MODI FI ED BENZI M DAZOLE NUCLEGSI DES AS ANTI VI RAL AGENTS

FI ELD OF THE | NVENTION This invention-pertains to nucI eosi de anal ogs whi ch
have antiviral activity. Mre specifi caTH)g S on pertains to
nodi fi ed benzi m dazol e nucl eosi des, a exe fﬁ E‘E égé npounds such as
benzi m dazol e nucl eosi des possessi ng a—f+uo sugal-1i ke noiety (for
exanple, a 2' wbbyphes f uranosyl noiety or a 3' -fluoro-Turanesylusomoedsy) .
BACKGROUND OF THE | NVENTI ON Throughout this ppplication, various
publications, patents, and published patent applications are referred to-by
an identifying citation; full citations for these docunents may be found at
the end of the speqMODIRIED BENEIMIDXZOLE NWCEEOBIDES ASCANTIVIRAD AGENTS
di-scl osures of the publications, patents, and published patent
specifications referenced in this application are hereby incorporated by
reference into the . t GEP&r t te of
the art to which trﬁgseu?ﬁ@%ﬁgﬁ %%nggp'?‘gur?s)a %gthJ?%%%l'%]azo e dr?t@logggl %a(f;‘ have
been. descsi be®3i Janudne 1996t the abnterts of wisich are invotperatédtemical Abstracts, vol.
108: 108680 (1988) disclosed [err]-D(2'-deoxyribofuranosyl)-1-

benzi m dazol e-5' - triphosphate as a DNA pol ynerase inhibitor. Chem cal

Abstracts, vol. 105: 024554 (1986) m%m%uﬂ%u

-(2',3 -dideoxy-3-fluoro-Dribofuranosyl)-benzimdazole, its [err]- and
[err]- anomers, and the 5' -O-acetate derivatives of both anoners, but has
not provided t hei r Ko! kI Qﬂﬂ@ of the
N-1 ri bo-furanosyl -@?oﬂl}g Sl'%}a"ent(trﬁéu Iéogldégﬁﬂ?% %Qgg"é‘%‘;é%g“&é’ﬁ&%

- OH groupohas ilpesved m&tahﬁﬁi!ktahlﬂtb Mozé speéxﬁuﬂlwﬁmxmqmon peridnsREInodifiedi cat | on
(VIO 91/01325) delnz1m8C|1 a?zglg mllclecgsxzdes agexéngplli%%g igj\; cc;n?l’pou}lflsl sl{x%gs; lLe%Ezirnliaa%ole

- nucleosides possessing a fluorinated sugar-like moiety (for example, a 2’-fluoro-furanosy!

moiety or a 3’-fluoro-furanosyl moiety).
15 , BACKGROUND OF THE INVENTION

Throughout this application, various publications, patents, and published patent
applications are referred to by an identifying citation; full citations for these documents
may be found at the end of the specification immediately preceding the claims. The

20 disciosures of the publications, patents, and published patent specifications referenced in
this application are hereby incorporated by reference into the present disclosure to more

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

Benzimidazole nucleosides are particularly attractive as potential antiviral agents
25 because of their ability to avoid some major pathways of bioactive purine (bicyclic)
nucleoside inactivation, e.g., deamination by adenosine deaminase and glycosidic bond
cleavage by purine nucleoside phosphorylases. For example, current therapy for HCMV
includes the use of drugs such as ganciclovir (also known as DHPG), foscarnet, and
| cidofovir. However, known benzimidazole nucleosides such as 5,6-dichloro-1-(B-D-
30 ribofuranosyl) benzimidazole (DRB) have demonstrated only marginal levels of activity or
generally unacceptable levels of cytotoxicity, or both, thereby greatly diminishing their

usefulness in the treatment of viral infections. Recently, benzimidazole compounds, such
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ri bof uranosyl)-4-am no-;

1-(2',3 -dideoxy-2',2" -difluoro-[err]-D-ribofuranosyl)-4-am no-; and

1-(2', 3" -dideoxy-2'-fluoro-[err]-D arabi nof uranosyl ) - 4- am no- benzi m dazol es
as anticancer and antiviral agents, but w thout disclosing any biol ogical
data as to the effectiveness or the safety of the conpounds. The European
Patent Public g dP 0576, 227 A2) teaches that _

2' -deoxy-2',2' -difluoro-[err]-D-ribofuranosyl -purines and nmoBfFTUEYEM4i nes
such as deazapurine (containing one nitrogen %n the 5-, or 6- nenbered ring
of the puri ne)as T{IRB @zef-trichioro-4 H2Vp-DariBofalahdsplyBenSintiiason) ain-bignds,6- OF 6~
menbered ring pf thq u@}lge, an haye anticancer and antiviral activities.
However, the PedUft I'@' i“i?%@"é‘ﬁ gRreidazale BRERBhave plsorbedndfoundrtotbeounds
in that they dgefiPigainefy ks A3 hm ' h arge, N
purines." Benzi m dazol eeﬁﬁf:%%gi é?sgégt’re par?ilggm‘g'#ﬁ&%t[}{'f% T\i/ 4ag§95‘
potential antiviral agents because of their ability to avoid sone mgjor

e nat ion by adef s oESeneriols ibispies B teon oritbestretanagestotof heirne
| Sl
nucl eosi de ph)elaﬁﬁrﬁfal ¥etivitg and ERBoRKATTY b effokté maﬁf?m%aaamm %&E@J Ak HOW

I ncl udes the *se of drugs suc s _ganciclovir (also known as

h a Cl, Lal
f oscanet, and FBomegalovigs (HEMV) sethyityise gancielovirand doscamete duitivips! astivity as
5, 6- di chl or oot péibGibktts ﬁib‘ﬂ%&l“ﬁﬁﬂ 1z i daz (DRB) have
denonstrat ed c?_nFyL'rrar gt}dr%gl evel's %ﬁg%ﬁ?@gﬁfgrro g&iﬁkal | y unaccept abl e
I ev](cal Is of cyt olbﬁﬁx"mosmbemimida?dde (DRB) am%mgé elokély reldted d&rili'ﬂi%g hﬁ%e@ra I
usef ul ne in_the treatnen Vi r iLnfectjons. Recently, benzim dazol e
Corrpoundlzo,s Sugﬁewously%%scrgae& (Tamm, 19% Q{)?I,elgt}ez{ygy against speciﬁc&imses, such as RNA

PCT/ US97/ 0076 4hinovirus and DNA herpes simplex virus type 1 and type 2 been 2
as TCRB (2,5,6-trichloro-1-(2 -[erpr]-Dri ofuapan seyl’ %lﬁazsi mdrac%ﬁtee' and

2- brono- 5, 6- dichloro-1-(2'-[err]-D-ri bof ur anosyl ) benzi m dazol e
(3059 Fate 212 S50 S oy o i S Heh 5817
1(B-D-ribofuranosyl)benzimidazole (TCRB) have shown very potent activity against
15 HCMYV and low cellular toxicity at concentrations inhibiting viral growth. Structural
activity felationships of TCRB and heterocycle and carbohydrate modified derivatives
have been reported. See, for example, Ravenkar ef al., 1968a, 1968b; Townsend ef al.,
March 1992; Zou et al., 1992; Saluja et al., 1992. These disclosures, however, do not

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

20 invention.

Some modifications of the heterocycle have giﬁen analogs that are significantly
more active than TCRB. However, most of these analogs are also more cytotoxic than
TCRB, resulting in compounds with a little improved therapeutic index. Attempts to
25 modify the carbohydrate moiety, by replacing the ribose with arabinose, xylose or acyclic
analogues have given compounds less active than TCRB. Somewhat surprisingly a 5’-
deoxy derivative of TCRB, 2,5,6-trichloro-1{B-D-5’-deoxy-ribofuranosyl)benzimidazole
was shown to be about 10 times more active than TCRB and have a better therapeutic
index than TCRB.
30
Recent studies of the pharmacokinetics and metabolism of TCRB have revealed a
drug half-life of about 0.6 hours in rats and 0.5-0.7 hours in nionkeys (Good et al., 1994).



5 A nunber of benzi m dazol e nucl eosi des have been synt hesi zed
and tested for their antiviral activity and cytotoxicity in an
effort to identify a conpound with superior anti- human
cytonegal ovirus (HCW) activity to ganciclovir and foscarnet. Antiviral
activity of pol ysubstituted benzi m dazol es such as

5, 6-di chl or o- dwd bpimeds D- ri bof uranosyl ) benzi m dazol ectOBB)0zsad
sone closely related derivatives have been 103 previ ousl y descri bed

(Tamm 1954). _Their | a| ns cific, Vir C

r hi novi rus and ‘F\gﬁthé’ﬁ/ Q#efldg msfpbolic gﬂ?ﬁ%g%ﬁ °2{PB fheen
reported. example, the cleavage&th@"s@éarﬂlﬁue"tf‘ﬂmﬁﬂle‘&ﬁﬁﬁfd&@liw benzi m dazol e
anal ogs, including 2,5,6-trichl oro-

I ([err]-D-ribofur anosyl ) benzi m dazol e (TCRB) have shown very pot ent
activity against 15 HCW and > A at concentrations
inhibiting viral gromh. Structd el ati onshi ps of TCRB
and heterfcycle and car bohydrat e nodified der| vatives have been

reported. See, for xa venkar et, al 1968a, 8b;. Townsen et al .
Ve o 1092;  zou. ot GRS asbertotshe wEres laveion pertaifle SociE e mUpRTS drdleosides
however, do NOfossessin aﬂu&iﬁfédgﬁgarn.kenﬁtew&tdé&&mea hér¥ial 1€ SheSentbodiniéht, the

conpounds whi ch are the subject of this I nventi on.

Sonme nodi fi catflusnipated sugaehkaamenety@amesasaxﬂé-f@meﬁuaansﬂ owiety bea 3’sflupro-

significantly e active than TCRB. However, nost of these anal ogs
AP el

are also nore C ‘han TCRB, resulting in conmpounds with a
little inproved therapeutic index. Attenpts to 25 nodi fy the

car bohydrat e noi ety rep the . .ri bgse with arabinoseg, | osg, or
acyclic ‘éf\?g BB BRRestaing o phapmacsut dah coppstians for
Somewhat surp rtkeihﬂ?Wal ?nf'ébnons whlch comﬁfs@%Xh&ﬁfehtY&% %‘éﬁ"e&icve mt of one or more
2,5,6-trichloro-1(Terr] deoxy-ri bof uranosyl ) benzi m dazol e was
shown to be abnfthe m@dlﬁedwh@zmdv@omlv@sldehaﬁthﬁmmmm apdaseribed herein.

t herapeutic I ndex than TCRB. 30 Recent studi es of
the pharnacokinetics and netabolism of TCRB have reveal ed a drug

hal f-1if@sof about Yetaéndilaspettoftieipresemdnienfiodpeitalinss methodsfonicesting (vzabd et
., 1994

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

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

invention, as described herein.

20 Still another aspect of the present invention pertains to methods for inhibiting viral
(e.g., HCMYV) proliferation in a virally infected cell comprising contacting the cell with an
effective amount of one or more of the modified benzimidazole nucleosides of the present
invention, as described herein, under suitable conditions such that viral proliferation is
inhibited.

25 ' |

Still another aspect of the present invention pertains to methods for
prophylactically treating a cell susceptible to viral (e.g., HCMV) infection, by contacting
the cell with an effective amount of one or more of the modified benzimidazole
nucleosides of the present invention, as described herein, under suitable conditions such

30 that viral infection is prevented.
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The short half life may be associated with netabolic instability of the
conmpound, for exanpl e, the cleavage of the sugar noiety fromthe
benzi m dazol e. SUWARY OF THE

| NVENTION 5 One aspect of the present invention pertains
to nodified b%%?’r%n azol e nucl eosi des - possessing a frﬁ'HWﬁﬁ’P'@d

sugar-1like noiety as described herein. In one? embodi ment, the

fl uorinated sugar - IAsallhstaneapparent; prefgred f@turés and charhateristiosyf onsmbmicyofahe a
3' -fl uoro- . . noiety. 10 . . Anot her aspect of
the present i r%(‘/veerﬁ‘%'?%%gggﬁf%i?‘ﬁ?%“d %ﬁ%%ﬁ%‘ﬁﬁ%ﬁ?’m&%osi tions for

treating viral infections which conprise a therapeutically effective anount
of .one or nore of the npdified benzinm dazol e nucl eosi des of the
present invention, as descri AR et anot her aspect
of the present invention pertains to nethods for treating viral

i nfections in an aninmal patient conprising the step of adm nistering a

t herapeutical |y  Figure 1 ssfafflowchartillustrating aofietiandcfonthe ohensical fsydthesisoranddifel
benzi m dazol ebrégécl ea%iﬂdes lof 'dt he Ere.sen ] [ r] enti,on, as descri bed
herein. 20 M amiayis o eé?’“ﬁ?b@ﬁ'imamd SPEE-WLRUHY- i nvent i on
pertains to nethods for inhibiting viral (e.g., HCOW) proliferation
inavirally infected cell conprising contacting the cell with an

ef fective amount oFigyR2 isa ﬂmlgarbﬂlumwmtmmﬂmmmmm synthésisoofi des

of the pfEsentyodi nzih'n'ﬂ*éﬁgl ' -' 2 O] under suitabl e

condi tions sutgho %%egtbew ra p%gﬁﬁ?gﬁfpﬁ&g@ES%HM&%#Hﬁ?aﬂ?m' 5

Still another aspect of the present invention pertains to nethods for
Figure 3 is a flowchart illustrate still another method for the chemical synthesis of

modified benzimidazole nucleosides possessing a fluorinated sugar-like moiety.
15 DESCRIPTION OF THE PREFERRED EMBODIMENTS
A, Antiviral C is of the P I .

This invention pertains to modified benzimidazole nucleosides which have antiviral
20 activity and low toxicity and which offer improved metabolic stability, and therefore,

longer half-lives in vivo.

The compounds of the present invention may be described as “modified
benzimidazole nucleosides,” wherein the sugar-like moiety at the 1-position (i.e.., R') of a
25 substituted benzimidazoles has been dertvatized, for example, to yield a fluorinated
sugar-like moiety. The compounds of the present invention may be represented by the
formula:



prophylactically treating a cell susceptible to V|raI (e.g., HOW)

I nfection, by contacting t he cell repanount of one
or nore of the nodified benzini dazol e o off the present

i nvention, as described herein, under suitjable (P(EHMGEDons sych 30 t hat
viral infection is prevented. WO 97727204
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As wi Il becone apparent, preferred features agd characteristics of one
aspect of the i nvention are appl4i cable to any ot her aspect of t-she
i nventi on. R BRI EF DESCRI PTION OF THE

DRAW NGS 5 Figureg is ja flowhart illustrating a nethod

N benzi mi dazol e nucl eosi des
Figure 2 is a

for the chem cal synthesis of nodi
possessing a fluorinated sugar-Iike

flowchart illustrating another nethodf for t e ch c%% synt hesis of 10
nodi fi ed benzi m dazol e nucl eosi de§6 3/fT | uori nated sugar-1|ike :
noi ety. Fi gure is aYlowhdkt illustrate still another
met hod for the chem cal synthesis of mo@' i ed benzi ni dazol e

nucl eosi des possessing a fluorinated su&lr-l I ke noiety. 15

DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
wherein R! is a fluorinated sugar-like moiety, and R%, R*, R®, R® and R are
benzimidazole substituents. Examples of benzimidazole substituents include -H, halogens
5 (e.g., -F, -Cl, -Br, -I), -NO,, -NR; (where R is independently -H or an alkyl group having
1-6 carbon atoms), -OR (where R is -H or an alkyl group having 1-6 carbon atoms), -SR
(where R is -H or a hydrocarbyl of 1-10 carbon atoms), and -CF;.

In one embodiment, the compounds of the present invention may be represented by
10 the above formula, wherein R' is a fluorinated sugar-like moiety; R%is -H, -F, -Cl, -Br, -1,
or -NR, (where R is ixidependently -H or an alkyl group having 1-6 carbon atoms); and R,
R®, R® and R are independently -H, -F, -Cl, -Br, or -1.

_ In one embodiment, the compounds of the present invention may be represented by
15 the above formula, wherein R’ is a fluorinated sugar-like motety; R? is -H, -F, -C}, -Br, -1,
or -NR, (where R is independently -H or an alkyl group having 1-6 carbon atoms); R®and
R® are independently -H, -F, -Cl, -Br, or -I; and R’ and R’ are -H.

In another embodiment, the compounds of the present invention may be
20 represented by the above formula, wherein R’ is a fluorinated sugar-like moiety; R?, R®
and R are independently -H, -F, -Cl, -Br, or -I; and R*and R” are -H.

In another embodiment, the compounds of the preseht invention may be
represented by the above formula, wherein R’ is a fluorinated sugar-like moiety; R? is -
25 NR; (where R is independently '-H or an alkyl group having 1-6 carbon atoms); R’ and R®
are independently -H, -F, -Cl, -Br, or -1; and R* and R” are -H.
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A. Antiviral Conpound of the Present I|nvention Thi s

I nvention pertains to nodified benzi m dazol e nucl eosi des whi ch have
antiviral 20 activity and |low toxicity and which offer inproved

met abolic stability, and therefore, | onger half-lives in vivo.

The conpounds of the present invention nmay be described as "nodified

benzi m dazol e ?ﬁﬂ@ides," wherein the sugar-like noiety at, ﬁﬁ- £§ition
(i.e.., R[err]; of a 25 substituted benzi n dazol es has be€h

derivatized, for exanple, to yield a fluorinated sugar-like noiety.
The conpounds of t leonsreathediment ghegompoundsyof the prespatdsentianimby be tepresented by

forml a: the above formula, whér&fx 'k]' is a fluorinated sugar-like moiety; R?, R®, and R® are
independently -H or -Cl; and R* and R” are -H.

5 The term “sugar-like moiety™ as used herein relates to monosaccharide moieties.
Preferred sugar-like moieties are in cyclic form, for example, derived from furanose
(5-membered ring) or from pyranose (6-membered ring) forms, but more preferably from
furanose forms. Examples of sugar-like moieties include threo-furanosyl (from threose, a
four-carbon sugar); erythro-furanosyl (from erythrose, a four-carbon sugar); ribo-furanosyl

10 (from ribose, a five-carbon sugar); ara-furanosyl (also often referred to as arabino-
furanosyl; from arabinose, a five-carbon sugar); and xylo-furanosyl (from xylose, a
five-carbon sugar). Examples of sugar-like moieties having further modiﬁcati9ns include
“deoxy”, “keto”, and “dehydro” derivatives, for example, 2’-deoxy-ribo-furanosyl; 3°-
deoxy-.ribo-furanosyl; 3’-keto-2’-deoxy-ribo-furanosyl; 2°,5’-dihydrofuran-2’-yl; and 2°3°-

15 dihydrofuran-2’-yl. Sugar-like moieties may be in any of their enantiomeric,
diasteriomeric, or stereoisomeric forms, including, for example, D- or L-forms. The

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

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

20 The term “fluorinated sugar-like moiety” as used herein relates to sugar-like
moieties which have derivatized to include at least one fluorine atom (i.e., -F). For
example, furanosyl (5-membered ring) groups derived from pentose (5-carbons) often have
2’-hydroxyl, 3’-hydroxyl, and 5’-hydroxyl groups. Fluorinated derivatives of such sugar-
like moieties may be prepared, for example, by replacing one or more of the hydroxyl

25 groups with fluoro groups. Examples of fluorinated sugar-like moieties include
2’-fluoro-furanosyl and 3’-fluoro-furanosyl. Examples of preferred fluorinated sugar-like

moieties include 2°-fluoro-ara-furanosyl and 3’°-fluoro-xylo-furanosyl.

As used herein, the term “fluorinated sugar-like moiety™ also encompasses
30 protected fluorinated sugar-like moieties. For example, fluorinated sugar-like moieties

may possess one or more of 2’-hydroxyl, 3’-hydroxyl, and/or 5*-hydroxy! groupsin a



Wherein Rl err] is as fluorinated sugar-like noiety, and R err] is -H,
hal ogen. Exanpl es of benzim dazol e subst i tuent s_include -H hal ogens

(e.g., -F, -d, -Br, -1), -NJerr], -MNF-ert eMEr e Ris
I ndependently -H or an al kyl group hayi §h§ﬂ:§w§ atpns); and each of
R[err], Rlerr], Rerr] and Rerr] is mdepeﬂ -F, -d, -Br, or

wo 97271204 | N one enbodi — 1 nhe corrpounds of t ReTsEoT
|nvent|on may be represent ed by 10 t he aboye forrrul a, wherein R err] is

fl ted K -
“NR2 (whor o R TFUSRRGTE (E ARG g BT ith (fr i ingerity, THGrRE I debps e °
atons); and R[@c(=]o)C6H5),oraneFJe£(ergl R[uﬁt?rrdthand)dftgr{ ). are independently -H,

-F, -d, -Br, or - n one errbo ment, the conpounds of
t he present |nvent|on may be represented by 15 t he above f ormul a,

wherein R err] is ﬁu&ﬂ&“

-Br, -1, or -Wer ??E?%]ere IS I n%gblg&n%(}g‘rﬁ%&k?dg?s an anEﬁng(oup
havi ng 1-6 carstmotuss, namg or By rmmefical designations. The compeunds dfthisrinkentidty inchide,- F,
-d, -Br, or -l; and er nd err].,are I n anot her
embodi ment , t H3t e&sm&bﬁ%&gﬂﬁ‘r@%é’%@gﬂmh@@m i on may be 20 repr esent ed
by the above fornula, wherein R err] is a fluorinated sugar-l | ke noi ety

Rlerr], Rerr], and Rlerr] are |ndependentI3/ H, - ¢, or
-1: and Rlerr] and 28§étrighloge-d-(2Hfiuoro-ara-furanosyl) benzimidazple éwbqrﬂeﬂl e%’oﬂnmeﬂt

b commounds S phiell BRI RN o o ARG b "7 |

- 25 M2 (where R is independently -H or an al kyl group haV| ng 1-6

b d CI ,
Carbon aLOTS); Lt eSS oot HERSREAE N0

fluoro-xylo-furanosyl; R? is -C; R* is -H; R® is -CI; R®is -Cl; and R’ is -H) (e.g.,
compound 7);

15 5,6-dichloro-1-(2’-fluoro-ribo-furanosyl) benzimidazole (wherein R! is 2’-fluoro-
ribo-furanosyl; R?%is -H; R* is -H; R® is -CI; R® is -C}; and R is -H) (e.g., compound 15);

2-bromo-5,6-dichloro-1-(2’-fluoro-ribo-furanosyl) benzimidazole (wherein R'is
2’-fluoro-ribo-furanosyl; R? is -Br; R* is -H; R® is -Cl; R® is -Cl; and R is -H)
20 (e.g., compound 19),

2-i_sopropylamino-5,6-dichloro-1 -(2°-fluoro-ribo-furanosyl) benzimidazole
(wherein R' is 2°-fluoro-ribo-furanosyl; R? is -NH(CH(CH,),); R* is -H; R® is -CI; R% is -
Cl; and R’ is -H) (e.g., compound 20);

