1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Chemistry. Author manuscript; available in PMC 2017 March 18.

-, HHS Public Access
«

Published in final edited form as:
Chemistry. 2016 March 18; 22(13): 4535-4542. doi:10.1002/chem.201505019.

Determination of the Influence of Side Chain Conformation on
Glycosylation Selectivity Using Conformationally Restricted
Donors

Suresh Dharuman? and David Crich?
David Crich: dcrich@chem.wayne.edu
aDepartment of Chemistry, Wayne State University, Detroit, Ml 48202, USA

Abstract

The synthesis of a series of conformationally locked mannopyranosyl thioglycosides in which the
C6-06 bond adopts either the gauche,gauche, gauche,trans, or trans,gauche conformation is
described, and their influence on glycosylation stereoselectivity investigated. Two 4,6-O-
benzylidene protected mannosyl thioglycosides carrying axial or equatorial methyl groups at the
6-position were also synthesized and the selectivity of their glycosylation reactions studied to
enable a distinction to be made between steric and stereoelectronic effects. The presence of an
axial methoxy group at C6 in the bicyclic donor results in a decreased preference for formation of
the B-mannoside whereas an axial methyl group has little effect on selectivity. The result is
rationalized in terms of through space stabilization of a transient intermediate oxocarbenium ion
by the axial methoxy group resulting in a higher degree of Sy1-like character in the glycosylation
reaction. Comparisons are made with literature examples and exceptions are discussed in terms of
pervading steric effects layered on top of the basic stereoelectronic effect.
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Introduction

The hydroxymethyl side chain of the hexopyranoses and their derivatives is considered to
occupy an equilibrium mixture of three staggered conformations described as the

gauche,gauche (gg), gauche,trans (tg), and trans,gauche (tg) conformers according to the
relationship of the C6-O6 bond to the C5-O5 and C5-C4 bonds, respectively (Figure 1).[]

In freely rotating systems the composition of the equilibrium mixture of conformers is
principally a function of orientation of the C4 substituent and of the anomeric center,
although other factors such as solvent, the protecting group array, and the size and chirality
of the aglycone are increasingly recognized as contributing factors.[2] In the context of
glycosylation, following the seminal work of Bols,[3] the conformation of the side chain is
also recognized to be an important factor in the reactivity of glycosyl donors.[4] Thus, the
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disarming effect of the 4,6-O-benzylidene acetal-type protecting group recognized by
Fraser-Reid[®] and a part of the Wong relative reactivity value index,[] was established to be
the result of locking the C5-C6 bond in the tg conformation thereby maximizing the
electron-withdrawing effect of the C6-O6 and its destabilizing effect the nascent glycosyl
oxocarbenium ion.[3 491 NMR and computational studies with conformationally unrestricted
1-ethoxy-5-alkoxylmethyl tetrahydropyrylium ions reveal that the pendant alkoxymethyl
group prefers the gg conformation when it is pseudoequatorial to the half-chair of the
oxocarbenium ion, and a gauche conformation projecting the C6-O6 bond toward the center
of positive charge when it is pseudoaxial to an oxocarbenium ion half-chair conformation.”]
These observations are consistent with the work of the Woerpel and Bols groups and others
according to which oxocarbenium ions are stabilized electrostatically through space by
remote C-O bonds.[8]

Most recently it has been observed that side chain conformation influences the
stereoselectivity of glycosylation reactions on both the sialic acids and the 2-
deoxyglucopyranosides leading to the suggestion that the gg conformation favors
nucleophilic attack on the opposite face of the “oxocarbenium ion” to the one populated by
the C6-06 bond.[4: 91 In this article we report on the synthesis and use of a series of
conformationally locked bicyclic mannosyl donors in which the C6-O6 bond is held in either
the gg, gt, or tg conformation, to probe the effect of side chain conformation on
glycosylation stereoselectivity. We find that the gg configured system has lower [3-
selectivity than either the gt or the tg comparators consistent with stabilization of the
glycosyl oxocarbenium ion by the gg methoxy group and increased Sy1-like character for
the glycosylation reaction. The observation is discussed in the context of previous papers
demonstrating the higher reactivity of the gg conformer leading to the formulation of a
general picture of side chain conformation on glycosyl donor reactivity and selectivity.

