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Two (3,6-dihydro-2-methylsulfanyl-2H-thiapyran-2-yl)phosphonate derivatives have been chemoselec-
tively oxidized on the thiopyran sulfur. The obtained allylic six-membered cyclic sulfoxides 2a and 2b
were reacted under Pummerer reaction conditions leading to new thiopyran derivatives (4a and 6b,
respectively). In both studied cases, the nucleophilic attack of b,c-unsaturated thionium ion intermediate
took place regioselectively at the c-position (even when occupied by a methyl substituent like in 2b). An
unexpected second product 7b was however obtained from substrate 2b (having the dimethyl-substi-
tuted double bond). Dephosphorylation of 7b under basic conditions led to an original conjugated
tri-unsaturated trifluromethylcarbonyl thiopyran product (8b). These results represent new original
examples of the Pummerer reaction.

� 2008 Elsevier Ltd. All rights reserved.
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The Pummerer reaction represents a useful synthetic tool in or-
ganic chemistry. Several book chapters1 and reviews2 deal with
this reaction, including various synthetic applications, as well as
mechanistic studies. Among the various sulfoxides used as sub-
strates in Pummerer-type reactions, six-membered cyclic sulfox-
ides are of particular interest for synthetic applications targeting
biomolecules (see e.g., thiaglycosides,3 thianucleosides,4 cephalo-
sporins,5 antibacterial agents6). Earlier studies of our laboratory
dealt with the use of dithioesters as dienophiles in hetero-Diels–
Alder (HDA) reactions,7 which allowed a convenient access to
highly functionalized thiopyrans, either by using appropriate func-
tionalized dienes, or by subsequent functionalization of the cyclo-
adduct double bond. Taking advantage of the presence of sulfur
atom, the Pummerer reaction could be a complementary original
route to introduce new functions on these structures. From a the-
oretical point of view, the Pummerer reaction involving an allylic
sulfoxide (Scheme 1, step II) should proceed via a b,c-unsaturated
thionium ion intermediate, which could be attacked by the nucleo-
phile at either the a- or c-position.2g,8,9 It is still not established
however which are the factors governing the regioselectivity in
this type of reaction. Moreover, our substrates are six-membered
cyclic allylic sulfoxides, which represent a particular case, since
in some examples of similar substrates, the Pummerer reaction
led to abnormal or unexpected products.10 To study this reaction,
a first condition is however required: the chemoselective oxidation
of the thiopyran sulfur, since the exocyclic sulfur from the methyl-
ll rights reserved.

lea).
sulfanyl group is also a reactive site (Scheme 1, step I). Some stud-
ies dealing with the relative nucleophilicity of the two sulfur atoms
in 1,5-dithioglycoside systems have already been reported.11 In a
recent paper, it was shown that in the electrophilic S-oxidation
(with mCPBA) of 1,5-dithioglycopyranosides, the endo sulfoxide
is obtained preferentially, demonstrating that the endocyclic sul-
fide is more nucleophilic than the exocyclic one.8d Concerning
the dithiopyrane adducts, previous studies in our group also sup-
port this conclusion. Hence, the desulfanylation under radical con-
ditions (using Bu3SnH/AIBN system) of these compounds was
totally selective, with the attack of the tributyltin radical on the
more electrophilic exocyclic sulfur atom.7 These results led us to
suppose that the desired endo sulfoxide should be obtained.

This Letter describes our preliminary results obtained in the
selective S-oxidation and Pummerer reaction tested on two sub-
strates, 1a and 1b (Scheme 2), readily prepared by HDA reaction
following the protocol described by Masson and co-workers7a
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between a phosphonodithioformate and butadiene or 2,3-dimethyl
butadiene, respectively. The substrates were selected to have in the
cycloadduct either an unsubstituted (1a: R = H) or a disubstituted
double bond (1b: R = Me).

First, the reactivity of 2-methylsulfanyl-2-phosphonyl dihydro-
thiopyrans 1a and 1b toward oxidation was examined. Classical
sulfoxidation conditions were tested (mCPBA in CH2Cl2 and NaIO4

in EtOH/H2O, at different temperatures between �78 �C and rt). In
all the cases, the desired sulfoxides 2a and 2b were mainly
obtained together with a secondary product 3a or 3b, respectively,
resulting very probably from elimination of methylsulfenic acid
(MeSOH) from the methylsulfoxide regioisomer 3a0 or 3b0 (Scheme
2, Table 1). The ratio between 2 and 3 reflects in this case the endo/
exo selectivity of the sulfur oxidation. In both cases, it was possible
to separate products 2 and 3 from the reaction mixture by chroma-
tography on silica gel. For the substrate 1a the best isolated yield in
product 2a (83%) was obtained using Method A (Table 1).12 In these
reaction conditions, 2a was obtained as a mixture of two diastereo-
mers in a 93:7 ratio. In the case of 1b, Method B led to the best
yield (65%) in product 2b, which was obtained as a mixture of
two diastereomers in a 65:35 ratio.

These results represent a supplementary evidence of the endo-
versus exocyclic sulfur reactivity in dithiopyran series.

