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Therapeutic Compounds 

The present invention relates to benzimidazole derivatives and their use in medical 

therapy particularly for the treatment or prophylaxis of virus infections such as those 

5 caused by herpes viruses. The invention also relates to the preparation of the 

benzimidazole derivatives and pharmaceutical formulations containing them. 

Of the ONA viruses, those of the herpes group are the sources of the most common 

viral illnesses in man. The group includes herpes simplex virus types 1 and 2 (HSV), 

10 varicella zoster virus 0/ZV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), 

human herpes virus type 6 (HHV-6) .and human herpes virus type 7 (HHV-7). HSV-1 

and HSV-2 are some of the most common infectious agents of man. Most of these 

viruses are able to persist in the host's neural cells: once infected, individuals are at 

risk of recurrent clinicat manifestations of infection which can be both physically and 

15 psychologically distressing. 

HSV infecfion is often characterised by extensive and debilitating lesions of the skin, 

mouth and/or genitals. Primary infections may be subclinical although tend to be 

more severe than infections in individuals previously exposed to the virus. Ocutar 

20 infection by HSV can lead to keratitis or cataracts thereby endangering the host's 

sight. Infection in the new-born, in immunocompromised patients or penetration of 

the infection into the central nervous system can prove fatal. 

25 

30 

35 

VZV is a herpes virus which causes chiclcenpox and shingles. Chickenpox is the 

primary disease produced in a host without immunity, and in young children is 

usually a mild illness characterised by a vesicular rash ~nd fever. Shingles or zoster 

is the recurrent form of the disease which occurs in adults who were previously 

infected with 'VZY. ~ cl!n_ical manifestations of shingles a_re characterised by 

neuralgia and a vesicular skin rash that is unilateral and dermatomal in distribution. 

Spread of inftammation may lead to paralysis or convulsions. Coma can occur if the 

meninges become affected. VZV is of serious concern in patients receiving 

immunosuppressive drugs for transplant purposes or for treatment of malignant 

neoplasia and is a serious complieation of AIDS patients due to their impaired 

immune system. 
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In common with other herpes viruses, infection with CMV leads to a lifelong 

association of virus and host. Congenital infection following infection of the mother 

during pregnancy may give rise to clinical effects such as death or gross disease 

(microcephaly, hepatosplenomegaly, jaundice, mental retardation), retinitis leading 

5 to blindness or, in less severe forms, failure to thrive, and susceptibility to chest and 

ear infections. CMV infection in patients who are immunocompromised for example 

as a result of malignancy, treatment with immunosuppressive drugs following 

transplantation or infection with Human Immunodeficiency Virus, may give rise to 

retinitis, pneumonitis, gastrointestinal disorders and neurological diseases. 

10 

The main disease caused by EBV is acute or chronic infectious mononucleosis 

(glandular fever). Examples of other EBV or EBV associated diseases include 

lymphoproliferative disease which frequently occurs in persons with 1::ongenital or 

acquired cellular immune deficiency; X-linked lymphoproliferative disease which 

15 occurs namely in young boys, EBV-associated B-cell tumours, Hodgkin's disease, 

nasopharyngeal carcinoma, Burkitt lymphoma, non-Hodgkin -cell lymphoma, 

thymomas and oral hairy leukopJakia. EBV infections have also been found in 

association with a variety of epithelial-celklerived tumours of the upper and lower 

respiratory tracts including the lung. 

20 
HHV-6 has been shown to be a causative agent of infantum subitum in children and 

of kidney rejection and interstitial pneumonia in kidney and bone mam>w transplant 

patients, respectively, and may be associated with other diseases such as multiple 

scierosis. There is also evidence of repressi~n..qt stem cell counts in· bone marrow 

25 transplant patients. HHV-7 is of undetermined disease aetiology. 

Hepatitis B virus. (HBV) is a viral pathogen of world-wide major importance. The virus 

is aetiologically associated with primary hepatocellular carcinoma and· is thought to 

cause 80% of the world's liver cancer. Clinical effects of infection with HBV range 

30 from headache, fever, malaise, nausea, vomiting, anorexia and abdominal pains. 

Replication of the virus is usually controlled by the immune response. with a course 

of recovery lasting weeks or months in humans, but infection may be more severe 

leading to persistent chronic liver disease outlined above. 
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· PCT Patent Specification Nos. WO 92107867 and WO 94108456 describe certain 

antiviral polysubstituted benzimidazole nucleoside analogues including -D­

ribofuranosyl riboside analogues. PCT Patent Specification No. WO 93/18009 

describes certain antiviral benzimidazole analogues in which the sugar residue is 

5 replaced by a carbocyclic group. 

It has now been discovered that certain L-sugar substituted benzimidazote 

compounds as .• referred to below, are useful for the treatment or prophylaxis of 

certain viral infections. According to a first aspect of the present invention, novel 

1 O compounds of the formula (I) are provided: 

(I) 

wherein; 

15 R1 represents hydrogen, a halo atom or azido; 

-NR8R9 where RB and R9, which may be the same or different, are each 
independently selected from hydrogen, hydroxyl, C1.12 alkyl, for example C1-s alkyl 

(where the alkyl moiety may be optionally substituted by one or more substituents 

selected from halo, amino, azido, hydroxy, cyano, N02. NHR10, S02R10, SR10, 

20 OR10, COR10 and haloC1-6 alkyl where R10 is C1-s alkyl, C3.5 alkenyl, C2-e 

alkynyl,_ or aryl), C2-8 alkenyl, C1-a alkoxy, C3.7 cycloalkyl, C2-a alkynyl, C3_7 

cycloalkenyf, C3-7 cycloalkylC1-6 alkyl, aryl, aryfC1-6 alkyl, heteroaryl, heteroarylC1-

6 alkyl, heterocyclyl and heterocyclylC1-s alkyl, or RBR9 together with the N atom to 

which they are attached form a 3,4,5 or 6 membered heterocyclic ring; 

25 -NHNR11R12 where R11 and R12, which ·may be the same or different, each 
represent hydrogen or C1-6 alkyl; 

-N=NC1-6 alkyl or-NHOC1.5alkyl; 
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R2 represents hydrogen, halo atom, C1..aalkyl or CMalkenyl; 

R3 and R4, which may be the same of different, each represent hydrogen, halogen 
orN02: 

R5 and R6, which may be the same or· different, each represent hydrogen or 

hydroxy; 

R7 represents hydrogen, CH3 or CH2R13 where R13 m;y be S•!lected from 

10 hydroxy, a halo atom and oR14 (where R14 is hydrogen, C1-aalkyl, aryt or aiylC1-e 

alkyl); 

· · with the proviso that when R2 represents hydrogen, R3 and R4 each represent 
chloro, R5 and R6 represent an erythro hydroxy group and R7 is -CH~~OH then R1 

15 represents azido, -NR8R9 where RB and R9, which may be the same or different, 
are each independently selected from hydroxyl, C1.;.s alkyl (where the alkyf moiety is 

substituted by one or more substituents selected from amino, azido, N02. NHR10, 

S02R10, SR10, OR10, haloC1.;.s alkyl where R10 is as hereinbefore defined), C1-12 

alkyl (where the alkyl moiety is optionally substituted by one or more substituents 
20 selected from halo, amino, azido, hydroxy, cyano, N02. NHR10, S02R10 SR10, 

OR10, CQR10 and haloC1-e alkyl where R10 is as hereinbefore dei.ined), C1-6 

alkoxy, C3-7 cycloalkenyl, heteroaryl, heteroaryl C1-e alkyl and heterocyclyl; 

-NHNR11R12 where R11 and R12 are as hereinbefore defined:· 
-N=NC1.5 alkyl or-NHOC1-6 alkyl; 

25 · or a pharmaceutically acceptable derivative thereof. 

The present invention further provides compounds of formula (I) wherein the sugar 
moiety is selected from the following: 
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Further examples of compounds of formula· (I) above include Examples 1 to 65 as 

described hereinafter. 

As used herein the tenn alkyl as a group or part of a group means a straight or 
branched chain alkyl group. Such alkyl groups preferably have 1-6 carbon atoms, 

most preferably ·1· to 4 and in particular include methyl, ethyl, i-propyl, t-butyl. 

References to alkenyJ groups include groups which may be in the E- or Z- fonn or a 

1 O mixture thereof and which when they contain at least three carbon atoms, may be 
branched. The term halo includes chloro, bromo, fluoro and iodo. The term haloC1-e 

15 

alkyl means an alkyl group in which one or more hydrogens is replaced by halo and 

preferably containing one, two or three halo groups. E~mples of such groups 

include trifluoromethyl and fluoroisopropyl. 

The term aryl as a group or part of a group means phenyl optionally substituted with 
one or more substituents selected from C1-e alkoxy (for example, methoxy), nitro, a 

halo atom (for example chloro}. amino, carboxylate and hydroxy. The term 

heterocyclyl as a group or part of a group means a saturated or partially saturated 

20 {i.e. non-aromatic) 3-,4-,5- or 6 membered ring containing one or more (for example 

one to four) heteroatoms independently selected from nitrogen, oxygen and sulphur. 
Examples of such groups include pyrrolidine. The term heteroaryl means a 4,5 or 6-

membered aromatic ring containing one or more (for example one to four) 
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heteroatoms independently selected from nitrogen, oxygen and sulphur. for 

example: pyrazole, pyrrole, imidazole, and pyridine. 

The present invention includes within its scope each possible alpha and beta 

5 anomer of the compounds of formula (I) and their physiologically functional 

derivatives, substantially free of the other anomer, that is to say no more than about 
5% wlw of the other anomer, preferably no more than about 2% w/w, in particular 

less than 1 % w/w will be present, and mixtures of such alpha and bet1 anomers in 

any proportions. Compounds of fonnula (I) in the beta anomeric form are preferred. 

10 

Preferred compounds of formula (I)· include those wherein: 

(i) R1 is -NRBR9, where R8 and R9, which may be the same or different, are 
selected from C1-6 alkyl or C3_7 cyctoalkyl, preferably isopropyl or 

15 cyclopropyl; 

20 

(ii) R2 is hydrogen or a halo atom; 

(iii) R3 and R4 are both a halo atom, preferably chloro; 

(iv} the sugar moiety is 3'-deoxy-L-ribofuranosyl (formula (b) as hereinbefore 

defined); 

(v) the sugar moiety is 5'-deoxy-L-ribofuranosyl (formula · (c) as hereinbefore 

25 defined, wherein R 7 is H); · 

(vi) the sugar moiety is 2'-deoxy-L-ribofuranosyl (formula (f) as hereinbefore 

defined); 

30 or a pharmaceutically acceptable derivative thereof. 

35 

Particularly preferred compounds of formula (I) include those wherein R 1 is -NR8R9 

wherein R8 is hydrogen and R9 is a C1-6 alkyl, preferably· isopmpyl or C3_7 

cycloalkyl, preferably cyclopropyl; 
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R2 is hydrogen or a halo atom (for example bromo), R3 and R4 are both a halo 

atom. preferably chloro and the sugar moeity is selected from: 

3'-deoxy-:L-ribofuranosyl; 

5'-deoxy-l-ribofuranosyl; and 

2'-deoxy-L-ribofuranosyl; 

10 or a pharmaceutically acceptable derivative thereof. 

Preferred compounds according to the invention include: 
4-Bromo-5.6-dichloro-2-isopropylamino-1-(beta-L-ribofuranosyl) 1 H•benzimidazole; 
5.6-Dichloro-1-(3-deoxy-beta-L-ribofuranosyl)-2-isopropytamino-1 H-benzimidazole; 

15 5,6-Dichloro-1-(5-deoxy-beta-L-ribofuranosyl)-2-isopropylamino-1 H-benzimidazole; 

5,6-Dichloro-1-{beta-L-erythrofuranosyl)-2-isopropylamino-1H-benzimidazole: 
5,6-Dichloro-2-isopropylamino-1-{beta-L-xylofuranosyl)-1 H-benzimidazole; 
1-(2-Deoxy-beta-L-ribofuranosyl)-5,6-dichloro-2-isopropylamino-1 H-benzimidazole; . 

2-lsopropylamino-1-{beta-L .. ribofuranosyl)-4,5,6-trichtoro-1 H-benzimidazole; 

20 4-Bromo-2-cyclopropylamino-5,6-dichloro-1-(beta-L-ribofuranosyl)-1 H­

benzimidazote; 

2-Cyclopropylamino-1-{beta-L-ribofuranosyl)-4,5,6-trichloro-1 H-benzimidazole; 
4,6-Dichl<?ro-2-isopropyiamino-1-{Dita-L-ribofuranosyl)-1H-benzimidazole; 
1-(beta-L-Erythrofuranosyl)-2-isopropylamino-4,5,6-trichlorcr 1 H-benzimidazole; 

25 and pharmaceutically acceptable derivatives thereof. 

The compounds of formula (I) above and their phmmaceutically acceptable 

derivatives are hereinafter referred to as the compounds according to the invention. 

30 By "a pharmaceutically acceptable derivative" is meant any pharmaceutically or 

pharmacologically acceptable salt, ester or salt of such ester of a compound 
according to the invention, or any compound which, upon administration to the 

recipient, is capable of providing (directly or indirectly) a compound according to the 
invention, or an antivirally active metabolite or residue thereof. 

35 
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Preferred esters of the compounds according to the invention are independently 

selected from the following groups: (1) carboxylic acid esters obtained by 

esterification of the 21
-, 3'- and/or 5'-hydroxy groups, in which the non-carbonyl 

moiety of the carboxylic acid portion of the ester grouping is selected from straight or 

5 branched chain alkyl (for example, n-propyl, l-butyl, or n-butyl), alkoxyalkyl (for 

·example, methoxymethyl), aralkyl (for example, benzyl), aryloxyalkyl (for example. 

phenoxymethyl), aryl (for example. phenyl optionally substituted by, for 'example, 

halogen, C1-4 alkyl, or C1-4 alkoxy or amino); (2) sulphonate esters, i;uch as alkyl-

or aralkylsulphonyl (for example, methanesulphonyl); (3) amino acid esters (for 

10 example, L-valyl or L-isoleucyl); (4) phosphonate esters and (5) mono-, di- or 

triphosphate esters. The phosphate esters may be further esterified by, for example, 

a C1-20 alcohol or reacti~e derivative thereof, or by a 2,3-di(C5.24)acyl glycerol. 

In such esters, unless otherwise specified, any alkyl moiety present advantageously 

15 contains from 1 to 18 carbon atoms, particularly form 1 to 6 carbon atoms, m~re 

particularly from 1 to 4 carbon atoms. Any cycloalkyl moiety present in such esters 

advantageously contains from 3 to 6 carbon atoms. Any aryl moiety present in such 

esters· advantageously comprises a phenyl group. 

20 Preferred carboxylic acid esters according to the present invention include the 

acetate, butyrate and· valerate esters, L-valyl is a particularly preferred amino acid 

ester. 

Any reference to any of the above compounds also includes a reference to a 

25 phannaceutically acceptable salts thereof. 

Pharmaceutically acceptable salts include salts of organic carboxylic acids such as 

ascoJ'bic, acetic, citric, lactic, tartaric, malic, maleic, isethionic, lactobionic, p­

aminobenzoic and succinic acids; organic sulphonic acid& such as 

30 methanesulphonic, ethanesulphonic, benzenesulphonic and p-toluenesulphonic 

acids and inorganic acids such as hydrochloric, sulphuric, phosphoric, sutphamic 

and· pyrophosphoric acids. 

For therapeutic use, salts ofthe compounds of formula (I) will be pharmaceutically 

35 . acceptable. However, salts of acids and bases which are non-ph;:1rmaceutically 
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acceptable may also find use, for example, in the preparation or purification of a · 

pharmaceutically acceptable compound. AU salts, whether or not derived from a 

pharmaceutically acceptable acid or base, are within the scope of the present 

invention. 

Preferred salts include salts formed from hydrochloric, sulphuric, acetic. succinic, 

citric and ascorbic acids. 

In a further aspect of the invention there are provided the compounds according to 

1 O the invention for use in medical therapy. The compounds of the present invention 

are particularly suited to the treatment or prophylaxis of CMV infections and 

associated conditions. Examples of CMV conditions which may be treated in 

accordance with the invention have been discussed in the introduction hereinbefore. 

15 According to another aspect. the present invention provides a method. for the 

treatment or prevention of the symptoms or effects of a viral infection in an infected 

animal, for example, a mammal including a human, which comprises treati~g said 

animal with a therapeutically effective amount of a compound according to the 

invention. According to a particular embodiment of this aspect of the invention, the 

20 viral infection is a herpes virus infection. such as CMV, HSV-1, HSV-2, VZ)J, EBV, 

HHV6 or HHV7. A further aspect of the invention includes a method for the treatment 

or prevention of the symptoms or effects of an HBV infection. 

