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A neighboring equatorial ester group plays a highly important role in the Latfelk (nitrite-mediated)
carbohydrate epimerization reaction, inducing the formation of inversion compounds in good yields. On
the basis of this effect, efficient synthetic routes fflep-mannosides angs-p-talosides, from the
correspondings-p-galactosides anf-p-glucosides, have been designed. The present routes are based
on multiple regioselective acylation via the respective stannylene intermediates, followed by inversions
to the corresponding manno- and talopyranoside structures by nitrite or acetate substitution. It was found
that the ester group was able to induce the inversion of its two neighboring groups in high yields following
either a double parallel or a double serial inversion process. By combination of direct inversion, and
neighboring- as well as remote-group participation, seyemmannoside an@-p-taloside derivatives

were very conveniently obtained in good yields.

Introduction the approaching nucleophile. Moreover, neighboring group
— . participation of a 2-acyl substituent leads ¢demannosides
The ﬁ-_mann(_)pyran05|d|c linkage is a common _struqtural only. The 1,2eisglycosidic linkage is present also frD-
e'em‘?”t in a wide range of natural produts.This b'0|°g'_' talopyranosides (Figure 2). However interesting, recently evalu-
cally important and widespread class of structures contains, S ted for their intriguing H-bonding motifs, these structures

relevant componenﬁ-o-l\/!anp units, a!so for example present have been less investigated in part due to their cumbersome
as a central component in the ubiquitddgylycan core struc- synthesig—11

ture of glycoproteins,and makes part of a range of fungi and As a consequence of these synthetic challenges, several

bacterial(llzigulre L 25.5_The chemical synthgsis of Fh!s 1cks different synthetic methods have been developedsfonan-
mannosidic linkage is, however, especially difficult. The noside synthesis. These include Koeriggorr coupling

a-mann$5|dt|c linkage i fstbrotr;]g?lgefggvor?d because_ Off the methods using insoluble silver salt promoters blocking the
concomitant occurrence ot bo Irecting anomeric et- a-face of mannosyl halidég; 4 sequential oxidation/reduction
fect and the repulsion between the axial C-2 substituent and
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routest> 17 use of 2-oxo- and 2-oximinoglycosyl halid&s!?
use of intermoleculat® 23 or intramoleculaf? 2 Sy2 reactions
and intramolecular aglycon delivery meth&d3* inversion of
configuration ofa-mannosyl triflate donor&—37 epimerization
of f-glucopyranosides tg@-mannopyranosides throughy®s
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SCHEME 1. Stereospecific Ester Activation in
Nitrite-Mediated Carbohydrate Epimerization @
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TBANO,, solvent.

KNO» or

reactions’®42 as well as enzymatic methotfs;* all of which

with their respective advantages and shortcomings. To date,
expensive starting materials, complex processes, or rigid reaction
conditions have resulted in th@mannosides are relatively
costly on the market.

An efficient carbohydrate epimerization reaction based on
glycoside triflate displacement by nitrite ion (the Lattrell-Dax
reaction)!¢-49 under very mild conditions, was recently explored
in our laboratory’? It was demonstrated that neighboring
equatorial ester groups play highly important roles in this type
of reaction, inducing the inversion reaction to proceed ef-
ficiently, and result in good yields (Scheme 1).

These studies suggested that new, efficient synthetic methods
to complex glycosides would be feasible under the guidance of
this principle, where the activating ester groups should be
able to control the inversion of two neighboring positions
simultaneously.

In this study, novel and efficient methods to synthesifiroy
mannopyranoside and-p-talopyranoside derivatives are re-
ported on the basis of the ester-activated inversion reaction.
Regioselective acylation of galacto- and glucopyranoside via
the corresponding stannylene intermediates, followed by epimer-
ization by nitrite- or acetate-treatment, produced the corre-
sponding manno- and talopyranoside derivatives in high yields.
Two different strategies were in addition proposed: (i) simul-
taneous inversion of both addressed hydroxyl groups, resulting
in a double parallel inversion strategy, and (ii) stepwise inversion
of the hydroxyl groups amounting to a double serial inversion
protocol (Scheme 2). These two strategies allow the formation
of highly complex structures in very few steps.

Results and Discussion

Regioselective Protection of Methy|3-p-Galactoside and
Methyl -p-Glucoside.Methyl g-p-galactoside and methglo-
glucoside are two low-priced commercial starting materials,
easily obtained in high amounts. It is well-known that organotin-
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R. R.Angew. Chem., Int. EQ002 41, 2972.

(39) Gunther, W.; Kunz, HCarbohydr. Res1992 228 217.

(40) Nicolaou, K. C.; vanDelft, F. L.; Conley, S. R.; Mitchell, H. J.; Jin,
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SCHEME 2. Double Parallel Inversion (a) and Double Serial Inversion (%)
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SCHEME 3. Regioselective Protection of Free Methyl SCHEME 4. Double Parallel Inversior?
p-p-Galactoside and Methyl f-p-Glucoside® OAc HO
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DMF, 0°C to 20°C, 6 h @, 70%:;4, 90%). (b) i: Bu:SnO, MeOH, 70°C, pyridine, CHCly, —20°C to 10°C, 2 h. ii: TBANO,, toluene, r.t.5h @,
2 h.ii: BzCl, toluene, 20C, 6 h , 90%). (c) i: BuSnO, MeOH, 70C, 76%). (c) i: THO, pyridine, CHCl,, —20°C to 10°C, 2 h. ii: TBAOAC,
2h. ii: BzCl, toluene, 9CC, 2 h 6, 90%). CHsCN, r.t, 5 h (10, 90%).

