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Introduction

Many biologically active natural products contain 2,6-disub-
stituted tetrahydropyranyl (THP) systems, such as dissaka-
laides, erythromycin A,[1a] kidamycin,[1b] phorboxazole A,[1c]

and zincophorin (Scheme 1).[1d] Typical methods to construct
these types of substituted frameworks use nucleophilic-sub-
stitution reactions at the anomeric position (2-position) of
THP ethers or esters. For example, various O-, N-, and C-
nucleophiles, including allylsilanes, silyl enol ethers, and
arenes, can be introduced at the anomeric positions of THPs
by using Lewis-acid-promoted reactions through the nucleo-
philic capture of oxocarbenium-ion intermediates
(Scheme 2).[2] However, processes of this type cannot be ap-
plied to substrates that contain acid-labile groups. The same
limitation applies to glycosylation reactions, in which a pro-
moter, such as a Lewis acid, is required to promote the reac-
tion between a glycosyl donor and acceptor.

In recent years, new glycosylation processes that rely on
pre-activation strategies have garnered considerable atten-
tion (Scheme 3).[3] This general approach, which involves ac-
tivation of the donor prior to the addition of the glycosyl ac-
ceptor, possesses numerous benefits, including the ability to
control chemical and stereochemical selectivities. In this context, we recently developed a method to activate acetals

for nucleophilic-substitution reactions that involved the
treatment of these substances with TESOTf (TES = triethyl-
silyl) and pyridines, such as 2,4,6-collidine (Scheme 4). The
overall reaction proceeded through the formation of a pyridi-
nium-type salt intermediate, which then underwent nucleo-
philic-substitution reactions with heteroatom-containing nu-
cleophiles, such as H2O,[4] alcohols, azides, and thiols.[5] This
strategy has also been applied to C�C bond-forming pro-
cesses, wherein Gilman reagents were employed as C-nucle-
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Scheme 1. Examples of bioactive natural products that contain 2,6-disub-
stituted THP groups.
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ophiles in reactions with the intermediate pyridinium-type
salts.[6] Moreover, this method employed almost neutral con-
ditions and, as a result, even acid-labile functionalities, such
as a trityl (Tr) group, were tolerated. In a recent investiga-
tion, we applied this strategy, which was regarded as a pre-
activation strategy, for the introduction of nucleophiles, such
as alcohols, azides, and C-nucleophiles, onto the anomeric
centers of 6-alkoxymethyltetrahydropyranyl esters, including
carbohydrate derivatives (Scheme 5).

Results and Discussion

Preparation of THP Pyridinium-type Salts

Initially, we investigated the conditions required to prepare
THP pyridinium-type salts from the reactions of THP ethers
with TESOTf and pyridines. A major issue in these process-
es concerned the selectivity of the reactions that involved
two different ether oxygen centers in THP ethers. Impor-
tantly, the selective coordination of silyltriflate to the exocy-
clic oxygen was required to form THP pyridinium-type salts
that would participate as intermediates in anomeric-substitu-
tion reactions. However, our previous investigation of the
deprotection of THP ethers suggested that the endocyclic
oxygen center in these substances was more reactive. Specif-
ically, we observed the selective coordination of TESOTf to
the less-hindered endocyclic oxygen of THP-protected alco-
hols, followed by displacement with 2,4,6-collidine to form
the ring-opened pyridinium-type salt, which subsequently re-
acted with H2O to give the deprotected alcohol
(Scheme 6).[7]

In contrast, we anticipated that, when this procedure was
applied to 6-alkoxymethyl-substituted tetrahydropyran de-
rivatives, TESOTf coordination would occur selectively at
the less-sterically encumbered exocyclic oxygen and, as
a result, that pyridinium-salt formation and subsequent nu-
cleophilic displacement would take place at the THP
anomeric center (Scheme 7).

To explore this proposal, we investigated the reaction of
6-benzyloxymethyl-substituted THP methyl ether 1 with
TESOTf and 2,4,6-collidine (Scheme 8). We observed that
collidinium salts 2 a and 2 b were not generated in this pro-
cess but instead a small quantity of enol ether 3 was ob-
tained. Based on the thought that the failure of this process
might be a consequence of the poor leaving ability of the
methoxy group, we probed the reaction of 2-acetoxy deriva-
tive 4 with TESOTf and 2,4,6-collidine, followed by the ad-
dition of EtOH. However, again, the reaction led to the for-
mation of enol ether 3 as the major product along with
small amounts of THP ethyl ether 5 a. Although the use of
TMSOTf instead of TESOTf led to a slightly improved yield
of compound 5 a, the major product was still enol ether 3
(Scheme 9).

The low yield of substitution product 5 a compared to
enol ether 3 in the reaction of THP ester 4 suggested that
the nucleophilic-substitution reaction of the silyltriflate com-
plex was slower than b-elimination, owing to the high basici-
ty and low nucleophilicity of 2,4,6-collidine. To investigate

Abstract in Japanese:

Scheme 2. Introduction of nucleophiles at the anomeric positions of
THPs.

Scheme 3. Pre-activation method for the introduction of nucleophiles at
the anomeric positions of THPs.

Scheme 4. Nucleophilic-substitution reactions of acetals.

Scheme 5. Pre-activation strategy for promoting nucleophilic-substitution
reactions at the anomeric centers of 6-alkoxymethyltetrahydropyranyl
esters.

Scheme 6. Deprotection of THP ethers by using a combination of
TESOTf and 2,4,6-collidine.
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this issue further, we performed the reactions of compound
4 with TMSOTf and other pyridines (Table 1). These results
showed that the use of 2,6-lutidine was not effective
(Table 1, entry 2) but that, when the less-bulky 2-pi-
coline was used, the pyridinium-type salt was effi-
ciently formed and reacted with EtOH to produce
compound 5 a in 73 % yield, although a long reac-
tion time was required (Table 1, entry 3). However,
the reaction with 2,2’-bipyridyl, which is known to
be an efficient base for the transformations of me-
thoxymethyl (MOM) ethers into alcohols[8] and
methylene acetals into 1,2- or 1,3-diols,[9] gave com-
pound 5 a in almost the same high yield but in
a much shorter reaction time (Table 1, entry 4). The
use of other 2-substituted pyridines, including 2-
phenylpyridine and 2-p-tolylpyridine, also led to
minimization of the contribution of b-elimination
and efficiently generated compound 5 a as the main
product (Table 1, entries 5 and 6). Finally, a highly
stable pyridinium salt was formed when pyridine

was used and a long reaction
time was required for its con-
version into compound 5 a
(Table 1, entry 7).

