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Introduction 

Nucleosides and nucleoside analogs constitute the major class 

of com~ounds which to date exhibit signifi~ant in vitro and in vivo 

a~t i viral activity. One of the reasons is that these compounds 

rapidly cross the plasma membrane of the eel). by a facili'i:ated 

transport mechanism (1), thus gaining rapid entry into the cell . 

Most nucleoside deri,!dtives are phosphorylat ed within the cell by 

a viral or cellular kinase to t~e 5'-phosphate and then further 

convert ed to the 5'-triphosphate, which is an active form cf the 

drug . There is a continuing need for new antiviral agents to be 

developed o r modified, (2) for wider use against viral diseases. 

Antiviral =hemotherapy is. aimed at preventing or curing a 

viral disease in a human patient. Ribavirin, a triazole 

nucleoside, 1-8-D-ribofuranosy l-1, ; ,4-triazoJe-J-carboxamide was 

synt~~sized by Witkowski, et al (3) and shown to have a remarkably 

broad spectrum of antiviral activity in laboratory animals (4). 

There are numerous reports available 1,, thti literature where 

experimental studies were performed ln vitro (5-7) in both cell and 

organ cultures, in vivo (8-10) and in plant virus systems . The 

antiviral ana toxicological activities of ribavirin that were seen 

in experimental systems appear to carry over reasonably well to the 

human situation, and co · ·rolled clinical ~tudies are accumulating 

data to further substantiate the antiviral effic~cy of ribavirin , 

particularly &gainst hepatitis A, influenza, respirator~ syncytial 

disease and herpes infections. Many studies world-wide of the 

mechanism ot antiviral action completed to date indicate this drug 
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may have a multi-facet~d effect in ~electively c~ntrolling viral 

infections. 

The specific aim of this ,reject was to synthesize a polymeric 

drug conjugate of the d rug ribavi rin to provi de enhanced 

endocytosis and time-release doses s uitable for testin~ in 

laborat~~y animals, while not specifically targeting the drug to 

any particular organ or cell t 1-pe . such a p~ lymeric drug conjugate 

could be useful in the e valuation of both efficacy and toxici~y of 

"enhanced" r i bovirin i n animal sys~ems, and studi es toward the 

synthesis of a hydr~philic and biodegradable polymeric drug 

conjugate (e.g. carboxy dextran) are described in this report. 

Such conjugates st,ould be expect&d to provide sustained, enhanced 

deljvery and ther1peut ~c activity and maximize water solubility for 

relatively non-roluble drugs . 

~hnical Approach 

fQlymeric Drug conjugates of Ribayirin: It was o~iginally pla~ned 

to couple Rib3virin with c arboxy dextran ( MW 46,000) via an ester 

linkage to the 5 '-hydroxyl group ot it• 2',3'-iaopropylidine 

deriv~tive, u• ing d i cyclohexyl carbodii• ide (DCC) and 

dime~hylpyridine (DMAPJ. (Scheme I). Conjugation ot ribavirin to 

co~pletely oxidized dextran ahould provid~ enhanc•d • olubility and 

endocytosi~, i ncreased halt-life and slow and 3~atained release of 

the drug, but will not target the drug tc npecific s i tes . Th• 

tollowinq s yntheses were successfully performed i n partial 

achiev~aent cf the obj•ctiv~• of th i s contract. 
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Experimental 

coupling of N-t-eoc-glycine to Ribavirin: 

In order to couple the conjugate spacer N-t-B0C-Glycine 

wi t h ribavirin at 5' - 0H positi on, the 2' an~ J'-OH groups were 

protected first with a 2',3'-isopropylidine group. Th:-ee 

different methods were '!VJSluated: (a) dicyclohexyl carboJiit" ide 

(DCC) with dimethylpyridine (DM.\P); (b) p-toluer,esulfonic acid 

monohydrate; (c) catalytic amounts of concentrated sulfuric acid . 

Among all these methods, th:? b'.!st one appears to be catalytic 

amounts of concentrated H2S04 • 

( A) Synthesis of Tris-(N-t-BOC-Gly)-Ribavi;in. 

A i.:eaction mixture of ribaviri:i (100 mrJ, 0 . 4 mmol), proton 

sponge (80 mg), and N-t-BOC-Glycine ( 2(lf1 mg, l.2 l'llJIIOl) was 

dis~oived in DHSO (5 ml ) under argo~ at room temperature. 

