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Abstract

Development of next generation therapeutics derived from bacterial secondary
metabolites has been limited due to the prevalence afeédxy sugars within a
significant portion of this class of compounds. A general method for the stereoselective
synthesis okitherh - ori -linked 2deoxy glycosides remains elusive despite extensive
work by the greater scientific community. This dissertation explores the applicability of
glycosyl sulfonates asdeoxy donors for the construction of both andh -selective
glycosides, and theelationship between donor configuration and glycosylation
selectivity.

The applicability of glycosyl sulfonates as donors for the synthesis of complex
oligosaccharides was studied through the synthesis of the pentasaccharide fragment of
saquayamycin 4t was shown thatvhile olivose (2,édideoxy glucose) donors showed
high specificity for the synthesis lofglycosides, rhodinose (2,3tfideoxy galactose)
donors, in conjunction with bulky sulfonyl chloride promoters, showed high selectivity
for the synhesis ofh -glycosides.

This unusual selectivity was further explored through studies on digitaf&)6e
dideoxy alloseylonors. Similarly to rhodinoseligitoxose showed bias towards
formation ofh -glycosides. Studies with more and less reactive benzdfuesy/| chloride
promoters showed that selectivity for tHe-glycosides could be optimized through use

of the lessreactive electron richd-O-isopropylbenzenesulfonyl chloride. The



applicability of this chemistry was demonstrated through the synthesis of ilirked
digitoxosetrisaccharide fragment of Kijanimicin.

Further explorations on the relationship between donor structure and selectivity
were explored through studies on configuration isomers of thediggoxy serieslt was
seen that the presence of axial graipn the pyran rind¢ead to increased favorability
for the synthesis of -glycosides, with the C3 position being more influential that the
further remote C4 position. Matcmismatch studies with enantiomeric acceptors
indicated that the observed selectiyits more likely attributable to the properties of the
donor rather than interactions between the donarcceptor paiy suggesting a change in

mechanism for donors with axial substituents.
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Advancements in ArylsulfonyChloride Promoted ZDeoxy
Glycosylation: Configurational Dependence and Synthetic
Applications



Chapter 1Significance and Chemié€dycosylatiorwith
2-Deoxy Sugars



1.1: Introduction and Aim of the work
Oligosaccharideslso known as glycanis, addition to nucleic acids and proteins, are

one of the most important macromolecules in biological systémalthough classically sugars
were thought to mainly be involved in structural features and energy storage, more recently
they hawe been shown to have important roles in processes suthefolding®*and post
translational modification of protein3and to be key mediators in cedell interactons® This
latter role has been shown to have implications for cell infection by extraneous virus and
bacteria, and for the immune response to such evefitRespite the significance of these
roles,andirect reldionship between glycan structure and the effect on biological funchias

yet to be fully elucidated. While progress towards decoding the functions of oligosaccharides
has seen advancement through the development of technologies such as early automated
oligosaccharide syhesizerst®!? and the glycan microaay for screening glycaprotein
interactions arules for a generé) and broadlyapplicablestructure-activity relationship hae
yet to be established. While much current research is largely focused on mammalian and
eukaryotic glycosides, bacterial glycosides represent an untapped potential in the search of
next-generationpharmaceutiicacompounds.

Bacterial econdary metabolites have been shown to have desirable biophysical
properties!* Among bacterial secondary metabolites, roughly 20% are estimated to contain
oligosaccharide functionaliti€s.However, unlike the eukaryotic glycome, the bacterial
glycome contains a much more structurally diverse pool of sugars, pragesmsignificant
challenge for the chemical synthesis of these compounds and derivatives thereof for further
study. Bacterial sugars feature modifications unseen in mammalian sugars, such as unusual

deoxygenation, amination, methylation, and ov@idation(Figure 1.1}> One prominent and

3



recurring feature is deoxygenation at the C2 position. Thededky sugarsra found in wealth
of bacterial secondary metabolites with promising biological properties such as the

landomycins'® saquayamycing/1® as well as in copounds that are already being used as

o OH oH OH OH
o, =7 2 Q
HO Ho o7
OH Ho ©H OH

D-olivose L-oliose L-digitoxose L-boivinose
1.01 1.02 1.03 1.04
OH
‘O
on " Ho Z407"
NH; HO "2
p-saccharosamine L-vancosamine L-ristosamine
1.05 1.06 1.07
OH OH
OH
T =7 Zo7
O _——
HO
L-rhodinose L-amecitose L-aculose
1.08 1.09 1.10

Figure 1.1: Representative examples ofil2oxy sugars found in bacterial natural products

medications, such as the antibiotic vancomy&idjgitoxin, which is used fohe treatment of

cardiac arrhythmi&! and doxe and daunorubicif?23which are frontline cancer treatments

(Figure 1.2). In the extreme example of the saccharomycins, deoxy sugars compose the majority
of the heptadecasaccharide moleculd.ike eukaryotic glycosidehe exact role that the
oligosaccharide fragments play in the action of these poumnds is largely unknowr{owever,

it is known thataltering the oligosaccharide functionalitan havea significant impact on the

pharmacodynamic properties of the compound.



Differences in the oligosaccharide structures has been shown to have a significant
impact on the biological activities of glycosylated compounds. In the case of the landomycins,
members of the family have been identified with oligosaccharides rangingdrsimgle residue
in Landomycin |, to up tthe hexasaccharide fragment fouma landomycin A825While highly

influential, the length of the oligosaccharide chain is not directly related to the activity of

R
OH O
O‘O‘ 'OH R = OH : Doxorubicin, 1.12
R = H : Daunorubicin, 1.13
OH O OH OHO
» J
p&%

[} Ho o O
=
o]
0 HO )
OH Saquayamycin Z Landomycin A
111 Q
HO OH

O
0 @# NH; HO o) O, )
OH
0380 OH
O oH
%

%%/o 7°3S\L =
NH,
%L%)H/ v /
S ﬂj
Ho NH2

Vancomycin
NH
. %O& 1.16
Saccharomycin B

1.15

Figure 12: Exampleof 2-deoxy-sugar containing natural products

landomycins in a lengtdependent manner. LandomycinlAl4, with ahexasaccharide
fragment shows superior activity against MCEGo = 1.8>M), LL/2 (Gb= 0.7>M), and NCI
H460 (Gh = 2.1>M) cancer lines compared to those containing shorted oligosaccharides.
Contrastingly, LandomycinlE19with a trisaccharide igment, showed reduced activity

against MCF7 be nearly an order of magnitudeo&I3.0>M), while also showing comparable



Table 1.1: Anticancer activity of landomycing-l is dependent upon oligosaccharide chain length

HO
OH O O
N6 o

HO

OH

I Landomycinone

Glsg (uM)
Landomycin NCI-H460 MCF7 LL/2
A1.14 21 1.8 0.7
B 1.17 6.6 2.1 1.5
J1.18 10.2 4.5 14
E1.19 5.4 13.0 0.7
D 1.20 10.2 4.2 21
11.21 13.9 3.7 3.5
Landomycinone 1.22 5.9 2.9 2.9

activity against LL/2 cell lines ¢&+ 0.7>M).28 Interestingly, the aglycon&.22alone showed

activity comparable to landomycin A (Table 1.1).

Chemically altering glycosylation patterns to affect bioactivity has been applied to the

synthesis of unnatural analoga of natural glycosylated compounds as well. In the case of

apoptolidin1.23 which has been shown to inhibit certain cancers at nanomolar concentrations

through selective induction of apoptosis by inhibiting activity 8FFATPase, analogues with

seledive removal of the sugar residues showed severe reduction in activity against MATU

breast cancer cell lines of nearly six orders of magnitueg €T nM vs 165 >100>M) compared

to the fully glycosylated natural product (Table 122).

Furthering of this approach by extensive modification of oligosaccharide fragment of

compound,a methodtermed glycorandomization, has the potential to open pathways to

develop leadnoleculesnto compoundswith more desirable medicinal properties and

RSONBI &SR

G2EAOAGED® hQ52KSNI @

Kolyéosidedi. 2R 20S R

and MeONneoglycoside4.30-1.32to assess the influence of the chain length on the-anti

cancer activity of digitoxose (Figure 1.3). Against a panel of cancer cell lines, it was seen that,

while the MeON negylycosides generally showed lower activity, the monosaccharide

6
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analogues of both the &and MeONglycosides showed improved activity comge to the
respective diand trisaccharide compound®.This is in agreementith earlierstudies on the

binding affinity of digitoxse to the Na/KTPase pump which saw a simijlamproved binding

Table 1.2: Activity of apoptolidin 1.23 angiartially glycosylated derivatives

OMe

Compound R, R,

1A9 (ovarian) MATU (breast)

0
123 2 ﬁow ﬁ 0.24 M 1M
MeoﬁovH |\|-/|ISO 0 HO

HO
1.24 -OH -OH n/a >100 uM
-OH 11.5 uM 3 uM
1.25 MeO Q OH H H
HO
1.26
ﬂz;\ -OH n/a >10 uM
MeO OH
HO

affinity for digitoxn with antruncated oligosaccharide fragmefit Additionalcytotoxicity
screeningsvith analogues featuring varyimgonosaccharides noted thatL-amecitose
glycosylated digitoxigenin showed further improved activity against a variety of cancer cell
lines3°Work by Thorson also on digiioxeo-glycosidestudied a library of 78 digitoxin neo
glycoside analogues featuring fully substituted sugars, deoxy sugars, pentoses, and amino

glycosides as both- andL-enantiomers, as well as with both andi -linkages to the aglycone



While the majority of the maloguesshowed decreased activigompared to digitoxipa few of

the library compounds screened showed increased cyctoxiottgrdstingly pyranepentose
neoglycosidegxylose, ribose, arabinose, lyxose) generally shosrdthncedanti-cancer
properties3'! RRAGA 2y I £ ¢ 2 NJingdigitoxh dapalcgueSidtTardvirabpiopeRies
again notedhat the L-amecitose analoguef digitoxinshowed improve anti-viral activity 32

Although digitoxin has been traditionally used in the treatment of congestive heart faflure,

these studies indicate that it may be applicable in a wider array of medicinal roles. In the course
of these studies it was seen that both the sugars used, as well as their handedness and the
anomeric configuration of their connection to the agipe portion of digitoxin had a significant
influence on their activity of the compound, validating the glycorandomization approach to

drug discovery and optimization.

HLo Hfo O
OH OH
n n
1.27 n = 1 monodigitoxoside 1.30 n = 1 mono-neo-digitoxoside
1.28 n = 2 di-digitoxoside 1.31 n = 2 di-neo-digitoxoside
1.29 n = 3 tri-digitoxoside 1.32 n = 3 tri-neo-digitoxoside

Figure 1.3: Digitoxose @nalogues and N(OMe)eogly®side analogues

Another study emphasizing the influence of oligosaccharide functionality was
undertaken by Townsenelt al.throughtheir studies of hybrids of doxorubicin and

daunorubicin aglycones with the oligosaccharide fragmerthefpotent antiproliferative



Table 1.3: Activity of arimetamychdoxorubicin and-daunoribicin analogues

0]
heesed
Y OMe
o)

OH O OH
TCso (MM
0 o 50 (M)
& NMe, 1o NH HCT116 MDA-MB231 HB9AR (MDR)
0 1.34 R = OH, doxorubicin (DOX) AMA 250 320 90
OH 1.35 R = H, daunorubicin (DNR)
Me,N Steffimicin 2250 3690 4800
1.33 Arimetamycin (AMA) DOX 20 470 14900
AMA-DOX 40 <30 30
Q oH : DNR 210 80 1250
MeO / ~0 O OH O
O‘O‘ AMA-DNR 90 90 200
Y~ “OMe (]
OH O OH O & NMe,
MeO Q 0
OH
OMe MezNOH
1.36 Steffimicin 1.37 R = OH, AMA-DOX

1.38 R = H, AMA-DNR
anthocyclinearimetamicin A3 The unusuabranched-aminosugar containing disaccharide
fragment of arimetamycin A is believed to tesponsible for the increased activity of
arimietamycin A compared to other members of the arimetamycin far@lycosylating the
doxorubicin aglycone with this disaccharitas shown to increase the activity of doxorubicin
against HCT116 and MEMB231 cell lines, and was able to completely recover activity by
doxorubicin and daunorubicin against the mdtug resistant H69AR cancer cell liness¢TC
doxorubicin 14,900 nM, OXAMA: 30 nM)33

These studies emphasize the crucial relationship between oligosaccharide structure and
compound activityFurthermore, they note how small changes in glycoside sirecand
glycosyic bond orientatior? (vsi ) can ralically alter the activity of glycosylated compounds.
Given the prevalence of@eoxy sugars in compounds of pharmaceutical intertbgtre is a

need to be able to construct-@eoxysugarcontaining oliggsaccharidesn a stereoselective



mannerto further develop methods for the rational design and study of analogues of
glycosylated bacterial secondary metabolites.

1.2: Background and Approach

1.2.1: The glycosylation reaction
At the most fundamental levethemical glycosylation is a condensation reaction

between an electrophilic glycosyl donor and a nucleophilic acceptor. The chemical synthesis of
glycosides was first reported in the late18entury in works by Emile Fischtand
contemporaneous work by Arthur Micha®lBoth methods, whilermide by modern standards,
GSNE SFFTFSOUAOS Ay (KS aeyikKSaArAa 2F aAAYLI S 3t e
OrGrftel SR azftgz2feara 2F Iy dzyLINRPGSOGSR 3t ed2a
condensation between aphernoxide and glucosyl débride. However, due to the harsh
conditions in both reactions as well as being limited to simple alcohol acceptors, neither
method was compatible for use in the synthesis of more complex oligosaccharides. However,
both methods remain useful method for thsynthesis of simple alkyl glycosidés’
In more modern glycosylation chemistry glycosyl donors are functionalized at the
anomeric position with a latent leaving group that can be activated under controllable
conditions to form a highly reactive electrophilic species. A wealtilyaosyl donors have been
reported in the literature, but some of the most commonly used donors include thioglycosides,
glycosyimidates, and glycosyl halidé%3°In a typical glycosylation reaction, thenor
glycosidds treated with a promoter which activates the latent functional group into a highly

reactive species, followed by the introduction of a nucleoplaidiceptor to form a new

glycosidic bondScheme 1.1)Different donors offer advantages and disadvantages, with the
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choice of donor often being dependent upon the particulars of the deaameptor pair and

compatibility with other functional groups in theodor and acceptof?

Promoter

<\_0 ROH (Acceptor) o
PO/\/*lL —_— PO/\N%
(Donor) LG OR
1.39 1.43
PO~
139 LG
| E-X (promoter)
@ o ® o
=0 =0 =0 =0 =0
POS PO PO PO ) X = Pov—~
{ X o &@ 1.41p 1.408
1.400 1410 X 1.42 X l
Snz-li& l / Sni-like \ %2-"'@
=0 Pog/wﬁo
PO~ v OR OR
B-linked product a-linked product
1.43p 1.43a

Schemel.1: Multiple pathways for chemical glycosylation spanning thglSs2 manifold.

The most often invoked mechanism of glycosylation involves activation of the glycosyl
donor, elimination of the anomeric leaving group to geateran intermediate oxocarbenium
ion, and interception of the oxocarbenium ion by a nucleophile (Scheme 1.1). While this
mechanism has been often invoked, evidence for the actual oxocarbenium intermediate is
limited, with it only being identified by NMR dar superacid condition&. The implication of
this being that under typical activation conditions the oxocarbenium ion, if it does exist as a
distinct species, is expected to be extremely short li#&dHowever, the invocadn of an
oxocarbenium intermediate has been useful in modelling and predicting the selectivity of a

glycosylation reactioi*#°A more accuratexplanationof the mechanism would b#hat the
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invoked oxocdrenium ion is present as a close ion paith some covalent character,
explainingthe tendencyof a glycosylation reaction to haw®th Si1 and §2-like properties
A recurring problem for any chemical glycosylation is controlling the regiochemical and
stereochemical outcome of the reaction. As previously stated, the inherent complexity of
oligosaccharides due to the introduction of branched structures and additgiastocenters
presents a challenge in the synthesis of a given target structure. In the biological synthesis of
glycans both regicand stereoselectivity are controlled by the nature of the glycosyl transferase
catalyzing the reactioff In chemical synthesis, regioselectivity is largely controlled through the
installation of orthogonal protecting groups. However, it should be noted that there have been
sucessful methods for the regioselective synthesislubrt oligosaccharidesithout the need
for protecting groups on the glycosyl acceptor. A prominent example of this comes from the
Taylor group, who have made use of boronic and borininc acid catalysédetctively activate
individual hydroxyl groups on unprotected and partially protected glycosyl accefittié/hile
this represents a step towards regioselective glycosylation without the gidodécting groups,
the current state othe chemistryis limited tocertain acceptors and particular hydroxyl groups
on the accetors. Further advances would be nesasyfor more widespread application. As
such, orthogonal protecting groups remain the dominant strategy for regioselective control.
Stereoselectivity is a more significant challenge in the sysithef oligosaccharides. Any
given pair of glycosyl donor and acceptors can form a glycosidic bond in eitherdhe-
configuration.In pyranohexoseshts is denoted in the relationship between the C1 hydroxyl
group and the C5 hydroxyl groupa Fischer projectigrwith matded configuration being the

h-anomer, andnismatchedconfiguration being thé -anomer. For most sugars tte
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configuration corresponds to an axial glycosidic bond, and thenfigurationto an equatorial
bond. The proportion of each stereoisomfermed during a glycosylation reaction depends
upon a wide range of factors, including, but not limited to, the structure of the donor and
acceptor (i.e. glucose, galactose, mannose, etc), the choice of promoter, the solvent used, the
reaction temperature etc4° Frustratingly, these facdt R2y Qi Ge@ LA Ol tt & | FFS
glycosylation reactions in the same manner, making the determination of ideal conditions often
reliant upon empirical screenings.

Arguably, the most important factor in biasing the stereochemical outcome of a given
glycosylation predictably is the choice of protecting grotipAs previously stated, the synthesis
of a targetoligosaccharideelies heavily on orthogonal protecting groups. However, different
protecting groups can affect the behavior of a dom@ceptor pai?® This is the most impactful

at the C2 position, being adjacent to the reaction center. At the position, protecting groups can

OBn e OBn O@Bn/’_\ OBn
HOR
BnO 0 = BnO 0 — = BnRO o] BnO 0
BnO BnO ©) BnO b\ BnO
0BnX OBn AN /_ 0BnOR
OBn
1.44 B ] 1.47
1.45 1.46
OBn e OBn OBn /’_\ OBn
o) HOR
BnO 0 —>  |BnO 0 ~— BRoJ BnO O OR
BnO BnO ® 09 o BnO
OAcX o) T < OAc
1.48 - ):O - 1.51
1.49 1.50

Scheme 1.2: Synthesis of2itrans glycosides with and without neighboring group participation

be generally grouped into two families: participating, and {pamticipating protection groups.

Participating groups generally contaireakly nucleophilic heteroatoms®&bonds away from
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the anomeric positionThese groups are able to intercept the oxocarbenium ion generated
during the glycosylation reaction, forming a cyclic species. This group effectively blocks one face
of the molecule, limiting the incoming nucleophile to a single dioacof attack. Glycosyl

donors bearing participating groups at C2 show a strong bias for the constructiontodiis2
glycosidesi (-glycosides in the glueand galacteseries -glycosidesn the manneseries). If a
non-participating group, most commdy etherial protecting groups, are present at the C2
position, then the outcome of the reaction will be more driven by kinetic and thermodynamic
effects®! For a reaction under thermodynamic control, this will favor thglycoside due to the
anomeric effect. In the pyran ring, the lone pair on the oxygen aop@sed to overlap with the
antibonding * orbital from the CO bond at the adjacent carbon. This overlap lowers the
energy of the axial glycoside compared to the equatorial glycoside. For reactions under kinetic
control, the outcome is more dependent uptime structure and energetics of the transition

state. Work from the Woerpel group has robustly studied this relationship between transition
state structure and anomeric selectivity%5* But both thermodynamic and kinetic effects

generally favor formation of -glycosides.

1.2.2: The challenge ofd2oxy glycosylation
As with the mammalian glycoméhe chemical synthesis ofd2oxy glycosides remains a

challengewith an added emphasis mespect to controlling stereoselectivity. While a degree of
control could be accomplished in G@bstituted sugars with participating and narticipating
groupsat the C2 position, such as approach is not possible in glycosylation-ahbxg

donors. The creates a unique challenge, as the distribution of product enantiomers is much

more sensitive to the doneacceptor pair and the reaction conditions. Furthermmp?-deoxy
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sugars are generally more reactive than their fully substituted analdgudsch can act to
destabilize any reactive intermediates that affect the outcome of a glycosylation.

Approaches to 2leoxy glycosylation can largely be grouped into two approaches: direct
and indrect. Indirect glycosylation can be seen as a migplieind approach to the synthesis of
2-deoxy glycosides. This method makes use of temporary prosthetic groups at the C2 position
to either block oe face, or to direct the approaching nucleophile to thesoted face of the
molecule to form either thé - ori -glycoside. Following the synthesis of the desired anomer,
the prosthetic group is then cleaved from the molecule to reveal the targitdky species.
Commonly used qsthetic groups have included halogeis! sulfides®® selenides?’ and
thioacetates®® These gpups have been favored as they can be readily remmetectively
under reductive conditions. This approach, while effective for the selective synthesis of
glycosides, does necessitate the use of additional synthetic steps towards the target structure
through both the final reductive elimination of the prosthetic group, and through the additional
derivatizationstepsof the individual sugar donors to include the necessary prosthetic groups.
The inclusion of these additional steps has largely driven thesftmvards the direct approach
to the synthesis of 2leoxy glycosides.

In contrast to the indirect approach, direct glycosylation is the activation efl@Xy
donor to form the desired glycoside in a single synthetic step. While the approach does avoid
the inclusion of additional steps thatare seen in the indirect approach, control over the
stereochemical outcomes of the glycosylation is a more significant challenge. Absent directing
groups at the C2 position any stereoselective directing effects amg# from the inclusion of

specific reagents and the reaction conditigfi$n particular, the direct synthesis ofdeoxyi -
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glycosides represents a very difficult transformation, asi thigycoside is both
thermodynamically and kinetically disfavored undet-8ke reaction condition§?

It should be noted that there are a handful of examples of selective glycosylation-with 2
deoxy donors that do not fit easily into the direiadirect categorizationincludingde novoand
umpolung approache®e novo approaches do not rely upon glycosylation in the traditional
sense. Rather, the glycosidic bond is constructed with a sugar precursor which is then
chemically transformed into the desired residue. This can be seen in wohebydDonald
group who used a tungstecatalyzed cyclization to prepare glycosides from-sagar
precursors’?63 Anather prominentexampge of de novoglycosidesynthesisis in workby the
h Q5 2 K S N#®wharm&Bedukd of a palladium catalyzed F3ujistreaction for the
selectivesynthesis of sugar precursors. As with the indirect approach, these methods typically
will involve the inclusion of additional synthetic steps, as well as the use of bespoke precursor
compounds, limiting the appeal of such methods.

Umpolngmethods invert the typical doneacceptor scheme by reacting a nucleophilic
donor with an electrophilic acceptor. This has been prominently used by the Zhu group for both
the synthesis of @lycoside%®%’as well as glycoside$8In these instances the selectivity of
the reaction is governed by th&rientation of the intermediate Galkoxide. In the case of gluo
and galacteconfigured donors the alkoxide is believed to exist in equilibrium between the
andi -configurations. Dued repulsive effects from the pyran oxygen lone pairs,itkedkoxide
is more reactive, favoring formation of theglycoside®’ In the case of digitoxose and boivinose

donors, a bridging sodium counterion locks the alkoxide intdHuenfiguration, leading to the
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Scheme 1.3: Selective glycosylatiohh - andi -2-deoxyglycosides by lithation

selective synthesis of the-glycoside’® A similar approach was also used by Shair to synthesize
h-glycosidedy reacting anomeric alkoxides at cryogenic temperatures where the distribution
of the alkoxide largely favors theconformation’® The synthesis of-§lycosides by Zhu follows
a slightly different approach. Using thioglycosides as donors, reductive lithiation with LiDBB
generates an intermediate anomeric carbaridhium ion. This nucleophile was then reacted
with electrophilic dsulfideacceptors to produce the desiredgB/coside$? This methods was
expanded upon to syntheszhe Slinked analogues of the hexasaccharide fragment of
LandomycipA.”2 The use of anomeric lithiuasarbanions was further developed by Herzon to
be applcableto the synthesis of @lycosides through the use of metktgtrahydropyranosyl
peroxide (MTPglectrophiles asacceptorg (Scheme 1.3MTRprotected acceptors ads a
source of electrophilic oxyge touplewith the nucleophilic carbanion. Using this chemistry it
was shown that the selectivity of the glycosylation can be controlled by allowing the
intermediatelithium-carbanion to equilibrate at different temperatures to favor either the
ori -glycaside/? While a powerful approach, it is limited by the need for the preparation of
specially functionalized acceptors to be compatible with the nucleophilic donors, as well as the
use of LiDBB, which is both highly reactive and does not have a signifstabtly shelf life.
Several reviews have been compiled detailing the reported methods for the selective

synthesis of Zleoxy glycosides. A review by Franck and Marzabadi covered developments from
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198819992 A following review from Lowary and Hou covered developments from-1999
2009/4with a review by Wan covered development from 2e2017/° A 2012 review from
Nagorny and Borovika covered specifically developments in the synthestieaik@ -
glycosides, with a focus on natural product synthé%is.comprehensive review of the field was
published by Galan and Bennett in 2084ost recently a 2021 review from Meng, Li, and Zhu
covered advances in directdzoxy glycosylatio® Given this thorough background of the field,
the rest of this chaptewill be focused on the development of glycosyl sulfonates and their

implementation as donors for the synthesis efl@oxy -glycosides.

1.2.3: Glycosyl sulfonates as donors
Glycosyl sulfates were first reported by Helferich and Gootz in 19@%ucosyl tosylate

was prepared by heating tetractylglucobromide with silver tosylate (Schemd)1 Following
filtration of the resulting siler bromide, glucosyl tosylate could be isolated by crystallization. In
1938 Helferich and Gnuchet reported the synthesis of glucosyl mesylate by a similar rffethod.
AcO AGOTs
AcO O Aco/% W /©/
AcO AcO

AcO Br Etzo AcO O \\

1.52 1.53
Scheme XY | St FSNAOQE mMobHd deyikKSara 2F 3If dz02:
Following these reports, no further studies on glycosyl sulfonates took place until the mid
MpT NnQad
The first reported use of glycosyl sulfonates as a donoa fgliycosylation reaction was
reported by Scheurch in 197482 Building upon the earlier work by Helferich, glucosyl

tosylates were prepared through reacting glucosyl bromide with silver tosylate. The resulting
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tosylate was confirmed by NMR-6ulfonate:t = 6.1, dz= 3.5 Hz -sulfonate:t = 5.5, 3= 8.0

Hz), but was unstable and could not be isolated from solution. The glycosyl tosylate, when
treated with an alcohol acceptdollowing tosylation produced the desired glycoside in good
yield, albeit as a mixture of the- and i -glycosides. The proportion of anomers formed was
shown to be highly dependent upon the choice of solvent as well as the protecting group at the

C6 position. This method for the preparation of glycosyl sulfonates was also used for the

MsO
BnO
BnO & ROH » BnO MsQ
BnO acetonitrile Bgoo O orR
OTs n
1.54 1.55
OT:
° ROH
B”Oﬁz acetonitrile Bnow
OMs BnO  Sus
1.56 1.57

Scheme B5: Synthesis of -rhamnose and -mannose from glycosyl tosylates

synthesis of galactosyl sulfonat&€sas well as rhamnosyl and mannosyl! sulfon&eEreatment
of the latter sulfonates with alcohols in acetonitrile affordedlycosides in high selectivity, in
an early example df-mannosylation andl -rhamnosylation (Scheme35).

Contemporaneous work by Koto reported glycosylation of 2,3d@tf@gbenzyl glucose
with a system of mitrobenzenesulfonyl chloride (Nosyl chloridsjlver triflate, and
triethylamine®-86This system was shown toguide the product glycosides in good yield with
some moderate selectivity for the-glycoside. These same conditions, when applied to other
non-glycosidic alcohols, produced nosylates as a product. This suggested that the active species
of the reaction cold be assumed to be the-glycosyl nosylate, explaining the observed bias for
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thei -glycoside. It was noted that attempts to utilize other sulfonates as donors resulted in
decreased yields and selectivity.

Glycosyl sulfonatelsavealso be directly genetad from glycosyl hemiaceta®s Perlin
demonstrated the conversion of 2,3,4tétra-benzylglucose to the corresponding glucosyl
triflate by reaction with triflic anhydrid&® While direct reactions of the triflate species with

alcohols failed to produce glycosides, including tetrabutylammonium broifiB&B)apidly

BUZSO
1.59
S ROH o)
(PhS0O,)0 PhSO, > Po%;&y BN Po§/
1.58 1.61 0S0,Ph OR
o SO2Ph 164 1.65

A/O
S M
S 0 PO\,
Bu'@ Bu PO/A&% © 1.63 OSBU;

Scheme 16: Generation of glycosyl phenylsulfonates by catalytic dibutyl sulfoxide

afforded glycosides via an intermediate glycosyl bromide with highlectivity. Treatment of
the same glucose hemiacetal with mesic anhydride also resultéaiformation of glycosyl
mesylates, which could be directly displaced by alcohol acceptors to form glycesidest
the need for TBABA similar approach was demonstrated by Pavia, where it was noted that
glycosyl hemiacetals activated with triflic amige in the absence of an acceptor
predominantly formed trehalos&’ In the presence of an acceptor alcohol, glycosides could be
obtained in good yields with high selectivity for theglycoside®

Further invocation of glycosyl sulfonates generated from hemiacetals as an active

species comes from studies by Gin on their system of activation of glyesjdcetals by a
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sulfoxide/sufonic anhydride systefhln both their initial method, as well as the development

of the catalytic sulfoxide variatiot?,mechanistic studies through isotope labelling experiments

and NMR monitoring indicated the active donor species to be a glycosy! sulftiates

species arises through activation of dibutyl sulfoxide9 by phenylsulfonic anhydride.58 The

resulting sulfonium sulfoxidspeciesl.60is then intercepted by the glycosyl hemiacetal at the
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Scheme 17:1 -mannosylation via intermediate glycosyl triflate

OR
1.690

sulfur(V) center generating the temporary glycoSysulfoxide catioril.63 Subsequent

displacement byphenylsulfonate iorl.61resultsin the stable glycosyl sulfonatetermediate

1.64, which acts as thactivated donor This species can themoceedto react with an acceptor

nucleophile to generate a new glycosidic bond (Scher@g 1.

More recently, glycosyl mesylates have been shown to be effective donors for use with

borinic-catalyzed glycosylation by Tayfdrin this work it was shown that while the mesylate,

generated in situwas at equilibrium between the majér and minori mesylate, the glycosyl

acceptor, activated by the borinic acid catalyst, was able to react with #imesylate, forming

thei -glycosile in high selectivity. This was explained as the borinic acid catalyst increasing the
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nucleophilicity of the acceptor, which reacts more quickly with the more reattingesylate to
form thei -glycoside. In the absence of the catalyst the reaction proedeglith moderate
selectivity for theh -glycoside.

A final study on the generation of intermediate glycosyl sulfonates from glycosyl
ddzf F2EARSa Oly 0S5 ¥F-samoBylatoy*SFrofhaéntanatianalyzR A S a
restricted 4,60- benzilidene mannosyl sulfoxide, activation by triflic anhydride in the presence
of an alcohol was seen to generate glycosides with high selectivity forth@nnoside. This
was explained by the actted donor existing predominantly as the glycosyl triflate species in
solution (Scheme T). Significant loss of selectivity was seen when usingld(Bbenzyl
mannose sulfoxide as a donor, which was attributed to the more flexible donor existing with
more oxocarbenium character rather than triflate characteAdditional mechanistic studies
includingmeasirement of13Cprimarykinetic isotope effectfurther reenforced the -
mannoside arising from3 displacemat of anh -triflate, and the minot -glycoside forming

through an §1-like pathway?’

1.24: Developments by the Bennett lab in the use of sulfonates-di@oxy glycosylation
Within the Bemett lab, there has been an effort over the past decade to advance the

use of glycosyl sulfonates forselective glycosylation. As previously noted by Schuerch,
glycosyl sulfonates tend to adopt an axial conformafi®Rurthermore, glucosyl tosylates
generated from glycosyl halides could be used for the synthesis of diffigljtcosides$! 84|t
was postulated that the generation and displacement of an axial sulfonate could provide a
reliable route to the synthesis of@eoxy -glycosides. Since glucosyl triflates were noted by

Crich to be unstable outside of specific conditidhsfforts were focused on the morstable
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Table 1.4 First generation synthesis 6f-2-deoxy-Sglycosides

i. KHMDS, THF, -78 °C
ii.

Ts
OBn OZN\/]\J/ o8
BnO 0 N= o
BnO > BBOO SR
170 ©OH i 1.71-175 n
1.76-1.80
Acceptors:
Ks _OBn OBn sK
HSPh KS'BU Eg o Esgé&\ BNO o
1.71 1.72 BnO n BnO
BnO \ute BnOqve BnO \ e
Products: 1.73 1.74 1.75
OBn OBn
B”O&S‘Bu Bno/ég/s OBn OBn OBn
1.76 BnO BnO BnO
| 177 B"O0m BrOoMe
' e 1.78
OBn
OBn BnO/é&/s o
Bréoo 0o SPh BnO %
" Bn® ,>’Bn0 oMe

1.79

1.80

glycosyl tosylaté! Based on work by Shair in their study on anomer@lkylation,where

activation of glycodyhemiacetals with KHMDS as a base in THRB&Cwas observed to lead

to h-glycosideg®it was postulatedhis method could be usetb install a tosyl group at the

anomeric position in thé -configuration that could be subsequently displaced in g2&e

reaction to afford the desired-glycoside.

The initial approach to this chemistry used tosyl imidazolectoegate the glycosyl

sulfonate in situ. This reagent was chosen as it had been previously shown to effectively

convert alkyl alcohols to alkyl azid¥sulfonate esters?®19%epoxides® and to perform

nucleobase couplin§®without forming nucleophilic byproducts. It was quickly found in initial
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Table 1.5 Firstgeneration selective synthesis of@oxy -O-glycosides

OBn

BnO Q
BnO

170 ©OH

Acceptors:

i. KHMDS, THF
diglyme, -78 °C
i ~Ts
O,N—7 N OBn
~
- BnOo O OR
iii. 1.81-1.86, -78 °C to rt Bn
1.87-1.92

solen SO

1.81 1.82
Products:

o ")
Bn oOMe BnOo
1.85 1.86

NS

79%
1.87

OBn
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B0
57%
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e P P e

67% 74%
1.88 1.89

45%
1.90

Ph—X.0

BnOOMe

36%
1.92

BnO ome

studies with a thiophenol acceptor that the more reactive tosyl nitroimidazole was necessary to

not only optimize yield, buto reachcomplete seletivity for thei -glycoside. For less

nucleophilic alkyl thiol acceptors, it was necessary to use the potassium salt of the thiol to drive

the reaction (Table 1.4). This method was also compatible with the synthesis-@-aryl

glycosides, a feature commorfiyund for the linkage between glycosides and aglycones.

However, when used for the synthesis of al®jlycosides there was a significant loss of yield

(table 1.5). By this chemistry;selective glycosylation was performed with b&teoxy

glucose and the more reactive 2gideoxyglucoset®

24



i. TTBP, KHMDS, THF, -78 °C

Q ii. TsCI, THF, -78 °C
OTNLR Tl TH BIOS0_opwe
a
193 OH i, PMP-OH, KHMDS, THF P 194
15 oqui -78°Ctort
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Scheme 18: Third generation tosyl chloride promoted and synthesis of kigamicin E tetrasacchar

In an effort to increase the scope of this method to include hindereadk@l acceptors,

it was found through screening of different sulfonylating agents thatrmore reactive tosic

anhydride could be used as an effective promoter, overcoming the limitations of the

tosylnitroimidazole promoter and permitting effective glycosylation with primary and

secondary hydroxyl acceptors, with complete selectivity fori thdycosidet® This change in

promoter also did not require the use of diglyme as asotvert, which had been necessary in

the first generation method, but did require the use of the hindered baseetti

butylpyrimidine as an additive. This chemistry was successfully used for the coupling of several

different hindered glycoside acceptors witbth 2-deoxy and 2,6dideoxy donors. Low

temperature proton and HSQC NMR studies were able to identify the intermeuitsylate

species, supporting the mechanism of a2-8ke displacement reaction.

A significant issue with tosanhydride as a promoter was seen during effort to scale the

reaction in anticipation of its use in a target synthesis. On larger scales there was inconsistency
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Scheme 19: PromoterDonor matching for -glycosylation wit full sugars

in yield and selectivity, which was attributed to the instability of tosic anhydride. As a next
generation approach, tosyl chloride was explored as a tosylating agent. This proved to be an
extremely well suited reagent for this transformaticend has the added benefit of being both
inexpensive, shelf stable, and can be easily purified by simple recrystalliZ¥tidsing tosyl
chloride as a promotemulti-gramscale glycosylation asable to be performed with both high
yield and complete selectivity for tHeglycoside. The utility of this chemistry was
demonstrated through the synthesis of the tetrasaccharide fragment of Kigamicin D (Scheme
1.8). Furthermore, diverse benzenesulfonyl chlorides are readily commercially available,
allowing for the exploration oélternate promoters for glycosylation optimization.

