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'1'HE INVESTIGATION OF 2,4-DINtmOB!NZBRESOLPBNYL AS A 

PROTECTING GROUP FOR RlBONUCLEOTIDE SYNTIIESIS. 

by 
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Aba trac t 

In liqht of the remarkable antiviral activity of acyclic nucleo81de 

analoque. such as that of BIOLP-62 aqainat the herpes viruses, a nUllber of 

products in which heterocyclic ba.es were coupled ta the active lrCycllC 
-

.ugar lIIoiet}\ were prepared and aut.i tted for bioloq~estinq. 

Variou. dimethoxytrl tylated and l-butyldimethylsilylated derl vaU ves 

of arabinoadenoline were prepared and fully characteriaed by 1 H and 13C 

NMR spectroecopy. 295i INEPT as weIl as 29Si- 1H correlated NMR were uBed 

to study various ..!-butyldi~ethyl.ilyl and trUsopropylsilyl substituted 

ribonucleosides. 

In an effort almed at the development of new and better nucleoslde 

protecting functions, the 2,4-dinitrobenzenesulfenyl qroup which lB stable 

- <-
to both acidlc and baBlC condition., WBS used for-)~roxyl protectlon 

of ribonucleo.ides and its cOlllpatibility with ~e pho.phodichoridite nu

c.leoside coupling proa.edure wa. inveatigated. 'l11e nitrobenzenesulfenyl 

group W41 uaee! in eonjunction with the di.ethoxytrityl group for 2'-hydro-, 
• 1 

xyl protection in th, aynthé.i.. of a upU cU.er: The latter Vas fully 

characttriaed by enzyaatic degradation and HPLC analysis of the products. 
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PREPARATION DE NOUVEAUX ANALOGUES ACYCLIQUBS DU BIOLF-62/ 

APPLICATIONS DE LA RMN DU 2951 AUX NUCLBOSIDIS 1'1' 

L'INVESTIGATION DU DINI'l'RO-2,4 BBNZENESULPENYLI COMME 

GROUPEMENT PROTECTEUR DANS LA SYNTHESE D' OLIOORlBOHUCLBOTID!S 

par 

Suzanne Bo1Bvert 

Résumé 

SU1te à l'activité antivirale remarqual:;>le de certains analogue. de 

nucléosides telle celle du BIOLF-62 contre les virus de l'hlrpès, quelque. 

produJ. ts tésu l tant du couplage de bases hé té rocyc.l iques .i la por tion 

acyclique active furent préparé. pour soumission à des eBlais biologiquee. 

L'intérêt b1010gique des arabinonucléoSldes a inspiré la préparatJ.on 

de dér:itvéa dimé thoxytritylé. et t-butyldilluithylailylés de l'arabi-
- ~' 

noadénos1ne. Ces produi ts furent complètement caract6rllée pir spectros-

copie RMN du'H et 13C. La RMN INEPT du 29Si et hétéro-corrélée 29Si-1H 

furent employées dans l'é-nde d'une sé rie de ribonuc léoside. ~-buty 1-

diméthylsJ.lylés et trhsopropylsilylés. 

Dans un effort V18ant au développement de nouveaux groupements pro-

tecteurs, le dinitro-2,4 benzènesulfényle qui eet à la fois stable en 

milieu baSlque et acide, fut empl:oyé pour fonctlonaliler l'hydroxyle en, 

position S' du ribonucléoside et •• compatibilité avec la méthode du 

phoaphodichloridure pour la synthèse d·acide. nucléique. fut vérifiée. Ce 

groupement a été elllplo,yé en conjonction avec le di.éthoxytrityle en po.i
f 

t10n 2J· lors de la .ynthè.e du dinucléotide UpU. Ce produit fut cancté-
./ 

risé par dégrada,tion e.,nzymatique et analyse de. résidus par CLHP. 

1 ~ .. 1 
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Introduction -1-

The history of nucle1c acids, recent focus of much interest, bAqan in 

the Mid nineteenth century with a discovery by Miescher " 2. While at

tempting to isolate the nuclei from the white blood cells of human pUR, IIp 

extracted an unknown nitroqen and phosphorous containing material which he 

named nuclein. He later ident1fied this material as a "polyb,tlsic" acid, 

the properties of which he attributed to the presence of a phosphoric acin 

cOlDponent. The isolated substance was in fact a depolymp.rised form of 

deoxyribonuc leic acid (DNA). 

A link between nuelein and heredity was unsuspectec'l when in lRf;5, 

Mendel began experiments which established the basic pri~ciples of clAssi

cal genetics i.e. tlle transmission from one generation to the next of 

genetie elements and the expression of phenotypes 2. Over the next decade, 

the meehanisms of fertilisation and cell division were the focus of much 

reaeareh 3. As a result of this, in 1883, Van Beneden realised that conti

nui ty in both these processes depended on chromosomes, threac'llike parti

cles visible in the nucleus during cell divi9ion 3. It became appar~nt 

that an understanding of ferti lisation was at the same time an understand

ing of heredi ty. Al though Zacharias had already shown that the mater!lll of' 

chromosomes was either Mtelein or intimately aS90ciated with it, Von Sachs 

(1882) and Hertwig (1884) vere the tirst to suggest and recoqnise nuclein 

&B the genetic material 3. 'lhe rediscovery ofMendel's "units· of here"ity 

and their linking with genea, by Morgan in the early twentieth century, 
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o 
confirmed the idea, originallY expr ••• ed ln 1884 by wei •• ann, that chromo-

somes transmit heredity 3. Rovever, it vas not until th~ late '940'11 

following indepencSantvorJt by groups in France and the Unitfld States 4 

that DNA was recognised as the mole«?2-lar bad. for heredity 5. 

Structure elucidation by partial hydroly.i. of nuclelc acid ha~ 

already established the presence of phosphoric acld as weIl ail .ugar an~ 

ni trogenous base components when, circa , 908, tvo di.tinct nuaiele acids 

(one present within the nucleus and the other, mOlltly in thf' cvtoplasm) 

were identified. ln 1918, researchers at the Rockefeller Institute iso-

lated the fi ve ca.rbon ~D-.ugar of the cytoplasmic nucleic acid .. nd n .. mllld 

it ribose. The 2'-deoxyribose present in the nucleus WIIS later isolate" bv 

the same group 6. 'nte fi ve deri vati ves of purine and pyrimidine foùn" tn 

he the major nitrogen constituenta of deoxyribonucleic (DNlI) an" ribonu-
-~ 

cle1c acida (RNA) are shown in Figure 1. Thelle are adenlnf' (1 l, qUl!lnin .. 

(2), cytosine (3), thymine (4) and uraeil (5). 

Piqure 1 

The Common Heteroeycilc Bases of Nucleie AcidA 

Purines Pvrimidines 

o 

:r) 
1 --

1 2 3 4 5 

'lbe primary structure of nue leic acide WIl' determined ln th.. , 950'" to 

o be a high polymer of nueleoside unitll joined trom the 3' to the S' poai-

tions by phosphàte diester linkages (Figure 2). Nucleoside. conaht o~ a 
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pyrimidine or purine base bound to the C-1 ' position of thP. sugar rinq by 

a A-N-q 1 ycosidic linkage. The purines are 1 inked by the N-9 pos! tion to 

tOrtil adenosine (A) and guanosine (G) while the pyrimidines are Unked by 

the N-1 position to form cytidine (C), thymidine (T) and uridine (U). 

Fiqure 2 

The Primary Structures of DNA and RNA 

--
1 

o=p-oe 
1 

o~ " l' '1 2' 

o R R B, B', B-I 
O=P-Oe -

°rrt' 
DRA H 1 , 2, 3, 4 

RIlA OH 1 , 2, 3, 5 

O=P-Qe 
1 8" 0Q 

0 R 
1 

In 1950, Wi 1 kins and Frank 1 in described two forms of DNA, A and ~, 

• - which differ in their degree of hydration but it WAS not until 1953 that 

Watson and Crick proposed a model for the secondary structure of B-DNA 7. 

This vas based on the X-ray diffraction data of Wilkins and Franklin ilS 

well as the base equi valence studies of Charqaff. The structure, -t'epro:'--

duced in Figure 3, consists of tvo antiparallel pOlynucleotitie ch",ins 

interwound in the form of a riqht handed double helix. The bas~s of flach 

o strand are projected toward the center and form parallel complemflntary 

base pairs stabilised by tvo (A-T) or three (G-C) hydroqen bonds 8 • 

.. 
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o 
The pe1ix is of constant diameter as the base paira each condat of a 

larCJe purin~.!nd amal1 pyrimidine residue. 

Pigure 3 

Base Palring and the Secondary Structure of B-DN~ 

l 
34Â 

l '1' ~ 

C G 

In the late 1970's, Il left handed helix for which there ia, aa vet, 

no direct evidence for existence within cella, VIla obtaine" in crystal lin,. 

state 9. This 1ess stable Z-DNA taltes the form of a narrower helix th .. n 

the Watson and end. B-DNA and ls traced by a sinqle qroove 10, " where·lt. 

B-DNA i8 furrowed by both a minor and a major groove. The bases ar~ reor1-

ented ("flipped") in this structure and number twelv-e per turn v~r.U8 th .. 

ten bal!le pairs in B-DN~. The biologic151 signlf1cance of Z-DNA h atill 

• elus1ve though it has been linked with the control regions of viral DNA. 

o RNA qenerally exista as a sin'1ie polynucleotide chain rather than Il 

double helix of antiparallel strands. However, baae pairinq c~n teke place 
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vith!n and betveen RNA .olecule •• Certain foras of double stranded repli-

cating viral RNA poaa •• a a aillilar degree of regularitv aS B-DNA 12, but 

ba.e pair hydroqen bondinq usually occurs vithin the saJlle strand causinq 

certain reqions to adopt a helix or pseudo-helix conformation thus forminq 

hairpin loops. 'l'hia structure differs from the DNA helix due to the pres-

en ce of a 2'-hydroxyl group in the ribose phosphate backbone 13. It counts 

approximately eleven base pair. per turn and pos.eaes both a minor a~d ~ 

major groove. 

Nucleic acid macromolecules are present in aIl li vinq ce Ils, existinQ 

ei~her in a free form or as.ociated vith proteins. Even the most simplp. 

viruse. are composed of a nucleic acid molecule surrounde" bv a protein 

.hell and viroids consist of an RNA molecule ,ooly. Althouqh RNA stores 

genetic information in most plant viruses and somE" a'nimal virusps, this 

lunetion i. assumed by DNA in eucaryotic cells (cells which possess a 

nucleus). The biologieal structures (RNA molecules contain a qreater 

nUlllber of modif!ed nitroqenous bases) and roles of RN~ in the expression 

of genetic information are more 4iverse 14. Transfer RNA (tRNA) tr~nsports 
1 

a .pec! fic amino acid during protein synthesis. Messenger RNA (mRNA), li 

short lived species, translates the information for proteln avnthesis. 

Heterogeneous nuclear RNA (hhRNA), a precursor to mRNA, exists onl V in thE' 

nucleus where 90\ ia deqraded. Ribosomal RNA (l'RNA), which arcounts for 

80\ of ce 11 u).ar RNA, combines wi th protein to form ribosomes, the si tes of 
.".,..jl> 

protein .ynthesia in the celle 

'l'be close linklnq of nucleie acidR vith cellular processfI!s ia the 'key 
, 

to ~eir usefulnes. in the, under.tandipq of structure ta function rel a-

tion.hips and 1'n tbe enhanc.lIlent ot acti vi ty in deficient biolnqiea 1 

.y.t •••• It 1. a~.o to thl. narrow link that the constltupnt units of 
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nucleic acida, the nucleosides, and their derivativea, ove thair remarka-

ble therapeuotic and aiagnoatic properties J S • 

./ 

IlUcleo.ide. aDd tbeir AnalOCJUft. a. ADtiYiral AqIIau 

'n'te aearch for antiviral compounds haa heen an extrallelv dif'ficult 

l, 
one because viruses are physiologically inert outalde their hORt c .. l1 

where they are lncapable of growth, reproduëtlon, reaponsll! to extf'rnll 1 

Stl.IDUll., independa1'lt metabolism or mobi li ty 16. Once invasion of the c~ll 

has occurred, the viral nucleic acid and protein are ao int:imatelv intoa-

grated to the host cel1 metabolism that Any procedure which interferes 

wl.th vlral activity inevitably interfer __ s with th/! hOl'lt's as weIl. 

Viruses have alternately been described as exceptionallY complex 

molecules or exceptionally simple microbes. 'n'tf!Y ar .. pathoqens of phntR, 
, 

bacteria, insects and anima ls, ranging in aize from 10 to 250 nm and ar .. 

responsible for 60\ of the diseases occurrinq in ~evlI! loped countries 17. 

Viruses are nucleoproteins consisting of nucleic acid, usually one mole-

cule of DNA or RNA Which confers infective capability, an~ a protf'in r.oat 

1 
or capsid. This protective shield is composed of protein suhunits (capso-

meres) in an orderly arrangement Whl~h are capahle of rpaqQroaqati~n. 

Enveloped viruses also possess an external lipid or polvaaccharid~ layf!'r 

usually derived from the hast cell membrane. 

Viroids, discovered in the early 1970'a, are the aimpleat known 

agents of infectious diaease 18-20. Either torerunnera or "~Qenf'rAte , 
vérsions of viruse., these agents cauae several di.ea.e. of hlQher plAnt •• 

Viroids consist of a amall single stranded circular RNA molecule (c. 360 

l 

- --~~.-...--\tf:~~ 
,p-, 
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nuchoUd •• ) which .dopa a rocUik ••• condary stucture. They differ from 

viru ••• by th. ab.ence of a protein coat. 

Among CHA viru ••• , the her~s qroup is of particular interest as thev 

are the cau.e of the !IOst common viral diseasee in aan 21. Infections due 

ta herpe. viru.e. have been known for over 25 centuries. The herpes sim

plex viru.es of type l and II (HSV-I, HSV-II) are ree9Sible for r.old 

Bor •• , encephalitis as vell as eye and genital infection •• Other viruses 

of thll group cause afflictions ranging fram chicken pax to mononucleos1s 

(Table 1). The herpes viruses are interesting in that thev underqo a 

pèrlod of dorlllancy 1n ganglionic sites or lymph~ytes 21, 22. For reasons 
, 

unknown~ usually related te stress factors, the latent virus ean be re~c-

tlvated to in1tiate a recurrent or a nev form of 111nees. 

HSV-I, HSV-II cold sores 
eneepha li ti s 
eye infections 

Varicella Zoster chieken pox 
Ihinqles 

Cytomegalovirus pneumonia 
CNS diseases· 

Epstein Barr Virus mononucleosis 

*CNS: Central Hervous System 

Th. herpe~ simplex virui i8 an eieosahedron (twenty sided structurel 

ranging in diameter fre. 150 to 250 rm 23. An idea of the viru8' rehti ve 

di •• n.ion c~n be obtaioed by co.parison vith a bacterium such al thA 

typhoid baci llUB which has a diameter of 1000 na. The herpe" ailllplex virus 

i •• non cov,alently a •• ociatéd .upramolecular syate. conai,sUng CYf.a 

.- • J • 



o 

o 

Introduction -8-

complelllentary, double atranded DNA core surrounded by 162 capsOlIIerfltll. The 

capsid is 8urrounded by a three layered envelope bearing s"ikes ranqina in 

length between 8 to 10 nm and thought to I?e virus-lpecific qlvcoproteinl. 

In the first stage of herpes infection 24, the ce11 surface interActs , 
with that of the virus resulting in the latter', fusion vith the host's 

plasma membrane. Then fol1ows a period of eclipse Clecond ltaqe), d .. term-

ined by the rate of viral uncoating (P'igure 4). Cellular enZVDlflll firRt 

beqin the degradation of the viral capsid which ia latar continufld bv an 
\ 

uncoating proteln produced by the viral DNA (vDNA). The nalced vDN~ iR 

thouqht to combine to cellular protein to evade the action of hydt-01ltReR. 

ln the case ef herpes infections, the virus Is tranarrted into the cell 

/ nucleus before completion of the uncoatinq. 

riCJU,re .. 

The Viral Uncoatinq Proce8s 

cellular control viral control 

Vl r al uncoa ti ng 
protein .. 

capsid 

ln the third stage of infection, the virus monopo1is~s th .. bin-

synthetic machinery o~ the ce11, reprograuing the hOlt cell rihosolIIes to 

°redirect protein synttlesis. Moreover, the Iynthe.! .. of the host DNA il 

inhibited by action of a deoxyphoapha~se enzyae, initiated either bv the 

viral genollle Cenaemb1e of genes) or by activation o~ a latent hoat cell 

control lIIechanislII. The expression of viral qenes occurs durinq thè fourth 

"",o'':'~ ". J ~ .. , , 

/ 
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stage of infection. Viral ONA serves as template for the transcription of 
b 

viral mRNA and production of viral proteins. 80th proces~es are dependant 

upon the h9st ce Il for the supply of tOW molecular weiqht precursors (nu-

cleosides and amino acide). Virueès usually possess a sinqle qenome corlinq 

for a sinqle mRNA Molecule. 'nte riral mRNA-must be seqmented by proteolyt-

,ic enzymes to accomodate the protein synthesis mechanism of eucarvotic 

çe Ils, whièh require monocistronic mRNA (mRNA which codes for one pro-

tein). At the fifth stâqe, viral DNA i9 r'f!plicated by the viral polvm~ra!'le 

produced. These steps are represented in a, simplified form in Schf!!me 1. 

viral ONA 

cellular 
transcriptase 
----------~.~ viral mRNA 

cellu14r 
ribosomes '. viral structural 

proteins 
viral thymidine 
kinase (vTK) 
ON" polymerasps 

viral ONA 

'nte penultimate staqe' consi8t8~ in the maturation of the viruses. This 

iw a process of self assembly during which nucleic acid inclusion occurB 
, 

fOllowinq agqregatton of the capsomeres. The final staqe ls uBually cell 

lyais and release of the viruses, however, in the case of herpes viruses 

thi. pathway i8 aborted to cause a persistent infection. PartiaIIy formed 

nu~l.oproteins accumulate in the celle Some viruses such as the oncoqenic 

pa thogens, cause a third form of infection, ce Il transformation. The 

three are lDutually exclusive. 

'rhere are a nUlDher of stages at which chemotherapeut~c or chemopro-

phylactic agents .ay exert their action. Antt viral cOlDpounds May blook or 
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kill the virus before it enters the cefl and causes infection. Alternati-

vely, they may prevent the attachment to, or the penetratl.on of the celle 

Bowever, the most effective agents enter the cell and prevent viral multi-

plication either by l.nterrupting the synthesl.s of viral protein or nucleie 

acid or, by causing a mutation that results in the productlon of non 

infectl.ous or immature viral partl.cles. Because the virally lnduced or 

, i 
encoded enzymes necessary for multiplication usually ACt more rapidly than 

the equivalent cellular catalysts, the most successful antlvlral agents 
\. 

exhibi t a specificl. ty for these enzymes wi th minl.mal disruption of the 

host"1r'biochemical processes. In order to be effec?ve, these agents must 

also be readi1y soluble in aqueous media, able to cross cellular membranes 

and cause minimal ~unosuppressive, teratogenl.c, mutagenic and carcinoge-

nic effects. 

The development of effective antiviral compounds has been less suc-

cessful thëf:n' that of antibacterial agents, due to the limited number of 

target virus specific enzymes. Nevertheless several agents, mostly nu'cleo-

IJ\' 
side analogues, possess significant activity against vlruses though tew 

have been approved for the treatme~t of human infections 17, 21, 22, 25-

28. 

Among the non nucleoside àgents, the symmetrl.cal amine adamantamlne 

or amantadine (6) is noteworthy. This agent ls used against .certain 

strains of influenza A, an RNA virus 29. Adamantamine, tirst approved for 

, syst8'inic use l.n the United States in '966, was originally thought to be a 
-

prophylactic agent which blocked viral 'penetration of the host cell 16. 

More recently, its curative action vas established 30, 31. Mter the vlf'UII 

haa entered the cell, amantadine appears to inhibit viral transcription at 

an ear 1y stage, between the uncoating proce ... and ~iral RNA synth •• ia. 
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Arildone (7) and a water soluble pyrazole denvative (8) selp.ct.l.velv 

" 
ln~ibit the replication of some RNA and DNAlviruses by blockinq viral 

uncoatinq thus preventl.nq takeover of protel.n synthesls 32. Ari lnone is 

active aqainst certain strains of polio virus and against the HSV familv. 

At the concentrations needed for activity, this agent does not adversely 

affect healthy cells 33. Several suqar derivatives and modlfieo polysac-

charides passess significant actlvlty aqalnst both ONA and RNA viruses. 

'I1lese antiviral agents lnterfere Wlth the repllciltion of envf!loped Vl-

ruses by incorporatlon into their glycoprotelns and qlycollPids thus 

disruptinq the viral envelope. Accompanying cytotOXl.C effects are ml.nlmal. 

2-Deoxy-D-glucose (9), used topically in the treatment of HSV infections 

34 and D-qlucosaml.ne (10) are among the more effective aqpnts tram thls 

group 25, 26. 

6 

7 R 

9 OR 

10 

8 •• 
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More recently, several pyrimidine nucleoSlde derivatlves have b"flJn 

useful ln antl vira l chemotherapy partlcular l y agalns t the herpes VlrUSeB 

35. The general mechanism for the action of these analoques aqainst DNA 

pathogens is now understood to be the followinq (Scheme II). The aqp!Tt Hl 

first phosphoryiated by the virally induced, poorly selpctiv~ thymldinp 

kl.nase (TIC). Cellular )nnases subsequently convert the monophosphorylatprl 

agent to the trlphosphate form which then acts as a substrat-e or competi-

tlve Inhlbitor of vlral DN1\. polymerase. Thf' Incorporiltlon of fraunlllf>nt 

nucleosldes into vloral DNA molecules may termlnate or dplay chain f>lonqa-

tion or may cause d"istortloons of the seconrlary and tertia ry strur t\lrps of 

the DNA. 

HOpB 
4 1 

3' 2 

HO .... 

Sc~e II 

o 
HO-~-Oo8 

vaal TI( HO .. 
HO 

ce 11 ulrl r 
Klonases ... 

o 0 0 
Il Il Il 8 

HO-P-O-P-O~P-OO 
1 1 1 

HO HO HO 

1 HO 
DNA polymerasp • 

viri\l [)NA 

5-iodo-2'-deoxyurldine (IDU) (11) and other haloqenatf>c1 pyrimirhnf' 

nucleosldes such as 12, cause the prOt'luct:lon of faulty vl.ral DNA rl9 rio",,, 

the trifluorothymidine derl.vative (TFT) (13) 36, 37. Their US" is l1mitp.rl 

by their systemlc toxiClty and low antiviral specificitY'lB thpyare 

incorporated into DNA (ln the place of thymldine) in bath virus infectp.o 

and non-lnfected ce 11 s 26. 5'-Aml no-5-iodo-2', S' -dideoxYllritli np (14) i q 

active against both HSV Btraina 38-40. This agent is preferentially PhOB-

phorylated by viràl TI< and the phosphoraml.date formed ia incorporaterl only 

into viral DNA thus exhibiting Iowar hast cell toxicity. 5-Fthyl-2'-
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deoxyuridine (EDU) (15) and S-propyl-2'-deoxyurid.?-}}e (POU) (16) are spe

clflcally phosphorYlated by HSV TK 26,41. Althouqh both may be incor-

porated into host and viral DNA, POU inhibi ta the induction of vl.ral DNase 

and DNA polymerase. E·5-Bromovinyl-2'-deoxyuridine (BVDU), 17, has proved 

conaiderably more effectl. ve than the aforementioned agents and exhlbl ts 

lover cell toX1Cl.ty 42. It lS specl.fl.cally pho8phorylated in the S' POSl-

tl.on by HSV-I and HSV-II 1.nduced TJC (the HSV-I enzyme produces the dl.phos-

phate). Cellular kinases complete the process to the trl.phosphate WhlCh 

inhibits the viral DNA polymerase to a greater extent than the host enz-

ymes. Thus, BVDU l.S mostly l.ncçrporated l.n l.nfected cells. Unfortunately, 

the agent is a better substrate for cellular thyml.dine phosphorylase than 

is thyml.dl.ne and l.S thus deqraded rapldly. Prolonged use has been ll.nked 

Wl.th increased tumour development in laboratory animaIs. Arabl.nocytl.dl.ne 

or cytarabl.ne, 18 (araC), 1.S not an effectl.ve agent as it lnh1bl.ts cellu-

lar DNA 8ynthesis to a greater extent than that of vual ONA 43. Al thouqh 

trlphosphorylated araC shows selectl. V1 ty toward HSV DNA polyrnerase, thl.S 

18 offset by the lower concentrat1.ons of this specl.es found ln l.nfected , 
cells 44. A ser1es of 2'-fluorl.nated pyrlmidl.ne derlvatl.ves are more 

actl. ve and less cytotoX1C. 2'-Fluoro-5-1.0do-l -A-D-arab1 nofuranosy l cyto-

Slne, 19 (FIAC), 18 actlve against DNA vl.ruses especlally HSV-I, II and 

herpes zoster 45,46. It 1.S an excellent substrate to v1.ral TK 47. Some 

uracl.l analogues of FIAC (20, 21) are also actl.ve agalnst these Vlruses. 

1.~-D-ArabinOfuranosylthym1.dine, 22 (araT), a naturally occurung nucleo-

Il.de, is an excellent substrate to HSV thymidl.ne k1.nase though l. t l.S also 

phosphorylated in healthy cells 48. The triphosphate inhiblts HSV DNA 

repll.catl.on but may lncorporate l.nto cellular DNA 49, 50. 5-Ethyl-arablno-

undl.ne (23) 110 near ly as acU ve as araT against HSV-I and is Iess cyto-
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toxic to uninfecteà ce 11 S 39. 

1 Y Z 

11 1 H OH 

12 Br H OH 

13 CF3 H O~ 

0 14 1 H Nl-I 2 X{NH lA 15 C2HS H OH Zp 0 16 C3H7 H OH 

17 H_Br H OH 

HO .. -.....H 

20 CH 3 F' O~ 

21 C2 HS F OH 

22 CH 3 OH OH 

23 C2 HS OH OH 

NH 2 xy.1 l' y' HOp a 18 H OH 

V' 19 1 F 

HO 

Among the purlne analogues, arabinoadenosine (araAI or vid.Hl1hinf! 

(24) has been found to be actl ve aqainst HSV-I, both!..!:! ~ ... nn ~ ~ 

desplte some cytotoxicl.ty 51. It 1s used for the treatment of herpes 

encephallt.Ls-; neonatal herpes and chicken pax. However, araA i8 rehtiv"l~ 

insoluble which hampers its administration and, when qiven syatemieally, 

it 1.S rapid1y converted to the 1eS8 active hypoxanthine derivative (25) by 

the ubigui tous cellular enzYllle, adenosine deeinase 22, 26. The earbocv-

C11C analogue of arabinoailenosine, cyclaracHne (26), i8 active aqainet 
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HSV-II and. is resistant to adenine deaminase. (The properties of ara A are 

further diecu8sed in Chapter 2). 

t 
NH2 0 

,~) J: t:{JH 
HO~ N 24 0 HO~ N HO 

26 CH2 HO HO 
25 

A number of nucleoside analogues bearing modified base residues also 

passees recognised antiviral properties, notably the 5-membered azahete-

rocyc les 52. 1-A-D-Ribofuranosyl-l, 2, 4-triazole-3-carboxamide or ribavlrin 

(21) is a synthetic truncated nucleoside which possesses a broad spectrum 

of antiviral activity against both RNA and DNA Viruses includinq the ASV 

pathogens 53, 54. The mechanism for its Action against RNA influenza A 

viruses May be explained in the fOllowing way. Rotation of the bond be-
l' i 

tween C-4 and the amido group can cause inversion of the respective posi-

tions of the amine and keto groups. In one conforma tion, the amine func-

tion has the same orientation as that of adenosine and acts as Il suhstratA 
_ r 

for phosphorylation by cellular adenosine kina~~. Cellular enzymes then 

produce triphosphorylated ribavirin. Depending on the orientation of the 

amine and keto group, this mo lecule can resemble ei ther adenosine (NH2 -6) 

or guanosine (0-6) triphosphate and has been found to act as a. competitive 

inhibltor for viral RNA polymerase in cell free assays~ Because ripavirin 

is a ribonucleoside analogue, the risks of mutation due to incorporation 

o into DHA should be minimal. In fact, ribavirin has not been fou no to 

incorporate into either viral or cellular DNA or RNA. This aqent is 

thouqht to inhibit the viral-specific mRN~ capping and methylatinq enzymes 

\ 
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28, 55. As a result, the mRNA is incorrectly transcribed eausinq either 

inhibition of viral protein synthesis or the production of faultv prot"!in. 

Base modified guanosine and Adenosine nucleoside analoques have shown 

antiviral activity although these agents seem to carry a qreatjll!r rial<: of 

carcinogenic potential. 3-Deazaguanosine (28) is effective aqc'linst RNA vi-

ruses but exhibits cumulative toxicity 56. 3-Deazaadenosina (29) ha~ a 

broad spectrum of activity which, lilte that of rihavirin, hl\s been attri-

buted te interference wi th mRNA methyl ation procpssPS pssentic'l.l to vi r/\ l 

replication 57. 

27 

NJÜNH2 

1 N H0'Q ~ 

HO OH 
29 o 

32 

o Nb ( 1 NH 

HO~ .<:" NH, 

HO OH 

28 

o rNH 
N, ~ HOQ 0 

HO OH 

30 

Several azapyrimidine nucleosides have a broad apectrum ot /lcti vi tv 

in particular 6-azauridl.ne (30) which inhibi ta bath DNA and RNA vlruaes. 

However, i ta effect is weak on the HSV pathogens 25, 58 and i ta use is 
<) 

limi ted because of toxic side eftects. Like other nuc leoside anllloquft8, 

this agent must first be phosphorylated in order to be effective. Th~ 
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enzYlIe uridine kina.e converti COli pound 30 to a nucleotide which then 

blocka DNA and RNA .ynthea1a in both Ma l thy and infected ce 11 8. 

C.rtain ana loque. bearinq modifie~ sugar moieties also pouess ther-
, 

apeutic va lue. 'lbe acyclic (5)-9-( 2, 3-dihydroxypropyl )-adenine, 31 (DffPA), 

an~ carbocyclic analogues 3-deazaaristerolllycin (32) an~ neoplanoein A (33) 

are active against both DNA and RNA viruses 17, 57. Their lIode of action 

ia 'thought to be siml1ar to that of 3-~eazaa~enosine (29): (S)-DAPA in-

hibits (S-adenosyl-L-homoeysteine)hydrolase which requlates tran1'1methyl-

ation reactions essential to the production of mRNA whereas the (R)-isomer 

ie inactive 59, 60. This agent (31) alao inhihits the action of adenosinp 

deaminaae and can thus be used to enhance the acti vi ty of araA (24) which 

1s partially deactivated by thiS enzyme 25, 26. 

NH 2 - NH 2 t:Q ., 

~~) H0'Ç/ 
HOCH2 

H HO OH 

31 33 

Acyclovir, 34 (ACV), an acyclo-nucleoside ana loque of quanosinf> in 

which both the 2' and 3' sugar ring carbons are absent, was the first 

selective antiherpes druq reported for treatment of primary qenitA1 hf'rpes 

61,62. The lIolecule is active against both human and animal herpes vi-

ru ••• and i. esaentially non toxic to healthy cella. It is Usp.d hoth 

topicallyand oully in the treatment of HSV-I and II. ACV is an excellent 

-0 aubltrate to viral TIC and ia converted to the monophosphate lI10re ClUiekl v 

in infected than healthy eells. ~/agent is then diphosphorylated bV the 
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host cell guanosine monophosphate kinase. Other cellular enzymes convert 

the di- to the triphosphate form which inhibits viral DNA polvmera,,- to ... 

greater extent than cellular polymerases. ACV acta as a chain terminator, 

i ts incorporation into vira 1 DNA i8 se If limi tinq du/'! to the absence of ... 

• 3'-hydroxyl group. Analogues of ACV invol ving modifications of the quan1n .. 

base are genera lly le8s acti ve than the pllrent compound, &s thev t'lo not 

blnd as weIl to viral TK. 

o {yN 
NJl . .) 

i. 0 1 t-r"'NH2 
HO~~,. ... 

3S 

The acHvl. ty of acyclovir has aroused interest in other nucleosid .. 

analogues of this type. The acyclic guanosine 9-((2-hytiroxy-1-(hvc1roxv-

methyl)ethoxy)methylguanine or BIOLF-62 OS), pouesses aIl the chemical 

functionalitlp.s of a deoxYrJ.bonucleoside but lacks the chiral, riqid 

furanose ring structure. Ogi l Vle and co-workers 63 first reported the 

antlherpes activl.ty of this compound and this was suhsequentlv rl!POrtet'l hv 

severai other groups 21, 22, 64-67. BIOLF-62 was found act! ve aqainflt a Il 

Vl.ruses of the herpes group (HSV-I, HSV-II, cytomegaloviru8, Epstein Rlsrr 

Vl.rus) and against equine herpes virus both by plaque inhibition tests and 

at11.iiial studies. Patterns of mutant strain drug resistance (T'K+, DNA pol Y-

merase-, ACV resistant) show that the mode of action of BIOLF-62 ls dif-

terent trom that of other antiviral compounds 61,68,69. It 18 phospho-

rylated more quickly than acyclovir, i.e. it 18 a better eublltratlt to 

\~ '. t 
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virally induced TIC. '!!le triphosphorylated BIOLY-62 18 present in qreater 

concentt'âtion in infected then in non infected cells and inhibitB viral 

ONA polymerase to a qreater extent than the equivalent cellular enzymes. 

,BIOLF-62 le a more selecti ve viral ONA polymerase inhibitor than acvclovir 

and 11 easier to administer due to !ta qreater solubility. 

The combining of antiviral agents is often effective in treatinq 

infections. TWo druga impl1cated at d1fferent stages of the viral repl ica-

tl0n process can exert an action greater than the SUD! of thei r incii vidull l 

activities. BIOLF-62 exhibits auch synergistic action with two other 

recogniaed antiherpes agents, phosphonoacetic acid, 36 (PAA), and pho~pho-

noformic acid,' 31 (PFA), in the treatment of HSV-I and HSV-II 70-72. 

BIOLF-62 18 aIso more effective against HSV-II when combinerl with BP.ta-

Interferon (An antiviral glycoprotein produced by virally induced leuco-

cytea) 73. 

Pt P. 
Ho-~-CH2COOH Ho-P-COOH 

1 

HO HO 

36 37 

Only five antiviral drugs are approved for therapeutic use in the 

Unlted States. These are the non-nucleosidic adamantllmine (6), the }:)ase 

mod1f1ea 10U (11) and TFT (13) as weIl as the sugAr modified araA (24) anci 

ACV (34). 'l'tle prediction of the thftrapeutic va 1 ue of anti vira l aqents il; 

rend. rad di.fficult due to their complex mode of action, involvinq both 

• cellular and viral enzymes. Nevertheless, in liqht of the activity of ~8P 

modiUed nucleosides and the relDarkable Action of acycl1c nucleoside 
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analog\.\es, the combination of thelle two characteriatica might prove of 

val~e. W1. th the hope of duplicat1.ng or Burpassing the therapeutlc effectl-

veness of kno..,n drugs, a firat objectlve propoaed in thi. theais lS the 

synthesis of a serles of derivatl.ves, analogoua to recogniaed acyclo-

nucleoslde antl.viral agents. The coupllng of a variety of heterocyclic-

ring bases to the acyc 11e sugar-like segment of BIOLF-62 (35) wu attempt-

ed and 1.S descrl.bed in the h.rst chapter. The bases choaen to replace the 

punne nng of BIOLF-62 were selected on the bas1s of their known blOlogl-

cal actl.on or thea resemblance to chemotherapeutic agents. 

'l'be Cbeaica.l Syntbeeis of OllqoriboDuoleotidell 

The recent advances in molecular biology, notably the cutting and 

handll.ng of DNA fragments, have generated new appllcat1.ons for oligonucle-

otides of defl.ned sequence. Becau~e of remarkable l.mprovements ln the 

chemical approaches to nucleotide synthesls and the automatlon of these 

p..rocesses, synthetic ol1.gonucleotl.des are no.., useful for DNA aequenclng as 

well as d1rected mutagf::nesls. 'Ihey also Act as labelled probes to locate a 

specl.f1.c gene and thus have potential for diagnost1.c applicatlons 74. 

Moreover, longer sequences are used for gene regula tl.on and structu're and 

functl.on studies of nuclelc aClds. 

The syntheSl.B of ollgodeoxyribonucleotldes invol ves a lIenes of lIe-

lectlve protectl.on a.nd deprotection steps of the nitroqenou. base and the 

sugar moiety functlonal groups 75-77. The cOllUllon nucleic acld bases (Fig-

o ure 1) possess aml.de or exocyclic amine groups sUlcepUble to attack by 

nucleosl.de coupling reagents. Thes.!, .nucleophllic center. lIU1t otten be 

der~vatl.sed to avoid possible 81de react10ne VhlCh reduce yields and 
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entall addi tional purification stepe 77. The deoxyribose suqllr beus two 

. "-
potential reaction aites, the 3'- and S'-hvdroxyl groups (Figure 2). The 

condenià tion ot two deoxyribonuc leosides tt!:lrefore requires se lect! ve 

protection of these tunctions to ensure the formation of the 3' ,S' nucleo-

tide link (found in natural molecules) rather than 5',5' or 3',3' link-

age •• The presence of Il third hydroxyl funcHon in the 2' pOffition of 

ribonucltfosldes renders the synthesi's of oligoribonucleotides more complex 

than that of deoxyribonucleotides, and accounts for the slower cieveloPlllf"nt 

of RNA synthetic procedures. Selecti ve protection of the 2'-hydroxvl qroup 

must Il Iso be undertaken to avoid the formation of undeslred 2',5' linkecl 

ribonuc leotides as well ilS the migrlltion, under Ilcidic conc'li tions, of the 

phosphodlest.er moiety tram the 3' to the 2' posi tion 78. The protectino 

groups used in these syntheses must he stable to the conditions required 

for internucleotide bond formation anci must be introcluced anci removed 

under mild reaction conditions. Strong alJcylat~ng agents must be avoideti 

as the nitrogen and oxygen base sites of these molecules, notably the N-7 

position of purines, are particularly susceptible to electro~hilic at-

tack. Furthermore, while the phosphodiester backbonE' of DN~ i8 stahle to 

acid and base hydrolys1s, the presence of the 2'-hydroxyl in PNA renders 

these molecules more susceptible to chain cleavaqe under both conciltions 

via « 2',3'4Cyclic phosphate 77. It i8 evident from these properties that 

the selection of sui table protectinq qroups is crucial to the efficient 

.ynthé.iI of nucléotides. 

The prilDary amine function of adenine, guanine and cytidinp. are 

generally protected as 'amides. The benzoyl (38), anisoyl (39)' and isohu-

o tyryl CCO) qraups, used for A, C and G protection respectivelv, wl!re 

1ni tia.lly introduced by Khorana .!! !l. 79-81. In addi tian to inhibi tinq 
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base reaidue modification during the couplinq reactionl, thele protectinq 

groups qenetally facilitate the handlinq of the afore lIIentioned nucl,.o-

sides by increasing their aolubility in orqanic lolventl, thereby flalinq 

the purification of their derivatives. The amine prote.cting qroupa ~an No 

introduced by the original method deacribed by 1010rana and co-vorlcers Fl2, 

83. Following peracylation of the Ducleoside (G, A), the luqar acYl qroups 

are selectively removed by basic hydrolyaia (Scheme III). Peracylation 1R 

not required for protection of the cytidine amino group ... 8 it ls basic 

enough for selective acylation by an anhydride. A more efficient methM 

has lately been reported by J.9nes et .!.!.84. This is a single step proce-

dure in which the suger hydroxyl groups are tranaiently persilylatfld prior 

Sc __ III 

N(COR)1 . 

RCOO~'NHCOA 

RCOO R' 

1) NaOH 

~ 
H, OCOR 

R' - H, OH ~ 
1) TMSC1, pyr. 
2) RCOCl or 

(RCO) 20 

R' • H, OTMS 

lB 39 40 

R - -0 -o-0CH) 
"CH) 

- -CHZCH 
'CH 

.." l 

HO~'NHCOR 

lof 0 R 
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to acylation of the amine funetion (Scheme III). Unlike guanine ànd cyti-

dine, adenine is f,iiacetylated at N-6 by bath procedures. The diacyl deriv-

a ti ve of adenosine has been reported to be more stable to acid condi tions 

-
than the monoacyl 85. Nevertheless, the monoacyl u commonly used for 

nucleotide synthesis as one of the N-acyl groups is eleaved under the 

conditions used for hydrolysis of the acyl or silyl sugar hydroxyl pro-

tecting groups. At the end of nucleotide synthesis, the N-acyl groups are 

removed by treatment with concentrated ammonia. 

Like the exocyc lic amine groups, the 0-6 amide posi tion of guanine 

(2) can Wldergo side reactions (sulfonylatl.on and phosphorylation) durlng 

oligonucleotide synthesis thus causing product degradation and lower 

yields 86, 87. The carbobenzyloxy group (41) as weIl as a serl.es of 

substi tuted ethyl groups [2-trimethylsilylethyl (42), 2-phenyl thioethyl, 

41 43 CH2CH2SPh, CH2CH2SPhN02 45 

42 
, 

2-(4-nitrophenylthiolethyl (43)] have been found suitable for 0-6 protec-

, .;-----
tion 86-89. Among the most commonly used are the nitrophenylethyl (NPE) 

J 

(44) and the cyanoethyl (CE) (45) both of which can be removed by~

elimination reactions us1ng 1,8-diaZabiCYCI0(S.4.0])ndec-7-ene (08U), . ' 
tetrabuty14Jlllll0niUII fluoride (TBAF) or ammonium hydroxide 86. Al though the 

CE group is relatively st4bJ.e to triethylamine under anhydrous conditions, 

it ia cleaved in aqueous solutions of this base 86. 

The aelecti9n of 31 and 51 protectlng functions which are easily 

·introduced and selectively removed without affectinq base protecting 

group. ia ~perative. As oligonucleotide ayntheais must proc::eed by chain 

c' 
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extennon via el.ther the 3'- or S'-hydroxyl position, it il al.o advanta

geous to se lect~ two different hydroxyl protecting gr~,J.2ps ~ch can be 
) 

removed l.ndependantly of one another. Synthetie strategie. wh1ch preee.d' 

in the 5· .... 3' directl.on require transiept prot-ection of the 3'-hydroxyl 

group of eaeh nueleoside. Conversely, 3· ... 5' direeted synthe.el require 

trannent blocking of the S'-hydroxyl groups ana perunent protection of 

the 3'-hydroxyl group for the 3' terminal reaidue. Ribonueleotide Iynthe-

Sl.S presents the added problem of permanent 2'-hydroxyl protection for 

each residue. The formatl.on of 3',5' linked ribonucleotides can he achiev-

ed by the same methoda- applied to DNA synthesis despi te the hindrance at 

the 3' posl.tl.On caused by the presence of the i';-hydroxyl protecting 

g.roup. 

The S'-hydroxyl group of the deoxyribose and ribo.se moietles i. 
\ 

usually prot"ected with the monomethoxytrityl (MMT) or dimethoxytrityl, 

(DMT) groups, both l.ntJ;~uced to nucleot1.6e synthesis by lChorana and co

worke~ 82, 83 (Scheme IV). These groups sh9w 9000 selectivity for reac-

tl.on at the 5' posl.tl.on becluse of their bulk. In additl.on to conferring 

HOlÇj 
HO R' 

Rel 
R0çj 

HO R' pyridine 

R • MMT DM~ R' • H, OH 

9 Q"' 
-C-oOCH -C.o0CH 6- d - i 

\ 
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greater solubility in organlc solvents, the trltyl groups possess U V 

absorption properties .... tuch are useful ln determinl.ng product yle Ids. 80th 

groups are easily cleaved by treatment with dilute acid so that a nucleo-

tide chain can be extended from the S'-terminal nucleoslde. Ho .... ever, <\1'1 

the acid conditions'used to remove the trityl groups can result ln depuri-

nation of N-acetylated dA (and to a lesser extent dG), the DMT qroup, 

.... hich is signiflcantly more acid lablle than MMT, lS often preferred for 

DNA synthesls. In additlon to the conditlons lnltlally reported for tntvl 

group removal (80\ ÇH)COOH/H20) 90, several rnilder procedures have been 

proposed to minimlse depurination. Among these, ~aturatPd zinc bromi<'le 

dilute benzenesulfonic aCld solutlons ln 

CH2C12/DMF or CH2C12/MeOH as well as dllute tnchloroacetlc acid (31k) have 

proved effective 91-94. 

. 
Severa l groups are commonly used to black the secondary hydroxvl 

functions of ribonucleoslde~ as weIL as that of the )' terminal deoxyribo-

nuc leosides. Ho .... ever, as bath the 2'- and 3'-hydroxyls of ribonuc leosides 

are seconda l'y, attempted protection of the 2' position does not occur 

selectively and generally results fn a mlxture of isomers which are often 

difficult to separate. By first blocJcing the )'- and S'-hydroxyl P6'sr'-
tions, a protecting group can be lntroduced solely in the 2' posltlon. 

The se lecti ve removal of the 3' and S' groups thus leads to the deslred 2' 

protected derivatives. 

Acyl groups, used for blocking the exocyclic amine functions of the 

base residues, are a Iso useful for the )' protection of deoxyribonuc leo-

sides. However, acyl groups are not suitable for 2'-hydroxyl protection of 

ribonucleosides as they are partioularly susceptlble to isomerisation 

between the 2' and 3' positions under basic conditions 95. 'nle tetrahyrlro-
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Schema V 

RCOO~ H< RCOO~ NH 3 HO~ ~ • 02; or MaOH 

ReOO OH 
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ReOO OR' HO OR' 
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RI /J ;;Co 
H3CO 

pyranyl group (THP) (46) has been uBed successfull y for 2'-hydrnxv) pro-

tect~on 96. '!'tus group lB easlly lntroduced by treatment of a 5',3'-I1iaceo-

tylated rlbonucleoslde wlth 2,3-dlhvdropyran in the presence of IIcir'l 

(Scheme V) and can be removed under mi Idl y acidic condi tions 97. Protec-

tlon wlth a THP group lntroduces a chlrai center. In ordpr to avoid fur-

ther compllcatlon of nucleotide chromatographlc separation with the addi-

tlon of each nUG>leos~de, only one of the THP nucl4!'osidp. isomerB lB sel ... c-

ted for coupllng. This dlsadvantage led Reese et a1. 98 tn introduce the 

symmetncai 4-methoxytetrahydropyranyl group (MTHP) (47) which I .. ads to a 

5lngle product. However, it was recently reported that the acidic condi-

tlons requlred to remove 5' protectlnq qroups c",uSP clpavaqe of 2'-'I'~P 

groups to an extent unacceptable for nucleotide syntheSls 99. 'T'he MTHP 

group. Whlch 15 more aCld lablle than the THP group, i8 aiso clellvel1 

lead~ng to nucleotlde chain cleavage and isomerisation of phosphate link-

ages from the 3' to the 2' posi tion '00, 

The .!-butyldlmethylsilyl group (TBDHS1, popularised by Corey and Ven-

kateswarlu 101, was firet applled to nucleoside protection hy Oql1 vi ... !!.l 

!.!.103, 104. The TBDMS group 18 introduced by treatment of the 5' protect-

-
ed nuc leoside Wl th si lyl chlorl~e 1.n the presp.nce of Il base (Sc-h"!mp VI). 

1 
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8cb.. VI 

RO~ 
HO OTBDMS 

RO~ 
T8DMSO OH 

+ 

The 2'- and J'-TBDHS lsomers of S' protected nucleosides are re ... dll y sp.pa-

rable by chromatographYI the preparation of the 2' protected product does 

not req~~evlous blocking of the J' posi tion as in the case of thf' 'T'HP 
~ -- -
and MTHP derivativ~s. The TBDHS group in the 2' or J' posltion i5 not 

cleaved under the acidi-c- conditions requlred for removal of 5'-trityl 

groups. Al though isomerisation between the 2' and J' posi tions oceurs in 

baue medu 104, the TBDHS group is completely stable to nucleotide svn-

the.is conditions. Furthermore, this group ls removed under neutral con~i-

tions by treatment with tetrabutylammonium fluoride (TRAF). 

The first joining of tvo deoxyribonucleosides vith a natural 5'-3' 

internucleotide phosphate linkage vas performed by the phosphate triester 

procedure (Michelson and Todd, 1955) lOS, The first syntheses of oliqonu-

cleotl.des, hovever, were 4chieved vith the phosphochester methot:lology 
~----

introduced by Khonna 90 as well as Smrt and Sorm 96 (Scheme VII). In thls 

procedure, a S' protected mononuc leotitie ie condeneed wi th a 3' proteC'tf'n 

unit uain9 dicyclohexylcarbodiimide (DCC) or triisopropylbenzeneeulfonyl 

chlorlde (TPS) as condensing reagents. FOllowing removal of thp S' tritvl 

group, the procedure can be repeated to fom short nucleotides vhich can 

then be linked toge\er vith enzymes (nucleotide kinase, ON" liqase) to 

form longer segments. Khorana and co-workers combined the cl:lemica l ant'l 
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enzymatlc technlques for the synthesls of the gene co<'hno for thf' E.coll 

tyroslne suppressor tRNA 82. However, the phosphate ~iester method suff~rs 

from poor yields and long reactlon times and was not foun~ effecti Vf" for 

ribonucleotide synthesis 106. Moreover, the nuc1eotide ~iesters formed are 

charged species and tend to underqo side reactions durinq ~ub~eQuf"nt 

condensations. The purification of intermediates is further complicated 

because the charged dlesters eXlst as salts and are relativelv inRolut:>l~ 

ln organlc sol vents. These problems become more difficult to overcome as 

chaln length Increases. 

The chemlca l preparatlon of gene fragments was remarkahl v lmprQve<i 

107 
upon relntroduction of the triester methodology by Letsinger II .!l.. ' 

108 and the deve lopment of supports for solid phase synthesia. The phos-

photriester procedure vas later adapted to the aynthes1e of rihonucleo-

tldes by Neilson 109, 110 (Scheme VIII) and 8ubsequently employed hy other 

groups 111, 112. Nei 1son fOQnd that protection of the 3'-hydroxyl group h 

not necessary as no 3'-3' dimer formation ..,as observed .. ThiA position i" 

\ 

... 
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con81derably less accessible than the 5'-hydroxyl dut> to steric hinnrancp 

cau~ed by the 2' protecting group. Unlike the diester approach, the phos-,< 
phate trieater procedure leads to formation of uncharged, fullv protect-.d 

phosphates which are amenab1e to chromatographie separation and compatible 

with hydrophObiC supports. At the end of nucleotide synthesls, prior to 

removal of the sugar and base protecting groups, the phosphate protecting 

groups are cleaved by treatment with a mild nucleophile. However, phospho-

triesters are conBiderab1y 1ess stable to hydrolysis than diesters and the 

rlsk of chain cleavage lB greater. The greater sensitlv!tv of tnestPTs 

must he considered when se1ecting cOQditions for the protection and oepro-

tection of the 8ugar hydroxyl groups and in determining the order in wnlch 

the various operations are performed. Several refinements to the tries ter 

approach have been deve10ped notab1y the modified triester approac~, 

introduced by Cramer 113 and Narang- U 4, whicb was adapted to ribonuc leo-

tide synthesis by Van Boom et a1. 115 (Scheme IX). This method ft110ws the 

; 
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prepatatl.on of fully protected nucleoside J'-phosphates which are eas1.1y 

purified and are stable enough for storage l1J, 114. The phosphate 18 

prepared by treatinq the 2',5' protected nucleos1.de W1. th a phosphoch lori-

date. By selecting appropria te 5'-hydroxyl and phosphate protecting groups 

it is possl.ble to remove them independantly for coupling in either the S' 

or 3' pos1.tl.on. As in the phosphodiester procedure, phosphotriester ap-

proaches require the use of condensinq reagents such a8 DCC, TPS or a 

variety of arylsulfonolides of heterocyclic bases (iml.dazole, trlazole and 

tetrazole). The princlpal drawback of the phosphate trl.ester procedures i8 

the tendency of the arylsulfonyl acti vating reagents to sul fonylate the 

unprotected amine and amide functions of the bases as well as the tree 5'-

hydroxyl group of nucleosides 116. The competition between phoaphorylation 

and 8ulfonylation at thia position leada to reduced yields and complicated 
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puritica tions due to side product formation 117, 118. 

