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The secondary homoallylic alcohol derived from D-glucose undergoes smooth coupling with aldehydes in
the presence of molecular iodine under mild reaction conditions to produce 7-iodofurano[3,2-b]pyrans in
good yields. This method is highly stereoselective, affording cis-tetrahydropyrans exclusively.
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The Prins cyclization is very useful method for the synthesis of
six-membered tetrahydropyran derivatives.1 The tetrahydropyran
ring is frequently found in various natural products such as aver-
mectins, aplysiatoxins, oscillatoxins, latrunculins, talaromycins,
and acutiphycins.2 Tetrahydropyran derivatives are usually pre-
pared via Prins cyclization using acid catalysis.3 The Prins cycliza-
tion between homoallylic alcohols and aldehydes has been
reported using a variety of catalysts and nucleophiles to produce
a large number of tetrahydropyrans.4 Besides homoallylic alcohols,
homopropargylic alcohols are also known to undergo the Prins-
type cyclization to furnish dihydropyrans.5 In addition, silyl-mod-
ified Prins cyclization has also been reported to furnish tri-, tetra-,
and penta-substituted dihydropyrans.6 However, to the best of our
knowledge, there have been no reports on the Prins cyclization of
sugar-based homoallyl alcohols.

In continuation of our interest on the application of Prins cycli-
zation for new chemical entities,7 we herein report a simple and
metal catalyst-free Prins cyclization for the synthesis of highly
substituted tetrahydropyrans from sugar-based homoallylic
alcohols and aldehydes using molecular iodine under neutral con-
ditions. Initially, we have attempted the coupling of p-chlorobenz-
aldehyde (1) with chiral secondary homoallylic alcohol (2), derived
from D-glucose in the presence of molecular iodine at room tem-
perature. The reaction was complete in 7 h and the corresponding
ll rights reserved.
product 3a was obtained in 76% yield with all cis-selectivity
(Scheme 1).

The product 3a was characterized thoroughly with the help of
various NMR experiments including 2-D nuclear Overhauser effect
spectroscopy (NOESY, Fig. 1) and double quantum filter correlation
spectroscopy (DQFCOSY). The coupling constants: 3JH3–H4 = 1.7, 3J
H4–H5 = 3.4, 3JH5–H6 = 12.3, 3JH5–H60 = 4.5, 3JH6–H7 = 11.7, and 3JH6–

H7 = 1.7 Hz are consistent with 3C6 chair form of the six-membered
ring. Further, nOe cross peaks between H3/H5, H3/H7, and H5/H7
support their 1–3 axial disposition and are consistent with the
equatorial position of the iodo and phenyl moieties. NOe cross
peaks between CH3(pro-s) and H1 and H2 also support enveloped
conformation for the isopropylidene ring. Further support for the
assigned conformation comes from energy-minimized structure
(Fig. 2).

This result provided the incentive for further study of reactions
with other aldehydes. Interestingly, various aryl aldehydes such as
benzaldehyde, m-chlorobenzaldehyde, o-hydroxybenzaldehyde,
OHCl Cl
1 2 3a

Scheme 1. Prins cyclization of p-chlorobenzaldehyde with chiral homoallyl alcohol.

http://dx.doi.org/10.1016/j.tetlet.2010.01.028
mailto:yadavpub@iict.res.in
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet


Figure 1. Expansion of the NOESY spectrum showing the characteristic nOe correlations.
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Figure 2. Energy-minimized structure of 3a.
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and p-methoxybenzaldehyde participated well in this reaction (Ta-
ble 1, entries b–e). Acid-sensitive hydrocinnamaldehyde is also
effective for the Prins cyclization (Table 1, entry f). 1,3,5-trioxane
also underwent smooth coupling with homoallyl alcohol to give
the corresponding product (Table 1, entry g). The Prins cyclization
also proceeded smoothly with aliphatic aldehydes such as propan-
aldehyde, isobutaraldehyde, and butaraldehyde (Table 1, entries
h–j). The scope and generality of this reaction are illustrated with
respect to various aldehydes, and the results are summarized in
Table 1.7 In all the cases, the desired six-membered tetrahydropy-
rans were exclusively formed in good yields. The reaction works
well with a wide range of aldehydes. In the absence of iodine,
the reaction failed to give the desired products even after long
reaction time (12 h) under reflux conditions. No reaction was
observed when metal salts such as LiI, NaI, and KI were used as
promoters. The reactions proceeded only with iodine at room tem-
perature with complete diastereocontrol, affording the cis-tetra-
hydropyrans exclusively. As a solvent, dichloromethane appeared
to give the best results. The reactions were clean and the products
were obtained in good yields and with high diastereoselectivity as
determined from the NMR spectrum of the crude product. Only a
single diastereoisomer was obtained from each reaction, the struc-
ture of which was confirmed by NMR studies. Mechanistically, the
reaction may proceed via an acetal formation by in situ generated
HI from iodine and alcohol as described in our earlier Letter.4b Thus
initially formed acetal may undergo dehydration to generate the
oxocarbenium ion. This highly reactive intermediate may undergo
Prins cyclization to give b-carbocation which may subsequently be
trapped by iodide ion to give the desired product (Scheme 2).

A rationale for the all cis-selectivity involves the formation of an
(E)-oxocarbenium ion via a chair-like transition state, which has
increased the stability relative to the open oxocarbenium ion due
to delocalization. The optimal geometry for this delocalization
places the hydrogen atom at C4 in a pseudo-axial position, which
favors equatorial attack of the activated p-bond nucleophiles.8

In summary, we have demonstrated an efficient approach for
the synthesis of sugar-based furano[3,2-b]pyrans under mild and
neutral conditions. The use of iodine makes this method simple,
convenient, and practical. This method provides an easy access
for a novel class of sugar-annulated pyrans in a single-step opera-
tion which may find application in drug discovery and also in nat-
ural products synthesis.



Table 1
Synthesis of polyhydroxylated tetrahydropyrans from sugar-based homoallyl alcohol

Entry Aldehyde Alcohol Producta Reaction time (h) Yieldb (%)

a
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h

CHO O

OH O

O
O

O

I

O

O 8.0 72

i
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j

CHO O

OH O

O
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O

O 6.0 76

a All products were characterized by 1H,13C NMR, IR, and mass spectroscopy.
b Yield calculated after column chromatography.
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Scheme 2. A plausible reaction mechanism.
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