25
The compounds of this invention are useful in the methods provided below or are
useful as intermediates for the manufacture of other compounds of the present invention.
It also should be understood, even though not always explicitly stated, that reference to any
of the above compounds is to include pharmaceutically acceptable salts and operative

30 combinations thereof.
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I n one enbodi ment, the conpounds of the present invention may be

represented by t he above formula, wherein Rerr] is a fluorinated
sugar-like noiety; Rerr], Rerr], and Rerr] are | ndependently -H
or -d; and d Rerr] are -H. 5 The term "sugar-1ike
noi ety" as uses ‘ﬁ]ez?%:‘qn rel ates to nonosaccharjde noieties. FCHUSI00764 '

Preferred sugar-like noieties are in cyclic form for exanple, derived from
furanose B, iviethe  Ussi ivirab@k undosfthé Presenfitifessbn | NQ)

forms, but nore preferably from furanose forns. anpl es of
sugar-1li ke noieties include threo-furanosyl (fromthreose, a
four-carbon sugar) Aseliowbetow, thecngisundsiof @R RividtdhQfSpotéht hRiVirab &nBOAnd
sugar); ribo-furanpsyl 1% . (fromribose, a five-carbon sugar),

ar a- f ur anosy! a'(eaﬂaglf“{vﬂlé’é eqtive againsy HCMY, andHEN 1 gnd as such, when gombined withf r om

arabi nosg, a tiye ) . 0- f. . (from xyl ose,, a,

fi ve- car bon sugar?%ig%i e!s 0 n%ﬁ’gar - i %J'm%%?}éé“‘{%‘ﬁﬁﬁﬁ’)%ﬁﬁ%f’ vitro,
modi fi cat i ons & wee owig vivo. For examhplexthe cothiainds cancbiectoinbitied ith vafieus Higaid M@Se
for exanple, gﬁdeox?iri osf uranosyl ;. 3' - 'é%ﬁoxy-ri bo-f uranosyl ;

3' - ket 0-2' - de6XY-T1 DO o2\ Adueoys sglutions, pharmaceptically acceptablg cariprss_ 15

di hydr of ur an- @efined belowgar -1 i ke noieties may be in any of their

enanti omeri c, di asterionmeric, or stereoisoneric forms, including,
for exanple, D- or L-fornms. The nodi fi ed benzi m dazol e nucl eosi des

of the pgpesent inveptd +d : eocheni.ca -
configuration, i nf%ﬁ&%ﬂ?@%@ﬁ%@“ e%“]c-omg’?"efev? other sRtiviral drugsta 20
The term "f| uprovidsias dpesatipercombinetiorni “Eipgtatiescontitshtion” Blifteided a6 MSIE any
sugar-1i ke . NI et whi.ch .have derivatized to include at | east one
fluorine atonf ng_]l}l compatible combination °F‘é§<‘§ﬁ'ﬂ9f’%‘§ O#Z'S*sdﬁ‘(ﬂwe groupithether ri ng)
groups der i vecoroarlssibmPentive BB 6P SthertbmPOurdR ¥tside the invenfive grxsgggﬁxié Lgar

3' -hydroxyl, and 5'-hydroxyl groups. Fluorinhated derivatives 0
li ke noi et i esasgapciglovis, AL aad focamet).ss dongl as thelppmbinption doey notalintinatetiiee of t he

hydr oxylys25 tivaS IR Uhm,g gf;'ﬂ | es of fluorinated
sugar-1i ke rm?net | es |ﬁ%ftc}%é i {-d?'ﬁﬁ%&og%?panosyl and

3' -fluoro-furanosyl. Exanples of preferred fluorinated sugar-1|ike

noi eti es include 2.-fluoro-ara-furanosyl d 3'-fluoro-xylo-furanosyl.
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30 o ot_eqh&:tdﬁéﬂsu@MDsbaén&W redefvin@ihe hithdral GiRf RS AR AZTHUOT | Nat ed
sugar-|ike .nmojetjes
g éombination therapies with AZT may provide the advantage of less toxicity over the

20 combination of ganciclovir with AZT. The combination of the compounds of this
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invention with AZT may produce less cytotoxicity (i.e. antagonism) in cultured human
cells than either agent used alone. In contrast, combination of ganciclovir with AZT may

produce greater cytotoxicity in human cells than the use of either of these drugs alone.

25 This invention also provides a method of reducing or inhibiting HCMV or HSV-1
reproduction and proliferation in an HCMV or HSV-1 infected cell or population of cells
by contacting the cell or population with an effective amount of a compound of this
invention and under suitable conditions, such that viral reproduction and proliferation is
inhibited. - One of skill in the art can easily determine when HCMV or HSV-1 reproduction

30 and proliferation has been reduced or inhibited by noting a reduction in viral titer or an
increase of survival of the infected cells as compared to untreated, infected cells. Methods

of assaying viral titer are well known to those of skill in the art and are exemplified below.



may possess one or nore of 2'-hydroxyl, 3'-hydroxyl, and/or 5'-hydroxyl
groups in a
7 protected form for exanple, as an ester (e.g., as an acetate,
-Q(C=O)CH err]), benzoate (i.e., oc(=O Cerr]Herr]), or an
ether (e.g., as atrityl ether, -OC(Cerr]Herr])[err]).
Thr oughout t hiygoapfhescati on the discl osed and cl ai med conpourdsrussores
i dentified by 5 structure, nanme or by 9umari cal designations. The

f thi I -
tC ﬁgg gug)c(i;mgl ets It |§s | v%gt%omnhgrgmgg tehat by inhibiting and nﬁﬁcxﬁé slrzﬂ%phjc!atggnta% to
2,5, 6111 hl of geigefation,VitdPinfeclify dibd R HNHcl aRPRALE qﬁame%eﬁmgxﬂtamﬂﬁ{eal
is 2'-fluoro- ara-furanosyl; Rerr] is -CO; Rerr] is -H Rerr]
is -C; R err]for HCMY or HRY-Rinfctipn. s -H) (e.g., conpound 6); 10
2,-5, 6-tri chl oro-1- (3" -fluoro-xyl o-furanosyl ) benzi m dazole (wherein R err]
s 3 - fluoro-xylo-furanosyl; Rerr] is -d; Rerr] is -H Rerr]
is -A; Rserr] is -Forthentpostsufitlis inventidh, 4 €el” is intended to 1ncludarm0nt$t(lae71)mted
15 5, 6-di chl oro- 1(2-f|uoro ri bo-furanosyl nz mdaz
(wherein R er rip gmammalian celle.g., a mouse cell, amptgel ,fwméﬁceﬁ[aé'
(I?E)ﬁ{)(r)]u . h S 1'5;4 IRl ckll! Virudds whithGhd dffdcfivelftreaté i R Edrhigouhds, c;'ﬁmp((sﬁmgls and

2- br ono- 5, 6- di mblhodsmflhiﬁ inveritiondmaiudei A fand BRNAsyihiseshparticularlichenpes virabesr ei n
Iuoro r| bo-f urana

Rierr] is | ; E{n%rr.i -Br.; %’is-H;
Rtort] is - ExmAlesor hsbot irobes, o heffesirage, ire fpit frabiex vir 1 Y1) iefhes 1)
10 simplex virus 2 (HSV-Z), varicella-zoster virus (VZV), Epstein-Barr virus (EBV), human
cytomegalovirus (HCMV), human herpes virus 6 (HHV-6), human herpes virus 7
(HHV-7), and human herpes virus 8 (HHV-8). The compounds of the present invention

are particularly useful in the treatment of HCMV and HSV-1 infections.

15 Effective amounts are easily determined by those of skill in the art and will vary
with the cell, virus being effected and the purpose of the treatment. For example, when
utilizing the drug in cell culture, it is important that the amount of drug not be cytotoxic to
the cells.

20 “Suitable conditions” include ir vitro, ex vivo or in vivo. When the method is
practiced in vitro, contacting may be effected by incubating the cells with an effective
antiviral amount of the compound, effective to inhibit viral reproduction and proliferation
in the cell or culture of cells. The compound can be added directly to the culture media or
combined with a carrier prior to addition to the cells. In vitro, the method is particularly

25 useful for fnhibiting viral reproduction, proliferation and therefore infection in laboratory
cell cultures. Ex vivo, the compounds are useful to inhibit viral reproduction and

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

The use of the compounds and methods in vitro also provides a powerful bioassay
30 to screen for novel drugs or compounds which provide similar or enhanced antiviral
activity. Using the methods set forth below, the drug to be tested is assayed under the



2-i sopropyl am no-5, 6-di chloro- 1-(2'-fluoro-ribo-furanosyl) benzi m dazol e
(wherein R err] is 2'-fluoro-ribo-furanosyl; Rerr] is '
-NH(CH(CH[ err])[err]); Rerr] is -H Rerr] is -d; Rerr] is -

Cl; and Rerr] is -H (e.g., conpound 20); 25 The
conpounds of this invention are useful in the nethods provided bel ow or are

useful as intgpgedbaies for the manufacture of other conpoupds,a Mﬁ
present invention. It also should bﬁ) under st ood, even though not

al ways explicitly stated, that reference to dany of the above _
conpounds i s $ageiqqnditions asiacompeand of this inyentione pntivirad anditytetoxiaisy ebthe te30
WD 97/ 27204 - .

PCT/ US97/ 00765798 can then be compared to a gompoung of this inventive gropR. Ant i vi r al

Conmpounds of the Present Invention As shown bel ow, the

conpounds of this invention are potent antiviral drugs, and . are
particul arly eff echithough theicampoyndsareshewnbnlow to bgparticulasly affectiyeagainstvi ned

with 55  gemMv ﬁf@ﬂsvrlguﬁéﬂ&sﬁmmg%é R Sashiy aetmglxxbi,&&mm\éésra%ecﬁwg For

reproduction and proliferation in vi , VIVO Or 1 n VIVO.
exanpl e, the twestndoviticthe cempdyadsofithis imvsntion Hy use of methods desiribeg herein and

carriers, such,as _sherile a al4s sol ytigns,. pharmaceyt.ically acceptabl e
carriers as &hersweﬁﬁﬂ%wwce%ﬁmﬁg?%#mﬁ'i . eri”“Psesc"W?,’B‘frf?oWﬁffgteaf IOthi s
i nvention canwitiin @REebEtsE tNe roseht ii0entioR irickdé, Bt A6 WGlirhifed to: human Provide an
operative conbination. "Operative conbination” is intended to include any
cheni cal | y comsatnodeficiensywirus@I¥ hanskhepatitisivirusead of this i nventive group
wi th otRhgr conpounds of the inventive group or other conpounds
out side the inventive group (such

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

compound can be added to a pharmaceutically acceptable carrier and systemically or
topically administered to the subject, such as a human patient or 2 mammal such as a
mouse, a rat, a woodchuck, or a simian.
15
The compositions also can be administered to subjects or individuals susceptible to
or at risk of a viral infection, such as HCMV or HSV-1 infection. Thus, this invention also
provides a prophylactic method of inhibiting viral replication, proliferation and/or viral
infection in a subject by administering to a subject a prophylactically effective amount of
20 the compound or composition under suitable conditions such that viral replication,
proliferation or infection is inhibited. A “prophylactically effective amount” is an amount
which inhibits viral infection, reproduction and proliferation in a subject challenged with
the virus without toxicity to the cells and subject being treated.

25 It should be understood that by preventing or inhibiting viral proliferation, infection
and replication in a subject or individual, the compositions and methods of this invention
also provide methods for treating, preventing or ameliorating the symptoms or disorders
associated with the viral infection, such as inclusion disease, blindness, mononucleosis,
restenosis (HCMV); chickenpox, shingles (varicella-zoster virus); infectious

30 mononucleosis, glandular, fever, and Burkittis lymphoma (Epstein-Barr virus); cold sores
(herpes simplex virus 1); genital herpes (herpes simplex virus 2); roseola infantum (human

herpes virus 6, human herpes virus 7); kaposi sarcoma (human herpes virus 8). Thus, this



as ganciclovir, AZT, and focarnet), as long as the conbi nati on does not

elimnate the 15 antiviral activity of the conpound of this inventive
group. The conpounds of the invention could be used to
treat HCOW and HSV-1 infections in AIDS patients al ready receiving
the antiviral drug zidovudi ne (AZT). Conmbi nation therapies with AZT
may provi de t iy ezt age of | ess toxicity over the 20 ceouswEwowa of

ganciclovir with AZT. The conbi nati on of theigonpounds of this

ganci ol ovir with A e 190mpound; B
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cytotoxicity in human cells than the use of either, of ,these drugs al one.

25 oppagtunisticrigetions (such as atinpl infections, gestrisgestinal infestions, pogymonia,
i nhi bi ting HC\My - : it B hhit a6, i ' lfvedn HCW
or HSV-I ignf ect e%fné’%ﬁl}{ ran%xonpul} ati1on Og%lﬁgwgn g ﬂie%xﬁ%%tﬁ?gge?ﬁkg t he

cell or pbpul amonnt ofiadompouref éfehis inventiomuder soitable aomditioussiich that thieslisorder or

i nvention and under suitable condi{ion such that viral reproduction and
prol i ferati on Symptom is ameliorated, prevent (973“"8 'skill in the art can easily

det erm ne when HCW or HSV-1 reproduction 30 and proliferation has been

reduced or inhibited by noting a reduction in viral titer or an |
i ncrease of survi vA\dminisieationin pise cancbecdierted inone dagsacatinuepslyarintgrmaigtently

I nfected cell i : 1] o
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97/ 2720410 dosage of administration are well known to those of skill in the art and will vary with the

/ / v .
|PtCT S ﬁ?ﬁrdogfﬁga@mrwfa@ farithezapy, the fargss virs, thsipurnege ofithe thstrny, the tapget sll

replication anging treated, anR iR subjeétdein@ treatéll.” Single Bf Ailtiptd ddmiAis@AionS cad ¥ bi t ed
and reduced and the cells are suitably treated for HCW or HSV-1
i nfection. carried out with the dose level and pattern being selected by the treating physician.

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

The fluorinated benzimidazole nucleosides of the present invention all exhibit
antiviral activity against HCMV and HSV-1, many with acceptable cytotoxicity. It will be
appreciated that compounds of the present invention which exhibit relatively high antiviral

20 activity versus cytotoxicity, i.e. good selectivity, are preferred. It will also be appreciated
that antiviral treatment in accordance with the present invention encompasses the treatment
of viral infections, as well as prophylactic treatment which may be desired in certain
situations, e.g. in immunocompromised patients, such as bone marrow and organ
transplant patients as well as patients harboring HIV who are particularly susceptible to

25 HCMV or HSV-1 infection.

The compounds and compositions of the present invention can be used in the
manufacture of medicaments and in antiviral treatment of humans and other animals by
administration in accordance with conventional procedures, such as an active ingredient in

30 pharmaceutical compositions. The compounds of the invention can be provided as
pharmaceutically acceptable formulations and/or “prodrugs,” including but not limited to

esters, especially carboxylic acid esters (preferably C, to Cy), such as 5’-acetyl and



5 For the purposes of this invention, a "cell"” is intended to
I ncl ude, but not be limted to a mamualian cell, e.g., a nouse
cell, arat cell, a wodchuck cell, a siman cell, or a human cel | .
Viruses which are effectively treated by the conpounds, conpositions and
met hods of this invention include DNA and RNA viruses, particularly herpes
Vi ruses. | es of herpes viruses, or herpesvirid are herpes
si npl ex virusvTD%Fﬁwhl), her pes 10 si nmpl ex ,virus 2 (Fﬁwhgf¢Tﬂéymmm“
varicel | a-zoster virus (VZV), Epstein-Barr virus (EBV), hunman

cyt onegal ovi r u&s»3(-Fictviggety. tand pharmaceuticalGalfssuich &) thiolateyeitrateanf@setate r US 7
(HHAV-7), and hygan herpes virus 8 (HHV-8). The conpounds of the present

i nvention are particularly useful in the treatnent of HCW and
HSV-1 infections. Ef fective anounts are easily determ ned

15
by.those of skill iﬁltﬂe art ,gar}d wll  vary .. Wth the cell, virus
bei ng ef fected and 'Ofi@dmasrybieal Gpmpositions can baadministered topigaly corallyhen

utilizingsthe ifkratdsall ,ﬁédt L & ‘?nqa!'efﬁ b $hekrd 7Y OL L4 nt of drug
not be cytotoxic to y o %yherl&gel S. oh EB]E’H‘!%&Q%"@&SPS%E“’
condi tions" i Aeenges, gmnules, capsules; pillsyanpoules;suppositoridsfoe nerdsob fori, Ty inszy

practiced in \itr 0, |0 e effected by incupating the cells with
an effective H&t&etﬁ%% |\(§??’§ﬁ"¢g‘r‘%§%f’pﬁw§’ﬁ@a@§ Yh (PUORS: SRSPERSIRRS; SPIRtORS b t
viral reproduahd esulsiogs pf the adtive digrédient in aqueousioP nédA§udost Jiihﬁﬁts,céyrﬁo#[ e of

'

cells. The conpound can be added directly to the culture nedia
conbi ned with %ﬂ&‘&?ﬁﬁ%?o‘M% rinpdditionito 3 eompound ofshepresent inventiehtthe, t he

met hod i fy par tphidlagdtibalZompositidhs i BB dtlafighodl Loductian
proliferati onrpand t her ef or gos;xnf e?%llw(l)lﬂé %ﬁ%&a& ory cgthfcgﬁy %@?&mem"?ﬁ?res.
Ex vivo, the edrhsalityofcompoundsxifihe inventiohi bit viral reproduction and

proliferation in blood and plasna prior to reintroduction into a patient .

The use of the conpounds and nmethods in vitro al so provides a powerful

bi oassay 30 to mepmﬁmmw@v@hpdimuafﬂﬁrfoﬁﬁmwﬁegmﬁﬁben%exisdﬁe i | ar
%ei 0

or enhanced antjviral . . activity. Using the nethods set fort w,
the drug to bé hereipagtheactivedngredient may b administered for therapy by any suitable route

15 including oral, rectal, nasal, topical (including transdermal, aerosol, buccal and
sublingual), vaginal, pérental (including subcutaneous, intramuscular, intravenous and
intradermal) and pulmonary. It will also be appreciated that the preferred route will vary
with the condition and age of the recipient, the virus being treated and the nature of the
infection,

20

In general, a suitable dose for each of the above-named viral infections, e.g.,
HCMYV and HSV-1, is in the range of about 0.1 to about 250 mg per kilogram body weight
of the recipient per day, preferably in the range of about 1 to about 100 mg per kilogram
body weight per day and most preferably in the range of about 5 to about 20 mg per

25 kilogram body weight per day. Unless otherwise indicated, all weights of active ingredient
are calculated as the parent compound of the formula of the present invention for salts or
esters thereof, the weights would be increased proportionately. The desired dose is
preferably presented as two, three, four, five, six or more sub-doses administered at
appropriate intervals throughout the day. These sub-doses may be administered in unit

30 dosage forms, for example, containing about 10 to about 1000 mg, preferably about 20 to
about 500 mg, and most preferably about 100 to about 400 mg of active ingredient per unit

dosage form. It will be appreciated that appropriate dosages of the compounds and
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same conditions as a conpound of this invention. Antiviral and cytotoxicity
of the test dr ug can then be conpared to a conpound of this

i nventive group. Al t hough the conpounds are shown bel ow
to be particulpsbyméd ective against 5 HCW and HSV-1, eoeruséroeiés | in
the art can easily determne other viruses eff{gctively treated with

t he conpounds of this inyention, by use of hods descrjbed herejn_and -
others wel | knW@ﬁ‘WﬁB&@ewmayw “a‘&‘ typeaniseverity ahthe viralipEstion: ed
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adm ni stersed to the subject, such as a hurran patient or a mammal such as a
nouse, a rat, a woodchuck, or a sima The corrp05|t|ons

al so can be admini sldé?lb'elﬂ{e&"%‘ﬂ’d}’%@‘@téhmﬂﬁé? ydminigtezeddo achigyeipsalep.
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viral replicat alsout Syiviad abent 20N mest preferably abdut 1 to about S0uwM.cThis ﬁﬁyibﬂ achieved,
subj ect by admi.ni ster.i 0, sub' ect a prophylactically effecti apount
of 20 ¥ he B sutkle e nfrePetsectacet stu 0 &t h TG ot thereRTea
viral replg cat isgfedient, optionallp irf¥alih& oRblally a&lﬁlnisi&éﬁcfdr‘éi?ad)ﬁe,'ag Q't&!ﬂéte&psﬁe or
"prophyl actical I'y effecti ve amount™ i s an amount which inhibits

viral infecti owmpmtmgamoémammqmgml@ngmm @ﬂmﬁs}xwmgcﬁdmt .enged
i th t th
Ureated, 25 Desibleblootibiifiha @hihdited By b 8indifinsindlion BiSLAR} S0 001

i nhibiting VI rﬁ)labpmd (Dﬁ@lk’glhoﬂfbr byrifitesmhittent infusions conﬁimﬁxgrabﬁbtlm‘atol :ibﬂuil 1‘5 Mg
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0si tjons, a t hogds of _.thiss inventio
al so provi de nB¥ I;\Ecr"éﬁ Wﬁ‘“‘ﬁ?‘e&éﬁt“?ﬁ opfFratiyrqombingfipng is cppse Gﬁfioms
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di sease, blindness, .nbnonucl eosi s,
antiviral agent than may be reqmred when each individual therapeutic compound or drug is

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

While it is possible for the active ingredient to be administered alone, it is
20 preferable to present it as a pharmaceutical formulation comprising at least one active
ingredient, as defined above, together with one or more pharmaceutically acceptable
carriers therefor and optionally other therapeutic agents. Each carrier must be “acceptable™
in the sense of being compatible with the other ingredients of the formulation and not
injurious to the patient.
25 '

Formulations include those suitable for oral, rectal, nasal, topical (including
transdermal, buccal and sublingual), vaginal, parenteral (including subcutaneous,
intramuscular, intravenous and intradermal) and pulmonary administration. The

- formulations may conveniently be presented in unit dosage form and may be prepared by
30 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 formulations are prepared by uniformly and



restenosi s (HCW); chickenpox, shingles (varicella-zoster virus);

I nfectious 30 nmononucl eosi s, glandul ar, fever, and Burkittis |ynphoma
(Epstein-Barr virus); cold sores (herpes sinplex virus 1); genita
her pes (herpes sinplex virus 2); roseola infantum (human her pes
'virus 6, human herpes virus 7); kaposi sarcoma (human herpes virus 8).