The formation of pyridinium-
type salt intermediates in the
substitution-reaction pathway
was demonstrated by using
HRMS (FAB; Scheme 10). MS
(FAB+) analysis of the mixture
from the reaction of compound
4 with TMSOTf (2 equiv) and
2-p-tolylpyridine (3 equiv) in
CH2Cl2 (0.1 m) showed a [M]+

peak at m/z 374.2115 with a mo-
lecular formula of C25H28NO2,
which corresponded to 2-p-tol-
ylpyridinium salt 6. Importantly,
a [M]+ peak owing to 2-p-tolyl-
pyridinium salt 7, which would
have been produced from a re-
action initiated by complexa-
tion of the endocyclic oxygen,
was not observed. In addition,
a [M]+ peak that was associated
with the glycosyl triflate 8 was
not found.

Analysis of the 1H NMR
spectra of starting THP ester 4
(cis/trans =1:1.5) and the mix-
ture that was formed by the re-
action of this THP ester with
TMSOTf and 2-p-tolylpyridine
in CD2Cl2 (Figure 1, also see
the Supporting Information)
demonstrated that complete
conversion of the substrate

took place to form the pyridinium-type salt intermediate.
Furthermore, the presence of a doublet-of-doublets (J= 10.0

Scheme 7. Selective nucleophilic substitution of 6-alkoxymethyltetrahydropyranyl ethers at their anomeric po-
sitions.

Scheme 8. Reaction of THP ether 1 with TESOTf and 2,4,6-collidine.

Table 1. The use of various pyridines in the TMSOTf-promoted reactions of THP
ester 4 with EtOH.

Entry Pyridines t Yield [%] of 5a (trans/cis)[a] Yield [%] of 3

1 2,4,6-collidine 2 h 18 (64:36) 51
2 2,6-lutidine 5 min trace 65
3 2-picoline 27 h 73 (63:37) 9
4 2,2’-bipyridyl 15 min 71 (71:29) 16
5 2-phenylpyridine 30 min 83 (68:32) trace
6 2-p-tolylpyridine 30 min 86 (67:33) trace
7 pyridine 4 d[b] 30 (65:35) trace

[a] Stereoisomeric ratios were determined by using 1H NMR spectroscopy; [b] un-
reacted pyridinium salt remained.

Scheme 9. Reaction of THP ester 4 with silyltriflate and 2,4,6-collidine, followed by the addition of EtOH.
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and 2.0 Hz) at d= 5.68 ppm demonstrated that the anomeric
proton was axial. The signal at d=6.34 ppm did not corre-
spond to an equatorial 2-proton in the pyridinium-type salt
intermediate but rather the a-proton of enol ether 3, which
was formed during the acquisition of the NMR spectra at
room temperature, owing to the instability of the pyridini-
um-type salt to generate enol ether 3 above 0 8C. These re-
sults showed that the 2-p-tolylpyridine group in the salt
adopted an equatorial orientation and that the salt pos-
sessed 2,6-cis stereochemistry. It has been previously report-
ed that equatorial THP 2-pyridinium-type salts are fa-
vored.[10]

Based on these observations, we proposed a mechanism
(Scheme 11) for the formation of the salt intermediate in
the TMSOTf-promoted reaction of THP ester 4. Because
a cis/trans ratio of 1:1.5 of compound 4 was not reflected in
pyridinium-type salt 6 (cis only), salt-formation did not
appear to occur via route A, which involved the SN2-type
concerted nucleophilic addition of 2-p-tolylpyridine and the
elimination of acetate. Instead, a pathway (route B) in
which the reaction proceeded through the formation of, and
pyridine addition to, an oxocarbenium-ion intermediate was
more likely. Enol ether 3 was generated in this process by

either E2 elimination (route C) or pyridine-induced deproto-
nation of the oxocarbenium-ion intermediate (route D;
Scheme 12). Independent of which pathway was involved in
the enol-ether formation, the steric bulk of the pyridine de-
rivative would be a governing factor in determining the
yield of the substitution product. In the case of 2,6-disubsti-
tuted pyridines, such as 2,4,6-collidine and 2,6-lutidine, enol
ether 3 was produced by one of the elimination pathways,
whereas the reactions that used less-hindered 2-monosubsti-
tuted pyridines, such as 2-p-tolylpyridine, afforded the de-
sired substitution products (Scheme 13).

Use of Alcohol Nucleophiles

Having established optimized conditions (TMSOTf-2-p-tol-
ylpyridine) for the substitution reaction of THP ester 4, the
scope of this substitution process was investigated with a va-
riety of alcohols (Table 2). Alcohols other than EtOH
(Table 2, entry 1), including benzyl and secondary alcohols
(Table 2, entries 2 and 3), participated in this reaction to
form their corresponding THP ethers in high yields. When
the less-nucleophilic phenol was used, the desired product
(5 d) was generated in moderate yield (Table 2, entry 4).
Moreover, when propargyl alcohol was the nucleophile, the
reaction proceeded with high efficiency (Table 2, entry 5). In
all cases, 2,6-trans products were formed in higher yields
than their corresponding 2,6-cis isomers.[11]

Scheme 10. Possible intermediates in the reaction of compound 4 with
TMSOTf and 2-p-tolylpyridine.

Figure 1. 1H NMR spectra of: a) THP ester 4, b) the mixture produced by
its reaction with TMSOTf and 2-p-tolylpyridine.

Scheme 11. A plausible mechanism for formation of pyridinium-type salts
in the TMSOTf-promoted reactions of THP ester 4.

Scheme 12. Plausible mechanisms for formation of enol ether 3 in the
TMSOTf-promoted reactions of THP ester 4.
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Further studies of this process found that acid-labile
groups, such as TBS and trityl ethers, were stable under the
reaction conditions (Table 3, entries 1 and 2). Because the
previously reported methods for promoting these types of
substitution reactions employed acidic conditions that did
not tolerate the presence of acid-labile groups,[12] this result
demonstrated the power of this procedure.

The reactions of 2-deoxysugar derivatives were also exam-
ined (Table 4).[13] 2-Deoxyglucose derivative 11 and 2-deoxy-
galactose derivative 12 reacted smoothly with EtOH to form
their respective glycosidic ethers (Table 4, entries 1 and 3).
Glucose derivative 13, which possessed a free primary alco-
hol group, also served as a nucleophile in this process
(Table 4, entries 2 and 4). These findings showed that this
method could be applied to the synthesis of disaccharides.