mediated esterification is an efficient method to enhance small galactoside and methyp-glucoside® It was thus found that
reactivity differences, and to regioselectively protect chosen the product outcome could be controlled not only by the use of
carbohydrate hydroxyl grou.>* Commonly, a stoichiometric  different solvents, but also using different acylation reagents,
amount of tin reagent is employed, resulting in single hydroxyl and an interesting pattern of dynamic migration was also shown.
esterification. Recently, however, an elegant method was A summary of the experimental results from this study is
described by Zhang and Wong in which a product with one or displayed in Scheme 3.
two free hydroxyl groups was produced by the use of excess Starting from methyl-b-glucoside 1 and methyl 5-b-
organotin reagent®. This approach is potentially very conve-  galactoside, using two equivalents of dibutyltin oxide followed
nient and efficient for multiple protection schemes, and was by separate treatment with two equivalents of acetic anhydride
extensively studied in esterification reactions of metByb- at room temperature in DMF, the respective 3,82dacetyl
derivatives were obtained in high yields. Similarly, starting from
(51) Iwasaki, F.; Maki, T.; Onomura, O.; Nakashima, W.; Matsumura, methyl 5-D-galactoside3, using two equivalents of dibutyltin
Y. J. Org. Chem200Q 65, 996. oxide followed by treatment with two equivalents of benzoyl

52) Peri, F.; Cipolla, L.; Nicotra, FTetrahedron Lett200Q 41, 8587. : ; ;

Essg Reginato, 8_; Riccl, A Roelens, S.: Scapecchi.J.SQ)rg. Chem. chloride at room temperature in toluene, the methyl 3,&-di-
199Q 55, 5132.

(54) Takeo, K.; Shibata, KCarbohydr. Res1984 133 147. (56) Dong, H.; Pei, Z.; Bystm, S.; Ramstim, O.J. Org. Chem2007,

(55) Zhang, Z. Y.; Wong, C. HTetrahedron2002 58, 6513. 72, 1499.
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SCHEME 5. Double Serial Inversiort
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SCHEME 6. Alternative Double Serial Inversion Strategy
to Intermediate A2
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benzoyl galactosidd was formed in 90% yield. When, however,

4 was not successful under these conditions where a complex
mixture was produced. This effect proved to be due to
neighboring group participation from the G-acetyl group,
resulting in a mixture of 22-acetyl- and 39-acetyl derivatives.
The free methyp-p-mannopyranoside was then obtained in high
yield when the mixture was deprotected under basic conditions.

It is, however, well-known that benzoyl groups are less
reactive than acetyl counterparts to migration and neighboring
group participation. In addition, neighboring group participation
is disfavored in nonpolar solvepft5” Thus, in order to avoid

three equivalents of dibutyltin oxide were instead used, followed any neighboring group participation, both these approaches were
by treatment with three equivalents of benzoyl chloride at 90 tested (Scheme 4). On the one hand, reactions with methyl

°C in toluene, the methyl 3,4,6-t@-benzoyl galactosidé was

glucoside2 and methyl galactosidé were performed in the

obtained in a very high yield as a consequence of dynamic nonpolar solvent toluene; on the other hand, the inversion of

migration.
Double Parallel Inversion. In order to evaluate whether an

methyl 3,6-diO-benzoyl galactopyranosidewas attempted in
acetonitrile. For comparison, the triflate of methyl galactoside

equatorial ester group in the 3-position would be able to activate 4 reacting with tetrabutylammonium acetate was also tested in
the epimerization of the neighboring 2- and 4-positions at the acetonitrile. When methyl glucosidwas inversed at 58C in

same time, a series of inversion reactions was probed. Galactotoluene, the reaction time had to be prolonged to 12 h to obtain
and gluco-type derivatives, where the 3- and 6-positions were product7 in 85% yield. This result indicates, as expected, that
protected with acetyl groups and the other two positions left the reactivity was decreased in nonpolar solvent. In addition,
unprotected, were subjected to conventional triflation by triflic both these approaches proved successful for the double inversion
anhydride followed by treatment with tetrabutylammonium of the methyl galactosides, efficiently reducing the neighboring

nitrite in acetonitrile or toluene at 50C. The results are
presented in Scheme 4. In acetonitrile, when methyl 3,6-di-

acetyl glucopyranosid2 was used as reactant, methyl 3,6-di-

O-acetyl talopyranosidé was obtained in 85% yield. In contrast,
the double inversion of methyl 3,6-@-acetyl galactopyranoside

group participation.
Double Serial Inversion.During this epimerization process,
it was found that the reactivity in the 4-position was, however,

(57) Pei, Z. C.; Dong, H.; Ramstmg O.J. Org. Chem2005 70, 6952.
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SCHEME 7. Epimerization by Neighboring and Remote Group Participation”1

a  AcO - 13 (%) 15 (%)

OMe AcO OMe + HO 60 40
AcO oc/)\; Ac 1(%) 12 (%)

&/ beord %& ey b 50 50

OMe + aco OMe ¢ 45 55

d 52 48

Bz Bz
borc - b 80 20
OMe +
Bz0 c 40 60

aReagents and conditions. (a) i: JOf, pyridine, CHCIl,, —20°C to 10°C, 2 h. ii.. TBAOAc, CHCN, r.t., 0.5h. iii: TBANG, CHsCN, 50°C, 6 h. (b)
i: Tf,0, pyridine, CHCI,, —20 °C to 10°C, 2 h. ii: TBANO,, CHsCN, 50°C, 30 h. (c) i: TO, pyridine, CHCI,, —20 °C to 10°C, 2 h. ii: TBANO,,
DMF, 50°C, 20 h. (d) i: T§O, pyridine, CHCI,, —20 °C to 10°C, 2 h. ii: TBAOAc, CHCN, 50°C, 30 h. NMR ratios.

