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Introduction

Nuclecsides and nucleoside analogs constitute the major class
of compounds which to date exhibit significant in vitro and in vivg
antivirel activity. One of the reasons is that these compounds
rapidly cross the plasma membrane of the cell by a facilitated
transport mechanism (1), thus gaining rapid entry inte the cell.
Most nucleoside derivatives are phosphorylaied within the cell by
a viral or cellular kinase to the S5’-phosphate and then further
converZed tJ> the 5’-triphosphate, which is an active form cf the
drug. There is a continuing need for new antiviral agents to be

developed or modified, (2} for wider use against viral diseases.
Antiviral chemotherapy is aimed at preventing or curing a
viral disease in a human patient, Ribavirin, a triazole
nucleoside, 1-B-D-ribofuranosyl-l,.,d4-triazole~)-carboxamide was
synth2sized by Witkowski, et al (1) and shown to have a remarkably
road spectrum of antiviral activity in laboratory animals (4).
Thare are numerous reports avallable 11 the literature where
experimental studies were performed ip vitro (5-7) in both cell and
organ cultures, in yivge (8-10) and in plant virus systems. The
antiviral ana toxicological activities of ribavirin that wers seen
in experimental systems appear to carry over reasonably well to the
human situation, and co-'*rolled clinical studies are accumulating
data to further substantiate the antiviral efficacy of ribavirin,
particularly against hepatitis A, influenza, respiratorv syncytial
disease and herpes infections. Many studies world-wide of the

mechanism of antiviral action completed to date indicate this drug
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may have a multi-facetad effect in sclectively controlling viral
infections.

The specific aim of this nroject was to synthesize a polymeric
drug conjugate of the drug ribavirin to provide enhanced
endocytosis and time-release doses suitable for testing in
laboratory animals, while not specifically targeting the drug to
any particular organ or cell type. Such a p~lymaric drug conjugate
could be useful in the evaluation of both efficacy and toxicicy of
"anhanced®” :ibavirin in animal systems, and studies toward the
synthesis of a hydrephilic and biodegradable polymeric drug
conjugate (e.g. carboxy dextran) are described in this report.
Such conjugates shtould be expected to provide sustained, enhanced
delivery and therapeutic activity and maximize water solubility for

relatively non-foluble drugs.

Technical Approach
Polymeric Drug Conivugates of Ribavirjpn: It was originally planned
to couple Rilbavirin with carboxy dextran (MW 46,000) via an ester
linkage to the 5’~hydroxyl group of its 27,3’-lsopropylidine
derivative, using dicyclohexyl carbodiimide {DCC) and
dimethylpyridine (DMAP). (Scheme I). Conjugatiocn ot ribavirin to
cospletely oxidized dextran should provida enhanced solubility and
endocytosis, lncreased half-life and slow and 3ustained release of
the drug, but will not target the drug tc specific sites. Tha
followlng syntheses werea successfully performed 1In partial

achievement cf the objectivas of thls contract.
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F . ]
: 1§ t N-t-BOC-glvCi Ribavirin:

In order to couple the conjugate spacer N-t=-BCC-Glycine
with ribavirin at 5’-0H position, the 2’ and 1’-0H groups were
protected first with a 2’,3’-isopropylidine group. Three
different methods were evaluated: (a) dicyclohexyl carbodiiride
(DCC) with dimethylpyridine (DMAFP); (b} p-~toluenesulfonic acid
monohydrate; (c) catalytic amounts of concentrated sulfuric acid.
Among all these methods, thz b=st one appears tc be catalytic
amounts of concentrated H,50,.

(A)  synthesis of Tris-(N-t-BOC-Gly)-Ribavirin.