The present invention further provides a method for the .treatment of a clinical 

25 condition in an animal, for example, a mammal including a human which clinical 

condition includes those which have been discussed in the introduction 

hereinbefore, which comprises treating said animal with a therapeutically effective 

amount of a compound according to the invention~ The present invention also 

includes a method for the treatment or prophylaxis of any of the aforementi~ned 

30 infections or conditions. 

35 

tn yet a ··further aspect, the present invention provides the use of a compound 

according to the invention in the manufacture of a medicament for the treatment or 

prophylaxis of any of the above mentioned viral infections or conditions. 
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Jn addition to the use of compounds of formula (I) in the treatment or prophylaxis of 

the above viral infections and associated conditions, the compounds may also be 

used for the treatment or prophylaxis of heart and blood vessel diseases, in 

particular restenosis and specifically restenosis following angioplasty. 

The above compounds according to the invention and their pharmaceutically 

acceptable derivatives may be employed . in · combination with other therapeutic 

agents for the treatment of the above infections or conditions. Combination therapies 

according to the present invention comprise the administration of at least one 

10 compound of the formula (I) or a pharmaceutically acceptable derivative thereof and 

at least one other pharmaceutically active ingredient. The active ingredient(s) and 

pharmaceutically active agents may be administered simultaneously in either the 

same or different pharmaceutical formulations or sequentially in· any order. The 

amounts of the active ingredient(s) and pharmaceutically active agent(s) and the 

15 r~lative timings of administration will be selected in order to achieve the desired 

combined therapeutic effect. Preferably the combination therapy involves the 

administration of one compound according to the invention and one of the agents 

mentioned herein below. 

20 Examples of such further therapeutic agents include agents that are effective for the 

treatment of viral infections or associated conditions such as acyclic nucleosides 

(e.g. acyclovir, valaciclovir; famciclovir, ganciclovir, penciclovir), and acyclic 

nucleoside phosphonates (e.g. (S)-1-(3-hydroxy-2-phosphonyl-methoxypropyl) · 

cytosine (HPMC). 

25 

30 

The present invention further includes the use of a compound acrorcling to the 

invention in the manufacture of a medicament for simultaneous or sequential 

administration with at least one other therapeutic agent, such as those defined 

herein before. 

The compounds according to the invention, also referred to herein as the active 

ingredient, may be administered for therapy by any suitable route including oral, 

rectal. nasal, topical (including transdermal, buccal and sublingual), vaginal and 

parenteral (including subcutaneous, intramuscular, intravenous, intradermal and 

... ·.-::-:.. .··. 
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intravitreal). It will be appreciated that the preferred route will vary with the condition 

and age of the recipient, the nature of the infection and the chos~n active ingredient. 

In general a suitable dose for each of the above-mentioned conditions will be in the 

5 range of 0.01 to 250 mg per kilogram body weight of the recipient (e.g. a human) per 

day, preferably in the range of 0.1 to 100 mg per kilogram body weight per day and 

most preferably in the range 0.5 to 30 mg per kilogram body weight per day and 

parti~larly in the range 1.0 to 20 mg per kilogram body weight per day. (Unless 

otherwise indicated, all weights of active ingredient are calculated as the parent 

10 compound of formula (I); for salts or esters thereof, the weights would be increased 

proportionally.) The desired dose may be presented as one, two, three, four, five, 

six or more sub-closes administered at appropriate intervals throughout the day. In 

some cases the desired dose may be given on alternative days .. These sub-doses 

may be administered in unit dosage fonns. for example, containing 1 O to 1000 mg or 

15 50 to 500 mg, preferably 20 to 500 mg, and most preferably 100 to 400 mg of active 

ingredient per unit dosage fonn. 

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

concentrations of the active compound from about 0.025 to about 100 µM, 

20 preferably about 0.1 to 70 µM, rriost preferably about 0.25 to 50 µM. This may be 

achieved, for example, by the intravenous injection of a 0.1 to 5% solution of the 

active ingredient, optionally in saline, or orally administered as a bolus containing· 

about 0.1 to about 250 mglkg of the active ingredient. Desirable blood levels may 

be maintained by a continuous infusion to provide .about 0.01 to about 

25 5.0 mg/kg/hour or by intermittent infusions containing about 0.4 to about 15 mg/kg of 

the active ingredient. 

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

to present it as a pharmaceutical formulation. The formulations of the present 

30 invention comprise at least one active ingredient, as defined above, together with 

one or more acceptable carriers thereof and optionally other therapeutic agents. 

Each carrier must be "acceptable11 in the sense of being compatible with the other 

ingredients of the formulation and not injurious to the patient. Formulations inctude 

those suitable for oral, rectal, nasal, topical (including transdermal buccaJ and 

35 sublingual), vaginal or parenteral (including subcutaneous, intramuscular, 
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intravenous, intradermal and intravitreal) · administration. The formulations may 

conveniently be presented in unit dosage form and may be prepared by any 

methods well known in the art of pharmacy. ·Such methods inciud~ the step of 

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

5 or more accessory ingredients. In general, the fonnulations are prepared by 

uniformly and intimately bringing into .association the active ingredient with liquid 

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

product. 

10 The present invention further includes a pharmaceutical formulation as hereinbefore 

defined wherein a compound of formula ·(I) or a pharmaceutically acceptable 

derivative thereof and at least one further therapeutic agent are: presented 

separately from ·one another and as a kit of parts. 

15 Compositions suitable for transdermal administration may be presented as discrete 

patches adapted to remain in intimate contact with the epidermis of the recipient for 
a prolonged period of time. Such patches suitably contain the active compound 1) in 

an optionally buffered, aqueous solution or 2) dissolved and/or dispersed in an 

adhesive or 3) dispersed in a polymer. A suitable concentration of the active 

20 ·· compound is about 1% to 25%, preferably about 3% to 15%. As one particular 

. possibility, the active compound may be delivered from the patch by elec:trotransport 

or iontophoresis as ~enerally described in Phacrnaceut;car Research._3 (6), 318 

(1986). 

25 Formulations of the present invention suitable for oral administration may be 

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

predetermined amount of the active ingredient; as a powder or granules; as a 

solution or a suspension in an aqueous or non-aqueous liquid: or as an oil-in-water 

liquid emulsion or a water-in-oil liquid emulsion. The active ingredient may also be 

30 presented as a bolus, electuary or paste. 

A tablet may be made by compression or moulding, optionally with e>ne or more 

accessory ingredients. Compressed tablets may be prepared by compressing in a 

suitable machine the active ingredient in a free-flowing form such as .a powder or 

35 granules, optionally mixed with a binder (e.g. povidone, gelatin, hydroxypropylmethyl 
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cellulose), lubricant, inert diluent, preservative, disintegrant (e.g. sodium starch 

glycollate, cross-linked povidone, cross~linked· sodium carboxymethyl cellulose) 

surface-active or dispersing agent. Moulded tablets may be made by moulding in a 

suitable machine a mixture of the powdered compound moistened with an inert liquid 

5 diluent. The tablets may optionally be coated or scored and may be formulated so 

as to provide slow or controlled 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. 

10 
Formulations suitable for topical administration in the mouth include lozenges 

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

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

and glycerine, or sucrose and acacia; and mouthwashes comprising the active 

15 ingredient in a suitable liquid carrier. 

Formulations for . redal administration may be presented as a suppository with a 

suitable base comprising for example cocoa butter or a salicylate. 

20 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. 

Pharmaceutical formulations sultabte for rectal administration wherein the carrier is a 

25 solid are most preferably presented as unit dose suppositories. Suitable carriers 

include cocoa butter and other materials commonly used in the art. The 

suppositories may be conveniently formed by admixture of the active combination 

with the softened or melted carrier(s) followed by chilling and shaping in moulds. 

30 Formulations suitable for parenteral administration include aqueous an~ oon­

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

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

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

include suspending agents and thickening agents. The formulations may be 

35 presented in unit-dose or multidose sealed containers, for example, ampules and 
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vials, and may be stored in a freeze-dried (lyophilizecl) condition requiring only the 

addition of the sterile liquid carrier~ for example water for injections, immediately prior 

to use. Extemporaneous injection solutions and suspensions may be prepared from 

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

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

sub-dose, as herein above recited, or an appropriate fraction thereof, of an active 

ingredient. 

10 It should be understood that in addition to the ingredients particularly mentioned 

above the formulations of this invention may include other agents conventional in the 

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

for oral administration may include such further agents as sweeteners, thickeners 

and flavouring agents. 

15 
According to a further aspect of the invention, there is provided a pmcess for the 

preparation of compounds of formula (I) above and derivatives thereof which 

comprises:-

20 (A) reacting a compound of fonnula (11) 

(II) 

25 (wherein L is hydrogen, or leaving atom or group and R2, R3 and R4 are as 

hereinbefore defined, z1 and z2 are the same or different and are groups R5 and 

R6 as defined in relation to formula (I) or protected hydroxy groups and z3 is a 

group R7 as defined in formula (I) or a protected hydroxy or hydroxymethyl group) 
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with a suitable halogenating agent such as N-bromosuccinamide or when L is a 

suitable leaving atom or group, for example, a halo atom such as bromine or an 

organo (for example alkyl) sulphone, or organo (for example alkyl or aralkyl) 
sulphate such as methylsulphone (MeS(0)2). methylsulphonate (MeS(0)20) or 

5 tosylate (4-MePhS(0)20) group and R2, R3 and R4, z1, z2 and z3 are as 

hereinbefore defined, with an amine of formula H-NRBR9 (wherein RB and R9 are as 

hereinbefore defined), a hydrazine of formula H-NHNR11R12 (wherein R11 and R12 

are as hereinbefore defined), an alkylazo of formula H-NNC1-e alkyl, an 

10 

15 

alkoxyamino of formula H-N=HOC1-s alkyl, 

or a suitable displacing agent, such as tetr-abutyl ammonium azlde or sodium or 

potassium azide; 

(B) reacting a compound of formula (Ill) . 

(Ill) 

(wherein R1, R2, R3 and R4 are as hereinbefore defined) with a compound of 

20 formuta (IV) 

z3 

L1~ {IV) 

z1 z2 

25 (wherein z1 · z2 and z3 as hereinbefore defined and L 1 is a suitable leaving group 

or atom in the alpha or beta position. for example, a halo (for example fluoro, chloro 
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or bromo), an alkyl- or aryl-thio (for example phenylthio), or an aryl or aliphatic ester 
group such as benzoate or acetate: 

and thereafter or simultaneously therewith one or more of the following further steps 

5 may be additionally performed in any desired· or necessary order: 

(i) removing any remaining protecting group(s); 

(ii) converting a compound of formula (I} or a protected form thereof into a further 
1 O compound of formula (I) or a protected form thereof; 

15 

(iii) converting the compound of formula (I) or a protected form thereof into a 

pharmaceutically acceptable derivative of the compound of formula (I) or a 

protected form thereof; 

(iv) converting a pharmaceutically acceptable derivative of the compound of 

formula (I) or a protected fonn thereof into the compound of formula (I) or a 

protected form thereof; 

20 (v) converting a pharmaceutically acceptable derivative of the c-.ompound of 

formula (I) or a protected form thereof into another pharmaceutically 

acceptable derivative of the compound of formula (I) or a protected form 

thereof; 

· 25 {vi) where necessary. separating the alpha and beta anomers of the compound of 

formula (I) or of a protected derivative thereof or of a pharmaceutically 

. acceptable derivative of a compound of formula (I) 

Process A may conveniently be used for the preparation of a compound of formula 

30 (I) wherein. R 1 is halogen. Such compounds may conveniently be prepared by 
reacting a compound of formula (II) wherein Lis hydrogen and R2, R:~. R4, z1, z2 

z3 are as hereinbefore defined with a halogenating agent. Halogenation may be 

effected in a conventional manner. for example, bromination using a brominating 

agent such as N-bromosuccinimide (NBS) in an aprotic solvent such as 
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tetrahydrofuran (THF) or preferably 1,4 dioxane heated to 60-150°C, preferably 

100°c. 

Compounds of formula (I) wherein R 1 is -NR8R9 or ~NHNR 11R12 (wherein RB, R9. 
5 R10 and R11 are as hereinbefore defined), -N=NC1-s.alkyl, or-NHOC1-s alkyl may 

- conveniently be prepared from compounds of formula (II) wherein L is a halo atom. 

such as a bromo or chloro atom, by reaction with an appropriate amine HNR8R9. a 

hydrazine HNHNR11R12 (wherein RB, R9, R10 and R11 are as hereinbefore 
defined), an azoalkyl HN=NC1-e alkyl or alkoxyamine HNHOC1-6 alkyl. Typically, 

1 O the reaction is effected at an elevated temperature. for example, 10-aooc. in an 
organic solvent such as ethanol or dimethylsulfoxide. 

Compounds of formula (I) wherein R 1 is azido may advantageously be prepared 

from compounds formula (II), wherein L is a halo atom, such as bromo or chloro, by 

15 reaction with a suitable displacing agent such as sodium or potassium azide or 

tetrabutyJ ammonium azide in an aprotic solvent such as Tf:iF or 1.4 dioxane, at an 
elevated temperature such as 60-1 SOOC, more particularly 1 oooc. 

Compounds of formula (II) wherein z1 and/or z2 are hydroxy groups and/or z3 is a · 

20 hydroxy or hydroxymethyl group can, for example, be prepared from a 
corresponding compound of formula (II) wherein z1 and/or z2 are each a protected 

hydroxy group and/or z3 is a protected hydroxy ·or hydroxymethyl group. 

Conventional protecting groups may be used for z1, z2 and z3. Advantageously 

ester groups such as those described above in relation -to the esters of the 

25 compounds of formula (I) may be used. These protecting groups may be removed 
either by conventional chemical techniques such as sodium carbonate in methanol 

or er'tzymatically. for example, using pig liver enzyme. Alternatively, z1, z2 and z3 
may include silyl protecting groups such as m.i:t-butyldiphenyl-, tmt-butyldimethyl-, 

triisopropropyl-silyl groups which may be removed using an appropri~te fluoride 
30 · source. for example HF/Pyridine, n-Bu4NF .or Ef4NF or a cyclic acetal or ketal such 

as benzylidene or isopropylidene groups which can be removed under acidic 

conditions, for example, using tosic acid and methanol. 

Alternatively I the compound of formula (II) where z1 and/or z2 are protected 

35 hydroxy groups and/or z3 is a protected hydroxy or hydroxymethyl group may be 
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reacted with an agent or under conditions whereby the leaving group L is· converted 

to the desired R 1 group simultaneously with removal of the protecting groups. 

Examples of such agents include cyclopropylamine and other primary and 

secondary amines providing that these agents are sufficiently nucleophilic and are 

5 not sterically hindered. 

Compounds of formula (II) wherein L, R2, R3 and R4 are as hereinbefore defined, 

z1 is a protected hydroxy group, z2 is hydrogen and z3 is a protected 

hydroxymethyl group may· be synthesised from a corresponding compound of · 

10 formula (11) wherein L, R2, R3 and R4 are as hereinbefore defined, z1 is a hydroxy 

group, z2 is an erytho hydroxy group and z3 is a hydroxymethyl group according to 

the procedure of Kawana §! .a.l. J. Chem. Soc., Perlan Trans. I, 1989, 1 S93-1596. 

Compounds of formula (II) wherein L, · R2, R3 and R4 are as hereinbefore defined, 

15 z1 is hydrogen, z2 is a protected erythro hydroxy group and z3 is a protected 

hydroxymethyl group may be prepared from the corresponding compound wherein 

C2 is hydroxy using the Bartons deoxygenation process as described in D.H.R. 

Barton, J.Cs. Jaszberenyl Tetrahedron Lett. 1989, 30, 2619-2622. The C2 hydroxy 

compound referred to above may be prepared from the corresponding ribose 

20 compound by treatment with an appropriate protecting agent or agents .. for example, 

a silylating agent such as 1,3-dichloro-1,1,3,3-tetraisopropyldisiloxane in the 

presence of a solvent such as pyridine and at a temperature range of 5 - 70 °C and 

preferrably at ambient temperature. 

25 Compounds of formula (I) wherein R 1 is as hereinbefore defined and compounds of 

formula (II) wherein L is as hereinbefore defined may be prepared 'OY reacting a 

compound of formula M. 

