
----------

c 

c 

SYNTHESES OF OLIGOMERS OF THE CANULAR POLYSACCHARIDE 

OF BABMOPHILVS INFWBNZAB TYPE b 

BACTERIA 

DY 

LAVAL CHAN CHUN KONG 

A thesis submitted to the Faculty of Graduate Studies 

and Rcsearch of McOill University in partial 

fulfl1ment of the requirements for the 

Department of Chemistry 
McOül Univcnity 
Montreal, Qucbec 

Canada 

Degree of Doctor of Philosophy 

February 1989 



Ç~(l.these.s o? a liqosc..cc.har;Jes 

of: ~O-~/YIorLJu i (\.(:lu.eh Za.E' 

t~pe b bc.de.r;q 



...... 

o 

To my parents 

ToJoyce 

,0 



" 

c 
i 

ABSTRACT 

A new approach to the ribofuranosyl-ribitol unit of the capsular polysaccharide of 

Haemophilus influenzae type b (Hib) was dcveloped. Reaction of 5-O-allyl-2,3,4-tri-0-

bcnzyl D-ribitol with chloro 2-0-acetyl-3-0-allyl-5-O-benzyl-p-D-ribofuranoside under 

yield. Further protecting group manipulations and suitable functionalisation allowed the 

construction of a dimeric fragment by the use of phosphoramiditc chemistry. Oligomers (n = 

1-5) of the polysaccharide carrying aD-ribose spacer on the 3' position were then 

synthesized. These compounds have potential use as a synthetic vaccine component for 

immunization against Hib meningitis. Preliminary tests have shown that the tettamer gave 

promising results. 

An attempt to synthesize fragments of Escherichia coli Kl00 bacteria polysaccharide 

which is cross-reactive with the Hib polysaccharide was made. 

In connection with the synthesis of Goniothalenol, a new protecting group, the 

p,p' -dinitrobenzhydryl ether was developed. The formation and removal of this protecting 

group was described 
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RÉSUMÉ 

La synthèse de l'unité ribosyl-ribitol du polysaccharide capsulaire de la bactérie 

Haemophilus influenzae type b (Hib) par une nouvelle approche a été accomplie. La r6action 

de S-O-allyl 2,3,4-tri-O-benzyl-D-ribitol avec le chloro 2-0-acetyl-3-0-allyl-S-O-benzyl­

P-D-ribofuranose moyennant la méthode de Koenigs-Knorr a donné un bon rendement du 

produit d6siré. Des oligomères (n = 1-5) du polysaccharide portant une unité ribose comme 

lien ont ensuite été synthètis~s. Ces produits sont des composantes potentielles pour Ja 

préparation d'un vaccin artificiel contre la méningite causée par la bactérie Hib. On a trouvé 

que le tctramère était immunogenique. 

La synthèse de fragments du polysaccharide capsulaire de Escherichia coli Kl00 a été 

tent~. Ce polysaccharide est aussi censé d'immuniser contre la méningite causœ par la 

bactérie Hib. 

Un nouveau groupement protecteur, l'éther P,p' -dinitrobenzhydryl, a été développé. 

Ce groupement est potentiellement utile pour la synthèse de Goniothalenol. La formation et 

la déprotection de ce groupement a été décrite. 
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GLOSSARY OF ABBREVIA TIONS 

Ac acctyl 

Bn bcnzyl 

BOM benzyloxymethyl 

br broad 

CI Chemical Ionisation 

d doublet 

dd doublet of doublets 

DCC dicyclohexylcarbodiimide 

DNB P,P' -dinitrobenzhydryl 

DMAP N ,N-dimethylaminopyridine 

DMF dimethylfonnamir1e 

eq equivalent 

FAB Fast Atom Bombardment 

h hours 

Hib Haemophilus influenzae type b 

HPLC High Perfonnance Liqiud Chromatography 

m multiplet 

min minutes 

MMT monomethoxytrityl 

PRP poly-ribofuranosyl-ribitol-phosphate 

q quartet 

rt room temperature 

t triplet 

TBDMS tert-butyldimethylsilyl 

TCA trichloroacetic acid 

3 THF tctrahydrofuran .-
TMSCI trimethylsilyl chloride 
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PREFACE 

We initially started with the synthesis of Goniothalenol, which appears in the 

appendix. During the course of that study, protecting group incompatibility prompted us to 

seek the development of a new blocking group which would have had a potential use in our 

approach. Unfortunately, when the blocking group project was completed, French authon 

described the synthesis of Goniothalenol by two different approaches; one of which was 

virtually identical to our proposed scheme. We therefore discontinued the Goniothalenol 

project and staned with what will constitute the l'nt and major part of this thesis. This 

project deals with the synthesis of haptens of the Haemophilus inj1uenzae type b bacteria. 

Preliminary and important work on this project has recently (1987) been completed by 

Wang and submitted as part of a PhD thesis. 
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Cbapter 1 introduction 

1~1 Genenl Ovemew 

1 

Scientists have been fascinatcd by the HtJImOphilus ''ffIusnzae bacteria lince their 

discovery in 1883 by Koch. In those days the bacteria were known as Haemophilus 

aegyptius because they were tirst detected in Hgypt. Later (1892) Richard Pfeiffer observed 

large numbers of the bacteria in the sputa of influenza patients and thus incorrectly blamed 

the Haemophilus bacteria as the chief culprit for this disease. The myth was so widespread 

that the bacteria was renamed Haemophilus i""uenzae. Eventually, the influenza viroses 

were discovered in 1933 and the Haemophilus itifluenzae bacteria were exonerated, but the 

name persists until todayl. 

The work of Margaret Pittman in 1931 laid the foundations for our understanding of 

the Haemophilus influenzae bacteria. She found that the bacteria existed as two different 

strains which had very different pathogenic and antigenic properties. This differencc was 

explaincd by her postulation that the bacteria existed as a capsulated and a non-capsulated 

species, the capsulated strain being more resistant and therefore more virulent. The 

capsulatcd strain could further be separatcd into six serologically distinguishable types 

which were dcsignated type a-ft Pittmann also identified type b as the main culprit for 

causing meningitis and other Haemophilus influenzae infections. Sincc the pioneering work 

of Pitunan, a considerable body of evidence has been gathered and Table 1 summarizcs our 

present knowlcdge of the pathogenicity and carriage rates of the Haemophilus i""uenzae 

bactcria. The non-capsular strain, as predicted by Pittmann, was non-pathogenic and ooly 

appcars in the body when the immune system is weakened at the onset of an infectionl . 

ln an attcmpt to providc an explanation for the especially high virulence of the b 

type, the composition of the capsular material was dctennined by a combination of 
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chemical degradation and NMR techniques. The capsular material of a1l the six serotypes 

have now been shown to consist mainly of polysaccharides, and all except type d and e 

contain phosphodiester Hnkages2• Type e bacteria also exist as two distinct strains and 

therefore have diffeœnt capsular materials. Table 2 shows the structures of the diffeœnt 

Table 1 Carriage and pathogenicity of Haemophilus i'fflusnzae 

Sttains 

Capsulated, 
typeb 

Capsulated, 
othertypes 

Non­
capsulated 

serotypes. 

Common 
nasopharyngeal 
caniage rates 

2-4% 

1-2% 

50-80% 

Principal manifestations 
of pathogenicity 

Meningitis, epiglottitis 
suppurative arthritis, otitis media 
Patients are usually young children 
l1ifections commonly bacteraemic 

Rarely incriminated as pathogens, but 
all 5 types have sometimes caused 
diseases as above 

Exacerbations of chronic bronchitis, etc 
Also otitis media, conjunctivitis 
Patients are commonly adults 
Infections rarely bacteraemic 

Although all the serotypes (a-O are virulent for mice and have at times infccted 

humans, the b type is far more common and life threatening, especially to young children. 

The majority of studies done nowadays on Haemophilus influsnzae are theœfore focused on 

the b type. Of the many diseases caused by the Haemophilus influenzae type b (Hib) 

meningitis is by far the more serious and common. A survey done in Detroit by Dajani3 et 

al in 1974 showcd that out of 292 children suffering from Haemophilus i'ffluenzae 

infections only one case could be attributed to the d type. Meningitis accounted for 51" of 



o 
3 

the manifestations, epiglottitis (17") and pneumonia (1''1,) were the next most fœquent 

cases. Most of the patients weœ between three months and four years old and therefore, the 

clinical imponance of Hib infections lies in the tirst few yean of life. This is not to say that 

Table 2. Structure of Haemophilus i1fl1uenzae capsular polysaccharides 

Type Structure 

a --+ 4) -Ii - D - Ole - (1 -+ 4) - D - ribitol - (5 - P04- -+ 

b --+ 3) -Ii - D - Rib! - (1 -+ 1) - D - ribitol- (5 - P04- -+ 

c --+ 4) -Ii - D - OlcpNAc - (1 --+ 3) - a - D -Galp - (1 - P04- -+ 

3 

d 

f 
OAc 

--+ 4) -Ii - D - OlcpNAc - (1 -+ 3) -Ii -D - ManpNAcA - (1 -+ 
6 
t 
R R=L-Serine 

L-Alanine 
L-Threonine 

e --+ 3) -Ii - D - OlcpNAc - (1 -+ 4) -Ii -D - ManpNAcA - (1 -+ 

e --+ 3) -Ii - D - OlcpNAc - (l -+ 4) -Ii -D - ManpNAcA - (1 -+ 

3 
t 
2 

P-D-Fruf 

f --+ 3) - P -D - OlcpNAc - (1-+ 4) - a - D - GalNAc - (1 - P04---+ 
3 
t 
OAc 

older patients are not infected by Hib. Persons of any age can be infected, but thesc cases 

are usually associated with other debilitating conditions such diabetes and alcoholism. 

Meningitis has, as a result, been the most thoroughly studied of the Hib infections. 

In the United States one in 500 children will contract Hib meningitis (about ten thousand 

cases per ycar) in the f1l1t few years of their lives and about four hundred will die1• 
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Rccendy researchers have also startcd to worry about the contagiousness of the Hib 

infections and have lricd to devise an efficient prophylaxis for sccondary cases. Antibiotic 

treatment (usually chloramphenicol and ampicil1in) for mcningitis is œasonably effcctive; 

the monaIity rate is less than Sil today compared to the virtually lOOtlJ mortality rate in the 

prcantibiotic era. Howevcr, the neurological aftcrmaths suffcrcd by the survivors bclittle 

the suceess rate. A follow-up study of fifty meningitis convalescents showed that almost 

28% had sorne serlous handicaps such as hearing loss, language disorder, mental retardation 

and ceœbral paisy. Some patients (9%) were normal but suffercd from bchavioural 

problems such as hyperactivity and aggrcssiveness. Hib meningitis is therefore very serlous 

and will each year kill or permanently scar Many children; actually it is a leading cause of 

acquired mental retardation. The other diseases mentioned in Table 1 may conlributc 

significantly to the mortality rate but are not as weil assessed. Antibiotics, the only 

treatment available may not be very effective in the future as strains of ampici11in resistant 

Hib bactcria are now frcquently bcing isolated. The desirability for a suitable vaccine 

against the Hib infections is therefore obvious1• 

1.2 Immunization with PRP alone 

The logical choice for a vaccine against the Hib infection is the capsular 

polysaccharide of the bacteria since it is the main factor for virulence of this spccies. 

Polysaccharide vaccines have already been shawn to bc efficient. For example, 

innoculation with the capsular polysaccharide of streptococcus pneumoniae rcsultcd in 

efficient protection against these bacteria. A clinical evaluation of purificd PRP as a 

vaccinc against Hib infections was perfonned in two countries (USA and Finland) on 

approximatcly 60,000 volunteers4. The following conclusions could bc drawn. Adults 

responded favorably (even 10 low doses of PRP) with high titcrs of long lasting anti-PRP 

antibodics. Immunization sometimes pcrsistcd for scvcral ycars. Howevcr, childrcn of ages 
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two to Bve produced a lower but still protective response, with the youngest giving the 

lowest titcrs of antibodies. Most infants less than 18 months of age failed to give any 

immune response. Only a small percentage of immunized cbildren ~sponded with low 

levels of antibodies. Funhennore, these levels decreased steadily and lasted only a few 

weeks and administration of a second dosage also failed to raise any booster effects. The 

most important defect of the PRP vaccine is due to its fanure to immunize tb~ population 

most at risk since the maximum incidence of Hib meningitis is around nine months. The 

failure to immunize infants with purified PRP is not weil understood and several 

explanations have been put foward. The generally accepted one is based on the fact that 

most polysaccharide immunogens are T-ceU independent. 

1.3 Simplified overview of the immune system' 

The immune system consist of a complex network of cells (lymphocytes and 

macrophages) and molecules (antibodies and complement) circulating through the 

bloodstream and lymphatic system. Its main function is to recognize foreign invaders and 

destroy or deactivate them. When the body is challengcd by a foreign material (antigen or 

immunogen), the formation of specifie immunoglobulin protein molecules (antibodies) and 

specifie reactive ceUs (e.g killer ceUs) is induced. Both will react with the antigen resulting 

in its destruction. The cell-mediated response is produced by the T-lymphocytes (fonned in 

the Thymus), whereas the B-Iymphocytes Q!one marrow) are responsible for the antibody 

production or a humoral response. Both types of lymphocytes have to he assisted by 

macrophages to give a functional immune response. 

T -œil independence 

Activation of the B-Iymphocytes by an antigen to produce antibodies requires the 

participation of the T-lymphocytes. However, sorne antigens, usually polymcrs like 
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polysaccharides and poly(D-amino acids) do Dot requiœ the assistance of the T -cells and are 

thus tenned T-indcpendent. It has bcen postulatcd that an immunologically naive animal 

(e.g an infant) has mainly IgM receptors for binding antigens. When invaded by a 

T-dependcnt antigeD (or immunogen), the T-cells activate the IgM precursors to producc 

bath an IgM and an 19O response. A T -indepcndent antigen will not trigger the 

T -lymphocytes and hence only an IgM response is raised An important propcrty of the 

IgM response to the T -cell independent antigens is mat memory cells are not produced. The 

generation of memory cells enables the immune system to recognise the antigen and to raise 

an anamnestic response on a subsequent encounter by the same antigen. Therefore, an 

infant under 18 months immunized with purified PRP will not be protected against the 

disease and even a booster dose will have no effect. On the other hand adults are said to be 

more immunologically mature as their immune system already contain both 19O and IgM 

precursors. The 19O precursors are thought to have been acquired through natural exposure 

to the bacteria itself or to other cross reacting bacterial polysaccharides. (Sec chapter 3). 

This hypothesis is further confmned by the fact that infants convalescing from Hib 

meningitis do produce significant doses of anticapsular antibodies '. 

It has mus been concluded that PRP is a hapten, i.e. by itself it is wealdy 

immunogenic but combination with a carrier molecule allows the immunogenicity ta be 

fully expressed. Numerous approaches have been attempted to make PRP more 

immunogenic. The fmdings that infants surviving Hib infections produce anti-PRP 

antibodies have led some researchers to use the whole cell of Hib in an effort to generate an 

immune response. The virulence of the bacteria was attenuated by using temperature 

sensitive strains; i.e., at physiological temperature the bacteria cannot survive very long and 

also fail to reproduce. It was hoped that the bacteria would confer its immunogenicity and 

then die without adversely affecting the vaccinee'. Others have attempted to identify the 
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other capsu1ar components present together with PRP and monitor their immunogenicity. 

Lipolysaccharides and proteins have so far been isolated and SOlDe of the latter have been 

found to he immunogenic in humans8• These approaches are still in their infancy and much 

work remains to he done in orcier to draw any concrete conclusions. 

1.4 Conjugate vaccines (non-covalent) 

The most active an~ undoubtedly the most successful approach to date is the 

development of canier-hapten or conjugate vaccines. A hapten like PRP is antigenic but 

weakly immunogenic. Combining it through covalent or non covalent bonding with a 

carrier Molecule (usually a protein antigen) usually enables the immunogenicity of PRP ta 

he fully expressed. Anderson et al9 have isolated PRP non-covalendy associated (possibly 

by electrostatic interactions) with other envelope constituents, namely a protein and tested 

the conjugate for immunogenicity. They found that the complex showed promise as an 

immunogen. Two year old children were innoculated with either PRP or the complex and 

the antibody levels were monitored. The complex showed appreciably higher levels of 

antibodies than PRP aIone, and the authors therefore concluded that there was a weak 

carrier effect. Similarly KuolO from Lederle ù,boratories has combined PRP with the 

Bordelella perlUSsis protein in an attempt to gain an adjuvant effect from the penussis 

Molecule. The combination proved to be successful in il clinicat trial involving about 350 

children ranging from two months to six years of age. It was demonstrated that most infants 

re!.ponded favorably to the vaccine and even two month old infants produced antibodies 

levels that were then considered protective (0.15 JLg/ml). However Makelall later 

suggested that a level of 1.0 J1g/ml is needed for protection. Other systems were tested in 

order to find 80y adjuvant effeets. Most of them involve potentially toxic adjuvants and 

human triNs have not been attempted. 
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1.5 ConJupte vacelnes (covalent) 

Others have chosen ta form covalent bonds between the protein carrier and PRP. 

The advantagcs of such a system are numerous, e.g the greater stability of the conjugate. 

The major difticulty in the formation of covalent conjugate is that PRP do not have any 

reacûve moieties such as carboxylic acids, amino groups or aldehydic foncûons which can 

react with the amine or carboxylic groups of the proteins. Furthermorc, the phosphodiestcr 

linkages are bath acid and base labile. Thereforc the coupling has ta done under very mild 

conditions. Schneerson et al12 have linked PRP to a protein according ta the following 

approach. The polysaccharide was activatcd with cyanogen bromide fmming an 

electr~philic cyanalt; ester and to the latter was added the adipic acid dihydrazide derivative 

of the proteine (Scheme 1). The dihydrazide molecule served as a spacer bctween PRP and 

the proteine H the reaction bctwccn the protein and the cyanate ester was attempted without 

the spacer, negligible coupling occured. The conjugate vaccine was found ta he very 

effective in animal trials; the immunogenicity was greater than for PRP alone and, as 

expccted, it was also bctter than for a non-covalent complexe The following observations 

were also made. The choice of the carrier molecule was crucial. H the funcûonalized PRP 

molecule was coupled to another PRP molecule or with another bacterial polysaccharide 

(pneumococcus type 3), no immunogenicity was detected although the PRP-protein 

conjugates and the PRP-polysaccharide conjugate had comparable molecular weights. It 

was thus concluded that the molccular weight of the conjugate was not an important factor 

for immunogenicity whereas for PRP alone the molccular weight was found to bc critical. 

However, PRP-protein conjugates prepared from T -depcndent antigens such as diphtheria 

toxin showcd some T -dependent character. A second injection induced an incre&se in the 

antibody levels (booster effect). The authors thus suggested that by coupling ta a protein 

carrier, PRP was converted to T-dependent immunogen. Although the authon claimed that 

the conjugate was non-taxic Oethal dose> l00mgl2Sg mouse) and non-mutagenic, clinical 
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trials have not yet been performed due to the possible adverse œactions of the adipic acid 

hydrazide spacer. 

PRP 
POLYSACCHARIDE 

1 
OH 

!CNBr 

PRP 
POLYSACCHARIDE 

1 
OCN 

PRP 
POLYSACCHARIDE 

Scheme 1 

PROTBIN 

1 
COOH 

1 (NH:zNHCOCH:zCH:zh, 
+'carbodiimidc' 

IPR<YfEIN 1 

1 
CO(NH):zCO(CH:Z}4CONHNH:z 

1 PR<YfEIN 

A similar approach by Tait3 et al utilized a 6-aminohexanoic &cid spacer between 

PRP and the serotype n protein of group B meningococcus. This conjugatc was also 

prepared by prior cyanogen bromide activation of the PRP followed by addition of the 

spacer and finally the protein in the presence of carbodiimide. In this case, clinical trials 

were done and the results obtained were promising. Children ~ one year of age respondcd 
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with andbodies dtcrs of at leut 1.0 J1g/m1 alter two 10 J1g doses but children less than 1 

year of age did not respond as welle However, doubling the dosage to 20 J'g induccd 

protcctive antibody levels (1.0 J1g/ml) in childIen as young as 8 months of age. 

Unfortunately the higher dose was not very weil toleratcd. Many of the vaccinees 

developcd high temperatures and some of them also suffered from fatigue and irritability. 

These side effects were ail attributed to the vaccinadon. Infants younger than eight months 

did not respond at ail. 

AlI the conjugates mentioned in the previous paragraphs were prepared from a 

protein and the whole PRP polysaccharide. Anderson and others have chosen to use 

fragments of PRP instead. They suggested that fragments of PRP mther than the intact 

polymer might increase the T -character of the conjugate. This hypothesis has gained some 

support following the findings of Makela who reported that a conjugate made from 

fragments of a dcxtran gave a higher secondary response than the one prepared from the 

whole polymer. As mentioned earlier, PRP docs not have any reactive moieties. However, 

if the polymer is hydrolyzed with acid (0.01 N H2S04, 100°C, 6 min) oligomers of PRP 

with hemiacetal tennini are obtained (Scheme 2). Fractionation of the mixture by gel 

chromatography yielded chains of varying lengths which were classified as small, medium 

or large size oligomers depending on their retention times. The latter were then linked to 

the amino groups of a protein under reductive amination conditions (NaCNBH3, pH 8, 

3'T°C, 18 days). (Scheme 3). AU three preparations were found to be more or less equally 

effective in rabbits. The major advantage in this type of conjugate is that the use of any 

foreign spacer between the protein and PRP is unnessary thus avoiding any immunological 

side-reaction due to the spacer 14. 

Severa! proteins have bccn evaluated as carriers, namely diphthcria toxin (DTx), its 



o 
HO 

Scheme2 

OH 
OH 

(J-0H 

1 PRCTEIN ~ NH2 

Scheme 3 

= Acid hydrolysis 

•••••• = Periodate 

~OH ;= "---J -0 

11 

cross-reacting and non-toxic derivative CRM197 (Der) and diphtheria toxoid (DTd)16. In 

clinical trials, preparations consisting of 3-10 units of PRP coupled to these proteins have 

been shown to elicit an immune response. The DTx protein is a potential pathogen and has 

to be detoxified with fonnaldehyde before use; but unfortunately, it often revens to its toxic 

fonn upon storage. The non toxic CRM197 and the stably detoxified DTd were therefoœ 

favored. Administration of the conjugate vaccine to infants ranging from 19-23 months of 

age induced levels of antibodies that were comparable to those of vaccinees receiving PRP 

alone. In contrast to PRP, a second dose elicited higher response which had a significant 

IgG cmnponent. Similarly, 12-16 months old infants showed high primary and secondary 

responses which were of IgO nature. The Dcr-PRP conjugate also induced a higher 
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secondary rise than the DTd-PRP conjugatcl ' and was thus favored by the authors. They 

also compared the response induced by PRP, PRP non-covalendy complexed ta Hib outer 

membrane proteins and PRP-Dcr in two year old childrenl6• The latter was found to he far 

superior than the two fonner. 

ln a study by the same authors,17 infants were given the Der-PRP vaccine at 2, 4 and 

6 months of age. At the end of 6 months, the antibody rises were spectacular. The levels 

were aImost 3 times higher than in con troIs given PRP alone. The pattern of the antibody 

production also merits sorne consideration; after the tirst dose at 2 months, the level of 

antibodies actually decreased slightly. However, after the second dose, the antibody levels 

rose sharply and the rise was even more pronounced after the third dose at 6 months. The 

nature of the response was also studied in greater details. After the second injection, the 

IgG component rose suggesting an anamnestic response; furtbermore, it was found that PRP 

alone was as effective as the conjugate as long as the subject was tirst primed with the 

conjugate vaccine. The authors have therefore proposed a immunization protocol in which 

infants are primed with a Dcr-PRP conjugate in the early months of life, followed by 

several booster doses with PRP alone. 

In a different approach for obtaining oligosaccharides of PRP, Anderson et al.18 

made use of sodium periodate (Scheme 2) to cleave the vicinal hydroxyls of the ribitols to 

give oligomers with one or two a1dehydic extremities which was then attached to the Der 

protein by reductive amination (NaCNBH3, pH 8, 37°C, 5 days). They reasoned that a free 

a1dehyde might he more reactive than one in the hemiacetal form. Gel chromatography 

yielded two oUgomer fractions with a degree of polymerization (OP) of 8 and 20. In 

contrast to the acid-hydrolyzed PRP, the sttuctural requirement was more stringent. The DP 

20 oligomer was found to be more immunogenic in 1 ycar old infants. 
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1.6 BI ..... c S .. cer Conjupte Vaccines 

Marburg and coworkers19 introduced a new concept for the synthesis of covalent 

polysaccbaride-protein conjugates. The term "bigeneric spaccr conjugate", in contrast to 

"monogeneric spacer conjugate" (conjugates described eartier), wu coined for tbis 

approach (Scheme 4). This system evolved from the need of ascertaining that the bond 

Monopnenc Spacer CoaJU .. tl 

0 
+ -

Pro 0 
Pa CONJUGATE 

Biaeneric Spaccr Conju .. te 

0 + -<>- -0{] r~- SPACER -SPACER 

0 ~ Pro 
Il 

A+8_ 

CONJUGIITf 

PI 

MYDROLYSIS t>-O • 
elc 

Scheme4 

Il 

between the protein and PRP is indeed covalent. The nature of the linking bond in the 

previously described conjugates could not be identified with certitude and instead, its 

covalency wu indirectly infemd. In this new approach, bath the protein and PRP are 

functionalised with a bifunctional spacer Molecule. The remaining valency is selected in 

such a way that they Can react with each other to fonn a stable covalent bond. Furthermore, 

the bigenerlc spacer Molecule is stable to acidic conditions which will degrade the 

conjugate. The presence of this Molecule will therefore prove that the conjugate is indced 
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covalendy 1inked. The chemistry is summarizcd in SchelDe 5. The dcp'ldadon product, 

aminoacid , conwning a thioether linkage, could he easily assayed both qualitatively and 

quandtatively. 

PsOH+ COImz --.~ PsOCOIm 
1 

1 + H2N(œ2)4NH2 --.~ PsOCONH(CHz}4NHZ 

3+4 

2 
--.~ PsOCONH(CHz}4NHCOCHzBr 

3 

--.. ~ H02CCHz-S(CH2hrCOOH 

6 NH2 

Abbreviations:- Ps= Polysaccharide, lm= imidazole, L= leaving group 

Pro: Protein 

SchemeS 

A conjugate of PRP (whole polymer) and the outer membrane protein of group B 

Nisseria meningitidis was prcpared and characterized by the method described iD the last 

paragraph20• Granoff and coworkers then administered this conjugate to 117 children 

rBDging from 2-83 months of age. Nearly all the children produced protective levels of 

antibodies with significant levels of rIO which were boostable by either the conjugate or 

PRPalone. 
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1.7 Conclullonl 

In JUlDDl8ry it ean he laid that PRP conjugates, especially the eovalendy-linIœd 

ones, have been proven to he effective in conferring immunopnicity in infants who are 

unresponsive to the PRP polysaccharide aIone. However, only the short term effects of 

these conjugales are DOwn. Potentially toxie l'Cagents are used in the synthesis of the 

conjugates and new antigenie detenninants are created in the process. The biologie 

consequences of exposure of these conjugate vaccines to humans are still undetennincd and, 

aceording ta one author, lieensure of these vacccines is still years away21. Also, a direct 

comparison of the various eonjugates have not yet been pcrformcd. Therefore, the efficacy 

and safety of one relative to another remains largely unknown. 