A reaction mixture of ribavirin (100 mg, 0.4 mmol), proton
sponge (80 mg), and N-t-BOC-Glycine (29u mg, 1.2 mmol) was
dissoived in DMSO (5 ml} under argor. at room temperatura,
Dicyclohexylcarbodiimde (250 mg) was then added in five portions
during the reaction period ‘72 hrs}. TLC of the reaction mixture
indicated some unreacted ribavirin (AVS), and a product with R, at
0.92 (positive to anthrone) was generated. Thae turbidi reaction
mixture was f(iltered. The insoluble material proved ¢t ba
dicyclohexylurea as determined by the compariscon of its m.p. with
standard {(m.p.: 233°C). Flitrate was loaded onto Florisil
chronatographic colusn (50 g, 40 cm x 3.0 cm {.4.) and tke column
was eluted with chloroform/methanol (10:3). The fractions which
gave positive tests to anthrons and ninhydrin rseagents, were

combingd and concentrated to dryness Tne physical, analytical . nd
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spectroscopic characzteristics of the product (20 mg) are given
below:

m.p.: 112-114°C

Ri: 0.92 in chloroform:methancl (1l0:3; v/v)

IR (KBr) 13378, 3333 (NH), 1706, 1685, 1655 (CO), 1560 (NH) cm'.
Disappearance of the hy .roxyl group of AVS was noted by comparing
with spectra of native AVS, (IR spectra are enclosed, see Appendix
Page 16 and 18).

‘H=NMR in d,-DMSO

Chemical Shape of the

Shift Signals Irtegration Assignment
7.8C s 2H NH, in AVS
5.30 s 1H H-1’ in ribose
4.05 d 2H H-27 and H-3'
1.30 ad 2H 5¢=CH,

2.60 s 21 CH,-Gly

1.50 8 9H t=-80C

A parallel o.perimeat was also performed with dimethylaminopyridine
18 a catalyst instead of prcton sprnge which gave the similar

results.

(B) Synthesis of 2°,3'-isopropylid nesribavirin

A rapidly stirred suspension of ribavirin (100 mg; 0.04 mmol)
in dry acetona ('5 ml) was treated with a catalytic amount of
concentrated H,;50, {30 ul) under anhydrous conditions at room
temperature. .’,3'-Dimethyoxypropane (0.4 ml) was added dropwvise
to a rapidly atirred ribavirin suspension. The rolor of soluticn

gradua. y %urned yellow and ribavirin dissolved gradually., After

N
L)

&
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30 minutes all ribavirin dissolved completely and stirring was
continued for cne hour. The progress of the reaction was monitored
by thin layer chromatography (TLC). The reaction was quenched with
powdered sodium bicarponate (0.5 g} and the mixture was stirred for
another 20 minutes, filtered and the filtrate was dried in vacuo.
The filtrate vas dissolved in hot water and lyophilized. The white
powd:r mbtained was dissolved in ethyl acetate:acetone (1:1) and
precipitated by adding eth2r. The white precipitate was filtered
and dried in a wvacuum oven. The physical and spectroscopic
characteristicry of ¢the product are given below.

m.p. = 194-198°C

Yield = 70 mg; 6&60%

R, = larger than ribavirin in Acetone:methanol 2¢-1

NMR = showed the presence of isopropylidine grivup (the
presence of two methyl groups showed as two singlets at § 1.5 and
§ 1.3 ppm}. Furthermore, H-1’ of sugar ring exhibited a downfield
shift from parent compound at § 6.2 ppm. The 2’-CH and 3’'-0OH
absorption disappeared while a sharp triplet due to 5’-0OH is
present at § 4.95 ppm. H-2‘, H-3’ and H-4’' protons of sugar ring
also showed a downfield shift, while H-5’ and {-5'’ protons did not
exhibit any shifting compared to parent ribavirin molecule. A couy

of the original spectrum is enclosed (see Appendix P. 1l.-14).

(©) j ‘-%-POC=-gly-j

27,3'-1Isopropylidine-ribaviiin (50 mg) was placed in a rcuand

(ii‘.‘r‘

A
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bottom flask, 10 ml of DMSO/Acetone solvent mixture {1:9) was added
and the reactisn mixture wis stirred under argon gas. To the
stirred mixture, t-80C-gly (50 mg) and DMAP (10 mg) were auded
carefully. DCC (3¢ mg) was added to the reaction mixture
portionwise and the mixture was refluxed for eigh* hours. The
byproduct dicyclohexylur~a was removed by filtration. The acetone-
soluble portion was concentrated in vacuo and partially purified by
column chromatography to give three fractions. After concentration
in wvacuo these mnaterials were analyzed by NMR and showed
conplicated spectra of unknown structures. None of them were
characterized to be 5’-t-Boc~gly-isopropylidine ribavirin.

