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ABSTRACT

N-linked oligosaccharide structures are one of the most common types of
biopolymer present in biological systems and are vital for life processes. The B-
mannosidic linkage is present in all N-linked sugars as part of a consensus oligosaccharide
termed the core pentasaccharide. This B-mannopyranosidic linkage has histortcally been

the most difficult anomeric linkage to synthesize.

New methodology, termed intramolecular aglycon delivery (IAD). has been
developed that provides a completely stereocontroiled synthesis of B-D-mannopyranosides.
This procedure has been applied. in good yield, to several disaccharides, including octyl
3,6-di-O-benzyl-4-0-(3,4,6-tri-O-benzyl-B-D-mannopyranosyl)-2-deoxy-2-phthalimido-§3-
D-glucopyranoside, a precursor of the naturally occurring B-D-Man-(1—4)-B-D-GIlcNAc
linkage, found in all N-linked glycoproteins. The sterecochemical nature of the §3-
mannosidic linkage has " en vonfirmed by comparison to ai-mannopyranoside standards,
and the stereocontrolled reaction shown to proceed even in the presence of competing

intermcelecular alcohols.

The extension of this strategy to the core pentasaccharide of N-linked glycoproteins
has revealed limitations to the methodology as developed. Nevertheless, trisaccharide
portions of the core pentasaccharide containing the B:mannopyranosidic linkage could he
synthesized and were compared with independently synthesized a-mannopyranosides.
Future directions are discussed to improve the present mei#:udology of IAD, in order for it

to be accepted as the primary means of synthesizing this type of linkage.
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CHAPTER 1

Introduction:

A. The Biological Significance of Carbohydrates:

The study of the biological role of oligosaccharides has spawned a new area of
research termed “glycobiology”. The old concept of carbohydrates being important for
energy and storage functions has been shown to be too simplistic. There has been
overwhelming evidence that this class of biopolymer controis how cells communicate in
their biological environment !. As a result, multidisciplinary research teams are

exploring what has been called "one of the last great frontiers of biochemistry" 2.

The most powerful property carbohydrates display is their ability to generate
extreme diversity with a small set of monosaccharide residues (Figure 1). Their
polyhydroxylated surfaces allow for numerous connectivities. For example, four
carbohydrate residues can be linked in over 35 000 different combinations, as opposed to
four amino acid residues being linked in twenty-four combinations3:4. This makes

oligosaccharide structures ideal candidates for "talking" to their environment3.

The literature demonstrates that the field of glycobiology is rapidly
expanding!.3.6-12. The following are five examples taken from eucaryotic organisms that

demonstrate the diversity and importance of carbohydrate functions:

1. Carbohydrates have been implicated in embryonic development!3-15. It
has been shown that carbohydrates are vital in the compaction of embryos from

the eighth to sixteenth cell stage in mice!3. In addition, compaction can be



Figure 1: Monosaccharides Commonly Found in Nature
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inhibited by treating embryonic cells with a soluble form of the same
carbohydrate 13, which is a LewisX trisaccharide:

2, Carbohydrates are essential in the adhesion of viruses and bacteria to their
hosts!-16-18, Numerous pathogenic organisms exploit oligosaccharides on cell
surfaces to initiate recognition and binding. One particular residue that is targeted
by the influenza viruses19-21 and the parasite Trvpanosoma cruzi 22 is sialic acid.
Another example is in the binding of herpes simplex virus to the carbohydrate

biopolymer heparin sulfate23.24;

3. Fertilization studies have shown recognition of the egg by sperm is
initiated by carbohydrate-protein interactions25.26, In particular, a
galactosyltransferase on the sperm head interacts specifically with a carbohydrate

containing a galactose residue in the egg coat, or zona pellucida;

4, Oligosaccharide residues are important in the modulation of protein
activity. Functional diversification can be achieved by altering the number and
type of oligosaccharides on the protein surface. These modifications allow for the
protein to expand their functional roles and modulate their activity without having
to modify their amino acid sequence. The different glycoprotein states that exist
are termed "glycoforms"27. The glycohormone human beta chorionic
gonadotropin6.28.29 and erythropoiten3? are examples of enzymes with

glycoforms! and;

5. In recent years the discovery of a group of proteins referred to as selectins
has gained a lot of attention’-8.10.12_ Carbohydrates interact with selectins and

are implicated in the control of the inflammation process. During an



inflammatory response to injured tissue, lymphocytes pass from the blood stream
through the vascular endothelium to the site of inflammation. The process occurs
by a slowing down or "rolling” of the white blood cells followed by a stronger
"sticking" process and eventually passage through the endothelium to the
inflamed site (Figure 2)3.4.31-33_ 1t is in the "rolling" stage where selectin-
carbohydrate interaction occurs to initiate the process. There are three types of
selectins discovered to date. They are: L-selectins34.35, P-selectins36-37, and E-
selectins38.39. The L-selectins are glycoproteins found on the lymphocyte surface
that bind to carbohydrates on the endothelial cells. The P and E selectins are
found on the endothelial cells and interact with carbohydrates on the lymphocytes.
The P-selectin is present for a longer time period than the E-selectin. Moreover,
E-selectins are expressed in larger amounts and appear to be important four hours

after the inflammation of injured tissue3.

Fig. 2: Selectin Mediated Adhesion of Lymphocytes to Endothelial Cells:

Tissue To Injury Site
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Both P and E selectins interact specifically with a tetrasaccharide called Sialyl
Lewis* (Figure 3). Great effort has been expended to develop selectin inhibitors
to control the inflammatory response. Such inhibitors could lead to the treatment
of psoriasis, rheumatoid arthritis, and repurtusion injuries that follow heart attacks
and strokes. In addition, selectins have also been identified on metastatic cancer

cell lines3, which make anti-selectin drugs potential candidates to control cancer

cells from metastasizing.

Figure 3: Sialy! Lewis®
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_OH
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These examples represent a fraction of the postulated carbohydrate mediated
functions. One can see that the scope of this class of biopolymer is expansive and crucial
for life processes. It is for these reasons that a tremendous volume of research is being

directed toward understanding the role of complex carbohydrates in biological systems.
B. Biological Occurrence of Carbohydrates:
1. Classes of Complex Carbohydrates:

Complex carbohydrate structures of animal cells are divided into three major

classes: glycoproteins, giycolipids, and proteoglycans. Glycoproteins are structures in



which the carbohydrate is covalently attached to a protein. There are two major subtypes
of glycoproteins: N-linked structures, where the sugar is covalently attached to the
protein via the amide nitrogen of asparagine (Figures 8-10), and O-linked glycoproteins,
where the sugar is covalently attached to the protein via the hydroxyl of serine or

threonine (Figure 4).

Figure 4: O-Linked Glycoproteins:

OH
HO o B
HO HNAc " % ,-FH:\J
0\2\(' O\rrf HO NHAc
CH o]
o-GalNAc-Threonine linkage B-GlcNAc-Serine linkage

Glycolipids are structures in which the sugar is linked to a lipid structure
imbedded in a cell membrane. There are two types of these structures, those that are
attached to a ceramide via a -lactosyl unit (Figure 5a)40 and those that are attached to a
phosphoroglycerol unit such as in the glycosyl phosphatidyl inositol (GPI) anchors
(Figure Sb)41-44,

The third class of oligosaccharides are referred to as the proteoglycans45 which
are long chain polymers of hundreds of carbohydrate units that can be found free in
solution or lipid and protein linked. Heparin and heparan sulfate are such proteoglycans

with great biological importance (Figure 6)46-48,



Figure 5. Naturally Occurring Glycolipids:
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OH 16
OH

b) Glycosyl Phosphatidy! Inositol (GPI) Anchor (R = long chain alkyl group):
NH Protein
0/\/ Y
o= P\-— 0O O
o
OH
.0
HO
HO
OH
.0
HO
HO
o
OH
.0
HO OH
HO o
HO
H,oN
o
OH O OR
HO’%/ oo il,/ 0\/'\/ OR
HO (]
OH o




Figure 6: Proteoglycans:

Heparin

—(1-4)-0—D-1doUAS2
—(1—-4)-a-D-GIcNS or Ac S6-(1-4)-B—D-GIcUA- R

Heparan Sulfate -(1—4)-B-D-GIcUA

R = —(1-3)-B-D-Gal-{1-3)-p-D-Gal1 —4)-B-D-Xyl~(1->3)-Ser
© (P)
S = Sulfate; P = Phosphate

B.2. Glycosidases and Glycosyltransferases:

The manner in which complex carbohydrates are assembled involves two types of
enzymes: glycosidases and glycosyltransferases. Glycosidases49:50 are enzymes that
cleave glycosidic bonds and one of their roles is to degrade carbohydrates. Another role
is in the "trimming" of the oligosaccharide structures so that glycosyltransferases can
recognize and further modify a given structure. Glycosidases are mainly found in the

rough endoplasmic reticulum (RER), Golgi apparatus and lysozome (Figure 7).

Glycosyltransferases>-31-56 are the second type of enzyme and are responsible for
the formation of glycosidic bonds. These enzymes control the final structure of the
oligosaccharide and are found primarily in the Golgi apparatus. In most instances, there
is one enzyme for each carbohydrate linkage. The overall number of glycosyltransferases
is estimated at over 100 (ref. 5). Twelve glycosyltransferases have been cloned to date>
which enable the function of these enzymes to be examined more carefully, however, no
crystal structures have yet been reported. There has been extensive research probing the
binding and active sites of these enzymes via chemically synthesized carbohydrate

analogues37-66,



Figure 7: Organelles Involved in the Biosynthesis of Oligosaccharides:
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B.3. The Biosynthesis of N -Linked Oligosaccharides:

The most thoroughly studied of the carbohydrate classes are the glycoproteins.
The N-linked glycoproteirs show the most homogeneity. Research has been conducted to
elucidate the biosynthetic pathway and enzymes involved in the synthesis of these
biopolymers3:49:53-56,67,
reticulum and is completed in the Golgi (Figure 7).

differentiation of the oligosaccharides is determined as the glycoproteins pass through the

cis, medial and trans cisternae of this organelle.

The biosynthesis is initiated in the rough endoplasmic

It is in the Golgi where the

Referring to Figure 8, the biosynthesis begins with the transfer of a GlcNAc-1-

phosphate residue to the membrane lipid, dolichol pyrophosphate. This occurs in the

9



Figure 8: The Biosynthesis of N-Linked Oligosaccharides:
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Abbreviations: M = Mannose; G = Glucose; Gn = N-Acetylglucosamine; Gal = Galactose;
SA = Sialic Acid: Fuc = Fucose; D = Dolichol; P = Phosphate; Asn = Asparagine; UDP =
Uridine Diphosphate; UMP = Uridine Monophosphate; GnT I = Glycosyltransferase I.
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rough endoplasmic reticulum. Subsequently, glycosylation builds up a common core
structure containing 3 Glc, 9 Man and 2 GleNAc residues (structure A). The entire 14
residue structure is then transferred to an asparagine residue with a consensus sequence
Asn-X-Ser(Thr) by oligosaccharyltransferase while the protein is still nascent or shortly
after translation (structure B)>3. While still in the RER. the three glucose residues and
one mannose residue are removed by glycosidase enzymes (structure C). At this point,
the remaining structure is transported in vesicles to the cis face of the Golgi apparatus.
Once inside the Golgi, the glycoproteins are processed according to their final destination
in the cell. For example, lysosomal proteins are phosphorylated with little further
processing as opposed to plasma membrane proteins that undergo extensive modification
as they pass through the medial and trans cisternae of the Golgi. One key pathway is the
removal of three mannose residues by mannosidase I (structure D) and immediate
addition of a GlcNAc residue by GnT I. This addition controls the processing of high
mannose N-glycans to hybrid and complex N-glycansS. Further processing by a variety
of glycosyltransferase and glycosidase enzymes then completes the biosynthesis of these
complex structures. There are three types of oligosaccharide chains on N-linked

glycoproteins:

1. Complex type oligosaccharides which are the most common type and

show the greatest variation in structure (Figure 8, structure F, and Figure 10)68.69;

2. High mannose type oligosaccharides which show the least structural

variation (Figure 8, structure C, and Figure 10)68.69 and;

3. Hybrid type oligosaccharides that share characteristics of the other two

sugar chains (structure G in Figure 8)70.71,
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Although there i1s a great deal of diversity within these three oligosaccharide
types. there is a common structural motif in all of these structures. This is the

pentasaccharide core:

Figure 9: Pentasaccharide Core of N-linked glycoproteins:

I L T R N ey

Gi—cNA _:‘——— IcNACc - Asn

e .- - GO - -

In this core structure there is a B-D-Man-(1—4)--D-GlcNAc linkage as

emphasized in Figure 9. Historically this has been the most difficult linkage to synthesize

chemically.
C. Chemical Synthesis of Oligosaccharides:
1. Chemically Synthesized Carbohydrates are Necessary for Biological Studies:

The chemical synthesis of oligosaccharides has presented the synthetic chemist
with a challenging task. The increasing biological importance of these biopolymers in
recognition events is driving a rebirth in the chemical synthesis of carbohydrates. In
order to fully explore the functions of carbohydrates, methods of synthesizing sufficient
amounts of these oligosaccharides is necessary. Despite great ingenuity applied in recent
years to the development of new synthetic methods for stereospecific glycoside

formation37-59.72-83 problems in obtaining consistently high yielding steps remain.



C.2 Chemical Synthesis of N-Linked Oligosaccharides:

A large contribution to the field of carbohydrate chemistry has come about from
the synthesis of N-linked oligosaccharides. Jeanloz and coworkers®+85 were the first to
construct the §-D-Man-(1-54)-8-D-GlcNAc-(1—4)-B-D-GlcNAc (Figure 10, structure
A) trisaccharide portion of the core pentasaccharide in 1980. The majority of work in the
chemical synthesis of this class of oligosaccharide comes from the laboratories of Hans
Paulsen’® and Tomoya Ogawa8!. The core pentasaccharide was made by Paulsen et al86
and Ogawa et al87 (as part of a larger complex type oligosaccharide) in the early 1980's.
Most of the syntheses reported on these type of oligosaccharides center around forming
complex?6.81.86-97 and high mannose76.81.97-102 type chains. Figure 10 summarizes
many of the structures that have been constructed. The strategies involve the formation
of the difficult B-mannosidic linkage to make a di or trisaccharide, then build up the
structures from this block. The syntheses of the bisected structure D88.90 yre particularly
noteworthy due to the complexity of the molecules. The synthesis of the entirc
biantenrnary complex type oligosaccharide (structure C)B89, represents what has been

termed "the limits of chemical oligosaccharide synthesis"76.

C.3 The B-Mannopyranosidic Linkage:

The B-mannosidic linkage is generally considered the most difficult anomeric
linkage to synthesize’’. Only the synthesis of the a-sialic acid linkage can compare in
difficulty37. The problems with constructing this linkage are compounded by the fact
that they are present in all N-linked oligosaccharides covalently sttached to the 4-position
of N-acetylglucosamine. The 4-position is considered tc be the least reactive hydroxyl
pe- “ion on monaosaccharides’’. In addition, B-mannosidic linkages are also faund in the

cell wall of bacteria such as Candida albicans, which contains a B-(1-52)-linked



Figure 10: N-Linked Oligosaccharide Structures
(Boxed structures with reference numbers pertain to chemical syntheses)
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Figure 10 cont.: N-Linked Oligosaccharide Syntheses
(Boxed structures with reference numbers pertain to chemical syntheses)

E- High Mannose type oligosaccharide
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_________________ .
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-D-Man-

mannooligosaccharide!93. A B-(1-4) linkage between mannose and glucose is also

present in the spermatozoa and ova of the fresh water bivalve Hyriopsis schlegelli 104,105,

There are two main reasons that explain why the B-mannosidic linkage is so

difficult to synthesize:

The anomeric effect!106 stereoelectronically favors the o-mannosidic

linkage. Thus any ceneration of an oxocarbenium ion Z (Figure 12) will give a

predominance of o.-product, in which the anomeric group is axial and;



2. Neighboring group participation via an ester (ie. an acetyl or benzoyl
group) gives o-mannopyranosides. This is the method of choice to
stereoselectively form 1,2-trans glycosidic linkages as is the case with B-gluco or
galacto linkages. However, in mannose the 2-position is axial, thus participation
from the 2-position will lead to only the a-product (Figure 11). For this reason a

non-participating group such as a benzyl group must be used.

Several strategies have been developed to give B-mannosides. Most of these
methods can be classified into three main groups. The first group utilizes insoluble
promoters!07-109 and is an extension of the original Koenigs-Knorr!10 procedure. The
second group involves an oxidation-reduction strategy to invert a B-glicoside to a 8-
mannocside! 11-113_ The third group consists of intermolecular!14-118 and intramolecular
nucleophiles!19-122 that are used to invert the 2-position of glycosides. These strategies
are discussed below and cover most of the methods that have been used to make at least
disaccharide linkages. Other methods such as the use of mannosidase enzymes in
transmannosylations!23.124 and the use of anomeric radicals!25 have not yet been

successful in giving comparable yields (>20%) of B-mannoside linked disaccharides.

C.3.1. The Use of Insoluble Promoters:

The choice of an insoluble promoter to activate a glycosyl halide (bromide or
chloride) is the most often used procedure for the synthesis of B-mannosides (Figure 12).
Two crucial factors must be in play in order for the reaction to give primarily the 1,2-cis
configuration. The first factor is that the displacement of the glycosyl halide must occur
in an SN2 like fashion. This is because any oxocarbenium ion formation will lead to a

preponderance of a-glycoside due to the anomeric effect!06. The second factor is that the

16



Figure 11: Neighboring Group Participation in the Formation of o-Mannopyranosides:
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Figure 12: Insoluble Promoter Strategy for Making B-Mannopyranosides:
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more stable o-halide must be activated in preference to the more reactive B-halide. This
allows for the SN2 displacement to give the B-glycoside. The use of an insoluble
promoter is ideal for this scenario since the surface of the promoter (Figure 12) can
complex to the o-anomer thereby protecting the o-side of the molecule from attack by the
alcohol. The incoming nucleophile can therefore preferentially attack the activated o-

halide in an SN2 fashion to give a B-mannoside.

Despite widespread use of insoluble promoters for the formation of B-mannosides,
this strategy is prone to many pitfalls. For example, the timing of the reaction, which is
influenced by the reactivity of the acceptor, the donor and the promote:, must be exact to
optimize a bimolecular displacement without any oxocarbenium ion formation.
Therefore, reactive alcohols are the most successful as they are nucleophilic enough to
attack the activated halide and thus minimize any free oxocarbenium ion formation.
When unreactive secondary carbohydrate alcohols are used, more reactive promoters and
donors are needed. In some instances, inconsistency with the activating ability of the
silver salt promoters have caused problems. In summary, these pitfalls make this method

useful only after careful optimization of each reaction system.

The first reported case of using insoluble silver salts for the formation of B-
mannosides was in 1961 by Gorin and Perlin (Table 1, entry A)!126, They utilized
traditional Koenigs-Knorr! 10 chemistry using silver oxide as the promoter and the
linkage formed was with the highly reactive 6-position of glucose. Other uses of silver
oxide!27-129 as well as promoters such as silver carbonate (Table 1, entry B)107.130-132
silver salicylate 133, and silver tosylate!34 have been reported. In all the above examples
these insoluble silver salts are only successful with highly reactive primary carbohydrate

alcohols or non cartxohydrate acceptors.
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Table 1: Insoluble Silver Salt Promoters used in B-Mannoside Formation:
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The first breakthrough that enabled this procedure to be applied to less reactive
alcohols came in 1981 by Paulsen and Lockoff (Table 1, entry C)!07. They utilized the
much more reactive silver silicate as an insoluble promoter that gave satisfactory yields
with secondary carbohydrate alcohols. This set the stage for the eiegant syntheses of the
N-linked oligosaccharides that are described above (see section C.2 and Figure 10). For
example, the reactions in entry D and E of Table 1 gave a B-mannoside yield of 67%135
and 65%?! respectively. Notice that in both examples the acceptor used is an anhydro
sugar that locks the hydroxyl group into the axial position thus making it more reactive.
Paulsen utilized this anhydro acceptor extensively in N-linked oligosaccharide
syntheses76.86.90.91.93.96.135, Ogawa utilized the more direct acceptor in entry F of Table
1 to give the B-linked product in 40% yield!36. The realization that an electron
withdrawing group at the 4-position of the donor increases the amount of B-mannoside by
reducing the amount of oxocarbenium ion that forms!37 is exploited in entry G to give an
impressive yield of 48% [-mannoside with only 19% of a88. Garegg and coworkers used
the promoter silver zeolite!09 to achieve similar success with secondary carbohydrate
alcohols (entry H). Silver zeolite is the second most common promoter used to make -

mannosides (after Paulsen's silver silicate) and is considered less reactivel37.

An extension of the insoluble promoter strategy has been recently disclosed by
Lichtenthaler and coworkers!38.139_ They utilize 2-oxo glycosyl bromide derivatives as
donors to make B-selective linkages, followed by reduction of the keto functionality to
give B-mannosides (Figure 13a). These glycosyl donors can be obtained in high yield
(75-90%) from the treatment of 2-hydroxy glycal esters with N-bromosuccinimide /
methanol. The fundamental aspect of this procedure is the electron withdrawing 2-keto
group which limits oxocarbenium ion formation!37. This enables an SN2 displacement to
occur at the anomeric center to give preferentially the B-isomer. Reduction of the keto

group then gives a preponderance of B-mannoside.
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Figure 13a: The Use of 2-Oxo Glycosyl Donors for the Synthesis of B-Mannosides: '3®
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Figure 13b: The 2-Oxo Glycosyl Donor Approach in the Synthesis of a Disaccharide:!38
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Reactions employing 2-oxo glycosy! halides have given promising results. For
example, the best results to date are in the synthesis of a disaccharide component of
Hyriopsis schlegelii 104, which was achieved in a combined yield of 61% for the
glycosylation and reduction steps (Figure 13b). The use of the promoter silver
aluminosilicate (Van Boeckel's Catalyst!37) gave superior results over Paulsen's catalyst.
Despite the success of this procedure, the inherent lower reactivity of the 2-oxo glycosyl
bromides may prove to be a problem when applied to more complex syntheses such as N-

linked structures.

C.3.i1i. The Oxidation-Reduction Method:

The oxidation-reduction method is the second most common used strategy for the

synthesis of B-mannosides. This reliable but laborious!!! procedure creates a P-
glucoside and then epimerizes the 2-position by deprotection, oxidation and reduction
(Figure 14). One obvious advantage is the replacement of the difficult B-mannosylation
step with the relatively simpler B-glucosylation step. After deprotection and oxidation,
the reduction step gives a predominance of manno configuration. This is because

equatorial hydride attack of the 2-oxo intermediate is favored over axial hydride attack.

Figure 14: The Oxidation-Reduction Method:

(o)
Insoluble Ag* o) o
N TR o\ o Dot o A\ ow
OR OR OH
glucosyl donor B-glucoside
R = participating group, eg.ester (O]
X = activating group, eg. Cl, Br eg: Ac-O
DMSO

. R OR

B-mannoside

22



Theander!!3 first demonstrated in 1958 that the stereoselective reduction of
methyl B-D-arabino-hexopyranosidulose gave preferentially the manno configuration
over the gluco configuration. It was not until 1972 that Lindberg and coworkers utilized
this fact to synthesize B-mannosides!!! (Table 2, entry A). Jeanloz and coworkers
applied this strategy to the synthesis of the B-D-Man-(1—4)-B-D-GIcNAc linkage
present in the core pentasaccharide of N-linked glycoproteins8+.85.140 (entries B and C in
Table 2). This was the first synthesis of this linkage. Kotchetkov and coworkers also
used this oxidation-reduction procedure to synthesize a f—D-man-(1—4)-Rha linkage
present in the O-specific polysaccharide of Salmonella strains (Table 2, entry D)141.142,
Even though the use of this procedure has diminished since the advent of the silver
silicate and silver zeolite insoluble promoters, there are instances!43.144 where this

method is advantageous.
C.3.iii. The Use of Inter and Intramolecular Nucleophiles:
a. Intermolecular Nucleophiles:

Another approach for the synthesis of B-mannosides utilizes intermolecular
nucleophiles. The best results have been obtained by epimerizing the 2-position of a B-
glucose residue!14.116 or both the 2- and 4-position of a B-galactose residue!15.117 to give
a B-mannoside. The strategy relies upon creating a highly reactive leaving group on the
position that is to be inverted and treating it with a strong nucleophile. The nucleophile
causes an SN2 displacement that epimerizes the position on the carbohydrate ring. The
displacement at the 2-position with intermolecular nucleophiles is especiully difficult.
This has been ascribed to interactions of the nucleophile with the axially oriented lone

pair of the ring oxygen121,
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Table 2: Oxidation-Reduction Method for the Synthesis of B-Mannosides:
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Table 3: The Use of Intermolecular Nucleophiles for the Synthesis of B-Mannosides:
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The progress of the intermolecular nucleophile method is summarized in Table 3.
In entry A, Miljkovic and coworkers!14 displaced a mesylate leaving group with a
benzoate to give the methyl B-mannoside in 62% yield. In entry C, David and
coworkers!16 extend this concept to disaccharides, making the B-D-Man-(1—4)-B-D-Glc
derivative. This disaccharide utilizes the imidazylate as a leaving group which is made
from N,N'-sulfuryldi-imidazole which is easier to handle than the more commonly used
triflic anhydride. David et alll5.117 displayed the double displacement of a galactose
residue to a mannose residue in entries B and D by utilizing the highly reactive O-triflate
leaving groups. Note that entry D represents a protected form of the B-D-Man-(1—4)-B-
D-GIcNAc linkage present in N-linked carbohydrates. The elegance of the double
inversion is exemplified by starting the reaction at room temperature (25°C) to first allow
displacement of the more reactive 4-position to give the gluco configuration, then heating

to 100°C to displace the less reactive 2-positicn to give the desired product.

b. Intramolecular Nucleophiles:

Kunz and Guniher have recently disclosed a novel method to create a B-—-
mannoside linkage 119-121. They utilize an intramolecular epimerization of the 2-position
of a glucose from the neighboring 3-position (Figure 15a). This approach again replaces
the difficult B-mannosylation with the easier B-gluccsylation. In addition, the SN2
displacement avoids interactions with the lone pairs of the ring oxygens which is a

problem in the intermolecular displacements on the 2-position.

The strategy is outlined in Figure 15b in the synthesis of a tetrasaccharide block
of the core pentasaccharide. The procedure involves making a B-glucosidic linkage with
a phenylurethane on the 3-position of the glycosyl donor. The phenylurethane serves as

an intramolecular nucleophile to invert the neighboring triflated 2-position. After
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Figure 15a: The Synthesis of B-Mannosides by Intramolecular Inversion:' %122
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optimization, the overall yield for the indirect formation of the B-mannoside linkage is
quite high despite the large number of steps required. One disadvantage is the necessity
of the benzylidene ring in order for the displacement to occur. A similar strategy was
atternpted by Griffith «nd Hindsgaul!22 in which a p-N,N'-dimethylaminobenzoy! group
was used at the 3-position as the intramolecular nucleophile. Ring contraction produced
many side products when a 4,6-O-benzylidene group was not present on the glucose

unitl22,

D. Summary:

The synthesis of B-mannopyranosides is extremely challenging as can be seen
from the great volume of research reported in this area. Despite all this work, there still
remains no definitive method to synthesize this linkage. Every time a synthesis is
conducted in which a B-mannoside is present, the focus of the synthetic strategy must
center on creating the B-linkage first, and building around this problematic step. The
ability to devise a method that can synthesize this linkage with a more general scope
would be a valuable contribution not only to carbohydrate chemistry, but to the entire

field of glycobiology.



CHAPTER 2

The Synthesis of 3-Mannopyranosides by Intramolecular

Aglycon Delivery:
A. The Importance of Stereoselective Glycosylation Reactions:

Despite the advances in the synthesis of oligosaccharides in recent years57-59.72-83
the field is plagued by low yielding and inconsistent glycosylation steps. One of the
greatest problems with present glycosylation reactions is that they usually yield anomeric
mixtures, especially when cis glycosides are synthesized. As a result, the separation of
these anomers can often be difficult. Therefore, the ability to conduct reactions that yield

solely one anomer is essential for the advancement of oligosaccharide synthesis.

The reactions used for the formation of 1,2-trans glycosidic linkages are the most
reliable in giving high stereoselectivities. Neighboring group participation (Figure 11) is
the most often used strategy although in some instances!45.146.147 this method fails.
Another method for stereoselective formation of glycosidic linkages involves the opening
of 1,2-anhydro sugars (Figure 16a). Classical work completed by Lemieux in the first
chemical synthesis of sucrosel!48.149 and maltose!50 exploited this concept. The
electrophilic activation of glycals (Figure 16b) is an alternative method of generating
stereocontrol which has been used by Thiem!3! in the formation of 2-deoxy sugars. More
recently, Danishefsky has combined the epoxide and glycal strategies to synthesize trans
linkages with complete stereoselectivity82:83, Danishefsky has extended this strategy to

the solid phase synthesis of several oligosaccharides with trans linkages!52.153



Figure 16a: The Use of 1,2-Anhydro Sugars in Stereocontrolled Glycoside Synthesis:
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Figure 16b: The Use of 1,2-Glycals in Stereocontrolled Glycoside Synthesis:
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The ability to synthesize carbohydrates via solid phase synthesis is one of the
ultimate goals of carbohydrate chemistry. Solid phase synthesis would enable this class of
biopolymer to be as accessible as oligonucleotides or polypeptides. With the availability of
larger amounts of oligosaccharides, the progress of glycobiology would accelerate and
have a tremendous biological impact. Considerable research has been conducted in

developing methods for the solid phase synthesis of carbohydrates!52.154-157, The
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methods reported presently are for simple systems. The general view is that the synthetic
methodology is not advanced enough in either yield or stereoselectivity to be successtully

applied to solid phase synthesis. New methods to improve glycosylation yields and

anomeric control are required.
B. General Strategy for Intramolecular Aglycon Delivery:

The ability to construct cis glycosides with complete stereocontrol would be a
significant advancement for glycochemistry. It would also allow for developments in the
solid phase synthesis of oligosaccharides. The intramolecular transfer of groups in a
pyranose ring is a commonly observed event in carbohydrate chemistry. The migration of
ester groups (especially acetates) is a well known problem that has to be carefully avoided,
or used advantageously. Recently, Kunz and Gunther!19-121 have shown that a phenyl
urethane group on the 3-position of glucose can undergo an intramolecular migration to
invert the 2-position to give the mannose configuration (Figures 15a,b). Neighboring
group participation (Figure 11) to displace an anomeric activating group is another form of

intramolecular participation of groups in a carbohydrate ring.

The general strategy for intramolecular aglycon delivery (IAD) capitalized on the
principle of intramolecular transfer within a pyranose ring. For D-mannose, covalent
attachment of an aglycon (A) to the 2-position of an appropriately derivatized sugar (B)
(Figure 17) yields the adduct C. Activation of the anomeric position of C leads to

stereocontrolled intramolecular delivery proceeding through a five membered transition

state (D) to give the cis linked intermediate E. Quenching of E with water gives B-

mannoside F. The intramolecular nature of the reaction controls the stereochemistry,

ensuring only the cis linked product is formed.



Figure 17: General Strategy for Intramolecular Aglycon Delivery from the 2-Position:
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As can be seen in Figure 17, there are two critical steps involved in IAD:

1. The Linking Step: This step involves covalently attaching the aglycon to O-2 of
the pyranose ring. In order for IAD to be successful, this first step must be a high
yielding, convenient procedure that does not interfere with any other groups in the
carbohydrate molecule. Ideally, no new stereogenic atoms should be created in the

process or C will represent two molecules.

2. The Activation Step: This step involves activation of the anomeric carbon. It is
essential that the anomeric substituent be stable enough to withstand earlier
modification to the 2-position in step 1. Furthermore, there must also be a wide
range of activation conditions available that can be used to enhance the viability of
this procedure. Most importantly, activation procedures must be mild enough not
to cause any destruction of the covalent linker formed in step | prior to

stereocontrolled delivery of the aglycon to the anomeric carbon.
C. Recent Progress in Stereocentrolled Intramolecular Glycosylations:

There has been significant progress in stereocontrolled O-glycosylation. Our first
communication in 1991158 represented the first stereocontrolled synthesis of a complex B-
mannoside and was termed intramolecular aglycon delivery. Since then, this carbon acetal
strategy has been improved!59 and extended to more complex systems!60. A report by
Stork and Kim!6! in 1992 presented another intramolecular strategy for the synthesis of a
B-mannoside. Bols!162-165 has extended this concept to the stereocontrolied synthesis of
o-glucosides. Sinay has recently reported an intramolecular strategy for the synthesis of
C-linked disaccharides!66.167. [n addition, Jung and Castro!68 and Sugimura and

Sujino!6? have used intramolecular N-glycosylation to deliver a pyrimidine base in the

'ed
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formation of 2-deoxyribonuucieotides. This recent progress demonstrates that this concept
has become an exciting, new area of research with the allure of becoming the method of

choice for the synthesis of cis-linked carbohydrates.

The approach used by Stork and Kim16! to make B-mannosides utilizes a silicon
tether to covalently attach the aglycon to the 2-position of D-mannose (Figure 18). Their
scheme involves the reaction of a primary alcohol with n-butyl lithium to generate an
alkoxide ion. This is followed by the addition of dichlorodimethylsilane to form the
chlorodimethylsiloxane compound. Reaction of this structure with the thiophenylglycoside
gave the silicon tethered structure in quantitative yield. Activation of the anomeric group
using Kahne's sulfoxide strategy!70 gave the B-mannoside in 68% yield. Unfortunately,
this method was not successful when applied to secondary carbohydrate alcohols due to
the inability in coupling the two unreactive sterically hindered alcohols in the silicon

tethering step!71.

Stork and coworkers!72 have shown a similar silicon tethered strategy for the
synthesis of C-glycosides in the gluco, manno, ribo and arabino series. The
stereocontrolled formation of styryl C-glycosides was demonstrated by using radical
mediated cyclization of a seleno glycoside with a 3-phenylethynyl group (Figure 19). In
the gluco series, it is of special interest to note that the stereocontrolled transfer occurred
from the 6- and 3-positions as well as the 2-position. Stereoselective radical cyclizations
have also been shown by other researcher groups!73.174, This is demonstrated in Figure

20, where alkenyl derivatives were utilized to form C-glycosides.
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Figure 18: The Stereocontrolled Synthesis of B-Mannosides Using a Silicon Tether:'®!
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Figure 19: The Stereospecific Synthesis of C-Glycosides via a Temporary Silicon

Connection:'7?
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Figure 19 cont.: Stereospecific Synthesis of C-Glycosides via a Temporary
Silicon Connection:
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Figure 20: The Stereoselective C-Glycoside Formation by Radical Cyclization;!73:174
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Bols and coworkers!62-165 have reported stereocontrolled syntheses of -

glucopyranosides. Bols initially reported results on the synthesis of o-glucosides in which

the aglycon is not a carbohydrate (Figure 21)162,

Figure 21: The Stereocontrolled Synthesis of a-D-Glucopyranosides: 02164
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Since then, he has extended this work to the synthesis of disaccharides of both the o-
glucopyranose and a-galactopyranose series using secondary carbohydrate
alcohols163.165 The strategy employed by Bols utilized a silicon tethered acetal which can
be formed in high yield in a two step synthesis by reacting the sugars with dimethyl silyl
dichloride (Figure 22). It is clear from this work and that of Stork and Kim that the use of
silicon in the linking strategy gives superior coupling yields to the carbon acetal
approach!38-160_ ]t does seem however, that in some cases, the silicon tether completely

fails at linking highly unreactive carbohydrate alcohols!75.

Recently, use of a silyl!'66 and ketal!67 tether have been demonstrated in the
synthesis of C-linked disaccharides. Sinay and coworkers temporarily connect a seleno
glucoside with a 4-exo methylene derivative (Figure 23a). This connection is then
followed by anomeric radical formation which enabled the exo methylene group to cyclize,
giving the methyl o-C-maltoside in a stereocontrolled fashion. In addition, an analogous
procedure using a 2-O-propenyl seleno mannoside was conducted to give the ketal
connected disaccharide shown in Figure 23b. This temporarily connected structure was
then subjected to radical cyclization to give the a-C-linked disaccharide as the major

product. The cyclization reaction was not completely stereocontrolled as a 10:1 mixture of

c¢:B C-glycosides was obtained.



Figure 22: The Stereocontrolled Syntheses of a-D-Gluco and Galactopyranosides: 3165
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Figure 23: The Synthesis of C-Disaccharides Using a Temporary Connection:
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The systems described to date have all been closely related. The following
examples indicate that the general concept of stereocontrolled intramolecular glycosylations
has wider applications. Jung and Castro use an intramolecular Vorbruggen coupling!68 to
stereoselectively give a B-linked deoxyribonucleoside (Figure 24a). Sujino and
Sugimural6? covalently attach a pyrimidine base to the primary position of a 2-deoxy
ribose thiophenyl glycoside and activate the thioglycoside to give the B-linked

deoxyribonucleoside (Figure 24b).



Figure 24: The Stereocontrolled Synthesis of 2-Deoxyribonucleosides:

A) N-Glycosylation via an Intramolecular Vorbruggen Coupling:]68
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D. Development of Intramolecular Aglycon Delivery:

1. The Stereocontrolled Synthesis of Methyl B-D-Mannopyranoside:

The first breakthrough in applying IAD at the monosaccharide level came when
methanol was used as the aglycon. In order to see if the general concept outlined in Figure
17 was valid, the thioglycoside 2 was synthesized from the known ortho ester 1176 a5
outlined in Figure 25. A thioglycoside enabled manipulation of the 2-position of the
molecule without affecting the anomeric center. Furthermore, a wide variety of methods
are available to activate the anomeric sulfur once the 2-position has been appropriately
derivatized. Reaction of 3 with 2-methoxypropene under acid catalyzed conditions gave
the isopropylidene acetal 4 in 88% yield. Treaiment of 4 with N-bromosuccinimide
activated the thioglycoside which allowed for intramolecular delivery of the O-methyl
group which gave the B-mannoside S in an unoptimized yield of 15%. Comparison of the
'H NMR spectrum of the product § with that of the a--mannoside 8 showed that only a B-
mannoside was identified as a product from IAD. No o-mannopyranoside could be
detected in the reaction mixture. The oi-mannoside 8 was obtained by de-O-acetylation of
7 and was a by-product in the synthesis of 2. Activation of the acetal 4 was optimized
using 5.0 equivalents of NBS as shown in Figure 25. It can be noted that under these
conditions 43% of succinimide adduct 6 was obtained as well as 17% of the methyl 3-
mannoside 5. The overall yield of B-mannoside formation was therefore 60% because the
acid hydrolysis of 6 gave a quantitative yield of 5. Identification of the succinimide adduct
further supports the intramolecular nature of this reaction. It seems that after transfer of the
aglycon, the carbocation that forms on the 2-position can decompose by scavenging trace

water. It can also be trapped by other nucleophiles present in the reaction mixture, such as

the succinimidy! anion.



Figure 25: The Synthesis of Methyl B-D-Mannosides by Intramolecular Aglycon Delivery:
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D.2. Development of the Linking Step:

The extension of IAD to more complex molecules was essential in order to test the
effectiveness of this strategy. Sinay’> had already shown that anomeric acetates could be
converted to vinyl ethers which were useful in a novel glycosylation strategy. The use of
Tebbe's reagent 9 has been reported frequently in the literature!77-179 and recently in
carbohydrate chemistry167.180-183 Treatment of the thioglycoside 2 with Tebbe's reagent

gave the vinyl ether 10 in as high as 90% yield but more reliably near 70% yield (Figure
26).

Figure 26: The Synthesis and Electrophilic Activation of the 2-O-Propenyl Compound (10):
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Covalent attachment of the aglycon was then attempted by the reaction of alcohols with the
2-propenyl derivative 10. A variety of electrophilic agents were tried which included NIS
(Table 4-entries 5, 8), I, (entry 13), IDCP (entry 9), NBS (entries 1, 2, 4, 6), mercuric

acetate (entries 10-12), mercuric sulfate (entry 3) and mercuric triflate (entry 7).