So far !Wo broad classes of covalent PRP conjugates have been described. Both are 

reasonably safe and are capable of raising useful titers of protective antibodies even in 

young chlldrcn. The tirst ones are the conjugates prepared from the intact polymer such as 

the ones described by Tai13 and Granoff19, 20. The main feature ofthese conjugales is that a 

spacer is necessary to link the en~ polysaccharide to the carrier molecule. Also, the 

polysaccharide will he inevitably cross-linked to the protein calTier at random points along 

its baekbone. Any antibody response against the spacer may lead to an unnecessary and 

even toxic immunologicaI side-reactions. For example, the conjugate with an adipic acid 

dihydrazide spacer described by Schncerson 12 in 1980 has not, to our knowledge, undergone 

clinical trials; it is plausible that the dihydrazide spacer could not be proven to he totally 

innocuous in humans. 

The other elass of PRP conjugates is the one described by Andcrson14• 18, where 

fragments of the polysaccharide are used instead of the whole polymer. The advantages are 

numerous; it has been reportcd that fragments of a polysaccharide antigen have more 

, - --,;nô 
, ~';( 
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T -dcpendent charactcr. Mmeover, the spacer bctween the oligomer to the protein is derived 

from PRP itself thus lcssening any spacer-mediated side effccts. Two methods for 

generating fragments of PRP have bcen described. In the fust one, PRP is dcpolymcriscd 

with &cid to give oligomers with one reducing terminus (assuming that the polymer is 

totally lineu). The resulting conjugate will thus consist of the protcin attached to C-l of a 

ribitol whose C-3 is linkcd to the C-S of another ribitol via a phosphate group. Anderson 

also rcported that the oligosaccharides had bctwecn three and ten units. It is not likely that 

the composition of the mixture will be consistent from one batch to the other. The vaccine 

efticacy may, as a result, also vary. 

Egan and co-workers22 have done 31p NMR studies on the end groups of the PRP 

polysaccharide and have found that in addition to an intense peak at 1.09 ppm. weakcr 

downfield signais at 3.95. 18.85 and 20.83 ppm were also detected. Dy comparison with 

known compounds. these signais were assigned to a tenninal phosphate. a D-ribosyl 2. 

3-cyclophosphate and a D-ribitol 4. S-cyclophosphate respectively. These workers also 

showcd that the terminal phosphates of model compounds could he convcrtcd to the 

cyclophosphatc moiety with the aid of carbodiimide. However, one could envisage an acid 

catalyzcd mechanism to accomplish the same transfonnation (Scheme 6). Tbcrcforc during 

OH '1° +ROH 
Acid 

~ 

OPO-oR 0/ '0-
1 

Scheme6 

acid depolymerization, it is logical to expcct the formation of a l'Casonable quantity of these 

cyclophosphatcs. Unfottunatcly no NMR studies have bcen pcrfonned on the acid 
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bydrolyzed polymcr to confirm tbis bypothesis. The cyclopbOlphate tcrmini may not bave 

any effcct on conjugatcs prepaœd from the whole polysaccbaride. On smaJJer fragments 

(3-10 units) the effcct of thesc termini on vaccine efficacy and safety is not known. 

The second approach wbicb uses periodate to generate fragments of PRP by 

clcavage of the vicinal diols of the ribital portion to give, alter gel cbromatography, 

oUgomers with a dcgree of polymerization of 8 and 20. These oligomcrs are thus very 

likely ta have two aldebydic terminü wbicb can thus bind ta one or two separate protcin 

molecules or both aldebydcs can link to the same carrier forming a loop. It was detcrmined 

that the conjugales were monomeric i.e. eacb aldchyde was bound ta one protein molecule. 

However, the loop formation has not becn excludcd. The extcnt ta whicb the 

polysaccbaride is singly attachcd or doubly attached is also Dot known. Anderson also 

suggestcd that the doubly linked saccbarides may be preventcd from acccssing the 

antigen-binding sites because of steric factors ts. The activity of these conjugatcs werc also 

sizc dcpcndcnt in contrast to the acid-cleaved series. Many factors thus still remain unclear 

in these conjugales. 

r, 
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Chapter2 

11 Alm and ratlonale of the proJeet. 

PRP or fragments of it has becn shown by various worken to be a baptcn, which 

when attached to various protein carrier molecules, has been found to induce protective 

levels of antibodies in infants under one year of age. The identity of the fragments and the 

conjugates obtained by the two reportcd procedures is not well derme<!. We thus 80ugbt an 

approach by which any ambiguity could be avoided, i.e present the haptcn in a well defined 

fonn whcre the end-group composition and the chain length will be known. Anderson has 

already shown that conjugatcs of a 3-10 unit oligosaccharide were effective. Thercfore the 

possibility exists that a few ribosyl-ribitol-phosphatc units accessible through chemical 

synthe sis (solution or solid-phase) would suffice. Moreover, our approach would allow us 

to positively comlate immunogenicity to the size of the haptcn. We believe that the 

determination of the most antigenic haptcn is important since it will enable the 

administration of smaller but optimal doses, whieh undoubtedly, will he beneficial. 

Several groups, including one from our laboratory, have reported their efforts in this 

area. The earliest one was from Garegg and co-workers, where the synthesis of the 

following basic structures, the 1-0-p-D-ribofuranosyl-D-ribitol 923 and its S-pbosphate 1024 

were described. The latter had no immurlological activity. The spacer containing 

p-aminophenyl (3-D-ribofuranoside 3-(D-ribit-S-yl phosphate) 1125 was also mentioned but 

no biologie al evaluation has yet been reported for this compound. Compound 9 was 

obtained by transesterification of orthohenzoatc 12 with ribitoll3 followed by mercury cm 
bromide mediated rearrangement of the resulting ribitol orthoestcr 14 to the corresponding 

P-ribofuranoside and fmally, the appropriate deprotection sequence. 

More recendy, van Boom and coworkers rcported in preliminary form26 the 



• 
HO 

BzO 

o--,t=: 
l----f COH 

OH OR HO 

9.R=H 
10. R=P032-

BzO 

ROH(13~ 

OBz 0t-Ph 

OMc 
12 

l OBn 
R= OBn 

OBn 
OBn 

HO§HHO 

OH ° OH Il 
O-P-O 

1-o 

14 

Il 

19 

O~·_-NH 
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OH 

OBn 
OBn 
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synthesis of a dimeric and trimeric unit carrying a glycinamide spacer 15 on the S-hydroxyl 

of the terminal ribitol and also provided full cxperimental details of their work elsewhere27• 

28. They also reported that the trimer with the spacer showed immunological activity which 

was comparable to conjugates prepared from naturaI PRP. Soon after, Wang from our 

laboratory reported the synthesis of a tetramer29 of PRP via a very similar approach. A 

suitably functionalised dimer was coupled to another dimer giving the tetramer. Due to the 

presence of three chiral phosphate groups (i.e. 8 diastereomers), the TLe of the products 

appeared as numerous spots, some of which had identical Rf values as the starting 

materials. Purification was as a result almost impossible. A suitably protected ribose 
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spacer wu a1so described. Linkage of this spaœr via a phosphate moiety ta the t.ctramer on 

the 3' position wu also attcmptcd30• Unfortunatcly, the products obtaincd from tbis 

rcaction could not he charactcrizcd due to the use of large excesses of a lagent and the 

inabiüty to purify the products. Not surprisingly, this haptcn, when couplcd to a protcin 

showcd no immunogenicity in animal trials. 

15 

Both approaches had many common features. For example, the ribosyl-ribitoI 

moeity was constructed by glycosidation of tetta-O-acetyl-P-D-ribofuranoside (or 

2,3,~-tri-O-bcnzoyl l-O-acetyl-p-D-ribofuranoside in van Boom's case) with a suitably 

protccted ribitol. In the fonner the anomeric position was activated under Koenigs-Knorr 

conditions, whereas van Boom used trimethylsilyl triflate as glycosidation catalyst. The 

2-0-acetyl or the 2-O-benzoyl groups provided the necessary neighbouring group 

panicipation to steer the incoming ribitol to the desired p-anomeric configuration. 

Any synthe ses oi oligomcrs of the Hib polysaccharide has to take thc following into 

consideration. Out of the seven hydroxyls that constitute the basic unit of the ribosyl-ribitol 

moiety only two, the 3' and S·OH, are necessary for chain elongation. (sce 15). The 

differentiation of the two crucial hydroxyls should pose no problems because of their 

dissimilarity. However, the ditl'erentiation of the 2' and 3' hydroxy groups is not casy; 

Ogilvie et al31 have developcd a methodology by which a ribonuclcosidc can he selcctively 
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tln-butyldimethylsilylatcd at the 2' and 5' sites in good yields. Howcver, it appcan tbat 

this œacdon is not geneml; attempts by Wany,'O failed tD live any sclectivity, perbaps due 

tD the absence of the base which might fumish SOlDe directional effects. 

ln arder to diffcrentiate bctween the 2' and the 3' hydroxy groups both successful 

syntheses of the Hib oligosaccharidcs made use of Markiewicz protecting32 group, the 

tctraisopropyldisiloxanc-I,3-diyl moiety, to selectively bridge the 3' and 5' hydroxy groups 

(16). The free 2' hydroxy wu then masked with a bcnzyloxymethyl (DOM) group sinee the 

bifunctional silyl moicty was unstable to the strongly basic conditions required to attach a 

benzyl group. It was found that the BOM group was not compatible with the amino group 

o 
1 

iPr2 Si 
1 
o 

'n- 1 
11'"12 Si-O 

OBn 

OR 

spacer used by van Doom28• During deprotection, the DOM groups liberatcd formaldehyde 

which reacted under reductive amination conditions with the spaccr amino group to form 

the corresponding methyl and the dimethyl amine derivative. Dcsilylation followcd by 

selective protection of the primary S' hydroxy group as a tert-butyldimethylsilyl ether or the 

corresponding diphenyl derivative leaves the 3' hydroxy open for coupling to the S-position 

of another suitably protected ribosyl-ribitol unit through a phosphate bond. Extensive 

protecting group manipulation is therefore required at a fairly late stage of the synthesis. 

Also, the use of a slly! ether to block the S' hydroxy introduces another deprotcction stcp 

later on; Both previous syntheses of fragments of PRP made use of phosphate protecting 

groups which were cumbersome to remove. The mcthyl group in Wang's case required 

retluxing in tert-butylamine for 24 h and removal of the o-chlorophenyl groups in van 
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Boom'. case rcquired tœatmcnt with SYIi-pyridine-2-carboxaldoxiJDelNl,Nl,Nl,N3-

tcttamethylguanidine for 48 h. Therefore, wc felt that the synthesis could he improvcd if 

the following could be achieved: 

(1) differentiation of the 2 and 3 hydroxyls at an carly stage so as to avoid the use 

of the expensive bifunctional silyl blocldng group; 

(2) avoidance of the use of BOM groups should the need to use spaeers with 

tenninal amino groups arise; 

(3) protection of all non-panicipating hydroxyls as benzyl ethers to simplify the 

deprotection sequence; and 

(4) use of a different phosphate protecting group which is easier to remove. 

Inspired by earlier reports by Wangl° and Garegg23, we decided to make use of an 

orthoacetate such as 17 as starting intennediate for glycosidation. The use of this 

compound will allow us to mect all the requirements mentioned above. The advantages are 

numerous; the 1 and 2 hydroxy groups are selectively masked thus in effect differentiating 

between the 2 and the 3-hydroxyls of the ribose portion. Furthermore, the 1, 2 orthoacetate 

can easüy be converted to a 2-O-acetyl halo-ribofuranosidc which can he coupled to the 

ribitol component under Koenigs-Knorr conditions and finaJly the resulting 2-O-acetyl 

group will provide the necessary neighbouring participation to give the proper anomeric 

stereochemistry • 

The syntheses of various different S-O-protected ribitols have already becn 

described by Wangl°, the ideal one in his case heing the 2,3,4-tri-O-benzyl-S-O-pivaloyl 

ribitol29, whereas van Boom used the corrcsponding S-O-allyl derivative26• The choicc of a 

protecting group for the 5 hydroxy of the ribitol portion merlts some consideration. It was 

found30 that in ordcr for glycosidation to occur successfully in tcrms of yields and dcsiml 
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anomeric purily, the reaction had te proceed under acidic conditions; if neutral or basic 

silver salts such as silver (1) oxidc and silver carbonate were used, an onhoester was 

isolated as a major product. For example, coupling the ribitol 18 with 

bromo-ribofuranoside l' in the presence of silver carbonate resulted in the formation of 

onhoester 20 exclusively33. Similarly, &cidic silver catalysts such silver perchlorate yieldcd 

an orthoester if the reaction medium was buffered with an &cid scavenger such as 

tetramethylurea or sym-collidine. The use of acidic silver salts precludes the use of 

acid-Iabile groups such as ttityl or 4-methoxy benzyl groups as was demons1rated by Wang. 

We therefore protected the 5 hydroxyl of the ribitol as its allyl ether as it is stable to a widc 

range of conditions. Since the 3 hydroxy group of the orthoester has to he temporarily 

blocked during the glycosidation, we again opted for its corresponding allyl ether thus 

allowing one single deprotection to free both crucial hydroxyls. 

AcO 

AcO 

19 

Br 
AcO 

1. Ag2eO\. 

2. ROH (18) 
OAc 

2.2 S)'nthesis 01 the orthoacetate. 

10sn 
R= OSn 

OSn 
OMMT 

20 

The orthoester was synthesized as follows. Benzylation of the known 

2,3-O-isopropylidcne methyl ribofuranoside 2134 with benzyl bromide, sodium hydridc and 
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tctra-n-butylammonium iodide35 gave the fully protectcd compound 22 in 96'1 yield. 

21.R=H 
22.R=OBn 

Conversion of 22 to triacetate 24 was achieved in a two-stcp one pot reaction. The 

hydrolyzable functions were removcd by the action of an aqueous solution of acetic acid at 

8SoC; the water and acetic acid were then removed by severa! eoevaporations with toluene. 

Acetylation of resulting mol 23 with acetic anhydride, pyridine and DMAP yielded 24 as an 

anomerie mixture ('" 6:4 pla) in quantitative yields. The direct acetylation from 22 using a 

mixture of acetic aeid, acetic anhydride and an &cid eatalyst was also attcmptcd. However, 

the isolation of the desired produet required chromatography and was not amenable to large 

scale reactions. The triacetate 24 was then treated with a solution of anhydrous hydrogen 

chloride in dry Methylene chloride. Evaporation of the solvent afforded the unstable chloro 

ribosidc 25 whieh was used without purification in the following step. 

BnO 
x 

23. X = OH, R=H 
24. X = OAc, R = Ac 
25. X = Cl, R = Ae 

Reaction of 25 with dimethylformamide dimethyl acetal according to the procedure 

of Hanessian and Banoub36 afforded the orthoester 26 in good yields. The 3-O-acetyl group 

was then transformcd to the eOlTCsponding allyl ether in another two-step one pot sequence. 

Hydrolysis of the acetate group using a catalytie amount of sodium mcthoxide in methanol 

gave an alcohol whieh was then converted to its allyl ether 27 using sodium hydride, allyl 



o bromide and a catalytic amount of tetra-n-butylammonium iodide. No chromatographie 

separation wu necessary for the compounds described except on the final orthoacetate 27. 

BnO 
26. R=Ac 
27. R= AlI 

RO 

AlI= ~ 

2.3 Synthesis or the ribitol 

The right appendage of PRP, i.e the ribitol substrate was prepared according to the 

procedure of Wang30• Acid-catalyzed reaction of ribose with ethanethiol gave the 

corresponding dithioacetal which was then selectively monomethoxytritylated at the 

5-position giving 28. Benzylation of the triol followed by debitylation gave the requisite 

intermediate 30. Allylation of the 5-hydroxyl gave the fully protected dithioacetal31 which 

was then treated with mercury (II) chloride and mercury (II) oxide in aqueous acetone to 

yield an aldehyde which was without purification, reduced with sodium borohydride ta the 

required ribitol 32 in good yields. The ribitol could be purified by Kugelrohr distillation. 

BtS 

OR 
OR 
OR 
ORI 

28. R= H, RI = MMT 
29. R = Bn, RI = MMT 
30. R = Bn, RI = H 
31. R = Bn,RI = AU 

OBn 
OBn 
OBn 
0A11 

32 

Although this approach is not very efficient, we did Dot improve il until al a later 

stage as the dithiocaelal30 was donaled to us in sufficient amounts by Dr. Y. Upeslacis of 

Lederle Labortatories. The fully protected dithioacetal 31 could he prepared more 
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efticiendy from methyl-2,3-O-isopropylidcne-p-ribofuranoside 21. All)lation of the S 

hydroxy group yiclded the fully protectcd ribofuranoside 33 and the &cid hydrolysis of the 

isopropylidene group in the presence of Methanol gave the diol 34 which was then reactcd 

with ethanethiol and zinc chloride 10 give the dithioacetal 35. Direct reaction of 33 with 

ethanethiol/zinc chloride also gave 35, albcit in lesser purity. Benzylation under standard 

conditions yielded the fully protected dithioacetal which was spectroscopically (1 H NMR) 

indistinguishable from allyl ether 31 prepared earlier. 

AllO 
OMe EtS 

33. R=CM~ OR 35. R=H 
OR 

34. R=H OR 31. R=Bn 

RO OR OAll 

2.4 Glycosidation 

With both key intennediates in hand, the construction of the ribose-ribitol bond was 

attemptcd using two methods. ':'be lmt one involved transesterification with the ribitol (as 

in Garegg synthesis) followed by mercury (n) bromide mediated rearrangemcnt to the 

glycoside. In our hands, this approach failed due to inability to effeet the 

transesterification. Therefore, the other alternative which involved the conversion of 

orthoacetate 27 to the corresponding chloro-ribofuranoside 37 followcd by Koenigs-Knorr 

glycosidation, was selected. Thus, treatment of the orthoester 27 with trimethylsilyl 

chloride37 gave 36 in excellent yields. The IH NMR of the crude product showed the 

disappearance of the methyl and the methoxy singlets and the anomeric proton appeared as 

a singlet indicating that the chlorine was in the li anomeric configuration. This chloride was 

then without purification added to silver perchlorate and 4A molecular sieves in acetonitrile 

at -400 C38• The formation of a silver chloride precipitate was almost instantancous. 

Addition of ribitol 32 to the mixture then gave the P-adduct exclusively in 80% yield The 
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idcntity of 37 was confirmed by lH NMR and 13e NMR. Ooly a sharp singlet was observed 

at 4.90 ppm and lOS.2 ppm rcspectively indieating that only the dcsired anorner wu 

present. The 2'-O-acetyl group was then hydrolyzed with sodium methoxide and the 

resulting alcohol benzylated ta give our target Molecule 38 where all the non-panicipating 

hydroxyls werc benzylated. 

Cl 
BnO 

27 

AllO OAc 

37. R=Ae 
38. R =Bn 

OBn 
OBn 
OBn 
OAll 

The direct coupling of the ribitol 33 to the orthoaeetate 27 was also attempted. We 

speculated that the reaetion of the orthoester with trimethylsilyl triflate (TMSOTf) eould 

give the oxocarbonium-tritlate ion pair 39 which could then be trapped with the ribitol. 

Tro-

AllO 
39 

Neighbouring participation would again provide the desired stereochemistry. Thus, one 

equivalent of TMSOTf was added to a solution of the orthoester in methylene chloridc. 

TLC monitoring showed that after one hour at rt ail the starting materia! was eonsumed and 

a new more polar spot, presumably the hydrolyzed carbonium ion, was observed. The 

ribitol was then added. Unfortunately, only small amounts of the requircd produet was 

dctectcd on 1LC; therefore, this approach was not pursued any further. 
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The IWO aIlyl groups were then œmoved by Corey's39 method in which the allyl 

ethers were fust isomerised to their Ydlyl counterpans 40 by the action of 

tris(triphenylphosphine)rhodium(l) ch!oridc in refluxing aqueous ethanol. 18 NMR of the 

crude mixture indicated that the allyl groups have been indeed converted to the vinyl ethers 

which existed as a mixture of cis-trans isomers. Oxymercuration with mcrcury (U) chloride 

and mercury (!I) oxide in aqueous acetone40 yielded the unstable hemiacctals which in situ 

decomposed to the desired diol 41. In our hands, the yields obtained in this reaction wcre 

not very satisfactory (55-65%), an alternative was tbercfore sought. 

BnO 
OBn 

OBn 

OBn 

OR 

4O.R=~ 

41. R=H 

In a recent publication, Hutchins41 reportcd that (x-allyl)palladium complexes could 

be rcduced by lithium triethylborohydride to give the cOlTCsponding alkene in good yields. 

Thus, when a ~lution of the di-allyl ether 38 in dioxane was refluxed in the presence of 

catalytic (0.02 cq) tetrakis(triphenylphosphine)palladium(O) and threc cquivalents of 

lithium triethylborohydride for Iess than one hour the dcsiœd diol 41 was obtaincd cleanly 

and in excellent yields (80-90%). The 18 NMR of the compound obtaincd was idcntical to 

that of the diol obtained by Corey's deallylation procedure. The primary alcohol was then 

sclcctively masked by reaction with monomethoxytrityl chloride, pyridine and DMAP 

giving the trityl ether 42. 

2.5 Methods lor rormin. phosphate linkages 

In orcier to fonn phosphate linkages between two substtatcs, one needs the reactive 

phosphorus derivative of one substrate which can be coupled to the other 'hydroxy 
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companent. Many phosphorylating derivatives have been developed during the course of 

studies of oligonucleotide syntheses for both solution and solid-phase approaches. For 

example. there is the phosphodiester42 and the phosphotriestcr43 approach , the 

phosphite-triester44 approach and more recently the modified pho~phite-triester approach4S 

also called the phosphoramidite approach. The latter is probably the method of choice 

nowadays. The intermediate phosphoramidite is stable and l'eQuites no special handling 

precautions, yet the phosphorous-nitrogen can he activated with a weak acid such as 

tetrazole. The protonated nitrogen derivative can then be displaced by the bydroxyl of the 

second companent (scheme 7). In situ oxidation of the phosphite with aqueous iodine then 

affords the required phosphate. 

HO 

Cl 
1 

(RO)P(NR2l 
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OR 

Scheme 7 

Of the two commercially available phosphoramidites, wc opted for the 2-cyanoethyl 
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N,N-diisopropylchIOlOphosphoramidite rather than its methyl counterpart for sevenl 

reasons. the DUÜor one heing that the cyanoethyl protecting group can he easüy cleaved with 

concentrated ammonia whereas deprotection of the methyl derivative requires ret1wdng 

tert-butylamine. Also, if the need to synthesize large fragments of the polysaccharide by a 

solid-phase approach were ta arise, the cyanoethyl protected phosphate would he more 

advantageous as the ammonia-decyanoethylation46 sequence would aIso clcave the ester 

linkage between the support and the compound thereby reducing the number of deprotection 

steps. The other reason was purely speculative; in the synthesis of a tetramer of the PRP 

polysaccharide using N,N-diisopropylmethylchlorophosnhoramidite as the phosphorylating 

agent30• Wang observed that his product appeared as numerous spots on TLC. This 

inhomogeneity is simply due to the fact that the phosphate moiety is chiral and with tIm:e 

phosphates in his molecule there could be in theory eight diastereomers; purification wast as 

a result, difficult. We reasoned that, perhaps with a differendy protected phosphate, the 

products would be chromatographically more homogeneous. 

2.6 Synthesis of a dimeric fragment of PRP 

The alcohol 42 was phosphorylated using 2-cyanoethyl N,N 

diisopropylchlorophosphoramidite and diisopropylethylamine in TlJF45 to give the 

cyanoethyl phosphoramidite 43 in excellent yields. As expected the product survived an 

aqueous workup and sUica gel chromatography. The 31p NMR showed the expected signal 

at 149.8 ppm. Since 43 was to be coupled to the S-hydroxy function of another 

ribose-ribitol component, the 3' hydroxyl had to be blocked with a protecting group which 

could he removed independentJy of the fragile phosphotriester linkage and the trityl ether. 

The levulinate ester possesses all these characteristics. Alcohol 42 was converted to its 

levulinate ester 44 by reaction with levulinic acid, DMAP and the coupling agent DCC'7, 

Both the starting material and the levulinate ester had the same Rf value on nc but the 
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identity of the produet could he easily confirmed by NMR. The IH NMR wu also radicaIIy 

different from the other ribofuranosyl·ribitol derivatives; for example the anomene proton 

appeaœd as a doublet with a coupling of 2 Hz whereas in ail pœvious intcrmediates the 

anomeric proton was invariably a sharp singlet. Furthermore, ail the signais of the ribosyl 

portions were weil resolved and could he assigned to their respective protons whereas in the 

other intennediates, the IH NMR were not as characteristic. The key intcrmcdiate 45 was 

then obtained by detritylation of levulinate ester 44 using a 5% solution of trichloroacetie 

acid (TCA) in mcthylcnc chloridc. The IH NMR of this compound also followcd the same 

trend. 

BnO 

RO OBn 

OBn 

OBn 

OBn 

-~RI 

43. RI =MMT, R = P(OCE}(NiPr2l 

44. RI = MMT, R = Lev 

45. RI = H, R = Lev 

The coupling of 43 to 45 was then achieved by adding alcoho145 to a solution of the 

phospboramidite 43 and an excess of fresbly sublimed tetrazole in dry acetonitrile48• The 

resulting phosphitc was then oxidiscd with aqueous iodine to give the tetrasaccharide 46 in 

85·90% yield. Ils 31 P NMR was typical of chiral phosphate tricsters. It showed two equal 

signais at ·1.27 and -1.65 ppm indieating thal both diastereomers of the phosphate wcre 

prescnt. This reaction was readily scaled up and the dîmer, which would eventually he used 

as an important building black, could he obtained in multigram quantitics. 

\\·e also attempted to detennine if the tetrazole activated phosphoramidite would 

show any selectivity between a primary and a secondary a1cohol. If such a reaction proved 

..: ,." " -
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to he fcasible, one could envisage the coupling between diol 41 and phosphoramidite 43 to 

give alcohol 47 thus rendering the levulinate protection-deprotection sequence supertluous. 

The diol 41 was therefore added to an ice cold solution of one equivalent of 

phosphoramidite 43 and excess tetrazole in acetonitrile. The rcaction was carefully 

monitored by TLC. After 10 h, TLC revealed the presence of two new spots with similar Rf 
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values which werc separated by preparative TLC to yield two compounds in approximately 

1:1 ratio. The less polar spot showcd the expccted 31p NMR (-1.13, -1.49 ppm) and the IH 
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NMR had a doublet at 3.S ppm which disappeaœd upon tre8tD1ent with D20. Furthermoœ. 

the IH NMR was superimposable on that of alcohol 47 obtained by delevulination of dimer 

46. This compound was therefore most likely ta be the desired alcohol 47. The other 

compound had four peaks in the 31p NMR and the IH NMR was featureless. On the basis of 

its 31 P NMR, we reasoned that thcre were probably two phosphate groups therefore the 

compound must have structure 48. The coupling maction therefore showed no selectivity. 

