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A new method for intramolecular glycosylation, in which the donor and acceptor were linked via a 3,5-dinitrosalicylic acid derivative, was
developed. Simply dissolving the tethered glycoside in CHsNO, and warming to 40-60 °C led to formation of 1,4-linked disaccharides under
neutral, hence, exceptionally mild, conditions.

The increased interest in glycobioldgyas led to consider- ~ While these aryl glycosides are stable upon storage®& 5
able efforts in the development of new techniques for generaland stable for days in Gi&l, and other nonpolar solvents,
and efficient glycosylatiorfin the synthesis of biologically  they become efficient glycosyl donors in polar, aprotic
active oligosaccharides. One way of directing the regio- and solvents such adN-methylpyrrolidinone (NMP). Simple
stereochemical outcome of the glycosylation is to tether the alcohals, e.g., methanol, were glycosylated stereospecifically,
donor and acceptor moieties prior to an intramolecular whereas more sterically hindered alcohols, e.g., monosac-
glycosylatior?®? Efficient and stereoselective formation of charides, were glycosylated withselectivity. We envisioned
1,6-linked disaccharides by intramolecular glycosylation has
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that a modified DISAL glycosyl donor, in which the alcohol
esterified by the benzoic moiety is not methanol but the 6-OH
of a partially protected carbohydrate (FigureAl, would
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Figure 1. Design for a new intramolecular glycosylation method.
EWG = electron withdrawing group (e.g., NP R, RZ =
protecting groups.

allow intramolecular glycosyl transfer to 4-OH by a 1,9-
glycosyl shift (Figure 1B).

Initially, studies on this new intramolecular glycosylation
strategy were carried out with ethylene glycol as a simple
model for a carbohydrate diol (Scheme 1). The linker
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O,N NO,
F
i NO
0 . z
1 >—> % BnO O

Initial Studies of Intramolecular Glycosylatidn

oH Trto\) Trto\)
THO 5
2
lc
O,N NO, OBn O,N NO,
o}
]? STA E\j
ogn MO a4 Bno BnO O
o O © e e}
B O%
%no BnO O\) HO\)

7 6

aReagents: (a).i(COCIy (1.0 equiv), DMF (0.1 equiv) in
CH,Cly; ii. 2,6-lutidine (2.5 equiv); iii2 (1.1 equiv), overall 78%;
(b) 3 (1.2 equiv), DMAP (0.3 equiv)4 (1.0 equiv), LyCO; (2.0
equiv) in CHCl,, 90%; (c) HCOOH, EXO—toluene, 46%; (d)
NMP—CH:CN, 40°C, 39%.

precursor, 2-fluoro-3,5-dinitrobenzoic aci¢f was attached
to the acceptor, trityl 2-hydroxyethyl eth@ via an ester
bond, giving the corresponding benzoic egtér 78% yield.
Reaction ofd and 2,3,4,6-tetr®-benzylp-glucopyranosd

by nucleophilic aromatic substitution gave the aryl glycoside

(6) Hurd, C. D.; Filachione, E. MJ. Am. Chem. S0d.937,59, 1949—
1952.
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5. Using a “double base” systémwith an excess of LCO;
to drain HF from the reaction and a substoichiometric amount
of DMAP to transfer protons to the insoluble base, 90% of
5 with ano/p ratio of 6:1 was obtained. Next, the protecting
group of the acceptor moiety was removed by treatment with
formic acid in E§O—toluene to give the tethered glycoside
6 in 46% yield. This moderate yield was probably due to
partial hydrolysis of the aryl glycosidic bond during aqueous
workup and purification by column chromatography. Dis-
solving thea-anomer of6 in NMP—CH;CN and warming
to 40°C caused a rearrangement to give the desired acylated
2-hydroxyethyl glucopyranosidéin 39% yield with ano/s
ratio of 2.7:1.