The tries ter methodology litaS turther improved wi th the .introduction 

ot the phosphodichloridite or phosphite triester procedure by Letsinqer ~ 

a1. 11 9, 120. This approach invol ves the phosphoryla tion of nucleosides 

..,i thout the invo1 vement of arylsu1fony1 coupling reagents and leads to 

condensation yields superior to those obtained by previous methodoloqip.s. 

The dichloridite procedure has also been applied to the synthesis of 

ribonuc leotides 121, 122. Qgi l vie et ~. 123 combined this procedure wi th . . 
the use of the TBDHS group for 2'-hydroxyl protection (Scheme Xl. The 3'-

hydroxyl of the first nucleoside is treated with a phosphodichloridite ln 

the presence of a base tollo..,ed by .reaction ..,i th the 5'-hydroxyl of a 

second nuc leoside. Due to the reacti ve nature of the dich l ori(U te, conden-

Schelle X 
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sation reactions are very npid and, conllequently, are performed at low 

temperature (-7S'C) to minimille formation of a 3',3' linked dimer. 'T'he 

phosphite triester produced (pIII) ill then oxidi.ed to the more .table 

phosphate (pV) by treatment with iodine and water. Ali in the phosphate 

triester procedure, the mo1ecules produced are neutra1 unti1 the phosphat~ 

protect~ng groups are removed, at the end of the synthesi •• 

The funct~onal groups used for phosphate protection in the triester 

procedures must remain lntact until the end of nucleoti~e synthesiB. Th~se 

groups must therefore he stable to the conditions used for cleavaqe of the 

hydroxyl protectlng groups. Furthermore, the conditions needed to remove 

phosphate protecting groups must not lead to chain cleavage or isomerisa-

tlon of the phosphodiester linkages. Some groups are removed by attack of 

a nucleophile directly at the phosphorous center resulting in O-phosphonyl 

cleavage. 'nle removal of phenyl protecting groups (48), used by Reese et 

a1. 124, 125, requires treatment with a hydroxyl ion and la accompanied by ...,... 
<} 

soma internucleotlde cleavage 126, This problp.m prompted the use of other 

groups, such as the chlorophenyl (49) 121, 12S and methyl (50) 130,13', 

WhlCh are reglOved by treatment with mild nuc1eophiles (aldoximat~ and 

thl0phenate anions, respectively). However, some methylation of the amide 

functlon (N-3) of thymldlne residues h~s been reported to occur durino 

oligonucleotlde synthesis when the methyl protectinq group is uBed 1 2~. 

Other phosphate protectlng groups are removed by s~cific o-alkyl cleavaqp 

and do not involve attack of a nucleophi1e at the phosphorous a tom. These 

48 50 51 

o 49 b
el 
r ~ 
- -o-CI 
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include the 2,2,2-trichloroethyl (TCE) (51), the cyanoethyl (CE) (''ii,), 

nitrophenylethyl (NPE) 144) and the 1,1-dimethyl-2,2,2-trichloroPthvl (52) 

funetion •• The TCE group 130, vhich vas used in the oriqinal phosphite 

trie.ter vork 119, 120, is stable to both acid and mi Id base an~ is 

cleaved by treatment vith Zn/CU couple in DMF 130. However, the TeE remov-

al procedure has some drawbacks. The reaction requires heatinQ an~ vields 

range betveen 20 and 90\. Moreover, reaction ti.es vary from 2 to 24 
~ 

hours. The sueeess of the deprotection is dependant on the qualitv of the 

Zn/Cu couple which must be freshly prepared. The CE and NPE qroups I!re 

also used for the 0-6 protection of guanosine as discussed earlipr. The CF 

group (45) 131, used in the first phosphate triester syntheses 107, ,o~, 

heU been found fully compatible with the dichlorophq,sphite mAthonoloqy 

132. Furthermore, the CE group is eleaved without side reactions upon 

treatment with triethylamine in acetonitrile (40\) or vith conr.enrr.a~~ 

aqueous ammonia. The NP! group (44) '33 and the reeentiv introduced di-

methyltriehloroethyl qroup (52) are not vidply used for phosphate protec-

ticn. Both .... and 52 are cleaved under mile! conditions i.e. bV treatmpnt 

vi th OBU 134 and sodium naphta 1 enide in hexamethvl phosphoramiile (~MPA) 

135, respectively. 

Limitations of the ph~sphodichlor1d1tP methon inclu~p the dlfflcultv 

1n handling chlorophosphites due to their moisture sensitivitv and th#> 

possible formation of 3',3' linked nucleotides. Thf'se have lpd to the 

de ve l Opalen t by Caruthers .!! al. of ,an improved procedure using the nuc 1 eo

side morpholino- or diisopropylaminophosphor4midites 136-DR. 'ltIis ao-

proach (Scheme XI) ha. also heen used by other groups for the synthesis of 

deoxyribonucleotides 139, 140 and has heen applied to the prepar~tion of 

ribonucleotides both in solution 141 and on solid support 142. Phos-



o 

o 

B OMe 
MMTOV°"i C \-P-R 

H ~ 
HO OTBDMS 

MM Tao 
o OTBDMS 
1 

RR'OCH') 

R -
/CH(CH l)2 

-N 
'CH(CH))2 

r-\ 
-N 0 

\.J 

Introduction -34-

') tetrazole MMT0Vi,B 
~O· 

TBOIi4S0 OT90,",S 0 BOMS 
2) I 2/H20 , pvr. 0 1 

... =P-OCH) DO" 
TBDMSO OTBDMS 

phoram~d1tes, easily prepared ln high yleld, are relatively st~bl~ to both 

oxidation and hydrolysis. At the coupling stage, the amidite is activated 

by an acid catalyst, usually tetrazole. The second nucleos{rle 19 th~n 

added to the reactive tetrazolide thus formed. 

The synthesis of oligonu-cleotides has become considerablv more effi-

cient with the development of so11d supports, which eliminate the need for 

isolation and puriflcation of the product after eAch nucleosidp couplinq. 

In automated systeme, the support is packed in a column throuqh which f 

reagent solutions are suceessively pumped. Unreacted reaqents IInn their 

products as we 11 as any 3',3' l inked dimer which migh t ha ve been produced 

can thus be easily washed off. Horeover, it is possible, by employinq an 

exces8 of reagents, to drive coupling reactions to near quantitative 

yields. 

Upen completion of the synthesis, the oligonuc leotide chain must ~ 

deprotected. The usual sequenc~ first involves removal of the phosphate 

protecting groups followed by displacement of the exocyclic amine protect-

ing groups and, in the case of solid phases syntheses, cleavaqe of the 

nucleotide from the support. A principal advantaqe of usinq the cyanoethyl 
'. 

group for phosphorus protection, is that all the preceding operat+on8 cAn 
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he perforaed in a aingle atep by treatment vith Allllloniwn hydroxide. Remov

al of the 2' protectlnq group follovs. When the nueleotide Is to be 

iaol.ted by electrophoreaia, reJlloval of the trityl group of the 5' ter

ainal nucleoside may precede all other dftproteetion steps. ~lternativelv, 

detritylation can he pertormed last, tolloving RPLC purification of the 

partially deprotected nucleotide. 

As has been indicated, the efficient synthesis ot oliqonucleotideq 

depends upon the se lection of sui tab le protectinq groups for the phospho

roue as vell ae several of the nucleoside funetional qroups. The mORt 

ettective synthetic procedures for the preparation of ribonucleotides have 

heen shown to be the phosphite triester 143 and, more recently, the phos

phoramidi te methods 142. The compatibi li ty of the S'-tri tyl and 2'-TBDMS 

hydroxyl protecting groups vi th these procedures as 'ole Il as the easp of 

preparation and purification of the correspondinqly derivatised ribonu

cleoa1des have also heen demonstrated. Thus, these groups are indicated 

tor use vith nucleosides possessing sugar rings other than ribose. One 

objective ot thi. vork, presented in Chaptaor 2, ...,as the prepar1ltio1l llnd 

full characterisation of several such derivatives of the antiviral agent 

arabinoaden08ine. These dimethoxytrltylated and silylated compounds are of 

interest for their eventual incorporation into a nueleotide chain as a 

poa8ible means of enhaneing the biologieal aeti vi ty of arabinoadenosine. 

'8 and 13C NMR etudies of nueleosides, nueleotides and their derivatives 

have shown the value of NMR in the charaeterieation of these molecul~s. ~ 

further obj ecti ve VAB to report the appl iea tion of 29Si INEPT NMR ta the 

characterisation of SOrne of the silylated nucleoBides videly us@d as 

interaediate. in ribonucleotide synthesis. This ia dlscu8sed in Chapter 3. 

'lbe a.arch for hydroxyl protecting groups suited to nucleotide synthp.sis, 
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o 
particularly tho.e introc:!ueed and ré.oved under neutral condition., i. a 

non ending one. In concluaion, a final aim of the preaftnt vork vas to 

discuss the potentiel for the use of 2,4-dinitrobenzeneaulfenyl a. ft 

hydroxyl protecting group for the syntheaia of ribonucleotides and th .. 

extent of lts compatibility' vith the pho.phodichloricHte couplinq proce-

dure. 

., 

o \ 
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1.0 IDtz"odact1aa 

The method used in the synthesis of analoques 68,70, 72, 74, 81, 98 

and 90 va. modeled on the procedures developed in th!s la~ratory for the 

preparation of acyclic purine and pyrimidine nucieoside ana loques 144. Thp. 

heterocyclic bases vere selected on the basie of the!r previously reperted 

antiviral activity or their reeemblance to known druqs • 

8 • 

~ 
OH 

81 

o 
1 

68 

~ 'NJl .. ~ 
1 N 

72 

88 

70 

o 

o{O 
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The imidazole, 4-nitroi.idazole and benzi.idazole ba.e. vere leleeted 

for eoupling to the aeyclie moiety of BIOLF-62 (35) beeause of their 

similarity to known biologieally aetive aqentl. The antiviral activitv of 

ribavirin (27) has led to interest in triazole, tetrazole and imi""~olfl! 

nueleoside deri vati ves and the struetural r,equirelllenta for their therapeu-

tic effectiveness. The aetivity of aueh analogues is related to th~ir 

stabill.ty in the anti conformation around the glyeoaidie bond CN-l,C-l'). 

Thl.S conformation is required for phosphorylation by adenosine kin"B!,!. 

1 ~t..-O-Ribofuranosylimidazole-4-carbox~mide and i ts S-f 1 uoro d!'!ri va ti ve 
1." 

(53, 54), represented in the anti conformation, are the MOst promi~inq 

such derivatives to date 145. Althou'çh these compounds are leBe potent 

than rl.bavl.rin, they are active lligainst a greatflr variPty of pltthoqens. 

O~er studies have confirmed that,an alkyl substituent on Ç-2 or C-S 

diminl.Shes the activity of imidazo'1:-e ribonucleoRides }46, 147. Benzimil1 ... , 

zole derivatives are also noted for broad Bpectrum antiviral ac.tivity, 

examples of which are compounds 55 and 56. They exhihi t rfllaBon ... bl y lo~ 

tox1.ci ty, are weIl absorbed ..,hen administered ora Il y and are thouqht to 

act either by blocking viral penetration or inhibiting the viruA rtirected 

syntheses 25,. 148, 149. 

0 NH,-<l))) T (XN °D 2 < NH2 
R 1 ~C r , 

502 N ~ N H 
~5R 53 H A OH 

54 F 

55 '56 

As previously noted, deazapurine ana loque. (28, 29) bave exhibitfJd 

, l 

ant! viral action by interfering wi th metbylation reactiona invol vinQ "'RN1t. 

"- /a~ ~~ - , , 
, ' . . 

" 
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In addition, pyrazolo[3,4-d)pyrimidine nucleosides of the general struc-

ture 57 have .hovn antitumour and antiviral activity particularly aq~in~t 

the herpes group viruses 150, 151. SUch compounds are remarkabl y stahle to 

enzymatic hydrolysis of the qlycosidic linkage 152. Several blcyclic 

ni trogenous bases simil a r te those ~of the above nuc). eosides verp al so 

selected. 'nle preparation of the isatin analogue vas of interest as thio-

semicarbazone deri vati ves of isatin are recoqnised for their acti Vl ty 

agalnst DNA Vlruses, partlcularly the pox viruses. Isatin-3-thiosp.mlc~rh8-

zone (58) and 1-methylisatin-3-thiosemicarbazone (59) interfere wlth the 

syntheSls of viral structural proteins and cause the formation of lmmatur~ 

viruses 16, 22, 25. Recently a cyclopropane derivatlve of isatin (60) has 

been found to be slqnificantly active agalnst lnfluenza virusps thus 

showing that the thiosemicarbazide moiety is not essential to activltv 

153 • The replacement of the cyclopropylmethyl moiety vith thp aryclic 

portion of BIOLF-62 (35) might extend the activity of this base to the DNA 

herpes VlrUBes. 

R R i 
NH-C-NH t:LNH 1 2 
N R 

N'N À R 0=<)0 ~N 58 H 

59 CH.J 1 
R 

o 

o{û 
~ 

57 60 

'nle preparlltion of two acyclic ana loques of 8-azaadenosine haq bPpn 

reported (61, 62i but these compounds do not posses8 anti-herpes acti vi ty 

154. However, the arabino derivative of 8-azaadenine i8 effective in vitro --
IIIgainst HSV-I and II 155. The- coupling of this base vith the acvclic 
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moiety of BIOLF-62 waB of interest as the resultinq analoque miqht poSS~SB 

s1qnlflcant antiviral acU vi ty. In addition, this analogue miqht bIo rl!-

s1stant to adenine deaminase which converts B-azaadenosine to its hypoxan-

thlne derivative, 8-azainosine (63), a compound known to b~ toxic to 

mammal1an cella '56. 

61 62 

,., Synthe8is of the Analogues 

OH 

<ü H0-q ff 

HO OH 

63 

The flrst step undertaken was the synthesis of the arvclic 1I1l(yl 

chlonde, 66 (Scheme XII), to he later coupled to the various nitroqenous 

bases. " 3-D1benzyloxy-2-propanol 1"65) was prepared in 97\ yielrl by th#' 

réactlon of 1,3-chchloropropanol (64) w1th sodium benzylate under araon 

atmosphere. Compound 65 was then treated with parilformaldehyr3,. in anhy-

drous 1,2-<hchloroethane whlle a stream of qaseous hydrochloric acit1 was 

bubbled throuqh the solutlon for three hours. The water pror1uc P rl in t-hp 

reaction was e11minated by absorption onto ca lcium chloride (CaC12) ant1 

precautions were taken in the subsequent handlinq of the moisture-s~nfli-

t1 ve 1, 3-dibenzyloxy-2-chloromethoxypropane (66). The chlorOllethyl deri Vfl-

, tl. ve ."as thus obtal.ned as a mixture Wl. th compound 65 in 86\ vie 111 (det~r-

• 
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mined by 'H NMR) and vaa uaed vi thout further purihcation in the prepara-

tion of the protected acyclic Analoques. 

Sctae.e UI 

(ClCH2) 2CHOH 

HaH 

PhCH2 0H 

_r_~_)l_ •• BnO~1 
'-0 BnO 

65 66 

A summary of the preparat10n condltions, ylelds and physlcal proper-

tl.e& of the ana loques prepared l.8 presented ln Table II. 

DIILB II 

1 
Preparation and Phya1cal. Propertiea of tbe Acyclic Analogues 

Product Coupling Yleld Debenzylat10n Yleld Mel t1ng Àmax À mln Rt 
Conditions (,) Conditions (,) Point nm 

68 

70 

72 

74 

DMF 

DMF 
HMOS/TBAI 
(Bu 3Sn ) 20 

TU/CHF 
TEA/ThF 

TEA/THF 

__ ~8~1L-__ ~TE~A/CMF 

HMDS/I2* 

88 TEA/THF 

90 nA/THF 

67 

83 
60 

67 

60 
93 

88 

S6 
65 

94 

95 

PdO/C6H,0 

PdO/C6H,0 

SCl3/CH2C12 
PdO/C6H10 

SCl3/CH2C12 

86 

66 

64 

76 
35 

89 

89 

74 

(·C) (EtOH) 

38-40 210 200 0.48 a 

1"-112 280 277 0.35 b 
274 222 

245 

68-70 287 242 0.53 c 

107-108 297 270 0.41 d 
243 218 

132-133 2 247 223 0.47 e 

293 283 0.27 d 
27S 235 

113-114 285 247 0.4& c 

1) Coupl1.ng reactlons performed wi th (66) except (*) performed Wl. th (84). 
2) Llterature lIleltlng point: 135-136·C (ref.161). TLC solvents: a) CH2C12/ 
MeOH (7:3), b) CH2C12/EtOH (4:1); c) EtOAc/MeOH (911); d) CH2C12/EtOH (9:1); 
ai EtOAc/CHC13/EtOH (5:4:1). 
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1- [ [2-Hydroxy-1-(hydroxymethyl )ethoxy)methyll1midazole (68) vu pre-

pared by coupling a threefold excess of imidazole to the chloromethvl 

ether (66) in anhydrous ·DMF (SchelDe XIII). The reacUon mixture VilS aUr-

red overnight at room temperature to yield 67\ of ,-{{2-Benzyloxv-'-

(benzyloxymethyl )ethoxy)methyl) imidazole (67). The benzyl protectinq 

groups were removed by a catalytic transfer hydrogenat10n procedure in 

which a solution of 67 in absolute ethanol vaB refluxed for 2 houri! with 

palladlum oXlde using cyclohexene as the hydroqen donor. The 1mirl"zol~ 

Imldazole 
66 .-

DMF 

BenZlmlda zole 
66 

DMF 

Scbe.e XIII 

~, 
Bno~ 

PdO, 

SnO 

67 

(-0 
Bno~~ 

SnO 

69 

EtOH 

0 .. 68 

.. 70 

analogue (68) was obtained 1.n 86\ yield as a yellow 011 which cryst.alliflf'<.1 

slovly from methanol/water. 'nle product exhibits a UV absorption maximum 

consistent vith the value reported for '-DlethyliI'll1~azole <À..ax (Mf'OH) _ 

211 nm) 158. 'nie elemental analysie reBults confinn the coapolitlon of 68 

lf half a mole of vater 1.9 included. This problem 18 li recurrinq on .. a8 
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the two hydroxyl groupe pr •• ent 1n the acycl1c .o1ety render cUfficul t the 

complete elillination of water introduced during crysta llhation. 1" and 

13C NMR characterhaUon of this and the fOlloving ana loques is discussed 

in aection 1.2. 

1- ( (2-Benzy 1 oxy- 1 -Cbenzyloxymethyl )ethoxY)lIethyl )benziDlidazole (69) 

.. vas prepared in 83' yield by the coupling of benziDlidazole with the chlo-

romethyl ether (66) in the same manner as above with an initial two hour 

co01in9 period at S'C for two houra. Alkylation products other than the 

desired iaomer were not apparent by TLC. The benzyl groups were removed hV 

catalytic transfer hydrogenation to yield the deaired deri vati ve (70) in 

66\ yie1d. Whlte cryatals were obtained trom MeOH/"20 • The structure of 70 

vas cohfirmed by eleDlental analysis. Hove ver, electron impact mase spec-

trometry did not help in ita characterisation, a molecular ion pellk was 

not detected, the hiqhest DlAU peak observed vas (benzimidazole ~1 at m/z: 

118. Similar resulta vere obtained for other acyclic analoqups subjectei! 

to El mass spectrometry and this technique was abandoned becAuse of i ts 

limi tations for the characteriaation of such C'ompounds. 

The preparation of 1-( (2-benzyloxy-1 -Cbenzyloxymethyl )ethoxy)methvl )-

7-azaindole C 71) vas then undertaken (Scheme XIV). The oriqina l coupl inQ 

procedure employed was modified from those reported by Ogi 1 vie and co-
, 

werkers 35, 36. The chl-oromethyl ether (66) was added to a cooled s91ution 

CS·C) of 7-azaindole in anhydrous DMF. Triethylamine vas used as a 8caven-

qer for the hydrochloric acic produced. 'Ihe reaction VollS stirred two hours 

at S·C then allowed to varDl to room temperature and stirred another 12 

hours. '11le protected derivative (71) was isolated as a yellow 011 in 50\ 

yield. When the reaction vas repeated without the initial cool1nq period, 

-------
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66 

66 

7-azaindole 
~ 

Et) N/THF 

Isatln 

Et) N/THF 
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Schelle XIV 

~ 
8nO 'N.JlN~ SC13 

~ CH-2C-1-2-'---7-8-·-C----~·~ 72 

SnO 

71 

74 

73 

the yield was lmproved to 60' and no side prorlucts "'ere observerl. However, 

when anhydrous THF ",as used, the recovered yield incraased to 93' (jespi te 

this sol vent's lasser polari ty and the diminished sol uhi 1 i ty of 7-azain-

dole. The moisture content of the DMF employed was determinerl to be ap-

proximately 20 ppm by Karl Flsher titration thus eliminatinq the presence 

of water as a cause for the lower yields previously obtained. As hoth 

sol vents are dipolar aprotlc, the yield differencl!!s are in aIl likelyhooo 

attributable to the more facile solvent elimination and subsequent column 

purification of the THF reaction relative to that in DMF. ,",fIl de~nzyla-

tion of (11) was attempted by catalytic transfer hydroqenation (PdO/cyclo-

hexene in reflwcing EtOH). '!he reaction, moni toreo by TLC, proqrfltssed li" 

expected with disappearance of the starting materia'l. A slow",r movinq 

compound \IRlS observed and there also appeared to he a considerablfll amount 
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<, 

, 
of • UV absorblnq a.terial vhich re •• ined at the TLC base line. These 

uteriah wre holated but could not he identified by 1 H NMR. The charac-

teri8t1c aethylene 81qnal of the p8eudo-glyco8idic bond (6. 5-6 ppm) W/!IB 

not apparent and al thouqh siqnals in the aroutic region eorrespondinq to 

the heterocyc lie bas. protons were present, nei ther compound VIlS identicllIl 

to the 7-azaind01e used as starting PlAterial. A second catalytic tranRfpr 

hydroqenation vas attellpted usinq lUDIonium foraate (6 eq.) as the hvdroqen 

donor and palladium on carbon as the heteroqeneou8 catalyst. The reaction 

WAI performed in DMF at room temperature according to a procedure devel-

oped for peptide synthesis by Anwer and Spatola 159. Although the reaction 

Ume reported for the removal of a benzyl ether group ie 10 minutes, TLC 

monitoring revealed that the protected 7-azaindole analoque (71) failed to 

react even after 90 minutes. sti 11 no change oceurred when the reaction 

wu heated to 45~C overnight. As the debenzylation is reported to procped 

affecti vely in DMF or methanol 159, the reaction was repeated at room 

temperature SUbstit~ng Methanol 

paared rapid l y and a new product vas 

for DMF. The startinq lIIaterial "iAap-

formed. Isolation and 'ft NMR charlllc-

terisation revealed this to he 1-hydroxymethyl-7-azaindole (75). 'Jlh,P. 

structure WAS confirmed by electron impact mass spectrometry which showed 

a Dlolecular ion (m/z, 148) and a base peak (m/z: "8 [7-azaindolet]). 

~ "N..Jl .. ::J 
1 N 
R 

R 

75 

76 

The dabanzylation of 71 va. then atteapted by treat.ent vith boron 

trlchloride (8 eq.) in anhydrous dichloroaethane tor tvo hours accordinq 

to ft procedure dev.lopad by Seela and Menkhotf 160. The reaction vas per-
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formed at low temperature (-7S'C) to minimise cleavaqe ot the pseudo-

glycosidic bond. In a first attempt, the reaetion W<'tS carded out Ilt hiqh 

concentration (10 mL of dichloromethane per mmol. of 71) and was qupnched 

wi th methano lat l'oom tempera ture. These cond i tions resu l ten in cl Pli vaqe 

of the ether bond in the alkyl residue yieldlnq 1-hydroxymethyl-7-azaln-

dole (75). A minor product, faster moving by TLC, was ldentifipn ilS met-ho-

xymethyl-7-azaindole (76) by 1H NMR but thl.s could not be confirmprl I:>y 

mass spectrometry as the hl.ghest mass peak appar~nt wa~ for m/z, 14R r po.4t -

CH2·J. The reaetion was repeated with an increased dilution factor (70 mL/ 

mmol. of 11) and the quenchl.ng Wl.~.!"ethanol as well as the neutriilisatlon 

with triethylamine were carefully performed at 10w tl!rnPf!rature. Th .. de-

sired 1- [[ 2-hydroxy-l -(hydroxymethyl )ethoxylmethyll-7-az.undole (72) was 

recbvered in 64\ yie Id. The oi l obtained was easi l y crysta llised from 

methanol to form whl.te flakes. NMR characterl.S8tion, rUscuss .. ti in section 

1.2.2, and elemental analysis (sectlon 5.1.9) eonfirmed the product struc-

ture and composition. 

1- [ [2-benzyloxy-l -(benzyloxyme thYl le thoxylmethy1 1 -lsatin (73) was 

prepared in the same manner &s 71 (Schéme XIV). The reaction, performed at 

room temperature, afforded 73 in 70\ yield due to difficu1ties encount"!!red 

in the purification of this derivative. The yield was subsequently im
l~ 

proved to 88\ by repeating the procedure with moderate ht'!atinq (40·Cl. 

Initial attempts at removing the benzyl groups from 73 by catalytic trans-

fer hydrogenation (palladium oxide/eyc1ohexene) in refluxinq absolute 

ethanol proved unsatisfactory. The slow removal of a single ~nzyl qroup 

..,as apparent by TLC monitoring. The starting material was ~ventuallv 

consumed upon the addi tion of more PdO and cyc lohexene ql vinq l'he to the 

desired deprotected analogue (74) in 35' yield as we1l ~s several uniden-

\ 
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tili.d le.aer producta. Sia11ar proble .. a vere reported by Gillen 161 for 

the catalytic tru.fer hydroqenation debenzylation ot the acyclic al'1eno-

aine analogue (77). It va. found that the removal of a tint benzyl group 

vas difficult but the reaction subsequently proceeded amoothly and clel'lnlv 

to yield the dihydroxyl derivative. The initial diffi cu lt y vas attributen 

to a possible stacking interaction between the purine rinq and thf! hPnzvl 

group. rendering them inaccessible to the catalyst. The treatment of 73 

vi th boron trichloride at hl.gh concentration reaul ted, as in th .. case of 

the 7-azaindole analogue, in the formation of a 1-hydroxymethyl deriva~l.ve 

(78) characterised by 1 H NMR and UV spectroscopy. Absorption mi!xima at ~OO 

and 243 nm vere obeerved il'! the UV spectra and the~~_values are consistent 

vith those reported for 1-methylisatin ~ax(EtOHI = 304, 424 nml 15A. 

When the reaction was repeated at higher dilution, the desired ana loque 74 

vas recovered in 76\ yield as a vaxy solid which crystallised to bnqht 

orange needles in diethyl ether. The structure vas confirmed by elementa l 

analysis and NMR apectroscopy. 

R 0 

. oCN 
R 0=<)0 

8no~o-..J tf! 77 NH2 1 
79 Cl CH20H 

BnO 78 

'ft\e preparation of 9-( (2-BenzyloxY-1 -(benzyloxymethyl )ethoxylmethyll-

6-methoxypurine (80) had been publ1shed by Oqilvie et 41. 157• In the 

reported procedure, the previously described 6-ehloropurine analogue (79) 

147 "as converted to 80 in 56' yield, by alkal!ne di.placement (CH 30tJa, 

MeOH). In the course of the work undertaken here, 1t was found thllt thi s 
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66 
6-methoxypurine .. 
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Scbt!llMt XV 

BnO 

CH) 

1 1" N 

BO (56'l 

J 

BCl) 

81 

• 

82 (1R~) 

l N 

~N~'1 HO N ~N 

~ CH) 

OH 

83 

ana loque (80) can be prepared by direct coupling of 6-methoxypurine wi th 

the chloromethyl ether < 66) in DMF uSing triethylamine as a basp. (Scheme 

XV). The reaction was !:Itirred 12 hours at room temperaturp. to qive thp 

desired 9-isomer <56\ yield) and the less favoured 7-[r2-benzvloxy-l-

(benzyloxymethyllethoxy]methyl] -6-methoxypurine (82l (38\ vie Id). '!'he two 

isomers are easily differentiated by their 1 H and , Je NMR spectra, discus-

sed in section 1.2.3, and by their UV maxima at 247 nm for 80 and 258 and 

232 nID for 82. The absorption val ues of the desl.red deprotected ana loque 

(81) <Àmax • 247 nm,À min • 223 nm) and those of the tieprotecteti 7-isomer 

(8l) (Àmax • 256, 230 nm 1 Àmin • 247, 222 nm) are consistent with thfl 

~rend for higher wavelength maximal absorption values reported for N-7 

versus N-9 substituted purines 162. The treatment ot 80 wlth boron tri-

. \ 
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chloride in anhydrous dichloromethane (-7S·C) afforded the desired 6-

~ 
methoxypurine analogue (81) (89\ yield). The yellow oil obtained was 

easily crystallised from Methanol to a white power. Elemental analysis 

resul ta were unsatisfactory due to the large quantl. Ues of sol vent present 

in the sample even after grinding and drying under reduced pressure at 

6S·C for several days. 'Ibis was confl.rmed by 1H NMR whl.ch showed peaks due 

to me th an 0 l and water. Peak integraUons were consistent with elemental . 
analysl.s results. The crystals were subjected to Fast Atom Bombardment 

(FAB) mass spectrometry. The [MW] ion was apparent at m/z: 239. 

'Ibe dl.rect coupling of l.ndole (85) with the chloromethyl ether (66) 

in anhydrous DMF a t roOIII tempera ture was IUldertaken. Al though mos t of the 

indole fai Led ta react, a mul ti tude of minor compounds were ~een to form 

by TLC. These Iofere produced in such small quanUties and were so dl.ffl.cult 

ta separate that thel.r characterisatl.on was not faasl.ble. The reaction was 

repea ted uSing anhydrous TSF as so l ven t wi th ini tia l caoll.ng of the reac-

tion to S·C for two hours with sl.milar results to those previously de-

scribed. This was attributed ta the indole ring's susceptibi li ty to mul ti-

pie alkylation mostly in the C-3 and C-2 positions 163 resulting in a 

mixture of products. Excellent yields have been reported for the prepara-

tion of similar Molecules by coupll.ng persilylated purine and pyrl.midl.ne 

rings to chloromethyl ethers such as 66 using tetra-~-butylammonium iodide 

(TSAI) as a condensation catalyst 164, 165. 'Ibis procedure was applied ta 

69 
2) 66/TBAI, TSF 
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o 
the indole coupling and also to that of benzimidazole for purpolea of 

comparlson. The heterocyc llC base wes suspended in hexamethyldisi lazane 

(HMOS), ammonium sulfate was added as, catalyat and the lolution wall re-

fluxed under argon until the base was completely di8801ved (Scheme XVI). 

Following the removal of excess HMOS, the persilylated bue was di8solved 

ln THF and treated Wl th 66 ln the presence of TMI. Reactione were atirred 

for 15 hours at room temperature. 'lbe coupling of indole proved unsatis-

factory as the solution became intensely coloured and a multitude of 

product! ",ere formed. Conversely, the protected benzimidazole analogue 

(69) was lsolated ln 60' Yleld and no unreacted benzimidazole was recov-

ered. The lower yield of 69 obtained by the HMOS mediated procedure versus 

that obtal.ned for dl.rect coupll.ng Wl. th 66 in DMF mlght be due to the loss 

of some persi l y la ted benZl.midazole during the vacuum dis ti lla tion of 

excess HMDS. ln fact, thl.S procedure could not be used for the preparatlon 

of the lmidazole analogue (67) as considerable lOIS of the low boiling 

persllylated lml.dazole occurred at this stage of the reaetion. 

ln the preparatl.on of trihydroxy aeyelic purine and pyrimidine nuele-

oSlde analogues, Qgl.l Vl.e and co-workers reported efflcient coupling r@-

sul ts uSlng an alkyl thl.omethyl ether 166. This lntermediate 1.S le88 reac-

tlve than the ehloromethyl ether and has been useful in limitlnq the 

number of Slde products obtalned in condensa tion reaetions wi th i aoqua-

nlne, a base susceptible to non selective, ,mult1.ple alkylat1.ons 167. The j 

2-methylthiomethyl-l,3-dibenzyloxypropyl ether (S4) wal uaed in an at-

tempted synthe81.8 of the indole analogue. Compound S4 WIll prepared 1n 47\ 

yleld by a procedure described by pojer .!.! .!,!.168 (Sche.e XVII), A lolu-

o tlon of 1,3-dlbenzyloxy-2-propanol (65) in anhydrou. dillethyllulfoxide 

Wl th acetic acid and aceUc anhydnde was atirred at rOOII teaperature for 
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Scbeee XVII 

65 

8nO~ SCH) 

î 0'-..J 
8nO 

84 

48 hours. The product which was purified by chroma tography and fractiona l 

d~sti llat~on in a Kugelrohr apparatus was used d~rectly for coupll.ng Wl. th 

the ni troqenous bases. 

The condensat1.on procedure was performed,with both indole and 6-

methoxypurine for purposes of comparison. The persl.lylated bases, prepared 

~ prev~ous l y descrihed were d~s~o l ved 1.n anhydrous THF and reacted wi th 

84 (Scheme XVIII). The thiomethyl ether was acti vated by introduction of 

~odine to the reaction mixture. 'i'ilâ, subsequent addition of indole resul t-

ad, as before, in the production of a multitude of minor products which 

were not isolated or characterised. 'lbe reaction of 6-methOxypur~ne' wi ~'t 

the thiomethyl ether gave the desired 9-isomer (80) (65\ yield) and the 7-

isomer (82) (6\ yie~d). The yield of 80 ohtained i8 superior bo that 

reported for the direct coupling of the non-ulylated base wi th chlor<?-

methyl ether (66). More importantly, al though the overall coupll.ng y~eld 

tqr both lsomers ls inferior, the persilylation ensured a more favourable 

+ 
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t 
N-9 to N-7 lsomer ratio i.e. 10:' versus 312 for the direct coupling 

route. It is possible that this ls due to sterie hindrance to .ilylation 
,/ \ 

ln the N-7 posi tion by the methox}' group a t C-6. 

Another attempt at coupling the aeyclic moiety descr'ibed to indole 

vas suggested by a pr,oce~ure developed by Balaeubramanian.!.! .!.!,.'69 in 
~ , 

whl.ch exclusive N-alkylatlon .I.S ob~ained via an -organotin intermedlate. 

The reactlon vlth indole and benzimidazole vas atteapted by this route. 

'lbe nltrogenous base vas flrst reacted vith bis(tri-.!!.-butyltin) oxide in 

petrole.um ether. The vater formed vas removed frOID the refluxlng solution 

uSlng a Dean Stark apparatus. 'lbe organostannyl compound vas not iaolated 

and vas treated dlrectly vi th chloromethyl ether (66). The re4,~tion vi th 

lndole resul ted once agaln in a mul tl tude of intensel y coloured minor 
) -

products VhlCh vere not identifl.ed. The benzimidazole analogue (69) vas 

prepared ln 67\ yleld by this procedure (Scheme XIX). 

Scbeae XD 

D 
') (B~3Sn)20, -PE,-60'C 

~ 

2) 66, 60'C 

The preparatl.on of se'(eral N-substl tut~ lndoles has heen achieved by 

Sundberg and Russell by treart of the sodium sal t of indole vi th alkyl 

hall.des _'70. "'rhl.S aPI?roach as undertaken. 'rhe methyla~lfenYl carbanion 

vas tirst genera ted by trea tme I"t..... of anhydroulf dimethylaul foxide (OMSO) 

vith sodium hydrlde at 75-8S'C and subsequently reacted vith indole 

(Scheme XX). The ehloromethyl ether (66) va. added and the reaction Va. 

alloved to proceea at room temperature for three hour •• After worlt-up,) 

excess DMSO vas elillll.nated by vacuum dl..tillation and the pr9duct va • 
• r> 
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1) -NaH/DMSO .. 
2) 66, THF 
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pur~f~ed by column chcolllatography. The des~red 1-[[2-benzyloxy-l-(benzyl
r, 

oxymethyl)ethoxylmethyll~ndc:, le (86) ".ras lsolated as an o~l (82.8\ y~eld). 

The product ".ras stored at O·C under argon atmosphere as the colour less o~ l 

darkens progre8s~ vely to black when exposed to air and left at room tem-

para ture. Debenzy la tion w~ th boron trlchlor~de was attempted repea ted ly 

but in var~abl y resul ted ln decomposl. tion during work-up of the reactl.on. 

Several purple coloured compounds ..nth s~ml.lar chromatographl.c propertJ.es 

were formed. 1 H NMR anal ys~s of the ml.xture conhrmed the absence of the 

CH2N signal (5-6 p~) characterl.st~c of the he terocyc lic ana loques. 

'l1le attempted preparation of the N-l analogue of ~ndazole by d~rect 

coupling with 66 (Scheme XXI) resulted ln the formatl.on of 2-[[2-Benzylox-" 

y-l -(benzyloxy-methyl )ethoxy] methyl] lndazole (87) ln 94\ Yl.eld. Al though 

the N-1 H tautomer of ~ndazole ~s predom~nant 171, none of the des~red N-l 

substituted indazole was recovered. The presence of three m~nor side 

products was detectQ.d by TLC but their lsolat~on was not feaslble due to 

thelr similar chromatographie propertl.es and the small quant~ties pro-

duced. Upon repeating ~e procedure in anhydrous DMF, the recovered yield 

decreased to 60\. 'lbe purification ".ras also rendered difficul t because of 

the simllar Rf 'values of the product and the hydrolysed chloride (65). 



o 

o 

Chaptl"lr , -54-

Al though an t1 vira l acti vi ty has not been reported for N-2 subs ti tuteo 

pyrazolopyr1midine analogues, the compound .... as dehpnzylatpd with haron 

trichloride in anhydtous dichloromethane to yie Id 89\ of the acycl te 

indazole der1vatl.ve (88) as a yellow ail. Attempts to crystrtllise thp ail 

from a variety of sol vents proved unsuccessful. The UV absorption profi l p 

of 88 sho .... s maXlma at 275 and 293 nm. These values arp .... lthin thp ranqes 

of those for 2-methylindazole (275, 295 nm) and dl ffer from those reportee! 

at pH 7 for 1-methyllndazole (254, 292 nm) 172, NMR data 19 dlc;cusgen in 

sect10n 1.2.2. Results from elemental analysls ·,."ere .... ithin acceptablp 

ll.m~ts lf half a mole of water lS added. 'nle presence of .... ater, introoucpe! 

dUrl.ng attempts at crystallisation was confirmed by 1H NMR and the inte-

gratl.on .... as consistent W1th analysls results. 

66 

66 
4-ni trol.midazole 

• 

Scbeae XXI 

87 

89 

88 

90 
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1-[[2-Benzyloxy-1-(benzyloxymethyl)ethoxylmethyll-4-nitroim~dazole 

, (89) was prepared in the same manner as 87 in eXCf> llent yie Id (95\ l 

despite the limited solubility of 4-nitroimidazole in THF. The yellow oil 

obtained \omS treated wi th boron trichloride affordlng 74\ of the desireo 

analogue (90) as a colourless oil. This was easily crystallised from 

methanol/water to white needles. As in the C4'3e of the imitiazole analoque 

(68l, elemental analysis results were within acceptable limits when cal-

culated with the addition of halt a mole of water. These rp-sults are 

consistent with the integration of the water peak observed by 1 H NMR. The 

structure of 90 was further confirmed by NMR (section 1.2.1 l. 

The coupling of 8-azaadenine with the chloromethyl ether (66) was 

attempted by direct reaction in THF with triethylamine but rpsulteti in 

mul tiple minor alkylations and almost complete recovery of the startinq 

material. When the base was first persilylated then treated with 66 with 

TBAI in THF by the procedures previously described, both the desired 9-

isomer and the 8-1somer wecre obtained in yie lds of 45\ and 11111 rpspect-

ive ly. These were distinguished by their characteris tic UV absorptions 

consistent wi th those reported for N-9 and N-8 substi tuted B-azaadenines 

154, 173, 174, The 9-isomer shows a maximum at 280 nm; the R-isomer at 296 

8-azaadenine 
66 + 

o 
92 (11\) 
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nm. The two products .... ere further dlfferentiated by their 13C NHR spectra 
• 

dlscussed ln section 1.2.3. Debenzyiatlon of the 9-lsomer uSlng boron 

trichloride .... as not successful despl te repeated attempts. Clea vage of the 

pseudo-giycosid1c bond (C-l',N) was found to occur. 

1.2 NMR Characterisation of the Beterocyclic-Rl.nq AnaloqueB 

The heterocycllc-rlng analogues of BIOLF-62 were characterised by 

both 1 H and 13e NHR. Proton s \.gna ls .... ere assl.gned by ana logy W1 th the 

values reported in the literature and by selectlve decoupll.ngs. Carbon 

signals were aiso assl.gned according to llterature values for analogous 

compounds and by uSlng the DEPT (D1stortionless Enhancement by Polarisa

t10n Transfer) and the lH_ 13C HETCOR (hetero-correlatl.on) technlques de-

scnbed 1n the append1X (secUons l and III). 

1 .2.1 The Im1dazole and 4-Nitrolmidazole Analogues 

1 H Olemlca l shifts of the lmidazo le and the 4-ni troimldazo le ana 10-

gues are reported l.n Table III. A fast observation of the 1 H NHR spectra 
,~ 

~
Of the benzyl protected analogues 67 and 89 reveals the dlSappearance of 

, 
he base NH signal (5 - 10-13 ppm). The H-2 signal is shielded in the 

protected 4-nitroimidazole analogue (89) relative te the parent 1.m1.dazole 

compound (0.36 ppm) and the H-5 91.gnal i8 Also shifted upfield (0.46 ppm). 

, 
'Itlese effects are po8sibly due ta ster1C interactions of H-2 and H-5 .... i th 

the benzy l groups. As the data for COlPpound 90 show, the ahie Idinq effecta 

dl.sappear upon removal of the benzyl (;J':O"'~8. 
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B 67a 68b 89B gob 

2 7.55 (ba) 7.72 (ba) 7.49 (ba) 7.89 (ba) 

5 7.04 (ba) 7.24 (ba) 7.84 (ba) 8.30 (ba) 

4 6.98 (ba) 6.94 (ba) 

1 ' 5.42 (s) 5.56 (a) 5.46 (a) 5.72 (s) 

CH2Ph 4.41 (8 ) 4.42 (s) 

OH 4.00 (m) 4:'00 (81) 

)' 3.73 (m) 3.52 (81) 3.81 (m) 4.00 (81) 

4' 3.45 (m) 3.52 (81) 3.50 (m) 3.60 (81) 

Spectra recorded on a Varian XL-200 instrument in a) COCl3 (0- 7.24) ; 

b) acetone-d6 (0 • 2.17). 6 reported in ppm relat,ive to TMS. 

l'iqure 5 

lH NMR of the 4-Nitroiaidacole Acyclic Analoque in acetone-d6 

4:.,N.H01 

HO~~H~ 
'1 " 

OH 

• PP. 

The 1 H NMR ahifta of the acyc l ie moiety protons are ana l OOOIIS to 

those of the ribose ring. The farthest downfield aiqnal observed ls a 

singlet which corresponds to t~e methylene protons of the pseuno-ql yr.o-

ddic bond (H-1'). The signaIs of the,S!!O (H-3') and f.!!2 CH (H-4') proton a 

vhich correspond respecti vely to the 8-4' and 8-5' of ribose, are obaerved 

in ~e characteristic ragions for theae signala. In the deprotected imida .. 

Iole ana loques (68, 90), the chemical shift difference between thp. t,.,o 
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signaIs is not lliqnificant (0-0.6 ppm). These protons give rille to lIecon~ 

order splitting patterns due to their involvement in an "BX IIvstem. The 

two H-4' protons of each methylene group are diallt':reotopic and hence 

exposed to sllghtly different magnetic environments (Figure 5). The H-4' 

splitting pattern is sometimes further complicated by couplinq of H-4' to 

the hydroxyl protons whlCh disappears wi th deuteriUJII exchanqe. 

( 
13C Cl1eaica.l Shifte of the lIIidasole and 4-lIitroiaidaaole Analogues 

C 67a 6sb 894 9rf> 

2 139.69 139.29 138.09 138.34 
4 126.36 122. 1 2 152.16 147.53 
5 129.76 131.02 126.75 121. 34 
3' 78.40 81.04 84.36 82.29 
1 ' 75.60 77.01 83.46 78.29 
CH2Ph 74.73 77.56 
4' 72.04 62.78 73.97 62.70 

a) Spectra recorded in COCl3 (6 - 77.0) on a Varian XL-200 instrument. 
bl recorded ln CD30n (li. 49.0) on a BrÜker WH-90 instrument. 
6 reported in PPIII relative to TMS. 

"':;) 

The asslgnment of 13C chemical Shlfts of the imidazole analoQu"s, 

reported in Table IV, was rendered difficult as no signal appeared for C-2 

and C-4. However, C-2 ana C-4 signals appp.ared as sharp pel'lks in the 13C 

spectra of imidazole, 4-ni troimidazole and l-methyl imidazo le. When pu he 

angles were l.ncreased and delay times shortened, two broa-dpned siQnalA 

were observed for the fa~t relax1ng C-2 and C-4 of each ana loque. 

The base carbon signaIs of the protected Ilnaloques (67, 89) are a11 

deshielded relative to the peaks of the parent imidazole COIIIpounc'Js. Th,. 

effect of N-l substi tution i8 most marked at C-S which DlOV ... S downtielc'J ~Y 

7-8 ppm. The C-2 and C-4 signaIs are shifted downfield by approximatelY 2-

4 and 4-5 ppm respectively. The C-2 and C-S peak positions are con~ist~nt 
l, _ 
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c 
vith tho •• reported for 1-alkyl hlidazole derivatives 175, 176, Speetra of 

the tully deproteeted analoques (68, 90) were reeorded in deuterated 

mathanol bec au •• ot their limited 80lubility in other solvents. 

P'iCJUr8 6 

13C--ift4R tû)EPT Spectre of the Imidazole "eyelic Maloque in Methenol-d4 

1 

CH] 

l CH 
• __________ ~1~ ______ ~----------~ 

c' 
l 

C l' 
C 

1 ALL CH 

140 pp~ l{lO 60 

The carbon peaks of the acyclie portlon of the deprotected Ana loqu/>s 

(68, 90) ..,ere assigned using 13C DEPT NMR spectroseopy 177 (Figure 6). 

ThlS pulse sequenee-(descrl.bed in the Appendix, section Il, not only 

enhanees the sensitivityof the.t:llrtx)n signaIs but is amenable to ADFPT 
'c, 

editinq which q~nerates lubspectra sorted according to carbon multi-

plie! ti.s. ,.. theae ana loque. contain no CH) groups, no signaIs are appar-

snt in the first speetrum. Of the two siqna ls visible in speetrum 2, the 

o farthe.t upfield was identified as C-4' a. the chemie,al shift of th!s 

carbon i9 the most affected by remova 1 of the benzyl 9roups and ~ppears in 
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the same region as the equi valent C-5' of ribose. The other CH2 signal is 

farthest downf1eld as i9 the case for the nbose C-l' (0- 90 ppm) and is 

readi l y assigned.' The CH groups are shown l.n the thl. rd spectrum thus 

allowing unequl.vocal C-3' ldentiflcatlon. The chemical shl.tt of thls 

carbon is consistent with that of the correspondlng ribose C-4'. The 

signals of all proton bearl.ng carbons appear in the fourth spectrum. 

1 .2.2 The Bicycl1c Analogues 

'the lH and 13C cheml.cal shl.fts of the bl.cycl1.c analogues are summa

rised l.n Tables V and VI. 

The benzl.ml.dazole base sl.gnals of compound 70 were assl.gned by se

lective decoupll.ngs. The complex Spllttl.ng patterns of H-4 and H-7 reveal 

coupll.ng to thel.r l;'espectl.ve vl.cl.nal protons, H-5 and H-6 and longer range 

coupll.ng between H-4 and H-6 as well as between H-7 and H-5 (see Figure 7 

for ring numbering). A sll.ght shieldl.ng of the H-6 and H-7 signais is 

observed in both the protected (69) and debenzylated (70) analogues' rela

ti ve ta benzimidazole. Sl.milar ly in analogues 71 and 12, the H-2 and H-6 

• signals are slightly shl.elded relatlve to 7-azaindole. In both compounda, 

the small splitting (1.' Hz) between H-6 and H-4 lS resolved. 

The carbon sl.gnals of analogues 70 and 72 were also -assigned using 

, 3c DEPT NHR. The ambigul.ty existl.ng between the C-5 and C-6 signals of 

compound 70 was not reso l ved w1 th this technique as bath carbons bear one 

proton and are not differentiated. A s1mllar problem occurs when attempt

inq ta assign C-8 and C-9 of compound 72, as ne1ther carbon bears a proton 

and thus they do not appear in the DEPT spectrum. The effect of N-l 

substi tution on the bridgehead carbons of these two compound. i8 similar 

to that reported for the alkylation of benzofuranea '78 and purine. in the 
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BIILB V 

18 a-ical Sbifu and OoapUng OoutaDu (J) ~ the BiCJ'Çlic ADaloques 

.,.".,.1 duole 7-.... 1ndole lAtin ID4uole 

B (70)a (72)a (7t)b ( 88)b 

:2 7.88 (8 ) 7.29 (d) 
(3.4) 

3 6.49 (d) 8.43 (s) 
(3.4) 

4 7.70 (m) 7.93 (dd) 7.59 ( «!d ) 7.60 (dd) 
(7.9, 1.1) (7.6, 0.9) (8.8, 1.6) 

5 7.28 (m) 7.11 (dd) 7.20 (m) 7.25 (m) 

(7.6, 4.8) (7.7, 1.2) (8. 1 , 1. 2) 

6 7.28 (m) 8.29 (ddl 7.70 (m) 7.02 (m) 
(4.7, 1 • , ) (7.7, 1.2) (7.2, 1 .0) 

7 7.50 (m) 7.30 (d) 7.68 (dd) 
(7.6. 1.0) (8.1, 0.8) 

" 
5.69 (8 ) 5.84 (s) 5.35 (s) 5.93 (s) 

J' 3.62 (m) 3.83 (m) 3.68 (m) 3.79 (m) 

4' 3.62 (m) 3.66 (m) 3.68 (m) 3.55 (m) 

Spectra recorded on a Varian XL-200 instrument in al COCl3, bl acetone-d6. 
o reported in PPIII r:elative to TMS. Coupling constants (J) reported in Hz. 

N-l, N- 3, N-7 and N-9 positions 176 Le. the cx.carbon, in this cnse C-8, 

has moved u\>field (ca 3.5 ppm) while the A carbon, C-9. is deshiplded (ca 

El ppm). 

The 13e chemical shift positions of the acyclic portion of ~naloques 

70 and 72 show ol\ly)ne marlted difference from those of the imidazolp 

'--
analoques i.e. a aliqht upfield shift of the C-1' signal by approximatPlY 

3 ppm. The chemica l shift of C-l' is simi lar to that observed for the 

methy1 .igna1 of C-7 methy1ated benzofuranes (peri effect) 178 ~nd for th~ 

,; 
Methylene. signal of N-3 or N-9 substituted purines 176. The shielding is 

1 
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!IUILB VI 

lle a..ical Shifta ~ the Bicycllc ADaloque. 

Ben. t • 14&&o1. 7-AllaiDdole :taatin 1""'801. 