{0y s 21 i = = =~Ribavij

A reaction mixture of ribavirin (50 ng), 4=
dimethylaminopyridine (6.3 mg) and N-t-BOC glycine (52.6 mg, 0.3
ni1ol! was dissolved in DMF (4 ml) under argon at room temperature.
The dicyclohexylcarbodiimide (200 mg)} was adcded in four portions
dvring the reaction period (7! hrs), TLC of the reaction mixture
shewed L1t had gone to completion and several products were formed
with R, between 0.67-0.92,

The <«uper,. .an.. of the mixture was separated from the
pracipitate by filtration and locaded onto Florisil chromatographic
column (50 g, 40 x 1,0 cm i.d.). The column was eluted with
acetonitrile followed by methanol and the fractions with R, at 0.85

which were positive to ninhydrin, were pooled ana concentrated,
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gave a white powder (15 mg). The physical, and spectroscaoic
characteri<tics of the product is as follows:

m.p. : :. -1585°C

R: 0.83 in chloroform:methanol (10:3)

IR r.octra shoved similarity with IR spectra of trisubstituted
product but the presence of hydroxyl peak at 3300 cm! was observed.

(IR spectra is enclosed, see Appendix FPage 17).

Synhe is © ay de W 46000}
a. Synthesis of Dextran-Dialdehyde:

A reaction mixture 3>f dextran (2.0 g; Mw 46,000), sodium
periocdate (12.0 g) and water (80 ml) was taken in a 250 ml
Erlenmeyer flaskX covered with aluminum foil to protect it from
light, It was stirred at 7°C for 20 hours in a refrigarater.
Excess sodium periodat: and other salts were removed by exhaustive
dialysis against water using 6,000 to B,000 Mw cut-off membrane.
The pu;e product was isolated by freeze~drying. The yield wzs 1.44
g {90%).

k. Synthesis of Carboxydextran:

A mixture of dextran dialdehyda (1.0 g} and sodium chlorite
(6.% g), in 0.5 M acetic acid (50 ml) wasa stirred at room
temperatura .n a 250 ml beaker. There was an immediate color
change from white to red, and a complation of the reaction was
indicated bv the disappearance of the red color over a period of

four hours. Carboxydextran wa 'solated by adding the reaction

&
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mixture drop-wise to rapidly stirring ethanel (300 ml) and the

precipitate was collected by filtration. The product v-.s purified

by dismsolving it in water and reprecipitation in ethanol. Final

purification involved dialysis agaiist water. The pure carboxy-

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

A successful synthes:s of polymeric drug conjugate of the
ribavirin can be achieved by standard methods of coupling ribavirin
with carvoxydextran via an ester linkage to the 5'-hydroxyl group
of 2’,3' protected derivative of ribavirin. In the present
contract wa successfully zchieved ¢t}!}2 synthesis of 27,3'-
isopropylidine-ribav.irin. Esterification of ribivirin in our
exparience needs to be repeated with modified conditions to obtain
the target product without hydrolysing the 2',3*-isorrolylidine
group. Carboxydextran (MW 46,000) was prepared successfully from
dextran in two steps in 80% yield, Product was purified by
dialysis and finally lyophilized to producr. 1.05 gm material from
2.0 gm of dextrzn. Final coupling of ribavirin derivative with
carboxydextran r n be achieved by using o.CC and DMAP as shown in
Schems I.

It a standard procedur: involving the protection of 2’,3°-
hydrox* 1 groups of ribavirin, coupling it with polymer, and finally
deprotecting it, fails to give final desired procuct, .t might be
possible to cuup e ribavirin directly with carboxydextran without
protecting 2’,3 “ydroxyl groups, as an ester formation may be

favored at 5/ du C A more reactive primary hydroxyl group. Thus,

d

dr
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the conjugation of unprotected ribavirin to carboxydextran might be
achieved by using l-ethyl-3-{dimethylaminopropyl) carbodiimide
{EDC) in water. The success of this reaction would provide a
facile route for conjugation. It has been previously shown that in
the reaction of nucleotides with proteins, the formation of ester
linkages with secondary hydroxyl group is nagligible (11}. Side
reactions with the carboxamide group are not anticipsated under the

proposed experimental conditions.
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