Results and Discussion

Adapting the method employed by Bols for the methyl glucosides3! and in our laboratory
for the methyl galactosides,[9! the benzylidene thioglycoside 11101 was converted to the 2,3-
di-O-methyl analogue 3 by alkylation under standard conditions and then to the 4-O-
benzyl-6-ol 5 by selective partial reduction of the acetal with the boranesTHF complex in
the presence of ytterbium triflate(!1] (Scheme 1). Oxidation with the Dess-Martin
periodinane[12] gave an aldehyde that was reacted immediately with a commercial solution
of allylmagnesium chloride in THF to afford a 1:1 mixture of the o-glycero-.-manno and .-
glycero-o-manno thiononopyranosides 7 and 9, respectively. The relative configurations of 7
and 9 were assigned retrospectively following subsequent conversion to less
conformationally mobile bicyclo[4,4,0]decane-type skeletons. After separation 7 and 9 were
subject to further methylation to give 11 and 12, respectively, followed by ozonolytic alkene
cleavage with reductive work-up to afford the selectively protected 7-deoxy 4-O-benzyl
thiooctosides 15 and 17 (Scheme 1). Application of the same reaction sequence to the 4,6-O-
p-methoxybenzylidene acetal 2[13] gave the analogous 7-deoxy 4-O-p-methoxybenzyl
thiooctosides 16 and 18 (Scheme 1)..
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Treatment of the benzyl ethers 15 and 17 with boron trichloride in dichloromethane
followed by tosylation of the primary alcohol gave the 5,8-anhydro octofuranosides 20 and
22 with the o-glycero-o-manno- and -glycero-o-manno- configurations, respectively, and not
the anticipated 4,8-anhydro octopyranoside isomers. These reactions are understood as
proceeding via a Lewis acid mediated endocyclic opening of the pyranoside ring following
debenzylation, and subsequent ring closure to the furanosides 19 and 21, respectively.
Selective sulfonylation of the primary alcohol and ring closure by displacement of the
tosylate group then gives the observed products. Indeed, omission of the tosylation step
enabled isolation of 19 and 21 in good yield (Scheme 2).

To circumvent the Lewis acid mediated pyranoside to furanoside rearrangement, attention
was refocused on the 4-O-p-methoxybenzyl ethers 16 and 18, which on treatment with DDQ
in wet dichloromethane gave the required octopyranosyl diols 23 and 25 uneventfully.
Tosylation of the primary alcohol groups in 23 and 25 and subsequent treatment with
sodium hydride then afforded the desired 4,8-anhydrothiooctopyranosides 24 and 26 in the
o-glycero-o-manno- and .-glycero-o-manno- series, respectively (Scheme 3). It is noteworthy
that, whereas the cyclization of 19 and 21 to 20 and 22, respectively, took place
spontaneously on monotosylation in pyridine, the formation of 24 and 26 from 23 and 25 did
not occur under the same conditions and required activation of the residual hydroxyl group
at the 4-position in the form of the sodium salt. The isolation of 24 and 26, with their rigid
bicyclic skeletons enabled the straightforward assignment of configuration at the 6-position
through routine analysis of coupling constants, and so retroactively the assignment of 7-10
and all intermediate products.

In order to be able to compare the influence of alkoxy groups with alkyl groups at the 6-
position on glycosylation stereochemistry a pair of 4,6-O-benzylidene protected 7-deoxy
heptothiopyranosides diastereomeric at the 6-position were prepared. Thus, Dess-Martin
oxidation of 6 followed by treatment with methylmagnesium iodide in ether gave the o-
glycero-o-manno and -glycero-o-manno heptosides 27 and 28, whose configuration was
assigned following subsequent benzylidene acetal formation, in a ratio of approximately 1:5.
The diastereoselectivity observed in this Grignard addition contrasts significantly with that
observed on addition of allylmagnesium chloride in THF to the identical aldehyde derived
from 6 (Scheme 1) and presumably reflects the change in counter-ion and solvent.

A portion of the major isomer 28 was readily converted to the minor one 27 by means of the
Mitsunobu reaction[4] and the p-nitrobenzoate ester 29. Treatment of 27 and 28 with DDQ
in wet acetonitrile gave the corresponding diols 32 and 33 in moderate yield together with
minor amounts of the p-methoxybenzylidene acetals 30 and 31. These acetals, whose
configurations were readily assigned by standard means, arise from intramolecular
nucleophilic attack by the 6-hydroxy groups competing with quenching by water at the level
of the intermediate benzylic cations.l!®] Finally, installation of the benzylidene acetals in 34
and 35 took place unambiguously under standard transacetalization conditions employing
camphor-10-sulfonic acid as catalyst (Scheme 4).

