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(57) ABSTRACT

The present invention provides novel, regioselectively-acy-
lated oligosaccharide compounds and methods for preparing
them. In another aspect, the. invention provides a method for
preparing a selectively-acylated oligosaccharide. The method
includes forming a reaction mixture containing a protected
oligosaccharide and an acylating agent. The protected oli-
gosaccharide includes at least three hydroxyl moieties and
each hydroxyl moiety is protected with a silyl protecting
group. The reaction mixture is formed under conditions suf-
ficient to selectively replace at least one silyl protecting group
with a—C(0)-C1_6 alkyl group, and the selectively-acylated
oligosaccharide comprises at least one —C(0)-C1_6 alkyl
group and at least one silyl protecting group.
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REGIOSELECTIVE SILYL EXCHANGE OF
PER-SILYLATED OLIGOSACCHARIDES

CROSS-REFERENCES TO RELATED
APPLICATIONS

[0001] This application is a continuation of International
Patent Application No. PCT/US2014/043006, filed Jun. 18,
2014, which claims priority to U.S. Provisional Patent Appli-
cation No. 61/836,828, filed Jun. 19, 2013, which applica-
tions are incorporated herein by reference in their entirety.

STATEMENT AS TO RIGHTS TO INVENTIONS
MADE UNDER FEDERALLY SPONSORED
RESEARCH AND DEVELOPMENT

[0002] This work was supported by NIH grants
RO1GMO090262 and PR1973; as well as NSF grants CHE-
0196482, CHE-9808183, OSTI 97-24412, and DBIO
722538. The United States government may have certain
rights to the invention disclosed herein.

BACKGROUND OF THE INVENTION

[0003] Lactose is a core structural unit of many complex
carbohydrates including the globo series of tumor associated
carbohydrate antigens (TACAs). Globotriaosyl ceramide
(Gb3), GbS, and Globo-H all share the structural feature
resulting from galactosylation of the 4' hydroxyl of lactose
giving rise to P* trisaccharide (FIG. 1). The carbohydrate
backbone of P* trisaccharide has attracted the attention of
synthetic chemists since most, if not all, syntheses of the
globo series intercept variously protected versions of the
trisaccharide at some point during the synthesis. Nicolaou
and co-workers were the first to report the synthesis of Gb3,
and their approach remains one of the most efficient to date. A
total of eleven steps (from commercially available lactose)
were required to prepare a protected version of P* trisaccha-
ride that served as a donor for the ceramide aglycone. Seven
of those steps were focused on orthogonally protecting lac-
tose for 4' galactosylation. In fact, all previously reported
chemical syntheses of P* trisaccharide require between 6-12
steps to prepare the lactosyl acceptor.

[0004] Recently, the present inventors demonstrated that
per-O-silylated monosaccharides undergo regioselective
exchange of silicon for acyl protecting groups providing use-
ful building blocks for organic synthesis in a single step. This
process not only results in the generation of orthogonally
protected carbohydrates, but also circumvents the well-docu-
mented problem of trans-acetylation associated with partially
acylated pyranosides. While selective acetylation of the pri-
mary C-6 hydroxyl of alkyl glycosides has been demon-
strated, preferential modification of other hydroxyl groups is
more challenging. Unfunctionalized carbohydrates have
proven even more difficult to selectively modify, as they can
exhibit anomalous behaviour. As opposed to using either
alkyl glycosides or unfunctionalized sugars, the present
invention is based on the selective exchange of silyl ether
moieties in protected disaccharides with acyl moieties. Sur-
prisingly, the exchange can be achieved under conditions that
would otherwise have been expected to result in glycosidic
cleavage of the disaccharide substrates. This extraordinary
reactivity allows for the rapid preparation of carbohydrate
derivatives such as orthogonally 4'-protected lactose, which
can be readily transformed into P* trisaccharide. As such, the
invention meets a long-standing need for synthetic interme-
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diates that can be used for the preparation of biologically and
industrially important carbohydrate compounds.

BRIEF SUMMARY OF THE INVENTION

[0005] In one aspect, the invention provides a compound
according to Formula I:

@
R
e
RS

R2

Rr!

or an isomer thereof, wherein R!, R%, R*, R*, and R® are each
independently selected from hydrogen, —OR”, an a-linked
monosaccharide, and a p-linked monosaccharide. The
monosaccharide has a structure according to Formula II:

oy
R4a

Rﬁa

Rla

wherein R'?, R**, R*?, R**, and R%" are each independently
selected from hydrogen, —OR”, and a linking moiety —O—.
The linking moiety links the monosaccharide to the moiety
according to Formula I. In compounds of Formula I, each R’
is independently selected from hydrogen, —C(O)—C,_
salkyl and —Si(R®),; and each R® is independently selected
from C,_alkyland C_,, aryl. Only oneof R*, R?, R*>,R*, and
RS is the monosaccharide; at least one of R', R?, R*, R*, and
R%is —OR”, wherein R” is —C(O)—C,_, alkyl; and at least
one of R*, R?, R? R* RS, R'%, R** R R*, and R* is
—OR’, wherein R” is selected from hydrogen and —Si(R®),.
[0006] In another aspect, the invention provides a method
for preparing a selectively-acylated oligosaccharide. The
method includes forming a reaction mixture containing a
protected oligosaccharide and an acylating agent. The pro-
tected oligosaccharide includes at least three hydroxyl moi-
eties and each hydroxyl moiety is protected with a silyl pro-
tecting group. The reaction mixture is formed under
conditions sufficient to selectively replace at least one silyl
protecting group with a —C(O)—C, 4 alkyl group, and the
selectively-acylated oligosaccharide comprises at least one
—C(0)—C, 4 alkyl group and at least one silyl protecting
group.

[0007] Insome embodiments, the selectively acylated oli-
gosaccharide is a compound according to Formula I as
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 shows common tumor associated carbohy-
drate antigens (TACAs).
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[0009] FIG. 2 shows the convergent preparation of a gly-
cosyl iodide from differentially acetylated disaccharides 1
and 2.

[0010] FIG. 3 shows the bifunctional nature of orthogo-
nally protected lactose 4 as a synthetic substrate.

[0011] FIG. 4 shows a summary of'silyl group reactivity for
orthogonally protected lactose 4; removal of the TMS pro-
tecting group proceeded cleanly using acidic resin or Pd-
catalyzed hydrogenolysis, but the use of TBAF with acetic
acid resulted in trans-acetylation products.

[0012] FIG.5 shows the synthesis of P* trisaccharide using
glycosyl acceptor 6.

[0013] FIG. 6 shows the selective acetylation of per-O-
TMS lactose according to the methods of the invention.

DETAILED DESCRIPTION OF THE INVENTION

1. General

[0014] The invention is based on the surprising discovery
that O-silylated disaccharides undergo regioselective
exchange of silyl for acyl protecting groups when treated with
selected acylating agents without cleavage of the glycosidic
bond. Regiocontrol is achieved by limiting the equivalents of
acid used in the reaction, and microwave irradiation hastens
the process. The reaction conditions can be applied to glu-
cose- and galactose-containing disaccharides, such as lac-
tose, melibiose, cellobiose and trehalose as well as other
disaccharide substrates.

[0015] Surprisingly, the reaction conditions do not cause
glycosidic cleavage of the disaccharide substrates as might be
expected. The internal glycosidic linkages of these reactive
disaccharides can be susceptible to cleavage under a variety
of reaction conditions, limiting the scope of transformations
that can be successfully performed on them. For example,
immediate cleavage of the internal glycosidic linkage of per-
O-TMS-melibiose has been observed upon addition of TMSI,
even at 0° C. (Bhat, A, et al. Org. Lett. 2001, 3 (13), 2081-
2084). Other persilylated disaccharides, such as per-O-TMS-
cellobiose and per-O-TMS-lactose, are known to be stable
only to a brief exposure to TMSI. Furthermore, microwave
conditions have been employed for the degradation of oli-
gosaccharides and polysaccharides (Hu, T., et al., Carbohydr.
Res. 2013, 373 (0), 53-58). Moreover, unprotected disaccha-
rides are far less soluble in most organic solvents than the
monosaccharides that they are composed of. Taken together,
these challenges make disaccharides ideal substrates for the
technology.

[0016] The unexpected stability of the glycosidic bond in
the present invention facilitates the synthesis and functional-
ization of a wide variety of complex glycoconjugates. Gly-
colipids, glycodendrimers and glycopeptides containing dis-
accharides, trisaccharides and tetrasaccharides are widely
regarded important synthetic targets. In addition to their use
as multivalent scaffolds and glycosyl donor precursors, selec-
tively acetylated disaccharides can also function as glycosyl
acceptors. In this manner, these bifunctional intermediates
are poised to serve as modular building blocks for more
complex oligosaccharides, such as members of the globo
series. The use of selectively functionalized donors and
acceptors allows for increased diversity at each step.
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II. Definitions

[0017] As used herein, the term “monosaccharide” refers to
a sugar having a six-membered carbon backbone (i.e., a hex-
ose). Examples of monosaccharides include, but are not lim-
ited to, glucose (Glc), galactose (Gal), mannose (Man), glu-
curonic acid (GlcA), and iduronic acid (IdoA).
Monosaccharides also include hexoses substituted with
hydroxy groups, oxo groups, amino groups, acetylamino
groups, and other functional groups. “Deoxy” monosaccha-
rides refer to monosaccharides having carbon atoms in the
hexose backbone with only hydrogen substituents. Monosac-
charides also include, but are not limited to, glucosamine
(2-amino-2-deoxy-glucose; GlcN), N-acetylglucosamine (2-
(acetylamino)-2-deoxy-glucose; GIlcNAc), galactosamine
(2-amino-2-deoxy-galactose; GalN;),  N-acetylgalac-
tosamine (2-(acetylamino)-2-deoxy-galactose; GalNAc),
mannosamine (2-amino-2-deoxy-mannose; ManN), and
N-acetylmannosamine (2-(acetylamino)-2-deoxy-mannose;
ManNAc).

[0018] As used herein, the term “oligosaccharide” refers to
a compound containing at least two sugars covalently linked
together. Oligosaccharides include disaccharides, trisaccha-
rides, tetrasaccharides, pentasaccharides, hexasaccharides,
heptasaccharides, octasaccharides, and the like. Covalent
linkages for linking sugars generally consist of glycosidic
linkages (i.e., C—O—C bonds) formed from the hydroxyl
groups of adjacent sugars. Linkages can occur between the
1-carbon (the anomeric carbon) and the 4-carbon of adjacent
sugars (i.e., a 1-4 linkage), the 1-carbon (the anomeric car-
bon) and the 3-carbon of adjacent sugars (i.e., a 1-3 linkage),
the 1-carbon (the anomeric carbon) and the 6-carbon of adja-
cent sugars (i.e., a 1-6 linkage), or the 1-carbon (the anomeric
carbon) and the 2-carbon of adjacent sugars (i.e., a 1-2 link-
age). A sugar can be linked within an oligosaccharide such
that the anomeric carbon is in the a- or -configuration. The
oligosaccharides prepared according to the methods of the
invention can also include linkages between carbon atoms
other than the 1-, 2-, 3-, 4-, and 6-carbons.

[0019] As used herein, the term “o-linked” refers to a gly-
cosidic bond wherein the reducing sugar is in the axial posi-
tion with respect to the anomeric carbon of the non-reducing
pyranose ring, as shown in formula A below. The term
“p-linked” refers to a glycosidic bond wherein the reducing
sugar (i.e., the sugar with a free hemiacetal at the anomeric
carbon) is in the equatorial position with respect to the ano-
meric carbon of the non-reducing pyranose ring, as shown in
formula B below. The carbon atoms in the formulas A and B
are labeled 1, 2,3, 4, 6, 1', 2', 3", 4', and 6' according to their
positions in the backbones of the hexose subunits. One of skill
in the art will appreciate that the o/ nomenclature and carbon
numbering system applies to any disaccharide as well as to
the particular isomers shown in formulas A and B.




US 2016/0176909 Al

-continued

[0020] As used herein, the term “isomer” refers to a com-
pound having the same bond structure as a reference com-
pound but having a different three-dimensional arrangement
of'the bonds. An isomer can be, for example, an enantiomer or
a diastereomer.

[0021] As used herein, the term “alkyl” refers to a straight
or branched, saturated, aliphatic radical having the number of
carbon atoms indicated. Alkyl can include any number of
carbons, suchas C, ,,C, 5,C; 4, C,5,C,.6C,.7.C,5 Cio,
Cia0 Cazs Cos Cos, Cogy Cii Cas, Cag Cys, Cy g and
Cs_¢. For example, C, ¢ alkyl includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl,
tert-butyl, pentyl, isopentyl, hexyl, etc. Alkyl can also refer to
alkyl groups having up to 20 carbons atoms such as, but not
limited to, heptyl, octyl, nonyl, decyl, etc.

[0022] As used herein, the term “aryl” refers to an aromatic
ring system having any suitable number of ring atoms and any
suitable number of rings. Aryl groups can include any suitable
number of ring atoms, such as 6, 7,8, 9, 10,11, 12,13, 14,15
or 16 ringatoms, as well as from 610 10, 6 to 12, or 6 to 14 ring
members. Aryl groups can be monocyclic, fused to form
bicyclic or tricyclic groups, or linked by a bond to form a
biaryl group. Representative aryl groups include phenyl,
naphthyl and biphenyl. Other aryl groups include benzyl,
having a methylene linking group. Some aryl groups have
from 6 to 12 ring members, such as phenyl, naphthyl or
biphenyl.

[0023] As used herein, the term “selectively-acylated”
refers to a compound having two or more functional groups
that can be converted to a—OC(O)alkyl moiety, but where at
least one of the groups is converted to the —OC(O)alkyl
moiety to a greater degree than all of the other functional
groups.

[0024] As used herein, the term “forming a reaction mix-
ture” refers to the process of bringing into contact at least two
distinct species such that they mix together and can react,
either modifying one of'the initial reactants or forming a third
distinct species, i.e., a product. It should be appreciated, how-
ever, the resulting reaction product can be produced directly
from a reaction between the added reagents or from an inter-
mediate from one or more of the added reagents which can be
produced in the reaction mixture.

[0025] As used herein, the term “protected oligosaccha-
ride” refers to an oligosaccharide wherein every hydroxyl
group (or other ionizable moiety) is protected with a protect-
ing group. A “protecting group” is a moiety that renders a
functional group unreactive to a particular set of reaction
conditions, but that is then removable in a later synthetic step
s0 as to restore the functional group to its original state. Such
protecting groups are well known to one of ordinary skill in
the art, including those that are disclosed in Protective Groups
in Organic Synthesis, 4th edition, T. W. Greene and P. G. M.
Wuts, John Wiley & Sons, New York, 2006, which is incor-
porated herein by reference in its entirety.

[0026] As used herein, the term “silyl protecting group”
refers to a protecting group represented by the formula
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—SiR;, wherein each R is independently an alkyl group or
aryl group as defined herein. Examples of silyl protecting
groups include, but are not limited to, trimethylsilyl, trieth-
ylsilyl, and (tert-butyl)dimethylsilyl.

[0027] As used herein, the term “acylating agent” refers to
a compound that is capable of reacting with a substrate com-
pound to add a —C(O)alkyl moiety to the substrate. An acy-
lating agent can be used, for example, to form an ester (i.e.,
RO—C(O)alkyl) on a substrate having a hydroxyl moiety
(i.e., RO—H).

[0028] As wused herein, the terms “hydroxyl” and
“hydroxy” refer to a functional group represented by the
formula —OH.

[0029] As used herein, the term “ketene” refers to a moiety
represent by the formula R(C—C—0)R', wherein R and R’
are independently substituted or unsubstituted hydrocarbon
radicals.

[0030] As used herein, the term “carboxylic acid” refers to
a moiety represented by the formula RC(O)OH, wherein R is
a substituted or unsubstituted hydrocarbon radical.

[0031] As used herein, the term “acid chloride” refers to a
moiety represented by the formula RC(O)Cl, wherein R is a
substituted or unsubstituted hydrocarbon radical.

[0032] As used herein, the term “acid anhydride” refers to
RC(0O)—0O—(O)CR', wherein R and R' are independently
substituted or unsubstituted hydrocarbon radicals.

[0033] As used herein, the term “acid” refers to a substance
that is capable of donating a proton (i.e., a hydrogen cation) to
form a conjugate base of the acid. Examples of acids include,
but are not limited to, acetic acid, formic acid, chloroacetic
acid, bromoacetic acid, trichloroacetic acid, and benzoic acid.
[0034] Asused herein, the term “base” refers to a substance
that is capable of accepting a proton (i.e., a hydrogen cation)
to form a conjugate acid of the base. Examples of bases
include, but are not limited to, Huenig’s base (i.e., diisopro-
pylethylamine), lutidines including 2,6-lutidine (i.e., 2,6-
dimethylpyridine), triethylamine, pyridine, lithium diisopro-
pylamide, bis(trimethylsilyl)amides, and t-butoxides.

[0035] As used herein, the term “microwave radiation”
refers to electromagnetic radiation having frequencies
between about 300 MHz and about 300 GHz.

[0036] As used herein, the term “glycosyl iodide” refers to
asaccharide compound having an iodide moiety replacing the
hydroxyl group at the anomeric carbon at the reducing end of
the saccharide.