More recently, we havexpandedhe scope of this chemistiy includethe selective
synthesis of -C2substituted sugarsand for use in the synthesis ofglycosides with
appropriate carbon nucleophiles. Our initial studiesifed-glycosylation with pebenzylated
glucose donors, under the same activation conditions previously used, proved to be low
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yielding. Through screening of different bases and sulfonyl chlorides it was found that for fully
substituted sugars, the electron deficient & (trifluoromethyl)}benzenesulfonyl chloride
proved to be a superior promoter. In expanding the scope ofo®mo include galactose and
fucose, it was shown that the reactivity of the sulfonyl chlorides needed to be matched to the
reactivity of the donor for an optimal glycosylation, especially with hindered acce(S$cieme
1.9)107We also recently showed that carbon nucleophiles could be used to displace the
intermediate glycosysulfonate to access-Gglycosides of glucose and galact¢Seheme
1.10)198In both of these studiekIE analysis of theroduct glycoside¥:1°%11%ndicated a bi
molecular transition state, suggesting a reaction pathway with signifioghlil® properties.

To date, wehave demonstrated the utility of glycosyl arylsulfonates as donors-for
selective glycosylation reactions. However, the true test of any new chemistry is in its ability to
be useful in less ideal situations. Given the wide chemical space that is encad s

bacterial glycosides, we wanted to demonstrate the utility of this chemistry in the synthesis of

OBn i. NaHMDS, THF, -30 °C OBn
BnO 0 ii. Promoter, THF, -30 °C BnO 0
BnO > “BnO
OBnOH jii. NaHMDS, Acetophenone, ogn [
116 PhMe, -30 °C 1117
61%, p-only
BnO _OBn i. NaHMDS, THF, -30 °C BnO OB
(0] ii. Promoter, THF, -30 °C O
BnO » BnO
OBnOH i, NaHMDS, Acetophenone OBn o
PhMe, -30 °C
1118 1.119
61%, p-only

Scheme 110: Selective synthesis of-Gglycosides
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naturally occurring complex oligosaccharide. The following chapters of this these will be
focused on efforts to apply our@eoxyi -selective glycosylan methodology to

representative natural targets.
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Chapter2: Synthesis of the Saquayamycin Z Pentasaccharide

Reprinted with permission from
Mizia, J. C.; Bennett, C. S. Reagent Controlled Direct Dehydrative GlycosylatichedtkyZSugars:
Construction of the Saquayamycin Z Pentasaccha@dg. Lett2019 21, 5922,5927.
Copyright2019American Chemical Society
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2.1: Introduction
The seletive synthesis of-Bleoxyi -glycosides remains a highly challenging reaction in

carbohydrate chemistry. The lack of a functional group adjacent to the reactive anomeric
center precludes the use of neighboring group participation, which is a common method for the
synthesis of -glycasides of fully substituted sugarsurthermore, the thermodynamics and
kinetics of glycosylation reactions with significant-8ke character favor the formation 6f-
glycosides.In addressing the challenge of the selective synthesisd&dXy glycosides
extensive work has been conducteder the past four decaddsy numerouslabs with the goal

of developng such method$® Within the Bennett Lalover the last ten years efforts have
been made tadevelop a reagentontrolled approach to the synthesis of botkd2oxyh 7<° and
2-deoxyi -glycosidegrom glycosyl hemiacetal$:*? The method developed for the synthesis of
2-deoxy -glycosideswhich is the main focus of thisonk, is based upon thé situgeneration

of anh -glycosyl tosylate, and subsequent displacement by a nucleophile in2dik& reaction.
Studies by low temperaturé "NMR have confirmed the presence ofaosylate specigis:12
and studies on thextensionof this chemistry tdhe synthesis of -C2substituted sugars both
confirmed the presence of dnsulfonate species, as well asglecementof the tosylatein an
S«2-like manner via kinetic isotope effect analysigVvhile we have seen this chemistry to be
very effective for the synthesis @fdeoxyi -glycosides isimple model systems, we wanted to
demonstrate the utility of the chemistry by expanding the scope through the syntheais of
naturally occurring -2-deoxy containing oligosaccahride. With this goal, we identifed

pentasaccharide fragment of Saquayamycas2n ideal target for synthesis
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2.2: Saquayamycin Z )
LY 2NRSNJ (2 RSY2Yy@ARSY NS NIKSG 2zirh KREIBDCRE FK 8 8N

RS 2Rt @ O2AYA RSO2Y LI SE aSidAay3das 68 OK2a$S G2 | LILI

LISy GF al OOKFNARS FNY3IYSyd 2F &l ljdzZ &l YEOAY % oC.

Saquayamycin Z
2.01

Figure 2.1Saquayamycin Z, with target pentasaccharide highlighted in red
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¢KS LISyl BNIOCORSWRASRMS &40 Ay Aal Dazv EIKEER AR ¥ & »
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2.3: Retrosynthesis and Monosaccharide Synthesis

2.3.1: Retrosynthetic analysis
Our approach to the synthesis of the pentasaccharide fragment of saquayamicin Z was

envisioned as a serbnwergent synthesis. We noted that the pentasaccharide contained a

repeatingh -rhodinose(1A 4)- -olivosedisaccharide unit, capped by a termifathodinose

OPMP
?27 =7
o ° ©
B

OPMP

Homw

OH
0
Ac
2.03
O +
0
5 — . ?\%
2.02 ”Oo/ﬁ\vo
OH
0
0

OPMP

OPMP (@)

o

A Q 2

ap BnO
OH + : NapO O

OH

Scheme 2.1: Retrosynthesis of saquayamycin Z pentasaccharide
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residue at the nonreducing end. We reasoned that if we could synthesize the repeating
disaccharide with the appropriate protecting group scheme that we could couple the two
selective deprotected disaccharides together. As such, we envisioned pentasacéh@@de
arising from tetrasaccharid2.04andL-rhodinose donoR.03. Tetrasaccharid2.04would arise
from coupling of two units of disacchari@e05. Disaccharid2.05in turn would be synthesized
from D-olivose donor2.07 andL-rhodinose acceptoR.06. Ulimately, olivose would be

synthesized fronb-glucal, while rhodinose would be synthesized frerhamnal.

2.3.2: Synthesis of-@livose Donor
The synthesis af-olivosefrom the commerciallyavailable triO-acetytb-glucal2.08was

adapted fromthe method used by Takahalf3i.Following deacetylation under Zemplen
conditions and isolation of the o, in a onepot reaction the Cydroxyl groupwas tosylated
with tosyl chloride, and the remaining hydroxyl groups were acetylated. The tosyl group was
subsequently displaced in a Finkelstéke reaction with sodium bromide to form the C6
Bromide. This was then subjected to reductive delgahation withtris-(trimethylsilylsilane

(TTMS$and AIBN to afford db-acetylD-rhamnal2.09.

OAc 1. NaOMe, MeOH
2. TsCl, DMAP o o
o) | then Ac,0 | NaOMe, MeOH |
——— .
ACO™ 3. NaBr, NaHCO4 AcO™ HO"
OAc 4 TTMSS, AIBN OAc OH
50% (4-steps) 2.10
2.08 2.09 )
, NaH(60%), BnBr
i. Bu,SnO, toluene 0 10
O ot 3hous ) TeALDME ) PPN o N9
EEEEEE——— - ° -
HO™ ii. NapBr, TBAI HO' 0°Ctort, 98%  Bpo THF, 83% 207 O
reflux, 76% ONap ONa !
OH P
210 2.11 212

Scheme 2.2: Synthesis of selectively protectealivose donor
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D-rhamnal2.09was deacetylated under Zempleonditions. The resulting di@l.10was
selectively protected at the C3 posititmroughformation of a stannane acetal with dibutyltin
oxide, andsubsequentreaction with naphthylmethyl bromide and TBAI to form the C3
napthylatedrhamnal2.11 The remaiimg C4 hydroxyl group was then protected as a benzyl
ether under with benzyl bromide under Willliamson ether synthesis conditions affoldiriy
Finally, the resulting glycal was hydrated using catalytic triphenylphosphine hydrobromide to

afford olivose @nor 2.07(Scheme 2.2).

2.3.3: Synthesis efrhodinose acceptor
The synthesis of rhodinose was adapted from a procedurauliyo®/ski?? Starting from

the commercially available @€D-acetyt.-rhamnal2.13, the acetyl groups were first removed

p-methoxyphenol 1. p-nitrobenzoic acid
J/\OJ NaOMe, MeOH OI PPhs, DEAD ";(OJ/OPMP PPh, DEAD, THF ""-KOJ/OPMP
—_ > —_— -
= -
AcO” Y >99% HO™ ™ (73;/2(’;'2 Iy) HO 2.NaOMe, MeOH 67% HO"™ 7
= ~ ao-only
OAc OH ° 2.15 2.16
213 2.14
OPMP
II"'@’OPMPRWAIZO& H, ?\# 1. Ac,0, Et;N, DMAP NOH
> Q >
HOY N EtOAc:Toluene (9:1) o 2.CAN,H;0,MeCN
0,
2.16 80% 2.06 2.03

Scheme 2.3: Synthesis of rhodinose acceptor 2.06

under Zemplen conditions affording didl14. Subsequent application of a modified Mitsunobu
reaction with 4methoxyphenol as a nucleophile resulted in a Fedila rearrangement to
afford the 2,3anhydro sugaR.15exclusively as the-anomer in 70% yieléf The resulting
alcohol was then treated with another Mitsunobu reaction witlmdrobenzoic acid as a
nucleophile to afford the inverted nitrobenzoyl estéwhich was liberated to the alcohol

following removal of the nitrobenzoyl ester under Zemplen conditions affordithg Lastly
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the alkene was reduced by hydrogenation over rhodium on alufhimaafford L-rhodinose
acceptor2.06 (Scheme 2.3)While we initially envisioned being able to convert the acceptor
directly into the rhodinose donor through acetylation and oxidative removal of the anomeric
PMP group with ceric ammonium nitrate, tlapproachunfortunately ledto decomposition of
the starting maerial. As such, we sought an alternate approach to the preparation of the

rhodinose donor.

2.3.4: Synthesis efrhodinose donor
A viable pathwayo L-rhodinose donoR.03was found by adapting a synthesis ef 6

deoxylL-talose described by Banaczek andvaarkers?* The synthesis of the rhodinose donor
began again from dD-acetytlL-rhamnal2.13. Via a Ferrier rearrangement promoted by boron
trifluoride diethyl etherate with benzyl alcohol, followed bgrdplen deacetylation, we were
able to access benzyl glycos@ld7as a mixture of anomer§ § = 8:1) in 68% yield over two
1. p-nitrobenzoic acid

7., O 1.BnOH, BF5+OEt,
LJ DCM, 0°C . U PPh;, DEAD
AcO Y HO =

2. NaOMe,MeOH 2. NaOMe, MeOH
OAc 68% (2 steps)

Y

217 3. Ac,0, Et;N, DMAP
213 86% (3 steps)
///,' O OBn OH
S
AcO" 72% OAC
2.03

2.18
Scheme 2.4: Synthesis of rhodinose donor 2.03

steps?*26Followinga Mitsunobu reaction with nitrobenzoic acid to invert the C4 position,
saponification of the resulting nitteenzoyl ester, and acetylation, anhydroglycostd&8was

isolated in 86% over three steps. Reduction by hydrogenation over palladium on carbon both
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reduced the alkene ancemovedthe benzyl ether, affording-rhodinose donoR.03in 72%

yield.

2.4: Syntbsis of repeating disaccharide and selective deprotections
With all of the necessary monosaccharides in hand, we were able to begin the synthesis

of disaccharid®.05. Using the optimized conditions from previous wétkwo equivalents of

excess donor, tosyl chloride, and ar@thute activation time were used as a starting point

Table 2.1: Optimization of the synthesis of disaccharide 2.05
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i. Additive, KHMDS, THF, -78°C OPMP

ii. TsCl, THF, -78°C
oy T . 2
ap BnO
2.07 NapO O
O 2.05
OH 2.06
KHMDS, THF, -78°C

Entry? D:A Additive Activation time  Yield o:pP
1 2:1 TTBP 30 min 55% B-only
2 2:1 TTBP 180 min 52% B-only
3 2:1 TTBP 120 min 48% B-only
4 2:1 TTBP 15 min 59% B-only
S 2:1 DTBMP 15 min 35% 1:5

6 2:1 DTBMP 30 min 55% B-only
7 1.5:1 DTBMP 30 min 56% B-only
8¢ 1.5:1 DTBMP 30 min 58% B-only
9 2:1 -- 30 min 39% 1:2.5
10 1.5:1 TTBPy 30 min 27% 1:10
11 1.5:1 PEMP 30 min 46% 1:9
12¢ 1.5:1 DTBMP 60 min 54% 1:7

8All reactions performed with 0.5 g acceptor 6 bAnomeric ratio measured by "H NMR ©18-crown-6
added during acceptor metallation dAcceptor scale 1 g TTBP = 2,4,6-tri-tert-butylpyrimidine, DTBMP =
2,6-di-tert-butyl-4-methylpyridine, TTBPy = 2,4,6-tri-tert-butylpyridine, PEMP = 1,2,2,6,6-

pentamethylpiperidine.

44



OPMP

DDQ, B—pineng Q
[ cH,c1m,0 20:1) Bnﬁmo
opvp 79%
219
0
NapO O OH
2.05 | can N N
MeCN/H,O (10:1) BnOT o
93%
2.20

Scheme 2.5: Selective deprotection of 2.05 to yield donor 2.19 aaceptor 2.20

(Table 2.1, entry 1). We were thrilled to see that the glycosylation proceeded with complete
selectivity for the -glycoside, albeit with a moderate 55% yield. Initial attempts at optimization
looked at altering the activation time. Wieund that extended the activatiotime up to 180
minutesdid not lead to improvement of the yield, while shortening the activation time to 15
minutes provided a very mild increase in yield to 59% (entriék Eurther optimization found
that the more ecmomical ditert-butylmethylpyridine (DTBMP) could be used as a substitute
for TTBP, and that reducing the equivalents of excess donor from 2:1 to 1.5:1 did not reduce
the yield or selectivity of the glycosylation (entrie8)% makinghe couplingmore ameaiable to
being run on larger scale. Additional optimization by further varying the pyridimidine additive
was attempted, butlid not lead to increase in yield. Upon increasing to a gsaaie reaction
(entry 12) we found that lengthening the activation tim@as necessary to maintain high level

of selectivity for the -glycoside, which waalbeit slightly reduced. While the yield of the
coupling remained moderate, we decided that it was sufficient to continue forward with the

synthesis.
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To prepare the neceasy disaccharide donor and acceptor, we employed selective
deprotections (Scheme 2.5). The naphthylmethyl ether was selectively removed by oxidative
cleavage with DD@ndi -pinene as a proton scavang€r’®affording acceptor disaccharide
2.19in 79% vyield. Selective removal of the anomeric PMP group was performed using ceric
ammonium nitrate yielding disaccharide don@:20in 93% vyield. With both of the necessary
disaccharide donors and acceptors in hand, we proced¢ddlde synthesi®of the penultimate

tetrasaccharide

2.5: Synthesis of tetrasaccharide
With both the desired disaccharide donand disaccharide acceptor in hand we

proceeded to the synthesis of tetrasacchar®4. Our initial approach was to use chemistry
developed in our lab for-selective glycosylation using aais/lcyclopropeneone promoter
activated by oxalyl bromid&? Unfortunately, the reaction conditions led to complete
degradation of the staihg materials. Howevegoncurrentwork in our lab had noted that the
trideoxy sugamamecitose(2,3,6trideoxy glucoe) underwenth -selective glycosylation when
promoted by 2,4,&riisopropylbenzenesulfonyl chloride (Trisyl@hovidedan acetate
protecting groupwvas emplyedat the C4 positiot? We reasoned that, due to the structural
similarity of amecitose and rhodinose, this chemistry could be amenable to facitiate
couplingof 2.19and 2.20.

Attempts to couple2.19and2.20using trisykchloride afforded the desired
tetrasaccharide in 65% vyield, but as an inseparableatd) fnixture of isomers (Table 2.2,
entry 1).Although not the coupling was not completéhselective, we were extremely pleased

with the observed selectivityJsing bsyl chloride as a promoter led to a complete loss of

46



selectivity (entry 2). Both shortening and extending the activation time led to losses in

selectivity (entries 31). Ultimately maintaining the reaction-&8 °C,using freshly recrystallized

Table 22: Optimization of synthesis of tetrasaccharide 2.04

OPMP
i. KHMDS, Scavenger

OH THF, -78 °C 9]

o ii. Promoter B“Oﬂo
oﬂ/ THF, -78 OC O
Bn 5 o o
iii. 2.19, KHMDS
THF, -78 °C Bnoﬂ

Nap
Nap o 2.040/p

Y

2.20

Entry Scavenger Promoter Activation time  Yield q:p®

1 TTBP Trisyl-Cl 60 min 65%  4:1
2 TTBP TsCl 60 min 46% 11
3 TTBP Trisyl-Cl 120 min 50% 1:1
4 TTBP Trisyl-Cl 30 min 55% 21
5° TTBP Trisyl-Cl¢ 60 min 65%  3.3:1
6° DTBMP Trisyl-CI° 60 min 53%  5:1

8ratio determined by NMR analysis bReaction maintained at -78 °C
Trisyl-Cl recrystallized from pentanes

trisyl chloride, and substituting DTBMP in place of TTBP led to a slight increase in selectivity to
5:1 (b) accompanied by a small decrease in yield (entry 6).
To obtaincompleteh -selectivity with amecitoseonors, the acetate protecting group
was necessary. When nathylmethyl ethgotected amecitose was used as a donor, moderate
i -selectivity was observed. These new results with rhodinose suggestetl-d&éctivity could
be achieved with rhodinose irrespective of arming vs disarming protecting gféubs such,

we wanted to take a closer look at this coupling.
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2.6: Studies onrhodinose
In earlier works from our group, selectiveglycosylation with the 2,3,8rideoxy

amecitose donor was dy1seen when an acetate protecting group was applied at the C4
position123%When a naphthylmethyl ether was used as the protecting group at the C4 position,
thei -selectivity was attenuated (5iLh) when trisyl chloride was used as apoter, though
still heavily biased to the-glycoside. Given this observation, we were surprised to find that the
coupling to the tetrasaccharide proceeded with high levels-s&lectivity despite the lack of
ester protecting group on the rhodinose hero&al donor. To explore this further, we studied
the behavior of different rhodinose donors unddse trisyl chloridepromoter system.

Using acetate protected rhodino203 when coupled to PMP as an acceptor we
observed complete selectivity for theglycoside (Table 2.3, entry 1). Similarly, when the same

acetate protected dono2.03wasglycosylated to disaccharide accep®i9, we again

Table 2.3: Studies on the influence of protecting group on selectivity with rhodinose donors
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O-Acceptor
i. KHMDS, TTBP, THF, -78 °C

H
?27”0 ii. TrisylCI, THF, -78 °C ?Qf
OR ii. KHMDS, Acceptor, THF, -78 °C OR
Entry Donor R Acceptor Product % Yield a:B
OMe
1 2.03 Ac 2,22 63 o-only
HO
OPMP
(9]
2 2.03 Ac o 2.23 59 a-only
BnO 0
HO
OPMP
9]
BnO O 0
3 2.20 NapO BnO 0 2.04 53 5:12
HO
OPMP
(9]
4 2.21 OO BnO o5 224 46 5:1°
HO

2 ratio of anomers determined by NMR spectroscopy Panomeric ratio determined from isolated yields
observed complete selectivity for theglycoside (Table 2.3, entry 2). When a naphthylmethyl
ether protected rhodinos.21was glycosylated to accept@rl9we observed slightly reduced
selectivity for theh -glycoside, comparable to what was seen in the synthesis of tetrasaccharide
2.04(table 2.3, entries 3l). These results indicated that while the acetate protecting group had
been essential fof -selectivity with amecitose, and was still necessary for complete selgctivit

for the " -glycoside of rhodinose, the change in configuration to the axial C4 group introduced
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OPMP OPMP
0 )

Yol oo
B”Oo&wo "% 0
?27; DDQ, H,0 ?Qf'
O ——
Jemc CH,C! o
NapO O 2z HO o

R=OH

2.040 2.250, + 2.250

Scheme 2.6: Selective deprotection of 2f04and isolation of 2.28

an inherent bias that favored the synthesis of theroduct, regardless of the protecting group
employed. In hindsight, the role of this protecting group is not surprising, as-eadyl
groups has been previously demonstrated tolbeirecting with both galactosé<33and

fucose*26 glycosyl donors.

2.7: Synthesis of pentasaccharide and global deprotection
With a route totetrasaccharide2.04" i, we proceeded to the final coupling. Firstly, the

naphthylmethyl ether on tetrasaccharid204was selectively removed by oxidative cleavage
with DDQ?’ Following removal of the protecting group, we fortunately found the anomers to
be readily separable, allowing for the isolation of the destetthsaccharide2.25(Scheme

2.6).
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0
0
B“OO&\LO
OH 1. TTBP, KHMDS, THF, -78 °C o
N 2. Trisyl-Cl, THF, -78 °C
g
OAc 3.2.25a, KHMDS, THF, -78 °C 0 ©
203 66%, a-only ?Q% 2.26
OAc
OPMP
0
RO
o 0
?Q% Raney Ni, — 2.26 R=Bn,R'=Ac
Ro& EtOH:THF (5:1), 60%
o) o > 227R=H,R'=Ac

0 K,CO3, MeOH, quant
—>» 2.02R=R'=H

Scheme 2.7: Final glycosylation and global deprotection

With acceptor2.25in hand, we were able to proceed to the final glycosylation. To this

end, a trisyl chloride promoted glycosylation betweefd4cetate rhodinose dona2.03 and

tetrasaccharide acceptd.25" afforded pentasaccharid®.26in 66% yield as a singte

isomer. Removal of the benzyl groups using Raney nickel affordembthespondingliol 2.27

in 60% yield’-3 Finally, removal of the acetate protecting group with potassium carbonate in

methanol proceeded in quantitatively yield to affokdd2(Scheme 2.7)Overall, we obtained

the pentasaccharide in 2.5% total yield with 25 total steps and a longest Begaence of 15

steps.
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2.8: Conclusions
Ly O2yOfdzaAaz2zys ¢S KIFI@S O2YLX SGSR GKS TFANRG
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2.9: Material and Experimental Methods

2.9.1 Recrystallization of sulfonyl chlorides:
Recrystallization of tosyl chloride

A solution of tosythloride (509g) in diethyl ether (400 mL) was washed twice with aqueous 2M
NaOH (2 x100 mL), then dried over8@, and filtered. The receiving flask was covered with
parafilm and placed in a crystalizing dish. The crystalizing dish was packed with pdwder

ice, and the flask left there for at least 4 h, refreshing dry ice as needed. The resulting colorless
crystals were filtered then placed under vacuum overnight. The recrystallized material should

be stored in the dark in a sealed container that Hesen purged with argon.

Recrystallization of trisyl chloride
Trisyl chloride (5g) was dissolved in 20 mL of anhydrous pentane by heating, then allowed to

cool to room temperature and left to crystalize for at least three hours. The resulting crystals
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werefiltered and dried undere vacuum overnight. The recrystallized material should be stored

in the dark in a sealed container that had been purged with argon.

2.9.2 Experimental Procedures
Synthesis ob-rhamnal3°

i. TsCl, DMAP
pyridine
0°Ctort _ NaBr, NaHCO3
ii. Ac,0, 0 °C to rt DMF, 65°C
OAc
2.29
AIBN, TTMSS © |
toluene, 80 °C AcO™
61% (5 steps) OAc

OAc
2.30 2.09

Synthesis ob-rhamnal was adapted from a procedure by Tanaka ét &ti-O-acetytD-
glucal2.08(40.0 g, 146mmol) was dissolved in 120 mL methanol. Sodium methoxide (3.28 g,
44.1 mmol) was added as a solid and the reaction was stirred at rooperature. After 30
minutes, the solvent was removed under reduced pressure to afford a thick syrup. The crude
was purified by flash chromatography (5% to 30% methanol:dichloromethane) and dried on
high vacuum overnight while stirring to affordglucal2.28 (20.1 g, 95%) as a white solid.

The resulting Bylucal was dissolved in pyridine (452 mL) with DMAP (0.840 g, 6.85
mmol) and cooled to 6C. Recrystallized tosyl chloride was added as a solid and the reaction
was stirred O°C to rt. After three hourghe reaction was again cooled to°G and acetic
anhydride (77/mL,850 nmol) was added in four portions. The reaction was stirré@ o rt.

After two hours, the reaction was quenched by pouring over saturate sodium bicarbonate (~1
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L). After gas evoludn ceased, the solution was extracted with ethyl acetate (5 x 300 mL). The
combined organic layers were washed with 1M hydrochloric acid (1 x 750 mL), saturated
sodium bicarbonate (1 x 500 mL), and brine (1 x 500 mL). The organic layer was then dried with
sodium sulfate, filtered through cotton, and the solvent removed under reduced pressure.

The resulting crude mixture @29was dissolved in DMF (500 mL) with sodium bromide
(70.3 g, 683 mmol) and sodium bicarbonate (34.4 g, 410 mmol). While stigmgusly, the
reaction was heated to 6% under a reflux condenser. After 16 hours, the reaction was cooled
to room temperature and poured over water (~750 mL). The mixture was extracted with ethyl
acetate (5 x 300 mL) and the combined organic layers weashed with water (6 x 250 mL)
then brine (2 x 250 mL). The organic layer was dried over sodium sulfate, filtered through
cotton, and the solvent removed under reduced pressure.

The resulting crude mixture @ 30was dissolved in 428 mL toluene with
tris(trimethylsilyl)silane (27.8, 109mmol) and AIBN (4.49 g, 27.4 mmol). The mixture was then
stirred at 80°C under a reflux condenser. After 20 hours the solvent was removed under
reduced pressure and the crude mixture purified by flash chromatogrép¥tyto 10% ethyl
acetate: hexanes) to afford 3di-O-acetytD-rhamnal2.09(17.75 g, 60.0%) as a slightly yellow

oil. Spectroscopic data was in agreement with previously reported Hata.

1H NMR (500 MHz, Chlorofordd 1+ ¢ &n6dl, 16 RR FH), 5.85.31 (m, 1H), 5.03 (dd,

= 8.2, 6.1 Hz, 1H), 4.78 (di&; 6.1, 3.0 Hz, 1H), 4.11 (de 8.2, 6.6 Hz, 1H), 2.09 (s, 3H), 2.05 (s,

3H), 1.31 (dJ= 6.6 Hz, 3H).
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BCNMR (126 MHz,CRCI + mMTAn®Ty X mMTnAn®anI mMncdmoX dy Pdo X

16.70.
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Synthesis of-thodinose Accepto.06:

o) 1, O
U NaOMe, MeOH J/\J

AcO” ™ quant HO” ™
OAc OH

2.09 2.14

/,, O
Ho\“@/

2.16

OPMP

p-methoxyphenol
PPh3,DEAD (40% in
toluene), CHQCIQ‘

O°Ctort
70%, o. only

H, (1 atm), Rh/Al,O3
EtOAc/Toluene (9:1)

73% o

1.p-nitrobenzoic acid
PPhs, DIAD, THF

,,fjopmp 0°C tort
HO” 7 2.NaOMe, MeOH,
CH,Cly, 67%
2.15
OPMP
0
OH
2.06

. (e 1, (e}

L~ L

AcO™ HO™
OAc OH

2,

L-rhamnal (2.14)33,4-di-O-acetyt.-rhamnal £.13) (10.00g, 46.74 mmol) was dissolved in

77 mL MeOH. Sodium methoxide (758 mg, 14.0 mmol) was added as a solid and the solution

13

214

was alloved to stir at room temperature. After one hour, the solvent was removed under

reduced pressure. The resulting crude mixture was purified by flash chromatography (10%

MeOH:CHCb) to afford compound.14as a white solid (6.1 g, quantitative yieldH and*3C

NMR were in agreement with previously reported déta.

H NMR (500 MHz, Chlorofordd 1

4.25¢ 4.18 (m, 1H), 3.86 (dd= 9.8, 6.3 Hz, 1H), 3.42 (ddd; 10.4, 7.3, 3.8 Hz, 1H), 3.08.92

(m, 1H), 2.6@ 2.36 (m, 1H), 1.39 (d~=

d,®06t0, 1B Rz, 1H), 4.71 (d& 6.0, 2.1 Hz, 1H),

6.3 Hz, 3H).
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13C NMR (126 MHz, CRCI + ™ n B% A56Z, 748, 70.52, 17.30.

/1, 0]
- | u, _O_OPMP
— T
HO : =
= HO
OH

2.14 215

p-methoxyphenyl 2,3,&rideoxy-" -L.-erythro-hex-2-enepyranoside Compound2.15
was prepared according to a procedure published by Sulikai#gkflame dried flask was
charged with triphenylphodpne (13.6g, 51.6 mmol) ang-methoxyphenol (6.99, 56.3
mmol).2.14(6.08g, 46.7 mmol) was dissolved in dry dichloromethane (141mL) and transferred
into the reaction flask via cannula. The solution was cooled’®© &nd diethylazodicarboxylate
(40% in tduene), (34.2 mL, 75.1 mmol) was added slowly by syringe in three batches over 10
minutes. The reaction was stirred while warming frorfC0to room temperature. After 20
hours, the solvent was removed under reduced pressure. Diethyl ether was added htilvéy
white precipitate formed. The solid was removed by gravity filtration through cotton and rinsed
with diethyl ether The filtrate was concentrated under reduced pressure and the resulting
crude mixture was purified by flash chromatography (40% dlethgr:hexanes) to give
compound2.15(7.66g, 7094 -only) as a pale yellow oil. Spectroscopic data were in good

agreement with published values.

'H NMR (500 MHz, Chlorofordd 1 ¢ 6.99sne, 2H), 6.87 6.80 (m, 2H), 6.06 (d= 10.0,
1H), 5.91 (dddj= 10.1, 2.8, 2.0 Hz, 1H), 5.50 (,2.7, 1.3 Hz, 1H), 3.26.82 (m, 2H), 3.78

(s, 3H), 1.48 (d= 8.0 K, 1H), 1.33 (d]= 5.9 Hz, 3H).
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13C NMR (126 MHz, Chlorofortd ¢+ Mpp PMHXE MPpM®Pc O MONDPHPZI MHCC

69.70, 68.96, 55.83, 18.10.

p-methoxyphenyl 2,3dideoxy-" -L-threo-hex-2-enepyranosideCompound2.15(7.66 g,
32.4 mmol), triphenylphosphine (13.61 g, 51.87 mmol), pimitrobenzoic acid (6.50 g, 38.9
mmol) were dissolved in 98 mL dry THF and cooled°@. @iisopropylazodicarboxylate (10.21
mL, 51.87 mmol) was addetbw/ly over 15 minutes. The reaction was let to stir while warming
from 0°C to room temp. After 20 hours, the solvent was removed under reduced pressure. The
resulting crude solid was suspended in diethyl ether and filtered through a large plug of silica
gel, eluting with 50% diethyl ether:hexanes. The filtrate was concentrated under reduced
pressure and the resulting crude solid was dissolved in 26 mL dichloromethane. The solution
was treated with solid sodium methoxide (420 mg, 7af®ol), followed by ayradual addition
of 78 mL methanol. The reaction was stirred at room temperature for 22 hours, then the
solvent was removed under reduced pressure. The resulting crude was purified by flash
chromatography (50% diethylether:hexanes) affording compa2iiéas a white solid (5.16q,

67%). Spectroscopic data was in good agreement with published Vdlues.

IH NMR (500 MHGhloroformdd ¢ ¢ 7.00snT, 2H), 6.87 6.80 (m, 2H), 6.30 (dd= 9.9,
5.6 Hz, 1H), 6.03 (ddz= 9.9, 3.2 Hz, 1H), 5.53 (dd 3.3, 1.0 Hz, 1H), 4.30 (g& 6.6, 2.2 Hz,
1H), 3.78 (s, 3H), 3.68 (ddI 10.2, 5.6, 2.2 Hz, 1H), 1.61.52 (m, 1H), 1.30 (d= 6.6 Hz, 3H).
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13C NMR (126 MHz, Chlorofortd  + Mpp PMp I MPMPPYyS MOMDOMAI MHTC

67.38, 63.96, 55.82, 16.19.

n, _O_OPMP QPMP
-
\\ /
HO OH
2.16 2.06

p-methoxyphenyl 2,3dideoxy-" -L.-fucopyranosideln a twoneck round bottom flask,
rhodium on alumina (5% wt) (985 mg, 004&mol) was suspended in 115 mL ethyl acetate and
26 mL toluene. Compourl16(11.3 g, 47.8nmol) was dissolved in 115 mL ethyl acetand
added to the rhodium suspension. Hydrogen gas (balloon, 1 atm) was bubbled into the reaction
at room temperature three times and the reaction was left to stir under hydrogen gas.
Hydrogen was replenished as needed until reaction reached completidatasmined by TLC
(approx. 3 hours). The reaction was filtered through silica gel with ethyl acetate to remove
rhodium (~1 L ethyl acetate). The solvent was then removed under reduced pressure. The
resulting crude mixture was purified by flash chromatquma (10% to 20% ethyl
acetate:dichloromethane) to afford compour&lO6as a white solid (8.36 g, 73%).

Spectroscopic data is in good agreement with published spectroscopiédata.

IH NMR (500 MHz, Chlorofordd ¢ ¢ 8.976nm, 2H), 6.866.79 (m, 2H), 5.43 (d= 3.4 Hz,

1H), 4.10 (qdJ= 6.6, 1.3 Hz, 1H), 3.77 (s, 3H), 38361 (M, 1H), 2.262.15 (m, 1H), 2.1
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2.04 (m, 1H), 1.9¢ 1.83 (m, 1H), 1.87 1.81 (m, 1H), 1.891.72 (m, 1H), 1.15 (d= 6.6 Hz,

3H).

13C NMR (126 MHz, Chlorofortd ¢+ Mpn ®THX wMp M PE36ELALMEUA7BF.80E MMN C

25.86, 23.75, 17.22.

Synthesis of-rhodinose Donor 2.21

OPMP OPMP OH
NaH (60%), TBAI, BnBr
o (60%) g o CAN . 0
DMF, 0 °C to rt MeCN/H,0 (10:1) \
OH 86% ONap 94% ONap
2.06 2.31 2.21
OPMP OPMP
O — (O]
OH ONap
2.06 2.31

p-methoxyphenyl 2,3dideoxy-4-O-(2-napthylmethyl)-" -L.-fucopyranosideln a flame
dried flask, sodium hydride (60% suspension in mineral oil) (147 mg, 3.67 mmol) and TBAI (78
mg, 0.21 mmol) were suspended in 5 mL DMF and cooled@ Gompoun@.06 (500 mg,
2.09 mmol) was dissolved in 2 mL DMF and transferred to the sdaydnde and allowed to
stir at 0°C for 15 minutes. NapBr (696 mg, 3.15 mmol) was dissolved in 2 mL DMF, added into
the reaction and stirred OC to rt. After 90 minutes, the reaction was quenched by adding 2 mL
saturated ammonium chloride. The reaction syaoured over 75 mL water and extracted with
diethyl ether (3 x 75 mL). The combined organic layers were washed with 1 M lithium chloride

(50 mL), dried over sodium sulfate, filtered through cotton and concentrated under reduced
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pressure. The resulting ale mixture was purified by flash chromatography (5% to 10% Ethyl

acetate:hexanes) giving the produtBlas a white solid (683 mg, 86% vyield).

1H NMR (500 MHz, Chlorofordd 1 ¢ 7.88y(nc, 4H), 7.5 7.43 (m, 3H), 7.0§6.96 (m,
2H), 6.85 6.78 (M 2H), 5.49 (d)= 3.3 Hz, 1H), 4.87 (@ 12.3 Hz, 1H), 4.64 (@ 12.3 Hz,
1H), 4.05 (qdJ= 6.6, 1.6 Hz, 1H), 3.76 (s, 3H), 3.38 (s, 1H)c226+ (m, 1H), 2.1 2.00 (m,

2H), 1.77¢ 1.69 (m, 1H), 1.18 (d= 6.6 Hz, 3H).

BCNMR (126 MHzDTH0 1+ MpndpTZ MpMPNn PZ MOoCPHTZ Moo Do Pz

126.61, 126.23, 126.15, 125.97, 117.74, 114.68, 96.63, 73.47, 71.26, 67.42, 55.81, 24.34, 21.49,

17.49.