2.7 Deprotection and characterization of the dimer 

In order to characterise this important intennediate and test our deprotection 

sequence, it was fu11y deblocked as follows. The levulinate ester was removed 

indepcndently from the other masking groups by the action of O.S M hydrazine in 

pyridine-acetic acid buffer47 to give alcohol 47. 31p NMR confirmed that the 

phosphate-triester group was intact. The trityl group was removed next using a solution of 

TCA in methylene chloride. Treatment of this diol with concentrated ammonium 

hydroxide effected decyanocthylation efficiently; the reaction was over aImost 

instantancously. Hydrogenolysis of the benzyl groups in the presence of 10% pd/e at 30 

psi yielded the tetrasaccharide as the ammonium phosphate salt. The compound was then 

passed through a Na+ form ion exchange column. Lyophilization gave the fu11y dcprotected 

tetrasaccharide as sodium salt 49. The 31pt 13e. IH NMR was idcntical to the reported 

data30• Also, the high resolution FAS mass spectrum was weIl within acceptable limits. 

2.8 Design 01 the spacer. 

The poly-ribosyl-ribitol-phosphate or fragments of it can be an effective immunogen 

when attached to a carrier molecule. A spacer must comprise of a bifunctional molecule, 

preferal;~y with a hydroxyl which can he attached to the oligosaccharide via a phosphate 

bond. The other functionality must be able to mact with the protein (carboxylic &cid or 
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amino groups). Potential candidates are aldehydes (reductive amination), amines (amide 

fonnation), thiols (oxidative disulfide formation) and activated carboxyl groups whicb can 

react with the amino funtionalities of the protein. Various spacers bave bccn used to link 

the synthetic oligosaccharide ta the carrier. Garegg rcported the use of a p-aminophenyl 

dcrivative 11. However, no biological results have so far bcen dcscribcd for this compound 

A trimer of PRP carrying a glycinamide spacer (-0-(CH2)3NHCOCH2NH:z) IS was 

successfully linked (presumably with carbodiimide) to a tctanus toxoid Molecule and the 

conjugatc was reported to elicit a very promising immune rcsponse. As mentioned earlier, 

the use of any spacer unit brings witb it the risk of eliciting an immune rcsponse in a bost 

against the spacer. This possibility thus argues against using any spacer at all. Therefore it 

was felt that the ideal spacer would be one derived from a reprcsentative part of the 

Molecule. Such a spacer will therefore have the structural feature of 50 or 51. 

The spacer 51 where X is an aldebydc has already bcen dcscribcd by Wangl°. The 

aldchydic functionality is, we bclieve, ideal as the linking step will he very specific. 

Aldehydes will only react with the amino groups of the proteins under reductive amination 

conditions. Other functionalities sucb as the amino group requircs carbodiimide to etlect 

linkagr.. Undcr thesc conditions significant cross linking in the protcin will also take place. 

1biols are also incompatible with catalytic bydrogenolysis of the henzyl ethers. The spacer 
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with sttucture 51 (X = CHO) is also more easily accessible as it can in principle be direcdy 

derived from D-ribose, whereas spacer 50 (X = alO) can be derived in a simple manner 

from the cosdy L-ribosc (D-ribose $0.35/g, L-ribose $60/g). Therefore, preparation of 

spacer 50 is not very practical. 

In the design of the spacer, we also strove to maintain our initial consideration for 

keeping all the unneeded hydroxy groups blocked with hydrogenolyzable groups so as ta 

diminish the number of deprotection steps. Having decided ta use a ribose spacer for 

reasons mentioned before, we optcd for the spacer described by Wang, i.e. 

benzyl-2,3-0-benzylidene-p-D-ribofuranoside 52. Again the benzyl groups can be 

hydrogenolyzed thus freeing the aldose which can then be attached ta the camer protein 

using the appropriate reagent. 

2.9 Syntbesls 01 tbe spaœr. 

The spacer was synthesized by stirring a DMF solution of ribose, benzyl alcohol and 

benza:dehyde dimethyl aectal under vacuum in the presence of acld. The desired 

compou'ld was obtained in 40% yield as a 1: 1 mixture of exo and endo isomers of the 

benzylidene moiety. Phosphorylation with the cyanocthyl phosphoramidit.e in the presence 
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of diisopropylethylamine gave the crucial intermediate 53. The 31p NMR showed the 

expected signal (139.5, 143.4 ppm). 

The synthesis of oligosaccharides of PRP involve a large number of repeûûve steps 

and is therefore well suited for a solid-phase approach, especially for large oligomers (e.g. > 

10 units). We theref~ dccided to devise a strategy which would prove useful should the 

RO 

52. RI = Bn, R = H 

53. RI = Bn, R = P(OCE)(NiPr~ 

54. R=RI =H 

55. R=MMT, RI =H 

56. R = MMT, RI = COCH2CH2COOH 

57. R = MMT, RI = COCH2CH2CONH 

S = SoIid Support ch 
solid-phase synthesis of oligosaccharides of PRP attached to the spacer be necessary. Since 

the spacer is to he linked to the 3' position PRP oligomer, we envisaged the iniûallinkage 

of the spacer to the support followed by addiûon of units of PRP. Our proposed scheme for 

the modified spacer starts with 2,3-0-benzylidene D-ribofuranoside 54. The 5-hydroxyl 

can be monomethoxytritylated to give 55 and finally the succinate monoester 56 of the 

anomeric alcohol is prepared (succinic anhydride/pyridineIDMAP). The free acid pordon 

can he acûvated by conversion to the corrcsponding labile pentachlorophenol ester. 

Reacûon of the alkyl amine tennini of the solid support with the acûvated ester will thus 

attach the spacer to the support by fonning amide 57. Detritylation then liberates the 

primary alcohol and the addition of a phosphoramidite (e.g. 43) will give the 

monomer-spacer. The last sequence can he repeated unûl the dcsired chain length has boen 
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obtaiJlecl4'. The rmal product CID then be cleaveel !rom the support by treatment witb 

ammonium hydroxide. 

2.10 Strategies towards building ollgomen of PRP attacbed to the spacer 

With the apppropriate reagents in hand, the synthesis of lqer fragments and their 

deprotection could he attempted. Since the relation between immunogenic 8Ctivity and the 

number of units of the polysaccharide has not yet been established, wr decided to construct 

five oligomers of the Hib polysaccharide by a blockwise approach. AlI of them will he 

carrying the D-ribose spacer at the 3' site. Our strategy was to couple the spacer 53 to the 

previously described trityl alcohol 42 (page 29) and delevulinated dimer 47 (page 32) to 

yield the monomer-spacer and the dimer-spacer respectively. Hydrolysis of the 

monomethoxytrityl group of the tenninal ribitol will yield an alcohol which can react with 

the phosphoramidite moiety of another PRP unit, thus allowing chain elongation. Since a 

blockwise approach is more efficient than a stepwise approach, we decided 10 use the 

phosphoramidite of tetrasaccharide (dimer) 47 as the key building block. Thus, the 

coupling of this phosphoramidite with the monomer-spacer and dimer-spacer will give the 

trimcr-spacer and the tetramer-spacer respectively. Similarly, addition of the 

tetrasaccharide to the trimer-spacer will afford the pentamer-spacer. 

Thus, the alcohol 47 was converted 10 the phosphoramidite 58 using the standard 

procedure. The synthe sis of tbis intennediate was not without problems; purification of the 

phosphoramidites were usually perfonned by chromatography on silica gel and eluting with 

an appropriate solvent mixture containing 1-2% voUvol triethylamine (TEA). When this 

purification procedure was attempted on 58, decyanoethylation of the central 

phosphotriester occured thus reducing the yields drastically. However, the use of dry 

solvents and a 0.5% TEA solution and a rapid flow rate brought the yields ta satisfactory 
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levels (75-90 Cf,). The sttucture of this phosphoramiditc wu confirmcd by 31p NMR; two 

pcaks at -1.77 and -1.35 ppm could he atttibutcd to the phosphate and downfteld sipals at 

149.8 and 150.0 ppm weœ attributcd to the phosphoramidite moiety. 
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47.R=H bœ 
S8. R = P(OCE)(NiPrv 

2.11 Synthesis of the monomer-spacer 

The building of the oligomers could then bc attempted. Coupling of the 

phosphorylated spacer S3 and the alcohol 42 (page 29) gave the monomer-spaccr 59 in 

excellent yields. The TLC showed thrce new overlapping spots which could he scparatcd 

with some difficulty. The 31p NMR of each of these compounds showed a sharp peak in the 

-2 ppm œgion indicating that coupling has indeed taken place. Due to the presence of exo 

and endo isomers in the spacer and the chirality of the phosphate there could he a possibility 

of four diastcreomers. As a result the 31 P NMR was more complex. 

2.12 Deprotection of the monomer·spacer 59 

Neverthelesst we were confident that we had the monomer-spaccr 59 in hand and it 

was then dccided to fully dcprotect the trisaccharide in arder to characterize it. The trityl 

ether was hydrolyzed and treatment of the product with concentrated ammonium hydroxide 

hydrolysed the cyanoethyl protecting group of the phosphate. Hydrogenolysis at 30 psi in 

the presence of 10% Pd/C gave a product which had a 31p NMR signal at 0.73 ppm as 



• 

o 

BnO 

? OBn 5 

O=p-OCE 
1 

59 

OBn 
OMMT 

39 

expected and a small peak at 0.27 ppm. However, both the anomeric patterns in the IH and 

13e NMR spectra were totally unexpected. The IH NMR indicated the presence of only a 

sharp singlet at 4.87 ppm whereas 13e NMR had a single peak at 109.5 ppm. It was very 

unlikely that the anomerie H or e signal for an alkyl ribofuranoside would overlap on the 

signal of a free ribose. Furthennore, the 3' proton appeared at a characteristic region (--4.4 

ppm) and the integration indicated that the anomeric singlet comprised of only one proton. 

Also, Bock has reported that the 13e NMR of free ribose had signals at 97 and 101 ppmso 

for the a and ~- anomer respectively and in our case, these regions were devoid of any 

signais. 

The FAB mass spectra provided a clue to the answer; a peak at 521 (M+H+) instead 

of S 19 indicated that the aldose had unfortunately been reduced to the ribital 60. The 

, overreduction was total1y unexpected. According to RylanderS1, eatalytic reduction of 

aldehyde to the alcohol using palladium Metal catalyst is ineffieient, for u. '~ce, he 

rcported that pressures of the arder of 300-4500 psi are required. Initially, wc rcasoned that 



c 

40 

perhaps the activated nature of the hemiacetal species contributed ta its eue of redUctiOD. 

However, Cadotte et alS2 reponed that a hemiacetal was stable ta catalytic reduction using 

palladium on CL&-t,on at 1200 psi. At ambient pressures and with careful monitoring of the 

hydrogen consumption, w\. <:ould obtain some desired compound but the process was slow 

and monitoring the uptake of hydrogen was very tedious. There was also the danger that 

with Iarger oligomers (i.e more benzyl groups), the hydrogenolysis might not go ta 

completion. Also, in aIl the trials, FAB mass spectrometry indicated the presence of sorne 

overreduced products. 

° Il 
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It was therefore apparent that a protecting group which could he removed after 

hydrogenolysis of the benzyl groups was required for the anomeric center of the spacer. 

The following criteria must therefore be met: this protecting group must withstand catalytic 

reduction, miIdly acidic conditions (TCA) and basic media (NH40H). Aise, its 

deprotection should preferably not require highly acidic medium because of the 

phosphodiester linkages. We opted for the tert-butyldimethylsUyl (TBDMS)S3 group as it 

would probably fulfil all the requirements mentioned 

2.13 Synthesis of the silylated spacer 

The desired silylated spacer was then prepared as follows; reaction of ribose with 

benzaldchyde in the presence of 8Cid and anhydrou!l copper sulfate gave the 
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2,3-O-benzylidcne-D-ribofuranoside 54 which was then monomethoxytritylated to give 55. 

Silylation of the anomeric alcohol with TBDMSCl and imidazole afforded compound 61 as 

a mixture of anomers (a!P = 1:3.5). Removal of the trityl group was best achieved with 

anhydrous TCA in Methylene chloride; use of commercial TCA was often accompanied 

with partial desilylaûon as well. At this stage, the anomeric mixture was separated by 

chromatognphy and only the p-anomcr was used in the subsequent reactions. 

Phosphorylaûon of alcohol 62 using standard conditions provided us with the key 

intermediate 63. (31p NMR 148.6, 148.8 ppm). This sequence also provided us with an 

unexpected bonus. The benzylidene acetal existed as one single isomer (presumably the 

more stable exo isomer); tH NMR showed only one singlet at S.S ppm for the benzylidene 

acetal proton. We were therefore assured of simpler and more easily interpretable NMR 

spectra (at least for the smaller oligomers). 

RO 
ORI 54. R=RI=H 

55. R:; MMT,RI = H 

61. R = MMT, RI = TBDMS 

62. R = H, RI = TBDMS 

63. R = P(OCE)(NiPr2), 

RI =TBDMS 

Should the need for the construction of large fragments on a solid support arise, the 

silylated spacer May also be adapted. The same sequence des(,'l'ibed above can be used with 

the exception that the p-methoxybenzylidene acetal is used to proteet the 2, 3 hydroxyls. 

This acetal can be reduced by a variety of methods (e.g. sodium 

cyanoborohydride/trimethyl silyl chlorides4 or DmAL-Hss) to give a p-methoxy benzyl 

ether and the free hydroxyl. The free hydroxyl will thus allow the linkage of the spacer to 

the solid support by the method decribcd earlier. Altbough several researchersS4, 55,56,57 
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have obtained excellent œgioselectivities in the reduction of p-methoxybenzylidene acetals 

by using ditTerent combinations of reducing aICnts and Lewis acids, wc have JO far failed to 

selectively cleave the 2,3-O-acetal of model compounds. We believe that it is not likely 

that the mixture of the 2 or 3 linked spacer wiU be of any consequence in the construction of 

larger oUgomers. 

OTBDMS (NiPr:z}(OCB)PO 

Schemc8 

2.14 Synthesis and deproteetion of monomer-spaœr 

OTBDMS 

R = H, RI = Bn-p-OMe 

R = Bn-p-OMe, RI = H 

Coupling of phosphoramidite 63 with alcohol 43 in the presence of excess tetrazole 

(7-10 eq.) and subsequent oxidation yielded the monomer-spacer 64 (n = 1) in excellent 

yields (90%). It was also a pleasant surprise to find that the TLC was weU resolved and the 

product also appeared as a homogeneous spot. Spectroscopic analysis was, as expected, 

much casier; 31p NMR showed two peaks at -2.0 and -2.1 ppm for the two diastereomers. 

The identity of the compound was then confinned by characterisation of its fully 

deprotccted analog. We also wanted to test the fcasibility of the deprotcction sequence. 

After detritylation with TCA under anhydrous conditions, the phosphate was dcprotccted 

using ammonium hydroxidc. The resulting ammonium phosphate dcrlvative was purified 

by pœparative 1LC. Debenzylation at 40 psi afforded the silylated trisaccharidc " (n = 1) 

which was purified by Na+ ion-cxchange chromatography. After Iyophilization, a white 
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powder was obtained. The characteristic signais in the IH NMR were the two mcthyl 

singlets al 0 ppm. the tert-butyl singlet at 0.7 ppm. the H-3' multiplet and the two anomeric 

singlets at 4.8 and 5.1 ppm, aIl of them integrating in the correct proportions. The 13C 

NMR was also very instructive; flfteen sugar carbons could be accounted for of which a 

number showed P-C coupling. 31p NMR showed one peak at 0.16 ppm and the FAB mass 

spectra confmncd the pœsence of a compound of mass 632. 

Encouraged by these results, we then diver~~ our efforts towards finding a suitable 

desilylating agent. TBDMS ethers have been removed by a variety of reagents, the most 

common ones heing acids and naked fluoride ions. Both aœ not very practical for our use; 

&cids might dcstroy the fragile phosphodiester linkage and naked fluoride ions such a;; tctta­

n-butylammonium Ouoride requires the use of aprotic solvents such as 'nIF or DMF. Our 

compound and espccially the larger oUgomers are probably more watcr soluble and also the 

removal of the polar and higher boiling solvents such as DMF and DMSO is impractica1. 

We then decided to evaluate the possibility of using potassium hydrogen tluoridc (KHF~ as 
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a desilylating agent on a model compound. When a solution of TBDMS ribofuranoside 67 

(obtained from hydrogenolysis of 62) in methanoVwater was treated with KHF2' 

desilylation was prompt and complete. An aqueous solution of KHF2 was slighdy acidic 

(pH 3-4), and fearing that the acidity might be deleterious to the phosphodiester linkages, 

the fluoride solution was buffered to pH 6 with pyridine and this system was found to work 

equally well on our model compound. 

HO 
OTBDMS 

OH 
67 

Therefore, the silylated monomer-spacer 66 (n = 1) was tteated with a buffered 

solution of KHF2 and allowed to stir ovemight in a polypropylene vessel. A Benedict's test 

at this point indicated the presence of a reducing sugar. The monomer was thcm purified by 

washing the solution with organic solvents. Subsequent passage througb a Na+ ion 
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cxcbanp COIUIDIl, eluting with water, and lyophilizadon yiclded the desired compound u a 

white powder. The IH NMR showcd complete abscr..:e of sily) signals. Furtbcrmorc, the 

anomcric region DOW contained tbrcc signais one of which (4.87 ppm) could he ascribcd to 

the riboside proton (H-l '). The two othcr signals which appearcd as doublcts could he 

assigned on the basis of their coupling constants to the p and 0. anomeric proton of the 

ribose spacer. 13e NMR added proof to our interpretation. A signal at 109.5 was assigncd 

to C-l', and the P and o.-anomer of ribose showed signals at 99.2 and 103.9 ppm 

respecdvcly. Thc last two signaIs were weil in agreement with the findings of Bock (101 

and 97 ppm respccûvely).50 As expected, the 31p NMR showed a single peak at 0.2 ppm. 

And finally, high resolution FAB mass spectroscopy recorded an exact mass of 519.10909 

(M+H+) whereas the calculated value was 519.10616. 
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2.15 Synthesls of ollgomers of PRP attacbecl to tbe spaœr 

H 

Feeling that our goal (oligomers n = 1-5) was now within reach, we embarkcd on the 

COnStlllction of larger fragments of the Hib polysaccharide. The monomcr-spaccr 64 (n = 1) 

was thcn detritylated using anhydrous trichloroacctic acid and addition of the resuldng 

',' 
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alcohol 65 (n = 1) ta the phosphoramiditc 58 and tctrazole gave good yields of the 

trimer-spacer 64 (n = 3). The 31p NMR weœ as expcctcd not as charactcristic as for the 

monomcr-spaccr due to the possibility of having a11 eight diastcrcomcrs. Similarly, the 

pcntamer-spacer 64 (n = S) wu obtaincd by reaction of phosphoramidite 58 with 

dctritylatcd trimcr-spacer 65 (n = 3). The 31p NMR was very complcx due ta the possible 

presence of thirty two diastereomers. Nevenheless, we felt that the reactions have 

procccdcd to completion as dcsired. Our reaction conditions made use of a large excess of 

tetrazole (7-10 cq) and as much phosphoramiditc 58 as we could affard (1.3-1.8 cV in onIcr 

to drive the reaction to completion. The coupling reactions were also allowcd 10 procced 

for 72 h instead of the usual 24 h. The TLC were also sufficiently resolvcd to indicate that 

the reaction was complete and little if any starting material remained. 

The synthesis of the dimer-spacer could have been done by a stepwise fashion, i.e., 

spacer+l+1, but sinee we had some dclevulinatcd dimer 47 available, we optcd for the more 

efficient blockwise approach. Thus, the dimer-spaccr 64 (n = 2) was prepared by reaction 

of the delevulinated dimer 47 and phosphorylated spacer 63. The 31p NMR pattern could 

easily he accounted for since it showed the requisite four cquivalent peaks indicating that all 

four diastercomers were present. FinaIly, the tctramer-spacer 64 (n = 4) was obtaincd by 

trcatment of the detritylatcd dimer-spacer 65 (n = 2) and the phosphoramidite 58. The 

yields obtaincd for the couplinmg reaction werc; in the 70-85 % range. 

2.16 Deprotection protoc:ol 

The dcproteetion were then carried out as describcd for the monomcr-spacer. The 

dccyanocthylation step was allowcd to procced for 24 hours with the larger oligomen as 

shorter reaction times resultcd, in one case, in incomplete reaction. AlI the compounds 

were charactcrized at the silyl-oligomer stage and also after full deprotcction. We found 
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that in arder ta obtain final produets whicb are as pure u possible the followinl sequence 

was ideal. Alter decyanoethylation, the product was purified by preparative 1LC using 

mixtures of toluene and methanol and developing twice. The purified material could then 

be extracted from the sUica gel serapings with al: 1 mixture of ethyl acetate and methanol. 

Hydrogenolysis then yielded the silylated oligomer. An aqueous solution of the compound 

wu then wasbed twiee with methylene cbloride, once with ether and then finally with 

pentane. This washing sequence wu found to remove all organic impurities. Pusage 

througb a Na+ ion excbange eolumn converted the phospbates to the sodium derivative. A 

similar washing sequence was used after the desilylation step and no pyridine was detected 

in the 1 H NMR spectta. This procedure enabled us to obtain pure material as established by 

NMR (IH, 13C,3Ip). 

It is interesting and perbaps not totally unexpected to note that in the IH and 13C 

NMR for both the silylated polysaccharides and the fully deprotected ones, the anomerie 

protons or carbons of tbe ribosyl-ribitol moieties were identical. Similarly the 31p signals 

for the the phosphate groups linldng the ribosyl-ribitol groups were idcntical (for example, 

the phosphate connected to the ribose spacer appeared at 0.1-0.2 ppm whereas, all others 

appeared at 0.6-0.7 ppm. Only the 13e NMR of the silylated dimer-spacer sbowed two 

barely resolved signals (109.5, 109.6 ppm) for the anomeric carbons of the ribosyl-ribitol 

moieties. The non anomerie pattern (13e and IH) for ail the oUgomers was also very 

similar. TherefoR:, integration of the anomeric protons and carbons of the spacer and the 

ribosyl-ribitols provided us with an efficient means to establish the lengtb of the chain. 

Similarly, the intensities of the spacer pbosphate signals relative ta the other phosphates 

conrmned the length of the oligosaccbaride. FAB mass spectromctry analysis was 

unfortunutely feasible for oo1y up to the silylated trimer-spacer and up ta the funy 

deprotected dîmer-spacer. Neverll'eless, wc are confident that the NMR analyses 
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performed were sufficient to confirm the identities of the compounds reported. 

2.17 Bioloaieal evaluatlon orthe haptens 

Ali the fully deprotected oligosaccharidcs 68 (n = 1-5) were then sent to Ledcrle 

Laboratories for preparation of the conjugates and biological evaluation. The carrier protein 

was the outer membrane protein of Haemophilus influenzae type b. The selection of this 

protein was govemed by many factors; it was thought that a protcin derived from the 

bacteria itself might avoid any immunological sidc-reactions due to the proteine 

Furthennore, several workers have already shown that these proteins can induce a 

protective response against the Hib bacterias. This new immunogen May thus prove ta he 

superior to other combinations of protein-hapten. Thus, the oligomers were treated with the 

protein in the presence of sodium cyanoborohydride. The pH was maintained at 6.7 

throughout the reaction. The resulting conjugate was then administered to mice and the 

anti-Hib antibody response was monitored. However, only two out of ten micc showed a 

response. It was then decided to subject the complex to chemical degradation followed by 

protein analysis which involve the quantitative monitoring of the lysine residue by HPLC. 

The amount of this amino acid in the conjugate relative to that of the untreated protein thus 

provide a good approximation of the extent of conjugate formation. It was found that only 

the tettamer-spacer 68 (n = 4) showed barely dctectable evidence of conjugate formation. 

These results were thus very promising as the amount of conjugate formed was virtual1y 

outside the dctection Iimits of the HPLC and yet some of the animals gave a positive 

response. 

At this point we decided ta find the favorable conditions for the reductive amination 

of an amino group with a hemiacetal moiety. Accurate pH control in these reactions is 

important; the imminium ion formation which is rate dctermining is favored by low pH 

(Scheme 8). These conditions (pH < 4) unfortunatelyalso promotc the reduction of the 
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Scheme 8 

carbonyl group". Furthermore, the phosphodiester linkages might not survive high acid 

concentration. The reaction was therefore attempted at pHs ranging from S ta 8. 

Incidcntally, Anderson prepared conjugales of acid-hydrolyscd PRP with a protein by 

incubation for 18 days at 37°C and pH 8. We did Dot have sufficient quantities of the 

oUgomers 68 for much experimentation, therefore we made use of a model compound, 

D-ribose. Thus an aqueous of solution of D-ribose and excess of benzylamine (10 eq) was 

buffered to pH S, 6, 7,8 (±O.2) and treated with sodium cyanoborohydridc. The reactioD 

was monitored by the Benedict's test for reducing sugars. It was found that the rate of 

reaction was S III 6> 8> 7. 

The fonnation of conjugates of haptens 68 with the above mcntioned protein was 

once again attempted at pH 6. This time the amino acid analysis indicated, as expected, 

excellent coupling of the oligosaccharidc to the protein. Severa! test animais werc then 

injected with the conjugate. This time it was found that all the animals including the 

controls gave inconsistent results. A viral infection of unrelated origin seemed to have 

afflicted ail of the animais. The testing was thus temporarily suspended until the exact 

cause could he detennined. 

( • r, T .,,«. " 
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Cllapter3 

Attempted syntbesls 01 Irqments of the Eseherlcbla coll K100 ea ... 1ar 

poIysaeebaride. 

The immune system recognition capability is not infaillible. Very often different 

immunogens or antigens can induce identical responses. The capsular polysaccharide of 

Escherichia coli KlOO (B. coli) bacteria has bœn found ta be antigenically and 

immunologically cross-reactive with that from Haemophilus injluenzae type b bacteria. 

However, E. coli is not known to cause any invasive diseases in humans In fact, the 

bacteria sometimes occur naturally in the intestinal tracts of humans. It has also been 

postulated that the presence of these bacteria have contributed to the establishment of 

natural immunity against Hib diseases found in the majority of adults. Sorne authors have 

even suggested that feeding infants with live E. coli might he an efficient immunisation 

protocol. Unfortunately, the presence of larger than usual numbers of the E. coli bacteria in 

the faccal excretion of Hib patients have led researchers to believe that E. coli have 

somehow depressed the children's ~sistance against Hib. 

In an effort to explain the cross reactivity the struc~ of the capsular 

polysaccharide of E. coll has been determined by mass spectral studies S9 and more ~cent1y, 

by NMR 60. Its structure is virtually identical ta the Hib capsular polysaccharide. Bath of 

them consist of D-ribofuranosylribitol moieties linked through phosphate bonds. The only 

difference lies in the position of the glycosidic linkage. The struc~ of the E. coli 

polysaccharide was found to be -+3)-P-D-Ribf-(1-'2)-D-ribital-S-(P04-+ "(2-PRP) as 

opposed ta the -'3)-P-D-Ribf-(1-'1)-D-ribitol-S-(P04--' for PRP. The similarity betwcen 

the two capsular polysaccharide have led Schneerson and others ta postulate that the E. coli 

polysaccharide, either by itself or as conjugates might he an alternative vaccine against Hib 

infections61• 
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The similarity between the 2-PRP and PRP prompted us to seek an approach to 

synthesise the basic structure and oUgomers of the polysaccharide attached to a ribose 

spacer. The synthesis of this compound can be viewed as the attack of 2-hydroxy group of 

a D-ribitol derivaûve to a a suitably activatcd ribose derivative. The latter can obviously be 

derivcd from the orthoestcr used in the synthesis of PRP. Since the two crucial hydroxyls 

are sûll at the 3' and the S positions, the same retrosynthetic approach as for PRP holds. 

