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The carbor-carbon bond forming reaction is one of the most
important reactions in organic synthesis. Especially, addition of
a carbor-hydrogen bond to a carbermarbon unsaturated bond,
so-called hydrocarbonation, is the most desirable method for this
purpose, since it is an atom-economic and ecological process.

Recent researches revealed that transition metal catalyst had a

high potential to promote addition of a carbelmydrogen bond

of various pronucleophilg’ssuch as active methyne compourds,
aldehyded,terminal alkyne$,and functionalized aromatic rings.

In continuation of our search for new hydrocarbonation reactions,
we found that the carberhydrogen bond at the 2-position of
furan derivatives can undergo the addition to the double bond of
alkylidenecyclopropanes (so-callagidrofurylatior). Previously,

the C-H activation of furans with R}{{CO),, catalyst was
reported’® but a large excess of furans, significantly high CO

pressures, and very high reaction temperatures were required.

Herein, we report that palladium-catalyzed hydrofurylation of
alkylidenecyclopropané$ 1 affords 2-allylfuran derivative$
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Table 1. Pd-Catalyzed Hydrofurylation of Alkylidenecyclopropanes
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aThe reaction ofl. (0.5 mmol) and? (2.5 mmol) was carried out in
the presence of 5 mol % of Pd(PfPhand 10 mol % of tributylphos-
phine oxide without solvent at 12@. ® Isolated yield based oh¢ As
a byproduct, PhCHCH=CH(CH;)C=CH, 4 was formed in 20% yield.

regioselectively in good to high yields under milder conditions
(eq 1).

R R
h<| +
R2 H’Q\Ra

5 mol% Pd(PPhg),
10 mol% P(O)Bug

no solvent
120°C
2 4
1 (5 equiv) R
R! I N, O
R
(0]
R2
3

The results are summarized in Table 1. The reaction of
2-butylpentylidene cyclopropandd, 0.5 mmol) and 2-methyl-
furan @a, 2.5 mmol) in the presence of 5 mol % of Pd(RRzh
and 10 mol % of tributylphosphine oxide proceeded smoothly at
120 °C without solvent to give the corresponding 2-allylfuran
derivative3ain 70% yield (entry 1). Other catalysts such as-Pd
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(dba}-CHCl;, Pd(OAc), and Pt(PP¥), did not promote the
reaction at all. The choice of phosphine ligands is very important.
Among numerous phosphine ligands examirtedutylphosphine
oxide gave the best result; the use of other ligands afforded
unsatisfactory results, and in the absence of tributylphosphine
oxide the reaction was very slow. Normally, 5 equiv of furans
were used. When 3 equivs @&a was used, the yield oBa
decreased to 63% yield. The reactionlaf with 2-pentylfuran
(2b) and ethyl 2-furoate2c) gave 3b and 3c, respectively, in
good to high yields (entries 2 and 3). The reaction of benzofuran
with 1aor 1-methyl-3-phenylpropylidenecycloproparid) pro-
duced3d or 3ein 63 or 35% yield, respectively (entries 4 and
5). The reaction olb, 1-cyclohexylethylidenecyclopropankd],

and cyclopropylidenecyclohexangd) with 2a producedsf, 3g,
and3h in 68%, 74%, and 65% vyield, respectively (entries3j.

The reaction ofle and 2a gave 3i in 43% yield together with
2-methyl-5-phenyl-1,3-pentadiend) (20%, entry 9).

The reaction ofla with furan Qe) itself (20 equiv) afforded
the monoallylated furar8j in 77% yield along with a small
amount (7%) of the diallylated furaBk (eq 2). The use of 5
equiv of 2e gave 64% of3j and 11% of3k. The reaction of the
methylenecyclopropandf), which had a substituent on the ring,
with 2a did not afford any adducts at all.
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Plausible mechanisms for the hydrofurylation reaction are
shown in Scheme 1. The oxidative addition of palladium(0) to
the carbor-hydrogen bond of furar?e would lead to the
hydride—palladium comple)s (route A). Hydropalladation of a
double bond ofl followed by the distal bond cleavage of the
cyclopropane ring would afford the-allylpalladium intermediate
7.2 Reductive elimination of palladium(0) fromwould give 3.
Another possibility is that Pd(0) would insert to a distal bond of
1 forming palladacyclobutaneB).*® Since 8 is a sort ofo-al-
lylpalladium species, a pallada-ene reaction \Rithay take place
as shown im9, giving thes-allylpalladium species.

To know the fate of the €H at the 2-position of furans, we
carried out the reaction of 2-deuterio-5-pentylfurétb-@, D
content 92%) withla under the same conditions as above. The
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monodeuteratedf-d, in which the deuterium content at the C-3
position was 44%, was obtained in 66% yield (eq 3). No
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multideuterated products and the monodeuterated product, in
which deuterium was attached to the carbon atoms other than
the C-3 position, were obtained at all. The formation of the C-3
deuterated produ@b-d can be explained by both mechanisms
(A andB). Rather low deuterium content seems to suggest that
mechanismA is operative, but at the present time we cannot
completely eliminate the possibility of participation of rolge
Irrespective of the precise mechanism, we are now in a position
to carry out the hydrofurylation reaction in good yields under
the reaction conditions which can be manipulated without using
high temperatures and pressures. The palladium-catalyzed hy-
drofurylation was tried with diphenylacetylene, instead of with
alkylidenecyclopropanes. However, no adducts were obtained and
the starting substrates were recovered. Perhaps the formation of
rather stabler-allylpalladium intermediat& becomes a key for
inducing the hydrofurylation of (see Scheme 1). The structure
framework of multisubstituted furans is often found in important
natural products, such as furanocembraadsran fatty acids?
and calicogorging® The present methodology may be applicable
to the synthesis of those furan families.
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