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MODIFIED BENZIMIDAZOLE NUCLEOSIDES AS ANTIVIRAL AGENTS 

This application is related to U.S. application serial number 60/010,463 filed 

5 23 January 1996, the contents of which are incorporated herein. 

FIELD OF IBE INVENTION 

This invention pertains to nucleoside analogs which have antiviral activity and 

10 improved metabolic stability. More specifically, this invention pertains to modified 

benzimidazole nucleosides, as exemplified by compounds such as benzimidazole 

nucleosides possessing a fluorinated sugar-like moiety (for example, a 2' -fluoro-furanosyl 

moiety or a 3 '-fluoro-furanosyl moiety). 

15 BACKGROUND OF THE INVENTION 

Throughout this application. various publications, patents, and published patent 

applications are referred to by an identifying citation; full citations for these documents 

may be found at the end of the specification immediately preceding the claims. The 

20 disclosures of the publications, patents, and published patent specifications referenced in 

this application are hereby incorporated by reference into the present disclosure to more 

fully describe the state of the art to which this invention pertains. 

Benzimidazole nucleosides are particularly attractive as potential antiviral agents 

25 because or° their ability to avoid some major pathways of bioactive purine (bicyclic) 

nucleoside inactivatio~ e.g., deamination by adenosine deaminase and glycosidic bond 

cleavage by pmine nucleoside phosphorylases. For example, current therapy for HCMV 

includes the use of drugs such as ganciclovir (also known as DHPG), foscarnet, and 

cidofovir. However, known benzimidazole nucleosides such as 5,6-dichloro-l-(~-0-

30 ribofuranosyl) benzimidazole (DRB) have demonstrated only marginal levels of activity or 

generally unacceptable levels of cytotoxicity, or both, thereby greatly diminishing their 

usefulness in the treatment of viral infections. Recently, benzimidazole compounds, such 
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as TCRB (2,S,6-trichloro-1-(2'-~-D-ribofuranosyl)benzimidazole) and 2-bromo-5,6-

dichloro-l-(2'-~D-ribofuranosyl)benzimidazole (BDCRB) have also been found to be 

useful against HCMV infections. See, for example, Townsend et al., 1993, 1994, 1995. 

A number of benzimidazole nucJeosides have been synthesim:l and tested for their 

antiviral activity and cytotoxicity in an effort to identify a compound with superior anti­
human cytomegalovirus (HCMV) activity to ganciclovir and foscamet. Antiviral activity 

ofpolysubstituted benzimidazoles such as S,6-dichloro-1-(IJ-D­

ribofuranosyl)benzimidazole (DRB) and some closely related derivatives have been 
10 previously described (Tamm, 1954). Their activity against specific viruses, such as RNA 

rhinovirus and DNA herpes simplex virus type I and type 2, also has been reported. 

Several of the 5' -deoxyribosyl benzimidazole analogs, including 2,5,6-trichloro-

1 CP-D-ribofuranosyl)benzimidazole (TCRB) have shown very potent activity against 
15 HCMV and low cellular toxicity at concentrations inhibiting viral growth. Structural 

activity relationships of TCRB and heterocycle and carbohydrate modified derivatives 
have been reported. See, for example, Ravenkar et al., l 968a, l 968b; Townsend et al., 

March 1992; Zou et al., 1992; Saluja et al., 1992. These disclosures, however, do not 

disclose the structure or synthesis of the compounds which are the subject of this 

20 invention. 

Some modifications of the heterocycle have given analogs that are significantly 
more active than TCRB. However, most of these analogs are also more cytotoxic than 

TCRB, resulting in compounds with a little improved therapeutic index. Attempts to 
25 modify the carbohydrate moiety, by replacing the ribose with arabinose, xylose or acyclic 

analogues have given compounds less active than TCRB. Somewhat surprisingly a 5' -

deoxy derivative of TCRB, 2,S,6-1richloro-l (IJ-D-5' -deoxy-ribofuranosyl)benzimidazole 
was shown to be about 10 times more active than TCRB and have a better therapeutic 

index than TCRB. 

30 

Recent studies of the phannacokinetics and metabolism ofTCRB have revealed a 
drug half-life of about 0.6 hours in rats and 0.5-0.7 hours in monkeys (Good et al., 1994). 
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The short half life may be associated with metabolic instability of the compound, for 

example, the cleavage of the sugar moiety :from the benzimidazole. 

SUMMARY OF TIIE IN\TENTJQN 

One aspect of the present invention pertains to modified benzimidazo)e nucleosides 

possessing a fluorinated sugar-like moiety as described herein. In one embodiment, the 

fluorinated sugar-like moiety comprises a 2'-.fluoro-furanosyl moiety or a 3'-fluoro­

furanosyl moiety. 

Another aspect of the present invention pertains to pharmaceutical compositions for 

treating viral infections which comprise a therapeutically effective amount of one or more 

of the modified benzimidazole nucleosides of the present invention, as described herein. 

15 Yet another aspect of the present invention pertains to methods for treating viraJ 

infections in an animal patient comprising the step of administering a therapeutically 

effective amount of one or more of the modified benzimidazole nucleosides of the present 

invention, as described herein. 

20 Still another aspect of the present invention pertains to methods for inhibiting viral 

25 

(e.g., HCMV) proliferation in a virally infected cell comprising contacting the cell with an 

effective amount of one or more of the modified benzimidazole nucleosides of the present 

invention, as described herein, lUlder suitable conditions such that viral proliferation is 

inhibited. 

Still another aspect of the present invention pertains to methods for 

prophylactically treating a cell susceptible to viral (e.g., HCMV) infection, by contacting 

the cell with an effective amount of one or more of the modified benzimidazole 

nucleosides of the present invention, as described herein, under suitable conditions such 

30 that viral infection is prevented. 
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As will become apparent, preferred features and characteristics of one aspect of the 

invention are applicable to any other aspect of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig\U'e 1 is a .flowchart illustrating a method for the chemical synthesis of modified 

benzimidazole nucleosides possessing a fluorinated sugar-like moiety. 

Figure 2 is a flowchart illustrating another method for the chemical ~ynthesis of 

10 modified benzimidazole nucleosides possessing a fluorinated sugar-like moiety. 

15 

Figure 3 is a flowchart illustrate still another method for the chemical synthesis of 

modified benzimidazole nucleosides possessing a fluorinated sugar-like moiety. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

A. Antiyjral Compounds of the Present Invention 

This invention pertains to modified benzimidazole nucleosides which have antiviral 

20 activity and low toxicity and which offer improved metabolic stability, and therefore, 

longer half-lives in vivo. 

The compounds of the present invention may be described as ''modified 

benzimidazole nucleosides,'' wherein the sugar-like moiety at the I-position (i.e .. , R1
) of a 

25 substituted benzimidazoles bas been derivati7.ed, for example, to yield a fluorinated 

sugar-like moiety. The compounds of the present invention may be represented by the 

formula: 
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wherein R1 is a fluorinated sugar-like moiety, and R2
, R4

• R5
, R6 and R7 are 

benzimidazole substituents. Examples of benzimidamle substituents include -H, halogens 

5 (e.g., -F, -Cl, -Br, -I), -N02, -NR2 (where R is independently-Hor an alkyl group having 

1-6 carbon atoms), -OR (where R is-Hor an alkyl group having 1-6 carbon atoms), -SR 

(where R is-Hor a hydrocarbyl of 1-10 carbon atoms), and-CF3• 

In one embodiment, the compounds of the present invention may be represented by 

10 the above fonnula, wherein R1 is a fluorinated sugar-like moiety; R2 is -H, -F, -Cl, -Br, -I, 

or -NR2 (where R is independently-Hor an alkyl group having 1-6 carbon atoms); and R4
, 

R5
, R6 and R7 are independently-ff, -F, -CI, -Br, or-I. 

In one embodiment, the compounds of the present invention may be represented by 

15 the above fo~ula, wherein R1 is a fluorinated sugar-like moiety; R2 is -H, -F, -Cl, -Br, -I, 

or -NR2 (where R is independently-ff or an alkyl group having 1-6 carbon atoms); Rs and 

R6 are independently-ff, -F, -Cl, -Br, or -1; and R4 and R7 are -H. 

In another embodiment, the compounds of the present invention may be 

20 repres~ted by the above fonnula, wherein R1 is a fluorinated sugar-like moiety; R2 
.. Rs, 

and R6 are independently -H, -F, -Cl, -Br, or -I; arid R4 and R7 are -H. 

In another embodiment, the compounds of the present invention may be 

represented by the above fonnula, wherein R 1 is a fluorinated sugar-like moiety; R2 is -

25 NR2 (where R is independently -Hor an alkyl group having 1-6 carbon atoms); R 5 and R6 

are independently -H, -F. -Cl, -Br, or -I; and R4 and R7 are -H. 
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. In one embodimen~ the compounds of the present invention may be represented by-

the above fonnula, wherein R1 is a fluorinated sugar-like moiety; R2
, Rs, and R6 are 

independently -Hor -Cl; and R4 and R7 are -H. 

5 The term "sugar-like moiety'' as used herein relates to monosaccharide moieties. 

Preferred sugar-like moieties are in cyclic form, for example, derived from furanose 

(5-membered ring) or from pyranose (6-membered ring) forms, but more preferably from 

furanose fonns. Examples of sugar-like moieties include threo-furanosyl (from threose, a 

four-carbon sugar); crythro-furanosyl (from erythrose, a four-carbon sugar); ribo-furanosyl 

l 0 (from ribose, a five-carbon sugar); ara-furanosyl (also often referred to as arabino­

furanosyl; from arabinose, a five-carbon sugar); and xylo-furanosyl (from xylose, a 

five-carbon sugar). Examples of sugar-like moieties having further modificati?ns include 

"deoxy", ''keto", and "dehydro" derivatives, for example, 2' -deoxy-ribo-furanosyl; 3' -

deoxy-ribo-furanosyl; 3' -keto-2' -deoxy-ribo-furanosyl; 2' ,5' -dihydrofuran-2' -yl; and 2'3 ' -

15 dihydrofuran-2'-yl. Sugar-like moieties may be in any of their enantiomeric, 

diasteriomeric, or stereoisomeric fonns, including, for example, D- or L-forms. The 

modified benzimidazole nucleosides of the present invention may be in any stereochemical 

configuration, including, for example, a- or P-anomeric form. 

20 The term ''fluorinated sugar-like moiety" as used herein relates to sugar-like 

moieties which have derivatized to include at least one fluorine atom (i.e., -F). For 

example, furanosyl (5-membered ring) groups derived from pentose (5-carbons) often have 

2'-hydroxyl, 3'-hydroxyl, and 5'-hydroxyl groups. Fluorinated derivatives of such sugar­

like moieties may be prepared, for example, by replacing one or more of the hydroxyl 

25 groups with tluoro groups. Examples of fluorinated sugar-like moieties include 

2'-fluoro-furanosyl and 3'-fluoro-furanosyl. Examples of preferred fluorinated sugar-like 

moieties include 2' -fluoro-ara-furanosyl and 3 '-fluoro-xylo-furanosyl. 

