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Abstract 

Arabinogalactan (AG) is a unique complex comprised of D-galactofuranosyl and 

D-arabinofuranosyl monosaccharides that is present in the mycolyl-arabinogalactan 

complex (mAG) of the Mycobacterium tuberculosis cell wall. The AG complex is 

essential for mycobacterial viability and, thus, the enzymes involved in its biosynthesis 

might serve as putative therapeutic targets. The galactan chain is composed of -30 

D-galactofuranose (Gal/) residues that are linked via alternating p-(l-»5) and P-(l—»6) 

linkages with the reducing end covalently attached to a linker disaccharide consisting of 

rhamnose and N-acetylglucosamine. A series of oligosaccharides (1-12) were 

synthesized to probe the specificity of two galactosylfuranosyltransferases, GlfTl and 

GlfT2, involved in the biosynthesis of the cell wall galactan chain. The synthesis of the 

galactofuranosyl monosaccharide moiety was achieved via an iodine-promoted 

cyclization of galactose diethyl dithioacetal using an alcohol solvent and free of the usual 

pyranoside side product. The general synthetic approach used to prepare most of these 

compounds involved coupling reactions between benzoyl-protected thioglycoside donors 

and octyl glycoside acceptors. The preparation of trisaccharides and tetrasaccharides 

5-8, however, utilized synthetic routes wherein these compounds were assembled starting 

from the reducing to nonreducing end and vice versa. The need to produce compounds 

5 and 6 in large scale, for use in biochemical assay experiments, necessitated the 

development of a one-pot method for their synthesis. 



Compounds 1-8 were also used to probe the specificity of GlfT2, originally 

known as glfT, a bifunctional galactofuranosyltransferase catalyzing the formation of 

both P-(l-»5) and P-(l—>6) Gal/linkages in mycobacterial galactan. Trisaccharide 5 

(P-Gal/-(l->5)-P-Gal/-(l->6)-P-Gal/-Octyl) was determined as the best substrate of the 

GlfT2-catalyzed reaction. Likewise, the first ever synthesis of four mAG fragments 

(9-12), made up of the linker disaccharide decorated with one, two or three Gal/residues, 

was accomplished through coupling of a protected linker disaccharide derivative (112) 

with a mono-, di-, or tri-galactofuranosyl thioglycoside (43, 106, or 99, respectively). 

These compounds (9-12) were used to probe a newly identified 

galactofuranosyltransferase, GlfTl, known to have dual P-(l—>4) and P-(l—>5) Gal/ 

transferase activities during the initial steps of galactan formation. The results showed 

that only two bifunctional galactofuranosyltransferases GlfTl and GlfT2, are involved in 

the assembly of mycobacterial galactan. 
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CHAPTER 1 

INTRODUCTION 



1.1 Tuberculosis 

Tuberculosis (TB) is an ancient scourge known to have plagued humans for 

centuries. The oldest known signs of this disease were found in Egyptian and Peruvian 

mummies1'2 but a recent discovery in a Turkish Homo erectus fossil, an early human 

ancestor, indicates the occurrence of TB in humans for as long as 500,000 years. This 

disease was also responsible for the "White Plague" that depopulated 17 th-! 8th century 

Europe by 25%.4 Even though the advent of vaccination, chemotherapy and improvement 

in health and sanitation infrastructure helped curb the spread of TB in mid-20th century, 

this respiratory disease has been staging a significant recurrence of late. Recent statistical 

projections have shown that Mycobacterium tuberculosis (MTB), the etiologic agent of 

TB, has infected one-third of the world's population and of these having latent TB, 

approximately 9 million cases will progress to active TB and an estimated two million 

people will die annually.5 

The recent rise in the incidence of TB worldwide, especially in poor countries, 

can be attributed to a number of factors.6'7 Chief among them is the ongoing Human 

Immunodeficiency Virus-Acquired Immunodeficiency Syndrome (HIV-AIDS) epidemic 

that compromises an infected person's immune system leading to development of active 

TB infection or reactivation of dormant TB. The HIV epidemic alone is thought to be 

responsible for one-third of the increase in global TB cases over the last five years.8 

Moreover, the proliferation of the disease is also exacerbated by the manifestation 

of deadlier strains of M. tuberculosis impervious to current TB treatment. Strains of 

MTB resistant to at least two of the standard or first-line drugs used for current TB 

regimen are called multi-drug resistant TB (MDR-TB).9 A far more deadly strain, called 
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extensively drug-resistant TB (XDR-TB), shows resistance to at least two of the first-line 

anti-TB drugs and is also immune to the second-line drugs.9'10 XDR-TB received 

substantial news coverage in the past year, when a person believed to have this form of 

the disease travelled by plane between the North America and Europe and back, and in 

doing so exposing many people to possible infection. It was later determined that this 

individual had MDR-TB, not XDR-TB, but the media coverage of this event raised 

awareness of this important health issue.11,12 

The very expensive and rigorous treatment process is a common obstacle that 

contributes to the increase in drug-resistant TB.13 Specifically, this can be elaborated to 

the need for a sophisticated diagnostic process, length of obtaining test results and side 

effects attributed to TB drugs often lead TB patients to interrupt or abandon their course 

of treatment leading to development of aforementioned drug resistance. The treatment 

course for MDR-TB alone runs from 18-24 months and costs around 1400 times as much 

of normal TB which is estimated at approximately US$1979-$8196 while that for XDR-

TB ranged from US$6843-$15579.9 MDR-TB has an 80% mortality rate as observed in 

cases during an outbreak in North America and Europe from the late 1980's to early 

1990's while 98% of the patients infected with the XDR strain died from the disease 

during an outbreak in Tugela Ferry, Kwazulu-Natal Province, South Africa from January 

2005 to March 2006.9'14"16 

1.2 Drugs Used to Treat Tuberculosis 

Success in treating TB requires that the patient adhere to a regimen of multiple 

antibiotics over a period of several months. The standard therapy, referred to as Directly 

3 



Observed Treatment Short-Course (DOTS), involves monitoring the patient while a 

course of antibiotics is given.17 This treatment, which if followed is usually successful for 

treating TB that is not drug-resistant, consists of the administration of isoniazid, rifampin, 

and pyrazinamide for two months (See Figure 1 for structures). After this period, 

isoniazid and rifampin are continued for another six months. In addition to these drugs, 

patients are also usually given ethambutol or streptomycin. When treating strains that are 

drug resistant, this regimen must be changed, and second-line antibiotics are often 

employed (any fluoroquinolone and one of the injectable drugs capreomycin, amikacin or 

kanamicin). '10 

NH 

HU K NH2 W \ H 
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OHC ° ' 

HO' OH 
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CH3 

RIFAMPIN 

CIPROFLOXACIN 

Figure 1. Structures of selected front-line anti-TB drugs in clinical use. 

18,19 
The mode of action of most front-line anti-TB drugs now is understood 

Isoniazid and ethambutol inhibit the assembly of the protective cell wall of the organism. 

In particular isoniazid prevents the formation of mycolic acids and ethambutol is an 
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arabinosyltransferase inhibitor (see section 1.4 for more information). Rifampin binds 

to the P-subunit of DNA-dependent RNA polymerase, and therefore inhibits RNA 

synthesis.22 Streptomycin, like other aminoglycoside antibiotics, inhibits protein 

synthesis by binding to the 30S subunit of the ribosome.23 The only drug for which there 

is still ambiguity about its mode of action is pyrazinamide. It has been suggested that 

hydrolysis of the amide in the organism, thus giving pyrazinoic acid, leads to lethal 

acidification within the cell.24 More recently, it has been proposed that the pyrazinoic 

acid liberated inhibits palmitic acid biosynthesis and hence interferes with lipid 

metabolism in the organism.25 

1.3 Pathogenesis of Tuberculosis 

There are several steps involved during infection of the host by M. 

tuberculosis.26'21 The initial step involves inhalation of the infectious bacilli in the form 

of droplets or aerosols introduced into the atmosphere by another person. These droplet 

nuclei are generated by routine events such as talking, coughing, and sneezing, and can 

remain in the atmosphere for several hours. The inhaled bacteria in the lung are taken up 

by macrophages in the alveoli leading to a local inflammatory response, which in turn 

results in the influx of white blood cells called mononuclear cells from tissues supplying 

blood to the lung (Figure 2). This process leads to the formation of the granuloma or a 

tubercle, which is made up of infected tissues or macrophages and is encased by a 

mixture of immune cells and extracellular matrix components. 

This is followed by the development of a complex structure enveloping the 

tubercle and the reduction in the number of blood vessels penetrating it. This fibrous 
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sheath acts as a barrier that helps to keep the mycobacteria in check and prevents its 

spread into other tissues. This microenvironment also allows the organism to survive and 

persist for a long period of time. Although the mechanism of persistence is still not fully 

understood, it is theorized that the mycobacteria adapts to a low oxygen, high carbon 

dioxide environment surrounded by hardened and dead cells. 

Figure 2. Pathogenesis of tuberculosis (Modified and adapted from Russell, 2007). 

The next stage of the infection process is dependent on the competency of the 

host's immune system. An immunocompromised individual will show acute signs of 

infection indicated by the spread of the mycobacteria to other cells. The diseased 

individual will typically suffer from fatigue, weight loss, and can spread the disease 
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through coughing. On the other hand, an immunocompetent individual will respond by 

suppressing the initial infection. The mycobacteria, however, will persist in the 

immunocompetent host, who is now considered latently infected. 

The final infection stage involves the progression from latency to resumption of 

bacterial growth. The mechanism involved at this stage is also not fully understood but it 

is believed that any factor resulting in the failure of the host's immune system can trigger 

this activity. This process is characterized by breakdown of the tubercle causing it to 

rupture and release infectious bacilli into the airways; the individual then develops a 

cough that facilitates aerosol spread of infectious bacilli. Should the infected individual 

not receive treatment, these latter steps may lead to death. 

Even though significant advances have been made in the study of TB, there are 

still fundamental problems that impede the development of a more effective anti-TB 

therapy. For example, there is a need for further elucidation of the basic biology of 

mycobacterial persistence in the host's macrophages during MTb infection.22 In addition, 

most of the current anti-TB drugs have strong bactericidal effects but only exhibit weak 

sterilizing activity.22 This means that these drugs act mostly on the actively growing 

mycobacterial cells but not on the slowly growing mycobacteria that persist or are 

dormant in the infected tissues. 

The difficulty in eradicating persistent mycobacteria in the infected tissues is 

attributed to its heterogeneous nature that requires different types of drugs during TB 

chemotherapy (Figure 3).22'28 Figure 3 shows the four types of bacterial populations and 

99 9R 

representative anti-TB drugs that are effective to a specific subpopulation. ' It is known 

that in the early stages (two days) of TB chemotherapy, there is a very rapid eradication 
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of actively growing tubercle bacilli. This is followed by a longer period of slower 

extermination of the persistent bacilli by anti-TB drugs.29 As mentioned earlier, the 

lengthy and rigorous process of the current treatment regimen, DOTS, although 

somewhat effective, often makes patient compliance very difficult. The development of 

new anti-TB drugs should therefore not only shorten the treatment regimen but should 

also be effective against both the persistent bacilli and drug-resistant strains. Although a 

number of the current anti-TB drugs have their mode of action as inhibitors of cell wall 

synthesis, there is still a need to perform basic research on the mycobacterial cell wall. 

Isoniazid, Ethambutol 

CD 
e—H 

o-o_ 

> 
o 
< 

Rifampicin 

Pyrazinamide 

Not killed by 
any TB drug 

Figure 3. TB Drugs targeting distinct M. tuberculosis subpopulations 
(adapted from Zhang, 2005) 22 
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1.4 Structure of the Mycobacterial Cell Wall 

The mycobacterial cell wall is an important component of the organism and 

serves as a permeability barrier to the passage of antibiotics.30 As described above, some 

of the front-line anti-TB drugs target the assembly of this structure. Given the 

importance of the cell wall to mycobacterial survival and pathogenicity there is much 

interest in obtaining a detailed picture of its structure.31"36 It has been shown to have a 

number of unique structural motifs, and therefore the biosynthetic pathways by which 

cell wall components are assembled have attracted attention as the sites of action for new 

classes of anti-TB drugs.37"43 

It should be pointed out that mycobacteria are a part of a larger group of bacteria, 

the actinomycetes, which all possess a similar cell wall. The actinomycetes most closely 

related to mycobacteria are the corynebacteria, norcardia and rhodococci. Thus, while 

the discussion below is focused on mycobacteria, similar structures are present in these 

, . - , 44 45 

other actinomycetes as well. ' 

The mycobacterial cell wall is a complex structure of proteins, lipids, glycolipids 

and polysaccharides.46'47 There are four major components of cell wall, namely: 1) 

peptidoglycan, a porous layer between the cell wall and plasma membrane; 2) the 

mycolyl-arabinogalactan (mAG) complex attached to the peptidoglycan, which is 

composed of long chain fatty acids, mycolic acids, and the unique polysaccharide, 

arabinogalactan (AG), linked together by ester bonds; 3) lipoarabinomannan (LAM) and 

its truncated form lipomannan (LM), and, 4) "free" lipid species, called extractable lipids, 

that include glycolipids, phenolic glycolipids, glycopeptidolipids, and other chemical 

species.48 A schematic diagram of the mycobacterial cell wall is shown in Figure 4. 
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Figure 4. Schematic depiction of the mycobacterial cell wall. 

1.4.1 Peptidoglycan 

Peptidoglycan forms the backbone of the cell wall skeleton and consists of a 

polysaccharide chain formed from alternating units of iV-acetylglucosamine and N-

glycolylmuramic acid. The N-glycolylmuramic acid residues are further modified at 0-3 

with tetrapeptide side chains composed of L-alanyl-D-isoglutaminyl-meso-

diaminopimelyl-D-alanine (Figure 5). Cross-linking between the peptidoglycan chains 

occurs either through two diarninopirnelic acid residues or between D-alanine and 

diaminopimelic acid. 
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Figure 5. iV-acetylglucosamine and iV-glycolylmuramic acid linkages in the 

peptidoglycan.45 

1.4.2 Mycolyl-Arabinogalactan-Peptidoglycan (mAGP) Complex 

The mAGP complex is a lipidated polysaccharide composed of a polymer of 

galactofuranosyl and arabinofuranosyl residues covalently linked to peptidoglyan and is 

capped to its non-reducing terminus by hydrophobic mycolic acid esters (Figure 6). This 

complex is responsible for the impermeable nature of the mycobacterial cell wall, which 

leads to its resistance to the passage of antibiotics. It is also critical for mycobacterial 

survival and pathogenicity and its biosynthesis is targeted by the anti-TB drugs isoniazid 

and ethambutol.18"21 
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Figure 7. Schematic drawing of the structure of mycolyl-AG complex. 

1.4.2.1 Arabinogalactan (AG) 

The arabinogalactan (AG) is a unique structure comprised of D-galactofuranosyl 

(Gal/) and D-arabinofuranosyl (Ara/) monosaccharides.52 This polysaccharide differs 

from most bacterial polysaccharides by having a few structural motifs instead of 

repeating units (Figure 7).53 The AG is covalently bound to 0-6 of muramic acid residues 

of peptidoglycan through a disaccharide phosphate linker unit, <x-L-Rhap-(l—>3)-<x-D-

GlcpNAc-P0 4 . From the 4-position of the rharnnose residue is attached a linear chain of 

approximately 30 Gal/residues attached via alternating p-(l—>5) and P-(l—»-6) linkages 

(Figure 7). 
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Figure 7. Structural motifs in mycobacterial mycolyl-AG complex. 

Along the galactan chain, three arabinan chains are attached each containing 31 Ara/ 

residues arranged in a precise structure. These arabinan domains are attached to 0-5 of 

the galactofuranosyl residues 8,10 and 12 in the galactan core. 

The arabinan domains consist of a core linear chain of -14 a-(l—»5) linked Ara/ 

residues. The terminal residue of this chain is branched at both at 0-3 and 0-5 with an 

a-Ara/-(l—>5)-a-Ara/disaccharide, which is then capped with a branched hexasaccharide 

(Ara-6), containing two P-(l—>-2) linked Ara/ residues (Figure 7). Recent findings 

indicate the presence of negatively charged succinyl residues34 in addition to the 

positively charged GalNH255 moeities. Either of these groups is attached to the 2-position 
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of the 0-3, 0-5-branched Ara/ residue at the end of the linear inner arabinan chain. In 

these recent studies,34 it was proposed that one-third of the arabinan chains were 

succinylated, one third contain galactosamine and the other third are unsubsituted at this 

residue. It was also shown that the arabinan chains that contain succinate esters are not 

esterified with mycolic acids, thus suggesting that introduction of this motif may inhibit 

the addition of these groups. This finding is consistent with earlier studies56 that showed 

that only two-thirds of the arabinan domains are mycolated. The anti-TB drug ethambutol 

1 Q 1 Q 1 C 

inhibits arabinan biosynthesis. ' ' 

1.4.2.2 Mycolic Acids 

The impermeable and tightly packed outermost region of mycobacterial cell wall 

is primarily composed of mycolic acids, high molecular weight a-alkyl-P-hydroxy fatty 

acids containing 70-90 carbons. These linear carbon chains can be further elaborated 

with a number of additional structural motifs including double bonds, cyclopropanes, and 

oxygen-containing functional groups such as ketone, methoxy, and hydroxyl 

functionalities. Different mycobacterial species contain mycolic acids with different 

structures. As mentioned in the previous section, the mycolic acids are attached to two-

thirds of the Ara-6 termini of the AG, and these groups are attached through ester 

linkages involving the primary hydroxyl groups.57 

The three kinds of mycolic acids in the M. tuberculosis cell wall are the a-

mycolates, methoxymycolates, and ketomycolates (Figure 8). Both the oc-mycolates and 

methoxymycolates only have cis-cyclopropyl groups at the proximal position (closest to 

the hydroxyl group). In contrast, in the keto-mycolates a mixture of cis- and trans­
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cyclopropyl groups are at the proximal position in an 83:17 ratio. The short a-chain of 

all three mycolates contain 24 and 26 carbons in an approximately 1:9 ratio, with 

negligible amounts of 22 carbon chains. The longer (mero) chain in the 

methoxymycolates and ketomycolates has longer chains than those present in the oc-

mycolates. The total carbon numbers for the a, methoxy, and keto mycolates are 76-82, 

83-90, and 84-89, respectively.59 The mero chain is proposed to be stabilized by parallel 

packing between the hydrocarbon chains with the presence of cis double bonds and cis 

cyclopropane structures modulating the tight packing. The amount of mycolic acid 

containing trans substituents defines the flexibility of the mycobacterial cell wall and its 

permeability towards hydrophobic antibiotics.60 Isoniazid, which is used to treat TB, 

inhibits the biosynthesis of the mycolic acids.20 
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Figure 8. Representative structures of mycolic acids. 

1.4.3 Lipoarabinomannan (LAM) and Lipomannan (LM) 

The lipoarabinomannan (LAM) is a polymer with a mannopyranosyl core and 

arabinofuranosyl side chain residues while the lipomannan (LM) is its analog without the 

arabinan (Figure 9). These polysaccharides are located in between the AG branch chains 
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and are attached noncovalently to the cytoplasmic membrane through the lipid portion of 

a phosphatidylinositol linker.30 Mannopyranosyl residues having oc-(l—>6) linkages, half 

of which contain an a-(l—»2) mannopyranosyl branch, comprise the mannan core of these 

polysaccharides. Structural studies of LAM showed that there are two distinct arabinan 

motifs situated at its terminal end: the branched hexaarabinofuranosides (Ara-6) identical 

to that in AG, and a linear P-D-Ara/-(l-»2)-cc-D-Ara/-(l—*5)-a-D-Ara/-(l-^5)-a-D-Ara/-

tetrasaccharide (Ara-4). 

• • • • • • • 

palmitate 

tuberculostearate 

• Manp 

•fc Araf 

- a-(1->5)llnkage 

o(1-»3)linkage 

p-(1-»2)linkage 

• • a-(1-»2)linkage 

— a-(1-*6)linkage 

Figure 9. Schematic representation of mycobacterial lipoarabinomannan (LAM). 

The arabinan domain of LAM contains fewer branch points than that in AG and 

there are no mycolic acids esterified to the terminal hexasaccharide motif. However, the 

P-D-Ara/-residues in Ara-6 and Ara-4 are capped with different motifs, which depend on 
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the mycobacterial species. In M. tuberculosis, these capping motifs are short a-(l—>2)-

linked mannopyranosyl residues, resulting in a structure called ManLAM.61'62 Another 

capping motif present in M. tuberculosis is a 5-thiomethylxylofuranose residue, which is 

oc-(l—>4)-linked to a mannopyranose residue.63 In M. smegmatis, these capping motifs are 

inositol phosphate moieties (yielding PI-LAM)64'65 and in some species (e.g., M. 

chelonae) there are no capping motifs, resulting in a structure called AraLAM. 

1.4.4 Extractable lipids 

Extractable lipids are lipids and glycolipids that are non-covalently associated 

with mycolic acids located at the periphery of the cell wall complex. The lipid portion in 

these glycolipids intercalate into the mycolic acids, and the oligosaccharide resides at the 

outermost part of the cell wall interact with the host.56'67 

Representative examples are shown in Figure 10. These molecules are believed 

to be important modulators of the immune response arising from infection by 

mycobacteria, but this process is not well understood. 
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Figure 10. Representative examples of extractable lipids. 

1.5 Biosynthesis of the Mycolyl-Arabinogalactan-Peptidoglycan Complex 

(mAGP) 

A current thrust in M. tuberculosis research is the identification of novel targets 

99 

for the action of new anti-TB drugs. A strong emphasis has been placed on the study of 

biosynthesis of the major component of cell wall, mAGP, which is essential to the 

microorganism's viability.22 The identification and characterization of the enzymes 

involved in cell wall synthesis is therefore important and has received increasing 

attention in recent years.38'45'69'70 

The general features of mAG are now well established and over the past several 

years many of the enzymes involved in the process have been identified.32'38'71"77 The 
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proposed biosynthetic pathway for mAGP (Figure 11) starts with the transfer of a 

GlcNAc-1-phosphate from UDP-GlcNAc to prenyl phosphate (C50-P);78 the enzyme 

proposed to catalyze this transfer in M. tuberculosis H37Rv is encoded by the Rvl302 

gene.79 The formation of GlcNAc-P-P-polyprenyl is followed by the addition of 

rhamnose (Rha) from dTDP-Rha, catalyzed by the rhamnosyl transferase Wbbl (Rv3265c 

gene), leading to the formation of the linker unit of AG (see Figure 4).32-80 

Once the linker unit is produced, the galactan domain is formed by the sequential 

addition of Gal/ residues. This process involves galactofuranosyltransferases that use 

UDP-galactofuranose (UDP-Gal/) as the donor species.74"76,81'82 The synthesis of UDP-

Gal/is achieved by the conversion of UDP-glucose to UDP-galactopyranose (UDP-Galp) 

catalyzed by UDP-galactopyranose epimerase encoded in M. tuberculosis by the gene 

Rv3634. UDP-Galp is then converted to UDP-Gal/ catalyzed by the enzyme UDP-

galactopyranose mutase that is encoded by Rv3809c. 

At the time my thesis work was started, it had been suggested that all of the Gal/ 

residues were added by a single bifunctional galactofuranosyltransferase, then called 

glfT, which was encoded by Rv3808c gene.75 This enzyme had been demonstrated to be 

bifunctional and capable of adding alternating P (l—>5) and p (l->6) linked Gal/residues. 
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Figure 11. Biosynthetic pathway for mAGP complex. 

As outlined in the next chapter, the compounds I synthesized were used to probe 

the specificity of glfT (now called GlfT2) and to help demonstrate that a second 

galactofuranosyl transferase (GlfTl, encoded by the Rv3782 gene) is also involved in the 

process. Thus, as discussed in more detail below, my work was instrumental in 

establishing that galactan assembly proceeds by the action of two enzymes, GlfTl and 

GlfT2, both of which have dual activity.84 

The subsequent addition of arabinofuranose (Ara/) residues to the lipid-linked 

galactan intermediate acceptor involves the sugar donor P-D-arabinofuranosyl-1-
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monophosphoryldecaprenol (DPA), which is used by a number of 

arabinosyltransferases to produce the a-(l—»5)-, a-(l—»3)- and P-(l —»2)-Avaflinkages of 

the AG.85"88 

The number and identity of these arabinosyltransferases remain unclear. The 

proteins encoded by the embA and embB genes, EmbA and EmbB, have been reported to 

function as arabinosyltransferases involved in the AG synthesis in M. tuberculosis. These 

enzymes are ethambutol-sensitive and hence believed to be the target of this anti-TB 

79 71 

drug. In addition, it was identified that the enzyme AftA, (encoded by the Rv3792 

gene) catalyzes the addition of the first Ara/residue from DPA to the galactan domain of 

AG. This transferase is ethambutol-insensitive, as is AftB (the protein product of the 

Rv3805c gene), which adds the |3-Ara/ residues to the AG.77 

It is likely that a number of other arabinosyltransferases are involved in the 

assembly of this polymer, but at this point their identity remains unknown. Once 

assembled, the AG-lipid intermediate is then ligated to peptidoglycan.69 This process 

involves the transphosphorylation of the terminal GlcNAc-1-P of the linker unit of the 

AG polymer from its polyprenyl-P carrier to the peptidoglycan with release of polyprenyl 

phosphate. Finally, the mycolic acids are added to the structure to generate the fully 

formed mAG complex. The details of these final steps remain poorly understood. 

1.6 Cell Wall Core Galactan as a Potential Target for the Development of New 

Anti-TB Drugs 

The importance of the galactan to mycobacterial growth and viability can be 

rationalized given the role it plays in linking the peptidoglycan and mycolic acids. The 
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mycolic acids are essential in providing the organism with protection from its 

environment and anything that prevents these lipids from being expressed on the outer 

surface of the mycobacterial cell will lead to death.33'89'90 Support for the general 

approach of targeting components that link the mycolic acid to the cell wall comes from 

studies showing that the anti-TB drug, ethambutol, prevents the synthesis or 

79 

mycobacterial arabinan. 

As detailed above, the arabinan, together with the galactan, serve as the structure 

that links the mycolic acids to the cell wall. Hence, the enzymes catalyzing the formation 

of Galf-linkages in M. tuberculosis are therefore viable targets in anti-TB drug discovery. 

Further support for this approach is the discovery that mycobacteria that are unable to 

synthesize the galactan are not viable.31 

Despite the importance of the galactan to mycobacterial survival, none of the 

currently used anti-TB have been demonstrated to inhibit its biosynthesis. Although 

targeting the enzyme that produces UDP-Gal/ from UDP-Galp (UDP-Galp mutase) is a 

viable approach, we have chosen to focus on the galactofuranosyltransferases that employ 

this sugar nucleotide. In the following section, I will discuss the enzymes involved in the 

process and their relationship to my thesis work. This section is presented from a 

chronological perspective. 

1.6.1 UDP-Galactofuranosyltransferase 2 (GIfT2) 

When I started my thesis work, two papers had just appeared in which analysis of 

the genome from M. tuberculosis H37Rv led to the identification of the gene (Rv3808c) 

encoding for a protein called glfT,75 a 68 kD protein that transfers Gal/ residues from 
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UDP-galactofuranose to the growing galactan chain yielding an elongated product 

(Figure 12). More recently this enzyme has been renamed GlfT2. 
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HÔ V 0 ^ ° 6 \ o J ° HO n 0(CH2)7CH3 

HO OH W . *.& ! = — Ho^<r0^ v.. OH 
OH 

+ ~~ H CS ^—r 'OH 

HO 9 
HO 0(CH2)7CH3 ^/J°> 

HO ? °" H° 
H o J ^ 
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Figure 12. Representative reaction catalyzed by GlfT2. 

This enzyme uses UDP-Gal/ as the donor substrate, which has the a-

stereochemistry, and provides products with p-stereochemistry. Therefore, the enzyme 

has an inverting mechanism. Glycosyltransferases that proceed with inversion are 

believed to involve a direct SN2 displacement of the nucleoside diphosphate by the 

acceptor alcohol.91'92 The displacement reaction is facilitated by a general base on the 

enzyme, which deprotonates the incoming nucleophile (acceptor) (Figure 13). 
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Figure 13 . Proposed mechanism of inverting GlfT2. 

In addition, an acidic residue on the protein, or metal ion, often complexes with 

the nucleoside diphosphate leaving group to facilitate C-0 bond cleavage. This model is 

supported by structural and mechanistic investigations of other inverting 

.91 
glycosyltransferases as such studies have not, to date, been carried out on GlfT2. 
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In the genome, Rv3808c overlaps, by four nucleotide bases, with Rv3809c, the 

gene encoding for UDP-Gal/? mutase, the enzyme that converts UDP-Gal/? into UDP-Gal/ 

(Figure 14). In earlier work, Besra and coworkers demonstrated that overexpression of 

GlfT2 in both M. smegmatis and E. coli led to membrane preparations that could be used 

to develop a radiochemical assay for its activity. A limitation in assaying 

galactofuranosyltransferases is that the donor substrate UDP-Gal/ is not commercially 

n o Q*7 QO 

available, and was, " until recently, difficult to synthesize. Hence, in the assay 

developed by Besra, UDP-Gal/ was generated in the assay mixture from commercial 

UDP-Gal/?, using mutase that was endogenous in the membrane preparation. 

O 
HO OH 

H 0 ^ I 1 Cr .... HoJ&iML C NH 

-O -O U o U = Z HO^ HO -O -O L ^ J 

HOOH HO OH 

Figure 14 . Reaction catalyzed by UDP-Gal/? mutase. 

Using this assay with synthetic oligosaccharide substrates, the enzyme was shown 

to possess dual P-(l—>5) and P-(l—>6)-galactofuranosyltransferase activity and hence the 

enzyme is one of a relatively small number of glycosyltransferases that are bifunctional. 

Although these studies showed the bifunctionality of GlfT2, pure protein was not 

obtained and thus it was of interest to express and purify this enzyme and evaluate its 

substrate specificity. When we started this study, no one had recombinantly expressed 

GlfT2, nor had detailed kinetic studies been done on the protein. In conjunction with the 
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work described in this thesis, our group reported the first high-level expression and 

purification of GlfT2 via expression of the Rv3808c gene in E. coli C41(DE3) cells. 

The bulk of my thesis work involved the synthesis of a panel of oligosaccharides 

(1-8, Figure 15), which were used to characterize recombinant GlfT2 and to develop an 

assay for its activity. In the next chapter, a detailed discussion of the approaches taken 

toward their synthesis is provided. An efficient one-pot method for the synthesis of 

compounds 5 and 6 was also developed. Following the synthesis of these compounds, a 

detailed evaluation of the substrate specificity of gljT was carried out by a collaborator in 

the lab of Dr. Natisha Rose. The previous studies by Besra and coworkers used 

disaccharide analogs (analogous to 1 and 2) to probe the specificity of GlfT2, but one 

goal of our work was to explore larger substrates to determine the effect of chain length 

on the catalytic activity. As further probes for the enzyme, we also prepared disaccharide 

analogs 3 and 4 where the nonreducing end lacks the hydroxymethyl group, and 

tetrasaccharides 7 and 8. 
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Figure 15. Synthesized compounds used to probe specificity of GlfT2. 

1.6.2 UDP-Galactofuranosyltransferase 1 (GlfTl) 

As this work proceeded, we began to think about the role of G1JT2 in the 

assembly of the entire galactan. Based on the glycosyl linkages present in the galactan 

chain (Figure 16) and the results of kinetic studies done on GlfT2 (see next chapter), we 

proposed that three additional galactosyltranferases, or at least three additional catalytic 

activities, would be involved in the galactan polymerization. 
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We proposed that one enzyme would add the first, P-(l—>4)-linked Galf residue, 

to the Rha moiety, a second enzyme would add the second Gal/residue and a third would 

add the third Gal/ residue. This process would lead to a pentasaccharide structure, which, 

we proposed, was a substrate for GlfT2 leading to full-length polymer synthesis. 
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Figure 16. Galactofuranosyl linkages present in the galactan. 

To test this hypothesis, we synthesized additional substrate analogs having the 

linker unit (9-12) as shown in Figure 17. During the course of this work, a paper by 

Mikusova, Brennan and co-workers appeared, identifying a gene, Rv3782,S2 which coded 

for a 307 amino acid residue protein that was proposed to be a galactosyltransferase 

involved in the first stages of galactan synthesis. Time-course experiments suggested 
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that, like GlfT2, the enzyme encoded by Rv3782 was also bifunctional and that it was 

responsible for the introduction of the first two Gal/residues into the galactan. 

With compounds containing the a-L-Rha/?-(l->3)-cc-D-GlcpNAc linker unit (9-12) 

in hand, we were well placed to enter into a collaborative project with the aforementioned 

research group to establish the role of these two enzymes in galactan assembly. As 

outlined in the next chapter, this collaboration further verified that the Rv3782 gene 

encodes for a galactofuranosyltransferase, which is involved in the early stages of 

galactan synthesis, producing a molecule containing two Gal/ residues. The product is 

then a substrate for GlfT2, which catalyzes the subsequent polymerization events leading 

to the formation of the bulk of the galactan chain containing alternating |3-(1—»5) and 0-

(1—>6) Gal/residues. 
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Figure 17. Compounds synthesized containing the linker unit. 
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1.7 Project Goals 

The main objectives of this research were: 

(1) To design and synthesize galactofuranose containing acceptor substrates for 

mycobacterial galactofuranosyltransferases (1-12) and, 

(2) To evaluate the substrate specificity of GlfTl and GlfT2 using the 

synthesized acceptor substrates. 
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CHAPTER 2 

RESULTS AND DISCUSSION 
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2.1 Introduction - Methods for Accessing Galactofuranose Derivatives. 

The first challenge for accessing the target compounds was to prepare galactose 

building blocks in the furanose form. A number of methods have been reported for 

carrying out this conversion, including kinetically-controlled Fischer glycosylation,99"101 

high temperature acylation,102 cyclization of dithioacetals,103 or open-chain S,0-

acetals,104 the ring opening of 1,4-anhydrogalactopyranose derivatives,105 and the 

formation of l,2:5:6-di-0-isopropylidene derivatives.106"108 These are summarized 

briefly below. 

2.1.1 Fischer Glycosylation. 

It is well established that when hexoses are treated with alcohols under Fischer 

glycosylation conditions (acid in an alcoholic solvent), furanosides are formed initially, 

which are then converted to their pyranoside forms.109 Furanosides are therefore the 

kinetic products of this reaction and are often formed in excellent yields as a mixture of 

anomers, if proper conditions are chosen. D-Galactose was reported to be converted to a 

mixture of anomeric methyl furanosides via a ferric chloride catalyzed Fischer 

glycosylation.99 Fraser-Reid and coworkers also reported a Fischer glycosidation of D-

galactose under kinetic conditions using n-pentenyl alcohol and DMSO as co-solvent at 

90-100 °C for six hours to afford n-pentenyl galactofuranoside (16) as a mixture of 

anomers (Scheme l).100 The reaction also gave the corresponding anomeric mixture of 

pyranosides (17), albeit in poor yield. A modified method for the preparation of n-

pentenyl furanosides was later introduced wherein glycosylation of 4-penten-l-ol with D-
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HO OH H 0
0 = \ H?<°H

n 

J J C D CH2=CH(CH2)30H , H 0 ^ € > O • H o X ^ _ 
HO^OH DMSO,CSA, 90-100 <C HQ> O H

 H VV 

15 16 17 
43% 16% 

Scheme 1. Fischer glycosidation of D-galactose. 100 

galactose was done in tetrahydrofuran by using ferric chloride as the promoter and 

calcium chloride as an additive. The reaction afforded, after 54 hours at room 

temperature and in situ acetylation, a mixture of furanosides (18) and the corresponding 

pyranosides (19) with a net preference for the P-furanoside and a-pyranoside derivatives 

(Scheme 2).101 The favorable formation of the furanoside products over the 

thermodynamically more stable pyranosides was attributed to the complexation of the 

furanoside forms by Ca+2 ion.110 

ArO 7 S 

D OH 1.CH2=CH(CH2)3OH \-O^J~\ « ^t^°s 
^ O FeC'3'THF'CaC'2 , A c O ^ C ^ 0 ^ + ^ g ^ o 

HONOH
 2-Ac2°.pyr Acer OAC H ^ 

( C HO HO ^ * ^ 15 18 19 
53% 8% 

Scheme 2. Modified synthesis of n-pentenyl galactofuranosides.3 
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2.1.2 High Temperature Acylation. 

The first synthesis of perbenzoylated (3-D-galactofuranoside (20) and oc-D-

galactofuranoside (21) was discovered serendipitously through the attempted preparation 

of 1,2,3,4,5-penta-O-benzoyl-P-D-galactopyranose.102 Treatment of D-galactose with 

benzoyl chloride and pyridine at 100 °C resulted in the formation of 20 and 21 instead of 

the target galactopyranoside product (Scheme 3). The structures of these compounds 

were unambiguously characterized by lH NMR and 13C NMR spectroscopy and the 

observed fragmentation patterns obtained in the mass spectra, which were in agreement 

with a previously proposed patterns for similar acetylated derivatives.111 

HO OH B 2 ° B z 0 B z 0
0 

H O ^ ~ ^ f - ™^ * ~ ^ 
HO^OH 1 0 ° ^ BzCT OBz BzCT OBz 

IK 20 21 
1 0 43% 34% 

Scheme 3. High temperature benzoylation of D-galactose. 

2.1.3 Regioselective Opening of 1,4-Anhydrogalactopyranose Derivatives. 

An unconventional approach to the synthesis of galactofuranosides from 

galactopyranose has also been reported.105 This method involves the reaction of 

protected 1,4-anhydrogalactopyranose derivatives with alcohols in the presence of 

camphorsulfonic acid (CSA) for 2>-A days, which results in the regioselective ring 

opening of the bicyclic system to yield the desired galactofuranosides (Scheme 4). 
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ROH.CSA^ H 0 K | f > OR 

CH2CI2 } JL-. 
'OBz 59-92% BzO OBz 

22 23 

Scheme 4. Ring opening of l,4-anhydro-2,3,6-tri-0-benzoyl-|3-D-galactose. 105 

2.1.4 Synthesis of Di-0-isopropyIidene Derivatives. 

l,2:5,6-Di-0-isopropylidene-oc-D-galactofuranose (24) has found limited use in 

synthetic carbohydrate chemistry due to the difficulties inherent in its preparation. 

Compound 24 can be prepared from D-galactose in three or six steps, ' or from D-

galactose in a maximum 22% overall yield.106 An improved method for the preparation 

from D-galactose, requiring the use of zeolite catalyst, significantly increased product 

1OR 

selectivity up to 40% of furanose diketal 24 but also gave 20% of pyranose diketal 25. 

A recent paper reported an improved synthesis of 24 by carrying out the reaction in a 

mixture of DMF and acetone, and employing a solid-supported catalyst, which gave a 

50% yield of the product (Scheme 5).107 

^ ^ 2:1 DMF, acetone Q^A°y[ + ^ 

~^HOuH Dowex 50 H + > r e f l u x / ^ n O-̂ L 

15 24 
50% 

Scheme 5. Synthesis of l,2:5,6-di-0-isopropylidene-oc-D-galactofuranose, 24.107 
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.114 

2.1.5 Cyclization of Dithioacetals. 

Acyclic glycosyl dithioacetals were first prepared in the early ^ O V 1 4 and have 

been used as precursors in the synthesis of glycosyl furanosides. The conversion of sugar 

dithioacetals to furanosides upon treatment with HgC^ and HgO in the presence of 

various aliphatic alcohols has been reported.115'116 A modification of this procedure was 

later reported, which involved the preparation of l-chloro-l-(ethylthio) derivatives of D-

glucose and D-galactose from the corresponding dithioacetal pentaacetates (Scheme 6).117 

The S,0 acetals formed were found to undergo regio- and stereoselective cyclization 

following deacetylation and treatment with a mixture of HgO and HgGb in either 

methanol or ethanol to give the corresponding P-D-furanosides. 

EtS^/SEt 

i-OAc 
AcOH 
AcOH 

|-OAc 
CH2OAc 

26 

E t S ^ C I 

AcCI, POCI3^ A c 0 _ 

28% AcO 

-OAc 

-OAc 
CH2OAc 

27 

EtOH, Ag2C03 
1 

52% 

E t S ^ O E t 

AcO— 
AcO 

~ 0 A c LNaOMe, EtOH 

-OAc 
CH2OAc 

28 

2. HgCI2, HgO, EtOH 
87% over two steps 

HO^ OEt 

H o J ^ 
HO^ OH 

29 

Scheme 6. Cyclization of 5,0 acetals to give ethyl P-D-galactofuranoside. 117 
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An elegant extension of the synthesis of galactofuranose derivatives via the 

cyclization of open-chain 5,0-acetals was later demonstrated by Hindsgaul and 

McAuliffe (Scheme 7).104 Treatment of the peracetylated diethyl dithioacetal of D-

galactose with acetyl chloride and boron trifluoride diethyl etherate afforded the acyclic 

l-chloro-(ethylthio) derivative 27. Glycosidation of acceptor 30 with donor 27 in the 

presence of AgOTf and Ag2CC>3, provided 5,0-acetal 31. Deacetylation of 31 under 

Zemplen conditions,118 followed by addition of HgO and HgCk to the methanolic 

solution and subsequent acetylation gave P-galactofuranoside 33. 

E t S ^ C I 

AcO-
AcO-

O--OAc ^o OH A ! ? 0 A c T ^ 0 \ 

• A 0 & 2 i A90Tf'Ag2C°3(1:3i A 0 O ^ C J A S E ^ o ^ 
[Qhc % C H ^ - ^ - C AcO* OAc Q ^ 

CH2OAc ^ ° ^ 
27 30 31 

NaOMe, MeOH 

AcO, ° " 
HgCI2> HgO, MeOH *J£j >&& J: 

) I ^ ^ O l 2.Ac20, pyr 
AcO OAc m 86% over three steps HCT OH 0 0 

33 

Scheme 7. Synthesis of galactofuranosides via cyclization of open-chain 5,0-acetals 

32 

104 

Relevant to these methods is a recent report involving the l,3-dibromo-5,5-

dimethylhydantoin (DBDH)-mediated activation of glycosyl dithioacetals leading to the 

formation of glycofuranosides (Scheme 8).11 
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EtS^ ^SEt 

-OH 
HO-

HO-

BrN 

HO, 

+ CH3OH 

-OH 
CH2OH 

34 

DMF 
86% 

^ ^ HO^C^° G H 3 
HO^ OH 

35 

Scheme 8. DBDH-mediated dithioacetal cyclization with methanol. 119 

A major disadvantage of these methods, however, is the use of toxic heavy metal 

salts and expensive reagents. A related methodology that circumvents this limitation is 

the treatment of glucosyl, mannosyl and arabinosyl dithioacetals with a dilute solution of 

iodine in methanol to give the corresponding glycosyl furanosides.120 As shown in 

Scheme 9, stirring dithioacetal 36 in 1% I2 in methanol for 32 hours afforded 

glucofuranoside 37 in 74% yield. 

EtS. 

u n 
n u — 

.SEt 

- O H 

- O H 
- O H 

CH2OH 
r !6 

1%l2, MeOH 

74% 

OCH3 

Scheme 9. Treatment of D-glucose diethyl dithioacetal with iodine and methanol 120 

This reaction was only applied to arabinose, glucose and mannose-derived 

dithioacetals, but not to those derived from galactose. To date, this is the only reported 

use of iodine in methanol to cleave dithioacetals leading to the formation of alkyl 

furanosides. However, the use of iodine in methanol for the activation of 
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thioglycosides, cleavage of TBDMS ethers, cleavage of trityl and dimethoxytrityl 

ethers, and cleavage of tetrahydropyranyl ethers has been reported. 

2.2 Synthetic Strategy. 

The strategy designed to prepare target compounds 1-8 started with the use of 

dithioacetal 34 as the precursor of the galactofuranose ring as shown in Scheme 10. The 

rationale for using this approach is discussed in detail below. We envisioned that the 

synthesis of octyl galactofuranosides 38 and methyl galactofuranoside 35 could be 

achieved through cyclization of 34 in the presence of iodine and either methanol or n-

octanol. Methyl glycoside 35 could serve as the precursor to thioglycoside donors 41-44, 

as well as imidate donor 96. On the other hand, octyl glycoside 38 would lead to 39 and 

40, which were used as the precursor to the reducing end of the molecules. The use of 

octyl aglycon in these substrates was expected to facilitate the enzyme assays 

performed during kinetic studies of GlfT2. In addition, it has previously been 

demonstrated that oligosaccharides with long chain aglycons are better substrates for 

mycobacterial glycosyltransferases than glycosides of short chain alcohols. 

