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2-AMIN0-5.6-DICHLOROBENZIMIDAZOLE DERIVATIVES HAYING ANTIVIRAL ACTIVITY 

The present invention relates to benztmidazole derivatives and their use in 
s medical therapy particularly for the treatment or prophylaxis· of virus infections 

such as those caused by herpes viruses. The invention also relates to their 
preparation and pharmaceutical formulations containing them. 

Of the DNA viruses, those of the herpes group are the sources of the most 
Io common viral Illnesses in man. The group includes herpes simplex virus types 1 

and 2 (HSV), varicella zoster virus NZY). 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 

15 infected, Individuals are at risk of recurrent clinical manifestations of infection 
which can be both physically and psychologically distressing. 

In common with other herpes viruses, infection wJth CW leads to a lifelong 
association of virus and host Congenital infection following infection of the 

20 mother during pregnancy may give rise to clinical effects such as death or gross 
disease (microcephaly, hepatosplenomegaly, jaundice, mental retardation), 
retinitis leading to bUndness or, In less severe forms, failure to thrive, and 
susceptlbillty to chest and ear infections. CMV infection in patients who are 
immunocompromised for example as a result of malignancy. treatment with 

2S immunosuppressive drugs following transplantation or infection with Human 
Immunodeficiency Virus may give rise to retinitis, pneurnonltis, gastrointestinal 
disorders and neurological diseases. 

It has now been found that certain substituted benzimidazole compounds 
30 referred to below have activity against viruses particularly CMV. According to 

one aspect the present invention provides compounds of formula (I) 
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wherein: 
R 1 represents; 

s H, C1-4 alkyl, cN cydoalkyl: 
R2 represents; 
H, c, ... alkyl; or 
R1 and R2 together form with the nitrogen a 4 o_r 5 membered heterocyclic ring; 
R3 represents BR' or R', wherein B represents a bridging group -C(O)NH-, -

10 C(O)NC1-4 alkyl-, or -C(O)O- and R' represents H, c1 ... alkyl, Cualkenyl or halo 
(preferably fluoro); and 

IS 

each n is independently selected from an integer 0, 1, or 2 (preferably O or 1 ); 
and geometric isomers or mixtures thereof; and physiologically functional 
derivatives thereof. 

Preferred compound of formual (I) include compound wherein: 

R1 represents: 
H, C..-4alkyl, Ca.sCYCk>alkyJ 

20 R2 represents H. c, .... alkyl; or 
R1 and R2 together form with the nitrogen a 4- or 5-membered heterocyclic ring; 
R3 represents I, Cl, Br, F, CH3 or H; 
n is an integer 0, 1 or 2. 

25 · Preferred compounds of fonnula {l) include 

(a) compounds wherein R1 is cyclopropyt and R2 is H; 
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(b) compounds wherein either R1 or R2 is Hand the other R1 and R2 group is 
isopropyl; 

s (c) compounds wherein either R1 or R2 is H ·and the other R1 or R2 group is tertbutyl; · · 

(d) compounds wherein R1 and R2 together with the nitrogen fonn an azetidenyl 
. group. 

10 (e) compounds wherein R3 is F and n is O or 1: 

(f) compounds wherein R3 is c,_. alkyl or Cz.e alkenyl and n is O or 1. 

IS It ~ill be appreciated that compounds of formula (I) may exist as geometric (a 

and p) isomers and mixtures thereof. 

Preferred geometric isomers of the compounds of formula (I) are 1a, 2a, 4~ 
isomers (or, equivalently, 1,s,2p,4a isomers) and 1a.2~,4a (or, equivalently, 

20 1 ~,2a,4~ isomers). 

Preferred compounds of fonnula (I) are: 

{1b,2b,4a}4{5,6-Dichloro-2-{isopropylamino)-1H-benzimidazol-1-yl]-1,2-
25 cyctopentanediol; 

(1b,2b, 4a)4[5,6-Dlchloro-2-(azetidinyl)-1 H-benZimldazol-1-yl]-1,2-
cyclopentanediol: 

30 (1 b.2b,4a)4{5,6-Dichloro-2-{ted-butylamino)-1 H-benZimkiazol-1-yl]-1,2-

cydopentanedJof: 

3S 

(1 a,2a,4f})-4-(5,6-Dichloro-2-{cyclopropylamino )-1 H-benzimidazol-1-yl]-

1,2--cyclopentanediol; 
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(1a,2p,4a)-[4-(5.6-Dichloro-2-(isopropylamino )-1 H-benzimidazole-1-yl)-1,2-
cyclopentanediol; 

(1 a,2a.,4p)-(4-(5,6-Dichloro-2-(cyclopropylamino )-1 H-benzimidazol-1-yl)-1, 2-
5 cyclopentylene] dimethanol; 

(1 a.,2a.,4PH4-(5,6,-Dichloro-2-(isopropytamtno )-1 H-benzimldazol-1-yl)-1, 2-
cyclopentylene] dimethanol: 

1 o (1 a,2a.,4P H4-(4-Fluoro-5,6-dichloro-2-(isopropyl~mino )-1 H-benzimidazol-1-yl)-1. 
2-cyclopentylene] dimethanol; 

IS 

(1 a,2a.,41J)-[4-(5,6-Dichloro-4-iodo-2-(isopropylamino)-1 H-benzimidazol-1-yl)-1,2- · 
cyclopentane]dimethanol; 

(1 a.,2a.4PH4-(4,5,6-Trichloro-2-(lsopropylamine)-1 H-benzimidazol-1-yl)-1,2-. 
cyclopentylene]dimethanol: 

(1 a,2a..4P)-(4-(5,6-Dichloro-4-rnethyl-2-(isopropylamino)-1 H-benzimidazol-1-yl)-
20 1,2-cyclopentylene]dimethanol: 

(1a.,2a.,4PH4-(2-Methyl-1-propenyl)-5,6-dichloro-2-(isopropylamino}-1H­
benzimidazol-1-yl)-1.2-cyclopentylene)dimethanol; 

2S (1 a,2a.,4P H4-(2-Methyl-1-propyl)-5,6-dichloro-2-(lsopropylamino )-1 H­
benzimldazol-1-yl}-1,2-cydopentylene]dimethanol: 

30 

(:t}-(la.,2P,4a)-(4-(5,6-Dichloro-2-(cyclopropylamino)-1H-benzimidazol-1-yl)-1,2-
cyclopentylene]dimethanol (including enantiomers thereof): and 

(:t)-(la,2P,4a)-[4-(5,6-Dichloro-2-(isopropylamino)-1 H-benzimidazol-1-yl)-1.2-
cyclopentylene)dimethanol (including enantiomers thereof). 

The invention further indudes each possible a and p isomer of the compounds 
35 of formula (t) and their physiologically functional derivatives, substantially free of 
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any other geometric isorner(s) that is to say no more than about 5% w/w of the 
other lsomer(s), preferably no more than about 2% w/w, in particular less than 
1 % wlw will be present. It will be appreciated that in addition to compounds of 
formula (I) being in a substantially pure form as described above they may also 
exist as mixtures of enantiOmers, dlasteroisomers, mesa structures or as a 
racemic mixture. AU such geometric isomers are included in the invention as are 
mixtures of any combination thereof. 

As used herain the tenn •alkyl" means a straight or branched chain alkyl group. 
10 Such alkyl groups preferably have 1 to 4 and in particular include methyl, ethyl, i­

propyl, and t-butyl. 

As used herein, the tenn "physlologlcally functional derivative" includes any 
physiologically acceptable salt, ether, ester, or salt of such ester of a compound 

IS of formula (I); or solvates of any thereof; or any other compound which upon 
administration to the recipient, Is capable of providing (directly or indirectly) such 
a compound or an antlvlrally active metabollte or residue thereof. For example, it 
is within the scope of the invention to replace the H of any of the OH groups by a 
potentially hydR>lysable group such as acyl or alkyl. 

20 
Preferred esters in acc::ordance with the invention are independently selected 
from the folowing groups: (1) carboxylic acid esters in whictt the non-carbonyl 
moiety of the carboxylic acid portion of the eater grouping is selected from 

straight or branched chain alkyl (for example, methyl, n-propyl. 1-butyl, or n-
2S butyl), cycloalkyl, 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 C14 alkoxy), or 
amino: (2) sulphonate esters, such as aryl-, alkyl-, alkylart or aralkylsulphonyl 
(for example, toluenesulphonyl and melhanesulphonyl); (3) amino acid esters 

30 (for example, L-valyl or L-isoleucyl); and (4) phosphonate esters. In such esters, 
unless otherwise specified, any alkyl moiety present advantageously contains 
from 1 to 18 carbon atoms, particularly form 1 to 6 carbon atoms, more 
particularly from 1 to 4 carbon atoms. Any cycloalkyl moiety present in such 
esters advantageously contains from 3 to 6 carbon atoms. Any aryl moeity 

35 present in such esters advantageously comprises a phenyl group. Any reference 
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to any of the above compounds also includes a reference to a physiologically 
acceptable salt thereof. 

Examples of, physiologically acceptable salts of compounds of formula (I) and 
s their physiologically acceptable derivatives include salts derived from an 

appropriate base, such as an alkali metal (for example, sodium), an alkaline 
earth (for example, magnesium), ammonium and NX4+ (wherein X is C1-4 
alkyl). Physiologically acceptable salts of an hydrogen atom or an amino group 
include salts of organic carboxylic acids such as acetic. lactic, tartaric, maleic, 

1 o malic, isethionic, lactobionic and succinic acids, organic sulphonic acids, such as 
methanesulphonic, ethanesulphonic, benzenesulphonic and p-toluenesulphonic 
acids and inorganic acids, such as hydrochloric, sulphuric, phosphoric and 
sulphamic acids. 

15 For therapeutic use, salts of compounds of formula (I) will be physiologically 
acceptable, i.e. they will be salts derived from a physiologically acceptable acid 
or base. However, salts of ·acids or bases which are not physiologically 
acceptable may also find use, for example, in the preparation or purification of a 
physiologically acceptable compound. Alt salts, whether or not derived form a 

20 physiologically acceptable acid or base, are within the scope of the present 
invention. 

The compounds of formula (I) and their derivatiVes may hereinafter be referred 
to as the compounds according to the invention. The tenn "active ingredient" as 

2S used hereafter, unless the context requires otherwise refers to a compound 
according to the invention. 

The present invention further provides a compound according to the invention 
for use in therapy. 

30 Examples of clinical conditions which may be treated in accordance with the 
invention include those discussed in the .· introduction hereinbefore and in 
particular those caused by infections of HSV-1 and 2, HHV-6, VZ:V, EBV or 
CMV. 
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According to another a·spect, the present invention provides: 

{a) A method for the treatment or prevention of the symptoms or effects of a viral 
Infection in an infected animal, for example, a mammal induding a human, which 
comprises treating said animal with a therapeutically effective amount of a 

s compound according to the invention. According to a particular embodiment of 
this aspect of the invention, the viral infection is a herpes virus infection, such as 
CMV, HSV-1, HSV-2, VZV, EBV or HHV-6. 

(b) Use of a compound according to the invention in the manufacture of a 
medicament for the treatment or prophylaxis of a viral infection, in particular a 

10 herpes virus infection including CW, HSV-1, HSV-2, VZ)I, EBV and HHV-6. 

15 

In addition to the use of compounds of formula (I) in the treatment or prophytaxis 
of the above viral infections and as~ated 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 compounds according to the invention may be administered for therapy by 
any suitable route including oral. rectal, nasal, topical (including transdermal, 
buccal and sublingual), vaginal and parenteral (including subcutaneous, 
in1ramuscular, intravenous and intradermal). It will be appreciated that the 

20 preferred route wall vary with the condition and age of the recipient, the nature of 
the infection and the chosen active ingredient. 

In general a suitable dose for each of the above-mentioned conditions will be in 
the range of 0.01 to 250 mg per kilogram body weight of the recipient (e.g. a 

2S 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 1.0 to 20 mg per kilogram body 
weight per day. (Unless oth81Wise Indicated, all weights of active ingredjent are 
calculated as the parent compound of fonnula (I); for salts or esters thereof, the 
weights would be increased proportionally.}. The desired dose is preferably 

30 presented as two, three, four, five, six or more sut>.doses administered at 
appropriate intervals throughout the day. These sub-doses may be 
administered in unit dosage fonns, for example, containing 10 to 1000 mg. 
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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 

s concentrations of the active compound from about 0.025 to about 100 pM. 

preferably about 0.1 to 70 pM, most preferably about 0.25 to 50 JJM. 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 mg/kg of the active ingredient Desirable 

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

to about 5.0 mg/kg/hour or by intennlttent 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 as a raw material 

15 it is preferable to present it as a pharmaceutical formulation. The formulations of 

the present invention comprise at least one active ingredient. as definecl above, 

together·. with one or more acceptable carriers thereof and optionally other 

therapeutic agents. Each carrier must be •acceptable• in the sense of being 

compatible with the other Ingredients of the formulation and not injurious to the 

20 patient. Formulations include those suitable for oral, rectal, nasal, topical 

(including transdermal, buccal and sublingual), vaginal or parenteral (including 

subcutaneous. Intramuscular. intravenous and intradennal) administration. The 

fonnulatlons may conveniently be presented in unit dosage fonn and may be 

prepared by any methods well known in the art of pharmacy. Such methods 

25 include the step of bringing into association the active ingredient with the carrier 

which constttutes one 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 

30 

Compositions suitable for transdennal administration may be presented as 

discrete patches adapted to remain in intimate contact wi~ 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 

35 and/or dispersed in an adhesive or 3) dispersed in a polymer. A suitable 
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concentration of the active compound is about 1 % to 25%, preferably about 3% 
to 15%. As one particular poasibUlty, the active compound may be delivered 
from the patch by etectrotransport or iontophoresis as generally described in 
Phannacautlcgl Besearch. 3 (6), 318 (1986). 

Formulations of the present tnvention suitable fOr oral administration may· be 
presented &8 discrete units such &8 capsules, caplets, sachets or tablets each 
containing a predetennlned amount of the active ingredient; as a powder or 
granules; as a solution or a suspension in an aqueous or non-aqueous liquid;· or 

1 O as an oi-in-water llqukl emulsion or a water-in-oil liquid emulsion. The active 
ingredient may also be presented as a bolus, electuary or paste. 

A tablet may be made by compression or moulding. optionally with one or more 
accessory.ingredients. Compressed tablets may be prepared by compressing in 

15 a suitable machine the active ingredient in a free-flowing fonn·such as a powder 
or granules, . optionally mixed with a binder (e.g. povidone, gelatin, 
hydroxypropylmethyl cellulose), lubricant. Inert diluent. preservative, disintegranf 
(e.g. sodium stan:h glycoUate, cross-linked povidone, cross-linked sodium 
carboxymethyl celulose) surface-active or dispersing agent. Molded tablets 

20 may be made by rnotding in a suitable machine· a mixture of the powdered 
compound moistened with an Inert liquid diluent. The tablets may optionally be 
coated or scored and may be fonnulated so as to provide stow or controlled 
Rllaasa of the active ingredient therein using, for example, hydroxypropylmethyl 
cellulose in varying proportions to provide the desired retease profile. Tablets 

2S may optionaUy be provided with an entaric coating, to provide release in parts of 
the gut other than the stomach. 