Use of Azide as a Nucleophile

The use of this method for the formation of glycosyl azide
was also probed. Under the optimized conditions, which
have previously been shown to be applicable to the forma-
tion of N,O-acetal,[5] THP ester 4 reacted with NaN3 in the
presence of [18]crown-6 to form their corresponding azide
(16) in excellent yield (Table 5, entry 1). Moreover, by using

a combination of TMSN3 and tetrabutylammonium difluoro-
triphenylsilicate (TBAT) to promote this process, the forma-
tion of the desired product (16) occurred in excellent yield
with high trans selectivity (Table 5, entry 4).

Scheme 13. Effects of the steric bulk of the pyridine derivative on
TMSOTf-promoted reactions of THP ester 4.

Table 2. Reaction of 4 with various alcohols.

Entry R t 5 Yield [%] trans/cis[a]

1 Et 30 min 5a 86 67:33
2 Bn 1 h 5b 88 79:21
3 iPr 30 min 5c 80 71:29
4 Ph 1 h 5d 43 77:23
5 propargyl 30 min 5e 83 85:15

[a] Stereoisomeric ratios were determined by using 1H NMR spectrosco-
py.

Table 3. Reactions of compound 9 with EtOH.

Entry R 9 (trans/cis) 10 Yield [%] trans/cis[a]

1 TBS 9 a (37:63) 10a 80 73:27
2 Tr 9b (34:66) 10 b 76 74:26

[a] Stereoisomer ratios were determined by using 1H NMR spectroscopy.

Table 4. Reaction of sugar derivatives.

Entry Donor Acceptor t [h] Product Yield [%] (a/b)[a]

1 EtOH 3 14a 73 (45:55)
2 13 3 14 b 57 (62:38)

3 EtOH 2 15a 88 (63:37)
4 13 3 15 b 65 (85:15)

[a] Stereoisomeric ratios were determined by using 1H NMR spectrosco-
py.

Table 5. Reaction conditions.

Entry Conditions t [min] Yield [%] trans/cis[a]

1 NaN3, [18]crown-6 60 88 65:35
2 TMSN3 – N.R. –
3 TMSN3, TBAF 30 60 >95:5
4 TMSN3, TBAT 5 88 >95:5

[a] Stereoisomeric ratios were determined by using 1H NMR spectrosco-
py. N.R.=no reaction.
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Next, this azidation process was applied to THP ester 9 b,
which contained a trityl group (Scheme 14). The desired
product (17) was formed without the loss of the acid-labile
trityl group in moderate yield with high diastereoselectivity.
The reaction of a pyridinium-type salt that was derived from
2-deoxyglucose derivative 11 with TMSN3 and TBAT also
proceeded efficiently to form the desired azide product but
with only moderate diastereoselectivity (Scheme 15). These

findings showed that this mild and high-yielding method can
be used to prepare glycosyl azides, which are potentially
useful substrates in click chemistry[14] and Staudinger liga-
tion[15] approaches for the generation of glycoarrays[16] and
glycoconjugates.[17]

Use of C-Nucleophiles

Finally, we considered the use of C-nucleophiles in substitu-
tion reactions with pyridinium-type salts that were derived
from THP and other related esters.[18–21] The 2-p-tolylpyridi-
nium salt of compound 4 did not react with the Gilman re-
agent (Ph2CuLi), which was previously observed to partici-
pate in similar alkylation reactions of acetals (Table 6,
entry 1).[6] Phenyl lithium and phenyl magnesium bromide

also did not react to yield substitution products (Table 6, en-
tries 2 and 3). On the other hand, the reaction of diphenyl-
zinc (Ph2Zn) with the pyridinium-type salt of THP ester 4
produced the desired product (19 a) in 40 % yield (Table 6,
entry 4). Importantly, the 2,6-trans/cis diastereomeric ratio
of the product was >95:5. Thus, the nature and level of the
stereoselectivity were similar to those by using Lewis-acid-
promoted methods.[18a] Exploration of the addition of diphe-
nylzinc to several pyridinium-type salts showed that the re-
action of the one salt that was derived from 2-methoxypyri-
dine and compound 4 was optimal (Table 6, entry 5).

With the optimized conditions in hand, the scope of the
substitution reaction was explored by using several types of
organozinc (R2Zn) reagents (Table 7). The reactions of aro-
matic zinc reagents produced the desired products in excel-

lent yields with high levels of trans selectivity (Table 7, en-
tries 2–4). Electron-deficient nucleophiles participated in
this reaction (Table 7, entries 3 and 4) and 2-methoxyphen-
yl-, 2-naphthyl-, and heteroaromatic zinc reagents were also
good substrates for the substitution reaction (Table 7, en-
tries 5–7). Dimethylzinc and diethylzinc, as well as divinyl-
zinc, di(phenylalkynyl)zinc, and di(trimethylsilylalkynyl)-
zinc, reacted with the salt that was derived from 2-methoxy-
pyridine and compound 4 to form their corresponding prod-
ucts in good yields and stereoselectivities (Table 7, en-
tries 8–12).

Scheme 14. Reaction of THP ester 9b with TMSN3 and TBAT.

Scheme 15. Reaction of glycosyl ester 11 with TMSN3 and TBAT.

Table 6. Nucleophilic-substitution reactions of various pyridinium-type
salts and C-nucleophiles.

Entry Pyridine Ph�M t [h] Yield [%][a] trans/cis[b]

1 2-p-tolylpyridine Ph2CuLi – trace –
2 2-p-tolylpyridine PhLi – dec. –
3 2-p-tolylpyridine PhMgBr – dec. –
4 2-p-tolylpyridine Ph2Zn 7 40 >95:5
5 2-methoxypyridine Ph2Zn 2 95 >95:5

[a] Yield of isolated product; [b] stereoisomeric ratios were determined
by using 1H NMR spectroscopy. dec.=decomposed.

Table 7. Reactions of salts that were derived from compound 4 and 2-
methoxypyridine with various organozinc reagents.