The major difficulty in the synthesis of 2-PRP resides in obtaining the appropriatc 

2-hydroxy ribitol derivative. A similar problem has been encountcred in the synthesis of 

Haemophilus influenzae type a polysacharide, in this case a 4-hydroxy D-ribitol moiety was 

involvcd. This intennediatc was obtained by selective phase-transfer benzylation of the 

I-hydroxyl of a l, 4-di-hydroxy ribitol derivative. The requisite intermcdiate was obtained 

in 50% yield62• 

A recent report by Chen and loulli663 dcscribed the characterisation of the reaction 

product. of D-ribonolactone with bcnzaldehyde in the presence of hydrochloric acid. They 

conf'mne~ that the product consistcd exclusively of the 3, S-O-benzylidene derivative 71. It 

is thcrefore evidcnt that glycosidation of alcohol 71 with the chlororibofuranoside 36 
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derived from orthoestcr 27 will afford a disaccharide which after reduction of the lactane 

and protecting group manipulations will affoni the basic structure of 2-PRP (Scheme 9). 
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The 3' and 5 hydroxy groups can also be deblocked independently from each other and can 

be functionalised as for the PRP synthesis. 

The protected ribonolactone 71 was prepared according ta the procedwe of Chen 

and Jou1li663 and was obtaincd in excellent yields as a crysta1line ploouct. When the 

glycosidation under the prcviously described conditions was attempted, we werc faccd with 

an unexpected problem; the lactone was almost insoluble in ail common organic solvents. 
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The solubility in acetonitrile at -40°C, i.e. onder the glycosidadon conditions, wu aJmost 

nil. Attempts at running the reaction at highcr temperatures (-lOoe, ooe, 22°C) were not 

very successful. The dcsired product was obtained in very low yields « 15%) and the 

reaction mixture a1so contained some unidcndfied products. The use of DMF as co-solvent 

was unsuccessful. It was evidcnt that the Iactane moiety was contributing ta the insolubility 

of the compound. Therefoœ we sought an indirect approach where the lactone group wu 

reduced at an earlier stage to give the suitably protected ribitol. 

This implies that the 2-hydroxyl has to be protected rust to enable the differentiadon 

between the two secondary a1cohols (2-0H and 4-0H) that will result from the reduction of 

the Jactone. We a1so planned ta mask the non participating hydroxyls as benzyl ethers. The 

choice of protecting group for the 2-hydroxyl was therefore detennined by many factors; it 

must withstand hydride reducing agents and the strong basic conditions required to fonn 

benzyl ethers. Moreover, its formation and removal must be compatible with the fairly acid 

labile benzylidene group. Silyl ethers which are potential candidates were not selected 

because of possible migration during benzyl ethers formation. The highly acid labile 

I-methyl-l-methoxethyl etherM was selected instead. 

A solution of lactone 71 in DMF was therefore treated with 2-methoxypropene and 

catalytic pyridinium p-toluenesulfonate at QOC. The desired ketal 72 was obtained in 

excellent yields as a crystalline rnaterial. Reduction of the lactone with sodium borohydridc 

failed to give any product. We therefore resorted to lithium aluminum hydride as a 

reducing agent to yield the desired diol 73. Conversion to the benzyl ethers 74 followed by 

a brief trcatment with 20% aqueous acetic acid yielded the key intermediate 75 in good 

yield. . 

Olycosidation of alcohol 75 with chlororibofuranosidc 36 (derived from orthoacetate 
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73. R = H, R 1 = C(Œ3hOCH3 
74. R = Bn, R1 = C(CH3hOCH3 
75. R=Bn, R1 =H 

27) gave a product which, we initially believed, was the 2-PRP derivative. Hydrolysis of 

the 2' -O-acetyl group with base followed by cleavage of the benzylidene group with 

aqueous uifluoroacetic acid gave a uiol. The 1H NMR of this compound showed three D20 

exchangeable protons which appeared as sharp doublets indicating that ail of them were 

secondary. Furthermore, monomethoxytritylation of this compound under standard 

conditions failed indicating the absence of any primary alcohols. 

It therefore appeared that under the acidic condition of glycosidation, the 

3,S-O-benzylidene of the ribitol migrated giving 2,3-0-benzylidene-l,4 

di-O-benzyl-S-hydroxy ribitol (Scheme 10). As a result, the S-hydroxyl reacted with the 

carbonium iOI) giving a I-PRP derivative 76 with the ribitol in the L-configuration. 

Subsequent protecting group manipulations thus gave secondary alcohol 76a and tinally 

triol 77. 

This stategy was therefore abandoned until an alternative which avoids the use of 

acid sensitive masking groups could he found. 
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Cbapter4 

4.1 Attempts at obtalnlnl tbe rlbosyl.rlbltol moIety by a more efIIdent .pproaeb. 

We have developed an efficient approach at securing the ribosyl-ribitol unit of PRP 

where the deprotection sequence is simplified. However, a fairly large number of steps 

involving protection-deprotection sequences are involved; we therefore sougbt to develop a 

more efficient approach which would be amenable to large seale synthesis. 

This project arose from one interesting observation. We attempted the synthesis of 

2,3-0-benzylidcne D-ribofuranoside S4 by stirring a solution of ribose, benzaldehyde 

dimet"yl acetal and camphorsulfonic acid (CSA) in DMF under water aspirator vacuum. 

We reasonet! that the methanol formed would be removed under the reaction conditions 

thereby driving the reaction prompdy to completion. The reaction was fast as expected but 

the crystalline product obtained gave a IH NMR which was not compatible with the 

expected product. No exchangeable protons could he detected even in dilutc samples. 

Furthennore, integration indicated that the anomeric region contained three protons and the 

aromatic region had ten protons. We therefore concluded that the compound was 

1,s:2,3-di-O-benzylidene P-D-ribofuranoside 78. The mass spectrum and elemental 

analysis of the compound confumed our deductions. Reaction of D-ribose with p-methoxy 

benzaldchyde dimethyl acetal under similar conditions yieldcd the corresponding 

1~s:2,3-di-0-(p-methoxybenzylidene) P-D-ribofuranosidc '9. In this case, the reaction had 

to be catalyzed with pyridinium camphorsulfonate; the use of camphorsulfonic acid failcd 

to give any of the dcsired product. 

We realizcd that compound 78 or the more reactive p-methoxy derivative '9 had 

potential as the glysosyl acceptor for P~ synthe sis. Our proposed sclleme would require 

two selcctive acetal cleavages. The ftrst one involves the opcning of the 1,5 acetal 
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78.X=Ph 

79. X = Ph-p-OMe 

indcpcndcntly of the 2,3 acctal ta give the S-O-bcnzyl derivative (or the p-mcthoxybenzyl 

dcrivative). Glycosidation with ribitol 18 would thercforc afford the ribosyl-ribitol unit. 

Opcning of the 2, 3 acetal would then hopefully give the 2-0-benzyl dcrivative 4Z (see page 

29) or the corrcsponding p-methoxybenzyl compound as a major product (Scheme Il). 
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Acetals have been traditionally cleaved by mixtures of a reducing agent and a Lewis 

acid. However, the opening of the 1,5 acetal will yield a ribose dcrivative in the hemiacetal 

fonn which is subject to further reduction. Thereforc, rcducing agents such as lithium 

aluminum hydride or sodium borohydride are to bc avoided. Several authors have reportcd 

the use of sodium cyanoborohydridc (NaCNBH3) in conjunction with a Lewis acid such as 

TMSCl or tritluoroacetic acid to cleave p-methoxybenzylidene acctalsS4• 56. 57. High yields 
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and scereospecificities were obtaincd. A useful property of NaCNBH3 is that it œdUCCI 

aldehydes or btones efficiendy at low pH « 4) oo1y". Therefore, wc reuoned tbat 

TMSCl might he the ideal Lewis acid for this type of cleavage. 

Thus, TMSCI was addcd to solution of 78 and sodium cyanoborohydride in 

acetoniuile at O°C. TLC indicatcd the presence of two spots of similar Rf. Atœr 

dcsilylation, the mixture was separatcd by chromatography yielding the dcsired product 80 

and compound 52 obtained cartier in a 6: 1 ratio. The overall yield was 56%. The 

selcctivity was promising but the yields were too low to he of any practical use. The low 

yield and poor regioselectivity was attributed to the lower reactivity of the henzylidene 

derivative compaœd to the p-methoxy countcrpart. The next logical step was therefore to 

attempt this reaction on the corresponding di-p-methoxyhenzylidene dcrivative 79. 

The p-rnethoxy derivative was indecd more reactive, the 1,5-0-acctal could he 

opened at -40°C and the reaction was over in less than one hour. As expectcd, the product 

was obtained in higher yields (65-75%) and only the desired matcrial81 was obtained. The 

2,3-0-acctal was also untouched. The identity of this compound could he easily he 

eonfmned by IH Nlyf1 .. The anomerie proton appcaœd as a doublet which collapscd to a 

singlet upon treatment with D20 indieating that the hydroxyl lies on the anomerie carbon 

and exists exclusively as the fi-anomer. Furthermore, the 2,3-0-(p-methoxyhenzylidene) 

aeetal existed as one isolllCr (possibly the more stable exo isomer). According to one 

repon, the predominance of one isorner is determining in obtaining any regioselcctivity in 

the cleavage of the aeetal bonds7• 

4.2 Approaches lor glycosidation. 

The fonnation of the glycosyl bond could then he attcmpted. Rcccntly, Schmidt 
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reported that furanoses such as 81 could he directly l-O-alkylated by initially fanning an 

alkoxide with a strong base such as sodium hydride or potassium t-butoxide. Reaction with 

an alkyl triflate then gave the alkyl glycoside in excellent yields and stereoselectivity66. 

Thus alcohol 18 was convened to the cOJTesponding triflatc lia by the action of 

trifluoromethanesulfonic anhydride and triethyl amine. A solution of 81 in THF was trcated 

with potassium t-butoxide and the triflate 188 was then added. No new products were 

fonned; it seemed that 81 slowly decomposed under the basic conditions. Various bases 

such as sodium hydride and n-butyllithium were used but to no avail. 

RO 
OBn 18. R=H 

r----"LIBn 18a. R =CF3S02 
r--~Bn 

OMMT 

The anomerie aleohol 81 could also converted to the corresponding chloro-ribosidc 

82 by treatment with methanesulfonyl chloride and an excess of tctraethylammonium 

chloride aceoniing to the procedure of Perlin67• This compound was found to he 

sufficiently stable to he purified by silica gel ehromatography. However, Koenigs-ICnorr 
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g1ycosidadon with ribitol 18 using sUver perchlorate/coWdine, .Uver carbonate, .Uver (1) 

oxidc and silver acetate failed to give any dcsired products, perhap. due to the stability of 

82 reladve to a chloro 2-O-acctyl ribofuranosidc dcrivadve. 

Recently, Fraser-Reid and Mcotoo68• 69 reponed that n-pcntenyl pyranosidcs could 

be activated with iodonium dicoWdine perchlorate (I+(collhCI04") giving a carbonium ion 

which upon addition of an alcohol gave the cOlTCsponding alkyl glycoside (Scheme 12). 
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The alkyl pyranosidc was isolated in 60% yield. However, there was no selectivity; the 
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ratio of ~ anomen wu 1: 1. 

Wc therefore reasoned that the pentenyl dcrivative 83 would he a suitable 

intermediatc. The reaction medium wu also reponed ta he neuttal. The dcsired n-pentenyl 

alycoside 83 was then prepared in 40% yield by a modification of a procedure described by 

Perlin". Alcohol 79 was treated with mesyl cbloride as for the preparation of 82 but an 

cxcess of tetra-n-butylammonium bromide was uscci instead. The resulting bromo 

glyeoside was then treated with an exeess of 4-penten-l-01 (5 eq) giving 83 in the 

p-anomeric fonn exclusively. When this reaction was attempted with the ribitolt8 (only a 

slight excess was used, 1.3 eq) no desired produet was isolated. Interestingly, the mcthinc 

(CH) proton of the p-methoxyhenzylidenc acetal 83 appcared as two singlets indicating that 

tbe acetal bas rearranged under the weakly acidic conditions (Et3N .HBr), The pentenyl 

glyeoside 83 was then treatcd with iodonium collidine perchlorate followed by ribitol 18. 

No desircd products was obtained; instead some denitylation oceured. The rcaction was 

also attempted witb the allyl ribitol 32 (page 25). At this stage, the approach involving 81 

was abandoned due to failme to eonstruet the ribosyl-ribitol moiety. 

.,' 



( 

c 

APPENDIX 

Towar. the lyDthesJs 01 GonlolbaJenol 

Overview 

62 

It was found that the ethanolic extract of the stem barle of Goniothalamus gigante", 

(Annonaceae) was very toxic during the P388 in vivo antileukemic screen. Partitioning of 

the extracts between water and methylene chloridc foUowed by chromatography gave 

several fractions, some of which were significandy toxic to brine shrimp. These fractions 

were further chromatographed yielding 0.43% of a compound which had a novel 

tetrahydrofurano-2-pyrone skeleton 84. The relative configuration of ail the assymctric 

centers were detennined by X-ray analysis. 

Ph 

Retrosynthetic: analysis 

H 

H 
84 

We approached this problem by envisaging bond disconnections dcpicted in Scheme 

13. The lactone moiety can he derived from a tetrahydrofuran ring carrying an aldehyde 

and alcohol equivalent in the proper stereochemistry. The construction of the 

terahydrofuran ring can he thought of as a nucleophilic anack of the S-hydroxyl on C-8 

which bears a sui table leaving group. Further bond disconnections, namely introduction of 

the phenyl ring via a Grignard reaction on an aldehydc reveals that C-4 to C-8 backbone can 

be derived from diacetone glucose 85. Furthermore, three of the four assymctric centers 

C-S. C-6 and C-7 originate from the glucose backbone, only the stereochemical outcome of 

C-8 remains to he determined. 

The selection of the protecting group for the free bydroxyl of diacetone glucose is 
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not easy. The ideal one will be a benzyl ether since it can withstand a widc variety of 

conditions ranging from basic (Grignard reaction) to acidic for the fonnation of the 

tetrabydrofuran ring (Sec later). However, removal of the benzyl group migbt pose an 

insunnountable problem, Goniotbalenol canies a secondary benzyl ether (C-S) whicb will 

most probably react under most debenzylation conditions. 

Nevertbeless, we decidcd to carry on with the benzyl ether; we reasoncd that even if 

no selectivity can be obtained, this wrk will serve as useful model studies to secure the 

tetrabydrofuran ring. Diacetone glucose 85 was therefore benzylated according to the 

procedure of Czemecki et allS giving 86. Selective bydrolysis of the S, 6-0-isopropylidcne 

group with 70% aqueous acetic acid followed sodium periodate cleavage of diol87 afforded 

aldcbyde 88 in good yields. Treatment of 88 with phenyl cuprate yielded an easUy 

separable mixture of two alcohols 898 and 89b in approximately 1: 1 ratio. At this stage the 

stereocbemistry of the new assymmetric center was not known. Treatment of each isomer 

separately witb ethanethioVzinc chloridc affordcd triols 90s and 9Gb in excellent yields. 

The formation of the tetrahydrofuran ring could tben be attcmpted. Wc l'Casoned that C-8 

l' 
1 
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(goniothalenol numberin,) bein, benzyUc is prone to carbonium ion formation. Under 

dehydration conditions one could therefore expect the formation of stable carbonium ion at 

C-8 whlch would then be attacked by the S-hydroxyL ln practice we could not find the ript 

conditions 10 effect the ring closure. An alternative was thereforc soupt. 

HO 
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86.R=Bn 
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ln a communication, Kelly and V anRheenen 70 described an efficient prostaglandin 

synthesis from a cyclopropyl intermediate. It was found that the solvolysis of orthoesters of 

type 91 10 give the rearranged alcohol 92 was best achieved with the use of anhydrous 

fonnic acid. We therefore reasoned that under similar conditions the 7,8-orthoformate of 

triol 90 might be converted 10 the benzylic carbonium ion which could react with the 

S-hydroxyl thus effecting ring closUl'C. The triol 90s was then treated with trimethyl 

orthoformate and pyridine hydrochloride in benzcne yielding a 3.S:1 mixture of the 7, 8-

and S. 7 orthofonnates 93. The S-membered (7. 8) orthofonnate was then isolated by 

chromatography and treated with anhydrous formic acid. After chromatography. the 

tetrahydrofuran 94 was isolated in about 4S% yield. The S,7-orthoformatc also yieldcd 
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stable '·memberecl ring bas occurcd. 
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We have shown that the tctrahydrofuran ring of Goniothalenol can be constructcd by 

our proposed scheme. However, dcbenzylation of the 6-hydroxyl can be problematic due to 

the presence of a secondary benzyl position (C-8) in the molecule. It was therefore decidcd 

to dcvelop a new protecting group which might be sui table for the synthesis of 

Goniothalenol. This group must withstand both acidic (zinc chloridc, formic acid) and 

basic conditions (phenyl cuprate) conditions. It occured to us that the idcal bloc king group 

will he one which is initially stable to a variety of conditions but which can he convertcd to 

an unstable one once it has served its purpose. 

In a recent communication Seldne and Hata dcscribed a novel protecting group, the 

4, 4', 4"-tris(4, S-dichlorophthalimido)trityl group 9571• This trityl group was very &Cid 

(80Cl acetic acid, room temperature, 24 h) stable comparcd to the trityl or monomethoxy 
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trityl ethers. However, hydrolysis of the phthalimido poups with 1 M hydrazine in 

pyridine-acetie &cid buffer gave the extremely unstable 4,4', 4"-triaminottityl ether which 

dccomposcd in situ to the corresponding aleohol. Like aU mtyl ethers, 95 is very selective 

for primary alcohols; il will therefore not be useful for Goniothalenol synthesis. It occured 

COR 

9S 

to us that the p,p' -dinitrobenzhydryl ethers (DNB) might be a potential alternative. As 

opposed to mtyl groups, benzhydryl ethers of secondary alcohols are readily fonncd. The 

DNB ether was expected to be as stable as a benzyl or benzhydryl ether yet reduction of the 

nitro poups should give an &cid labile p,p' -diaminobenzhydryl ether (Scheme 14). 

OR H+,. ROH 

Scheme 14 

Initially wc attempted the synthcsis of DNB ethers by the reaction of a sodium 

alkoxide (fonncd by reaction of an alcohol with sodium hydridc in DMF) with the Imown 

p,p' -dinitrobenzhydryl chloridc72. Sinee the reactior· did not proceed as expected, wc 

investigaled the usefulness of bis(p-nitrophenyl)diazomethane 98 as protecting agent. The 
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latter wu synthetized as follows. The benzophenone " was tirst prepami by the procedure 

of Kulin and Leffek72; diphenylmethane was sclectivcly nitratcd at the para position usin, a 

mixture of sulfuric and nitric acids. Oxidation with chromic &cid yiclded benzophenone " 

which was converted ta the correspondin, tosylhydrazone 'YI with 

p-toluenesulfonhydrazidc. Finally, the diazo compound was obtained as a red soUd by 

heating a suspension of the tosylhydrazone 97 in 1 M sodium hydroxidc for 3 h 73 (Schemc 

15). 

Scheme 15 

96.X=O 
97.X=NNHTs 
98. X = N2 

The conversion of an alcohol to its DNB ether was best carried out by adding 

0.5-1.05 eq BF3.OEt2 to a solution of alcohol (1 eq) and diazo compound 98 (1.2-1.5 eq) in 

methylene chloride at -20°C to 25°C. The reaction was usually complete in a few hours. 

Thus, the DNB ether of cholestanol 99, cholesterol 100, nonynol101 and lactone 101 werc 

obtained in 91-96% yield. Interestingly, the protection of the 3-0B of 

1,2:5,6-di-0-isopropylidene-D-glucose as did not procced as expected. htstead BF3.0E~ 

catalyzed rcanangement of the isopropylidene group at 0-5,6 to 0-3,5 followed by 

etherifieation at 0-6 occured cleanly in good yield. Thus, only the ether 103 was isolated in 

94% yield by quenching the rcaction with dry triethylamine. If quenching was carricd out 
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with water, the diol 858 was obtained in 89% yield. Similarly, treatmcnt of DNB ether 103 

with 70% aceûe acid at 40°C gave the diol 85a whieh was ehractcrized as its diacetate 

dcrivaûve; the 1H NMR spcctrum showcd the typieal downfield shiflS for only the H-3 

(5.36 ppm, d) and H-5 (5.21 ppm, m). In order ta test the selcctivity of the rcagent for 

primary versus sccondary aleohols the easily obtaincd 3-O-tert-butyldiphenylsilyl 

dcrivaûve of 1,2-0-isopropylideneglueofuranose 10474 was treatcd with reagent 98. Only 

the et'ter 1048, oblained from mono derivatisation of the aleohol, was formed in 82% yield. 

2,3,4-Tri-O-benzyl-D-ribose diethyl dithioacetal 105 was transfonned to its DNB ether 

1058 in 97% yield. Hydrolysis of the dithioacetal function (HgCI:z/CdC~) and reduetion 

of the resulting aldehyde with sodium borohydride gave ribitoll06 in 84% yield. It was 

then eonverted by standard methods to its monomethoxytrityl ether 1068. Finally, the 

etherifieation of l-adamantoll07 in moderate yield (80%) is notable. 

DNB ethers, similar to benzyl ethers and nittobenzyl ethers are stable ta a widc 

variety of r.onditions ineluding strong aeid, organometallie reagents, oxidizing agents, and 

some reducing agents (e.g., NaBH4). Selective cleavage of DNB ethers is possible in the 

presence of aeetals, thioacetals, ketals, esters, as weil as allyl, benzyl, THP, MEM, MTM, 

silyl and trityl ethers. Conversely, Most of these protecting groups may be selccûvely 

removed in the presence of a DNB ether. The cleavage of DNB ethers to fonn the 

corresponding alcohols is best effected by catalytic hydrogenation (H~~ of the ethers in 

aqueous Methanol with or without cosolvent (e.g., TIIF) at 25°C at ambient pressure for a 

few hours. The resulting diaminobenzhydryl ethers were then hydrolysed by treatment with 

mild acid, such as a pH 3 or pH 4 buffer solution. Thus, the DNB ethers 99a, 103, 1048, 

1058, 1068 and 1078 were eleaved to give the corresponding alcohols 99, 103a, 104, lOS, 

l06b and 107 in good yields (Table 3). It is possible 10 cleave the DNB ethers having 

alkenyl or alkynyl funetionalitics such as 1008 and 1018 by using a different catalyst or a 
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100. R=H 
100a R=DNB 
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101. R=H 
101a. R=DNB 

RO~O 
RO 

R'O 

~ 
102. R=H 
102a. R=DNB 

104. R=H 
104a. R=DNB 

107. R=H 
107a. R=DNB 

85. R,R"=CM~ 
85a. R = DNB, R' = H 

BtS 

105. R=H 
105a. R=DNB 

103. R=DNB 
103a. R=H 

106. R = DNB, R' = H 
l06a. R=DNB,R' =W 
106b. R=H,R'=MMT 

OR Si = SiPh2Bu-t 

DNB = CH(PhN02-p) 
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chemical reduction. Thus, the ether 100. was cleaved by hydrogenation using nickel boride 

(Ni(OAc)iNaBH..> as catalyst followed by mild acid hydrolysis (Table 3, entry 2)75. The 

ether 101a was cleaved with FC](CO)12 in toluene-methano176, followed by tœatment with 

silica gel to affont the alcohol (Table 3, entry 3). 

Table 3. Results from the Cleavale of DNB Ethen 

entry substtates (RODNB) reagents solvents products (ROH)- yieldsb
, " 

1 99a Hift02 MeOH-THF 99 89 

2 l00a H~i2B EtOH-THF 100 81 

3 101a Fe3(CO)12 toluene 101 85 

4 102a HiPt02 MeOH-THF 102 84 

S 103a Hift02 MeOH-THF 103 82 

6 l04a Hift02 MeOH-H2O 104 84 

7 10Sa HiPt02 MeOH-H2O lOS 85 

8 l07a Hift02 MeOH-THF-H2O 107 90 

-AIl products were identified by comparison with authentic samples. bIsolated yields. 
COenerated from NaBRt and Ni(OA:h. dReaction was canied out under argon with 1.5 
eq. ofFCJ(CO)12 and 5 eq. ofPhEt3NOH (40% in MeOH) at room temperature for 2 h, and 
then, after extractive workup, the mixture was acidified with silica gel. "Obtained 

direcdy after hydrogenation. 

In order to study the stability of the intermediate diaminobenzhydryl ether towards 

acid hydrolysis, various conditions for hydrolysis of p.p' -diaminobenzhydryl cholestanyl 

ether, obtained after hydrogenation of the DNB ether in neutral medium, were tested (Table 

4). Il was found to be stable at pH 5 but rapidly hydrolysed in 0.05% trifluoroacetic acid or 

0.03 M hydrogen chloride solution. Acidic resin and 0.05% acetic acid or pH 4 buffer 

solution provided moderate acidic media, and the hydrolysis reaction was over in 6-8 h at 

room temperature. A very mild condition was found to be a pH 3 and pH 4 buffer, in which 
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the iDtcrmediate was hydrolysed smoothly to the alcohol and most other acld-labilc lIOuP., 

such as monomcthoxyttityl unit, were not clcaved For example, at pH 4 the DNB group of 

the fu11y protectcd ribitol 1068 could bc removed indepcndently of the monomethoxyttityl 

group. 

Table 4. Various Conditions· for Acid Hydrolysis ofp,p'-Dlaminobenzhydryl 

Cholestanylb Ether to Cholestanol 998 

reagents pH 2 pH 3 pH 4 pH 5 

0.5 <0.1 3 3 

IAU reaetions were canied out in MeOH-THF (1: 1 v/v) with same amount of starting 
material. hobtained from DNB ether 99a after hydrogenation (H~21 in MeOH-THF 
(1:1 v/v). CO.03 M HCL dQ.05% ttifluoroacetic acid (TFA). eo.05% AcOH 
fAmberlite resin IRC-50 (H) from BDH. BMonitored by TLC, half life (t1l2) was 
obtained approximately from reaction time required for completion. 

In conclusion, DNB ether has similar stabilities as benzyl or nitrobenzyl ether and 

be selcctively eleaved in the presence of many other protecting groups. 

Having developed a promising protecting group, we then focused our attention on 

the synthe sis of Goniothalenol. However, we had to modify our stratcgy sinee 

1,2:5,6-düsopropylidene a-D-glueofuranose 85 reacts anomalously with the DNB group. 

We reasoned that the problem might probably be circumvented by the use of the known 

compound 10877. 78. After protecting the 3-hydroxyl group as its DNB ether, the double 

bond ean be cleaved with orone giving the aldehyde intermediatc which cao react with the 

phenyl Grignard reagent. At this point, Gesson 79. 80 reported two synthe ses of 

Goniothalenol, one of which was virtually identieal ta our earlier approach eausing us ta 

discontinue this project. 
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Contribution to Knowledae 

1. A new and efficient approach to synthesizc the ribosyl-ribitol unit of the capsular 

polysaccharide of Haemophilus influenzae type b bacteria was establishcd. 

