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Derivatives of furan occur ubiquitously in naturéappear in Scheme 1. Postulated Mechanism for Phosphine-Mediated

the structure of diverse therapeutic agents (e.g., ranitidine or zantac

Reductive Condensation of y-Aconxy

and serve as useful intermediates in organic syntRegikile

numerous strategies for furan synthesis exist, convergent annulatiop

strategies are uncommdrinspired by accounts of the thermally

promoted isomerization of allenic ketones to furans under the|g,

conditions of flash vacuum thermolysisas well as Marshall's
seminal finding that such transformations may be catalyzed by Rh-
() or Ag(l) salts®” a convergent method for the in situ generation
and isomerization of allenic carbonyl compounds to furans under
metal-free conditions was sought. Here, we report that exposurg
of y-acyloxy butynoates to stoichiometric quantities of triarylphos-
phine results in reductive condensation to afford substituted furans
by way of allenic ester intermediat&8As y-acyloxy butynoates

PPh3

Oy -OEt
EtO
Ph3P

| |
R -
3

Rz

T’

0=PPh;

N *Q

Ph3P

Ry

R4

are readily obtained through condensation of ethyl propiolate with

aldehydes followed by acylation, this method represents a powerful scheme 2.

diversity oriented protocol for the convergent construction of

Proposed Mechanism
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oh P N\ to acetylenic esters, the acetylenic ket@zealso participates in
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O=PPhs Ry the reductive condensation. As illustrated by the intramolecular

It was postulated that exposure gfacyloxy butynoates to
stoichiometric quantities of triphenylphosphine would result in
tandem conjugate additieracyl substitution to afford betaine
intermediates, which upon extrusion of triphenylphosphine oxide
would produce allenic esters. The facile thermal and transition
metal-catalyzed isomerization of allenic carbonyl compounds to
furans suggests the feasibility of in situ transformation of the allenic
ester to the corresponding furan under the conditions of nucleophilic
catalysis (Scheme 1).

To assess the feasibility of the proposed transformation, the
intramolecular reductive condensation the propargyigtroben-

reductive condensation of substrates—8a, haloaroyl- and het-
eroaroyl-substituted propargylic esters provide the corresponding
furans5b—8b in good vyield (Table 1, entries—47). Propargylic
esters9a, 10a and 113 derived from oxalic acid, fumaric acid,
and crotonic acid, are also viable substrates (Table 1, entri&8)8
Access to 2,4-disubstituted furans is achieved through the reductive
condensation of formic acid estet®aand13a(Table 1, entries

11 and 12). Finally, as demonstrated by the condensation of
14a—164a trisubstituted furans may be obtained through this
method (Table 1, entries £35). In general, for highly electro-
philic y-acyloxy partners as represented by substi@aée$la and

164 reductive condensation proceeds most efficiently at ambient

zoate2a was explored. Gratifyingly, through an assay of diverse temperature, and in the former two cases use of a sterically more
reactions conditions, it was eventually found that exposurgaof ~ demanding triarylphosphine, tirtolylphosphine, was required.

to triphenylphosphine (120 mol %) in ethyl acetate solvent at 110 Direct exposure of simple mono-activated allenic esters to the
°C in a sealed tube enables formation of the 2,3-disubstituted furanreaction conditions does not result in furan formation, presumably
2b in 81% isolated yield as a single isomer, as corroborated by because of internal coordination of the nascent enolate oxygen in
single-crystal X-ray diffraction analysis. the form of the oxaphospholeAg.

Under these optimized conditions, the phosphine-mediated To corroborate the proposed mechanism, in which the carbonyl
reductive condensation of-acyloxy butynoates was investi-  oxygen of they-acyloxy moiety is retained in the product, exposure
gated. As demonstrated by the intramolecular reductive condensa-of 180-enriched propargylic est@a to the aforementioned condi-
tion of propargylic ester&a, 2a, and4a, furan formation proceeds  tions for reductive condensation provides the fuanwhich retains
most efficiently for substrates that embody increasingly electron- the isotopic label. Triphenylphosphine oxide isolated from the
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Table 1. Phosphine-Mediated Reductive Condensation of y-Acyloxy Butynoates To Form Furans?
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aProcedure: To a solution of the propargyl ester (100 mol %) in ethyl acetate (0.1 M) was added triphenylphosphine (120 mol %). The reaction vessel
was sealed, heated to 11Q, and allowed to stir until complete consumption of starting material was observed. The reaction mixture was evaporated onto
silica gel and subjected to purification by flash chromatography£SEDOAc—hexane) to afford the furaf.The reaction was conducted at ambient temperature.
¢ The reaction was conducted at ambient temperature usiip()sP.

(2) For isolation of selected furanosequiterpenes, see: (a) Pallescensin A:
Cimino, G.; De Stefano, S.; Guerriero, A.; Minale, Tetrahedron Lett.
1975 1417, 1425. (b) Ricciocarpin A: Wurzel, G.; Becker, Bhy-

i 199(] 29, 2565. (c) Gnididione: Kupchan, S. M.; Shizuri,
Y.; Baxter, R. Haynes, H. R 1977, 42, 348. (d)
ngwsanes Zlnsmelster H. D.; Becker, H.; Eicher il
1.1991, 30, 130.
1986 86, 795

(3) For selected reviews, see: (a) Lipshutz, B . , .
(b) Raczko, J.; Jurcak, m.995 16, 639.

(4) For a recent review on the regioselective synthesis of furans, see: Hou,
X. L.; Cheung, H. Y,; Hon, T. Y.; Kwan, P. L,; Lo, T. H.; Tong, S. Y,;

Wong, H. N. C, 998 54, 1955.
(5) For thermal isomerization of allenic carbonyl compounds to furans, see:

(a) Jullien, J.; Pechine, J. M.; Perez, F.; Piad 1982
38, 1413. (b) Huntsman, W. D.; Yin, T.- 1983 48, 3813.
For Ag(l)- and Rh(l)-catalyzed isomerization of allenic ketones to furans,

reaction mixture is not'®O-enriched. This result disqualifies
mechanisms involving loss of hydroxide followed by alkaline
cleavage of the intermediate phosphonium adduct to afford triph-
enylphosphine oxide (Scheme ).

In summation, a powerful and mechanistically novel protocol
for the convergent three-component assembly of substituted furans
has been developed. Future studies will focus on the development
of related transformations, and the application of this methodology
toward the synthesis of furan-containing natural products.
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