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Pyranoid glycals of all configurations can be obtained from pentoses through an olefination

can be carried out with excellent yields under radical conditions or by using

lithium naphthalenide. The proposed method is appropriate for the synthesis of glycals with

step is more efficient for these substrates.

—cyclization —elimination sequence. The elimination
common reductive reagents such as Zn/Cu, TiCl 4ILIAIH 4, or
allo or gulo configurations because the cyclization

Access to glycals is important in the glycosylation field for
the synthesis of oligosaccharide mofif<C-glycosides,
C-nucleosidegnucleosided,and other biologically important
molecule€7 The growing appreciation that glycoconjugates
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play an important role in cell recognition processes has
spurred the synthesis of many glycoconjugates via the glycal
method. In some cases, this effort has been conducted with
the aim of developing synthetic vaccines. If new structural
motifs are to be built up, it will be necessary to provide a
variety of glycals of different configurations. In this respect,
the only pyranoid glycals that are readily accessible currently
are eitherp-glucal and p-galactal orL-rhamnal. Other
D-glycals (such a®-gulal andp-allal, etc.) are not readily
available?

The Fischer-Zach method for forming glycals, which uses
zinc dust in acetic acid in the reductive elimination of
acylated glycosyl bromides, has been one of the most popular
methods for synthesizing glycals (Schemé @\er the years,
this procedure has undergone countless modifications regard-
ing the anomeric leaving group (Cl, SPh, S(O)Ph,HO
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SePh, TePh, etc.) and the reducing agent (modifications of entry*

the initial Zn reagents, (GpiCl);, Cr(EDTA), Al—Hg,
lithium naphthalenide, potassium-graphite, gretc.) used
for glycal generatiod? When appropriate groups are present

at positions 1 and 2, the reaction can be performed under

radical conditiond® These methods are limited to readily

available pyranoses. Glycals have also been recently prepared

by ring-closing metathesisand via tungsten- and molyb-
denum-promoted alkynol endo cycloisomerizatién.

In a previous report® we described a new route to
glycosides that makes use of a new kind of glycosyl donor,
2-deoxy-2-iodo-thioglycosides, which are synthesized from

pentoses through a short synthetic route that involves

olefination and iodonium-ion-mediated 6-endo cyclization

(Scheme 2). As an extension of this work, we envisioned an
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easy and general route to glycals from 2-deoxy-2-iodo-
thioglycosides that would allow the preparationméllal
andp-gulal derivatives.
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The presence of PhS and | groups at positions 1 and 2 in
compound3 makes such substrates appropriate for glycal
preparation under anionic or radical conditions. Initially, we
treated the 1-thioglycosidewith a Zn—Cu couple following
the Fischet-Zach method as modified by Bredenkarhgnd
obtained a quantitative yield of theallal 6 (entry 1, Table
1). The use of zinc in the presence of vitamip,B a very

Table 1. Optimization of the Synthesis of the Glydalfrom
the 2-Deoxy-2-iodo-1-thioglycoside

OBn OBn
BnOé@\N SPh ———> Bno&g
BnO | BnO
5 6
yield
conditions (%)

16 Zn—Cu, THF—AcOH 20:1, NaOAc, 0 °C tort,6 h 100
2 7Zn, B2, NH4Cl, MeOH—CH3CN 3:1, rt, 45 min 94
3 n-BuLi, THF, =78 °C, 1 h 41
4 2LN¢ (1 M), THF, —78 °C, 4.5 h 94
5 2TiCly, 4LiAlH4, THF, reflux, 2 h 854
6 2Nal, acetone, 0 °C to reflux, 40 h e
7 Sml,, THF—HMPA, rt, 15 h 157
8 BusSnH, AIBN, toluene, reflux, 30 min 91
9 t-BuOK, THF, 0 °C to reflux, 10.5h h

aA 2:5 a/f mixture was used unless otherwise indicated.1:9 o/B
mixture was used:LN lithium naphthalenided Benzyl-deprotected
glycals were detected by TLE100% of starting material was recovered.
f49% of starting material was recoverddd 2:5 a/f8 mixture was used.
h 87% of starting material was recovered.

efficient reduction system, also afforded an excellent yield
of 6 but in a shorter reaction time (entry 2). The reaction of
5 with BuLi only gave a modest yield of the glyc@l(entry
3); however, whed was treated with lithium naphthalenide
(LN),¢ the yield increased to 94% (entry 4). WhBrwas
treated with TiICJ/LIAIH 47 the glycal6 was obtained in
85% vyield (entry 5).

