ORGANIC
LETTERS

. - 2001
Stereoselective Synthesis of Vol. 3. No. 2

2-Hydroxy-a-mannopyranosides from 303306
Glucal Donors

Ji-Young Kim, Valeria Di Bussolo, and David Y. Gin*

Department of Chemistry, University of lllinois at Urbana-Champaign,
Urbana, Illinois 61801

gin@scs.uiuc.edu

Received November 30, 2000

ABSTRACT

DBTO, Tf,0; RO OH
RSO o Nu-H, i-Pr,NEt; RO Ke)
RO-N____ RO
Zncl Nu
eQ /-

S
o 0

Direct synthetic access to 2-hydroxy-a-mannopyranosides from glucal donors is accomplished via a one-pot stereoselective oxidative
glycosylation reaction, employing the reagent combination of dibenzothiophene bis(triflate) and dibenzothiophene-5-oxide.

The key roles that carbohydrates play in vital biological pyanoside$? However, the direct preparation ef-man-
processe$,such as immune response, inflammation, cell nopyranosides from glycal donors (Schemelt~ 2) has
proliferation, and metastasis, has resulted in the development

of numerous glycosylation processes for the assembly of_

complex glycoconjugatesOf these methods, glycal carbo- Scheme 1

hydrate donors have been widely investigated and employed RO RO— OH
in the preparation of C(2)-branched or C(2)-derivatized RO% Rg&%
oligosaccharides as a result of the versatile reactivity of the ROA= Nu
C(1)—C(2)-glycal m-systen® In this context, the glycal 1 2

assembly method has been elegantly demonstrated as &

convenient means for the preparation of 2-hydroxy gluco- yemained elusive, despite their prevalence in nature as
and galactopyranosides via the correspondifig2-anhydro- - exemplified bya-mannose-rich oligosaccharides in a host

of N-linked protein glycoformé4.To date, the most efficient

(1) (a) Synthetic Oligosaccharides. Indispensable Probes for the Life method for the glucal-to-mannopyranoside transformatlon (
SciencesKovac, P., Ed.; ACS Symposium Series 560; American Chemical . . e . L.
Society: Washington, DC, 1994. (b) Sears, P.. Wong, C.CHiem. — 2) relies on a multistep modification of the traditional

Commun.1998, 1161-1170. (c) Mammen, M.; Choi, S.-K.; Whitesides, ~glycal assembly procedure in which inversion of the C(2)-

G. M. Angew. Chem., Int. EA.998,37, 2754—2794. (d) Lis, H.; Sharon, ; ; ; ;

N. Chem Rev1998, 637-674. (¢) @rnioft, T. F.: Vestergaard, E. M. stereocenter is required following glycal OX|d_atEWe now

Electrophoresisl 999,20, 362—371. report a new process that allows, for the first time, direct
(2) (a) Paulsen, HAngew. Chem., Int. Ed. Engl982,21, 155—173. i _ i

(b) Schmidt, R. RAngew. Chem. . Int. Ed. Engl986, 25, 212—235. (c) synthetic access to 2-hydroxysmannopyranosides from

Sinay P. Pure Appl. Chen.991,63, 519—528. (d) Toshima, K.; Tatsuta,  glucal donors.

l5<.2 Clhoegné. ?321199(%393, 15(1_3*105315 (ﬁ)dBO?n%hGﬂJ_e:f;hedronl99% Previous work from our laboratories has shown that the
y - . reparative Carbonydrate emistrinanessian, S., . . . - . .