[0037] As used herein, the term “glycosyl acceptor” refers
to a compound RO—H that is capable of reacting with a
saccharide or glycoside to form a compound having a formula
RO—R', wherein R'is the saccharide and R is a substituted or
unsubstituted hydrocarbon radical.

[0038] As used herein, the term “glycosyl donor” refers to
a compound represented by the formula R'—X, wherein R'is
a saccharide moiety and X is a suitable leaving group, that is
capable of reacting with a glycosyl acceptor to form a com-
pound having a formula RO—R', wherein R is a substituted or
unsubstituted hydrocarbon radical.

[0039] As used herein, the term “elongated oligosaccha-
ride” refers to an oligosaccharide compound having at least
one more monosaccharide subunit than the parent saccharide
from which it was derived. Alternatively, the term “elongated
oligosaccharide” refers to an oligosaccharide having a non-
carbohydrate moiety that was not present in the parent sac-
charide from which is was derived.
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[0040] As used herein, the term “ceramide” encompasses
all ceramides and sphingosines as conventionally defined.
See, for example, Berg, et al. Biochemistry, 2002, 5th ed.,
W.H. Freeman and Co.

[0041] As used herein, the term “substituted glycerol”
refers to a compound having a glycerol moiety substituted
with one or two fatty acid moieties.

[0042] As used herein, the term “deprotected oligosaccha-
ride” refers to an oligosaccharide having at least one hydroxyl
moiety without a protecting group.

[0043] As used herein, the term “per-benzylated” or “per-
O-benzylated” refers to a compound having one or more
hydroxyl moieties wherein each hydroxyl moiety is protected
as a benzyl ether: —O—CH,Ph.

[0044] As used herein, the term “per-acetylated” or “per-
O-acetylated” refers to a compound having one or more
hydroxyl moieties wherein each hydroxyl moiety is protected
as an acetyl group: —O—C(O)Me.

[0045] As used herein, the term “per-silylated” or “per-O-
silylated” refers to a compound having one or more hydroxyl
moieties wherein each hydroxyl moiety is protected as a silyl
group: —O—Si(R);.

[0046] As used herein, the term “P* trisaccharide” refers to
a-D-galactopyranosyl-(1—4)-[-p-galactopyranosyl-(1—4)-
D-glucose and corresponding glycosides.

[0047] As used herein, the term “macrolide” refers to a
compound characterized by a large (typically 14-to-16-mem-
bered) lactone ring having saccharide components within the
ring, or substituted with pendant saccharides. Many mac-
rolides demonstrate antibiotic and immunomodulatory activ-

1ty.
II1. Selectively-Acylated Disaccharides

[0048] Ingeneral, compounds of the present invention con-
tain two monosaccharide subunits linked via a glycosidic
bond. The glycosidic bond is an ether linkage (i.e., —O—)
connecting the anomeric carbon of a first monosaccharide to
any carbon of a second monosaccharide. Compounds of the
present invention generally contain two hexose subunits, each
hexose having six carbon atoms. Examples of monosaccha-
ride subunits include, but are not limited to, derivatives of
glucose, galactose, mannose, allose, altrose, gulose, idose,
and talose. The monosaccharide can be a derivative of a deoxy
sugar, such as fucose, 6-deoxyglucose, 2-deoxyglucose,
2-deoxygalactose, and the like.

[0049] Derivatives of a given monosaccharide have the
same absolute stereochemical configuration as the parent
monosaccharide with respect to the carbon backbone, but
have one or more O-acyl or O-silyl moieties in place of one or
more OH moieties. For example, compounds of Formula I
can contain monosaccharide subunits that are derivatives of
glucose (i.e., (2R,3R,4S,5S,6R)-6-(hydroxymethyl)tetrahy-
dro-2H-pyran-2,3,4,5-tetraol), including, but not limited to,
6-acetylglucose (i.e., ((2R,3S,4S,5R,6R)-3,4,5,6-tetrahy-
droxytetrahydro-2H-pyran-2-yl)methyl ~ acetate).  The
monosaccharide subunits can independently be a D sugar or
an L sugar. Both monosaccharides can be D sugars, or both
monosaccharides can be L sugars.
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[0050] Accordingly, one aspect of the present invention
provides a compound according to Formula I:

@
R
e
RS

R2

Rr!

or an isomer thereof, wherein R', R?, R?, R*, and R® can
independently be hydrogen, —OR’, an ¢.-linked monosac-
charide, or a p-linked monosaccharide. In compounds of the
present invention, the monosaccharide has a structure accord-
ing to Formula II.

oy
R4a

Rﬁa

wherein R'%, R??, R*?, R**, and R%* can independently be
hydrogen, —OR”, or a linking moiety —O—, wherein the
linking moiety links the monosaccharide to the moiety
according to Formula I. Each R” can independently be hydro-
gen, —C(0)—C, _qalkyl or —Si(R®),, and each R® can inde-
pendently be C,  alkyl or Cg_,, aryl. In the compounds of the
present invention, only one of R*, R?, R®, R* and R is the
monosaccharide; at least one of R!, R%, R3, R and RS is
—OR, wherein R” is —C(O)—C,_, alkyl; and at least one of
RY, R?, R?, R* RS R'4 R*? R R*, and R% is —OR’,
wherein R” is hydrogen or —Si(R®),.

[0051] In some embodiments, the invention provides a
compound of Formula I as described above wherein R*, R?,
R? R* and RS can each independently be —OR’, the
a-linked monosaccharide, or the f-linked monosaccharide;
R R??, R3*, R*, and R®* can each independently be —OR”
or the linking moiety —O—; each R” can independently be
—C(0)—C,_salkyl or —Si(R®),; and at least one of R, R?,
R3 R* RS R'% R??, R R*, and R%? is —OR”, wherein R”
is —Si(R®),.

[0052] The monosaccharide subunits in the compounds of
the invention can be linked to each other in a number of
configurations. The monosaccharides can be linked, for
example, via a 1-4 linkage, wherein the anomeric carbon of
the first monosaccharide is linked to the 4 carbon of the
second monosaccharide via an ether bond. The monosaccha-
rides can be linked via a 1—1 linkage, a 1—=2 linkage, a 1-3
linkage, or a 1-6 linkage. In some embodiments, the
monosaccharide subunits are linked together via a 1—4 link-
age, a 1—6 linkage, ora 1—1 linkage. The compounds of the
invention can contain other linkages, depending on the struc-
tures of the monosaccharide subunits. Any linkage can be an
a linkage, wherein the —O— moiety is axial with respect to
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the anomeric carbon, or a p linkage, wherein the —O—
moiety is equatorial with respect to the anomeric carbon.

[0053] In some embodiments, R' is selected from the
a-linked monosaccharide and the 3-linked monosaccharide.
In some embodiments, one of R'4, R* and R®“ is the linking
moiety —O—.

[0054] The compounds of the invention can be substituted
with —C(O)—C,_salkyl moieties in various positions. The
compounds of the invention can have 1, 2, 3, 4, 5, 6, or 7
—C(0)—C, _salkyl moieties in various positions. In some
embodiments, for example, the compounds can have 1
—C(0)—C,_salkyl moiety at the 6' position. In some
embodiments, the compounds can have 2 —C(0)—C, _salkyl
moieties at the 6 and 6' positions. In some embodiments, the
compounds can have 2 —C(0)—C, alkyl moieties at the 1
and 6' positions. In some embodiments, the compounds can
have 3 —C(0)—C,_4 alkyl moieties at the 1, 6, and 6' posi-
tions. In some embodiments, the compounds can have 4
—C(0)—C,_galkylmoieties at the 1, 2, 6, and 6' positions. In
some embodiments, the compounds can have 5 —C(O)—
C, ¢ alkyl moieties at the 1, 2, 3, 4, and 6' positions. In some
embodiments, the compounds can have 6 —C(O)—C, g alkyl
moieties atthe 1, 2, 3, 4, 2', and 6' positions. In some embodi-
ments, the compounds can have 6 —C(O)—C,_salkyl moi-
eties at the 2, 3, 4, 6, 4, and 6' positions. In some embodi-
ments, the compounds can have 7 —C(0O)—C, , alkyl
moieties at the 1, 2, 3, 4, 2', 3', and 6' positions. In some
embodiments, the compounds can have 7—C(O)—C, g alkyl
moieties at the 1, 2, 3, 6, 2', 3', and 6' positions. In some
embodiments, the compounds of the invention can have other
substitution patterns, depending on the structures of the
monosaccharide subunits.

[0055] In some embodiments, R® can be —OR’, wherein
R’ canbe —C(0)—C, 4 alkyl. In some embodiments, at least
one of R'% R?% R3* R* and R® can be —OR’, wherein R’
can be —C(0)—C, _qalkyl.

[0056] Compounds of Formula I constitute useful deriva-
tives of biologically and synthetically important disaccha-
rides. The disaccharide derivatives have the same stere-
ochemical configuration as the parent disaccharides with
respect to the carbon backbone, but have one or more O-acyl
or O-silyl moieties in place of one or more OH moieties.
Compounds of Formula I include, but are not limited to,
derivatives of lactose, melibiose, trehalose, cellobiose, mal-
tose, sophorose, laminaribiose, gentiobiose, mannobiose,
rutinose, and the like.

[0057] In some embodiments, the compound of Formula I
has the structure

R™0 OR"® OR’®
0 R0 0

R70 R! or R*0O RY,
R7bo R7bo

wherein R7?, R7¢, R7?, and R7® are each independently
—C(0)—C,., alkyl or —Si(R®),.
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[0058] In some embodiments, the compound has a struc-
ture selected from

OR7d
RO
OR7e
0
R0
0O
R0
OR7k,
e}
R’€0
ORY
OR7d
RO
OR7e
0
R0
0O OR7
OR7h
0
OR’%, and
OR”
OR7d
R0,
OR7e
e}
R0
0
R’€0
0
OR7%
R0
OR”

wherein R72, R7°, R7¢, R7, R”, R7¢, R™", R”, and R"* are
each independently —C(0)—C, , alkyl or —Si(R®),.

[0059] Insome embodiments, the compound has the struc-
ture
7d .
R0 OR’ -
RO o]

R0 OR7,

i

R0
OR’®
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-continued
R™0 OR7®
0
RO
R7°0
0
; 0
R%0
R0 OR”,
OR’®
OR*, or
R720 o OR”
OR7h
OR7* or’F
0
Td
R 1(3700 o 0 S
o RO OR”,
OR’®

[0060] In some embodiments, R7¢ can be —C(O)—C, _,
alkyl. In some embodiments, at least one of R”?, R7, R’/ R "/,
R7%,R7 R”, and R7* can be —C(0)—C,_, alkyl.

[0061] In some embodiments, the compound can be:

TMSO OAc
0 OAc
TMSO O Q
TMSO TMSO OTMS,
TMSO
TMSO OAc
0 OAc
TMSO O Q
TMSO TMSO OAc,
TMSO
TMSO OAc
0 OAc
TMSO O Q
TMSO TMSO OAc,
OAc
TMSO OAc

OAc

g
e}
e}

TMSO
AcO AcO OAc,
OAc

AcO
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-continued
TMSO OAc
0 OAc
o @]
OAc AcO OAc,
OAc
T™MSO OAc

i3

TMSO
TMSO
TMSO Q
OTMS,
TMSO TMSO
TMSO OAc
(0]
TMSO
TMSO
(@)
TMSO B
OAc,
TMSO T™MSO
TMSO OAc
(0]
TMSO
TMSO
(@)
AcO Q
OAc,
AcO OAc
TMSO OAc
(0]
TMSO
AcO
(@)
AcO o
OAc,
AcO OAc
TMSO OAc
(0]
AcO
AcO
O
AcO %
OAc,
AcO OAc
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-continued
C

OA
TMSO Q
TMSO
TMSO
(0]
OTMS
(0]
TMSO OTMS,
OTMS
OAc
TMSO Q
TMSO
TMSO
(0]
OAc
(0]
TMSO OTMS,
OTMS

OAc

TMSO

TMSO
TMSO

b

OAc,

AcO OAc

4

OAc

AcO

TMSO
TMSO

b

OAc,

AcO OAc

4

OAc

OAc
OAc
TMSO Q
0
TMSO 0
T™MSO  TMSO OTMS, or
OTMS

OAc
OAc
TMSO Q
TMSO O B
TMSO TMSO OAc,
OTMS

wherein each TMS is —Si(Me); and each Ac is —C(O)Me.
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[0062] In some embodiments, the compound can be:

HO OAc
0 OH
HO (0] Q
HO HO OH,
HO
HO OAc
0 OAc
HO (0] B
HO HO OAc,
HO
HO OAc
0 OAc
HO (0] B
HO HO OAc,
OAc
HO OAc
0 OAc
HO (0] R
HO AcO OAc,
OAc
HO OAc
o OAc
AcO 0 Q
OAc AcO OAc,
OAc
HO OAc
(0]
HO
HO
O
HO 9
OH,
HO HO
HO OAc
(0]
HO
HO
(0]
HO Q
OAc,
HO HO
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-continued
HO OAc
(0]
HO
HO
(@)
AcO B
OAc,
AcO OAc
HO OAc
(0]
HO
AcO
(0]
AcO q
OAc,
AcO OAc
HO OAc
(0]
AcO
AcO
O
AcO B
OAc,
AcO OAc
OAc
HO B
HO
HO
(0]
OH,
(0]
HO OH
HO
OAc
HO o
HO
HO
(0]
OAc,
(0]
HO OH
HO
OAc
HO o
HO
HO
(0]
OAc,
(0]
AcO OAc
OAc
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-continued
OAc
AcO Q
HO
HO
(0]
OAc,
(0]
AcO OAc
OAc
OAc
OAc
HO R
HO (0] o
HO HO OH, or
HO
OAc
OAc
HO q
HO (0] Q
HO HO OAc,
HO

wherein each Ac is —C(O)Me.

IV. Methods for Preparing Selectively Acylated
Oligosaccharides

[0063] In arelated aspect, the invention provides a method
for preparing a selectively-acylated oligosaccharide. The
method includes forming a reaction mixture containing a
protected oligosaccharide and an acylating agent, wherein the
protected oligosaccharide includes at least three hydroxyl
moieties and each hydroxyl moiety is protected with a silyl
protecting group. The reaction mixture is formed under con-
ditions sufficient to selectively replace at least one silyl pro-
tecting group with a—C(0)—C, _salkyl group, and the selec-
tively-acylated oligosaccharide includes at least one
—C(0)—C,_¢ alkyl group and at least one silyl protecting
group.

[0064] Any suitable protected oligosaccharide can be used
in the methods of the invention. In general, suitable protected
oligosaccharides contain at least two per-silylated monosac-
charide subunits. As defined above, a “per-silylated”
monosaccharide refers to a monosaccharide having the same
absolute stereochemical configuration as the parent monosac-
charide with respect to the carbon backbone, but having an
O-silyl moiety in place of each —OH moiety. Examples of
protected oligosaccharide include, but are not limited to,
compounds of formula C, having R® groups as described
above. For example, the protected oligosaccharide can con-
tain two or more per-silylated glucose subunits, including, but
not limited to, per-O-trimethylsilyl glucose. The protected
oligosaccharides can contain more than two per-silylated
monosaccharide subunits. In some embodiments, the pro-
tected oligosaccharide is a per-silylated disaccharide.
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C
M8
OSi(R%); OSIRS);
(R®);8i0 0
R®);8i0 0 Q e
(R®)3Si0 (R%3810 O
OSi(R®);

[0065] In some embodiments, the protected oligosaccha-
ride includes two or more protected monosaccharide units
which are covalently linked together via an a-(1—1) linkage,
a p-(1—=1) linkage, an a-(1—4) linkage, a p-(1—4) linkage,
an a-(1—6) linkage, or a f-(1—6) linkage.

[0066] The methods of'the invention can be used to prepare
any of the disaccharide compounds described above. In some
embodiments, the selectively-acylated oligosaccharide is a
compound according to Formula I:

@
R
e
RS

R2

Rr!

or an isomer thereof, wherein R*, R?, R?, R*, and R® can each
independently be hydrogen, —OR’, an a-linked protected
monosaccharide, or a f§-linked protected monosaccharide.
The protected monosaccharide has the structure according to
Formula II:

oy
R4a

Rba

wherein R'?, R**, R**, R*, and R% can each independently
be —OR” or a linking moiety —O—, wherein the linking
moiety links the monosaccharide to the moiety according to
Formula 1. For these selectively-acylated oligosaccharides,
each R can independently be —C(0)—C, ¢ alkyl or —Si
(R®),; and each R® can independently be C,_4 alkyl or Cq_,,,
aryl. For these selectively-acylated oligosaccharides, only
oneof R',R?, R? R* and R%1is the protected monosaccharide;
at least one of R!, R?, R?, R*, R, R, R>* R>* R** and R%*
is —OR” where R” is —C(0)—C,_, alkyl; and at least one of
RLR? R3 R* RS R R** R R*, and R%*is—OR’ where
R7 is —Si(R®),.
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[0067] In some embodiments, the selectively-acylated oli-
gosaccharide has the structure:

R0 7
OR¢ OrTt
Q 0
RO 0 ¥
A R0 ORY,
R0 OR’E
R7do OR7e
0
RO
R7°0
0
R%0 R ;
R0 OR”,
OR’®

0
OR*, or
R’€0 0 OR”

OR7h
7
OR’¢ e
R740 Q 0
R7CO O
RO OR”
R7°0

OR8

wherein R7%, R7¢, R7, R7¢, R”, R”¢, R", R”, and R”* can
each independently be —C(0)—C, 4 alkyl or —Si(R®),. In
some embodiments, R7° is —CQO)—CI_6 alkyl and at least
one of R7”, R”¢, R7¥, R¥, R78, R™ R”, and R7* is —C(O)—
C,_¢alkyl.

