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ABSTRACT

A novel synthetic methodology for 2,5-disubstituted tetrahydrofurans having an allenyl group at the 3-position via Prins-type cyclization was
developed. The reaction led to excellent selectivity and moderate to high yields.

The tetrahydrofuran moiety is an important heterocycle
constituent in many bioactive natural products. A number
of methodologies for preparation of polysubstituted tetrahy-
drofuran have been explored.1 Especially, synthetic methods
for cis-2,5-disubstituted terahydrofuran derivatives have
attracted considerable attention.2 Recently, Prins-type cy-
clization has been reported to be a powerful method to
prepare the various tetrahydropyrans.3

In this Letter, we report on a novel methodology for
stereoselective synthesis ofcis-disubstituted tetrahydrofurans
bearing an allenyl group at the 3-position via Prins-type
cyclization. By condensation of alcohol14 and aldehyde (or
ketone) in the presence of a Lewis acid, an intermediate
oxocarbenium ion4a and 4b was generated and followed

by Prins-type cyclization to generate the tetrahydrofuran2
(or 3) (Scheme 1).

Initially, Prins-type cyclization of substrate1 with benz-
aldehyde was tried under various conditions (Table 1).
Among Lewis acids, TMSOTf in Et2O produced the tet-
rahydrofuran2awith highcis/transratio (40/1) in high yield.
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There might be two possible competitive reactions in this
reaction. One is to generate the desired product2 via Prins-
type cyclization. The other one is to produce the diol5 by
carbon-carbon bond formation between alcohol1 and
benzaldehyde by removal of TMS.5 The reaction proceeded
to give only the product2 or 3, and no diol5 was observed.

Prins-type cyclization was carried out in the presence of
TMSOTf in Et2O at -78 °C to room temperature. Table 2
illustrates the results of the Prins-type cyclization of substrate
1 and various aldehydes. All products showed only acis-
relationship between the 2- and 5-positions except for entry
1.6 The observed excellent stereoselectivity can be explained
by the fact that the quasiequatorial position (4b) is the more

favorable orientation compared to the quasiaxial position (4a)
as a result of the steric interaction between R1 and the TMS-
methylene group in the transition state (when R1 > R2 in
size, Scheme 1).

In most cases, various aldehydes provided the correspond-
ing product in moderate to good yields with excellent
selectivity. Entries 4 and 9 showed somewhat lower yield.
Substituted benzaldehyde (entry 8) and phenyl alkanals (entry
10) also provided the corresponding product in high yields.
When we examined the THP-protected substrate5 without
an aldehyde under the same reaction condition, the product
6 having a butyl alcohol group at the 2-position was obtained
in 48% yield (Scheme 2).
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Table 1. Prins-Type Cyclization of Substrate1 and
Benzaldehyde under Various Conditionsa

entry Lewis acid solvent time (h) yield 2a (%)b cis/transc

1 InCl3 CH2Cl2 17 22 40:1
2 BF3.Et3O CH2Cl2 17 69 8:1
3 SnCl4 CH2Cl2 17 80 40:1
4 SnCl4 Et2O 15 80 40:1
5 TMSOTf CH2Cl2 4 33 3:1
6 TMSOTf Et2O 4 91 40:1

a All reactions were carried out on a 0.35 mmol scale at-78 °C to room
temperature in the presence of 1.1 equiv of Lewis acid.b Isolated yields.
c Ratio based on1H NMR spectra.

Table 2. Prins-Type Cyclization of Substrate1 and Various
Aldehydesa

a All reactions were carried out on a 0.35-0.55 mmol scale.b Isolated
yields. c Ratio based on1H NMR spectra.
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We next extended this method to various ketones. Under
the same reaction condition, Prins-type cyclization for
ketones also proceeded smoothly to generate the tetrahy-
drofurans3 in moderate to high yields. The results are
summarized in Table 3. In entry 1, 2-hexanone gave the
product3a with cis/transratio ) 1.5/1 in 90% yield. When
a phenyl group was introduced in place of butyl in entry 1
(entry 2), the ratio (cis/trans) 7/1) was increased.

1,4-Cyclohexanedione gave the dispiro product3f in 48%
yield. Its configuration was determined by X-ray analysis.

Cycloketones (entries 3 and 4) gave the corresponding
tetrahydrofuran (3c and 3d) having spiro moiety at the
2-position.7 Especially, the product3c was obtained in 95%
yield.8 In the case of entry 5, 1,8-dioxa-spiro[4.5]decane
derivatives3e was efficiently obtained in 71% yield.

As shown in Scheme 3, when alkyl groups were introduced
in place of the pheny group of substrate1, cis-only products
7 and8 were obtained under the same reaction condition in
65% and 75% yields, repectively.

To check the chemoselectivity of Prins-type cyclization,
we carried out the reaction between benzaldehyde and
acetophenone with substrate1 under the same reaction
condition (Scheme 4). A very high chemoselective ratio (2a/
3b ) 54/1) was shown.

In conclusion, we have developed a novel synthetic
methodology for 2,5-disubstituted tetrahydrofurans having
an allenyl group at the 3-position via Prins-type cyclization.
The reaction led to excellent selectivity and moderate to high
yields with various aldehydes and ketones.
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Table 3. Prins-Type Cyclization of Substrate1 and Various
Ketonesa

a All reactions were carried out on a 0.35-0.55 mmol scale.b Isolated
yields. c Substrate 1 (2.0 equiv) was used.d Ratio based on1H NMR spectra.
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