Table 4: Formation of Mixed Acetals using Various Electrophiles:

Entry | Vinyl Ether Alcohol Conditions Product | Isolated
Yield
cyclohexanol | NBS (1.2 eq.), CH5Cl,, 0°C
2 11 cyclohexanol | NBS (2.5 eq.), CH,Cl5, 0°C 14 20
3 11 cyclohexanol HgS04. CHCl,, -40°C - 0
4 10 cyclohexanol NBS (1.2 eq.), CH;Cl>, 15 54
-40°C
5 10 cyclohexanol NIS (1.2 eq.), CH2Cl5, 16 79
-40°C
6 10 13 NBS (1.2 eq.), CH2Cl>, 17 <10
-40°C
7 10 13 HgO, Tf20, Hunigs base, - 0
CH3NO,, -15°C
8 10 12 NIS (3.0 eq.), CH2Cl>, - 0
-40°C
9 10 12 IDCP (1.5 eq.), CH2Cl>, - 0
-40°C
10 10 12 Hg(OAc)2, CH2Cl3, -40°C - 0
11 10 12 Hg(OAc)3, DMF, -40°C - 0
12 10 12 Hg(OAc)y, THF, -40°C - 0
13 10 12 I, tBuOK, THF, -40°C - 0
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NIS gave the best results, however, this reagent was effective only when used with simple
alcohols such as cyclohexanol. NIS promoted coupling of primary carbohydrate alcohols
gave poor isolated yields and coupling with secondary carbohydrate alcohols was not
detected. A variety of acid catalysts were also tried (Table 5) such as P-TSA (entries 1, 2,
4, 8, 9, 14-16), CSA (entries 10-13, 17, 18), PPTS (entry 5), TfOH (entry 3), AgOTY
(entry 6) and HBr (entry 7), of which p-TSA and CSA were the best. Table § summarizes
the highest reaction yields (shaded entries represent the best reported yields for a particular
system). Again it can be seen that high yielding reactions were obtained with simple
alcohols and primary carbohydrate alcohols (entries 1, 8), but it was more difficult to

couple secondary carbohydrate alcohols (entries 4, 9-18).

The best procedure developed used p-TSA or CSA. It was essential during the
development of the linking strategy to use carbohydrate alcohols that were of synthetic
importance. The secondary alcohol 12184 and the primary alcohol 13!85 were chosen for
their ease of preparation. Alcohol 12 is also considered to be an ideal acceptor to develop
new glycosylation strategies because of the highly unreactive 4-position (see Table 4 for
structures of 12 and 13). The alcohol 24 was chosen as it was a precursor to the B-D-
Man-(1->4)-B-D-GIcNAc linkage of N-linked glycoproteins. Alcohol 24 was synthesized
according to Vandana et al!85 as is shown in Figure 27. One advantage of this coupling
strategy was that the isopropylidene acetal that formed contained a non-stereogenic atom,

which made purification and characterization easier.

A typical reaction consisted of the addition of catalytic (0.02 equiv.) p-TSA to a
cooled (-40°C) solution of equimolar amounts of vinyl ether 10 and alcohol 13 in dry
dichloromethane. The reaction was quenched by the addition of a base (e.g. triethylamine)

after 10 minutes to prevent the mixed acetal 26 from forming symmetrical dimerization
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Table 5: Acid Catalyzed Formation of Mixed Acetals:

Entry | Vinyl Ether Alcohol Conditions Product | Isolated
Yield
1 2-methoxy 3 p-TSA, CH,Clj, -40°C 4 88
propene
2 2-methoxy 3 p-TSA, CH,Cl5, -40°C, 4 32
propene 4A Ms
3 11 cyclohexanol TfOH, CH;Cl5, -40°C - 0
4 10 12 p-TSA, CH3Cla, -40°C 29 57
] 10 12 PPTS, CH>Cl,, -40°C 29 14
6 10 12 AgOTf, CH,Cl,, -40°C - 0
7 10 12 Et4NBr, TfOH, CHoClg, - 0
-4Q°C
8 10 13 ~ p-TSA,CHyCl, 40°C ' | 26 | 74
9 10 24 | pTSA,CH)Clp,40°C | 30 | 55
10 10 25 CSA, CH)Cl,, -40°C 31 15
11 10 59 © "CSA, CH3CI3,:40°C; | ~70°. | 38
o - CaSQq... L
12 53 12 CSA, CH)Cla, -40°C - 0
13 53 12 "CSA, CH,Cly, 40°C, - 0
CaSOy4
14 53 12 p-TSA, CH;Cl,, -40°C - 0
15 53 13 p-TSA, CH,Cls, -40°C - 0
16 18 60 p-TSA, CH;Cl,, -40°C - 0
18 65 59
CaSO4
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Figure 27: The Synthesis of Alcohols (24) and (25):
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products such as 27 and 28, and simultaneously alcohols 3 and 13 (Figure 28a).

Optimum coupling conditions were therefore very sensitive to structure and required great

care to reproduce. Consistent yields of mixed acetal formation ranged from 55% for 30

(Figure 28b) to 74% for 26 (see Table 5, shaded entries). The coupling yield for the

synthesis of 26 was similar to that reported in the literature!67. The stability of the more

hindered isopropylidene acetals was also lower; storage for greater than several hours was

possible under basic conditions (solutions which contained 0.1% triethylamine).



Figure 28a: The Formation of Mixed Acetal (26) and Observed Side Products:
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D.3. Development of the Activation Step:

With sufficient quantities of isopropylidene acetals synthesized, the development of
the activation step was undertaken. The majority of the methodological optimization was
conducted with compound 29, since it was an unreactive secondary carbohydrate alcohol
that resembled the natural B-D-Man-(1—4)-B-D-GlcNAc system. Experimental factors
that were varied included the activator, equivalents of activator, solvent and temperature.
Table 6 summarizes the reaction conditions employed. With one exception, where yields
are reported, no a-mannosides were observed. The exception is in entry 29 (phenyl
selenenyl triflate activation). The high reactivity and acidity of PhSeOTf gave 19% of
accompanying o-anomer, presumably from decomposition of the acetal before
intramolecular transfer. The shaded entries 6, 14, 34, and 39 in Table 6 represented the

best reported yields for the particular systems!58-160,

A variety of activators were examined including NIS (entries 6-15, 33-36, 39-41,
43-47), NBS (entries 1-4, 16-19, 37, 38), IDCP (entries 20-24), DMTST (entries 25-28),
phenyl selenenyl triflate (entries 29, 30, 42), methyl triflate (entry 5) and TBPA-+ (entries
31, 32). With the exception of the last two, all the activators gave varied yields of B-
mannosides. The best results were obtained with NIS. Several solvents were used which
included dichloromethane, acetonitrile, nitromethane and DMF. The highest yields were
obtained when dichloromethane was used as a solvent. Once it was determined that NIS
was the activator of choice, temperature and equivalents of NIS were optimized. The
optimized conditions consisted of the use of 5 equivalents of NIS in dichloromethane.
The reaction was started at 0°C and allowed to warm to room temperature overnight. The
addition of a hindered base such as 2,6-di-t-butyl-4-methyl pyridine (5 eq.) enhanced

reaction yields presumably by the prevention of mixed acetal decomposition prior to
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Table 6: Optimization of the Activation Step:

PhSeOTf (2), 4-Me-DTBP (2), CH2CI2,
' -400C, 4A MS

Entry | Acetal ) bﬁ?aqtion Conditions Product | Isolated
Activator (equiv.), Solvent, Terg@‘ature _ Yit.zl‘___d=
1 4 NBS (1), CH2Cl3, 09C 5 15
2 4 NBS (2), CH>Cl>. -400C 5 24
3 4 NBS (3), CH2Cl2, -400C 5 52
4 4 NBS (5), CH2Cl3, -400C 5 60
5 4 MeOTTf (1), CH2Cl>, -78°C -- 0
6 29 NIS (5). CH2Cl2, 09C—RT 327 42
7 29 NIS (5). CH3CN, 0°C—RT 32 28
8 29 NIS (5), DMF, 0°C—RT 32 <28
9 29 NIS (10), CH2Cl2, 0°C—RT 32 13
10 29 NIS (5), CH3CN, CH2Cl2, 0°C—RT - 0
11 29 NIS (5), CH2Cl2, -100C—RT 32 37
12 29 | NIS (5), MeOH (1), CH2Cl2, 0°C—RT 32 11
13 29 NIS (5), proton sponge (5), CH2Cl», -- 0
0°C—RT
14 29 NIS (5), &-Me-DTBP (5), CH2CI2, 32 77
00C—RT |
15 29 NIS (5), 4-Me-DTBP (0.5), CH2Cl3, 32 56
0°C—RT
16 29 NBS (5), CH2Cl2, -40°C—RT 32 15
17 29 NBS (5), CH2Cl», -150C-5RT 32 17
18 29 NBS (5), CH3NO?2, -150C—RT 32 13
19 29 | NBS (5). CH2Cla, -10°C—RT, 4A MS - 0
20 29 IDCP (5), CH3Cl2, 0°C—RT 32 11
21 29 | IDCP (5). CH3CN, CH2Cl2,, 0°9C—RT - 0
22 29 IDCP (3), CH2Cl2,, 0°C—RT 32 <11
23 29 IDCP (3), CH3CN,, 0°C—RT 32 13
24 29 IDCP (5), CH3CN, 0°C—RT - 0
25 29 DMTST (2), CH2Clp, -40°C -- o
26 29 | DMTST (2), &-Me-DTBP (2), CHoCly, 32 47
-400C
37 29 | DMTST (4), &-Me-DTBP (5), CH2Cl2, 32 <47
0°C
28 29 DMTST (2), CH2Cl2, -40°C, 4A MS -- 0
29 29 PhSeOTf (3), CH2Clp, -40°C, 4A MS 32 23
30 29 - )




Table 6-cont.: Optimization of the Activation Step:

" Entry | Acetal Reaction Conditions Product | Isolated
Activator (equiv.), Solvent. Temperature Yield

31 | 29 TBPA-+ (1.5), CH2Cl2. 00C. 3A MS -- 0

32 29 TEPA-+ (1.5). CH3CN, 0°C. 1A MS -- 0 ]

33 26 NIS (5), CH2Cl2, 40°C 33 60

34 26 | NIS (5), MeOH (1), CH2Cl2, -SOC—RT 33 61

35 26 NIS (5), 4-Me-DTBP (5). CH2Cl>, 33 <60
0°C—RT

36 26 NIS (5), 4-Me-DTBP (5), CH>Cl>. 33 37
-40°C—RT

37 26 NBS (5), CH2Cl2, -40°C 33 60 |

38 26 NBS (5), CH3NO3, -15°C 33 46

39 ~ 30 NIS (5), 4Me-DTBP (5), CH2Cl2, 34 51
0°C—RT

40 30 NIS (5), 4-Me-DTBP (5), CHClo, - 49
0°C—RT

41 30 NIS (5), CH2Cl2, 0°C—RT 34 27

42 30 PhSeOTf {2), CH2Clp, -78°C, 4A MS 34 10

43 30 | Nis (1.5), AgOTf (0.15), CH2Cl3, 0°C, - 0

4A MS

44 66 NIS (5), 4-Me-DTBP (5), CH2CI2, RT | 67 27

45 66 NIS (5), 4-Me-DTBP (5), CH2Clp, RT 67 28

46 70 | NiS (5), 4Me-DTBP (5), CH;CI, RT 71 27

47 73 | NIS (5). 4-Me-DTBP (5), CH2Clp, RT 71 22

0
BnO

32)

33)

8nQ O(CH,),CH,
(34) NPPren




transfer to the anomeric center. For example, the yield of 32 from 29 increased from 42%
to 77% with added 4-Me-DTBP (entries 6, 14) and the yield of 34 from 30 increased from
27% to 51% with added base (entries 39,41).

E. Proof of the Stereocontrolled Nature of IAD:

In order to demonstrate the stereocontrolled nature of IAD, several approaches
were taken. First, the stereochemistry of the anomeric linkage was confirmed by the gated
13C NMR spectra of the B-mannosides 32, 33 and 34. The Jc;.H4; couplings of the B-
linkage were found to be less than 160 Hz, characteristic of this type of linkage!87. In
addition, the o-manrosides 37,39, and 41 were synthesized separately via
Helferich!88.189 coupling conditions. This was accomplished by reaction of the acceptors
12, 13, and 24 with the bromide 35190 followed by de-O-acetylation of the 2-position
(Figure 29). 13C NMR spectra of the a-anomers showed the expected oi-mannoside

coupling constants of >170 Hz (Table 7).

With the a-mannoside reference standards synthesized, IAD reactions were
monitored by tlc for the presence of o-anomers. In no instances did the R¢ values of the
a-mannoside standards correlate with those of any products in the reaction mixtures.
Furthermore, isolation of all fractions that showed charring by tlc were collected and NMR
analysis of these fractions did not show any a-glycosides. In many cases where the B-
mannoside yields were low, the isolated impurities consisted of unreacted starting material
and recovered aglyconic alcohols such as 12, 13, and 24. The benzylidene acetal 42
(Figure 30) could also be identified fror* many reaction mixtures. The formation of 42
indicated that free radical side reactions of the benzyl groups occurred when NIS was used

as a promoter.



Figure 29: The Synthesis of Disaccharide a-Mannosides:

OAc
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Figure 30: Benzylidene Acetal Side Product from IAD:

Ph
& o
(0]
BnO
0OBn OMe

(42)

An experiment that supported the intramolecular nature of IAD was performed by
activation of the mixed acetals 26 and 29 in the presence of methanol (Table 6, entries 12
and 34). When the acetal 26 was activated with NIS in the presence of 1.0 equivalent of
methanol, the yield of the B-mannoside 33 was not affected (Figure 31a). This indicated
that the intramolecular process occurred faster than the competing intermolecular reaction.
This was despite the fact that the reactivity of methanol is greater than that of a primary
carbohydrate alcohol. If there was any acetal decomposition prior to activation of the
anomeric group, the more reactive methanol would have formed a mixture of the methyl o-
and 3-mannopyranosides. This observation therefore supports the reaction mechanism as
outlined in Figure 17. When the same reaction was applied to the conversion of 29 to 32,
the yield of disaccharide 32 decreased to 11%. This reflects the well known lower
reactivity of secondary carbohydrate alcohols (Figure 31b). In addition, 40% of the
methyl B-mannoside § was obtained, presumably by trans-acetalization to form 4 followed
by intramolecular transfer of methoxide to give S. The fact that no corresponding methyl
a-mannoside was observed in this reaction supports the fact that a free anomeric

oxocarbenium ion is not formed during IAD.

P A



Figure 31: Intramolecular Aglycon Delivery in the Presence of Methanol:

A)

B)

NIS. 1.0 eq- MeOM,
CH,Cls. 0°C—~ RT

(26)

NIS, 1.0 eq. MeOH,

CHCly, 0°C— RT
(29)

BnO
BnO

(33)

(61% Yield,
no change in amount of B-mannoside produced)

OBn

o)

4)

OMe

SEx

BnO

B

OBn
OH
.0
OMe
BnO

(5)
(40%)

+

(32)
(11%)

Further evidence for the trapping of the postulated carbocation intermediate (Figure

17, E, X = C) was obtained from an initial experiment using N-bromosuccinimide as the

activator. As described in section D.1 above (Figure 25), activation of the mixed acetal 4

yielded a mixture of the expected product § and the succinimide adduct 6. This adduct

shows that after transfer of the aglycon, the resultant carbocation can be trapped by

nucleophiles other than water. Although these experiments do not conclusively prove that

the reactions are intramolecular, the circumstantial evidence is strong.



F. Extension of IAD to Complex Oligosaccharide Systems:
1. Attempted Synthesis of the Core Pentasaccharide:

Sufficient evidence and similar reported strategies!®!-169 which supported the
stereocontrolled nature of IAD prompted an extension of this procedure to more complex
systems. In particular, the block synthesis of the core pentasaccharide of N-linked
glycoproteins (Figure 9) was attempted. The synthetic strategy employed consisted of
construction of the trisaccharide 53 and the chitobiose precursor 5§9. Once these two

fragments were synthesized, the coupling of them via an isopropylidene linkage would be

attempted.

The synthesis of the trimannoside 53 was carried out in 13 steps in 5% overall
yield from methyl o-D-mannoside (Figure 32). The methyl 2.4-di-O-benzyl-a-D-
mannopyranoside 45 was synthesized according to Ogawal0l in 27% yield. Helferich
coupling of 45 with acetobromomannose 46!9! gave the trimannoside derivative 47 in
83% yield. Acetolysis of 47 yielded the anomeric acetate 48 (95%) without affecting any
glycosidic linkages. Removal of the benzyl groups was followed by acetylation which
produced the peracetylated trimannoside 49. Conversion to the bromide was proceeded by
ortho ester formation which yielded the derivative 50 in 79% yield. Zemplen de-O-
acetylation followed by benzylation failed to give the perbenzylated ortho ester 51.
However, de-O-acetylation with triethylamine, methanol and water and then benzylation
was successful. With this observation it was decided to conduct a Zemplen de-O-
acetylation of 50 followed by benzylatics in the presence of 18-crown-6, and this reaction
indeed proceeded smoothly to give the ortho ester 51 in 72% yield. Possible complexation
of the deprotected S0 with sodium ions may have prevented benzylation of the de-O-

acetylated structure. With the perbenzylated ortho ester 51 synthesized, conversion to the

Ol



Figure 32: The Synthesis of the Trimannoside (53):
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thioglycoside was conducted via a boron trifluoride etherate promoted reaction in neat
ethanethiol. This reaction gave the thioglycoside 52 in 70% vield. Treatment of §3 with

Tebbe's reagent produced the 2-O-propenyl ether 53 in 76% yield.

The chitobiose precursor 59 was constructed as shown in Figure 33. The acceptor
24 was synthesized as shown previously (Figure 27). The phthalimido chloride was made
according to the literature!86 by acetylation of the 4-O-position of the allyl glycoside 54.
This was proceeded by de-O-allylation. The reducing sugar 56 was obtained in 75% yield
from 55. Treatment of 56 with dimethylformamide and oxalyl chloride!92 yielded the
glycosyl chloride 57 as a bright yellow solid. Silver triflate promoted coupling of the
crude donor 57 and the pure acceptor 24 gave the disaccharide 58 in 67% yield. The

disaccharide was de-O-acetylated which produced the acceptor 59.

Figure 33: The Synthesis of Chitobiose Precursor (59):

BnO
BnO o DMF, oxalyl chloride o BnO o
CHCIyCH,Cl, AcO + 00ctyl
AcO - o Q HO
BnO OH Bn NPhth BnO

NPhth NPhth
(56) (75%) (57) (24)

1. (Ph3P);RhCI, DABCO

EtOH/Tol/H,O
1. AgOTY. CH,Cl,
2. Acetone/HZO, HgClz. HgO Collidine
2. NaOMe, McOH
BnO
O,
RO o0
BnO NPhth BnO
( = Ac ° ’
/ 0%
(54) R = H Ac0/pyr (90%) RO%OMO
BnO NPhth NPhth

(58) R = Ac(67%)
(59) R=H




Coupling of the simpler alcohols 12 and 13 with 53 was attempted prior to the use
of the more complex alcohol §9. Unfortunately only slow hydrolysis of the vinyl ether
which gave alcohol 60 was observed (Figure 34 and Table 5 entries 12-16). Thus acid

catalyzed coupling with the chitobiose acceptor 59 was not attempted.

Figure 34: Atempted Acetalization of the Trimannoside 2-O-Propenyl Ether:

BnO OBn BnO Ol(Z)n
O
BnO | o BnO o OH
O o (0}
Bno%lq p-TSA, CH,Cly, -40°C Bno%
(0} (0]

SEt 120r 13 SEt
BnO o BnO o
BnO I BnO |
Bno” OBn Bno~ OBn
5 (60)
53) +
12 0or 13

(No Mixed Acetal Observed)

F.2. The Application of IAD to Tri and Tetrasaccharide Fragments of the Core

Pentasaccharide;

In order to identify the reason for the failure of the linking reaction between 53 and
12 or 13, smaller fragments of the core pentasaccharide were synthesized. The coupling

reactions of 10 with 59, 65 with 24, and 65 with §9 were examined to better understand



the nature of the acid catalyzed mixed acetal formation. The effect of reducing the size of
the vinyl ether was considered by the synthesis of the a(1—6)-linked disaccharide 6S.
The removal of the 3-mannose residue in the formation of 65 would eliminate a substantial
amount of steric hindrance when compared with §3. The effect of increased alcohol
complexity was examined by the coupling of 59 with the monosaccharide vinyl ether 10.

In addition, the coupling of 59 and 10 would open a reasonable route to the synthesis of

the core pentasaccharide.

Synthesis of the dimannoside 65 was conducted as is shown in Figure 35. The
known disaccharide 61193 was converted to the ortho ester 62 via the glycosyl bromide.
Zemplen de-O-acetylation followed by benzylation gave the ortho ester 63 in 41% overall
yield from 61. No problems occurred with this step in contrast with the analogous step in
the synthesis of the trimannoside §3. Treatment of the ortho ester 63 with boron
trifluoride etherate in ethanethiol gave the thioglycoside 64 (81%). Tebbe's reagent was

used to convert the derivative 64 to the vinyl ether 65 in 69% yield.

When the disaccharide vinyl ether 65 was treated under acid catalyzed conditions
(CSA, -40°C) in the presence of 24, the mixed acetal 66 was isolated in 28% yield (61%
based on recovered 24, Figure 35, and Table 5, entry 17). This compound showed high
instability unless stabilized by a base such as triethylamine or pyridine. The NIS / 4-Me-
DTBP procedure was then used to activate the ethylthio group (Table 6, entries 44, 45).
This activation was sluggish, requiring a reaction time of 70 hours at room temperature for
all of 66 to be consumed. The reaction mixture showed a complex streak by tlc with the
B-mannoside 67 isolated as the major product in 28% yield. The corresponding o-anomer
68 was synthesized via a different procedure (Figure 36), and was confirmed to be absent
from the reaction products (Table 8). Despite the sluggish reaction and low yield of 3-

mannoside 66, glycosidic bond formation proceeded in a stereocontrolled manner.

65
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Figure 35: Synthesis of a Trisaccharide Portion of the Core Pentasaccharide by IAD :
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Figure 36: The Synthesis of the a-Linked Trisaccharide (68):

OBn
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OOclyl

Linkage of the vinyl ether 65 with the chitobiose precursor 59 was attempted to
see if the procedure could make the tetrasaccharide portion of the core pentasaccharide.
The coupling reaction proved to be extremely difficult. The only conditions which yielded
detectable product were CSA catalysis in the presence of the drying agent calcium suifate at
-40°C (Table 5, entry 18). The desired isopropylidene acetal 69 was obtained in no
greater than 9% yield after several attempts (Figure 37). The balance of the reaction
products consisted of unreacted vinyl ether 65, and alcohol §9, as well as hydrolyzed
vinyl ether. Insufficient material was obtained to attempt the activation of this mixed

acetal.

Figure 37: Attempted Formation of the Tetrasaccharide Acetal (69) :
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The effect of increased alcohol complexity, compared to 24, was investigated by
the reaction of 59 with the monosaccharide vinyl ether 10. Acid catalyzed conditions
(CSA, -40°C) yielded the trisaccharide acetal 70 in 38% isolated yield (Figure 38 and
Table 5, entry 11). The reaction was virtually quantitative based on recovered starting
materials. Activation of the acetal required 42 hours and a modest vield (27%) of B-
mannoside 71 was isolated as the major product (Table 6, entry 46). A number of minor
impurities were observed by tic. One side-product identified was a benzylidene acetal
which was formed as in the synthesis of 33 by free radical side reactions. Again,
comparison with authentic a-mannoside standard 72 (Figure 39) showed no o-linked

products formed from this transfer reaction (Table 8).

Figure 38: The Synthesis of the Trisaccharide (71) by Intramolecular Aglycon Delivery:
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Figure 39: The Synthesis of the Trisaccharide (72) Containing the o-Mannosidic Linkage:

BnO~

CH
5 .0,
1. NIS. AgOTf, (59) BnQ
(2) 2. NaOMe, MeOH BnO— % o/%
O(CH,);,CH,

(72)

G. Limitations to the Existing Methodology of IAD:

The dramatic drop in coupling and activation yields as the complexity of the
carbohydrate structures increased revealed severe limitations to the developed
methodology. Even though both steps gave reduced yields, the first step was considered
as the biggest problem. This was because of poor yields and the fact that the reaction was
experimentally difficult to control as it depended on the isolation of a kinetic product. The
second step was not considered as serious a problem to overcome. This was because of

the availability of a wide variety of activating groups and conditions.

Acid catalyzed tsopropylidene acetal formation was extremely sensitive to the size
of the vinyl ether (Table 9). This was evident by comparison of the vinyl ethers 10, 65
ang 33. The size of the alcohol is also important, although the effect is not as dramatic as
with the vinyl ethers. There are two factors that can be considered when determining why
this reaction did not work well on complex systems. The first reason is based on
protonation of the 2-O-propenyl ether to give the carbocation (structure B, Figure 40). In

a sterically hindered molecule, initial protonation of the vinyl ether may be

70



TABLE 9: Yield Comparisons for Isopropylidene Acetals:

Vin;l Ether Alcohol Mixed Acetixl__ﬁ Percent Yield
10 13 26 74
10 12 29 57
10 24 30 55
10 59 70 3R i h
65 24 66 28 |
65 59 69 9 ]
53 12 --- 0
53 13 - 0

followed by a very slow attack of the alcohol as it cannot access the carbocation casily.
The inability of the alcohol to attack the carbocation would allow for other reactions such
as hydrolysis of the protonated vinyl ether to occur. This may have been the case when
coupling reactions of the trimannoside vinyl ether 53 were attempted (Figure 34). No
indication of mixed acetal formation was observed by tic in this reaction, oniy slow

hydrolysis of 53 to yield 60.

The second reason to explain the poor coupling yields is that the acid sensitivity of
the acetal increased with greater structural complexity. This meant that under the reaction
co#iditions, as soon as any acetal was formed, it would protonate and be converted to more
thermodynamically stable products. Such structures may have included dimerization or
hydrolysis preducts (Figure 40). Support for this reason came from the synthesis of the
mixed acetals 66 and 70. It was noticed by tlc that these reactions had to be quenched
before all the vinyl ether was consumed. This was because the amount of mixed acetal

product would only reach a certain level, and then give way to side products.

71



Figure 40: Possible Reasons for the Failure of Acid Catalyzed Coupling of Complex
Oligosaccharides:

1. Alcohel cannot attack carbocation due to steric
hindrance
o) o~
|. (9] !.O
SEt
L B)

g

SEt

o OR
Hydrolytic and ’
Dimerization Products

2. Acetal product is the most acid sensitive
structure in the reaction pathway, therefore
does not accumulate in appreciable
quantities.

Further support for the acid sensitivity explanation is based on the stabilities on storage of
these molecules. Mixed acetals 4 and 26 were stable and did not need to be stored in basic
solutions as was the case with the acetals such as 29 or 30, which hydrolyzed if left at
room temperature overnight. Structares such as 66, 69, and 70 showed the greatest
instability, yielding complete decomposition in several hours if stored without added base.
These two observations substantiated the kinetic nature of the acid catalyzed reaction. This
ultimately rendered this procedure not practical for complex systems. Despite this setback,
the procedure works well for simple systems such as primary carbohydrate alcohols and

non carbohydrate alcohols.



The transfer yields for the formation of the B-mannosides also decreased with
increased molecular complexity (Table 10, with the exception of compound 29, where
extensive optimization was performed). Analysis of the reaction times involved for the
formation of the $-mannosides may explain the reduced yields. Less hindered mixed
acetals such as 4 and 26 gave good yields of B-mannosides (60% for 5 and 33) with short
reaction times (2 hours). Activation of the mixed acetals 29 and 30 showed intermediate
reaction times (18 hours). This reflects the increased steric repulsion of the secondary
carbohydrate alcohols which may have impeded the transfer step. Extremely hindered
structures such as 66 and 70 had the longest thioglycoside activation times (70 and 42
hours respectively). This indicated extreme steric repulsion was present in the activation
reaction. Longer reaction times allowed for competing side reactions to occur which
included the free radical formation of the benzylidene structure (Figure 30), which caused a

decrease in yield.

TABLE 10: Yield and Reaction Time Comparisons for the Formation
of B-Mannosides by IAD:

Mixed Acetal B-Mannoside Percent Yield Time (hours)
4 S 60 2
26 33 60 2
29 32 77 18
30 34 51 18
70 71 27 42
66 67 28 70




Possible explanations to rationalize the poor transfer yields with more complex
systems can be found by analysis of the possible mechanism of the delivery step. From
the information collected on IAD it is expected that the transfer step is an intramolecular
process that does not involve formation of a free anomeric oxocarbenium ion (as is best
supported by the methanol competition experiment summarized in Figure 31). This means
that the aglycon is strategically positioned to attack the anomeric position just as positive
charge starts to develop at C-1. The transition state for this attack is shown in structure D
in Figure 17. The activation reaction can be described as being composed of an initial
iodination of the anomeric thiol group (k1), foiluwed by delivery of the aglycon (k2)
(Figure 41). Thus the increased reaction times with greater molecular complexity can be
attributed to one of these steps. It may be that in the complex systems, the thio group is
not as accessible so initial iodination (k1) is much slower. An alternative explanation is
that more complex acetals may not be able to attain a reactive conformation, so that the
aglycon delivery step (k2) is slowed, allowing competing side reactions to occur. This
second explanation is shown in Figure 42, in which complex acetals may have rotational
barriers. A mechanistic investigation using a complex acetal such as 66 or 70 is
necessary to see which step (or both) is responsible. This was not conducted as efforts

were con~--* - ~d on developing a more efficient IAD strategy.
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Figure 41: Activation and Delivery Sieps Involved in IAD:
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CHAPTER 3

Other Strategies Examined for Intramolecular Aglycon Delivery:

In addition to the development of the methodology outlined in Chapter Two, a
variety of other strategies were examined. A "one-pot" approach was investigated to
simplify the IAD procedure by combining the linking and activation steps. Several other
acetal linking techniques were developed. Areas for future work are discussed, to try and

extend this promising method in order for it to become accepted as the primary method

for making B-mannosides.

A. "One-Pot" or In Situ Strategy for Synthesizing B-Mannosides:

The vinyl ether 10 was used in a "one-pot” strategy for IAD. During initial
studies on the development of the coupling procedure (Table 4), it was noticed that NIS
promoted electrophilic activation of the vinyl ether moiety occurred at a faster rate than
the activation of the thioglycoside. This meant that a strategy could be devised to allow
for in situ formation of the mixed acetal followed by activation of the thiol and transfer of

the aglycon (Figure 43).

The reaction was predominantly tried with vinyl ether 10 and several alcohols.
The results are summarized in Table 11. As can be seen from Table 11, a variety of
reaction conditions were attempted with some satisfactory results. The best conditions
found were based on treating equimolar amounts of vinyl ether 10 and alcohol 13 with 5
equivalents of NIS at -40°C in dichloromethane (shaded entries 6 and 16). After about 30
minutes at -40¢C, the reaction was allowed to warm to room temperature overnight.

These conditions allowed for initial formation of the mixed acetals (Figure 44) at low
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Figure 43: General Strategy for a "One-Pot" Synthesis of B-Mannosides:
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temperature without affecting the thioglycoside. Warming the system allowed for

activation and delivery to occur in the previously described manner.

From the results of this one-pot approach, it is clear that the procedure was
successful only for simpler alcohol systems. The isolated yields of 43% for the formation
of the disaccharide 33 is actually higher than the two step approach described in Chapter
Two. Moreover, it is a simpler procedure than the two step reaction. Unfortunately, the
"one-pot" method does not form appreciable amounts of B-mannosides when secondary

carbohydrate alcohols were used. This is because of the inability to form the
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Table 11: "One-Pot" Synthesis of B-Mannosides (* indicates o, mixture detected):

Entry | Vinyl Ether Alcohol Conditions Product | Yield
e —
1 10 13 NIS (5 eq.). CH,Cl2, -40°C— RT 33 35
2 10 13 NIS (5 eq.), Hunigs base (5 eq.) -- 0]
CH3Clj, -40°C— RT
3 10 13 NIS (5 eq.), collidine (5 eq.) - 0
CH>Cls, -40°C—> RT
4 10 13 NIS (5 eq.), CHCla, -40°C—» RT, 33 <10
4A MS
5 10 13 NIS (5 eq.), CH;Cla, 0°C— RT 33 7
6 10 13 NIS (5 eq.), CH3Clg, -40°C— RT 33 3.
7 10 13 NIS (5 eq.), CH2Cl3, -40°C— RT, 33 20
0.5 eq. alcohol
8 10 13 NIS (5 eq.), CH;Cl3, -40°C— RT, 33 <43
2.0 eq. alcohol
9 10 13 NIS (3 eq.), CH2Cl2, 40°C— RT 33 <43
10 10 13 NIS (10 eq.), CHoClp, 40°C— RT| 33 <43
11 10 13 NIS (5 eq.), Et20, -40°C— RT 33 <43
12 10 13 NIS (5 eq.), Toluene, -40°C— RT - 0
13 10 13 NIS (5 eq.), DMF, -40°C— RT - <10
14 10 13 NIS (7 eq.), 4-Me-DTBP (2 eq.), 33 27
CH,Cly, -40°C— RT
15 79 3 NIS (5 eq.), CH,Cla, 40°C— RT 33 <10
16 100 foas 12es DU LNIS (S eq.), CHaClp; 40°C—HRT | 32,
17 10 NIS (5 eq.), 4Me-DTBP 5 eq.), | 32 <10
CH,Cl, -40°C— RT
18 10 12 DMTST (3 eq.), 4-Me-DTBP 32 19*
(3 eq), CHCly, -40°C
19 10 12 DMTST (6 eq.), 4-Me-DTBP 32 <19*
. (6 eq), CHCl>3, -40°C
20 10 24 NIS (5 eq.), CH2Clz, 40°C— RT 34 <10
21 10 24 NIS (5 eq.), 4-Me-DTBP (5 eq.), 34 <16
CH>Cl, -40°C— RT
22 10 25 NIS (5 eq.), CH,Cl2, 40°C— RT -- 0
23 78 13 NIS (5 eq.), CH2Clp, -40°C— RT 33 20
24 78 13 IDCP (4 eq.). CHyCly, -40°C—RT - 0
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Figure 44: "One-Pot" Synthesis of Disaccharide B-Mannosides
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mixed acetals in any appreciable quantity. The lack of NIS promoted mixed acetal
formation was consistent with the observed results in Table 4. The data obtained from
Table 4 showed that isolation of the acetals formed by NIS was attempted but was only

successful when cyclohexanol or 13 were used as the alcohols.

Although the in situ approach of IAD was not successful for more complex
alcohols, optimization studies on this system revealed some important insight into the
nature of this reaction. For the formation of the disaccharides 32, 33 and 34, the reaction
seemed to show complete stereoselectivity when NIS was used as an activator, i.e. no o~
mannosides were detected. This contrasts with the results in entries 18 and 19 of Table
11 where DMTST was used as a promoter and mixtures of ot- and B-mannosides were
detected. Since it was known that NIS activation of the vinyl ether 10 in the presence of
alcohol does not give quantitative mixed acetal, there definitely was unreacted alcohol
and vinyl ether present during the activation procedure. So why was there no a-
mannosylation between unreacted 10 and the alcohols? One explanation was that the
glycosylation yields are inherently low with NIS promoted coupling of alcohols and the
thioglycoside donor 10. Thus any formation of a-mannoside may have been too low to
detect. Control reactions verified that glycosylation yields are low when NIS was used as
an activator for thiomannosides in which a non-participating group was on the 2-position
(Figure 45). For example, o- and B-mannoside mixtures were obtained in yields of 20%
when 73 was the donor and yields of 22% when 75 was used as a donor. In addition,
both of these control reactions used the highly reactive primary carbohydrate alcohol 13

as the acceptor.
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Figure 45: NIS Activation of Thioglycosides with Non-Participating Groups on the
2-Position:
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Another explanation for the stereocontrol in the "one-pot” approach was that o-
mannosides may have been formed but were not identified. If the 2-position was
derivatized as shown in Figure 46a, any o-mannoside formation may have been
concealed. This was especially the case since emphasis was placed on observing the 2'-
OH o-mannosides 37, 39 and 41. Several chromatographic fractions revealed the
presence of complex mixtures of products by NMR and could not conclusively rule out

the formation of any t-mannosides. However, such agid sensitive o-mannosides would
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A) Acetal-Type Side Products:
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have to withstand the acidic reaction conditions as well as purification by silica gel

chromatography to have remained undetected.

A third explanation to rationalize the B-selectivity is shown in Figure 46b. It
could be that NIS uctivation of the vinyl ether 16 in the presence of an alcohol may have
formed C-glycosyl intermediate (A) that effectively prevented the formation of any o-
glycoside. This intermediate could have rearranged to give a number of products as
demonstrated in Figure 46b. Although this is plausible, no NMR evidence was obtained

to support this type of side product.

In summary, analysis of the "one-pot" strategy for IAD yielded beneficial results,
even though the yields were low and the B-selectivity could not be conclusively
determined. For example, the cross reactivity of NIS with bases such as collidine and
Hunig's bise was determined (Table 11, entries 2, 3). Furihermore, in situ acetalization
was attempted with the vinyl ether 78, synthesized from the 2-O-benzoate 77 (Figure
47a). This reaction did not give as good yields as the 2-O-propenyl system (Table 11,
entries 23, 24) so it was not considered in the 2-step strategy. A reversed strategy which
used the vinyl ether 79 and the alcohol 13 (Figure 47b) also proved to be a lower yielding
approach (Table 11, entry 15). Finally, the use of different solvents (Table 1. entries 11-

13) confirmed that dichloromethane gave the best results.



Figure 47: The Synthesis of Vinyl Ethers (78) and (79):
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B. Other Acetal Linkages used in IAD:

Various strategies were developed that involved the use of acetals in the linkage
of carbohydrates via non-anomeric positions. The acetals investigated included the use of
smaller groups than the isopropylidene acetal, since the steric demand on the reaction
system would be reduced. In one approach, a methylene linker was investigated because
of its small size and use in the literature to covalently attach nucleoside residues!94-200,
The use of ethylidene and benzylidene acetals were also attempted as they involved less

hindered secondary acetalic carbons.



B.1. Methylene Acetals:

The covalent attachment of two sugar residues through a non-anomeric position
has been accomplished using a methylene acetal linker. Several approaches have been
used that are based on the principles used in glycosylation procedutzs. For instance, one
approach utilizes a sulfur activation strategy!95-200 (Figure 48a). By forming a
methylthiomethyl linkage on the 3-position of the deoxy ribose moiety, activation with
NIS / TfOH forms the resulting oxomethylene carbocation which is trapped by the
primary aicohol in 71% yield1%7. A second approach is a modification of Fraser-Reid's
pentenyl glycoside activation strategy72.201-203 (Figure 48b). This procedure involved
the synthesis of the pentenyl methoxymethyl (POM) acetal on the 3-position of the deoxy
ribose moiety. Activation of the POM acetal with NIS in the presence of the primary
alcohol gave the formacetal product in good yield (80%)!99. At first glance it seems that
both these strategics have the potential to cross react if applied to the thioglycoside
systems used for IAD. However, the potential to fine tune the strategy so that coupling
would occur first at the 2-position to form the methylene acetal and then transfer to form

the B-mannoside (Figure 49) was an alluring possibility that justified further exploration.

Prior to using the POM acetal strategy for coupling two carbohydrate residues, the
transfer of an octyl group was attempted. Commercially available bromomethy! octyl
ether was reacted with the alcohols 3 and 81 to give the acetals shown in Figure 50.
Activation of the thioglycosides 80 and 82 with NIS (5 eq.) in dichloromethane proved to
be very sluggish and no B-mannosides were detected from either reaction. Despite these

results, the extension of this coupling strategy to more complex systems was attempted.
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Figure 48: Methylene Acetal Linker Strategies:
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Figure 49: The Application of a Methylene Acetal Strategy to Pyranose Sugars:
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Two separate approaches were taken to test the POM acetal procedure (Figure 51
and %2). The first approach involved the reaction of POM chloride’? with alcohol 3 to
give the product 83. The low yield for this reaction was due to premature quenching
since 41% of the starting material was recovered. NIS activation (2 eq.) of 83 at 0°C in
the presence of alcohol 13 yielded no product. Only the kinetic and thermody namic
benzylidene products 42 and 84 were isolated in up to 53% recovered yields (Figure 51).
A second approach was attempted in which the coupling strategy was reversed (Figure
52). It was believed that this reversed strategy would be able to prevent cross reactivity
of NIS with the thioglycoside. For example, the POM acetal 85 was synthesized from the
alcohol 12 in 71% yield. Activation of the pentenyl group followed by the addition of the
alcohols 3 or 86 turned out to be a more successful strategy. The thioglycoside 86 was
synthesized from the di-acetate 91 as shown in Figure 52. It was chosen as it was a less
reactive thioglycoside than the thioethyl glycoside and could potentially prevent cross
reactivity with the peritenyl group. Both reactions gave low yields of product, 5% for 87
and 8% for 88. Other products identified were the methylene acetal 89, alcohols 3 and
12, ar'* thy succinimide adduct 90. These side products were consistent with those

isolated in the literature199.