(V) 

30 
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{wherein R2, R3 and R4 are as hereinbefore defined and Xis equivalent to R1 or L 

as hereinbefore defined), with a compound of formula (IV) 

z3 

L1~ (IV) 

z1 z2 

(wherein z1, z2, z3andL1 are as hereinbefore defined}. 

1 O The reaction of the compounds of formula (IV) -and M may be effected using a 

Lewis acid such as trimethylsilyl triflate, stannic tetrachloride. or boron trifluoride, the 

former being preferred. The reaction is generally effected in an aprotic solvent and at 

an elevated temperature, for example, in acetonitrile at 15-30°C or 1,2-

dichloroethane at 70-90°C. 

15 
The compound of formula {V) iS advantageously trimethylsilylated at the N 1- position 

in the above procedures to improve solubility; for example by treatment with 

trimethylsilyl chloride, hexamethyl disilazane or, most preferably, N,0-bis­
trimethylsilyl acetamide (BSA). This silylation can be effected in- a solvent preferably 

20 1,2-dichloroethane or acetonitrile preferably at 70-80 ·c. After completion of the 

silylation reaction, a Lewis acid may be added followed by addition of the compound_ 

of formula (IV). 

Compounds of formula (IV) may be produced by conventional methods prior to 

25 coupling with the base or derived by modification of another sugar moiety which is 

already part of a nucleoside. For example, compounds of formula (IV) wherein L 1 is 

as hereinbefore defined, z1 is hydroxy or a protected hydroxy group, z2 is an 

erythro hydroxy or a protected erythro hydroxy group and z3 is hydroxymethyl or a 

protected hydroxymethyl group, may be prepared by methods analogous to those 

30 known for 0-ribose derivatives or by methods readily available from- the chemical 

literature, for example, by methods described in Acton ~al. J. A~. Chem. Soc, 
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1964, 86, 5352. A preferred compound of formula (IV} is the compound wherein z1 
z2 and L 1 are each OC(O)CH3 and z3 is -CH20C(O)CH3. This compound may be 

prepared in an analogous manner to that developed for D-ribose (R.D. Guthrie and 

S.C. Smith., Chemistry and Industry, 1968, pp 547-548), followed advantageously by 

5 recrystallisation from ethanol. 

Compounds of formula (IV) wherein L 1. is as hereinbefore defined, z1 and z2 are 

protected erythro hydroxy groups and z3 is CH3 or CH2R13 wherein R.13 is a halo 

atom including Cl, Br, F and I, may be synthesised from the corresponding sugar 

10 moiety wherein C1 is an appropriate ether group such as an aryloxy, arylalkyloxy 

(e.g. benzyloxy) or alkoxy {e.g. methoxy) by treatment with an appropriate esterifying 

agent, such as an acylating agent, for example. an acid anhydride, such as acetic 

anhyridie or benzoic anhydride in the presence of a mineral acid, for example, 

sulphuric acid. The reaction may be done at a temperature of -20 tc> 30 °C and 

15 preferrably at a temperature of 5°C in a solvent such as acetic acid. 

Such ethylated compounds may be synthesised from the corresponding C2, C3 diol 

by treatment with an appropriate esterffying agent such as an acylatir.g agent, for 

example, an acid anhydride such as acetic or benzoic anhydride in an appropriate 

20 sofvent such as pyridine or in an organic soJvent such as acetonitrile in the presence 
of a base, for example~ triethylamine (TEA) and a nucleophilic catalyst s·Jch as N1N-

dimethylaminopyridine (DMAP). Such diol compounds may conveniently be 

prepared by cleavage of the corresponding C2, C3 cydic ether compound by 

treatment with a weak acid such as Dowex 50 in the presence of an alcohol, for 

25 example, methanol. Appropriate cyclic ethers include cyclic ketals, for example, 

isopropyfidine. 

Cyclic ether compounds wherein z3 is CH3 may be prepared by dehalogenation of 

the corresponding compound wherein z3 is a CH2halo group, for example, CH2CI or 

30 CH2F. Typically the·reaction is carried out in the presence of a free radical initiater, 

such as -azo-iso-butyronitrile (AIBN), a solvent, for example. toluene and at a 

temperature in the range of 70 to 110 °C for example 900C. Compounds wherein 

z3 is a CH2halo group may be prepared by halogenation of the correspclnding sugar 

moiety wherein z3 is CH20H. Halogenation may be effected in a conventional 
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manner, for example, chlorination using an agent such as triphenyl phosphine 
(Ph3P) in an organic solvent, for example, acetonitrile. 

Such halomethyl compounds may be prepared from commercially available L-ribose 

5 by treatment with an alcohol, for example, methanol in a mineral acid, for example, 

sulphuric acid in a temperature range of 0-50°C, conveniently at room temperature, 

followed by treatment with an protecting agent, such as 2,2-dimethoxypropane in an 

appropriate aprotic solvent such as tetrahydrofuran or preferrably 2,2-

dimethoxypropane itself. The reaction may be carried out in a temperature range of 

10 minus 10 to 60 °C and preferrably at ambient temperature. 

Compounds of formula (IV) wherein L 1 is as hereinbefore defined, z1 is an erythro 

protected hydroxy group, z2 is a threo protected hydroxy group and z3 is a 

prote_cted hydroxymethyl group may be synthesised from L-xylose in a manner 

15 analogous to that described by Gosselin m .al (Nucleic Acid Chemistry Improved and 

New Synthetic Procedures, Methods and Techniques, Pai:t 4, Ed. L B Townsend, R 

S Tipson) st~rting from D-xylose. 

Compounds of formula (IV) wherein L 1 is as· hereinbefore defined, z1 and z2 are 

20 protected erythro hydroxy groups and z3 is hydrogen may .conveniently be prepared 

by treating the corresponding sugar moiety wherein c1 is hydroxy and C2 and C3 

25 

are ether groups, for example, cyclic ketals such as isopropylidine. Such vicinal 

sugar moieties may be prepared by the method described by Hudlicky m al 1990, J. 
Org. Chem., 55, 4683. 

Compounds of formula M wherein X is L or a -NRBR9 group (wherein L, R8 and R9 

are as hereinbefore defined), may be prepared in accordance with _the methods 

described in PCT specification W092/07867 incorporated herein by reference. 

30 Alternatively, compounds of formula M wherein Xis Rand Risa group -NRBR9 

wherein RB and R9 are as hereinbefore defined may be prepared by reacting a· 

compound of formula (VI). 
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(VI) 

with an agent or agents capable of cyclising the diamine into a benzimidazoJe. 

Typically compounds of formula (I) may be readed with an isothiocyanate of formula 

5 (VII) 

- 10 
wherein RB and R9 are as hereinbefore defined. 

The reaction may be carried out in the presence of a carbodiimide such as 

dicyclohexyl carbodiimide or 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho­

p-toluene- sulphonate conveniently in the presence of an aprotic aromatic solvent 

such as toluene and most preferably pyridine and at an elevated temperature, 

15 preferably 75-150°C. 

20 

-Compounds of formula M wherein X is hydrogen may be obtained commercially or 

alternatively may be prepared by reacting a compound of formula (VI) with 

fonnamidine under aqueous acidic conditions, at room temperature to 80°C. 

Compounds of formula (VI) may be prepared from the appropriate 

corresponding othro nitro aniflne in the presence of a_ reducing agent such as 

reduced iron, for example, in the presence of an acid, most preferably hydrochloric 

acid . This reaction is typically carried out in the presence of a solvent, ethyl alcohol 

25 for example , in a temperature range of 50-78 oc (B. Fox and T.L Threlfall, Org. 

Syn. Coll. Vol. 5, 1973, p. 346). Alternatively, such ortho phenylenediamines may be 

prepared in the presence of a reducing agent such as catalytic Raney nickel, also in 

the presence of hydrogen. This reaction is typically run in the presence of a solvent, 

ethyl alco~ol for ~xample, at ambient temperatures (K. Dimroth, et al, Org. Syn. Coll. 

30 Vol. 5, 1973, p. 1130). More particularly, such ortho phenylenediamine:; may be 

prepared by methods described in the literature. 
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Compounds of formula (VI) and (VII) may be prepared by methods well known to a 

skilled person or readily available in the chemical literature or obtained commercially. 

5 Esters according to the invention may be prepared by methods well known in the art, 

for example, a compound of formula (I) may be converted into a pharmaceutically 

acceptable ester by reaction with an appropriate esterifying agent. for example, an 

appropriate acid halide or anhydride. 

10 A compound of formula (I) may be converted into a corresponding pharmaceutically 

acceptable ether of formula (I) by reaction with an appropriate alkylating agent in a 

conventional manner. 

The compounds of formula (I) including esters thereof, may be converted into 

15 pharmaceutically acceptable salts thereof in conventional manner, for example by 

treatment with the appropriate acid. An ester or salt of an ester of formula (I) may 

be converted into the parent compound, for example, by hydrolysis. 

The beta and alpha anomers may be separated and isolated in pure form by silica 

20 gel chromatography using a single solvent or a combination of solvents such as 1 :20 

methanol:dichloromethane. 

The following Examples are intended for illustration only and are not intended to limit 

the scope of the invention in any way. The tenn 'active ingredienf as used in the 

25 Pharmaceutical examples means a compound of formula {I) or a pharmaceutically 

acceptable derivative thereof. The tenn also covers a compound of formula (I) or a 

pharmaceutically acceptable derivative thereof in combination with one or more 

therapeutic agents. 

30 

Example 1: 

TabJet Eorrnulatjons. 
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The following formulations A and B were prepared by wet granulation of the 

ingredients with a solution of povidone, followed by addition of magnesium stearate 

•'-
and compression. 

5 Founylatjon A 

mg/tablet mgftabfet 

(a) Activ~ ingredient 250 250 

(b) Lactose B.P. 210 26 

10 (c) Povidone 8.P. 15 9 

(d) Sodium Starch Glycollate 20 12 

(e) Magnesium Stearate ~ _a 

500 300. 

15 Formulation B 

rogltab\et ·mgltablJil 

(a) Active ingredient 250 250 

(b) Lactose 150 

20 (c) Avicel PH 101 60 2~ 

(d) Povidone B.P. 15 9 

(e) Sodium Starch Glycollate 20 12 

(f) Magnesium Stearate ---5 ~ 

500 300 

25 

Founytation C 

mg/tablet 

\ 
\ 
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Active ingredient 100 

Lactose 200 

Starch 50 

Povidone ~ 

Magnesium stearate 359 

The following formulations, D and E, were prepared by direct compression of the 

admixed ingredients. The lactose used in formulation E was of the direct 

. compression type (Dairy Crest - "Zeparox11
}. 

Formulation D 

mg/tablet 

Active Ingredient 

15 Pregelatinised Starch NF15 

250-

~ 

400 

··20 

25 

Formulation E 

Active Ingredient 

Lactose 

Avicel 

Forrnu!atjon E (Controlled Release Eorrnulatjon) 

mg/tablet 

250 

150 

100 
500 
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The formulation was prepared by wet granulation of the ingredients (below) with a 

solution of povidone followed by the addition of magnesium stearate and 

compression. 

(a) 

(b) 

(c) 

(d) 

(e) 

Active Ingredient 

Hydroxypropylmethylcellulose 

(Methocel K4M Premium) 

Lactose B. P. 

Povidone B.P.C. 

Magnesium Stearate 

mgltablet 

500 

112 

53 

28 

_J_ 

700 

15 Example 2: 

Capsyle Formulations 

20 Formulation A · 

25 

A capsule formulation was prepared by admixing the ingredients of Formulation D in 

Example 1 above and filling into a two-part hard gelatin capsule. Formulation B 

(infra) was prepared in a similar manner. 

Formulation B 

mg/tablet 

{a) Active ingredient 250 
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(b) Lactose B.P. 143 

(c) Sodium Starch Glycollate 25 

(d) Magnesium Stearate -2 
420 

Formulation C 

mg/tablet 

(a) Active ingredient 250 

(b) Macrogol 4000 BP 350 
600 

Capsules were prepared by melting the macrogol 4000 BP, dispersing· the active 

ingredient in the melt and filling the melt into a two-part hard gelatin capsule. 

Eocmylation D 

mg/tablet 

Active ingredient 250 

Lecithin 100 

Arachis Oil 1QQ 
450 

Capsules were prepared by dispersing the active ingredient in the lecithin and 

arachis oil and filling the dispersion into soft, elastic gelatin capsules. 

25 Formulation E (Controlled Release Capsyle) 

The following controlled release capsule formulation was prepared by extruding 

ingredients a, b and c using an extn.i(l~r. followed by spheronisation of the extrudate 
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and drying. The dried pellets were then coated with release-controlling membrane 

(d} and filled into a two-piece, hard gelatin capsule. 

mg/tablet 

(a) Active Ingredient 250 

(b) Microcrystalline Cellulose 125 

(c) Lactose BP 125 

(d} Ethyl Cellulose --1.a 
513 

Example 3: 

Jaiactabl~ Bmnulatian 

Eonnulatjon A 

Active ingredient 0.200 g 

Hydrochloric acid solution, 0.1 M q.s. to pH 4.0 to ;·.o 
Sodium hydroxide solution. 0.1 M q.s. to pH 4.0 to 7.0 

Sterile water q.s. to 10ml 

The active ingredient was dissolved in most of the water (350-4QOC) and the pH 

adjusted to betwee".14.0 and 7.0·with the hydrochloric acid or the sodium hydroxide 

25 as appropriate. The batch was then made up to volume with the water and filtered 

through a sterile micropore filter into a sterile 10ml amber glass vial (type 1) and 

sealed with· sterile closures and oversea ls~ 

forrpy!ation B 
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ActiVe' ingredient 

Sterile, pyrogen-free, pH7 phosphate buffer, 

5 

Example4 

Intramuscular injection 

1 O Active ingredient 

Benzyl Alcohol 

Glycofurol 

Water for Injection 

0.125 g 

q.s. to 25 ml 

0.20g 

0.10g 

1.45g 

q.s. to 3.00 ml 

PCf/GB96/03151 

15. The active ingredient was di~solved in the g!ycofurol. The benzyl alcohol was ~hen 

added and dissolved, and water added to 3 ml. The mixture was then filtered 

through a sterile micropore filt~r and sealed in sterile 3 ml amber glass vials (type 1 ). 

Example5 

20 

.s.mm 

Active ingredient 0.2500 g 

Sorbitol Solution 1.5000 g 

25· Glycerol 2.0000 g 

Sodium Benzoate 0.0050 g 

Flavour, Peach 17:42.3169 0.0125 ml 

Purified Water q.s. to 5.0000 ml 
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The active ingredient was dissolved in a mixture of the glycerol and most of the 

purified ~eJJer. An aqueous solution of the sodiu'!1 benzoate was then added to the 

solution, followed by addition of the sorbitol solution and finally the flavour. The 

volume was made up with purified water and mixed well. 

Example 6 

Sugposjtory 

Active Ingredient (631m}* 

Hard Fat, BP (Witepsol H15 - Dynamit Nobel} 

mg/supposjtory 

250 

.l11Q 

2020 

15 '*The active ingredient was used as a powder wherein at least 90% of the particles 

were of 631 m diameter or less. 

One-fifth of the Wltepsol H15 was metted in a steam-jacketed pan at 45oc 

maximum. The active ingredient was sifted through a 1001 m sieve and added to 

20 the molten base with mixing, using a silverson fitted with a cutting head, until a 

smooth dispersion was achieved. Maintaining the mixture at 45oc, the remaining 

Wdepsol H15 was added to the suspension and stirred to ensure a hc>mogeneous 

mix. The entire suspension was passed through a 2501 m stainless steel screen 

and, with continuous stirring, was allowed to cool to 4ooc. At a temperature of 3aoc 

25 to 4oac, 2.02 g of the mixture was. filled into suitable, 2 ml plastic moulds. The 

suppositories were alloweM cool to room temperature. 
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Chemical. E!!!p1es 

Enmplel 

2-Cyclo.pmpylamjno-5.6-didilom-l-(S=deoxy-beta-kribofurano§yl)-lH· 
henzimjdazole 

CyclopropyJamine (5 mL) and 2-brmlK>'5,6-dichloro-1-(5-deoxy-2,3-
diacetyl-beta-I.rlibofuranosyl)-lH-benzimiduole (0.45 g, 0.96 mmol) were 
combined with absolute ethanol (15 mL) and stined at 80 °C for 24 h. lhe 
reaction mixture was cxmcentrated and purified on a silica· gel column (2.5 

x 18 an, 230-400 mesh) with 1:25 methanol:dichloromethane to give 0.42g 

of crude product. This material was further purified. on a, second silica gel 
column (25 x 18 cm, 230-400 mesh) with 1:2. hex.anes ethyl: acetate to give 
a white solid (O.OSOg, 0.14,mmol, 31%);m.p. 186-187-C; [a]20o = (+) 62.0 
(c:=0.5 DMP); UV Amax(£): pH 7.0: 302 nm (9,500), 275 (1,800), 259 (9,100); 
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MS (CI): m/z (rel. intensity) 357 (3.16, M-1); lH NMR (DMSO-d6) d 7.46 (s, 

lH, Ar-H), 7.33 (s, lH, Ar-H), 7.10 (d, UL NH, J = 2.4 Hz), 5.59 (d, lH, H-1', J 
= 6.6 Hz), 5.22 (d, lH, OH, J = 4.8 Hz), 5.20 (d, lH, OH, J::: 7.2 Hz), 4.30 (q, lH, 

H-:4', J = 6.6 Hz), 3.89 (m, Hf), 3.79-3.75 (m, lH), 2.77-2.71 (m, lH, 

cyclopropyl-CH), 1.34 (d, 6H, H-5', J=6.6Hz), 0.70-0.67 (m, 2H, cyclopropyl­

CH2), 0.56-0.48 (m, 2H, cyclopropyl-CH2.). 

