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benzi m dazol e derivatives and their use in nedical therapy particularly for
the treanent or prophylaxis of virus infecttbns such as those caused by
her pes viruses. The invention also relates to the preparation of the

benzi m dazol e derivatives and pharnmaceutical formulations containing them
O the DNA viruses, those of the herpes group are the sources of the nost
cdnmon viral |IInesses in man. The group includes herpes sinplex virus
types 1 and 2 (HSV), varicella zosterr s t onegal ovirus (CW),
Epstein-Barr virus (EBV), human herpm%B&%HW- 6) and human
herpes virus type 7 (HHV-7). HSV-1 and HSV-2 are sone of the nost conmon
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i nfl anmati on nay pswalqgmapzdmm or convul sions. Coma can occur if the
meni nges beconme affected. VZV is of serious concern in patients receiving

| MUNOSUppr essi VFI\-ISV infection is often characterised by extensive and debilitating lesions of the skin,
~ mouth and/or genitals. Primary infections may be subclinical although tend to be more
severe than infections in individuals previously exposed to the virus. Ocular infection
by HSV can lead to keratitis or cataracts thereby endangering the host's sight.
Infection in the new-bomn, in immunocompromised patients or penetration of the
infection into the central nervous system can prove fatal.

VZV is a herpes virus whxch causes chxckenpox and shingles. Chickenpox is the
 primary disease produced in a host without immunity, and in young children is usually
a mild illness characterised by a vesicular rash and fever. Shingles or zoster is the
recurrent form of the disease which occurs in adults who were previously infected
with VZV. The clinical manifestations of shingles are characterised by neuralgia and a
vesicular skin rash that is unilateral and dermatomal in distribution. Spread of

' inflammation may lead to paralysis or convulsions. Coma can occur if the meninges
become affected. VZV is of serious concern in patients receiving immunosuppressive
drugs for transplant purposes or for treatment of malignant neoplasia and is a serious
complication of AIDS patients due to their impaired immune system.
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PCT/ GB95/ 01597 -2 - In common with ot her-21erpes viruses, infection with CW
| eads to a |ifelong association of virus and host. Congenl tal infection
follow ng infection of the nother during pregnancy may give rise to

clinical effects such as death or gross di sease (mcrocephaly, _
hepat ospl enonegal y, jaundice, nental retardation), retinitis leading to

bl i ndness or, in |less severe fornms, failure to thrive, and susceptibility
to chest and ear infections. CW i nfectlon In patients who are
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acquired cellular immune deficiency, X-linked lymphoproliferative disease which
occurs namely in young boys, EBV-associated B-cell tumours, Hodgkin's disease,
nasopharyngeal carcinoma, : Burkitt ‘lymphoma, - non-Hodgkin B-cell lymphoma,
thymomas and oral hairy leukoplakia. EBV infections have also been found in
association with a variety of epithelial-cell-derived tumours of the upper and lower
respiratory tracts including the lung.

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

kidney rejection and interstitial pneumonia in kldney and bone marrow transplant

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

sclerosis. There is also evidence of repression of stem cell counts in bone marrow
transplant patients. HHIV-7 is of indetermined disease aetiology.

Hepatitis B virus (HBV) is a viral pathogen of world-wide major importance. The
virus is aetiologically associated with primary hepatocellular carcinoma and is thought
to cause 80% of the world's liver cancer. Clinical effects of infection with HBV range
from headache, fever, malaise, nausea, vomiting, anorexia and abdominal pains.
Replication of the virus is usually controlled by the immune response, with a course
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represents hydrogen, a halo atom -NRerr]R err] where Rerr] and Rerr],
whi ch may be the sanme or different, are each independently selected from
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wherein R represents hydrogen, a halo atom, -NRIR2 where R! and R2, which may
be the same or different, are each independently selected from hydrogen, Cj.¢ alkyl,
cyanoC) .6 alkyl, hydroxyCy.galkyl, haloCy.¢ alkyl, C3.7cycloalkyl, Ci.6alkylC3.
7cycloalkyl, Cp.¢ alkenyl, C3.7cycloalkylCi._galkyl, Co.galkynyl, aryl, aryiCj.

galkyl, heterocyclicCy_g alkyl, -COCy.galkyl or RIR2 together with the N atom to
which they are attached form a 3, 4, 5 or 6 membered heterocyclxc ring and
pharmaceuncally acceptable derivatives thereof.

A further suitable group of comp_ounds of formula (I) is that of formisla (fa)



[err]al kyl, heterocyclicCerr] alkyl, -COJerr]alkyl or Rerr]Rerr]
t oget heWQPEPI88he N atomto which they are attached for mecBcBdse1870r 6
menbered heterocyclic ring and pharnmaceutically acceptabl e derivatives
thereof. A further suitable group of conpbunds of formula (1) is that of
formula (la) WO 96/ 01833 ' _ -
"PCT/ GB95/ 01597 -4 - [err] wherein R represents hydrogen or -NRerr]Rerr],
whi ch may be the same or different, are each independently selected from
hydrogen, Cerr]al kyl, cyano([err]al kyl, hydroxyClerr] [err]alkyl,
“halo([err]al kyl, Cerr]cycloal kyl C - | oal kyl. ([ err]al kyl,
Cerr]al kenyl, Cerr] [err]al kynyl, a @ err]al kyl,

3 Nprovided that Rerr]Rerr] are

het erocyclicCerr] al kyl, -COC er
not both hydrogen) or R err]R er r? togeth He N at@h to which t hey
are attached forma 3, 4, 5 or 6 nenbered ocyclic ring and _
pharmaceutically acceptabl e derivatives th&reqgf. Exanples of conpounds of
formula (1) include the following [err] an s of fornmula (Ib) [err]
- wherein Rrepresents a halo atomor -NR[er r'hl%ir.r] ~wherein Rerr]
- represents hydrogen and R err] is select edO d err]al kyl,
hydroxyC[err]al kyl, Cerr]cycloal kyl, C[err]alkyl(err] cycloal kyl, (err]
al kenyl, Cerr] alkynyl, aryl, arylalk or_ Rerr] and R err], which may
be the same oMherein ém;wﬁby%n oq-@ﬁhlitz,aw;% may berthe sIMKPE b§E] her
with the N at e#ghiiadegehédntlyhelécted ﬁoﬁi_hﬁﬁé‘@ﬁ, € ppalket, 3yan_6C'1§6aﬂdyl,Q1yﬁﬁif9€ ed
heterocyel it Ligh bR B Josdbaiyt 6 SRy tbhiy B Gl 45 3alk§A58):
galkynyl, aryl, arylC;.galkyl, heterocyclicCy.¢ alkyl, -COCy.¢ alkyl (provided that B
RIR2 are not both hydrogen) of RIRZ together with the N atom to which they are
attached form a 3, 4, 5 or 6 membered heterocyclic ring and pharmaceutically
acceptable derivatives thereof.

Examples of compounds of formula 1)) include the following B anomefs of formula
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whierein R represents a halo atom or -NRIR2 wherein Rl represents hydrogen and R2

s selected from Cp.galkyl, hydroxyCy.galkyl, C3.7cycloalkyl, C1.galkylC3.7
cycloalkyl, C;. alkenyl, C3_g alkynyl, aryl, arylalkyl, or R! and R2, which may be
the same or different, are both Cj.¢ alkyl, or RIR2 together with the N atom to which
they are attached form a 3, 4, 5 or 6 membered heterocyclic ring and pharmaceutically
acceptable derivatives thereof.
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PCT/ GB95/ &Y% - | n the alternative, conpounds of fornmul BCPEBISUSY
conpounds wherein R represents a haI 0 atom $)r a mono(f err] al kyl am no,
mono( [ err] hydroxyal kyl ) am no, -Cerr] kyl ami no,

d err]cycl oal kyl am no, derr] aI kyI - err]cycl oal kyl am no, Jerr]

[err]al kenyl ami no, Cerr] al kynyl am no, arylam no, aryl al kylam no, or a
group of fornula [err] wherein nis 2, 3, 4 or 5 and pharmaceutically
accept abl e derivatives thereof. Further exanples of conpounds of formula
(1) above include Exanples 1 to 38 as described hereinafter As used herein

the term al kyl as ans_a st r branched
‘chai n al kyl groglpm‘gég‘%%! ?Bgé%ﬁgs?fg?rgug ?feﬁgelgmf“% TEPIEFROS Hpst
preferably 1 tbala atem ph apmpn¢<éu5aaﬂwlnmin9denmm(ﬁy16 hjairmyyalkyi)aqnump)d1—cl.6
t-butyl'.-Refere ,al k yC bwlud@%w %aﬁg Inq}fE_
or Z- formor a rat d” whi ch Wner* aln east t
carbon atons, nf mﬂ’c ‘@ﬁgla{né?%aﬁ'mnpn@b’ g‘@ﬂ%(ﬂ’é gopfdormulaor o

and i odo. The t eN(QHph,0@herein nab Ry 13, leans$ &l pharybceytically- ad&epthbltshleﬁ%ﬂﬁ
nor e hydrogens ' E}p()l aced by halo and preferably containing one, two or
t hree hal o groups. anpl es of such -groups include trif1uoronethy| and

fl uoroi sopropyl. The termaryl as a group or part of a group means phenyl

optionally SUbSthkErQ’.‘i Ie? o RBmPburida’¢F foHRdA i(h)ufave M&%ﬂﬁxﬂe@mﬁﬂa&]
al koxy, (for ex%%g E@ , hitro, halogen, (for exanple chloro), am no,

car boxyl.ate and term-heterocyclic neans a saturated or
partially saturated (i.e. non- aromatic) 3-,4-,5- or 6- merrbered ring

sel ected T Sr”nen?{ r%éﬁﬂe‘%‘i’; %%?%ﬁ %#&E@;ﬁﬁw ol iy %%?#ﬂn?{"hidé
pyrrolidine. Thbrasekesephain uelt eyl guoups, pref mblysl@apel a arhon Gtoms| e
al pha and beta apgfipfef@ablyhel ctermewihs péxtichla¥ Mehie (thethiD éthiyl) Sipropyl, t-butyl.
physiol ogical ly l{egnthleé)tnoaalkeny Ig}/o%tpé Inchide groups which may be in the E- or Z- form or a
mnmn'e thereof and which when they contain at least three carbon atoms, may be
branched. The term halo inctudes chioro, bromo, fluoro and iodo. The term haloC1.6
alkyl means an alkyl group in which one or more hydrogens is replaced by halo and
preferably containing one, two or three halo groups. Examples of such groups include
trifluoromethyl and fluoroisopropyl. The term aryl as a group or part of a group
means phenyl optionally substituted with one or more substituents selected from C1.6
alkoxy, (for example methoxy), nitro, halogen, (for example chloro), amino,
carboxylate and hydroxy. The term heterocyclic means a saturated or partially
saturated (j.e. non-aromatic) 3-,4-,5- or 6- membered ring containing one or more (for
~ example one to four) hetero atoms mdependently selected from nitrogen, oxygen and
_ sulphur Examples of such groups include pyrrolidine.

" The present invention includes wnhm its scope each possible alpha and beta anomer
of the compounds of formula (I) and their physiologically functional derivatives,
substantially free of the other anomer, that is to say no more than about 5% w/w of the
other anomer, preferably no more than about 2% w/w, in particular less than 1% wiw

“will be present, and mixtures of such alpha and beta anomers in any proportions.

' Compounds of formula (I) in the beta anomeric form are preferred.
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wherein R represents -NR[err]R err] wherein R err] represents hydrogen and
Rlerr] is selected fromC[err]alkyl, Cferr]cycloalkyl and halo(err]alkyl
and pharmaceutically acceptable deri vatives thereof. Particularly preferred
conmpounds- of formula (Ib) include those wherein R represents . .
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2- cycl.opropyl am no- 5 6 di.chl-oro-1-([err]-L- ri bof uranosyl)-1-H
‘benzi m dazol e,

5, 6-dichl oro- ZPWW%BFSW ﬁ@ﬂ?ﬁ?&‘rﬂﬂfmﬂ%?"l‘%{“& rﬂ}°sﬁ whersin Rrrsprosepts -
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and phar maceut PR OGS L0 RuldkE) bld bbb @i i W dec VR iR ©

"5, 6-di chl oro- 2- i sopropyl ami no-1- (| err] L-ri bofuranosyl)-1H benzi mdazole

has been foundCompbnds f forgiulaX(T) Naviifgetht betaRohfiguritichaViieh areQif spddial
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The compound 5 6-dxchloro-2-:so;§ropwainmo—l-(B-L-nboﬁ:ranosyl)-lH-
benzimidazole has been found to be parucularly useful in the treatment of CMV
mfeeuons

The 'c'ompounds of formula (I) including compounds of formula (Ia) and (Ib) above
‘and their pharmaceutically acceptable denvattves are hetemafter referred to as the
compounds according to the xnvenuon.

By "a pharmaceutically acceptable derivative” is meant any pharmaceutically or
pharmacologically acceptable salt, ester or salt of such ester of a compound according
to the invention, or any compound which, upon administration to the recipient, is
capable of providing (directly or indirectly) a compound according to the invention, or
an antmrally active metabohte or residue thereof.-

'Preferred esters of the compounds according to the invention are independently
selected from the following groups: n catboxylxc acid esters obtained by
esterification of the 2'-, 3= and/or 5-hydroxy groups, in which the non-carbonyl
moiety of the carboxylic acid portion of the ester grouping is selected from straight or
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| ndependently selected fromthe follow ng groups: (1) carboxylic acid
esters obtained by esterification of the 2'-, 3'- and/or 5'-hydroxy groups,
i n which the non-carbonyl noiety of the carboxylic acid portion of the
ester grouping is selected fromstraight or WO 96/ 01833
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car bon atons, partlcul arly form1 to 6 carbon atons, nore particularly from
1to 4 car bon atonms. Any cycl oal kyl ety present in such esters

advant ageous| y dmisuch esters,runiess oﬂvrmscap dammucyhmplew presensi advantageousiyit
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a reference to %sters advantageously compnses a phenyl group.

- Preferred carboxylic acid esters according to the present invention include the acetate,
butyrate and valerate esters. L-valyl is a particularly preferred amino acid ester.

Any reference to any of the above compounds also includes a reference to a
pharmaceutically acceptable salts thereof.

- Pharmaceutically acceptable salts include salts of organic carboxylic acids such as
ascorbic, acetic, citric, lactic, tartaric, malic, maleic, isethionic, lactobionic, p-
aminobenzoic and succinic acids; organic sulphonic acids such as methanesulphonic,
ethanesulphonic, benzenesulphonic and p-toluenesulphonic acids and inorganic acids
such as hydrochloric, sulphuric, phosphoric, sulphamic and pyrophosphoric acids.

For théra;peuﬁc use, salts of the compounds of formula (I) will be pharmaceutically
acceptable. However, salts of acids and bases which are non-pharmaceutically
-acceptable may also find use, for example, in the preparation or purification of a
pharmaceutically acceptable compound. All salts, whether or not derived from a
‘pharmaceutically acceptable acid or base, are within the scope of the present
invention, |



pharmaceutically acceptable salts thereof. Pharmaceutically acceptable
salts i NHAREOI®| t s of organic carboxylic acids such as aPSAGHISOINEZet i C,
citric, lactic, tartaric, malic, nmaleic, isethionic, |actobionic, p-

am nobenzoi ¢ and succinic acids; organic §%Tphon|c aC|ds such. as

met hanesul phoni c, et hanesul phoni c, benzenesul phoric and p-tol uenesul phonic
acids and inorganic acids such as hydrochloric, sul phuric, phosphoric,

sul pham ¢ and pyrophosphoric acids. For therapeutic use, salts of the
conpounds of forrmula (1) will be pharmaceutically acceptable. However,

salts of acids and bases which are non- pharnaceutlcally acceptable may al so

find use, for h eprat urifjcation of a
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t he present invention. WO 96/ 01833

PCT/ GB95/:01597 -8- Preferred salts include salts forned from hydr ochl ori-c,
sul phuri c, acelﬂlacfﬂﬂbﬂcaéPW@fﬂ’GlmmOmﬂﬁmmi@dm eomponndsaacéarding ¢o thes pect

Chventi on' for Hucioffor B6einftafuledl Berky) p BRI (R EOlBdbr i r'r@%%“so‘?f

i nvent i U i u

prophyl axi s of"‘*ﬂ?r’%fgct?‘?ﬂse%‘? GH PG gﬁ“g@lﬂh‘éfl #F‘&P“‘f f‘&c’i‘? ST, S unds
o:‘ Lhe anenflmnhhmh@baaeﬁm/ugam ﬁM\énﬂ'wnenaghhowh «aily resuite shggeststhat

al t hough ear s ve
agai nstg ot heryﬁlé{ép{’eggl p\?/)lu?ggg&ﬁ‘? gfgth ?Jenés&g%%% Igé?/%%p%?g 5%%&\/9%5&?1

VZV, EBV and HBSVrhand-2 BRY 6 b VAY BBV andh HBM infestions: ch may be treat ed in

accordance with the invention have been discussed. i n t he introduction (
et Ol SR B 3 et S P LAkl e -
_ been discussed in the introduction . here_mbefore _’I'h_e compounds of the present
invention are particularly suited to the treatment or prophylaxis of CMV infections
and associated conditions. Examples of CMV conditions which may be treated in
accordance with the invention have been discussed in the introductioi_z hereinbefore.

According to another aspect, the present invention provides a method for the treatment
or prevention of the symptoms or effects of a viral infection in an infected animal, for
example, a mammal including a human, which comprises treating said animal with a
therapeutically effective amount of a compound according to the invention.
According to a particular embodiment of this aspect of the invention, the viral
infection is a herpes. virus infection, such as CMV, HSV-1, HSV-2, VZV, EBV,
HHV6 or HHV7. A further aspect of the invention includes a method for the treatment
* or prevention of the symptoms or effects of an HBV infection.

The present invention further provides a method for the treatment of a clinical
condition in an animal, for example, 2 mammal including a human which clinical
condition includes those which have been discussed in the introduction hereinbefore,
which comprises treating said animal with a therapeutically effective amount of a
compound accordmg to the invention. The present invention also inciudes a method
for the treatment or 'prophyla'xis of any of the aforementioned infections or conditions.
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Preferably the combmation therapy involves the administration of -one
compound according to the invention and one of the agents mentioned herein below.

Examples of such further therapeutic agents include agents that are effective for the
treatment of viral infections or associated conditions such as (1 alpha, 2 beta, 3 alpha)-
9.[2,3-bis(hydroxymethyl)cyclobutyl]guanine [(-BHCG, SQ-34514], oxetanocin-
.. G(3,4-bis-(hydroxymethyl)-2-oxetanosyl]guanine), acyclic = nucleosides (e.g.
acyclovir, valaciclovir, famciclovir, ganciclovir, penciclovir), acyclic nucleoside
phosphonates (e.g. (S)-1-(3-hydroxy-2-phosphonyi-methoxypropyl)cytosine (HPMC),
- ribonucleotide  reductase  inhibitors .such as  2-acetylpyridine  5-[(2-
.. chloroanilino)thiocarbonyl) thiocarbonohydra- zone, 3'-azido-3'-deoxythymidine,
other 2',3'-dideoxynucleosides such as 2',3'-dideoxycytidine, 2',3'-dideoxyadenosine
and 2',3'-dideoxyinosine, 2',3'-didehydrothymidine, protease inhibitors such as N-tert-
.butyl-dehydro,—Z-[-2(R)-hydroxy-4—pheny1-3(s)-[m-(z-quinolylcarbonyl)-L-
asparginyl]butyl]-(4aS,8aS)-isoquinoline-3(S)-carboxamide (Ro 31-8959),
oxathiolane nucleoside analogues such as (-)-¢is-1-(2-hydroxymethyl)-1,3-oxathiolan-
~ S-yD-cytosine (3TC) or gis-1-(2-(hydroxymethyl)-1,3-oxathiolan-5-yl)-5-fluoro-
cytosine (FT C), 3'-deoxy-3'-fluorothymidine, 5-chloro-2',3'-dideoxy-3 '-fluorouridine,
- (-)-cis-4-[2-amino-6-(cyclopropylamino)-9H-purin-9-yl]-2-cy-clopentene-1-methanol,



at | east one other pharmaceutically active ingredient. The active

_ingredi emq2s/01833d phar maceutical ly active agents may be adGmGBasmIssd
sinmultaneously in either the same or different pharnmaceutical formulations
or sequentially in any order. The anounts - the active ingredi ent(s) and -
pharmaceutically active ‘agent (s) and the relative timngs of adm nistration
W ll be selected in order to achieve the desired conbined therapeutic
effect. Preferably the conbination therapy i nvolves the adm nistration of
‘'one conpound according to the invention and one of the agents ment i oned
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t hanol , WO befext®3 Sub-groups within formula (I) as described above. Most preferably -the
PCT/ GB%/ 01597 cohBination therapy involves the joint use of one of the above named agents together

‘with one of the compounds of formula (I) specifically named herein.

The present invention further includes the use of a compound according to the
invention in the manufacture of a medicament for simultaneous or sequential
administration with at least one other therapeutxc agent, such as those defined
hereinbefore. :

The compounds according to the invention, also referred to herein as the active
ingredient, may be administered for therapy by any suitable route including oral,
rectal, nasal, topical (including transdermal, buccal and sublingual), vaginal and
parenteral (including subcutaneous, intramuscular, intravenous, intradermal and
intravitreal). It will be appreciated that the preferred route will vary with the
condition and age of’ the recipient, the nature of the infection and the chosen active
mgredxent.

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 human) per |
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optionally in saline, or orally administered as a bolus containing about 0.1 to about
250 mg/kg of the active ingredient. Desirable blood levels may be maintained by a

- continuous infusion to provide about 0.01 to-about 5.0 mg/kg/hour or by intermittent
infusions containing about 0.4 to about 15 mg/kg of the active ingredient.

While it is possible for the active ingredient to be administered alone it is preferable to
~ present it as a pharmaceutical formulation. The formulations of the present invention
comprise at least one active ingredient, as defined above, together with one or more
acceptable carriers thereof and optionally other therapeutic agents. Each carrier must -
be "acceptable" in the sense of being compatible with the other ingredients of the
formuiation and not injurious to the patient. Formulations include those suitable for
oral, rectal, nasal, topical (including transdermal buccal and sublingual), vaginal or
parenteral (iricluding subcutaneous, intramuscular, intravenous, intradermal and
intravitreal) administration. - The formulations may conveniently be presented in unit
dosage form and may be prepared by any methods well known in the art of pharmacy.
Such methods include the step of bringing into association the active ingredient with
the carrier which constitutes one or more accessory ingredients. In general, the



range of 0.01 to 250 ng per kil ogram body melght of the recipient (e.g. a
human) w0 96/018%0 96/ 01833 PCT/GB95/01597

PCT/ GB95/ 01597 - 11 - day, preferably in the range of 0.1 to 100 ng per

ki | ogram body wei ght per day and nost prel2fably in the range 0.5 to 30 ng
per kil ogram body wei ght per day and particularly in the range 1.0 to 20 ng
per kil ogram body wei ght per day. (Unless otherw se indicated, all weights
of active ingredient are calculated as the parent conpound of fornmula (I1);
-for salts or esters thereof t he meights mould be increased
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for exanpl e, contalnln to 1000 ng or 50 to 500 ngy, preferably 20 to 500
ng, and nost preferably 100 to 400 ng of active ingredient per unit dosage
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one active | ngr eﬂ' sperse Ina polymered a Oglll?thble c xexéerr}g;n&mx ;[) th%naecugé chg{:ound is
about 1% to 25%, preferably about 3% to 15%. As one particular possibility, the
active compound may be delivered from the patch by electrotransport or iontophoresis

as generally described in Pharmaceutical Research, 3 (6), 318 (1986).

Formulations of the present invention suitable for oral administration may be
presented as discrete units such as capsules, cachets or tablets each containing a
predetermined amount of the active ingredient; as a powder or granules; as a solution

. ora suspension in an aqueous or non-aqueous liquid; or as an oil-in-water liquid
emulsion or a water-in-oil liquid emulsion. - The active mgredxent 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 a
suitable machine the active ingredient in a free-flowing form such as a powder or
granules, optionally mixed with a binder (e.g. povidone, gelatin, hydroxypropyimethyl
cellulose), lubricant, inert diluent, preservative, disintegrant (e.g. sodium starch
glycollate, cross-linked povidone, cross-linked sodium carboxymethyl cellulose)
surface-active or dispersing agent. Moulded tablets may be made by moulding in a
suitable machine a mixture of the powdered compound moistened with an inert liquid



écceptable carriers thereof .and optionally other therapeutic agents. Each
carrier mWOBI8Zcceptabl e” in the sense of being conpati bPETIGBISOISAT
aQther ingredients of the fornulation and ngs injurious to the patient.
Fornul ati ons include those suitable for or rectal, nasal, topical

(1 ncluding transdermal buccal and subl i ngual ), vagi nal or parenteral

(i ncl udi ng subcutaneous, intramuscular, intravenous, intradermal and
intravitreal) adm nistration. The fornul ati ons may conveniently be
presented in unit dosage formand may be prepared by any nethods well known
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sol.ution or 2) dngsﬁbmeﬂaaﬁthindsmnaed i n an adhesive or 3) di spersed in
a polymer. A suitable concentration of the active conpound is about 1%to_
25% preferably about 3% to 15% As one particular possibility, the active
conpound may be Rosmnulatensd fcrr rsatel Rdministratioynay! be; tpresemtedi 29 or suppesitory with a

i ontophoresi s gyitable base comprising for example cocoa butter or a salicylate.