Subsequently, the strategy was implemented for disaccha-
ride synthesis (Scheme 2). The partially protected glycosyl

Scheme 2. Synthesis of 1,4-Linked Disaccharides by
Intramolecular Glycosylatich

OH O;N NO,
Q
HO
Bnm F
BnO OMe

8 (o o)
1 —a' HOO °
Bn BnO
OMe
9
b
Table 1
Rz O2N
OBn A
R OR o
B -
no ey TabIeZ
BnO
OMe

BnO )

13 R = 2-hydroxy-3,5-dinitro- OMe

benzoyl, R'= OBn, R?= H

; 14 R = 2-hydroxy-3,5-dinitro-
benzoyl, R'= H, R*= OBn
15 R=H, R'=0Bn, R*=H

16 R=H, R'=H, R®*= OBn

11 R'=0Bn, R*= H
12 R'=H, R?= OBn

aReagents: (a) i. (COGI)(1.0 equiv), DMF (0.1 equiv) in
CH.Cly; ii. 2,6-lutidine (2.5 equiv); iii.8 (1.0 equiv), overall 63%;
(b) 9 (1.2 equiv), 1,4-dimethylpiperazine (0.6 equiv) or DMAP (0.3
equiv), LL,CO; (2.0 equiv),4 or 10 (1.0 equiv) in CHCI,, see Table
1 for yields; (c) CHNO,, 40 °C, 37%13, 58%14; (f) NaOMe,
MeOH, rt, 95%15, 93%16.

acceptor methyl 2,3-dB-benzyle-p-glucopyranosid® was
esterified with 2-fluoro-3,5-dinitrobenzoic acldo give the
0O-6 benzoic ested in 63% yield. The high regioselectivity
of the O-acylation obliterated the need for transient protection
of O-4. The “donors” 2,3,4,6-tetr@-benzylp-glucopyranose

4 or 2,3,4,6-tetra-O-benzyl-mannopyranosd 0 were at-
tached to the linker moiety by nucleophilic aromatic substitu-
tion to form the aryl glycoside$1 and12, respectively. In
the “double base” system both DMAP and 1,4-dimethylpip-
erazine (DMP) were used as organic bases in substoichio-
metric amounts (Table 1). With DMP promotion thegly-
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Table 1. Aryl Glycoside Formation by Nucleophilic Aromatic
Substitution or®

donor moiety base yield (o/f3)? isolated yield (o/3)
4 DMAPY  75% 11 (2.4:1)
4 DMP¢  80% 11 (<1:25) 67% 11 (1:9.5)
10 DMAPP  75% 12 (4:1) 53% 12 (1:0)
10 DMP¢ 60% 12 (<1:8)

2Yields and anomeric distributions are determined by peak areas in
analytical HPLC? 0.3 equiv of DMAP 5 h at room temperatur&0.6 equiv
of DMP (1,4-dimethylpiperazine), 17 h at room temperature.

whereas substitution of GINO, for NMP, CHCN, or THF

led to degradation of the aryl glycosides. The tethered aryl
glycosides were also subjected to Lewis acid conditions
(Table 2, entries 47). Yields of these reactions were lower
than those for the neutral glycosylations, anddhselectivity

in the formation of mannosid&4 also decreased signifi-
cantly.

The stereoselectivity of the glycosyl transfer reaction
changed for some donor/acceptor combinations in going from
basic through neutral to acidic conditions (Table 2). However,
the differences are too small to draw firm conclusions to
the differences in reaction pathways. We observed that upon

cosides were formed predominantly in all cases, whereas thedissolution in CHNO, and other polar solvents, the tethered

faster DMAP-promoted reaction led to formation of the
a-glycosides.

Previous experiments on DISAL glycosides had shown
that once the aryl glycoside is formed, it does not undergo
racemization under the reaction conditiérSimilarly, we
found that theo/f ratio of the tethered glycosides was
constant throughout the DMAP-promoted reaction. We
speculate that DMP-promoted arylation predominantly gives
theS-glycoside by selective reaction of the more nucleophilic
p-alkoxide, while the faster DMAP-promoted arylation
presumably proceeds by reaction of the initially predomi-
nantly a-configured alkoxide. Yields of aryl glycosidd4d
and 12 were in the range of 6680% with both DMP and
DMAP promotion.