Thioglycosides were chosen as glycosyl donors for most of the glycosylations as 

they are easy to prepare, easily stored due to their stability, readily activated for 

glycosylation and can be straightforwardly converted to other glycosyl donors should the 

need arise.126 A variety of reagents such as bromine followed by silver triflate or 

mercuric cyanide,127 methyl triflate,128 dimethyl(methylthio)sulfonium triflate 

(DMTST),129 iodonium dicollidine perchlorate (IDCP),130 N-iodosuccinimide (NIS)-

TfOH,131'132 NIS-silver triflate (AgOTf),131 iodine,121 1-benzenesulfinyl piperidine (BSP) 
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Scheme 10. Monosaccharide building blocks. 
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—triflic anhydride, and diphenyl sulfoxide-triflic anhydride can be used to activate 

1-31 

thioglycosides. Among these promoters, NIS-TfOH is perhaps the most widely used 

but we chose to use NIS-AgOTf as the promoter system in our glycosylation reactions 

as silver triflate is an easily measured solid while triflic acid is a highly-corrosive liquid, 

which is more difficult to manipulate, particularly in small-scale reactions. 

The reactivity of thioglycosides using the NIS-AgOTf promoter system can best 

be explained through the hard-soft-acid-base concept. Both sulfur and iodine are large 

and highly polarizable soft ions. Sulfur acts as a soft nucleophile readily accepting a 

positive charge and is thus activated once it attacks the equally soft electrophile iodonium 

ion produced in situ from NIS and AgOTf. The resulting sulfonium ion then acts as a 

leaving group that, upon departure, forms an oxacarbenium intermediate. Attack of a 

nucleophile (the alcohol) on the oxacarbenium affords the desired glycoside. 

In some cases, it was advantageous to use trichloroacetimidate 96 as the donor for 

the coupling reactions. This compound could be easily prepared from thioglycoside 43. 

With regard to protecting group selection, benzoyl esters were used in both the donors 

and acceptors to facilitate one-step deprotection in the final step. Moreover, the presence 

of participating benzoyl group C-2 in the donor would lead to the desired \,2-trans-f>-

galactofuranosides with high diastereoselectivity in the glycosylation reactions. In some 

cases, acetyl groups were also incorporated into the thioglycoside donors (41 and 42). 

Donors with these two different types of acyl groups allowed the addition of other sugar 

residues by simply performing a selective deacetylation, thus yielding an alcohol ready 

for glycosylation. 
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2.3 Preparation of Thioglycoside Donors. 

The synthetic strategy used for the preparation of the thioglycoside donors 

involved the use of methyl galactofuranoside intermediate 35. During the initial stages of 

this project, a number of strategies were explored for the synthesis of this methyl 

glycoside, before the general approach outlined in Scheme 10 was chosen. We first tried 

to access 35 via a kinetically controlled Fischer glycosylation of D-galactose using 

methanol in the presence of FeC^ as previously described (Scheme 11)." However, 

mixtures of methyl pyranosides (45) and methyl furanosides (35) were obtained, which 

were very difficult to separate chromatographically, especially when done on large scale. 

Although some of the modifications of this reaction could have been explored (e.g., use 

of calcium chloride as an additive101), in all cases mixtures of furanosides and 

pyranosides are formed and thus this separation problem would remain. Therefore, we 

abandoned this approach. 

O OH HO HO OH 
l £ ^ 0 FeCI3, MeOH O - ^ U ^ O 

D ^ < S ^ v 60 °C -> reflux*" HO*AL_Y 0 M e + HoX^\ 
H ° ° H HO^ OH H0OMe 

15 35 45 
65% 24% 

Scheme 11. Preparation of methyl D-galactofuranoside 35 via Fischer glycosylation. 

102 

The previously reported high temperature benzoylation of galactose was also 

explored (Scheme 12). This, however, proved unsuccessful, as obtaining a pure 

crystalline form of the expected peracetylated galactofuranoside product (46) was 

difficult. Despite repeated attempts, to crystallize 46 selectively from the reaction 
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mixture as reported, the product was always contaminated with the perbenzoylated 

galactopyranose derivative 47. Therefore, we also decided to not follow this approach. 

HO OH BzO BzO OBz 
H Q ^ 0 _BzOpyr__ B2Q x£>OBz + J j C j Q 

HO\)H 100OC BzO3 OBz ^ S ^ O B z 

15 46 47 
76% combined yield 

Scheme 12. Attempted high temperature benzoylation of D-galactose. 

We next studied a method that did not start from D-galactose, but instead from 

commercially available D-galactonolactone (48, Scheme 13).135 Benzoylation of 48 using 

standard conditions afforded the perbenzoylated intermediate 49 in 87% yield. Reduction 

of intermediate 49 with disiamylborane afforded 50 in 65% yield. Although reasonable 

yields were obtained using this synthetic route, it was deemed impractical due mainly to 

the expensive starting material (48) as well as expensive and toxic reagents required. 

HO BzO BzO 

H O ^ A L ^ 0 B2
o

C'^Pyr. B z O ^ L ^ 0 diSiamylb
F°rane> B z O * / C ^ O H 

HO OH 87% BzO OBz 65o/o BzO OBz 
48 49 50 

Scheme 13. Galactofuranose derivatives via reduction of benzoylated galactonolactone. 

Faced with these problems, we then decided to employ the previously reported 

dithioacetal cyclization approach. Rather than use toxic mercury salts to promote this 

reaction, we chose instead to use iodine.120 As mentioned earlier, this reaction had not 
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previously been applied to dithioacetals derived from D-galactose and thus this represents 

the first application of the method to the synthesis of galactofuranosides. The major 

advantage of this reaction is its simplicity. Not only does this technique avoid the use of 

toxic heavy metals, it is also inexpensive, convenient, versatile and, most importantly, 

provides high yield of galactofuranosides without the formation of galactopyranosides. 

This prompted us to apply this methodology in preparing methyl galactofuranoside. 

The proposed mechanism of the cyclization reaction is shown in Scheme 14. As 

mentioned earlier, one of the sulfur atoms of 34 attacks the electrophilic iodine to form 

sulfonium ion 51. The sulfonium ion, being a good leaving group, can then be easily 

cleaved to form thiocarbenium 52. Subsequent cyclization of 52 gives thioglycoside 53, 

which then reacts with another molecule of iodine to generate 54. Loss of ethyl 

sulfenium iodide leads to oxacarbenium intermediate 55, which can be attacked by 

methanol thus leading to methyl glycoside 35. 
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Scheme 14. Proposed mechanism of iodine-induced dithioacetal cyclization in methanol. 

To implement this approach, D-galactose was treated with ethanethiol and HC1 to 

give diethyl dithioacetal 34 in 47% yield (Scheme 15).136 Table 1 shows the different 

iodine concentrations used to obtain the optimal conditions in preparing methyl 

galactofuranoside 35. Although higher concentrations of iodine (3-5%) resulted in 

shorter reaction times, we opted to use the 2% iodine concentration. This was due to the 

formation of large amounts of salts at higher iodine concentrations; these salts interfered 

in the subsequent benzoylation step (below). Thus, cyclization of 34 was achieved upon 

treatment with 2% I2 (by weight, 0.08 M) in methanol to give 35 (Scheme 15). The 

reaction was quenched by adding solid sodium thiosulfate until the solution 
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Scheme 15. Preparation of thioglycoside 57 via cyclization of dithioacetal 34. 

Table 1. Synthesis of 35 as a function of iodine concentration. 

EtS^SEt 

-OH 
HO 
H0H 

l2, MeOH 

OH 
CH20H 

34 

HO, 

^ H O V O ~ ° C H 3 

HO^ OH 

35 

Concentration (w/v) 

1% 
2% 
3% 
4% 
5% 

Time (h) 

24 

8 
3 
2 

<1 

turned colorless. The solution was then neutralized with solid sodium bicarbonate and 

evaporation of the solvent in vacuo. The formation of salts was also observed during 
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work-up and the polarity of the product made purification difficult. Therefore, pyridine 

was added to the crude methyl galactofuranoside product, followed by the dropwise 

addition of benzoyl chloride. The resulting product, 56, was obtained in 71% yield after 

purification by chromatography over two steps. 

The P-configuration in 56 was established using NMR spectroscopy. The singlet 

signal of the anomeric hydrogen (8H = 5.80 ppm) establishes the trans relationship 

between H-l and H-2. A cis relationship between H-l and H-2 would have shown a 

larger coupling constant (J\<2 = 3-5 Hz).137 Also, the chemical shift of the anomeric 

carbon of 56 (8C = 106.9 ppm) is downfield compared to the more upfield shift (8C ~ 103 

ppm) of the anomeric carbon of an a-product.137 In addition to this, the C-2 and C-4 

signals resonated at 82.2 and 81.2 ppm, respectively. These signals are significantly 

more downfield than these carbons in pyranosides and thus establish the furanose ring 

form in 56. The observed !H NMR and 13C NMR data is consistent with the previously 

reported characteristic signal pattern for p-D-galactofuranosides.137 

Compound 56 was then converted to the perbenzoylated thioglycoside 43 in 89% 

yield upon treatment with boron trifluoride diethyl etherate (BF3-OEt2) and p-thiocresol. 

The observed P-stereoselectivity of the reaction was achieved via the anchimeric 

assistance of the benzoyl group at the C-2 position as illustrated in Scheme 16. Reaction 

of methyl glycoside 56 with the Lewis acid leads to oxacarbenium ion that, through 

neighboring group participation of the benzoyl group, leads to dioxolenium ion 58. The 

formation of 58 thus results in the p-thiocresol attacking from the P-face to give the 

desired product, 43. 
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Scheme 16. Anchimeric assistance of a benzoyl group leading to 1,2-rrafts-selectivity. 

The assigned P-configuration was confirmed upon analysis of its !H NMR 

spectrum of 43, in which the anomeric hydrogen appeared as a doublet with / ^ = 2.0 Hz. 

This value is indicative of a trans relationship between H-l and H-2; for thioglycosides in 

which these two hydrogens are cis, a J\^ = 4—6 Hz would have been expected. 

Furthermore, the drastic upfield shift of C-l (8C = 91.6 ppm) in the 13C NMR spectrum of 

the product lends credence to the proposed structure of the product (i.e., the presence of 

sulfur at C-l). The upfield shift observed for the resonance for the anomeric carbon of 

thioglycosides, when compared to that of O-glycosides (8C ~ 105 ppm), is attributed to the 

lower electronegativity of the sulfur compared to oxygen. 

The tetrabenzoylated thioglycoside 43 was then debenzoylated under Zemplen 

conditions using sodium methoxide in methanol to give compound 57 in 88% yield 

(Scheme 15). Upon inspection of the !H NMR spectrum of the deprotected product, the 

anomeric hydrogen signal showed an unexpected coupling constant value (/i,2 = 5.0 Hz). 

This value suggests an oc-conformation, but we viewed the epimerization of the anomeric 
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centre upon deprotection as very unlikely. This deviation from what we was expected for 

the deprotected p-thioglycoside (J\t2 ~ 2.0 Hz) is in agreement with a previously reported 

observation.138 In this earlier study, the authors observed that the benzoylated 

thioglycosides showed similar vicinal coupling constant to the corresponding O-

glycosides. Although these rings are expected to be flexible, and that the experimental 

coupling constants will be an average of those obtained for all conformers, the small /i>2 

in the protected P-galactofuranosides suggests the substituent at the anomeric position 

spends most of its time in a quasi-axial position, which is favored by the anomeric 

effect.138 This is observed when the ring is in the lE, lTo or Eo conformation (Figures 18 

and 19). In addition, these conformers place the large benzoyl groups at C-2 and C-3 far 

North 

South 

Figure 18. Pseudorotational itinerary for a D-galactofuranose ring. 
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E 0 - 1 T 0 - 1 E 2 E - 2 T 3 - E 3 

R = CH(OH)CH2OH 

Figure 19. Conformations of 1-0 and 1-S-galactofuranosides based on J\,2. 

away from each other. Once deprotected, however, the thioglycosides derivatives 

undergo a conformational shift towards the 3E-2T3-E3 region of the pseudorotational 

wheel, where the anomeric sulfur atom substituent is in a quasi-equatorial position 

(Figurel9).138 This change could be attributed to a weaker anomeric effect of sulfur 

compared to the oxygen139 and reduced negative steric interactions between the groups on 

C-2 and C-3. 

With the deprotected thioglycoside 57 in hand and its structure confirmed, the 6-

hydroxyl group was then tritylated under standard conditions followed by the protection 

of the three free hydroxyl groups with benzoyl groups (Scheme 17). The exclusive 

protection of the primary hydroxyl group was ensured by the use of a bulky trityl group. 

The fully protected compound 60 was obtained in 70% yield over the two steps. The 

trityl group was then cleaved using trifluoroacetic acid in wet dichloromethane to afford 

61 and 62 in 33% and 44% yield, respectively. 
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Scheme 17. Synthesis of donors 41 and 42. 

Compound 62 was formed via acid-catalyzed acyl migration of the benzoyl group 

from 0-5 to 0-6 (Scheme 18). The migration of the acyl group could occur through 

nucleophilic attack of the C-6 hydroxyl group in 63 on the adjacent protonated benzoate 

ester to form orthoacid intermediate 64. Subsequent deprotonation by a trifluoroacetate 

anion collapses the orthoacid intermediate to give compound 62. Although normally this 

migration would be viewed as undesirable, it is of advantage to us because it leads to the 

two desired compounds in a single step. It is important to emphasize that both 

intermediates 61 and 62 are valuable intermediates in our synthetic route. The structures 

of 61 and 62 could be readily differentiated by NMR spectroscopy of the products. In 61, 

the signal for the H-5 resonance is significantly downfield (5.69 ppm) as would be 

expected as 0-5 is acylated. 
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Scheme 18. Acyl migration of benzoyl group from 0-5 to 0-6 under acidic conditions. 

In contrast, in the NMR spectrum for 62, H-5 appears at 4.59 ppm. Subsequent 

acetylation of 61 and 62 with acetic anhydride in pyridine provided donors 41 and 42 in 

excellent yields (Scheme 17). The structures of 41 and 42 were confirmed upon 

inspection of their *H NMR spectra, which showed the presence of the acetate methyl 

group around 2.00 ppm. In addition, compared to the parent alcohols 61 and 62, 

acetylation resulted in a downfield shift of H-6a/H-6b and H-5, respectively. Acetylation 

of 61 and 62 not only confirmed the structural assignments for the products arising from 

the acyl migration step, but also provided intermediates 41 and 42, which are excellent 

precursors for chain extension after selective deprotection of the acetyl group. 

The synthesis of thioglycoside donor 44, which was to be used for the preparation 

of the L-arabinose-containing targets, is shown in Scheme 19. Commercially available L-

arabinose (65) was treated with acetyl chloride in methanol to afford intermediate 66.14 

Without further purification, intermediate 66 was benzoylated under standard conditions 
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to give 67 in 60% yield overall yield. This was followed by treatment of 67 with p-

thiocresol in the presence of boron trifluoride diethyl etherate to obtain donor 44 in 89% 

yield. Trace amounts of the cc-anomer were also produced, but were easily separated 

during chromatography. Analysis of the 13C NMR spectrum showed an upfield shift of 

C-l to 8C = 91.6 ppm, which confirmed that the thioglycosylation had indeed occurred. 

The !H NMR spectrum also showed H-l as a singlet at 5.77 ppm, corresponding to the [3-

configuration.141 

OH .rOH H 0
0 

I n u 

-OCH3 

OH 
65 6 6 

BzCI, pyr, 0 °C, 
60% over two steps 

BzO STol TolSH, BF3-OEt2 BzO 

OBz OBz 

44 67 

Scheme 19. Synthesis of thioglycoside donor 44. 

2.4 Preparation of Octyl Glycoside Acceptors. 

As mentioned above, we chose to synthesize these glycans as octyl glycosides 

based on previous studies demonstrating that oligosaccharides containing long chain 

aglycons are better substrates for mycobacterial glycosyltransferases than glycosides of 

short chain alcohols.87 The octyl group in the aglycon would also help to facilitate the 

purification of the products of the enzyme assay during GlfT2 kinetic studies. 
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Furthermore, the octyl group has been used in substrates for studies of mycobacterial 

arabinosyltransferases and other glycosyltransferases.142'143 Octyl glycosides 39 and 40 

(Scheme 20) were chosen as building blocks for the reducing end of the target 

compounds. 

BzO _ rvr.u„ur.i-i_ BzO J
Q 0(CH2)7CH3

 DZY-0 °(CH2)7CH3 

HO OBz BzO OBz 

39 40 

Scheme 20. Structures of octyl glycoside acceptors 39 and 40. 

2.5 Synthesis of Octyl Galactofuranosides Acceptors. 

During the initial stages of this project, the fully benzoylated octyl glycoside 70 

was prepared from thioglycoside 43 (Scheme 21). This was accomplished by coupling 

thioglycoside donor 43 with rc-octanol (68) upon activation with NIS and AgOTf, leading 

to the exclusive formation of the P-anomer in 89% yield. This result was not unexpected 

due to the anchimeric assistance of the benzoyl group at the C-2 position. Other reported 

methods that we could have used include a Lewis acid-catalyzed (SnCLt) coupling 

reaction of 2,3,5,6-tetra-Oacetyl-p-galactofuranose and n-octanol that gave a fully 

acetylated octyl galactofuranoside in 72% yield.142,143 
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Scheme 21. Synthesis of octyl glycoside 70 from donor 43. 

Although this approach was successful, we wanted to prepare 70 from D-galactose 

in fewer steps. Fischer glycosylation of D-galactose with n-octanol is a possibility and 

this has been reported;144 however, this method suffers from poor product 

diastereoselectivity - an a:P ratio of 1:4-5 is formed, depending upon conditions. 

Inspired by the successful preparation of methyl galactofuranoside via cyclization of 

galactose diethyl dithioacetal in the presence of iodine and methanol, we prepared octyl 

glycoside 71 using the same approach (Scheme 22). The use of this strategy allowed us 

to reduce the number of synthetic steps thereby making the overall synthesis more 

efficient. 

Thus, to dithioacetal 34, 5% iodine in n-octanol (by weight) was added and the 

mixture was stirred for 24 hours. Next, the crude product obtained after workup and 

removal of the n-octanol was suspended in pyridine before benzoyl chloride was added. 

While benzoylation was not essential, doing so facilitated isolation of the product, 70, 

which was obtained as a 9:1 P:a mixture. 
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Scheme 22. Synthesis of octyl glycoside via dithioacetal cyclization. 

The P-glycoside was successfully purified by chromatography and subsequent treatment 

with sodium methoxide thus afforded 71 in 36% yield in three steps from 19. The 

formation of the P-anomer as the major product was attributed to steric factors. The 

anomeric hydrogen of the product appeared as a singlet at 5.24 ppm while the 13C NMR 

spectrum showed the anomeric carbon at 105.7 ppm, which clearly establishes the 

assigned P-configuration.137 

With two possible routes for the synthesis of 71 in place, the hydroxyl groups at 

C-5 and C-6 were then protected by reaction with dimethoxypropane in DMF using p-

TsOH to afford isopropylidene ketal 72 in 51% yield (Scheme 23). The observed low 

yield was attributed to the formation of side product 73 (which can either be 73a or 73b) 

in 35% yield containing two acetals, one cyclic and one acyclic. This problem was 
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Scheme 23. Isopropylidene protection of octyl glycoside 72. 

circumvented by reducing the amount of dimethoxypropane (2 eq) and using dry acetone 

as the solvent. Under these conditions, 72 was obtained in 94% yield (Scheme 24). The 

installation of the ketal protecting group was characterized through the appearance of two 

singlets at 1.62 and 1.46 ppm, corresponding to the isopropylidene methyl groups, in the 

*H NMR spectrum and the appearance of a signal due to a quaternary C (ketal group) at 

109.9 ppm in the 13C NMR spectrum. 

The final steps in the synthesis of octyl glycosides 39 and 40 are outlined in 

Scheme 24. Benzoyl protection of diol 72 using benzoyl chloride in pyridine to gave 

intermediate 74 in 91% yield. The JH NMR spectrum of 74 showed the presence of 

aromatic hydrogens as multiplet at 7.61-7.21 ppm while the 13C NMR spectrum showed 

the chemical shifts of the two C=0 groups at 165.6 and 165.3 ppm. As an expected 

consequence of benzoylation, a downfield shift of H-2 and H-3, to 5.42 and 5.44 ppm, 

respectively, was also observed. The isopropylidene protecting group was then cleaved 

with trifluoroacetic acid as previously described143 to produce diol 75 in 90% yield. 
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Scheme 24. Synthesis of octyl glycosides 39 and 40. 

The C-6 hydroxyl group in 75 was then tritylated upon treatment with trityl chloride in 

pyridine at 60 °C. Without purification of the tritylated intermediate, the remaining 

hydroxyl group was benzoylated to furnish 76 in 87% yield over two steps. Cleavage of 

the trityl group in 76 using /?-TsOH in methanol-dichloromethane gave octyl glycoside 

39 in 89% yield. To prepare octyl glycoside 40, diol 75 was treated with a limiting 

amount of benzoyl chloride (1.1 equivalents) in pyridine. The structure of the product 

(40) was confirmed using !H NMR, which showed a downfield shift of H-6a and H-6b 

due to the expected effect of the benzoyl group attached to 0-6. 
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It was also possible to prepare 39 and 40 using an approach analogous to the 

synthesis of thioglycosides 61 and 62, which involved an acid-catalyzed acid migration 

step. Thus (Scheme 25), treatment of compound 76, prepared from intermediate 71, with 

trifluoroacetic acid in wet dichloromethane gave octyl glycosides 39 and 40 in 42% and 

35% yield, respectively. The two compounds were easily identified upon evaluation of 

their !H NMR spectra. The resonance for H-5 in 39 appeared more downfield (5.64 ppm) 

due to the presence of the benzoyl group at 0-5 while the H-5 resonance of 40 was 

present at a more upfield frequency, 4.50 ppm. This approach has also been used by 

Pathak and co-workers143 to prepare selectively protected galactofuranoside acceptors. 

HO 0(CH2)7CH3 BzO 0(CH2)7CH3 

^ - ° \ | 1. TrCI, pyr, 60 °C ^ - ° S 
H O ^ N / > • B z O * / N — f 

\ I 2. BzCI, pyr, 0 °C \ I 
HO^ OH 81% over 2 steps TrtT OBz 

71 76 

TFA 

BzO 

BzO 0(CH2)7CH3 BzO 0(CH2)7CH3 

+ HOs /N—f 
HC3 OBz 

39 
42% 

BzO' *S OBz 

40 
35% 

Scheme 25. Preparation of octyl glycosides 39 and 40 using TFA. 
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2.6 Synthesis of Oligosaccharides. 

2.6.1 Synthesis of Disaccharides 1-4. 

In the previous sections the preparation of the monosaccharide building blocks 

was described and once these routes were in place, we could explore the synthesis of the 

oligosaccharide targets. A number of protocols for the preparation of glycosides of 

galactofuranose disaccharides have been reported.101'104'145"150 These include the use of 

SnCV42'143 NIS-TESOTf,101 NIS-Sn(OTf)2
143 and TMSOTf145 as promoters with 

acetate, thioglycoside and imidate donors. In our case, disaccharides 1 and 2 were 

prepared from the NIS-AgOTf-promoted coupling of either octyl glycoside 39 or 40 with 

thioglycoside donor 43, as outlined in Scheme 26. As mentioned previously, the use of 

AgOTf during the glycosylation step afforded an added advantage due to its ease of 

handling as opposed to using TESOTf or TfOH. 

The preparation of 1 began with the coupling of octyl glycoside 40 and 

thioglycoside 43 upon activation with NIS and a catalytic amount of AgOTf to give the 

perbenzoylated disaccharide 77 in 87% yield (Scheme 26). Treatment of 77 with sodium 

methoxide in methanol provided disaccharide 1 in 90% yield. Examination of the !H 

NMR spectrum showed two anomeric hydrogens appearing at 5.22 and 4.96 ppm as 

singlets, which are indicative of a product having two P-galactofuranoside residues. In 

addition, the (1—>5) linkage was confirmed by a Heteronuclear Multiple Bond 

Correlation (HMBC) experiment, which showed a cross-peak between H-l' and C-5. 

This same experiment showed a correlation between H-l and the OCH2R moiety of the 

octyl group, thus 

61 



39, NIS, AgOTf, 0 °C 
89% 

BzO 

BzO 

BzO STol 

•*> OB: OBz 

BzO 0(CH2)7CH3 

BzO^Al " • 
) OBz 

BzO O 

BzO«*/\L-f 78 
Bz03 OBz 

NaOMe, MeOH 
87% 

HO 0(CH2)7CH3 

HOv/\L_/^ 
) OH 

HO Q 

HO. 

HO ̂

y 
J 6n 2 

43 

40, NIS, AgOTf, 0 °C 
87% 

BzO 0(CH2)7CH3 

BzO O v / s | _ X 

BzO* J<L^ \ )Bz 0 B z 

BzO •v3 OB; OBz 

77 

NaOMe, MeOH 
90% 

HO 0(CH2)7CH3 

HO O v / s l _ X 

HO^AL^ \>H 0H 

H03 OH , 

Scheme 26. Synthesis of disaccharides 1 and 2. 

confirming the linkage of the reducing end residue. The 13C NMR spectrum also showed 

the anomeric carbons at 108.2 and 108.0 ppm, further corroborating the assigned 0-

configuration of disaccharide 1. 

The same synthetic approach was also used to prepare disaccharide 2 by coupling 

octyl glycoside 39 with thioglycoside donor 43 to obtain 78 in 89% yield (Scheme 26). 

Cleavage of the benzoyl protecting groups under standard Zemplen conditions gave 
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disaccharide 2 in 87% yield. NMR spectroscopy showed the anpmeric hydrogens of 

disaccharide 2 at 4.91 and 4.83 ppm as doublets (/ii2 <1.5 Hz) and the anomeric carbons 

were found at 108.1 and 108.0 ppm, which are the characteristic chemical shifts of a p-

galactofuranoside moiety. Likewise, HMBC analysis showed correlations between H-l' 

and C-6 and between H-l and the OCH2R of the octyl group. Based on these *H NMR 

data and those obtained for other molecules synthesized here), a generalization could be 

made about the chemical shift of H-l in these galactofuranosides and its correlation to 

linkage position. The trend observed was that H-l involved in a (l-»5) linkage resonates 

downfield (~ 5.2 ppm) compared to H-l involved in a (1—»6) linkage, or a linkage to an 

aliphatic aglycone disaccharide (~ 5.0 ppm). An evaluation of the literature demonstrates 

that these trends are in agreement with reported *H NMR chemical shifts for other 

galactofuranosyl disaccharides.101'104'145450 

Disaccharides 3 and 4 are analogs of 1 and 2, respectively, where the non-

reducing end has been replaced by L-arabinofuranosyl (Ara/) residue. We included 3 and 

4 as target compounds for use in examining the substrate specificity of GlfT2. These 

compounds will be used to determine whether the presence of a terminal hydroxymethyl 

group is essential for GlfT2-catalyzed transfer of a Gal/ residue from UDP-Gal/ to the 

acceptor. Disaccharides 3 and 4 were synthesized using the same glycosylation approach 

as that of disaccharides 1 and 2 (Scheme 27). 
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Scheme 27. Synthesis of disaccharides 3 and 4. 

The synthesis of 3 was then initiated by coupling thioglycoside 44 with octyl 

glycoside acceptor 40 using NIS and AgOTf as promoters to give disaccharide 79 in 87% 

yield. As before, debenzoylation under standard Zemplen conditions gave disaccharide 3 

in 90% yield. The JH NMR spectrum of disaccharide 3 showed the anomeric hydrogens 

as singlets at 5.19 and 4.82 ppm, which, again, are indicative of a product having a (3-

configuration and a (1—>5) linkage. Further confirmation of anomeric stereochemistry 

was obtained from the chemical shift of the anomeric carbons, which appeared at 109.4 

ppm and 109.1 ppm. 
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The preparation of disaccharide 4 involved first the coupling of octyl glycoside 39 

and thioglycoside donor 44 to give the perbenzoylated intermediate 80 in 89% yield 

(Scheme 27). This was followed by debenzoylation, which afforded disaccharide 4 in 

92% yield. Similar to 2, the two anomeric hydrogens of 4 appeared at 4.91 ppm as a 

singlet and at 4.82 ppm (/i^ = 1.5 Hz) as a doublet while the anomeric carbons appeared 

at 110.1 ppm and 109.3 ppm. The H-l chemical shifts observed for 3 and 4 followed the 

trend observed earlier for the P-(l-»5)-linked and P-(l->6)-linked disaccharides 1 and 2. 

2.6.2 Synthesis of Trisaccharides 5 and 6. 

The approach used to synthesize trisaccharides 5 and 6 consisted of building the 

target molecule starting from the reducing end (residue A, Scheme 28) and extension of 

the oligosaccharide to the non-reducing end (residue C). The building blocks used in 

their preparation included octyl glycoside acceptors 39 and 40 and thioglycoside donors 

41-43. Unlike the synthesis of 1 and 2, the selectively protected thioglycosides 40 and 

41, as well as fully benzoylated 43, were used in the reactions leading to 5 and 6. 

The synthesis of 5 is detailed in Scheme 29. Octyl glycoside 40, which contains a 

free hydroxyl group at C-5, was coupled with thioglycoside donor 42 upon activation 

with NIS and AgOTf. This reaction afforded the 6'-0-acetyl protected disaccharide 83 in 

89% yield. The acetyl group was then selectively cleaved, in the presence of benzoyl 

groups, with methanolic HC1146 to give disaccharide alcohol 81 in 75% yield. The 

structure of the product of the deprotection step was confirmed by the absence in the !H 
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Scheme 28. Retrosynthetic analysis for the preparation of trisaccharides 5 and 6. 

NMR spectrum of a singlet at -2.0 ppm corresponding to the three hydrogens of the 

acetate methyl group. In addition, the pair of doublet of doublets in 83, arising from H-

6a'and H-6b', moved upfield, thus indicating cleavage of the acetyl group. 
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Scheme 29. Synthesis of trisaccharide 5. 

In addition to the desired product 81, this reaction gave, in 20% yield, a by­

product (84) arising from the migration of the benzoyl group from 0-5' to 0-6'. The 

structure of 84 was determined by :H NMR spectroscopy. The *H spectrum for 84 lacked 
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a signal for the acetate methyl group and showed the presence of 25. aromatic hydrogens, 

indicating the molecule possessed five benzoate esters. However, there was no downfield 

doublet or doublet of doublet resonance corresponding to H-5', indicating the absence of 

an acyl group at C-5'. Taken together, these data support the structure of 84. 

The synthesis of 5 was continued by the coupling of disaccharide 81 with 

thioglycoside 43 to give the protected trisaccharide 85 in 78% yield. This was followed 

by cleavage of the benzoyl protecting groups upon treatment with sodium methoxide in 

methanol to give trisaccharide 5 in 90% yield. The !H NMR spectrum of the product 

showed the anomeric hydrogens as three doublets ( / ^ < 2.0 Hz) at 5.23, 5.04 and 4.95 

1 O 

ppm while in the C NMR spectrum anomeric carbons appeared at 110.0, 109.4 and 

108.9 ppm. Like the previous analyses, these NMR signals correspond to a product 

having a (1—>6),(1—>5) linkage with each residue having the P-configuration. 

The same approach was also used in the synthesis of trisaccharide 6 as detailed in 

Scheme 30. Thus, coupling of octyl glycoside 39 with thioglycoside 41 gave the 

protected disaccharide 86 in 99% yield. Subsequent deprotection of the acetyl group in 

intermediate 86 upon reaction with HC1 in methanol afforded disaccharide 82 in 85% 

yield. A smaller amount of the acyl migration product (87) was observed in this case, 

compared with the deprotection of 83 (see above). This can be attributed to the lesser 

propensity of acyl groups to migrate from primary to secondary positions.151 The 

disappearance of the singlet at 1.94 ppm in the spectrum of 86, corresponding to the 

acetate methyl group, and the upfield shift of H-5' from 5.88 ppm to -4.5 ppm, 

confirmed that the deprotection was achieved. Disaccharide 82 was then coupled with 

thioglycoside 43 to give trisaccharide 88 in 72% yield; subsequent debenzoylation of 88 
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Scheme 30. Synthesis of trisaccharide 6. 
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afforded 6 in 89% yield. The structure of 6 was unambiguously confirmed through 

analysis of its *H and 13C NMR spectra. The three anomeric hydrogen signals appeared at 

5.23 and 4.98 ppm as doublets with 7i,2< 2.0 Hz and a singlet 5.01 ppm whereas the 

anomeric carbons were observed at 108.7, 108.1 and 108.0 ppm. 

2.6.3. Synthesis of Tetrasaccharides 7 and 8. 

The synthesis of tetrasaccharide 7 (Scheme 31) involved a building block, 

disaccharide 81, which had been used in the synthesis of the trisaccharide 5 (see Scheme 

29 above). The first step in the synthesis of 7 was the coupling of 81 with the 5-O-acetyl-

2,3,6-tri-O-benzoyl-protected thioglycoside 41, upon activation with NIS and AgOTf, 

which furnished trisaccharide 89 in 78% yield. The presence of a third p-

galactofuranosyl residue was verified by comparison of the *H NMR spectrum 89 with 

that of 81; an additional anomeric hydrogen resonance, a singlet at 5.21 ppm, was present 

in the spectrum of 89, as was a resonance corresponding to the acetate methyl group 

(1.96 ppm). 

The acetyl group was then selectively deprotected upon treatment with methanolic 

HC1 to provide trisaccharide 90 in 86% yield. Migration of the benzoyl group at 0-6' ' to 

0-5" was also observed leading to an 8% yield of trisaccharide 91, whose structure was 

established as described earlier for 84. The trisaccharide acceptor 90 was then 

glycosylated with thioglycoside 43 to obtain tetrasaccharide 92 in 70% yield. Subsequent 

debenzoylation of 92 afforded tetrasaccharide 7 in 82% yield. In the *H NMR spectrum 

of 7, the resonances of the anomeric hydrogens were observed as three doublets at 5.23 

ppm (7i,2 = 1.8 Hz), 5.22 ppm (Jh2 = 2.0 Hz) and 4.96 ppm (Jh2 = 1-0 Hz) as well as a 
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singlet at 5.01 ppm. These chemical shifts are in line with the trend outlined above and 

support a tetrasaccharide with two (3-(l—>5)-linked Gal/ residues, a single p-(l—»6)-

linked Gal/residue and one Gal/residue |3-linked to the octyl aglycone. Further support 

for the structure came from the C NMR spectrum of 7, which showed four anomeric 

carbons at 110.6, 109.9, 109.8, and 109.7 ppm, consistent with the P-Gal/ 

stereochemistry. 

The same general strategy used to prepare 7 was also explored for the preparation 

of tetrasaccharide 8 (Scheme 32), but problems were encountered. To implement this 

approach, disaccharide 82, prepared as shown in Scheme 30, was first coupled with 

thioglycoside 42 to furnish trisaccharide 93. The structure of the expected product was 

confirmed by the appearance of an additional anomeric hydrogen resonance, seen as a 

singlet at 5.76 ppm, in the !H NMR spectrum when compared to the spectrum of 

disaccharide 82. It was difficult to purify trisaccharide 93 completely from other reaction 

by-products using chromatography and therefore it was partially purified and carried onto 

the next step. Deacetylation of partially purified 93 gave the trisaccharide 94 in 42% 

yield over the two steps. 

However, when 94 was reacted with thioglycoside 43 under standard NIS-AgOTf 

activation conditions, the expected coupling product (95) was not obtained. The reaction 

gave only the hydrolyzed donor and the unreacted acceptor. This result was unexpected, 

especially considering that the acceptor is a primary alcohol, which, theoretically, should 

be very reactive in glycosylation reactions. 
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Despite repeated attempts to obtain the desired tetrasaccharide, under a variety of 

conditions (e.g., changing the number of equivalents of 43 and reaction temperature) no 

significant amount of the desired product 95 could be isolated. 

Faced with this failure, we explored other approaches to tetrasaccharide 95, and, 

in turn, the ultimate target 8. Considering that glycosylation of disaccharide 82 with a 

thioglycoside 43 (Scheme 30) had proceeded successfully, we investigated the approach 

outlined in Scheme 33, which involved, as the key step, a 2 + 2 coupling between 82 and 

disaccharide thioglycoside 97. Thus, thioglycoside alcohol 61 was reacted with the 

known tricholoracetimidate152 96, in the presence of TMSOTf, which provided a 90% 

yield of 97. Unfortunately, the NIS-AgOTf-promoted glycosylation of 82 with 97 failed 

to generate any of the desired tetrasaccharide product 95. 

With the failure of the reaction between 82 and 97, we thought that the use of a 

different class of donor might give better results (Scheme 34). Therefore, disaccharide 

thioglycoside 97 was converted into trichloracetimidate 98 in two steps (see section 2.7.3 

and Scheme 41 for details). Although the synthesis of 98 was successful, its subsequent 

reaction with disaccharide alcohol 82 in the presence of TMSOTf was not and none of 

tetrasaccharide 95 could be isolated. Therefore, this approach was also abandoned. 
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Scheme 34. Attempted synthesis of tetrasaccharide 95 via 2 + 2 imidate coupling. 

Having been unable to synthesize tetrasaccharide 8 via a 2 + 2 strategy, we next 

returned to our original 3 + 1 coupling approach (see Scheme 32). We were curious as to 

if the use of a trichloroacetimidate donor, instead of a thioglycoside, would provide better 

results (Scheme 35). Frustratingly, activation of trichloroacetimidate 96152 by reaction 

with TMSOTf at -40 °C in the presence of trisaccharide alcohol 94 did not lead to any of 

the desired tetrasaccharide 95. Given these cumulative failures, we re-evaluated the 

general approach to tetrasaccharide 8, as outlined in the next section. 
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2.7 New Approach for the Synthesis of Tetrasaccharides 7 and 8. 

We postulated that our failure to prepare tetrasaccharide 8 successfully could be 

due to conformational changes in the disaccharide or trisaccharide acceptors. These 

conformational changes may have substantially hindered the primary hydroxyl group in 

the acceptors making it unavailable during glycosylation reaction. Given the difficulties 
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encountered earlier during the synthesis of tetrasaccharide 8, we opted to design a 

different synthetic route. The new approach, as outlined in Scheme 36, involved a linear 

synthesis of the target tetrasaccharide starting from the non-reducing end D and 

successively extending the length of the oligosaccharide up to the reducing end A. 

Based on this retrosynthetic analysis, tetrasaccharide 8 could be prepared through 

coupling of trisaccharide thioglycoside donor 99 and octyl glycoside acceptor 39. The 

formation of trisaccharide 99 could be achieved via glycosylation between imidate donor 

98 and acceptor 62. Donor 98 could, in turn, be synthesized through conversion of the 

corresponding thioglycoside, formed from coupling of imidate 96 and acceptor 61, to the 

glycosyl trichloroacetimidate. We also decided to explore the same approach for the 

synthesis of the other tetrasaccharide target, 7 (retrosynthesis not shown), so that both 

strategies could be compared. 

2.7.1 Synthesis of Trichloroacetimidate 96. 

The trichloroacetimidate method of glycosylation introduced by Schmidt has been 

extensively used in preparation of glycopyranosides.153 The use of the methodology in 

the synthesis of furanosides has been less studied. However, the preparation and 

glycosylation reactions of protected mannofuranosyl154 and ribofuranosyl 

trichloroacetimidates155 have been reported as has the use of galactofuranosyl 

trichloroacetimidate 96. Scheme 37 shows an example of the first reported use of a 

galactofuranosyl trichloroacetimidate donor for the synthesis of disaccharides containing 

(3-D-galactofuranoside residues.145 In this example, trichloroacetimidate 100 was reacted 

with acceptors having free primary (101) or secondary hydroxyl groups (102) using 
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TMSOTf as promoter to give the (3-linked disaccharide derivatives 103 and 104. 

Furanose trichloroacetimidate donors have since been successfully used for the synthesis 

of a number of galactofuranosyl containing compounds.152,156"160 
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Scheme 37. Synthesis of galactofuranosyl disaccharides using trichloroacetimidate 100. 

To utilize 61 and 62 as glycosyl acceptors, it was necessary to prepare 

trichloroacetimidate 96 from thioglycoside 43 (Scheme 38). Thioglycoside 43 was first 

hydrolyzed by treating with A^-bromosuccinimide and water in ethyl acetate at room 

temperature for three hours to give reducing sugar 105 in 87% yield. Subsequent 

treatment of intermediate 105 with CI3CCN and DBU afforded trichloroacetimidate 96 in 

75% yield as a 10.6:1 P:cc ratio. In the *H NMR spectrum of the product, the anomeric 

hydrogen for the |3-anomer appears at 6.70 ppm and that for a-anomer as a doublet at 

6.87 ppm (̂ 1,2 = 4.0 Hz), which is consistent with other published data for 
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galactofuranosyl trichloroacetimidates.145'152 However, a disadvantage of using this 

donor is its instability, which necessitated storage at -20 °C. 
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Scheme 38. Synthesis of trichloroacetimidate 96. 

2.7.2 Synthesis of Disaccharides 97 and 106. 

Galactofuranosyl trichloroacetimidate 96 was coupled with acceptor 61 upon 

activation with TMSOTf to afford disaccharide 97 in 90% yield (Scheme 39). The *H 

NMR spectrum of disaccharide 96 showed the chemical shifts for the anomeric 

hydrogens at 5.78 ppm as a doublet (/i,2 = 0.5 Hz) and at 5.38 ppm as a singlet. This 

confirmed the introduction of the galactofuranosyl moiety at the non-reducing end having 
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Scheme 39. Synthesis of disaccharide 97 using trichloroacetimidate 96. 

81 



the |3-configuration. The structure of the product was further supported by the 13C NMR 

spectra, which showed the two anomeric carbons at 106.0 and 91.4 ppm. 

For the anticipated synthesis of tetrasaccharide 7 by the same general strategy, 

disaccharide thioglycoside 106 was prepared through glycosylation of 62 with imidate 

donor 96 in the presence of TMSOTf (Scheme 40). The structure of the product could be 

confirmed using *H and 13C NMR spectroscopy as outlined for disaccharide 105. 
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Scheme 40. Synthesis of disaccharide 106 using trichloroacetimidate 96. 

2.7.3 Synthesis of Trisaccharides 99 and 110. 

The synthetic route for the preparation of trisaccharide 99, required for accessing 

tetrasaccharide 8, is illustrated in Scheme 41. Starting with thioglycoside 97, treatment 

with NBS and H2O in ethyl acetate gave lactol 107 in 74% yield. The cleavage of the 

aglycone from 97 was apparent by the absence in the !H NMR spectrum of 107 of a 

singlet around 2.2 ppm, arising from p-thiotolyl methyl group. In addition, the 13C NMR 

spectrum of 106 showed the two anomeric carbons resonating at 106.5 ppm (C-ip) and 

100.6 ppm (C-lct), downfield from the C-l resonance in the spectrum of 96, thus 

indicating replacement of the sulfur at the anomeric centre with oxygen. 
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Scheme 41. Synthesis of trisaccharide 99. 

Treatment of intermediate 107 with CI3CCN and DBU gave trichloroacetimidate 

98 as a 9:1 |3:a ratio of anomers in 85% yield. The 'H NMR spectrum showed the H-l 

signal for the two anomers having shifts of 6.78 and 6.85, which arise from the |3 and a 

anomers, respectively. Glycosylation of acceptor 62 with disaccharide imidate 98 upon 

activation with TMSOTf gave trisaccharide 99 in 87% yield. Inspection of the !H NMR 

spectrum showed the three anomeric hydrogens as singlets at 5.79, 5.70 and 5.21 ppm 

while in the C NMR spectrum, the anomeric carbons resonated at 106.7, 105.8 and 91.1 

ppm. The appearance of the chemical shift of the third anomeric carbon (8c = 91.1 ppm) 

upfield relative to O-glycoside moieties is indicative of the presence of the thiol aglycon 

at the reducing end. 
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The synthesis of tetrasaccharide 7 by this new approach required the synthesis of 

trisaccharide 110, which was achieved via an analogous strategy (Scheme 42). Thus, 

thioglycoside 106 (prepared as shown in Scheme 40) was hydrolyzed using NBS and 

H20 in ethyl acetate to give disaccharide 108 in 72% yield. Subsequent treatment of 108 

with C13CCN and DBU provided imidate 109 in 79% yield. This disaccharide donor 109 

was then coupled with acceptor 61 in the presence of a catalytic amount of TMSOTf to 

afford trisaccharide 110 in 72% yield. The three anomeric hydrogens were observed as a 

doublet at 5.74 ppm (J\,2= 1.7 Hz) and two singlets at 5.81 ppm and 5.28 ppm, as would 

be expected for a trisaccharide having p-galactofuranosyl moieties. The C NMR 

spectrum also showed the anomeric carbons at 105.9, 105.2 and 91.3 ppm, which is also 

consistent with the proposed structure. 
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Scheme 42. Synthesis of trisaccharide 110. 
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2.7.4 Synthesis of Tetrasaccharides 7 and 8. 

