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Abstract—The base-catalyzed intramolecular Diels–Alder reactions of 2-diphenylphosphinyl-5-(propargyloxymethyl)furans 2a–e
gave the tetrahydrofuran ring annulated o-diphenylphosphinophenols 3a–e in 70–80% yields, a novel reaction involving an intra-
molecular Diels–Alder reaction of furan diene with allenyl ether dienophile followed by a nucleophilic 1,2-rearrangement of the
diphenylphosphinyl group.
� 2007 Elsevier Ltd. All rights reserved.
There is considerable current interest in the intramole-
cular Diels–Alder reaction, and it has been applied to
a number of synthetic objectives with notable success.1

The vast majority of the work reported in this area
has dealt with reactions utilizing ethylenic and acetylenic
dienophiles. On the other hand, the intramolecular
Diels–Alder reaction of allene has received much less
attention.2 Two decades ago, Kanematsu et al. demon-
strated that the allene unit is a versatile synthon as a
dienophile in the intramolecular cycloaddition due to
the absence of unfavorable nonbonded interactions in
the transition state.3 Afterward, they developed a furan
ring transfer reaction via the intramolecular Diels–Alder
reaction of furan diene and allenyl ether dienophile and
applied this reaction to the synthesis of natural prod-
ucts.4 A decade ago, we have also engaged in the
investigation of this intramolecular cycloaddition.5 In
this Letter we report a novel reaction involving an
intramolecular Diels–Alder reaction of furan diene with
allenyl ether, in which the nucleophilic 1,2-rearrange-
ment of diphenylphosphinyl group is included, to give
tetrahydrofuran ring annulated o-diphenyl-phosphin-
ophenols. The prominence of phosphine ligands in the
field of organometallic catalysis is a reality for more
than three decades.6 Therefore, intensive efforts have
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been done to produce phosphines with different steric
and electronic properties. Main approaches involve stoi-
chiometric reactions between haloarylphosphines and
organometallic species, or phosphide anion and organic
halides.7,8 This Letter provides a new entry for the
synthesis of substituted o-diphenylphosphinophenols,
potential useful bidentate P,O ligands.9

Treatment of 2-diphenylphosphinylfuran with n-butyl-
lithium in dry tetrahydrofurane (THF) at 0 �C followed
by the addition of acetaldehyde, propioaldehyde, ace-
tone, cyclopentanone, and cyclohexanone gave the
nucleophilic addition products 1a–e in 70–85% yields,
respectively. Reaction of alcohols 1a–e with potassium
hydride and propargyl bromide in dry THF in the pres-
ence of 18-crown-6 at 0 �C gave 2-diphenylphosphinyl-
5-(propargyloxymethyl)furans 2a–e in 65–75% yields.
Treatment of 2a–e with potassium tert-butoxide in
refluxing tert-butyl alcohol (85 �C) under nitrogen for
6 h gave compounds 3a–e in 70–80% yields, respectively
(Scheme 1). No detectable amount of the 1,4-rearrange-
ment5b products 4a–e was obtained. Also, in the cases of
2a,b no detectable amount of the furan ring transfer
reaction4a products 5a,b or 6a,b was obtained. These
products were fully characterized by their spectral
data.10 The 1H and 13C NMR spectra of 3a–e revealed
the spin–spin coupling between the phosphorus
atom and the aromatic protons and carbons of the
newly-formed benzene ring from furan ring since the
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phosphorus atom has a I value 1/2. For example, the
3JP–H and 4JP–H coupling constants between the phos-
phorus atom and the newly-formed aromatic protons
of 3c are 4.2 Hz and 5.4 Hz.

Compounds 3a–e were not very stable when exposed in
the air atmosphere and might be oxidized. Reaction of
the crude compounds 3a–e with acetic anhydride and
triethylamine in the presence of a catalytic amount of
4-dimethylaminopyridine (DMAP) in dichloromethane
at room temperature under nitrogen for 4 h gave ace-
tates 7a–e (Scheme 2). Compounds 7a–e were very stable
in air. Treatment of 7e with m-chloroperoxybenzoic acid
(m-CPBA) in dichloromethane at room temperature for
1 h gave compound 7 in 80% yield.

A mechanism is proposed for the intramolecular cyclo-
addition of 2a–e (Scheme 3). The intramolecular
Diels–Alder reactions of 2a–e gave 3a–e, respectively,
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presumably via the corresponding allenyl ethers 9a–e
and the initial cycloadducts 10a–e. Under the reaction
conditions, the initial cycloadducts 10a–e easily undergo
ring opening of the oxygen bridge to form zwitterions
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11a–e as the reaction intermediates. Nucleophilic 1,2-
rearrangement of the diphenylphosphinyl group, caused
by the alkoxide anion repelling the phosphinyl group,
gave intermediates 12a–e, which undergo aromatization
to give the phenolic derivatives 3a–e, respectively. Since
no detectable amount of the 1,4-rearrangement products
4a–e was obtained, the accessibility of repelling the
diphenylphosphinyl group by the alkoxide anion fol-
lowed by 1,4-shift of the diphenylphosphinyl group to
give the rearranged intermediates 13a–e was precluded.
In the cases of 2a and 2b, which possess a proton on
the furfurylic position (R 0 = H), no detectable amount
of the furan ring transfer reaction products 5a and 5b
or 6a and 6b was obtained. These results may imply that
the reaction rates of 1,2-rearrangement are much faster
than that of the furan ring transfer reaction from zwit-
terion intermediates 11.

In conclusion, we found a novel reaction involving
an intramolecular Diels–Alder reaction of furan diene
with allenyl ether dienophile followed by a nucleophilic
1,2-rearrangement of diphenylphosphinyl group of
zwitterion intermediate 11 to give tetrahydrofuran ring
annulated o-diphenylphosphinophenols. This reaction
provides a new entry for the synthesis of potential useful
bidentate P,O ligands.
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