HRMS (TOF MS ES+): m/z calculated-fpbeOsNa (M+Na): 401.1729, found: 40124 (M +

Na)

[M23(c = 1.04, C4€h): -28.43 + 0.403

m.p. = 102103 °C

OPMP OH
O —_— O
ONap ONap
2.31 2.21
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2,3-dideoxy-4-O-(2-napthylmethyl)-" /i -L-fucopyranosideCompound2.31 (600 mg,

1.58 mmol) was dissolved in &L acetonitrile and 8.4 mL@. Ceric ammonium nitrate (CAN)
(1.74 g, 3.17 mmol) was added as a solid and the reaction was stirred at room temperature for
5 minutes. The reaction was poured over saturated sodiicarbonate (100 mL) and extracted

with dichlormethane (3 x 75 mL). The combined organic layers were washed with water (50
mL), 10% sodium sulfite (50 mL) and brine (50 mL). The organic layers were dried over sodium
sulfate, filtered through cotton, and caentrated under reduced pressure. The crude mixture

was separated by flash chromatography (30% to 50% ethyl acetate:hexanes) to give compound

2.21as a white solid (405 mg, 94%Y i I). m®oYMm

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.7éyny, 7H), 7.58 7.42 (m, 5H), 5.35 (s, 1H), 4.88
4.81 (m, 2H), 4.894.72 (m, 1H), 4.6§ 4.57 (m, 2H), 4.18 (qd= 6.6, 1.7 Hz, 1H), 3.65 (g
6.4, 1.5 Hz, 1H), 3.34 (s, 1H), 32621 (m, 1H), 3.06 3.02 (m, 1H), 2.22.15 (m, 1H), 2.08
2.02 (m, 1H), 2.0§1.85 (m, 2H), 1.891.70 (m, 2H), 1.6¢ 1.47 (m, 3H), 1.29 (d= 6.4 Hz,

2H), 1.21 (dJ= 6.6 Hz, 3H).
13C NMR (126 MHz, CRCl + Moc ®PHNX Moc dndpX MoodPopZX MoodPooXZ
127.98, 127.85, 126.71, 126.25, 126.23, 126126.01, 125.98, 96.46, 91.91, 74.33, 73.46,

72.38, 71.25, 71.13, 66.73, 28.02, 25.58, 24.21, 20.86, 17.61, 17.51.

LRMS (TOF MS EI+): m/z calculated fth€Ds (M): 272.1, Found: 272.1, 254.1 {MO)
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HRMS (TOF MS ES+): m/z calculated:fétdsNa (M+M): 295.1310 Found:295.1310

[M]&3(c = 1.07, Ci€h): 1.37 £0.12

Synthesis ot-rhodinose Donor 2.03

1. DEAD, PPh,
Bn p-nitrobenzoic acid
/r
J/\j BnOH, BF;+OEt, U NaOMe ., O ~OBn THFE, 0° C to RT
A MeOH Z B
°0 i oow . Quant. HO 2. NaOMe, MeOH
c 0°C90% 23 217 3. Ac,0, DMAP, Et;N
213 DCM, 0 °C to rt
86%
1, _O__OBn Hy PdiC o OH
T - Y
AcO" NF EtOAc OAc
0,
2.18 72% 2.03
s, O
: | n, 0 ,OBn
o~ = S
c : =
= AcO
OAc
213 2.32

Benzyl 2,3,&rideoxy-4-O-acetykh /i -L-erythro-hex-2-enepyranosideDiO-acetyhL-
rhamnal2.13(15 g, 7anmol) and benzyl alcohol (mL, 105mmol) were dissolved in 69 mL
dry dichloromethane and cooled to°C. Boron trifluoride diethyletherate (3.5 mL, 28 mmol)
was added dropwise at @ andhe reaction was stirred at @C. After 1 hour, the reaction was
guenched with 60 mL of saturated sodium bicarbonate solution and left to sit until the color
changed from blue to brown. The reaction was diluted over 150 mL saturate sodium
bicarbonate ancextracted with dichloromethane (4 x 125 mL). The combined dichloromethane

layers were washed with saturated sodium bicarbonate (1 x 100 mL) and brine (1 x 100 mL).
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The organic layer was dried over sodium sulfate, filtered through cotton, and concentrated
under reduced pressure. The resulting crude was purified by flash chromatography (5% to 10%
ethyl acetate:hexanes) to give compoud®2(12.59 g, 68% Y i I asta ®dlealvoil in good

agreement with reported spectroscopic data.

'H NMR (500 MHz, Chlorofordd {+ ¢ 7.2¥ri{fnv 5H), 5.885.80 (m, 2H), 5.15.03 (m,
2H), 4.78 (dJ= 11.9 Hz, 1H), 4.60 (@ 11.9 Hz, 1H), 4.01 (dix 9.8, 6.5 Hz, 1H), 2.08 (s, 3H),

1.19 (d,J= 6.2 Hz, 3H).

13CNMR (126 MHz,CRCI + MTn®cpZX MOy PMCZI MHPPHPPI MHY PpT X

71.11, 70.31, 65.12, 21.20, 18.03, 0.13.

., O .OBn ., O _,0Bn
S — IJ

AcO” NF HO” N7
2.32 217

Benzyl 2,3,&rideoxy-" /i -L-erythro-hex-2-enepyranosideCompound2.32(12.59 g,
47.99 mmol) was dissolved in 78 mL methanol. Sodium methoxide (259 mg, 4.79 mmol) was
added as a solid and the reaction was allowed to stir for 1 hour. The solvent was removed
under reduced pressure and the resulting crude purified by flashnshtography (20% to 40%
ethyl acetate:hexanes) affording compoud.7as a white solid (10.57g, quartt.,Y i NinT ®MY ™

good agreement with reported spectroscopic data.
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IH NMR (500 MHz, Chloroford)t T @¥@@(m, 5H), 5.94 (d= 10.2 Hz, 1H), 5.815.74 (m,
1H), 5.04 (s, OH), 4.78 @& 11.8 Hz, 1H), 4.59 @ 11.9 Hz, 1H), 3.86 (& 8.5, 1.8 Hz, 1H),

3.76 (dg,J= 8.9, 6.2 Hz, 1H), 1.36 (& 8.4 Hz, 1H), 1.30 (@ 6.2 Hz, 3H).

B3CNMR (126 MHz,CRCl + MOy ®PHME MoO®PpPTI MHYDPpTI MHY DPmcC X

69.95, 68.33, 18.05.
r,, O OBn 1, O OBn 7, O OBn
g — 0 — J
HO” N HOY N AcO™ NF
2.17 2.33 2.18

Benzyl 2,3,&rideoxy-4-O-acetykh /i -L-threo-hex-2-enepyranosideA flamedried round
bottom flask was charged with triphenylphosphine (25.17 g, 95.97 mmolpanitobenzoic
acid (9.62 g, 57.58 mmol). Compouad7(10.57 g, 47.97 mmol) was dissolved in
tetrahydrofuran (142 mL) and added to the reaction flask via cknfthe reaction was cooled
to 0 °C and diethylazodicarboxylate (40% wt. in toluene, 43.7 mL, 96.0 mmol) was add&d at O
in three additions over ten minutes and the reaction was stirred frof@ @o rt. After 18 hours,
the reaction was quenched by pong over saturated sodium bicarbonate (200 mL). The
agueous layer was extracted with diethyl ether (3 x 100 mL). The combined organic layers were
concentrated under reduced pressure. Diethyl ether was added slowly to the concentrate until
a solid precipitadd out. The suspension was filtered through a cotton filter with diethyl ether
and the filtrate was concentrated under reduced pressure. The crude concentrate was
dissolved in 140 mL methanol and 40 mL dichloromethane. Sodium methoxide (540 mg, 9.59

mmol)was added as a solid and the reaction was let to stir at room temperature. After 2 hours,
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the solvent was removed under reduced pressure and the resulting crude was roughly purified
by flash chromatography (20% to 60% ethyl acetate:hexanes) to removedjoe byproducts

and afford crude compoung.23was a yellowwhite solid. The partially purified mixture was
dissolved in dichlormethane (271 mL) with DMAP (2.17 g, 17.7 mmol) and coolé@.to 0
Triethylamine (13.4 mL, 95.9 mmol) was added followed byi@eghydride (9.0 mL, 95 mmol).
The reaction was stirred @ to room temp. After 2 hours, the solvent was removed under
reduced pressure and the crude mixture was purified by flash chromatography (10% ethyl
acetate:hexanes) affording compoufdl8as a wlite solid (10.85 g, 86%) in good agreement

with published spectroscopic dafa.

'H NMR (500 MHz, Chlorofordd {1 ¢ 7.2¥r{rm 5H), 6.09 (dd= 9.9, 5.4 Hz, 1H), 6.03 (dd,
= 10.0, 3.0 Hz, 1H), 5.13 & 3.0 Hz, 1H), 4.93 (di 5.4, 2.4 Hz, 1H), 4.77 (& 11.8 Hz, 1H),

4.62 (dJ=11.9 Hz, 1H), 4.27 (gik 6.6, 2.5 Hz, 1H), 2.10 (s, 3H), 1.19406.6 Hz, 3H).

13C NMR (126 MHz, Chlorofortd ¢+ MTAn®dynIE Moy dnpsI MondpcsI MHY C

93.66, 70.16, 65.25, 64.95, 20.99, 16.09.

7, O _~OBnN
P
AcO" Z OAc
2.18 2.03

OH

2,3-dideoxy-4-O-acetykh /i -L-fucopyranosideln a twoneck round botbm flask,
palladium on carbon (10% wt, B@, 0.8 mmol) was suspended in 55 mL ethyl acetate.

Compound2.18(5.68 g, 21.6nmol) was dissolved in 55 mL ethyl acetate and added to reaction
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flask. Hydrogen gas (balloon, ~1 atm) was bubbled into the mattree times and the

reaction was stirred at room temperature under hydrogen. The hydrogen balloon was

refreshed as needed until the starting material was seen to be consumed on TLC. The palladium
on carbon was removed by filtering through a bed of@Migth ethyl acetate (1 L). The filtrate

was concentrated under reduced pressure and purified by flash chromatorgraphy (50% ethyl
acetate:hexanes) to afford compourd03as a clear oil (2.73 g, 72%0,Y | [ in goddi Y M

agreement with publishedpectroscopic dat&

'H NMR (500 MHz, Chlorofordd 1+ p ®o ¢ ¢4.293dm, @H),4.Z6 () 1By, 4.28 (44,
6.6, 1.6 Hz, 1H), 3.803.72 (m, 1H), 3.19 (dd= 6.6, 2.2 Hz, 1H), 2.70 (s, 1H), Z,2909 (m,
7H), 2.0&; 2.01 (m, 1H), 1.981.88 (m, 1H), 1.881.72 (m, 3H), 1.761.57 (m, 2H), 1.21 (d,

= 6.5 Hz, 3H), 1.12 (& 6.6 Hz, 3H).

13C NMR (126 MHz, Chlorofortd 4+ MT n®dn 0 H /86 69.61) 6804, 65211, pm dT Yy T

27.67,27.31, 24.22, 22.40, 21.24, 21.21, 17.32, 17.29.
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Synthesis ob-olivose Donor 2.07

o o 1. Bu,SnO, Toluene
| NaOMe | Reflux
AcO" HO" >
¢ MeOH 2. NapBr, TBAI
OAc Quant OH 80%
2.09 210
0]
| PPhseHBr, H,0

- » Nap

BnO THF, 83%

ON P O

212

0]

2.07

o
L
HO"

NaH (60%), BnBr
TBAI

Y

DMF, 98%
ONap

211

OH

0 0
[ ] — [ 1
AcO" HO"

OAc
2.09 2.

OH

10

D-rhamnal DiO-acetytb-rhamnal2.09(16.51g, 76.24) was dissolved in 124 mL MeOH.

Sodium methoxide (2.06 g, 381dmol) was added as a solid and the solution was allowed to

stir at room temperature. After one hour, the solvent was removed under reduced pressure.

The resulting crude mixtureas purified by flash chromatography (10% MeOHEpHto afford

compound2.10as a white solid (9.92 g, quantitative yield) with NMR spectra in good

agreement with previously reported dafa.

'H NMR (500 MHz, Chlorofordd

1 ¢ &6, 18 RR IH), 4.74 (d& 6.0, 2.1 Hz, 1H),

4.27¢4.20 (m, 1H), 3.90 (dd~ 9.8, 6.3 Hz, 1H), 3.45 (ddd; 9.7, 7.3, 3.9 Hz, 1H), 2.62.42

(m, 1H), 1.9& 1.89 (m, 1H), 1.42 (d= 6.3 Hz, 3H).
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3CNMR (126 MHz, CRCl + MnndynX MAH®PcpPpX TpPpPcHI Tndnnz

0 0]
HO' HO'

OH ONap
2.10 2.1

3-O-(2-napthylmethyl)-D-rhamnal b-rhamnal2.10(9.93 g, 76.3 mmol) was suspended
with dibutyltin oxide (20.89 g, 83.93 mmol) i@2mL toluene in a flask fitted with De&tark
apparatus and heated in a 13GQ oil bath for 4 hours. After cooling to room temperature, the
reaction was treated with NapBr (25.30 g, 114.4 mmol) and TBAI (5.64 g, 15.3 mmol), and the
reaction was returnedo the to the 130°C oil bath. After stirring for 18 hours, the reaction was
cooled to room temperature and the solvent was removed under reduced pressure. The crude
mixture was purified by flash chromatography (10% to 30% ethyl acetate:hexaref$ord
compound2.11as a yellow solid (16.42 g, 80%) with spectroscopic values in good agreement

with published compound?

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.7y, 4H), 7.52 7.44 (m, 3H), 6.36 (dd= 6.1,
1.5 Hz, 1H), 4.994.83 (m, 2H), 4.72 (d= 12.0 Hz, 1H), 4.10 (dt= 7.0, 1.9 Hz, 1H), 3.90 (du,
= 9.4, 6.4 Hz, 1H), 3.65 (ddg; 9.3, 7.0, 3.7 Hz, 1H), 2.18J¢,3.7 Hz, 1H), 39 (d,J= 6.4 Hz,

3H).
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13C NMR (126 MHz, Chlorofortd ¢+ mMnp ®mMdpE Mop PhpI Moo dNT

126.71, 126.36, 126.13, 125.86, 99.90, 77.01, 74.63, 72.99, 70.82, 17.28.

o} o}
oo L]
HO" BnO"

ONap ONap
2.11 212

4-O-benzyt3-0O-(2-napthylmethyl)-D-rhamnaln a flame dried flask, sodium hydride
(60% in mineral oil) (3.70 g, 92.7 mmol) and TBAI (3.42 g, 9.26 mmol) were suspended in 162
anhydrous DMF and cooled taG. Compoun@.11was dissolved in 61 mL DMF and added
into the sodium hydride solution via canlauand allowed to stir at @C for 30 minutes. Benzyl
bromide (11.9 g, 8.26 mL, 69.5 mmol) was added slowly anteti@ion was allowed to stir
while gradually warming from C to room temperature for 13 hours. The reaction was
guenched by the additionf®0 mL saturated ammonium chloride. The reaction was diluted
over 200 mL water and extracted with diethyl ether (3 x 150 mL). The combined ether layers
were washed with water (3 x 150 mL), brine (1 x 150 mL), dried over sodium sulfate, filtered
through cdton, and the solvent removed under reduced pressure. The crude mixture was
purified by flash chromatography (5% to 10% ethyl acetate:hexanes) to afford comgdlthd

as a white solid (16.4 g, 98%) in good agreement with published spectroscopié data.

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.0y, 4H), 7.507.43 (m, 3H), 7.367.26 (m,

5H), 6.37 (ddJ= 6.2, 1.4 Hz, 1H), 4.91 (& 11.1 Hz, 1H), 4.89dd)= 6.0, 2.8 Hz, 1H), 4.83 (4,
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= 11.9 Hz, 1H), 4.%64.70 (m, 2H), 4.27 (ddd= 6.5, 2.5, 1.5 Hz, 1H), 3.96 (dg,9.1, 6.4 Hz,

1H), 3.52 (ddJ= 9.0, 6.5 Hz, 1H), 1.39 (& 6.4 Hz, 3H).

13C NMR (126 MHz, CRCI + ™M n p ©IB8&00, 18304y, $838.147128.55, 128.31, 128.08,
128.04, 127.88, 127.84, 126.57, 126.24, 126.01, 125.99, 100.34, 79.79, 76.67, 74.24, 74.18,

70.83, 17.65, 0.14.

(0]
U . B”Om
N - Na
BnO p OH
ONap 2.07
2.12

2-deoxy-3-O-benzyt4-O-(2-napthylmethyl)-  k-b-rhamnopyranaside Compound2.12
(15.5 g, 43.0 mmol) and triphenylphosphine hydrobromide (2.95 g, 8.60 mmol) were dissolved
in 177 mL THF and the reaction was allowed to stir at room temperature for 25 minutes. 1D
water (3.87 mL, 215 mmol) was added and the reactionallasved to stir for 18 hours. The
reaction was diluted over saturated sodium bicarbonate (200 mL) and extracted with ethyl
acetate (3 x 175 mL). The combined organic layers were washed with brine, dried over sodium
sulfate, filtered through cotton, and thsolvent removed under reduced pressure. The crude
mixture was purified by flash chromatography (20% to 40% ethyl acetate:hexanes). Compound
20761 & Aaz2ftlFrGSR a | gKAGS a2f AR O6mModpo 3II y o

agreement with preiously reported value

IH NMR (500 MHz, Chloroford) (- Y 2 Y § NI &7.72 (m 4By 7050 7.41 (m, 3H), 7.37
7.26 (m, 5H), 5.34 (s, 1H), 4.98Jd,11.0 Hz, 1H), 4.864.73 (m, 3H), 4.7¢ 4.66 (m, 1H), 4.07
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(ddd,J=11.4, 8.8, 5.0 Hz, 1H), 3.99 (d9,9.5, 6.3 Hz, 1H), 3.17Jt 9.2 Hz, 1H),.81¢ 2.46
(m, 1H), 2.35 (dddl= 13.1, 5.0, 1.5 Hz, 1H), 1§6.67 (m, 1H), 1.29 (d= 6.2 Hz, 3H)i

Iy 2 Y S ND7.71 (mT4B)y 7158 7.41 (m, 3H), 7.37 7.26 (m, 5H), 4.884.73 (m, 3H),
4.69 (d,J= 10.9 Hz, 1H), 3.68 (ddik 11.5, 8.54.9 Hz, 1H), 3.40 (dd= 9.3, 6.2 Hz, 1H), 3.10

3.02 (m, 1H), 2.43 (m, 1H), 1.59 (m, 1H), 1.33%d.1 Hz, 3H).

I3C NMR (126 MHz,CRCI + Moy ®TcZX MOy dPppZ MoC POHZI MOp DPPHZ
128.56, 128.52, 128.38, 128.26, 128.15,.098128.06, 128.04, 127.89, 127.85, 127.82, 127.78,
126.59, 126.44, 126.28, 126.18, 126.07, 125.95, 125.95, 94.01, 92.19, 84.55, 83.64, 79.07,

77.03, 75.38, 75.33, 72.06, 71.76, 71.69, 67.62, 38.62, 36.02, 18.40, 18.38.
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Synthesis of disaccharides 2.05,19, 2.20

OMP

e
OMP
3o o 208 =
NapO
o HA
0]

2.07 Nap O
2.05

Y

p-methoxyphenyl 2,3dideoxy-4-O-(2-deoxy-3-O-(2-napthylmethyl)-4-O-benzyhH -D-
rhamnopyranosyhh -L-fucopyranosideCompound2.07(1.19g, 3.15 mmol) and DTBMP (646
mg, 3.15 mmol) were dissolved in 21.1 mL THF and coolé@t&. After fifteen minutes,
KHMDS (1M in THF) (3.2 mL, 3.2 mmol) was added dropwise and the reaction was allowed to
stir at-78 °C for fifteen minutes. Tosyhtride (600 mg, 3.15 mmol) dissolved in 7.3 mL THF
was added slowly to the reaction, which was then allowed to stir for 30 minutes. In a separate
flask, compoun®.06 (500 mg, 2.10 mmol) was dissolved in 5.8 mL THF and coolé8 1.
KHMDS (1M in THE.1 mL, 2.1 mmol) was added dropwise and the reaction was stirred for 15
minutes. Compoun@.06was then transferred via syringe and added dropwise to the primary
reaction vessel. The reaction was then stirred for 4 hours while slowly warming to room
temperature. The reaction was quenched with 2 mL of saturated ammonium chloride and
poured over 150 mL water. The water was extracted with diethyl ether (3 x 100 mL) and the
combined ether layers washed with water (1 x 100 mL). The organic layer was dried with
sodium sulfate, filtered through cotton, and concentrated under reduced pressure. The
resulting crude was purified by flash chromatography (10% ethyl acetate:hexanes) to afford

compound2.05as a white foam.
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IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.Téymp 4H), 7.5@ 7.43 (m, 3H), 7.377.26 (m,

5H), 7.04 6.97 (M, 2H), 6.8§6.78 (m, 2H), 5.47 (d= 3.0 Hz, 1H), 4.99 (@ 10.9 Hz, 1H),
4.86 (dJ=11.9 Hz, 1H), 4.75 (@ 11.8 Hz, 1H), 4.69 (@ 10.9 Hz, 1H), 4.45 (dik 9.8, 1.9
Hz, 19, 4.04¢ 3.97 (m, 1H), 3.77 (s, 3H), 3.67 (ddid,11.7, 8.6, 5.1 Hz, 1H), 3.53 (s, 1H), 3.32
(dg,Jd= 9.2, 6.4 Hz, 1H), 3.18 & 8.9 Hz, 1H), 2.48 (ddik 12.8, 5.2, 2.1 Hz, 1H), 202.14

(m, 1H), 2.14 2.04 (m, 2H), 1.881.73 (m, 1H), 1.781.68 (m, 1H), 1.33 (d= 6.1 Hz, 3H),

1.11 (d,J= 6.6 Hz, 3H).

I3C NMR (126 MHz,CRCI + Mpn ®pHZ MpMdnpZ Moy dccZ mMoc dnpz

128.24, 128.03, 127.86, 127.83, 126.51, 126.23, 126.00, 125.95, 117.66, 114.66, 101.61, 96.64,

83.75, 79.47,76.13, 75.40, 71.50, 71.46, 66.94, 55.81, 37.23, 24.94, 24.61, 18.40, 17.38.

LRMS (ESI, pos. ion)iz calculated for €7Hs2O7Na (M+Na) 621.28, foul: 621.55

HRMS (TOF MS ESmjz calculated for &Hi,O;Na (M+Na) 621.2828, found: 621.2838

[M]&3=-41.0802 (c = 1.08, GEL)

OoMP OMP
?Qf o ?Qf
B”O’% B”O’ﬁow
NapO 0 HO O
2.05 2.19
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p-Methoxyphenyl2,3-dideoxy-4-O-(2-deoxy-4-O-benzyh -D-rhamnopyranosylh -L-
fucopyranosideCompound.05(747 mg, 1.25 mmol) and betanene (0.66 mL, 4.2 mmol)
were dissolved in 120 mL dichloromethane and 6 mL water. DDQ (566 mg, 2.49 mmol) was
added as a solid and theeaction was stirred at room temperature. After 90 minutes, the
reaction was diluted in 150 mL dichloromethane and washed with 2M sodium hydroxide (2 x
200 mL). The aqueous washings were baxdikacted with dichloromethane (1 x 150 mL). The
combined orgard layers were washed with saturated sodium bicarbonate (1 x 150 mL)
followed by water (1 x 150 mL). The organic layer was dried with sodium sulfate, filtered
through cotton, and concentrated under reduced pressure. The crude was purified by flash
chromatogaphy (25% to 30% ethyl acetate:hexanes) to afford compduh€élas an offwhite

solid.

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.281(my 5H), 7.046.97 (m, 2H), 6.866.78 (m,

2H), 5.47 (dJ= 2.9 Hz, 1H), 4.78 (@ 11.4 Hz, 1H), 4.71 @ 11.3Hz, 1H), 4.51 (dd= 9.6,
2.0 Hz, 1H), 4.01 (qd= 6.6, 1.5 Hz, 1H), 3.77 (s, 3H), 3.70 (dddd,1.8, 8.6, 5.1, 3.4 Hz, 1H),
3.54 (d,J= 3.5 Hz, 1H), 3.32 (d#F 9.2, 6.2 Hz, 1H), 3.02J& 8.9 Hz, 1H), 2.29 (ddik 12.6,
5.1, 2.0 Hz, 1HP.24¢ 2.03 (m, 4H), 1.781.71 (m, 1H), 1.7¢ 1.67 (m, 1H), 1.37 (d= 6.2 Hz,

3H), 1.12 (dJ= 6.5 Hz, 3H).

13CNMR (126 MHz,CRCI + Mpn®pHXEX MpmMPnyX Moy PocCcX MHY PyHZI

101.70, 96.60, 85.96, 76.26, 75.27, 71.BB.35, 66.92, 55.81, 39.12, 24.91, 24.59, 18.52, 17.29.
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LRMS (ESI, pos. ion)iz calculated for &Hs4sO7Na (M+Na): 481.2Found: 481.22

HRMS (TOF Es+): m/z calculated fgifi{gO/Na (M+Na): 481.2202 Found: 481.2207

[h]23=-20.68 (c = 1.37, GEb)

Mp: 133134 °C

OMP OH
)]
@7 o ) N
o2 0T o
NapO O NapO
2.05 2.20

2,3-dideoxy-4-O-(2,6-dideoxy-3-O-(2-napthylmethyl)-4-O-benzyb -D-glucopyranosyh
L-fucopyranosideCompound2.05(200 mg, 0.334 mmol) was dissolved in 17.7 mL acetonitrile
and 1.8 mL water. Ceric ammonium nitrate (366 mg, 0.668 mmol) was added as a solid and the
reaction was let to stir at room temperature. After five minutes, the reaction was neutralized
by pouringover 100 mL saturated sodium bicarbonate. The mixture was extracted with
dichloromethane (4 x 60 mL). The organic layer was washed with water (1 x 50 mL), 10%
sodium sulfite (1 x 20 mL), and brine (1 x 50 mL). The organic layer was dried with sodium
sulfae, filtered through cotton, and concentrated under reduced pressure. The crude was
purified by flash chromatography (10% to 40% ethyl acetate:hexanes) to afford compd&ihd

was a white foam (153 mg, 93%,Yi . M®P0o YMU
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IH NMR (500 MHz, Chloroford)t T @¥y78 (m, 8H), 7.46 (m 6H), 7.87.27 (m, 10H), 5.32
(s, 1H), 4.98 (dl= 10.9 Hz, 2H), 4.85 (@ 11.8 Hz, 2H), 4.%84.65 (m, 5H), 4.46 4.39 (m,
2H), 4.17 4.09 (m, 1H), 3.7¢ 3.58 (m, 3H), 3.50 (s, 1H), 3.39 (s, 1H), 8326 (m, 2B} 3.21
¢ 3.14 (m, 2H), 2.77 (= 7.8 Hz, 1H), 2.502.39 (m, 3H), 2.262.18 (m, 1H), 2.1§1.94 (m,
3H), 1.81¢ 1.69 (m, 4H), 1.68 1.59 (m, 1H), 1.31 (dd= 6.2, 3.0 Hz, 6H), 1.23 (& 6.4 Hz,

3H), 1.15 (dJ= 6.6 Hz, 3H).

13C NMR (126 MHZLhloroformd0d + N @38.61y(0), 133.48, 128.53, 128.33, 128.23,

128.04, 127.84, 126.50, 126.23, 126.00, 125.95, 101.67, 101.54, 96.51, 91.99, 83.79, 83.76,

79.51, 79.46, 76.26, 75.38, 74.96, 73.94, 71.50, 71.48, 66.30, 37.27, 37.22, 28.37, 23050, 24

18.40, 17.48, 17.37.

LRMS (ESI, pos. ion): 515.27

HRMS (TOF ES+): m/z calculated feit:dOsNa (M+Na): 515.2410, Found: 515.2415

[]<23(c = 0.78, CiTh) =-20.14

m.p.: 5354 °C
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Glycosylation with rhodinose donors:

X
U

p-methoxyphenyl 2,3dideoxy-4-O-acetyth -L-fucopyranosideCompound2.03(584 mg,
3.39 mmol) and TTBP (842 mg, 3.39 mmol) were dissolved in 26 mL THF and c&@ég.to
KHMDS (1M in THF, 3.39 mL, 3.39 mmol) was addedlyshnd the reaction was stirred at8
°C for 15 minutes. Trisyl chloride (1.03 g, 3.39 mmol) in 14 mL THF was added dropwise into the
reaction and stirred at78 °C for 30 minutesMeanwhile in a separate flask;rmpethoxyphenol
(280 mg, 2.26 mmol) wasssolved in 8.6 mL THF and cooled®°C. KHMDS (1M in THF, 2.26
mL, 2.26 mmol) was added to thenpethoxyphenol and stirred a78 °C for 15 minutes. The
solution of pmethoxyphenol was added into the primary reaction vessel and the reaction was
stirred while slowly warming to room temperature. After 5 hours, the reaction was quenched
with 0.5 mL saturated ammonium chloride and poured over ~100 mL of water. The water was
extracted with diethyl ether (3 x 100 mL) and the combined organic layers wereedasth
water (100 mL), dried over sodium sulfate, filtered through cotton, and the solvent removed
under reduced pressure. The resulting crude mixture was purified by flash chromatography
(ethyl acetate:hexanes 15%) to afford compouh@d2as a while sali (398 mg, 63% yield) as a

singleh -anomer.
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IH NMR (500 MHz, Chlorofordd ¢ ¢ 6.98s6nm, 2H), 6.866.79 (m, 2H), 5.49 (d= 3.3 Hz,
1H), 4.88 (s, 1H), 4.14 (qH 6.6, 1.6 Hz, 1H), 3.77 (s, 3H), 2120 (m, 1H), 2.15 (s, 3H), 2.12

¢ 2.01 (m, 1H), 1.941.86 (m, 1H), 1.82 1.74 (m, 1H), 1.09 (d= 6.6 Hz, 3H).

I3C NMR (126 MHz,CRCl 4+ MTnd@PoZ MpndPTHZI MPMPHHZE MMT dcnz

24.41, 23.03, 21.24, 17.20.
HRMS (TOF ES+): m/z calculated feltxdOsNa (M+Na): 303.1208, Found: 303.1203
m.p.: 9293°C

[M]<23(c = 0.95, C4Th) =-35.89

OPMP
O

0o
BnO Q4 o
OH HO BnO_ 5
0 2.19
7

OPMP

Y

OAc
2.03 OAc 2.23

p-methoxyphenyl 2,3dideoxy-4-O-(2-deoxy-3-O-(2,3-dideoxy-4-O-acetyhh -L-
fucopyranosyl}4-O-benzyb -D-rhamnopyranosyh" -L-fucopyranosideCompound2.03(389
mg, 2.23 mmol) and TTBP (555 mg, 2.23 mmol) were dissolved in 20.1 mL THF and e@8led to
°C. KHMDS (1M in THF, 2.2 mL, 2.2 mmol) was added slowly and the reaction was s#iBed at

°C for 15 minutes. Trisyl chloride (676 mg, 2.23 mmol) was dexsat 5.6 mL THF and added
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slowly into the reaction which was stirred &8 °C for 30 minutes. Meanwhile, compoudL9

(512 mg, 1.11 mmol) was dissolved in 4.3 mL THF and cooléd t€. KHMDS (1M in THF, 1.1

mL, 1.1 mmol) was added slowly and theatan was stirred at78 °C for fifteen minutes.
Compound.19was then added into the primary reaction vessel and allowed to stir while

gradually warming froma78°C to room temperature. After 4 hours, the reaction was quenched

with 1.5 mL saturated ammoummn chloride and poured over water (100 mL). The mixture was

extracted with diethyl ether (3 x 75 mL) and the combined organic layers were washed with

water (100 mL), dried over sodium sulfate, filtered through cotton, and the solvent removed

under reducedpressure. The crude mixture was purified by flash chromatography (20% to 30%

ethyl acetate: hexanes) to afford compouB®3l & | g KA G S F-agnbmer(B6amd, a Ay 3

59%).

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.27dny, 5H), 7.046.97 (m, 2H), 85¢ 6.78 (m,

2H), 5.46 (s, 1H), 5.05 (s, 1H), 4.861&l11.0 Hz, 1H), 4.70 @ 11.0 Hz, 1H), 4.63 (s, 1H), 4.49
(dd,J= 9.7, 2.0 Hz, 1H), 4.07 (g 6.4 Hz, 1H), 4.01 (@ 6.6 Hz, 1H), 3.85 (dd#k 11.5, 8.9,

4.9 Hz, 1H), 3.77 (s, 3H), 3(541H), 3.36 (dgl= 9.2, 6.2 Hz, 1H), 3.12J& 9.1 Hz, 1H), 2.47
(ddd,J=12.6, 5.1, 1.9 Hz, 1H), 2@6.91 (m, 8H), 1.861.77 (m, 1H), 1.7§ 1.68 (m, 1H), 1.64

¢ 1.50 (m, 2H), 1.33 (d= 6.2 Hz, 3H), 1.11 (@ 6.5 Hz, 3H), 0.97 (@#:6.5 Hz, 3H).

13C NMR (126 MHz, Chloroforid + MTnddpnI mMpndpoX MpMPNyZI MOy C
117.66, 114.66, 101.57, 96.63, 91.80, 83.13, 76.26, 75.53, 73.18, 71.55, 69.54, 66.91, 64.95,

55.79, 35.67, 24.92, 24.60, 24.10, 23.15, 21.22, 18.3961717.05.
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LRMS (ESI, pos. ion): m/z calculated fa4O10Na (M+Na): 637.30, Found: 637.37

HRMS (TOF ES+): m/z calculated fgeOi0Na (M+Na): 637.2989, Found: 637.2997

M.p.: 5960 °C

[N (c = 1.34, GiEb): -46.77

OPMP
PMP
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o ?ﬁ
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o 2.19 0
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p-methoxyphenyl 2,3dideoxy-4-O-(2-deoxy-3-O-(2,3-dideoxy-4-O-(2-napthylmethyl)-
h k-i-fucopyranosyl}4-O-benzyh -D-rhamnopyranosyhh -L-fucopyranosideCompound2.21
(59.4 mg, 0.218 mmol) and TTBP (54.2 mg, 0.218 mmod) dvesolved in 1.96 mL THF and
cooled to-78°C. KHMDS (1 M in THF) (0.22 mL, 0.22 mmol) was added dropwise and stirred at
78 °C for 15 minutes. Trisyl chloride (66 mg,2n2mol) was dissolved in 0.55 mL THF and
added dropwise to the reaction, whichaw stirred for 1 hour at78 °C. Meanwhile, compound
2.19(50 mg, 0.1 mol) was dissolved in 0.55 mL THF and cooled86C. KHMDS (1M in THF,

0.11 mL, 0.11 mmol) was added dropwise and the reaction was stirr@@ &€ for 15 minutes.
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The solution oR.19was added dropwise intd.21and the reaction was stirred a8 °C for 2.5
hours. The reaction was quenched by the @iddi of ~0.5 mL saturated ammonium chloride.

The reaction was then poured over ~25 mL water and extracted with diethyl ether (3 x 25 mL).
The combined organic layers were washed with water (30 mL), dried over sodium sulfate,
filtered through cotton, and tk solvent removed under reduced pressure. The crude mixture
was purified by flash chromatography (20% to 60% ethyl acetate:hexanes) affording

compound2.24 and2.24 as white foams (36 m§, Yi I pYmO

OPMP
(@)

0
Bnoo&\yo

0]

ONap 2.24
p-methoxyphenyl2,3-dideoxy-4-O-(2-deoxy-3-O-(2,3-dideoxy-4-O-(2-napthylmethyl)- -L-
fucopyranosyl}4-O-benzyb -D-rhamnopyranosyhh -L-fucopyranoside
IH NMR (500 MHz, Chlorofordd { ¢ 7.@dny 4H), 7.5§ 7.42 (m, 3H), 7.287.23 (m,
4H), 7.2%, 7.15 (m, 1H), 7.086.96 (m, 2H), 6.84 6.77 (m, 2H), 5.45 (s, 1H), 5.06 (s, 1H), 4.87
(d,J=11.1 Hz, 1H), 4.81 @@ 12.3 Hz, 1H), 4.68 (@ 11.1 Hz, 1H), 4.57 (@ 12.3 Hz, 1H),
4.48 (ddJ= 9.6, 2.1 Hz, 1H), 4.00 (& 6.6 Hz, 2H), 3.913.83 (m, 1H), 3.76 (s, 3H), 3.53 (s,
1H), 3.34 (doy= 12.1, 6.4 Hz, 1H), 3.14 (s, 1H), 3.10519.0 Hz, 1H), 2.47 (dik 12.5, 4.8 Hz,
1H), 2.24 2.02 (m, 4H), 1.9§1.92 (m, 1H), 1.881.78 (m, 1H), 1.69 (d= 12.2 Hz]H), 1.62

¢ 1.46 (m, 2H), 1.29 (d= 6.2 Hz, 3H), 1.131.06 (m, 6H).
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I3CNMR (126 MHz, CRCl + Mpn ®ppXI MpMPpHI Moy PdPcmMZ Moc PomMZ

127.98, 127.84, 127.80, 127.73, 126.55, 126.21, 126.12, 125.95, 117.69, 114.68, 106652, 96.
92.00, 83.12, 76.23, 75.35, 73.55, 73.07, 71.51, 71.19, 66.96, 66.49, 55.81, 35.76, 24.91, 24.62,

24.07, 21.63, 18.40, 17.40, 14.35.