Formuiations suitable for vaginal administration may be presented as pessaries,
tampons, creams, gels, pastes, foams or spray formulations containing in addition to
the active ingredient such carriers as are known in the art to be appropriate.

Pharmaceutical formulations suitable for rectal administration wherein the carrier is a
solid are most preferably presenied as unit dose suppositories. Suitable carriers
“include cocoa butter and other materials commonly used in the art. The suppositories
may be conveniently formed by admixture of the active combination with the softened

. ormelted carrier(s) followed by chilling and shaping in mouids. '

Formulations suitable for parenteral administration include aqueous and non-aqueous
isotonic sterile injection solutions which may contain anti-oxidants, buffers,
bacteriostats and solutes which render the formulation isotonic with the blood of the
intended recipient; and aqueous and non-aqueous sterile suspensions which may
include suspending agents and thickening agents. The formulations may be presented
" in unit-dose or multidose sealed containers, for example, ampules and vials, and may
- be stored in a freeze-dried (lyophilized) condition requiring only the addition of the
sterile liquid carrier, for example water for injections, immediately prior to use.



as generally described in Pharmaceutical Research, 3 (6), 318 (1986).
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The present invention further includes the following processes, for the preparation of
compounds of formula (I) above and derivatives thereof which comprises:-

(A) reacting a compound of formula @I)

. :@X_L |
c N RS an

wherein L is hydrogen and R3, R4 and R3 are each a hydroxy or a protected hydroxy

* group, with a suitable halogenating agent such as N—bromo_succinainide orwhenLisa
suitable leaving atom or group, for exa_ti;ple, a halo atom-such as bromine or an
organo (for example alkyl) sulphone, or organo (for example alkyl or aralkyl) sulphate
such as methylsulphone (MeS(O)2), methylsulphonate (MeS(O)0) or tosylate (4-
MePhS(0)20) group and R3, R% and R3 are as hereinbefore defined, with an amine of
formula H-NR1R2 (wherein R! and R are as hereinbefore defined); or



and gl ycerine, I, sucrose and acaci a; and nout hwashes conprising the active
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for vaginal admnistration may be presented as pessaries, tanpons, creans,
gel s, pastes, foans or spray fornul ations containing in addition to the
active ingredient such carriers as are known in the art to be appropriate.
Phar maceutical fornulations suitable for rectal adm nistration wherein the
carrier is-a solid are nost preferably presented as unit dose -
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anpules and vials, and nay be stored in a freeze-dried (|yophilized)
condition requiring only the addition of the sterile liquid carrier, for
exanpl e water for injections, imediately prior to use. WO 96/ 01833

PCT/ GB95/ 01597 - 14- Extenporaneous injectgdn sol utions and suspensions may
be prepared fromsterile powders, gre les and tablets of the kind
previ ously descri bed. Pref errepl et sage for muffi ons are those
containing a daily dose or unit, day sub- :

R3 R*

Wherein_R3, R4 and RS are each a hydroxy or a protected hydroxy group and L! is a
suitable leaving group in the a- or B- position, for example, a halo (for example
fluoro, chioro or bromo), an alkyl- or arylthio (for example phenylthio), or an aryl or
aliphatic ester group such as benzoate or acetate.

and thereafter or simuitaneously therewith effecting one or more of the following
further steps may be additionally performed in any desired or necessary order:

(i)  removing any remaining protecting group(s); |
(ii) converting a compound of formula (I) or a protected form thereof into a further
compound of formula (I) or a protected form thereof; .
(iii) converting the compound of formula (I) or a protected form thereof into a
. pharmaceutically acceptable derivative of the compound of formula (I) or a
protected form thereof; : ' -



dose, as herein above recited, or an appropriate fraction thereof, of an
active i W83t . |t should be understood that in additi GUIicRIsEse?
ingredients particularly nmenti oned above the fornulations of this invention
may include other agents conventional in-tlée art having regard to the type
of fornulation in question, for exanple, those suitable for oral

admi ni stration may include such further agents as sweeteners, thickeners
and flavouring agents. The present invention further includes the follow ng
processes, for the preparation of conpounds of formula (1) above and
derivatives th of ' C ' " ) ty coppound of forpul a
(rr)y Jerr] Wneﬁ('_ n ?_agpéﬁﬁ%rd? ?&éﬁ?\‘g‘ﬁ@rﬁ?ﬂﬁ% rdFﬂg%\tﬁ'a ?{@Fr fO’HP%‘mga a
hydroxy or a pr ot ecfomaulay@ya,aprgteeisg fomm thereof into thebtompound gffoamilagagrent
such-as N-bronpsucchroptteddorai thékes L is a suitable |eaving atom or group,
for exanple, a halo atom such as brom ne or an organo (for exanple al kyl)
sul phone, or organo (for exanple al kyl or aral kyl) sul phate such as

Erzt hK/L E’ ﬁ ggg)Fe.(\Oi\/g)%dﬁ)rééhg]a ,phmwtiualéx[b mbfmblé efivdlveeof Hie) c&ﬁpéxﬁ_&ybﬁ; e

- err n ! rr [ e S erel erore
defined, with an an{ogéméP (ﬁogrm% ?Hﬁé%ﬁ e@ﬁ‘ F!Pg‘?gf %@mg]}oetﬁ?f @Pﬁ""iﬁ%ﬁ' '
Rlerr] are as her ei#septable desvativeqof, thercompowsi of/forngda (I) or a protected form -

PCT/ GB95/ 01597 - 15¢efef; reacting a conpound of formula (111) [err] wherein
R is as hereinbefore defined, with a conmpound of formula (1V) R5 [err]

(vi)  where necessary, separating the alpha and beta anomers of the compound of
formula (I) or of a protecte_d derivative thereof or of a pharmaceutically ‘
acceptable derivative of 2 compound of formula (I) -

Process A may conveniently be used for the preparation of a compound of formula ()
wherein R is halogen. Such compounds may conveniently be prepared by reacting a
compound of formula (II) wherein L is hydrogen and R3, R4 and RS are protected
hydroxy groups, preferably OC(O)CH3, with a halogensting agent. Halogenation may
be effected in a conventional manner, for example, bromination using a brominating
agent such as N-bromosuccinimide (NBS) in an aprotic- solvent such as THF or
preferably 1,4 dioxane heated to 60-150°C, preferably 100°C. |

Compounds of formula (I) wherein R is -NRIR2 (wherein Rl and R2 are as
hereinbefore defined) may advantageously be prepared from compounds of formula
(II) wherein L is a halo atom, such as a bromo or chloro atom. By reaction with an
amine H-NRIR? (wherein R! and R2 are as hereinbefore defined). The reaction is
advantageously effected at an elevated temperature, for example, 70-80°C, in an -
organic solvent such as ethanol or dimethylsulfoxide.

The protecting groups may be removed by conventional chemical techniques well
known to a skilled person.

Compounds of formula (II) wherein R3, R4 and R? are each a hydroxy group can, for
example, be prepared from a corresponding compound of formula (II) wherein R3,R4



Wherein R3, R4 and RS are each a hydroxy or a protected hydroxy group and
Llerr] isW9%@183p|l e | eaving group in the [err]- or [err]- PSTUBISOISO7f or
-exanpl e, a halo (for exanple: quoro chloro _or brono), an al kyl- or
arylthio (for exanple phenylthio), or an aH]F or aliphatic ester group such
as benzoate or acetate. and thereafter or sinultaneously therew th
effecting one or nore of the follow ng further steps may be additionally
performed in any desired or necessary order: (i) renovi ng any remai ni ng
protecting group(s); (ii) converting a conpound of formula (1) or a

rotected form [ flﬂ'ﬂm?(e
Br otected form taB&IRéO?: eifé&r&é&é&ﬁ\%l ng.t hed:gg{'eéggnd %&P‘ﬁ(ﬁy or a
protected form t“ﬁ%ié& n@@pﬂ“&’b%@é‘? fesgribegeabgve t he
conmpound of f or rinlrelaién tortha esterst atthedcmbmxwef @6rinula (I)W&}Q%Qisg@3 These

orivative of 1L WWS(%%P@%‘?‘Jgﬁéﬁﬂﬁvﬁfﬁ?&%&%ﬁ%ﬁ@%éﬁﬁ? R B a8 o

t he conpound of sp@maaquse ip meghapelerenzyoa Ynfchme, uging pig lmtmenz}{mmg a

brot cot ed 1 or M YRerect At o gaotiar pEa o < r“*“*c“ﬁc b"f“*‘%‘éﬁﬁ‘%a v

gf t he corrpound I‘SB{‘W “b?aﬁmg’r}'gt gsaprop %/‘h' ps ( Yyhs:

?Ie;:essar]}/, -sepa;rezhovujﬂshfgaimpmmtt fhetride souyes; ifer aﬁmteefmm&meﬁh-mrdwl a
or of a pro

accept abl e dgl’l ﬁ%gro HY%%FOJ%%SQ oérgr‘r)ueﬁé'ﬁ?le %{ j%ups which

conveni ently be oaséarmvedmdqsra@gwrmmﬁns@foraxmm tgsxc acid and methayol.

“Alternatively, the compound of formula (I) where R3, _R4 and RS are protected ~
- hydroxy groups may be reacted with an agent or under conditions whereby the leaving
group L is converted to the desired R group simultaneously with removal of the
protecting groups. Examples of such agents include cyclopropylamine and other
primary and secondary amines providing that these agents are sufficiently
" nucleophilic and are not stencally hmdered.

~ Compounds of formula (I) wherein R is as hereinbefore Qeﬁned and compounds of
formula (IT) wherein L is.as hereinbefore defined may be prepared by reacting a
compound of formula (V) S

(wherein X is equlvalent to R or L as herelnbefore defined) with a compound of
formula (IV')



wherein R is hal ogen. Such conpounds nmay conveniently be prepared by
reacti ngV@WMBBund of forrmula (11) wherein L i s hydr ogen RTRGRYSOIS]
Rlerr] and Rlerr] are protected hydroxy groups, preferably OC(OCH err],
with a hal ogenating agent. Hal ogenation f‘rég be effected in a conventi onal
manner, for exanple, bromnation using a brom nating agent such as
N-brom)sucm nimde (NBS) in an aprotic solvent such as THF or preferably
1,4 di oxane heated to 60-150[err]C, preferably 100[ err]C. Conpounds of
formula (1) wherein Ris -NRerr]Rerr] (wherein Rerr] and R err] are as
her ei nbef ore defined) nay advantageou Rbe prepared from conpounds of
formula (11) wherein L is a hal o atgqf such as a onmo or chloro atom By
reaction with an amne H NR[ & @ (wherein @Qﬁerr] and Rlerr] are as
her ei nbefore defined). The reacti-op—5 advantageously effected at an

el evated tenperature; for exanple, 276 80[err]C, in an organic solvent such
as ethanol or dinethyl sul foxide. T otecting groups nmay be renoved by
“conventional chem cal techniques well " known to a skilled person. Conpounds
of formula (11) wherein Rlerr], Rerr] and Rlerr] are each a hydroxy group
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PCT/ GB95/ 0159 7as hereinkefore ] are each a pratected hydroxy group.
Conventional protecting groups may be used for R[err] Rlerr] and Rferr].

Advant ageousl y..ester. gr s such as .t.hos Qv n,relation.to
the esters of %M&%#&s“@%#%&ﬂ%gﬁg dﬂ% e%ﬁi}g%“ﬁjﬁl%? Lﬁﬂsng
grgups maybbe acidrsueid aeiu-itme&ybilylcu'iﬂmwtmml tetrbeiﬂmmkl ot'émhnn mmmrzde,cthe?s
sodi um car bon f‘e?xlef %gﬁm iver
enzynme. Al terﬁgtl % err ?r | nc ‘f&f Bt

protecting gr otpd e teaxgeaam °11ﬁ¥?9“ﬂﬁ pyreatppitrile ot ég'a %9&/1»&1@9?9?&“3
trii sopropropyat-'mi.gqpt groups whi ch may be

The compound of formula (V) is advantageously trimethylsilylated at the N{- position
in the above procedures to improve solubility; for example by treatment with
trimethyisilyl chioride, hexamethyl disilazane or, most preferably, N,O-bis-
trimethylsilyl acetamide (BSA). This silylation can be effected in a solvent preferably

~1,2-dichloroethane or acetonitrile preferably at 70-800. After completion of the
silylation reaction, a Lewis acid may be added followed by addition of the compound
of formula (IV).

Compounds of formula (IV) may be prepared by methods well known to a skﬂled |
person, for example, in a manner analogous to that known for D-ribose derivatives or
by methods readily available from the chemical literature, for example, by methods
described in Acton gt al. J. Am. Chem. Soc; 1964, 86, 5352. A preferred compound of
formula (IV) is the compound wherein R3, R4 RS and L1 are each OC(O)CH3. This
compound may be prepared in an analogous manner to that developed for D-ribose
(R.D. Guthrie and S.C. Smith., Chemxstry and Industry, 1968, pp 547-548), followed
advantageously by recrystallisation from ethanol.



renoved using an appropriate fluoride source, for exanple HE/ Pyridine,
n-Bu[ err | NP BPB[ err | NF or a cyclic acetal or ketal such & M9 ene or
I.sopropyl i dene groups which can be renoved émder acidic conditions, for
exanpl e, using tosic acid and nethanol . Al 1ET nat i vel y, the conpound of
formula (11) where Rlerr], Rerr] and R err] are protected hydroxy groups
may be reacted with an agent or under conditions whereby the |eaving group
L is converted to the desired R group sinultaneously with renoval of the
protecting groups. Exanples of such agents include cycl opropyl am ne and

other primary ane cofpetedy of PEIEVYweiei NUistThat a LNRIR2 (whdfein L, R1
sufficiently nucl ??]phl I | £ a.nﬂ%tare ot sterhcal I é_egl.ndere ) “gﬁ)g\lénds gfI?
formula (1) whdPERY 4% pyhersmpelprs defined), may; be Preadred i aCOHiBRER ML the methods o
(1) wherein L described irePET spesification 3092407 368 yndoepopatedhereid by yeferencd. i ng a
conpound of formula (V) [err] (wherein X is equivalent to Ror L as

her ei nbefore defined) with a conpound of formula (I WO 96/ 01833 :
PCT/ GB95/ 01597 Alterpativelyy fompoynds _m%(\%yhmna?% eﬁvi&amérlﬁ i groun -MRIRIxy
or a protected vwhegin ! @ndUR2 aps at hefeidbefote ARfilQT HaybBs prepariafl by eshetidd @
reaction of thecog@gﬁrﬁ)%gﬁtﬁ of, formula (1V) and (V) may be effected using a
Lew s acid such ﬂmﬂgl(ﬁ)l triflate, stannic tetrachloride, or boron
trifluoride, the former being preferred. The r.eaction is generally effected

in an aprotic solvent and at an el evated tenperature, for exanple, in
acetonitrile at 15-30[err]C or 1, 2-djgchl oroet hane
1

C-. Z y—NH,
Cl N | NH,

VD)

with an agent or agents capable of cyclising the diamine into a benzimidazole.
Typically compounds of formula (I) may be reacted with an isothiocyanate of formula
(vi) : o o

S=C=NRIR2 (VII)
‘wherein R1 and R2 are as hereinbefore defined.

The reaction may be carried out in the presence of a carbodiimide such as
dicyclohexyl carbodiimide or 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide
metho-p-toluene- sulphonate conveniently in the presence of an aprotic aromatic

- solvent such as toluene and most preferably pyridine and at an elevated temperature,
preferably 75-150°C. : :

Compounds of formula (V) wherein X is hydrogen may be obtained commercially or
alternatively may be prepared by reacting a compound of formula (VI) with
formamidine under aqueous acidic conditions, at room temperature to 80°C.

Compounds of formula (VI) and ('VII) may be prepared by methods well known to a
i skilled person or readily available in the chemical literature or obtained commercially.



at 70-90[err]C. The conpound of formula (V) is advantageously

trimet hymwo96/1833ed at the N err]- position in the above prrECRGBYSAISITO

i nprove solubility; for exanple by treatment with trinethylsilyl chloride,
_hexanet hyl disilazane or, nost preferably,20N§, O bis- trinethylsilyl

acetam de (BSA). This si I ylation can be effected in a solvent preferabl y
1, 2-di chl oroet hane or acetonitrile preferably at 70-80[err]. After
conpletion of the silylation reaction, a Lewis acid my be added fol | owed
by addition of the conpound of fornula (IV). Conpounds of formula (1V) may
be prepared by nmethods well known to a skilled person, .for exanple, in a
manner anal-ogous to-that known for D-ribose derivatives or by nethods

readi |y avai | alEisters scserdingatotheipvention| maychecnrepaced hyometheds1weld kndwn inethk ards
descri bed in A@éﬁl@'a colpof¥id oﬂf&ﬂulasef ma}%“uon@éted%ﬁ%tgrﬁarqﬁaﬁﬁﬁfgéﬁf and

conpound of formula IS the cO nd er.ei n
L[err] are each® ﬁﬂ aﬁﬁ‘i}’%@“ﬁ?&&l‘%a@ﬂ Har sxamplgon
manner to that a;ipvpﬂmpacidﬂmhde[brranlmkde(R D. Guthrie and S.C. Smith.
Chenmistry and Industry, 1968, pp 547-548), followed advantageously by
recrystallisation from ethanol WO 96/ 01833
PCT/ GB95/ 01597 A gampopsd of Sermuiamd} may be spmertad infy aREPwonRding ipbarmageutigally
-NRlerr] Rl err] agdeptaBle( sthé ¢fi formtula 'rbacBOS! With a3 &ppRspride’ AkylRfigOy,
defined), may be ared in accoraglggce with the %%t hods descrl beggmllrrll PCT
"specification \‘f\?ﬁ‘%f‘g PaR%or porat ed herein by reference. Alternatively,
conpounds of fornula (V) V\/nerei n X is R and Ris agroup -NRerr]R err]
Y

wherein Rierr] g Q%gﬁ[{;ﬂpﬁ?&s ?ﬁe' s ihefedr, Wy '8€ b eﬂn{

reacting a conpoun rrrul a agent_ or "agents_capa _

cyclising the @hamageutically, ageepiahle; ﬁ@é&m@ in conventional manner, for example by
treatment with the appropriate acid. An ester or salt of an ester of formula (I) may be

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

The beta and alpha anomers may be separated and isolated in pure form by silica gel
chromatography using a single solvent or a combination of solvents such as 1:20
methanol:dichloromethane. '

The present invention further includes the compounds of formula (II) as hereinbefore
defined as novel intermediates. Preferred compounds of formula (II) include those
wherein L is hydrogen or a halo atom, preferably chioro or bromo, and R3, R4 and
R> are hydroxy or protected hydroxy groups, preferably OC(O)CH3.

Particularly preferred compounds of formula (I) are 2-bromo-5,6-dichloro-1-(2,3,5-
tri-O-acetyl-B-L-ribofuranosyl)-1H-benzimidazole and 2-bromo-5,6-dichloro-1-(B-L-
nboﬁ:ranosyl)—lH—benzxmldazole

The present invention also includes the intermediates of formula (V) wherein X is R
and R is a group -NR1R2 wherein R! and R2 are as hereinbefore deﬁned with the
proviso that R! and R2 are not both hydrogen or methyl.



Typi cal ly conpounds of fornmula (1) may be reacted with an isothi ocyanate of
formul a (WOI9POB3E-=NR[err]Rlerr] (M 1) wherein Rlerr] and RPEXIGBISPISIAs
her ei nbef ore defined. The reaction may be carried out in the presence of a
carbodii m de such as dicycl ohexyl car bodi t ¥ tle or

1-cycl ohexyl - 3- (2- nor phol i noet hyl ) car bodi i m de net ho- p-tol uene- sul phonat e
conveniently in the presence of an aprotic aromatic solvent such as tol uene
and nost preferably pyridine and at an elevated tenperature, preferably
75-150[ err] C. Conpounds of fornmula (V) wherein X is hydrogen may be

obt ai ned comerpg e ﬁmﬁ; inbES 614 L1H-
conmpound of for%u%é_mp%hﬁfﬁggé Eﬁm%‘{)@ﬁ%ﬁiﬁ é@%smg’&&g?’ghg%%é? tliHons,
at room t enper SEHHD ) .6"13}}?% {SoRKePYiaTRe)- ie\wnd 5.6+gighigeo- :
prepared by netXh@dfucsei -méethylethylamino)si-béredinidarsien or readily available in
the chemical literature or obtained comrercially. WD 96/ 01833

PCT/ GB95/ 01597 - 20 - Esters according to the invention nmay be prepared by
met hods wel | krwiollowing Examples mw@n&éﬁbn}l@a@onpwmd@te riovinterided (d limitay
APpr opr | at o CSt s [, o EE BRhhGEF d dayEADTD tAmf bidle Rl o ARt o7
anhydride. A co‘ﬁiﬁ%%ﬂ“‘g’fa?gmf’%w ﬁ%@@“@gﬂgm {95 a;phagmaceuticallyf ng
phar maceut i ca: | acceprabbperivative theseof oThd ermalsd dolvershy conspouihd @f fovirula @ or a
appropri-ate a 1Gk: . [ :

formi & (1) 1 notaansasians Vookitafle BAVELK' SRt T AIAbIaRAF EIBRE W nbte

phar maceut i cal | therapenipagents salts thereof in conventional manner, for
exanpl e by S

acetamide (Aldrich, 0.94 mL, 3.8 mmol), and acetonitrile (Aldrich Sure Seal, 25 mL)
were combined and refluxed under nitrogen for 1 h. The solution was cooled to rt and
trimethylsilyl triflate (Aldrich, 1.5 mL, 7.6 mmol) was added. After 15 min, solid
© 1,2,3,5-tetra-O-acetyl-L-ribofuranose (1.2 g, 3.8 mmol), prepared by the method of
Guthrie and Smith (Chemistry and Industry, 1968, pp 547-548) except that L-ribose
~was used as the starting material, was added. The solution was stirred under nitrogen
at 1t for 18 h, then poured into 10% aqueous sodium bicarbonate (100 mL) and
extracted with dichloromethane (2 x 150 mL). The organic layers were dried with
magnesium sulfate (anhyd), filtered, and evaporated. The crude residue was purified
.on a silica gel column (5 x 20 cm, 230-400 mesh) with 1:30 acetone : CH2C1) to give
- 2-bromo-5,6-dichloro-1-(3,4,5-tri-O-acetyl-beta-L-ribofuranosyl)-1H-benzimidazole
(1.2 g, 2.2 mmol, 60%); m.p. 142 °C; [a]20p = (+) 87.4 (c=0.5 DMF); UV lmax (€)
pH =7.0: 298 nm (7,600), 289 (7,400), 254 (8,800); 0.1 N NaOH: 298 nm (7,600),
289 (7,400)-, 256 (7,300); MS (ED): m/z (rel. intensity) 524 (0.15, M+); 1HNMR
(DMSO-dg) d 8.08 (s; 1H, Ar-H), 8.01 (s, 1H, Ar-H), 6.22 (d, 1H, H-1', ] = 7.1Hz),
5.56 (dd, 1H, H-2', ] = 7.1 Hz, ] = 72 Hz), 545 (dd, 1H, H-3', ] =72 Hz, ] =4.5
Hz), 4.55 - 4.47 (m, 2H, H-4' and 5", 437 (d, 1H, H-5", ] =9.7 Hz), 2.15 (s, 3H,
OAc), 2.14 (s, 3H, OAc), 2.01 (s, 3H, OAc). - -



treatment with the appropriate acid. An ester or salt of an ester of

formul a WO9eoag3sbe converted into the parent conpound, forrcrrcamlogse7by
hydrol ysis. The beta and al pha anonmers may be separated and isolated in
pure formby silica gel chronmatography usi?g a single solvent or a

conmbi nati on of solvents such as 1:20 net hanol : di chl oronet hane. The present

i nvention further includes the conmpounds of fornmula (I1) as hereinbefore
defined as novel internediates. Preferred conmpounds of fornmula (11) include
those wherein L is hydrogen or a halo atom preferably chloro or brono, and
Rlerr], Rerr] and Rlerr] are hydroxy or protected hydroxy groups,
preferably OC(O)CH3. Particularly preferred conpounds of fornmula (11) are
2- br ono- 5, 6- di éebCeled. for G3gH17N207CBr: C, 41.25; H, 3.27; N, 5.34. Found: C, 41.16; H,

tri-O acetyl - [gr;;rg}NL5Qobofur anosyl ) - 1H benzi m dazol e and

2-brono-5, 6-dichloro-1-([err]-L- ribofuranosyl)- 1H benzi ni dazol e. The
present invention also includes the internediates of formula (V) wherein X

is Rand R is d&nadditign, a/s@ali ampifitafthe alptaranomeiR2ebrothoSGidichiord-]-(28 §-tH0-
her ei nbefore dﬁ{:]étfleﬂpﬂ- - b W \Ys'lﬁeoehﬁﬁﬁdﬁgﬁ%@lﬂﬂnﬁ@r l]g,a 25 81 bOth
ia

hydr ogen or net
PCT/ GB95/ 015976 :L m.p; ﬁ®f°§ﬁ R Fp20RELcTH-5 PYINMS (AP):i mizi(red enremm')