Dicyclohexylcarbodiimde (250 mg) was then added in five portions 

during the reaction period ' 72 hrs ) . TLC of the reaction mixture 

indicated some unreacted r i baviri n (AVS) , a nd a product with Rt at 

o.~2 (positive to anthrone) was generated. The turbi1 reaction 

mixture was filtered. Th• insoluble material proved t~ be 

dicyclohexylurea as determined by the comparison of its m.p. with 

standard (m.p. : 233°C) . Filtrate was loaded onto Florisil 

chro~atographic colu~n {SO g, 40 cm x 3.0 cm i.d.) and~• column 

was eluted with chloroform/ methanol (10:3). The fractions which 

gave posh:ive tests to anthrona and t!inhydrin r11agents, were 

combined and concentrated to dryness Tne physical, analytical , nd 
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spectroscopic characte:-istics of the product ( 2 O mg) are given 

below: 

m.p.: 112-114°c 

~: 0.92 i n chloroform:methanol (10:3; v / v) 

IR (KBr) 3378, 3333 (NH), 1706, 1685, 1655 (CO), 1560 (NH) cm·•. 

Disappear.lnce of thti hy• :roxyl group of AVS 'iilas noted by comparing 

~ith spectra of native AVS . ( IR spectra are enclosed, see Appendix 

Page 16 and 16). 

1H-NMR i n d6-0MSO 

Chemical Shape of the 
Shift Signe.ls Ir.tegration Assignment 

·1 • BC' s 2H NH2 in AVS 
5.30 s lH H-1' in ribose 
4 .05 d 2H H-2' and H-3 ' 
3 . 30 (\ 2H 5'-CH2 
2.60 s 21: CH2-Gly 
1.50 s 9H t-BOC 

A parallel ~~perime~t was also performed with dimethylaminop~ridine 

3S a c~talyst instead of prcton sp~nge which gave the similar 

results. 

(B) Synthesis of 2', 3' - isooropylid oe-ribav..i..tin 

A rapidly stirred suspension of ribavirin (100 mg ; 0,04 mmol) 

in dry acetone (~5 ml) was treated with a catalytic amount of 

concentrat.ed H2SO, (JO µl) under anhydrous conditions at room 

te1Gperature. ,~ ' , 3 '-D imethyoxypropdne ( 0. 4 ml) was added dropw ise 

to a r~pidly stirred r 1bav irin suspension. The ~olor of s olution 

gradua .. y ~urned yellow and ribavirin dissolved gradually. After 
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JO minutes all r ibavirin dissolved completely and stirring was 

continued for one hour. The progress of the reaction was monitored 

by thin layer chromatography (TLC). The reaction was quenched with 

powdered sodium bicarconate (0.5 g) and the mixture was stirred for 

another 20 minutes, filtered and the tiltra'te wao dried in vacuo. 

The filtrate vas di~$olved in hot water and lyophilized. The white 

powd ~r nbtained was dissolved i n ethyl acatate:acetone (1:1) and 

precipitated by adding eth~r. The ~hit~ prP.cipi tate was filtered 

and dril!!d in a vacuum oven. The physical and spectroscopic 

characteri~tic~ of the product are given below. 

m.p . .,. 194-198°C 

Yield= 70 mg; 60\ 

Rt • larger than ribavirin in Acetone:methanol 20·1 

NMR ~ showed the presence of i sopropylidine gr~up (the 

presence of two methyl groups showed as two singlets at 6 1.5 and 

6 1.3 ppm). Furthermore, H-1' of sugar ring exhibited a downfield 

shift fron part!nt compound a't 6 6 . 2 ppm. The 2 ' - OH and J ' - OH 

absorption disappeared while a sharp triplet due to 5' -OH is 

present at 6 4,95 ppm. H-2', H-3' and H-4' protons of sugar ring 

also showed a ctownfiF.ld shift, while H-5' and H-5'' protons did not 

exhibit any shifting compared to parent ribavirin mole~ule. A co~y 

of the original spectrum i s enclosed (see Appendix P. 1.-14). 

cc> synthesis of S'-t-eoc-aly-isopropylidine ribayirin 

2',J'-Isopropylidine-ribaviti~ (50 mg) was placed in a round 
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bottom flask, 10 ml of DMSO/Acetone solvent mixture (l:9) Wds added 

and the reacti-:.n mixture w,s stirred under argon gas. To the 

stirred mixture , t-BOC-gly {50 mg) and DMAP ( 10 mg) ~ere aoded 

carefully. D~C (JO mg) was added to the reaction mixture 

portionwise anf. the mixture was refluxed tor eig~t: hours. The 

bypi.oduct dicyclohexylur-2a was removed by filtrat1.on. The acetone

soluble portion ~as concentrated in vacuo and partially purified by 

column chromatography to give three fractions. After concentration 

i n vacuo these materials were analyzed by NMR and showed 

cc,mpl i c ated spectra of unknown structures. None vf them were 

characteriz€d to be 5'-t-Boc-gly-isopr.opylidine r ibavirin. 

( D) .$ :eis ot monosubstituted t-eoc-Glv-Ribavirin. 