Fonnulations suitable for topical administration in the mouth Include lozenges 
comprising the active ingredient In a flavored basis, usually sucrose and acacia 

30 or tragacanth; pastilles comprising the active ingredient In an Inert basis such as 
gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising the 
active ingredient in a suitable tiquid carrier. . 

Formulations for rectal administration may be presented as a suppository with a 
35 suitable base comprising for example ex>coa butter or a salicylate. 

SUBSTITUTE SHEET (RULE 26) 



W097/25316 PCl'/EP97f00018 

-10-

Formulations suitable for vagi~al administration may be presented as pessaries, 
tampons, creams, gels, pastes, foams or spray fonnulations containing in 
addition to the active ingredient such carriers as are known in the art to be 

s appropriate. 

Fonnulations suitable for parenteral administration include aqueous and non­
aquaous isotonic sterile injection solutions which may contain anti-oxidants, 
buffers, bacteriostats and solutes Which render the formulation isotonic with the 

10 blood of the intended recipient: and aqueous and non-aqueous sterile 
suspensions which may include suspending agents and thickening agents. The 
fonnulations may be presented in unit-dose or multldose sealed containers, for 
example, ampules and vials, and may be stored tn a freeze-dried (lyophiHzed) 
condition requiring only the addition of the sterile liquid carrier, for example water 

15 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, 
20 dally sub-dose, as herein above recited, or an appropriate fraction thereof, of an 

active ingredient. 

It should be understood that in addiion to the ingredients particularly mentioned 
above the formulations of this invention may include other agents conventional 

2S in the art having regard to the type of fonnulation in question, for example, those 
suitable for oral administration may indude such further agents as sweeteners, 
thickeners and flavoring agents. 

The compounds according to the invention may be employed alone or in 
30 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 compound of the formula (I) 
or a physiologically functional derivative thereof and at least one other 
physiologically acceptable agent The active ingredient(s) and physiologically 

35 acceptable agents may be administered together or separately and, when 
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administered separately this may occur simultaneously or sequentially in any 
order. The amounts of the active ingredient(s) and physiologically acceptable 
agent(s) and the relative timings of administration will be selected in order to 
achieve the desired combined therapeutic effect. Preferably the combination 

s therapy involves the administration of one compound of the formula (I) or a 
physiologically functional derivative thereof and one of the agents mentioned 
herein belOw. 

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

the treatment of herpes virus infectioils are acyclovir. penclclovir, famciclovlr (the 
1 o diacetate ester of penciclovir), 2-[(2-amino-1,6-dihydro-6-oxo-9H-purin-9-

yl)methoxy]-ethyl L-valinate. phosphonoformic acid and phosphonoacetic acid, 
ganciclovir, (S )-1-(3-hydroxy-2-phosphonyl methoxypropyl)-cytosine (HPMPC), 
and Oxetanocin G. 

Most preferably the combination therapy involves the joint use of one of the 
15 above· named agents together with one of the compounds of formula ·(t) 

specifically named herein. 

The present invention further provides a process for producing a compound of 
formula (I) or a physiologically functional derivative thereof as hereinbefore 

20 defined which process comprises: 

2S 

(A) reacting a compound of fonnula (II) 

(wherein R\ R2 and R3 are as herelnbefOre defined) with a compound of 
fonnufa (Ill) or a protected form thereof 

SUBSmlJTE SHEET (RULE 26) 



. WO 97125316 PCT/EP97/80018 

-12-

(wherein L Is a leaving group and n is hereinbefora defined); 

s (B) reacting a compound of fonnula (IV) 

Cl 

Cl 
(JV) 

(wherein n and R1 are hereinbefore defined) or a protected form thereof, with a 
10 suitable reagent or reagents and/or under conditions serving to convert the 

compound of formula (IV) into a compund of fonnula (I): 

(C) reacting a compound of formula (V) or a protected form thereof 

M 

15 
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(wherein L1 is a leaving group preferable a halo group such as Cl, Br, F and I, 
and R3 and n are hereinbefore defined); 

(D) reacting a compound of formula (I) or (V) or a protected form of either 
5 (wherein compounds (I) and (V) are hereinbefore defined and wherein R3 

represents H) with an alkyl lithium base and subsequently reacting the 
intermediate with an electrophilic agent selected to effect the change of R3 

(wherein R3 is hereinbefore defined) to any group other than H. 

Preferably in step (0) the initial reaction with the alkyl lithium base (preferably 
lo sec-butylithium) is carried out at low temperature (preferably at below -20°C) 

with protected forms of the compounds of formula (I) or (V). The secondary 
stage of converting the intermediate species to compounds of formula (I) is 
effected using a suitable electrophile to produce the desired R3 group, ·for 
example, C1-4alkyl or C2.ealkenyl halides, carbon dioxide, halogenating 

15 reagents or carbonyl compounds. Such steps may be carried out in accordance 
with the procedures described in V. Snleckus. Chem. Rev., 1990, vol. 90, page 
879-933. 

20 

Preferred pn>tecting groups are silyl protecting groups, preferably t-butyldlmethyl 
sllyl. 

Compounds of formula (Ill) may be prepared in accordance with the procedures 
described in Depres & Greene, J.Org.Chem. 1fHi2. 27:2395-2398. 

Compounds of formula (IV) may be prepared by reacting a compound of formula 
25 (Ill) with 1,2,4-trichloro-5-nitrobenzene (commercially available Aldrich). 

Compounds of fonnula (V) may be pr8pared by reacting a compound of formula 
(VI) 
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(VI) 

(wherein R3 Is heretnbefore described) with N-halo succinimide (commercially 
available. Aldrich}. 

The intennediates of formula (V) were also found to have antiviral activity and 
represent a further feature of the invention, preferable wherein L 1 is Br. 

The following examples are intended for Ulustration only and are not intended to 
10 limit the scope of th& invention in any way. The term "active ingredients• as used 

In the examples means a compound of formula (I) or a physiologically functional 
derivative thereof. 

15 

20 

Example 1 

(lg..2a.4a}{4-(2-Brornp-5.8-dicblgm-1 H-benzjrnktazol-1-yl)-1.2-cyclopan\Ylane) 

di methanol 

a) (la.2a.4q,)-1.2-DimetbaDQI cydopentane+oJ 

To a 3 L flask equipped with an overhead mechanical stirrer, 500 mL addition 
funnel. low temperature thennometer and nitrogen inlet, was added 1 M lithium 

aluminum hydride in tetrahydrofuran (Aldrich Sure Seal, 1.1 L) using a canula. 

The solution was stirred and cooled (dry ice/acetone bath) to 10°C (internal 

25 temperature) and a solution of cis-dimethyl-4-oxa.1,2-cyclopentanedicarboxylate 
(68.0 g, 0.340 mol) (Gais et al., J. Org. Chem . .uma. 54:5115-5122) in 

tetrahydrofuran (Mallinckrodt, 500 ml) was added dropwise so that the internal 
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temperature did not rise above OOC (ca. 2 h). The cooling bath was removed 
and the reaction was allowed to warm to room temperature and stirred two 
hours. Sodium fluoride (Aldrich 99%. 289 g) was added in several portions, and 
the resulting slurry was stirred 1 hour at room temperature and then cooled to 

s ooc (NaCl/ice bath} as a solution of water (205 ml) in tetrahydrofuran (500 ml) 
was added so that an internal temperature of ooe was maintained. After the 
addition was complete (ca. 3 hours), the reaction was allowed to warm to room 
temperature and stirred for 1 hour. The slurry was suction-flltered and the filter 
plug was broken up and stirred in 20:4:1 tetrahydrofuran-methanol-water (1500 

10 ml) untD the solids were free-flowing, then suction-filtered again. This process 
was repeated with additional 1 :1 methanol-tetrahydrofuran (1 L) and the 
combined filtrates were concentrated under reduced pressure, co-evaporating 
with absolute ethanol to a viscous oil. The ol was dissolVed in 5:1 chloroform­
methanol (500 ml} and suction-filtered through a plug of flash silica gel, eluting 

IS with additional solvent (ca. 500 ml) until tic of the filtrates on silica gel plates 
developed in 10% methanol-chlorofonn and visualized with phosphomofYbdic 
acid .reagent (200/o In ethanol, Aldrich) showed no product. The combined 
filtrates were concentrated under reduced pressure, co-evaporating with 
absolute ethanol, affording the title compound as a colorless syrup (50.5 g, 

20 97%); 1H-NMR (DMSO-d5, 200 MHz)&: 4.58 (m, 3, 3 OH), 4.01 (m, 1, CHOH}, 
3.53 and 3.38 (both m, 2 each, 2Ctl20H), 2.01, 1.86, 1.22 (each m. each 2. 
cyclopentyl CH), contains ca. 4% of the 4b-isomer by Integration of multiplet at 
4.11 (30H). 

2S &lal. C&lcd. for C7H1403-0.35 H20: C, 55.14; H, 9. 72. Found: C, 55.02; H, 
9.78. 

30 

b) (5a'-q,. 88'-q.. T-B)-HexahYdmspirol,wrJobexane-1,3'-1 H-eyckpnta[IJM .3] 
dloxepjn)-7-ol . 

Freshly distilled cyclohexanone (Aldrich, 400 ml) was added to a 1 L flask 
containing (la,2u,4a.)-1,2-dimethanol cyclopentane-4-ol (Part a, 16.9 g, 0.116 
mmof), p-toluenesuJfonic add monohydrate (0.045 g, 0.236 mmol, Aldrich, 99%) 
and 20 g of 4 A molecular sJeves (Davidson, 8-12 mesh, pre-dried at 8000C). 

35 The mixture was stoppered and vigorously stirred at room temperature for 24 
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hours at which point tic on silica gel plates developed with 10% methanot­

chloroform indicated completion. Sodium bicarbonate (0.044 g, 0.525 mmol) 

and chlorofonn (300 ml) were added and the mixture was suction-filtered 

through a plug of flash silica gel, washing with additional chloroform (500 ml). 
s The solvents were evaporated under reduced pressure and the residual solid 

was recrystallized from hexanes-ethyl acetate, affOR:ling the tiUe compound as a 
white solid (22.53 g, 86%), m.p. 92-950C. 

10 

Amil. Cslcd. for C13H220a: c, 68.99; H, 9.80. Found: c, 69.14: H, 9.89. 

c) (5a'-q, T-g., 811-a)=Huahydmspjm(cyclohexane-1.a•;.1 H­

cyctopenta(l)(1,3Jdloxepin)=Z-ol 

· 1s To a stirred solution of (5a'-a., 8a'-a., 7'-~)-hexahydrospiro(cyclohexane-1,3'-1H­

cyclopenta[e][1,3]dioxepin)-7-ol (Part b, 22.5 g, 99.4 mmol), triphenylphosphine· 

(Aldrich, 27.7 g, 104 mmol as 99%) and glacial acetic acid (6.00 ml. 104 mmol) 

at OOC, under nltn>gen was added dropwise diethyl azodicarboxylate (Aldrich, 
16.9 mL, 104 mrnol as 97%) over a 0.5 hour period. The resulting slurry was 

20 allowed to wann to room temperature, stirred an additional 2 hours. then placed 

In the refrigerator overnight. Triphenyl phosphine oxide and diethylhydrazine 

dlcarboxylate were removed by suction-filtration. The filtrate was diluted with 
10:1 hexanes-ethyl acetate and washed with saturated aqueous sodium 

bicarbonate. Concentration and addition of more hexanes precipitated the 

2S remaining Mltsunobu byproducts. The filtrates were suction-filtered through a 

plug of flash silica gel 60 (230-400 mesh), eluting product with 20% ethyl 

acetate-hexanes. Volatiles were evaporated and the residual oil was dissolved 

in 1 :1 tetrahydrofuran-meltanol (200 ml) and stirred with 1 N aqueous sodium 

hydroxide (50 ml) ovemight at room temperature. The reaction mixture was 

30 diluted with water, extracted with chlorofonn, and the combined organic layers 

dried (sodium sulfate), filtered, and concentrated. Recrystallization from 

hexanes-ethyl acetate gave the title compound as white needles (17.2 g. 76%), 

m.p. 110oC. 

35 Anal. Calcd. for C13H22oa: c. 68.99; H, 9.80. Found: c, 69.02; H. 9.79. 
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d) (Jq. 2g,, 4g)-[4-(5,6-djcb\oro-1H-benzjmidaznl·1-yl)-1.2-

cyclopentylern;W:ljmethanot 

PCTJEP97/00018 

s (5a'-a,7'-a8a'-a)-Hexahydrospiro(cyclohexane-1,3'-1 H-cyclopenta[e][1,3] 
dioxepin)-7-ol (Part c, 3.00 g, 13.3 mmol), triphenylphosphine (Aldrich, 4.17 g, 
15.9 mmol, as 99%), 5,6-dichlorobenzimldazole (Townsend and Revankar, 
Chem, Bev . .19.m. 70:389, and references cited therein) (2.98 g, 15.9 mmot) 
were stirred in anhydrous tetrahydrofuran (Aldrich Sure Seal, 80 ml) at OOC 

10 (extemal ice bath} under nitrogen as a solution of diethyl azodicarboxytate 
(Aldrich, 2.50 ml, 15.9 mmol as 97%) In tetrahyclrofuran (20 ml) was added 
over 30 min. The reaction was allowed to wann to room temperature, stirred 36 
hours, then diluted with chloroform (500 ml) and washed with o·.1 N aqueous 
sodium hydroxide (100 ml}. The organic layer was dried (sodium sulfate), 

15 filtered, and the solvents evaporated under reduced pressure. The residual ·gum 
was dissolved in tetrahydrofuran (200 ml-) with 0.1 N HCI (20 ml) and stirred at 
room temperature for 72 hours at which point tic on silica plates developed With 
10% methanol-chloroform indicated the presence of ca. 10% starting material. 
An additional 20 ml of 0.1 N hydrochloric acid was added and stirring continued 

20 for 24 h. The pH was then adjusted to 6-7 with 1 N sodium hydroxide and the 
solution was concentrated under reduced pressure, coevaporating with ethanol, 
affording a solid which was purified by ftash chromatograpl!y on sHtca gel 60. 
The tiUe compound was eluted with 5-26% methanol-chloroform as a white solid 
(3.17 g, 76%). m.p. 192-195oC. 