With four thioglycosides in hand a series of glycosylation reactions were conducted under a
set of standard conditions involving donor preactivation at —78 °C in dichloromethane in the
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presence of 2,4,6-tri-tert-butylpyrimidine (TTBP)[18] with the combination of 1-
benzenesulfinyl piperidine (BSP)7] and triflic anhydride followed by addition of the
acceptor alcohol. For the benzylidene acetals 34 and 35, consistent with the strongly
disarming properties of this protecting group, activation by the BSP/Tf,0 couple was slow
at —78 °C, therefore activation was conducted at =60 °C after which the reaction mixture
was cooled to =78 °C for addition of the acceptor. All reactions were conducted at the same
concentration of donor, acceptor, activating couple and base, and were quenched at —78 °C
by the addition of sat. NaHCOj3 solution prior to work up. One primary 36, one secondary
37 and one tertiary alcohol 38 were employed as acceptor leading to the matrix of
glycosylation reactions presented in Table 1.

For each glycosylation product, the anomeric stereoselectivity could be rapidly and
unambiguously determined on the basis of the chemical shift (55) of the H5 resonance in
the mannose moiety as in the simple 4,6-O-benzylidene acetals.[X8] In each case this
assignment was supported by measurement of the diagnostic anomeric 1Jcp heteronuclear
coupling constant in the mannose ring.[2°]

With donor 24 and its axial 6-OMe group mimicking the gg conformation all three acceptor
alcohols display modest -selectivity of approximately 4:1 (Table 1, entries 1-3). With the
diastereomeric donor 26 and equatorial 6-OMe group positioned to imitate the gt
conformation selectivities are between 8 and 10:1 in favor of the -isomer for the two
carbohydrate acceptors 36 and 37 (Table 1, entries 4 and 5), but are lower when the tertiary
alcohol 1-adamantanol is employed as acceptor (Table 1, entry 6). With the tg-configured
donors 35 and 34 carrying either axial or equatorial methyl groups at the 6-position
selectivity for the formation of the -products was high with the two sugar acceptors (Table
1, entries 7, 8, 10 and 11) but again lower with adamantanol (Table 1, entries 9 and 12).
Therefore, for the two carbohydrate acceptors 36 and 37, the effect of imposing the gg-
conformation on the side chain as in donor 24) is one of reducing the p-selectivity compared
to the gt and tg conformations (donors 26, and 35 and 34). We consider that this effect is not
primarily a steric one arising from the methoxy group shielding the p-face of donor 24, as
donor 35 has an axial methyl group in the same position, and methyl groups are larger than
methoxy groups as judged by comparison of their steric A values (Me = 1.74 kcal.mol ™1,
OMe = 0.55-0.75 kcal.mol~1).[20] However, the possibility that the effect arises at least in
part from differential shielding of the anomeric center by the methoxy groups in 24 and 26
cannot be completely excluded. That adamantanol does not fit the pattern observed with the
two carbohydrate acceptors is due to lower selectivity observed with the gt-configured donor
26 and the two 6-methyl tg-configured donors 35 and 34 (Table 1, entries 6, 9, and 12)
rather than to any significant change in selectivity with the gg-donor 24 (Table 1, entry 3).
We hypothesize that this change in pattern with the tertiary alcohol adamantanol, to which
we return below, is due at least in part to the increased steric bulk of the acceptor.

The reduced B-selectivity arising from the imposition of the gg conformation as in donor 24
is best understood in terms of stabilization of the positive charge at the anomeric center in a
transient oxocarbenium ion by the C6-06 bond, which is closer to and periplanar with the
vacant mr-orbital of the delocalized cation. As the oxocarbenium ionl?!] is in equilibrium
with the commonly observed[?2] a-glycosy! triflate this stabilization results in a longer
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lifetime of the oxocarbenium ion and looser ion pairs leading to a reduction in selectivity
(Scheme 5).[23] This rationale is consistent with computational work by Woerpel suggesting
that pyranosyl oxocarbenium ions are stabilized when the side chain adopts the gg
conformation.[”] Furthermore it is in full agreement with kinetic isotope effect
measurements!?4] and cation clock experiments,[2%] both of which indicate a higher degree
of Sy1-like character in the formation of 4,6-O-benzylidene—protected a-mannosides than
for their f-anomers which are closer to the Sy2 end of the mechanistic spectrum for
nucleophilic substitution.