With trisaccharide thioglycosides 99 in hand it was finally possible to synthesize 

the elusive tetrasaccharide 8 as outlined in Scheme 43. Glycosylation of octyl 2,3,5-tri-

O-benzoyl-P-D-galactofuranoside (39) with trisaccharide 99 in the presence of NIS and 

AgOTf gave the perbenzoylated tetrasaccharide 95 in 75% yield. Thus, by "inverting" 

the sequence or reactions, by adding the monosaccharides from the non-reducing to the 

reducing end, it was possible to access 95 successfully, while the traditional "reducing to 

non-reducing" approach failed. Subsequent global deprotection of all the benzoyl groups 
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Scheme 43. Synthesis of tetrasaccharide 8. 
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upon treatment with sodium methoxide in methanol gave tetrasaccharide 8 in 70% yield. 

The JH NMR spectrum showed the four anomeric hydrogens as singlets at 5.21, 5.03, 

5.01 and 4.98 ppm while the four anomeric carbon signals appeared at 108.8, 108.7, 

108.0, and 107.9 ppm in the 13C NMR spectrum. All these data are consistent with the 

structure of tetrasaccharide 8, which contains two p-(l-»6) Gal/linkages in addition to 

one (3-(l—>5) Gal/linkage and a fourth Gal/residue (3-linked to the octyl aglycone. 

With this new effective synthetic route in place for the synthesis of 8, we 

proceeded to prepare tetrasaccharide 7 using the same approach as outlined in Scheme 

44. With donor 110 in hand (Scheme 42), it was reacted with octyl 2,3,6-tri-O-benzoyl-
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(3-D-galactofuranoside (40) to afford the perbenzoylated tetrasaccharide 92 in 70% yield; 

debenzoylation using sodium methoxide in methanol gave 7 in 82% yield. The NMR 

spectrum of this material was identical to that obtained by the other approach (Scheme 

31). 

While in the case of 7, both approaches gave the target in comparable yield and 

number of steps the "non-reducing to reducing end" strategy may have advantages in the 

synthesis of large galactofuranosides. This strategy relies on glycosylation reactions with 

monosaccharide acceptors, which may be less prone to conformational effects that reduce 

the nucleophilicity of the alcohol. As the size of the chain increases such conformational 

effects may be expected to increase. 

2.7.5 One-pot Syntheses of Trisaccharides 5 and 6. 

The preparation of complex oligosaccharides often requires tedious and multiple 

selective protection and deprotection steps thereby increasing the overall length of the 

synthesis. A specific example involves sequential and selective protection and 

deprotection of the intermediates leading to the synthesis of decenyl glycoside of |3-D-

Gal/-(l->5)-p-D-Gal/-(l->6)-p-D-Gal/ and p-D-Gal/-(l->6)-P-D-Gal/ (l->5)-p-D-Gal/.158 

The same issues were also seen during the synthesis of oligosaccharides 5-8. Because of 

these limitations, there has been considerable interest in the development of one-pot 

glycosylation strategies. ' 

In one-pot strategies, the glycosylation partners are carefully chosen such that the 

product of one reaction can, without any purification, be used in a subsequent 

glycosylation reaction. A number of elegant one-pot glycosylation methods have been 
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developed and many oligosaccharides have been synthesized using this approach, 

including the Ley,165 fucosyl GM1,148 and Globo H antigens.149 This strategy was of 

interest to us given the tedious nature of the building block preparation required for the 

synthesis of the oligosaccharides as described above. We therefore developed a one-pot 

glycosylation strategy for the preparation of trisaccharides 5 and 6. 

It was envisioned that a one-pot glycosylation strategy using trichloroacetimidate 

96 and thioglycosides 61 and 62 would be a practical and efficient way of preparing the 

trisaccharides 5 and 6. A one-pot strategy using a combination of trichloroacetimidate 

and thioglycoside donors has been previously used in the synthesis of complex 

oligosaccharides.150'1 'l 7 To date, the only furanose-containing oligosaccharide that has 

been synthesized using a one-pot approach is the trisaccharide oc-D-Ara/-(l—>5)-[(3-D-

Gal/-(1—>6)]-D-Gal/, another fragment present in mycobacterial cell wall 

arabinogalactan.168 In that synthesis, two trichloroacetimidate donors were used and a 

1,2-O-isopropylidene-protected galactofuranose derivative was the acceptor. 

2.7.6 Retrosynthetic Analysis for One-pot Syntheses of Trisaccharides 5 and 6. 

The retrosynthetic analysis used for the preparation of trisaccharides 5 and 6 is 

summarized in Scheme 45. We envisioned that trisaccharide 5 could be synthesized 

through coupling of thioglycoside disaccharide donor 97 and octyl glycoside acceptor 40. 

Donor 97 was, in turn, to be prepared via glycosylation of thioglycoside acceptor 61 with 

trichloroacetimidate donor 96. Similarly, trisaccharide 6 could be formed via coupling of 

disaccharide donor 106 with octyl glycoside acceptor 39. The disaccharide donor 106 

could also be prepared through a coupling reaction between trichloroacetimidate donor 
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96 and thioglycoside acceptor 62. In these examples, trichloroacetimidate 96 was used as 

the first donor for both target trisaccharides with either thioglycoside 61 or 62 serving as 

the acceptor. Thus, the reactivity between the two possible donors, trichloroacetimidate 

96 and thioglycosides 61 or 62, could be differentiated by utilizing TMSOTf as the 

activator. Subsequent activation of thioglycoside 96 or 106 using another activator, NIS-

AgOTf, and coupling with octyl glycoside acceptor 40 or 39 would then provide 

trisaccharides 5 and 6 in one-pot. 
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Scheme 45. Retrosynthetic analysis for one-pot syntheses of trisaccharides 5 and 6. 
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The advantages of this one-pot method include: (1) ease of accessibility of the 

monosaccharide building blocks, such as trichloroacetimidate 96 and thioglycosides 61 

and 62, (2) in situ generation of TfOH in the first glycosylation step, which facilitates the 

liberation of iodonium ion from NIS in addition to the catalytic amount of AgOTf used in 

the second glycosylation step, and, (3) elimination of the need for selective deprotection 

steps on oligosaccharide intermediates, which was a feature of our earlier route to these 

targets (Schemes 29 and 30). These reactions resulted in varying degrees of benzoyl 

migration between 0-5 and 0-6 leading to "dead-end" by-products. 

2.7.7 One-pot Syntheses of Trisaccharides 5 and 6. 

The implementation of the one-pot glycosylation approach to trisaccharide 5 is 

shown in Scheme 46. The first step involved the coupling of glycosyl 

trichloroacetimidate 96 and thioglycoside acceptor 61 using a catalytic amount of 

TMSOTf as the promoter. While the thioglycoside moiety in 97 is stable to TMSOTf-

promoted activation, addition of a second promoter system, NIS-AgOTf, to the reaction 

mixture resulted in activation of the thioglycoside and its coupling to the second acceptor 

(40) thus affording the perbenzoylated trisaccharide 85 in 42% overall yield. This yield 

corresponds to an average yield of -65% for each glycosylation step. The benzoyl 

protecting groups were then cleaved under standard Zemplen conditions to provide 

trisaccharide 5 in 90% yield. The NMR data for 5 obtained by this method was identical 

to those prepared from the material as outlined in Scheme 29. 

Although the formation of 5 by this process strongly suggests that disaccharide 

97 was formed as an intermediate, we endeavoured to prove this. This was achieved by 
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carrying out the reaction and then stopping the reaction sequence after the first step and 

showing that the purified product was identical to disaccharide 97 synthesized previously 

(Scheme 39). 
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Scheme 46. One-pot synthesis of trisaccharide 5. 
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The synthesis of trisaccharide 6 was also performed using the same strategy 

(Scheme 47). Thus, trichloroacetimidate 96 was coupled with thioglycoside acceptor 62 

in the first glycosylation step upon activation with TMSOTf. This was then followed by 

the addition of octyl glycoside 39 and the NIS-AgOTf promoter to the reaction mixture. 

This resulted in the formation of trisaccharide 88 in 41% overall yield over two steps. 

Global deprotection of the perbenzoylated trisaccharide 88 under standard Zemplen 
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Scheme 47. One-pot synthesis trisaccharide 6. 
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conditions then gave trisaccharide 6 in 89% yield. The structure of 6 was validated upon 

comparison of its NMR data with that obtained from the same trisaccharide prepared 

using method shown in Scheme 30. As was done in the one-pot synthesis of 5, in a 

separate experiment the proposed disaccharide intermediate 106 was isolated, 

characterized and proven to be identical to 106 prepared as shown in Scheme 40. 

The use of one pot glycosylation strategy in the preparation of trisaccharides 5 

and 6 in good yield clearly demonstrated that this approach is comparable or even 

superior to that of the synthetic approach detailed in Scheme 29 and 30. Not only did the 

one pot strategy circumvent the common pitfalls of the traditional strategy, such as 

tedious selective protection and deprotection reactions and the associated purification 

steps, but it greatly expedited the preparation of the target compounds in only a matter of 

hours. This advance enabled us to synthesize these oligosaccharides in the multi-

milligram scale needed for kinetic studies of GlfT2 to probe its specificity. 

2.8. Characterization of GlfT2 using Oligosaccharides 1-8. 

With oligosaccharides 1-8 synthesized, they were used to characterize the 

specificity of recombinant GlfT2, which had been expressed in E. coli. by Dr. Natisha 

Rose, a research associate in our laboratory. The kinetic studies described below (section 

2.8.1) were carried out by Dr. Rose, but these results are presented to place the remainder 

of the synthetic work in this thesis in context. In addition, I played a significant role in 

characterizing the products generated from these substrates by this recombinant enzyme 

(Section 2.8.2). The results of these investigations were the subject of a recent paper. 
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2.8.1. Kinetic Characterization of 1-6. 

The assay employed was an adaptation of a radiochemical assay developed 

previously74 for measuring GlfT2 activity in a crude mycobacterial membrane 

preparation (Figure 20). Briefly, the assay involves incubation of an oligosaccharide 

(e.g., 1-8), GlfT2, UDP-[3H]Galp and purified UDP-Galp mutase.169 The mutase 

enzyme converts UDP-[3H]Galp into UDP-[3H]Gal/, which is then transferred to the 

substrate by GlfT2. Using this assay, oligosaccharides 1-6 (Figure 21) were initially 

screened for their ability to serve as substrates for GlfT2. The results of this screen are 

presented in Table 2. 

HO OH 

H O \ ^ - ^ 
HO | 
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Figure 20. Radiochemical assay for GlfT2. 
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Figure 21. Oligosaccharides 1-6 screened as substrates for GlfT2. 

Table 2. Acceptor specificity of recombinant GlfT2 using 1-6 

Acceptor 
Substrate 

l ,(l->5) 

2, (l->6) 

3, (l->5) 

4, (l-»6) 

5, (l->6),(l-» 

6, (l->5),(l-> 

5) 

6) 

Specific Activity3 

(mU/mg) 

0.03 

0.03 

0.00 

0.02 

0.06 

0.09 

Km 

(MM) 

1700 ±385 

635 ±126 

n.d.b 

n.d. 

204 ± 34 

208 ± 50 

i^cat 

(min"1) 

0.0016 

0.0039 

n.d. 

n.d. 

0.0032 

0.014 

((iM-min)"1 

9.41e-7 

6.14e-6 

n.d. 

n.d. 

1.57e-5 

6.73e-5 

Relative 
Kca/K-m 

1 

6.5 

n.d. 

n.d. 

16.7 

71.5 

a'Specific activities measured using 1 mM acceptor. 
b'n.d. = not determined 
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A number of trends emerged from these data. First, in agreement with previous 

studies,74 the P-(l->5) and |3-(l->6)-linked disaccharides 1 and 2 are substrates for this 

bifunctional galactofuranosyltransferase. Secondly, the two trisaccharides, 5 and 6, are 

also recognized by the enzyme and are substantially better substrates than 1 and 2 as 

indicated by the relative kca/Km values. Finally, the two disaccharides in which the 

terminal Gal/residues have been replaced with an Ara/residues are either not a substrate 

(3) or a poor substrate (4). 

For the Ara/-containing disaccharides, the (1—»6)-linked isomer 4 is a substrate 

for GlfT2, but exhibits lower specific activity than either of the disaccharides containing 

two Gal/ residues (1 or 2). The other Ara/-containing disaccharide, 3, shows no activity 

as a substrate. In retrospect, these results are not unexpected. The parent structure for 

disaccharide 4 is 2, which are both |3-(l->6)-linked; the alternating processive nature of 

GlfT2 means that if a Gal/ residue is transferred to these compounds, it will be added to 

0-5 in the terminal monosaccharide residue. As disaccharide 4 has a hydroxyl group at 

C-5', it would be expected to be a substrate. However, the reduced activity of 4 

compared with 2 suggests that the terminal hydroxymethyl group in 8 is important for 

recognition and catalysis but that its presence is not essential. In contrast, the parent 

disaccharide for 3 is the Gal/-p-(l—»5)-Gal/disaccharide 1. This compound is a substrate 

for the |3-(1—»6)-transferase activity of GlfT2. Because the non-reducing residue of 3 

lacks C-6 (and also the C-6 hydroxyl group), it is not surprising that this compound is not 

a substrate. 
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2.8.2. Characterization of Products obtained from 5 and 6. 

To demonstrate that this recombinant enzyme was functioning similar to the wild-

type enzyme, it was essential to characterize the products generated by incubation of 

these compounds with GlfT2. We therefore carried out milligram-scale enzymatic 

reactions with the two best substrates, trisaccharides 5 and 6, and characterized the 

resulting products by mass spectrometry and !H NMR spectroscopy. After the incubation 

of each compound with UDP-Galp, GlfT2 and UDP-Gal/? mutase, the mixture was 

purified using a Cig Sep-Pak cartridge (see experimental), which provided a crude 

mixture of oligosaccharides. This mixture of products was analyzed by MALDI mass 

spectrometry (Figure 22). 

A B 

12x10 

10H 

c 
3 
O 
O 
c o 

<H 

2H, . iiH j 

600 

12x10-1 

w B-

o 6 

3 O) 
f i Ll| t11 „":f :V:TrT 

M | i11 i I 11 i i | rr 
T 1 

800 
| i i u | i 

1000 

m/z 

itiu 
1200 1400 600 

Lig^Jykji u. I I1111111II11111 
800 

M ^ M b W j t M W d L 
111111111111 1 1 n i i n M I i i n 

1000 

m/z 
1200 

i i I i f i i | i i i i | 

1400 

Figure 22. MALDI mass spectra of large-scale incubation mixtures of 5 (A) or 6 (B) 
with UDP-Gal/and GlfT2. The peaks at m/z = 639 and 801 are attributed to the sodium 
adducts of the starting trisaccharides and tetrasaccharide products, respectively, with 
longer oligomers are found at m/z = 963, 1125 and 1287. The "shadow" signals at higher 
m/z are the corresponding potassium adducts. 

The spectrum obtained on the products from the reaction with 5 (Figure 22A) 

shows a signal at m/z = 801. This is the mass expected for the sodium adduct of an octyl 

tetrasaccharide composed of galactofuranose residues; peaks corresponding to longer 

oligomers are also seen at m/z = 963 and 1287. Shown in Figure 5B is the mass spectrum 
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of the product obtained from the reaction with 6, which again shows a peak at m/z = 801. 

This result clearly indicates the formation of a tetrasaccharide product, and longer 

oligomers at m/z = 963, 1125 and 1287 are also present. These longer oligomers result 

from the processive nature of the enzyme as the product of the initial transfer (a 

tetrasaccharide) is also a substrate for the enzyme. 

If the assumption is made that all of the oligosaccharides ionize to similar 

degrees, the relative abundance of the different oligosaccharides products in these mass 

spectra suggest that the (1—>6)-transferase activity is faster than the (1—>5)-transferase 

activity. For example, in the case of 5 (Figure 22A), after the first Gal/residue is added 

P-(l—>5) the resulting product is a substrate for the faster (1—»6)-transferase activity. 

These relative rates are reflected by the fact that the peak corresponding to the 

tetrasaccharide product (m/z = 801) is marginally smaller than that of the pentasaccharide 

(m/z = 963). The apparent absence of a hexasaccharide (m/z = 1125), but presence of a 

heptasaccharide (m/z = 1287), is also consistent with these relative rates. These effects 

are also reflected in the incubations of trisaccharide 6, in which the products arising from 

P-(l—>5) transfer (the penta- and heptasaccharide, m/z = 963 and 1287, respectively) are 

present in smaller amounts that those resulting from p-(l—>6) transfer (the tetra- and 

hexasaccharides; m/z = 801 and 1125, respectively). 

Although these experiments allow us to confirm that a homologous series of 

oligosaccharides was produced by incubation of 5 and 6 with GlfT2, it was not possible 

to determine the linkages present in these products. Therefore, preparative TLC was used 

to separate each oligosaccharide mixture and the band corresponding to the 

tetrasaccharide was extracted from the plate and investigated by 'H NMR spectroscopy. 
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The anomeric region of the *H NMR spectra of the purified compounds is shown in 

Figure 23. In both, one major product is seen, which is contaminated with some 

impurities. These impurities were later shown by mass spectrometry (data not shown) to 

be longer oligomers, resulting from incomplete separation of the mixture by TLC. 

A 

- • ' T • > : ' • ' - • - • ' I ' • • ' • - • • • • • i - < ' • - ' " - ' • - ' i • • ; • - ' 

5.25 5.20 5.15 5.10 5.05 5.00 4.95 ppm 

B 

5.25 5 .20 5.15 5.10 5.05 5.00 4.95 ppm 

Figure 23. Partial *H NMR spectra of tetrasaccharides produced from large-scale 
incubation of 5 (A) or 6 (B) with UDP-Gal/and GlfT2. The major signals correspond to 
anomeric hydrogens in tetrasaccharides 7 and 8, respectively. Minor resonances arise 
from longer oligomers that were not effectively separated by preparative TLC. 

In the !H spectrum measured for the tetrasaccharide produced from 5, four 

anomeric peaks are present, all with /i>2 < 2 Hz. The chemical shifts of the resonances 

are 5.23, 5.21, 5.02 and 4.97 ppm, which, based on the trends described earlier (Section 

2.6.1), suggest the presence of two P-(l—>5)-linkages, one |3-(1—»6)-linkage and one p-

Gal/ linkage to the octyl group. This is consistent with the product expected from 5, 

tetrasaccharide 7, and in addition, comparison of these data with those obtained from 

synthetic 7 show excellent agreement. In the 'H NMR spectrum of the product obtained 

from 6 (Figure 6B), the four anomeric hydrogens were found at 5.23, 5.04, 5.01 and 4.98 

ppm, all as doublets with 7i,2 < 2 Hz or singlets. This suggests the product has a single (3-
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(l->5)-linkage, two [3-(l->5)-linkages and a (3-Gal/linkage to the octyl group, consistent 

with the expected tetrasaccharide, 8. These resonances also match those present in the *H 

NMR spectrum of synthetic 8. Taken together, these structural characterization studies 

provide strong support that this recombinant protein synthesizes alternating (3-(l->6) and 

(3-(l—>5)-Gal/linkages, as does the wild-type enzyme. 

2.9. Formulation of a Hypothesis for Galactan Biosynthesis. 

The kinetic parameters presented in Table 2, and structural work reported 

earlier,170'171 allowed us to formulate a hypothesis about how mycobacterial galactan is 

synthesized in vivo and the role of GlfT2 in this process. First, previous structural work 

on AG has shown that the first two Gal/ residues are attached to the Rhap moiety are 

linked |3-(1—»5), not (3-(l—>6) (Figure 24).170 In addition, the results presented above 

show that G11T2 appears to recognize Gal/ residues attached either to 0-5 or 0-6 of 

another Gal/residue. In light of this, we hypothesized that the first Gal/residue, attached 

P-(l—>4) to Rhap, must be added by a galactofuranosyltransferase other than GlfT2. We 

viewed this as likely because the putative acceptor, glycoconjugates containing an oc-L-

Rhap-(1—»3)-a-D-GlcpNAc motif, are structurally very different than the (apparent) 

preferred acceptors of GlfT2. For the same reasons, we considered it likely that the 

second Gal/residue was also added by an enzyme other than GlfT2. Finally, the data in 

Table 2 also suggest that GlfT2 does not add the third Gal/ residue either. This is because 

the structure of the product after the addition of two Gal/residues, (3-D-Gal/-(l—>5)-|3-D-

Gal/-(l->4)-a-L-Rhap-(l->3)-a-D-GlcpNAc, has as the terminal two residues a [3-D-

Gal/-(1—>5)-P-D-Gal/ motif, which is analogous to 1, the poorest of all of the substrates 
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Figure 24. Structure of mycobacterial galactan attached to the linker disaccharide. 

we have investigated. We therefore formulated the hypothesis (Figure 25) that three 

separate enzyme activities were required to produce a pentasaccharide consisting of three 

(3-Gal/ residues, as well as the Rhap and GlcpNAc moieties that is then a substrate for 

GlfT2, which adds the remaining Gal/ residues in the polymer. To test this hypothesis, 

we synthesized four additional oligosaccharides, containing the linker disaccharide plus 

0-3 Gal/residues (Scheme 48). 
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Figure 25. Proposed model for galactan assembly (based on data in Table 2 and 
available structural data).170 

.OH OH 

J A r H N M ^r~~~r\-^1 AcHN I 
A c H N 0(CH2)7CH3 H Q Q^gj 0(CH2)7CH3 

HO l x-|-°^J HO 
OH HO. 

U 

H D I 
HU V 

HO OH 10 
.OH 

HO 

HO"Y^-"°\ OX-^A 

•J ACHN 0(CH2)7CH3 

HO O. 

^ 0H°H w 
>-/>L-/ NOH 

OH 

HO 

H O " \ ~ ^ — O 

o\^^A 
oJZ^J AChN 0(CH2)7CH3 

11 HO. 

HO» 

OH 

HO CT OH 

HO^ OH 

HO 
12 

Scheme 48. Oligosaccharide targets 9-12, which contain the a-L-Rhap-(l-»3)-oc-D-
GlcpNAc linker disaccharide. 
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2.10. Synthesis of Oligosaccharides with Linker Disaccharide. 

2.10.1 Retrosynthetic Analysis for 9-12. 

Scheme 49 shows the retrosynthetic disconnections proposed for the preparation 

of target compounds 9-12. The a-L-Rhap-(l->3)-a-D-GlcpNAc-0(CH2)7CH3 (9) could 

be prepared via 114 from the known peracetylated ethyl thioglycoside donor 113 and 

the benzylidene protected octyl glycoside acceptor 111, which has also been previously 

reported.172 For the synthesis of compounds 10-12, octyl disaccharide 112, obtainable 

from 114, could be used as the acceptor and the previously prepared mono-, di-, and 

trisaccharide donors 43, 106 and 99, respectively, could be used as the donors. Each of 

these three thioglycosides could be conveniently used for the coupling reactions to form 

the protected target compounds 114-117 in a single step. The convergent nature of the 

route and the simple two-step deprotection sequences involving simultaneous cleavage of 

the benzylidene acetal and isopopylidene ketal groups followed by debenzoylation make 

this an efficient synthetic route for obtaining 9-12. 
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Scheme 49. Retrosynthetic analysis for 9-12. 
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2.10.2. Synthesis of Disaccharide 9. 

The synthesis of disaccharide 9 started from inexpensive iV-acetyl-D-glucosamine 

118 as outlined in Scheme 50. Several approaches were investigated to prepare octyl 2-

acetamido-2-deoxy-a-D-glucopyranoside (119). The first involved heating 118 at 100 °C 

overnight in a mixture of octanol, THF and acidic resin.172 This reaction, however, gave 

only recovered starting material. Another approach was based on a reported preparation 

of phenyl 2-acetamido-2-deoxy-a-D-galactopyranoside from peracetylated Af-acetyl-D-

galactosamine.173 This required the reaction of peracetylated iV-acetyl-D-glucosamine 

with n-octanol in the presence of ZnCk and CaS04, but this method also failed to give 

the acetylated derivative of 119. 

These problems prompted us to consider a reported Fischer glycosylation 

method,172 which was done by suspending N-acetyl-D-glucosamine in a solution of n-

octanol in dry acetonitrile with boron trifluoride diethyl etherate (Scheme 50). After an 

18-hour reflux, the solution was filtered to remove the unreacted starting material and the 

desired product, 119, was obtained in 35% yield after purification of the filtrate by 

column chromatography. In the !H NMR spectrum of the product, the resonance for H-l 

appeared as a doublet with /i,2 = 3.7 Hz, indicating that that 119 had the desired oc-

stereochemistry. A product with the P-configuration would have appeared as a doublet 

with a larger /i,2 (~ 8.0 Hz). Having developed a robust method for producing 119, this 

compound was converted to 111 in 73% yield upon treatment with benzaldehyde 

dimethyl acetal andp-toluenesulfonic acid. 
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Scheme 50. Synthesis of disaccharide 9. 

Glycosylation of alcohol 111 with the peracetylated thioglycoside 113 by 

activation with NIS and AgOTf afforded disaccharide 114 in 89% yield. The structure of 

the product was verified through its !H NMR spectrum, which showed the resonance for 

H-l at 4.92 ppm as a doublet (/i,2 = 3.7 Hz) and that for H-l' at 5.26 ppra as a doublet 

(H-l\ J\\x = 1.7 Hz); in the 13C NMR spectrum, the two anomeric carbons appeared at 

98.2 ppm (C-l') and 98.4 ppm (C-l). These NMR chemical shifts and coupling 

constants are characteristic of a disaccharide containing oc-GlcpNAc and oc-Rhap 

linkages. However, further support for the stereochemistry of the Rhap moiety in 114 

was obtained by measurement of the lJci-m, which revealed a value of 170 Hz, consistent 

with the proposed a-stereochemistry.174 
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The protected disaccharide 114 was then treated with 80% aqueous acetic acid to 

remove the benzylidene acetal. The excess acetic acid was then evaporated and, without 

further purification, sodium methoxide in methanol was added to the crude product to 

remove all the acetyl protecting groups to give disaccharide 9 in 55% overall yield from 

114. The ' I ! NMR spectrum of the final product showed the resonances at 4.88 ppm (H-

1, J\,2 = 3.6 Hz) and at 4.91 ppm (H-l\ Jh2 = 1.6 Hz) while the 13C NMR spectrum 

showed the two anomeric carbons at 97.8 ppm and 102.1 ppm, supporting the proposed 

structure. 

2.10.3 Synthesis of Oligosaccharides 10-12. 

The preparation of compounds 10-12 was accomplished efficiently by utilizing a 

common disaccharide intermediate 112 as the acceptor in all glycosylation reactions. 

The synthesis of acceptor 112 from 114 is shown in Scheme 51. First, the acetyl 

protecting groups of 114 were removed under standard Zemplen conditions to give 118 in 

72% yield. Subsequent protection of the hydroxyl groups at C-2 and C-3 as an 
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Scheme 51. Synthesis of acceptor 112. 
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isopropylidene ketal provided 112 in 86% yield. The !H NMR spectrum of 112 showed 

the presence of two singlets at 1.55 and 1.32 ppm, which were attributed to the methyl 

groups of the isopropylidene ketal. In the 13C NMR spectrum, a signal at 109.3 ppm was 

also present, which was due to the presence of the quaternary ketal carbon. 

With 112 in hand, the assembly of 10-12 was patterned after the strategy for the 

synthesis of compounds 1-8 and involved NIS-AgOTf-promoted glycosylations of octyl 

glycoside acceptors with thioglycoside donors. Therefore, to synthesize 10, the first step 

was coupling thioglycoside 43 with disaccharide 112 to give trisaccharide 115 in 85% 

yield (Scheme 52). Comparison of the *H NMR spectrum of 112 with that of 115 

revealed an additional anomeric hydrogen signal, observed as a singlet at 5.78 ppm, 

which supports the incorporation of a (3-Gal/ residue into the molecule. Further support 

came from the presence of an anomeric carbon signal at 104.1 ppm in the C NMR 

spectrum of 115. Cleavage of benzylidene and isopropylidene protecting groups of 

intermediate 115 was achieved upon treatment with 80% acetic acid at 70 °C. Without 

further purification, this compound was debenzoylated under standard Zemplen 

conditions to yield trisaccharide 10 in 89% overall yield over two steps. 
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Bzo-ALY 
BzCJ OBz 

43 

+ NIS, AgOTf 

gj Ac 

^ \ 11: 

85% 

-rrj AcHN I 
HO-^- r^L / 0(CH2)7CH3 

Ph^VO 

S^A 
_ J A c H N ( l ( C H 2 ) 7 C H 3 

1. 80% AcOH, 70 °C 
2. NaOMe, CH3OH 

89% over 2 steps 

0-7 AcHN0(CH2)7CH3 

Scheme 52. Synthesis of Trisaccharide 10. 

The synthesis of tetrasaccharide 11 is depicted in Scheme 53. Its preparation 

involved coupling of thioglycoside 106 with octyl glycoside acceptor 112 to afford 

1 ^ 

tetrasaccharide 116 in 75% yield. Four anomeric carbon signals were present in the C 

NMR spectrum of 116 at 105.5 (Gal/), 104.0 (Gal/), 98.2 (GlcpNAc) and 98.1 (Rhap) 

ppm, which are consistent with the proposed structure. Deprotection of this 

tetrasaccharide was accomplished as was done for 115 to yield 10: cleavage of the acetals 

by treatment with 80% acetic acid at 70 °C followed by removal of the benzoyl 

protecting groups under basic conditions. Application of this sequence to 116 gave 11 in 

68% overall yield over two steps. 
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B z O / N — • OBz" 

BzO^ OBz 

106 

+ 
NIS, AgOTf 

B Z O - / > L Y
 NOBz 

BzCT OBz 

112 

0(CH2)7CH3 

0(CH2)7CH3 

116 

\ 6H 
OH 

Scheme 53. Synthesis of tetrasaccharide 11. 

1.80%AcOH, 70 °C 
2. NaOMe, CH3OH 

68% over two steps 

OH 

H O o ^ 

, ^ 0 7 ACNH0(CH2)7CH3 

HO OH 

11 

Finally, the same general strategy was used to synthesize pentasaccharide 12 

(Scheme 54). Disaccharide octyl glycoside 112 was glycosylated with thioglycoside 

donor 99 to give the protected pentasaccharide intermediate 117 in 62% yield. 

Deprotection of 117 was achieved in two steps as outlined above for the preparation of 10 

and 11, which gave 12 in 77% overall yield. In the 'H NMR spectrum of 12, the 

resonances at 5.26, 5.20 and 5.04 ppm were assigned to the anomeric hydrogens of the p-

Gal/residues while those at 4.86 and 4.79 ppm arose from the oc-Glc/?NAc and oc-Rha/? 

residues, respectively. In the C NMR spectrum, resonances for five anomeric carbons 
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were present at 109.3 (p-Gal/), 108.8 (P-Gal/), 108.1 (P-Gal/), 102.0 (oc-Rhap), and 97.8 

(oc-GlcpNAc) ppm. 

BzO^ STol 

gj ° 0(CH2)7' CH„ 

1.80%AcOH, 70 °C 
2. NaOMe, MeOH 

62% over two steps 

112 

0(CH2)7CH3 

Scheme 54. Synthesis of pentasaccharide 12. 

2.11 Probing the Role of GlfTl and GlfT2 in Galactan Biosynthesis with 9-12. 

With oligosaccharides 9-12 synthesized, each was tested as a substrate for GlfT2. 

Dr. Natisha Rose, a research associate in the group, carried out this work. A full kinetic 

study was not done; each compound was simply subjected to the assay employed 

previously and the amount of radioactivity transferred to the product was measured. For 
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the sake of comparison, the best GftT2 substrate identified to date, trisaccharide 6, was 

also included. The results are shown in Table 3. 

Table 3. Ability of 9-12 to serve as acceptors for d m ' 

Compound 

9 

10 

11 

12 

6 

no acceptor 

dpmb 

732 

911 

18,706 

369,378 

661,196 

985 

^Transfer of radiolabeled Gal/ to each potential acceptor was measured using 
recombinant GlfB as described previously . ' Disintegrations per minute; average of 
duplicate runs. 

As can be seen from the data presented in Table 3, neither disaccharide 9 or 

trisaccharide 10 are substrates for GlfT2 as the amount of transferred radioactivity is 

below background. On the other hand both, tetrasaccharide 11 and pentasaccharide 12 

result in significant counts over background, indicating that they are substrates for this 

enzyme. These results indicate that our hypothesis about the role of GlfT2 in galactan 

assembly (Figure 25) was partially correct in that the enzyme does not add the first and 

second Gal/ residues. However, unlike our initial hypothesis, it appears that GlfT2 add 

the third, fourth, and remaining Gal/ residues. These results were confirmed by 

additional work carried out by our collaborators Professors Katarina Mikusova 

(Comenius University, Bratislava, Slovakia) and Patrick J. Brennan (Colorado State 

University) and their research groups. Glycolipids 118 and 119 (Figure 26), which 

correspond to early intermediates in galactan biosynthesis were isolated from 

112 



mycobacteria and then incubated with GlfT2 and UDP-Galf. The use of these naturally-

occurring analogs of 11 and 12 in this assay led to a full-length galactan structure, thus 

supporting our hypothesis that GlfT2 is responsible for the addition of the third and all 

subsequent Gal/residues in mycobacterial galactan.84 

HC) O ^ Z ^ / ^ / /O^ /^OPolyprenol 

HC) 

HO_ O^ OH 

HO^ OH 

118 

J^7 VOH°H 
HO O* 

AcHN | 0~ 0~ 
Ck /^K //OPolyprenol 

II II 
o o 

HO 

HO^ OH 119 

J AcHN | 0 " O" 
HO O^TSJ O^ LO^ /̂ .OPolyprenol HO~ V 

HO^ OH 

120 ^S8^ 
AcHN I O" O 

H O ^ - r ^ O. /^O. /^OPolyprenol 
HO

 O H fi y 
o o 

121 
Figure 26. Galactan biosynthetic precursors isolated from mycobacteria. 

A question left outstanding by the studies described above is the nature of the 

enzymes that add the first two Gal/ residues to the polymer. About the same time we 

published our initial studies on GlfT2,76 a report appeared suggesting that mycobacteria 
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produce a second, Afunctional galactofuranosyltransferase (GlfTl), which is encoded by 

on 

the Rv3782 gene. It was further proposed that GlfTl is responsible for the incorporation 

of the first two Gal/ residues into mycobacterial galactan. Professors Mikusova and 

Brennan and their groups used 9 and 10, as well as their naturally occurring analogues 

120 and 121 (Figure 26), to establish the bifunctionality of this enzyme. As outlined in 

Figure 27, incubation of 9 with GlfTl and UDP-Gal/ led to production of 10; a similar 

experiment with 10 led to 11. However, when 11 was used as the substrate, no product 

was formed. These studies clearly demonstrate that GlfTl adds the first two Gal/ 

H O - \ ^ - - Q UDP-Galf 
0 \ — - ^ 10 
J AcHNl GlfTl 

H 0 ^ 2 7 0(CH2)7CH3 

HO 6 H 

9 

GlfTl 

^ _ 0 J AcHN | UDP-Gal f 
HO O ^ Z r ° V 0(CH2)7CH3 - 11 

HCT OH 1 0 

HO-Y^ -Q 
J ~ AcHN . 

HO 0~J^J 0(CH2)7CH3 
— I I_I/-S I . . 

H 0 0*/>l—f - No reaction 
^JO~J HO d)H UDP-Galf 

HoJ^\> 1, 
W& OH 

Figure 27. Results of incubating 9-12 with UDP-Galf in the presence of GlfTl.84 
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residues, but not the third. When the same experiments were done with disaccharide 

glycolipid 120 the only product detected was the one resulting from two Gal/ additions 

(119); the same product resulted when 121 was used. 

These latter results reveal a difference in reactivity between the naturally 

occurring (120 and 121) and synthetic octyl glycosyide (9 and 10) substrates. While 

GlfTl will add two Gal/residues to 120, it will transfer only one monosaccharide to its 

octyl glycoside analog, 9. While we do not understand if the origin of this difference is 

specificity, clearly the identity of the lipid and its linkage to the carbohydrate influences 

the enzymatic glycosylation. However, it should be noted that this subtle discriminatory 

effect can be overridden by using a substrate containing the first Gal/ residue. Both 10 

and 121 are GlfTl substrates that lead to a product containing two Gal/residues. 

Taken together the use of compounds 9-12 by us and our collaborators, have 

allowed us to develop a clearer picture of the process by which the galactan is assembled 

(Figure 28). The picture that emerges is that only two Afunctional galactofuranosyl 

Linker 
disaccharide 

UDP-Galf 

GlfTl 
W^P~j Linker 

disaccharide 

n = 11-15 * » ' 

Full length galactan 

Linker 
disaccharide 

•~}~ V OH 

UDP-Galf 

GlfTl 

UDP-Galf 

GlfT2 

OOH Linker 
disaccharide 

UDP-Galf 
GlfT2 

Linker 
disaccharide 

Figure 28. Steps involved in the biosynthesis of mycobacterial galactan 84 
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transferases, GlfTl and GlfT2, are responsible for the assembly of the galactan chain. 

The glycosyltransferases that add the Rha/? and GlcpNAc residues have also been 

identified (but not well characterized) and therefore all of the steps in the synthesis of 

the arabinogalactan core have been established. 
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2.12 Conclusions 

In conclusion, we have successfully synthesized a panel of Galf-containing 

oligosaccharides (1-12) that were used as probes for the specificity of two 

galactofuranosyltransferases, GlfTl and GlfT2, which are involved in mycobacterial 

galactan biosynthesis. In the synthesis of the compounds, we exploited an iodine-

promoted dithioacetal cyclization to generate the required Gal/ building blocks. This is 

the first use of this reaction in the synthesis of Gal/-containing glycoconjugates and 

advantages of this approach include simplicity, an inexpensive and relatively non-toxic 

promotor, and the ability to generate furanosides without contamination by pyranoside 

isomers. 

With all of the appropriate building blocks in place, the assembly of the 

oligosaccharides was carried out largely by the use of NIS-AgOTf-promoted 

glycosylations of thioglycoside donors and octyl glycoside acceptors. In some instances, 

however, trichloroacetimidate donors were also employed. The general strategy applied 

to the synthesis of the compounds was to add the monosaccharides from the reducing to 

non-reducing end but occasionally the opposite approach was employed. In particular, 

this was necessary to prepare one of the tetrasaccharide targets, 8. Its preparation was 

only successful by an approach in which the molecule was assembled from the non-

reducing to reducing end. 

Another achievement was the development of an efficient one-pot strategy for the 

synthesis of two key trisaccharides, 5 and 6. As large amounts of these materials are 

needed as substrates for characterization of GlfT2 and identification of inhibitors of this 
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enzyme, it was necessary to develop a robust approach for accessing multi-milligram 

quantities of these oligosaccharides. 

We have also completed, for the first time, the synthesis of oligosaccharides 9-12, 

which contain the cc-Rhap-(l->3)-a-GlcpNAc linker disaccharide that connects that 

arabinogalactan to the peptidoglycan in the mycobacterial cell wall. The strategy in 

assembling these compounds was to react a protected derivative of a-Rha/?-(l->3)-cc-

GlcpNAc-0(CH2)7CH3, with a thioglycoside containing 1-3 Gal/residues. 

Oligosaccharides 9-12 were used in collaborations with Dr. Natisha Rose in our 

laboratory as well as Professors Katarina Mikusova and Patrick Brennan, to establish that 

only two bifunctional galactofuranosyltransferases GlfTl and GlfT2, are involved in the 

assembly of mycobacterial galactan. In conjunction with Dr. Rose, oligosaccharides 1-8 

were use to characterize the substrate specificity of GlfT2. In these latter investigations, 

the bifunctionality of the enzyme was established and the best substrate reported, to date, 

for the enzyme (trisaccharide 5) was identified. 

In sum, the work described in this thesis has led to the development of new 

methodologies for the assembly of oligosaccharides containing Gal/ residues and their 

application to the synthesis of 12 target oligosaccharides, which are fragments of the 

mycobacterial cell wall polysaccharide, arabinogalactan. Furthermore, in collaborations 

with individuals in our laboratory, and others, these compounds have been used to probe 

the biosynthesis of arabinogalactan and the specificity of the two key enzymes in the 

assembly of the galactan portion of the polysaccharide. 
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2.13 Future Work 

Evidence presented in this work and with our collaborators showed the 

involvement of two bifunctional galactocytofuranosyltransferases during biosynthesis of 

the entire galactan chain in mycobacterial AG complex. As a possible extension of this 

research, it is proposed that compounds 122-127 be synthesized and tested as substrates 

or potential competitive inhibitors of GlfTl (Figure 29). 

0(CH2)7CH3 

) OH 1 
HO 22 

HO o^rSy 
R J H H0

 OH 

He/ * " 123 

0(CH2)7CH3 

^-OH 

o\-~A 
^ ^ J AcHNl 

n-U^Sj 0(CH2) 
HO 6 H 

124 J in m 

^•OH 
H O ' V ^ Q 

J AcHN] 
0(CH2)7CH3 

HO' 

^OH 

r-°H 

^ ^ y J ACTSN|
 H a o S i ^ 

HO O^SJ 0(CH2)7CH3 ^ J A C H N ] 
. /d'°~> H° OH HO 0-^T°V 0(CH2)7CH3 

J 0 H 126 R^-f 
D / O H 127 

R = OCH3, H, F 

Figure 29. Potential substrates and/or inhibitors of GlfTl. 
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It would be interesting to know if the GlcpNAc moiety is necessary for the 

catalytic action of GlfTl (i.e. compound 122), or whether GlfTl is also able to recognize 

substrate such as compounds 123 and 126. It was established in our collaborative work 

that GlfTl is able to catalyze the sequential formation of a (1—»4) and (l->5) linkages in 

a growing substrate during glycosylation reaction. Noting that its second catalytic action 

is the formation of a (l->5) linkage during such reaction, it would be worthwhile to 

investigate whether GlfTl is able to recognize a substrate analog (i.e. compound 123) 

having a hydroxymethyl group at C-6" position even though the OH group in the C-5" 

position is not available. Conversely, will an analog (e.g. compound 126) having no OH 

group in the C-6" position be also considered by the enzyme as a substrate? This 

experiment should serve to illustrate whether perturbations in the position(s) adjacent to 

the donor's glycosylation site will help in the development of more effective potential 

inhibitors. 

Likewise, potential inhibitors of GlfT2 such as those shown in Figure 30 may also 

be prepared. A similar one-pot synthesis, as described for compounds 5 and 6, may be 

used to prepare these potential inhibitors (Figure 31). This can be achieved by preparing a 

disaccharide/trisaccharide imidate donor, followed by coupling with the appropriate 

thioglycoside donor. Once the new thioglycoside intermediate is formed, the disaccharide 

octyl acceptor can be added to form the desired product. This synthetic strategy should 

enable us to expeditiously prepare potential inhibitors and the necessary analogs for 

testing on the desired target mycobacterial enzymes. 
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(CH2)7CH3 
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R> OH 1 2 8 

(CH2)7CH3 
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(CH2)7CH3 
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R; OH 
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Figure 30. Potential inhibitors of GlfT2. 
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Figure 31. Proposed one-pot synthesis of potential inhibitor of GlfT2. 

Figure 32 shows additional potential inhibitors of GlfT2 having conformationally 

restricted core structures. The proposed compounds contain 2,3-anhydrosugar moiety 

which is expected to result to a marked increase in their lipophilic property and 

bioavailability. Moreover, the presence of the epoxide moiety is expected to lock the 

galactofuranose ring in a low energy conformation (Eo) (Figure 33), which is similar to 

the conformation adopted by P-galactofuranosides.(M-Richards'personal ™ i c a t i o n ) 
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Figure 32. Potential inhibitors of GlfT2 with conformationally restricted core structures. 

Figure 33. Minimum energy-optimized structure of galactofuranose ring containing 

2,3 anhydrosugar residue using MM2 (left panel). 
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From the enzymes' bifunctional nature, it can be rationalized that there may be 

two active sites or two transferase activities in GlfTl and GlfT2. Therefore, a logical 

progression of this research is to obtain crystal structures of GlfTl and GlfT2, which as 

of yet, have not been done. Our laboratory has a collaboration with Prof. Kenneth Ng 

(University of Calgary) to obtain a crystal structure of GlfT2. A crystal structure 

showing substrate-enzyme complex, inhibitor-enzyme complex and/or donor/acceptor-

enzyme complex will be important to further understand the enzyme's catalytic 

mechanism of action. This information can then be used to design better inhibitors of 

these enzymes. 

