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Strict f-controlled glucuronylations without classical neighboring-group participation were achieved by the assistance of a 2,4-O-di-tert-
butylsilylene group. Comparison of activation conditions and conformational analysis indicated that the strict -selectivity was achieved by steric
hindrance of the 2,4-O-di-tert-butylsilylene group and not by complex glycosyl intermediates.

B-Glucuronides, abundant in polysaccharides and me-
tabolites, have been chemically constructed using classical
neighboring group participation (NGP) to form a 1,2-cis-
type cyclic oxonium intermediate in the glycosyla-
tion process."> NGP can be a very reliable strategy for
strict stereocontrolled glycosylation, and reactions that
proceed by way of an orthoester intermediate also react
analogously.> However, the low reactivity of the ortho-
esters often becomes problematic in the glycosylation of less
reactive acceptors such as secondary or tertiary alcohols or
the 4-OH group of hexopyranosides,* and an alternative
methodology that did not generate such stable intermedi-
ates could have many advantages. Generally, 1,2-trans
glycoside formation without NGP requires consideration
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of many different pathways; solvent effects of ethers
and nitriles,* Sy2-type reactions,” formation of triflate
intermediates,® and torsional strain in fused-ring systems>’
have all provided high stereoselectivities. However, the
stereoselectivity of these strategies for gluco-conformers is
affected by the reaction conditions, and the product is
often contaminated with small amounts of the anomeric
isomer."*® To our knowledge, there are no reports in the
literature regarding strict S-selective glucuronylations”'”
without NGP.

To achieve strict stereoselectivity without the action of
an O(2) participating group, bicyclic ring systems' "> have
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been employed, including for the formation of 2,6-
dideoxyhexopyranosides,''* S-fructofuranosides,''® and
B-galactosides.'> Among these, we focused on the di-tert-
butylsilylene group as the second rigidifying ring, and we
earlier employed the tactic for the high yielding o-selective
glycosylation of a 4,6-O-di-tert-butylsilylene-2-azidoga-
lactose derivative.'* Ando et al. have also reported that
this stereocontrol effect is stronger than that of an O(2)
NGP effect.'?® However, 4,6-O-di-tert-butylsilylene deriv-
atives in gluco- or manno- configurations did not exert a
strong stereocontrolling effect.'® These results suggested
that atleast one axially oriented hydroxyl group is required
for the silylene protecting group’s stereocontrolling effect.
Thus, we designed a 2,4-O-di-tert-butylsilylene-protected
glucuronate derivative 1 as a novel glycosyl donor for strict
stereocontrol in the formation of -glucuronides. In addi-
tion, donor 1 has a 'C4 conformation which would be
expected to exhibit increased reactivity due to cooperative
conformational'* and anomeric effects. A method using
steric hindrance as the dominant factor could be a versatile
alternative strategy for S-glucuronylation. (Figure 1)
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Figure 1. Working hypothesis and designed donor 1.

The donor 1 was prepared from 2'° in four steps as
shown in Scheme 1. Acetyl group deprotection, 2,2,6,6-
tetramethylpiperidine-1-oxy (TEMPO) radical/[bis-
(acetoxy)iodo] benzene (BAIB) oxidation'® at C-6, and
methyl esterification of 2 afforded precursor 3 in 48%
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yield via a one-pot reaction. The desired compound 1 was
obtained in 78% yield from 3 by treatment with di-zerz-
butylsilyl bis(trifluoromethanesulfonate) (rBu,Si(OTf),)
and 2,6-1utidine.

Scheme 1. Synthesis of Glycosyl Donor 1
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To clarify the reactivity of donor 1 in the glycosylation
reaction, seven acceptor substrates—benzyl alcohol 4,
cyclohexanol 5, 1-adamantanol 6, 6-O-unprotected gluco-
side derivative 7, 3-O-unprotected 2-azidegalactoside deri-
vative 8, 3-O-unprotected glucosaminide derivative 9, and
4-O-unprotected glucosaminide derivative 10—were se-
lected and reacted with donor 1, which was activated with
diphenylsulfoxide (Ph,SO)/triflic anhydride (Tf,0)/2.4,6-
tri-zert-butylpyrimidine (TTBP).!” This reagent system is
known to control stercoselectivity by the formation of
glycosyl triflate type intermediates (Figure 1, Table 1).

When benzyl alcohol 4 was employed as an acceptor, the
desired product 11 was obtained in high yield with strict
[-selectivity (Table 1, entry 1). The relatively high yield and
strict S-selectivity of donor 1 were reproduced with accep-
tors 5—10 (Table 1, entries 2—7). Even for hindered
acceptors 1-adamantanol 6 and 4-OH unprotected glucos-
aminide derivative 10, donor 1 gave the desired products 13
and 17, respectively, in good yields (Table 1, entries 3, 7).
The hydroxyl group at O-4 in 10 is notorious for its poor
nucleophilicity and is known to be a difficult glycosyl
acceptor.'® Yamada et al. reported that 2.3,4-tri-O-silyl-
protected glucose donors exhibit S-selective glucosidation,
but strict stereoselectivity and the glycosylation of a 4-OH
were not achieved.”® Thus, successful reactions with ac-
ceptors 6 and 10 clearly indicate the high reactivity of
donor 1 even with hindered acceptors.