C (70) (72) < ( 7.) (88) 

2 145.02 148.69 160.40 
3 101.98 184.39 141.62 
4 120.10 122.91 128.23 128.19 
5 124.69 (a) 130.03 (b) 125.76 123.18 (c) 
6 123.99 (a) 130.62 (b) 139.47 121.99 (c) 
7 112.02 113.09 117.94 
8 144.11 143.46 151 .89 150.31 
9 134.67 117.46 119.13 125.87 
3' 80.88 80.56 81.83 82.02 
1 ' 75.27 74.52 70.90 82.39 
4' 62.76 62.59 62.58 62.54 

Spectra recorded ln CD30D on a Varlan XL-200 instrument. 
a) bl c) Slgnals might he inverted. 6 reported ln pprn re latl ve te TM!'. 

attrlbuted ln both cases to steric erowdinq by the 10ne pair (or th~ , 

hydrogen atom) on the6'nitrogen or oxygen atom (Figure 71. Althouqh sterie 

crowdl.ng by a hydrogen atom on C ~ also caus .. s upfif!ld shiftB, these IIr" r7 

sl1ghtly smaller (ca 2 ppm) than the shielding by lone pair e1eetrons and 

thlS dlfference can be useful in distinguishing positiona] isornerA 176, 

178, However, the C-l' shift of the benzimidazole analogue is only 0.75 

pprn downfleld of the C-l' Slgnal of the 7-IIzaindole l'In111oque. This rH fffl!r-

enee 18 smaller than might he predicted on the basis of previou8 resu1ts 

as ln the former case, C-l' is crowded by a hydrogp.n atom CH-7) anli in th!> 

latter, by the 10ne pair of N-7 (Figure 7). However, the C-l' siqnal of 

the benzlmidazole analogue might appear farther upfield 4S Il resu1t of the 

continued presence of a shielding ~ gauche eftect whlch ha. moved trom ~-7 

to N-3. In the isatin analogue (74) the shielding of C-l' relative to its 

position in the imidazole analogues 1. even more pronounced (6 ppm) due to 

the additional crowding by the C-2 substituent (Figure 71. 
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Fiqure 7 

Shielding Effects on C-l ' in Substitutf!d Heterocycles 

9)' 
1 6 l , :çNI ~:Ç~ Nj)' a~9 .... l)JZ '<~ ! ?&. 1 0 ,1 'h' N 4 ~ 

Or;;, CH) G CH) CH) 0 C" H 

Benzofuran Purine ( 70 

Cl) {Q' CO Ci'N..N--=a ~ 1 1 7~ o li 1 ~ 6 
N N 
1 1 

Cr 0 CI' H 

72 74 88 

The assignments of both the' Rand' 3C peak posi tions for the base 

portion of the isatin analogue (74) were slightly ambiguous. Although the 

carbone' bearing hydrogen a toms were identifi~d by '3C DEPT NMR and the 1 H 

spectrum vas elucidated by selective decouplingSl, the tiifferent~ation of 

the C-4 and C-5 signals as weIl as that of the ~-6 and 8-5 signals re-

quired the use of 'H-'3C Heterocorrelation. 'ItIe resulting two dimpnsional 

spectrum is reproduced 1.n Figure 8. The relevant portion of the proton 

spectrum appears along the horizontal axis whi le the carbon spectrum ls 

reproducedJlong the vertical axis. The C-6 signal which should not be 

shifted significantly vas assigned by analogy to the rp.ported parent 

isatin shifts 175 thus alloving the iden,tification of the correlated 8-6 

signal. The other proton assignments vere determined by 1 H decouplinq 

experiments. The distinction of the C-4 and C-5 signaIs was established 

according to their correlations vith the appropria te 18 signaIs. 
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Pigure 8 
Il 

' H_13C Hetero-Correlated Spectrum of the Isatin 
Acyclic Analogue 1n Methanol-d4 
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The 0( brldgehead carbon, C-8, i8 shifted upfielti (1.2 ppm) anti thfll 

bridgehead carbon, C-9 is shifted downfield (1.5 ppm) relative to the 

parent i8atin s1gnals. Although these effects are le8s impo'rt,llnt than 

th9se observed for the benzimidazole and 7-azaindole analoques, thfllY 

conform to the trend reported for benzofurane anti purln~ substitution. 

In addition to the previously mentioned UV data concerninq N-2 sub-' 
t 

su tut10n in the indazole 'ànalogue (88), thflre ia 8upportinq evidence 1n 

both the 13C and 1H spectra. The lDost not,a'ble effect ie the do"nf!elt1 

shift of more than ~2 ppm of the C-1' signal relative to ita position in 

the N-1 8ubst1tuted analogues. This C-1' signal appeau even farther 

dowfleld than in the imidazole analogues AS the shieldinq affect of thfl 

\ , 
.' 
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hydroqen atom or lone pair in the 7-position of the base is no longer 

involved (Fiqure 7). In addition ta this, a deshielding A effect due ta 'N- '-'. 

1 may affect the C-l' shift. 13c DEPT NHR confirms that in comP9und 88, 

the C-l' signal is at lower fl.eld than the C-3'. The bridgehead carbon 

signals (C-8 and C-9) are bot:.h deshielded relatl.ve to the analoqous sig-

nals of nonsubsti tuted indazole. Bath these carbons are ~ to the substl.-

tuted ni trogen and are shifted ta lower field as were the A carbons (C-9) 

of the benziml.dazole and 7-azal.ndole analoques. Had substl. tution occurred 

at N-l, a shielding of C-8 would have been expected in analogy with the 
, 

signal observed in compounds 70, 72 and 74. Also, the slight shl.elding of 

8-6 and 8-7 observed in the 1 H spectrum of compounds 10 and 74, re lat! ve 

ta the unsubsti tuted bases, does not occ~r in this analogue which confl.rms 

that substitution has not occurred at the N-l position. 

1.2.3 The" Purine Analogues 

As discussed in section 1.1, 6-methoxypurine reacted in both the N-9 

and N-7 positions to yield the protected analogues 80 and 82. The 8-

azapurine base réacted in bath the N-9 and N-8 poSl. tions, ta yield 91 and 

92. In addition to the UV 

chemical shifts reported in 

the posi tional isomers. 

data preViOUSly,presrnted, the lB and 13C 

Tables VII and VIII help distinguish between 

'nte N-l substituted heterocycles discussed in section 1.2.2, show a 

shieldil)C] of the 8-7 and ,8-6 signals relative to those of the free base. 

In the protected 9-isomer purine analogues (80, 91), the analoqous proton, 

9-2, is a180 shiel.dali .though to a lasser extent •. This proton 18 farther 

downfield in both the 7-isomer of 6-methoxypurine (82) and the 8-isomer of 

8-azaadenin. (92) due ta the le,.er crowdinq. These re.ulta are con.iste)lt 



o 

o 

~ 

/ 
Chapter -~6-

ftB1.B VII 1 

'B a-ical Sbifta of t:be 6-111ttba:&ypariJMt aDd, 8-......... t De ADal.oque. 

B 80a 824 81 b 914 9-z8-

.a 8.53 (a) 8.61 (s) 8.52 (s) 

2 8.04 (a) 8.14 (s) 8.47 (a) 8.41 (s) 8.45 (s) 
R-6 4.17 (s) 4.05 (s) 4.09 (8 ) 7:23 (m) 7.24 (m) 

1 ' 5.79 (s) 5.83 (s) 5.71 (s) 6.10 (s) 6.06 (a) 
OH 4.58 (m) 
CH2Ph 4.43 (s) 4.41 (s) 4.39 (a) 4.42 (a) 
3' 4.02 (m) 3.88 (m) 3.57 (m) 3.88 (m) 3.'i36 Cm) 

4' 3.49 (m) 3.49 (m) 3.30 (m) 3.50 (m) 3.49 (m) 

Ail ~pectra recarded on a Varian XL-200 instrument in a) CDC13/ 
b) dmso-d6 (6. 2.39). ~ reported in ppm relative to TMS.' 

• wlth those reparted for the N-9 and N-7 isomers of methylpurin .. 179. ,""p 

methoxy protons CR-6) of 82 are more shiel~ed in the 7-bomer reflectinq 

, ~ 
the increaaed crowdinq. No difference is noted in the amine protons (R-f,) 

of the 8-azaadenines. Al though the 1 H shi ft differences pre8ented above 
ç 

are informative. they are generally amall and do not pr9vide conclllsive 

evidence for isomer identification as does 1JC NHR data. '. 

The 6-methoxypurine ana loques are easi ly distinquiah"d by 13c NNR. 

The characteristic shifts of thé biidgehead carbons CC-4, C-5) in N-7 and . , 

N-9 substi tuted lsomers relative to those of the free purine biI"ea h ... VII! 

bee~ reported in detail 176, 179, 180. An upfi1!ld Shi,ft (3.4 }:Ipm) of C-4 .. 
occurs upon alkylatl.on of N-9 where'as this siqnal moves t'lownfil!lt'l (5.1 

1 
ppm) ln the N-7 isomer. Conversely, the C-5 siqnal shifts downfi .. lt1 (' 

ppm) for 9-alkylpurine ard upfleld (4.7 ppm) for thp. 7-1aompr. J'hp.s" 

observatio~s wer~ applied to the distinction of the protecte~ 6-methoxypu-

rine analogu'es (see Fig\We 9 for ring nUmbering). In the compound identi-
'" , 

fied by uy ~s the 9-isomer (80), the C-4 signal il 8h1fted upfiel~ vhereaa 

• a 
it moves to lover field in the 7-isomer C8~) vhich wa. alao charact~riae~ 

'by UV. These 0!:Sservat1ons ar~ cona1st,nt vi th the reporte<! effects on the 
" 

-

\. "'''''6,i .' , 

!' 

.. 
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BBLB VIII 

C 80ft 824 81a 91b 9;2h 

6 162.13 162.23 160.33 157.98 162.69 
2 153.49 153.23 152.18 157.32 155.61 
4 1 S3. 22 158.89 151.86 150.51 153.03 
8 144.92 148.21 144.04 
S 121.83 113.79 120.52 139.27 138.92 
3' 79.32 78.89 80.87 78.43 77.94 
1 ' 74.19 77.54 72.25 75.40 79.94 
CH2Ph 74.19 74.25 73.43 73.59 
4' 71.33 71.39 60.97 70.83 70.48 
OCH3 54.83 54.93 53.94 

Spectra recorded in a) CD30D1 bl acetone-d6 ( c5 • 29.81 on a Varlan 
XL-200 except 80 and 82 recorded on a brÜker WH-90 instrument. 
{, reported in ppm relative to TMS. 

C-4 chemical sh~fts of purines foIIowln'} N-7 or N-9 substi tu~on. In the 

7-isomer, C-5 is O(to the substituted nitroqen and its Siqnajappears up

fleld (8.04 ppm) of its posltion for the 9-1somer. This dlfferencp. iq aIse 

consistent with the C-5 shifts reported for N-7 and N-9 substituted pu-

rines. 

ln these molecules, the C-4 signa I is difficul t to dlStinqulqh from 

that of C-2 using 13e DEPT NM~ Although C-4 bears no protons and does not 

a~pear in the DEPT spectrum, the chemlca l shHts of C-2 ano C-4 are a Imost 

identica land cannot be di fferentJ.a~ed. However, in decoupled 13C NMR, 

bridgehead signaIs are known to be of le9s~r intensity du~ te the 

resul ting trom their long relaxation times HI1. Thus,-

theae can be distinguished from proton bearing carbons. This effect has 

alao been observed for the C-4 and C-5 signaIs of purines and the "C-6 ., 
lignal when thi, position is substitutp.d (R-6 ~ H) 182. From this informa-

-
tion, ~e signal of 1 ... er intenai ty was aasiqned to the bridgehflad car-

• 
• ,bon, C-4. 

" 
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, 
The 1 3C chemicll~ifts of C-l' are a 1 so characterls tic for each 

l.Somer and are consistent vith the reported CH 3 shifts in the 7-methvl ann 

9-methy 1-6-methoxypurines 182. The greater l'Ihie Iding of C- l' j n the 9-

l.somer (3.4 ppm) May be partia lly explained as followa. In the 9-isol1\f'r 

(80), C-l' is crowded byte 10ne pair on N-3 and might a1.o be shie1ded 

by ~ gauche effects from N-7 and N-3 (Figure 9). The C-l' in thf" 7-l.somf"r 

(82) 1.5 Bubjected to a 1esser crowdinq froDl 0-6 and qn1y one 0 gauchf' 

l.nteractl.on reBul t1ng from a n1 troqen atol1\ (N-9) 'is possible. 

Pigure9 

Contrl.butl.ng Shield1ng Effects in the 6-Methoxypurine Ana loques 

~:ô' 1 Il '/7 1 

0 
~ 5 • .....:Nl 

C,- OCH3 

80 82 

The 8-azaaden1ne isomers may also be d.lfferentillted hy 13C ,.,~~, 1n 

add1tion to ,the uv data prev1.ously presented. As expected, the C-4 siqnal 

l.5 upfield (2.52 ppm) in the N-9 lsomer relative to its position in thp N-

8 isomer. The reverS8ef i8 observed for the C-5 peak positions (0.35 

ppm). The C-4 chemica l' shi! dl. fferences are a Iso consisten t wi th those 

reported for the 8-az:aden ne base signaIs followinq N-8 and N-Q substi-

tutl.on wi th a ribose ring 183, 184. 

The C-1' chemical shifts a180 confirm the identification of th,. 

isoDlers (Figure 10). The C-l' signal i8 upfield in the N .. 9 ieomer (2.54 

ppDI) campared to the N-8 com~ound. This i. due in part ta 10ne pl!! r 
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effects tram N-3 as well as ta possible r gauche effects from N-7 and N-3 

leading to Shl.81dl.ng of C-1'. Furthermore, in the N-9 isomer, C-l' l.9 ex-

posed ta a sinq le A deshie ldinq effect (N-8) whl.le l.t is exposed ta two in 

92 (N-7, N-9). 

Piqure 10 

Contributinq Shi&kling Effects in the 8-Azaadenine Analogues 

91 92 

1 .3 Bio 1 oqica 1 Testinq Reaul ta 

The deprotedted acyc l ic ana loques were sent for bic loqical testinq. 

Compounds 68, 70 and 72 were tested !.!! ~ aqainst strains of RSV-I, 

HSV-II and cytomeqaloVtrus grown in human fetal lunq (HFL) cell monolay-

ers. The compounds vere found inactive up te éoncentrations of 100)"q/mL. 

The hydroxymethyl isatin (78) produced in the fi rst debenzylation wi th 

boron trlchloride vaS also tested. This compound exhibi ted marked taxie! ty 

to the host cells. 

Analoques 74, 88 and 90 were tested aqainst s~rains of RStr-I and RSV-

II qrown in Vero cell monolayers. No antiviral activity vaS observed UP to 

'. concentrations of 100/",9/l1li-
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Analogue 81 ha~ been tested prev10us1y aqainst both HSV strllins, 

cytomeqalovirus, feline and cani.ne herpP.sviruses, bovin .. herpP.s virus-4 

and equl.ne herpes virus-1 but ",as found inactive 11P to concentrations of 

1 .4 Conclusion 

" 

The d1rect coup1ing procedure used ta link the ni troqen hetprocyc les 

to the acyclic chloromethyl ether (66) haB proved efficient for bases 

possessing one reactive resonance structure such as 7-azaind01e and is,tltin 

or existing in two equ1 va lent tautomers such as imidaza1e and benzimida-

zole. The coup11ng of 4-nitroimidazole also resulteci 1n a single proOurt: 

possibly due ta the e1ectron withdraw1ng effect of the nitro qr~ on N-3 

and to the grea ter crowding at this posi tian. 

The procedure is less effici.ent for the linking of a base such as 6-

methoxypurine as 1ts 1midazo1e ring exists in twa tautameric forma (7-H, 

9-H). The population of the 9-H tautomer of 6-methaxypurine was estima ten 

at 68\ by 13e chemical shl.ft substituent parameter studips by Grant, '1'0","-

send et .!.!.182. However, the relative perceritaqe of the protected 9-isomer 

analogue (80) ob~ained by direct couplinq of the bllse to 66 is sliqhtlv 

lower (60'). The compound i8 obtained in greater proportion by firet 

persllylating the base with HMDS. 'J't:te trimethylsilylateti 9-isoml!r 19 

preferred, possibly due to starie hindrance of the N-7 position by the 6-

me thoxy group. 

'Ihe 8-azaadenine couplinq presented a sim! lar problem. Al thouqh th" 

tree base is 'known ta exist in a 8inq1e tautOlleric fOrlll (9-H) '83, lIul ti-
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o 
pIe alkylation. ocourred ln the reaotion of B-azaadenine vith the acyclic 

ehloromethyl ether (66). Perailylation th ... base favoured the reaction at 

the N-9 position over the N-B and eliminated reaction vith the exoeyclic 

amine I1roup. However, the lsomer ratio W4S less advantaqeous than for 6-

methoxypurine (411 versus 10:1) possibly reflecting the absence of sterie 

hindrance to si1ylation in the N-8 position. 

The direct coupling procedure vas not uaeful for obtaininq the de-

aired N-l isomer ot the indole ana loque. Preliminary persilylation diti not 

lignificantly influence the number of multiple alkylations of the hase. 

Generation' ot the N-l anion with the methylsulfenyl e~rbanion was npce~-

ury to obtain reaction with the chloromethyl ether at the desired site. 

" 
The N-l bomer was not isolated by direct eoupling of indazol'; wi th 

the acyclic chloromethyl ether (66). Al though the 1 H tautomer is predom-

inant, the sole product isolated was the N-2 substltuted compounti. In 

analoqy vith the results previously described for the 6-methoxypurine and 

8-azaadenine eouplinqs, persilylation of the base miqht inerease the 

reaction at the N-l position, This route has not been pUfsued further at 

thls time. 

The nuclear magnetie resonanef! properties partieularly those of ne 

have been useful in diff.erentiatinq posi tional isomers of the acycl ie 

analogues.-The qualitative interpretation of chemical shift displacempnts 

of the heterocyelic eafbons and the C-l' in conjunetion vi th other spee-

tro.copie data is a reliable method of charaetftrising the compounc'ls. 'l'hP 
, 

----~-----

carbon chemical ahifta of the heterocyclic bases are dependant on multiple 

" factor. notably charge polarisation effects and C-C bond lenqthFl /lntl 

o cannot he e •• ily explained 116, 184. Nevertheleaa, althouqh the auhsti-

tuent etfect. are not addl t1 ve and cannot be prf!dicted, the trends in 
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. 
specifie carbon shifta, notably the bridgehead carbons, are consiatf!lnt 

from one analogue to the other and in accord with the chemical shift 
(: 

variations reported for similar compounds. 

The absence of biological activity for aIl analoqufts preparerl untifOr-

11nes the importance of the nature of the base relidue to the seti v i ty of 

such acyclic antiviral agents as acyclovir and BJ:OLP'-62. Despite thf' 

greater activities reported for these acyclic purine systems over thosa-' of 

arabinose, ribose or deoxyribose nucleosides, the replacement of thp 

natura Il Y occurring purine bases has resul ted in complete loss of anti-

Vlul acti vi ty against the herpes simplex viruses. Tt1is is partieulllr 1 y 

noteworthy in the case of the 6-methoxypurine analogue (81) which, amanq 

the acycll.e eompounds prepared, is the most similar to BIOLF-fi2. It is 

also interesting that the isatin analogue, although inactive, ls non-taxie , 

to the hast cell whereas the replacement of the acycllc portion of 74 bv a 

hydroxymethyl group (78) results in severe toxicity te host cella. These 

effects further i llustrate the del1eate ha lance which must he achievf!d in 

the design of an effective antiviral agent. 
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) 
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~eparation of Protected Arabinoadenoain~ Hucleoaides 

2.0 Introduction 

1-~-D-Arab~n08yl thymidine and uracil nucleos~des were f~rst isolated 

in the early 1950' s by Berqmann and Feeney from the Caribbean sponge t 

Cryptoteth~a crypta 185. Arabinocytidine (araC) (18) 186 and arabl.noadeno-

sine (araA) (24) 137 were later synthesised as potential antitumour a-

gents. Desp~te ~ts cytotoxicity, araC was found effecuve in the treatment 

of certain leukemias while the actiVl ty of araA was most pronounced in the 

control of viral ~nfect~ons notably those of herpes s~mplex, vaccinia 

vlrua and cytomegalovirus 188-190. During the same period, researchers in ------
, 

the United States (Parke, Davis & Company, 'Ihe Southern Research Insti-

1 tute) observed the antiviral propel'tiea of an antibiotic fermentation 

concentr~te of Streptomyces antibioticus and later identified the active 

~ 
agent as araA. The naturally occurring ribonucleoside epimer was then 

prociuced in large scale by fermentation processes and tested extensively 

~ ~o and in ~ as an antiviral drug 51,191,192. AraAwas the first 

drug licensed in the United States for the treatment of systemic viral 

disease and the only drug approved for systemic treatment of HSV encepha-

Htis 22. AraA ia active against a wide range of pathogens, mostly DNA 

o viruses, some 'of which are lieted in Table IX. The activity against tha ~~ 
,> 

Rous sarcÔllla strain, an RNA tumour virus, ls surprising as anA ls gener-
( 

"...,y Ally in.fractive agalnat RNA viruses. 

~- , 
--~-~-- -
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&.e Yi.ruu Inhi hi ted by tbe Actioa of AraA 

Herpes simplex Ir II 
Herpes Sl.mlae 
Var leella -zos ter 
Cytomegalo 
BoVlne rhl.notrachei tis 
Fellne herpes 
Bovine herpes 
Ra}nes 

poxviruaes Vaccinia 
Monkeypox 
Myxomavirus 
Pseudorabies 
Fiah lymphocyatitis 
Polio II 
Catfiah herpes 
Rous sarcoma 

Although the exact mode of araA antiviral action has not been com-

pletely elucidated and several mechanlsms might be involved, ~t lS known , 

that the S'-triphosphate denvative (araATP) is a competitive! lnhibitor of 

both vlral and cellular DNA polymerases wlth a certain selectlvity exhib-

l ted for the viral enzyme 193, 194. The competi tive action observed be-

tween araATP and deoxyadenoslne triphosphate 195 18 explained by the 

Slmllarity of the 0( face of the araA sugar r1ng to that of the equivalent 
" 

deoxynutleos1de despl te the presence of the 2' -hydroxyl group. Unfor-

tunately, araATP is incorporated" into the smaH quanti ties of DNA produced 

in both infected and heal thy cells al though to a leuer extent in the 

latter, hence the cytoxicity exhibited at high concentrations 196. AfaATP 

was onglnally thought to Act as a chaln termlnator 197 but' more recent 

studles have determined the nucleoslde i8 uniformely distributed in the 

vlral genome (complete set of genes) though it may serve to retard phain 

elongation 26, ~ ~ resistance to araA has been partial1y linked to 

cell culture deflc1encies of the Act! vating kinase enzymes. responsible for 

the monophosphorylation of anA 198. The 5' -Ilonophosphate derivative of 

araA (araAMP) Wh1Ch bypasses the initial phosPhOrylaticin .tep possesses 

the same activi ty as the parent compound 199. In add! tion, araAMP h 
1 

res18tant to adenlne deaminase 200. In both animal and bacterial ayatem., 
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this enzyme rapidly conv:erts 'araA ta its hypoxanthiI)e denvatl.ve (araH) 

(25) 201-203. The potency of both araA and araH have been evaluateq and 

whi le araA is the more active in ~ and the more cytotoxic 204, the ~ 

vivo efficacies of the two drugs are comparable 205. The decreased acdvi-

ty of araA !E '!i:!2 is due to i ts rapid deamination to the less potent araH 

by cellular and viral Adenosine deaminase 206-209. Although the effective 

half lite of araA is prolonged by the ,anti viral acU vi ty of araH, large , .. 
doses of the former are sti 11 requl.red for the treatment of" infectl.on. 

However, the relative insolubi11ty of araA hampers its systeml.c adminis-

tration in large qt1antities. This problem has been partially solved by 

combination therapy. The in vi vo acti vi ty of araA is enhanced when i t 1,s - -- , 

gi ver} along with adenosl.ne deaml.nase inhl.bi tors such as 2'-deoxycofo,mycl.n 

(93) 210 and erythro-9-(2-hydroxy-3-nonyl )atlenine (94) 211. However, these 

drug eombinations lead to inereased eytotoxl.Cl. ty 200, 212. A moc:il.flcatl.on 

of the sugar ring ol araA, i,.a. the replacement of the cyelic oxygen by a 
\ 

methylene group to yield the carbocyclic analogue (95), resul ts in resist-

an ce to enzymatic deamination with retenttion of antiviral aetivl.ty as well 

as stabpi ty to hydrolases and phosphory lases due ta the absence of the 

,labile glycoeidic bond 213, 214. Activity studies of 2"-subsÙtuted arabi-

noadenosines (96) reveal continued l.n vitro activity but deereased in vivo -- --
,action relative to the parent compound· despite the increased' solubil.ity 

and resistance to enzymatic deannation of· the analogues 215, 216. Similar 

results ha,ve been reported for S'-substituted arabinoadenoQines 217, 218. 

The àdenine dealllinase resistance observed upon substi tution' of the S" 

posi tion of arabinonucleosides is consistent vith the resul ta obtained fo~ 

Simili m~ifications of ribonucleosides 164. The effect of modifications 

of the bue portion on antiviral activlty have a180 been investigated. , \ 

, 
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Although replacement vith 8-azaaden1ne (97) doea not decreaee in vitro 

aetlvity, ~o~, the compound liaS found ineffeetive and severely toxie 

155. Subati tution of the C-6 poai tion with a hydroxylamine funetion (ara-

bl.noayl-N6-hydroxYJldenine, 98) 220 reaulta in reai.tanee te adenosine 

de~inase, dl.minished toxieity and increaaed antiviral action • 
• 

,OH 0 

tiN lLNH 
N A • 1 N NH 2 

HuCiC- H 
1 

HO H 
H C-C-H 

3 1 

OH 
93 94 

NL' Y 

H~X) t( 1 NH 

Ho-O NJ 

. HO HO 
z R X Y 

95 CH 2 OH 97 N NH2 
~ 

96 0 F, Cl, 0Me, 98 CH NHOH 

OCH2Ph, 5CH3, ONo2 

A different approach that might be enviaaged to improve the bioloqi-

cal aC~10n of araA ia i ta incorporation into ail oligonucleotide chain. 'Ble 

solubi li ty, deamination and toxicity problema a .. ociated vith the free 

nucleoside might be bypaaaed by thl S method. In addition te po •• ible 

o reaiatance te enzymatic deamination of the ba.e and cleavage of the phoa-

phodlester linkage, arabinonucleotides are expected ta po •• e •• an inherent 
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sta.bUity comparable to that of deoxynucleotides. The arabinonucleotide 

phosphodieater, unlike the ribonucleotide linkage, cannot be cleaved by , 

formation of a 2',3' cyclic phosphate because of the,unfavourable orienta-

1 

tion of the 2'-hydroxyl group. '!he study of arabinonucleotides raight also 
o 

provide uaeful information as to the importance of the sugar re~idue to 

the biologl.cal action of ribonucleotl.des. Al though conformational studl.es 

of ara.binoadenosine mono and dinucleotl.des have appeared 221, 222, the 

further comparison of the ph'ysl.cal properties ot arabLno- and rl.bonucleo-

tides, such as the phosphodiester backbone conforma non and the base 

stacking propertl.es, might eventually enable a better understanding of the 

basis for their widely different importance in biological systems. 

In a first step toward these goals, the preparation of derivatised 

araA nucleosides must be undertaken. The protection requl.rements of arabi-

nonucleosides for theLr eventual incorporation into nucleotides resernble 

those of ribonucleosides because of the presence of the 2 '-hydroxyl func-

tion. Howevl!lr, this position is less accessible to deri vatisa tl.on in the 

arabino series due to its orientation toward the ~ face of the sugar ring. 

This face is more sterl.cally crowded than the 0( face due to the base as 

well as the S'-hydrox}'1llethyl group. Various hydroxyl-derivatised ara-

binonucleosides have been reported in the literature 215, 223-228. Also, a 

series of dinucleotides containing ara.binocytidine have been prepared by 

Wechter 229 but as no selective protection was empioyed for the hydroxyl 

groups in the 2' and 3' posi tians, the condensa tians resul ted in mixtures 

of 2',5' and 3',5' isomers whieh proved difficult to separate. 'l'he prepa-

ra tian of mixed ribo and ara.bino di- and trinucleotides has also been 

reported 230, 231. In these procedures, a 2' ,3'-dibenzoyl or di-~-butyldi-

• •• thylailylarabinonucleo.ide va. introduced aa the 3' -teninal reaidue 

\ 

. \ 
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wi th no further chain extension. 

~~ R0lç1? 
o 
1 

Ro-~=o 
HO 

0 

HN:J 
t O~N 

°ri '0, 1 

p=o 
1 or;; 

o OH r-r 

+ 

6 

Scb .e u:r:n 

HoyO~ 

"J-iR 
') DCC/pyridine H 6~ 

.. O~N~ 
2) H+ HO~~H~ 
3) NH4 0H ~ 

o 
1 

Ho-~=O 

0lÇ:J 
HO OH 

aca-e DIV 

0 0 

HNJ NJ 
~0ç5N .+O~ AlcaVne .. 

Hydro1ysis 

? 0 
1 

o=p-oe O=p-oe 

~ o~ 
o ·OH 0 OH 

r-h + 
Another approach to the incorpora tion of arabinopucleoaide. into nu-

cleotides proposed by Cgi1 vie et al. 232 involveB the coupl1ng of Il 2', 3' ,---
protected ribonucleoaide to aS' -tri tylated-2' -pho.phorylated-02 • -2 '-

'anhydronucleoside ~1ch 18 later hydrolysed to the arabinonucleo.ide by 

treatment ",i th aJIIIIlOn1UD1 hydroxide (Schue XXIII). Theraal rearrangaent 
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1 

via labile cyeUc tri •• ter intermediates of a polyuridylnucleotide to a 
ri 

randollly heteropolyaeric arabino/ribonucleotide has also been reported 

(Sche .. e XXIV) 233. However, both t~e8e procedures are li .. l ted to nu-' 

cleolid •• which po •• eas a C-2 ket() function (pyrimidines) as they require 
~ , 

formation of an anhydro lntermediate. Ne! ther lIethod 18 applicable to the 

prepatat~on of araA nueleotides. 

HOv~JN-Bl 
~ 1) 

HO 2) 

AN- Bz 

HOVg.~ 
~ 

HO 

l 
AN- Bz 

HOVg.~ Rllovg.JN-Bl R' • PhCO, CH3CO 

R" • 

Ph 

~ y 9 
HOSi-O-Si< 
A~ 

----.. ~ 
HO 

At the time thJ.s work was undertaken there were, to our knowledge, no 

reports of eraA nueleosides selectively derivatised ~n the 2' and 3' 

po.i tion. tor 1ncorporation into a polynucleotide chain. -More recently, 

two lod.pendant groups reported the preparation of ara A tri- and tetranu-

cl~otid.a uaing the ao~ution phosphotriester app7;oach 229, 234, 235. In 

both .ynth •••• , th. 3jand ~' positions of N-6 bènzylated araA nucleosides 

were Illiul taneoualy Uxlated by treatJaent wi th 1, 3-dichloro-1, 1,3,3-
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te traisopropyldisiloxane thus differentiatjnq the 2'- and 3 '-hydroxyle 

(Scheme XXV). Pollowinq protect1on of the 2'-hydroxyl, the S' posltion 19 

deprotected ei ther selectil!ely o~ Along ""i th the 3' posi tion and an acid .. 
labile group (monomethoxytrityl or pl.xyl) ls then lntroducad ~ ln bot.h 

these procedures, the preparation of a suitably 2' and 5' prote7 ted arabi-

nonucleoside requires at least four steps. 

As ~t of this laboratory's overa.ll obJettive of prel.Dari'ng sUltably 

• protected arabl.nonUcleoSl.des, the tecruuques developed for the protectlon 

of rl.bonucleosl.des 123, 236 and successfully applied to théir incorpOra-

tion into t"l.bonucleotldes 137-239 have been introduced to the derivatlsa-

tion of arabinoade·nosin~. 
, 

Preliminary r~ults for the preparation of araA 

derl.vatives 240 and lncorporation lnto dlnucleotldes 241 have been obtain-

ed ln this laboratory. The preparation of araA derlvatives has been com-

pleted and these have been .fully characterlsed. The protect.ton of the 5' 

~ 
position of araA with th"e DMT group was undertaken as well as selective 

blockinq of the 2' - and 3' -hydroxyl posi t10ns Wl th the TBDHS group by the 

intermediary of sui table catalysts. 

2.1 Syntbesis of the Prot:ect.ed ArabinoadeDiOaiDe 1IUcleosides 

\ 

:, 
2.1 • 1 Dimethoxytri tyla tion of Arabinoadenosine 

The tri tyla tion of araA in the 5'" poSl. tion, rapresen ted in Schema 

XXVI, W4S éffected usinq a modification of a procedur~ daveloped by Khora-

na et al. 90, 242. 'l'he orl.ginal report described the r&action of a deoxy-

nucleoaide rith dirAethoxytrityl chlorida in. pyridine at rOOII e.aperatura. 
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When applying Uu.s techn1que to the protection of ribonuclaosides, Oqi Ivie 

and co-workers found that despite the greater reacUvity of the 5'-hydrox-

yl, ,several B1de products ..,ere fonned notably dl tri tyla tad 1-2' ,5' - and 

3' ,5' - and N-trl. ty lated materia l) and an _l~rovement of the procedure was 

reported 236 The forma tion of 'undesired slde products, such as N-6 trl-

tylated araA, was IIlln1mlsed by addlng the dlmetnoxytrltyl chlorlde por-

tlonlirlse over a 9 hour perlod to a Solutlon of the nucleoslde ln pyrl-

dl.nejDMF malntal,ned at O·C. Ttus modlflcation was appll~ ta the l;rttyld-

Uon of araA (24). The maJor product observed b}'.. TLe was the deslred 5'-

dl.methoxytrl tylaraA ,( 99) • Trltylatlon o{ the less reactlve exocycllc 

am 1. ne functl.on and of the leBs accessl.ble secondary hydroxyl groups WAS 

ml.n1mal and llttle unreacted startlng materlal was recovered. Following 

precipltatl.On of the reactlon ml.xture from lce water, compound 99 was 

lsolated as a ..,h1 te powder ln 70' yield. The UV absorptlon maxlmum at 259 

nm (Table Xl confl.rms that subsUtutlon has not occurred at the base. Thè 

physlcal propertl.es and ylelds of all denvatl.sed araA nucleosldes pre-

pared are l1sted ln Table X; character lsa tl.on of the ]?roducts by 1 H and 

13C NMR is dlSCUS sed ln sectlon 2. 2. 

24 

24 

Scbelle XXVI 

DH~l, pyr/DMF, o·e 
• 

TBDHSC1, l.midazolejDMF 

• 100 

ROW 
HO 

99 100 

R - DHT TBDMS 
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Product 

5'DMT 
(99) 

5 'S1 
( 100) 

2',5' S1 2 

(101 ) 

3',5' 51 
"( 102) 

5'DMT-2' S1 
( 103) 

5' DMT-3' S1 
(UM) 

2'51 
( 1(6) 

j"S1 
( 107) 

2',3' S1 2 

( 1(8) 

Preparation Y1eld 

DMTCl 
DMF/pyr 

DMP/1m1d. 

AcOH, 80\ 

AcOH, 80\ 

(, ) 

70 

65 

93 

41 

52 

49 

80 

77 

.... 1 

laoaer Me l tinq 
RAtio Point 
2'/3' (·C) 

139-140 

155-1561 

30/1 189 

1/2 174-175 

2/1 116-117 

1/2 110-111 

193-194 

200-201 

d 240 

Chapter 2 

Àmax Àmin 
na 

(ltOH) 

259 
232 

258 

258 

257 

257 
234 

258 
234 

257 

258 

257 

251 
222 

232 

227 

252 
223 

250 
225 

227 

228 

227 
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0.44 b 
0.61 c 

0.15 a 
0.38 b 

0.64 a 
0.86 b 

0.51 a 
0.71 b 

0.60 a 

0.46 a 

0.16. a 
0.47 b 

0.21 a 
0.52 b 

0.57 a 

1) Literature lIelting po1nt: 157-158'C, uvÀmax (MeOH) '" 259 (ref. 228). 2) 
prepared by Dr. Ho.ein Kakimelah1 (reL 243). TLC solvents: a) CHC13/DMF 
(!l:2), b) CHC13/EtOH (8:2), c) 1dem (7:3) • 

. 2.1.2 . .Preparation of . .!-Butyldimethylsllylated Arabinoadenosines 

The tint .tep undertaken w&s the preparation of 5'-.!.-butyld1methyl-

~lyl.raA (100) as •• rl1er reporte<! by Baker et.!!. ~28 usinq the tr'ad1-

tional procedure for the debxy- and r1bonucleoaide a11ylationa. AraA vas 

tr •• ted with TBIlMSCl in the presence of iaid.zole ualng DMF as BoIvent 

(Scheme XXVI). 
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When applied to 5 '-protected ribonucleosides, the DHF/imldazole pro-

cedure Ylelds a roughly equal proportion of ~'- and 3'-silylated isomers 

• although the 2'-derivative ie usually slightly favoured 123, 

) 
244. ln tne 

arab1.no serles, this method results in an isomerlc ratio of approximately 

6:1 1.n favour of the 3',S'-disilylated nucleoslde. Thi S 1 s due to the 

greater ster1.C hlndrance at the 2' posltion caused by the base 241. These 

lsomers are generally difflcult to separate and, because of the orlenta-

tlon of the 2'-hydroxyl group, the more abundant 3'-Sllyl lS not edslly 

1.somer1.sed to the deeired 2' der.ivative 241 unlike the equivalent rlbose 

derivatl.ve 104, 123, 245 As nucleotide chaln extension requires a free 

3'-hydroxyl group, efficient and selective 2' protection ls desirable. 

Ogl.lvle et al. 236, 246 have developed a ser 1.es of ca talytl.C systems which 

/ 
favour either 2' or 3' silylation in ribonucleosides and the prelimlnary 

appllcatlons of slml1ar systems to arablnonucleosldes have proved success-

ful 240. 

The procedure used for selective 2' or 3' 9l1ylatlon of araA involves 

the formation of a ..!-butyldimethyls1.1yl-base complex WhlCh is believed to 

be the silylatlng agent involved. Thls lS achleved by adding the nucleo-

slde to a sl.lver nltrate, TBDMSCl and base suspension in THF previously 

stlrred at room temperature for 15 to 60 mlnutes. Reaction occurs selec-

tively at the 2' site when pyrldine lS used as base whereas the 3'-silyl 

lsomer lS favoured ..men 3-methylpyrldine-N-oxlde (MPNO) is used (Table X). 

In the preparatlon of the disi1yla ted nucleosides ( 101, 102) (Scheme 

XXVII) , 2.2 to 2.6 moles of sl.lyl chloride per mole of nucleoside were 

used. This vas decreased' to 1.5 to 1.7 when sslectively silylating 5'-

DMTaraA (103, 104) • Due to the acid sensitivity of the DMT qroup, the 

work-up procedures of these react10ns rsquire immediate treatment w1th A 

~ 
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aodiu. bicarbonate aolution (S,). The 2'- and 3'-ailylararibonucleoside 

iaom.r. are difficuLt to aeparate often r.quiring repeated purifications 

by chrOllatoqraphy. ln addition, the derivatives prepared (103, 104) are 

auac.pt1ble to detritylation during chromatoqraphy on ailica gel. Th~s 

problem wa. lIIinimhed by the addi tion of traces of triethylamine to the 

.lution eolvent.. Dl. 2', 3'-diailyl-S-OMTaraA (105) wa. pr.pared by the 

OMF / ilIIidazole route vi th 4 1I01e. of TBDMSCl per 1I0le of DMTaraA (99) • 

Compound. 101 and 108 vere prepared in this laboratory by Dr. Haklmelahl 

243. All compounds vere purified by' chromatography and isolated as white 

powdera. 
• 

Set TS DVn 

ROVu-J 
~ 

HO 

_-.. RO~ 
R'O 

'. ROV~,J' 
~ 

HO 

• 
R0-v~,J 
~ 

R'O 

R R R' R R' R R' 

24 H 101 TBDHS TBOMS 102 TBOMS TBDMS lOS OMT TBOHS 

99 DMT 10l DMT TBDMS 104 DMT TBDMS 

/ 

R R' 

DMTO~ 
R'O 

_____ -+-- HO~A CH3COOH, 80\ ... 

SO-60·C 
R'O 

103, 106 TBONS H 

101, 107 H TBOHS 

105, 108 TBDHS TBOHS 

103, 104, 105 106, 107, 108 

o The tri tylated analoques <103, lOt, 105) upon tr'eatllent vi th 80\ acetic 

acid at 50-60·C afforded the corresponding S'-hydroXYl derivatives (106, 
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107, 108) as wh! te powder. in very qoad yield. (77 -80')' (Sche.e XXVII 1) • 

The consistency of the UV absorption .axi.. (257-259 nm) h.ving 

established the absence of base substitution, the prepared compound. were 

fully charaeterised by 13e and by 'H NMR. The number ot dimethoxytrityl ~ 

and !-butyld1methylsilyl groups was ea8i1y determined by the relative 

integrations of the TBONS proton signals (-0.3 to 1.1 ppm) and the DMT 

methoxy signals (3.9 ppm) to those of the nucleoside base or sugar ring 

protons. Whi1e mono8ily1ation or tritylation invarlably occurs at the more 

reactive prlmary S'-hydroxyl group, silylation of a 5'- protected arabino-

nUQleos1de leads to a mixture of 2'- 'and )'-isomers. Unequivocal determin-

ation of the posit1on at which substitution ~8 occurred can be achieved 

by 13e NMR chemical 8hift differences and te a lesser extent by 'H NMR 

peak poS1 tions • 

2.2.1 13e NHR eharacter1sation of the Proteeted Arabinoadenosines 

The 13e NMR chernieal shifts of the proteeted anA derivativea are 

ll~t!!d in Table Xl. '!bese have been unamb1guously aaalgned by 'H-13e 

heteronuclear decoupling. In a 'eries of experiments, the H-1' or H-i-' . 

signals of ~e protected nueleosides vere selecUvely irradiated to de-

termine the corresponding carbon signala which ahowed the ab •• nce of 

o proton'splitting and an NOE enhancement. selective decoup1in9 exper1menta 

vere not performed for the a.aiqnment of the C-2' and C-3' .i9na11 of 2'-

and 3'-TBDHSaraA (106, 107) as detritylatlon of 103 and 104 laad, in each 
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case, tt)" the formation of a single product. As no isomeric mixture is 

produced. C-2' and C-3' signals are easily assigned by the known Co(de

shielding cauaed by a ailyl group. The anA (24) IlC peak positions were 

assl.gned according ta those reported by Robins et g.247 

c 

6 
2 
4 
tJ 
5 

l' 
4' 

2 ' 
3' 
S' 

'l'ABLB XI 

1lC a-ical Sbifta of the Protected Arabinoadeoosine Hucleoaides 

araA 

( 2") 

155.91 
152.43 
149.40 
140.30 
118.25 

83.57 
84.07 
75.67 
75.00 
60.87 

5'/lIIT S'Si 

(99) 

155.99 
152.51 
149.53 
139.91 
118.27 

83.46 
82.34 
75.41 
7.5.62 
63.69 

( 100) 

155.97 
152.52 
149.55 
140.06 
118.26 

83.14 
83.14 
75.70 
74.40 
62.54 

(101 ) 

155.86 
152.47 
149.15 
139.40 
118.28 

83.33 
83.36 
77.02 
74.86 
62.47 

( 102) ( 103) ( 104) 

155.92 155.97, 156.02 
152.52 152.63 
149.44149.12 
140.00 139.68 
118.15 118.37 

~84.06 
83.25 83.36 
75.64 76.67 
76.02 76.44 
61.94 64.32 

152.63 
149.55 
140.27 
11 8. 32 

83.09 
81.96 
75.70 
76.94 
63.24 

( 106) 

155.91 
IS2MS 
149}\9 
139.89 
119.55 

83.51 
84.13 
77.09 
74.96 
60.77 

3'S1 2~3'S1 

( 107) 

155.87 
152.43 
149.32 
140.23 
118.14 

83.51 
84.29 
75.75 
76.55 
60.48 

( 108) 

155.85 
152.54 
149.06 
1 39.85 
118.28 

83.66 
85.05 
76.86 
76.71 
60.63 

SiC~ 25.85 25.80 
25.20 

25.74 25.20 
25.64 

25.58 25.27 25.87 25.66 
25.00 25.69 25.29 

25.10 

18.14 18.06 17.98 17.22 
17.JI. 17.65 

-5.33 -5.2.1 -4.47 -5.44 
-5.38 -5.06 -5.98 
-5.84 -5.49 

24.94 

1 7 • 60 1 7 • 22 1 7 • 71 1 7. 59 
17.22 

-4.47 -5.22 -4.49 -4.54 
-5.11 -5.98 -4.85 -4.66 

-5.31 
-5.74 

Spectra recorded in dmsO-d6 (o. 39.5) on a Varian XL-200 instrument. 
'reported in ppm relative to "l'MS. 

Fro. the data ,presented in Table XII, two principal effects are seen 

ta resul t fram substi tution of araA. The presence of a TBDHS group causes 

deshieldinq of Co(.by 1.1-1.7 ppm and substitution by a DHT group causes 

deah1eld1ng by ca 3 ppat relative ta the correspondinq s1qnal in anA. The 

signal. of lIugar ring carbons other than Co<.qenerally remain unaffected 
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w1 th the exception of C-4' which is shielded in a11 5' subs ti tuted ~lnal()-

ques (0.7-1.7 ppm). '!his effect is particularly important in the 5' -DMT-

3' -TBDMS derivative (2.11 ppm) possibly reflectinq the steric crowding 

felt at the C-4' position. Another exception is the deshielding of C-3' 

( 1 .4 ppm) in the S' -OMT- 2 ' -TBDMSaraA. Curiousl y, the down fie Id sh~ ft 0 f 

the C-3' siqnal relative' te araA is greater in thls compound than that of 

the silylated C-2< signal (1.0 ppm). The deshieldinq of C-3' might be the 

result of an anisotropl.C effect of the OHT group aromatic rl.ngs. While the 

proportion of C-3' deshielding due to suc,h effects cannot be estimated in 

.. the 5' -OMT-3' -TBDMS compound (this peak poSl. tion i9 shifted downfield due 

ta silylation), it ls negliqible in the S'-DMT derivative (0.6 ppm). 

'!hus, 1t is poaslble the presence of the 2' substituent causes the sugar 

\) ring te adopt a conformatlon which en taUs a greater interaction between 

the S' -DMT group and C-3'. 'Il 

DBLB XXl 

~ S of lle of the Protected Arabinoadenoaine Anal.ogues 

Relati~ ta ArabiDoadeDoeine 

C-6 C-2 C-4 C-8 C-5 ·C-l • C-I' C-2' C-3' C-S' 

S'Si 0.06 0.09 0.15 -0.24 0.01 -0.93 -0.43 0.03 -0.60 1 .67 

2'51. 0.00 -0.18 0.09 -0.41 1 • 31 0.06 -0.06 1.42 -0.04 -0.10 

3'51 -0.04' 0.00 -0.08 -0.07 -0.11 0.22 -o. 06 0.06 _1.55 -0.39 

2' ,5' Si -0.05 0.04 -0.25 -0.90 0.03 -0.71 -0.24 1.35 -0.14 1.60 

3' ,5' Si O. 01 0.09 0.04 -0.30 -o. la -0.82 -0.32 -0.03 1. 02 1 .07 

"'" f 

2,0,3' Si -0.06 0.11 -0.34 -0.45 0.03 0.98 0.09 1.19 1.71 -0.24 

o 5'DMT 0.09 0.08 0.13 -0.39 0.02 -0.73 -0.61 0.05 -0.82 3.82 

DMT-2 'Si 0.06 0.20 -0.28 -0.62 0.12 0.04 -0.21 0.84 1.78 3.45 

DMT-3'Si 0.11 0.20 0.15 -0.03 0.07 -0.98 -1.61 0.03 1 ~94 2.37 

Â a reported in ppa. (-) denotes an upfield ahift relative ta araA. 
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-- In the analogues prepared, the substitution of sugar rin~ hydroxyl 

functions have little effect on the base carbon signals other than a 

slight shie1ding of C-8 when the 2' or S' positions are protected. The 

implications of this shieldl.ng are further discussed in section 2.2.2. Of 

the TBDMS carbon signals, the .!-butyl are farthest downfield. 'lbe quarter-

nary carbon signals appear upfield of the .!-butyl and the dimethyl are the 

most shie Ided appearing upfie Id of THS. 

2.2.2 1 ft NHR Analysis of the protected Arabinoadenosines 

1 H NMR chemical shifts of the protected arabinoadenosine nucleosides 

are listed in Table XIII. Assignment~ of araA (24) protons ..,ere made 

accordinq to those determined by Robins ~ a1.247 , The differentia-tion of 

the H-2' and H-3' peaks were determl.ned by homonuclear decoupllng of the 

8-1' signa l for a 11 compounds prepared. 

It ia apparent from the 1 H chemical shifts reported that the most 

important effects induced by substi tution of a sugar ring hydroxyl group 

of a.raA are a deshielding (0.1-0.2 ppm) of the corresponding proton in the 

case of silylation and a 'shlelding (0.4 ppm) for tri tylation. Other small 

but consiatent: sbift differences can be useful for the identification of 

araA derivatives notably in distinguishing between 2'- and J'-silyl l.SO-

mers. As has been reported for araC 241, the 8-1' chemica1 shl.fts of J'-

si1y1 iàomers are cQnsistently upfleld (.04-.08 ppm) from those of 2'-

l.omers due to the interaction between 8-1' and the 3'-si l y l group. The 

effect ie larger in 5'-trit~lated derivatives because of increased steric 

crowdlng .. The opposite effect, i.e. greater shie1ding of 8-1' in 2'·-silyl 

lsomer., va. reported in cytidine derivatives 245. This effect is the 

re8ult of the greater proximity between the OSi-2' and 8-1' in ribonucleo-

\ 
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81des than arabinonucleoaides. Ae both groupa are orientee! toward the 

<Xface of the rib08e augar ring, 2'-ailylation has a greater ahielding 

, 
~ffect on H-" than 3'-8ilyl~tion. In some inetancea, JH" ,H2' differences 

serve to distinguish silyl i80mers in the ribose aeries 2"8 but theae are 

-
not useful for arabinonucleoside characterieation (Table XI~I). The con-

. stant varies vith the dihedral angle between coupled protons and is thus 

dependant upon ring conformation. The conformation of 2' and 3' deriva-

used adenosl.nes have been studied for several subati tuents and solvents 

249. It has been determined that, in general, the N conformation, for 

which J,i,2' values are smaller, is preferred for 3' aubstituted adeno

sine. Conversely, the S fOrm( for which J, ',2' values are larger, is 

predominant for 2' substituted' adenoslne (Figure 11). Th18 aeems to indi-

PiCj1lre 11 

\.--
The Sand N Conformat~on8 of the Ribose and Arabinoae Ring8 

s • s 

Rl.bose 'Arablnose 

cate that a substituent in the 2' or 3' position prefers Il pseudo-equato-

rial orientation to min1mlae unfavourable ateric effects. In araA, the 

variations in the dihedral angle between 8-1' and H-2' in 90in9 fram the N 

to the S form are very small. However, J 2 , ,3' and J3' ,4' value. have been 

used to confirm that the N conformation, in which both the 2'· and 3'-

hydroxyl groups are in a pseudo-equatorial orientation, is prelarrad for 
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araA 1n aqueoUi solution 250. The N confoI1Ution 1. also predominant for 

2' and 3' den.vatised arabinoadenosines for a great number of substi tuents 

and solvents 251, 252. 