Moreover, different analogs of UDP-Gal/ can also be synthesized chemo-

enzymatically for use as potential inhibitors and biochemical probes to provide insight 

into the structural features of the enzyme's donor binding site (Figure 34). Systematic 

replacement of the functional groups at C-2, C-3, C-4 and C-5 positions will be useful in 

probing the binding site of the donor. This can be achieved by observing the effects of 

functional group replacement, with regards to steric effects, hydrogen bonding, 

electrostatic interaction and other noncovalent interactions, to the activity of the enzyme. 

HO 

Ho~/i_>! 
? T3 0 U D P 

OUDP 

HO 

H O ^ $ U D P 

HO 

HO^O 
HC? A ° U D P 

R=OCH3,H, F 

Figure 34. Proposed donor analogs of UDP-Gal/. 
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Another approach that can be taken is to perform bioisosteric replacement175 of 

the key functional groups, such as those marked with X or R, in the phosphate substrates 

to determine whether this will result to a marked improvement in the physico-chemical 

and biological properties of a potential inhibitor (Figure 35). In this particular example, 

an obvious bioisosteric replacement is that of the phosphate group with either a sulfate or 

carboxylate group.175'176 Another bioisosteric interchange that can be done is that of an 

amino group for the hydroxyl moiety. These two functional groups are often used as 

bioisosteres due to its similarity in steric size, spatial arrangement and their hydrogen 

binding capability.175 These factors are very important since the proposed experiment 

involved binding between a substrate and an enzyme. A systematic substitution of an 

amino for a hydroxyl group in one or more positions in the proposed inhibitor(s) should 

facilitate tuning the binding properties of the putative inhibitor to the enzyme. Once a 

potential inhibitor or lead compound is determined, this experiment can be expanded to a 

detailed quantitative structure activity relationship (QSAR) studies to help establish a 

better understanding of the pharmacophoric sites of the enzyme of interest and, perhaps, 

could lead to drug discovery.175 This approach may also be applied to the other proposed 

inhibitors mentioned above. 

HO O 

HO R2 

X = O, CF2l CH2; R! =BH3; R2 = H, N3 

Figure 35. Potential phosphate analogs. 
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STD NMR and molecular modeling studies can also be done to elucidate the 

binding nature of UDP-Gal/ with GlfT2 and binding of the acceptor substrates with 

GlfT2. Acceptor substrates 5 and 6, being better substrates than disaccharides 1 and 2, 

can be used in these studies. To better understand and identify epitopes in the substrates 

and donor (UDP-Gal/) that influence binding to GlfT2, several compounds (Figure 36) 

can be synthesized and used as probes to provide insight into the structural features of the 

substrate binding site and compounds in Figure 34 for the donor binding site. This 

project is on-going in collaboration with Prof. B. Mario Pinto (Simon Fraser University) 

and initial investigation has been done to study the binding of GlfT2 with acceptor 

substrates 5 and 6 and native UDP-Gal/donor. 

R, = OH, H, OCH3, F 
R2 = OH, H, OCH3> F 
R3 = OH, H, OCH3, F 
R4 = OH, H, OCH3, F R2 
plus combinations of C 
Ri.Ra, R3andR4 R3^{>' -

Figure 36. Potential substrates to probe binding of the acceptor with GlfT2. 

126 



Another method that can be used to probe the enzyme's active site is to perform 

site-directed mutagenesis studies on the conserved DxD motif residues. Results on these 

studies would give an insight on which residues are involved in the active site and 

catalysis of the enzyme. GlfT2, a member of the GT-2 glycosyltransferase family in M. 

tuberculosis, is generally characterized to carry a DxD motif found to bind a divalent 

cation as part of immobilization of the sugar-nucleotide donor.177 A crystal structure of 

SpsA, an GT-2 enzyme involved in spore formation of Bacillus subtilis, showed that at 

least three invariant residues, Asp39, Asp98, and Asp99 in the N-terminal domain are 

involved in binding of the donor substrate." Mutations on conserved Asp residues in 

GlfT2 (Asp39, Asp97, and Asp99) to either glutamate, asparagine or lysine might give us 

an idea of which residues are involved in binding of the donor substrate, UDP-Gal/. 
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CHAPTER 3 

EXPERIMENTAL PROCEDURES 
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3.1 General Methods. Reactions were carried out in oven-dried glassware. All reagents 

were purchased from commercial sources and were used without further purification 

unless noted. Reaction solvents were purified by successive passage through columns of 

alumina and copper under nitrogen. Unless stated otherwise, all reactions were carried 

out at room temperature under a positive pressure of argon and were monitored by TLC 

on Silica Gel 60 F254 (0.25 mm, E. Merck). TLC spots were detected under UV light or 

by charring with acidified p-anisaldehyde solution in EtOH. All organic solutions were 

dried with anhydrous MgSC^. Unless otherwise indicated, all column chromatography 

was performed on Silica Gel (40-60 |iM). The ratio between silica gel and crude product 

ranged from 100 to 50:1 (w/w). Optical rotations were measured at 22 + 2 °C. !H NMR 

spectra were recorded at 600 MHz, 500 MHz or 400 MHz, and chemical shifts were 

referenced to either TMS (0.0 ppm, CDC13), CD3OD (3.30 ppm, CD3OD) or HOD (4.78 

ppm, D20). !H data were reported as though they were first order. 13C NMR (APT) 

spectra were recorded at 125 MHz or 100 MHz, and 13C chemical shifts were referenced 

to internal CDC13 (77.23 ppm, CDC13), or CD3OD (48.9 ppm, CD3OD) or external 

acetone (31.07, D2O). Assignments of resonances in NMR spectra were made using ! H-

!H COSY and HMQC experiments. Organic solutions were concentrated under vacuum 

at < 40 °C. Electrospray mass spectra were recorded on samples suspended in mixtures 

of THF with MeOH and added NaCl. MALDI mass spectrometry was performed on a 

Voyager Elite time-of-flight spectrometer on samples suspended in 2,5-dihydroxy 

benzoic acid, IAA (ft-an.y-3-indoleacrylic acid) or DCTB (2-[(2Zs)-3-(4-terf-butylphenyl)-

2-methylprop-2-enylidene]-malononitrile) using the delayed-extraction mode and 

positive-ion detection. 
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3.2 General Procedure for the Deprotection of Perbenzoylated Intermediates 

Leading to Compounds 1-8. The starting material was dissolved in 3:1 MeOH-CH2Cl2 

(10-50 mL) followed by dropwise addition of NaOMe in MeOH (0.1 M) until the pH of 

the solution was 12. The reaction mixture was stirred for 4 h and was neutralized by the 

careful addition of Amberlyst-15 (H+) cation exchange resin. The solution was filtered 

and the filtrate concentrated to give a syrupy residue. The resulting crude product was 

then purified by column chromatography. The solvent was evaporated and the residue 

was redissolved in water before filtration through a Sep-pak C-18 cartridge. 

HO 9 ( ^ 2 ) 7 ^ 3 

r\ I \ I 
^ ! > V O H O H 

HO 

HO 

HO^ OH 

1 

Octyl p-D-galactofuranosyl-(l-»5)-p-D-gaIactofuranoside (1). Using the general 

deprotection procedure, octyl glycoside 77 (92.0 mg, 0.078 mmol) gave a crude product 

which was purified by column chromatography (5:1 CH2Cl2-MeOH). The solvent was 

evaporated and the residue was redissolved in water before filtration through a Sep-pak 

C-18 cartridge to afford 1 as a clear, colorless oil (32.0 mg, 90%). fl/0.31 (7:1 CH2C12-

MeOH,); [<x]D -90.0 (c 1.0, MeOH); !H NMR (500 MHz, CD3OD, 8H) 5.19 (br s, 1 H, H-

1'), 4.84 (br s, 1 H, H-l), 4.14 (dd, 1 H, J = 5.5, 3.0 Hz, H-3'), 4.07 (dd, 1 H, / = 6.8, 3.9 

Hz, H-3), 4.04 (dd, 1 H, J= 3.0, 1.5 Hz, H-2'), 4.02-3.98 (m, 1 H, H-4'), 3.94 (dd, 1 H, / 
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= 3.9, 1.9 Hz, H-2), 3.90-3.80 (m, 1 H, H-4), 3.75-3.72 (m, 3 H, H-5, H-6a, H-6b), 3.68-

3.45 (m, 5 H, H-5', H-6a\ H-6b\ octyl OCH2), 1.60-1.55 (m, 2 H, octyl CH2), 1.37-1.26 

(m, 10 H, octyl CH2), 1.20-1.00 (m, 3 H, octyl CH3);
 13C NMR (125 MHz, CD3OD, 8C) 

110.1 (C-l'), 109.3 (C-l), 85.1 (C-2'), 84.7 (C-2), 83.5 (C-4'), 82.9 (C-4), 78.9 (C-3), 

78.9 (C-3'), 72.5 (C-5), 71.0 (C-5'), 70.7 (C-6), 68.9 (octyl OCH2), 64.5 (C-6'), 33.0 

(octyl CH2), 33.0 (octyl CH2), 33.0 (octyl CH2), 30.7 (octyl CH2), 30.7 (octyl CH2), 27.2 

(octyl CH2), 14.5 (octyl CH3). ESI-MS mJz calcd. for (M + Na) C2oH380iiNa: 477.2306. 

Found: 477.2306. 

HOQ 0(CH2)7CH3 

r\ I 

HO-AL / 
HCT OH 

O' OH 

Octyl P-D-galactofuranosyl-(l->6)-p-D-galactofuranoside (2). Using the general 

deprotection procedure, octyl glycoside 78 (37.1 mg, 0.032 mmol) gave a crude product, 

which was purified by column chromatography (5:1 CH2Cl2-MeOH). The solvent was 

evaporated and the residue was redissolved in water before filtration through a Sep-pak 

C-18 cartridge to furnish 2 as a colorless oil (12.5 mg, 87%). fl/0.31 (7:1 CH2C12-

MeOH,); [a]D -85.0 (c 1.0, MeOH); !H NMR (500 MHz, CD3OD, 8H) 4.91 (d, 1 H, J = 

1.2 Hz, H-l'), 4.83 (d, 1 H, J= 1.8 Hz, H-l), 4.20-3.94 (m, 4 H, H-3\ H-3, H-2', H-4'), 

3.92 (dd, 1 H, / = 3.8, 1.8 Hz, H-2), 3.88-3.84 (m, 2 H, H-4, H-6a), 3.82 (dd, 1 H, J = 
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10.0,4.0 Hz, H-6a'), 3.74-3.66 (m, 2 H, H-5', octyl OCtf2), 3.64-3.58 (m, 2 H, H-6b\ H-

5), 3.54 (dd, 1 H, J = 10.0, 6.8 Hz, H-6b), (ddd, 1 H, J = 9.5, 7.0, 7.0 Hz, octyl OCH2), 

1.60-1.37 (m, 2 H, octyl CH2), 1.37-1.25 (m, 10 H, octyl CH2), 0.88 (t, 3 H, / = 7.0 Hz, 

octyl CH3);
 13C NMR (125 MHz, CD3OD, 5C) 110.0 (C-l'), 109.3 (C-l), 85.1 (C-2'), 

84.7 (C-2), 83.5 (C-4'), 82.9 (C-4), 78.9 (C-3, C-3'), 72.5 (C-5), 71.0 (C-5'), 70.7 (C-6'), 

68.9 (octyl OCH2), 64.5 (C-6), 33.03 (octyl CH2), 33.0 (octyl CH2), 30.0 (octyl CH2), 

30.74 (octyl CH2), 30.7 (octyl CH2), 27.2 octyl (CH2), 14.5 (octyl CH3). ESI-MS m/z 

calcd. for (M + Na) C2oH380nNa: 477.2306. Found: 477.2306. 

JO 
H O J f 

OH 

HO 9 ( ^ 2 ) 7 ^ 3 

\HOH 

Octyl P-L-arabinofuranosyl-(l-»5)-P-D-galactofuranoside (3). Using the general 

deprotection procedure, octyl glycoside 79 (53.0 mg, 0.05 mmol) gave a crude product, 

which was purified by column chromatography (6:1 CH2Cl2-MeOH). The solvent was 

evaporated and the residue was redissolved in water before filtration through a Sep-pak 

C-18 cartridge to afford 3 as clear, colorless oil (19.3 mg, 90%). fl/0.31 (4:1 CH2C12-

MeOH,); [oc]D -95.0 (c 1.0, MeOH); !H NMR (500 MHz, CD3OD, 5H) 5.19 (d, 1 H, / = 

0.5 Hz, H-l'), 4.82 (d, 1 H, J = 1.8 Hz, H-l), 4.10 (dd, 1 H, J = 8.7, 5.0 Hz, H-4'), 4.04 

(dd, 1 H, J = 6.5, 3.0 Hz, H-3), 4.01 (dd, 1 H, J = 3.0, 0.5 Hz, H-2'), 3.98 (dd, 1 H, / = 

6.5, 4.1 Hz, H-4), 3.92-3.89 (m, 3 H, H-6a, H-2, H-5), 3.94 (d, 1 H, / = 5.0, 3.0 Hz, H-
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3'), 3.88-3.77 (m, 4 H, H-6b, H-5a\ octyl OCH2, H-5b'), 3.54 (ddd, 1 H, J = 9.5, 7.0, 7.0 

Hz, octyl OCH2), 1.60-1.37 (m, 2 H, octyl CH2), 1.37-1.25 (m, 10 H, octyl CH2), 0.88 (t, 

3 H, J = 7.0 Hz, octyl CH3);
 13C NMR (125 MHz,CD3OD 5C) 109.4 (C-l'), 109.1 (C-l), 

86.7 (C-4'), 83.8 (C-4), 83.7 (C-2), 82.5 (C-2'), 78.9 (C-3), 78.8 (C-3'), 77.2 (C-5), 68.9 

(octyl OCH2), 63.3 (C-5'), 62.7 (C-6), 33.0 (3 x octyl CH2), 30.72 (octyl CH2), 30.70 

(octyl CH2), 27.3 (octyl CH2), 14.4 (octyl CH3). ESI-MS m/z calcd. for (M + Na) 

Ci9H36OioNa: 447.2206. Found: 447.4831. 

H0
 AH 

HO„ Q(CH2)7CH3 

HO. 

O OH 

HO„ O 

Octyl p-L-arabinofuranosyl-(l-^6)-p-D-galactofuranoside (4). Using the general 

deprotection procedure, octyl glycoside 80 (80.6 mg, 0.077 mmol) gave a crude product, 

which was purified by column chromatography (6:1 CH2Cl2-MeOH). The solvent was 

evaporated and the residue was redissolved in water before filtration through a Sep-pak 

C-l8 cartridge to afford 4 as a clear, colorless oil (30.0 mg, 92%). Rf0.31 (4:1 CH2C12-

MeOH,); [a]D -90.0 (c 1.0, MeOH); !H NMR (500 MHz, CD3OD, 5H) 4.91 (s, 1 H, H-

1'), 4.82 (d, 1 H, / = 1.5 Hz, H-l), 3.99-3.95 (m, 3 H, H-3, H-2', H-5), 3.94 (d, 1 H, / = 

1.5 Hz, H-2), 3.88-3.77 (m, 4 H, H-4, H-4', H-3', H-5a'), 3.78-3.64 (m, 3 H, H-6a, octyl 

OCH2, H-6b), 3.54 (dd, 1 H, / = 11.0, 3.0 Hz, H-5b'), 3.40 (ddd, 1 H, 7 = 9.5, 7.0, 7.0 Hz, 

octyl OCif2), 1.60-1.37 (m, 2 H, octyl CH2), 1.37-1.25 (m, 10 H, octyl CH2), 0.88 (t, 3 
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H, 7= 7.0 Hz, octyl CH3);
 13C NMR (125 MHz, CD30D, 5c), 110.1 (C-l'), 109.3 (C-l), 

86.0 (C-2'), 84.6 (C-2), 83.6 (C-4'), 83.2 (C-4), 78.8 (C-3'), 78.8 (C-3), 71.0 (C-5), 70.6 

(C-5'), 68.9 (octyl OCH2), 63.1 (C-6), 33.0 (octyl CH2), 30.7 (octyl CH2), 30.6 (octyl 

CH2), 30.4 (octyl CH2), 27.3 (octyl CH2), 23.7 (octyl CH2), 14.5 (octyl CH3). ESI-MS 

m/z calcd. for (M + Na) Ci9H36OioNa: 447.2206. Found: 447.4839. 

HO 0(CH2)7CH3 

n W OH 

HO. 

HO 

HO^AL? 
HO^ OH 

HO 

O^ OH 

Octyl p-D-galactofuranosyl-(l-»6)-p-D-galactofuranosyl-(l-»5)-p-D-

galactofuranoside (5). Using the general deprotection procedure, octyl glycoside 85 

(45.4 mg, 0.027 mmol) gave a crude product, which was purified by column 

chromatography (3:1 CH2Cl2-MeOH). The solvent was evaporated and the residue was 

redissolved in water before filtration through a Sep-pak C-l8 cartridge to furnish 

trisaccharide 3 as a clear, colorless oil (15.2 mg, 90%). i?/0.21 (3:1 CH2Cl2-MeOH); 

[a]D -93.0 (c 1.0, MeOH); !H NMR (500 MHz, D20, 5H): 5.23 (d, 1 H, / = 1.3 Hz, H-

1"), 5.04 (d, 1 H, J= 1.5, H-l'), 4.98 (d, 1 H, / = 2.0 Hz, H-l), 4.14-3.94 (m, 9 H, H-2", 

H-2', H-3', H-2, H-3, H-4, H-4', H-3", H-4"), 3.90 (dd, 1 H, J = 7.0, 3.5 Hz, H-6a'), 

3.61-3.75 (m, 3 H, H-5', H-5", H-6b'), 3.74-3.61 (m, 6 H, H-5, H-6a, octyl OCH2, H-
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6b", H-6,", H-6b), 3.54 (ddd, 1 H, J= 10.0, 7.5, 7.5 Hz, octyl OCH2), 1.60-1.37 (m, 2 H, 

octyl CH2), 1.37-1.25 (m, 10 H, octyl CH2), 0.88 (t, 3 H, J = 7.0 Hz, octyl CH3);
 13C 

NMR (125 MHz, D20, 5c): 108.7 (C-l'), 108.0 (C-l), 107.9 (C-l"), 83.9 (C-4"), 83.8 

(C-4), 82.3 (C-4'), 82.1 (C-2'), 81.8 (C-2), 81.2 (C-2"), 77.7 (C-3'), 77.6 (C-3"), 77.3 

(C-3), 76.8 (C-5), 71.7 (C-5'), 70.4 (C-5"), 70.2 (C-6'), 69.6 (octyl OCH2), 63.8 (C-6), 

61.9 (C-6"), 32.0 (octyl CH2), 29.5 (octyl CH2), 29.3 (octyl CH2), 29.2 (octyl CH2), 26.1 

(octyl CH2), 22.9 (octyl CH2), 14.5 (octyl CH3). ESI-MS m/z calcd. for [M + Na]+ 

C26H480i6Na: 639.2837. Found: 639.2835. 

HO 

HO^ OH 

HOQ 0(CH2)7CH3 

HO^AL^ 
CT OH 

Octyl P-D-galactofuranosyl-(l—>5)-P-D-galactofuranosyl-(l—>6)-p-D-

galactofuranoside (6). Using the general deprotection procedure, octyl glycoside 88 

(60.3 mg, 0.036 mmol) gave a crude product, which was purified by column 

chromatography (3:1 CH2Cl2-MeOH). The solvent was evaporated and the residue was 

redissolved in water before filtration through a Sep-pak C-l8 cartridge to furnish 6 as a 

clear, colorless oil (20.0 mg, 89%). Rf 0.24 (3:1 CH2Cl2-MeOH); [cc]D -88.0 (c 0.9, 
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MeOH); !H NMR (500 MHz, D20, 5H) 5.21 (d, 1 H, J = 1.9 Hz, H-l") , 5.00 (s, 1 H, H-

1'), 4.98 (d, 1 H, / = 2.2 Hz, H-l), 4.16 (dd, 1 H, / = 4.0, 1.9 Hz, H-2"), 4.14-4.13 (m, 2 

H, H-2', H-3'), 4.10-4.04 (m, 4 H, H-3", H-4\ H-3, H-2), 4.02 (dd, 1 H, J = 4.0, 3.0 Hz, 

H4"), 3.96-3.94 (m, 3 H, H-4, H-5\ H-5), 3.86-3.71 (m, 6 H, H-6a, H-6b, H-6a', H-6b', 

H-6a", H-5"), 3.66 (dd, 1 H, J = 12.0, 8.0 Hz, H-6b"), 3.60 (ddd, 1 H, / = 10.0, 7.0, 7.0 

Hz, octyl OCH2), 3.55 (ddd, l H , / = 10.0, 7.0, 7.0 Hz, octyl OCH2), 1.60-1.37 (m, 2 H, 

octyl CH2), 1.37-1.25 (m, 10 H, octyl CH2), 0.88 (t, 3 H, / = 7.0 Hz, octyl CH3);
 13C 

NMR (125 MHz, D20 5C) 108.6 (C-l'), 108.0 (C-l), 107.9 (C-l"), 83.5 (C-4'), 83.3 (C-

4), 82.7 (C-4"), 82.1 (C-2"), 82.0 (C-2'), 81.9 (C-2), 77.5 (C-3), 77.4 (C-3"), 77.38, (C-

3), 76.8 (C-5'), 71.4 (C-5), 70.2 (C-5"), 70.1 (C-6), 69.4 (octyl OCH2), 63.8 (C-6"), 61.9 

(C-6'), 32.0 (octyl CH2), 29.6 (octyl CH2), 29.3 (octyl CH2), 29.3 (octyl CH2), 26.1 (octyl 

CH2), 22.9 (octyl CH2), 14.5 (octyl CH3). ESI-MS m/z calcd. for (M + Na) Q^gOieNa: 

639.2837. Found: 639.2835. 
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HO 0(CH2)7CH3 

HO. 

HO 

HO^ OH 

HO 

O^ OH 

Octyl p-D-galactofuranosyl-(l->5)-p-D-galactofuranosyl-(l-^6)-p-D-

gaIactofuranosyl-(l-45)-p-D-galactofuranoside (7). Using the general deprotection 

procedure, octyl glycoside 92 (11.0 mg, 0.005 mmol) gave a crude product, which was 

purified by column chromatography (3:1 CH2Cl2-MeOH). The solvent was evaporated 

and the residue was redissolved in water before filtration through a Sep-pak C-18 

cartridge to furnish 7 as a clear, colorless oil (3.3 mg, 82%). Rf 0.21 (3:1 CH2C12-

MeOH); [cc]D -67.4 (c 0.2, MeOH); !H NMR (600 MHz, D20, 5H) 5.23 (d, 1 H, / = 1.8 

Hz, H-l '" ) , 5.22 (d, 1 H, 7= 2.0 Hz, H-l'), 5.01 (s, 1 H, H-l"), 4.96 (s, 1 H, 7 = 1.0 Hz, 

H-l), 4.14-3.94 (m, 12 H, H-2', H-2", H-2'", H-3', H-3", H-3'" , H-2, H-3, H-4, H-4', 

H-4", H-4'") 3.61-3.75 (m, 7 H, H-5', H-5", H-6a', H-6a", H-6a '", H-6b '", H-5'"), 

3.74-3.61 (m, 6 H, H-5, H-6a, octyl OCH2, H-6b',H-6b", H-6b), 3.54 (ddd, 1 H, 7= 12.0, 

7.5, 7.5 Hz, octyl OCH2), 1.60-1.37 (m, 2 H, octyl CH2), 1.37-1.25 (m, 10 H, octyl CH2), 

0.88 (t, 3 H, 7 = 7.0 Hz, octyl CH3);
 13C NMR (125 MHz, D20 5C) 110.6 (C-l '"), 109.9, 

109.8 (C-l", C-l'), 109.7 (C-l), 85.8 (C-4"), 85.4 (C-4'"), 84.6 (C-2'"), 84.2 (C-2"), 
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84.04 (C-4), 84.00 (C-4'), 83.9 (C-2'), 83.8 (C-2), 79.5 (C-3'"), 79.4 (C-3'), 79.3 (C-

3"), 78.7 (C-3), 78.6 (C-5"), 73.3 (C-5, C-5'"), 72.3 (C-5'), 72.1 (C-6'), 69.4, (octyl 

OCH2), 65.6 (C-6), 64.0 (C-6"), 63.8 (C-6'"), 34.8 (octyl CH2), 34.0 (octyl CH2), 32.6 

(octyl CH2), 31.5 (octyl CH2), 25.5 (octyl CH2), 24.8 (octyl CH2), 16.2 (octyl CH3). ESI-

MS m/z calcd. for (M + Na) C32H5802iNa: 801.3362. Found: 801.3363. 

HO_ 0(CH2)7CH3 

HO^sL^ 

HO 

HO-AL^ 
HO^ OH 

HO 

O^ OH 

8 

HOQ ? 0 H 

vet. 
OH 

Octyl P-D-gaIactofuranosyl-(l-»6)-P-D-galactofuranosyl-(l—>5)-p~D-

ga!actofuranosyl-(l—>6)-p-D-galactofuranoside (8). Using the general deprotection 

procedure, octyl glycoside 95 (25.0 mg, 0.01 mmol) gave a crude product, which was 

purified by column chromatography (3:1 CH2Cl2-MeOH). The solvent was evaporated 

and the residue was redissolved in water before filtration through a Sep-pak C-18 

cartridge to furnish 8 as a clear, colorless oil (5.4 mg, 70%). Rf 0.22 (3:1 CH2C12-

MeOH,); [oc]D -143.3 (c 0.1, MeOH); lH NMR (600 MHz, D20, 5H) 5.22 (d, 1 H, J= 1.3 

Hz, H-l"), 5.04 (d, 1 H, 7= 1.5 Hz, H-l '") , 5.00 (s, 1 H, H-l'), 4.95 (s, 1 H, H-l), 4.14-
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3.94 (m, 14 H, H-2", H-2" \ H-2', H-3', H-3", H-3'",H-4', H-3, H-2, H-4", H-4, H-5', 

H-5, H-4'"), 3.90-3.71 (m, 10 H, H-6a, H-6b, H-6a', H-6b', H-6a", H-5", H-6a '", H-5'", 

H-6b '", H-6b"), 3.60 (ddd, 1 H, J = 10.0, 7.0, 7.0 Hz, octyl OCH2), 3.55 (ddd, 1 H, J = 

10.0, 7.0, 7.0 Hz, octyl OCH2), 1.60-1.57 (m, 2 H, octyl CH2), 1.37-1.25 (m, 10 H, octyl 

CH2), 0.88 (t, 3 H, J = 7.0 Hz, octyl CH3);
 13C NMR (125 MHz, D20, 5C) 108.8 (C-l '"), 

108.7 (C-l'), 108.0 (C-l), 107.9 (C-l"), 83.9 (C-4'"), 83.83 (C-2'"), 83.81 (C-4'), 83.3 

(C-4), 82.8 (C-4"), 82.1 (C-2"), 81.9 (C-2), 77.6 (C-3'"), 77.6 (C-3'), 77.5 (C-3"), 77.4 

(C-3), 76.7 (C-5'), 71.72 (C-5'"), 71.69 (C-5), 70.4 (C-5"), 70.0 (C-6"), 69.4, (octyl 

OCH2), 63.6 (C-6), 63.6 (C-6'"), 61.9 (C-6'), 32.0 (octyl CH2), 29.0 (octyl CH2), 29.6 

(octyl CH2), 29.3 (octyl CH2), 26.1 (octyl CH2), 22.9 (octyl CH2), 14.5 (octyl CH3). ESI-

MS m/z calcd. for (M + Na) C32H5802iNa: 801.3362. Found: 801.3363. 

3.3 General Procedure for the Deprotection of Perbenzoylated Intermediates 

Leading to Compounds 9-12. The starting material was dissolved in 4:1 HOAc-H20 

(10-30 mL) and heated at 70 °C for 4 h. The solvent was evaporated upon completion of 

the reaction. The residue was dissolved in MeOH (10-50 mL) followed by dropwise 

addition of NaOMe in MeOH (0.1 M) until the pH of the solution was 12. The reaction 

mixture was then stirred at it for 4 h and was neutralized by the addition of Amberlyst-15 

(H+) cation exchange resin. The solution was filtered and the filtrate concentrated to give 

a syrupy residue. The resulting crude product was then purified by column 

chromatography. The solvent was evaporated and the residue was redissolved in water 

before filtration through a Sep-pak C-l8 cartridge. 
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^ r ^ ^ J AcNHI 
HO^Sj 0(CH2)7CH3 

Octyl oc-L-rhamnopyranosyl-(l->3)-2-acetamido-2-deoxy-a-D-glucopyranoside (9). 

Using the general deprotection procedure, octyl glycoside 114 (58.0 mg, 0.08 mmol) 

gave a crude product, which was purified by column chromatography (10:1 CH2CI2-

MeOH). The solvent was evaporated and the residue was redissolved in water before 

filtration through a Sep-pak C-18 cartridge to afford disaccharide 9 as a white solid (22.0 

mg, 55%). Rf 0.54 (6:1 CH2Cl2-MeOH); [oc]D -20.1 (c 1.0, MeOH); !H NMR (500 MHz, 

D20, SH) 4.86 (d, 1 H, / = 1.6 Hz, H-l'), 4.82 (d, 1 H, / = 3.6 Hz, H-l), 4.05 (dd, 1 H, / = 

10.4, 3.6 Hz, H-2), 3.98-3.68 (m, 1 H, H-5'), 3.86 (dd, 1 H, / = 10.0, 2.2 Hz, H-3'), 

3.81-3.68 (m, 6 H, H-3, H-5, H-6a, H-4, octyl OCH2, H-2'), 3.57-3.48 (m, 2 H, H-6b, 

octyl OCH2), 3.45 (dd, 1 H, J= 10.0, 10.0 Hz, H-4'), 2.06 (s, 3 H, C(=0)Ctf3), 1-64-1.60 

(m, 2 H, octyl C#2), 1.38-1.23 (m, 13 H, octyl CH2, H-6'), 0.85 (t, 3 H, 7= 7.0 Hz, octyl 

CH3);
 13C NMR (125 MHz, D20, 5C) 170.9 (C=0), 102.1 (C-l'), 97.8 (C-l), 80.4 (C-2'), 

72.9 (C-4'), 72.7 (C-3'), 71.6 (C-4), 71.1 (C-3), 69.7 (C-5'), 69.2 (C-5), 69.0 (octyl 

OCH2), 61.4 (C-6), 54.2 (C-2), 32.1 (octyl CH2), 29.44 (octyl CH2), 29.40 (2 x octyl 

CH2), 26.3 (octyl CH2), 23.0 (octyl CH2), 22.8 (C(=0)CH3), 17.4 (C-6'), 14.3 (octyl 

CH3). ESI-MS m/z calcd. for (M + Na) C22H4iNOi0Na: 502.2623. Found: 502.2621. 
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HO OH 
HO 

HO* OH 
10 

0(CH2)7CH3 

Octyl p-D-galactofuranosyl-(l->4)-a-L-rhamnopyranosyl-(l->3)-2-acetamido-2-

deoxy-a-D-glucopyranoside (10). Using the general deprotection procedure, octyl 

glycoside 115 (57.3 mg, 0.05 mmol) gave a crude product, which was purified by column 

chromatography (4:1 CH2Cl2-MeOH). The solvent was evaporated and the residue was 

redissolved in water before filtration through a Sep-pak C-18 cartridge to afford 

trisaccharide 10 as a white solid (27.2 mg, 89%). fl/0.36 (3:1 CH2Cl2-MeOH); [oc]D -

13.2 (c 0.1, MeOH); *H NMR (500 MHz, D20, 8H) 5.29 (br s, 1 H, H-l"), 4.87 (s, 1 H, 

H-l'), 4.80 (d, 1 H, / = 3.5 Hz, H-l), 4.11 (dd, 1 H, / = 4.0,1.8 Hz, H-2"), 4.08-3.99 (m, 

4 H, H-3", H-4", H-5\ H-2), 3.88-3.48 (m, 13 H, H-3, H-4, H-5, H-6a, H-6b, H-2', H-3', 

H-4', H-5", H-6a", H-6b", octyl OCH2), 2.06 (s, 3 H, C(=0)C//3), 1.64-1.60 (m, 2 H, 

octyl CH2), 1.38-1.23 (m, 13 H, octyl CHZ, H-6'), 0.85 (t, 3 H , / = 7.0 Hz, octyl Ctf3); 

13C NMR (125 MHz, D20, 8C) 174.9 (C=0), 109.1 (C-l"), 101.9 (C-l'), 97.7 (C-l), 83.6 

(C-4"), 82.0 (C-2"), 80.5 (C-2'), 78.7 (C-4'), 77.6 (C-3"), 72.9 (C-4), 71.9 (C-3'), 71.5 

(C-3), 71.4 (C-5"), 69.1 (C-5'), 69.0 (octyl OCH2), 68.3 (C-5), 63.7 (C-6"), 61.4 (C-6), 

54.2 (C-2), 32.1 (octyl CH2), 29.42 (octyl CH2), 29.40 (2 x octyl CH2), 26.3 (octyl CH2), 
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22.9 (octyl CH2), 22.8 (C(=0)CH3), 17.4 (C-6'), 14.3 (octyl CH3). ESI-MS mJz calcd. for 

(M + Na) C28H5iNOi5Na: 664.3151. Found: 664.3153. 

HO 

0(CH2)7CH3 

HO. O i 

HO 

HO^ OH 
11 

Octyl P-D-galactofuranosyl-(l-»5)-P-D-galactofuranosyl-(l-*4)-oc-L-

rhamnopyranosyl-(l—>3)-2-acetamido-2-deoxy-a-D-glucopyranoside (11). Using the 

general deprotection procedure, octyl glycoside 116 (60.0 mg, 0.04 mmol) gave a crude 

product, which was purified by column chromatography (4:1 CH2Cl2-MeOH). The 

solvent was evaporated and the residue was redissolved in water before filtration through 

a Sep-pak C-18 cartridge to afford tetrasaccharide 11 as a white solid (21.5 mg, 68%). Rf 

0.21 (3:1 CH2Cl2-MeOH); [a]D -11.7 (c 0.2, MeOH); *H NMR (600 MHz, D20, 5H) 

5.27 (d, 1 H, J= 1.8 Hz, H-l"), 5.22 (d, 1 H , / = 1.8 Hz, H-l ' " ) , 4.86 (d, 1 H , / = 1.8 

Hz, H-l'), 4.80 (d, 1 H, J = 3.6 Hz, H-l), 4.15 (dd, 1 H, J = 3.6, 1.8 Hz, H-2'"), 4.13-

4.02 (m, 7 H, H-3 '" , H-4'", H-2", H-3", H-4", H-5', H-2), 3.96 (dd, 1 H, 7= 8.5, 8.5 Hz, 

H-3), 3.89-3.63 (m, 15 H, H-4, H-5, H-6a, H-6b, H-2', H-3', H-4', H-5", H-6a", H-6b", H-

5 '" , H-6a '", H-6b '", 2 x octyl OCH2), 2.06 (s, 3 H, C(=0)C#3), 1.64-1.60 (m, 2 H, 
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octyl CH2), 1.38-1.23 (m, 13 H, octyl CH2, H-6'), 0.85 (t, 3 H, / = 7.0 Hz, octyl C/f3); 

13C NMR (125 MHz, D20, 8C) 174.9 (C=0), 109.3 (C-l"), 108.1 (C-l '"), 102.1 (C-l'), 

97.7 (C-l), 83.5 (C-4"), 82.5 (C-2'"), 82.4 (C-4'"), 82.1 (C-2"), 80.5 (C-2'), 79.2 (C-

4'), 77.4 (C-3"), 77.3 (C-3'"), 76.6 (C-3'), 72.9 (C-4), 71.9 (C-3), 71.5 (C-5"), 71.4 (C-

5'"), 69.2 (C-5'), 69.0 (octyl OCH2), 68.2 (C-5), 63.7 (C-6"), 62.1 (C-6'"), 61.4 (C-6), 

54.2 (C-2), 32.0 (octyl CH2), 29.42 (octyl CH2), 29.40 (octyl CH2), 29.4 (octyl CH2), 26.3 

(octyl CH2), 22.9 (octyl CH2), 22.8 (C(=0)CH3), 17.4 (C-6'), 14.3 (octyl CH3). ESI-MS 

m/z calcd. for (M + Na) C34H61N02oNa: 826.3679. Found: 826.3682. 

HO 

H 0 O^ZJ -•••0(CH2)7CH3 

Q A O ^ HO OH 

r> I \ 
H O ^ V O R O H 

O^ OH 

12 

Octyl P-D-galactofuranosyl-(l->6)-p-D-galactofuranosyl-(l-^5)-p-D-

galactofuranosyl-(l->4)-a-L-rhamnopyranosyl-(l->3)-2-acetamido-2-deoxy-a-D-

glucopyranoside (12). Using the general deprotection procedure, octyl glycoside 117 

(46.0 mg, 0.02 mmol) gave a crude product which was purified by column 

chromatography (4:3:3:2 EtOAc-AcOH-CH3OH-H20). The solvent was evaporated and 

143 



the residue was redissolved in water and lyophilized. The residue obtained was filtered 

through a Sep-pak C-18 cartridge to afford pentasaccharide 12 as a white solid (12.0 rag, 

62%). [cc]D -2.9 (c 0.1, MeOH); JH NMR (600 MHz, D20, 5H) 5.26 (d, 1 H, J= 1.8 Hz, 

H-l"), 5.20 (d, 1 H, J= 1.8 Hz, H-l '") , 5.04 (d, 1 H, J= 1.8 Hz, H- l "" ) , 4.86 (s, 1 H, 

H-l'), 4.79 (br s, 1 H, H-l), 4.14-3.94 (m, 13 H, H-2" \ H-2", H-3"" , H-2"", H-2, H-

3", H-3'" , H-4'", H-4"", H-5', H-5", H-3, H-4), 3.89-3.45 (m, 17 H, H-2', H-3', H-4', 

H-4", H-6a, H-6b, H-5, H-6a", H-6b", H-5'", H-6a '", H-6b '", H-5"" , H-6 a ' " \ H-6b" ' \ 

2 x octyl OCH2), 2.06 (s, 3 H, C(=0)C#3), 1.64-1.60 (m, 2 H, octyl CH2), 1.38-1.23 (m, 

13 H, octyl CH2, H-6'), 0.85 (t, 3 H, / = 7.0 Hz, octyl CH3);
 13C NMR (125 MHz, D20, 

8C) 174.9 (C=0), 109.3 (C-l"), 108.7 (C-l""), 108.1 (C-l '"), 102.1 (C-l'), 97.7 (C-l), 

83.84 (C-4"), 83.80 (C-4""), 82.6 (C-2'"), 82.5 (C-4'"), 82.1 (C-2"), 81.8 (C-2""), 

80.5 (C-2'), 79.2 (C-4'), 77.6 (C-3"), 77.5 (C-3'"), 77.4 (C-3""), 76.5 (C-3'), 72.9 (C-

4), 71.9 (C-3), 71.7 (C-5"") 71.5 (C-5"), 70.4 (C-5'"), 70.2 (C-6""), 69.2 (C-5'), 69.0 

(octyl OCH2), 68.3 (C-5), 63.6 (C-6"), 62.1 (C-6'"), 61.4 (C-6), 54.2 (C-2), 32.0 (octyl 

CH2), 29.4 (octyl CH2), 29.4 (octyl CH2), 29.4 (octyl CH2), 26.3 (octyl CH2), 22.9 (octyl 

CH2), 22.8 (C(=0)CH3), 17.4 (C-6'), 14.3 (octyl CH3). ESI-MS m/z calcd. for (M + 

Na)C4oH7iN025Na: 988.4207. Found: 988.4211. 
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HsCr^CS.^ 0CH2CH3 

H-

HO-

HO-

-OH 

-H 

-OH 

CH2OH 

34 

D-galactose diethyl dithioacetal (34). D-galactose (50.00 g, 0.278 mol) was dissolved at 

rt in concentrated HC1 (75 mL). Ethanethiol (50 mL) was then added, and the reaction 

mixture was shaken vigorously, releasing the pressure occasionally. After 3-5 minutes, a 

definite temperature increase was noted; a little amount of ice and ice water was then 

added. More ice water was added and the crystalline product formed was filtered and 

washed with small amount of ice water. Recrystallization from absolute ethanol afforded 

a pure white crystalline 34 (37.00 g, 47% yield). !H NMR (500 MHz, CDC13, 5H) 4.13 

(dd, 1 H, / = 9.0, 1.5 Hz, H-5), 4.07 (d, 1 H, / = 10.0 Hz, H-l), 3.91 (dd, 1 H, / = 9.0, 1.5 

Hz, H-3), 3.88 (dd, 1 H, 1 H, J= 10.0, 1.5 Hz, H-2), 3.64 (d, 1 H, / = 9.0 Hz, H-4), 3.62 

(d, 2 H, / = 7.0 Hz, H-6a, H-6b), 2.77-2.65 (m, 4 H, 2 x SCH2), 1.21-1.23 (m, 6 H, 2 x 

C/f3);
 13C NMR (125 MHz, CDC13, 5C) 72.8, 71.9, 71.8, 71.1 (C-2, C-3, C-4, C-5), 65.1 

(C-6), 56.4 (C-l), 25.4, 25.4 (2 x ethyl CH2), 14.9, 14.8 (2 x ethyl CH3). ESI-MS m/z 

calcd. for (M + Na) CioHzzOgSzNa: 309.0806. Found: 309.0897. 
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HO 

HO 

HO 
Kjf>-OCHc 

^ OH 

35 

Methyl a/p-D-galactofuranoside (35). Dithioacetal 34 (5.90 g, 0.14 mol) was dissolved 

in 2% I2 in MeOH (w/v, 295 mL) at rt and stirred for 7 h. Excess I2 was quenched by the 

increment addition of solid Na2S2C>3 until the I2 color diminished. This was followed by 

the addition of NaHCC>3 to neutralize the reaction mixture. Evaporation of the solvent 

gave 35 (p/oc = 9:1) as a yellow solid (21.20 g, 78%). fl/0.34 (6:1 CH2Cl2-MeOH); p-

isomer (isolated pure after column chromatography): [afo -20.6 (c 1.1, CHCI3); *H NMR 

(400 MHz, D20, 5H) 4.83 (s, 1 H, H-l), 3.98-3.92 (m, 2 H, H-4, H-5), 3.88 (dd, 1 H, J = 

4.3, 4.3 Hz, H-3), 3.77-3.73 (m, 1 H, H-2), 3.66-3.64 (m, 2 H, H-6a, H-6b), (3.45 (s, 3 

H, OCH3);
 13C NMR (100 MHz, D20, 8C) 108.6 (C-l), 83.3 (C-2), 81.6 (C-4), 71.3 (C-3), 

71.1 (C-5), 63.2 (C-6), 55.4 (OCH3). ESI-MS m/z calcd. for (M + Na) C7H1406Na: 

217.0688. Found: 217.0758. 

HO 

HOv4->^0(CH2)7CH3 

HO^ OH 

38 

Octyl p/a-D-galactofuranoside (38). Dithioacetal 34 (5.90 g, 140 mmol) was dissolved 

in 5% octanol (w/v, 200 mL) at rt and stirred for 24 h. Excess I2 was quenched by adding 
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a saturated aqueous solution of Na2S203 (10 mL). This was followed by the addition of a 

saturated aqueous solution of NaHCC>3 to neutralize the reaction mixture. The aqueous 

layer was washed twice with EtOAc and the combined organic layers were concentrated 

to give a syrup that was purified by column chromatography (9:1 CH2Cl2-MeOH) to give 

38 (p/a = 9:1) as a white solid. /J/0.23 (a), 0.17 (p) (9:1 CH2Cl2-MeOH); p: JH NMR 

(500 MHz, CD3OD, 5H) 4.83 (d, 1 H, / = 1.5 Hz, H-l), 3.98 (dd, 1 H, / = 4.0, 4.0 Hz, H-

3), 3.92 (dd, 1 H, / = 4.0, 1.5 Hz, H-2), 3.89 (dd, 1 H, / = 6.0, 4.0 Hz, H-4), 3.72-3.66 

(m, 2 H, H-5, octyl OCH2), 3.62-3.60 (m, 2 H, H-6a, H-6b), 3.40 (ddd, 1 H, J = 9.6, 6.5, 

6.5 Hz, octyl OCH2), 1.60-1.52 (m, 2 H, octyl CH2), 1.38-1.22 (m, 10 H, octyl CH2), 

0.90 (t, 3 H, J = 7.0 Hz, octyl CH3);
 13C NMR (125 MHz, CD3OD, 8C) 109.4 (C-l), 84.2 

(C-2), 83.5 (C-4), 78.8 (C-3), 72.5 (C-5), 65.0 (octyl OCH2), 64.6 (C-6), 33.0 (octyl 

CH2), 30.7 (octyl CH2), 30.5 (octyl CH2), 30.4 (octyl CH2), 27.3 (octyl CH2), 23.7 (octyl 

CH2), 14.4 (octyl CH3); a: *H NMR (500 MHz, CD3OD, 5H) 4.84 (d, 1 H, J = 4.5 Hz, H-

1), 4.09 (dd, 1 H, J = 5.0, 4.0 Hz, H-3), 3.94 (dd, 1 H, / = 4.0, 4.5 Hz H-2), 3.80 (ddd, 1 

H, 7= 9.5, 6.9, 6.9 Hz, octyl OCH2), 3.72 (dd, 1 H, / = 5.0, 5.0 Hz, H-4), 3.65-3.53 (m, 3 

H, H-5, H-6a, H-6b), 3.46 (ddd, 1 H, 7= 9.5, 6.9, 6.9 Hz, octyl OCH2); 1.63-1.60 (m, 2 

H, octyl CH2), 1.32-1.28 (m, 10 H, octyl CH2), 0.89 (t, 3 H, J = 6.8 Hz, octyl C#3); 13C 

NMR (125 MHz, CD3OD, 8c) 103.5 (C-l), 84.3 (C-2), 79.5 (C-4), 77.1 (C-3), 75.2 (C-5), 

70.5 (octyl OCH2), 64.9 (C-6), 33.2 (octyl CH2), 31.5 (octyl CH2), 31.3 (octyl CH2), 31.2 

(octyl CH2), 28.3 (octyl CH2), 24.3 (octyl CH2), 14.2 (octyl CH3). ESI-MS m/z calcd. for 

(M+Na) C14H2806Na: 315.1784. Found: 315.1834. 
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BzOQ 0(CH2)7CH3 

BzoVN-Y 
HO OBz 

39 

Octyl 2,3,5-tri-0-benzoyl-p-D-galactofuranoside (39). Method 1: To a solution of 76 

(0.28 g, 0.33 mmol) in CH2Cl2-MeOH (3:1, 7 mL), /?-toluenesulfonic acid monohydrate 

(0.06 g, 0.33 mmol) was added. The reaction mixture was stirred for 3 h and diluted with 

CH2CI2 (5 mL). The organic layer was washed with a saturated aqueous solution of 

NaHC03, water, dried and concentrated to give a colorless syrup. The residue was 

purified by column chromatography (3:1 hexanes-EtOAc) to give 39 (0.18 g, 89%) as a 

fluffy semi-solid, fl/0.48 (3:1 hexanes-EtOAc); [o]D -12.0 (c 1.0, CHC13); Method 2: 

Compound 76 (1.36 g, 1.61 mmol) was dissolved in CH2CI2 (75 mL), cooled to 0 °C, and 

trifluoroacetic acid (5% in CH2CI2, 4.95 mL) was added dropwise. After stirring for 8 h, 

the reaction mixture was co-evaporated with toluene and concentrated to give a syrupy 

residue that was purified by column chromatography (8:1 hexanes-EtOAc) to give 39 

(409 mg, 42%) as a colorless syrup, fl/0.48 (3:1 hexanes-EtOAc);^ NMR (300 MHz, 

CDCI3, 5H) 8.08-7.80 (m, 6 H, Ar), 7.64-6.90 (m, 9 H, Ar), 5.64 (ddd, 1 H, 7= 6.0, 6.0, 

4.5 Hz, H-5), 5.60 (d, 1 H, / = 5.0 Hz, H-3), 5.47 (d, 1 H, J = 1.1 Hz, H-2), 5.32 (br s, 1 

H, H-l), 4.64 (dd, 1 H, 7= 5.0, 4.5 Hz, H-4), 4.10-^1.05 (d, 2 H, H-6a, H-6b), 3.77 (ddd, 1 

H, / = 9.5, 7.0, 7.0 Hz, octyl OCH2), 3.58 (ddd, 1 H, J = 9.5, 7.0, 7.0 Hz, octyl OCH2), 

1.64-1.61 (m, 2 H, octyl CH2), 1.46-1.21 (m, 10 H, octyl CH2), 0.88 (t, 3 H, / = 7.0 Hz, 

octyl Ctf3); °C NMR (125 MHz, CDC13, 5H) 166.4 (C=0), 165.9 (C=0), 165.5 (C=0), 

133.5 (Ar), 133.4 (Ar), 130.2 (Ar), 129.95 (Ar), 129.86 (Ar), 129.6 (Ar), 129.1 (Ar), 

128.5 (Ar), 128.44 (Ar), 128.35 (Ar), 105.7 (C-l), 82.2 (C-2), 82.0 (C-3), 77.7 (C-4), 
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73.6 (C-5), 67.7 (octyl OCH2), 62.7 (C-6), 31.8 (octyl CH2), 29.5 (octyl CH2), 29.4 (octyl 

CH2), 29.3 (octyl CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 14.1 (octyl CH3). ESI-MS 

m/z calcd. for (M+Na) C35H40O9: 627.2592. Found: 627.2588. 