Figure 51: POM Acetal Approach to Linking Py-nu:ose Sugars:
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Figure 52: Reversed POM Acetal Coupling Strategy :
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The low isolated yields from the POM acetal coupling strategy and the fact that
the octyl methylene acetals 80 and 82 did not undergo TAD indicated that this was not a
practical strategy for making B-mannosides. Nevertheless, important information was

obtained about the sensitivity of the activation step. It is apparent that the delivery of the

aglycon will viot occur unless the resulting carbocation is stable enough. The slowing of

this transfer steps allows for numerous side reactions to occur that ultimately cause the
method to fail. In addition, valuable information on the relative reactivities of the

pentenyl group versus the phenyl and ethyl thioglycosides was obtained.

B.2. Ethylidene Acetals:

Another coupling strategy involved the use of ethylidene acetals. This procedure
was an extension of the isopropylidene acetal approach with the only difference being the
use of a smaller linking group. As shown in Figure 53, the alcohol 3 can be converted to
the formate ester!92 to give 93. The vinyl ether 94 can then be formed by reaction with
Tebbe's reagent. Acid catalyzed coupling of 94 with the alcohol 12 was slower than the
isopropylidene case. In fact, no coupling was observed after two hours at -40°C. This
contrasts with the 10 minute reaction times encountered when vinyl ether 10 was coupled
with 12. The long reaction time prompted a gradual increase in reaction temperature to
-15°C which caused complete decomposition of 94. The inability to form mixed acetals
and the fact that a diastereomeric mixture of products would of resulted if the procedure
was successful made this method unattractive and further attempts to optimize the

reaction conditions were discontinued.
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Figure 53: The Attempted Formation of Ethylidene Acetals:
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B.3. Benzylidene Acetals:

A fundamentally different approach was investigated in the use of benzylidene
acetals to link two different carbohydrate residues. This approach replaced the acid
catalyzed coupling described with a more reactive carbene strategy. Vasella and
coworkers have used a glycosylidene carbene strategy as a new method for the
construction of glycoside bonds2%4. This technique has been extended to the formation of
benzylidene acetals205. The strategy involved the synthesis of diazirine compounds that
can thermally generate a carbene which caused insertion into a hydroxyl group (Figure
54a). In Figure 54b, it was shown that a bromo diazirine can react with an alkoxide to
yield an intermediate alkoxy diazirine. This highly unstable intermediate then generated
a carbene which was trapped by the second hydroxyl group, in an intramolecular fashion,
to form a benzylidene acetal. A progression of this strategy is postulated in Figure 55. If
generation of the carbene was accomplished in the presence of another alcohol,

intermolecular trapping of the carbene may occur which would yield a benzylidene linked
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Figure 54: The Use of Diazirines in Carbohydrate Chemistry :
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acetal. The greatest advantage of this method is that the highly reactive carbene may be

able to insert into very unreactive hydroxyl groups such as those present in

oligosaccharides.

Figure 55: General Strategy for Making Benzylidene Linked Acetals:
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Preliminary experiments have revealed that the postulated reaction sequence dces
occur (Figure 56). A variety of conditions have been attempted but it was found that
solvent polarity and reaction temperature were the most crucial factors to control. The
best conditions developed involved the treatment of the alcohol 3 with 2 eq. of NaH in
THF / DMPU. The diazirine 95205.206 was added and the reaction kept at -40°C for
seven hours prior to the addition of 13. This maximized the formation of the highly
unstable alkoxy diazirine 96207-209. Once 13 was added, the reaction was allowed to

warm to room temperature overnight. The highest isolated yield of 98 was 25%. One
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Figure 56: The Diazirine Approach to Mauking Benzylidene Acetals:
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concern with this procedure is the formation of the dimer 97 that consumes 23% of tt
starting thioglycoside alcohol. Although the formation of 98 gives a diastereomer,
mixture, one isomer is very predominant. This new coupling strategy does sho
promise, but extensive optimization will be necessary for it to rival the acid catalyze

technique that can typically give yields >70% when coupling involves a primary



carbohydrate alcohol such as 13. Another drawback to the method is the fact that the
diazirine compounds are explosive. Since the yield of the benzylidene acetal 98 was low

cven for a primary alcohol, this method was not investigated fi- er.

C. Future Work:

1. Thioacetals as Potential Linking Agents:

A different approach for the linking of carbohydrate residues through non-
anomeric positions involves the use of thioacetals. The advantage of this strategy is that
the thioacetal formation is a thermodynamically favored process as opposed to the
kinetically driven acid catalyzed coupling presently in use. In principle. the method
involves nucleophilic attack of an alkoxide on a thiocarbonyl derivative as outlined in
Figure 57. This is followed by the addition of an alkylating agent such as methyl iodide
to form the thioacetal as is supported in a report by Kahne!25. Once the thioacetal is
formed., activation of the thio! group in the presence of an alcohol can lead to the desired
mixed acetal. Alternatively, oxidation of the thiol to the sulfoxide, followed by treatment
with triflic anhydride!70 at low temperature, generates a carbocation that can be trapped
by an alcohol to form the desired acetal. The carbocation formation, especially if the
sulfoxide strategy is used, can be performed at low temperature (-70°C) without
influencing any other groups in the system. One disadvantage to the strategy is the ease

at which thioketones and thioaldehydes polymerize210-216,



Figure 57: Thioacetals as Potential Linking Agents:
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C.2. Non-Acetal Linking Strategies:

A different approach to linking carbohydrate groups together via non-acetal
groups would be to use a spacer that is greater than one carbon unit. For example,
extending the linking arm to two carbons would possibly alleviate the steric problems that
have plagued the existing methodology (Figure 58). Two strategies are proposed as
potential methods for making a two carbon linker. Moreover, several other compounds

that show promise in linking carbohydrate residues are proposed.
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Figure 58: The Potential Advantage of Lengthening the Linker Arm:
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One strategy for lengthening the linker arm involves an extension of the vinyl
ether strategy as outlined in Figure 59. The commercially available 2-methy! propeny!
chloride might be used to covalently attach a carbohydrate residue to give a 2-methyl
propenyl derivative such as A. Electrophilic activation of the double bond in the
presence of an alcohol would allow for etherification to give the desired two carbon
linked structure B. Although the >2—methyl propenyl derivative is analogous to the vinyl
ether 10, much more vigorous coupling conditions will be needed. This is because the
chemical reactivity of the system has been dramatically altered, going from a highly
reactive vinyl ether to a less reactive alkene derivative. The use of NIS / TfOH203 or
benzene selenenyl triflate217 would be good choices as highly electrophilic activators for
this system. A more stable anomeric group would be required as ethy! thioglycosides

would cross react with the strong coupling conditions.
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Figure 59: The Proposed Use of 2-Methyl Propenyl Derivatives as Linking Agents:
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Another strategy proposed to introduce a two carbon linking arm is based on the
ring opening of epoxides as shown in Figure 60. In this procedure, ring opening of an
epoxide such as commercially available styrene oxide 99 by an alkoxide gives the first
carbohydrate linked structure A. Conversion of the resulting hydroxyl group to a leaving
group B then allows for displacement by a second alkoxide group. The resulting
structure would give the required two carbon spacer C. Drawbacks for this method
would be the formation of diastereomers by epoxide ring opening and competing

elimination of HX in B (Figure 60) to give a conjugated double bond.

Figure 60: General Strategy for Epoxide Ring Opening:
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In theory, any molecule that is derivatized with two potential leaving groups can
be used to link two carbohydrate residues. For example, the 1,2-dibromoethy] benzene
100 could be used to attach a residue first through the primary position and then via the
secondary position (Figure 61). The a,o'-dibromo-o-xylene compound 101 is another
potential candidate to link two residues via non anomeric positions to give a four carbon
spacer. A structure such as o,a'-dibromo toluene 102 is another possibility. The use of
(bromomethyl chlorodimethylsilane compound 103 would be an extension of the existing
work of Bols!62-165 and Stork and Kim!6!. A systematic survey to evaluate such
molecules is necessary to determine if any of these structures would be successful not
only in linking two residues together, but also in transferring the potential aglycons in a

stereocontrolled fashion.

Figure 61: Molecules with Potential to Act as Linking Agents:
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C.3. Changing Protecting Groups in the Existing Strategy:

In all the systems studied so far that have successfully undergone IAD, the main
protecting group used is the benzyl group. These groups are highly hydrophobic and can
enhance the steric difficulties in reaction systems. It would be of inierest to see how
exchanging these bulky groups for less hindered structures would influence the yields in

IAD reactions. In the coupling strategy, in may be that formation of a carbucation in a
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100
bulky structure such as 53 is buried by the nine benzyl groups on the molecule,

preventing any access to the alcohol (Figure 62a). In addition. the alcohol 1s also
protected with benzyl groups, so that these two highly lipophilic structures can not
interact with each other. One possibility is to use acetates on the alcohol and see if
reactivity would be enhanced (Figure 62b). Unfortunately, the use of ester protecting
groups on the thioglycoside would not be compatible with the reaction of Tebbe's
reagent. Reversing the strategy by having the vinyl ether on the aglyconic molecule and
the thioglycoside as the alcohol would enable ester protecting groups to be used on the
trimannoside (Figure 62c). These alterations to the existing strategy would help

understa~d why IAD fails in more complex systems.
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Figure 62: Protective Group Changes may Enhance IAD Reactivity:
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D. Conclusion:

A two step procedure, called Intramolecular Aglycon Delivery, was developed to
make B-D-mannopyranosides. In the first step, an alcohol was covalently linked to the 2-
position of a mannose derivative. In the second step. the anomeric position of this
mannose derivative was activated. causing the stereocontrolled delivery of the alkoxy
group. In molecules as complex as disaccharide 34, this procedure produces yiclds that
are similar to those reported in the literature. In particular, IAD eliminates the need for

separation of anomers.

When IAD was applied to the synthesis of the core pentasaccharide, the first step
of the method did not yield the required isopropylidene linked acetal. Therefore
alternatives to the isopropylidene acetal linker approach are necessary to make this

method of practical value in the synthesis of B-D-mannopyranosides.

Other methods were investigated to replace the first step of IAD. These methods
did not produce the desired result or did not improve the existing method. Further
research is suggested to improve IAD to make it the method of choice for making B-D-

mannopyranosides.
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CHAPTER 4

Experimental:

General methods

Optical rotations were measured with a Perkin-Elmer 241 polarimeter at 22° +
2°C. Analytical thin-layer chromatography (tlc) was performed on silica gel 60-F254
(Merck). Tlc detection was achieved by ultra violet light visualization and by charring
with sulfuric acid. All commercial reagents were used as supplied. All chromatography
solvents were distilled prior to use. Column chromatography was performed using silica
gel 60 (Merck 40-60 uM) or beaded silica gel 6RS-8060 (Iatrobeads) manufactured by
Iatron Laboratories (Tokyo). lH—N.m.r. spectra were recorded at 360 MHz (Bruker WM-
360) or 300 MHz (Bruker AM-300) or 500 MHz (Varian Unity-500) with internal
(CH3)4Si (8 0, CDCl3, CD30D, or D-5 pyridine). COSY spectra were obtained at 360
MHz (Bruker WM-360). 13C-N.m.r. were recorded at 75.5 MHz (Bruker Am-300) or
125.7 MHz (Varian Unity-500) with internal (CH3)4Si (8 0, CDCl3, CD30D, or D-5
pyridine). Only partial n.m.r. data were reported. The chemical shifts and coupling
constants (as observed splittings) for 1H resonances were reported as though they were
first order. The assignments of 'H and B3¢ resonances were tentative. Organic solutions
were concentrated under vacuum at < 40°C (bath) / 12 mm Hg. All anhydrous reactions
were carried out using phosphorous pentoxide (P205) dried starting materials (high
vacuum ~ 50 microns) and dry solvents under argon atmosphere. Anbhydrous transfers
were completed with standard syringe techniques. All glassware was pre-dried overnight

at 160°C. All samples submitted for elemental analysis were dried overnight under high

vacuum over P20s5 at 56°C (refluxing acetone).
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General procedure for the preparation of Tebbe's Reagent (9)180

Titanocene dichloride (0.50 g. 2 mmol, 1.0 €q.) was added to a round bottom flask
and purged with argon. Trimethylaluminum (2.0 ml, 4 mmol, 2 eq.. 2.0 M solution in
toluene) was slowly added by syringe into the reaction flask. Prior to use. the mixture
was stirred under argon atmosphere for 60 hours. The solution was a deep red color and

blackened as it decomposed. Any exposure to air produced white fumes.

Ethyl 2-O-acetyl-3,4,6-tri-O-benzyl- ] -thio-o0t~D-mannopyranoside (2)

The ortho ester 1176 (5.0 g, 9.9 mmol) was added to a round bottom flask and
purged with argon. Ethanethiol (30 ml) was added to the reaction flask and the solution
was cooled to 0°C. Boron trifluoride etherate (1.22 ml, 9.9 mmol) was syringed into the
stirred mixture. The reaction was quenched after 15 minutes by the addition of S ml of
distilled water (dH20). The ethanethiol was removed in the fumehood by blowing a
stream of air over the mixture for three hours. Dichloromethane (200 ml) was added to
the solution. It was then washed twice with 200 ml of dH20. The organic layer was dried
(MgSO0aq), filtered and concentrated which produced a pale yellow syrup. Eighteen
percent (18%) ethyl acetate in hexane was used as an eluent in column chromatography
of the crude reaction mixture. Purification yielded a colorless syrup 2 (446 g, 84%). A
slower running by-product was isolated which corresponded to the methy! glycoside 7.

2: [o]p +86.8° (¢ 0.95, CH2Cl2). Rf 0.70 in ethyl acetate - hexane, 1:3; 1H
NMR (300 MHz, CDCI3) &: 7.30, 7.15 (m, 15H, Ph), 5.43 (dd, 1H, J1,2 =1.5Hz,123 =
3.0 Hz, H-2), 5.32 (d, 1H, J1,2 = 1.5 Hz, H-1), 4.85, 4.47 (2 x d, 2H, Jgem = 10.8 Hz,
OCH2Ph), 4.69 ,4.48 (2 x d, 2H, Jgem = 12.2 Hz, OCH2Ph), 4.68, 4.52 (2 x d, 2H, Jgem
= 11.1 Hz, OCH2Ph), 4.16 (m, 1H, H-5), 3.94 (dd, 1H, J34=95Hz, J45=9.5Hz, H-
4), 3.90 (dd, 1H, J2, 3 = 3.0 Hz, J3 4 = 9.5 Hz, H-3), 3.84 (dd, 1H, J5,6 =4.0 Hz, J6,6' =
11.0 Hz, H-6), 3.68 (dd, 1H, Js56 = 1.8 Hz, J6,6' = 11.0 Hz, H-6"), 2.62 (m, 2H,
SCH2CH3), 2.15 (s, 3H, CH3, acetate), 1.28 (t, 3H, Jyjc = 7.5 Hz, SCH2CH3);, 13C
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NMR (75.5 MHz, CDCl3) 6: 170.4 (COCH3), 138.4, 138.2, 137.8, 129.1-127.6
(aromatic), 82.5 (C-1), 78.6 (C-2), 76.4, 71.9, 70.6 (C-3, C-4, and C-5),75.2,73.4,71.9
(3 x OCH2Ph), 68.9 (C-6), 25.5 (SCH2CH3), 21.2 (COCH3), 14.9 (SCH2CH3). Anal.
caled. for C31H3606S: C 69.38, H 6.76, S 5.97; found: C 68.79, H 6.82, S 6.12.

7: Ry 0.56 in ethyl acetate - hexane, 1:3; 'H NMR (300 MHz, CDCl3) & 5.36
(dd, 1H, J 2 = 1.8 Hz, Jp 3 = 3.5 Hz, H-2), 4.74 (d, 1H, J12 = 1.8 Hz, H-1), 3.97 (dd, 1H,
J2,3=3.5 Hz, J3 4 = 9.4 Hz, H-3), 3.88 (dd, 1H, J3,4 =9.4 Hz, J4 5 = 9.4 Hz, H-4), 3.82-
3.70 (m, 3%, H-5, H-6 and H-6"), 3.36 (s, 3H, OCH3), 2.15 (s, 3H, COCH3); 13C NMR
(75.5 MHz, CDCl3) 3: 170.52 (COCH3), 98.83 (C-1), 78.21, 76.63, 71.31, 68.71 (C-2,
C-3, C-4, and C-5), 54.97 (OCH3), 21.15 (COCHs3).

Ethyl 3,4,6-tri-O-benzyl-1-thio- - D-mannopyranoside (3)90

The 2-O-acetate 2 (1.50 g, 2.8 mmol) was dissolved in 25 ml of methanol.
Catalytic sodium methoxide (10 mg) was added to the reaction mixture and it was stirred
overnight at room temperature. The solution was then neutralized by the addition of
Amberlite IRC-120 (H*) resin, filtered and concentrated. The product 3 (1.37 g, 100%)
was not chromatographed as the 1H NMR did not reveal any impurities; Rf0.45 in ethyl
acetate - hexane, 1:2: |H NMR (300 MHz, CDCl13) &: 5.42 (d, 1H, J1,2 =12 Hz, H-1),
4.19 (m, 1H, H-5),4.11 (dd, 1H, J1,2 = 1.2 Hz, J2,3=3.2 Hz, H-2), 3.90 (dd, 1H, J3 4 =
9.0 Hz, J4,5 = 9.0 Hz, H-4), 3.86 (dd, 1H, J2,3=3.2 Hz, J3 4 = 9.0 Hz, H-3), 3.82 (dd,
1H,J5,6 = 4.5 Hz, J6,6' = 10.8 Hz, H-6), 3.70 (dd, 1H, J5,6' =2.0 Hz, J6 6' = 10.8 Hz, H-
6'), 2.64 (m, 2H, SCH2CH3), 1.30 (t, 3H, SCH2CH3); 13C NMR (75.5 MHz, CDCl3) &:
83.43 (C-1), 80.50, 74.62, 71.52, 69.94 (C-2, C-3, C-4, and C-5), 69.96 (C-6), 24.90
(SCH2CH3), 14.85 (SCH2CH3).
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Ethyl 3,4,6-tri-O-benzyl-2-O-(methoxy isopropylidene)- 1-thio-a-D-

mannopyranoside (4)

The alcohol 3 (200 mg, 0.405 mmol) was added to a reaction flask and purged
with argon. Dichloromethane (10 ml) was added followed by 0.047 ml (1.2 eq.) of
dimethoxypropene. The reaction was cooled to -409C and catalytic p-toluenesulfonic
acid was added. After 7 minutes the reaction was quenched by the addition of
triethylamine. The mixture was then concentrated and purified by using a 10% ethyl
acetate in hexane solvent system that contained 0.1% triethylamine. Product 4 (201 mg,
88%) was isolated as a gummy white solid; Rf 0.57 in ethyl acetate - hexane, 1:3; 'H
NMR (360 MHz, CDCI3) &: 5.35 (d, 1H, J1,2 = 1.5 Hz, H-1), 4.22 (dd, IH, Ji2=15
Hz, J2 3 =3.0Hz, H-2),4.11 (m, 1H, H-5), 3.98 (dd, 1H, J3,4=9.4Hz, J4 5=9.4 Hz, H-
4), 3.84 (dd, 1H, J5 6 =4.8 Hz, J6,6' = 11.0 Hz, H-6), 3.80 (dd, lH, J34=94Hz J23=
3.0 Hz, H-3), 3.71 (dd, 1H, J5,6' = 1.9 Hz, J6,6' = 11.0 Hz, H-6"), 3.28 (s, 3H, OCH3),
2.60 (m, 2H, SCH?CH3), 1.41, 1.38 (2 x s, 6H, CH3CCH3"), 1.26 (t, 3H, SCH2CH 3);
13C NMR (75.5 MHz, CDCI3) &: 101.46 (CH3CCH3), 84.39 (C-1), 80.05, 75.00, 72.18,
70.24 (C-2, C-3, C-4, and C-5), 69.42 (C-6), 49.62 (OCH3), 25.0 (SCH2CH3), 24.94
(CH3CCH3), 15.17 (SCH2CH3); Anal. calcd. for C33H4206S: C 69.93, H 747, S 5.66;
found: C70.04, H7.45, S 5.94.

Methyl 3,4,6-tri-O-benzyl-3-D-mannopyranoside (5)

The acetal § (50 mg, 0.0883 mmol) was added to a round bottom flask and purged
with argon. Dichloromethane (3 ml) was added and the reaction cooled to -40°C. N-
Bromosuccinimide (47.2 mg, 3 eq.) was added to the reaction mixture and stirred for 1
hour. The reaction was stopped by the addition of 1 ml of 0.5 M Na3S,03 solution
which caused the orange reaction color to clear. Dichloromethane (10 ml) was added and
the organic layer washed twice with 10 ml of dH20. The organic layer was dried

(MgS04), filtered and concentrated. Chromatographic purification was achieved by
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using 35% ethyl acetate in hexane as an eluent. The B-mannopyranoside 5 (6 mg, 15%)
and the succinimide adduct 6 (20 mg, 37%) were obtained as products. Treatment of 6
with catalytic p-toluenesulfonic acid in dichloromethane converted it to § in quantitative
yield.

5: Rr 0.38 in ethyl acetate - hexane, 1:1; 1H NMR (360 MHz, CDCl3) §: 4.34
(d, 1H, J1,2 < 1 Hz, H-1), 420 (dd, 1H, J} 2 < 1Hz, J2,3 = 3.2 Hz, H-2), 3.88 (dd, 1H,
J2.4 = 9.0 Hz, J4,5 = 9.0 Hz, H-4), 3.81 (dd, IH, J5 6 = 2.1 Hz, J6,6' = 11.0 Hz, H-6"),
3.58 (dd. 1H, J2,3 = 3.2 Hz, J3, 4 = 9.0 Hz, H-3), 3.57 (s, 3H, OCH3), 2.39 (d, 1H, JH,OoH
= 2.4 Hz, OH).

6: Rf 0.26 in ethyl acetate - hexane, 1:2; lH NMR (360 MHz, CDCIl3) &: 4.36
(dd, 1H, J1 2 < 1 Hz, J2 3 = 2.5 Hz, H-2), 4.22 (d, 1H, J1,2 <1 Hz, H-1), 3.94 (dd, 1H,
J3,4 =9.2 Hz, J4,5 = 9.2 Hz, H-4), 3.78 (d, 2H, J5,6 = 3.8 Hz, H-6's), 3.47 (s, 3H,
OCH3), 3.45 (m, 2H, H-3 and H-5), 3.31 (m, 4H, CH2CH?, succinimide), 1.94, 1.92 2x
s, 6H, CH3CCH3'"); 13C NMR (75.5 MHz, CDCI3) 8: 178.29 (CO), 101.43 (C-1), 89.90
(OCN), 82.17, 76.42, 75.05, 71.22 (C-2, C-3, C-4, and C-5), 69.59 (C-6), 57.09 (OCH3),
28.56 (CH2CHZ2, succinimide), 27.49, 27.33 (CH3CCH3").

Methyl 3,4,6-tri-O-benzyl-o-D-mannopyranoside (8)218

The 2-O-acetate 7 (2.33 g, 4.6 mmol) was dissolved in 50 ml of methanol.
Catalytic sodium methoxide (10 mg) was added and the reaction was stirred overnight at
room temperature. The solution was then neutralized by the addition of Amberlite IRC-
120 (H*) resin, filtered and concentrated. The product 8 (2.03 z, 95%) was not
chromatographed as the 'H NMR did not reveal any impurities; Rg 0.30 in ethyl acetate -
hexane, 1:2; 'H NMR (300 MHz, CDCl3) §: 4.69 (d, 1H, J1,2 = 1.8 Hz, H-1), 4.03 (dd,
IH, J1 2 = 1.8 Hz, J, 3 = 2.8 Hz, H-2), 3.90-3.68 (m, 5H, H-3, H-4, H-5, H-6, and H-6"),
3.35 (s, 3H, OCH3).
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Ethyl 3,4,6-tri-O-benzyl-2-O-(2-propenyl)- 1 -thio- o-D-mannopyranoside (10)

The 2-O-acetylated thioglycoside 2 (1.3 g, 2.42 mmol) was dissolved in 12
toluene, 4 m! tetrahydrofuran, and 0.2 ml pyridine under argon atmosphere. All solve
were anhydrous. The reaction mixture was cooled to -40°C. The solution color turn
deep red as Tebbe's reagent 9 (4.8 inl, | mM in toluene, 4.8 mmol, 2 eq.) was slow
added. After one hour, another 4.8 ml of Tebbe's reagent was added (2 eq.). The reacti
was then gradually warmed to -10°C. After 3 hours the reaction was quenched by t
addition of 0.2 ml of IN NaOH at -10°C which caused vigorous bubbling. When t
bubbling subsided (~ 5 min.), the mixture was warmed to room temperature. A furth
0.8 ml of IN NaOH was then added. The solution was then filtered through a celite pu
washed with ether until the filtrate was colorless and concentrated. Colun
chromatography of the red oil using 8% ethyl acetate in hexane as an eluent yielded 1.
g (90%) of a pale yellow syrup 10; [a]p + 95.6° (¢ 0.98, CH2CI2); Rf0.71 in ett
acetate - hexane, 1:3; |H NMR (300 MHz, CDCI3) &: 7.32, 7.20 (m, 15H, aromati
5.53 (d, 1H, J1 2 < 1.0 Hz, H-1), 4.89, 4.50 (2 x d, Jgem = 10.8 Hz, OCH2Ph), 4.67, 4.
(2 xd, 2H, Jgem = 12.1 Hz, OCH2Ph), 4.64, 4.59 (2 x d, 2H, Jgem = 11.5 Hz, OCH?2P
4.40 (dd, 1H, J1,2 < 1 Hz, J2 3 = 3.4 Hz, H-2), 4.13 (ddd, 1H, J45=92Hz J56=4
Hz, J5,6' = 1.7 Hz, H-5), 4.02 (dd, 1H, J3 4 = 9.2 Hz, J4,5 =9.2 Hz, H-4), 3.98, 3.75 (2
d, 2H, Jgem = 2.0 Hz, C=CH?), 3.88 (dd, 1H, J2 3 = 3.4 Hz, 33,4 = 9.2 Hz, H-3), 3.
(dd, 1H, J5,6 = 4.4 Hz, J6 6’ = 10.7 Hz, H-6), 3.70 (dd, 1H, J5,6'= 1.7 Hz, J6.6' = 10
Hz, H-6"), 2.60 (m, 2H, SCH2CH3), 1.59 (s, 3H, CH2=CCH3, vinyl ether), 1.26 (t, 3
Jvic = 7.6 Hz, SCH2CH3); 13C NMR &: 158.6 (C=CH2), 138.7, 138.5, 138.2, 128.
127.5 (aromatic), 82.7 (C=CH3), 80.4, 79.2 (C-1, and C-2), 74.8, 73.8, 71.8 (C-3,C-
and C-5), 75.2, 73.4, 71.8 (3 x OCH2Ph), 69.2 (C-6), 25.4 (SCH2CH3), 21
(CH2=CCH3), 15.1 (s, SCH2CH3). Anal. calcd. for C32H3805S; C 71.88, H 7.16,
6.00; found: C71.88,H 7.19, S 5.83.



The 2-O-aceiate 7 (200 mg, 0.40 mmoi) was dissolved in 5 ml of dry
tetrahydrofuran under argon atmosphere. The solution was then cooled to -40°C. The
reaction color turned deep red as Tebbe's reagent 9 (0.40 ml, 1 mM in toluene, 0.40
mmol, 1 eq.) was slowly added. After 4.5 hours the reaction was quenched by the
addition of 0.1 ml of 1IN NaOH at -10°C which caused vigorous bubbling. When the
bubbling had subsided (~ 5 min.), the mixture was warmed to room temperature. A
further 0.5 ml of IN NaOH was then added. The solution was filtered through a celite
pad, washed with ether until the filtrate was colorless and concentrated. Column
chromatography of the red oil using 7.5% ethyl acetate in hexane as an eluent yielded 108
mg (54%) of a pale yellow syrup 11; R¢ 0.66 in ethyl acetate - hexane, 1:3: !H NMR
(300 MHz, CDCl3) &: 4.88 (d, 1H, J; 2 = 1.5 Hz, H-1), 4.38 (dd, 1H, Ji2=15Hz, J3 =
3 Hz, H-2), 3.96, 3.87 (2 x d, 2H, Jgem = 2.1 Hz, C=CH)), 3.96 , 3.75 (2 x m, SH, H-3, H-
4. H-5, H-6, and H-6'), 3.35 (s, 3H, OCH3). 1.88 (s, 3H, CH,=CCH}3).

Methyl 2,3,6-tri-O-benzyl-2-0O-[2-(1 -bromo-2-cyclohexyloxy)-propyl]-o-D-

mannopyranoside (14)

The vinyl ether 11 (230 mg, 0.46 mmol) was added to a round bottom flask and
purged with argon. Dichloromethane (10 ml) was syringed into the reaction flask. This
was followed by the addition of 0.46 ml of a 1M solution of cyclohexanol in
dichloromethane (0.46 mmol, 1 equiv.). The solution was then cooled to -40°C. In one
portion, NBS (97 mg, 0.55 mmol) was added. The reaction was maintained at -40°C for
75 minutes and then allowed 45 minutes to warm to room temperature. The mixture was
then concentrated and chromatographed using 7% ethyl acetate in hexane as an eluent.
The product 14 (101 mg, 32%) was isolated as a clear syrup and consisted of a 1:3
mixture of diastereomers; Rf 0.67 in ethyl icetate - hexane, 1:3; |H NMR (360 MHz,
CDCl3) &: 4.57 (d, 0.75H, J 2 = 2 Hz, H-1), 4.09 (dd, 0.25H, J 12 =2Hz, J»3 =3 Hz, H-



3 and H-4), 3.63 (m, 2.25H, H-6. H-6'. and OCH cyclohexyl), 3.55 (m, 1H. H-5). 3.39,
3.35 (2 x d, 1.5H. Jgem = 10.0 Hz, CCH2Br), 3.27 (s. 2.25H. OCHa3). 3.26 (s, 0.75H.
OCH3, minor diastereomer), 1.80-1.05 (m. 1!H. cyclohexyl). 1.53 (s. 2.25H,
CH3;CCH)Br), 1.33 (s, 0.75H, CH3CCHaBr., minor diastereomer): 13C NMR (75.5 MHz.
CDCl3) 6 (major diastereomer only): 102.0 (CH3CCH3Br), 101.0 (C-1), 79.1. 75.2. 71.9.
70.8, 70.0 (C-2, C-3, C-4, C-5, and OCH cyclohexyl), 74.6. 73.3. 72.9 (3 x OCH>Ph),
69.6 (C-6), 54.9 (OCH3), 38.5 (CCH>Br), 34.5, 34.4, 25.6. 24.3 (5 x CHa, cyclohexyl),
22.4 (CH3CCH>Br).

Ethyl 2,3,6-tri-O-benzyl-2-O-[2-(1 -bromo-2-cyclohexyloxy)-propyl]-1-thio-a-D-

mannopyranoside (15)

The vinyl ether 10 (350 mg, 0.65 mmol) was added to a round bottomn flask and
purged with argon. Dichloromethane (10 ml) was syringed into the reaction flask. This
was followed by the addition of 0.79 ml of a 1M solution of cyclohexanol in
dichloromethane (0.79 mmol, 1.2 equiv.). The solution was cooled to -40°C and in one
portion NBS (140 mg, 0.79 mmol, 1.2 equiv.) was added. After 20 minutes the reaction
was quenched by the addition of 1 ml of a 0.5 M sodium thiosulfate sclution which
contained 20% by volume triethylamine. The mixture was diluted wish 20 ml of
dichloromethane and washed 3 x 25 ml with water. The organic layer was dried
(MgSOy), filtered and concentrated. Silica gel chromatography was used for purification
of the reaction mixture with 7% ethyl acetate in hexane used as an eluent. Product 15
(250 mg, 54%) was obtained as a 4:1 mixture of diastereomers; Rf0.71 in ethyl acetate
- hexane, 1:3; 1H NMR (360 MHz, CDCl3) &: 5.40 (d, 0.8H, Ji12 = 1.3 Hz, H-1), 5.27
(d, 0.2H, J) 2 = 1.5Hz, H-1 minor diastereomer), 4.29 (dd, 02H,J)2=15Hz, )3 =228
Hz, H-2 minor diastereomer), 4.19 (dd, 0.8H, J 12 = 1.3 Hz, J2 3 = 3.0 Hz, H-2), 4.12 (m,
1H, H-5), 4.00 (dd, 0.8H, J3 4 = 9.5 Hz, J4 5 = 9.5 Hz, H-4), 3.82 (m, 1.6H, H-6 and H-3),



3.72 (dd, 0.8H, Je.6' = 10.5 Hz, J5 6 = 2.4 Hz, H-6"), 3.50, 3.48 (2 x d, 1.6H, Jgem = 10.8
Hz, CH3CCH;Br), 2.62 (m, 2H, SCH>CH3), 1.85-1.16 (m, 11H, cyclohexyl), 1.57 (s.
2.4H, CH3CCH3Br), 1.53 (s, 0.6H, CH3CCH>Es. minor diastereomer), 1.28 (t, 2.4H,
SCH2CH3), 1.27 (t, 0.6H, SCHCH3, munor diastereomer); !3C NMR (75.5 MHz,
CDCl3) & (major diastereomer only): 102.1 (CH3CCH3Br), 84.5 (C-1), 79.9, 75.2, 72.3.
71.7,71.1 (C-2, C-3, C-4, C-5, and OCH cyclohexyl), 75.0, 73.2, 73.0 (3 x OCH3,Ph),
69.4 (C-6), 38.5 (CH3CCH3Br), 34.7, 34.4, 25.6, 25.3, 24.3 (5 x CH>, cyclohexyl), 22.2
(CH3CCH3Br), 15.2 (SCH2CH3); Anal. calcd. for C3gH4906SBr: C 63.94, H 6.92:
found: C 63.56, H 6.98.

Ethyl 2,3,6-tri-O-benzyl-2-O-[2-( 1-iodo-2-cyclohexyloxy)-propyl ]- I -thio-a-D-

mannopyranoside (16)

The vinyl ether 10 (50 mg, 0.094 mmol) was added to a reaction flask and purged
with argon. Dichloromethane (3 ml) was syringed into the flask and 0.11 ml of a IM
solution of cyclohexanol in dichloromethane (0.11 mmol, 1.2 equiv.) was then added.
The solution was cooled to -40°C and in one portion NBS (25 mg, 0.11 mmol, 1.2 equiv.)
was added. After 10 minutes, the reaction was quenched by the addition of 1 ml of a 0.5
M sodium thiosulfate solution which contained 20% by volume triethylamine. The
mixture was diluted with 5 ml of dichloromethane and washed with 10 ml of water. The
organic layer was dried (MgSOy), filtered and concentrated. Silica gel chromatography
was used for the purification of the reaction mixture with 7% ethyl acetate in hexane used
as an eluent. The eluent contained 0.1% trietiiylamine. The desired product 16 (56 mg,
79%) was obtained as a 9:1 mixture of diastereomers; Rf0.74 in etayl acetate - hexane,
1:3; 'H NMR (360 MHz, CDCl3) § (major diastereomer only): 5.39 (d, 1H, J 12=15
Hz, H-1), 4.15 (dd, 1H, J1 2 = 1.5 Hz, J 3 = 3.0 Hz, H-2), 4.12 (m, 1H, H-5), 4.02 (dd,
IH, J34 = 9.5 Hz, H4,5 = 9.5 Hz, H-4), 3.82 (dd, 1H, J5 ¢ = 4.5 Hz, J6,6 = 11.0 Hz, H-6),
3.78 (dd, 1H, J2 3 = 3.0 Hz, J3 4 = 9.5Hz, H-3), 3.72 (dd, 1H, J6.66 = 11.0Hz, J56 =2.0



Hz, H-6"), 3.42,3.32 (2 x d, 2H. Jgem = 10.2 Hz, CH3CCH>Br), 2.60 (m, 2H, SCH>CH3).
1.8-1.1 (m, 11H, cyclohexyl). 1.55 (s, 3H, CH3;CCH2Br). 1.28 (t. 3H, SCH-CH ;).

Methyl 2,3,4-tri-O-benzyl-a-D- glucopyranoside-ethvl 3',4',6 “tri-O-benzyl-1'-thio-o-D-

mannopyranoside-2',6-( I-bromo-isopropylidene) acetal a”n

The alcohol 13 (60 mg, 0.11 mmol, 1.2 equiv.) and NBS (20 mg, 0.11 mmol)
were combined in a reaction flask and purged with argon. Dichloromethane (3 ml) was
syringed into the flask and the mixture was cooled to 40°C. In a separate flask, the vinyl
ether 10 (50 mg, 0.094 mmol, 1.0 equiv.) was purged with argon. In 2 x | ml aliquots of
dichloromethane, the vinyl ether was added in a dropwise fashion to the cooled solution
of the alcohol and NBS. After 25 minutes, the reaction was quenched by the addition of
I ml of 0.5 M Na3S>03 solution which contained 20% by volume triethylamine. The
mixture was diluted with 10 ml of water and extracted 3 x 10 ml with dichloromethane.
The organic layer was then dried (MgSQy), filtered and concentrated. Silica gel
chromatography was used to purify the mixture. The chromatography eluent was 7%
ethyl acetate in hexane which contained 0.1% triethylamine. The product 17 (8 mg) was
isolated in 8% yield. Tlc indicated that 3, and unreacted 13 were present as well as two
other unidentified compounds with R¢'s similar to 10 . When the reaction was attempted
with NIS instead of NBS no identifiable product was obtained; R¢0.56 in ethyl acerate -
hexane, 1:3; 'H NMR (360 MHz, CDCl3) &: 5.51(d, 1H, J} 2 = |1 Hz, H-1'), 4.25 (m,
1H, H-2'), 4.10 (m, 1H, H-5), 4.00 (dd, 1H, J3 4 = 9.0 Hz, J4,5 = 9.0 Hz, H-4), 3.80 (dd,
1H, J3,4 = 9.0 Hz, H-4'), 3.48 (dd, J,3 = 3.5 Hz, J34 = 9.5 Hz, H-3'), 3.42 (s, 2H,
CH3CCHBr), 3.38 (s, 3H, OCH3), 3.32 (dd, 1H, J34 = 9.0 Hz, J2.3 = 9.0 Hz, H-3), 2.48
(q, 2H, SCH>CH3), 1.57 (s, 3H, CH3CCH3Br), 1.26 (t, 3H, SCH,CH3).



Methyl 2,3,6-tri-0-benzyl-4-0—(2-propenyl)-a-D-glucopyranoside (18)

The alcohol 12 (500 mg, 1.08 mmol) was dissolved in 10 ml of pyridine and 1 m]
of acetic anhydride was added. The reaction was stirred overnight, then diluted with 150
ml of water. The aqueous phase was extracted with 150 ml of dichloromethane. This
organic layer was then washed 2 x 150 ml with IN HCI, followed by 150 ml of water.
The organic layer was then dried (MgSQy), filtered and concentrated. The crude mixture
was then dissolved in 9 ml toluene, 3 ml THF, and 0.1 ml pyridine (all solvent
anhydrous). The mixture was cooled to -40°C and Tebbe's reagent 9 (2.2 ml, 1mM in
toluene, 2.2 mmol) was syringed into the mixture. The reaction mixture was allowed to
warm to room temperature and after 3 hours it was cooled to -10°C. The reaction was
then quenched by the addition of 1.0 ml of IN NaOH. The suspension was then filtered
through celite and washed with ether until the filtrate was a pale yellow. The filtrate was
concentrated and then purified using silica gel chromatography. The eluent was 20%
ethyl acetate in hexane which contained 0.1% triethylamine. The product 18 was isolated
as a yellow syrup (336 mg, 62%); Ry 0.48 in ethyl acetate - hexane, 1:3; !H NMR (360
MHz, CDCl3) &: 4.63 (d, 1H, J; 2 = 3.5 Hz, H-1), 4.29, 4.04 (2 x d, 2H, Jgem = 2.0 Hz,
C=CH3), 4.25 (dd, 1H, J3 4 = 9.5 Hz, J45 = 9.5 Hz, H-4), 3.95 (dd, 1H, J 34=9.5HzJ;3
=9.5 Hz, H-3), 3.79 (m, 1H, H-5), 3.64 (dd, 1H, J5¢ = 2.2 Hz, J6,6' = 10.5 Hz, H-6), 3.56
(dd, IH, J; 2 = 3.5 Hz, J» 3 = 9.5 Hz, H-2), 3.53 (dd, 1H, Js5.6 =4.0Hz, Jg 6= 10.5 Hz, H-
6. 3.42 (s, 3H, OCH3), 1.78 (s, 3H, CH3C=CH)>).

