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We have previously described the synthesis and pal-
ladium-catalyzed cross-coupling reactions (“Stille reactions”)
of 3- and 4-(tributylstannyl)-2(5H)-furanones 1 and 2.1 The
use of these flexible synthetic species to prepare natural
products containing the 2(5H)-furanone2 subunit has re-
cently occupied our attention.3 As part of a broader synthetic
strategy to facilitate preparation of, in particular, naturally
occurring cardenolides4 and their analogues,5 we aspired also
to prepare furanones 3-5, which we thought would allow
for greater flexibility in the selective fusion of a broad range
of substituents to the furanone nucleus. We here report the
preliminary results we have obtained in pursuit of this goal.

Our program commenced with the bisstannylation of
butynoate 6a; this compound reacted with hexabutylditin
in the presence of PdCl2(PPh3)2

6 to give the 2,3-bis(tri-
butylstannyl)acrylate 7a in 98% yield. Unfortunately, under
a variety of reaction conditions, 7a could not be converted
to 3. To circumvent this drawback, the analogous THP-
protected bis(stannane) 7b was prepared using the same
reaction conditions in 75% yield from propynoate 6b;7 upon
reaction with acidic ion-exchange resin in methanolic solu-
tion the hydroxyl group of 7b was unmasked and cyclization
occurred to furnish lactone 3 as a colorless liquid in 74%
yield. This key intermediate is stable indefinitely when
stored at -30 °C.

We next attempted synthesis of mixed stannylsilylfura-
nones 4 and 5 by a method analogous to that used to prepare

3. Thus, propynoate 6b was reacted with (tributylstannyl)-
trimethylsilane in the presence of PdCl2(PPh3)2 at room
temperature.8 This rather slow reaction produced in 62%
yield a 1:1 mixture of acrylates 8 and 9, which proved to be
inseparable using routine purification methods. Without
further purification, 8 and 9 were deprotected and cyclized
to give furanones 4 and 5 in 66% yield. Again, these
materials proved to be inseparable, and our attention
returned to cross-coupling reactions of 3.

In our previous work,1 mono(stannyl)furanones 1 and 2
displayed differing reactivities in Stille couplings with a
variety of aryl iodides: in all cases, stannane 2 reacted more
efficiently. We reasoned, therefore, that bis(stannane) 3
might exhibit regioselectivity in its reactions with coupling
partners, and we further tentatively predicted that the C4-
Sn bond would be more reactive than the neighboring C3-
Sn bond. Thus, it was anticipated that 3 would react with 1
equiv of iodobenzene in THF in the presence of Pd2dba3,
triphenylarsine, and Cu(I)I at room temperature to give
3-(tributylstannyl)-4-phenyl-2(5H)-furanone 10a (R ) Ph) as
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the major product of the reaction. Indeed, only one compound
was produced in the reaction, in 37% yield, and chemical
correlation (via protodestannylation to give 11a, R ) Ph1)
confirmed that this product was 10a.

Reaction of bis(stannane) 3 with a range of coupling
partners proceeded with regiocontrol to give 3-(tributylstan-
nyl)-4-aryl-2(5H)-furanones 10b-e in moderate yields (Table
1). Reaction with benzoyl chloride and â-bromostyrene
proceeded with similar regiocontrol and yields to give
compounds 10f and 10g. The reactions did not produce any
trace of product in which two couplings had occurred (i.e.,
where both C3- and C4-Sn bonds had reacted with the
coupling partner) or any product in which coupling had
occurred at position 3 of the furanone. Thus, although these

reactions require optimization, the regioselectivities of the
Stille couplings of furanone 3 are impressive.9 Compounds
10a-g were subsequently protodestannylated to allow

chemical correlation as confirmation of the deduced substi-
tution patterns. Furanones 11a-g1,10 were obtained in good
yield.

Our preliminary experiments on couplings of the products
of these reactions have so far been encouraging: thus,
stannanes 10a and 10b reacted with, respectively, iodoben-
zene and methyl 2-iodobenzoate to give the isomeric 3,4-
bis(aryl)furanones 12 and 13 in good yield. Once again, the
C3-Sn bond is less reactive than in analogous reactions of
C4-stannylfuranones, with a much higher reaction temper-
ature required to drive the reaction to completion. The
superior yield in these latter coupling reactions may indicate
that there is a steric inhibition of the reaction of bis(stan-
nane) 3 causing the lower yields in monocoupling reactions.

In summary, we have demonstrated that the regioselec-
tive Stille reaction of bis(stannane) 3 allows preparation of
4-substituted 3-stannyl-2(5H)furanones 10; current research
is directed toward optimizing the yields of the process and
extrapolating the range of coupling reactions thus far
examined.
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Table 1. Regioselective Stille Couplings of
Bis(stannane) 3

R condnsa product/yield (%) product/yield (%)

Ph A (10a) 37 (11a)c 85
2-MeO2CC6H4 A (10b) 51 (11b)c 89
2-CF3C6H4 A (10c) 27 (11c)c 91
2-MeC6H4 A (10d) 49 (11d)c 95
2-thienyl A (10e) 22 (11e)c 88
PhCO B (10f) 33 (11f)d 90
PhCHdCH C (10g) 35b (11g)d 92

a (A) RI (1 equiv), Pd2dba3 (2 mol %), AsPh3 (8 mol %), Cu(I)I (8
mol %), THF, rt; (B) PhCOCl, BnClPd(PPh3)2 (2 mol %), CO, DMF,
50 °C; (C) PhCHdCHBr, Pd2dba3 (2 mol %), DMF, 50 °C. b Only
the E-isomer was obtained. c Reference 1d. Reference 10.
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