2- (cycl opropy| 3p4 (®8,-M*$- L NMR (DMEG-d§ea 7i951(slaFD Ae-H), 7g ,lHArH)
5

> ?zd'ffEL?LC’f&ét%t} ¥ %91%3)5 BRI S50 B b e R %?am es
are intended f @87 -4.8istm,dH, W%ﬂlﬂ-@%(m,rﬁi,ﬂbﬁ’),lwﬁa,cﬁm ch)1203(s, BHg scope

of the inventi Qﬂ&d n 3 yOAI e term'active ingredient' as used in the
Phar maceuti cal 1? gs nmeans j; conmpound of forrmula (I) or a _ ‘
phar maceuti cal | y accept abl e derivative thereof. The termal so covers a

conmpound of f orAfdl. Taldd) fdilclﬁHl?mﬁmlgBil&alllzs H;:mmtw,tﬂsm Heiirdy € 41.89;tHer eof
in corrbl nat i OnSVS‘Stﬂ 996 or nore

Sodium carbonate (0.28 g, 2.65 mmot) and 2-bromo-5,6-dichloro-1-(2,3,5-tri-O-
acetyl-beta-L-ribofuranosyl)-1H-benzimidazole (1.39 g, 2.65 mmol) were combined
with water (4 mL), methanol (20 mL) and ethanol (20 mL) and stirred at rt for 1.5 h.
Acetic acid (0.3 mL, 5.3 mmol) was added and the suspension was concentrated to a
solid. Purification of the residue on a silica gel column (2.5-‘x 20 cm, 230-400 mesh)
with 1:9 ethanol : CH2Cl gave 2-bromo-5,6~dichloro-1-beta-L-ribofuranosyl-1H-
benzimidazole as a white amorphous solid (0.79 g, 2.0 mmol, 75%); m.p. 169 °C;
220D = (+) 105 (c=0.5 DMF); UV Imax (¢): pH 7.0: 298 nm (6,700), 289 (6,500),
255 (6,900); 0.1 N NaOH: 298 nm (6,700), 295 (5,400), 256 (6,700); MS (CI): m/z
399 (M+1); 1H NMR (DMSO-dg) d 8.57 (s, 1H, Ar-H), 7.96 (s, 1H, Ar-H), 5.89 (d,
J=79Hz H-1,548 (d, 1H, OH,J =6.3 Hz), 542 (t, 1H, OH, J =4.5 Hz), 5.29 (4,
1H, OH, ] = 4.2 Hz), 4.43 (apparent dd, 1H, H-2', J = 13.3 Hz, J = 6.1 Hz), 4.14
(apparent t, 1H, H-3',J = 4 3 Hz), 4.01 (apparent d, 1H, H-4' J=1.7Hz),3.77-3.63
(m, 2H, H-5"). ' '



therapeutic agents. Exanple 1

2- Bronp- 52 URIDHr0- 1- (2,3,5-tri-O acetyl -beta-L-ri bofuran%VG?”iWﬂenm m
" dazol e 2-Brono-5, 6-di chl orobenzi m dazole (1.0 g, 3.8 mol),

N, O bi s(trinmethylsiyl) acetami de (Al drich,~4.794 nL, 3.8 mmol), and
acetonitrile (Aldrich Sure Seal, 25 nmL) were conbined and refl uxed under
nitrogen for 1 h. The solution was cooled to rt and trinmethylsilyl triflate
(Aldrich, 1.5 nL, 7.6 mmol) was added. After 15 min, solid
1,2,3,5-tetra-O acetyl -L-ri bofuranose (1.2 g, 3.8 mmol ), prepared by the
nmet hod of Quthrie and Smith (Chemistry and Industry, 1968, pp 547-548)
except that L-ribo s.u a e.star erl _was added. The

sol uti on was st ﬁ’ﬁagg:a#%d@r%ﬁ Hﬂ@ﬁ%‘ﬂ“g@bﬁakﬁgng f’%é\?i\%%étﬂzéhr’ﬁﬁgo 10%
aqueous sodi um froumd: 6 36168; H1NB8S5;N,)7.Gfad extract ed W|_th di chl oronet hane (2 x
150 mi). The organic layers were dried wth magnesium sul fate (anhyd),
filtered, and evaporated. The crude residue was purified on a silica gel
colum (5 x 20 (ﬁﬁmﬂwAOO mesh) with 1:30 acetone : CHerr]C[err] to give
2- br ono- 5, 6-di chl oro- 1-( 3, 4, 5 tri- Oacetyl bet a- L-ri bof uranosyl) - 1H—ben2|m
dazole (1..2 g, 2. 2.mm X . D =

DNF) U\/l[el’l’] N Id PS hig( ’ (2D VA -
NaOH 298 nm (7, 600), 289 (7 400) 256 (7 300) M5 (EI) rﬂz (reI

é”éi”?;tyifir%ﬁg’%@'ﬁ WW%@%&?&“&%@% Soppyippast 1)
7.1 Hz, J = furanpsyl- @hhpnzmdamlea( 108, 0.25 nymel) werp combinsd with absolyts -

.Aéa\ 4)7 (fzn liH( H‘bthﬁa SEmIl arfld Stifred @t 7514C fdrl-zﬁh; mere&uaniﬂlﬁmre%éioﬁ&m&bﬂ
c s,

PCT/ GB95/ 01597 ‘%‘Aﬁ%fh?n a &isLlFac%F‘ °‘§‘B’F‘“§§Fﬂ XLy %ﬁf"% ‘ﬁs&? F"]“Ell[zé’r r1Br: C

41. 25; H, 3.27; m#thﬂIOBdlchlémnmmm givve 0073 ¢of product. This material was furth

purified on a second silica gel column (2.5 cm x 10 cm, 230-400 mesh) with 1: 5 5

~ methanol: ethyl acetate:hexanes to give a white solid (0.051g, 0.14 mmol, 55%); m.p.
228-230 °C (dec); [a]20D = (-) 17.4 (c=0.5 Ethanol, Abs); UV Imax (€): pH 7.0: 303
nm (10,400), 274 (1,700), 259 (9,100); 0.1 N NaOH: 304 nm (10,700), 295 (1,900),
259 (8,800); MS (CI): m/z (rel. intensity) 374 (13.2, M+1); IH NMR (DMSO-dg) d
7.6 (s, 1H, Ar-H), 742 (s, 1H, Ar-H), 5.71 (4, 1H, J=7.6 Hz, H-1), 5.65 (t, 1H, OH,
J =4.3 Hz), 5.25-5.21 (m, 2H, OH), 4.22 (apparent dd, 1H, H-2',J=134Hz, J=7.6
Hz), 4.02 (apparent t, 1H, H-3', J=7.1Hz),3.95 (s, 1H, H-4"), 3.67 - 3.62 (m, 2H, H-
5", 2.78-2.74 (m, 18, cyclopropyl-CH), 0.67 (d, 2H, J = 7.1 Hz, cyclopropyl-CHz),
0.53-0.47 (m, 2H, cyclopropyl-CHz).

Anal Calcd. for C15H16N304Clz 0.50 C4H302 +0.15 C6H14 C,4998; H, 5.18;
N, 9.77.

Found: C, 49.86; H, 5.18; N, 9.80.



3.39; N, 5.20. In addition, a small anmount of the al pha anoner
(2- bromow6 960183 hl oro-1-(2, 3,5-tri -0 PCT/GB95/01597
acetyl - al pha- L-ri bof uranosyl ) -1H benzi m dazol e) was obtained (0.11 g, 0.22
mol, 6%; mp. <65 C, [a][err]D = (-) 2088 (c=0.5 DMF); M5 (AP+): mnz
(rel. intensity): 524 (0.8, M+); [err]H NWR (DVMBO-d[err]) d 7.95 (s, 1H,
Ar-H)y, 7.91 (s, 1H, Ar-H), 6.66 (d, 1H H1', J = 4.2Hz), 5.68 (t, 1H,
H2, J=4.6 Hz), 552 (t, 1H H3, J =59 Hz), 4.87 - 4.81 (m 1H,
H4), 4.374.24 (m 2H, H5"), 2.08 (s, 3H, QAc), 2.03 (s, 3H, QAc), 1.51
(s, 3H OQAc). Iﬂ?",‘ééﬁalcd. for Jerr]Herr]Nerr](err]CJferr]Br: C 41.25;
H 3.27; N, 5. nd: C, 41.39; H 3.35; N, 5.29.
2- Bronp- 5, 6-di chl or o- 1- (bet a- L-ri bof uranosyl ) - 1H- benzi m dazol e Sodi um
carbonate (0. 3§ AQlviatniBa)- SRR X . .
acetyl -beta-L-r1bo uranosy . g, Z2.05 mol) were
_ conmbined with water (4 nmL), methanol (20 ni) and et hanol (20 m.) and
stirred.at rt Allylandin® (S:mLAcantl Rebromb<b,G-icRiotd=1-(533-tHrMlagetyidtetailded and t he

| d
S TPen gel comSRRADMN At byl (30 o itk meiB) el Bbiald sifabSbife "
CHerr]C[err ]e&:gaqle(lﬁnﬂr)msgnsdaﬁkiﬂ%fo&ihb rqeclummuamsgancmtated
penz! m dazo! © &iﬁiﬂérﬁam%&g&ﬁmﬁﬁts(idﬂzﬂ&n?zm&&rﬁ&gg 9 6m780) 169
+ 289 (6, 500), é'gﬁ‘f"(‘epgiﬁg‘f mipthang o g oBoRiinapt (O g, 039 e i@
(s, 700)7 Ve Eerzwcmuec),smz‘%m-x» 1(6{0e(m=0 SIDNIR; mhm:c@epmo domnam,aoo);m
r- ,

e o Sl gt
(apparent dd ${(Chr /2 (rel. inrepsiny 374, (100, M)y HAMRADMS Qo) 4k 66 (s lH,lH |
H3', J = 4.3 Adq)), 745Q4, 1R 5H8d5.84 th, HL‘CH=(§H§),$73 (43aH, B=76Hz §-63 (M
2H H5). 1), 5.62 (t, 1H, OH, ] = 4.3 Hz), 5.28 (¢, 1H, OH, ] =7.6 Hz), 5.23 (¢, 1K, OH, T =

42Hz), 5.16 (d, 1H, CH=CHa, J = 18.6 Hz), 5.05 (4, 1H, CH=CHp, J = 102

Hz),4.30 (apparent dd, 1H, H-2', = 13.1 Hz, I = 7.6 Hz), 4.06 (apparent t, 1H, H-3', T

| =56H2,3.97 (.5, 15 H, CH2CH=CH2), 3.71 - 3.60 (m, 2H, H-S')

Al

~ Anal. Caled. for C15H17N304Cl2 - 0.30 H20: C, 47.46; H, 467 N, 11, 07
Found: C, 4750 H, 4.68; N, 11.02.

Isopropylamine (10 mL ) and 2-bromo-5,6-dichioro-1-(2,3,5-tri-O-acetyl-beta-L-

- ribofuranosyl)-1H-benzimidazole (1.0 g, 1.9 mmol) were combined with absolute
ethanol (20 mL) and stirred at 75 °C for 48 h. The reaction mixture was concentrated
and purified on a silica gel column (2.5 cm x 16 cm, 230-400 mesh) with 1:220
methanol:dichloromethane to give product contaminated with a small amount of
higher Rf material. This was repurified on a chromatotron, fitted with a 2 mm silica
gel rotor, with 1:25 methanol:dichloromethane to give a white solid (0.43g, 1.15
mmol, 60%); [a]20D = (-) 22.4 (c=0.5 DMF); UV Imax (e): pH 7.0: 304 nm (9,500),



‘WO 96/ 01833 PCT/ GB95/ 01597 .
-23 - Anaw096)01833. for Clerr]Herr]Nerr]O4C [err]Br . 0.20Cranosm{seTr]| O
C 36:57; H 3.02; N, 6.88. Found: C, 36.68; H 2.85 N 7.05 Exanple 3
2- (Cycl oproyl ani no) - 5, 6-di chl oro- 1- (beta-t 2%+ bof ur anosyl ) - 1H benzi m dazol e
Cycl-opropylamne (5 nL ) and : ,

2-brono-5, 6-dichloro-1-(2,3,5-tri -0 acetyl -beta-L-

ri bofuranosyl)-1H benzi m dazole (0.10 g, 0.25 mmol) were conbined wth
absol ute ethanol (5 nmL) and stirred at 75 C for 24 h. The reaction m xture

2S00 wmany. E1S 14081260 (Esha. N %@?ﬁ%ﬁ“ﬁg’b"@“ﬁ’z@éﬁg% 6°§3f oduct .
This material M8 (Fly f’ﬁ%f’ebm‘?’f’f’?@d w Q %t@n }%NM-"% p'@ﬁ)liu 9(21H, cm x
10 cm 230400 ngsH), M85 3, IHPASHNES.HGD N@thm@xm%w p=giye a

whi t lid (0. D

17, 4e(§ool5 9 rﬁ%o%gzﬁbé%fog;“?l[“eﬁf/? ?&?5&3 34%?0%“56%3%5 )
(1,700), 259 (9314Hg;J o756 He)NaDH3.99dm, 2H), 307,(B06) I1HR 352 (- 8,610, 2H2HS",

8,800); M5 (O 374 (13.2, Mrl H NMR
EDIVBO?JI[err]g d 78%&?}KC?1ISCHZH?Q%G§Q)2 (1H Ar - H)) 5F$rlr](d, 1H J = 7.6
Hz, H1'), 5.65 (t, 1H OH J = 4.3 Hz), 525-5.21(m 2H, OH), 4.22

(apparent_ dd, 1AhalHEdcd. fdr €145189N363ClY- FOWHﬁoHﬂ,ASHOQﬁ,i.a'&mrmrqat, 1H,

> 76.2.78 (m Z&%mei%?%sp?%@%fé&é‘f fde % a2t T

cycl opropyl-CHerr]), 0.53-0.47 (m 2H, cyclopropyl-CHerr]). Anal. Calcd.
rr

for Jerr]H errg qerr]CI[err] . 0.50 CJerr]Herr]gerr] . 0.15
Cerr]Herr]: C , H 5.18; N, 9 77. Found: C, 49.86; H,- 5.18; N, _
9. 80. V\096/01833 ' .

- PCT/ GB95/.01597

Cyclopentylamine (5 mL ) and 2-bromo-5,6-dichloro-1-(2,3,5-tri-O-acetyl-beta-L- -
ribofuranosyl)-1H-benzimidazole (0.6 g, 1.1 mmol) were combined with absolute
ethanol (10.mL) and stirred at 70 °C for 24 h. The reaction mixture was concentrated
and purified on a silica gel column (2.5 cm x 16 cm, 230-400 mesh) with 1:9
ethanol:dichloromethane to give a white solid (0.27 g, 0.68 mmol, 59%); m.p. 140
°C; [a]20p = () 24.0 (c=0.5 DMF); UV lmax (e): pH 7.0: 305 nm (12,700), 276
(2,400), 260 (10,600), 245 (7400); 0.1 N NaOH: 305 nm (12,600), 276 (2,200), 260
(9,900), 247 (7,300); MS (CI): m/z (rel. intensity) 402 (100, M+1); 1HNMR
(DMSO-dg) d 7.60 (s, 1H, Ar-H), 7.36 (s, 1H, Ar-H), 6.91 (d, 1H, NH, J = 6.8 Hz),
5.74 (d, 1H, H-1', ] = 7.6 Hz), 5.61 (t, 1H, OH, ] =4.2 Hz), 5.26 (d, 1H, OH,J =8.1

' Hz), 5.23 (d, 1H, OH, ] = 5.5 Hz), 4.30-4.14 (m, 2H, NHCH, H-2'), 4.05 (apparentt,
1H, H-3', J = 4.9 Hz), 3.96 (br. s, 1H, H-4"), 3 72-3.59 (m, 2H, H-S’), 1.91 (br s, 2H,
CH), 1. 66 (br. 5, 2H, CH2), 1.52 (br. s, 4H, CH2).

Anal, Calcd. for C17H21N304Cl2 - 0.20 H20 : C, 50.31; H,531 N, 10.38.
Found: C, 50.13; H, 5.31; N, 10.05. '



-24 - Exarrple 4

2-(Al'lyl awope1833 6- di chl oro- 1- (bet a- L ri bofuranosyl) 1H beperiaposnedx
Allylamne (5 nL ) and 2-brono-5, 6-dichloro-1-(2,3,5-tri-0O acetyl -beta-L-
ri bof uranosyl)-1H benzi mi dazole (0.60 g, <2614 mml) vvere conbined with
absolute ethanol (10 nlL) and stirred at 75 C for 24 h. The reaction mxture
was concentrated and purified on a silica gel colum (2.5 cmx 20 cm

230- 400 nmesh) with 1:9 nethanol : di chl oronet hane to give a off white solid
(0.325¢g, 0.87 mmol, 76%; mp. 220 [err]C (dec); [a][err]D = (-) 16.0
(c=0.5 DVF); llerrd (e): pH 7.0: 303 nm (11, 200), .275 (2,000), 259
(9,900); 0.1 N 04 nm (11, 300), 275 (2,000),259 (9,200); M5 (Cl): mz
(rel. intensity) 374 (100 I\/Hrl) [err]H NI\/R(DI\/BOd[err]) d 7.66 (s, 1H,
Ar-H), 7.35 (so.(h Vo) _m (5 . & (d, 1H J =
7.6 Hz, H 1'), ( ) 3 d, ' = 7.6 Hz),
523(d 1HO—|J.42Hz)516(d 1H, CH:CH[err] :186Hz)505
(d, 1H CH=CH @eniylandine (1®mP )l 2%brofolSediekilor-142j3, statoJab otyl-beth-E- 13 1 Hz,

e Ot ) CRERRRRR pebginddlpold 0. 1 Sof o %ﬁw

der ‘ ]H err] N[ sm@[(m Lyl gndistifred a0 for @4 h] The teactmnmmurwaﬂccﬁmmted

11. 07. Found: iRl onf4 si lc&]mnﬁ 2.9¢mE |2305100rzm13_|_ 2| m d Jol e
(]

56D|chlor02 (1sq | am_no Qs
| sopr opy! ani neethfbf’lpréﬁg m&epro et contained be
2- br ono- 5, 6- di ciak firthed ﬁﬁﬁﬁ&rdf&eﬁﬁh@gﬁle&%ﬁ{lScmxl6cm,230-400mesh)

absol ut o ot ha T S e ledREeS i dhodpibncs st el hall e GERRBAEE A pxturd

was concent r at gticagel Oplumn, Mmtlmi t%\thmsm@é was nsesidbrfinal parification so gige ampfl
gggt g%on gfz g) W‘Mﬁt@ ;é%@(b 26 bsz&%ml 32‘)6}” ﬁfﬂetmsme 14285 *Q—)W@&HGB DMF);
repurified on h@h@?d’h gﬂvﬂﬁ L‘& éﬂ%ﬁggiﬁd‘}\ %daa(b:?gb)ggil
1: 25 net hanol : ancflDS00);RT6 (n800),260i(8,500); WS (CI)smlz (el (rehsiey) 4241£oo;m1),
60 : [a [er 1] Dk oMst-d4g 97,98 RV 1 LY oM Nk, £.68 (s, P, Ar 5P (1,
| (9,500), Ar-H), 7.34 - 7.18 (m, 5H, Ar-H), 5.80 (d, 1H, H-1', J = 7.6 Hz), 5.67 (¢, 1H, OH, I =
4.1 Hz), 532 (d, 1H, OH, J = 7.6 Hz), 5.25 (d, 1H, OH, ] = 4.6 Hz), 4.55(d, 2H,
PhCHy, J = 5.7Hz), 4.34 (apparent dd, 1H, H-2', J = 13.1 Hz, ] = 7.4 Hz), 4.08
(apparent t, 1H, H-3'-,' J =-3_.s Hz), 4.00 (br. 5, 1H, H-4), 3.73 - 3.61 (m, 2H, H-5".

Anal. Calcd for C19H19N304C12 0.10 H20 C, 53.56; H, 4.54; N 9.86.
Found: C, §3.23; H, 4.62; N, 9.71.

Azetidine (1 g ) and 2-bromo-5,6-dichloro-1-(2,3,5-tri-O-acetyi-beta-L-
ribofuranosyl)-1H-benzimidazole (0.6 g, 1.1 mmol) were combined with absolute
ethanol (10 mL) and stirred at 75 °C for 72 h. The reaction mixture was concentrated
and purified on a silica gel column (2.5 cm x 16 cm, 230-400 mesh) with 1:20
methanol:dichloromethane to give an off white solid (0.35 g, 0.93 mmol, 82%); m.p.



WO 96/ 01833

PCT/ GB95/W@84918335_ 275 (1, 800), 260 (8,300); 0.1 N NaCH BEWGRISPYID0),
275 (1,900), 260 (8,100); Ms (Cl): mz (reI intensity) 376 (100, M1);
[err]H NVR (DVBO-d6) d 7.59 (s, 1H Ar- -27-35 (s, 1H, Ar-H), 6.90 (d. 1H,
NH J = 7.8Hz), 5.73 (d, 1H H1', J = 6 5 Hz), 5.62 (f, 1H OH J = 4.2
Hz), 5.27-5.23 (m 2H, OH), 4.27 (apparent dd, 1H, J= 13.4 Hz, J = 7.6 Hz),

4.11-3.99 (m 2H), 397(br S, 3.72 - 361(m 2H, H-5) 1.18 (d,
6H, CH(CH err])[err], J 66Hz) Anal Cal cd. for
C[err]H[err]N[em.ﬁﬁc] +)69]6 Qo sIrswiEy; Qv&,a,éé)%@wb*so'énﬁiwé%ox

10.66. F d:
2- (Cycl oggﬂt yl a?ﬁ%a);"g) K%ﬁ(? 9711‘1 Bgaa 303 P&f@phﬁ&ﬂ §002,:268£R800% dazol e
Cycl opent yl ani nMS €I)rim/z (eh dnnsiny)p 666 5100; M+ )| B dDAMR (DMSO-dg) d 8.60 (s, IH

ol ) ver e conbiial 1A0R carE. S48 ﬁ@zﬁ%ﬁi@( o PSSO T R8s £y

24 h. The react Hgh 5%y, Oak= 43 HDn 5113 It 4.7 it 435 (apparenitdd, gel

colum (2.5 cm mlﬁ-zmm=?ﬁ@rﬂoﬁ-amiﬁ),ww%m%ﬁ&hamh%w% fg&kgr gege to
»

ive a white so 6

)20 ((coo: o BN Tt iz o4 B B ek T 28 kB, 2 60t 38,

260 (10, 600),  24b, FLAHY), 0.1 N NaOH 305 nm (12, 600), 276 (2, 200) 260
(9,900), 247 (7 300); I\/S(CI) rrlz (reI |ntenS|ty) 402 (100 M-1l); [err]H
NMVR (DMBO-d[err]) d 7. 60 (H , 6.91 (d, 1H,
NH, J = 6.8 Hz), A@ﬂhﬁa\céfom,lsﬁuzl‘hot;ﬁla fi 68 id;)H 435851‘1 (1i231H OH J = 4.2
Hz), 5.26 (d, 1Homgﬂc 48003 U$EN, 13,183 (d, 1H OH J = 5.5 Hz), 4.30-4.14
(m 2H, NHCH, H2'), 4.05 (apparent t, 1H, H3, J =49 Hz), 3.96 (br. s,
1H, H4'),3.72 - 3.59 (rn 2H, H5"), "1.91 (br. s, 2H, CH err]), 1.66 (br.
s, 2H, CHerr}) Exdmple Y br. s, 4H, CHerr]). . :

Propargylamine (4 mL ) and 2-bromo-5,6-dichloro-1-(2,3,5-tri-O-acetyl-beta-L-
ribofuranosyl)-1H-benzimidazole (0.6 g, 1.1 mmol) were combined with absolute
ethanol (10 mL) and stirred at 70 °C for 4 h. The reaction mixture was concentrated
and purified on a silica gel column (2.5 cm x 16 cm, 230-400 mesh) with 1:20
ethanol:dichioromethane to give 0.18 g of crude product. This material was further
puriﬁéd on a chromatotron, fitted with a 2 mm rotor, using 1:9
methanol:dichloromethane to give a light yellow solid (0.135 g, 0.36 mmol, 32%);
m.p. 182 -184 °C; [a]20p =(-) 9.2 (¢=0.5 DMF); UV lmax (e): pH 7.0: 300 nm
(8,900), 272 (1,700), 258 (8,300); 0.1 N NaOH: 301 nm (8,700), 272 (1,800), 259
(7,500); MS (CI): m/z (rel. intensity) 372 (100, M+1); 1H NMR (DMSO-dg) d
7.73 (s, 1H, Ar-H), 7.58 (t, 1H, J = 5.5 Hz, NH), 7.43 (s, 1H, Ar-H), 5.75 (4, 1H, H-

- 1, J=5.0Hz), 5.66 (t, 1H, OH, ] =4.3 Hz), 529 (d, 1H, OH, ] = 7.6 Hz), 5.24 (d,

- 1H, OH, J = 4.2 Hz), 4.28 (apparent dd, 1H, H-2', ] = 13.2 Hz, ] = 7.4 Hz), 4.11 - 4.04
(m, 3H, H-3', CH2), 3.97 (br. 5, 1H, H-4'), 3.73 - 3.61 (m, 2H, H-5Y, 3.10 (s, 1H, CH).