Octyl 3,4,6-tri-O-acetyl-Z-deoxy-Z-phthalimido-ﬁ-D-glucopyranoside (20)

Under argon atmosphere, the anomeric acetate 19219 (5.0 g, 10.5 mmol) was
dissolved in 50 ml of dry dichloromethane and cooled to 0°C. 1-Octanol (5.0ml, 31.5
mmol, 3.0 eq.) and tin tetrachloride (2.45 ml, 21 mmol, 2.0 eq.) were consecutively

syringed into the mixture. The solution was allowed to warm to room temperature and

quenched after S hours by the addition of dH20 (100 ml) and CH2ClI2 (50 ml). The
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organic layer was washed by another portion of water (100 ml), dried (MgS04). filtered,
and concentrated to give a tan colored syrup. A portion of this syrup was purified on
silica gel (25% ethyl acetate in hexane was used as an eluent) for characterization and the
balance used as crude material; [o]p +21.29 (¢ 1.85. CH2CI2); Rf0.69 in ethyl acetate -
hexane, 1:1; 1H NMR (300 MHz, CDCIl13) &: 7.90 - 7.70 (m, 4H, aromatic), 5.80 (dd.
1H, J2,3 = 10.8 Hz, J3 4 = 8.8 Hz, H-3), 5.36 (d. 1H, J 1,2 =8.5 Hz, H-1), 5.18 (dd. 1H,
J3,4 =8.8 Hz, J4a,5 = 10.0 Hz, H-4), 4.34 (dd, 1H, J6.6' = 12.2 Hz, J5.6 = 4.6 Hz, H-6),
4.31 (dd, 1H, J2,3 = 10.8 Hz, J] 2 = 8.5 Hz, H-2), 4.17 (dd, 1H, J6.6' = 12.2 Hz, J5 6 =
2.3 Hz, H-6"), 3.85 (m, 2H, H-5, and OCHH', octyl), 3.43 (m, |H, OCHH", octyl); 13C
NMR (75.5 MHz, CDCl3) 8: 170.8, 170.2, 169.5 (3 x COCH3, acetates), 134.3, 13 1.5,
123.6 (aromatic), 98.3 (C-1), 71.9, 70.9, 69.2 (C-3, C-4, and C-5), 70.3 (C-6), 62.2
(OCH2, octyl), 54.8 (C-2), 31.7, 29.3, 29.1, 25.8, 22.6 (6 x CHp, octyl), 20.8, 20.7, 20.5
(3 x CH3, acetates), 14.1 (CH3, octyl); Anal. calcd. for C38H3700N: C61.41, H 6.81

*

N 2.56; found: C61.51, H 6.69, N 2.58.

Octyl 2-deoxy-2-phthalimido--D-glucopyranoside (21)

Crude 20 (10.5 mmol) was dissolved in methanol and SO mg of sodium methoxide
was added to the reaction. It was then stirred overnight (17 hours). The mixture was
neutralized with Amberlite IRC-120 (H+) resin, filtered and concentrated to give a white
solid. Silica gel chromatography was used for purification with 7% methanol in
dichloromethane as an eluent. Product 21 was obtained as a white solid (3.6 g, 81% from
19); [a]D -55.00 (¢ 0.20, CH30H); Rf0.52 in methanol - dichloromethane, 1:9; !H
NMR (300 MHz, CD30D) &: 7.92 - 7.75 (m, 4H, aromatic), 5.14 (d, 1H, J1,2 =8.5 Hz,
H-1), 4.25 (dd, 1H, J1,2 = 8.5 Hz, J2 3 = 10.7 Hz, H-2), 3.96 (dd, 1H, J2,3 = 10.7 Hz,
J3,4 = 8.4 Hz, H-3), 3.95 - 3.70, 3.60 - 3.46 (m, 6H, H-4, H-5, H-6, H-6', OCH?2, octyl),

1.42 - 0.78 (m, 15H, octyl); 13C NMR (75.5 MHz, CD30D) &: 169.7 (CO,
phthalimido), 135.5, 133.1, 124.1 (aromatic), 99.7 (C-1), 78.2, 72.6 (C-3, C-4, and C-5),
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70.4 (C-6), 62.7 (OCH2, octyl), 58.6 (C-2), 32.8, 30.3, 30.3, 30.2, 27.1, 23.6 (6 x CH2,
octyl), 14.4 (CH3, octyl); Anal. calcd. for C22H3107N: C 62.69, H 7.41, N 3.32;
found: C 62.02, H 7.46, N 3.27.

Octyl 4,6-O-benzylidene-2-deoxy-2-phthaIimido-B—D—glucopyranoside 22)

The octyl glycoside 21 (3.6 g, 8.54 mmol) was dissolved in 140 ml of
dichloromethane and 40 ml of dimethylformamide. Dimethoxytoluene (1.54 ml, 10.3
mmol, 1.2 eq.) and p-toluenesuifonic acid monohydrate (30 mg, 0.02 eq.) were added to
the mixture. The mixture was then fitted with a dropping funnel which contained 4A
molecular sieves and a condenser above the dropping funnel. The solution was refluxed
overnight (16 hours) and neutralized by the addition of Amberlite IR-410 (OH") resin.
The mixture was concentrated and purified with silica gel using ethyl acetate - hexane
(1:2) as an eluent. The product 22 (3.4 g, 78%) was isolated as a white foam. Further
elution with 7% methanol in dichloromethane recovered 0.7 g (19%) of the starting
material; [a]D “30.4° (c 1.0, CH2Cl2); Rf0.44 in ethyl acetate - hexane, 1:2; |H NMR
(300 MHz, CDCl3) 8: 7.90 - 7.70 (m, 4H, phthalimido), 7.55 - 7.35 (m, 5H, phenyl),
5.58 (s, 1H, CH benzylidene), 5.27 (d, IH, J] 2 = 8.6 Hz, H-1), 4.64 (ddd, IH,J2 3 =
10.5 Hz, J3 4 = 8.8 Hz, J3,0OH = 3.6 Hz, H-3), 4.40 (dd, 1H, J6,6' = 10.5 Hz, J5 6 = 4.5
Hz, H-6), 4.24 (dd, 1H, J6 6' = 10.5 Hz, J5,6' = 8.5 Hz, H-6'), 3.89 - 3.78, 3.70 - 3.57 (m,
4H, H-2, H-4, H-5, and OCHH' , octyl), 3.42 (m, 1H, OCHH', octyl), 2.44 (d, 1H, J3 OH
= 3.6 Hz, OH), 1.50 - 0.98 (m, 12H, octyl), 0.81 (t, 3H, Jvic = 7.5 Hz, CH3, octyl); 13C
NMR (75.5 MHz, CDCI3) &: 137.1, 134.1, 131.8, 129.4, 128.4, 126.4, 123.5 (aromatic),
102.0 (CH, benzylidene), 99.0 (C-1), 82.4 (C-3), 68.8, 66.2 (C-4, C-5), 70.2 (C-6), 68.8
(OCH2, octyl), 56.7 (C-2), 31.7, 29.3, 29.1, 25.8, 22.6 (6 x CH2, octyl), 14.1 (CH3,
octyl); Anal. calcd. for C29H3507N: C 68.35, H 6.92, N 2.75; found: C 68.31, H 7.08,
N 2.78.
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Octyl 4,6-0-benzylidene-3-0-benzyl-2-deoxy-2-phthalimido- B-D-glucopyranoside (23)

The alcohol 22 (3.3 g, 6.5 mmol) was dissolved in 50 ml dry dimethylformamide
and sodium hydride (0.52 g, 13 mmol, 2.0 eq. 60% dispersion in oil) was added. The
solution was stirred at 15°C for 30 minutes and benzyl bromide (1.5 ml. 13 mmol. 2.0
eq.) was added in one portion to the suspension. The reaction mixture was stirred
overnight at ambient temperature and quenched by the addition of methanol (10 ml). The
mixture was concentrated to dryness and chromatographed with 10% ethyl acetate in
hexane as an eluent. A pale yellow syrup 23 (2.86 g, 73%), was obtained: [a]lD +23.90
(c 0.98, CH2Cl12); Rf0.59 in ethyl acetate - hexane, 1:3;: |H NMR (300 MHz, CDCl3)
o: 7.90 - 7.60 (m, 4H, phthalimido), 7.55 - 7.30 (m, 5H, benzylidene), 7.05 - 6.80 (m,
5H, benzyl), 5.63 (s, 1H, CH, benzylidene), 5.19 (d, 1H, J1,2 = 8.4 Hz, H-1), 4.80, 4.51
(2 xd, 2H, Jgem = 12.2 Hz, OCH2Ph), 4.43 (dd, 1H, J5 6 = 8.5 Hz, J6.6' = 10.4 Hz, H-6),
4.41 (dd, 1H, J5,6' = 4.5 Hz, J6,6' = 10.4 Hz, H-6"), 4.21 (dd, 1H, J2,3=104HzJ) 2=
8.4 Hz, H-2), 3.86 (dd, 1H, J2,3 = 10.4 Hz, J3 4 = 10 Hz, H-3), 3.81 (dd, IH, J34=10
Hz, J4 5 = 9.8 Hz, H-4), 3.77 (dt, 1H, Jgem = 9.9 Hz, Jyjc = 6.8 Hz, OCHH', octyl), 3.64
(ddd, 1H,J5,6' = 4.5 Hz, J5 6 = 8.5 Hz, J4,5 = 9.8 Hz, H-5), 3.37 (dt, IH, Jgemn = 9.9 Hz,
Jvic = 6.8 Hz, OCHH', octyl), 1.43 - 0.84 (m, 12H, 6 x CH?>, octyl), 0.80 (t, 3H, Jyjc =
7.5 Hz, CH3, octyl); 13C NMR (75.5 MHz, CDCl3) &: 138.0, 137.4, 133.8, 131.7,
129.0, 128.3, 128.1, 127.4, 126.1, 123.3 (aromatic), 101.4 (CH, benzylidene), 99.0 (C-1),
83.2, 77.5, 66.2 (C-3, C-4, and C-5), 77.1 (OCH2Ph), 70.1 (C-6), 66.9 (OCH2, octy)),
55.9 (C-2), 31.7, 29.3, 29.1, 25.8, 22.6 (6 x CH2, octyl), 14.1 (CH3, octyl); Anal. calcd.
for C36H4107N: C 72.10, H 6.89, N 2.34; found: C 72.28, H 6.91, N 2.35.

Octyl 3,6-di-O-benzyl-2-deoxy-2-phthalimido-B-D-glucopyranoside (24)
In a three neck round bottom flask, the benzylidene acetal 23 (285 mg, 4.75
mmol) was added and dissolved in 75 ml of tetrahydrofuran. The mixture was cooled to

0°C and molecular sieves (3A), methyl orange (2mg), and sodium cyanoborohydride



(2.98 g, 47.5 mmol, 10 eq.) were consecutively added. In a separate flask, 15 ml of
diethyl ether was saturated with hydrochloric acid by bubbling HCI gas through the ether
at 09C for 20 minutes. The HCI / Et20 solution was then transferred to a dropping
funnel and added in a dropwise fashion to the benzylidene acetal mixture until a strong
pink color remained. The reaction was complete after 55 minutes. The suspension was
filtered and poured into 250 ml of cold water (59C). The filtrate was extracted 2 x 200
ml with dichloromethane. The organic layers were combined and washed with 250 mi of
saturated sodium bicarbonate solution. The organic layer was dried (MgS04), filtered
and concentrated. Twenty-two percent (22%) ethyl acetate in hexane was used as an
eluent in silica gel chromatography. Product 24 (2.37 g, 83%) was obtained as a
colorless syrup; [a]D +14.49 (¢ 0.95, CH2Cl2); Rf0.27 in ethyl acetate - hexane, 1:3:
IH NMR (360 MHz, CDCl3) & 7.70, 7.35, 7.10, 6.95 (m, 14H, aromatics), 5.13 (d, 1H,
J1,2 =8.3 Hz, H-1),4.75, 4.54 (2 x d, 2H, Jgem = 12.1 Hz, OCH7Ph), 4.66, 4.58 (2 x d,
2H, Jgem = 11.9 Hz, OCH2Ph), 4.23 (dd, 1H, J5 6 = 8.0 Hz, J6,6' = 10.5 Hz, H-6), 4.14
(dd, 1H, J5,6' = 8.0 Hz, J6,6' = 10.5 Hz, H-6", 3.9 - 3.7 (m, 4H, H-2, H-3, H-4, H-5),
3.65, 3.35 (2 x m, 2H, OCHH, octyl), 2.93 (d, 1H, J4, OH = 2.3 Hz, OH), 1.4 - 0.8 (m,
I5H, octyl); 13C NMR (75.5 MHz, CDCl3) & 138.3, 137.7, 133.8, 131.8, 128.6, 128.2,
127.9, 127.9, 127.4, 123.3 (aromatics), 98.4 (C-1), 78.8, 74.7, 73.5 (C-3, C-4, and C-5),
74.3,73.9, 71.0, 69.7 (2 x OCH2Ph, C-6, OCH2, octyl), 55.5 (C-2), 31.7, 29.3, 29.2,
29.1, 25.6, 22.6 (6 x CH2, octyl), 14.1 (CH3, octyl); Anal. calcd. for C36H4307N: C
71.86, H 7.20, N 2.33; found C 71.78, H 7.12, N 2.38.

Octyl 2-N-acetamido—3,6-di-0-benzyl~2-deoxy-ﬂ-D-glucopyranoside (25)

The phthalimido derivative 24 (600 mg, 1.0 mmol) was dissolved in 30 ml of
methanol. Hydrazine hydrate (0.36 ml, 7.5mmol) was syringed into the mixture which
was then heated to reflux. After two hours an additional 0.36 ml of hydrazine hydrate

was added (15 mmol total). The reaction mixture was refluxed for another 3 hours. The
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solution was then concentrated to a white solid, cooled to 0°C, and pyridine (20 ml) was
added. Acetic anhydride (2 ml) was then added and the solution stirred overnight at
ambient temperature. Dichloromethane (120 ml) and water (100 ml) were added to stop
the reaction. The organic layer was then separated and washed 3 x 100 ml with IN HCI.
and 1 x 100 ml with water. It was then dried (MgSO0y), filtered and concentrated. Thirty-
five percent (35%) ethyl acetate in hexane was used as an eluent in chromatographic
purification. The 4-O-acetylated precursor to 25 was obtained in 71% yield. The 4-0-
acetylated precursor was dissolved in 15 ml methanol and 10 mg sodium methoxide was
added. The reaction was stirred for 4.5 hours, and was neutralized by the addition of
Amberlite IRC-120 (H*) resin. The solution was then filtered and concentrated to give
25 (363 mg, 71% from 24). NMR revealed that the compound was sufficiently pure to
proceed to the next synthetic step; R¢0.50 in ethyl acetate - hexane, 1:1; 'H NMR (360
MHz, CDCl3) &: 5.52 (d, 1H, JNH,H-2 = 7.5 Hz, NH), 4.90 (d, IH, J12 = 8.3 Hz, H-1),
4.08 (dd, 1H, J2 3 = 10.2 Hz, J3 4 = 8.3 Hz, H-3), 3.84 (m, 1H, H-2), 3.78 (m, 2H, H-6,
H-6"), 3.66 (ddd, J34 = 8.3 Hz, J45 = 9.5 Hz, Jj oy = 1.8 Hz, H-4), 3.56 (m, 1H, H-5),
3.46, 3.22 (2 x m, 2H, OCH3, octyl), 2.73 (d, 1H, JH,0H = 1.8 Hz, OH), 1.90 (s, 3H,
NHACc), 1.46 (m, 2H, OCH,CH>, octyl), 1.26 (m, 10H, octyl), 0.88 (t, 3H, CH3, octyl);
13C NMR (75.5 MHz, CDCl3) d: 170.5 (C=0), 99.8 (C-1), 80.3, 73.8, 73.6 (C-3, C-4, C-
5), 74.4, 73.8 (2 x OCH2Ph), 70.9, 69.9 (C-6, OCH>, octyl), 57.6 (C-2), 31.9, 29.6, 29.4,
26.0, 22.7 (6 x CHp, octyl), 23.7 (CH3C=0), 14.1 (CHg, octyl).

Methyl 2,3,4-tri-O-benzyl-o-D-glucopyranoside-ethyl 3',4',6 -tri-O-benzyl-1'-thio- o-D-
mannopyranoside-2'6-isopropylidene acetal (26)
The vinyl ether 10 (100 mg, 0.187 mmol) and the alcohol 13185 (87 mg, 0.187
mmol) were combined in a flask and purged with argon. Dry dichloromethane (5 mi)
was added and the mixture was cooled to -40°C. Toluenesulfonic acid monohydrate (2

mg, ~0.06 eq.) was added to the flask and the reaction was carefully monitored by tlc for
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the formation of the mixed acetal 26. When tic indicated that the product spot was
maximized (10 minutes), the reaction was quenched by the addition of 2 drops of
triethylamine. The reaction yields dropped dramatically when reaction times were
prolonged. The reaction mixture was then concentrated and purified by column
chromatography (14% ethyl acetate in hexane plus 0.1% triethylamine was used as an
cluent). The mixed acetal 26 (138 mg, 74%) was isolated as a colorless syrup. The
product was sufficiently stable (> 24 hrs) however, storage for long periods of time (> 2
months) was in an organic solution (dichloromethane or ethyl acetate - hexane) which
contained 0.5% triethylamine. Prolonged reaction times increased the yields of vinyl
cther hydrolysis product 3 and 13 as well as symmetrical acetals 27 and 28;

26: Rf 0.50 in ethyl acetate - hexane, 1:3; !H NMR (360 MHz, CDCIl3) &: 7.4-
7.1 (m, 30H, aromatic), 5.48 (d, 1H, J] 2 = 1.2 Hz, H-1"), 4.63 (d, 1H, J1,2 = 3Hz, H-1),
4.21 (dd, 1H,J1,2 = 1.2 Hz, J2 3 = 3.5 Hz, H-2"), 4.11 (m, 1H, H-5'), 4.00 (dd, 1H,J3 4=
9.2 Hz, J4,5 = 9.2 Hz, H-4), 3.92 (dd, 1H, J3 4 = 9.5 Hz, J4,5 =9.5 Hz, H-4'), 3.86 (dd,
1H, J2 3 =3 Hz, J3 4 = 9.2 Hz, H-2), 3.48 (dd, 1H, J2,3 =3.5 Hz, J3 4 = 9.5 Hz, H-3"),
3.32 (s, 3H, OCH3), 2.47 (q, 2H, Jvyic = 7.2 Hz, SCH2CH3), 1.38 (s, 3H, CH3CCH3),
1.36 (s, 3H, CH3CCH3'), 1.16 (t, 3H, Jyic = 7.2 Hz, SCH2CH3); 13C NMR (75.5 MHz,
CDCl3) &: 104.08 (CH3CCH3), 97.92 (C-1), 84.92 (C-1), 82.64, 80.56, 80.00, 78.92,
75.48, 72.40, 70.56 (C-2, C-3, C-4, C-5, C-2', C-3', C-4', and C-5", 76.00, 75.12, 75.10,
73.60, 73.36, 72.56 (6 x OCH2Ph), 69.64, 61.68 (C-6, and C-6"), 55.24 (OCH3), 26.16,
25.80 (CH3CCH3), 25.56 (SCH2CH3), 15.00 (SCH2CH3); Anal. calcd. for
Ce0H70011S: C72.12,H 7.06, S 3.21; found: C 71.80, H 7.33, S 3.53.

27: Rf0.57 in ethyl acetate - hexane, 1:3; !|H NMR (360 MHz, CDCl3) &: 5.50
(d. 2H, J1 2 = 1 Hz, H-1 x 2), 4.20 (dd, 2H, J1,2=1Hz, J2,3=3Hz, H-2 x 2), 4.14 (m,
2H, H-5 x 2), 3.90 (dd, 2H, J3 4 = 9.4 Hz, J4,5=9.4 Hz, H-4 x 2), 3.82 (dd, 2H, J56=
5.0 Hz, Jg,6' = 10.8 Hz, H-6 x 2), 3.78 (dd, 2H, J3,4 =9.4 Hz, J2,3 = 3.0 Hz, H-3 x 2),
3.72 (dd, 2H, J5,6' = 1.0 Hz, J6 6' = 10.8 Hz, H-6' x 2), 2.60 (m, 4H, SCH2CH3 x 2), 1.38



(s, 6H, CH3, acetal), 1.22 (t, 6H, SCH2CH3 x 2).

28: Rf0.33 in ethyl acetate - hexane, 1:3; |H NMR (360 MHz, CDCI3) §; 4.56
(d, 2H, J1,2 = 3.5 Hz, H-1 x 2), 3.95 (dd, 2H, J3,4=9.0Hz, J4,5=9.0 Hz, H-4x 2), 3.72
(m, 4H, H-6, H-5 x 2), 3.46 (m, 6H, H-2, H-3, and H-6' x 2). 3.32 (s, 6H, OCH3 x 2),
1.30 (s, 6H, CH3, acetal x 2); 13C NMR (75.5 MHz, CDCI3) 6: 100.01 (CH3CCH?).
97.74 (C-1 x 2), 82.30, 80.17, 78.08, 69.79 (C-2, C-3, C-4, and C-5 x 2).59.92 (C-6 x 2),
54.81 (OCH3 x 2), 24.89 (CH3 acetal x 2). The structures of 27 and 28 were confirmed
by treatment with p-toluenesulfonic acid for 60 minutes at room temperature in
dichloromethane. The structures were converted to their respective alcohols 3 and 13

upon this treatment.

Methyl 2,3,6-tri-O-benzyl- &-D-glucopyranoside-ethyl 3',4',6 -tri-O-benzyl-1'-thio-o-D-

mannopyranoside-2'.4-isopropylidene acetal (29)

The vinyl ether 10 (374 mg, 0.699 mmol) and the alcohol 12184 (325 mg, 0.699
mmol) were added to a reaction flask and purged with argon. Dry dichloromethane (15
ml) was syringed into the flask. The mixture was cooled to -40°C and p-toluenesulfonic
acid monohydrate (5 mg, 0.04 eq.) was added to the mixture. The reaction was carefully
monitored by tlc for the formation of the mixed acetal product 29. When tlc indicated
that the product spot was maximized (10 min.), the reaction was quenched by the addition
of 0.1 ml of triethylamine. Prolonged reaction times (> 20 min) caused a drastic
reduction in yields. The mixture was concentrated and chromatographed. The
chromatography solvent system was 18% ethyl acetate in hexane which contained 0.1%
triethylamine. The product 29 (397 mg, 57%) was obtained as a colorless syrup. The
product was unstable after prolonged periods of time (> 24 hrs.) unless it was stabilized
in an organic solution (dichloromethane or ethyl acetate - hexane) which contained 0.5%
triethylamine (shelf life > 2 months); Rf 0.46 in ethyl acetate - hexane, 1:3; |H NMR
(360 MHz, CDCI3) &: 5.44 (d, |H, J1 2 = 1Hz, H-1'), 4.61 (d, 1H, J1,2 = 2.5 Hz, H-1),
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4.16 (dd, J2,3 = 3.5 Hz, J3,4 = 9.2 Hz, H-3"), 3.38 (s, 3H, OCH3), 2.60 (m, 2H,

SCH2CH3), 1.41 (s, 3H, CH3CCH3'), 1.37 (s, 3H, 1.37, CH3CCH3'), 1.28 (t, 3H
SCH2CH3); !3C NMR (75.5 MHz, D-5 pyridine) & 105.09 (CH3CCH3), 97.71 (C-1 )

]

85.07 (C-1"), 81.64, 81.57, 80.59, 75.82, 72.68, 72.42, 71.95, 71.89 (C-2, C-3, C4, C-5,
C-2', C-3', C-4' and C-5"), 75.29, 75.12, 73.46, 73.40, 72.70, 72.49 (6 x OCH3Ph), 70.40,
70.27 (C-6, and C-6'), 54.93 (OCH3), 26.57, 25.39 (CH3CCH'3), 25.39 (SCH2CH3),
15.35 (SCH2CH3).

Octyl 3,6-di-O-benzyl-2-deoxy-2-phthalimido- B-D-glucopyranoside-ethyl 3',4',6"-tri-O-

benzyl-1'-thio-a-D-mannopyranoside-2 ‘4-isopropylidene acetal (30)

The vinyl ether 10 (150 mg, 0.28 mmol) and the alcohol 24 (169 mg, 0.28 mmol)
were added to a reaction flask and purged with argon. Dry dichloromethane (7 ml) was
syringed into the flask and the mixture was cooled to -40°C. Toluenesulfonic acid
monohydrate (3 mg, 0.06 eq.) was added to the reaction and carefully monitored by tlc
until the product spot was maximized (11 minutes). Prolonged reaction times caused the
product yield to drop dramatically. The reaction was quenched by the addition of five
drops of triethylamine and concentrating the solution in vacuo. Fourteen percent (14%)
ethyl acetate in hexane which contained 0.1% triethylamine was used as an eluent for
chromatographic purification of the crude reaction mixture. Product 30 (175 mg) was
obtained in 55% yield. The product was unstable ( < 12 hrs.) unless stored in an organic
solution (dichloromethane or ethyl acetate / hexane) which contained 0.5% triethylamine;
Rf 0.47 in ethyl acetate - hexane, 1:3; 1H NMR (300 MHz, D-5 pyridine) &: 5.82 (d,
IH, J),2 = 1.0 Hz, H-1'), 5.62 (d, 1H, J1 2 = 8.0 Hz, H-1), 3.93, 3.50 (2 x m, 2H, OCH2,
octyl), 2.72 (m, 2H, SCH2CH3), 1.64 (s, 3H, CH3CCH3'), 1.62 (s, 3H, CH3CCH3", 1.33
(t. 3H, SCH2CH3); 13C NMR (75.5 MHz, D-5 pyridine) &: 105.07 (CH3CCH3'), 98.74
(C-1), 85.01 (C-1"), 81.08, 80.38, 77.01, 75.84, 73.97, 72.88, 72.47 (C-2,C-3,C-4',C-5,
C-3, C-4, and C-5), 75.84, 75.14, 73.42, 73.42, 72.63 (5 x OCH2Ph), 70.30, 69.58 (C-6,



and C-6"), 31.82, 29.70, 29.34, 26.15, 25.56, 22.79 (6 x CH3, octyl. SCH2CH3), 27.19,
25.86 (CH3CCH3), 15.41 (SCH2CH3), 14.18 (CH3, octyl).

Octyl 2-N-acetamido-3, 6-di-O-benzyl-2-deoxy- ﬂ-D-glucopyranoside-ethyl 3 4.6'-tri-O-

benzyl-1'-thio- a-D-mannopyranoside-2 \4-isopropylidene acetal (31)

The vinyl ether 10 (42 mg, 0.078 mmol) and the alcohol 25 (40 mg, 0.078 mmol)
were combined in a round bottom flask and purged with argon. Dichloromethane (5 ml)
was syringed into the mixture and cooled to -40°C. Camphorsulfonic acid (0.06 ml, 0.05
M solution in dichloromethane, 0.04 equiv.), was added and the reaction monitored by tlc
for the formation of 31. After 45 minutes, the reaction was quenched by the addition of
several drops of triethylamine and concentrated in vacuo. Fifteen percent (15%) ethyl
acetate in hexane which contained 0.1% triethylamine was used as an eluent for silica gel
chromatography of the reaction mixture. Product 31 was obtained as a syrup (12 mg,
15%); Rf0.52 in ethyl acetate - hexane, 1:2; 'H NMR (300 MHz, CDClj3 with 5% added
D-5 pyridine) 6: 5.39 (d, 1H,J12 =1 Hz, H-1"), 4.68 (d, 1H, Ji12=4.5Hz H-1),4.12 (m,
1H, H-2"), 3.37 (dt, 1H, Jgem = 9.0 Hz, Jyjc = 6.5 Hz, OCHH', octyl), 2.60 (m, 2H,
SCH>CH3), 1.92 (s, 3H, COCH3), 1.52 (m, 2H, OCH,;CH3>, octyl), 1.41, 1.35 (2 x s, 6H,
CH3CCH3'), 1.25 (t, 3H, SCH>CH3), 1.23 (m, 10H, octyl), 0.86 (t, 3K, CHj, octyl); 13C
NMR (75.5 MHz, CDCl3 with 5% added D-5 pyridine) 8: 169.6 (C=0), 103.9
(CH3CCH3'), 99.6 (C-1), 84.6 (C-1'), 79.7, 77.8, 76.3, 75.3, 72.2, 71.6, 69.4 (C-3, C-4,C-
5, C-2', C-3', C-4), and C-5), 74.9, 73.2, 72.8, 72.4, 70.8, 69.4, 69.2 (5 x CH3Ph, C-6, C-
6', and OCHp, octyl), 51.3 (C-2), 31.8, 29.6, 29.4, 29.3, 26.1, 25.3, 22.7 (6 x CHa, octy!
and SCH>CH3), 26.0, 25.8 (CH3CCH3'"), 23.5 (COCH3), 15.1 (SCH2CH3), 14.1 (CH3,
octyl).



MIEULYL £,3,0-11-U-0ENZyL-4-U-(J,4,0-Ir-U-Denzyl-p—L)-mannopyranosyl)-o-D-

glucopyranoside (32)

The mixed acetal 29 (55 mg, 0.055 mmol) was added to a round bottom flask and
purged with argon. Dry dichloromethane (5 ml) and 56 mg (0.0275 mmol, 5 eq.) of 2,6-
di-tert-butyl-4-methyl-pyridine were added to the mixture and it was cooled to 0°C. In
one portion, N-iodosuccinimide (62 mg, 5 eq.) was added and the reaction mixture was
stirred overnight. The solution was allowed to warm to room temperature during the
night. After 18 hours, the reaction mixture was quenched by the addition of 3 ml of 0.5
M sodium thiosulfate solution, which caused the red solution to turn colorless.
Dichloromethane (10 ml) was added and the mixture washed 2 x 10 ml with dH20. The
organic layer was dried (MgSQg), filtered and concentrated to give a cloudy viscous
syrup. Forty percent (40%) ethyl acetate in hexane was used as an eluent in
chromatographic purification of the syrup. Product 32 (38 mg, 77%) was isolated as a
clear syrup. The kinetic benzylidene acetal product 42 was isolated from the reaction
mixture in small (< 20%) quantities;

32: [a]D + 26.3° (¢ 0.80, CH2Cl2); Rf0.14 in ethyl acetate - hexane, 1:2; 1H
NMR (360 MHz, CDCI3) &: 7.40-7.16 (m, 30H, aromatic), 4.58 (d, 1H, J 1,2 = 3.7Hz, H-
1). 4.44 (d, 1H, J1,2 < IHz, H-1"), 4.00 (dd, 1H, J2.3 =9.2 Hz, J3,4 =9.2 Hz, H-3), 3.94
(dd, 1H.J3 4 =9.2 Hz, J4,5 = 9.2 Hz, H-4), 3.94 (dd, 1H, J2,3=3.0Hz,J1 2 <1 Hz, H-
2. 3.83 (dd. 1H, J3 4 =9.5 Hz, J4 5 = 9.5 Hz, H-4'), 3.76 (ddd, 1H, J4,5=9.2Hz,J56=
3.1 Hz, J5,6' = 2Hz, H-5), 3.73 (dd, 1H, J5,6 = 3.1 Hz, J6,6' = 10.8 Hz, H-6a), 3.66 (dd,
1H,J5.6'= 2Hz, J6,6' = 10.8 Hz, H-6b), 3.64 (dd, 1H, J5,6 = 1.8 Hz, J6,6' = 10.7 Hz, H-
6'a), 3.58 (dd, 1H, J5,6' = 4.6 Hz, J6,6' = 10.7 Hz, H-6'b), 3.51 (dd, 1H, J2.,3 = 3.7 Hz,
13,4 = 9.2 Hz, H-2), 3.37 (s, 3H, OCH3), 3.32 (dd, 1H, J2 3 = 3.0 Hz, J3.4=9.5 He, H-
3). 3.24 (ddd, 1H, J5,6 = 1.8 Hz, J5 6' = 4.6 Hz, J4,5=9.5 Hz, H-5"), 2.53 (d, 1H, ] = 3.0
Hz, OH); !3C NMR (75.5 MHz, CDCl3) &: 139.1-137.9, 128.5-127.4 (aromatic), 99.97
(d. JC-1,H-1 = 157 Hz, C-1'), 98.26 (C-1), 81.64, 80.75, 79.66, 75.85, 75.73, 74.04,



ToTTTaMcacT AT S~ o m Ty v s e LTo, UL Al UmD ), 13,08, 10,10, 13.94, 73.47,
73.47,71.15 (6 x OCH2Ph). 69.11, 68.84 (C-6, and C-6"). 55.27 (OCH3); Anal calcd.
for C55Hg0011: C 73.64. H 6.74; found: C 74.06, H 6.81.

42: Rf 0.59 in ethyl acetate - hexane, 1:2: |H NMR (360 MHz, CDC13) 8: 6.06
(s. 1H, PhCH), 5.81 (d, J1 2 = 3.8 Hz, H-1), 4.13 (dd. IH. J3.4=9.0Hz J2 3 =90 Hz.
H-3), 4.03 (m, 1H, H-5), 3.83 (dd, 1H, J2 3 = 3.8 Hz, J3.4 = 9.0 Hz, H-2), 3.77 (dd. IH.
J5,6 =2.5Hz, J6,6' = 11.0 Hz, H-6), 3.62 (dd, 1H, J5.6'=5.7Hz, Je 6 = 11.0 Hz, H-6"),
3.42 (s, 3H, OCH3), 3.41 (dd, 1H, J3,4 =9.0 Hz, J4 5 = 9.0 Hz, H-4). The structure of
this compound was confirmed by treatment with catalytic p-toluenesulfonic acid in
dichloromethane at room temperature for one hour which converted the kinetic

benzylidene product to the known thermodynamic benzylidene product220,

Activation of Mixed Acetal (29) in the presence of methanol

The acetal 29 (75 mg, 0.075 mmol) was added to a reaction flask and purged with
argon. Dry dichloromethane (5 ml) was syringed into the flask. A 0.12 ml aliquot of a
freshly prepared 0.62 M solution of dry methanol in dichloromethane (0.075 mmol) was
added to the reaction vessel. The mixture was cooled to 0°C and NIS (84 mg, S eq.) was
added. The reaction was stirred overnight. The reaction was then quenched after 17
hours and treated as in the preparation of 29 without added methanol. Chromatographic

isolation yielded 32 (7.5 mg, 11%) and the methyl glycoside 5§ (14 mg, 40%, refer to page

105 for the characterization of 5).

General Procedure for the "One-Pot" Synthesis of B-Mannosides 32,33 and 34

The vinyl ether 10 (1 equiv.) and the alcohols 12, 13 or 24 (1 equiv.} were added
to a reaction vessel and purged with argon. Dichloromethane was added (~ 0.02 mmol /
ml) and the solution was cooled to -40°C. NIS (5 equiv.) was added to the mixture and

the reaction maintained at -40°C for 30 minutes. It was then allowed to slowly warm to



room temperature (3 hours) and stirred overnight. The red solution was quenched by the
addition of 0.5 M sodium thiosulfate solution until the solution became colorless. The
mixture was then diluted with dichloromethane, extracted twice with an equal volume of
water, dried (MgSQy), filtered and concentrated. The product alcohols were purified by

silica gel chromatography.

Methvl 2,3,4-tri-O-benzyl-6-0-( 3,4, 6-1ri-O-benzyl-B-D-mannopyranosyl)-a-D-

glucopyranoside (33)

The mixed acetal 26 763 mg, 0.0631 mmol) was added to a reaction flask and
purged with argon. Dry dichloromethane (4 ml) was syringed into the flask and the
mixture was cooled to 0°C. In one portion, N-iodosuccinimide (70.9 mg, 0.315 mmol, 5
eq.) was added to the flask. The reaction mixture was stirred for 2 hours and 45 minutes
and quenched by the addition of 3 ml of sodium thiosulfate (0.5 M). The deep red
reaction color became colorless upon quenching. Dichloromethane (10 ml) was added
and the mixture was washed with 2 x 10 ml dH20. The organic layer was dried
(MgSO0g4), filtered and concentrated. Ethyl acetate in hexane (1:2) was used as an eluent
in chromatographic purification of the crude reaction mixture. Product 33 (34 mg, 60%)
was obtained as a white solid. When this reaction was carried out in the presence of 1.0
equivalent of methanol, as described for the activation of 29, the yield of 33 was
unchanged; [a]p +35.20 (¢ 0.40, CH2Cl?), Kf 0.20 in ethyl acetate - hexane, 1:2; 1H
NMR (360 MHz, CDCl3) &: 7.35 - 7.15 (m, 30H, aromatic), 4.51 (d, 1H, J 1,2=3.5 Hz,
H-1), 4.10 (d, 1H, J),2 < 0.5 Hz, H-1'), 4.09 (dd, 1H, J5.6 = 1.5 Hz, J6,6' = 10.8 Hz, H-
6a’), 4.00 (dd, 1H, J3 4 = 9.5 Hz, J4 5 = 9.5 Hz, H4'), 3.91 (br s, 1H, H-2"), 3.82 (dd, 1H,
J3,4 =9.5 Hz, J4,5 = 9.5 Hz, H-4), 3.76 (ddd, 1H, J4. 5 = 9.5 Hz, J5,6=15Hz,J56 =
5.5 Hz, H-5"), 3.73 (dd, 1H, J5,6 = 2.0 Hz, J6 6' = 10.2 Hz, H-6a), 3.66 (dd, 1H, J56' =
5.0 Hz, J6,6' = 10.2 Hz, H-6b), 3.56 (dd, 1H, J56' = 5.5 Hz, J6,6' = 10.8 Hz, H-6b"), 3.50
(dd, 1H, J3 4 = 9.5 Hz, J2 3 = 3.5 Hz, H-3", 3.32 (m, 1H, H-5), 3.32 (s, 3H, OCH3), 2.37



(br s, 1H, OH); !3C NMR (75.5 MHz, CDCl3) &: 138.8 - 138.0, 138.5 - 127.6
(aromatic), 100.00 (d. JC-1H-1 = 155 Hz, C-1"), 97.94 (C-1), 82.22. 81.37. 79.95. 77.65.
75.45,74.34, 69.87. 68.33 (C-2. C-3, C-4, C-5, C-2', C-3', C4'. and C-5", 75.76, 75.22.
74.78, 73.54, 73.41, 71.42 (6 x OCH2Ph), 69.35. 68.18 (C-6. and C-6"), 55.20 (OCH3):

Anal. caled. for C55H60011: C 73.64, H 6.74; found: C 73.40. H 6.79.