[0068] Any suitable acylating agent can be used in the
methods of the invention. Examples of useful acylating
agents include, but are not limited to, carboxylic acids, acid
chlorides, acid anhydrides, ketenes, activated esters such as
pentafluorophenyl esters and N-hydroxysuccinimidyl esters,
and carbonylimidazoles. Acylating agents can be used in
conjunction with catalysts and coupling reagents such as
carbodiimides (e.g., dicyclohexylcarbodiimide and N-(3-
dimethylaminopropyl)-N'-ethylcarbodiimide), nucleophilic
catalysts (e.g., N,N-dimethylaminopyridine), Lewis acids
(e.g., copper (II) triflate), benzotriazoles, phosphonium
reagents, uranium reagents, and formamidinium reagents. In
some embodiments, the acylating agent is selected from a
ketene, a carboxylic acid, an acid chloride, and an acid anhy-
dride. In some embodiments, the acylating agent is acetic
anhydride.

[0069] The reaction mixture generally includes a suitable
organic acid. Examples of suitable acids include acetic acid,
formic acid, chloroacetic acid, bromoacetic acid, trichloro-
acetic acid, and benzoic acid. Other acids can also be suitable
in the methods of the invention. Combinations of two or more
acids can be used. The reaction mixture can include any
suitable amount of acid. In general, the reaction mixture
contains from about 1 to about 10 equivalents of acid with
respect to the protected oligosaccharide. In some embodi-
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ments, the reaction mixture contains from about 1 to about 7
equivalents of acid with respect to the protected oligosaccha-
ride.

[0070] Insomeembodiments, the invention provides meth-
ods for forming a selectively-acylated oligosaccharide as
described above wherein the reaction mixture further
includes an acid that can be acetic acid, formic acid, or
trichloroacetic acid. In some embodiments, the acid is acetic
acid.

[0071] The reaction mixture generally includes a suitable
base. Examples of suitable bases include Huenig’s base (i.e.,
diisopropylethylamine), lutidines including 2,6-lutidine (i.e.,
2,6-dimethylpyridine), triethylamine, tributylamine, pyri-
dine, 1,8-diazabicycloundec-7-ene (DBU), 1,5,7-triazabicy-
clo(4.4.0)dec-5-ene (TBD), 1,5-diazabicyclo[4.3.0]non-5-
ene (DBN), 1,1,3.3-tetramethylguanidine (TMG), 2,2,6,6-
tetramethylpiperidine (TMP), quinuclidine, and the
collidines. Other bases can also be suitable in the methods of
the invention. Combinations of two or more bases can be
used. The reaction mixture can include any suitable amount of
base. In general, the reaction mixture contains from about 1 to
about 50 equivalents of base with respect to the protected
oligosaccharide. In some embodiments, the reaction mixture
contains from about 15 to about 25 equivalents of base with
respect to the protected oligosaccharide.

[0072] Insome embodiments, the invention provides meth-
ods for forming a selectively-acylated oligosaccharide as
described above wherein the reaction mixture further
includes at least one base that can be pyridine, diisopropyl-
ethylamine, triethylamine, or 1,8-diazabicycloundec-7-ene.
In some embodiments, the reaction mixture includes at least
two bases that can be pyridine, diisopropylethylamine, tri-
ethylamine, or 1,8-diazabicycloundec-7-ene.

[0073] Conditions for preparing the selectively acylated
oligosaccharides of the present invention can proceed using a
variety of other solvents and reagents. Solvents useful for the
preparation of the selectively acylated oligosaccharides of the
present invention include, but are not limited to, N-methyl
pyrrolidinone (NMP), dimethylformamide (DMF), methyl-
ene chloride, chloroform, benzene, toluene, acetonitrile, tet-
rahydrofuran (THF), ether, dioxane, glyme, diglyme, ethyl
acetate, methanol, ethanol and isopropanol. One of'skill in the
art will appreciate that other solvents and solvent combina-
tions are useful in the present invention.

[0074] The preparation of the selectively acylated oligosac-
charides can proceed ata variety of temperatures and times. In
general, preparation of the selectively acylated oligosaccha-
rides can be achieved using reaction times of several minutes
to several days. For example, reaction times of from about 12
hours to about 7 days can be used. In some embodiments,
reaction times of 1-5 days can be used. In some embodiments,
reaction times of from about 10 minutes to about 10 hours can
be used. In general, preparation of the selectively acylated
oligosaccharides can be achieved at a temperature of from
about 0° C. to about 200° C. For example, reactions can be
conducted at 15-100° C. In some embodiments, reactions can
be conducted at 20-80° C. In some embodiments, reactions
can be conducted at 100-150 OC.

[0075] Insome embodiments, reaction times of from about
12 hours to about 7 days can be used at 15-100° C. In some
embodiments, reaction times of 1-5 days at 20-80° C. can be
used. In some embodiments, reaction times of from about 10
minutes to about 10 hours at temperatures of from about 100°
C. to about 150° C. are used. One of skill in the art will
appreciate that the time, temperature and solvent are depen-
dent on each other, and changing one can require changing the
others to prepare the selectively acylated oligosaccharides of
the present invention.
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[0076] In some embodiments, the reaction mixture is
formed at a temperature of from about 4° C. to about 200° C.
In some embodiments, the reaction mixture is formed at a
temperature of from about 100° C. to about 200° C.

[0077] In some embodiments, the method further includes
exposing the reaction mixture to microwave radiation. Micro-
wave irradiation can be performed at any appropriate time,
temperature or power setting. Reactions can be conducted, for
example, at temperature of from about 50° C. to about 150°
C., or atatemperature of up to about 200° C. Reactions can be
conducted for anywhere from a few minutes to several hours.
Reactions can be conducted, for example, for less than 30
minutes, less than 1 hour, less than 5 hours, or less than 10
hours. When using microwave irradiation, the preparation of
the selectively acylated oligosaccharide can be achieved in
less than 10 hours at up to 200 OC. In some embodiments, the
selectively acylated oligosaccharide can be prepared in less
than 5 hours at from 50 to 150° C. The microwave can operate
atavariety of power settings, up to about 1000 Watts. In some
embodiments, the microwave operates at less than 500 Watts.
One of skill in the art will appreciate that other temperatures,
times, and microwave power settings are useful in the present
invention.

[0078] In some embodiments, the method further includes
converting the selectively acylated oligosaccharide to a gly-
cosyl iodide. The glycosyl iodide can be prepared, for
example, by methods described in U.S. patent application
Ser. No. 12/595,214 (issued as U.S. Pat. No. 8,624,006) the
entirety of which is incorporated herein by reference. In gen-
eral, preparation of a glycosyl iodide includes contacting a
selectively acylated oligosaccharide with an iodine source
such as trimethylsilyl iodide (TMSI), sodium iodide, potas-
sium iodide, and N-iodosuccinimide. The selectively acy-
lated oligosaccharide and the iodine source are contacted
under conditions sufficient to replace one of the O-acyl or
O-silyl moieties of the oligosaccharides with an iodide moi-
ety (i.e., “—I7).

[0079] In some embodiments, the method further includes
contacting the glycosyl iodide with a glycosyl acceptor to
form an elongated oligosaccharide. An “elongated oligosac-
charide” contains the glycosyl iodide glycone moiety which
is covalently linked to one or more additional monosaccha-
ride subunits, or to a suitable non-carbohydrate moiety. The
non-carbohydrate moiety can be, for example, a lipid, a pep-
tide, a protein, a fluorophore, a chromophore, or a radiolabel.
[0080] The methods of'the invention can be used to prepare
a number of useful glycolipids. The glycolipids can be pre-
pared by contacting the glycosyl iodide with a lipid glycosyl
acceptor. Any lipid is useful in the methods of the present
invention. Exemplary lipids include ceramides and substi-
tuted glycerols. When the lipid is a ceramide, the ceramide
includes a fatty acid component and either a sphingosine or a
phytosphingosine. In some embodiments, the lipid is a cera-
mide or a substituted glycerol. In other embodiments, the
lipid is a ceramide. In some other embodiments, the ceramide
is a sphingosine. In still other embodiments, the ceramide is a
phytosphingosine. In yet other embodiments, the substituted
glycerol is substituted with 1 or 2 fatty acids.

[0081] The fatty acids useful in the present invention
include, but are not limited to, butyric acid (C4), caproic acid
(C6), caprylic acid (C8), capric acid (C10), lauric acid (C12),
myristic acid (C14), palmitic acid (C16), palmitoleic acid
(C16), stearic acid (C18), oleic acid (C18), vaccenic acid
(C18), linoleic acid (C18), alpha-linoleic acid (C18), gamma-
linolenic acid (C18), arachidic acid (C20), gadoleic acid
(C20), arachidonic acid (C20), eicosapentaenoic acid (C20),
behenic acid (C22), erucic acid (C22), docosahexaenoic acid
(C22), lignoceric acid (C24) and hexacosanoic acid (C26).
The fatty acids useful in the present invention have at least
four carbon atoms in the chain. The fatty acids of the present
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invention can have between 10 and 26 atoms in the chain. The
fatty acids can have between 14 and 22 atoms in the chain, or
between 16 and 20 atoms in the chain. The fatty acids can
have 26 atoms in the chain. The fatty acids of the present
invention can be saturated, mono-unsaturated, or poly-unsat-
urated. One of skill in the art will recognize that other fatty
acids are useful in the present invention.

[0082] Substituted glycerols useful in the method of the
present invention include glycerol substituted with fatty acids
as described above. In some cases, the glycerol is substituted
with 1 or 2 fatty acids, so that the remaining hydroxy group of
glycerol can react with the a-iodo sugar.

[0083] In some embodiments, the lipid is a sphingosine
derivative or phytosphingosine derivative such as:

RIO

HO. \ Alkyl or

OR®
RIO ORII

HO Alkyl.
OR®

R® and R** of the formula are independently H or a protecting
group, such as those described above. R'° is an amine, an
amide or an azide. In some embodiments, R® is a para-meth-
oxybenzyl group. In other embodiments, R® is a tri-methyl
silyl, tri-ethyl silyl, tri-isopropyl silyl, or tertbutyl-dimethyl-
silyl groups. “Alkyl” is any C, _,, alkylthat can be branched or
unbranched, saturated or partially unsaturated, and optionally
substituted with hydroxy, alkoxy, aldehyde, ester or carboxy
groups.

[0084] In some other embodiments, the lipid can be

e}

AN

"Alkyl

HO\)\
"Alkyl

wherein X is O or NH, and alkyl is as defined above.

[0085] In some embodiments, the method further includes
contacting the glycosyl iodide with a glycosyl acceptor as
described above, wherein the glycosyl acceptor includes a
ceramide or a substituted glycerol. Such glycosylation reac-
tions are described in U.S. Pat. No. 8,624,006. The glycosy-
lation reaction can be conducted with one or more additional
reagents that promote the transfer of the glycosyl iodide gly-
cone moiety to the glycosyl acceptor. Such agents include, but
are not limited to, Lewis acids (such as aluminum chloride,
iron (III) chloride, silver triflate, and the like) and quaternary
ammonium iodide salts (such as tetramethylammonium
iodide, tetrabutylammonium iodide, and the like). One of
skill in the art will appreciate that other reagents can be used
to promote the transfer of the glycosyl iodide glycone moiety
to the glycosyl acceptor.

[0086] The selectively acylated oligosaccharides can also
serve as precursors for glycosyl acceptors that can be further
elaborated to provide elongated oligosaccharides. In general,
a selectively acylated oligosaccharide is converted to a depro-
tected oligosaccharide by removing one or more O-silyl moi-
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eties. The deprotected oligosaccharide can then be used as a
glycosyl acceptor in glycosylation reactions such as those
described above. As such, some embodiments of the inven-
tion provide methods for preparing selectively-acylated oli-
gosaccharides as described above, wherein the method fur-
ther includes removing at least one protecting group from the
selectively acylated oligosaccharide to form a deprotected
oligosaccharide.

[0087] Any suitable method for removing one or more
O-silyl moieties from the selectively acylated oligosaccha-
ride can be used in the methods of the invention. A number of
methods for removal of O-silyl moieties are known in the art,
as detailed in Protective Groups in Organic Chemistry, Peter
G. M. Wuts and Theodora W. Greene, 4th Ed., 2006. Useful
reagents for removal of O-silyl moieties include, but are not
limited to, acidic resins (such as Dowex resins, Rexyn resins,
and the like), fluoride reagents (such as tetrabutylammonium
fluoride and the like), oxidizing agents (such as 2,3-dichloro-
5,6-dicyano-p-benzoquinone and the like), reducing agents
(such as bis(2-methoxyethoxy)aluminumhydride and the
like), and Lewis acids (such as iron (III) chloride, boron
trifluoride, and the like). One of skill in the art will appreciate
that other reagents will be useful for removal of O-silyl moi-
eties, depending on the structure of the particular silyl pro-
tecting group.

[0088] The methods of the invention can be used to convert
the deprotected oligosaccharides described above to a num-
ber of biologically and synthetically important elongated oli-
gosaccharides. The elongated oligosaccharides can be tumor
associated carbohydrate antigens (TACAs), which are known
to exist on the surface of malignant cancer cells at elevated
levels. One class of TACAs, for example, is the “globo” series
of oligosaccharides including Gb3 (a-p-galactopyranosyl-
(1—4)-p-p-galactopyranosyl-(1—4)-np-glucose, also known
as the “P*” trisaccharide). Other non-limiting examples of
TACAs include, Gb5, Gb4, globo-H, Bb4, Bb3, B19, chitot-
riose, chitotetraose, cellotriose, sialyl-Lewis™ (SLe™), sialyl-
Lewis® (SLe”), GM1, fucosyl-GM1, GM2, GM3, fucosyl-
GM3, DSGG, GD2, and GD3. One of skill in the art will
appreciate that the methods of the invention can be used to
prepare other useful oligosaccharides.

[0089] In order to form a TACA or another elongated oli-
gosaccharide, the deprotected oligosaccharide is contacted
with a suitable glycosyl donor. Suitable glycosyl donors
include, but are not limited to, glycosyl iodides, glycosyl
bromides, glycosyl trichloroacetimidates, and thiogluco-
sides. Reactive groups in the glycosyl donor can be protected
with various suitable protecting groups, as is well known in
the art. Accordingly, some embodiments of the invention
provide methods for preparing selectively-acylated oligosac-
charides including forming a deprotected oligosaccharide as
described above, and further including contacting the depro-
tected oligosaccharide with a glycosyl donor to form an elon-
gated oligosaccharide. In some embodiments, the glycosyl
donor includes a per-benzylated glycosyl iodide. In some
embodiments, the elongated oligosaccharide comprises a P*
trisaccharide moiety.

[0090] Deprotected oligosaccharides can also be used to
prepare other useful compounds, by reacting deprotected
hydroxyl moieties with non-carbohydrate compounds. As a
non-limiting example, deprotected oligosaccharides can be
used to prepare lipid derivatives with surfactant properties
such as sophorolipids, succinoyl trehalose lipids, and dirham-
nolipids. Sophorolipids contain a sophorose moiety that is
linked to 17-hydroxyoleic acid via a glycosidic bond;
intramolecular lactone formation between the sophorose 4'
hydroxyl group and the hydroxyoleic carboxylate results in a
macrolide structure. Related macrolides have lactones
formed from various long-chain hydroxy acids and oligosac-
charides including, melibiose, lactose, and others. As such,
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some embodiments of the invention provide methods for
preparing selectively-acylated oligosaccharides including
forming a deprotected oligosaccharide as described above,
and further including converting the deprotected oligosaccha-
ride to a macrolide.

V. Examples

General

[0091] Proton nuclear magnetic resonances (‘H NMR),
carbon nuclear magnetic resonances (‘*C NMR), and 2
dimensional NMR spectra were recorded in deuterated sol-
vents on Varian (600 MHz) and Bruker Avance600 (600
MHz) and Avance800 (800 MHz) spectrometers. Chemical
shifts are reported in parts per million (ppm, d) relative to the
residual protonated solvent (CDCl,;, 8 7.26; CD,0D, 8 3.31).
'H NMR splitting patterns are designated as singlet (s), dou-
blet (d), doublet of doublets (dd) or apparent triplet (app. t).
Splitting patterns that could not be visualized or easily inter-
preted were designated as broad (br) or multiplet (m). Cou-
pling constants are reported in Hertz (Hz). Analytical thin
layer chromatography (TLC) was carried out on Glass-
backed TLC plates (Silica Gel 60 with a 254 nm fluorescent
indicator, 250 mm layer thickness) that were used without
further manipulation and stored over desiccant. TLC plates
were visualized by heating plates that were dipped in a solu-
tion of ammonium molybdate/cerium (IV) sulfate stain. Flash
column chromatography was performed on Dynamic Adsor-
bents Inc. silica gel (32-63 u). Solvent mixtures used for TLC
and flash column chromatography are reported in v/v ratios.
The unprotected disaccharides were dried in a vacuum oven
at 80° C. for 24 hours. All other commercially available
reagents and solvents used without further purification, and
all reactions were carried out in oven-dried glassware.
[0092] Typical Procedure for Regioselective Silyl
Exchange of Per-O-TMS Disaccharides.