Anal, Calcd. for C15H15N304C12 -0.75 H20:C, 46.71; H, 4.31; N, 10.89.
Found: C, 46.52; H, 4.23; N, 10.72. ~ "



Anal . Calcd. for CJerr]Herr]Nerr](err]C[err] . 0.20 Herr]O C, 50.31;
H, 5.31,WQ96M18388. Found: C, 50.13; H, 5.31;N, 10.05. PCX/GBINISS3

PCT/ GB95/ 01597 -26 - Exaxple 7

2- (Benzyl am no) - 5, 6- di chl or o- 1- (bet a- L- ri¥of ur anosyl ) - 1H— benzi m dazol e
Benzylam ne (10 nL ) and 2-brono-5, 6-dichloro-1-(2,3,5-tri-0O acetyl -beta-L-
ri bof uranosyl ) -1H benzi m dazole (1.0 g, 1.9 mmol) were conbined with

absol ute ethanol (20 nlL) and stirred at 70 C for 24 h. The reaction m xture
was concentrated and purified on a silica gel colum (2.5 cmx 16 cm
230-400 nesh) with 1:9 ethanol:dichloronethane. The crude product cont ai ned
benzyl amine. This material was further purified on a second silica gel
colum (2.5 crisampitdn 230400 mesh) with 3:7 acetone: hexanes to give
product with a snall amount of inpurity. A third silica gel colum,

i dentical to t, al .purification to . |ve an of f
white SO|Id(. Fmmmo farlenboturangsyh-4 H-bengi g = (-) 4.6
(c=0.5 DWF); W 1[err] (e): pH 7. 0 304 n (10, 600), 276 (1 800)

a0 n?ensWZﬁ%f"Ei“(zﬁ}f‘zﬁg%ﬁ‘r%%b@?%@ﬁ?@ )
1H,J = 5.9 Hz, ribqfyran b) werg combined) wi alzmhxte7 18 (m

gH,32AEdH) iH5 Ghaind] 1@*&Lﬁaﬂdsunldat70ﬁ’3fd¥)24h5m2réakuon1ﬁxn§%|wa§

Phaert], ) sﬂ%?ﬂ!@s‘z o2 554 gl a2 oot x £ o 25040 Wﬁ%( o 72?
Hz), 4.08 ( apmhﬂnt.dmhlomahanetq give aisoff wan; solttl 036(g>0.96 mmdl-84%); 4m.p. 3. 73 -
50 (1 2 el S A v T340, 0 1
el 6 g 573 1,500), 260'(9,8005; 0.1 N'NaOHE: 308 nm 9,800), 2‘/6 (11600, 260 (7.800): .

MS (CI): m/z (rel. intensity) 376 (100, M+1); 1H NMR (DMSO-dg) d 7.60 (s, 1H,

© ArH), 7.35 (s, 1H, Ar-H), 7.15 ¢, 1H, ] = 5.4 Hz, NH), 5.74 (d, 1H, H-1', ] = 7.6 Hz),

5.66 (t, 1H, OH, J = 4,0 Hz), 5.28 (d, 1H, OH, J =7.6 Hz), 5.24 (d, IH, OH, J =422

Hz), 4.34 - 4.25 (m, 1H, H-2"), 4.06 (apparent t, 1, H-3', J = 4.7 Hz), 4.00 (br. s, 1H,

H-4"), 3.72 - 3.61 (m, 2H, H-5", 3.31 - 3.24 (m, 2H, NHCH?), 1.57 (g, 2H, T =73

Hz, CHp), 0.88 (¢, 3H, J = 7.5 Hz, CH3).

Anal, Calcd. for C15H19N304C12 - 025 Hy0: C, 47.32; H, 5.16; N 11.04.
Found: C, 47.43; H, 5.20; N, 10.74. '

Isobutylamine (10 ml ) and 2-bromo-5,6-dichloro-1-(2,3,5-tri-O-acetyl-beta-L-
ribofuranosyl)-1H-benzimidazole (0.6 g, 1.1 mmol) were combined with absolute
ethanol (50 mL) and stirred at 75 °C for 24 h, The reaction mixture was concentrated
and purified on a silica gel column (2.5 cm x 16 cm, 230-400 mesh) with 1:20 |
methanol:dichloromethane (500 mL), then 1:9 methanol:dichioromethane to give a tan
solid (0.39 g, 1.0 mmol, 90%); m.p. 136 °C; [a]20p =(-) 28.4 (c=0.5 DMF).



2- Azeti di no-5, 6-di chl oro-1- (bet a- L-ri bof uranosyl ) - 1H benzi m dazol e

Azet i di neWOY6@183dnd 2- br onp- 5, 6-di chl oro-1-(2, 3, 5-tri - O ac RGIVGRAS03597 -

ri bof uranosyl)-1Hbenzi mi dazole (0.6 g, 1.1 .mmol) were conbi ned with

absol ute ethanol (10 nL) and stirred at 75 &-for 72 h. The reaction nixture
was concentrated and purified on a silica gel colum (2.5 cmx 16 cm
230-400 nmesh) with 1:20 nethanol : di chl oronet hane to give an off white solid
(0.35 g, 0.93 nmol, 82%; mp. . WD 96/ 01833

PCT/ GB95/ 01597 -27 - 244-245 C, [a][err]D = (+) 69.6 (c=0.5 DMF); WV 1[err]

(€): pH 7.0: sommadgeepm%g?w% O): 4BED I3 000 1081 N NaCH 305
Gl

9,800), 276 (1.600),.2 _ intensity) 376 (100,
l(\/l+1) %err]H(N cgg?évrﬂ 1H, Ar-H), 7.49 (s, y)lH ArEH)

5.43 (d, 1H, H1', J = 7.6 Hz), 533(d 1H OH J =6,6 Hz), 5.26 (t, 1H,
OH J = 4.7 Hz) d, 1H OH, J = 4.7 Hz), 4.35 (apparent dd, 1H H2',
J =12.6 Hz, J .0 ), 4.17 (t, 4H, CH[err] J =7.6 Hz), 4.07 (apparent
t, 1H H3', J 6.1 Hz), 3.88 (d, 1H H 4 J:24Hz), 364(br s, 2H,

H5), 2.39 - 2. ; -
qerr]H[err]N[engﬂ?m'M.
48.00; H, 4.59; N, 11.15. Exanple 9

5, 6- Di chl or o- 2- Ethanglamnine! @ﬁml@)anﬁlZélirem-ﬂ,é-dlchlntmﬂimeﬁy&x)ehbb@lehw-m dazol e

> br oo, 5. 6. o cFe oy bemgimideppl (062 5, .2 mnp were combined with sbsolue
ri bof uranosyl ) - ¢thanal 650 Ma@ém@téo or 34 mempemm@omted
absol ute et hanohnd ﬂﬁbn&fhﬂlﬁtgeréd&nﬁtzgech f@ém,‘habAOWi&shﬁﬂﬁﬁlQO m xture

230- 400 moshy W ﬁm% Bomne foR b b et o B8banal ipBlogorsgbape, £ridi, e -
product Thi s -nmaprodiset wasabtdinedtwhich was further purified on a silica gel ﬁlterpad with 1:1
acetone: dichloromethane and then with 1:2 ethanol:dichloromethane. Further
purification on a chromatotron fitted with a 2 mm rotor, using 1:6 ethanol : ethyl
acetate provided pure product (0.064 g, 0.17 mmol, 14%); [a]20D =(-) 14.2 (c=0.5
DMF). -

Anal. Calcd. for C14H17N305ClI3 - 0.50 H20: C 43.43; H, 4.69; N, 10.85.
Found: C, 43.74; H, 5.02; N, 10.53.

1-Ethylpropylamine (5 mi) and 2-bromo-5,6-dichloro-1-(2,3,5-tri-O-acetyl-beta-L-
ribofuranosyl)-1H-benzimidazole (0.6 g, 1.1 mmol) were combined with absolute

- ethanol (20 mL.) and stirred at 80 °C for 24 h. The reaction mixture was concentrated

. and purified on a silica gel column (2.5 cm x 16 cm, 230-400 mesh) with 1:15
m¢thanol:dichlofoinethane to give product (0.31 g) with a small amount of impurity.
This material was further purified on a chromatotron, fitted with a 2 mm rotor, using
1:2 acetone:dichloromethane to give a white solid (0 248,0.59 mmol, 52%), [a]20D
={-) 39.4 (c=0.5 DMF).. ' : :



purified on a chromatotron, fitted wwth a 2 nmrotor, using 1:9

met hanolW@i96/P1833 onet hane to give a light yellow solid (0. 2HGBS/ASSE Mol ,
32% ; mp. 182 -184 [err]C. [a][err]D = (33 9.2 (¢c=0.5 DWF); WV lf[err] (e):
pH 7.0:300 nm (8,900), 272 (1,700), 258 {(8Y300); 0.1 NNaOH 301 nm (8, 700),
272 (1,800), 259 (7,500); Ms (Cl): nmz (rel. intensity) 372 (100, M1);
[err]H NVMR (DMBO-d[err]) d 7.73 (s, 1H, Ar-H), 7.58 (t, 1H, J = 5.5 Hz,
NH), 7.43 (s, 1H, Ar-H), 575 (d, 1H, H- 1", J =5.0 Hz), 5.66 (t, 1H OH,
J = 4.3 Hz), 5.29 (d, 1H, OH, J =7.6 Hz), 5.24 (d, 1H, OHJ = 4.2 Hz), 4.28
(apparent dd, 1H, H2', J = 13.2 Hz, J = 7.4 HZ), 4.11 - 404(m 3H, H3',
CHerr]), 3.97 1H H4 3.73 3.10 (s, 1H,
CH). Anal . @Hﬂ? Galsd. @ﬁkMﬁBPﬁﬂi@rG,]S@[S&H}%;1"%67‘*1]039 0.75 Herr]O C
46.71; H, 4. BJFouhkl Q,50884; H;6188¢N, 10.1416. 52; H, 4.23; N, 10.72. WO

96/ 01833 ~ PCT/ GB95/ 01597
-28 - Exanple 10 5, 6-Di chl oro-2-(n-propyl am no) 1 '

- (beta-L- rlbofﬁnamm&) 1H benzi mi dazol e Propylanine (7 nL ) and

2- bromo- 5, 6-di chl oro-1-(2,3,5-tri- Oacetyl beta-L-. .

ri bof uranosyl) , Q.6 ) re conbl ned W|th

absol ute etha ARSI el o) ag-fs{betadlbofixaneg REZIRRARERIEON mi xture
was concentrated and purlfled on a S|I|ca gel, col um (2 5 cmx 16 cm

230- 400 ‘mesh t lid
(0.36 g, ”83923 %43 ;‘%'39%?‘5 h@?@ %%M % w;f‘%""é" e
DVF); WV 1[er rr}bO@@nosuH-m-benzsnsmh (05 d0h mmp mwsohmm 0.1
"t ooy tS;)SBgG 100 ?mé&uﬁm D e gt o o Eﬁ&aﬁd H, (
735 (s, %M &% slies gglcolym (3 SA & 19 [zm) Ddadhmes) i1y 1
7.6 Hz), 5 66 xﬁemmbudxcmdmdemanet&gﬁz)pmﬁcqa 38ck) w&lﬂasﬁdllahount?of&nbhmy 5 24
(d, 1H OH J Thidmaterial was further purified on a chromatotron, fitted with a 2 mm rotor, using

1:2 acetone:dichioromethane to give, in addition to 0.25 g of slightly impure material,

pure product as a white solid (0.059 g, 0.14 mmol, 12%); [a]20p =(-) 24.0 (c=0.5

DMF).

Anal. Caled. for C18H23N304Cl2 « 0.30 H20: C, 51.27; H, 5.64; N, 9.96.
Found: C, 51.18; H, 5.68; N, 9.88.

Aniline (5 ml ) and 2-bromo-5,6-dichioro-1-(2,3,5-tri-O-acetyl-beta-L-ribofuranosyl)-
1H-benzimidazole (0.6 g, 1.1 mmol) were combined with absolute ethanol (35 mL)
and stirred at 80 °C for 14 days. The reaction mixture was concentrated and the
aniline was distilled off under high vacuum at 80° C. The brown residue was
dissolved in methanol (50 mL) and K2CO3 was added.. This solution was stirred for
18 h. The solution was filtered, concentrated and purified on a silica gel column (2.5
cm x 16 cm, 230-400 mesh) with 1:15 methanol:dichloromethane to give a white solid
(0.024 g, 0.06 mmol, 5%). MS (AP+): m/z (rel. intensity) 410 (19.39, M+1); 1H



Hz), 4.34 - 4.25 (m 1H, H2'), 4.06 (apparent t, 1H, H3', J = 4.7 Hz),
4.00 (br W33 4y 3.72 - 3.61 (m 2H, H5), 3.31 - 3PEI/GHISOINY7

NH err]CHerr]), 1.57 (q, 2H J = 7.3 Hz, CHerr]), 0.88 (t, 3H J =7.5 Hz,
CHerr]). Anal. Calcd. for C[err]H[err]N[e?ﬂ]'Qerr]Ci[err] 0.25 Herr]O C,
47.32; H, 5.16; N, 11.04. Found: C, 47.43; H 5.20; N, 10.74. Exanple 11
5, 6-Di chl oro-2- (i sobutyl am no) - 1- (beta-L-ri bofuranosyl)- 1H benzi m dazol e
| sobutylam ne (10 m) and :

2-brono-5, 6-dichloro-1-(2,3,5-tri-0O acetyl -beta-L-

ribofuranosyl) - {iNg® .§azg! ) q,u.n} e

absol ute et hano]f,!r é?;}» S@% sﬁ%@ Q{ g%ﬁé’ﬂ% or’ Z@K@ lﬁ actlon
m xture was cofre 7 Wﬁﬂ?@l &6 2HnArts I F T eﬁ”:(ﬁ H:B_me 16
cmt h230l 480 masm)sm,tstvsxdzmmmm smiz),csm@(t,or%tdggn&éﬁm),@%l(dtm, a. P

met hano i chl or

o6 o] 6 T F A0 18,8, FoPuioh ety af M 13 490 1" P

PCT/ GB95/ 01597 7.8%z), 4\hh(app@entadlH,H2', Srek 8HA 405 (s\NLEy HI4)| 279 } G171 ¢m; 2H, C,
48.13; H, 5.55; yl¥ny 10.52. Found: C, 48.08; H 5.57; N, 10.41. Exanple 12
2-((5,6-Dichl oro-1-(beta-L- rlbofuranosyl) lH-ben2|mdazoI 2-yl) am no)

et hanol Ethanolanmine (25 m) and

2- brono- 5, 6- di cEkamiple16(2, 3, 5-tri -G acetyl - beta-L-

rri bof uranosyl)-1H benzi m dazole (0.62 g, 1.2 mmol) were conbl ned with

absol ute ethanol (50 ni) and stlrred at 80 C for 24 h. The reaction mxture
was concent rat ed.6=ighlg iAol 1i-4be Ll e ‘ zimtdazalé cm

230- 400 nmesh) with 1 20 net hanol di chI ororret hane (500 m_) then 1:9

pur i 116 on a sprbetyigmRe (Smld andh oo dlalor -0 st aeety el "

nboﬁxranosyl)-lH-benzxm:dazole (0.6 g, 1.1 mmol) were combined with absolute

~ ethanol (10 mL) and stirred at 80 °C for 24 h. The reaction mixture was
‘concentrated and purified on a silica gel column (2.5 cm x 16 cm, 230-400 mesh) with

~ 1:15 methanol:dichloromethane to give 0.55g of product with some impurities. This
material was repurified on a second silica gel column (2.5 cm x 16 ¢cm, 230-400 mesh)
with 1:20 methanol:dichloromethane to give an off-white solid (0.40 g, 0.99 mmol,
87%) m.p. 102-103° C; [a]20p = (-) 22.0 (c=0.5 DMF).

Anal. Caled. for C17H23N304Cla : C, 50.50; H, 5.73; N, 10.40.
Found: C, 50.25; H, 5.85; N, 10.26.

Amino acetonitrile hydrochloride (1.2 g, 13 mmol), triethylamine (5 mL), and 2-

. bromo-5,6-dichloro-1-(2,3,5-tri-O-acetyl-beta-L-ribofuranosyl)-1 H-benzimidazole
(0.6 g, 1.1 mmot) were combined with absolute ethanol (40 mL) and stirred at 80 °C
for 3 days. The reaction mixture was concentrated and the residue was diluted with
ethyl acetate (150 mL) and extracted with 10% sodium bicarbonate (25 mL) then with
water (2x25 mL). The ethyl acetate layer was dried (Na2S04) decanted and



acetone: dichloronmethane and then with 1:2 ethanol:dichl oronmet hane. Furt her

purifi cawiomem0ess3a chromatotron fitted with a 2 nmrotor, werRgeednfseet hanol
et hyl acetate provided pure product (0.064 g, 0.17 nmol, 14%; [a][err]D
= (-) 14.2 (¢c=0.5 DW). Anal. Calcd. for- Qerr]H[err]N[err]Qerr]Cl[err]

050 Herr]O C, 43.43; H 4.69; N, 10 85. Found: C, 43.74; H, 5.02; N,

10. 53.

5, 6-Di chl oro-2-((1-ethyl propyl)anm no)-1-(beta-L- rlbofuranosyl) 1H benzi m da

. zole 1-Ethyl propylamne (5 m) and

2-b 6- d - 1.

ri b(r)?lrjr?aﬁosyl I) Eﬁugtﬁélémgg%&f?ﬁgcﬁh%@%%s%?gelc%m%a%’fﬁs
absol ut e et harron 280008 mesi)uitis il mﬁhaaol dichigromethan¢. oTheptvormaiif prodnets offi on
m xture was CQH&&ﬂﬁrhﬁtvﬁﬁe 2U8£bniv 15 61di@flors ! - -Glal:ét?lab%t, &&h&ml i 5% Cm x 16

;;ﬂ vmz'?g gogma S%% I%Pﬁﬁg%fﬁg”%#@ a&’a%gs't Uﬁu](‘:lt e((jooﬁla
chr omat ot r on, Henzimidizolet(D.14 g - AvlowertRymaterisl (@) 11 wmmaa«ddaﬁﬂmaet hane

to give a m' %ﬁééﬂa(ﬂmﬁﬁt&on%éRWZm%&or&%[lqd]D = (-) 39.4 (c=0.5

DVF

PCT) GB95/ 01597metwol :dighipromethanedo gwslaneﬁéfﬂnqempbﬂ fq 0%&. 0}06] rmmel, a%pemq C,

50.50; H, 5. 73APN: m}2(r3P imthiHd 37148000 2H4 U.dyich 147 cB@whey 14
@

2- (Cycl ohexyl a ?%%g%%dfﬁlgﬁ) 175(25 t 3= IArrI!I)bg )l }H— |g16gazol e

Cycl ohexyl ami ne
2- br ono- 5, 6- di(6HH) OH, 1= £] Hz5-5t32 (dAR@Hy] =¥l Hz),5.23 (d, 1H,O0H,J= 42Hz),

bof | L
ool ut o ot hatds zﬁﬂh%"ﬁzgﬁé? SR A I ofpeedl R, RS SR BES M
m xture was cdd®ehP? (appareatia L3I &P -oHzh 3s38I(Fac1&I d‘é’?')»c%ﬁm@( m2hH-x 16
cm 230-400 ma§j1) wth 1:15 -

Anal. Calcd. for C14H14N404C12 0.30 CH40 - 0.15 CH2C12 C, 43.88; H,3.95 N,
14.16. . : _
_Found C,43.81;H,3.90; N, 14.21.

n-Butylamme (5 mL), and 2-bromo-5 6-d1¢hloro-l-(2,3 S-tn-O-acetyl-beta-L-
nbofuranosyl)- H-benzimidazole (0.6 g, 1.1 mmol) were combined with absolute
ethanol (10 mL) and stirred at 80 °C for 18 h. The reaction mixture was concentrated
and purified on a silica gel column (2.5 cm x 18 cm, 230-400 mesh) with 1:9
methanol:dichloromethane. Crude product was obtained (0.73 g) which was further
purified on a chromatotron, fitted with a 2 mm rotor, using 1:2

- acetone:dichloromethane to give an off white solid (0.20 g, 0.51 mmol, 45%) m.p.
220-222° C; [a]20p = (-) 17.2 (c=0.5 DMF). -



rret hanol :'di chl or omet hane to give product (0.38 g) with a snmall anount of

i mpurity. MOPYOMIR erial was further purified on a chronat ot PERGBPIRISEY wi t h
a 2 mmrotor, using 1:2 acetone:dichloronethane to give, in addition to
0.25 g of sllghtly i npure material, pure product as a white solid (0.059 g,
0.14 mml, 12%; [a][err]D = (-) 24 O (c=0.5 DWF). Anal. Calcd. for
C[err]H[err']N[err]CIerr]CI[err] . 0.30 H20: C, 51.27, H, 5.64; N, 9.96.
Found: C, 51.18; H, 5.68; N, 9.88. Exanple 15

2- Ani | i no-5, 6-di chl oro-1-(beta-L-ribofuranosyl)-1H benzi m dazole Aniline (5
m) and 2- brormMcwgmlf@r@rsnz(1&3@4@12u1|/1m§getmdg @ L-ri bofuranosyl) -

1H benzi m dazol e ( were conbined wt h absol ut e et hanol (35
m.) and stirred gtg%gl q&r CWSM days. The reaction m xture was

concent r at ed. andFaund: @4149751&,\5/&9@ Utkﬁwled of f under high vacuumat 80 C.
The brown residue was dissolved in nethanol (50 nL) and Kl err] CO8 was
added. This solution was stirred for 18 h. The solution was filtered,
concentrat ed ancﬁ@éﬂﬂlﬂ%d on a silica gel colum (2.5 cmx 16 ¢cm 230-400
mesh) with 1:15 net hanol : dICh| or onet hane to g| ve a whlte solid (0 024 g,
0. 06 mol , . |

96/ 01833 man e '

-31 - NI\/R(DI\/ISOd[err]) d 9.09 (s, 1H NH), 7.83 (s, 1H Ar-H), 778(d

1H Ar-H J=7. 9§E)But}7laé§1el(_§ mﬁg anﬁ@'ﬂg‘bmfs é&xcﬁforo-?'(h 3’5“- tbaée 5 FZ)
S@“ﬁz)

gHggJ ‘L 412 Hz )Ar %bqfampeﬁyl mi am&iaaols (%9 & k! sm*(lhwermo =d3wth

4. 33 (apparent . dethanbb{10H4L) add stirded af 8612C fok 18 h/. Thehigactiod miittuterwiofesntriated 1 H,

H2, J = 4.8h) ?md4 pu%ec(i o a_lsh&ca |élzll)c'olumn (% 5 cn:f X 1% c‘n.mZ3g-4H00 megh))wnh 1:20 -
methanol:dichloromethane. Crude product was obtained (0.37 g) which was further
purified on a chromatotron, fitted with a 2 mm rotor, using 1:20
methanol:dichloromethane to give an off white solid which was a mixture of
diastereomers (0.21 g, 0.55 mmol, 48%) m.p. 121-122° C; [a]2°D =(-)23.8 (c=0.5
DMF). :

Anal. Calcd. for C1gH21N304Cl2 - 7/10 H20: C, 47.70; H, 5.60; N, 10.43.
Found: C, 47.76 H, 5.51; N, 10.16.