This stabilization of the glycosyl oxocarbenium ion by imposition of the gg conformation on
the C6-06 bond is also consistent with the work of the Bols and Crich laboratories on the
relative rates of hydrolysis of both trans- and cis-fused models of 4,6-alkylidene-protected
dinitrophenyl glycosides (Figure 3).[349] In both the glucose and the galactose series the gg
system is more reactive than the gt and tg models reflecting the greater stabilization afforded
to the positive charge developing at the anomeric center in the transition state for hydrolysis.

In a recent paper Galan and coworkers described the influence of a 6-O-(tri-isopropylsiloxy)
substituent on the outcome of the organocatalytic addition of alcohols to trans-fused 3,4-O-
(tetra-isopropyldisiloxane)-protected glycals in comparison with the corresponding 6-deoxy
series.[9 While the 6-deoxy donor was found to give a,p-mixtures of products, the 6-O-silyl
system was found to give exclusively the a-anomer (Scheme 6). The difference in
selectivity was attributed on the basis of computational work to the preferential adoption of
the gg conformation by the siloxy group and the corresponding stabilization by 2.6
kcal.mol ™1 of the oxocarbenium ion with respect to the gt conformer.[®] Nevertheless, this
stabilization of the gg over the gt conformer, which fits the general pattern, should not be
interpreted to mean that the 6-O-siloxy substituted oxocarbenium ion is stabilized with
respect to the 6-deoxy system studied; 6-deoxy sugars are considerably more reactive than
their fully oxygenated counterparts because of the absence of an electron-withdrawing C-O
bond. It is also noteworthy that mannopyranosy! donors protected with a Ley-type bisacetal
protecting group spanning the 3- and 4-positions, analogous to the disiloxanes studied by
Galan and coworkers, are highly a-selective in contrast to the g-selective 4,6-O-benzylidene
protected mannosyl donors.[26]

The difference in reactivity and selectivity between the tg and gg-conformers is most easily
understood by comparison with standard gluco- and galactopyranosyl systems. Thus, the
spatial relationship between O6 and the ring oxygen in the tg conformation is identical to
that between the equatorial O4 and the ring oxygen in glucopyranosides, whereas the O6 and
the ring oxygen in the gg conformer share the same spatial relationship as the axial O4 and
the ring oxygen in galactopyranosides (Figure 4). The axial O4 in galactose and the gg
conformer of the side chain are spatially closer to the ring oxygen and better able to stabilize
positive charge on it, than the equatorial O4 in glucose and tg conformer of the side chain,
resulting in the generally greater reactivity and a-selectivity of galactosyl over glucosyl
systemsl27] and in the greater reactivity[® 48] and now the a-selectivity of the gg over the tg
confomers of the side chain. The ability of the axial O4 in galactose, and by extrapolation
06 in the gg conformer, to stabilize positive charge on the ring oxygen better than the
equatorial O4 in glucose and consequently O6 in the tg conformer is usually considered in
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terms of a simple electrostatic effect with the electron density on axial group being closer to
the positive charge than is the case with the equatorial group.[”: 82 8. 28] Alternatively, the
axial O4 in galactose (and O6 in the gg conformer) stabilize developing positive charge at
the ring oxygen by through space donation of electron density, which is not possible with
the equatorial O4 in glucose (and O6 in the tg conformer).[8€]

The electrostatic hypothesis for the increased stabilization of positive charge on the ring
oxygen by an axial O4 or by O6 in the gg conformer, while satisfactory when making
comparisons to an equatorial O4 or the tg conformer, respectively, does not extend to the gt
conformer whose reactivity (Figure 3) and selectivity (Table 1) is intermediate between that
of the gg and tg conformers. This is because the C6-O6 bonds in the gg and gt conformers
are both gauche to the C5-ring oxygen bond thereby placing O6 equidistant from the ring
oxygen (Figure 1) in the ground state conformation of the pyranose with the equatorial side
chain and in the likely “Hs and B, 5 conformers of the oxocarbenium ion. The apparent
stabilization of the oxocarbenium ion by the gg conformation of the side chain as compared
to the gt conformation, which presumably arises from through space donation of electron
density into the * orbital with which the C6-O6 bond has good overlap (Figure 5).