Ed.; Marcel Dekker, Inc.: New York, 1997; Chapters 12—22. (g) Davis, reagent combination  of dlphenylsulflde bls(trlflate) and

B. G. J. Chem. Soc., Perkin Trans.2D00, 2137—2160. excess diphenylsulfoxide can effect direct stereoselective
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oxidative glycosylation8. This allows for the one-pot

conversion of glucal substrates to 2-hydroxyglucopyranosides Scheme 3
via stereoselective oxygen atom transfer from the sulfoxide @)
reagent to the C(2)-position of the glycal donor (Scheme 2, DBTO, T,0; BnO— OH
5B o H,0, i-PrNEY; Bnoﬂ
BnO - BnO oH
| znci,
4 5 (83%)
Scheme 2
Ph,SO, Tf,0; RO ©Q /-
RO\ o MeOH, EtsN; Ro/&&/ 'S
RO\ T RoA—l DBTO (6) = ®
Nu-H, ZnCl,
1 3
. . () DBTO, Tf,0; BnO OH
1 — 3). This discovery led us to pursue the prospect of  Bpo Me,CHOH, iPNEt  pno 0
achieving complementary stereochemical control in our B”BOM&;\ BnO
sulfonium-mediated oxidative glycosylation reaction to ad- ZnCl OCHMe;
4 7 (72%)

dress the long-standing challenge of direct mannopyranoside
synthesis from glucals, especially in light of the abundance
of mannopyranose residues in nature.

It was envisioned that the structure of the sulfoxide reagenta:8) as a single C(2)-diastereomer. No glucopyranose
in this transformation would have a significant influence on products were detected. Similarly, whéiis activated with
the stereochemical course in the oxidative glycosylation DBTO and T§O, employing 2-propanol (3 equiv) as the
reaction. This hypothesis was verified when dibenzothiophene-glycosyl acceptor (Scheme 3b), 2-propyl 3,4,6Qrbenzyl-
5-oxide (DBTO,6) was employed as the sulfoxide reagent mannopyranoside (7, 72%) is isolated as the only product
in combination with triflic anhydride in the glucal activation/  Of oxidative glycosylation. These results highlight several
oxidation process. The use of this reagent pair led to a key aspects of this novel transformation, including (1) the
dramatic reversal in the stereochemical outcome of the establishment of DBTO and X as a new glycal activating
oxidative glycosylation, resulting in the stereoselective agent; (2) the demonstration of exquisite stereochemical
formation of 2-hydroxymannopyranosides (Scheme 3). For control over the newly formed C(2)-stereocenter in the
example, treatment of a mixture of @-benzylo-glucal @) oxidative glycosylation reaction simply by appropriate selec-
and DBTO (5 equiv) with TO (2 equiv) at—78 °C led to tion of the sulfoxide reagent; and (3) the first realization of
complete activation of the glycal (Scheme 3a); subsequenta method for direct stereoselective conversion of glucals to
introduction of water as a nucleophile/glycosyl acceptor in mannopyranosides.

the presence of diisopropylethylamine and Zng@iovided
3,4,6-tri-O-benzyle-mannopyranose (5) in 83% yield (7:1,

(3) Review: (a) Danishefsky, S. J.; Bilodeau, M.Ahgew. Chem., Int.
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see: (k) Lemieux, R. U.; Levine, £an. J. Chem1965,43, 2190—2198.
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1977,54, 85-104. (m) Thiem, J.; Karl, H.; Schwentner,Synthesi4978,
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Chem. Soc1997 119, 11743-11746. For C2-sulfur/selenium substituents,
see: (0) Jaurand, G.; Beau, J.-M.; SinRyJ. Chem. Soc., Chem. Commun.
1981, 572—-573. (p) Ito, Y.; Ogawa, Tetrahedron Lett1987,28, 2723—
2726. (q) Preuss, R.; Schmidt, R. Bynthesid988, 694—697. (r) Perez,
M.; Beau, J.-M.Tetrahedron Lett1989,30, 75-78. (s) Grewal, G.; Kaila,
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A proposed mechanism for this stereoselective glycosy-
lation reaction is summarized in Scheme 4. The initial step
is believed to be the activation of DBTO with triflic
anhydride to form dibenzothiophene bis(triflat8) {n situ’