Rd S"mIl' 5"81 2"5'&1 1"5"81 mIr2 "81 laWl'Ii 2"111 3"ti 2""Bi 

H 24- na .ooa 101 b 10~ 10:Jb 10tb '06· '07· ,.-
2 8.32 8.30 8.33 8.31 8.30 8.32 8.32 8.30 8.32 8.31 
8 8.29 8.26 8.30 8.23 8.29 8.15 8.30 8.27 8.29 8.22 
NH2 6.68 6.74 6.82 6.70 6.75 6.75 .6.86 6.71 6.72 6.71 

" 
6.54 6.58 6.54 6.57 6.52 6.64 6.56 6.56 6.51 6.56 

J* (4.6) (".2) 16.S) (5.0) (4.6) (4.3) (4.9) (4.8) (4.5) (4.0) 
3' 4.55 4.50 4.51 4.52 4.60 ,4.40 4.68 4.58 4.66 4.63 
2' 4.38 4.50 4.15 4.58 4.46 4.46 4.50 4.59 4.39 4.46 
4' 4.16 4.25 4.10 4.10 4.08 4.36 4.14 4.09 4.10 4.12 
5' 4.00 3.62 4.10 4.10 4.08 3.68 3.58 3.97 3.97 3.99 

3.47 3.44 3.51 

OCH3 3.90 3.91 3.90 

SLCcH3 1.05 1.06 1.08 0.73 1.00 0.76 0.98 1.09 
0.79 1.06 0.82 

SiCH3 0.24 0.12 0.12 0.12 0.27 0.13 0.31 0.33 
0.02 0.19 -0.17 0.13 

-0.27 

spéctra recorded 1n acetone-d6 ( & - 2.17) on a) a Varlan XL-200; 
b) a 8rÜlter 400 MHz inatrUilent. & reported in ppm relative ta 'l'MS. 
(*) J" ~L reported 1n Hz. 

In compariaon to ara A signals, ahielding of H-4' 1s apparent for all 

\ 
8l.1y1ated derivat~ves. Hovaver, important H-2' shield1ng (0.23 ppm) occurs 

'Il 

on1y in the S'-TBDMS derivative (100) (Table XIVa). 5'-Trityla'tion causes 

alight deah1elding of the 0( face protons (H-2', H-4' and H-1') and 

_ ahieldlng of H-3'. In the S:-DMT-3' .. 'l'BJ)HS deri vati ve (104), the net effect 

on H-2' ia a .hielding cau.ed by the 3'-s11yl -group. Another interesting 

.ffect il the deahielding of H-2' upon 3'-ailylation of 5'-TBDHSaraA 

.' 
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• 
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"-(Tùle XIVb). Silylation of 5'-DMTaraA (99) in the 2' poa1tion cauI.' -
sh"ielding of both H-3' and delhielding of H-4' vhi le only the latter il 

shielded upon 3'-ailylation (Table XIVe). 

.. 
BBLB UV 

Il' 'a of the Progcted, Arabi noedeDM1De ADal0lJUa8 

relative to 8-2 '11-8, 8-1' 8-3' 8-2' B-4' B-5' • a) ara A 

S'TBDHS 0.01 0.01 0.00 -0.04 -0.23 -0.06 0.10 
2'TBDMS -0.02 -0.02 0.02 0.03 0.21 -0.07 -0.03 
3'TBDMS -0.00 0.00 -0.03 0.11 0.01 -0.06 -0.03 
2' ,5'TBDMS -0.01 -0.06- - 0.03 -0.03 0.20 -0.06 0.10 
3' ,5'TBDMS -0.02 0.00 -0.02 0.05 0.08 -0.08 0.08 
2',3'TBDMS -0.01 -0.07 0.02 0.08 0.08 -0.04 -0.01 
5'DMT .. 0.02 -0.03 0.04 -0.05 0.12 0.09 -0.38 -- S' DMT-2' TBDHS -0.00 -0.14 0.10 -0.15 \ 0.08 0.20 l -0.44 
5' DMT-3 ' TBDHS 0.00 0.01 0.02 0.13 0.12 -0.02 -0.45 

b) 5' TBDMSaraA 

2',5'TBDHS -0.02 -0.07 0.03 0.01 0.43 0.00 0.00 
3',5 'TBDMS -0.03 -0.01 -0.02 0.09 0.31 -0.02 -O.O~ -cl S'DMTaraA 

5' DMT-2 'TBDHS 0.02 -O. ~2 0.05 -0.10 -0.04 0.11 0.02 
5' DMT-3 ' TBDMS 0.02 O. 4 -0.03 0.19 0.00 -0.11 -0.04 . , 

dl 2' TBDMSaraA 

2' , S'TBDHS 0.01 -0.04 0.01 -0.06 -0.01 "'""""tl.01 0.13 
2',3'TBDHS 0.01 -0.05 0.00 0.05 -0.13 0.03 0.02 
5' DMT-2' TBDHS 0.02 -0.12 0.08 -0.18 -0.13 0.27 -0.41 

e) ~ , TBDMSaraA 

3' ,5'TBDHS -0.02 0.00 0.01 -0.06 0.07 -0.02 0.11 
2.',3 'TBDMS -0.01 -0.06 0.05 -0.03 0.07 0.02 0.02 
5' DMT-3' TBDHS 0.00 0.01 0.05 0.02 0.11 0.04 -0.43 

l::J., 
., 

reported in ppt. (-) denote8 an upfield 8hift relative to 

0 
. 

the paren t cOlipound. 
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'l'he protons ot the TBDMS groupe possess difterent chemica1 shifts 

depending on the posi tion of substi tution (Table XIII l. 'l'he .!-butyl pro-

tons appear as a singlet at lower field for S'-TBOMSanA (1.00-1.08 ppm) 

and 3'-TBDMSaraA (0.98-1.06 ppml and higher field for 2'-TBDMSaraA (0.73-

0.82 PPIII) because of the shielding effects of the base ring currents on a 

2'-silyl group. The dimethyls11yl proton signaIs are also characterlstic 

of the posi tion of Il ubs ti tu tion in the ara A deri va ti ves. As in the adeno-

sine series 123, • 
the 3''''silyl signaIs are farthest downfield, followed by 

t;he S' -sily1 and 2' -s11yl. The methyl protons of each si1yl group appear 

a. a single broadened peak for the 5' -s11y1 and 3' -s11yl as weU as for 

both the 2',5' - and 3',5' -disilyla ted anA isomers. The equi valence of the 

methyl groups implies there is very little rotation restriction about O-Si 

bonds in these molecules .... '!'hese results are not consistent with those 

reported for derivatised araC in which the methyl sl.gnals appear at dif-

farent posi tions 241. curiously, the two methyl signa).s of 2"'1 -TBDMSaraA ' 

ara resolved. 

From the resu1ts presented in Table XIVa, it is also apparent that 

sub. ti tution of the • sug4r ring Jlydroxyl groups has remarkably little 

Piqure 12 

'l11e Syn and Anti Confomations about the Glycosidic Bond 

Q NH 

H-(J:i 
H~ H 

HO 

Syn Anti 
, , 

/ 
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effect on the H-2 base signal. This cheml.eal shift ,.aries wtthin " range 

of ~ oiol ppm regardless of the substitution pattern of the ribose ring. , 
These ~ffects indieate that the predominant conformation about the 91yco-

sidic bond ls anti (Flgure 12) and this is consistent wi th reported eon-

formational studies of 2', 3' and S' substituted arabinoadenosines 251 

Mono~ubsti tution, whether in the S', 2' or 3' posl tion (99, 100, 106, 

• 107), has very little diseernible effeet on the H-8 signal. The same is 

true for 3',5' substituted araA (102,104). However, when both the S'and 

2' positions are derivatised (101, 103), there is a marked upfield shift 
, 

of the H-8 signal ref lecting increased sterie crowdln.q of this poSl. tion. A 

comparlson of the H-8 signals of the 2',s.f-disub8tituted compounds and 2'-

TBOilsaraA reveals a 0.04 ppm shielding upon addition of a S'-811yl group 

~ 
and a 0.13 shielding when a S'-tri ty1 group is introcluced. The diffe~nce 

ln these effects can be attrlbuted to the greater bulk of the latter 

fune-tion. The 2' and S' substituents have a eombined effeet whieh Is not 

~ 1 t 

apparent ln 3',s'-isomers presUDlably because rotatlon\ around the g1yc081-

die bond ls more restrlcted ln the former eompounds ~d crowding Interac-
, 

tions are not ea811y minlmised. A sma11er but significant shielding of H-8 

Is noted ln the 2·,3'-di~ilyl derivative possib1y du, to sterle etfeets 
i 

between the 3' substituent and the 51-methYlhYdrO~ lOUP whlch force the 

la~ter 'tovàrl! ·the" bas" residue. . \ 

~ 

,.. tl., 

• 
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2.3 Conclusion 

Tr1.tylation of the 5' ~sition of araA was effected wlth m~nlmal slde 

reactions. Silylation in the 2' and 3' pos1.tions were performed selective

ly with silver nltrate/base ~atalytic systems. 'nle preparation of araA 

nucleosides SUl. tably protected for nucleot..l.de synthes1.s was achleved ln 

fewer steps by these procedures than by previously reported methods for 

selective 2' and S' protection. Furthermore, the selectiv1. ty obtained 

facil1tates the separation of 2'- and 3'-Sllyl der1.vatives whl.ch lS more 

d1.fficult when isomers are present in equal proportion. The 5'-DMT-2'

TBDMSaraA deri va t..l. ve prepared 1.S SUl. table for incorporat..l.on by the 3'-

hydroxyl position into a nucleotide chal.n. Moreover, thls nucleoslde is 

amenable to chal.n prolongat..l.on from the 5' poSl. tlon folloWl.ng cleavage of 

the acid labile tri tyl group. 

Beth 1 H and 13C NM.,f{ serve to determlne the poSl tion of sl.lylatlon of 

ara A as the effects of hydroxyl substi tution on the corresponding carbon 

and proton slgnals are Itnown. Silylation and trl tylat..l.on lnduce desh1.eld

ing 6!-C
CX 

by 1-2 ppn and 3-4 ppm respectively. Heteronuclear 13C selective 

decoupl1.ng experiments are necessary for the ln1. u...al ldentifl.ca tian of 2'

and 3' -silyl isomers. However, once the onglnal assignm~nts have been 

establ1.shed, 1H NMR has proved sufficl.ent for 1.somer d1.fferenti.ation. In 

the 2'-TBOHS isomers, the H-8 signal ii ~onsis tently upfield and the H-1' 

consisten tly downfield ralati ve ta thel.r poal tions for 3' -lsomers. How

ever, the affect on H-8 is more pronaunced in disubsti tuted (2',5'; 3',5') 

compounds. 

.. , 
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ln the ribonucleo81.de series, 2'-silyl iSOIIIera can be differentiated 

from the 3' derlvatives by the alower TLC mobllity of the latter on silica 

gel. Thl.s is also the case for a11 the disubatituted ara" analogues pre

pared (Table XI) as conflrmed by 13e NKR. However, the trend is reversed 

for the 2'- and 3'-mono!1l1yl araA derivativea although the Rf ditferences 

he tween these two compounds are small. 

" 
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Application of 29Si IIIIIR to the Cbaracterisation of Nucleosi.des 

\. 

3.0 Introduction 

Sl.J,fl ethers were 1ntroduced ta synthet~c chemlstry for the protec-

tion of hydroxyl groups in the early 1970'9. Since thls tlme, organosill-

con reagents have become increasingly popular ln organlc syntheses 253 and 

more particularly in the protectlon of nucleosldes 102, 103 The .... lde-

spread use of sllyl protectl.ng groups, the advent of roul tl.nuclel. spectro-

meters and the development of signal enhanclng puls1ng sequences have 

. 
combl.ned ta render 2951 NMR a vlable technl.que for the characterl.sation of 

orgAnic molecules and, possib'..y, of protected nucleosl.des and nucleotides. 

The nuelei commonly observed for the study of nucleotides by NMR 

(lH, 13e, 31 p l are either present in hlgh natural abundance or are sensi--tive enough to produce relatively strong signals. 5l.1l.con has one natural-

ly occurring isotope .... ith non zero spin (tl, 295 l., .... hieh is not very 

abundant (Table XV) and possesses a small gyromagnetic rauo (~) 254 

This means there is a small energy dl.fference between spin states hence 
• 

small Boltzman populauon differences. Tc compensate for these effects and 

obtal.n an acceptable signal te noise ratio, \ 295i FT NMR experiments re-

quire a grea t number of acqW.si tians thus becoming so lengthy as to be o impractl.cal for routine investigatlons. In addl tion to these drawbacks, 

the gyromagneuc ratio is negative whl.ch causes the nuclear Overhauser 

effect enhancement (NOE) te he neqative under proton decouplinq condi-
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.. Properti .. of 1IDc1ei u.erul for t:be (baracteri_tiOll 255, 256 
of 1IDC1eoeid .. and 1IDC1eotid .. 

Nucleus Spl.n Natural Receptl. Vl. tya Usual Chemiealb J Nu , H range 
(Nu) Abundance Relatl.ve to 13C Sh1ft Range 

(,) (ppm) (Hz) 

' H 99.9B 5.68 x 10 3 10 0-1S 

13C 1.10B 1.00 350 120-250 

15N t 0.37 2.19 x 10- 2 1000 60-140 

295 l. 4.70 2.09 400 147-420 

31 p 100.00 317.00 710 37-1'00 

a) Receptl.vl.ty • (abundanee ratl.o [NU/ '3C]) x (8ensl.tl.vity ratl.O [Nu/'3C)) 
b) ~ 'H, 13C and 295l. u8uallÎ.y reported relauve to TMS, 15N u8ually relll

tl.ve to ll.qul.d NH 3 (25"C), MeN02 or N03-' 3'P, relative to B5' H3P04 

tl.ons. Not only can this effect reduce signal intensity, it can gl.ve peaks 

a negatl.ve resulting l.ntensl.ty or can lead to Bignal caneellation. More-

over, the spin-lattice relaxation times (T,' are generally long, exceedl.ng 

20 s for most 295l. nuclel.. Tb avol.d saturatl.on of the 295i nucleus, a 

deray period must be inserted after each pulse to allow time for relaxa-

tl.on. Thl.S further lengthens the time requl.red for 2951 NMR experl.ments. 

Several means can be envl.saged to Cl.rcumvent the dl.fflcultieB aSBO-

clated Wl. th the recordl.ng of sl.ll.con NHR spectra. 295l ennçhed experl-

ments are one possl.bl.lity though no such work has as yet been reported. 

Smaller pulse angles could be appll.ed to decrease the time needed for 

relaxatlon but thl.s would a180 decrease signal intena1ty. Paramagnetic 

relaxatl.on reagents as weIl as gated decoupling experiments have been used 

in the past to ell.minate the NOE but the signal to noise ratio remains 

unfavourable due to the low abundance of 2951 and i ta amall gyromagnet1c 

ratl.o. More recently; the development of signal enhancing pulle sequences 
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has tact li ta ted the study of insensi ti ve nuclei such as 1 SN and 2951 • The 

INEPT experiment (Insensi ti ve Nuclei Enhancement by Polarisation Transfer) 

introduced in '979 by Morris and Freeman 257 has heen successfully applied 

to the study of 295i NMR 258- 2r'. Th1s experiment consists of a multipulse 

sequence in ",hich the nuclear spin polarisation la transterred from the 

nucleus wi th the large Bol tzman population difference, Wlually 1 H, to the 

species unde~ 1nveBtigation (Appendix, section II). Mathematical~expres-

810ns have been derlved by Doddrell !! .!.!. 258 to determine the theoretical 

signal enhancementa ",h1Ch can be obtained by the !NEPT experlment. 2951 

peaka show a f1ve to nlnefold lncrease relat1ve to thea 1ntenslt1es 

ob.erved by the standard 2 pulse FT NMR sequence 258. However, the eff1-

ciency of 1NEPT NHR is not only due te 8lgnal enhancement but also to the 

rapld rate at "'hich the mul tipulse sequence may be repeated. In absence of 

polariâat1on, the pulse repetit10n rate depends on sp1n-lattice relaxat10n 

times (T, ,. 5 to '50 s for 2951 255). In the INEPT experl.ment, the enhanc

ed populat1on différence lS transferred from 'H to 2951 in each mult1pulse 

sequence therefore, only the 'H nuclei need be allowed to relax (T, • 3 to 

'0 8 for 'H in allphatic compounda). In add1tion to these advAntages;-- 'H 

coupled INEPT NMR allo"'s a clearer distinctlon of multiplets,As the enhan-

cement of the weak outer Ilnes of a multlplet i9 greater than that of 

center line8. 

the 

Al though the 

29Si spectra, 

1NEPT exper1ment has permltted the routlne recordlng of 

the method suffers trom Bome limitations. The Bpin-spln 

relaxatlon times (T2 ) must be long relative to the mul tipulse sequence as 

th.re must still he an observable 29Si signal ",hen acquisition is begun 

(. t, the end of the pulse sequence). Furtheraore, the coupli,ng cons tan t 

(JS1 ,H) must be reaolvable by the apectromet~r. Finally,' it 15 imperative 

\ 
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c~ 

that the correct J5i,H values for a given 51-H interaction and the exact 

number of coupled protons be determ1ned. These f1gures are needed to 

calculate the delay times used in the mult1pulse aequence !Appendix, 

sect10n II). Even small var1at1ons 1n delay t1me values can cause A con-

s1derable decrease of the signal enhancemen~ factor. 

2951 chem1cal shifts coyer a range of approximately 400 ppm from 60 to 

-350 ppm relat1ve to TMS (a negative s19n indicatea an upfield peak posi-

tlon). However the practlcal range lS reduced to ca 250 ppm when the low 
~ 
frequency tetra1odo der1vative ( 5114) is not included 254. The wide dis-

persion of 2951 sh1fts hAS proved helpful in the charActerisation of 

orgAnlc molecules notably trimethylsilylAted sugar derivatives 261, 262. 

2951 chemlcal Shlfts are determ1ned by a number of factors notably the 

electronegat1v1ty of substituents and the coordination number of the 

sll1con atom (upfleld ehifts are observed for hlgher coordination num-

bers). Steric interactions as well as variations from a tetrahedral ar-

rangement of subst1tuents around si11con also influence 295i shifts. 

Furthermore, chemical shifts are affected by ~bonding involving the d 

orbltals of s1l1con. The correlatlon between 2951 peak posltions and the 
\ 

above factors 1S not straightforward as no single factor is completelY 

determ1nant. Th1S lS 11lustrated by the sh1fts listed ln Table XVI. While 

29 51 peak posit10ns 1n g01ng from 5iMe4 to SiH4 do not seriously deviate 

from s1mp~e add1t1vlty of the substituent effects, this is not the case in 

901n9 to 5i(OCH3)4, possibly becauae OCH3 ia capable of backbonding. 

Although the theory of nuclear ahielding lS well developed, its applica

tion to the prediction and interpretation of 29Si chemical ahifta il 

problemat1c. Correlat1ons between 29S i peak positions and a number of 

factors (bond angles, lengths and strengths as well a81T-orbital hybrid-

, ' 
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'J.he stfeet of Direct Sob8tJ. tution on 29Si Cbeaical. Shifts 256 

for o.pouDda of the Type SiXnY4-n 

y n • 1 n • 2 n • 3 n • 4 Z 
loi· 

. . ~ 
CH3 -15.5 -37.3 -65.2 -93. , H 

CH3 17.2 -2.5 -41.4 -79.2 OCH) 

Chemical shifts (b) are reported in ppm. 

isation) have been reported 254, 263, 264. The more reliable predictions 

are based on substituent electronegativity. Ernst!.S .!l.265 have found a 

relationship between 0Si and Hammett <rp values (representative of the sum 

of inductive and resonance effects) in arylsilanes (ArSi Y3)' This approach 

has been reeently improved by Janes and Oldfield 264 who have establlshed 

a U shaped corre la tl.on between 29Si S and the electronega ti vi ty of ligands. 

'11us concurs Wl. th the slomilari ty of chemical shifts observed for such 

different species as disilane (Si2H6' \& - -104.8 ppm) and quartz (Si02' O· 

-107.4 ppm). In order te adhere te the correlation, silicon atome must be 

divided into three categories: type "P" atoms bear substituents with lone 

pair electrons (capable of Id-pl "7r-bonding), type "s" bear ligands with 

only Q'""-bonding electrons and type "M" silicon bear a combl.nation of li-

gands 264 However, the mathematically determl.ned trends still do not 

coincide comple~ely with observed shifts and the justification of 295i 

peAk posit.l.ona remain purely qualitative for most compounds. 

The characterisation of nueleosides and nucleotides by lU and 13e NMR 

haa now become quite sophi.stic4ted. The data garnered by these techniques, 

~u~h aa che.local shifta and coupling constants, can be lonterpreted on the 

baais of previoua NMR studiea in order te obtain information on aspects 
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rangl.ng from preferred conformations to functionaliaation poai tion.. 13e 

NMR presents some advantages over 1H NMR in the characteriaation of these 

molecules as decoupled 13e spectra are generally more aimple and allow 

study of the carbon skeleton of nueleosl.des And nucleotidea. Hovaver, even 

13e NMR spectrA can be so complicated as to be impractical for the charac-

ter1.84tion of oligonucleotides of 5 units or more. Juat aa the advent 31p 

NMR has proved in,valuable for the charaeteriaation of the pho.phorous 

backbone of certal.n oligonucleotides 266, lSN and 29Si NMR might fac11i-

tate the study of nucleotide base residuea and hydroxyl-protected sugar 

mOl.eties. Whl.le the use of 1SN has been l.nvestigated 267-269, no reports 

have as yet been forthcoml.ng concerning the usefulness of 29Si NMR. As a 

fl. rst step toward such applic4 tl.ons, the study of 5-tri tyl-2'-si l ylated 

ribonueleosides, the building blocks for nucleotlde synthesis, vas under-

taken as well 4S that of several other silylated nueleoside derivatives. 

1.1 Preparation of the .ucleoaide Derivatives 

(1 
l' 

The trltylated (MMT, DMT) and silylated (TBDMS) deoxynbo- and ribo-

nucleoSldes were prepared accordl.ng to procedures previously d~veloped in 

thl.S laboratory 123, 236, 244, 246. In the preparation of the guanosine 

(G) residue suitably protected for nucleotide synthesis,-the triisopropyl-

ulyl qroup .(Tl.PS) vas selected in preference to the TBDMS group because 

of the ease of separation of S'-trityl:-2'-TiPS and 3'-TiPS isomers. Theae 

derl.Vatlves 4S weIl as those of adenosine (A) vere prepared by treatment 

of' N-Bz-S-MMTG' or S'-MMT-A wi th trl1aopropylsilyl chlorieSe (TiPSCl) and' 

l.midazole 1.n DMF (Scheme XXIX). 'Dle 2'-TiPS derivativel vere obtained ln 



o 

o 

MMTO~ 

HO OH 

B • N-Bz-G, A 

Chapter 3 -\02-

_~~fi~P~S~Cl~~ __ .MMTO~~ 
imidazolajDMF - H 

HO OTIPS 

TiPS ,. 

• 
MMTO~~ 

TiP~HH 

yields of 47' and 62\ respectively. 'nle separation of the guanosine 2' and 

3' iSom8rs \lmS !acilitated by adding traces of triethylamine to the e1u-

tion solvents dur1ng chromatography on silica gel. Triethy1amine 18 

thought ta eliminate possible J.ntraJllolecular hydrogen bonding between the 

N-benzoyl antl.de oxygen and the 2'-hydroxyl proton in the 3'-TiPS guanos1ne 

deri va ti ve. In the absence of such H-bonding, the 3' isomer should become 

more polar and migra te more s10w1y on silica gel. Hence, the separation of 

,this compound from the faster moving 2'-TiPS isomer should he facilitated. 

The di-TiPS derivatives were a1so prepared by the DHFjJ.midazole method 

103. The protection of arabinoadanosine is ~e8cribed in Chapter 2 and the 

arabinocytidl.ne deri vati vas were prepared by N. Usman. The GpC dl.nucleo-

tide (109) (Structure page 114) was prepared in 65' yield by condensation 

of N-Bz-5'-MMT-2'-TJ.PS-G w1th N-Bz-2',3'-diTBDHS-C 1n anhydrous THF using 

trichloroethylphosphodich1oridite (TCEOPCl 2) in the presence of 2,4,6-

trimethylpyrid1ne. 'Ibis was followed by treatment with 0.1 H solution of 

MMTO~N-.' 

HO OTiPS 

Sc:beva XD 

HO~~-BZ 1)TCEOPC1
2 

------....~ 

2) 12 /820 

TBDMS 0 OTBDMS 

BSA 
109 -----I~ .. 110 
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benzenesulfonic acid (BSA) in acetorritrile affording the detritylated 

d~nucleot~de (110) (Structure page 114) in 90' yield. 

3.2 Cbaract.8!i_tiOD of the Deri .. ti".. by 2981 IIIIP'I' _ 

---

3.2. , Selectlon of Parameters and Experimental Condition. 

The transfer of polarisation from 1 H to 29Si requins the existence 

of strong coupling between the two nuclei and i8 completely independant 9f 

the number of bonds aeparating them 266. Thua, several poaalble Si-H 

~nteractions must be considered in the determinaUon of JS1,H. As previ-

ously meptioned, the cholce of JSi,H is crucial to obtaining maxlmal 

a~gnal enhancement in the INEPT experiment. The ailLcon atom of the TBDHS 

group can be coupled to both the methyl group protons as well as tho8e of 

the ~-butyl group whereas in the TiPS group, silicon is coupled to 3 

O(protons and 18 ~ protons. In addi tlon, coupl ing May occur W1 th lugar 

rl.ng protons W~l.ch are in the ~ , r or <5 positions relative to silicon 

(Flgure 13). Varl.at1ons in the magnltude of JSi,H with the number of atoms 

dlstanclng the two nuclei are ,~llustrated by the values llsted in Table 

XVII. 

Piqure 13 

Possible 1H-29S1 Coupling Interactions~in 5'-Silylated Ribonucleolides 

1 

Si • TBDMS, 'l'i PS 
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2981_1• OoapllDg a;;.t:..ta 256 

2J 

(51-~ 
1-13 

3J 
(Si-C-CH) 

1-8 

JSi,H reported in Hz 

4J 
(Si-C-C-CH) 

1.0-1.5 
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1 
\ PUrthe~ore. the eigna1 enhance •• nt obtainad vith the llIEPT pulse' s.quence 

is dependant on the number of coupled protons (n) 258. It is therefore 

advantageous to select an average value of JSi,H in order to t.ransfer 

polarisation,from a maximal number of protons to the sil1con atome Values 

of JSi,H can, in principle, be determined by obser~ing the 295i satellites 

in lH NMR spectra. Hovever these satellites are very weaK relat1ve to the 

proton peaks of 28Si isotopomers 256. No such satellites are visible in 

the lH spectra of the nuclooside derivat1ves of l.nterest in this study. 

Th.refore, it was necessary to determine optimal INEPT parameters by a 

trial and error approach. A ser1es of experlments vere performed in whlCh 

possible n values and a series of JSi,H were used in parameter determina

tions. The range of JSi,H was seiected on the basis of coupling constants 
o 

for aimilar compounds reported in the 11 terature. The val ues leading to 

maximal signal enhancement Were used in the INEPT NMR study of the pro-

tected nucleosides. 

295i chemical ahifts reported in the literature have not always been 

coapletely reliable 256. There are instances in early papers of differing 

shifts Observed fo! Il 810g1e compound when studied under ident~cal oondi

tions. 29S1 peak positions are knovn to vary vith the -solvent electron 

~ir donor ability as weIl as sample concentration. Furthermore, the peak 

po.i tion of reference compounds such as TMS have shown sol vent dependen-

-
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cies 270, 271. Incon.i.tencie. apparent in earlier .tudie. cao be attrlb-

uted to instrument error, the hlqh concentrations required for 2951 NMR 

before the develop~ent of s1qnal enhancinq technique. a. weIl •• the 

11mltations of the technlques used 256. In the INEPT studie. reported , 
here, chemical shift variations of up to 2 ppm were found when ob.ervinq 

one derlvative at d1fferent concentrations in the same solvent. In order 

to avoid auch errors, samples were prepared at concentration. of 15 to 30 

mqjmL, a range for which ~ariations in the 29Si peak positions remain 

wlthin acceptable limits (ca .0.1 ppm). Ho"ever, althouqh this marg!n of 

. ../ 
error lS quot~d to ensure reproducibility of the observed shifts, th\ 

actual resollltion of s1qna1s within a g1ven sample is much greater. This 

lS due to the dlqltal resolutl0n attained by the instrument under the 

exper1mental condi Uons u .. ed (0.03 ppm) and the sharpness of the ob.erved 

29 51 peaka. 

3.2.2 Characterlsat10n of S' Tr1tylated 2'- and 3'-51lyl Ribonucleo.ide. 

The 295i INEPT spectrum of N-Bz-5'-MMT-2'-T1P5-G 18 reproc1uced ln 

Flgure ~ and the chem1cal shifts of the four common rlbonucleo.ide. 

suitably protected for nucleot1de 8ynthesis are listed in Table XVIII. 

Al though remote substi tuents are known to have a lesser inf l uence than 

those in the 0( posi tion on 2951 chemical shifts, the effect of a 4 , ~ or 

6 substi tuent can be important. FurthermOre, 295i .hifts are con81.derably 

.ore sensitive to remote substituenta which exert their influence throuqh 

oxygen, as in the nucleoside c1erivatives, rather than carbo-;-272. l't is 

apparent that 29Si .hitta for nucleo.ides .Uylat:4ld in the 2' position 

are consiatenUy downfleld frOID thoae of the 3' protected der1vative. by 

0.7 to 1.5 ppm. This observation concur. with prevlou. report. on the 

\ 
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Pigure 14 

29Si INEPT Spectrum of N-Benzoyl-S'-Monometboxytrityl-
2'-Triisopropylêl~y19uanosine 
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2981 a...1.cal. Sbifta of S' 'l'ritylated 2' ABd 3' Silylated Ribonucleosides 

Product 2'silyl 3'Sl.lyl 2'3'disilyl 

5'-MM1OI'BDMS-U 25.7 24.6 
(24.4) (23.0) 

N-Bz-S'-MMT-TBDMS-C 25.6 24.1 21.8, 21.5 
(23.8) (22.4) (21 .8, 21.6) 

S'-MMT-TBDMS-A 25.4 24.3 21 .8, 20.8 

5'-MMT-'l'1PS-A 18.2 17.5 

N-az-S'-MHT-TBDHS-A 2S.6 24.7 22.4, 21.5 

N-az-S'-MHT-TiPS-G 18.3 17.6 

G reported in PPIIl relative to 'DIS. ~ctra recorded in COC13, 
value. in parentheee. deterained in' CD30D. 

, 
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effec1ts of electroneqativ,e & substituent8 on 29S1 peak poa1tion. 213. In 

compounds of the type Sl-Y-CH2CH2-X, ln whicb Y is capable of backbondlng, 

the 29Si slgnal ls shifted downfield when the ~ sub~tituent (X) 1. changed 

from H to an electronegaU ve group 272-274. 'lbe oppoai te effect has been 

reported for compounds of the type R-Y-Si-CH2- X, Possible explanations 

have been proposed for these observations 273. In the foraer ca.e, lt may 

be that the electronegatlve substituent (X) decreases Y-Si backbondlng 

resul ting in a deshleldlng effect. Al ternati vely, ln the latter compound s, 

an electronegatlve X substituent may favour Y-Sl backbonding thu. cau.ing 

a net shleldlng effect on 29s1 ._In the protected nucleosides, ~ch resem-

ble Si-Y-CH2CH2-X compounds, a 2'-s11yl group ls ln the 5 posltion re!a-

tive to three electroneqatlve substituents (the cyclic oxygen atom, the 

3'-hydroxyl group and the N-7 or ,N-,1 of the base). A 3'-silyl group i'à 

l' 
& to only two electroneqati ve substi tuents (the nbose rlng oxygen atom 

and the 2'-hYdroxyl group) whlch ~ght account for the smaller chemical 

~hifts observed. It lS lnt~resting to note that whl1e 29S1 peax poSltlons 

for 2' lsomers are conslstently downfield of the 3', no such generallsa-

tl0n can be made for the peak posltlons of the silyl group protons and 

carbons. For S'-MMT-U, the 1H and 13C Shlfts of the 2'-s11yl group are 

downheld of the 3' whereas ln 5'-MMT-G, the 3'-S11yl 1 H and 13c 81gnals 

• are the farther downfield 245. This may be due to the greater sterie 

crowdlng caused at the 2' posltl0n by a purlne versus a pyrlmidine ring or 

by the shielding ring current effects of the purine moiety. As no .uch 

trend is observed in the 29Si chemical shitta, it aeema probable that 

inductlve effects, such as the one. postulated above, have a greater 

influence on the chemical shifts of the mono.ilylated derivativ... How

ever, the c~,mlcal .hifts in the 2(,3~-d1.ilylated co.pound •• tudi.d 

" 
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appear upfield of their poSltlOns ln the monosllylated denvatives, The 

greater shielding (2-4 ppm) mlght be due to the stene crowdlng between 

the 2'- and 3'-TBDHS groups or to changes in the nucleoside sugar rlng 

conformation. 

Upon standlng ln methanol, the N-benzoyl group of S'-TBDHS and 2'-

TBDHS derivatives of cytldlne is cleaved 245, In the case of N-Bz-5'-MHT-

2'-TBDMS-C , thlS occurs to 98\ over a 24 hour perlod, Wh1.1e debenzoy 1a-

tion ln methanol is apparent for other nucleosldes, the extent lS vlrtua1-

ly negligib1e relative to that observed for cytldlne derlvatives. It has 

been postu1ated that a pocket may form between the ~yl group and the 

pyrldlne nng of cytldtne ln whlch a molecule of methanol may be lnserted 

245, As thlS invol vement might be ref lected ln the 2951 chemlcal Shlft of 

the 2' isomer in deutera ted methano 1, the spectra of the cytldlne derl va-

ti ves were recorded in both CDC1) and CD)OD as were those of the undlne 

derivatives, for purposes of comparlson (peak positlons ln CD)OD are ln 

parentheses). The dlfference observed in gOlng from CDC13 to q;;»OD lS a 

shie lding of the si licon signal by 1.3 to 1.8 ppm. Howe ver, the N-Bz-5'" 

MHT-2'-TBDHS-C slgnal is shielded by only 0.4 ppm. The smaller upfield 

shift for the 2'-Sllyl isomer of the protected cyudlne lmplles the eXlst-

ence of an added deshieldlng effect in thl.s molecule or the absence of a 

sqielding affect in the other derlvatives. However, these effects are 

relatively small and while they suggest a dlfferent solvent interactlon 

Wlth the 2'-silyl group of the cytidine derlvative they do not prove th15 

is the case. Furthermore, --rt: lS lnteresting to note the negliqible effect 

of a chan<1e i.n sol vent on the chemlcal shlfts of the disi lylated den va-

tivea. It lS possible' that solvent effects are 1I11.nimal in crowded mole
f.-

cules such as these. 

,. 

1 
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3.2.3 Characterlsation of Silylated Nucleosldes 

The chemlcal shlfts presented ln Table XIX do not constltute an 

exhaust1ve 11sting of peak. posltions for aIl possible TBDMS and T1PS 

nucleoS1de derlvaUves. 'ttley do, howev ... ~~, lilustrate the range of IIhifts 

for both groups and give an 1dea of relative effects for ditferent pat-

terns of subst1tutlon. 

In monosllylated nbonucleosldes, the 2' slgnal lB consistently down-

f1eld of the 3' and 5' peak poS1tions. The 3'-sllyl peak. lS alao downfleld 

o f the 5' aIt hou 9 h th 1 5 d 1 f fer e n cel sne 9 1 1 9 l b l e l n man y cas es. On the 

baSlS of remote substltuent effects, the 3' peak pos1tlon lS expected to 

be downhe Id of the 5' as there are .t",o 5 electronegatl ve Substl tuents in 

the former case and only one in the latter. The small difference between 

the 3'- and 5'-Sllyl peak posltlons may be due to the greater sterlC 

crowd1ng felt at the 3' posit1on. In the thymldine monosilylated deriv-

atlves, the d1fference between the 3' and 5' Shlfts is cons1derable (5.8 

ppml. The 3'-sllyl peak. positlon lS upfleld and the 5'-silyl slightly , 
downfleld of the equlvalent slgnals ln rlbonucleosldes. 'nus may reflect 

the absence of the 2'-hydroxyl deshleldlng effect on the 3'-Sllyl group 

and poss1bl y less crowcilng at the S' poSl tl.on. 

The spectra of the monosllylated arabinonucleoS1des (A and Cl ",ere 

recorded ln CD 30D as these compounds are relatl vel y 1nsol uble in chloro-

forme The peak. posltlons of the equivalent ribonucleosides are also re-

ported ln CD30D (values ln parentheses). Although the chemical ehifts of 

2' - and 5'-Sllyl groups are very near ta those reported for ribonucleo-

Sldes, the 3'-Sl1yl peak. posltlons are shlfted upfield for bath arabinonu-

o cleoSldes studiea. The reasons for these shift difference8 ~re not illlllled-

la te l y apparent as ln bath the rlbo- and the arabinonuc leolides, the 3'-
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~XD 

2981 a-ical. 8bifta of Bil.ylatJed llucl_ide Derl.ativu 

Nucleoaide S'TBDHS J'TBDHS 

T 

u 

C 

N-Bz-C 

A . .,--
N-Bz-A 

'-
G 

N-Bz-G 

araA 

araC 

26.4 

25.7 

23.8 
(22.0) 

22.7 

24.6 
(22.4) 

23.9 

21 .9 

22.2 

(21 .5) 

(22.0) 

23.6 

25.9 

24.5 
(22.8 ) 

23.84 

24.8 
(22.7) 

24.6 

23.7 

23.6 

(20.1 ) 

( 21 .5) 

2'TBDMS 3'S'TBDHS 2'J'TBDHS 

26.5 

26.0 
(23.9) 

25.7 

25.7 
(23.6) 

25.8 

26.2 

26.3 

(23.3) 

(23.2) 

22.0 
20.1 

22.1 
21 .2 
r 

22.6 
20.6 

22.6 
21 .0 

2' 3' 5' TBONS 

22.9 
21. 5 
21.0 

21.9 
20.4 
20.1 

22.7 
21.8 
21.0 

o reported 1.n ppm relati ve to 'l'MS. Spectra were recorded 1n COCl3; 
values ln parentheses vere obtuned 1n CD300. 

Bl.lyl group lB ex.poaed ta a electronegatl ve effect due to the presence 

of a 2'-hydroxyl group. The upfield shift may result from the different 

orientation of the 2' qroup or from a conformational change in the fura-

noae ring. Both the ribose and the arabino8e_rings exi st in a conforma-

tl.onal equl.libri um between the N and S forma (Figure") and i t 1& kno"n 

that a 2' or 3' substituent introducea geometrical constra1nts "hich may 
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stabilise one fOrD! over the other 249. The relative population varies vith 

the nature of the substituent and ia also solvent and temperature depend-

"ent. N/S ra tios can be estima ted f rom the JH1', H2' and JH3', H4' val uea 

248, 252 d 
• 'Itlus, a partial explanation of 3'-silyl shitta might be obtained 

from the determina tion by 1 H NMR of the predOlllinant contonaer in methanol-

d4 of each compound studled. 

The correct assignments of the dl-TBDMS ribonucleo.idea were achleved 

with the 'H_29S1 HETCOR technique. This method has been applied to the 

charactenaatlon of a trimethylsilylated ~D-9lucopyrano81de by Nardln and 

V1ncendon 275. The experiment alloVB the correlation of a silicon signal 

to that of the protons to wtllch lt ie coupled. By selection of appropriate 

parameters, the si licon signal can be l1nked ta the corresponding sugar 

nng proton(s) (2', 3', 5'). As in the INEPT experiment, the 1ntensity of 

the slgnal observed by the HETCOR technique is determined by the number of 

. 
coupled protons as well as the coupling constant (JSi,H) aelected for the 

calculation of delay tlmes. The optimisation of the experimental parame-

ters lS descrlbed ln the appendlx (section IV). As can be seen from the 

29S 1 - 1 H HETeOR spectrum of 3', 5'-di TBDMS-U reproduced in Figux:e , 5, the 

parameters used for correlat1on of the Slllcon signals (reproduced verti-

cally) v1th sugar rlng protons also allow correlation v1th the more numer-

OUS sllyl group .!-butyl and dlllli!thyl protons. Like the INEPT experlment, 

the HETCOR pulse sequence comprises a transfer of polarisation to the 

observed nucleus from the protons to vhich it 18 coupled. Slgnal enhance-

ment 1ncreases vi th the number of coupled proton •• Thua, de.pi te optimiaa-

Uon of the experimental parameters for the ribose protons, the corre 1&-o t10n 9l9na18 of the more numerous ailyl group pJ;oton. are t'he .oat in-

tense. 
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rivure 15 

2981 _18 HlTCOR Spectrua of 3',S'-Di-!-Butyldiaethyla11ylur1dine 
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29Si a.e.i.cal Shitts of 2'5' and 3'5' Di-!-butyldi.8ethyl-
ai.~ylated lilucleoaidea -

Nucleosl.de 

2',S'TBDMS-U 
3',S'TBOMS-U 
2' ,S'TBDMS-C 

2 ' 

25.4 

24.6 
3' ,S'TBOMS-C 
N-Bz-2',S'TBDMS-C 26.S 

(25.2)* 
N-Bz-3',S'TBDMS-C 

2',S'TBOMS-A 26.2 
(23.1) 

3' ,S'TBDMS-A 

N-Bz-2',S'TBDMS-A 25.4 
N-Bz-3',S'TBDMS-A 
2',S'TBOMS-G 24.6 
3',S'TBDMS-G 
N-Bz-2' ,5' TBDMS-G 25.2 
N-Bz-3',S'TBDMS-G 
2',S'TBDMSaraA 

3' ,S'TBDMSaraA 

23.2* 
(23.2)'* 

S' 

23.2 
23.0 
22.4 
22.3 
23.9 

(22.1 ) '* 

3' 

24.0 

23.2 

2j.3 22.7 
(21.7)'* (21.1)* 
23.4 

(22.3) 
23.6 22.8 

(22.7)'* (22.1)* 
22.7 
24.5 22. 3 
22.4 
23.2 22.3 
22.9 
24.7 22.8 
21.1* 

(21.5) * 
21.0* 

(20.8)* 
23.1* 

(23.0)* 

- 1 1 3-

[; were reported in ppm relative ta TMS. Spectra were recorded ln COCU. 
Va~ues in parentheses were recorded in C030D. 
* These peak posl.tl.ons may be inverted. 

From the data presented l.n Table XX, it ls apparent the 2'-silyl 

signal is consistently upfield of the S'in these derivatives whereas the 

relatl.ve posl.tions of the 3' and S' sl.gnals vary dependl.ng on the nucleo-

side. The 3'-silyl peak positions are shifted upfield (0.9 to 2.9 ppm) 

relati ve ta the values observed for the monosi lylate~ compounds. Converae-

ly, no general trend can be discerned in the chemical shifts of the S'and 

2' 'Aroups in the dl.silylated derl.vatlves relative ta their positions for 

the monosi l y l a ted compounds. 
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/ 
The 298i IHEPT technique vas also appl1ed to the characterisation of 

a GpC dl.nueleotide (109, 100) eontaining one TiPS and two TBDHS groups 

(Table XXI). Unfortunately, it wlils not possible to ob.erve all silicon 

signall 1n a single exper1ment as the T1.PS and TaDHS silicon nuelei re-

quire different parametera for INEPT enhancement. Due to the chirality of 

the pboaphotrieater, dlnueleotides exiat as tvo dia8tereoaers. 'nIus, two 

signals appear for the guanosine reaidue TiPS group. Only three peaks are 

observed for the two s11yl groups of eytidine in the speetrum of each 

dinueleotide. However, one peak (;!2.43 ppm) is roughly double the inten-

Slty of the other TaDMS signals. 'nie dl.nueleotl.de chemieal Shlfts dl.ffer 

• from their respective values in the eorresponding mononucleosides (Tables 

XVIII and XIX). 'nie guanosine TiPS signals are upfleld of their posltion 

in the free nueleoside (0.6 to 0.9 ppm) possibly due ta the inereased 

sterie crowding. Conversely two of the eytidl.ne 8lgnals appear slightly 

downfield of the peak positions reported for N-Bz-2', 3'-di TBDMS-C. 

compound TBDHS TiPS 

109 ~2. 51 17.72 
22.46 17.50 
22.43 

110 22.52 17.51 
22.48 17.36 
22.43 

.) Spectra recorded in CDC13 and 
'report.d in ppm relative to '!'MS. 

Digital reaolutionl 0.03 ppm. 
109 110 

R. MMT H 



o 

o 

Chapter 3 -11!t-

3.3 Oooclualon 

29 Si INEPT NMR has proved to be a rap~d and efficient technique for 

the characterisatlon of sily1ated nuc1eosidee. The identification of ribo

nucleoslde 2'- and 3'-sllyl lsomers by lH or 13e NMR requires multlple 

decoup 1 ing experiments or the use of the time conauming 1 H- 1 3e HETeOR 

technl.que. Wlth 295l. INEPT ~HR, lt is possible to eaa1ly differentiate 

such isomers ln a matter of minutes on the baa1s of chelllicai ehifts as 2'

sllyl peak. poS1 tl.ons are consistent1y downfl.eld of the 3' and 5' s19na1s. 

Thl.S observatl.on notwithstanding, few general conclusions can be drawn 

regardl.ng trends ln 29S1 cheml.cal shifts. Peak. poSl. tions rema1n difflcul t 

to pred1ct or )ustify as the detenuning factors and their varying degree 

of l.mportaoce are not complete1y understood. 

However 2951 NMR may have potentia1 for use in the characterieation 

of protected rl.bonucleotl.des. '!he hl.gher fl.e ld signals observed for the 

T1P5 group render guanosine residues easi 1 y distinquishab1e from other 

nucleos1des bearing TBDHS groups. Furthermore, the wide shift dispersion 

of 29Si cheml.cal shi fts miqht be exploi ted by protecting the 2'-hydroxy1 

of each nucleosl.de Wl.th a dlfferent s11y1 group. One drawback. encountered 

in the study of dl.nucleotl.des 109 and 110 is the large resolution limit 

relatl.ve to the frequency d1fferences of the J' terminal residue TBDHS 

5l.gna15. Thl.s problem could easl.ly be overcome by a1ightly modifying 

experimental parameters. A longer acquisl.tion time (AT. 2.5 vs 0.8 Il) 

would a110w greater diqi tal rasol ution (DG - 0.01 V8 0.03 ppm). However 

this wou1d also 1engthen the INEPT experiment if an equivalent signal to 

noise ratio is to be attained. 'J'he reso1ution would al.o be illproved by 

performlng experiments on a higher field instruàent. 

'. 



o 

Chapter 4 
+ 

In" •• U9atioD of2,4-DinitrCJbenNae.u1fenyl ... S'-lIydroxyl 
ProtectiDq Group for u.e vi ~ tbe Pbo8pbodichlorld.i te Procedure 

4.0 Introduction 

-116-

Protectlng groups to be uaed for the bloclting of hydroxyl functlons 

during ribonuc leoaide aynthesis should be compa~ible wl.th aCl.d lablle 

(MMT, OMT, THP, MTHP) as weIl as base labile (RCD) 3'- and 5'-hydroxyl 

protecting groups. The combination of the 5'-trityl and 2'-TBDMS groups 

Wl th the phosphocllchloridi te coupling procedure has proved effecu ve 123. 

The 8uaceptibil1.ty of N-acylated purines to glycosidl.c bond cleavage under 

the acidic cond1. tions needed to remove a S'-tr1. tyl group is less severe in 

the ribonuc leotide area than in deoxyribonuc l eot1.des. However, as the 

.ynthesis of nucleotides becomes more refined, longer sequences are belng 

produced. The problem of glycosidic bond cleavage becomes _more l.mportant 

wi th the great number of repeated detrl. tylations requlred for the synthe-

sis of a long ribonucleotide. Mlld acidic COnd1.tlons WhlCh minlml.Se depu-

nnatlon are commonly used for detrl.tylatlon. Nevertheless, a 5'-hydroxyl 

protectl.ng group WhlCh could be removed under neutral condltions would 

provide a uaeful alternatlve. Moreover, the use of such a group would 

facilita~e the synthesia of lDolecules similar to the newly discovered 

lariat mRNA 276. These Itructures, lntermed1.ates l.n the process1.ng of 

~RNA, contain a branched trinucleotlde conaisting of a nucleoside (A) 

poIseaS1.nq tWQ vicinal 2',5' and 3',5' phosphodlester linkages (F1.qure 

16). In additl.on to the ribonucleot1.de loop link1.ng the 2' and S' posl-
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tions, a ribonucleotide taU extends ln the 3' S' direction. The synthesis 

of Buch a branched trimer ln WhlCh both 3' terminal nucleosides bear 

ldentical 2'- and 3'-hydroxyl protectlng groupa has been reported 277, 

278 • However, this molecule must be selectively extended from the !:J' 

extremlty as well as from both 3' poSltions. Selective nucleotide chain 

extenslon of the trimer may require as many a8 three different hydroxyl 

protectlng groups ln addi tion to the one needed for permanent blocking of 

the 2' pos l tlons. 

Figure 16 

8ranched Trlnucleotlde Structure of Lanat RNA 

~o~ 

h'-~-01ÇJ 
1 6e ·O-p,O 

1 B 0 OR oq 
)~ 

In BJdltlon to the prevlously descrlbed TBDMS functlon, a fe .. groups 

WhlCh can be removed under neutral conditlons have been investigated for 

hydroxyl protectlon, notably the benzyl (111), o-nitrobenzyl (112),1-

oXldo-2-picolyl (113) and chloroacetyl (114, 115) groupa 279. The cleavage 

of these functlons 1S often dlfflcult and accompanied by undesired modifl-

cations of nucleosl.de bases or augar moieties. Even silyl groups whlch are 

efflclent for permanent 2'-hydroxyl ptotectlon, are not lultable for 5'-

protectlon. Phosphotrlesters are sl1ghtly sensitive to the fluorlde ion. 

, " 
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uBed te cleave ailyl ethers 280 hence the phe8phorous protectl.ng group i5 

usually removed prior to the silyl remeval. 'nle levulinyl group (Lv) (116) 

281 ia easily introduced by treatment with DCC and levulinic acid 115 and 

18 rapidly cleaved wi th hydrazine hydrate in pyridl.ne/acetic aCld 115, 

282 . The Lv group 18 compa tible wi th N-acyl, OMT and TBOMS groups as the 

condl tl.ona requl.red for its removal STe easentially neutral and do not 

lead te deacylation, detritylation or ailyl group isomerisation between 

the 2' and 3' posi tions 282, 283. '!he group has been used for both 5' - and 

3'-hydroxy1 protection and -i8 stable te the condi tiens required for the 

phosphodlch1oridl.te nucleoBlde coupling procedure 115, 238, 284. 'nle Lv 

group presenta one drawback. It does net aignificantIy affect the chroma-

tographic propertl.ea of nucleosidea and consequently, lts introduct10n er 

removal ia not ea.i1y monitored. 