Octyl 3,6-di-O-benzyl-4-O-(3,4, 6-tri-O-benzyl- B-D-mannopyranosyt )-2-deoxy-2-

phthalimido-B-D-glucopyranoside (34)

Under an argon atmosphere, the mixed acetal 30 (58 mg, 0.051 mmol) was
dissolved in 5 ml of dry dichloromethane. Di-tert-butyl-4-methyl-pyridine (52 mg, 0.255
mmol, S eq.) was added to the solution and it was cooled to 0OC. N-iodosuccinimide (57
mg, 0.255 mmol, 5 eq.) was added to the mixture and it was allowed to warm to room
temperature overnight. The reaction was quenched after 16 hours by the addition of 3 ml
of NaS203 solution (0.5 M) which caused the red reaction color to turn colorless.
Dichloromethane (15 ml) was poured into the mixture and the organic layer was washed
2 x 15 ml with dH20. The dichloromethane layer was dried (MgSQ4), filtered and
concentrated. Forty percent (40%) ethyl acetate in hexane was used as an eluent in the
chromatographic purification of the crude reaction mixture. Product 34 (27 mg) was
isolated in 51% yield; [a]p +27.69, (¢ 1.60, CH2Cl2); Rf0.36 in ethyl acetate - hexane,
1:2; 1H NMR (360 MHz, CDCI3) &: 7.8-7.55 (m, 4H, phthalimido), 7.4-6.7 (m, 25H,
benzyl aromatic), 5.09 (d, 1H, J1,2 = 8.4 Hz, H-1), 4.67 (d, 1H, J1,2 < Hz, H-1'), 4.38
(dd, 1H, J2,3 = 10.6 Hz, J3 4 = 8.7 Hz, H-3), 4.16 (dd, 1H, J1,2=8.4Hz,J2 3=10.6 Hz,
H-2), 4.07 (dd, 1H, J3 4 = 8.7 Hz, J4,5 = 8.7 Hz, H-4), 4.02, (m, IH, H-2"), 3.85 (dd, 1H,
33,4 =9.0Hz, J4,5 = 9.0 Hz, H-4), 3.40 (dd. 1H, J3 4 = 9.0 Hz, J2,3 =3.0Hz, H-3'), 2.49
(¢, 1H, JH,OH =2.7 Hz, OH), 1.4-0.7 (m, 15H, octyl); 13C NMR (75.5 MHz, CDCl3) &:
167.8 (C=0, phthalimido), 100.48 (d, JC-1, H-1 = 158 Hz, C-1'), 98.48 (C-1), 81.76,
78.48, 78.21, 75.53, 74.58, 74.05, 68.06 (C-2', C-3', C-4', C-S', C-3, C-4, and C-5), 75.11,
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74.80, 73.59, 73.39, 71.35 (5 x OCH2Ph), 69.65, 69.05 (C-6, and C-6'), 68.87 (OCH2,
octyl), 55.90 (C-2), 31.67, 29.31, 29.12, 25.84, 22.60 (6 x CH2, octyl), 14.06 (CH3,
octyl); Anal. calcd. for C63H71012N: C 73.16, H 6.92, N 1.35; found: C 72.92, H
6.99, N 1.43.

Methyl 4-O-(2-O-acetyl-3,4,6-tri-O-benzyl- o-D-mannopyranosyl)-2,3,6-tri-O-benzyl-a-

D-glucopyranoside (36)

The alcohol 12 (76 mg, 0.164 mmol) and crushed 4A molecular sieves were
added to a reaction vessel. Mercuric cyanide (50 mg, 0.197 mmol, 1.2 eq.) and mercuric
bromide (71 mg, 0.197 mmol, 1.2 eq.) were then added and the vessel was purged with
argon. Dry acetonitrile (S ml) was syringed into the flask and the mixture was stirred for
30 minutes. In a separate flask, freshly prepared bromide 35190, was purged with argon.
The donor 35 was added in a dropwise fashion to the reaction mixture in 2 x 1.5 ml
aliquots of dry acetonitrile. After 3 hours, the reaction was filtered through a celite bed
and washed with 50 ml dichloromethane. The solution was concentrated and redissolved
in 20 ml CH2C1,. The organic layer was washed 2 x 20 ml with saturated potassium
iodide solution and 2 x 20 ml with dH20. The organic layer was then dried (MgS04),
filtered and concentrated. Chromatography (15% ethyl acetate in hexane was used as an
eluent) yielded the product 36 (63 mg, 41%) and recovered acceptor 12 (35 mg, 46%);
Rf0.59 in ethyl acetate - hexane, 1:2; lH NMR (360 MHz, CDCl13) 8: 5.43(dd, 1H,J 1,2
= 1 Hz, J2 3 = 3.6 Hz, H-2'), 5.41 (d, 1H, J1,2 = 1.5 Hz, H-1"), 4.58 (d, 1H, H-2), 3.54
(dd, 1H, J2,3 = 3.6 Hz, J3 4 = 9.8 Hz, H-3"), 3.38 (s, 3H, OCH3), 1.99 (s, 3H, COCH3).

Methy! 2,3,6-tri-O-benzyl-4-0-(3,4,6-tri-O-benzyl-a-D-mannopyranosyl)-a-D-
glucopyranoside (37)
The 2-O-acetate 36 (60 mg, 0.0639 mmol) was dissolved in S ml of dry methanol

and 10 mg of sodium methoxide was added to the stirred mixture. After 20 hours the
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reaction was neutralized by the addition of Amberlite IRC-120 (H%) resin. The reaction
mixture was concentrated and purified by chromatography with an 18% ethyl acetate in
hexane solvent system. Product 37 (51 mg, 89%) was isolated as a colorless syrup: [a]D
+61.7° (c 1.10, CH2Cl12); Rf0.40 in ethyl acetate - hexane, 1:2; 'H NMR (360 MHz,
CDCIi3) 6: 7.45-7.15 (m, 30H, aromatic), 5.31 (d, 1H, J1,2 = 1.8 Hz, H-1". 4.60 (d. 1H.
J1,2 = 3.8 Hz, H-1), 2.88-3.66 (m, 12H), 3.60 (dd, 1H, J5,6 =3.8 Hz, J6,6' = 10.5 Hz, H-
6a’), 3.53 (dd, 1H, J),2 = 3.8 Hz, J2,3 = 9.5 Hz, H-2), 3.49 (dd, 1H, J5.6'=1.5Hz. Jg ¢ =
10.5 Hz, H-6b"), 3.38 (s, 3H, OCH3), 2.08 (br s, 1H, OH): 13C NMR (75.5 MHz,
CDCl3) &: 138.6-138.0, 128.5-127.5 (aromatic), 101.6 (d, JC-1,H-1=171 Hz, C-1"),97.8
(C-1), 81.8, 80.2, 79.9, 77.4, 74.2, 72.3, 69.8, 68.8 (C-2, C-3, C-4, C-5, C-2', C-3', C-4,
and C-5%, 75.5, 75.0, 73.5, 73.3, 71.9 (6 x OCH2Ph), 69.4, 69.0 (C-6, and C-6", 55.3
(OCH3); Anal. calcd. for C55Hg0011: C 73.64, H 6.74: found: C 72.97, H 6.76.

Methyl 6-0O-(2-O-acetyl-3,4,6-tri-O-benzyl- o-D-mannopyranosyl)-2,3,4-tri-O-benzyl-a-

D-glucopyranoside (38)

The alcohol 13 (76 mg, 0.164 mmol) and crushed 4A molecular sieves were
combined in a reaction flask. Mercuric cyanide (50 mg, 0.197 mmol, 1.2 eq.) and
mercuric bromide (71 mg, 0.197 mmol, 1.2 €q.) were then added and the flask was
purged with argon. Dry acetonitrile (5 ml) was syringed into the mixture and stirred for
30 minutes. In a separate flask, freshly prepared bromide 35190 (137 mg, 0.25 mmol, 1.5
eq.) was dissolved in 2 x 1.5 ml of acetonitrile and added in a dropwise fashion to the
acceptor 13. After 45 minutes, the reaction was filtered through a celite bed and washed
with 50 ml dichloromethane. The filtrate was concentrated and redissolved in 20 ml
dichloromethane. It was washed 2 x 20 ml with saturated potassium iodide solution and
2 x 20 ml with dH20. The organic layer was dried (MgSOg), filtered and concentrated.
Twelve percent (12%) ethyl acetate in hexane was used as an eluent for chromatographic

purification of the crude reaction mixture. Product 38 (120 mg) was obtained in 78%
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yield; Rf0.65 in ethyl acetate - toluene, 1:2; |H NMR (360 MHz, CDCl3) &: 5.38 (dd,
IH, J1,2 = 1.8 Hz, J2,3 = 3.0 Hz, H-2'), 4.89 (d, 1H, J] 2 = 1.8 Hz, H-1"), 4.58 (d, 1H,
11,2=3.2 Hz, H-1), 3.98 (dd, 1H, J2 3 = 9.0 Hz, J3 4 = 9.0 Hz, H-3), 3.91 (dd, 1H, J23=
3.0 Hz, J3,4 =9.2 Hz, H-3"), 3.86 (dd, 1H, J3 4 = 9.2 Hz, J4.5 = 9.2 Hz, H-4"), 3.44 (dd,
1H, J1,2 = 3.2 Hz, J2,3 = 9.0 Hz, H-2), 3.42 (dd, 1H, J3 4 = 9.0 Hz, J4.5 = 9.0 Hz, H4),
3.32 (s, 3H, OCH3), 2.15 (s, 3H, COCH3).

Methyl 2,3,4-tri-O-benzyl-6-O-(3,4, 6-tri-O-benzyl- a-D-mannopyranosyl)-o-D-

glucopyranoside (39)

The 2-O-acetate 38 (115 mg, 0.12 mmol) was dissolved in 5 ml of dry methanol
and 10 mg of sodium methoxide was added. The mixture was stirred for 20 hours and
neutralized by the addition of Amberlite IRC-120 (H*) resin. The solution was filtered,
concentrated and purified by silica gel chromatography. The chromatography eluent was
30% ethyl acetate in hexane. The product 39 (83 mg, 76%) was obtained along with the
accompanying B isomer (2 mg, 2%); [a]D +74.4° (¢ 2.55, CH2ClI2); Rf0.17 in ethyl
acetate - hexane, 1:2; !H NMR (360 MHz, CDCl13) 8: 7.40 - 7.10 (m, 30H, aromatic),
5.02 - 4.40 (m, 12H, 6 x OCH2Ph), 496 (d, 1H, J 1,2=15Hz, H-1),4.60 (d, 1H,Jj 2 =
3.7 Hz, H-1),4.03 (dd, 1H, J1 2 = 1.5Hz, J2 3 = 3 Hz, H-2"), 3.99 (dd, 1H, J3,4=9.4 Hz,
J4,5 = 9.4 Hz, H-3), 3.85(dd, 1H, J5 6= 4.5 Hz, J6 6' = 10 Hz, H-6a), 3.83 (m, 1H, H-3"),
3.82 (dd, 1H, J5,6' = 3.5 Hz, J6,6' = 10 Hz, H-6b), 3.70 (m, 3H, H-5, H-4', and H-5"),
3.62 (dd, 1H, J5,6 = 4.0 Hz, J6,6' = 11.0 Hz, H-62"), 3.55 (dd, 1H, J5,6' =2.0 Hz, J6,6' =
11.0 Hz, H-6b"), 3.50 (dd, 1H, J2 3 = 3.7 Hz, J3 4 = 9.8 Hz, H-2), 3.45 (dd, 1H,J4 5=94
Hz, J3,4 = 9.4 Hz, H-4), 3.33 (s, 3H, OCH3), 2.40 (br s, 1H, OH); 13C NMR (75.5 MHz,
CDCI3) &: 138.85 - 137.85, 128.55 - 127.58 (aromatic), 99.57 (d,JC-1,H-1=175Hz, C-
1), 97.88 (C-1), 82.17, 80.09, 79.74, 77.74, 74.22, 71.21, 69.84, 68.26 (C-2, C-3,C4,C-
5, C-2', C-3', C-4, and C-5'), 75.82, 75.05, 74.96, 73.41, 73.29, 71.92 (6 x OCH2Ph),
69.84, 65.92 (C-6 and C-6'), 55.14 (OCH3); Anal. calcd. for C55H60011: C73.64, H



6.74; found: C 73.57, H 6.82.

Octyl 4-O-(2-O-acetyl-3.4,6-tri-O-benzyl- -D-mannopyranosyl )-3.6-di-O-benzyl-2-

deoxy-2-phthalimido- B-D-glucopyranoside (40)

The acceptor 24 (91 mg, 0.166 mmol) and crushed 4A molecular sieves .were
mixed in a reaction vessel. Mercuric cyanide (50 mg, 0.20 mmol, 1.2 eq.) and mercuric
bromide (72 mg, 0.20 mmol, 1.2 eq.) were then added to the vessel and the mixture
purged with argon. Dry acetonitrile (5 ml) was syringed into the mixture and it was
stirred for 30 minutes. Freshly prepared bromide 35 (138 mg, 0.25 mmol, 1.5 eq.) was
dissolved in 2 x 1 ml acetonitrile and added in a dropwise fashion to the reaction. The
mixture was stirred for 2 hours, filtered through a celite pad, washed with
dichloromethane (30 ml) and concentrated. Fresh dichloromethane (25 ml) was added
and washed 2 x 25 ml with saturated potassium iodide solution and 1 x 25 ml with
distilled water. The organic layer was dried (MgSO04), filtered and concentrated. Fifteen
percent (15%) ethyl acetate in hexane was used as an eluent in the chromatographic
purification of the crude mixture. Product 40 (71 mg, 40%) and acceptor 24 (37 mg,
40%) were isolated; Rf0.62 in ethyl acetate - hexane, 1:3; |H NMR (360 MHz, CDCI3)
8: 5.54 (m, 1H, H-2"), 542 (d, 1H,J} 2 = 1.6 Hz, H-1'), 5.10 (d, 1H, J1,2 =8.4 Hz, H-1),
4.22 (dd, 1H, J1,2 = 8.4 Hz, J2 3 = 10.6 Hz, H-2), 3.66, 3.38 (2 x m, 2H, OCH?, octyl),
2.04 (s, 3H, COCH?3).

Octyl 3,6—di-O-benzyl-4-0-(3,4,6-tri-0-benzyl-a-D-mannopyranosyl)~2-deoxy-2-
phthalimido- 3-D-glucopyranoside (41)
The 2-O-acetate 40 (65 mg, 0.0604 mmol) was dissolved in 5 ml of dry methanol
and 3 mg of sodium methoxide was added. The reaction was stirred for 14 hours and
neutralized by the addition of Amberlite IRC-120 (H+) resin, filtered and concentrated.

The resultant syrup was purified by column chromatography. The chromatography



eluent used was 20% ethyl acetate in hexane. Product 41 (55 mg) was obtained in 88%
yield; [a]iy +44.60, (¢ 1.05, CH2CI2); RfO0.38 in ethyl acetate - hexane, 1:2; IH NMR
(360 MHz, CDCl3) 8: 7.8-7.6 (m, 4H, phthalimido), 7.4-7.1, 7.05-6.75 (m, 25H, benzy!
aromatics), 5.34 (d, 1H, J| 2 = 1.8 Hz, H-1'), 5.08 (d, 1H, J1,2 = 8.5 Hz, H-1), 4.19 (dd,
IH, J1,2 = 8.5 Hz, J2,3 = 10.7 Hz, H-2), 3.96 (m, 1H, H-2"), 3.7, 3.35 (2 x m, 2H, OCH?2,
octyl), 2.20 (d, 1H, JH,OH = 2.8 Hz, OH), 1.4-0.7 (m, 15H, octyl); 13C (75.5 MHz,
CDCl3) &: 101.23 (d, JC-1,H-1 = 172 Hz, C-1'), 98.10 (C-1), 80.94, 79.89, 78.11, 74.90,
74.21, 72.35, 69.02 (C-2', C-3', C-4', C-5', C-3, C-4, and C-5), 75.07, 74.62, 73.50, 73.38,
72.11 (5 x OCH2Ph), 69.60, 69.60 (C-6, and C-6'), 68.90 (OCH>, octyl), 55.81 (C-2),
31.66, 29.29, 29.13, 25.84, 22.60 (6 x CH2, octyl), 14.06 (CH3, octyl}; Anal. calcd. for
C63H71012N: C73.16; H 6.92, N 1.35; found: C 72.80, H 6.92, N 1.40.

Methyl 3,6-di-O-trityl-o--D-mannopyranoside (44) 221

Methyl a-D-mannopyranoside 43 (25 g, 0.13 mol) and toluene (400 ml) were
combined in a 1 litre flask. Bis(tributyltin) oxide (99 ml, 0.20 mol) was poured into the
reaction slurry and it was refluxed with continuos removal of water until all of 43 was
dissolved (7 hours). The solution was then cooled to 55°C and trityl chloride (108 g,
0.39 mol) was added in one portion. The reaction was quenched after 17 hours at 55°C
by pouring it into a solution of 122 g potassium fluoride and 100 m! water. The
quenched reaction was stirred for two hours and filtered. The filtrate was washed with
300 ml water and the organic layer was removed, dried (MgS04), filtered and
concentrated. The crude product 44 was recrystallized with ethyl acetate and hexane
which yielded pink crystals (57.5 g, 66%) ; [a]p +48.7° (c 0.95, CH2Cl2); Rf0.51 in
ethyl acetate - hexane, 1:3; !H NMR (360 MHz, CDCl13) & 5.48 (d, 1H,J 1,2=2.0 Hz,
H-1), 3.92 (ddd, 1H, J3,4 = 9.0 Hz, J4 5 = 8.8 Hz, JH,OH = 2.8 Hz, H-4), 3.89 (dd, 1H,
13,4 = 9.0 Hz, J2 3 = 3.2 Hz, H-3), 3.58 (m, 1H, H-5), 3.37 (m, 2H, H-6, and H-6"), 3.25
(s, 3H, OCH3), 2.75 (m, 1H, H-2), 2.22 (d, 1H, JH,0H = 3.4 Hz, OH), 1.94 (d, 1H,
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J4,0H = 2.8 Hz, OH); 13C NMR (75.5 MHz, CDCI3) 8: 100.32 (C-1), 87.42. 87.00 (2 x

CPh3), 74.74, 71.16, 69.11, 68.31 (C-2, C-3, C-4. and C-5), 64.87 (C-6), 54.70 (OCH3y);
Anal. caled. for C45H4206: C 79.62, H 6.24; found: C 79.45, H 6.35.

Methyl 2,4-di-O-benzyl-o-D-mannopyranoside (45)97, 222

Sodium hydride (3.5 g, 0.088 mmol) was added to a reaction vessel followed by
125 ml of dimethylformamide. The suspension was stirred for 30 minutes. In a separate
flask, the di-O-tritylated methyl mannoside 44 (15 g, 0.022 mol) was dissolved in 50 ml
of DMF and added in a dropwise fashion to the NaH / DMF suspension. After a further
30 minutes, benzyl bromide (9.2 ml, 0.077 mmol) was mixed with 75 ml of DMF and
slowly added to the cooled (59 C) suspension. The solution was stirred overnight (16
hours) and quenched by the addition of 300 ml water. Ethyl acetate (300 ml) was added
and the organic layer was separated and washed with water (2 x 350 ml). The organic
layer was dried (MgSO4), filtered and concentrated to a golden brown oil (20 g) which
was dissolved in 150 ml of 80% acetic acid / water and heated to 60°C. After 20 hours,
the reaction mixture was cooled and filtered to remove a pink solid. The filtrate was
neutralized with 250 ml saturated sodium bicarbonate solution and extracted 2 x 250 ml
with ethyl acetate. The combined organic layers were washed with water (400 ml), dried
(MgS04), filtered and concentrated. Purification by column chromatography (ethyl
acetate in hexane (1:2) was used as eluent) gave 3.9 g of product 45 (46%) as a viscous
oil; [a]D +22.30 (c 1.05, CH2Cl2); Rf0.42 in ethyl acetate - hexane, 1:1: |H NMR
(300 MHz, CDCI3) &: 7.35 (m, 10H, benzyl aromatics), 4.90, 4.65 (2 x d, 2H, Jgem =
11.0 Hz, CH2Ph), 4.72,4.59 (2 x d, Jgem = 11.8 Hz, CH2Ph), 4.75 (d, 1H, J| 2 = 1.5 Hz,
H-1), 3.98 (m, 1H, H-5), 3.86 (dd, 1H, J5,6 = 3.0 Hz, J6,6' = 11.5 Hz, H-6), 3.77 (dd, 1H,
J5,6' =4.2 Hz, J6,6' = 11.5 Hz, H-6"), 3.73 (dd, 1H, J1,2 = 1.5 Hz, J2 3 = 3.5 Hz, H-2),
3.68 (dd, 1H, J3 4 = 9.2 Hz, J4 5 = 9.2 Hz, H-4), 3.59 (ddd, 1H, J3,4=92Hz,J23=35
Hz, JH,OH = 5.5 Hz, H-3), 3.32 (s, 3H, OCH3), 2.05 (d, 1H, JH,OH = 5.5 Hz, OH); 13C



NMR (75.5 MHz, CDCI3) 8: 98.27 (C-1), 78.44, 76.64, 71.77, 71.22 (C-2, C-3, C-4. and
C-5), 74.91, 73.16 (2 x CH2Ph), 62.39 (C-6), 54.90 (OCH3); Anal. calcd. for
C21H2606: C 67.36, H 7.00; found: C 67.31, H 7.07.

Methyl 2.4-di-0-benzyl-3,6-di-0-(2.3,4.6-tetra-0-acetyl-a-D~mannopyranosyl)-a-D-

mannopyranoside (47)

The diol 45 (2.0 g, 5.35 mmol) and 4A molecular sieves were added to a round
bottom flask. Mercuric cyanide (4.1 g, 16.1 mmol) and mercuric bromide (5.8 g, 16.1
mmol) were then added to the flask and it was purged with argon. Dry acetonitrile (100
ml) was added and the mixture was stirred and cooled to °C, Acetobromomannose
46191 (11.5 g, 28 mmol, 5.2 eq.) was dissolved in 100 ml acetonitrile and added to the
reaction mixture over a 10 minute period. After 2.5 hours, the mixture was filtered and
washed with dichloromethane (50 mi). The filtrate was concentrated to a brown foam
which was dissolved in 250 ml of CH2ClI2, It was then washed 2 x 250 ml with saturated
potassium iodide solution, 250 ml with saturated sodium bicarbonate solution, 250 ml
with water and 250 ml with brine. The organic layer was dried (MgS0y4), filtered and
concentrated. Sixty percent (60%) ethyl acetate in hexane was used as the solvent system
for chromatographic purification of the crude mixture. Product 47 was obtained as white
crystals (5.86 g, 83%); [a]D +73.20 (c 1.15, CH2Cl2); Rf0.51 in ethyl acetate - hexane,
7:3; 1H NMR (360 MHz, CDClI3) &: 5.13,4.90,4.74 (3 x d, 3H, J1,2 = 1.5 Hz, H-1, H-
I' and H-1"), 3.35 (s, 3H, OCH3), 2.14, 2.06, 2.06, 2.05, 2.04, 2.04, 2.00, 1.98 8 xs,
24H, COCH3); 13C NMR (75.5 MHz, CDCI3) &: 170.69, 170.57, 169.87, 169.76,
169.65 (8 x s, COCH3), 99.37, 98.06, 97.39 (C-1, C-1', and C-1"), 78.48. 77.30, 75.23,
72.32, 69.63, 69.56, 69.00, 69.00, 68.89, 68.55, 66.30, 66.25 (C-2,2',2", C-3,3.,3", C-
4,4'.4", and C-5,5',5"), 75.08, 72.26, 66.65, 62.53, 62.40 (C-6, C-6', C-6", and 2 x
CH2Ph), 54.77 (OCH3), 20.88, 20.72, 20.67, 20.55 (8 x COCH3); Anal. calcd. for
C49H62024: C 56.86, H 6.04; found: C 56.48, H 5.96.
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1-0-Acetyl-2,4-di-O-benzyl-3,6-di-0-(2,3,4, 6-tetra-O-acetyl- a-D-mannopyranosvl)-a-D-

mannopyranose (48)

The trisaccharide 47 (3.9 g, 3.77 mmol) was dissolved in 195 ml acetic anhydride
and cooled to 0°C. Sulfuric acid (0.2 ml) was added to 19.8 ml of acetic anhydride and
was poured into the reaction mixture (0.1% H2SO4., v / v). The reaction mixture was
stirred at 09C for 25 minutes and was then quenched by the addition into a solution of
sodium bicarbonate (300 ml). The mixture was stirred for one additional hour to destroy
excess acetic anhydride. Dichloromethane (300 ml) was added to the reaction and the
organic layer was separated. This layer was washed with 2 x 300 ml NaHCO3 solution
and 300 ml with brine. The organic layer was then dried (MgS0y4), filtered and
concentrated to give a white foam 48 (3.8 g, 95%). A portion of this was purified (45%
ethyl acetate in hexane solvent system) for characterization; [a]D +69.9° (¢ 1.70,
CH2CI12); Rf0.63 in ethyl acetate - hexane, 7:3; !H NMR (360 MHz, CDCI3) &: 6.23
(d, 1H, J1,2 = 2.0 Hz, H-1), 5.13, 4.89 (2 x d, 2H, H-1', H-1"), 2.14, 2.09, 2.08, 2.06,
2.04, 2.04, 2.02, 2.00, 1.98 (9 x s, 27H, COCH3); 13 NMR (75.5 MHz, CDCl3) &:
170.62, 170.35, 169.71, 169.64, 169.56, 168.83 (9 x COCH3), 99.77, 97.85 (C-1', and C-
1), 90.55 (C-1), 79.31, 75.90, 74.01, 73.88, 69.55, 69.47, 69.01, 68.95, 68.87, 68.47,
66.15, 66.02 (C-2,2'.2", C-3,3,3", C-4,4',4", and C-5,5',5"), 75.31, 71.66, 66.54, 62.44,
62.32 (C-6,6',6" and 2 x CH2Ph), 20.96, 20.86, 20.70, 20.60 (9 x COCH3); Anal. calcd.
for C50HE2025: C 56.49, H 5.88; found: C 55.77, H 5.74.

1,2,4-Tri-0-acetyl-3.6-di-0-(2,3,4,6-tetra-0-acetyl—a—D-mannopyranosyl)—a-D-
mannopyranose (49)
The di-benzylated trimannoside 48 (1.09 g, 1.03 mmol) was added to a flask and
purged with argon. Palladium on charcoal (10%, 1 g) was added to the flask. Ethanol
(100 ml, 95%) and glacial acetic acid (1 ml) were then added to the vessel. The

suspension was stirred overnight under a hydrogen atmosphere and then filtered through



a celite pad. The clear solution was concentrated to a foam and re-dissolved in 100 m! of
pyridine. Acetic anhydride (20 ml) was added and the reaction mixture stirred overnight.
Water (50 ml) was poured into the mixture to destroy excess acetic anhydride followed
by 300 ml of dichloromethane. The organic layer was washed 4 x 300 ml with 1N HCl,
300 ml with bicarbonate solution and 300 ml with water. The organic layer was dried
(MgSOgy), filtered and concentrated. Sixty five percent (65%) ethyl acetate in hexane
was used as an eluent in chromatographic purification of the crude mixture., Product 49
(0.71 g, 71%) was isolated as a white foam; [a]p +53.7° (c 1.20, CH2Cl12); Rf0.57 in
ethyl acetate - hexane (7:3); |H NMR (360 MHz, CDCl3) &: 6.06 (d, 1H, J1,2=2.0 Hz,
H-1),5.06, 4.81 (2 x d, 2H, H-1' and H-1"), 3.76 (dd, 1H, J5,6 =5.5Hz, J6,6' = 11.0 Hz,
H-6), 3.68 (dd, 1H, J5,6' = 3.0 Hz, J6,6' = 11.0 Hz, H-6"), 2.24, 2.16, 2.14, 2.12, 2.12,
2.09, 2.08, 2.06, 2.00, 1.98 (11 x s, COCH3); 13C NMR (75.5 MHz, CDCl13) &: 170.68,
170.54, 170.23, 170.03, 169.86, 169.78, 169.59, 167.96 (11 x COCH3), 99.20, 97.61 (C-
I' and C-1"), 90.50 (C-1), 74.78, 71.61, 69.96, 69.96, 69.59, 69.36, 69.11, 68.60, 68.24,
67.97, 65.92, 65.92 (C-2,2',2", C-3,3',3", C-4,4' 4", and C-5,5',5"), 66.94, 62.45, 62.45 (C-
6,6'.6"). 20.77 - 20.66 (11 x COCH3); Anal. calcd. for C40H54027: C 49.69, H 5.63;
found: C 49.71, H 5.60.

4-0-Acetyl-3,6-di-0-(2,3,4,6-tetra-O-acetyl- a-D-mannopyranosyl)-1,2-

methoxyethylidene-3-D-mannopyranoside (50)

The per-acetate 49 (1.52 g, 1.57 mmol) was added to a reaction vessel and purged
with argon. Dichloromethane (60 ml) was added to the vessel and the solution was
cooled to 0°C. Hydrobromic acid gas was bubbled through the mixture for 3.5 hours.
The reaction was concentrated and co-evaporated with toluene. The crude bromide was
re-dissolved in dichloromethane (60 ml). 2,6-lutidine (0.42 ml, 2.3 €q.) and methanol
(0.15 ml, 2.3 eq.) were syringed into the solution and stirred overnight. The reaction was

diluted with dichloromethane (100 ml) and quenched by the addition into 200 ml of
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sodium bicarbonate solution. The organic layer was washed with 200 mi water, dried
(MgS04), filtered and concentrated. The foam was recrystallized from ethyl acetate and
hexane which gave a white crystalline product 50 (1.16 g, 79%); [x]p +36.3° (c 0.30,
CH2CI2); Rf0.48 in ethyl acetate - hexane. 7:3: |H NMR (360 MHz, CDCl3) §: 5.83
(d, 1H, J1,2 = 3.0 Hz, H-1), 5.33, 5.31 (2 x dd, 2H, H-3' and H-3"). 5.24 (dd. IH. Hi 2=
1.6 Hz, J2 3 = 3.0 Hz, H-2"), 5.17 (dd, 1H, J3,4=9.8 Hz, J4 5 = 9.8 Hz, H-4), 5.14 (dd.
1H, J1,2 = 1.8 Hz, J2 3 = 3 Hz, H-2"), 4.98 (d. IH, J1 2 = 1.8 Hz, H-1"), 4.78 (d, IH, Ji.2
= 1.6 Hz, H-1"), 4.59 (dd, 1H, J2,3 =3.5 Hz, J] 2 = 3.0 Hz, H-2), 3.86 (dd, tH, J» 3 = 3.5
Hz, J3 4 = 9.8 Hz, H-3), 3.79 (dd, 1H, J5,6 = 6.4 Hz, J5 6' = 10.6 Hz, H-6), 3.63 (1«.. IH .
H-5), 3.57 (dd, J5,6' = 3.0 Hz, J6,6' = 10.6 Hz, H-6"), 3.30 (s, 3H, OCH3), 2.17, 2.16,
2.15, 2.11, 2.10, 2.06, 2.05, 2.00, 1.99 (9 x s, 27H, COCH3), 1.73 (s. 3H, OCOCH3);
13C NMR (75.5 MHz, CDCI3) 8: 170.71 - 169.65 (9 x COCH3), 124.25 (OCOCH3),
99.69 (C-1), 97.72, 97.58 (C-1' and C-1"), 78.85, 72.48, 69.77, 69.41, 69.35, 69.17,
68.85, 68.58, 66.93, 65.95, 65.85 (C-2,2'2", C-3,3',3", C-4,4'.4", and C-5,5'.5"), 67.77 (C-
6), 62.29, 62.22 (C-6' and C-6"), 50.24 (OCH3), 23.72 (OCCH3), 20.92 - 20.65
(COCH3); Anal. calcd. for C39H54026: C 49.89, H 5.80:; found: C 49.79, H 6.04.

4-O~benzyl-3,6-di~0-(2,3,4,6-tetra-0-benzyl-a-D-mannopyranosyl)-l ,2-

methoxyethylidene-3-D-mannopyranoside (51)

The acetylated ortho ester 50 (974 mg, 1.04 mmol) was dissolved in 20 ml of
methanol and catalytic sodium methoxide (5 mg) was added to the reaction. The solution
was stirred overnight and concentrated, without neutralization, to a white foam. In a
separate flask, sodium hydride (1.25 g, 31.2 mmol) and dimethylformamide (50 ml) were
combined and stirred for 30 minutes. The crude mixture was dissolved in 3 x 5 mi DMF
and transferred to the NaH / DMF suspension. In one portion, 18-crown-6 (1.37 g, 5.2
mmol) was then added to the reaction flask. After the mixture was stirred for 30 minutes,

benzyl bromide (3.7 ml, 31.2 mmol) was dissolved in 10 m! DMF and added in a
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organic layer was dried (MgSO4), filtered and concentrated. Thirty percent (30%) ethyl
acetate in hexane which contained 0.1% triethylamine was used as an eluent for
chromatographic purification of the crude mixture. Product 51 (1.03 g, 72%) was
obtained as a colorless syrup; [a]D +27.6° (c 0.55, CH2Cl2); Rf0.37 in ethyl acetate -
hexane, 2:3; |H NMR (360 MHz, CDCI3) &: 5.24 (d, 1H, J1,2 = 2.5 Hz, H-1), 5.16 (d,
1H, J1,2 = 1.6 Hz, H-1'), 4.96 (d, lH, J] 2 = 1.7 Hz, H-1"), 3.20 (s, 3H. OCH3), 1.62 (s,
3H, OCCH3); 13C NMR (75.5 MHz, CDCl13) &: 124.10 (OCOCH3), 101.17, 98.67,
97.48 (C-1, C-1', and C-1"), 80.45, 80.23, 79.63, 79.30, 75.61, 75.05, 74.50, 73.51, 72.76,
72.27 (C-2,2'.2", C-3,3.3", C-4,4',4", and C-5,5'5"), 75.12, 73.60, 73.31, 72.72, 72.61,
72.42,71.82 (9 x CH2Ph), 69.52, 69.12, 66.41 (C-6, C-6', and C-6"), 49.74 (OCH3),
25.13 (OCCH3); Anal. calcd. for C84H9pO7: C 73.56, H 6.61; found: C 7340, H
6.78.

Ethyl 2-O-acetyl-4-O-benzyl-3,6-di-O-(2,3,4,6-tetra-O-benzyl-a-D-

mannopyranosyl)- 1-thio- o- D-mannopyranoside (52)

The ortho ester 51 (460 mg, 0.335 mmol) was added to a round bottom flask and
purged with argon. Ethanethiol (10 ml) was added to the flask and the solution was
cooled to 0°C. Boron trifluoride etherate (0.041 ml, 0.335 mmol) was syringed into the
stirred mixture. The reaction was quenched after six minutes by the addition of water.
The ethanethiol was removed in the fumehood by warming the solution to 40°C. A
stream of air was then blown over the mixture for several hours to ensure complete
removal of all the thio!. Dichloromethane (50 ml) was added to the solution and it was
washed with water (40 ml). The organic layer was separated, dried (MgSO3), filtered

and concentrated. Twenty percent (20%) ethyl acetate in hexane was used as an eluent



H-1), 5.16 (d, 1H, J1 2 = 1.6 Hz, H-1", 5.00 (d, 1H, J1,2 = 1.4 Hz. H-1"), 2.55 (m. 2H.
SCH>CH3), 2.00 (s, 3H, COCH3), 1.22 (t, 3H, SCH2CH3): 13C NMR (75.5 MHz,
CDCI3) 6: 170.03 (COCH3). 100.39, 98.18 (C-1' and C-1"), 81.98 (C-1), 79.89, 79.95.
78.39, 75.34, 74.90, 74.88, 74.06, 73.03, 72.00, 71.71, 71.55, 70.73 (C-2,2',2", C-3.3'.3".,
C4.4'4" and C-5,5',5"), 75.12, 73.45, 73.27, 72.57, 72.45, 72.36. 72.08,71.89, 70.78 (9
x CH2Ph), 69.16, 68.86, 66.07 (C-6, C-6', and C-6"), 25.53 (SCH2CH3). 21.11
(COCH3), 14.95 (SCH2CH3); Anal. caled. for C85H92016S: C 72.83, H 6.62, S 2.29:

found: C72.79, H6.68, S 2.54.

Ethyl 4-O-benzyl-3,6-di-0-(2,3,4,6-tetra-O-benzyl- o-D-mannopyranosyl)-2-0-(2-

propenyl)-1-thio-a-D-mannopyranoside (53)

The 2-O-acetate 52 (209 mg, 0.149 mmol) was added to a reaction vessel and
purged with argon. Toluene (10 ml), tetrahydrofuran (3.3 ml) and pyridine (0.1 ml) were
consecutively added to the solution and it was cooled to -40°C. Freshly prepared Tebbe's
reagent (0.60 ml, 0.60 mmol) was slowly syringed into the mixture. After 70 minutes,
the reaction temperature had reached -10°C and it was quenched by the addition of 1 ml
of IN NaOH. The deep red mixture was filtered through a celite pad and washed with
ether (100 ml). The filtrate was dried (MgS0O4), filtered and concentrated to give an
orange oil. Column chromatography was used to purify the oil (18 % ethyl aceiate in
hexane was used as an eluent) which gave 186 mg (89%) of a viscous, clear syrup; Rf
0.72 in ethyl acetate - hexane, 1:2: 1H NMR (360 MHz, CDCl3) &: 5.46 (d, J 1,2 = 1Hz,
H-1), 5.13 (d, J1,2 = 1.8 Hz, H-1"), 5.01 (d, 1H, J1 2 = 1.6 Hz, H-1"), 2.50 (m, 2H,
SCH2CH3), 1.76 (s, 3H, CH2=CCH3), 1.18 (t, 3H, SCH2CH3); 13C NMR (75.5 MHz,
CDCI3 + 10% D-5 pyridine) 8: 157.23 (C=CH?3), 100.28, 97.82 (C-1', and C-1"), 83.28



68.61, 65.72 (C-6, C-6', and C-6"), 24.91 (SCH2CH3), 20.97 (CH3C=CH3y), 14.72
(SCH2CH3).

Atntempted acetalization of the trisaccharide 53

The vinyl ether 53 (182 mg, 0.13 mmol) and the alcohel 22 (72.5 mg, 1.2 eq.)
were added to a reaction flask. Calcium sulfate (1 g) was then added and the flask purged
with argon. Dichloromethane was added to the stirred reaction mixture and it was cooled
to -40°C. After 30 minuies, camphorsulfonic acid (0.08 eq.) was added. The reaction
was stirred at -40°C for 4 hours and quenched by the addition of triethylamine.
Unreacted vinyl ether 53 was recovered (84 mg, 46%). In addition, 62 mg of 12 and 78
mg of hydrolyzed vinyl ether 60 were recovered.

60: Rf 0.59 in ethyl acetate - hexane, 1:2; 1H NMR (360 MHz, CDClI3) &: 5.05,
5.00, 4.96 (H-1, H-1', and H-1"), 3.36 (s, 1H, OH), 2.50 (m, 2H, SCH2CH3); 13C NMR
(75.5 MHz, CDCl3) &: 99.50, 98.13 (C-1', and C-1"), 84.67 (C-1), 83.31, 79.94, 79.68,
75.51,75.41, 74.65, 73.82, 72.21, 71.78, 71.44, 70.75 (C-2, C-3, C4, C-5, C-2', C-3', C-
4, C-5', C-2", C-3", C-4", and C-5"), 69.93, 69.24, 66.23 (C-6, C-6', and C-6"), 25.05
(SCH2CH3), 14.99 (SCH2CH3).

Allvl 4-O-acetyl-3,6-di-O-benzyl-2-deoxy-2-phthalimido- B-D-glucopyranoside (55)

The alcohol 54186 (1.65 g, 3.12 mmol) was dissolved in 50 ml of pyridine.
Acetic anhydride (10 ml) was added to the reaction and it was stirred overnight at
ambient temperature. Dichloromethane (200 ml) was added to the mixture. The organic
layer was washed 2 x 200 ni with saturated sodium bicarbonate solution and 1 x 200 ml

with saturated sodium chloride solution. The organic layer was dried (MgS04), filtered



LoD +00.3% (¢ U.8U, CH2C12). Rf0.46 in ethyl acetate - hexane. 1:2; |H NMR (300
MHz, CDCI3) 8: 7.80 - 7.60 (m, 4H, phthalimido). 7.40 - 7.25. 7.05 - 6.85 (m. 10H,
benzyl), 5.68 (dddd, 1H, Jtrans = 17.3 Hz, Jcis = 10.6 Hz. Jvic = 6.4 Hz, Jyjc' = 5.2 Hz,
OCH2CH=CH2), 5.19 (d. 1H, J1 2 = 8. 5 Hz, H-1), 5.12 (dd. IH. J34=90Hz Jg5=
9.2 Hz, H-4), 5.10, 5.01 (2 x dddd, 2H, OCH2CH=CHH). 4.60, 4.32 (2 xd.2H, Jgem =
12.0 Hz, OCH?2Ph), 4.56 (s, 2H, OCH7Ph), 4.44 (dd, 1H. J2,3=10.6 Hz, J3 4 = 9.0 Hz,
H-3), 4.31 (dd, 1H, J2,3 = 10.6 Hz, J] 2 = 8.5 Hz, H-2), 4.25, 4.01 (dddd, 2H,
OCH2CH=CH2), 3.75 (dt, 1H, J4,5 = 9.2 Hz, J5 6 = 4.6 Hz, H-5), 3.62 (d.2H,Js56=4.6
Hz, H-6), 1.96 (s, 3H, COCH3); 13C NMR (75.5 MHz, CDCI3) 6: 169.68 (COCH3).
138.01, 137.76, 128.4 - 127.5 (benzyl aromatic), 133.7,131.68, 123.37 (phthalimido),
133.58 (OCH2CH=CH)), 117.49 (OCH2CH=CH3), 97.32 (C-1), 77.06, 73.56. 72.63 (C-
3, C-4, and C-5), 55.50 (C-2), 73.82, 73.67 (2 x OCH?2Ph), 69.84 (C-6. and OCH2. octyl),
20.93 (COCH3); Anal. calcd. for C33H3308N: C 69.34, H 5.82, N 2.45: found: C
68.88, H 5.95, N 2.49.

