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The reaction of tert-butyl 2-(2-hydroxytetrahydrofuran-2-
yl)acetates with alkenes in the presence of 2 equivalents of cer-
ium(IV) ammonium nitrate (CAN) is presented. 2,3,7,8-Tetrahy-
drofuro[3,2-c]oxepin-4(6H)-ones were formed in moderate to
fair yields via 3+2-type dihydrofuran formation, followed by
lactonization.

In our ongoing efforts1 on the development of dihydrofuran-
fused polycyclic compounds utilizing the CAN-mediated 3+2-
type cycloaddition of 1,3-dicarbonyls and related compounds
with alkenes,2 we wished to investigate the possibility of prepar-
ing 2,3,7,8-tetrahydrofuro[3,2-c]oxepin-4(6H)-ones 2 in one-pot
from tert-butyl 2-(2-hydroxytetrahydrofuran-2-yl)acetates 1,
which are known to be equilibrated with the corresponding 6-hy-
droxy-3-oxoalkanoates 3 in solution,3 and alkenes. In this paper,
we wish to report our findings regarding the application of the
CAN-mediated dihydrofuran formation, which offer a simple
and general method for preparing furooxepinone derivatives 2.
Although this class of compounds is potentially interesting
from a biological point of view, there have been a few reports
on their synthesis, and the methods are quite limited and are of
low generality.4

The starting materials, tert-butyl 2-(2-hydroxytetrahydro-
furan-2-yl)acetates 1, were conveniently synthesized in good
yields by reacting tert-butyl acetate lithium enolate with �-lac-
tones, as reported by one of the present authors.1 The reactions
between 1 and alkenes in the presence of two equivalents of
CAN were conducted in acetonitrile at 0 �C to afford 2,3,7,8-te-
tahydrofuro[3,2-c]oxepin-4(6H)-ones 2 as shown in Scheme 1.
Initially, 1a was allowed to react with �-methylstyrene deriva-
tives. The reactions were complete within 3 h and the desired
furo[3,2-c]oxepin-4-ones 2a–2c were isolated in fair yields by
preparative TLC on silica gel after usual workup. It was found
that 1,1-diphenylethene was sufficiently reactive to afford the
desired product 2d in the best yield. In order to investigate the
limitation of applicability of alkenes, styrene and 2-ethyl-1-bu-
tene were reacted with 1a. The former gave the desired product
2e in rather diminished yield, and the latter gave the desired
product 2f in further lower yield. Attempts to apply the same
procedure to the 2-(2-hydroxytetrahydrofuran-2-yl)acetates car-
rying a substituent at the 5-position of the tetrahydrofuran ring
1b–1e were made. In the event, the reactions of these starting
materials with 1,1-diphenylethene resulted in the formation of
the corresponding desired products 2g–2j in the yields nearly
equal to that of 2d. It was possible to form the desired product
2k by treating 2-(2-hydroxytetrahydrofuran-2-yl)acetates carry-
ing two methyl groups at the 5-position of the tetrahydrofuran
ring 1f with 1,1-diphenylethene. However, the isolated yield
was somewhat inferior to those of 2d and 2g–2j. The increasing
steric bulk is probably responsible for the decrease of the yield.

The preparation of 2-methyl-2-phenyl-2,3,7,8-tetrahydro-
furo[3,2-c]oxepin-4(6H)-one (2a) is representative. To a stirred
solution of 1a (0.24 g, 1.2mmol) and �-methylstyrene (0.43 g,
3.6mmol) in acetonitrile (15mL) at 0 �C was added CAN
(1.3 g, 2.4mmol) portionwise. After 3 h stirring saturated aque-
ous NH4Cl (15mL) was added. The resulting mixture was stirred
for an additional 30min and extracted with Et2O three times
(15mL each). The combined extracts with washed with aqueous
NaHCO3 and then brine, dried over anhydrous Na2SO4, and
evaporated. The residue was purified using preparative TLC
on silica gel (3:1 hexane–EtOAc) to give 2a (0.13 g, 46%).5

The probable pathway to furooxepinone derivatives 2 is out-
lined in Scheme 2, and the dihydrofuran formation is essentially
parallel to that demonstrated in our earlier reports on the forma-
tion of fused furan derivatives.2 Thus, the abstraction of 2-H of
the keto ester 3, equilibrated with 2-(2-hydroxytetrahydrofuran-
2-yl)acetates 1, with CAN, forming the radical intermediate 4, is
followed by its addition to an alkene to give the second radical
intermediate 5. This is oxidized with the second molecule of
CAN to the cationic intermediate 6, which undergoes an intra-
molecular cyclization, probably via its enol form, to result in for-
mation of the dihydrofuran derivative 7. Lactonization of 7 in the
acidic media takes place to provide 2. The lower yields of 2e and
2f are thought to be attributable to the low stability of the corre-
sponding intermediates 5 and 6. The generally modest yields of 2
may be ascribed to the lability of 1 to dehydration under reaction
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2a  R1 = R2 = H, R3 = Ph, R4 = Me  46%

2b  R1 = R2 = H, R3 = 4-FC6H4, R4 = Me  42%

2c  R1 = R2 = H, R3 = 4-ClC6H4, R4 = Me  44%

2d  R1 = R2 = H, R3 = R4 = Ph  56%

2e  R1 = R2 = R3 = H, R4 = Ph  28%

2f  R1 = R2 = H, R3 = R4 = Et  22%

2g  R1 = Me, R2 = H, R3 = R4 = Ph  55%

2h  R1 = Et, R2 = H, R3 = R4 = Ph  54%

2i  R1 = n-Bu, R2 = H, R3 = R4 = Ph  52%

2j  R1 = Ph, R2 = H, R3 = R4 = Ph  52%

2k  R1 = R2 = Me, R3 = R4 = Ph  41%

Scheme 1.
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conditions.
In conclusion, we have been able to show that the CAN-

mediated reactions of tert-butyl 2-(2-hydroxytetrahydrofuran-
2-yl)acetates with alkenes provide a general method to prepare
2,3,7,8-tetrahydrofuro[3,2-c]oxepin-4(6H)-ones. Although the
yields of the products are not so high, this method is useful be-
cause of its efficiency, the readily availability of the starting ma-
terials and the ease of operation. Works on investigating the pos-
sibility of preparing dihydrofuran-fused lactones having other
ring sizes are currently in progress in our laboratory.
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