Cyclobutylamine (3 mL), and 2-bromo-5,6-dichloro-1-(2,3 ,>-tri-O-acetyl-beta-L-
ribofuranosy!)-1H-benzimidazole (0.6 g, 1.1 mmol) were combined with absolute
ethanol (10 mL) and stirred at 80 °C for 24 h. The reaction mixture was concentrated
and purified on a silica gel column (2.5 cm x 18 cm, 230-400 mesh) with 2:1 ethyl
acetate:hexanes. Crude product was obtained (0.42 g) which was further purified by
multiple cyclings on a chromatotron, fitted with 2 2 mm rotor, using 1:20
methanol:dichloromethane to give a white solid (0.26 g, 0.67 mmol, 59%) m.p. 220-
221°C; [a]20p = (-) 224 (c-O 5 DMF).



Exanpl e 16 5, 6-Di chl oro-2-(n-pentylam no)-1

- (bet a- WO 9640383 anosyl ) - 1H benzi m dazol e n- Pentyl am ne ( PCGBIENIS7

2- brono-5, 6-dichloro-1-(2,3,5-tri-0O acetyl -beta-L-
_ribofuranosyl)-1H benzi nidazole (0.6 g, -34% mvl) were conbined with

absol ute et hanol (10nL) and stirred at 80C for 24h. The reaction m xture was
concentrated and purified on a silica gel colum (2.5 cmx 16 cm 230-400
mesh) with 1:15 net hanol : di chl oronet hane to give 0.55g of product with sone
impurities. This material was repurified on a second silica gel colum (2.5
cmx 16 cm 230-400 nesh) W|th 1: 20 nmet hanol ::di chl oronet hane to give an
off-white solid (0.40 g, 99 mml 87% np. 102-103 C, [a][err]D = (-)
22.0 (c=0.5 Dhml. CMIfOI'@:BGH:wN3Q4CIZ;[@;ﬂ5€[Hﬁ]%t{Hrtqaerr]CI [err]: G
50.50; H, 5. 7Ryunhb c14b A0H Eg@lr}d 10%1. 20. 25; H, 5.85; N, 10.26. '
2-((5, 6-Di chl oro- 1-( bet a- L- ri’bof uranosyl ) - 1H benzi mi dazol e- 2- yl ) ami no)
acetonitrile Am no acetonitrile hydrochloride (1.2 g, 13 mml)
triethyl am neEXgmpid 21 and 2-
brono-5, 6-di chl oro-1-(2,3,5-tri-0O acetyl - bet a- L- ribofuranosyl) 1H benzi m da
zole (0.6 g, 1.1 rrrml) were conbl ned W|th absol ute ethanol (40 m_) and
stirred at 80«=(l¥Y :: Dgl10IR0FO 1 (D6 AN0s epzmmidazelel and t he
residue was diluted with et hyI acetate (150 m_) and extracted W|th 10%

e
PCT/ GB95/ 0 15%zi&ﬂdazolm@0bg;tltmmnﬂl)tmmc¢mhmed with aksdIuig etinod (10 ML)y iahd ed on a

et hanol - ci ol a0 2 2 12 i Rackh bt Wit ed fpurificd gna, 4
2- br onp- 5, 6- oﬁﬂmgsl @1m§2®&%!@9mbet0¥lqﬁm¢%m4ﬂ8%ﬂme¢ﬂol oyl i ni dazol e

(0.32 g) and gefteHERaresto give ah @ffnHite( &ﬁidc”(ottsrgl bsfmmanm) )11;3'1‘37-138°
[a]2OD =(-)21.6 (c=0 5 DMF)

Anal. Calcd. for C16H19N304C12 » 11/10 H20: -C, 50.70; H, 6.09; N, 9.33.
Found: C, 50.91 H, 5.91; N, 9.13. '

1-(2-Aminoethyl)pyrrolidine (1.9 mL, 13.5 mmol), riethylamine (2 mL), and 2-
bromo-5,6-dichloro-1-(beta-L-ribofuranosyl)-1H-benzimidazole (0.6 g, 1.1 mmol)
were combined with absolute ethanol (10 mL) and stirred at 80 °C for 18 h. The
' reaction mixture was concentrated and purified on a silica gel column (2.5 cm x 18

- cm, 230-400 mesh) with 1:20 methanol:dichioromethane. The main product off the
column was dissolved in dejonized water neutralized and extracted into -
dmhloromethane to give an off white solid (0.26 g, 0.6 mmol, 53%) m.p. 123-124°
C; [aJ20p = =(-)204 (c=0 5 DMF)



benzi m dazole (0.14 g). A lower Rerr] material (0.19 g) was al so isolated
and furt O9601838i ed on a chromatotron fitted with a 2 nmm PCTHGBISHINY 1: 20
‘met hanol : di chl oronmet hane to give an off white solid (0.024 g, 0.06 mol,
5% ; M5 (AP-): mz (reI intensity) 371 (883-M2); [err]H NI\/R(DI\/SOd[err])
d 7.87 (t, 1H NH, J =5.9 Hz), 7.83 (s, 1H Ar-H), 7.52 (s, 1H, Ar-H),
5.74 (d, 1H, HI', J =7.6 Hz), 5.68 (t, 1H OH, J = 4.1 Hz), 5.32 (d, 1H,
OH, J =7.1 H), 5.23 (d, 1H, OH  J 42Hz) 437(d 2H, CHerr]CN, J =
5.3Hz), 4.28 (apparent dd, 1H, HA', J = 13.0 Hz, = 7.2 Hz), 4.07

(apparent t, 1 1 3.73 - 3.63 (m 2H,
H 5). Anal. el Caled. } ;’g H}(‘S? ﬂpﬁ\l 2/,2}?78 p?]‘g‘“{%g%'] . 0.30 CH err] O .
. 0.15 CH err] O [ 65 #7.82:, 3.95; N, 14.16. Found: C, 43.81; H, 3.90;
N, 14.21. FoundC4779H 6.06; N, 10.97.

2- (n-Butyl am no) -5, 6- di chl or o- 1- (bet’a’ L- ri bof ur anosyl ) - 1H benzi ni dazol e
n-Butylam ne (5 nl), and 2- brom) 5,6-dichloro-1-(2,3,5-tri-0O acetyl -beta-L-
ri bof uranosyl ) - Bidnipde123 mi dazole (0.6 g, 1.1 nmol) were conbined with
absolute ethanol (10 nmL) and stirred at 80 [err]C for 18 h. The reaction

m xture was concentrated and purified on a ‘silica_gel col um (2.5 cmx 18

cm . 230-400 nes« WYRIORIODY BNEARNLIAIIRD )= i0-gleniorQr b Dt aah $yheldttuct was
obt ai ned (0.73 &zm‘%ﬁ/vas further purlfled on a chrorratotron fitted with
a 2 mmrotor, using 1:2 acetone:dichl oronethane to give an off white solid

(0.20 g, 0.51 mmol, 45% mp. 220-222 C [a][err]D = (-) 17.2 (c=0.5 D\VF).
WO 96/ 01833 (Ammomeﬂxyl)cyclopropane hydrochloride (1.6 g, 15 mmol), triethylamine (2 mL),

T 200155, e Ay A g 8105 11
mmol) were combmed with absolute ethanol (10 mL) and stirred at 80 °C for 6 h.
The reaction mixture was concentrated and purified on a silica gel column (2.5 cm x
18 cm, 230-400 mesh) with 1:20 methanol:dichloromethane. The main product off
the column was repurified on a silica gel column (2.5 cm x 18 cm, 230-400 mesh)
with 1:10:10 methanol:ethyl acetate:hexanes to give an off white solid (0.30 g, 0.77
mmol, 74%) m.p. 229-230° C; [a]2%D = (-) 24.8 (c=0.5 DMF).

Anal. Calcd. for C16H19N304Clz C, 49.50; H, 4.93; N, 10.83.
- Found: C, 49.30 H, 5.02; N, 10.66.

A solution of 2-(fert-butylamino)-5,6-dichloro-1-(2,3,5-tri-O-acetyl-beta-L-
ribofuranosyl)- 1 H-benzimidazole (2.0 g, 3.9 mmol) in methanol (40 mL) and ethanol
{40 mL) was combined with a solution of sodium carbonate (0.61 g, 5.8 mmol) in
water (10 mL). The solution was stirred at rt for Sh, then the methanol and ethanol
were removed on the rotoevaporator. The solution was then extracted between ethyl
acetate (150 mL) and saturated NaCl (20 mL). The organics were concentrated and
purified on a silica gel column (2.5 cm x 14 cm, 230-400 mesh) with 1:20



Found: C, 49.75; H 5.90; N, 10.16. Exanple 19

2- (sec- BW@bstoussd) - 5, 6- di chl oro- 1- (bet a- L-ri bof ur anosyl ) - Ipehengssissazol e
sec-Butylamne (3 nL), and

2- bromo- 5, 6-di chl oro-1-(2, 3, 5- tri- O acet yt 3bet a- L-

ri bof uranosyl)-1H benzi-m dazole (0.6 g, 1.1 nmmol) were conbined with
absol ute ethanol (10 nL) and stirred at 80 [err]C for 18 h. The reaction
m xture was concentrated and purified on a silica gel colum (2.5 cmx 18
cm 230-400 rresh) with 1:20 rret hanol di chl oronet hane. Crude product was

obt ai ned (0. 37 urlfled o matqQtron, fitted with
a 2 mm ro'g or, dg%“ 1 ggrva ﬁlvg?ﬁnﬂlaz}rgsggj'gf‘%"a#?%& m-pilfe '
sol i d which wasl28° &% e ?)&)EDZI@F@&DWDS (0.21 g, -0.55 mmol, 48% m p.
121-122 C; [a][err]D= (-) 23.8 (c=0.5 DWF). Anal. Calcd. for

Cerr]Herr]Nerr r]CI rr] 7/10 Herr]Q_ C_ 47.70; H, 5.60; N,

10. 43. Found: @nai%a‘?@ (L516§1121N&P4€t2 245 H269 5 367 €HaQ |

2- (Cycl obut yl ang,a8:04; ﬂ,dnsthrmz‘ﬂ, (bet a-L-ri bofuranosyl)-1H benzi m dazol e
Cycl obut yl am n

2- brono- 5, 6-di ?’rﬂ(‘ﬂ‘?%)f @1%155? N—’&f‘gg'etyl -bet a- L-

ri bof uranosyl) - 1H benzi mdazole (0.6 g, 1.1 mol) were conbined with

absol ut e et han ) and stirred at 80 C for 24 h. The reaction m xture
was concentrate purified on a silica gel colum (2.5 cmx 18 cm

'230- 400 nesh) W|th 2 1 et hyl acet at e: hexanes. Crude product was obt ai ned
(0.42 g) which 2:g8s 2vr : fiokol) BB '

fitted with a 1 I, to u5|ng120 rrethanol dlchloronethaneto g|vea '
white solid (O. Y0, 59% mp. 220- 221[err] C [a][err]D = (-)
22.4 (c=0.5 DWF). WO 96/01833 : '

PCT/ GB95/ 01597 Anhydrous 1,2-dichioroethane (15 mL), 2-(terr-butylammo)-5 6--

' dichlorobenzimidazole (1.5 g, 5.84 mmol), and N,O-bistrimethylsilylacetamide (2.2
mL, 8:8 mmol) were combined and stirred at 80° C for 30 min. Trimethylsilyl triflate
(1.1 mL, 5.84 mmol) was added and the solution was stirred at 80° C for 45 min.
Solid 1,2,3,4-tetra-O-acetyl-L-ribofuranoside (L-TAR) (2.0g, 6.42 mmol) was added
and stirring was continued at 80° C for 3 h. More L-TAR was added (0.5g,1.6
mmol) at this time. After 1 hr the reaction was quenched with cold saturated sodium
bicarbonate (40 mL), then extracted with dichloromethane (2 x 150 mL). The
combined organics were dried (sodium sulfate), decanted, and concentrated to give 4.0
g of a gold solid. This material was purified on a silica gel column (5 cm x 16 cm,
230 - 400 inesh) with 1:30 methanol:dichloromethane to give an off white solid (2.21
g, 4.3 mmol, 73%); [a]20D = (-) 28.4 (c=0.5 DMF).

Anal. Calcd. for C2oH27N307Cl2+ 1 CH40
C, 50.37; H, 5.70; N, 7.66.
Found: C, 50.74; H, 5.41; N, 7.28.



~34 - Anal. Calcd for JQerr]Herr]Nerr]Qerr]dJferr]: C 49.50; H 4.93;
N, 10.82. WMWMIS3C, 49.22 H 4.90; N, 10.61. Exanple 21 PCT/GBY5/01597

2- (Cycl oheptyl am no) - 5, 6-di chl or o- 1- (bet a- . r| bof ur anosyl ) 1H benzi m dazol e
Q/cl oheptylamne (2 nL), and

2- brono-5, 6-di chl oro-1-(beta-L-ribofuranosyl)-1H benzim dazole (0.4 g, 1.0
nmol ) were conbined with absolute ethanol (10 nmL) and stirred at 80 C for
24 h. The reaction mxture was concentrated and purified on a silica gel
colum (2.5 cmx 18 cm 230-400 mesh) with 1:20: 20 net hanol : et hyl .

acet at e: hexanew an off white solid (0.13 g, 0.3 nmol, 30% mp.
137-138 C; [a][err (-) 21.6 (c=0.5 DW). Anal. Calcd. for

C[err]H[err]N[err]qerr]CI[err] 11/10 H20 C 50 70; . H, 6.09; N, 9.33.
Found: C, 50. i poa Lk

5, 6-Di chl or o- 2 ((2 (1 pyrrolidi nyl)ethyl)am no) I

- (beta-L-ribofuranosyl)-1H benzi m dazol e 1-(2-Am noet’ h%ntpyrrol idine (1.9
nL, 13.5 mmol),4$Dickierpphenyicae diznming (8. %d’r@mmol) (Aldrich, Milwaukee, WI) was

brono- 5, 6- di chl @nsbided(Wigh &ributylisdthioay:aatel(§.3 ik, 40 ZhtoH TARrRA( Muﬁza el 1

) e o At SRS #@éliw%\ms%?feé W& B g,

colum (2.5 cm nitragenc rh—cyzkihéﬁy] h@sh)arplmhﬁoeﬂlmearbedthdemeﬂwep#aiumet hane
-rll-gﬁt ?g: Pzgéogﬁg 0?‘%%?%4§ gilf@ﬂ @jrl (tlflhnane ) %‘%ﬁ%%@%ﬂrg solid
(0.26 g, 0.6 mmpyridineI99 mh)p ﬂqszsylupzz; was heaied §r9101°§ tgr% S e pyridiag wes DIVF) .
WD 96/ 01833 removed by rotoevaporation, and the residue was dissolved in ethyl acetate (300 uM)
PCT/ GBS/ 01597 g extracted with water (4 x 100mL). The ethyl acetate layer was treated with -
decolorizing carbon and washed through a silica gel filter pad (4 x 8 cm, 230-400
mesh) using ethyl acetate. The crude product was purifed on a silica gel column (5 x
16 cm, 230-400 mesh) using (1:4) ethy] acetate : hexane. Crude fractions were
repurified on a second identical column using (1:3) ethyl acetate : hexane. Pure
fractions from the two columns were combined to give a tan solid (3.13 g, 12.1 mmol,
27%); m.p. 219-221° C; MS (API+): m/z (rel. intensity) 258 (100, M+1); IHNMR
(DMSO0-dg) d 10.31 (s, 1H,NH), 7.31 (s, 2H, Ar-H), 6.61 (s, 1H,NH), 1.38 (s, 9H,
t-butyl).

Anal. Caled. for C11H13N3Clo: C, 51.18; H, 5.08; N, 16.28.
Found: C, 51.11; H, 5.12; N, 16.18.

A solution of 2-amino-5,6-dichloro-1-(2,3,5-tri-O-acetyl-beta-L-ribofuranosyl)-1H-
benzimidazole (1.0 g, 2.2 mmol) in methanol (17 mL) and ethanol (17 mL) was
combined witha solution of sodium carbonate (0.25 g, 2.4 mmol) in water (4 mL).
The solution was stirred at rt for 64 h, then the methanol and ethanol were removed on
the rotoevaporator. The solution was then extracted between ethyl acetate (2 x 100



-35 - Anal. Calcd. for (JerrJ]Herr]Nerr](err]C[err]. 3/2 Herr]O. 1/2
Clerr] H ™MO96q1833r]: C, 47.82; H, 6.22; N, 11.15. Found: CPciicB9/notse76. 06;

N, 10.97. '

2- ((Cycl opropy! nmet hyl ) ami no) - 5, 6- di chl or ©3&- (bet a- L-r.i bof uranosyl ) - 1H

(Ami nonet hyl ) cycl opr opane hydrochloride (1.6 g, 15 mml), triethylam ne (2
m.), and 2-brono-5, 6-di chl oro-1-(beta-L-ribofuranosyl)-1H benzi m dazol e
(0.55 g, 1.05 nmmol) were conbined with absolute ethanol (10 nlL) and stirred
at 80 [err]C for 6 h. The reaction mxture was concentrated and purified on

ﬁetSihlaing? g?l:hlrgif'gmatsééﬁgegﬁﬁgléélnﬁwpr ggg%g%ﬂr;es n&%ﬁ%ﬁﬁ aﬂggurlxmq I ed on

a silica gel csdmarmlQcﬂumn&hﬁxml)eldcm,z;mMOmesh)sw;thwmh 1: 10: 10

met hanol : et hylm e‘éew %H(@"i(g[? 2%&%

mrol , 74% mp. 9- C 24 ¢ 3 AREF ch
for err]Herk I]ZN? r[%i%&)erd %‘"eror‘%gl\@ 49.50; H, 4.93; N, 10.83. "Found: C,
49.30 H, 5.02; N, 10 66. Exanple 24

2-(tert-Butyl 'r. 1)- 1H benzi ni dazol
A Sorution Xf 3 o B SNDAC P4 ahd | 5 oo ) - L beni i cazol e

1-(2,3,5-tri - eﬁ HsﬂétsaNLH?‘rbofuranosyl) 1H benzi midazole (2.0 g, 3.9
mmol ). in nmet hapmd(é(hlrﬁ:;) Hnﬂz—pq\hqmgh (40 ). was conbined with a solution
of sodi um carbonate (0 61 g, 5.8 mol) in water (10 mL). The sol ution was
stirred at rt for 5h, then the met hanol and et hanol were renoved on the

r ot oevaporatorWl ution was then extracted between ethyl acetate (150
m.) and saturated NaCl (20 nml). The organi ¢s were concentrated and purlfle‘
on a silica gel colum (2.5 cmx_ 14 cm 230- 400 mesh) with 1 20
96/ 01833 Amino-3.6-dichloro-~1-(2.3.5-tri-Q-acetvi-beta-I-ribofirranc i

Anhydrous 1,2-dichloroethane (100 mL), 2-amino-5,6-dichloro-benzimidazole (10 g,
49.5 mmol) (synthesized by the method of Horner and Henry J. Med. Chem. 1968, 1/,
946-949), and N,O-bistrimethylsilylacetamide (18.3 mL, 74.2 mmol) were combined
and stirred at 80° C for 30 min. all the solids dissolved. Trimethylsilyl triflate (9.3
mL, 48.3 mmol) was added and the solution was stirred at 80° C for 20 min. Solid
1,2,3,4-tetra-O-acetyl-L-ribofuranoside, (L-TAR), (17.3 g, 54.4mmol), was added in
four portions over a period of 3 h while stirring was continued at 80° C. Fortyfive
minutes after the last addition, the reaction was quenched with cold saturated sodium
bicarbonate (100 mL), then extracted with dichloromethane (200 mL). The combined
organics were dried (sodium sulfate), decanted, and concentrated to give 24.8 gofa
thick red oil. This material was purified on a silica gel column ( 5 x 20 cm, 230 - 400
mesh) with 1:40 methanol:dichloromethane. NMR showed high Rf product from the
column contained a trimethylsilyl group. These fractions were reacted with tetrabutyl
ammonium fluoride in THF for 24 h, and filtered through a silica gel filter pad with
1:10 methanol : dichloromethane.

All product containing fractions were combined and repurified on a s1hca gel column
(5 x 14 cm, 230 - 400 mesh) with 1:1 acetone:dichloromethane to give an off white
solid (3.4 g, 7.4 mmol, 15%) [a]20p = (+) 48.0 (c=0.5 DMF).



*- 36- net hanol : di chl oronet hane to give a white solid (1.25 g, 3.2 mmol,

83%) mp.W!.)PémlsﬁQO[err] C, [a][err]D =(-) 30.2 (c=0.5 DWF) PCIIGHISOLS c .
for Clerr]Herr]Nerr]Qerr]C[err]: 2/5 H0 2/5 CHerr]OC, 48.01; H,
5.75; N, 10.24. Found: C, "48.20; H, 5.73; ™N9-10.05.

2-(tert-Butylam no)-5, 6-dichloro-1-(-2,3,5-tri-0O acetyl -beta-L-ribofuranosy
| )-1H benzi m dazol e Anhydrous 1, 2-di chl oroet hane (15 ni), :
2-(tert-butylam no)-5, 6- dichlorobenzim dazole (1.5 g, 5.84 nmol), and

N, O bi strlrrethyIS|IyI acetamde (2.2 m, 8.8 movl) were conbined and stirred

Z;dB?hg fsglru??on. vvas stl rrg}sﬁlbgéozqzﬂ g}lﬁr\éﬁl 1?-93664 ol ) was added

1,2, 3, 4- t et r a- OG@d6HPIH.14.44: DoBBanosi de (L- TAR) (2.0g, 6.42 mmol) was added

and stirring waFouad!ic, aeesd; H, 4303 8r glo7C for 3 h. Mre L-TAR was added (0.5
g, 1.6 mol) at this time. After 1 hr the reaction was guenched with cold
saturated sodi um bi carbonate (40 nL), then extracted with dichl oronet hane -
(2 x 150 nl). TiExamplg@%hed organics were dried (sodium sul fate), decanted,
and concentrated to give 4.0 g of a gold solid. This material was purified
on a silica gel colum ( 5 cmx 16 cm. 230 - 400 rresh) with 1:30
nmet hanol : di chl or=sieitdgra=k-(petarl -gbaiuranos " prostvilanyno -4 ks
73%; [a][err] Dbentimidaz8led (c= 0.5 DVF) . Anal Cal cd. for
CerrJ]Herr]Nerr]dJerr]CJ[err]. 1 CHerr]OC, 50.37; H 5.70; N, 7.66.
Found: C, 50.74; H -5.41; N, 7.28. WO 96/ 01833 '

PCT/ GB95/ 01597 -Tiethylamine (2 mL), 2,2,2-trifluoroethylamine (2 mL), and 2-bromo-5,6-dichloro-~1-

(beta-L-ribofuranosyl)-1H-benzimidazole (0.4 g, 1.0 mmol) were combined with
DMSO (10 mL) and stirred, in-a sealed tube, at 80 °C for 17 days. The reaction
mixture was extracted between water (30 mL) and dichloromethane (3 x 100 mL).
The organics were concentrated and purified by multiple cyclings on a chromatotron
fitted with a 2 mm rotor using 1:4 acetone:dichloromethane then 1:15
- methanol:dichloromethane to give an off white solid (0.02 g, 0.05 mmol, 5%); MS
- (API+): m/z (rel. intensity) 416 (100, M*),

Anal. Caled. for C14H14N304FCl2 - 1/2 H20 - 4/5 CH40
- C,3942; H, 4.13; N, 9.25.
Found: C, 39.34; H,3.95; N, 9.08.