LRMS (ESI, pos. ion): m/z calculated felH20:Na (M+Na): 735.35, Found: 735.43
HRMS (TOF MS ES+): m/z calculaie@gHs2OoNa (M+Na): 735.3509, Found: 734.3494
M]3 (c = 3.72, Ci€h) =-33.78

OPMP
O

SO
7o °

ONap 2.24p

p-methoxyphenyl2,3-dideoxy-4-O-(2-deoxy-3-O-(2,3-dideoxy-4-O-(2-napthylmethyl)} -L-

fucopyranosyl}4-O-benzyb -D-rhamnopyranosyhh -L-fucopyranoside

IH NMR (500 MHz, Chlorofordd ¢ 7.72dmy 4H), 7.58 7.42 (m, 3H), 7.4Q7.26 (m,
5H), 7.0 6.97 (m, 2H), 6.8¢ 6.77 (M, 2H), 5.46 (s, 1H), 488.79 (m, 2H), 4.78 4.63 (m,
2H), 4.60 (dJ= 12.6 Hz, 1H), 4.46 (dik 9.8, 2.0 Hz, 1H), 3.99 (i 6.5 Hz, 1H), 3.76 (s, 4H),
3.57¢ 3.49 (m, 2H), 3.3¢3.25 (m, 1H), 3.17 (s, 1H), 3.11J&,9.1 Hz, 1H), 28 (dddJ= 13.1,

5.0, 1.9 Hz, 1H), 2.262.15 (m, 1H), 2.16 2.06 (m, 3H), 1.98 1.79 (m, 2H), 1.72 1.65 (m,
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1H), 1.6 1.55 (m, 1H), 1.46 1.34 (m, 1H), 1.30 (d= 6.1 Hz, 3H), 1.25 (@ 5.8 Hz, 3H),

1.12 (d,J= 6.5 Hz, 3H).

13C NMR (126 Mz, CD@ 1+ wMpndn g MpMPpoX MOy PcHZ MoC PHYZ
128.10, 127.96, 127.86, 127.83, 126.74, 126.32, 126.18, 125.94, 117.67, 114.65, 103.56, 101.81,
96.66, 84.24, 79.56, 76.07, 75.31, 73.86, 72.29, 71.42, 71.08, 67.03, Fh48N),26.46, 25.69,

24.74, 24.55, 18.39, 17.62, 17.26.
LRMS (ESI, pos. ion): m/z calculated feif20oNa (M+Na): 735.35, Found: 735.41
HRMS (TOF MS ES+): m/z calculatedsfpOoNa (M+Na): 735.3509, Found: 735.3499

[M]& (c = 2.96, Ci€b) =-7.78

OPMP
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p-methoxyphenyt2,3-dideoxy-4-O-(2-deoxy-3-0O-(2,3-dideoxy-4-O-(2-deoxy-3-O-(2-

napthylmethyl)-4-O-benzyb -D-rhamnopyranosyhh /i -L.-fucopyranosyl}4-O-benzyb -D-

rhamnpyranosyhh -L-fucopyranosideCompound2.20(107 mg, 0.218 mmol) and DTBMP (45
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mg, 0.2 mmol) were dissolved in 1.9 mL THF and cooled83C. KHMDS (1M in THF, 0.22
mL, 0.2 mmol) was added slowly and the reaction was stirred/&8t°C for 15 minutes. Trisyl
chloride (66 mg, 02mmol) was disolved in 0.55 mL THF and added dropwise. The reaction
was stirred at 78°C for 1 hour. Meanwhile, compourid19(50 mg, 0.1 mmol) was dissolved

in 0.52 mL THF and cooled-#8 °C. KHMDS (1M in THF, 0.11 mL] éninol) was added
dropwise and the dation was stirred at78 °C for 15 minutes. Compouri19was then added
into the primary reaction vessel and the reaction was stirree/&8t°C for 2 hours. The reaction
was quenched with 0.5 mL saturated ammonium chloride and poured over water (30meL).
mixture was extracted with diethyl ether (3 x 75 mL) and the combined organic extracts were
washed with water (40 mL), dried with sodium sulfate, filtered through cotton, and the solvent
removed under reduced pressure. The resulting crude was pubfydthsh chromatography
(ethyl acetate: hexanes 20% to 60%) to afford compaurdd n nas & white foam as an

inseparable mixture of anomers (54.4 mg,54% i ) pYm

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.72ynp, 4H), 7.5 7.43 (m, 3H), 7.37 7.25(m,
10H), 7.04 6.97 (m, 2H), 6.866.78 (m, 2H), 5.45 (s, 1H), 5.04Jd,3.2 Hz, 1H), 5.014.96
(m, 1H), 4.90 (dJ= 11.2 Hz, 1H), 4.884.81 (m, 1H), 4.74 (d= 11.9 Hz, 1H), 4.68 (dik 11.1,
2.0 Hz, 2H), 4.64 (dd= 11.2, 2.3 Hz, 1H),50¢ 4.43 (m, 1H), 4.42 4.34 (m, 1H), 4.04 3.97
(m, 1H), 3.98 3.93 (m, 1H), 3.85 (ddd= 11.5, 8.9, 4.9 Hz, 1H), 3.77 (s, 4H), 8.8%0 (m,
1H), 3.55; 3.51 (m, 1H), 3.383.23 (m, 4H), 3.17 (8= 8.9 Hz, 1H), 3.163.06 (M, 1H), 2.5¢

2.39(m, 3H), 2.24 2.02 (m, 4H), 2.02 1.88 (m, 1H), 1.891.67 (m, 3H), 1.62 1.51 (m, 1H),
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1.51¢ 1.44 (m, 1H), 1.381.27 (m, 6H), 1.19 (d= 6.4 Hz, 1H), 1.151.08 (m, 4H), 1.03 (d=

6.5 Hz, 3H).

13C NMR (126 MHz, Chloroforid  + ™ p M@ £36.08, 13324, ®28.53, 128.48, 128.32,

128.23, 128.03, 127.83, 127.76, 126.49, 126.22, 125.99, 125.95, 117.69, 114.69, 101.62, 96.67,

92.06, 83.76, 83.06, 79.48, 76.26, 76.22, 75.38, 75.32, 73.15, 71.51, 71.48, 71.45, 66.97, 66.07,

55.82, 37.19, 35.725.08, 24.91, 24.62, 24.32, 18.40, 17.37, 17.30.

LRMS (ESI, pos. ion): m/z calculated feidgO12Na (M+Na): 955.46, Found: 955.46

HRMS (TOF MS ES+): m/z calculatedstblOi-Na (M+Na): 955.4608, Found: 955.4606
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Synthesis of Tetrasaccharide 2.25:

OPMP
O

(@]
Bno()/&/o
?Q%
o0
HO

O
2.25

p-methoxyphenyt2,3-dideoxy-4-O-(2-deoxy-3-0O-(2,3-dideoxy-4-O-(2-deoxy-4-O-
benzyhl -D-rhamnopyranosyl)h -L-fucopyranosy}4-O-benzyb -D-rhamnpyranosyl)h -L-
fucopyranosideCompound2.n n h (627 mg, 0.565 mmol) andpinene (0.30 mL, 1.9 mmol)
were dissolved in 52 mL dichloromethane and 2.6 mL water. DDQ (257 mg, 1.13 mmol) was
added as a solid and the reaction was stirred vigorously for 2 hours. During this time the
reaction color chaged from dark green to light yellow/green. Upon completion, the reaction
was diluted over dichloromethane (75 mL) and washed with 2M sodium hydroxide (2 x 100 mL).
The aqueous washes were bagktracted with dichloromethane (1 x 50 mL). The combined
dichloromethane layers were washed with saturated sodium bicarbonate (1 x 50mL), and water
(2 x 50 mL). The organic layer was dried with sodium sulfate, filtered through cotton, and the
solvent removed under reduced pressure. The crude mixture was purifiedddy fl

chromatography (35% ethyl acetate : hexanes) to afford comp@u28(211 mg, 47%).

'H NMR (500 MHz, Chlorofordd 1+ ¢ 7.24r{rm 10H), 7.086.96 (m, 2H), 6.846.77 (m,
2H), 5.45 (s, 1H), 5.03 @k 3.3 Hz, 1H), 4.91 (@ 11.2 Hz, 1H), 4.77 (@ 11.3 Hz, 1H), 4. 43

4.65 (M, 2H), 4.47 (dd= 9.7, 1.9 Hz, 1H), 4.43 (dt 9.6, 2.0 Hz, 1H), 4.00 (5 6.9 Hz, 1H),
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3.95 (q,J= 6.5 Hz, 1H), 3.85 (dd#k 11.6, 8.9, 4.9 Hz, 1H), 3.76 (s, 3H), 8352 (m, 1H),

3.52 (s, 1H), 3.383.25 (m, 3H), 3.10 (= 9.1 Hz, 1H), 3.00 (= 8.9 Hz, 1H), 2.46 (d# 12.1,

4.5 Hz, 1H), 2.281.89 (m, 8H)1.76¢ 1.65 (m, 2H), 1.68 1.51 (m, 1H), 1.5¢ 1.43 (m, 1H),

1.35 (d,J= 6.2 Hz, 3H), 1.29 (@ 6.2 Hz, 3H), 1.10 (@ 6.5 Hz, 3H), 1.03 (@ 6.5 Hz, 3H).

13C NMR (126 MHz, Chlorofordd + mMpn®pnX MpMPpMI Moy2xbc pXE MOy d

128.11, 127.82, 127.76, 117.68, 114.67, 101.66, 101.62, 96.65, 92.02, 85.94, 83.05, 76.37,

76.23, 75.31, 75.23, 73.13, 71.55, 71.50, 71.32, 66.95, 66.04, 55.81, 39.11, 35.71, 25.05, 24.90,

24.61, 24.28, 18.52, 18.38, 17.36, 17.21.

LRMS (ESI, pos. ion)/z calculated for £sHs0O12Na (M+Na): 815.41, Found: 815.45

HRMS: m/z calculated foudElsoO12Na (M+Na): 815.3982, Found: 815.3639

[M]<3 (c = 0.89, CiTL): -40.41

m.p. 7374 °C
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Synthesis of pentasaccahrides 2.26, 2.27, 2.02

OPMP
9]

oo
0 @)

0
?\7 2.26

p-Methoxyphenyl 2,3dideoxy-4-O-(2-deoxy-3-O-(2,3-dideoxy-4-O-(2-deoxy-3-0-(2,3
dideoxy-4-O-AcetyHh -L-fucopyranosyl}4-O-benzyh -D-rhamnopyranosyh" -L.-fucopyranosyl}
4-O-benzyH -D-rhamnpyranosyl)h -L-fucopyranosideA stock solution of compoun2l03was
prepared (128 mg in 6.6 mL THF). From this solution, 1.13 mL (0.126 mmol) was added to TTBP
(31 mg, 0.13 mmol) and cooled 188 °C. KHMDS (1M in THF, 0.13 mL, 0.13 mmol) was added
slowly and the solution was stirredrf 15 minutes at78 °C. A stock solution of trisyl chloride
was prepared (98 mg in 0.82 mL THF) and cooled&8C. From this solution, 0.32 mL (0.13
mmol) was added to the reaction which was then allowed to stir for 30 minutes. Meanwhile, a
stock soluton of2.25was prepared (58 mg in 0.36 mL THF) and cooleda8C. KHMDS (1 M
in THF, 0.07 mL) was added to the stock solution which was stirrg8 & for 15 minutes.
From the stock solution .25, 0.37 mL (0.063 mmol) was added to the primaryctieen vessel
and the reaction was stirred af8 °C for 4 hours. The reaction was quenched with 0.5 mL
saturated ammonium chloride. The reaction was poured over 15 mL brine solution and
extracted with diethyl ether (3 x 50 mL). The combined organic layers washed with water

(50 mL), dried over sodium sulfate, filtered through cotton, and the solvent removed under
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reduced pressure. The resulting crude mixture was purified by flash chromatography (30% to
50% ethyl acetate:hexanes) to afford compouh@6as a singlé -anomer as a white foam.

(39.4 mg, 66%).

'H NMR (500 MHz, Chlorofordd 1+ ¢ 7.26¢ny, 10H), 7.086.96 (m, 2H), 6.846.77 (m,
2H), 5.45 (s, 1H), 5.@65.00 (m, 2H), 4.90 (d= 11.2 Hz, 1H), 4.85 (@ 11.1 Hz, 1H), 4.%2
4.65 (m 2H), 4.63 (s, 1H), 4.47 (dts 9.7, 1.9 Hz, 1H), 4.40 (dd 9.8, 1.9 Hz, 1H), 4.05 (If;
6.6 Hz, 1H), 4.083.97 (m, 1H), 3.95 (d= 7.1, 6.6 Hz, 1H), 3.88.78 (m, 2H), 3.76 (s, 3H),
3.53 (s, 1H), 3.383.28 (m, 3H), 3.10 (§= 9.1 Hz, 24 2.50¢ 2.38 (m, 2H), 2.241.89 (m,
11H), 1.8% 1.76 (m, 1H), 1.781.66 (m, 1H), 1.6& 1.43 (m, 4H), 1.381.27 (m, 6H), 1.11 (d,

= 6.5 Hz, 3H), 1.02 (@ 6.5 Hz, 3H), 0.96 (& 6.5 Hz, 3H).

13C NMR (126 MHz, Chloroforid  + ™ T n @b §54.53, 14868, ©38.44, 128.59, 128.49,

127.94, 127.82, 127.77, 127.76, 117.69, 114.69, 101.62, 101.57, 96.67, 92.03, 91.80, 83.14,

83.07, 76.39, 76.22, 75.51, 75.32, 73.22, 73.14, 71.54, 71.51, 69.56, 66.96, 66.05, 64.96, 55.81,

35.72, 35.64, 25.06, 241, 24.62, 24.31, 24.11, 23.16, 21.21, 18.39 (2C), 17.37, 17.27, 17.05.

LRMS (ESI, pos. ion): m/z calculated feirtaNaQs (M+Na): 971.48, Found: 971.70

HRMS (TOF MS ES+): m/z calculatedstbt@isNa (M+Na): 971.4769, Found: 971.4763

[M]<23(c = 1.99, CiTh) =-42.71
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m.p. 8889°C

?ﬁ
2.27

p-Methoxyphenyl 2,3dideoxy-4-O-(2-deoxy-3-O-(2,3-dideoxy-4-O-(2-deoxy-3-0-(2,3
dideoxy-4-O-Acetylh -L-fucopyranosyly -D-rhamnopyranosyl -.-fucopyranosyly -D-
rhamnpyranosy}-" -L-fucopyranosideCompound2.26 (10 mg, 0.011 mmol) was dissolved in
7.1 mL absolute ethanol and 1.5 mL THF. Roughly 0.5 g of Raney nickel (slurry in water) was
added into the solution and the reaction was stirred at room temperature for 24 hours, at
which point an additional 0.5 g oBRey nickel was added to the reaction. After stirring for an
additional 7 hours the reaction was filtered through a pad of Celite with ethanol. The solvent
from the filtrate was removed under reduced pressure and the crude was purified by flash
chromatograghy (40% to 70% ethyl acetate: hexanes) to afford compdugdas a clear oil.
Residual grease was removed by dissol2i23 in methanol and washing with hexanes (4.9

mg, 60%).

NB: During filtration step, the celite should not be allowed to run drpeRanickel will spark

when dried and exposed to air.
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IH NMR (500 MHz, Chlorofordd 4 ¢ .97 fnm, 2H), 6.886.78 (m, 2H), 5.46 (s, 1H), 4.99
(s, 1H), 4.96 (s, 1H), 4.85 (s, 1H), 4.48%®.8 Hz, 2H), 4.38 (@ 1.5 Hz, 1H), 4.19 (qik 6.8,
1.5 Hz, 1H), 4.14.4.06 (m, 2H), 4.01 (d= 6.7, 6.2 Hz, 1H), 3.77 (s, 3H), 3.54 (s, 2H)B5B!
(m, 2H), 3.2€; 3.20 (m, 2H), 3.1¢ 3.05 (m, 2H), 2.34 1.92 (m, 13H), 1.84¢1.77 (m, 1H), 1.77
¢ 1.62 (m, 3H), 1.62 1.52 (m, 2H), 1.37 1.32 (m,6H), 1.19 (dJ= 6.5 Hz, 3H), 1.15 (@ 6.5

Hz, 3H), 1.12 (d= 6.5 Hz, 3H).

I3C NMR (126 MHz,CRCI + MTndynz mMpndppZ MpMPpMZI MMT DT NI

97.16, 96.68, 81.14, 80.67, 76.19, 76.04, 75.87, 75.80, 71.94 (2C),6R632,66.97, 66.46,

55.82, 37.37, 37.17, 25.25, 24.89 (2C), 24.67, 24.60, 22.83, 21.21, 18.28, 18.22, 17.32, 17.17,

17.14.

ESI (pos. ion): m/z calculated faplEoO1sNa (M+Na): 791.38, Found: 791.55

HRMS (TOF MS ES+) m/z calculatedsfpléOisNa (M+N): 791.3830, Found: 791.3815

[M]<23(c = 0.29, C4Th) =-29.08
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p-Methoxyphenyl 2,3-dideoxy-4-O-(2-deoxy-3-O-(2,3-dideoxy-4-O-(2-deoxy-3-0O-(2,3
dideoxy-h -L-fucopyranosyl) -D-rhamnopyranosyhh -L-fucopyranosyl) -D-rhamnpyranosyl)
h-L-fucopyranosideCompound?.27(1.9 mg, 0.002 mmol) was dissolved in 2 mL dry
methanol. Potassium carlpate (roughly 0.5 mg, 0.0005 mmol) was added and the reaction
was stirred at room temperature. When the starting material had been consumed as
determined by thin layer chromatography, the reaction was filtered through a small pad of
silica with ethyl aceti®, and the solvent removed under reduced pressure. The concentrate
was purified by flash chromatography (60% to 80% ethyl acetate: hexanes) to afford compound
2.02as a clear oil. Residual grease was removed by diss@\wain methanol and washing

with hexanes (1.7 mg, quant).

IH NMR (500 MHz, Chlorofordd ¢ 6.98s6m 2H), 6.846.79 (m, 2H), 5.46 (s, 1H), 4.95
(s, 2H), 4.48 (dl= 9.8 Hz, 2H), 4.37 (s, 1H), 4.17 (s, 1H),&4162 (m, 1H), 4.09 (4= 6.4 Hz,
1H), 4.01 (q)= 6.4 Hz, 1HB.77 (s, 3H), 3.64 (s, 1H), 3.55 (s, 2H), 8%24 (m, 2H), 3.35 (s,
1H), 3.2& 3.21 (m, 2H), 3.12 3.06 (m, 2H), 2.391.92 (m, 12H), 1.891.61 (m, 4H), 1.37

1.33 (m, 6H), 1.22 (d= 6.6 Hz, 3H), 1.19 (@ 6.6 Hz, 3H), 1.12 (@ 6.5 Hz, 3H).
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I3CNMR (126 MHz, CRClI + Mpn ®ppXI MPMOPPHI MMTOP®TNZEZ MmMnPcyZ

96.68, 81.13, 80.75, 76.18, 76.04, 75.87, 75.79, 71.95(2C), 67.70, 67.68, 67.35, 66.97, 55.83,

37.36, 37.20, 25.69, 25.26, 24.90, 24.66, 24.61, 242328, 18.23, 17.32, 17.18, 17.15.

LRMS (ESI, pos. ion): m/z calculated farggO1sNa (M+Na): 749.38, Found: 749.55

HRMS (TOF MS ES+): m/z calculatedsfbtDiaNa (M+Na): 749.3724, Found: 749.3724

[M]<Z3(c = 0.09, MeOH) = 5.92
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Chapter 3Synthesis of the Kijanian Trisaccharide

Reprinted with permission from
aAl Al Wo / oT { &SRz ad -linkdd DigibxoseJiisdiceharidetFragnient pfé v (i K &
Kijanimicin: An Unexpected Application of Glycosyl Sulfon@ues.Lett2022 24, 731735
Copyright2022 American Chemical Society
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3.1: Background

3.1.1: Unexpected selectivity with glycosyl tosylates
In the course of the synthesis of the Saquayamycin Z pentasacchasdeell as

additional contemporaneous work in the synthesis of oligosaccharide fragment of Landomycin

A?FD5942 and fragments of Sacharomycirf Bie found several couplings whergyan

employment of our tosyl chloride promoted glycosylation, we unexpectedly prephei-

glycosideexclusivelyFigure 3.1). In the first three examples listed above, this result was seen

when 2,3,6trideoxy sugars were employed as donors, with the @ffeeing most significant

when in conjunction with ester protecting groups at the C4 position and the use of trisyl

chloride as a promoter. When used in conjunction with etherial protecting group$,-the

selective effect remained during glycosylation witlodinose while amecitose, with an

equatorial C4 group, showed preference for formation of ithglycoside. While ester

protecting groups at the C4 position of galactose and fucose has been previously observed to

have an -directing effect*'?it was unexpected that naphthylmethyl etherotected

rhodinose continued to show high levelshekelectivity. This influence aixial functionality

was also observed for saccharosamine da®i@b5, which contained an axial azido functional

LI

ovd, 2018
OH
3.01

i. TTBP, KHMDS, THF

i. TrisylCl AcO/ﬂ
iii. ROH, KHMDS OR
3.02
a-only
Yalamanchili, 2019
OH i. TTBP, KHMDS, THF OR
?27” ii. TrisyICI or TsClI ?Qf
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OAc3 o OAc
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Bylsma, 2018
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OH
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Figure 3.1: Unexpectetl-selective glycosylation reactions using arylsulfortylloride promoters
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group at the C3 position. To further explore this effect, we opted to study our tosyl chloride
promoted glycosylation with digitoxose, the C3 axial isomer of olivose. Give that olivose has
been shown to be very compatible with sulfonggemotedi -glycosylatior?*112we believed
that digitoxose would provide a simple system for exploring the influence of this single
configurational change on selectivity in a tosyl chloride promoted glycosylation.

Digitoxose is found in several natural products, mosabbt in the cardiac glycosides
digitoxin and digoxin. Both digoxin and digitoxin are currently used as a treatment for various
cardiac conditiond3 The mode of action has been identified as being a inhibitor of the sedium
potassium ATPase pump. Digiose has also been investigated more recently for its antiiral
and anticancer propertie®, which have been demonstrated to be dependent upon the nature
of the oligosaccharide portion of the molecute!’

Digitoxose can also be found in a number of bacterial secondary metabolites. These
include Saccharomicin A and®ladomycin B? and Kijanimici? (Figure 2.2). The compounds
have been identified as both potential antibacterial and anticancer lead compounds. However,
unlike digitoxin, there have yet to be studies on the influence of the oligosaccharide portions of
these molecules on their biologicattivities. In order to advance this type of study methods
need to be first developed for the stereoselective synthesis of Betindi -digitoxosides.

3.1.2: Previous Approaches to Selective Glycosylation with Digitoxose

Selective glycosylation withgitoxose has been previously reported on several
occasions. Notably, in 1983 Weisner reported thatigitoxosides could be preparesglectively
through the use of a urethane protecting group on the axial C3 position (Figure 3.2 top).

Activation of the digitoxosbemiacetal under acid catalysis provided the desirgatoduct in
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high yield and selectivity. Based on trace amounts of cyclic oxazolone recovered from the
reaction as a byproduct, it could be reasonably predicted that remote participation of the

urethanegroup was key to the observed selectivity. However, this approach suffered as the
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o
3.09 MeHN CH,Cl,:benzene \fo o
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Hoﬁ/ooig é
MeO
(0]
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Q\W 213 (OMe
HgCl,, CdCO; (excess) O,N 3.15

2 o SEt - 2 (e} o
CH,Cl, 60% B-onl O
/©/§O ,Cl, 60% B-only /©/§O
MeO MeO
MeO
312 3.14

CAJdzNBE o dPHY 2patBipayos dbréachNdIheé ByintBesis of-digitoxose
acidic conditions led to degradation of the preceding glycosidribsequent glycosylation
reactions It was later found that 4nethoxybenzoyl esters at the C3 position also proved to be
effective directing groups for the synthesisi efdigitoxose with the added benefit of the
chemistry being compatible with the activation of thioglycosides of the donor with mercury
salts (Figure 3.2, bottompermitting the synthesis of more complicated oligosacchartd@®
explain this seledtity, it was proposed that the electramch benzoate at the C3 position is
able to intercept the forming oxocarbenium cati8l5, hindering approach from the bottom
face of the molecule. This method was used for the first stereoselective synthesigtoxkidi2*
More recent selective synthesis iofdigitoxosides have been reported by McDonald in

20012%In their pursuit of a synthesis of the digitoxin trisaccharide it was found theit tle
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novoprecursor3.17for tungstencatalyzed cyckphoto-isomerizatioid* could be coupled in a
simple acid catalyzed addition to digitox3al6 (Scheme 3.1). When TBS ethers were employed
as protecting groups at both the @Bd C4 position of the glycal donor, the glycosylation
proceeded with good selectivity forglycoside3.18. This selectivity can most likely be

explained as a steric effect due to the bulky TBS group blockirg-fidee of the glycal,

B

OBz H
_Z

HO

1. DIBAL-H

oTBes OBz |, 2. [W(CO)g] (25 mol%)
TBSO 0 3.17 o = DABCO TBSO 2o 0
= > TBSO o - )
: THF
oTBS PPhsHBr (1 mol%) = F TBSO OTBS
86% Bra = 97:3 TBSO OTBS 65 °C, hv (350 nm)
3.16 e ’ 3.18 96% 3.19

{OKSYS oomMY alO52yl t RQA idigiom®el OK (2 G(KS &dey

HO

H 3.21
TBSO o\
PPh;AuOTf (10 mol%)
(o) >
TBSO CH,Cl,, 99%, B:o. = 6.6:1 TBSO 0
o)
3.20 TBSO

Scheme 3.2; dzQa | LILINE I OK ildgitokdées deyiKSara 27
hindering the approaching nucleophile. Following reductive debenzoylation, cyclization of the
alkene by catalytic tungsten afforded glycal disacchaBid®, in preparation for additional
glycosylation.
A similar approach to the selective synthesis afigitoxosides was reported in 2011 by

Yu?® Using a gold catalyst for the activation of orthoalkynylbenzoate digitoxose a6y
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digitoxose was coupled to digitoxogear8.21in excellent yield with high selectivity:{ = 6.6:1)
affording glycosid®.22(Scheme 3.2). This selectivity was only possible withli3]BS
protected donor. When less bulky protecting groups were used the selectivity was eroded. This
result futher emphasized the role of the C3 protecting group in the selectivity of glycosylation
with digitoxose.

Another recent selective synthesesiefligitoxosides was reported in 2007 by
h Q5 2 K S NIwdrkersyniiking 8se ofde novoapproach?® Using pseudoglycoside donor

3.23, with activation under Tsujfrost conditiong, they were able to effectively provide the

HO
H 321
f\/io Pd(dba)*CHCl, PPhs f\/i) NaBH,, CeCl, /fj,\OH
’ —_—
BocO” 0 CH,Cly, 86% (B-only) Dig0” 0 o Digo” 0
0
3.23 3.24 3.25
OH
H B
/(\/EO NBSH, PPhs /@\ 0504, NMO “OH
[ —_—
. DEAD, NMM  Digo” ~O 93%
Digo” "0 80% '9 Digo” "0
3.26 321 3.28

{ OKSYS o0 ®o0 Ye toappréashNditie Qyathesis df-digitoxose
glycoside3.24. Following Lucheeduction of the ketone and isomerization of the alkene,
Upjohn dihydroxylation affords digitoxo§e28 Through selective protection of the resulting
diol, iterative application of the chemistry was used to synthesize the digitoxin trisaccharide.
Due b the possibility of remote participation and steric buttressing, the selective

synthesis of -digitoxose is generally considered to be less challenging than the synthésis of
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digitoxose. Additionally the axial C3 hydroxyl group can be a potential solidiaxialstrain
with anh -glycoside, shifting the thermodynamic stability away from tthglycoside. One early
report of the selective synthesis bfdigitoxose comes from Thiem and-emrkers. Their
method made use of an indirect approach, using digitoxgigeal3.29as a donor. Activation of
the glycal with Nodosuccinimide gave rise to 2¢édeoxy2-iodo-h -altroside3.30, which
following reductive cleavage of thel@do group yield -digitoxose3.31(Scheme 3.43¢ While
this approach proceeded in good yield and high selectivity, the introduction of the iodine at the
2-position necessitated in the inclusion of additional deprotection steps.

Annother approach was reported by Hirama et al. in 2001 for the synthésdsdeoxy
h3f @802&4ARS& Ay LIJzNBEdzA (i 2nfycatoseNTBay fefoiked that dilvei KS & &
hexafluorophosphate could activatedzoxy KA 2 3t @ 0O2aARS& I yR NBft Al of &
3f @ 02 4 A RS &ipitodoseDA3 dritldr gxHemely mild contions (Scheme 3.53.This
OKSYAAaUNR KI & adzaSl dzSy i f-digitaxdSwithindiie fuksuifo? NJ G K S

the synthesis of saccharomycin Bignnett et af°

08 o o
\ \
OH ~o ~o
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© | e AcO lo 0 dehl t AcO % 0
C! enlaogenation C!

R N s o=y
C! Y

H OAc O

H H

= 86%, a-only OAc O 61%
OAc
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{ OKSYS odnY ¢KASYQAa hmipitoxoseA Yy RANBOG aeyidKSaj

104



sPh  HOCH(Pr), OCH(Pr),

TESO TESO

CH,Cl,
3.32 0°C 3.33
a-only

{ OKSYS o®dpY | AN} YI Qa MhdgiokadeR F2NJ GKS deyidK!
A more exotic approach to the synthesig'efligitoxose was reported by Zhu et3l.

Their approach was unique in that it employed the use of anomeatk@ation rather than the
more traditional glycosylation methods (Scheme 3.6). Using a digitoxose hemiacetal with an
unprotected C3 positio8.34, depronation with excess sodium hydride with-tBown5 gave
rise to a proposed intermediaté.35with a bridged sodium ion between the C3 alkoxide and
the axial anomeric alkoxide, effectively locking the digitoxose alkoxide in-tmfiguration.
Subsequenteaction with an appropriate acceptor electrophile gave risé-digitoxose3.36in
high yield and selectivity. Although this method was demonstrated to be compatible with a
wide scope of electrophiles, the most significant drawback of this approach wasettessity
of preparing acceptor electrophiles with the correct stereochemistry, as the reaction proceeded

with inversion of configuration on the acceptor.

Electrophile: Tfo/\A:&
X

X = a-OMe, a-SPh, B-SPh
a-glycoside

Proposed Intermediate:

(0] o
PMBO% i. NaH, 1,4-dioxane PMBO/% ii. electrophile, 15-cr-5 PMBO/% N
- > O
OH OH o=

@o\ @/oe
OH “Na X

3.34 3.35 3.36

{ OKSYS odcY Ydkgiedian fok tiesyitBdsik @ -dipitoxose
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A further example of a seAneagent controlled synthesis 6f andi -digitoxosides was
reported by Toshima et al. in 1994Using 2,6anhydro2-thio-sugars3.37and 3.38as donors,
with an appropriate leaving group at the anomeric position and activation conditions, it was
possible to synthesize either product anomer. Activating thioglycoside dd8a@mwith N-
bromosuccinimide synthesizete " -digitoxoside3.39" in high yieldas a singl@nomer.
Conversely, activating an acetyl glycoside dah8Bwith TMStriflate led to synthesis of the-
glycoside3.39 in high yield and selectivity. Subsequent removal of the acetyl protecting
groups and desulfurization by hydrogenation over Raney nickel liberated digitox@sifes

and3.40 . The selectivity was believed to arise through kinetic vs thermodynamic control

X = OAc OH X = SPh
(0] TMSOTf (0] O
Al OCHCye <01 + NBS. 4AMS
CH,Cl,, -10 °C X MeCN

OAc Y aa. OAc OAc OCH,Cyc
S 95%, B:a. = 98:2 97% o-only 3.39
-398 X = SPh 3.37 e
1. NaOMe, MeOH X =OAc3.38 1. NaOMe, MeOH
2. H,, Raney Ni 2' H Ran;ey Ni
EtOH, 40 °C -EtgH 40 °C
o)
HO OCH,Cyc Ho/ﬁ
OH OH OCH,Cyc
3.40p

3.400
{OKSYS odTY ¢2aKAYlIQa YSiKDR-digidedeli KS aSt S«
Isomerizatiorstudies on thé' -glycoside with TM&iflate led to gradual formation of the-
glycoside. This suggests that thelycoside forms through thermodynamic equilibrium from
the initially formedh -glycoside. While typically in sugars thglycoside is the more
thermodynamicallystable product, in this case the @8etyl group is believed to be
destabilizing to thé -glycoside. In contrast, the milder activation of the thioglycoside by NBS

does not cause isomerization, leading to the synthesis of the kihajlgcoside as the ajor
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product. This is, to the best of our knowledge, the only example of a reagenitolled
a ey i KS-2 Ndigitéxdse. h

While these past approaches were effective, there is a significant reliance in all of the
previous methods upon either protectigroups, especially at the C3 position, or introduction
of conformational strain to influence the selectivity of the glycosylation. We wanted to
demonstrate that our chemistrior reagentcontrolled selectivitycould be applied to the
direct, selective synthesis of digitoxose without the need for participating groups or temporary

prosthetics.

3.2: Attempted Synthesis of Digitoxin trisaccharide
In both our initial reports on the use of glycosyl tosylates as dofar the selective

synthesis of 2leoxyi -glycosides;'*?and in the application of this chemistry in the synthesis
of natural targets'<® we had largely only examined gluconfigured donors. Given the
chemical space within bacterial glycosidésie sought to demonstrate our method with more
diverse donors. As a target to expand the scope of our tosyl chiprioi@oted beta
glycosylaiton of 2Zleoxy donors, we looked at the trisaccharide fragment of digitoxose as a
target. As previously nmgioned, this trisaccharide fragment has been previously synthesized by
Wiesner2h Q5 2 KRENIGDbrald? and YW These metods all made use of protecting
group participation or buttressing, @e novoderivatization to achieve selective glycosylation.
We believed that our reagertontrolled methodology could lead to a synthesis of the digitoxin
trisaccharide independent of ehprotecting group at C3.

Our initial studies looked at the simple case of glycosylatingethoxyphenol with

digitoxose. However, it was quickly realized that digitoxose, under the usual activation
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condition for olivose donors, was not merely producingiature of anomeric products, but we
were observing moderate selectivity for the alpha anomer. Attempts to reverse this trend to
favor thei -glycoside were unsuccessful. However, with this observation ofthigiectivity,
and the selective synthesig b-digitoxose being typically considered to be the more difficult
anomer to synthesize, we sought to optimize this outcome and study its application for the
synthesis of a natural target. We identified the tetrasaccharide fragment of kijanimicin as an
ideal target structure.
3.3: Kijanimicin

Kijanimicin, first isolated and identified in 1981 by Waitz, has shown potential as an
antibacterial agent, an antineoplastic agrent, as well as being an active compound against the

malaria parasit€Figure 3.3° The compound itself consists of a macrocyclic agigcas well

Figure 3.3 Structure of kijanimicin, with tetrasaccahirde fragment highlighted

as two glycoside functionalities. Our interest was focused on the-gitgeoxosidegroup, as the
core of this structure consists of three alphiaked digitoxose residues. We believed that this

structure would provide an ideal target to test our chemistry.
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This fragment has been previously synthesized by the Thiem group on threecoscasi
First in 1990, making use of NIS activation of glycals to produce the alpha digitoxose likages.
This method was subsequently used in a-@o¢ approach to syntésize the cordrisaccharide
fragment3® A more recent approach made use of both digitoxose and olivose donors with
different chemistries to generate the desired linkages, including activation of glycosyl
phosphothionothioglycosides and activati of glycosyl bromides with temporary -G&mide
directing groups. This approach also made extensive use ofgha=sisylation modification to
derivatizeh -olivose toh -digitoxose. Given the results observed when applying our tosyl
chloride promoted fycosylation method to digitoxose, we saw this as an opportunity to

demonstrate a more direct, efficient route to the Kijanimicin trisaccharide.

3.4: Previous Syntheses of Kijanimicin oligosaccharides
The target trisaccharide of this study has been presip synthesized twice, and the

complete tetrasaccharide has been synthesized one time previously. All three of these

syntheses we completed by Thiem andweorkers3436 The first synthesis of the trisaccharide

was reported in 1990. The synthesis of the kijanimbligosaccharide began with an NIS

mediated glycosylation between benzyl digitoxostlé2and digitoxaB.41>x F2 NX Ay 3 (G KS
iodo disaccharid8.43in 48% yield with complete-selectivity. The halogen was removed by

catalytic hydrogenation, and debeoylation with sodium methoxide yielded disaccharide

alcohol3.44. This acceptor was then coupled with digitoal5again with complete selectivity
fortheh-3f @ 02aARS>Y f0SA0 Ay Y2RS&aid wm: 8AStRP® ¢K!
via oxidaive cleavage with DDQ, affording trisaccharide accepir. Attempts were made to

couple this trisaccharide with glycosyl chlorgld8 but only trace amount of
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tetrasaccharide8.49were observed. This represented the first synthesis of any portion of the
oligosacharide fragment of kijanimicin. Accounting for the synthesis of the initial d@midr

and acceptoB.42, the synthesis of trisaccharid47was completed in 0.4% yiefd.
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A subsequent synthesis of thelinked trisaccharide was reported in 19%4This
synthesis was unique in that it employed a gma oligomerization method (Scheme 3.9). By
careful addition of NIS to a solution of gly8a0, followedby subsequent activation of the
intermediate disaccharide with additional NIS, and introduction of additional glycal,
trisaccharide3.51could be synthesized in up to 30% vyield. It was noted that this reaction was
extremely sensitive to the rate of additicof each reagent, and that it had to be carefully
monitored to add reagents at the optimal times. Additionally, this method would not be ideal
for the introduction of orthogonal protecting groups.