BzOQ 0(CH2)7CH3 

BzO OBz 
40 

Octyl 2,3,6-tri-O-benzoyl-p-D-galactofuranoside (40). Method 1: Prepared from 75 

(1.00 g, 2.00 mmol) in pyridine (15 mL) and benzoyl chloride (0.06 mL, 5.0 mmol) as 

described for 57. The crude product was purified by column chromatography (4:1 

hexanes-EtOAc) to give 40 (1.08 g, 90%) as a colorless syrup. Rf 0.53 (3:1 hexanes-

EtOAc); Method 2: Compound 76 (1.36 g, 1.61 mmol) was dissolved in CH2C12 (75 

mL), cooled to 0 °C, and trifluoroacetic acid (5% in CH2C12, 4.95 mL) was added 

dropwise. After stirring for 8 h, the reaction mixture was co-evaporated with toluene and 

concentrated to give a syrupy residue that was purified by column chromatography (8:1 

hexanes-EtOAc) to give 40 (338 mg, 35%) as colorless syrup. R{ 0.53 (3:1 hexanes-

EtOAc); [<x]D -20.3 (c 1.1, CHCI3); !H NMR (500 MHz, CDC13, 8H) !H NMR (500 MHz, 

CDCI3, 8H) 8.08-7.60 (m, 6 H, Ar), 7.55-7.10 (m, 9 H, Ar), 5.64 (d, 1 H, J= 4.8 Hz, H-

3), 5.52 (d, 1 H, J= 1.3 Hz, H-2), 5.27 (s, 1 H, H-l), 4.61 (dd, 1 H, / = 12.0, 7.9 Hz, H-

6a), 4.55-4.40 (m, 2 H, H-5, H-6b), 4.38 (dd, 1 H, 7= 4.8, 2.0 Hz, H-4), 3.72 (ddd, 1 H, J 

= 9.5, 6.7, 6.7 Hz, octyl OCH2), 3.50 (ddd, 1 H, 7= 9.5, 6.7, 6.7 Hz, octyl OCH2), 1.63-

1.59 (m, 2 H, octyl CH2), 1.35-0.95 (m, 10 H, octyl CHZ), 0.88 (t, 3 H, J = 6.6 Hz, octyl 
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CH3);
 liC NMR (125 MHz, CDC13, 8c) 166.5 (C=0), 166.1 (C=0), 165.4 (C=0), 133.5 

(Ar), 133.1 (Ar), 130.0 (Ar), 129.94 (Ar), 129.87 (Ar), 129.85 (Ar), 129.7 (Ar), 129.2 

(Ar), 129.1 (Ar), 128.53 (Ar), 128.46 (Ar), 128.3 (Ar), 105.7 (C-l), 83.1 (C-2), 81.5 (C-

4), 78.2 (C-3), 69.1 (C-5), 67.7 (octyl 0CH2), 61.7 (C-6), 31.8 (octyl CH2), 29.5 (octyl 

CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.2 (octyl CH2), 22.6 (octyl CH2), 14.1 (octyl 

CH3). ESI-MS m/z calcd. for (M+Na) CssH^OgNa: 627.2592. Found: 627.2589. 

BzO STol 

AcO*AL_Y 
BzO OBz 

41 

p-Tolyl 5-0-acetyl-2,3,6-tri-C?-benzoyl-l-thio-p-D-galactofuranoside (41). To a 

solution of 62 (0.23 g, 0.38 mmol) in pyridine (10 mL), was added acetic anhydride (50 

|iL, 0.37 mmol). The reaction mixture was stirred for 2 h, poured into an ice-water 

mixture, and extracted with CH2C12. The combined organic layers were washed with 

brine, dried and concentrated. Co-evaporation with toluene removed all traces of 

pyridine and the residue was purified by column chromatography (4:1 hexanes-EtOAc) 

to give 41 as a white solid (0.22 g, 90%). i?/0.36 (3:1 hexanes-EtOAc); [a]D -61.2 (c 

0.5, CHCI3); lH NMR (500 MHz, CDCI3, 5H) 8.10-8.06 (m, 4 H, Ar), 8.00-7.98 (m, 2 H, 

Ar), 7.62-7.44 (m, 7 H, Ar), 7.36-7.32 (m, 4 H, Ar), 7.14 (d, 2 H, J = 9.0 Hz, Ar), 5.78 

(ddd, 1 H, 7 = 6.9, 6.9, 4.4 Hz, H-5), 5.77 (br s, 1 H, H-l), 5.64 (dd, 1 H, J = 1.6, 1.1 Hz, 

H-2), 5.63 (dd, 1 H, 7 = 4.7, 1.6 Hz, H-3), 4.86 (dd, 1 H, 7 = 4.7, 4.4 Hz, H-4), 4.68 (dd, 1 

H, 7= 11.8, 5.7 Hz, H-6a), 4.56 (dd, 1 H, 7= 11.8, 5.7 Hz, H-6b), 2.34 (s, 3 H, ArC#3), 
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2.01 (s, 3 H, C(=0)C#3); C NMR (125 MHz, CDC13, 8c) 170.0 (C=0), 166.0 (C=0), 

165.4 (C=0), 165.3 (C=0), 138.3 (Ar), 133.6 (Ar), 133.1 (Ar), 133.0 (Ar), 130.0 (Ar), 

129.9 (Ar), 129.8 (Ar), 129.7 (Ar), 129.6 (Ar), 129.3 (Ar), 129.0 (Ar), 128.9 (Ar), 128.5 

(Ar), 128.4 (Ar), 91.4 (C-l), 82.0 (C-2), 81.0 (C-4), 77.4 (C-3), 69.7 (C-5), 63.2 (C-6), 

21.1 (ArCH3), 20.8 (C(=0)CH3). ESI-MS m/z calcd. for (M + Na) C36H3209SNa: 

663.1654 Found: 663.1659. 

BzO STol 

BzO^N-Y 
AcCT OBz 

42 

/7-Tolyl 6-0-acetyl-2,3,5-tri-0-benzoyl-l-thio-P-D-galactofuranoside (42). Prepared 

from 61 (0.17 g, 0.29 mmol) in pyridine (10 mL), and acetic anhydride (35.0 \iL, 0.37 

mmol) as described for 41, and the residue was purified by column chromatography (4:1 

hexanes-EtOAc) to afford compound 42 as a white semi-solid (0.17 g, 90%). Rf 0.38 

(3:1 hexanes-EtOAc); [a]D -30.3 (c 0.4, CHC13);
 JH NMR (500 MHz, CDC13, 8H) 8.10-

8.05 (m, 4 H, Ar), 7.90 (d, 2 H, J = 7.0 Hz, Ar), 7.62-7.45 (m, 7 H, Ar), 7.36-7.31 (m, 4 

H, Ar), 7.14 (d, 2 H, J = 9.0 Hz, Ar), 5.92 (ddd, 1 H, / = 6.0, 6.0, 5.0 Hz, H-5), 5.75 (d, 1 

H, J = 0.9 Hz, H-l), 5.64-5.63 (m, 2 H, H-2, H-3), 4.86 (dd, 1 H, / = 5.0, 3.8 Hz, H-4), 

4.53 (dd, 1 H, / = 11.8, 6.0 Hz, H-6a), 4.45 (dd, 1 H, 7 = 11.8, 6.0 Hz, H-6b), 2.34 (s, 3 H, 

ArCH3), 2.01 (s, 3 H, C(=0)CH3);
 13C NMR (125 MHz, CDC13, 5c) 170.5 (C=0), 165.7 

(C=0), 165.5 (C=0), 165.3 (C=0), 133.6 (Ar), 133.4 (Ar), 133.3 (Ar), 133.1 (Ar), 130.0 

(Ar), 129.0 (Ar), 128.8 (Ar), 128.5 (Ar), 128.4 (Ar), 128.3 (Ar), 91.5 (C-l), 82.3 (C-2), 
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81.3 (C-4), 77.8 (C-3), 70.2 (C-5), 62.7 (C-6), 21.2 (ArCH3), 20.7 (C(=0)CH3);). ESI-

MS m/z calcd. for (M + Na) C36H3209SNa: 663.1660. Found: 663.1659. 

BzOQ STol 

&L BzO* 

BzO' OBz 
43 

/7-Tolyl 2,3,5,6-tetra-O-benzoyl-l-thio-P-D-galactofuranoside (43). Methyl glycoside 

56 (13.26 g, 21.70 mmol) was dissolved in CH2C12 (150 mL) at 0 °C and p-thiocresol 

(3.52 g, 28.3 mmol) was added. The reaction mixture was stirred for 15 min and 

BF3-OEt2 (17.9 mL, 141.03 mmol) was then slowly added. The solution was then 

allowed to stir for 8 h while warming to rt before being neutralized with Et3N and diluted 

with CH2CI2. The organic layer was then washed successively a saturated aqueous 

solution of NaHC03, water and brine. The organic solution was dried and the solvent 

evaporated; the crude product was purified by chromatography (4:1 hexanes-EtOAc) to 

give 43 (13.57 g, 89%) as a white fluffy solid. Rf03S (4:1 hexanes-EtOAc); [a]D -82.0 

(c 1.0, CHCI3); *H NMR (500 MHz, CDC13, 5H) 8.07 (ddd, 4 H, J = 9.8, 8.5, 1.2 Hz, Ar), 

7.96 (dd, 2 H, / = 8.0, 1.5 Hz, Ar), 7.89 (dd, 2 H, 7= 8.0, 1.5 Hz, Ar), 7.60-7.45 (m, 8 H, 

Ar), 7.39-7.26 (m, 6 H, Ar), 7.07 (d, 2 H, J = 8.0 Hz, Ar), 6.10 (ddd, 1 H, J = 6.6, 6.6, 

5.0 Hz, H-5), 5.77 (d, 1 H, / = 1.8 Hz, H-l), 5.71 (dd, 1 H, J = 5.0, 1.8 Hz, H-3), 5.66 

(dd, 1 H, J = 1.8, 1.8 Hz, H-2), 4.95 (dd, 1 H, J = 5.0, 5.0 Hz, H-4), 4.75 (dd, 1 H, J = 

11.8, 7.0 Hz, H-6a), 4.71 (dd, 1 H, J = 11.8, 7.0 Hz, H-6b), 2.32 (s, 3 H, ArC#3); 13C 

NMR (125 MHz, CDC13, 5C) 166.0 (C=0), 165.7 (C=0), 165.5 (C=0), 165.3 (C=0), 

133.5 (Ar), 133.4 (Ar), 133.3 (Ar), 133.2 (Ar), 130.1 (Ar), 130.03 (Ar), 130.00 (Ar), 

152 



129.94 (Ar), 129.85 (Ar), 129.7 (Ar), 129.6 (Ar), 129.5 (Ar), 129.2 (Ar), 128.9 (Ar), 

128.8 (Ar), 128.5 (Ar), 128.41 (Ar), 128.39 (Ar), 128.35 (Ar), 91.6 (C-l), 82.3 (C-2), 

81.4 (C-4), 77.9 (C-3), 70.3 (C-5), 63.4 (C-6), 21.1 (ArCH3). ESI-MS m/z calcd. for (M 

+ Na) C4iH3409SNa: 725.1872. Found: 725.1870. 

OBz 

BzO 

STol 

OBz 

44 

/7-Tolyl 2,3, 5-tri-O-benzoyl-l-thio-P-L-arabinofuranoside (44). Prepared from 67 

(15.88 g, 35.60 mmol) in CH2C12 (75.0 mL) and p-thiocresol (4.40 g, 35.60 mmol) as 

described for 43 to afford 44 (18.0 g, 89%) as a white fluffy semi-solid. Rf 0.38 (4:1 

hexanes-EtOAc); [a]D -90.4 (c 1.0, CHC13);
 !H NMR (500 MHz, CDC13, 8H): 8.14 (d, 2 

H, / = 10.7 Hz, Ar), 8.06-8.00 (m, 4 H, Ar), 8.00-7.48 (m, 7 H, Ar), 7.42-7.30 (m, 4 H, 

Ar), 7.13 (d, 2 H, / = 8.0 Hz, Ar), 5.77 (d, 1 H, J = 1.0 Hz, H-l), 5.72 (dd, 1 H, J = 1.0, 

3.0 Hz, H-2), 5.66 (dd, 1 H, / = 5.0, 3.0 Hz, H-3), 4.95 (ddd, 1 H, / = 5.0, 5.0, 5.0 Hz, H-

4), 4.75 (dd, 1 H, J= 11.8, 5.0 Hz, H-5a), 4.71 (dd, 1 H, 7= 11.8, 5.0 Hz, H-5b), 2.32 (s, 3 

H, ArC#3); 13C NMR (125 MHz, CDC13, 5C) 166.2 (C=0), 165.6 (C=0), 165.4 (C=0), 

138.2 (Ar), 133.64 (Ar), 133.56 (Ar), 133.1 (Ar), 133.0(Ar), ,130.0 (Ar), 129.91 (Ar), 

129.87 (Ar), 129.77 (Ar), 129.72 (Ar), 129.6 (Ar), 129.0 (Ar), 128.9 (Ar), 128.6 (Ar), 

128.5 (Ar), 128.3 (Ar), 91.7 (C-l), 82.5 (C-2), 81.0 (C-4), 78.1 (C-3), 63.6 (C-5), 21.1 

(ArCH3). ESI-MS m/z calcd. for (M + Na) C33H2807SNa : 591.1453. Found: 591.1510. 
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BzOa oCHr 

so> BzO« 

BzO OBz 

56 

Methyl 2,3,5,6-tetra-0-benzoyI-p-D-gaIactofuranoside(56). To a solution of 35 (1.0 g, 

5.15 mmol) in pyridine (15 mL) at 0 °C, benzoyl chloride (2.87 mL, 42.72 mmol) was 

added dropwise. The reaction mixture was then allowed to stir overnight while warming 

to it. Ice-water was added to destroy the excess benzoyl chloride and the reaction 

mixture was diluted with CH2CI2 (30 mL). The organic layer was then washed 

successively with water, two portions of 1M HC1 and a saturated aqueous solution of 

NaHC03. The organic solution was dried and the solvent evaporated. The crude product 

was purified by chromatography (3:1 hexanes-EtOAc) to yield 56 (2.86 g, 91%) as a 

white semi-solid. Rf 0.34 (3:1 hexanes-EtOAc); *H NMR (500 MHz, CDC13, 8H) 8.08-

8.06 (m, 2 H, Ar), 8.05-8.01 (m, 2 H, Ar), 7.98-7.94 (m, 2 H, Ar), 7.91-7.87 (m, 2 H, 

Ar), 7.58-7.52 (m, 4 H, Ar), 7.41-7.37 (m, 4 H, Ar), 7.30-7.10 (m, 4 H, Ar), 6.07 (ddd, 1 

H, / = 6.0, 6.0, 4.0 Hz, H-5), 5.64 (dd, 1 H, J = 5.5, 1.0 Hz, H-3), 5.45 (d, 1 H, J = 1.0 

Hz, H-2), 5.21 (s, 1 H, H-l), 4.81 (dd, 1 H, J= 11.8, 6.0 Hz, H-6a), 4.79 (dd, 1 H, / = 

11.8, 6.0 Hz, H-6b), 4.65 (dd, 1 H, / = 5.5, 4.0 Hz, H-4), 3.52 (s, 3 H, OCH3);
 13C NMR 

(125 MHz, CDCI3, 5C) 165.1 (C=0), 165.7 (C=0), 165.7 (C=0), 165.5 (C=0), 133.5 

(Ar), 133.3 (Ar), 133.2 (Ar), 133.1 (Ar), 130.1 (Ar), 129.97 (Ar), 129.93 (Ar), 129.8 

(Ar), 129.7 (Ar), 129.6 (Ar), 129.5 (Ar), 129.0 (Ar), 128.5 (Ar), 128.39 (Ar), 128.36 

(Ar), 106.9 (C-l), 82.2 (C-2), 81.2 (C-4), 76.5 (C-3), 70.3 (C-5), 63.5 (C-6), 55.0 

(OCH3). ESI-MS m/z calcd. for (M + Na) Css^cAoNa: 633.1737. Found: 633.1286. 
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HO STol 

HO< l̂_Y 
HCT OH 

57 

/7-ToIyl 1-thio-p-D-galactofuranoside (57). To a solution of 43 (15.00 g, 21.34 mmol) 

in 3:1 MeOH-CH2Cl2 was added NaOMe in MeOH (0.1 M) dropwise until the pH of the 

reaction mixture was 12. The solution was stirred at rt for 8 h and neutralized with 

glacial acetic acid. Concentration gave a yellow syrup that was purified by column 

chromatography (9:1 CH2Cl2-MeOH) to afford 57 (5.38 g, 88%) as white semi-solid. Rf 

0.31 (9:1 CH2Cl2-MeOH); [a]D -193.9 (c 0.3, MeOH); !H NMR (500 MHz, CDC13, 5H) 

7.40 (d, 2 H, J= 6.3 Hz, Ar), 7.10 (d, 2 H, / = 8.5 Hz, Ar), 5.19 (d, 1 H, J= 5.0 Hz, H-l), 

4.09 (dd, 1 H, / = 5.4, 5.0 Hz, H-3), 3.98-3.94 (m, 2 H, H-2, H-4), 3.74 (ddd, 1 H, / = 

7.0, 7.0, 5.4 Hz, H-5), 3.65-3.60 (m, 2 H, H-6a, H-6b), 2.28 (s, 3 H, ArCH3);
 13C NMR 

(125 MHz, CDCI3, 5C) 138.8 (Ar), 133.7 (Ar), 132.2 (Ar), 130.7 (Ar), 93.3 (C-l), 83.1 

(C-2), 83.0 (C-4), 77.1 (C-3), 72.1 (C-5), 64.6 (C-6), 21.3 (ArCH3). ESI-MS m/z calcd. 

for (M + Na) Ci3Hi805SNa: 309.0769. Found: 309.0767. 

HO_ STol 

HO 

TrOT OH 

59 

/>-Tolyl-6-0-trityl-l-thio-p-D-galactofuranoside (59). To a solution of 57 (0.58 g, 2.04 

mmol) in pyridine (10 mL), was added trityl chloride (0.85 g, 3.05 mmol). The reaction 
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mixture was stirred at 50 °C overnight and was then poured into an ice-water mixture, 

and extracted with CH2CI2 The combined organic layers were washed with brine and the 

organic solution was then dried and the solvent evaporated. Co-evaporation with toluene 

removed all traces of pyridine and the residue was purified by column chromatography 

(1:1 hexanes-EtOAc) to give 59 (0.85 g, 80%) as a colorless oil. Rf0.l2 (1:1 hexanes-

EtOAc); [o]D -91.9 (c 1.1, CHCI3); *H NMR (500 MHz, CDC13, 8H) 7.46-7.44 (m, 6 H, 

Ar), 7.44-7.21 (m, 11 H, Ar), 7.01-6.99 (d, 2 H, / = 8.5 Hz, Ar), 5.32 (d, 1 H, / = 3.4 Hz, 

H-l), 4.22-4.17 (m, 2 H, H-3, H-4), 4.12 (dd, 1 H, / = 3.4, 3.4 Hz, H-2), 3.93 (dd, 1 H, J 

= 6.4, 6.4 Hz, H-5), 3.36 (dd, 1 H, J = 9.5, 6.4 Hz, H-6a), 3.25 (dd, 1 H, / = 9.5, 6.4 Hz, 

H-6b), 2.41 (s, 3 H, ArCH3);
 13C NMR (125 MHz, CDCI3, 5C) 143.5 (Ar), 137.7 (Ar), 

132.6 (Ar), 129.9 (Ar), 129.8 (Ar), 128.7 (Ar), 127.9 (Ar), 127.2 (Ar), 92.5 (C-l), 87.1 

(Ph3Q, 83.9 (C-4), 81.5 (C-2), 77.9 (C-3), 69.9 (C-5), 64.8 (C-6), 21.1 (ArCH3). ESI-

MS m/z calcd. for (M + Na) C32H3205SNa: 551.1865. Found: 551.1863. 

BzO STol 

BzO^—f 
TrO OBz 

60 

/7-Tolyl 2,3,5-tri-0-benzoyl-6-0-trityl-l-thio-p-D-galactofuranoside (60). Prepared 

from 59 (0.18 g, 0.33 mmol) in pyridine (5 mL) and benzoyl chloride (0.06 g, 0.21 mmol) 

as described for 57. The residue was purified by column chromatography (4:1 hexanes-

EtOAc) to afford 60 (0.24 g, 87%) as a white semi-solid. Rf0.62 (3:1 hexanes-EtOAc); 

[a]D -58.3 (c 1.0, CHC13); *H NMR (500 MHz, CDC13, 8H) 8.10 (dd, 4 H, / = 9.2, 7.2 Hz, 
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Ar), 7.85 (dd, 2 H, J = 7.9,0.8 Hz, Ar), 7.63-7.18 (m, 26 H, Ar), 7.02 (d, 2 H, J= 8.4 Hz, 

AT), 5.90 (ddd, l H , / = 6.0, 6.0, 4.5 Hz, H-5), 5.70 (d, 1 H, J = 0.7 Hz, H-l), 5.61-5.80 

(m, 2 H, H-2, H-3), 5.10 (dd, 1 H, 7= 4.5, 4.5 Hz, H-4), 3.57 (dd, 1 H, / = 10.1, 6.0 Hz, 

H-6a), 3.43 (dd, 1 H, / = 10.0, 6.0 Hz, H-6b), 2.32 (s, 3 H, ArC#3); 13C NMR (125 MHz, 

CDC13, 8C) 165.7 (C=0), 165.4 (C=0), 165.3 (C=0), 143.6 (Ar), 138.0 (Ar), 133.5 (Ar), 

133.3 (Ar), 133.2 (Ar), 133.1 (Ar), 130.0 (Ar), 129.8 (Ar), 129.7 (Ar), 129.4 (Ar), 129.1 

(Ar), 128.9 (Ar), 128.6 (Ar), 128.6 (Ar), 128.5 (Ar), 128.4 (Ar), 128.4 (Ar), 127.8 (Ar), 

127.8 (Ar), 127.0 (Ar), 91.3 (C-l), 86.9 (Ph3C), 82.4 (C-4), 81.3 (C-2), 78.0 (C-3), 72.1 

(C-5), 62.9 (C-6), 21.2 (ArCH3). ESI-MS m/z calcd. for (M + Na) Q^H^OsSNa: 

863.2649. Found: 863.2648. 

Bz<3 STol 
0« 

BZOVN—y 
HO OBz 

BzCU S T o 1 

61 

HO 

BzO OBz 

62 

p-Tolyl 2,3,5-tri-O-benzoyl-l-thio-P-D-galactofuranoside (61) andp-Tolyl 2,3,6-tri-O-

benzoyl-1-thio-P-D-galactofuranoside (62). Compound 60 (0.82 g, 0.98 mmol) was 

dissolved in CH2C12 (30 mL), cooled to 0 °C, and trifluoroacetic acid (5% in CH2C12) 

(13.0 mL) was added dropwise. The reaction mixture was stirred for 12 h, co-evaporated 

with toluene and concentrated to give a syrup. The residue was purified by column 

chromatography (5:1 hexanes-EtOAc) to give 61 (0.17 g, 33%) and 62 (0.23 g, 44%) as 

colorless syrups, Rf0.40 (61) and /?/0.25 (62) (3:1 hexanes-EtOAc); 61: [a]D -79.8 (c 

0.9, CHCI3); lK NMR (500 MHz, CDCI3, 8H) 8.09 (dd, 4 H, / = 7.0, 6.8 Hz, Ar), 7.95 (d, 
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2 H, 7 = 8.0 Hz, Ar), 7.61-7.29 (m, 11 H, Ar), 7.11 (d, 2 H, 7 = 8.0 Hz, Ar), 5.76 (d, 1 H, 

7= 0.9 Hz, H-l), 5.69-5.65 (m, 3 H, H-2, H-3, H-5), 4.92 (dd, 1 H, 7 = 4.7, 4.7 Hz, H-4), 

4.07-4.04 (m, 2 H, H-6a, H-6b), 2.33 (s, 3 H, ArC#3); 13C NMR (125 MHz, CDC13, 8C) 

166.5 (C=0), 166.0 (C=0), 165.3 (C=0), 138.3 (Ar), 133.7 (Ar), 133.6 (Ar), 133.1 (Ar), 

130.0 (Ar), 129.9 (Ar), 129.9 (Ar), 129.8 (Ar), 129.7 (Ar), 129.4 (Ar), 129.0 (Ar), 128.9 

(Ar), 128.6 (Ar), 128.5 (Ar), 128.4 (Ar), 91.9 (C-l), 83.1 (C-4), 81.8 (C-2), 78.2 (C-3), 

73.3 (C-5), 62.6 (C-6), 21.1 (ArC773). ESI-MS m/z calcd. for (M + Na) C34H3o08SNa: 

621.1556. Found: 621.1554. 62: [a]D -5.3 (c 0.9, CHC13); 'H NMR (500 MHz, CDC13, 

8H) 8.11 (dd, 2 H, 7= 6.5, 2.0 Hz, Ar), 8.04 (dd, 4 H, 7= 13.0, 6.5 Hz, Ar), 7.64-7.37 (m, 

11 H, Ar), 7.12 (d, 2 H, 7= 7.5 Hz, Ar), 5.74 (d, 1 H, 7= 1.8 Hz, H-l), 5.73-5.72 (m, 2 

H, H-2, H-3), 4.65 (dd, 1 H, 7 = 5.0, 2.5 Hz, H-4), 4.59-4.48 (m, 3 H, H-6a, H-5, H-6b), 

2.33 (s, 3 H, ArCtf3);
 13C NMR (125 MHz, CDC13, 5C) 166.5 (C=0), 166.0 (C=0), 165.3 

(C=0), 138.3 (Ar), 133.7 (Ar), 133.5 (Ar), 133.3 (Ar), 130.0 (Ar), 130.0 (Ar), 129.89 

(Ar), 129.87 (Ar), 129.78 (Ar), 129.73 (Ar), 129.4 (Ar), 128.95 (Ar), 128.90 (Ar), 128.58 

(Ar), 128.55 (Ar), 128.4 (Ar), 92.0 (C-l), 83.2 (C-2), 81.8 (C-4), 78.2 (C-3), 69.0 (C-5), 

66.1 (C-6), 21.1 (ArCH3). ESI-MS m/z calcd. for (M + Na) C34H30O8SNa : 621.1556. 

Found: 621.1554. 
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BzC> OCH3 

BzO-
OBz 

67 

Methyl 2,3,5,-tri-o-benzoyl-p-L-arabinofuranoside (67). L-arabinose (10.0 g, 55.6 

mmol) was dissolved in absolute MeOH (200 mL) and to the solution was added 1.06 M 

methanolic hydrogen chloride (63 mL). The reaction was stirred at rt for 4 h and then 

neutralized by the addition of pyridine (40 mL). The solvent was evaporated and the 

syrupy residue was then taken up in pyridine (75 mL). After cooling to 0 °C in an ice 

bath, benzoyl chloride (31 mL, 2.7 mmol) was added dropwise. The reaction mixture 

was then allowed to stir overnight while warming to rt. Ice-water was added to destroy 

the excess benzoyl chloride. The reaction mixture was diluted with CH2CI2 and the 

layers separated. The organic layer was then washed successively with water, 1M HC1 

and a saturated aqueous solution of NaHC03. The organic solution was dried and the 

solvent evaporated. The residue was then dissolved in warm absolute ethanol and the 

product was allowed to crystallize overnight, followed by recrystallization overnight 

from ethanol. The process gave 67 as white crystals (15.88 g, 60%); m.p. 99-100 °C; Rf 

0.34 (2:1 Hexanes-EtOAc); [cc]D -18.6 (c 1.1, CHC13);
 JH NMR (500 MHz, CDC13, 5H) 

8.20-8.01 (m, 6 H, Ar), 7.67-7.16 (m, 7 H, Ar), 7.36-7.25 (m, 2 H, Ar), 5.60 (dd, 1 H, / 

= 4.8, 1.0 Hz, H-3), 5.53 (d, 1 H, / = 1.0 Hz, H-2), 5.20 (s, 1 H, H-l), 4.85 (dd, 1 H, / = 

12.0, 4.2 Hz, H-5a), 4.71 (dd, 1 H, J = 12.0, 4.2 Hz, H-5b), 4.59 (ddd, 1 H, J = 4.8, 4.2, 

4.2 Hz, H-4), 3.38 (s, 3 H, OCH3);
 13C NMR (125 MHz, CDC13, 8C) 166.2 (C=0), 165.8 

(C=0), 165.5 (C=0), 133.51 (Ar), 133.49 (Ar), 133.5 (Ar), 130.0 (Ar), 129.9 (Ar), 129.8 

(Ar), 129.1 (Ar), 128.51 (Ar), 128.47 (Ar), 128.3 (Ar), 106.9 (C-l), 82.2 (C-2), 80.9 (C-
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4), 78.0 (C-3), 63.7 (C-5), 55.0 (OCH3). ESI-MS m/z calcd. for (M + Na) C27H2408Na: 

499.1369. Found: 499.1430. 

BzOQ 0(CH2)7CH3 

sO> BzO* 

BzO OBz 
70 

Octyl-2,3,5,6,-tetra-C?-benzoyl-p-D-galactofuranoside (70). Compound 43 (1.01 g, 

1.43 mmol), 1-octanol (0.27 mL, 1.70 mmol), and activated, powdered 4 A molecular 

sieves 2.5 g in CH2C12 (60 mL) were cooled at 0 °C. The reaction mixture was stirred for 

15 min before TV-iodosuccinimide (0.48 g, 2.15 mmol), and then AgOTf (0.074 g, 0.29 

mmol) were added. The solution was stirred for a further 30 min before the reaction was 

quenched by the addition of Et3N. The reaction mixture was then diluted with CH2C12 

and filtered through a pad of Celite. The filtrate was washed with a saturated aqueous 

solution of Na2S203, water and brine. The organic layer was then dried and the solvent 

evaporated. The crude product was purified by column chromatography (4:1 hexanes-

EtOAc to afford 70 (0.90 g, 89%). Rf 0.40 (4:1 hexanes-EtOAc); [<x]D -10.6 (c 1.5, 

CHC13); *H NMR (400 MHz, CDC13, 8H) 8.05 (dd, 4 H, / = 15.0, 6.5 Hz, Ar), 7.98 (dd, 2 

H, / = 6.5, 3.0 Hz, Ar), 7.85 (dd, 2 H, J = 6.5, 3.0 Hz, Ar), 7.59-7.49 (m, 4 H, Ar), 7.44-

7.29 (m, 8 H, Ar), 6.10 (ddd, 1 H, J = 5.8, 5.8, 4.0 Hz, H-5), 5.66 (d, 1 H, / = 5.0 Hz, H-

3), 5.49 (d, 1 H, J = 1.2 Hz, H-2), 5.32 (br s, 1 H, H-l), 4.81 (dd, 1 H, J = 12.0, 5.8 Hz, 

H-6a), 4.78 (dd, 1 H, / = 12.0, 5.8 Hz, H-6b), 4.65 (dd, 1 H, / = 5.0, 4.0 Hz, H-4), 3.75 

(ddd, 1 H, / = 9.6, 6.5, 6.5 Hz, octyl OCH2), 3.53 (ddd, 1 H, J = 9.6, 6.5, 6.5 Hz, octyl 

OCH2), 1.64-1.61 (m, 2 H, octyl CH2), 1.36-1.29 (m, 10 H, octyl CHZ), 0.88 (t, 3 H, 7 = 
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7.0 Hz, octyl CH3);
 13C NMR (100 MHz, CDC13, 5C) 166.1 (C=0), 165.8 (C=0), 165.7 

(C=0), 165.5 (C=0), 133.4 (Ar), 133.3 (Ar), 133.2 (Ar), 133.1 (Ar), 130.0 (Ar), 130.0 

(Ar), 129.8 (Ar), 129.7 (Ar), 129.6 (Ar), 129.6 (Ar), 129.1 (Ar), 129.0 (Ar), 128.4 (Ar), 

128.4 (Ar), 105.6 (C-l), 82.1 (C-2), 81.3 (C-4), 77.6 (C-3), 70.4 (C-5), 67.7 (octyl 

OCH2), 63.5 (C-6), 31.8 (octyl CH2), 29.5 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl 

CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 14.1 (octyl CH3). ESI-MS rn/z calcd. for 

(M+Na) C42H44O10Na: 731.2854. Found: 731.2851. 

HOQ 0(CH2)7CH3 

HO^SLY 
HCT OH 

71 

Octyl p-D-galactofuranoside (71). Prepared from 70 (1.47 g, 2.08 mmol) in MeOH (50 

mL) and NaOMe in MeOH (0.1 M) as described for 57. The reaction mixture was 

concentrated to give a syrupy residue that was purified by column chromatography (9:1 

CH2Cl2-MeOH) to afford 71 (0.56 g, 92%) as a yellow solid. Rf 0.31 (7:1 CH2C12-

MeOH); [a]D -10.5 (c 1.2, MeOH); 'H NMR (500 MHz, CD3OD, 5H) 4.83 (d, 1 H, / = 

1.5 Hz, H-l), 3.98 (dd, 1 H, J = 5.0, 4.0 Hz, H-3), 3.92 (dd, 1 H, J = 4.0, 1.5 Hz, H-2), 

3.89 (dd, 1 H, 7= 6.5, 5.0 Hz, H-4), 3.74-3.69 (m, 2 H, H-5, octyl OCif2), 3.64-3.60 (m, 

2 H, H-6a, H-6b), 3.40 (ddd, 1 H, J = 9.6, 6.5, 6.5 Hz, octyl OCH2), 1.60-1.52 (m, 2 H, 

octyl CH2), 1.38-1.22 (m, 10 H, octyl CH2), 0.90 (t, 3 H, J = 7.0 Hz, octyl Ctf3);
 13C 

NMR (125 MHz, CD3OD, 8C) 109.4 (C-l), 84.2 (C-2), 83.5 (C-4), 78.8 (C-3), 72.5 (C-5), 

70.5 (octyl OCH2), 65.0 (C-6), 33.0 (octyl CH2), 30.7 (octyl CH2), 30.5 (octyl CH2), 30.4 
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(octyl CH2), 27.3 (octyl CH2), 23.7 (octyl CH2), 14.4 (octyl CH3). ESI-MS w/z calcd. for 

(M+Na) Ci4H2806Na: 315.1784. Found: 315.1834. 

HOQ 0(CH2)7CH3 

hcT OH 

72 

Octyl 5,6-isopropyledine-p-D-galactofuranoside (72). To a solution of 71 (0.25 g, 0.86 

mmol) in acetone (5 mL) was added 2,2-dimethoxypropane (0.16 mL, 1.29 mmol) and 

(lS)-(+)-camphorsulfonic acid (0.02 g, 0.09 mmol) at rt. After 3 h of stirring, the pH of 

the solution was adjusted to pH 7 by adding Et3N. The reaction mixture was 

concentrated to give a residue that was subsequently dissolved in CH2C12 (10 mL), 

washed with a saturated aqueous solution of NaHCC>3 and water before being dried and 

concentrated to an oily residue, which was purified by column chromatography (5:1 

hexanes-EtOAc) to give 72 (0.27 g, 94%) as a colorless oil. Rf 0.40 (1:1 hexanes-

EtOAc); [a]D -26.8 (c 1.2, CHC13); *H NMR (400 MHz, CDC13, 8H) 4.98 (s, 1 H, H-l), 

4.28 (ddd, 1 H, / = 7.5, 7.5, 1.5 Hz, H-5), 4.03 (dd, 1 H, / = 7.5, 6.8 Hz, H-4), 4.03 (dd, 1 

H, / = 6.8, 1.5 Hz, H-3), 4.08-3.90 (m, 4 H, H-2, H-6a, H-6b, 3-OH), 3.68 (ddd, 1 H, / = 

9.6, 6.8, 6.8 Hz, octyl OCH2), 3.40 (ddd, 1 H, 7= 9.6, 6.8, 6.8 Hz, octyl OCH2), 3.03 (d, 

1 H, 2-OH), 1.64-1.61 (m, 2 H, octyl CH2), 1.39 (s, 3 H, isopropylidene Ctf3), 1-35 (s, 3 

H, isopropylidene CH3), 1.32-1.19 (m, 10 H, octyl CH2), 0.84 (t, 3 H, / = 7.0 Hz, octyl 

CH3)\
 13C NMR (100 MHz, CDCI3, 8C) 110.1 ((CH3)2C), 108.4 (C-l), 85.5 (C-2), 78.6 

(C-4), 78.0 (C-3), 75.7 (C-5), 67.8 (octyl OCH2), 65.7 (C-6), 31.7 (octyl CH2), 29.4 (octyl 
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CH2), 29.2 (octyl CH2), 29.1 (octyl CH2), 26.0 (octyl CH2), 25.6 (isopropylidene CH3), 

25.5 (isopropylidene CH3), 22.6 (octyl CH2), 14.0 (octyl CH3). ESI-MS m/z calcd. for 

(M+Na) Ci7H3206Na: 355.2097. Found: 355.2137. 

BzO 0(CH2)7CH3 

OBz 
74 

Octyl 5,6-isopropylidine-2,3-di-0-benzoyl-p-D-galactofuranoside (74). Prepared from 

72 (1.00 g, 2.00 mmol) in pyridine (15 mL) and benzoyl chloride (0.06 mL, 5.0 mmol) as 

described for 57. The crude product was purified by column chromatography (3:1 

hexanes-EtOAc) to give 74 (1.48 g, 91%) as a colorless oil. Rf 0.34 (4:1 hexanes-

EtOAc); [<x]D -30.3 (c 1.1, CHC13);
 !H NMR (500 MHz, CDC13, 8H) 8.08-8.01 (m, 4 H, 

AT), 7.62-7.58 (m, 2 H, Ar), 7.46-7.38 (m, 4 H, Ar), 5.44 (d, 1 H, 7 = 4.5 Hz, H-3), 5.42 

(d, 1 H, 7 = 1.1 Hz, H-2), 5.26 (br s, 1 H, H-l), 4.50 (ddd, 1 H, 7= 6.5, 6.5, 4.0 Hz, H-5), 

4.29 (dd, 1 H, 7= 4.5, 4.5 Hz, H-4), 4.14 (dd, 1 H, 7= 10.0, 6.5 Hz, H-6a), 3.97 (dd, 1 H, 

7= 10.0, 6.5 Hz, H-6b), 3.78 (ddd, 1 H, 7= 9.5, 6.8, 6.8 Hz, octyl OCH2), 3.41 (ddd, 1 H, 

7 = 9.5, 6.8, 6.8 Hz, octyl OCH2), 1.63-1.58 (m, 2 H, octyl CH2), 1.45 (s, 3 H, 

isopropylidene C//3), 1.40 (s, 3 H, isopropylidene CH3), 1.25-1.21 (m, 10 H, octyl CH2), 

0.86 (t, 3 H, 7= 7.1 Hz, octyl C/73);
 13C NMR (125 MHz, CDC13, 8C) 165.6 (C=0), 165.3 

(C=0), 130.5 (Ar), 129.92 (Ar), 129.89 (Ar), 129.3 (Ar), 129.28 (Ar), 128.4 (Ar), 110.0 

((CH3)2C), 105.7 (C-l), 83.3 (C-2), 81.7 (C-4), 77.7 (C-3), 75.8 (C-5), 67.6 (octyl OCH2), 

65.7 (C-6), 31.8 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.4 

(octyl CH2), 22.7 (octyl CH2), 26.2 (isopropylidene CH3), 25.3 (isopropylidene CH3), 
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14.1 (octyl CH3). ESI-MS m/z calcd. for (M+Na) CsiH^OgNa: 563.2649. 

Found:563.2650. 