[0093] Inal10mL microwavereactor vessel or 25 mL round
bottom flask, per-O-TMS disaccharide (lactose, melibiose or
trehalose) (500 mg, 0.54 mmol or 230 mg, 0.25 mmol) was
dissolved in anhydrous benzene (3 mL). The solvent was
removed under rotary evaporation with argon backfilling. The
azeotropic distillation was repeated two additional times to
dryness affording viscous syrup. To the reaction flask was
added a dry stirring bar, anhydrous pyridine (2.0 mL/per
mmol TMS sugar), acetic anhydride (1.5 m[./per mmol TMS
sugar), and glacial acetic acid (2-8 equiv.). The reaction ves-
sel was either placed under room temperature or was heated
by conventional oil bath or was subjected to microwave irra-
diation (standard mode, 100 W, 125° C. or 110° C., ~40 psi)
for various time intervals. Once TLC showed the reaction was
complete, the reaction mixture was transterred into a 50 mL
round bottom flask where it was azeotroped with copious
amounts of anhydrous benzene to dryness. The crude foam
was immediately purified by flash column chromatography
(hexanes/ethyl acetate/5% triethylamine) to afford the par-
tially acetylated products.

Example 1

Regioselective Acylation of Per-O-Silylated Lactose

[0094] Per-O-silylated lactose was prepared via known
methods and selectively acylated using a mixture of anhy-
drous pyridine and acetic anhydride using 3 equivalents of
glacial acetic acid (Table 1, Entry 1). After 5 days, the product
mixture was purified using flash column chromatography
affording the 6,6'-di-O-acetyl-lactoside (1), the 1,6,6'-tri-O-
acetyl-lactoside (2), and the 1,2,6,6'-tetra-O-acetyl-lactoside
(3). Table 1 includes the first examples of silyl exchange on a
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disaccharide where the anomeric hydroxyl group is also sily-
lated. This advancement significantly reduces the number of
steps required to transform the disaccharide into a donor.

[0095] It is noteworthy that 3 was only isolated from the
reaction at room temperature and not from any reactions in
which the mixture was heated. By increasing the reaction
temperature from rt to 40° C. and 60° C., similar product
mixtures were obtained, however the reaction time decreased
from 5 d to 60 h and 36 h, respectively (Table 1, Entries 2 and
3).

[0096] Initially, only a small amount of 4'-O-TMS-hepta-
O-acetyl-lactoside (4) was isolated as confirmed by NMR
analysis. Heating to 80° C. reduced the reaction time to 1 d
while increasing the yield of 4, a molecule of significant
interest as a precursor to P* trisaccharide, from 5% to 23%.

[0097] Microwave assistance afforded a similar distribu-
tion of compounds 1 and 2 after 75 minutes as obtained after
5 d at rt; but compounds 3 and 4 were not observed (Table 1,
Entry 5). Increasing the acetic acid equivalents to greater than
five resulted in the exclusive formation of compounds 4 and 5,
(Table 1, Entries 6 and 7). Thus, the orthogonally protected
species 4 was prepared in 2 steps from commercially avail-
able p-lactose and in just under 4 h from per-O-TMS lactose.
This is the first reported synthesis of compounds 1-4. More-
over, per-O-TMS lactose could be regenerated by deacetyla-
tion of 5 and re-silylation in 92% yield.

TABLE 1

Selective acetylation of per-O-TMS lactose.

Ac,0, pyridine,

AcOH
per-O-TMS-Lactose ——
temp., time
5 OR!
RO OR!
(0]
R*O 0 R
R*O OR?
RO
R3O

1.R'=Ac; R%, R?, R* R®=TMS
2.R!,R?= Ac; R?, R* R5=TMS
3.R!,R2, R3= Ac; R* R>=TMS
4. R' R2,R3,R*=Ac; R*=TMS
5.R,RZL, R R* RO =Ac

En- AcOH

try  (equiv.) Temp. Time Product Distribution (Yield)

1 3 1t 5d 1 2 3
(19%) (55%) (12%)
2 3 40° C. 25d 1 2
(6%) (63%)
3 3 60° C. 15d 1 2 4
(14%) (60%) (5%)
4 3 80° C. 1d 4 5
(23%)  (42%)
5 3 uwave, 1.25h 1 2
125°C. (20%) (53%)
6 5 uwave, 7h 4 5
125°C. (21%) (67%)
7 7 uwave, 375 h 4 5
125°C. (18%) (61%)
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Example 1.1

(6-O-Acetyl-2,3,4-tri-O-trimethylsilyl-p-p-galacto-
pyranosyl)-(1-4)-O-(6-O-acetyl-1,2,3-tri-O-trimeth-
ylsilyl)-p-glucopyranoside (1)

[0098] Following the general procedure described above,
per-O-TMS lactose (500 mg, 0.54 mmol) was acetylated
using Ac,O/pyridine and glacial acetic acid (93 pL, 1.62
mmol, 3.0 equiv.). The reaction mixture was stirred under rt
for 5 d until the starting material was completely consumed.
The reaction mixture was purified using flash column chro-
matography (EA/Hex/NEt; [ethyl acetate/hexanes/triethy-
lamine]=5:85:10-14:85:1-29:70:1) to afford compounds 1, 2
and 3 (Table 1, Entry 1). Di-acetylated compound 1 (94 mg,
19%) was obtained as a white amorphous foam. TLC (EA/
Hex=30:70) R0.70. '"H NMR (800 MHz, CDCl;) 8 4.99 (d,
J=3.1 Hz, 1H, H-1), 4.37-4.33 (m, 2H, H-6ab), 4.24 (dd,
J=5.8, 10.7 Hz, 1H, H-6'a), 4.08 (dd, J=7.8, 10.7 Hz, 1H,
H-6b), 4.04 (d, J=7.5 Hz, 1H, H-1"), 4.02-3.97 (m, 1H, H-5),
3.74(t,J=8.8 Hz, 1H, H-3),3.71 (d, J=2.3 Hz, 1H, H-4"),3.63
(appt,J=7.5,9.2 Hz, 1H, H-2"),3.50-3.45 (m, 2H, H-4, H-5"),
3.41(dd,J=3.2,9.0Hz, 1H,H-2),3.32(dd, J=2.5,9.2 Hz, 1H,
H-3", 2.09 (s, 3H), 2.05 (s, 3H), 0.13 (m, 54H). '>*C NMR
(200 MHz, CDCl,) 9 170.90, 170.62, 103.0, 93.8, 77.0, 75.1,
74.0, 72.3, 71.93, 71.79, 71.51, 68.9, 63.28, 62.73, 21.1,
20.95, 0.91, 0.87, 0.60, 0.53, 0.49, 0.16. ESI-HRMS calcd.
for C,,H,,0,;Si, [M+NH,]*: 876.4089. Found: 876.4090.

Example 1.2

(6-O-Acetyl-2,3,4-tri-O-trimethylsilyl-p-p-galacto-
pyranosyl)-(1-4)-O-(1,6-di-O-acetyl-2,3-di-O-trim-
ethylsilyl)-p-glucopyranoside (2)

[0099] Compound 2 (228 mg, 55%) was obtained as a white
amorphous foam (Table 1, Entry 1). TLC (EA/Hex=3:7) R,
0.60. "H NMR (800 MHz, CDCl,) & 5.42 (d, J=7.7 Hz, 1H,
H-1), 4.42 (dd, J=2.0, 11.9 Hz, 1H, H-6a), 4.29 (dd, J=5.6,
12.0Hz, 1H, H-6b), 4.24 (dd, J=6.0, 10.8 Hz, 1H, H-6'a), 4.07
(dd,J=7.4,10.8 Hz, 1H,H-6'b),4.03 (d,J=7.5, 1H,H-1"),3.71
(d, I=2.3 Hz, 1H, H-4"), 3.65 (app t, J=7.5, 9.1 Hz, 1H, H-2",
3.62-3.57 (m, 1H, H-5), 3.57-3.44 (m, 4H, H-2, H-3, H-4,
H-5",3.30(dd, J=2.5,9.2 Hz, 1H, H-3"), 2.12 (s, 3H), 2.08 (s,
3H), 2.06 (s,3H), 0.17-0.13 (m, 27H), 0.098 (s, 9H), 0.089 (s,
9H). >C NMR (150 MHz, CDCl5) 8 170.71, 170.65, 169.4,
103.0, 94.3, 76.16, 76.12, 75.2, 74.23, 74.14, 72.1, 71.51,
71.50,62.75,62.68,21.41,21.06,20.94,1.1,0.96,0.94,0.60,
0.52. ESI-HRMS calcd. for C;3Hg;0,,Sis [M+NH,]*: 846.
3799. Found: 846.3828.

Example 1.3

(6-O-Acetyl-2,3,4-tri-O-trimethylsilyl-p-p-galacto-
pyranosyl)-(1-4)-O-(1,2,6-tri-O-acetyl-3-O-trimeth-
ylsilyl)-p-glucopyranoside (3)

[0100] Compound 3 (50 mg, 12%) was obtained as a white
amorphous foam (Entry 1, Table 1). TLC (EA/Hex=3:7) R,
0.28. '"H NMR (600 MHz, CDCl,) & 5.59 (d, J=8.4 Hz, 1H,
H-1), 4.99-4.93 (m, 1H, H-2), 4.47 (dd, J=2.0, 12.0 Hz, 1H,
H-6a), 4.28 (dd, J=5.3, 12.0 Hz, 1H, H-6b), 4.17 (dd, J=6.2,
10.9 Hz, 1H, H-6'a), 4.11 (dd, J=6.9, 10.9 Hz, 1H, H-6'b),
4.06 (d, J=7.5 Hz, 1H, H-1"), 3.71-3.67 (m, 3H, H-3, H-5,
H-4"), 3.63-3.60 (m, 2H, H-2', H-4), 3.49 (t, J=6.5 Hz, 1H,
H-5",3.31(dd, J=2.5,9.2 Hz, 1H, H-3"), 2.09 (s, 3H), 2.08 (s,
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3H),2.07 (s, 3H), 2.06 (m, 3H), 0.15 (s, 9H), 0.11 (s, 9F1), 0.10
(s, 18H). 13C NMR (150 MHz, CDCl,) 8 170.69, 170.62,
169.50, 169.42, 102.8, 92.3, 75.68, 75.12, 74.44, 73.76,
72.96,72.37,71.70,71.62, 62.97, 62.37,21.14, 21.07, 20.99,
20.98, 0.96, 0.62, 0.59, 0.53. ESI-HRMS calcd. for
C1,H,,0,5Si, [M+NH,]*: 816.3510. Found: 816.3488.

Example 1.4

(2,3,6-Tri-O-acetyl-4-O-trimethylsilyl-p-p-galacto-
pyranosyl)-(1-4)-O-(1,2,3,6-tetra-O-acetyl)-p-glu-
copyranoside (4)

[0101] Following the general procedure described above,
per-O-TMS lactose (500 mg, 0.54 mmol) was acetylated
using Ac,O/pyridine and glacial acetic acid (216 pl,, 3.78
mmol, 7.0 equiv.) followed by nine microwave irradiation
cycles (standard mode, 100 W, 125° C., ~40 psi, 25 min). The
reaction mixture was purified using flash column chromatog-
raphy (EA/Hex=20:80-50:50) to afford compounds 4 and 5
(Table 1, Entry 7). Mono-silylated compound 4 (69 mg, 18%)
was obtained as a white amorphous foam. TLC (EA/Hex=5:
5)R,0.34. '"H NMR (600 MHz, CDCl,) 8 6.24 (d, ]=3.7 Hz,
2H, H-1,,), 5.66 (d, J=8.3 Hz, 1H, H-1p), 5.45 (app t, J=9.6,
10.2 Hz, 1H, H-3,), 5.22 (1, ]=9.2 Hz, 1H, H-3,), 5.16-5.12
(m, 2H, H-2',,H-2'p), 5.03 (dd, ]=8.4,9.3 Hz, 1H, H-2;), 4.99
(dd, J=3.7, 10.3 Hz, 1H, H-2_), 4.85-4.80 (m, 2H, H-3'_,
H-3'5), 4.47-4.41 (m, 4H, H-1',, H-6,, H-1'p, H-65), 4.26-4.
21 (m, 2H, H-6,, H-6,), 4.10-4.07 (m, 2H, H-6',, H-6'p),
4.05-3.97 (m, 5H, H-6',,, H-4',,, H-5,, H-6'5, H-4'p), 3.83-3.
78 (m, 2H, H-4,,, H-45), 3.74 (ddd, J=2.0, 5.0, 9.9 Hz, 1H,
H-5p), 3.66-3.63 (m, 2H, H-5',,, H-5'5), 2.16 (s, 3H), 2.11 (s,
3H),2.10 (s, 3H), 2.09 (s, 3H), 2.09 (s, 3H), 2.06 (s, 3H), 2.05
(s,3H), 2.04 (s, 3H), 2.03 (s, 3H), 2.02 (s, 3H), 2.015 (s, 3H),
2.00 (s, 3H), 0.12 (s,9H), 0.117 (s, 9H). ">*C NMR (150 MHz,
CDCl,) 8 170.50, 170.48, 170.47, 170.46, 170.32, 170.10,
169.85, 169.72, 169.33, 169.24, 169.09, 169.00, 101.3, 101.
1,91.7,89.2,75.58,75.49,73.67,73.53,73.50,72.81,72.34,
72.33,71.0,70.7,69.8, 69.7, 69.64, 69.60, 68.1, 62.00, 61.82,
61.77, 61.71, 21.08, 20.98, 20.90, 20.85, 20.7, 0.32, 0.32.
ESI-HRMS caled. for C,oH,,0,Si [M+NH,]*: 726.2641.
Found: 726.2639.

Example 1.5

(2,3.4,6-Tetra-O-acetyl-p-p-galactopyranosyl)-(1-4)-
0-(1,2,3,6-tetra-O-acetyl-)-p-glucopyranoside (5)

[0102] Compound 5 (224 mg, 61%) was obtained as a white
amorphous foam (Table 1, Entry 7). TLC (EA/Hex=5:5) R,
0.18. 'H NMR (600 MHz, CDCl;) 8 6.25 (d, I=3.7 Hz, 1H),
5.66 (d, J=8.3 Hz, 1H), 5.47 (app t, J=9.6, 10.2 Hz, 1H),
5.38-5.31 (m, 2H), 5.24 (t, J=9.2 Hz, 1H), 5.11 (ddd, J=8.0,
9.1, 10.3 Hz, 2H), 5.04 (dd, J=8.3, 9.4 Hz, 1H), 5.00 (dd,
J=3.7, 10.3 Hz, 1H), 4.95 (ddd, J=3.5, 9.1, 10.4 Hz, 2H),
4.51-4.39 (m, 5H), 4.18-4.04 (m, 7H), 4.00 (ddd, J=2.0, 4.1,
10.1 Hz, 1H), 3.87 (app dd, J=6.6, 12.5 Hz, 3H), 3.85-3.78
(m, 2H), 3.75 (ddd, J=2.0, 4.8, 9.9 Hz, 1H), 2.07 (m, 61H).
13C NMR (150 MHz, CDCl,) § 170.50, 170.47, 170.45,
170.42,170.27,170.26, 170.20, 170.19, 170.06, 169.75, 169.
73, 169.70, 169.26, 169.14, 169.06, 168.99, 101.4, 101.1,
91.6, 89.1, 75.94, 75.80, 73.6, 72.7, 71.12, 71.08, 70.85,
70.61, 69.71,69.23, 69.09, 66.70, 66.69, 61.85, 61.56, 60.95,
60.89, 21.00, 20.99, 20.82, 20.80, 20.80, 20.78, 20.76, 20.75,
20.65. ESI-MS caled. for C,3H;30,5 [M+NH,]*: 696.2351.
Found: 696.2346.
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Example 2

Preparation of Diverse Synthetic Targets Using
Selectively-Acylated Oligosaccharides

[0103] Ready access to compounds 1-4 makes a wide range
of glycosyl donors available with minimal synthetic manipu-
lation because anomeric acetates can be selectively hydro-
lyzed rendering the 1-O-acetate orthogonal to other acetates.
Moreover, activation of a mixture of 1 and 2 with TMSI
provides the same lactosyl iodide (FIG. 2). The convergence
of'1 and 2 to the same donor in situ gives an additive yield of
73% (Table 1, Entry 5) with respect to preparing the corre-
sponding lactosyl iodide.

[0104] Compound 4, containing a single TMS ether at the 4'
position, is poised for use as a glycosyl donor or acceptor in
one synthetic step (FIG. 3). As shown in FIG. 3, the anomeric
acetate can be readily transformed into a reactive glycosyl
iodide donor. In addition to serving as a glycosyl donor,
selectively acetylated lactose can also function as a glycosyl
acceptor after removal of the silyl protecting groups. In this
manner, the bifunctional molecule (4) is poised to serve as a
modular building block for more complex oligosaccharides
such as P* trisaccharide, which is a common structural feature
of Gb3, Gb5 and globo H.