SCHEME 8. Neighboring Group Participation (a) and Remote Group Participation (b)
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much higher than in the 2-position. At room temperature, the tetrabutylammonium nitrite, directly followed by inversion of
epimerization reaction in the 4-position occurred instantaneously, the 2-position by tetrabutylammonium acetate, methyl 2,3,6-
completed within 16-20 min, whereas in the 2-position the tri-O-acetyl mannosidé4, was efficiently produced (pathway
epimerization reaction proceeded very slowly under these a—b—f). In this case, however, produt2 could not be formed,
conditions. This result incited us to make use of the reactivity likely due to the steric hindrance effect of the nucleophilic
difference between the different positions to develop a new reagent.

method by which carbohydrate structures, where one position In addition, due to the fact that methyl glucosi@ewas

is a hydroxyl group and the other positions were protected with produced in a lower yield (70% in Scheme 3) than methyl

ester groups, could be obtained.

galactoside 4 (90% in Scheme 3), following the double serial

The resulting double serial inversion protocol is presented inversion strategy, an alternative, more high-yielding, synthetic
in Scheme 5. Using the same initial step for the double parallel route to methyl taloside could be devised starting from methyl

inversion strategy, from methyl glycosideand 4, the 2,4-
ditriflate intermediatesA and B could be produced via a

galactoside 4 instead of methyl glucoside 2 (Scheme 6). Thus,
methyl galactosidé could be inversed to the intermediake

triflation process. The 4-triflates of these intermediates were via intermediateBb. As a result, the use of methyl glucoside

subsequently inversed to the correspondin@-4deetyl inter-
mediatesAa andBa by substitution with tetrabutylammonium
acetate, directly followed by inversion of the 2-position by
tetrabutylammonium nitrite, to yield a mixture of methyl 3,4,6-
tri-O-acetyl talosidell and methyl 2,3,6-tr@-acetyl taloside
12, as well as methyl 3,4,6-t@-acetyl mannosid&3 (pathways
a—c—d/a—c—ein Scheme 5). Conversely, When the 4-triflates
of intermediate#\ andB were first inversed to the correspond-
ing 4-hydroxyl groups intermediatesb, Bb via the use of

3698 J. Org. Chem.Vol. 72, No. 10, 2007

can be avoided and the overall yield increased.

Neighboring and Remote Group Participation.When the
inversion of intermediat®a was performed in acetonitrile, a
mixture of methyl mannoside$3 (60%) and15 (40%) was
obtained due to the neighboring group participation (Scheme
7). Thus, to avoid neighboring participation, a high yield of
methyl mannosidé3 could only be obtained in nonpolar solvent
(Scheme 5). It is, however, more difficult to explain how the
mixture of methyl taloside$1 and12 was generated. Changing
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the acetyl groups for benzoyl groups proved inefficient, and Experimental Section
the inversion of the 2-position of methyl 3,4,6-@-benzoyl

galactoside6 in acetonitrile resulted in a mixture of methyl General Acylation Procedure.Methyl 5-o-glycoside (194 mg,

; .1 mmol) and dibutyltin oxide (550 mg, 2.2 mmol) were dissolved
talosidesl7 and18 (Scheme 7). In order to further analyze this in methanol (30 mL), and refluxed for 2 h. After evaporation of

reaction, methyl 3,4,6-tt@-benzoyl galactosidé and methyl the solvent, the residue was dried under vacuum, and then dissolved
3,4,6-tri-0-acetyl galactosidé6 were tested in the more polar iy solvent (10 mL toluene, DMF, chloroform). After cooling the
solvent DMF. The experimental results indicate that the forma- solytion to 6-5 °C, a solution of acylation reagent (2.2 mmol or
tion of methyl talosided1 and17, where the hydroxyl group 3.3 mmol) in anhydrous solvent (1 mL) was added dropwise, and
in the 2-position is unprotected, were more favored in nonpolar then allowed to react at room temperature ferl2 h. The resulting
solvent (50%, 80%) and less favored in polar solvent (45%, mixture was directly purified by flash column chromatography (2:1
40%), whereas the formation of methy! talosidezand 18, to 1:1 hexaneethyl acetate), yielding the acylated products.
where the hydroxyl group in 4-position is free, were more _(tSebr;erSll Sy?th?stljs of Ir:lflﬁate Dlerlva_tcljves.To a solution Otf tr;ed

: 0 0 . suitably O-protected methyp-p-glycoside, carrying unprotecte
favored in polar solvent (55%, 60%) and less favored in oH grgupspat oo and G (1409%’9’0.5 mmol)){ ingg:lﬁrzs L)
honpolar solvent (50%, 20%). As a comparison, starting from was added pyridine (0.53 mL) at20 °C. Trifluoromethanesulfonic
the triflate of methyl glucosid@ (intermediateA in Scheme by . )