2. The synthesis of oligomers of the polysaccharide attachcd to a ribose spaccr was 

described These compounds allows for a potential access to the development of an 

artificial vaccine against Haemophilus in!luenzae type b meningitis. 

3. The preparation of a TBDMS protected ribose spacer and its subsequent deprotection by 

a ncw approach werc describcd. 

4. The development of a new hydroxyl protecting group was described. 
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EXPERIMENTAL 

General Methods. 

Melting points were measured on Gallenkamp block and are uncorrected. Optical rotations 

werc recorded on a Jasco DIP-l40 digital polarlmeter (Na lamp, 589 line) in chlorofonn 

unless specificd othcrwise. Thin-layer chromatography and flash chromatography were 

pcrfonned on Merck SUica Gel 6OF2S4 aluminum plates and Merck Silica Gel 60 (230-400 

mesh) respcctively. tH NMR spectra were obtained on Varlan XL-200 and XL-300 

spectrometcrs at 200 and 300 MHz respectively. l3e NMR spcctra were recorded at 75.4 

MHz on the Varian XL-300 spectrometer. Chemical shifts for both the IH and 13e NMR 

are reponed in S uoits downfield of tetramethylsilane (TMS). 31p NMR spectra were 

measured at 121.42 MHz 00 a Varian XL-300 spectrometer using 5% H3P04 as extemal 

refcrence. AIl NMR spectra were obtained in chloroform-d (CDCI3) unless specified 

othcrwise. low-resolution mass spectra (MS) were recorded on a HP 5984A or LKB 9000 

spcctrometers. High-resolution mass spectra were measured on a Du Pont 21-492B 

instrument. 

AlI reactions were monitored by TLC and perfonned under an atmosphere of dry 

argon. Tetrahydrofuran (THF) was distilled from sodium and benzophenone prior to use. 

Methylene chloride was dried by refluxing over phosphorus pentoxide (P20s). Acetonitrile 

was distilled from P20s and rcfluxed ovcr calcium hydride (CaH2). Dioxane was distilled 

from CaH2. Tetrazole was purified by sublimation. Trichloroacetic acid was dried by 

distilling off the benzeoe-water azeotrope. 
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21 was prcpared according to the method of Leonard and Carraway. J. Heterocycl. 

Chem. 1966, 3,485. 

MethyIS-O-benzyl-2,3-0-lsopropylidene-p-O-ribofuranoside 22. 

Sodium hydride (60% oil dispersion, 10.20 g, 1.5 eq) was added to a solution of 21 

(50 g) and tetra-n-butylammonium iodide (0.90 g,O.Ol eV in 500 ml of dry mF. After 

complete evolution of hydrogen (0.5 h), benzyl bromide (22 ml, 1.2 eq) was slowly added. 

The mixture was stiITed at room temperature for 6 h. F10risil (20 g) was then addcd and the 

THF was removed under reduced pressure. Pentane (200 ml) was then added to the slurry, 

filtration and washing the residue with 3X200 ml pentane followed by evaporation of the 

solvent gave an oil which was distilled to a colorIess liquid (65 g, 90%; Bp 130-135,0.1 

mm Hg). lH NMR (200 MHz): 1.32, 1.49 (2 s, 6 H, 2 CH3), 3.29, (s, 3 H, OCH3), 3.49 (m, 

2 H, H-S, S'), 4.38 (t, 1 H, H-4, J = 7.0 Hz), 4.55 (s, 2 H, CH2Ph), 4.57 (d, 1 H, H-2, J = 

5.7 Hz), 4.67 (d, 1 H, H-3, J = 6.0 Hz), 4.97 (s, 1 H, H-l), 7.34 (m, 5 H, ArH). MS (CI, 

NH3, rn/e, %) 312 (M+NH/, 13.1),280 (M+NH4+-MeOH, 1(0). 

S-O-Benzyl 1,2,3 tri-O-acetyl-O-ribofuranoside 24. 

A solution of 22 (26.25 g) in 70% aqueous acetic acid (120 ml) was heated ta 80° C 

for 6h. Toluene was then evaporated from the solution until the smell of acetic &cid could 

no longer be detected. The resulting ail was then dissolved in methylene chloride (500 ml). 

To that solution was then added pyridine (36 ml, 5 eq), DMAP (1.0 g, 0.1 eq) followed by 

acetic anhydride (34 ml, 4 eq). Aft~r stirring for 0.5 h at room temperature, the excess 

acedc anhydride was quenched with methanol (5 ml). The resulting solution was then 

washed with IN HCI (200 ml), brine and dried over magnesium sulfate. Filtration of this 
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suspension throulb a pad of sUiea gel eluting with etbyl acetate and removal of solvent 

under reduced pressure gave 24 as a pale yellow oïl (quantitative). lH NMR (200 MHz): 

(oIP,2S:7S) 1.90, 1.99, 2.0S (s, 3 CH3), 3.S8 (m, 2 H, H-S, S'), 4.29 (m, 1 H, H-4), 4.S2 (s, 

2 H, CH2Pb), S.31 (d, 1 H, H-3, J = 3.7Hz), S.43 (dd, 1 H, H-2, J = 4.7, 6.S Hz), 6.09 (s, 

H-l, P-H), 6.38 (d, H-l, a-Hl, 7.45 (m, S H, Ar-H). 

Orthoacetate 26. 

200 ml of dry Methylene chloride saturated with anhydrous HCI at 0° C was added 

to a solution of 24 (28 1) in 2S ml of Methylene chloride. The solution was stirred for 18b 

at 0° C and the solvent removed at reduced pressure. The acetic acid fonned was then 

coevaporated with tbree portions of toluene (100 ml). Ta a solution of the resulting oil in 

200 ml dry Methylene chloride was then added dimethylfonnamidc dimethylacetal (13.6 ml, 

1.S eq). After stirring for 3 h at rt, the solution was filtered through a pad of silica gel and 

elution with ethyl acetate followed by removal of the solvent gave 16 as an ail (21 g, 80%). 

IH NMR (200 MHz): 1.59 (s, 3 H, CH3), 2.09 (s, 3 H, C02CH3), 3.19 (s, 3 H, OCH3), 3.S5 

(dd, 1 H, H-5, J5-S' = 11.1 Hz, J4•5 = 4.1 Hz), 3.74 (dd, 1 H, J4-5, = 2.5 Hz), 4.17 (m, 1 H, 

H-4), 4.57 (2 d, 2 H, CH2Ph, J = 12.1 Hz), 4.79 (dd, 1 H, H-3, J3-4 = S.3 Hz, J2-3 = 8.8 

Hz),4.93 (t, 1 H, H-2, J = 4.9 Hz), S.96 (d, H-l, J = 4.1 Hz), 7.32 (s, 5 H, ArH). MS (CI, 

NB3, rn/e, %): 356 (M+NH.t+, 36.7), 307 (M+·-MeO,l00). 

Orthoacetate 17. 

A solution of 26 (21 1) and sodium methoxide (192 mg, 0.1 equ.) in 200 ml 

Methanol was stirred at rt for 3 h. Tbe solvent was tben removed at reduced pressure and 

replaced witb 1HF (200 ml). Tctra-n-butylammonium iodide (2.5 g, 0.1 ev and sodium 

hydride (60% oil dispersion, 5.44 g, 2 eq) was tben added to the solution of the alcohol and 

tbe mixture stin'ed for 1 h. Allyl bromide (12 ml, 2 eq) was added and the mixtum allowed 
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to stir for 18 h at ft. Water wu carcfully added and the mixture was concentrated in vacuo. 

The residue was dissolved in ether and the solution washed twicc with brinc, dried 

(N~SO..> and conccntrated. Fluh chromatography of the l'Csidue (2()CI ethyl acctatc in 

hcxanes) affordcd the dcsired compound (14 g, 77%) as a pale ycllow oil. [a]23D +9S.7, (c 

2.29, CHeI3). tH NMR (200 MHz): 1.70 (s, 3 H, CH3), 3.23 (s, 3 H, OCH3), 3.60 (dd, 1 H, 

H-S, J'_5' = 11.3 Hz, J4_, = 4.0 Hz), 3.82 (m, 2 H, H-S', H-3), 4.03 (m, 3 H, H-4, Œrvinyl), 

4.59 (2 d, 2 H, CH2Ph, J = 12.2 Hz), 4.69 (t, 1 H, H-2, J = 4.4 Hz), S.24 (m, 2 H, 

vinylic-Œ2), S.9O (d, 1 H, H-1, J = 4.0 Hz), 5.93 (m, 1 H, vinylie-CH), 7.32 (s, 5 H, ArH). 

13e NMR: 22.7 (CH3), 49.5,68.0, 71.4, 73.4, 77.4, 78.1, 78.7, 104.2, 117.9, 124.7, 127.7, 

128.4, 134.4, 137.0. MS (CI, NH3, rn/e, %): 337 (M+H+,10.9), 305 (M+'-MeO, 1(0). 

HRMS (CI, NH3, rn/el: C1sH250 6 (M+H+) caled. 337.16524, found 337.165 Il. 

S-O-Allyl-l,3,4-tri-O .. benzyl D-ribose diethyl dithioacetal 31. 

Sodium hydride (60% oil dispersion) (2.51 g, I.S eq) was added to a solution of 

2,3,4-tri-O-benzyl D-ribose diethyl dithioaeetal 31 (22 g) and tetta-n-butylammonium 

iodide (1.545 g, 0.1 eq) in dry 1HF (200 ml). After stining the mixture for 1 h at rt, allyl 

bromide (16 ml, 3 eq) was added and allowed to l'Caet for 16 h. Excess hydridc was 

destroyed by careful addition of water. The oil rcsulting from the evaporation of the THF 

was dissolved in ether (300 ml) and the solution washed with brine (2X200 ml), dried 

(MgS04) and concentrated ta a yellow oil. (yield quantitative). The compound was uscd 

without purification in the next step. An analytieal sample was purified by chromatography 

eluting with 5% ether in petroleum ether. IH NMR (200 MHz) 1.1S-1.26 (m, 6 H, 2 CH3), 

2.57-2.71 (m,4 H, 2 SCH~, 3.6S-~.69 (m, 2 H, H-S, 5'),3.91-3.94 (m, 2 H, CH2), 3.99-4.16 

(m,3 H),4.2S (d, 1 H, H-1, J = 3 Hz), 4.59-5.11 (m, 6 H, PhCH21, 5.11-5.28 (m, 2 H, 

vinylic CH2), 5.81-5.89 (m, 1 H, vinylic CH), 7.26-7.32 (m, 15 Ht Ar-H). 



( 

c 

• - A "'i.;.x.; .; ,.j ilZ! WU.. _ ., ••••• 

Alternative method for the mparation of dithioaceta131 

MethyIS.O-allyl-2,3-0-lsopropylidene-p-O.rlbofuranoslde 33. 

78 

Sodium hydride (4.078 g, 1.5 eq) was added to a stirring solution of 21 (16 g, 1 eV 

and tetta-n-butylammonium iodidc (2.894 g, 0.1 eq) in 300 ml dry THF at n. After 1 h, 

allyl bromidc (14 ml, 2 eq) was added and stining continued for 4 h. Florisil (20 g) was 

then added to the l'Caction mixture and the solvent removcd under vacuum. Pentane was 

then addcd to the residue filtration and evaporation of the pentane gave an oil which was 

distilled (BP 99-102°C, 0.2 mm Hg) to a colorless oil (18.S g, 97%). 1H NMR (200 MHz) 

1.32, 1.4 (2 s, 6 H, 2 CH3), 3.32 (s, 3 H, OCH3), 3.34-3.53 (m, 2 H, H-S, S'), 4.02 (m, 2 H, 

CH2), 4.34 (m, 1 H, H-4), 4.S8 (d, 1 H, H-2, J = 6 Hz), 4.68 (dd, 1 H, H-3, J3-2 = 6 Hz, J3-4 = 
1 Hz), 4.97 (s, 1 H, H-l), 5.16-5.34 (m, 2 H, vinylic CH~, S.81-5.98 (m, 1 H, vinylic CH). 

Methyl S·O-allyl-p.D-ribofuranoside 34 

A solution of compound 33 (5 g) in 200 ml methanol and 2S ml water containing 1 

ml concentratcd sulfuric acid was refluxed for 2 h. The acid was quenched with saturated 

sodium bicarbonate solution and after evaporation of the Methanol, the residue was 

extracted with ethyl acetate. The combined extracts were then washed with brine dried 

(MgS04) and concentrated to yield an anomeric mixture of the desired compound which 

was used without purification in the next step. lH NMR (200 MHz) (eDCI] + D20) 3.30 (s, 

3 H, OCH3), 3.44-3.S7 (m, 2 H, H-S, S'), 3.93-4.12 (m, S H), 4.78 (s, IH, H-l), 5.12-5.30 

(m, 2 H, vinylic CH2), 5.80-5.89 (m, 1 H, vinylic CH) 

S-O-Allyl D·ribose diethyl dithioacetal 3S. 

Anhydrous zinc chloridc (2.357 g, 4 eq) was added to a solution of compound 34 

(882 mg) in ethanethiol (4 ml) at n. After stirring for 15 min, the reaction was quenched 10 

ml O.IN HCI. The ethanethiol was then removed and the residue extractec1 with ethyl 
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acetate. Mter drying (MISO,.) and concentrating under vacuum. the compound wu 

purified by chromatography e1utinl with 40% ethyl acetate in petrolcum ether. (Yield 

1.206 g, 94%). 18 NMR (200 MHz) 1.27 (t, 6 H, 2 CH,), 2.61-2.78 (m, 4 H, 2 sœ:z>, 

3.14-3.22 (m, 3 H, 3 OH), 3.70 (m, 2 H, CH:z>, 3.86-4.00 (m, 5 H), 4.25 (d, 1 H, 8-1, J = 3 

Hz), 5.17-5.31 (m, 2 H, vinylic ai2), 5.82-5.90 (m, 1 H, 3 vinylic 01) 

S-O-Allyl 2,3,4 tri-O-benzyl D-ribose diethyl dithioac:etal 31. 

Sodium hydride (60% oil dispersion, 9.73 g, 4 eq) was added to a solution of 35 (36 

g, 1 eq) and tetra-n-butylammonium iodide (11.23 g, 0.5 eq) in 50 ml dry THF (1.3 1). After 

stining for 1 h at rt, benzyl bromide (28.9, 4 eq) was added and the stirring continued for 6 

h. florisil (30 g) was then added to the mixture and the THF was removed under vacuum. 

Pf.ntane (300 ml) was added and the mixture filtered through Cetite washing the residue 

with pentane. After removal of the solvent, the oil was chromatographed (5% ether in 

hexanes yelding 62.6 g (91%) of the desired compound. The 18 NMR was superimposable 

on the spcctrum of compound 31 prepared eartier. 

S-O-Allyl-2,3,4-tri-O-benzyl D-ribitoI32. 

Mercury (II) chloride (30 g, 2.5 eq) \Vas added to a stirring suspension of mercury 

(U) oxide (yellow) (29 g, 2.5 eq) in a solution of 32 (25 g) in 10% aqueous acetone (500 

ml) at rt. After 2 h, the mixture was filtered through Celite washing with acetone. The 

residue obtained after removing the solvent was taken in Methylene chloride (400 ml) and 

washed with 10% potasium iodide solution (3X200 ml), brine, dried (MgS04) and 

concentrated. The resulting oil was then dissolved in Methanol (500 ml) and sodium 

borohydride (3.36 g, 2 eq) was slowly added to the solution. After complete addition. the 

solution was evaporated to dryness and the residue was dissolved in Methylene chloride 

(400 ml). This solution was washed with brine (2X200 ml), dried (MgS04) and the solvent 
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wu removed in vacuo. The l'Csidue was purified by flash cbromatography eluting with 

25~ ether in pctroleum ether yielding 32 as a pale yellow oil; (yield 14.7 g, 72'1) 

(calculated from alcohoI31). [a]23D -23.15, c 0.11. IH NMR (200 MHz): 2.36 (br. t 1 H, 

OH), 3.63-3.99 (m, 9 H), 4.61-4.79 (m, 6 H, CH2Ph), 5.20-5.33 (m, 2 H, vinyüc œv. 
5.84-5.98 (m, 1 H, vinylic CH), 7.33 (m, 15 H, ArH). MS (CI, NB3, mie, '1): 463 (M+H+, 

1(0). HRMS (CI, NH3) for ~~3S0S (M+H+) Calcd. 463.24836 Found 463.24845. 

2' -0-Aœtyl-3' -0-allyl-5' -O-benzyl-p-riboluranosyl 

2,3,4-tri.O·benzyl-5.0-allyl.D.ribitol 37. 

Freshly distilled trimethylsilyl chloride (TMSCI) was added to a solution of 

orthoacetatc 27 (6.75 g, 20.10 mmol) in dry methylene chloride (200 ml) at rt. Mter stirring 

the solution for Ih, the solvent and excess TMSCI were removed under vacuum. A solution 

of the resulting oil in dry acetonitrile (20 ml) was then added to a suspension solution of 

silver perchlorate (4.57 g, 22.10 mmol) and finely powdered 4A molecular sieves (9 g) in 

dry acetonitrile (60 ml) at -400C and the mixture was stirrcd for Ih. The ribito132 (4.64 g, 

10.05 mmol) in acetonitrUe (20 ml) was slowly added to the suspension. Mter 4h at -4()OC, 

soUd sodium bicarbonate (3 g) was added and the soUds were tiltered through Cclite 

washing with methylene chloridc (200 ml). Removal of the solvents and chromatography 

(15% ether in hexanes) gave a colorless oil (6.42 g, 83%). [a]23D -18.15,(r.: 1.29, CHCI3). 

IH NMR (200 MHz) 2.14 (s, 3 H, COCH3) , 3.56-3.68 (m, 5 H), 3.71-4.21 (m,IO H), 

4.50-4.73 (m, 8 H, CH2Ph), 4.90 (s, 1 H, H-l), 5.14-5.33 (m, 5 H, 2 vinylic CH2, H-2), 

5.64-5.94 (m, 2 H, vinylic CH), 7.32 (m, 20 H, Ar-H). 13C NMR: 20.9 (CH3), 67.4, 69.9 

71.6, 71.94, 72.3, 72.4, 73.2, 73.9, 74.2, 78.0, 78.2, 78.6, 80.4, 105.2 (C-l), 116.9, 117.6, 

127.6,127.8, 127.9, 128.0, 128.3, 134.2, 134.9, 138.3, 138.5,138.6, 170.0 (-COQ-). 

2,s.Di.0.benzyl.3.0.allyl.~.ribofuranosyl 2,J,4.tri-O·benzyl.5.0.allyl.D.ribltol 38. 

Sodium methoxide (21 mg, 0.1 eV was added to solution of 37 (3 g) in methanol. 
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After 2 h at rt, the methanol was removed under reduced pressure. Sodium hydride (6()CJ, 

oil dispersion, 0.251 g, 1.6 eV and tctra-n-butylammonium iodidc (0.723 1,0.5 cq) was 

then added to a solution of the rcsulting oil in dry 1HF (50 ml). Alter stirring for Ih at ft, 

benzyl bromidc (0.64 ml, 1.3 eq) was added and stirring continued ovemight. The rcaction 

was then quenched with water. The nIF was then removed under vacuum and a solution of 

the rcsidue in methylene chloridc (200 ml) was then washed with brine (2Xl00 ml) dried 

(MgS04> and concentrated to dryness. Chromatography (25% ether in hexanes) yielded 38. 

IH NMR (200 MHz): 3.54-3.70 (m, 5 H), 3.95-4.00 (m, 10 H), 4.30 (m, 1 H, H-4), 

4.49-4.68 (m, 10 H, CH2Ph), 5.04 (s, 1 H, H-1), 5.13-5.31 (m, 4 H, 2 vinylic CH:z), 5.89 (m, 

2 H, 2 vinylic CH), 7.24-7.37 (m, 25 H, Ar-H). I3C NMR: 67.3, 70.1, 71.5,71.8, 72.1, 

72.2, 72.3, 72.5, 73.1, 73.9, 78.1, 78.5, 78.7, 78.8, 79.6, 80.5, 105.4 (C-l), 116.8, 117.4, 

127.5,127.6, 127.8, 127.9,128.0, 128.3, 128.4, 134.5, 135.0, 137.9, 138.5, 138.6, 138.7 

2,5-Di-O-benzyl-p-ribofuranosyl 2,3,4-tri-O-benzyl-D-ribitoI41. 

A solution of 38 (5.921 g, 7.27 nunol), uis(triphenylphosphine)rhodium(l) èhloride 

(0.673 g, 0.727 mmol) and DABCO (0.244 g, 2.18 mmol) in 75 ml of 10% aqueous ethanol 

and 25 ml toluene was refluxed for 6h. NMR showed complete disappearance of the allyl 

pattern. The solvents were then replaced with 10% aqueous acetone (100 ml) and to that 

solution was added mercury (II) chloride (5.925 g, 21.82 mmol) and mercury (II) oxide 

(4.727 g, 21.82 mmoI). After stirring the suspension for 1 h, the solids were removed by 

filtration through Celite. Removal of acetone under reduced pressure gave an oil which was 

then dissolved in methylene chloride (300 ml). This solution was then washed with 5% 

potassium iodide solution (2Xl00 ml), brine (100 ml), dried (MgS04) and concentrated to 

dryness. Purification by chromatography (50% ether in hexanes) gave 41 as an oil (3.875 g, 

65%). [a]23D 3.15, (c 0.93, CHCI3). 1H NMR (200 MHz): 2.29 (br t, 1 H, CS' -OH, 2.60 (d, 

1 H, C3-0H, J = 8.5 Hz), 3.50-4.17 (m, 12 H), 4.48-4.69 (m, 10 H, CH2Ph), 5.01 (s, 1 H, 
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H-l), 7.28-7.32 (m, 25 H, Ar-H). 13C NMR: 61.4,67.1, 71.7,71.9,72.3,72.6,73.2,74.0, 

77.8, 78.9, 79.1, 81.7, 83.1, 104.8 (C-l), 127.5, 127.7, 127.8, 128.1, 128.1, 128.3, 128.4, 

128.6, 137.1, 138.0, 138.1. 

Alemative methocl for the preparation of 2,5-Di-O-benzyl-p-ribofuranosyl 

2,3,4-tri-O-benzyl.D-ribitoI41. 

Lithium triethylborohydride (Super Hydride®) (1.9 ml (1.0M in TIIF), 1.9 mmol) 

was added to a solution of 38 (190 mg, 0.23 mmol), 

tetrakis(triphenylphosphine)palladium(O) (135 mg, 0.12 mmol) and triphenylphosphine (86 

mg, 0.33 mmol) in anhydrous dioxane (5ml). The solution was refluxed for 1 h. 1l..C 

analysis showed complete absence of starting material and the appearance of a new polar 

spot having the same Rf as diol 41. After quenching the reaction with 2 ml of a lM NaOH 

solution, the dioxane was removed under vaccum. The residue was then taken in chloroform 

and washed with brine. Drying followed by concentration afforded ~n (lil which v. ~s then 

purified by chromatography (25% ethyl acetate in petroleum ether). Yield: IS4mg (90%). 

The lH NMR was indistinguishable from the NMR of the compound obtained from the 

other deallylation procedure. 

2,s-Di-O.Benzyl-p-ribofuranosyI2,J,4-Tri-O-benzyl-S.O-monomethoxy 

trityl-n-ribitoI42. 

Monomethoxytrityl chloride (1.985 g, 1.3 eq) was added to a solution of 41 (3.609 

g), dry pyridine (1.20 ml, 3 eq) and DMAP (0.302 g, 0.5 eq) in dry Methylene chloride (55 

ml) 8,t rte After stining for 15 h, the solution was poured into saturated sodium bicarbonate 

solution. The aqueous layer was further extracted with Methylene chloridc, the combincd 

extracts were then washed with brine, dried (Na2S04) and concenttated to dryness. 

Chromatography gave 41 as a white foam (4.513 g,86%). [a]23D -15.4, (c 1.27, CHeI3). 
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IH NMR (200 MHz): 2.57 (d, 1 H, C3-0H, 1 = 8.7 Hz), 3.41-4.10 (m, 12 H), 3.75 (s, 3 H, 

OCH3), 4.47-4.82 (m, 10 H, CH2Ph), 4.98 (s, 1 H, H-l), 6.75 (d, 2 H, H-3, H-5 on PhOCH3) 

7.21-7.49 (m, 37 H, Ar-H). 13C N~tR: 55.0, 63.7, 67.5, 71.8, 72.0, 72.2, 72.4, 72.6, 73.1, 

78.1, 78.8, 81.7, 83.0, 86.3, 104.6, 112.9, 126.7, 127.3, 127.4, 127.5, 127.6, 127.7, 127.8, 

127.9, 128.0, 128.1, 128.2, 128.4, 130.4, 135.6, 137.0, 138.1, 138.3, 138.5, 138.6, 144.5, 

158.3. 

1,s.Di-O.benzyl-3·0.(2-cyanoethyl N,N-diisopropylphosphoramidite).p.ribofuranosyl 

1,3,4.tri-O.benzyl-S-O·monomethoxy trityl·D.ribitoI43. 

A solution of 11 (1.721 g, 1.72 mmol) in 15 ml dry THF was added to a solution of 

diisopropylethylamine (1.2 ml, 6.87 mmol) and 2-cyanoethyl 

N,N-diisopropylchlorophosphoramidh~ (0.74 ml, 3.44 mmol) in 20 ml THF at rt. After 

stirring the solution for 24 h, saturated sodium bicarbonate was added and the THF was 

evaporated. The residue was then extracted with ethyl acetate, washed with brine, dried 

(Na2S0~ and concentrated. Purification on a short column eluting with 3:1:6 ether, 

triethylamine, hexanes gave the diasteromeric 43 as a white foam (1.82 g, 88%). lH NMR 

(300 MHz): 1.05-1.17 (m, 12 H, 2 N(CH3)2)' 2.31-2.38 (m, 2 H, CH2~N), 3.39-4.49 (m, 17 

H), 3.75( s, 3 H, OCH3), 4.48-4.78 (m, 10 H, CH2Pil), 4.97. 4.98 (2 s, 1 H, H-l), 6.74 (d, 2 

H, H-3, H-5 on PhOCH3, 1 = 8.9 Hz), 7.08-7.48 (m, 37 H, Ar-H). I3e NMR: 24.5,24.6, 

24.7,43.1,43.2, 43.4, 55.2, 58.4, 63.8,67.7, 71.3, 72.3, 72.4, 72.6, 73.2, 73.4, 73.7, 78.3, 

78.8, 78.9, 79.1, 81.5, 81.7,86.4, 105.4. 105.6 (C-l), 113.0, 126.8, 127.4, 127.5. 127.6, 

127.7, 127.8, 127.9, 128.2, 128.3, 128.6, 130.5, 135.8, 13b.l, 138.3, 138.4, 138.7, 144.7, 

158.5. 31p NMR: 149.8. 

1,s.Di-O-benzyl-3·0.levulinyl.p-ribofuranosyI2,3,4·tri.O.benzyl .. S-O.monomethoxy 

trityl-D-ribitoI44. 