The electrophilic specie8 can subsequently activate the
glycal nucleophile from the more sterically accessiblface

to generate the oxocarbenium spedewhich incorporates

a latent sulfide leaving group at C(2). In the presence of
excess DBTO, addition of a second equivalent of the
sulfoxide from thes-face would afford the anomeric oxo-
sulfonium intermediatel0. Following addition of the hy-
droxyl nucleophilic acceptor (RH, 3 equiv) and the acid
scavenger diisopropylethylamine, nucleophilic addition of the
first equivalent of the acceptor {@H) to the oxosulfonium
center of10 would lead to heterolytic cleavage of the-©
bond, resulting in concomitant intramolecular displacement
of dibenzothiophene from C(2). The result would entail
formation of thes-1,2-anhydropyranosidel, as well as the
byproducts dibenzothiophen&2) and the acceptor-derived
sulfonium saltL3 (which is hydrolyzed upon aqueous workup
of the reaction to regenerate the acceptor and DBTO). The
final stages of the oxidative glycosylation can then proceed
by Lewis acid (ZnCJ) mediated epoxide ring opening by

(7) It is unclear whether the activated sulfoxide intermed&exists/
reacts as a sulfonium species oo-aulfurane species.

Org. Lett., Vol. 3, No. 2, 2001



Scheme 4 Scheme 5

RO 7 ROWH BnO DBT'0 (97% "°0), BnO 1808
RO o} A~ Q . BnO "
RCT%» B%%@ T%0; Bnggﬁ
4

- To. ) s-o1f TIO~g—" NHBn
“ “ i-ProNEt; BnNH, 16 (45%)
97% %0 incorp
Q stereochemical reversal in the oxygen transfer process as it
TfO . :
R,m © relates to sulfo_><|de s_truc_ture (i.e., /80 vs DBTO), are at
at present under investigatich.
Rgo 0.0 i-PrNEt RORO H To better define the scope of this method for the one-pot
RO I synthesis of 2-hydroxymannopyranosides, a series of oxida-

RO
1 H Tfa\\s)/'- tive glycosylations were performed from selectively protected
11 {'H NMR} 10 O O glucal donors and hydroxy acceptors (Figure'tl)n this
respect, donors incorporating benzyl ether, isopropylidene

ch|2,
R'OH

the excess acceptor®H to generate the 2-hydroxy manno-
pyranoside product4 in a one-pot procedure.

Several lines of evidence are consistent with the mecha-
nistic hypothesis outlined in Scheme 4. In the oxidative
glycosylation of 2-propanol with tr®-benzylp-glucal (4,
Scheme 3) using DBTO and @, 0.93 equiv of dibenzo- BnO— OH
thiophene (12) was isolated at the end of the reaction. In Bno&% BnO
addition, the C(2)-vinyl sulfonium triflate salt5 was also BnO ngo@ﬁ

0
BnO o)
o o. H 59% Bn& 59% 0\/\SiMe3
n
L)
Bn/;[‘J:S(D BnO—, OH Me
OBn BnO o] OH
BnO
15 O~

62% “Chy 78% OCHMe,
isolated (13%) as a byproduct of this reaction, presumably Me Me
a result of elimination of the H(2) proton from the proposed o— OH Me” 0
oxocarbenium intermedia®® To unambiguously establish Me Bﬁ&% Bﬁo
that the oxidation process proceeds by oxygen atom transfer o 0
from DBTO to the C(2)-position of the 2-hydroxymannopy- 1% R 48% B?B?\@
ranoside product (Scheme 4), an oxidative glycosylation of
benzylamine (a non-oxygen nucleophile) was performed with AcO—, OH AcO
180-Jabeled DBTO (979%420) and T§O (Scheme 5). This ngoﬁ% B'ggo&ﬁ
reaction led to the isolation of the C(1)-benzylamino-2- OCHMe, N
hydroxy-a-mannopyranosid&6 in 45% yield with 979%6:%0- 62% 79% CH,
incorporation, thereby verifying the source of oxygen transfer TIPSO
in the transformatiofl. Finally, tracking of the oxidative Téigo 0.3 Bno&
glycosylation reaction by NMR clearly revealed the forma- Bno/gﬁ
tion of the-1,2-anhydropyranosidel following introduc- . Oy . —%&
tion of the acceptor and acid scavenger. It should be 7 2 55% B"O

emphasized that although product analysis and detection OfFlgure 1. 2-Hydroxy-a-mannopyranosides derived from glucal
11 are consistent with Scheme 4, the details of the initial ggonors.