. . anhydride (420 mg, 3 mmol) in G&l, (2 mL) was added dropwise,
5), it was expected that the fully protected methyl taloside would 4,4'the mixture was stirred while allowing to warm fren20 °C

be produced via the use of five equivalents of tetrabutylammo- t5 10°C over 2 h. The resulting mixture was subsequently diluted
nium acetate. However, the same mixture of methyl talosides with CH,Cl, and washed wit 1 M HCI, aqueous NaHCQwater,
11 (52%) and12 (48%) was produced. and brine. The organic phase was dried oves3@ and concen-

All of these results support a 4-position participation mech- trated in vacuo at low temperature. The residue was used directly
anism, where a six-membered ring is generated first, and thenin the next step without further purification.
opened by trace water to produce either a free 4-hydroxyl group ~ General Double Parallel Inversion. TBANO; (S eq.) was added
or a free 2-hydroxyl group in a reaction that is favored by polar 10 & solution of the protected triflate residue (S0 mg) in dry
solvents (Scheme 8). The direct nitrite competition reaction acetonitrile/toluene (2.0 mL). After stirring at room temperature

resulted in that the 2-hydroxyl group productsL(17) were or 50 °C for 1-6 h, the solvent was removed, the residue
. y Yyl group producisiy. . redissolved in CECI,, and washed with brine. The organic phase
favored in less polar solvents. In combination with the steric

Y ) ) was dried with MgS@and concentrated in vacuo. Purification of

effeCtS Of the nUC|eophI|IC reagent, th|S a|SO eXplaInS Why a the residue by ﬂash Column Chromatography (21 to 1:1 he.xane

mixture of methyl taloside&1 and12 were primarily obtained ethyl acetate) afforded the inversion products.

when tetrabutylammonium acetate was employed as a nucleo- General Double Serial Inversion. TBANO,/TBAOAC (1.2 eq.)

philic reagent. was added to a solution of the protected triflate residue (50 mg) in
To further support this mechanism, the triflate of methyl dry acetonitrile/toluene (2.0 mL). After stirring at room temperature

taloside16 was directly tested in wet acetonitrile at 30 for for 0.5 h, followed by heating to 50C for 0.5 h, TBAOAc/

20 h. As a result, a complex mixture was obtained, not only TBANO2 (3.0 eq.) was added to the mixture and kept at room

including methyl taloside41 and 12. However, these experi- :ﬁmper%turte ord5OC {orés—.24 Tg'lThe sdolventﬁ v(;/ere'trr]eg\pved_,rﬁnd

mental results also showed that the nucleophilic reagent e product redissolved in GBIz, and washed with brine. The

- . - organic phase was dried with Mg®@nd concentrated in vacuo.
tetrabutylammonium nitrite/acetate play an important role for p \ification of the residue by flash column chromatography (3:1

the remote group participation. The test for neighboring group g 2:1 hexane-ethyl acetate) afforded the inversion products.
participation of intermediatBa also supported this result. When Methyl 3,4,6-Tri- O-benzoyl-D-galactopyranoside (6)Methyl

the intermediatdBa was directly subjected to reaction in wet  s-p-galactoside3 (194 mg, 1 mmol) and dibutyltin oxide (550 mg,
acetonitrile at 50°C for 20 h, a very low conversion was 2.2 mmol) were dissolved in methanol (30 mL), and refluxed for
recorded, whereas with 2 equiv of tetrabutylammonium nitrite, 2 h. After evaporation of the solvent, the residue was dried under
talosidesl3 and15were obtained in 60% and 40% yield during vacuum, and then dissolved in toluene (10 mL). A solution of
the same reaction time. The experimental results indicate thatPenzoyl chloride (3.3 mmol) in anhydrous toluene (1 mL) was added

not only the neighboring ester group can activate the nitrite- dropwise, and then allowed to react at@for 2 h. The resulting
mediated epimerization but also suggest that the nitrite ion can mixture was directly purified by flash column chromatography (5:2

. - - L hexane-ethyl acetate), yieldin@ as a colorless syrup (455 mg,
activate the neighboring or remote group participation. 90%). H NMR (CDCl, 400 MHz): 6 7.2-8.1 (m, 15 H, 3x

OBz), 5.91 (d, 1 H, ¢ 43.45 Hz, H), 5.39 (dd, 1 H, J ,10.1 Hz,
Conclusion Js, 33.45 Hz, H), 4.65 (dd, 1 H, & e,11.3 Hz, da, 56.55 Hz Hsy),
, , 4.47 (d, 1 H, J ,7.6 Hz, H), 4.37 (dd, 1 H, & ¢11.3 HZ, Jy, 5

In conclusion, novel and convenient double parallel and 655 Hz Hy), 4.24 (d, 1 H, d ¢6.55 Hz, H), 4.10 (dd, 1 H, g 5
double serial inversion methods have been developed, by which10.1 Hz, 3 1 7.6 Hz, H), 3.64 (s, 3 H, OMe)23C NMR (CDChk
methyl f-p-mannosides and methyl-p-talosides have been 125 MHz): ¢ 166.2, 166.1, 165.6, 133.7, 133.4, 133.3, 130.1, 130.0,
efficiently synthesized in very high yields at very mild condi- 129.9, 129.6, 129.4, 129.3, 128.7, 128.6, 128.4, 104.5, 73.5, 71.4,
tions in few steps. By use of the reactivity difference of the 70.1,68.3,62.2,57.7p]?% = —3 (c = 0.26, CHC}). Anal. Calcd
hydroxy! groups or the neighboring/remote group participation for CzsH2600: C, 66.40; H, 5.17. Found: C, 66.17; H, 5.08.
between the 2- and 3-position/2- and 4-positions, a range of  Methyl 3,6-Di-O-acetyl3-p-talopyranoside (7).To a solution
methyl8-p-mannoside and methgto-taloside derivatives could ~ ©f metdrgll/j-D-gldu_co&deZ (140 mg, 0.5 m_r;lml), in CECIZ G rl?L)_
be easily synthesized. It was found that not only the neighboring was added pyridine (0.53 mL) at20“C. Trifluoromethanesulfonic