2S 

Aoal. Calcd. for C14H1eN202Q2: C, 53.35; H, 5.12, N, 8.89, Cl, 22.50. Found: 
C, 53.49; H, 5.09, N, 8.83, Cl, 22.57. 

e) (lg..2q..4g.)-[+(2-Baxno-!Ui-dictJlmp-1 H-bepzjmidamt-1-ld)-1 2-

30 cyclopentylenaldlmetbyl Dlacetate 

To a stirred solution of (lcx,2°'94clH4-{5,6.dichloro-1H-benzimidazol-1-yl)-1.2-

cyclopentylene)dlmethanol (Part d, 2.90 g, 9.20 mmo\} in anhydrous pyridine 
(100 ml) was added acetic anhydride (4.30 ml. 46.0 mmol). After 12 hours the 

35 reaction mixture was concentrated under reduced pressure, coevaporating with 
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toluene to a viscous oil. Ethanol (ca. 5 ml) was added (with external ice 

cooling) and the mixture was again coevaporated with tolune (2x) until acetic 

acid odor was absent. The oil was redissolved in chlorofonn (200 ml) and 

washed successively with 0.1 N HCI (50 ml), saturated aqueous sodium 
s bicarbonate (50 ml), and brine (50 ml). The organic layer was dried (sodium 

sulfate) then suction-filtered through a· plug (3x4 an) of flash silica gel 60, 
washing with 5% methanol-chloroform (200 ml). Evaporation of the solvents 
under reduced pressure left a light brown gum (3.92 g) which was dissolved in 
anhydrous tetrahydrofuran (Aldrich Sure Seal, 70 ml), heated to reflux under 

10 nitrogen with stirring, and N-bromosuccinimlde (Aldrich, 3.28 g, 18.4 mmol) was 

added in one portion. After 1 O min. at reflux. tic on silica gel plates developed 
with 2% methanol-chloroform indicated the reaction was complete. The yellow 
solution was cooled to room temperature, diluted with chloroform (500 ml) and 

washed with saturated aqueous sodium bicarbonate (3 x 100 ml). The organic 

ts layer was dried (sodium sulfate), filtered, and concentrated under reduced 

pressure, providirig a brown gum which was purified by flash chromatography on 
slica gel 60. The title compound eluted with 60% ethyl acetate-hexanes- as an 

off-white solid (3.22 g, 75%) which was chromatographically homogeneous by 

Uc and had 1H-NMR identicat with that described below. Such a sample was 

20 reaystallized from absolute ethanol. affording title compound as a white 

crystaDine solid, m.p. 107-109oC; mass spectrum (Cl/CH4) 476.9 (63%), 478.9 

(100%). 480.9 (49%); 1H-NMR (CDC13, 200 MHz)&: 8.07, 7.97 (both s, 1 each, 
benzimidazole CH), 5.04 (m, 1, CHN). 4.23 (m, 4, 2CJ::120Ac), 2.61 (m, 2, 
cyctopentyl CH), 2.21 (m. 4, cyclopentyl CH), 2.08 (s, 6, 20Ac). 

2S 

Aoal. Calcd. for C1sH19BrC12N204: c, 46.21; H, 4.01,_ N, 5.86, Br, 16.71, Cl, 
14.83. Found: C, 45.31: H, 4.03, N, 5.91, Br, 16.66, Cl, 14.79. 

f) (1 q 2q,4a)-[4-(2-Bromo-5Jktichlgro-1 H-benzjmjdazol-1-yl)-1.2-

30 eyclopentylene)dimetbanol 

(lcx,2u,4a)-[4-(2-Bromo-5,6-dichloro-1H-benzimidazol-1-yl)-1,2-

cyclopentylene)dimethyl diacetate (Part e, 2.90 g, 6.06 mmol) was dissolved in 

1: 1 methanol-ethanol (200 ml). A solution of sodium carbonate (640 mg, 6.06 

35 mrnol) in water (40 ml) was added and the reaction mixture was stirred 5 hours 

SUBSTITUTE SHEET (RULE 26) 



•. 

WO 97.12531' PCT/EP97/00018 

-19-

at room temperature. The pH was then adjusted to 5 with glacial acetic acid and 
the solvents evaporated in vacuo. The residual solid was slurried in water until 

the solids were free-flowing, then suction-filtered and dried overnight in vacuo 
affording the title compound as a white solid (2.27 g, 98%), m.p. 190-1950C: 

S mass spectrum (Cl/CH4):392.8 (60%), 394.8 (100%), 396.8 (46%); 1H-NMR 
(CDCla, 200 MHz)d: 8.44, 8.41 (both s, 1 each, benzlmldazole CH), 4.98 (ri1, 1. 
CHN), 4.98 (bs. 2, 20H), 3.68 (m, 4, 2Ctt20H), 2.30-1.95 (m, 6H cyclopentyl 

CH). 

10 Aoal. Calcd. for C14H15BrCl2N202: C, 42.67; H, 3.84, N, 7 .11, Br, 20.28, Cl, 
17.99. Found: C, 42.74; H, 3.91, N, 7.10, Br, 20.23, Cl, 17.95. 

Example2 

15 (la.,2a,4a)-[4-(5.6-Qjcbtorp-2=(wcfo.pTQQylamino):1 H-benzjmjdazol-1-yl)-1.2- ··. 

cglapentmne]dimefbanol 

A solution of (lu,2u.4a.H4·(2-bromo-5,6-dichloro-1H-benzimidazol:;.1-yl)-1,2-

cyclopentylene)dimethanol (Example 1, 500 mg, 1.27 mmol) and cyclopropyl 
20 amine (Aldrich, 4.30 ml, 6.34 mmol) in absolute ethanol (20 mL) was refuxed 

under nitn>gen for 4 days at which point tic (silica gel plates developed with 5% 

methanol-chlorofonn) indicated complete conversion to lower Rf product. 1 N 
sodium hydroxide (1.3 mL) was added and the reaction mixture was 
concentrated under reduced pressure. The residual solids were 

2S chromatographed on sUica gel 60. Tiiie compound was eluted with 10% 
methanol-chloroform as a white foam, after evaporation of solvents (370 mg, 
79%), m.p. 190-2QOOC~ mass spectrum (Cl/CH4): 370.0 (100%), 372 (67%); 
1 H-NMR (CDCl3, 200 MHz)&: 7.79, 7 .44 (both s. 1 each. benzimidazole CH), 
7 .25 (bs, 1, NH), 4.91 (t, J= 4.3 Hz. 20H}, 4. 71 (m, 1, CHN), 3.68 (m, 4, 

30 2CJ::120H), 2.78 (m, 1, NCJ:f-c-Pr), 2.21-1.95 (m, 6, cyclopentyl CH), 0.73 (m, 2, 
o-Pr H), 0.56 (m, 2, c-Pr H). 

35 

6oal. Calcd. for C17H21C12N302: C, 55.14: H, 5.72, N, 11.35, Cl, 19.15. 
Found: C, 55.01; H, 5.83, N, 11.14, Cl, 19.02. 
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Example3 

(1 q.2a..41»=(4-(2==8mmo-5.6-djcbloro-1 H-benzjmijazgt-1-yl)-1.2-cyc!opentylena] 

di methanol 

a) (I q.2a.,4p)-(4-fJU5-Dicblgm-1 H-benzimjdaml-1-yl)-1.2-

cyclopantylene]dimetbanol 

Mitsunobu reaction (Mitsunobu, Synthesis .1SlU.. 1-28), deblocking, and 
10 purification were carried out as in Example 1, part d, using(5a'-a,8a'-a,7'-P)­

hexahydrospiro(cyclohexane-1,3'=1 H-cyclopenta[e](1,3]dioxepin )-7-ol (Example 
1, part b, 3.21 g, 14.2 mmol}, triphenylphosphine (Aldrich, 4.51 g, 17.01 mmol as 
99%), 5,6-dichlorobenzimldazole (Townsend and Revankar, Chem. Ray. ism. · 
70, 389, and references cited therein) (3.18 g, 17.01 mmol) in anhydrous 

IS tetrahydrofuran (60 ml) and a solution of diethyl azodicarboxylate (Aldrich. 2.80 
ml, 17.01 mmol as 97%) in tetrahydrofuran (20 ml). Tatle compound was 
obtained as a white solid (2.58 g, 63%). m.p. 163oC. 

Anal. Cslcd. for C14H1sN202Cl2: c, 53.35; H, 5.12, N, 8.89, Cl, 22.50. Found: 
20 C, 53.38; H, 5.19, N. 8.81, Cl, 22.40. 

b) (lq,2a 4p)-[4-l.2-Bmmo-5.6-dlr.b!gro-1 H-benzjmjdazol-1-yl)-1.2-

cyclopentylene)dlmetbyl Diacetate 

25 Acetylation, bromination, and purification was carried out as in Example 1, part 
e, starting with (la, 2a, 4PH4-(5,6-dichloro-1H-benzimidazol-1-yl)-1,2-

cyclopentylene]dimethanol (Part a of this example, 2.50 g, 7.93 mmol), acetic 
anhydride (3.70 ml, 40.0 mmol) in pyridine (50 ml), then N-bromosuccinimide 
(2.82 ·g, 15.83 mmol) in tetrahydmfuran (70 ml). providing the title compound as 

30 a white solid (3.30 g, 87%), m.p. 125-130..C; 1H-NMR (CDCl3, 200 MHz)~: 
7.99, 7.96 (both s, 1 each, benzimidazole CH), 5.36(m,1. CHN), 4.12 (apparent 
d, J= 6.1 Hz. 4, 2CJ:120Ac). 2.88 (m, 2,· 2Cl:lCH20Ac), 2.41-2.04 (m, 4, 
cyclopentyl CH), 2.07 (s. 6, 20Ac). 
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Anal. Calcd. for C1aH19BrC'2N204: c. 45.21; H. 4.01, N. 5.86, Br, 16.71, Cl, 
14.83. Found: C, 45.15; H, 4.14, N, 5.74, Br, 16.63, Cl, 14.83. 

c) (lq.2a 4PH4:(2-Brpmo-5,6-djcbloro-1 H-benzjmjdaml-1-yl)-1.2-

5 cyclopentylene}dimetbanol 

Deblocking and purification was carried out as in Example 1, part f, starting with 
(la.,la,4~)-(4-(2-bromo-5,6-dichtoro-1 H-benzimidazol-1-yl)-1,2-
cyclopentylene)dimethyl diacetate (Part b of this example, 3.15 g, 6.59 mmol) in 

10 1:1 methanol-ethanol (260 ml) and a solution of sodium carbonate (0.70 g, 6.59 
mmol) in water (40 ml) and 1 hour reaction time, to provide the title compound 
(2.23 g, 86%), m.p. 155-1620C; 1H-NMR (COCl3, 200 MHz) 3: 7.97, 7.88 (both 
s, 1 each, benzimidazole CH), 5.39 (m, 1, CHN), 4.65 (bt, J-1 Hz , 2, 20H), 3.54 
(m, 4, 2CJ:120H), 2.63-2.1 O (m, 6, cyclopentyl CH). 

15 

20 

!ml. Calcd. for C14H15BrCl2N202·0.60 H2(): C, 41.16; H, 4.10, N, 6.86, Br, 
17.S6, Cl, 19.56. Found: C, 41.18; H, 4.04, N, 6.87, Br, 17.38, Cl, 19.59~ 

Exampte4 

(lg. 2q. 46)=[+(5.6-Pichloro-2-(cyclopmpytamjno)-1 H-benzjmjdazol-1-yl)-1.2-

~ 
pentyleDftldlmetbanol 

2S A solution of {la..2a,4llH4-(2-bromo-5,6-dichloro-1H-benzimidazol-1-yl)-1,2-
cyclopentytene] dimethanol (Example 3, part c, 500 mg, 1.22 mmol) in 

cyclopropyl amine (10 ml) was stirred and heated (BOOC, external bath) in a 
Parr bomb for 12 hours. 1 N sodium hydroxide (1.22 ml) was added, the 
solvents removed under reduced pressure, and the resulting solid purified by 

JO flash chromatography on silica gel 60. 8ution with 2-10% rnethanol-chlorofonn 

gave an off-white foam which was slurried in ethanol-water and suction-filtered, 
providing the tlUe compound as a white sotid.(360 mg, 80%), m.p. 21soc; mass 
spectrum (Cl/C1i4): 370.0 (100%), 372.0 (69%); 1H-NMR (CDCl3, 200 MHz)& 
7.49, 7.29 (both s, 1 each, benzimidazole CH), 7.19 (bs, 1, NH), 4.89 (m, 1, 
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CHN), 4.56 (bt, J= 4.9 Hz, 2, 20H), 3.57-3.38 (m, 4, 2CJ:120H). 2.76 (m, 1, NCJ::i­
c-Pr), 2.01 {m, 6, cyclopentyl CH), 0.73 (m, 2, c-Pr H), 0.56 (m, 2, c-Pr H). 

Anal. Calcd. for C17H21Cl2Na02: c, 55.14; H, 5.72, N, 11.35, Cl, 19.15. 
S Found: C,55.37; H, 5.81, N, 11.12, Cl, 18.87. 

Exampla5 

(l a2a.4§)-[4=(5.6-Picbtoro-2-(isopmpylamina)-1 H-beozjmidazol-1-yl)=1.2-cyclo 
1 O pentylene}cHmethanol 

( 1 a,2a,4P)-[4-(2-Bromo-5,Eklichloro-1 H-benzimidazol-1-yl)-1,2-cyclopentylene] 
dlmethanol (Example 3, part~ 600 mg, 1.47 mmol), isopropyl amine (1.80 ml, 
21.9 mmol, Fluka) in absolute ethanol (5 ml) was refluxed 3 days. An_additional 

15 1.80 ml of lsopropyl amine was added and refluxing continued for 24 hours. 1 
N sodium hydroxide (1.50 ml) was added, the reaction was concentreted under 
reduced pressure and the residual solid purified by flash chromatography on . 
silica gel 60. Elution with 10% methanol-chloroform and evaporation of solvent 
gave a solid foam which was slurried in water, then suction-filtered to give the 

20 title compound as a white solid (430 mg. 79%), m.p. 206-2090C; 1 H-NMR 
(CDCl3, 200 MHz)3: 7.40, 7.26 (both s, 1, benzimidazote CH), 6.67 (bd, J = 7.5 
Hz. 1, NH), 4.97 (m, 1, CHN), 4.58 (t. J= 5.1 Hz. 2, 20H), 4.03 (m, 1 H, 
CHNCHMe2), 3.59-3.39 (m, 4, 2CH2QH), 2.02 (m, 6, cyclopentyl CH), 1.24 (d, 
J= 6.6 Hz. 6, 2Me). 

2S 

30 

Anal. Calcd. for C17H23Cl2Nsoa: C, 54.85, H. 6.23, N, 11.29, Cl, 19.05. 
Found: C, 54.77, H, 6.20, N, 11.21, Cl, 18.97. 

Examples 

( J a.2a..4J})-4-(2-Bmrno-5.§.dictiloro-1 H-benzimldaml-1-yl)-1.2-cyclopentanedio! 

a) Benzyl N-(.3-cyclm>enten-1-yl)carbamate 
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A solution of 3--cyclopentene-1-carboxyllc acid (Depres and Greene, J. Org. 