Thus, this WO 97/ 27204
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i nvention al so provi des nethods of anelior at']i4ng, preventing, or treating

di sorders or intimately bringingtintomssasiation the activeiingredient atithilighiisoarriens orcfingly HCW or
HSV-1 infectiagn . Q.q [ €St enosi s . 0 rtunistic,infections (such
as retinal i n&&@ﬁ%‘ﬁ'ﬁ‘“’ﬂ&%?’g’."ﬁ’r 8’&‘1%1“????%% Bping teprofush; o, CNS
infections) and in utero infections, by adm nistering to the subject an
effective 5 amount of a conpound of this invention under suitable
condi ti ons such t Higrmalations of thepsesent invention suitable fon asshadministeatipn may b,

prevent ed, or : . L0l [ ' |¥0 _can be

ef f ect edgi n o%%gegfggg,gdlcs%rﬁ iuﬁﬁ%ﬁug ?s%a s‘lﬂeﬂ é&%‘?#’z{rﬁg’%’%hh&%h%graoughout t he
course of trepedatermineliatrivanisofdlie adtivecingredientyad Sipowdes br gbvhndest as/esolstivhsorand 10
dosage of administration are well known to,those of skill in the art and

wi [l vary wi t TiSPeRsion in an aquequs,or pon-aqusaus Jiguig; pras an pil-inwater liquid emulsion or g ;s |

the purpose OfatbliR.dilulPenulkibs. THe ffive MBlellient may also BrBntel 93bRE; and the
subj ect being treated. Single or multiple adm ni'strati'ons can be

carried out veledmarherppsice | evel and pattern being selected by the treating
physi ci gR. Sui t abl e dosage formul ati ons and net hods of
adm ni stering the conmpounds can be found 15 bel ow. The
fl uori nated benzi m thbieoimay belmadoby chmspressioh bempldigs bptionallywith one el thorex hi bi t
antiviral activity agaipst and E@g-l’ H,any w th accept abl e )
cyt ot oxi ci ty. 3PS e ents. omp f Fé‘?"é{_ °_tpﬁ%(’f“‘°é(9bfﬁﬁﬂﬂ¥?§s‘?ﬁ inauitahle. s ont
v free! as a powder or granules,
i nvention whighchireth®hdtve ftlghddictEina fdeCbvaRg forhn'sAh as a powder or granul
optionally mixed with a binder (e.g., povidone, gelatin, hydroxypropylmethyl cellulose),
15 lubricant, inert diluent, preservaﬁve, disintegrant (e.g., sodium starch glycolate, cross-
linked povidone, cross-linked sodium carboxymethyl cellulose) surface-active or
dispersing agent. Molded tablets may be made by molding in a suitable machine a mixture
of the powdered compound moistened with an inert liquid diluent. The tablets may
optionally be coated or scored and may be formulated so as to provide slow or controlled
20 release of the active ingredient therein using, for example, hydroxypropylmethyl cellulose
in varying proportions to provide the desired release profile. Tablets may optionally be
provided with an enteric coating, to provide release in parts of the gut other than the

stomach.

25 Formulations suitable for topical administration in the mouth include lozenges
comprising the active ingredient in a flavored basis, usunally sucrose and acacia or
tragacanth; pastilles comprising the active ingredient in an inert basis such as gelatin and
glycerin, or sucrose and acacia; and mouthwashes comprising the active ingredient in a
suitable liquid carrier.

30

Pharmaceutical compositions for topical administration according to the present

invention may be formulated as an ointment, cream, suspension, lotion, powder, solution,



20 activity Ver sus cytotoxicity, i.e. good selectivity, are preferred.

It will also be appreciated that antiviral treatnent in accordance
with the present invention enconpasses the treatnent of viral

i nfections, as well as prophylactic treatnment which nmay be desired in
certain situations, e.g. in immunoconprom sed patients, such as
bone marrow angoorgam transplant patients as wel| as POANUSeTN0364
harboring H V who are particularly susceptibl @to 25 HCW or HSV-1

i nfection. '
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the active ing a3 nonaqueous dil uents, syrups,

granul ates or powders. In addition to a conpound of the present invention,
the 10 phar maceuti cal conpositions can al so contain ot her

phar maceuti cal | y aclfidesiredyths aavreys phese of the cream base may include, for example, at least

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

15 groups such as propylene glycol, butane-1,3-diol, mannitol, sorbitol, glycerol and -
polyethylene glycol and mixtures thereof. The topical formulations may desirably include
a compound which enhances absorption or penetration of the active ingredient through the
skin or other affected areas. Examples of such dermal penetration enhancers include
dimethylsulfoxide and related analogues.

20

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

ingredients in an known manner. While this phase may comprise merely an emulsifier
(otherwise known as an emulgent), it desirably comprises a mixture of at lease one
emulsifier with a fat or an oil or with both a fat and an oil. Preferably, a hydrophilic

25 emulsifier is included together with a lipophilic emulsifier Which acts as a stabilizer. Itis -
also preferred to include both an oil and a fat. Together, the emulsifier(s) with or without
stabilizer(s) make up the so-called emulsifying wax, and the wax together with the oil
and/or fat make up the so-called emulsifying ointment base which forms the oily ciispersed
phase of the cream formulations.

30



a plurality of conpounds of the i nventi on. _ Mor e
particularly, a conmpound of the forrmula of the present invention also

referred to herein as the active in ﬂ?gi SIEET HAY BEeNddni ni stered
for therapy by any suitable route 15 incju inghE‘P[ﬁ’éED rectgl, nasal,
topi cal (including transdermal, aerosol, bu aYal subl i ngual ),

vagi nal , par Clove L.pcl udi ng subcut aneous, intramuscul ar, intravenous and
i nt rader mal) an% %Wnonary. It will also be @preci at ed thatpqrﬁés”m%rred
route will vary with the condition and age of the recipient, the
vi rus bei ng treat eBmulgents hed eranlsipw stabilizdresuitable for use infthe fanmolatidh of the -

g 2o okl B uac o 0, Spon B0 sl HidHOL vmsi aleBbl 250
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KL} 0gramsbody. et Oftle diBice d2Yhitabld o5 ARG b AfmhAbE A bathy of atagBROBLS Of

active ingredient are cal cu arent” C *he
formul a of t hdespedewsmetic properties) sinothe salirbititywf the active contppuad i bk bflofikely he

i ght l d [ eased proportionajely:  The desjred_dose is
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cont ai ni ng ab#eid leakage framdubes po otherrgntainesst Straight/ordisanched>¢hainpmono- or dibasizout
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er un £0 "R el SETRY Al s SRRet Bl el end By s F oot "
dosages of t histty acifls; isogspyinyristate, decyl oleate, isoprbif9] palmiEROKutyl stearate, 2- 13
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viral infecti@ad, the last three BEiflg prferé@ sters PhasE flaly B8 LiscdAldhie ok fMombidsdish ™ Ni NY

the optimal dosage will generally
depending on the properties required. Alternatively, high melting point lipids such as

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

Formulations suitable for topical administration to the eye also include eye drops
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the active ingredient. The active ingredient is preferably present in

20 such formulation in a concentration of about 0.5 to about 20%, advantageously about 0.5 to
about 10% particularly about 1.5% w/w.

Formulations for rectal administration may be presented as a suppository with a
suitable base comprising, for example, cocoa butter or a salicylate.
25 '
Formulations 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.

30 Formulations suitable for nasal administration, wherein the carrier is a solid,
include a coarse powder having a particle size, for example, in the range of about 20 to

about 500 microns which is administered in the manner in which snuff is taken, i.e., by

' This Sheet Has Been Replaced
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I nvol ve the bal ancing of the | evel of therapeutic benefit against any risk

or del eterious side effects of the antiviral treatnents of the
present invention. 5 | deal Iy, the active ingredient should
be adm nistered to achi eve peak plasm concentrations of the

active conmpound of from about 2[err]Mto about 100[err]M preferably
about 5[err]Miwoohmes 70[err]M nost preferably about 1 to atwnarse®0§res r] M

This may be achieved, for exanple, by the int ravenous i nj-ection of
about 0.1 to about. 5% sol ut of the actjve 10 ptiona
" ual e, or  BPI inGHAER P g Reset ssags b eonaipet A ol peid s Ug e

Syrup cont ai ni {hg na$0 Suitsbld forPultienstwhéRdin i@ cieier i€ elliq@idao? ﬁmﬂlbtiatwﬁtds,vﬁr
i ngredi ent . Desirabl e bl ood | evel s may be mai ntained by a

cont i nuous i nf example, psab ey Bsakisens: oxpyrerosol administratiop b pebulizer, ighudg/ hour
or bylntermtﬁg@ us' 0.4 to about 15 ny

per kil ogram o% edzg%it* \b}‘gﬂ%’é?g g%%qﬁg&tﬂste of operative conbinations is
cont enpl ated 15 to provide therapeutlc conbi nations requiring a | ower
total dosage of each copponeng ngivi.ral a han nmay be required
when each i ndi vi du;lF° a‘&&a&%‘ﬂe@amﬁ‘a}ﬂm&r"w ey © aqueous R M- one,

t hereby reduci afheahvisitéific S8 fljéotio sﬂuﬂoxﬁ)ﬁﬂﬁ&%ycdoh&m anti-oxidants, buffers, _
Wiile it is posSible for the active ingredient to be admnistered alone, it

is 20 pr ef ebagtsriostats apd solwtes which render tﬁm@mﬂ@mxmw with the bleodof the
conpri sing at £ s
together with %?%ﬁ%drﬁa 1eﬁFE+]d’£1ruT§%ugu ?8%4\9‘8{%% e %n?éen Q%Lé @ﬁﬂhﬂﬁ? z?clude
ther ef or land omspaﬂhiglagemﬁ hﬂrthi‘chminyuguﬁtb,@n&ﬁﬁdhbﬁws E&ﬁhcreﬁ&zropﬁ:tzcmw:étsyhens
"accept abl e" e sense of bein oglmng)atl ble with the other

i ngredi ent s ofwm%ﬂe to et fitg cRmpound FOPRANERIS ST ORF OTHROTR QE8aB%Ht 25
Formul ati ons i gd faeRulbditns m% b&b&@emmma&e or nfiiti-8bee sBASRLontdimdRs, 61

(i ncluding transdermal , buccal and sublingual), vaginal, parenteral
(i ncl udi ng sub@@mlwe@anoulesandmls,m ahhesstarediin, frméwir(wphﬂlmﬂ)condmon

I nt rader mal ) I I
conveniently f)%qp' éen e | n o uni ¥§%8§éigee c%%eﬁcfo é”%ﬁ e%gﬁy 30
g{‘gp”glt hads nl;rl ngi ghﬁrmhﬁe &'tssom a i on e °§§?ﬁig | ng?ggegﬁﬁs@h@ﬁe
" carrier which PEpRed g@“@d’@w prs, g‘a"“ %ﬁs‘%@&%wwn ¥ deseriped

general, the formulations are prepared by uniformy and

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

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

20 i
It should be understood that in addition to the ingredients particularly mentioned
above, the formulations of this invention may include other agents conventional in the art
having regard to the type of formulation in question, for example, those suitable of oral
administration may include such further agents as sweeteners, thickeners and flavoring
25 agents,

Compounds of the formula of the present invention may also be presented for the
use in the form of veterinary formulations, which may be prepared, for example, by
methods that are conventional in the art.

30



WD 97/ 27204

PCT/ US97/ 00764 14
intimately bringing into association the active ingredient with |iquid
carriers or finely divided solid carriers or both, and then if
necessary shapi ng the product. Formul ati ons of the

present inveng io%gnwt able for oral admnistration my be 5 resent ed
as discrete ult uth as capsul es, cachets qr tablets, eacFTEY $hg a
predeterm ned amount of the active ingredient; as a powder or granul es; as

a solution or 18ubstitued Bepsinfidizolesis | i qui d; or as

an oil-in-water liquid enmulsion or a water-in-oil liquid enulsion.
The active ingredient nmay al so be presented a bol us, el ectuary or
paste. 10 General ChefhitRPr&ledify be nade by conpression or nolding,
optionally with one or nore accessory ingredients. Conpressed

tabl ets may be prepared by conpressing in a suitable machi ne t he

active iggredient yjpf.. . e~ | f | . er or granul es,
ont i onal Ty i xel MHF P E et YA bl o LAY el R
hydr oxypr opy luieérfectedc dluklehransgnetid Fesonande (DBIMR Espbctral weé bbtainkdISB60 or 300

preservative, disintegrant (e.d., sodiumstarch glycol ate, cross-
Pl Piked povi Bz wihakes VYR 6D S5 or Biikers0503, Fiemeptal auntysn wer performed by

surface- act | e Rfalytcal Labordlb oF Wbl e Bepabil i BRIGFL VIR MRS DY

molding in a suitable machiné a m xture conpound
moi st ened wi tshecira weneperformed byithd iMase Bpectrilisaboratuire ofthe &hemistry Departmeént,onal | y

oo % PR s A PR e P SR gt o
exanpl e, hydr23Bypo ajeyh (TEN) xhd the kdchhiqtedescribed by Stil eVall (StillG: AL ,A998). IThit t O
provi de the desired rel easegﬁ‘irofi | e. Tablets nmay opti

tionally be
provi ded wi t Hayenchrpmatography,ehliG) gvas performed op pres 'lhicqsﬂ&&ﬁ(l’splmsrhe gut
ot her than t P e ' ' e for
Qﬁnalt&h,_Newa?lE,%ng%U t(%ﬁllpﬁlél}da yer visualiZed B4 l1Ahindch didel G9!

topical admnistration in ozenges conprising the
acti ve i ngr edigbh(254 nmporf hyospraying Wwisls 2020 methandliosulfume aridfodlowed by clizsring on a

tragacapt h; pastil!es conprisin h tive Lngredient. in an.i t.basis
such aorbel atiohPalsy EveroRititns Fiifatnid offinaireniild Bisiies (iafr Mpitaf vich
mout hwashes  GRiRhih! iEiipdritires bLibWA0b8 Yhresl dthkirwise spkcified.

Fluorinated nucleosides have commonly been synthesized by either of two different
routes. One route introduces the fluorine into a suitably protected nucleoside while the
20 other route condenses (e.g., chemically or enzymatically) a heterocycle with a fluorinated

sugar derivative. Both of these strategies were investigated.

Fluorination of Benzimidazole Nucleosid

25 Om;. method for the synthesis of a modified benzimidazole nucleoside is illustrated
in Figure 1. In this method, a benzimidazole nucleoside, such as 2,5,6-trichloro-1-
furanosyl-benzimidazole was reacted with trityl chloride (i.e., TrCl),
dimethylaminopyridine (DMAP) and pyridine at 80°C for 4 days to yield a mixture of the
2°,5°-ditritylated and 3’,5°-ditritylated compounds. The 2°,5’-ditritylated compound was

30 reacted with DAST (i.e., SF;NEY,) in pyridine and dichloromethane (i.e., CH,Cl,), and
subsequently reacted with trifluoroacetic acid (i.e., CF;COOH) to yield the 3’-deoxy-3’-

fluoro compound, 2,5,6-trichloro-1-(3"-deoxy-3’-fluoro-furanosyl)benzimidazole. In one



suitable liquid carrier. 30 Phar maceuti cal conpositions for
topi cal adm ni stration according to the present I nvention may be
formul ated as an oi ntnent, cream suspension, |otion, powder, solution,
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past, gel, spwwmosol or oil. Alternatively, a fornul ati poTABYBRAPI | S€
a patch or dressing such as a bandage or adhesive plaster

i mpr egnat ed Wlt ctive ingredignts opt | opal | e or nore —
exci pients or em%agﬁm 9’3"’ 25&“‘"@8@'?@ 3616 %F?Q'l‘é?ye or ot her
external tissYgfnogl) aenzmahﬁdna détpcilt 7. Sidiftarly, the 3°,5'- ax&i@u{e%bﬁg&mr@as

preferably applied-as t opi cal ointment or ¢ream’contal nin ctive

i ngredient in TWMMA&T (i.4.0%FNEhip pyriding eud dlehlemmeﬂ@naﬁ@utcl‘b@wmnw

o about 1006 v bl sl b ufitkoe i (c¥, ERCOBR) Vil i o' © ©

i ngredi en§ nafluato evtiond; @,506-trithiord- 142’ -deoRp-2 HfladroiferandsyDbetintidazole) In one
m sci bl e oi nt nent base. Alternat| veléﬁ\./lﬁ_,et he active ingredients may be

formul at ed i n chodiment, °°°ml’°u‘69‘§ﬁ hlorg- jr{(Zideaxy-¢ riduare e

I f desired, ”lﬁmﬁ@dg . gream base may include, for exanple,
at | east gu%h%%w% ?ew o‘? a polyhydri c al cohol, i e., an al cohol
having two or nore hydr oxyl 15 groups such as propyl ene egcoI

but ane- 1, 3-di ol , | t ol ce A | ene

gl ycol and m xture é’f’%%’* %%ghfegwlcfgﬁ'%f Vﬁh? '%06}'13 ﬂﬁ?focfgi?’f’% $hcl ude
a conpounel V\hldéhvﬁirbﬁm%ia:ﬁiﬂs&(mﬁﬂe@al QDSQGI*%ﬁhéﬁck@fthfI%i)e'I'ﬁGﬂud(ﬁ:auon ofa

I ngredi ent through the skin or ot her af fected areas, es of

such dernal p&Hiablnprotssted dpriyatize of compourkl with diatkylaming sulfpr mﬂmas%«?
rel ated anal oQiGSnvestigated, as described herein. While DAST has been reported to be an eiﬁclent

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

protected furanose moiety is crucial for obtaining the desired attack of the weakly
15 nucleophilic fluorine from the B-side (Krezeminski et al., 1991; Pankiewicz et al., 1993).
- For a displacement of a leaving group at the 2’-position it is important that the furanose
ring assumes a conformation unfavorable for trans-elimination. Such a conformation can
be induced by using bulky protecting groups at C-5" and C-3° (Theim ef al., 1985).

20 2,5,6-trichioro-1-(3,5-di-Q-trityl-B-D-ribofuranosyl)benzimidazole (compound 2)
was synthesized using reaction conditions similar to those described in the literature
(Blank et al., 1970). Tritylation of compound 1 using TrCl and DMAP in pyridine at 80°C
for 4 days gave a mixture of the ditrityl derivatives 2,5,6-trichioro-1-(3,5-di-Q-trityl-B-D-
ribofuranosyl)benzimidazole (compound 2) and 2,5,6-trichloro-1-(2,5-di-Q-trityl-B-D-

25  ribofuranosyl)benzimidazole (compound 3) in a combined 38% yield. Attempts to
improve the yield by increasing the reaction time, reaction temperature or using bases other
than DMAP to catalyze the reaction were unsuccessful. The di-O-trityl derivatives,
compounds 2 and 3, could not be separated by flash column chromatography, but were
separable by thin layer chromatography (EtOAc/hexane: 1:2, three to four submersions).

30 These compounds were more conveniently separated by fractional crystallization from

diethyl ether to give a 1:3 ratio of compounds 3 and 2. Substantiation for the assignment



20 The oily phase of the enmulsions of this invention may be

constituted from known I ngredients in an known manner. While this,
phase may conprise nerely an emnul sifier (ot herwi se known as an
enmul gent), it desirably conprises a mxture of at |ease one

emulsifier with a fat or an oil or with both a fat and an oil. Preferably,
a hydrophi i cyipernmegul sifier is incl uded together with a |j (19‘99 )84’7??)
enul sifier which acts as a stablllzer is al so preferre

i nclude both an oil and a fat. ther the %rrulsﬁler(s) with or wthout

st abi | i zer (s) ohesmpoupd 3 pethe 37, @’aﬂ mirdﬂrwatimangcwmpqundﬁasﬂieé’;ﬂaﬂl-gaggﬂ her
with the oil denvax ew%lr\fységcp fl%tm rsﬁgégm%ecoupﬁnso cal ?}?g enul si fyi ng oi nt nent

base whi ch forms nsper ‘the cream
formul ati ons. 30

16. n |SI n,stabilizers suitable for use |n.
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Span 80[8rr] e@h9RleRbM comb eﬁt‘il’ S%fiﬁﬂq{envahve mpongcll (‘wagyl
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suitabl e oil solztmncchmgaﬂ%ynelde Theﬂnoﬁmtwmuf oom;ioamiaiiusimg BABTand pgridihiein

desired cosne pr o t L1t active conmpound in

most oils |i k@*‘g‘ﬂz ga‘%q’ ’%%b%’ gifsﬂsr#?'g}iﬁi'#ggg??ﬁ' 3 uoé‘hgﬁ%i on fornul ations

is very |ow ofrdnbsylpesirmidaiie{compound 5) R £78%3Rid/ ’ﬁﬂfﬁloﬂﬁﬂloﬁro?@ér}‘xgu g
avoi

non- st ai ni ng and washabl e product wth suitabl e consistenc
| eakage from % BiHegths same Fﬂ?ﬁ’“@%@’d’ﬁr?esr%m@q‘aﬂﬁhﬁ-dbﬂ-mmuyéﬁhwm-ﬁmo-

dib t
o opyl end " sabindHibhbey DbbitiRAie\CStptlet 6 AFE 67 Y R1g, SRR ElnipouBhe R it &
myristate, dewstedeprotztied usisg 0% CF,COOH TN ICHGC; tolyive/dood iyizidsaif ¢he deprotected
& odamol - Cap Tbtebsiag £ Bridhiotn 1 ChdBoras Buowy D ashirngupposy Bbsratmgetots s

These may be (6RPod®)and?2,5,6richioro-1 -(3-deoxy-3-fluoro-B-D-xylofuranosyl)benzimidazole
(compound 7), respectively.

15
The fluoro derivatives 6 and 7 are the B-arabino-furanosyl and p-xylo-furanosyl

derivatives, respectively, as they were synthesized from the pre-formed -ribofuranosyl
nucleoside, compound 1, using DAST. These DAST fluorinations are known to replace a
hydroxy! group with fluorine with an inversion of configuration (Herdewijn ef al., 1989).

20 Further support for the assignments of cornpounds 6 and 7 as the B-arabinofuranosy! and
P-xylofuranosy! derivatives, respectively, stems from the fact that both show long range
coupling between the C,-H and F: this coupling is slightly larger for compound 6 (J=1.9
Hz) than for compound 7 (J = 1.7 Hz). This indicates that the fluorine and the heterocycle
are on the same face of the furanose ring. Finally for the arabinose derivative compound 6,

25 the coupliﬁg between the 1°-H and the F is 17.7 Hz: this coupling is indicative of a vicinal
trans relation between the 1’-H and F (Wright ef al., 1969).

Compounds 2 and 3

30 2,5,6-trichloro-1-(3,5-di-Q-trityl-8-D-ribofuranosyl)benzimidazole (2) and
2,5,6-Trichloro-1-(2,5-di-Q-trityl-p-D-ribofuranosyl)benzimidazole (3). A mixture of
compound 1 (5.0 g, 0.014 mole), DMAP (1.25 g, 0.014 mole), and TrCl (12.0 g, 0.043



conbi nati on dependi ng on the properties required. Alternatively, high
nmelting point |ipids such as white soft paraffin and/or liquid
paraffin or other mneral oils can be used. 15

Formul ati ons suitable for topical adm nistration to the eye al so include

eye drops wherein the active ingredient is dissolved or suspended
I n a suitabl ewgsyrhs, especially an _ aqueous sol ventedrusstrbersscti ve
ingredient. The active ingredient is preferaply present in 20 such

formulation in a concentrati about 0.5 tQ_ahout 200 . advant age
about 0.5 to mole) in Ty pyEdine i@&f‘g@r‘ﬁs&ﬁ?ﬁ@%@gﬂg GLIJ‘?’% dﬁ%“gl amoun OTH%&L
Formul ati ons {120 §900043! malehvéré added bh @ik 2Hdund SrdafS RRLETIADS tife reatHdAWak O Y
wi-th a surtabl e base conprising, for exanple, cocoa butter or a

sal i cyl at e. 29uenched with MeOH (60 md)riTheraagtion minturawasecopesntraied undgr reduced

adm ni stratio . rJ - "
Gel's, past es. Preiile 82 BEAPGAIwARGRERSAY Rhmi), The rcsiche AR vl T I
active i sgr edichidne (K0ahL); filtered msd the filtrate dvaportited to drjressir Thetresubngayeiiowpr i at e.
30 Formul ati ops syi tabl e for, nasal adginistratign rein the
carrier is a &mw?spmﬁeggvﬂ#a&‘mt%sfmg@ epY évﬂﬁﬁ\‘ﬁl\’@e&_tgéf"m@ﬁ&é_"%‘i ze,
for exanple, kQOTcﬁﬁ 16 SVE aney com%%ﬁﬁtfoﬁs containin diﬂ'ﬁﬁ%emig%ﬁ‘aﬁ& Qeovfloeh 1S

adm nistered in thée nmanner in whi snuff I1s taken, 1.