Exceptions to the overall pattern of the gg conformation of the C5-C6 bond stabilizing an
intermediate pyranosyl oxocarbenium ion and thereby influencing reactivity and selectivity
are apparent and can be explained by the layering of steric effects onto the basic
stereoelectronic model. The use of the tertiary alcohol 1-adamantanol as acceptor in the
present study is one such exception. Thus, the gg-configured donor 24 is more p-selective
toward adamantanol than the gt conformer 26 (Table 1, entries 3 and 6). This can be
understood in terms of an unfavorable steric interaction between the bulky incoming
acceptor and the equatorial methyl ether at the 6-position of the donor in the transition state
for B-glycoside synthesis that disfavors -glycoside formation in the gt series. That such an
interaction is possible, and more important than the comparable interaction with the axial
methoxy group at the 6-position in reactions with the gg configured donor, is readily
ascertained with nuclear Overhauser effect measurements on the products (Figure 6). Thus,
the adamantany|l pglycosides 448 and 508, with their equatorial methoxy and methyl groups
respectively at the 6-position both show nOe effects between the C6 substituent and the
aglycone. Conversely, no such effect is seen in the diastereomers 41 and 47p in which the
respective methoxy and methyl groups are axial (Figure 6). Presumably in the tg configured
donor 34 the maximized electron-withdrawing effect of the C6-O6 bond antiperiplanar to
the C5-05 bond shifts the equilibrium between the ion pairs and the covalent donor (Scheme
5) such that contributions from the oxocarbenium ion to the outcome of the glycosylation
are minimized. This leads to a more Sn2-like transition state in which the influence of the
steric clash between the incoming acceptor and the equatorial group at C6 is reduced.

A second partial exception to the overall rule is found in our work on the influence of side
chain configuration on the reactivity and selectivity of the 4-O-,5-N-oxazolidinone-protected
sialyl donors.[4f] Here the donor with the 7S configuration was found by NMR spectroscopy
to adopt the gg conformation about the exocyclic bond (C6—C7 in the sialic acids) and to be
more reactive than the 7R-epimer in which the gt conformation predominates (Figure 7).
Thus, reactivity-wise the general pattern is followed with the diastereomer that adopts the
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gg-conformation being more reactive. However, the more reactive 7S-epimer with its gg
conformation was found to be more equatorially selective than the 7R isomer with the gt
conformation of the side chain. This is because the side chain of the sialic acids is
considerably larger than the methoxy and methyl substituents in the donors studied here and
in the 7R-isomer significantly shields the one face of the donor.

Conclusions

A series of bicyclic conformationally constrained mannopyranosyl donors carrying either
axial or equatorial methoxy or methyl groups at the 6-position has been synthesized and the
influence of the substituent on the stereoselectivity of glycosylation reactions studied. An
axial methoxy group at the 6-position is found to result in a decrease in selectivity for
formation of the equatorial (3-) glycoside whereas an axial methyl group has little
consequence on selectivity. This result is discussed in the context of other literature
examples and is interpreted in terms of stabilization of the transient glycosyl oxocarbenium
ion by the axial C6-OMe bond, which increases the population of the oxocarbenium ion and
its ion pairs respective to the covalent donor and so results in a greater proportion of Sy1-
like reactivity and selectivity. Exceptions to generally emerging rule of the influence of the
conformation of the side chains of glycosyl donors on reactivity and especially selectivity
are discussed and understood in the layering of pervading steric effects on top of the basic
stereoelectronic principle. Extending the general concept we anticipate that monocyclic
glycosyl donors in which the population of the gg conformer of the side chain is enhanced
by the protecting group array at other positions will show more oxocarbenium-like character
in both their reactivity and selectivity.

Experimental Section

Experimental Details.

1H NMR spectra were recorded in CDCl3 solution unless otherwise stated at 400, 500, or
600 MHz. 13C NMR spectra were recorded in CDCl3 solution unless otherwise stated at
100, 125, or 150 MHz. Mass spectra were recorded in the +ve ion mode using electrospray
ionization (ESI-TOF). Specific rotations were recorded in dichloromethane solution at room
temperature unless otherwise stated. Molecular sieves used in glycosylation reactions were
of the commercial. All reaction solvents were dried by standing over molecular sieves.