Most recently, in 2019 Thiem reported a selective synihie$the complete kijanimicin
tetrasaccharide (Scheme 3.18)n contract to their previous approaches, this method made
use of predominantly glycosylation with olivose donors, and subsequent derivatization to
digitoxose. The synthesis began with the coupling of digitoxose accg@®with partially

protected olivose (diethyl)dithiophosphat53with IDCP, affording disacchari@e4

s
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exclusively as the-anomer. This was subsequently glycosylated with glycosyl brognide

under silver triflate activation, affording the product as a mixture of anomers. Following radical
dehalogenation of the GBromide and removal of the formate ester under basic coondii -
trisaccharide3.56 could be cleanly isolated. TrisaccharRl&6was subsequently derivatized

FTNRY 2tA024S (2 RAIAG2E24S o0& aSldsSyidAatrt arada
0SyT 238 FyR 2EARIGA2Y | YR MBdyieRaseh 2y 2F (KS
trisaccharide3.57.Lastly, the ketadithiophosphate donoB.58¢ I & O2 dzLJX SR (2 (GKS
group using IDCP as a promoter as a 1MM:i1) (nixture of anomers. Reduction of the ketone

afforded tetrasaccharid8.59as a mixture of anomer

3.5: Retrosynthesis and Synthesis of Digitoxose hemiacetal Donor
3.5.1: Retrosynthesis

The target trisaccharide structure consists entirely of alpAa3idigitoxose. Our
approach to the construction of the kijanimidimsaccharide was to use a straightforward linear
synthesis. Thus, trisacchari@e60would ultimately be derived from disacchari@e53, which
would come from thé" -PMP digitoxosid8.64, which would in turn be synthesized from
digitoxose hemiaceteé8.62 Through this approach, each step of the synthesis would involve
glycosylating with the same selectively protected digitoxose donor. This donor in turn would be
prepared from the commercially available@iacetyt.-rhamnal.
3.5.2: Synthesis of Digitoxos

The synthesis of the necessary selectively protected digitoxose donor was prepared by
adapting a previously known synthetic pathway (Scheme 3/IR).synthesize the digitoxose
donor, we began from the commercially availableDdacetyt -rhamnal. Following Zemplen
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Scheme 3.12: Retrosynthetic analysis of trisaccharide 3.60

deacetylation the allylic alcohol was sefieely protected as a TBS ether, and the remaining
alcohol protected as a benzyl ether. Removal of the TBS glycoside was performed with TBAF,
affording the partially protected-thamnal3.65, which was recoverable by recrystallization

from DCM/hexanes iB4% vyield. It should be noted that no chromatographic isolation was
required over these four steps. The allylic alcohol was subsequently oxidized with PDC to afford
ketone 3.66in 86% yield. Thiocresol was then added to theun4aturated ketone in a casn
carbonate Michaelike addition, affording thioglycosid®&67in 71% vyield as a 7.7:1.:()

mixture of anomers, from which the alpha glycoside was readily isolated.

fe) 1. NaOMe, MeOH e o)

/@ 2. Imidazole, TBSCI, DMF Q PDC, HOAc () HsTol csco, 81070

- J— [ —— . n
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o 3.65
3.64 54% (4 steps) 3.66 3.67

STol 1. l;lal?H“, MeOH

o o 5°C _ NapO STol NBS _ NapO OH
2. NapBr, NaH (60% wt)  BnO_/ZAL Acetone:H,0 (20:1) Bnow
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3.67 79% 3.68 3.62
. o

Scheme 3.13: Synthesis of digitoxose hemiacetal dono
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Subsequent reduction of the ketone with sodium borohydridel&°C afforded the axial
alcohol, which could be carried through crude to the following naphthylation, giving the
selectively protected thioglycosid268in 79% yield. Hydrolysis of the tigiycoside with N

bromosuccinimide yielded the desired digitoxose hemiacetal d@¥@2in quantitative yield.

3.6: Synthesis disaccharide
3.6.1: Model Glycosylation with C3 Acceptor

Although the initial observations of the unexpectegelectivity were in glycosylation
with p-methoxyphenol, we wanted to look at the coupling with a model glycoside to further
optimize the reaction. To this end, we opted to use the glucosadcdptor3.69 as a model
substrate. We initially looked at the activation time for timesitugeneration of the glycosyl
sulfonate. While previous work had shown that olivose required an activation time of up to 30
minutes, activation of digitoxose occurred withinrbnutes, with extended activation times
leading to losses in both yield and selectivity (Table 3.1, entri@ds 1

In previous work on the application of arylsulfonyl chloride promoters to the synthesis
ofi -glycosides of full sugars we have also seenrimortance of matching the sulfonyl
chloride to the donofor optimal glycosylatiomutcomes Donors that were moréarmece
were gen torequire sulfonyl chlorides that were merelectron deficientwhile lessiarmece
donorsrequired more electron rich sulfonyl chlorides for optimal resgft#/hile this work had
shown an apparentlinearrelationship between the inherent reactivity of the glycosyl doi4?
with the Hammett constant of the benzenesulfonyl chlorfdéhe reactivity of digitoxose has
yet to be quantified. As such, we opted to look at the extremes of reagdfibenzenesulfonyl
chlorides. We looked initially at the more reactive nosyl chloride as a promoter. However the
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NapO 1. KHMDS, TTBP, THF, -78 °C o) o o
P o 2 Promoter, THF, -78 °C NapO 0 OMe %-C!
BnO - O OBn D
3. KHMDS, THF, -78 °C BnO o
3.62
3.70
Ph—X0 fe) Tosyl chloride
% OMe (TsCly
3.69 OB"
Entry D:A Promoter Activation Time Yield a:p? O\\S/CI
\
1 1:1 TsClI 5 min 63% 3.1:1
O5N
2 1:1 TsClI 15 min 65% 3.1:1 4-nitrobenzenesulfonyl chloride
(NsClI)
3 1:1 TsCl 30 min 57% 1:1
) (e}
4 1:1 NsClI 5 min 36% 1:1.3 \\S/CI
\Y
5 1:1 PoipsCI 5 min 46% 6.6:1 .
'Pro
6 1.5:1 PoipsCI 10 min 82% 4.5:1 4-O-isopropylbenzenesulfonyl chloride
(PoipsCl)

@anomeric ratio determined by NMR (500 Hz)
Table 3.1: Glycosylation of model C3 acceptor with digitoxose donor 3.62

use of this promoter led to loss of yield and selectivity (Table 3.1, entry 4). We subsequently
examined theelectron rich and less reactiveO-isopropyltenzenesulfonyl chloride (Poipsyl
Chloride) and found that using thisomoter led to an increase in the selectivity for the
glycoside, albeiwith a slight loss of yield (Table 3.1, entry 5). However, by increasing the ratio
of donorto-acceptor we were able to recover the yield without significant loss of selectivity
(Table 3.1, entry 6). With our model system sufficiently optimized, we retlita the synthesis
of the kijanimicin trisaccharide.
3.6.2: Synthesis and deprotection of Riyljoside

Returning to the synthesis of the initial PMjB/coside, applying the optimized
conditions from the model study we were able to synthesize the desirglycoside3.71in

55% yield, but with an improved selectivity of 1011 {. The decrease in yielmpared to the
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i. KHMDS, TTBP
THF, -78 °C

NapO ii. PoipsCl, THF, -78 °C OPMP OH OPMP
o-7~OH  (wait 10 minutes) NapO DDQ o
BnO > Bno_ /=8 CH,Cl, (20:1 B0
iii. PMP-OH, KHMDS, 2Cl3 (20:1)
3.62 THF, -78 °C 3.71 70% 3.64

55%, 10:1 (a:p)
Scheme 3.14: Synthesis of PMiRjitoxose acceptor 3.64

model system can be attributed to using equivalent amounts of donor and acceptor. As the
remaining donor is not easily recoverable from the reactimwture, we decided that it was
more materially efficient to run the reaction with the slight loss in yield to avoid wasting the
excess donor. Following isolation of the desifedlycoside, the naphthylmethyl ether was
subsequently removed using DE¥@ afford digitoxose acceptd.64.
3.6.3: Synthesis of disaccharide 3.63

With the PMPdigitoxoside acceptoin hand, we proceeded with synthesizing
disaccharide3.63 Pleasingly, we found that using the same optimized conditions from the
model study synthesized disacchar@l@2in 81% yield as a 4.4:1 (Yj mixture of anomers. To
further test that PoipsClI repeented the optimal promoter for this reaction, we compared this
result to the same reaction being run with tosyl chloride as a promoter. Consistent with our
previous observation, the tosyl chloriggomoted glycosylation showed both decreased yield
and deceased selectivity.

The mixture of anomers @&.72unfortunately could not be resolved using flash
chromatography. To this end we proceeded to the selective deprotection of the
naphthylmethyl ether with DD@ Unfortunately, the mixture remained inseparable following

deprotection as well. In order to facilitate isolation of the desifedlycoside, we found that
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acetylation of theanomeric mixture led to resolvable compounds. Following isolation of the
majorh -anomer 0f3.73, deacetylation under Zemplen conditions afforded disaccha3i68

cleanly as a single anomer.

3.7: Synthesis of trisaccharide and glalsgdrotection

i. KHMDS, TTBP

THF, -78 °C PMPO
ii. ArSO,CI o) 1.DDQ PMPO NaOM PMPO
78° NapO o) . aOMe
NapO on T_be 78 ct; % g;/zolz/Hzo (20:1) ACO 00 MaoH ho O 0,
Bno 4L (welt 1o mintes) - gno 2 BnO - > Bno /4R o ﬂ&i
jii. 3.64, KHMDS 3.72 2. Ac,0, DMAP Bno >99% BnO Bno
3.62 THF, -78 °C EtsN, CH,Cl, 3.730/B

Ar=4-0'Pr, 81%, a:p =4.4:1  >99% 3.63

Ar = 4-Me, 25%, o:f = 2:1

Anomers seperable

Scheme 3.15: Synthesis and of disaccharide 3.72 and isolatiorasfomer

With our necessary disaccharide acceptor in hand, we proceeded with the final coupling
to reach the trisaccharide target. Once agasingp-O-isopropylbenzenesulfonyl chloride as a
promoter, we were able to couple digitoxose dor®62and disaccharide accept8t63to
afford trisaccharid8.61S E Ot dz& A @-@rfomer, kaleit il KrSodest 24% yield (Table 3.2,
entry 1). Increasinthe ratio of donor to acceptor failed to improve the yield (Table 3.2, entry
2). Subsequent attempts to drive the reaction using excess acceptor only provided a small

increase in yield (Table 3.2, entry 3) Switching the solvent of our KHMDS solutiofH® o

Table 3.2: Synthesis of trisaccharide 3.61
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NapO —ONap
OH i KHMDS, TTBP, THF, -78 °C Q 0-9

w ii. PoipsCl, THF, -78 °C joj
3.62 > Bn0 /L7 Bno

iii. 3.63, KHMDS, THF, -78 °C

BnO

(1.5€eq) 361

| Entry Yield Conversion a:p? |

1 24% 52% a-only

20 23% 42% a-only

3bc 31% 48% a-only

44 33% 43% a-only

5¢ 0% - -

6cd 25% 46% a-only

7ok 33% 42% a-only

aratio determined by NMR PUsing 3 equivilents of donor “’KHMDS in 0.5 M toluene solution
dUsing 2:1 Acceptor:Donor ®Using NaHMDS as base fUsing TsCl as promoter

toluene did not lead in increases in yield, and using NaHd{XBe base completely failed to
activate the reaction (Table 3.2, entrieS} Interestingly, in this instance we found using tosyl
chloride as a promoter did not result in any loss of selectivity (Table 3.2, entry 7), in contrast
with our previous obsevations. In all of the tested conditions, it was consistently seen that a
significant portion of the acceptor could be recovered. It has been noted in previous studies of
the synthesis of kijanimicin oligosaccharides that reactions at this particulaokyidyroup of

this digitoxose disaccharide tend to be difficult, likely due to the steric bulk around the hydroxyl
group® Still, even with the modest yield of the final glycosylation, we were able to oBtéih

in 3% overall yield from commercially available material. This represents a significant
AYLINRGSYSYy(l Ay &adyiKSaira O02YLkhiSpthésizedth& A SY Qa
protected trisaccharide fragment in 0.4% yiéfd his also represents a more direct method

than their 2019 synthesis as wédl.
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YSiK2R2f23ASa FT2NJ oSyl ef RSLINRGSOGA2Z2Y 2y O2y3
KeERNRISNylkARYYyBe yAO1StZ 6KAOK S IyYyR 20KSNE |
A Y I ROMRSEANI dzy St ey (KSAS O2yRAGAZ2ya tSR (2 2
6¢F0fS odoX SYiINEB mMO® a2NB (GUNIRIOSVZY Iy RKEKMNER 3
NBLIZNISRt& Y2NB NBIFOGADBS YAEGdzZNB 276 SOEGR RA dzY
AYSTTFSOUADS ombotf S{ bwoS SHFRMDEHE2Y 6AGK wlkySe
NEBadzZ 6 6S a2daAKiG I YSGK2R (42 RNAGS (KS NBRdzO

Table 3.3: Global deprotection of trisaccharide 3.61

OBn OH
ONPMPO _ OSMPO
o 0 Conditions 0 02
(@) — > o
O
w How HO
BnO BnO
3.61 3.60
Entry Conditions Yield
1 Raney Ni trace
EtOH, THF
5 H,, Pd/C NR
MeOH
H, Pd/C, Pd
3 2 , Pd(OH), NR
MeOH
H,, Raney Ni o
4 EtOH, THF 43%
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3.8: Conclusions

Here, we show that thé situgeneration of glycosyl arylsulfonates can be applied to
the synthesis off -digitoxosides. The utility of the chemistry was demonstrated through the
synthesis of thé -linked digitoxose trisaccharide of Kijanimicin. This result was very
unexpected, as wedd previously seen this type of reaction being highly selective for the
synthesis of 2leoxy - glycosides. These results open up the possibility that our arylsulfonyl
chloride promoted chemistry may find additional applications outside of only the syhthes- 2 ¥ |
glycosides. It also suggests that the chemistry is more subjective to the structueeok?

donors than we had previously seen, which would warrant further study.

3.9: Materials and Experimental Methods

3.9.1 General Experimenfatocedures

Prior to running the glycosylation reactions, all solid reagents were dried by azeotropic removal

of water using toluene and a rotary evaporator then set under vacuum 16 h before use. All
reactions were performed under inert argon atmospherelass otherwise noted. Solvents for
reactions were dried through a commercial solvent purification system immediately prior to

use. All other chemicals were purchased at the highest possible quality and used as received,
except where noted. Flash columnNBR Y I (2 AN LIK& g1 & LISNF2NX¥SR 2y
Analytical and preparative thin layer chromatography was carried out on silica g&%0 F

plates. Products were visualized using UV or by staining with either 5% aqueous sulfuric acid or
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ceric ammonim molybdate. NMR spectra were recorded on an NMR spectrometer at 500 MHz

for 'H NMR and 125 MHz f&6fC NMR. Chemical shifts are reported in ppm relative to TMS (for

'H NMR in CDglor CDGl(for ¥3C NMR in CDCI3). Pét NMR spectra, data are reported a
F2ff26aY + &AKAFTGIT YdAf GALX AOAGe o6& ' aiay3atSiaz
doublet of doublets, td = triplet of doublets, dt = doublet of triplets, dq = doublet of quartets,

ddd = doublet of doublet of doublets), coupling stents are reported in Hz. Low resolution

mass spectra (LRMS) were recorded using aMIESStith an additional APCI source.

Highresolution mass spectra (HRMS) were obtained on an Agilent 6230 TOF mass spectrometer

in the positive ion mode.

Optical rotdions were measured at 589 nm in a 10 cm cell at room temperature.
Compound3.69was prepared according to literature procedute.

Abbreviations:

DMF: N,Ndimethylformamide

DTBMP: 2 4&li-tert-butyl-4-methykpyridine

KHMDS: potassium hexamethyldisilazide

NapBr: 2(bromomethyl}napthylene

PDCPyridinium dichromate

PMROH: paramethoxyphenol

PoipsCl: go-isopropylbenzenesulfonyl chloride

THF: tetrahydrofuran
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TsCI: Tosyl chloride-(ethylbenzenesulfonyl chloride)
TTBP: 2,4:&i-tert-butylpyrimidine

TrisylCl: Trisyl chloride (2,4t6-isopropybenzenesulfonyl chloride)
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3.9.2 Recrystallization of sulfonyl chlorides

Recrystallization op-toluenesulfonyl chloride:

A solution ofp-toluenesulfonylichloride (50g) in diethyl ether (400 mL) was washed twice with
aqueous 2M NaOH (2 x100 mL), then dried oveSa and filtered. The receiving flask was
covered with parafilm and placed in a crystalizing dish. The crystalizing dish was packed with
powdered dry ice, and the flask left there for at least 4 h, refreshing dry ice as needed. The
resulting colorless crystals were filtered then placed under high vacuum overnight. The
recrystallized material should be stored in the dark in a sealed containeh#tthbeen purged

with argon.

Recrystallization of gO-isopropylbenzenesulfonyl chloride:

A solution of PoipsCl in diethyl ether (~5 g/15 mL) was prepared in a beaker and the top of the
beaker covered with parafilm. The beaker was left to sit in a rediigstay dish loosely packed

with dry ice for approximately 4 hours. The resulting clear crystals were filtered and collected.
The crystals were dried in a vacuum desiccator under vacuum overnight. The recrystallized

material was stored in a sealed containender argon in the dark.
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3.9.3Experimental Procedures
Synthesis of Digitoxose Don&.65

e u, O e NaH (60% wt)
| NaOMe | Imidazole, TBSCI | BnBr
— > >
AcO™ MeOH HO™ DMF HO™ DMF
OAc OH OTBS
3.64 3.74 3.75
/,/,' O //,,' (0]
J/\J TBAF (1.0 M in THF) J/\J
BnO” "~ BnO” Y
OTBS OH
3.76 3.65
s, O
BnOJ/\;)
OH
3.65

4-O-benzyk-rhamnal The synthesis @.65was adapted from a known pathwdyDiO-acetyt
L-rhamnal3.64(15.88 g, 74.2 mmol) was dissolved in 120 mL methanol. Sodium methoxide
(1.20 g, 22.3 mmol, 0.3 equiv) was added as a solid and the reaction was run at room
temperature until3.64was seen to be consumed by TLC (30 minutes). The reaction was
guenched withthe addition of IRL20 H resin until pH ~ 7. The resin was filtered off, and the

filtrate concentrated in vacuo, and dried on high vacuum uhi¥ dried into a white powder.

Compound3.74was dissolved in 198 mL DMF with imidazole (10.12 g, 146.6,r@requiv.)
and cooled to 0C. TBSCI (12.15 g, 80.64 mmol, 1.1 equiv) was added as a solid, and the
reaction was allowed to warm to room temperature. Af@i74was seen to be consumed by
TLC (~12 hours), the reaction was poured over water (~200 mtgceed with ethyl acetate

(3x200 mL) and the combined organic layers were washed with 1M LiCl (1x250 mL). The organic
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layer was dried over sodium sulfate, filtered through cotton, and concentrated in vacuo to give

crude3.75as a clear oil.

The crude3.75 was dissolved in 198 mL DMF and cooled 1€ 0Sodium hydride (60% in

mineral oil, 4.4 g, 109.9 mmol, 1.5 equiv), was carefully added as a solid, and stirred for 10
minutes at 0°C. Benzyl bromide (17.4 mL, 146.6 mmol, 2 equiv) was added and the meactio

was allowed to stir while warming to room temperature. Upon consumption of starting

material seen by TLC (~12 hours), the reaction was quenched with saturated ammonium
chloride (=50 mL). The reaction was poured over water and extracted with diethyl(8%&50

mL). The combined organic layers were washed with 1M lithium chloride (1x250 mL), dried over
sodium sulfate, filtered through cotton, and concentrated in vacuo, giving cButgas a

slightly yellow oil.

To3.76was added TBAF (1.0 M in THFp&1, 80.63 mmol, 1.1 equiv) at room temperature.

The reaction was stirred for 20 hours until starting material seen to be consumed by TLC. The
reaction was poured over water and extracted with ethyl acetate (3x200 mL). The combined
organic layers were wasHawith water (1x200 mL). The organic layer was dried over sodium
sulfate, filtered through cotton, and concentrated in vacuo. The resulting crude mixture was
purified by flash chromatography (10% ethyl acetate: hexanes to 20% ethyl acetate: hexanes).
Compaind 3.65(12.76 g, 79%, 4 steps) was recovered as a white solid in good agreement with

reported spectroscopic dat#.
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H NMR (500 MHz, CR&I !

¢ 7.3L{rm4H), 7.34¢ 7.27 (m, 1H), 6.32 (dd= 6.0, 1.7 Hz,

1H), 4.84 (dJ= 11.6 Hz, 1H), 4.79 (@ 11.6 Hz, 1H), 4.69 (dik 6.0, 2.4 Hz, 1H), 4.88!.31

(m, 1H), 3.90 (dgl= 9.6, 6.4 Hz, 1H), 3.28 (d 9.6, 6.9 Hz, 1H), 1.67 (& 5.8 Hz, 1H), 1.41

(d,J= 6.4 Hz, 3H).

MHY ®M2Z

I3CNMR (126 MHz,CRCI 1+ Mnndy X Moy ®d®nZ MHYy OT X
/1 /1y O
. O PDC, HOAc " HSTol, CsCO, o STol
| —_— | > BnO
BnO Y EtOAC BnO CH2C|2, -10°C
OH o) o)
3.65 3.77 3.78
1. NaBH,4, MeOH
15° STol
15 °C N NapO NBS NapO OH
- 0O > O
2. NapBr, NaH (60% wt) BnO . . BnO
DMF, 0 °C to rt Acetone:H,0 (20:1)
3.79 3.62
“, (@)
BnO/(Hj
(0]
3.77

(2S,3SB-(benzyloxyy2-methyl-2,3-dihydro-4H-pyran-4-one Compound3.65(6.48 g, 29.42

Mo

mmol) was dissolved in 289 mL ethyl acetate and 5.3 mL glacial acetic acid. PDC (14.39 g, 38.24

mmol, 1.3 equiv.) was added as a solid and the reaction was stirred at room temperature for 24

hours. Remaining solids were removed by filtrattbrough Celite and rinsed with ethyl

acetate. The filtrate was concentrated and purified by flash chromatography (20% ethyl acetate
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in hexanes). Enon&77was isolated as a clear oil (5.53 g, 86%) in good agreement with

published spectroscopic dafa.

IH NMR (500 MHz, CRE! { ¢ 7.311mm 6H), 5.40 (d= 5.9 Hz, 1H), 5.06 (@ 11.5 Hz, 1H),
4.68 (d,J= 11.5 Hz, 1H), 4.51 (diF 9.9, 6.5 HZH), 3.75 (dJ= 9.7 Hz, 1H), 1.45 (@ 6.5 Hz,

3H).

I3C NMR (126 MHz,CRCl 1+ M PO PHZ MCH®POZ MOTPpPI MHY®DPCI MHY

17.3

2, O STol

BnO/(H;r

o}

3.78
4-O-benzyl2,6-dideoxy-1-(p-methylbenzene)thiotL-erythro-hexopyranosid3-ulose Enone
3.77(5.53 g, 25.34 mmol) was dissolved in 202 mL dry THF with Cesium carbonate (8.22 g,
25.34 mmol, 1 equiv.) and triethylamine (3.8 mL, 4.13 mmol, 1.1 equiv.) andiddoctE0 °C.
Thiocresol (12.6 g, 101.4 mmol, 4 equiv.) was added as a solid and the reaction was stirred
while warming gradually to 8C. Upon consumption of starting material after approximately 1
hour, the reaction was quenched afC with ~10 mL satuied ammonium chloride. The
reaction was poured over water and extracted with dichloromethane (3x100 mL). The

combined organic layers were washed with brine (1x100 mL), dried over sodium sulfate,
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filtered, and concentrated. The crude mixture was purifiedlagh chromatography (80%
dichloromethane in hexanes) to affoad ® Tag a white solid and ® Tag a clear oil (6.16 g,

TM:S hYi T 1o1YMOP {LISOGNRAO2LIAO R¥GIF gl a Ay

Alpha anomer

IH NMR (500 MHz, CRE!I {+ ¢7.281(nm, 7H), 7.12 (d= 7.9 Hz, 2H), 5.71 (@ 7.3 Hz, 1H),
4.97 (dJ=11.4 Hz, 1H), 4.58 (dif 9.6, 6.2 Hz, 1H), 4.53 (t 11.4 Hz, 1H), 3.66 (dik 9.4,
1.3 Hz, 1H), 3.10 (ddd= 14.5, 7.3, 1.2 Hz, 1H), 282.73 (m, 1H), 2.33 (s, 3H), 1.34Jd,6.2

Hz, 3H).

BCNMR (126 MHEDGD + HNnod®mMI Moy dnX MOT®PpI MOH®PPZI MonN

84.3,73.4,70.3,46.7, 21.3, 18.7.

Beta anomer

IH NMR (500 MHz, CREI +  7J® 8.6i1Hz2R)E7.387.28 (M, 5H), 7.14 (d= 7.8 Hz, 2H),

4.93 (dJ=11.4 Hz, 1H), 85 (dd,J= 11.9, 2.6 Hz, 1H), 4.47 (& 11.4 Hz, 1H), 3.663.58 (m,

2H), 2.78 (ddJ= 14.1, 2.5 Hz, 1H), 2.68 (d¢; 14.1, 11.8 Hz, 1H), 2.35 (s, 3H), 1.43%B.9

Hz, 3H).
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BCNMR (126 MHz,CRCI + HAn ®HZ Moy dy > 1286, U28.4 128.3, 84Bp =

83.5,77.1,73.6,48.2, 21.3, 19.3.

/r

.. O STol
BnO/Q,

ONap
3.79

Tolyl 40-benzyt3-O-(2-naphthylmethyl)-1-thio-h -L-digitoxopyranosideThe alpha anomer of
compound3.78(1.17 g, 3.47 mmol) was dissolved in 30 mL MeOH and 10 palk et cooled

to -15°C. Sodium borohydride (388 mg, 10.25 mmol, 3 equiv.) was added as a solid in three
batches over ten minutes. After 30 minutes, starting material seen to have been condyymed
TLC, the reaction was quenched with 5 mL saturated ammonium chloride. The reaction
concentrated in vacuo, then poured over water and extracted with dichloromethane (3x50 mL).
The combined organic layers were washed with water (1x50 mL), dried ovenssdifate,

filtered through cotton, and concentrated in vacuo, giving crude the axial alcohol as a white

solid.

The resulting crude compound was dissolved into 9.3 mL DMF and coolé@ 1&0dium

hydride (60% wt. in mineral oil, 274 mg, 6.85 mmolgQie.) was added as a solid and the

reaction was stirred at C for 15 minutes. (Baphthyl)methyl bromide was dissolved in 1.3 mL
DMF and added to the reaction via syringe. The reaction was stirred while gradually warming to
room temperature. After staihg material was seen consumed by TLC, the reaction was

guenched with ~10 mL saturated ammonium chloride, poured over water, and extracted with
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diethyl ether (3x50 mL). The combined organic layers were washed with 1M lithium chloride
(1x50 mL), dried ovesodium sulfate, and concentrated. The crude mixture was purified by
flash chromatography (5% to 7.5% ethyl acetate: hexanes) to give com@or@ds a white

solid (1.31 g recovered, 79% ,2 steps).

IH NMR (500 MHz, CBEI + T ®dyy cd.39m, ®), D78 7 74Hm, 1LH), 7.60 (dd=

8.4, 1.7 Hz, 1H), 7.507.43 (m, 2H), 7.40 (d= 8.1 Hz, 2H), 7.347.22 (m, 5H), 7.10 (= 7.8

Hz, 2H), 5.37 (d= 6.1 Hz, 1H), 5.01 (@ 12.7 Hz, 1H), 4.%84.67 (m, 2H), 4.54 (d= 11.9 Hz,

1H), 4.39d,J= 11.9 Hz, 1H), 3.99 @ 3.0 Hz, 1H), 3.14 (d#k 9.3, 2.9 Hz, 1H), 2.58.50

(m, 1H), 2.32 (s, 3H), 2.10 (dde; 14.7, 6.4, 2.6 Hz, 1H), 1.32Jd,6.3 Hz, 3H).

I3C NMR (126 MHz,CRCI + Moy ®0ZX Moc ®T 2 M80.3 U29.6 1268.4, 6128.2, >

128.0, 127.8, 127.7, 126.8, 126.3, 126.1, 125.9, 83.9, 80.6, 71.1, 71.0, 69.6, 64.6, 34.3, 21.2,

18.2.

LRMS (ESI) m/z: [M+Na]+ calculated taHENaQS: 507.20, found: 507.34

HRMS (ESI) m/z: [M+Na]+ calculated taHENaQS: 507.1970, found: 507.1964

[h]<23 -0.105 (c = 0.02)
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BnO

3.62
3-O-benzyt4-O-(2-naphthylmethyl)}-L-digitoxopyranosideCompound3.79(1.31 g, 2.70 mmol)
was dissolved in 44 mL acetone and 2.7 mL water. The reaction solution was then cooled to O
°C. NBS (1.44 g, 8.11 mmol, 3 equiv) was added as a solid and the reaction was stirred while
warming to room temperature. Upon consumption of starting material ¢, the reaction
was concentrated in vacuo, and partitioned between dichloromethane and a 1:1 mixture of
saturated sodium bicarbonate and sodium thiosulfate (~50 mL). The aqueous layer was
extracted with DCM (3x25 mL). The combined organic layers wes@ aver sodium sulfate,
filtered, and concentrated. The crude mixture was purified by flash chromatography (30% ethyl
acetate:hexanes) to yiel8.626 Mmdn 1 3 B d dias aéléaivoil which dviebl poYa witite

solid after extended drying under higasuum.

Spectra reported for major anomer:

IH NMR (500 MHz, CREI { ¢ 7.70dm 4H), 7.56 7.42 (m, 3H), 7.38 7.18 (m, 5H), 5.24
(ddd,J= 9.9, 5.7, 2.1 Hz, 1H), 4.85J¢,12.3 Hz, 1H), 4.80 (@& 12.4 Hz, 1H), 4.604.53 (m,
1H), 4.42 (d)= 11.7 Hz, 1H), 4.174.10 (m, 1H), 4.02 (d= 3.0 Hz, 1H), 3.13 (dik 9.5, 2.7
Hz, 1H), 2.95 (d= 5.7 Hz, 1H), 2.32 (dd#k 13.7, 3.9, 2.1 Hz, 1H), 1.49 (ddd,13.8, 9.6, 2.5

Hz, 1H), 1.32 (d= 6.3 Hz, 3H).
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13C NMR (126 MHz, CRCI 37.8,M35.9, 135.0, 133.2, 133.2, 133.1, 133.0, 128.5, 128.5, 128.4,

128.2,127.9,127.9, 127.9, 127.8, 127.8, 127.8, 127.7, 126.9, 126.5, 126.3, 126.2, 126.1, 125.9,

125.9,92.3,91.9, 81.1, 80.7, 73.2, 712.4, 71.8, 71.7, 71.5, 70.9, 69.3, 62.9, 36.58.34.28.3.

LRMS (ESI): m/z: [M+Na]+ calculated taH£NaQ;: 401.17, found: 401.28

HRMS (ESI) m/z: [M+Na]+ calculated taH&NaQ : 401.1729, found: 401.1726

@ "2%-50.0 (CHCh, ¢ = 0.03)
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Synthesis of PMP glycoside64

ONap _OH ONap OPMP OPMP
BnO BnO BnO
3.62 3.71 3.64
NapO OPMP
BnO Q
3.71

p-methoxyphenyl 40-benzyt3-O-(2-naphthylmethyl}" -L-digitoxopyranosideDonor3.62 (305

mg, 0.806 mmol) and TTBP (200 mg, 0.806 mmol, 1 equiv) were dissolved in 6.5 mL THF and
cooled to-78 °C. PoipsCl (189 mg, 0.806 mmol) was dissolved in 3.4 mL THF and cd@ed to
°C. PMPOH (100 mg, 0.806 mmol) was dissolved in 3.1 mL THF andl toef& °C. KHMDS

(1.0 M in THF, 0.81 mL, 0.806 mmol) was addetl@@and the reaction was stirred for 10
minutes. The solution of PoipsCl was transferred into the d@x®2 solution via syringe and

the reaction was stirred af78 °C for a ten minutactivation time. Five minutes prior to the
completion of the activation time, KHMDS (1.0 M in THF, 0.81 mL, 0.806 mmol) was added to
the PMROH solution and stirred a8 °C. Upon completion of the activation time the solution
of PMROH was transferred aisyringe into the solution of don@:.62and the reaction was left

to stir at-78 °C for three hours. The reaction mixture was filtered through a pad of silica with
ethyl acetate (~100 mL). The filtrate was concentrated in vacuo and the crude mixtuiieguri

by flash chromatography (20% ethyl acetate:hexanes), giving comgidaas a clear oil (215

Y3 NBO2@SNBRZ ppE: hYi T MAaYMOO®
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Alpha anomer:

IH NMR (500 MHz, CBEl + T ®yy ¢&.80Ym, &H),7.8Q 7.75Hm,1H), 7.60 (dd=
8.5, 1.7 Hz, 1H), 7.507.43 (m, 2H), 7.38 7.25 (m, 5H), 7.0§6.98 (m, 2H), 6.866.79 (m,
2H), 5.41 (dJ= 4.2 Hz, 1H), 5.02 (@ 12.4 Hz, 1H), 4.80 (@ 12.5 Hz, 1H%.64 (d,J= 11.9
Hz, 1H), 4.54 4.44 (m, 2H), 4.05 (dd= 6.3, 3.1 Hz, 1H), 3.77 (s, 3H), 3.22 Jd®.2, 2.9 Hz,

1H), 2.57 (ddd)= 15.0, 3.6, 1.4 Hz, 1H), 1.84.76 (m, 1H), 1.25 (= 6.4 Hz, 3H).

13C NMR (126 MHz, CRCI + ™ p n 8.4 1304 184 533.1 b28.4, 128.1, 128.0, 127.9,

127.8,127.7, 126.6, 126.2, 126.1, 125.9, 118.2, 114.6, 95.7, 80.0, 70.8, 70.5, 69.2, 64.2, 55.8,

31.9, 18.2.

LRMS (ES¥/z: [M+Na]+ calculated fatsiHs2NaG, 507.21. Found: 507.47

HRMS (ESh)/z: [M+Na]+ calculated fatziHs2NaG, 507.2147. Found: 507.2122

0 2B-83.7 (CHCh, ¢ = 0.72)

Beta anomer:

IH NMR (500 MHz, CREI 1+ ¢7.78ync, 4H), 7.58 7.45 (m, 3H), 7.3§7.26 (m, 5H), 6.95

(d,J= 9.0 Hz, 2H), 6.80 (@ 9.0 Hz, 2H}.44 (dd,J= 9.5, 2.2 Hz, 1H), 4.83.80 (m, 2H), 4.59
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(d,J=11.7 Hz, 1H), 4.46 (@ 11.7 Hz, 1H), 4.19 (diF 12.8, 6.3 Hz, 1H), 4.£4.08 (m, 1H),
3.76 (s, 3H), 3.23 (dd= 9.1, 2.8 Hz, 1H), 2.40 (ddd; 13.7, 4.3, 2.3 Hz, 1H), 1.82 (ddd,13.7,

9.3, 2.5 Hz, 1H), 1.34 (@ 6.3 Hz, 3H).

3CNMR (126 MHz,CRLClI + Mpn d®gpI MpMPpI Moy dPMI Moc dnZ

127.9, 127.9, 126.7, 126.3, 126.1, 117.8, 114.6, 97.0, 80.7, 72.0, 71.7, 71.2, 69.6, 55.8, 35.4,

18.7.

LRMS (ESt)/z: [M+Na]+ calculated faGziHz2NaG, 507.21. Found: 507.57

HRMS (ESi)/z: [M+Na]+ calculated fatsiHs2NaG, 507.2147. Found: 507.2119

& "28-5.01 (CHCh, C = 2.6)

OoH OPMP

O
3.64

BnO

p-methyoxyphenyt4-O-benzyt3-O-(2-naphthylmethyl)}" -L-digitoxopyranosideCompound
o0 & 7(826 mg, 1.70 mmol) was dissolved in 162 mL dichloromethane and 8 mL water. DDQ
(851 mg, 3.75 mmol, 2.2 equiv) was added as a solid and the reaction was stirred at room

temperature for 30 minutes. Upon completion, the reaction was diluted with ~100 mL
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dichloromethane, and washed with 2M sodium hydroxide (2x100 mL). The organic layer was
then dried with sodium sulfate, filtered, and concentrated. The crude mixture was then purified
by flash chromatography (20% to 30% ethyl acetate in hexanes) affordingpooih.64 as an

off-white solid (452 mg, 77%).

IH NMR (500 MHz, CREI +  TJ 8307 Hb, B, 7.036.96 (M, 2H), 6.856.78 (m, 2H),
5.43 (dJ= 4.2 Hz, 1H), 4.76 @ 11.3 Hz, 1H), 4.57 (@ 12.4 Hz, 1H), 4.334.27 (m, 1H),
4.26¢ 4.20 (m, 1H), 3.77 (s, 3H), 3.23.13 (m, 2H), 2.38 (dd= 14.8, 3.9 Hz, 1H), 2.00 (d¢;

15.0, 3.8 Hz, 1H), 1.27 @ 5.5 Hz, 3H)

3CNMR (126 MHz, CRCl + Mpp PHIE MpndcI Moy dnXI MHYy PcI MHY

70.8, 64.0, 63.2, 55.85.5, 18.1.