BzOQ 0(CH2)7CH3 

HO^ALY 
HO OBz 

75 

Octyl 2,3-di-O-benzoyl-P-D-gaIactofuranoside (75). To a solution of 74 (1.75 g, 3.24 

mmol) in CH2CI2 (25 mL) was added trifluoroacetic acid containing 1% H2O (5 mL). The 

reaction mixture was stirred for 2 h and then ethanol (10 mL) was added. The solution 

was then concentrated and then coevaporated with toluene. The resulting residue was 

purified by chromatography (2:1 hexanes-EtOAc) to give 75 (1.46 g, 90%) as a colorless 

oil. Rf0.25 (2:1 hexanes-EtOAc); [a]D -15 (c 1.0, CHCI3); !H NMR (500 MHz, CDC13, 

5H) 8.07 (d, 4 H, 7 = 7.6 Hz, Ar), 7.60-7.54 (m, 2 H, Ar), 7.44 (dd, 4 H, 7 = 7.6, 7.6 Hz, 

Ar), 5.59 (dd, 1 H, 7 = 4.5, 0.5 Hz, H-3), 5.49 (br s, 1 H, H-2), 5.25 (s, 1 H, H-l), 4.29 

(dd, 1 H, 7= 4.5, 4.5 Hz, H-4), 4.14 (ddd, 1 H, 7 = 5.1, 5.1, 4.5 Hz, H-5), 3.86 (dd, 1 H, 7 

= 11.8, 5.1 Hz, H-6a), 3.80 (dd, 1 H, 7 = 11.8, 5.1 Hz, H-6b), 3.75 (ddd, 1 H, 7= 9.5, 6.7, 

6.7 Hz, octyl OCH2), 3.53 (ddd, 1 H, 7= 9.5, 6.7. 6.7 Hz, octyl OCH2), 1.63-1.59 (m, 2 

H, octyl CH2), 131-121 (m, 10 H, octyl CH2), 0.86 (t, 3 H, 7 = 7.2 Hz, octyl C/73);
 13C 

NMR (75 MHz, CDCI3, 5C) 165.1 (C=0), 165.4 (C=0), 133.5 (Ar), 129.92 (Ar), 129.86 

(Ar), 129.2 (Ar), 129.1 (Ar), 128.5 (Ar), 128.4 (Ar), 105.7 (C-l), 84.0 (C-2), 81.4 (C-4), 

78.0 (C-3), 70.9 (C-5), 67.7 (octyl OCH2), 64.3 (C-6), 31.8 (octyl CH2), 29.5 (octyl CH2), 

29.4 (octyl CH2), 29.2 (octyl CH2), 26.1 (octyl CH2), 22.6 (octyl CH2), 14.1 (octyl CH3)-

ESI-MS m/z calcd. for (M+Na) C28H3608Na: 523.2344. Found: 523.2340. 
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BzOQ 0(CH2)7CH3 

BzoV^l—/ 
TrCT OBz 

76 

Octyl 2,3,5-tri-0-benzoyl-6-0-trityI-P-D-galactofuranoside (76). Prepared through 

tritylation of 71 as described for 59 (0.11 g, 0.14 mmol), in pyridine (5 mL), trityl 

chloride (0.06 g, 0.21 mmol), DMAP (3.40 mg, 0.03 mmol); and then benzoylation as 

described for 57, benzoyl chloride (23 uL, 0.20 mmol). The resulting residue was 

purified by column chromatography (4:1 hexanes-EtOAc) to afford 76 (0.11 g, 87%) as a 

white solid, Rf0A2 (4:1 hexanes-EtOAc); [o]D -1.0 (c 1.1, CHC13);
 !H NMR (400 MHz, 

CDC13, 8H) 8.18 (d, 2 H, / = 5.0 Hz, Ar), 8.06 (d, 2 H, / = 7.0 Hz, Ar), 7.90 (d, 2 H, J = 

7.0 Hz, Ar), 7.62-7.16 (m, 24 H, Ar), 5.80 (ddd, 1 H, / = 5.7, 5.7, 4.2 Hz, H-5), 5.50 (dd, 

1 H, / = 5.1, 1.2 Hz, H-3), 5.37 (dd, 1 H, / = 1.2, 0.5 Hz, H-2), 5.23 (br s, 1 H, H-l), 4.76 

(dd, 1 H, J = 5.1, 4.2 Hz, H-4), 3.71 (ddd, l H , / = 9.5, 6.8, 6.8 Hz, octyl OCH2), 3.56 

(dd, 1 H, J = 9.9, 5.7 Hz, H-6a), 3.43 (dd, 1 H, J = 9.9, 5.7 Hz, H-6b), 3.52 (ddd 1 H, J = 

9.5, 6.8, 6.8 Hz, octyl OCH2), 1.63-1.59 (m, 2 H, octyl CH2), 1.28-1.20 (m, 10 H, octyl 

CH2), 0.88 (t, 3 H, 7 = 7.1 Hz, octyl CH3);
 13C NMR (125 MHz, CDC13, 8H) 165.7 (C=0), 

165.50 (C=0), 165.46 (C=0), 143.6 (Ar), 133.5 (Ar), 133.1 (Ar), 130.0 (Ar), 129.98 

(Ar), 129.95 (Ar), 129.90 (Ar), 129.85 (Ar), 129.80 (Ar), 129.3 (Ar), 129.2 (Ar), 128.7 

(Ar), 128.69 (Ar), 128.61 (Ar), 128.4 (Ar), 128.35 (Ar), 128.32 (Ar), 128.26 (Ar), 127.8 

(Ar), 127.71 (Ar), 127.68 (Ar), 127.0 (Ar), 126.9 (Ar), 105.4 (C-l), 86.9 (Ph3C), 82.3 (C-

2), 81.0 (C-4), 77.7 (C-3), 72.1 (C-5), 67.5 (octyl OCH2), 62.7 (C-6), 31.8 (octyl CH2), 

29.5 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 
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14.1 (octyl CH3). ESI-MS m/z calcd. for (M+Na) C54H54O9: 869.3662. Found: 

869.3661. 

BzO 0(CH2)7CH3 

k OBz 
^ 0 B z 

OBz 

77 

Octyl 2,3,5,6-tetra-0-benzoyl-p-D-galactofuranosyl)-(l-»5)-2,3,6-tri-0-benzoyl-p-D-

galactofuranoside (77). Prepared from 40 (0.05 g, 0.08 mmol), donor 43 (0.06 g, 0.09 

mmol), MS (0.03 g, 0.12 mmol), and AgOTf (4.0 mg, 0.02 mmol) in CH2C12 (3 mL) as 

described for 70. The residue was purified by column chromatography (4:1 hexanes-

EtOAc) to afford 77 (0.24 g, 87%) as a colorless oil. i?/0.37 (5:1 hexanes-EtOAc); [a]D 

-10.4 (c 1.0, CHCI3); !H NMR (400 MHz, CDC13, 8H) 8.02-7.93 (m, 8 H, Ar), 7.91-7.75 

(m, 4 H, Ar), 7.62-7.52 (m, 7 H, Ar), 7.48-7.39 (m, 16 H, Ar), 6.08 (ddd, 1 H, J = 7.0, 

7.0, 3.6 Hz, H-5'), 5.84 (dd, 1 H, / = 5.0, 1.4 Hz, H-3), 5.81 (s, 1 H, H-l'), 5.69 (d, 1 H, J 

= 1.2 Hz, H-2'), 5.63 (dd, 1 H, J = 5.1, 1.2 Hz, H-3'), 5.49 (dd, 1 H, J = 1.4, 0.6 Hz, H-

2), 5.21 (br s, 1 H, H-l), 5.06 (dd, 1 H, / = 5.1, 3.6 Hz, H-4'), 4.79 (m, 5 H, H-6a, H-6a\ 

H-5, H-6b, H-6b'), 4.53 (dd, 1 H, 7= 5.0, 1.1 Hz, H-4), 3.72 (ddd, 1 H, J= 10.0, 6.0, 6.0 

Hz, octyl OCH2), 3.47 (ddd, 1 H, J= 10.0, 6.0, 6.0 Hz, octyl OCH2), 1.64-1.61 (m, 2 H, 

octyl CH2), 1.36-1.29 (m, 10 H, octyl CH2), 0.88 (t, 3 H, J = 7.0 Hz, octyl OJ3); 13C 

NMR (100 MHz, CDCI3, 5C) 166.1 (C=0), 166.0 (C=0), 165.7 (C=0), 165.7 (C=0), 

165.5 (C=0), 165.4 (C=0), 165.2 (C=0), 133.38 (Ar), 133.36 (Ar), 133.24 (Ar), 133.20 

(Ar), 133.1 (Ar), 133.04 (Ar), 133.02 (Ar), 133.0 (Ar), 132.9 (Ar), 130.0 (Ar), 129.93 
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(Ar), 129.90 (Ar), 129.8 (Ar), 129.75 (Ar), 129.70 (Ar), 129.6 (Ar), 129.0 (Ar), 128.90 

(AT), 128.87 (Ar) 128.5 (Ar), 128.4 (Ar), 128.3 (Ar), 128.2 (Ar), 128.1 (Ar), 105.5 (C-

1'), 105.2 (C-l), 82.4 (C-2'), 82.1 (C-2), 82.0 (C-4'), 81.7 (C-4), 80.6 (C-3), 77.9 (C-3'), 

77.3 (C-5), 77.1 (C-5'), 69.5 (C-6'), 67.8 (octyl OCH2), 63.0 (C-6), 31.9 (octyl CH2), 

29.6 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.1 (octyl CH2), 22.7 (octyl CH2), 

14.11 (octyl CH3). ESI-MS m/z calcd. for (M + Na) C69H660i8Na: 1205.4123. Found: 

1205.4115. 

BzOn 0(CH2)7CH3 

• & 
BzO 

ezo0y
 ABZ 

BzO^/N—f 
BzO OBz 

78 

Octyl 2,3,5,6-tetra-0-benzoyl-P-D-gaIactofuranosyl-(l->6)-2,3,5-tri-0-benzoyl-p-D-

galactofuranoside (78). Prepared from 39 (0.05 g, 0.08 mmol) and donor 43 (0.06 g, 

0.09 mmol), NIS (0.03 g, 0.12 mmol), and AgOTf (4.0 mg, 0.02 mmol) in CH2C12 (2 mL) 

as described for 70. The residue was purified by column chromatography (4:1 hexanes-

EtOAc) to give 78 (0.08 g, 89%) as a colorless oil. Rf0.31 (5:1 hexanes-EtOAc); [a]D -

2.3 (c 1.0, CHC13); *H NMR (400 MHz, CDCI3, 8H) 8.20-7.99 (m, 8 H, Ar), 7.97-7.90 

(m, 4 H, Ar), 7.80 (dd, 2 H, / = 7.0, 2.0 Hz, Ar), 7.50-7.41 (m, 8 H, Ar), 7.35-7.26 (m, 8 

H, Ar), 7.25-7.20 (m, 5 H, Ar), 6.08 (ddd, 1 H, / = 5.0, 5.0, 3.6 Hz, H-5'), 5.92 (ddd, 1 

H, J = 5.0, 5.0, 3.9 Hz, H-5), 5.64-5.58 (m, 3 H, H-3, H-3', H-2), 5.45 (br s, 1 H, H-l'), 
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5.41 (dd, 1 H, 7= 5.0, 1.0 Hz, H-2'), 5.28 (s, 1 H, H-l), 4.78 (dd, 1 H, J = 5.0, 3.4 Hz, H-

4), 4.76-4.73 (m, 2 H, H-6a', H-6b'), 4.70 (dd, 1 H, 7= 5.0, 3.6 Hz, H-4'), 4.23 (dd, 1 H, 

J = 10.5, 5.0 Hz, H-6a), 4.06 (dd, 1 H, J = 10.5, 5.0 Hz, H-6b), 3.75 (ddd, 1 H, / = 9.5, 

7.0, 7.0 Hz, octyl OCH2), 3.52 (ddd, 1 H, J = 9.5, 7.0, 7.0 Hz, octyl OCH2), 1.63-1.40 

(m, 2 H, octyl CH2), 1.28-1.40 (m, 10 H, octyl CH2), 0.89 (t, 3 H, / = 7.5, octyl Ctf3); 

13C NMR (100 MHz, CDC13, 8C) 166.1 (C=0), 165.8 (C=0), 165.69 (C=0), 165.67 

(C=0), 165.5 (C=0), 165.4 (C=0), 165.2 (C=0), 133.38 (Ar), 133.36, 133.2 (Ar), 133.19 

(Ar), 133.1 (Ar), 133.07 (Ar), 133.04 (Ar), 133.02 (Ar), 132.97 (Ar), 132.9 (Ar), 130.0 

(Ar), 129.93 (Ar), 129.90 (Ar), 129.8 (Ar), 129.75 (Ar), 129.70 (Ar), 129.6 (Ar), 129.0 

(Ar), 128.89 (Ar), 129.87 (Ar), 128.5 (Ar), 128.4 (Ar), 128.3 (Ar), 128.2 (Ar), 128.1 

(Ar), 106.5 (C-1'X 105.8 (C-l), 82.2 (C-2'), 81.4 (C-2), 81.8 (C-4'), 81.4 (C-4), 77.9 (C-

3), 77.32 (C-3'), 77.30 (C-5), 77.1 (C-5'), 71.2 (C-6), 67.9 (octyl OCH2), 63.7 (C-6'), 

31.9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.2 (octyl CH2), 

22.7 (octyl CH2), 14.1 (octyl CH3). ESI-MS m/z calcd. for (M + Na) C^HeeOigNa: 

1205.4123. Found: 1205.4117. 

BzO 0(CH2)7CH3 

1-0-

BzO-1 [̂  
OBz 

OBz 
OBz 

79 

Octyl 2,3,5,-tri-0-benzoyl-p-L-arabinofuranosyl-(l->5)-2,3,6-tri-0-benzoyl-p-D-

galactofuranoside (79). Prepared from 40 (35.3 mg, 0.06 mmol), donor 44 (40.8 mg, 
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0.08 mmoL), NIS (19.7 mg, 0.09 mmol), and AgOTf (3.0 mg, 0.01 mmol) in CH2C12 (3 

mL) as described for 70. The residue was then purified by chromatography (6:1 hexanes-

EtOAc) to give disaccharide 79 (53.0 mg, 87%) as a colorless oil. Rf 0.45 (3:1 hexanes-

EtOAc); [a]D -10.9 (c 0.8, CHC13); *H NMR (400 MHz,CDCl3, 5H) 8.05-7.90 (m, 12 H, 

Ar), 7.61-7.21 (m, 18 H, Ar), 5.82 (dd, 1 H, J = 4.2, 1.7 Hz, H-3), 5.73 (s, 1 H, H-l'), 

5.70 (d, 1 H, 7= 1.4 Hz, H-2'), 5.58 (dd, 1 H, J= 5.0, 1.4 Hz, H-3'), 5.48 (d, 1 H, / = 1.7 

Hz, H-2), 5.22 (s, 1 H, H-l), 4.82 (ddd, 1 H, / = 5.0, 4.5, 4.5 Hz, H-4'), 4.78^.64 (m, 4 

H, H-5a', H-6b, H-6a, H-5), 4.58-4.52 (m, 2 H, H-5b\ H-4), 3.75 (ddd, 1 H, / = 9.5, 7.0, 

7.0 Hz, octyl OCH2), 3.52 (ddd, 1 H, J = 9.5, 7.0, 7.0 Hz, octyl OCH2), 1.63-1.59 (m, 2 

H, octyl CH2), 1.38-1.20 (m, 10 H, octyl CH2), 0.89 (t, 3 H, / = 7.5 Hz, octyl C#3); 13C 

NMR (100 MHz,CDCl3, 5C) 166.2 (C=0),166.1 (C=0),165.6 (C=0), 165.5 (C=0), 165.4 

(C=0), 165.2 (C=0),133.5 (Ar), 133.41 (Ar), 133.38 (Ar), 133.36 (Ar), 133.31 (Ar), 

132.95 (Ar), 132.90 (Ar), 129.90 (Ar), 129.87 (Ar), 129.84 (Ar), 129.77 (Ar), 129.71 

(Ar), 129.6 (Ar), 129.1 (Ar), 129.0 (Ar), 128.9 (Ar), 128.5 (Ar), 128.4 (Ar), 128.36 (Ar), 

128.3 (Ar), 128.27 (Ar), 128.2 (Ar), 106.0 (C-l), 105.6 (C-l'), 82.3 (C-2), 82.0 (C-2'), 

81.9 (C-4), 81.3 (C-4'), 77.8 (C-3), 77.4 (C-3'), 74.0 (C-5), 67.7 (C-5'), 64.7 (octyl 

OCH2), 63.6 (C-6), 31.9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl 

CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 14.1 (octyl CH3). ESI-MS mJz calcd. for (M + 

Na) C6iH60Oi6Na: 1071.3883. Found: 1071.3773. 
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BzOQ 0(CH2)7CH3 

BzO ? 0 B z 

80 

Octyl 2,3,5,-tri-0-benzoyl-p-L-arabinofuranosyl-(l->6)-2,3,6-tri-0-benzoyl-p-D-

galactofuranoside (80). Prepared from 40 (52.9 mg, 0.09 mmol), donor 44 (61.2 mg, 

0.11 mmol), NIS (29.5 mg, 0.13 mmol) and AgOTf (4.5 mg, 0.02 mmol) in CH2C12 (3 

mL) as described for 70. The residue was then purified by chromatography (6:1 hexanes-

EtOAc) to give disaccharide 80 (82.0 mg, 89%) as colorless oil. Rf0A3 (3:1 hexanes-

EtOAc); [a]D -20.3 (c 1.1, CHC13); *H NMR (400 MHz, CDC13, 8H) 8.17-8.01 (m, 8 H, 

Ar), 7.97-7.81 (m, 4 H, Ar), 7.60-7.22 (m, 18 H, Ar), 5.89 (ddd, 1 H, / = 6.5, 6.5, 5.0 

Hz, H-5), 5.63 (d, 1 H, / = 6.0 Hz, H-3), 5.56 (d, 1 H, J = 4.0 Hz, H-3'), 5.47-5.42 (m, 2 

H, H-2, H-2'), 5.35 (s, 1 H, H-l'), 5.29 (s, 1 H, H-l), 4.71-4.61 (m, 4 H, H-5 a \ H-5 „', 

H-4, H-4'), 4.23 (dd, 1 H, / = 11.0, 5.0 Hz, H-6a), 4.08 (dd, 1 H, J= 11.0, 5.0 Hz, H-6b), 

3.75 (ddd, 1 H, J = 9.5, 7.0, 7.0 Hz, octyl OCH2), 3.52 (ddd, 1 H, J = 9.5, 7.0, 7.0 Hz, 

octyl OCH2), 1.63-1.59 (m, 2 H, octyl CH2), 1.38-1.20 (m, 10 H, octyl CH2), 0.89 (t, 3 

H, J= 7.5 Hz, octyl CH3);
 13C NMR (100 MHz, CDCI3, 8C) 166.1 (C=0), 165.8 (C=0), 

165.7 (C=0), 165.5 (C=0), 165.1 (C=0), 165.2 (C=0), 133.4 (Ar), 133.4 (Ar), 133.3 

(Ar), 133.2 (Ar), 133.1 (Ar), 133.0 (Ar), 132.98 (Ar), 132.95 (Ar), 130.0 (Ar), 129.9 

(Ar), 129.89 (Ar), 129.83 (Ar), 129.80 (Ar), 129.7 (Ar), 129.2 (Ar), 129.0 (Ar), 128.9 

(Ar), 128.5 (Ar), 128.40 (Ar), 128.37 (Ar), 128.35 (Ar), 128.31 (Ar), 128.2 (Ar), 106.1 

(C-l), 105.7 (C-1'), 82.2 (C-2), 82.0 (C-2'), 81.4 (C-4), 81.2 (C-4'), 77.7 (C-3), 77.4 (C-
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3'), 71.4 (C-5), 67.8. (C-6'), 66.1 (octyl OCH2), 63.5 (C-5'), 31.9 (octyl CH2), 29.6 (octyl 

CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.2 (octyl CH2), 22.7 octyl (CH2), 14.1 (octyl 

CH3). ESI-MS m/z calcd. for (M + Na) C6iH6oOi6Na: 1071.3776. Found: 1071.3773. 

BzO 0(CH2)7CH3 

BzO. 

BzO 

HO OBz 

81 

Octyl 2,3,5-tri-0-benzoyl-p-D-galactofuranosyl-(l-^5)-2,3,6-tri-0-benzoyl-p-D-

galactofuranoside (81). Compound 83 (0.23 g, 0.21 mmol) was dissolved in CH2C12 (5 

mL) and 3% methanolic HC1 (12.0 mL) and the reaction mixture was stirred for 8 h. The 

solution was partially concentrated, diluted with CH2C12 and was washed with saturated 

NaHCC>3, water, and brine. The organic layer was then dried and the solvent was 

concentrated to a residue that was purified by column chromatography (4:1 hexanes-

EtOAc) to give disaccharide 81 (0.17 g, 75%) as a colorless oil. Rf 0.26 (3:1 hexanes-

EtOAc); [a]D -20.8 (c 2.0, CHC13); *H NMR (500 MHz, CDCI3, 5H) 8.20-7.90 (m, 8 H, 

Ar), 7.88-7.82 (m, 4 H, Ar), 7.59-7.42 (m, 8 H, Ar), 7.36-7.24 (m, 10 H, Ar), 5.83 (dd, 1 

H, / = 5.3, 1.1 Hz, H-3), 5.79 (br s, 1 H, H-l'), 5.69 (dd, 1 H, J= 1.7, 0.5 Hz, H-2'), 5.58 

(dd, 1 H, 7 = 4.2, 1.7 Hz, H-3'), 5.56-5.53 (m, 1 H, H-5'), 5.50 (d, 1 H, J= 1.1 Hz, H-2), 

5.24 (br s, 1 H, H-l), 5.02 (dd, 1 H, 7= 6.0, 4.2 Hz, H-4'), 4.78^.66 (m, 3 H, H-5, H-6a, 

H-6b), 4.52 (dd, 1 H, J = 5.3, 3.4 Hz, H-4), 4.06-3.92 (m, 2 H, H-6'a, H-6'b), 3.74 (ddd, 1 

H, / = 9.0, 7.0, 7.0 Hz, octyl OCH2), 3.48 (ddd, 1 H, J = 9.0, 7.0, 7.0 Hz, octyl OCH2), 
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1.63-1.59 (m, 2 H, octyl CH2), 1.29-1.23 (m, 10 H, octyl CH2), 0.85 (t, 3 H, / = 9.0 Hz, 

octyl CH3);
 13C NMR (125 MHz, CDC13, 8C) 166.4 (C=0), 166.1 (C=0), 166.0 (C=0), 

165.6 (C=0), 165.5 (C=0), 165.2 (C=0), 133.7 (Ar), 133.4 (Ar), 133.30 (Ar), 133.27 

(Ar), 133.1 (Ar), 133.0 (Ar), 130.1 (Ar), 130.0 (Ar), 129.9 (Ar), 129.84 (Ar), 129.81 

(Ar), 129.75 (Ar), 129.7 (Ar), 129.6 (Ar),129.0 (Ar), 128.9 (Ar), 128.9 (Ar), 128.8 (Ar), 

128.51 (Ar), 128.46 (Ar), 128.35 (Ar), 128.33 (Ar), 128.30 (Ar), 128.2 (Ar), 105.6 (C-

1'), 105.5 (C-l), 82.4 (C-2'), 82.1 (C-2), 81.9 (C-4), 81.6 (C-4'), 77.7 (C-3'), 77.5 (C-3), 

73.5 (C-5'), 73.0 (C-5), 67.7 (octyl OCH2), 64.8 (C-6), 61.4 (C-6'), 31.8 (octyl CH2), 

29.5 (octyl CH2), 29.44 (octyl CH2), 29.3 (octyl CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 

14.2 (octyl CH3). ESI-MS m/z calcd. for (M + Na) C62H620i7: 1101.3880. Found: 

1101.3879. 

BzO 

BzOn 0(CH2)7CH3 

S r\n-
BzO | 

HO^A1_Y 
BzO OBz 

O' OBz 

82 

Octyl 2,3,6-tri-0-benzoyI-p-D-galactofuranosyl-(l->6)-2,3,5-tri-0-benzoyl-p-D-

galactofuranoside (82). Prepared from 86 (0.34 g, 0.06 mmol) in CH2C12 (20 mL) and 

3% methanolic HC1 (17.35 mL) as described for 81. The residue was purified by column 

chromatography (4:1 hexanes-EtOAc) to give disaccharide 82 (0.28 g, 85%) as a 

colorless oil. Rf 0.29 (2:1 hexanes-EtOAc); [a]D -7.1 (c 0.3, CHC13);
 XH NMR (500 
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MHz, CDCI3, 5H) 8.20-7.90 (m, 8 H, Ar), 7.88-7.82 (m, 4 H, Ar), 7.58-7.22 (m, 18 H, 

Ar), 5.90 (ddd, 1 H, 7= 5.9, 5.9, 4.5 Hz, H-5), 5.61 (dd, 1 H, 7= 3.7, 1.1 Hz, H-3'), 5.88 

(dd, 1 H, 7= 3.8, 0.7 Hz, H-3), 5.44 (d, 1 H, 7 = 1.1 Hz, H-2'), 5.42 (d, 1 H, 7 = 0.7 Hz, 

H-2), 5.35 (s, 1 H, H-l'), 5.26 (s, 1 H, H-l), 4.65 (dd, 1 H, 7 = 4.5, 3.8 Hz, H-4), 4.59 

(dd, 1 H, 7 = 11.6, 6.9 Hz, H-6a'), 4.52 (dd, 1 H, 7 = 4.8, 3.7 Hz, H-4'), 4.48^1.02 (m, 2 

H, H-5', H-6b'), 4.16 (dd, 1 H, 7 = 10.8, 5.9 Hz, H-6a), 4.05 (dd, 1 H, 7 = 10.8, 5.9 Hz, H-

6b), 3.72 (ddd, 1 H, 7 = 9.4, 6.7, 6.7 Hz, octyl OCH2\ 3.50 (ddd, 1 H, 7 = 9.4, 6.7, 6.7 Hz, 

octyl OCH2), 1.63-1.60 (m, 2 H, octyl CHZ), 1.28-1.20 (m, 10 H, octyl C/72), 0.89 (t, 3 

H, 7 = 7.0 Hz, octyl CH3);
 13C NMR (125 MHz, CDC13, 5C) 166.1 (C=0), 165.8 (C=0), 

165.7 (C=0), 165.6 (C=0), 165.5 (C=0), 165.1 (C=0), 133.5 (Ar), 133.4 (Ar), 133.3 

(Ar), 133.3 (Ar), 133.03 (Ar), 133.0 (Ar), 129.9 (Ar), 129.83 (Ar), 129.79 (Ar), 129.71 

(Ar), 129.2 (Ar), 129.1 (Ar), 129.0 (Ar), 128.7 (Ar), 128.5 (Ar), 128.44 (Ar), 128.44 

(Ar), 128.3 (Ar), 127.7 (Ar), 126.9 (Ar), 106.4 (C-l), 105.7 (C-l'), 82.6 (C-2), 82.1 (C-

2'), 81.5 (C-4), 81.4 (C-4'), 78.0 (C-3'), 77.5 (C-3), 71.4 (C-5), 69.2 (C-5'), 66.4 (octyl 

OCH2), 66.3 (C-6), 61.4 (C-6'), 31.9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 

29.3 (octyl CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 14.1 (octyl CH3). ESI-MS mJz 

calcd. for (M + Na) C62H620i7: 1101.3881. Found: 1101.3879. 
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BzC> V 

BzO. 

AcO^ OBz 

BzO 0(CH2)7CH3 

V _ O B 
OBz 

OBz 

83 

Octyl 6-0-acetyl-2,3,5-tri-0-benzoyI-p-D-galactofuranosyl-(1^5)-2,3,6-tri-0-

benzoyl-P-D-galactofuranoside (83). Prepared from 40 (0.19 g, 0.31 mmol), donor 42 

(0.16 g, 0.25 mmol), NIS (67.7 mg, 0.30 mmol) and AgOTf (12.9 mg, 0.05 mmol) in 

CH2CI2 (10 mL) as described for 70. The residue was purified by column 

chromatography (4:1 hexanes-EtOAc) to give disaccharide 83 (0.24 g, 89%) as a 

colorless oil. Rf 0.37 (3:1 hexanes-EtOAc); [a]D -2.6 (c 1.8, CHC13); *H NMR (500 

MHz, CDCI3, 5H) 8.20-7.90 (m, 8 H, Ar), 7.88-7.82 (m, 4 H, Ar), 7.58-7.16 (m, 18 H, 

Ar), 5.86 (ddd, 1 H, 7= 6.5, 6.5, 5.0 Hz, H-5'), 5.81 (dd, 1 H, 7= 5.0, 1.0 Hz, H-3), 5.78 

(s, 1 H, H-l'), 5.64 (d, 1 H, 7 = 1.4 Hz, H-2'), 5.54 (dd, 1 H, 7= 4.3, 1.2 Hz, H-3'), 5.49 

(d, 1 H, 7 = 1.0 Hz, H-2), 5.21 (s, 1 H, H-l) 4.93 (dd, 1 H, 7 = 5.0, 4.3 Hz, H-4'), 4.78-

4.74 (m, 3 H, H-6a, H-5, H-6b), 4.56-4.39 (m, 3 H, H-6a', H-6b\ H-4), 3.70 (ddd, 1 H, / = 

9.5, 6.0, 6.0 Hz, octyl OCH2), 3.48 (ddd, 1 H, 7 = 9.5, 6.0, 6.0 Hz, octyl OCH2), 1.63-

2.05 (s, 3 H, C(=0)C#3), 1.63-1.59 (m, 2 H, octyl CH2), 1.28-1.21 (m, 10 H, octyl CH2), 

0.89 (t, 3 H, 7= 7.0 Hz, octyl CH3);
 13C NMR (125 MHz, CDC13, 5C) 170.4 (C=0), 166.1 

(C=0), 165.6 (C=0), 165.6 (C=0), 165.5 (C=0), 165.4 (C=0), 165.2 (C=0), 133.4 (Ar), 

133.3 (Ar), 133.2 (Ar), 133.1 (Ar), 133.0 (Ar), 129.92 (Ar), 129.90 (Ar), 129.8 (Ar), 

129.7 (Ar), 129.6 (Ar), 129.5 (Ar), 129.1 (Ar), 129.0 (Ar), 128.9 (Ar), 128.8 (Ar), 128.71 

(Ar), 128.69 (Ar), 128.67 (Ar), 128.63 (Ar), 128.61 (Ar), 128.5 (Ar), 128.4 (Ar), 128.3 

174 



(AT), 128.2 (Ar), 105.5 (C-l'), 105.3 (C-l), 82.3 (C-2'), 82.1 (C-2), 81.8 (C-4'), 81.7 (C-

4), 77.7 (C-3), 77.1 (C-3'), 73.1 (C-5'), 70.3 (C-5), 67.6 (octyl OCH2), 64.6 (C-6'), 62.9 

(C-6), 31.9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.2 (octyl 

CH2), 22.7 (octyl CH2), 20.6 (C(=0)CH3), 14.1 (octyl CH3). ESI-MS m/z calcd. for (M + 

Na) C64H640i8: 1143.3984. Found: 1143.3985. 

HO 

BzO 0(CH2)7CH3 

ooJ57 
^tJ \}Bz0B2 

BzO 

BzO 
.3 OB; OBz 

84 

Octyl 2,3,5-tri-0-benzoyl-P-D-galactofuranosyl-(l->5)-2,3,6-tri-0-benzoyl-P-D-

galactofuranoside (84). Compound 83 (0.23 g, 0.21 mmol) was dissolved in CH2C12 (5 

mL) and 3% methanolic HC1 (12.0 mL). The reaction mixture was stirred for 8 h. The 

solution was partially concentrated, diluted with CH2C12 and was washed with saturated 

NaHCC>3, water, and brine. The organic layer was then dried and the solvent was 

concentrated. The residue was purified by column chromatography (4:1 hexanes-EtOAc) 

to give disaccharide 84 as a colorless oil (0.05 g, 20%). Rf 0.25 (3:1 hexanes-EtOAc); 

'H NMR (500 MHz, CDC13, 5H) 8.20-7.90 (m, 10 H, Ar), 7.88-7.82 (m, 2 H, Ar), 7.59-

7.26 (m, 16 H, Ar), 7.24-7.18 (m, 2 H, Ar), 5.83 (dd, 1 H, / = 5.0, 1.0 Hz, H-3), 5.76 (s, 

1 H, H-l'), 5.73 (d, 1 H, / = 1.8 Hz, H-2'), 5.67 (dd, 1 H, / = 5.0, 1.8 Hz, H-3'), 5.46 (d, 

1 H, J = 1.3 Hz, H-2), 5.19 (s, 1 H, H-l), 4.77^.64 (m, 4 H, H-4', H-6a, H-6'a, H-6'b), 

4.53_4.47 (m, 3 H, H-4, H-5, H-6b), 4.41^.64 (m, 1 H, H-5'), 3.74 (dt, 1 H, / = 9.0, 7.0 
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Hz, octyl OCH2), 3.48 (dt, 1 H, 7= 9.0, 7.0 Hz, octyl OCH2), 1.63 (m, 2 H, octyl CH2), 

1.29-1.23 (m, 10 H, 5 x octyl CH2), 0.85 (t, 3 H, / = 9.0 Hz, octyl CH3);
 13C NMR (125 

MHz, CDCI3, 8C) 166.4 (C=0), 166.1 (C=0), 166.0 (C=0), 165.7 (C=0), 165.5 (C=0), 

165.1 (C=0), 133.5 (Ar), 133.4 (Ar), 133.3 (Ar), 133.1 (Ar), 133.0 (Ar), 130.02 (Ar), 

130.01 (Ar), 130.0 (Ar), 129.9 (Ar), 129.8 (Ar), 129.7 (Ar), 129.6 (Ar), 129.03 (Ar), 

129.01 (Ar), 128.9 (Ar), 128.6 (Ar), 128.55 (Ar), 128.49 (Ar), 128.4 (Ar), 128.3 (Ar), 

128.22 (Ar), 128.19 (Ar), 128.16 (Ar), 128.15 (Ar), 105.6 (C-l'), 105.5 (C-l), 83.6 (C-

2'), 82.1 (C-2), 81.8 (C-4), 81.7 (C-4'), 77.7 (C-3'), 77.5 (C-3), 73.5 (C-5), 69.5 (C-5'), 

67.6 (octyl OCH2), 66.2 (C-6'), 64.6 (C-6), 31.8 (CH2), 29.5 (octyl CH2), 29.44 (octyl 

CH2), 29.3 (octyl CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 14.2 (octyl CH3). ESI-MS 

m/z calcd. for (M + Na) C62H620i7: 1101.3880. Found: 1101.3879. 

BzO-

B z 0 0(CH2)7CH3 

OBz 

BzO 1 

BzO*/sL-Y 
BzO OBz 

CT OBz 

85 

Octyl 2,3,5,6-tri-0-benzoyl-p-D-galactofuranosyl-(l->6)-2,3,5-tri-0-benzoyl-p-D-

galactofuranosyl)-(l->5)-2,3,6-tri-0-benzoyl-P-D-galactofuranoside (85). Method 1: 

Prepared from 81 (73.0 mg, 0.07 mmol), donor 43 (86.0 mg, 0.12 mmol), NIS (45.6 mg, 
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0.21 mmol) and AgOTf (3.5 mg, 0.01 mmol) in CH2C12 (3 mL) as described for 70. The 

residue was purified by column chromatography (5:1 hexanes-EtOAc) to give 

trisaccharide 85 (90.8 mg, 78%) as a colorless oil with the hydrolyzed donor eluting with 

the product (1:1 85-hydrolyzed donor ratio). Rf 0.22 (3:1 hexanes-EtOAc); One-pot 

method: Thioglycoside acceptor 61 (79.2 mg, 0.14 mmol), donor 98 (117.2 mg, 0.16 

mmol), and activated, powdered 4 A molecular sieves (200 mg) in CH2CI2 (10 mL) were 

cooled to 0 °C. The mixture was stirred for 15 min, and TMSOTf (4.85 uL, 0.03 mmol) 

was slowly added. Donor consumption was monitored by thin-layer chromatography and 

after stirring for 1 h, acceptor 40 (16.4 mg, 0.03 mmol) was added to the reaction 

mixture. This was followed by the addition of NIS (11.1 mg, 0.05 mmol), AgOTf (1.4 

mg, 0.005 mmol). The reaction mixture was then stirred for 30 min, neutralized with 

Et3N, diluted with CH2CI2 (5 mL) and filtered through Celite. The filtrate was washed 

successively with a saturated aqueous solution of Na2S203 (10 mL), saturated aqueous 

solution of NaHC03, water, and brine. The organic layer was dried and concentrated. The 

residue was purified by column chromatography (20:1 toluene-EtOAc) to give 

trisaccharide 85 (45.4 mg, 42%) as a colorless oil. 7?/0.40 (20:1 toluene-EtOAc); [a]D -

15.2 (c 0.2, CHCI3); !H NMR (500 MHz, CDCI3, 8H), 8.01-7.92 (m, 16 H, Ar), 7.88-7.76 

(m, 4 H, Ar), 7.59-7.17 (m, 24 H, Ar), 7.21-7.17 (m, 6 H, Ar), 6.11 (ddd, 1 H, 7= 7.2, 

7.2, 3.9 Hz, H-5"), 5.98 (ddd, 1 H, / = 7.6, 7.6, 4.8 Hz, H-5'), 5.82 (dd, 1 H, / = 5.1, 1.6 

Hz, H-3"), 5.77 (s, 1 H, H-l'), 5.70 (dd, 1 H, 7= 4.8, 1.4 Hz, H-3'), 5.66 (d, 1 H, / = 1.4 

Hz, H-2'), 5.63 (dd, 1 H, 7= 4.0, 1.5 Hz, H-3), 5.56 (d, 1 H, / = 1.6 Hz, H-2"), 5.33 (d, 1 

H, J= 1.5 Hz, H-2), 5.25 (s, 1 H, H-l"), 5.23 (s, 1 H, H-l), 4.93 (dd, 1 H, 7 = 4.8, 4.8 Hz, 

H-4'), 4.83^.69 (m, 7 H, H-4", H-5, H-6a, H-6b,H-6a", H-6a\ H-6b"), 4.53 (dd, 1 H, J 
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= 5.0, 4.0 Hz, H-4), 4.03 (dd, 1 H, J = 11.5, 7.6 Hz, H-6b'), 3.70 (ddd, l H , / = 9.5, 6.7, 

6.7 Hz, octyl OCH2), 3.47 (ddd, 1 H, J = 9.5, 6.7, 6.7 Hz, octyl OCH2), 1.58-1.53 (m, 2 

H, octyl CH2), 1.36-1.20 (m, 10 H, octyl CH2), 0.89 (t, 3 H, / = 7.5, octyl CH3).
 13C 

NMR (125 MHz, CDC13, 8C) 166.1 (C=0), 166.0 (C=0), 165.9 (C=0), 165.8 (C=0), 

165.71 (C=0), 165.70 (C=0), 165.6 (C=0), 165.54 (C=0), 165.52 (C=0), 165.4 (C=0), 

133.5 (Ar), 133.4 (Ar), 133.3 (Ar), 133.21 (Ar), 133.19 (Ar), 133.18 (Ar), 133.12 (Ar), 

133.06 (Ar), 133.02 (Ar), 133.0 (Ar), 132.8 (Ar), 130.1 (Ar), 130.0 (Ar), 129.94 (Ar), 

129.91 (Ar), 129.90 (Ar), 129.85 (Ar), 129.81 (Ar), 129.77 (Ar), 129.75 (Ar), 129.71 

(Ar), 129.67 (Ar), 129.58 (Ar), 129.51 (Ar), 129.2 (Ar), 129.1 (Ar), 129.0 (Ar), 128.93 

(Ar), 128.91 (Ar), 128.89 (Ar), 128.8 (Ar), 128.52 (Ar), 128.5 (Ar), 128.42 (Ar), 128.40 

(Ar), 128.37 (Ar), 128.31 (Ar), 128.25 (Ar), 128.2 (Ar), 106.7 (C-l), 105.5 (C-l"), 105.4 

(C-l'), 82.5 (C-4'), 82.4 (C-4"), 82.3 (C-4), 82.2 (C-2'), 82.0 (C-2"), 81.9 (C-2), 77.9 (C-

3'), 77.5 (C-3"), 77.4 (C-3), 73.1 (C-5), 71.7 (C-5'), 70.5 (C-5"), 67.7 (C-6'), 67.6 (octyl 

OCH2), 64.6 (C-6"), 63.6 (C-6), 31.9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 

29.3 (octyl CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 14.1 (octyl CH3). ESI-MS m/z 

calcd. for (M + Na) CgeHggOze: 1679.5413. Found: 1679.5405. 
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BzOQ 0(CH2)7CH3 

BZO^/SLY 

Bz00 ° 0 B Z 

AcO-/\_Y 
BzO OBz 

86 

Octyl 5-0-acetyl-2,3,6-tri-0-benzoyl-p-D-galactofuranosyl-(l-^6)-2,3,5-tri-0-

benzoyl-p-D-galactofuranoside) (86). Prepared from 39 (0.18 g, 0.30 mmol), donor 41 

(0.25 g, 0.39 mmol), NIS (0.10 g, 0.45 mmol) and AgOTf (15.4 mg, 0.06 mmol) in 

CH2CI2 (5 mL) as described for 70. The residue was purified by column chromatography 

(4:1 hexanes-EtOAc) to give disaccharide 86 (0.34 g, 99%) as a colorless oil. Rf0.21 

(3:1 hexanes-EtOAc); [a]D -2.5 (c 1.8, CHC13);
 !H NMR (500 MHz, CDC13, 5H) 8.10-

7.98 (m, 10 H, Ar), 7.59-7.21 (m, 20 H, Ar), 5.89 (ddd, 1 H, / = 7.5, 7.5, 4.0 Hz, H-5'), 

5.78 (ddd, 1 H, / = 7.5, 7.5, 4.0 Hz, H-5), 5.60 (d, 1 H, / = 4.9 Hz, H-3'), 5.47 (dd, 1 H, J 

= 4.2, 1.0 Hz, H-3), 5.44 (d, 1 H, / = 1.0 Hz, H-2'), 5.41 (d, 1 H, J = 1.0 Hz, H-2), 5.36 

(s, 1 H, H-l), 5.27 (s, 1 H, H-l'), 4.69-4.63 (m, 3 H, H-4, H-4', H-6b), 4.60 (dd, 1 H, J = 

12.0, 7.5 Hz, H-6a), 4.19 (dd, 1 H, / = 10.5, 7.5 Hz, H-6'a), 4.05 (dd, 1 H, / = 10.5, 7.5 

Hz, H-6'b), 3.75 (ddd, 1 H, / = 9.5, 6.7, 6.7 Hz, octyl OCH2), 3.47 (ddd, 1 H, 7= 9.5, 6.7, 

6.7 Hz, octyl OCH2), 2.03 (s, 3 H, C(=0)C#3), 1.63-1.58 (m, 2 H, octyl CH2), 1.28-1.24 

(m, 10 H, octyl CH2), 0.89 (t, 3 H, / = 7.0 Hz, octyl C//3); 13C NMR (100 MHz, CDC13, 

5C) 170.0 (C=0), 166.0 (C=0), 165.8 (C=0), 165.7 (C=0), 165.6 (C=0), 165.5 (C=0), 

165.1 (C=0), 133.5 (Ar), 133.3 (Ar), 133.1 (Ar), 133.0 (Ar), 130.2 (Ar), 130.1 (Ar), 

130.0 (Ar), 129.9 (Ar), 129.85 (Ar), 129.80 (Ar), 129.78 (Ar), 129.69 (Ar), 129.66 (Ar), 
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129.63 (Ar), 129.2 (Ar), 129.1 (Ar), 129.0 (Ar), 128.9 (Ar), 128.6 (Ar), 128.5 (Ar), 128.4 

(Ar), 128.39 (Ar), 128.36 (Ar), 128.34 (Ar), 106.2 (C-l), 105.7 (C-l'), 82.2 (C-2'), 81.6 

(C-2), 81.5 (C-4), 81.4 (C-4'), 77.5 (C-3'), 77.3 (C-3), 71.5 (C-5'), 69.8 (C-5), 67.8 (octyl 

OCH2), 66.3 (C-6), 63.5 (C-6'), 31.9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 

29.3 (octyl CH2), 26.2 (octyl CH2), 22.7 (octyl CH2), 20.8 (C(=0)CH3), 14.1 (octyl CH3). 

ESI-MS m/z calcd. for (M + Na) C e ^ O i g : 1143.3984. Found: 1143.3983. 