Anal. Cakd. for C15H17N3Qg02: C, 50.29; H, 4.78; N, 11.Zi.._ .· 

Found: C, 50.38; H, 4.88; N, 11.52. 

Example2· 

2-CyclopentyJamino-5.6-dicblom=l-(,5-deoxy-beta-kribofuranoSyll-1 H­
benzimidazole 

Cyclopentylamine (1 mL ) and 2-bromo-5,6-dichloro-1-{5-deoxy-2,3-
diacetyl-beta-lrribofuranosyl)-lH-benzimidamle (0.40 g, 0.86 mmol) were 

combined with absolute ethanol {10 mL) and· stirred at 80 °C for 24 h. The 

reaction mixture was concentrated and purified on a silica gel colmnn (2.5 

x 18 cm, 23CMOO mesh) with 1:20 methanol:dichloromethane to givt! 0.36g 

of crude product. 1bis material was further purified on a second silica gel 

column (25 x 17 ~ 23G400 mesh) with 1:1 hexanes ethyl : acetate· to give 
a white solid (0.27g, 0.70, mmol, 81Cfo); m.p. 171-173 °C; [cxJ2Do = (+) :~.6 
(c=0.5 DMF); UV A.max(£): pH 7.0: 304 nm (10,200), 216 (2,000), 260 (9,400); 

MS (CI): m/z (rel. intensify) 386 (65.63, M-); lH NMR (DMSO<i6) d 7.40 (s .. 

lH, Ar-H), 7.31{s,1H, .Ar-H), 6.62 (d, lH, NltJ = 6.8 Hz), 5.70 (d, IH, H-1', J 
= 6.9 Hz), 5.23 (d, lH,. OH, J = a6 Hz), 5.21 (d, lH.. OH, J = 6.9 Hz), 4.30 (q, lH, 

H-4', J = 6.7 Hz), 4.19-4.12 (m, lH, cydopentyl-Of), 3.95-3.87 (m, lH) .. 3.81-

3.76 (m, lH}, 2.49-2.47 (m, 2H., cydopentyl-Oi2), 1.97-1.93 (~ 2H, 

cyclopentyl-CH2.), 1.36 (d, 3H, H-5', J=6.3Hz). 

Anal. Calcd. for C17H21N3Qs02: C, 52.86; H, 5.48; N, 10.88. 

Found: C, 52.93; H, 5.50; N, 10.77. 
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2-lsqpropylamino-5.6-dic;bloro-1-(5-deoxy-beta-kribofuranosyl)-lH­

benzimjdazole 

Isopropylamine (5 mL) and 2-bromo-5,6-dichloro-1-{5-deo'W-2,3-diacetyl­
beta-L-ribofuranosyl)-lH-benzimidazole (0.40 g, 0.86 mmol) were 

combined with absolute ethanol (20 mL) and stirred at 80 °C for 24 h. The 

reaction mixture was concentrated and purified by multiple cyclings on a 

chromatotron fitted ·with a 2 mm silica gel rotor, with 1:30 

methanol:dichloromethane and 1:1 ethyl acetate : hexanes and 1:4 acetone : 

dichloromethane to give a white solid (0.18g, 0.70, mmol, 60%); m.p. 103-

105 °C; [a]20D = (+) 38.8 (c=0.5 DMF); UV Amax (e.): pH 7.0: 303 nm (10,400), 

276 (2,500), 260 (10,000); MS {CI): m/z (rel. intensity) 360 (14.26,M-); la 
NMR (DMSO-d6) d 7.39(s, lH, Ar-H), 7.31 (s, lH, Ar-H), 6.57 {d, lH, NH, J = 
7.6 Hz), 5.68 (d, lH, H-1', J = 6.6 Hz), 5.23 (d, lH, OH, J = 4.8 Hz), 5.21 (d, lH, 

OH, J = 7.1Hz},4.31 (q, lH, H-4', J = 6:7 Hz), :4-04-3.98 (m, la isopmpyl-Oi), 

3.95-3.87 (m, lH}, 3.81-3.76 (m, lH), 1.36 (d, 3H, H-5', J=6S Hz), 1.20 (d, 6H, 
cyclopentyl-CH2, J=6.6Hz). 

Anal Calcd. for C1sH19N303Cl2: C, 50.01; H, 5.32; N, 11.66. 
Fomid: C, 49.88; H, 5.38; N, 11.36. 

Examp]e4 

2-Bromo-5,6-djdilom-1-(5-deoxy-beta-knP<>furanos.yll-lH-benzimidazole 

A solution of 2..J>romo-5,6-dichloro-1-(2,3-di-O-acetyl-5-deoxy-beta-L­
ribofuranosyl)-lH-benzimidazole(0.95. g, 2.0 mmol) in methanol (17 mL) 

and ethanol (17 mL) was combined with a solution of sodium carl>onate 

(0.22 g, 2.1 mmol) in water (4 ml}. The solution was stirred at rt for 2 h, 

then acetic add (0.24 mL, 4 mmol) was added and the methanol and 

ethanol were removed on the rotoevaPQrator. The solution was then 

extracted between ethyl acetate (150 inL) ~d water (2 x SO mL). The 
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organics were concentrated and purified on a silica gel column (2.5 x 17 

cm, 230-400 mesh) with 1:20 methanol: dichloromethane. Further 

purification on a chromatotron fitted with a 2 mm rotor using 1:8 

acetone:dichloromethane provided a white solid (0.43g, 1.1mmol.57%); 

m.p. 136-138 °C; [a]20D = (+) 71.0 (c=05 DMF); UV Amax (E); pH 7.0: 299 nm 

(8,300), 273 (3,200), 255 (8,500), 241 (5,100); MS (Cl): m/z (rel. intensity) 382 
(2.24, M+); lH NMR (DM50-d6) d 7.97(s, lH, Ar-H),, 7.85 (s, llL Ar-H), 

5.84{d, lH,H-1', J·= 6.8 Hz),5.49 (d, lH,OH,J =6.0Hz),5.26 (d,lH,OH,J = 
5.0 Hz), 4.48 (q, lH, H-4', J = 6.4 Hz), 4.02-3.97 (m, lH), 3.95-3.85 (m, lH), 1.40 

(d, 3H, H-5', J=6.5 Hz). 

Anal. Calcd. for C12H11N203C2Br: C, 37.73; H, 2.90; N, 7.33. 

Found: C, 37.84; H, 2.99; N, 7.32. 

Examp1e5 

2-Bmmo-5.6-dichlom-1=(23-di-Q-acetyJ-5-deoxy-befa..kribofuranosyl>-lH­

benzjmidazole 

2-Bromo-5,6-dicblorobenzimidazole (1.9 g, 'l.O mmol}, N,O.. 

bis(trimethylsiyl) acetamide (2.1 mL, 105 mmol), and: acetonitrile ( 50 mL) 

were combined and refluxed under nitrogen for 20 mm. The solution was 

cooled to rt and trimethylsilyl trlflate (25 mL, 12.8 mmol) was added. 

After 15 min a solution of 1,2,3-tri-O-aoetyl-5-deoxy-L-ribofuranose in 

acetonitrile (10 mL) was added. The solution was stirred under nitrogen at 

rt for 2 h, then diluted with 1:2 hexanes:ethyl acetate (150 m.L) and 

extracted with cold 10% aqueous sodium bicmbonate (50 mt.) and water (50 

mL}. The organic layers were dried with magnesium sulfate (anhyd), 

filtered, and evaporated. The aude residue was purified on a silica gel 

column (5 x 16 an, 230-400 mesh) with neat dichloromethane then with 

(1:50) acetone: dichloromethane to give 2-bromo-5,6-dichloro-1-(2,3-tri-O­

acetyl..:t>eta-L-ribofuranosyl)-lH-benzimidazole (2.3 g, 5 mmoL 71%}; ~P· 
68-70 °C; [a]2<Jo= (+) 26.4 (c=0.5 DMF); MS (Cl): m/z489(M++Na+,1.52); 
1 . . 
H NMR (DMSO-d6) S 8.09 (s, lH, Ar-H), 7.97 (s, m Ar-H}, 6.12 (d,. lH,, J = 
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6.9 Hz), 5.63 (t, lH, H"."2', J = 6.9 Hz}, 5.25 (t, lH, H-3', J::: 6.SHz), 4Zl.- 4.19 
{m, lH, H-4'), 211 (s, 3H, OAc), 2.00 (s, SH; OAc), 1.48 (d, 3H, H-5', J = 6.6 
Hz). 

Anal Calcd. for C16H1sN20s02Br: c, 41.23; H, 3.24; N, 6.01. Found: c, 

41.42; H, 3.24; N, 6.08. 

Bxarople 6 

Methyl s.deoxy-2,3-cli-O-acetyl-l.rribofuranoside (3.3 g, 15.2 mmol) was . 
dissolved. in acetic add {20 mL) and acetic anhydride (5 mL) The solution 

was cooled to ice bath temperatmes and concentrated sulfuric add was 
added d.ropwise (1 mL). The solution was kept at 5° C for 4 days, then it 

was poured into ice water (50 mL) and extracted with 3:1 ethyl 

acetate:heXanes (200 mL and 15 mL). The combined organics were washed 

with 10% sodium bicarbonate (2 x SO mL) and water {50 mL). The organic . 
layeIS were dried, and concentrated and the .residue purified on a silica gel 
column (5 x 15 cm, 230-400 mesh) with ethyl acetate:hexanes (1:3). Both 

anomem were observed but were isolated together as a dear oil (2.2 g, 8.8 
mmol, 58%); lH NMR (DMSO-d.6) 3 5.96 (d, lH,.J = 1Hz),5.23 (d, lH, H-2, 

l= 5 Hz), 4.96 (t, lH, H-3, J = 5:1Hz),4.24-4.16 (m, lH. H-4),. 2J11(s,3H, 
OAc), 2.05 (s, 3H, OAc), 2.02 {s, 3H, OAc), 1.27 (d, SH, H-5, J = 6.3 Hz). 

. . 

Anal. Cakd. for C11H1607: C, 50.71; It 6.20. Found: C, 50.59; H, 6.17. 

Example 7 

Methyl 5.,deoxy-23-di.Q-acetyl-kn"bofuranoside 

Methyl 5-deoxy-Irribofuranoside (2.2Sg, 15.2. mmol) was combined wit;h 
acetic anhydride (10 ml, 106 mmol), triethylamine (20 mL), and N,N­

dimethylaminopyridine (0.2g, 1.6 mmol) in acetonitrile (100 ml). The 
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solution was stirred at rt for 18h, then concentrated to a· thick oil, then 

dissolved in 150 mL of ethyl acetate:hexanes (3:1) and extracted with 

saturated sodium carbonate (2 x 25 mL) and water (25 mL). The organic 

layer was dried and concentrated to a yellow oil (3.3 g, 14.2 mmol, 93%) 

which was used directly without further purification. 

Eumple8 

Methyl 5-deoxy-L-ribofuranoside 

Methyl 5-deoxy-2,3-0-isopropylidene-l.rribofuranoside (7.1 g, 37.7 mmol) 

was combined with Bp% trifluoroacetic acid (50 ml) and stirred at ambient 

temperature for four hours. The solvents were removed in vacuo. The 

crude product was treated with H2S04 (0.5 mL) in methanol (50 mL) at rt 

for 18 hour then quenched with solid NaHCQa, filtered and concentrated. 

The gold residue was purified on a silica gel a>lumn (5 x 18 cm) with 1:15 

methanol : dichloromethane. Product was isolated as a mixture of the beta 

and alpha anomers: (2.25 g, 15.2 mm.al, 40%), which was used directly 

·without further purification. MS (API-; m/z (rel intolsity) 147 (100, M-H); 

1H NMR (DMSO-d6) & 4.95 {d, lH, 2-0H,. J = 4.3Hz), 4.7'1(d,llL3-0H, J = 

6.8), 4.15 (d, 1H, H-1, J = lllz),. 3.80 ( apparentpentu.plet, 1H, H-4, J=6.3Hz, 

J=6.8Hz}, 3.70 (apparent cit, lH, H-2, J=4.3Hz, J=4.7Hz, J=lHz),. 3.61 (apparent 

dt,. lH, H-3, }=6.8, J=6.8, J=4.7), 3.19 (s, 3H, OMe), 1.16 (d, 3H,. H-5, J = 6.3Hz). 

Example9 

Methyl 5-chloro-5-deoxy-2,3-isopropylidene-lrribofuranoside was 

comb~ed with azobis(isobutylnitrile, AIBN) (0.33 g, 0.4 mmol) and 

toluene. The solution was purged with dry nitrogen for 20 minutes. 

Tributyltin hydride was added and the solution was warmed to 90 •c for 

18 h. The reaction mixture was concentrated, redissolved in ether (100 

mL) and combined with one equivalent of I<F in water (SO mL) • After 30 
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min. a white precipitate was filtered off and the two phaSes were separated. 
The org~cs were·dried (Na2S04), filtered and concentrated. The residue 

was purified on a silica gel column (5 x 16 cm) with 1:8 ethyl 

acetate:hexanes. Pure product was obtained as a clear oil: (7.3 g, 39 mmol, 
94%); [a]20o = (-) 0.6 (c:=0.5 DMF); MS (AP+}: m/z (rel. intensity) 178.8 

(100, M-Cfi3); lff NMR {OM50-d6) 6 4.83 (s, 1H, H-1), 4.58 (d, lH, H-2, J = 

6.0Hz), 4.52 (d, lH, H-3, J = 6.0Hz), 4.20(q,1H, H-4, J=7.0Hz), 3.21 (s, 3H, 
OMe), 1.35 (s, 3H, Cfl3), 1.22 (s, 3H, Cffs), 1.17 (d, SH, H-5, J = 7.lHz). 

Anal. Calcd. for C9H1604 • 0.5 C6HI4= C, 58.02; H, 8.74. Found: C, 58.31; H, 

8.47. 

Example 10 

Methyl 5-cltloro-2.3-isoprowlidene-beta-L-n"bofuranoside 

Methyl 2.,3-isopropylidene-beta-L-ribofuranoside (165 g, 80.8 mmol) was 

combined with anhydrous acetonitrile and carbon tetrachloride. 

Triphenylphosphine was added and this solution was stirred under 

.nitrogen at ambient temperature. After 18 h the solution was concentra~ 

to a thick suspension. This mixture was partially purified on a silica gel 
filter pad (4 x 14 an) with 1:2 ethyl acetate : hexanes to give a light yellow 
oil product (17.8 g, 80 mmol, 99%); [cxJ20o = (+) 81.6 (c=0.5 DMF); MS (0): 

m/z (rel. intmsity) 191 (100, M-0Cff3); lH NMR (DMSO-d6) a 4.95 (s, 1H, 

H-1), 4.71 (d, 1H, H-2, J = 6JlHz),4.59 (d, lH, H-3,J = 6.0Hz), 4.16 (t, lH, H-4, 

J=7.7Hz), 358 (d, 2H, H-5, J = 7.0Hz), 3.25 (s, 3H, OMe), 1.37 (s, aa CHg), 1..24 
(s, 3H, Cffs). 

Anal Calcd. for C9H1s040 • 0.4 C4H802: C, 49.36; H, 7.11. Found: C, 49.53; 

a6.83. 