; . - . Nier anhydride (420 mg, 1.5 mmol) in GBI, (2 mL) was added
ester group can activate the nitrite-mediate epimerization bUIdropwise, and the mixture was stirred while allowing to warm from

also that the nitrite ion can activate the neighboring or remote _>q<c tg 10°C over 2 h. The resulting mixture was subsequently
group participation. The results also indicate that an ester groupdgijuted with CHCl, and washed wit 1 M HCI, aqueous NaHC§

can, either in parallel or serially, activate its two neighboring water, and brine. The organic phase was dried oveSRaand
groups in the epimerization reaction. concentrated in vacuo at low temperature. The residue was used
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directly in the next step without further purification. TBANQ’20
mg, 2.5 mmol) was added to a solution of the protected triflate
residue in dry acetonitrile (5 mL), and then allowed to react at 50
°C for 5 h. The resulting mixture was directly purified by flash
column chromatography (2:1 to 1:1 hexareghyl acetate), yielding
7 as a colorless syrup (117 mg, 85%H NMR (CDCl;, 500
MHz): 6 475 (t, 1 H, 42,2.7 Hz, 34 2.7 Hz, H), 4.31-4.42 (m,
3 H, Hy, Hea Hep), 4.09 (d, 1 H, 452.7 Hz, H), 3.91 (dd, 1 H, J3
2.7Hz,30on10.1 Hz H), 3.65(t, 1 H, d 6.3 Hz, H), 3.60 (s, 3
H, OMe), 3.52 (d, 1 H, g4 10.1 Hz, 4-OH), 2.78 (s, 1 H, 2-OH),
2.20 (s, 3H, OAc), 2.07 (s, 3H, OAc}’C NMR (CDCk 125
MHz): 6 171.0, 170.5, 100.6, 73.5, 70.9, 70.1, 67.3, 62.8, 57.1,
21.2, 21.0; §]®5 = —16 (€ = 0.1, CHC}). Anal. Calcd for
C11H1g0g: C, 47.48; H, 6.52. Found: C, 47.37; H, 6.37.

Methyl 3,6-Di-O-acetyl{3-pD-mannopyranoside (8).To a solu-
tion of methyl 5-p-galactoside4 (140 mg, 0.5 mmol), in CkCl,
(5 mL) was added pyridine (0.53 mL) at20 °C. Trifluo-
romethanesulfonic anhydride (420 mg, 1.5 mmol) in,CH (2 mL)
was added dropwise, and the mixture was stirred while allowing
to warm from—20 °C to 10°C over 2 h. The resulting mixture
was subsequently diluted with GEIl, and washed wit 1 M HCI,
aqueous NaHC@ water, and brine. The organic phase was dried
over NaSO, and concentrated in vacuo at low temperature. The
residue was used directly in the next step without further purifica-
tion. TBANO, (720 g, 2.5 mmol.) was added to a solution of the
protected triflate residue in dry toluene (5.0 mL), and then allowed
to react at room temperature for 5 h. The resulting mixture was
directly purified by flash column chromatography (2:1 to 1:1
hexane-ethyl acetate), yieldin@ as a colorless syrup (105 mg,
76%).'H NMR (CDCl;, 500 MHz): 6 4.81 (dd, 1 H, J, 3.0 Hz,
% 49.8 Hz, H), 4.56 (dd, 1 H, ¢hep12.3 Hz, da54.4 Hz, Hy),
447 (d,1H,d ,0.6 Hz, H), 4.30 (dd, 1 H, ¢k »,12.3 HZ, s, 5
2.2 Hz, Hy),4.12 (d, 1 H, d 33.0 Hz, H), 3.91 (t, 1H, J59.8 Hz,
Ji5 9.8 Hz, Hy), 3.55 (s, 3 H, OMe), 3.45 (m, 1 H,d{ 2.17 (s,
3H, OAc), 2.12 (s, 3H, OAC)C NMR (CDCk 125 MHz): ¢

Dong et al.

water, and brine. The organic phase was dried oveiSRaand
concentrated in vacuo at low temperature. The residue was used
directly in the next step without further purification. TBAOAc (180
mg, 0.6 mmol) was added to a solution of the protected triflate
residue in dry acetonitrile (5 mL), and then allowed to react at room
temperature for 0.5 h followed heating to 8D for 0.5 h. TBANGQ
(430 mg, 1.5 mmol) was added to the mixture and heating was
continued at 50C for 24 h. The resulting mixture was directly
purified by flash column chromatography (2:1 hexae¢hyl
acetate), yieldind 1 as a colorless syrup (73 mg, 45%H NMR
(CDCl;, 400 MHz): 6 5.33 (d, 1 H, 433.5 Hz, 35 1.3 Hz, Hy),
491 (t, 1 H, d43.4Hz, 3,34 Hz, H), 441 (s, 1 H, H), 4.24
(dd, 1 H, 3a 6011.2 Hz, J4 56.6 Hz, H), 4.18 (dd, 1 H, &b, 6a
11.2 Hz, 3y, 56.6 Hz, Hy), 3.96 (b, 1 H, H), 3.87 (dt, 1H, 4 1.3
Hz, %566.6 Hz, H), 3.59 (s, 3 H, OMe), 2.47 (b, 1 H, 2-OH), 2.13
(s, 3H, OAc), 2.08 (s, 3H, OAc), 2.03 (s, 3H, OAGFC NMR
(CDCl; 125 MHz): 6 170.6, 170.3, 169.9, 101.9, 71.5, 69.6, 68.9,
66.7, 61.5, 57.4, 21.0, 20.9, 20.8]f% = —27 (c = 0.6, CHC}).
MS (M-+Na):343.1005. Observed: 343.1000. Anal. Calcd for
CigH200q: C, 48.75; H, 6.29. Found: C, 48.45; H, 6.20.

