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Stereochemical Prins cyclization: electronic versus steric effects
on the synthesis of 2,4,6-trisubstituted tetrahydropyran rings
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Abstract—A convenient approach towards the synthesis of both syn- and anti-2,4,6-chlorotetrahydropyrans has been developed.
The electronic and steric influences on the stereochemistry of the Prins cyclized products were investigated based on the substituents
of the homoallylic alcohol.
� 2006 Elsevier Ltd. All rights reserved.
Functionalized pyran ring systems feature widely in a
vast array of biologically active natural products1

(Fig. 1). There are several methods2 available to synthe-
size 2,6-disubstituted tetrahydropyran (THP) rings. Of
these methods, the Prins cyclization3 offers a convenient
and direct synthesis from easily attainable homoallylic
alcohols and aldehydes.

However, this method is mainly confined to the forma-
tion of 2,6-syn-tetrahydropyranyl products, whereas,
convenient methodologies for the anti-isomers4 of
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Figure 1. Examples of natural products possessing anti-2,6-tetrahydropyran
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THP rings are still not widely established. This is possi-
bly attributable to the preferred formation of the more
favourable chair-like transition state from the oxonium
ion due to a severe 1,3-diaxial interaction (Scheme 1).

Panek5 has demonstrated an elegant synthesis of anti-
2,6-tetrahydropyrans using TMSOTf catalyzed Prins
cyclizations of enantiomerically pure anti-hydroxycrotyl
and allylsilanes. Several mechanistic pathways6 have
been proposed, attributing the formation of the 2,6-
anti-configuration to the b-directing effects of the silyl
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Scheme 1. Formation of the syn-THP ring.

Table 1. Prins cyclization of substituted homoallylic alcohols with
benzaldehyde

R1

OH
In(OTf)3,
TMSCl

PhCHO

a b
OR1 Ph

Cl

OR1 Ph

Cl

Entry R1 Product Yielda

(%)

a b

1 –COOiPr 1

O

Cl

Ph
iPrOOC 2

32 32

2 –COOnPr

O

Cl

Ph
nPrOOC 3

27 27

3 –COOnBu

O

Cl

Ph
nBuOOC 4

36 35

4 –COOsBu

O

Cl

PhsBuOOC 5

32 34

5 –COOnHex

O

Cl

Ph
nHexOOC 6

24 24

6 –COOBn

O

Cl

PhBnOOC 7

26 25

7 �CH2OCOiPr

O

Cl

Ph 8
iPrOCOH2C

65 —

8 �CH2OCOPh

O

Cl

PhPhOCOH2C 9

69 —

a In most cases, a small amount (approximately 3–8%) of the 2,6-syn-
2,4-anti-chloro-THP isomer (2c, Scheme 4) was isolated. These are
not taken into consideration in the computation of the overall yield.
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moiety in the cyclic transition state. Unfortunately, the
synthesis of the a-silyl-homoallylic alcohol is often
tedious and low yielding. Therefore, we investigated a
more direct and sustainable method to obtain 2,6-anti-
THP rings based on stereochemical and steric consider-
ations. In this letter, we demonstrate a new strategy to
obtain 2,6-anti-THP rings using homoallyllic-a-hydroxy
esters in an indium triflate catalyzed Prins cyclization
with moderate selectivities.

From our previous work, the indium-based Lewis acid7

catalyzed Prins cyclization yields predominantly the syn-
4-halo-2,6-disubstituted THP product.3i,j We envisaged
that with an electron rich moiety on the homoallylic
alcohol adopting the b-position, the inductive effect
exerted may be able to stablize the oxonium cation in
the conventional chair-like transition state (Scheme 2).
Hence, various homoallylic alcohols were subjected to
catalytic Prins cyclization with an aldehyde. The results
are summarized in Table 1.

We were delighted to establish several findings. Firstly,
the inductive effect of the iso-propyl ester group (entry
1) yielded a 1:1 diastereomeric mixture of the syn- and
anti-4-chloro-2,6-trisubstituted THPs. A variation of
the temperature from �78 to 40 �C had no apparent
effect on the yields and diastereoselectivities. In addition,
neither the chain length nor the bulkiness of the R-
group improved the selectivity. Interestingly, only the
syn-isomer was isolated when the benzoyl ester (entry
8) and the sec-butyl ester (entry 7) underwent Prins
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Scheme 2. Electronic inductive effects on oxonium cations.
cyclization with benzaldehyde. This gave us an under-
standing on the importance of the 1,2-carbonyl lone
pair8 in the formation of anti-tetrahydropyran rings.