glucal activation process, especially the origin of the dramatic
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ketal, hindered silyl ethef?, and acetate ester protective silylethanol, and allyl alcohol, many of which also function
groups were found to be compatible with this method. In as convenient anomeric protective groups in carbohydrate
addition, a host of 2-hydroxg-mannopyranosides can be synthesis. Finally, more complex carbohydrate nucleophiles

prepared with a variety of hydroxy nucleophiles, such as
dihydrocholesterol, 2-propandlbenzyl alcohol, trimethyl-

(8) The use of excess DBTO served to minimize the formation of the
unwanted byproduct5, presumably a result of increased stabilization of
the putative oxocarbenium intermediate arising from glycal activation (i.e.,
9 — 10).

(9) The corresponding benzylsulfilimine derivatit@ was also isolated
as a byproduct, which is consistent with the presumed acceptor-induced
epoxide ring closure in Scheme 4.

NBn
1

17

(10) One hypothesis is that the reagent combination eg&Phand T$O
reacts as a monomeric pyramidalized sulfonium salt (i.e,JERf[[TfO] )
that assumes an axiftapproach onto the glucal in a chairlike transition
structure, leading to a net transfer of oxygen to ¢hface of C(2) of the
glucal. Conversely, the DBTOf,0 reagent may react as a neutral pseudo-
trigonalbipyramidab-sulfurane8 or perhaps as a bis(sulfonium) salt (i.e.,
[(CeH4)2SOS[(GH4)2]2-2[TfO] ), which assumes a sterically favorable
o-approach onto the glucal (i.é¢ransto the C(3)-substituent), leading to
a net transfer of oxygen to th:face of the glucal (Scheme 4). Attempts
to identify the putative intermediate® and/or 10 are underway to gain
insight into the validity of such a hypothesis.

(11) In these reactions, 0.5 equiv of 2,4,6tatt-butylpyridine can be
introduced at the outset of the reaction to neutralize trace amounts of triflic
acid that could potentially lead to unproductive glucal decomposition.

(12) For the oxidative glycosylation of allyl alcohol with 3,4-@tbenzyl-
6-O-triisopropylsilylp-glucal, 7% of the corresponding 2-hydrogye-
glucopyranoside was also isolated.

(13) Although fairly unhindered secondary alcohols can be oxidatively
mannosylated with this procedure, more hindered secondary alcohol
acceptors, such as methyl 2,3,6-tri-O-benzyglucopyranose, were inef-
fective, presumably a result of inefficient addition of the nucleophile to the
putative oxosulfonium salt0 in the epoxide ring closure step. Efforts are
currently underway to develop a procedure for the mannosylation of hindered
acceptors by introducing a sacrificial nucleophile to form the intermediate
anhydropyranoside prior to epoxide opening with the desired acceptor.
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such as 3,4-di-&benzylp-glucal can also function as useful
acceptors to generate the corresponding disaccharides, which
show promise for oligosaccharide synthééis.

In summary, a new method for the synthesis of 2-hy-
droxymannopyranosides has been established. This proce-
dure, employing DBTO and T® as a new reagent combi-
nation for glucal activation, involves a net 1,2-transdiaxial
functionalization of the glucal double bond. This method
allows, for the first time, a one-pot conversion of glucal
donors to 2-hydroxymannopyranosides, a transformation that
has traditionally required at least a three- or four-step
synthetic sequence. This method should not only facilitate
synthetic access to biologically important mannose-rich
oligosaccharides, but it may also provide an intriguing
method for stereoselective oxygen transfer to electron-rich
olefins in general.
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(14) The excess carbohydrate acceptor can be recovered at the end of
the reaction.
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