Methyl 2,3,6-Tri- O-acetyl-3-p-talopyranoside (12).Prepared
by the same route as methyl talositik yielding 12 as a colorless
syrup (72 mg, 45%)H NMR (CDCls, 400 MHz): 6 5.46 (d, 1 H,
%33.5Hz, H),4.89 (t, 1 H, §.3.5Hz, 3,3.5 Hz, H), 4.47 (d,
1H,3,1.0Hz H), 440 (dd, 1 H, ¢4, 6»11.4 Hz, 4, 56.8 Hz,
Hes), 4.32 (dd, 1 H, ¢h, 6a11.4 Hz, dp, 55.9 Hz, Hy), 3.88 (b, 1 H,
H,), 3.69 (m, 1H, H), 3.54 (s, 3 H, OMe), 2.61 (b, 1 H, 4-OH),
2.17 (s, 3H, OAc), 2.09 (s, 3H, OAc), 2.07 (s, 3H, OAEL NMR
(CDCl; 125 MHz): 6 170.8, 170.1, 169.6, 100.2, 73.8, 69.5, 69.1,
66.8, 62.7, 57.4, 21.0, 21.0, 20.8]{% = —34 (c = 0.6, CHC}).
Anal. Calcd for GsH,Og 1/2H,0: C, 47.42; H, 6.43. Found: C,
47.15; H, 6.13.

Methyl 3,4,6-Tri- O-acetyl{3-p-mannopyranoside (13).To a
solution of methy|3-p-galactosidet (140 mg, 0.5 mmol), in Cht
Cl, (5 mL) was added pyridine (0.53 mL) at20 °C. Trifluo-

172.1,171.3, 100.6, 75.5, 74.6, 69.3, 65.2, 63.3, 57.2, 21.3, 21.1;romethanesulfonic anhydride (420 mg, 1.5 mmol) in,CH (2 mL)

20 —

[@]?%5 = —118 (€ = 0.1, CHC}). Anal. Calcd for G;H1g0g: C,
47.48; H, 6.52. Found: C, 47.19; H, 6.36.

Methyl 3,6-Di-O-benzoyl{-p-mannopyranoside (9). To a
solution of methy|s-p-galactosidés (201 mg, 0.5 mmol), in Cht
Cl; (5 mL) was added pyridine (0.53 mL) at20 °C. Trifluo-
romethanesulfonic anhydride (420 mg, 1.5 mmol) in,CH (1 mL)
was added dropwise, and the mixture was stirred while allowing
to warm from—20 °C to 10°C over 2 h. The resulting mixture
was subsequently diluted with GBI, and washed wit 1 M HCI,
aqueous NaHCg water, and brine. The organic phase was dried
over NaSO, and concentrated in vacuo at low temperature. The
residue was used directly in the next step without further purifica-
tion. TBANO, (720 mg, 2.5 mmol) was added to a solution of the
protected triflate residue in dry acetonitrile (5 mL), and then allowed
to react at 50C for 5 h. The resulting mixture was directly purified
by flash column chromatography (2:1 hexamhyl acetate),
yielding 9 as a colorless syrup (140 mg, 70%Hi NMR (CDCls,

500 MHz): 6 7.4-8.2 (m, 10 H, 2x OBz), 5.09 (dd, 1 H,3),2.8
Hz, %49.7 Hz, Hy), 4.77 (dd, 1 H, ¢hep12.1 Hz, da54.9 Hz, H5y),
4.64 (dd, 1 H, ¢b6al12.1 Hz, 3p52.4 Hz Hy,), 4.58 (d, L H, J »
0.63 Hz, H), 4.26 (d, 1 H, 432.8 Hz, H), 4.19 (t, 1 H, 43 9.7
Hz, 3,5 9.7 Hz, Hy), 3.66 (m, 1 H, H), 3.58 (s, 3 H, OMe)C
NMR (CDCl; 125 MHz): 6 167.3, 166.8, 133.7, 133.5, 130.2,
130.1, 128.7, 128.6, 100.8, 76.3, 74.8, 69.4, 65.7, 63.9, 51| Z[
—40 (c = 0.7, CHC}). Anal. Calcd for G;H2,0¢1/2H,0: C,
61.31; H, 5.64. Found: C, 60.92; H, 5.55.