., by
WD 97/ 27204 the solvent under reduced pressure a mixture of compounds 2 and 3 (4.5 g, 38%).
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rapi d i nhal ati oﬁryftﬁllligﬁié)ﬁ ﬁioﬁbBtﬁ) z% 5?_"363%%1 5&8“’??‘5’913&”1@&% eaﬁlrtfgf'e Kain emcéhes&d e r1 !
hel d cl oe upcérfipound 2. Compbinl crdd beSptirifield kechontugeadity by aws fimkker ei n t he
carrier is a lmeiclqyus{aﬂi:rjat%ns d m Er-lltio%t E«? éiivg Q.Oags(ZS‘;o%f compound 3 as white crystals. The
filtrate, which contained mostly compound 2, was evaporated to dryness and subsequently
purified by recrystallization from EtOAc/hexane to give 1.0 g (8.4%) of pure compound 2
as white crystals.
15
Compound 2:_ mp 174-175°C; R;0.19 (toluene/EtOAc 20:1); R 0.62
(EtOAc/hexane 1:2); 'H-NMR (300 MHz, DMSO-dg):3 8.06 (s, 1H), 8.02 (s, 1H), 7.13-
7.42 (m, 30 H, trityl), 6.24 (4, 1H, 2°-OH, J,: oy =6.2 Hz), 6.18 (4, 1H, I’-H, J;-,»=8.3
Hz), 4.76 (m, 1H, 2°-H, becomes q on D,0 wash with J,.-=7.9 Hz, J,.3.= 5.3 Hz), 4.23
20 (d, 1H, 3°-H, J,.5-= 5,4 Hz), 2.93 (m, 1H, 4°-H), 2.86 (dm, 1H, 5°-H), 2.64 (dm, 1H, 5°-H).
Anal. Calcd. for C5oH;oCIN,04: C, 71.65, H, 4.69, N, 3.34; found C, 71.50, H, 4.85, N,
3.24.

Compound 3: mp 193-195 °C; R;0.19 (toluene/EtOAc 20:1); R, 0.62
25  (EtOAc/hexane 1:2); 'H-NMR (300 MHz, DMSO-d):5 7.93 (s, 1H), 7.54 (s, 1H), 7.01-
7.41 (m, 30 H, trityl), 6.22 (d, 1H, 1’-H, J,.,,= 8.4 Hz), 5.39 (d, 1H, 3"-OH, J;. o= 6.0
Hz), 4.50 (dd, 1H, 2"-H, J,.;-= 8.4 Hz, 1» ;-= 4.4 Hz), 4.09 (m, H, 4*-H), 3.58 (¢, 1H, 3"-
H, J3: o= 6.0 Hz, J,. 5. = 4.4 Hz: becomes a doublet on D,0 wash with J,. 3. = 4.4 Hz), 3.04
(dd, 1H, 5"-H), 3.18 (dd, 1H, 5"-H). Anal. Caled. for C,H,gClN,0, o 1/2 H,0: C, 70.88,
30 H, 4.76, H, 3.31; found C, 70.93, H, 4.80, N, 3.31.



exanpl e, nasal spray, nasal drops, or by aerosol adm nistration by

nebul i zer, i nclude aqueous or oily solutions of the active
i ngredient. 5 Formul ati ons suitable for parenteral
adm ni stration include agqueous and non- aqueous isotonic sterile

i njection solutions which may contain anti-oxidants, buffers,
bact eri ost at smﬁm‘,ut es which render the fornul ation i sot Oﬁéﬁﬂ%%gt h7§5 he

bl ood of the i nt ended recipient; ang%aqueOUS and noh*
steril e suspensions which may include 10 pendi ng agents and t hi ckening
agents, and |iposones or other mcropart iConipanrddyst ens whi ch are

designed to target the conpound to bl ood conponents or one or nore organs.
The formul ati ons may be presented in unit-dose or nulti-dose seal ed

contai ners, for 2 56-Tm|ﬂmp(ﬁ-dnmeuyl$dm9l-zvmirs,p.nruiamfonﬁssvi)f ed in
afreeze-drieg“(ﬁ!i &ohilii)e Son,d*tlon req wnngéonl the addition
of the steril 'é agole (P iThe - Oemmdeﬁommundm( 1% 836 mmea), was

i medi atgly pg a

SUspensi ons. poeabysd CHjEY A0S S hiS aihdi s sl 18 2300, 2 6 manel
tabl ets of t handdAST (. %nﬁutﬂpmdiamithetbacnonsurred atroomtemperatﬁieﬁﬁﬂ&d uni t
dosage f or nul e nt ai daily dose or unif, daily

subdose, as hg?ﬁellﬁgnal %gi ?@@ Hﬁgwﬁ &'W%@ﬂ%‘%?ﬁﬁﬁedof an

active i ngrediithtaturdféd NaHCO, (100 mL) and wdshéd itk dateﬁ(mo fns tm@érogm@&m#Q
addition to the in %redl ents partjcularly nentioned ve

formul ati ons UFS Sverpagnesivm spiiate,ifiliered and theiselventgemesddmpacant Theal in the

2>r<grrple those sw ﬁ% ﬁ?@yh&%ﬂnmwg?ﬁkfl orfg?éebhef?c ﬁég

further agent mnsmmngpmduat miereqmoled andisalvenk renmved i 1215uo to givey afiérS.

the e tgef‘fﬂﬁé}‘ém?fmw"f 0T SRk B o ammonnd s P e i ﬁ;?ﬁ? s

prepared, for exanple, nmet hods that are conventional in the art.

30
Compound 4: mp 145°C; R;0.57 (EtOAc/hexane 1:2); '"H-NMR: (360 MHz,

15 CDCl;):8 7.65 (d, 1H, C;-H, J=3.7 Hz, long range coupling to F), 7.62 (s, 1H, C,-H), 7.19-
7.45 (m, 30 H, Tx), 6.10 (dd, 1H, 1'-H, J,.=24.7 Hz, ). ,. = 2.3 Hz), 4.57 (m, 1H, 4’-H),
4.28 (dm, 1H, 3°-H, J3.g= 159 Hz), 3.60 (dd, 1H, 2*-H, J,- ;= 50.3 Hz, J;» ;= 2.3 Hz),
3.50 (m, 1H, 5°-H), 3.27 (m, 1H, 5°-H). HRMS my/z calcd. for C5gH33C1;FN,O; 838.1932,
found 838.1949. Anal. Calcd. for C5,H33CLFN,0;: C, 71.47, H, 4.56, N, 3.33; found C,
20 71.15,H,4.72, N, 3.37.

Compound 5

2,5,6-Trichloro-1-(2,5-di-Q-trityl-3-deoxy-3-fluoro-B-D-xylofuranosyl)

25 benzimidazole (5). The 2’,5°-ditrityl compound, compound 3 (1.2 g, 1.44 mmol), was
dissolved in dry CH,Cl, (30 mL). To this solution was added pyridine (1.1 mL, 14.4
mmol) and DAST (1.0 mL, 7.2 mmol) and the reaction mixture was stirred at room
temperature for 24 hr. Additional CH,Cl; (200 mL) was added to the reaction mixture and
the mixture extracted with saturated NaHCO, (100 mL) and washed with water (100 mL).

30 The organic phase was then dried over magnesium sulfate, filtered and the solvent
removed in vacuo. The resulting syrup was purified by flash chromatography

(EtOAc/hexane 1:2, 4 cm x 15 cm) and fractions containing product were combined and
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C. Preparation of the Mdified Sugar Substituted Benzi m dazol es

General Chem cal Procedures 5 - Melting points were taken on a
Thomas- Hoover Uni nelt apparatus and are uncorrected. Nucl ear

magneti c resorRgeomBMNVR) spectra were obtai ned at 360 or 300 PCT/US97/007¢4HZz
wi th Bruker WP 360 SY or Bruker 300 SY. Elemgstal anal ysis were perforned

by t he i cal ab rat,ory, of th ar.t

Uni versity of W SHFphiptygd ader aéeh pigsairp o as'we?hﬂpfs%g?' BFOrHE s
Spectral Labor@gsg y7094) of Bempaimdissak b whiRe gelid. nent , Uni versity of
M-chi gan. Fl ash col um chromat ography was perforned using silica gel 60

230400 nesh (I CN) and the technique described by Still et al. (Still et al,
1978) . Thi 1 d
Sili Z:a ge: nGHLF pl atdug%%d SJ}{-.BH?J nal@%ﬁlpg%%f EQ?BE% E@k% 1Qj]rrplgu go\rl\gr e
visual i ze@ by (BOOMHZ;IEI]OH) SURZBe(s, M), 7.17-7.40 (m| 3 bH; C{-Prahd mnity1)06.1Dd, $H; ByHNg

i th 20% met hapol f char, o] 15 t
\;,)V: ate. Evapor ﬂoln‘z’sm’ ui“a@fimg Eﬂ' Wé% IQ%J abﬁ:}'&g’s‘{;}@(d(’héﬁe?rﬂ Jor

aspirator) w td31.4 Hz), 3.99 &4E, 308 1. }£5@€H§}J-,U 852 DHA\S. SHE 1H] $-HY 13885m,
ot herwi se specified. | uori nat ed nuél eosi des have commonl y

been synt hesi zB# 5D HRMS mizf cﬂl%fqnﬁsd*bs@rﬁNan 838.1924; fund 838.19%. Apalt e
trod th | 0
other Toute corehBrCCLANGD S MOIC PR £ M T RORE C B AL 1 B

with a fllQori rdt3x3s. sugar derivative. Both of t hese strategies were
i nvesti gated. Fl uorinati on of Benzi m dazol e Nucl eosi de

25 One nethod for the synthesis of a nodified benzim dazole
nucl eoside is illustrated Compound 6

2,5,6-Trichloro-1-(2-deoxy-2-fluoro-B-D-arabinofuranosyl)benzimidazole (6).
1S Compound 4 (0.10 g, 0.12 mmol) was dissolved in 10% CF;COOH in CHCl; (10 mL) and
stirred at room temperature in a stoppered flask for 60 min. The reaction mixture was
evaporated to dryness in vacuo, the oily residue was purified by flash chromatography
(EtOAc/hexane 5:1, 2 cm x 15 cm), appropriate fractions pooled, solvent removed in vacuo
and the white residue crystallized from MeOH/H,0 to give 25 mg (60%) of compound 6 as
20 white crystals.

Compound 6: mp 223 °C; R, 0.43 (EtOAc/hexane 5:1); 'H-NMR (360 MHz,

DMSO0-d,):5 8.29 (d, 1H, C;-H, J=1.9 Hz, long range coupled to F), 7.93 (s, 1H, C,-H),
6.44 (dd, 1H, 1"-H,};- = 17.7 Hz, J;- .= 4.5 H2), 6.02 (d, 1H, 3"-0H, D,0 exchangeable),

25 5.31-5.35 (m, 1.5 H, 5-OH and 0.5 of 2'-H, 5'-OH D,0 exchangeable), 5.25 (dm, 0.5 H,
2'-H, J,-p=53.2 Hz, J,-3-= 2.7 Hz), 4.42 (dm, 1H, 3"-H, becomes ddd on D,0 wash with
J3-5=242Hz, I, 3-=2.7 Hz and Jy- ,-= 5.9 Hz), 3.71-3.86 (m, 3H, 4°"-H and 5"-H); *C-
NMR (90 MHz, DMSO-dg): 8 140.81, 140.60, 134.07, 126.07, 125.68, 119.88, 115.61,
97.38 (2°C, Jycp=192.5 Hz), 84.98 (1°C, J;.c = 17.4 Hz), 82.89 (4°C), 73.25 (3°C, Jpcp

30  =24.4 Hz), 59.05 (5°C, Js:cr= 9.9 Hz); HRMS m/z caled. for C),H;(C1,FN,0; 353.9741,
found 353.9735. Anal. Calcd. for C),H,;CLEN,O;: C, 40.53, H, 2.83, N, 7.88; found C,
40.55,H, 2.94, N, 7.48.



in Figure 1. In this nethod, a benzi m dazol e nucl eosi de, such as

2,5 6-trichloro-1- furanosyl - benzi m dazole was reacted with trityl
chloride (i.e., Trd), di met hyl am nopyri di ne (DVAP) and pyri di ne at
80[err]C for 4 days to yield a m xture of the 2',5 -ditritylated

and 3',5 -ditritylated conpounds. The 2',5 -ditrityl ated conpound was 30
reacted with ha €., SF3NEt2) in pyridine and dichloro

CHerr]CJ[err]), ];g.f] ¥ subsequent | y reﬁct ed with tri F%?'%ﬁl’é{"% aci d
(i.e., CF[err]COO—I) to yield the 3'-deoxy-3' fluoro compound,
2,5,6-trichloro-1-(3" -deoxy-3"-fluoro-furanosyl)benzi m dazole. In one

WD 97/ 27204 C
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enbodi nment, the conpound is 2,5 6-trichloro
furanosyl ) benzi m dazol e,

-1- (3 deoxy 3 -quor% nﬁrr l-é«h
corrﬁoggggnl Simi | 6%’-1' r rigl tf m-m“quzaﬁrxﬂemmml)m?m-dmkm react ed
V(\:AHE err]d [er r(]?‘;mpo%E S0 'ﬁlshtn@syewﬁéuh{s{ﬂy real??(ej%ldmﬁ rlaﬁf:[ﬁ?(gﬁ‘é‘@ﬂ'%

acid (i e. @Fredaqrmiﬁmpmtyﬂeénubhmﬁ ﬂatk«ﬁoryl—sahm The reactioh| miftupe waspound,
2,5, 6- trlchloro 1- - fur dazole I n one
embodi ment, tHEPEY tﬁ%ﬁﬂfﬁ&‘ﬁ%m vacuo, y residue v psz?e'yby h chromatography

2,5, 6-trichl C(EfOAc/ﬁ&anéiSi‘QXymﬁ x-1B|cmgr@p£®hadefﬁa?ons pooled, evaﬂ:oratTd tod

furanosyl ) benzi m dazol e npound glycos & ion of
several ~puri ried cstaf ﬁﬂ@d%ﬁ%zﬂ@&‘@dﬁﬂ@ﬁﬁ%ﬂfmd 185 whitclerystalat | ves
has exapgned (Chu et al, 1989; Pankiewicz et al., 1992). The fluorination

of a suitably protected derivative of conpound 1 with dialkylam no

sul fur trifluori d€opipaaid 7: mp 238°C; Re:43 (Ev@At/h@anest]); SH-NIMRQBOGRIHA er ei n.
VWi |l e DAST h e rt o effici fluorinatin
reagent for @gﬁ"{l}ﬁg&? §%d§s ﬁ&f@ L@i qg‘!'ﬁﬂoM %éqnztrmseeem%ﬁ i on of
the B @cie fow, mgo%s@cmge%ne) Issgnc(aum g Hf 5L Qe 97 (e éﬁeﬁf ed
attack of the weaklgl nucl eophi | i’"c fluorine fromthe errT
(Krezeni nski Totdsar 52.8480:5. 14940H, éva!‘I}DaD %Fhang@bbBﬂ 63 (dm, 1H, 2’ %12&‘226
di spl acggrent on i tbhat the
ur oo b bébaREUA BITAO Mg i 1 5= 22 538 1275 D 4 I e T, 43
trans- el i m ndj-ge128. SSHz)hB 69-3 84 {my 25 ), BG#NMR (90 MHz, DMSO-d;):8 141.80,

140.94, 132.19, 125.967, 120.40, 113.61, 113.53, 96.90 (3'C, J3:cp= 184.1 Hz), 91.14

(1'C, Jycr=4.6 Hz), 80.46 (4°C, Jy-cr= 19.8 Hz), 77.81 (2°C, Jo-cp=26.89 Hz), 57.71

(5°C, Jscp=9.96 H2); HRMS m/z calcd. for C,;H,,CL3iFN,0, 353.9741, found 353.9747.

20 Anal. Calcd. for C]zHl0C13FN203: C, H, N. Anal. Calcd. for C|2H10C13FN203: C, 40.53,

H, 2.83, N, 7.88; found C, 40.77, H, 2.88, N, 7.56.

25 Another method for the synthesis of a modified benzimidazole nucleoside is
'1llustrated in Figure 2. In this method, a fluorinated sugar-like compound is prepared and
subsequently reacted with a benzimidazole to form the desired compound. For example, a
furanose which is 2°-, 3’-, and 5’-protected with benzoyl groups (i.e., -OC(=0)C¢H;) and
1’-protected with an acetate group (i.e., -OC(=0)CH,) was converted to a 1’-deoxy-1°-

30  bromo-2’-deoxy-2’-fluoro-3,5°-benzoyl-furanose (see Howell ef al., 1995). This bromo-
furanose was reacted with a benzimidazole, such as 2,5,6-trichlorobenzimidazole, in 1,2-
dichloroethane (i.e., CICH,CH,Cl) with 44 sieve at 80°C for 2 days to yield a mixture of



be induced by using bulky protecting groups at G5 and C3 (Theimet al.,

1985) . 20
2,5,6-trichloro-1-(3,5-di-Otrityl-[err]-D-ribofuranosyl)benzi m dazol e
(conpound 2) was synt hesi zed using reaction conditions simlar to

t hose described in the literature (Blank et al., 1970). Tritylation

of compound 1 wegieagr2dd O and DVAP in pyridine at 80[err]C PCT/USY /007644
days gave a nmixture of the ditrityl derivatives

71 bof ur anosy! ) HaA RIS oL SnED-5) ooy - Grmceyhepidpeole isomers.
1-(2,5-di- Ot rsﬁaéhq&ﬁzrdebrd&cnaéby reactidnhﬁfﬂ%’:ﬁﬁ&ﬁé’b)ebﬁ}m mxﬂamio@ (z(eC CTROH) 3)

in a conbined 38% yi el d. Attenpts_ to rovethe yield

i ncreasi ng t heyieldg thearﬁ,é-mblom-éﬁ%r¢q9ny-2eﬂp@w@ran@ymewﬁ§01mslegn@t her

derivati ves.  enbodibd e eiriathg W2 SR SF O SRe BS Kb 1) 1 ae

col um chsomat ﬁ@’:ﬁﬁﬁ)bcnﬂmidawé@ompoundG),Separ able by thin |ayer
chr omat ogr aphy ( Et OAc/ hexane: 1:2, three to four subnersions). 30 These

conpounds were nore conveniently separated by fractional crystallization
from di et hyfpetlhiResid OF Gbyhe 8o 664 Mhidrinhted HIBMURHhose EMthotind
Substantiation for the assﬂgnrren")/tﬁe u}»hﬁg g WO 97/ 2%204

PCT/ US97/ 007 64(such as compounds 8 or 9) to a benzimidazole (such as 2,5,6-trichlorobenzimidazole, 20

3 B -t 11 Epeotnd 8) v infrsigted el SEmplt T <y B BR PR RSP

experi mernps.  to glycosylate an alkali salt\ﬂfrlcbﬁp&bﬂaieéitmi&c&ssfa Cbmpuhd 6 Wb
derivative, conpound 2, was onl% obt ai ned i n 10%0%| eld from conmpound
1, the i soner i #uceesstylly gendensed wi ér‘?rwam%dl-%%wln%d@xy uoro-a-D-

obtained in a &’l'gﬁ’ﬁxé(ﬁxf‘ah e ( A’ipr 49! Tﬂﬁtét a1, 1985, 3WALREL 3 988) urthgldorditiond

pyridine in err] gave
2,5,6-trichlor s;milal(tzth‘osddesmlbedlh)smmgmw:ﬂrwmeneﬂrql; [986). Thus,

Ot anos ) RS S SR Sy R ol b e
2,5, 6-triighl or ef4k fdlebuléli siéves five Yhe desitddns,6-&ridhidredl c(slsaﬁrg-baaoyl-z-deoxy.z-
fluoro--D-arabinofuranosyl)benzimidazole (compound 12) and its a-isomer (compound
11). The assignment of compound 12 as the f-anomer and compound 11 as the a-anomer
is based partially on their proton spectra. The coupling constant between the fluorine and
the 1’-H is J;. = 23.1 Hz for compound 17 indicating 2 vicinal trans relation of the proton
20 to the fluorine. For compound 16 this coupling constant is J;. z = 17.4 Hz indicating a
vicinal cis relation of the proton to the fluorine (Wright ef al,, 1969, Tann et al., 1985;
Howell et al., 1988; Reichman ef al., 1975). Further substantiation for the anomeric
assignment stems from the fact that the C,-H at 7.91 ppm in compound 16 is split by long
range coupling to fluorine (the signal is a doublet, J=3.2 Hz due to coupling between C;-H
25 and F) which is not observed at Cs-H at 7.79 ppm for compound 17 (in this case the signal

is a singlet).

Further investigation of the condensation conditions showed that the anomeric ratio

was highly dependent on condensation conditions. The condensation conditions described
30 above gave mostly the p anomer, compound 17 (o/p ratio:1/5-1/10) in nonpolar solvents
like dichloroethane and benzene. However, the a-anomer, compound 16 (a/B ratio 5/1 -

10/1) was the major product in more polar solvents such as acetonitrile and nitromethane.