As used herein, the tenn "fluorinated sugar-like moiety" also encompasses 

30 protected fluorinated sugar-like moieties. For example, fluorinated sugar-like moieties 

may possess one or more of2'-hydroxyl, 3'-hydroxyl, and/or 5'-hydroxyl groups in a 
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protected form, for example, as an ester (e.g., as an acetate, -O(C=O)CH3), benzoate (i.e., --

OC(=O)C6H5), or an ether (e.g., as a trityl ether, -OC(C~5)3). 

Throughout this application the disclosed and claimed compounds are identified by 

S structure, name or by numerical designations. The compounds of this invention include, 

but are not limited to those examples shown below. 

10 

15 

2,5,6-trichJoro-1-(2' -fluoro-ara-furanosyl) benzimidazole (wherein R 1 is 2' -fluoro­

ara-:furanosyl; R2 is -Cl; R4 is -H; R5 is-a; R6 is -Cl; and R7 is -H) (e.g., compound 6); 

2,5,6-trichloro-l-(3'-fluoro-xyJo-furanosyJ) benzimidazole (wherein R1 is 3'­

fluoro-xylo-furanosyJ; R2 is -Cl; R4 is -H; R5 is -Cl; R6 is -Cl; and R7 is -H) (e.g., 

com~und7); 

5,6-dichloro-l-(2'-fluoro-ribo-:furanosyl) benzimidazole (wherein R1 is 2'-fluoro­

ribo-furanosyl; R2 is -H; R4 is -H; R5 is -Cl; R6 is -Cl; and R7 is -H) (e.g., compound 15); 

2-bromo-5,6-dichloro-l-(2'-fluoro-ribo-:furanosyl) benzimidazole (wherein R1 is 

2'-fluoro-ribo-furanosyl; R2 is-Br; R4 is -H; R5 is -Cl; R6 is -Cl; and R7 is -H) 

20 (e.g., compound 19); 

25 

2-isopropylamino-5,6-dichloro-1-(2' -fluoro-ribo-:furanosyl) benzimidazole 

(wherein R1 is 2'-fluoro-ribo-furanosyl; R2 is-NH(CH(CH3)i); R
4 is-H; R5 is -Cl; R6 is­

Cl; and R7 is -H) (e.g., compoWld 20); 

The compounds of this invention are useful in the methods provided below or are 

useful as intennediates for the manufacture of other compounds of the present invention. 

It also should be understood, even though not always explicitly stated, that reference to any 

of the above compounds is to include pharmaceutically acceptable sa1ts and operative 

30 combinations thereof. 
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B. Methods of Usin& the Antiviral Compounds of the Present lnyention 

As shown below, the compounds of this invention are potent antiviral drugs, and 
are particularly effective against HCMV and HSV-1, and as such, when combined with 

5 carriers, provide compositions for inhibiting viral reproduction and proliferation in vitro, 

ex vivo or in vivo. For example, the compomds can be combined with various liquid phase 
carriers, such as sterile or aqueous solutions, phannaceutically acceptable carriers as 
defined below. 

10 The compounds of this invention can be combined with other antiviral drugs to 
provide an operative combination. "Operative combination" is intended to include any 
chemically compatible combination of a compound of this inventive group with other 
compounds of the inventive group or other compounds outside the inventive group (such 
as ganciclovir, AZT, and focamet), as long as the combination does not eliminate the 

15 antiviral activity of the compound of this inventive group. 

The compounds of the invention could be used to treat HCMV and HSV-1 

infections in AIDS patients already receiving the antiviral drug zidowdine (AZT). 
Combination therapies with AZT may provide the advantage of less toxicity over the 

20 combination of ganciclovir with AZT. The combination of the compounds of this 
invention with AZT may produce less cytotoxicity (i.e. antagonism) in cultured human 

cells than either agent used alone. In contrast, combination of ganciclovir with AZT may 
produce greater cytotoxicity m human cells than the use of either of these drugs alone. 

25 This invention also provides a method of reducing or inhibiting HCMV or HSV-1 

reproduction and proliferation in an HCMV or HSV-1 infected cell or population of cells 
by contacting the ceJl or population with an effective amount of a compound of this 

invention and under suitable conditions, such that viral reproduction and proliferation is 
inhibited. · One of skill in the art can easily determine when HCMV or HSV-1 reproduction 

30 and proliferation has been reduced or inhibited by noting a reduction in viral titer or an 

increase of survival of the infected cells as compared to untreated, infected cells. Methods 
of assaying viral titer are well known to those of skill in the art and are exemplified below. 
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It should be readily understood that by inhibiting and reducing viral replication and 

proliferation, viral infec1ivity also is inhibited and reduced and the cells are suitably treated 

for HCMV or HSV-1 infection. 

For the purposes of this invention, a "cell" is intended to include, but not be limited 

to a mammalian cell, e.g., a mouse celi a rat cell, a woodchuck cell, a simian cell, or a 

human cell. Viruses which are effectively treated by the compounds, compositions and 

methods of this invention include DNA and RNA viruses, particularly herpes viruses. 

Examples of herpes viruses, or herpesviridae, are herpes simplex virus I (HSV-1), herpes 

10 simplex virus 2 (HSV-2), varicella-zoster virus (VZV), Epstein-Barr virus (EBV), human 

cytomegalovirus (HCMV), human herpes virus 6 (HHV-6), human herpes virus 7 

15 

(HHV-7), and human herpes virus 8 (HHV-8). The compounds of the present invention 

are particularly useful in the treatment ofHCMV and HSV~l infections. 

Effective amounts are easily determined by those of skill in the art and will vary 

with the cell, virus being effected and the purpose of the treatment. For example, when 

utilizing the drug in cell culture, it is important that the amount of drug not be cytotoxic to 

the cells. 

20 .. Suitable conditions" include in vitro, ex vivo or in vivo. When the method is 

practiced in vitro, contacting may be effected. by incubating the celJs wi1h an effective 

antiviral amount of the compound, effective to inhibit viral reproduction and proliferation 

in the cell or culture of cells. The compound can be added directly to the culture media or 

combined with a carrier prior to addition to the cells. In vitro, the method is particularly 

25 useful for inhibiting viral reproduction, proliferation and therefore infection in laboratory 

cell cultures. Ex vivo, the compounds are useful to inhibit viral reproduction and 

proliferation in blood and plasma prior to rein1roduction into a patient. 

The use of the compounds and methods in vitro also provides a powerful bioassay 

30 to screen for novel drugs or compounds which provide similar or enhanced antiviral 

activity. Using the methods set forth below, the drug to be tested is assayed under the 
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same conditions as a compound of this invention. Antiviral and cytotoxicity of the test 

drug can then be compared to a compound of this inventive group. 

Although the compounds are shown below to be particularly effective against 

5 HCMV and HSV-1, one of skill in the art can easily determine other viruses effectively 

treated with the compounds of this invention by use of methods described herein and 

others well known to those of skill in the art. Other viruses contemplated to be treated 

within the scope of the present invention include, but are not limited to: human 

immunodeficiency virus (HIV) and hepatitis viruses. 

10 

15 

When the method is practiced in vivo in a subject such as a human patient, the 

compound can be added to a phannaceuticalJy acceptable carrier and systemically or 

topically administered to the subject, such as a human patient or a mammal such as a 

mouse, a rat, a woodchuck, or a simian. 

The compositions also can be administered to subjects or individuals susceptible to 

or at risk of a viral infection, such as HCMV or HSV-I infection. Thus, this invention also 

provides a prophylactic method of inhibiting viral replication. proliferation and/or viral 

infection in a subject by administering to a subject a prophylactically effective amount of 

20 the compound or composition under suitable conditions such that viral replication, 

proliferation or infection is inhibited. A "prophylactically effective amount" is an amount 

which inhibits viral infection. reproduction and proliferation in a subject challenged with 

the virus without toxicity to the cells and subject being treated. 

25 It should be understood that by preventing or inhibiting viral proliferation, infection 

and replication in a subject or individual, the compositions and methods of this invention 

also provide methods for treating, preventing or ameliorating the symptoms or disorders 

associated with the viral infection, such as inclusion disease, blindness, mononucleosis, 

restenosis (HCMV); chickenpox, shingles (varicella-zoster virus); infectious 

30 mononucleosis, glandular, fever, and Burkittis lymphoma (Epstein-Barr virus); cold sores 

(herpes simplex virus l); genital herpes (herpes simplex virus 2); roseola infantwn (human 

herpes virus 6, human herpes virus 7); kaposi sarcoma (human herpes virus 8). Thus, this 
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invention also provides methods of ameliorating, preventing, or treating disorders or 

symptoms associated with viral infection, e.g., HCMV or HSV-1 infection, e.g., restenosis, 

opportunistic infections (such as retinal infections, gastrointestinal infection~ pneumonia, 

CNS infections) and in utero infections, by administering to the subject an effective 

5 amount of a compound of this invention under suitable conditions such that the disorder or 

symptom is ameliorated, prevented, or treated. 

Administration in vivo can be effected in one dose, continuously or intennittently 

throughout the course of treatment Methods of determining the most effective means and 

l 0 dosage of administration are well known to those of skill in the art and will vary with the 

composition used for therapy, the target virus, the purpose of the therapy, the target cell 

being treated, and the subject being treated. Single or multiple administrations can be 

carried out with the dose level and pattem being selected by the treating physician. 

Suitable dosage formulations and methods of administering the compounds can be found 

15 below. 

The fluorinated benzimidazole nucleosides of the present invention all exhibit 

antiviral activity against HCMV and HSV-1. many with acceptable cytotoxicity. It will be 

appreciated that compounds of the present invention which exhibit relatively high antiviral 

20 activity versus cytotoxicity, i.e. good selectivity, are preferred. It will also be appreciated 

that antiviral treatment in accordance with the present invention encompasses the treatment 

of viral infections, as well as prophylactic treatment which may be desired in certain 

situations, e.g. in immunocompromised patients, such as bone marrow 8.nd organ 

transplant patients as well as patients harboring HIV who are particularly susceptible to 

25 HCMV orHsV-1 infection. 

The compounds and compositions of the present invention can be used in the 

manufacture of medicaments and in antiviral treatment of humans and other animals by 

administration in accordance with conventional procedures, such as an active ingredient in 

30 pharmaceutical compositions. The compounds of the invention can be provided as 

phannaceutically acceptable fonnulations and/or "prodrugs,'' including but not limited to 

esters, especially carboxylic acid esters (preferably C1 to C20), such as 5' -acetyl and 
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2' ,3' ,5'-triacetyl prodrugs and phannaceutical salts such as thiolate, citrate and acetate 

salts. 