LRMS (ES#)/z: [M+Na]+ calculated faBoH2405Na: 367.15, found: 367.26

HRMS (ESh)/z: [M+Na]+ calculated faoHz40sNa: 367.1521, found: 367.1518

[M]<3-92.0 (c = 0.36)
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Model glycosylation of Donor 2 and acceptor3.69

Ph—‘v

(@)

NapO OH Ph/EO e} 0o il_:Vo
[E—— .

Zlo7” 7 wo oMe %O ove

BnO

OBn 80740 OBn
3.62 3.69 3.70
Ph—o
OﬁN
o
NapO
a0 OMe
8o~ 7L0 OBn
6

Methyl 4,6-O-benzilidene3-0O-(4-O-benzyt3-O-(2-naphthylmethyl}h k-i-digitoxopyranosyl}
2-O-benzyh -D-glucopyranosideCompound3.62(153 mg, 0.403 mmol, 1.5 equiv) and TTBP
(100 mg, 0.403 mmol) were dissolved in 3.3 mL THF and coolé8 ¥6. PoipsClI (94.5 mg,
0.403 mmol, 1.5 equiv) was dissolved in 1.7 mL THF and coolé80. AcceptoB.69(100
mg, 0.268 mmol, 1 equiv) wassdolved in 2.4 mL THF and cooled®°C. KHMDS (1.0 M in
THF, 0.40 mL, 0.40 mmol) was added to the solution of d8r&and stirred at78 °C for ten
minutes. The solution of PoipsCl was transferred via syringe into the solution of 8&#and
stirred at-78 °C for a teaminute activation time. Five minutes prior to the completion of the
activation time, KHMDS (1.0 M in THF, 0.27 mL, 0.27 mmol) was added to the solution of
acceptor3.69. Upon completion of the activation time, the solution of acae®8.69was
transferred into the solution of dond.62via syringe and the reaction was stirred for three
hours. The reaction mixture was filtered through a pad of silica with ethyl acetate and the
filtrate concentrated in vacudl he crude reaction mixterwas purified by flash
chromatography (20% ethyl acetate in hexanes) to afford comp@&undas an amorphous

white solid.
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t SI1a& ¥F2aNdmatt 22 NJ b

IH NMR (500 MHz, CREI { ¢7.67ynt, 4H), 7.54 (dd= 8.4, 1.6 Hz, 1H), 7.57.41 (m,

4H), 7.36¢ 7.21 (m, 13H), 5.39 (s, 1H), 5.093d,4.5 Hz, 1H), 4.89 (@ 11.3 Hz, 1H), 4.81 (@,

= 12.2 Hz, 1H), 4.684.60 (m, 2H), 4.56 (= 12.0 Hz, 1H), 4.514.44 (m, 1H), 4.4¢ 4.38 (m,
2H), 4.33 (ddJ= 10.5, 4.8 Hz, 1H), 3.9(8.82 (m, 2H), 3.71 (8= 10.2 Hz, 1H), 3.57 (s, 3H), 3.52
(t, J= 9.4 Hz, 1H), 3.463.38 (m, 2H), 3.05 (dd= 9.3, 3.0 Hz, 1H), 2.15 (d&; 14.9, 3.7 Hz,

1H), 1.52 (ddd)= 14.9, 4.6, 3.2 Hz, 1H), 0.781d,6.3 Hz3H).

I3C NMR (126 MHz,CRCI 1+ Moy ®dyZ Moy dcZ MOT®PnNnZI MoOoCDPYyZ MOO

128.2, 128.0, 127.9, 127.9, 127.8, 127.8, 127.8, 127.6, 126.6, 126.2, 126.1, 126.1, 125.8, 105.4,

101.9, 97.5, 83.5, 80.4, 79.9, 77.4, 75.0, 70.7, B®4, 69.0, 66.7, 63.5, 57.5, 31.9, 17.8.

LRMS (ESt)/z: [M+Na]+ calculated fo€sHisNaQ : 755.32, found: 755.49

HRMS (ESt)/z: [M+Na]+ calculated fotasHisNaQ : 755.3196, found: 755.3196

@ "28-38.1 (CHCh, ¢ = 2.6)
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Synthesis of disaccharid@.63

PMPO PMPO
OPMP 0 0
joy — NapO O — HO 0) —_—
BnO BnO—L=2 Bnow
OBn OBn
3.64 3.72 3.63

PMPO PMPO
o) (0]
> Og
ﬁjo 7
0 .
BnO OBn <

BnO OBn

3.73 3.63a

PMPO

NapO 0

ﬁj

3.72

p-methoxyphenyl 40-benzyt3-0O-(4-O-benzyt3-O-(2-naphthylmethyl)}-h k-i-

digitoxopyranosyl}" -L-digitoxopyranosideCompound3.62 (165 mg, 0.435 mmol, 1.5 equiv)

and TTBP (108 mg, 0.435 mmol, 1.5 equiv) were dissolved in 3.5 mL THF and cG8éfto
PoipsClI (102 mg, 0.435 mmol, 1.5 equiv) was dissolved in 1.8 mL THF and cet@edCto
Compound3.64 (100 mg, 0.290 mmol, 1.0 aty) was dissolved in 2.6 mL THF and cooled@&o

°C. KHMDS (1.0 M in THF, 0.44 mL, 0.44 mmol) was added to the solution 03.6@aod

stirred at-78 °C for ten minutes. The solution of PoipsCl was transferred into the solution of
3.62via syringe andtirred at-78 °C for a ten minute activation time. Five minutes prior to the
completion of the activation time KHMDS (1.0 M in THF, 0.29 mL, 0.290 mmol) was added to
the solution of acceptoB.64. Upon completion of the activation time, the solution aicaptor
3.64was transferred via syringe into the reaction and stirred7& °C for three hours. The
reaction mixture was filtered through a small pad of silica gel with ethyl acetate, and the filtrate
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concentrated in vacuo. The crude reaction product wasfied by flash chromatography (20%

ethyl acetate in hexanes) to afford compoudd2l & | Of SF NJ 2Af démMcc Y3IZT

Alpha anomer:

IH NMR (500 MHz, CREI 1 ¢ 7.87ymp, 4H), 7.5¢ 7.17 (m, 13H), 7.026.91 (m, 2H), 6.85

¢ 6.73 (M, 2H)5.31 (ddJ= 4.5, 1.4 Hz, 1H), 5.10 (& 4.3 Hz, 1H), 5.02 (@ 12.0 Hz, 1H),

4.81 (d,J=12.3 Hz, 1H), 4.%14.61 (m, 3H), 4.54 4.44 (m, 2H), 4.4& 4.30 (m, 2H), 4.03 (d=

3.1 Hz, 1H), 3.75 (s, 3H), 3@2.11 (m, 2H), 2.61 (dddz= 147, 3.5, 1.2 Hz, 1H), 2.39 (ddd;

14.9, 3.8, 1.5 Hz, 1H), 1.78 (ddd, 14.9, 4.6, 2.9 Hz, 1H), 1.71 (ddd,14.7, 4.6, 3.0 Hz, 1H),

1.24 (dJ= 6.3 Hz, 3H), 1.06 (@ 6.3 Hz, 3H).

13C NMR (126 MHz, CRClI + Mpn oy I wmMpmdy 2.9, iP8.4 428.3, 128.0,d2PB,> MO0 O

127.8,127.7,127.6, 127.5, 126.3, 126.2, 125.8, 125.5, 118.4, 114.7, 96.5, 93.3, 80.3, 78.8, 70.3,

69.7, 69.4, 68.8, 66.3, 64.6, 63.8, 55.8, 32.0, 31.4, 18.4, 18.1.

LRMS (ESt)/z: [M+Na]+ calculated fo€i4HigNaQ: 727.32 Found: 727.39

HRMS (ESh)/z: [M+Na]+ calculated faCisHasNaQy: 727.3247. Found: 727.3239

() N28-40.4 (CKLCh, ¢ = 0.97)
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Beta Anomer

IH NMR (500 MHz, CBEI { ¢ 7.080\ny, 4H), 7.58 7.41 (m, 3H), 7.387.18 (m, 10H), 7.02
¢ 6.92 (m, 2H), 6.826.73 (m, 2H), 5.375.32 (M, 1H), 5.12 (dd= 9.4, 2.0 Hz, 1H), 4.75 (t;
12.7 Hz, 1H), 4.7©4.65 (m, 2H), 4.53 (d= 11.8 Hz, 2H), 4.38 (@ 11.8Hz, 1H), 4.3§ 4.29
(m, 1H), 4.27 (q]= 3.9 Hz, 1H), 4.05 (dt= 12.2, 6.1 Hz, 1H), 4.00 (& 3.3 Hz, 1H), 3.75 (s,
3H), 3.21 (ddJ= 8.8, 2.9 Hz, 1H), 3.16 (d&; 9.2, 2.8 Hz, 1H), 2.41 (ddd; 14.5, 4.4, 2.0 Hz,
1H), 2.3% 2.32 (m, 1H), 26¢ 1.97 (m, 1H), 1.6¢ 1.58 (m, 1H), 1.31 (d= 6.2 Hz, 3H), 1.22

(d,J= 6.5 Hz, 3H).

I3C NMR (126 MHz,CRCl ¢+ Mpnd®cZ MpM®PpZI MOYyDPHI MOCDPHZI MOO

128.0, 128.0, 127.9, 127.8, 126.6, 126.2, 126.1, 126.0, 125.8, 118..5, 99.0, 95.9, 80.7,

80.5,72.2,71.4,71.1, 70.8, 70.2, 69.3, 64.5, 55.8, 35.6, 35.1, 18.7, 18.1.

LRMS (ESt)/z: [M+Na]+ calculated faBaHeNaGs: 727.32. Found: 727.41

HRMS (ESt)/z: [M+Na]+ calculated fotasHisNaQ: 727.3247. Found: 727.325

@ 2%-43.9 (CHCh, ¢ = 2.34)
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PMPO
O

OAcO
Bnoﬁy BnO

3.73
p-methoxyphenyl 40-benzyt3-O-(4-O-benzyt3-O-acetyth k-i-digitoxopyranosylih -L-
digitoxopyranosideCompound3.72 (407 mg, 0.577 mmol) was dissolved in 55 mL
dichloromethane and 2.7 mL water. DDQ was added as a solid and the reaction was stirred at
room temperature for 1 hour. The reaction mixture was diluted with 50 mL dichloromethane,
and washed with 2M sodium hyolkide (2x50 mL), and water (1x50 mL). The organic layer was
dried over sodium sulfate, filtered, and concentrated in vacuo. The crude mixture was purified
by flash chromatography (25% ethyl acetate in hexanes) to afford comp®6B8as an off

white solid.

The anomeric mixture of compourgi63(252 mg, 0.446 mmol) and DMAP (22 mg, 0.178 mmol,
0.4 equiv) were dissolved in 2.5 dichloromethane. Triethyl amine (0.12 mL, 0.893 mmol, 2
equiv) was added, followed by acetic anhydride (0.06 mL, 0.669 mmol, 1i\H.€Tioe reaction

was stirred for ~20 hours at room temperature. Upon consumption of starting material, the
reaction was concentrated in vacuo, and purified by flash chromatography (25% ethyl acetate

in hexanes), affording compourdd73as an amorphous sdl (270 mg, 77%, 2 steps).

Major alpha anomer:
'H NMR (500 MHz, CB&I { ¢7.23¢neh 10H), 6.986.87 (m, 2H), 6.886.76 (m, 2H), 5.39

¢ 5.32 (M, 2H), 5.10 (d= 4.3 Hz, 1H), 4.78 (@ 12.1 Hz, 1H), 4.65 @ 11.7 Hz, 1H), 4.53
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4.42 (Mm3H), 4.36C 4.26 (M, 2H), 3.75 (s, 3H), 3@3.13 (m, 2H), 2.41 (dd= 14.9, 3.2 Hz, 1H),
2.36 (ddJ= 15.1, 3.4 Hz, 1H), 1.85..90 (m, 4H), 1.74 (di= 15.5, 3.5 Hz, 1H), 1.21 (& 6.3

Hz, 3H), 1.19 (d= 6.3 Hz, 3H).

I3C NMR (126 MHz,CRCI 4+ MTM®cZ Mpn®pZ MpM®PoZ Moy®dPnZI Moy
127.6, 117.4, 114.6, 95.1, 92.7, 79.2, 78.5, 70.8, 70.2, 66.1, 65.3, 64.1, 63.3, 60.5, 55.8, 33.4,

31.6, 21.3,21.2,18.2,18.1, 14.3.

LRMS (ES#)/z: [M+Na]+ calculated faBzsHsoNaQy: 629.27. Found: 629.38
HRMS (ESt)/z: [M+Na]+ calculated fofasHs2NaQy: 629.2727. Found: 629.2733
& "28-34.5 (CHCh, ¢ = 0.97)

PMPO
0]
O

OH
Bnoﬁﬁ BnO

3.63

p-methoxyphenyt4-O-benzyt3-O-(4-O-benzyth -.-digitoxopyranosyl)" -L.-digitoxopyranoside
Compound3.73(188 mg, 0.310 mmol) was dissolved in 1.0 mL methanol and 5 mL
dichloromethane. Sodium methoxide (20 mg, 0.372 mmol, 1.2 equiv) was added as a solid and

the reaction was stirred at room temperature for 24 hours. Upon completion, the reaction
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mixture was concentrated, and purified by flash chromatography (30% ethyl acetate in

hexanes) affording compouri63as a white solid (175 mg, >99%).

IH NMR(500 MHz, CD@ 1 ¢ 7.2 10H), 6.976.90 (m, 2H), 6.84 6.77 (m, 2H), 5.36
(d,J= 4.1 Hz, 1H), 5.23 (@ 3.4 Hz, 1H), 4.78 (@ 12.0 Hz, 1H), 4.74 (@ 12.1 Hz, 1H), 4.57
¢ 4.50 (m, 2H), 4.384.19 (m, 4H), 3.98 (d= 10.2 Hz, 1H), 3.76 (s, 3H), 3.17 (&d9.5, 2.9
Hz, 1H), 3.06 (dd= 9.7, 2.8 Hz, 1H), 2.39 (d&; 15.2, 3.1 Hz, 1H), 2.29 (d&; 14.3, 3.4 Hz,
1H), 1.90 (dt)= 14.3, 3.4 HAH), 1.80; 1.72 (dt,J= 14.7, 3.4 1H), 1.24 (3= 6.3 Hz, 3H), 1.16

(d,J= 6.3 Hz, 3H).

3CNMR (126 MHz, CRLClI + Mpn ®T3I MpMOPMI Moy dPcX MOTDPPEI MHY

117.9, 114.6, 95.1, 93.9, 80.1, 78.7, 71.4, 70.1, 66.6, 63.9, &3.1, 55.8, 35.5, 31.1, 18.3,

18.2.

LRMS (ESt)/z: [M+Na]+ calculated faGzsHioNaQG: 587.26 . Found: 587.37

HRMS (ESih/z: [M+Na]+ calculated faGssHsoNaGs: 587.2621 . Found: 587.2617

& "2B-85.9 (CHCh, ¢ = 1.5)
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Synthesis and deprotection of trisaccharidbGO

OH
PMPO
o) PMPO PMPO
0 ONap —OH o)
ﬁj o §
O
OBn .
nO Bn HON OH
3.63 3.61 3.60

PMPO
3 ONap

3.61
p-methoxyphenyt4-O-benzyt3-O-(4-O-benzyt3-O-(4-O-benzyt3-O-(2-naphthylmethyl)-n -L-
digitoxopyeanosyhh -L-digitoxopyranosyljh -L-digitoxopyranosideDonor3.62 (100 mg, 0.266
mmol, 3 eqiv.) and TTBP (66 mg, 0.266 mmol, 3 equiv.) was dissolved in 2.1 mL THF and cooled
to -78 °C. TsClI (50.6 mg, 0.266 mmol, 3 equiv.) was dissolved in 1.1 mL THF and efdl&d.to
Acceptor3.63(50 ng, 0.088 mmol) was dissolved in 1.7 mL THF and cool@® taC. KHMDS
(1.0 M in THF, 0.27 mL, 0.27 mmol) was adde®i@@ and the reaction was stirred for ten
minutes. The solution of TsCl was then transferred 8162 via syringe and the reaction was
gtirred at-78 °C for a ten minute activation time. Five minutes prior to the completion of the
activation time KHMDS (1.0 M in THF, 0.09 mL, 0.09 mmol) was added to the solution of
acceptor3.63. Upon completion of the activation time, the solution of aotmer 3.63was
transferred via syringe into the solution of don&62 and the reaction was stirred a8 °C for

three hours. The reaction was filtered through a pad of silica with ethyl acetate and the filtrate
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was concentrated in vacuo. The crude reactioixture was purified by flash chromatography

(15% to 20% ethyl acetate in hexanes) to afford compddiedas a clear oil (25.8 mg, 33%).

IH NMR (500 MHz, CREI { ¢ 7.835ynh 7H), 7.287.10 (m, 15H), 6.976.89 (m, 2H), 6.83
¢ 6.75 (M, 2H), 53(d,J= 4.2 Hz, 1H), 5.27 (@ 4.5 Hz, 1H), 5.03 (@ 4.4 Hz, 1H), 4.92 @
12.0 Hz, 1H), 4.78 (d= 12.3 Hz, 1H), 4.634.46 (m, 5H), 4.4¢ 4.27 (m, 6H), 3.9¢ 3.88 (m,

1H), 3.75 (s, 3H), 3.21 (dit 9.1, 2.8 Hz, 1H), 3.14 (d& 9.5, 2.8 Hz, 1H), 3.10 (d&; 9.0, 2.8
Hz, 1H), 2.58 2.47 (m, 2H), 2.34 (dd= 15.3, 3.0 Hz, 1H), 1.€7..68 (m, 2H), 1.47 (df= 14.9,

3.8 Hz, 1H), 1.281.19 (m, 9H).

3CNMR (126 MHz, CRCl + Mpn d®p3I MpMdc I MOodyIBRAD 1285 1284, > Moy

128.3, 128.0, 127.8, 127.8, 127.7, 127.7, 127.6, 127.5, 127.4, 126.9, 126.7, 125.7, 125.4, 117 .4,

114.7, 95.5, 93.3, 92.0, 80.3, 79.1, 78.5, 70.1, 69.6, 69.4, 69.0, 66.0, 64.5, 64.0, 63.9, 63.7, 55.8,

31.8, 30.9, 30.3, 18.5, 18.43.2.

LRMS (ESt)/z: [M+Na]+ calculated faGs7HeaNaQ1: 947.43. Found: 947.53

HRMS (ES#)/z: [M+Na]+ calculated faBs7HsaNaQ1: 947.4346. Found: 947.4341

& "2B-89.5 (CHLCh, ¢ = 1.87)
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p-methoxyphenyl 30-(3-O-0 h-digitoxopyranosylih -L.-digitoxopyranosyl}" -L-
digitoxopyranosideCompound3.61(75 mg, 0.019 mmol) was dissolved in 13.3 mL absolute
ethanol and 2.9 mL THF. Raney nickel (~1 g) was added. A balloon of hydrogen was fixed to the
reaction flask and hydrogen gas was bubbled into the reaction 3x. The reaction was kept under
a hydrogen atmosphere (balloon) and stirred for 48 hours. After completion of the reaction as
determined by TLC (ethyl acetate), the reaction was filtered thincaugmall pad of Celite with
methanol. The filtrate was concentrated and purified by flash chromatography (ethyl acetate:
hexanes, 50% to 100%) to afford compotth@Oas an offwhite amorphous solid (18.1 mg,

43%).

NB: Raney nickel is known to spark whiry and in contact with air. Avoid flammable

substances and keep filter puck damp during and after filtration.

IH NMR (500 MHz, CREI { ¢ 6.87dmp, 2H), 6.84 6.77 (m, 2H), 5.36 (d= 4.0 Hz, 1H),
5.21 (d,J= 4.3 Hz, 1H), 5.08 (@ 3.4 Hz, #), 4.1% 4.15 (m, 1H), 4.1¢4.09 (m, 1H), 4.07
4.00 (M, 2H), 3.983.94 (m, 2H), 3.94¢3.88 (M, 1H), 3.77 (s, 3H), 363.45 (m, 2H), 3.4Q

3.28 (m, 2H), 3.18 (td= 10.0, 3.1 Hz, 1H), 2.58 {& 10.1 Hz, 1H), 2.492.41 (m, 1H), 2.28
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(dd,J= 15.1, 2.9 Hz, 1H), 2.£@.11 (m, 1H), 1.98 (df= 15.1, 4.0 Hz, 1H), 1.94..81 (m, 2H),

1.31 (d,J= 6.2 Hz, 6H), 1.26 (@ 6.3 Hz, 3H).

I3CNMR (126 MHz, CRCl + Mpn ®TZX MpM®POEI MMTDPTI MMNnOTI dpd

68.3, 67.3, 65.5, 65.5, 64.6, 55.8, 35.5, 32.5, 30.5, 18.1, 18.1, 17.9.

LRMS (ESt)/z: [M+Na]+ calculated faCzsHssNaQ1: 537.23 found: 537.49

HRMS (ESi)/z: [M+Na]+ calculated fofzsHzgNaQ1: 537.2312, found: 537.2316

©"28-93.4 (c = 1.2)
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Chapter 4: Coigurationalinfluence ornelectivity in
Gycosylation witl2,6-Dideoxydycosylarylsulfonates
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4.1: Background and Approach
4.1.1: Conformational and Configurational effects on glycosylation selectivity

The configuration of a glycosyl donor (gluagalacte, manna, etc) is perhaps one of
the most obvious factors that influences the stereochemical outcome of a glycosylesion
donor has differing chirality wbh caninfluenceboth inter- and intramolecuar interactions For
example, it is almost common knowledge in the field of oligosaccharide synthesis that the
selective synthesis ¢f-mannose is trivial comparea the " -glycosides of other donor
configurations despite the only difference being the equatorial vs axial configuration of the C2
substituent!s® This presents a problem for the synthesis of complex oligosaccharides, as sugars
are a highly structurally diverse class of compounds. While glycosylation reactions under
thermodynamic control typically favor the formation of theglycoside due to the anonie
effect most chemical glycosylation occur under kinetic control, where selectivity depends
greatly upon thestructure of the transition state.

As discusseih chapter 1the most commonly invoked intermediate in chemical
glycosylation is the oxocarbenium iohlthoughglycosy oxocarbeiunons have only been
directly observed under extreme conditioasd their presencan mostglycaylationreadions
is highlydebated, they remain useful as a model to explaglectivityas the true transition
state likely has oxocarbenium charactExperimental and computational studies by Woerpel
on oxocarbeniurdike intermediateshave shown that alkoxy substituents preferentially adapt
axial configurations in oxocarbeniulike pyranosyistructures®® This isexplained as the axial

alkoxy substituent is more proximate the developingoxocarbeniuntation,stabilizingt
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Scheme 4.1: Oxocarbeium transitiestate conformers and nucleophile addition

through adipole interaction.Theincoming nucleophile generally attacks in a manner that
avoids bulkysubstituents, as well as minimizes strain by proceeding through a-ltkeir
transition state if possible (Scheme 4.1). Further studies also showed thatitdheophilicityof
an acceptor an also influence the selectivity of a glycosylation reactibnith less
nucleophilic acceptors being more influenced by transition state structure than strongly
nucleophilic acceptorsvhichshowed erosion of selectivitifhe influence of oxocarbenium
conformation wadurther expanded upon in work by Codee on glycosylation ungétie
conditions? Throughin silicomapping ofthe energy profiles of all possible conformers of
oxocarbenium cations for a given glycosyl donor, it was possible to predict the proportien of
andi -products of a glycosylatiowith high accuracky calculatingthe relativepopulation of
ead conformer in a Boltzman distribution, as wellassigning which conformers would favor
addition to theh -faceand which would favoaddition to thei -face The influence of donor
configuration was most noticeable in thed2oxy donors studied. While@oxy glucose
produced a roughly equal mixture of andi -glycosides, 2leoxy galactose showed a strong
preference for the' -glycosideboth in prediction and experimenSmilar observations were
seen in the 2,8lideoxy series, with 2;8ideoxy glucose forming a mixture of anomers, while

2,6-dideoxy galactose showed a strong tendency to formhtigdycoside This effect on
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Figure 4.1: KirkwoodVNestheimer model of througkspace influence on transition state stability

selectivity was not due tprotecting group effectsbut was due to thenergeticaccessibility of
different conformations of oxocarbenium ions for each donor.

The influence by remote effect on reactions with differently configured sugars can also
be seen in studies by Withers on the hydrolysis ofdipdtrophenolglycosides? In their
studies of glycosides with varying subséints on the pyran ringt was found that donors with
axial substituents showed higher rates of hydrolysis compared tio gggiatorial counterparts.
Using a KirkwoodVestheimer model (Figure 8,1 in which the influence of substituents on
the rate of hydrolysis is calculated based both the strength of the substituentedipalits
orientation relative to the reactive centéeither the anomeric C1, or pyran O5 depending upon
the distribution of positive charge in the transition stata)quantitative relationship between
the predicted transitiopstate structure for varioug substituted pyranoglycosides, and the
experimental rate of hydrolysis was observed. Generatjpatorialpolar substituents were
predicted to bemore destabilizing to the buildp of positive charge at the reaction center as
the substituent dipole is eented away from the anomeric positipdisfavoring the buildip of
positive harge in the trasition state Comparatively, axigubstituents weredss destabilizing
to the buildup of positive charge at the anomeric positidue to the substituent dipole being

nearly orthogonal to the reactive center
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Figure 4.2: Relative Reactivity Values (RRV) for glucose and galactose donors

A further factor afecting selectivity in a glycosylation is the reactivity of the glycosyl
donor. Early work by FraseReiddemonstrated howthe use of ethereal and acetyl protecting
groups can influence the reactivity of a glycosyl donor (the so cadleded-disarmed
effect) }?13allowing for the selectivedivation of anéarmecdt benzylateddonor over a
adisarmed acetylated donoyallowing forthe development obne-pot glycosyationlater
studies by Ley first indicated that locking the configuration of a rhamnosyl donor into a decaline
system also decreaséts reactivity.** Thereasoningof this observation wathat the locked
conformation disfavoredhe preferredhalf-chair conformation of the oxocarbenium catio

Donor reactivity was further studied by Wong woantified donorreactivity based on
how reactive ajiveni -STolyl donor was relative to tetr@-Acetyl" -Stolyl-mannose This was
done through aompetition assay, wherevo donors are actiated with substoichiometric
amounts of promoter. Bgomparing the initial and finaloncentrations of each donor in the
reaction, acomparison of the rate constanter the activation othe two donors can be

establishedusing egation 2 This value is callatie Relative Reactivity Velocity (RRV)

VYo — — 0 B )

Rl h
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Thisestablisked both asimple procedre for measuring reactivityas well as a scale for
guantifying donor reactivity that hasincebecomethe standard measure of glycoside
reactivity. This workshowed quantitatively that analogous sugar configurational isomers (with
identical protecting groups) could be significantly more reactisigure 4.2)As an example,
per-benzylgalactosd.12was shown to be 6.5 times more reactive than-penzylglucose
4.09.%° Similar trends were seen for disarsheugas as wellThis is largely in agreement with
Withers observations of axial substituents leading to more readily hydrolysable glycosides.
More recent work by Wang has shown that the inherent reactivity of a sugar donor can
change the mechanism of a glycosylation undiérerwise identical conditions and alter the
distribution of product anomer&? In this work it was shown that under a NXS/TfOH promotor
system(X = I, Br, Cljnore reactive donors went through halogen inteediates, while less
reactive donors formed glycosyitriflate intermediates. This shift in mechanism resulted in an
increasedselectivity towardghe  -glycosides of more reactive sugars andlycosides of less
reactive donorsSimilar to Cric®i -mannosylation as discussed in Chapter tyas postulated
that the lowerreactivity donors were able to form stabletriflate intermediates, leading to
the formation ofi -glycosidegpreferentially, while the highreactivity donorsformed glycosyl
halidesthat could equilibrate betweethe " - andi -halide in a CurtinHammett equilibrium In
such an equilibrium, theninor, butmore reactive -halide reacts with the acceptor fast,
leading to higheprevalenceof the h -glycosideFollowing work also notethe influence of
acceptor nucleophilicity, demonstratingsemiquantitativerelationship between donor

reactivity, acceptor nucleophilicity, and the selectivity of glycosylation reactions.
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Giventhese studieshat havedemonstrated how changes in donor configuration at
remote positions can impact the mechanistic pattywaf a glycosylation, and by extension
changethe stereoselectivity, we wanted to study ¢hnfluence that donor conurationwould
have on our glycosyl sulfonafgomoted glycosylation methodologylthough sulfonate
promoted glycosylatiomeactionsare predicted to proceed through anv&like mechanism, the
influence of substituent orientation had not been explicitly studi€iven the observations
from Wang on how highly reactive donaranshow a mechanistic shift away froa glycosyl
sulfonateintermediatetowards a glycosyl halidatermediate,as well aghe predicted increase
in reactivity fran axial substituents compared &muatorialsubstituents,t was a possibility
that multiply deoxygenated sugarstiiaxial substituents could undergo a similar shift in

mechanism under our developed tosyl chloride promoted glycosylation.

4.1.2: Unexpected glycosylation selectivity
The development of glycosyl tosylates as donors fde@xyglucose, 2;6

dideoxyglucse, and 2,3.4rideoxyglucoséhasproved to be an extremely effective method for
the synthesis of -glycosides of these-@eoxy donors&2° The utility of thischemistry has been
demonstrated through the synthesis of severad@xyglycoside containing natural product
oligosaccharide$%?? However,in the course of applying this chemistry more widalg have
also observed several instances where the outcome of a tosyl chlprataoted glycosylation
with a 2deoxy donor unexpectedly provided theglycosidgFigure 43). During the synthesis
of the tetrasaccharide ahe antibacterial FE594 the use of this chemistry was expanded to
the includeto include the trideoy sugaramecitose (2,3&rideoxy glucose). While tosyl

chloride promoted glycosylatioproduced the -glycosidewith high selectivity it was not
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Figure 43: Unexpected -selective glycosylation reactions using arylsulfonyl chloride promoters

completely selective as had been previously observed ileoxy and2,6-dideoxy donors. In

the course of the optimization of this reaction alternate sulfonyl chlorides and protecting
groups were explored. Surprisingly, it wasindthat when an acetate mtecting group was
instaled at the C4 positiorin conjunction withusing2,4,6triisopropylbenzenesulfonyl chloride
(trisylC) as a promoter, the reaction exclusively produced thglycoside?? Similarresults

were also observedith h-rhodinose glycosides in the synthesigybfcosides ofajuayamycin

Z andlandomycinA.?21-22However,comparingthe selectivity observed between amecitose and
rhodinose, it wa®bservedthat rhodinose showed significanthigher tendency to form thé -
glycoside even when using etherial protecting groups, limiting explanations by remote
participation. In progress on the synthesis of saccharomycin B it was also observed that when
saccharosamine was used as a donor with osytehloride promoted glycosylation the
glycosidewasseen to bethe major product® Even more recentlyas was discussed in Chapter
3, it wasfound that digitoxose, the C3 configurational isomer of olivose, favored the formation
of " -digitoxosides, which was applied to thgnshesis of the oligosaccharide fragment of

Kijanmicin?* These results suggested that the configuration of the sugar substituesis ha
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more significant role in the stereoselectivity ofir sulforyl chloridepromotedglycosylation
reacton than has previously been assumedore specifically, it suggests thatd2oxy donors
with axial substituents are less likely to undergglycosylation through the generation of
intermediate glycosyl sulfonates.

The influence of configuration on selectivitgsalso seen outside ohe context of
glycosyl sulfonates. Whitae use of tosyl chloride as a promoferoved to beineffectivefor
the synthesis of -saccharosamine, the activation of the TBS glycoside of saccharosaitfine
boron trifluoride diethyletheratevas shown to be very effective for the synthesis of this
target2® In another unusual observation as part of ongoing work, these same conditions
applied to epivancosamine, a configurational isomer of saccharosamine, synthesizéd the
glycosidewith highselectively Again, these results emphasized how donor configuration can
greatly impact selectivity.

To address this question, we opted to study thehavior of thefour configuratioral
isomers of the 2 @lideoxy seriesising the sulfonyl chloride promoted glycosydeiti
methodology In order to maintain consistency between the various hemiacetal doabifeur
stereoisomers of 2@lideoxy glucose were synthesized wit©dNaphthylmethyl and 4-

Benzyl ether protecting groups.

4.2: Synthesis of 2@ideoxy donors
4.21: Synthesis afDigitoxose:
L-Digitoxose was synthesized as previously described in chapter 3.

4.2.2: Synthesis afOlivose

D-olivose was synthesized as previously described in chapter 2.
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4.2.3: Synthesis afoliose

1.i. Ac,0, DMAP, CH,Cl,
ii.. PBF3, Hzo, CH2CI2

ii. Zn (powder), EtOAc e NaH (60% wt), u, O OH

NaH,PO, (50% wt aq) O NapBr O PPheHBr (20 mol%) W
L-fucose > S R > S -
2.i. NaOMe, MeOH BnO" Y DMF 0°Ctort BnO® THF, H,0 ONap

ii. TBSCI, DMAP, OH 82% ONap 33% BnO
pyridine 4.21

iii. NaH (60% wt), BnBr, 4.22 4.23
DMF

iv. TBAF, THF

Scheme 4.2: Synthesis pbliose donor

The synthesis afoliosewas adapted fronknown procedures (Scheme 4.236:27
Selectively protected-fucal4.21was prepared in gevensteps from the commercially
availablel-fucose Fucose was pegicetylated, converted to the glycosyl bromide via hydrogen
bromide generatedn situfrom phosphorous of tribromide and water. The resulting bromide
was the subjeted to a FischeZach reaction affording dD-acetyl fucal. Theesulting fucal was
deacetylated uder Zemplen conditions, selectivelBSprotected at the allylic hydmyl group
andbenzylated at theemainingC4 alcoholThe TBS group was then removed using
tetrabutylammonium fluoride Hording compound4.21. Fromcompound4.21, the remaining
allylic alcohol was protected as a naphthylmethyl ether via a Willamson etherification with
sodium hydride in 82% yieldh@ resulting glycat.22wasthen hydrated with catalytic
triphenylphospine hydrobromide to afford the oliose hemiacet&3in 33% vyield.

4.2.4: Synthesis ofboivinose

L-boivinosewas synthesized starting from the previously described selectively
benzylated Hucal4.21 Thiocresol was added across the glycal in ancatialyzed addition
with triphenylphosphine hydrobromid® afford thioglycosidel.24in 92% yield as a seperable
mixture of anomer The isolatednajorh -anomer was subsequently oxidized with D&Aartin
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Scheme 4.3 Synthesis bboivinose donor

periodinane to afford ketond.25in 82% yieldReduction with sodium borohydride at

cryogenic temperaturesinfortunatelyproduced aroughly equamixture of boivine and olio
configured sugars 59% yield Attempts at further increasing the selectivity of this reduction
were unsuccessful, and we opted to separate the mixture and proceed with the boivino
configured product. Following naphthylation of the resulting alcohol, hydrolysis of thioglycoside

4 26afforded the desired boivinose hemiacetal dorbP7.

4.3: Screening donors with PMP acceptor

With our set of isomeric donors in hand, we wanted to establish a baseline of selectivity
for each donorTo initially assess the selectivity associated witthigomeric donors, wased
p-methoxyphenolPMROH)as a model acceptoPreviouslyp-methoxyphenohas been used
as a modeéacceptordor sulfonatepromotedglycosylation and is generally a wiethaved
nucleophilewith glycosyl tosylate donors. Additialty, natural glycosides are commonly found
as phenolic glycosidas bacterial secondary metabolitesmaking PMROH a simple analogue of
natural systemsLastly as an achiral acceptor, selectivity in glycosylation would be entirely

based on the doar rather than any donceacceptor steric interactions.
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Consistent with previous result8 glycosylation wittb-olivose produced exclusively the
I -glycoside in good yielddditionally, @& was previously seen in the synthesis of kijaninfttin,
glycosylation with the digitox@sdonorandtosyl chloride as a promoter proceeded with
moderate selectivity for thé -glycosideUsing the less reactive-O-isopropylbenzenesulfonyl
chloride the selectivity could be increased to 71 §. Interestingly, when we screened the

analogous tiose donor, we saw erosion of selectivityith roughly equalt - andi -glycosides
Table 4.1: Synthesis of PMitycosides
BnO i. TTBP, KHMDS, THF, -78 °C

Mﬂ. ii. ArSO,CI, THF, -78 °C B”Om
NapO 0

OH iii. PMP-OH, KHMDS, -78 °C Nap OPMP
4.28 - 4.31

SOLCI
[Entry Donor ArSO,Cl  Product Yield ap | /©/
1 fe) Tosyl Chloride
BnO
ngo&H TsCl 4.28 82%  p-only (TsCl)

207 OH
""""""""""""""""""""""""""""""""""""""""" SO,CI
NapO OH TsClI 3.711 65% 3.6:1 )\ /©/
3 Bn0 /4L PoipsCI 3.71 55%  7:1 0
3.67 p-O-isoproylbenzenesulfonyl chloride
__________________ R (PoipsCl)
OH
Q % 141
4 TsCl 4.29 92% 14
5 BnO ONap PoipsClI 4.29 48% 1341
4.23
NapO OH
6 2 TsCl 4.30 66% 51
BnO
4.27

We attempted to use poipsyl chloride to drive the selectivity towardshtiggycoside in a

manne analogous to what had been seen with digitoxose. Unfortunately, the selectivity of the

glycosylation remained largely unchanged, albeit with significant loss of ey, vinen the
boivinose donor wasubjected to the same conditionw/e saw that theesultingproducts

strongly favored tke formation of theh -glycoside. Through these donors, it was very clear that
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the presence of axial substituents plays a very significant role in directing the selectivity of
these glycosylation reactions. There seemed to be a general trend with donoreaithaxial

substituents showng higher favorability for the formation of the-glycoside. These results

would seem to suggest that the glycosyl tosylspecies, which had been previously seen to be

stableas anh -tosylateon olivose at cryogenic temperaturésmay not be the key intermediate

in reactions with the digitoxose, oliose, and boivinose donors.