'nte 2,4-d1nitrobenzeaulfeny1 group (ONBS) (117), introduced by Kha

ruch .!.!!!. 285 waa tirst used for nucieoside hydroxyl protection in the 

prepara tion of 3' - and S' -ONBS-T by Letsinger and :~-vorker8 286. '11le 

group i. 8a8i1y cleaved at rooa temperature by nuc1eophilic agents such as 
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sodium thiosulfate or thiophenol in r.eutral aqueous/alcoholic solutions 

or in pyr~dine 286 Oini trobenzenesulfenlc esters were found to be stable 

to acetic acid as well as pyridine solutions of p-toluenesulfonyl chloride 

(TPS) or DCC, condensatlon reagents used in the phosphate diester and 

triester coupling procedures 286, The closely related 2-nitrobenzenesulfe-

nyl group (NBS) (118) has been applied to the protectlon of a:nlno aCld 0(-

alune groups as well as the exocyclic amine functions of cytosine, adenlne 

and guan~ne in both ribo- and deoxyribonucleosldes 287 'nle NBS group was 

R 

117 

118 H 

found te reduce the suscept~bllity of deoxynucleosldes to depurination 

under acidlc conditions; the half Ilfe of dA in 80\ acetic acid at room 

temperature was l.ncreased from 30 m~nutes to 2'4 hours when the N-benzoyl 

protecting group was replaced by N-NBS 287, In addition, N-NBS nucleosides 

were found to be~table to TBAF, hydrazlne hydrate and 5\ toluenesulfonic 

acid; the group is therefore compat~ble with silyl, levYlinyl as well as 

trltyl protecting groups 287, As nitrobenzenesulfenyl esters miqht possess 

these properties in addi tion te their facile removal under neutral condi-

tl~L, the feasl.bih ty of usl.ng the 2, 4-dinl. trobenzenesulfenyl group for 

the S' -hydroxyl protection of ribom~cleoside8 7s investigated. The CODl-

patlbill. ty of the group W1 th the phosphodichloridi te coupling procedure 

was also evaluated. 

o \ 
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4.1 Stabi1ity of the 2 .. 4-Dinit,robenzenesu1fenyl Group ta the 
Pboepbodichloridi ta Procedure Couplinq Conditions 

The first step undertaken was the preparation of a S'-DNBS protected 

nucleoside ta he submltted ta the conditions of phosphodichloridite cou-

pling as well as those required for oxldation of the phosphite trlester 

produced to a phosphate trl.ester. Url.dl.ne was selected for the study as 

this nucleoside does not possess an exocyclic amine group and thus is more 

easi ly protected for nucleotl.de synthesis. The cyanoethylphosphodichlorl-

dite was used in these experlments since the cyanoethyl group is easily 

cleaved at the end of nucleotide synthesis and th1.S step la not accompa-

niad by side reactions. The dichloridi te (119) (CEOPC12) was prepared 1.n 

48' yield accordl.ng ta reported procedures 134, 140, by treatment of phos-

phorus trichlorlde wlth 3-hydroxypropl.onitrile l.n dry diethyl ether at -

78·C. 

119 

) 
The DNBS group ls usual.ly introduced by reaction of the nucleoside 

Wl th 2, 4-dini trobenzenesu l feny 1 chloride (DNBSCl) in pyridine. However, 

selecti ve substi tution in the S' posi tion ls not easlly achieved~ in their 

early work with deoxyrlbonucleosides, Letslnger and co-workers found that 

whUe an acceptable yield (4S,) of S'-DNBS-dA was obtained when performing 
,. 

the reaction at 20·C, no such selectivity was achieved with 'l!lymidine (Tl 

o 288. lt proved necessary to repeat the procedure at o·e to obtain selec-

tivlty for reactlon in the S' position of T. Although a mixture of 3'-
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/ 

DNBS, 3',S'-diDNBS and S'-DNBS-T was Btill produced, the latter 'compound 

was predominant and ",as l.solated in 37' yU.ld 288. 'lbe lack of Belecti vit Y 

observed for sulfenylation w&s expected to be a greater problem in ribonu-

cleoside protection than l.n that of deoxyribonucleoBideB due to the pres-

ence of an addi tiona l reacti ve si te, the 2'-hydroxy 1 group. In order to 

aVOld multiple sulfenylation and the difficultiea aasociated vith aepara-

tion of the products, the reaction ",as perfor.ed on 2',3' protected uri-

dlne (Scheme XXXII). The TBDHS group was selected for this purpose as' 

HO~ 
HO OH 

120 

Scb_e SUII 

TBDHSCl TBDMSOU'
U 

• 
'DHF / imidazole 

- TBDMSO OTBOMS 

121 

.. 7d 
TBDMSO OT8OMS 

122 

silylated nucleosJ.de dërl.vatl.ves are easily prepared an~rified. The 

2',3',5'-triTBDHS und-l.ne (121) derivative was fl.rst prepared as described 

by Ogl.lvie.!.! .!l:..123 by reactlon of uridine ",ith.!-butyldimethylsilyl 

chlon.de in the presence of lml.dazole using anhydrous DHF as solvent. 'l1'le 

product was isolated 1n 85\ yield as a white solid. 'H NHR peak integra-

tl.ons conflrmed the presence of three TBDHS groups. 'lbe physlcal proper
\ 

tl.es and 'H NMR characteristl.cs of tÀe compounds prepared are sUlllDlarised 

in Tables XXII and XXIII. It lS lnteresting to note an additional split-

ting of 8-5 for compound 121 and several of the other uridine derivativOB 

due to coupll.ng vith the basé HM group. '!he S'-TBDMS group vas aelectively 
• 

cleaved according to a procedure described by s..la .!! .!l.'4' by _treatlDent 

of 121 wlth Zl.nc broml.de (ZOBr 2 ) (6 eq.l in an aqueous nitroaethane aolu-

" 



Cha pte r 4 -122 -

Pbyaical Properti •• of Derivativea 121-124 

Product Il Yi-.ld ~ Mel tlng À max Àm1n 
(,) Point (EtOH) 

(~C) (nm) 

2' 3' 5' Si 121 85 0.53 a 105-106 262 232 

2 ' 3' 51 122 _87 0.39 a- 223-225 1 263 232 
\ / 

5 1 DNBS - 2 1 3 1 Sl 123 51 0.72 b 213-215 325 301 
264 232 

N-DNB5-2 ' 3 ' 5 1 51 124 22 0.75 c 205 d 308 298 
264 233 

1 ) Li terature mel tlng po1nt: 224-226·C (ret. 123) • TLC solvents· a) Et20/ 
CH2Cl2 (112 li bl EtOAc / Hexane s ( 1 : 2 ) 1 c) Et20/ Hexanes ( 2. 1 ) • 

'DBLB nIII 

'8 aa-ical Sbifta aDd C'oupl.i.Dg CioDII tan ta (J) of Derivatives 121-124 

B-6 8-5 8-1' 8-2' 8-)' 8-4' 8-5' 8-5' , 

121 8.01 d 5.65 dd 5.84 d 4.04 m 4.04 m 4.04 m 3.96 d 3.72 d 
(8.2) (8.1 ) (3.2) ( 11.8) (11.7) 

(2.3) 

122 7.60 d 5.72 d 5.44 d 4.55 dd 4.16 dd 4.07 m 3.93 d 3.73 d 
(8.0) (8.0) (5.5) (5.2) (3.9 ) ( 11. 8) ( 9.8) 

( 1 • 1 ) ( 1 • 1 ) 

123 7.57 d 5.70 dd 5.66 d 4.36 m 4.20 m 4.~ 4.20 m 
(8.2) (8.1 ) (3.2) 

( 2.2) 

124 8.24 d 5.89 d 5.90 d 4.09 m 4.09 m 4.09 m 4.02 d 3.77 d 
(8.3) (7.9) (2.0) ( , 2.5) ( 1 1. 7) 

Spectra recorded ln CDCl3. o reported ln pprn relat1ve to 'Il4S. Coupl1ng 
cons tants (J) reported ln Hz.. 

uon. oaailylatlon proceeded very slowly at room temperature and 1t became 

nacea.ary to heef:\the reaction to 60·C as weIl aS add more ZnBr 2 (2 eq.). 

c Al though atarting ma terial wes still apparent by TLC, the reactlon was 

.8topped after 7 hours because of the appearance of a thlrd compound re-

.. 
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sultlng from removal of two silyl groups. 'Fhe desired 2',3'-diTBDMS-U 

(122) was lsolated as 8 whlte solid in 87\ yield. The presence of two 

Sllyl groups was conflrmed by 'H NMR relative peak integrations and the 

physlcal propertles were ldentlca) to those reported in the 11 terature 

123 

The sulfenylatlon of compound 122 was performed ln pyridine at room 

temperature. However, despl te the presence of a single reacti ve hydroxy l 

group, three products were formed. The sulfenylated derivatives are not 

easlly vlsuallsed by TLC as they tend to leave a strongly yellow coloured 

trall Whlch 15 also UV absorblng. Th19 streaklng 19 respon9lble for the 

dl f hcu1 ty of c leanly separatlng products by col umn chromatography. Never-

theless, the deslred 5'-I:iNBS-2',3'-dlTBDMS-U (123) was i901ated in 51' 

yleld as a yellow solld. 1H NHR revealed a downfield shift (ca 0.9 ppm) of 

the H-5' and H-5" peaks re 1 a tl ve to thel r pOBl tl ons for 122. The slgna 1 s 

character l S tlC of the su l feny l group were al so presen t (9.13 ppm, H- 3, 

8.51 ppm, H-5; 7.95 ppm, H-6). The two other sulfenylated derivatives 

could no~ be separated due to thelr simllar chromatographlc properties. 
, 

Furthermore, the products could not be unequivocal1y identifled when the 

mlxture was studled by 'H NMR. However, the peak lntegratlons revealed the 

ratlo of b4iKl-eenesul fenyl groups to rlboge rlngs to be greater than one and 

thlS suggests the presence of disulfenylated materlal. Base sulfenylation 

of urldlne was conflrmed as shown ln Scheme XXXIII, by treatment of 

2',3',5'-tnTBDHS-U (121) wlth DNBSCl. The reactlon was initially attempt-

ed at O'C but the startlng materlal falled to react after more than one 

hour. The mlxture was then allowed to warm to room temperature and was 

stlrred for three more hours. A slngle product was forlled in amall quanti
r 

ty after thl.s tl'ftle and was lsolated as a yellow povder. The product va. 
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TBDMSO OTBDMS 

\ 
124 (22'+.) 

tentatively identified as N-DNBS-2',J',S'-triTBDMS-U (124) by 'H NMR whl.ch 

revea1ed the absence of the base NH-J Slgna1 normal1y seen around 9 ppm. 

The UV absorption maxima for this compound (Àmax - J04, 264 nm) dl. ffer 

from those reported for compound 123 (À. max _ 325, 264 nm). However 

despite direct substitution of the base, the characteristl.c pynml.dine 

absorpti.on maXl.mum remains unaffec ted whereas a shl.ft is apparent for 

the sul fenyl absorption value. While thi.s work waB in progress the reac-

-tion al DNBSC1 and a number of other sulfenyl chlorl.des wl.th 2',J',5'-

triacylated uridine WolS reported by Chattopadhyaya .!.! !...!..289. products 

were l.dentl.fled as N-J den vati ves by 13C NMR whl.ch revea1ed ml.nor base 

carbon chernieal shl.ft differences relative to unsubstl.tuted urldlne 289. 

In light of these developments and the known lack of selectivity of DNBSCl 

reacUon., 1t ia probable the two side produets iBolated when treating 122 

W1 th the chloride were N-DNBS-2', J'-dl TBDMS- and N, S'-diDNBS-2', 3'-dl-

TBI>MS-U. However. formation of these compounds ahould be minimised by 

performing reactlons at 10w temperature as it has been shown, in the 

\ 
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reaction wi th 121, that N-3 substl. tution does not occur at O·C. 

Like the exocycllc amine DNBS der;lvatl.ves of A, Gand C 287, N-DNBS-U 

lB stable to acid solutions (5\ TSA/H20 and 80' CH3COOH) but contrary to 

these compounds, N-3 substituted urldlne is not stable to TBAF ln dry 

pyrl.dlne at room temperature (1 ml.nute half hfe) 289, Thus, as the pres

ence of Blde products severely compllcates the purlflcation of deSlred 

sulfenylated derlvatlves, lt: might be advantageous to select functlons 

other than silyl groups for 2'- and )'-hydroxyl protectlon and to tredt 

crude reacUon mixtures with TBAF prlor to puriflcatlon. 

5'-ON85-2',3'-TBOMS-U (123) was then submi tted to the condl tlons 

requ1.red for nucleoslde c.ondensatl.on and phosphi te trlester oXldatlon. A 

solutlon of compound 123 1.n anhydrous THF was treated wlth CEOPCl 2 (119) 

ln the presence of 2,4,6-trl.methylpyrl.dl.ne. After 20 mlnu-tes at O'C and 90 

m1.nutes at room temperature followed by usual reactlon work-up, 86\ of the 

starting m~terlal was recovered. A solutl.on of 123 and collldlne ln THF 

was then treated wlth an iodine solution ln THF/H20 for 5 mlnutes. At tilla 

time, an aqueoùs sodium bisulfite solutl.on was added dropwiae and, after 

extraction into dichloromèthane, the startlng matertal WdS completely 

recovered. ThlS confl.rmed the stabllity of the ONBS group to the condl

tions lnvol ved ln nucleotide synthe,su uSlng the phosphodlchlorldl te pro

cedure. 
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4.2 ftepar.tiOD of • S·-Di.Diuaben ...... ulr_71.ted llucleoaide Sui tably 
Protected ror Coup) t "9 b7 the ~chlor1di te .... t:bod 

Having thU8 eBtAbliBhed the compa.tibility of the nitrobenzenesulfenyl 

e8ter with the phosphodichloridlte proaedure, the preparatlon of a 2' 

protected dinucleotide bearing a 5'-DNBS group WIlS undertaJten. The dimeth-

oxytrityl group (DHT), wtllch has been found compatible vith the dlChlorl-

di te procedure when used for 2'-hydroxyl protection 291, vas selected for 

th!s study. Wlllle evaluating the DHT group for 2' protection, Décout and 

Dgll vie found that protectl.on of the 3'-hydroxyl group of the 3' tennlna l 

nucleoside was not neceBsary as no 3',3' linked dlmer was observed 291. 

The exclusive reaction at the 5'-hydroxyl can be attributed to the much 

greater accessibill ty of this position relatl ve te the 3'-hydroxyl wt'llch 

ia hindered by the bullt of the 2'-DHT group. 

4.2.1 Preparation of 2'-Dimethoxytrltylurl.dine (129) 

ln order to tritylate the 2'-hydroxyl of url.dlne, the 3' and S' 
ç 

posltions were flrst protected wlth TBDHS groups. The selectlve 3',5' 

silylation was attempted accordlng to the procedure descrlbed by o;i l vie 

et ,!.!..236. Url.dl.ne (120) was treated Wl.th !-butyldlmethylsllyl chlonde ln 

the presence of 1,4-diazabicycloI2.2.2)-octane (DABCO) and silver nltrate 

(Scheme XXXIV). The best ratl.O of 3',S'-isomer to 2',S'-lsomer obtal.ned by 

thu method (1:1) was not as high as that reported (10:3) and could not be 

improved deBpl.te repeated attempts. Because of the similar chromatographic 

propertieB of the two disilylated l.somers, the separation of the near 1: 1 

lIixture po.ed Bpecl.al dlffl.culties. The l.solation of the desired 3',5'-

di TBDH,S-U (125) from the faster mov lng 2', S'-iaomer (126) required re-
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peated purification by column chroœatoqraphy. The best yield of pure 125, 

isolated as a white soll.d, vas 41\. The phyaical propertiea and 18 NMR 

characteristl.cs of this and the following compounds are aummariaed in 

Tables XXIV and XXV. 

The product (125) was then tritylated by treatment vith DMTCl in 

pyndine. As the '2' posl.tion is not eaaily accesa1ble in the 3',5'-diTBDMS 

denvatlve for reactlon with the bulky trityl group, it was necesaary to 

use 3 equl.valents of chlorlde and heat the reaction to 70'C tor over 12 

hours to fom 126. Unfortunately, under these condltlons, isomerisatlon of 

the 3'-IHlyl group to the 2'posltion began to occur. The presence of 

2', 5'-dl TBDMS-U (1 26) became apparen t by TLC. '!hus, de spi te the con tl n ued 

presence of startl.ng material, the reactlon vas st~pped to Avold trityla-

tl.on of the 2',S'-lsomer. The deslred product (127) was lsolated ln 40\ 

Yl.eld as a yellow soll.d after repeated punflcations by column chromatog-

Sc~ DXIV 

TBDMSCl/DABCO/Ag N0 3 TBDMSO~ R R' 
120 • 

THF 125 H TBDMS 

R'O OR 126 TBDMS H 

DMTCl 

l pyrldlne, 70'C 

R R' 

HO~ 04 T8DMSO~ 127 DMT TBDHS 
TBAF, THF 

128 TBDMS DMT 
R'O OR R'O OR 

R R' 

0 129 DMT H 

130 H DHT 
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raphy to eliminate traces of 2',5'-diTBDMS-3'-DMT-U (128). In addition to 

possesslng similar chromatographl.c properties which render their separa-

tion difficul t, these isomers exhibi t a marked tendency ta detri tylation 

during separation on silica gel. 'nus was minimised by addition of traces 

of triethylamine ta the eluting solvents. The two sllyl groups of compound 

127 were then removed by treatment with tetrabutylammonium fluorl.de (TBAF) 

102,103 and 2'-DMT-U (129) was obtained as a whl.te soll.d ln 74\ yield. 

The structure of 129 was confirmed by lH NMR l.n deuterated DMSO. The .. 
spectrum revealed the presence of two free hydroxyl groups at 5.02 and 

4.96 ppm and these were assigned to the 5' and 3' positlons respectively 

by selective lH decoupling. 

The procedure outlined above did not prove efficient for the synthe-

Sl.S of 2'-DMT-U as isomer separation generally required mul tiple purifica-

tl.ons by col umn chromatography. Furthermore, the product .... as often contam-

inated with 3'-DMT-U (130) making it unsuitable for condensation reac-

tions. In the hope tha t the disubsti tuted lsomers 132 and 133 might be 

more easily separable by chromatography than derl.vatives 127 and 128, 

another approach was undertaken. Uridine (120) was first sl.lylated in the 

5' position. The product, a white 90lid, wa9 obtained in 83\ yield and was 

reacted Wl th DMTCl in pyrl.dl.ne at room temperature. As the 2' position is 

les9 crowded in this derivative than in 125, tritylation occurred at room 

temperature. The -desired product (132) and 5'-TBDMS-3'-DMT-U (133) were 

obtained as white solids in yields of 76\ and 22\ respectively. Unfortuna-

te ly, the purification of these isomers was also difficu1 t and traces of 

o 133 were often visible in the lH NMR spectrum of the 2'-DMT derivative 

(132). The 5'-8ily1 group was removed as ~eviously descrl.bed, by treat-

ment vith TBAF, to a.fford 2'-DMT-U (129) in 88\ yield. 
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8cbme ID\' 

- TBDMSCI TBDMSO~U 
120 • 

DMF/1Dlldazoie 

DM~1 TBOMSO~U 
• pyrldlne 

R R' 

132 H DMT 

HO OH R'O OR 
133 DHT H 

131 

The blfunctlonal sllylating agent 1,3-dichloro-l,1,3,3-tetrallloprop-

yldlslloxane (nPDSC I 2)' described by Harkiewicz ~ !l.291-293 selecti vel y 

protects the 3' and 5' poSl tlons of ribonuc leosides. The more reacti ve 5'-

hydroxyl group lS first blocked then the second silyl chloride reacts with 

the 3' posltlon. In order to bypass the problems assoclated with isomer 

separation 1n the preparation of 2'-DHT-U, the approach outlined in Scheme 

XXXVI was undertaken. Undlne (120) was treated Wl th nPDSC1 2 in pyndine 

at room temperature under argon atmosphere to yield 70\ of 3',5'-TiPDS-U 

(134) as an 011. The 2',3'-lsomer was isolated ln 8\ yield. When charac-

terlslng the products by 'H NMR, lt was observed that the H-l' signal, 

which is normally a doublet due to coupling with H-2', appears as a 

broadened s1nglet for both compounds. As previously discullsed, the ribose 

rlng conformatlon can be determlned ort the basis of J
"

,2' values. In 

these molecules, the coupling constant is negllglble which implies the 

nng lS locked ln an N conformatlon (C-3'endo) by the disi loxane group. As 

ln the cas-e of 3',5'-diTBDMS-U (125), tritylation of the hindered 2'-

hydroxyl group of 134 required heating and an excess of DHTC1. However, 

the unreacted chloride was hydrolysed at the end of reaction and the large 

o quantitles of trltanol thus produced hlndered purification of the product 

(136). The problem was circumvented by using a variation of the .. i lver 

nltrate/pyrldlne system described by Ogilvle ~!l.236 for selective 
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Ti PDSCl 2 
120 ~ • 

pyndine 

134 135 

DMTC1/AgN03 l pyndl.ne, 60·C 

TBAF/THF 
129 

136 

trltylation of ribonucleosides. Heatl.ng was also necessary with thl.S 

procedure to effect reaction at the hindered 2' posi tion. The product was 

obtained in 97\ yl.eld as an ol.l and was desl.lylated with TBAF as described 

earl18r to afford pure 2'-DHT-U (129), in 98\ yield. 

4.2.2 Preparation of S'-Oinitrobenzene$ulfenyl-2'-Dimethoxytrl.tylurldl.ne 

ln order to minimiae reaction of the Bulfenyl chloride with the N-3 

o poal. tion of the base, 2'-DHT-U was treated wi th DHBSCl at O·C. Sl.de pro-
r 

duct formation waa further reduced by dissolving the chloride in anhydrous 

pyn.dlne and adding it dropwise to a solution of 2'-DHT-U. Thl.s ensured 
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predominant reaction at the S' posi tion which ill lell8 crowded than the 3'. 

Nevertheless, a mlxture of disulfenylated compounds accounted for 8\ of 

reaction ylelds and 3'-DNBS-2'-DMT-U (138) for 18\. The de.ired product 

(16,7) was lsolated ln 47\ yleld but purlfication was ditficult as lIul

fenylated material vas retained on silica gel and compound. did not aepa-

rate cleanly. Hovever, the chromatographlc properties ot the 3'-OMT denv-

atlve (139) are sufficiently different from thoae of 137 to al 10"" their 

separatlon. Thus, it was posslble to perform the reaction on atartlng 

matenal (132) containl.ng traces of 3'-O,MT-U (133). AB obeerved previous-

ly, the pr:oton slgnals are shifted downfield upon SubstltUtlon \orl.th a 

ONBS group (Table XXV). The H-S' and H-S" lIignals for S'-DNBS-2'-DMT-U 

(137) and the H-3' slgnals of )'-DNBS-2'-DMT-U (138) are shifted downfleld 

of thelr positions ln 2'-DMT-U p 29) by 0.4 and 0.82 ppm respect! velYe The 

characterlstlc Shleldl.ng effect of a trl tyl group upon the H-2' proton iB 

apparent in both 137 and 138 compared ta the )'-OMT derivative (139). The 

absence of H-5' and H-S" deshleldlng as well as H-)' shaldlng ln 5'-DNBS-

3'-DMT-U (139) compared to 3'-OMT-U (130) and the 2'-OMT derivative (1)7) 

respectl vel y ml.ght be the resul t oOf stenc crowdlng in these moleculea. 

Hovever, slgnals vere observed ln lH NHR for the free 3'-hydroxyl group of 

138 (2.48 ppm) and the 2'-hydroxyl group of 139 (3.00 ppm). The H-6 

slgnals of both 138 and 139 vere obscured by the trityl peaks •. 

132 
• ~ 

DNBSO OOMT 

• 
DNBS~ 

DMTO OH 

137 139 
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0 
BIILB DIV 

... ,.1aal ftOpart1 .. of t:be Ud.cl1De Deri".U..- ( Sections 4.2, 4.3) 

Product 1 Yield Rf Hel t1ng Àmu À III n 
(, ) Point ( EtOH) 

( • c) (nlll ) 

3' 5 ' S1 125 40 0.47 a 135-1)7' 264 232 

2' 5' 51 126 35 0.60 • 120-121 2 264 232 

3' 5 ' 51- 2' OHT 127 40 . 0.35 b 127-128 263 253 
236 222 

S'Si 1 31 93 9·22 c 135-138 3 263 232 

S'Sl-2'ONT 132 76 0.53 d 1\8-119 264 252 

\,.-'" 234 223 

5'S1-J'ONT 133 22 0.40 263 250 
235 225 

3' 5 ' T1 POS 134 70 0.46 • 02-103 263 232 

2'3'T1PDS 135 9 0.30 e 105-106 264 232 

3'5'TiPDS-2'DMT 1 36 97 0.42 f 141 -1 42 264 251 
236 222 

2'ONT 1 29 98 0.42 '1 137-140 265 255 
236 224 

" 
5'ONBS-2'OMT 1 37 47 0.45 e 115-117 327 295 

263 255 
235 225 

3'DHBS-2'DNT 1 39 8 0.31 • 120-121 326 296 
l 

264 253 
236 224 

S'OHBS-3'DNT 1 39 0.31 • 
5' DHBS-UpU 141 50 0.38 h 157-159 325 295 

0.30 264 2S4 
237 225 

3')'UpU d1 •• r t42 8 0-.45 h 147-149 326 293 
264 255 
234 22S 

UpU '43 45 0.28. i lH-135 264 254 
236 226 

0 Literatur. Mel Ung Pointa: 1) 136-1 l7·C. 2) 121-1~2·C. 3) 136-139·C. 
(r.ef... 123) • TLC solvents: Il) Et 201 !texanes (4: 1), blidem (2: 1), c) EtOH/ 
CH2C12 (0.519.5)1 d) Bt20/CH2C12 (2:1), e) idell (1:1), f) idem (1: l h 9) 
EtOAcI h) CHC13/EtOAc (1:9), i) EtOH/CH2C12/EtOAc (3:10:87). 
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0 
BIILB UV 

18 Cba1.cal IIdfta ad ooapu..g CaD8taDta (ol) of tbe ur141De Der1 .. t1".. 
(Sectiona 4.2, 4.31 

1-' a-5 a-t' I-J' a-J' a-.' I-S' I-S' • 

'.H 1.19 d 5.68 d 5.95 d •• 02 111 4.25 dd •• 02 111 1. 93 d 3.72 d 
(8. J J (8.01 ' •• 11 (9.21 ( \1.7 J ( " • ~ 1 

'26 e.02 d 5.72 dd 6.00 d 4.20 dd •• ' 2 • 4.12 111 4.00 d l. 82 d 
( 8.2 J (8.0 J (J,' 1 (4. S) ( 11.2) ( , 1. 2 J 

\ 3. 0) 

127 ob •• S.42 d 6.2' d 4.30 111 1.79 111 3.92 111 
Jo " 

111 

(8.1 J ( 7.3) 

'28 ob •. 5.68 d 5.93 d obi. obi. obi. ob •• 
(8. , J ( 5.2) 

129 ob. !>.69 d 5.94 d 4.60 d:1 2.88 d •• 02 111 3.67 d J.44 d 
( 7.8 J ( 7. 11 ( 7.3 J \4.4) \ 8 • 1) \ 8. l ) 

(4.9) 

'10 ob •. S.66 d 5.84 d •• 18 111 obi. ob •• ob •• 
( 8.8) (6. ~ 1 

III 8. , J d S.70 d 5.92 d 4.26 111 •• 26 111 4. , 9 • 4.06 d J. 87 d 
( 8. , ) (8.2) ( 1. 6) \ " .1) ( " .61 

'12 Il.06 d 5.69 d 5.88 bl •• 20 111 2.89 111 4.20 • 4. 11> !II 3. 99 

\ Il. 21 \ 8.2) 

III 7.62 d 5.60 dd 6.43 d 4.23 111 1. 2' 111 •• , 3 Il 4.00 • 1. 85 .. 
\ 8.31 18.2) (7.5""~J 

( 2 • 7 ) 

'H 7.76 d 5.69 d !ï..:."a 4.26 111 4. '7 111 •• " 111 •• 14 d 1. 98 d 
\ 8.5) ( 8.8) ( 12.3) ( , l. 5) 

Ils 8.05 d 5.68 d 5.61 bl 4.31 d •• 23 • ..18 bl 4.13 d 1. 9S d 
\ 8.3 J (8.' ) \ J. 1 ) ( , l. 0) \ 11 .81 

, 16 7. !> 7 d 5.43 dd •• 96 bl 4.52 dd •• 2 J d 4.55 • 4. ' .. dd ".01 dd 
( 1.91 (8.' ) (8.81 (8 •• ) ( , 1. 0) ( , 3. 4) 

( , • J) (4.5) (1. , ) ('.' ) 

'31 1.09 d 5.66 dd 6.09 d 4.45 111 2.9' • 4. , s a' 4.07 d 3.89 dd 
( 8.1 ) ( 8.0) 17. 0) (10. S J ( '0. S 1 

(2.0) ( 3. S) 

,J8 ob •• 5. , 2 dd 6.6' d 4.59 dd 1. 70 dd 4.05 • 1.18 111 

(8.01 ( ,. \1) (8.0) ( 4.7) 
( 2.0) ( 4.11 

IJ9 Obs. 5.67 d 6. OS d 4.99 dd 1. 21 d •• 2' • 1.7S • 
( 7.6 J ( 8.0) (8.2 J 1 4. S) 

( 4.7 ) 

, .. , . o~ 5.76 d 5.98 d ... 57 111 1. 71 • 4. '0 111 J.98 111 

(6.0 J 19.41 
5.60 d 5. e4 d 

17.8) (8.01 

'42 Obi. 5.50 d 6.09 d 4.80 111 2.68 • 4.61 • •• 10 • 
( 6.7) 17.01 

6.114 111 5. H d 5.9. d •• 63 111 

,7.4) (6.31 

0 141' oDe. S. 4' 111 S.98 • 4.72 • 3. " • ... 06 • 1.89 111 1. S6 111 

S.H • •• ~\I • 

Spectra recorded ln COCl3. 6 reported ln PPIII relative to TMS. Coup 11 ng cons-
tants ( J) report:ed ln Hz. \ * ) MlXture of 2 diast.r.o..ra. a;,scured signala 
lnalcated by ~, 

j . -, 
~ ",iI'.....t 
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R-.oval 01 the 2, 4-D1ni trobenzene8ulfeny 1 Group and Stab111 ty of 
the Cyanoethyl Prouct1ng Group te the Reaction Conditions 

t 

Several .ean. have been u.ee! for reaoval of the DNBS qroup from the 

. ) 

hydroxyl lunetion. of nueleosides. 'lbe nitrobenzenesulfenyl ethers have 

been cleaved by treataent vith .odium thi08ulfate 1n .ethanol/water or 

thiophenol in pyrid1ne 286. '!'reatment of a solution of nucleoside 1.n 

pyridine vith hydrogen sultide has also proved effective 288. The l.deal 

conditions for removal of the DNBS group and the stability of the 2'-

trityl qroup were deterained by tiret treatinq S'-DNBS-2'-DMT-U (137) with 

thiophenol in anhydroUB pyrl.dine at rocm temperature. 'lbe pynd1.ne used as 

sol vent made the reâction difficul t te follow by TLC and rendered worlt-up 

and puri tl,cation of a sma 11 8ca le preparation impractl.eal. Furthermore, 

the procedure, al thouqh le81 lengthy than the hydrogen sul fide method, 

still required two te three hours for complete deprotection. Chattopadhya-

ya .!! .!.!..287 used triethylaDlmonium thl.OCre80late in pyridine at room 

temperature under argon atm08phere for removal of a 5'-(2-nitrobenzenesul-

lanyl) group and reported complete cleavage after one hour. This method 

combines the advantaqes of 8horter reaction times vith the easier handling 

ol reagents. The deproteetion of compound 137 was repeated usi~q this 

prOëedure 8ubltitutinq THF for pyridl.ne in order to facilitate solubilisa

tion of the starting material a8 well as ~,mO?l.torinq and reaction work-

DNBS~ 
129 

'l'HF 

HO OOMT 

137 

. ( 
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..1 

up. After 20 minutea, aulfenyl ruoval was coaplete and 2'-DMT-U (129) was 

Uiolated in 60\ yield following purification. 

The cyanoethyl phosphoroUB' protecting qroup ia cleave<!'by treatment 

Wlth tr~thylamine in acetonitrlle at room temperature 131. Removal of the, 

DNBS group was attempted once again in the absence of triethylamine to 
" 

determlne lf l.ts use could be avol.ded. However, under the.e conditions, 

l.mportant loss of the 2'-tri tryl group from c~pound 1 3~ wall obeerved. This 

was estlma ted to be around 50\ by TLC monl. toring. The deprotectl.on was 

then repeated in the presence of traces of pyridine to minimise detrityla-

tlon but thlS rendered the reaction difflcult to follow by TLC as the 

characterlstic streaking bf sulfenylated material was worsened considera-

" bly. Havlng establl.shed the necessity of addinq trlethylamine to the 

reaction mixture, the stabill. ty of the cyanoethyl group to the triethylam-

monlum thiocresolate Solutlon was evaluated. TlllS was verified by treating 

the 3'-bis(cyanoethyl )phosphotriester of N-benzoyl-2'-TBDMS-A ('.0), pre-

pared oy :.~. Damha 132, wl.th the reagent solution as in Scheme XXXVIII • 

. U thouqh the proportion of triethylamine l.S 8\ in the 0.5M tr1ethylammo-

nlum thlocresolate solution; this l.S dlluted to approximately 2\ in the 

actual reactlon mixture. This concentration is far belo'w that uaed for , 

compl ete decyanoethy latlon WhlCh is 40\. The starting ma t'erh 1 ('.0) 

140 
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cemained intact for over 30 mlnutes but after 45 minutes at room tempera-

ture, a slolifer moving trltylated compound was observed by TLC monltorlng. 

This became the IDa] or component after 90 mlnutes and when the sol utlon was 

allowed te stand overnlght, no starting materlal remalned. The appearance 

of slow 1D0vlng tritylated material is conslstent wlth decyanoethylatlon as 

the phosphate dlester formed lS much more polar than the trlester. As 

removal of the DNBS group requlree 20 mlnutes and as the cyanoethyl group 

lS stable at the concentrations of reagents used for over 30 mlnutes, the 

use of these two functions remalns a feaslble comblnatlon for the synthe-

SlS of short nucleotlde sequences. 

4.3 Preparation and Characterisation of S'-Dinitrobenzenesu1fenyl-2'
Dlft'-Oridine-p(CH~2CN)-2' -DMT-Oridine (141) 

The protected dlmer (141) was prepared accordlng to prevlously de-

scrlbed procedures 123 (Scheme XXXIX). As the 3'-hydroxyl group lS less 

reactive than the 5' group due to increased sterlC crowdlng, 5'-DNBS-2'-

DHT-U (137) lofaS first treated with the phosphoclichlondlte (119) in anhy-

drous THF a~ O·C ln the presence of collldlne. 'n1e more reactive 2'-DMT-U 

was then added and, following oxida tion of the phosphi te to a phospha te by 

treatment Wlth an lodlne solutlon, the deslred product was lsolated ln 50\ 

yield as a yellow powder. The low yleld 15 ln part attrlbutable to the 

difficulty encountered ln t".he purlfication of the product by column chro-

lIIatoqraphy on silica gel. It proved necessary ta add traces of base te the 

61ut.l.nq 901 vents to minlmlse detrl tylation. Pyrldlne was used in lleu of 

triethylamine to avoid Any decyanoethylation but, as had been found for 

TLC separatl.ons, ~l.9 base lncreased the diffic\ll ty ln separatlng nl tro-
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act.e.e xn:rx 

DNBSOri DNBS~ 
1 ) CE- PC1 2' collldlne 

THF, O'C ? [)MT 0 OOMr 
137 • + 1 

2 ) 129 CEO-f-o CE~-paO 
)) 12 0lÇJ 1 

DMTO 0 

P-oDNBS HO DOMT 

141 142 

benzenesul fenylated compounds. Al though no 3'-3' coupllng had been report-

ed 1.n the absence of 3'-hydroxyl protectlon and when Il 2'-DMT group was 

used 291, 3',3'-d1.mer (142) was obtalned 1.n 8\ yleld from thls reaction. 

1H NMR character'lsatlon of 141 revealed the presence of a 81ngle DNBS 

group whereas the 1.ntegrat1.on of the corresponding signaIs showed two such 

groups for the 3',3'-dlmer. The structure of th1.s product (142) was fur- ';-

ther confl.nned by 3 1p NMR.. As the two llnked nucleosides are ldentlcal, 

there lS no longer a chlral center llt the phosphorous atom and a slngle 

peak lS observed at -2.~1 ppm. The non-equlvalence of the H-5 and H-1' 

slgna ls ln thlS dlmer are due to dlfferences ln thelr env1.ronment resu1 t-

lng trom the contormatlon adopted by the molecule. The desued dlnuc1e-

ot1.de (141) eXlsts as two dlllstereomers and two 81gna1s were observed by 

3'p NMRat -2.37 and -2.71 ppm. 

The product was then treated Wl th tr iethylt!Ulllllonium thiocreso 1 ate by 

the prevlously descrlbed procedure to afford dinucleotide 1.3 in 45\ 

o yle Id. Once agun the problems assocuted wi th the purification of these 

compounds contnbuted to lo,.,enng the quan ti ties of recovered ma teria 1. 

Removal of the DNBS group ,.,as verl.fied by 'H NMR. Following deprotection 



o 

Cha pte r 4 -138-

of the S'-hydroxyl group, the dinucleotide can be extended from this 

poBl. t~on. 

In order to conf~rm the structure of 143, the d~nucleot~de .... as fully 

deprotected. The 4-cyanoethyl group ",as first cleaved fram the tr1ester by 

treatment Wlth triethylamine ln aceton1tr1le. At th~s pa1nt ln the depro-

tection sequence, it becomes necessary to adopt sterile techniques for 

handl~ng the product as the fully deprotected d1nucleot1de ~s sens1t1ve to 

cleavage by the ubiqu~ tous rl.bonuc le~c ac~d hydrol ytl.C enzymes (RNases). 

However, removal of the 2'-trityl groups can be safely performed at ~s 

stage "'lthout risk of isomerisation or cleavage of the internucleotide 

bond. Phosphate dlesters are more stable to aCl.d~c condltions than the 

triesters. The 2'-DMT qroups were cleaved by treatment .... ith acetlc ac~d at 

room tempera ture for 1 t hours. "nle m~xture ....as neutra llsed by add~ tl.on of 

ammonium hydroxl.de and was evaporated to dryne~s at reduced pressure. 

Cellulose TLC analysl.s revealed the presence of a s~ngle product and the 

CH10-o-SH 

THF 

HOQ 
9 OOMT 

CEO-P:O 
1 or;) 

HO ODMT 

" 

Schelle XL 

141 

2) CH3 COOH 80' 

HO('O~ 

0 H 
eQ-P:O 

1 0Q 
HO OH 

144 
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yield of fuLl.Y deprotected dinucleotl.de (144) waa e8timated to be 54\ by 

UV absorptl.on (290 0.0. units). 'lbe product WBa purified by chromatography 

, 
on cellulose plates to eliminate reslodual 8alta trom the deprotection 

reactloons and was recovered lon 23\ yield (122 0.0. unita). The structure 

was then conflormed by enzyme degradatloon with apleen phoaphodiesterase 

(Bovlone, type II, OC ).1.16.1). Undlone and l'-uridine phosphate monoester 

were observed in a 1: 1 ratl.o by HPLC analysis 294. 

4.4 Reactions of DiAethoxytritylated OridiDe vith ZiDC Bnaide 

In an effort to flond a rapid and eally method of preparing 2'-OHT-U 

(129), an lnterestlong interactloon was observed between zinc bromlde and 

trltylated ribonucleosides. The method outlined in Scheme XLI waa attempt-

ed. The 2', 5'-OMT der lo va tl ve (145) was prepared accord ing to a proced ure 

developed in this laboratory for selectlve tritylation in the 2' poslotion 

236. Url.dlone (120) was treated Wlo th DMTCl ln THF ln the presence of ai l ver 

nitrate and pyrlodine. The 2',5'- and )',5'-isomers, both white powdera, 

were obtalned 1.n Yloelds of 50\ and 24\ respectlvely. The compounds were 

easlly dlstlongulosl'led by thelor. 1H NMR spectra lon deuterated DHSO which 

revealed a )'-hydroxyl 8l.gnal at 4.77 ppm for 145 and a 2'-hydroxyl 8l.gnal 

at 5.89 ppm for 146. The physl.cal properties and 1 H NHR characteristica of 

these and the followl.ng compounds are summarised in Tablea XXVI and XXVII. 

Under anhydrous conditions, zinc bromide i8 used for the selective 

removal of 5'-trl. tyl protecting groups l.n deoxyribonucleoBidea leaving )'-

trityl groups intact 91. It was thought it8 action would be the Balle on 

compound 145 thus yl.eldl.ng the deSlred 2'-OMT-U (129). However, thiB was 
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DMTCl/AgNo 3/ pyrldlne DMTO~ 
120 ~ 

TH.F 

R'O OR 

145 
ZnBr2/CH3N02,0·C 

129 
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145 DHT H 

146 H DMT 

DMTO~ 

HO OH 

147 

-140-

not the CAse, detritylation occurred excluslvely ln the 2' positlon. After 

30 mlnutes at 0-5 ·C, no unreacted startlng materl.al remalned and S'-DMT-U 

(147) was isolated in 91\ yield. The procedure was repeated on S'-DMT-U 

(147) lnCreaSl.ng the number of equl.valents of ZnBr 2 from 5 ta 12. Complete 

detritylation occurred after 10 ml.nutes at O-S·C affordl.ng a single pro-

duct, urldine (120). 

Reaction times of 10 ml.nutes have been reported for complete and 

selective removal of a S'-trityl group frOID a 3',S'-dl.DHT-deoxynucleoside 

at O·C Wlth a saturated solutl.on of ZnBr2 348. nU.s result was confl.rmed 

by reaetion of )',S'-<iiDHT-T (148) (prepared by J. Cormier) Wl.th 10 equiv-

dents of ZnBr 2 at O·C. As reported, selective cleavage of the S'-trl.tyl 

group occurred and )'-DHT-T WAS isolated in 90\ yield. The structure was 

confl. rmed by 1 H NHR in deuterated DHSO whl.ch shows a sl.gnal due the 5'-

hydroxyl group at 4.96 ppm. Furthermore, H-5' and H-S" are deshl.elded 

relative ta the ditritylated derivative reflectJ.ng bath the 108S of the 

OMT group and the decreas8 of steric crowding. 

• 
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DMT6 
149 
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Pbyaical ProperU •• of the Uridi.De Deri •• tivea (Section 4.4) 

product 

2'5'DHT 

3'5'OHT / 
5'DMT 

2'3'5' DHT 

2' 3'DHT 

145 

146 

147 

150 

1 51 

Yield 
(, ) 

50 

24 

91 

87 

19 

Rf 

0.68 a 

0.47 a 

0.46 b 

0.75 c 

0.35 a 

Mel ting 
POlnt 
( ·C) 

'44-145
' 

136-137 2 

110-111 

135-137 

140-141 

À. max À-min 
(EtOH) 

(nm) 

266 260 
233 223 

265 
233 

264 

259 
2Q4 

252 
234 223 

264 248 
234 220 

264 250 
235 221 

Llteratur-e Meltl.ng Points: 1) 144-146·C. 2) 136-13S·C. (ret. 236). TLC 
solvents: al Et20/CH2C12 (1:1); b) EtOAc; c) Et20/CH2C12 (1:3). 
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'!IUILB DVII 

'B a...1.cal Shirta aad ODupliDg Oon8t&Dta (J) of the Uridine Derivatives 
(Section 4.4) 

145 

146 

7.78 d 
(8.0) 

7.62 d 
(8.3) 

B-S 

5.18 dd 
(8.2) 
( 1 .6) 

5.27 dd 
(7.9) 
(2.1) 

obs. 5.32d 

U7* 7.20 d 
(8.0) 

148* obs. 

149* oba. 

150 7.59 d 
(8.3) 

151 7.34 d 
(8.2) 

.. (7.8) 

5.30 d 
(8.0) 

4.86 d 
(8.6) 

5.50 d 
( 7.9) 

8-1' 

6.59 d 
(7.4) 

6.01 d 
(5.2) 

8-2' 

4.51 dd 
(7.4) 
(4.4) 

4.35 dd 
(4.8) 

8-3' 

2.80 d 
(4.4) 

2.92 d 
(6.5) 

11-4' 

4.01 bs 

3.86 m 

6.08 d 
( 7.2) 

4.20 dd 3.13 dd 3.82 m 
(7.3) 

5.74 d 
(3.2) 

6.14 t 
(2.0) 

(4.9) 

4.07 m 

1 .71 m 
1.57 m 

6.21 t 1.70 m 
(2.1)11.S2m 

Obs. 4.59 dd 

6.36 d 
(8.2) 

(8.2) 
(3.4) 

4.78 dd 
(8.4) 
(4.2) 

4.07 m 3.94 m 

4.21 m 3.93 m 

4.26m 3.78m 

3.48 dd 4.00 m 
(4.4) 

3.25 d 
(5.0) 

3.84 m 

8-5' 

3.19 m 

3.35 dd 
(11. 0) 

( 2.1 ) 

3.36 m 

3.23 m 

2.96 m 

3.36 m 

2.65 dd 
(10.4) 
( 2.1 ) 

3.15 d 
( 12.2) 

8-5' • 

3.06 dd 
( 10.8) 
( 3.5) 

3.31 m 

2.39 d 
(10.9) 

2.54 d 
( 1 2 • 2) 

Spectra recorded l.n CDCl3 except (.) recorded l.n dmso-d6. fi reported l.n ppm 
relative to TMS. Coupl1.ng constants (J) reported l.n Hz. 

'nle eelectl.ve detr1.tylation of deoxyrl.bonucleotides has been attr1.b-

uted to the exiatence of 4 b1.dentate chelation site in these molecules 

289. The complexatl.on of ZnBr 2 between the sugar nng oxygen atom and the 

S'ether, repreaented in Figure 174, would account for predominant reac-

tion in the S' posl.tion. Howevar, the results previously preaented l.nd1.-

cate that the presence of an adjacent hydroxyl group to tOhe 2'- or 3'-

trlo tyl group interferes wi th select! ve S'-detri tylat1.on. The preference of 
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P'iqure 17 

Possible Bldèntate Chelation of ZJ.nc Broaide vith Nucleo81des 

a 

DMT0r;JÇD 
HQ. ,s>-C-o-0CH 3 

inBr, 9 
OCH) 

b 

znBr 2 for the alternatlve chelatlon slte present in rlbonu.cleo81des IFlg-

ure l7b) would explain the selectivlty of rellctlon in the 2' position 

observed for 2',5'-dlDHT-U (145). ln an effort te conf1rm this, the reac-

tlon of ZnBr2 wlth 2',3',5'-triDMT-U (150) was performed. The product waa 

flrst prepared by treatlng undine (120) with OMTCl ln pyridlne at 70·C. 

However, Ylelds were lolo' with this procedure (ca 40') and as a result, the 

purlflcatlon of the product proved dlfflcul t. A procedure developed by 

Ogllv~e et .!!.236 for selective tritylation of ribonucleosides was adapted 

to the preparatl.on of the tritrltylated derlvatlve. JI.. solution of urldLne 

ln anhydrous THF was treated with the chlorlde in the presence of silver ~ 

nltrate and pyrldlne and heated to 60'C for 6 hours (Scheme LXIII 1. The 

deslred product (150) was isolated in 87\ yield. The 'H NHR spectrum ot 

the product revealed the considerable downfl.e ld shift of the H-l' signal 

WhlCh becomes obscure<! by the tri tyl signala in the 6.7 ppm range. 

Durlng the l.nl.tlal treatment of 150 with ZnBr2, .obture wu inadvert-

ently introduced te tbe reaction. As a resul t, HBr wa. foraed and ind1l-

crlmlnate detrltylatl.on occurred. A mixture of the variou8 tritylated 
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HOQU ------.... 
CH3N02, 40·C 

DMTO ODMT 

151 

isomers was obtal.ned. The procedure was repeated at O·C wl.th '0 equl.va-

lents of ZnBr 2 but TLC moni toring revealed only unreacted startl.ng materl.-

al. The sol ution \liaS warmed ta raom temperature and the quanti ty of ZnBr 2 

\liaS gradually increased to 30 equivalents. The reaction \liaS stirred over-

night at room temperature and TL'C monl.toring at thl.s tl.me revealed the 

presence of approximately 50\ of a slower moving tritylated material. Th1s 

was determl.ned to be the 2',3'-dl.DMT l.somer and was lsolated l.n '1\ yleld. 

Starting material was recovered in 88\ yl.eld. TLC monitoring had revealed 

a greater proportion of product relative to startlng material than vas 

actually obtained. This observation seemed to indicate a tendency to 

reaction reversal whl.ch does not occur on sl.lica gel TLC plates. The 

reaction was repeated with heatinq to 40·C in the presence of 30 equiva-

lents of ZnBr 2• This was increased to 50 equivalents and after a total 

reactl.on tl.me of 4 hours, complete conversion of the startl.ng materl.al 

(150) to 2',3'-<il.DMT-U (151) \liaS apparent by TLC. In an attempt to inhl.bl.t 

reaction reversaI, activated silica gel \liaS added as part of the work-up 

procedure. nus \liaS not effective however as 2',3',5'-triDMT-U was recov-

ered in 62' yield and the product (151), obtained in only 19\ yield. These 

results indl.cate that selective S'-detritylation of ribonucleosl.des can be 

achieved vi th ZnBr2 as long as both secondary hydroxyl Eunctions are 

protected. 
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The lH NHR spectra of the tritylated uridine derl.vatives were record-

ed ~n deuterated nitromethane in an effort to ascerta~n the possible role 

of substltuent orientation on the selectlvity of the ZnBr2 reaction. 

2 
JH1',a2' values, wh~ch are characteristlc of 9ugar rlng conformatl.on, are 

listed ln Tab~e XXVIIL A smaller coupling constant lndicates predominance 

of the N conformation (C-3'endo) whereas a large value lS characterist1c 

of the S form (C-2'endo). The resul ta are not very 1nforma ti ve as both the 

2',5'-dl.DMT-U and the 2',3',5'-trlDMT-U are shown to eXlst predomlnantly 

ln the S conformatlon ln nl.tromethane. Nevertheless, detritylatl.on occurs 

TABLE DVIII 

Coupllnq Constants (Jl' ,2') of the 'l'ritylated Uridine 
Derivatives in Nitroaethane-dJ 

Product 

2'5' DMT 

3'5'OMT 
2'DMT 

145 
146 
129 

J 

7.8 
4.4 
3.9 

Product 

5'DMT 147 

2 ' 3 ' S 'DMT 1 50 
2' 3' DMT 151 

J reported ln Hz. 

J 

7.3 
8.3 
7.8 

excltusively in the 2' pos1.tion of the former molecule and in the S' 

pos~t~on of the latter. fiance, select1.vity does not seem to be related to 

conformation but sOlely to the presence of an easily accessible chelation 

slte. lt appears that when both secondary hydroxyl groups (2' and )') are 

protected, the steric crowdlng at this site ~s such that complexation of \ 

ZnBr2 is only posslble at the more accessible S' pos~ tion. 
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4.S CoDclua.1.OD 

While the 2,4-dl.nitrobenzenesulfenyl group has proved excellent for 

the protection of base exocyclic amine functions 289, 1tS use as a 5'-

hydro.J(yl protectlng group presents some 11ml.tat10ns. 'n1e sulfenylatlon 

, reaction is not selective and the pur1fication of the products lS labon-

ous due to their exceSSlve streak1ng dur1ng chromatographl.c separatlon. 

Because of these difficul ties, pr10r protection of the secondary hydroxyl 

groups and protectloon of base exocyclic amine functl.ons are necessary 1n 

order ta obtain acceptable yields of S' derivatlosed nucleosides. Further-

more, the yields of desulfenylation reaetions 'Nere low, ranglng from 60\ 
; 

for deproteetl.on of a nucleoside to 45\ for that of a d1nueleotidè. Al-

though below acceptable limits for solution syntheses, these yloelds mloght 

be improved by use of solid support procedures. In addltloon, a certain 

proportion of product 10ss lS attributable to the sens1tivity of the 

trityl groups to aeidic conditions. The risk of detritylation renders the 

add1tion of triethylamine necessary dur1ng removal of the dinlotrobenzene

If 
8ulfenyl group. The A-cyanoethyl phosphorus proteetl.ng group was found ta 

be stable to the deproteeUon eonditl.ons for a 30 ml.nute perlood. Neverthe-

le8s, the presence of trlethylamine durlong removal of the nitrobenzenesul-

'fenyl group presents a problem as this procedure must be repeated wlth 

eaeh nucleoside addition. Moreover, ta prev,ent detritylation of the dinu-

cleotl.de prepared, lot proved neeessary to .add traees of base ta the elu-

tion sol vents during chromatographie separation. As pyridine inereased the 

prob'lems associated with the purlofl.cation of dinitrobenzenesulfenylated 

products, triethylam.1.ne was used. It is difficul t to estimate product 

1068es due to decyanoethylation during chromatography. However, this 

J 
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problem could be eliminated by solld support methods as purification is 

not performed after each deprotection react~on. The diffl.cultl.es encount-

ered dur~ng purification and removai of the dinitrobenzenesulfenyl group 

might have been ml.niml.sed by using a function other than the trl.tyl group 

for 2'-hydroxyl protection. The less senSl.tl.ve MMT group or a non aCl.d 

labl.le funcUon m~ght have proved more effectl.ve. 