Chem • .1i62,, 27:2395-2398) (30.5 g, 0.272 mole) In dry benzene (360 ml) was 

stirred while a solution of diphenylphosphoryl azide (Aldrich, 74.85 g, 0.272 mole 
as 97%) and triethylamine (41.7 ml. 0.299 mole) in benzene (130 ml) was 

s added over 20 minutes. The solution was refluxed for 2 hours and then benzyl 

alcohol (32.4 mL, 0.313 mole) was added. The solution was refluxed for 20 

hours, cooled, and concentrated in vacuo to a brown oil. A solution of the oil in 
ethyl acetate (600 ml) was washed with 0.5 N hydrochloric acid (300 ml), then 

water (2x350 ml), then saturated aqueous sodium bicarbonate (300 ml). and 

10 dried (sodium sulfate). Evaporation left title compound as white solid (41.0 g. 
89%). 1 H-NMR consistent with structure. Recrystallization of such a sample 

from ethyl acetate-hexanes gave benzyl N-{3-eyclopenten-1-yl)carbamate as 

colorless waxy crystals, m.p. 56-57oC. 

15 Aoat. Calcd for C13H15N02: C, 71.87; H, 6.96; N, 6.45. Found: C, 71.79; H. 

6.94; N, 6.48. 

20 

b) (lp.3a.4&Benzyl N-Q.4-dibydroxy-1-cyglgpentyl}glrbamate and (1-a. 3-a. 

4a,l-Benzyl N-Q.4-djbydroxy-1-cydopeptyl)carbamate 

A solution of benzyl N-{3-cyclopenten-1-yl)carbamate (Example 6, part a, 
28.0 g, 0.128 mole). N-rnethyl morpholine N-oxide (Aldrich! 25.1 ml of 60% 
aqueous solution. 0.145 mole), and osmium tetroxide (Aldrich, 2.6 ml of 2.5% 

solution in t-butanol) in acetone (350 ml) was refluxed for 8 hours. An 

2S additional 2.6 ml of the osmium tetmxide solution was added and reflux 

continued for 5 hours. The solution was concentrated in vacuo and the residual 

oil was chrornatographed on silica gel. Elution wHh 10% methanol-chloroform 

gave fractions containing {1-t.l. 3-a, 4a.)-benzyl N-(3,4-dihydroxy-1-

cyclopentyl)carbamate as a white solid (9.2 g, 28%). m.p. 136-138°C. 
30 

&Jal. C81cd for C13H17N04·0.20 H2(>: C. 61.26: H, 6.88; N. 5.50. Found: C, 
61.26; H, 6.67; N, 5.56. 

Continued elution of the column gave fractions containing a mixture of title 
35 compounds (4.0 g, 12%) followed by fractions containing pure (1a, 3a, 4~)-
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benzyl ~3.4-dihydroxy-1-cyclopentyl)carbamate as white solid (7.50 g, 
23%), m.p. 105-107 °c. 

Anal. Calcd for C13H17N04: C, 62.15; H, 6.82; N, 5.58. Found: C, 61.98; H, 
S 6.97; N, 5.51. 

c) (lq.2a,4L\)=4-(4.5-Qlcblorp-2-nltmaniling)-1,2-cyclgpentanecibd DJacetate 

A solution of (lp,3u,4P)-benzyl N-(3,4-dlhydroxy-1-cyclopentyl)carbamate 

10 (Example 6, part b, 11.0 g, 43.8 mmol) in acetic acid (250 ml) was shaken with 
10% palladium on carbon (1 g) under hydrogen (45 psi) on a Parr shaker for 

1.25 hours at ambient temperature. The catalyst was filtered off (Celite) and 

volatiles evaporated in vacuo. The residual oil was dissolved in dry dioxane 
(100 ml)-N,N-dimethylformamlde (15 ml) and refluxed with anhydrous 

15 potassium carbonate powder (24.2 g, 0.175 mole as 98%) and 1.2.4-trichloro-5-
nltrobenzene (Aldrich, 10.17 g., 43.8 mmol as 97%) for 4 days under n_itrogen 

atmosphere. Solids were filtered off and the filtrate was concentrated in vacuQ 
to a red oil. The oil was stined with pyridine (100 ml)-acetic anhydride (11 ml) 
at ambient temperature for 24 hours. Volatiles were evaPQrated and the residue 

20 dissolved in chloroform. The chloroform solution was washed with saturated 
aqueous sodium bicarbonate, then saturated aqueous sodium chloride. and 
dried (sodium sulfate). Evaporation of volatiles gave title compound as a yellow 
solid (10.8 g, 63%). Such a sample, after elution from a silica gel column with 
chloroform gave title compound as yellow crystals, m.p. 164-166 °c. 

25 

&ull. Calcd forC15H1sN205Cl2: C, 46.05; H, 4.12; N, 7.16; Cl, 18.12. Found: 
C, 45.98; H, 4.16; N. 7.08; Cl, 18.16. 

d) (la.2ri,41)H-(2-Bmmg-5.fi.dicbkup-1 H-benzjmjdazn!-1-yl)-1.2-

30 cyclgpentaoedjyl pjac;etate 

A mixture of (lu,2u,4~)-4-(4,5-dlchloro.-2-nltroanilino)-1,2-cyclopentanediyl 

diacetate (Example 6, part c, 10.8 g, 27 .6 mmol), iron powder (Fisher 
electrolytic, 94.5%, 7.71 g, 138 mequiv), and ferrous sulfate heptahydrate 

35 (Aldrich, 3.84 g, 13.8 mequtv) in 3:1 ethanol-water (300 ml) was refluxed with 
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stintng for 1.5 hours. Solids were filtered off and the filtrate concentrated in 
vacuo to a brown oil. A solution of the oD in chloroform (125 ml) was refluxed 
with triethylorthofonnate (6.9 ml, 41.4 mmol) and methanesulfonic acid (0.18 
ml, 2.76 mmol) for 1.0 hour. The cooled solution was washed with saturated 

s aqueous sodium bicarbonate (75 ml) and dried (sodium sulfate). Volatiles were 
evaporated in vacuo and the raslduat oll was dissolved in dry tetrahydrofuran · 
(150 ml) and reftuxed whle solid N-bromosuccinimide (Aldrich, 9.82 g, 52.2 
mmole) was added in one portion. Reftux was continued for 20 minutes. The 
cooled solution was dHuted with chloroform (200 ml) and washed with saturated 

10 aqueous sodium bicarbonate (75 ml), then water (3x75 ml), and dried (sodium 
sulfate). Volatiles were evaporated in vacuo and the residual solid was 
chromatographed on sillca gel. Title compound was eluted with 1 % methanol­
chloroform as a white solid, crystallized from ethyl acetate-hexanes (6.73 g, 
54%), 1H-NMR in DMSO-d5 consistent with structure. Recrystallization of such 

15 a sample from ethanol gave (la..la,41))-4-(2-bromo-5,EkJichloro-iH­
benzlmidazol-1-yl)-1.2-cyclopentanecfayl diacetate as white crystals, m.p. 180-
1820c. 

Anal. Calcd for C1eH15N2<J4C12Br: C, 42.69; H, 3.36; N, 6.22; total halogen as 
20 Cl, 23.63. Found: C, 42.86: H, 3.43; N, 6.15: total halogen as Cl, 23.53. 

e) (Jq, 2q,, 41)-4-(2-Brpmo-5,§-dicblom-1 H-benzimjdazol-1.yl)-1 ,2• 

<Wommtanediol 

25 (1~4~}4-(2-Brorno-5,6-dlchloro-1H-benzimidazol-1·yl)-1,2-cyclopentanediyl 

diacetate (Example 6, part d, 640 mg, 1.42 rnmof) was added to a mixture of 
sodium carbonate (150 mg) and 1:4:4 water-methanol-ethanol (27 ml) and the 
mixture stined for 1.25 hours at ambient temperature. Volatiles were 
evaporated in vacuo after neutralization with glacial acetic acid. The residual 

30 solids were reaystallized from ethanol-water to give CJq 1A.4.P)-4-(2-bromo-5,6-
dichloro-1 H-benzimidazol-1-yl)-1,2-cyclopentanediol as white crystals (340 mg. 
65%), m.p. 100-105 °c; 1H-NMR (DMSO-d&)&: 7.96 and 7.89 (both s, 1 each, 2 
aromatic CH), 5.4-5.3 (m, 1, NCH), 4.84 (d, J = 4.3 Hz. 2, 2 OH). 4.4-4.3 (m, 2. 2 
OCH), 2.36-2.00 (two m, 4, 2 CH2). 

35 
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Aoal. Calcd for C12H11 N2()2Cl2Br: C, 39.38; H, 3.03; N, 7 .65; total halogen as 
Cl, 29.06. Found: C, 39.20; H, 3.17; N; 7.56; total halogen as Cl, 28.95. 

ExampteZ 

(lq..2qADl+(5.6-Djcbloro-2-lcyglmugpPlrnlno)-1 H-benzlmicJam!-1-y!]-1.2-
cyclapentanediol 

A solution of (1 a..2a.,4Jl)-4-(2-bromo-5,6-dichloro-1 H-benzimidazol-1-yl)-1,2~ 
10 cyclopentanediyt diacetate (Example 6, part d, 600 mg, 1.33 mmol) and 

cyclopropylamine (Aldrich, 0.92 ml, 13.3 mmol) in absolute ethanol (10 ml) was 
refluxed 36 hours. An additional 0.47 ml of cyclopropylamine was added and 
reftux continued for 16 hours. 1 N sodium hydroxide (1.3 ml) was added to th~ 
cooled solution and volatiles were evaporated in vacuo. The residual tan oil was . 

15 chrolnatographed on silica gel. The tiUe compound eluted with 5% methanol-. 
chloroform as white crystals, after crystallization from ethyl acetate-hexanes 
(352 mg, 77%), m.p. 235-236 °c; 1H-NMR (DMSO-d5)8: 7.47 and 7.25 (both s, 
1 each, 2 aromatic CH}, 7 .30 (d, J = 2.1 Hz. 1, NH), 5. 15-4.90 (m, 1, NCH), 4. 75 
(d, J = 3.5 Hz. 2, 20H), 4.3-4.2 (m, 2, 20CH), 2.8-2.7 (m, 1, CH). 2.2-1.85 (m. 4, 

20 2CH2). 0.8-0.5 (m, 4, cyclopropyt). 

Aoal. Calcd for C15H17N302Cl2: c, 52.65; H, 5.01: N, 12.28; Cl, 20.72. 
Found: C, 52.69; H, 5.09; N, 12.22; Cl, 20.80. 

25 Examgle8 

(lq 2ft.4§)=4·(5.8-Qicblom-2-{isopmpylamjno)-1 H-benzjmjdazol-1-y0-1.2-

cyctopentanedio! 

30 A solution of (la.,2a,4~)-4-(2-bramo-5,6-dichloro-1H-benzlmidazol-1-yl)-1,2-

cyclopentanediyl diacetate (Example 6, part d, 550 mg, 1.22 mmol) and 
lsopropylamine {Fluka, 1.04 ml, 12.2 mmot) in 2-methoxyethanol (15 ml) was 
refluxed for 8 hours. 1 N sodium hydroxide (1.2 ml) was added to the cooled 
solution and the volatiles were evaporated in vacuo. The residual oU was 

35 chromatographed on silica gel. Tiiie compound eluted with 15% methanol-

SUBSTITUTE SliEEI' (RULE 26) 



W097/2531Ci PCT/EP97/00018 

-27-

chloroform as white crystals, after crystallization from ethyl acetate-hexanes 
(270 mg, 64%), m.p. 200-201 °c: 1H-NMR (DMSO-d&)S: 7.39 and 7..21 (both s, 
1 each, 2 aromatic CH), 6.84 (d. J = 7.6 Hz. 1, NH), 5.2-5.0 (m, 1, NCH), 4.75 
(m, 2, 20H), 4.3-4.2 (m, 2, 20CH), 4.1-3.9 (m, 1, CHNH), 2.2-1.9 (m, 4, 2CH2). 

S 1.22 {d, J = 6.4 Hz, 6, 2Me). 

6Qal. Calccf for C15H19N302C12: C, 52.33; H, 5.56; N, 12.21; Cl~ 20.60. 
Found: C, 52.28; H, 5.54; N, 12.11; Cl, 20.53. 

10 Example 9 

(la.,2a.AL\)=4-15,6-Qjcbloro-2-(azetidinyl)-1 H-benzjmjdazol-1-yl]-1.2-
cyrJgpentanedjoJ 

15 A solution of (la.,2a,4p)-4-(2-brorno-5,6-dichloro-1 H-benzimidazot-1-yl)-1,2-
cyclopentanedioJ (Example 6, part e, 350 mg, 0.95 mmol) and azetidine (Aldrich, 
250 mg, 4.4 rrmol as 98%). in absolute ethanol (15 ml) was refluxed for ·45 
miiutes. 1 N sodium hydrmcide (1.0 ml) was added to the cooled solution and 
the volatUes were evaporated in vacuo. Crystallization of the residual solid from 

20 ethanol gave title compound as white crystals (245 mg, 75%), m.p. 247-249 °c; 
1H-NMR (DMSO-d&)&: 7.56 and 7.42 (both s, 1 each, 2 aromatic CH), 5.0-4.2 
(m, 3, NCH and 20H), 4.3-4.2 (m, 2, 20CH), 4.18 (t. J = 7.6 Hz, 4, 2CH2N), 
2.45-1.8 (m, 6, 3CH2). 

2S 6Dal. C&lcd for C15H17N302Cl2: C, 52.65; H, 5.01; N, 12.28; Cl, 20.72. 
Found: C, 52.83; H, 5.19; N, 12.09: Cl, 20.62. 

Example 10 

30 (la, 2a, 4Pl+m.8-PicblQJQ:2-(tsd-butylsmino}-1 H-beozbnjdml-1-yl]-1.2-
cyclopentanldiol 

A solution of (la,2a,4p)-4-(2-bromo-5,6-dichloro-1 H-benzimidazol-1-yl)-1,2-
cyclopentanediyl diacetate (Example 6, part d, 750 mg, 2.00 mmol) in tert-

35 butylamine (Aldrich, 10 ml) was heated with stirring in a Parr bomb at 150_C for 
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3 days. 1 N sodium hydroxide (2.0 ml) was added to the cooled solution and 
the volatiles were evaporated in vacuo. The residual brown oil was 
chromatographed on sUica gel. Title compound eluted with ethyl acetate as 
white crystals, after crystaUization from ethanol-water (380 mg, 49%), m.p. 113-

s 116 °c; 1H-NMR (OMSO-de)&: 7.44 and 7.23 (both s, 1 each, 2 aromatic CH), 
6.39 {s, 1, NH), 5.25-5.05 (m, 1, NCH), 4.75 (d, J = 3.7 Hz. 2, 20H), 4.3-4.2 (m, 
2, 20CH), 2.2-1.9 (m, 4, 2CH2), 1.48 {s, 9, 3Me). 

Anal. Calcd for C1eH21N302Cl2·1.5 H20: c, 49.88; H, 6.28; N, 10.91; Cl, 
10 18.40. Found: C, 50.04: H, 6.31: N, 10.82; Cl, 18.17. 