4.4: MatchMismatch studies

While our initial results suggested aagbnship between axial groups and preference
for the formation ofh -glycosidesywe were left with the question of how the mechanism of the
glycosylation was changing to produce this change in selectvitykey question was whether
this observed seleatity trendis a result of moving out of an&like mechanism and through
an intermediate with more oxocarbenium character, if the reaction was going through an
intermediate that was equilibrating between the andi -sulfonates, or if an entirely differén
mechanism was taking place. To begin to probe the origin of the change in selectivity we
decided to screen our set of donors against enantiomeric acceptors in a matahateis study.

¢KS G YIYirQKXKYEA aSFFSOG Kl a 0SSy &aSSy G2
Studies from van Boeckel showed that couplings with glycosyl halides can be significantly
influenced by the chirality of either the donor or acceptor to influence seligfi As
glycosylation with activated glycosyl halides is considered to proceed througildikeS
reaction, the steric interactions between the activated donor and chiral acceptors were
believed to have a direct impact on the aefivity. In another study by Bennett et al.,
glycosylation with Zleoxytrichloroacetamidatepromoted bychiral phosphoric ac&lto form
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2-deoxy -glycosidesvas shown to be sensitive to the chirality of the phosphoric daidm

the isolated" -glymsyl acetamidate donoftS & Y I G OK SR ¢ walKabla tbJridek O | OA F
selectivity of 16:1i(:h), while the misnatched acid could showed a significantly reduced

selectivity of 2.5:1i (").2° This effect waseduced when thé -acetamidate was useds a

donor.

For our screening design we opted to use the two enantiomesroéthoxyphenyl 40-
benzyl -olivose. Our rational fothis was threefold: firstly, the nucleophilicity of the glycosyl
acceptor has been shown to influence the selectivity of a glycosylation under various activation
conditions!”3%31an effect we wanted to minimize; as the two acceptors are enantiomers, their
nucleophilicity would be identical. Secondly, with four chiral centers, this acceptor would
provide a highly chiral environment to influence any interactibasveen the donor and
acceptors Ard lastly, either enantiomer was readily preparable on gram scales from common
commercially available starting materials. With our dessetlof enantiomeri@acceptors, we
were able to proceed with our matemismatch screening.

As expected, the olivose dor, with tosyl chloride as a promoter, afforded exclusively
thei -glycoside in good yield (Table 4.2, entrie®)1This was observed regardless of which
enantiomer of the acceptor was used. This was unsurprising as this chemistry was largely
developed uimg olivose as a model don&t2°Forthe digitoxose donor (Entries4) we looked
at the glycosylation using PoipsCI as a promoter, as tbim@ier had previously been seen to
afford the most selective glycosylatioffs-ere, we were pleased that when glycosylating the
olivose acceptor we observed a very high selectivity fohtlgdycoside(:i = 16:1), and that

when glycosylating the-olivose acceptor similar levels of selectivity were obserted%
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Table 4.2 Screening with enantiomeric olivose acceptors

BnO e} i. TTBP, KHMDS, THF, -78 °C BnO
ii. ArSO,CI, THF, -78 °C (0]
NapO OH > }
iii. Accpetor, KHMDS, -78 °C NapO o-Acceptor
Entry Donor ArSO,ClI Acceptor Product Yield op

o0

1 TsCl HO OPMP 4.33 60%  B-only
BnO O

Nap&j 4.31

OH

2.07 07 ~OPMP
2 TsCl Bnoﬁ 4.34 55%  p-only
4.32
3 NapO oH PoipsClI 4.31 4.35 51% 16:1
BnO /4L
4 3.67 PoipsCl 4.32 4.36 549%  11:1
5 TsCl 4.31 4.37 66%  1:1.8
6 on PesmyCl 28%  1:1.7
7 W PoipsCI 43% 1:1.4
8 BnO ONap TsCl 4.32 4.38 30%  1:1.3
9 4.32 PesmylCl 47%  1:2
10 PoipsCI 50% 1:1.4
1 Napc?o OH TsCl 431 4.39 47%  4.3:1
12 ?\7; PoipsCI 69% 4.3:1
BnO
13 4.27 TsCl 4.32 4.40 55%  3.0:1
14 PoipsCl 69%  3.2:1

11:1). Yields for this glycosylation were similar to what had previously been seen with the PMP
glycosylationWith the oliose donor, we obseed erosion of selectivity similar to what had

been seen for the PMP glycosylation. The mixture of anomers however, was largely unchanged
for either theD- or L-oliovse acceptor. We attempted again to bias the glycosylation to either
product anomer through varying the sulfonyl chloride promoter, bus@lved a consisterit:i

ratio of products regardless of the choice of promoter. Lastly, turning to boivinose, we
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observed a similar selectivity compared to the PMP glycosylation, also largely independent of
the chirality of the acceptor. As with the oliodenor, the selectivity observed for boivinose
appeared to not be influenced by the choice of promoter. In general, for all four tested donors,
selectivity was independent of the handedness of the acceptor, and was similar to selectivity
observed with PMFPDH acceptors, suggesting that the observed selectivity is primarily
dependent upon the configuration of the donor.

In order to further uncover the source of the change in selectivity observed in reactions
with these donors, we attempted to observe theaative intermediate by lowemperature
NMR. We chose to study digitoxose doio87, as this donor had shown the most significant
bias for theh -glycoside. After activating the donor with PoipsCl in-@iBlFwe attempted to
observe the intermediate by lowemperature NMR. Unfortunately, despite repeated efforts,
we were unable to observe any stable intermediate. As a preliminary result, this suggests that
for these less selective reactions the mechanism may be less associative than in the-highly
selectiveglycosylation reactions that had been previously studied.

These results suggest that the previously established mechanism of glycosylation with
arylsulfonyl chloride promoters is not consistent across all donors. While for glanbgured
donorsthe well studied mechanism clearly indiea generation and subsequent displacement
of anh -tosylatein an &2-like reaction, the gnthesis of -glycosides from other@hor types
indicatesthe reaction is likely proceeding throughdifferent mechanisnilhe consistency of
selectivityfor the set of donomwith the acceptorenantiomerssuggests that the reaction is not
proceeding through a mechanism with significani-Bke character, as such a mechanism

would likelylead tomoderatelydifferent selectivity withb- and L-acceptors. Possible
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o i. KHMDS, THF, -78 °C A/o . Q/o ROK Q/O
> - > ~— > 0S0,Ar /" . >
BNO™&="\.. .. ii. ArSO,CI, THF, -78 °C Bno BnO e Bn0
OR

major, less reactive minor, more reactive

Scheme 4.4: Possible me@nism to explain observed changes in selectivity

mechanisms could include proceatj through a sulfonate at equilibrium between the andi -
sulfonatein a CurtinHammettpathway(Scheme 4.4)in such an equilibriurralthough the -
sulfonate wouldikely be the minor anomer, it would also beore reactivethan theh -

sulfonate, leadig it to react faster with the acceptor nigophile to produce the" -glycoside.
Depending on thelistribution of the twointermediate anomes differing distributions of
product glycosides would be expectdeurthermore, under such mechanism the selectity
would likely be determined by the distribution of intermediates and the nucleophilicity of the
acceptor, explainingwhy the selectivityof the glycoglation was largely unaffected by the
chirality of the acceptofor a given donarFurtherstudiesstudiesare necessary to determine if

this proposed mechanisns an accuratelescription of the reaction pathway.

4.5 Conclusions

Here, we see the strong influence that donor configuration has on the selectivity of a
glycosylation using arylsulfonyl chlorides as promoters. While this chemistry had been
devebped for the synthesis of-Beoxyi -glycosidesin allo-configured donors with an axial C3
substituent the selectivity can be nearly completely reversed to afford high selectivity for the
glycoside. Galactoonfigured donors with an axial C4 substituebserved erosion of
selectivity regardless of the sulfonyl chloride used as a promoter. In the case of the talo

configured boivinose, with both C3 and C4 axial substituents, there was bias foigtizeoside,
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but to a lesser extent than the aloonfiguied donor. This effect was seen to be largely

unaffected by the stereochemistry of the acceptor, limiting a matdematch effect to explain
changes in selectivity. Overall, this work indicates that the previously understood mechanism of
glycosylation withglycosyl arylsulfonatemay not beconsistent across all donor types.

4.6 Experimental Methods
4.6.1 General Experimental Methods

Prior to running the glycosylation reactions, all solid reagents were dried by azeotropic
removal of water using toluene aradrotary evaporator then set under vacuum 16 h before
use. All reactions were performed under inert argon atmosphere, unless otherwise noted.
Solvents for reactions were dried through a commercial solvent purification system
immediately prior to use. Alither chemicals were purchased at the highest possible quality
and used as received, except where noted. Flash column chromatography was performed on
Honbnnn YSakK aiAftAaAol 3AStd 'yIFEf@GAOFE FyR LINBLI
on silica ge60 F254 plates. Products were visualized using UV or by staining with either 5%
agueous sulfuric acid or ceric ammonium molybdate. NMR spectra were recorded on an NMR
spectrometer at 500 MHz fdH NMR and 125 MHz f6iC NMR. Chemical shifts are reported in
ppm relative to TMS (foftH NMR in CDg}lor CDGl(for **C NMR in CDCI3). Pét NMR spectra,
RIFGF FNB NBLR2NISR Fa F2ft26aY + aAKATFTGZ Ydzf GALI
doublet, g = quartet, d& doublet of doublets, td = triplet of doublets, dt = doublet of triplets,
dqg = doublet of quartets, ddd = doublet of doublet of doublets), coupling constants are
reported in Hz. Low resolution mass spectra (LRMS) were recorded usingMd8 &&h an

addtional APCI source.
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Highresolution mass spectra (HRMS) were obtained on an Agilent 6230 TOF mass spectrometer

in the positive ion mode.

Optical rotations were measured at 589 nm in a 10 cm cell at room temperature.

4.6.2 ExperimentalrBcedures
Synthesis of Oliose Donor

‘s, O v, O OH
@ NaH (60% wt), NapBr @ PPhzeHBr (20 mol%) W
\M o > \\ >
BnO" Y DMF, 0 °C to rt BnO" THF, H,0 SNap
OH ONap BnO
4.21 4.22 4.23
N/"KO)
BnO"
ONap
4.22

4-O-benzyt3-O-NaphthylmethytL-fucal Compound4.21(1.5 g, 6.81 mmol) was dissolved in 19
mL DMF and cooled to®C. Sodium hydride (60% wt in mineral oil, 0.55 g, 13.63 mmol) was
added as a solid and the reaction was stirred & 0or 10 minutes. -2oromomethyl}

naphthylene (2.26 g, 10.21 mmol) was adds a solid and the reaction was stirred while
gradually warming to room temp. Following completion of the reaction as determined by TLC,
the reaction was quenched with ~20 mL of saturated ammonium chloride. The reaction was
poured over ~100 mL water, drextracted with diethyl ether (4 x 50 mL). The combined

organic layers were washed with 1M lithium chloride (~50 mL). The organic layer was dried over
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sodium sulfate, filtered through cotton, and concentrated in vacuo. The crude mixture was
purified by fash chromatography on silica (2% Ethyl acetate:hexanes to 3% ethyl

acetate:hexanes) to afford compoudd22as a white solid (1.61 g, 82%)

IH NMR (500 MHz, Chlorofordd  + ¢ 7.77y(nm, 4H), 7.5¢ 7.45 (m, 3H), 7.41 (d= 7.0 Hz,
2H), 7.36; 7.30 (M,2H), 7.30c 7.27 (m, 1H), 6.39 (dd= 6.3, 1.8 Hz, 1H), 5.00 (& 12.0 Hz,
1H), 4.90; 4.83 (m, 2H), 80-4.75(m, 2H), 4.3, 4.27 (m, 1H), 4.05 (4= 6.7 Hz, 1H), 3.7

3.70 (m, 1H), 1.29 (d= 6.6 Hz, 3H).

BBCNMR (126 MHz,CRC 4+ Mnndys Moy dPTZ MOCDPHZ MoodPNnZI MOO

127.8,126.3, 126.0, 125.7, 99.6, 73.9, 73.3, 73.0, 72.2, 71.0, 16.7.
LRMS (ESI, pos. ionj/z calculated for &HaNaQ (M+Na) 383.16found: 383.30
HRMS (TOF MS ESwjz calculated for @&H.sNaQ (M+Na) 383.1623, found: 383.1644

[N]23=10.9864(c = 0.98, CiT}h)
OH

ok
ONap

BnO
4.23
4-O-benzyt3-O-(methyl-2-naphthy)-L-oliose Compoun.22(1.60 g, 4.44 mmol) was dissolved

in 26 mL THF and 0.4 mL DI water. Triphenylphosphine hydrobromide (0.31 g, 0.89 mmol, 0.2
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equiv.) was added as a solid and the reaction was stirred at room temperature. After
completion of the reaction as seen by TLC,rémction was quenched with saturated sodium
bicarbonate and poured over ~100 mL water. The mixture was extracted with ethyl acetate (3 x
100 mL), and the combined organic layers were washed with brine. The organic layer was then
dried over sodium sulfatdiltered through cotton, and concentrated in vacuo. The crude

mixture was purified by flash chromatography over silica (25% ethyl acetate:hexanes to 40%
ethyl acetate:hexanes), affording compou#@3as a thick, clear oil (548 mg, 33%)

NMRdata for majorh -anomer:

IH NMR (500 MHz, Chlorofordd  { ¢ 7.85\nh4H), 7.58 7.44 (m, 3H), 7.447.38 (m,

2H), 7.36¢ 7.30 (m, 2H), 7.28 (dd= 4.2, 2.6 Hz, 1H), 5.46 (& 3.4 Hz, 1H), 5.01 (@ 11.7

Hz, 1H), 4.88 4.71 (m, 3H), 4.1& 3.99 (m, 2H), $8¢ 3.64 (M, 1H), 2.46 (§= 2.5 Hz, 1H),

2.27¢ 2.17 (m, 1H), 2.08 1.94 (m, 1H), 1.18 (d= 6.5 Hz, 3H).

I3C NMR (126 MHz, CRLClI + Moy ®pS MOoC PHIE MoodnXI MoodPNI MHY

126.2, 126.1, 125.9, 125.5, 92.8, 75.9, 7445, 70.7, 67.1, 30.7, 17.5.

Mixture of anomers (2:10:i ):

LRMS (ESI, pos. ionj/z calculated for @HsNaQy (M+Na) 401.17found: 401.29

HRMS (TOF MS ESwjz calculated for &HeNaG, (M+Na) 401.1729, found: 401.1753

[123=-43.6434(c = 0.86, Ci€})
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Synthesis of Boivinose Donor

1. NaBH,, MeOH/CH,Cl,
e PPh3+HBr (50 mol %) STol STol -78 °C STol
' | HSTol Dess-Martin 59% (eq:ax = 1.1:1) NapO
- 0 —Jess-vartin o _ 0
BnO" 7 CHCl oH CH,Cl, 2. NaH, NapBr
OH 92%, (wB=56:1)  BnO 82% BnOQ 91% BnO
4.21 4.24 4.25 4.26
Napo ST oo NapO  OH
0 0
acetone/H,0
BnO 67% BnO
4.26 4.27
STol
(0]
OH
BnO
4.24

Tolyl 40-benzytl-thio-h -L-oliose Compoun4.21(1.02 g, 4.63 mmol) and thiocreq@l.30 g,

18.52 mmol, 4 equiv.) @redissolved in 23 mL dichloromethane. Triphenylphosphine
hydrobromide (795 mg, 2.35 mmol, 0.5 equiv.) was added as a solid and the reaction was
stirred at room temperature until the reaction was seen to be complete by Th€reaction

was guenched with by pouring over ~100 mL saturated sodium bicarbonate. The mixture was
extracted with dichloromethane (3 x 50 mL), and the combined organic layers were washed
with water (~50 mL), dried over sodium sulfate, filtered throegkton, and concentrated in
vacuo. The crude mixture was purified by flash chromatography on silica (15% ethyl
acetate:hexanes to 30% ethyl acetate:hexanes), affording compé2#l (1.24 g) andt.24

(221 mg), for a total yield of 92% (5.6:1)
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h-anomer:

IH NMR (500 MHz, Chlorofordd + ¢ 7.28{nm 7H), 7.10 (d= 7.9 Hz, 2H), 5.61 (& 5.6
Hz, 1H), 4.85 (d= 11.6 Hz, 1H), 4.66 @ 11.6 Hz, 1H), 4.434.35 (m, 1H), 4.021(, 1H), 3.58
(d,J= 3.3 Hz, 1H), 2.32 (s, 3H), 2.25 §td.12.5, 5.7 Hz, 1H), 2.05 (d¢; 13.0, 4.9 Hz, 1H), 1.84

(d,J=10.0 Hz, 1H), 1.29 (@ 6.6 Hz, 3H).

13C NMR (126 MHz, CBRCI 1 MOYy ®PHZ MOT®PnZI Mo mIRG03844,dM6PN =2 MH G

75.9, 67.5, 66.8, 34.8, 21.1, 17.2.

LRMS (ESI, pos. ionj/z calculated for €H4aNaQS (M+Na) 367.13ound: 367.29

HRMS (TOF MS ESwjz calculated for eaHsNaQS (M+Na) 367.1344, found: 367.1372

[h]23=-98.9506(c = 1.08CHCb)

i -anomer.

IH NMR (500 MHz, Chlorofordd +  TJ® 8.61Hz2R)£7.407.28 (m, 5H), 7.09 (d= 7.8
Hz, 2H), 4.87 (d= 11.7 Hz, 1H), 4.684.58 (m, 2H), 3.76 3.65 (m, 1H), 3.53 (d= 6.6 Hz,
1H), 3.45 (dJ= 3.3 Hz, 1H), 2.33 (s, 3H), 2.04 (did12.5, 5.1, 2.1 Hz, 1H), 1.0%.80 (m, 2H),

1.38 (dJ= 6.5 Hz, 3H).

13C NMR (126 MHz, CRCI + Moy @ nZ13M6y 12%6 $28. 7 b28.1, 127.9, 82.8, 78.8,

76.0, 75.1, 70.2, 35.9, 21.3, 17.9.
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LRMS (ESI, pos. ionjz calculated for €H24NaQS (M+Na) 367.13ound: 367.29

HRMS (TOF MS ESwjz calculated for esHsNaQS (M+Na) 367.1344, found: 367.1376

[P]&3=17.1550(c = 1.57, Ci€b)
STol

BnOQ
4.25

Tolyl 40-benzyt3-one-1-thio-" -L-oliose Compoun4.24" (1.24 g, 3.60 mmol) was dissolved in
36 mL dichloromethane. De#sartin periodinane (12.2 mL, 15% w/v in dichloromethane, 4.32
mmol, 1.2 equiv.) was added over roughly five minutes. (N.B., significant amount of white solid
formed over the course of the aetion.) Once the reaction was seen to be complete by TLC
(approximately 30 minutes), the reaction was quenched with ~5 mL water. The reaction was
diluted over ~50 mL water and extracted with dichloromethane (3 x ~25 mL). The combined
organic layers were ashed with water (~25 mL), dried over sodium sulfate, filtered through
cotton, and concentrated in vacuo. The crude mixture was purified by flash chromatography on
silica (5% ethyl acetate:hexanes to 20% ethyl acetate:hexanes), affording comp@brd a
white solid (1.01 g, 82%)
IH NMR (500 MHz, Chlorofordd + ¢ 7.2¥¢nah 7H), 7.12 (d= 7.8 Hz, 2H), 5.73 (dik 6.6,
2.8 Hz, 1H), 4.704.62 (m, 2H), 4.39 (d= 12.0 Hz, 1H), 3.623.57 (m, 1H), 3.38 (dd= 14.1,

6.7 Hz, 1H), 2.54 (ddd=14.1, 2.8, 1.2 Hz, 1H), 2.33 (s, 3H), 1.28%c5.6 Hz, 3H).
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3CNMR (126 MHz,CRCl + HAN ®0X MOTDPPEI MOTDPAZ MOHODMZI

72.1,70.1, 44.0, 21.3, 15.6.

LRMS (ESI, pos. iom)/z calculated for eH2NaQS (M+Na) 3642, found: 365.26

HRMS (TOF MS ESwjz calculated for €H2303S (M+H) 343.1368, found: 343.1376

[M]#3=-121.5152(c = 0.77, Ci€b)

OH STol

BnO
4.41

Tolyl 40-benzytl-thio-" -L-boivinose Compound4.25(1.0 g, 2.92 mmol) was dissolved in 27
mL methanol and 9 mL dichloromethane. The mixture was cooletheC. Sodium
borohydride (331 mg, 8.76 mmol, 3 equiv.) was added in three batches over ~10 minutes, and
the reaction was stirred atl5 °C. Followinghe consumption of the staring material as seen by
TLC (~30 minutes) the reaction was quenched with 5 mL saturated ammonium chloride. The
solvent was removed in vacuo. The crude mixture was partitioned between water and
dichloromethane, and extracted wittichloromethane (3 x 25 mL). The combined organic
layers were washed with water (25 mL), dried over sodium sulfate, filtered through cotton, and

concentrated in vacuo. The crude mixture was purified by flash chromatography on silica (10%
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ethyl acetate:hexaes to 15% ethyl acetate:hexanes) to afford 313 mg of olo24 and 274

mg of boivinoset.41, for a total yield of 59% (oliose:boivinose = 1.14:1)

IH NMR (500 MHz, Chlorofordd 1 ¢ 7.27r(nm 7H), 7.11 (d= 7.8 Hz, 2H), 5.44 (ddk 5.4,
3.8 Hz, 1H), 4.64 (d= 11.8 Hz, 1H), 4.58 (@ 11.8 Hz, 1H), 4.574.52 (m, 1H), 4.184.05
(m, 1H), 3.27 (dd]= 4.9, 2.5 Hz, 1H), 2.53 (dd&; 14.5, 5.5, 3.9 Hz, 1H), 2.44Jd,5.8 Hz, 1H),

2.32 (s, 3H), .88 (dt,J= 14.5, 4.4 Hz, 1H), 1.21 {& 6.7 Hz, 3H).

I3C NMR (126 MHz,CRCI + Moy ®MZ MOT®nZ MOMPTZI MoOMDC Z

73.0, 65.8,64.7,34.1, 21.2, 15.7.
LRMS (ESI, pos. ionjfz calculated for €H24NaQS (M+Na) 3673, found: 367.32
HRMS (TOF MS ESwjz calculated for eH2sNaQS (M+Na) 367.1344, found: 367.1395

[]#3=-85.2174(c = 0.92, CI€b)

NapO STol
0

BnO

4.26
Tolyl 4-O-benzyt3-O-(naphthylmethyl)-1-thio-h -L.-boivinose Compound4.41 (207 mg, 0.600
mmol) was dissolved in 2 mL DMF and cooled 6.Godium hydride (60% wt in mineral oil, 48

mg, 1.20 mmol, 2 equiv.) was added as a solid and the reaction was stirfrednioutes. 2
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(bromomethyl}naphthalene (199 mg, 0.90 mmol, 1.5 equiv.) was added as a solid and the
reaction was stirred while gradually warming to room temperature. After the reaction was seen
to be complete by TLC (~2 hours), the reaction was quenchibd~&imL saturated ammonium
chloride and poured over water (~20 mL). The mixture was extracted with diethyl ether (3 x 10
mL), and the combined organic layers were washed with water (10 mL). The organic layer was
dried over sodium sulfate, filtered througtotton, and concentrated in vacuo. The crude

mixture was purified by flash chromatography on silica (0% ethyl acetate: hexanes to 3% ethyl

acetate:hexanes) to afford compoudd26 (226 mg, 91%).

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.80ynth4H), 7.54 (dd= 8.4, 1.7 Hz, 1H), 7.52
7.45 (m, 2H), 7.427.36 (m, 2H), 7.3¢ 7.21 (m, 5H), 7.09 (d= 7.8 Hz, 2H), 5.51 (d#k 6.2,
2.0 Hz, 1H), 4.89 (d= 12.2 Hz, 1H), 4.70 (qik 6.6, 1.8 Hz, 1H), 4.63 (& 12.2 K, 1H), 4.58
(d,J= 12.0 Hz, 1H), 4.48 (@ 12.0 Hz, 1H), 3.81 (@ 3.5 Hz, 1H), 3.323.26 (m, 1H), 2.48

(ddd,J= 14.6, 6.3, 3.3 Hz, 1K)31 (s, 3H)2.17 (dt,J= 14.6, 2.8 Hz, 1H), 1.22 (& 6.7 Hz, 3H).

13C NMR (126 MHz, CRCI + Moy ®H Z134v60183Mp 183.2vI8@6PIRT 7, 128.5, 128.4,

128.2,128.1, 128.0, 127.9, 126.5, 126.3, 126.1, 125.9, 83.8, 76.2, 73.1, 71.4, 71.2, 64.2, 30.7,

21.2, 16.6.

LRMS (ESI, pos. ion)z calculated for €iH:2NaQS (M+Na) 5020, found: 507.32

HRMS (TOF MES+)n/z calculated for €iHs2NaQS (M+Na) 507.1970, found: 507.1987
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[h]23=-204.5417(c = 0.80, C4Tb)

NapO OH
O

BnO
4.27

4-O-benzyt3-O-(naphthylmethyl)L-boivinose Compound4.26 (266 mg, 0.549 mmol) was
dissolved in 4.9 mL acetone and 0.5 mL water, and cooled@ RBbromosuccinimide (293
mg, 1.65 mmol, 3 equiv.) was added as a solid and the reaction was stirred while warming to
room temperature. When the reaction was seenb® complete by TLC, the reaction mixture
was concentrated in vacuo and partitioned between dichloromethane and saturated sodium
bicarbonate. The mixture was extracted with dichloromethane (3 x 15 mL), and the combined
organic layers were washed with waterl5 mL). The organic layer was dried over sodium
sulfate, filtered through cotton, and concentrated in vacuo. The crude mixture was then
purified by flash chromatography on silica (20% ethyl acetate: hexanes to 30% ethyl
acetate:hexanes) to afford compod4.27as a mixture of anomers as a thick oil (139 mg,

67%).

1H NMR (500 MHz, Chlorofordd 1 ¢ 7.89y(nap5H), 7.69 (d= 8.6 Hz, 2H), 7.50 (= 7.0,
3.3 Hz, 3H), 7.40 (ddz= 8.4, 1.7 Hz, 2H), 7.817.19 (m, 7H), 5.18 (ddz= 10.5, 2.9 Hz, 1H), 5.09
(ddd,J= 9.8, 7.5, 2.2 Hz, 1H), 4.894¢,10.4 Hz, 1H), 4.%24.66 (m, 2H), 4.68 4.44 (m, 5H),

4.37 (dJ= 6.7 Hz, 1H), 4.05 (d2 6.6, 1.6 Hz, 1H), 3.8B.81 (m2H), 3.26 ()= 2.4 Hz, 1H),
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3.15¢ 3.10 (m, 1H), 2.76 (d= 7.6 Hz, 1H), 2.15 (dt= 14.5, 3.6 Hz, 1H), 2.£2.05 (m, 1H),

1.90 (dt,J= 13.7, 1.8 Hz, 1H), 1.77 (ddg; 13.3, 9.8, 3.0 Hz, 1H), 1.£9.15 (m, 5H).

13C NMR (126 MHz, CRCI 1 .9,M356, 134.5, 133.2, 133.0, 129.0, 128.6, 128.4, 128.3, 128.2,

128.2, 128.2, 128.0, 127.9, 127.8, 127.8, 127.7, 126.7, 126.4, 126.3, 126.0, 125.5, 125.5, 125.3,

92.7,92.3,74.3,74.1,73.2,73.0,72.9,72.8, 72.2, 71.2, 69.6, 61.6, 33.2, 29.55.31.4, 1

LRMS (ESI, pos. ion)z calculated for exHeNaQ (M+Na) 401.17found: 401.19

HRMS (TOF MS ESwjz calculated for @&HeNaG, (M+Na) 401.1729, found: 401.1739

[M]&3=-12.9664(c = 1.09, CiT})

Olivose Acceptors:

‘1,, (@] 1, O

J/\J NaH (60%), Nap Br LJ PPhs+HBr OH
o - — > O
BnO . DMF, 0 °Ctort BnO y THF, H,0 Bn0$7PN
(:)H z NapO
ONap 4.43
3.65 4.42
BnO Y
éNap
4.42

4-0O-benzyt3-O-(2-naphthylmethyl)-L.-rhamnal Compound3.65(2.43 g, 11.0 mmol) was
dissolved in 25 mL DMF and cooled to 0 °C. Sodium hydride (883 mg, 0.22 mmol, 2 equiv) was

added as a solid and the reaction was stirred at 0 °C for ten minui{ggsoomethyl}
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naphthylene (3.66 g, 16.5 mmol, 1.5 equiv.) was adaked solid and the reaction was stirred
while warming to room temperature. After the reaction was complete as derermined by TLC,
the reaction was quenched with saturated ammonium chloride (~30 mL), and poured over
water (~100 mL). The aqueous mixture veatracted with ethyl acetate (3 x 100 mL), and the
combined organic layers were washed with 1M lithium chloride (~50 mL). The combined
organic layers were dried over sodium sulfate, filtered through cotton, and concentrated in
vacuo. The crude mixture wasughly purified by flash chromatography (0% ethyl
acetate:hexanes to 5% ethyl acetate hexanes) to remove the mospalam components, then

the semipure 4.42was taken as is to the next reaction.

OH

O
Bnow

NapO
4.43

4-O-benzyt3-O-(2-naphthylmethyl)-L-olivose The semyjpure compoundt.42was dissolved in
35.3 mL THF ar@54 mL DI water. Triphenylphosphine hydrobromide (698 mg, 1.22 mmol, 0.1
equiv) was added as a solid and the reaction was stirred at room temperature. Upon
completionof the reaction as determined by TLC (~1 hour), the reaction mixture was ppoured
over saturated sodium bicarbonate (=50 mL), and the aqueous layer was extracted with ethyl
acetate (3 x 50 mL). The combined organic layers were washed with brine (1 x S@ieal),
over sodium sulfate, filtered through cotton, and concentrated in vacuo. The crude mixture was

purified by flash chromatography (25% ethyl acetate:hexanes to 35% ethyl acetate:hexanes) to

afford compound4.43as a white solid (1.94 §( = 5:1), 466 over 2steps).

Data for majoih -anomer
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IH NMR (500 MHz, Chlorofordd 4 ¢ 7.7dyne, 4H), 7.46 (dd= 6.2, 3.3, 2.9 Hz, 3H), 7.88
7.27 (m, 5H), 5.35 (d= 3.6 Hz, 1H), 4.99 (@ 11.0 Hz, 1H), 4.84 (@ 11.7 Hz, 1H), 4.80 (@,
= 11.6 Hz, 1H), 4.70 @ 11.1 Hz, 1H), 4.07 (ddbk 11.4, 8.7, 4.9 Hz, 1H), 4.00 (dg,9.6, 6.2
Hz, 1H), 3.17 (= 9.1 Hz, 1H), 2.392.31 (m, 2H), 1.72 (ddddz= 13.3, 11.3, 3.6, 2.3 Hz, 1H),

1.29 (d,J= 6.2 Hz3H).

I3C NMR (126 MHz,CRCI 1+ Moy ®dy X MoCc PoZXZ MOODPpZI MOODPMI MHY

126.4,126.2, 126.0, 92.2, 84.5, 77.0, 75.3, 72.1, 67.6, 36.0, 18.4.

LRMS (ESI, pos. ion)z calculated for eHzeNaQ, (M+Na) 401.17found: 401.8

HRMS (TOF MS ESwjz calculated for &HsNaQ (M+Na) 401.1729, found: 401.3@

[M]&3=-4.6154(c =0.91, CHCb)

OH i. KHMDS, TTBP, THF, -78 °C
ii. TsCl, THF, -78 °C i
’ ’ 0 DDQ, B-pinene
o 27 - ~ ang LR 0PuP 00BN o7 opwp
NapO iii. KHMDS, PMP-OH, THF, -78 °C NapO CH,Cly, H,0 HO
4.43 4.44 4.32
9) PMP
Bnowo
NapO
4.44

4-methoxyphenyl4-O-benzyt3-O-(2-nephthylmethyl) -L-olivose Compoun4.44(1.0 g, 2.64
mmol) and TTBP (656 mg, 2.64 mmol) was dissolved in 21.4 mL THF and cet8é0 to
KHMDS, (1.0 M in THF, 2.7 mL, 2.64 mmol, 1 equiv) was added to the mixture which was stirred

at -78 °C. After ten minutes, a solution of TsCl (504 mg, 2.64 mmol, 1 equiv) in 11.2 mL THF,
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previously cooled ta78 °C, was transferred into the reaction by syringe. At the same time a
solution of PMPOH (328 mg, 2.64 mmol, 1 equiv) in 10.2 mL THF wasdctwoléd °C. KHMDS
(1.0M in THF, 2.7 mL, 1 equiv) was added to the solution of®M®hich was held stirring at
78 °C. Fifteen minutes after adding the TsCl, the solution of £MPand KHMDS was
transferred into the reaction mixture via syringe and tleaction was stirred while gradually
warming from-78 °C to ~0°C over two hours. After completion of the reaction as determined
by TLC, the reaction was quenched with ~5 ml saturate ammonium chloride. The reaction
mixture was concentrated in vacuo, and tbeide mixture was roughly purified by flash
chromatography (10% ethyl acetate:hexantsafford 840 mg of senpure 4.44. *H NMR of
the semipure mixture confirmed the presence of theanomer only. The partially purified

mixture was taken to the next estion.

BnOWOPMP

HO
4.32

4-methoxyphenyl 40-benzyb -L-olivose Semicrude compoundt.44(840mg, 173 mmol) was
dissolved in 85 mL CHCbk and8.2mL HO withi -pinene (0.8 mL, 589 mmol, 3.4 equiv). DDQ

(787 mg, 347 mmol, 2 equiv) was added as a solid and the reaction was stirred for 90 minutes
until starting material was consumed as determined by TLC. The reaction was diluted with 150
mL CHCb, and washed with 2M sodium hydroxide (2 x 100 mL). The aqueous layer&aak
extracted with CECh (100 mL), and the combined organic layers were washed with water (100
mL). The organic layer was dried over sodium sulfate, filtered through cotton, and concentrated

in vacuo. The crude mixture was purified by flash chromatplyy on silica (25% ethyl acetate
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hexanes) to afford compoundl32as a yellow solid. Compoudd32was further purified by
recrystallizationthe compoundwas dissolved in a minimum of ¢#, and diluted with
hexanes until solid began to precipitate. T$wid was collected by vacuum filtration and dried

under high vacuum) to afford pure32as a white solid @0 mg, D% over 2 steps)

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.29r(n# 5H), 7.0§6.93 (m, 2H), 6.8§6.78 (m,
2H), 5.01 (ddj= 9.7, 2.2 Hz, 1H), 4.80 (& 11.4 Hz, 1H), 4.72 @ 11.3 Hz, 1H), 3.833.76
(m, 1H), 3.76 (s, 3H), 3.46 (de; 9.2, 6.2 Hz, 1H), 3.084t 8.9 Hz, 1H), 2.36 (ddik 12.5, 5.1,

2.2 Hz, 1H), 2.20 (dz= 3.4 Hz, 1H), 1.88 (td= 12.1, 9.6z, 1H), 1.42 (d= 6.2 Hz, 3H).

B3CNMR (126 MHz,CRCI 4+ Mpp ®PMZ MpMPOZ MOYDPHI MHYDPYyZI MHY

75.3,71.5,71.2,55.7, 38.8, 18.5.

LRMS (ESI, pos. ion)z calculated forGoHz24NaG (M+Na)367.15 found:367.17

HRMS (TOF MS ESw)z calculated fortGoH4NaG (M+Na)367.1521 found:367.1529

[h]<#3=13.6303(c =5.50, CHCb)

i. KHMDS, TTBP, THF, -78 °C

BnO 0 ii. TsCl, THF, -78 °C /ﬂ DDQ, p-pinene
Napg&k - ,Eilggo OPMP ———————— BnQ~ O opvp

OH iii. KHMDS, PMP-OH, THF, -78 °C CH2Clp, H20
2.07 4.28 4.31

FA
NapO OPMP

4.28
4-methoxyphenyl4-O-benzyt3-O-(2-naphthylmethyl) -p-olivose Compound2.07(1.0 g, 2.64

mmol) and TTBP (656 mg, 2.64 mmol) was dissolved in 21.4 mL THF and cex8é@ to
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KHMDS, (1.0 M in THF, 2.7 mL, 2.64 mmol, 1 pgas added to the mixture which was stirred
at -78 °C. After ten minutes, a solution of TsCl (504 mg, 2.64 mmol, 1 equiv) in 11.2 mL THF,
previously cooled ta78 °C, was transferred into the reaction by syringe. At the same time a
solution of PMPOH (328ng, 2.64 mmol, 1 equiv) in 10.2 mL THF was cooled3eC. KHMDS
(1.0M in THF, 2.7 mL, 1 equiv) was added to the solution of®M®hich was held stirring at
78 °C. Fifteen minutes after adding the TsCI, the solution of £MPand KHMDS was
transferred into the reaction mixture via syringe and the reaction was stirred while gradually
warming from-78 °C to ~0°C over two hours. After completion of the reaction as determined
by TLC, the reaction was quenched with ~5 ml saturate ammonium chloride. ddt®nre
mixture was concentrated in vacuo, and the crude mixture waghlypurified by flash
chromatography (10% ethyl acetate:hexanedjording 760 mg of senpiure 4.28 *H NMR of
the semicrude mixture confirmed the presence of theanomer only. Theartially purified
mixture was taken to the next reactioRull characterization data given below for small scale

reaction.