BzOQ 0(CH2)7CH3 

BzO 
0> 

BzO* 

<f OBz 

BzO ? ^ f 
BzO^/C-f VOBz°Bz 

BzO OBz 
88 

Octyl 2,3,5,6-tri-0-benzoyl-p-D-galactofuranosyl-(l->5)-2,3,6-tri-0-benzoyI-P-D-

galactofuranosyI)-(l-»6)-2,3,5-tri-0-benzoyl-P-D-galactofuranoside (88). Method 1: 

Prepared from 82 (60.7 mg, 0.06 mmol), donor 43 (99.30 mg, 0.14 mmol), NIS (31.6 mg, 

0.14 mmol) and AgOTf (2.9 mg, 0.01 mmol) in CH2C12 (2 mL) as described for 70. The 

residue was purified by column chromatography (4:1 hexanes-EtOAc) to give 

trisaccharide 88 (90.8 mg, 91%) as a clear, colorless oil. Rf 0.22 (3:1 hexanes-EtOAc); 

One-pot method: Thioglycoside acceptor 62 (46.2 mg, 0.08 mmol), donor 98 (74.4 mg, 

0.10 mmol), and activated, powdered 4 A molecular sieves (200.0 mg) in CH2C12 (7 mL) 
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were cooled to 0 °C. The suspension was stirred for 15 min before TMSOTf (4.85 ^L, 

0.03 mmol) was slowly added. Donor consumption was monitored by thin-layer 

chromatography and after stirring for 1 h, acceptor 39 (29.0 mg, 0.05 mmol) was added 

to the reaction mixture. This was followed by the addition of NIS (16.2 mg, 0.07 mmol), 

AgOTf (2.5 mg, 0.01 mmol). The reaction mixture was then stirred for 30 min, 

neutralized with Et3N, diluted with CH2C12 (5 mL) and filtered through Celite. The 

filtrate was washed successively with a saturated aqueous solution of Na2S2C>3, saturated 

aqueous solution of NaHCC>3, water, and brine. The organic layer was dried, concentrated 

and the residue was purified by column chromatography (20:1 toluene-EtOAc) to give 

trisaccharide 88 (42.0 mg, 41%) as a clear colorless oil. i?/0.58 (15:1 toluene-EtOAc); 

[<x]D -15.2 (c 0.2, CHC13);
 !H NMR (500 MHz, CDCI3, 5H) 8.01-7.82 (m, 16 H, Ar), 

7.59-7.17 (m, 34 H, Ar), 6.05 (ddd, 1 H, 7= 6.5, 6.5, 4.7 Hz, H-5"), 5.91 (ddd, 1 H, / = 

7.0, 7.0, 3.9 Hz, H-5), 5.83 (dd, 1 H, 7= 5.1, 1.0 Hz, H-3'), 5.78 (s, 1 H, H-l"), 5.67 (d, 

1 H, / = 1.0 Hz, H-2"), 5.62 (dd, 1 H, / = 4.2, 1.0 Hz, H-3"), 5.60 (d, 1 H, / = 5.0 Hz, 

H-3), 5.46 (d, 1 H, / = 1.0 Hz, H-2'), 5.43 (d, 1 H, J= 1.0 Hz, H-2), 5.33 (s, 1 H, H-l'), 

5.27 (s, 1 H, H-l), 5.05 (dd, 1 H, J = 4.7, 4.2 Hz, H-4"), 4.83-4.64 (m, 7 H, H-4', H-5', 

H-4, H-6a', H-6b\ H-6a", H-6b"), 4.18 (dd, 1 H, / = 10.6, 7.0 Hz, H-6a), 4.04 (dd, 1 H, / 

= 10.6, 7.0 Hz, H-6b), 3.72 (ddd, 1 H, J = 9.5, 6.7, 6.7 Hz, octyl OCH2), 3.50 (ddd, 1 H, / 

= 9.5, 6.7, 6.7 Hz, octyl OCH2), 1.58-1.53 (m, 2 H, octyl CH2), 1.28-1.20 (m, 10 H, octyl 

CH2), 0.89 (t, 3 H, J= 7.0 Hz, octyl CH3);
 13C NMR (125 MHz, CDC13, 8C) 166.1 (C=0), 

166.04 (C=0), 165.0 (C=0), 165.8 (C=0), 166.7 (C=0), 165.67 (C=0), 165.63 (C=0), 

165.60 (C=0), 165.5 (C=0), 165.47 (C=0), 133.5 (Ar), 133.4 (Ar), 133.3 (Ar), 133.28 

(Ar), 133.26 (Ar), 133.21 (Ar), 133.2 (Ar), 133.1 (Ar), 133.04 (Ar), 133.01 (Ar), 132.92 
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(Ar), 132.86 (Ar), 130.01 (Ar), 130.0 (Ar), 129.93 (Ar), 129.91 (Ar), 129.85 (Ar), 129.83 

(Ar), 129.81 (Ar), 129.75 (Ar), 129.73 (Ar), 129.7 (Ar), 129.67 (Ar), 129.6 (Ar), 128.9 

(Ar), 128.86 (Ar), 128.80 (Ar), 128.5 (Ar), 128.42 (Ar), 128.40 (Ar), 128.34 (Ar), 128.31 

(Ar), 128.2 (Ar), 128.1 (Ar), 106.1 (C-l), 105.7 (C-l"), 105.3 (C-l'), 83.0 (C-4'), 82.5 

(C-4"), 82.2 (C-4), 82.1 (C-2'), 82.0 (C-2"), 81.8 (C-2), 77.8 (C-3'), 77.6 (C-3"), 77.5 (C-

3), 73.1 (C-5), 71.7 (C-5'), 70.5 (C-5"), 67.8 (C-6), 63.8 (octyl OCH2), 63.7 (C-6"), 63.6 

(C-6'), 31,9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.2 (octyl 

CH2), 22.7 (octyl CH2), 14.1 (octyl CH3). ESI-MS m/z calcd. for (M+Na) CgeHggO :̂ 

1679.5413. Found: 1679.5405. 

BzO 0(CH2)7CH3 

* / > ! — < OBz 

BzO 
rv i \ 

OBz 
BzO*/ M — ^ XOBz 

BzO^ V cr OBZ 

AcO* 

BzO OBz 89 

Octyl 5-0-acetyl-2,3,6-tri-0-benzoyl-p-D-galactofuranosyl-(l->6)-2,3,5-tri-0-

benzoyl-p-D-galactofuranosyl)-(l->5)-2,3,6-tri-0-benzoyl-P-D-galactofuranoside 

(89). Prepared from 81 (60.2 mg, 0.06 mmol), donor 42 (46.5 mg, 0.06 mmol), NIS (18.8 

mg, 0.08 mmol) and AgOTf (2.8 mg, 0.01 mmol) in CH2C12 (3 mL) as described for 70. 

The residue was purified by column chromatography (5:1 hexanes-EtOAc) to give 

trisaccharide 89 (69.0 mg, 78%) as a colorless oil. fl/0.28 (3:1 hexanes-EtOAc); [a]D -
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10.8 (c 1.5, CHCI3); !H NMR (500 MHz,CDCl3, 8H) 8.20-7.90 (m, 14 H, Ar), 7.88-7.76 

(m, 4 H, Ar), 7.59-7.32 (m, 21 H, Ar), 7.22-7.16 (m, 6 H, Ar), 5.95 (ddd, 1 H, / = 7.0, 

7.0, 4.3 Hz, H-5'), 5.82 (dd, 1 H, / = 5.3, 1.6 Hz, H-3"), 5.77 (s, 1 H, H-l'), 5.70 (ddd, 1 

H, / = 7.9, 7.9, 3.8 Hz, H-5"), 5.64 (dd, 1 H, / = 1.0, 0.5 Hz, H-2'), 5.60 (dd, 1 H, / = 3.8, 

1.0 Hz, H-3'), 5.49 (dd, 1 H, / = 1.6, 0.5 Hz, H-2"), 5.42 (dd, 1 H, / = 5.1, 1.3 Hz, H-3), 

5.33 (d, 1 H, J= 1.3 Hz, H-2), 5.21 (br s, 1 H, H-l"), 5.19 (s, 1 H, H-l), 4.91 (dd, 1 H, J 

= 4.3, 3.8 Hz, H-4'), 4.78-4.66 (m, 3 H, H-5, H-6a, H-6b), 4.62-4.58 (m, 2 H, H-4, H-

6a'), 4.56-4.49 (m, 2 H, H-4", H-6b'), 4.11 (dd, 1 H, / = 11.0, 7.9 Hz, H-6a"), 3.98 (dd, 1 

H, / = 11.0, 7.9 Hz, H-6b"), 3.70 (ddd, 1 H, / = 9.5, 6.7, 6.7 Hz, octyl OCH2), 3.47 (ddd, 

1 H, 7= 9.5, 6.7, 6.7 Hz, octyl OCH2), 1.96 (s, 3 H, C(=0)C/f3), 1.58-1.53 (m, 2 H, octyl 

CH2), 1.34-1.26 (m, 10 H, octyl CH2), 0.89 (t, 3 H, J = 7.5 Hz, octyl Ctf3);
 13C NMR 

(125 MHz, CDCI3, 5c) 170.0 (C=0), 166.1 (C=0), 165.9 (C=0), 165.8 (C=0), 165.6 

(C=0), 165.5 (C=0), 165.4 (C=0), 165.4 (C=0), 165.2 (C=0), 164.9 (C=0), 133.44 

(Ar), 133.41 (Ar), 133.37 (Ar), 133.33 (Ar), 133.2 (Ar), 133.1 (Ar), 133.0 (Ar), 132.95 

(Ar), 132.9 (Ar), 132.8 (Ar), 130.0 (Ar), 129.89 (Ar), 129.88 (Ar), 129.82 (Ar), 129.79 

(Ar), 129.77 (Ar), 129.71 (Ar), 129.67 (Ar), 129.66 (Ar), 129.2 (Ar), 129.1 (Ar), 129.0 

(Ar), 128.9 (Ar), 128.5 (Ar), 128.5 (Ar), 128.4 (Ar), 128.4 (Ar), 128.3 (Ar), 128.3 (Ar), 

128.3 (Ar), 128.2 (Ar), 128.1 (Ar), 106.6 (C-l), 105.5 (C-l"), 105.4 (C-l'), 82.4 (C-4'), 

82.3 (C-4"), 82.0 (C-4), 81.8 (C-2'), 81.6 (C-2"), 81.5 (C-2), 77.9 (C-3'), 77.2 (C-3"), 

77.2 (C-3), 73.1 (C-5), 71.7 (C-5'), 70.0 (C-5"), 67.7 (C-6"), 67.6 (octyl OCH2), 64.6 (C-

6'), 63.6 (C-6), 31.9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 

26.2 (octyl CH2), 22.7 (octyl CH2), 14.1 (octyl CH3), 20.5 (C(=0)CH3). ESI-MS m/z 

calcd. for (M + Na) C9iH86026: 1617.5305. Found: 1617.5260. 
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BzC) , 

BzO , 

HO^ALY 
BzO OBz 

B z 0 9(CH2)7CH3 

90 

Octyl 2,3,6-tri-0-benzoyI-p-D-galactofuranosyl-(l->6)-2,3,5-tri-0-benzoyl-P-D-

galactofuranosyl)-(l->5)-2,3,6-tri-0-benzoyl-p-D-galactofuranoside (90). Prepared 

from 89 (20.0 mg, 0.01 mmol) in CH2C12 (2 mL) and 3% methanolic HC1 (0.73 mL) as 

described for 81. The residue was purified by column chromatography (4:1 hexanes-

EtOAc) to give disaccharide 90 (18.0 mg, 92%) as a colorless oil. Rf 0.09 (4:1 hexanes-

EtOAc); [a]D -2.8 (c 1.5, CHC13); 'H NMR (500 MHz, CDC13, 5H) 8.20-7.90 (m, 16 H, 

Ar), 7.88-7.76 (m, 4 H, Ar), 7.59-7.17 (m, 25 H, Ar), 5.95 (ddd, 1 H, J = 7.0, 7.0, 4.8 

Hz, H-5'), 5.80 (dd, 1 H, / = 4.2, 1.0 Hz, H-3"), 5.77 (br s, 1 H, H-l'), 5.63 (dd, 1H,7 = 

1.5, 0.9 Hz, H-2'), 5.57 (dd, 1 H, 7= 3.8,1.5 Hz, H-3'), 5.53 (dd, 1 H, / = 4.7,1.2 Hz, H-

3), 5.48 (d, 1 H, J = 1.0 Hz, H-2"), 5.37 (d, 1 H, / = 1.2 Hz, H-2), 5.22 (s, 1 H, H-l"), 

5.16 (s, 1 H, H-l), 4.89 (dd, 1 H, / = 4.8, 3.8 Hz, H-4'), 4.76^.74 (m, 1 H, H-6a"), 4.73-

4.68 (m, 2 H, H-5", H-6b"), 4.53-4.49 (m, 2 H, H-4, H-6a), 4.44 (dd, 1 H, / = 4.8, 4.2 Hz, 

H-4"), 4.41 (dd, 1 H, / = 11.4, 7.2 Hz, H-6b), 4.35 (ddd, 1 H, / = 7.2, 7.2, 3.4 Hz, H-5), 

4.08 (dd, 1 H, J = 11.4, 7.0 Hz, H-6a'), 3.98 (dd, 1 H, / = 11.4, 7.0 Hz, H-6b'), 3.69 (ddd, 

1 H, J = 9.5, 6.3, 6.3 Hz, octyl OCH2), 3.47 (ddd, 1 H, J = 9.5, 6.3, 6.3 Hz, octyl OCH2), 

1.63-1.60 (m, 2 H, octyl CH2), 1.28-1.20 (m, 10 H, octyl CH2), 0.89 (t, 3 H, / = 7.0 Hz, 
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octyl Cff3); C NMR (125 MHz, CDC13, 5c) 166.4 (C=0), 166.1 (C=0), 166.0 (C=0), 

165.8 (C=0), 165.7 (C=0), 165.5 (C=0), 165.4 (C=0), 165.2 (C=0), 164.9 (C=0), 

133.42 (Ar), 133.4 (Ar), 133.33 (Ar), 133.1 (Ar), 133.2 (Ar), 133.12 (Ar), 133.0 (Ar), 

132.9 (Ar), 132.86 (Ar), 129.93 (Ar), 129.9 (Ar), 129.86 (Ar), 129.80 (Ar), 129.78 (Ar), 

129.76 (Ar), 129.75 (Ar), 129.69 (Ar), 129.66 (Ar), 129.1 (Ar), 129.03 (Ar), 129.0 (Ar), 

128.9 (Ar), 128.89 (Ar), 128.51 (Ar), 128.46 (Ar), 128.43 (Ar), 128.36 (Ar), 128.28 (Ar), 

128.26 (Ar), 128.15 (Ar), 106.8 (C-l'), 105.5 (C-l"), 105.4 (C-l), 83.7 (C-4'), 82.4 (C-

4), 82.3 (C-4"), 82.0 (C-2'), 81.8 (C-2"), 81.4 (C-2), 77.8 (C-3"), 77.3 (C-3'), 77.1 (C-3), 

73.3 (C-5), 71.7 (C-5'), 69.3 (C-5"), 67.7 (C-6), 67.6 (C-6), 66.2 (C-6"), 64.7 (octyl 

OCH2), 31.9 (octyl CH2), 29.6 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 26.2 

(octyl CH2), 22.7 (octyl CH2), 14.1 (octyl CH3). ESI-MS m/z calcd. for (M + Na) 

C89H84025: 1575.5159. Found: 1575.5157. 
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RzO 0(CH2)7CH3 

CT OBz 

BzO 

BzO OBz 92 

BzO Y \ 1̂  

BzO^C? \)Bz0Bz 

Octyl 2,3,5,6-tri-0-benzoyl-p-D-galactofuranosyl-(l->5)-2,3,6-tri-0-benzoyl-p-D-

galactofuranosyl-(l—>6)-2,3,5-tri-0-benzoyl-p-D-gaIactofuranosyl-(l->5)-2,3,6-tri-

O-benzoyl-P-D-galactofuranoside (92). Method 1: Prepared from 90 (20.0 mg, 0.01 

mmol), donor 43 (18.1 mg, 0.03 mmol), NIS (4.3 mg, 0.02 mmol) and AgOTf (6.7 mg, 

0.003 mmol) in CH2CI2 (3 mL) as described for 70. The residue was purified by column 

chromatography (2:1 hexanes-EtOAc) to give tetrasaccharide 92 (14.9 mg, 70%) as an 

oil. i?/0.33 (15:1 toluene-EtOAc). Method 2: Prepared from 40 (5.6 mg, 0.01 mmol), 

donor 110 (23.0 mg, 0.01 mmol), activated, powdered A molecular sieves (50.0 mg), NIS 

(6.3 mg, 0.003 mmol) and AgOTf (1.2 mg, 0.0005 mmol) in CH2C12 (7 mL) as described 

for 70. The residue was purified by column chromatography (20:1 toluene-EtOAc) to 

give tetrasaccharide 92 (13.8 mg, 70%) as an oil. R/0.33 (15:1 toluene-EtOAc); [a]D -

7.8 (c 0.1, CHCI3); *H NMR (500 MHz, CDC13, 5H) 8.00-7.96 (m, 13 H, Ar), 7.90-7.79 

(m, 15 H, Ar), 7.76-7.10 (m, 37 H, Ar), 5.99 (ddd, 1 H, 7= 7.5, 7.5, 5.3 Hz, H-5'"), 5.93 

(ddd, 1 H, 7 = 8.0, 8.0, 4.5 Hz, H-5'), 5.81 (dd, 1 H, / = 5.0, 1.5 Hz, H-3"), 5.77-5.76 
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(m, 3 H, H-3, H-l' , H-l '" ) , 5.65 (br s, 1 H, H-2'), 5.645 (br s, 1 H, H-2'"), 5.61 (dd, 1 

H, J= 4.5, 1.3 Hz, H-3'), 5.59 (dd, 1 H, / = 4.5, 1.3 Hz, H-3'"), 5.48 (d, 1 H, / = 1.5 Hz, 

H-2"), 5.34 (d, 1 H, J= 1.5 Hz, H-2), 5.20 (s, 1 H, H-l"), 5.18 (s, 1 H, H-l), 4.99 (dd, 1 

H, / = 5.3, 4.5 Hz, H-4'"), 4.90 (dd, 1 H, / = 4.5, 4.5 Hz, H-4'), 4.76-4.61 (m, 8 H, H-

5", H-5, H-6a, H-6b, H-6a", H-6b", H-6a '", H-6b'"), 4.58 (dd, 1 H, / = 6.1, 3.0 Hz, H-4), 

4.50 (dd, 1 H, / = 5.3, 3.9 Hz, H-4"), 4.09 (dd, 1 H, J= 11.4, 5.9 Hz, H-6a'), 3.97 (dd, 1 

H, J= 11.4, 5.9 Hz, H-6b'), 3.67 (ddd, 1 H, / = 9.0, 6.5, 6.5 Hz, octyl OCH2), 3.46 (ddd, 

1 H, / = 9.0, 6.5, 6.5 Hz, octyl OCH2), 1.56-1.55 (m, 2 H, octyl CH2), 1.33-1.21 (m, 10 

H, octyl CH2), 0.85 (t, 3 H, J = 6.9 Hz, octyl C#3); 13C NMR (125 MHz, CDC13, 5C) 

166.1 (C=0), 165.92 (C=0), 165.91 (C=0), 165.8 (C=0), 165.7 (C=0), 165.64 (C=0), 

165.62 (C=0), 165.5 (C=0), 165.4 (2 x C=0), 165.2 (C=0), 165.1 (C=0), 165.07 (C=0), 

133.4 (Ar), 133.3 (Ar), 133.25 (Ar), 133.2 (Ar), 133.1 (Ar), 133.05 (Ar), 133.0 (Ar), 

132.94 (Ar), 132.9 (Ar), 132.8 (Ar), 129.93 (Ar), 129.9 (Ar), 129.81 (Ar), 129.79 (Ar), 

129.76 (Ar), 129.69 (Ar), 129.66 (Ar), 129.6 (Ar), 129.2 (Ar), 129.0 (Ar), 128.91 (Ar), 

128.89 (Ar), 128.72 (Ar), 128.5 (Ar), 128.4 (Ar), 128.36 (Ar), 128.3 (Ar), 128.25 (Ar), 

128.21 (Ar), 128.17 (Ar), 128.1 (Ar), 128.08 (Ar), 106.6 (C-l"), 105.49 (C-l'"), 105.46 

(C-l'), 105.45 (C-l), 82.9 (C-4), 82.4 (C-4'), 82.3 (C-4"), 82.1 (C-4'"), 82.0 (C-2'"), 

82.0 (C-2'), 82.0 (C-2"), 82.0 (C-2), 77.83 (C-3\ C-3'"), 77.80 (C-3, C-3"), 73.2 (C-

5"), 72.7 (C-5), 71.8 (C-5'"), 70.6 (C-5'), 67.6 (C-6'), 67.5 (octyl OCH2), 65.2 (C-6'"), 

64.7 (C-6), 63.8 (C-6"), 31.8 (octyl CH2), 29.5 (octyl CH2), 29.4 (octyl CH2), 29.2 (octyl 

CH2), 26.1 (octyl CH2), 22.6 (octyl CH2), 14.1 (octyl CH3). ESI-MS m/z calcd. for (M + 

Na) Ci23Hiio034: 2153.6776. Found: 2154.678. 
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BzO. 

BzO O. 

RfJ2°>l \L 
BzOVN-Y OBz 
AcO OBz 93 

BzOQ 0(CH2)7CH3 

BzO^AL_/^ 
Cf OBz 

Octyl 6-0-acetyl-2,3,5-tri-0-benzoyl-p-D-gaIactofuranosyl-(l-»5)-2,3,6-tri-0-

benzoyl-p-D-galactofuranosyI)-(l->6)-2,3,5-tri-0-benzoyI-p-D-galactofuranoside 

(93). Prepared from 82 (111.4 mg, 0.10 mmol), donor 42 (46.5 mg, 0.06 mmol), NIS 

(64.9 mg, 0.29 mmol) and AgOTf (5.3 mg, 0.02 mmol) in CH2C12 (3 mL) as described 

for 70. The residue was purified by column chromatography (4:1 hexanes-EtOAc) to 

give a mixture of trisaccharide 93 and the hydrolyzed donor (1:1 93: hydrolyzed donor) 

as oil. i?/ 0.13 (3:1 hexanes-EtOAc). ESI-MS m/z calcd. for (M + Na) C9iH86026: 

1617.5305. Found: 1617.5253. 
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BzOQ 0(CH2)7CH3 

BzO^/N_Y 

Bz00 0 ° B Z 

o ~ K'° y \ OBZ 
BzO^/NL-^ x

0Bz 
HCf OBz 94 

Octyl 2,3,5-tri-0-benzoyl-p-D-galactofuranosyl-(l->5)-2,3,6-tri-0-benzoyl-P-D-

galactofuranosyl-(l-»6)-2,3,6-tri-0-benzoyl-P-D-gaIactofuranoside (94). Prepared 

from acetylated trisaccharide 93 (not isolated pure) (68.5 mg, 0.04 mmol) in 1.0 mL 

CH2C12 (1.0 mL) and 3% methanolic HC1 (2.49 mL) as described for 81. The residue was 

purified by column chromatography (4:1 hexanes-EtOAc) to give 94 (32.3 mg, 42% over 

two steps) as a colorless oil. tf/0.17 (3:1 hexanes-EtOAc); [a]D -20.4 (c 0.8, CHC13);
 !H 

NMR (500 MHz, CDC13, 5H) 8.20-7.90 (m, 12 H, Ar), 7.88-7.76 (m, 8 H, Ar), 7.59-7.22 

(m, 25 H, Ar), 5.95 (ddd, 1 H, / = 7.9, 5.0, 3.8 Hz H-5), 5.80 (dd, 1 H, / = 5.3, 1.0 Hz, H-

3'), 5.76 (s, 1 H, H-l'), 5.65 (d, 1 H, / = 1.0 Hz, H-2'), 5.58 (dd, 1 H, J = 6.1, 1.0 Hz, H-

3), 5.53 (d, 1 H, / = 4.8 Hz, H-3"), 5.52 (ddd, 1 H, / = 7.6, 7.6, 3.8 Hz, H-5"), 5.43 (br s, 

2 H, H-2", H-2), 5.34 (s, 1 H, H-l), 5.26 (s, 1 H, H-l"), 4.99 (dd, 1 H, J = 4.8, 3.8 Hz, 

H-4"), 4.77-4.65 (m, 5 H, H-4', H-5', H-6b', H-6a', H-4), 4.18 (dd, 1 H, 7= 11.4, 7.9 Hz, 

H-6a), 4.05 (dd, 1 H, / = 11.4, 7.9 Hz, H-6b), 4.01 (dd, 1 H, / = 11.4, 5.0 Hz, H-6a"), 

(ddd, 1 H, / = 11.4, 5.0 Hz, H-6b"), 3.69 (ddd, 1 H, J = 9.6, 6.3, 6.3 Hz, octyl OCH2), 

3.47 (ddd, 1 H, / = 9.6, 6.3, 6.3 Hz, octyl OCH2), 1.63-1.60 (m, 2 H, octyl CH2), 1.28-
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1.21 (m, 10 H, octyl H2), 0.89 (t, 3 H, J = 7.0, octyl Ctf3); ESI-MS m/z calcd. for (M + 

Na) C89H84025: 1575.5160. Found: 1575.5158. 

BzO 

BzO 

BzC> V 

o I 

R n ̂  fiez 
BzO^/NLY XOBz 

O OBz 

BzC> 0(CH2)7CH3 

Bzo^AL-/ 
Cf OBz 

BzO* 

BzO OBz 
95 

Octyl 2,3,5,6-tri-0-benzoyl-p-D-galactofuranosyl-(l-^6)-2,3,5-tri-0-benzoyl-p-D-

galactofuranosyl-(l—>5)-2,3,6-tri-0-benzoyl-p-D-galactofuranosyl-(l->6)-2,3,5-tri-

0-benzoyl-p-D-galactofuranoside (95). Prepared from 99 (11.4 mg, 0.02 mmol), donor 

39 (46.8 mg, 0.03 mmol), activated, powdered 4 A molecular sieves (150.0 mg), NIS 

(12.8 mg, 0.06 mmol) and AgOTf (2.4 mg, 0.01 mmol) in CH2C12 (15 mL) as described 

for 70. The residue was purified by column chromatography (2:1 hexanes-EtOAc) to 

give tetrasaccharide 95 (30.0 mg, 75%) as a colorless oil. Rf 0.35 (15:1 toluene-EtOAc); 

[a]D -10.8 (c 0.1, CHC13); *H NMR (500 MHz, CDCI3, 8H) 8.05-7.74 (m, 20 H, Ar), 

7.52-7.15 (m, 45 H, Ar), 6.01 (ddd, 1 H, 7 = 7.5, 7.5, 4.8 Hz, H-5'"), 5.93-5.90 (m, 2 H, 

H-5", H-5'), 5.81 (dd, 1 H, 7 = 4.8, 1.2 Hz, H-3'), 5.77 (s, 1 H, H-l") , 5.63 (dd, 1 H, / = 

1.2, 0.7 Hz, H-2"), 5.62 (dd, 1 H, / = 4.8, 1.2 Hz, H-3"), 5.58 (d, 1 H, / = 4.8 Hz, H-3), 
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5.54 (d, 1 H, 7= 4.8 Hz, H-3'"), 5.44 (d, 1 H, 7= 1.2 Hz, H-2'), 5.43 (d, 1 H, 7 = 1.2 Hz, 

H-2), 5.323 (d, 1 H, 7 = 1.2 Hz, H-l '") , 5.318 (d, 1 H, 7 = 1.2 Hz, H-2'"), 5.26 (s, 1 H, 

H-l), 5.24 (s, 1 H, H-l'), 4.85 (dd, 1 H, 7 = 4.8, 4.8 Hz, H-4"), 4.73^.67 (m, 6 H, H-

4 ' " , H-5, H-6a, H-6b, H-6a '", H-6b '"), 4.66 (dd, 1 H, 7 = 3.6, 4.8 Hz, H-4), 4.61 (dd, 1 

H, 7= 5.4, 3.0 Hz, H-4'), 4.16 (dd, 1 H, 7= 10.5, 5.2 Hz, H-6'a), 4.12 (dd, 1 H, 7= 11.0, 

6.0 Hz, H-6a"), 4.02 (dd, 1 H, 7 = 10.5, 5.2 Hz, H-6'b), 3.97 (dd, 1 H, 7= 11.0, 6.0 Hz, 

H-6b"), 3.72 (ddd, 1 H, 7= 9.6, 6.6, 6.6 Hz, octyl OCH2), 3.50 (ddd, 1 H, 7 = 9.6, 6.6, 6.6 

Hz, octyl OCH2), 1.60-1.55 (m, 2 H, octyl CH2), 1.33-1.19 (m, 10 H, octyl CH2), 0.89 (t, 

3 H, 7 = 7.2 Hz, octyl C#3); 13C NMR (125 MHz, CDC13, 8C) 166.03 (C=0), 166.0 

(C=0), 165.83 (C=0), 165.8 (C=0), 165.7 (C=0), 165.63 (C=0), 165.61 (C=0), 165.57 

(C=0), 165.5 (C=0), 165.46 (C=0), 165.2 (C=0), 165.1 (C=0), 165.0 (C=0), 133.3 

(Ar), 133.24 (Ar), 133.2 (Ar), 133.1 (Ar), 133.0 (Ar), 132.96 (Ar), 132.87 (Ar), 132.85 

(Ar), 132.8 (Ar), 129.93 (Ar), 129.89 (Ar), 129.8 (Ar), 129.76 (Ar), 129.7 (Ar), 129.65 

(Ar), 129.6 (Ar), 129.2 (Ar), 129.1 (Ar), 129.0 (Ar), 128.9 (Ar), 128.6 (Ar), 128.5 (Ar), 

128.47 (Ar), 128.42 (Ar), 128.4 (Ar), 128.35 (Ar), 128.32 (Ar), 128.3 (Ar), 128.25 (Ar), 

128.22 (Ar), 128.17 (Ar), 128.12 (Ar), 106.7 (C-l), 106.1 (C-l '"), 105.8 (C-l"), 105.7 

(C-l'), 82.7 (C-4), 82.5 (C-4"), 82.1 (C-2), 81.9 (C-2'), 81.84 (C-4'"), 81.83 (C-4'), 

81.8 (C-2'"), 81.4 (C-2"), 77.7 (C-3"), 77.5 (C-3), 77.4 (C-3'"), 77.2 (C-3'), 73.2 (C-

5), 71.9 (C-5'), 71.3 (C-5"), 70.5 (C-5'"), 67.74 (C-6"), 67.7 (octyl OCH2), 66.1 (C-6), 

65.1 (C-6'), 63.7 (C-6 '") , 31.8 (octyl CH2), 29.45 (octyl CH2), 29.4 (octyl CH2), 29.2 

(octyl CH2), 26.1 (octyl CH2), 22.6 (octyl CH2), 14.1 (octyl CH3). ESI-MS m/z calcd. for 

(M + Na) C123Hiio034: 2154.678. Found: 2154.68. 
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BzCL STol 

BzO. 

BzO. O 0 B Z 

BzO. 

BzO OBz 

97 

/7-TolyI 2,3,5,6-tetra-0-benzoyl-p-D-galactofuranosyl-(l-»6)-2,3,5-tri-0-benzoyI-l-

thio-P-D-galactofuranoside (97). Compound 61 (0.29 g, 0.48 mmol), donor 98 (0.46 g, 

0.62 mmol), and activated, powdered 4 A molecular sieves (0.57 g) in CH2CI2 (25 mL) 

were cooled at 0 °C. The suspension was stirred for 15 min before TMSOTf (25.8 |iL, 

0.14 mmol) was added dropwise. The reaction mixture was then stirred for 1 h, 

neutralized with Et3N, diluted with CH2C12 and filtered through Celite. The filtrate was 

evaporated and the residue was purified by column chromatography (20:1 toluene-

EtOAc) to give disaccharide 96 (0.51 g, 90%) as a white semi-solid. Rf 0.37 (20:1 

toluene-EtOAc); [<x]D -47.9 (c 0.7, CHC13);
 :H NMR (500 MHz, CDC13, 5H) 8.06-8.03 

(m, 8 H, Ar), 7.95 (dd, 2 H, / = 6.6, 4.0 Hz, Ar), 7.90 (dd, 2 H, / = 8.4, 1.2 Hz, Ar), 7.78 

(dd, 2 H, / = 8.4, 1.2 Hz, Ar), 7.55-7.26 (m, 23 H, Ar), 7.04 (d, 2 H , / = 8.0 Hz, Ar), 

6.05 (ddd, 1 H, / = 7.0, 7.0, 3.7 Hz, H-5'), 5.93 (ddd, 1 H, 7= 6.3, 6.3, 4.5 Hz, H-5), 5.77 

(d, 1 H, J = 1.0 Hz, H-l), 5.67 (dd, 1 H, J = 4.5, 2.4 Hz, H-3), 5.63 (dd, 1 H, J = 2.4, 1.0 

Hz, H-2), 5.56 (dd, 1 H, / = 5.0, 1.0 Hz, H-3'), 5.42 (d, 1 H, / = 1.0 Hz, H-2'), 5.38 (s, 1 

H, H-l'), 4.96 (dd, 1 H, / = 4.5, 4.5 Hz, H-4), 4.75-4.71 (m, 2 H, H-4\ H-6a'), 4.64 (dd, 

1 H, / = 11.9, 7.0 Hz, H-6b'), 4.18 (dd, 1 H, J = 10.3, 6.3 Hz, H-6a), 3.98 (dd, 1 H, J = 

10.3, 6.3 Hz, H-6b), 2.24 (s, 3 H, ArC#3); 13C NMR (125 MHz, CDC13, 5C) 166.1 (C=0), 

192 



165.73 (C=0), 165.72 (C=0), 165.71 (C=0), 165.5 (C=0), 165.4 (C=0), 165.2 (C=0), 

138.0 (Ar), 133.5 (Ar), 133.4 (Ar), 133.34 (Ar), 133.3 (Ar), 133.2 (Ar), 133.1 (Ar), 133.0 

(AT), 132.5 (Ar), 130.0 (Ar), 129.9 (Ar), 129.85 (Ar), 129.83 (Ar), 129.80 (Ar), 129.7 

(Ar), 129.6 (Ar), 129.62 (Ar), 129.60 (Ar), 129.5 (Ar), 128.9 (Ar), 128.8 (Ar), 128.50 

(Ar), 128.46 (Ar), 128.42 (Ar), 128.40 (Ar), 128.38 (Ar), 128.3 (Ar), 128.32 (Ar), 128.30 

(Ar), 106.0 (C-l'), 91.4 (C-l), 82.5 (C-2), 82.02 (C-4'), 82.0 (C-2'), 81.6 (C-4), 77.8 (C-

3), 77.6 (C-3'), 71.0 (C-5), 70.3 (C-5'), 65.6 (C-6), 63.8 (C-6') 21.0 (ArCH3). ESI-MS 

m/z calcd. for (M+Na) CesHseOnS: 1199.3130. Found: 1199.3128 

BzO NH 

o X 
) OBz 

BzO O 

BzO* s& 
BzO 

. 3 OB; OBz 
98 

2,3,5,6-Tetra-0-benzoyl-p-D-galactofuranosyl-(1^6)-2,3,5-tri-0-benzoyl-D-

galactofuranosyl tricholoroacetimidate (98). To a stirred solution of 107 (103.5 mg, 

0.10 mmol) and trichloroacetonitrile (48.5 ^.L, 0.50 mmol) in CH2C12 (20 mL) cooled to 

0 °C, was slowly added DBU (7.21 u,L, 0.05 mmol). The reaction mixture was stirred at 

rt for 2 h and then concentrated at rt. The residue was purified by column 

chromatography (30:1:0.3 toluene-EtOAc-Et3N) to furnish imidate 97 (85.0 mg, 85%, 

ct:P = 1:9) as a fluffy solid. Rf0.60 (10:1 toluene-EtOAc);Data for p-anomer: *H NMR 

(CDCI3, 500 MHz, 5H) 8.76 (s, 1 H, NH,), 8.06-7.16 (m, 35 H, Ar), 6.68 (br s, 1 H, H-l), 
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6.05 (ddd, 1 H, J = 6.0, 6.0, 3.7 Hz, H-5'), 5.98 (ddd, 1 H, / = 6.0, 6,0,4.0 Hz, H-5), 5.73 

(dd, 1 H, J = 4.0, 1.8 Hz H-3), 5.72 (d, 1 H, J = 1.8 Hz, H-2), 5.57 (dd, 1 H, J = 5.2, 2.0 

Hz, H-3'), 5.36 (s, 1 H, H-l'), 5.35 (d, 1 H, J= 2.0 Hz, H-2'), 4.88 (dd, 1 H, 7= 4.0, 4.0 

Hz, H-4), 4.77-4.70 (m, 3 H, H-4', H-6a', H-6b'), 4.22 (dd, 1 H, / = 10.0, 6.0 Hz, H-6a), 

4.03 (dd, 1 H, / = 10.0, 6.0 Hz, H-6b);
 13C NMR (125 MHz, CDC13, 5C) 166.0 (C=0), 

165.6 (C=0), 165.6 (C=0), 165.44 (C=0), 165.42 (C=0), 165.40 (C=0), 165.0 (C=0), 

160.4 (C=NH), 133.5 (Ar), 133.4 (Ar), 133.34 (Ar), 133.30 (Ar), 133.2 (Ar), 133.1 (Ar), 

133.0 (Ar), 132.5 (Ar), 130.0 (Ar), 129.9 (Ar), 129.82 (Ar), 129.81 (Ar), 129.80 (Ar), 

129.7 (Ar), 129.64 (Ar), 129.63 (Ar), 129.60 (Ar), 129.5 (Ar), 128.9 (Ar), 128.8 (Ar), 

128.5 (Ar), 128.5 (Ar), 128.42 (Ar), 128.41 (Ar), 128.40 (Ar), 128.34 (Ar), 128.33 (Ar), 

128.30 (Ar), 106.7 (C-l'), 103.7 (C-l), 83.4 (C-2), 81.8 (C-2'), 81.6 (C-4'), 80.9 (C-4), 

77.5 (C-3), 76.9 (C-3'), 70.9 (C-5), 70.2 (C-5'), 65.6 (C-6'), 63.9 (C-6). ESI-MS m/z 

calcd. for (M + Na) C63H50CI3NO18: 1236.1991. Found: 1236.2032. 
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99 

/7-Tolyl 2,3,5,6-tetra-O-benzoyl-P-D-gaIactofuranosyI (l-»6)-2,3,5-tri-0-benzoyl-P-D-

galactofuranosyl-(l—>5)-2,3,6-tri-0-benzoyl-l-thio-p-D-galactofuranoside (99). 

Prepared from 62 (0.33 g, 0.27 mmol), donor 97 (0.12 g, 0.21 mmol), and activated, 

powdered 4 A molecular sieves (0.35 g), TMSOTf (11.2 nL, 0.06 mmol) in CH2C12 (25 

mL) as described for 96. The residue was purified by column chromatography (30:1 

toluene-EtOAc) to give trisaccharide 99 (0.26 g, 76%) as a white semi-solid. Rf 0.54 

(30:1 toluene-EtOAc); [a]D -40.7 (c 2.1, CHC13);
 !H NMR (500 MHz, CDC13, 6H) 8.08-

7.92 (m, 12 H, Ar), 7.86 (dd, 2 H, 7= 8.5, 1.5 Hz, Ar), 7.81 (dd, 2 H, 7 = 8.5,1.5 Hz, Ar), 

7.75 (dd, 2 H, 7 = 8.5, 1.5 Hz, Ar), 7.51-7.16 (m, 34 H, Ar), 7.05 (d, 2 H, 7 = 8.5 Hz, 

Ar), 6.02 (ddd, 1 H, / = 7.5, 7.5, 4.0 Hz, H-5"), 5.96-5.91 (m, 3 H, H-5\ H-2, H-3"), 

5.76 (s, 1 H, H-l), 5.71 (d, 1 H, 7 = 2.5 Hz, H- 1"), 5.68 (dd, 1 H, 7= 2.5, 2.5 Hz, H-2"), 

5.66-5.63 (m, 2 H, H-5, H-3), 5.55 (dd, 1 H, 7= 5.0, 1.0 Hz, H-3'), 5.34 (d, 1 H, 7= 1.0 

Hz, H-2'), 5.24 (s, 1 H, H-l'), 4.90 (dd, 1 H, 7 = 4.5, 4.5 Hz, H-4), 4.79-4.67 (m, 6 H, H-

4', H-4", H-6a', H-6b', H-6a", H-6b"), 4.09 (dd, 1 H, 7= 11.0, 6.5 Hz, H-6a), 3.97 (dd, 1 

H, 7= 11.0, 6.5 Hz, H-6b), 2.37 (s, 3 H, ArCtf3);
 13C NMR (125 MHz, CDC13, 5C) 166.1 

(C=0), 166.0 (C=0), 165.8 (C=0), 165.7 (C=0), 165.68 (C=0), 165.56 (C=0), 165.52 
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(C=0), 165.3 (C=0), 165.2 (C=0), 165.2 (C=0), 138.0 (Ar), 133.7 (Ar), 133.6 (Ar), 

133.52 (Ar), 133.48 (Ar), 133.3 (Ar), 133.29 (Ar), 133.22 (Ar), 133.19 (Ar), 133.12 (Ar), 

133.08 (Ar), 133.05 (Ar), 133.02 (Ar), 133.0 (Ar), 132.93 (Ar), 132.89 (Ar), 132.88 (Ar), 

132.7 (Ar), 130.1 (Ar), 130.0 (Ar), 129.9 (Ar), 129.82 (Ar), 129.8 (Ar), 129.76 (Ar), 

129.72 (Ar), 129.68 (Ar), 129.6 (Ar), 129.5 (Ar), 128.9 (Ar), 128.8 (Ar), 128.6 (Ar), 

128.54 (Ar), 128.50 (Ar), 128.32 (Ar), 128.3 (Ar), 128.26 (Ar), 128.24 (Ar), 128.22 (Ar), 

106.7 (C-l'), 105.8 (C-l"), 91.1 (C-l), 82.7 (C-2), 82.3 (C-2"), 82.0 (C-4'), 81.9 (C-2'), 

81.9 (C-4"), 81.5 (C-4), 77.7 (C-3), 77.4 (C-3'), 77.3 (C-3"), 73.7 (C-5"), 71.8 (C-5), 

70.5 (C-5'), 67.5 (C-6'), 64.6 (C-6"), 63.8 (C-6), 21.1 (ArCH3). ESI-MS m/z calcd. for 

(M+Na) C95H78025SNa: 1673.4445. Found: 1673.4441. 

BzO STol 

BzO 

BzO OBz 
106 

p-Tolyl 2,3,5,6-tetra-0-benzoyl-p-D-galactofuranosyl-(l->5)-2,3,6-tri-0-benzoyl-l-

thio-P-D-galactofuranoside (106). Prepared from 62 (0.26 g, 0.43 mmol), donor 98 

(0.40 g, 0.53 mmol), and activated, powdered 4 A molecular sieves (0.40 g) and TMSOTf 

(15.43 |0.L, 0.06 mmol) in CH2CI2 as described for 96. The residue was purified by 

column chromatography (30:1 toluene-EtOAc) to give disaccharide 106 (0.43 g, 86%) as 

a white semi-solid. fl/0.25 (20:1 toluene-EtOAc); [a]D -37.8 (c 0.7, CHC13);
 !H NMR 

(500 MHz, CDCI3, 6H) 8.04-7.83 (m, 14 H, Ar), 7.58-7.22 (m, 23 H, Ar), 7.20 (d, 2 H, J 
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= 8.4 Hz, Ar), 6.01 (ddd, 1 H, J = 6.5, 6.5, 4.5 Hz, H-5'), 5.90 (dd, l H , / = 3.0, 1.8 Hz, 

H-3), 5.77 (s, 1 H, H-l'), 5.71 (d, 1 H, J= 1.8 Hz, H-l), 5.68 (dd, 1 H, 7= 1.8, 1.8 Hz, H-

2), 5.65 (d, 1 H, J=\.2 Hz, H-2'), 5.62 (dd, 1 H, / = 4.5, 1.2 Hz, H-3'), 4.99 (dd, 1 H, / 

= 4.5, 4.5 Hz, H-4'), 4.77 (dd, 1 H, / = 4.8, 3.0 Hz, H-4), 4.72-4.61 (m, 5 H, H-5, H-6a, 

H-6b, H-6a\ H-6b'), 2.28 (s, 3 H, ArC#3); 13C NMR (125 MHz, CDC13, 8C) 166.1 (C=0), 

165.9 (C=0), 165.7 (C=0), 165.5 (C=0), 165.5 (C=0), 165.3 (C=0), 165.2 (C=0), 138.1 

(Ar), 133.52 (Ar), 133.5 (Ar), 133.3 (Ar), 133.1 (Ar), 133.0 (Ar), 132.9 (Ar), 132.8 (Ar), 

130.0 (Ar), 129.9 (Ar), 129.83 (Ar), 129.8 (Ar), 129.72 (Ar), 129.7 (Ar), 129.68 (Ar), 

129.66 (Ar), 129.6 (Ar), 129.55 (Ar), 129.4 (Ar), 128.85 (Ar), 128.8 (Ar), 128.76 (Ar), 

128.53 (Ar), 128.5 (Ar), 128.4 (Ar), 128.3 (Ar), 128.23 (Ar), 128.21 (Ar), 105.4 (C-l'), 

91.2 (C-l), 82.3 (C-4), 82.2 (C-4'), 82.1 (C-2'), 81.5 (C-2), 77.8 (C-3), 77.1 (C-3'), 73.4 

(C-5), 70.5 (C-5'), 64.4 (C-6'), 63.8 (C-6), 21.1 (ArCH3). ESI-MS m/z calcd. for (M + 

Na) C68H560i7S: 1199.3130. Found: 1199.3128. 