Entry R t [h] 19 Yield [%][b] (trans/cis)[c]

1 R’=H 2 19a 95 (>95:5)
2 R’=Me 7 19 b 89 (>95:5)
3 R’=F 8 19c 87 (>95:5)
4 R’=CO2Me 4 19 d 70 (>95:5)

5 5 19e 89 (>95:5)

6 5 19 f 83 (>95:5)

7[a] 8 19g 86 (>95:5)

8 Me 4 19 h 76 (91:9)
9 Et 7 19 i 70 (>95:5)
10[a] vinyl 3 19j 81 (>95:5)
11[a] 3 19 k 80 (89:11)
12[a] 5 19 l 77 (>95:5)

[a] The C-nucleophilic-substitution process was performed at 0 8C;
[b] yield of isolated product; [c] stereoisomeric ratios were determined
by using 1H NMR spectroscopy.
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The attractive features of this C-nucleophile-substitution
process were exemplified by the processes (Scheme 16) in
which THP ester 9 b, which contained a trityl group, was
used as the reactant. The reactions of a salt that was derived
from compound 9 b with diphenyl- and diethyl zinc occurred
under mild conditions to produce their respective products,
which retained the acid-sensitive trityl group. In addition,
the salt that arose from 2-deoxyglucose-derived glycosidic
ester 11 also participated in reactions with organozinc re-
agents to generate C-glycosides (Scheme 16).

Mechanism of the Nucleophilic-Substitution Process

The reactions of 2-p-tolylpyridinium salts with heteronucleo-
philes suggested that the mechanisms shown in Scheme 17
were plausible. The observation that the reactions of 2,6-cis-
substituted pyridinium-type salts with alcohols proceeded
with low levels of diastereoselectivity suggested that the
process likely proceeded in an SN1 fashion via an oxocarbe-
nium-ion intermediate. On the other hand, when the more-
nucleophilic TMSN3 participated in the reaction, an SN2
pathway was more likely followed, based on the observation
that 2,6-cis-substituted pyridinium-type salts yielded pre-
dominantly 2,6-trans products.

The mechanism for the reac-
tions of C-nucleophiles is
shown in Scheme 18. MS
(FAB+) and 1H NMR spectros-
copy demonstrated that these
reactions took place through in-
itially formed 2,6-cis-pyridini-
um-type salt intermediates
(e.g., 22).[21] The formation of
substitution products 19 from
these intermediates could occur
through concerted (route A) or
non-concerted pathways (route
B).[18a]

Conclusions

We have developed a nucleophilic-substitution reaction at
the anomeric position of THP esters. The process, which em-
ploys a pre-activation strategy, relies on the initial formation
of a pyridinium-type salt intermediate that acted as an oxo-
carbenium-ion equivalent. Alcohols, azides, and C-nucleo-
philes were introduced onto the anomeric centers of both
THP and the carbohydrate substrates. Furthermore, this
method afforded 2,6-trans products with high levels of ste-
reoselectivity in reactions that generated azide and C-nucle-
ophile adducts. Moreover, the process proceeded under mild
conditions and, as a result, it was applicable to the reactions
of THP and related esters that contained acid-labile func-
tional groups. We believe that this method will be a useful
tool for the synthesis of carbohydrates and biologically
active THP-containing natural products.

Experimental Section

General Procedure for the Introduction of an Alcohol

2-p-Tolylpyridine (3 equiv) and TMSOTf (2 equiv) were added to a solu-
tion of starting THP ester (1 equiv) in CH2Cl2 (0.1 m) at 0 8C under a N2

atmosphere. The mixture was stirred at 0 8C until the disappearance of
the starting material was confirmed by TLC analysis. Next, the alcohol
(3 equiv) was added and the resulting mixture was stirred vigorously. Fol-
lowing disappearance of the polar 2-p-tolylpyridinium salt intermediate

Scheme 16. Reactions of THP and related esters in the presence of Et2Zn
or Ph2Zn; the C-nucleophilic-substitution reactions were carried out at
40 8C in 1,2-dichloroethane (DCE).

Scheme 17. Plausible reaction mechanisms for the substitution reactions
with heteronucleophiles.

Scheme 18. Plausible reaction mechanisms for C-nucleophilic-substitution reactions.
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by TLC analysis, the mixture was quenched with aqueous NaHCO3 and
extracted with CH2Cl2. The organic layer was dried over Na2SO4, filtered,
and concentrated in vacuo to afford a residue that was subjected to
column chromatography on silica gel to give the product.

General Procedure for the Introduction of an Azide

2-p-Tolylpyridine (3 equiv) and TMSOTf (2 equiv) were added to a solu-
tion of starting THP ester (1 equiv) in CH2Cl2 (0.1 m) at 0 8C under a N2

atmosphere. The mixture was stirred at 0 8C until the disappearance of
starting material had been confirmed by TLC analysis. Next, TMSN3

(3 equiv) and TBAT (3 equiv) were added and the resulting mixture was
stirred vigorously. Following disappearance of the polar 2-p-tolylpyridini-
um salt intermediate by TLC analysis, the mixture was quenched with
aqueous NaHCO3 and extracted with CH2Cl2. The organic layer was
dried over Na2SO4, filtered, and concentrated in vacuo to afford a residue
that was subjected to column chromatography on silica gel to give the
product.

General Procedure for the Introduction of a C-Nucleophile

2-Methoxypyridine (3 equiv) and TMSOTf (2 equiv) were added to a so-
lution of starting THP ester (1 equiv) in CH2Cl2 (0.1 m) at 0 8C under
a N2 atmosphere. The mixture was stirred at 0 8C until the disappearance
of the starting material was confirmed by TLC analysis. Next, a solution
of R2Zn in THF (3 equiv) was added and the resulting mixture was
stirred vigorously. Following disappearance of the polar 2-methoxypyridi-
nium salt intermediate by TLC analysis, the mixture was quenched with
aqueous 3.5% HCl and stirred for more than 10 min at 0 8C and extract-
ed with CH2Cl2. The organic layer was dried over Na2SO4, filtered, and
concentrated in vacuo to afford a residue that was subjected to column
chromatography on silica gel to give the product.

Acknowledgements

This work was financially supported by the Hoansha Foundation, the
Uehara Memorial Foundation, and by a Grant-in-Aid for Scientific Re-
search from the Ministry of Education, Culture, Sports, Science and
Technology of Japan.

[1] a) J. M. McGuire, R. L. Bunch, R. C. Anderson, H. E. Boaz, E. H.
Flynn, H. M. powell, J. W. Smith, Antibiot. Chemother. 1952, 2, 281 –
283; b) T. F. Molinski, Tetrahedron Lett. 1995, 117, 7879 –7880; c) M.
Furukawa, Tetrahedron Lett. 1974, 15, 3287 – 3290; d) U. Gr�fe, W.
Schade, M. Roth, L. Radics, M. Incze, K. Ujsz�szy, J. Antibiot. 1984,
37, 836 –846.