4-0-Acetyl-3,6-di-O-benzyl-2-deoxy-2-phthalimido-a, B-D-glucopyranose (56)

The allyl glycoside 55 (1.61 g, 2.82 mmol) was dissolved in 110 m! of a 7:3:1
mixture of ethanol, toluene, and water. 1,4-Diazabicyclo[2.2.2]octane (DABCO, 142 mg,
1.27 mmol, 0.45 eq.) was first added to the reaction mixture followed by
tris(triphenylphosphine)rhodium(l) chloride (Wilkinson's catalyst, 391 mg, 0.42 mmol,
0.15 eq.). The mixture was refluxed for 44 hours, cooled and concentrated to a black
solution. This solution was dissolved in 50 ml of acetone. Mercuric oxide (15 mg, 0.005
eq.) was first added to the black solution, followed by 50 ml of a 9:1 mixture of acetone -

water which contained 3.8 g (14.1 mmol, 5 eq.) of dissolved mercuric chloride. After 12
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The organic layer was then dried (MgSOa4), filtered and concentrated. Ethyl acetate -
hexane (1:2) was used as an eluent for chromatographic purification of the crude reaction
mixture. Product S6 was isolated (1.12 g, 75%) as a 85:15 mixture of B:ot anomers; Rf
0.14 in ethyl acetate - hexane, 1:2; !H NMR, B anomer only, (360 MHz, CDCI3) 8 :
7.80 - 7.60 (m, 4H, phthalimido), 7.40 - 7.25, 7.05 - 6.90 (m, 10H, benzyl aromatic), 5.38
(dd, 1H, J1,2 = 8.2 Hz, J1,0H = 6 Hz, H-1B), 5.17 (dd, 1H, J3 4 = 9.0 Hz, J4 5 = 9.8 Hz,
H-4), 4.63, 4.36 (2 x d, 2H, Jgem = 12.3 Hz, OCH2Ph), 4.58 (s, 2H, OCH2Ph), 4.52 (dd,
IH, J1,2 = 8.2 Hz, J2,3 = 10.6 Hz, H-2), 4.20 (dd, 1H, J2 3 = 10.6 Hz, J3,4 = 9.0 Hz, H-
3), 3.82 (m, 1H, H-5), 3.60 (m, 2H, H-6), 2.92 (d, 1H, JH,0H = 6 Hz, OH), 1.93 (s, 3H,
CH3, acetate); 13C NMR, B anomer only, (75.5 MHz, CDCI3) 8: 169.65 (CO, acetate),
133.95, 131.62, 123.42 (phthalimido), 137.72, 1284 - 127.3 (benzyl aromatics), 92.94
(C-1), 76.78, 73.57, 72.28 (C-3, C-4, and C-5), 57.18 (C-2), 73.90, 73.69 (2 x OCH2Ph),
69.38 (C-6); Anal. calcd. for C30H2908N: C 67.79, H 5.50, N 2.64; found: C 67.54, H
5.64, N 2.51.

4-0-Acetyl-3,6-di-O-benzyl-2-deoxy-2-phthalimido-c, B-D-glucopyranosyl
chloride (57)

The reducing sugar 56 (600 mg, 1.13 mmol) was dissolved in dry
dichloromethane (10 ml) under argon atmosphere. In a separate flask, Vilsmeier reagent
was prepared by the addition of 0.84 ml (10.8 mmol) of dimethylformamide (DMF) to
8.2 ml of chloroform. Oxalyl chloride (0.94 ml, 10.8 mmol) was syringed into the DMF /
chloroform solution which formed a deep yellow color. The Vilsmeier reagent was
stirred for 15 minutes and it had a concentration of 1.08 mmol / ml. In one portion, the

Vilsmeier solution (5.2 ml, 5.6 mmol, 5 eq.) was added to the reducing sugar 56 and
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was washed with 2 x 100 ml of dH20. The organic layer was dried (MgSO04), filtered
and concentrated to give 620 mg of a bright yellow solid §7; Rf 0.55 (@), 0.45 (B) in
ethyl acetate - hexane, 1:2. 1H NMR (360 MHz, CDCl3) &: 6.22 (d. 0.45H. ) 12=38
Hz, H-1at), 5.99 (m, 0.55H, J1,2 = 9.2 Hz, H-1B), 5.43 (dd, 0.45H, J23=11.0Hz, )34 =
9.0 Hz, H-3a), 5.31 (dd, 0.45H, J3 4 = 9.0 Hz, J4.5 = 9.0 Hz, H-4). 5.21 (m, 0.55H, H-
4B), 4.64 (dd, 0.45H, J1 2 =3.8 Hz, J2 3 = 11.0 Hz, H-20), 4.43 (m, 1.1H. H-3f, and H-
2B), 4.33 (m, 0.45H, H-5w), 3.85 (m, 0.55H, H-5B), 3.62 (m, 2H, H-6c, H-6B, H-6'c., and
H-6'B), 1.94 (s, 1.65H, COCH3, B), 1.90 (s, 1.35H, COCH3. a); 13C NMR, « only,
(75.5 MHz, CDCI3) &: 169.74 (COCH3), 92.76 (C-1), 74.20, 73.90 (2 x OCH2Ph),
73.86, 72.67, 72.16 (C-3, C-4, and C-5), 57.54 (C-2), 68.49 (C-6), 21.06 (COCH3).

Octyl 4-O-(4-O-acetyl-3,6-di-O-benzyl-2-deoxy-2-phthalimido-B-D-
glucopyranosyl)-3,6-di-O-benzyl-2-deoxy-2-phthalimido- B-D-

glucopyranoside (58)

The octyl glycoside acceptor 24 (340 mg, 0.565 mmol), 4A molecular sieves and
silver triflate (363 mg, 1.41 mmol, 2.5 eq.) were added to a reaction vessel and purged
with argon. Dry dichloromethane (6 ml) and sym-collidine (0.1 ml, 0.85 mmol, 1.5 eq.)
were added to the vessel and the reaction mixture was stirred for 30 minutes. The
mixture was cooled to -15°C. The chloride 57 (620 mg, 1.13 mmol, 2 eq.) was dissolved
in 2 x 2 ml of dichloromethane and added in a dropwise fashion to the acceptor. A white
color was observed during the chloride addition (AgCl). The reaction mixture was stirred
at room temperature for 60 hours and then it was diluted with 75 ml of dichloromethane.
The organic layer was filtered, washed with 75 ml dH20, 75 ml IN HCI, 75 ml saturated

sodium bicarbonate and 75 ml with brine. The organic layer was then dried (MgSOg4),



an eluent for chromatographic purification of the crude reaction mixture., Purification
yielded the disaccharide 58 (423 mg, 67%) and the recovered acceptor 24 (70 mg, 21%);
Rf 0.63 in ethyl acetate - toluene, 1:3; |H NMR (500 MHz, CDCl3) &: 5.33 (d, 1H, J1.2
=8.4 Hz, H-1'), 5.15 (dd, 1H, J3 4 =9.0 Hz, J4,5 = 9.0 Hz, H4"), 493 (d, 1H, J1,2=8.1
Hz, H-1), 1.91 (s, 3H, COCH3); 13C NMR (75.5 MHz, CDCI3) 6: 169.67 (COCH3,),
98.18, 97.21 (C-1, and C-1'), 76.93, 76.93, 76.40, 74.61, 73.45, 72.74 (C-3, C-4, C-5, C-
3', C-4’, and C-5'), 74.43, 73.92, 73.60, 72.74 (4 x OCH?2Ph), 69.49, 69.40 (C-6, and C-
6), 68.23 (OCH2, octyl), 56.32, 55.79 (C-2, and C-2'), 31.64, 29.24, 29.12, 25.80, 22.58
(6 x CH2, octyl), 20.93 (COCH3), 14.04 (CH3, octyl).

Octyl 3,6-di-O-benzyl-4-0-(3,6-di-O-benzyl-2-deoxy-2-phthalimido- B-D-

glucopyranosyl)-2-deoxy-2-phthalimido--D-glucopyranoside 9

The disaccharide 58 (423 mg, 0.38 mmol) was dissolved in 10 ml of dry methanol
and 5 mg of sodium methoxide was added to the flask. The reaction mixture was stirred
overnight and then it was neutralized with Amberlite IRC-120 (H*) resin. The mixture
was filtered to remove the Amberlite resin and concentrated. Fifteen percent (15%) ethyl
acetate in toluene was used as an eluent for chromatographic purification of the reaction
mixture. Product 59 (282 mg, 69%) was obtained as a colorless syrup; [a]lD -12.6° (¢
0.70, CH2ClI2); Rf0.50 in ethy! acetate - toluene, 1:3: |H NMR (360 MHz, CDCI13) &:
7.9 - 7.5 (m, 8H, 2 x phthalimido), 7.4 - 6.8 (m, 20H, benzyl aromatics), 5.30 (d, 1H,
J1,2=8.1 Hz, H-1'),4.92 (d, 1H, J1 2 = 7.8 Hz, H-1), 4.25 (dd, 1H, J23=105Hz,J3 4
= 8.5 Hz, H-3"), 4.2 (m, 4H, H-2, H-3, H-4, and H-2"), 3.82 (ddd, 1H, J 34=85Hz,J45
= 8.5 Hz, JH OH = 1.9 Hz, H-4"), 3.65, 3.23 (2 x m, 2H, OCHH’, octyl), 3.09 (d, 1H,
JH,OH = 1.9 Hz, OH), 2.3 - 0.7 (m, 15H, octyl); 13C NMR (75.5 MHz, CDCI3) &:
167.72 (C=0, phthalimido), 98.18, 97.08 (C-1, and C-1"), 78.41, 76.88, 75.94, 75.52,
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OCH2Ph), 71.06, 69.42 (C-6, and C-6"), 68.31 (OCH>, octyl), 56.18, 55.78 (C-2, and C-
29, 31.65, 29.24, 29.11, 25.81, 22.59 (6 x CH2, octyl), 14.05 (CH3. octyl); Anal. calcd.
for C64HegO13N2: C 71.61, H 6.39, N 2.62; found: C 71.68, H 6.32, N 2.56.

3.4-Di-O-acetyl-6-0-(2,3.4, 6-tetra-O-acetyl-o-D-mannopyranosyl)-1,2-

methoxyethylidene)- B-D-mannopyranoside (62)

The per acetate 61193 (4.0 g, 5.9 mmol) was dissolved in dichloromethane and
cooled to 0°C. Hydrobromic acid gas was passed through a CaSO4 drying tube and
bubbled through the dichloromethane solution for 30 minutes. The solution was
concentrated in vacuo, co-evaporated twice with toluene and dried under high vacuum for
2 hours to give a golden foam. The foam was dissolved in dichloromethane (150 ml) and
2,6-lutidine (1.8 ml, 14.7 mmol, 2.5 eq.) was syringed into the mixture. Methanol (0.6
ml, 14.7 mmol, 2.5 eq.) was added to the reaction mixture and it was stirred for 60 hours.
Dichloromethane (100 ml) was added to the mixture and the organic layer was washed
with 250 ml of saturated sodium bicarbonate solution and 3 x 250 mi with dH20. The
organic layer was dried (MgSQjy), filtered and concentrated to give 4.0 g of a crude foam
(~ 100%). A portion of this foam was purified for characterization. The solvent system
used for chromatographic purification was ethyl acetate in hexane (1:1). Purification
yielded a white solid 62; [a]p +47.80 (¢ 0.80, CH2CI2; Rf0.52 in ethyl acetate -
hexane, 7:3; 1H NMR (360 MHz, CDCI3) 5: 5.52 (d, 1H, J1,2 = 2.8 Hz, H-1), 5.30 (m,
2H, H-2', and H-4'), 5.24 (m, 1H, H-3"), 5.23 (dd, 1H, Ja,5 =9 Hz, J3 4 = 9.8 Hz, H-4),
5.15(dd, 1H, J3 4 = 9.8 Hz, J2 3 = 3.8 Hz, H-3), 4.80 (d, 1H, J1,2 = 1.7 Hz, H-1'), 4.62
(dd, 1H, J] 2 = 2.8 Hz, J2 3 = 3.8 Hz, H-2), 4.33 (dd, 1H, J5.6 =5.0Hz, J6,6' = 12.6 Hz,
H-6b), 4.06 (m, 2H, H-5' and H-6b'), 3.79 (dd, 1H, J5,6 = 5.8 Hz, J6,6' = 10.2 Hz, H-6a),
3.69 (ddd, 1H, J5,6 = 5.8 Hz, J5 6' = 3.0 Hz, J4,5 = 9 Hz, H-5), 3.60 (dd, 1H, J56'=3.0
Hz, J6,6' = 10.2 Hz, H-6b), 3.28 (s, 3H, OCH3), 2.15, 2.13, 2.10, 2.08, 2.06, 1.99 (6 x s,



18H, COCH3), 1.72 (s, 3H, CH3COCH3, ortho ester); 13C NMR (75.5 MHz, CDCl3) &:
170.66, 170.37, 169.98, 169.76, 169.69 (6 x COCH3), 124.34 (CH3COCH3, ortho ester),
97.78 (C-1), 97.46 (C-1'), 76.32, 72.22, 70.51, 69.35, 69.09, 68.63, 66.41, 65.94 (C-2,C-
3, C-4, C-5,C-2', C-3', C-4', and C-5'), 67.60 (C-6'), 62.30 (C-6), 50.05 (OCH3), 24.17
(CH3COCH3, ortho ester), 20.88 - 20.68 (COCH3); Anal. calcd. for C27H38018: C
49.85, H 5.89; found: C 49.58, H 5.85.

3,4-Di-O-benZyl-6-0-(2,3,4,6-tetra-0—benzyl—a-D-mannopyranosyl)-],Z-

(methoxyethylidene)- - D-mannopyranoside ©3)

The crude per acetylated ortho ester 62 (4.0 g, 5.9 mrnol) was dissolved in 150 ml
of dry methanol and 30 mg of sodium methoxide was added to the flask. The reaction
mixture was stirred overnight. The mixture was concentrated in vacuo and dried under
high vacuum which gave a white foam (2.6 g, ~ 100%) . A portion of this foam (2.0 g,
4.5 mmol) was dissolved in 80 ml of dry dimethylformamide (DMF) and added to a
dropping funnel. In a separate flask, sodium hydride (3.0 g, 75 mmol, 60% dispersion in
oil) was mixed with 120 ml DMF and stirred for 30 minutes. The suspension was cooled
to 0°C. The ortho ester was added in a dropwise fashion to the DMF / NaH suspension
over a 15 minute period. After the suspension was stirred at 0°C for 30 minutes, a thick
gelatinous mixture was formed. Benzyl bromide (8.9 ml, 75 mmol) was diluted with
DMF (20 ml) and added in a dropwise fashion to the reaction mixture over a 10 minute
period. The solution became less viscous and was allowed to warm to room temperature
overnight. The reaction was quenched by the addition of methanol (50 ml) and
concentrated under reduced pressure to a total volume of 150 ml. Dichloromethane (150
ml) was then added to the mixture. This mixture was washed 2 x 300 ml with dH20 and
then with 300 ml of a saturated solution of sodium chloride. The organic layer was dried
(MgS04), filtered and concentrated. Purification by column chromatography (28% ethyl

acetate in hexane which contained 0.1% triethylamine was used as an eluent) produced a



colorless syrup 63 (2.26 g, 41% from 61): [a]D +24.49° (¢ 0.95, CH2Cl2); Rf0.30 in
ethyl acetate - hexane, 2:3; |H NMR (360 MHz, CDCl3) 8: 7.45 - 7.12 (m. 30H,
aromatic), 5.33 (d, 1H, J1 2 = 2.4 Hz, H-1), 5.00 (d. 1H, J1,2 = 1.8 Hz, H-1"), 4.92, 4.49
(2xd, 2H, Jgem = 11.0 Hz, OCH3Ph), 4.89, 4.55 (2 x d, 2H, Jgem = 11.2 Hz, OCH2Ph),
4.79 (s, 2H, OCH2Ph), 4.72 (s, 2H, OCH2Ph), 4.62, 4.43 (2 x d. 2H., Jgem = 12.2 Hz,
OCH?2Ph), 4.62,4.61 (2 x d, 2H, Jgem = 11.5 Hz, OCH2Ph), 4.40 (dd, 1H. J} .2 =24 Hz,
J2,3 = 3.8 Hz, H-2), 4.02 (dd, 1H, J3 4 = 9.2 Hz, J4,5 =9.2 Hz, H-4), 3.95 (dd. 1H, J5 6
=4.0 Hz, J6,6' = 11.4 Hz, H-6a"), 3.89 (dd, 1H, J2 3 = 3.0 Hz, J3.4 =9.4 Hz, H-3), 3.83
(dd, 1H, J3,4 = 9.2 Hz, J4 5 = 9.2 Hz, H-4), 3.82 (dd, 1H, J1,2= 1.8 Hz, J2 3 = 3.0 Hz,
H-27), 3.73 (dd, 1H, J2,3 = 3.8 Hz, J3 4 = 9.2 Hz, H-3), 3.73 (m, 1H, H-5), 3.68 (m, 2H,
H-6a, and H-6'b), 3.61 (dd, 1H,J56 = 1.6 Hz, J6,6' = 10.8 Hz, H-6a} . 35 (m, 1H, H-5%,
3.28 (s, 3H, OCH3), 1.69 (s, 3H, CH3COCH3); 13C NMR (75.5 MHz, CDCI3) & 138.7
- 137.8, 128.9 - 127.4 (aromatics), 123.95 (CH3COCH3, ortho ester), 98.61 (C-1), 97.53
(C-1°), 79.88, 79.37, 77.14, 74.81, 74.68, 73.90, 73.35, 72.21 (6 x OCH2Ph, C-6, and C-
6, 75.19, 74.98, 73.31, 72.62, 72.28, 71.95, 69.19, 66.34 (C-2, C-3, C-4, C-S, C-2', C-3',
C-4', and C-5'), 49.73 (OCH3), 24.71 (CH3COCH3, ortho ester); Anal. calcd. for
C57H62012: C72.90, H 6.65; found: C 73.17, H 6.79.

Ethyl 2-O-acetyl-3,4-di-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl-oc-D-

mannopyranosyl)-1-thio-a-D-mannopyranoside (64)

The ortho ester 63 (1.26 g, 1.34 mmol) was added to a reaction flask and purged
with argon. Ethanethiol (15 mi) was added to the flask and the solution was cooled to
00C. Boron trifluoride etherate (0.17 ml, 1.34 mmol) was syringed into the stirred
mixture. The reaction was quenched after 10 minutes by the addition of dH20 (10 ml).
In the fumehood, the ethanethiol was removed by blowing a stream of air over the
mixture for 2 hours. Dichloromethane (100 mil) was added and the mixture was washed 2

X 100 ml with distilled water. The organic layer was dried (MgSOQg4), filtered and



concentrated to give a pale yellow syrup. The oil was chromatographed (15% ethyl
acetate in hexane was used as an eluent) which gave a colorless syrup 64 (1.06 g, 81%);
[a]D +64.9° (¢ 1.50, CH2Cl2), Rf0.59 in ethyl acetate - hexane, 1:2. 1H NMR (300
MHz, CDCI3) 6: 7.40 - 7.10 (m, 30 H, aromatics), 5.42 (dd, 1H, J1,2=1.5Hz,J23=3.2
Hz, H-2),5.22 (d, 1H, J1,2 = 1.3 Hz, H-1"), 5.03 (d, 1H, J1,2 = 1.5 Hz, H-1), 4.86, 4.45 (2
x d, 2H, Jgem = 12 Hz, OCH2Ph), 4.86, 4.47 (2 x d, 2H, Jgem = 11.0 Hz, OCH3Ph),
4.76, 4.71 (2 x d, 2H, Jgem = 12 Hz, OCH2Ph), 4.66, 4.49 (2 x d, 2H, Jgem = 10.8 Hz,
OCH?2Ph), 4.63, 4.56 (2 x d, 2H, Jgem = 12.2 Hz, OCH2Ph), 4.63, 4.44 (2 x d, 2H, Jgem
= 10.4 Hz, OCH2Ph), 4.13 (m, 1H, H-5), 4.01 (dd, 1H, J3.4=9.5Hz, J4,5 =9.5 Hz, H-
4),3.91 (dd, 1H, J5,6 = 4.8 Hz, J 6' = 11.0 Hz, H-62'), 3.89 (m, 4H, H-2, H-3, H-2', and
H-3'),3.75 (dd, 1H, J4,5 = 9.2 Hz, J3 4 = 9.2 Hz, H-4'), 3.74 (m, 1H, H-5"), 3.68 (dd, 1H,
15,6 = 4.8 Hz, J6,6' = 10.8 Hz, H-6a), 3.66 (dd, 1H, J5,6 = 1.7 Hz, J6,6' = 11.0 Hz, H-
6b’), 3.60 (dd, 1H, J5,6' = 1.7 Hz, J6,6' = 10.8 Hz, H-6b), 2.55 (m, 2H, Jvic = 7.8 Hz,
SCH2CH3), 2.06 (s, 3H, COCH3), 1.21 (t, 3H, Jyjc = 7.5 Hz, SCH2CH3); 13C NMR
(75.5 MHz, CDCI3) &: 138.73 - 137.66, 128.44 - 127.45 (aromatic), 98.09 (C-19, 82.28
(C-1),79.85, 78.74, 74.89, 74.89, 74.55, 71.98, 71.46, 70.48 (C-2, C-3, C-4, C-5,C-2, C-
3', C-4', and C-5"), 75.06, 75.06, 73.30, 72.55, 71.88, 71.88 (6 x OCH2Ph), 69.20, 66.13
(C-6 and C-6'), 25.41 (SCH2CH3), 21.10 (COCH3), 14.94 (SCH2CH3); Anal. calcd. for
C58 Hp4011S: C 71.88, H6.66, S 3.31; found: C 71.90, H 6.69, S 3.23.

Ethyl 3,4-di-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl- o-D-mannopyranosyl)-2-O-(2-

propenyl)-1-thio-a-D-mannopyranoside (65)

The thioglycoside 64 (583 mg, 0.60 mmol) was added to a round bottom flask and
purged with argon. Dry toluene (9 ml), tetrahydrofuran (3 ml) and pyridine (0.1 ml) were
consecutively syringed into the flask and the mixture was cooled to -409C. Tebbe's
reagent (1.20 ml, 1.2 mmol, 2.0 eq.) was slowly syringed into the mixture. The reaction

color became deep red. The solution was allowed to slowly warm to -10°C and after 2.5



hours it was quenched by the addition of 0.1 ml of IM NaOH (vigorous methane
evolution). After the gas evolution subsided, the mixture was warmed to room
temperature and a further 0.5 ml of 1M NaOH was added. The deep red mixture was
filtered through a celite bed which removed aluminum salts (orange). The celite bed was
washed with ether until only a faint orange color was observed entering the filtrate. The
clear red filtrate was concentrated under reduced pressure and was purified by column
chromatography. The chromatography eluent used was 15% ethyl acetate in hexane
which contained 0.1% triethylamine. A clear syrup was obtained 65 (402 mg, 69%); Ry
0.57 in ethyl acetate - hexane, :.3. I|H NMR (300 MHz, CDCI3 + 2% D-5 pyridine) §:
7.40 - 7.10 (m, 30H, aromatic), 5.46 (d, 1H, J] 2 = 1Hz, H-1"), 5.05 (d, 1H, J1 2 = 1Hz,
H-1), 4.89,4.47 (2 x d, 2H, Jgem = 10.8 Hz, OCH2Ph), 4.87, 4.45 (2 x d, 2H, Jgem =
11.0 Hz, OCH2Ph), 4.75, 4.70 (2 x d, 2H, Jgem = 12.0 Hz, OCH72Ph), 4.63, 4.56 (2 x d,
2H, Jgem = 12 Hz, OCHzPh), 4.63, 4.44 (2 x d, 2H, Jgem = 11.5 Hz, OCH2Ph), 4.40 (d,
1H, Jgem = 2.0 Hz, C=CHH"), 4.09 (m, 1H, H-5), 4.01 (d, J4,5 =9.0 Hz, J3 4 = 9.0 Hz,
H-4), 3.76 (d, 1H, Jgem = 2.0 Hz, C=CHH'), 3.74 (m, 1H, H-5"), 2.53 (m, 2H,
SCH2CH3), 2.31 (s, 3H, CH3C=CH3), 1.20 (t, 3H, SCH2CH3); !13C NMR (75.5 MHz,
D-5 pyridine) &: 158.73 (C=CH2), 139.58 - 138.84, 129.27 - 127.69 (aromatics), 98.44
(C-1%, 83.37 (C=CH2), 80.84 (C-1), 80.26, 75.93, 75.45, 75.31, 74.34, 72.62, 72.01 (C-2,
C-3, C4, C-5, C-2', C-3', C-4, and C-5"), 75.31, 75.18, 73.38, 73.02, 71.69, 71.58 (6 x
OCH2Ph), 69.94, 66.75 (C-6 and C-6'), 25.39 (SCH2CH3), 21.31 (CH3C=CH)), 15.18
(SCH2CH3).

Octyl 3, 6~di-0-benzyl-2-deoxy-2-phthalimido-B—D-glucopyranoside-ethyl 3'4'-di-O-
benzyl-6"-0-(2",3",4",6"-tetra-O-benzyl- o-D-mannopyranosyl)-1'-thio-o-D-
mannopyranoside-2',4-isopropylidene acetal (66)

The vinyl ether 65 (88 mg, 0.091 mmol) and the alcohol 24 (66 mg, 0.109 mmol,
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1.2 eq.) were added to a reaction vessel. The vessel was then purged with argon. Dry
dichloromethane (7 ml) was added to the mixture and it was cooled to -40°C. In a
separate flask, a 0.05 mM solution of camphorsulfonic acid was prepared by dissolving
23.3 mg of acid in 2 ml of dry dichloromethane. A 0.18 ml aliquot of the acid mixture
(0.009 mmol, 0.1 eq.) was syringed into the vessel which contained 24 and 65. The
reaction was carefully monitored by tic for product formation (60 minutes) and was
quenched by the addition of 0.05 m! of triethylamine. The mixture was concentrated and
purified by silica gel chromatography. Seventeen percent (17%) ethyl acetate in hexane
which contained 0.1% triethylamine was used as an eluent for chromatographic
purification of the crude reaction mixture. The mixed acetal 66 (35 mg, 25%) was
obtained as a colorless, viscous syrup. In addition, vinyl ether 65 (28 mg) and alcohol 24
(44 mg) were recovered. The product was unstable (< 12 hours at room temp.) unless it
was stored in an organic solution which contained 0.5% triethylamine; Rf 0.72 in ethyl
acetate - hexane, 1:2; |H NMR (360 MHz, CDCI3 + 2% D-5 pyridine) &: 5.35 (d, 1H,
J1,2 = 1 Hz, H-1M), 5.10 (d, 1H, J1 2 = 7.4 Hz, H-1Gp), 5.03 (d, 1H, J1,2 =1 Hz, H-
I'M). 2.56 (m, 2H, SCH2CH3), 1.42 (s, 3H, CH3CCH3"), 1.37 (s, 3H, CH3CCH3'"), 1.30
(t, 3H, Jvic = 7.0 Hz, SCH2CH3), 1.3 - 0.75 (m, 15H, octyl); 13C NMR (75.5 MHz,
CDCl3 + 2% D-5 pyridine) 8: 104.79 (OCO, acetal), 98.08, 97.76 (C-1Gn, C-1'Mm), 84.67
(C-1Mm), 79.84, 79.83, 76.20, 75.06, 75.04, 74.92, 74.64, 73.14, 71.91, 71.61, 71.41 (C-
2M. C-3M, C-4M, C-5M, C-2'M, C-3'M, C-4'M. C-5M, C-3Gn, C-4Gn, and C-5Gn),
75.15, 74.85, 74.76, 74.72, 73.17, 73.01, 72.62, 72.49, 72.62, 72.49, 71.€1, 69.43, 69.01
(8 x OCH2Ph, C-6M, C-6'M, C-6Gn, and OCH?2, octyl), 56.49 (C-2Gn), 31.55, 29.23,
29.04, 29.00, 25.74, 25.22, 22.48 (6 x CH2, octyl, SCH2CH3), 26.36, 25.81 (2 x CH3,
acetal), 15.21 (SCH2CH3), 13.94 (CH3, octyl).
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Octyl 3,6-di-O-benzyl-4-O-[3,4-di-O-benzyl-6-0-(2.3.4, 6-tetra-0-benzyi-a-D-
mannopyranosyl)-B-D-mannopyranosvl] -2-deoxv-2-phthalimido- B-D-
glucopyranoside (67)

The mixed acetal 66 (35 mg, 0.0223 mmol) was purged with argon in a round
bottom flask. Dry dichloromethane (6 ml) was syringed into the flask and was then
followed by the addition of 1.1 ml of a 0.10 mM solution of 4-Me-DTBP (0.112 mmol,
5.0 eq.). N-iodosuccinimide (25 mg, 0.112 mmol, 5.0 eq.) was added to the reaction and
the mixture was stirred overnight. After 18 hours, the reaction was not complete so
another 25 mg (10 eq. total) of NIS was added to the mixture. The reaction mixture was
stirred an additional 52 hours (70 hours total). It was quenched by the addition of 2 ml of
0.5 M sodium thiosulfate. Dichloromethane (10 ml) was then added and the solution was
washed 2 x 10 ml with dH20, dr:ed (MgS04), filtered and concentrated. Twenty-five
percent (25%) ethyl acetate in hexane was used as an eluent for chromatographic
purification of the crude reaction mixture. The trisaccharide 67 (9 mg, 28%) was isolated
as a viscous syrup; Rf0.37 in ethyl acetate - hexane, 1:2; |H NMR (360MHz, CDCl3)
d: 7.7 - 7.5 (m, 4H, phthalimido), 6.95, 6.70 (m, 40H, benzyl aromatics), 5.07 (d, J12=
8.3 Hz, H -1),4.96 (d, 1H, J| 2 = 1.5 Hz, H-1"), 4.68 (d, IH, J 1,2 < lHz, H-1"), 4.30 (m,
2H, H-3, H-3"), 4.12 (dd, J1,2 = 8.5 Hz, J2 3 = 10.5 Hz, H-2), 4.05 (m, 1H, H-2"), 3.70
(m, 1H, H-2"), 3.39 (dd, 1H, J2,3 = 3.2 Hz, J3,4 = 9.0 Hz, H-3'), 3.36 (m, 1H, OCHH',
octyl), 2.48 (d, 1H, JH,OH = 2.5 Hz, OH), 1.4 - 0.75 (m, 15H, octyl); 13C NMR (125.7
MHz, CDCl3) &: 100.99 (d, JC1,H1 = 159 Hz, C-1'), 98.44, 98.42 (C-1, C-1"), 81.82,
79.68, 78.69, 78.27, 74.88, 74.85, 74.71, 74.48, 73.54, 72.15, 67.64 (C-3, C-4, C-5, C-2,
C-3', C-4, C-5', C-2", C-3", C-4", and C-5"), 76.19, 75.03, 74.78, 74.73, 73.62, 73.28,
72.46, 71.59, 71.25, 69.69, 69.20, 68.87 (8 x OCH7Ph, C-6, C-6', C-6", and OCH2,
actyl), 55.90 (C-2), 31.68, 29.31, 29.16, 29.13, 25.85, 22.62 (6 x CH2, octyl), 14.08
(CH3, octyl).



The thioglycoside 64 (58 mg, 0.0599 mmol) and the acceptor 24 (54 mg, 0.0898
mmol, 1.5 eq.) were added to a reaction flask. This was followed by the addition of
crushed 4A molecular sieves (400 mg) and the reaction flask was then purged with argon.
Dry dichloromethane (8 ml) was added to the mixture and it was stirred for 30 minutes.
The reaction mixture was cooled to 0°C. N-iodosuccinimide (15 mg, 0.0659 mmol, 1.1
eq.) was first added to the cooled solution, followed by a catalytic amount of silver
triflate (2 mg, 0.1 eq.). After two minutes, a deep red color was observed in the solution
and the reaction was complete by t = 4 minutes. The mixture was filtered and
dichloromethane (10 ml) was added to the filtrate. The solution was washed with 10 ml
of 0.5 M Na3S>03 solution and with 10 ml of saturated sodium bicarbonate solution.
The organic layer was dried (MgSO4), filtered, concentrated and re-dissolved in 10 ml of
dry methanol. Sodium methoxide (3 mg) was added to the solution and it was stirred
overnight. The reaction was neutralized with Amberlite IRC-120 (H+) resin, filtered and
concentrated. latrobead column chromatography was used for purification of the crude
reaction mixture. The chromatography eluent used was 8% ethyl acetate in toluene. The
trisaccharide 68 (61 mg, 69%) was obtained as a colorless syrup; [olp +39.99 (¢ 1.55,
CH2Cl2); Rf0.50 in ethyl acetate - hexane, 1:2; 1H NMR (500 MHz, CDCl13) &: 5.26
(d. 1H. J1,2 = 1.5 Hz, H-1'), 5.07 (d, 1H, J1 2 = 8.7 Hz, H-1), 5.02 (d, 1H, J1,2 = 1Hz, H-
1"). 4.36 (dd. 1H, J2 3 = 10.7 Hz, 33 4 = 8.9 Hz, H-3), 4.20 (dd, 1H, J1,2=87Hz,J2 3=
10.7 Hz, H-2), 3.96 (m, 1H, H-2"), 3.75 (m, 1H, H-2"), 3.34 (dt, 1H, Jvic = 7.0 Hz, Jgem
= 9.8 Hz, OCHH,, octyl), 2.08 (s, 1H, OH), 1.4 - 0.8 (m, 15H, octyl); 13C NMR (125.7
MHz, CDCI3) &: 101.08 (d, JC1-H1 = 173 Hz, C-1'), 98.95 (C-1"), 98.07 (C-1), 80.82,
79.89, 79.46, 78.01, 74.86, 74.77, 74.70, 73.66, 72.12, 72.01, 68.81 (C-3, C-4, C-5, C-2',
C-3, C-4, C-5', C-2", C-3", C-4", and C-5"), 74.99, 74.99, 74.62, 73.39, 73.29, 72.35,



Octyl 3,6-di-O-benzyl-4-0-(3',6"-di-O-benzyl-2 "-deoxy-2 -phthalimido--D-
gliicopyranosyl! )-2-deoxy-2-phthalimido-B-D-glucopyranoside-eth vl 3",4"-di-O-
benzyl-6"-0-(2",3"",4"",6""-tetra-O-benzyl- a-D-mannopyranosvl)-a-D-
mannopyranoside-2",4'-isopropylidene acetal (69)

The vinyl ether 65 (100 mg, 0.103 mmol, 1.2 eq.), the alcohol 59 (90 mg, 0.0842
mmol, 1.0 eq.) and 500 mg of crushed Ca$O4 were added to a reaction vessel. The
vessel was purged with argon. Dry dichloromethane (7 ml) was added and the mixture
stirred for 30 minutes before it was cooled to -40°C. A 0.05 mM solution of
camphorsulfonic acid was prepared by the addition of 2 ml of dry dichloromethane to
23.3 mg of acid under an argon atmosphere. A 0.2 ml aliquot of this acidic solution (0.01
mmol, 0.11 eq.) was syringed into the cooled solution which contained the vinyl ether
and alcohol. A further 2 x 0.2 ml (total eq. of acid added = 0.33) of acid was added to
the reaction mixture that maximized the amount of mixed acetal as observed by tlc. The
reaction was quenched after 2 hours by the addition of 0.1 mi of triethylamine, warmed to
rem temperature and filtered. The filtrate was concentrated and chromatographed.
Seventeen percent (17%) ethyl acetate in hexane which contained 0.1% triethylamine was
used as an eluent for chromatographic purification. The mixed acetal product 6% (18 mg,
8%) was obtained as well as recovered vinyl ether 65 (32 mg) and recovered alcohol 59
(53 mg). The product 69 was unstable unless it was stored in a solution which contained
0.5% triethylamine; Rf 0.50 in ethyl acetate - hexane, 1:2; I1H NMR (360 MHz, CDCl3
+ 2% D-5 pyridine) &: 5.40 (d, 1H, J} 2 = |Hz, H-1M), 5.32 (d, 1H, J1,2 =75 Hz, H-
1Gn), 5.08 (d, 1H, J1,2 = 1 Hz, H-1M"), 4.92(d, 1H, J1 2 = 7.8 Hz, H-1Gp’), 2.58 (m, 2H,
SCH2CH3), 1.43 (s, 3H, CH3CCH3', acetal), 1.40 (s, 3H, CH3CCH3', acetal), 1.26 (1,



(C-1M). 80.55, 79.94, 79.87, 76.98, 76.29, 76.25, 75.15, 75.06, 74.78, 74.67, 73.03,
71.99, 71.58, 71.45 (C-2M, C-3M, C4M, C-5M. C-2'M, C-3'M. C-4'M, C-5'M. C-3Gn.
C-4Gn. C-5Gn. C-3'Gn. C-4'Gn, and C-5'Gp), 75.21, 75.00, 74.82, 74.45. 73.32, 73.30,
73.07, 72.71, 72.56, 71.76 (10 x OCH2Ph), 69.37, 69.13, 68.51, 68.32 (C-6Gn, C-6'Gn.
C-6M. and C-6'M), 66.41 (OCH2, octyl), 57.27, 55.78 (C-2Gn, and C-2'Gp), 31.66,
29.25, 29.10, 25.81, 22.60 (6 x CH2, octyl), 25.33 (SCH2CH3), 26.44, 259 (2 x CH3,
acetal), 15.38 (SCH2CH3), 14.06 (CH3, octyl).

Octyl 3,6-di-O-benzyl-4-0-(3',6"-di-O-benzyl-2'-deoxy-2 -phthalimido-B-D-
glucopyranosyl )-2-deoxy-2-phthalimido-B-D-glucopyranoside-ethyl 3",4",6"-tri-
O-benzyl-1"-thio-a-D-mannopyranoside-2", -isopropylidene acetal (70)

The vinyl ether 10 (137 mg, 0.256 mmol, 2.0 eq.) and the alcohol 59 (138 mg,

0.129 mmol, 1.0 eq.) were added to a round bottom flask and purged with argon. Dry

dichloromethane (8 ml) was syringed into the mixture and it was cooled to -40°C. A

0.05 mmol solution of camphorsulfonic acid in dichloromethane was prepared and 0.25

ml of this solution (0.1 eq.) was syringed into the cooled reaction mixture. The reaction

was carefully monitored by tlc for product formation and quenched after 60 minutes by

the addition of several drops of triethylamine. Prolonged rez:*ion times caused a

reduction in product yield. The mixture was concentrated and purified by silica gel

chromatography which used 17% ethyl acetate in hexane which contained 0.1%

triethylamine as an eluent. Product 70 (78 mg, 38%) was obtained as well as recovered

vinyl ether 10 (93 mg) and recovered alcohol 59 (82 mg). The mixed acetal was unstable

" unless it was stored under basic conditions such as in a dichloromethane solution which

contained 0.5% triethy’~mine; Rf 0.53 in ethyl acetate - hexane, 1:2; 1H NMR (500

MHz, CDCI3 + 2% D-5 pyridine) 8: 5.43 (s, 1H, J1,2=1.0Hz, H-1M), 5.32 (d, 1H, Ji12



1.42 (s, 3H, CH3CCH3"), 1.29 (t, 3H, SCH2CH3), 1.15 - 0.84 (m. I5H, octyl); 13C
NMR (125.7 MHz, CDCIl3 + 2% D-S5 pyridine) 8: 104.76 (OCO. acetal). 98.05. 96.94
(C-1Gn, and C-1'Gn), 84.54 (C-1M). 80.34, 79.73, 76.34, 76.31. 75.28, 74.65. 73.30,
72.12, 71.72 (C-3Gn, C-4Gn. C-5Gn, C-3'Gn. C-4'Gn., C-5'Gn. C-224. C-3M. C-4M, and
C-5M), 75.31, 74.89, 74.39, 73.20, 73.0!, 72.66, 72.43 (7 « ¢ ¢ +12Ph), 69.50. 69.26,
68.82, 68.29 (C-6Gn, C-6'Gn, C-6M, and OCH?>, octyl), 27.i% 373 (C-2Gn. C-2'Gn).