Example 11 

(la. la. 4q)-4-(5.6-Djchloro-2=(jsoprgpylamino)=1 H-benzimjdazol-1-yl)-1.2-

15 cyclopentanedJol 

a) (la. 2q1 4a)-4-(4,5-Qjchlmp-2-n1troanmno)-1 2-cyclopentanediol 

A solution of (la,3a,4p)-benzyl N-(3,4-dihydroxy-1-cyclopentyl)carbamate 
20 (Example 6, part b, 7.30 g, 29.1 mmol) in ethanol (250 ml) was shaken with 

10% palladium on carbon (750 mg) under hydrogen (45 psi) on a Parr shaker for 
5.0 hours at ambient temperature. The catalyst was filtered off (Cellte) and 
volatiles evaporated in vacuo. The residual oH was dissolved in dry dioxane 
(100 ml)-N,N-dimethylformamide (10 ml) and refluxed with anhydrous 

2S potassium carbonate powder (12.0 g, 87.2 mmole as 98%) and 1,2,4-trichloro-5-
nitrobenzene (Aldrich, 6.78 g., 29.1 mmol as 97%) for 3 days under nitrogen 
atmosphere. Solids were filtered off and the filtrate was concentrated in vacuo 
to a red oil. The oil was chmmatographed on silica gel. Tiiie compound was 
eluted with 10% methanol-chlorofonn as yellow solid (4.80 g. 53% ). Such a 

30 sample was reaystallized from ethyl acetate to give title compound as yellow 
aysta!s, m.p. 137-139_0c. 

Anal. Calcd for C11H12N204Cl2: C, 43.02; H. 3.94; N, 9.12; Cl, 23.09. Found: 
C, 43.21; H, 4.01; N, 8.99; Cl, 22.95. 

35 
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b) (1a,2a,4a)+(.2-Bmqp{i6-cUchlom·1 H-benzimidezol-1-yl)-1.2-

cyg.,nanldjyl Qiacetate 

A mbdure of (la,2a,4a)-4-(4.~ichloro-2-nitroanilino )-1,2-cyctopentanediol (Part 
s a of this example, 4.55 g, 14.8 mmol), iron powder (Fisher electrolytic, 94.5%, 

4.36 g, 74.1 mequiv), and ferrous sulfate heptahydrate (Aldrich, 2.00 g, 7 .40 
mequlv) in 3:1 ethanol-water (300 ml) with 3 drops of concentrated aqueous 
hydrochloric acid was refluxed with stirring for 3.0 hours. Solids were filtered off 
and the filtrate concentrated in vacuo to a brawn oil. A solution of the oil in 

10 chloroform (50 ml) was reftuxed with triethylorthofonnate (19.6 mL, 118 mmol) 
and methanesulfonic acid (0.10 ml, 1.50 mmol) for 1.5 hours. Volatiles were 
evaporated in vacuo and the residual oil was dissolved 1 N hydrochloric acid (50 
ml) and stirred at ambient temperature for 1.0 hour. The solution was 
neutralized with 1 N sodium hydroxide, volatiles evaporated and the residue· 

15 dissolved in 5% methanol-chloroform and filtered through silica gel. The filtrate 
was concentrated to a tan solid which was stirred in pyridine (50 ml)-acetic 
anhydride (4 ml) at ambient temperature for 24 hours. Volatiles were 
evaporated In vacuo. The residual oil was dissolved in chloroform. The 
chloroform solution was washed with saturated aqueous sodium bicarbonate, 

20 then water, and dried (sodium sulfate). Evaporation of volatiles left an oil which 
was dissolved in tetrahydrofuran (25 ml) and brought to reflux. N­
bromosuccinimide (2.91 g. 60.1 mmol) was added to the refluxing solution in one 
portion. Reflux was continued for 10 minutes. Workup as in Example 6. part d, 
afforded the title compound as white crystals (2.58 g, 38%), m.p. 205-207 °c. 

25 

6oal. Calcd for C1aH15N204Cl2Br: c, 42.69: H, 3.36: N, 6.22; total halogen as 
Cl, 23.63. Found: c. 42.63: H, 3.30; N, 6.16; total halogen as Cl, 23.66. 

c) (la,2m,4a.)=4-[5.6-Qjcblgro-2-(iBopnmtaming)-1 H-benzimida70L1 -yl]-1.2-
30 cyclopentane<f jol 

A solution of (la,2a,4a)-4-(2-bromo-5,&dichloro-1 H-benzimidazol-1-yl)-1,2-
cyclopentanediyl diacetate (Part b of this example, 600 mg, 1.33 mmol) was 
converted to title compound by the procedure of Example 8. Crystallization from 

35 ethanol-water gave title compound as white crystals (200 mg, 44o/o), m.p. 228-
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230 °c; 1H-NMR (DMSQ..d5)6: 7.78 and 7.35 (both s, 1 each, 2 aromatic CH), . 

7.28 (d, J = 7.3 Hz, 1, NH), 5.34 (d, J = 3.7 Hz, 2, 20H), 5.04.8 (m, 1,CJ:l.NH), 
4.0-3.8 (m, 3, 20CH and NCH). 2.3-2.1and2.05-1.9 (both m, 4, 2CHs). 1.24 (d, 

J = 6.5 Hz. 6, 2Me). 

Allal. Celcd for C15H19N302C12·0.25 H20: C, 51.66 H, 5.64; N, 12.05; Cl, 
20.33. Found: C, 51.52; H, 5.45; N, 11.84: Cl, 20.44. 

Example 12 

(:t)-(tq.2P.4aH4-(2-Bmmg-5Jklicbloro-1H-benzimktazot-1 .. yt)-1,2-

cyc1openty1ene] 
dimethyl pjpiyalate 

lS a) (:t)-(l qJp.4g)-1.2-QjrDethanol cyclopentane-4-ol 

By the method of ·Example 1, part a. (:t)-trans-dimethyl-4-oxo-1.2-
cyclopentanedicarboxylate (Legraverend et al., Hetemcycles l.BS1. 32: 1785-
1792; 8.40 g, 41.9 mmol) was reduced to give title compoundas an off-white 

20 solid (5.80 g, 95%), after solidification from ethyl acetate-methanol; m.p. 57-59 
oc. 

&lal. Ca!cd. forC7H140a: C, 57.51; H, 9.65. Found: C, 57.29: H, 9.56. 

2S b) (%)-(1 a. 2p. 4q)-[4:(6.6-Plcblorp-1 H-b9nzjm!dazol-1-yl)-1.2-cyclgpentyJene) 

dimethyl Qlpjyalate 

A solution of (:t)-(lcx,2P,4a.)-1.2-Dirnethanol cyclopentane+ol (part a of this 
example, 5.40 g, 17.18 mmol) and pyridine (21 ml, 130 mmol) In m~thylene 

30 chloride (50 ml) was cooled (brineflce bath) and trimethylacetyl chloride (8.1 O 
ml, 65.13 mmol) was added over 20 minutes. The solution was stirred 30 

minutes, diluted with ethyl acetate (500 ml) and washed with 0.1 N HCI (500 
ml) then water (200 ml). The organic layer was dried (sodium sulfate), filtered, 
concentrated in vacuo, providing an oU which was purified by chromatography 

35 on .silica gel 60. Elution with 10 % ethyl acetate-hexanes removed undesired 
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(:t)-(Ja,2P,4a)-[4-(5,6-Dichloro-1H-benzimidazole-1-yl)-1,2-cyclopentylene) 
dimethyl tripivalate (2.50 g). Continued elutiOn with 50% ethyl acetate-hexanes 
gave (:t)-(1u, 2p, 4 u)-(4-hydroxy-1,2-cyclopentylene)dimethyl dipivalate as an 
oU (5.40 g, 50%) which was reacted with 5,6-dichlorobenzlmidazola (Townsend 

s and Revankar, Chem. Rey.1910, 70. 389, and references cited therein) (3.85 g, 
20.6 rnmol) as described In example 1, part d. The residual oil was 
chromatographed on silica gel eluting with 50% ethyl acefate..hexanes. 
Concentration gave the title compound along with 30% hydrazine diethyl 
dlcarboxyate (NMR) which ·was removed by dissolving the mixture in ·diethyl 

JO ether (200 ml) and washing with water (5 x 25 ml). The organic phase was 
dried (sodium sulfate), concentrated in vacuo and the oil solidified from hexanes 
affording the title compound (5.25 g, 63%) as a white solld. Concentration of the 
filtrates and reprecipltation gave additional title compound (1.40 g, 17o/o), m.p. 
117-119 °c. 

JS 

Anal. Cslcd forC24H32N2(>4Cl2: C, 59.63; H, 6.67; N, 5.79; Cl, 14.67. Found: 
C, 59.78; H, 6.71; N, 5.78; Cl, 14.46. 

c) (t.)·(Jg, 2L\. 4q):[4-(2-Bmmo-S.§.dicbkuo-1H-benzjmktazol..1-yl)-1.2-
20 cyclopantJllQlldimetbyl Plpivalate 

By the method of Example 1, part e. (:t)-(la,21J,4u}i4-(5,6-dichloro-1 H­
benzimidazol-1-yl)-1,2-cyclopentylene]dimethyl dipivalate (Part b of this 

example, 5.07 g, 10.5 mmol)was brominated. Trituration of the aude product in 
2S hexanes gave the titte compound as an off-white solid (4.99 g. 85%), m.p. 129-

1300c. 

30 

35 

&lal. Calcd for C24Ha1N204BrCl2: c. 51.26; H, 5.56; N, 4.98; Br, 14.21; Cl, 
12.61. Found: C, 51.18; H. 5.57; N, 5.03; Br, 14.20; Cl, 12.60. 

Example 13 

(:t)-(J a.. 2p. 4aH+(5.6-Dichloro-2-(cyclopmpylarnino)-1 H-benzimjdazol-1-yJ)-

1.2-cyclopentylene)dimetbanol 
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a) (:t)-(1 a. 21,\. 4a)-(4-(5.6-Qk;bforp-2-(cyclq1mpytam;oo)-1 H-benzjmklazol-1-yt) 

1.2-cyclgpentylent)dlrnattM Qipjvalate 

A solution of (:t)-(la,2P,4a.)-[4-(2-Brorno-5,6-dichloro-1 H-benzirnidazol-1-yl)-1 ,2-
5 cyclopentytene)dlmethyl dipivalate (Example 12, part c, 1.50 g, 2.67 mmol), 

cyclopropyl amine (9.0 ml., 50 mmol) in absolute EtOH (20 ml) was refluxed 
under nitrogen for 1 day. The yeUow solution was diluted with ethyl acetate (200 
ml), washed with dUute sodium bicarbonate (2 x 50 ml), and the organic phase 
was dried (sodium sulfate), then concetrated in vacuo. The residual solid was 

10 triturated in 20% ethyl acetate-hexanes affording the title compound as a white 
crystalline solid (1.31 g, 94%), m.p. 92-94 °c. 

IS 

Anal. Calcd forC27H37N304Cl2: C, 60.22; H, 6.93; N, 7.80; Cl, 13.17. Found: 
C, 60.27; H, 6.98; N, 7.70; Cl, 13.15. 

b) (:t)-(1 <L 2p. 4g.)-ff-(5.6-Qichlom-2-IAfClopmpylamjna)-1 H-b8nzimidazol-1-yl)-
1.2-cyckmentylene)dimetbanof 

(:t)-(1 a,2J\,4a.)-[4-(5,6-0ichloro-2-(cyclopropylamino )-1 H-benzimidazol-1-yt)-1,2-
20 cyclopentylene]dimethyl dlpivalate (part a of this example, 1.20 g,, 2.23 mmol) 

was refuxed in 0.5 N NaOH (40 ml) and ethanol (20 ml) for 2 hours. The 
yellow solution was adjusted to pH 7 with 1 N NaOH, concentrated to dryness, 
and purified by silica gel chromatography. Elution with 10% methanol­

chloroform gave 0.702 g of the trirnethylacetic acid salt of title compound. This 
2S solid was dissolved in ethanol (20 ml). then passed through a 3x1 cm column of 

Amberltte IRA-400 (OH- form) ion-exchange resin (Aldrich) with ethanol (50 ml). 
Concentration and trituration in water gave the title compound (0.260 g, 31%) as 
an off-white solid, m.p. 229-231 °c: 1H-NMR (DMSO-de) a: 7.50, 7.46 (both s, 
each 1, benzimidazole H), 7 .20 (bs, 1, NH), 4.83 (t, J= 4.9 Hz, 1, OH), 4.68 (t, J= 

30 5 Hz, 1, OH), 4.68 (m, 1, CHN), 3.57-3.33 (m, 4, 2C.l::f20H), 2. 76 (m, 1, Clic-Pr), 
2.29-1.76 (m, 6, cyclopentyl H), 0.74, 0.56 (each m, each 1, c-Pr CJ:12). 

35 

Anal. Calcd for C17H21N302Cl2·0.10 EtOH·0.05 H20: C, 54.98; H. 5.82; N, 
11.18; Cl, 18.87. Found: C, 54.95; H, 5.90; N, 11.09; Cl, 18.91. 
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(;t)-{I a 'PAa)-[+(5.s.f)ichlom-2-(jsopm~amino)-1 H-benzjmklazol-1-yl)-1.2-

cyclgpenWlene}djmetbanol 

a) (:tH1tt.2 £\AaH4(5,6-Qk;bloro-2-(jsopmpylamlng)-1 H-benzjmidazol-1-yl) 

1.2-cycl<pntylene}dirnethvt Piplvalate 

By the method of part a of Example 13, (~)-(1~ 2fS, 4a)-{4-{2-Bromo-5,6-dichlom-

IO 1 H-benzimk:lazol-1-yl)-1 ,2-cyclopentylene}dimethyl dipivalate (part c of Example 
12, 1.00 g, 1.78 mmol)) was reacted with isopropyl amine affording the title 

compound, after solidification from ethyl acetate-hexanes. as a white solid (0.95 
g, 98%), m.p.140-145 oc. 

15 Amil. Calcd for C27H39N304Cl2: c. 60.00; H. 7 2.7; N, 7.77; Cl, 13.12. Found: 

20 

C, 59.81: H, 7.26; N, 7.73;Cl, 13.19. 

b) (t)=(lq, 2p. 4a)-[4-(5,6-0icblgro-2-(tsoprop.vtam!ng)-1 H-beozimidaZQ1;1-yl)-
1·.2-cyclopentylenl}dimetbanol 

(t)-(la,2p,4u)-[4-(5,6-Dk:hloro-2-(isopropylamino)-1H-benzlmidazol-1-yl)-1.2-

cyclopentylene)dimethyl dipivalate (part a of this example, 0.84 g, 1.70 mmoJ) 
was rafuxed in 0.5 N NaOH (40 ml) and ethanol (30 ml) for 2 hours. The 
colorless solution was acidified to pH 1 by adding 1 N HCl ( ca. 20 ml) and co-

25 evaporated with water (3x). The tiUe compound was isolated as Its 
hydrochloride salt. after filtration and washing with wtaer, as a whle solid (0.60 
g, 78%), m.p. 175-180 oc: 1H-NMR (DMSO-d&) 5: 8.66 (br s, 1, NH), 7.86, 7.63 

(both s, each 1, benzimldazole H), 5.01 (m, 1, CHN), 4.02 (m, 1, CHMe2). 3.59-

3.35 (m, 4, 2CJ:l20H). 2.35-1.87 (m, 6, cyclopentyl H), 1.32 (d, J = 6.2 Hz, 2, 
30 2Me). 