·Example 11 

Methyl 2.3=isopro.pylideue-beta-L-n"bofuranoside 
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L-nbose {15.5 g, 98 mmol) was combined with methanol (150 mL) and 

concentrated sulfuric add ( O.S mL). nus solution was stirred at ice bath 

temperature for 18 h. 2,2-Dimethoxypropane (300 mL) was added to the 

solution and stirring was continued at ambient temperature for 18 h more. 

Pyridine (40 mL) was added and the solution was concentrated. The 

residue was partitioned between ethyl acetate ( 300 mL) and lN HCl (4 x 

100 mL), and then the organics were washed with 10% NaHC03, dried 

with Na2S04, decanted and concentrated. The residue was a gold oil 20.0 

g, 98 mmol, 95%); [a.J20o = (+) 92.0 (c=05 DMF); MS (0): m/z (rel. 

intensity) 205 (58.28, M+); lH NMR (DM50-d6) i 4.85 (s, ia H-1), 4-..80 (d, 

lH, H-2, J = 6.0Hz), 4.51 (d, lH, H-3, J = 6.0Hz), 3.98 {t, lH, H-4, J=5.8Hz, 

J=8.9Hz}, 3.37-3.26 (m, 2H, H-5), 3.19 (s, 3H, OMe), 1.36 (s, 3H, CH3), 1.23 (s, 

3H,CH3)= 

Anal Calcci. for C9H160s: C, 52.93; H, 7.90. Found: C, 52.90; H, 7.88. 

'Example 12 

l=f:KJJloro§=deoxy-beta-L-ribofuranoqU-5frdicbloro-2-isopmpylamino­

lH-benzjmidazole 

A solution of 1-(2.,3-di-0-ac:etyl-5-c:hloro-5-d.eoxy-beta-L-n'bofuranosyl)-5,6-

dichloro-2-isopropyJamino-1.H-benzimidazole(052 g, Ll mmol) in 

methanol (10 mL) and ethanol (10 ml.) was combined with ·a solution of 

sodium carbonate (0.17 g, 1.6 mmol) in water (5 mL). The solution was 

stitted at rt for 24 h, then the methanol and ethanol were mnoved on the 

rotoevaporator. The solution was diluted with ethyl acetate (150 mL) and 

extracted with water (2 x 50 mL). The organics were dried, concentrated 

and purified on a silica gel column (2.5 x 17 an, 230-400 mesh) with 1:25 

methanol: dichloromethane to give a white solid (0.34 g, 0.86 mmol, 

79%); m.p. 95-97 °C; [aJ20o = (+) 13.6 (c=0.5 DMF); UV A.max (e): pH 7.0: 303 

-nm (10,800)~ 276 (2,300), 260 (10,300), 245 (6,600); MS (API+): m/z (rel. 

intensity) 394 (100, M+); lH NMR (DMSO-d.6) S 7.52(s, lH, Ar-H), 139 (s, 



W097/25337 PCT/GB96/031SJ 

39 

lH, Ar-H), 6.62 (d, lH, NH, J = 7.3 Hz), 5.74 {d, lH, H-1 ', J = 7.4 Hz), 5.45 (d, 

lH, OH, J = 4.5 Hz), 5.45 {d, lH, OH, J = 7.3 Hz), 4.33 (q, lH, CH, J = 6.9 Hz), 
4.09-3.94 {m, SH, H-2', H-3', H-4' and H-S), 1.20 (d, 6H, CH(CHg)2). 

Anal. Calccl. for CtsHtsN303Cl3 • 0.60 CH.40: C, 45.27; H, 4.91i N, 10.15. 

Found: C, 45.17; H, 4.75; N, 10.01. 

Example 13 

1-(2..3-Di-O-acetyl-5-cltloro-5-deoxy:bem-kribofuranos.yl)-5.6-dic:hloro-2-

isgpropylamino-lH-benzimidazole 

2-Isopropylamino-5,6-dichlorobenzimidazole (0.52 g, 2.1 mmol), N,0-

bis(trimethyJsiyl) acetamide (0.58 mL, 2.4 mmol), and 1,2-dichloroethane ( 

20 mL) weie combined and heated at 80 °C, under nitrogen, for 20 min. 
The solution was cooled to rt and trimethyJsilyl triflate (0.27 mL, 1.4 

. mmol) was addec:l. After 15 ~ l,z3-trl-0-acetyl-5-chlc:>ro-5-deoxy-L­
rlbofuranose was added as a white solid. The solution was sthred under 

nitrogen at 80 °C for 3 la_. ·then diluted with 1:3 hexanes:ethyl acetate (150 

mL) and extracted with cold 10% aqueous sodium bicarbonate (2 x 50 mL). 

The organic_ layei:s were dried with anhydrous sodium sulfate, decanted, 

and evaporated. 1be aude xesidue was purified on a silica gel column (2.5 

x 18 an, 230-400 mesh) with (1:40) methanol:dichloromethane to give 
crude product (0.71 g). This material was further purified by multiple 
cyclings on a chromatotron fitted·with a 2 mm silica gel rotor,. using (2:3) 

ethyl acetate:heXanes and (1:200) methanol:dichloromethane. Product was 
obtained as an off white solid (0.59 g, 1.2 mmol, 58%); (cx]20o = (-) 4.8 { c=0.5 

DMF); MS (API+): m/z 478 (M+, 5.01). 

Anal. Calcd. for C19ff22N30sC13 • 0.60 C4H802 • 0.50 CH202: C, 45.82; H, 

4.88; N, 7.32. Found: C, 46.04; a 4.71; N, 7.14. 

Example 14 
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2-tert-Butyiamino-1-l.5-Chlgm-5-deoxy-beta-L-ribofuranosyl>:S.6-dic:bloro­

tH-benzimidazole 

A solution of 2-tert-butylamino-1-(2,3-di-O-acetyl-5-chloro-5-deoxy-beta-L­

ribofuranosyl)-5,6-dicltlorO-lH-benzimidaz.ole(0.38 g, 0.77 mmol) in 

methanol (10 mL) and ethanol (10 mL) was combined with a solution of 

sodium carbonate (0.12. g, 1.2 mmol) in water (5 mL). The solution was 

stirred at rt for 18 h, then the methanol and ethanol were removed on the 

rotoevaporator. The solution was diluted with ethyl acetate (150 mL) and 

extracted with water (2 x 50 mL). The organics were dried, concentrated 

and purified on a ch.romatotron fitted with a 2 mm silica gel rotor, using 

1;20 methanol: dichloromethane, to give a white solid (0.29 g, 0.71 mmol, 

92o/o); ~p. 112-114 °C; [aJ20n = (+) 0.80 (c=0.5 DMF); UV Amax (e): pH 7.0: 

304 nm (11,000), 276 (2,200), 261(10,400),246 (6,500); ?,S (API+): in/z (rel. 
intensity) 408 (31.50, ·M+); lH NMR (DMSO-d6) ~ 7.63(s, lH, Ar-H), 7.51 (s, 

lH, Ar-H), 6.21 (s, lH, NH), 5.83 (d, ta H-1', J = 7.5 Hz}, 5.56 (d, lH, OH,J = 
4.8 Hz), 5.46 (d, llt OH, J = 7.8 Hz), 4.36 (apparent q, lH, H-4, J = 7.4 Hz), 
4.18-4.02 (m, 4H, H-2', H-3', and H-5'), 1.51 (d, 9H, CH(CH3)3). 

Anal Calcd. for C16ff2()N303Cls • 0.50 H2(): C, 46.11; H, 5.05; N, 10.08. 

Fotmd: C, 46.04; H, 5.02; N, 9.99. 

Example 15 

2-tert-Butylamino-1=<2.3-di-O-acetyl-Xhlom-5-deoxy.JJeta-k 

ribofgunosyJ)-5.6-dichlom-lH-benzjmidu,ole 

2-tert-Butylamino-5;6-dichlorobenzimidazole (0.43 g, 1.6 mmol), N,.0-

bis(trimethylsiyl) acetamide (0.45 mL, 1.8 mmol), and 1,2-didtloroethane 

(20 mL) were combined and heated at 80 °C, under nitrogen, for 20 min. 

The solution was cooled to rt and trimetbylsilyl triflate (0.21 mL, 1.1 

mmol) was added. ·After 15 min, 1,2,3-tri-O-acetyl-5-chloro-5-deoxy-lr . 

ribofuranose was added as a white solid. The solution was. stirred under 

nitrogen at 80 °C for 2.5 h, then diluted with l;4 hexanes:ethyl acetate (150 
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mL) and extracted with cold 10% aqueous sodium bicarbonate (2 x 50 mL). 

The organic layers were dried with anhydrous sodium sulfate, decanted, 

and. evaporated. The crude residue was purified on a silica gel column (2.5 

x 16 an, 230-400 mesh) with (1:100) acetOne:dichlorornethane to give an off 

white solid (0.42 g, 0.85 mmol, 51%); (aJ20o = (-) 10.8 (c=0.5 DMF); MS 

(API+): m/z 492 (M+, 5.35). 

Anal. Calcd. for C2()H24N30sCl3 • 0.50 C3ff60 • 0.25 CH202: C, 48.11; H, 

5.10; N, 7.74. Found: C, 48.19; H, 5.00; N, 7 SJ. 

Example 16 

5,6-Dichlom:l-<3-dem,-beta-kribofwanQ&Yll-2-isQJ2rawlamjno-1H­

benzimidazole 

A solution of 1-(3-deoxy-2,5-di-O-a~tyl-beta-L-ribofuranosyl)-Skdichloro-

2-isopropylamino-lH-benzimidazole (0.36 g, 0.81 mmol) in methanol (10 

mL) and ethanol (10 mL) was c:ombmed With a solutioit of sodium 

carbonate (0.13 g, 12 mmol) in· water (3 mL). The solution was stirred at rt 

for 24 ~ then the methanol and ethanol were removed on the 
rotoevaporator. The solution was diluted with ethyl acetate (120 mL) and 

extracted with sat'd Naa (2 x SO mL). The organics were dried (anhydrous 

sodium sulfate), concentrated and purified on a silica gel cOlumn (2.S x 16 

an, 230-400 mesh) with 1:20 methanol: dichloromethane to give a white 
solid (0.21 g, 0.59 mmol, 79%); m.p. 153-155 °C; [«J20o = (:) 32.8 (c=O.S 

DMF); UV ~ (e): pH 7 JJ: 305 nm (11,300), 276 (ZOOO), 260 (9,300), 246 

(6,400); MS (API+): m/z "(rel. intensity) 360 (90.85, M+). 

Anal. Calcd. for C1sH19N3()302 • 0.50 H20: C, 48.79; H, 5.46; N, 11.38. 

Found: C, 48.91; H, 5.39; N, 11.20. 

Example 17 
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l-(3-Peoxy-2..5-dj-Q:acetyl-heta-kribofuranoayl)-5.6=dicltlom-2-

isopropylamino-1H-benzjmidazole 

:PCT/GB!>6/03151 

1-(3-Bromo-3-deoxy-2,5-di-0-ac:etyl-beta-L-xylofuranosyl)-5,6-dichloro-2-

(isopropylamino)-lH-benzimidazole 0.67 g, 1.3 mmol), tributyltin hydride, 

and AIBN were combined in anhydrous toluene. The solution WB!; 

purged with nitrogen, then heated to 90 •c in an oil bath. After 2 h the 

solution was cooled to ambient temperature and diluted with acetonitrile 

(200 mL) and extracted with hexanes (3 x 50 mL). The acetonitrile layer was 

concentrated to give 0.53 g of aude product. This material was purified on 

a silica gel column (2.5 x 16 an, 23Q-400 mesh) using (1:40) 

methanol:dichloromethane to give a white solid (0.41 g, 0.92 mmol, 72%); 

[aJ20o = (-) 26.4 (c=0.5 DMF); MS (API+): m/z (rel. intensity) 444 (2L63, 

M+). 

Anal Calccl for C19H23N30sCl2: C, 51.36; a 5.22; N, 9.46.. Found: C, 

51.50; H, 5.25; N, 9.28. 

Example 18 

l-Q-Bmmo-Ueoxy-2,S..di-Q.acztyl-beta-k;vlofuranmyD-5.6-djc:hloro-2-

Cisopm;?Jlamjnol-lH-benzimidv.ole 

5,6-Dichloro-2-isopmpylammo-(beta-lrribofuranosyl)-lH-benzimidazole 

(1.7 g, 4.S mmol), trlethyl orthoacetate, and tosic add monohydrate, were 

combined in acetonitrlle and stirred at ambient temperature for 18h. The 

solution was treated with excess methmolic ammonia (ammonia was 

bt,lbbled through 50 mL of cold methanol for 15 min). The resulting solids 

were filtered and washed with dichloromethane (100 mL). The filtrate and 

washings were concentrated to a yellow foam ·which was combine with 

acetyl bromide in 1,2-dichloroethane. The solution was heated in an 80 °C 

oil bath for 30 min, moled, then poured into cold saturated NaHCC>3. This 

solution was extracted with dichlorori:aethane (2 x 100 ml). Theo~ 

were dried (anhydrous sodium sulfate), decanted and concentrated to a . 

yellow brown oil (3.1 g). Purification on a silica gel column {5x10 an, 230-
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400 mesh) using (1:20) methanol ! clichloromethane provided 2.S g of crude 

material Further purification on a silica gel column (5 x 14 ·an, 230-4.00 

mesh) using (1:50) acetone:dichloromethane provided pure product as an 

off white solid (0.86g,1.6 mmol, 36%): [a]20o = (+) 14.8 (c:=0.5 DMF); W'5 

(API+): m/z (rd. intensity) 523 {100, M+). 

Anal. Calai. for C19H22N30s02Br: C, 43.62; H, 4.24; N, 8.D3. Found: C, 

43.79; H, 4.35; N, 7.87. 

Example 19 

5.6-Dic:hloro-l ~(2-deoxy-beta-k«Jdhro-pentofuranosyll-2-iso.prowJamino­

lH-benzim.idazole 

A solution of 1-(2-d.eoxy-3,5-0{1,1,3,3-tetraisopropyl)disiloxanyl-beta-L­

erythro-pentofuranosyl)-5,6-dichloro-2-isopropylamino-lH-benzimidazole 

(0.25 g. 0.41 mmol) and tetrabut.ylammonium fluoride ·on silica gel (1.0 g) 

were combined in 1HF (8 mL). The solution was stirred at rt for 6 h, then 

filtered. The solids were washed with (1:9) methanol:dichloromethane 

and the filtrate and washmgs were concentrated and purified on a 

chromatotron fitted with a 2 mm silica gel rotor, using (1:20) methanol : 

dichloromethane. Product was obtained as a white solid after 

lyophiliz.ation (0.13 g, o.36 mmol, 87%); m.p. 114-115 °C; [a]2Do = (-) 43.6 

(c=0.5 DMF); UV Amax (e.): pH 7.0: 305 nm (11,300), 276 {2.J)OO), 260 (9,400), 

245 (6,300); MS (PSP+): m/z (rd. intensity) 360 (5.34, M+). 

Anal Calcd. for CtSH19N303Cl2 • 0.20 H20 • 0.40 040: C 49.11; H, 5.62; 

N, 11.16. Found: C, 49.21; H, 5.68; N, 11.0L 

Example20 

l-{A-Deoxy-3.5-().0.13.3-tetraisopmpyl)di&iloxanyl-beta-k(ll'thrO: 

pentofuranasyll-5,6-dicbJorp-2-isoprowiamina=lH-benzimidazole 



W097/25337 PCT/GB96/03151 

44 

5,6-Dichloro-2-isopropylamino-1-(2-phenoxythiocarbonyl-3,5-0-(1,l,3,3-

tetraisopropyl)disiloxanyl-beta-L-ribofuranosyl)-lH-benzimidazole (0.51 g, 

0.67 mmol) was combined with AIBN (0.011 g, 0.07 mmol), in toluene (20 

mL) and the solution was purged with nitrogen. Tributyltin hydride (0.20 

ml, 0.74 mmol) was added and the solution was heated in a 90 °C oil bath 

for 18 h. The reaction mixture was concentrated then dissolve in 

acetonitrile (100 ml) and extracted with hexanes (SO ml). The hexane lay~ 

was back-extracted with acetonitrile (3 x 100 ml). 

The combmed acetonitrile layeIS were concentrated and purified on a silica 

gel column, (2.5 x 18 an, 230-400 mesh) using (1:100) acetone : 

dichloromethane to give a white solid (0.34 g, 0.56 mmol, &;%); [a]20o = 

(+) 17.0 (c:=0.5 D'MF); MS (FSP+): m/z (Tel. intensity) 602 (69.52, M+). 

Anal. Calcd. for C271i45N30402Si2 • 0.50 H2(): C, 53.01; H, 7.58i N, 6.87. 