[0105] In order to reveal the selectively protected lactosyl
acceptor (6), compound 4 was treated with Dowex acidic
resin. After 12 h, TL.C showed the disappearance of starting
material and the key intermediate (6) was obtained in 90%
yield (FIG. 4). It was somewhat surprising that desilylation
required 12 h. In previous studies, the inventors found that as
the number of acetate protecting groups increase, the time
required for desilylation also increases. Without wishing to be
bound by any particular theory, it appears that the electronic
nature of the acetate groups inductively stabilizes the silyl
protecting groups, which may also impact regiocontrol of
exchange. In order to shorten the reaction time, compound 4
was also treated with traditional TBAF/AcOH conditions,
but, unfortunately, the reaction led to trans-acetylation prod-
ucts which were confirmed by NMR analysis. Meanwhile,
Pd-catalyzed hydrogenolysis was also applied to compound
4. Within 30 min, compound 4 was transformed to 6 under 1
atm H, atmosphere in 91% yield.

[0106] Because the trimethylsilyl protecting groups are
stable for extended periods of time, this selective acetylation
process enables the large-scale synthesis of partially pro-
tected silyl sugars without concern of trans-acetylation.

[0107] Elaboration of the lactosyl acceptor continued with
galactosylation of the 4' hydroxyl using the glycosyl iodide
derived from anomeric acetate 7. The iodide was transferred
into a cooled, well-stirred CH,Cl, solution containing 6, sil-
ver triflate (AgOTY), and activated molecular sieves under
inert atmosphere. The reaction mixture was allowed to warm
from -78° C. to -10° C. over 2 h and was quenched with
triethylamine followed by filtration through a celite pad. After
extraction, concentration, and purification using flash column
chromatography, the resulting protected Pk trisaccharide (8)
was obtained in 75% yield. Only the desired a-1,4 linkage
was obtained and the corresponding §-1,4 linked isomer was
not observed in NMR experiments of the crude reaction mix-
ture. Global deprotection of compound 8 continued with pal-
ladium-catalyzed hydrogenolysis followed by deacetylation,
yielding P* trisaccharide (9) in nearly quantitative yield (FIG.
5).
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Example 2.1

(2,3,6-Tri-O-acetyl-4-ol-f-p-galactopyranosyl)-(1-
4)-0-(1,2,3,6-tetra-O-acetyl)-np-glucopyranoside (6)

[0108] Method A: To a MeOH (2 mL) solution of com-
pound 4 (63 mg, 0.09 mmol) was added Dowex H* resin
(~250 mg). The suspension was allowed to stir at rt until TLC
showed the starting material was completely consumed (12
h). Next, the resin was removed via filtration and the solution
was concentrated to afford a viscous oil. The crude mixture
was immediately purified using flash column chromatogra-
phy (EA/Hex=70:30) to obtain compound 6 (50 mg, 90%) as
a white amorphous foam. Method B: To a MeOH solution (4
mL) of compound 4 (130 mg, 0.18 mmol) was added Pd(OH)
»/C (20% Pd, 63 mg) and stirred under H, gas (1 atm balloon)
for 0.5 h. After the disappearance of starting material on TLC,
the Pd(OH),/C was removed by passing the reaction mixture
through a MeOH-packed celite pad. The filtrate was concen-
trated and the residue was purified using flash column chro-
matography (EA/Hex=67:33-50:50) to obtain 6 (106 mg,
91%) as a white amorphous foam. TLC (EA/Hex=2:1) R,
0.27. '"H NMR (800 MHz, CDCl,) 8 6.25 (d, J=3.7 Hz, 1H,
H-1,), 5.66 (d, J=8.3 Hz, 1H, H-1p), 5.44 (t, I=9.8 Hz, 1H,
H-3,,),5.23 (t, ]=9.2 Hz, 1H, H-3;), 5.18-5.14 (m, 2H, H-2',,,
H-2'p), 5.05 (app t, J=8.4, 9.0 Hz, 1H, H-2;), 5.01 (dd, ]=3.7,
10.3 Hz, 1H, H-2,,), 4.92-4.84 (m, 2H, H-3',,, H-3'5), 4.48-4.
41 (m, 4H, H-1',,, H-6a,,, H-1'g, H-6a5), 4.33-4.23 (m, 4H,
H-6'ab,,, H-6'abg), 4.13-4.11 (m, 2H, H-6b,,, H-6 by), 4.01-
3.98 (m, 3H, H-4',, H-5,, H-4'5,), 3.83-3.79 (m, 2H, H-4,,
H-4p), 3.77-3.75 (m, 1H, H-5;), 3.71-3.69 (m, 2H, H-5',,
H-5'3), 2.46 (s, 2H), 2.17 (s, 3H), 2.14-1.98 (m, 43H). *°C
NMR (200 MHz, CDCl,) § 170.91, 170.88, 170.49, 170.45,
170.18,170.07,169.98, 169.95, 169.68, 169.44, 169.36, 169.
08, 169.00, 101.2, 101.0,91.7, 89.1, 75.9, 75.7,73.7, 73 .42,
73.37,72.7,72.23,72.18, 70.9, 70.6, 69.7, 69.6, 69.5, 66.9,
66.8, 62.03, 62.00, 61.97, 61.7, 21.08, 21.00, 20.98, 20.96,
20.94, 20.90, 20.83, 20.77, 20.74, 20.65. ESI-HRMS calcd.
for C,4H;60,5 [M+NH,]": 654.2245. Found: 654.2243.

Example 2.2

(2,3,4,6-Tetra-O-benzyl-a-p-galactopyranosyl)-(1-
4)-0-(2,3,6-tri-O-acetyl-f-O-p-galactopyranosyl)-(1-
4)-0-1,2,3,6-tetra-O-acetyl-D-glucopyranoside (8)

[0109] To a 0° C. CH,CI, solution (4 mL) of compound 7
(510 mg, 0.88 mmol) was added TMSI (142 ulL., 0.97 mmol)
under argon atmosphere. After stirring for 30 min, the reac-
tion mixture was quenched by adding anhydrous benzene (5
ml) and concentrated under reduced pressure. After
co-evaporating with anhydrous benzene three times, the cor-
responding glycosyl iodide was obtained as a yellowish
amorphous foam. The iodide was then dissolved in CH,Cl, (2
mL) under argon and cooled to =78 OC. In a separate round
bottom flask, AgOTf (270 mg, 1.05 mmol), 4'-OH acceptor 6
(220 mg, 0.35 mmol), and activated 4 A molecular sieves
were allowed to stir in a CH,Cl, (3 mL) solution under argon
atmosphere atrt for 30 min. The acceptor solution was cooled
to —=78° C. and the cooled glycosyl iodide solution was trans-
ferred dropwise to the acceptor flask via cannula. After 2 h,
TLC revealed complete consumption of the acceptor. The
reaction mixture was gradually warmed to —20 OC, diluted
with EA (10 mL) and quenched by adding NEt; (1 mL). The
suspension was filtered through a well-packed celite pad and
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washed with EA (~30 mL). The filtrate was washed with
saturated NaS,0;,,, (20 mLx1), NaHCO;,,, (20 mLx1) and
brine (20 ml.x2), dried over anhydrous Na,SO,(s) and con-
centrated under reduced pressure. The resulting residue was
purified using gradient flash column chromatography (EA/
Hex=40:60-50:50) to obtain 8 (300 mg, 75%) as a white
amorphous foam. TLC (EA/Hex=1/1) R,0.43. The products
consisted of anomeric acetates (o/f=1/3.2). The major 3-ano-
mer is reported: 'H NMR (800 MHz, CDCl,) 8 7.43-7.24 (m,
20H, ArH), 5.65 (d,J=8.3 Hz, 1H,H-1), 5.20 (t, ]=9.3 Hz, 1H,
H-3), 5.13 (dd, J=10.2, 8.1 Hz, 1H, H-2"), 5.04 (t, J=8.9 Hz,
1H, H-2),4.92 (d, J=12.0 Hz, 1H, PhCH), 4.82 (d, J=4.1 Hz,
1H, H-3"), 4.76-4.73 (m, 4H, H-1", H-3', PhCHx2), 4.67 (d,
J=12Hz, 1H, PhCH), 4.56 (d, J=12 Hz, 1H, PhCH), 4.50-4.40
(m, 4H, H-6a, H6'ab, PhiCHx2), 4.39 (d, J=7.8 Hz, 1H, H-1"),
4.27 (dd, 9.0, 4.7 Hz, 1H, H-5"), 4.16 (s, 1H, H-4"), 4.10
(dd, I=12.3, 4.6 Hz, 1H, H6b), 4.05 (m, 1H, H-2"), 3.97 (d,
J=2.3,1H),3.77 (1, ]=8.9 Hz, 1H, H-4),3.72 (dd, ]=10.0, 4.7
Hz, 1H, H-5), 3.64 (t, J=6.8 Hz, 1H, HS"), 3.61 (1, J=8.9 Hz,
1H, H6"a), 3.42 (dd, J=8.3,4.9 Hz, 1H, H-6"b), 2.11 (s, 3H),
2.09 (s, 3H), 2.04 (s, 6H), 2.03 (s, 3H), 2.02 (s, 3H), 1.86 (s,
3H), 1.85 (s, 3H). >C NMR (200 MHz, CDCl,) 3170.7,
170.4,170.3,169.8, 169.5,168.9, 168.7,138.8, 138.7, 138.1,
137.9, 128.4, 128.33, 128.30, 128.2, 128.15, 128.11, 128.0,
127.7,127.6,127.4,127.36,127.34,101.4,101.0,91.7,79.1,
76.0,75.5,75.3,75.0,74.6,74.2,73.6,73.3,72.8,72.5,72.3,
72.2,70.3, 69.6, 69.4, 67.6, 61.7, 61.0, 20.84, 20.82, 20.6,
20.5. ESI-HRMS caled. for C4oH,00,5 [M+NH,]*™: 1181.
4200. Found: 1181.4241.

Example 2.3

a-D-galactopyranosyl-(1-4)-p-p-galactopyranosyl-(1-
4)-p-glucopyranose (9)

[0110] To a MeOH solution (5 mL) of compound 8 (63 mg,
0.054 mmol) was added Pd(OH),/C (20% Pd, 63 mg) and
stirred under H, gas (1 atm) for two hours. After the disap-
pearance of starting material on TLC, the Pd(OH),/C was
removed by passing through a MeOH-packed celite pad. The
filtrate was concentrated and re-dissolved in anhydrous
MeOH (3 mL) followed by addition of NaOMe/MeOH solu-
tion (25% wt, 40 uL.). Some white suspension formed after 15
min and H,O (1.0 mL) was added to dissolve the suspension.
The reaction mixture was stirred for another 15 min and was
acidified to pH=6 by adding Dowex acidic resin. The solution
was filtered through a plug of C18 reverse-phrase silica gel
and washed with MeOH and water to remove the resin and
desalt. The filtrate was concentrated and lyophilized to afford
compound 9 (27 mg, 99%) as a white fluffy foam. TLC
(BA/2-propanol/H,0=2:2:1) R, 0.22. 'H NMR (800 MHz,
D,0)85.22(d, J=3.7 Hz, 0.4H), 4.94 (d, J=3.7 Hz, 1H), 4.66
(d, J=8.0Hz,0.4H),4.50 (dd, J=7.8, 1.7 Hz, 1H), 4.35 (s, 1H),
4.06-4.01 (m, 2H), 3.98-3.54 (m, 14H), 3.27 (t J=8.6 Hz,
0.4H). '*C NMR (200 MHz, D,0) 103.90, 103.86, 101.0,
96.4,92.4,79.3,79.2,78.0,75.5,74.5,72.8,71.5,70.8, 69.8,
69.6, 69.22, 69.20, 61.1, 61.0, 60.7, 60.6. (Assignment
matches with literature). ESI-HRMS calcd. for C,3H;,0,¢
[M+NH,]*: 522.2029. Found: 522.2012.

Example 3

Regioselective Acylation of Per-O-Silylated
Melibiose
[0111] Melibiose (p-galactopyranosyl-a(1-6)-p-glucopy-
ranoside), which is a disaccharide composed of the same

Jun. 23,2016

monomeric units as lactose but having a different glycosidic
linkage, was chosen to examine the reactivity differences
between these constitutional isomers (Table 2). Per-O-TMS
melibiose was prepared in one step from commercially avail-
able melibiose by known methods and acylated starting with
2.0 equiv. of glacial acetic acid. The reaction mixture was
subjected to microwave irradiation at 125° C. for six 25 min
cycles and followed by TLC. Purification of the reaction
mixture afforded 6'-mono-O-acetate (10) and 1,6'-di-O-ac-
etate (11) as a mixture of a/13 anomers (Table 2, Entry 1).
Increasing the acetic acid to 7.0 equiv. resulted in the forma-
tion of penta- to per-O-acetates (12-15), which were isolated
in moderate yields (Table 2, Entry 2). These were also found
to be a mixture of a/3 anomers.

[0112] While the lactosyl products always contained
10-15% unresolved partially acetylated compounds besides
the major products, the melibiose system yielded well-re-
solved partially acetylated intermediates. NMR analysis
showed the melibiose intermediates were distinctive acetyla-
tion products, suggesting the acetylation proceeded in a more
stepwise fashion than the lactosyl system. More interestingly,
after the primary and anomeric position were acetylated, the
glucosyl moiety was the next part to be acetylated followed by
the 2', 3' and finally 4' position of the galactosyl moiety. This
process enabled the first reported synthesis of these selec-
tively acetylated melibiose species (12-15) which might be
useful for the synthetic and biological community.

TABLE 2

Selective acetylation of per-O-TMS melibiose.

Ac,0, pyridine,
AcOH
per-O-TMS-melibiose — 5
temp., time

RO

R0
R*O
0
0
R30
R?°0 OR?
R?0

10. R' = Ac; R2, R3, R*, R5, R6 = TMS
11. RY, R?= Ac; R3, R*, R5, R = TMS
12. R, R2, RP = Ac; R*, R5, R6 = TMS
13. R, R2, R? R*=Ac; R, RS = TMS
14.R!, R2, R? R* R = Ac; RS = TMS
15. R, RZ, R3 RY RS, RO = Ac

AcOH
En- (e-

try quiv.) Temp. Time Product Distribution (Yield)

1 2 pwave, 2.5h 10 11
125°C. (39%) (20%)
2 7 pwave, 2.5h 12 13 14 15

125° C. (7%) (26%) (22%) (44%)
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Example 3.1

(2,3,4-Tri-O-trimethylsilyl-6-O-acetyl-a-p-galacto-
pyranosyl)-(1-6)-0-(1,2,3,4-tetra-O-trimethylsilyl)-
a-D-glucopyranoside (10)

[0113] Following the general procedure described above,
per-O-TMS melibiose (500 mg, 0.54 mmol) was acetylated
using Ac,O/pyridine and glacial acetic acid (62 pL, 1.08
mmol, 2 equiv.) followed by six irradiation cycles (standard
mode, 100 W, 125° C., ~40 psi, 25 min). The reaction mixture
was purified using flash column chromatography (EA/
Hex=5:95-12:88) to afford compounds 10 and 11 (Table 2,
Entry 1). Mono-acetylated analogue 10 (1 90 mg, 39%) was
obtained as a white foam. TL.C (EA/Hex=15:85) R-0.59. 'H
NMR (800 MHz, CDCl,)  5.07 (d, J=3.4 Hz, 1H, H-1"), 4.92
(d, I=3.0, 1H, H-1), 4.17-4.10 (m, 2H, H-6'ab), 3.88-3.64 (m,
9H, H-3, H-4, H-5, H-6ab, H-2', H-3', H-4', H-5"), 3.33 (dd,
J=3.1, 9.1 Hz, 1H, H-2), 2.06 (s, 3H), 0.20 (s, 9H), 0.14 (s,
9H), 0.13 (s, 9H), 0.127 (s, 9H), 0.122 (s, 9H), 0.121 (s, 9H),
0.11 (s, 9H). '3C NMR (200 MHz, CDCl,) & 170.8, 99.6,
93.8,74.3,74.2, 72.9, 72.82, 71.82, 70.6, 69.2, 68.6, 63.7,
21.0,1.4,1.1,0.69,0.63, 0.53, 0.33, 0.30. ESI-HRMS calcd.
for C45HgoO4,S1, [M+NH,]*=906.4378. Found: 906.4390.