The pharmaceutical compositions can be administered topically, orally, 

5 intranasally, parenterally or by inhalation therapy, and may take the form of tablets, 

lozenges, granules, capsules, pills, ampoules, suppositories or aerosol fonn. They may 

also take the fonn of ointments, gels, pastes, cream~ sprays, lotions, suspensions, solutions 

and emulsions of the active ingredient in aqueous or nonaqueous diluents, syrups, 

granulates or powders. In addition to a compound of the present invention, the 

I 0 pharmaceutical compositions can also contain other pharmaceutically active compounds or 

a plurality of compounds of the invention. 

More particularly, a compound of the formula of the present invention also referred 

to herein as the active ingredient, may be administered for therapy by any suitable route 

1 S including oral, rectal, nasal, topical (including transdermal, aerosol, buccal and 

sublingual), vaginal, parental (including subcutaneous, intramuscular, intravenous and 

intradennal) and pulmonary. It will also be appreciated that the preferred route will vary 

with the condition and age of the recipient, the virus being treated and the nature of the 

infection. 

20 

In general, a suitable dose for each of the above-named viral infections, e.g., 

HCMV and HSV-1, is in the range of about 0.1 to about 250 mg per kilogram body weight 

of the recipient per day, preferably in the range of about l to about 100 mg per kilogram 

body weight per day and most preferably in the range of about S to about 20 mg per 

25 kilogram body weight per day. Unless otherwise indicated, all weights of active ingredient 

are calculated as the parent compowid of the fonnula of the present invention for salts or 

esters thereof, the weights would be increased proportionately. The desired dose is 

preferably presented as two, three, four, five, six or more sub-doses administered at 

appropriate intervals throughout the day. These sub-doses may be administered in unit 

30 dosage forms, for example, containing about 10 to about l 000 mg, preferably about 20 to 

about 500 mg, and most preferably about 100 to about 400 mg of active ingredient per unit 

dosage fonn. It will be appreciated that appropriate dosages of the compounds and 
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compositions of the invention may depend on the type and severity of the viral infection 

and can vary from patient to patient. Detennining the optimal dosage will generally 

involve the balancing of the level of therapeutic benefit against any risk or deleterious side 

effects of the antiviral treatments of the present invention. 

Ideally,. the active ingredient should be administered to achieve peak plasma 

concentrations of the active compound of from about 2µM to about 1 OOµM, preferably 

about SµM to about 70µ.M,. most preferably about 1 to about 50µM. This may be achieved, 

for example, by the intravenous injection of about 0.1 to about 5% solution of the active 

10 ingredient, optionally in saline, or orally administered, for example, as a tablet, capsule or 

syrup containing about 0.1 to about 250 mg per kilogram of the active ingredient. 

Desirable blood levels may be maintained by a continuous infusion to provide about 0.01 

to about 5.0 mg/kg/hour or by intennittent infusions containing about 0.4 to about l 5 mg 

per kilogram of the active ingredient. The use of operative combinations is contemplated 

15 to provide therapeutic combinations requiring a lower total dosage of each component 

antiviral agent than may be required when each individual therapeutic compound or drug is 

used alone, thereby reducing adverse effects, e.g., cytotoxicity. 

While it is possible for the active ingredient to be administered alone, it is 

20 preferable to present it as a pharmaceutical formulation comprising at least one active 

ingredient, as defined above, together with one or more phannaceutically acceptable 

carriers therefor and optionally other therapeutic agents. Each carrier must be .. acceptable'' 

in the sense of being compatible with the other ingredients of the fonnulation and not 

injurious to the patient. 

25 

Formulations include those suitable for oral, rectal, nasal, topical (including 

transdennal, buccal and sublingual), vaginal, parenteral (including subcutaneous, 

intramuscular, intravenous and intradennal) and pulmonary administration. The 

formulations may conveniently be presented in unit dosage fonn and may be prepared by 

30 any methods well known in the art of phannacy. Such methods include the step of 

bringing into association the active ingredient with the carrier which constitutes one or 

more accessory ingredients. In general, the formulations are prepared by unifonnly and 
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intimately bringing into association the active ingredient with liquid carriers or finely 

divided solid carriers or both, and then if necessary shaping the product. 

Fonnulations of the present invention suitable for oral administration may be 

5 presented as discrete units such as capsules, cachets or tablets, each containing a 

predetennined amount of the active ingredient; as a powder or granules; as a solution or 

suspension in an aqueous or non·aqueous liquid; or as an oil-in-water liquid emulsion or a 

water-irHlil liquid emulsion. The active ingredient may also be presented a bolus, 

electuary or paste. 

10 

A tablet may be made by compression or molding, optionally with one or more 

aceessory ingredients. Compressed tablets may be prepared by compressing in a suitable 

machine the active ingredient in a free-flowing fonn such as a powder or granules, 

optionally mixed with a binder (e.g., povidone, gelatin, hydroxypropylmethyl cellulose), 

15 lubricant, inert diluent, preservative, disintegrant (e.g., sodium starch glycolate, cross­

linked povidone, cross-linked sodium carboxymethyl cellulose) surface-active or 

dispersing agent. Molded tablets may be made by molding in a suitable machine a mixture 

of the powdered compound moistened with an inert liquid diluent. The tablets may 

optionally be coated or scored and may be formulated so as to provide slow or controlled 

20 release of the active ingredient therein using, for example, hydroxypropylmethyl cellulose 

in varying proportions to provide the desired release profile. Tablets may optionally be 

provided with an enteric coating, to provide release in parts of the gut other than the 

stomach. 

25 

30 

Formulations suitable for topical administration in the mouth include lozenges 

comprising the active ingredient in a flavored basis, usually sucrose and acacia or 

tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin and 

glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a 

suitable liquid carrier. 

Pharmaceutical compositions for topical administration according to the present 

invention may be formulated as an ointment. cream, suspension, lotion, powder, solution, 
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pas4 gel, spray, aerosol or oil. Alternatively, a fonnulation may comprise a patch or a 

dressing such as a bandage or adhesive plaster impregnated with active ingredients and 

optionally one or more excipients or diluents. 

5 For infections of the eye or other external tissues, e.g., mouth and skin, the 

formulations are preferably applied as a topical ointment or cream containing the active 

ingredient in an amount of, for example, about 0.075 to about 20% w/w, preferably about 

0.2 to about 25% w/w and most preferably about 0.5 to about l 0% w/w. When formulated 

in an ointment, the active ingredient may be employed with either a paraffinic or a water-

10 miscible ointment base. Alternatively, the active ingredients may be formulated in a cream 

with an oil-in-water cream base. 

If desired, the aqueous phase of the cream base may include, for example, at least 

about 30% w/w ofapolyhydric alcohol, i.e., an alcohol having two or more hydroxyl 

15 groups such as propylene glycol, butane-1,3-diol, mannitol, sorbitol, glycerol and 

polyethylene glycol and mixtures thereof. The topical formulations may desirably include 

a compound which enhances absorption or penetration of the active ingredient through the 

skin or other affected areas. Examples of such dennal penetration enhancers include 

dimethylsulfoxide and related analogues. 

20 

The oily phase of the emulsions of this invention may be constituted from known 

ingredients in an known manner. While this phase may c'?.mprise merely an emulsifier 

(otherwise known as an emulgent), it desirably comprises a mixture of at lease one 

emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic 

25 emulsifier is included together with a lipophilic emulsifier which acts as a stabilizer. lt is · 

also preferred to include both an oil and a fat. Together, the emulsifier(s) with or without 

stabilimr(s) make up the so-called emulsifying wax, and the wax together with the oil 

and/or fat make up the so-called emulsifying oin1ment base which forms the oily dispersed 

phase of the cream fonnulations. 

30 
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Emulgents and emulsion stabilizers suitable for use in the formulation of the 

present invention include Tween 60, Span 80, cetostearyl alcohol, myristyl alcohol, 

glyceryl monostearate and sodium lauryl sulphate. 

The choice of suitable oils or fats for the formulation is based on achieving the 

desired cosmetic properties, since the solubility of the active compound in most oils likely 

to be used in pharmaceutical emulsion formulations is very low. Thus the cream should 

preferably be a non-greasy, non-staining and washable product with suitable consistency to 

avoid leakage from tubes or other containers. Straight or branched chai~ mono- or dibasic 

10 alkyl esters such as di-isoadipate, isocetyl stearate, propylene glycol diester of coconut 

fatty acids, isopropyl myristate, decyl oleate, isopropyl palmitate, butyl stearate, 2-

ethylhexyl palmitate or a blend of branched chain esters known as Crodamol CAP may be 

used, the last three being preferred esters. These may be used alone or in combination 

depending on the properties required. Alternatively, high melting point lipids such as 

15 white soft paraffm and/or liquid paraffin or other mineral oils can be used. 

Formulations suitable for topical administration to the eye also include eye drops 

wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an 

aqueous solvent for the active ingredient. The active ingredient is preferably present in 

20 such fonnulation in a concentration of about 0.5 to about 20%, advantageously about 0.5 to 

about 10% particularly about 1.5% w/w. 

25 

30 

Fonnulations for rectal administration may be presented as a suppository with a 

suitable base comprising, for example, cocoa butter or a salicylate. 

Fonnulations suitable for vaginal administration may be presented as pessaries, 

tampons, creams, gels, pastes, foams or spray formulations containing in addition to the 

active ingredient, such carriers as are known in the art to be appropriate. 

Formulations suitable for nasal administration, wherein the carrier is a solid, 

include a coarse powder having a particle size, for example, in the range of about 20 to 

about 500 microns which is administered in the manner in which snuff is taken, i.e., by 
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rapid inhalation through the nasal passage from a container of the powder held close up to 

the nose. Suitable formulations wherein the carrier is a liquid for administration ~ for 

example, nasal spray, nasal drops, or by aerosol administration by nebulizer, include 

aqueous or oily solutions of the active ingredient. 

Formulations suitable for parenteral administration include aqueous and non­

aqueous isotonic sterile injection solutions which may contain anti-oxidants, buffers, 

bacteriostats and solutes which render the fonnulation isotonic with the blood of the 

intended recipient; and aqueous and non-aqueous sterile suspensions which may include 

10 suspending agents and thickening agents, and liposomes or other microparticulate systems 

which are designed to target the compound to blood components or one or more organs. 

The formulations may be presented in unit-dose or multi-dose sealed containers, for 

example, ampoules and vials, and may be stored in a freeze-dried (lyophilized) condition 

requiring only the addition of the sterile liquid carrier, for example water for injections, 

15 immediately prior to use. Extemporaneous injection solutions and suspensions may be 

prepared from sterile powders, granules and tablets of the kind previously described. 

20 

Preferred unit dosage formulations are those containing a daily dose or unit, daily 

subdose, as herein above-recited, or an appropriate :fraction thereof, of an active ingredient. 

lt should be understood that in addition to the ingredients particularly mentioned 

above, the fonnulations of this invention may include other agents conventional in the art 

having regard to the type of formulation in question, for example, those suitable of oral 

administration may include such further agents as sweeteners, thickeners and flavoring 

25 agents. 

