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Iodine as a versatile reagent for the Prins-cyclization:
an expeditious synthesis of 4-iodotetrahydropyran derivatives
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Abstract—Iodine is found to be an efficient reagent for the coupling of homoallylic alcohols with aldehydes under mild conditions to
produce 4-iodotetrahydropyran derivatives in excellent yields in a short reaction time with high selectivity. The use of iodine makes
this procedure simple, convenient and cost-effective.
� 2007 Published by Elsevier Ltd.
The Prins-cyclization is a powerful synthetic tool for the
construction of six-membered tetrahydropyran deriva-
tives.1 The tetrahydropyran ring system is a core unit
in a number of natural products such as avermectins,
aplysiatoxins, oscillatoxins, latrunculins, talaromycins
and acutiphycins.2 Tetrahydropyran derivatives are usu-
ally prepared via Prins-cyclization using acid catalysis.3

Recently, indium halides and TMSI have been found to
be useful for this transformation.4,5 However, many of
the classical methods often involve the use of expensive
reagents, extended reaction times and also generate a
mixture of products.3 Therefore, the development of a
simple and efficient protocol using inexpensive and read-
ily available reagents would extend the scope of the
Prins-cyclization in natural product synthesis.6 In recent
years, molecular iodine catalyzed or mediated reactions
have gained importance in organic synthesis. The mild
Lewis acidic nature of iodine has been exploited in sev-
eral transformations.7 Thus, we envisaged that mole-
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cular iodine could play a dual role as a catalyst that
initially promotes hemi-acetal formation and as a nucle-
ophile that subsequently attacks the carbocation to
afford an iodotetrahydropyran. One advantage of such
a method would be that the equimolar amount of HI
generated in situ during the reaction may participate
in the hemi-acetal formation and subsequent cyclization.
Thus, such a protocol for the Prins-cyclization is antici-
pated, in addition to experimental simplicity, to pre-
clude the use of external metal catalysts and harsh
acidic conditions.

In continuation of our interest on the use of molecular
iodine for various transformations,8 we herein report
the first direct and metal catalyst-free Prins-cyclization
for the rapid synthesis of highly substituted tetra-
hydropyrans from homoallylic alcohols and aldehydes
using molecular iodine under neutral conditions.
Accordingly, treatment of cis-hex-3-en-1-ol with
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Table 1. Iodine-promoted preparation of 4-iodotetrahydropyran derivatives

Entry Homoallyl alcohol Aldehyde Iodopyrana Time (min) Yieldb (%)

a
OH

OMe
MeO

MeO CHO

O

I

MeO

MeO
OMe

35 92

b
OH MeO

CHO

O

I

MeO

40 88

c
OH

CHO
O

I

60 90

d
OH

CHO

O

I

65 91

e OH CHO

O

I

70 90

f OH CHO
O

I

80 93

g OH CHO

O

I

85 90

h OH

MeO

CHO

O

I

MeO

45 85

i OH CHO

O

I

75 88

j OH CHO

O

I

75 90

k OH CHO

O

I

80 91

l OH CHO

O

I

70 92

m OH
CHOMeO

MeO
OMe

O

I

MeO

MeO

OMe

55 85
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Table 1 (continued)

Entry Homoallyl alcohol Aldehyde Iodopyrana Time (min) Yieldb (%)

n OH CHO

O

I

60 89

o OH CHO

Br O

I

Br

70 87

p OH
CHO

O

I

40 90

a All products were characterized by 1H NMR, IR and mass spectroscopy.
b Isolated and unoptimized yield.
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3,4,5-trimethoxybenzaldehyde in the presence of mole-
cular iodine at ambient temperature for 35 min gave
the corresponding 4-iodotetrahydropyran in 92% yield
with all cis-selectivity (Scheme 1).

Similarly, p-anisaldehyde, isobutyraldehyde and iso-
valeraldehyde underwent smooth coupling with cis-hex-
3-en-1-ol to give the respective 4-iodotetrahydropyrans
in excellent yields (Table 1, entries b–d). The use of
cis-homoallylic alcohols afforded 2,3,4-trisubstituted
tetrahydropyrans with the all cis-configuration while
trans-homoallylic alcohols gave 2,3,4-trisubstituted
tetrahydropyrans with the trans–trans-configuration.
Interestingly, trans-undec-4-en-2-ol reacted efficiently
with a variety of aldehydes such as n-propanal, iso-
butyraldehyde, n-hexanal and p-anisaldehyde to produce
2,3,4,6-tetrasubstituted pyran derivatives (Table 1,
entries e–h). Likewise, trans-non-4-en-2-ol gave the
corresponding 2,3,4,6-tetrasubstituted pyrans with the
trans–trans-configuration (Table 1, entries i–m, Scheme
2).

In addition, the unsubstituted homoallylic alcohol, but-
3-en-1-ol also produced 2,4-disubstituted tetrahydro-
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pyrans in high yields (Table 1, entries n–p) under similar
conditions. However, no reaction was observed in the
absence of iodine even after a long reaction time
(12 h). As solvent, dichloromethane appeared to give
the best results. In all cases, the reactions proceeded rap-
idly at room temperature under mild conditions. The
reactions were clean and the products were obtained in
excellent yields and with high diastereoselectivity as
determined from the NMR spectrum of the crude prod-
uct. Only a single diastereoisomer was obtained from
each reaction, the structure of which was confirmed by
1H NMR and also by comparison with authentic sam-
ples.5 The formation of the products may be explained
by hemi-acetal formation and subsequent Prins-type
cyclization (Scheme 3).

Other reagents such as LiI, KI and NaI failed to pro-
duce the desired product. The nature of the substituents
on the aromatic ring shows some effect on this conver-
sion. It should be noted that aliphatic, simple aromatic
and moderately activated aldehydes such as chloro- or
bromo-substituted benzaldehyde gave higher yields of
products compared to strongly activated or deactivated
aldehydes. The scope and generality of this process is
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illustrated with respect to various aldehydes and homo-
allylic alcohols (Table 1).9

In summary, molecular iodine is proved to be a useful
and novel reagent for Prins-cyclization to produce
highly substituted tetrahydropyrans in excellent yields
in short reaction times. The experimental procedure is
simple, convenient and the reaction conditions are ame-
nable to scale-up. This method provides an easy access
to 4-iodotetrahydropyrans with diverse chemical
structures.
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