&ml. Calcd for c11H23N302Cl2·1.0 HCl·1:0 H20: c. 47.64; H, 6.16; N. 9.80; 
Cl, 24.82. Found: C, 47.76; H. 6.45; N, 9.66; Cl, 24.57. 

35 Example 15 
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(lg 2aAIJH4-(5.8-DjQh!onH-jodo-2-(isopmpylam!no)=1 H-b@nzjmjdazol-1-yl)-1.2-

cyclopentyJeoe)dimetbanol 

S a) (5a'-q. 8a'-q.. r-p)-Hexabydrosplm(,eyclohexane-1.3'-1H-cyclopenta(I) 

[;1.~]diQxepin)-7-yl rnettJanesulfonate 

A solution of (5a':a,8a'::a.. 7'-P)-hexahydrospiro(cyclohexane-1,3'· 1 H­
cyclopenta[e][1,3]dioxepin)-7-ol (Example 1, part b, 10.5 g, 46.4 mmol) and 

IO triathylamine (9. 7 ml. 65 mmol) in anhydrous methylene chloride (200 ml) was 
cooled (ice bath), with stirring, as methanesulfonyl chloride (4.0 ml, 51 mmol, 
as 98%) was added dropwise over 10 minutes. After 15 minutes, the sluny was 
washed sequentially with ice-cooled portions (100 ml each) of water, 0.5 N HCI, 
and brine. The organic layer was dried (sodium sulfate) and suction-fdtered 

ts through a plug of silica gel (2 x 5 cm), eluting with ethyl acetate (2 x 50 ml). 
Concentration provided a colorless oU which solidified upon standing affording 
the tiUe compound as a white crystalline solid (14.07 g, 99%), m.p. 90-94°C. 

Amil. Calcd for C14H240sS: C, 55.24; H, 7.95; S, 10.53. Found: C, 55.12; H. 
20 7 .99; s, 10.59. 

b) (6a'-a. 8a'-a. 7'-a)-IUi-Dlchlom-1-[haxabydmspjm(Qdobexane-1,3'·1 H­
cydcpnta[e][1,3]djoxepln)=7'-Y0-2-(isopropyJaroino)-1 H-benzimidazole 

25 To a stirring solution of 5,6-dlchloro-2-isopropylamino-benzimidazole (PCT 
Application No. GB95.01597, 10.3 g, 42.2 mmol) in anhydrous tetrahydrofuran 
(200 ml), under nitrogen, was added potassium telf.t>utoxide (Aldrich, 40 ml, as 
1 M in tetrahydrofuran). The brown solution was heated to 60 oc for 30 minutes 
and (5a'-a.8a'-a,7'-p)-hexahydrospiro(cyclohexane-1,3'-1 H-

30 cyclopenta[e)[1,3]dioxepln)-7-yl methanesulfonate (part a of this example, 12.9 
g, 42.2 mmol) in tetrahydrofuran (50 ml) was added in one portion (syringe). 
The reaction mixture was stirred 24 h. diluted with chloroform (500 ml) and 
washed with water (2 x 100 ml). The organ;c extracts were dried (sodium 
sulfate) and concentrated in vacuo to a brown solid which was chromatographed 
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on silica get The title compound eluted with 10-50% ethyl acetate-hexanes as 

an off-white foam (16.6 g, 82%), m.p. 157-159 oc. 

Aoal. Calcd for C23H31 N3C1202: C, 55.24; H, 7 .95; S, 10.53. Found: C, 55.12; 
s H, 7 .99; S, 10.59. 

c) (1q ,2a. 4DH4-(5,6-D1cb1Qro+igdo-2-(1aopmpytamlno.)-1H-benzjmjdazol-1· 
yl}1.2-eyclopmrtylene]dirnetbano! 

10 To a stirring solution of (6a'-u, 8a'-u, 7'-u)-5,6-dichloro-1-
(hexahydrospiro(cyclohexane-1,3'·1 H-cyclopenta(e][1,3]dioxepin)-7'·yl)·2-
(isopropylamino)-1 H-benzimidazole (part b of this example, 1.00 g, 2.21 mmol) 
In anhydrous tetrahydrofuran (15 ml) under nitrogen at-78 oc·(dry ice/acetone) 

was added dropwise sec-butyl lithium (Aldrich, 8.6 ml, as 0.90 M in hexane) 
1 s. over 5 miniutes. The resulting yellow slurry was stirred 1 hour and a solution of 

iodine (1.75 g, 7.74 mmol) in tetrahydrofuran (1 ml) was added. The reaction 
was poured into saturated aqueous sodium hydrogen carbonate (100 mL)·and 
extracted with chloroform (2 x 100 ml). The combined organic extracts were 
washed with a dilute solution of aqueous sodium thiosulfate (50 ml), dried 

20 (sodium sulfate), and concentrated to dryness. Purification by chromatography 

on sUica gel 60, eluting with 10-50% ethyl acetate-hexanes provided a 
chromatographically homogeneous white solid (0.79 g, 62%) whose 1H-NMR 
and mass spectrum were consistent with structure. Deblocking was carried out 

by stirring In tetrahydrofuran (10 ml) and 1 N HCI (1.5 ml) for 12 h. The tiUe 
25 compound was obtained as a white solid after suctlon-fdtmtion, washing with 

water, and drying (0.44 g, 55%), m.p. 238-241°C dee.: 1H-NMR (DMSO-de~: 
8.20 (bs. 1, NH), 7.42 (s, 1, aromatic CH), 5.16 (m, 1, NCH), 5.20-4.00 (brd, 3, 2 

OH and 1 HCI), 4.30 (m, 1, NCJ:l+Pr), 3.62-3.37 (m, 4. 2 CH20H), 2.52 (m, 2, 
CH), 2.05 (m, 4, CH), 1.31 (d, J = 6.4 Hz, 6, 2 Me). 

30 

35 

&lal. Calcd for C17H22N302Cl2I • 1.0 HCI • 1.0 H20: C, 36.95 H, 4.56; N, 
7.60; Cl, 19.24, I, 22.96. Found: C. 36.98; H.-4.50; N, 7.60; Cl, 19.24, I, 22.90. 

Example 16 
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(1 Cl.2aAP)-[4-(5.6-Qjchlom+bmmo-2:(isoprogytamino.)-1 H-benzlmtdaznl-1-yl)-

1,2-eyclopmtytenQllmetbanql 

By the method of Example 15, part c. (6a'-u,8a'-a,7'-u)-5,6-dlchloro-1-

s [hexahydrospiro(cyclohexane-1,3'-1 H-cyclopenta[e][1 ,3]dloxepin)-7'-yl)-2-
(isopropylamino)-1 H-benzimidazole (1.0 g, 2.21 mmol) was llthiated and 

quenched at -78 oC with bromine (ca. 0.3 ml) untU color persisted. Workup 
and purification as described provided the 1ftle compound as a hygroscopic salt 
which was neutralized with 1 N NaOH in methanol. Concentration, trituratlon In 

10 water, and drying provided the title compound as a white solid (0.29 g, 35% 
overall), m.p. 195-198 _C: 1H-NMR (DMS0-d&)6: 7.30 (s, 1, aromatic CH), 6.87 

(bd, J = 7 .6 Hz, 1, NH), 4.98 (m, 1, NCH), 4.59 (bs, 2, 20H), 4.16 (m, 1, NCH·i· 
Pr), 3.54-3.35 (m, 4, 2 CH20H). 2.02 (m. 6, CH), 1.26 (d, J = 6.4 Hz, 6, 2 Me). 

15 &lal. C&lcd for C17H22N302Cl2Br: C, 45.25 H, 4.91; N, 9.31; Cl, 15.72, Br, 
17~71. Found: C, 45.28: H, 4.96; N, 9.22: Cl, 15.67, Br, 17.67. 

Example 17 

20 (lq 2q,4Jj)=(4.5Jl-Tdcblgm-2-(laopmpylamjno.W H-benzjmidazol.1-yl)-1.2-c;yclo 

pentylene)dlrnathano! 

By the method of Example 15, part c. (6a'-a,8a'-a,7'-a.)-5,6-0ichloro-1-
[hexahydrospiro(cyclohexane-1,3'-1H-cyclopenta(e][1,3]dioxepin)-7'-yl]-2-

2S (isopropylamino)-1 H-benzimidazole (1.0 g, 2.21 mrnol) was lithlated then 

treated at-78 oC with hexachloroethane (0.50 g). Workup and purification as 
described gave the title compound as a white hydrochloride salt (0.35 g, 40% 
overall), m.p. 184-186 °C; 1H-NMR (DMSQ..de)&: 8.27 (bs, 1, NH), 7.~2 (s, 1, 
aromatic CH), 5.20 (m. 1, NCH), 4.80-4.00 (brd, 20H and 1 HCI). 4.24 (m, 1, 

30 NCl:l-1-Pr), 3.60-3.30 {m, 4, 2 CH20H), 2.00 (m, 6, CH), 1.31 (d. J = 6.4 Hz. 6, 2 

Me). 

35 

Anal. Calcd forC17H22N302Cl3 • 1.0 HCI • 1.2 H2(): C, 43.93 H, 5.51; N, 9.04; 

Cl, 30.51. Found: C, 43.99; H, 5.86; N, 8.98; Cl, 30.74. 
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Example 18 

(lq.2RADl-l+(5.6-D1chloro+metbyl-2-(lsopmpylamjng)-1 H-benzimidazol-1-yl)-

1.2=eyclopentvlene}d!methanol 

(lg.2q.4(S)-(4-(5,6-Dichloro-2-(isopropylamino )-1 H-benzimidazol-1-yl)-1,2-cyclo 
pentylene)dlmethanol (Example 5, 1.10 g, 3.31 mmol) in anhydrous N,N­

dlmethyl fonnamide (10 ml) was treated with imidazole (0.71 g, 10.0 mmol) then 

tert-butyldirnethylsUyl chloride (1.10 g, 6.94 mmol, as 97%). After 15 minutes 
10 methanol was added and volitiles removed in vacuo. The residual solid was 

purified by chromatography on slllca get, eluting with 5-20% ethyl acetate­

hexanes, affording a brittle foam (1.50 g, 85%) which was homogeneous by tic 

and showed NMR and mass spectrum consistent with structure. A solution of 

this compound in anhydrous tetrahydrofuran (15 ml) was stirred at -78 oc (dry 

15 ice/acetone) and treated dropwise with Sfl'C-butyl lithium (Aldrich, 8.9 ml, as 0.90 
M in hexane) over 5 minutes. The resulting slurry was stirred 1 hour, treated 

with methyl Iodide (0.5 ml) for 15 minutes, then quenched with 1 N HCI (8.0 ml) 

and allowed to warm to room temperature. The mixture was extracted with 
chloroform (50 ml) and the organic extracts dried (sodium sulfate), and 

20 concentrated to dryness. Purification on silica gel by eluting with 5-50% ethyl 

acetate-hexanes gave a chromatographically homogeneous brown oft (1.48 g, 
98%) which showed NMR and mass spectrum consistent with structure. 
Desilylation was accomplished by stirring In tetrahydrofuran (25 ml) and 1 N 
hydrochloric acid (2.5 ml) for 24 hours. The neutralized solution (1 N sodium 

2S hydroxide) was concentrated and purified by chromatography on silica gel. The 
title compound eluted with 10% methanol-ethyl acetate as a white solid (0.55 g, 
61%). m.p. 160-162°C; 1H-NMR (DMSO-ds)6:7.15 (s, 1, aromatic CH), 6.55 
(bd, J= 7.4 Hz, 1, NH), 4.96 {m, 1, NCH), 4.58 (t, J = 5 Hz. 2, 20H), 4.13 (m, 1, 

NCH-i-Pr). 3.56-3.39 (m, 4, 2 CH20H), 2.47 {s, 3, Me), 2.50 (m, 2, CH), 2.01 (m, 
30 4, CH), 1.25 {d, J = 6.4 Hz 6, 2 Me). 

Anal. Calcd for C1sH25N302Cl2: c, 55.96 H, 6.52; N, 10.88; Cl, 18.35. Found: 

C. 55.87; H, 6.52; N, 10.84: Cl. 18.39. 

35 Example 19 
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(%)-{la,2p.4a.)-4::{5e8-Dk;blom-2-(lsopmpylamjog)-1 H-benzimidaml-1-yl)-1.2-
eyckmentanediol 

S a) tert-Butyl N-(3-cyclopenten-1-yl)carbarnate 

To a solution of 3-cyclopentene-1-carboxylic acid (J • .P. Depres and A. E. 
Greene, J. Org. Chem. 1984; 49:928-931; 29.71 g, 0.261 mote), triethylamine 
(36.4 ml) in t-butanol (1 L) was added diphenylphosphoryl azkie, Aldrich, 97% , 

10 74.0 g. 0.261 mmole). The solution was maintained at 60_C for 4 hours. 
Cuprous chloride (1.3 g) was added and stirring continued at ambient 
temperature for 18 hours. Volatiles were evaporated and the residue was 
dissolved in methylene chloride (1250 ml) and washed with ·10 o/o aqueous 
sodium carbonate (2 x 250 ml) and dried (magnesium sulfate). Volatiles were 

IS evaporated and the residue was chromatographed on a silica gel coJumn. Title 
compound was eluted with chloroform as white crystals. from hexanes (22.63 g, 
47%). m.p. es-10°c. · 

AnaL Cslcd for C10H17N02: C, 65.54 H, 9.35; N, 7.64. Found: C. 65.53; H. 
20 9.40: N, 7.59. 

b) (ti=( lg. 21\. 4q)+(4.5.pjchlOTQ:2-ojtmanUjno)-1.2-cyplope,ptanediol 

To a cooled f1C8 bath) mixture of m-chloroperbenzoic acic (Aldrich. 80%, 12.98g. 
2S 60.1 mmol) in methylene chloride (110 ml) was added a solution of tett-butyl N­

(3-cyclopenten..1-yl)carbarnate (11.0 g, 60.1 mmol) in methylene chloride (110 
ml). The mixture was stirred at ambient temperature for 18 hours. Additiona1 
m-chloroperbenzoic acid (120 mg) was added and stirring continued for 2 hours. 
The sold was filtered off, washed with methylene· chloride (25 ml), and the 

30 combined filtrate-wash stirred with anhydrous calcium hydroxide (Aldrich, 98%, 
4.53 g, 60.1 mmol) for 4 hours. The solids were removed by filtration and the 
filtrated was concentrated to a white waxy solid. This solid was dissolved in 1 N 
aqueous sulfuric acid (120 ml) - dioxane (20 ml) and the solution was 
maintained at ao•c for 3.5 hours. The resulting solution was cooled, 

35 concentrated to 60 ml in vacuo, and washed through Ambertite IRA-400 (OH 
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form) Ion exchange resin (500 ml). Elution with water (800 ml) and evaporation 
of the water in vacuo left (:t)-(la, 2&l, 4Cl}4-amino-1,2-cyclopentanediol as a 
colorless oU (6.04 g, 87%), 1H- NMR (OMSO-d5) consistent with structure. This 
oU was converted to the title compound by methods described in Example 6, 

s part c. Clude product was eluted from a sUica gel pad With 10% methanol­
chloroform and crystallized from ethyl acetate-methanol to provide title 
compound as yellow crystals (6.34 g, 34%), m.p. 154-156°C. 