10 ar abi nof ur anosyl ) benzi m dazol e (conpound 4) in a 63%yield. Both
conpounds 4 and 5 were deprotected using 10% CF[err] COOH i n

CHCl [err] to give good yields of the deprotected nucl eosi des
2,5,6-trichloro-1-(2-deoxy-2-fluoro-[err]-D arabi nof uranosyl)benzi m dazol e
(conpound 6) and

2 2,5,6-trichl i deoxy-3-fluoro-[err]-D xyl ofuranosyl )b I-m | e
(conpound 7) ,O&ragéf){ezc ively. 15 ' The fluoro d%@%@ 6 and
7 are the [err]-arabino-furanosyl and [err] -%éyl o- f uranosyl

derivatives, Yishisewrd siglificantly betteryn apolaz selyatthwmeh aedickloethalnc(8p%c8/1 proyed
[err]-ribofurganosyl nucl eosi de 1, using DAST. These DAST
fluorinati onstﬁ%'}‘é'pk’%mv?%"r"gﬁﬁ% ffle (&%W#@‘gr oxyl group with fluorine
with an inversion of configuration (Herdewijn et al., 1989). 20 Furt her
support for the assignnents of conpounds 6 and 7 as the

[ err] - arabi nof ur anBeprpteetipm of compound[12in methanalic amumania gavd e compoundddentical

respectiyely, . . t how,l ong. ran .

coupl i ngybet V\t/gg%ee‘{;ﬁvel WM%&: GH}S%?{*)&; %’E‘pﬂ arl]tﬁmfgvesrﬂ“%ﬁ?‘i the pymthesis of o
conpound 6 ( Jompbwfd 6 had been déwejopediavhiétogave oomsuund 6 In 4pproxithatély50% yitld S

I ndi cat es thq% t%glfgtlelqu%%ig}g andﬁ@&%ﬁ)&r@:‘%&lﬁ% éﬁf‘r?gmon the sanme
face of the f © (qempe ForapQung d5), W%ﬁﬂ!ﬂmd 6,
25 the couphioRfindifly WoSHelld8tained bsif thelphridns hipmbd; 7 Hz: this coupling is
I ndi cative of a vicinal trans rel’ation between the 1'-H and F
(Wight et al., 1969).

Conpoun 2 and 3 30

25, 6-t11chloro-1- (3, 5-di - O trityl - [ SRS Bhend 2 o5v1 ) benzi mi dazol e (2)
and

2,5,6-Trichloro-1-(2, 5-di-OQ-trity]-lerr]-D-ribofuranosyl)benzi m dazole (3).
A mixiure of o 256-Trichisphrd (5 By dsotcl-ByorociRbarabinsBugnon o 14

mol e), and Tryehimidarded a2 adtits o-i 11). ) / _
PCT/ US97/ 00764 12 ki c-isomer (11). The 2-fuorbligdf, corhpithd 8 (120 g, 2.6

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

15 CH;COOH solution was added (2.64 mL, 10.4 mmol). The reaction mixture was stirred in
a stoppered flask for 6 hr. Additionat CH,Cl, (100 mL) was added to the reaction mixture
and the organic phase was washed sequentially with ice cold saturated NaHCO, (100 mL)

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

21

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

20 compound 9.

This syrup was dissolved in dry CICH,CH,Cl (10 mL) and added to a previously
prepared solution containing 2,5,6-trichlorobenzimidazole, compound 10 (0.6 g, 2.6 mmol)
in CICH,CH,C1 (10 mL) and activated 4A sieves. The resulting mixture was heated at

25 80°C under an inert atmosphere for 2 days. Then CH,Cl, (100 mL) and a saturated
NaHCO, solution (100 mL) were added to the reaction mixture. The organic phase was
separated and washed with water (100 mL), then dried over magnesium sulfate, filtered
and the solvent was removed in vacuo. The resulting solid was purified by flash
chromatography (EtOAc/hexane: 1:2, 4 cm x 15 cm) with the fractions containing the

30 faster moving nucleoside being pooled, concentrated to dryness and recrystallized from
MeOH/H,0 and then from EtOH to give 0.12 g (8%) of compound 11 as white crystals.

The fractions containing the slower moving nucleoside were contaminated with a small



nole) in dry pyridine (100 nL) was heated at 80[err]C for 3 days.
Addi ti onal amounts of Trd (12.0 g, 0.043 nole) were added on the
2nd and 3rd day. After 3 days the reaction was guenched with MeOH
(60 nmL). The reaction m xture was concentrated under reduced

pressure and coevaporated with toluene (3 x 100 nL). The residue obtained
was stirred i Ryo%m7204 t ol uene (150 ni), filtered and the fil pCRAS97/00764
evaporated to dryness. The resulting yellow 27 f-oam was purified by

flash chromat ogr a -
x 20 cm) to gi'V ‘Q‘gﬁ&?“ g“nd;fonloﬁ%s? IaF'llql([l::artl‘;'sdoco %‘%ﬁ%g&m}qwﬁucomounds
and renoval Ofdryness and retlirematopraphid mmondedhﬁmds%M&BHﬁmCHom # et 21 9ém)

conpounds 2 and 3 stal li atlora t OEt gave

.5 .
nost |y corrpoun'ﬂ%"“x%"f@@ﬂ&a T?R'}aé"(féa%%s@ﬁ AR ofveRtunder S
Conpound 3 co g;ggm}g o
re(r:nr)ygt al l'i zatj‘fk’%#s)&%lpg‘rnlﬁé trn% gl veﬁg.ﬁﬁ%g‘%@%ﬁ k%vggg{)%gg/gofco%ound

crystal s. 5The 12. filtrate, which contained nostly conpound 2, was

evaporated to dryness and subsequently purified by
recrystallization from Et CAc/ hexane to give 1.0 g (8.4% of pure corrpound 2

g[s vmi Belgr%/tstial S. (}Jﬁagnd 11:m 7s-so °G; K;omDQBm&mxm% lWR}(/YﬁES%M@Hm
err ol uene C C exane
Lo AR ( sogHohs Bonds GeeMHa gbgaa% 8812(96‘71 @@o (g 4105755 (5, 105, 3072 (ool

TR ooy "7 3 of e, gcod 1YL 0L Rl D91E B ek o B B a1
VJZ; h %[ ggo]( " TIH 2P, _Jg][:’erls]thSJz& #7119 Ha), ;fsszmn, m guﬂam=ﬁ9.3 Ifgz?,x[.w(m], 14,5, 4
ol oo (088 448, STk B8 (e s S i . B cdtieGbR0ny
3.34; found C 56210268 folhd 5%2%576 ldnal. Calcd. for@,éﬁ CIFN,O;: C, 55.39, H, 3.22, Noapound
3: np 193- 195t[err&C %err %9 (tol uene/ 20: 1) R[err] 0.62 25

( Et OAc/ hexane feund &0 Mz, DI\/SOd[err]) [err] 7.93 (s, 1H),
7.54 (s, 1H), 7.01. 7.41 (m 30 H, trityl), 622 (d, 1H 1'-H,
Jerr]= 8.4 Hz). 5.39 (d, 1H 3 -OH, J[err] = 6.0 Hz) . 4.50 (dd,
TH 2'-HISJ[erT] = Guponad 12{p 3§30 1R, PP (Bs0GTekane 1135 RA0.6HS% MESH it

1H, 3' - o 4.4 0 t on
D20 wash with 9’{‘@9}’] QM@?@&%EB@B%& 8(‘&&4{3&# Ji5(2‘ ﬁ«? C??‘%H :
5'-H). Anal. Gah d &upleli & F), rlus773 ¢Hrﬂeh&@r| dCLm,] 6. Hiﬁrr’l =
70.88, 30 é: 3y 31?’ foundqﬂ; 70. 5H11 4"%IB M?dd’ @1'9
27Hz,J, F-231Hz),578(dd, 1H, §-H I ,.--190Hz,J3 4 —3st) 539(dd 1H, 2'-
H, J]'.z'= 2.7 HZ, Jz-'p= 50.3 HZ), 4.91 (m, 2H, 5 —H), 4.57 (q, IH, 4’ 'H, J3"4'— 36 HZ),

20 HRMS m/z calcd. for CpgH,;ClL,FN, 05 562.0265, found 562.0254. Anal. Calcd. for

C,6H3C1,FN,O4: C, 55.39, H,3.22, N, 4;97; found C, 55.38, H, 3.23, N, 4.83.
Compound 6

25 2,5,6-Trichloro-1-(2-deoxy-2-fluoro-p-D-arabinofuranesyl)benzimidazole (6).
Compound 12 (0.5 g, 0.9 mmol) was dissolved in methanolic ammonia and the solution
was stirred at room temperamfe for 6 hr. The solvent was removed in vacuo and the
residue purified by flash chromatography (EtOAc/hexane 5:1, 2 cm x 15 cm), appropriate
fractions pooled and evaporated to dryness to give after crystallization from MeOH, 0.23 g

30 (74%) of a white solid identical to the previously characterized compound 6.
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Conpound 4 .
2,5,6-Trichloro-1-(3,5-di-Otrityl -2-deoxy-2-fluoro-[err]-D arabi nof uranosy
1) benzi m'dazol e (4) The 3',5' -di-Otrityl conpound, conpound 2
(0.3 g, 036 gga dlssolved in dry CH[err]CI[erréHélo nL). To
this solutlon vvasa dpyrldlne(OSrrL 3.6 mol) sw4(0 24
m., 1.8 mmmol) and the reaction stirred at ro%ﬁmterrperature for 24 hr.
Addi tional CH err ]Yﬂt Eimthér nie?iid foi the warithesibhdd niodifiddberiAmidaz618 nitlsbdideisand
the mxture e tra aturgted NaHCO err]. (100 nlL) and
washed wit h ?165’%‘{33 Inythis Wgﬁﬁ derivative compriging ﬂﬁpn@%e«:bw
magnesi um SU|lfk%thnet§' id degdtaiwiting b&ﬂzﬁnﬁeidt@ﬁtthé é‘edoftﬂe N g@

exan

resulting syrup was purified by flash chromat ography (
cmx 15 cnm, furanosyl transfaragete fom thedasizedy mmdﬂmbemnedqzoblmdeanﬁthsl vent

d e rec al,l i n f OH, 0.20
5 e?g\;oe/() % ][1 \é%r%g%uﬁxgl ﬁﬁ% E %ﬁmﬁd[’cgvasnozpd, é‘ore pfe o d 2-posf%ton?o k‘%ﬂﬁd‘
145 [err] C Rilenzimidadole Auéledsides (e x2xBe 2INR)). [err] H NVR (360 MHz,

CDCl[err]):[err] 7.65 (d, 1H, (err]-H =3.7 Hz, |ong range coupllng to F),

7.62 (s, 1H derr]-H, 7.19- 7.45 (m 30 H, Tr), 6.10 (dd, 1H,
1'-H, J[err]=24.7 Hz, J[err] = 2.3 Hz) ¢ 1H, 4'-H), 4.28
(dm 1H 3'-H J[err] = 15.9 Hz), 3.60 (d’?‘ﬂ'ﬁﬂg H J[err]= 50.3 He,

Jlerr]= 2.3 Hz), 3.50 (m 1H, 5 -H), 327(m1H5H) HRVE il z

Lol e LRy Sl e B peimianea 8

éo 56, Nd g 32!-Deoxy2’-fuordbiidine, compokind 181(0.99 .2 mhlol)3wRiéh can be prepared by the
nmpoun
2,5, 6- Tri chl Sreghod.of Sodingtones ¢k (@%ﬁmm@kyl%ﬂ Was digsqheadrip 800 mlj off Srmvbsy| )

Laa mroh) . G chrielalty: SR tennidnaly RPRMA SR Kfihcled.” |
sol ution was v¥hesdn by preganed by themethod of Lotnsend et al. (Townsend et al., 1970), was
15 added and the reaction was placed in a 50°C water bath, N-deoxyribo-furanosyl
" transferase (60,000 units; see Cook e al., 1990) was added and the reaction mixture was
gently shaken overnight. 5,6-dichlorobenzimidazole, compound 14 (0.30g, 1.6 mmoles)
was added and the reaction continued for 2 days. The enzyme was precipitated by heating
to 80°C followed by cooling to room temperature. Celite® (50-60 g) was added and the
20 reaction mixture filtered. The product was extracted with ethy acetate (3X). The ethyl
acetate was removed in vacuio and the residue purified by chromatography on 75 g of basic
alumina eluted with chloroform/methanol (95:5, v/v) followed by (9:1, v/v), then (2:1,
v/v), and finally (1:1, v/v). The product containing fractions were combined and the
solvents removed in vacuo to give 0.54 g (67%) of compound 15.
25 '
Compound 15: MS (FAB+) m/z, 321, M+1. 'H-NMR (DMSO-dg) 5 8.62 (s, 1H,
H-2), 8.19 (s, 1H, Ar-H), 7.96 (s, 1H, Ar-H), 6.35 (dd, 1H, H-1°, J;.5.= 3.5 Hz, J;. ;= 14.9
Hz), 5.74 (br s, 1H, OH), 5.23 (dt, IH, H-2’, J}. »» = 3.5 Hz, J,.3. = 4.4 Hz, J,-5 = 52.4 Hz),
5.23 (br s, 1H, OH), 4.35 (dt, 1H, H-3", J,.3» =44 Hz, J;. o = 5.3 Hz, J5- 5 = 15.9 Hz), 3.98
30 (m, 1H, H-4"), 3.66 (dd, 2H, H-5’, J=3.4 Hz, J=12.5 Hz). |



mmol ) and DAST (1.0 nlL, 7.2 mmol ) and the reaction m xture was stirred at
room tenperature for 24 hr. Additional CHerr]C[err] (200 nm) was
added to the reaction m xture and the m xture extracted with
saturated NaHCO err] (100 nL) and washed with water (100 niL). 30 The
organi ¢ phase was then dried over magnesiumsulfate, filtered and the

sol vent wodmmmded in vacuo. The resulting syrup was pupctusshobgsf| ash
chr omat ogr aphy (Et OAc/ hexane 1:2, 4 gmx 15 cnm and fractions

cont ai ni ng product were conbi ned and WO 97/ 27204 -
PCT/ US97/ 00764 Compound 16 23
the solvent renpved under reduced pressure to give, after recrystallization
f rrom Et CH, 0.85 g (70% of conmpound 5 as a white solid.

Compound 5: np >245)6-Dichieoc+(2odensy-2-fijoro3}5-Qiatetylff-DAc/ hexane 1: 2):
H- NIVR 300 7.17-7 40
i Clerr]- g apyibeniginpgaole (16l Crmpquha 5 (a5 &1 gty s ligoligg ) ¢

(dd,. 1H, 52 Fbynhﬁ&r(mmf, éncﬁb&%dt&ieﬁ{oﬁrk wait?.. Pheldohution whdcHilled 1010°C idf an lde
Jlerr] =31.4 , 99 (dd, 1H,3' -H J[err]= 50.6Hz, J[err] = 2.1

Hz), 3.50 (mbath A@tw ydade(flme 2.9 mmol, 2 equiv.swas-ydded mshe reaction wikture o

Caicd. Tor 0 dloped e e lo R sehiabit e Blffe Sty e @ miywas,
4.63, N, 7. 88iddedaidthésolvéinsiemotid i vdouo. Residual piyridindwas removed by

Co d 6
2, gp gu%l chl dfasvapopasiop with jolpene (3X), Theresidys wias partitionad betweepiwates and theethnd| o

(6). 15[\6”1 iy ni%héeﬁ:léc@taﬂésoﬂmq)gl édwmggn%a%vsﬁﬁaﬂemnweé afding" ] COCH

in CHC rre roomtenperature I n a stoppered
flask for 60 selvent remevedsaauiuorto wield Ubeg W) of compound 16. The product was used

without further purification.

Compound 16: MS (FAB+) m/z, 405, M+1. "H-NMR (DMSO-d,) 5 8.59 (s, 1H,
15 H-2), 8.05 (s, 1H, Ar-H), 8.01 (s, 1H, Ar-H), 6.45 (dd, 1H, H-1", J;, . = 4.8 Hz, J,- p = 14.8
Hz), 5.75 (dt, 1H H-2’, ) = 5.2 Hz, J5: p = 51 Hz), 5.40 (m, 1H, H-3’), 4.43 (m, 1H, H-4’),
4.28 (m, 2H, H-5"), 2.13 (5, 3H, acetyl-CHj), 2.02 (s, 3H, acetyl-CHj).

Compounds 17, 18, and 19
20
2-Bromo-5,6-dichloro-1-(2-deoxy-2-fluoro-3,5-diacetyl-B-D-ribofuranosyl)

benzimidazole (17), 2-Bromo-5,6-dichloro-1-(2-deoxy-2-fluoro-5-diacetyl-$-D-
ribofuranosyl) benzimidazole (18), and 2-Bromo-5,6-dichloro-1-(2-deoxy-2-fluoro-p-
D-ribofuranosyl) benzimidazole (19). Compound 16 (0.55 g, 1.4 mmol) was dissolved

25 in dioxane (ﬁS mL) and boiled to remove water. The solution was heated to reflux in a
120°C oil bath, N-bromosuccinimide (NBS, 0.48 g, 2.8 mmol, 2 equiv.) was added and
the reaction mixture refluxed for 4 min. A second portion of NBS (0.48 g, 2.8 mmo}, 2
equiv.) was added and the reflux continued for 6 min. The reaction mixture was removed
from the heat, diluted with chloroform (40 mL) and cooled to room temperature. The

30 solution was washed with saturated sodium bicarbonate (2X), dried with magnesium
sulfate, and filtered. The solvents were removed in vacuo and the residue purified by

chromatography on 75 g of silica gel eluted with ethyl acetate/hexane (1:1, v/v). The



evaporated to dryness in vacuo, the oily residue was purified by flash
chr omat ogr aphy (Et CAc/ hexane 5:1, 2 cmx 15 cm, appropriate
fracti ons pool ed, solvent renoved in vacuo and the white residue
crystallized fromMeOH Herr]Oto give 25 ng (60% of conpound 6 as 20
white crystals. Compound 6: np 223 C, Rerr] 0.43

( Et CAc/ hexanew'i)gy)z,,m[‘err] H NVR (360 MHz, DVBO- d[ err}}cﬁsgpjpo 8. 29
(d, 1H, CrH, J .9 Hz, long range coupl ed to F), 7.93 (s

6.44 (dd, 1H, -H J[err] = 17.7 Hz, J[err]30= 4.5 Hz), 6.02 (d, 1H,
3'-0H D20 e hma&%hiaﬁﬁn a.{d’{g f -
2'-H 5 -CH D‘Fer r]o exchagngibggrlxsewée%&mﬁm% i_olﬁn{'s‘ renrioveg"k g&q‘ﬁ% gx[vg
53.2 Hz, J[er Fpmpound17;iHydraly Ghﬂﬂcwospswwmbbedchjdmmnﬂﬁrr]Omsh

? tyg 3. 86 g’gfg{"mz’tl aﬂd%ﬂ‘ﬁg‘gw[eﬁw ‘T‘E’ S%d‘Z’mH"Za'b”M %£ng%@'a[)er r]):
(2

] 140. 81 dismV@nn4an@Wm1me&Zmoh2ﬁxﬁ8ewmn88m$&5m§A erature 97. 38
C, J[cé'r = 192115& o34 98 c J[err]— 17.4 Hz), 82. g0 (4°C), 73.25
(3'C, J[e&rr gyernight. ESQ“PQ‘}“'“% Vit waten(4@:mi)= The prodydts weiestragted cal cd.

for (err] H[ eknith [ 4debs adetate Anal .
Calcd. for (err ]qh?er r ]%E[ grxr)% gl\lfgpird] g er ?]Zlﬂ&od' W?Odrgg mﬁ%’%ﬂgﬁiﬁﬁﬁg}e,%
found C, filtered,(ung the solvent removed, in Paci@®, The residue was purified by chiOnRATeRaph94
PCT/ US97/ 007 Gén 75 g of silica gel eluted with ethyl acetate/hexane (1:4, v/v) followewgaﬂ\dv); The

24

2,5, 6- Tr| chi Ofasteﬂ.elﬁﬁngimaw%ﬂhé@’-@oétﬂrcbin orpuad P50, wbga%am
(7) ound 5 (0.28 ghyo 32 nmmol ) was dissolved in10% CH err ]COC]—I

in CHO [18rr] ?’? “ﬁﬁ‘)eaﬁdmthe droxyt Gomnewnd, compawnd 2 (883 gk ure in a
stoppered flask for 45 min. The reaction m xture was

Compound 18: MS (FAB+) m/z, 399, M+1. 'H-NMR (DMSO-d,) § 8.46 (s, 1H,
Ar-H), 7.95 (s, 1H, Ar-H), 6.22 (dd, 1H, H-1", J;. 5 = 5.4 Hz, ;. ; = 14.5 Hz), 5.82 (4, 1H,
OH-3",J =5.6 Hz), 5.45 (t, 1H, OH-5, J=4.5 Hz), 5.29 (dt, 1H, H-2’, J = 52 Hz, I, =
15 53 Hz),43 (m, 1H, H-3"), 4.0 (m, 1H, H-4"), 3.7 (m, 2H, B-5").