The reaction of5 with Nal left the starting material
unaltered even after 40 h of heating (entry 6). Phenyl
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Table 2. Synthesis of Pyranoid Glycals from Various
2-Deoxy-2-iodo-1-thiohexoglycosides

Because trio-benzylp-allal was most efficiently obtained
from 2-deoxy-2-iodo-1-thiag-allo-pyranosides by using a
Zn—Cu couple as the reductant, we selected it to explore
the synthesis of all the glycals shown in Table 2.

Entry Starting material Glycal Conditions Yield(%)
Thus, treatment of the 2-iodo-1-thioglycosides13 with
Bn@z B"@" v in 9 Zn—Cu gave the glycal§4—20 in excellent yield. Impor-
g 1 oTh ’ tantly, glycals of all configurations, including tireallo (6)
7 and p-gulo (14) configurations, were accessible using this
OTBDPS OTBDPS method. A variety of protecting groups, including benzyl and
5 > lo >go§g 0%C.1h 86 silyl ethers and acetals, were stable under the reaction
3Ph conditions. Significantly, the procedure described here can
8 15 be used to obtain pyranoid glycals derived from heptoses
BnO OBn Bn0. 0B8N (17), pentoses18), and 3-deoxyhexosed ).
sed BnO SPh Bno% 0-10°C,45h 89 Interestingly, the bromo derivativ&l, obtained from the
corresponding thioalkenyl derivative by NBS-induced elec-
7L J— trophilic cyclization, gave rise t82 when subjected to the
OOO OO above conditions, indicating that the 2-iodo sugars are the
)(&b\ XO&S best substrates for this reaction (Scheme 3).
40 (o) o) 0°C,1h 97
o= AN 0°C,1.5h 91 Scheme 3
. o s +?/) 0Bn OBn
1" 18 BnO éio spn 2O THE oo é 0 o
OBn OBn Br Ac?H, NaOAc
Bnoé,gksph Bno 0 15°C,4h 71 21 0 gBT%Sh 22
: I
12 19
» BnO> °|§" Bgr?o OBn oeCr 3 100 In cqnclusion, we have deyised a new me_thod for
1a5eh - accessing pyranoid glycals of different configurations by a

a Standard conditions: ZnCu couple, 1.4 equiv of NaAcO, THFACOH
20:1. /B mixture was used unless otherwise indicatedA 1:0 o/B
mixture was used: A 1:1 o/ and C-2 mixture of isomers was usédlhe
[-galacto starting material isomer decomposes on standing.

short route that uses readily available starting materials and
conventional transformations. Our method is particularly
valuable for the synthesis of nonreadily accessible glycals
such asp-allal 6 and p-gulal 14 that are present in some
oligosaccharide molecules with biologically interesting prop-
erties.

1-thioglycosides have been reported to be unreactive toward
Smk even in the presence of HMPA, although the corre-

sponding sulfones give glycals under these conditi®ns. the financial support of DGESIC BQU2005-01188 (Minis-
When we tested the reaction®fvith Smkb, very low yields  terio de Ciencia y Tecnolég) Spain), technical assistance
of 6 were obtained and a large amount of starting material from the Servei de Recursos Cientifics (URV), and a

was always recovered (entry 7). By contrast, when we fellowship from DURSI (Generalitat de Catalunya) to O.B.
performed the reaction under classical radical conditions, the gnd M.A.R.

expected glycal was obtained in very good yield (entr{®8).

Fina”y, when we treate® with pOtaSSiUmert—bUtOXide Supporting Information Available: The genera| proce-
in refluxing THF, only the starting material was recovered dure for the synthesis of glycals and spectroscopic data of
after 10 h. the reported compounds 14, 15, 17—19, and22, plus NMR
spectra of compounds—8, 10—15, and17—19 are given.
This material is available free of charge via the Internet at
http://pubs.acs.org.
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