A solution of 5,6-dichloro-1-(2,3,5-tri-O-acetyl-beta-L-ribofuranosyl)-1H-
benzimidazole (0.43 g, 0.96 mmol) in methanol (10 mL) and ethanol (10 mL) was
combined with a solution of sodium carbonate (0.15 g, 1.4 mmol) in water (2.5 mL).
Tpe solution was stirred at rt for 24 h. then the methanol and ethanol were removed on
the rotoevaporator. The solution was then extracted between ethyl acetate (4 x 100
mL) and saturated NaCl (20 mL). The organics were concentrated to give an



Exanpl e 26 2-(tert-Butylam no)-5.6-dichloro- 1H benzi m dazole

4, 5-Di ch™Q %9H83| ene diamine (8.0.g, 45.2 nmol) (Al drich, PCU/GBRNMIAST, W)
was conbined with tert-butyl isothiocyanate (6.3 nm., 49.7 mmol) (Al drich,
M | waukee, W) in anhydrous pyridine (10049). The solution was heated at

80 C for 1 h under nitrogen. 1-cycl ohexyl-3-(2-norpholinoethyl)carbodiimde ° .

nmet ho- p-t ol uene- sul phonate (24.9 g, 58.8 nmol) (Fluka Chem ka) was added
al ong with anhydrous pyridine (90 nL). This solution was heated at 90
[err]C for 2.5 h. The pyridine was renoved by rotoevaporation, and the

resi due was di | on® e r 1

water (4 X 100%5S %ﬁ%b@ﬁeﬁ; a%%? 3?29%1?%?%02’ édro)yapgtg%gégéﬁ’ Eﬁz ZI ng
~carbon and wasf$3teThs -silica gel filter pad- (4 x 8 cm 230-400 nesh)
using ethyl acetate. The crude product was purified on a silica gel colum

1£r5a)(§t }gngmmrzg%ggﬂc”&ﬁéécm%&*ﬁé%ﬁép ﬁ@f;ﬂﬂ&aeﬁgpﬁg &ug)e et hyl
acetate : hexafedd Myl 400N, 836s fromthe two col ums were conbined to give

a tan solid (3rduhddc, 4244 b1 M@44. mp. 219-221 C; M5 (APl +): mz (rel.
intensity) 258 %&’oo M 1) PP[W?;”,J NNR(DIVBOdG) d 10.31 (s, 1H,NH), 7.31

(s, 2, Ar-H), 6.61 (s, 1H NH), 1.38 (s, 9H, t-butyl). Anal. Calcd. for
Cerr]Herr] N EggmgleBerr]: C 51.18; H, 5.08;.N, 16..28. Found: C, 51.11; H
5.12; N, 16.18. Exanple 27

2- A no- 5,6-dichloro-1-(beta-L-ri bofuranosyl) 1H benzi mi dazol e A sol ution
of 2-ani no-5, 634:Richloras11(2.83-t6-G-acetyl-tetaknbofurargsy C-bdnamuidaroiesy| ) - 1H-
benzi m dazole (1.0 g, 2.2 mmol) in met hanol (17 nli) and ethanol (17 nL) wa
conbined with a solution of , Ogl um, C; rb%bgte (0.25 9, 2.4 nmmol) in_ water (-

m). The solut yagaus acetonile (39 mip, 3.6 rerbenzimaidazgle (M8 DawonA@) et hanol
wer e renoved o(0.59g 3. binatil)y ped NiG-bistrihethyisilylicetimite . 77naD, Rk iniul) wekebet ween

ethyl acetate é&n?ﬁn&cp Shd stirred at 80° C for 30 min. All the solids dissolved. Trimethylsilyl
triflate (0.75 mL, 3.9 mmol) was added and the solution was stirred at rt for 15 min-
during which time a large amount of solid formed. Solid 1,2,3,4-tetra-O-acetyl-L-
ribofuranoside, (L-TAR), (1.0 g, 3.1 mmol), was added then the solution was warmed
to 80° C. All the solids dissolved. After 1.5 h the reaction mixture was quenched
with cold saturated sodium bicarbonate (10 mL), then extracted with dichloromethane
(100 mL). The organics were dried (sodium sulfate), decanted, and concentrated to
give 1.7g of a yellow oil. This material was purified on a silica gel column ( 2.5 x 18
cm, 230 - 400 mesh) with 1:40 methanoi:dichioromethane to give 1.37g of a partially
pure product. A second silica gel column ( 2.5 x 16 cm, 230 - 400 mesh) with 2:3
hexane:ethyl acetate gave pure product as a white solid. (0.8 g, 1.78 mmol, 57%);
[a]20p = (+) 46.8 (¢=0.5 DM_F).

Anal Calcd. for C18H18N207C12 C,48.56 H4.07; N, 6.29.
Found: C, 48.45; H,4.11; N, 6.19.



WD 96/ 01833

PCT/ GB95/ WipBP1888 - nl) and saturated NaCl (20 nL). The orREMGRBIS/ONSRTe
concentrated and purified on a silica gel colum (2.5 cmx 14 cm 230-400
mesh) with 1:10 net hanol : di chl oronet hane t-ctlgive a white solid (4.1 g, 1.24
mmol, 57% mp. 110- 112[err] C, [a][err]D = (-) 4.2 (c=0.5 DVF). Anal.

. Calcd. for JerrlHerr]Nerr]gerr]CJ[err]. 3/5 Herr]O 2/5 CHerr]O C
41.63; H, 4.45; N, 11.74. Found: C, 41.47; H, 4.27; N, 11.58.

2- Am no-5, 6-di chloro- 1-(2,3,5-tri-0O acetyl -beta-L-ribofuranosyl) -

1H benzi m dazol ﬁ Anh%&rgous 1, 2-di chl or oet hane (100 m),

2-am no-5, 6-dic zi mdazole (10 g, 49.5 mmol) (synthesized by the
met hod of Horner and Henry J. Med. Chem 1968 11, 946-949), and _
N, O bi strinmet hylysile 9 S 3 : e | ned and
stirred at 80[efT] ¢ ' ‘ Mrrethylsuyl
triflate (9.3 nL, 48.3 mmol) vvas added and t he sol utlon was stirred at 80 C

for 20 min. Sol idsolutfon®of/-icetaitidds,gxtiéhléroll~(2| 5 frit0adee FD?gw6taz-r.(-l=ubmlosyﬁ)17 3

Sieni ﬁ?mw;)s conth Rteirsptin 00 &7 Ron iFrpRdl T il pdanty (i ams o,

t he reaction wasoqlbmedmdl wohmowlfdo&mambpm ({188 g;mltmml)bnm(znﬂo m),
then extracted Roflti 8&%&%&?&%{ then)the g fmae&ﬂn&r feﬁﬁwlé&‘&ﬁ

dried (sodiumsu]fate decan an cent r at e IV,

thick red oil.. T OQFYRRITRE- t&wbﬁwm eB RXIEACLs egtérh sz% 20
cm d230 f 400 hnﬁﬁb))am&shﬁlra”tedﬂﬂami(m&ﬂgl Tﬁéoi‘ghﬂéml mﬁmumaﬁmmf dhbph Rf
product fromt ) . ractions
wer e reacted Wlt gél#r ?}ﬁ&gt‘)g N #‘%@Pﬁ%ﬁ%ﬂgé EIIEE&*J Psgg?sl% and _

filtered througtmethasol: d@hlog@nethmetteswsadfh.\ietwhi(QOS'thqb&mmol 23%);, This

di chl or onet hane. mzf&x‘xall%qu&ﬁhﬁ&?ﬁ} & NMR, 152308 HPLT, RoRtaGRIEbAR 96D -

repurified on a St o-%as-gcﬂlofo‘?be‘t‘a ribofuranosyl-1H-benzimidazole by 1H NMR. HPLC
showed two small (~5%) impurities. '

Methylamine hydrochloride (3.0 g, 45 mmol), triethylamine (3 mL), and 2-bromo-
- 5,6-dichloro-1-(2,3,5-ui-O-acetyl-beta-L-riboﬁxranosyl)-lH-benzimidazole 06¢g,1.1
- mmol) were combined with absolute ethanol (25 mL) and stirred at 80 °C for 24 h.
The reaction mixture was separated between saturated sodium bicarbonate (50 mL)
and ethyl acetate (150 mL). The organic layer was dried with sodium sulfate,

- concentrated and absorbed onto silica gel (15 g).  This material was dry loaded onto a
silica gel column (5 cm x 10 cm, 230-400 mesh) with 1:10 methanol:dichloromethane.
The main product came off the column as a white solid (0.22 g0 62 mmol 54%)

‘m.p. 238-240° c [a]ZOD (-) 152 (c=0 5 DMF) -

Anal. Calcd. for C13H15N304C12 112 CH40: C, 44.52; H,470 N, 11.54.
Found C,44.43; H, 4.58; N, 11.36.



(5 x 14.cm 230 - 400 nmesh) with 1:1 acetone:dichl oronethane to give an off -
white sowaleoddsss g, 7.4 mmol, 15%; [a][err]D = (+) 48.0 (rcafcBosiohse). WO .
96/ 01833 _ PCT/ GB95/ 01597
-39 - Anal. Calcd. for C[err]H[err]N[err].(Z{ze.rr]O[err] . 1/4 CHerr]dJ[err]
. 1/2 (Jerr]Herr]O C, 46.46 H, 4.44; N, 8.23. Found: C, 46.59; H, 4.35;
N, 8.07. Exanple 29 5,6-Dichloro-1 '

- (beta-L-ribofuranosyl)-2-((2,2,2-trifluoroethyl)am no) 1H benzi m dazol e
Triethylamne (2 nl), 2,2, 2- tr|fluoroethyl amne (2 nm), and

2- brono- 5, 6-digh| or-0- é (beta L-ri bof uranosyl ) - 1H benzi mi dazol e (0. 4 g, 1.0
nmol ) were con th DMSO (10 nmL) and stirred, in a sealed tube, at 80
[err]C for 17 days. The reaction m xture was extracted bet ween water (30
m.) and dichlo icentrated and
purified by mu ' %<2 nm rot or
usi ng 1:4 .acetone: di chl oronet hane then 1: 15 nethanol di chl oronet hane to

iglnt/gng?y;)f nghm% egy&gﬁgan& ¥ 54f f;iy (ﬂ err Ze.r i ECF’Fer r]
. 1/2 Herr]O ik g&%’érfi"cb aﬁewgge‘ﬁ'éf?‘rﬂ '1,{,?{, zﬂﬁsmkgﬂ%ﬁ 0g1.139. 34;
H, I3 95; Nf 9. ﬁﬁnolﬁw&emontbimdmﬂ}abbdumetbanouaf)mmnaﬁt&ﬁmdhtm&fomdazoI e A
solution of 5, <1 ] -
benzi m dazol e %gﬁmﬁw%F%&M% ano s}{%ﬁf%%@%ﬁﬁ@@# 0 rrL)
was combi ned mmlﬁaadsthvmqe@tﬁ @00 5dgi- The exgenion were dri in
wat er (2.5 1) concentrated, and purified on a silica gel column (2.5 x 18 cm, 230—400 mesh) w1th

1:20 methanol:dichloromethane. The main product off the column was a white solid ‘

(0.30 g, 0.96 mmol, 87%) m.p.155-157° C; [2]20p = (-) 20.6 (c=0.5 DMF). -

Anal. Calcd. for C14H17N304C12 1/2H20: C, 45.30; H,;4.89; N, 11.32.
Found: C, 45.44; H, 4.78; N, 11.18.

Cyclopropylamine (10 mL) and 2-bromo-5,6-dichloro-1-(2,3,5-tri-O-acetyl-alpha-L-
ribofuranosyl)-1H-benzimidazole (0.60 g, 1.1 mmol) (obtained as a minor product
from the synthesis of the beta anomer, see Example 1) W_ere combined with absolute
ethanol (50 mL) and stirred at 80 °C for 24 h. The reaction mixture was concentrated
and purified on a silica gel column (2.5 x 16 cm, 230-400 mesh) with 1:9
methanol:dichloromethane to give 0.25g of crude product. This material was further
purified by multiple cycles on a chromatotron, fitted with a 1 mm silica gel rotor, with
1:15 methanol: dichloromethane to give a white solid (0.060g, 0.14 mmol, 14%); m.p.
140 -141 °C; [a]2%D = (=) 51.8 (¢=0.5 DMF); UV Imax (¢): pH 7.0: 303 nm (10,600),
274 (1,700); 0.1 N NaOH: 304 nm (10,800), 275 (2,400); MS (CI): m/z (rel.
intensity) 374 (29.7, M+1); 1H NMR (DMSO-dg) d 7.48 (s, 1H, Ar-H), 7.38 (s, 1H; .
Ar-H), 7.08 (br. s, 1H, NH), 5.86 (d, 1H, H-1', J=3.4 Hz), 5.50 (d, 1H, OH, ] =4.5
Hz), 5.22 (d, 1H, OH, J = 7.1 Hz), 4.84 (t, 1H, OH, J = 5.7 Hz), 4.15 (dd, 1H, H-2',J



'The solution was stirred at rt for 24 h, then the nethanol and et hanol were
removed OYOPHUSIDHt oevaporator. The sol ution was then extr aPEVGBR¥IREN

ethyl acetate (4 x 100 nL) and saturated IXaCI (20 nL). The organics were -
concentrated to give an WD 96/01833 -~ 3- '

PCT/ GB95/ 01597 -40 - analytically pure white solid (0.27 g, 0.85 muol, 838%
mp. 209-210 C, [a][err]D = (+) 63 (¢c=0.5 DW). Anal. Calcd. for ’
CerrJHerr]Nerr]dJerr]C[err] . 2/5 Herr]O. 1/10 (err]Herr]2: C,
44.44; H, 4.09; N, 8.36. Found: C, 44.49; H, 3.91; N, 8.14. Exanple 31 5

6- Di chl -1- (279 Bty ' b F L 03 ¥l i I
Anhygr oﬁgoace'g o'rﬁ E[ﬁ%*i%@’@%bglgjgh?;%j E(%’?;%xgzg’ﬂéj'?]@mo ’tzl.-kgn
AG (0.59 g, 3%} %P-ﬁ,l B NI BATr 3 A tom A iH-9 D dd-Am ddd, (8L, 77 ni, 3.1
(rjnml ) | we(r]I e g onbydiestopylCEL Y = 6.edizau=:8m?r5 oﬁ(a,fg@ré J%cs.slrrl)&, &elo K 91&6;15%dts ]

i ssolved. Tri , 3.9 mmol ) was added an e
sol ution was stl ﬁ%@@’%ﬂ’t‘:&‘g%@éﬁféﬁmduri ng which tinme a | arge anount of
solid formed. Solid 1,2,3,4-tetra-0O acetyl-L- ribofuranoside, (L-TAR), (1.0

g, 3.1 mol), E?ﬂ;‘ad Ligp . : I
- solids dissolved,_ A tePf%?ggﬁaﬁ%@%lgct%n@?nigﬂ'e wazp%]ﬁ(g’r?gﬁgghﬁtkﬁﬁg’ol d
sat urated sodi dRe28i car bonat e (10 nL), then extracted with dichl oromnet hane
(100 nlL). The FoarhiC;#6Ma1H, 4183;84 1028di um sul fate), decanted, . and
concentrated to give 1.7g of a yellow oil. This material was purified on a
silica gel colum ( 2.5 x 18 cm 230 - 400 nesh) with 1:40
met hanol : di chl &xampledne to give 1.37g of a partially pure product. A
second silica gel colum ( 2.5 x 16 cm 230 - 400 nesh) with 2:3
hexane: et hyl acef ate. gave,.pure prodyct, as g whige solid, ..
57%, . A A A A

Isopropylamine (10 mL ) and 2-bromo-5,6-dichloro-1-(2,3,5-tri-O-acetyl-alpha-L-
ribofuranosyl)-1H-benzimidazole (0.60 g, 1.14 mmol) (obtained as a minor product -
from the synthesis of the beta anomer) were combined with absolute ethanol (10 mL)
and stirred at 80 °C for 24 h. The reaction mixture was concentrated and purified on a
silica gel column (2.5 x 18 cm, 230-400 mesh) with 1:15 methanol:dichloromethane
to give 0.39g of crude product. This material was further purified on a chromatotron,
fitted with a 1mm silica gel rotor, with 1:2 acetone : dichloromethane to give a white
solid (0.29g, 0.78 mmol, 68%); m.p. 131-133 °C; [a]20p = (-) 41.4 (c=0.5 DMF); UV

~ lmax (e): pH 7.0: 304 nm (1 1;000), 276 (2,000); 0.1 N NaOH: 306 nm (11,500), 277
(2,500); MS (CI): m/z (rel. intensity) 376 (34.8, M+1); 1H NMR (DMSO-dg) d 7.46
(s, 1H, Ar-H), 7.31 (s, 1H, Ar-H), 6.63 (d, 1H, NH, J=7.4Hz), 5.94 (4, I1H, B-1', J =
3.4 Hz), 5.53 (d, 1H, OH, J = 4.4 Hz), 5.22 (4, 1H, OH, ] = 7.1 Hz), 4.86 (t, 1H, OH, J
=5.7 Hz), 4.15(dd, 1H, H-2',J = 7.7 Hz, ] = 4.0 Hz), 4.10 (dd, 1H, H-3", J= 7.3 Hz,
J =4.3 Hz), 4.05-3.94 (m, 2H, isopropyl CH, H-4"), 3.69-3.63 (m, 1H, H-5, 3.49-
3.41 (m, 1H, H-5"), 1.19 (d, 3H, J = 6.5 Hz, isopropyl-CH3), 1.18 (m, 3H, isopropyl-
CHj3).

Anal. Caled. for C15H17N304Cl2 - 0.4 CH2Cl2: C, 45.09; H, 4.86; N, 10.24.
Found: C, 45.10; H, 4.97; N, 10.00.



[a] 20D = (+) 46.8 (c=0.5 DWF). Anal. Calcd. for
Clerr] H WO96Q1833r ] Jerr]C[err]: C, 48.56 H 4.07; N, 6.29POIGRBAS0INT 48. 45;
H 4.11; N, 6.19. WD 96/ 01833.
PCT/ GB95/ 01597 -41 - Exanple 32 2-Acet ant#b=5, 6-di chl or o-
1- (beta-L-ribofuranosyl)- 1H benzi m dazole A solution of
2-acetam do-5,6-dichloro- 1-(2,3,5-tri-0O acetyl -beta-L-ribofuranosyl) -
1H benzi m dazole (0.35 g, 0.75 mmol) in nethanol (8 nL) and ethanol (8 mi)
was comnbined with a solution of sodiumcarbonate (0.12 g, 1.1 mmol) in
water (2 nmb). ol4tion was stirred at rt for 24 h, then the nethanol
and et hanol ed on the rotoevaporator. The .solution was then
extracted between ethyl acetate (2 x 150, nml) and saturat ed NaCI (20 mL).

' n

The organics i %@zmw 5 ONn a
~chromat ot r on, ' a mmro

11 e th [ATE L AT or onet hane
to glvea\/\hltmlaﬂ\glﬁo 067 g, 0.18 mol | 2%% ‘This material was
identified by [err]H NVMR, M and HPLC, it contained about 7% of 2-
am no- 5, 6- di chkQg.0 - | - r d eb err]H NWVR
HPLC showed twég naltl’g}b%né@ (b Bﬁgﬁméonéghé%”&i&%ﬁ& V! !

5, 6- Di chl or o- mmsmmp)-l-(wétta@acqtﬂchem-hﬁxbgmnow-mmma@mee
Met hyl am ne hy@rnecg)b2oikiBol) Href Gmbfted WiR] water (1ineL ) iHeiEhl§2 531 and aNd

Z2- br ono-

5, 6- di chl or o- 12thanob(2 yly ard stireed 2t rtfor 3h.) The solition yyas comeentrgied I FEMOV8Ia 2 01 e
(0.6 g, 1.1 nmmbst oftheenethariol mtktiinbhanalther eonebimsdiveitindthyl 26etate (7mil).s Thisr ed

St b oo olyHSSEA KRNI 4 s 0 A1 2t o
was dried w t (Naa804kdeeanfed; and concentrated Purification of the residue on a

chromatrotron, fitted with a 1 mm rotor, with 1:10 methanol : CH2Cl2 gave a white

solid (0.066 g, 0.17 mmol, 84%); [a]20D = (-) 24.8 (c=0.5 DMF); MS (AP+): m/z

(rel. intensity) 394 (98, M1); 1H NMR (DMSO-dg). d 7.64(s, 1H, Ar-H), 7.37 (s, -

1H, Ar-H), 7.13 (d, 0.5 H, NH, ] = 7.9Hz), 7.07 (d, 0.5H, NH, J = 7.6Hz), 5.76 (4,

1H, J= 7.9 Hz, H-1"), 5.69 (m, 1H, OH), 5.31-5.23 (m, 2H, OH), 4.51-4.45 (m, 1H,

CH2F), 4.35-4.32 (m, 1H, CH2F), 4.29 - 4.17 (m, 2H, H-2' and H-3"), 4.06 - 3.97 (m,

1H, NHCH), 3.97 (br. s, 1H, H-4'), 3.70-- 3.31 (m, 2H, H-5"), 1.22-1.18 (m, 3H,

CH(CH3)). -

Anal. Caled. for C15H18N304C12F +0.40 H0: C, 44.88; H 4.72; N, 10.47. Found:
C,44.98; H, 4.76; N, 10.46.

Fluoroacetone (5 g) and 5,6-dichloro-2-amino-1-(2,3,5-tri-O-acetyl-beta-L-
ribéﬁxranosyl)-lH‘-benzimidazole (0.38 g, 0.82 mmol) were combined with tosic acid
(0.050g, 0.26 mmol) and stirred at reflux in a flask fitted with a Dean Stark trap.
After four hours sodium cyanoborohydride (0.16 g, 2.4 mmol) was added and reflux



toncentrated and absorbed onto silica gel (15 g). This material was dry

| oaded ontwo96/61833 ca gel colum (5 cmx 10 cm 230-400 meshpCWeBhS/AISTO

met hanol : di chl or omet hane. The main product cane off the colum as a white.
Solid (0.22 g, 0.62 nmol, 54% mp. 238-2404%: [a][err]D = (-) 15.2 (c=0.5
DMF). Anal. Calcd. for Clerr]Herr]Nerr]Jerr]CJerr] . 1/2 CHerr]O C
44.52; H, 4.70; N, 11.54. Found: C, 44.43; H, 4.58; N, 11.36. WO

.96/ 01833 PCT/ GB95/ 01597
42 - 5.6-Dichl oro-2- (ethyl am no) - 1- (bet a- L-ri bof uranosyl ) - 1H-ben2|mdazole

Et Bﬂ)ﬁ;n 266? ._ydr OChl 8rr1t|u(1ju%d(f§r six Hours. 6'l'he soh}tio R %luyeldawlnlhne%h;l acé%% (20?)
dichloro-1-(2,3 dﬁdlwasheﬂmtlesay‘ﬁl‘h&&xSﬁMdefjomLHmmgmmené@ 60
g. 1.1 mrol) W(ﬁ%gsﬁpé Sl Bttty polalus R Pl

[err]C for 24 h action mxture wa

sodi um bi car bon (230480 mesh.23x d 8 15m) “a@ek%i@em @H2C Z'B%"e&b‘)dhp s
were dried with cﬁ'@ﬂ! eaml Thit tatedial e furtheOslri fnacénrawhrd‘mawh@r(zmmrbﬂo@a gel

mmi ' pr oduct of PG eﬁ}a‘a‘%&vﬁ?m%s&v %ﬁx%“@o gl OOk, SO0 e
155-157[ err] C, WAKARH:;nDz{rel.-intensityb 520 £62.63, IMrF)) mNm(mMSeads)fdﬂGG(s, 1H,

%5{13] H[Cerﬂs'\'girk{_ﬁb %ﬂ@'iﬁwl 158 (&l Nl%’.r&sﬂé),%%(hb 141891 N.7.41. 32.