B”ﬂoﬁ&opmp

4.31
4-methoxyphenyl 40-benzyb -D-olivose Semicrude compoundt.28(760 mg, 1.56 mmol) was
dissolved in 149 mL @Eb and 7.5 mL kO withi -pinene (0.83 mL, 5.30 mmol, 3.4 equiv). DDQ
(712 mg, 3.14 mmol, 2 equiv) was added as a solid and the reaction was stirred for 90 minutes
until starting material was consumed as danined by TLC. The reaction was diluted with 150
mL CHCb, and washed with 2M sodium hydroxide (2 x 100 mL). The agueous layers were back

extracted with CECh (100 mL), and the combined organic layers were washed with water (100
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mL). The organic layeras dried over sodium sulfate, filtered through cotton, and concentrated
in vacuo. The crude mixture was purified by flash chromatography on silica (25% ethyl acetate
hexanes) to afford compoundl31as a yellow solid. Compoudd31was further purified by
recrystallization4.31was dissolved in a minimum of €24, and diluted with hexanes until

solid began to precipitate. The solid was collected by vacuum filtration and dried under high

vacuum) to afford puré.31as a white solid (333 m§,/% over 2 step)

'H NMR (500 MHz, Chlorofordd {+ ¢ 7.29r{nm, 5H), 7.0 6.93 (m, 2H), 6.8§6.78 (m,
2H), 5.01 (ddJ=9.7, 2.2 Hz, 1H), 4.80 (& 11.4 Hz, 1H), 4.72 (@ 11.3 Hz, 1H), 3.833.76
(m, 1H), 3.76 (s, 3H), 3.46 (d¢; 9.2, 6.2 Hz, 1H), 8(t, J= 8.9 Hz, 1H), 2.36 (dd#k 12.5, 5.1,

2.2 Hz, 1H), 2.20 (dz= 3.4 Hz, 1H), 1.88 (td= 12.1, 9.6 Hz, 1H), 1.42 (& 6.2 Hz, 3H).

I3CNMR (126 MHz,CRCl 1+ Mpp ®MZ MpMPOZ MOYDPHI MHYDPYyI MHY

75.3,71.5,71.2,55.7, 38.8, 18.5.

LRMS (ESI, pos. ion)fz calculated forGoHz4sNaG (M+Na)367.15 found:367.18

HRMS (TOF MS ESwjz calculated forGoHz4NaG (M+Na)367.1521 found:367.1532

[]<#3=-2.4638(c =1.61, CHC})
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Generalglycosylation | (with PMFOH Acceptor)

Donor (0.10 mmol) and TTBP (0.10 mmol) were dissolved in 0.81 mL THF and cet8ég to

The sulfonyl chloride (0.10 mmol) was dissolved in 0.42 mL THF and coel@i@o The

acceptor alcohol (0.20 mmol) was dissed in 0.38 mL THF and cooled18 °C. KHMDS (1.0 M

in THF, 0.10 mL) was added to the donor solution, and KHMDS (1.0M in THF, 0.10 mL) was
added to the acceptor solution. Both were kept stirring &8 °C. After ten minutes, the

solution of sulfonyl cloride was transferred via syringe into the donor solution. This reaction
was the stirred at78 °C for ten minutes. The acceptor solution was then transferred via syringe
and added quickly into the reaction flask. When the reaction was seen to be conby|&ieC

(~1 hour), the reaction was quenched with 0.5 mL saturated ammonium chloride and the
reaction was poured over water. The mixture was extracted with dichloromethane (3 x 10 mL),
and the combined organic layers washed with water (~10 mL). The otggarovas then dried

with sodium sulfate, filtered through cotton, and concentrated in vacuo. The crude mixture was

then purified by flash chromatography to afford the pure compounds.

mo
o) OPMP

Nap
4.28
4-methoxyphenyl4-O-benzyt3-O-(2-naphthylmethyl) -D-olivose Compound4.28was
prepared according to the general glycosylation proceddrerh olivose donoR.07. The crude
mixture was purified via flash chromatography on silica (10% ethyl acetate:hexanes) to afford

compound4.28as a white solid (39.6 mg, 82%)
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IH NMR (500 MHz, Chlorofordd ¢ 7.78ync, 3H), 7.897.74 (m, 1H), 7.54 7.43 (m,
3H), 7.38 7.27 (m, 5H), 6.9 6.91 (m, 2H), 6.886.77 (m, 2H), 5.01 (d= 10.9 Hz, 1H), 4.95
(dd,J= 9.8, 2.1 HzLH), 4.88 (dJ= 11.9 Hz, 1H), 4.79 (@ 11.9 Hz, 1H), 4.71 (@ 10.9 Hz,
1H), 3.76 (s, 3H), 3.763.70 (m, 1H), 3.5¢ 3.41 (m, 1H), 3.25 (8= 9.0 Hz, 1H), 2.53 (ddE

12.4,5.1, 2.1 Hz, 1H), 1.92 (8 12.0, 9.8 Hz, 1H), 1.38 {& 6.2 Hz, 3H).

I3C NMR (126 MHz,CRCl 4+ Mpp PHZ MpMPOoZ Moy dcZ MOpDPPEI MOO
127.9, 127.9, 126.6, 126.3, 126.1, 126.0, 118.0, 114.6, 98.5, 83.7, 79.1, 75.5, 71.8, 71.7, 55.8,

37.1, 18.5.

LRMS (ESI, pos. iom)/z calcdated for GiHz20sNa (M+Na) 507.2Found: 507.42

HRMS (TOF MS ESmjz calculated for iHs2OsNa (M+Na) 507.2147, found: 507.2161

[M]3=-11.2131 (c = 3.16, GEL)

OPMP
O

Bno ONap
4.29
4-methoxyphenyl4-O-benzyt3-O-(2-naphthylmethyl)-" /i -D-oliose Compound4.29was
prepared according to the general glycosylation proceddrerh oliose dono#.23. The crude
mixture was purified by flash chromatography on silica (8% ethyl acetate:hexanes) to afford

compaund4.29" and4.29 .
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Alpha product

IH NMR (500 MHz, Chlorofordd + ¢ 7.08ynth4H), 7.54 7.44 (m, 3H), 7.44 7.39 (m,

2H), 7.36¢ 7.30 (m, 2H), 7.307.25 (m, 1H), 7.0§6.93 (m, 2H), 6.886.75 (m, 2H), 5.59 (d,

= 3.5 Hz, 1H), 5.03 (@ 11.7 Hz, 1H), 4.85 (d= 12.1 Hz, 1H), 4.81 (@ 12.3 Hz, 1H), 4.76 (d,
J=11.6 Hz, 1H), 4.17 (ddbk 12.0, 4.7, 2.5 Hz, 1H), 3.96Jg,6.5 Hz, 1H), 3.76 (s, 3H), 373
3.68 (m, 1H), 2.38 (td= 12.4, 3.7 Hz, 1H), 2.22 (d¢; 12.7, 4.6 Hz,H), 1.16 (d)= 6.5 Hz,

3H).

I3C NMR (126 MHz,CRCl + Mpn ®TZ MPpMPHZEZ MOoPPNZI MoOC PHZ
127.9,127.7,126.3, 126.1, 126.0, 125.6, 117.7, 114.6, 97.5, 75.9, 75.3, 74.6, 70.8, 67.7, 55.8,

31.0,17.4.

LRMS (ESI, pos. ion)fz calculated for €iHs20sNa (M+Na) 507.2%ound: 507.41

HRMS (TOF MS ESmjz calculated for iHs,OsNa (M+Na) 507.2147, found: 507.2167

[M]&3=-34.5912 (c = 1.08, GEL)

Beta product:

'H NMR (500 MHz, Chlorofordd {+ ¢ 7.13dmp 4H), 7.58 7.46 (m, 3H), 7.46 7.40 (m,

2H), 7.36; 7.25 (m, 3H), 7.0§6.93 (m, 2H), 6.8¢ 6.74 (M, 2H), 5.03 (d= 11.9 Hz, 1H), 4.90

(dd,J= 9.8, 2.3 Hz, 1H), 4.84+.73 (m, 3H), 3.75 (s, 3H), 3.66 (ddid,12.1, 4.5, 2.6 Hz, 1H),
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3.60¢ 3.56 (m, 1H), 3.48 (4= 6.5 Hz, 1H), 2.35 (td= 12.1, 9.7 Hz, 1H), 2.24 (d& 12.2, 3.5

Hz, 1H), 1.26 (d= 6.4 Hz, 3H).

I3CNMR (126 MHz, CRLClI + Mpp ®PnZ MpMdPCcI MOPDPNZI MoOop P
127.9, 127.6126.4, 126.2, 126.1, 125.6, 118.3, 114.5, 99.3, 77.7, 74.5, 71.2, 70.5, 55.8, 32.4,

17.4.

LRMS (ESI, pos. ionj/z calculated for giHs2OsNa (M+Na) 507.2%ound: 507.60

HRMS (TOF MS ESwjz calculated for €:Hz2OsNa (M+Na) 507.2147, found: 507.2163

[M]23=-6.6374(c = 1.14, CiTb)
ONap_opmp

0
OBn
4.30
p-methoxyphenyl 40-benzyt3-O-(2-napthylmethyl)-h /i -L-boivinose Compound4.30was
prepared from boivinose dongt.27following the general glycosylation procedure I. The crude

mixture was purified by flash chromatography on silica (15% ethyl acetate:hexanes) to afford

4.30"/i as a mixture of anomers

NMR Data for majoh -product
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IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.7@ynth4H), 7.58 7.52 (m, 1H), 7.49 (td= 6.7,
4.9, 3.4 Hz, 2H), 7.347.22 (m, 5H), 7.06 7.00 (m, 2H), 6.866.78 (m, 2H), 5.5¢ 5.47 (m,
1H), 4.96 (dJ= 11.8 Hz, 1H), 4.6%4.60 (m, 2H), 4.53 (d= 12.0 Hz, 1H), 4.504.44 (m, 1H),
3.90(q,J= 3.5 Hz, 1H), 3.77 (s, 3H), 3.33#2.5 Hz, 1H), 2.292.16 (m, 2H), 1.16 (d= 6.6

Hz, 3H).

I3C NMR (126 MHz,CRCl + Mpn ®pZ MpMPYyZ MOYyDPHZEI MOCDPHZI MOO

128.0, 127.9, 126.4, 126.2, 126.0, 125.9, 11714,6, 96.2, 76.3, 73.1, 71.2, 70.6, 63.6, 55.8,

28.2, 16.7.

LRMS (ESI, pos. iom)/z calculated for &iHz2OsNa (M+Na) 507.2%ound: 507.44

HRMS (TOF MS ESmjz calculated for iHs2OsNa (M+Na) 507.2147, found: 507.2169

[n]23=-43.9943(c = 1.16 CHCb)
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General glycosylation procedure Il (wittf L-olivose C3 Acceptor)
Donor (0.10 mmol) and TTBP (0.10 mmol) were dissolved in 0.81 mL THF and cet8ég to
The sulfonyl chloride (0.10 mmol) was dissolved in 0.42 mL THF and coel@i@o The
acceptor alcohol (0.120 mmol) was dissolved in 0.38 mL THF and coefé&f@ KHMDS (1.0 M
in THF, 0.10 mL) was added to the donor solution, and 0.10 mL was added to the acceptor
solution. Both were kept stirring af8 °C. After ten minutes, the solution of sulfonyl chloride
was transferred via syringe into the donor solutidiis reaction was the stirred at8 °C for
ten minutes. The acceptor solution was then transferred via syringe and added quickly into the
reaction flask. When the reaction was seen to be complete by TLC (~1 hour), the reaction was
guenched with 0.5 mL satated ammonium chloride and the reaction was poured over water.
The mixture was extracted with dichloromethane (3 x 10 mL), and the combined organic layers
washed with water (~10 mL). The organic layer was then dried with sodium sulfate, filtered
through cotton, and concentrated in vacuo. A rough flash chromatography was performed on
the crude mixture to separate the glycosylation products from the remaining starting materials
and nonpolar byproducts (25% ethyl acetate:hexanes)}:HANMR spectra was ohteed to
determine the anomeric ratio of the product glycoside. The spane mixture was then fully
purified (with conditions as noted for each compound) by flash chromatography to afford the
pure compounds.

Bnow&opw

NapO

4.33
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p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl) -D-olivosyl}H -D-
olivose Compound4.33was prepared according to the general Il with the following
modifications: 0.15 mmol dondt.07was dissolved in 1.35 mL THF, 0.15 mmol tosyl chloride
was dissolved in 1.0 mL THF, and 0.10 mradiMdse acceptod.21was dissolved in 1.15 mL
THF. The cde reaction mixture was purified by flash chromatography on silica (5% ethyl

acetate:hexanes to 18% ethyl acetate:hexanes).

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.73ynt, 4H), 7.5 7.40 (m, 5H), 7.387.26 (m,
8H), 6.97¢ 6.90 (m, 2H), 6.84 6.76 (m 2H), 5.06 (d)= 10.6 Hz, 1H), 4.99 (@ 10.9 Hz, 1H),
4.95 (ddJ= 9.8, 2.1 Hz, 1H), 4.85 (t 11.9 Hz, 1H), 4.76 (@ 11.8 Hz, 1H), 4.70 (@ 10.9
Hz, 1H), 4.64 4.57 (m, 2H), 4.10 (ddd= 11.7, 8.7, 5.2 Hz, 1H), 3.76 (s, 3H), 3.68, (kl 11.6,
8.6, 5.0 Hz, 1H), 3.503.41 (m, 1H), 3.383.30 (m, 1H), 3.19 (8= 8.9 Hz, 1H), 3.14 (= 8.9
Hz, 1H), 2.43 (ddd= 12.9, 5.4, 2.3 Hz, 1H), 2.37 (ddd,12.5, 5.1, 2.0 Hz, 1H), 1.80 (¢,

12.1, 9.8 Hz, 1H), 1.70 (it 12.1,9.7 Hz, 1H), 1.37 (d= 6.1 Hz, 3H), 1.34 (@ 6.1 Hz, 3H).

13C NMR (126 MHz, CRCl + Mpp ®MZI MpMDPOoI Moy dyI Moy dc X

128.2, 128.0, 127.9, 127.8, 127.8, 126.5, 126.2, 126.0, 125.9, 118.0, 114.6, 98.3, 96.0, 84.0

82.1,79.3,75.9,75.4,75.0, 71.6, 71.6, 55.7, 37.7, 36.5, 18.5, 18.4.

LRMS (ESI, pos. ionjz calculated for @HigOsNa (M+Na) 727.3Zound: 727.42

HRMS (TOF MS ESmjz calculated for GHisOsNa (M+Na) 727.3247, found: 727.3245
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[M]&3=-14.5662(c = 3.65, CiT})

Bno 5L/ OFMP
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4.34
p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)} -D-olivosyl} -L-
olivose Compound4.34was prepared according to the general Il with the following
modifications: 0.15 mmol dond.07was dissolved in 1.35 mL THF, 0.15 mmol tosyl chloride
was dissolved in 1.0 mL THF, and 0.10 mrotivose acceptod.32was dissolved in 1.15 mL
THF. The cde reaction mixture was purified by flash chromatography on silica (5% ethyl

acetate:hexanes to 18% ethyl acetate:hexanes).

IH NMR (500 MHz, Chlorofordd ¢ ¢ 7.7ynp, 2H), 7.7 7.70 (m, 2H), 7.487.42 (m,

3H), 7.35 7.24 (m, 10H), 6.966.92 (n, 2H), 6.84 6.77 (m, 2H), 5.0¢ 4.93 (m, 2H), 4.8Q
4.73 (m, 2H), 4.72.4.60 (m, 4H), 3.883.76 (m, 1H), 3.76 (s, 3H), 3.56 (ddd,11.6, 8.7, 5.0
Hz, 1H), 3.43 (dg= 9.3, 6.2 Hz, 1H), 3.30 (diF; 9.2, 6.2 Hz, 1H), 3.15J& 9.0 Hz, 2Hp.52
(ddd,J=12.8, 5.2, 2.1 Hz, 1H), 2.26 (ddd,12.5, 5.1, 2.0 Hz, 1H), 1.96 (¢, 12.3, 9.9 Hz, 1H),

1.66 (td,J= 12.0, 9.7 Hz, 1H), 1.36 {& 6.2 Hz, 3H), 1.32 (@ 6.1 Hz, 3H).

BCNMR (126 MHz,CRClI + Mpp ®HXI Mp MOri3B.4,M38)0, 4285, 1R8Ey1E8MHBY MO C
128.2,128.0, 128.0, 127.9, 127.8, 127.8, 126.5, 126.3, 126.0, 125.9, 118.2, 114.6, 101.2, 98.5,
84.2,83.7,79.9,79.3,75.5, 71.7, 71.6, 71.5, 55.8, 39.2, 37.5, 18.4.
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LRMS (ESI, pos. ion)fz calculated for axHisOsNa (M+Na) 727.3Zound: 727.43
HRMS (TOF MS ESwjz calculated for GHisOsNa (M+Na) 727.3247, found: 727.3250

[M]#=-0.6628(c = 1.71, Ci€})

0
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4.35
p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)}h -L-digitoxosyl} -D-
olivose
Compound4.35 was prepared according to general glycosylation procedure Il, using digitoxose
donor 3.67andD-olivose accepto#.31 Selectivity as measured bgmipure 'H NMR was 16:1
(h:). The sempure mixture was purified by flash chromatography on silica to afford

compound4.35(36.3 mg5199.

Characterization data for majéranomer.

IH NMR (500 MHz, Chlorofordd { ¢ 7.0xnap2H), 7.74 7.67 (m,1H), 7.64c 7.58 (m,
1H), 7.51¢ 7.45 (m, 1H), 7.487.38 (m, 2H), 7.4& 7.25 (m, 7H), 7.22 7.12 (m, 3H), 6.98
6.90 (m, 2H), 6.846.77 (m, 2H), 5.16 (d= 10.3 Hz, 1H), 5.02 (@& 4.4 Hz, 1H), 4.96 (dit

9.8, 2.0 Hz, 1H), 4.92 @ 12.4 H, 1H), 4.73 (dl= 12.4 Hz, 1H), 4.64 @ 11.7 Hz, 1H), 4.53
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(dg,Jd= 9.3, 6.1 Hz, 1H), 4.43 (5 11.7 Hz, 1H), 4.29 (@ 10.3 Hz, 1H), 4.094.03 (m, 1H),
3.99 (dddJ= 11.4, 8.7, 4.9 Hz, 1H), 3.76 (s, 3H), 3.44)&§,2, 6.1 Hz, 1H), 3.20 (d&; 9.4,
3.1 Hz, 1H), 3.11 @= 9.0 Hz, 1H), 2.53 (ddik 12.4, 5.0, 2.1 Hz, 1H), 2.36 (dd,14.8, 3.1 Hz,

1H), 1.84c 1.71 (m, 2H), 1.30 (d= 6.1 Hz, 3H), 1.18,(J= 6.3 Hz, 3H).

I3C NMR (126 MHz,CRCI + Mpp ®MZ MpMPOoZ MOy dPTZ MOy dp =z
128.0,127.9, 127.7, 127.6, 127.5, 126.6, 126.2, 126.1, 125.8, 118.1, 114.6, 98.5, 91.4, 82.3,

80.5, 75.2,73.2,71.8,71.2, 70.6, 70846 55.7, 35.5, 32.6, 18.3, 18.2.
LRMS (ESI, pos. ionj/z calculated for @HigOsNa (M+Na) 727.3Found: 727.44
HRMS (TOF MS ESwjz calculated for @iHisOsNa (M+Na) 727.3247, found: 727.3257

[]&3=-38.4509(c = 3.12, CiT})

8n0Z5Q7 ~OPMP
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4.36
p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)}h -.-digitoxosylH -L-
olivose
Compound4.36was prepared according to general glycosylation procedure Il using dixitoxose

donor3.67andL-olivose accepto#.32 Selectivity measured by seqmirre *H NMR was 11:1
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(h:). The compound was purified by flash chromatography on silica gel (10% ethyl

acetate:hexanes to 15% ethyl acetate:hexanes) to afford compduB®i(38.1 mg 54%)

Characterizatio for majorh -anomer:

'H NMR (500 MHz, Chlorofordd 1 ¢ 7.703\(ny, 4H), 7.587.51 (m, 1H), 7.5 7.42 (m,
2H), 7.34¢ 7.21 (m, 10H), 7.006.93 (m, 2H), 6.87 6.78 (M, 2H), 5.064.97 (m, 2H), 4.87 (d,
= 12.5 Hz, 1H), 4.76 @ 11.2 Hz, 1H%.70 (d,J= 12.5 Hz, 1H), 4.62 (@ 12.0 Hz, 1H), 4.57
(d,J=11.2 Hz, 1H), 4.494.41 (m, 2H), 3.92 (d= 3.3 Hz, 1H), 3.76 (s, 3H), 37&B71 (M, 1H),
3.44 (dgJ= 9.4, 6.1 Hz, 1H), 3.£8.11 (m, 2H), 2.52 (dddz= 12.7, 5.2, 2.1 Hz, 1127 (dd,J
=14.9, 3.7 Hz, 1H), 2.05 (&t 12.2, 9.8 Hz, 1H), 1.65 (ddd; 14.8, 4.8, 3.4 Hz, 1H), 1.31Jd,

6.1 Hz, 3H), 1.27 (d= 6.4 Hz, 3H).

I3C NMR (126 MHz, CREClI + Mpp ®d®MZI MpMDPoI Moy dPcX MoydnXI MocC

128.0, 127.9, 127.8, 127.7, 126.3, 126.2, 126.0, 125.9, 118.1, 114.6, 98.8, 98.5, 83.9, 80.0, 79.7,

75.3, 71.6, 70.9, 70.5, 69.5, 63.7, 55.7, 39.2, 32.3, 18.4, 18.2.

LRMS (ESI, pos. ion)z calculated for @HisOsNa (M+Na) 727.3%ound: 727.44

HRMS (TOF MS ESmw)z calculated for @zHisOsNa (M+Na) 727.3247, found: 727.3251

[1122=-35.3434(c = 3.30, Ci€})
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4.37
p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)}h -L-oliosyl)}" /i -D-
olivose
Compound4.37was prepared according to general glycosylation procedure Il, usihgse
donor 4.23andD-olivose accepto#.31
p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)-h -L-oliosyl} -D-olivose
(4.371)

IH NMR (500 MHz, Chlorofordd  +  mm, 4M), 7.5197.41 (m, 3H), 7.39 (d= 7.0 Hz, 1H),
7.35¢ 7.16 (m, 7H), 7.041, 2H), 6.98; 6.90 (m, 2H), 6.84 6.76 (M, 2H), 5.18 (d= 3.4 Hz,
1H), 5.00; 4.93 (m, 2H), 4.76 (= 12.3 Hz, 1H), 4.%34.65 (m, 2H), 4.54 (d= 11.3 Hz, 1H),
4.47 (dJ=11.2 Hz, 1H), 3.89 (ddi; 12.0, 4.6, 2.5 Hz, 1H), 383.79 (m, 2H), 3.76 (s, 3H),
3.47¢ 3.38 (m, 2H), 3.06 (8= 9.1 Hz, 1H), 2.51 (dd# 12.4, 5.0, 2.2 Hz, 1H), 2.25 (1¢,12.4,
3.6 Hz, 1H), 2.00 (dd= 12.6, 4.4 Hz, 1H), 1.70 (& 11.9, 9.8 Hz, 1H), 1.29 (& 6.2 Hz, 3H),

1.02 (d,J= 6.5 Hz, 3H).
3C NMR (126 MHz,CRCl + Mpp PHIE MpMDPOoI MOPDPNI Moy o X

128.3, 127.9, 127.8, 127.7, 127.6, 127.5, 126.3, 126.3, 126.0, 125.6, 118.1, 114.6, 98.5, 92.9,

82.8,76.0,75.2,78,74.6, 72.8,71.7,70.4,67.0, 55.8, 35.4, 30.5, 18.4, 17.2.
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LRMS (ESI, pos. ion)fz calculated for axHisOsNa (M+Na) 727.3Zound: 727.42

HRMS (TOF MS ESmjz calculated for GHisOsNa (M+Na) 727.3247, found: 727.3241

[]<3=-48.9583(c = 064, CHCb)
p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)} -L-oliosyl)y -D-olivose
(4.37)

IH NMR (500 MHz, Chlorofordd + ¢ 7.81\np4H), 7.587.37 (m, 5H), 7.367.23 (m,
8H), 6.98 6.90 (m, 2H), 6.84 6.75 (m, 2H), 5.02 4.91 (m, 2H), 4.864.75 (m, 2H), 4.74
4.63 (m, 3H), 4.59 (dd= 9.7, 2.2 Hz, 1H), 3.83.71 (m, 4H), 3.52 3.45 (m, 2H), 3.46 3.37
(m, 1H), 3.31 (q]= 6.4 Hz, 1H), 3.17 (= 9.1 Hz, 1H), 2.55 (dd#; 13.0, 5.0, 2.1 Hz, 11)12

(g,J= 10.9 Hz, 1HR.06¢ 1.93 (m, 2H), 1.35 (d= 6.1 Hz, 3H), 1.18 (@ 6.3 Hz, 3H).

3CNMR (126 MHz, CRClI + Mpp ®MZI mMp M@ i33.4,M3B8, 028X, 1R8GY1IEBHBY MO C

128.4, 128.3, 128.0, 127.9, 127.9, 127.9, 127.7, 126.4, 126.1, 126.1, 125.5, 118.2, 114.6, 102.1,

98.7, 84.0, 80.0, 78.0, 75.4, 74.8, 74.4, 74.2, 71.6, 71.0, 70.5, 55.8, 39.2, 32.9, 18.4, 17.5.

LRMS (ESI, pos. ion)z calculated for GyHisOsNa (M+Na) 727.3%ound: 727.41

HRMS (TOF MS ESwjz calculated for @HigOsNa (M+Na) 727.3247, found: 727.3288

[M1&3=-8.5302(c = 1.27, Ci€})
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p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl}h k-i-oliosylH -L-
olivose
Compoun4.38was prepared according to general glycosylation procedure Il. Thememi
mixture was purified by flash chromatography on silica gel (10% ethyl acetate:hexanes to 20%
ethyl acetate:hexanes) to afford compoudd38as an inseparable mixture of anomers.
Data for majori -anomer
IH NMR (500 MHz, Chlorofordd  { ¢ 7.83\(ny, 4H), 7.54 7.37 (m, 6H), 7.3¢7.17 (m,
7H), 6.98; 6.89 (m, 2H), 6.84 6.76 (m, 2H), 5.10 (d= 10.4 Hz, 1H), 5.05 (@ 11.8 Hz, 1H),
5.00 (d,J= 11.8 Hz, 1H), 4.94 (d#: 9.7, 2.1 Hz, 1H), 4.834.69 (m, 3H), 4.62 4.55 (m, 2H),
4.17¢ 4.08 (m, 1H), 3.76 (m, 4H), 3.68.58 (m, 1H), 3.56 (d= 2.6 Hz, 1H), 3.15 (= 8.9 Hz,
1H), 2.47 2.39 (m, 1H), 2.262.12 (m, 1H), 2.1§2.05 (m, 1H), 1.9¢ 1.77 (m, 1H), 18(d,J

= 6.1 Hz, 3H), 1.25 (@ 6.5 Hz, 3H).

13C NMR (126 MHz, CRCl + Mpp ®MZI MpMDPOoI MOPDPOoXI MOy T X
128.1, 128.0, 128.0, 127.9, 127.7, 127.5, 126.3, 126.2, 126.1, 125.5, 118.0, 114.6, 98.4, 96.8,
82.2,77.9,%.5,75.3,75.1, 74.6,71.6, 71.1, 70.4, 55.8, 36.6, 32.9, 18.5, 17.5.

Data for 1:2 ({:i @ixture of anomers

LRMS (ESI, pos. ion)iz calculated for @yHigOsNa (M+Na) 727.3Found: 727.44
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HRMS (TOF MS ESwjz calculated for @HisOsNa (M+Nay27.3247, found: 727.3269

[M1&3=-1.7931(c = 2.90, Ci€})
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p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl}h k-i-boivinosyl} -D-
olivose
Compound4.39was prepared according to general glycosylation procedure Il. Thememi
product mixture was purified by flash chromatography on silica gel (0% diethyl
ether:dichloromethane to 2% diethyl ether:dichloromethane).
p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyl-4-O-(2-naphthylmethyl}-h -L-boivinosyl} -D-
olivose(4.39")
IH NMR (500 MHz, Chlorofordd + ¢ 7.79ynm 1H), 7.787.73 (m, 2H), 7.70 (s, 1H), 750
7.44 (m, 2H), 7.39 (ddz= 8.5, 1.7 Hz, 1H), 7.807.18 (m, 8H), 7.141(, 2H), 6.9% 6.91 (m, 2H),
6.84¢ 6.77 (m, 2H), 5.08 (d= 4.4 Hz, 1H), 5.05 (@ 11.1 Hz1H), 4.98 (ddJ= 9.8, 2.1 Hz,
1H), 4.74 (d)= 12.1 Hz, 1H), 4.624.52 (m, 2H), 4.46 4.34 (m, 3H), 4.00 (ddd= 11.5, 8.9,
4.9 Hz, 1H), 3.84.3.72 (m, 4H), 3.45 (dd= 9.2, 6.1 Hz, 1H), 3.18Jt 2.4 Hz, 1H), 3.12 (=
9.0 Hz, 1H), 2.521dd, J= 12.3, 5.0, 2.1 Hz, 1H), 2.10 (1#,14.9, 4.4 Hz, 1H), 2.Q2.94 (m,

1H), 1.76 (tdJ= 11.9, 9.9 Hz, 1H), 1.28 {d; 6.1 Hz, 3H), 1.06 (@ 6.6 Hz, 3H).
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I3CNMR (126 MHz, CRCl + Mpp ®MZ MpM®Po I MO yleapri28:20 32814 = Mo p

127.9, 127.8, 127.8, 127.3, 126.8, 126.2, 126.1, 126.0, 118.0, 114.6, 98.4, 91.8, 82.3, 76.2, 74.7,

73.2,72.9,71.7,71.0,62.6, 55.7, 35.5, 28.6, 18.3, 16.7.

LRMS (ESI, pos. ion)z calculated for @HsigOsNa (M+Na) 727.3Zound 727.41

HRMS (TOF MS ESwjz calculated for @HisOsNa (M+Na) 727.3247, found: 727.3289

[P]23=-26.1538(c = 2.47, CiE})

p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)} -L-boivinosyl} -D-
olivose(4.39)

IH NMR (500 MHL hloroformd( 1 ¢ 7.81y\(nm, 1H), 7.79%, 2H), 7.63 (s, 1H), 7.537.46
(m, 2H), 7.35m, 3H), 7.2%; 7.15 (m, 8H), 6.986.91 (m, 2H), 6.84 6.76 (m, 2H), 5.07 (dd=
9.5, 2.5 Hz, 1H), 4.97 (di 10.0, 2.0Hz, 1H), 4.90 (d= 10.7 Hz, 1H), 4.63 (@ 10.8 Hz, 1H),
4.59 (dJ=12.3 Hz, 1H), 4.55 (@ 12.3 Hz, 1H), 4.51 (@ 12.2 Hz, 1H), 4.46 @ 12.4 Hz,
1H), 3.98 (g = 6.6 Hz, 1H), 3.85 (ddit 11.9, 8.8, 5.0 Hz, 1H), 3.80Jd,3.1 Hz1H), 3.76 (s,
3H), 3.42 (ddJ= 9.2, 6.1 Hz, 1H), 3.16 Jt 9.1 Hz, 1H), 3.09 (@ 2.9 Hz, 1H), 2.632.54 (m,

1H), 2.04; 1.87 (m, 3H), 1.35 (d= 6.2 Hz, 3H), 1.21 (@ 6.5 Hz, 3H).
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13C NMR (126 MHz, CRCI + ™M p p © ™M Z138Wp1@507n 183.3v18%.1912& 6, 128.5, 128.4,
128.4, 128.2, 128.0, 127.9, 127.9, 126.4, 126.3, 126.1, 125.6, 118.2, 114.5, 100.2, 98.7, 83.8,

79.9,75.5,74.2,73.4,72.8,71.6,71.2, 69.4, 60.5, 55.8, 39.4, 32.1, 18.4, 17.0.
LRMS (ESI, pos. iom)/z calculated for @zHisOsNa (M+Na) 727.3%Found: 727.41
HRMS (TOF MS ESwjz calculated for @HisOsNa (M+Na) 727.3247, found: 727.3290

[h]23=-4.2029(c = 0.46, CiTb)
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p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)}" k-i-boivinosyl} -L-
olivose
Compound.40was prepared following general glycosylation procedure Il from boivinose
donor4.27and L-olivose acceptod.32 The sempure mixture was purifid by flash
chromatography on silica (10% ethyl acetate:hexanes to 20% ethyl acetate:hexanes).
p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)}h -.-boivinosyl) -L-
olivose(4.40")
IH NMR (500 MHz, Chlorofordd 1 ¢ 7.79yny, 3H), 7.76 (s, 1H), 764.44 (m, 3H), 7.3¢

7.20 (m, 10H), 7.006.93 (m, 2H), 6.866.78 (m, 2H), 5.13 (dd= 4.7, 2.1 Hz, 1H), 5.02 (dd,
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= 9.8, 2.1 Hz, 1H), 4.80 (d&; 11.5, 5.2 Hz, 2H), 4.63 {& 12.0 Hz, 1H), 4.59 (@ 11.1 Hz,
1H), 4.56 (dJ= 11.9 Hz, 1H), 4.52 (@ 12.0 Hz, 1H), 4.4in( 1H), 3.83; 3.73 (M, 5H), 3.50
3.40 (m, 1H), 3.30 (8= 2.8 Hz, 1H), 3.16 (= 9.1 Hz, 1H), 2.52 (ddik 12.5, 5.2, 2.1 Hz, 1H),

2.09¢ 1.99 (m, 2H), 1.96 (di= 14.8, 2.8 Hz, 1H), 1.31 (& 6.1 Hz, 3H), 1.18 (@ 6.6 Hz, 3H).

I3C NMR (126 MHz,CRCI + Mpp ®MZ MpM®dnZ Moy dPpZ Moy dPoZ MOC
128.2, 128.0, 127.9, 14,.127.9, 126.3, 126.2, 126.0, 125.7, 118.1, 114.6, 99.1, 98.5, 83.9,

79.4,76.6, 75.3, 73.0, 71.6, 71.6, 70.6, 63.2, 55.8, 39.2, 28.9, 18.4, 16.7.

LRMS (ESI, pos. ion)fz calculated for @HisOsNa (M+Na) 727.3Zound: 727.42

HRMS (TOF MS ESmjz calculated for GHisOsNa (M+Na) 727.3247, found: 727.3291

[ =-9.0734(c = 2.95, Ci€})

p-methoxyphenyt3-O-benzyt4-O-(3-O-benzyt4-O-(2-naphthylmethyl)} -L-boivinosyl} -L-
olivose(4.40 )

IH NMR (500 MHz, Chlorofordd 1 ¢ 7.79yny, 3H), 7.72 (s, 1H), 764.38 (m, 4H), 7.38
7.18 (m, 10H), 6.986.90 (M, 2H), 6.846.78 (M, 2H), 5.11 (d= 10.4 Hz, 1H), 8-4.93(m,

2H), 4.69 (dJ=12.2 Hz, 1H), 4.64 (@ 12.2 Hz, 1H), 4.561( 2H), 4.48 (d)= 12.1 Hz, 1H),
4.13 (dddJ=11.8, 8.7, 5.1 Hz, 1H), 3.99 (4d,6.3, 0.8 Hz, 1H), 3.89 (& 3.1 Hz, 1H), 3.76 (s,
3H), 3.51¢ 3.39 (m, 1H), 3.183.08 (m, 2H), 2.45 (ddd= 12.4, 5.1, 2.0 Hz, 1H), 101.87 (m,

2H), 1.81 (tdJ= 12.1, 9.8 Hz, 1H), 1.36 (& 6.1 Hz, 3H), 1.24 (@ 6.5 Hz, 3H).
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I3C NMR (126 MHz, CRLClI + Mpp ®MZ MpMPNI Moy dyZI Moy dn X
128.4, 128.3, 128.0, 128.0, 127.9, 127.8, 127.6, 126.4, 126.2, 128.0, 114.6, 98.4, 95.0,

82.3,75.5,75.0,74.9,73.7,72.8,71.6, 71.4, 69.5, 55.8, 36.7, 32.2, 18.5, 17.0.

LRMS (ESI, pos. ion)z calculated for @HsgOsNa (M+Na) 727.3Zound: 727.44

HRMS (TOF MS ESwjz calculated for @HisOsNa (M+Na)y27.3247, found: 727.3290

[]23=-6.1649(c = 0.93, CiTh)
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Appendix A: NMR Spectra of neempound
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