Then, 2-methylsulfanyl-2-phosphonyl dihydrothiopyran 1-oxide
2a was reacted under Pummerer reaction conditions with trifluo-
roacetic anhydride (TFAA), leading to allylic alcohol 4a in 91% yield,
after treatment of the reaction mixture with a NaOH aqueous solu-
tion (Scheme 3). Under these conditions, the Pummerer reaction
took place regioselectively, with the nucleophilic attack at the
c-position of the b,c-unsaturated thionium ion (see Scheme 1).
No trace of the compound resulting from nucleophilic attack in
the a-position was observed. Concerning the diastereoselectivity
of the reaction, the starting sulfoxide 2a having a high diastereo-
meric excess (86% de), led however to product 4a as an equimolar
mixture of syn/anti diastereomers. Very probably, phosphonyl and
Table 1
Sulfoxidation of substrates 1a and 1b

Substrate Method Product 2 Product 3 31P NMR, d (ppm)
(Yield %)a (Yield %)a 2 Major/2 minor/3
drb

1a A 2a (83) 3a (13) 17.2/16.2/12.3
93:7

1a B 2a (80) 3a (11) 17.2/16.2/12.3
75:25

1b A 2bc 3bc —c

1b B 2b (65) 3b (12) 17.4/16.8/12.5
65:35

a Isolated yield.
b Diastereomeric ratio 2 major/2 minor determined by 31P NMR.
c 2b and 3b were detected by 31P NMR (�1:1 ratio) in a complex reaction mixture

and were not isolated.
methylsulfanyl groups are too far from the reactive center to influ-
ence the diastereoselectivity of the nucleophilic addition. Acetyla-
tion of alcohol 4a led to a mixture of the corresponding
diastereomeric acetates 5a-syn and 5a-anti, which were separated
by chromatography on silica gel. It was then possible to assign
their relative configuration using NMR experiments.

Compared to the first studied case, the second selected sub-
strate 2b has the double bond 1,2-disubstituted with two methyl
groups. We expected that this modification would limit the nucleo-
philic attack at the more hindered c-position of the b,c-unsaturated
thionium ion and favor attack at the a-position (see Scheme 1).
Reacted under Pummerer conditions13 defined previously, sulf-
oxide 2b led to two products in quasi equimolecular ratio (Scheme
4). The first product was easily identified by NMR as compound 6b.
This product very probably results from a trifluoroacetate elimina-
tion from 6b0, which was formed by the nucleophilic attack of the
trifluoroacetate anion at the c-position of the thionium ion inter-
mediate (like in the previous case 2a?4a), in spite of the presence
of the methyl group in this position.

Concerning the second product, a series of NMR experiments
was performed to ensure its identification and finally structure
7b was assigned.14 In order to propose a reasonable mechanism
for its formation, we first checked if compound 7b was originated
from compound 6b by treating this latter with 1.1 equiv of TFAA,
but no trace of 7b was obtained. However, when sulfoxide 2b
was treated with an excess of TFAA (3 equiv) the same mixture
of products 6b/7b was obtained in a 1:1 ratio. The formation of
the exocyclic and the C5@C6 double bonds can be explained by a
mechanism similar to that proposed for 6b, and the C2@C3 double
bond can be formed by a thiophilic attack of the trifluoroacetate
nucleophile on the methylsulfanyl group followed by a subsequent
b-elimination. However, the introduction of the trifluoroacetyl
group on the exocyclic double bond remains unclear. It is worth
noting that a quite similar example was already reported in the
literature, in which a trifluoroacetyl group was also unexpectedly
introduced by a Pummerer reaction a- to the sulfur, in a dihydro-
thiazine ring system.6 No explanation was given. Finally, in order
to access new tri-unsaturated conjugate thiopyran systems, which
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can be interesting conjugated substrates for reactivity studies, we
attempted to cleave the phosphoryl group in compound 7b. Under
basic conditions (potassium carbonate in refluxing methanol),
dephosphorylation occurred easily leading to product 8 in 60%
yield (Scheme 5).15

In conclusion, we have succeeded in oxidizing chemoselectively
the thiopyran sulfur in the presence of an exocyclic methylsulfanyl
group in the 2-position in the case of two selected substrates. The
obtained thiopyran 1-oxides, which are six-membered cyclic allylic
sulfoxides, were reacted under Pummerer reaction conditions
leading to new thiopyran derivatives. In both studied cases 2a
and 2b (with an unsubstituted and with a 1,2-dimethyl substituted
double bond, respectively), the nucleophilic attack on the b,c-
unsaturated thionium ion intermediate took place regioselectively
at the c-position, even when occupied by a methyl substituent,
leading to 4a and 6b, respectively. An unexpected side-product
7b having an original conjugated tri-unsaturated trifluromethyl-
carbonyl thiopyran structure was however obtained from sub-
strate 2b. The mechanism of the formation of this compound
remains unclear. Cleavage under basic conditions of the phos-
phoryl group in 7b leads to another original compound 8b. Mech-
anistic studies and possible synthetic applications of these
Pummerer-type reactions are currently under investigation in our
laboratory.
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(1 mL) and MeOH (1 mL) was stirred at reflux for 6 h. The mixture was
then extracted with CH2Cl2, the organic layer was washed with water, dried
over MgSO4, and evaporated under reduced pressure. The residue was purified
by column chromatography on silica gel to yield compound 8 (8 mg,
0.036 mmol, 69%). Aspect: yellow-orange solid; mp: 76–78 �C. Rf: 0.67
(pentane/AcOEt: 70/30). 19F NMR (376 MHz, CDCl3) d = �77.6. 1H NMR
(400 MHz, CDCl3) d = 9.09 (d, J = 10.4 Hz, 1H, H3), 7.52 (ddd, J = 10.4, 3.6,
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3H, Me). 13C NMR (101 MHz, CDCl3) d = 177.8 (q, J = 31.9 Hz, COCF3), 150.2 (s,
C4), 134.5 (s, C5), 133.2 (s, C2), 131.0 (s, C6), 126.3 (s, C3), 117.4 (q, J = 292.0 Hz,
CF3), 99.0 (s, CHCOCF3), 22.5 (s, Me). HRMS calcd for C9H8F3OS: 221.0248;
found: 221.0258.
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