The possibility of anti-2,6-THP ring formation via Lewis
acid-catalyzed formation of an exocyclic enolate was
also investigated (Scheme 3). No enolization was ob-
served on the separate treatment of 2a or 2b with In-
(OTf)3 and TMSCl at 0 �C. This result showed that
the formation of the anti-THP product was not likely
to be attributed to the isomerization of the 2,6-syn-iso-
mer or vice versa.

Homoallylic alcohol 1 was reacted with various alde-
hydes as shown in Table 2. The results were satisfactory
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Scheme 3. Possible enolization of a-ester THPs in the presence of a
Lewis acid.

Figure 2. X-ray crystal structure9 of (2,6-anti)-isopropyl-4-chloro-6-
cyclohexyl-tetrahydro-2H-pyran-2-carboxylate, anti-10.
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with moderate yields and equivalent diastereomeric
ratios. The isomers were easily separable using flash
column chromatography.

A plausible mechanism for the diversity of isomers
formed is proposed (Scheme 4). Competition exists
between the electronically favoured transition state
T.S.1 and the sterically preferred T.S.2. The latter leads
to the conventional syn-isomer 2a while T.S.1 leads to
anti-isomer 2b. In both cases, axial nucleophilic attack
by the external chloride at the 4-position is prevented.
The formation of axial 4-chloro-THP product 2c is
likely to proceed via a less stable boat transition state
T.S.3, thus accounting for its comparatively lower yield.
Table 2. Prins cyclizationa of 1 with various aldehydes

OH In(OTf)3 (20 m
TMSCl

R2CHO

O

O 1

Entry R2 Product

9 –Cyclohexyl

O

Cl

COOiP

10 –Ethyl

O

Cl

COOiPr

11 –3-Pentyl
O

Cl

COOiPr

12 –(CH2)2Ph

O

Cl

COOiPPh

13 –CH@CH–CH3

O

Cl

COOiP

a Reactions were carried out at 0 �C in 0.1 M CH2Cl2 solution.
b The X-ray crystal structure of anti-10 is shown in Figure 2.
Similarly, the sterically unstable boat-like T.S.4 equili-
brates rapidly to form the bicyclo-carbocation T.S.5,
where equatorial attack by chloride collapses the struc-
ture back to the anti-2,6-THP ring. Such a pathway evi-
dently indicates the strong electronic interaction of the
ester moiety with the oxonium ion. Interestingly, the for-
mation of 2e was not observed, indicating that preferen-
tial adoption of T.S.1 or T.S.5 (Scheme 5).
ol%),

O R2

Cl

O

O

Overall yield (%) dr (syn/anti)

r

10b

56 50:50

11

62 50:50

12

57 44:56

r 13

62 50:50

r 14

58 51:49
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Scheme 5. Alternative mechanistic proposal following a bicyclic
acetal-carbocation pathway.
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A comparison between a benzyl ester (Table 1, entry 6),
a benzoyl ester (Table 1, entry 8) and a benzylic alcohol
R-group also provided interesting insight for our postu-
late. In the case of the benzyloxy homoallylic alcohol 15
(Scheme 6), the benzylic group adopted the axial posi-
tion such that the lone pairs on the oxygen offered
strong inductive effects in both T.S 6 and T.S 7. A com-
peting sterically favourable 2,6-equatorial mechanism
also exists, hence equimolar amounts of bicyclo-dioxo
product 16 and the respective syn-isomer were obtained.
This reinforced the concept of lone pair electronic effects
on stablizing the oxonium ion.

In conclusion, the electronic and steric effects of a-
homoallylic alcohol esters in Prins cyclization to form
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Scheme 6. Mechanistic interpretation for the formation of a bicyclic-
dioxo product.
both syn- and anti-2,4,6-trisubstituted THP rings have
been investigated. The substrates afforded moderate
yields of both products, which were easily separated
by flash column chromatography. Further improve-
ments in yields and selectivity, together with applica-
tions of this method for the synthesis of biologically
active natural products are in progress.
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