The DNBS group appears to be more su~ ted ta the protect1on of the 2'-

hydroxyl group of rl.bonucleosldes or the base NH pos1tl.OnS as suggested by 

Chattopadhyaya et al. 289• As prev~ously noted, the DNBS function 19 stable 

-------ta nucleoUde condensation condit~ons and lS removed ln neutrai 901utl.ons. 

But, as in the case of s~lyl protecting groups, removal of the sulfenyi 

group folloWl.ng each nucieoside add1tlon ia not feas1ble. These propertl.es 

render the DNBS functl.oo more adaptable to block~ng pos~tions whl.ch re-

qu~re permanent protectl.on throughout nucleotl.de synthesl.s. 

The selectivl.ty obtained when treating a d~tr~tylated ribonucleosl.de 

Wl. th unc bromide differed from that reported for the reaction of deoxy-

r~bonucleos~de derivatives. In the presence of a free 3'-hydroxyl group, 
1 

the 2'-tri ty l group l.8 removed l.n pr~ference to the S' group. Th1S reac-

Uon i8 not very useful as selecuve S'-tritylatl.on of rl.bonucleosides ~s 

eas~ly ach~eved by d~rect treatment Wlth tr1tyl chlonde. The react10n of 

a tritritylated ribonucle08l.de wl.th zinc bromide proceeded in the same 

manner as that of deoxyribonucieosides: the S'-trl.tyl group was selective-

Iy çleaved. However, the sterl.C crowding of such moiecules rendered detri-

tylation dl.fficul t. A large excess 0: reagent was needed and heating of 

the reaction WA8 also required. Furthermore, reaction reversal seemed ta 

occur upon work-up and the yie lds obtained were low. 
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Contributions ta ICDOvledqe 

Several analoques of the antiviral agent BIOLF-62 were prepared for 

testing against viruses of the herpes famI.ly. BIOLF-62 15 an acyclonucleo

side which has shown remarkable activ1ty aga1nst 9uch pathogens. The 

analogues were made by coupling various heterocyclic bases to the sl.de 

chain of BIOLF-62. 'lbe bases were selected for theu known b101ogical 

activity or for their resemblance to chemotherapeutl.c agents. Although the 

acyclic analogues prepared were not toxic to host cells, none of the 

derivatives proved effective in inh1.biting viral multiplicat1on. 

Dimethoxytri tyla ted and i-butyldimethylsllyla ted derI. vati ves of the 

antiviral agent arabl.noadenosine vere prepared for eventual incorporation 

in to Il nucleot1de. By th1S means, drawbacks to the use \-&f arab1noadenos1ne 

AS a therapeutic drug (lack of solubility, toxicity to host cells and .!.!l 

vi vo deactl. va tion by cellular adenosine deaminase) m1ght be elimina ted. 

'nle 2' - or 3' -hydroxyl groups of arabinoadenosine ~re selectiv~üy pro

tected using Sl.lver nI.trate/base systems developed in thl.S laboratory 236, 

246 The products vere fully characterised by 1 H as well as 13C NMR. 

295i INEPT NMR WAS applied ta the characterisation of nucleosides 

protected vi th silyl groupa. This pulse sequence allClliS the signal enhan-

,cement of an insensitl.ve nucleus, like 29 Si. The enhancement i9 ensured by 

transfer of polarisation from another nucleus, such as hydrogen, which 

possesses a large Boltzman population difference. By this technl.que, it 

vas determined that 2'- and 3'~s~lyl iS"omers can be easil,Y distl.nguished 

on the basis of their respective chelllical shifts. As no such differentia

tian va. possible for disilylated ribonucleosides, the si11con s1gnals of 

1 
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these derivatives vere unaabiguously aelligned by the 29Si-'H Hetero-

correlation techni~e. 

The 2,4-a.,itrobenzenesulfenyl function (DNBS) va. investigated tor 

the protection of the 5'-hydroxyl group_of ribonucleo.ide.. Nitrobenzene-

sulfenyl groups are stable to both acidic and basic conditions and can be 

removed in neutral solution. These properties ahould render the DNBS group 

sUltable for use with the phosphodlchloridite nucleoside coupling proce-

dure. The mild conditions under which the group lS removed should ma~e it 

partlcularly interest~ng for the protection of the 5' posltion. The ease 

of removal of the DNBS group as well as i ts compa tib~ li ty wi th the phos-

phodlchlorldlte coupling conditions vere confirmed. A urld~ne dinucleotide 

(UpUl vas prepa,hed using the DNBS group for S'-hydroxyl protection an4 th'! 

dl.lI)ethoxytri tyl D'cuon in the 2' poSl Uon. 'nte use of the DNBS group wu 

found to present some drawbacks. Selective protection of the 5' posi tion 

proved difflcult and purificatlon of the DNBS derivatives was laborious. 

The DNBS group appears more su~ted to the protection of base exocyclic 

am~ne groups as suggested by Ch~ttopadhyaya 289, or to 'the permanent 

protect~on of the 2' posltlon of ribonucleosides. 

Flnally, the reactl.ons of tn,tylated ribonucleosides with Zlnc bro-

ml de were investlgateQ. Whil~in the deoxyribonucleoside series, a trit~l 

group ln the S' positlon 18 cleaved ln preference to that protectlng the 

secondary hydroxyl group (3'), the reverse aelectivity wa! obaerved for a 

'dl tri tylated rlbonucleoside. 'ltus WilS attributed to the preaence of an 

alternate zinc bromide chelation si~l between the oxygen atome in the 2' 

and 3' poSl tions. 'ltlis si te may cdinpete vi th that between the 5' and... augar 

ring oxygen .too. vhich favou,. detrityl.tion in the S' po.i~ion. Rè.~,: 

1 .~ _ 

f 
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:of a tri tri tyla ted ribonucleoside resul ted ln selective cleavage of the 

5'-trlty~oup as in the case of deoxyrlbonucleosldes. The sterlC crowd-

inq of thl.S molecule aeems te interfere Wl th complexation of Zl.nc bromlde 

between 2' and 3' poSl tl.ons. 

( , 
\ 

-



o 

o 

Experlmentai Sectlon - , 5 1 -

CBAPTER PIVE 

Experi.ental. Section 

5.0 General Methods 

5.0.1 Reagents and Chemlcais 

Reagent grade tetrahydrofuran (THF) .... as flrst kept over potasslum 

hydroxlde for severai days then refluxed over sodlum and benzophenone (BDH 

Chemlcals), under nl.troqen, unUi the deveiopment of a purpie colour. 

Solvent was coilected from the stlll as needed. 

Reagent grade N,N-Dlmethylformamlde (DMF), 2,4,6-trlmethyipyridlne 

and dlmethylsulfoxlde (DMSO) were stlrred .... lth mlld heating over caiClum 

hydride for 12 hours then vacuum dlStl Ued and stored over type 4Â moiecu-

lar Sleves. 

Reagent grade pyrldl.ne, dloxane and nltromethane were stlrred over 

calclum hydroxlde for 12 hours then fractl.onally dlstllled and stored over 

4Â molecular Sleves. 

Reagent grade dichloroethane and dlchloromethane were dlstllled over 

phospnorus pentoxide then s tored over 4Â molecular sieves. 

The ethanol used was 95\. All other solvents were reagent grade and 

used wlthout further purlflcation. 
\ 

The unprotected nucleosldes, adenoslne, cytl.dlne, guanoslne, urldlne, 

thymidlne and arabinoadenosine were obtained from Sigma or Boehnnger 

Mannheim. 

The benzoyl, monomethoxytrityl and dimethoxytrltyl derivatives were 

prepared according to Ilterature procedures 79, 90. The .!-butyldimethylsi

lyl denvatl.ves were prepared bY,methods developed in our iaboratory 123, 

236 

Tert-butyldl.methylsilyl chlon.de (Aldrich or Sigma), trilsopropylsi

lyl chloride (Aldrich), 1,3-dichloro-l;1,3,3-tetraisopropyldisiloxane lAl-
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drich), dimethoxytrityl chloride (Sigma), monomethoxytrltyl chloride (Sig

ma) and 2,4-dlnitrobenzenesulfenyl chloride (Aldrlch) were stored ln the 

refrigerator and allowed to warm to room temperature ln a dessicator prlor 

ta use. 

5.0.2 Product lsolation and analyses 

Thln-layer chromatography (TLC) was performed by the ascendlng tech

nlque on Merck Kieselgel 60 F254 (.2 mm) or Cellulose F (.1 mm). Thick 

layer chromatography was done on 20 cm 2 glass plates coated Wlth 1 mm of 

silica gel (Merck Kieselgel 60 GF2S4)' Merck Kieselgel 60 (230-400 Mesh) 

was used for column chromatography. 

Nucleosides and thelr derl vati ves were visuallsed on sl11ca and 

cellulose with an ultraviolet 11ght source (Minerallght, 254 nm). Monome

thoxytritylated and dimethoxytritylated compounds ware further detected by 

spraying with a 10\ perchloric aCld solutlon. Non UV absorblng materlal 

was revealed by exposure to lodlne vapours. 

Products were recovered from s11ica gel and cellulose plates by 

elution with o~ganic solvents (~ethanol or ethanoljethyl Acetate) or 

water. The organic solvents we~e removed under reduced pressure on a SÜChl 

rotary evaporator and the water was removed ln a Savant Speed-Vac. 

Melting points, reported uncorrected, were determlned on a Fisher

Johns apparatu8. Ultravl01et spectra ware recorded on a Varlan cary 17, 

Varian Cary 210 or Hewlett Packard 8451A spectrophotometer using ethanollc 

or aqueous solutions. 

Nuclear magnetic resonance spectra of 1 H, 13C, 29 51 and 31 P ware 

obtained on ei ther a arÜker WH-90 (90 MHz), a BrlÏker WR-400 (400 MHz), a 

Varian XL-200 (200 MHZ) or a Varlan XL-300 (300 MHz) spectrometer. These 

were recorded in either 5mm or 10 mm tubes within a temperature range of 

• 20'C 

methylsilane 

AlI chemical shifts are reported in ppm downfleld from 

('!'MS.) with the exception of the negative phosphorus 

tetra-

shifts 

WhlCh are reported in ppm upfleld from 85\ phosphorlc acid, used as an 

external reference. on the basis of the experimental parameters used, the 

digital resolution obtained for 'a NMR is of 0.001 ppm and of 0.03 ppm for 

, 3e , 29 Si and 31 P NMR. The error 18 es tima ted ta he very near the dlg ital 

• , 

, 
'.-
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resolutlon for the 1 H and 13C peak poSl. tions .... hich are reproducible to 

withl.n a range of :tO.Ol and iO.05 ppm respectlvely. However, due to the 

concentratl.on dependance of 295i peak poSl.tlons and the use of an external 

reference for 31 P NMR, the chemical shl.fts obtalned for these nuclel are 

only reproduclble to withl.n %0.1 ppm 

Electron lmpact (El) mass spectra were obtalned on a DuPont Instru

ments 21-492-6 mass spectrometer and the fast a tom bombardment (FAB) 

spectrum .... as obtal.ned from a glycerol. matrlx on a Vacul,JI1l Genera tors ZAB-2F 

lns trumen t. 

Elemental analyses were performed by Canadl.an Mlcroanalytlcd l SerVlce 

Ltd., Vancouver, B.C •• Samples were prepared by crystallisation from 

Methanol, ethanol or water and dned by heatl.ng (68'Cl under reduced 

pressure. 

liigh pressure llqul.d chroma tography analyses of enzyme degrada tlon 

assays were performed on a Spectra-Physics SPSOOO lnstrument equl.pped with 

a UV detector (5P8200, 254 nm) and a SP4000 Chromatography data system. 

Reversed phase Whatman OD5-2, 10 u particles (Chromatogr'aphlc Speclaltles, 

Brockvllle, Ontarl.o) served as column support. HPLC grade ammonlum Acetate 

was used and trace amounts of sodium aZl.de (O. 001 \ by wt/volume) we're 

added to aqueous buffers to prevent bacterl.al growth. All buffers were 

filtered through a 0.45 filter (Millipore Corporatl.on, Bedford, HA.) 

prl.or to use. 

Biologl.cal testlng was performed by Dr. Kendall O. Smlth at the 
,~ 

University of Texas Health SClence Center or by Brl.stol Research Laborato-

rles. Compounds .... ere assayed ~ ~ against stralns of herpes slmplex 

Vl.rUses ( HSV- l and II) grown 1 n vero or human f e tal l ung ( HFL l ce 11 

monolayers. 
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5.1 Preparat10a of II0gel Ileterocyclic-ItiDIJ ADalogue. of BXOLF-62 
(Chapter 1) 

5.1.1 1,3-D1benzyloxy-2-Chloromethoxypropane 66 

-154-

1,3-Dibenzyloxy-2-propanol 65 vas prepared in 97\ yield accord1ng to 

a procedure developed in this laboratory 144 vith minor modiflcatlons. 

Under a constant stream of argon, sodium hydride (40 g) vas added portlon

Wlse to benzyl alcohol (500 mL, 4.83 mol.) over a 30 to 45 minute perlod 

instead of over 15 minutes. Following the addition of 1,3-dich1oropropan-

2-01 (26 g, 0.20 mol), the reaction vas heated overnight at 90' lnstead of 

100·C. The product vas vacuum distilled (b.p. 174'C, 0.080 KPa; Ilt. b.p. 

19S-210'C, 3 torr). ' H NMR (200 MHz, CDC1 3 ): 7.28 (10H, S, Ph); 4.48 (4H, 

s, E!!2Ph ) , 3.90 ( 1 H, qi, CH) , 3.50 (4H, m, CH2CH)/ 2.92 ( 1 H, m, OH) • 

In the preparatlon of 1,3-Dlbenzyloxy-2-chloromethoxypropane 66, the 

procedure outlined by Ogilvie .!! al. 144 vas adhered to Wl th the exceptlon 

of the length of t1me HCl gas vas bubbled through a solutiop of 65 and 

paraformaldehyde in dichloroethane (3 hours versus 6). Also, the gas 

.tream vas passed through a tube containlng calCi

t 
chloride before enter

ing the reaction flask to avoid introduction of m isture. The product, a 

cl.ar oil, vas obtained in 86' yleld (unreacted a cohol (48) vas estlmated 

at 14\ by 'H NMR) and used vithout further purlf1cation (reported yleld: 

91\ by veiqht). ' H NHR (200 MHz, CDC1 3 ): 7.4,~~OH, s, Ph)/ 5.74 (2H, s, 

CH2Cl), 4.61 (4H, s, CH2Ph)/ 4.25 (lH, ql, CH), 3.70 (4H, m, CH2CH). 

5.1.2 2-Hethylthlomethyl-l,3-Dlbenzyloxypropyl ether 85 

A modification of the procedure developed by pojer!! al. 168 for the 

preparatlon of methylthiomethyl ethers vas used. A m1xture of alcohol 65 

(13.9 g, 51 mmol.), anhydrous dimethylsulfoxide (165 mL), glaclal acetlc 

aCld (33 mL) and acetic anhydrlde (109 mL) vere stirred together at R.T. 

for 48 hours then poured over a cold solution of sodium carbonate (0-5'C) 

and extracted into dichloromethane. The product vaa purifled by colurnn 

chromatogr&phy on s111c& gel (5.5 cm dl&meter, 320 g) usinq EtOAc/Hexanes 

(2,8) then dlstilled on & Kugelrohr appar&tus (b.p. 155-159·C, 0.027 KPa) 

to y1eld 4'\ of 85 a8 & colourless oil. ' H NMR (200 MHz, CDC13): 7.33 
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('OH, a, Ph), 4.81 (2H, s, CH2)' 4.55 (4H, a, CH2I1h) 1 4.13 (lH, m, CH); 

3.64 (4H, m, CH 2CH)1 2.14 (3H, s, CH3S). 

5.1.3 D1rect Coupling Procedures with Chloromethyl ether 66 

The methods outlined by 0g11v1C !!.!.!.. 144, 295 were appl,ied with Borne 

mod1flcations. The products were pur1fied on ailica gel plates (100 mg 

materla1/plate) or by column chromatography (20-25 9 811ica/g of mate

rla1) • 

a) The heterocyc11c base (3 eq.l was flrst dlssolved ln anhydrous DHF (1-

2 mL/mmol. of base) and the 601utl.on was cooled to 5·C. The ch10romethyl 

ether 66 (1 eq.l was added and the react10n stirred for 2 hours at S'C 

then overn1ght at R.T.. The DMF was eliminated by co-evaporat10n with 

ethanol and the res1due was taken up in d1chloromethane, washed Wl th Il 5\ 

"" Sod1um bicarbonate solution th~n concentrated under reduced pressure. 

b) To a Solut10n of the heterocyclic base (1 eq.) and tr1ethylamine (1.2 

eq.) rn anhydrous DHF or THF (1-2 mL/mmol.) was added chloromethylether 66 

(1.2 eq.l. The react10n was stirred 12 hours at R.T •• Following f1.1tration 

of the triethylamine hydrochlor1de produced, the ml.xture was concentrated 

to an 011 under reduced preasure. 

5.1 .4 Hexamethyldisilazane Hediated Coupling Procedures 

These procedures, mod1fled from that reported by Ogllvle et al. 164 -

166, wer~ performed under argon atmoaphere. products were purlf1ed aa de

scrlbed ln 5.1.3. 

a) Ch10romethyl Ether 66 Coup11ng 

In a three-necked f1ask equipped wlth an argon entry port and Il con

denser, the heterocyclic base (1.' eq.), ammonium sulfate (2 mg/mmol. of 

base) and hexamethyldis11azane (HHDS) (12 eq., ~.3 mL/mmol. ot ba.e) were 

refluxed untl.l the base was completely dis801ved (20 ~1n. to 3 hours). The 

excess HHDS was dlstilled of under reduced presaure With ml1d heating 

(40·C) and residual ailazane w4s removed on a vacuum pump (30-40 min,), At 

thl.S tlme, the mlxture appeared as e1ther a colourleas oil or a white 
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lolid. Argon atmolphere val reltored and the flaak vas equipped with a 

septum. The residue waa di8solved in anPydroUB THF added via syrlnge then 

tetrabutylammonium iodide (240 mg/Mmol. of base) in THF (0.3 mL/100 mg) 

and chloromethylether 66 (~ .q.) in THF (1 mL/Mmol. + rinse (2 x .25 mL» 

vere added. The reaction was stirred overnight at R.T. then taken up ln 

dlchloromethane, .aahed with a 5\ Sodlum bicarbonate solution and con

centrated to an oil under reduced pressure. 

b) Methylthlomethyl Ether 85 Coup1ing 
, 

The reaction was first executed as in a) then, following the dlssol-

vinq of the residue in TUF, an iodine solution (254 mg/mmol. of base) ln 

THF (0.3 mL/100 mg 12) and a methy1thiomethyl ether 85 solutlon ln THF (1 

eq.1 0.6 mL/mmol. + rinse '2 x .25 mL» were added. The mixture was 

stirred at room temperature then qent1y ref1uxed for 6 to 8 hours. After 

eo01inq, a 5\ sodium sulfite solution was added dropwise with stirrlnq 

untll the iodlne colour no longer persisted. The product was extracted 

into dichloromethane, vashed vith a 10\ sodium ch10rlde solution then 

eoncentrated to an oil. 

5.1.5 Bi8(tr1-~-Butyltln) Oxide Coupling Procedure 

A procedure developed by Balasubramanian et a1. '69 • was used Vlth 

Iliqht modiflcations. A mixture of the heteroeycllc base (1.1 eq.) and 

bi.(tri-~-butyltin) oxide (0.5 eq.) ln disti11ed petroleum ethet (30-60'C 

or 90-l20·C) was ref1uxed for 3 hours. The water produced was removed wlth 

a Dean-Stark apparatus. Chloromethy1 ether 66 (1 eq.) vas added and the 

reactlon vas refluxed overniqht. After eo011n9, water was added and the 

mixture was extraeted 4 times into dichloromethane. The combined extracts 

we~e w&shed with a dilute aolutlon ot acetlc acid (3\) then concentrated 

to an oil. Special precautions vere taken in handlinq the tin oXlde: the 

vearlng of gloves, the soaking of used glasavare in an ethanolic KOH bath, 

the di.posal of uaed aillea gel in sealed plastic baga and the separa te 

diapolal of waste solvents. 
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5.1.6 Removal of the Benzyl groups 

al Catalytic Transfer Hydrogenation 

In a mod~fica~on of the procedure described by Ogilv1e et !!.296, 

pallad~um ox~de (100 mg/mmol.) and cyclohexene (1.2 mL/mmol.) vere added 

te a solut~on of the dibenzyl compound ln absolute ethanol «(mL/mmol.l. 

The reaction was refluxed for lt-3 hours and monitored by TLC. Atter 

coollng, the mlxture was flltered over cel~te and the 801id washed wlth 

ethanol. The f~ltrate was concentrated to an oil. 

b) Boron Trlchlorlde Procedure 

ThlS procedure was mod~fled from that publiahed by Seela ~ al. 141 • 

The d1benzyl derivative was dlssolved in anhydrous dichloromethane (50 

mL/mmol.), cooled to -78'C (dry ~ce/~soPrOH) and treated wlth boron trl

chlor~de (8 eq.) from a freshly opened bottle (lM SC13 in CH2C12' Al

drlch). The reac~on was stlrred 2-3 hours under argon atmosphere then 

monltored by TLC (aliquots were hydrolysed and neutralised)j at this time, 

lf startlng materlal was stlll apparent, more Bel 3 (3 eq.) was added and 

the reaction allowed to proceed 1 more hour. While etill at low tempera

ture, Methanol (5 mL/mmol.) was added and the reactlon was brought to pH 7 

by addltion of triethylamlne. Followlng concentration under reduced pres

sure, the resldue was taken up ln dlchloromethane and flltered to rernove 

the tr~ethylam~ne hydrochloride produced. The filtrate was then concen

trated to an 011 under reduced pressure. 

5.1.7 1-((2-Hydroxy-1-(HydroxymethylJethoxyJmethylJimldazole 68 

1-[ 12-Benzyloxy-1-(benzyloxymethyl)ethoxy]methyl]lmldazole 67 was 

prepared by method 5.1.3a wlthout the initial cooling period and purified 

on slilca gel plates using Et20/CH2C12/EtOH (10:4:1) or by column chrorna

tography with CH2C12/EtOH (9:1). The product, a yellow oil, was obtained 

~n 67\ y~eld. ~ (Et2o/CH2C12/EtOH (10:4:1)J • 0.40. 

The final compound was prepared by catalytic tranater hydrogenation 

(5.1.6a) and was obtained ln 86\ y~eld after purification by column chro

matography on silica gel using CH2C12/MeOH (9.5:0.S). The yellowi.h oil 

~solated formed waxy crystals after three weeks in methanol/H20. These 
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vere repeatedly va8hed vit4 cold diethyl ether te yield white crystals. 

Anal. calculated for C7H,203N2(+i H2 0 ): C, 48.83 (46.40), H, 7.02 (7.23), 

N, 16.27 (15.46). Found: C, 46.26, H, 6.89, N, 14.71. The physical and NMR 

properties of the analogues prepared are summarised 1n Tables II to VIII. 

5.1.8 1-[[2-Hydroxy-l-(Hydroxymethyl)ethoxy)methyl)benzimidazole 70 

1-[[2-8enzyloxy-l-(benzyloxymethyl)ethoxy)methyl)benzimidazole 69 was 

prepared by procedures S.1.3a, S.1.4a and 5.1.5 in yields of 83\, 60\ and 

67\ respectively. Puriflcation was done on silica gel plates uS1ng Et20/ 
'J 

CH2C12/EtOH (10:411) or by column chromatograppy with CH2C12/EtOH 

(9.9:0.1) ta give a colourless 011. Rt [CH2C12/EtOH' (9.5:0.5) 0.14. 

' H NHR (200 MHz, CDC13): 7.89 (1H, s, H-2), 7.72 (1H, m, H-4), 7.48 (lH, 

m, H-7), 7.23 (12H, m, H-5, H-6, Ph), 5.65 (2H, s, CH2N), 4.37 (4H, S, 

CH2Ph), 3.77 (1H, m, CH), 3.45 (4H, m, CH2CH). 13c NMR (WH-90, CDC13): 

1147.00 (C-2), 146.90 (C-S), 141.41 (C-9), 126.~5, 126.20 (C-5, C-6)/ 

123.77 (C-4); 114.06 (C-7), 79.75 (C-3'), 76.63 (C-l'), 74.53 (CH2Ph)/ 

71 .99 (C-4'). 

The benzyl groups vere removed by catalyt1c transfer hydrogenation 

(5.1.6a). 'The product was purified on si11ca gel plates [CH2C12/EtOH 

(9.910.1») or by column chromatography [CH2C12/EtOH (9.5:0.5)) to yleld 

66\ of a colourless oil which read11y crystallised from methanol. Anal. 

calculated for C"H,403N2: C, 59.45, H, 6.35; N, 12.60. Found: C, 59.10; 

H, 6.32; N, 12.33. 

5.1.9 1-[[2-Hydroxy-l-(Hydroxymethyl)ethoxyJmethylJ-7-Aza1ndole 72 

1-[(2-8enzyloxy-l-(benzyloxymeThyl)ethoxy)methyl)-7-azaindole 71 was 

prepared by procedure 5.1.3b in D~ and THF 1n 60\ and 70\ Y1elds respec

t1vely. By repeating the reaction in a more dilute Solut10n of THF (5 

mLjmmol. ) the y1eld vas 1ncreased to 93\. The product vas purified to a 

yellow oil on ailica gel plates or by column chromatography using Et 20/ 

Hexanes (Ill). Rt (Et20/ Hexanes (Ill)] • 0.48. 'H NMR (200 MHz, CDC13): 

8.34 (lH, d, J - 4.1 Hz, H-6), 7.83 (lH, d, J - 7.8 Hz, 8-4), 7.33 (lH, d, 

J. 3.6 Hz, H-2), 7.24 (lOH, m, Ph), 7.03 (lH, dd, J - 4.7,7.8 Hz, H-5); 

6.45 (28 t d, J. 3.5 Hz, 8-3),5.85 (2H, s, CH2N), 4.39 (4H, s, 9:!2Ph ); 
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4.03 (1H, m, CH), 3.49 (4H, m, CH2CH). 13C NMR (WH-90, CD30D) 1 148.83 (C-

2); 143.63 (C-8); 130.37 (C-6); 129.85 (C-5), 122.64 (C-4), 117.51 (C-9), 

102.10 (C-3), 77.53 (C-3'), 74.35 (C-l'), 74.02 (CH2Ph), 71.10 (C-4'). 

Treatment of 71 vith Be1 3 (5.1.6b) afforded the product in 64\ yleld 

after column chromatographyon silica gel uaing EtOAc/MeOH (911). The 

colourless 011 thus obtained crystalllsed readily from methanol. Anal. 

calculated for C" H,40 3N2: C, 59.45; H, 6.35, N, 12.60. P'ound 1 C, 59.17, 

H, 6.39, N, 12.53. 

5.1.10 1-[[2-Hydroxy-l-(Hydroxymethyl)ethoxy)methyl)lsatin 74 

1-[(2-Benzyloxy-l-(benzyloxymethyl)ethoxy]methyl]lsatin 73 was pre

pared ln THF accordlng to procedure 5.1.3b wlth heatlng overnlght at 40·C. 

The prbduct was purlfied on silica gel plates (EtOAc/Hexanes (1 :2») or by 

column chromatography (EtOAc/Hexanes (1:1») and obtalned ln 88\ yleld as a 

yellow oil. Rf (EtOAc/Hexanes (1:1») • 0.66. ' H NMR (200 MHz, CDC13): 7.55 

(lH, m, J. 7.5 Hz, H-6); 7.29 (13H, m, H-4, H-5, H-7, Ph), 5.32 (2H, s, 

CH2N); 4.43 (4ij, 2s, CH2Ph)/ 3.56 (lH, m, CH), 3.52 (4H, m, CH2CH). 13C 

NMR (WH-90, CD300): 184.11 (C-3), 160.27 (C-2)/ 151.82 (C-S), 139.67 (C-

6); 128.62, 125.45 (C-4, C-5), 119.00 (C-9); 112.96 (C-7); 78.57 (C-3'); 

74.28 (CH2Ph), 72.72 (C-l'); 70.71 (C-4'). 

The benzyl groups were removed by methods 5.1.6a and 5.1.6b in yields 

of 35\ and 76\ respectlvely. Purlflcatlon was effected on slllca gel 

plates or by column chromatography using CH2C12/HeOH (9.5:0.5). The yellow 

011 obtalned crystalllsed upon standlng to a waxy SOlld WhlCh was vlgor

ously stlrred ln dlethyl ether for 12 hours to produce bright orange 

crystals. Anal. calculated tor C'2H1305N: C, 57.37; H, 5.22; N, 5.58. 

Found: C, 56.85/ H, 5.21; N,S. 38. 

5.1.11 9-l[2-Hydroxy-l-(Hydroxymethyl)ethoxy]methyl)-6-Methoxypurine 81 

1 
9-((2-Benzyloxy-l-(benzyloxymethyl)ethoxy)metbyl)-6-methoxypurine 80 

was flrst prepared ln 56\ yield by method 5.l.lb 1n DMF. The 7-i.omer 82 

W4S recovered in 38\ yield. When the coupling wa. repeated ul1ng procedure 

5.1.4b, the deslred 9-1somer W4S favoured over the other (65\ to 6.5\) 

although the overall Yleld was inferior. The product was purified to 4 
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colourle •• oil on .ilica g~l plates [Et20/CH2Cl2/EtOH (10:4:0.5») or by 

column chromatography (Et20/CH2C12/EtOH (10,4,10»). 9-lsomer: Rf [1dem 

(10,4,1») • 0.51, UV (EtOH): Àmax· 247 MIÀ.min • 223 M. 7-isomer: Rf 

[ldem (10:4:1)J • 0.42, UV (EtOH)IÀ- max • 232,258 nm. 

Treatment of the 9-isomer vith SC13 (5.1.6b) folloved by purlficat10n 

on silica gel plates [EtOAc/CHC1 3/EtOH (5:4:1») afforded the f1nal com

pound in 89\ yield as a yellow oil which crystallised fra. .ethanol. M.S. 

(FAB, 7KV, 26'C) m/z: 255.2 (MH+J, 239.3~~+-15]. 

5.1.12 1-((2-Benzyloxy-l-(Benzyloxymethyl)ethoxy)methyl)indole 86 

1-((2-Benzyloxy-l-{benzyloxymethyl)ethoxy)methyl)lndole vas prepared 

according to a method described by Sundberg and Russell 170. Sod1um meth-

ylsulflnylmethide was generated by the method descrlbed by Corey and 

Chaykovsky 167 . Sodlum hydride (320 mg of a 60\ suspension in pH, 2.0 

mmol.) was washed wi th petroleum ether then addéd to anhydrous DMSO (5 mL) 

in a three necked flask equipped wi th an argon en try port, a condenser and 

drying tube and fi tted Vl th a septum. 'lbe mixture was heated to 7S-8S'C 

for 45 minutes then cooled to O-S·C. A solution of indole (468 mg, 4 

mmol.) in anhydrous THF (3 mL) was added dropwlse Vla syr1nge. The reac

tion was allowed to warm to R.T. and was stirred 30 minutes before coollng 

once more to O-S·C. A solution of 66 (1.81 g, 4.5 Mmol.) 1n anhydrous THF 

(2 mL) wa8 then added dropwise V1a syringe and the reactl0n was stirred 

hour at room temperature. The m1xture was poured 1nto a dilute Sod1um 

carbonate solution (10 mL) and extracted several times into d1chlorometh

ane Wh1Ch was then dr1ed over Sodlum sulfate and concen~ated under re

duced pressure. The product vas purlfled by column chromatography on 

sillca gel using Et 2o/Hexanes (1:3). The product was obtalned ln 82.8\ 

yield as a colourles8 oil which was 8tored at O'C under inert atmosphere. 

The 011 gradually darken8 to black when exposed to alr and left 8tand1ng 

overnight at room temperature. Rf (Et02/Hexanes (111») - 0.58; UV (EtOH): 

À.max • 266 MI À. mln - 240 om. '8 mm (200 MHz, CDC13): 7.97 (1H, d, J • 

8.0 Hz, H-7), 7.57 (lH, d, J - 7.8 Hz, H-4), 7.39 (138, ID, Ph, 8-2, H-S, 

8-6), 6.57 (lH, d, J - 2.8 Hz, 8-3), 5.76 (28, s, CH2N) 1 4.61 (4H, s, 

f!2Ph); 4.19 (lH, ., CH); 3.69 (48, ID, 5!2C8). 1JC NMR (XL-JOO, acetone-

1. 
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d6): 138.46 (C-8), 129.12, 128.34 (C-9, C-2); 121.58 (C-5); 120.47 (C-4); 

119.78 (C-6); 110.19 (C-7); 101.91 (C-3); 75.31 (C-3'); 75.16 (C-l'); 

72.63 (CH2Ph ); 70.41 (C-4'). 

5.1.13 2- [ [2-HydroxY-l - (Hydroxymethyl) ethoxy J methyl J l.ndazole 88 

2-[[2-BenZYloxy-l-(ben~oxymethYl)ethoxylmethylJl.ndaZole 87 was pre

pared 1.n 94\ y~eld by procedure S.1.3b ~n THF. The product, d yellow 011 

was purified on s~lica gel plates or by column chromatography uSlnq EtOAcj 

Hexanes (1:1). Rt [EtOAc/Hexanes (1:1)J .0.43. 'H NHR (200 MHz, CDC1): 

8.14 (1H, s, 8-3),7.75 (1H, dd, J .. 8.3,0.9 Hz, H-7); 7.64 (lH, dd, J -

8.5, 0.9 Hz, H-4); 7.30 <"H, m, H-5, J~~~I 7.23 (1H, m, J. 8.8,1.0 Hz, 
, .;N-:';~ .... 

H-6); 5.92 (2B, S, CH2N); 4.46 (48, à~.~h); 4.08 (1H, m CH); 3.55 (4H, 

dd, J - 5.1 Hz, ÇH2CH). !3e NMR (WH-90, CDC1 3 ): 155.79 (C-8); 139.56 (C-

3); 126.85 (C-4); 125.78 (C-9); 121.31, 120.60 (C-5, C-6); 118.33 (C-7); 

84.70 (C-l'); 80.02 (C-3'); 74.69 (CH 2Ph); 71.05 (C-4'). 

The benzy 1 groups were removed by tred onen t Wl. th SC 13 ( 5. 1 • 6b ) • 

Pur~hcation by column chromatogr.aphy on sill.ca gel (EtOAc/MeOH (9: 1)} 
t. ...... \ -

yielded 89\ of 88 as a yellow 011. Crystallisat10n attempts from a variety 

of solvents (MeOH, CH2C12/MeOH/Hexanes, CH2C12/MeOH/Pet. ether, H20 ) were 

unsuccessful. Anal. calculated for C"H,403N2 (+t, H2 0 ): e, 59.45 (57.13); 

H, 6.35 (6.54); N, 12.60 (12.11). Found: C, 57.93; H, 6.38; N, 12.01. 

5.1.14 1- ([ 2-8ydroxy-l-( Hydroxymethylle thoxylmethyll-4-Ni troimldazole 90 

1 -'( (2-Benzyloxy-l - (benzyloxymethyl )ethoxy Jmethyl J -4-nHroimidazole 89 

was prepared by procedure 5.1.3b ln THF and was purifl.ed on silica gel 

plates or by Golumn chromatography (CH2C12/MeOH (9.7:0.3)}. The product, 4 

yellow 011, was obtained in 95\ yield. Rf (CH2C12/EtOH (9.5:0.5)J • 0.56. 

Treatment of 89 W1th SCl) (5.1.6b) and purl.f1cauon by colUJlln chroma

tography on silica gel using EtOAc/MeOH (9: 1) aftorded the final product 

~n 74\ yield. 'lbe oil was crystallised to white needles trom methanol/K20. 

Anal. calculated for C7H"OSN3 (+t H20): C, 38.71 (37.17); H, 5.11 (5.35); 

N, 19.35 (18.58l. Found: C, 37.55, H, 4.931 N, 18.20. 
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r. 

5.1.15 1-((2-Benzyloxy-1-(Benzyloxyaethyl)ethoxy)methyl)-8-Azaadenine 91 

Procedure 5:'. 4b w&s uaed to effect the coupling of 8-azaadenine Wl. th 

66. 80th the de.ired 9-i.omer (91) and the 8-isa.er (92) vere formed and 
.r----------------~~ 

o 

were purified by column chroœatography lEt20/CH2C12/EtOH (1014:1»). Com-

pound. 91 and 92 vere i80lated a8 colourle88 oils in yield. of 45' and 11\ 

reapectlvely. 9-iaollerl ~ [idem (1014:1)] - 0.76, UV (BtOH>:À. mAX • 280 

Dm')\lIin - 237 Dm. 8-i.a.erl Rf [idem (101411)J - 0.46, UV (EtOH):~max -

296 nm, À,lDl.n - 265 nm. 

(' 

......••.. 

'", 
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S.2 Preparatioo of Protect:ect ArabiDolldeDoeiDe 1IDc1--.1du 1 (Chapter 2) 

5.2. , 5' -Dl.'methoxytn. tylarabinoadenosine 99' 

Dimethoxytrityl chloride (OMTCI) (2.54 g, 4.60 .. 01.) va. add.d in 

equal portions (400 _g) at regular interval. over a 6 hour period to a 

stirred solution of araA (1 g, 3.8 Mmol.) in anhydroda pyridine-DMF (111, 

5 mLjllllllol.) lIIA-intal.ned at O·C. 'lbe reaction va. at1rred -+ther 4 hour. at 

O·C and monitored by TLC [tHCI3/EtOH, (713»). Although .ame .tarting 

materlal was still present, the mixture was poured onto iee water (500 mL) 

and the solid pr~uct was colleeted by filtration th~~ purified by sucee.

Slve washl.ngs Wl.th dlethyl ether or by eol~n ehromatography on slliea gel' 

(5 cm column, 100 g) using CHCl3/MeOH (9:1) to yield 5'-DMTaraA as a white 
\ 

power. 'il.elds, pl'lysical pr~pertl.es and other NMR data for this and th~ . 
following products are eollected in Tables X-XIV. 

" 

5.2.2 S-!-Butyldl.methylsilylarabinoadenoSlne 100 

A modification of the method outlined by Baker ~ !l.218 vas used. 

lmida~ole (76 mg, 1.11 Mmol.) and !-butyldl.methylsilyl chloride (TBOMSC1~ 

(84 mg, 0.56 Mmol.) were added to a solution of araA (100 mg, 0.37 miol.) 

in anhydrous 'OHF. After stl.rrl.ng 2 hours at R.T. with regular monitoring 

by TLC [CHCI3/EtOH (8:2)], the mixture was poured onto iée water (50 mL) 

and the resu~tl.ng white sQlid vas collecte? by fllttation. The product was 

purifled by column chromatography on sill.ca gel (2 cm diameter, 16 g) 

uSl.ng CHCl 3/MeOH !9.5:0.5) to Y1eld a whlte powder. 'H NMR (400 MHz, dmso

d6): 7~.37 (2H, m, NH2)' 6.37 (1H, d', J - 5.32 Hz, H-l'), 5.77 (1H, d, J. 

5.06 Hz, OH-2'), 5.68 (lH, d, J - 5.06 Hz, OH-3 1 ). Anal. calculated for 

C16~À704N5Sl.: e, 50.37; H, 7.131 N, 18.36. FouneS 1 C, 49.97" H, 6.88, N, 

17.80. 

5.2.3 2',5t-dl.-!-Butyldimethylsîly~arabinoadeno.ine 101 

'l11e produc~ vas prepared by Dr. Hoaej..n Hakiaelahi 243 on a 0.56 _01. . 
scale. Co1umn chroaatography on si liea gel (2 CIl diuete;r 1 2Oq) uaing 

CHC13/MeOH (~.7:0.3) yielded pure 21,S'~iTBDHSaraA a. a white powder. 'H 
' .... 

.. , 
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NMR (200 MHz, dmao-d6)a 7.2 (2H, Il, NH2)' 6.3 (lH, bs, H-l')1 5.6 (lH, d, 

OH-3') •. 1a NMR (400 MHz, aoetone-d6): 3.62 (lH, dd, J. 9.98,6.53 Hz, H-

5')/ 3.47 (lH, dd, J. 9.93, 3.74 Hz, H-5') .. Anal. calculated for 

C22H4104N5Si21 C, 

13.89. 

53.30/8,8.34; N, 14.13.~und: C, 53.08; H, 8.15/ N, 

',-~ 

5.2.4 3',5'-di-~-Butyldimethylsilylarabinoadenosin~ 102 

Tc a solution of 3-methylpyridina-N-oxide (212 mg, 1.95 lImol.) ln 

anhydrous THF (20 mL/mllol.) were luccess1vely added silver nitrate (280 

mg, 1.65 lImol.) and TBDMSCI (282 mg, 1.88 mIIol.). After 1 t hours, araA 

(200 mg, 0.75 lImol.) was added and the reactl.on stlrred for another 2 

hours at R.T. with reqular TLC monitoring (CHC13/EtOH (8:2»). The sllver 

chloride formed was removed by .filtratl.on and 5\ sodl.llm blcarbonate (20 

mL) was added to the filtrate. Following extraction lnto dlchloromethane 

and concentratlon, the oil obtAlned was purlfl.ed by column chromatography 

on ailica gel (2 cm diameter, 20 g). The CHC13/MaOH (9.7:0.3) elut1ng 

.ystem allowed separation of the product, a wtute powder, from 2',5'-

diTBDMSaraA. ' H NMR (200 MHz, dmso-d6): 7.40 (28, m, NH2); 6.39 (1H, ba, 

8-1'); 5.91 (1H, d, 08-2'). Anal. calculated for C22H4104N5S12 (+t EtOH): 

C, 53.30 (53.25); a, 8.34 (8.55)/ N, 14.13 (13.50). Found: C, 53.55; H, 

7.77, N, 13,16. 

5.2.5 5'-Oimethoxytrltyl-2·-~-ButyJdimethylsllylarabl.noadenoSlne 103 

TBDMSCI (336 mg, 2.23 mmol.) \<las added to anhydrous THF (20 mL/mmol. 

of nueleoside) eontalnlng pyrldl.ne (518 mg, 6.55 mIIol.) and sl.lver nl.trate 

(334 mg, 2.23 lImol.). After 15 minutes"f} 5'-DMTaraA 99 (746 mg, 1.31 mmol.) 

vaa added and the reaeUon was surred at R'iT. for 2 hours wi th monl tOrl.J;lg 

by TLC (CHC13/0JIlr (8:2)]. The mixture was then filtered into a 5\ sodium 

blcarbonate 80lution, extracted into diehloromethane and coneentrated 

under redueed presaure. The reaultinq oil was purified by column chro

Il& togr.phy on si lie. gel (3 cm diameter, 40 q)., 'nle CaC13/MeOH (9: 1 ) 
~ 

eluting .y.tu allowed aeparation of the de.ired product, a wh! te power, 

f 1 1 
rOll the 3'-homer. H NHR (400 MHz, acetone-d6): 3.68 (lH, dd, J. 7.30, 

9.19 Hz, H-5'), 3.44 (1H. dd, J - 9.8Et, 3.79 Hz, 8-S·). 
f 
1 

" 
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5.2.6 S' -Dimethoxytri ty1-3' -~-Butyldimethylsily1arabinoadeno8ine 104 

To a solution of 3-methylpyridlne-N-oxlde (408 mg, 3.72 mmol.) ln 

anhydrous THF (20 mL/mmol. of nucleoside) vere succes81vely added silver 

mtrate (525 mg, 3.07 1IUl\0l.) and TBDMSCl (494 ;lg, 3.26 lIIlIIol.). After 

ho ur at R.T., 5'-DMTaraA 99 (5),3 mg, 0.93 mmol.) vas added and the reae

hon stirred for another hour lTLC: CHC1 3/DMF (812)]. Following filtratlon 

and extractlon as previously described (5.2.5), the product vas ·purified 

by eolumn chromatography on slll.ca gel (3.5 cm diameter, 25 g) using 

CHCL)/MeOH (9.7rO.3) to yield a white powder. 'H NMR (400 MHz, acetone

d6): 3.90 (6H, 2s, OCH3)/ 3.58 (lH, m, H-S')/ 3.51 (1H, m, H-5"). 

5.2.7 Detrltylatl.on of 103 and 104 

Pure S'-DMT-2'-TBDMSaraA or 5'-DMT-3'-TBDMSaraA ()42 mg, 0.50 mmol.) 

vere dlSsolved Ln 80\ acetl.c Aeid (10 mL) and heated to SO-60'C in a vAter 

bath for 15 mlnutes. As the ml.xture vas brought to pH 7 by dropwise 

addl.tlon of a saturated sodl.un\ blcarbonate Solutlon, the respeetl.ve mono

sllylated d~~rlvatlves precl.pltated out. '!bese vere filtered, dried then 

va shed sevéral times vith dlethyl ether. 

2'-TBDMSaraA (106): 'H NMR (200 MHz, dmso-d6)1 6.42 (1H, d, J. 5.15 Hz, 

H-l'); 5.74 (lH, m, OH-3')/5.15 (lH, m, OH-S'). Anal. ealeulated for 

C'6H2704N5S1 (+1 H20): C, 50.37 (48.10); H, 7.13 (7.32)/ N, 18.36 (17.53). 

Found: C, 47.56/ H, 6.94/ N, 16.77. 

3'-T8DMSaraA (107): Anal. ealculated for C'6H2704NSSl (+1 EtÇ>H): C, 

50.37 (50.56)/ H, 7.1317.78)/ N, 18.38 (16.38). Found: C, 50.41/ H, 7.17/ 

NJ 15.80. 

5.2.8 2' ,3' -dl-.!-Butyldlmethylsi lylarabinoadenoSlne 108 

The product vas prepared bY Dr. Hose1n Hakimelahi 243. purification 

by column chromatography on silica gel (30 g/mmol. of nucleol1de) using 

CHCl3/MeOH (9.7:0.3) yielded a pure white power. lH NMR (200 MHz, dmso

d6): 6.42 (lH, d, J. 4.64 Hz, H-,'); 5.16 (lH, t, OH-S'). 

t 

) 
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5.3 'Ble AppllcaUOD of 29si _ to the a.aracteri .. UOll of Jlucl.eoeldes 
(Chapter 3) . 

5.3.1 N-Benzoyl-5'-Monomethoxytr1tyl-2'-Triiaopropylsilylguanos1ne 

~ a solut1on of N-Bz-5'-HMT-G (4.40 g, 6.67 mmol.) in anhydrous DMF 

(60 mL) were added imidazole (1.04 g, 15.28 mmo!.l and ttiisopropylS1lyl 

chloride (TiPSCI),(2.5 mL, 11.1 mmo!.). The reaction was stirred overnight 

at R.T. then monitond by TLC {CHCl 3/EtOH (9.5:0.5) and CHC13/Et20 (1:1». 

Due to the presence of unreacted starting material, im1dazole (0.21 g, 

2.78 IIIDIOl.) and T1PSCl (0.5 mL, 2.1 mmol.) were again added and the 

reaction allolo/ed to proceed for 10 hours at which Ume the DHF was co

evaporllted severa! times 1071 th ethanol. 'lbe res1due was d1sso1 ved 1n d1-

ohloromethane and washed wi th a 5' solution of sodium b1carbona te. The 

yellow foam obtlilned upon evaporat10n of d1chloromethane was pur1f1ed by 

column chromatography on silica gel (3 cm d1ameter, 130 g) uS1ng 

CHCl3/CH2C12/T}":!A (9: O. 5: 0.5). Res1dual tr1ethylam1ne from the collected 

fractions was immed1ately eliminated by co-evaporatlon w1th xylene 1n 

order to avo1d 18omerisation of the sUyl groups. 'lbe recovered Ylelts 

vere 47\ and 23\ tespectively of the 2' and 3' isomers as white powders. 

The 3'-trllsopropylsilyl nucleoslde (1.3 g) was easily lsomer1sed to 

a 111 mixture by a procedure descr1bed for the isomerisatl.on of 3' -TBDHS 

nucleosldes 245. The compound was dlssolved l.n an ammonlUDI hydro

xide/ethanol solution (2 g: 200 mL) and stirred overnight. The products 

wluch precl.pl.tated upon cooling, vere collected by flltratl.on. The recov-
, ~ 

ered yield w4s 91\ due to some debenzoylation. Selectl.ve crystallisatlon 

of the 2' lSOlIIer upon standing in the ammon1UIII hydroxide solution has been 

obaerved 297. 

N-Bz-5'-MMT-2'-TlPS-GI m.p. 123·C~ Rt (CHCl3:Et20 (1: 1) J • 0.62; UV 

(EtOH)IÀ-max - 233, 265, 294 M. l H NMR (200 MHz, CCCl3): 5.75 (lH, d, J ... 

7.82 Hz, H-l'lI 5.32 (18, dd, J. 7.47,5.22 Hz, 11-2'), 4.33 (lH, d, J-

5.31 Hz, H-3'),' 4.24 (18, m, H-4'), 3.64 (3H, 8, OCHj), 0.96-0.87 (21H, m, 
TiPS) • .. 

N-Bz-5'-HMT-3' -TiPS-GI 

(!t011> lÀ IlaX - 236, 268, 

6.7 Hz, H-1'), 4.92 

m.p. 131-133·C, Rf (CHC13/Et20 (b1») • 0.37, UV 

296 NI. l H NHR (200 B, COC13)r 5.70 ,(lH, d, J -

4 • 58 (1 H, dd, J • 2. 8, 5 • 5 Hz 1 H-3 ' ) 1 

\ 
\ 
( 

\ 
j 

\ 
) 
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4.15 (lH, m, H-4'); 3.65 (3H, S, OCH3); 0.99-0.88 (21H, m, TiPS). 

5.3.2 5'-Monomethox1trltyl-2'-TrllsopropylsllyladenoSlne 

Ta a solution of 5'-MMT-A (850 mg, 1.5B mmol.) ln anhydrous DMF (10 

mL) were added lmldazole (214 mg, 3.15 mmol.) and T1PSCl (60b mg, 3.15 
• mmol.). The reaetion was stirred 6 hours at R.T. and was treated as ln 

5.3.1. 'llle product was purlfled by column chromatography on slllCd gel 

(1.5 cm diameter, 15 g) using 13' Hexanes/ethyl acetate to yleld 62'\ and 

31' respectivelyof the 2' and 3' lsomers as whlte faams upon r-emoval of 

solvents under reduced pressure. 

5'-MMT-2'-TiPS-A: Rt (13'\ Hexanes/ethyl acetatel .. 0.57; UV (EtOH)' 

\max .. 232, 262 nm. ' H NMR (200 MHz, CDC13): 5.85 (lH, d, J. 6.3 Hz, H-

l'); 4.9B ('H, dd, J .. 6.2 Hz, 11-2'); 4.45 (lH, m, H-3'); 4.36 (lH, dd, J 

'" 1.2,4.5 Hz, H-4'); 3.74 (3H, s, OCH3);~.97-0.85 (21H, m, T1PS) 

5'-MM'l'-3'-TiPS-A: Rf (13'\ Hexanes!ethyl acetateJ .. 0.32; UV (EtOH)' 

"max'" 233, 260 nm. ' H NMR (200 MHz, CDC13): 5.93 (lH, d, J .. 6.5 Hz, H

l'); 4.79 (1H, dd, J .. 6.3 Hz, H-2'); 4.64 (lH, m,~-3'); 4.34 (lH, "j' H-

4'); 3.76 (3H, S, OCH3); 1.0'-0.88 (21H, m, T1PS). 