Phenyl 4,8-anhydro-7-deoxy-2,3,6-tri-O-methyl--glycero-a-o-thio-mannooctopyranoside

(24)

To a stirred solution of diol 23 (0.75 g, 2.09 mmol) in pyridine (6 ml) was added tosyl
chloride (0.52 g, 2.72 mmol) and DMAP (25 mg, 0.20 mmol) at room temperature. The
reaction mixture was stirred at room temperature for 6 hour before TLC (60% ethyl acetate
in hexane) showed reaction completion. The solvents were evaporated, washed with 1N
hydrochloric acid, extracted with dichloromethane (3 x 20 ml), and dried over Na;SQO4. The
combined extracts were concentrated under high vacuum and the crude residue was taken
for further step without purification. To the crude tosylate was then added DMF (6 ml) and
NaH (0.42 g, 10.4 mmol) at 0 °C. This reaction mixture was stirred for 30 min before TLC
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(20% ethyl acetate in hexane) showed reaction completion. The mixture was washed with
water, extracted with ethyl acetate (3 x 20 ml), and dried over Na,SO,4. Combined extracts
were evaporated under high vacuum and silica gel column chromatography afforded 24
(0.37 g, 52% over two steps) as a colorless oil. R=0.60 (hexane/EtOAC 4:6); [a]p?2 =
+162.2 (¢ 0.17, CH,Cl,); 1H NMR (400 MHz, CDCl3) & 7.48 — 7.46 (m, 2H, Ar-H), 7.33 -
7.23 (m, 3H, Ar-H), 5.74 (d, J = 1.4 Hz, 1H, H-1), 4.10 (t, J = 9.7 Hz, 1H, H-4), 4.02 (dd, J
=9.7,2.4 Hz, 1H, H-5), 3.88 (dd, J= 2.9, 1.4 Hz, 1H, H-2), 3.79 — 3.74 (m, 2H, H-8, H-8),
3.69 (dd, J=2.4,5.8 Hz, 1H, H-6), 3.51 (s, 3H, OCH3), 3.51 — 3.49 (m, 1H, H-3), 3.48 (s,
3H, OCHj3), 3.42 (s, 3H, OCHg), 2.01 — 1.94 (m, 1H, H-7), 1.83 — 1.71 (m, 1H, H-7"); 13C
NMR (100 MHz, CDCls3) 6 134.9, 130.5, 129.0, 127.1, 85.7, 79.3, 78.9, 74.0, 72.3, 72.1,
62.4, 58.6, 57.6, 57.1, 29.3; HRMS (ESI) m/z calcd for C17H,405SNa [M+Na]*, 363.1242;
found, 363.1241.

Phenyl 4,8-anhydro-7-deoxy-2,3,6-tri-O-methyl--glycero-a-o-thio-mannooctopyranoside

(26)

Compound 26 (61%, 0.43 g) was synthesized analogously as 24 from compound 25, as a
white solid. Rg= 0.40 (hexane/EtOAC 4:6); m.p. 103 — 106 °C; [a]p?2 = +119.7 (c 0.75,
CH,Cl,); IH NMR (400 MHz, CDCl3) § 7.57 — 7.55 (m, 2H, Ar-H), 7.32 — 7.26 (m, 3H, Ar-
H), 5.74 (d, J= 1.4 Hz, 1H, H-1), 4.05 - 4.03 (m, 1H, H-8), 4.05 (dd, J = 8.8, 9.2 Hz, 1H,
H-5), 3.87 (dd, J = 2.9, 1.4 Hz, 1H, H-2), 3.55 (dd, J = 3.4, 9.7 Hz, 1H, H-3), 3.54 (t, J=9.2
Hz, 1H, H-4), 3.50 (s, 3H, OCHy3), 3.49 — 3.48 (m, 1H, H-6), 3.48 (s, 3H, OCH3), 3.45 -
3.41 (m, 1H, H-8"), 3.36 (s, 3H, OCH3), 2.03 (dd, J = 13.2, 5.1 Hz, 1H, H-7), 1.73 - 1.62
(m, 1H, H-7"); 13C NMR (100 MHz, CDCl5) § 133.8, 132.4, 129.0, 127.8, 85.5, 78.8, 78.7,
78.0, 76.7, 74.6, 66.2, 58.6, 58.1, 57.9, 31.8; HRMS (ESI) m/z calcd for C17H2405SNa [M
+Na]*, 363.1242; found, 363.1243.