The tethered glycoside$l and 12 were subjected to
conditions similar to those used in the model studies (Table
2), and it was rewarding to observe that they did indeed
undergo intramolecular transglycosylation to form the cor-
responding 1,4-linked disaccharide3and14, respectively.
Under neutral conditions in GNIO, at 60°C, the intramo-
lecular glycosylation reaction favored formation®gluco-
sides anda-mannosides. Yields of the glycosyl transfer
according to HPLC were 37% for the glucose derivatide
(Table 2, entry 1) and 58% for the mannose derivafide
(Table 2, entry 2), respectively. The latter was isolated in
49% yield with an anomeric distribution @f/g 3.7:1, the
starting materiall2 having the anomeric distribution of
1.3:1.

Addition of base to the reaction mixtures in the intramo-
lecular glycosylation was detrimental (Table 2, entry 3),

glycosides slowly underwent in situ anomerization (%%

o. from purep) during glycosylation under neutral or basic
conditions. Finally, removal of the DISAL linker was
performed by Zemplén deacylation, liberating the 6-OH of
disaccharides5and16in 95% and 93% yields, respectively.

In crossover experiments, secondary alcohols, 1,2:5,6-di-
O-isopropylidene-oe-glucofuranose or cyclohexanol, were
added as competing nucleophiles in equimolar amounts to
the glycosyl transfer reaction oil in CH3NO,. The
secondary alcohol 1,2:5,6-@-isopropylidene-op-gluco-
furanose, comparable in nucleophilicity to the 4-OH of the
tethered acceptatl, did not give the correspondinmter-
molecular glycosylation product, as the only disaccharide
observed was formed bipntramolecular glycosyl transfer.
However, the more reactive cyclohexanol gave ithter-
molecularly formed glycoside as the major produdthis
indicated that the glycosylation, although not concerted, did
take place within the solvent cage unless a nucleophile
significantly better than the tethered acceptor was added to
the solvent.

To reveal if any hydrolysis of the tethered glycoside
occurred during HPLC analysis, a control experiment was
performed in which a large excess of MeOH was added to
the glycosyl transfer reaction df2 after 41 h and prior to
preparation of HPLC samples. No methyl glycoside was
formed under these circumstances, indicating that all of the
tethered glycosidel2 had undergone the expected 1,9-
glycosyl shift, elimination, or hydrolysigrior to dilution in
MeOH.

Table 2. Screening of Conditions for Intramolecular Glycosylation

tethered reaction isolated yield
entry glycoside (a/p) promoter?2 solvent temp, °C time hydrolysisPe yield (a/B)P (a/pB)
1 11 (0:1) CH3NO, 60 15h 48% 37% 13 (1:11.7)  24% 13 (1:1.3)
2 12 (1.3:1) CH3NO, 40 41h 15% 58% 14 (3.7:1)  49% 14 (3.7:1)
3 11 (0:1) based CH3NO; 60 40 h >50% <20% 13 (1:1.7)
4 11 (0:1) BF5-OEt, CH,Cl, —78t00 24 h 50% 27% 13 (2.1:1)
5 11 (0:1) FeCls CH,Cl, 20 10 min 75% 5% 13 (1:1.2)
6 11 (0:1) TMSOTf CH.Cl, 20 10 min 65% 10% 13 (1:1)
7 12 (1.3:1) BFsOEt,  CH.Cl, 20 90 min 58% 20% 14 (1:1)

aBases: 3-5equiv. Lewis acids: 2 equiV.Yields, anomeric distributions, and hydrolysis are determined by peak areas in analytical HPydZolysis

of aryl glycosidesl1 and 12 forming free 1-OH glycopyranoses and esters
lutidine, EgN, or DIPEA.

of 3,5-dinitrosalicylic 4@¢b-Di-tert-butyl-4-(dimethylamino)pyridine, 2,6-
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