[2] For recent reviews of glycosylation reactions, see: a) A. V. Dem-
chenko, Synlett 2003, 1225 –1240; b) A. V. Demchenko, Handbook
of Chemical Glycosylation, Wiley-VCH, Weinheim, 2008 ; c) X. Zhu,
R. R. Schmidt, Angew. Chem. 2009, 121, 1932 – 1967; Angew. Chem.
Int. Ed. 2009, 48, 1900 – 1934 and the references therein. For exam-
ples of the introduction of azides, see: d) H. Paulsen, Z. Gyçrgy-
de�k, M. Friedmann, Chem. Ber. 1974, 107, 1568 –1578. For recent
reviews of the introduction of C-nucleophile, see: e) M. H. D. Poste-
ma, Tetrahedron 1992, 48, 8545 – 8599; f) Y. Du, R. J. Linhardt, Tetra-
hedron 1998, 54, 9913 – 9959; g) L. Soms�k, Chem. Rev. 2001, 101,
81– 135.

[3] a) D. Crich, S. Sun, J. Org. Chem. 1996, 61, 4506 –4507; b) D. Crich,
S. Sun, J. Org. Chem. 1997, 62, 1198 – 1199; c) H. M. Nguyen, J. L.
Poole, D. Y. Jin, Angew. Chem. 2001, 113, 428 –431; Angew. Chem.
Int. Ed. 2001, 40, 414 –417; d) J. D. C. Cod�e, L. J. Van den Bos,
R. E. J. N. Litjens, H. S. Overkleeft, J. H. Van Boom, G. A. Van der
Marel, Org. Lett. 2003, 5, 1947 – 1950; e) X. Huang, L. Huang, H.
Wang, X.-S. Ye, Angew. Chem. 2004, 116, 5333 – 5336; Angew. Chem.
Int. Ed. 2004, 43, 5221 – 5224; f) D. Crich, P. Jayalath, J. Org. Chem.
2005, 70, 7252 –7259; g) L. Huang, Z. Wang, X. Li, X.-S. Ye, Carbo-
hydr. Res. 2006, 341, 1669 – 1679; h) L. Huang, X. Huang, Chem.
Eur. J. 2007, 13, 529 –540; i) Y. Wang, X.-S. Ye, L.-H. Zhang, Org.

Biomol. Chem. 2007, 5, 2189 –2200; j) Y. Geng, L.-H. Zhang, X.-S.
Ye, Chem. Commun. 2008, 597 –599; k) Y. Geng, L.-H. Zhang, X.-S.
Ye, Tetrahedron 2008, 64, 4949 –4958; l) Y.-S. Lu, Q. Li, L.-H.
Zhang, X.-S. Ye, Org. Lett. 2008, 10, 3445 –3448; m) Y.-S. Lu, Q. Li,
Y. Wang, X.-S. Ye, Synlett 2010, 1519 – 1524; n) L. Yang, X.-S. Ye,
Carbohydr. Res. 2010, 345, 1713 –1721; o) Y. Geng, X.-S. Ye, Synlett
2010, 2506 –2512; p) P. Peng, X.-S. Ye, Org. Biomol. Chem. 2011, 9,
616 – 612; q) L. Yang, J. Zhu, X.-J. Zheng, G. Tai, X.-S. Ye, Chem.
Eur. J. 2011, 17, 14518 –14526 and the references therein.

[4] a) H. Fujioka, Y. Sawama, N. Murata, T. Okitsu, O. Kubo, S. Matsu-
da, Y. Kita, J. Am. Chem. Soc. 2004, 126, 11800 –11801; b) H. Fujio-
ka, T. Okitsu, Y. Sawama, N. Murata, R. Li, Y. Kita, J. Am. Chem.
Soc. 2006, 128, 5930 – 5938; c) H. Fujioka, O. Kubo, K. Okamoto, K.
Senami, T. Okitsu, T. Ohnaka, Y. Sawama, Y. Kita, Heterocycles
2009, 77, 1089 –1103.

[5] a) H. Fujioka, T. Okitsu, T. Ohnaka, R. Li, O. Kubo, K. Okamoto,
Y. Sawama, Y. Kita, J. Org. Chem. 2007, 72, 7898 –7902.

[6] a) H. Fujioka, T. Okitsu, Y. Sawama, T. Ohnaka, Y. Kita, Synlett
2006, 3077 –3080; b) H. Fujioka, T. Ohnaka, T. Okitsu, O. Kubo, K.
Okamoto, Y. Sawama, Y. Kita, Heterocycles 2007, 72, 529 – 540.

[7] H. Fujioka, T. Okitsu, T. Ohnaka, Y. Sawama, O. Kubo, K. Okamo-
to, Y. Kita, Adv. Synth. Catal. 2007, 349, 636 –646.

[8] a) H. Fujioka, O. Kubo, K. Senami, Y. Minamitsuji, T. Maegawa,
Chem. Commun. 2009, 4429 – 4431; b) H. Fujioka, Y. Minamitsuji, O.
Kubo, K. Senami, T. Maegawa, Tetrahedron 2011, 67, 2949 – 2960.

[9] a) H. Fujioka, K. Senami, O. Kubo, K. Yahata, Y. Minamitsuji, T.
Maegawa, Org. Lett. 2009, 11, 5138 –5141; b) H. Fujioka, K. Senami,
O. Kubo, K. Yahata, Y. Minamitsuji, T. Maegawa, Chem. Pharm.
Bull. 2010, 58, 426 – 428.

[10] For the formation of pyridinium salts, see: a) R. U. Lemieux, A. R.
Morgan, J. Am. Chem. Soc. 1963, 85, 1889 –1890; b) R. U. Lemieux,
A. R. Morgan, Can. J. Chem. 1965, 43, 2205 –2213; c) R. U. Le-
mieux, Pure Appl. Chem. 1971, 25, 527 –547; d) E. Anders, J. G.
Tropsch, A. R. Katritzky, D. Rasala, J. V. Eynde, J. Org. Chem. 1989,
54, 4808 –4812; e) W. G. Dauben, P. Kçhlar, Carbohydr. Res. 1990,
203, 47–56; f) C. L. Perrin, Tetrahedron 1995, 51, 11901 –11935;
g) B. Dmochowska, A. Nowacki, W. Wojnowski, A. Konits, A. Wis-
niewski, Carbohydr. Res. 2001, 330, 431 – 435; h) I. Araya, H. Akita,
Heterocycles 2008, 75, 1213 –1223.