Example 3.2

(2,3,4-Tri-O-trimethylsilyl-6-O-acetyl-a-p-galacto-
pyranosyl)-(1-6)-O-(2,3,4-tri-O-trimethylsilyl-1-O-
acetyl)-p-glucopyranoside (11)

[0114] Compound 11 (90mg,20%)was obtained as a white
foam (Table 2, Entry 1). TLC (EA/Hex=15:85) R,0.40. 'H
NMR (800 MHz, CDCl;) 9 6.02 (d,J=3.5Hz,4H,H-1,,),5.33
(d, J=8.0 Hz, 1H, H-1p), 5.06 (d, JI=3.4 Hz, 1H, H-1'p), 5.00
(d, 3.4 Hz, 4H, H-1',), 4.15-4.07 (m, 12H, H-6ab), 3.90-3.
63 (m, 50H, H-5, H-2', H-6', H-3', H-5', H-4', H-4, H-3, H-6"),
3.53 (dd, J=3.6, 9.0 Hz, 4H, H-3_), 3.45 (t, J=8.8 Hz, 1H),
3.42-3.39 (m, 1H),3.36 (d,J=9.2 Hz, 1H), 2.08 (s, 12H), 2.07
(s, 4H), 2.07 (s, 13H), 2.05 (s, 3H), 0.21-0.11 (m, 313H). 13C
NMR (200 MHz, CDCl;) § 170.9, 170.8, 169.7, 169.4, 99.7,
99.6,94.5,92.1,78.1,77.9,75.4,74.9,74.2,73.0,72.9,72.5,
70.9,70.6,70.5,69.1,69.1, 68.8, 68.7, 63.8, 63.7, 62.7, 62.1,
21.3,21.2,21.08,21.06,1.5,1.4,1.10,1.05, 1.01, 0.7, 0.63,
0.60, 04, 031, 025, 02. ESI-HRMS caled. for
C5,H,,0,5Si4 [M+NH,]": 876.4089. Found: 876.4105.

Example 3.3

(2,3,4-Tri-O-trimethylsilyl-6-O-acetyl-a-p-galacto-
pyranosyl)-(1-6)-0-(1,2,3,4-tetra-O-acetyl)-p-glu-
copyranoside (12)

[0115] Following the general procedure described above,
per-O-TMS melibiose (500 mg, 0.54 mmol) was acetylated
using Ac,O/pyridine and glacial acetic acid (216 pl, 3.78
mmol, 7.0 equiv.) followed by six cycles of microwave irra-
diation (standard mode, 100 W, 125° C., ~40 psi, 25 min). The
reaction mixture was purified using flash column chromatog-
raphy (EA/Hex=40:60-60:40) to afford compounds 12, 13,
14 and 15 (Table 2, Entry 2). Penta-acetylated analogue 12
(21 mg, 7%) was obtained as a white foam. (EA/Hex=1/1) R,
0.81. "H NMR (800 MHz, CDCl,) 8 6.27 (d, J=3.7 Hz, 1H,
H-1,), 5.64 (d, I=8.4 Hz, 1H, H-1,), 5.46 (1, J=9.8 Hz, 1H,
H-3,,), 5.23 (t, J=9.4 Hz, 1H, H-3), 5.16 (1d, J=6.2, 9.8, 2H,
H-4,,, H-4p), 5.09 (app t, J=8.0, 9.6 Hz, 1H, H-2,), 5.03 (dd,
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J=3.7,10.3 Hz, 1H, H-2,,),4.75 (d, ]=3.2 Hz, 1H, H-1'), 4.73
(d, J=4.0Hz, 1H, H-1',), 4.13 (dd, J=5.6,11.2 Hz, 1H, H-6'p),
4.15-4.08 (m, 3H, H-6',, H-6',, H-5;), 4.05 (dd, J=7.3, 11.2
Hz, 1H, H-6'5), 3.91 (app t, J=6.4 Hz, 1H, H-5'p), 3.90-3.85
(m, 3H, H-2',, H-5',, H-2'p), 3.83 (m, 3H, H-5,, H-3',
H-3'p),3.79 (d, J=1.2 Hz, 2H, H-4',, H-4'5), 3.70 (dd, =5 3,
11.6 Hz, 2H, H-6,, H-6p), 3.59 (dd, J=1.7, 11.6 Hz, 1H,
H-64),3.52 (dd, J=1.8, 11.5 Hz, 1H, H-6,,), 2.16 (s, 3H), 2.07
(app d, J=3.0 Hz, 9H), 2.04 (s, 3H), 2.03 (app dd, J=3.3,7.7
Hz, 12H), 2.01 (s, 3H), 0.17 (s, 9H), 0.16 (s, 9H), 0.14 (s, 9H),
0.13 (app d, J=1.1 Hz, 27H). *C NMR (200 MHz, CDCl,) §
170.8,170.5,170.4,169.9,169.5, 169.4,169.3, 169.1, 169.0,
99.9,91.9,89.1,74.2,73.3,73.1,72.9,71.1,70.5,70.4,70.3,
69.5,69.3,69.2,69.0, 68.7,68.5, 65.8, 65.5,63.9, 63.7, 21.0,
20.9, 20.8, 20.8, 20.7, 0.72, 0.72, 0.60, 0.58, 0.43, 0.37.
ESI-HRMS calced. for C;,H; O, Si; [M+NH,]*: 786.3220.
Found: 786.3183.

Example 3.4

(3,4-Di-O-trimethylsilyl-2,6-di-O-acetyl-a-p-galac-
topyranosyl)-(1-6)-0-(1,2,3 4-tetra-O-acetyl)-p-glu-
copyranoside (13)

[0116] Compound 13 (52 mg,26%) was obtained as a white
foam (Table 2, Entry 2). TLC (EA/Hex=1/1) R, 0.70. 'H
NMR (800 MHz, CDCl,) 8 6.26 (d,J=3.7Hz,3H, H-1_), 5.64
(d, J=8.3 Hz, 1H, H-1), 5.45 (1, 1=9.9 Hz, 3H, H-3,,), 5.22 (1,
J=9.4Hz, 1H, H-3p), 5.17 (1d, J=5.0, 9.8 Hz, 4H, H-4,,, H-4p),
5.11(d, J=3.5, 4H, H-1',,, H-1'g), 5.05 (app t, I=8.8, 9.6 Hz,
1H, H-2,) 5.01 (dd, J=3.7,10.3 Hz, 3H, H-2,,), 4.90-4.85 (m,
4H, H-2',, H-2',), 4.14-4.05 (m, 9H, H-6',, H-6', H-6',,
H-6'), 4.03 (m, 7H, H-3',, H-5,, H-3'5), 3.85 (d, J=2.6 Hz,
3H, H-4')), 3.84-3.79 (m, 6H, H-5',, H-5's, H-4'5), 3.73 (dd,
1=2.6, 9.8 Hz, 1H, H-5;), 3.66 (dt, J=5.4, 10.8 Hz, 4H, H-6,,,
H-64), 3.54 (dd, J=1.7, 11.8 Hz, 1H, H-6'p), 3.49 (dd, J=1.7,
11.7 Hz, 3H, H-6',), 2.17 (s, 8H), 2.14 (s, 3H), 2.10 (s, 9H),
2.09(s,4H),2.06 (s, 12H), 2.04 (s, 9H), 2.03 (app d, J=3.1 Hz,
7H), 2.02 (app d, J=3.3 Hz, 18H), 2.00 (s, 4H), 0.18 (s, 10H),
0.17-0.16 (m, 25H), 0.11 (app d, J=3.4 Hz, 37H). '°C NMR
(200 MHz, CDCl,) § 170.8, 170.74, 170.72, 170.69, 170.4,
170.3, 169.9, 169.5, 169.4, 169.3, 169.1, 168.96, 96.6, 96.2,
91.7, 89.1, 77.3, 77.2, 77.0, 73.8, 73.2, 72.5, 72.4, 71.42,
71.35,70.5,70.3,70.2,69.4,69.0,68.8,68.5,68.4,68.2,67.9,
64.9, 63.7, 63.5, 21.23, 21.22, 21.00, 20.90, 20.83, 20.75,
20.7, 20.6, 0.6, 0.50, 0.49. ESI-HRMS calcd. for
C;30H500, 551, [M+NH,]"=756.2930. Found: 756.2903.

Example 3.5

(2,3,6-Tri-O-acetyl-4-O-trimethylsilyl-a-p-galacto-
pyranosyl)-(1-6)-O-(1,2,3,4-tetra-O-acetyl)-p-glu-
copyranoside (14)

[0117] Compound 14 (43 mg, 22%) was obtained as a white
foam (Table 2, Entry 2). TLC (EA/Hex=1/1) R, 0.55. 'H
NMR (800 MHz, CDCl;) 8 6.27 (d,J=3.6 Hz, 1H, H-1,), 5.66
(d, J=8.3 Hz, 1H, H-1p), 5.46 (t, I=9.9 Hz, 1H, H-3,), 5.25-
5.20 (m, 3H, H-3',, H-3'g, H-3p), 5.18-5.09 (m, 6H, H-4,,
H-2',, H-1',, H-4,, H-2'g, H-1'5), 5.06 (app t, J=8.8, 9.6 Hz,
1H,H-2;), 5.03 (dd, J=4.0, 10.4 Hz, 1H, H-2,,), 4.17-4.10 (m,
4H, H-4,, H-6',, H-4'5, H-6'5), 4.04-4.06 (m, 1H, H-5,),
4.03-3.96 (m, 3H, H-6',,, H-5',, H-6'3), 3.94 (app t, J=6.5 Hz,
1H,H-5'g),3.78-3.74 (m, 1H, H-5,),3.70 (dd, ]=4.5,11.7 Hz,
2H, H-6,,, H-65), 3.59 (dd, 1=2.4, 11.7 Hz, 1H, H-6;), 3.54
(dd, J=2.5, 11.5 Hz, 1H, H-6), 2.18 (s, 3H), 2.11 (s, 3H),
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2.09-2.08 (m, 12H), 2.06 (app d, 6H), 2.04-2.03 (m, 6H), 2.02
(app d, 6H), 2.00 (app d, 6H), 0.11 (app d, 18H). 1*C NMR
(200 MHz, CDCL,) 6 170.76, 170.67, 170.6, 170.5, 170.4,
170.3, 1702, 169.8. 169.5, 169.4, 169.09, 169.05, 96.5. 96.1.
91.7.89.0,73.5,73.0,70.5,70.3,70.0,69.91,69.4, 69.3. 69 2.
68.6. 68.4, 6834, 68.26. 68.1, 65.7, 65.6, 64.5, 62.8, 62.6.
21.29,21.27,21.03, 20.95, 20.94, 20.90, 20.83, 20.75, 20.74,
20.73, 20.71, 20.6, 0.4. ESI-HRMS caled. for C,oH,,0, S
[M+NH,]*: 726.2641. Found: 726.2616.

Example 3.6

(2,3,4,6-Tetra-O-acetyl-a-p-galactopyranosyl)-(1-6)-
0-(1,2,3,4-tetra-O-acetyl)-D-glucopyranoside (15)

[0118] Compound 15 (81 mg,44%)was obtained as a white
foam (Table 2, Entry 2). TLC (EA/Hex=1/1) R, 0.33. 'H
NMR (800 MHz, CDCl,) 8 6.25 (d, J=3.4 Hz, 1H), 5.64 (d,
J=8.3 Hz, 1H), 5.46-5.39 (m, 4H), 5.30 (ddd, J=3.3, 6.7, 10.2
Hz,3H), 5.21 (t, J=9.5 Hz, 1H), 5.14-5.09 (m, 5H), 5.08-4.97
(m, SH), 4.16 (dt, J=6.5, 21.6 Hz, 3H), 4.06-4.00 (m, 7H),
3.75(d, J=10.0 Hz, 1H), 3.68 (dd, J=4.2, 11.8 Hz, 3H), 3.59
(d,J=11.7Hz, 1H),3.55(d,J=11.5Hz, 1H),2.16 (s,3H), 2.10
(dd, J=3.5, 5.7 Hz, 13H), 2.08 (d, J=6.5 Hz, 8H), 2.01 (dd,
J=3.3,7.5Hz,17H),2.00(d,J=2.3Hz, 7H), 1.98 (d,J=4.9 Hz,
8H), 1.95 (s, 7H). >C NMR (200 MHz, CDCl,) § 170.8,
170.7, 170.6, 170.5, 170.42, 170.36, 170.3, 170.03, 169.99,
169.9, 169.8, 169.5, 169.4, 169.1, 169.0, 96.5, 96.2, 91.7,
89.0,77.5,77.4,77.3,77.1,73.6,73.1,73.0,70.6, 70.3, 70.0,
69.4,69.1, 68.6, 68.4, 68.20, 68.17, 68.13, 68.08, 67.6, 67.5,
66.6, 66.5, 66.4, 65.9, 65.7, 61.9, 61.8, 21.2, 21.04, 20.92,
20.91, 20.87,20.84, 20.82, 20.81, 20.80, 20.79, 20.78, 20.74,
20.72, 20.6. ESI-HRMS calcd. for C,gH;30,, [M+NH,]™:
696.2351. Found: 696.2315.

Example 4

Regioselective Acylation of Per-O-Silylated
Trehalose

[0119] Per-O-TMS trehalose was selectively acylated as
shown in Table 3. Trehalose contains two glucosyl moieties
connected by an a-1,1 glycosidic bond. The symmetric dis-
accharide allows for the focused study of the reactivity of
different hydroxyl groups without concerning the formation
of ¢/13 anomers.

[0120] Per-O-TMS trehalose was prepared in one step from
commercially available trehalose via known methods in
quantitative yield and selectively acetylated starting with 4.0
equiv. of glacial acetic under microwave irradiation. After 0.5
h, the reaction mixture was purified to afford 6-mono-acetate
16 and 6,6'-di-acetate 17 (Table 3, Entry 1). Longer reaction
times (over 1.5 h) were needed to drive the reaction to
completion when two equivalents of acid were used. After 1.5
h using 8 equivalents of acid, a distribution of penta-acetate
18, hexa-acetate 19, and per-acetate 20 was obtained (Table 3,
Entry 2). Notably, the penta-acetate 18 and hexa-acetate 19
were two intermediates with both one glucosyl moiety fully
acetylated, as observed by NMR. This interesting result sug-
gested that once the 6 and 6' position were acetylated, one of
the glucosyl moieties would be fully acetylated and lead to
6,2'3',4,6'-penta-acetate 18. Hexa-acetate 19 was also iso-
lated in lower yield. Compound 18 had two un-acetylated
TMS ether groups at the 2- and 3-positions, indicating the
4-position was slightly more reactive that the 2- and 3-posi-
tions.
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TABLE 3

Selective acetylation of per-O-TMS trehalose.

AcO, pyridine,
AcOH
per-O-TMS-trehalose ————— 3
temp., time

OR?
0
R?0 OR?
OR?
16.R'= Ac; R2, R3, R* R*=TMS
17.R!, R?= Ac; R3, R* R*=TMS
18. R!, R2, R* = Ac; R* R*=TMS
19. RL, R2, R3, R*=Ac; R° = TMS
20.RL R2, R3,R* RP=Ac
En- AcOH
try  (equiv.) Temp. Time Product Distribution (Yield)
1 4 pwave, 0.5h 16 17
110° C. (22%)  (56%)
2 8 pwave, 1.5h 18 19 20
110° C. (14%) (9%) (44%)
Example 4.1

6-0-Acetyl-2,3,4,2' 3' 4' 6'-hepta-O-trimethylsilyl-c,
a-trehalose (16)

[0121] Following the general procedure described above,
per-O-TMS trehalose (230 mg, 0.25 mmol) was acetylated
using Ac,O/pyridine and glacial acetic acid (57 pl, 1.00
mmol, 4.0 equiv.) followed by two microwave irradiation
cycles (standard mode, 100 W, 110° C., ~40 psi, 15 min). The
reaction mixture was purified using flash column chromatog-
raphy (EA/Hex/NEt;=5:95:5-EA/Hex=10:90) to afford com-
pounds 16 and 17 (Table 3, Entry 1). Mono-acetylated ana-
logue 16 (49 mg, 22%) was obtained as a white solid. TL.C
(EA/Hex=10:90) R,0.53. "HNMR (800 MHz, CDCl,) 8 4.95
(d,J=3.1Hz, 1H,H-1),4.89 (d, J=3.1 Hz, 1H, H-1", 4.24 (dd,
J=11.9, 2.2 Hz, 1H, H-6a), 4.09 (dd, J=11.9, 4.5 Hz, 1H,
H-6b), 4.01 (ddd, J=9.5, 4.4, 2.2 Hz, 1H, H-5),3.91-3.88 (m,
2H, H-3, H-3"), 3.77 (dt, J=9.4, 3.1 Hz, H5"), 3.66 (d, J=3.1
Hz, 2H, H-6'ab), 3.48 (t, J=9.1 Hz, 1H, H-4), 3.46-3.41 (m,
2H, H-4', H-2), 3.39 (dd, J=9.3, 3.1 Hz, 1H, H-2"), 2.10 (s,
3H), 0.14 (s, 9H), 0.138 (s, 9H), 0.137 (s, 9H), 0.13 (s, 9H),
0.12 (s, 18H), 0.08 (s, 9H). *C NMR (200 MHz, CDCl,) §
171.0,94.4,94.1,73.5,73.4,73.3,72.7,72.6,71.9,71.5,70.5,
21.0, 1.044,1.040,0.9,0.8,0.2,0.1, -0.3. ESI-HRMS calcd.
for C35sHgoO4,S81, [M+NH,]*: 906.4373. Found: 906.4385.