30 

Compounds of the formula of the present invention may also be presented for the 

use in the fonn of veterinary fonnulations, which may be prepared, for example, by 

methods that are conventional· in the art. 
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C. Preparation of the Modified Suear Substituted Benzimida:mles 

General Chemical Procedures 

5 Melting points were taken on a Thomas-Hoover Unimelt apparatus and are 

uncorrected. Nuclear magnetic resonance (NMR) spectra were obtained at 360 or 300 

MHz with Bruker WP 360 SY or Bruker 300 SY. Elemental analysis were performed by 

the Analytical Laboratory of the Chemistry Department, University of Michigan. Mass 

spectra were performed by the Mass Spectral Laboratory of the Chemistry Department. 

10 University of Michigan. Flash column chromatography was perfonned using silica gel 60 

230-400 mesh (ICN) and the technique described by Still et al. (Still et al., 1978). Thin 

layer chromatography (TI..C) was performed on prescored Silica gel GHLF plates 

(Analtech, Newark, DE, USA). Compounds were visualized by illumination under UV 

light (254 nm) or by spraying with 20% methanolic sulfuric acid followed by charring on a 

15 hot plate. Evaporations were carried out under reduced pressure {water aspirator) with 

water bath temperatures below 4ooc unless otherwise specified. 

Fluorinated nucleosides have commonly been synthesized by either of two different 

routes. One route introduces the fluorine into a suitably protected nucleoside while the 

20 other route condenses (e.g., chemically or enzymatically) a heterocycle with a fluorinated 

sugar derivative. Both of these strategies were investigated. 

Fluorination of Benzjmjdazole Nucleoside 

25 One method for the synthesis of a modified benzimidazole nucleoside is illustrated 

in Figure 1. In this method, a benzimidaz.ole nucleoside, such as 2,5,6-trichloro-l­

furanosyl-benzimidazole was reacted with trityJ chloride (i.e., TrCJ), 

dimethylarninopyridine (DMAP) and pyridine at 80°C for 4 days to yield a mixture of the 

2'.S'-ditrity]ated and 3',5'-ditrityJated compounds. The 2',5'-ditrity]ated compound was 

30 reacted with DAST (i.e., SF3NEt2) in pyridine and dichloromethane (i.e., CH2CJ:i), and 

subsequently reacted with trifluoroacetic acid (i.e., CF3COOH) to yield the 3'-deoxy-3'­

fluoro compound, 2,5,6-trichloro-1-(3'-deoxy-3'-fluoro-furanosyl)benzimidazole. ln one 
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embodiment, the compound is 2,5 ,6-trichloro-1-(3 • -deoxy-3 • -fluoro-~-xylo-

furanosyl)benzimidazole, compound 7. Similarly, the 3',5'-ditritylated compound was 

reacted with DAST (i.e., SF3NE~ in pyridine and dichloromethane (i.e., CH2Cli.), and 

subsequently reacted with 1rifluoroacetic acid (i.e., CF3COOH) to yield the 2'-deoxy-2'-

5 fluoro compound, 2,5,6-trichloro-1-(2'-deox:y-2'-fluoro-furanosyl)benzimidazole. In one 

embodiment, the compound is 2,5,6-trichloro-l-(2'-deoxy-2'-fluoro-P-ara­

furanosyl)benzimidazole, compound 6. 

The glycosylation of several purines with 2' -deoxy-2' -fl.uoro-arabinofuranosyl 

10 derivatives has examined (Chu et al., 1989; Pankiewicz et al., 1992). The fl.uorination of a 

suitably protected derivative of compound 1 with dialkylamino sulfur trifluoride (DAST) 

was investigated, as described herein. While DAST has been reported to be an efficient 

:fluorinating reagent for several nucleosides, it is well known that the confonnation of the 

protected furanose moiety is crucial for obtaining the desired attack of the weakly 

15 nucleophilic fluorine from the f3-side (Krezeminski et al., 199 l; Pankiewicz et al., 1993). 

20 

For a displacement of a leaving group at the 2' -position it is important that the furanose 

ring assumes a conformation unfavorable for trans-elimination. Such a confonnation can 

be induced by using bulky protecting groups at C-5' and C-3' (Theim et al., 1985). 

2,5,6-trichloro-1-(3,5-di-Q-trityl-fl-D-ribofuranosyl)benzimidazole (compound 2) 

was synthesized using reaction conditions similar to those described in the literature 

(Blank et al., 1970). Tritylation of compound 1 using TrCI and DMAP in pyridine at 80°C 

for 4 days gave a mixture of the ditrityl derivatives 2,5,6-tricbloro-1-(3,5-di-Q-trityl-J\-D­

ribofuranosyl)benzimidamle (compound 2) and 2,S,6-trichloro-1-(2,5-di-.Q-trityl-(3-D-

25 ribofuranosyl)benzimidazole (compound 3) in a combined 38% yield. Attempts to 

improve the yield by increasing the reaction time, reaction temperature or using bases other 

than DMAP to catalyze the reaction were unsuccessful. The di-.0-trityl derivatives, 

compounds 2 and 3, could not be separated by flash column chromatography, but were 

separable by thin layer chromatography (EtOAc/hexane: 1 :2, three to four submersions). 

30 These compounds were more conveniently separated by fractional crystallization from 

diethyl ether to give a 1 :3 ratio of compounds 3 and 2. Substantiation for the assignment 
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of compomid 3 as the 2' ,5 '-di-.Q-trityl derivative and compound 2 as the 3 ',S' -di-.Q-trityl 

derivative was based on homonuclear decoupling experiments. 

While the desired 3',5'-di-.Q-trityl derivative, compound 2, was only obtained in · 

5 100/o yield from compound 1, the isomeric 2' ,5'-ditrityl derivative, compmmd 3, was 

obtained in a 30% yield. The tluorination of compound 3 using DAST and pyridine in 

CH2Cl2 gave 2,5,6-trichloro-1-{2,5-di-.Q-1rityl-3-deoxy-3-fluoro-f3-D­

xylofuranosyl)benzimidazole (compound 5) in a 71% yield. The fluorination of compound 

2 using the same conditions gave 2,5,6-trichloro-l-(3,S-di-Q-trityl-2-deoxy-2-fluoro-JJ-D-

10 arabinofuranosyl)benzimidazole (compound 4) in a 63% yield. Both compounds 4 and S 

were deprotected using 10% CF3COOH in CHCI3 to give good yields of the deprotected 

nucleosides 2,5,6-trichloro-1-(2-deoxy-2-fluoro-IJ-D-arabino:furanosyl)benzimidazole 

(compound 6) and 2,5,6-trichloro-l-(3-deoxy-3-fluoro-P-D-xylofuranosyl)benzimidazole 

(compound 7), respectively. 

15 

The fluoro derivatives 6 and 7 are the P-arabino-furanosyl and P-xylo-furanosyl 

derivatives, respectively, as they were synthesized from the pre-formed P-ribofuranosyl 

nucleoside, compound l, using DAST. These DAST fluorinations are known to replace a 

hydroxyl group with fluorine with an inversion of configuration (Herdewijn et al., 1989). 

20 Further support for the assignments of compounds 6 and 7 as the P-arabinofuranosyl and 

J}-xylofuranosyl derivatives, respectively, stems from the fact that both show long range 

coupling between the C,-H and F: this coupling is slightly larger for compound 6 (J = 1.9 

Hz) than for compound 7 (J = 1.7 Hz). This indicates that the fluorine and the heterocycle 

are on the same face of the furanose ring. Finally for the arabinose derivative compound 6, 

25 the coupling between the 1 ~ -H and the F is 17. 7 Hz: this coupling is indicative of a vicinal 

trans relation between the I' -H and F (Wright et al., 1969). 

30 

Compounds 2 and 3 

2,S,6-trichloro-1-(3,5-di-!l-trityl-P-D-ribofuranosyl)benzimidazole (2) and 

2,5,6-Trichloro-1-(2,S-di-!l-trityl-P-D-ribofuranosyl)benzimidazole (3). A mixture of 

compound I (5.0 g, 0.014 mole), DMAP (1.25 g, 0.014 mole). and TrCl (12.0 g, 0.043 
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mole) in dry pyridine (100 mL) was heated at 80°C for 3 days. Additional amounts ofTrCC 

(12.0 g, 0.043 mole) were added on the 2nd and 3rd day. After 3 days the reaction was 

quenched with MeOH (60 mL). The reaction mixture was concentrated under reduced 

pressure and coevaporated with toluene (3 x 100 mL). The residue obtained was stirred in 

5 toluene (150 mL), filtered and the filtrate evaporated to dryness. The resulting yellow 

foam was purified by flash chromatography (toluene 0.5 L, then toluene!EtOAc 20: 1, 5 cm 

x 20 cm) to give, after combining fractions containing ditrityl compounds and removal of 

the solvent under reduced pressure a mixture of compounds 2 and 3 ( 4.5 g, 38%). 

Recrystallization :from EtOEt gave mostly compound 3 while the filtrate was enriched in 

10 compound 2. Compound 3 could be purified to homogeneity by two further 

recrystallizations from EtOEt to give 3.0 g (25%) of compound 3 as white crystals. The 

filtmte, which contained mostly compound 2, was evaporated to dryness and subsequently 

purified by recrystallization from EtOAc/bexane to give 1.0 g (8.4%) of pure compound 2 

as white crystals. 

15 

Compound 1: mp 174-175°C; R,-0.19 (toluene/EtOAc 20:1); Rr0.62 

(EtOAc/hexane 1:2); 1H-NMR (300 MHz, DMSO-d6):8 8.06 (s, lH), 8.02 {s, lH), 7.13-

7.42(m,30 H, trityl), 6.24(d,1H,2'-0H,J1.,08 =6.2Hz), 6.18(d, lH, l'-H,J1·,i·=8.3 

Hz), 4.76 (m, IH, 2'-H, becomes q on 0 10 wash with Jr,i·= 7.9 Hz, J2.,3.= 5.3 Hz), 4.23 

20 {d, lH, 3'-H, J2 • .J.= S,4 Hz), 2.93 (m, lH, 4'-H), 2.86 (dm, lH, 5'-H), 2.64 (dm, lH, 5'-H). 

25 

Anal. Calcd. for C50H39Cl3N20 4: C, 71.65, H, 4.69, N, 3.34; found C, 71.50, H, 4.85, N, 

3.24. 

