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Abstract—A one-pot multi-component Lewis acid-catalyzed Prins cyclization was developed with high yield and selectivity. The
crossed 2,4,6-trisubstituted tetrahydropyran products were formed with high stereoselectivity. This catalytic method could also
be used with a,b-unsaturated aldehydes affording moderate yields of products.
� 2004 Elsevier Ltd. All rights reserved.
Tetrahydropyran rings are part of the backbones of
many complex natural products.1 Prins cyclization offers
a diverse olefin–aldehyde condensation method for the
formation of pyran rings.2 The use of strong mineral
acids (e.g., sulfuric acid) or Lewis acids (e.g., AlCl3) in
such reactions has previously been reported. Such harsh
conditions often result in unwanted polymerized prod-
ucts, and are also not applicable to aromatic or conju-
gated aldehydes. The development of various Lewis
acid-promoted condensations3 offers elegant and effi-
cient methods for the synthesis of both meso and unsym-
metrical 2,4,6-trisubstituted tetrahydropyrans. One very
good example was described by Li and co-workers3c

using InCl3 to achieve high-yielding Prins cyclization
products. However, the Lewis acids were used in stoichi-
ometric amounts, and hence did not play a catalytic role
in the reaction. Despite many applications of Prins cycl-
izations, interest in achieving stereoselective crossed
Prins cyclizations and to reduce its substrate limitations
remains unabated. Our group has developed a simple,
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Scheme 1.
one-pot Prins cyclization catalyzed by mild indium-
based Lewis acids in allylsilane (Scheme 1).

The product formed is highly dependent on three fac-
tors: (i) the type of acid catalyst used; (ii) the type and
amount of silicon-based reagent; (iii) the sequence of
aldehyde addition. When we introduced an aldehyde
and a derivatized silane into a Lewis acid system, we
obtained primarily the meso products shown in Table
1. The homoallylic alcohol 2 was obtained as the major
product when excess allylsilane was employed (Table 1,
entry 3).4 Slow addition of the aldehyde to a solution
of allylsilane and Lewis acid is also critical in obtain-
ing the homoallylic alcohol. Addition of a mixture of
allylsilane and aldehyde into a dilute solution of the
Lewis acid yielded the 2,4,6-trisubstituted tetrahydropy-
ran instantaneously.

When allylsilanol was used with InCl3, the 4-chloro
tetrahydropyran was obtained in moderate yield,
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Table 1. Direct Prins cyclization with allylchlorosilane or allylsilanol (R = PhCH2CH2–)

Entry X Y Allylsilane (equiv)a Yield (%)

1a 1b 1c 2

1 Cl Cl 1.2 67 — — 14

2 Cl Cl 2.0 10 — — 76

3 Cl Cl 3.0 6 — — 83

4 OH Br 1.2 — 23 36 —

5 OH F 1.2 — 48 — —

6 Cl OTf 1.2 90 5 — —

7 OH Cl 1.2 53 3 — 4

8 OH OTf 1.2 — 68 — 23

a Amount of allylsilane with respect to aldehyde.
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whereas only the 4-hydroxy product was observed when
In(OTf)3 was employed. Unexpectedly, the 4-hydroxy
product was also observed using InF3, possibly due to
the high affinity of fluoride to silicon.

The chloride at the 4-position of the 2,4,6-trisubstituted
tetrahydropyran must come from the allylchlorosilane
when we used a catalytic amount of In(OTf)3. Hence
the use of excess Lewis acid is avoided compared to
the recently reported methods. The reaction also pro-
duced equivalent yields and selectivity in a 1% water–
CH2Cl2 mixture, showing excellent tolerance of the
catalytic species to the presence of a controlled amount
of moisture.5
Table 2. meso-4-Halo-tetrahydropyrans prepared via one-pot indium-silyl P

Entry R Time (h)

1 PhCH2CH2–
9 2

2 Ph– 4

3 Cy– 2

4 (C2H5)2CH– 1

5 CH3(CH2)7– 1

6 BnO(CH2)2– 4
The optimized method6 (Scheme 2) produced the Prins
cyclized products in moderate to high yields for aliphatic
aldehydes (Table 2), but no desired product was
obtained with conjugated systems such as cinnamalde-
hyde or trans-2-pentenal.
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Figure 1. Crystal structure of 4-chloro-2,6-dicyclohexyltetrahydro-2H-

pyran, showing the all-cis configuration at the 2, 4, and 6 positions.
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By increasing the amount of allylchlorosilane, the
homoallylic alcohol was formed predominantly. Addi-
tion of more aldehyde promoted in situ Prins cycliza-
tion. Hence we developed a one-pot crossed Prins
cyclization (Scheme 3)7 with high yields and selectivity
(Table 3).

As we expected, the use of mild Lewis acid conditions
and the step-wise formation of homoallylic alcohol ena-
bled the coupling of an a,b-unsaturated aldehyde to
form 12, a structure, which has potentially high syn-
thetic value (Table 3, entry 5).

Furthermore, the X-ray crystal structure of 4-chloro-
2,6-dicyclohexyltetrahydro-2H-pyran 4 revealed that
only the syn product was observed in both the meso
and the crossed 2,4,6-trisubstituted tetrahydropyran
product (Fig. 1).8 This is consistent with the results
established by Li and co-workers.3c
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Table 3. Crossed Prins cyclization (R1 = PhCH2CH2)

Entry R2 Product Yield

(%)

1
–CH2CH3

O

Cl

8 83

2 –Ph

O

Cl

9 85

3 –CH(CH3CH2)2
O

Cl

10 89

4 –Cy
O

Cl

11 68

5 –CH@CHCH2CH3

O

Cl

12 70

6 –(CH2)2OBn
O

Cl

OBn
13 65
In summary, we have successfully demonstrated that a
catalytic amount of an indium Lewis acid can catalyze
a one-pot crossed Prins cyclization with high yield and
stereoselectivity. Further investigations on the mecha-
nism and applications are in progress.
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