Found: C, 52.94; H, 7.38; N, 6.70. 

Example21 

5,6-Djcltlom=2-i&Qpmgylamjno-1..(2-pbenoXJ1:hiocarbonJl-3,S.Q.{l .1.3.3-

tetraisoprowl)dimloxanyI-beta-kribofmanot)'l)-lH-benzjmjdnmle 

5,6-Dichlo~2-isopropylamino-1-{3,5-0-(1,l,3,s..tetraisopropyl)disiloxanyl­

beta-L-ribofuranosyl)-lH-benzimiduole was oombined with 4-(N,.N­

dimethylamino)pyridine (0.46 g, 3.76 mmol) in acetonitrile (25 mL). 
Chloro phenyl thionocarbonate was added dropwise, and the solution was 

stirred at ambient temperature under N2. After 18 h the solution was 

diluted with (1:1) hexane : ethyl acetate then extracted with saturated NaCl 

(2 x SO mL). The mganic:s were dried wiat anhydrous sodium.sulfate and 

concentrated. The aude product was purified on a silica gel colUDU.l (2.5 x 

~8 cm, 230-400 mesh) using (1;6) ethyl acetate : hexane. Pure. product was 

obtained as a white solid (1.1g,1.4 mmoi 72%); [a]2°t) = (+) 61.2 (c=0.5 

DMF); MS (ESP+): m/z (rel. intensity) 754 (100, M+). 
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Anal. Calcd. for C341i49N306502Si2 • 0.20 C6H14= C, 54.75; H, 6.76; N, 

5.44. Found: C, 54.84; H, 6.72; N, 5.45. 

Example22 

5.6-Dicltloro-2-<isopmpylamino)..1-C3.5-Q..(1.1 $3-tetraisgpropyl-13-

disiloxanediyD-beta-kribofuranofiYl}:lH-hmzimidamle 

5,6-Didtloro-2-(isopropylamino)-1-{beta-L-n'bofuranosyl)-lH­

benzimidazole (5.0 g, 13.3 mmol) was eombined with 1,3-dichlor-1,1,3,3-

tetraisopropyldisiloxane (4.6 mL, 14.6 mmol) and imidazole (3.6 g, 53.2 

mmol) in DMF (14 mL}. The solution was stiired under nitrogen at rt for 

18 h. Water (160 mL} was added to the solution and the solids were 

filtered off. The solids. were dissolved in 1:1 ethyl acetate : hexane (360 mL) 

and this solution wa5 extracted with saturated NaO (100 mL). The 

organics were dried with anhydrous sodium sulfate, decanted and 

concentrated. Crude product weighed 8.4 g and was purified on a silica gel · 

column (5 x 16 cm, 230-4.00 mesh) with 1:100 methanol:dic:hlommethane 

to give 7.~ g of still aude material Final purification on a Biotage Radial 

Compression Module (Biotage Inc., Olarlottesville, Va.} with a 7.5 x 15 cm 

prepacked silica gel cartridge, pmvided pure product as a white solid (3.8 g, 

6.3 ~ol, 47%); m.p. 129-130 °C; [aJ20o = {+) 48A (c=05 DMF); MS (AP+): 

m/ z (rel. intensity) 618 (100, M+). 

Anal. Calcd. for C27H45Ns05CJ25i2 • 0.25 C6H14 : C,.53.46; H, 7.63; N,, 6.56 

Found: C, 53.5!% H, 7.60; N, 6.74. 

Example23 

2-Bromo=S.6-didtlom-J-(235-tri-O-aa:tyl-beta-kn"bofuranoaylHH-. 

benzimidazole from bromination reaction 
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516-Dichloro-1-(2~,5-tri-O-acetyl-beta-L-ribofuranosyl)-lH-benzimidazole 

(l.O g, 2.25 mmol) was combined with N-bromosucdnimide (0.88 g, 4.94 

mmol) in anhydrous 1,4-dioxane (SO mL). This solution was heated in an 

80 °C oil bath for 15 min. The solution was cooled, diluted with ethyl 

acetate and extracted with 10% sodium bicarbonate (2 x 50 mL). The 
organics were dried with anhydrous Na2S04, decanted and concentrated. 

The residue was purified on a silica gel column (5 x 11 an, 230-400 mesh) 

with (1:50) methanol : dichloromethane to give a white solid which was 

identified as product by comparing it's lH NMR to that of Example 1. 

Example24 

5.6:Dicitloro-2-Ciso.pmp.ylamjno)-J-(235-tri-Q-acetyl-beta-kribofuranosyU-

· 1H~benzimidazole 

Anhydrous 1,,2-dichloroethane (15 mL), 2-(isop!Opylamino)-5~ 

dichlorobenzbnidazole ( 5.9 mmol) ), and N,O..bistrimethylsilylacetamide 

( 11.8 mmol)) were combined and stirred at 80° C for 30 min. 

. Trimethylsilyl triBate ( 5.9 mmol) ) was added and the solution was st:im!d 

at 80° C for 45 min. Solid 1,2.,3,4-tetra-O-acet-L-nDofuranoside (L-TAR) 

was added and stirring was continued at 800 C for 3 h. Mme L-TAR was 

added (05 g, L6 mmol) at this time. After 1 hr the ?eactiOn was quenched 
with cold saturated sodium bicubonate (40 mL), then extracted with 
dichloromethane (2 x 150 mL). The combined organics weie dried 

(sodium sulfate), decanted, and concentrated to give 4.0 g of a gold solid,. 

This material was purified on a silica gel column ( 5 an x 16 cm, 230 - 400 

mesh) with 1:30 methanol:dichloromethane to give an off white solid (2.21 

g, 4.3 mmol, 73%); [uJ20o = (-) 28.4 (e=05 DMF). 

Anat Calcd. for C22H27N307Cl2 • 1 OJ.40 C, 50.37; a 5.70; N, 7.66 .. 

Found: C,. 50.74; .H, 5.41; N, 7.2B. 
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Genera) Proce<iure I: fiyntbesis of 2-CalkylaminoHH-benzimjdazoles 

Using 1-eyclobexyJ-3-(2-mmpholinoethyl>pirbociiimide metho=p= 

toluenesuJfonate .as Pesulfurizing Agent. 

The appropriate 1,2-phenylenediam.ine is combined with the appropriate 

isothiocyanate (L0-1.25 mmol/mmol of cliamine) and anhydrous pyridine 

(3-5 mL/mmol of diamine). The resulting mixture is heated to 80 ·c for 

30 min, then 1-cydohexyl-3-(2-morpholinoethyl)carbodilmide metho-p­

toluenesulfonate (1.1-1.35 mmol/mmol of diamine) is added as a solid in 

one portion. The resulting mixture is allowed to stir at 80-90 ·c for 3-20 h, 
after which: time it is allowed to cool to room temperature. The remainder 

of the procedure is the same as for example :X, except that the product is 

purified either by silica gel chromatography or by recrystalli7.ation from 
either acetonitrile or 1,4-dioxane. 

General Procedure II: Coupling of 2-Calkylamino)-lH-benzimidamles with 
1.23.5-tri-Q..acetyl-kribofuranose 

The appropriate 2-(alkylamino)-lH-benzimidazole was commned with 1,2-

dichloroethane (2-3 mL/mmol of benzimidazole) and N,O. 
bis(ttimet:hylsilyl)acetamide (1-1.25 mmol/mmol of benzimidazole) and 
the resulting mixture -was heated to 80 ·c for 30 mm. Trimethylsilyl 
trifluoromethanesulfonate (0.5-0.7 mmol/mmol of benzimidazole) was 

added and the mixture was allowed to stir at 80 ·c for an additional 15 
min, after which time 1,2,3,5-tetra-O-a.cetyl-L-n'bofuranose (1-1.25 
mmol/mmol of benzimidamle) was added as a solid in one portion. The 

resulting mixture was allowed to stir at 80 -C for 2-20"-h, after which time it 
was allowed to cool to room temperature. lt was then diluted with 5% 

aqueous sodium bicarbonate (10 mL/mmol of benzimidazole) and 

dichloromethane (3-5 mL/mmol of benzimidazole) and the two-phase 
mixture was stirred at room temperature for 30 min. The organic layer 

was collected and the aqueous layer was back-extracted with an additional 

portion of dichloromethane (3-5 mL/mmol of benzimidamle) and the 

combined organic layers were dried oVer magnesium sUlfate, filtered and 
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· · the solvents were removed under reduced pressure using a rotary 
evaporator. The products were futher purified by silica gel 
chromatography. 

PCT/GB96/031Sl 

General Procedure W: Depmtection of 2-Calkylaminol-1-C23,5-tri-O-aa:tJl­
beta-L-rihofuranosyll-1H-benzimidazoles 

The appropriate 2-(alkylamino)-1-(2,3,5-tri-0-acetyl-beta-L-ribofuranosyl)­
lH-benzimidazole was dissolved in ethanol (4-5 mL/ mmol of triacetate). 
Into a separate flask were placed sodium carbonate (1.0-1.3 mmol/mmol of 
triacetate}, water (1-2 mL/mmol of triacetate), and methanol (3 mL/mmol 
of triacetate). The sodium carbonate suspension was added to the 
ethanolic solution of the triacetate at room temperature and in one 
portion. The resulting mixture was allowed to stir at room teDtpt!l'ature 

for 18 h. The mixtute was then diluted with ethyl acetate (25 mL/mmol of 
triacetate). The organic layer was collected and was washed with saturated 
aqueous brine (100 mL/mmol of triacetate), dried over magnesium sulfate, 
filtered, and the solven1s were removed by rotaiy evaporation. · nae 
products were further purified by silica gel chromatography. 

Example25 

5.6-Dic:hloro-2-{isQptog.Jlamino}-lH..bmzjmidazole 

5,6-Dichloro-1,2-phenylenediamine (200.0 g, 1.13 mol) .. isopropyl 
· isothiocyanate (122.0 g, 1.21 mol), 1-cyclohexyl-3-(2-
morpholinoethyl)carboc:llimide metho-p-toluenesulfonate (622.0 g, 1.47 
mol) and pyridine (4 L) were used according to general procedure J. The 
product was recrystallized from acetonitrile to give 184 g (67%) of a. brown 
solid. Analytical data were consistent with those reported above. 

Example26 

2-CCyclopmpylamino)-5,6-dicbloro-lH-benzimidamle 
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4,5-Dichloro-1,2-phenylenediamine (6.04 g, 34.1 mmol), cyclopropyl 

isothiocyanate (3.69 g, 37.2 mmol), 1-cyclohexyl-3-(2-

morpholinoethyl)carbodiimide metho-p-toluenesulfonate (20.1 g, 47.4 

mmol) and pyridine (135 mL) were used according to general procedure L 

The product was reaystallized from acetonitrile to afford 5.82 g (10%} of a 

yellow solid; m.p. 223-225 ·c. Anal Calcd for C10H9Cl2N3= C, 49.61; H, 

3.75; NI 17.36. Found: cl 49.53; H, 3.78; N, 17.12. 

Example 27 

2.3A-Trichloro-6-nitroaniline 

4,5-Dichloro-2-nitroaniline (15.2 g, 7.3.2 ~ol), N-chlorosuccinimide · {12.2 

g, 91.6 mmol) and N,N~ethylformamide (150 mL) were mmbined and 

the resulting orange solution was ~ted to 100 •c for 1 h. The solution 

was allowed to cool to room ten1perature and was Pcnu:ec1 into a flask 

containing ice water (1.2 L). The yellow solid was colleded and was 

dissolved m dichlo~ (LS L), resulting in two-phases. The·organic 

layer was collected and was dried over magnesium sulfate, filtered and the 

solvents were ~ed under reduced p.leSSUl'e by rotary evaporation to 

leave 17.6 g (980/o) of a yellow solid. MS (0): m/z 239. 

Example28 

3.45-TriclUoJO:l,2-phcnylenediamine 

· 6-Nitro-2,3,4-trichloroaniline (17.6 g, 12.8 mmol), iron powder (14.0 g, 250 

mmol), and ethanol (400 mL) were combined and the resulting suspension 

was cooled to 0 ·c. ·Concentrated hydrochloric add (37%, 93 m.L, 1.14 mol) 

was added dropwise over a period of 15 min by means of an addition 

funnel. When the addition was complete,. the resulting suspension was 

heated to reflux for 3.5 h, after which time it was allowed to cool to room 

temperature and was subsequently diluted with water (2 L). The pH of the 
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mixture was adjusted to approximately 8 by the slow addition of sodium 
carbonate. The product was extracted with ethyl acetate (2L), dried over 
magnesium sulfate and the solvents were removed under reduced 
pressure by rotary evaporation. 1be product was further purified by silica 
gel chromatography using 65:35 hexane/ethyl _acetate to afford 10.9 g (12%) 
of a tan solid; m.p. 113-115 ·c. Anal. Calcd for Q;Hs03N2: C 34.08; H, 
2.38; N, 13.25. Found: C 34.14; H, 2.41; N, 13.18. 

Example29 

2-Clsopropylaminol-4.5,6=tricbloro-1H-henzimidazole 

3,4..S-Trichloro-l,2-phenylenediamine (3.12 g, 14.8 mmol), isopropyl 
isothiocyanate (1.62 g, 16.0 mmol), l~hexyl-3-{2-
morpholinoethyl)carbodiimide metho-p-toluenesulfonate (8.4 g, ·19.9 
mmol), and pyridine (50 mL) were used according to .general procedure Il. 
The product was reaystalli7.ed from .1,4-dioxane to give Z,9 g (72%) of a tan 
solid. MS (Cl): m/z 276 (M+l). Anal. Calcd for C1oH1oCJ3N3-(0.lO 
C4H802): C,. 43.47; ~ 3.79; N, 14.62. Found: C, 43.10; ~ 3.89; N, 14.43. 

Example30 

2-0soprop,y1awrooH5.6-tric:blom-'J=ClJ.5-tri-O-acetfl-bet:a-k 
ribofuranosyl)-lH-henzjmidamJe 

2-(Isopropylaminol-4-S~lli-benzimidazole (1.15 g, 4.00 mmol), 
N,0-bis(trimethylsilyl)ac:etamide (O.'l mL,. 0.58 g, 2..83 mmol), trimethylsilyl 
trifluoromethanesulfonate (O.S mL,. 0.58 g, 2.59 mmol), 1,2,3,5-tetra-O­
ac:etyl-L-ribofuranoside (LSD g, 4.71. mmol) and 1,2-dichloroethane (10 mL) 
were used acconling to general procedure Il. The product was isolated by 
silica gel chromatography using 60:1 dichloromethane/methanol t<> afford 
1.05 g (49%) of a yellow foam. MS (0): m/z 536 (M+l). 

Example 31 
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2-Cisopro.pylamino)-4.5.6-trichloro-1-Cbeta-kribofurano&yl}-lH­

benzimidazole 

2-(Isopropylamino)-4,5,6-trichloro-1-(2,3,5-tri-0-acetyl-beta-L­

ribofuranosyl)-lH-benzimidazole (1.00 g, 1.86 mm.al), sodium carbonate 

(0.26 g, 2.45 mmol}, water (4mL), methanol (6 mL) and ethanol (8mL) were 

used according to general procedure m. The product was purified by silica 

gel chromatography using 10:1 dichloromethane/methanol to afford 057 g 

(75%) of a white powder; m.p. 223-224 ·c. Anal. Calcd for C15H1s~304: 

C, 43.87; H, 4.42; N, 10.23. Found: C, 43.63; H, 4.55; N, 9.98. 

Example32 

2:CC.yclopropylaminol-45.6-tricltloro-1H-benzimidazole 

3,4,5-Trichloro-1,2-phenylenediamine (3.02 g, 14.28 mmol), cyclopropyl 

isothiocyanate (153 g, 15.42 mmol), 1-qclohexyl-3-{2-

motj>holinoethyl)c:arbodiimide metho-p-toluenesulfonate (8.24 g, 19.45 

mmol) and pyridine (55 mL) were used acmrding to general piocedure L 

The product was reays1a1Jjn!Cf from 1,4-dioxane to afford 3.29 g (83%) of a 
white solid. MS (0): m/z 274. Anal. Calcd for C1offsCJ3N3-(0.6 C4ffs02): 

C, 45.21; H, ·a.92; N, 12.16. Found: C, '45.37; H, 3.91; N, 12.76. 