ArlaL Cslcd for C11H12N2<>2Cl2: C, 43.02; H, 3.94; N, 9.12; Cl, 23.09. Found: 
10 C;, 43.08; H, 3.97; N, 9.07; Cl, 22.99. 

c) (;t)-(J a. 2L\, 4a)+(5.6-Qjcb!oro-1 H-beozjmjdazol-1-yt)-1.2-cyctopentanediyl 

Piacetate 

15 (:t:)-(ta,2p,4a)-4-(4,5-Dichloro-2-nitroanalino )-1,2-cyclopentanediol (part b of this · 
example, 7.00 g, 22.8 mmol) was converted to tiUe compound by the methods of 
Example 6. TiUe compound eluted from a silca gel column in 5% methano!­
chloroform as a tan oH (4.68 g,55%). 

20 Anal. Calcd for C1eH15N204Cl2·0.05 EtOAc·0.25 H2(): c, 51.19; H, 4.48; N, 
7.37; Cl, 18.65. Found: C, 51.12; H, 4.46; N, 7.42; Cl, 18.78. 

25 

30 

d) (t)-(Jq. 28. 4a)+(2-Bmmo-5,fl-dichloro-1 H-tJenzjmi<fazol-1-yl)-1.2-
cyclopentanedjyl p;aqetate 

(:t)-(1 a, 215, 4a.)-4-(5,6-Dlchloro-1 H-benzimidazol-1..yl)-1.2-cyclopentanediyl 
diacetate (part c of this example. 4.62 g, 12.5 mmol) was brominated by the 
method of Example 6, part d, to give title compound as a white solid after 
solidification from ethyl acetate (4.06 g, 73%). m.p. 151-152°C. 

6Dal...Calcd for c1eH15N2()4Cl2Br: c. 42.70: H. 3.36: N, 6.22; total halogen as 
Cl, 18.05. Found: C, 42.73: H. 3.39; N, 6.15:.total halogen as Cl, 23.60. 

e) (;t)-(1 g..2p.4a)+(2-Bromo-!2.6-dicbloro-1 H-benzimjdazol-1-yl)-1.2-

35 cyc1Qpentan9diol 
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(:t)-(1a,2P,4cx)-4-(2-Bromo-5,6-dichloro-1H-benzlmldazol-1-yl)-1:J.­
cyclopentanediyl dlacetate (part c of this example~ 2.00 g, 4.44 mmol) was 
converted by the method of Example 6, part e, to give title compound as a white 

s solid, after solldlftcation from water (1.33 g, 82% ), m.p. 230-235°C dee. 1H­
NMR (DMSO-de)3: 8.92, and 7.96 (bo1tl s, 1each,2 aromatic CH), 5.61 (d, J = 
2.6 Hz.1, OH), 5.40-5.20 (m, 1 NCH), 5.11 (d, J=2.2 Hz.1, OH), 4.10-4.0 (m, 2, 
20CH), 2.70-2.30 (m, overlaplng solvent, 2CH), 2.05-1.85 (m, 2, 2CH). 

10 AnaL.Celcd for C12H11N202c12Br: c. 39.38: H, 3.03; N, 7.65; total halogen as 
Cl, 29.06. Found: C, 39.43; H, 3.07; N, 7.59; total halogen as Cl, 29.03. 

Example20 

15 (:tH1 a,21JAq)-4=(5.6-dicblom-2-(jsgpropytamjno)-1 H-benzjmjdazot-1-yl)-1 .2-
cyclOJ>IDfanadlOI 

A solution of (±)-(1u, 2p, 4u)-4-(2-Bromo-5,6-dichloro-1 H-benzimidazol-1-yl)-1 :i.­
cyclopentanedlol (Example 19, part e, 400 mg, 1.09 mrnoJ) and isopropylamine 

20 (Fluka,0.92 ml, 10.9 mmol) in ethanol (10 mL)-methoxy ethanol (5ml) was 
refluxed 24 hours. Additional isopropyl amine (1.84 ml) was added and reflux 
continued for an additional 48 hours. 1 N sodium hydroxide (1.1 ml) was added 
to the cooled solution and the volatiles removed in vacuo. The residual white 

solid was chromatographed on silica gel. 8ution with 10% methanol-chloroform 
25 gave (:t)-(1a, 2~.4a.)-4-(5,6-dichloro-2-{isopl0pylamino)-1H-benzirnidazol-1-yl)-

1,2-cyclopentane-diol isolated as a white solid from water (294 mg, n%), m.p. 
198-200_C 1H-NMR (DMSO-d5)6: 7.84, and 7.36 (both s. 1 each, 2 aromatic 
CH), 7.17 (d, j=2.5Hz, 1, NH), 5.82 (d, J = 2.5 Hz, 1, OH), 5.2o-5.00 (m, 1 NCH 
), 4.99 (d, J=2.5 Hz, 1, OH), 4.1o-3.95 (m, 3, 20CH and Cl:lNH), 2.60-2.40 (m, 

30 overlaping solvent. 2CH). 1.22 (d, J=6.5 Hz, 6, 2CH3) 

35 

AoaL.Calcd for C15H19N302Cl2Br·0.3H20:.-c, 51.53; H, 5.65: N, 12.02; total 
halogen as Cl, 20.28. Found: c. 51.45; H. 5.61; N, 12.02; total halogen as Cl, 
20.28. 
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Example21 

(1g,.2n.4DH+(4-Pjmetbylcarboxarnidl:5Jktichlgm-2-(isopl'QO.Ylam;ng)=1H­

benzinijdazol-1-yl)=1.2-cyclopemyleneldlmetbanol 

By the method of Example 15, part c, (6a'-a,8a'-a.7'-a)-5,6-dichloro-1-
[hexahydrospiro(cyclohexane-1,'Y-1 H-cyclopenta[e)f1,3]dioxepin)-7'-y1J-2-
(isopropylanino )-1 H-benzirnldazole (1.0 g, 2.21 mmot) was lithiated then 
treated at -78°C with dimethylcarbamoyl chloride (Q.35 ml, 3.80 mmol). After 

1 O 0.5 h the reaction was neutralized with 1 N HCI to pH 7, then partitioned with 
ethyl acetate and water. The organic layers were dried (sodium sulfate). 

Concentration and precipitation from ethyl acetate gave the blocked 
intermediate as a white solid (0.94 g) which was carried directly onto · 
deprotection as previously described using 1 N HCI (1.5 ml) and tetrahydrofuran 

15 (15 ml). The neutralized solution (1 N NaOH) was concentrated and purified by 
chromatography on sillca gel. The titte compound eluted with 10% methanol­
chlorofonn as a white foam (0.42 g, 71% overaU}, m.p. > 25QOC, decomp.; 1H­

NMR (DMSQ..d5)6: 7.29 (~ 1, aromatic CH), 6.74 (d, J = 7.6 Hz, 1, NH), 5.20 
(m, 1, CHN), 4.59 (t, J=4.9 Hz, 20H}, 3.34, 2.76 (each s, each 3, 2Me), 2.00 (m, 

20 1, CH), 1.24, 1.22 (each d, J= 6.5, 6.4 Hz. 2Me). 

25 

30 

Aaal. Cslcd for C20H25N403C12·0.40 tf20: C, 53.31; H, 6.44; N, 12.43; Cl, 
15.74. Found: C, 53.27; H. 6.42; N, 12.42; Cl, 15.89. 

Example22 

C1u.2u.4L\H4-(+carboxy-5.6:dicbloro-2-(isopmpytamklo,)-1 H-benz;jmktazol-1-yl)-

1.2-cyclomm\ylenimetbanol 

By the method of Example 15, part c, (6a'-a,8a'-a,7'-a)-5,6-dichloro-1-
(hexahydrospiro(cyclohexane-1,3'·1H-cyclopenta(e][1.3]dioxepin)-7'-yl)-2-
(isopropylamino)-1H-benzlmidazole (1.0 g, 2.21 mmol) was lithiated at -78 c. 
stirred 0.5 h, then carbon dio>eide (sublimation of dry ice through calcium chloride 

35 drying tube) was bubbled into the reaction at -78°C for 2 h. The resulting slurry 

SUBSTITUTE SHEET (RULE 28) 



W097/25316 PCf/EP97/000ll 

-42-

was carefully (C02 evolution) adjusted to pH 1 (ice/1 N HCI), extracted with 
methylene chloride, and concentrated to dryness. Deprotection of the crude 
carboxylic acid as described in Example 19, concentration, and purification on 
UChroprep RP-18 reverse phase silica gel (40-63 um, 50 g), eluting with 10% 

s methanol-water to give the title compound (0.50 g, 50%) as a brittle solid, m.p. > 
250 oC (decomposition); 1H-NMR (DMSO-d&) 6: 7.00 (s, 1, aromatic CH), 6.35 
(d, J = 7 Hz. 1, NH), 4.95 (m, 1, CHN), 4.65 (bs, 20H), 4.05 (m, 1, CHN), 3.60-
3.00 (m, 4, 2Cl:l20H), 2.10-1.80 (m, 6, CH), 1.20 (d, J= 6.5 Hz, 6, 2Me). 

10 Anal. Calcd for C1sH22N304Cl2Na·1.10 H20: c. 47.19; H. 5.32; N. 9.17; Cl, 
15.48; Found: C,47.46; H. 5.25; N, 9.13; Cl, 15.12. 

IS 

Exampte23 

(1q..2g.41\H+(+Elugm-5,8..dk;hlorp-2-(jsopmpylamino)-1H-benzimjdaipl-1-yl)-
1.2-qs;lopentylene)dimetbanol 

By the method of Example 15, part c, (6a'-a,8a'-a.,7'-a)-5,6-dichloro-1-
20 [hexahydrospiro(cyclohexane-1,3'-1 H-cyclopenta[e][1,3]dioxepin)-7'-yl]-2-

(isopropylamino)-1 H-benzimidazole (1.0 g, 2.21 mmol) was Hthlated then 
treated with N-fluorobenzenesulfonimlde (0.70 g~ 2.21 mmol, Allied Signal Corp.) 
and stirred 1 h. The reaction mixture was neutralized to pH 7 (1 N HCI). 
concentrated to dryness, then purified by chromatography on silica gel. Elution 

2S with methylene chloride afforded 0.70 g of a 2:1 mixture of (6a'-a,8a'-a,7'-a)-4-
fluoro-5,6-dichloro-1-[hexahydrospiro(cyclohexane-1,3'-1 H­
cyclopenta[e][1,3]dioxepin)-7'-yl)-2-(isopropylamlno)-1 H-benzimidazole and 
starting material. This mixture was deprotected as described in Example 20, 
then acetylated using acetic anhydride (1.5 ml) and pyridine (20 ml) with 

30 stirring ovemight Workup as described Example 1, part e and chromatography 
using 20% ethyl acetate-hexanes allowed removal of lower Rf 4-H­
benzimidazole. Deactylation was carried out·as desaibed in Example 1, part f. 
Chromatography of the crude product using 10% methanol-chlorofonn and 
crystallization from ethanol-water provided the title compound as a white 

35 crystalline solid (0.140 g. 15% overall), m.p. 209-211°C; 1H-NMR (DMSO-d5) 
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&:7.18 (s, 1, aromatic CH), 6.81 (bd, J= 7.4 Hz. 1, NH), 4.98 {m, 1, NCH). 4.58 (t, 
J = 5 Hz, 2, 20H), 4.07 (m, 1, NCH-I-Pr), 3.58-3.32 {m, 4, 2 CH20H), 2.02 (m, 6, 
CH), 1.25 (d, J = 6.4 Hz. 6, 2Me). 

s &Jal.. Calcd for C17H22N302Cl2F: c, 52.32 H, 5.68; N. 10.n: Cl. 18.17. 

10 

Found: C, 52.38; H. 5.72; N, 10.68; Cl, 18.09. 

Egmple24 

(1q.2q..4p)=(4-(2-Metby1·1-pmpenyl)-5.6-djcbloro-2:{ism>rogytamino)-1 H­

b&nzimldazgl-1-yl)-1.2-cyclopemytene)tjmethanol 

a) (.6a'-q..8a'-a.7':q)-(4-(2-Methyl-1-pnmeoy!)-5,6-djcbloro-1-

1 S [bexahydrospjro(Q'clohexane-1.3'-1 H-c;yclopenta(e](1.3]dloxepin)-7'-YD-2-

(isopropylamjoq))-1 H-beozjmidamle 

By the method of Example 15, part c, (6a'-a, 8a'-a, T-u)-5,6-dlchloro-1-

[hexahydrospiro(cyclohexane-1,3'-1 H-cyclopenta(e][1,3]dioxepin)-7'-yl)-2-

20 (isopropylamino)-1 H-benzimidazole (0.50 g, 1.05 mmol) was lithlated In 

tetrahydrofuran (7 ml) then treated with copper (I) bromide (0.100 g, 0.11 

mmol). The dark reaction mixture was treated with isoprenyl bromide (0.60 ml, 

5.55 mmol) and stirred 5 h at -78 oc at which point tic (silica gel developed with 

50% ethyl acetate-hexanes) indicated the presence of ca. 10% starting material. 

2S The reaction mixture was neutralized to pH 7. exracted with ethyl acetate, dried 

over sodksm sulfate, and concentrated to dryness. Chromatography on sDica 
gel, eluting with 20% ethyl acetate-hexanes afforded (6a'-a.,8a'-a,7'-a)-(4-(2-

methyt-1-propenyl)-5,lk:liehloro-1-(hexahydro-spiro(cyclohexane-1,'S-1 H­
cyclopenta(e][1,3]dioxepin)-7'-yl]-2-(isopropyl-amino))·1 H..benzimidazole as a 

30 white solid (0.40 g, 74%). m.p. 141-143°C. 

6Dal. Calcd for C27H37N302Cl2: C, 64.02; .H, 7.36; N, 8.30; Cl, 14.00. Found: 

C, 64.12; H, 7.43; N. 8.25; Cl. 13.92. 
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b) · (1q.2qAllH+<2-Metbyl-1-propenyl)-5.6-dichlorD=2-{isopropylamjno)-1 H­

b&nzimidazol-1-yl)-1.2-cyclopentvlene}dimetbanol 

(6a'-a,8a'-a,7'-a)-[4-(2-Methyl-1-propenyl)-5,6-dichloro-1-[hexahydrospiro 
s (cyclohexane-1,3'-1 H-cyclopenta(e][1,3]dioxepln)-7'-yl)-2-(isopropylamlno ))-1 H­

benzimidazole (0.300 g, Example 27, part a) was deprotected as described in 
Example 20. Chromatography on silica gel eluting with 10% methanol­
chlorofonn afforded the title compound as a white solid (0.140 g, 65%), m.p. 90-
920C; 1 H-NMR (DMSO-d6) 6: 7.20 (s, 1, aryt-H), 6.56 (d. J= 7.3 Hz. 1. NH), 4.97 

10 (m, 1, CHN), 4.72, 4.50 (each bs, each 1, =CH2). 4.58 (t, J= 5.10 Hz. 20H), 4.04 

(m, 1, CHN), 3.68-3.42 (m, 4, 2CH20H), 3.68 (bs, 2, CH2), 2.03 (m, 6, CH), 1.74 

(s, 3, CHMe), 1.25 (d, J= 6.4 Hz 6, 2Me). 