[11] The configuration of the major product was determined by the J
value of the anomeric proton in the 1H NMR spectrum, NOE DIFF
experiments, or literature data.

[12] The reaction of compound 9b with EtOH under Lewis acidic condi-
tions did not give compound 10b but instead afforded compound
23.

[13] Unfortunately, 3-O-substituted THP 2-Ac-esters, such as glucopyra-
nose 2,3,4,6-tetrakis-O-Bn-1-OAc, did not afford the pyridinium-
type salt intermediate.

[14] H. C. Kolb, M. G. Finn, K. B. Sharpless, Angew. Chem. 2001, 113,
2056 – 2075; Angew. Chem. Int. Ed. 2001, 40, 2004 –2021.

[15] E. Saxon, C. R. Bertozzi, Science 2000, 287, 2007 – 2010.
[16] a) F. Fazio, M. C. Bryan, O. Blixt, J. C. Paulson, C.-H. Wong, J. Am.

Chem. Soc. 2002, 124, 14397 – 14402; b) M. C. Bryan, F. Fazio, H.-K.
Lee, C.-Y. Huang, A. Chang, M. D. Best, D. A. Calarese, O. Blixt,
J. C. Paulson, D. Burton, I. A. Wilson, C. H. Wong, J. Am. Chem.
Soc. 2004, 126, 8640 – 8641; c) C.-Y. Huang, D. A. Thayer, A. Y.
Chang, M. D. Best, J. Hoffmann, S. Head, C.-H. Wong, Proc. Natl.
Acad. Sci. USA 2006, 103, 15–20; d) A. Dondoni, Chem. Asian J.
2007, 2, 700 –708.

[17] a) M. C. Z. Kasuya, L. X. Wang, Y. C. Lee, M. Mitsuki, H. Nakaji-
ma, Y. Miura, T. Sato, K. Hatanaka, S. Yamagata, T. Yamagata, Car-
bohydr. Res. 2000, 329, 755 – 763; b) F. P�rez-Balderas, M. Ortega-

&8& www.chemasianj.org � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Chem. Asian J. 0000, 00, 0 – 0&&

�� These are not the final page numbers!

FULL PAPERS
Hiromichi Fujioka et al.