Octyl 3.6-di-0-benzyl-4~0—[3,6-di-0-benzyl—4-0-(3,4,6-tn-0-benzyl-ﬁ-D-
mannopyranosyl)-2-deoxy-2-phthalimido- B-D-glucopyranosyl] -2-deoxy-2-
phthalimido-[3-D-glucopyranoside (71)

The mixed acetal 70 (24 mg, 0.015 mmol) was added to a flask and purged with

argon. Dry dichloromethane (3 ml) was syringed into the flask followed by 1.5 ml of a

0.05 mM solution of 2,6-di-tert-butyl-4-methyl-pyridine (4-Me-DTBP, 0.075 mmol, 5

€q., prepared by dissolving 51 mg of 4-Me-DTBP in 5 ml dry dichloromethane under

argon atmosphere in the presence of 4A molecular sieves). N-iodosuccinimide (17 mg,

0.075 mmol, 5 eq.) was added to the reaction and it was stirred for 42 hours. The

reac’ ‘vn was quenched by the addition of 2 ml of 0.5 M sodium thiosulfate solution. This

caused the deep red reaction color to turn colorless. Dichloromethane (10 ml) was added
to the reaction and the organic layer was washed 2 x 10 ml with dH20, dried (MgSO0yg),
filtered and concentrated. Twenty-five percent (25%) ethyl acetate in hexane was used as
an eluent for chromatographic purification of the crude reaction mixture. Trisaccharide

71 (6 mg) was isolated as a viscous syrup; Rf 0.27 in ethyl acetate - hexane, §:2; |H

NMR (500 MHz, CDCI3) &: 7.9 - 7.5 (m, 8H, phthalimido), 7.35 - 7.1, 7.0 - 6.9, 6.85 -

6.70 (m, 35H, benzyl aromatics), 5.27 (d, 1H, J 1,2=84Hz, H-1,492(d, 1H, J] 2=8.6

Hz, H-1), 4.65 (d, 1H, J} 2 < 0.5 Hz, H-1"), 4.40 (dd, 1H, J2,3=10.8 Hz,J3 4 = 8.6 Hz,



Hz, H-4), 3.60 (dd, 1H, J3,4 = 9.0 Hz, J4,5 = 9.0 Hz, H-4"), 3.39 (dd, 1H, 12,3 = 3.0 Hz,
13,4 =9.0 Hz, H-3"), 3.36 (dt, 1H, Jgem = 9.9 Hz, Jvic = 6.3 Hz, OCHH', octyl), 3.22 (dt,
IH, Jgem = 9.9 Hz, Jvic = 6.3 Hz, OCHH., octyl), 2.43 (br s, 1H, OH), 1.35 - 0.75 (m,
ISH, octyl); 13C NMR ":75.7 MHz, CDCI3) & 100.35 (d, JC.1, H-1 = 157 Hz, C-1"),
98.12,97.00 (C-1, and C-1'), 81.75, 78.51, 77.91, 75.72, 75.41, 74.52, 74.48, 74.01, 68.10
(C-3, C-4, C-5, C-3', C-4, C-5', C-2", C-3", C-4", and C-5"), 75.06, 74.83, 74.29, 73.33,
73.24, 72.59, 71.35 (7 x OCH2Ph), 69.34, 68.90, 68.10, 68.01 (C-6, C-6', C-6", and
OCH2, octyl), 56.47, 55.75 (C-2, and C-2"), 31.59, 29.15, 29.12, 29.06, 25.74, 22.53 (6 x
CH2, octyl), 14.05 (CH3, octyl).

Octyl 3,6-di-O-benzyl-4-0-[3,6-di-O-benzyl-4-0-(3,4,6-tri-O-benzyl-a-D-
mannopyranosyl)-2-deoxy-2-phthalimido-3-D-glucopyranosyl]-2-deoxy-2-
phthalimido-B-D-glucopyranoside (72)

The thioglycoside 2 (58 mg, 0.108 mmol, 2.0 eq.), acceptor 59 (58 mg, 0.054
mmol) and crushed 4A molecular sieves were added to a round bottom flask and purged
with argon. Dry dichloromethane (7 ml) was added and the mixture stirred for 30
minutes and cooled to 0°C. N-iodosuccinimide (24 mg, 0.108 mmol, 2.0 eq.), followed
by catalytic silver triflate (0.011 mmol, 0.2 eq.) were consecutively added to the mixture.
A characteristic burst of red color was observed within two minutes of the addition of the
silver triflate. The reaction was filtered after 30 minutes and dichloromethane (10 ml)
was added to the filtrate. The filtrate was washed with 10 mi of 0.5 M sodium thiosulfate
solution and then with 10 ml of saturated sodiury - czrbonate solution. The organic layer
was dried (MgSO4), filtered and concentrated. The residue was dissolved in 10 ml of
methanol and 5 mg of sodium methoxide was added to it. The reaction mixture was

stirred overnight and neutralized with Amberlite IRC-120 (H+) resin. The filtered
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49%) was isolated as well as some unreacted acetylated compound (13 mg, 16%); [alp
+24.80 (c 1.20, CH2Cl2); Rf0.49 in ethyl acetate - toluene, 1:3: 1H NMR (500 MHz,
CDCl3) 6: 7.8 - 7.5 (m, 8H, phthalimido), 7.35 - 7.05. 7.0 - 6.7 (m, 35H, benzyl
aromatics), 5.35 (d, 1H, J1 2 = 1.3 Hz, H-1"), 5.26 (d, IH, J1 2 = 8.4 Hz. H-1"), 4.91 (d.
1H, J1,2 =8.2 Hz, H-1), 4.38 (dd, lH, J2 3 = 10.6 Hz, J3,.4=28.5 Hz, H-3", 4.23 (dd, 1H.
12,3 = 10.6 Hz, J1,2 = 8.4 Hz, H-2'), 4.20 - 4.08 (m, 3H, H-2, H-3, H-4), 3.98 (dd. tH,
J1,2 =13 Hz, J2,3 = 3.0 Hz, H-2"), 3.96 (dd, J3,4=8.5 Hz, J4 5 =9 Hz, H4"), 3.90 (d.
1H, J3 4 = 9.0 He, J4 5 = 9.0 Hz, H-4"), 3.81 (dd, J3 4 = 9.0 Hz, J2.3 = 3.0 Hz, H-3"),
3.81 (m, 1H, H-5"), 3.74 (dd, 1H, J5,6 = 1.5 Hz, J6.6' = 11.0 Hz, H-6'a), 3.69 (dd, 1H,
J5,6 = 3.6 Hz, J6,6' = 10.8 Hz, H-6"a), 3.64 (dd, 1H, J5,6'=3.5Hz, J6,6' = 11.0 Hz, H-
6'D), 3.64 (dt, 1H, Jvic = 6.6 Hz, Jgem = 9.8 Hz, OCHH, octyl), 3.56 (dd, 1H, Jse=12
Hz, J6,6' = 10.8 Hz, H-6"b), , 3.52 (dd, J5,6 = 1.0 Hz, J6,6' = 11.0 Hz, H-6a), 3.41 (dd,
1H, J56' = 3.8 Hz, J6,6' = 11.0 Hz, H-6b), 3.32 (m, 1H, H-5"), 3.28 (m, 1H, H-5), 3.22
(dt, 1H, Jvic = 9.8 Hz, Jgem = 6.6 Hz, OCHH, octyl), 2.21 (br s, IH, OH), 1.4 - 0.7 (m,
15H, octyl); 13C NMR (125.7 MHz, CDCI3) &: 100.91 (d, JC-1,H-1 = 170 Hz, C-1"),
98.16, 96.81 (C-1, C-1%), 80.76, 79.91, 77.36, 75.92, 74.94, 74.60, 74.19, 72.20, 69.03 (C-
3, C-4, C-5, C-3, C-4, C-5', C-2", C-3", C-4", and C-5"), 56.50, 55.76 (C-2, and C-2'),
75.10, 74.65, 74.35, 73.51, 73.17, 72.72, 72.07 (7 x OCH2Ph), 69.36, 68.80, 68.29 (C-6,
C-6', and C-6"), 68.54 (OCH2, octyl), 31.63, 29.21, 29.11, 29.08, 25.79, 22.57 (6 x CHa,
octyl), 14.04 (CH3, octyl); Anal. calcd. for C91Hg9eO18N2: C 72.58, H 6.43, N 1.87;
found: C 72.28, H 6.45, N 1.84.



The 2-O-acetate 2 (500 mg, 0.93 mmol) was dissolved in 10 ml of methanol and
10 mg of sodium methoxide was added. The mixture was stirred for 3.5 hours and
concentrated to dryness. The residue was dissolved in 5 ml of DMF which was added in
a dropwise fashion to a suspension of NaH (95 mg, 60% dispersion in oil, 2.4 mmol) and
DMF (10 ml). After 30 minutes, methyl iodide (0.064 ml, 1 mmol) was syringed into the
mixture and the reaction was quenched after 1.5 hours by the addition of methanol (10
ml). The mixture was concentrated and 150 ml of water added to it. The aqueous layer
was extracted 3 x 50 ml with dichloromethane and the combined organics washed with
another 200 ml of water. The organic layer was dried (Na2S0y,), filtered and
concentrated. The mixture was purified by silica gel chromatography (10% ethyl acetate
in hexane was used as an eluent). Pure 73 was isolated in 50% yield (239 mg); Rf0.77
in ethyl acetate - hexane, 1:2; 'H NMR (500 MHz, CDCl3) §: 5.43 (d, 1H, J1 2= 1.3 Hz,
H-1), 4.11 (ddd, 1H, J45 = 9.3 Hz, J5 6 = 3.0 Hz, J5 6 = 2.0 Hz, H-5), 3.92 (dd, 1H, J3 4 =
9.3 Hz, J4,5 = 9.3 Hz, H-4), 3.83 (dd, 1H, Js6 = 3.0 Hz, Jg ¢ = 11.0 Hz, H-6), 3.78 (dd,
IH,J23 = 3.0 Hz, J3 4 = 9.3 Hz, H-3), 3.68 (dd, 1H, J5¢ = 2.0 Hz, J6.6 = 11.0 Hz, H-6"),
3.56 (dd, 1H, J; 32 = 1.3 Hz, J2 3 = 3.0 Hz, H-2), 2.62 (m, 2H, SCH>CH3), 1.28 (t, 3H,
SCH,CHy3).

Methyl 2,3,4-tri-O-benzyl-6-0O-(3,4, 6-tri-O-benzyl-2-O-methyl-q, B-D-mannopyranosyl)-

a-D-glucopyranoside (74)

The thioglycoside 73 (60 mg, 0.12 mmol) and the acceptor 13 (55 mg, 0.12
mmol) were added to a reaction vessel and purged with argon. Dichloromethane (3 ml)
was added and the mixture cooled to 0°C. NIS (132 mg, 0.59 mmol) was added to the
reaction and the mixture was stirred overnight at room temperature. The reaction was
quenched by the addition of 0.5 M Na3S,03 and then diluted with a further 10 ml of

water. The aqueous layer was extracted twice with 10 ml of dichloromethane, dried
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chromatography (15% ethyl acetate in hexane was used as an eluent). The o
-disaccharide product 74a was isolated first (7mg, 7%) followed by the 748 product (16
mg, 15%). The acceptor 13 was also recovered (24 mg, 44%);

74a:: Rf0.61 in ethyl acetate - hexane, 1:2;: 'H NMR (360 MHz, CDCl3) & 5.23
(d, I1H, J1 2 = 2 Hz, H-1"), 4.61 (d, 1H, J| » = 3.5 Hz. H-1), 3.49 (dd, 1H, J; 2 = 3.5 Hz,
J23 =9.5 Hz, H-2), 3.44, 3.41 (2 x 5, 6H. 2 x OCH3).

74B: Rf0.44 in ethyl acetate - hexane, 1:2; 'H NMR (360 MHz, CDCly) &: 4.55
(d, 1H, J1 2 =4 Hz, H-1),4.18 (d, 1H. J| 2 = 1H, H-1'), 4.00 (dd, 1H. J34 =95Hz, Jys=
9.5 Hz, H-2'), 3.79 (m, 1H, H-5'), 3.48 (dd, 1H, J 3 = 3.8 Hz, J3.4 = 9.7 Hz, H-3"), 3.59,
3.33 (2 x5, 6H, 2 x OCH3); 13C NMR (75.5 MHz, CDCl3) §: 101.5 (d,JC-1,H-1 =154
Hz, C-1'), 97.8 (C-1), 82.2, 81.9, 80.0, 78.1, 78.0, 75.9, 75.1, 69.9 (C-2, C-3,C4,C-5,C-
2, C-3', C-4', and C-5), 75.9, 75.2, 74.9, 73.6, 73.4, 72.0 (6 x CH3Ph), 69.8, 68.6 (C-6
and C-6'), 61.7, 55.0 (2 x OCHa3).

Ethyl 2,3,4,6-tetra-0O-benzyl-1-thio-o-D-mannopyranoside (75)223

The alcohol 3 (350 mg, 0.71 mmol) and sodium hydride (57 mg, 60% dispersion
in oil, 1.42 mmol) were added to a round bottom flask. DMF (20 ml) was syringed into
the mixture and stirred at 0°C for 30 minutes. Benzyl bromide (0.17 ml, 1.42 mmol) was
added and the reaction mixture stirred overnight at room temperature. The reaction was
quenched by the addition of methanol (5 ml) and concentrated. The viscous oil was then
chromatographed (10% ethy) acetate in hexane was used as an eluent). Product 75 (368
mg, 89%) was obtained as a clear syrup; Rs0.69 in ethyl acetate - hexane, 1:3: !|H NMR
(360 MHz, CDCl3) 8: 5.42id. 1H, J1 2 = 1.3 Hz. H-1), 4.90, 4.52 (2 x d, 2H, Jgem = 10.8
Hz, OCHHPh), 4.75, 4.68 (2 x d, 2H, Jgem = 12.2 Hz, OCHH'Ph), 4.68, 4.52 (2 x d, 2H,
Jgem = 11 Hz, OCHH'Ph), 4.60, 4.56 (2 x d, 2H, Jgem = 12.0 Hz, OCHH'Ph), 4.16 (m,
1H, H-5), 4.03 (dd, 1H, J34 = 9.5 Hz, J4 5 = 9.5 Hz, H-4), 3.86 (m, 2H, H-2 and H-3),



2.82144q, 1N, J56 = 4./ NZ, J6,6' = 1U.D Hz, H-0), 3.73 (dd, 1H, J5 ¢ = 2.0 Hz, Js.60= 10.5

Hz, H-6'), 2.61 (m, 2H, SCH>CH3), 1.25 (t, 3H, SCH,CH3).

Methyl 2,3,4-tri-O-benzyl-6-0-(2,3,4,6-tetra-O-benzyl- o, B-D-mannopyranosyl)-ce-D-

glucopyranoside (76)

The thioglycoside 75 (50 mg, 0.085 mmol) and the acceptor 13 (40 mg, 0.085
mmol) were combined in a reaction vessel and purged with argon. Dichloromethane (5
ml) was added and the solution cooled to 0°C. In one portion, NIS (96 mg, 0.425 mmol)
was added and the reaction was allowed to warm to room temperature and stirred
overnight. After 20 hours, the mixture was quenched by the addition of 2 ml of 0.5 M
Na28503 The solution was diluted with 15 ml of water and extracted twice with 15 ml of
dichloromethane. The combined organic layers were then dried (MgS0,), filtered and
concentrated. Twenty-five percent (25%) ethyl acetate in hexane was used as an eluent
for chromatographic purification of the reaction mixture. Product 76 (27 mg, 32% yield)
was obtained as a colorless syrup. NMR analysis of 76 gave a complex mixture in which
determination of the anomers was difficult. The sample was therefore purged with argon
and 3 mg of 5% Pd / C was added to the vessel. Dry methanol (2.5 ml) was carefully
added to the reaction vessel and the mixture was stirred overnight under a hydrogen
atmosphere. The reaction mixture was filtered through celite and concentrated to give 9
mg of a white solid; Rf of 76 0.55 in ethyl acetate - hexane, 1:2; !H NMR of deblocked
76 (300 MHz, D;0) &: 4.88 (d, 0.6H, J} » = 1.7 Hz, H-1'at), 4.80, 4.81 2xd, 1H, Jj 2 =
3.8 Hz, H-1a, H-1B), 4.68 (d, 0.4H, J| 3 < 1 Hz, H-1'B), 3.40 (2 x s, 3H, 2 x OCH3); 13C
NMR (75.5 MHz, D;0) &: 100.4 (d, Jci,H1 = 161 Hz, C-1'B), 99.3 (d, Jci.H1 = 170 Hz,
C-1'a), 99.2 (d. Jc1 H1 = 170 Hz, C-1), 99.1 (d, Jc1.H1 = 170 He, C-1B), 55.0,54.9 2 x
OCHs3).



Ethyl 2-O-benzoyl-3,4,6-tri-O-benzyl-1 -thio-a-D-mannopyranoside (77)

The alcohol 3 (500 mg, 1.01 mmol) was dissolved in 5 ml of pyridine. Benzoyl
chloride (0.18 ml, 1.5 mmol) was syringed into the mixture and stirred overnight. The
reaction was quenched by the addition of 30 ml of IN HCL. Dichloromethane (30 mi)
was then poured into the reaction and the organic layer separated. The organic layer was
washed with IN HCI (2 x 30 ml), with saturated sodium bicarbonate solution (50 ml), and
with water (50 ml). The organic layer was dried (MgS0a4), filtered and concentrated.
Silica gel chromatography (10% ethyl acetate in hexane was used as an eluent) gave the
product 77 in 79% yield (478 mg); [a]D +48.20 (¢ 1.4, CH2Cl12); Ry 0.74 in ethyl
acetate - hexane, 1:3; 'H NMR (360 MHz, CDCl3) &: 5.58 (dd, 1H, J; > = 1.6 Hz, Jo3=
2.9 Hz, H-2), 5.44 (d, 1H,J; 2 = 1.6 Hz, H-1), 4.22 (m, 1H, H-5), 4.13 (dd, 1H, J34=93
Hz,J4 5 = 9.5 Hz, H-4), 4.02 (dd, 1H, J 3 =2.9 Hz, J3 4 = 9.3 Hz, H-3), 3.83 (dd, 1H, Js6
= 3.6 Hz, Je ¢ = 11.0 Hz, H-6), 3.76 (dd, 1H, Js6 = 1.7 Hz, Jg ¢ = 11.0 Hz, H-6'), 2.65
(m, 2H, SCH2CH3), 1.29 (t, 3H, SCH2CH3); !3C NMR (125.7 MHz, CDCl3) &: 165.7
(C=0), 82.62 (C-2), 78.7 (C-1), 74.5, 72.0, 70.9 (C-3, C-4, and C-5), 75.2, 73.4, 71.6 (3 x
OCH>Ph), 69.0 (C-6), 25.7 (SCH,CH3), 15.0 (SCH2CH3):; Anal. calcd. for C36H3806S:
C 72.22,H 6.40, S 5.35; found: C71.81, H6.47,S 5.18.

Ethyl 3,4,6-tri-O-benzyl-2-O-(1-phenylethenyl)-1 -thio-o-D-mannopyranoside ('18)

The 2-O-benzoate 77 (400 mg, 0.67 mmol) was added to a reaction vessel and
purged with argon. Toluene (9 ml), tetrahydrofuran (3 mi) and pyridine (0.1 ml) were
sequentially syringed into the flask and it was cooled to -40°C. Tebbe's reagent 9 (2.0
ml, 2.0 mmol) was added and the mixture was stirred for 4 hours. The mixture was
allowed to reach -10°C. The reaction was then quenched by the addition of 0.5 ml of IN
NaOH in a dropwise fashion. The suspension was filtered through a celite bed, washed
with ether until the filtrate was a pale orange color and concentrated. Purification by

silica gel chromatography (5% ethyl acetate in hexane which contained 0.1%



triethylamine was used as an eluent) gave a syrup 78 (320 mg, 80%); R¢ 0.74 in ethyl
acetate - hexane, 1:3; 'H NMR (360 MHz, CDCl3) 8: 5.61 (d, 1H, J, 2 = 1.2 Hz, H-1),
4.75,4.56 (2 x d, 2H, Jgem = 3.0 Hz, C=CHH"), 4.20 (dd, 1H, J34=9.5 Hz, J4,5 =9.5 Hz,
H-4),4.18 (dd, IH, J23 = 3.2 Hz, J34 = 9.5 Hz, H-3), 4.14 (dd, 1H, J, » = 1.2 Hz, Ja3=
3.2 He, H-2), 4.00 (m, 1H, H-5), 3.86 (dd, 1H, J5 6 = 3.6 Hz, Jg ¢ = 10.8 Hz, H-6), 3.75
(dd, IH, Jse = 1.5 Hz, Je,6 = 10.8 Hz, H-6'), 2.62 (m, 2H, SCH,CH3), 1.26 (t, 3H,
SCH2CH3); 13C NMR (75.5 MHz, D-5 pyridine) &: 159.1 (C=CHy), 84.9 (C=CH3y),
80.9, 80.0 (C-1 and C-2), 75.5, 75.2, 72.7 (C-3, C-4, and C-5), 75.3, 73.5, 71.8 (3 x
OCH;Ph), 69.9 (C-6), 25.6 (SCH2CH3), 15.2 (SCH2CH3).

Methyl 2,3,4-tri-O-benzyl-2-O-(2-propenyl)-a-D-glucopyranoside (79)

The alcohol 13 (500 mg, 1.08 mmol) was dissolved in pyridine (10 ml) and acetic
anhydride (1 ml) was added to the solution. The reaction mixture was stirred overnight
and quenched by the addition of water (100 ml). The mixture was stirred for 1 hour and
then the aqueous layer was extracted with dichloromethane (100 ml). The organic layer
was then washed 3 x 100 ml with IN HCl, dried (MgS0y), filtered and concentrated to an
amorphous yellow solid. This solid was then treated with Tebbe's reagent as in the
preparation of 78. After work-up, the syrup was purified by chromatography. Ten
percent (10%) ethyl acetate in hexane which contained 0.1 % triethylamine was used as
an eluent for chromatographic purification. The product was isolated in a yield of 29%
(158 mg); Ry 0.80 in ethyl acetate - hexane, 1:2; !H NMR (360 MHz, CDCl3) d: 4.62
(d. IH, J1 2 =3.7 Hz, H-1), 4.00 (dd, 1H, J2 3 = 9.6 Hz, J3 4 = 9.2 Hz, H-3), 3.91-3.79 (m,
5H, H-5, H-6, H-6', and C=CHH"), 3.65 (dd, 1H, J3 4 = 9.2 Hz, Ja,5 = 9.2 Hz, H-4), 3.55
(dd, 1H, J1,2 = 3.7 Hz, J2,3 = 9.6 Hz, H-2), 3.37 (s, 3H, OCH3), 1.82 (CH3C=CHjy); 13C
NMR (75.5 MHz, CDCl3) 8: 159.5 (C=CH3), 98.3 (C-1) 82.1, 80.0, 77.6, 69.0 (C-2,C-3,
C-4, and C-5), 82.0 (C=CH3), 75.9, 75.2, 73.5 (3 x OCH2Ph), 65.8 (C-6), 55.2 (OCH3),
20.9 (CH3C=CH)y).



Ethyl 3,4,6-tri-O-benzyl-2-O-(octvloxymethvi)-1 -thio-o-D-mannopyranoside (80)

The alcohol 3 (150 mg, 0.30 mmol) was dissolved in dichloromethane (10 ml).
Hunig's base (0.26 ml, 1.52 mmol) and bromomethyl octyl ether (0.3 ml, 1.52 mmol).
were sequentially syringed into the solution. The mixture was stirred for 75 hours and
quenched with methanol (1 ml). The reaction was concentrated and purified by
chromatography (5% ethyl acetate in hexane was used as an eluent). A viscous yellow oil
80 was obtained (103 mg, 54%); R¢ 0.66 in ethyl acetate - hexane, 1:3; 'H NMR (360
MHz, CDCl3) 6: 5.40 (d, 1H. J; 2= 1.3 Hz, H-1), 4.83,4.78 (2 x d, 2H, Jgem = 6.8 Hz,
OCHH'OOctyl), 4.14 (m, 1H, H-5), 4.09 (dd, J; 2 = 1.3 Hz, J2.3 = 3.2 He, H-2), 3.94 (dd,
1H, J3,4 = 9.3 Hz, J4 5 = 9.3 Hz, H-4), 3.84 (dd, 1H, J3 = 3.2 Hz, J34 =9.3 Hz, H-3),
3.80 (dd, 1H, Js,6 = 4.8 Hz, Jg.¢ = 11.0 Hz, H-6), 3.68 (dd, 1H, J56=2.0Hz,Jge=11.0
Hz, H-¢"), 3.58 (2 x m, 2H, OCHH', octyl), 2.60 (m, 2H, SCH>CH3), 1.52, 1.24 (2 x m,
12H, octyl), 1.23 (t, 3H, SCH2CH3), 0.85 (t, 3H, CH3, octyl); 13C NMR (75.5 MHz,
CDCl3) &: 95.1 (OCH00ctyl), 83.1(C-1), 80.1 (C-2), 75.1, 74.8, 72.0 (C-3, C-4. and C-
5), 75.2, 73.3, 72.2 (3 x OCH3Ph), 69.2, 68.4 (C-6 and OCH», octyl), 31.9, 29.7, 29.5,
29.3, 26.3, 25.4, 22.7 (6 x CHa2, octyl and SCH,CH3), 15.0, 14.2 (CHs, octyl and
SCH;CH3).

Ethyl 3,4,6-tri-O-benzyl-2-O-(octyloxymethyl)- 1-thio-f-D-glucopyranoside (82)

The alcohol 81143 (50 mg, 0.101 mmol) was dissolved in dichloromethane (3 mb).
Hunig's base (0.088 ml, 0.505 mmol) and bromomethy! octyl ether (0.06 ml, 3.0 eq) were
sequentially syringed into the mixture. After 47 hours, the reaction was quenched by the
addition of methanol (0.5 ml) and concentrated in vacuo. Five percent (5%) ethyl acetate
in hexane was used as an eluent for chromatographic purification of the reaction mixture.
Product 82 was isolated in 73% yield (47 mg); Rf0.73 in ethyl acetate - hexane, 1:3; 'H
NMR (360 MHz, CDCl3) &: 4.96, 4.83 (2 x d, 2H, Jgem = 6.2 Hz, OCHH'OOctyl), 4.39
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(d, 1H,J12=9.2 Hz, H-1), 3.75 (dd, 1H, Js 6 = 2 Hz, J6 ¢ = 10.2 Hgz, H-6), 3.66 (dd, 1H,

Js6 = 4.4 Hz, Jo.¢' = 10.2 Hz, H-6'), 3.72-3.46 (m, 6H, H-2, H-3, H-4, H-5, and OCHH',
octyl), 2.74 (m, 2H, SCH2CH3), 1.4, 1.22 (m, 12H, 6 x CH3, octyl), 1.30 (t, 3H,
SCH2CH3), 0.86 (t, 3k i'Hjy, octyl); !3C NMR (75.5 MHz, CDCl3) 6: 96.9
(OCHH'OOctyl), 86.8 (C-1), 84.8 (C-2), 79.3, 78.2, 77.8 (C-3, C-4, and C-5), 75.5, 75.0,
73.5 (3 x OCH2Ph), 69.6, 69.1 (C-6 and OCHH', octyl), 31.9, 29.6, 29.5, 29.3, 26.1, 24.5,
22.7 (6 x CH2, octyl and SCH,CH3), 15.0, 14.1 (SCH;CH3 and CHj3 octyl).

Attempted Activation of Methylene Acetals 80 and 82:

The acetals 80 (63 mg, 0.099 mmol) or 82 (42 mg, 0.062 mmol) were dissolved in
dichloromethane (6 and 4 ml respectively) and treated with 5 equivalents of NIS. After
the reactions were stirred overnight, they were quenched by the addition of a sodium
thiosulfate solution (0.5 M). Both reactions were worked-up in the manner described for
the preparation of 32. Silica gel chromatography was used for purification with 25%
ethyl acetate in hexane as the solvent system for elution. Several fractions were obtained
that were shown to be complex mixtures by 'H NMR. In both cases, the desired octyl

glycosides were not observed.

Ethyl 3,4,6-tri-O-benzyl-2-0-(4-pentenyloxymethyl)- I -thio- a-D-mannopyranoside (83)
The alcohol 3 (197 mg, 0.40 mmol) was dissolved in dichioromethane (15 ml).
Hunig’s base (0.28 ml, 1.94 mmol) and 4-pentenyimethoxy chloride?2 (POM-CI, 0.071
ml, 0.98 mmol) were syringed into the flask and the mixture was stirred for 48 hours.
The reaction mixture was concentrated in vacuo and purified by chromatography. Ten
percent (10%) ethyl acetate in hexane was used as the solvent system for
chromatographic purification of the reaction mixture. The product 83 was isolated in
33% yield (79 mg) with 80 mg of recovered 3; [a]D +94.7° (¢ 0.45, CH2Cl3); Rf0.72
in ethyl acetate - hexane, 1:3; !H NMR (360 MHz, CDCl3) &: 5.78 (dddd, 1H,
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CH2=CH-), 5.40 (d. 1H, J1.2= 1.5 Hz. H-1), 5.00, 4.92 (2 x m, 2H, CH2=CH), 4.84. 4.79

(2xd, 2H, Jgem = 7.0 Hz, OCHHOpentenyl), 4.12 (m, 1H, H-5), 4.09 (dd. IH. J 1 »=1.5
Hz, J>3 =3.2 Hz, H-2), 3.94 (dd. |H. J3.4 = 9.5 Hz, J4.5=9.5 Hz, H-4), 3.85 (dd. IH, Jas
= 3.2 Hz, J34=9.5 Hz, H-3), 3.80 (dd, J56 = 5.0 Hz, J 6 = 10.8 Hz, H-6). 3.69 (dd. 1H,
J56' = 2.0 Hz. Je,6' = 10.8 Hz, H-6"), 3.60 (2 x m. 2H, OCHH', pentenyl), 2.70 (m, 2H,
SCH2CH3), 2.06 (m, 2H, OCH>CH2CH;CH=CH»>). 1.64 (m, 2H,
OCH;CH,CH2CH=CH>), 1.25 (t, 3H, SCH>CH;); 13C NMR (75.5 MHz, CDCl3) &:
138.2 (CH=CH-), 114.8 (CH2=CH-}, 95.1 (OCHH'O), 83.1 (C-1), 80.1 (C-2), 75.2, 74.9,
72.2 (C-3,C-4, and C-5), 73.4, 72.2, 69.2. 67.7 (3 x OCH2Ph, C-6, and OCHa, pentenyl),
30.3, 28.9 (OCH;CH2CH,CH=CH2), 25.4 (SCH2CH3), 15.0 (SCH2CH3): Anal. caled.
for C35H4406S: C70.92, H 7.48, S 5.41; found: C 7092, H7.41,S 5.23.

Attempted Acetalization of 83:

The acetal 83 (55 mg, 0.093 mmol) and the alcohol 13 (43 mg, 0.093 mmol) were
added to a reaction flask and purged with argon. Dichloromethane (7 m!) was added to
the mixture followed by NIS (84 mg, 0.37 mmol). The mixture was stirred for seven
hours and then quenched by the addition of 2 ml of 0.5M Na3S,03. The reaction mixture
showed a complex smear of products by tic of which the benzylidene structures 42 and 84

could be identified as major products (23 mg, 53% of 13).

Methyl 2,3,6-tri-O-benzyl-4-0-(4-pentenyloxymethyl )-0-D-mannopyranoside (85)

The alcohol 12 (300 mg, 0.645 mmol) was dissolved in 15 ml of dichloromethane
and 0.9 ml (5.2 mmol) of Hunig's base was syringed into the mixture. 4-
pentenylmethoxy chloride?2 (0.i2 mi, 1.29 mmol) was added to the reaction vessel and
the mixture stirred overnight. After one night, an additional 0.12 m] of POM-C! was
added and the mixture was stirred a second night. A further 0.24 ml of POM-CI (8 eq.
total) and 0.45 ml of Hunig's base (12 eq. total) was added the third day and the solution
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runny oil. Twenty percent (20%) ethyl acetate in hexane was used as an eluent for
chromatographic purification of the oil. Product 85 (256 mg, 71%) was isolated as a
clear syrup; [a]D +103.39 (¢ 0.40, CH2Clp); Rf0.62 in ethyl acetate - hexane, 1:2; 'H
NMR (CDCI3, 360 Hz) &: 5.73 (dddd, 1H, CH=CH-), 4.94 (m, 2H, CH,=CH-), 4.79,
4.69 (2 x d, 2H, Jgem = 6.2 Hz, OCHOpentenyl), 4.61 (d, 1H, J; ; = 3.8 Hz, H-1), 3.88
(dd, 1H, J23=9.0 Hz, J3 4 = 9.0 Hz, H-3), 3.84 (m, 1H, H-5), 3.71 (dd, 1H, Js.6=2.0Hzg,
J6.6 = 10.5 Hz, H-6), 3.64 (dd, 1H, J5 6 = 4.7 Hz, J6,6' = 10.5 Hz, H-6"), 3.56 (dd, 1H, J34
=9.0 Hz, J45 = 9.0 Hz, H4), 3.50 (dd, 1H, J1> = 3.8 Hz, J.3 = 9.0 Hz, H-2), 3.44, 3.36
(2 x m, 2H, OCHH", pentenyl), 3.38 (s, 3H, OCH3), 2.00 (m, 2H, OCH,CH>CH>CH=),
1.55 (m, 2H, OCH2CH;CH2CH=); 13C MMR (75.5 MHz, CDCl3) 5: 138.1 (CH2=CH-),
114.8 (CH2=CH-), 98.0 (C-1), 97.3 (OCHOpentenyl), 81.7, 79.9, 76.1, 70.0 (C-2, C-3,
C-4, and C-5), 75.6, 73.5, 73.3 (3 x OCH3Ph), 69.2, 68.5 (C-6 and OCHa, pentenyl), 55.2
(OCH3), 30.2 (OCH2CH2CH2CH=), 28.8 (OCH2CH>CH>CH=); Anal. calcd. for
C34H42G7: C72.57, H 7.52; found: C 72.32, H7.74.

Phenyl 2-O-acetyl-3,4,6-tri-O-benzyl- I -thio- a-,3-D-mannopyranoside 92)

The di-acetate 91143 (550 mg, 1.03 mmol) was dissolved in dichloromethane (10
ml). Benzenethiol (0.21 ml, 2.06 mmol) was syringed into the mixture followed by boron
trifluoride etherate (0.19 ml, 1.55 mmol). After two hours, the reaction was quenched by
the addition of triethylamine (0.25 ml). The solution was concentrated in vacue and
purified by silica gel chromatography (15% ethyl acetate in hexane was used as the
chromatography eluent). Product 92 was isolated in 74% yield (443 mg) as a 2:1 a:

mixture of anomers; Ry 0.5S (both anomers) in ethyl acetate - hexane, 1:3; 1H NMR



U.33H. J1.2 = 1.U Hz. H-1P). 4.32 (m, 0.66H. H-50t). 3.98 (dd. 0.66H. J3.4= 9.2 Hz. J 5 =
9.2 Hz, H-4at), 3.67 (dd. 0.33H. J2 3 = 3.5 Hz. J3 4 = 9.5 Hz, H-3P). 3.54 {m. 0.33H. H-
5B). 2.22 (s. 1H, OCH3p), 2.14 (s. 2H. OCHzax): !3C NMR (75.5 MHz, CDCly) &:
170.5, 170.3 (C=0. o.p). 86.3 (C-1av), 85.4 (C-1B). 81.6. 79.9, 74.2, 70.2 (C-2. C-3. C-4,
and C-5, B anomer), 78.6, 74.6, 73.4, 70.4 (C-2, C-3, C-1, and C-5. & anomer), 69.6 (C-
6B). 68.9 (C-6ct), 21.1, 20.9 (COCH3, ¢, B); Anal. calcd. for C35H3606S: C 71.89. H

6.21, S 5.48; found: C71.94, H6.24, S 5.82.

Phenyl 3,4.6-tri-O-benzyl- 1-thio- a-D-mannopyranoside (86)

The anomeric mixture 92 (425 mg, 0.73 mmol) was dissolved i:: methanol (10 ml)
and sodium methoxide (20 mg) was added to the solution. After overnight, the solution
was neutralized by the addition of Amberlite IRC-120 (H*) resin, filtered and
concentrated. Twenty percent (20%) ethyl acetate in hexane was used as an eluent for
chromatographic purification of the reaction mixture. Product 86 (330 mg, 83%) as well
as 92 (71 mg) were recovered; [a]p +20.6° (¢ 2.50, CH2Cl132); Rf0.36 in ethyl acetate -
hexane, 1:3; 'H NMR (360 MHz, CDCl3) §: 5.62 (d, IH, Ji12=14Hz, H-1), 4.29 (m,
1H, H-5), 4.24 (dd, 1H, J; 2 = 1.4 Hz, J 3 = 2.8 Hz, H-2), 3.94 (dd, 1H, J34 = 9.2 Hz, Jas
=9.2 Hz, H-4), 3.88 (dd, 1H, J3 4 = 9.2 Hz, J 3 = 2.8 Hz, H-3), 3.80 (dd, 1H, Js6=4.5
Hz, J¢.6 = 10.6 Hz, H-6), 3.68 (dd, 1H, J5 6 = 1.8 Hz, J¢ ¢ = 10.6 Hz, H-6'), 2.64 (d, 1H,
JH.OH = 2.5 Hz, OH); 13C NMR (75.5 MHz, CDCls), §: 87.4 (C-1), 80.3, 74.6, 72.3,
69.9 (C-2, C-3, C-4, and C-5), 75.2, 73.4, 72.2 (3 x OCH,Ph), 68.9 (C-6): Anal. calcd.
for C33H340s5S: C 73.04, H 6.32, S 6.32; found: C 72.79, H 6.47, S 6.80.



The methylene acetal 85 (50 mg, 0.089 mmol) and the alcohol 86 (48 mg, 0.089
mmol) were added to a reaction flask and purged with argon. Dichloromethane (8 ml)
was syringed into the flask followed by the addition of NIS (40 mg, 0.178 mmol). After
52 hours, the mixture was quenched by the addition of 2 ml of 0.5 M Na»S,03 and
diluted with 20 m! of water. The aqueous layer was extracted 2 x 20 ml with
dichloromethane and the organic layer dried (MgSOQs,y), filtered and concentrated. Fifteen
percent (15%) ethyl acetate in hexane which contained 0.1% triethylamine was used as an
cluent for chromatographic purification of the reaction mixture. A number of compounds
were isolated which included the product 87 (4 mg, 5%), the alcohol 86 (2.5 mg, 5%), the
alcohol 12 (5.4 mg, 13%), and the succinimide adduct 90 (13 mg, 25%).

87: Rr0.60 in ethyl acetate - hexane, 1:2; !H NMR (360 MHz, CDCl3) &: 5.67
(d, IH, J1 2 = 1.4 Hz, H-1"), 4.28 (m, 1H, H-5'), 4.14 (dd, 1H, J, > = 1.4 Hz, J23=3.0Hz,
H-2'), 3.80 (dd, 1H, J2 3 = 3.0 Hz, J3 4 = 9.5 Hz, H-3'), 3.46 (dd, 1H, J12=38Hz, J3=
9.6 Hz, H-2), 3.25 (s, 3H, OCHj3).