A solution of DCC (0.792 g, 3.84 mmol) in 2 ml THF was added ta li soluûon of 42 
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(1.7S g, 1.7S mmol), DMAP (0.373 l, 3.06 mmol) and lewlinic &cid (0.31 ml, 3.06 mmol) 

in 3S ml of nIF. After stirring for 24 h, the soludon was tUtered through Cclitc washing 

with chlOlOfonn. After evaporation of the solvent, the residue was purified by short column 

chromatography eluting with 50% ether in hexanes affording 44 in quantitative yield IH 

NMR (300 MHz) 2.13 (s, 3 H, CH3CO), 2.63,2.65 (2 d, 4 H, CH2Œ 2, J = 5.31 Hz),3.47 

(m, 2 H, CH20MMT), 3.48 (d, 2 H, H-S, S', 1= 4.9 Hz), 3.50 (m, 1 H), 3.75 (s, 3 H, OCH3), 

3.87 (m, 4 H), 4.07 (dd, 1 H, H-2, JI-2 = 1.8 Hz, J2_3 = 4.9 Hz), 4.31 (m, 1 H, H-4), 

4.44-4.68 (m, 10 H, CH2Ph), 4.98 (d, 1 H, H-I, 1= 1.9 Hz), S.13 (t, 1 H, H-3,1 = 5.2 Hz), 

6.74 (d, 2 H, H-3, H-S on PhOCH3), 7.20-7.48 (m, 37 H, Ar-H). 13C NMR: 24.5, 25.6,27.8, 

28.5,29.5, 29.6, 30.5, 32.2, 37.5, 38.5, 49.7, 54.8,63.5, 67.6, 71.2, 72.1, 72.4, 72.5, 73.0, 

73.4,73.6, 78.1,78.5,78.7,79.9,80.5,86.1, 105.7 (C-l), 112.8, 126.5, 127.2,127.3,127.5, 

127.6, 127.9, 128.0, 128.1, 128.3, 130.2, 125.5, 137.S, 137.9, 138.2, 138.4, 144.4, 158.2, 

171.8. 

2,s-DI-O-benzyl-3-0-levulinyl-p-ribofuranosyl 2,3,4-tri-O-benzyl-D-ribitol 45. 

A solution of 44 (1.921 g) in 100 ml of 3% trichloroacetic acid in methylene 

chloride was sthTed at rt for 1 h. The solution was then poured in a saturated sodium 

bicarbonate solution (100 ml), the aqueous layer was further extracted with methylene 

chloride (2Xl00 ml). After washing the combined extracts with brine and drying (N~S04)' 

the solution was concentrated and chromatographed (50% ether in hexanes) yiclding 1.23 g 

(85%) of 45. [a]23D 1.65, (c 1.09, CHCI3). IH NMR (300 MHz) 2.14 (s, 3 H, CH3CO), 

2.62, 2.66 (2 d, 4 H, CH2CH2, 1 = S.3 Hz), 3.53 (d, 2 H, ribitol H-S, S', 1 = 5.0 Hz), 

3.73-4.07 (m, 7 H, ribitol H), 4.10 (dd, 1 H, H-2', Il'-2' = 2.2 Hz, J2'-3' = 5.1 Hz), 4.33 (m, 1 

H, H-4'), 4.44-4.68 (m, 10 H, CH2Ph), 5.02 (d, 1 H, H-l', 1 = 2.1 Hz), 5.17 (t, 1 H, H-3', J = 
S.3 Hz), 7.27-7.3 (m, 25 H, ArH). 13e NMR: 24.8,26.2,28.0,29.8,30.8,32.5, 37.9,61.4, 

67.4, 71.3, 72.0, 72.4, 72.9, 73.3, 73.7, 74.0, 76.8, 78.9, 79.0, 80.3, 80.7, 106.1 (C-l), 
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Dimer46 

A solution of alcohol4S (1.S01 g, 1.81 mmol) in 20 ml dry acetonitrile was added ta 

a solution of phosphoramidite 43 (2.787 g, 2.32 mmol) and tetrazole (1.624 mg, 23.2 mmol) 

in 20 ml acetoniuile at rt. The solution was allowed to stir for 48 h by which lime all of 4S 

was consumed. Pyridine (4 ml) was added followed by the addition of a 0.5 M iodine 

solution in TI-IF/water (2:1) until a red color persisted. The acetoniuile was then removed 

under vacuo and the residue taken in chlorofonn (200 ml). This solution was then washed 

with saturated sodium bisulfite, brine, dried (N~S04) and concentrated to dryness. 

Chromatography (40% ethyl acetate in petroleum ether) afforded 3.335 g (95%) of 46 as a 

white foam. tH NMR (300 MHz) 2.11 (s, 3 H, COCH3), 2.62 (m, 4 H, -CH2CH2-), 3.38 (m, 

2 H, ribose-CH2), 3.52 (m, 2 H, ribitol-CHv, 3.64 (m, 1 H), 3.72 (s, 3 H, OCH3), 3.34-5.06 

(m), 5.17 (t, 1 H, H-3"', J = 5.3 Hz), 6.74 (2 d, 2 H, H-3, S'on PhOCH3), 7.22-7.50 (m, 62 

H, Ar-H). l3e NMR 28.0, 29.8,37.9, 55.2,61.8,61.9, 63.8,67.3,67.4, 68.1,68.2, 70.7, 

70.8, 71.3, 72.3, 72.4, 72.6, 73.3,73.4, 73.6, 73.8, 77.3, 77.4, 77.8, 77.9, 78.3,78.8, 78.9, 

80.2, 80.7, 80.8,80.9, 81.0, 81.2, 86.4, 105.5. 105.7, 106.0, (2 C-1), 113.0, 126.8, 127.2, 

127.3, 127.4, 127.5, 127.6, 127.7, 127.8, 128.0, 128.1, 128.2, 128.3, 128.4, 128.6, 130.5, 

135.8,137.7, 137.8, 137.9,138.1,138.3, 138.4, 138.6, 144.6,158.5,172.2. 31p NMR -1.27, 

-1.65. 

Delevulination of dimer 46 giving 47 

Levulinyl ester 46 was disso1ved in 50 ml of 0.5 M hydrazine in pyridine-acetic acid 

(4: 1) buffer and allowed to stir for 1 h. 2,4-pentanedione (3 ml) was then added and the 

mixture was dissolved in 500 ml chloroform. The solution was then washed with saturated 

sodium bicarbonate (2X200 ml), saturated copper sulfate (2X200 ml) and rma1ly with 
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saturated ammonium chloridc (4X200 ml). Aftcr drying and conccntrating, the residue wu 

chromatographcd (40% ethyl acetatc in pctroleum ether) yielding a pale blue oU. The oU 

was then redissolvcd in ethyl acctate and washcd with saturated ammonium chloridc 

(3Xl00 ml) thus eliminating most of the blue coloration. Chromatography using the same 

solvent system yiclded 47 as a foam (2.771 g,87%). 1H NMR (300 MHz) (charactcristic 

peaks only) absence of levulinyl proton signais, 2.56 (d, IH, OH). 31 P NMR -1.29, -1.67. 

Fully deprotected tetrasaccharide 48. 

200 mg of 47 was treated with 20 ml of a 3% solution of trichloroacetic acid in 

methylene chloride for 30 min. The red solution was washed with saturatcd sodium 

bicarbonate and the aqueous layer further exttacted with chlorofonn. After drying and 

concentration to dryness, the residue was dissolved in 8 ml of a ammonium 

hydroxide/methanol/I'HF (2.5/2.5/3) solution. and allowed to stir for 1 h. The soivents 

were evaporated and th~ water removed as a benzene azeotrope. Short column 

chromatography eluting with 50% ethyl acetate in petroleum ether then with 25% methanol 

in ethyl acetate yielded an oil. A solution of the oil in methanol (20 ml) and water (2 ml) 

wa!! then shaken under hydrogen (40 psi) in the presence of 10% Pd/C (500 mg) for 6 h. 

Filtration of the catalyst through Celite and evaporation of the methanol Ieft an aqueous 

residue which was washed with methylene chloride (2X15 ml), ether (15 ml) and pentane 

(15 ml). The aqueous extract was then applied on a column of Dowex X-8 Na+ ion 

cxchangc resin, slow cludon with 150 ml water followed by lyophilizarion gave 48 as a 

white powder (57 mg, 80%). lH NMR (300 MHz) 3.42-3.77 (m, 16 H), 3.81 (d, 1 H, H-2'), 

3.81 (m, 1 H, H-3'), 4.00 (m, 1 H, H-4'), 4.09 (m, 2 H, H-2"', H-4"'), 4.42 (m, 1 H, 

H·3'''), 4.86,4.88 (2 s, 2 H, 2 H-l). 13C NMR 65.1, 65.3,65.4,69.6 (Jc.p = 5.0 Hz), 71.5, 

71.6, 73.1 (2 Cl, 73.5, 73.8, (lc_p = 7.6 Hz), 74.3, 74.8, 75.1, 77.1, 77.2, 84.7 (Ie.p = 6.3 

Hz), 85.6, 109.6, 109.8 2 C-l. 31p NMR 0.68. HRMS (FAB, glycerol, rn/z) for 



( 

c 

87 

~oH390JNa (M+H+), calcd 653.1670, found 6~ 1.1670 

Benzyl 2,3-0-benzylidene-p-D-riboruranoside 52. 

To a solution of ribose (5 g) in 5 ml dry DMF was addcd bcnzaldchydc 

dimethylacetal (17 ml), dry bcnzyl alcohol (17 ml) and camphorsulfonic acid (3.9 g). The 

mixture was stirred under vacuum (water aspirator, 10-15 mm Hg) for 24 h. The reaction 

mixture was then dissolved in ether and washed with saturated sodium bicarbonate. After 

drying, (MgS04) the mixture was concentrated to an oil under high vacuum and with 

heating (70-90°C). Chromatography (1:1 ether/hexanes yielded an oil which was carefully 

recrystallised from cyclohexane yielding 52 (4.37 g, 40%) as a white powder and as a 

mixture of exo and endo isomers. MP 49-50°C. lH NMR (200 MHz) 3.0S, 3.21 (2 dd, 1 H, 

OH), 3.78 (m, 2 H, H-5, 5'), 4.63 (m, 1 H, H-4), 4.65,4.79 (2 s, 2 H, CH2Ph), 4.75,4.82 (2 

d, 1 H, H-3,] = 6.3 Hz), 4.90,4.98 (2 d, 1 H, H-2, J = 6.4 Hz), 5.31, 5.36 (2 s, 1 H, H-l), 

5.74,5.98 (2 s, 1 H, CHPh), 7.25-7.52 (m, 10 H, Ar-H). 

Benzyl S-O-(2-cyanoethyl N ,N-diisopropylphophoramidite) 

2,3-0-bellzylidene-p-D-ribofuranoside 53. 

Phosphoramidite 53 was obtained as in the procedure for 43 using aleohol 52 (670 

mg), 2-0-cyanoethyl N ,N-diisopropylehlorophosphoramidite (0.91 ml) and 

diisopropylethylamine (1.4 ml) in 20 ml dry TIlF. Purification by chromatography (25% 

ether, 1% triethylamine in hexancs) yielded the desired compound as an oil (87%). 31p 

NMR 139.5,143.4. MS (CI, mie, NH3, %) 529 (M+H+, 1(0). HRMS (CI, NH3, mie) for 

~8H37N206P caled 529.24684 found 529.24675. 

Reaction or 53 with alcohol 42 giving 59. 

This compound was obtained in 88% from phosphoramiditc S3 (440 mg, 0.83 
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mmol), a1cohol43 (522 mg, 0.52 mmol) and tetrazole (350 mg, 5 nunol) as in the procedure 

for 46. 31p NMR -2.01, -2.09. 

2.3.0-benzylldene-D-rlbofuranoslde 54. 

A suspension solution of ribose (5 g), anhydrous copper sulfate (10 g) benzaldehyde 

(4 eq, 15 ml) and camphorsulfonic acid (0.5 eq, 3.866 g) in dry DMF was stirred at rt for 48 

h. After neutralising the acid with concentrated ammonia (30 ml), the mixture was then 

exttacted with methylene chloride (3Xloo ml) and the organic layer washed with saturated 

NH4CI (3Xl00 ml), dried (Na2S04) and concentrating to dryness. The oil was 

chromatographed (30% EtAc in petroleum ether). Yield 3.4 g (42%). IH NMR (200 MHz) 

4.87 (m, 2 H, H-5, H-5'), 4.68 (m, 1 H, H-3), 4.79 (d, 1 H, H-3, J = 6 Hz), 4.97 (d, 1 H, H-2, 

J = 6Hz), 5.65 (s, 1 H, H-l), 5.85 (s, 1 H, CH-Ph), 7.48-7.66 (m, 5 H, Ar-H). 

5-0-Methoxytrityl 2-3-0-benzylidene-O-ribofuranoside 55. 

Monomethoxytrityl chloride (5.839 g, 1.5 eq) was added to a solution of 54 (3 g), 

pyridine (3.1 ml, 3 eq) and DMAP (0.769 g, 0.5 eq) in dry methylene chloride (250 ml). 

After stirring for 12 h at rt, the solution was poured in saturated sodium bicarbonate. The 

organic layer was then washed with brine, dried (Na2S04) and concentrated. Purification 

by chromatography (15% ethyl acetate/petroleum ether) yielded 5.528 g (86%) of 55. IH 

NMR (200 MHz) 3.80 (~, 3 Ht OCH3), 4.15 (d, 1 H, OH, J = 9.9 Hz), 4.53 (t, 1 H, H-4, J = 

3.24 Hz), 4.80 (d, 1 H, H-3, l = 6.2 Hz), 4.95 (d, 1 H, H-2, 1= 6.0 Hz), 5.48 (d, 1 H, H-1, J 

= 9.9 Hz), 5.81 (s, 1 H, CH-Ph), 6.86 (d, 2 H, H-3, H-5 on PhOCH3), 7.22-7.52 (m, 19 H. 

Ar-H). 

tert-Butyldimethylsilyl 5-0-Monomethoxytrityl-2-3-0-benzylidene-O-ribofuranoside 

61. 

tert-Butyldimethylsilyl chloride (2.945 g, 1.5 eq) was added to a solution of 55 
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(S.528 g) and im;dazole (2.657 g, 3 eq) in dry DMF (30 ml) at rt. After completion of 

reaction (6 h), the solution was concentrated under vacuum to a syrup which was 

chromatographed (10% ether in petroleum ether) yielding 61 as a mixture of anomcrs. 

(6.717 g, 83%). Chromlltography of an analytical sample afforded each anomer separatcly. 

(ex-isorner) tH NMR (200 MHz) 0.16,0.20 (2 s, 6 H, 2 CH3), 0.94 (s, 9 H, C(CH3h), 3.09 

(dd, 1 H, H-S, J4-5 = 3.7 Hz, 1s-S' = 10.0 Hz), 3.37 (dd, 1 H, H-5'), 3.80 (s, 3 H, OCH3), 4.44 

(m, 1 H, H-4), 4.68 (dd, 1 H, H-3, 12-3 = 7.1 Hz, 13-4 = 2.3 Hz), 4.78 (dd, 1 H, H-2, 11-2 = 3.9 

Hz, 12-3 = 7.1 Hz), 5.72 (d, 1 H, H-1, 1 = 4.1 Hz), 5.97 (s, 1 H, Ph-CH), 6.81-7.70 (m, 19 H, 

Ar-H) (B-isomer) 1H NMR (200 MHz) -0.12, 0.01 (2 s, 6 H, 2 CH3) , 0.72 (s, 9 H, 

C(CH3h), 3.10 (dd, 1 H, H-5, JS-5' = 9.2 Hz, 14-S = 10.2 Hz), 3.31 (~j, 1 H, H-5', J4-S' = 4.8 

Hz), 4.52 (d, 1 H, H-3, 13_2 = 6.2 Hz), 4.60 (dd, 1 H, H-4, 14-5 = 10.2 Hz, J4-5, = 4.8 Hz), 

4.88 (d, 1 H, H-2,12_3 = 6.1 Hz), 5.43 (s, 1 H, H-l), 5.77 (s, 1 H, Ph-CH), 6.81-7.56 (m, 19 

H, Ar-H). 

tert-Butyldimethylsilyl 2-3-0-benzylidene-D-ribofuranoside 62. 

To a solution of 61 (2.010 g) in 100 ml dry methylene chloride was added anhydrous 

trichloroacetie aeid (3 g). After stining for 30 mi." the aeid was neutralised with 75 ml 

saturated sodium bicarbonat: solution. The organic phase was separated and the aqueous 

layer further extracted with Methylene chloride. The combined extracts were then washed 

with brine, dried and concentrated to an oil. Purification by chromatography (5% ether in 

toluene) yielded 2.523 g (67%) of the (3-isorner and 617 mg (17%) of the a-isorner. Qnly 

the (3-isomer was used in subsequent steps. (B-isomer) [a]D23 -44.58, (c 1.13, CHCI3). lH 

NMR (200 MHz) 0.18 (s, 6 H, 2CH3), 0.92 (s, 9 H, C(CH3h), 3.58-3.75 (m, 3 H, H-5, 5', 

OH), 4.59 (m, 1 H, H-4), 4.64 (d, 1 H, H-3, J = 6.3 Hz), 4.97 (d, 1 H, H-2, J = 6.1 Hz), 5.54 

(s, 1 H, H-l), 5.75 (s, 1 H, Ph-CH), 7.37-7.53 (m, S H, Ar-H). (a-isomer) 1H NMR (200 

MHz) 0.17 (s, 6 H, 2CH3), 0.95 (s, 9 H, C(CH3>J), 1.74 (dd, 1 H, OH), 3.81-4.14 (m, 2 H, 
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H-S,5'), 4.16 (dd, 1 H, H-4,14-5 = 3.9,14-5' = 7.1 Hz), 4.73 (m, 2 H, H-2,3), 5.48 (cl, 1 H, 

H-l, JI-2 = 3.3 Hz), 6.09 (s, 1 H, Ph-CH), 7.36-7.49 (m, 5 Ht Ar-H). MS (CI, rn/e, NH3• 'fi) 

353 (M+H+), 295 (M+-S7, 0.05), 238 (M+Nl4 +-HOSiM"2t-Bu. 0.21), 221 

(M+H+-HOSiM~t-Bu, 1(0). 

terI-But yi dimethylsilyl S-O-(2-cyanoethyl N,N-diisopropylphosphoramidite) 

2,3.0-benzylidene-p-ribofuranoside 63. 

62 (1.018 g) was phosphorylated according to the procedure for 43 using 1.3 ml (2 

eq) of 2-0-cyanoethyl N,N-diisopropylchlorophosphommidite and 2.0 ml (4 cV of 

diisorropylethylamine in 60 ml of THF. Purification by chromatography eluting with 20% 

ether and 1 % triethylamine in petroleum ether yielded 63 as a diastereomeric mixture. 

(1.230 g, 77%). IH NMR (300 MHz) 0.11,0.12,0.13 (3 s, 6 H, 2 CH3), 0.89,090 (2 s, 9 H, 

SiC(CH3)3' 1.17-1.21 (m, 12 H, 2 NC(CH3)2)' 2.62-2.66 (m, 2 H, CH2CN), 3.58-3.88 (m, 6 

H), 4.46 (m, 1 H, H-4), 4.64,4.66 (2 d, 1 H, H-3, 1 = 6.2 Hz), 4.89,4.91 (2 d, 1 H, H-2, 1 = 6 

Hz), 5.51,5.52 (2 s, 1 H, H-l), 5.78 (s, 1 H, Ph-CH), 7.37-7.53 (m, 5 H, Ar-H). 31p NMR 

148.57, 148.76. Ms (CI, rn/e, NH3, %) 553 (MH+, 0.48), 452 (MH+-NiPr2, 1(0). HRMS 

(CI, NH3) for ~7H46N206PSi (MH+) calcd. 54\3.28647 found 553.28613. 

Dimer.phosphoramidite 58 

The delevulinated dimer (572 mg) was phosphorylated according to the procedure 

for compound 43 using 0.22 ml of diisopropylethylamine and 0.14 ml 2-cyanocthyl 

N,N-diisopropylchlorophosphoramidite. After workup and chromatography using a solution 

of 1:1 ethyl acetate and petroleum ether containing 0.5 ml triethylamine per 100 ml using a 

high flow-rate, 58 was obtained in 91% yield. 31p NMR -1.77, -1.35, 149.8, 150.0. 
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General procedure for covpling reaalons. 

Tetrazole (7-10 eV was added to a fiask containing the phosphoramidite (1.3-1.8 eV 

and a magnetic stirrer, the flask was then fittcd with a septum and a short needle was 

insencd throug~ it. Another flask containing the alcohol (1 eq) was also fitted with the 

septum-needle arrangement. Both flasks were then placed in a dessicator and dried under 

vacuum over P205 for about 6 h. The dessicator was then slowly filled with argon and the 

flasks removed. A solution of the alcohol in anhydrous acetonitrile (0.05 M) was then 

added to the tlask containing the phosphoramidite and the tetrazole. The solution was then 

stirred for 24-72 h at n. Dry pyridine (10-15 equ.) was then added followed by a 0.5 M 

solution of iodine in THF/water (2: 1) until the the brown color persisted. The solution was 

then concentrated under vacuum and the residue was dissolved in chlorofonn, tbis solution 

was then washcd with saturated sodium thiosulfate, brine, dried (Na2S04) concentrated ta 

dryness. The product was then purified by column chromatography. 

General detritylation procedure for the oligomers. 

A 3% solution of dry trichloroacetic acid in Methylene chloride was added to the 

tritylated compound to make a 0.02 M solution and allowed to stir for about 30 min. 

Saturated sodium bicarbonate was added and after separation of the phases, the aqueous 

layer was funher extracted with chloroform. The combined extracts were then dried 

(Na2S0J, concentrated to dryness and puritied by chromatography ta give the desired 

products in 80-90% yield. 

Monomer-spacer 64 (0 = 1) 

Starting from phosphoramidite 63 (336 mg, 0.61 mmol) and alcohol43 (407 mg, 

0.41 mmol) and tetrazole (199 mg, 2.84 mmol) the monomer was obtained in 85% yield 

(500 mg) as two diastereomers after purification by column chromatography (25% ethyl 

acetate in petroleum ether). IH NMR (300 MHz) 0.09,0.11,0.12,0.13 (4 s, 6 H, Si(CH3h>, 
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0.88,0.89 (9 H, SiC(CH3)3)' 2.31,2.40 (2 t, 2 H, CH2CN1 J = 6.3 Hz), 3.41-4.12 (m, 14 H), 

3.75 (s, 3 H" OCH3), 4.29-4.79 (m, 13 H),4.91 (m, 1 H, H-3'), 4.97,5.04 (2 d, 1 H, H-l', J 

= 2.4 Pz), 5.50, 5.52 (2 s, 1 H, H-l~, 5.68,5.69 (2 s, 1 H, PhCH), 6.74, 6.74 (2 d, 2 H, H-3, 

5 on PhOMe, J = 8.9 Hz), 7.08-7.50 (m, 44 H, Ar-H). 13e NMR 17.9 (SiC), 19.1 (SiC), 

19.2 (SiC), 25.7 (C<ÇH3)3' 57.2, 62.0, 62.1, 63.7, 63.8, 67.8, 67.9, 68.0, 611.1, 70.6, 70.9, 

72.3, 72.7, 73.4, 73.7, 77.7, 78.3, 78.8, 78.9, 80.9, 81.1, 81.2, 82.4, 82.5, 84 . .1, 84.5,86.4, 

87.7, 102.9, 105.4, 10~.S, 106.1, 113, 116.3, 126.7, 126.8, 127.0, 127.5, 127.6,127.7, 127.8, 

127.9, 128.2, 128.3, 128.4, 128.5, 128.6, 129.9, 130.5, 135.8, 137.6, 137.9, 138.4, 138.6, 

144.6, 144./, 158.5. 31p NMR -2.048, -2.204. 

Dimer-spacer 64 (n = 2). 

The dimer was prepared in 89% yie1d from the dimer alcoho1 47 (1.665 g,O.90 

mmol), phosphoramidite 63 (746 mg, 1.35 mmol) and tetrazole (947 mg, 13.5 mmol). The 

product was purified by column chromatography eluting with 50% ethyl acetate in 

petroleum ether. 13C NMR 17.9, 18.9, 19.0, 19.1, 19.2, 19.3, 25.7 (C(gi3h, 55.2,61.8, 

61.9, 62.0, 62.1,62.2, 63.8, 7.6, 67.9, 68.1, 68.2, 70.5, 70.7, 70.9, 72.3, 72.4, 72.8, 73.3, 

73.4, 73.7, 73.8, 76.8, 77.6, 77.8, 78.0, 78.8, 78.9, 80.8, 80.9, 81.0, 81.2, 81.3, 82.5,84.4, 

84.5,86.5,87.7, 103.0, 105.6, 106.2, 113.1, 116.4, 116.5, 126.7, 126.8, 127.0,127.5, 127.6, 

127.8, 128.0, 128.2, 128.3, 128.4, 128.6, 130.0, 135.8, 135.9, 137.5, 137.6, 137.9, 138.0, 

138.2,138.5,138.6, 138.7,144.7,158.5. 31p NMR -1.34, -1.76, l, 7,-2.19. 

Trimer-spacer 64 (n = 3). 

Reaction of the detritylated monomer 6S (n = 1) (159 mg, 0.13 mmol) with the 

phosphoramidite 58 (408 mg, 0.20 mmol) in the presence of tetrazole (93 mg, 1.33 mmol) 

provided the trimer in 74% yield after column chromatography (50% ethyl acetate in 

petroleum ether). 13C NMR 17.9, 18.8, 18.9, 19.0, 19.1, 19.2, 25.6,55.2, 61.7,61.8,61.9, 
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62.1,63.7,63.8, 67.4, 67.S. 67.6, 67.8,67.9, 68.0, 68.1, 68.2, 70.5. 70.7, 70.8, 72.2, 72.6, 

73.3, 73.4, 73.7, 73.8, 76.4, 76.5, 76.7, 76.8, 76.9, 77.1, 77.3, 77.9, 78.3, 78.7, 78.9, 80.8, 

80.9,81.2,81.3, 81.3, 81.5, 82.4, 82.5, 84.3, 84.5, 86.4, 87.7, 102.9, 105.5, 105.6, 105.7, 

105.8, 106.1, 113.0, 116.3, 116.4, 126.7, 126.8, 126.9, 127.1, 127.3, 127.4, 127.5, 127.6, 

127.7, 127.8, 127.9, 128.2, 128.3, 128.4, 128.5, 129.9, 130.5, 135.7, 137.4, 137.5, 137.6, 

137.8, 137.9, 138.1, 138.2, 138.03, 138.4, 138.6, 144.6, 144.7, 158.4. 31p NMR -1.24, 

-1.28, -1.62, -1.70, -1.89, -2.12. 

Tetramer-spacer 64 (n = 4). 