In the 'C4 conformation, anomeric configurations can-
not be determined by "H NMR spectroscopy because the
ocand S anomers have similar coupling constants (J ») at the
anomeric proton. To confirm the stereoselectivity of donor
1, deprotections of 2,4-O-di-tert-butylsilylene groups were
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Table 1. Glucuronylations” Using the Glycosyl Donor 1 for
Various Acceptors

Table 2. Deprotection of 2,4-O-Di-tert-butylsilylene Groups”
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tBu” " Bu (NIS)/trifluoromethanesulfonic acid (TfOH) (direct acti-
B O vation condition) mediated activation. These results sug-
Bno gested that the NIS/TfOH direct activation system might
Ho NH J; B”7| \],NH show a different stereoselectivity profile than the glucosyl-
7 Y 63%  B-only triflate intermediate of the 1-benzenesulfinyl piperidine®
10 Si “Bu and diphenyl sulfoxide reaction conditions."”

“Conditions: donor (1.3 equiv), acceptor (1.0 equiv), Ph,SO (1.5
equiv), TH,0 (1.5 equiv), TTBP (2.9 ec;uiv), CH,Cl, (0.05 M), —60 to
0°C, 2 h. MP = para-methoxy phenol. ” Isolated yields. ¢ Isolated ratio.

carried out with hydrogen fluoride (HF)/pyridine and each
coupling constant was analyzed (Table 2).

Asshown in Table 2, the coupling constants of anomeric
protons (J;,) converged to approximately 7.5—7.9 Hz,
allowing all anomeric configurations to be assigned as
pB-forms. These results clarify that glycosylation reactions
using donor 1 proceed in a -selective manner.

Next, our interest shifted to the mechanism of the high
[-stereoselectivity. Crich et al. reported that anomeric

Table 3. Behaviors of Donor 1 in Different Activation
Conditions

yield®? (yield in a/p

entry” acceptors products Table 1) ratio®
1 8 15 80% (71%) p-only
2 9 16 46% (77%) p-only
3 10 17 70% (63%) p-only

“Conditions: donor (1.5 equiv), acceptor (1.0 equiv), NIS (1.5 equiv),
TfOH (0.2 equiv), CH,Cl, (0.07 M), —40 to —10 °C, 2 h, * Isolated yields.
“Isolated ratio.
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Based on this hypothesis, donor 1 was reacted under the
NIS/TfOH conditions to estimate the influence of reaction
intermediates®' such as the glycosyltriflate.””> We selected
sugar hydroxyl groups 8—10 as acceptor substrates for
practical use (Table 3). The results show that every cou-
pling reaction afforded only fS-glycosides and that no
significant differences in yield between the acceptors were
observed. We thus believe that these results indicate that
steric hindrance is the dominant factor and that reaction
intermediates have only a small influence on the stereo-
selectivity of the 2,4-O-di-tert-butylsilylene group.
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. endo-Bu-H-1

endo-Bu . ando-{Bu-H-5

55 ' 0 ' a5 ) 40
F2 Chemical Shift (ppm)

(wdd) yys (eawayd |4

Figure 2. Conformational analysis of donor 1 by NOESY.

We then performed a two-dimensional nuclear Overhauser
enhancement spectroscopy (NOESY) measurement to
prove the effect of steric hindrance in fixed ring systems.
Asshown in Figure 2, each ring proton correlates with tert-
butyl groups. As expected, strong interactions between the
endo-tBu group and the anomeric proton H-5 were ob-
served. This result indicates that the endo-tBu group
locates near C-1 and C-5 and shields the a-direction. The
structure of 1 was calculated using a macro model (MM)?*
and supported the NOESY analytical data, showing that
the ring’s a-face was completely covered by the 2,4-O-di-
tert-butylsilylene group (Figure 3).

In conclusion, we have designed and synthesized a novel
glucuronyl donor 1 with a 2,4-O-di-fert-butylsilylene func-
tional group. This donor 1 showed excellent coupling
yields and complete f-selectivity for various acceptors,
including hindered tertiary alcohols and the 4-OH group
of GlcNAc. In addition, the strict S-selectivity is not

(21) Bohé, L.; Crich, D. C. R. Chimie 2011, 14, 3.
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software using the MMFF molecular mechanics force field.
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Figure 3. MM calculated structure of donor 1.

affected by the activation system. It is thus believed that
the tert-butyl group steric hindrance plays a significant role
in the stereoselectivity. This hypothesis is clearly supported
by NMR spectroscopy conformational analysis and donor
1 structural calculations. This stereocontrolled glycosyla-
tion method could be applied to the synthesis of other
glycosides having gluco-, ido-, allo-, talo-, ribo-, or xylo-
type configurations, including 8-p-xyloside and a-L-iduro-
nate residues in glycosaminoglycans.
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