Methyl 3,4,6-Tri- O-acetyl-5-p-talopyranoside (11).To a solu-
tion of methyl$-p-glucoside2 (140 mg, 0.5 mmol), in CkCl, (5
mL) was added pyridine (0.53 mL) at20 °C. Trifluoromethane-
sulfonic anhydride (420 mg, 1.5 mmol) in GEl, (2 mL) was added
dropwise, and the mixture was stirred while allowing to warm from
—20°C to 10°C over 2 h. The resulting mixture was subsequently
diluted with CHCI, and washed wit 1 M HCI, aqueous NaHC¥)
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was added dropwise, and the mixture was stirred while allowing
to warm from—20 °C to 10°C over 2 h. The resulting mixture
was subsequently diluted with GBI, and washed wit 1 M HCI,
agueous NaHC@ water, and brine. The organic phase was dried
over NaSQO, and concentrated in vacuo at low temperature. The
residue was used directly in the next step without further purifica-
tion. TBAOACc (180 mg, 0.6 mmol) was added to a solution of the
protected triflate residue in dry toluene (5 mL), and then allowed
to react at room temperature for 0.5 h followed by heating to 50
°C for 0.5 h. TBANQ (430 mg, 1.5 mmol) was added to the
mixture and kept at room temperature for 6 h. The resulting mixture
was directly purified by flash column chromatography (2:1 hexane
ethyl acetate), yieldind3 as a colorless syrup (130 mg, 81%Hl
NMR (CDCls, 400 MHz): ¢ 5.37 (dd, 1 H, 459.8 Hz, 359.8 Hz
Ha), 4.97 (dd, 1 H, 9,9.8 Hz, 3, 3.0 Hz, H;), 4.49 (s, 1 H, H),
4.30 (dd, 1 H, & 6,13.0 Hz, da, 54.9 Hz, H5p), 4.1-4.2 (m, 2 H,
Heb, Ho), 3.62 (m, 1H, H), 3.56 (s, 3 H, OMe), 2.33 (b, 1 H, 2-OH),
2.10 (s, 3H, OAc), 2.08 (s, 3H, OAc), 2.03 (s, 3H, OAEL NMR
(CDCl; 125 MHz): 6 171.0, 170.6, 169.7, 100.6, 73.1, 72.4, 69.2,
66.1, 62.6, 57.3, 21.0, 20.9, 20.8]f% = —59 (c = 0.3, CHC}).
MS (M+Na): 343.1005. Observed: 343.1001. Anal. Calcd for
CigH200g: C, 48.75; H, 6.29. Found: C, 48.60; H, 6.25.

Methyl 2,3,6-Tri- O-acetyl3-b-mannopyranoside (14).To a
solution of methy|3-p-galactosidet (140 mg, 0.5 mmol), in CkH
Cl, (5 mL) was added pyridine (0.53 mL) at20 °C. Trifluo-
romethanesulfonic anhydride (420 mg, 1.5 mmol) in,CH (2 mL)
was added dropwise, and the mixture was stirred while allowing
to warm from—20 °C to 10°C over 2 h. The resulting mixture
was subsequently diluted with GBI, and washed wit 1 M HCI,
aqueous NaHC@ water, and brine. The organic phase was dried
over NaSO, and concentrated in vacuo at low temperature. The
residue was used directly in the next step without further purifica-
tion. TBANO, (170 mg, 0.6 mmol) was added to a solution of the
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protected triflate residue in dry acetonitrile (5 mL), and then allowed
to react at room temperature for 0.5 h followed by heating to 50
°C for 0.5 h. TBAOAc (450 mg, 1.5 mmol.) was added to the

JOC Article

Cl, (5 mL) was added pyridine (0.35 mL) at20 °C. Trifluo-
romethanesulfonic anhydride (280 mg, 1 mmol) inCH (1 mL)
was added dropwise, and the mixture was stirred while allowing

mixture and kept at room temperature for 6 h. The resulting mixture to warm from—20 °C to 10°C over 2 h. The resulting mixture

was directly purified by flash column chromatography (2:1 hexane
ethyl acetate), yieldind4 as a colorless syrup (112 mg, 70%)
NMR (CDCls, 400 MHz): ¢ 5.45 (dd, 1 H, §33.1 Hz, 31 0.9 Hz,
H,), 5.05 (dd, 1 H, d,10.6 Hz, 3,3.3 Hz, H), 4.57 (d, 1 H, J>
0.9 Hz, H), 4.49 (dd, 1 H, ¢, 6p12.2 Hz, 4, 52.0 Hz, H,), 4.39
(dd, 1 H, 34 6v12.2 Hz, 3y 55.0 Hz, Hp), 4.06 (t, 1 H, J310.4
Hz, J,510.4 Hz, H), 3.73 (m, 1H, H), 3.51 (s, 3 H, OMe), 2.16
(s, 3H, OAc), 2.11 (s, 3H, OAc), 2.06 (s, 3H, OAEFC NMR
(CDCl;3 100 MHz): ¢ 171.3,170.8, 170.3, 100.5, 75.3, 73.7, 69.5,
63.9, 58.2, 53.6, 21.5, 21.4, 21.2]f% = —80 (c = 0.35, CHC}).
Anal. Calcd for GsH»009: C, 48.75; H, 6.29. Found: C, 48.70; H,
6.22.