http://dx.doi.org/10.1016/S0040-4039(01)91886-6
http://dx.doi.org/10.1016/S0040-4039(01)91886-6
http://dx.doi.org/10.1016/S0040-4039(01)91886-6
http://dx.doi.org/10.1055/s-2003-40349
http://dx.doi.org/10.1055/s-2003-40349
http://dx.doi.org/10.1055/s-2003-40349
http://dx.doi.org/10.1002/ange.200802036
http://dx.doi.org/10.1002/ange.200802036
http://dx.doi.org/10.1002/ange.200802036
http://dx.doi.org/10.1002/anie.200802036
http://dx.doi.org/10.1002/anie.200802036
http://dx.doi.org/10.1002/anie.200802036
http://dx.doi.org/10.1002/anie.200802036
http://dx.doi.org/10.1002/cber.19741070517
http://dx.doi.org/10.1002/cber.19741070517
http://dx.doi.org/10.1002/cber.19741070517
http://dx.doi.org/10.1016/S0040-4020(01)89435-7
http://dx.doi.org/10.1016/S0040-4020(01)89435-7
http://dx.doi.org/10.1016/S0040-4020(01)89435-7
http://dx.doi.org/10.1016/S0040-4020(98)00405-0
http://dx.doi.org/10.1016/S0040-4020(98)00405-0
http://dx.doi.org/10.1016/S0040-4020(98)00405-0
http://dx.doi.org/10.1016/S0040-4020(98)00405-0
http://dx.doi.org/10.1021/jo9606517
http://dx.doi.org/10.1021/jo9606517
http://dx.doi.org/10.1021/jo9606517
http://dx.doi.org/10.1021/jo962345z
http://dx.doi.org/10.1021/jo962345z
http://dx.doi.org/10.1021/jo962345z
http://dx.doi.org/10.1002/1521-3757(20010119)113:2%3C428::AID-ANGE428%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3757(20010119)113:2%3C428::AID-ANGE428%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3757(20010119)113:2%3C428::AID-ANGE428%3E3.0.CO;2-B
http://dx.doi.org/10.1002/1521-3773(20010119)40:2%3C414::AID-ANIE414%3E3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3773(20010119)40:2%3C414::AID-ANIE414%3E3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3773(20010119)40:2%3C414::AID-ANIE414%3E3.0.CO;2-6
http://dx.doi.org/10.1002/1521-3773(20010119)40:2%3C414::AID-ANIE414%3E3.0.CO;2-6
http://dx.doi.org/10.1002/ange.200460176
http://dx.doi.org/10.1002/ange.200460176
http://dx.doi.org/10.1002/ange.200460176
http://dx.doi.org/10.1002/anie.200460176
http://dx.doi.org/10.1002/anie.200460176
http://dx.doi.org/10.1002/anie.200460176
http://dx.doi.org/10.1002/anie.200460176
http://dx.doi.org/10.1021/jo0508999
http://dx.doi.org/10.1021/jo0508999
http://dx.doi.org/10.1021/jo0508999
http://dx.doi.org/10.1021/jo0508999
http://dx.doi.org/10.1016/j.carres.2006.01.007
http://dx.doi.org/10.1016/j.carres.2006.01.007
http://dx.doi.org/10.1016/j.carres.2006.01.007
http://dx.doi.org/10.1016/j.carres.2006.01.007
http://dx.doi.org/10.1002/chem.200601090
http://dx.doi.org/10.1002/chem.200601090
http://dx.doi.org/10.1002/chem.200601090
http://dx.doi.org/10.1002/chem.200601090
http://dx.doi.org/10.1039/b704586g
http://dx.doi.org/10.1039/b704586g
http://dx.doi.org/10.1039/b704586g
http://dx.doi.org/10.1039/b704586g
http://dx.doi.org/10.1039/b712591g
http://dx.doi.org/10.1039/b712591g
http://dx.doi.org/10.1039/b712591g
http://dx.doi.org/10.1016/j.tet.2008.03.103
http://dx.doi.org/10.1016/j.tet.2008.03.103
http://dx.doi.org/10.1016/j.tet.2008.03.103
http://dx.doi.org/10.1021/ol801190c
http://dx.doi.org/10.1021/ol801190c
http://dx.doi.org/10.1021/ol801190c
http://dx.doi.org/10.1016/j.carres.2010.05.031
http://dx.doi.org/10.1016/j.carres.2010.05.031
http://dx.doi.org/10.1016/j.carres.2010.05.031
http://dx.doi.org/10.1039/c0ob00380h
http://dx.doi.org/10.1039/c0ob00380h
http://dx.doi.org/10.1039/c0ob00380h
http://dx.doi.org/10.1039/c0ob00380h
http://dx.doi.org/10.1002/chem.201102615
http://dx.doi.org/10.1002/chem.201102615
http://dx.doi.org/10.1002/chem.201102615
http://dx.doi.org/10.1002/chem.201102615
http://dx.doi.org/10.1021/ja046103p
http://dx.doi.org/10.1021/ja046103p
http://dx.doi.org/10.1021/ja046103p
http://dx.doi.org/10.1021/ja060328d
http://dx.doi.org/10.1021/ja060328d
http://dx.doi.org/10.1021/ja060328d
http://dx.doi.org/10.1021/ja060328d
http://dx.doi.org/10.3987/COM-08-S(F)88
http://dx.doi.org/10.3987/COM-08-S(F)88
http://dx.doi.org/10.3987/COM-08-S(F)88
http://dx.doi.org/10.3987/COM-08-S(F)88
http://dx.doi.org/10.1021/jo071187g
http://dx.doi.org/10.1021/jo071187g
http://dx.doi.org/10.1021/jo071187g
http://dx.doi.org/10.1055/s-2006-951509
http://dx.doi.org/10.1055/s-2006-951509
http://dx.doi.org/10.1055/s-2006-951509
http://dx.doi.org/10.1055/s-2006-951509
http://dx.doi.org/10.3987/COM-06-S(K)46
http://dx.doi.org/10.3987/COM-06-S(K)46
http://dx.doi.org/10.3987/COM-06-S(K)46
http://dx.doi.org/10.1002/adsc.200600572
http://dx.doi.org/10.1002/adsc.200600572
http://dx.doi.org/10.1002/adsc.200600572
http://dx.doi.org/10.1039/b907910f
http://dx.doi.org/10.1039/b907910f
http://dx.doi.org/10.1039/b907910f
http://dx.doi.org/10.1016/j.tet.2011.02.048
http://dx.doi.org/10.1016/j.tet.2011.02.048
http://dx.doi.org/10.1016/j.tet.2011.02.048
http://dx.doi.org/10.1021/ol902088b
http://dx.doi.org/10.1021/ol902088b
http://dx.doi.org/10.1021/ol902088b
http://dx.doi.org/10.1248/cpb.58.426
http://dx.doi.org/10.1248/cpb.58.426
http://dx.doi.org/10.1248/cpb.58.426
http://dx.doi.org/10.1248/cpb.58.426
http://dx.doi.org/10.1021/ja00895a056
http://dx.doi.org/10.1021/ja00895a056
http://dx.doi.org/10.1021/ja00895a056
http://dx.doi.org/10.1139/v65-298
http://dx.doi.org/10.1139/v65-298
http://dx.doi.org/10.1139/v65-298
http://dx.doi.org/10.1351/pac197125030527
http://dx.doi.org/10.1351/pac197125030527
http://dx.doi.org/10.1351/pac197125030527
http://dx.doi.org/10.1021/jo00281a021
http://dx.doi.org/10.1021/jo00281a021
http://dx.doi.org/10.1021/jo00281a021
http://dx.doi.org/10.1021/jo00281a021
http://dx.doi.org/10.1016/0008-6215(90)80044-4
http://dx.doi.org/10.1016/0008-6215(90)80044-4
http://dx.doi.org/10.1016/0008-6215(90)80044-4
http://dx.doi.org/10.1016/0008-6215(90)80044-4
http://dx.doi.org/10.1016/0040-4020(95)00560-U
http://dx.doi.org/10.1016/0040-4020(95)00560-U
http://dx.doi.org/10.1016/0040-4020(95)00560-U
http://dx.doi.org/10.1016/S0008-6215(00)00301-3
http://dx.doi.org/10.1016/S0008-6215(00)00301-3
http://dx.doi.org/10.1016/S0008-6215(00)00301-3
http://dx.doi.org/10.3987/COM-07-11289
http://dx.doi.org/10.3987/COM-07-11289
http://dx.doi.org/10.3987/COM-07-11289
http://dx.doi.org/10.1002/1521-3757(20010601)113:11%3C2056::AID-ANGE2056%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-3757(20010601)113:11%3C2056::AID-ANGE2056%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-3757(20010601)113:11%3C2056::AID-ANGE2056%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-3757(20010601)113:11%3C2056::AID-ANGE2056%3E3.0.CO;2-W
http://dx.doi.org/10.1002/1521-3773(20010601)40:11%3C2004::AID-ANIE2004%3E3.0.CO;2-5
http://dx.doi.org/10.1002/1521-3773(20010601)40:11%3C2004::AID-ANIE2004%3E3.0.CO;2-5
http://dx.doi.org/10.1002/1521-3773(20010601)40:11%3C2004::AID-ANIE2004%3E3.0.CO;2-5
http://dx.doi.org/10.1126/science.287.5460.2007
http://dx.doi.org/10.1126/science.287.5460.2007
http://dx.doi.org/10.1126/science.287.5460.2007
http://dx.doi.org/10.1021/ja020887u
http://dx.doi.org/10.1021/ja020887u
http://dx.doi.org/10.1021/ja020887u
http://dx.doi.org/10.1021/ja020887u
http://dx.doi.org/10.1021/ja048433f
http://dx.doi.org/10.1021/ja048433f
http://dx.doi.org/10.1021/ja048433f
http://dx.doi.org/10.1021/ja048433f
http://dx.doi.org/10.1073/pnas.0509693102
http://dx.doi.org/10.1073/pnas.0509693102
http://dx.doi.org/10.1073/pnas.0509693102
http://dx.doi.org/10.1073/pnas.0509693102
http://dx.doi.org/10.1002/asia.200700015
http://dx.doi.org/10.1002/asia.200700015
http://dx.doi.org/10.1002/asia.200700015
http://dx.doi.org/10.1002/asia.200700015
http://dx.doi.org/10.1016/S0008-6215(00)00238-X
http://dx.doi.org/10.1016/S0008-6215(00)00238-X
http://dx.doi.org/10.1016/S0008-6215(00)00238-X
http://dx.doi.org/10.1016/S0008-6215(00)00238-X