Tettazole (265 mg, 3.79 mmol) catalyzed reaction of the detritylated dîmer 65 (n = 

2) (430 mg, 0.21 mmol) with the phosphoramidite 58 (776 mg, 0.38 mmol) afforded the 

te tramer in 78% yield after purification by chromatography (50% ethyl acctate in petroleum 

ether then ethyl acetate). 13C NMR 18.8, 18.9, 19.0, 19.1,25.6,55.1,61.7,61.9, 62.0,62.1, 

63.6,63.7,67.4, 67.7,67.8, 67.9,68.0,68.1, 70.4, 70.6, 70.8, ,72.2, 72.7, 73.2, 73.3, 73.6, 

73.7, 76.6, 73.7, 76.6, 76.7, 77.1, 77.2, 77.3, 78.8, 78.2, 78.7, 78.8, 80.8, 80.9, 81.1,81.4, 

81.5, 82.3, 82.4, 84.3, 87.6, 102.8, 105.4, 105.5, 105.6, 105.7, 1057, 106.1, 112.9, 116.3, 

126.7, 126.9, 127.4, 127.5, 127.6, 127.9, 128.1, 128.2, 128.3, 128.5, 129.8, 130.4, 135.7, 

137.4, 137.5, 137.7, 137.8, 138.0, 138.1, 138.2, 138.3, 138.5, 138.6, 144.5, 144.6, 158.4. 

31p NMR -1.31, -1.68, -1.76, -1.96, -2.18 

Pentamer-spacer 64 (n = 1). 

A mixture of the detritylated trimer 65 (n = 3) (155 mg, 0.05 mmol), 

phosphoramidite 58 (198 mg, 0.10 mmol) and tetrazole (68 mg, 0.97 mmol) in acetonitrile 

was stirred at rt for 72 h. The product was then purified by column chromatography eluting 

with 50% ether in toluene then 50% ethyl acetate in toluene yielding 233 mg (89%) of the 

pentamer. 13C NMR 18.9, 19.0, 19.1, 25.6, 55.2, 61.8, 61.9, 63.7,63.8, 67.5, 67.6,68.1, 
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70.5, 70.7, 70.8, 72.2, 72.3, 72.6, 73.3, 73.4, 73.7, 73.8, 76.6, 77.3, 77.9, 78.3, 78.7, 78.9, 

80.8, 80.9, 81.2, 81.5, 81.6, 82.5, 86.3, 87.7, 102.9, 105.5, 105.7, 105.8, 106.1, 113.0, 

116.5, 126.8, 126.9, 127.5, 127.6, 127.7, 127.9, 128.2, 128.3, 128.4, 128.5, 128.7, 128.9, 

130.5, 135.7, 137.4, 137.5, 137.8, 137.9, 138.1, 138.2, 138.3, 138.4, 138.6, 144.6, 158.6. 

31p NMR -1.30, -1.67, -1.75, -1.84, -1.95, -2.18, -2.81 

General de protection procedure$. 

1. Decyanoethylation and debenzylation. 

The detritylated compound was dissolved in a solution of methanol-concentrated 

ammonium hydroxide (7:3) (nIF was sometimes added to aid dissolution) and stirred at rt 

for 18 h. The solution was concentrated to dryness using benzene to co-evaporate the 

water. ACter purification by preparative TLC (5-20% methanol in toluene and developing 

twice, the product was eluted from the siliea gel serapings with 1:1 ethyl aeetate and 

methanol) the resulting oil was dissolved in methanol (10-20 ml) and water (3-6) ml and 

10% Pd/C ( .... 500 mg) was added. The mixture was then shaken under hydrogen at 45 psi 

for 12 h. The eatalyst was filtered through Celite and the filter cake washed with methanol 

and water. After evaporation of the methanol, the residue was then diluted to about 5 ml 

with water and the solution washed with methylene chloride (2XlS ml), ether (IXls ml) 

and pentane (IXI5 ml). The aqueous solution was then applied to a 50 ml burette packéd 

with about 50 cm of Dowex X-8 resin Na+ form and eluted (1 drop per second) with 100 ml 

of water. Lyophilization gave the silylated polysaccharide as a white powder in 75-90 % 

yields. 

Monomer-spacer 66 (n = 1). 

IH NMR (300 MHz) 0.00 (s, 6 H, Si(CH3)z}, 0.73 (s, 9 H, C(CH3)3), 3.46-4.12 (16 

H), 4.43 (m, 1 H, H-3'), 4.87 (s, 1 H, H-l'), 5.13 (s, 1 H, spacer H-l). 13C NMR 20.1 
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(SiC), 27.9 (CH3), 65.1, 65.2, 69.8 (Je-p = 4.2 Hz), 71.6, 73.1, 73.7, 74.8, 7S.0, 76.6 (Je-p = 
3.4 Hz), 77.1 (Je.p = 5.4 Hz), 78.7, 83.6 Oe-p = 8.5 Hz), 84.7 (Je_p = 6.3 Hz), 105.1 (spacer 

Col), 109.5 (C-l) 31p NMR 0.16. MS (FAB, glycerol, rn/e) "55 (M+Na+, 1(0) 

Dhner-spacer 66 (n = 2). 

IH NMR (300 MHz) -0.01, 0.00 (2 s, 6 H, Si(CH3h), 0.73 (s, 9 H, C(CH3>J), 

3.45-4.11 (m, 27 H), 4.42 (m, 2 H, 2 H-3 '), 4.87 (s, 2 H, 2 H-l '), 5.13 (s, 1 H. spacer H-l '). 

13e NMR 20.1,27.9,65.1,65.2, 65.2,69.6 (Je.p = 5.2 Hz), 69.8,71.6, 73.1, 73.7,73.8, 74.3, 

74.8, 75.0,76.6,77.1, 77.1,78.7, 83.7 (Je-p = 8.6 Hz), 84.7,84.8,84.8,105.1 (spacer C-I), 

109.5. 109.6 (2 Col). 31p NMR 0.09 (1 P), 0.61(1 P). MS (FAB, glycerol, rn/e) 1023 

(M+Na+) 

Trimer-spacer 66 (n = 3). 

IH NMR (300 MHz) 0.00 (s, 6 H, Si (CH3)2), 0.73 (s, 9 H, C(CH3h), 3.45-4.13 (m, 

38 H), 4.40-44 (m, 3 H, 3 H-3 '), 4.87 (s, 3 H, 3 H-l '), 5.13 (s, 1 H, spacer H-l). l3C NMR: 

20.1 27.9,65.1,65.1, 65.2,69.5 (Je.p = 4.2 Hz), 69.8 (Je-p = 5.8 Hz), 71.5, 1.6, 72.9, 73.0, 

73.7, 73.8, 74.3, 74.8, 75.0, 76.6, 77.0, 77.1, 78.7, 83.6 Oe-p = 8.5 Hz), 84.6, 84.7, 84.8, 

105.1 (spacer C-I), 109.5 (3 C-l). 31p NMR: 0.16 (1 P), 0.68 (2 Pl. MS (FAB, glycerol, 

mie) 1369 (MH+), 1391 (M+Na+). 

Tetramer.spacer 66 (n = 4). 

IH NMR (300 MHz) -0.10 (s, 6 H, Si(CH3h),0.73 (s, 9 H, C(CH3h), 3.45-4.40 (m, 

49 H), 4.42-4.63 (m, 4 H, 4 H-3 '), 4.87 (s, 4 H, 4 H-I 'l, 5.13 (s, 1 H, spacer H-l). 13C 

NMR: 20.1, 27.9,65.2, 69.5,69.7, 71.5, 73.0, 73.6, 73.8, 74.3, 74.7, 75.0, 76.4,76.6, 77.0, 

77.1, 77.2,78.7,83.6 (Je-P= 8.2 Hz), 84.6,84.8 (Jc _p = 6.1 Hz), 105.1 (spacer C-l), 109.5 (4 

C-l) 31p NMR: 0.19 (1 P), 0.72 (3 P). 
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Pentamer-spacer 66 (0 = 5). 

IH NMR (300 MHz) -0.01, 0.00 (2 s, 6 H, Si(CH3)~' 0.73 (s, 9 H, C(CH3~)' 

3.45-4.08 (m, 60 H), 4.40-4.46 (m, 5 H,5 H-3'), 4.88 (s,5 H, 5 H-l), 5.13 (s, l H, spacer 

H-l). 13C NMR: 20.1,27.8,65.0, 65.1,69.4, 69.5, 69.6,71.4, 71.5, 72.9, 73.6, 73.7, 74.2, 

74.7, 75.0, 76.5, 77.0, 77.1, 78.7, 83.6 (lc-p = 8.5 Hz), 84.6, 84.7 (Jc _p = 6.2 Hz), 105.1 

(spacer C-l), 109.5 (5 C-1). 31p NMR: 0.17 (1 P), 0.70 (4 P) 

2. Desilylation. 

A 1.0 M potassium hydrogen fluoride aqueous solution buffered with pyridine (pH 

5-6) (3 eq) was added to a soh.!tion of the silylated oligomer in water (3-5 ml) and stirred at 

n for 12 h. This reaction was perfonned in a polypropylene container. The solution was 

then washed with methylene chloride (2X15 ml), ether (lX15 ml) and pentane (lX15 ml). 

The fully deprotected oligomer was then purified by elution with water (1 drop per second, 

100 ml) through a burette packed with Dowex X-8 resin Na+ form. Lyophilization yielded 

a white powder which gave a positive Benedict's test. Yields obtained were aImost 

quantitative. 

Monomer-spacer 67 (n = 1). 

[a]23D -4.94 (c 2.22, H20). IH NMR (300 MHz) 3.43-4.13 (m, 16 H), 4.39-4.46 (m, 

1 H, H-3'), 4.87 (s, 1 H, H-l), 5.06 (d, ~-I-!-1, J = 2.1 Hz), 5.21 (d, a-H-l, J = 3.9 Hz). 13e 
NMR: 65.2,68.2 (Jc.p = 5.2 Hz), 68.60c _p = 5.3 Hz), 71.5, 72.8, 73.0, 73.1, 73.2, 73.5, 

74.7. 75.0, 76.5, 77.1 (Jc_p = 4.8 Hz), 77.9, 83.8 Oc-p = 8.5 Hz), 84.6, 84.7,99.2 (a-C-l), 

103.9 (p-e~I), 109.5 (C-1) 31p NMR: 0.21. MS (FAB, gIyceroI, rnIz) 519 (MH+),541 

(M+Na+). HRMS (FAB, diethanolamine) for ClsH29016PNa (M+H+) calcd 519.10616, 

found519.10909; forClSH28016PN~ (M+Na+) calcd 541.09093, found 541.091038. 
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Dlmer-spacer 67 (n = 2). 

[a]23o -7.50 (c 0.14, H20). 1H NMR (300 MHz) 3.43-4.11 (27 H), 4.39-4.43 (m, 2 

H, 2 H-3'), 4.87 (s, 2 H, 2 H-l '),5.06 (d, p-H-l, 1 = 1.8 Hz), 5.22 (d, a-H-l, 1 = 3.9 Hz). 

13C NMR: 65.2, 65.3,65.5, 69.2,69.7 (Je-p = 4.2), 71."/, 73.0, 73.1, 73.2, 73.3, 73.6, 73.9, 

74.0, 74.4, 74.5, 74.9, 75.0, 75.1, 76.7, 77.3, 78.1, 83.9 (1e_p = 7.1 Hz), 84.9 (Je_p = 5.3 Hz), 

99.3 (a-C-l), 104.1 (P-C-l), 109.7 (2 C-I). 31p NMR: 0.25 (1 Pl, 0.71 (1 Pl. MS (FAB, 

glycerol, m/z) 887 (M+H+). 

Trimer-spacer 67 (n = 3). 

[a]230 -10.39 (c 0.16, H20). 1H NMR (300 MHz) 3.37-4.10 (38 H), 4.38-4.45 (m, 

3 H, 3 H-3'), 4.87 (s, 3 H, 3 H-l '), 5.07 (s, P-H-I), 5.21 (d, a-H-l, J = 3.9 Hz). 13e NMR: 

65.2, 65.3, 65.4, 69.2,69.5, 69.6, 71.6, 72.9, 73.0, 73.1, 73.2, 73.2, 73.6, 73.7, 73.8, 74.3, 

74.8, 74.9, 75.1, 76.5, 77.1, 77.2, 78.0, 83.8, 83.9, 84.7, 84.8, 84.9, 99.2 (a-C-l), 104.0 

(P-C-l), 109.6 (3 C-I ') 31p NMR: 0.15 (1 P), 0.62 (2 Pl. 

Tetramer-spacer 67 (n = 4). 

[a]23o -15.16, (c 0.74, H20).1H NMR (300 MHz) 3.43-4.11 (49 H), 4.35-4.45 (m, 4 

H, 4 H-3'), 4.85 (S, 4 H, 4 H-I '),5.06 (d, p-H-I, J = 1.8 Hz), 5.21 (d, a-H-I, J = 3.9 Hz). 

13e NMR 65.2, 65.4,69.1 (Je-p = 5.8 Hz), 69.6 (Je-p = 5.3 Hz), 71.5, 72.9, 73.1, 73.2, 73.5, 

73.8 (Je-p = 7.8 Hz), 74.3, 74.8, 75.0, 76.6, 76.9, 77.1, 77.2, 77.3, 77.9, 83.9, 84.7, 84.8, 

84.9,99.2 (a-C-I), 104.0 (P-C-l), 109.6 (4 C-l ') 31p NMR: 0.23 (1 Pl, 0.70 (3 Pl. 

Pentamer-spacer 67 (n = 5). 

[a]230 -13.15, (c 0.43, H20). IH NMR (300 MHz) 3.42-4.13 (60 H), 4.38-4.46 (m, 5 

H, 5 H-3'), 4.87 (s, 5 H, 5 H-l'), S.07 (d, p-H-l, J = 1.8 Hz), 5.22 (d, a-H-l, J = 3.9 Hz). 
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o 13C NMR: 65.2,65.3,69.5 (Je_p = 5.0 Hz), 71.5, 71.7, 71.8, 73.0, 73.2,73.6, 73.7 (Je_p = 7.8 

Hz), 74.3, 74.8, 75.0, 76.6, 77.0, 77.1, 77.9, 84.7, 84.8,99.2 ( cx-C-l), 104.0 (P-C-l), 109.5 

(S C-l'). 31p NMR: 0.19 (1 P), 0.66 (4 P). 

o 

Chapter3 

3, S-O-benzylidene-D-ribonic: acid 'Y-Iactone 71. 

71 was prepared according to the procedure of Chen and Jouille63• A mixture of 

D-ribonolactone 70, benzaldehyde (80 ml) and concenttatcd hydrochloric acid (8 ml) was 

vigorously stirrcd ovemight. Ether (100 ml) was then addcd and the white precipitatc 

collected and washed successively with ether, saturatcd sodium bicarbonate and watcr. The 

solid was dried and used without purification. An analytical sample was recrystallised from 

acetone-petroleum ether, mp 230-231°C (lit 230-231°C). 

3, S-O-benzylidene 2-0.(1-methyl.l-methoxy ethyl).D-ribonic acid r·ladone 72. 

Pyridinium p-toluenesulfonate (117 mg, 0.02 eq) was added to an ice-cold solution 

of 71 (5.5 g) and 2-methoxypropene (3.3 ml, 1.5 eq) in dry DMF (50 ml). After stirring 

ovemight the solution was poured in SOO ml water and the white precipitate collected by 

rlltration (Yield 5.6g, 78%). The compound was used without purification in the following 

step. 1H NMR (200 MHz) 1.47, 1.49 (2 s, 6 H, 2 CH3), 3.32 (s, 3 H, OCR3), 4.30, (dd, 1 H, 

H-3, J3-4 = 1.8 Hz, J2-3 = 13.3 Hz), 4.52 (d, 1 H, H-2, J2-3 = 12.1 Hz), 4.56 (d, 1 H, H-4, J = 

2.7 Hz), 4.63 (d, 1 H, H-S, J = 8.1 Hz), 4.75, (dd, 1 H, H-S', Js-S' = 7.9 Hz, J4-S' = 3.0 Hz), 

5.76 (s, 1 H, CHPh), 7.3-7.5 (m, 5 H, Ar-H). MS (CI, NH3,m/e, %) 277 (MH+-MeOH,7.1), 

235 (MH+-MeOH-(CH3hC', 38.0), 130 (100) 
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3, S-O-benzylldene 2-0-(I-methyl-I-methoxy ethyl)-D-rlbltoI73 

Lithium aluminum hydride (1.23 g, 2 eV was added to a solution of 72 (5 g) in 200 

ml dry THF. After 5 h, the reaction was quenched successively with 1.23 ml water, 1.23 ml 

15% sodium hydroxide andfinally with 3.69 ml water. The resulting precipitate was 

filtered and washed with ethyl acetate. Evaporation of the solvents gave an oil which was 

without purification used in the next step (Yie!d 90%). IH NMR (200 MHz) 1.43, 1.53 (2 

s, 6 H, 2 CH3), 3.34 (s, 3 H, OCH3), 2.30 (t, 1 H, 1-0H, J = 6.8 Hz), 3.58-3.68 (m, 1 H, 

H-4), 3.79-3.85 (m, 3 H, H-l, l', H-3), 3.91-4.00 (m, 2 H, H-3, 4-0H), 4.09-4.22 (m, 2 H, 

H-5, 5'), 4.31-4.36 (m, 1 H, H-2), 5.80 (s,l H, CHPh), 7.36-7.50 (m, 5 H, Ar-H). 

l, 4-Di-O-benzyl 3,S-O-benzylidene 2-0-(1-methyl-I-methoxy ethyl)-D-ribitol 74 

73 was benzylated as for 22 yielding 74 in 85% yield after chromatography (10% 

ethyl acetate in hexanes). IH NMR (200 MHz) 1.27, 1.32 (2 s, 6 H, CH3), 3.22 (s, 3 H, 

OCH3), 3.56-3.76 (m, 2 H), 3.78,3.87 (m, 2 H), 4.09-4.11 (m, 1 H), 4.46-4.66 (4 H, H-2 and 

2CH2Ph), 5.82 (s, 1 H, CHPh), 7.27-7.49 (m, 15 H, ArH). 

l, 4-Di.O-benzyl 3, S-O·benzylidene-D-ribitol 75. 

A solution of 74 (1 g) in 15 m11HF and 15 ml 20% aqueous acetic acid was stirred 

for 1 h. The acid was neutralised with soUd sodium carbonate. THF was removed and the 

mixture was extracted into ethyl acetate. After drying (N~SO.v and concentration, the 

compound was purified by chromatography (ethyl acetate in hexanes) yielding 7S in 

quantitative yields. [a]23D -142.46, (c 1.00, CHCI3). IH NMR (200 MHz) 3.54 (d, 1 H, 

OH, J = 3.8 Hz), 3.61-3.70 (m, 2 H, H-l, H-5), 3.76-3.89 (m, 2 H, H-l', H-5'), 4.01-4.06 

(m, 1 H, H-2), 4.25 (dd, 1 H, H-3), 4.50-4.56 (m, 1 H, H-4), 4.60, 4.61 (2 s, 4 H, 2 CH:zPh), 

5.78 (s, 1 H, CHPh), 7.27-7.43 (m, 15 H, Ar-H). 
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76 was obtained in 74% yield by the reaction of ribitol 75 with orthoester 27 using the 

procedure for ribosyl-ribitoI40. IH NMR (300 MHz) 2.10 (s, 3 H, COCH3), 3.56 (dd, 1 H), 

3.67 (dd, 1 H), 3.81-4.19 (m, 13 H), 4.56-4.66 (m, 6 H, 3 CH2Ph), 5.11 (dd, 1 H, H-2, J = 
1.0,4.6 Hz), 5.19 (s, 1 H, H-l), 5.21-5.26 (m, 2H, vinylic CHv, 5.81-5.90 (m, 1 H, vinylic 

CH), 7.27-7.58 (m, 15 H, Ar-H). 13e NMR 20.8, 69.2,69.5, 70.4, 70.5, 71.3, 71.9, 73.1, 

73.2, 73.3, 73.4, 74.8, 76.7, 80.1, 80.2,80.3,80.4, 100.8, 106.9, 117.7, 126.5, 127.4, 127.5~ 

127.6, 127.7, 128.2,128.3, 128.4, 128.5,128.9,134.1, 137.7, 138.1, 138.3,138.8,170.0. 

3' -0-allyl-5' -O-benzyl-p-O-ribofuranosyl 2,5-di-O-benzyl 3,4 -O-benzylidene-L-ribitol 

76a. 

A solution of 76 (700 mg) and sodium methoxide (26 mg) in methanol was stirred at 

rt for 2 h. After evaporation of methanol under vacuum, the residue was dissolved in 

methylene chloride (ISO ml) and the solution washed with brine. After drying and 

evaporation of the solvent, tbe residue was chromatographed hexanes/ethyl acetate (3:1) 

giving a quantitative yields of 76a. lH NMR (200 MHz) 2.51 (d, 1 H, OH, 1 = 5.4 Hz), 

3.49 (d, 2 H, H-5, J = 5.0 Hz), 3.79-4.14 (m, 14 H), 4.50-4.70 (m,6 H, 3 CH2Ph), 5.02 (d, 1 

H, H-1, J = 2.4 Hz), 5.20-5.32 (m, 2 H, vinylic CH2), 5.53 (s, 1 H, CHPh), 5.82-5.95 (m, 1 

H, vinylic CH), 7.23-7.55 (m, 20 H, Ar-H). 

3' -0-allyl-5' -O-benzyl-p-O-ribofuranosyl 2,5-di-0-benzyl-L-ribitol 77. 

A solution of 76a (29 mg) in a 10 ml trifluoroacetic acidlIHF/water (2:2:1) was 

stirred for 3 h al rte The reaction was then neutralised with solid sodium carbonate and the 

mixture was then extracted with chlorofonn (3X75 ml). The combincd exttacts were 

washed with brine, dried (Na2S04) and concenttated to dryness. Chromatography gave mol 
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77 in 78'1. [a]D23 +4.84°, (c 4.0S ,CHCI3). lH NMR (200 MHz) 2.4S (cl, 1 H, OH, J = 3.6 

Hz), 3.3.02 (d, 1 H, OH, 1 = S.S Hz), 3.39 (dd, 1 H), 3.49-4.12 (m, IS H), 3.80 (ci, 1 H, OH, 

J = 9.S Hz), 4.41-4.61 (m, 6 H, 3 CH2Ph), 4.95 (d, 1 H, H-l, 1 = 1.2 Hz), 5.18-5.31 (m, 2 H, 

vinylic CH2), 5.78-5.91 (m, 1 H, vinylic CH), 7.268-7.35 (m, IS H, Ar-H). 

Chapter4 

1,s:2,3-Di-O-benzylidene-p-n-ribofuranoside 78. 

A solution of ribose (2 g), benzaldehyde dimethyl aeetaI (8 ml, 4 eq) and 

camphorsulfonic acid (1.SS g, 0.5 eq) in DMF (5 ml) was stirred under water aspirator 

vacuum for 24 h at rt. The solution was then poured in saturated sodium bicarbonate and 

extracted with 3Xl00 ml Methylene chloride. After washing the combined extracts with 

water (200 ml), drying (Na2S0.;) and concentrating under vacuum (water aspirator and then 

high vacuum), the residue was chromatographed (15% ethyl acetate in hexanes) to give a 

white solid. Recrystallisation from cyclohexane gave white needles. (2.37 g, 54%). MP 

109-110°C. [a]23D -3.37, (c 1.21, CHCI3). 1H NMR (200 MHz) 3.83 (dd, 1 H, H-5, J4-5 = 

2.3 Hz), 4.09 (d, 1 H, H-5', Js-S' = 12.6 Hz,), 4.81-4.89 (m, 3 H, H-2, H-3 and H-4), 5.79, 

5.80,5.81 (3 s, 3 H, H-l, 2 CHPh), 7.35-7.57 (m, 10 H, Ar-H). 13C NMR 72.0,82.7,88.2, 

88.3, 100.9 (C-l), 105.3, 105.9 (2 Ph-CH), 126.0, 127.0, 128.46, 128.5, 128.9, 129.9, 135.9, 

138.5. Anal. calcd for Cl9HlSOS C, 69.93; H, 5.52; 0, 24.55. Found C, 69.90; H, 5.39; 0, 

24.71. 

S-O-Benzyl-2,3-0-benzylidene-p-D-ribofuranoside SO. 

To an ice-cold suspension solution of 78 (920 mg, 2.82 nunol), sodium 

cyanoborohydride (1.778 g, 28.2 mmol) and 3 A molecular sieves (8 g) in 80 ml anhydrous 
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acctoniuile was addcd a solution trimethylsilyl chlorldc (3.58 ml, 28.2 mmol) in 20 ml 

acetonitrile. After stirring for 8 h at OOC. the rcaction was quenchcd with 10% sodium 

carbonate (60 ml). The reaction mixture was then filtered through Celite and the 

acetonitrile removed under vacuum. The residue was then extracted into methylene 

chloride. After washing the organic layer with brine, drying (N~S04) and concentrating, 

the residue was purified by chromatography eluting with 30% ether in hexanes yielding 80 

as a white solid. (445 mg, 48%). MP (ethyl acetate/hexanes) 70-71 oC. [a]23o 0.35, (c 

1.08, CHCI3). IH NMR (200 MHz) 3.64 (dd, 1 H, H-5, 14•5 = 2.3 Hz, 15-S' = 10.2 Hz), 3.72 

(dd, 1 H, H-5', 14-5' = 2.4 Hz), 4.56 (br t, 1 H, H-4, J = 2.0 Hz), .61 (d, 1 H, H-3, J = 6.5 

Hz), 4.62 (dd, 2 H, Ph-CH2• J = 11.6 Hz), 4.76 (d, 1 H, OH. J = 11.9 Hz), 4.83 (d, 1 H, H-2, 

1 = 6.4 Hz), 5.44 (d, 1 H, H-l, 1 = 11.9 Hz), 5.75 (s, 1 H, Ph-CH), 7.29-7.51 (m, 10 H, 

Ar-H). 13C NMR 70.9, 73.8, 82.7, 85.0, 87.8, 103.2, 105.6, 126.8, 127.9, 128.2, 128.3, 

129.7, 135.7, 136.0. Anal. calcd for CI~200S; H, 69.50; H, 6.10; 0, 24.40. Found C, 

69.24; H, 6.32; 0, 24.44. 52 was also obtained in 8% yield 

1,5:2,3-Di-O-(4-methoxybenzylidene)-p-D-ribofuranoside 79 

To a solution of 4-methoxybenzaldehyde dimethyl acetal (55 g, 3 eq) and ribose (15 

g) in 15 ml dry DMF was added a mixture of camphorsulfonic acid (2.32 g, 0.1 eq) and 

pyridine (0.8 ml, 0.1 eq). The solution was then stirred at rt under vacuum (water aspirator) 

for 24 h. DMF was removed under vacuum and the mixture was chromatographed, eluting 

with toluene. The residue obtained was then recrystallised from eyc10hexane yielding the 

desired compound as white needles (19.6 g, 50%). MP 129°C. [a]23o -7.02, (c 1.04, 

CHCIl ). IH NMR (200 MHz) 3.80, 3.81 (2 s, 6 H, 2 OCH3), 3.78-3.85 (m, 1 H, H-5), 4.07 

(d, 1 H, H-5', 1 = 12.5 Hz), 4.79-4.81 (m, 3 H, H-2, H-3 and H-4), 5.74, 5.75, 5.76 (3 s, 3 H, 

H-l and 2 Ph-CH), 6.90, 6.92 (2 d, 4 H, aromatie H-3 and H-5, ' = 8.8 Hz), 7.40, 7.45 (2 d, 

4 H, aromatic H-2 and H-6, J = 8.8 Hz). 13C NMR 71.9, 82.6, 88.2, 100.8 (C-1), 105.3, 
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105.8 (2 Ph-QI), 113.7, 113.9, 114.3, 127.2, 127.9, 128.0, 128.4, 130.9, 132.0. MS (CI, 

NH3, m/Z, %) 387 (M+H+, 1(0),251 (MH+-136, 97). 