90: Rr0.21 in ethyl acetate - hexane, 1:2; 'H NMR (360 MHz, CDCl3) &: 4.99,
4.73 (2 x d, 2H, Jgem = 11.5 Hz, OCHHPh), 4.96 (s, 2H, OCH,N), 4.78, 4.62 (2xd, 2H,
Jgem = 12.0 Hz, OCHHPh), 4.58 (d, 1H, J; » = 3.8 Hz, H-1), 4.63, 4.56 (2xd,2H, Jgem =
i2.0 Hz, OCHH'Ph), 3.85 (dd, 1H, J3 4 = 9.2 Hz, J 3 = 9.2 Hz, H-3), 3.76 (dd, 1H, Js.6 =
11.0 Hz, J5 6 = 3.4 Hz, H-6), 3.72 (dd, 1H,J34 =9.2 Hz,J45 =9.2 Hz, H-4), 3.66 (m,
IH, H-5), 3.61 (dd, 1H, Je¢ ¢ = 11.0 Hz, J5 ¢ = 1.7 Hz, H-6'), 3.54 (dd, 1H, Ji12=3.8Hz,
32,3 =9.2 Hz, H-2), 3.34 (s, 3H, OCH3), 2.26 (m, 4i{, 2 x CH>, succinimide); 13C NMR
(75.5 MHz, CDCl3) 8: 176.9 (C=0, succinimide), 98.1 (C-1), 81.0, 80.2, 76.9, 70.1 (C-2,
C-3, C-4, and C-5), 75.4, 73.8, 73.5 (3 x OCH2Ph), 68.5 (C-6), €8.5 (OCH2N), 55.3
(OCH3), 28.0 (2 x CHj3, succinimide).



The methylene acetal 85 (50 mg, 0.089 mmol) and :iic alcohol 3 (44 mg. 0.089
mmol) were added to a round bottom flask and purged with argon. Dichloromethane (8
ml) was syringed into the flask followed by the addition of NIS (40 mg, 0.178 mmol).
After 27 hours, the mixture was quenched by the addition of 2 ml of 0.5 M Na>8>03 and
worked-up as in the preparation of 87. Twelve percent (12%) ethyl acetate in hexane
which contained 0.1% triethylamine was used as an eluent for chromatographic
purification of the reaction mixture. A number of compounds were isolated, including
the product 88 (7 mg, 8%), the alcohol 3 (7.5 mg, 15%), the alcohol 12 (7.5 mg, 17%),
the methylene acetal 89 (6 mg, 12%), and the succinimide adduct 90 (11 mg, 20%).

88: Rf0.61 in ethyl acetate - hexane, 1:2; 'H NMR (360 MHz, CDCl3) &: 5.44
(d, 1H, J1 2= 1.5 Hz, H-1'), 4.99, 4.93 (2 x d, 2H, Jgem = 5.5 Hz, OCHH'0), 4.59 (d, 1H,
J1,2 =4.0 Hz, H-1), 4.12 (m, 1H, H-5'), 3.98 (dd, IH, J; 2 = 1.5 Hz, J23=4.0 Hz, H-2"),
3.48 (dd, 1H, J; 2 = 3.5 Hz, J2,3 = 9.6 Hz, H-2), 3.38 (OCH3), 2.57 (m, 2H. SCH;,CH3),
1.24 (t, 3H, SCH,CH3.

89: Rr0.65 in ethyl acetate - hexane, 1:2; 'H NMR (360 MHz, CDCl3) &: 5.07,
4.59 (2 x d, 2H, Jgem = 6.2 Hz, OCHH'O), 4.86, 4.80 (2 x d, 2H, Jgem = 11.2 Hz,
OCHH'Ph), 4.80,4.64 (2 x d, 2H, Jgem = 12.0 Hz, OCHH'Ph), 4.54 (d, IH, J 1,2 = 3.6 Hze,
H-1),4.11 (dd, 1H, Js ¢ = 4.8 Hz, Jg ¢ = 10.2 Hz, H-6), 3.95 (dd, 1H, J23=92Hz, J34=
9.2 Hz, H-3). 3.71 (ddd, J4 5 = 9.5 Hz, J5 6 =4.8 Hz, J5 ¢ = | Hz, H-5), 3.49 (dd, 1H, J; -
=3.6 Hz, Jo,3 =9.2 Hz, H-2), 3.42 (dd, 1H, J56 = 1 Hz, J ¢ = 10.2 Hz, H-6"), 3.37 (s, 3.,
OCH3), 3.30 (dd, 1H, J3 4 = 9.2 Hz, J4 5 = 9.5 Hz, H-4); 13C NMR (75.5 MHz, CDCl3)
&: 99.2 (C-1), 93.8 (OCH,0), 82.1, 79.4, 78.6, 62.5 (C-2, C-3, C-4, and C-5), 75.3, 73.8
(2 x OCH3Ph), 68.9 (C-6), 55.4 (OCH3;).



The alcohol 3 (250 mg, 0.5]1 mmol) was introduced into a round bottom flask,
purged with argon and dissolved in dichloromethane (5 ml). In a separate flask, oxalyl
chloride (0.2 ml, 2.3 mmol) was syringed into 1.9 ml of chloroform. DMF (0.18 ml, 2.3
mmol) was then added in a dropwise fashion to the oxalyl chloride solution with vigorous
bubble evolution. An adduct of concentration 1 mmol / ml was formed. After 30
minutes, 2 ml of this solution (2 mmol, 4 equiv.) was syringed into the flask which
contained 3. The mixture became deep yellow and was stirred for 2 hours. The reaction
was quenched by the addition of 10 ml of a 1:1 acetic acid / water solution and stirred an
additional 2 hours. The mixture was then diluted with 100 ml of dichloromethane. The
organic layer was washed with 100 ml of water and 100 ml of saturated sodium
bicarbonate solution. The organic layer was then dried (MgSO0,), fiitered and
concentrated. Purification by column chromatography (15% ethyl acetate in hexane was
used as an eluent) yielded the product 93 (170 mg, 64%); Rf 0.70 in ethyl acetate -
hexane, 1:2; !H NMR (360 MHz, CDCl3) &: 8.17 (s, 1H, HCO), 5.53 (dd, 1H, Ji2=13
Hz, J; 3 =2 Hz, H-2),5.32 (d, 1H, J; 2 = 1.3 Hz, H-1), 4.14 (m, 1H, H-5), 3.95 (dd, Jaa =
9.5 Hz, Ja5 = 9.5 Hz, H-4), 3.92 (dd, 1H, J34 = 9.5 Hz, J 3 = 2 Hz, H-3), 3.82 (dd, 1H,
Js6 = 4.2 Hz, Je.6' = 11.0 Hz, H-6), 3.66 (dd, 1H, J56 = 2.0 Hz, Jg ¢ = 11.0 Hz, H-6),
2.62 (m, 2H, SCH>CH3), 1.27 {1, 3H, SCH>CHj3).

Ethyl 3,4,6-tri-O-benzyl-2-0O-ethenyl-1-thio-o-D-mannopyranoside (94)

The 2-O-formate 93 (160 mg, 0.036 mmol) was purged with argon and dissolved
in 6 ml of toluene, 2 mi of tetrahydrofuran and 0.1 ml of pyridine (solvents anhydrous).
The mixture was cooled to -40°C and Tebbe's reagent 9 (0.92 ml, 0.92 mmol) was added
in a dropwise fashionr. After 90 minutes, the solution was quenched and worked-up as for
the preparation of 10. Silica gel chromatography with 8% ethyl acetate in hexane which

contained 0.1% triethylamine as the solvent system was used to purify the reaction



as viscous, clear syrups; Rr 0.66 in ethyl acetate - hexane, 1:3: 6.41 (dd. 1H, J s = 6.8
Hz, Jirans = 14.4 Hz. CHH'=CH-), 545 (d. IH, J; » = 1.3 Hz, H-1). 4.28 (dd. Jgep = 2.0
Hz, Jyans = 14.4 Hz, CHH'=CH-), 4.21 (dd, 1H. J; » = 1.3 Hz, J3.3 5 3.4 Hz, H-2), 4.15
(m, 1H, H-5), 4.11 (dd., Jgem = 2.0 Hz, ;s = 6.8 Hz, CHH'=CH-). 4.00 (dd. 1H, 13 4=9.2
Hz, J45 =9.2 Hz, H-4), 3.89 (dd. IH, J5 3 = 3.4 Hz, J34=9.2 Hz, H-3), 3.83 (dd. 1H, Js4
= 4.6 Hz, Js 6 = 11.0 Hz, H-6), 3.69 (dd, 1H, J5¢ = 2.0 Hz, Jo.6' = 11.0 Hz, H-6", 2.62

(m, 2H, SCH>CH3), 1.25 (t, 3H, SCH>CH3).

Attempted Mixed Acetal Formation with 94:

The vinyl ether 94 (29 mg, 0.056 mme!) and the alcohol 12 (26 mg, 0.056 mol)
were added to a reaction vessel and purged with argon. Dichloromethane (3 ml) was
syringed into the flask and it was cooled to -40°C. Toluenesulfonic acid (0.05 equiv.)
was added in one portion and the reaction monitored by tlc for the formation of any
mixed acetals. After 2 hours at -40°C, the reaction was slowly increased to -15°C at

which time all the viny! ether was converted to hydrolysis product 3.

Methyl 2,3,6-tri-O-benzyl- o-D-glucopyranoside-ethyl 3',4',6'-tri-O-benzyl- 1 "-thio-o-D-

mannopyranoside-2',4-benzylidene acetal (98)

The alcohol 3 (40 mg, 0.081 mmol) and sodium hydride (6.5 mg, 0.162 mmol)
were added to a reaction flask and purged with argon. Dry THF (1.8 ml) and DMPU (0.2
ml) were syringed into the mixture. The solution was stirred for 30 minutes and it was
cooled to -40°C. The diazirine 95 (0.24 ml of a 33% solution in hexane (w/ w), 0.404
mmol) was added in a dropwise fashion to the reaction mixture. The solution was stirred
for 5 hours at -40°C prior to the addition of 13 (38 mg, 0.081 mmol). The mixture was
then stirred overnight and allowed to warm to room temperature. The mixture was

concentrated in vacuo and purified by chromatography with 13% ethyl acetate in hexane



yield (21 mg). The dimer 97 (10 mg, 23% of 3), as well as 3 (10 mg, 25%), and 13 (25
mg, 66%) were also isolated. Treatment of 98 in dichioromethane with excess p-
toluenesulfonic acid yielded the alcohols 3 and 13. Treatment of 97 with excess acid
gave the alcohol 3.

97: Rf0.75 in ethyl acetate - hexane, 1:2; 'H NMR (360 MHz, CDCh) &: 5.74
(s, IH, PhCH), 5.06 (d, 2H, J; 2 = 1.2 Hz, H-1, H-1"), 2.62 (m, 2H, SCH2CH3), 2.42 (m,
2H, SCH2'CH3), 1.22 (t, 3H, SCH2CH3), 1.07 (t, 3H, SCHyCH 3).

98: Rf 0.66 in ethyl acetate - hexane, 1:2; |H NMR (500 MHz, CDCl3) &: 5.91
(s, 1H, PhCH), 5.52 (d, 1H, J; 2 = 1.5 Hz, H-1), 4.69 (d, 1H, J; 3 = 3.5 Hz, H-1), 4.46
(dd, 1H, J12 = 1.5 Hz, J2 3 = 4.5 Hz, H-2'), 4.23 (m, 1H, H-5", 4.13 (dd, 1H, J34=95
Hz, J4 5= 9.5 Hz, H-4'), 4.04 (dd, 1H, J2 3 = 9.5 Hz, J3 4 = 9.5 Hz, H-3), 3.96 (dd, 1H,
123 = 3.5 Hz, J3 4 = 9.5 Hz, H-2), 3.83 (m, 1H, H-5), 3.65 (dd, 1H, J3 3 = 4.5 Hz, J34=
9.5 Hz, H-3) 3.46 (s, 3H, OCH3), 2.60 (m, 2H, SCH2CH3), 1.28 (t, 3H, SCHCHj3); 13C
NMR (125.7 MHz, CDCl3) & 102.9 (PhCH), 97.9 (C-1), 84.1, 82.1, 80.6, 80.0, 78.4,
75.1,74.2, 72.2, 7C.: {C-1', C-2', C-3', C-4', C-5', C-2, C-3, C-4, and C-5), 75.7, 75.0,
75.0, 73.4, 73.3, 72.0 (6 x PhCH3), 69.3, 63.6 (C-6 and C-6'), 55.1 (OCHz), 25.3
(SCH;CH3), 15.1 (SCH;CH3).



(]

© @ N u s

I1.
12.
13.
14.
15.

16.

17.

18.
19.
20.
21.

Bibliography:

A. Varki. Glycobiology, 3 (1993) 97-130.

G. W. Hart, Curr. Opin. Cell Biol., 4 (1992) 1017-1023.

N. Sharon and H. Lis, Sci. Am., 268(1) (1993) 82-89.

B. K. Brandley, Cel! Biology, 2 (1991) 281-287.

H. Schachiter, Trends Glycosci. Glycotech., 4(17) (1992) 241-250.
A. Kobata, Acc. Chem. Res., 26 (1993) 319-324.

S. Borman, Chem. Eng. News, 71 (1993) 27-34.

S. Borman, Chem. Eng. News, 70 (1992) 25-28.

Y. C. Lee, Trends Glycosci. Glycotech., 4(17) (1992) 251-261.

J. Hodgson, Biotechnology, 9 (1991) 609-613.

. C. Paulson, Trends Biochem. Sci., 14 (1989) 272-276.

P. Knight, Biotechnology, 7 (1989) 35-40.

T. Feizi, Nature, 314 (1985) 53-57.

G. N. Misevic and M *1. Burger, J. Biol. Chem., 265 (1990) 20577-20584.

L. Eggens, B. Fendersa i . wvokuni, B. Dean, M. Stroud and S. Hakomori, J.
Biol. Chem., 264 (198%; .17 -3484.

S. Sabesan, J. Duus. 5. #izira, P. Domaille, S. Kelm, J. C. Paulson and K.
Bock, J. Am. Chem. Soc., 114 (1992) 8363-8375.

N. K. Sauter, J. E. Hanson, G. D. Glick, J. H. Brown, R. L. Crowther, S. Park,
J. J. Skehel and D. C. Wiley, Biochemistry, 31 (1992) 9609-9621.

N. Sharon and H. Lis, Science, 246 (1989) 227-232.
A. Varki, Glycobiology, 2 (1992) 25-40.
T. J. Pritchett and J. C. Paulson, J. Biol. Chem., 264 (1989) 9850-9858.

W. Weis, J. H. Brown, S. Cusack, J. C. Paulson, J. J. Skehel and D. C. Wiley,
Nature, 333 (1988) 426-431.



22.

23.

24.
25.
26.
27.

29.
30.

31.

33.

34.

35.

36.

37.
38.

S. Schenkman, M. Jiang, G. W. Hart and V. Nussenzweig, Cell, 65 (1991)
1117-1128.

M. Shieh, D. WuDunn, R. I. Montgomery, J.D. Esko and P. G. Spear, J.
Cell. Biol., 116 (1992) 1273-1281.

J. D. Esko, Curr. Opin. Cell Biol., 3 (1991) 805-816.
B. D. Shur, Biochim. Biophys. Acta, 988 (1989) 389-409.
D. J. Miller, M. B. Macek and B. D. Shur, Nature, 357 (1992), 589-593.

T. W. Rademacher, R. B. Parekh and R. A. Dwek, Ann. Rev. Biochem., 57
(1988) 785-838.

M. R. Sairam, FASEB .1., 3 (1989) 1915-1926.
A. Kobata, J. Cell. Biochem., 37 (1988) 79-90.

M. Fukada, H. Sasaki and M. N. Fukada, Adv. Exp. Med. Biol., 271 (1990) 53-
68.

L. A. Lasky, Science, 258 (1992) 964-969.

J. ‘t'ravis, Science, 260 (1993) 906-908.

T. Feizi, Trends Biochem. Sci. Ref. Ed., 16 (1991) 84-86.

L. A. Lasky, M. S. Singer, D. Dowbenko, Y. Imai, W. J. Henzel, C.
gzr;r?glg% C. Fennie, N. Gillet, S. R. Watson and S. D. Rosen, Cell, 69 (1992)

Y. Imai, M. S. Singer, C. Fennie, L. A. Lasky and S. D. Rosen, J. Cell. Biol.,
113 (1991) 1213-1222.

T. Palabrica, R. Lobb, B. C. Furie, M. Aronovitz, C. Benjamin, Y. M. Hsu, S. A.
Sajer and B. Furie, Nature, 359 (1992) 848-851.

K. L. Moore, A. Varki and R. P. McEver, J. Cell. Biol., 112 (1991) 491-499.

M. L. Phillips, E. Nuderlman, F. C. A. Gaeta, M. Perez, A. K. Singhal, S.
Hakomori and J. C. Paulson, Science, 250 (1990) 1130-1132.

G. Walz, A. Aruffo, W. Kolzaus, M. Bevilacqua and B. Seed, Science, 250
(1990) 1132-1135.

G. van Echten and K. Sandhoff, J. Biol. Chem., 268 (1993) 5341-5344.

T. L. Doering, W.J. Masterson, G. W. Hart and P. T. Englund, J. Biol. Chem.,
265 (1990) 611-614.

G. A. M. Cross, Cell, 48 (1987) 179-181.
M. G. Low and A. R. Saltiel, Science, 239 (1988) 268-275.



44,

45.

46.

47.
48.
49.
50.
S1.

53.
54.
55.
56.
57.
58.
59.

60.

61.

62.

63.

64.

M. A. J. Ferguson and A. F. Williams, Annu. Rev. Biochem., 57 (1988) 285-
320.

G. Reuter, S. Kelm and R. Schauer, Acta. Histoch. Suppl. Bund XXXVI.
(1988) 51-79.

M.3Petitou and C. A. A. van Boeckel, Prog. Chem. Org. Nat. Prod.. 60 (1992)
143-152.

F. Goto and T. Ogawa, Pure Appl. Chem., 65(4) (1993) 793-801.

L. Kjellen and U. Lindahl, Ann. Rev. Biochem., 60 (1991) 443-475.

A. D. Elbein, Cell Biology, 2 (1991) 309-317.

M. L. Sinnott, Chem. Rev., 90 (1990) 1171-1202.

J. B. Lowe, Cell Biclogy, 2 (1991) 289-307.

1. C. Paulson and K. J. Colley, J. Biol. Chem., 264 (1989) 17615-17618.
H. Schachter, Clinical Biochem., 17 (1984) 3-14.

H. Schachter, Biochem. Cell. Biol., 64 (1986) 163-181.

J. E. Rothman, Nature, 339 (1989) 74-85.

H. Schachter, Curr. Opin. Struct. Biol., 1 (1991) 755-765.

O. Kanie and O. Hindsgaul, Curr. Opin. Struct. Biol., 2 (1992) 674-681.
O. Hindsgaul, Semin. Cell Biol., 2 (1991) 319-326.

S. H. Khan and O. Hindsgaul, Frontiers in Molecular Biology, in press., M.
Fukuda, ed., IRL Press at Oxford University Press.

O.P. Srivastava, O. Hindsgaul, M. Shoreibah and M. Pierce, Carbohydr. Res.,
179 (1988) 137-161.

O. Hindsgaul, K.K. Kaur, G. Srivastava, M. Blaszczyk-Thurin, S. C.
Crawley, L. D. Heerze and M. M. Palcic, J. Biol. Chem., 266 (1991) 17858-
17862.

S. H. Khan, O. Kanie, S. C. Crawley, M. M. Palcic and O. Hindsgaul, J.
Biol. Chem., 268 (1993) 2468-2473.

M. M. Palcic, L. D. Heerze, O. P. Srivastava and O. Hindsgaul, J. Biol. Chem.,
264 (1989) 17174-17181.

G. Moller, F. Reck, H. Paulsen, K. K. Kaur, M. Sarkar, H. Schacter and
1. Brockhausen, Glycoconjugate J., 9 (1992) 180-190.



65.

66.

67.
68.
69.
70.

71.

72.

73.
74.

75.
76.
77.
78.
79.
80.
81.

83.

84.

85.

175

I. Brockhausen, G. Moller, J. Yang, S. H. Khan, K. L. Matta, H.
Paulsen, A. Grey, R.N. Shah and H. Schacter, Carbohydr. Res., 238 (1992)
281-299.

E. V. Chandrasekaran, R. K. Jain and K. L. Matta, J. Biol. Chem., 267 (1992)
23806-23814.

R. Kornfeld and S. Kornfeld, Annu. Rev. Biochem., 54 (1985) 631-664.
R. Kornfeld and S. Kornfeld, Annu. Rev. Biochem., 45 (1976) 217-237.
J. Montreuil, Pure Appl. Chem., 42 (1975).431-477.

T. Tai, K. Yamashita, S. Ito and A. Kobata, J. Biol. Chem., 252 (1977) 6687-
6694,

K. Yamashita, T. Tachibana and A. Kobata, J. Biol. Chem., 253 (1978) 3862-
3869.

B. Fraser-Reid, U. E. Udodong, Z. Wu, H. Ottosson, J. R. Merritt, C. S.
Rao, C. Roberts and R. Madsen, Synlert, 1992 927-942.

P. J. Garegg, Acc. Chem. Res., 25 (1992) 575-580.

K. C. Nicolaou, T. J. Caulfield and R. D. Groneberg, Pure Appl. Chem., 63
(1991) 555-560.

P. Sinay, Pure Appl. Chem., 63 (1991) 519-528.

H. Paulsen, Angew. Chem. Int. Ed. Eng., 29(8) (1990) 823-938.
H. Paulsen, Angew. Chem. Int. Ed. Eng., 21(3) (1982) 155-224.
R. R. Schmidt, Angew. Chem. Int. Ed. Eng., 25 (1986) 212-235.
R.U. Lemieux, Chem. Soc. Rev., 7 (1978) 423-452.

F. Goto and T. Ogawa, Pure Appl. Chem., 65 (1993) 793-801.

T. Ogawa, H. Yamamoto, T. Nukada, T. Kitajima and M. Sugimoto, Pure
Appl. Chem., 56 (1984) 779-795.

R. W, Friesen and S. J. Danishefsky, J. Am. Chem. Soc., 111 (1989) 6656-
6660.

R. L. Halcomb and S. J. Danishefsky, J. Am. Chem. Soc., 111 (1989) 6661-
6666.

C. D. Warren, C. Auge, M. L. Laver, S. Suzuki, D. Power and R.
Jeanloz, Carbohydr. Res., 82 (1980) 71-83.

C. Auge, C. D. Warren, R. W. Jeanloz, M. Kiso and L. Anderson,
Carbohydr. Res., 82 (1980) 85-95.



176
86. H. Paulsen and R. Lebuhn, Carbohydr. Res., 130 (1984) 85-101.

87. T. Ogawa, T. Kitajima and T. Nukada, Carbohvdr. Res.. 123 (1983) C8- C11.

88. F. Yamazaki, T. Nukada, Y. Ito, S. Sato and T. Ogawa, Terrahedron Lett., 30
(1989) 4417-4420.

89. T. Ogawa, M. Sugimoto, T. Kitajima, K. K. Sadozai and T. Nukada,
Tetrahedron Lett., 27 (1986) 5739-5742.

90. H. Paulsen, M. Heume and H. Nurnberger, Carbohvdr. Res.. 200 (1990)
127-166.

91. H. Paulsen, M. Heume, Z. Gyorgydeak and R. Lebuhn, Carbohydr. Res.,
144 (1985) 57-70.

92. T. Kitajima, M. Sugimoto, T. Nukada and T. Ogawa, Carbohydr. Res., 127
(1984) Ci-C4.

93. H. Paulsen and R. Lebuhn, Angew. Chem. Int. Ed. Engl., 21 (1982) 926-
927. ,

94. - H. Paulsen and H. Tietz, Angew. Chem. Int. Ed. Engl., 24 (1985) 128-129.
95. H. Paulsen and H. Tietz, Carbohydr. Res., 144 (1985) 205-229.
96. H. Paulsen and R. Lebuhn, Carbohydr. Res., 125 (1984) 21-45.

97. T. Ogawa, K. Katano, K. Sasajima and M. Matsui, Tetrahedron, 37 (1981) 2779-
2786.

98. J. R. Merritt and B. Fraser-Reid, J. Am. Chem. Soc., 114 (1992) 8334-8336.

99. T. Nukada, T. Kitajima, Y. Nakahara and T. Ogawa, Carbohydr. Res., 228
(1992) 157-170.

100. O.P. Srivistava and O. Hindsgaul, J. Org. Chem., 52 (1987) 2869-2875.
101. T. Ogawa and T. Nukada, Carbohydr. Res., 136 (1985) 135-152.
102. T. Ogawa, T. Nukada and T. Kitajima, Carbohydr. Res., 123 (1983) C12-C15.

103. N. Shibata, S. Fukasawa, H. Kobayashi, M. Tojo, T. Yonezu, A. Ambo, Y.
Ohkubo and S. Suzuki, Carbohydr. Res., 187 (1989) 239-253.

104. T. Hori, M. Sugita, S. Ando, M. Kuwahara, K. Kumauchi, E. Sugie and O.
Itasaka, J. Biol. Chem., 256 (1981) 10979-10985.

105. O. Kanie, T. Takeda, N. Hada and Y. Ogihara, J. Carbohydr. Chem., 10 (1991)
561-581.

106. R. U. Lemiuex and S. Koto, Tetrahedron, 30 (1974) 1933-1944.
107. H. Paulser: and O. Lockhoff, Chem. Ber., 114 (1981) 3102-3114.



108.

109.
110.
1.

115.

116.
117.
I18.
119.
120.

H. Paulsen, R. Lebuhn and O. Lockhoff, Carbohydr. Res., 103 (1982) C7-C-
11.

P. J. Garegg and P. Ossowski, Acta. Chem. Scand. B37 (1983) 249-250.
W. Koenigs and E. Knorr, Chem. Ber., 34 (1901) 957-981.

G. Ekborg, B. Lindberg and J. Lonngren, Acta. Chem. Scan., 26 (1972) 3287-
3292,

H. Boren, G. Ekborg, K. Eklind, P. J. Garegg, A. Pilotti and C. Swahn, Acta.
Chem. Scan., 27 (1973) 2639-2644.

O. Theander, Acta. Chem. Scan., 12 (1958) 1883-1885.

M. Miljkovic, M. Gligorijevic and D. Glisin, J. Org. Chem., 39 (1974) 3223-
3226.

S. David and A. Fernandez-Mayoralas, Carbohydr. Res., 165 (1987) C11-
Cl13.

S. David, A. Malleron and C. Dini, Carbohydr. Res., 188 (1989) 193-200.
J. Alais and S. David, Carbohydr. Res., 201 (1990) 69-77.

H. P. Kleine and R. Sidhu, Carbohydr. Res., 182 (1988) 307-312.

W. Gunther and H. Kunz, Carbohydr. Res., 228 (1992) 217-241.

W. Gunther and H. Kunz, Angew. Chem. Int. Ed. Engl., 29 (1990) 1050-
1051.

W. Gunther and H. Kunz, Angew. Chem. Int. Ed. Engl., 27 (1988) 1086-
1087. '

M. Griffith, PhD Dissertation, University of Alberta, 1991.

N. Taubken, B. Sauerbrei and J. Thiem, J. Carbohydr. Chem., 12 (1993)
651-667.

N. Taubken and I. Thiem, Synthesis, 1992 517-518.

D. Kahne, D. Yang, J. Lim, R. Miller and E. Papuaga, J. Am. Chem. Soc., 110
(1988) 8716-8717.

P. A. J. Gorin and A. S. Perlin, Can. J. Chem., 39 (1961) 2474-2485.
G. M. Bebault and G. Dutton, Carbohydr. Res., 37 (1974) 309-319.

N. K. Kotchetkov, V. I. Torgov, N. N. Malysheva and A. S. Shaskov,
Tetrahedron, 36 (1980) 1099-1105.

K. K. Kaur and O. Hindsgaul, Glycoconjugate J., 8 (1991) 90-94.

177



130.
131.

132.

133.
134.
135.
136.
137.

138.
139.

140.

141.

142.

143.

144.

145.

146.
147.

148.
149.
150.

178

P. J. Garegg and T. Iversen, Carbohydr. Res., 70 (1979} C13-C14.

P. J. Garegg, T. Iversen and R. Johansson, Acta. Chem. Scan. . B34 (1980)
505-508.

T. Sugawara, K. Irie, H. Iwasawa, T. Yoshikawa, S. Okuno, H. Watanabe, T.
Kato, M. Shibukawa and Y. Ito, Carbohydr. Res., 230 (1992) 117-149.

G. Wulff and J. Wichelhaus, Chem. Ber., 112 (1979) 2847-2853.

V. K. Srivastava and C. Schuerch, J. Org. Chem., 46 (1981) 1121-1126.

H. Paulsen and R. Lebuhn, Liebigs Ann. Chem., 1983 1047-1072.

T. Ogawa, T. Kitajima and T. Nukada, Carbohydr. Res., 123 (1983) Cs5- C7.

C. A. A. van Boeckel, T. Beetz and S. F. van Aelst, Tetrahedron, 40 (1984)
4097-4107.

E. Kaji and F. W. Lichtenthaler, Trends Glycosci. Glycotech., 5 (1993) 121-142.

F. W. Lichtenthaler, U. Klares, M. Lergenmuller and S. Schwidetzky,
Synthesis, 1992 179-184.

M. Shaban and R. W. Jeanloz, Carbohydr. Res., 52 (1976) 115-127.

N. K. Kotchetkov, B. A. Dmitriev, N. N. Malysheva, A. Chernyak, E. M.
Klimov, N. E. Bayramova and V. I. Torgov, Carbohydr. Res., 45 (1975)
283-290.

N. K. Kotchetkov, B. A. Dmitriev, O. S. Chizhov, E. M. Klimov, N. N.
Malysheva, A. Chernyak, , N. E. Bayramova and V. L. Torgov, Carbohydr. Res.,
33 (1974) C5-C7.

P. J. Garegg and C. Hallgren, J. Carbohydr. Res., 11 (1992) 425-443.

J. Kerekgyart, J. P. Kamerling, J. B. Bouwstra, J. F. G. Vliegenthart and
A. Liptak, Carbohydr. Res., 186 (1989) 51-62.

N. M. Spijker and C. A. A. van Boeckel, Angew. Chem. Int. Ed. Engl., 30
(1991) 180-183.

M. E. Chacon-Fuertes, M. Martin-Lomas, Carbohydr. Res., 43 (1975) 51-56.

S. Sato, Y. Ito, T. Nukada, Y. Nakahara and T. Ogawa, Carbohydr. Res., 167
(1987) 197.

R. U. Lemieux and G. Huber, J. Am. Chem. Soc., 7S (1953) 4118.
R. U. Lemieux and G. Huber, 4. Am. Chein. Soc., 78 (1956) 4117-4120.
R. U. Lemieux, Can. J. Chem., 31 (1953) 949-951.



179

151. J. Thieme, Trends in Synthetic Carbohydrate Chemistrv, D. Horton. L. K.
Hawkins and G. J. McGarvey. Eds: ACS Svmposium Seric: 386: W ashington
D.C.. 1989, Chapter 8, 131-149.

152, S. J. Danishefsky. K. F. McClure, J. T. Randolph and R. B. Ruggeri. Science,
260 (1993) 1307-1209.

153. S. Borman, Chem. Eng. News, 71(23) (1993) 30-33.

154.  A. Malik, H. Bauer, J. Tschakert and W. Voelter, Chemiker-Zeizung, 114 (1990)
71-375.

155. S. P. Douglas, D. M. Whitfield and J. J. Krepinsky. J. Am. Chem. Soc.. 113
(12991) 5095-5097.

156. J. M. Frechet and C. Schuerch, Carbohydr. Res., 22 (1979) 399-412.

157. G. H. Veeneman, S. Notermans, R. M. J. Liskamp, G. A. van der Marel and J.
H. van Boom. Tetrahedron Lett., 28 (1987) 6695-6698.

158. F. Barresi and O. Hindsgaul, J. Am. Chem. Soc., 113 (1991) 9376-9377.
159. F. Barresi and O. Hindsgaul, Synlett, 1992 759-762.

160. F. Barresi and O. Hindsgaul, Can. J. Chem., in press.

161. G. Stork and G. Kim, J. Am. Chem. Soc., 114 (1992) 1087-1088.

162. M. Bols, J. Chem. Soc., Chem. Commun., 1992 913-914.

163. M. Bols, J. Chem. Soc., Chem. Commun., 1993 791-792.

164. M. Bols, Acta. Chem. Scan., 47 (1993) 829-834.

165. M. Bols, Tetrahedron, 49 (1993) 10049-10060.

166. Y. C. Xin, J. M. Mallet and P. Sinay, J. Chem. Soc., Chem. Commun., 1993
864-865.

167. B. Vauzeilles, D. Cravo, J. M. Mallet and P. Sinay, Synlett, 1993 522-524.
168. M. E. Jung and C. Castro, J. Org. Chem., 58 (1993) 807-808.
169. K. Sujino and H. Sugimura, Chem. Lezt., 1993 1187-1190.

170. D. Kahne, S. Walker, Y. Cheng and D. Van Engen, J. Am. Chem. Soc., 111
(1989), 6881-6882.

171. Gilbert Stork, Personal Communication.
172. G. Stork, H. S. Suh and G. Kim, J. Am. Chem. Soc., 113 (1991) 7054-7056.

173. A. De Mesmaeker, P. Hoffmann, B. Ernst, P. Hug and T. Winkler, Tetrahedron
Lett., 30 (1989) 6307-6310.



174.

175.

176.

177.

178.
179.

180.

184.

185.

186.

187.

188.
189.
190.
191.
192.
193.

A. De Mesmaeker, P. Hoffmann, B. Ernst, P. Hug and T. Winkler, Tetrahedron
Letr., 30 (1989) 6311-6314.

P. J. Garegg, Chemtracts-Organic Chemistry, S (1992) 389-393.
P.J. Garegg and L. Maron. Acta. Chem. Scand., B33 (1979) 39-41.

F. N. Tebbe, G. W. Parshall and G. S. Reddy, J. Am. Chem. Scc., 100 (1978)
3611-3613.

L. F. Cannizzo and R. H. Grubbs, J. Org. Chem., 50 (1985) 2386-2387.

K. A. Brown-Wensley, S. L. Buchwald, L. Cannizzo, L. Clawson, S. Ho, D.
Meinhardt, J. R. Stille, D. Straus and R. H. Grubbs, Pure Appl. Chem., 55
(1983) 1733-1744.

M. H. Ali, P. M. Collins and W. G. Overend, Carbohydr. Res.. 205 (1990) 428-
434.

B. H. Heskamp, D. Nocrz, G. A. van der Marel, and J. H. van Boom, Synlett,
1992 713-715.

A. G. M. Barrett, B. Bezuidenhoudi, A. F. Gasiecki, A. R. Howell and M. A.
Russell, J. Am. Chem. Soc., 111 (1989) 1392-1396.

A. Marra, J. Esnault, A. Veyieres and P. Sinay, J. Am. Chem. Soc., 114 (1992)
6354-6360.

A. Liptak, I. Jodai and P. Nanasi, Carbohydr. Res., 44 (1975) 1-11.

P. J. Garegg, T. Iversen and S. Oscarsson, Carbohydr. Res., 50 (1976).C12-
Cl4.

Vandana, O. Hindsgaul and J. U. Baenziger, Can. J. Chem., 65 (1987) 1645-
1652.

K. Bock and C. Pedersen, Adv. Carbohydr. Chem. Biochem., 41 (1983) 27.

B. Helferich and K. Weis, Chem. Ber., 89 (1956) 314-321.

B. Helferich and K-F. Wedemeyer, Ann. 563, (1949) 139-145.

S. H. Tahir and O. Hindsgaul, Can. J. Chem., 64 (1986) 1771-1780.
R. U. Lemieux, Methods Carbohydr. Chem., I1 (1962) 221-223.

T. Iversen and D. Bundle, Carbohydr. Res., 103 (1982) 29-40.

P. Durette and T. Y. Shen, Carbohydr. Res., 69 (1979) 316-322.

180



194.

195.

196.
197.

198.

199.

204.
205.
206.
207.

211.
212.

213.
214.

J. F. Milligan, M. D. Matteucci and J. C. Martin. J. Med. Chem.. 36 (1993)
1923-1937.

M. Matteucci, K. Y. Lin. S. Butcher and C. Moulds. J. Am. Chem. Soc.. 113
(1991) 7767-7768.

M. Matteucci. Tetrahedron Lert.. 31 (1990) 2385-2388

R. J. Jones, K. Lin, J. F. Milligan, S. Wadwani and M. D. Matteucci. J. Oryg.
Chem., S8 (1993) 2983-2991}.

G. t1. Veeneman, G. A. van der Marel. H. van den Elst and J. H. van Boom,
Recl. Trav. Chim. Pays-Bas, 109 (1990) $19-451.

G. H. Veeneman, G. A. van der Marel, H. van den Elst and J. H. van Boom,
Tetrahedron Lett., 47 (1991) 1547-1562.

P.J. L. M. Quaedflieg, G. A. van der Marel, E. Kuyl-Yeheskicly and J. 1. van
Boom, Recl. Trav. Chim. Pays-Bas, 110 (1991) 435-436.

B. Fraser-Reid, P. Konradsson, D. Mootoo and U. Udodong, J. Chem. Soc.,
Chem. Commun., 1988 823-825.

D. R. Mootoo, V. Date and B. Fraser-Reid, J. Am. Chem. Soc., 110 (1988)
2662-2663.

P. Konradsson, D. R. Mootoo, R. E. McDevitt and B. Fraser-Reid, J. Chem.
Soc., Chem. Commun., 1990 270-272.

K. Briner and A. Vasella, Helv. Chim. Acta., 72 (1989) 1371-1382.
C. Li and A. Vasella, Helv. Chim. Acta., 76 (1993) 211-221.
W. H. Graham, J. Am. Them. Soc., 87 (1965) 4396-4397.

R. A. Moss, M. Wilostowski, J. Terpinski, G. Kmiecik-Lawrynowicz and K.
Krogh-Jespersen, J. Am. Chem. Soc., 109 (1987) 3811-3812.

R. A. Moss, M. Fedorynski, J. Terpinski and D. Z. Denney, Tetrahedron Letr.,

27 (1986) 419-422.
W. P. Dailey, Tetrahedron Lett., 28 (1987) 5801-5804.

B. S. Pedeisen, S. Scheibye, N. H. Nilsson and S.-O. Lawesson, Bull. Soc.
Chim. Belg., 87 (1978) 223-228.

M. P. Cava and M. Levinson, Tetrahedron, 41 (1985) 5061-5087.

R. Okazaki, A. Ishii, N. Fukuda, H. Oyama and N. Inamoto, J. Chem. Soc.,
Chem. Commun., 1982 1187-1188.

J. E. Baldwin and R. C. Lopez, Tetrahedron, 39 (1983) 1487-1498.
E. Vedejs and D. A. Perry, J. Am. Chem. Soc., 105 (1983) 1683-1684.

7



182

215. E. Vedejs, T. H. Eberlein, D. J. Mazur, C. K. McClure, D. A. Perry, R. Ruggeri,
E. Schwartz, J. S. Stults, D. L. Varie, R. G. Wilde and S. Wittenberger, J. Org.
Chem., 51 (1986) 1556-1562.

216. A. Degl'Innocenti, A. Capperucci, A. Mordini, G. Reginato, A. Ricci and F.
Cerreta, Tetrahedron Lett., 34 (1993) 873-876.

217. Y. ho, T. Ogawa, M. Numata and M. Sugimoto, Carbohydr. Res., 202 (1990)
165-175.

218. E. Rachaman, R. Eby and C. Schuerch, Carbohydr. Res., 67 (1978) 147-161.

219. R. U. Lemieux, T. Takeda and B.Y. Chung, ACS Symposium Series, 39 (1976),
90-115.

220. N. Bagget, J. M. Duxbury, A. B. Foster and J. M. Webber, Carbohydr. Res., 1
(1965) 22-30.

221. S. Koto, N. Mcrishima, T. Yoshida, M. Uchino and S. Zen, Bull. Chem. Soc.
Jpn., 56 (1983) 1171-1175.

222. T. Ogawa and M. Matsui, Carbohydr. Res., 62 (1978) C1-C4.
223. F. Dasgupta and P. J. Garegg, Acta. Chem. Scand., 43 (1989) 471-475.