Epmple33 

2-(C,clopropylamino)..45.6-tridilom=l-f.2.3.5-tri-O-a<:eb'H>efa-L­
n'bofgrano&yll=lH-benzjmidnmle 

2-(Cydopropylamino)-4,5,6-trichloro-lH- benzimidaz.ole (1.32 g, 4.00 

mmol), N,0-bis(trimethylsilyl)acetamide (1.0 mL, 0.82 g, 4..05 mmol), 

trimethylsilyl trifluoromethanesulfonate (0.5 mt, 058 g, 2.59 mmol), 
1,2,3,5-tetra-O-aa!tyl-L-n"bofuranose (1.70 g, S.34 mmol) and 1,2-

dich.loroethane (12 mL) were used according to general procedure Il. The 
product was purified by silica gel chromatogrciphy using 60:1 
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dichloromethane/methanol to afford 1.ll g (52%l of a yellow foam.· MS 

(CI): m/z 534 (M+l). 

Example34 

2-(CycloprowlamiMl-4.5.6-tricltloro-1-(J>eta-kribofuranosyU-lH­

beuzimjdazgle 

2-{Cyclopropylamino)-4,5,6-trichloro-l-(2,3,5-tri-O-acetyl-beta-L­

ribofuranosyl-1H-benzimidamle (1.11g,2.08 mmol), sodium carbonate 

(0.29 g, 2.77 mmol), water (4 mL), methanol (6 mL), and ethanol (8 :mL) 

were used according to general procedure m. The product was purified by 

silica gel chromatography using 10:~ dichloromethane/methanol to afford 
0.47 g (56%) of a white powder; ni.p. 208-209 ·c. Anal Calcd for · 

C1sH16Cl3N304= C, 44.09; a 3.95; N, 10.28. Found: C, 44.14; H, 3.98; N, 

10.18. 

Example 35 

2-Bmmo-3.4-dicbJoro..6..nitrOaniljne 

~Dichloro-2-nitroaniline (41.0 g, 198 mmol), N-bromosuccinimidt! (42.86 

g, 241 mmol) and N,N-climethylformamide were combined and heilted to 
100 ·c for 1 h. The mixture was allowed to cool to· room temperature and 

was poured into a flask containing ice water (1 L). The yellow solid was 

collected and was dissolved in dic:hloromethan (2 L), reSlilting in two 

phases. The organic layer was collected and was dried over magnesium 

sulfate, filtered and the solvents were removed under reduced pressure 

using a rotary evaporator to leave 48.62 g (86%) of a brown solid. Anal. 
Calcd for C61i3BICl2.N202: C, 25.21; H, 1.06; N, 9.80. Found: C, 25.32; H,. 

1.13; N, 9.68. 

Example 36 
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3-Bromo-4.5-dicbloro-11-phenylened.iamine 

2-Bromo-3,4.dichloro-6-nitroaniline (48.3 g, 168.9 mmol), iron powder 

(30.0 g, 537.2 mmol) and ethanol (IL) were combined and the resulting 

suspension was cooled to 0 ·c. Concentrated hydrochloric acid {37%, 193.0 

mL, 2.36 mol) was then added dropwise over 15 min by means of .an 

addition funnel. The resulting _mixture was heated to reflux for 1 h, after 

which time it was allowed to cool to room temperature. The mixture was 

diluted with water (1.5 L) and the pH was adjusted to approximately 8 by 
the addition of sodium carbonate. The product was extracted with ethyl 

acetate (1L), dried over magnesium sulfate, filtered and the solvents were 

removed under reduced pressure using a rotary evaporator. The product 

was crys~ from a methanol/water mixture to aHord 34.21 g (79%) of a 
brown solid; m.p. 128-129 ·c. Anal. Calcd for C6HsBrC12N2: C, 28.16; H, 

1.97; N, 10.95. Found: C, 28.29; H, 1.96; N, 10.79. 

Bxample37 

4-Bmmo-5.6-d,ichloro-2-lisQpropylaminol::lH-l>enzjmidazole 

3-Bromo-4,5-dic:bloro-1;!-phenylenediamine (25.0 g, 97.7 mmol), isopropyl 
isothiocyanate (11.2 g, 110.5 mmol), l-c:yclohexyl-3-(2-
morpholinoethyI)carbodiimide metho-p-toluenesuHonate (56.8 g, 134.1 

mmol) and pyridine (500 mL) were used acxonting to general procedure L 

The product was isolated by silica gel chromatography using 7:3 

· hexane/ ethyl acetate to affOrd 19.2 g (62%) of a tan solid; m.p. 247-249 ·c. 
·Anal. Calcd for C1oH10BrC12N3-(0.08 C6H14l: C, 38.15; H, 3.40; N, 12.74. 
Fotmd: C, 38.15; H, 3.39i N, 12.17. 

Example 38 

4-Bromo-5.6-djcltloro-2-fisoprgwlaminoH..;cz.3.5-tri-0-acetyl-beta-L­

ribofuranoayll::lH-benzjmidazole 
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4-Bromo-5,6-dichloro-1-(isopropylamino)-lH-benzimidazole (1.33 g, 4.03 
mmol), N,0-bis(trimethylsilyl)acetamide (1.0 mL, 0.82 g, 4.05 mmol), 
trimethylsilyl triftuoromethanesulfonate (0.5 mL, 0.58 g, 2.59 mmol), 
1,2,3,5-tetra-0-acetyl-L-ribofuranside (1.69 g, 5.31 mmol) and 1,2-
dichloroethane (12 mL) were used according to general procedure ll. ·The 
product was isolated by silica gel chromatography using 60:1 
dichloromethane/methanol to afford 1.16 g (50%) of a yellow foam. MS 
(Cl): m/z 580 (M+l}. 

Example39 

4-Bromo-5.6-dichloro-2-Cisopro.pylaminol-1-Cbeta-kn"bofurano&yl)-lli:: 
benzjmidazole 

4-Bromo-5,6-dichloro-2-(isopropylamino)-1-(2,3,5-tri-O-acetyl-beta-L­
ribofuranosyl)-lH- benzimidazole (1.16 g, 2.0 mmol), sodium carbonate 
(o.28 g, 2.64 mmol), water (4 mL}, methanol (6mL}, and ethanol (8 n1L) 
·were used according to general procedure m. The product was pumied by 
silica gel chromatography using 10:1 cticblaiOmethan/methanol to afford 
0.64 g (70%) of _a white powder; m.p. 221-222 •c. AnaL Calccl for 
C15H1sBt02Ns04! c, 39.59; H, 3.99; N, 9.23. Found: c 39.42; H, 4.20; N, 
9.0S. 

Example40 

S.Bromo-4,5-dichlo~l,2..phenylenecliamine (5.12 g, 20.0 mmol), 
cyclopropyl isothiocyanate (2.18 g, 21.98 mmol), 1-cydohexy.J-3-(2-
morpholinoethyl)carbodlimide metho-p-toluenesulfonate (11.0 g, 25.97 
mmol) and pyridine (75 mL} were used according to general procedure I. 
The product was recrystaJlized from 1,4-clioxane to afford 2.23 g (533) of a 
white solid. MS (0): m/z 319 amu. AnaL Ca1cd for C10HsBi:02N3-(03s 
C4H802}: C, 38.92; H, 3.09; N, 11.94. Found: c;·39.17; H, 3.05; N, 11.94. 
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Example 41 

4-Bromo-2-Ccyclopmpylilminol-5.6-dichlom=l-l235-tri-O-acetyl-beta-k 

ribOfurano&yll-lH-benzimidazgle 

4-Bromo-2-(cyclopropylamino)-5,6-dic:hloro-lH-benzimidazole (1.40 g, 3.98 

mmol), N,0-bis(trimethylsilyl)acetamide (1.0 mL, 0.82 g, 4.05 mmol), 

trimethylsilyl trifluoromethanesulfonate (0.5 mL, 0.58 g, 2.59 mmol), 

1,2,3,5-tetra-O-acetyl-L-ribofuranoside (1.68 g, 5.28 mmol) and 1,2-

dichloroethane (12 mL) were used according to general procedure Il. The 

product was purified by silica gel chromatoSraphy using 60:1 

dichloromethane/methanol to afford 1.01 g (45%) of a yellow foam. MS 

(Cl): m/z 578 (M+l). 

Exam.ple42 

4-Bromo-2-<cyclo.pmpylamino>-Skdic;hlgm-l-Ozeta-knbOfurano&yU-lH­

benzimidazole 

4- Bromo-2-(cydopropyJamino)-5,6-ilicbloro-1-{2,3;5-tri-0-acetyl-beta-L­

ribofuranosyl)-lH-benzimiduole (1.01 g, 1.74 mmol), sodium carbonate 

(0.265 g, 2.50 mmol), water (4 mL), methanol (5 mL), and ethanol (8 mL) 

were used according to general procedme m. The product was purlfied 

using silica gel chromatography usmg 10:1 dichloromethane/methanol to 

afford 0.28 g {36%) of a white solid: m.p. 205-208 ·c. Anal. calcd for C-

1sHt602BrN304-(0.25 C4H702>: Cr 40A5; a 3.82; N, 8.84. Found:C, 40.38; 

H, 3.95; N, 8.90. 

Example43 

4.5-Difluoro-1.2-phenylened,iamine 
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Into a Parr bottle were placed 4~uoro-2.-nitroaniline (5.00 g, 28.72 
mmol), platinum (IV) oxide (0.31g,1.13 mmol) and methanol (60 mL). 
The bottle was flushed three times with hydrogen and was finally 
pressurized to 45 psig with hydrogen. The bottle was shaken for 5 h, after 
which time it was depressurized and the contents were poured into a 
separatory funnel containing ethyl acetate (300 mL) and water (300 mL). 
The organic layer was collected and washed with saturated aqueous brine 
solution (100 mL), dried over magnesium sulfate and the solvents were 
removed under reduced pressure using a rotary evaporator to leave 3.37 g 
(81%) of a brown solid. MS (0): m/z 145 (M+l}. 

Example44 

5,6.Difluom-2-Cisaprqpylamino)-lH-benzimidazole 

4,5-Difluoro-1,2-phenylenediamine (2,87 g, 19.91 mmol), isopropyl 
isoth.iocyanate (2.19 g, 21.65 mmol), 1-cyclohexyl-3-(2-
morpholinoethyl)carbocllimide metho-p-toluenesulfonate (11.38 g, 26.87 
mmol) and pyridine OS mL) were used acmrding to general method I. 
The product was recrystallized from 1A-dic»cane to afford 2.23 g (53%) of a 
white solid; m.p. 188-189 ·c. Anal Calcd for C1oH11F2N:r. C, 56.87; H, 5.25; 
N, 19.89. Found: C, 56.95; H, 5.25; N, 19.98. 

Example45 

5,6-Difluom-2-lisopmpylamino}=l-Q,.3.5-tri.Q.ac:etJl-beta-kribofuranosyl)- . 
lH-benzimidazo)e 

5,6-Difluoro-2-{isopropylamino)-lH-benzimidazole (0.84 g, 4.00 mmol), 
N,0-bis(trimethylsilyl)acetamide (0.70 mL, O~ g, 2.83 mmol), 
trimethylsilyl trifluoromethanesulfonate (05 mL, 0.58 g, 2.60 mmol), 
1,2,3,5-tetra-O-acetyl-L-ribofuranoside (1.SO g, 4.71 mmol) and 1,2- · 
dichloroethane (9 mL) were used according to general procedure ll. The 
product was purified by silica gel chromatography using 35:1 
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dichloromethane/methanol to afford l.33 g (70%) of a yellow foam. MS 

(Cl): m/z 470 (M+l). 

Example46 

5.6-Qifluoro-2-fiso:prqpylaminoH-<heta-L-ribofuranos,yJ)-lH­

Q.enzimidazole 

5,6-Di£luoro-2-(isopropy~o)-1-(~,5-tri-0-acetyl-beta-L-ribofuranosyl)-

1H-benzimidazole (1.33 g, 283 mmol), sodium carbonate (0.31 g, 2.92 

mmol), water (5 mL), methanol (10 mL}, and ethanol (15 mL) were used 

according to general procedure III. The product was purified by silica gel 

chromatography using 10:1 dichloromethane/methanol to afford 0.52 g 

(53%) of a white solid; m.p. 1~158 \:. Anal Calcd for C1sH19F2N304= C, 

52.48; H, 5.58; N, 12.24. Found: C, 52.23; H, 5.63; N, 12.15. 

Example47 

3-Chloro-1.2-phenylenesiiamine 

2-0iloro-6-nitroaniline (14.10 g,_81.71 mmol), Raney-nickel (5.02g of a 50% 

slurry in water), and ethanol (200 mL) were combined in an°1Ntoclave 

which was pressurized .to ISO psig with hydrogen. The resulting mixture 

was allowed to stir ovemight at RT. The mixlme was then filtered 

through a pad of celite, which was subsequently washed with several 

portions of methanol, and the solvents were removed by rotatry 

evaporation to afford 10.43 g (89%) of a viscous, brown oil, which darkened 

upon standing. MS (El): m/z 143.1 (M+H). 

Example48 

4:Chloro-2-Cisopropy1aminol-1H-benzimidazoJe 
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3-Chloro-1,2-phenylenediamine (6.41g,44.95 mmol), i;sopropyl 
· isothiocyanate (5.20 g, 51.6 mmol), l~clohexyl-3-(2-

morpholinoethyl)carbodiimide metho-p-toluenesulfonate (25.0 g, 59.02 
mmol) and pyridine (300 mL) were used according to general procedure I. 
The product was reaystalliz.ed from 1,4-dioxane afford 5.45 g (58%} of a 
brownish solid. MS (El): m/z 210.1 (M+H). Anal. calcd for C1oH12ClN3-
(0.S C4ff802): C, 56.80; ff.. 6.36; N, 16.56. Found: C, 57.00; Hr 6.34; N, 16.69. 

Example49 

4-Cbloro-2•(isgpropylamino)-l-(2.35-tri..Q-ac:etyl-beq-kribofu@no:ayll-1H­
benzimidazole 

. 4-Chloro-2-(isopropylamino)-lH-benzimidazole (2.24 g, 10.68 minol), N,0-
bis(trimethylsilyl)acetamide (3.00 mL, 2.47 g, 12.14 mmol), trimethylsilyl 
trifluoromethanesulfonate (1.2 mL, 1.42 g, 6.00 mmol), l,2;;,5-tetra-0-
acetyl-L-ribofuranose (4.46 g, 14.01 mmol) and 1,2-dichloroethane (35 mL) 
were used aa:ording to general pmcedme D. The product was purified by 
silica gel chromatography using 95:5 dic:hloromethane/acetonitrile to 
afford 2..34 g (47%) of an off-White foam. MS (El): m/z 468.2 (M+H). 

Example SO 

4-Chlor0:2-lisopmpylazninol-Hbeta-kribofuranQ§JD-1H-bergiulidmili: 

4-0tloro--2-(isopropylamino)-1-(2.3,5-tri-0-acetyl-beta-L-n"bofuranos.yl)-lH­
benzimidazole (2.24 g, 4.79 mmol), sodium cubonate (0.67 g, 6.32 mmol), 
water (7 mL),, methanol (14 mL) arid ethanol (20 mL) were used aco)rding 
to general procedure Ill. The product was purified by silica gel 
chromatography using 10:1 ·dic:hloromethane/ methanol· to afford 1.12 g 
(68%) of a white solid: m.p. 225-227 -C. Anal. calcd for C1sH2QCIN304= C, 
52.77; H, 5.91; N, 12.32. Found: C, 52.79; H, 5.96; N, 12.25. 

Example51 
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4.6-Dichloro-2-Cisopmpylaminol-lH-benzimidazole 

3,5-Dichloro-1,2-phenylenediamine (1.30 g, 7.32 mmol), isopropyl 

isothiocyanate (0.81g,8.00 mmol), l-cyclohexyl-3-(2-

morpholinoethyl)carbodiimide metho-p-toluenesulfonate (4.19 g, 9.89 

mmol) and pyridine (25 mL) .were used according to general procedure I. 

The product was reaystallized from 1~4-dioxane to afford 1.07 g (60o/o) of a 

white solid. Anal. calcd for C10H11 Cl2N3-(0.25 C41i802): C, 49.64; H, 4.92; 

N, 15.79. Found: C, 49.54; H, 4.94; N, 15.79. 

Example 52 

. 4/tDichloro-2-{isopmpylamino)-1:{235-tri-Q-ac:etyl-beta-kriOOfuranosyl)­

lH-henzimidazo)e 

4,6-Dichloro-2-{isopropylamino)-IH-benzimidazole (0.83 g, 3.40 mmol), 

N,0:-bis(trimethylsilyl)ac:etamide (0.88 mL, 0.72 g, 3.56 mmol), 

trimethylsilyl trifluommethanesulfonate (0.4.3 mL, 0.49 g, 2.20 mmol), 

1,2,3,,5-tetra-O-acetyl-ribofuranose (1.31 g, 4.12 mmol) mtd 1,2-

dichloroethane (10 mL) were used acmrding to general procedure n. The 

product was purified by silica gel chromatography using 60:1 

dichloromethane/methanol to afford ~· g (37%) of a white foam. MS 

(CI): m/z 502.1 (M+H). 