MuÇoz, J. Morales-Sanfrutos, F. Hern �-Mateo, F. G. Calvo-Flores,
J. A. Calvo-As�n, J. Isac-Garc�a, F. Santoyo-Gonz�lez, Org. Lett.
2003, 5, 1951 –1954; c) B. L. Wilkinson, L. F. Bornaghi, S. A. Poul-
sen, T. A. Houston, Tetrahedron 2006, 62, 8115 – 8125; d) K. J.
Doores, Y. Mimura, R. A. Dwek, P. M. Rudd, T. Eliott, B. G. Davis,
Chem. Commun. 2006, 1401 – 1403; e) S. Dedola, S. A. Nepogodiev,
R. A. Field, Org. Biomol. Chem. 2007, 5, 1006 – 1017; f) S. A. Nepo-
godiev, S. Dedola, L. Marmuse, M. T. de Oliveira, R. A. Field, Car-
bohydr. Res. 2007, 342, 529 – 540; g) S. I. van Kasteren, H. B.
Kramer, D. P. Gamblin, B. G. Davis, Nat. Protoc. 2007, 2, 3185 –
3194.

[18] For examples of allylsilanes, see: a) L. Ayala, C. G. Lucero, J. A. C.
Romero, S. A. Tabacco, K. A. Woerpel, J. Am. Chem. Soc. 2003,
125, 15521 –15528; b) M. T. Yang, K. A. Woerpel, J. Org. Chem.
2009, 74, 545 –553.

[19] For examples of silyl enol ethers, see: a) L. J. Van Orden, B. D. Pat-
terson, S. D. Rychnovsky, J. Org. Chem. 2007, 72, 5784 –5793;
b) A. P. Evans, W. J. Andrews, Angew. Chem. 2008, 120, 5506 – 5509;
Angew. Chem. Int. Ed. 2008, 47, 5426 – 5429; c) J. R. Krumper, W. A.
Salamant, K. A. Woerpel, J. Org. Chem. 2009, 74, 8039 – 8050.

[20] For examples of aromatic compounds, see: a) K. Suzuki, T. Matsu-
moto, Recent progress in the chemical synthesis of antibiotics and re-
lated microbial products, Springer, New York, 1993 ; b) C. Jaramillo,
S. Knapp, Synthesis 1994, 1–20; c) M. H. D. Postema, C-glycoside
synthesis, CPC Press, London, 1995.

[21] For examples of zinc reagents, see: N. A. Powell, S. D. Rychnovsky,
J. Org. Chem. 1999, 64, 2026 –2037.

[22] MS (FAB+) of the mixture that was obtained from the reaction of
TMSOTf (2 equiv) and 2-methoxypyridine (3 equiv) in CH2Cl2

(0.1 m) showed a [M]+ peak of 2-methoxypyridinium salt 22 at m/z
314.1772, with a formula of C19H24NO3. Furthermore, the 1H NMR
spectrum of the reaction mixture in CD2Cl2 showed that the 2-me-
thoxypyridine was oriented equatorially in a highly stereoselective
manner and that 2-methoxypyridinium salt 22 was 2,6-cis. 1H NMR
spectra of the reaction mixture are shown in Supporting Informa-
tion.

Received: March 14, 2012
Published online: && &&, 0000

Chem. Asian J. 2012, 00, 0 – 0 � 2012 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.chemasianj.org 9& &&

These are not the final page numbers! ��

THP-Ester-Derived Pyridinium-Type Salts

http://dx.doi.org/10.1016/j.tet.2006.06.001
http://dx.doi.org/10.1016/j.tet.2006.06.001
http://dx.doi.org/10.1016/j.tet.2006.06.001
http://dx.doi.org/10.1039/b515472c
http://dx.doi.org/10.1039/b515472c
http://dx.doi.org/10.1039/b515472c
http://dx.doi.org/10.1039/b618048p
http://dx.doi.org/10.1039/b618048p
http://dx.doi.org/10.1039/b618048p
http://dx.doi.org/10.1016/j.carres.2006.09.026
http://dx.doi.org/10.1016/j.carres.2006.09.026
http://dx.doi.org/10.1016/j.carres.2006.09.026
http://dx.doi.org/10.1016/j.carres.2006.09.026
http://dx.doi.org/10.1038/nprot.2007.430
http://dx.doi.org/10.1038/nprot.2007.430
http://dx.doi.org/10.1038/nprot.2007.430
http://dx.doi.org/10.1021/ja037935a
http://dx.doi.org/10.1021/ja037935a
http://dx.doi.org/10.1021/ja037935a
http://dx.doi.org/10.1021/ja037935a
http://dx.doi.org/10.1021/jo8017846
http://dx.doi.org/10.1021/jo8017846
http://dx.doi.org/10.1021/jo8017846
http://dx.doi.org/10.1021/jo8017846
http://dx.doi.org/10.1021/jo070901r
http://dx.doi.org/10.1021/jo070901r
http://dx.doi.org/10.1021/jo070901r
http://dx.doi.org/10.1002/ange.200801357
http://dx.doi.org/10.1002/ange.200801357
http://dx.doi.org/10.1002/ange.200801357
http://dx.doi.org/10.1002/anie.200801357
http://dx.doi.org/10.1002/anie.200801357
http://dx.doi.org/10.1002/anie.200801357
http://dx.doi.org/10.1021/jo901639b
http://dx.doi.org/10.1021/jo901639b
http://dx.doi.org/10.1021/jo901639b
http://dx.doi.org/10.1055/s-1994-25393
http://dx.doi.org/10.1055/s-1994-25393
http://dx.doi.org/10.1055/s-1994-25393
http://dx.doi.org/10.1021/jo982264y
http://dx.doi.org/10.1021/jo982264y
http://dx.doi.org/10.1021/jo982264y


FULL PAPERS

Synthetic Methods

Hiromichi Fujioka,*
Yutaka Minamitsuji, Takahiro Moriya,
Kazuhisa Okamoto, Ozora Kubo,
Tomoyo Matsushita,
Kenichi Murai &&&&—&&&&

Preparation of THP-Ester-Derived
Pyridinium-Type Salts and their Reac-
tions with Various Nucleophiles Salty but sweet : Nucleophilic substitu-

tion at the anomeric position of tetra-
hydropyranyl esters via pyridinium-
type salt intermediates proceeded

without affecting acid-labile protecting
groups owing to the use of mild reac-
tion conditions (see scheme).
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