Example 4.2

6,6'-Di-O-acetyl-2,3,4,2',3' 4'-hexa-O-trimethylsilyl-
a,o-trehalose (17)

[0122] Di-acetylated analogue 17 (121 mg, 56%) was
obtained as a white solid (Table 3, Entry 1). TLC (EA/Hex=1:
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9)R,0.22. 'H NMR (800 MHz, CDCl,) 8 4.93 (d, ]=3.0 Hz,
2H, H-1, H-1"), 4.22 (dd, J=11.9, 2.2 Hz, 2H, H-6a, H-6'a),
4.08 (dd,J=11.9,4.7 Hz, 2H, H-6b, H-6'b), 4.03-3.98 (m, 2H,
H-5, H-5", 3.90 (t, J=9.0 Hz, 2H, H-3, H-3"), 3.50-3.44 (m,
4H,H-2,H-2', H-4, H-4"),2.09 (s, 6H), 0.14 (s, 18H), 0.14 (s,
18H), 0.12 (s, 18H). *C NMR (200 MHz, CDCL,) § 170.9,
943, 73.4, 72.6, 71.9, 70.6, 63.7, 21.0, 1.0, 0.8, 1.2. ESI-
HRMS caled. for C;5Hg 0,,Si, [M+NH,]": 876.4083.
Found: 876.4107.

Example 4.3

6,2'3',4' 5 6'-Penta-O-Acetyl-2,3,4-tri-O-trimethyl-
silyl-a,a-trehalose (18)

[0123] Following the general procedure described above,
per-O-TMS trehalose (230 mg, 0.25 mmol) was acetylated
using Ac,O/pyridine and glacial acetic acid (115 uL, 2.00
mmol, 8.0 equiv.) followed by three irradiation cycles (stan-
dard mode, 100 W, 110° C., ~40 psi, 30 min). The reaction
mixture was purified using flash column chromatography
(EA/Hex/NEt;=30:70:5-EA/Hex=60:40) to afford com-
pounds 18, 19, and 20 (Table 3, Entry 2). Penta-acetylated
analogue 18 (26 mg, 14%) was obtained as a white amor-
phous foam. TLC (EA/Hex=7:3) R, 0.42. 'H NMR (800
MHz, CDCl,)d 5.54 (t,J=9.8 Hz, 1H, H-3), 5.23 (d,J=3.5 Hz,
1H, H-1), 5.14 (t, J=9.7 Hz, 1H, H-4), 4.99 (dd, J=10.3, 3.5
Hz, 1H, H-2),4.92 (d, J=3.3 Hz, 1H, H-1"), 4.38-4.34 (m, 1H,
H-5), 4.29 (dd, I=12.4, 3.6 Hz, 1H, H-6a), 4.19 (dd, J=11.7,
2.3Hz, 1H,H-6'),4.10(dd, J=11.8, 6.5 Hz, 1H, H-6'b), 4.01
(dd, J=12.4, 2.2 Hz, 1H, H-6b), 3.87 (t, I=9.0 Hz, 1H, H-3"),
3.83-3.78 (m, 1H, H-5"), 3.48 (dd, J=9.4, 3.3 Hz, 1H, H-2",
3.41(t,J=9.1 Hz, 1H, H-4"),2.09 (s, 3H), 2.08 (s, 3H), 2.06 (s,
3H), 2.022 (s, 3H), 2.017 (s, 3H), 0.19 (s, 9H), 0.15 (s, 9H),
0.14 (s, 9H). 1*C NMR (200 MHz, CDCl,) § 170.8, 170.7,
170.1, 169.8, 169.6, 95.8, 92.1, 73.4, 72.5, 72.1, 71.3, 70.2,
69.9, 68.2, 67.6, 63.4, 61.7, 20.8, 20.7, 20.6, 20.5, 1.1, 0.8,
0.2. ESI-HRMS calcd. for C;,Hs0, 651, [M+NH,]*: 786.
3214. Found: 786.3229.

Example 4.4

4,6,2'3' 4'5' 6'-Hexa-O-Acetyl-2,3,4-di-O-trimethy1-
silyl-a,a-trehalose (19)

[0124] Hexa-acetylated analogue 19 (17 mg, 9%) was
obtained as a white solid (Table 3, Entry 2). TLC (EA/Hex=3:
7) R,0.20. "H NMR (600 MHz, CDCl;) 8 5.56 (t, J=9.8 Hz,
1H, H-3"),5.25 (d,J=3.5 Hz, 1H, H-1"), 5.16 (t, J=9.8 Hz, 1H,
H-4"), 5.02 (dd, J=10.3, 3.6 Hz, 1H, H-2"), 4.98 (d, J=3.3 Hz,
1H, H-1),4.89 (t,]1=9.6 Hz, 1H, H-4), 4.37-4.29 (m, 2H, H-5',
H-6'.),4.21(dd,J=12.7,6.3 Hz, 1H, H-6a), 4.06-4.00 (m, 2H,
H-3, H-6'b), 3.96-3.87 (m, 2H, H-5, H-6b), 3.62 (dd, ]=9.2,
3.4Hz, 1H, H-2),2.10 (s, 3H), 2.10 (s, 3H), 2.07 (s, 3H), 2.06
(s, 3H), 2.04 (s, 3H), 0.15 (s, 9H), 0.14 (s, 9H). ESI-HRMS
caled. for C3,Hs,0,,Si, [M+NH,]*: 756.2925. Found: 756.
2938.

Example 4.5
2,3,4,6,2'3' 4" 5", 6'-Octa-O-Acetyl-a,a-trehalose
(20)

[0125] Per-O-acetylated analogue 20 (74 mg, 44%) was
obtained as a white solid (Table 3, Entry 2). TLC (EA/Hex=1:
1)R,0.24. 'H NMR (800 MHz, CDCl,) § 5.48 (t, ]=9.8 Hz,
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2H, H-3, H-3'), 5.28 (d, J=3.7 Hz, 2H, H-1, H-1"), 5.05-5.01
(m, 4H, H-2, H-2', H-4, H-4"), 4.24 (dd, J=12.2, 5.7 Hz, 2H,
H-6a, H-G'a), 4.04 (dt, J=19.8, 10.0 Hz, 2, H-5, H-5"), 4.00
(dd, J=12.2, 2.0 Hz, 2H, H-6b, H-6'b), 2.08 (s, 6H), 2.07 (s,
6H), 2.04 (s, 6H), 2.03 (s, 6H). '*C NMR (200 MHz, CDCL,)
170.6, 170.0, 169.6, 169.5,92.2, 69.9, 69.9, 68.5, 68.1, 617,
20.7, 20.6,20.5. ESI-HRMS caled. for C,yH,:0, o [M+Na]*:
701.1900. Found: 701.1898.

Example 5

Selective Acetylation of Per-O-Cellobiose

[0126] Selective Acetylation of Per-O-TMS-Cellobiose
[0127] Per-O-trimethylsilylcellobiose (107 mg, 0.116
mmol) was acetylated with 7 equivalents of glacial acetic acid
under microwave irradiation for 25 min to afford 6,6'-di-O-
acetyl-1,2,2'.3,3' 4'-hexakis-O-trimethylsilylcellobiose (17
mg, 17%) and 1,6,6'-tri-O-acetyl-2,2',3,3' 4'-pentakis-O-tri-
methylsilylcellobiose (44 mg, 45%). A summary of the selec-
tive acetylation of per-O-TMS cellobiose is set forth in Table
4.

TABLE 4

Selective acetylation of per-O-TMS cellobiose.

TMSO T™MSO Ac,0,
0 fo) AcOH

TMSO o OTMS ——»
T™MSO {50 pyri-

TMSO TMSO dine
temp,
time
AcO AcO
o) o}
TMSO
TMSO O% OR,
TMSO
TMSO TMSO
1: Ry =TMS
2:Rj=Ac (a/p)
En AcOH Product
try (eq) Temp Time Distribution/Yield
1 3 pwave, 75 min 1 (10%) 2 (16%)
110° C.
2 3 pwave, 150 min 1 (20%) 2 (36%)
110° C.
3 7 pwave, 25 min 1(17%) 2 (45%)
110° C.
Example 5.1

1,2,2',3,3'4',6,6'-octakis-O-trimethylsilylcellobiose

[0128] Colorless oily solid; '"H NMR (800 MHz, CDCI3) &
4.45(1H,d, I=7.4 Hz, H-1)4.35 (1H, d, J=7.7 Hz, H-1) 3.85
(1H, dd, J=3.7, 11.0 Hz, H-6a) 3.79 (2H, m, H-6b & H-6a")
3.75 (1H, app. t, I=8.8 Hz, H-4) 3.56 (1H, dd, J=6.1, 10.9 Hz,
H-6b")3.43 (1H, app. t, J=8.8 Hz, H-3) 3.31 (1H, app. t, J=8.8
Hz, H-3") 3.27 (1H, app. t, J=8.8 Hz, H-4') 3.24 (2H, m, H-2
& H-2")3.20 (1H, m, H-5) 3.11 (1H, m, H-5") 0.16 (9H, s,
TMS)0.15 (9H, s, TMS)0.14 (9H, s, TMS) 0.14 (9H, s, TMS)
0.13 (9H, s, TMS)0.13 (18H, s, TMS) 0.12 (9H, s, TMS). >C
NMR (200 mHz, CDCl,): § 101.4, 98.4, 78.4, 77.9, 77.7,
76.6,76.0,75.2,74.3,72.1, 60.9, 1.5, 1.5, 1.4, 1.2, 0.6, 0.0,
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-0.3. HRMS: (ESI-MS nv/z) calc. mass for C;;HgO,,Sig
[M+NH,]", 936.4668. found 936.4689.

Example 5.2

6,6'-di-O-acetyl-1,2,2',3,3' 4'-hexakis-O-trimethylsi-
lylcellobiose

[0129] Colorless oil; R=0.60 in 4:1 hexane/EtOAc; 'H
NMR (800 MHz, CDCI3) § 4.49 (1H, d, J=11.2 Hz, H-6a)
4.45 (1H, d, J=8.0 Hz, H-1) 4.30 (1H, dd, J=3.2, 12.0 Hz,
H-6a)4.27 (1H, dd, J=5.6, 12.0 Hz, H-6b) 4.08 (1H, d, J=7.2
Hz, H-1) 4.07 (1H, dd, J=4.8, 12.0 Hz, H-6b) 3.45 (4H, m,
H-3, H-4, H-4' & H-5) 3.32 (2H, m, H-3 & H-5) 3.26 (1H,
app. t, J=8.0 Hz, H-2) 3.22 (1H, app. t, J=8.0 Hz, H-2) 2.06
(3H, s, Ac) 2.05 (3H, s, Ac) 0.15 (9H, s, TMS) 0.15 (9H, s,
TMS)0.14 (9H, s, TMS)0.13 (9H, 5, TMS) 0.13 (9H, s, TMS)
0.10 (9H, s, TMS). '*C NMR (200 mHz, CDCl,): § 170.8,
170.5, 102.7, 97.9, 77.7, 71.5, 76.8, 75.7, 74.4, 73.9, 73.2,
71.6,63.6,62.7,20.9,20.9,1.3,1.0,1.0,1.0,0.9,0.2. HRMS:
(ESI-MS m/z) calc. mass for C,,H, NO, ;Si; [M+Na]*, 881.
3643. found 881.3633.

Example 5.3

a-1,6,6'-tri-O-acetyl-2,2',3,3" 4'-pentakis-O-trimeth-
ylsilylcellobiose

[0130] Colorless oil; R~0.50 in 4:1 hexane/EtOAc; 'H
NMR (800 MHz, CDC13) 8 6.07 (1H, d, J=3.7 Hz, H-1) 4.42
(1H, dd, J=4.0, 12.0 Hz, H-6a) 4.38 (1H, dd, J=2.4, 12.0 Hz,
H-6b) 4.33 (1H, dd, J=2.4, 12.0 Hz, H-6a") 4.10 (1H, d, ]=8.0
Hz, H-1') 4.07 (1H, dd, J=4.0, 11.2 Hz, H-6b") 3.88 (1H, m,
H-5)3.73 (1H, app. t,J=8.8 Hz, H-3) 3.61 (1H, dd, J=3.2, 8.8
Hz, H-2) 3.57 (1H, app. t, j=8.8 Hz, H-4) 3.49 (1H, app. t,
J=8.8 Hz, H-4")3.32 (1H, app. t, J=8.8 Hz, H-3") 3.30 (1H, m,
H-5")3.22 (1H, app. t, J=8.0 Hz, H-2") 2.13 (3H, s, Ac) 2.09
(3H, s, Ac) 2.07 (3H, s, Ac) 0.16 (9H, s, TMS) 0.15 (9H, s,
TMS)0.14 (9H, s, TMS) 0.11 (18H, s, TMS). 1*C NMR (200
mHz, CDCL,): 8 170.7,170.4, 169.3,102.7,91.7,77.4,76 .8,
74.4,73.9,72.4,72.1,71.4,71.1,63.4,62.1, 20.9, 20.9, 1.3,
1.0, 0.8, 0.7, 0.0. HRMS: (ESI-MS m/z) calc. mass for
C;3H 0,515 [M+NH,]", 846.3799. found 846.3807.

Example 5.4

p-1,6,6'-tri-O-acetyl-2,2',3,3' 4'-pentakis-O-trimeth-
ylsilylcellobiose

[0131] Colorless oil; R=0.46 in 4:1 hexane/EtOAc; 'H
NMR (800 MHz, CDCI13) 8 5.42 (1H, d, J=8.0 Hz, H-1) 4.42
(1H, d, J=12.0 Hz, H-6a) 4.37 (1H, dd, J=4.8, 12.0 Hz, H-6b)
432 (1H, d, J=12.0 Hz, H-6a") 4.09 (1H, dd, J=8.0, 12.0 Hz,
H-6b" 4.07 (1H, d, J=8.0 Hz, H-1") 3.61 (1H, m, H-5) 3.56
(1H, app. t, J=8.8 Hz, H-4) 3.52 (1H, app. t, J=8.8 Hz, H-?)
3.48 (1H, app. t, j=8.8 Hz, H-?) 3.45 (1H, app. t, J=8.8 Hz,
H-4"3.28 (1H, app. t, J=8.8 Hz, H-3") 3.30 (1H, m, H-5") 3.22
(1H, app. t, J=8.8 Hz, H-2") 2.13 (3H, s, Ac) 2.08 (3H, s, Ac)
2.07 (3H, s, Ac) 0.16 (9H, s, TMS) 0.14 (18H, s, TMS) 0.14
(9H, s, TMS) 0.12 (9H, s, TMS). '*C NMR (200 mHz,
CDCl,): 8 170.7,170.4, 169.3, 102.6, 94.0, 77.5,76.6, 75.9,
74.2,74.0,73.9,71.5,63.5,62.2,21.3,20.9,1.2,1.0,0.9,0.8,
0.8. HRMS: (ESI-MS m/z) calc. mass for C;;Hg,0,,Sis
[M+NH,]", 846.3799. found 846.3810.
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Example 6

Selective Acylation of Per-O-Trimethylsilyltrehalose

[0132] Selective Acetylation of per-O-TMS-trehalose. Per-
O-trimethylsilyltrehalose (460 mg, 0.5 mmol) was acetylated
with varying amounts of glacial acetic acid under microwave
irradiation to afford 6-O-acetyl-2,2'3,3",4,4',6'-heptakis-O-
trimethylsilyltrehalose and 6,6'-di-O-acetyl-2,2',3,3'.4,4'-
hexakis-O-trimethylsilyltrehalose.

[0133] A summary of the selective acetylation of per-O-
TMS trehalose is set forth in Table 5.

TABLE 5

Selective acetylation of per-O-TMS trehalose.

TMSO
TMSO S
TMSO )
X equiv
TMSO AcOH
[@] —_—
OTMS AcO, pyr.
OTMS wwave
OTMS
O X=2
OTMS X=4
AcO
TMSO Q
TMSO
TMSO o N
OTMS
IS
[0)
OTMS
34%
8%
AcO
TMSO Q
TMSO
TMSO
Q OTMS
T
0]
OAc
42%
69%
Example 6.1

2,2'3,3"4.4' 6,6'-octakis-O-trimethylsilyltrehalose

[0134] Colorless waxy solid; *H NMR (600 mHz, CDCI,):
84.91(2H, d,J=3.0Hz, H-1)3.88 (2H, app. t, J=9.0 Hz, H-3)
3.78 (2H, m, H-5) 3.69 (2H, dd, ]=2.4, 11.4 Hz, H-6a) 3.66
(2H, dd, J=4.8, 11.4 Hz, H-6b) 3.42 (2H, app. t, J=9.0 Hz,
H-3) 3.38 (2H, dd, J=3.0, 9.6 Hz, H-2) 0.14 (18H, s, TMS)
0.14 (18H, s, TMS) 0.12 (18H, s, TMS) 0.09 (18H, s, TMS).
13C NMR (200 mHz, CDCL,): § 94.4, 73.7, 73.3, 73.0, 71.9,
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62.3,1.2,1.1,0.3,-0.1. HRMS: (ESI-MS m/z) calc. mass for
C,sHgoNO,; Sig [M+NH,]*, 936.4668. found 936.4687.