Compound 19: 'H-NMR (DMSO-d5) 8 8.00 (s, 1H, Ar-H), 7.90 (s, 1H, Ar-H),
6.25 (dd, 1H, B-1°, J;» 5 = 5.1 Hz, ],z = 16.5 Hz), 5.95 (d, 1H, OH-3’, J = 6 Hz), 5.40 (dt,
1H, H-2’, J = 5.3 Hz, J, 5 = 53 H2), 4.4-4.1 (m, 4H, H-3",4",5"), 2.13 (s, 3H, CH;-acetyl).
20
Compound 20

2-Isopropylamino-5,6-dichloro-1-(2-deoxy-2-fluoro-B-D-ribofuranosyl)
| benzimida_lzole (20). Compound 18 (0.06 g, 0.14 mmol) was dissolved in ethanol (4 mL)
25 and isopropylamine (1.3 mL) was added. The reaction mixture was heated in 2 sealed in a
90°C oil bath for 17 br. The solvents were removed in vacuo and the residue purified by
chromatography on silica gel (6 g) eluted with chloroform/methanol (95:5, v/v). The
product containing fractions were combined and the solvents removed in vacuo, giving
compound 20 (0.03 g, 57%).
30
Compound 20: MS (APCH+) m/z, 378, M+1. 'H-NMR (DMSO-d,) 5 7.66 (s, 1H,
H-2), 7.37 (s, 1H, Ar-H), 6.92 (d, 1H, NH J = 7.7 Hz), 6.17 (dd, 1H, H-1°, J12»=5.3 Hz,



evaporated to dryness in vacuo, the oily residue was purified by flash
chr omat ogr aphy (Et CAc/ hexane 5:1, 2 cmx 15 cm, appropriate
fracti ons pool ed, evaporated to dryness and crystallized from
MeOH H err]Oto give 85 ng (749 of conpound 7 as white crystals. 10
Compound 7: np 238[err]C, R err] 0.42 (EtQAc/ hexane 5:1); [err]H NVR (300

MHz, wOMES66) 8 8.01 (s, 1H Jerr]- H) 7.93 (d, LlicrfRisenedred
J=1.7 Hz, long range coupl ed to F), .29 (d, 1H, 2'-OH, Derr]0O

OSRROTTY g rage b, s bt S d Bl seﬁééhéﬁgéaa? o742 gy

h
ﬁzaﬁd j{ :; ; } 1H_2151‘ % JJ=55 3 HZO%FJ)%HEFa 2§‘édt9m 58! 4.62 giﬁSJ'H,\MH), 394 gﬁriﬁ B2.6

3.69-3.84 (m4’2,|3,685(m,|a}i qﬁa,rl}m(w,(@@ MSHZJVSO d[err]) [err] 141. 80
140.94, 132.19, 125.967, 120.40, 113.61, 113.53, 96.90 (3'C, J[err] = 184.1
Hz), 91.14 (1C J[err]—46Hz) 80. 46(4C Jlerr] = 19.8 Hz),
77.81 (25C, J[err]|p._ASsal 2 val. Ak ap Jlerr]= 9.96 Hz); HRMS
mz calcd. for C[err]H[err]C[err]FN[err]Qerr] 353 9741, found 353.9747. 20
Anal. Calcd. for CJerr]Herr]OJ[err]FNerr]derr]: C, H N Anal. Calcd.

for err]JHerr]d Qerr] C, 40.53, H 2.83, N, 7.88;
found C, 40.77, H, : Coupling of a
Fl uorinated Sugar w th a Ben2| m dazol e Anot her nethod for

in Foure 2 In trKBeRAGEY %%h”%r?ﬁ%hg@“thﬁl e it D 12 par ed
and 10 Spﬂiﬁﬁ%ﬂﬁdeykécﬂ@&& eiD\R0BSR @A TCOCCLi 19741 étabRshed himbheeldase r ed

conmpound. For exa furanose which s 2'-, 3 -, and

5' -protected ¥ "Eewmldgm! gEal pgreipoma, worg &reyfe[nemmpleqsmmlmmm
2 1" deoxy- 1 W‘m’ lap R Ryl g ) S b S S " s
Howel | et al Hummﬁ))esldﬁﬁta'oﬂdaamﬁIFF cells) (provided byithe &nivessity efiMicdgan Hdspaal)
di chl or oot harfchgat S mprkey KL BB,y LAFARCEL Arleds Somp mpppéo o
days toyi el mmlﬂaﬂ slts (MEM(E)) supplemented with 10% fetal bovine serum. Cells were
passaged according to conventional procedures and as described in Shipman et al.
(Shipman ef gl., 1976). Briefly, cells were passaged at 1:2 to 1:10 dilutions according to
conventional procedures by using 0.05% trypsin plus 0.02% EDTA in a HEPES buffered
salt solution. HFF cells were passaged only at 1:2 dilutions.
20
A plague purified isolate, P,, of the Towne strain of HCMV was used in all
experiments and was a gift of Dr. Mark Stinski, University of lowa. The KOS strain of
HSV-1 was used and was provided by Dr. Sandra K. Weller, University of Connecticut.
Stock preparations of HCMV and HSV-1 were prepared and titered as known to those of
25 skill and the art and described in Turk er al. (Turk et al., 1987) and Shipman et al.
(Shipman et al., 1990). Briefly, high titer HSV-1 stocks were prepared as follows. Nearly
confluent monolayer cultures of KB cells were grown in 32 oz. glass bottles containing
MEM(E) buffered with 25 mM HEPES and supplemented with 5% fetal bovine serum and
0.127 gfliter L-arginine (VGM, virus growth medium). The cultures were infected at a low
30 input multiplicity to reduce the formation of defective virus. After cell éytopathology

reached "three to four plus”, the cells were harvested by vigorous shaking, and
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2,5,6-trichloro-1-(2'-deoxy-2'-fluoro-3"',5"-benzoyl -furanosyl ) benzi m dazol e
| sonmers. Subsequent deprotection by reaction with anmonia (i.e.,

NH err]) in nethanol (i.e., CHerr]OH yi el ded t he

2,5, 6-trichl okgy dyrps- deoxy- 2" - fl uor o- f uranosyl ) benzi m dazol e
errbodl ment, the conpound is ‘QCT’JJ&%&

2,5, 6- trlchl oro-1-(2'-deoxy-2 2' -1 uor o- [err]- %%a- 5
f ur anosyl ) benseneeniepsest by centifiigationi(89 x g for 5 min.). The resulting vithepsolniverestged 6

by the coupl |&g5§d%&t{l 5\}&??&3: f?{&b'rﬂx?é [anose conpound (such as

conmpounds 8 or enzrm suc "as 2,5,6-trichl orobenzi m dazol e,
conpound 6) was investigated. Initial attenpts to use Vorbruggen conditions

and attenpts 10 cosylate an al kali salt _of conpound 6 were

unsuccessf ul . n‘pﬁ%ﬁc}%&ﬁ?& using monolayer glturss| of BSCol eellss Cells fvern planted at

1- br ono- 3, 5- d3x@0béﬁll§ﬁ»)élh§mgwr&usftér‘d%& MEM@Q plemented with 36418t an0se
I ONS

(conpound 9; Tann et al 5; Howel | et al usi ng con
simlar to thby@mmwmmlyymngdm y‘\ﬁw22+24htl‘¢bllagmm®hﬂﬁéman&986)

Thus, o) W t h u rr]Cin
di chl or oet hane | %%Hﬁ@ir"ggh %(%aete E%Rgém?ﬁs %’@ﬂ‘?@?‘ Wb@zgﬁ\f’g theydrus

desired 2,5, 6suspdnsibhwbeéssz(y3d &mc@aherﬁ@uhnﬁ:ﬁkawc@-%% air atmosphere for

fl uoro- [err] r abi nof urangsyl ) benzi m dazol e (conmpound 12) and its

a-i somer (co n‘H!? Yr to permit viral adsorption. Fellowingwires assorptions thereell slectiwas he

[err]-angner &pga rmmmm RRE 9 Iy on
their proton specﬁaa The coup #ﬁga’ggngt an Blgfo“' ?‘h&eP@é@derggi%a

the 1'-H i s Jiheubaled agadditietal tvmtoctlnnpdaysdcms werd ffixed andgtained ivith 031 Yolckyios
relation of t o) the fl.uorine. For conpound 16 this coupling
constant is ‘Ferr %/qnfgtg%m?‘ﬁﬂ?%%stc?ﬂ&p “escnumc’a'\7$C| nal cis relation of
the proton to the fluorine (Wight et al., 1969, Tann et al., 1985;

Howel | et al., 1988; Reichman et al., .1975). Further substantiation for the

anomeri c %%WW%%RSW@MHM&% cellpatia muleiplgityrof infection 7. 91
th
P onal o B Fof 1ss 3k 0ot Blaghiming unis (o LENIRE A0 O G inddilif D (1

whi ch is not @Mwmd@m@pﬁmpwﬂopaﬂw?@ymhdémmﬂbam(hpi:ﬁ)x(mitenyms case

t he signal et r ipvestigation
of the conderZ¥®; gﬁpco%ﬁﬁ%mﬁyq%mﬁ%@ﬁ% §Hr © remaining \y
hi ghl y dependehs were disousie iothied ycleyutiffebthiawih Gnd B daNSlas mediumtes s NS
descri bed 30 ave nostly the [err] anonmer, conpound 17 ([err]

abqgve
ratio: 1/5- 1/2@iions] sy gﬂ\gwssaoypgﬁp@smhqmdnmpgq@e di chl or oet hane and
benzenepg However, the [err]-anoner, conpound 16 ([err] ratio 5/1 -

HCMYV was titered in 24-well cluster dishes which were plated to contain 5 x 10*
HFF cells/well, grown as described above. When the cells were 70 to 80% confluent, 0.2
ml of the virus suspension was added per well and adsorbed as described above. At least
three ten-fold dilutions of each preparation were used. Following virus adsorption, the cell
25 sheets were overlayed with 0.5% methocel (4000 CPS) in maintenance medium [MEM(E)
- with 1.1 g/liter NaHCO,, 100 units/ml penicillin G, 100 pg/ml streptomycin, and 5% fetal
bovine serum]. The cultures were incubated in a humidified atmosphere of 4% CO,-96%
air. Viral plaques were visible 5 to 7 days after infection using at least 10-fold
magnification. Cells were fixed and stained by a 10-minute exposure to a 0.1% solution of
30 crystal violet in 20% methanol 7 to 12 days after infection. Microscopic foci were |
enumerated at 20-fold magnification using a Nikon Profile Projector.



10/1) was the major product in nore polar solvents such as acetonitrile and

ni t r omet hane. WO 97/ 27204
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Yields were significantly better in apolar solvents such as dichl oroet hane
(80%8/1 [err]) than in polar solvents such as acetonitrile (9% 1/7
[err]). WO 97127204 Deprotection of conpound 12 in netkecEussos7asmoni a
gave ‘a conmpound identical 5 to the prevg®pusly characterized conpound

6. Thus, an alternative,.rqui.e faor .the synthesis of conpound 6 had
been devel oped, mgﬁﬁlﬁfs&zﬂb%&’% i n approxi mately 50% yield
fromthe heterocycle (conmpound 6) and bronb sugar (conpound 15), as

conpared to the approxi mately 5% yi el d obtai ned using the previous
met hod. 10 HCMYV plaque and yield reduction experiments were perfosmged with sopolayery 12

3 i' ;3 ,6-Tri chl 0 :gun?rzufreng‘((ggg:gfhgnﬁgg B@%lulr%sslﬂ?g,ﬁ; iﬂ&lf Iscgan%{@‘z &‘%v[, ]f%na‘,ggp bF@L ur anos

2-fl uor osugar yviroszspmi dedcribef in PoOwnsen®etGl. (Townsend enud| 199bqnActistityadf comp&gidy was

di ssol ved in CH2CI nmL nd . then a_33%HBr in 15 . . .CH3COOH sol ution
was added (2. G&NPHE?’S%PW%M“P@W&E P’é&gﬁ‘f{%ﬁ% %‘P‘E:?’%“’%Fé’ ‘gﬁg’wdi"h"-

a stoppered fk-p&,knsgﬁe,@l_,hm%ﬁdditional CHerr]CJ[err] (100 nm.) was added to
the reaction mxture and the organi ¢ phase was washed sequentially
with ice cold saturated NaHCO3 (100 mi) and ice cold water (100
m.). The CHerr]d i rj esi um sul e

filtered and the sO {/%f%leﬁ%shﬁpgﬁlnd\e@gmgr@??a@é%ce pr“?eaggnlﬁ:sz.\??%lﬁ%quéaq&w

col or | esH) syr e yitldZ2éduction sseayp.0 Borckh® former, HFF cells in 24-well culture dishes were

infected with approximately 50 p.f.u. of HCMV per well using the procedures detailed
above. Compounds dissolved in growth medium were added in four to six selected
concentrations to duplicate wells following virus adsorption. Following incubation at
37°C for 7 to 10 days, cell sheets were fixed, stained and microscopic plagues were

15 enumerated as described above. Drug effects were calculated as a percentage of reduction
in number of plaques in the presence of each drug concentration compared to the number
observed in the absence of drug. DHPG (ganciclovir) was used as a positive control in all
experiments. Yield reduction assays were performed as described in Townsend et ai.
(Townsend ef al., 1995).

20

ELISA techniques as described in Townsend et al. (Townsend et al., 1995) were
used to determine activity against HSV-1. Drug effects were calculated as a percentage of
the reduction in virus titers in the presence of each drug concentration compared to the titer
obtained in the absence of drug. Acyclovir was used as a positive control in all

25 experiments.
, for C -

Two different methods were used to evaluate cytotoxicity of the compounds. First,
30 cytotoxicity produced in stationary HFF cells was determined by microscopic examination
of cells not affected by the virus used in the plaque assay. Second the effect of compounds

on KB cells during two population doubling times was determined by crystal violet



This syrup was dissolved in dry ACHerr]CHerr]d (10 nL) and added to a
previ ously prepared sol ution containing

2,5, 6-trichl orobenzi ni dazol e, conmpound 10 (0.6 g, 2.6 mmol) in
CCHerr]CHerr]d (10 m.) and activated 4A sieves. The resulting m xture
was heated at 25 80[err] C under an inert atnosphere for 2 days. Then

CHerr]CJ[err 00 nL) and a saturated NaHCO err ] | 100
m.) wereé addgb’%%"%e reaction m xture. The_organi c phase V\l/,;és}j'ﬁggjlwd
separated and washed with water (100 mL), tfien dried over mmgnesium  _

sul f?t e, fil it_eigﬁﬁ and spec’_trfoplﬁ:ﬂﬂnd béd‘ifcl]mﬁtaﬁﬁt ofidys ehﬁaﬁi»tﬁdh sthifled/ ﬁﬂlﬂ?éhféﬁ\h@.}ﬁ;}od
resulting solid was, purifie flash . chromat ogr aphy ( Et OAc/ hexane:
1:2,4 cm x 1&85&?71“ Wilzed fordhe analyeis of grcistavinians Aigoyydinef§ee Prighaed et @l Pl hg
nucl eosi de bei ng pool ed, concentrated to dryness and recrystallized from
MeOH Herr]O and then fromEtOH to give 0.12 g (8% of conpound 11 as white

crystals. Aiftheral achivity embcytatoxicikyndatayfor two of theivorinatedisgganucl| eosi de
\Iévec_rr/e u%g ;ggl 7 3l ecgdyoiehnuaclets)sr{&lsslof the present inventionateprvégen%;{ i%%ﬁfé 1, along with 27
anount of coggpafisonldhta fob REGmEitivitall ageite TCRBAGA paxidsclovar. € pool ed,
concentrated to dryness and rechromat ographed on a second col um
(5% MeCH in CHC [err}l, 4 cmx 15 cm to give after pooling
appr opri at effractronms—and—renovrny—sotvey fer—r-educed—presstre—a
white solid ' - g'. abled . :
(72% of coppound. 5 12 o nhlb.l(')l’y on.ctfntratxop 138 11 np 78-0 [err G
Rlerr] 0.60 e 1:2): RAptyiral Activityson NeOH i Cytotoxjgi ):
[err] H NMVR [ 36Gompgund [err ] HOMY ] 8. 1% an#iS¥Y-bo (Im Viswal 7| 7Growth 1j)
7.72 (s, 1H, 1. Plague63| ( mYidd, Ihe@EIdSA pssay). ¢ AHFFcEell)H (EB-de]ls)
Jlerr]= 3.9| HCompbeid3 =|17.50Hz) | 5.82 (dd¢l, 10>100 1H, |2' -Hi0J[ e|r] >108. 7
Hz, J[err] F €othpbWnd3d ©J03 XN [H I -H, JJ[€r¥jop 49. § rzpj0 4. OfF (H101H,
4'-H), 4.88 m 46 1T).13% o/| C(dd,g IH |5~ H59 HRVE]TT Z Taf T Ogo
Cerr]Herr ASI. € B L|r]r C?ei lr_] : . 1562.{\023}?, qt\(bulnld 562#02ZI64A23I |
Ca.l Cd. fOI’ %Eoinbloghn%.’J P T 69:4] T1 cT 1 l3/|_t 1 r‘(sloo.) O, r‘l,-qo ZZ |\|,>'1-0011,
3’-F-xylo-TCRB
Compound 12 23 - >100 >10 >100
Ganciclovir 7465 1612 35221 >100 >100
(DHPG)
TCRB 2.76 1.3+0.8 151 238 175
(Compound 1)
BDCRB 0.48 - - 141 -

Antiviral activity and cytotoxicity data for three of the fluorinated sugar
10 benzimidazole nucleosides of the present invention are presented below in Table 2.

HCMYV strain AD169 was grown on inonolayers of human embryonic lung cells
(MRC5 ce.lls) in 96 well plates. After injection of the cells at a ratio of approximately 0.01 -
infectious virus particles per cell, the compounds to be tested were added to selected wells
15 at six different concentrations, each in triplicate. The same concentrations of compounds
were also applied to wells containing monolayers of uninfected cells in order to assess
compound cytotoxicity. The plates were incubated for 5 days, and the minimum cytotoxic
dose was estimated from microscopic examination. The IC,, for antiviral effect was
estimated from measurements of HCMV DNA in each well by blotting and quantitative

20 specific DNA hybridization, similar to the method of Gadler (see, Gadler, 1983).



found C, 55.74, H 3.23, N 4.87. 15 Compound 12: np 88-90 C

Rlerr] 0.36 (EtOAc/ hexane 1:2); R err]0.67 (5% MeCOH in CHC [err]);
[err]H-NVR (360 MHz, CDCl[err]):[err] 8.07-8.18 (m 4H), 7.91 (d, 1H,
Jerr]-H J=3.2 Hz | ong range coupled to F), 7.43-7.73 (m 7H,
benzoyl and (ferr]-H), 6.40 (dd, 1H, 1'-H, J[err] = 2.7 Hz,
Jlerr]= 23.1 Kegorfr2048 (dd, 1H, 3'-H J[err]= 19.0 Hz, J[err}’erIBSﬁlmnﬁ)s
5.39 (dd, 1H, 2'- H Jlerr] = 2.7 Has J[err]-503Hz) 4.91 (m

2H, 5 -H), 4.57 (q, 1H, 4'-H J[err] = 3.6 Hz); 20 HRVMS nfz calcd. fer
CerrJHerr]d[err]FNerr]Jerr] 562. 0265 found 562. 0254. Anal. Calcd. for

Cerr]Herr]d[err Bﬁéﬁy‘; ithd PpebB¥ fol hytirdiZaflorWas prepafeddronhcosthidspC7F5aV AAd FTS37

55.38, H 3.23, N, 4.8
Compound 6  £55% Sullivag o al., 1993). These contain the HCMV AD169 sequences from nucleotides

2,5,6-Trichl I l. i I
(6). ric Orézéodt%c}‘i%?ﬁ%&g§lmrt98iﬁéd hs&ci’iﬁrélg ke Vgﬁﬁ.s%‘ i%icg:‘ﬁo@ﬂégezo e
anmoni a énd t hwo easimids labeledwuha-[ 2P R4CTER usingoendum primens aadP2 DiNAupelymeras® hr .

T e e s i

fractions poo t )i zat i on
from MeCH, O. ?gﬂ‘é’@’% wﬁ@(ﬂ%ﬁ%%mg’u%‘h?{tggﬁ%goﬁﬁ% %g%?fncfgferg)ﬂﬁgb%r evi ously

characteri zed conpound 6. WO 97/ 27204
PCT/ US97/ 00764 . 28
Yet anot her net hOdPﬁeO}rbr{dnlzeaugxglﬂ{tﬁgrsnleglb%afnesawar%cafr*efié)at enxzslsngEa‘g SPF %%M eosi de
is 10 i Nacstloaxhrﬂdiam4 Y7 13nM EDTA))' 3% Ritdlh 4% polyvinydpyrolidine] 124t i ve

conprising fluyarina I ke rmlet |s reacted with a
benzi mi dazol e%ISI‘i\ pﬁé‘ %‘Pé@aéﬂmﬁé‘n@h hr. f ur anosyl

transferase to formthe desired conpound. The ben2| m dazol e noiety of this

The prehybridization solution was replaced with hybridizaﬁon solution (6X SSPE,
0.5% SDS, 50 pg/mL salmon sperm DNA) containing 1 x 10° cpm/mL of each heat-
15 denatured probe. Hybridization was for 16 hr at 65°C. The membranes were then washed
as follows: 6X SSPE with 0.5% SDS, room temperature, 2X for 2 min; 1X SSPE with
0.5% SDS, 65°C, 2X for 15 min; 0.1X SSPE with 0.5% SDS, 65°C, once for 1 hr.

The membranes were blotted dry and wrapped in Saran wrap for quantitation by
20 Phospholmager (Molecular Dynamics, Sunnyvale, CA). The Phospholmager screens were
exposed to the blots for 16 to 24 hr, The gross counts in ecach sample were calculated
using ImageQuant software (Molecular Dynamics, Sunnyvale, CA) and net counts
obtained by subtracting the local membrane background.

25 The counts of the drug dilution wells were compared to the counts of untreated
control wells to produce a response curve and were used to calculate the ICs, values. The

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



5 conpound may be further derivatized, for exanple at the 2-position to
yield 2-substituted benzi m dazol e nucl eosides (e.g., 2-Br, 2-NR2).
Compound 15 10 '

5, 6-Di chl oro-1- (2-deoxy-2-fluoro-[err]-D-ribofuranosyl)benzi m dazol e (15).
2' - Deoxy-2'-fluorouridine, conpound 13 (0.99 g, 4 mvl ), which can be
prepared by met hod of Codington et al. (Codingtgyy, ﬂml

1968), was dstsofzvé)a in 800 nmL of 50 MM pH 6.0 mtratéﬁ%

5, 6-di chl orobenzi m dazol e, conpound 14 (O. 36& 1.6 mol es), whi ch

can be prepﬁr ed by the nethod of TownsenTebki2 al . (Townsend et al., 1970),
was 15 a |n@r‘-'\ﬂfprr1(‘\/\n'reLhaTh
N-'deoxyr i boj f ur anosy!l 59%&%?’6%@“?@9‘“%6%{#{‘@ see Cook et al.,
1990) was aJuc Hhereact T : wers get

overnight. %, 6- 8. orohenzi m é‘z%ound 14 (0.30 eﬁnﬁt‘%‘ﬁrﬁol es)
was added apd the reactifon conti nHEMVor 2 dayq. The enmmsmﬂs)

preci pitatefl by heating

tg 80Lerr].C folfl owed by cooling to room
tenperature] Celitec[erd] (5@1?%‘6\’8)"’%9{&?“ ded gnd the 20 reaction
m xture fil eCSngo&fcﬁSp OUUTT Wags §RIg, Act ed W (M ety aceLs (oA - 11

et hyl tate wds renpved I n vacuo _and |the residue purified by
chr omat ogr aphCompouitd 1§ ¢f basic 13.7x0.5 al umi ng eluted witl72.8

chl or of or nf WR Av—followed—by ( Q41— v/ then (2.1

v/iv), and fin P¥‘9°‘(“f: , vIv). Thé 9p?f?gt?uct cont di ni ng fract #89s were

conbi ned an SOrVENTS TEenbved T1T vacuo o girve 0. 54 g (677 of
conmpound 15. 25 Compound 15: Ms (FAB+) m z, 321, M+l

[err] H NVR ( DI\/SO H{xml}o)iu{lm ¢f tBis Bveqption illpgtrated above arﬂngyxdeCBto:@Qd ihon 1H,

149 """ ittt miontiqn blkar dokinbighs , GBpgRorb it 6 5]y,

Jlerr] = 4. 4L, m&ﬁ)ewa;} the uﬁrznﬁod'%)set forth in the fdllowihg(dMims., Ofier agpelts, 4. 35 (dt,
1H, H-3 Jlerr] = Haéerr = 5. Jlerr] = 15.9 Hz), 3.98 30
(m 1H, SH. 4 pdvagtages a@gépodg' (p:psgmﬂngﬂg sgppp@f this-inventjop pill be apparent to those -

skilled in the art to which this invention pertains.

