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Abstract: We describe in this letter the first enantioselective syn-
thesis of (–)-(2S,6S)-(6-ethyltetrahydropyran-2-yl)formic acid (2)
in five steps (30% overall yield, 87% ee), from the commercial
chiral template (R)-2,3-isopropylideneglyceraldehyde (4). The two
stereogenic centers in 2 were controlled by diastereoselective
Barbier allylation of 4 in aqueous media and an efficient Prins
cyclization reaction between 5 with propanal.
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Six-membered ring saturated oxygen heterocycles are an
integral part of many biologically active compounds.1 The
Prins cyclization of homoallylic alcohols with aldehydes
under strongly protic acidic conditions is an old reaction,2

that is now emerging as an efficient methodology for the
preparation of substituted tetrahydropyran.3 In general,
2,4,6-cis all equatorial substituted are obtained in high
diastereoselectity.4,5 In a recent paper, Rychnovsky
developed the first axial-selective Prins cyclization
methodology to the heteroatom at the 4-position, expand-
ing the synthetic scope of this reaction.6

In our search for bioactive substances7 we have detected a
very active one, the (±)-cis-(6-ethyltetrahydropyran-2-
yl)formic acid (1), as a novel class of non-steroidal anal-
gesic compound.8 In our previous paper, 1 was efficiently
prepared in the racemic form and showed important anal-
gesic properties in the tail flick model.8 In order to provide
this compound as a pure enantiomer for further pharmaco-
logical assays, we decided to create a fast enantioselective
synthesis of 2 which could be also appropriate to prepare
3. In this letter we described the first total enantioselective
synthesis of 2 (Figure 1), based on the strategy of con-
structing the tetrahydropyran ring through an efficient
diastereoselective Prins cyclization.

In our retro-synthetic analysis of 2 (Scheme 1) the ketal A
can be easily transformed to the carboxylic acid moiety of
2, trough a oxidative cleavage.9 The stereogenic carbon
on C6(S) present in A could be controlled through a dia-
stereoselective Prins reaction, between homoallylic alco-

hol 5 and propanal, through intermediate B, furnishing the
cis-configuration between C2-C6.

3–5 To the best of our
knowledge the homoallylic alcohol 5 has never been used
as substrate on the Prins cyclization, probably due the
presence of a ketal moiety, which could lead to side reac-
tions in such an acidic media. However, the use the
homoallylic alcohol 5 in this synthesis leads to a few steps
procedure, avoiding deprotection–protection steps.
Finally the anti-5 could be prepared through a diastereo-
selective Barbier reaction between the synthon 4 and
allylbromide.10

Scheme 1 Retro-synthetic analysis of 2.
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Figure 1 Cis-(6-ethyl-tetrahydropyran-2-yl)formic acids.
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The (R)-2,3-isopropylideneglyceraldehyde (4) and its
enantiomer are commercially available and can be effi-
ciently prepared from D-mannitol and L-ascorbic acid, re-
spectively. Both have been extensively used as starting
materials in enantioselective synthesis.11

The present synthesis of 2 starts with the allylation of the
non-distilled aldehyde 4 with allyl bromide under zinc-
mediated Barbier protocol in aqueous media, leading to
the formation of homoallylic alcohol 5 in 74% yield,12 as
an epimeric mixture (77:23, anti:syn, Scheme 2). It is im-
portant to note that the stereoselectivity using our protocol
was similar to that obtained in the literature, in which the
very expensive metallic indium in non-catalytic amounts
is used as promoter.9

We believe that the major anti-epimer could be obtained
through a chelated six-membered ring transition state,
where the allylzinc attacks the less hindered Si face of the
chiral aldehyde 4 (Scheme 2).11

Scheme 2

The separation of the anti-diastereoisomer of 5 from the
diastereoisomeric mixture was difficult to accomplish by
chromatographic methods. Thus, a selective transketaliza-
tion of the syn-isomer led to trans-ketal 6, which was eas-
ily separated by column chromatography, yielding the
desired anti-isomer in 92% de (Scheme 3).13

Then, compound 5 was treated with propanal and SnBr4,
and ethyl-ketal 8 was obtained subsequently in 66% yield
as a mixture of 4 diastereoisomers (Scheme 4).14

Compound 8 was converted in the diol 9 (Scheme 5) in a
sequence concerning of debromination with sodium boro-
hydride followed by acidic ketal opening in 88% yield for
the two steps and 96% de measured by GC/MS.15 Finally,
the oxidative cleavage of 9 with NaIO4 led to aldehyde 12
which was immediately converted to de desired (S,S)-cis-
acid 2 through oxidation using NaClO2–H2O2 in 90%
yield and 87% ee (measured through chiral capillary gas
chromatography).16

Scheme 5 Reagents and conditions: a) NaIO4, MeOH–H2O (1:3),
93%; b) NaClO2, H2O2, 90%.

In conclusion, we present in this letter the following
results: (1) the first example using the (R)-2,3-isopropyl-
idene glyceraldehyde (4) as an efficient chiron template in
an enantioselective strategy of construction of the tetrahy-
dropyran ring through the Prins cyclization; (2) a fast and
efficient first total enantioselective synthesis to the tet-
rahydropyran derivative (S,S)-2, a novel class of analgesic
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Scheme 3 Reagents and conditions: a) Zn, allyl bromide; THF–
NH4Cl (1:5), 74%; b) acetone, p-TSA, 71%.
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Scheme 4 Reagents and conditions: a) SnBr4, propanal; CH2Cl2,
0 °C, 66%; b) NaBH4, DMSO, 80 °C; c) HCl, MeOH, 24 h, r.t., 88%
(two steps).
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compound; (3) an efficient methodology to purify an
epimeric mixture of 5 through a selective transketalization
of the syn-isomer vs. the trans-isomer. Once the enantio-
mer (S)-2,3-isopropylidene glyceraldehyde is commercial
or easily prepared from L-ascorbic acid, our approach also
allows a fast and efficient synthesis of the enantiomer
(R,R)-3. Detailed pharmacological assays, comparing the
racemic (±)-1 with the enantiopure (S,S)-2 and (R,R)-3 is
now under investigation.
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