace@-furan (30% 
yield), most likely derived from the copper catalysed cyclization 13 of la (methyl Qiodobenzoate was recovered 
in 36% yield).‘4 
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