4.78
:2-Cycl opr opy! ami H®: §3k5cg3c@lll d%’énlgk ;ﬁﬁgp‘*ﬂ %%fﬁr%é@?ﬁ% ma6Fe FH25: GHr ol e
Cycl opr opyl am-neH{4lghdg"), 221ds, 3H, OAc), 2.19 (s, 3H, OAc), 2.02 (s,3H ‘0Ac), 1.24 (d, 3H,
2- brono-5, 6-di ch ;@é ians}_gﬁ)trl O acetyl - al pha- L-
'rlbofuranosyl) 1 ¢ e (0.60 g, 1.1 mmol) (obta| ned as a mnor _
pr.oduct fromthe synthesis of the beta anoner, see Exanple 1) were conbined

w th absol ute etﬂﬁﬂod:al@%{@h%sﬁﬂép(t R 4908, i@s N/8.08. ‘FdiRd! CABLE0H,

m xt ur e was COI’]CE?; I’l\?t

Example 39

'5,6-Dichioro-1,2-phenylenediamine (0.61 g, 3.4 mmol), and isopropyl isothiocyanate
(0.39 g, 3.8 mmo) were combined in anhydrous pyridine (10mL) and were heated to
80°C for 15 min. Dicyclohexylcarbodiimide (1.06 g, 5.14 mmol) was then added and
the resulting mixture was allowed to stir at 100°C for 5 h. Toluene (30 mL) was
added and the mixture was concentrated by rotary evaporation leaving a brown
residue. The product was further purified by silica gel chromatography using
6.5:3 :0.5: ethyl acetate/hexane/triethylamine to afford a gummy solid which was
recrystallised from acetonitrile to give 0.46 g (60%) of a tan solid; m.p. 218-220°C.
Anal. Calcd for C10H11CIpN3: C, 49.20; H, 4.54; N, 17.21. Found: C,49.31; H,

- 4.59;N, 17.33. |



and purified on a silica gel colum (2.5 x 16 cm 230-400 nesh) with 1:9
met hanol wadisekis3sonet hane to gi ve 0.25g of crude product. Pporeesgbental was
further purified by nultiple cycles on a chromatotron, fitted with a 1 nm :
silica gel rotor, with 1:15 nethanol: di e#eoronethane to give a white solid
(0.060g, 0.14 mol, 149%; mp. 140 -141 [err]C, [a][err]D = (-) 51.8 (c=0.5 "
DVF); WV 1ferr] (e): pH 7.0: 303 nm (10,600), 274 (1,700); 0.1 N NaCOH 304
nm (10, 800), 275 (2,400); M5 (Cl): nmlz (rel. intensity) 374 (29.7, M1l);
[err]H NI\/R(DI\/SOd[err]) d 7.48 (s 1H, Ar-H), 7.38 (s, 1H Ar-H), 7.08
(br. s, 1H NH., 5.86 (d 1 ; =.3. 4 .Hz) d OH J =45

Hz), 5.22 (d, <4.15 (dd,
1H H2', J OnexyN3(23 inoe : iimi ] A ate

PCT/ GB95/ 0159 Ty , J —4Hz) 4.10 (dd 1H, H-3 J 7. 3 Hz, J =4.5
Hz), 4.05-4.0 ), 3.66-3.61 (m lH H5), 347341(mIH,
H5"), 2.74-2.71 (dd 1H cycl opropyl-CH, J = 6. 7 Hz, J=3. 3Hz), 0.69 (d,

2H, J = 6.9 HzTheupplopriaeiyd-p l%fxédxémm@ 1356bn£buf§ with thé kb

| | - CH ol N 2 o 60
R g AT G Y

46.13; H, 4. S@LMmQEfMarﬁbeesahmﬁmMelsheatedto80°Cfor30tmn,then1-

6- Di chl 2- |

| sop?opglr 0- n(e&gg&%&@%@ﬁ%@i@kﬁé@d& ﬁf&%@gb@éwﬁe&lﬁm@ i 43zol e
-(2,3,5-tri - ot&@e%/w%p digmjne) fs; momm.%emwm% 1. 14
ol ) (obtai naﬂlomdeo $tira0 80-POXTfoe B-20h) aftériwhicly b &t9$ alloved!th €od1 @b aaoanorrer )

The oot on AR I EmEnde i inc prdcelin 1 Y it Bl ol o eicn 0 - €
(2.5 x 18 cm thachepodussdspurified gither by silisa gahnhrom@grammhmmlhmhon
from either acetonitrile or 1,4-dioxane. .

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

4,5-Dichloro-1,2-phenylenediamine (6.04 g, 34.1 mmol), cyclopropyl isothiocyanate
(3.69 g, 37.2 mmol), 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide metho-p-
toluenesulfonate (20.1 g, 47.4 mmol) and pyridine (135 mL) were used according to
general procedure I. The product was recrystailized from acetonitrile to afford 5.82 g
(70%) of a yellow solid; m.p. 223-225°C. Anal. Calcd for C]0H9C12N3 C,4961; H,
3.75; N, 17.36. Found: C, 49.53; H, 3.78; N, 17.12.



to give of crude product. This material was further purified on a
chronatot‘?’Br?’H3?ted with a Inmsilica gel rotor, wth 1:2P&dEGRIFRISS7

di chl oronet hane to give a white solid (0.29g, O. 78 mol , 68%; mp. 131-133
C [a][err]D = (-) 41.4 (c=0.5 DWF); WV IT¥rTr] (e): pH 7.0: 304 nm
(11,000), 276 (2,000); 0.1 N NaOH 306 nm (11,500), 277 (2,500); Ms (Cl):
mz (rel. intensity) 376 (34.8, Mtl); [err]H NVR (DVSO-d[err]) d 7.46 (s,
1H, Ar-H), 7.31 (s, 1H, Ar-H), 663(d 1H, NH, J=7.4Hz), 5.94 (d, IH,
H1, J =3.4 H), 553 (d, IH OH J 44Hz) 522(d 1H O, J:7.1
Hz), 4.86 (t, dneral Prodedurel Z / . 1. T = 4.0
Hz), 4.10 (dd,
i sopropyl CH, M= 6 R 1H H-5), 3. 40- 341(m 1H H-5)
1.19 (d, 3H, J = 6. 5 Hz |sopropyl 1.18 (m -3H, isopropyl -

Anal . Cal cd. r C
25°05; 11 4. 86%&%@85%9#%%5@%5%@?%“@@%19[er I

96/ 01833 . chloroethane (2-3 mL/mmol of benzimidazole) and N,O- PCT/ GB95/ 01597
-44 - Exanpl e $is( lﬁM etandidé ( 21 D5 wehél/mrhol ofbenzmxdagole ) pud the resulting
carbonate {00 g '1\3%@%%??6%‘5 ¥ 30 33y Tmeihy st 3tivorometanesaitonate 0.5-

f Iduor ?)I s?gr ggyl%mymilbfﬁe@mmm)ammﬂﬂemﬁahimmmwm bcrsixHabegzgm
i dazol e o

‘m.) and et hano%ogfép ﬁog\ﬁﬁ gﬁ %‘W“@ 1%5‘&#0 %%H%%Q%OSL
concentrated td lgqunmnmolﬁan\@sadmaetaNMmmmMn Thenbi ned
with ethyl acetras&:mdgﬁxed&waJmo%veaQbuﬁer@forezxzw%heﬂwmcahm%aiwsk NaCl (2

X L) T ORGSR ) o b SN it -
bica_rbonate (10 mL/mmol of benzimidazole) and dichloromethane (3-5 mL/mmol of
benzimidazole) and the two-phase mixture was stirred at room temperature for 30
min. The organic layer was collected and the aqueous layer was back-extracted with
an additional portion of dichloromethane (3-5 mL/mmol of benzimidazole) and the
combined organic layers were dried over magnesium sulfate, filtered and the solvents
were removed under reduced pressure using a rotary evaporator. The products were
futher purified by silica gel chromatography.

benzimidazol

5,6-Dichloro-2-(isopropylamino)-1H-benzimidazole (25.0 g, 102 mmol), N,O-

- bis(trimethylsilyl)acetamide (25.9 mL, 21.3 g, 105 mmol, 1.03 eq.), 1,2- |
dichloroethane (300 mL), trimethylsilyl trifluoromethanesuifonate (12.8 mL, 14.7 g,
66.2 mmol, 0.65 eq.) and 1,2,3,5-tri-O-acetyl-L-ribofuranose (34.1 g, 107 mmol, 1.05
eq.) were used according to general procedure II. Silica gel chromatography using
35:1 dichloromethane/methanol afforded 39.6 g (77%) of a yellow foam. MS (CI):
m/z 501 (M +1).



chromatrotron, fitted wwth a 1 mmrotor, with 1:10 nmethanol: CHerr]d[err]
gave a \WOt96/0833i d (0.066 g, 0.17 mmol, 84%; [a][err]D =prtT)cEd40ts9t c=0.5
DVF); M5 (AP+): miz (rel. intensity) 394 (98, M+); [err]H NVR (DVMBO-d[err])
d 7.64(s, 1H, Ar-H), 7.37 (s, 1H Ar-H), -#833 (d, 0.5 H, -NH, J = 7.9Hz),
7.07 (d, 0.5H, NH, J = 7.6Hz), 5.76 (d, 1H, J = 7.9 Hz, H1'), 569 (m 1H,
OH), 5.31-5.23 (m 2H, OH), 4.51-4.45 (m 1H, CH2F), 4.35-4.32 (m 1H,
CHerr]F), 4.29 - 4.17 (m 2H, H2' and H3'), 4.06 - 3.97 (m 1H NHCH),
3.97 (br. s, 1H, H4'), 3.70- 3. 31 (m 2H, H5), 1.22-1.18 (m 3H,

CH(CH err])). al cd. Il A cl.

-!uf-n

Herr]Q C, 44788" R | e e D l-acqivl-Retako 46,
5, 6-Di chl oro- rlafumnosyl- H-henzimidazaied ani no) - 1- (2 3 5-tri- Oacetyl beta L-
ri bofuranosyl)-1H benzi m dazol e FI uor oacetone (-5 g) and

5, 6- di chl or 0- 2- 1- 5-trji-0O acetyl-beta-L-

ri bof L‘r:ang;& )ZTT%%&PPP%%@MF i @-kgf§5yt9-%§°§ﬂthe§a -InsibefuzanesyivdH- vi t h
tolee c agt d (k Otlﬁﬁiﬁmdﬁo&&av?ﬂﬁsblm&ahmdQJSQiL/hﬁﬁbéll@Euidgeﬁth|E§d<a§dpﬁfa€éj with -
a an ar Ofr. [ Qe )
T s s ol e BBl iGRaR T 04 S EUAIAREN Uit %), s 1 &

PCT/ GB95/ 01597mh3nmohwf§n@qmq)m1dan¢tbanot(3<mh(mmgl ofnmem)uﬁ'hmodum di | ut ed
with ethyl aceigidhate30e e&bnmw&a?@ﬁeml%%o%ﬂhe(ﬁ it Bbdm 2Nd

water (50 mL). The o S were err err ecant ed and
concentrat ed. fREeR P"B%%“ 8&&8?%‘5%%#“%@1 &9 stEt
(230- 400 nesh, tetperaturd ford8h. The ﬁﬂieﬂ:?l]ﬁb:[a&r(ﬁjnﬂﬁhmol) 19 g

f d d '

o rotor) i ¢ hotjriacetis), TRE Gidallc 1R walk Lo b Wad G A SHRBRR GUERE, 2,

g, 0.20 nmol, b0 manphﬂfmm)ednedmmewnw%a\es lteged, angl the [err]H
NMVR ( DVBO- df er alvents wer finfoved by rotary evaporation. The productswere further punﬁedby

silica gel chromatography

5,6-Dichloro-2-(isopropylamino)-1-(2,3,5-tri-O-acetyi-beta-L-ribofuranosyi)- 1 H-
benzimidazole (7.50 g, 14.93 mmol), sodium carbonate (1.72 g, 16.23 mmol), water
(29 mL), methanol (100 mL) and ethanol (100 mL) were used according to general
procedure [II. The product was purified by silica gel chromatography using 55:45
dichloromethane/methanol to afford 4.72 g (84%) of a white foam. Analytical data
were consistent with the assigned structure.

Example 40

Human Cytomegalovirus (HCMV) Assay

HCMV strain AD169 was grown on monolayers of human embryonic lung cells
(MRCS cells) in 96 well plates. After infection of the cells at a ratio of approximately
0.01 infectious virus particles per cell, the compounds to be tested were added to

selected wells at six different concentrations, each in triplicate. The same
concentrations of compound were also applied to wells containing monolayers of



‘Ar-H), 7.51 S 1H, Ar-H), 7.30 (d, 1H, NH, J = 7.6Hz), 6.25 (d, 1H H1',
J—75H273° 601833 5 23 (m 1H, H-2'), 5.48-5.44 (m 1H H- PETCBIRISY ¢
(m 6H, CHerr]F, CH H4 and 5), 2. 21(493H QAc), 2.19 (s, 3H, QAc),
2.02 (s,3H, OAc), 1.24 (d, 3H, CH(CH err]) ™J =7.5Hz). Anal. Calcd. for
Clerr]Herr]Nerr]Qerr]dJerr]F. C 48.47; H, 4.65; N, 8.08. Found: C,
48.60; H, 4.73; N 7.94. Exanple 39

5, 6-Di chl oro- 2- (i sopropyl am no) - 1H benzi m dazol e

5, 6- Di chl or o- 1, 2- phenyl enedi ami ne (0.61 g, 3.4 nmol), and isopropyl

i sot hi ocyanat e (xﬁnﬁ*&tai ce”ﬂssn ame) td"&%&s‘é@ﬂbbtﬂﬂcbytdioﬁﬂ cbhe Wé{éhﬂ@zbﬁébﬁnt)
and were heated gﬁﬁfor _D| cxcl ohex | car bo 1.06. 5.14
mmol ) was then a'ijéd el 40 %ag'a%lleF T MICTOSCoRi§0 C
for 5 h. Tol uenexéBihatibn. "vihasl@st;iéot amd/maheﬂ"mtxtmsr esnmated:cﬁmsmmaﬂem of

rotary evapor at Immﬁpwﬁma&rw eahfgpggmgf@mghgﬁ ﬁ@%ﬁ&rﬁﬁﬁamon,

purified by silic¢a_ge roma y

acet at e/ hexane/ tSHRGATH them ‘{@&?ﬂ‘fﬁ crothers. 1833, 24, 370-374).
recrystallised from acetonl trile to give 0 46 (60% of a tan solid; mp.
218-220C. Anal. Calcd for CJerr]JHerr]dJ[err] N[err]: C, 49.20; H,- 4.54; N,

17.21. Found: C, 49.31; H 4.59; N, 17.33. WD 96/ 01833

PCT/ GB95/ 01597 -46- General Procedure |: Synt hesi s of

2- (al kyl'am no) - ]ﬂ*ﬂmg,ﬂgim'da%t Usi ng R

cycl ohexyl - 3- (2- nor phol i noet War bodi i e met ho- p- toI uenesul phonat e as

Desul phuri si ng Agent The app‘ Brl ate 1, f-céﬁenyl enediam ne is conbined with
t he appropriate isothiocyanate (1.0-1.25 nmol/ mmol of diamne) and

anhydrous pyridigg (%2  006023uM. 30uM ) -
Example4  091-25uM  100uM

Example 5 0.03-0.05uM  100uM
Example 10 L.I-1.3uM 100uM
. Example 8 41uM 100uM

Example 12 3.5-5.8uM 100uM
Example 34 0.75-0.85uM  100puM

Example 41:
Tablet Formulations

The following formulations A and B were prepared by wet granulation of the
ingredients with a solutmn of povxdone, followed by addition of magnesium stearate

- and compression.
mg/tablet mg/tablet
(@)  Active ingredient 250 - 250
(b) Lactose B.P. 210 26

" (¢) Povidone B.P. 15 9



m./ mmol of diamne). The resulting m xture is heated to 80[err]C for 30
mn, theWOBS/08833| ohexyl - 3- (2- nor phol i noet hyl ) car bodi i mi de PCT/GB95/01597

met ho- p-tol uenesul fonate (1.1-1.35 nmol/mmol of diamine) is added as a
solid in one portion. The resulting mixtup@-is allowed to stir at
80-90[err]C for 3-20 h, after which tine it is allowed to cool to room
tenperature. The renai nder of the procedure is the sane as detailed above,
except that the product is purified either by silica gel chromatography or
by recrystallizati on fromeit her acetonitrile or 1,4-dioxane.

56D|chloro % &ga penzi m d |l e _
5, 6-Di chl oro- phenyl ened| am n 00.0 g, 13 nmol ), i_soplrzopyl
i sot hi ocyanat e(ei 122\48811351“!!1 Stearptg) ) | 3

1- cycl ohexyl - 3- (2- nor phol i noet hyl ) car bodi i rrsgba rret ho- p- t ojggenesul fonat e
(622.0 g, 1.47 nol) and pyridine (4 L) were used according to general

procedure |I. The product was recrystallized fromacetonitrile to give 184 g
(6799 of a brdiemmshtionB Anal ytical data were consistent with those reported
above. 2-(Cycl opropyl am no) -5, 6-di chl or o- nzi m dazm

4,5-Di chl oro- 1, 2- phenyl enedi am ne (6. 04 g mol ) opyl

|sot hi ocyanate (3.69 g, 37.2 mmol),

1- cycl ohexyl - 3a) 2- mdtiveahgradienthy| ) car bodi i npse et ho- p- t opsgenesul fonate
(20.1 g, 47.4 I)I aBd pyridine (135 ni) w?#(f used according to general
procedure |. was recrystallized om acetonitrille to afford
5.82 g (70% ofc)a yavicd PEBWL d; mp. 223-2256@krr]C. Anal. @l cd for

Cerr]Herr] dderrIpdvidd: 49.61; H, 3.75j¢ N, 17.36. Foupd: C, 49.53;
378N171({d? %8}833 13 @d l_‘

PCT/ GB95/ 01597(€} 47 Sodisgn Staseh Glyselateire 11:  pl i ng of 12 B
2- (al kyl am no)(-f)ll—l— egaudﬁgtem wth 1,2, 3, 5% tri-OacetylslL-ribofuranose
The appropriate 2-(al kyl am no)-1H benzim dag&d e was conbi nﬁa with 1,2-

Formulation C

mg/tablet
Active ingredient 100
Lactose ' 200
Starch 50
Povidone -3

- Magnesium stearate . 359 . - .
The following formulations, D and E, were prepared by direct compression of the
admixed ingredients. The loctose used in formulation E was of the direct compression
type (Dairy Crest - "Zeparox").

Active Ingredient 250



di chl oroe hane 2-3 nmL/ mmol of benzi m dazole) and NO

bis(trine |y acet ani de (1-1.25 nmol /mmol of benzi ni dZEIGBISHHYTt he
resulting mxture was heated to 80[err]Cf 30 min. Trinmethylsilyl :
trifluoromethanesul fonate (0.5- 0.7 mmol /bl of benzi m dazol e) was added
and the m xture was allowed to stir at 80[err]C for an additional 15 m n,
cafter which tinme 1,2, 3,5-tetra-0O acetyl-L-ribofuranose (1-1.25 nmol / mol  of
benzi m dazol e) was added as-a solid in one portion. The resulting m xture
was allowed to stir at 80[err]C for 2-20 h, after which tine it was all owed
to cool to roonPregsmeisdd St@ch NF13vas then d| luted wi th pip aqueous sodi um

bi carbonate (10 nlL/nmol of benzi m dazole) and dichloro thane (3-5 m./ mol
of benzi m dazol e) and the two-phase m xture was stirre room tenperature
for 30 mn. The organic |layer was collected and the aqueous | ayer was .
back-extracted with an additional portion of dichloronethane (3-5 ni/mol
of benzi m dazol g) and. t he conbi ned organic |ayers were dried over magnesi um
sulfate, filter sol vents were renoved under reduced pressure
using a rotary evaporator. The products were futher gogdpideed by silica gel
chr omat ogr aphy. '

5, 6-Di chl oro- 2- (i sopropy] ani no)-1-(2,3,5-tri-0acetyl - bet a- L-ri bof uranosyl)
-1H 5, 6- Di chl oActive-Iagredisnopy| ani no) - 1H benzi ni dazol e 2886.0 g, 102 mol ),

N, G bis(trimethysse! yl)acetamde (25.9 nl, 21.3 g, 10pgmol, 1.03 eq.),

1, 2- dichloroethane (300 nL), trinmethylsilyl trifluoronethanesul fonate
(12.8 nL, 14.7 §Vicdls. 2 mml ., 0.65 eq.) and - 100
1,2,3,5-tri-Oacetyl -L- ri bof ur anose (34.1 g, 107 mmol ,50p 05 eq.) were used
according to general procedure Il Silica gel. chromatography using 35:1

di chl or onet hane/ net hanol af f or ded 39 6 g (77°/c) of a yellow foam M (Q):
mz 501 (M + 1)EormulationdHK Xied Rejea

PCT/ GB95/ 01597 -48 -

The formulation was prepared by wet granulation of the ingrediénts (below) with a
solution of povidone followed by the additiocn of magnesium stearate and

compression.
mg/tablet

(a) Active Ingredient 500
(b)  Hydroxypropylmethylcellulose ' 112
| (Methocel K4M Premium) - C :
(¢) Lactose B.P. 53
(d Povidone B.P.C. 28
(¢)  Magnesium Stearate —1

700
Exampie 42:



General R re I11: Deprotection of '
2- (al kyl a‘kﬁ%@?ﬁﬁ( 2,3,5-tri-0O acetyl - beta- L- PCT/GB9S/01597

ri bof uranosyl - 1H benzi m dazol es The appro 2i_at e

2-(al kylam no)-1-(2,3,5-tri-0O acetyl - beta-1-ri bof uranosyl ) - 1H _
benzi m dazol e was dissolved in ethanol (4-5 nL/ mmol of triacetate). Into a
separate flask were placed sodi um carbonate (1.0-1.3 mmol/mol of
triacetate), water (1-2 nmi/mol of triacetate), and nethanol (3 nL/nmol of
triacetate). The sodi um carbonate suspension was added to the ethanolic

sol ution of thEotmulai@tAte at roomtenperature and in one portion. The
resulting mxture was allowed to stir at roomtenperature for 18 h. The

m xture was then diluted with ethyl acetate (25 nL/mmol of triacetate). The
organi c | ayer Weeapswe fermulation vers\poepared Styadmixing thecdngredients of ForanilstionrD e

(100 ./ mol - OfxhibpRCPEBSRY andURliAE Bt tWEAGRP et BipSute” 'HobBUEHpn 1
the solvents were renoved by, rotary evaporation. e products were f’ur her
purified by SEME o Wﬁ%@mﬁr

5,-6-Di chl oro-2- (i sopropyl am no) - 1- (bet a- L-ri bof ur anosyl )-'1H- benzi m dazol e

5,6-Di chloro-2 |l am no)-1-(2,3,5-tri-0O acetyl -beta-L-ribofuranosyl)
-1H benzim da .90 g, 14.93 mol ), sodium carbonate (1.72 g, 16.23
mol ), water (29 nL), nethanol (100 nL) and ethanol mgigleti ) were used
according to general procedure IIl. The product was purified by silica gel

chr omat ogr aphy ,ysi nq 35: 45 di chl or onet hane/ net hanol t fford 4.72 g (84%
of a white foaﬁ% AnZCHYS BETedEmt o were consi st ent vm'thgﬁule assi gned
structure. Exafl e LactbkeB.B. Cyt onegal ovi rus (HCW) As$4y HCW strain AD169‘
was grown on ol aggs. ryonic lung cells g\/RCSeeIIs) in 96
wel |l plates. Arter ?ﬁ?’l}cﬁﬁ%ﬁﬂo toﬁé@cel |s at a ratio -o? approxi mately 0.01

i nfectious vir(® paMagaedwnStaarage| | | t he conpounds to-k& tested were added
to selected wells at .six different concentrations, eagpgin triplicate. The
sane concentra%i onﬁ of Eorrpound were al so applied to wells containing

nonol ayers of B ' ' '

mg/tablet
(a) Active ingredient 250
(b)  Macrogol 4000 BP - 350
600

Capsules were prepared by melting the macrogol 4000 BP, dispersing the active
ingredient in the melt and filling the melt into a two-part hard gelatin capsule.

: mg/tablet
Active ingredient 250
Lecithin ' : 100
Arachis Oil _ . 100

450

Capsules were prepared by dispersing the active ingredient in the lecithin and arachis
oil and filling the dispersion into soft, elastic gelatin capsules.



WD 96/ 01833

PCT/ GB95/¥999918339 - uninfected cells in order to assess cE&GIEHRIF01SIT
cytotoxicity. The plates were incubated for_ 5 days, and the m ni num
‘cytotoxi c dose was estimated from m croscbfﬁ‘c exam nation. The IC[err] for
antiviral effect was estimted from neasurenents of HCW DNA in each well
by blotting and quantitive specific DNA hybridization, simlar to the

met hod of Gadler. (Antimcrob. Agents Chenother. 1983, 24, 370-374).