Bxample53 

4.6-Dichloro-2-tisopmpylaminoH-Cbeta-kribofuranoqll-lH­

benZimidazole 

4,6-Dichloro-2-(isopropylamino)-1-(2,3,5-tri..Q..acetyl-beta-L-ribofuranosyl)­

lH-benzimidazole (0.63 g, 1.26 mmoJ), sodium carbonate (0.19 g, 1.82 

mmol), water (3 mL), methanol (4 mL), and ethanol (6 mL) were used 

accorcling to general procedure ID. The product was purified by silica gel 

·.·~J:. 
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chromatography using 10:1 dichloromethane/methanol to afford 0.33 g 
(70o/o} of a white solid: m.p. 212-214 ·c. AnaL calcd fur C1sH19Cl2N304= C, 
47.89; H, 5.09; N, 11.17. Found: C, 47:/9; H, 5.14; N, 11.09. 

Example54 

L-Erythrose (5.0 g, 41.6 mmol), prepared from L-erythruronolactone 
according to the method of Hudlicky et al. (Joumal of Organic Chemistty, 
1990, 55, 4683}, was combined with pyridine (150 mL). 4-
Dimethylaminopyridine (0-:20 g, 1.67 mmol) and acetic anhydride (23.61 
mL, 25.50 g, 249.52 mmol) were added at room temperature and the 
mixture was allowed to stir for 3 h. It was then poured into a ftaSk 
containing saturated aqueous sodium bical'bonate solution (100 mL). The 
product was extracted with dichloromet:hane (500 mL) and the solvents 
were removed under red~ced pressure using a rotary evaporator. 1he 
Iemaining residue was dissolved in ethyl acetate (500 mL) and was washed 
with 0.1 li hydrochloric add (200 mL) and the solvents were again 
removed under reduced pressure. 'lbe product was purified by silica gel 
chromatography using 3:1 hexane/ethyl acetate to afford 4.35 g (420.k) of a 
yellow oil Anal Calaf for C1oH140J: C, 48.78; Hr 5.73. Found: C, 49.14; H, 
5.85. 

Example SS 

5,6-Dichlom-2-<isopq1yiaminoH-C2.3-di-Q-aa:tyl-beta-kecythm­
pentofuranosyJHH-beniimidamle 

5,6-Dichloro-2-(isopropylamino)-lH-benzimidazole (1.00 g, 4.09 mmol), 
N,0-bis(trimethylsilyl)acetamide (1.06 mL, 0.87 g, 4.29 mmol), 
trimethylsilyl trifluoromethanesulfonate (0.51 mL, 0.59 g, 2.66 mmol), 
1,2,3-tri-O-acetyl-L-erythro-pentofuranoside (1.10 g, 4.49 mmol) and 1,2-
dichloroethane (25 mL) were used according ta.general procedure IL The 
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product was purified by silica gel chromatography using 30:1 
dich.loromethane/methanol to afford 0.45 g (26%) of a brown solid; m.p. 
59-63 ·c. MS (0): m/z 430 {M+l). 

Example56 

5.6-l)idiloro-2-(jsoPIJ>Wlamino)-J-(beta-L-ecythm=pentofuranosyl)-lH­

beozimidazole 

5,6-Dichloro-2-(isopropyhunino)-1-(2,3-di-O-acetyl-beta-L-erythro­

pentofuranosyl}-lH-benzimidazole (0.34 g, 0.79 mmol), sodium carbonate 

(0.13 g, 1.23 mmol), water (3 mL}, methanol (3 mL), and ethanol (10 mL) 

were used according to general procedure III. After removal of the 
solvents under reduced pressure, the material (0.17 g, 63%) was found to be 
analytically pure and did not require any further purification; m.p. 18();.181 
·c. Anal Calaf for C14H17C12N3Qg: C, 48.57; H, 4.95; N, 12.14. Found: C, 

48.33; IL 4.89; N, 11.97. 

Example57 

2-0sopmpylaminQ)-45,6-tri<:hloro-1-C.Z.3-di-Q.acetyl-beta=L-ecytbro= 

pentofuranoayll-lH-benzimidazole 

2-(Isopropylamino)-4,5,&-trichloro-lH-benzimidamle (0.86 g,. 3.10 mmol}, 

N,()-bis(trimethylsilyl)acetamide (o.sO mL, 0.66 g, 3.26 mmol}, 

trimethylsilyl trifluoromethanesulfonate (0.39 mL, 0.45 g, ·2.01 mmol), 

1,2,3-tri-O-acetyl-Lerythro-pentofuranoside (0.84 g, 3.41 mmol) and 1,2-

dichloroethane (2S mL) were used acCording to general prOcedure ll. The 

product was purified by silica gel chromaiography using 60:1 

dichloromethane/methanol to affOrd 0.28 g (20%) of a white foam. MS 

(Cl): m/z 464.1 (M+H). 
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·Example58 

~-(Jsopro'1ylaminoH.5.6-trichlom-1-Cbeta-L-ecythm-pentofuranosyll-lH­

beozimidazole 

2- (Isopropylamino)-4,5,6-trichloro-l-(2,3-di-O-acetyl-beta-L-erythro­

pentofuranoside (0.05 g, 0.12 mmol), sodimn carbonate (0.02 g, 0.17 mmol), 

water (3 mL), methanol (3 mL), and ethanol (5 mL) were used according to 
general procedure m. The product was purified using 98:2 

dichloromethane/methanol to afford 0.04 g (91%) of a white solid: m.p. 
199-200 ·c (dee). Anal calcd for Ct4Ht6CJ3N3<>3: C, 44.32; a 4.25; N, 11.08. 

Found: C, 44.34; H, 4.30; N, 10.89. 

Example59 

3.4-Dichlom-l.2-phenylenediamine 

2,3-Dichloro-6-nitroaniline (20.11 g, 97.14 mmol}, Raney-nickel (4.78 g of a 

50% slurry in water), and ethanol (250 mL) were combined in an autoclave 

which was presssurized to 150 psig with hydrogen. The resulting na.action 
mixture was allowed to stir at RT overnight. The mixtme was then 
filtered through a pad of celite, which was subsequently washed with 
several portions of methanol, and ihe solvents were :removed by rotary 

evapoJation to leave a dark brown solid. The solid was slurried and in 

hexanes and was collected on a Buchner funnel to afford 16.31 g (95%) of a 

brown solid. MS (El): m/z 171.0 (M+H). 

Example60 

3.4-Djchloro-2-Cisopm.pylamino)-lH-benzimidamle 

3,4-Dichloro-1,2-phenylenediamine (8.00 g, 45.19 mmol), isopropyl 

isothiocyanate (5.26 g, 51.99 mmol), 1-cyclohexyl-3-(2-

morpholinoethyl)carbodiimide metho-p-toluenesulfonate (25.0, 59.02 
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mmol), and pyridine (259 mL) were used according to general procedure I. 
The product was recrystamzed from 1,4-dioxane to afford 6.U g (55%) of a 
white solid. MS (El): m/z 244 (M+H). Anal ca.led for C10H11C2N3-(0.3S 
C4ffSo2): C, 49.80; H, 5.06; N, 15.28. Found: C, 49.95; H, 5.05; N, 15.08. 

Example61 

3.4-Pichloro-2=(jsop~-l2.35-tri-0-acetyl-beta-lcn"bofllranosyll-
1H-benzimidazo1e 

3,4-Dichloro-2-(isopropylamino)-lH-benzimidazole (2.01 g, 7.31 mmol}, 
N,0-bis(trimethylsilyl)acetamide (2.0 mL, 1.6.5 g, 8.09 mmol), trimethylsilyl 
trifluoromethanesulfonate (0.9 mL, 1.06 g, 4.50 mmol), 1,2,3,5-tetra-O­
acetyl-beta-L-ribofuranose (3.03 g, 9.52 mmol) and 1,2-dichloroethane (35 
mL) were used according to general procedure Il. The product was purified 
by silica gel chromatography using 95:5 dichloromethane/ acetonitrile to 
afford 2.Q8 g (56%) of a yellow foam. MS (El): m/z 502.0 (M+H). 

Epmple62 

3.4-Pichloro-Z-Osgpmp,ylamino}-l-(beta-L-n"bofuranosyl}-lH­
benzimidazole 

3,4-Dichloro-2-(isopropylamino)-1-(2,3,5-tri-O-acetyl-beta-L-ribofuranosyl)­
lH-benzimidazole (2.06 g, 4.10 mmol), sodium carbonate (0.60 g, 5.66 
mmol), water (12 mL), methanol (10 mL), and ethanol (24 mL) were used 
according to general proced~ m. The produd was purified by silica gel 
chromatography using 10:1 dichloromethane/methanoi ·to afford a white 
solid. 

Exampie63 

Human Cytomeplovirus (HCMV). Assny 
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HCMV strain AD169 was grown on.monolayers of human embryonic lung 

cells (MRCS cells) in 96 well plates. Alter infection of the cells at a ratio of 

approximately 0.01 infectious virus particals per cea the compounds to be 
· tested were added to selected wells at six different concentrations, each in 
triplicate. The same concentrations of compound were also applied to 
wells con taming monolayem of uninfected cells in order. to assess 
~mpound cytotoxidty. The plates were incubated for 5 days, and the 
minimum cytotoxic dose was estimated from microscopic examination. 
The ICSO for antiviral effect was estimated from measurements of HCMV 
DNA in each well by blotting andquantitative specific DNA hybridization, 
similar to the method of Gadler. {Antimicrob. Agents Oteznother. 1983, 24, 

370-374). 

Example HCMV 
JC50 

Example l 2.lp.M 
Example 3 0.6µM . 
Example U 1.4p.M 
Example 14 1.0p.M 
Example 16 0.2pM 
Example 19 0.1µ.M 
Example 53 0.15pM 
Example 56 0.75pM 

Example 58 O.lSjiM 

MRCStox 
ccso 

lOOµM 
30p.M 

30J1M 
30pM 
lOOp.M 
100J1M 
lOOpM 
100µM 
20µ.M 
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CLAIMS: 

1. A compound of the formula (I) are provided: 

wherein; 

~~N 
,JQl~R' 

R" N~ R 

.. . . Rs~ 

R1 represents hydrogen. a halo atom or azido; 

(I) 

PCT/GB96/0315l 

1 o -NRBR9 where RB and R9, which may be the same or different, are each 

independently selected from hydrogen, hydroxyl, C1-12 alkyl, for example C1.s alkyl 

(where the alkyl moiety-may be optionally substituted by one or more substituents 

selected from halo, amino, azido, hydroxy, cyano, N02. NHR10, S02R10, SR10, 

· ·OR10, COR10 and haloC1.s alkyl where R10 is C1-a alkyl, C3-e alkenyl, C2...a 

15 alkynyf, or aryl), C2-B alkenyl, C1-e alkoxy~ C3_7 cycloalkyl, C2.a alkynyl, C3_7 

cycloalkenyl, C3.7 cycloalkylC1-e alkyl, aryl. arylC1-a alkyl. heteroaryl, heteroarylC1-

6 alkyl, heterocycfyJ and heterocyclylC1...a alkyl, or R8R9 together with the N atom to 

which they are attached form a 3,4,5 or 6 membered heterocyclic ring; 

-NHNR11R12 where R11 and R12, which may be the same or different, each 

20 represent hydrogen or C1...a alkyl; 

-N=NC1.s alkyl or -NHOC1 _5alkyl; 
R2 

represents hydrogen, halo atom, C1-salkyl or G.i.ealkenyl; 

R3 and R4. which may be the same of different, each represent hydrogen, halogen 

orN02; 

25 R5 and RS, which may be the same or different, each represent hydrogen or 

hydroxy; 
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R7 represents hydrogen, CH3 or CH2R13 where R13 may be selected from 

hydroxy, a halo atom and OR14 (where R14 is hydrogen, C1.aalkyl, arfl or arylC1-6 

alkyl); 

5 with the proviso that when R2 represents hydrogen, R3 and R4 each represent 

chloro, R5 and R6 represent an erythro hydroxy group and R7 is -CH20H then R1 

represents azido, -NRBR9 where R8 and R9, which may be the same or different, 

are each independently selected from hydroxyl, C1-6 alkyl (where the alkyt moiety is 

substituted by one or more substituents selected from amino, azido, N~. NHR10, 

10 S02R10, SR10, OR10, haloC1-6 alkyl where R10 is as hereinbefore defined), C7.12 

alkyl (where the alkyl moiety is optionally substituted by one or more substituents 

selected from hato, amino, azido, hydroxy, cyano, N02, NHR10, S02R1"0 SR10, 

OR10, COR10 and haloC1.5 alkyl where R10 is as hereinbefore defined), C1..s 
alkoxy, C3_7 cycloalkenyl, heteroaryl, heteroaryJ C1..s alkyl and heterocydyl; 

15 -NHNR11R12 where R11 and R12 are as hereinbefore defined; 

-N=NC1-6 alkyl or-NHOC1-6 alkyl; 

or a phannaceuticaUy acceptable derivative thereof. 

2. A compound of formula (I) as claimed in claim 1 wherein the sugar moiety is 
20 selected from the following: 

rf OH 
~ tfx 

HOOH HO HOCH 

a b c 

b ~OH 
OH 

l(JH 
- -
HOCH HO OH 

d e f 

--------· 

1111Jii111nr 
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3. A. compound of formula (I) as claimed in either claim 1 or 2 wherein R 1 is -

NR8R9, where RB and R9, which may be the same or different, are selected from 

C1-S alkyl or C3_7 cycloalkyl. 

5 4. A compound of formula (I) as claimed in any claim from 1 to 3 wherein R2 is 

hydrogen or a halo atom. 

10 

5. A compound of formula (I) as claimed in any claim from 1 to 4 wherein R3 

and R4 are both a halo atom. 

6. A compound offormula (I) as claimed in any claim from 1 to 5 wherein R1 is -

NRBR9 wherein RB is hydrogen and R9 is a C1-6 alkyl, R2 is hydrogen or a halo 

atom1 R3 and R4 are both a halo atom and the sugar moeity is ·selected from 3'­

deoxy-L-ribofuranosyl, 5'-deoxy-L-ribofuranosyl and 2'-deoxy-L-ribofuranosyl or a 

15 pharmaceutically acceptable derivative thereof. 

7. A compound of formula (I) selected from: 

4-Bromo-5,6-dichloro-2-isopropylamino-1-(beta-L-ribofuranosyl)1 H-benzimidazole; 

20 5,6-Dichloro-1-(3-cleoxy-beta-L-ribofuranosyl)-2-isopropylamino-1 H-benzimidazole; 

5,6-Dichloro-1-(5-deoxy-beta-L-ribofuranosyl)-2-isopropylamino-1 H-benzimfclazole; 

5,6-Dichloro-1-(beta-L-erythrofuranosyl)-2-isopropylamino-1H-benzimidazole; 

. 5,6-Dichloro-2~isopropylamino-1-(beta-L-xylofuranosyl)-1 H-benzimidazoJe; 

1-(2-Deoxy-beta-L-ribofuranosyl)-5,6-dichloro-2-isopropylamino-1H-benzimidazole; 

25 2-lsopropylamino-1-(beta-L-ribofuranosyl)-4,5,6-trichloro-1 H-benzimidazole; 

4-Bromo-2-cyclopropylamino-5,6-dichloro-1-(beta-L-ribofuranosyl)-1 H-. .,. .. 
benzimidazole; 

2-Cyclopropylamino-1-(beta-L-ribofuranosyl)-4,5,6-trichlor~1 H-benzimidazole; 

4,6-Dichloro-2-isopropylamino-1-(beta-L-ribofuranosyl)-1 H-benzimidazole; and 

30 1-(beta-L-Erythrofuranosyl)-2-isopropylamino-4,5, 6-trichloro-1 H-benzimidazole. 

35 

8. A pharmaceutical composition comprising a compound of formula (I) as 

claimed in any claim from 1 to 7 and a pharmaceutically acceptable excipient 

therefor. 
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9. A compound of formula (I) as claimed in any claim from 1 to 7 for use in 

medical therapy. 

10. Use of a compound of fonnula (I) as claimed in any claim from 1 to 7 in the 

5 manufacture of a medicament for the treatment or prophylaxis of viral infections. 