Phenyl 7-deoxy-4,6-O-benzylidene-2,3-di-O-methyl->-glycero-a-o-thio-
mannoheptopyranoside (34)

To a solution of diol 32 (0.2 g, 0.63 mmol) and CSA (0.78 g, 0.06 mmol) in CH,ClI, (8 ml)
was added benzaldehyde dimethyl acetal (0.37 ml, 2.54 mmol) at room temperature. The
reaction mixture was stirred for 6 h at room temperature before TLC analysis (20% ethyl
acetate in hexane) showed the reaction completion. The reaction mixture was diluted with
CH,Cl,, washed with aqueous saturated NaHCO3. The aqueous solution was extracted with
CH,Cl, (3 x 10 ml), combined organic extracts were washed with brine, dried over
anhydrous Nay,SQOy, and concentrated. The crude residue was purified through silica gel
column chromatography to afford 34 in 80% (0.20 g) yield as a white solid. R= 0.60
(hexane/EtOAC 4:1); m.p. 112 — 113 °C; [a]p?2 = +193.7 (¢ 1.45, CH,Cl,); H NMR (400
MHz, CDCl3) 6 7.53 — 7.49 (m, 4H, Ar-H), 7.39 - 7.29 (m, 6H, Ar-H), 5.68 (s, 1H,
Benzylidene-H), 5.67 (d, J= 1.4 Hz, 1H, H-1), 4.15 (t, J=9.3 Hz, 1H, H-4), 4.04 - 3.91 (m,
1H, H-6), 3.91 (dd, J= 3.9, 1.4 Hz, 1H, H-2), 3.88 (t, J= 9.2 Hz, 1H, H-5), 3.72 (dd, J =
10.2, 3.4 Hz, 1H, H-3), 3.59 (s, 3H, OCH3), 3.54 (s, 3H, OCHs), 1.24 (d, J = 5.7 Hz, 3H,
H-7); 13C NMR (100 MHz, CDCl3) § 137.6, 133.8, 131.5, 129.1, 128.8, 128.2, 127.6, 126.2,
101.1, 85.6, 80.2, 78.4, 76.7, 75.1, 70.8, 59.1, 59.0, 17.7; HRMS (ESI) m/z calcd for
CyoHys05SNa [M+Na]*, 425.1399; found, 425.1391.

Chemistry. Author manuscript; available in PMC 2017 March 18.
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Phenyl 7-deoxy-4,6-O-benzylidene-2,3-di-O-methyl-.-glycero-a-o-thio-
mannoheptopyranoside (35)

Compound 35 (0.15 g, 61%) was synthesized analogously as 34 from compound 33, as a
white solid. Rg= 0.50 (hexane/EtOAc 4:1); m.p. 92 — 93 °C ; [a]p?2 = +201.0 (c 0.40,
CH,Cl,); IH NMR (400 MHz, CDCl3) § 7.52 — 7.47 (m, 4H, Ar-H), 7.39 — 7.28 (m, 6H, Ar-
H), 5.89 (s, 1H, Benzylidene-H), 5.64 (d, J= 1.1 Hz, 1H, H-1), 4.53 (dd, J = 10.1, 5.7 Hz,
1H, H-5), 4.46 — 4.41 (m, 1H, H-6), 4.37 (t, J = 9.9 Hz, 1H, H-4), 3.90 (dd, J= 3.1, 1.4 Hz,
1H, H-2), 3.70 (dd, J = 9.6, 3.2 Hz, 1H, H-3), 3.58 (s, 3H, OCH3), 3.52 (s, 3H, OCHy3), 1.48
(d, J= 6.8 Hz, 3H, H-7); 13C NMR (100 MHz, CDCls) § 137.9, 134.1, 131.5, 129.1, 128.8,
128.2,127.6, 126.2, 94.3, 85.9, 80.2, 78.5, 72.8, 70.4, 67.3, 59.1, 58.8, 11.8; HRMS (ESI)
m/z calcd for CooHpg0O5SNa [M+Na]™*, 425.1399; found, 425.1401.

General Procedure for Glycosylation Reaction

A stirred solution of glycosyl donor (0.1 mmol), BSP (1.0 equiv.), TTBP (2.0 equiv.) and
4A Molecular sieves (34 mg) in CH,Cl, (2.6 ml) was kept for 1 h at room temperature.
Then, freshly distilled Tf,O (1.1 equiv.) was added at —78 °C (Benzylidene protected
glycosyl donors 34 and 35 were activated at —60 °C). After 1 h, a solution of the glycosyl
acceptor (1.5 equiv.) in dichloromethane (1.0 ml) was added. The reaction mixture was
stirred at =78 °C for 20 min (reaction completed in 3 h when benzylidene protected donors
34 and 35 were used) before it was quenched with sat. NaHCO3 (1.0 ml) solution. The
reaction mixture was diluted with CH,Cl, (10 ml), washed with saturated NaHCO3 solution
(10 ml), brine (5 ml), dried over Na,SOy4, and concentrated under reduced pressure. The
glycosides were isolated using silica gel column chromatography (eluent: ethyl acetate in
hexane).

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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g9 gt

Figure 1.