BzO 

BzO 

BzO 
^ OB; OBz 

107 

2,3,5,6-Tetra-0-benzoyl-p-D-galactofuranosyl-(l->6)-2,3,5-tri-0-benzoyl-D-

galactofuranose (107). To a solution of thioglycoside 96 (0.22 g, 0.18 mmol) in EtOAc 

(25 mL), was added NBS (0.35 g, 1.80 mmol) and water (5 mL). The reaction mixture 
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was allowed to stir for 4 h and then a saturated aqueous solution of sodium NaiSiCh was 

added. The organic layer was then washed with water, brine, dried and the solvent was 

evaporated. The crude product was purified by column chromatography (20:1 toluene-

EtOAc) to obtain 107 (0.15 g, 74%, oc:p = 1:3) as a fluffy, white semi-solid. Rf 0.26 

(20:1 toluene-EtOAc); [a]D +3.0 (c 0.9, CHC13), Data for P-anomer: *H NMR (500 MHz, 

CDC13, 6H) 8.18-7.15 (m, 35 H, Ar), 6.10-5.94 (m, 2 H, H-5, H-5'), 5.81-5.80 (m, 2 H, 

H-l', H-3), 5.60 (dd, 1 H, J= 5.0, 1.5 Hz, H-3'), 5.54 (d, 1 H, J= 1.5 Hz, H-2), 5.46 (d, 1 

H, / = 1.5 Hz, H-2'), 5.34 (s, 1 H, H-l), 5.08-4.65 (m, 4 H, H-4, H-4', H-6a', H-6b'), 

4.24-3.97 (m, 2 H, H-6a, H-6b);
 13C NMR (125 MHz, CDC13, 8C) 166.0 (C=0), 165.6 

(C=0), 165.6 (C=0), 165.4 (C=0), 165.4 (C=0), 165.4 (C=0), 165.0 (C=0), 133.5 (Ar), 

133.4 (Ar), 133.3 (Ar), 133.3 (Ar), 133.2 (Ar), 133.1 (Ar), 133.0 (Ar), 132.5 (Ar), 130.0 

(Ar),129.9 (Ar), 129.8 (Ar), 129.8 (Ar), 129.8 (Ar), 129.7 (Ar), 129.64 (Ar), 129.61 (Ar), 

129.60 (Ar), 129.5 (Ar), 128.9 (Ar), 128.8 (Ar), 128.52 (Ar), 128.50 (Ar), 128.44 (Ar), 

128.43 (Ar), 128.42 (Ar), 128.31 (Ar), 128.30 (Ar), 128.28 (Ar), 104.7 (C-l'), 100.7 (C-

1), 83.2 (C-2), 81.8 (C-2'), 81.6 (C-4'), 80.6 (C-4), 77.4 (C-3), 77.1 (C-3'), 70.6 (C-5), 

70.3 (C-5'), 64.1 (C-6), 63.3 (C-6'). ESI-MS m/z calcd. for (M + Na) C6iH50Oi8Na: 

1093.2918. Found: 1093.2914. 
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108 

2,3,5,6-Tetra-0-benzoyl-P-D-gaIactofuranosyl-(l->5)-2,3.5-tri-0-benzoyl-D-

galactofuranose (108). Prepared from thioglycoside 106 (104.2 mg, 0.09 mmol), NBS 

(157.6 mg, 0.90 mmol), water (2 mL) in EtOAc (25 mL) as described for 107. The crude 

product was purified by column chromatography to give 108 (68.0 mg, 72%, a:f$ = 1:3) 

as a syrup. Rf0.ll (15:1 toluene-EtOAc); [oc]D -20.0 (c 1.0, CHC13); Data for p anomer: 

*H NMR (CDCI3, 500 MHz, 5H) 8.20-7.15 (m, 35 H, Ar), 6.05 (ddd, 1 H, J = 7.0, 7.0, 4.8 

Hz, H-5'), 5.85 (dd, 1 H, / = 5.0, 2.0 Hz, H-3'), 5.76 (s, 1 H, H-l'), 5.66-5.63 (m, 3 H, 

H-l, H-2', H-3), 5.52 (dd, 1 H, J= 1.0, 1.5 Hz, H-2), 5.04 (dd, 1 H, / = 5.0, 3.5 Hz, H-4), 

4.83-4.65 (m, 6 H, H-5, H-6a, H-6b, H-6a\ H-6b', H-4'); 13C NMR (125 MHz, CDC13, 6C) 

166.0 (C=0), 165.6 (C=0), 165.6 (C=0), 165.4 (C=0), 165.4 (C=0), 165.4 (C=0), 165.0 

(C=0), 133.5 (Ar), 133.4 (Ar), 133.3 (Ar), 133.3 (Ar), 133.2 (Ar), 133.1 (Ar), 133.0 (Ar), 

132.5 (Ar), 130.0 (Ar),129.9 (Ar), 129.82 (Ar), 129.80 (Ar), 129.78 (Ar), 129.7 (Ar), 

129.6 (Ar), 129.64 (Ar), 129.60 (Ar), 129.5 (Ar), 128.9 (Ar), 128.8 (Ar), 128.5 (Ar), 

128.5 (Ar), 128.44 (Ar), 128.43 (Ar), 128.40 (Ar), 128.33 (Ar), 128.31 (Ar), 128.30 (Ar), 

106.1 (C-l'), 100.8 (C-l), 82.7 (C-2'), 82.5 (C-2), 82.4 (C-4'), 81.8 (C-4), 77.7 (C-3'), 

76.6 (C-3), 76.3 (C-5), 70.5 (C-5'), 64.3 (C-6'), 61.6 (C-6). ESI-MS m/z calcd. for (M + 

Na) C6iH5oOi8: 1093.2907. Found: 1093.2904. 
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109 

2,3,5,6-Tetra-0-benzoyl-p-D-galactofuranosyl-(l—>5)-2,3,6-tri-0-benzoyl-D-

galactofuranosyl tricholoroacetimidate (109). To a stirred solution of 108 (48.0 mg, 

0.04 mmol) and trichloroacetonitrile (33.7 |iL, 0.33 mmol) in CH2C12 (5 mL) cooled to 0 

°C, was slowly added DBU (3.41 \LL, 0.02mmol). The reaction mixture was stirred at rt 

for 3 h and then concentrated. The residue was purified by column chromatography 

(30:1:0.3 toluene-EtOAc-Et3N) to furnish imidate 109 (40.2 mg, 74%, oc:P = 1:9) as a 

fluffy solid. Rf 0.60 (10:1 toluene-EtOAc); Data for p-anomer: !H NMR (CDCI3, 500 

MHz, 8H) 8.76 (s, 1 H, NH,), 8.06-7.16 (m, 35 H, Ar), 6.68 (br s, 1 H, H-l), 6.01 (ddd, 1 

H, J = 6.5, 6.5, 5.0 Hz, H-5'), 5.90 (dd, 1 H, J = 3.0, 1.8 Hz H-3), 5.77 (s, 1 H, H-l'), 

5.72 (dd, 1 H, / = 1.8, 1.8 Hz, H-2), 5.65 (d, 1 H, / = 1.2 Hz, H-2'), 5.62 (d, 1 H, / = 4.5 

Hz, H-3'), 5.01 (dd, 1 H, / = 5.0, 4.5 Hz, H-4'), 4.87 (d, 1 H, / = 4.8, 3.0 Hz, H-4), 4.82-

4.78 (m, 5 H, H-5, H-6a\ H-6b'), 4.21 (dd, 1 H, J= 10.6, 6.0 Hz, H-6a), 4.03 (dd, 1 H, / = 

10.6, 6.0 Hz, H-6b);
 13C NMR (125 MHz, CDC13, 5C) 166.0 (C=0), 165.6 (C=0), 165.6 

(C=0), 165.44 (C=0), 165.42 (C=0), 165.40 (C=0), 165.0 (C=0), 160.4 (C=NH), 133.5 

(Ar), 133.4 (Ar), 133.34 (Ar), 133.30 (Ar), 133.2 (Ar), 133.1 (Ar), 133.0 (Ar), 132.5 

(Ar), 130.0 (Ar), 129.9 (Ar), 129.82 (Ar), 129.81 (Ar), 129.80 (Ar), 129.7 (Ar), 129.64 

(Ar), 129.63 (Ar), 129.60 (Ar), 129.5 (Ar), 128.9 (Ar), 128.8 (Ar), 128.5 (Ar), 128.5 
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(Ar), 128.42 (Ar), 128.41 (Ar), 128.40 (Ar), 128.32 (Ar), 128.31 (Ar), 128.30 (Ar), 106.7 

(C-l'), 105.1 (C-l), 83.4 (C-2), 81.8 (C-2'), 81.6 (C-4'), 80.9 (C-4), 77.5 (C-3), 76.9 (C-

3'), 70.9 (C-5), 70.2 (C-5'), 65.6 (C-6'), 63.9 (C-6). ESI-MS m/z calcd. for (M + Na) 

C63H5o Cl3NOi8: 1236.1991. Found: 1236.2032. 
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/j-Tolyl 2,3,5,6-tetra-0-benzoyl-p-D-gaIactofuranosyl-(l->5)-2,3,6-tri-0-benzoyl-p-D-

galactofuranosyI-(l->6)-2,3,5-tri-0-benzoyI-l-thio-p-D-galactofuranoside (110). 

Prepared from 61 (13.7 mg, 0.02 mmol), donor 109 (36.2 mg, 0.03 mmol), activated, 

powdered 4 A molecular sieves (35.0 mg) and TMSOTf (1.24 |iL, 0.006 mmol) in 

CH2CI2 (5 mL) as described for 96. The residue was purified by column chromatography 

(30:1 toluene-EtOAc) to give trisaccharide 110 (27.2 mg, 72%) as a white semi-solid Rf 

0.33 (15:1 toluene-EtOAc); [a]D -8.3 (c 0.2, CHC13); *H NMR (500 MHz, CDC13, 5H) 

8.08-7.92 (m, 9 H, Ar), 7.86 (dd, 2 H, 7= 8.5, 1.5 Hz, Ar), 7.81 (dd, 2 H, J= 8.5, 1.5 Hz, 

Ar), 7.75 (dd, 2 H, / = 8.5, 1.5 Hz, Ar), 7.51-7.16 (m, 37 H, Ar), 7.05 (d, 2 H, J = 8.5 

Hz, Ar), 6.04 (ddd, l H , / = 7.5, 7.5, 4.5 Hz, H-5"), 5.91 (ddd, 1 H, / = 6.5, 6.5, 4.4 Hz, 

H-5), 5.80 (br s, 2 H, H-l" , H-3'), 5.73 (d, 1 H, J = 1.5 Hz, H-l), 5.69 (d, 1 H, J = 1.5 
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Hz, H-2"), 5.64 (dd, 1 H, / = 4.4, 1.5 Hz, H-3), 5.62 (dd, 1 H, / = 1,5, 1.5 Hz, H-2), 5.61 

(dd, 1 H, 7= 3.5, 1.5 Hz, H-3"), 5.46 (d, 1 H, J= 1.3 Hz, H-2'), 5.28 (s, 1 H, H-l'), 5.06 

(dd, 1 H, / = 4.5, 3.5 Hz, H-4"), 4.91 (dd, 1 H, J = 4.4, 4.4 Hz, H-4), 4.76 (dd, 1 H, J -

12.0, 7.5 Hz, H-6a"), 4.71-4.64 (m, 4 H, H-5', H-6b", H-6a\ H-6b'), 4.59 (dd, 1 H, J = 

4.7, 3.5 Hz, H-4'), 4.14 (dd, 1 H, J= 10.2, 6.5 Hz, H-6a), 3.93 (dd, 1 H, J= 10.2, 6.5 Hz, 

H-6b), 2.20 (s, 3 H, ArC#3); 13C NMR (125 MHz, CDC13, 5C) 166.0 (C=0), 166.0 (C=0), 

165.9 (C=0), 165.69 (C=0), 165.67 (C=0), 165.5 (C=0), 165.5 (C=0), 165.3 (C=0), 

165.2 (C=0), 165.1 (C=0), 137.0 (Ar), 133.4 (Ar), 133.35 (Ar), 133.26 (Ar), 133.2 (Ar), 

133.14 (Ar), 133.1 (Ar), 133.0 (Ar), 132.9 (Ar), 132.86 (Ar), 132.3 (Ar), 130.1 (Ar), 

130.0 (Ar), 129.96 (Ar), 129.93 (Ar), 129.84 (Ar), 129.82 (Ar), 129.82 (Ar), 129.8 (Ar), 

129.72 (Ar), 129.68 (Ar), 129.67 (Ar), 129.63 (Ar), 129.6 (Ar), 129.0 (Ar), 128.92 (Ar), 

128.9 (Ar), 128.83 (Ar), 128.8 (Ar), 128.5 (Ar), 128.43 (Ar), 128.41 (Ar), 128.34 (Ar), 

128.3 (Ar), 128.2 (Ar), 128.1 (Ar), 105.9 (C-l"), 105.2 (C-l'), 91.3 (C-l), 83.2 (C-4'), 

82.5 (C-2), 82.1 (C-2"), 81.9 (C-4"), 81.7 (C-4), 81.5 (C-2'), 77.9 (C-3"), 77.8 (C-3), 

77.6 (C-3'), 72.6 (C-5'), 70.9 (C-5"), 70.6 (C-5), 65.5 (C-6), 65.0 (C-6'), 63.8 (C-6"), 

29.8 (ArCH3). ESI-MS m/z calcd. for (M + Na) C95H78O25S: 1673.4445. Found: 

1673.4441. 
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AcNHI 
0(CH2)7CH3 

111 

Octyl 2-Acetamido-4,6-0-benzylidene-2-deoxy-cc-D-glucopyranoside (111). To a 

suspension of 119 (1.64 g, 4.92 mmol) in CH3CN (35 mL) were added p-TsOH (46.8 mg, 

0.25 mmol) and cc,a'-dimethoxytoluene (3.80 mL, 24.6 mmol). The reaction mixture 

was then stirred at it for 3 h, diluted with CH2CI2, neutralized with Et3N and 

concentrated. The residue was recrystallized from CH3CN to give 111 (2.17 g, 73%) as a 

white solid. 12/0.61 (10:1 CH2Cl2-MeOH); m.p. 187-189 °C; [a]D +52.7 (c 1.0, CHC13); 

!H NMR (500 MHz, CDCI3, 5H) 7.52-7.50 (m, 2 H, Ar), 7.39-7.34 (m, 3 H, Ar), 5.85 (d, 

1 H, / = 8.8 Hz, NH), 5.67 (s, 1 H, PhCH), 4.81 (d, 1 H, J= 3.8 Hz, H-l), 4.26 (dd, 1 H, 

/ = 9.7, 4.2 Hz, H-6a), 4.21 (ddd, 1 H, / = 9.0, 8.8, 3.8 Hz, H-2), 3.92 (dd, 1 H, J = 9.0, 

9.0 Hz, H-3), 3.84-3.68 (m, 3 H, H-6b, H-5, octyl OCH2), 3.58 (dd, 1 H, / = 9.0, 9.0 Hz, 

H-4), 3.42 (ddd, 1 H, J= 9.8, 6.7, 6.7 Hz, octyl OCH2), 2.05 (s, 3 H, C(=0)CH3), 1.62-

1.59 (m, 2 H, octyl CH2), 1.37-1.26 (m, 10 H, octyl CH2), 0.90 (t, 3 H, / = 7.0 Hz, octyl 

C//3);
 13C NMR (125 MHz, CDC13, 8C) 171.3 (C=0), 137.1 (Ar), 129.2 (Ar), 128.3 (Ar), 

126.3 (Ar), 101.9 (PhCH), 97.7 (C-l), 82.2 (C-4), 70.7 (C-3), 68.9 (C-6), 68.3 (octyl 

OCH2), 62.5 (C-5), 54.2 (C-2), 31.8 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 29.2 

(octyl CH2), 26.2 (octyl CH2), 23.3 (C(=0)CH3), 22.6 (octyl CH2), 14.1 (octyl CH3). 

ESI-MS m/z calcd. for (M + H+) C23H36N06: 422.2537. Found: 422.2533. 
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P h ^ q 

J AcNHl 
wo-^r^l O(CH 2 ) 7CH 3 

112 

Octyl 2,3-Isopropylidene-a-L-rhamnopyranosyl-(l—>3)-2-acetamido-4,6-0-

benzylidene-2-deoxy-a-D-gIucopyranoside (112). To a solution of 118 (50.0 mg, 0.09 

mmol) in acetone (5 mL) was added 2,2-dimethoxypropane (27.03 |nL, 0.22 mmol) and 

(lS)-(+)-camphorsulfonic acid (2.1 mg, 0.009 mmol). After 3 h of stirring, the pH of the 

solution was adjusted to 7 by adding Et3N. Concentration gave a crude oil that was 

subsequently dissolved in CH2CI2 (10 mL), washed with a saturated aqueous solution of 

NaHCC>3 and water. The organic layer was dried, concentrated to an oil and the residue 

was purified by column chromatography (2:1 hexanes-EtOAc) to furnish 112 (46.0 mg, 

86%) as a white solid, fl/0.59 (10:1 CH2Cl2-MeOH); [<x]D +2.6 (c 0.5, CHCI3); *H NMR 

(500 MHz, CDCI3, 8H) 7.48-7.46 (m, 2 H, Ar), 7.35-7.33 (m, 3 H, Ar), 5.69 (d, 1 H, / = 

10.0 Hz, NH), 5.51 (s, 1 H, PhCtf), 5.05 (s, 1 H, H-l'), 4.71 (d, 1 H, J = 3.8 Hz, H-l), 

4.40 (ddd, 1 H, / = 10.0, 10.0, 3.8 Hz, H-2), 4.27 (dd, 1 H, / = 10.0, 10.0 Hz, H-3), 4.10 

(d, 1 H, J = 6.5 Hz, H-2'), 4.01 (dd, 1 H, J = 7.3, 6.5 Hz, H-3'), 3.99 (dd, 1 H, J = 10.0, 

10.0 Hz, H-4), 3.88-3.68 (m, 4 H, H-6a, H-6b, H-5', octyl OCH2), 3.59 (ddd, 1 H, J = 

10.0, 10.0, 5.0 Hz, H-5), 3.40 (ddd, 1 H, / = 9.8, 6.6, 6.6 Hz, octyl OCH2), 3.25 (dd, 1 H, 

/ = 10.0, 7.3 Hz, H-4'), 2.02 (s, 3 H, C(=0)CH3), 1.62-1.60 (m, 2 H, octyl OCH2), 1.47 

(s, 3 H, isopropylidene C#3), 1.32-1.26 (m, 13 H, octyl CH2, isopropylidene CH3), 0.90 
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(t, 3 H , ; = 6.9 Hz, octyl Ctf3), 0.80 (d, 3 H, J = 6.2 Hz, H-6') ; 13C NMR (125 MHz, 

CDC13, 8C) 169.8 (C=0), 137.1 (Ar), 129.1 (Ar), 128.1 (Ar), 126.3 (Ar), 109.3 

((CH3)2C), 102.0 (PhCH), 98.3 (C-l'), 98.2 (C-l), 80.0 (C-4), 78.1 (C-3), 75.9 (C-2'), 

75.0 (C-3'), 74.5 (C-4'), 68.9 (C-6), 68.3 (octyl OCH2), 66.1 (C-5), 63.2 (C-5'), 53.6 (C-

2), 31.8 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 29.2 (octyl CH2), 27.9 

(isopropylidene CH3), 26.2 (octyl CH2), 26.1 (isopropylidene CH3), 23.4 (C(=0)CH3), 

22.6 (octyl CH2), 16.8 (C-6'), 14.1 (octyl CH3). ESI-MS m/z calcd. for (M + Na) 

C32H49NOi0: 630.3249. Found: 630.3249. 

O " : 2 S ^ 
^~^„ J AcNHl 

A c 0 ^ 2 7 0(CH2)7CH3 

^ 6 A c 

114 

Octyl 2,3,4-tri-0-acetyl-a-L-rhamnopyranosyl-(1^3)-2-acetamido-4,6-0-

benzylidene-2-deoxy-a-D-glucopyranoside (114). Prepared from 111 (0.13 g, 0.31 

mmol), donor 113127(0.13 g, 0.40 mmol), activated, powdered 4 A molecular sieves 

(365.0 mg), NIS (0.10 g, 0.46 mmol) and AgOTf (15.7 mg, 0.06 mmol) in CH2C12 (10 

mL) as described for 70. The residue was purified by column chromatography (1:1 

hexanes-EtOAc) to afford disaccharide 114 (0.19 g, 89%) as a white solid. .R/0.28 (1:1 

hexanes-EtOAc); [a]D +32.5 (c 0.5, CHC13);
 JH NMR (500 MHz, CDC13, 5H) 7.52-7.50 

(m, 2 H, Ar), 7.39-7.34 (m, 3 H, Ar), 5.63 (d, 1 H, / = 10.0 Hz, NH), 5.56 (s, 1 H, 

PhCfl), 5.32 (dd, 1 H, / = 10.0, 3.5 Hz, H-3'), 4.98 (dd, 1 H, / = 3.5, 1.7 Hz, H-2'), 4.95-
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4.91 (m, 2 H, H- l \ H-4'), 4.71 (d, 1 H, / = 3.6 Hz, H-l), 4.42 (ddd, 1 H, / = 10.0, 10.0, 

3.6 Hz, H-2), 4.26 (ddd, 1 H, / = 10.0, 10.0, 4.5 Hz, H-5), 4.08-4.05 (m, 1 H, H-5'), 3.88 

(dd, 1 H, J= 10.0, 10.0 Hz, H-3), 3.83 (dd, 1 H, J= 10.0, 4.5 Hz, H-6a), 3.76 (dd, 1 H, J 

= 10.0, 10.0 Hz, H-4), 3.71-3.65 (m, 2 H, H-6b, octyl OCtf2), 3.38 (ddd, 1 H, 7= 9.8, 6.7, 

6.7 Hz, octyl OCH2), 2.09 (s, 3 H, C(=0)CH3), 2.06 (s, 3 H, C(=0)C#3), 1-98 (s, 3 H, 

C(=0)C/f3), 1.96 (s, 3 H, C(=0)Ctf3), 1.61-1.58 (m, 2 H, octyl CH2), 1.32-1.24 (m, 10 

H, octyl CH2), 0.89 (t, 3 H, / = 7.0 Hz, octyl C//3), 0.69 (d, 3 H, / = 6.5 Hz, H-6'); 13C 

NMR (125 MHz, CDC13, 5C) 170.3 (C=0), 170.1 (C=0), 170.0 (C=0), 169.8 (C=0), 

137.2 (Ar), 129.1 (Ar), 128.1 (Ar), 126.4 (Ar), 102.0 (PhCH), 98.3 (C-l), 97.8 (C-l'), 

80.3 (C-4), 76.0 (C-3), 71.5 (C-4'), 70.9 (C-2'), 69.0 (C-6), 68.5 (C-3'), 68.3 (octyl 

OCH2), 66.3 (C-5'), 63.1 (C-5), 53.0 (C-2), 31.8 (octyl CH2), 29.4 (octyl CH2), 29.3 

(octyl CH2), 29.2 (octyl CH2), 26.2 (octyl CH2), 22.6 (octyl CH2), 20.9 (2 x C(=0)CH3), 

20.7 (C(=0)CH3), 16.6 (C-6'), 14.1 (octyl CH3). ESI-MS m/z calcd. for (M + H+) 

C35H52NOi3: 694.3433. Found: 694.3408. 
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BzO 

BzO OBz 

0(CH2)7CH3 

115 

Octyl 2,3,4,5-tetra-0-benzoyl-P-D-galactofuranosyI-(l—»4)-2,3-isopropyIidene-<x-L-

rhamnopyranosyI-(l—»3)-2-acetamido-4,6-0-benzylidene-2-deoxy-a-D-

glucopyranoside (115). Prepared from 112 (44.8 mg, 0.07 mmol), donor 43 (56.9 mg, 

0.08 mmol), activated, powdered 4 A molecular sieves (70.0 mg), NIS (24.9 mg, 0.11 

mmol) and AgOTf (3.8 mg, 0.01 mmol) in CH2C12 (5 mL) as described for 70. The 

residue was purified by column chromatography (10:1 toluene-EtOAc) to give 

trisaccharide 115 (74.0 mg, 85%) as a white solid, fl/0.18 (10:1 toluene-EtOAc); [oc]D -

32.4 (c 1.0, CHC13);
 lH NMR (500 MHz, CDC13, 5H) 8.03-7.92 (m, 8 H, Ar), 7.57-7.25 

(m, 15 H, Ar), 7.25-7.16 (m, 2 H, Ar), 6.05 (ddd, 1 H, / = 7.5, 7.5, 4.8 Hz, H-5"), 5.78 

(s, 1 H, H-l"), 5.70 (d, 1 H, / = 10.0 Hz, NH), 5.58 (dd, 1 H, 7 = 4.8, 1.0 Hz, H-3"), 

5.53 (d, 1 H, J = 5.0 Hz, PhCH), 5.52 (d, 1 H, / = 1.0 Hz, H-2"), 5.10 (s, 1 H, H-l'), 

4.73-4.71 (m, 3 H, H-l, H-6a", H-6b"), 4.59 (dd, 1 H, 7= 4.8, 4.8 Hz, H-4"), 4.42 (ddd, 

1 H, / = 10.0, 10.0, 3.7 Hz, H-2), 4.31-4.26 (m, 2 H, H-3', H-5), 4.09-4.06 (m, 1 H, H-

2'), 4.02-3.93 (m, 2 H, H-3, H-6a), 3.85 (dd, 1 H, 7= 9.7, 4.4 Hz, H-6b), 3.78-3.69 (m, 2 

H, H-5', octyl OCH2), 3.64-3.53 (m, 2 H, H-4, H-4'), 3.41 (ddd, 1 H, J = 9.5, 6.7, 6.7 

Hz, octyl OCH2), 3.33 (s, 3 H, C(=0)CZ/3), 1.67-1.63 (m, 2 H, octyl CH2), 1.48 (s, 3 H, 

isopropylidene CH3), 1.35-1.25 (m, 13 H, isopropylidene CH3, octyl CH2), 0.92 (t, 3 H, / 

207 



= 6.9 Hz, octyl CH2), 0.82 (d, 3 H, J = 6.2 Hz, H-6'); 13C NMR (125 MHz, CDC13, 5C) 

169.8 (C=0), 166.0 (C=0), 165.7 (2 x C=0), 165.3 (C=0), 137.1 (Ar), 133.4 (Ar), 133.3 

(Ar), 133.2 (Ar), 133.0 (Ar), 130.0 (Ar), 129.9 (Ar), 129.8 (Ar), 129.7 (Ar), 129.5 (Ar), 

129.4 (Ar), 129.1 (Ar), 129.0 (Ar), 128.9 (Ar), 128.5 (Ar), 128.4 (Ar), 128.3 (Ar), 128.0 

(Ar), 126.2 (Ar), 109.4 ((CH3)2C), 104.1 (C-l"), 101.7 (PhCH), 98.2 (C-l), 98.0 (C-l'), 

82.2 (C-2"), 81.5 (C-4"), 80.0 (C-4), 78.1 (C-3"), 77.7 (C-3'), 76.5 (C-2'), 76.2 (C-3), 

74.9 (C-4'), 70.4 (C-5"), 68.9 (C-6), 68.3 (octyl OCH2), 64.4 (C-5), 63.4 (C-6"), 63.2 

(C-5'), 53.6 (C-2), 31.8 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 29.24 (octyl 

CH2), 29.21 (octyl CH2), 27.8 (C(=0)CH3), 26.4 (isopropylidene CH3), 26.2 

(isopropylidene CH3), 22.7 (octyl CH2), 17.2 (C-6'), 14.1 (octyl CH3). ESI-MS m/z 

calcd. for (M + Na) CeefysNO^Na: 1208.4826. Found: 1208.4831. 
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BzO, 

BzO 

BzO OBz 
116 

Octyl 2,3,4,5-Tetra-0-benzoyl-p-D-galactofuranosyl-(1^5)-2,3,6-tri-0-benzoyI-p-D-

gaIactofuranosyl-(l->4)-2,3-isopropylidene-a-L-rhamnopyranosyl-(l->3)-2-

acetamido-4,6-0-benzyIidene-2-deoxy-a-D-glucopyranoside (116). Prepared from 112 

(48.0 mg, 0.08 mmol), donor 106 (139.5 mg, 0.12 mmol), activated, powdered 4 A 

molecular sieves (250.0 mg), NIS (30.2 mg, 0.13 mmol), AgOTf (4.1 mg, 0.02 mmol) in 

CH2CI2 (5 mL) as described for 70. The resulting residue was purified by column 

chromatography (2:1 hexanes-EtOAc) to give tetrasaccharide 116 (94.4 mg, 75%) as an 

oil. Rf 0.37 (1:1 hexanes-EtOAc); [a]D -20.6 (c 1.0, CHCI3); *H NMR (500 MHz, 

CDCI3, 5H) 8.03-7.92 (m, 12 H, Ar), 7.84-7.80 (m, 4 H, Ar), 7.57-7.10 (m, 24 H, Ar), 

6.03 (ddd, 1 H, / = 7.5, 7.5, 5.0 Hz, H-5'"), 5.82 (dd, 1 H, 7 = 5.5, 1.2 Hz, H-3"), 5.81 

(s, 1 H, H-l '") , 5.75 (s, 1 H, H-l"), 5.72 (d, 1 H, / = 10.0 Hz, NH), 5.65 (d, 1 H, / = 1.2 

Hz, H-2"), 5.64 (dd, 1 H, J = 5.0, 1.3 Hz, H-3'"), 5.56 (d, 1 H, / = 1.3 Hz, H-2'"), 5.54 

(s, 1 H, PhC#), 5.11 (s, 1 H, H-l'), 5.03 (dd, 1 H, 7= 5.0, 5.0 Hz, H-4'"), 4.78-4.64 (m, 

6 H, H-l, H-5", H-6a", H-6b", H-6a '", H-6b"'), 4.45-4.40 (m, 2 H, H-4", H-2), 4.30-

4.27 (m, 2 H, H-3', H-6a), 4.10-4.06 (m, 1 H, H-2'), 4.00 (dd, 1 H, J= 10.0, 10.0 Hz, H-

209 



3), 3.96-3.92 (m, 1 H, H-5'), 3.86 (ddd, 1 H, J= 10.0, 10.0, 4.7 Hz, H-5), 3.78-3.69 (m, 

2 H, H-6b, octyl OCH2), 3.61 (dd, 1 H, J= 10.0, 10.0 Hz, H-4), 3.57 (dd, 1 H, J= 10.0, 

7.6 Hz, H-4'), 3.41 (ddd, 1 H, / = 9.8, 6.7, 6.7 Hz, octyl OCH2), 2.03 (s, 3 H, 

C(=0)C#3), 1.65-1.58 (m, 2 H, octyl CH2), 1.53 (s, 3 H, isopropylidene CH3), 1.39-1.25 

(m, 13 H, octyl CH2, isopropylidene CZ/3), 0.90 (t, 3 H, J= 7.0 Hz, octyl CH3), 0.86 (d, 3 

H, 7= 6.0 Hz, H-6'); 13C NMR (125 MHz, CDC13, 5C) 169.8 (C=0), 166.1 (C=0), 165.9 

(C=0), 165.7 (C=0), 165.6 (C=0), 165.5 (C=0), 165.3 (C=0), 165.2 (C=0), 133.4 (Ar), 

133.3 (Ar), 133.2 (Ar), 133.1 (Ar), 133.0 (Ar), 132.9 (Ar), 132.8 (Ar), 130.0 (Ar), 129.9 

(Ar), 129.81 (Ar), 129.76 (Ar), 129.73 (Ar), 129.7 (Ar), 129.63 (Ar), 129.6 (Ar), 129.0 

(Ar), 128.97 (Ar), 128.9 (Ar), 128.8 (Ar), 128.7 (Ar), 128.5 (Ar), 128.4 (Ar), 128.3 (Ar), 

128.28 (Ar), 128.2 (Ar), 128.1 (Ar), 128.0 (Ar), 127.9 (Ar), 109.3 ((CH3)2C), 105.5 (C-

1'"), 104.0 (C-l"), 101.7 (PhCH), 98.2 (C-l), 98.1 (C-l'), 82.8 (C-4"), 82.2 (C-4"'), 

82.0 (C-2'"), 81.9 (C-2"), 80.0 (C-4), 77.8 (C-3), 77.7 (C-3'"), 77.6 (C-3'), 76.4 (C-2'), 

76.2 (C-4'), 74.8 (C-3"), 72.8 (C-5"), 70.5 (C-5'"), 68.9 (C-6), 68.3 (octyl OCH2), 64.8 

(C-6'"), 64.4 (C-5), 63.7 (C-6"), 63.1 (C-5'), 53.6 (C-2), 31.8 (octyl CH2), 29.4 (octyl 

CH2), 29.3 (octyl CH2), 29.2 (octyl CH2), 27.9 (C(=0)CH3), 26.3 (isopropylidene CH3), 

26.2 (octyl CH2), 23.4 (isopropylidene CH3), 22.6 (octyl CH2), 17.2 (C-6'), 14.1 (octyl 

CH3). ESI-MS m/z calcd. for (M + Na) C93H97N027Na: 1682.6140. Found: 1682.6145. 
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BzC) 9 ^ ^ ^ f 
^ '°>J Ov o 

BzO 
r i_ i \ 

r. ^ , ^ * X OBZ 

BzO^/NLY xOBz 

BzOQ & O B z 

117 

AcNH 
0(CH2)7CH3 

Octyl 2,3,4,5-tetra-0-benzoyl-p-D-galactofuranosyl-(l->6)-2,3,5-tri-0-benzoyl-p-D-

galactofuranosyl-(l->5)-2,3,6-tri-0-benzoyl-p-D-galactofuranosyI-(l->4)-2,3-

isopropylidene-a-L-rhamnopyranosyl-(l->3)-2-acetamido-4,6-0-benzylidene-2-

deoxy-a-D-glucopyranoside (117). Prepared from 112 (12.3 mg, 0.02 mmol), donor 99 

(50.1 mg, 0.03 mmol), activated, powdered 4 A molecular sieves (150.0 mg), NIS (11.4 

mg, 0.05 mmol) and AgOTf (2.6 mg, 0.01 mmol) in CH2C12 (5 mL) as described for 70. 

The residue was purified by column chromatography (2:1 hexanes-EtOAc) to give 

pentasaccharide 117 (33.0 mg, 77%) as an oil. Rf 0.23 (1:1 hexanes-EtOAc); [a]D -7.8 

(c 0.2, CHC13); 'H NMR (500 MHz, CDC13, 8H) 8.01-7.92 (m, 13 H, Ar), 7.80 (dd, 4 H, J 

= 10.0, 3.0 Hz, Ar), 7.74 (d, 2 H, / = 7.5 Hz, Ar), 7.50-7.06 (m, 36 H, Ar), 6.02 (ddd, 1 

H, / = 8.0, 8.0, 4.5 Hz, H-5'"), 5.91 (ddd, 1 H, / = 8.0, 8.0, 4.0 Hz, H-5""), 5.81 (d, 1 

H, J= 5.5 Hz, H-3"), 5.77 (s, 1 H, H- l"" ) , 5.75 (s, 1 H, H-l '") , 5.64-5.63 (m, 2 H, H-

3 " " , H-2""), 5.56-5.53 (m, 3 H, H-3'", H-2", H-l"), 5.32 (s, 1 H, H-2'"), 5.23 (s, 1 

H, PhCtf), 5.10 (s, 1 H, H-l'), 4.85 (dd, 1 H, / = 4.0 Hz, H-4""), 4.73-4.65 (m, 8 H, H-
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1, H-5", H-4" \ H-6a", H-6b", H-6 a"\ H-6b '"), 4.42-4.38 (m, 2 H, H-2, H-4"), 4.29-

4.26 (m, 2 H, H-3\ H-6a), 4.12-4.08 (m, 2 H, H-2', H-6a""), 4.01-3.83 (m, 4 H, H-3, H-

5', H-6b"", H-5), 3.77-3.68 (m, 2 H, H-6b, octyl OCH2), 3.61 (dd, 1 H, / = 9.0, 9.0 Hz, 

H-4), 3.54 (dd, 1 H , 7 = 10.0, 7.5 Hz, H-4'), 3.39 (ddd, 1 H, J = 9.5, 6.8, 6.8 Hz, octyl 

OCH2), 2.02 (s, 3 H, C(=0)C#3), 1.63-1.56 (m, 2 H, octyl CH2), l A3 (s, 3 H, 

isopropylidene CH3), 1.33-1.26 (ra, 13 H, octyl CH2, isopropylidene CH3), 0.92 (t, 3 H, J 

= 7.0 Hz, octyl C#3), 0.83 (d, 3 H, J = 6.0 Hz, C-6'); 13C NMR (125 MHz, CDC13, 5C) 

169.8 (C=0), 166.1 (C=0), 166.0 (C=0), 165.8 (C=0), 165.7 (C=0), 165.6 (C=0), 165.5 

(C=0), 165.4 (C=0), 165.3 (C=0), 165.2 (C=0), 165.0 (C=0), 137.1 (Ar), 133.2 (Ar), 

133.1 (Ar), 133.0 (Ar), 132.9 (Ar), 132.89 (Ar), 132.86 (Ar), 129.94 (Ar), 129.9 (Ar), 

129.82 (Ar), 129.8 (Ar), 129.7 (Ar), 129.6 (Ar), 129.6 (Ar), 129.1 (Ar), 128.9 (Ar), 

128.54 (Ar), 128.5 (Ar), 128.4 (Ar), 128.4 (Ar), 128.3 (Ar), 128.2 (Ar), 128.0 (Ar), 126.2 

(Ar), 109.4 ((CH3)2C), 106.7 (C-l"") , 105.8 (C-l'"), 104.0 (C-l"), 101.7 (PhCH), 98.2 

(C-l'), 98.1 (C-l), 82.6 (C-4""), 82.0 (C-4'"), 81.9 (2 C, C-2'", C-2"), 81.8 (C-2""), 

80.1 (C-4), 77.8 (C-3"), 77.8 (C-3'), 77.6 (C-3""), 77.4 (C-3'"), 76.4 (C-3), 76.2 (C-

4'), 74.9 (C-2'), 73.1 (C-5"), 71.8 (C-5'"), 70.5 (C-5""), 68.9 (C-6), 68.3 (octyl OCH2), 

67.7 (C-6""), 64.9 (C-6'"), 64.4 (C-5'), 63.7 (C-6"), 63.2 (C-5), 53.6 (C-2), 31.8 (octyl 

CH2), 29.7 (octyl CH2), 29.4 (octyl CH2), 29.3 (octyl CH2), 29.2 (octyl CH2), 27.9 

(isopropylidene CH3), 26.4 (isopropylidene CH3), 26.2 (octyl CH2), 23.4 (C(=0)CH3), 

22.6 (octyl CH2), 17.2 (C-6'), 14.1 (octyl CH3). ESI-MS m/z calcd. for (M + Na) 

C120Hn9NO35Na: 2156.7460. Found: 2157.80. 
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J AcNHl 
H O ^ S ^ 0(CH2)7CH3 

118 

Octyl a-L-rhamnopyranosyl-(l-^3)-2-acetamido-4,6-0-benzylidene-2-deoxy-a-D-

glucopyranoside (118). Prepared from 114 (88.5 mg, 0.13 mmol) in 3:1 MeOH-CH2Cl2 

(5 mL) and NaOMe in MeOH (0.1 M) as described for 57. The residue was purified by 

column chromatography (9:1 CH2Cl2-MeOH) to afford 118 (52.0 mg, 72%) as a semi­

solid. Rf 0.24 (10:1 CH2Cl2-MeOH); [cc]D +3.9 (c 0.3, MeOH); 'H NMR (500 MHz, 

CD3OD, 6H) 7.52-7.50 (m, 2 H, Ar), 7.39-7.34 (m, 3 H, Ar), 5.58 (s, 1 H, PhCH), 4.81 

(br s, 1 H, H-l'), 4.71 (d, 1 H, / = 3.7 Hz, H-l), 4.22^.18 (m, 2 H, H-2, H-4), 3.90 (dd, 1 

H, J = 9.4, 9.4 Hz, H-3), 3.86-3.70 (m, 3 H, H-5, H-5', octyl OCH2), 3.67 (dd, 1 H, J = 

3.4, 1.8 Hz, H-2'), 3.65-3.61 (m, 2 H, H-3', H-4'), 3.57 (dd, 1 H, 7= 9.6, 3.4 Hz, H-6a), 

3.45 (ddd, 1 H , ; = 9.8, 6.4, 6.4 Hz, octyl OCH2), 3.23 (dd, 1 H, J = 9.6, 9.6 Hz, H-6b), 

2.00 (s, 3 H, C(=0)C#3), 1.69-1.64 (m, 2 H, octyl CH2), 1.43-1.28 (m, 10 H, octyl CH2), 

0.90 (t, 3 H, / = 6.8 Hz, octyl CH3), 0.70 (d, 3 H, 7= 6.4 Hz, H-6'); 13C NMR (125 MHz, 

CD3OD, 5C) 173.4 (C=0), 139.1 (Ar), 130.0 (Ar), 129.1 (Ar), 127.7 (Ar), 103.3 (PhCH), 

102.6 (C-l), 99.6 (C-l'), 81.9 (C-4), 76.7 (C-3), 73.8 (C-4'), 72.5 (C-2'), 72.2 (C-6), 69.9 

(C-3'), 69.8 (octyl OCH2), 69.4 (C-5'), 64.5 (C-5), 55.3 (C-2), 33.0 (octyl CH2), 30.52 

(octyl CH2), 30.51 (octyl CH2), 30.4 (octyl CH2), 27.3 (octyl CH2), 23.7 (octyl CH2), 22.6 

(C(=0)CH3), 17.6 (C-6'), 14.4 (octyl CH3). ESI-MS m/z calcd for (M + Na) 

C29H45NOioNa: 590.2936. Found. 590.2933. 
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H O ^ C ^ ° \ 

AcNH| 
0(CH2)7CH3 

119 

Octyl 2-Acetamido-2-deoxy-oc-D-glucopyranoside (119). To a suspension of iV-acetyl-

D-glucosamine 118 (4.42 g, 20 mmol) and n-octanol (9.45 mL, 60 mmol) in CH3CN (160 

mL), was added BF3-OEt2 (500 \iL, 3.5 mmol). The reaction mixture was stirred at reflux 

for 18 h. After cooling, the unreacted starting material was filtered, and the filtrate was 

evaporated to dryness. The residue was purified by column chromatography (10:1 

CH2Cl2-MeOH) to give 119 as a solid (2.34 g, 35%). tf/0.54 (10:1 CH2Cl2-MeOH). *H 

NMR (600 MHz, CD3OD, 8H) 4.78 (s, 1 H, J = 3.6 Hz, H-l), 3.88-3.85 (m, 1 H, octyl 

OC#2), 3.80 (dd, 1 H, J = 10.6, 3.6 Hz, H-2), 3.71-3.64 (m, 3 H, H-3, H-4, H-5), 3.59-

3.56 (m, 1 H, octyl OCH2), 3.40-3.33 (m, 1 H, H-6a, H-6a), 1.97 (s, 3 H, NHCOCtf3), 

1.60-3.58 (m, 2 H, octyl CH2), 1.39-1.28 (m, 10 H, octyl CH2), 0.89 (t, 3 H, / = 6.9 Hz, 

octyl CH3), ESI-MS m/z calcd. for (M + Na) Ci6H31N06Na: 356.1071. Found: 356.1071. 
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