Compound 3: mp 193-195 °C; Re 0.19 (toluenelEtOAc 20: 1 }; Rr 0.62 
. I 

(EtOAclhexane 1 :2); H-NMR (300 MHz, DMSO-d6):a 7.93 (s, lH)~ 7.54 (s, 1 H), 7.01-

7.41 {m, 30 H, trityl), 6.22 (d, lH, l '-H, J1·,l'= 8.4 Hz}, 5.39 (d, lH, 3'-0H, J3'.oH= 6.0 

Hz), 4.50 (dd, lH, 2'-H, J1·,i·= 8.4 Hz, J2 • .3·= 4.4 Hz), 4.09 (m, lH, 4'-H), 3.58 (t, lH, 3'­

H, 130,08== 6.0Hz,12·;· = 4.4 Hz: becomes a doublet on D10washwith12.,3• = 4.4 Hz), 3.04 

(dd, lH, 5'-H), 3.18 (dd, lH, 5' -H). Anal. Calcd. for C50H39Cl3N20 4 • 1/2H20: C, 70.88, 

30 H, 4.76, H, 3.31; found C, 70.93, H, 4.80, N, 3.31. 
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2,5,6-Trichloro-1-(3,5-di-.Q-trityl-2-deoxy-2-Duoro-P-D-arabinofuranosyl) 

benzimidazole (4). The 3 ',5'-di-.Q-trityl compound, compound 2 (0.3 g, 0.36 mmoJ), was 

5 dissolved in dry CH2CJ2 (10 mL). To this solution was added pyridine (0.3 mL, 3.6 mmol) 

and DAST (0.24 mL, 1.8 mmol) and the reaction stirred at room temperature for 24 hr. 

Additional CH2Cl2 (200 mL) was added to the reaction mixture and the mixture extracted 

with saturated NaHC03 (100 mL) and washed with water (100 mL). The organic phase 

was dried over magnesimn sulfa~ filtered and the solvent removed in vacuo. The 

10 resulting syrup was purified by flash chromatography (EtOAc/hexane I :2, 2 cm x 15 cm), 

fractions containing product were pooled and solvent removed in vacuo to give, after 

recrystallization from EtOH, 0.20 g (67%) of compound 4 as a white solid. 

Compound 4: mp 145 °C; Rr0.57 (EtOAc/hexane 1 :2); 1H-NMR (360 MHz. 
JS CDC13):S 7.65 (d, IH, C7-H, J=3.7 Hz, long range coupling to F), 7.62 (s, lH, C4-H), 7.19-

7.45 (m, 30 H, Tr), 6.10 (dd, lH, 1 '-H, Jr,F= 24.7 Hz, J1·.i· = 2.3 Hz), 4.57 (m, IH, 4'-H), 

4.28 (dm, lH, r-H,J3 •• F= 15.9 Hz),3.60 (dd, lH, 2'-H, J2'.F=S0.3 Hz, Jr,2·=2.3 Hz), 

3.50 (m, IH, s· -H), 3.27 (m, lH, 5'-H). HRMS rn/z calcd. for C5oH38Cl3FN20 3 838.1932, 

found 838.1949. Anal. Calcd. forC5oH38Cl3FN20 3: C, 71.47, H, 4.56, N, 3.33; found C, 

20 71.15, H, 4.72, N, 3.37. 

Compound S 

2,5,6-Trichloro-1-(2,5-di-.Q-trityl-3-deoxy-3-Duoro-P-D-xylofUranosyl) 

25 benzimidazole (5). The 2' ,5'-ditrityl compound, compound 3 (1.2 g, 1.44 mmol), was 

dissolved in dry CH2Cl2 (30 mL). To this solution was added pyridine (1.1mL,14.4 

mmol) and DAST (1.0 mL, 7.2 mmol) and the reaction mixture was stirred at room 

temperature for 24 hr. Additional CH2Cl2 (200 mL) was added to the reaction mixture and 

the mixture extracted with saturated NaHC03 (100 mL) and washed with water (100 mL). 

30 The organic phase was then dried over magnesium sulfate, filtered and the solvent 

removed in vacuo. The resulting syrup was purified by flash chromatography 

(EtOAclhexane 1 :2, 4 cm x 15 cm) and fractions containing product were combined and 



W097127204 PCTIUS97/00764 

23 

the solvent removed under reduced pressure to gjve, after recrystallization from EtOH, 

0.85 g (70%) of compound 5 as a white solid. 

Compound 5: mp >240 °C (decomposes); Rr 0.6 {EtOAc/hexane 1 :2): 1H-NMR 

5 {300 MHz, CDCl3):5 7.73 (s, JH), 7.17-7.40 (m, 31 H, C4-H and trityl), 6.17 (d, lH, 1'-H, 

11·,i·= 4.5 Hz), 4.54 (dd, lH, 2'-H, J1'.2'= 4.S Hz, J2 • .F= 20.9 Hz), 4.14 (dm, lH, 4'-H, J4'.F 

= 31.4 Hz), 3.99 (dd, lH, 3'-H, 13·,F= 50.6Hz,1r,4·= 2.1Hz),3.50 (m, JH, 5'-H), 3.27 (m, 

lH, 5'-H). HRMS m/z calcd. forCs0H38Cl3FN20 3 838.1924, found 838.1957. Anal. 

Calcd. for C5off38Cl3FN20 3 • 112 H20: C, 70.72, H, 4.63, N, 7.88; found C, 70.82, H, 4.77, 

10 N, 3.35. 

Compound 6 

2,5,6-Trichloro-1-(2-deo:xy-l-tluorcH~-D-arabinofuranosyl)benzimidazole (6). 

15 Compound 4 (0.10 g, 0.12 mmol) was dissolved in 100/o CF3COOH in CHC13 (10 mL) and 

stirred at room temperature in a stoppered flask for 60 min. The reaction mixture was 

evaporated to dryness in vacuo, the oily residue was purified by flash chromatography 

(EtOAclhexane 5:1, 2 cm x 15 cm), appropriate fractions pooled, solvent removed in vacuo 

and the white residue crystallized from MeOHIH20 to give 25 mg (600~) of compound 6 as 

20 white crystals. 

Compound 6: mp 223 °C; Rr0.43 (EtOAc/hexane 5:1); 1H-NMR (360 MHz, 

DMSO-d6):5 8.29 (d, lH, CrH, J=l.9 Hz, long range coupled to F). 7.93 (s, lH, C4-H), 

6.44(dd, lH, 1·-H,J1.,F= 17.7Hz,J1·.2·=4.SHz),6.02(d, lH,3'-0H, D20exchangeable), 

25 5.31-5.35 {m, 1.5 H, 5'-0H and 0.5 of2'-H, 5'-0H 0 20 exchangeable), 5.25 (din, 0.5 H, 

2' -H, 12·,F = 53.2 Hz, 12• ,3' = 2. 7 Hz), 4.42 (dm, lH, 3 '-H, becomes ddd on D20 wash with 

J3-,F= 24.2Hz,12·.3·= 2.7Hzand13••4·= 5.9Hz), 3.71-3.86 (m, 3H, 4'-H and 5'-H); 13C­

NMR (90 MHz, DMSO-d~: & 140.81, 140.60, 134.07, 126.07, 125.68, 119.88, 115.61, 

97.38(2'C,12·c,F= 192.5 Hz), 84.98{l'C,11·c,p= 17.4 Hz), 82.89 {4'C), 73.25 (3'C, J2·c,F 

30 = 24.4 Hz), 59.05 (S'C, Js·c,F= 9.9 Hz); HRMS m/zcalcd. for C12H10Cl3FN20 3 353.9741, 

found 353.9735. Anal. Calcd. for C12H10Cl3FN20 3: C, 40.53, H, 2.83, N, 7.88; fol.Uld C, 

40.55, H, 2.94, N, 7.48. 
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Compound7 

2,S,6-Trichloro-1-(3-deoxy-3-tluoro-IJ-D-xylofuranosyl)benzimidazole (7). 

5 Compound 5 (0.28 g, 0.32 mmol) was dissolved in lOOA> CF3COOH in CHC13 (20 mL) and 

stirred at room temperature in a stoppered flask for 45 min. The reaction mixture was 

evaporated to dryness in vacuo~ the oily residue was purified by flash chromatography 

(EtOAc/hexane 5:1, 2 cm x 15 cm), appropriate fractions pooled, evaporated to dryness 

and crystallized from Me0H/H20 to give 85 mg (74%) of compowtd 7 as white crystals. 

10 

Compound 7: mp 238°C; R,0.42 (EtOAc/hexane 5:1); 1H-NMR (300 MHz, 

DMSO-~):a 8.01 (s, lH, C4-H), 7.93 (d, lH, CrH, 1=1.7 Hz, long range coupled to F), · 

6.29 (d, lH, 2'-0H, D20 exchangeable), 5.91 (d, lH, l '-H, 11·.i·= 4.6 Hz), 5.17 (dd, lH, 3'­

H, 13·,p= 52.8 Hz), S.14 (t, lH, 5'-0H, 0 20 exchangeable), 4.63 (dm, lH, 2'-H, 12·,F= 22.6 

15 Hz. becomesdd onD20 wash with J2·;p=22.6Hzand11·,2·= 4.6 Hz), 4.30 (dm, lH, 4' -H, 

J4·,F= 28.5 Hz}, 3.69-3.84 (m, 2H, S'-H); 13C-NMR (90 MHz, DMS0~):8 141.80, 

140.94, 132.19, 125.967, 120.40, 113.61, 113.53, 96.90 (3'C, JJ'c,F= 184.1Hz).91.14 

(1 'C, J1-q= 4.6 Hz), 80.46 (4'C, J4-c,F= 19.8 Hz), 77.81 (2'C, J2·c,p= 26.89 Hz), 57.71 

(5'C, 1s·c.F= 9.96 Hz); HRMS mlzcalcd. forC 12H 10Cl3FN20 3 353.9741, found 353.9747. 

20 Anal. Calcd. for C12H 10Cl3FN20 3 : C, H, N. Anal. Calcd. for C 12H 10Cl3FN20 3: C, 40.53, 

H, 2.83, N, 7 .88; found C, 40. 77, H, 2.88, N, 7 .56. 

25 

Couplina of a Fluorinated SU&ar with a Benzimidazole 

Another method for the synthesis of a modified benzimidazole nucleoside is 
·illustrated in Figure 2. In this method, a fluorinated sugar-like compowtd is prepared and 

subsequently reacted with a benzimidazole to fonn the desired compound. For example, a 

furanose which is 2'-, 3'-, and S'-protected with benzoyl groups (i.e.,-OC(=O)C6H5) and 

1 '-protected with an acetate group (i.e., -OC(=O)CH3) was converted to a l '-deoxy-1 ' -

30 bromo-2' -deoxy-2' -fluoro-3' ,S' -benzoyl-furanose (see Howell et al., 1995). This bromo-

furanose was reacted with a benzimidazole, such as 2,5,6-trichlorobenzimidazole, in 1,2-

dichloroethane (i.e., C1CH2CH2Cl) with 4A sieve at 80°C for 2 days to yield a mixture of 
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2,5,6-trichloro-l-(2' -deoxy-2' -fluoro-3' ,5' -benzoyl-furanosyl)benzimidazole isomers. 

Subsequent deprotection by reaction with ammonia (i.e., NH3) in methanol (i.e., CH30H) 

yielded the 2,5,6-trichloro-1-(2' -deoxy-2' -fluoro-furanosyl)benzimidazole. In one 

embodiment, the compound is 2,5,6-trichloro-l-(2'-deoxy-2'-fluoro-Ji-ara-

5 furanosyl)benzimidazole (compound 6). 