5.3.3 Preparatl.on of the GpC Olnucleotlde (110) 

All flasks were oven dried, flushed wlth nitrogen and equipped with 

septa prlor to use. All solutlon transfer-s were effected Vla syrlnge. Ta a 
1 

solution of 2,4,6-trimethylpyridine (0.17 mL, 1.24 mmol.) in anhydrous THF 

cooled to -7a'e (isopropanol/dry lce) was added trlchloroethylphosphodi

chlorldite (TCE-pel2) (3't'L, 0.17 lIUl1ol.). A. solution of N-Bz-5'-MMT-2'

'l'iPS-G (125 mg, 0.'5 mmol.) ln THF (1 mL + rlnse (2 x 0.3 mL» was added 

dro~se over a 5 minute periode After stirring 10 minutes, a solution ot 

N-ez-2',3'-dl.TBDMS-C (71.5 mg, 0.12 mmol.) in THF (1 mL + rinse (2 x 0.3 

mL) ) was added dropwise and the reaction was allowed ta warm qradually to 

R.T. <30-45 ml.nutes). A 0.1 M solutl.on of iodine (10.2 g/134 mL "20 /266 mL 

THF) was added dropwise with stirring until the b,rown colour remained 

permanently. The ml.xture was taken up in dichloromethane (10 mL) and 

wasned with a 5\ solution of sodium bisulti te until the mixture became 

colourles8. 'l'he aqueOU8 layer liaS extracted twice with dichlorolDethane (2 

," 
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x 4 ·.L) and the combined orgenic layera vere evaporated ta dryness. The 

product (109) vas purifled by chromatography on two 81lica gel plates 

using EtOH/CHCI3/Et20 (3126171) as the eluting mixture and vas isolated as 

a white powder in 65\ yield. m.p. 138-142 ·C, Rt (EtOH/CHCl3/Et20 

(3126:71») • 0.44, UV (Et08): ~max • 234, 262, 302 nm. '8 NMR (200 MHz, 

5.75,5.64 (28, 2m, 8-1'),5.39,5.24 (28, 2m, H-2'), 4.47,4.39, CDC1 3): 

4.25 (48, 

0.88 (39H, 

3m, 8-3', 8-4'), 3.90, 3.68 (48, 2m, 8-5'), 3.60 (38, s, OC83); 

m, TiPS, !-butyl), 0.03 (12H, m, CH3Si). 31p NHR (WH-90, 

CDC 13 ) 1 - 1 • 83, -1. 11 • 

The dlnucleotide (109) (500 mg, 0.32 mmol.) was detrltylated by 

dissolvlng in a cooled (O·C) 0.1 M solution of benzenesulfonlc aCld (BSA) 

ln acetonltrile (15 mL). The reactlon was monltored by TLC (EtOH/CHC1 3 
(1:9)J. The starting material disappeared after 40 mlnutes and at thlS 

tlme, the reaètlon was neutrallsed by additlOn of a saturated sodlum 

bicarbonate solution. The acetonitrile was removed under reduced pressure 

and the mlxture was taken up ln dlchloromethane (15 mL). Alter washlng 

with water (2 x 4 mL), the dichloromethane was evaporated and the mixture 

WAS purifled by chromatography on two sllica gel plates uBlng 5\ EtOH/ 

CH2C12. The product (110) WAS obtained in 90\ yleld as a whlte powder. 

159-163 ·c, R \ m.p. f (10\ EtOH/CHC13J • 0.56, UV (EtOH):~max • 262, 304 
"-

nDI. 'H NMR (200 MHz, CCCI3): 5.75 (2h, m, 8-1'), 5.27 (28, m, H-2'), 4.66, 

4.58 (4H, 2m, H-3', 8-4'), 4.35, 4.10 (4H, 2m, 8-5')/ 0.88 (39H, m, T1PS, 

!-butyl), 0.07 (128, m, CH3Si). 31 p NHR (W8-90, CCC13): -1.91, -1.11 • 
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5.4 In~.t1CJat1OD of 2,t-DinitrobenaeDeaulfenyl ... 5'-Bydrozyl Protec
tiDg Group for Olle vi th tbe PboIIpbodichloridi te Procedure 1 

(Chapter 4) 

5.4.1 ~ -Cyanoethylphosphodlchlorldlte 119 

The dichloridite was prepared according to ~rocedure. de8cribed ln 

the llterature 134, 140 with minor modifications. All the following manip

ulatlons were performed under a constant stre~ of argon. Phosphorous 

trlchlorlde (BDH) (43.6 mL, 0.5 mol.), pyridine (40.4 mL, 0.5 mol.) and 

anhydrous dlethyl ether (100 mL from a freshly opened bottle) were intro

duced lnto a three-necked flask equipped Wlth a mechanlcal stlrrer and 

were cooled to -7S'C ln a dry lce/acetone bath. A solution of 3-hydroxy

proplonltnle (Aldnch) (34.1 mk, 0.5 mol.) in dlethyl ether (50 mL) was 

added dropwlse over a 90 mlnute perlod. The reaction was allowed to reach 

R.T. and was stlrred another 3 hours at WhlCh t~me the solutlon was passed 

through a frltted glass using argon pressure and the collected pyridinium 

hydrochlonde was washed Wl th dlethyl ether (3 x 25 mL) ln the sarne 

manner. The solution was heated to 26-30'C and the ether was slowly evapo-
! 

rated under a gentle stream of argon (1t-2 hours). Pyridlnlurn hydrochlor-

lde was vlsible ln the yellow liquid thus obtained and was filtered into a 

drled flask equlpped with a magnetlc stlrrer uSlng the same precautions 

described above. A small quantlty of ceslum fluorlde was added to the 

llquld WhlCh was vacuum dlstllled Wlth heatlng not exceeding the 105-11S'C 

range. The product, a colourleas 1iqUld (b.p. 60-64'C, 0.007 KPa), was 

obtalned ln 48\ Yleld (28.5 mL, f - 1.39 134, 1.44 298). 1H NMR (60 MHz, 

CDC13): 4.35 (2H, dt, J - 7;S. 2,0 Hz, CH20P)/ 2.78 (2H, t, J - 7.S Hz, 
, l ' 

CH2CN). 31 P NMR (XL-200, CDCl3):, ,(1 79.60. Phys~cal propertles and NHR 

characteristics of thi~ compound and the following derivatives are col

lected ln Tables XXII~XX\II. 

-' 
5.4.2 Stability of the Dinitrob6nzenesulfenyl Group 

a) 2',3',5'-trl(~-Butyldimethylsllyl)urldlne 121 

The 2',3',51-tri(~-Butyldimethyl8ilyl)uridlne wae pr~pared in 8S\ 

yield by suspendlng urldine 120 (1 g, 4.1 .mol.) in DMF (20 mL/amol.) and 

adding iaidazole (2.23 9, 32.8 maol.) and ~-butyld1.ethyl.ilYluridin. 

\ 
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evaporated vith toluen 

Aft~r washing with a 5\ 

the organic 
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4 hours stirrinq at R.T., the DHF was co

the residue dissolved in d~chloromethane. 

bicarbonate solution and concentration of 

if~cation was effected by column chromato-

q~aphy on silica gel (20 q/g of product) uaing Hexanes to followed by 

HeOH/CH2C12 (0.519.5). 'H ~ (200 MHz, CDC131: 8.52 (lH, m, NH), 0.92, 

0.87, 0.86 (27H,. 38, .!-butyl), 0.10, 0.09, 0.05, 0.04 (18H, Ss, CH3S~). 

b) 2',3'-d~(~-Butyldimethyls~lyl)uridine 122 

A solution of trisilyluridine 121 (1.2 g, 2.19 1IIID01.) in nitromethane 

(20 mL) was treated ~th a solution of zinc bromide (13.1 mmol., 20 mL of 

(70 9 ZnBr2/5 ~L H20/ 500 mL CH3N02) for 24 hours at R.T •• At th~s tlme, 

TLC monltorlng (Et2o/Hexanes (4:1)J revealed a 40/60 m~xture of 

material and 2',3'-diTBDMSur1dine 122. The reaction was then 

start~ng 

heated to 

60'C for 6 hours but was stlll not complete and more Zlnc bromlde solutlon 

was added (5.3 mmol., 8 mL). Desp1te the continued presence of trlsllylu

ridlne, the reactlon was stopped 1 ho ur l-ater by addltlon of a 1 H ammo

nium acetate solution (100 mL) because of the increasing amount of base 

line material. The product was extracted lnto dlchloromethane (3 x 50 mL) 

which was washed with a saturated sodium chloride solutlon (50 mL) and 

concentrated under 
(~ 

reduced pressure. 

column chromatography on s11ica gel (2 _ r 

The 011 obta1ned was p'urlfled by 

cm dlameter, 20 g) to Yleld 87\ of 

Il Whl te powder. 'H NMR ('200 MHz, CDCl 3 ): 8.77 (lH, m, NH), 3.02 (lH, dd, J 

Ss, .!-butyl), 0.07-0.01 (1 2H, 4s, • 7.4, 3.0 Hz, OH-S'), 0.92-0.86 (18H, 

cl 5'-Dlnltrobenz~nesulfenyl-2' ,3'-dl(!-Butyldimethylsllyl)ur1dlne 123 

Tc Il solution of 2',3'-diTBOMSuridine (900 mg, 1.9 mmol.) in anhYdrous 

pyrldlne (10 mL) was added dln~trobenzenesulfenyl chloride (Sel mg, 2.50 

maol.) and the mixture waa atirred at R.T. with regular TLC monitoring 

(Et2o/Hexanes (411»)., After 5 hours, the starting material had disappeared 

and 2 faster Dloving compounds ""ere ~Sible, the reaction was stopped by 

additlon of water (10 mL) and the pyridlne was co-evaporated with toluene. 

~. reaidue vas dissolved in dichloromethane (20 aL) and vashed with a 5\ 

.olution of aodlUll bl.carbonate (10 aL) which va8 then extraeted twi.ce wi th 

dichlora.ethane. The organie portions were concentrated and pur~fied by 

\ 

\ 
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repeated column chromatography on sill.ca gel (3 cm diameter, 50 g) using 

firat Et2o/Hexanes (3:1) then EtOAc/Hexanes (1:3) to yield 51\ of 5'-DNBS-

2',3'-diTBDMSuridine 123. ' H NMR (200 MHz, CDC13): 9.39 (lH, m, NH); 9.13 

(18, d, J .. 2.3 Hz, H-3 DNBS); 8.51 (lH, dd J - 9.1, 2.3 Hz, H-5 DNBS); 

7.95 (18, d, J 9.0 Hz, H-6 DNBS); 0.92, 0.89 (18H, 2s, .!-buty 1) 1 0.15-

0.09 (12H, 46, CH 3Sl.). 

d) N-Dl.ni trobenzenesulfenyl-2' ,3' ,5' -trU.!- Butyldlme thylsl.ly 1) undl. ne 

N-DNBS-2',3',S'-trl.TBDMSurl.dine (124) ..... as obtal.ned ln 22\ yield by 

treatment of a solutl.on of 121 (200 mg, 0.36 mmol.) in dry pyndlne (30 

mL) with dinitrobenzenesulfenylchlorlde (DNBSCl) (200 mg, 0.86 mmol.) at 

O·C for 1 hour. The reaction was allowed to reaeh R.T., was stirred 

another 3 hours and poured over ice water (100 mL) ... The product dld not 

precl.pl. tate e leanly and was extraeted lnto dichloromethane (3 x 30 mL). 

'l1le comblned organl.c layers wer~ coneentrated and the pyrldine WèlS e liml

nated by co-evaporatlon wl.th toluene. 'l1le 01.1 thus obtalned was purlfled 

by short column chromatography on slll.ca gel (2 cm diameter, 10 g) wlth 

Et 20jHexanes (2l1) • .1 H NMR (200 MHz, CDC13): 9.14 (lH, d, J -2.2 Hz, H .... J 

DNBS); 8.33 (lH, dd, J .. 1.8,9.1 Hz, H-5 DNBS); 8.24 (lH, d, J • 8.25, H-

6) ; 7.1 1 (1 H, d, J 8.9 Hz, H-6 DNBS); 0.95, 0.88, 0.85 (27H, 3a, t-

butyl); 0.14, 0.13, 0.07, 0.05 (188, 4a, CH3Si). 

e) Stab1.li ty of the DNBS Group to Condensa tl. on Cond i tions 

Tc a stirring solution of 2,4,6-trimethylpyndine (0.3 mL, 2.81 mmol,) 

and~-eyanoethylphosphodichloridlte (46 l, 0.47 mmol.) in dry THF (1 mL) 

cooled to O·C, was added dropwise over a 15-;20 minute period, a solution 

of 5'-DNBS-2',3'-diTBDMSur1.d1.ne (229 mg, 0.34 mmol.) ln THF (2 mL). After 

another 20 minutes at O·C and 90 minutes at R.T., the starting material 

remained l.ntaet (TLC: Me?H/CH2C12 (3:7)J. The reaetion was stopped by 

addition of a sodium bicarbonate solution, evaporated and extracted illto 

dichloromethane. Followl.ng eolumn puriflcation On si ll.ca ge l wt.th EtOAc/ 

Hexanes (3:1), 86\ of the starting material ..... as recovered. 

f) Stability of the DNBS Group to the Oxidatl.on Conditions 

An l.odine solutl.on (1.5 mL, 0.33 mmol., 0.2 M in H2o/TSF (113» .... u 

added to 5'-DNBS-2',3'-diTBDMSuridine (10' mg, 0.15 11111101.) and 2,4,6-
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trimeth~lpyridine (0.13 mL, 1.20 aunol.) in THF (1 mL). After stirring 5 

minutes at R.T~, a 5\ sodium biaulfi te aqueous solution was added dropwise 

unti l the iodine colour no longer persisted. The mixture was extracted 

into dichloromethane and the starting material was recovered lntact • 

. -' 

5.4.3 2' -Oime thoxytr1 tyluridine 129 

a) 129 via 3', S' -di (..!-Butyldimethylsilyl) -2' -Dimethoxytn tylundlne 127 

The 3',S'-diTBOMSuridine 125 was prepared in 40\ yield according to a 

metnod developed by Ogllvie ~ ~.236 in wtu.eh 1,4-dliiZablcyclo(2.41.21-

octane (OABCO) (7.83 g, 69.8 mmo!.) and silver nitrate (4.35 g, ~5.6 

mmol.) were dissol ved in dry THF (20 mL/mmol.) for 10 mlnutes. ~-Buty~di
methylsilyl chloride (4.04 g, 26.8 mmo!.) was added and after stirrJ-ng 

another 10 ml.nutes, uridlne (2.84 g, 11.6 mmo!.) was introduced and the 

reaetion stirred overnlght at RoT •• Sl.lver chlonde was fl.ltered off and 

the product purifled by repeated column chromatography on sillca gel (20 
, 

g/g of produc t) using Et20/ Hexanes (1: 1). The product .... as isola ted as a 

white foam. ' H NMR (200 MHz, COC1 3 ): 8.96 (lH, S, NB), 2.90 (lH, m, OH-

2'),0.91 (18H, m, .!-butyl); 0.10 (12H, m, Sl.CH3)' 2',5'-diTBOMS-U (126) 

was isolated in 35\ yleld as a white foam. 18 NMR (200 MHz, COC1 3 ): 8.79 

(lH, ba, NH), 2.65 (lH, d, J - 5.6 Hz, OH-3'), 0.91 "8H, m, ~-butyl), 

0.09 (12H, m, SiCH 3 ). 

The disilyluridine (2.2 g, 4.65 mmol.) was di~solved in anhydrous 

pyridine (60 mL), dimethoxytrityl chlorfde (4.74 g, 13.96 mmol.) was, added 

and the reaction stirred ovettnight at 70·C. Al though starting materl.al was 

still apparent by TLC monitoring, isomerisation of 125 to the 2',5'

disilyl was also becoming important and the reactl.on WS 9topped by a?di

tion of ethanol. The pyridine was repeatedly co-evaporated with ethanol 

under reduced pressure. The 3',S'-diTBDHS-2'-OM'furl.dine 127 was purified 

by column chromatography on silica gel (5 cm dl.ameter, 130 g) Wlth Et201 

Hexanes (2:1) contain1ng traces of triethylamine and ws obtained in 40\ 

yield as a yellowis,h foam. 18 NHR (200 HHz, CDC13): 7.40,6.70 (14H, 2m, 

Ph, H-6""3.70, 3.67 (68, 2s, OCH l ); 0.96, 0.78 (18H, 2s, ..!-butyl); 0.00 

(128, m, SiCH3)' 

., 

" 
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.. 
The silyl groups vere removed by dissolving 127 (850 mg, 1.09 mmol.) 

ln dry TUF (4 mL) and addlng tetrabutylammonium fluoride (TBAT) (5.45 

mmo!., 10.5 mL, lM solution in THF, Aldrich). Alter stirring overnight at 

R.T., H20 ..,as added and the THF "'a8 removed under reduced pressure. The 

product was extracted into dichloromethane and washed with a 5\ solution 

of Sodlum blcarbonate before belng concentrated to an oil. This wa8 puri

hed by column chromatography on silica gel (2 cm diameter, 17 g) wi th 

dlstllled ethyl ace ta te contslnlng a few drops of triethylamine. 2'-DMT-U 

129 was obtal.ned ln 74\ yleld as a ..,hite foam. 'H NMR (300 MHz, CDCl3): 

7.31,0.76 (14H, lm, Ph, H-6); 3.74, 3.72 (6H, 2s, OCH3 ). 'H NHR (200 MHz, 

dmso-d6): 11.26 (lH, m, NH); 7.45, 6.75 (14H, 2m, Ph, H-6); 5.02 (lH, t, 

OH-S'); 4.96 (lH, d, cr - 4.9 Hz, OH-3'); 

b) 129 V1S 5'-!-Butyldimethylsilyl-2'-Dimethoxytritylurldine \32 

5' -TBDMSundlne 131 .was prepared in 83' yield by the method described 

by OC:JllVle ~ al. 122. Undine (5 q, 20.5 mmo!.) was flrst dissolved 1n dry 

DMF (40 mL); lmldazole (3.6 g, 53.3 mmol.) and ~-butyldlmethylsllyl chlor

lde (4.0 q, '26.7 mmol.) ..,ere added and the solution stirred 3 hours at 

R. T.. '!he consumptl.on of startlng material ..,as conflrmed by TLC (MeOH/ 

CH2C12 (0.5:9.5») and the reactlon ",as stopped by additlon of a 5\ sodium 

blcarbona te sol utlon (15 mL). Af ter co-evapou tion of DHF Wl. th ethanol, 

the resldue ",as dlssolved ln dichloromethane (50 mL) and washed with a 5\ 

Sodlum bicarbonate solutlon. The product ..,as purlfled to a ",hlte foam by 

column chromatography on silica gel (5 cm dlameter, 150 q) usinq EtOH/ 

CH2Cl2 (0.5:9.5). 'H NHR (200 MHz, CDC1 3 ): 2.94, 2.86 (2H, 2m, OH-2', OH-

3')i 0,90 (9H, s, ~-butyl); 0.09 (6H, s, SlCH3)' 

5'-TBDHS-U (4.1 g, 11.3 mmol.) was thoroughly drled under reduced 

~ pressure then dlssolved in dry pyrldlne (40 mL). Olmethoxytrityl chlorlde 

(5.74 9, 16.95 mmol.) WAS added and the Solutlon "'as stirred 14 hours at 

R.T.. The d~sappearance of starting material ",as monltored by TLC and, if 

necessary, dl.methoxytrityl ehloride (1.15 g, 3.40 mmol.) was agaln added 

and the reaetion allowed to proceed for 3 hours lIore. bca •• trityl chlo

nde ..,a8 destroyed by addl tl.on of ",ater (15 mL) and pyrid1ne '48 a11min

ated by co-evaporation vith toluene under recSuced pre •• ure. The relidua 

was taken up 1n dlchloromethane (40 mL), wa.hed wi th a S\ .odiUII bicarbo-
~ 
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n&U aolution (20 aL) to el1ainate any pyridinium hydrochloride, and 

concentrated to an oil. This w&& purified by column chromatoqraphy on 

aUie& gel (6 cm diameter, 180 g) using Et20/C8~l2 (1:3) te yield 76\ of 

5'-TBDMS-2'-DMTUridine 132 as a white foam. '8 NMR (200 MHz, CCC1 3 ): 7.28, 

6.84 (13H, 

8, SiCH3). 

m, Ph), 3.79 (6H, 2s, OCH3) , 0.91 (9H, s, .!-butyl) 1 0.11 (6H, 

5'-TBDMS-3'-DMT-U 133 was obtalned ln 22\ yield. 'H NHR (200 

CCC13): 7.28,6.85 (13H, 2m, Ph), 3.80 (68,2&, OCH)" 0.78 (9H, ~, MHz, 

.!-butyl) 1 0.00, -0.05 (6H, 2s, SiCH3). 

2'-DMT-U was obtained in 88\ yield by treating a solution of 5'-TBDMS-

2'DMT-U 132 (1 eq.) in dry THF (4 mL/mmol.) with TBAF (1.5 eq., M ln 

THF) at R.T. for 2 hours. The reactl0n was monitered by TLC (EtOAc], work

up and purification were etfeeted as in 5.4.1a (20 9 of sitiea gel/g of 

product). 

cl 129 via 3',S'-tetralsopropyldls110xyl-2'-dlmethoxytrltylurldlne 136 

Uridine (244 mg, , \lUl\ol.) wa& dissolved in anhydrous pynd1ne (20 mL) 

under ni trogen atmosphere. 'lbe flask Was il tted wi th a septum and 1 , 3-

dichloro-l,1, 3,3-tetraisopropyldisiloxane (TiPDSCl2) (0.35 g, 1.1 mmol.) 

W&8 added via syringe. 'lbe reactlon was stlrred at R.T. and monitored by 

TLC [MeOH/CH2C12 (3:7)]. After one hour, water (5 mL) was added and the 

pyrid1ne was co-evaporated with toluene under reduced pressure. Attempts 

te erY8tallise the resulting oil were not suceessful and the produet was 

purlfled by Golumn chromatography on slllca gel (2 cm dlameter, 10 g) 

u8ing Et20/CH2C12 (1:2) to yield 70\ of 3'S'-TiPDSurldine (134) as a whlte 

Bolid. 'H NMR (200 MHz, ~DC13): 1.05 (28H, T1PDS). The 2',)'-TiP~Sur1dlne 

derivative 135 was isolated in 8\ yield. ' H NMR (200 MHz, CCCl3): 1.0) 

(28H, m, TiPDS). 

To a suspenslon of 3',S'-TiPDSurldlne 134 (200 mg, 0.41 mmol.) ln dry 

THF (20 mL) were added p~dine (0.22 mL, 2.65 mmol.), silver nitrate (91 

mg, 0.53 mmol.) and dimethoxytrltyl chloride (180 mg, 0.53 mmol,). The 

re.ction wae he.ted at 60·C overnight and monitored by·TLC [Et20/CH2C12 

(1,3)]. If starting material was still apparent, additional s~lver nl-

trate -(0.21 .mol.), pyridine (1.03 mmol.) and d1.ethoxytr~tyl chloride 

(O.:Zl 

'l'tle 

.. 01.) vere introduced and the reacUon heated for .mother ) hours. 
~ 

aixture va. t:tltered te elillinate the .Hvar chloride foraed and' 
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evaporated under reduced pres.~re. The reeldue was taken up ln dichloro

methane, washed Wl.th a S, Sodl.UDI tl.Carbonate solution and concentrated to 

an oil which was purified by COlrn chromatoqraphy on eilica gel (2 cm 

dl.ameter, 15 g~ using Et 20/CH2Cl (1:3) to yield 97' of 3',5'-TiPDS-2'

DMTund1.ne (136). ' H NMR (200 MHz~ CDCl3): 7.78 (lH, m, NB), 7.47, 6.72 

(13H, 2m, Ph); 3.75 (6H, 2s, OCH 3 )1,.07 (28H, m, TiPDS). 

The preceding compound (136) (l eq.) was di.eolved in anhyc1rous THF (4 

mL/mmol.) and trea ted Wl. th TBAF (4 eq., M in THF) at room temperature 

for 2 hours. The reaction was monitored by TLC [EtOAc) then worked up and 

purlfled as ln 5.4.1b to yl.eld 98' of 2'-DMTUr1.d1.ne 129. 

5.4.4 5'-Dinitrobenzenesulfenyl-2'-Dimethoxytrltylurl.dl.ne 137 

2'-DMTurldl.ne 129 (3.35 g, 6.1 almol.) was dissolved ln dry pyrl.dlne 

(20 mL) under argon atmosphere in a flask equipped W1. th a septum. Thé 

solutlon vas cooled to O'C and a solution of d1.nltrobenzenesulfenyl chlo

rl.de (2.16 g, 9.2 mmol.) in dry pyndine (15 mL) was added dropwise via 

synnge over a 20 ml.nute perlod. The reactl.on was st1.rred 1 hour at O'C 

then 14 hours a R.T.. Monitoring by TLC [Et20/CH2C12 (1: 1) J revealed the 

presence of startl.ng material and des~red product as well as a amall 

quantit1.es of faster moving sulfenylated material. The mixture was poured 

1.nto l.ce water (400 mL) wh1.ch was allowed to stand unt1.1 completely melt

ed. The product was collected by filtration, washed abundantly with water 

and dned thoroughly. The sol1.d (5.32 g) was talten up 1.n dl.chloromethane 

(20 mL) and fl.ltered to ell.minate the dl.sulfl.de formed. The oil obt&ined 

upon evaporat1.on was pur1.f1.ed by repeated column chromatography on sl.ll.ca 

gel (5 cm diameter, 130 g) using Et20/CH2C12 (1:3). The fast moving sulfe

nylated matenal (459 mg), a m1.xture of dl.sulfenylated producta, accounted 

for 8\ of recovered yield whereas the 3'-sulfenylated isolIIer 138 (816 mg) 

vas obta1.ned 1.n 18\ y1.eld. When the reactl.on was perforllled on 2'-DMT-U 

conta1.n1.ng traces of 3' -DMT-U, the 5' -DNBS-3' DMT derivative wae a180 

formed but this could not be separated from 138. The de.trad S'-DNBS-2'

DMTurid1.ne (137) was isolated 1.n 47\ yield (2.139). 'H NMR (200 MHz, 

CCCl l ): 9.53 (lS,m, NU), 9.10 (lH, d, J • 2.3 Hz, 8-3 DNBS), 8.48 (lH, dd, 

J - 9.1, 2.3 Hz, H-5 DNBS) , 7.72 (lH, d, J • 9.1 Hz, 8-6 DNBS), 7.30, 6:1T' 

(13U, 2111, Ph), 3.48, 3.45 (6U, 28, OCH3 ); 2.48 (lH,., OH-3'). 

r " 
'-.,) 
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l'-DHBS-2'DMT-U 1381 1,1f NMR (200 MHz, 9.27 (1 H, 
4.~-.~ 

m , NH); 9. 08 
, 

( 1 H, d, J. 2.0 Hz, B-3 DNBS), 8.45 (lH, dd, J. 9.1, 2.0 Hz, H-S DNBS), 

7.72 (lB, cS, J. 9.1 Hz,' H-6 DNBS); 3.78 (8B, Ill, 8-5', OCHl)' 3.07 (18, 

dd, J • 4. 7 Hz, H-' 3' ) .-

S'-DNBS-l'-DMT-U 139: '8 NMR (200 MHz, CDC1 3 ): 9.05 <'8, d, J. 2.2 Hz, 

B-l DNSS), 8.62 (lH, m, NH), 8.22 (1H, dd, J. 9.1, 2.4 Hz, H-S ONSS) , 

7.96 (lH, d, J - 9.1 Hz, 8-6 DNBS), 7.25,6.79 (14H, 211,8-6, Ph), 3.75 

(88, m, H-5', OCH3) , 3.00 (1H, m, 08-2'). 

5.4.5 Removal of the D1.n1 trobenzenesu1fenyl Group 

a) A treahly pre~red solution ol triethy1&111J11onium th1.ocreso1ate (360 mg 

thl~resol/o.42 mL TEA/4.6 mL THF) lias added to 5'-ONBS-2'-DMTundlne 137 

(501119, 0.07 DIDIol.) in dry THF (1.5 mL) cauS1.ng the solutl.on to turn brovn 

inatan"tly. The reaction lias stirrad at R.T. and mon 1. tored a t 5 ml.nute 
o 

interva1s (TLC: Et20/CH2C12 (1: 1 ) J until on1y 2' -DMTuridine ..,as present • 

. After 20 minutes, ethano1 ..,as added and the solvents vere evaporated under 

reduced pre.su!,"e ..,ithout a11ow1ng the temperature to rise above 3S·C. When 

the thiocresol odour persisted, toluene vas added and evaporated as above 

the product (129) was purified on a silica gel plate using ethyl Acetate 

containl.ng traces of triethylaml.ne and recovered ln 60" yield. 

b) The react10n ..,as repeated as described Aboye us1ng a solut1.on of 

thiocreaol (0.4 mL, 0.20 mmol., 0.5 M 1.n dry THF). TLC monl.torl.ng revealed 

connderable detn.tylation of the product after 20 minutes. 

5.4.& St~)l.l1 ty of the~ -Cyanoethyl Group to the 'colVii tions for removal 
of' the DNBS group 

'1'0 a solution of the 3 1 -b1.s(cyanoethyl)phosphotrl.ester of N-benzoyl-

51 -IIIollOilethoxytri tyl-21-~-buty1dimethylsilYladenosine 140 (47 mg, 0.05 

_01.) in dry ~ (0.5 mL) vas added a solut1.on of thiocresol (0.15 DIDIOl., 

0.3 aL, .olutifn 5.4.6b)Ç The mixture was stirred at R.T. and monitored by 

TLC lMeOH/CH2F1 2 (317) ) • 'lbe compound Ii&8 stable for 30 minutes (Rf • 

0.49). 

0.14) 

1 

After 4S .1nute... a Ilover aoving tri tylated .pot appeared (Rf • 

and beCPHt the -.oat laportant cOliponent vhen the reactioD wa~ 1eft 
, -

overnight. 
\ ~ 

.' 
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5.4.7 Condensation Procedure 

. 
All glassware us~d was oven dried, flushed wlth ~rgon and eqUl.pped 

with a septum. All transfers _re effected via syringe. To a cooled sol.u

Uon (O·C) of 2,4,6-trimethylpyridl.ne (0.92 !hL, 6.93; auno!.) ln dry THF was 

ad~ed ~-cyanoethylpho!!phodlChloridite 1,14)~L, '.16, aunc!.). A solutlon of 

5'-DNBS-2'-DHTurl.dine 137 (781 mg, 1.05 mmol.) in THF (4 mL +. rl'nse (2 x 

0.5 mL» was added dropwise over a 20 minute periode The reactlon was 

stirred another 20 mlnutes at O·C and a solution of 2'-DMTurldlne 129 (460 

mg, 0.84 ~mo!.) ln THF (2 mL + rinse (2 x 0.5 mL» was added dropwlse over 

15 minutes. The reactl.on was a llowed to reach R.T. and stirred, for 11 

hours. A 0.1 M solutl.on of lod1ne .... (10.2 9/'34 mL H20/266 mL THF) was add-tld 

dropwise with vigorous stlrring until the brown colour perslsted and the 

reaction was stirred , mlnute more. The mixture was then transferred (Wlth 

chloroform rl.nSlng) lnto a 250 mL separa tory funnel contalnlng chloroform 

(60 mL), H2 Q (20 mL) and a 5\ sodium bl.SUifite solutlon ( 3 mL) and shaken 

unti l disappearance of the lodl.ne co lour (1 - 2 ml.nutes). After repea ted 

chloroform extractions (3 x 40 mL), washlng of the combl.ned extracts wi th ,. , 
a 5' sodium bicarbonate'solutlon (40 mL) and solvent evaporati?n, a' yellow 

foam \lias obtalned. This was purlfied by column chromatography on sill.ca 

gel (2 cm column, 50 g) wl.th CHÇl3/EtOAc (1:9) contalnlng traces of trl.

ethylamine and the collected fracùons were precipltated from distilled 

hexanes to eliml.nate resl.dual 2,4,6-collldine. 'lbe 2 dl.astereomers of the 

destred 3',5'-dimer 141 \IIere obtal.ned as a yello\lllsh powder in 50\ y1eld. 
1 -" H NMR (200 MHz, CDC1 3 ): 9.58, 9.45 (2m, NH); 9.08 (d, J • 2.2 HZ, H-3 

DNBS) 1 8.46 (m, H-5 DNBS); 8.39 (dd, J :a 2.2, 9.0 Hz, H-5 CNBS) J 7.66 (d, 

J - 9.2 Hz, H-6 D~BS); 7.41 (m, H-6 DNBS)J 7.27,6.70 (2m, Ph, H-6, H-6), 

4.57 (m, H-2', CH20Pl; 3.73, 3.7'2 (2m, 06H3' H-3'1I 2.66 (m, H-3',CH2CN). 

31 p NMR (XL-200,"CDCl 3 ): -2.37; -2.71. 

The 3',3'-dl.mer 142 \liaS 1so1ated in 8\ yie'ld. 'H NMR (200 MHz, CDCl3): 

9.54 (lH, m, NB); 9.39 (lH, m, NH); 9.04 (lH, d, J • 1.6 HZ, H-) DNBS); 

8.98 (1 H, d, J - 2.2 Hz, H-3 DNBS), 8.26 (1 H, dd, J - 2.0, 9.9 Hz, H-S 

ONBS); 8.09 (lH, dd, J. 1.7, 9.0 Hz, 6-5 DNBS), 7.54 (16, Q, J. 9.7 Hz, 

8-6 DNB~lJ 7.22, 6.76 (28H, 2111, Ph, H-6 DNBS, 6-6), 4.30 (2H, ., CH 20P); 

3.76, 3.74,' 3.70 (128, 38, OCH3" 2.50 (2B, t. CH2CN). )l p NMR <XL-20Q, 

" 

... 
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5.4.8 Deprotect.l.on of D1.nucleotide 141 

a) Removal of the Dinl trobe'lzenesulfenyl Group 

All glasswate was oyen drled, flushed Wl.th argon and equlpped .... lth a 

septum. To a solution of the dlnucleot1de (185 mg, 0,13 mmol,) 1n anhy-
• 

drous THF (2 mL) ",as added, Vla syrlnge, a solutlon of thlocresol ln 

tr1.ethylamine/THF (0.39 mmol" 0.78 mL, solutl.on 5.4.6b). The mlxture 

turned to a brown colour immedlately and ..,as stlrred at R.T ..... lth constant 

TLC monitoring [EtOH/CH2C12/EtOAC (3:10:87)]. The reaction .... as complete 

after 25 minutes and some detritylation was apparent. After work-up as in 

5.4.6a, the product ",as pur1.fied by column chromatography on 8l1ica gel (3 
, 

cm dl.ameter, 15 g) US1ng CH 2C1 2/EtOAc (1:9) containl.ng traces of trlethyl-

amlne to y1eld 45"_of dinucleotlde 143. l H NMR (200 MHz, CDCl3): 7.31, 

6.74 (28H, 2m, Ph, H-6, H-6); 4.43 (2H, m, CH 20P); 3.71 (12H, m, OCH3); 

2.70 (2H, m, CH2CN). 

b) Removal of the ~-Cyanoethyl and Dlmethoxytri tyl Groups 

Dinucleotide '43 (35 mg, 0.03 mmol.) ..,as treated .... ith 40\ triethyl

amine in acetonltrlle (3 mL). The reaction turned purple instantly and was 

stirred overnight at RoT.. The sol vents '",ere removed under reduced pres

sut'e and residual triethylaQllne ",as ell.minated by co-evaporation ~ith 

toluene. A TLC [EtOAc] taken at this p01.~ showed only tritylated base 
'\ 

line material as expected for complete removal of the~-cyanoethyl group. 

From thl.s point l.n the procedure, ster~le handllng t_echniques were 

used for all manlpulations: glass",are and Pasteur plpettes were sllan18ed 

by treatment "'ith Sl.g1Ilacote (Sigma) and autoolaved. Teflon test tubttS were 

also autoclaved. Gl_oves were worn at all umes. 

_The crude phosphodl.ester dl.nucleotlde ..,as dissolvad, in ethanol and 

transferred l.nto a smill1 tef lon test tube. The 801 vent ",as removed under , 
- t"educed pressure wi th mild heating in a speed-vac. 80\ ketic acid (0.75 

mL, 10 mmol.) 'W4S added to the solutlon ",hich turned orange instantpy ._ 

After stirrl.ng at R.T. for 1! hours, the mi'Kture ..,as cooled, neutralised 

to pH 6 by dropwise addi ti on of alIIIIloni um hydroxide, frozen in dry ice and 

evaporated overnight in a speed-vac. The material obtained revealed one 
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.' 

.pot only b~ TLC on cellulo.e and vas esUmated at 290 0.0. units by UV 

absorption at 260 nIII. 'lbe ca.bined yield for the re.oval of the -cyano

ethyl and di.ethoxytz:f tyl groupa VIlS 54\ (0.016 "01. ) • A few drops of 

autoclaved 820 were added and the residue vas purified on a cellulose 

coatecf plate u.ing iaOPrOH/NH.t0H/H20 (63110127). The cellulose band was 

.craped off> and suspended ln' 5 mL ,of autoclaved 820 in a teflon tube. The 

mixture vas stirred on an automatic vortex then centrituqed and the super

natant was qent1y collected. 'lbe elutton stepa vere repeated 4 tlmes and 

the combined Bupernatanta were concentrate<! in a .peed-vac. The completely 

deprotected d1nucleotlde '" vas obtained ln 23\ y,ield ('22 O. D. unl. ts) 

follovinq the purification (42' yield of recovery irom cellulose plate) • ... 
c) Confl.rmation of Structure by Enzyme Degradation 

To a .olution of the deprotected dinucleotide 144 (0.2 0.0. units) in 

0.5 M ammonium Acetate buffer (75 l, adJusted to pH 6.5 vith acetlc aCl.d) 

was addecl a lolution Qf apleen phosphodiesterase (' ° l, 2 mq/mL in ammo

niUll\ sulfate buffer, I:ioehrinqer Mannhel.m). After 30 m1~utes l.ncubatlon at 

J7·C, the composition vas determined by isocratic elutl.on HPLC ana1ysis 

vith " NH40Ac/820 , pH 5.9) 294. Urid1.ne and the 3'-undlne phosph&te 

mono8lter were observed in a 1: 1 ratio. 

5.4.9 Reactlons of Zlnc Broml.de Wl th Olmethoxytrl ty1a ted Un.d1ne 

al Preparation of 2',5'-Oi(Dimethoxytritylluridine 145 

·2', 5 '-diDHTUrid~ne was prepared by a procedure developed l.n our 1abO

ratory 236 with minor modificatl.ons: urldine (2 q, 8.19 mmo!.-) was fl.rst 

au_pended in THF (14 mL/mmol.) J pyndl.ne (6.6 mL. 81.9 rmnol.). Sl.1 ver 

ni trat-e (2.78 9. 16.38 DUlIol.) and d'imethoxytntyl chlorl.de (5.55 g, 16.38 

lIIll\ol. ) "" wece then added. 
. . ,.. ...... 

After overnl.qht stlrrl.ng, the react1.on was f1.1-

tered into a )\ aodiUll\ bicarbonate solution, extracted into dichlorometh

ane and conèentrated to a.n=ol1 wtu.ch was purified by repeated short column 

chrOllatoqraphy on .Uiea gel (!O 9/9 of materul) usinq Et20/CH2C12 (1: 2) 

containing a few drops of triethylamine-. 'lbe 2',5' and 3',S',-isomers were 
~,I 0 

i.olated in yield. of 50 and 24\ re.p.ctively (reported yields: 80\ and 

'5',. 2',5'-diDM'l'Undlne '45: 'H NMR (200 MHz, cPC1 3); 9.99 (lH, S, NH), 

7.47, 6.67 (26H, 2m,·Ph)J 3.78, 3.77, 3.76, 3 .. 73 (12H, 4s, OCH3)' ra NMR 

1 • 
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(200 MHz, dmao-d6): 11.22 (lH, m, NH); 7.36,6.72 (27H, 2m, Ph, H-6); 6.08 

(lH, d, J. 7.1 Hz, H-l'); 5.14 (lH, d, J. 8.2 Hz, H-Sb 4.77 (lH, d, J. , 
5.4 Hz, OH-3'); 4.25 (lH, m, H-2'); 3.87 (lH, ba, H-4')/ 3.71 (7H, ba, 

OCH3 , H-3'); 2.95 (2H, bs, H-5'). 3',5'-dl.DMT-U 146: m.p. 136-137'C, Rf 

[Et20/IH2C12 (1: 1») • 0.47/ UV (EtOH): À. max - 265, 233 nID. 1 H NMR (200 

KHz, CDC1 3 ): 8.77 (lH, lU, NB); 7.22,6.75 (26H, 2m, PhIl 3.78, 3.76, 3.75 

(12B, 38, OCHj)' 'H NMR (200 MHz, dmso-d6): 11.4 (lH; m, NH); 8.57,7.22 

{27H, 2m, Ph, 8-6)/6.02 (lH, d, J. 7.0 Hz, H-l')/ 5.89 (lH, d, J. 6.5 

Hz, OH-2'); 5.,41 (lH, d, J. 8.0 Hz, H-5); 4.05 (lH, m, H-2'); 3.98 (lH, 

.m, 8-4')/3.68,3.67 (6H, 2s, OCH 3)/ 3.09 (lH, m, H-3')/ 2.78 (lH, d, J. 

9.6 Hz, 8-5'); 2.55 (lH, d, J - 9.2 Hz, H-5'). 

b) Treatment of 2',5'-Dl.{Dimethoxytn.;yl)urldine with Zinc Bromlde 

2' ,5'-diDM'l'uridine 145 (3 g, 3.53 mmol.) .... as dissolved in "nhydrous 

nitromethane under argon atm~8phere. The stl.rred solution was cooled ta o-
5· C and trea ted wi th zinc broml.de (17. 7 mmol., 177 mL of " O. 1 M sol u tion 

ln dry CH3N02)' 'lbe solutlon became orange inatantly and monl. tOrl.ng .... 48 

effected at S minute intervals by TLC [EtOAc). No traces of starting , 
materlal were present after 30 ml.nutes and the reaetlon was quenehed by 

addi tion of ammonium aeetate (1 M solution in H20) until diBappearance of 

the orange colour. The solutl.on was extracted ln to dl.chlorome thane and 

concentrated ta· an ail which .... 4S purified by column chroma togr«phy on .. 
sil1ca gel (20 g/g of produet) 110'1 th dl.stllled ethyl Acetate containing cl 

fe .... drops of triethylamine. 5'-DMTUridine 147 .... as obtained 4S a white toam 

in 91'11 yield. 'H NMR (200 MHz, dmso-d6): 11.37 (lH, m, NH); 7.39,6.87 

(13H, 2m, Ph); 5.50,5.16 (2H, 2d, J. 4.8,5.6 Hz, OH-2', OH-3')/ 3.73 

(68, s, OCH 3). 

c) Treatment of S'-Dimethoxytrl.tylundine 14! with ZiT\c-8r:emide 

Wi th the same preea u tions as iJl 5. 4. 9b, . the 5' -DMTUridine ( 200 mg, 

0.37 mmol.) was dissolved in dry nitr~eth4ne (15 mL) and treated w1th 

zinc bromide (4.44 Mmol., 44.4 mL, 0.1 M ~n dry CH3N02) at O-S·C. Monitor

ing by nc (EtOAc and MeOH/CH2C12 (3: 7) J showed the disappearance ot 

starting material atter 10 minutes and the presence ot 4 slo ..... r Dlovinq 

compound. After quenching with ammonium ace ta te , the solution ..,a. directly 

concentrated under reduced presaure. The re.idue wa. diuolved in wat.er 
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a~hed with diethyl ethar to ali.inate the tritanol. Pollowing evapo

ration, the product vas idantiUed as urid1:ne by ultraviolet absorption. 

UV (EtOH). ~max • 260 na, À_in • 232 nIIl. 

e!) Reacti,on ot 3'.5' -Di ~thOXytri tyl) thymidine 148 wi th Zinc Bromide 

A solution of 3',S'-diDMTthyaidine (200 ag, 0.24 .. 01.) in dry nitro

lIIethane (10 mL) was treated lfith zinc bromide (2.4 II1II01., 24111L, 1 M l..n 

dry CH3N02) at O-S·C ane! aonitored by TLC [MeOB/CH2Cl2 (317»). After 20 

minutes, work-up vas effected,as in S.4.9a. Purification of the residue by 

column chrOlllatoqraphy on *ilica gel (2 cm diameter, 10 g) with MeOH/CH2C12 

(3.7) yielded 90\ of 3'-DMTthymidine 149. 3',S'-diDMT-T 148: 'H' NMR 

(200MHz, daso-d6)1 11.32 (lH, Ill, NB), 7.33, 6.76 (27H, 211, Ph, H-6), 3.71, 

3.70, 3.69 (12H, 3s, OCH3 ) , 1.36 (3H, s, CH3)' 3'-DMT-T XX: 'Rf [MeOHI 

ÇH2C1 2 (317») • 0.15. 'H NMR (20P MHz, dmso-(6): 11.28 (lH, m, NH), 7.61, 

6.87 
./" 

S' ~, 
3.31 

<'4H, 211, Ph, 8-6), 6.21 (1H, t, J - 2.05 Hz, H-l'), 4.96 (1H, m, OH-

4.26 (1H, m, H-3'), 3.78 (lB, m, H-4'), 3.71 (6H, s, OCH3); 3.36, 

(2H, 211, H-S'), 1.70 (4H, 111,8-2', CH3), 1.52 (lH,~m,- H-2'). 

e) ~action of 2',3',S'-Tri(Dimethoxytrityl)uridlne vith Zinc Bromlde 

The product (1SO) vas prepared in 87\ yield by sUBpendl..ng urldine (400 

1.6 "01.) in anhydrous THF (40 mL) and successively addinq dry pyri
.!(-

1119, 

tine (4 'mL, 48.0 II1II01.), sUver nitrate (1.67 g, 9.6 auno!.) and dl-'"' 

•• thoxytrityl chloride (3.33 g, 9.6 lImol.). The reaction was heated for 6 

hours at 60·C after which time it vas cooled and the sllver chloride 

tiltered otf and vaahed with dichloromethane. A 5\ solution of sodium 

bicarbonate (20 mL) vas added to the flltrate and the product was extrac

ted into dichloromethane (3 x 20IllL). The organic fractions vere combined 

and concentrated under red~ced pressure and the pyridlne was elimlnated by 
7-

co-evaporatiQdJ ~,th toluene. The oil thU8 obtained was purified by column 

chro.atographYon siliea gel (3 cm d1ameter, 40 g) vith Et20/CH2C12 (1:4) 

contain1ng a tew dropa ot triethylaaine to yield the tridi.ethOX~itY1U

ridine aa a yellow.~o ... 'H NMR (200 MHZ, CCCl3): 7.59 (1H, d, J. 8.3 Hz, 

H-6>1 7.49,"(6.52 (398, 2111, Ph, B-l' h 3.78-3.62 (18B, 58, OCB3" 

2',3',5'-Tri(Dimethoxytrityl)uridine (758 ag, 0.66 maol.) wa. dis-
1 

101 ved in anhydroul ni trOll.thee (30 aL) and tre. tee! vi th zinc brOlllide 

(19.8 "01., 198 mL, 1 M in dry CH3No2) at 40·C. After 2 hours, a consid-

1 -



0' 

, ' 

o 

, , 

Bxperi.ental Section -182- --

r=--
erable .. ount of ltarting material va •• till apparent"by Tl": [Èt20/CHiC12 
(1:1») and aore zinç broaide vas added (6.6 mmol.). Thil reagent (6.6 

DUIIO~.) vas added once .ore 1 t houri later as .tarting aaterial Will ltill 

present. '11le rêacUon vas complete after a total of 4 houri ahowing a 

single product by TLC. Activated 1i11ca gel (3 9) wal added and the 

mixture 8tirred for 10 minutes at R.T.. Alter pouring into aqueoui ammo

nium acetate (60 mL of a 1 M solution), the'product va. extract:ed lnto 

d1chloromethane (3 x 40 aL). The combined organic layerl vere concentrated 

to an oil which was spotted on TLC to reveal ltarting aate~1al al well ,a. 

a ~ower m1grating product. These vere purified by column chromatoqraphy v 

on ai11ca gel (2 cm diameter, 25 9) vith' Et20/CH2C12 (114) containinq a ~ 
few drops of tr1ethylamine to yield 62\ of 2',3',5'-triDMTuridine and 19' 

of 2',3'-diDMTundine 151. 18 NMR (200"MHZ, CDCI3): 7.43 (lH, m, NH), 

7.20,6.68 (268, 2m, Ph), 3.75, 3.74, 3.71 (12H, 3a, OCH 3). 
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Appendix -18J-

1- Par_tera for ne 01lPl' ... vith AOB'P'l' Jlditinq 

The distortionless enhancement by polarisation trans~er (DEPT) e~per

iment was introduced by DoddreU et al. 299 , 300. This multipulse sequence 

allowa signal enhaneement by transferring nuclear spin polarisation fr~ 

the nucleus with a large Boltzman population difference, usually hydroqen, 

to the species under investigation, in this case carbon~ Al though the 

signal enhancement obtained by this pulse sequence 1s dependant on the 

choiee of the C-H coupling eonstaI:lt (Jc,lI)' the choice ia less critical in 

the DEPT experiment than in the INBPT (described in section II). '!his 

polarisation transfer method CM ,also be used for the assignment of reson

ance signals 301 The CHJ, CH2 and CH possess different magnetisation 

phase proparties. It is thus possible ta generate subsp8ctra differentiat

ing these signals. ADEPT edi ting produces four subspectra in wh~eh the 
\ 

carbon signals are sorted aecordinq to their multiplicities. There are no 

protons from which polarisAti-on can be transferred ta quatenary carbons 

and these do not produce signals by the DEPT technique. 

The DEPT pplse sequence used is shown in scheme XLIV. The final 

proton pulse [H,6'Yl reorients proton magnet1sation so that aU CH signals 

are positive (6- 45·) 1 only Q4....es!gnals appear ( 6'- 90·) 1 CH2 peaks are 

nega ti va and CH3 peaks posi ti ve (6' - 1 35 • ) • 

90·x 180·x 6y 

_______ 0_1 __ ~r-l ____ O_2 __ ~r___l 02 n 02 Decoupler on 
----+--1 --

90·x 180·x 

13c ---------_______ ~fl~~ ~----------~~----
'1'ha Dl vas set at 2.0 s throughout our experiments and the C-H 

coupling constant (J) vas sat at 140 Hz (02 • 3.6 X 10-2 s). 
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App.endix -184-

The Insens1 tive Nuclei Enhaneement by Polarisation Transfer (INEPT) 

sequence as or1ginally described by Morris and Freeman 257 comprises an 

equilibration period followed by polarisation transfer. The adding of oS 

refocusihg period preeeding t,acquisi tion allows for decoupled signais. The 

sequene~ was further improved by an additional refocusing proton pulse 

introduced by Thomas!! a1. 302 , to reduce or eliminate distorUons inher

ent to the original pulse sequence. The sequence used in our experiments 

is sehematised in diagram XLV. The equilibrat10n period is determined by 

the delay tJ.me Dl' The polarisation transfer is effected by a 90' (H,x] 

pulse and, after a free precessinq delay 03' simultaneous 90' (H,y] and 

90' (Si,x] pulses reorient proton and silicon maCJnetisations. At the half 

point of thié"-delay, refoeus'lng pulses lBO'(H,X] and 180'(Si,x] are ap

plied. The refocusing period ia characterised by the O2 delay wi th another 

serie~f_refocusinq pulses at midpoint. 