Exanpl e HCW MRC5 tox | C50 CC50 Exanple 3

0. 06- 0. 23[err]M 30[err]M Exanple 4 0.91-2.5[err] M 100[err] M
Exanple 5 0. 03- 0 0 Exanpl e 10 1.1-1.3[err] M
100[ er r ] M Exanpi-eiid i pppelidat LARSWEL 00[ err ] M Exanpl e 12
3.5-5.8[err] M 100[err]MExarrpIe 34 0.75-0.85[err] M 100[err] M

or cpar ed by vt 5 SN Rl et gl B flaEhn s e B o one,

fol | owed by addRgtedientsfa, Beagdssusing @t@@udcrefﬁwedd’UWbGQnMMWm¢m A

my/ t abl et THé HA SllefsAere tth thated Witl r&eliseRbntroli >0
250 (b) Lact os Emg Rl ere 1 mgz%lex?gsme (cﬁ
Povi done B. P. d into a two-piece,jhard gelatin capsule. 9 _ :
- mg/tablet
(@)  Active Ingredient _ 250
(b)  Microcrystalline Cellulose 125 -
“(¢) Lactose BP 125 .
(d)  Ethyl Cellulose 13
513
Example 43:
I al ] l E l -
ormulati .
Active ingredient 0.200g
Hydrochioric acid solution, 0.1M q.s. topH 4.0t0 7.0
Sodium hydroxide solution, 0.1M q.s.topH4.0t0 7.0
Sterile water q.s. to 10m!

The active ingredient was dissolved in most of the water (359-40°C) and the pH
adjusted to between 4.0 and 7.0 with the hydrochloric acid or the sodium hydroxide as
appropriate. The batch was then made up to volume with the water and filtered -
thfough a sterile micropore filter into a sterile 10ml amber glass vial (type 1) and .
sealed with sterile closures and overseals.



WO 96/ 01833

PCT/ GBO5Wai 96283350 - (d) Sodi um Starch dycoll ate PGAVGRB95/01597
12 (e) Magnesi um St ear at e : 3 500
- 300 Formul ation B ng/tabl et nghdabl et (a) Active ingredient
250 250 (b) Lact ose : - 150 (c)
Avi cel PH 101 ' 60 26 (d) Povi done B. P.
15 9 (e) Sodi um Starch dycoll ate 20
12 (f) Magnesi um St ear ate 500 _ 300 Active ingredient
100 Lactose . 200 Starch
50 Povi done EommulationB 5 Magnesi um st ear at e

359 The fol |l ow ng forrrul ations, D and E, were prepared by direct

conpr essi on of 4 p;; |ngredi ents. The | oct ose u§§is n formulation E
was of the dlrec co ressmn type Dal Crest - "Zep . Formul ation D

Active | ngredi¥stle, pyrogen—free, pH7 P! OSP - 2504.s. to 25m1
Example 44
I lar ipiect
Active ingredient 020g |
Benzyl Alcohol - ' 0.10g -
Glycofurol 145¢

Water for Injection © q.5.t03.00 ml
The active ingredient was dissolved in the glycofurél. The benzyl alcohol was then

added and dissolved, and water added to 3 ml. The mixture was then filtered through
a sterile micropore filter and sealed in sterile 3 mi amber glass vials (type 1).

Example 45

Syrup

Active ingredient - - 0.2500 g
Sorbitol Solution . 1.5000¢g
Glycerol 2.0000 g
Sodium Benzoate 0.0050 g
Flavour, Peach 17.42.3169 - . 0.0125ml
Purified Water ' o q.s. to 5.0000 ml

' The active ingredient was dissolved in a mixture of the glycerol and most of the
purified water. An aqueous solution of the sodium benzoate was then added to the



Wo 96/ 01833 - -
PCT/ GB95/ wOa®D188B1 - Pregel atinised Starch NF15 PCT/GB95/01597 150

400 Formul ation E Active I|ngredient _ 250
Lactose =35- 150 Avicel

100 500 Formul ation F(Controll ed Rel ease Fornul ation) The fornul ati on was
~prepared by wet granulation of the ingredients (below) with a solution of
povi done followed by the addition of magnesi um stearate and conpressi on.
(a) Active | ngredi ent 500 (b)

Hydr oxypr opyl metsgiuie| folb@e& by addition of the sorfitdl s%) roﬂ‘%g& 'ﬁngﬂ%rf?%’ogm The)
Lact ose B. P. L . K3, - Povi done B. P.C.

28 (e)  Magnesi‘@Hm§ was made up with purified water and mixed well. 7 700 Exanpl e 42:
Capsul e Fornmul ati ons WD 96/ 01833

PCT/ GB95/ 01597

Example 46

mg/suppository
Active Ingredient (63 1m)* 250
Hard Fat, BP (Witepsol H15 - Dynamit Nobel) 1770
2020 T

*The active ingredient was used as a powder wherein at least 90% of the particles
were of 631 m diameter or less.

One-fifth of the Witepsol H15 was melted in a steam-jacketed pan at 45°C maximum.
The active ingredient was sifted through a 1001 m sieve and added to the molten base
with mixing, using a silverson fitted with a cutting head, until a smooth dispersion
was achieved. Maintaining the mixture at 450C, the remaining Witepsol H15 was
added to the suspension and stirred to ensure a homogeneous mix. The entire
suspension was passed through a 2501 m stainless steel screen and, with continuous
stirring, was allowed to cool to 409C. At a temperature of 380C to 409C, 2.02 g of
the mixture was filled into suitable, 2 mi plastic moulds. The suppositories were
allowed to cool to room temperature.

Example 47
Pessaries

mg/pessary
Active ingredient (631m) | 250
Anhydrate Dextrose 380

Potato Starch 363



- 52 - Fornulation A A capsule fornulation was prepared by adm xing the

i ngr edi ewWD96/0183F0r mul ati on D in Exanple 1 above and filli RGTIGBOSOEIT wo- part
hard gel atin capsule. Forrmulation B (infra) was prepared in a simlar
manner. Formul ation B ng/tablet (a)  Actd i ngr edi ent

250 (b) Lact ose B.P. o 143 (c)  Sodi um
Starch-dycollate . 25 (d) Magnesi um St earate 420
Forrmul ati on C (a) Active ingredi ent ' 250 (b)

Macr ogol 4000 BP 600 Capsul es were prepared by nelting the macrogol 4000
BP, dispersing,the.actdve_ ingredient in the nelt and fhlling the nelt into

a two-part ha%a%a"é?‘isﬁe@%)sul e. Fornulation D Acti \re—:zngr edi ent _

250 Leci thin - - 100800 Arachis G| 450

- Capsul es were prepared by dispersing the active ingredient in the lecithin
and arachis oil and filli the dispergign into soft, .elastic | at,j n

capsul es. The above &ngre ents were ee. _directly anf pessaries preparedg%y a{tect

‘compression of the resulting mixture.



WO 96/ 01833 _ .

PCT/ GB95/v0096U1833 53 - Formul ati on E (Control |l ed Rel ease CapewiGnps/iise?

fol l owing controll ed rel ease capsul e fornul ati on was prepar ed by extruding
ingredients a, b and c using an extruder, -53F| oned by

extrudate and drying. The dried pellets were then coate

e
rel ease-controlling nenbrane (d) and filled into a tvvo allmi;”"m"w"ﬂ!uw B)

capsul e. rrg/tabl et (a) Active | ngredi ent

M crocrystal line Cellul ose : 125 (c) Lact ose BP

125 (d) Et hyl Cel | ul ose : 13 513 Exanpl e 43:

| nj ectabl e Fornul ati.on Fornul ati on A Act F&Mgredi ent

0.200 g Hydrochloric acid solution, 0.1M : g.s. topH4.0to
7.0 Sodi um hydroxi de solution, 0.1M g.s. to pH4.0to 7.0
Sterile water g.s. to 10m The active

i ngredi ent was i sso‘Mr‘@H‘PP\'Pdrﬁfgtm@ﬂaﬂhe wat er (35[err] 40[err] C) and the pH
adjusted to between 4.0 and 7.0 with the hydrochloric acid or the sodium
hydr oxi de as appropriate. The batch was then nmade up to volunme with the
water and filtered through a sterile mcropore filter into a sterile 10n
anber glass vial (type 1) and sealed with sterile closures and overseals.

H o
%oj o |

OH OH

wherein R represents hydrogen, a halo atom, -NR1R2 where R! and RZ, which
may be the same or different, are each independently selected from hydrogen,

~ C1.6 alkyl, cyanoCi.g alkyl, hydroxyCj.galkyl, haloCi.g alkyl, Cs.
qcycloalkyl, Cj.galkylC3_7cycloalkyl, Cp.g alkenyl, C3_7cycloalkylCy.
6alkyl, Cp.galkynyl, aryl, arylCj.galkyl, heterocyclicCi_g alkyl, -COC;.
alkyl or RIR2 together with the N atom to which they are attached form a 3,

4, 5 or 6 membered heterocychc ring and pharmaceuucally acceptable
derivatives thereof. '

2. A compound according to claim 1, in the form of a 8-anomer.
3. A compound according to claim 1, in the form of an o-anomer.

4. A compound according to claim 1 of formula (Ib)



WO 96/ 01833
PCT/ GBOSWOPSOI83354 - Active ingredient PCT/GB95/01597 (. 125

g Sterile, pyrogen-free, pH7 phosphate buf fer, g.s. to 25 m Exanple 44
I nt rawM| ve ingredi emt38-

0.20 g Benz | 0.10 g dycofurol
145gV\al€m g.s. to 3.00 nl The
active in |ssol ved in the gl ycofurol The benzyl al cohol was -

t hen added and di ssol ved and wat er ‘added to 3 nl. The nixture was then

filteredthroughasterile m cropere AN teN,and sealed in sterile 3 ni :
anber glass vials (type 1). Exanple tiWe_ipngredi ent
0.2500 g Sorbitol Solution C N '_ 1.5000 g d ycerol

2.0000 g Sodi um Benzoat e : (16} 0050 g Fl avour,
Peach 17.42.3169 0. m Purified Water

g.s. to 5.0000 m The active ingredient wa§ dissolved in a mxture of the
~glycerol and nost of the purified water. Antadueous sol ution of the sodium
benzoate was then added to the. WO 96/ 01833 2

PCT/ GB95/ 01597 -55 - solution, followed byO&fftion of the sorbitol

sol ution and finally the flavour. The

wherein R represents a halo.atom or -NR1R2 wherein R1 represents hydrogen
and R2 is selected from Cj.galkyl, C}.ghydroxyalkyl, C3.7cycloalkyl, Cy.
6alkylC3.7 cycloalkyl, C2.4 alkenyl, C3.g alkynyl, aryl, arylalkyl, or R! and

R2, which may be the same or different, are both Cj.g alkyl, or RIR2 ‘
together with the N atom to which they are attached form a 3, 4, 5 or 6
membered heterocyclic ring and pharmaceuncally acceptable derivatives
thereof.

5. A compound according .to. any of claims 1 to 4 wherein R represents -NRIR2

~ wherein R_1 _represents hydrogen and R2 is selected from Cy.galkyl, C3.

7cycloalkyl and haloCq._galkyl and pharmaceutically acceptable derivatives
thereof, '

6. A compound accordmg to any of claims 1 to 5 whetem R represents
isopropylamino, 1sobutylammo, sec-butylamino, cyclopropylamino,
cyclopentylamino or 2-fluoro-1-methylethylamino and pharmaceutically
acceptable derivatives thereof.

7. A compound according to claim 1 selected from 5,6-dichloro-2-
isopropylamino-1-(B-L-ribofuranosyl)-1H-benzimidazole, 2-yclopropylamino--
5,6-dichloro-1-(B-L-ribofuranosyl)-1H-benzimidazole and 5,6-dichloro-2-((2-
fluoro-1-methy-ethylamino)-1-(B-L-ribofuranosyl)-1H-benzimidazole and
pharmaceutically acceptable derivatives thereof.

8. 5,6-dich16ro-2—isopropylamino-l -(B-L-ribofuranosyl)-1H-benzimidazole



vol une was made up with purified water and nmixed wel|. Exanple 46

Supposi t o0 26Q1B3%k | ngr edi ent (631m * PCT/GBS/MSd Fat
BP (Wtepsol H15 - Dynamt Nobel) 1770_2020 *The active ingredi ent was
Used as a powder wherein at |east 90% of t'h%9‘parti.
di aneter or less. One-fifth of the Wtepsol H15 was nelted in a . :
steamj acketed pan at 45[err] C maxi rum The active'i mllmmﬂuumtll ted

t hrough a 1001 m sieve and added to the nolten basta ! g a
silverson fitted with a cutting head, until a snooth di sfoerLsion vas

achi eved. Mint ai ni ng, biigmidetticdll§ dteptatile Bérdvativé BPa%@ﬁBbtﬂid%cMﬁfn%&%% Idf>
was added to the suspghsion and Stirred to ensure a honogeneous X. *he
entire suspension vva§laﬁﬁ§g t hrough a 2501 m stainl ess steel screen and,
Wi th continuous stirring,.was alfowed to cool to 40[err]C. At a tenperature

of 38[err]Cto [err e D t | %t: | Lhed into suitable, 2
m plastic noul 38'. T#e%ﬁ%%‘géc?%rrl gstg\%%)%#ﬁ%vaé@?%ggbl to room
t enperature. Exanpl e 47 Pessaries ng/pessary Active ingredient (631nm

250 Anhydrate Dgxtr o@ederivative according to claim 9 in the form of an’étkr POt at 0 St arch
363 WO 96/ 01833 . S S

PCT/ (B95/ 01597 -56 - ' ' .
12. A derivative according to claim 10 wherein the salt is selected from salts of

organic carboxylic acids, organic sulphonic acids and inorganic acids.

13. A derivative according to claim 11 wherein the ester is selected from
carboxylic acid, sulphonate, amino acid, phosphate and mono-di- or tri- -
- phosphate esters : ' B

14, - A pharmaceutical formulation compriéing a compound of formula (I) as
defined in any of claims 1 to 13 or a pharmaceutically acceptable derivative
thereof, together with pharmaceutically acceptable carrier therefore.

15. A compound according to any of claims 1 to 13 or a formulation according to
claim 14 for use in therapy.

16.  Use of a compound according to any of claims 1 to 13 for the manufacture of a
medicament for the treatment or prophylaxis of a viral infection.

17.  Use according to claim 16 wherein the viral infection is a herpes virus
infection. |

18.  Use according to claim 17 wherein the herpes virus infection is an infection
~ selected from herpes simplex virus 1, herpes simplex virus 2, varicella zoster
virus, cytomegalovirus, Epstein Barr virus, human herpes virus 6 and human
herpes '
virus 7.



Magnesi um St earate 1000 The above ingredients were m xed directly and :
pessari NOP6BWA3 ed by direct conpression of the resultingPOr/GBAs@IS7 WO
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-57 - CLAI M 1Wnd-oLforrrul&@l) [err] wherein R represents
hydr ogen, a haI err R[err] where R err] and R err], which my be
the sanme or dif wﬂl, ,ﬁﬂ’&t& I ndependently selected from hydrogen,

C err] akyl, cyaRo hydroxyC[ err]al kyl, haloCferr] alkyl,

Clerr] cycloalkyl, Cerr]al kyI C[ err] cycl oal kyl, err] al kenyI

C[err]cycloa IC[ E

het erocyclic %rr]gg f+€6rﬁ élr:cro ‘*?*FM“‘ l%er rﬁoﬁfﬁé %n%égr

with the N atomto? r gimul oaréweeequsmrﬂlad@xmmns gritheatriessb oned

het erocyclic ring ather th émﬂagéntQ'@*thUum&&to?Pfdph?ﬁﬂs\b@hWﬂ%nfe%&Of 2.
aim err . A

A conpound according to ¢ in the formo ] - anoner
conpound according to claiml1, in the formof an [err]-anoner. 4. A
conpound acco?@i ngAtmethbdroﬁm'_eamient or preventionh)f the sy¥Bp@RIsOABEects of a virus

PCT/ GB95/ 01597 - Sffection is an infected animal which comprises treating said animal with a
therapeutically effective amount of a compound as defined according to any of
claims 1 to 13.

21. A method according to claim 20 wherein the virus infection is a herpes virus
infection. - o (

22. A method according to claim 21 wherein the herpes vxms infection is selected
from herpes simplex virus 1, herpes simplex virus 2, varicella zoster virus,
cytomegalovirus, Epstein Barr virus, human herpes virus 6 and human herpes
virus 7 . :

23. A process for the preparation of a compound of formuia (I) as defined i in any
of claims 1 to 13 which process comprises:-

(A) reacting a compound of formula (II)



rerr] (I -b) wherein Rrepresents a halo atomor -NR err]R err] wherein
Rlerr] repwosemiss3hydrogen and R2 is selected from ([ err] al Pgr/GBI5/01597
C err] hydroxyal kyl, Cerr]cycloal kyl, derr] [err]alkylCerr] cycloal kyl,

Cerr] al kenyl, C[e_rr] al kynyl, aryl,; arylabkyl, or nd R2, which
may be the sane or different, are both (err] alkyl, R[err]R[err
together with the N atomto whi ch they are attached f Lm,mmum

menber ed heterocycl ic ring and pharmaceutically accept u wm,

t hereof. 5. ~'A conpound according to any of clainms:1 fo 4 V\Sher"'el § R+
represents -NR[err] rr eln%bb[e pre h and- S

sel ected fromderr] Eﬁﬁnwéfé deog ?‘ﬁ% Q’P‘igﬁ B‘%ﬂzﬂ TaﬂR’;‘?Fe"?SHd
phar maceuti cal | y accapdmky eroigy; iwitt 2 seitatié halogénatifig agent orcwhenoLrisl acsuiabléi ng
to any of clains 1 t?%gyfngh%tﬁopgguﬁ %gseﬁhin+ﬁgw&y e%ﬁ%%rede ned, with an.

I sobutyl am no, sec propyl am no penty

2-f1 uor o- 1- et hy| et hyming ofdt lézﬂal apdé{%@p@ampedmm 1)495

t hereof. 7. A conpound accordl ng to claim 1 selected from

5, 6-di chl oro-2- isopropylam no-1-([err]-L-ribofuranosyl)-1H benzi m dazol e,
2-ycl opropyl am no- 5, 6-di chl oro-1- ([err] L ri bof uranosyl ) - 1H benzi m dazol e
and 5, 6-di chl oro- 2- ((2- '

fl uoro-1- et hy-et hyI no &Eé |)-1H benzi m dazol e
and pharnmaceutically a cep? é&g %/“gtlves he e%f 8.

5, 6-di chl oro- 2-i sopropyl am no- 1- ([err] L-ri bof uranosyl ) - 1H- benzi m dazol e
WD 96/ 01833 C
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wherein R is as defined in claim 1, with a compound of formula (TV)

wherein R3, R4 and RS are each a hydroxy or a protected hydroxy
group and.L1 is a suitable leaving group in the a.- or B- position;

and thereafter or simﬁltaneously therewith effecting one or more of the
~ following further steps may be additionally performed in any desired or
necessary order:
(@)  removing any remaining protecting group(s);

@ii) convertinga compound of formula (T) or a protected form thereof into a
- further compound of formula (I) or a protected form thereof;,



9. A pharnmaceutically acceptabl e derivative of a conpound according to
any of wba601s33 to 8. 10. A derivative according to cl pcitichokdisohe form
of a salt. 11. A derivative accordlngto claim9 in the formof an ester.

12. Aderlval_l—\#e—ae—eefdr-ng——t‘o—ﬂalmle?d\herelnthe salt is selected from
salts of orgam c car bo i“!l ‘!j organi ¢ sul phoni ¢ acids and inorganic

aci ds. jmu a‘l ng to claim 11 wherein the ester is
sel ect ed from c ul phonat e, am no aci d, phosphate and

nono-, di- or tri- phosphate esters 14. A phar rraceutical formul ati on
corrprising a conpound of formula (1) as defined in any of clains 1 to 13 or
a pharnmaceutical ly acceptabl e derivative thereof, together wth

phar maceut i cal |y 4iieptcanyestingthei componrd of frgulal @) or a/protented foun dheresfdi ng

to any of claim 1 t0 %8004 phainticEtically Mceptbf - Qerivhrive of"% ein
t herapy. 16. Use of 3.00 nd accorgl nl%’e eﬂy of cldaﬁ ﬂn}gn&o}n #if)r t he
manuf acture of a nmedic ﬂ’m& Pr 3 pratected f ‘ﬁ??‘e prophyl axi s of a viral

i nfection. 17. Use accordi ng to claim 16 wherein the viral infection is

ﬁe?gege\sn \r/:Jsulsn:‘ 23 on | s an ﬁ np@ﬁag%ﬁgﬁwe%e@g?gg%h erpe?qg{ g%ﬁg‘i'ﬂ@l rus

1, herpes sinplex virudfAormelai@epr & protected formy tlbtﬂe@al eompoyod ¢fpst ei n
Barr virus, human herpwg;oﬁﬁawgmm%gps virus 7. WD 96/ 01833
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(v)  converting a pharmaceutically accf_:ptable derivative of the compouncg
of formula (I) or a protected form thereof into another pharmaceutically q
acceptable derivative of the compound of formula (I) or a protected -
form thereof;

(vi) where necessary, separating the alpha and beta anomers of the
: compound of formula (I) or of a protected derivative thereof or of a
pharmaceutically acceptable derivative of a compound of formula (I)

24. A compound of formula (II)

R3 R4

wherein L is hydrogen or a suitable leaving atom or group and R3, R4 and R
are each a hydroxy or a protected hydroxy group.



19. Use of a conpound accordi.ng to any of clains 1 to 13, for the

manuf act uMeO 01833edi canent for sinul taneous or sequenti al REKIGHISHISHL i on
with at | east one other therapeutic agent fgr the treatnment or prophylaxis
of a viral infection. 20. A nmet hod of treathent Or prevention of the
symptoms or effects of a virus infection is an |nfec

conprises treating said aninal with a t her apeuti cal | wgmv"Hm wt of a
conpound as defined according to any of clainms 1 tp 1 rA et
according to claim20 wherein the virus infection is a herpes virus

infection. 22. 25A ngy aﬁaaéébrmagwcmzﬂb&&eiﬂﬂEm ééﬁo?ﬁ'hﬁ&sat&mrﬂa
infection is select eggf 5%%%53% SI rus 1, he(ri a@m | ex vir
varicella zoster vir é@ﬂt%l%% &y Rreferd ¥s
virus 6 and human heQ@&©O)YCHzus 7. 23 A process for the preparation of a

corrpound of formula (1) as defined in any of clains 1 to 13 whi ch process
~conprises:- (A reacting a c ound_of fornul a éll) [e V\D 96/ 01833
PCT/ GB95/ 01597 -261- %@wé,@dwgﬁmféﬂ -rl-]-anig@wqyl Rlerr] are
each a hydroxy or a yeptiffide@dlehydr oxy group, with a suitabl e hal ogenating
agent or when L is a suitable |leaving atomor group and R err], Rerr] and
Rl err] are as herei nbefore defined, with an amne of formula
H- NR[ err] R er r] Z#herkbromiel%6-dichtonat 1 R i-ribofaranosyd)- tii-benmimtidagole| ai m 1) ; or
(B) reacting a compound of formula (111) [err]-

28. A compound according to formula (V)

c | -
. X "
N
C N |
wherein X is -NRIR2 wherein Rl and R2 are as defined in claim 1 with the
proviso that Rl and R2 are not both hydrogen or methyl.

29, A compound according to claim 28 selected from

2-(cyclopropylamino)-5,6-dichioro-1H-benzimidazole;
5,6-dichloro-2-(isopropylamino)-1H-benzimidazole; and
5,6-dichloro-2-(2-fluoro-1-methyl-ethylamino)-1H-benzimidazole.
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whereln R ¥ efined inclaiml, wth a conpound of fornmula (1V) wherein
Rerr], R[err e each a hydroxy or a protected hydroxg ﬁéﬁuD
and L[err] W | eaving group i r6Bhe [err]- eﬂ% GEMWS

r

andthereaft stthereV\nth effecting on nore of the
followi ng furthet st e additionally performed in any desired or
necessary order: (i) renDV|ng any remai ning protecting group(s); (ii)
converting a conmpound of forrmula (1) or a protected formthereof into a
further conpowad of forrrul or a protected f er eof ; WD 96/ 01833
PCT/ GBO5/ 01597 62 Acq % ”5,‘8‘31‘9’ Bth?g ‘B’g%‘eﬁnﬁ g5 9 ¢ halo| atorgrangd
prot ect ed formtheri@eﬁl‘ﬁ mnawmmomu;pmam bbdroxyl efdupapieféablly t he
conmpound of fornul %pcgb a protected formthereof; (iv) convertlng a
e e

pharmaceutical ly acc derivative of the conpound of forrmula (1) or a
protected formthereof into the conpound of formula (I) or a protected form

conpound f)¥)f()2r6(r:raln%i N R R e i e A

pharmaceutically a €deri vati ve of the conpound of formula (I) or a
protected formthereof; (vi) wher e necessary, separati ng the al pha and

Chereof o of 3 pharHaEBLh beishiopod:Gelsthbhantar B bR ompound of

formula (1) - 24. A conpound of fornmula (11)
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