The synthesis of 6 by the coupling of a fluorinated arabinofuranose compound 

(such as compounds 8 or 9) to a benzimidazole (such as 2,5,6-trichlorobenzimidazole, 

compound 6) was investigated. Initial attempts to use Vorbruggen conditions and attempts 

10 to glycosylate an alkali salt of compound 6 were unsuccessful. Compound 6 was 

successfully condensed with l-bromo-3,5-di-Q.-benzoyl-2-deoxy-2-fluoro-a-D­

arabinofuranose (compolllld 9; Tann et al., 1985; Howell et al., 1988) using conditions 

similar to those described by Montgomery et al. (Montgomery et al., 1986). Thus, 

condensation of compound 6 with compound 9 at 80°C in dichloroethane in the presence 

15 of 4A molecular sieves gave the desired 2,5,6-trichJoro-l-{3,5-di-.Q-benzoyl-2-deoxy-2-

tl.uoro-~~D-arabinofuranosyl)benzimidazole (compomi.d 12) and its a-isomer (compound 

11). The assignment of compowid 12asthe13-anomer and compound 11 as the a-anomer 

is based partially on their proton spectra. The coupling constant between the fluorine and 

the 1 '-H is J l ',F = 23.1 Hz for compomi.d 17 indicating a vicinal tTilllS relation of the proton 

20 to the fluorine. For compound 16 this coupling constant is J1.,F= 17.4 Hz indicating a 

vicinal cis relation of the proton to the fluorine (Wright et al., 1969, Tann et al., 1985; 

Howell et al., 1988; Reichman et al., 1975). Further substantiation for the anomeric 

assignment stems from the fact that the C7-H at 7.91 ppm in compound 16 is split by long 

range coupling to fluorine (the signal is a doublet, J=3.2 Hz due to coupling between C,-H 

25 and F) which is not observed at CrH at 7. 79 ppm for compomi.d 17 (in this case the signal 

is a singlet). 

Further investigation of the condensation conditions showed that the anomeric ratio 

was highly dependent on condensation conditions. The condensation conditions described 

30 above gave mostly the fJ anomer, compound 17 (all} ratio: 115-1110) in nonpolar solvents 

like dichloroethane and bem.ene. However, the a-anomer, compound 16 (a/~ ratio 5/1 -

10/1) was the major product in more polar solvents such as acetonitrile and nitromethane. 
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Yields were significantly better in apolar solvents such as dichloroethane (80% 8/1 f3/a) 

than in polar solvents such as acetonitrile (90.4 in f3/a). 

Deprotection of compound 1.2 in methanolic ammonia gave a compound identical 

5 to the previously characterized compound 6. Thus, an alternative route for the synthesis of 

compound 6 had been developed, which gave compound 6 in approximately 50% yield 

from the heterocycle (compound 6) and bromo sugar (compound 15), as compared to the 

approximately 5% yield obtained using the previous method. 

10 Compounds 11 and 12 

2,5,6-Trichloro-1-(3,S-di-O-benzoyl-2-deoxy-2-0uoro-J3-D-arabinofuranosyl) 

benzimidazole (ll) and its a-isomer (ll). The 2-fluorosugar, compound 8 (1.20 g, 2.6 

mmol; Tann et al., 1985) was dissolved in CH2Cl2 (10 mL) and then a 33% HBr in 

15 CH3COOH solution was added (2.64 mL, 10.4 mmol). The reaction mixture was stirred in 

a stoppered flask for 6 hr. Additional CH2Cl2 (100 mL) was added to the reaction mixture 

and the organic phase was washed sequentially with ice cold saturated NaHC03 (100 mL) 

and ice cold water (100 mL ). The CH2CJ2 solution was dried over magnesium sulfate, 

filtered and the solvent was removed under reduced pressure to give a colorless syrup of 

20 compound 9. 

This syrup was dissolved in dry ClCH2CH2Cl (10 mL) and added to a previously 

prepared solution containing 2,5,6-trichlorobenzimidazole, compound 10 (0.6 g, 2.6 mmol) 

in ClCH2CH2Cl (10 mL) and activated 4A sieves. The resulting mixture was heated at 

25 80°C under an inert atmosphere for 2 days. Then CH2Cl2 (100 mL) and a saturated 

NaHC03 solution (100 mL) were added to the reaction mixture. The organic phase was 

separated and washed with water (l 00 mL), then dried over magnesium sulfate, filtered 

and the solvent was removed in vacuo. The resulting solid was purified by flash 

chromatography (EtOAc/hexane: 1:2,4 cm x 15 cm} with the fractions containing the 

30 faster moving nucleoside being pooled, concentrated to dryness and recrystallized from 

Me0H/H20 and then from EtOH to give 0.12 g(8%) of compound 11 as white crystals. 

The fractions containing the slower moving nucleoside were contaminated with a small 
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amount of compound 10. These contaminated fractions were pooled, concentrated to 

dryness and rechromatographed on a second column (5% MeOH in CHC13, 4 cm x 15 cm) 

to give after pooling appropriate fractions and removing solvent under reduced pressure a 

white solid which after recrystallizations from MeOH/H20 gave 1.0 g (72%) of compound 

5 12. 

Compowid 11: mp 78-80 °C; Rr0.60 (EtOAc/hexane 1:2); R,0.9 (5% MeOH in 

CHCI3); 
1H-NMR (360 MHz, CDC13):c5 8.12 and 8.00 (2m, 4H), 7.79 (s, lH), 7.72 {s, IH), 

7.24-7.63 (m, 6H, benzoyl), 6.64 {dd, IH, 1 '-H, J1·.2·= 3.9 Hz, l 1·,F= 17.4 Hz), 5.82 (dd, 

10 lH, 2'-H, J2',F= 18.7Hz,12•,J•= 1.9 Hz), S.63 (elm, IH, 3'-H, J3.,F-49.3 Hz), 4.94 (m, lH, 

4 '-H), 4.88 (dd, IH, S' -H), 4.67 (dd, IH, 5' -H); HRMS m/z calcd. for C26H1aCl3FN20 5 

562.0265, fol.Uld 562.0276. Anal. Calcd. for CiJI18Cl3FN20 5: C, 55.39, H, 3.22, N, 4.97; 

found C, 55.74, H 3.23, N 4.87. 

15 Compowtd 12: mp 88-90 °C; Rr 0.36 (EtOAc/hexane 1 :2); Rr 0.67 (5% MeOH in 

CHCl3); 1H-NMR (360 MHz, CDCl~:o 8.07-8.18 (m, 4H}, 7.91 (d, lH, C,-H, J=3.2 Hz 

long range coupled toF), 7.43-7.73 (m, 7H, benzoyl and C4-H). 6.40 (dd, lH, l'-H, 11·.2·= 

2.7Hz,11',F= 23.1Hz),5.78 (dd, lH, 3'-H, J3',F= 19.0Hz,13.,4•= 3.8 Hz). 5.39 (dd, lH, 2'­

H, JJ'.2'= 2.7 Hz, J2.,F= 50.3 Hz), 4.91 {m, 2H, 5'-H), 4.57 (q, lH, 4'-H, 13·,4• = 3.6 Hz); 

20 HRMS mlz calcd. for C2~18Cl3FN20s 562.0265, found 562.0254. Anal. Calcd. for 

C26H18Cl3FN20 5: C, 55.39, H, 3.22, N, 4.97; fowid C, 55.38, H, 3.23, N, 4.83. 

25 

Compound6 

2,~6-Triehloro-1-(2-deoxy-2-ftuoro-P-D-arabinofuranosyl)benzimidazo)e (6). 

Compound 12 (0.5 g, 0.9 mmol) was dissolved in methan.olic ammonia and the solution 

was stirred at room temperature for 6 hr. The solvent was removed in vacuo and the 

residue purified by flash chromatography (EtOAclhexane S: 1, 2 cm x 15 cm), appropriate 

fractions pooled and evaporated to dryness to give after crystallization from MeOH, 0.23 g 

30 (74%) of a white solid identical to the previously characterized compound 6. 
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Yet another method for the synthesis of a modified benzimidazole nucleoside is 

illustrated in Figure 3. In this method, a uridine derivative comprising fluorinated sugar­

like moiety is reacted with a benzimidazole in the presence of the enzyaµe N-deoxyribo­

furanosyl transferase to form the desired compound. The benzimidazole moiety of this 

5 compound may be further derivatized, for example at the 2-position to yield 2-substituted 

benzimidazole nucleosides (e.g., 2-Br, 2-NR:i). 

10 

CompoundlS 

S,6-Dichloro-1-(2-deoxy-2-fluoro-fl-D-ribofuranosyl)benzimidamle (15). 

2'-Deoxy-2'-fluorouridine, compound 13 (0.99 g, 4 mmol), which can be prepared by the 

method of Codington et al. (Codington et al., 1968), was dissolved in 800 mL of 50 mM 

pH 6.0 citrate buffer. 5,6-dichlorobenzimidazole, compound 14 (O.JOg, 1.6 mmoles), 

which can be prepared by the method ofTownsend et al. (Townsend et al., 1970), was 

15 added and the reaction was placed in a S0°C water bath. N-deoxyribo-furanosyJ 

· transferase (60,000 units; see Cook et al., 1990) was added and the reaction mixture was 

gently shaken overnight. 5,6-dichlorobenzimidazole, compOlmd 14 (0.30g, 1.6 mmoles) 

was added and the reaction continued for 2 days. The enzyme was precipitated by heating 

to 80°C followed by cooling to room temperature. Celite® (S0-60 g) was added and the 

20 reaction mixture filtered. The product was extracted with ethyl acetate (3X). The ethyl 

acetate was removed in vacuo and the residue purified by chromatography on 75 g of basic 

alumina eluted with chloroform/methanol (95:5, v/v) followed by (9:1, v/v), then (2:1, 

v/v), and finalJy (l: 1, v/v). The product containing fractions were combined and the 

solvents removed in vacuo to give 0.54 g (67%) of compound lS. 