&lal. Calcd for C21H29N302Cl2·0.30 H20: C, 58.41; H, 6.91; N, 9.73; Cl, 
IS 16.42. Found: c, 58.41; H. 6.88; N, 9.n; Cl, 16.48. 

Egmpla 25 

20 (1g.2a,4QH+l.2-Metbyl-1-pmPll)-!U}dichlgro-2-(iaopmpylarnino)=1 H­

b8nzjmpazpl-1-yl)-1,2-cyc!o pentyleneJdimethanol 

{6a'-a,8a'-a, 7'-aH4-(2-methyl-1-propenyl)-5,6-dichloro-1-[hexahydrospiro 
(cydohexane-1,3'·1 H-cyclopenta[e](1,3]dioxepin)-7'-yl]-2-(isopropylamino))-1 H-

25 benzimidazole (0.40 g, prepared by the method of example 28, part a) was 

dissolved in ethanol (25 ml), treated with 10% palladium on carbon (60 mg) 

then hydrogenated in a Parr shaker at 40 psi for 12 hours. The catalyst was 
removed by filtration through Celite under reduced pressure. The colorless 
solution was concentrated to dryness and deblocked as described in example 

30 20. Chromatography on silica gel, eluting with 10% methanol-chloroform and 
recrystallization from ethanol-water gave the titte compound as a white solid 
(0.160 g, 51%), m.p.100-102°0; 1H-NMR (OMSO-de)a: 7.16 (s, 1, aryl-H), 6.51 
{d, J= 7 .3 Hz, 1. NH), 4.96 (m, 1, CHN), 4.58 (t. J= 5.0 Hz. 20H), 4.58 (m, 1, 

CHN), 3.68-3.42 (m, 4. 2CH20H}, 2.87 (d, J= 7 Hz, 2, CJ::l2CHMe2). 2.18-1.95 
JS (m, 7, CH), 1.25 (d, J= 6.7 Hz. 6, 2Me), 0.89 {d, J= 6.6 Hz, 6, 2Me). 
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Allal. Cslcd for C21H31N302Cl2·1.o H2(>: c, 56.50 H: 7.45: N, 9.41: Cl, 15.88. 

Found: C, 56.48; H, 7.44: N. 9.26: Cl, 15.76. 

s Example 26: Tablet Eonnulatjon 

The following formulations A, B and C are prepared by wet granulation of the 
ingredients with a solution of povidone, followed by addition of magnesium 

stearate and compression. 
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Eonnu!atipn A 

mg/tablet 

Active Ingredient 250 
lactose B.P. 210 
Povidone B.P. 15 
Sodium Starch GlycoUate 20 
Magnesium Stearate ..§.. 

500 

Formulation B 

mg/tablet 

Active Ingredient 250 
Lactose S.P. 150 
Avicel PH 101 60 
Povldone B.P. 15 
Sodium Starch GlycoUate 20 
Magnesium Stearate -5-

500 

Formulation c 
mg/tablet 

Active Ingredient 100 
Lactose B.P. 200 
Starch 50 
Povidone 5 
Magnesium Stearate ..A_ 

359 

The following formulations, D and E. are prepared by direct compression of the 
admixed ingredients. The lactose In fonnulation E is of the direct compression 
type (Dairy Crest - •zeparox"). 
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Formulation E (Contmll@d Releau Eorrnulattan) 

The formulation is prepared by wet granulation of the ingredients with a solution 
of povidone followed by the addition of magnesium steamte and compression. 

mgltablet 

Activelngrediant 500 
Hydroxypropylmethylcallulose 112 
(Methocel K4M Premium) 
Lactose B.P. 53 
Povidone B.P. 28 
Magnesium Stearate ..L 

700 

Drug release takes place over a period of about 6-8 hours and is complete after 
12 hours. 

SUBSflTUTE SHEET (RULE 26) 



WO 971.Z5316 PCT/EP!>7/00018 

-48-

Example 27; Capsule formu!atjoos 

Fonnulatjon A 

A capsule formulation Is prepared by admixing the ingredients of fonnulatlon D 
In Example 1 above and filling Into a two-part hard gelatin capsule. Formulation 

s B (Infra) is prepared in a simUar manner. 

10 

15 

Fgnnutat;on B 
mg/capsule 

Active Ingredient 250 

Lactose B.P. 143 
Sodium Starch Glycollate 25 
Magnesium Stearate .2.. 

420 

Egnnulatign C 

rmtcamwle 

ActiVe Ingredient 250 

Macrogel 4000 B.P. 350 
600 

capsules of fonmlation C are prepared by melting the Mactogel 4000 B.P •• 
dispersing the active ingredient in the melt and filHng the melt into a two-part 

20 hard gelatin capsule. 
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Egnnulation 0 

Active Ingredient 
Lecithin 
ArachisOil 

-49-

mg/capsule 

250 
100 

1ml 
450 

PCf/EP97/00018 

Capsules of formulation D are prepared by dispersing the active ingredient in the 
lecithin and arachis oil and filling the dispersion into soft. elastic gelatin 
capsu\es. 

10 Eonnulation E (Coptrplled Release Capsule) 

IS 

20 

25 

The following controlled release capsule formulation is prepared by extruding 
ingredients a, b, and c using an extruder, followed by spheronization of the 
extrudate and drying. The dried pellets are then coated with release-controllilig 
membrane (d) and filled Into a two-piece, hard gelatin capsule. 

(a) Active Ingredient 
(b) Miaocrystalline CeUulose 
(c) Lactose B.P. 
(d) Ethyl Cellulose 

Example 28: lf1iectable Eonnulation 

Formulation A 

Active Ingredient 
Hydrochloric Acid Solution 0.1 M m: 
Sodium Hydroxide Solution 0.1 M q.s. to pH 
Sterile water q.s. to 

mgtcapaula 
250 
125 
125 

13.. 
513 

200 

4.0 to 7.0 
10ml 
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The active ingredient Is dissolved in most of the water (35°-40°C) and the pH 

adjusted to between 4.0 and 7.0 with the hydrochloric acid or the sodium 

hydroxide as appropriate. The batch Is then made up to volume With the water 
and filtered through a sterile micropore filter into a sterile 1 O ml amber glass vial 

s (type 1) and sealed with sterile closures and overseals. 

Eomn1latjon B 

Active Ingredient 

Sterile, Pyrogen-free, pH 7 Phosphate 

Buffer. q. s. to 

125 mg 

25ml 

10 Example 29: Intramuscular jnjectjon 

Active Ingredient 

Benzyl Alcohol 

Glycofurol 75 

Water for injection q.s. to 

200mg 

0.10g 

1.45g 
3.00 ml 

1 s The active ingredient is dissolved in the glycofurol. The benzyl alcohol is then 
added and dissolved, and water added to 3 ml. The mixture is then filtered 
through a sterile micropore filter and sealed in sterile 3 ml amber glass vials 
(type 1). 

20 

25 

Example 30: Syrup 

Active Ingredient 

Sorbitol Solution 
Glycerol 

Sodium Benzoate 

Flavor, Peach 17.42.3169 

Purified Water q.s. to 

250mg 
1.50g 
2.0Dg 

0.005 g 

0.0125 ml 

5.00ml 

The active ingredient is dissolved in a mixture of the glycerol and most of the 
purified water. An aqueous solution of the sodium benzoate is then added to the 
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solution, followed by addition of the sorbital solution and finally the flavor. The 
volume is made up with purified water and mixed well. 

Example 31: Sul)l>OSitory 

nmtcapsula supposttgry 

Active Ingredient 
Hartl Fat, B.P. (WltepsoJ H15- Dynamit Nobel) 

250 

1Z1U 
2020 

One-fifth of the Wltepsol H15 is melted in a steam-jacketed pan at 45°C 

· maximum. The active ingredient is sifted through a 200µM sieve and added to 

1 o the molten base with mixing, using a SDverson fitted with a cutting head, untH a 
smooth dtsperslon is achieved. Maintaining the mixture at 45°C, the remaining 

Witepsol H15 is added to the suspension and stirred to ensure a homogenous 
mix. The entire suspension is passed through a 250pm stainless steel screen 

and, with continuous stirring, is aUowed to cool to 40°C. At a temperature ·of 38° 
1S C to 40°C, 2.02 g of the mbcture is filled into suitable, 2 ml plastic molds. The 

suppositories are allowed to cool to room temperature. 

20 

Example 32: pessaries 

Active Ingredient 
Anhydrate Dextrose 
Potato Starch 

Magnesium Stearate 

mglpeasary 

250 
380 

363 

.J.. 
1000 

The above ingredients are mixed directly and pessaries prepared by dired 
25 compression of the resulting mixture. 
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Example 33 

S AntMral ActMty 

(a) CMV AssaY 
Human cytornegalovirus (HCMV) was assayed in monolayers of MRC5 cells 
(human embryonic lung) in multiwell trays. The standard CMV strain AD 169 

1 o was used. Activity of compounds is determined In the plaque reduction assay. 
in which a cell monolayer is infected with a suspension of HCMV, and then 
overtaid with nutrient carboxymethyl cellulose in the form of a gel to ensure that 
there is no spread of virus throughout the culture. A range of concentrations of 
compound of known molarity was incorporated in the nutrient overlay. Plaque 

15 numbers at each concentration of drug are expressed as percentage of the 
control· and a dose-response curve is drawn. 

(b) Cell Toxicj\y 

Cell toxicity is assessed in ceU growth inhibition assay. Subconftuent cultures of 
Vero cells grown on 96-well microtiter dishes are exposed to different dilutions of 

20 drug, and cell viability detennined daily on replicate cultures using uptake of a 
tetrazolium day (MTT). The concentration required for 50o/o inhibition of cell 
viability at 96 hours is tenned CCID50. 
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CLAIMS 

s 1. A compound offonnula (I). 

wherein: 
10 R1 represents; 

H, Ct-t alkyl, Ca.s cycloalkyl; 
R2 represents; 
H, C1-t alkyl; or 
R1 and R2 together fonn with the nitrogen a 4 or 5 membered heterocyclic 

IS ring; 

R3 represents BR4 or R4 wherein B represents a bridging group -C(O)NH-. 
-C(O)Nc, .... atkyl-, or -C(O)O- and R' represents H. c,-4alkyl, Cuafkenyt or 
halo (preferably fluoro); and 

each n is an integer independently selected from 0, 1, or 2 (preferably O or 1 ); 
20 and geometric isomers or mixtures thereof; and physiologicaUy functional 

derivativesthereot 

25 

2. A compound of fonnula (I) .according to claim 1 wherein R1 is cyclopropyl 

and R2is H. 

3. A compound of formula (I) according ·to claim 1 wherein either R1 or R2 is H 
and the other R1 and R2 group represents isopropyl. 
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4. A compound of formula (I) according to claim 1, wherein either R1 or R2 is H 
and the other R 1 or R2 group represents tertbutyl. 

s 5. A compound of formula (I) according to claim 1, wherein R1 and R2 together 
with the nitrogen form an azetidenyl group. 

10 

6. A compound of formula (I) according to daim 1, wherein R3 is F and n ls o 
or1. 

7. A compound of formula (I) according to claim 1, wherein R3 Is C1-4alkyl or 
Cualkenyt and n is o or 1. 

8. A compound of formula (I) according to any claim from 1 to 6 in the 
lS 1 a.,2a.,4P or 1 IJ,2P,4a geometeric fonn. 

·9, A compound of formula (I) according to claim 6 selected from: 

CJa,2a.4Dl+[5,6-Dichloro-2-(cyclopropylamino)-1 H-benzimidazol-1-yl]-1,2-
20 cyclopentanediol; 

(1 b,2b,4a)-4-(5,6-Dlchloro-2-(lsoprnpylamino)-1 H-benzimidazol-1-yl]-
1,2- cyclopentanediol; 

25 (1 b,2b,4a)-4-[5,6-Dichloro-2-(azetidinyl)-1 H-benzimidazol-1-yl]-1,2-
cyclopentanediol; and 

30 

(1 b.2b.4a)-4-[5,6-Dichloro-2-(telt-butylamlno)-1 H-benzimidazol-1-yt]-1,2-
cyclopentanediol. 

(1a,2a,4p)-[4-(5, 6-Dlchloro-2-(cyclopropylamino )-1 H-benzimidazol-1-yl)-1, 2-
cyclopentylene] dimethanol; 

(1 a.,2a,4(})-(4-5, 6,-Dichloro-2-{isopropylamino )-1 H-benzimidazol-1-yl )-1, 2-
35 cyclopentylene] dimethanol: 
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(1 a..2a.,4PH4(4-Fluoro-5, 6-dichloro-2-(isopropytamino)-1 H-benzimidazot-1-
yl)-1, 2-cyclopentylene] dimethanol; 

S 10. A compound offonnula (I) according to any daim from 1to9 for use in 

therapy. 

11. A method for the treatment or prevention of the symptoms or effects of a ·' 

viral infection in an Infected mammal including a human. which compri&es 
10 treating said animal with therapeutically effective amount of a compound of 

formula (I) according to any claim from 1 to 9. 

12. Use of a compound of formula (I) according to any claim from 1 to 9 in the 
manufacture of a medicament for the treatment or prophylaxis of a viral· infection. 

13. A pharmaceutical fonnulatlon comprising a compound of formula· (I) 
15 according to any daim from 1 to 9 and a pharmaceutically acceptable carrier 

thereof. 

20 

14. A process for producing a compound of formula (I) as defined in claim 1 or 
a physiologically functional derivative thereof comprising: 

(A) reacting a compound of formula (II) 

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

fonnula (Ill) or a protected form thereof 

11111111111111111111111111 1111 
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(wherein L is a leaving group and n is hereinbefore defined); 

(B) reacting a compound of formula (IV) 

Cl 

Cl 
(IV) 

PCT/EP97/GOOl8 

(wherein n and R3 are bereinbefore defined) or a protected form thereof, with a 
suitable reagent or reagents and/or under conditions serving to convert the 

IS compound of fonnula (IV) into a compound of fonnula (I); 

(C) · reacting a compound of formula {V) or a protected form thereof 

I 1111111111111 11111 11111111111 
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s (wherein L 1 is a leaving group preferably a halo group such as C1, Br, F and I 
and R3 and n are hereinbefore defined). 

10 

IS 

15. A compound of tormula (V) 

R3 CIC:N I ~LI 

a~~ 

(~)1' (CHJ. 

(V) 

I I 
OH OH 

wherein L 1 represents a halo group; R3 represents I, Cl, Br, F, CH3 or H and n is 
an integer 0, 1 or 2. 
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