Example 6.2

6-O-acetyl-2,2'3,3' 4.4' 6'-heptakis-O-trimethylsilyl-
trehalose

[0135] Colorless solid; R=0.73 in 4:1 hexane/EtOAc; 'H
NMR (800 MHz, CDCl,) 8 4.95 (1H, d, J=3.1 Hz, H-1) 4.89
(1H, d, J=3.1 Hz, H-1) 4.24 (1H, dd, J=2.2, 11.9 Hz, H-6a)
4.09 (1H, dd, J=4.5, 11.9 Hz, H-6b) 4.01 (1H, m, H-5) 3.91
(1H, app. t,J=11.2Hz, H-3)3.88 (1H, app. t,J=11.2 Hz, H-3)
3.77 (1H,m, H-5")3.66 (2H, d, J=3.1 Hz, H-6'a&b) 3.45 (3H,
m, H-2, H-4 & H-4") 3.40 (1H, dd, J=3.0, 9.6 Hz, H-2) 2.01
(3H, s, Ac)0.15 (9H, s, Ac) 0.14 (18H, s, Ac) 0.13 (9H, s, Ac)
0.13 (9H, s, Ac) 0.12 (9H, s, Ac) 0.09 (9H, s, Ac). '*C NMR
(200mHz,CDCl,): 8 171.0,94.4,94.1,73.4,73.4,73.3,72.7,
72.5,71.8,71.5,70.4,63.7,61.9,21.0,1.0,0.9,0.8,0.2,0.1,
-0.3. HRMS: (ESI-MS nv/z) calc. mass for C;;Hy ,NO,,Si,
[M+NH,]", 906.4378. found 936.4385.

Example 6.3

6,6'-di-O-acetyl-2,2',3,3'.4,4'-hexakis-O-trimethylsi-
lyltrehalose

[0136] Colorless powder; R~=0.50 in 4:1 hexane/EtOAc;
'HNMR (600 mHz, CDCl,): 8 4.93 (2H, d, ]=2.4 Hz, H-1)
4.22 (2H, dd, I=2.4,12.0 Hz, H-6a) 4.08 (2H, dd, J=4.8, 12.0
Hz, H-6b) 4.00 (2H, m, H-5) 3.90 (2H, app.t, J=8.8 Hz, H-3)
3.48 (2H, app.t, J=8.8 Hz, H-4) 3.46 (2H, dd, J=3.2, 8.8 Hz,
H-2)2.09 (6H, s, Ac) 0.15 (18H, s, TMS) 0.13 (18H, s, TMS)
0.12 (18H, s, TMS). *C NMR (200 mHz, CDCL,): § 171.0,
94.3,73.4,72.5,71.8,70.6,63.7,21.0, 1.0, 0.8, 0.1. HRMS:
(ESI-MS m/z) calc. mass for C;,H,(NO,;Si, [M+NH,]*,
876.4089. found 876.4107.

Example 6.4

2,3.4,6,6'-penta-O-acetyl-2',3' 4'-tris-O-trimethylsi-
lyltrehalose

[0137] Colorless oil; R~0.40 in 7:3 hexane/EtOAc; 'H
NMR (600 mHz, CDCl,): & 5.55 (1H, app.t, J=9.6 Hz, H-3)
5.24 (1H, d, J=3.6 Hz, H-1) 5.14 (1H, app.t, J=9.6 Hz, H-4)
4.99 (1H, dd, J=3.6, 10.2 Hz, H-2) 4.93 (1H, d, J=2.4 Hz,
H-1") 4.36 (1H, m, H-5) 4.29 (1H, dd, J=3.6, 12.0 Hz, H-6a)
4.20(1H,dd, J=2.4,12.0 Hz, H-6a") 4.10 (1H, dd, J=6.0, 12.0
Hz, H-6b") 4.02 (1H, dd, J=2.4, 12.0 Hz, H-6b) 3.87 (1H,
app.t, J=9.0 Hz, H-3") 3.80 (1H, m, H-5) 3.49 (1H, dd, J=3.0,
9.0Hz, H-2)3.41 (1H, app.t, J=9.0 Hz, H-4) 2.09 (3H, s, Ac)
2.08 (3H, s, Ac) 2.07 (3H, s, Ac) 2.02 (3H, s, Ac) 2.02 (3H, s,
Ac)0.20 (9H, s, TMS) 0.16 (9H, s, TMS) 0.15 (9H, s, TMS).
13CNMR (200mHz, CDCL,): 8 171.0. HRMS: (ESI-MS m/z)
calc. mass for C;,H, NO, ;Si; [M+NH,]*, 786.3220. found
786.3229.

Example 6.5

2,3,4,4',6,6'-hexa-O-acetyl-2',3'-bis-O-trimethylsilyl-
trehalose

[0138] Colorless oil; R=0.20 in 7:3 hexane/EtOAc; 'H
NMR (600 MHz, CDCl;) & 5.56 (1H, app. t, J=9.8 Hz, H-3)
5.25(1H, d,J=3.5 Hz, H-1) 5.16 (1H, app. t, ]=9.8 Hz, H-4)
5.02 (1H, dd, J=3.6, 10.3 Hz, H-2) 4.98 (1H, d, J=3.3 Hz,
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H-1") 4.89 (1H, app. t, J=9.6 Hz, H-3") 4.32 (2H, m, H-5 &
H-6a) 4.21 (1H, dd, ]=6.3, 12.7 Hz, H-6a") 4.02 (2H, m, H-3'
& H-6b) 3.90 (2H, m, H-5' & H-6b") 3.62 (1H, dd, J=3.4,9.2
Hz, H-2") 2.10 (3H, s, Ac) 2.10 (3H, s, Ac) 2.07 (3H, s, Ac)
2.06 (3H, s, Ac) 2.04 (3H, s, Ac) 0.16 (9H, s, TMS) 0.15 (9H,
s, TMS). '*C NMR (200 mHz, CDCl,): $ 170.9, 170.8,170.5,
169.7, 169.7, 95.9, 92.5, 72.7, 71.7, 70.9, 70.4, 70.1, 69.1,
68.3,67.9,62.5,61.7,21.3, 20.9, 20.9, 20.8, 20.7, 20.7, 0.8,
0.4. HRMS: (ESI-MS nv/z) calc. mass for C;,H;,NO,,Si,
[M+NH,]", 756.2930. found 756.2938.

Example 6.6

2,3,4,2'3'6,6'-hepta-O-acetyl-4'-O-trimethylsilyltre-
halose

[0139] Colorless oil; R=in 7:3 hexane/EtOAc; 'H NMR
(800 MHz, CDCl,) 8 5.47 (1H, app. t, J=9.6 Hz, H-3) 5.41
(1H, app. t, J=9.6 Hz, H-3") 5.27 (1H, d, J=3.2 Hz, H-1) 5.19
(1H, d,J=3.2, H-1") 5.04 (1H, app. t, ]=9.6 Hz, H-4) (1H, dd,
J=3.2,10.4 Hz, H-2) 4.94 (1H, dd, J=3.2, 10.4 Hz, H-2") 4.20
(3H, m, H-6a, H-6a' & H-6b") 4.08 (1H, m, H-5) 3.98 (1H, d,
J=12.0 Hz, H-6b) 3.92 (1H, m, H-5") 3.75 (1H, app. t, J=9.6,
H-4")2.10 (6H, s, Ac) 2.08 (3H, s, Ac) 2.07 (3H, s, Ac) 2.06
(3H, s, Ac) 2.05 (3H, s, Ac) 2.02 (3H, s, Ac) 0.11 (9H, s,
TMS). *C NMR (200 mHz, CDCL,): § 170.6, 170.6, 169.9,
169.8,169.7, 169.6, 169.5,92.6, 92.2, 72.3,70.4, 70.3, 69.9,
69.7,69.6,68.4,67.9,62.4,61.7,21.1,20.7,20.6, 20.6, 20.6,
20.6, 0.2. HRMS: (ESI-MS m/z) calc. mass for
C,oH,NO, Si [M+NH,]*, 726.2641. found 726.2642.

[0140] Although the foregoing invention has been
described in some detail by way of illustration and example
for purposes of clarity of understanding, one of skill in the art
will appreciate that certain changes and modifications may be
practiced within the scope of the appended claims. In addi-
tion, each reference provided herein is incorporated by refer-
ence in its entirety to the same extent as if each reference was
individually incorporated by reference. Where a conflict
exists between the instant application and a reference pro-
vided herein, the instant application shall dominate.

1. A compound according to Formula I:

@
R4

RS

or an isomer thereof, wherein

R!, R?, R? R* and RS are each independently selected
from the group consisting of hydrogen, —OR’, an
a-linked monosaccharide, and a (3-linked monosaccha-
ride, wherein
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the monosaccharide has a structure according to For-
mula II:

an

Rba

wherein
R', R??, R**, R*, and R®® are each independently
selected from the group consisting of hydrogen,
—OR’, and a linking moiety —O—, wherein the
linking moiety links the monosaccharide to the moi-
ety according to Formula I;
each R” is independently selected from the group consist-
ing of hydrogen, —C(O)—C,_; alkyl and —Si(R);; and
each R® is independently selected from the group consist-
ing of C, ¢ alkyl and Cg_, aryl;
wherein

one and only one of R*, R?, R?, R*, and R® is the monosac-

charide,

at leastone of R, R? R3, R* and R®is —OR”, wherein R”

is —C(0)—C, 4 alkyl, and

at least one of R', R?, R?, R* R% R'? R R, R** and

R% is —OR’, wherein R’ is selected from the group
consisting of hydrogen and —Si(R);.

2. The compound according to claim 1, wherein

R, R?, R? R* and R® are each independently selected

from the group consisting of —OR’, the a-linked
monosaccharide, and the -linked monosaccharide;

R'? R?? R** R** and R%“ are each independently selected

from the group consisting of —OR” and the linking
moiety —O—;

each R” is independently selected from the group consist-

ing of —C(O)—C, ¢ alkyl and —Si(R),; and

at least one of R*, R%, R?, R* RS, R'¢, R?%, R R**, and

R% is —OR”, wherein R” is —Si(R®),.

3. The compound according to claim 2, wherein R' is
selected from the group consisting of the a-linked monosac-
charide and the p-linked monosaccharide.

4-6. (canceled)

7. The compound according to claim 3, wherein the com-
pound of Formula I has a structure selected from the group
consisting of

R7dO OR7e OR7e
0 RO 0

RO R! and RO R,
R7bo R7bo

wherein R7?, R7¢, R7?, and R7® are each independently
selected from the group consisting of —C(O)—C, _salkyland
—Si(R®),.

8. The compound according to claim 3, wherein the com-
pound has a structure selected from the group consisting of
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OR7d
RO
OR7e

R0

R0
OR7k,

R’€0

Hy

ORY
OR7d

RO
OR7e

R0

8%

l¢] OR”

R0

R780, and

%

OR”

OR7d
RO,
OR7e

R0

R7€0

OR7%
RO

B4

OR”

wherein R72, R7¢, R7¢, R7¢, R”, R7%, R”", R”, and R"* are
each independently selected from the group consisting of
—C(0)—C, ¢ alkyl and —Si(R),.

9-11. (canceled)

12. The compound according to claim 2, selected from the
group consisting of:

TMSO OAc
(6]

OAc
TMSO e} Q
TMSO T™MSO OTMS,

TMSO
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-continued
TMSO
OAc
TMSO (0] 0
TMSO TMSO OAc,
TMSO
TMSO
OAc
TMSO o °
TMSO TMSO OAc,
OAc
TMSO
OAc
TMSO (0] o
AcO OAc,
OAc
TMSO
OAc
o (0]
AcO OAc,
OAc
TMSO
TMSO
TMSO
TMSO Q
OTMS,
TMSO TMSO
TMSO OAc
(0]
TMSO
TMSO
O
TMSO R
OAc,
TMSO TMSO
TMSO OAc
o
TMSO
TMSO
(@)
AcO S
OAc,
AcO OAc

Jun. 23, 2016
-continued
TMSO
TMSO&‘
AcO 0
OAc,
AcO OAc
TMS&
AcO Q
OAc,
AcO OAc
TMSO
TMSO
TMSO
OTMS
TMSO OTMS,
OTMS
TMSO
TMSO
TMSO
TMsowOTMS
OTMS
TMSO
TMSO
TMSO

b@

TMSO
TMSO
OAc
(0]
cO OAc
OAc
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-continued

OAc

TMSO 0 one
T™MSO 0 0
TMSO  TMSO OTMS,
OTMS
OAc
0

OAc
TMSO
TMSO e} B
™SO TMSO OAg,

OTMS

wherein each TMS is —Si(Me); and each Ac is —C(O)Me.

13. The compound according to claim 1, selected from the

group consisting of:

HO OAc
o OH
HO O Q
HO HO
HO
HO OAc

OAc

HO

g
e}
e}

HO HO
HO
HO OAc
0 OAc
HO (0] %
HO HO
OAc
HO OAc
0 OAc
HO (0] Q
HO AcO
OAc
HO OAc
0 OAc
AcO 0 Q
OAc AcO
OAc
HO OAc
(0]
HO
HO
O
HO B
OH,

HO HO

Jun. 23,2016

-continued
HO OAc
(0]
HO
HO
O
HO Q
OAc,
HO HO
HO OAc
(0]
HO
HO
(0]
AcO Q
OAc,
AcO OAc
HO OAc
(0]
HO
AcO
(@)
AcO Q
OAc,
AcO OAc
HO OAc
o
AcO
AcO
(@)
AcO B
OAc,
AcO OAc
OAc
HO Q
HO
HO
(0]
OH,
(0]
HO OH
HO
OAc
HO Q
HO
HO
(0]
OAc,
(0]
HO OH
HO
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-continued

H

(6]
(6]

OAc
HO o
(0]
H
OAc,
AcO OAc
OAc
AcO o
HO
HO
(0]
OAc,

(0]
OAc
(0]
OAc
OAc
OAc
OAc
HO B
HO (0] Q
HO HO OH, or
HO
OAc
OAc
HO Q
HO (0] B
HO HO OAc,
HO

wherein each Ac is —C(O)Me.

14. A method for preparing a selectively-acylated oligosac-
charide, the method comprising forming a reaction mixture
comprising a protected oligosaccharide and an acylating
agent, wherein

the protected oligosaccharide comprises at least three
hydroxyl moieties and each hydroxyl moiety is pro-
tected with a silyl protecting group,

the reaction mixture is formed under conditions sufficient
to selectively replace at least one silyl protecting group
with a —C(0)—C, _, alkyl group, and

the selectively-acylated oligosaccharide comprises at least
one —C(0)—C, ; alkyl group and at least one silyl
protecting group,

thereby preparing the selectively-acylated oligosaccharide.
15. (canceled)

16. The method according to claim 14, wherein the selec-
tively-acylated oligosaccharide is a compound according to
Formula I:

Jun. 23,2016
24

@
R
e
RS

R2

Rr!

or an isomer thereof, wherein
R!, R?, R? R* and RS are each independently selected
from the group consisting of hydrogen, —OR’, an
a-linked protected monosaccharide, and a 3-linked pro-
tected monosaccharide, wherein
the protected monosaccharide has the structure accord-
ing to Formula II:

oy
R4a

wherein

R', R??, R3**, R*, and R%" are each independently
selected from the group consisting of —OR” and a
linking moiety —O—, wherein the linking moiety
links the monosaccharide to the moiety according to
Formula I;

each R is independently selected from the group consist-

ing of —C(0)—C, , alkyl and —Si(R);; and

each R® is independently selected from the group consist-

ing of C, ¢ alkyl and Cg_, aryl,
wherein

one and only one of R', R*, R?, R*, and R® is the protected

monosaccharide,

at least one of R', R R?, R*, RS R'%, R*? R3**, R*, and

R% is —OR” wherein R” is —C(0)—C,_, alkyl, and
at least one of R?, R?, R?, R* RS, R!'%, R?¢, R3¢ R*, and
R% is —OR” wherein R” is —Si(R®),.

17-20. (canceled)

21. The method according to claim 14, wherein the reaction
mixture further comprises an acid selected from the group
consisting of acetic acid, formic acid, and trichloroacetic
acid.

22. (canceled)

23. The method according to claim 14, wherein the reaction
mixture further comprises at least one base selected from the
group consisting of pyridine, diisopropylethylamine, triethy-
lamine, and 1,8-diazabicycloundec-7-ene.

24. (canceled)

25. The method according to claim 14, wherein the reaction
mixture is formed at a temperature of from about 4° C. to
about 200° C.

26-27. (canceled)

28. The method according to claim 14, further comprising
converting the selectively acylated oligosaccharide to a gly-
cosyl iodide.
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29. The method according to claim 28, further comprising
contacting the glycosyl iodide with a glycosyl acceptor to
form an elongated oligosaccharide.

30. The method according to claim 29, wherein the glyco-
syl acceptor comprises a ceramide or a substituted glycerol.

31. The method according to claim 14, further comprising
removing at least one protecting group from the selectively
acylated oligosaccharide to form a deprotected oligosaccha-
ride.

32. The method according to claim 31, further comprising
contacting the deprotected oligosaccharide with a glycosyl
donor to form an elongated oligosaccharide.

33. The method according to claim 32, wherein the glyco-
syl donor comprises a per-benzylated glycosyl iodide.

34. The method according to claim 29, wherein the elon-
gated oligosaccharide comprises a P* trisaccharide moiety.

35. The method according to claim 31, further comprising
converting the deprotected oligosaccharide to a macrolide.

#* #* #* #* #*