The gg, gt, and tg conformations of the hydroxymethyl chain.
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Figure 2.
Glycosyl Acceptors 36, 37, and 38.
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Influence of the C6-O6 bond conformation on relative rates of 2,4-dinitrophenyl glycoside
hydrolysis in the glucose and galactose series.
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Figure 4.
Comparison of the spatial proximities of O6 in the gg and tg conformers and of O4 in

galactosyl and glucosy! systems to the ring oxygen.
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A, A

ag gt

Figure 5.
Relationship of the C6-06 bond to the oxocarbenium ion 7* orbital in the gg and gt

rotamers, illustrated for the #Hs conformation.
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Nuclear Overhauser correlations in the B-adamantanyl glycosides suggestive of retarded p-

glycoside formation in the gt configured systems.
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Structure of the 7S (gg) and 7R (gt) isomers of an N-acetyloxazolidinone protected sialyl

donor and their relative reactivities and selectivities.
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Scheme 1.

Synthesis of Selectively Protected Phenyl a-o-glycero-o-manno and a-.-glycero---manno-

thiooctopyranosides 15-18.

i) DMP,
ii) CH,=CHCH,MgClI

- L OMe

SPh

9: R=Bn, 40%
10: R = PMB, 32%

l NaH, Mel
OMe

- L OMe
RO O

+ MeO

SPh

13: R=Bn, 78%
14: R = PMB, 90%

i) O3, -78 °C,
i) NaBH,
OMe
HO L OMe
. RO 0
MeO

SPh

17: R =Bn, 70%
18: R = PMB, 88%

Chemistry. Author manuscript; available in PMC 2017 March 18.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Dharuman and Crich

BCl,,

15 ——

CH,Cl,

BCls,

CH,Cl,

Scheme 2.

MeO OMe

MeO
21, 66%

OMe

TsCl, Py,

DMAP

TsCl, Py,

DMAP

Page 20

OMe
o O...\SPh
MeO OMe
20, 66%
“OMe
O\\‘ O .\\SPh
MeO OMe
22 54%

Thiopyranoside to Thiofuranoside rearrangement on Removal of 4-O-Benzyl Ethers with

Boron Trichloride.
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Synthesis of Bicyclic Octosyl Donors Isomeric at the 6-Position
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Synthesis of the 7-Deoxy o-Glycero-o.-manno- and .-Glycero-o.-manno Thioheptosides 34

and 35.
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Scheme 5.
Glycosylation mechanism for mannoside formation illustrating shift in the covalent donor —

ion pair equilibria with side chain configuration.
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Highly a-selective organocatalyzed addition to a conformationally locked glycal as a
function of the side chain and its gg conformation. [Work in the 6-deoxy glycal was
conducted on the -enantiomer; its antipode is drawn here for ease of comparison].
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Table 1
Glycosylation reactions
Product®
Entry Donor Acceptor Yield, B:a ratio
OMe OMe
OMe BnO
oMe OMe BnO
1 0 0 36 o] O BnO o
MeO MeO o
24 sph 39 (84%, 4.4:1)
om OMe
e
e %Bno Bnde
2 37
MeO MeO o\%ﬁ
24 gpp OBn
40 (74%, 4.0:1)
om OMe
e
Ogﬂe S Ocl\)lle
38
Tk R [
24 spp
41 (77%, 4.3:1)
OMe
o o} O BnO
4 R s HRER oSS
26 sPh 42 (85%, 8.4:1)
M Me\ OM
e
SOMe %%)EXWB o o Me
(o} n
5095 37 MeO B %o?
26 sph n
43 (73%, 9.9:1)
Me
Me\ oM \OOMe
R M
6 MeO MeO o
26 SPh
44 (75%, 2.9:1)
OMe
BnO
7 M20 36 MeO o
35 sph 45 (83%, 7.2:1)
OMe BnoPMe
g el 5
8 MeO 37 MeO ogn
e 46 (79%, p-only)
OMe
P Y0 OMe Ph’VOO (o)
9 o 38 M2O o@
35
SPh 47 (87%, 3.6:1)
OMe
BnO
OMe
i ST
10 MeO 36 MeO o
34 sph 48 (83%, 7.6:1)
B OOMe
Ph—X.0 0
o) (o]
1 %o 37 MeO oBn
34 sph 49 (79%, p-only)
OMe
gy Ol oSy
12 2O 38 MeO 0

34 spn

50 (88%, 3.8:1)

[a]

Mean of two independent experiments
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