2,3-0-(4-methoxybenzylidene)-S-O-( 4-methoxybenzyl)-p-D-ribofuranoside 81 

This compound could he obtained in 70% yield using the same procedure as for 

compound 80, however the reaction was ran at -40°C and was complete in 2 h. [a]23D 7.98, 

(c 1.96, CHCI3). lH NMR (200 MHz) 3.62, 3.69 (2 dd, 2 H, H-S and H-S',ls_s' = 10.2 Hz, 

14-S = 2.3 Hz, J4-S' = 2.0 Hz), 3.82, 3.83 (2 s, 6 H, 2 OCH3), 4.48-4.64 (m, 4 H, H-3, H-4 and 

CH2Ph), 4.79 (d, 1 H, H-2, 1 = 6.4 Hz), 4.86 (d, 1 H, OH,] = 12.1 Hz), 5.44 (d, 1 H, H-l, J 

= 12.0 Hz), 5.69 (s, 1 H, Ph-CH), 6.91-6.93 (2 d, 4 H, aromatic H-3 and H-S, ] = 8.8 Hz), 

7.26, 7.43 (2 d, 4 H, aromatic H-2 and H-6, ] = 8.8 Hz). l3C NMR 70.7, 73.8,82.7,85.3, 

88.0, 103.5 (C-l), 105.7 (Ph-C), 113.8, 113.9, 114.1, 114.1, 128.0, 128.1, 128.3, 128.4, 

129.9,159.8,160.8. MS (CI, NH3, m/z, %) 389 (M+H+, 61), 371 (MH+-H20, 20). 

Chloro S-O-(4-methoxybenzyl) 2,3-0-(4-methoxybenzylidene)-p-D-ribofuranoside 82. 

Methanesulfonyl chloride (0.25 ml, 2.32 mmol) was added to a solution of 81 (451 

mg, 1.16 mmol), triethylamine (0.49 ml, 3.49 mmol) and tetraethylammonium chloride (192 

mg, 1.16 mmol) in dry methylene chloride (25 ml) at OOC. The solution was allowed to 

warm to n and stirred for 4 h. TLC at this point showed almost no staning material. The 

solvent was removed and the residue purified by chromatography (25% ethyl 

acetate/hexanes) yielding 82 (445 mg, 94%). lH NMR (200 MHz) 3.71 (d, 2 H, H-5 and 

H-S', J = 7.2 Hz), 3.81 (s, 6 H, 2 OCH3), 4.53 (s, 2 H, CH2Ph), 4.67 (t, 1 H, H-4, ] = 7.23 

Hz), 4.87 (d, 1 H, H-3, 1 = 6.0 Hz), 5.07 (d, 1 H, H-2, 1 = 6.0 Hz), 5.79 (s, 1 H, CHPh), 6.27 

(s, 1 H, H-l), 6.88, 6.89 (2 d, 4 H, aromatic H-3 and H-5,] = 8.6 Hz), 7.28, 7.39 (2 d, 4 H, 

aromatic H-2 and H-4, ] = 8.6 Hz) 
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Methanesulfonyl chloride (0.03 ml, 0.30 mmol) was addcd to an icc-cold solution of 

81 (lOS mg, 0.27 mmol), uicthylaminc (0.8 ml, 0.S4 mmol) and tetra-n-butylammonium 

bromide (436 mg, 1.3S mmol) in methylene chloride (S ml). The reaction mixture was 

allowed to wann to rt and aCter 2 h TLC showed absence of 81 and of 82. 4-Penten-l-01 

(0.08 ml, 1.3S mmol) was then added and the reaction allowed to proceed ovemight. The 

mixture was diluted with 20 ml methylene chloride and this solution was washed with 

saturated sodium bicarbonate and brine. After drying and chromatography, 83 was isolated 

in 40% yield as a mixture of exo and endo isomers. 1 H NMR (200 MHz) I.S8-1.68 (m, 2 H, 

H-2 of pentenyl group), 2.069 (q, 2 H, H-3 of pentenyl group, J = 6.6 Hz), 3.328-3.49, 

3.60-3.68 (2 m, 2 H, H-l ofpentenyl group), 3.S1-3.S2 (m, 2 H, H-S and H-S'), 3.80 (s, 6 H, 

OCH3), 4.4S-4.5S (m, 1 H, H-4), 4.49 (s, 2 H, CH2Ph), 4.63-4.66 (m, 1 H, H-3), 4.74, 4.83 

(2 d, 1 H, H-2, J = 6.4 Hz), 4.94-5.07 (m, 2 H, vinylic CH2), 5.14, S.18 (2 s, H-l), S.73-5.86 

(m, 1 H, vinylic CH), S.74, S.91 (2 s, 1 H, CH-Ph), 6.87, 6.89 (2 d, 4 H, aromatic H-3 and 

H-S, J = 8.8 Hz), 7.26, 7.41 (2 d, 4 H, aromatic H-2 and H-4, J = 8.7 Hz). MS (CI, NH3, 

rn/z, %) 4S7 (MH+, 16). 

Appendix 

3-0-Benzyl-l,2:5,6-di-O-isopropylidene-a-D-glucofuranose 86. 

86 was prepared according to the procedure of Czernccki3S and used without 

purification in the following step. 
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3.0.Benzyl.l,2.0.isopropylidene-o-D-llucofuranœe 87. 

A solution of 86 in 100 ml of 70% aqucous acctic acid was stirrcd at 40°C for 24 h. 

The reaction mixture was cooled and quenched with soUd sodium carbonate until basic. 

The mixture was then extracted into methylene chloride. After drying and concentrating to 

dryness, 87 was obtained as an oil (18 g, 95%). lH NMR (200 MHz) 1.32, 1.48 (2 s, 6 H, 

2 CH3), 2.12, 2.54 (2 br s, 2 H, 2 OH), 3.59-3.93 (m, 2 H, H-6 and H-6'), 3.95-4.25 (m, 3 

H), 4.63 (d, 1 H, H-2, J = 3.8 Hz), 4.63 (dd, 2 H, CH2Ph, J = 11.7 Hz), 5.93 (d, 1 H, H-1, J = 
3.8 Hz), 7.34 (s, 5 H, Ar-H). 

Aldehyde 88. 

A solution of sodium periodate (25 g, 116.1 mmol) in water (50 ml) was added to a 

solution of 87 (18 g, 58.1 mmol) in 800 ml aeetone. The mixture was stirred for a furtber 

30 min and was then filtered. Evaporation of the aeetone followed by extraction into 

methylene ehloride and the usuaI workup gave 88 (15.6 g, 97%). lH NMR (200 MHz) 1.32, 

1.46 (2 s, 6 H, 2 CH3), 4.33 (d, 1 H, H-3, 3.8 Hz), 4.54 (dd, 2 H, PhCH2, J = 12.2 Hz), 4.56 

(d, 1 H, H-2, 3.9 Hz), 4.63 (m, 1 H, H-4), 6.11 (s, 1 H, H-1, J = 3.5 Hz), 7.21-7.34 (m, 5 H, 

Ar-H), 9.67 (d, 1 H, CHO, J = 1.6 Hz). 

Alcohols 89. 

Phenyllithium (1.94 ml, 4.0 mmol) was added to a suspension of copper (I) iodide 

(369 mg, 2.0 nunol) in dry THF (20 ml) at -78°C. After stirring the solution for 30 min, a 

solution of 88 (278 mg, 1.0 nunol) in 10 ml THF was then slowly added and stirring 

continued for 3 h at -78°C. The reaction was then quenched with saturated ammonium 

chloride and the solution extracted into methylene chloride. After drying, concentrating and 

chromatography (20% ether in hexanes), 89 was obtained as a separable mixture (1:1) of 

diastereomers (overall yield 271 mg, 76%). Diastereomer 898 (more polar) lH NMR (200 
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MHz) 1.31, 1.46 (2 s, 6 H, 2 CH3), 3.19 (d, 1 H, OH. J = 7.2 Hz), 4.00 (d, 1 H, H-3, J = 3.2 

Hz), 4.32 (dd, 1 H, H-4, J = 2.8 Hz and 5.9 Hz), 4.57 (cid. 2 H, PhCH2, J = 11.4 Hz), 4.62 (d, 

1 H, H-2, J = 6.4 Hz), 5.09 (t, 1 H, H-5, J = 6.3 Hz), 6.02 (d. 1 H, H-l, J = 3.8 Hz), 

7.25-7.38 (m, 10 H, Ar-H). Diastereomer 89b (less polar) IH NMR (200 MHz) 1.31, 1.49 

(2 s, 6 H, 2 CH]), 2.83 (s, 1 H, OH), 3.64 (d, 3.6 Hz), 4.34 (m, 1 H, H-4), 4.44 (cid, 2 H, 

PhCH2, J = Il.7 Hz), 4.60 (d, 1 H, H-2, J = 4.8 Hz), 5.06 (d, 1 H, H-5, J = 7.3 Hz), 6.02 (d, 

1 H, H-l, J = 3.8 Hz), 7.25-7.43 (m, 10 H, Ar-H). 

Dithioacetal 90 

Anhydrous zinc chloride (2 g, 14.0 mmol) was added to a solution of benzyl alcohol 

89a (1 g, 2.8 mmol) in ethanethiol (5 ml) at OOC. The reaction was quenched after 20 min 

with 5% (v/v) Hel and the ethanethiol removed with a stream of nitrogen. The residue was 

then dissolved in ethyl acetate and the solution washed with brine. After drying, 

concentrating and chromatography (25% ethyl acetate in hexanes) 90s was obtained in 84% 

yield (991 mg). IH NMR (200 MHz) 1.22 (2 t, 6 H, 2 CH3), 2.60 (m, 4 H, 2 SCHv, 3.14 (d, 

2 H, C-4 OH and C-5 OH, J = 3.2 Hz), 3.76 (m, 1 H, H-2), 3.95-4.03 (m, IH, H-4), 4.00 (d, 

1 H, H-l, J = 8.1 Hz), 4.18 (t, 1 H, H-3, J = 3.2 Hz), 4.80 (dd, 2 H, PhCH~, 4.81 (m, 1 H, 

H-5), 7.32-7.42 (m, 10 H, Ar-H). 

Similarlt, 9Gb was obtained from alcohol 89b. lH NMR 1.24 (2 t, 6 H, 2 CH]), 

2.62 (q, 4 H, 2SCH2, J = 8 Hz), 2.83 (d, 1 H, OH, J = 7 Hz), 3.37 (d, 1 H, OH, J = 4 Hz), 

3.85 (br d, 1 H, OH), 3.95 (m, 2 H), 4.05 (m, 2 H), 4.79 (dd, 2 H, PhCH2, J = 12 Hz), 4.91 

(t, 1 H, H-5, J = 3 Hz), 7.26-7.42 (m, 10 H, Ar-H). MS (CI, NH3, mlz, %) 440 (M+ +~ +, 

1.7),343 (M+-H20-SEt, 1(0). 

Orthoformate 93 

To a solution of triol 90s (348 mg) and trimethyl orthoformate (0.5 ml) in benzene 
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(15 ml) at rt was added pyridine hydrochloride (50 mg). After 3 h, the l'C8Ction was poured 

into brine and the aqueous layer extractcd with ether. The organic layer was dricd (NaSO..> 

and concentratcd. Chromatography (25% ether in hexanes) fll'St elutcd the 1,4 orthoformatc 

(6-membcred) (80 mg, 21 %). 1H NMR (200 MHz) 1.24 (m, 6 H, 2 CH3), 2,79 (d, 1 H, OH, 

J = 6.5 Hz), 2.68 (m, 4 H, 2 SCH2), 3.35 (s, 3 H, OCH3), 3.68 (m, 2 H, H-l and H-3), 4.22 

(m, 1 H, H-2),4.69 (m, 2 H, H-4 and H-5), 4.98 (s, 2 H, CH2Ph), 5.02 (s, 1 H, CH of 

orthofonnate), 7.35-7.52 (m, 10 H, Ar-H). MS (CI, NH3, mlz, %) 482 (M++~+, 0.8), 433 

(MH+-MeOH, 12.9»,371 (MH+-MeOH-EtSH). The 5-membered orthoformate eluted next. 

1H NMR (200 MHz) 1.00, 1.08 (2 t, 6 H, 2 CH3), 2.32 (m, 4 H, 2 SCH~, 2.79 (m, 2 H, H-2 

and OH), 3.55 (s, 3 H, OCH3), 3.80 (d, 1 H, H-l, J = 9 Hz), 3.90 (dd, 1 H, H-3, J = 1 Hz and 

9 Hz), 4.83 (dd, 2 H, PhCH2, J = Il Hz), 4.80 (dd, 1 H, H-4, J = 6 Hz and 9 Hz), 5.14 (d, 1 

H, H-5, J = 7 Hz), 5.9 (s, 1 H, CH of orthofonnate), 7.35-7.55 (m, 10 H, Ar-H). MS (CI, 

NH3, mlz, %) 482 (M++NH4+, 0.05), 433 (MH+-MeOH, 0.8), 371 (MH+-MeOH-EtSH, 

1(0). 

Tetrahydrofuran 94 

A solution of orthoformate 93 (2.32 g) (mixture of 5 and 6-membered) in 25 ml dry 

fonnic acid (refluxed over B20 3 for 6 h followed by distillation) was stirred for 24 h. The 

reaction was then quenched with 100 ml water followed by the addition of solid calcium 

carbonate until the solution was neutral. Extraction into ethyl acetate followed by 

chromatography yielded the desired tetrahydrofuran (905 mg, 42%). 1H NMR (200 MHz) 

1.21-1.33 (m, 6 H, 2 CH3), 2.67-2.85 (m, 4 H, 2 SCH3), 3.43 (dd, 1 H, H-4, J = 1.8 Hz and 

5.0 Hz), 4.18 (dd, 1 H, H-3, J = 3.8 Hz), 4.59 (dd, 2 H, PhCH2), 5.00 (s, 1 H, H-l, J = 9.2 

Hz), 5.30 (t, 1 H, H-2, J = 9.2 Hz), 5.53 (s, 1 H, H-5), 7.35-7.48 (m, 10 H, Ar-H), 7.78 (s, 1 

H, CHO). MS (CI, NH3, Mlz, %) 420 (M+NH/-CH20, 0.4),371 (MH+-EtSH, 1(0). 
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p,p'-Dlnltrobenzopbenone" 

This compound was prepared according to the procedure of Kulin, B.L.; Leffek, 

K.T. CanJ. Chem. 1973,51,687. 

p,p'-Dinitrobenzopbenone tosylhydrazone 97. 

A solution of p,p'-dinitrobenzophenone 96 (185 g, 0.68 mol) and 

p-toluenesulfonhydrazide (190 g, 1.02 mol) in THF-ethanol (1:1, 2 L) was refluxed for 18 h. 

The solvents were then removed at reduced pressure, the residue was filtered, and yellow 

solids were collected on the filter funnel. After the residue was washed with ethanol severa! 

times, the tosylhydrazone 97 was obtained as a pale yellow powder (262 g, 88%). 

Recrystallisation of an analytical sample from toluene gave pale yellow crystals: mp 

179-180°C; IR (CH2CI2, cm-l ) 1600, 1525, 1340, 1160. lH NMR (200 MHz) 2.46 (s, 3H, 

CH3), 7.38, 7.41, 7.56, 7.86, 8.17 and 8.43 (d, 12 H, Ar-H), 7.70 (s, IH, NH); MS (Del, 

NH3, rn/e, %)441 (MH+, 29.3), 257 (MH+-NNHTs, 100). 

Bis(p-nitrophenyl)diazometbane 98 

A suspension of the tosyIhydrazone 97 (3.9 g, 6.8 mmol) in 1 M sodium hydroxide 

was vigorously stirred at 75°C for 3 h. After cooling to room temperature, the resulting dark 

orange suspension was extracted with methylene chloride (3Xloo ml). The solution was 

then washed with brine (3X50 ml) and dried over anhydrous sodium sulfate. After removal 

of solvent at fe\.1uced pressure, the desired diazo compound 98 was obtained as a dark 

orange soUd. 1.85 g (98%); mp 137-138°C (dec, ben~ne). IR (CH2C12, cm-1) 2040, 1525. 

lH NMR (200 MHz) 7.43 (d, 4H, J = 9.3 Hz), 8.~9 (d, 4H, J = 9.3 Hz). 

General Procedure for the preparation of DNB ethers. 

To a 0.01 M solution of the alcohol (99, 0.20 g, 0.52 mmol) and diazo agent 98 (0.25 
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g, 0.88 mol) in methylenc chloridc, at -20°C was added 0.5-2.0 eq of freshly distillcd 

BF3.E~O (0.13 ml, 1.0 mmol) dropwise. The reaction mixture was stirred at -20°C for a 

few hours and saturated sodium bicarbonate solution (25 ml) was added. Mter warming to 

room temperature, the mixture was partitioned, and the aqueous phase was extracted with 

methylene chloride (2XSO ml). The combined organic phases were washed with brine and 

dried over sodium sulfate. After removal of solvent at reduced pressure, the orange residue 

was purified by flash chromatography (lS% ether in hexanes) to give the DNB ether 99a 

(0.33 g,98%). 

DNB ether 998 

White crystals (98%); mp 118-120°C. tH NMR (200 MHz) 0.5-2.00 (br m, 46 H), 

3.30 (m, IH, H-3), 5.69 (s, IH, CH(PhN02h), 7.51 (d, 4H,] = 8.6 Hz), 8.19 (d, 4H,] = 8.6 

Hz). MS (CI, NH3, rn/e, %) 662 (M + NH/, 1.6),644 (M+', 13.7). 

DNB ether 1008 

White crystals (95%); mp 158-159°C. tH NMR (200 MHz) 0.63-2.06 (br m, 41H), 

2.31-2.40 (m, 2H, H-4)3.25 (m, IH, H-3), 5.31 (br d, IH, H-6) 5.70 (s, IH, CH(PHN02h), 

7.53 (d, 4H, ] = 8.8 Hz), 8.20 (d, 4H, ] = 8.6 Hz). MS (CI, NH3, mie, %) 369 

(M+'-OCH(PhN02h, 100). HRMS (CI, NH3, mie) for C4oHS4N20 S (M+') calcd 642.4033, 

found 642.4032. 

DNB ether 101a 

Oil (91%). tH NMR (200 MHz) 0.82 (t, 3H, H-9), l.20-l.48 (m, 6H, H-6-H-8), 2.08 

(m, 2H, H-5), 2.47 (m, 2H, H-2), 3.52 (t, 2H, H-l), 5.52 (s, 1H, CH(PhNO~v, 7.53 (d, 4H, 

] = 9.2 Hz), 8.14 (d, 4H, J = 9.2 Hz). 
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o DNB ether 102a 

Yellow foam (90%). IH NMR (200 MHz) 1.39, 1.49 (2s, 6H, CM~, 3.78 (t, 2H, 

H-5), 4.71 (t, IH, H-4), 4.77 (s, 2H, H-2,3), 5.57 (s, IH, CH(PhN02l2), 7.45 (m, 4H), 8.24 

(m, 4H). MS (CI, NH3, rn/e, %) 462, (M+NH4 +, 1(0). HRMS (CI, NH3, rn/e) for 

<;IH2IN20 9 calcd 445.1247, found 445.1248. 

DNB ether 85a 

ail (89%). IH NMR (CDC13+D20) (200 MHz) 1.31 and 1.46 (2s, 6H, CMe2), 3.67 

(dd, IH, H-6, 16-6' = 10 Hz, 1S-6 = 5.4 Hz), 3.78 (dd, IH, H-6', 16-6' = 10 Hz, 15-6, = 3.2 Hz), 

4.20-4.28 (m, IH, H-5), 4.34 (d, IH, H-3, 1 = 2.6 Hz), 4.52 (d, IH, H-2, 1 = 3.4 Hz), 5.62 (s, 

IH, CH(PhN02l2)' 5.93 (d, IH, H-l, 1 = 3.4 Hz), 7.53 (d, 4H, 1 = 8.2 Hz), 8.21 (d, 4H, 1 = 
8.2 Hz). MS (CI, NH3, rn/e, %) 494 (M+NH/, 16.1), 476 (M+', 3.2). HRMS (CI, NH3, 

mie) for <;2H25N2010 (MH+) calcd 477.1510, found 477.1509. 

DNB ether 103 

ail (94%). IH NMR (200 MHz) 1.31-1.44 (4s, 12 H, 2C(CH3h), 3.63-3.68 (m, 2H, 

H-6,6'), 3.75-3.80 (m, 1H, H-5, 4.21 (d, IH, 1 = 3.8 Hz), 4.27 (dd, IH, H-4), 4.65 (d, IH, 

H-2, 1 = 3.9 Hz), 5.61 (s, IH, CH(PhN02h), 5.98 (d, IH, H-l, 1 = 3.4 Hz), 7.51 (d, 4H, 1 = 
8.1 Hz), 8.21 (d, 4H, 1 = 8.1 Hz). MS (CI, NH3, mie, %) 534 (M + NH4+, 14.5),517 (MH+, 

43.2), 476 (M + NH4 + - 58, 1(0). HRMS (CI, NH3, mie) for C2sH2SN201O (MH+) calcd 

517.1822, found 517.1821. 

DNB ether l04a 

ail (82%). lH NMR (200 MHz) 1.09 (s, 9H, C(CH3)3), 1.14, 1.37 (2s, 6H, 

C(CH3h), 1.95 (br s, 1H, OH), 3.67 (dd, 1H, H-6, 16-6, = 9.8 Hz, 15-6 = 4.4 Hz), 3.79 (dd, 

IH, H-6', 16-6, = 9.8 Hz, 15-6' = 1.8 Hz), 4.09-4.15 (m, 2H, H-4,5), 4.26 (d, 1H, H-2, J = 3.8 
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Hz), 4.S0 (d, IH, H-3, J = 1.8 Hz), 5.61 (s, IH, CH(PbNOVv, 5.83 (d, IH, H-l, J = 3.8 Hz), 

7.40-8.35 (m, 14 H, Ar-H). HRMS (CI, NH3t mie) for C,.a..3N201oSi (MH+) caIcd 

715.2689, found 715.2689. 

DNB ether 105a 

OU (97%). lH NMR (200 MHz) 1.1S, 1.17 (2 t, 6H, 2CH3), 2.63, 2.65 (2 q, 4H, 

2SCH2), 3.62 (d, 2H, H-S,5'), 3.96 (dd, IH, H-2), 4.15 (m, 2H, H-3,4), 4.21 (d, IH, H-I), 

4.54-4.95 (m, 6H, CH2Ph), 5.87 (s, IH, CH(PhN02):z), 7.22-7.40 (m, 19H, Ar-H), 8.07 (m, 

4H). MS (DCI, NH3, rn/e, %) 721 (M+' - SEt, 0.42). HRMS (DCI, NB3, mie) for 

C43H4~208S2 (M+' - SEt) ealed 721.2584, found 721.2586. 

DNB ether l07a 

White crystals (80%); mp 155.5-IS6.5°C. 1H NMR (200 MHz) 1.60 (br s, 68), 1.7S 

(br s, 6 H), 2.12 (br s, 3H), 5.88 (s, IH, CH(PhNOVV, 7.53 (d, 4H, J = 8.8 Hz), 8.16 (d, 4H, 

J = 8.8 Hz). MS (CI, NH3, mie, %) 426 (M + ~+, 20.1),408 (M+·,6.6). HRMS (CI, 

NB3, mie) for CnH28N30 S (M + NH/) ealcd 426.2029, found 426.2028. 

General Procedure for the Deprotection of DNB Ethers by Pt.Catalytic 

Hydrogenation. 

A suspension of Pt02 (7 mg, 15% wt) in ethanol (5 ml) was stirred under a hydrogen 

atmosphere until gas uptake was complete. The DNB ether (44 mg, 0.07 mmol; 998) was 

then addcd. After Ule required amount of hydrogen has been absorbed (about 2 h), the 

reaction was filtered through Celite. The filtrate was stirred with a pH 3 (or pH 4) buffer 

solution, the reaetion was monitored by TLC (about 8 hl. After eompletion of the 

hydrolysis, the solvents were evaporated at reduced pressure to dryness, and the residue was 

taken up in ether (100 ml). The ethereal solution was washed with dilute HCI solution (e.g., 
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5%) and brine and dried over anhydrous sodium sulfate. Removal of solvent in yacuo and 

cbromatography of the residue afforded the dcsircd a1cohol (9t, 23 mg, 89%). 

Alc:oholI03a. 

Oil (84%). IH NMR (CDCI3+DzO) (200 MHz) 1.30-1.47 (3 s, 12 H, 2C(CH3>V, 
3.62-3.70 (m, 2 H, H-6,6'), 3.76-3.83 (m, IH, H-5), 4.17 (d, 1 H, H-3, 1 = 3.7 Hz), 4.35 (&1, 

1 H, H-2, J = 6.7 Hz), 5.98 (d, IH, H-l, J = 3.8 Hz). MS (CI, NH3, rn/c, %) 261 (MH+, 

12.5). HRMS (CI, NH3, mie) for C12H2106 (MH+) calcd 261.1338, found 261.1338. 

Deprotection of the DNB Ether 101a with Fe3(CO)12' 

To a solution of DNB ether 101a (70 mg, 0.18 mmol) in toluene (5 ml), at room 

temperature, was added benzyltrimethylammonium hydroxide (40% in methanol, 5 eq, 369 

mg), followed by Fe3(CO)12 (2 cq, 178 mg). The resulting dark brown solution was stirred 

for 2 h. The reaction mixture was diluted with metbylene chloride (50 ml) and water (50 

ml) and carefully acidified with dilute HCI solution (0.5 N) to pH 7. The mixture was 

partitioned, and the aqueous phase was extracted with methylene chloride (50 ml) once. 

The combined organic phase was dried over anhydrous sodium sulfate and tiltered through 

a pad of silica gel (30 g, silica gel 60 from BDH), washed with 25% ethyl acetate in 

hexanes. The filtrate was concentrated in vacuo to an oil. It was then purificd by flash 

chromatography (20% ethyl acetate in hexanes) to afford the a1cohol 101a (21 mg) in 85% 

yield. 

Deprotection of the DNB Ether l00a by Nickel Doride Catalytle Hydrogenation. 

The catalyst was prepared by mixing a solution of sodium borohydride (75 mg, 1.97 

mmol) !n ethanol (2 ml) 10 a suspension solution of Ni(O,4.c)z.4H20 (2.18 mmol) in 

EtOH-nIF (1:1 v/v, 15 ml) under a hydrogen atmosphere (1 atm). After evolution of 
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hydrogen was complete, a solution of the DNB ether 7a (400 mg, 0.62 mmol) in THF (1 ml) 

was added. After completion of reaction (8 h), 5 ml of pH 3 buft'er was added and stirring 

was continued for 3 h. The mixture was then filtered through Celite and washed with ether. 

The filtrate was then dissolved in methylene chloride (50 ml). It was washed with 5% Ha 

(25 ml) and brine and dried over anhydrous sodium sulfate. After removal of solvent in 

vacuo and recrystallisation of the solid residue, the alcohol 100 (195 mg) was obtained in 

81% yield. 
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