Scœ.e I2v 
Equilibration polarisation Transfer Refacusinq Perl.ad Detection 

/1 

tD2 Decoupler on 

180'x 90'x 180'x 

295i __________________ ~~~ ____ ~r__l ~~w-~----

opt6 • ....!..-lHn- 1 (~ 
7T" \Vrï J 

where n - number of hydroqen a tomS coupled ta si lieon 

J - Si-H coupl1ng constant (Hz) 

Dl was set at 2.0 s throughout our experiments. Ta ,approximate the 

conditions of optimal 295i signal enhancement for TBDMS protected nucleo

sidea~ .!-bptyldimethylsilyl ·chloride in CDCl) W8S uaed as sample. Optim1-

, . sation of delay times WAS attained by the tollowing lIethod. 
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Optimisation of 02= \ 2JSi-CH waa tirst arbitrarlly aasumed to be 6.69fz 

(value reported for the corresponding coupling in TMS 266 1 and 0 3 w&s 

calcula ted accordinq to the equa ti~ (see above) deri ved by Pe9Q et .!!.. J03 

(7.46 x 10-2 a). A seriea of abaolute intensity experiments were then 

conducte~ in which 02 w&s varied by usinq different n values "hile main

taininq J Si , H con a tan t (6.6 Hz). 

a.q. n ( Hl 6 

0.0199 

9 

0.0160 

15 

0.0124 

Optimisation of 03: the number of coupled hydroqen atoms was set at the 

value tor which a maximum was observed l.n the previous experiment (n - 9, 

opt • 0.1082, O2 • 0.016 a). Another series of experiments was conducted 

durinq which OJ w&s varied, usinq different JSi, H values -( S to 13 Hz). The 

J depandent variations of 02 were temporarily disreqarded. The absolute 

intenaity maximum was observed for JSi,H • 6.S Hz. 

e.g. JSi,H (Hz) 

OJ (s) 

6.5 6.6 

0.0769 0.0758 

6.7 

0.0746 

6.8 

0.0736 

6.9 

0.0725 

'Ihe condi tiona for recordinq the TiPS protected nucleosides were 

determined in a similar manner using triisopropylsilyl chloride. Appropri

ate n values were chosen (i.e. n. 3, 18, 21 H) and a coupling constant 

range of 5 to 13Hz was studied. 

Parameters for 29Si INEPT NMR of Sllylated Nucleosides 

Group n opt6 JSi,H 0, °2 03 

(x 102) ( Hz) (s) (x 103 s) (x 103 s) .' 

TBDMS 9 10.82 6.5 2.0 16.7 76.9 

TiPS 21 7.0 8.9 2~O 7.9 56.2 -- , 
The optimal parameters, summarised in Table XXIX, qave excellent 

aiqnal to noise n'tioa for 15 ta JO mq/mL samples in 10 mm tubes after 
1 

only 40 to 80 t:ans,ifnta (1.5- 3 minutes) on an XL-200 spectrometer • 

;1 
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'!bis mul tipulse sequence introduced by MAudsley, Muller and Eros t 

permi ts the signal assignment of one type of nucleus, in this case 

carbon, from the known assignment of another (usually proton). A two 

dimensional matrix ia generated l.n which the ' H spectrum oCf:upies the x 

axis and the 1 le signals, the y axis. The pulse sequence also comprises a 

polarisation transfer which is helpful in enhancing the carbon signals a.nd 

a mixing per1.od durlnq which informat1.on loS tranaferred between protons 

and carbon. 

Srb_ ILVI 

Preparatory period Evolution Mixing Detection 

90'x 90'y 

0, r--l~ _______________ D3~{ ___________ ~ID_2 __ ~r--l~ ____ D_4 ______ ~ _________ _ 

,ao'x 90'x 

Dc _____ ~_---....:t:...D..:3:.-...-'n'--t ... D.3__:__+---In-----~ ~ ~ ~ U~Aft,~ 
0

3 
,. 1/ 2J 04 :a o~t 6 '-- ~ijVW~VvV"' 

J 

The sequence used in our studies ls represented in Scheme XLVI. AS in 

the INEPT experlment, described in section II. an equilibration Period, 
.-' 

0" ia followed by a polarisation transfer 90'[H,x} pulse. The evolution 

delay, 02' ia halved by a l80'[C,x] pulse which exchanges the proton spin 

states resulting in refocuaing. The mixj.ng period consists of delay 0 3 

followed by simultaneous 90'[H,y] and 90'[e,x] pulses which, as in the 

INEPT sequence, reor1ent proton and silicon magnetisations. The parame~.r8 
1 • ,.1 •• ' 

reported in# Table XXX were used in -al{ ; ~- 13e heterQcorrelated Sp8ctra. 

DBLB DX 

Paramete~8 for '3e -'H HETCOR NHa 

Je,H 

(Hz) 

160,0 

0, 
(s) 

2.0 

P2 
(s) 

0.0 

04 

(II) 

0.5 

J' 

, . 

... 
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'lbe HETCOR pulse sequence used ln this experiment ls the same as that 

described for 1 3C_1 H spectra in sec~on III wl th silicon substi tut~ for 

carbon. 'lbe. Dl was set at 2.0 s and the O2 at 0.0 s throuqhout our experi

men ta. 'lbe 03' and 04 delaya (correaponding to 03 and 0 2 in the l'NEPT 

sequence) were optimised for correlation with the corresponding suqar rlng 

proton ulling 3 ' ,5 ' -di TBDMSuridine in CCC13 (5 mm tube). 

Optimisati 9n of 0 3 : the number of coupled hydr~ens was arbltrarily ~et 

at 9, the value for maximal INEPT signaIs (Section II) and the coupllnq 

cop.tant was set at 3.0 Hz (value reported for 3JSi _H in Si-O-C-H 2.75 ). 04 
was maintained unchanged (opt • 0.0769, 0 4 - 0.0166 s) and a series of 

experiments were conducted in whlch varlous JSi,H values (2.0 to 6.0 Hz) 

were used ln calcula ting the 03 parame ter • 

Optimisation of 0 4 : 03 was set at the value for which correlation with 

the sugar protons was observed in the previous experiment ( 0 3 - 3.0 Hz) 

and various 0 4 1falues were investiqated (1 to 4 x 10-3 sI. 

t'ABLB Ul: 

Parameters for 29Si~lH HETCOR NMR of Oisilylated Nucleosides 

J 

(Hz ) 

3.0 

Dl 0 2 

(s) (s) 

2.0 "0 

0 3 
(s) 

0.167 

'Dle bast reBulta were obtained with the parameters summarised in 

Table XXI and these were used for all 29S1"_ 1 H HETCOR spectra reported. The 

samples studied were fairly concentrated (20-30 mg/mL) and required over
~ 

_~9ht acquisition (128 x (32 to 70) transients) on an XL-300 spectrometer. 



/ 

0 

-188-

BJlII·IOGItAPIR 

17 F. Mieacher, Hoppe-Seyler'. Med. Che •• untera, 1871, •• ,. 
2. J.E. Davies and H.G. Gasien, Anqev. Ch ... :Int. lIS. Ing., 1183, B, 

, 3. 
,/ 

3. 
4. 

A.E. Mirsky, Scientiflc American, 1968, 218, 78. 
O.T. Avery, C.M. MacLeod and M'. McC&rthy, J. Exp. Med., 1944, 1!, 
137. 

S. A.D. Hershey and M. Chase, J. Gen. Physiol., 1953, 36, 39. 
6. P.A. Levine, L.A. Mike.ka and T. Mori f J. Biol. Chem., 1930, !!, 

785. 
7. J.O. Watson and F.H.C. Crick, Nature, 1953, 171, 731. 
8. F.H.C. Crick, Scient1fic Amerlcan, 1957, 197:-188. 
9. A.H.-J. Wang. G.J. Quiqley, F.J. Kolpak, J:"L. crawford, J.H. van 

,Boom, G. van der Marel and A. Rich, Nature, 1979, l!, 680. 
10. G. Kolata, SClenee, 1983, 222, 495. 
, 1. J.L. Marx" Ibid., 1985, 230,794. 
12. J.-H. weil,""'iiOehimie gén'rale, Masson et cie,~EcUteura, 

1975, Chap~er 6. 
13. 

'4. 
A. Rl.ch, Acc. Chem. Res., 1977, 10, 388. 
A. L. LehninCler, Biochemistry, 2nd edi ti~nJ 
1975, Chaptft 31. ' 

Worth P\ll)liaher. Ine., 

15. R.W. Priee, Y. Saito an~ J.J. Fox, Bioc!)em. 
2455. 

Phumacol., 1M3, B, 

16. M.J. Pelzar and R.D. Rud, MicrobiolOC]Y, McGrav Hill 
ChÀpter 18. 

17. 

, 1972, 
,.r 

18. 
H.K. Roblns, Chem. Eng. News, 1986, 64 (4), 28. , 
T.C. Goodman, L. Nagel, W. Rappold, Go Klotz and D. Ri.aner, Nuel.lc 
Acids Res., 1984, 12, 6231. 

19. 

20. 
21. 

22. 
23. 
24. 

25. 
26. 
27. 

2B. 
29. 

P.Wolff, R. ~lz, Jo Schumacher and D. Riesner, Nucleic Aclds Rea., 
1985, .!l, 355. 
T.O. Dietner, Amencan SeienUst, 1M3, 71, 481. 
H.J. Schaeffer, Nucleosides, Nucleotidea:-and thei~ Biologiea1 
Applicat.lons, J.L. Rideout, D.W. Henry and L.M. Beacham Ill, Eda., 
Acat=ie Pre •• , 1983, p. 1-17 •. 
J.L. Kelley," L. Beauchamp, Ann. Reporta Med. Chem., 1983, .!!, 139. 
C. R. Madeley, Virua Morphology, Longman Pres., 1972, p. 13, Ur 20. 
S.J. Martin, The Bioche.iatry of Viru.e., cumridge university 
Pre .. , 1978, Chaptera 5 and 6. ' 

. J.C. Drach and R.W. Sidwell, Mn. Reporta Med. Che •• , 1.1, .!!, 149. 
J.C. Draeh, Ann. Reporu Med. Che •• , 1980,~, 1.9. 
A. Lars.on and B. Oberg, Antiaicrob. Agentl Cheaother. ,.,, .1!, 
9~7. 
E. De Clereq, Acta Microbiol. kM8. sei. Hun9., ,." 28, 289. 
J.W. Till.y, P. Ltvi6n «nd M;J. Kr •• r, J. Med-;"Ch_.-;-,."., .ll, 
100? , ---

, 

• 

" 

\. 

J 



i 

. , 
( " 

r 

.... 

./' 

'. 

r:r 

30. 

)1. 
,32. 

33. 

34. 

35. 
36. 

·37. 
38. 
39. 

40. 

41. 

42. 

43. 
44. 

45. 

\ 

-~- BiblioCjraphy -189 ... 

J.J. Bkehel, A.J. Bay and J.A. Anlatrong, J. Gen •. Virol., 1978,.,!!, 
97.:'-- .'" >,,_ ./ 

J.8. OXford and A. Galbraith, Pharaacol. Tber., 1980, 11, 181. 
r. PanciQ, B.A. Stei~rg, G.D. Diana, P.N. CArabate •• ;-W';G. Gorman 
and P.E. c.ae, Anti.icrob. Agenu Che.other., ,." 19, 470 • 
G.D. D1ana" P.N. carabate •• , R.B. Johnlon, G.L. Wil11 ... , F. Pancic \ 
and J.C. Collin., J. Med. Chem., 1978, 21, 889 • . .,.G. Spivac, W.H. Pruaoff and T.R. TriWn, Viroloqy, '.2, m, 
123. 
,B. De -Clercq and P.!' 'forrence, J. carb. Huc1. Hucl., .,1918,. 5, 187. 
tf.J. Burton, P.W. Gould, M.W. HUrathouae,' P.J. Sear., D.A. Larnder, 
H.C. Stringer and B.C. TUrnbull, N.Z. Med. J., 1981, 94, 384. 
G.J. Gala.ao, Antiviral Raa:i ,.,, 1, 73. -
M.S. Chen and W. H. Prusotf, J. Biol:- Che •• , 1971, ~54, 10449. 
1. De Clercq, B. Deacapa, J. Verhelat, R.T. walker-;-i.s. Jones, 

.-
P.!'. 'l'Orrence and D. Shuqar, J. Infect. Di •• , 1980, 141, 563. 
W.H. Pruaoff, D.C. Ward, T.S. Lin, M.S. Chen, G.T. sharu, C. Chai, 
1. Lentz, R. capizzi, J. Idri •• , N.H. Ruddle, F. L. Black, H.L. 
ku.ari, D. Albert, P.N. Bhatt, G.D. Haiung, S. Strickla~, and Y.-C. 
Cheng, Ann. N. Y • .:)Acad. Sci., 1977, 284, 335. 
Y.-C. Cheng, B.A. DOIlin, R.A. shara'i""'ind B. Bobek, Antimicrob. 
Agenta Che.other.", 1976, 10, 119. .; 
1. De Clercq, J. De.COpa:-P. De SoIIler, P. J. Barr,' A. S. Jones and 
R.'1'. W.lker, Proc. Hatl. Aca6 .. SQi-., 1179,76,2947. 

" -J.C. oraQh and C. Shipaan Jr., A!Ul., N.Y. Acad. sci~ 1977,~, 396. 
T. Ben-Potat, M. Brown and A.S. Kaplan, Molec. Pharmacol., 1968, 4, 
1~. -

I.A. Watanabe, U. Re1chllan, K. llirota, C. Lopez and J.J. F0l$." J • 
,.Ned. Che •• , 1971, n, 21. 

46. 

.7. 

48. 
<'>49. 

50. 

51. 

52. 
53 • 

54. 

55. 

56. 

57. 

C. Lopez, I.A. Watanabe and J.J. Fox, Antimicrob. Agents Chemother __ # 
1980, 17, 803. 
H.S. AÏÏaudeen, J. se8CUpa, R.l. Se~al and J.J. Fox, J. ·Biochem., 
1182, 1Er 11879. .' 
G.A. Gentry and J.F. Alwell, Virology., 1975, 65, 295. 
A. Nat.uleage, X. ono, A. Ohe.hi, T. 'l'akahashi-;-C. Nakayama and M. 
Saneyoahi, Cancer Re8., 1978; 38, 3076. 
W.E.G. Müller, R.K. Zahn, J. Aiëndes and D. Falke, J. Gen. Virol., 
1171, .!!, 261. 
D. Pavan-Lang_ton and R.A. Buchanan, Adenine Arabinoside, an 
Antiviral Agent, Raven Pre. a N.Y., 1975, p. 1, ~3S, '45. ~ 
R.W·. Sidwell and R.K. Ollen, Antib10. Chemother., 1980, 27, ~2 8. - \ J.H. Huttllan, R.W. S1d.,.11, G.P lb.re, J.T. Witkowsk1 andQR.K. (,) 
Robin., Antia1ctob. Agents Chemother., 197~ 3, 325. 
R .... Sid'fell, R.l. Robins and I.W. Billyard, l?harmacol. 
'l'ber.,1179, 6, 123.,.,.. ' 
8.B. GoIWU?," B.I. Borek, O.K. Sharaa, J. Puji.laki and R.A. Smith, 
Blocba. 8iophya. Re •• Couun., 1979, 89, 830. 
G.R. Ravankar, P.K. Gupta, A.D. Aàams,N.l. Dalley, P_A.~ MclÇ.erndh, 
P.O. Cook, P.(jl. canonico and R.K. Robin., J. Med. Ch .... , 1984, 27, 
1389. ~ --
J.A. Montgomery, S.J. Clay ton, H.J. Thomas, M.M. Shannon, G. Arnett, 
A.J. Bodner, 1.-1. Klon, G.L. Cantoni and P.X. Chiang,"J. Med. 
Chail., 1982, 25, 626. . 
W. H. Pruloff and D.C. Ward, Bl.ochem. Ph.rmacol., 1976, 25, ~1233. 

'..r-' 

-

• 

.. 0 

/ 

_ \ 0 



(~\ 

.., 

" 

,~ 

.. 
/' 

'. 

-190-

·59~ B. De Clercq, J. oe8CaaP.J, P. Dé ao.er and A. BQly, Ssienoe, "78, 
200, 563 • 

.. 60. BoDe Clercq and A. Holy, -J. Med. Che •• , "D, B, 510. 

, 

61. H.J..-.&:haeffer, L. Beauchaap, P. 4- Miranda, G.B. Elion, D.J. Bauer 
and P. COlline, Rature, '!78, 212, 583. " 

62. G.B. Elion, P.A. Puraan, J.~~ Pyfe, P. de Miranda, L. aeauohulp and 
H.J. Schaeffer, Proc. Natl. Acad. sei., 1977, 74, 5116. 

63. K.O. Saith, IC.S. Gallo".y, W.L. lCennell, lC.IC. 'Oiilvle and B.IC.· 
Radatua, Anti.icrob. Agent. Ch_other-o , 1182, 22, 55. 

8'4. ".'1'. Aehton, J.O. ICarka., A.IC.' Field and R.L. TOllun, 81och ... 
Biophya. Ra •• ~un·., \982, .!.2!., 1716. #' 

65. J.C. Martin, C.A. Dvorak, .D.r. aa~e, T.R. Matthew and J.P.H. 
Heyden, J. Med. Chem., 1983, 26, 759. 

66. 'D.F. SIIee,' J.C. Martin, J.p.B-:-V.rh.yd~ and T.R. Matthe., 
Ant1mic:rob. Agents Chelllother., 1983, 23', 676. 

67. ·J.-C. Lin, M.C. Sllith and !.-C. Cheng:-sc1enoe, 1983, 221, 578. ' 
6'8. !.-C. Cheng, E.-S. Huang, J.-C. Lin, B.C. Mar, J.S. Pagano, G.E. 

Dutsc:hman and S.P. Grill, proc. Natl. Acad. Soi., '983, 80, 2767. 
69. J. Gelrmerahausen, R. aoatedor, A.IC. Field, H. lterry, R. Liou, H. 

Bulll' R.L. '!'olman and J.O. Karkafll, Biochilll. BiophYI .• Ré •• COllllllun., 
'983, 116, 360. 

70. E.R.~, J.T. Richarda, J.C. OVerall Jr. and L.A. Gla.cow, 
"Antiv,l.ral Rea., 1.98', l, 225. J 

71. D. Derae, K.F. SIla1;ow and ,!.-C. \ Chcpg, J. Blochem.,. '982, lli:r .. 
10251. 

72. 

t3. 

74. 
75. 

76. 
77. 

78. 

79. 
80. 

81. 

/ 82 • 

K.O. Smith, K.S. Galloway, K.K Ogilvie and U.O. Cheryan, Antimicrob. 
Agents Chemother., 198'2, 22, 1026.· 
E.B. rra.er-Smith, D.A. Eppatein, Y.V. Mar.h and T.R. Matthew., 
Antilllicrob. Agents Che.other., " ... , l!, 611. 
M.H CAr\\thera, Science, 1985, ~, 281. 
J.B. Daviea and H.G. Ga •• ert,-Angew. Chem. Int. 
13. l 

Ed. Eng. \ 1H3, E-, 

\ G.C. Crockett, Aldrichilllic:a Acta, 1983, ..!.!, 47. 
Oligonucleotide Syntheais, a 'Practical Approach, ed. M.J. Ga1t, lat 
Press, 1984, Chaptera 1 and 2. 
N. K. Kochetkov and E.l. Budovak1l, erganie Chem1atry' ot Nucleie 
Acide, Plenum Pres., London, 1971, Part B, p. 496. 
R.K. Ralph, H;G. Khorana, J. Air. Chem. SOC., 1961, 8"3, 2926. 
B.G. lChorana, A.F. Turner, J.P. Vizlolyi, J. Am. Ch;;. Soc., '16', 
83., 687. \ 
~K. Ralph, W.J. Connors, H. Sehaller and H!G. lChorana, J. Am. 
ehe •• Soc., 1963, !ë, 1983. 
E.L. Brown,~R. Belagaje, M.J. Ryan and H.G. Khorana, Methode 
EnZYlDol., li7',.!!, 109. 

'. 

• 

83. S.A. Na~ang, R. Droua.eau, H.M. Hliung and J.J. M1chiew1cz, Methodl ~ 

84. 

8S. 
86. 
87. 
88. 

89~ 

Enzyaol., 1980; 65, 610. - ,. 
G.S. Ti, B.L. GaUneyand R.A. Jone., J.,Aa. Che •• Soc., ',.2, .!2!" 
1316. 
B.'l'akahu, K. MQrita and ~ Suaiuchi, Ch ••• JAtt., '.3, 1661. 
B.L •. Gatfney and "R.A. Jon •• , Teuahedron Lett., 198Z, l!, 2257. 
lde •• , 1982, 23, 2253. 
B.~. Watkin.,-:T.S •. lCiely and H., Rapoport, J. AlI. ~. SOc., '.2, 
lli, 5702. 
B. E. Watkina and H. Rapoport, J. Org. Che •• , '.2, !!., 4411. 

\ ,., 
t 

-"" 1 _ - 1 



. . 

, ' 

90 • 

91. 

'92. 
93. 

94. 

95. 
96. 
97. 
98. 

Biblioqraphy - 1 91-

M. Bai th, D.H. RAIIIIler, I.H. Golc1berg and H.G. Khorana, J. Am. Chem. 
"tkx:., 1962, .!!, 430. 
M.D. Matteueei and H. H. caruthera, Tetra.hed,.~t1., 1980, l!, 
3243. 
V. Kohli, H. Blocker, H. KO.ter; Tetrahedron Lett., 1980, l.!., 2683. 
T.P. Patel, T.A. Hillican, C.C. Bo8e, R.C. T1~aa, G.A. Mock and 
M:A-rW-.- Bat'on, Nucleie ~idB Res., 1982, 10 ..... J605. 
E. Ohtauka, H. Takashi .. a and M. I. IkeharA;" Tetrahedron Lett., 1982, 
E, 3081. 
C.B. Reeae and D.R. Trentham, Tetrahedron Lett., 1965, 29, 2467. 
J. Smrt, and F. Sorm, Collecte Czech. Ch ... Coauaun., 1962, Q, 73. 
C.B. Reeee, Tetrahedron, ~18, 34, 3143. 
C.B. Reeae, R. Saffhill and J.E. Sulaton, J. Am. Che. Soc., 1967, 
!!, 3366. ' 

99. C. """ristodoulou, S. Agrawal and M.J. Gal. t, ~trahedron Lett., 1986, 
E, 1521. 

1,00 • 
101. 
102. 

C.B. Reese ana P.A. Skone, Nucleic ACJ.ds Res., 1985, 13, 5~15. 
E.J. Corey and A. Venltateswarlu, J. Am. Chem. Soe., 1972, 94, 6190. 
K.K. OgJ.lvJ.e, ca~. J. Chem., 1973, 51, 3799. 

103." K.K. Ogilvie, K.L. Sadana, l.A. Thompson, M.A. Quiliam and J.B. 
Westmore, Tetrahedron Lett., 1974, 11., 2861. 

104. K.K. Ogllvie and D.W. Entwistle, Carbohydr. Res., 1981, 89, 203. 
105. A.M. Michelson and A.R. Todd, J. Chem. Soc., 1955, 2632.-
106. B.E. Griffin, C.B. Reese, Tetrahedron, 1969, 25, 4057. 

- 107. ~R.L. Letainger and K.K Ogilvle, J. Am. Chem. Soc., 1967, 89, 4801. 
108. R.L. Let.lnger and V. Mahadevan, J. Am. Chem. Soc., 1966,88-, 5319. 
109. T. Neil.on, J. Chem. Soc. Chem. COmmun., 1969, 1139. 
110. E.S. WeratiuJt and T. Neileon, CAn. J. Chem., 1976, 54, 2689. 
111. J.H. van Boom. P.M.J. Burgera, G.R. OWen, C.B. ReeSeand R.S. 

Saffhlll, J. Chem. Soc. Chem. Commun., 1971, 869. 
112. J. Smrt, Collect. Czech. Chem. Commun., 1972, 37, 846. 
" 3. T.C. catl!n and F. Crlllller, J. Orge Chem., 1973-;-38, 245. 
114. K. ltakura, N. Katagiri, C.P. Bahl, R.H. wightma~and S.A. Nar~~g, 

Cano J. Chem., 1973, 51, 3649. 
11 S. J. H. van Boom and P.M:J. Burgers, ~trahedron Lett., 1976, g, 4875. 
116. R. Lohrmann and B.G. Khorana, J. Am. Cham. Soc., 1966, 88, 829. 
117. A.K. Seth and E. Jay, NucleJ.c ACJ.ds Res., 1980, ~, 544~.-

118. C.B. Rnee and A. Ubasawa, ~trahedron Lett., 1980, 21, 2265. 
119. R.L. LetBinger and W.B. Lunsford, J. Am. Chem. Soc.,1~76, 98, 3655. 

- - 120. B.P. ",elnick, J.L. Finnan and R.L. Letsinger, ,J. Orge Chem., 1980, 
~,' 2715. 

121. G.W. Da\1l;) afld E.E.~van Tamelen, J. Am. Chem. Soc.,. 1977, 99, 3526. 
122. "K.K. Ogilvie, N. Thériault and K.L. Sadana, J. Am. Chem. Soc., 1977, 

.!!, 7'Z41. 
123. K.K. 0g11v1e, S.L. Beaucage, A.L. SchJ.fman, N.Y. 'Ibérlllult and K.L. 

124. 
125. 
126. 

Sadanl, cano J. Ch ... , 1978, 56, 2768. 
C.B. Re •• _ and R. SatfhilJ" J:-Chem. Soc. 'Chem. COlllDlun., 1968, 767. 
R.' Ar.nU_n and C.B. Reea., J. Chem. Soc. Perkin Trans 1,1977,445. 
J. H~ van BooII, P. M. J. Burgera, P. H. van DeUrlen, R. Aren tzen and 
C.B. Re ••• ,' Tetr.hedron Lett., 1974, 43, 3785. 

127. K. ltakura, H. ICaUgir1 and S.~ Naranq, cano J. Chem., 1974, g, 
3689. . 

128. M.D. MatteucC'l. and N.H. CIlruthers, J. Am. Chem. Soc., 1981, 103, 
3185. 

-' -

.. 



, 

Bib~iograpby -192-

129. X. Gao, B. L. Gaffney, M. senior, R. R. Riddle and R. A Jane., Nucleic 
Acids Res., 1985,.12., 573. \ 

130. F. Ecksteln and l. Rizk, Angew. Chem. lnt. Bd. Eng., 1961, ~, 695 
and 949. 

131 • 
132. 

G.M. Tener, J. Am. Chem. Soc., 1961, 83, 159. 
M.J. Dam~, J.-L. Déeout and K.X. Ogilv!e, 
Conference, Montréal, 1984. 

67th Annual CIC 

133. C.B. Reese and Y.T. Y. Kui, J. Chem. Soc. Chelll. CoIaIun., 1977, 802. 
134. K.K. 10gHvie, N.Y. 'l'hériault, J.M. Seifert, R.T. Pon and M.J. Nemer, 

Can. J. Chem., 1980, _~, 2686. 
135. R.L. Letsl.nger, E.P. Groody" N. Lander and T. Tanaka, Tetrahedron, 

1 984 , 40, 1 37 • 
136. M.H. &uthers, S.L. Beaucage, J.W. Efcavitch, E.F. Fileher, M.D. 

Matteucci and Y. Stabinsky, Nucleic Acide Rea., 191K), Symp. Sere 7, 
215. 

137. S.L. Beaucage and M.H. Caruthers, Tetrahedron Lett., 1981, 22, 1859. 
138. L.J. MacBrldE\ and M.H. Caruthers, Tetrahedron Lett., 1983, 24,245. 
139. S.P. Adams, K.S. Kavka, E.J. Wyckes, S.B. Holder and G.R. Galluppl., 

J. Am. Chem. Soc., 1983, 105, 661. 
140. N.D. Sl.ndha, J. Bl.ernat, J:"""""McManus and H. Koster, Nuclel.c ACl.ds 

Res., 1984, .!1., 4539. 
141. F. Seela, J. Ott and B.V.L. Potter, J. AIn. Chem. Soc., 1983, 105, 

5879. 
142. N. Usman, R.T. pon and K.K Ogl.lVl.e,' Tetrahedron Lett., 1985, ~, 

4567. 
~43. K.K. OgilVl.e and R.T ... Pan, Nuclel.c ACl.ds Res., 1980, B, 2105. 
144. K.K. Ogilvie, N. Nguyen-aa, M.F. Gillen, B.K. Rada tus, U.O. 

145. 

146. 

147. 

148. 

149. 

150. 

151 • 

Cherl. yan , H.R. Hanna, K.O. SlIll.th and K.S. Galloway, Can. J. Chem., 
1984, 62, 241. 
P.C. Snvastava, p.G# Streeter, T.R. HAtthews, L.B. Allen, R.W. 
Sidwell and R.K. Robl.ns, J. Med. Chem., 1976, .!2-' 1020. \ 
T. Garc1.4-Lopez, R. Herranz and J.I. Andrés, Eur. J. Med. Chem.-
Chim. Ther., 1984,.!..2., ~ 87 • " 
D.L. Ml. les , D.W. fules and H. Eynng, Bl.ochl.m. Biophys. Acta, 1918, 
518, 17. 
K:S. Mat'hn, H. Reggl.o, A. Helenl.ue,.. K. Sl.mons, J. cell Bio).., 1981, 

.2..!.., 605. 
H.G. Eggers, Antlvl.ral Drugs and Interferon, the Molecular' Basis for 
their Actl.vl.ty, Y. Becker and J. Hadar, Ede., Martl.niu8 Nijhoff 
Publl.shl.ng, 1984, p. 286.' ' 
B.G. Ugarkar, H.B. Cottam, P.A. McKernan and R.K. Robins, J. Med. 
Chem., 1984,12, 1026. , 

H.B. Cottam, C.R. Petrl.e, P.A. McKernan, R.J. 
R. B. Davidson, R. K. Robins ançi G. R. Revankar, 
E, 1119. 

Goebel, N.K. Dalley, 
J. Med. Chem., 1984, 

152. U. Hacksell, L.-E. Arvidsson, K. Svensson, J.L.G. Nl.l •• on, D. 

~53. 
154. 

155. 

Sanchez, H. WikstrOm, P. Lindberg, S. H. Jorth and A. Carla.on, J. 
Med. Chem., 1981, 24, 1475. 
E.J. Oubovi, .J.O. Geratz and R.R. Tidwell, Viroloqy, 1980, !.2l, 502. 
L. Colla, R. Busson, E. De Clereq and H. Van Der Haeqhe, ~r. J. Med 
Chem.-Chim. '!'her., 1982,12, 569. 
C.W. Smith, R.W. Sidwell, R.K. Robins and R.L. Tolman, J. Med. 
Chem., 1912,11,883. 

.' 



. ' 

0, 

o 

< 

Bibliography -193-

156. J.J. Marr, R.L. Serens, N.K. Cohn, D.J. Ne~son and R.S. Klein, 
A,iUmicrob. Aqent8 Chemother., 1984,~, 292. 

'57. K.K. Oqilvie and B.R Hanna, CAn. J. Chem., 1984, 62,2702,' 
158. C. R.C. Atlas of Spectral Data and Physical Constants for Orqanic 

Compound., 2nd Edition, J.G. Grasselli and M.W. Ritchey Eds., CRC 
Press Inc., Cleveland, 1975. . 

1~9. M.K. Anwer a.nd A.F. Spatola, Synthe81s, 1980, 929. 
160. F. Seela and S. Menkhoff, Liebl.gs Ann. Chem., 1982, a13. 
161. M.F. Gillen, Ph.D. Thesl.s, McGill University, Montréa~ Canada, 

1980. 
162. A. Bendlch, P.J. Russell Jr. and J.J. Fox, J. Am. Chem. Soc., 1954, 

163. 

164. 
165; 

166.. 

167. 
, 68. 
169. 

170. 
171. 

172. 
173. 

, ,,'74. 

175. 

176. 

177. 

178. 

179. 

'80. 

181. 

182. 

183. 
184. 

185. 
186. 

7,6, 6073." ,-
W.A. Remera ln The Chemlstry of Heterocycllc Compounds, A. 
Weissberqer and E. C. Taylor, Eds., John' wi ley and Sona Inc., 1972, 
Vol. 25, Part l, p. 90. 
K.K Oqilvie and D.M. Dixit, Nucleosides Nucleot~des, 1983, 2, 147. 
K.K. Ogilvie, U.O. Cheriyan, B.K. Radatus, K.O. Smith, K.S.-Galloway 
and W.L. Kennel, cano J. Chem., 1982, 60, 3005. 
K.K. Ogilvia,-N. Nguyen-Ba and R.G. Ham1lton, Cano J. Chem., 1984, 
,g, 1621. ' ' 
N. Nguyen-ea,., Pr~vate CommUnl.cation. 
P.M. pojer and S.J. Anqyal, Tetrahedron Lett., 1976, l2., 3067. 
R. SoundararaJan and '1'.R. Balasubramanian, Tetrahedron Lett., 1984, 
~, 5555. 
R.J. Sundberg and H.F. Russell, J. Orge Chem., 1973, 38, 3324. 
D1ctionary of Organic Compounds, 5th EchUon, J. Buckinqham and S.M. 
Donaghy .Eds., Chapman and Hall, PennsylvanlA, 1982. 
S. Ton~-oka, I. Sekinawa and I. Azuma, Chem. Lett., 1983, 805. 
A. Albert and K. Tratt, J. Chem. Soc. Chem. Commun., 1968, 344. 
A. Albert and K. Tratt, J. Chem. Soc. Chem. Commun., 1978, 2076. 
Sadtler Standard carbon-13 NMR Spectra, Sadtler Research 
Laboratories Publication, Philadelphia, 1976. 
R.J. Puqmire, D.M. Grant, L.B. Townsend and R.K. Roblns, J. Am. 
Chem. Soc., 1973, 95, 2791. 
A.A. Maudsley, L. 'Muller and R.R. Ernst, J. Magn. Reson., 1977, 28, 
463. 
N. Platzer, J.-J. Basselier and P. de _Me?l:s an, Bull. Soc. ~m. 
Fr. Part II, 1974, 905. t 
M. -T. Chenon, R. J. Pugmire, D.M. Gr t, P. PanZlca and L.B. 
Townsend, J. Am. Cham. Soc., 1975, 7 ~62~ 
A.J. Jones, D.M. Grant, M.W. Winkley, R.K. bins, J. Am. Chem. 
Soc., 1970, 21, 4079. 
W.D. Hamill Jr., R.J. Puqmire and D.M. Grant, J. Am. Chem. Soc •• 
1974, 96, 2885. 
M,-T. Chenon, R.J. Pugmire, D.M. Grant, R.P. P zica and L.B. 
Townaend, J. M. Chem. Soc., 1975,22, 4636./ 
T.R. Kruqh, J. Am. Chem. Soc., 1973, 95, 476 • 
P. De" G.R. Revankar, R.L. Tolman, R.K. Robins and M.P. Schweizer, 
J. Org. Chem., 1974, l2., 3226. Î 
w. s.-rqmann and R.J. Feeney, J. orq. Chem., 1951, 16, 981. 
E.R. Walnck, N.K. Robert and C.A. Dekker, l'roc. Chem·. Soc., 1959, 
84. 

187. W.W. Lee, A. Benl.tez, L. Goodman and B.R. Baker, J. Am. Chem. Soc., 
1960, Br 2648. 

• 



188. 

189. 

190. 

191. 
192. 

! 
193. 
194. 
195. 

196. 
197. 
19B. 
199. 

200. 
201. 
202. 
203. 

204. 

205. 
206. 
207. 
2d8. 

209. 

210. 

211. 
212. 

213. 
214. 

215. 

216. 

217. 

218. 

219. 
. 

Bibliography -19.-

G. Freeaan, A. Kuehn and T. Sultanian, canctr Rea., 1965, Suppl. .0, 
~, 1609. 
G. Free.an, A. Kuehn and T. Sultanian, Ann. N.Y. Acad. Sei., 1165, 
.lli, _pO. 
R.W. Sidwell, G. Arnett and G.J. DlXon, Inter.ci. Conf. !nU.icrob. 
Aogenta Ch_other., '967, 2, 64. 1 

R.E. ICeeneyand R.A. Buchanan, Ann. N.Y. Acad. Sei., Ut7S, 255, 185. 
G.B. Elion, J.L. Rideout, P. de Miranda, P. Collin. and D.J:-&'uer, 
Ann. N. Y. Acad. Sei., 1 !t75, m, 468. 
J.L. York and G.A. Lepage, can. J. Bioch ... , 1966., •• , 19. 
J.J. Furth and S.S. Coheh, cancer Rea., 1N1, 28, 2061. 
S.H. SIIl1th/",C.J. Shi~an and J.C. Drach, cancer-Re •. , 1!na, l!, 
1916. 
J.C. Pelling, J.C. Drach and C.J. Shll*an, Viroloqy, '.',.!.Q!, 323. 
A. Kornberg, Science, 1969, l!!, 1410. 
V. Verhoef, J. Sarup and A. Fridland, CAncer b •• , ,.,, 41, 4478. 
G.R. Revankar, J.B. Huff.an, L.B. Allen, R.N. Sidvell, R.K7 Robina 
and R.L. Toiman, J. Med. Chem., 1975, 18, 721. 
S. S. Cohen, CAncer, 1977, 40, 509. -
J.J. Bn.nk -and G.A. Lepage-,-CAncer ReS., 1964, l!, 1042. 
J.J. Brink and G.A. Lepage, CAncer Re •• , 1964, l!, 312. 
M. Hubert-HAbart and 8.S. C~hen, Bioc~m. Siophya. Acta, 1962, 59, 
468. \ 
F.A. Miller, G.J. Dixon, J. Jt.lich, S.J. Sloan and W.Jr. MeLean, 
Antimicrob. Aqenta Ch_other., 1968, 136. 
F.M.Jr. Schabel, Chemotherapy, 1968, 13, 321. 
G.A. Lepaqe and l.G. Junfa, CAncer Re"-, 1965, ~, 46. 
R. Koshiura and G.A. LePaqe, cancer Res., 1968, l!, 1014. 
F.M. Scha.bel, M.W. Trader and W.R. Luker, Proc. AlI. Aa.oc. canc.r 
Res., 1976, .!2., 46. 
W. Plunkett, L. Alexander, 8. Chubb and T.L. Loo, cancer Re •• , 1979, 
l!, 3655. 
G.A. Lepaqe, L.S. Worth and A.P. Kimball, CAncer ReB., 1976, l§.; 
1481. 
H.J. Schaeffer and C.F. Schwender, J. Med Chem., 197.,12., 6. 
P.P. Major, A.P. Aqarwal and D.W. Kute, Cancer\Chemother. Pharmac., 
1981, 5, 193. 
R. Vinëe and S. Daluge, J. Med. Chem., 1977, 20, 612. 
1\. Vince, S. Daluqe, H. Lee, N.M. Shannon, G.Arnett, T.W. Schater, 
T1L. Naqabhushan, P. Reichert and H. Taal, Science, 1983, 221, 1405. 
K. Miyai, L.B. Allen, \1. K. Koffman, Il.W. Sidwell and R. L. Tol.Jllan, J. 
Mad. Chem., 197., ..!l, 242. 
T.L. Chwanq, A. Frl.dland and V. Verhoef, Biochem. Pharmacol., 1H3, 
B., 2643. 
H.E. Renia, D.T. Gish, B.A. Court, E.E. Eidaon and W.J. Wechter, J, 
Med. Che •• , 1973, 16, 754. 
D.C. Baker, R.P. cr;va, T.H. Ha8kell, S.R. Putt, G. ,Arnett, W.M. 
Shannon, C.M. Reinke, N. B. ICAtlua and J.C. or.ch, J. Med. Ch ... , 
1983,~, 1530. 
A. Bloch, M.J. Robin. and J:R: Hccarthy, J. Med. 01 ••• , 1.3, l!., 
1530. 

220. c. Lapez and A. Giner-SOrolla, Ann. N.Y. Acad. Sei., 1983,.!.l, 
5223". 

.. 



t 

Bihlio9ra~hy -1,95-

221. J.C. Naurisot, V.J. wechter. J. Braha. Ànd G. Sadron, Nature, 1968, 
219, 377. 

222. I.Yath1ndra and M. SUdaral1nq .. , Biachia. Biophy •• Acta., 1979, 
564, 301. 

223. - M. Qi.h, R.C. Kelly, G.". CaJaiener and W.J. vechter, J. ,Med. 
Ch ... , 1971, 14, 1159. 

224. J.l. Nc>nt9a.ery- and H.J. 'lh0lla., J. Hed. a..., 1972, 11, 116. 
2'25. W.J. V.chter, M.A. John.on, C.M. Hall, D.T. Mamer, A." Berger, 

'-. A.B. Wen.el, D.T. Giah and G.L. Neil, J. *do Cbea., 1tn5, 18, 339. 
226. D.T. Warner, G.L. Heil, A.J. Taylor and M.J. Wechter, J. MecS. Chem., 

1972, ..!!, 790. 
227. 

228. 

229. 
230. 
231. 

232. 
233. 
234. 

235. 

236. 

237. 
238. 
239. 
240. 

241. 

242. 
243. 

244. 

245. 

246. 

247. 
248. 

249. 

250. 

251. 

D.C. Baker, T.H. Haltell, S.R. Putt and B.J .. 81oan, J. Hed. Chelll., 
1978, .!l, 121B., 
D.C. Baker, T.H~ Haakell, S.R. Putt and B.J. Sloan, J. Med. Chem., 
197t, B, 273

0
, " 

V.J. wechter, J. Ned. Che •• , 1967, 10, 762. 
J. sart and P. SOra, Biochi •• Biophya. Acta, 1967, !.!!, 210. 
S.H. Gray, C.P. Ainaworth, C.L. Bell, S.S. Danyluk and M. MaCCoS8, 
Nueleo.idea NuCleotide., 1983, 2, 435. 
K.K. 0g11v1e and D. lvacha, can7 J. Che •• , 1970, .!!!, 862. 
R.G. Provenaale and J. nagyavary, -B1och_iltry, 1970, 9, 1744. 

Il 

M. Kwiatkovaki, C. Gioeli, C. ~r9 and J.B. Chattopadhyaya, Chelll. 
8er ., 1981, 18, 95. 
C. Gioeli, J:i. Chattopadhyaya, A.F. Drake and B. ~rg, Chem. Scr., 
1982, 19, 13. 
G.H. Rikiaelahi, Z.l. Proba and K.i. Ogilvie, CAn. J. Chem., 1982, 
60, 1106. 
K.K. Ogilvie and N.Y. Thériault, Can. J. Che •• , 1979, 57, 3140. 
K.K. Ogilvie and M.J ...... r, Can. J. Ch_., 1980, SB, ï'389. . 
K.K. 0g11vie and M.J ...... r, Tetrâhedron Lett., 1980, 21, 4159. 
K.K. Ogilvie, G.B. Baki.elahi, Z.A. Proba and D.P.C. MC'Gee, 
Tetrah.dron Lett., 1982, 23, 1997. 
D.P.C. McGee, M.SC. Tbeaii; MeGill Un1vara1ty, Montréal, Canada, 
1981. 
D.H. ~ler and H.G. Khorana, J. Am. Chem. Soc., 1962, 84, 3112. 
K.K. 0g1lv1., D.P.C. McGee, S.M. Boi.vert, G.H. Raki.elahi and Z.A. 
Proba, can. J. Che •• , 1983,!!., 1204. 
K.K. Oqilvie, A.L Schif_an and C.L.' pannay, cano J. Chem., 1979, 22, 
2230. 
A. SCh1f_an, Ph.D. Theai., McGill Unlversity, Montréal, CAnada, 
1 geO. 

G.H. Haki.elah1, Z.l. Proba and K.K. Ogilvie, Tatrahadron Lett., 
1981, 22, 4775. 
F. Hana.ke, D. Madej and M.J. Robl.n., '!'etrahedron, '''', 40, 125. 
H.P.M. Proaaveot. B.I. Griffin, C.B. Reeae, J.K. Sul.ton and D.R. 
Tr.ntbaa, Tetrahedron, 1"', 22, 70S. 
G.- Kl1ak., l. Cuno, H.-D. loGes_ann, R. Mengel and M.J. Robin., Z. 
Haturforach, C, 1910, 34, 1075. 
M. Rain, B. Daraynki.Wic&, l. Bkiel and D. Sbugar, B1ochi •• 
aiophya. Acta, 15'76, 435, 405. 
G. Kl1ù •• 1. CUno, i::D. Lùd_ann, R. Mengel and M.J. aobins, Z. 
Naturforach, C, 1980, n, 853. 

" , 

r 



d 

.. 

252. 

253. 
254. 
255. 

256. 

257. 
258. 

259. 

260. 
261. 
262. 

263. 
264. 
265. 

266. 
267. 

268. 

269. 

270. 

271. 
272. 

273. 

274. 

275. 
276. 

277. 

278. 
279. 

• 280. 

281. 
282. 
283. 
'284. 

J. Doornbo., J.-L. Bara.eut, H. lazrek, J.-L. x.bacb, J. van 
"e.uenen, G.M. Vi •• er, J.H. van Boo. And C. Altona, Hueleie Ac1d. 
Re •• , 1983, .!.l, 4583. 
M. Lalande and T.H. Chan, syntheai., 1985, 9, 817. 
E.A. "1111 ... and J.o. carqiol1, J. Magn. Ré.on., 1.3, ll, 145. 
C. Br.vard and P. Granger, Handbook of 81gh Re.olu'tion Multinucl.ar 
NMR, illey Inter.etenee, 1981, p. 80-211. __ 
R.K. Harri., J.O. Kennedy and W. Mcl"arlane, IIIR and the Per1Od1c 
Table,' R~ K. RAnh and B .• E. Mann, Bd •• , Acada1c Pre •• , London 1 

1978; Chapter 10. 
G.A. MQrr18 and R. Freelllan, J. AllI. Chu. Soc., 1179, 101, 760. 
D.M. Doddrell, D.T. Pegg, W.M. Brook. and Il.R. Bendall,J. b. Che •• 
Soc., 1981, 103, 727. 
T.A. Bl1nka,B.J. Helmer and Il. We.t, Mv. organo.et. ChelD., ' '', 
n" 193. 
B.J. Helmer and R. Weat, Organo.etallle., 1982, 1, 877. 
J. Schrul, J. Maqn. Relon., 1~, 59, 515. -
A.H. Hunes, R.K. Ha.!t..ia and Il.-C. Rao, Org. Maqn. Re8on., 1977,2, 

~ 
Reference 256, Chapter 1. ) 
N. Janes and E. OldfieId, J. AllI. Chem. Soc., 1985,.!Ql, 6769. 
C.Il. Ernst, L. Sp1alter, G.R. Buell and D.L. W111hite, J.- ~. Chem. 
Soc., 1974, 96, 5375. 
A.V. Lebedev and A.l. Rezvukhln, Nucle1c Acide Rea., ' '', .l!, 5547. 
W. stiadeli, P. Bigler, w. von Philipaborn, Orq. Magn. Re.on., 1981, 
.!!, 170. 
V. Markowskl., G.R. Sullivan and J.o. Robert., J. Am. Chem. Soc., 
1977, 99, 714. __ 
G.E. Hawltes, E.W. Randall and W.E. Hull, J. OIem. Soc. Perkin Tran •• 
2, 1977, 1 268. 
G.C. Levy, J.O. cargioli, G.E. Macl.el, J.J. Natter.tad, E.B. Whipple 
and M. Ruth, J. Magn. Re.on., 1973, 11, 352. 
M.Il. Bacon and G.E. Mac1el, J. AllI. Chem. Soc., 1973, 95, 2413. 
J. Schraml, J. Pola, H. Jancke, G. Engelhardt, M. Cerny and V. 
Chvalovsky, Collect. Czeeh. Chem. Commun., 1976, 41, 360. 
J. Schraml, N.D. Chuy, V. Chvalovsky, M. Migl" AndE. Lippmaa, Orq. 
Magn. Reson., 1975, 7, 379. 
E. Lippmaa, M. Miqi,-G. Engelhardt, H. Jancke, V. Chvalovaky and J. 
Schraml, Collect. Czeeh. Chem. Commun., 1974, 39, 1041. 
R. Nardin, M. Vincendon, J. Maqn. Reaon., 1985:-61, 338. 
R.A. Padgett, M.M. Kenaralta, P.J. Grabow.lti, s.r:-Hardy and P."A. 
Shar p, Science, 1984, 225, 898. 
M.J. oamha, R.T. Pon a~K.K. Oqilvie, Tetrahedron Lett., 1985, l!, 
4839. 
M. Sekine and T. Bata, J. Aa. Chelll. Soc., "1.3, 10S, 5879. 
V. Araanatb and A.D. BrOQa, Ch .. Rev., 1977, 77,Ta3. 
N. Y. 'l'hériault, Ph.D. 'Dleli., MeG1ll Un1 ver. 1ty, JIOntdal, canada, 
1980. 
A. TUn-Kyi, Helv. Chia. Acta, 1978, 61, 1086. 
R.L. LeUinger and P.S. Miller, J.';;;; Ch .... SOc., 1"', !l, 3356. 
M.J. Reaer, Ph.D. 'lbe.ie, McGUl Uni verai t y, Montr'.l, canada, 1981. 
A. Ba •• ner, G. Strand, M. Rubin.tein and A. P.tchornik, J. ~. Cha. 
Soc., 1975,!I, 1614 • 

.1' 



,. 
" 

• " 

285. 

286. 

287. 

288. 
289. 

290. 

291. 

292. 
293. 

294. 
295. 
296. 

297. 
298. 
299. 

300. 

301. 
302. 

303. 

8ibl1oguphy -197-

R. IChara.ch, D.P. IICQuarr1. and C.N. au ••• , J •. AlI. Chea. Soc., '953, 
75, 2658. ,,1.. Let:a1.nger, J. Fontaine, V. Mahadeven, D.A. SChWknayder and R.E. 
Leone, J. Org. Cbea., , ... , 29, 2615. 
J. BeiJtJt1li, Il. Balgobin andJ. Chattopadhyaya, Acta au •. Scand. '.3, m, 8S7. 
Q.W. Gr ... and R.L. Leta1nger, J. A.. Chea. Soc., 'MI. 33, 2589. 
C.J. "'loh, B. Bazin, J. lleikk11i and J. CIulttopa4hyaya,~ta Chili. 
8càOd., 'MS, 839, 203. 
J.-L. D600ut ~K"K~ Ogilvi8, Nucleo.ide. Iluclaotide., 1985, i, 
271. 
M. '1'. Mlrki.w1c& .nd M. W1.v1oroW8k1, lI\1el.1e Acid ..... , '978, Spec. 
Publ. 4. 518S. 
M.T. Mlrki.vic&, J. Che •• Ra •• , '979, (S), 24. 
M.'1'. Harki.vic., R.Sh. Padyukova, Z. SUteJt and J. Sart, Collect. 
ez.ch. Ch ••• co.un., 1180, 45, 1860. .:-. 
R.T. ~n, Ph.D. '!'be.h, Nc~ll University, Montréal, Canada, 1984. 
~.K. Ogilv1., M.r. Gill.n,- "l'etrahadron Lett •• 1980, 21, 327. 
l.K. Oqllv1a, R.Q. Baallton, M.r. GUlen, B.K. Radatüi, K.O. Smith 
and K.S. Gallovay, CAn. J. Ch ... , '184, 62, 16. 
H. O .. an, Private cc.aunication. -
M. DAIaha, Unpubl1.h.d Reaulta.' 
D.M. Doddr.ll, 0.'1'. Pe9g and M.R. Bendall, J. Magn. Re.on., 1982, 
.!!, 323. 
D.T. Pe9g, D.M. Doddrell and M.R. Bendall, J. Chell. Phys., 1982, ]2, 
2745. 
D.M. Doddr.ll and n:T. Pe99, J. AlI. Che •• Soc., 1980, ill, 6288. 
D.M. '!bea •• , M.R. Bandall, D.T. "99, D.N. Doctdr.ll and J.A. Field, 
J. Magn. _.on., ,.,, B., 298. 
D.'1'. Pe9g, D.M. Doddrall, W.B. Brook. and M.R. &endall, J. Magn. 
Re.on., 1981, M, 32, 