A reaction mixture of ribavirin (SO mg) , 4-

dimethylaminopyridine (6 . J mg) and N-t-BOC glycine (52.6 mg, O.J 

Ill)lol : was dissolved in DMF (4 ml) under argon at room temperature. 

~he dicyclohexylcarbodiimide (200 mg) was added in four portions 

d11t ;.n'J the reac tion period (7 :! hrs). TLC of the reacti on n:ixture 

sh0wed it had gone to completion and several products were formed 

with~ betweP.n 0 . 67- 0.92. 

The 'luper, . _an ,. of the mixture was separated from the 

precipitate by filtcation and loaded onto Flor1sil chromatographic 

colun,n (SO g, 40 x J .o cm i.d . ). The column was eluted with 

acQtonitrile followed by methanol and the fractions with~ at 0.85 

which were positive to ninhydrin, were pooled ana concentrat~d, 
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The physical, :1nd spectrosco:oic 

characte~~ ~tics of the product is as follows: 

m.p. : ; . ,· -155°C 

Rt: O.R5 in chloroform:methanol (10:J) 

IR F~!!ctra sho':.led similarity with IR spectra of trisubstituted 

product but the presence of hydroxyl peak at 3300 cm·1 was observed . 

(IR spectra is enclosed, see Ap~endix Page 17). 

~thesis of carboxydextran CMw 4~000l 

a. synthesis of Dextran-Dialdehyde: 

A react ion mi x~ure :,f dextran ( 2. O g; p(w 46,000) , sodium 

per iodate ( 12 . o g) and water ( 8() ml) was takfm i n a 251) ml 

Erlenmeyer flas!< covered with aluminum foil to protect it from 

light. It was stirred at 7 °C for 20 hours in l!. refrigerator. 

Excess sodiu11, per1odat·! and other salts were removed by exhtsustive 

dialysis against water u~ing 6,000 to 8 ,000 Hw cut-off membranP. . 
... 

The pure product was isolated by freeze-drying. The yield w~s 1.44 

g (90\-). 

b. Synthesis of Carboxydextran: 

A mixture of dextran dialdehyd3 (l.O g ) and sodium chlorite 

(6. 5 g), in o. 5 M acetic acid (50 ml) 1o1aa stirred at :-oom 

temperatur.a l n a 250 ml beaker. There waa an immediate color 

change from white to red, and a compl 3tion :,f the reaction was 

indicated by the d i sappearance of the red color over a pe~iod of 

four hours. c arb~xydextran wa · solated by adding the reaction 
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mixturti drop-wise to r apidly stirring eth~nol (300 ml) and the 

precipitate waa collected by f i ltration. The product ~1,s purified 

by dissolving it in water &nd reprec;ipitation in ethanol. Final 

purification ilwolved dia)ysis against water. The pure :::arboxy

dextran was isolated by lyophilization in 85\ (1.05 gm) yield. 

conc1u,ion 
A. successful synthes~s of polymer> c drug conjugate of the 

ribavirin can be achieved by standai·d methods of coupling ribavirin 

with carooxydextran via an ester linkage to the 5'-hydroxyl group 

of 2',3' protected derivative of riba~irin . In the present 

contract we successfully ach i eved tt~ synthesis of 2',l'-

iaopropylidine-ribaviri~. Esteriflcation of ribivirin in our 

ex~•ri ence needs to be r~peated with modified conditions to obtain 

the target product without hydrolysing the 2', l '-isor-rolylidine 

gr~up. Ca1boxydextran (HW 46,000) was prepared succes~ful ly from 

dextran in two step., in 80\ yield. Product was purified by 

dialys i s and finally lyophilized to producr. 1.05 gm material from 

2.0 gm of dextr5~. Final cou?ling of ~lbavirin derivative ~ith 

carboxydextran r • n be achieved by using ~cc and OMA~ as shown in 

Scheme I. 

If a standard procedur , involving the protec tion of 2',3'

hydrox~ l groups ot rib11virin, coupling it wi th polyrne.:- .. and finally 

deprotecting it, tails to give final desired proc,uct , : t might be 

poaaible to cou~ e ribdvir i n directly with carboxydextran without 

protecting 2', 3 ~ydroxyl groups, as an ester formation may be 

favored at 5' c!u o 4 more ~eactive primary hydroxyl group. Thu•, 
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the con j ugdt i on of unprotected r i bavirin to carboxydextran might be 

achieved by using l-ethyl-3-(dimethylaminopropyl) carbodiimide 

( EDC) in water . The success of this r eaction wou ld provide a 

f acile r oute for conj ~gation. It ha• been previously shown that i n 

the reaction of nuc l eotides with proteins , the formation of ester 

linkages with secondary hydroxyl group i s negligJble (11). Side 

reactions with the ~~rboxamide group are not anticip~ted uuder the 

proposed experi~ental conditions. 
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