25 

Compound 15: MS (FAB+) mlz, 321, M+l. 1H-NMR (DMS0-'4) 5 8.62 (s, lH, 

H-2), 8.19 (s, lH, AraH), 7.96 (s, lH, Ar-H), 6.35 (dd, lH, H-1',11·,2· = 3.5Hz,1t'.F = 14.9 

Hz), 5.74 (br s, lH, OH}, 5.23 (dt, lH, H-2', J1'.2' = 3.5 Hz, J2.,3• = 4.4 Hz, Jr,F = 52.4 Hz), 

5.23 (br s, IH, OH), 4.35 (dt, IH, H-3', J2',l' = 4.4Hz,13·,4• = 5.3 Hz, JJ'.F = 15.9 Hz), 3.~8 

30 {m, lH, H-4'), 3.66 (dd, 2H, H-5', J=3.4 Hz, J=l2.5 Hz). 
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5,6-Dichloro-1-(2-deosy-2--tluoro-3,5-diacetyl-P-D­

ribofuranosyl)benzimidazole (16). cOmpound 15 (0.45 g, 1.4 mmol) was dissolved in 

5 pyridine (20 mL) and boiled to remove water. The solution was chilled to 0°C in an ice 

bath. Acetic anhydride (260 µ.L, 2.9 mmol, 2 equiv.) was added and the reaction mixture 

was allowed to wann to room temperature while stirring overnight. Methanol (3 mL) was 

added and the solvents removed in vacuo. Residual pyridine was removed by 

coevaporation with toluene (JX). The residue was partitioned between water and the ethyl 

10 acetate. The ethyl acetate solution was dried with magnesium sulfate, filtered, and the 

solvent removed in vacuo to yield 0.56 g (98%) of compound 16. The product was used 

withl>ut further purification. 

Compound 16: MS (FAB+) m/z, 405, M+l. 1H-NMR {DMS0-'4) ~ 8.59 (s, IH, 

15 H-2), 8.05 {s, lH, Ar-H), 8.01 (s, lH, Ar-H). 6.45 (dd, lH, H-1 ', Jl',l' = 4.8 Hz, J1'.F = 14.8 

Hz), 5.75 (dt, lH H-2', J = S.2 Hz, J2'.F = 51Hz),5.40 (m, lH, H-3'), 4.43 (m, lH, H-4'), 

4.28 (m, 2H, H-5'), 2.13 (s, 3H, acetyl-CH3), 2.02 (s, 3H, acetyl-CH3). 

20 

Compounds 17, 18, and 19 

2-Bromo-S,6-diehloro-1-(2-deoxy-2-fluoro-3,~diacetyl-P-D-ribofuranosyl) 

benzimidazole (17), 2-Bromo-5,6-dichloro-1-(2-deoxy-2-0uoro-5-diacetyl-IJ-D­

ribofuranosyl) benzimidazole (18), and 2-Bromo-5,6-dichloro-1-(2-deoxy-2-tluoro-P­

D-ribofuranosyl) benzimidazole (19). Compound 16 (O.SS g, 1.4 mmol) was dissolved 

25 in dioxane (25 mL) and boiled to remove water. The solution was heated to reflux in a 

120°C oil bath. N-bromosuccinimide (NBS, 0.48 g, 2.8 mmol, 2 equiv.) was added and 

the reaction mixture refluxed for 4 min. A second portion of NBS (0.48 g, 2.8 mmol, 2 

equiv.) was added and the reflux continued for 6 min. The reaction mixture was removed 

from the heat, diluted with chlorofonn (40 mL) and cooled to room temperature. The 

30 solution was washed with saturated sodium bicarbonate (2X), dried with magnesium 

sulfate, and fi.Jtered. The solvents were removed in vacuo and the residue purified by 

chromatography on 75 g of silica gel eluted with ethyl acetate/hexane (l:l, v/v). The 
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product containing fractions were combined and the solvents removed in vacuo to give 
compound 17. Hydrolysis of the acetyl groups was accomplished by treatment in 
methanol and ethanol (17 mL each) with sodium carbonate (0.22g, 2.1mmol,2 equiv.) 

dissolved in 4.2 mL water. The reaction mixture was stirred at room temperature 
5 overnight. The solution was diluted with water (40 mL). The products were extracted 

with ethyl acetate (2X). The ethyl acetate solution was dried with magnesium sulfate, 
:filtered, and the solvent removed in vacuo. The residue was purified by chromatography . on 75 g of silica gel eluted with ethyl acetate/hexane (1 :4, v/v) followed by (1 :2, v/v). The 
faster eluting product was the 5 '-acetyl compound, compound 18 (0 .17 g) and the second 

10 product to elute was the dihydroxy compound, compound 19 (0.03 g). 

Compound 18: MS (FAB+) m/z, 399, M+l. 1H-NMR (DMSO-c4) o 8.46 (s, lH, 
Ar-H), 7.95 (s, lH, Ar-H), 6.22 (dd, lH, H-1',11·,2' = 5.4Hz,11',F = 14.5 Hz), 5.82 (d, IH, 

OH-3', J = 5.6 Hz), 5.45 (t, IH, OH-5', J = 4.5 Hz), 5.29 (dt, IH, H-2', J = 5.2 Hz, J2-.F = 
15 53 Hz}, 4.3 (m, lH, H-3'), 4.0 (m, lH, H-4'), 3.7 (m, 2H, H-5'). 

20 

Compound 19: 1H-NMR (DMS0-<4) 8 8.00 {s, lH, Ar-H), 7.90 (s, lH, Ar-H), 

6.25 (dd, lH, H-1',J1'.2'=5.1Hz,J1.,F=16.5 Hz), 5.95 (d, lH, OH-3', J = 6 Hz), 5.40 (dt, 
lH, H-2', J = 5.3 Hz, Jz-,F = 53 Hz), 4.4-4.1 (m, 4H, H-3' ,4' ,5'), 2.13 (s, 3H, CHracetyl). 

Compound20 

2-Isopropylamino-5,6-diehloro-1-(2-deoxy-2-tluoro-P-D-ribofuranosyl) 

benzimidazole (20). Compound 18 (0.06 g, 0.14 mmol) was dissolved in ethanol (4 mL) 

25 and isopropylamine (1.3 mL) was added. The reaction mixture was heated in a sealed in a 
90°C oil bath for 17 hr. The solvents were removed in vacuo and the residue purified by 

chromatography on silica gel (6 g) eluted with chloroform/methanol (95:5, v/v). The 
product containing fractions were combined and the solvents removed in vacuo, giving 

compound 20 (0.03 g, 57%). 

30 

Compound 20: MS (APCH+) m/z, 378, M+l. 1H-NMR (DMSO-d6) 8 7.66 (s. lH, 
H-2), 7.37 (s, I H, Ar-H), 6.92 {d, lH, NH J = 7. 7 Hz), 6.17 (dd, 1 H, H-1 ', 11·.2· = 5.3 Hz, 
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J1 • .F = 15.4 Hz}, 5.73 (d, lH, OH-3', J = 5.7 Hz), 5.63 (t, lH, OH-5', J = 4.3 Hz), 5.12 (dt, 

IH, H-2', J = 5.3 Hz, J2.,F = 53 Hz), 4.29 (dt, IH, H-3'), 4.02 (m, lH, CH), 3.94 (m, lH, H-

4'), 3.68 {m, 2H, H-5,), 1.16 (d, 6H, CH3, 1=6.S Hz). 

D. Assays for Antjyiral Actiyjty and Cytotoxicity 

Cells and Viruses 

KB cells (available from the American Type Culture Collection (ATCC) 12301 

10 Parklawn Drive, Rockport, MD 20852 (ATCC CCL 17)), an established human cell line 

derived from an epidermal oral carcinoma, were grown in minimal essential medium 

{MEM) {Sigma) with Hanks salts (MEM(H)) supplemented with 5% fetal calf serum. 

Human foreskin fibroblasts (HFF cells) (provided by the University of Michigan Hospital) 

and African green monkey kidney cells (BSC-1) (AITC CCL 26) cells were grown in 

15 MEM with Earl salts (MEM(E)) supplemented with 10% fetal bovine sennn. Cells were 

passaged according to conventional procedures and as described in Shipman et al. 

(Shipman et al., l 976). Briefly, cells were passaged at 1 :2 to 1: 10 dilutions according to 

conventional procedures by using 0.05% trypsin plus 0.02% EDTA in a HEPES buffered 

salt solution. HFF cells were passaged only at I :2 dilutions. 

20 

A plaque purified isolate, P0 , of the Towne strain of HCMV was used in all 

experiments and was a gift of Dr. MaTk Stinski, University oflowa. The KOS strain of 

HSV-1 was used and was provided by Dr. Sandra K. Weller, University of Connecticut. 

Stock preparations ofHCMV and HSV-1 were prepared and titered as known to those of 

25 skill and the art and described in Turk et al. (Turk et al., 1987) and Shipman et al. 

(Shipman et al., 1990). Briefly, high titer HSV-1 stocks were prepared as follows. Nearly 

confluent monolayer cultures of KB cells were grown in 32 oz. glass bottles containing 

MEM(E) buffered with 25 mM HEPES and supplemented with 5% fetal bovine serum and 

0.127 g/liter L-arginine (VGM, virus growth medium). The cultures were infected at a low 

30 input multiplicity to reduce the fonnation of defective virus. After cell cytopathology 

reached "three to four plus", the cells were harvested by vigorous shaking, and 
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concentrated by centrifugation (800 x g for 5 min.). The resulting virus pools were stored -
at -76°C until retrieved for use in experiments. 

HSV-1 was titered using monolayer cultures of BSC-1 cells. Cells were planted at 

S 3 x 105 cells/well using 6-well cluster dishes. MEM(E) supplemented with 10% fetal 

bovine semm was employed as medium. After 22-24 hr, cells were 9()0;0 confluent and 

were inoculated in triplicate using at least three ten-fold dilutions with 0.2 ml of the virus 

suspension to be assayed and incubated in a humidified 4% COr90% air atmosphere for 

one hour to pennit viral adsorption. Following virus adsorption, the cell sheet was 

10 overlayed with S ml ofMEM(E) with 5% serum plus 0.5% methocel (4000 CPS) and 

incubated an additional two to three days. Cells were fixed and stained with 0.1 % crystal 

violet in 20% methanol and macroscopic plaques enumerated. 

·Stock HCMV was prepared by infecting HFF cells at a multiplicity of infection 

15 (m.o.i.) of less that 0.01 plaque-fonning units (p.f.u.) per cell. Cell growth medium was 

changed every four days until cytopathology was evident in all cells (approximately 21 

days). Supernatant fluids were retained as the virus stock. Four days later, the remaining 
cells were disrupted by three cycles of freeze-thawing and the cell plus medium held as an 

additional source of virus. Storage was in liquid nitrogen. 

20 

HCMV was titered in 24-well cluster dishes which were plated to contain 5 x 10
4 

HFF cells/well, grown as described above. When the cells were 70 to 80% confluent, 0.2 

ml of the virus suspension was added per well and adsorbed as described above. At least 

three ten-fold dilutions of each preparation were used. Following virus adsorption, the cell 
25 sheets were overlayed with 0.5% methocel (4000 CPS) in maintenance medium [MEM(E) 

with 1.1 g/liter NaHC03, 100 units/ml penicillin G, 100 µg/ml streptomycin, and 5% fetal 

bovine serum]. The cultures were incubated in a humidified atmosphere of 4% COr96% 

air. Viral plaques were visible 5 to 7 days after infection using at least 10-fold 

magnification. Cells were fixed and stained by a 10-minute exposure to a 0.1 % solution. of 

30 crystal violet in 20% methanol 7 to 12 days after infection. Microscopic foci were 

enumerated at 20-fold magnification using a Nikon Profile Projector. 
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Assays for Antiviral Actiyity 

HCMV plaque and yield reduction experiments were perfonned with monolayer 

cultures of HFF cells by a procedure similar to that referenced above for titration of the 

S viruses and described in Townsend et al (Townsend et al., 1995). Activity of compounds 

against HSV-1 was evaluated using an ELISA assay, also described in Townsend et al. 