E. References
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Watanabe, K. A., “Nucleosides 135. Synthesis of Some 9-(2-deoxy-2-fluoro-B-D-
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Compound 16 :

5, 6-Di chl oro- 1- (2- deoxy-2-fl uoro- 3, 5-di acetyl-[err]-D

ri bof uranosyl ) benzi m dazole (16). Conpound 15 (0.45 g, 1.4 nmmol) was

di ssolved in vpoome72@yridine (20 nL) and boi I ed to renove WaPET/USTHO764
solution was chilled to O[err]Cin an ice bat h. Acetic anhydride

as al L oukd @memvawwm%gﬁ%f@r”@wﬁeﬂﬁﬂﬁ% B Af50er ni gt Vet hanol

(3 n) was Herdewﬂ,dldeﬂeﬁﬁ& AR Keﬁ@hWLSSfrﬂf&M%ﬂNhﬁe%%HPluoBﬁMHﬂhe

pyridine was renove coevaporation wth tol uene (3X). The

resi due was parti tS%&M@@:ﬁM@@Oﬂ&ﬂ@l@h@WﬁﬂM@nﬂumw@é@ theSynthesis

t hyl t at I dth
gol zenﬁcseﬁo\?ezol ﬁ“\‘/ﬁa}gueﬁd?a?ed(*Ii Cfﬁ ?f%st @’g‘gﬁ%%’m&%‘%ﬁ%‘gﬁ’% ‘5 %ﬂ gpoducf
was used 5 Wdfét&l&sﬂﬁfelther purification. Conpound
16: M5 (FAB+ 405, r rr] 8.59 , 1H, 15
H2), 8(05 ()s*mﬂqne!e&"%w&%&mé;ﬁwﬁéﬁ’%&&é@](zjd[elH] H 1 (j[err] =
4,8 58 JUer T honelinf; Brodfurel) R Brifaiees, 1 Helisde, . A Sepisd, Hoanigir] =
51 Hz), 5.40 (m 1H H-33dh“4 43 Fm {m 2H H5'),

2.13 (s, 3H acet yNu@stedes]A Stezeomec(fsc, Tetnl Smry of 2fleqreR}-deoxy-p-D-

Compounds 17, 18, a
2- Brono- 5, 6- d| chl O?lgbliig?xggagéyyglﬁgﬁl?ego{g@ ghe(':f' zli?:sesl’s'? 8ferr] D-ri bof ur anosyl

) 10 ben Kiredethiriski, 8.; Nawjot, B.; Pankiewicz, K. W.; Watanabe, K. A. Synthesis of 9-(2-
2- Brono- 5, 6-di chl or.o- 1- ( 2- deox 2f|uor05d|acetyl [rrr]-D_ )
ri bof ur anosyl) benPPe¥ ore-fi- P grabingfpranosyl)hypoxanthine. The First Direct Introduction

benzi m dazol e (1) Coripr oty Sy s 3 PRl bine Nucleosidth, Shlts 1haRRaY1 )
di oxane (25 nl) anToward/Thd Symthesisaf2i-Deaxye2’-Silistituted| Arabinonuskzesifesat ed to
reflux in a OLerr 0l t ccinim’de(NBS 0.48 g,
2.8 mmol, 2 equiv. V”%(&%’L‘ffﬁ 'é‘i‘%f"%s{bgl ]Jgﬁg{r?eactlon m xture refluxed for
4 min. AS eCcoMbnghierR . Af;, Shfinabl) M T .;CarsonSDIAD Secridt 11, J. A. 9-(2eDevxy-)-{lW66-
added and the reflux continued for 6 mn, The reactjion m xture was rem)ved

fromthe heat, dilBD:arabinofiranpsydenaning; A Motaholically, Stabls (lyinionic, Anglggye of 2-
tenperature. The 3 eoxggﬁﬁl éijsC»gﬁq§§6\@9tf38§%y§at ed sodi um
ri Wt

bi carbonate (2X), magnesi um
Pankiewicz, K. W.; Krzeminski, J.; Ciszewski, L. A.; Ren, W. Y,; Watanabe, K. A, “A
Synthesis of 9-(2-Deoxy-2-fluoro-f-D-arabinofuranosyl)adenine and
20 Hypoxanthine. An Effect of C3'-Endo to C2-Endo Conformational Shift on the
Reaction Course of 2'-Hydroxyl Group with DAST,” J. Org. Chem. 1992, 57, 553-
559.
Pankiewicz, K. W.; Watanabe, K. A. A Synthesis of 2’-Fluoro- and 3’-Fluoro-Substituted
Purine Nucleosides via a Direct Approach. In Nucleosides as Antitumor and
25 Antiviral Agents; Chy, C. K.; Baker, D. C., Eds.; Plenum Press: New York, 1993,
pp 55-71.
Prichard, M. N. et al. Antiviral Res. (1991) Vol. 35:1060-1065.
Reichman, U.; Watanabe, K. A.; Fox, J. J. A Practical Synthesis of 2-Deoxy-2-Fluoro-D-
Arabinofuranose Derivatives. Carbohydr. Res. 1975, 42, 233-240
30 Revenkar, R. G. and Townsend, L. B. (1968) J. Heterocyclic Chem. Vol. 5:477-483

Revenkar, R. G. and Townsend, L. B. (1968) J. Heterocyclic Chem. Vol. 5:615-620;



sulfate, and filtered. The sol vents were renpved in vacuo and the residue

purified by chromat ography on 75 g of silica gel eluted with ethyl
acet at e/ hexane (1:1, v/v). The WO 97/ 27204
PCT/ US97/ 00764 30

product containing fractions were conbined and the solvents renoved in

vacuo to giv conpound 17. Hydrolysis of the acetyl groups was
acconpl i shede‘ggg-t"%-’éo‘t ment in met hanol and et hanol F_‘fgmﬁ?_ "@é‘i‘;‘_h)
wi th sodi um carbonat e (0 229, 2.1 mol, 2 eifv.) di ssolved in 4.2

nL wat er. Thesalgas. ievdl. "Syiithesie antPeintivicdl E@EtyBf cERAD SE0RARGE 46 5
overni ght. The soldutlon was diluted with water_ (40 nL The 'products were

extract ed chlorpbeaemidazgleacyslic “@2’?\93!(13#@8@( #146. Bixision ef Medicinalon was

dried w th magnesicyt,s %@1 . &g nd e soI ent ermved in
vacuo. The residue was%rl |1e\gl°5'y c%ro tggér'a Na%ona]th}l] asg‘a“
silica gel el utedIhWt, August2B-28c19921 e/ hexane (1: 4 v/v) fol I ovved by (1 2,

viv Th ter rod was_t he 5' -acet conpound,
corri)ound 18 (%“%{:az ?Ie{ﬁé@ MEP%‘@tﬁ:izQ/\/as t he
di hydr oxy COFBM]&MCCGM'&D@I £ 67ifdB. mﬂmdsvm 28:101-106. Conpound 18: M

FAB n 399, Mt1l. DVBO-d[err]) [err] 8.46 (s, 1H,
,(Ar-H)+? 7. 55 (Sl W—ICmum&dhmﬂ%mqg@WT@mW&f&Mymamerr] =

TR HC s e e i v ik ar
1H, H3'), 4Tnml, ;S’Hendd-(!954)V31 120:847-848). H 5'). /Citr)_rrﬁl;nund
6 25 ?8&# " Rt T Bloihiher 57 ]fmz?d%eé%@ 15'%,’2;%0@?35 (0, 1oy
J =6 Hz L_ 3:5 20 (5 :!t‘luorocarboh%dra lgh %gﬁ.ﬁn_‘t{f@g&t@?ntb%%@&f ﬂ-(ﬂé&y—'iz-)luoré 4-4.1
g;]npg:' nd 20 le’)-arabmoﬁuanosyl) S-iodouracil (B-FIAU) and 1-(2-Deoxy-2-fluoro-p-D-
arabinofuranosyl)thymine (B-FMAU). J. Org. Chem. 1985, 50, 3644-3647.
Thiem, J.; Rash, D. Synthesis and Perkow Reaction of Uridine Derivatives. Nucleosides
15 and Nucleotides 1985, 4, 487.
Townsend and Revankar, Chem. Rev., (1970), Vol.70, p. 389.
Townsend, L. B. and Drach, J. C., Fifth International Conference on Antiviral Research
Vancouver, British Columbia, March 1992;
Townsend, L.B., et al., J. Med. Chem., Vol. 38, pp. 4098-4105 (1995).
20 Townsend, L.B., ef al., U.S. Patent No. 5,248,672 issued 28 September 1993.
Townsend, L.B., ef al., U.S. Patent No. 5,360,795 issued 01 November 1994,
Turk, S. R. et al. (1987) Antimicrob. Agents Chemother. Vol. 31:544-550.
V. Sullivan, KX. Biron, C.L. 'i'alarico, S.C. Stanat, M.G. Davis, L.S. Pozzi, and D.M.
Coen, Antimicrob. Agents Chemother., 1993, vol. 37, pp. 19-25.
25  Wright, J. A; Taylor, N. F.; Fox, J. J. Nucleosides. LX. Fluorocarbohydrates. XXIL.
Synthesis of 2-deoxy-2-fluoro-D-arabinose and 9-(2-deoxy-2-fluoro-a- and B-
arabinofuranosyl)adenines. J. Org. Chem. 1969, 34, 2632-2636.
Zou, R. et al., “Design, synthesis and antiviral evaluation of some TCRB analogs modified
on the benzene moiety,” Poster #142. Division of Medicinal Chemistry, 204th
30 American Chemical Society National Meeting, Washington, D. C., August 23-28,
1992.



2-1sopro | 'or 0- 1- (2- deoxy-2-fl uor err]-D-ribofuranosyl)
benzi m %ﬂ ﬂi ”l ﬁ und 18 (0.06 g, 0.14 nm:l])mmg ﬁ n
et hanol i sopropyl am ne (1.3 nlL)f was RE € T eaction

m xt ure was heatedlnasealedlna 90[ eryj-~o4 faor 17 hr.
The solvents were renoved in vacuo and the residue purified by
chr omat ogr aphywo¥294ehi ca gel (6 g) eluted with chlorof or m matdwwsshodes: 5,

v/iv). The product containing fractiogg were conbined and the

sol vents renoved in vacuo, giving conmpound 20 (0.03 g, 57% . 30—
Conpound 20: MS (APCH+) mlz, 378, Mrl. [er (DVBO-d[err]) [err] 7.66
(s, 1H, H2), 7.37 (s, 1H, Ar-H), 6.92 (d, 1H, NHJ = 7.7 Hz), 6.17
(dd, 1H, H1', J[err] = 5.3 Hz, WD 97/ 27204

PCT/ US97/ 00764. A modified benzimidazole nucleoside of the formula: 31
J[err] = 15.4 Hz), 5.73 (d, 1H, O43', J 5.7 Hz), 5.63 (t, 1H OH45', J =
4:3 Hz), 5.12 (dt, 1H, H2', J = 5. R4, J[err] =53 Hz), 4.29 (dt,

- 4'), 3.68 (m 2H,
N D. Assays for
Celds and Viruses

1H, H3), 4.02 (m 1H CH, 3. 94(m HoH
H5), 1.16 (d, 6H CHerr], J=6.5 HZ)R
Antiviral Activity and Cytotoxicity

KB cells (available fromthe Anerican Type Rtion (ATCC) 12301
10 Par kl awn Drive, Rockport, MD 208% Sl ,& )), an established
human cell |ine \
R R’
5 wherein

R! is a fluorinated sugar-like moiety;
R?is-H, -F, -Cl, -Br, -1, or -NR,,
wherein R is independently -H or an alky! group having 1-6 carbon atoms;
R'is-H, -F, -Cl, -Br, or -[;
10 R’is -H, -F, -Cl, -Br, or -I;
" R®is-H, -F, -Cl, -Br, or -I;
R'is -H, -F, -Cl, -Br, or -I;
and pharmaceutically acceptable salts thereof.

15 2. The modified benzimidazole nucleoside of claim 1, wherein said fluorinated
sugar-like moiety comprises a 2’-fluoro-furanosyl moiety or a 3’-fluoro-furanosyl

moiety.

3. The modified benzimidazole nucleoside of claim 2, wherein said fluorinated
20 sugar-like moiety comprises a moiety selected from the group consisting of:
2’ -fluoro-threo-furanosyl; 3’-fluoro-threo-furanosyl;
2’-fluoro-erythro-furanosyl; 3’-fluoro-erythro-furanosyl;
2’-fluoro-ribo-furanosyl; 3’-fluoro-ribo-furanosyl;
2’-fluoro-ara-furanosyl; 3’-ﬂuoro-ara-ﬁ1ranosyl;

25 : 2’-fluoro-xylo-furanosyl; and 3’-fluoro-xylo-furanosyl.

This Sheet Has Been Reﬂlaced :

IR




fet Human foreskin fibrq NS
by the University of M chigan Hospital) pg@nN green nonkey
ki dney cells (BSC-1) (ATTC CCL 26) cells were’ with Earl
salts (MEME) mented with 10% fetal bovine serum Cel

passaged acco%’vélﬂr?gp%og ‘convent i onal procedu'regmand as descri b}éc?i"&%r@?ﬁﬁ‘bnan
et al. (Shipman et al., 1976). Briefly, cells were passaged at 1:2
to 1:10 dil utifens J&esodified bengimidazole nucleswide of ¢lainnd, whereireshid fsorimptedsi ng ™

0.05% trypsin plus ) £: ' . salt .sol ution.
HFF_ cells were pasg%ﬁﬁg%%@a%%gﬁgﬁﬁe%%séggom the group consnsfmg ‘pl aque
purified isolate, P[& Hluonfribdifuraosyle strain of HCOW was used in all
experinments and was g,g{ft of Dr. I\/ﬁrk Stinski, University of lowa. The KOS
strain of Ho\# Tugpesargrfwanosybiabd s provi ded by Dr. Sandra K. Wl | er,
Uni ver si ty of Connect3:Qifbro-xylo-furanosyk OCK preparations of HOW and HSV-1

were prepared and titered as known 1o those of 25 skill and the art and
described in Turk et al. (Turk et al., 1987) and Shipman et al.

(Shi pman et ak., 1 B Lhigh titer -1 st ocks r epared as
fol l ows. Near :S'y %ﬁg)mdi?g)riﬁ% %‘ non%'?cge)‘?%'fle léﬁ‘fy?ﬂ‘régv?’ﬁ?"ﬁ\é‘\%’cf&"g‘g“%r e grown
in 32 oz. glass bosigaslikemoietyi possegses one or mort/Bdrbxyl riubenathrodetd &amr™ HEPES
and suppl enented with 5% fetal bovine serum and 0.127 g/liter

L-arginine (VGM virus gromh nedium. The cultures were infected at a | ow

30 IRt I Ui Db i bR S8R VokBE B Bl wEEAGYC ViTus. Alter

deri m an epi dernal oral carcinona, were grown in mninml essential
rredﬂ "ilrwm\’ﬁ", (Sigma) with Hanks salts | emented with 5%
L %*

cel |l cytopat hol ogy reached thr . four plus he cells were
har vest ed by vi gor ¥uBuartrate-foganosyliR? is -Cl; R* is -H; R is -Cl; RIVB -0F/a8d RO 4s -H.
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concentrated by centrifugation (800 x g for 5 min.). The resulting virus
pool's were st®red The modified Bénzinfifdz0le Tucletsilé of dddhrll GHQeindhs use in

experinents. R o2 4. 5 6 7
3’-fluoro-xylo-furanosyl; R” is -Cl; R” is -H; R’ is-Cl; R is -Cl; and R’ is -H.

15
8. The modified benzimidazole nucleoside of claim 1, wherein R! is
2’-fluoro-ribo-furanosyl; R%is-H:R'is H;R’is-Cl; R®is -Cl; and R” is -H.
9. The modified benzimidazole nucleoside of claim 1, wherein R is
20 2°-fluoro-ribo-furanosyl; R? is -Br; R* is -H; R® is -Cl; R® is -Cl; and R is -H.
10. The modified benzimidazole nucleoside of claim 1, wherein R'is
2’-fluoro-ribo-furanosyl; R? is -NH(CH(CH,),); R is -H; R’ is -CI; R® is -C; and
R’is-H.
25 '
11. A composition comprising a compound according to any one of claims 1 to 10 and
a pharmaceutically acceptable carrier.
12. Use of a compound according to any one of claims 1 to 10, alone or in
30 combination, for the preparation of a medicament for inhibiting or preventing viral

infection.
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HSV-1 was !“B ' | nol ayer cultures of BSC-1 cells. Cells were
pl anted a m EMHIB”] cel l s/wel | using | “Tifjshes.
VEM E) qu Wst h~10% f et al b vﬁﬂ%ﬁ@%?ﬁ%l oyed as
medi um After 22-24 hr, cells were 90% confl udnf_an ED e

inoculated in triplicate using at |least three ten-fold dilutions with 0.2

m of the Vvir w9 suspensi on to be assayed and i ncubaperiuss/00764
hum dified 4% CJ err]-90% air atnosphere for 41 one hour to permt

viral adsorptign. Follow ng virus adsorptiqn, the cell sheet was 610 -
over | ayed wi t H35 nt® B¢thedsiphibifing I’Y"S"’B‘%‘ééﬁﬂ?’b’l“t?s‘“ .S%f?Fé‘idtﬁ?hé‘PmPﬂﬂB% CPS
and _ | Ncub@bAatAp tRALl Withaleffedtive afhobkt'c? 8 c&a/y&md%r&nw&yfd&aﬂ
and stained with 0.1% crystal violet in 20% met hanol and

macr oscopi ¢ pl aqueslagmbtor tvader suitable conditions such that Giral prolifiamionna tnhibitedar ed
by infecting HFF cells at a nmultiplicity of infection 15 (mo.i.) of

| éss that 0.01 plaque-formng units (p.f.u.) per cell. Cell growth nmedium
was . 5 changed msthod of inhibitilg HCMW proliferuticnia a IHCMY)infetted esfl ebdmyrising al |

cells (approximately 21 .days). Supernatant fluids were retained_as
the virus stock. Fsgmaqgggghch{l@t?lapﬁb'eqtgﬁamﬁm{gfacompoun @eqording to-any one of
di srupted by three gyt £k 1@f &%ﬁ?ﬁﬂ Echuiotls St tal RV Uatidfas iiniBiag! d
as an addi tcl onal souurnce 0 v%rus. S? orage was |h‘oﬁkqufd§qn§tr5{ge§n.
20 HCW was titered in 24-well cluster dishes which were

plated to contain 5 x J10[err . HEE cel |.s/ wel | ro s..descri bed
above. Wen tH .Ce%tget&gci%{pf%p}y@cgw}y st A i ,‘Q’"sﬁqﬁ’bletgmm"%w%%f’he vi rus
suspensi th was addeshtisihg Rl dell ¥t ad dFB¢tive dmotint @€ S Corhpasld abdyding lany A6 bf
three ten-fold dilutjons of each preparation were used. Foll ow ng virus

adsor ption, the ceFims] to10ndersuitahle condifions sich that,yiral infection sspravsatad- ( 4000
CPS) in mai ntenance nedium [ MEM E)° with 1.1 g/liter NaHCO err], 100
units/m penicillin G 100 [err]g/m streptomycin, and 5% f et al

bovi ne ser unj .16The Aon¢ther efprophylacticaliy raating aicell ansoeptibtti th HEMNtinfestiinebe of 4%

err]-96% ir. \ir aques were visible 5 to 7 days after
iC% ect% on usi ng at'c?r@‘?fé‘flg iﬂi_ﬁ?ﬁp&&l&geﬁgﬂwe ﬁ'&g‘fﬂ‘Pf%&‘t‘f‘Wﬁ)eﬁPr‘@X%ﬁ&Yﬂ%ﬁ
and staimed by a 1Ohiiis Mot 0aMmBEStitabld conditionslsHrls tat FICMV infecBBn is previenied! al

violet in 20% nmethanol 7 to 12 days after infection. Mcroscopic foci were
enunerated at 20-fold magnification using a Ni kon Profile Projector.

—
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Assays for Antiviral Activity HCW pl ague and yield
reducti on experinents were performed w th nonol ayer cul tures of HFF
cells by a procedure simlar to that referenced above for titration of the
5 viruses aanawdri bed in Townsend et al. (Townsend et a+CT"ﬁuﬁ§?
Activity of conpounds agai nst HSV-1 was eval uated using an 6§A
assay, al so described in Townsend et al. (Townsend et al., 1995).

33

The effect of conpounds of ghe rgplication of HOW was neasured using

pl ague 10 and yield reducti s. For the fornmer, HFF cells in
24-wel |l culture dishes were i Eted with approxi mately 50 p.f.u.
of HCW per well using the @Foc rey detail ed above. Conmpounds
di ssolved in growth nediu re addeq in four to six selected
concentrations to duplicat olfl owi ng virus adsorption. Follow ng

i ncubati on at 37[err]
stai ned and m croscopi c pl aques
Drug effects were cal cul ated
of plaques in the presence o
nunmber
as a positive control in al

were perforned as described in To
1995). 20 ELISA te h
(Townsend et al., 1995) were

HSV-1. Drug effects were cal cul at d

Assays for CytotOX|C|ty

to 10 days,
enuner g

ap b nt age of R
ach d EG conce rat|u

-observed in the ab ence of dru
Kﬂx erlnents
et al .

idiae as desc

TrO
TrO 9 OH HO 3 oTr
DAST DAST
Pyridine 1 Pyridine
CH,Cl, CH,Cl,
cl N cl N
e e
cl N Cl N
TrO o THD o
F. F
TrO OTr
4CF C >
2COOH CF,COOH
CHCl, lcn?::s
cl N Cl N
e e
CI” N Cl N
HO o HO o
F F
HO OH
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FIG. 1

sheets were fixed,
as descri bed above
i n nunber

n / Nared to the
- } clovir) was used
AL educti on assays

(Tomnsend et al.
g in Townsend et m
ed to determne activity against
v per cent age of

reduction in virus titerGy e_gresence of eaaofy. dr ug co centratlon
conpared to the titer mt |n t he abse
was used as a posipiye exper

Acyclovir



Two different methods were used to evaluate cytotoxicity of the conpounds.

First, 30 cytotoxicity produced in stationary HFF cells was determ ned
by m croscopi c exam nation of cells not affected by the virus used
in the plagque assay. Second the effect of conpounds on KB cells
during two pQpul ation doubling tinmes was determ ned by crystal violet

WO 97/ 27204 WO 727204 PCT/US97/00764
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stai ni ng and spectrophotonetric quanti ta{l on of dye eluted fromstained _

cells. This nethod has been utilized for the analysis of ganciclovir

and zi dovudi ne (See Prichard et al., 1991). Ci N Antiviral
activity and cytotoxicity data for two of the fluor Pd 5
benzi m dazoI% cl eosi des of theo&résent i nventi g?gﬁ?{ed in Table
1,. along wt corrpgg; s'gg oroknown antiviral ggents TCRB and
ganci cl ovir. % HBr 10 Table 1

50% tnhi bitory ( OB i on Iaerr] ( elF —

Antiviral Actiggdy - pytotoxreity CICH,CH,CI conpound

HCMW g HSV-1 2N syal FAnleves

Pl aque Yield (ELI SA assay) (HFF cells) Q‘k@v 3(9ﬂ¥§)

Conmpound 2 >10 - >100 >10 _ >10
>100 >10

Conpound 3 BzO 3.0
UNntNG

>10 Co 13.0 % Ne C N -
32 60\ F 2' - F-ara- T@ >—Cl conpound 7 m@)—c;
13 > 10 40 Cl1” oo N JkLFxylet N

3

BzO + Bz20 —_—
HO
c! N 0 MeOH o
e F :
Ci N
BzO HO
1" 12 6

FIG. 2



Conpound 12 23 ' >100 >10 >100

Ganci cl ovir 7.4 [err] 6.5 1 6 [err] 1.2 3.5 [err] 2.1 >100
>100 ( DHPG) TCRB 2.76 1.3 [err] 0.8
151 238 175 (Compound 1) BDCRB

0.48 141 Anti viral
activity and cyWOP‘UMty data for three of the fluorinated syga d[v;’?w

benzi m dazol e nucl eosi des of the present ipvention are presente g 4 n
Tabl e 2. HCW strain AD16934ds grown on nonol ayers of hunman
enbryonic lung cells (MRC5 cells) in 96 Bell pl ates. After injection
of the cells at a ratio of approximately 0.01 i nfectious virus
particles per cell, the conmpounds to be teste f“ added to selected wells
15 . at six differ ent concent rations, each i§ tr g'l | cal\dedXifibda e
concentrations A were al so 8 t o furahbsyicont ai ni ng
nonol ayers of uni nf < n ord transfepasend
cytotoxicity. Thg Nere incubl@e days, and rb]e o1 N o>
cytotoxic dose sHesti mat ed from\m crfoscopi c ex The
IClerr] for antiviral fect was éstlrmtedfrom urements of HOMW

DNA in each well by blotting and quant"l'Qatl veF20 specCi f1c DNA
hybri di zation, simlar to the method of G er (see, Gadler, 1983).
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Briefly, the probe for hybri d| zati o @ par ed j\ N cosm ds pCr531 and
pCS37 (see, Sullivan et al, H998 6se CPHidihe the HCW AD 169

sequences from nucl eoti W room temp.