Methyl 2,4,6-Tri- O-acetyl{3-b-mannopyranoside (15).To a
solution of methy|5-p-galactosidet (140 mg, 0.5 mmol), in Cht
Cl; (5 mL) was added pyridine (0.53 mL) at20 °C. Trifluo-
romethanesulfonic anhydride (420 mg, 1.5 mmol) in,CH (2 mL)
was added dropwise, and the mixture was stirred while allowing
to warm from—20 °C to 10°C over 2 h. The resulting mixture
was subsequently diluted with GBI, and washed wit 1 M HCI,
aqueous NaHC@ water, and brine. The organic phase was dried
over NaSO, and concentrated in vacuo at low temperature. The
residue was used directly in the next step without further purifica-
tion. TBAOACc (180 mg, 0.6 mmol) was added to a solution of the
protected triflate residue in dry acetonitrile (5.0 mL), and then
allowed to react at room temperature for 0.5 h followed heating to
50 °C for 0.5 h. TBANQ (430 mg, 1.5 mmol) was added to the
mixture and kept at 56C for 6 h. The resulting mixture was directly
purified by flash column chromatography (2:1 hexaeghyl
acetate), yieldind.5 as a colorless syrup (50 mg, 31%j NMR
(CDCl;, 500 MHz): 6 5.40 (dd, 1 H, 453.6 Hz, 31 1.1 Hz, Hy),
5.04 (t, 1 H, 339.3Hz, 159.3 Hz, H), 4.51 (d, 1 H, J,1.1 Hz,
H;), 4.34 (dd, 1 H, ¢k 6v12.1 Hz, 35 55.5 Hz, Hs,), 4.19 (dd, 1 H,
Joa, 6012.1 Hz, 3y, 52.7 Hz, Hy), 3.85 (dd, 1 H, J49.3 Hz, 3,3.6
Hz, Hs), 3.64 (m, 1H, H), 3.51 (s, 3 H, OMe), 2.19 (s, 3H, OAc),
2.12 (s, 3H, OAc), 2.09 (s, 3H, OAcJC NMR (CDCk 125
MHz): 6 171.3, 170.9, 100.2, 72.3, 71.4, 70.9, 69.7, 62.9, 57.5,
21.1, 21.1, 21.0;d]%% = —92 (¢ = 0.1, CHCk). MS (M+Na):
343.1005. Observed: 343.0995. Anal. Calcd fopHZOo: C,
48.75; H, 6.29. Found: C, 48.57; H, 6.22.

Methyl 3,4,6-Tri-O-benzoyl{-p-talopyranoside (17). To a
solution of methy|3-p-galactosidés (253 mg, 0.5 mmol), in Cht

was subsequently diluted with GEI, and washed wit 1 M HCI,
agueous NaHC@ water, and brine. The organic phase was dried
over NaSQ, and concentrated in vacuo at low temperature. The
residue was used directly in the next step without further purifica-
tion. TBANO; (720 mg, 2.5 mmol) was added to a solution of the
protected triflate residue in dry acetonitrile (5 mL), and then allowed
to react at 50C for 30 h. The resulting mixture was directly purified
by flash column chromatography (5:2 hexammthyl acetate),
yielding 17 as a colorless syrup (177 mg, 70%H). NMR (CDCls,
500 MHz): ¢ 7.2—8.1 (m, 15 H, 3x OBz), 5.85 (d, 1 H, 4 33.2
Hz, Hy), 5.33 (t, 1 H, d »3.5 Hz, 343.5 Hz, H), 4.74 (dd, 1 H,
Joa, 6b11.3 Hz, da, 56.9 HZ Hyp), 4.61 (d, 1 H, J » 0.3 Hz, H),
4.45 (dd, 1 H, &, 6p11.3 Hz, dp, 56.6 HZ Hy), 4.2-4.4 (m, 2 H,
H,, Hs), 3.66 (s, 3 H, OMe), 2.61 (d, 1H, 2-OHYC NMR (CDCk
125 MHz): § 166.2, 165.7, 165.6, 133.8, 133.6, 133.5, 130.1, 130.1,
129.9, 128.9, 128.6, 128.5, 101.9, 71.9, 70.5, 68.8, 67.4, 62.4, 57.5;
[0]®% = —32 (¢ = 1.7, CHC}). Anal. Calcd for GgH2¢09: C,
66.40; H, 5.17. Found: C, 66.09; H, 5.11.

Methyl 2,3,6-Tri- O-benzoyl{3-p-talopyranoside (18).Triflation
of methyl 3-p-galactosides was performed according to the route
for compoundl7. TBANO, (720 mg, 2.5 mmol) was subsequently
added to a solution of the protected triflate residue in dry DMF (5
mL), and then allowed to react at 3C€ for 20 h. The resulting
mixture was directly purified by flash column chromatography (5:2
hexane-ethyl acetate), yieldind8 as a colorless syrup (130 mg,
51%).'H NMR (CDCls, 500 MHz): 6 7.2-8.1 (m, 15 H, 3x
OBz),5.86 (d, 1 H,33.5Hz, H), 5.28 (t, 1 H, d 3.5 Hz, 34
3.5Hz, H), 4.73 (t, 2 H, 45 6.1 Hz, Hsa Her), 4.72 (d, 1 H, J »
0.9 Hz, H), 4.24 (dd, 1 H, J53.5 Hz, J o4 10.7 Hz Hy), 4.05 (t,
1H, % 6.1 Hz, H), 3.58 (s, 3 H, OMe), 2.88 (dod 4 10.7 Hz,
4-OH);3C NMR (CDCk 125 MHz): ¢ 166.5, 165.7, 165.6, 133.7,
133.7,133.4, 130.1 130.0, 129.9, 128.9, 128.7, 128.6, 100.6, 74.0,
70.3,69.8, 67.0, 63.3, 57.51]*% = —60 (c = 0.26, CHC}{). Anal.
Calcd for GgHoOg: C, 66.40; H, 5.17. Found: C, 66.56; H, 5.08.
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