(Townsend et al., 1995). 

The effect of compounds of the replication of HCMV was measured using plaque 

10 and yield reduction assays. For the fonner, HFF cells in 24-well culture dishes were 

infected with approximately 50 p.f.u. ofHCMV per well using the procedures detailed 

abo-ve. Compounds dissolved in growth medium were added in four to six selected 

concentrations to duplicate wells following virus adso:rption. Following incubation at 

37°C for 7 to 10 days, cell sheets were fixed, stained and microscopic plaques were 

1 S enumerated as described above. Drug effects were calculated as a percentage of reduction 

in number of plaques in the presence of each drug concentration compared to the number 

observed in the absence of drug. DHPG (ganciclovir) was used as a positive control in all 

experiments. Yield reduction assays were perfonned as described in Townsend et al. 

(Townsend et al., 1995). 

20 

ELISA techniques as described in Townsend et al. (Townsend et al., 1995) were 

used to detennine activity against HSV-1. Drug effects were calculated as a percentage of 

the reduction in virus titers in the presence of each drug concentration compared to the titer 

obtained in the absence of drug. Acyclovir was used as a positive control in all 

25 experiments. 

Assays for CJ!totoxicity 

Two different methods were used to evaluate cytotoxicity of the compounds. First, 

30 cytotoxicity produced in stationmy HFF cells was determined by microscopic examination 

of cells not affected by the virus used in the plaque assay. Second the effect of compounds 

on KB cells during two population doubling times was determined by crystal violet 
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staining and spectrophotometric quanti1ation of dye eluted from stained cells. This method 

has been utUized for the analysis of ganciclovir and zidovudine (See Prichard et al., 1991 ). 

Antiviral activity and cytotoxicity data for two of the fluorinated sugar 

5 benzimidazole nucleosides of the present invention are presented in Table l, along with 

comparison data for known antiviral agents TCRB and ganciclovir. 

Table l 
50% Inhibitory Concentration IC50 (µM) 

Antiviral Activity Cytotoxicity 
Compound HCMV HSV-1 Visual Growth 

Plaque Yield (ELISA assay) (HFF cells) (KB cells) 
Compound2 >10 - >100 >10 >10 
Compound3 >10 - >100 >10 >10 
Compound6 13.0 8 50 32 60 

2'-F-ara-TCRB 
Compound7 9.4 13 > 100 40 > 100 

3'-F-xylo-TCRB 
Compoundll 23 - >100 >10 >100 

Ganciclovir 7.4±6.5 1.6:!::1.2 3.5 :!: 2.1 >100 >100 
(DHPG) 
TCRB 2.76· 1.3 ±: 0.8 151 238 175 

(Compound 1) 
BDCRB 0.48 - - 141 -

Antiviral activity and cytotoxicity data for three of the fluorinated sugar 

10 benzimidazole nucleosides of the present invention are presented below in Table 2. 

HCMV strain ADI 69 was grown on monolayers of human embryonic lung cells 

(MRCS celfs) in 96 well plates. After injection of the cells at a ratio of approximately 0.01 

infectious virus particles per cell, the compounds to be tested were added to selected wells 

15 at six different concentrations, each in triplicate. The same concentrations of compounds 

were also applied to wells containing monolayers of uninfected cells in order to assess 

compound cytotoxicity. The plates were incubated for 5 days, and the minimum cytotoxic 

dose was estimated from microscopic examination. The IC50 for antiviral effect was 

estimated from measurements of HCMV DNA in each well by blotting and quantitative 

20 specific DNA hybridization, similar to the method of Gadler (see, Gadler, 1983). 
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Briefly, the probe for hybridization was prepared from cosmids pC7531 and pCS37 

(see, Sullivan et al .• 1993). These contain the HCMV AD169 sequences from nucleotides 

1 Q2,000 to 143,300 and 51.600 to 92,900, respectively. The probe is a 1: 1 mixture of the 

5 two cosmids labeled with a-£31>]-dCTP using random primers and T7 DNA polymerase 

(Pharmacia) after cutting with nuclease Xbal. The probe was denatured by heating for 2 

minutes at 99°C and filtered through a sterile Coming 0.45 µm filter (25933-200). 

Prehybridization of the membranes was carried out in 6X SSPE (SSPE: 0.18 M 

10 NaCl, 10 mM NaP04 (pH 7.7), 1 JnM EDTA), 1 % Ficoll. 1 % polyvinylpyrrolidine, 1 % 

BSA, 0.5% SOS, and 50 µg/mL salmon sperm DNA at 45°C for 2 to 12 hr. 

The prehybridization solution was replaced with hybridization solution (6X SSPE, 

0.5% SOS, 50 µgfmL salmon sperm DNA) containing 1 x 106 cpm/mL of each heat-

15 denatured probe. Hybridization was for 16 hr at 6S°C. The membranes were then washed 

as follows: 6X SSPE with 0.5% SDS, room temperature, 2X for 2 min; 1 X SSPE with 

0.5% SDS, 65°C, 2X for 15 min; O.lX SSPE with 0.5% SDS, 65°C, once for 1 hr. 

The membranes were blotted dry and wrapped in Saran wrap for quantitation by 

20 Phospholmager (Molecular Dynamics. Sunnyvale, CA). The Phospholmager screens were 

exposed to the blots for 16 to 24 hr. The gross counts in each sample were calculated 

using lmageQuant software (Molecular Dynamics, Sunnyvale, CA) and net counts 

obtained by subtracting the local membrane background. 

25 The counts of the drug dilution wells were compared to the counts of untreated 

control wells to produce a response curve and were used to calculate the IC50 values. The 

IC50 values were calculated by weighted linear regression according to the Hill equation. 
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Table2 

50% Inhibitory Concentration ICso (µM) 

Compound Antiviral Activity Cytotoxicjty 

HCMV (MRCS cells) 

(DNA Hybridization) 

Compound IS 12.S ± 0.7 >100 

Compound 19 13.7 :I: 0.5 72.8 

Compound20 8.9 ±2.7 49.0 

The embodiments of this invention illustrated above are intended to aid in an 

understanding of the invention but are not intended to, and should not be construed to, 

Jiinit in any way the invention as set forth in the folJowing claims. Other aspects, 

5 advantages and modifications within the scope of this invention will be apparent to those· 

skilled in the art to which this invention pertains. 

10 

15 
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CLAIMS 

1. A modified benzimidamle nucleoside of the formula: 

2. 

3. 

R4 

wherein 

R 1 is a fluorinated sugar-like moiety; 

R2 is -H, -F, -Cl, -Br, -I, or -NR2, 

N 

}-R' 
N 

\ 1 
R 

wherein R is independently-Hor an alkyl group having 1-6 carbon atoms; 

R 4 is -H, -F, -Cl, -Br, or -I; 

R5 is -H, -F, -Cl, -Br, or -1; 

R6 is -H, -F, -Cl, -Br, or-I; 

R7 is -H, -F, -Cl, -Br, or-I; 

and pharmaceutically acceptable salts thereof. 

The modified benzimidazole nucleoside of claim I, wherein said fluorinated 

sugar-like moiety comprises a 2' -fluoro-furanosyl moiety or a 3 '-fluoro-furanosyl 

moiety. 

The modified benzimidazole nucleoside of claim 2, wherein said fluorinated 

sugar-like moiety comprises a moiety selected from the group consisting of: 

2' -fluoro-threo-furanosyl; 3' -:fluoro-threo-furanosyl; 

2'-fluoro-erythro-furanosyl; 3'-fluoro-erythro-furanosyl; 

2 '-fluoro-ribo-furanosyl; 3 '-fluoro-ribo-furanosyl; 

2 • -fluoro-ara-furanosyl; 3 '-fluoro-ara-furanosyl; 

2' -fluoro-xylo-furanosyl; and 3' -fluoro-xylo-furanosyl. 
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4. The modified benzimidazole nucleoside of claim 3, wherein said fluorinated 

5. 

6. 

sugar-like moiety comprises a moiety selected from the group consisting of: 

2' -fluoro-ribo-furanosyl; 

2'-fluoro-ara-furanosyl; and 

3' -fluoro-xylo-furanosyL 

The modified benzimidazole nucleoside of claim 4, wherein said fluorinated 

sugar-like moiety possesses one or more hydroxyl groups in a protected fonn. 

The modified benzimidamle nucleoside of claim 1, wherein R 1 is 

2' -fluoro-ara-furanosyl; R2 is -Cl; R4 is -H; R5 is -CJ; R6 is -Cl; and R7 is -H. 

7. The modified benzimidazole nucleoside of claim l, wherein R1 is 

3'-fluoro-xylo-furanosyl; R2 is -Cl; R4 is-H; Rs is·-Cl; R6 is -Cl; and R7 is -H. 

8. The modified benzimidazole nuc]eoside of claim 1, wherein R 1 is 

2'-fluoro-ribo-furanosyl; R2 is-H; R4 is-H; Rs is-Cl; R6 is -Cl; and R7 is-H. 

9. The modified benzimidazole nucleoside of claim 1, wherein R 1 is 

20 2'-fluoro-ribo-furanosyl; R2 is -Br; R4 is -H; R5 is -Cl; R6 is -Cl; and R7 is -H. 

25 

10. The modified benzimidazole nucleoside of claim 1, wherein R1 is 

2'-fluoro-ribo-furanosyl; R2 is-NH(CH(CHllJ; R4 is -H; R5 is -Cl; R6 is -Cl; and 

R7 is-H. 

11. A composition comprising a compound according to any one of claims 1 to 10 and 

a pharmaceutically acceptable carrier. 

12. Use of a compound according to any one of claims 1 to 10, alone or in 

30 combination, for the preparation of a medicament for inhibiting or preventing viral 

infection. 
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13. A method of inhibiting viral proliferation in a virally infected cell comprising 

contacting the cell with an effective amount of a compowid according to any one of 

claims l to 10 under suitable conditions such that viral proliferation is inhibited. 

5 14. A method of inhibiting HCMV proliferation in a HCMV infected ceJI comprising 

contacting the ceU with an effective amount of a compound according to any one of 

claims 1 to 10 under suitable conditions such that HCMV proliferation is inhibited. 

15. A method ofprophylactically treating a cell susceptible to viral infection, by 

10 contacting the cell with an effective amount of a compound according to any one of 

claims 1 to l 0 under suitable conditions such that viral infection is prevented. 

15 

16. A method of prophylactically treating a cell susceptible to HCMV infection, by 

contacting the cell with an effective amount of a compound according to any one of 

claims 1 to 10 under suitable conditions such that HCMV infection is prevented. 

-------
Thi ii iiM i~r 