' %
15
N Cl
o 1L
Hac)Lo 0 € nas " Na,CO,
_ -1
\ / Dioxane 7 EtOH

O\\s 2 16 reflux ' MeOH

F room temp.

| N cl N Cl
o w—=T Y 8—¢ |
H C)k o f Cl o. N cl
3 o) .
¥ 18 '

. . cl
isopropyi N

EOH T e PINH—( j(): |
90°C o N ol



| T R

102; 000 t o 143,3REEa%-{\dCW—5iﬁ—‘:}slc;@S-}-%EqE 2,900, respect¥9®!$2 3rhe probe is a 1:1
mxture ofthe 5 S beled with [err]-dCTP using random
prinmers and T7 DNA E\A@H@ﬁs‘a‘? (Phar naci a) afterIng{i ng with

nucl ease Xbal. Thelprobe-was deratlured by heating for 2 m nut es at
99[err]C and filfered through a stferile,Corning 0.45 [err]mfilter
(25933-200). ' br| di zatlon of the nmenbranes was carried
out in 6X SSPE ( : :
EDTA), 1% Ficol |

[err]g/nL sal non sperm DNA at # Eg” %@l ﬁ hr . The
prehybridi zati on solution was r brd)‘gT ' % 6 |zat|on soI ution (6X

SSPE, s

10[ err] cp qn e{?téﬁ) %ré ntlﬁiéb ge{fta |f§'ﬁ{c &hzi 'Vgﬁl{ 8vva!@orleor
16 hr at h6 & Fien rb% r si T fiRated®
0.5% \éMDts 6 E;[) AT e‘%ﬁ‘r S 'ﬁB ¥ Fé’rﬁ“P@“ﬂnce
for 1 hr. . The rrerrbranes were blotted dry and wr apped in

Saran w ap for guantitati o E¥(G?I90UND gpqﬁgqm,%"(wbl ecul ar Dynam cs,

Sunnyval e, The Phosph exposed to the bIots

for 16 to hol’,lp f, Ht% l dnts, “8nd pdbiished patent
gg :J 2? Irrageﬁb'l\ e ﬁ(!lj Eq&e%ﬁ’ﬁgﬁ@é i% %ﬁﬂ@?ﬁi 25
The counts &:‘cl6 g

R

unt r eat ed éi Bg g ?e cq
p re y
to calculat ﬁoﬂhﬁuﬂ clth b%ft %?]gttto which: thﬁ al"rg 8d by
wei ghted | i near regre55|on accor
Benzimidazole nucleosides have been described in the literature. For example,
Chemical Abstracts, vol. 108: 108680 (1988) disclosed R-D-(2'-deoxyribofuranosyl)-1-
benzimidazole-5'- triphosphate as a DNA polymerase inhibitor. Chemical Abstracts, vol.
105: 024554 (1986) disclosed 1-(2',3'-dideoxy-3-fluoro-D-ribofuranosyl)-benzimidazole,
its o- and B3- anomers, and the §' -O-acetate derivatives of both anomers, but has not
provided their biologic activity. In these compounds, the 2' -OH of the N-1 ribo-furanosyl
group has been replaced with a 2' -H group, and the 3' -OH group has been replaced
with a 3' -fluoro group."”

The PCT application (WO 91/01325) disclosed 1- (2, 3' -dideoxy -3' -fluoro-B-D-
ribofuranosyl)-4-amino-; 1-(2',3'-dideoxy-2',2"-difluoro-B-D-ribofuranosyl)-4-amino-; and
1-(2',3"-dideoxy-2'-fluoro-R3-D-arabinofuranosyl)-4-amino-benzimidazoles as anticancer
and antiviral agents, but without disclosing any biological data as to the effectiveness or
the safety of the compounds. The European Patent Publication (EP 0576,227 A2)
teaches that 2'-deoxy-2',2'-difluoro-R-D-ribofuranosyl-purines and modified purines such
as deazapurine (containing one nitrogen on the 5-, or 6- membered ring of the purine),
and azapurine (having 3 nitrogens either on the 5-, or 6- membered ring of the purine)
can have anticancer and antiviral activities.

However, the presently claimed compounds are distinct from these compounds in that
they do not possess a dideoxy sugar and in that they are not purines."

Benzimidazole nucleosides are particularly attractive as potential antiviral agents
because of their ability to avoid some major pathways of bioactive purine (bicyclic)
nucleoside inactivation, e.g., deamination by adenosine deaminase and glycosidic bond
cleavage by purine nucleoside phosphorylases. For example, current theraphy theraphy
for HCMV includes the use of drugs such as ganciclovir (also known as DHPG),
foscarnet, and cidofovir. However, known benzimidazole nucleosides such as 5,6-
dichloro-1-(B-D-ribofuranosyl) benzimidazole (DRB) have demonstrated only marginal
levels of activity or generally unacceptable levels of cytotoxicity, or both, thereby greatly

- diminishing their usefulness in the treatment of viral infections. Recently, benzimidazole
compounds, such
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Table 2 50% | nhi bi t ¢

ICerr] ([err]M ' Conpound Anti vi QPW"@MT
Cytotoxicity - HEWMY

(MRC5 cel | s) S DNA Hybfi ¢i 223 Ubih)1999
Compound 15 12.5 [err] 0.7 4 >100

Conpound 19 13.7 [err] 0.5R 7778

Compound 20 8.9 2.7 | 49. 0 i
The enbodi nents of this inventiofRd e Bpove are intended to aid in
an under standi ng of the inv@ntion QYut a not, i ntended to, and

shoul d not be construed to, ifn any the invention as.set
forth in the follow ng clainms. OheNaspee ' advant ages and
modi fi cations within the scope oR’this venti n wll be apparent to those
skilled in the art to which this invent§on pert‘g‘i ns. E,

Ref er ences 10 ~ The discl oRlres of The publ i cations, patents,
and published patent specifications referenced bel ow are hereby

I ncorporated by reference into the present disclosure to nore fully
describe the state of tHe art to which this invention pertains.

Blank, H U.; Frahne, D.; M/les, A ; Pfleiderer, W Uber die Tritylierung
von Adenosin- 1%Wherein R' is as fluGdnstedhsugardlike bioigty, Aand R°Clsehi, halbgen. Exampléd2. )
Chu, C. K ; i - Adami,Coe Joe. HEARD, 11 ez il,s ou, J-C.:. Burgh v a2 Ho;
Fox, J. J. ;Of Behiilazot gﬂb%t'\’é{'tasn@g@?g R R_aljggerﬁ%. 'oé%lzd'e%sl' 1 5.’6'8-5\&6%6 of
Sone 9- ( 2- deherg-Risfihdependémttyr-H-dd-an alkyl group having 1-6 carbon atoms); and each of

~ar abi nof ur ngsWs) 5® F | r,Bi-ol Qg ctivities," Chem Pharm
Bul | . 'Q_'H-R 5’*?%@%@%@%‘?’%@%5&*- 'éi'gc'gg'?éﬁg'pon, J.F., Doerr, I.L.,
Fox, J.J., J. Org. Chem, 1964, vol. 29, pp. 558. Cook et al.,  J.
Biol. Chem, (1990), Vol. 265, p. 2682.

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

10 the above formula, wherein R' is a fluorinated sugar-like moiety; R?is -H, -F, -Cl, -Br, -I,
or -NR, (where R is independently -H or an alkyl group having 1-6 carbon atoms); and R,
R®, R®and R are independently -H, -F, -Cl, -Br, or -I.

In one embodiment, the compounds of the present invention may be represented by
I5 the above formula, wherein R! is a fluorinated sugar-like moiety; R%is -H, -F, -Cl, -Br, -I,
or -NR; (where R is independently -H or an alkyl group having 1-6 carbon atoms); R’ and
RS are independently -H, -F, -Cl, -Br, or -I; and R* and R” are -H.

In another embodiment, the compounds of the present invention may be
20 represented by the above formula, wherein R! is a fluorinated sugar-like moiety; R% RS,
and R® are independently -H, -F, -Cl, -Br, or -I; and R* and R’ are -H.

In another embodiment, the compounds of the present invention may be
represented by the above fonnhla, wherein R is a fluorinated sugar-like moiety; R? is -
25 NR, (where R is independently -H or an alkyl group having 1-6 carbon atoms); R®and R
are independently -H, -F, -CL, -Br, or -I; and R* and R are -H.
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Devivar, R V. et al. (1994)J. Med. Chem Vol. 37: PLJ‘ﬁ %ME\‘T SHEET
Gadl er, ‘Antimcrob. Agents Chenother., 1983, vol. |24, ngd 370- 374}
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Good et al., Antivral Research (Suppl. 1), Vol. ]3, p. 103 (T99

Herdewi jn, P.; Aerchot, A ; Kerrerrans L. Symt hes _s._oi_MLc:I €0si deé
Fluorinated in.t Moi ety | ication of

Di et hyl ami nog’iffch&% form.forerample ’taéa’ﬂ éﬁﬁt’ ﬁéé‘i‘ gcetate '0( =0)CH;), begoate (i.e., -
Fl uori nat ed Wm?&amm %%tﬁl&?etﬁl&c'@%d gﬁa]l%g 8, 65-96 and 5

references therein 1995, Vol. 50, p.

3644- 3647. Howel I, H G ; Brodfuehrer, Brundige, S. P.;
Beni gne, D. A ; p no, C._Antiviral Nucl eosi des.: A

St er eospeci fi c, pehouh thisagplicationzthe disglosed-and claisnsd cqmapaundsare identified by
ar abi nogura lﬁg! 1988, 53

Kr ezem nski rﬁ?m%aw gt?) ; bg%mﬁgﬁql%ﬂﬁ'}?ghnﬁ( Thg conipgpu éﬁghmwveﬁgmﬁww&l s
of 9-(2- but are not limited to those examples shown below. _ .

Deoxy- 2-fl uoro-[err]-D- arabi nof uranosyl ) hypoxant hi ne. The First Direct

| nt roducti on of a 2'-[err]-Fluoro Substituent in Preforned

Purine Nucl eosid t.udi es ted r.d The Synt hesi s of
2' - Deoxy- 2' Subs?%S ¥ G't%ééﬂ%"a]oan agdreaesyl) beﬂz‘m‘mw@" b%%rﬂwoand
Nucl eot i des akffikanoh R?@Q,dgﬁ“ lﬁ R5 y - r

Carson, D. A ; Secr?}st '1s Nagemgq;l ﬂd]R H)?J]Q I:&ﬁﬁé’und’%),
[err]- 19 ar abi nof uranosyl )guanl ne: A I\/Et abolically St abI e Cytotoxic Anal ogue
of 2'- xyg 0Si ne. Med, Chem 1986, 29, 2389-2392.
Panki ew cz, K WA %Pzﬁﬁ? J’°f°~¥¥1§-;f@m9§yl) benzimidazple (wh wemYRfg is\Bit anabe,

K A, " wvlon
9- (2- Deoxy Zuﬁou}(()}#g | oiﬁ%{mar:% nogjrl{drllloéﬁllgla%em agﬁg‘ %-H)(eg.,
Hypoxant hi neompourtdd T)ect of C3'-Endo to C2' Endo Conformational Shift on the

Reaction Course of 2'-Hydroxyl Goup with DAST," J. Og. Chem 1992, 57,
553- . 559, Pankiewi cz, K W,; Watanabe, K A A

Synthegj s of 2'- 5169&5&61‘ P?Z’gﬂuor ‘%o%.trahjbsb beut e(ildazole (wherein R' is 2°-fluoro-
bo-furanosyl; R is -H; R* is -H; R’ is -CL; R®is -Cl; and R7 is -H) (e.g., compound 15);

2-bromo-5,6-dichloro-1-(2’-fluoro-ribo-furanosyl) benzimidazole (wherein R! is
2’-fluoro-ribo-furanosyl; R? is -Br; R* is -H; R is -CL; R%is -Cl; and R’ is -H)
20 (e.g., compound 19);

2-isopropylamino-5,6-dichloro-1-(2’-fluoro-ribo-furanosyl) benzimidazole
(wherein R is 2°-fluoro-ribo-furanosyl; R? is -NH(CH(CHs),); R* is -H; R® is -CI; R® is -
' Cland R is -H) (e.g., compound 20);
25
The compounds of this invention are useful in the methods provided below or are
useful as intermediates for the manufacture of other compounds of the present invention.
It also should be understood, even though not always explicitly stated, that reference to any

of the above compounds is to include pharmaceutically acceptable salts thereof.
30
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Purine Nucl eosides via a Direct Approach I n Nucl
25 ) Antiviral Agents; Chu, G;:K.; Baker,
New York, 1993, pp 55- 71,
Antiviral Res. (1991) Vol. 35:1060-1065.
A.; Fox, J. J." A Practical Synthesis of 2- Dquy 2-
Ar abi nof uranose Derivatives. Carbohydr. Res 975,*
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Saluja, S. eqqycgfyl mogvﬁﬁeﬁeaé? an an(fj'lé%]tl"’l‘u Isu’phgtct ivity of certain
2-substituted-5, 6- _ di chl or obenzi m dazol e acyclic

nucl eosi des. Poster #146. Division of Medi cinal -~ ‘Chemistry,
204th Arerican @hgheik osgﬁ'téﬁlé/ ok$bt @fb&{‘or"tﬁ@?drﬂﬂlatlmﬁish b&€Hd0n achieving the
D.C., August 23-28, 199 Shi Jr. et al. (1976) Anti m crob

et s, ChoRetifedcosipsiic pperies, sinoe the SORAII, AL the estive spmpowtd i mAgt 549
Virol. Mt hpgs uséd in phirmkAdeuli€f-emulsion formuatibid is véfy tow: TREhe Mean%ﬁdlﬁd A,

"Rapi d Chromat ogra phi c Techni ques for Preparative
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Tamm |, @hﬁﬁ%eﬁé@@ﬂ‘bm\{%es 329&15430%%&3 1@tralght-B'tl"Hi‘ancﬁed nainBhibushr er
P. R ; Brudi

FI uor o béﬁ’?ﬂﬁ’zﬁ"ﬁ/& estﬁrsswmmss#@soaqlp%f 'ﬁeqe&%tstesgmﬁhergpx'em glycol diester of

1-(2-, OXYCganhﬂféiit?‘aCIds |soprogyl mynstate [ eyl olébtérﬁ%rﬁﬁllﬂaﬁﬁitb‘ié( | Butyd-stetgner aci |
([err]-FlAY) and ro-[err]-

ar abi nof ur arﬁ%%% Wﬁ'ﬂéte(‘[feﬂ p!enpim&@;anc\hed @hgin esters knewpsss@rodame CARSY .
Thiem J. gﬁ?sﬁb ubdd, e 143e Hree Bathg" ﬁ@@?@d%' On'lé%E ey BeNsedeslba bl ‘ﬁ‘?s

Nucl eosi de and Nucl eoti1 des 1985, 4, Townsend a
Revankar, CPohinatiendependingen the/glopegies sequirgd. Altemat've'v.mektfag ppint @ldsand

Drach, J. Guch &d Whife $0H Sraffih aRBBL liddRbEBRNG? oftier Midril dildlcalfBacREEN
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Formulations suitable for topical administration to the eye also include eye drops
wherein the active ingredient is dissolved or suspended in a suitable carrier, especially an
aqueous solvent for the active ingredient. The active ingredient is preferably present in

20 such form_ul_aﬁon in a concentration of about 0.5 to about 20%, advantageously about 0.5 to
about 10% particularly about 1.5% w/w. '

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

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

25
Formulations 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.
30 Formulations suitable for nasal administration, wherein the carrier is a solid,

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

about 500 microns which is administered in the manner in which snuff is taken, i.e., by
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1. A nodified

Wherein

R'is selected from the group consisting of :
2' -fluoro-threofuranosyl; 3' -fluoro-threofuranosyt;
2' -fluoro-erythrofuranosyl; 3' -fluoro-erythrofuranosyl;
2' -fluoro-ribofuranosyl; 3' -fluoro-ribofuranosyl;
2' fluoro-arafuranosyl; 3' -fluoro-arafuranosyl;
2' -fluoro-xylofuranosyl; and 3' -fluoro-xylofuranosyl;

Rlis -H, -F, -Cl, -Br, -1, or -NR,,
wherein R is independently -H or an alkyl group having 1-6 carbon atoms;
each of RY, R?, R, and R’ is independently a -H, -F, -Cl, -Br, or -I;
or a pharmaceutically acceptable salt thereof. E
2. The modified benzimidazole nucleoside of claim 1, wherein R! is selected from the group
consisting of:
2’-fluoro-ribofuranosyl;
2’-fluoro-arafuranosyl; and

3’-fluoro-xylofuranosyl.

3.  The modified benzimidazole nucleoside of claim 1, wherein R' possesses one or more

hydroxyl groups in a protected form as an acetate, benzoate, or trityl ether.
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érr] is selected fromthe group consisting

VWherein
3 -t vor o- thr Jm\“la\\mw;\m! “ !“[ 2 -fluoro-threof ur afged ACHMENT SHEET

2' -fluoro-erythrofuranosyl; 3'-fluoro-erythrofurangsyl;
2' -fluoro-ribofuranosyl; 3.-fluoro-ribof.uranosyl; 2 3 JUL 1999
2' -fluoro-arafuranosyl; 3'-fluoro-arafuranosyl;
2' -fluoro-xyl ofuranosyl; and 3'-fluoragxyl of uranosyl ;
Rerr] is -H -F -d, -Br, -1, or -NRerr], whedein R
I s independently -H or an al kyl group having 1-6 carbon atons; -
each of Rerr], Rerr], Rerr] and R err] is independently a -H, -F, -d
-Br, or 41; The modifie@ beziRitRboB aaslebsidd dBclAGCE RiRRiERS & 2’ -fifdes-a8f furanodyl;
The nodi fi ed benzi m dazol e nucl eoside of claim11, wherein Rerr] is

sel ected fromR1iBeClRSigp-H; R’ is -Cl; R isn€Land R infH.

2' -fluoro-ribgfuranasyl; . . . .- fluoro-apaf uranosyl; and

3 -fl _uoéri)o- X%I&f@ﬁgébﬁr}mmldaz%lgnucle%@ Q‘F(Fiq‘?’] leav%ﬁ@rlﬁf{n*sdazol e nucl eosi de
of ‘claim 1, Whem@dxlolfurdnoBfiSREFSEE FONE-IRRTPLEL, R is -CL; andBrds ogy! 0T oups

in a protected formas an acetate, Benzoat’e, or trityl ‘et
6. The modified benzimidazole nucleoside of claim 1, wherein R is

2’-fluoro-ribo-furanosyl; R? s -H; R*is -H; R’ is -Cl; R®is -Cl; and R is -H.

7. The modified benzimidazole nucleoside of claim 1, wherein R! is
2’-fluoro-ribo-furanosyl; R? is -Br; R* is -H; R* is -Cl; R®is -Cl; and R is -H.

8. The modified benzimidazole nucleoside of claim 1, wherein R is
2’-ﬂuofo-ribo-ﬁ1ranosyl; R?is -NH(CH(CH,),); R*is -H; R® is -Cl; R® is -Cl; and R is -H.

9. An antiviral composition comprising an effective amount of a compound according to

any one of claims 1 to 8 and a pharmaceutically acceptable carrier.
10 Use of a compound according to any one of claims 1 to 8, alone or in combination, for the

preparation of a medicament for inhibiting or preventing viral infection.



40 4. The nodi fi ed benzi m dazol e nucl eoside of claim1l, wherein R

is 2'-fluoro-ara-furanosyl; ~-Rerr] -is-A; Rerr] is -H Rerr] is
-C; Rerr] is-d; and Rerr] is -H 5. The nodi fied benzi m dazol e
nucl eoside of claiml, wherein Rerr] is 3' -fluoro-xyl o-furanosyl ;
Rlerr] is -d; Rerr] is -H Rerr] is-d; Rerr] is -d; and Rerr] is
-H 6. The nodi fied benzi m dazol e nucle03|de of clal m 1, wherein R[err]
S 2' -fluoro-ribo-furanosyl; Rerr] is -H ] 1S
-C; Rerr] is -d; and Rerr] is ‘H 7. The nodi R] é@h&mﬁ Bl b
nucl eosi de of claim1, wherein R[err]4"s © 2" -flfudro-ribo-furanpsyl ;
Rlerr] is -Br; Rerr] is -H Rerr] is'-d; Rerr] i$ {C23I0d 19perr S
-H 8. The nodi fi ed benzi m dazol e nucl eosi de of cllafm 1, wherein R prr]
S 2'-f|uoro-ribo-furanosy| Rlerr] is -NH(CH{CH errJ)Terr]); Herr]
is -H Rerr] is-d; Rerr] is - AE%& Ia[.lerr] s -id_9. . An_antiv|ral

conposition conprising an effective f a conpound according to
any one of claims 1 to 8 and a pharmaceutically acceptable carrier. 10
Use of a conpound according to any one of clains 1 to 8, alone or in

conbi nat i OEI‘\WS ﬁ-' 7% s R fBAEE%HE hrRlogd WRLh CRNE nlitiar ' URVB). T MR ©F
lly, this |n

preventing speci IOI‘I pertains to modified sugar benzimidazole nucleosides, as
- exemplified by compounds such as benzimidazole nucleosides possessing a fluorinated
sugar-like moiety (for example, a 2' -fluoro-furanosyl mouety or a 3' -fluoro-furanosyl
moiety), and may be represented by formula (I) wherein R is a fluorinated sugar-like
moiety; and R% R%, R’ R® and R are benzimidazole substituents, such as -H,
halogens(e.g., -F, CI -Br, -I), -NO., -NR, (where R is independently -H or an alkyl group
having 1-6 carbon atoms), -OR (where R is -H or an alkyl group having 1-6 carbon
atoms), -SR (where R is -H or a hydrocarbyl of 1-10 carbon atoms), and -CF; . In one
embodiment , R' is 2' -fluoro-furanosyl ; or 3' -fluoro-furanosyl; R? is -H, -F, -Cl -Br, -1 or
-NR;, wherem R is independently -H or an alkyl group having 1-6 carbon atoms; R4 R®
and R® and R’ are independently -H, -F, -Cl,
-Br, or -|
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